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PHYSICAL AND NUMERICAL CONSTANTS* 

PHYSICAL CONSTANTS 
Uncert. (ppm) 

= 6.022 045(31)x1023 mole- 1 . . . . . . . . . . . . . . . . . . . 5.1 
= 22413.83(70) cm3 mole-1 = molar volume of ideal gas at STP 31 
= 2.997 924 58{1.2)x1o10 em sec-1 . . . . . . . . . . . . . . . . . . 0.004 c . 

e . 
1 MeV 
fi=h/271" 
fie 

cc. 

kaoltzmann 

= 4.803 242(14)x10- 10 esu = 1.602 189 2(46)x10- 19 coulomb 
= 1.602 189 2(46)x1o-6 erg ...................... . 
= 6.582 173{17)x10-22 MeV sec= 1.054 588 7(57)x1o-27 erg sec 
= 1.973 285 8(51)x10-11 MeV em = 197.32858{51) MeV fermi 
= 0.624 007 8( 16) GeV mb1/2 . . . .............. . 
= e2/nc;, 1/137.03604(11) . . . . ........... . 
= 1.380 662{44)x10-16 erg •K-1 ............. . 
= 8.61735(28)x1o-1l MeV •K-1 = 1 eV /11604.50(36) •K 
= 0.511 003 4(14) MeV= 9.109 534(47)x10-28 g 
= 938.2796{27) MeV = 1836.15152(70) me = 6. 722 776(65) mn:t: 
= 1.007 276 470(11) amu .................... . 

1 amu = 1/12 mc12 = 931.5016(26) MeV .............. . 
md = 1875.6280(53) MeV ........... .> ••..•.•••.. 
re . . . = e2/mec2 = 2.817 938 0{70) fermi (1 fermi= 10-13 em) 
Xe . . . = fi/mec = rec:c- 1 = 3.861 590 5(64)x10-11 em ...... . 
aooBohr = n 2/mee2 = rec:c-2 = 0.529 177 06(44) A (1 A= 10-8 em) 
uThomson = {8/3)7rr~ = 0.665 244 8{33)barn (1 barn = 10-24 cm2) 
1-'Bohr . . . = efi/2mec = 0.578 837 85{95)x10- 14 MeV gauss-1 

1-'N . . . . . = efi/2mpc = 3.152 451 5(53)x1o- 18 MeV gauss-1 
J.'p/1-'aohr = 0.001 521 032 209{16) ......... . 
1/2GJ~yclotron = e/2mec = 8. 794 024{25)x106 rad sec-1 gauss-1 

1/2GJgyclotron = e/2mpc = 4.789 378{14)x103 rad sec-1 gauss-1 

Hydrogen-like atom (nonrelativistic, J1. = reduced mass): 

y = ze2 . E = !!:.. y2 = J.'Z2e4 . a = n2fi:Z 
C >rms nfic ' n 2 2(nli)2 ' n J.tZe2 

Roo = mee4/2n2 = mec2cc2/2 = 13.605 804(36) eV (Rydberg) .. . 
= meccc2/2h = 109 737.3177{83) cm-1 ..... . 

pc = 0.3 Hp (MeV, kilogauss, em) 
1 year (sidereal) ...... = 365.256 days = 3.1558x107 sec (::::1rx107 sec) 
density of dry air . . . . = 1.204 mg cm-3 (at 20•c, 760 mm) 

2.9; 2.9 
2.9 
2.6; 5.4 
2.6; 2.6 
2.6 
0.82 

32 
32; 31 

2.8; 5.1 
2.8; 0.38; 9. 7 
0.011 
2.8 
2.8 
2.5 
1.6 
0.82 
4.9 
1.6 
1.7 
0.011 
2.8 
2.8 

2.6 
0.075 

acceleration by gravity . . = 980.62 em sec-2 (sea level, 45•) 
gravitational constant ... = 6.6720(41)x1o-8 cm3 g-1 sec-2 .. . .... 615 
1 calorie (thermochemical) = 4.184 joules 
1 atmosphere = 1.01325 bar (1 bar= 106 dynes cm-2) 
1 eV per particle ...... = 11604.50(36) •K (from E = kT) ..... 31 

I::H.!ME;RI~AL ~QN:2IANI:2 

71" = 3.141592 7 1 rad = 57.295 779 5 deg ..Jrr = 1. 772 453 85 
e = 2.718 2818 1/e = 0.367 879 4 ..J2 = 1.414 213 6 
ln2 = 0.693 147 2 ln10 = 2.302 585 1 v'3 = 1.732 050 8 
log102 = 0.301 030 0 log 10e = 0.434 294 5 v'iO = 3.162 277 7 

*Revised April 1978 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. Chern. Ref. 
Data~. 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 m:llion {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 up-to-date, 
generally accepted set currently available. However, since the publication 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)x1o:Z3 mole- 1 {1.04 ppm); c:c- 1 = 137.035 987{29) (0.21 ppm) [obtained using the Josephson effect]; 
and Roo = 109 737.3143(10) cm-1 (0.009 ppm). [See Atomic Masses and Fundamental Constants 5, Ed. by J. H. 
Sanders and A. H. Wapstra, Plenum Pub. Co., (1976).] But it must be realized that, since the output values of 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 cautious 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 in 1980. 
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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or-usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the . 
University of California. 
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I. Introduction, credits, consultants 

This review is an updating through December 1977 
of our previous review of particle properties (Particle 
Data Group, 1976 and 1977). As in previous editions, 
we have attempted to make the text as complete and 
self-contained 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 
the properties of only those particles whose existence 
is in our judgment experimentally well founded and 
which have a large probability of standing the test of 
time. This is a conservative judgment, and surely some 
genuine resonances are (temporarily) omitted (see 
section V below). 

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

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

ii 

Particle detectors, absorbers and ranges (rev.) 
Electromagnetic relations (rev.) 
Radioactivity and radiation protection 
C.M. energy and momentum versus beam momentum 
Periodic table of the elements (rev.) 
Cross section plots (rev.) 

Data card listings 

27 
35 
35 
36 
37 
37 

Illustrative key 4 3 
Stable particles 46 
Mesons, S = 0 99 

S=±1 138 
charmed mesons 149 

Baryons, S = 0 150 
S=+1 191 
S= -1 193 
s = -2 232 
s = -3 237 
charmed baryons 237 
dibaryons 238 

Appendix I. Test of AI= 1/2 rule forK decays 240 
Appendix II. Test of AI= 1/2 rule for hyperon decays 241 
Appendix III. SU(3) classification of resonances 243 
Appendix IV. Growth of information 246 

We have maintained ir. this review the new statis
tical procedure introduced in the previous one, i.e. we 
give simultaneously in the Listings the old (labeled 
"AVG") and new (labeled "STUDENT") average 
values and errors. Details may be found in section VII. 

A pocket-sized 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 Division, 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: N. Barash-Schmidt and T.G. 
Trippe. 

(2)Meson resonances: D. Dionisi, M. Mazzucato, 
L. Montanet, and M. Roos. 

Jl 
r 



' 

r~ 

t,..-

~j ":.) i: ·z } ~,) 0 \.J 'i.n} () 6 ~:.:# u "'·f " 

Volume 75B PHYSICS LETTERS 24 Apri11978 

(3) Baryon resonances: C. Bricman, R.L. Crawford, 
C.P. Horne, R.L. Kelly, and M.J. Losty. 

( 4) General, including text: Ail authors. 
Consultants: To overcome unavoidable gaps in our 

coverage, both intellectual and geographical, we have 
solicited the help of consultants: 
U. Amaldi (CERN), 
V.E. Barnes (Purdue University), 
K. Crowe (Lawrence Berkeley Laboratory), 
J. Engler (CERN), 
G. Feldman (SLAC), 
F. Foster (University of Lancester), 
G. Goldhaber (Lawrence Berkeley Laboratory), 
R. Hagstrom (Lawrence Berkeley Laboratory), 
F. Monnig (CERN), 
R.G. Moorhouse (University of Glasgow), 
O.E. Overseth (University of Michigan), 
S.l. Parker (Lawrence Berkeley Laboratory), 
M. Perl (SLAC), 
B.N. Taylor (U.S. National Bureau of Standards). 

The usefulness of this compilation depends in large 
part on the interaction between the users and the 
authors and consultants. We appreciate comments, 
criticisms, and suggestions for improvements of all 
stages of data retrieval, processing, and presentation. 

II. Selection of data 

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

(I) Stable particles, immune to decay via the strong 
interaction, including the 17 and the photon and the 
leptons. 

(2) Meson resonances. 
(3) Baryon resonances. 
The· charmed, charmonium, and other new flavor 

particles have been merged into these groups. 
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 preceding 
the Data Card Listings is an illustrative key thereto. We 
attempt to give complete Data Card Listings up to our 
closing data (January 1, 1978) for all journals listed in 

the Illustrative Key. We also include pre prints and un
published conference reports that have come to our 
attention, but-make no claim to completeness. 

Roughly 40% of our encoded results, those set off 
in parentheses, are not used for averaging. The reason
ing is then often given in a footnote below the data. 
If the reason is not given, it is one of the following: 

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

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

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

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

different methods employed, rendering averaging 
meaningless. 

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

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. 

The Tables of Particlt: Properties represent the out
put of weighted averages and some critical judgment. 
The extent to which "blind" averaging has been tem
pered with judgment is explained in 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 familiarize himself with the Data Card 
Listings and, u~timately, with the original references. 

III. Nomenclature 

A. Quantum numbers 
The symbols JG(JP)C represent: 
I = isospin, 
G = G parity, 
J =spin, 
P = space parity, 
C = charge conjugation parity. 

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

G = Cexp(inly). (1) 

A neutral nonstrange, noncharmed state is an eigen
state of exp(infy) 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 rrO, 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. qq, with orbital angular momentum I, 
and with the two fermion spins coupling to give a 
spinS. Then one can show that the charge-conjugation 
eigenvalue (defined as in eq. (2)) is 

Cn=(-1)1+S. (3) 

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

G = (-1)/+S+/. 

The parity is 

P= -(-1)1. 

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

CnP= --(-l)S, 

(4) 

(5) 

(6) 

so all singlets (ls0 , I P 1, : .. ) have CnP = -1 ,and all 
triplets (3 S1, ... ) have CnP = + 1. For proofs of the 
above, see our 1969 text (Particle Data Group, 1969) 
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 

ol 
1 Most texts d~fine it as in eq. (I); see e.g. Gasiorowicz 

(1966); however, sometimes the rotation is taken about lx· 
The difference between the two conventions is mentioned 
in a footnote in Kallen (1964 ). 

iv 

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-C" mesons, i.e. mesons that cannot 
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 
combine (according to the SU(3) relations {3} ® {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. States coupling directly to 
proton-antiproton channels (e.g., S,T,U, see Montanet 
(1977) and the Listings) are sometimes interpreted as 
"baryonium", requiring qqqq structure, but this inter
pretation is model-dependent, and no manifestly exot
ic mesons have been found. It is slightly less obvious 
that even some octets are forbidden by the model; 
namely those with (JP)cn = (0±)-, (1-)+, (2+)-, .... 
Such states are not observed, and this is an additional 
success of the naive quark model classification scheme. 

In what follows, do not confuse "Abnormai-C" 
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 )J as for nor
mal spherical harmonics, and ]P = 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. 3p1 , lp1 or ~D2 , Io2. 

Eq. (3) shows that 3p1 and 1p1 have opposite Cn, so 
the qq model allows both. But the states 3p0 and 3p2 
have no lp counterparts. According to eq. (6) they 
have CnP = + 1, and with the qq model there is no way 
to form a state with a JP of 3p0,2 (i.e. JP =Normal) 
and with CnP = -1. As mentioned, such octets have 
not shown up. With the help of table 1 one can also 
see that the special state 1s0 , CnP = + 1, cannot be 
formed, so has Abnormal C. 

2. General remarks. Well-established quantum num
bers are underlined in the Tables of Particle Properties 

•. 

_.~. 

,• 



.-

Volume 75B PHYSICS LETTERS 24 April I 978 

Table 1. JG(JP)c of mesons in the qq model. For the distinction between·Abhorrnal Jp and Abnornial-C see text following eq. 
(6). Strange mesons share the same values of Jp as the I= 0 and 1 states shown, but are not eigenstates of G. The second column, 
which gathers together (Jp)N or A CP, is a redundant intermediate step intended to make the table easier to read. 
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1 
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,2 

30 
3 

iF 
3 -------------

3F 
2 

3F 
3 

3F 
4 

(Jp) r.JCP 

Normti or 
abnormal 

Examples 
Strange Channed 
partners partners 
(I=~) (I=~) 

NORMAL C'STATES THAT CAN COME FROM qq MODEL - t + - ' (0-) A- 0 (0 )+ n,n K D(l870) 

----- ~J2~2~--------~--------------------------------------
(1-)N+ {0-( 1-)-

1+(1-)-
w,cp,J/1/!(3100) ,l/!(3685\,"(s

92
) 

p,p' 
n'''(20lO) 

~+)- to-(1+)-

{---- 1+(1+)- B · 
-~--- ---------------------~---------------------

(0 )N+ 
{o+(o+)+ E ,s'", x(3415) 

K 

(1+)~~ 
1-(0+)+ 6 

{0+( 1+)+ D 
Ql N:-,.·,. Al 

(Z+)N+ 
0+(2+)+ f,f' 

K''' (1430) 
1-(2+)+ Az 

{o\(>+} t\~~~--- 1-(Z-)...+ A3 . 
-----------~-------~(3770)----------------------

,.-~ same as s
1 

{0-(2-)-} Regge recurrence of the (2-)A + 
""1+(2 -)- Abnormal-C state (JP)Cn = W)-

( 3 -)Nt ~-(3-)- w(l670) K''' (1780) +(3-)- g,T 

( 3+) -
A 

I 0. (3"')-
1+(3+)-

---------- -----------~-------------------------------------
(2+)Nt 

. '3 
same as P

2 

(3+)A + I o+(3+)+ 
l-(3+)+ 

(4\.~+ 10+(4+)+ h,U 
l-(4+)+ 

ABNORMAL-C STATES THAT CANNOT COME FROM qq MODEL 

Abnormal C All except 

states 

Have no qq are 

model Jp =normal, 

CP = -1 

v 
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(except for stable particles, where most of the quan
tum numbers are established). We have used flimsy 
evidence to guess many of the remaining ones, and we 
have indicated with "?" ones (in the Baryon Table) 
for which there is almost 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 vari
ance we include it in the Stable Particles Taole. 

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 baryon number B (= 0 for mesons), its 
isospin I, its strangeness 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. 

To crowd even more information onto the symbol, 

Table 2 
Particle name conventions. 

Name I s c G 

Mesons 
7) 0 0 0 
w or </J a) 0 0 0 

+ 

p 0 0 + 
1T 1 0 0 
K+, K0 1/2 +1 0 
K-, j(O 1/2 -1 0 
o+, D0 1/2 0 +1 
D-, j)O 1/2 0 -1 
F+ 0 +1 +1 
F- 0 -1 -1 

• Baryons 
N 1/2 o. 0 
t:. 3/2 0 0 
Zo, Z1 0, 1 +1 0 
A 0 -1 0 
l: 1 -1 0 

- 1/2 -2 0 
.n 0 -3 0 
Ac 0 0 1 
~ c 0 

a) Since 1973, we have used the symbol w for those /G = a
mesons that decay mainly into 311 (w{783), w(l670)]; we 
reserve the symbol </J for ¢(1 020) and possible future higher
mass 1G = o- ~esons that decay mainly into KK. 

vi 

we sometimes add a subscript giving JP. If JP is not 
known, but must be "Normal" (o+, 1-, 2+, ... ),e.g. 
because Krr decays are seen, we use the subscript N. If 
such modes are not seen (and are not otherwise for
bidden), we guess that it is because J Pis "Abnormal", 
and we use the subscript A. 

For some pairs of mesons with supposedly identical 
quantum numbers, we also use primes; e.g. 7], 77'; f, f'. 

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 baryons 
of each I and S we use the symbol standing alone; for 
resonances, the mass is in parentheses (i.e. N(l688), 
A(l405), ~(17 55), etc.). The JP assignments are re-

. 1 3 s 
ported in the Baryon Table as 2+, 2-, 2+, etc., and 
also by the symbols P 11 , D13 , F 15 , which refer to the 
rrp or Kp partial-wave amplitude in which the resonant 
state occurs (the first subscript refers to the isospin 
state: 2 X I for Nand to and just I for Z, A, and ~). 
When two or more baryons have identical quantum 
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 (rrrr, 
Krr, rrrrrr) are, with increasing frequency, being sub
jected to partial-wave analyses. We thus find it natural 
to introduce the resonance parameters which we com
pile in terms of a Breit-Wigner approximation for the 
partial-wave amplitude. , 

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

T = 77 exp(2io) - 1 
11 2i , (1) 

where 17 is the absorption parameter (0 ~ 17 ~ 1) and 
o, as the phase shift. The subscripts 11 on T denote 
scattering from channel 1 to channel1 (e.g. rrrr -)o 1T1T 

or KK -)o KK). 
In fig. 1 we show im Argand plot of the elastic par

tial wave amplitude T11 . It illustrates geometrically 
how the real parameters 17 and o are related to the 

\;.,l ,, 

_v 
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lmT lmT 

(a) 

Fig.l. Argand plots for the elastic partial wave amplitude Tu. 
The outer circles are the unitarity bound (FJ = 1). The inner 
circles correspond to the Breit-Wigner approximation of eq. 
(2) for (a) x 1 = r 1/r = 0.75 and (b) x 1 = 0.4. Note:<= 
2(M- E)/r. 

real and imaginary parts of T11 . 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 T11 : 

Tn = ~r1 /(M- E- hn, (2) 

where E is the c.m. energy of invariant mass, r 1 and 
rare the elastic and total widths, and M is the reso-

. nance mass. Eq. (2) is, ofcourse, 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 nN D15 and F 15 waves in the Baryon Data 
Card Listings). Usually the widths contain barrier
penetration factors which can vary rapidly with energy. 
Near threshold, r 1 (£)should start up as q21+1 (also 
true for the inelastic width rf3). Various E dependences 
are then used for r 1 , mostly of the form 

(qR)21+1. r1 (£)a: (3) 
canst+ ... + (qR)ll 

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 (3 
(nn-+ KK or KN-+ 2;~, for example) is 

T1{3 = ~(r 1 r{3)1l2f(M- E- ~ir) 

= (x 1x{3)112 [~ r/(M- E- ~ir)] , 

where 

N 

r=:0 r{3, 
1 

and x 1 (called the elasticity) is often written xe. 

(4) 

(5) 

(Note that in the Data Card Listings we use the symbol 
P(3 to denote x (3") The channel cross section a 1 {3 for the 
reaction 1 -+ (3, for spin 0-spi~ 1/2 scattering, is 

(6) 

where J = I ± ~ .. 
The important features of eq. ( 4) which character

ize resonant behavior in the Argand diagram (Im T1 {3 
versus Re T 1 {3) are: 

energy variation given by circles with diameter 
(x1 x{3)l/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 

2(x1x{3)1/2 
"Speed"(res) = ldT1{3/dEIE=M = r(£) (8) 

for slowly varying r(£). These features may be related 
to the 1), o representation of T11 . Thus when E = M, 
o is either 90° (x 1 >~)or 0° (x 1 <~)and 17 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 various effects: 

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 close to an inelastic 
channel treshold, in which case a K-matrix-like param
etrization 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. 

vii 
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SU(3) RELATIVE SIGN OF RESONANT AMPLITUDES 

jloj { e} )el )el lei )1ol )1\ 
I(l385) 

P13 
A 116701 A(1690) Aile" l A(le30l Ii2030l A(2100l 

SCI 003 ro5 oo5 r 17 G07 
X 

SCI 003 013 S II 015 
A(1405l A(l520) I(16701 I 117501 I 117651 

!11 1'1 )el { e} )el 

{e} lei )ej i~oJ 
Il17501 Il17651 Il1915) Ii2030i 

• 511 015 r,s rl7 
X X 

,' -f"', , ...... ~-'\ ,.-- .... / .... - .... ('. ·-,\ /' t-'\ 
-+A'" I I \ I I \ / 't \ 
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I(l3e5) Ii16701 

]10\ lei 

Fig. 2. Plot adapted from Levi-Setti (1969) showing the sign convention adopted here for the ~1T and Arr amplitudes. Once the 
signs of one I= 0 and one I= 1 amplitude are fixed, the others can be measured relative to these two. Arrows here indicate signs 
predicted by SU(3); X marks indicate the observed phases;·• indicates phase chosen according to sign convention described in text. 
The ~(1915) predictions have been changed from Levi-Setti's original figure. 

B. SU( 3) sign conventions for A and I: resonances 
Consider the partial width rli of a resonance de

caying into the channel {3. We can always define a 
coupling constant such that 

2 rli ex eli 

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

T11i ex G1 Gli/(M- E- !ir), 

where G1 is the coupling constant for the elastic 
channel. In the context of exact SU(3) symmetry the 
relative signs of the product G 1 Gli for different reso
nances are often useful as a consistency check on 
SU(3) assignment of A and I; resonances. See appen
dix II for further details. 

In the Data Card Listings for A and ~ resonances, 
we tabulate measured values for (x 1xli)1/2 ex G1 Gli. 
Whenever there is an explicit sign, it will be according 
to the convention advocated by Levi-Setti (1969) and 
used in the table of SU(3) Isoscalar Factors presented 
in this review. Thus the signs multiplying the Breit
Wigner amplitudes for KN-+ ~(I 385)-+ I:1r, A1r and 
KN -+ A( 1405) -+ ~7T are simply the product of the 
phases of the appropriate isoscalar factors. This con
vention is shown in fig. 2 from Levi-Setti (I 969). 

viii 

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 experi
mental data. 

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 cutoffin angular 
momentum resolves continuum ambiguities in the 
solution (such as the overall phase ambiguity), but 
there remains a finite number of indistinguishable 
"best".solutions (i.e., solutions corresponding to iden
tical physical observables) which have been codified 
by Barrelet (1972). In addition, there are generally 
some nearby solutions (and their associated Barrelet 
ambiguities) 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 

..\/ 
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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 
Baryon 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 ofDPWA over IPWA 
is that sparse data spread over many different energies 
can be analyzed, e.g., nearly all S = -I analyses are, 
DPWA. In addition, the built-in energy continuity 
helps to resolve the ambiguities that plague IPWA and 
eases the problems associated with resonance parame
ter extraction. The price one pays for these advantages 
lies in the danger of systematic error in the amplitudes 
and poor fits to the data if the parametrization is 
poorly chosen or insufficiently flexible. 

An MPWA also uses an energy-dependent param
etrization, 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 
associated with Breit-Wigner behavior in appropriate 

Argand plots; thus the p meson peak in mr mass plots 
is firmly related to the I= I , I = I 1T1T phase shift pas
sing through 90°. 

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

(9) 

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

atot(E=M)=47TX2(J+~)xe. (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. 

For the Tables of Particle Properties, on the other 
hand, we wish to be more conservative 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 indicates that a ques
tionable candidate has been omitted from the Table, 
but that it can be found in the corresponding 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 resonance and what 
is not. For more detailed discussions, see the mini
reviews in the Listings. In what follows we shall at
tempt to specify some guide lines. 

(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. 

ix 
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Of course even if Argand plots are available, it may 
still be a matter of opinion as to what behavior consti
tutes a resonance. Such an example is the Z0(1780) 
state seen in KN total cross-section experiments and 
in partial-wave analysis. The recent partial-wave anal
yses of Giacomelli (1974) and Martin (197 5) find pre
ferred 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 resonant
like appearance of the loop, the evidence for resonant 
energy dependence is inconclusive. Thus we omit the 
Z0(1 780) 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 
energy-independent analyses, one often resorts to 
energy-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 dif
ferent channels (KN ...o;. KN, 1TL, etc.), before putting 
the claim in the table. 

(c) Partial-wave 11nalyses of three-body final states 
(1rN ...o;. 1T1TN) are now available. While these analyses 
are based on the isobar model (1rN ...o;. pN, 1T !::., etc.) 
and are subject to theoretical objections of varying 
importance, they provide increasingly reliable infor
mation on inelastic decay modes of otherwise estab
lished resonances. 

(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 
significance or if they are observed in several different 
produ<;tion processes. 

(e) A special category of "diffractive mesons" con
sists of statistically significant peaks like A1, A3 or Q, 
which are not far above the p1r, f1r, 9r K*1r thresholds. 
The question of a resonance interpretation for these 
states is complicated, because the behavior near thresh
old in these channels may be described by the Deck 
effect. Modern partial-wave analyses can shed con
siderable light on these problems. Results are also be
coming available from experiments designed to look 
for these mesons in channels where the Deck effect is 
minimized (baryon exchange processes, for example). 
See the mini-reviews for details. · 

Thus, we enter into the tables of Particle Properties 

X 

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 electro
magnetic decays 

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

spectrum (p and 77), the asymmetry (~ and o), and the 
helicity (h) of the electron in the process Jl± ...o;. e± + 
v + v. Assuming a local and lepton-conserving interac
tion, the matrix element may be written as 

where the summation is taken over i = S, V, T, A, P. 
Using the definitions and sign conventions of Kinoshita 
and Sirlin (1957), we have for the momentum parame
ters 

p = [3rl + 3lv + 6gf)/D, 

77 = [g§- g~ + 2gi- 2g~)!D, 

for the asymmetry parameters: 

6gggp cos rPsp- 8gAgV cos lPAV + 14gf cos lPTT 
~= D ' 

o = [-6gAgV cos lPAV + 6gf cos lPTT)/D~, 

and for the parameter describing the helicity of the 
electron: 

2gsgp cos rPsp- 8gAgV cos lPAV- 6gf cos rPrT 
h= 

D 

Here 

D = g§ + gF + 4lv = 6g} + 4gi ' 

gf = IC;I2 + 1Cjl2 , 

and 

cos rP;j = Re (etc;+ c;cn . 
The quantities gi are defined to be real non~negative 
numbers, and the rP;j are phase angles between the i
type and j-type interactions. Under the assumption of 
two-component neutrinos c; = -C; and Cj = -Ci, the 
S, P, and T terms vanish, and rPAv is the phase angle 
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between CA and Cy in the complex plane. 
By using the above equations and the experimental 

determinations of p, 71, to, and h, limits can be placed 
on gs/gy, gA/gy, gT/gy, gp/gy, and <PAv· 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 <P A v is the amplitude of time-reversal violation. 
Note that most experiments study only the upper end 
of the spectrum where p and 71 are highly correlated, 
so they can only report p for 71 = 0 and 71 for p = ~. 
The values for p and 71 we use here were obtained by 
combining measurements of both upper and lower 
ends of the spectrum and turn out to be nearly uncor· 
related. 

Note also that the radiative,corrections are unam· 
biguous only when gs = gT = gp = 0. The same limits 
on gA/gy and <PAy are obtained, however, as when 
gs, gT, and gp are left free. 

Current values for the asymmetry parameters as 
well as lgA/gvl and<PAv are given in the Addendum 
to the Stable Particle Table. In addition, upper limits 
on lgs/gyl, lgT/gvl and lgp/gvl are given in the J1 
section of the Stable Particle Data Card Listings. 

B. K·decay parameters 
1. Dalitz plot forK~ Jrr decays. The small devia· 

tion from uniformity of the Dalitz plot for the 3rr 
decay of the K meson is usually described by a "slope 
parameter" (Dalitz, 1956). For the T and T 1 decays of 
the charged K's, and the TO decay mode of the K~, · 
we parametrize the Dalitz plot distribution by the ex· 
pression 

IMI2 ex 1 + gs3 - so + h ( s3 - so )2 
m2 m2 

1T+ n+ 

. s 2 - s 1 ( s 2 - s 1 )2 
+J---- +k --- + 

2 2 ... ' 
mrr+ mrr+ 

(1) 

where m;; has been introduced so as to make the co· 
efficients g, h, j, and k dimensionless, and 

Here the Pi are 4-vectors, mi and Ti are the mass a'nd 

kinetic energy of the ith pion, and the index 3 is used 
for the odd pion. 

The coefficient g is a measure of the slope in the 
variable s3 (or T3) of the Dalitz plot, while h and k 
measure the quadratic dependence on s3 and (s2 - s1 ), 
respectively. The coefficient j is related to the asym· 
me try of the plot and must be zero if CP in variance· 
holds. Note also that if CP is good, g must be the same 
for T+ and T-, and similarly for h and k. 

At present there is no compelling experimental evi· 
dence for the h, k, or j term (for upper limits on the 
j term, see section B3(b) below). Thus we stop the 
above expansion at the first term and list only g. Since 
different experiments use different forms for IMI2, in 
order to compare the experiments we have converted 
tog 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~ sections of the Stable Particle 
Data Card Listings. 

Relations among T±, T'±, and TO are predicted by 
the!:!.!=~ rule. See appendix I for these relations and 
a discussion of this rule. 

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

M ex f+(t)[(PK + P11 ) 1JiQ'Y/l + -y5 )uvl 

+ f_(t)[mQuil + -y5 )uvl , (2) 

where PK and P 
11 

are the four momenta of K and rr 
mesons; mQ is the lepton mass; f+ and f _ are dimen· 
sionless form factors which can depend only on t = 
(PK - P 11 )

2 , the square of the four-momentum trans· 
fer to the leptons. f+ and f _ are relatively real if time 
reversal invariance holds for these decays. KJ.l 3 experi· 
ments measure f+ and/_, while Ke 3 experiments are 
sensitive only to f+ because the presence of the lepton 
mass makes the/_ term negligible. 

(a) KJ.l 3 experiments. Analyses of KJ.l 3 data fre
quently assume a linear dependence off+ and/_ on t, 
i.e. 

(3) 

Most KJ.l 3 data are adequately described by eq. (3) for 
f+ and a constant/_ (i.e. A._= 0). There are two 

xi 
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equivalent parametrizations commonly used in these 
analyses: 

(1) ~, HO) parametrization. Analyses of KJ.L 3 data 
often introduce the ratio of the two form factors 

The KJ.L 3 decay distribution is then described by the 
two parameters ~ 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 KJ.L 3 decay. The Dalitz plot density is 
(see, e.g. Chounet eta!., 1972): 

p(E1T, EJ.L) 0: t}(t)[A + BW) + q(t)2 ] , 

where 

A= mK(2EJ.LEv- mKE~) + m~(AE~- Ev), 

B = m~(Ev- ~£~), 
_I 2 I 

C- 4mJ.LE1T, 

Here E1T, EJ.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 
~' HO), and their correlation. 

Method B. By measuring the KJ.L 3/Ke 3 branching 
ratio and comparing it with the theoretical ratio (see, 
e.g., Fearing et a!., 1970) as given in terms of A+ and 
HO), assuming 11-e universality: · 

r(K~3)/f(K!3 ) = 0.6457 + 1.4115A+ + 0.1264HO) 

+ o.Ol92Ho)2 + o.ooso~HO), 

r(K23)/f(K~3 ) = 0.6452 + 1.3162~ + 0.1246HO) 

+ o.Ol86H0)2 + o.0064~HO}. 

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

Method C. By measuring the muon polarization in 
KJ.L 3 decay. In the rest frame of the K, the J1 is ex
pected to be polarized in the direction A with P = 
A/ I A I, where A is given (Cabibbo and Maksymowicz, 
1964) by 

xii 

A = a 1 (~)pJ.L 

. {PJ.L[ p1T•pJ.L J } - a2W - mK- E +--. - (E -'- m ) + p 
m rr I 12 J.L J.L 1T 

J.L PJ.L 

+ mK Im W)(p1T X pJ.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 Ht). 

(2) ~, Ao parametrization. Some of the more 
recent Kit 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 /_ by 

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

Here [ 0(0) must equal /+(0) 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: 

f 0(t) = / 0 (0)[1 + A0(t/m;)] . 

With the assumption that [ 0(0) = f+(O), the two 
parametrizations, (~, HO)) and(~, Ao) are equivalent 
as long as correlation information is retained. (~, Ao) 
correlations tend to be less strong than (~, 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 subsection 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(~, Ao) 
parametrization, we have added a subsection LO for Ao 
results. Wherever possible we have converted HO) re
sults into Ao results and vice versa. 

(b) Ke3 experiments. Analysis of Ke 3 data is simpler 
than that of KJ.L 3 because the second term of the 
matrix element assuming a pure vector current ( eq. (2) 
above) can be neglected. Here f+ is usually assumed to 
be linear in t, and the linear coefficient ~ 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 
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+ 2mK(fsiill + r5)uv 

+ (2fT/mK)(PKh_ (Prr)p. uQ axp.(I + l's)uv , . 

where fs is the scalar form factor, and fT 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 lfs/f+l and lh/f+l· 

The Ke3 results for~. lfslf+l and lh/f+lare 
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 andK~3 Form Factors in 
the K± section of the Stable Particle Data Card Lis
tings for additional discussion of the K~ 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 
(I969), and Wolfenstein (1969)). 

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

As(Ks-+ 1T+1T-1TO)jAL(KL-+ 1T+1T-1TO) =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/AL)2 in the form 
of a branching ratio. 

(b) Charge asymmetry in K L -+ 3rr decays. As men
tioned above, the presence of a term in (~2 - s1 ) in 
expression (I) describing the Dalitz plot distribution 
for r±, rO decays of K mesons would be an indication 
of CP violation. Rather than listing values of the 
(s 2 - s1) coefficient j in eq. (I), we choose to list a± 
from the equivalent expression 

+ ( CP non violating terms) , (5) 

where T± are the kinetic energies of the charged pions. 
We have momentarily abandoned the form involving 
the Mandelstam variables s; in favor of eq. (5) be<;ause 
the latter has been consistently used by experimenters 

searching for CP violation. We list a± 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)Asymmetryin theKL -+rr+Q±vdecays. The 
quantity measured and compiled here is 

f(KL-+ rr-Q+v)---' f(KL-+ rr+Q-v) 
&= . 

f(KL-+ rr-Q+v) + r(KL-+ rr+Q-v) 

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

o = 2[(I -lxi2)/(II -xl2)] Re e, 

where xis the I:!..S = I:!..Q-violating parameter defined in 
section B4, and e is the parameter of the expansion 

IKL}.= [(I+ e)IK>- (I- e)IK>]/[2(1 + lel2 )]112, 
.(6a) 

IKs> =[(I+ e)IK> +(I- e)IK>]/[2(1 + lel2)jll2. 
(6b) 

I 

We give o 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 o sepa
rately forK~-+ 1TJ1V and K~-+ rrev. 

(d) K L -+ 2rr decay. The relevant parameters are 

77+- = A(KL-+ rr+rr-)/A(Ks-+ rr+rr-) 

= 177+_1 exp(i¢+_), 

71oo = A(KL -+ 1TOrrO)jA(Ks -+ rrOrrO) 

= 177oo I exp(i¢00), · 

e, defined in eqs. (6) above, and 

e' = ~iyl[exp i(o2- oo)J Im(A2/Ao). 

Here, A; and o; are the amplitude and phase of rrrr 
scattering at the K mass, defined by 

(!= OITIK> = exp(io 0)A 0 , 

<I= 21 Tl K) = exp(io 2)A 2 . 

Wu and Yang (I964) have derived the relationships 
I 

77+- =e + e , 77oo ·= e - 2e' . 

We give 77+-, 77oo, ¢+_,and ¢00 in the Addendum 
to the Stable Particle Table. The phases are measured 
directly, whereas the magnitudes 71+- and 77oo are 
derived parameters. We use, as far as we can, the 

xiii 
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directly measured quantities as input and calculate 
11+- and 17oo 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 117ool2 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. !1S = !1Q rnle in Ko decays. The relative amount 
of !1S =/= !1Q component present is measured by the 
parameter x, defined as 

x = A(KO-? 1T-Q+v)/A(K0-? 1T-Q+v). 

We list Re {x} and lm {x} for both Ke 3 and Kll 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 
experi111ents have looked for possible charge asym
metries in the decays 11 -? 1T+ 1T-1TO and 11 -? 1T+ 1T- '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 1T(±) 

energy greater than the 1T(+) 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 11-? 1T+1T-1TO. The numbers refer to the 
sextants of the Dalitz plot (see, for example, Layter 
(I 972)). As is sensitive to an I= 0 C-violating asym
metry. 

(c) The quadrant asymmetry Aq, defined in a sim
ilar way as A s• but with each sector of the Dalitz plot 
now containing 1T/2 rather than 1T/3 radians. Aq is 
sensitive to an I= 2 C-violating final state. 

(d) The d-wave contribution to the C-violating am
plitude in the decay 17-? 1T+1T-'Y- The upper limit for 
this contribution is measured by the parameter (3, 
defined by 

dN/dlcos e I ex sin2e(l + (3 cos2e), 

xiv 

where e is the angle between the 7T+ and the 'Y in the 
di-pion center of mass. A term proportional to cos2e 
could also be due top- and f-wave interference. 

We list A for the decay modes 17-+ 1T+1T-1To and 
17-+ 1T+1T-'Y, As and Aq for the decay 11-+ rr+1T-1TO, 
and (3 for the decay 17-? 1T+1T--'Y in the 11 section of the 
Stable Particle Data Card Listings. · 

2. Dalitz plot for 17-+ n+ n-nO. The Dalitz plot for 
the decay 11-+ n+n-nO may be fit by the distribution 

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

Here, 

x = YJ(T+- T _)/Q, y = (3T0 /Q)- 1 , 

T+, T _, T0 are the kinetic energies of then+, n-, and 
nO in the 11 rest system, and Q= m'l - mn+ - mn- -
mno. The coefficient of the term linear in xis 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 din the 11 section of the Stable Particle 
Data Card Listings. However, we do not tabulate val
ues of these parameters because the assumptions made 
by different authors are not compatible and qo not 
allow comparison of the numerical values. 

3. Dalitz plot for 11-+ 1T+1T-'Y- The Dalitz plot for 
the decay 17-? n+n-'Y may be fit to the expression 

IMI2 ex 1 + 2az , 

where 

Here E; is the energy of the ith pion in the 11 rest 
frame, and p is the distance to the center of the Dalitz 
plot. We list the parameter a in the 11 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 q2 dependence of the form 
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factors, the baryon part of the matrix element for 
these decays may be written (Goldberger and Treiman, 
I958) as 

<Bf i'YA {gy - KA 'Ys) + (gwfmBi)aXvqv I Bi >, 
where Bi and Bf represent initial and final baryons, 
gA and Kv the axial and vector coupling constant, 
Kw the weak magnetism coupling constant, and qv the 
sum of the lepton momenta. Here the Pauli represen
tation is used for the r matrices. The ratio gAfKv may 
be written as 

KAIKv = igAfKvi exp(i¢), 

where ¢is 0 + n 11 if time reversal holds (see Jackson 
et al., I957). 

Experiments on the leptonic decays of baryons 
other than the neutron have generally assumed ¢ to 
be either 0 or 11, and have thus measured the magni
tude and sign of gAfKv· In studying neutron beta 
decay, however, experiments have been sensitive 
enough to measure ¢ more precisely, and we include 
the phase angle in ~ur Listings for trus case. It is con
sistent with time reversal invariance, and by using the 
above definition ofthe matrix element with the Pauli 
representations, the value of gA/gy in neutron beta 
decay is negative. 

Due to statistical limitation the weak magnetism 
form factor Kw is usually assumed from eve and 
SU(3), so only g A and Kv are determined experimen
tally. Trus determination is accomplished in a variety 
of ways. 

(a) The lepton-neutrino angular correlation pro
vides a measure of the absolute value of gAIKv (for 
relevant formulas, see, e.g., Albright, I959). 

(b) The up-down asymmetry of the lepton from 
polarized baryon decays provides a measure of gA/gy 
with its sign (for relevant formulas, see, e.g. Albright, 
I959). 

(c) The lepton spectrum, given enough statistics, 
provides a measure of gA/gy with its sign (for relevant 
formulas, see, e.g., Bender, I968). 

(d) The polarization of the decay baryon, from 
polarized or unpolarized initial baryon, also provides 
gA/gy with its sign (for formulas, see, e.g., Willis and 
Thompson, I968). 

(e) The presence of a term proportional to 

where the initial baryon is polarized or 

crBf • (Pe X Pv) ' 

where the polarization of the decay baryon is ob- . 
served provides a measure of the deviation of if; from 
0 or 11, and is thus a test of time reversal in variance 
(see,e.g., Willis and Thompson, I968). 

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

All the coupling constants and decay rates for 
baryon leptonic decays are related by eabibbo's 
theory (eabibbo, I964). A recent fit to this theory 
has been done by Roos (1974). 

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

M = s + p( cr • q) , (7) 

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)/(lsi 2 + ipi 2), 

{j = 2 Im(s*p)/(lsi 2 + ipi2)., 

r= (lsl2 -lpl2)/(lsl2 + ipi2). 

With the transition matrix (7), the angular distribu
tion of the decay baryon, in the hyperon rest system, 
is of the form 

I= I+ aPy • q, 

where Py = <YiaiY> is the hyperon polarization. 
In the notation of Lee and Yang (I 9 57) the polar

ization PB of the decay baryon is* 2 

(a+ Py • q)q + (j(Py X q) + -yq X (PyX q) 
p- ~~~·----------
B- I+ aPy • q 

where PB is defined in that rest system of the baryon 
obtained by a Lorentz transformation along q from 

P 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. 

XV 



Volume 75B PHYSICS LETTERS 24 April1978 

the hyperon rest system in which q and Py are defined. 
Note that ex is the helicity of the decay baryon for on-
polarized hyperons. · .· 

The three parameters ex, (3, and 'Y satisfy the relation · 

ex2 + (32 + 'Y2 = 1 . 

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

(3 = (1 - ex2)1/2 sinrp, 

'Y = (1 - ex2)112 cos rp , 

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

1 1 -:pr ~ rp ~ 27T 

+4n~rp~~1T 

for 'Y > 0, 

for 'Y < 0. 

In discus.sing time-reversal invariance, the quantity 
of interest is .1, defined by 

ex= 21sllpl cos .::l/(lsl2 + lpl2), 

(3 = -21si1PI sin .::l/(lsl2 + lpl2); 

that is, .1 is the .phase angle of s relative top. Evident- . 
ly 

1 1 
-2n~.::l~21T for ex>O, 

1 3 + 2 1T ~ .1 ~ 27T for ex < 0 . 

Under the assumption of time-reversal invariance, the 
angle .1 must satisfy the relation 

.1"=o 5 -oP, 

modulo 1T, where os and o P are the pion-baryon scat
tering phase shifts at the appropriate energy and for 
the appropriate isospin state. For !\decay, assuming 
the validity of the 1.11 I = ! rule, 

.1 =OS- op = (7.0 ± 1.0) deg. *3 

In the Stable Particle Data Card Listings we give exand 
rp for each decay since they are the most closely related 
to the experiments and are essentially uncorrelated. 
Whenever necessary we have changed the signs of the 
reported values, so as to agree with our conventions. 

p This value for 65 - bp is derived from the phase-shift anal· 
yses by Ayed (1976). The error is our estimation of the 
uncertainty allowing for possible correlations. 

xvi 

In the Stable Particle Table we give ex, rp, and .1 with 
errors; and for convenience we also give the central 
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 
standard deviation (1 a); that is, for central value x and 
error ox, the range x ±ox constitutes a 68.3% confi
dence interval. 

A. Unconstrained averaging 
We first describe the standard procedure we have 

used for several years to determine averages and errors. 
We then discuss a second method, which we feel offers 
a less conservative, and possibly more accurate, esti
mate of errors. 

1. Standard procedure - gaussian distribution with 
scale factor. We begin by assuming that measurements 
of a given quantity obey a gaussian distribution, and 
thus we calculate a weighted average and error 

where xi 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 1, and there 
are no known problems with the data, we accept the 
above results. 

If x2 /(N- 1) is ridiculously large, or if there is 
prior knowledge of extremely large inconsistencies 
between experiments, we may choose not to average 
the data at all. Alternatively, we may quote the calcu
lated average, but then give an educated guess as to 
the error; such a guess is generally a quite conservative 
estimate designed to take into account known prob
lems with the data. 

Finally, if x2 /(N- 1) is greater than 1, but not to 
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such a large extent, we still average the data, but then 
try to 1i1ake up for this fact in two ways: 

(i) We plot an ideogram to guide the reader in de
ciding which data might be rejected before selected 
averages are made. An example of such an ideogram 
is given in fig. 3 below. Each experiment appearing in 
the plot is represented by a gaussian with central value 
xi, error 8xi, and area proportional to 1 /8xi. 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 
reduce the statistical errors and to study the biases. 
Our 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 /8xi. . 

But why not assign a weight I/8x[, as is done when 
computing a weighted average? We feel that this is 
equivalent to assuming that large systematic errors are 

0 50 
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Fig. 3. Ideogram of measurements of the A2 width, as deter
mined from the KK mode. The vertical line indicates the posi
tion of the weighted average, while the horizontal bar atop the 
line gives the error in the average after scaling by the SCALE 
factor. Only those experiments indicated by+ error flags 
were precise enough to be accepted in the calculation of the 
SCALE factor; the column on the far right gives the x2 con
tribution of each of these experiments. Occasionally, less pre
cise experiments are included in the calculation of the weighted 
average, but not SCALE; they have 1 error flags. 

as infrequent as large statistical fluctuatio.ns, 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 arithmeticis 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 I, 
2, 3, etc., are all valid (so we should multiply their 
probabilities). Our ideograms are based on the assump
tion that I or 2 or 3, etc., is valid, "hedged" with 
I/8xi betting odds; we then add their probabilities. 
Both approaches cannot simultaneously be right; we 
leave it to the reader to choose. A glance at the ideo
gram will show, however, that the discrepancy is often 
not severe for reasonably distributed input. 

(ii) The second way in which we try to take ac
count of x2 /(N- I) being greater than I is to scale up 
our quoted error 8x in eq. (1) by a factor 

SCALE= [x2J(N- I )]1/2 . (2) 

Our reasoning is as follows. Since we do not know 
which one or more of the experiments are wrong, we 
assume that all experim!!ntalists underestimated their 
errors by the same scale factor (2). If we scale up all 
input errors by this factor, x2 returns toN- I, 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 8x. 
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
bution of the sensitive experiments is diluted, i.e., 
reduced. Therefore, we evaluate SCALE by using only 
experiments for which the errors are not much greater 
than those of the more precise experiments. Explicitly, 
to calculate SCALE we use only the most sensitive ex
periments, i.e., those with errors less than 80 , where 
the ceiling8 0 is (arbitrarily) chosen to be 

xvii 
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Here ox is the unsealed error of the mean of all the 
experiments. Note that if each experiment had the 
same error oxi, then ox would be oxi fNI/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 with
out 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 
discrepant values. 

We wish to emphasize the fact that our scaling 
procedures 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. 

2. A second procedure- Student's distribution. 
Tlie second method of averaging data, described in 
detail in Roos et al. (197 5), relies upon an empirical 
determination of the distribution of the residuals for 
the ensemble of data appearing in the Review. The 
residual for the ith measurement of a quantity with 
average value xis defined as 

hi= (xi- x)/oxi . 
Roos et al. select several different subsamples of the 
data, and show that the residuals for each subsample 
have approximately the same properties; in particular, 
their first few even moments are similar. Since the dis
tributions have longer tails than a gaussian, the authors 
choose to represent them by a distribution function 
having such a property, namely the Student distribu
tion 

[ 
(h/c)2]-(n+l)/2 

Sn(h/c) = K 1 +--
n 

(3) 

Here K is a normalization constant, and n and care 
parameters which the authors then fit to the com
bined sample of data. The resulting empirical distri
bution is 

Note that the shape of S10 is somewhere between that 
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of a gaussian (=Soo) and that of a Breit-Wigner (=S1 ). 

The proposed method of averaging the data for a 
given quantity then consists of finding the value of x 
which maximizes the log-likelihood function 

log .C( {xi} lx) = ~log [ SIO c~~ ;o:i )] ; (5) 

the sum here is again taken over all N measurements 
of x. The error ox is determined by finding the varia
tion in x needed to decrease the log-likelihood by 1/2: 

log .C( {xi} IX) -log .C( {x) !x ±Ox)= 4 . (6) 

3. Comparison of procedures. Both of the proce
dures described above adopt a partially empirical ap
proach to the problem that measured values for the 
quantities tabulated in this Review do not exhibit the 
gaussian behavior naively expected. (This problem, it 
should be noted, persists even when careful attempts 
are made to resolve difficulties and inconsistencies in 
the data prior to averaging.) 

The first approach operates on a quantity-by
quantity basis and adjusts the error in each case so 
that no scaled x2 /(N- 1) is greater than 1. This is ob
viously rather conservative, since even if the data 
obeyed a gaussian distribution, about half of the 
quantities would be expected to have x2/(N- 1) > 1. 

The second approach, on the other hand, assumes 
that (provided we first eliminate quantities with ob
vious, known problems) all quantities have the same 
theoretical distribution function, namely the fairly 
long-tailed S10(h/ I.l1 ). With this supposition, if a 
particular quantity has a large x2, it is assumed to be 
just a happenstance, occasioned by a random fluctua
tion into the long tails, and no special scaling for this 
quantity is done. This procedure thus results in gen
erally smaller, or less conservative, error estimates for 
quantities having x2f(N- 1) >I. (However, it should 
be noted that, because of the overall scale of I.ll ap
pearing in the empirical Student's distribution, the 
errors for quantities with x2 /(N- I) .;;;; 1 are actually 
increased by about 1 0%.) Table 3 shows some com
parisons of sample results from the two procedures, 
using data from the 1974 edition of the Review. Shifts 
in bothx and ox can be observed, especially where 
SCALE> 1. 

Since the new procedure is a significant departure 
from the past, we have repeated the previously adopted 
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Table 3 
Comparison of procedures (data from 1974 edition). 

Particle property Pure Standard method: Proposed methof 
gaussian gaussian + scale factor Student's distribution 
x± lix x± lix 

x± lix SCALE 

p0 mass (MeV) 770.32 ± 0.65 770.32 ± 0.91 1.4 770.37 ± 0.82 
11' mass (MeV) 957.59 ± 0.24 957.59 ± 0.24 1.0 957.58 ± 0.28 
¢mass (MeV) 
K*(1420) mass (MeV) 
Kt mean life (1 o-8 s) 
l:+ mean life oo-10 s) 
1:- mean life (1 o-10 s) 
K±"__, .,±1;+.,- (%) 

1019.69 ± 0.15 1019.69 ± 0.28 1.9 1019.83 ± 0.20 
1421.3 ± 2.3 1421.3 ± 2.3 1.0 1421.3 ± 2.6 
5.158 ± 0.042 5.158 ± 0.042 1.0 5.158 ± 0.046 
0.8004 ± 0.0058 0.8004 ± 0.0058 1.0 0.8004 ± 0.0064 
1.482 ± 0.011 1.482 ± 0.017 1.5 1.479 ± 0.013 
5.521 ± 0.075 5.521 ± 0.098 1.3 5.533 ± 0.089 

A-->prr-(%) 63.99 ± 0.49 63.99 ± 0.49 1.0 63.98 ± 0.55 

approach: in the Data Card Listings we give the aver
age-and-error for each quantity .calculated both ways; 
the standard way is labelled at the left with the code 
"AVG", while the second way is labelled "STUDENT". 
In the Tables of Particle Properties, we continue to use 
the standard procedure - gaussian with SCALE factor. 
As in the past, a SCALE factor greater than I is indi
cated by the appearance of "S = ... "next to the value 
and error. 

We heartily invite your comments on the Student's 
distribution method. They will assist us in deciding on 
procedures for future editions. 

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 P;, width r, partial widths r;, 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 ma,trix and the scale 
factor. 

Assume that a state has only three partial-decay 
fractions, P1, P2, and P3 (2:. P; = 1 ), which have been 
measured in four different ratios,R1, ... ,R4 , where, 
e.g.,R 1 =PtfP2,R2 =P1/P3,etc.* 4 Further assume 

44 We can handle any R of the form R = ~ 01.;P;I'E fJ;P/, 
where Dlj and fJ; are constants, usually 1 or 0. 

that each ratio has been measured by N experiments 
(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 = E [ f ( Rrx- Rr(P1,P2,P3))2]. (7) 
r=1 x=1 8Rrx 

In addition to the fitted values P;, the program cal
culates an error E1atrix~o~o.Pj>. We tabulate the diag
onal elements 8P; = (8P;oP;)1/2 (except that some : 
errors are scaled according to eq. (2) as discussed 
below). In the listings we give the complete error 
matrix; 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. 
(I) There was no connection between measure

ments of the width and the branching ratios. But often 
we also have information 'on partial widths r; as well 
as total width r. In this case AHR must introducer 
as a parameter into the fit, along with the relations 
r; = rP;, 'E r; = r. When appropriate, we tabulate the 
r; along with the P;, 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 o(P)+ and o(P)- in the fitting. When no errors are 

xix 
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reported, we merely list the data for inspection. by the combination 

Hyperon-decay parameters. The program AHR 
handles any type of input, a, <I>,~. {3, or 'Y, 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 

a2 + (32 + --(2 = 1 . 

Inconsistent constrained data. According to our· 
simple example, which led to eq. (7), the double sum 
for x2 is summed over experiments x = 1 toN, leaving 
a single sum over ratios 

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, all N of the 
measurements of that particular ratio are equally 
penalized by having their errors i.ncreased by SCALE. 
Program AHR then recycles on all the data, those 
with errors unchanged as well as those with errors in
creased. We then get new values, oP;' for the errors in 
the partial decay modes. 

Because of the constraint (L Pi = 1) some SCALE 
factors may still be greater than 1 even after this 
second pass. If this is so, the whole procedure (i.e., 
increasing errors by the new SCALE factors and re- · 
cycling through AHR) is repeated. 

At the end of AHR's final pass we have two mea
sures of the errors for the Pi. One is, of course, the 
oP/, 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-P/), 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 
uncertainty are about equal. Rather than selecting 
just one or the other, our tabulated errors are given 

XX 

(oPi)tab = [oP? +(Pi- P/)2]1/2 , 

where Pi is the fitted value of the ith partial-decay 
mode before scaling, P;' is its value after scaling, and 
oP/ is the error in P/. The SCALE factors we finally 
list in such cases are defined by 

(SCALE)i = (oPi)tab/oPi . 

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 differen
ces between the Pi calculated with either the scaled or 
the unsealed errors are, of course, always within the 

tabulated errors, (oPi)tab·) 
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TABLES OF PARTICLE PROPERTIES 
April 1978 

N. Barash-Schmidt, A. Barbaro-Galt;,ieri, C. Bricm.ari., R. L. Crawford, 

c. Dionisi, R. J. Hemingway, C. P. Horne, R. L. Kelly, 

M. J. Losty, M. Mazzucato, L. Montanet, A. Rittenberg, 

M. Roos, T. G. Trippe, G. P. Yost 

(C1osing.date for data: Jan. 1, 1978) 

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 1976. 

Particle IG(JP)cna Mass Mean Life Partial deca): mode 
(MeV) (sec) por 

Mass2 CT Mode Fractionb Pmaxc 

(GeV)2 (em) (MeV/c) ,. 0,1(C)- 0(<6x10 22 ) stable stable 

lie J=t 0( <0. 00006) stable stable 
(>3x 1 o 8mv

0
(MeV)) 

e J=t 0.5110034 stable stable 
±.0000014 (>5x1021y) 

VJ..t J=t 0(<0.57) stable stable 
(>1. 3x104mv,.(MeV)) 

1-' - d .. 
1-" J=t 105.65946 Z.197134x1o-6 e 1111 ( 96.6±0 4 )% 53 

:t.OOOZ4 ±.000077 e-iiv-y e( 1.4 . )% 53 
m2= 0. 0111639Z cT=6.5666x10 4 e-·,-, ( <4 )x1o-6 53 

ml'-m,.±= -'-33. 9074 e-e•e- ( <1.9 )x1o-9 53 
±.001Z e--y ( <3.6 )x1o-9 53 

e-"e"'p ( <Z5 )% 53 
~ 

- d 
T+ 

T J=t' 1607 11-vv ( 17.5 ±1.7 )% 900 
±ZO e-v .... ( 17.9 ±2.6 )% 903 

m2=3.27 

,.. d 

n± 1-(o-) 139.5669 Z.6030x1o-8 -;.II 100 % 30 
±.001Z :t.OOZ3 e•11 ( 1.Z67±0.0Z3)x1o-4 70 

m2= 0. 0194769 cr=760.4 ,_.+11"1' e( 1.ZHO.Z5)x10-4 30 
(T+-T-)/T= e•vn° ( 1.0Z:t0.07)x10-e 5 
(0. 05±0 .. 07)% e•vy e( Z. 15±0. 50)x10-8 70 
(test of CPT) e•ve•e- ( <5 )x1o-9 70 

rro 1-(o-)+ 134.96Z6 0.6Z6•10- 16 1'1' ( 96.65±0.05)% 67 
±.0039 ±.057 5=1.6* -ye•e- ( 1. 15±0. 05)% 67 

tn2= 0. 016Z149 ·cT=Z. 5x 10-6 1'1'1' ( <5 )xl0-6 67 
m,.:t-m,.o=4.6043 e•e-e•e- 6( 3.3Z )xl0-5 67 

±.0037 )'1'1')' ( <6 )x1o-5 67 
e•e- ( <Z )x1o-6 67 

" 
TJ o•(o-)+ 546.6 f=(0.65±0.1Z)keV/ 

~r' hl 36.0 ±1.0 )% 5=1.2* 274 
±0.6 Neutral decays 3.1 ±1.1 )% S=1.z* Z56 

5=1. 4. (71. 0±0. 7)% 37T ( Z9.9 ±1.1 )% 5=1.1* 160 
m2=0.301Z 5=1.1* '"'+"-1To ( Z3.6 ±0.6 )% 5=1.1* 175 

"!-' n•n-)' ( 4.69±0.13)% 5=1.1* 236 e•e-, ( 0. 50±0 .1Z)% Z74 
e•e-n° ( <4 )xl0-5 Z56 
n•n- ( <0.15 )% Z36 

Charged decays e•e-71'•n- ( 0.1 ±0.1 )% Z36 
(Z9. 0±0. 7)% n•,..-n°, ( <6 )xl0-4 175 

5=1.1* n•n-n ( <O.Z )% Z36 ,..•,..- ( z.z ±0.6 )x1o-5 Z53 
,_.+,_.-,.o ( <5 )x1o-4 Zll 
e•e- ( <3 )x1o-4 Z74 
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Stable Particle Table (cont'd) 
IG(JP)Cn a Mass 

(MeV) 
Mass2 

(GeV)2 

493.668 
%0.018 

m 2= 0.24371 

mK•-mKo=-4.01 
±0.13 

S=1.1* 

Mean life 
(sec) 

CT 

(em) 

1.2371x1o-B 
±.0026 S=1.9* 

CT=370.9 
(T"'-T-)/T= 

(.1'1±.09)% 
(test of CPT) 

S=t. 2* 

Partial decay mode 

Mode Fractionb 

K"'-f 
~-'"'" ( 63. 50±0. 16)% 
rr"'rro ( 21.16±0 .15)% * 

-rr"'rr"'rr- ( 5. 59±0. 03)% 5=1. 1 
rr"'rrorro ( 1.73±0.05)% S=1.3: 
J.<"'vrro ( 3. 20±0. 09)% 5=1 • 7 
e"'vrr 0 ( 4.62±0.05)% S=1.1* 
~'"'"'Y e( 5.6 ±3.5 )x1o-3 
e"'vrrorro ( 1.6 ~2.4 )x1o-5 
e"'vrr"'rr- ( 3.9o:8:?5)x1o-5 
e-iirr"'rr"' ( <5 )x 10-7 
J.<"'vrr"'rr- ( 0.9 ±0.4 )x1o-5 
J.<-iirr"'rr"' ( <3.0 )x1o-6. 
e"'v ( 1. 54±0, 09)x 10-5 
e"'vl' e( 1.62±0.47)x10-5 
rr"'rr 0 y i,e ( 2. 75±0. 16)x 10-4 

rr"'rr"'rr-y e( 1. o· ±0. 4 )x 10-4 

J.<"'vrr 0y e( <6 )x1o-5 

e"'vrr 0r e( 3.7 ±1.4 )x1o- 4 

e"'e-rr ( 2.6 ±0.5 )x1o-7 

e"'e"'rr- ( <1 )x108 

J.<"'J.<-rr"' ( <2 .4 )x1o-6 
rt"'n e( <3.5 )x1o-5 
rr"''Y'Y'Y e( <3. 0 )x 10-4 

rr"'vii ( <0. 6 )x 10-6 
rr"'y t <4 )x1o-6 
e"'J.<*rr~ ( <7 )x1o-9 

e-J.<"'rr"' ( <5 )x1o-9 

J.<"'wii . ( <6 )x 10-6 

J.<"'ve"'e- ( 11 ±3 )x10-7 

J.<-ve"'e"' ( <2. 0 )xto-8 

e"'ve"'e- ( 2 ~~ )x10-7 

497.67 
±0.13 

5=1.1 * 

50% Kshort• 50% KLang 

m 2 =0.24766 

-}<o-f 1666.3.1 
±0.9 

m 2=3.491 
m 0 :-m0 o= 5. o 

±0.6 

1663.3.1 
±0.9 

m 2=3.472 

0.6923x1o-tof 
±.0022 
cT=2.675 

5. 163x 10-8 

±.040 
CT=1554 

rmo~oo~K"'rr-l<o 16 
r(o0 ~Krr) · 

11'+.,.
rrorro 
!' ... !'_ 
e•e-
11'+11'-)' 

n 

rrorrorro 
n•n-11'0 

n±tt:r:v 
nze:r:v 
nev)" 
11'+11'

no.,..o 
TI'+'JT-)" 

rron 
n 
el' 
!' ... !'_ 

... -

( 66.61.0 ~4)% S=1 1* 
( 31.39. ·"' )% . 
( <3.2 )x1o-7 
( <3.4 )x1o- 4 

e( 1.65±0.10)x10-3 
( <0.4 )x1o-3 

21.5 ±0. 7 )% 
12.39±0.16)% 

( 27 . 0 ±0 . 5 )% 
k< 38.6 ±0.5 )% 

k,~( 1.3 ±0.6 )% 

S=1.3* 
5=1.2* 
S=1.1 * 
5=1.1* 

1( 0.203±0.005)% * 
( 0. 094±0. 016)% 5=1. 5 

e( 6.0 ±2.0 )x10-5 

( <2.4 )x1o-4 

( 4.9 ±0.5 )x1o-4 

( <2.0 )x1o-9 

( 9.1 ±1.6 )x10-9 

( <7 .'6 )x10-6 
( <5.7 )x1o-5 ~ ... ~-~0 

e•e
e"'e-y 
n•n-e•e
n0nt:e•v 

( <2.0 )x10-9 

( <2.6 )x1o-5 

( <6.6 )x1o-6 
( <2.2 )x10-3 

3.9 ±1.0 )% 
1. 5 ±0.6 )% 
9.6 ±1.4 )% 

<0.31 }% 
<0.6 )% 
<0.20 )% 

1.6 ±0.5 )% 
12 ±6 )% 
3.5 ±0.9 )% 

<6 )% 
4.4 ±1.1 }% 
9.8 ±1.4 )% 

<0.13 }% 
<0.13 )% 

por 

Pmaxc 

(MeV/c) 

236 
205 
125 
133 
215 
226 
236 
207 
203 
203 
151 
151 
247 
247 
205 
125 
215 
228 
227 
227 
172 
227 
227 
227 
227 
214 
214 
236 
236 
236 
247 

206 
209 
225 
249 
206 
249 

139 
133 
216 
229 
229 
206 
209 
206 
231 
249 
236 
225 
225 
177 
249 
249 
206 
207 

845 
662 
934 
908 
743 
645 

660 
643 
612 
660 
641 
932 
921 
790 

v·· 
,•. 
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Stable Particle Table ( cont'd) 

• Particle IG(JP)Cna Mass Mean life Parti.al decay mode 
(MeV) (sec) p or 
Mass2 CT Mode Fractionb ·Pmax 

c 

'-.~·~ 
(GeV)2 (em) (MeV/c) 

p t<-t•> 938.2796 
±0.0027 

stable (>2xto3°y) 

m 2= 0. 880369 

n t<t·'> . 939.5731 918±14 p.-·., 100 .% ·I 
±0.0027 cT=2.75xto 13 

m 2= 0. 882798 
mp-mn=-t .29343 

±0.00004 

A O(f+J 1115.60 2.'632xJo-10 P"- ( 64 .2± 0 5 )% tOO 
±0.05 :t.ozo S=t.6*· ""0 ( 35.8 . )% 104 

S=t.2* CT=7.89 pe-v ( 8.07±0.28)•10_4 - 163 
m 2= 1'.2446 PI'-" ( 1.57±0.35)•10-4 131 

mA-Il)tO= -76 .. 87 P"-)' e( 0.85±0.14)•10-3 100 
±0.08 

r+· l(t+> 1189.37 O.B02x1o-10 P"o ( 51.6 ±0 7 )% 189 
±0.06 ±.005 mr+ ( 48.4 . )% 185 

s=t. a• CT=2.40 p)' ( 1. 24±0 .tB)xto-3 5=1.4.• 225 
m 2= 1.4146 nn+-y e( 0.93±0.10)•10-3 185 

Ae+v ( 2.02±0.47)•10-5 71 
mr+-mr-= -7. 98 1:(~+ -+&+Did O '"{ n~~v ( <3 .0 )•10-5 202 

±.08 r(r -+rnv)<. 4 ne•v ( <0.5 )xto-5 224 
S=t. 2* pe•e- ( <7 )•10-6 225 

-ro l(t+> 1192.47 5.8xto-20 Ar 100 % 74 
±0.06 ±1.3 Ae•e- 6( 5.45 )x1o-3 74 

m 2= 1.4220 cT=1.7x1o-9 An ( <3 )% 74 

r- l(t+> 1197.35 t.483xto- 10 
"" 

- 100 % 193 
±0.06 ±.015 S=t.4* ne-v ( 1.08±0.04)xto-3 230 

m2= 1.4336 CT=4.45 fi/.'-11 ( 0. 45±0. 04 )•10-3 . 210 
Ae-v ( 0.60±0.06)•10-4 79 

mro-mr-= -4. 68 ""-)' e( 4.6 ±0.6 )xto-4 193 
±.06 

':'0 !<t+)n 1314.9 2 .90•10- 10 A,.o 100 % 135 - ±0.6 ±.10 ~~~)' ( 0.5 ±0.5 )% 184 
m2= 1. 7290 CT=6.69 ( <7 )% 117 

P" - ( <3.6 )•10-5 299 
pe-v ( <1.3 )x1o-3 3Z3 
r•e-v ( <1.1 )•10-3 120 
r-e+v ( <0.9 )xto-3 112 

m:;:O-m:;:-=-6. 4 !:+I'-" ( <1.1 )•10-3 64 
±.6 l:-1'+" ( .<0.9 )•10-3 49 

PI'-" ( <1.3 )x1o-3 309 

.::. !<t+>n 1321.32 1 .654xfo- 10 A,.- ioo % 139 
±0.13 ±.021 Ae-v 0 ( 0. 69±0. 16)•10-3 190 

m 2= 1. 7459 CT=4.96 ro.-., ( <0.5 )x1o-3 123 
AM-., ( 3.5 ±3.5 )xto-4 163 
!:01'-" ( <0.6 )x1o- 3 70 

"" ( <1.1 )x1o-3 303 
ne-v ( <3. 2 )x1o-3 327 
OJ.l-V ( <1.5 )% 313 
!:-)' ( <1.2 )x10-3 118 
pTr_Tr_ ( <4 )•10-4 223 
pTr_e_v ( <4 )x10-4 304 
P"_l'_" ( <4 )•10-4 Z50 
::: 0 e-v ( <Z.3 )xl0-4 6 

o- o<f+Jn 1672.2 1 t+0.4x1o-1oP :;:0,.-J 293 
±.4 . -0. 3 S=2.5* ;;:-,.o 100% Z90 

m 2= 2. 7963 CT=J AIC 211 
~ 

·•.~.., 

•.; ... 
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ADDENDUM :TO 

Stable Particle Table 
Magnetic moment 

I 1.001 159 652 41 ell e 2mec ·I' Decay parameters q ±. 000 000 000 20 

1.001 165 922 ell p = 0. 752±0.003 'I=- 0.12 ±0.21 J..l ± . 000 000 009 
2ml'c t = 0.972±0.013 6 = 0. 755±0.009 h = 1.00±0.13 

lgA/gvi=0.66~8:N 4> = 160'U5' 

1J Mode Lert-rlght asymmetry Sextant asymmetry Quadrant asymmetry· 
n•n-n° ( 0.12±.17)% (0.19±0.16)% (-0.17±0.17)% n•n-.,.. ( 0.66±.40)% 1!=0.047±0.062 K± Mode Partial rate (sec- 1) 

Slope parameters for K -+ 3w r 
/'V (51.33±0.17)x106 5=1.2* 
,,.o (17.10±0.13)x106 S= 1.1* K•-+n+11'+,.- g=-0.215±.004 S=1.5* See Data Card Listings 
rrn+n- ( 4.52±0.02)x106 5=1.1: K--+n-.,..-n+ g=-0.214±.007 5=2.7: for quadratic coefficients. 
11'11'011'0 ( 1.40±0.04)x106 S=l.\ K±-+1rono,.z g= 0.561±.021 5=1.7 
l-'1fov ( 2.56±0.07)x106 5=1.7. Ke.-..11'·11"-11'0 g= 0.670%.014 5=1.6* 
en°v ( 3.90±0.04)xto6 . S=1.1 1 At= 0.029±.004 At= 0.0300±.0016 S=t.2* 

Kg n•n- s ( 0. 7669±.0033)xto10 K!J Al;t= 0.026±.006 S=t.5* 
K231 

Al;t= 0.034 ± .006 5=2.5. 

7T011'0 s ( 0.3517±.0029)xto10 S=t.1* Aft= -0.003±.007 S=t.5* . Aif= 0.020 ±.007 5=2.5 • 

See Data Card Listings fort, f5 , and ft. 

K£ 11"011'011'0 ( 4.14 ±0.15)x106 5=1.3* CP vl~lation parameters t,s,j n:t"n-n° ( 2.39 ±0.04)x106 s=t.2* 
l'lool=(2.32± .09)x1o-3 S= 1.1* 

"~'" ( 5.21 ±0.10)x106 5=1.1: 
1'1+-1=(2.274±.022)x1o-3 

nev ( 7.49 ±0.11)x106 5=1.1 4>+-=!:5.0± 1.2)' 4>oo=(46U3)' 

n+n- j,s( 3.!:1 ±0.10)x104 1'1+-ol <0.12 l'loooi2<0.26 o=(0.330±.012)x1o-2 

nono s ( 1.61 ±0.35)x104 'S=t.5* 45 a -4Q 
' . 

Re x=0.009±.020 S=1.4 Im X= -0.004±.026 5=1.1* 

Maanetic Decay parametersu 
moment Measured Derived gAfgy l!vii!A 

(ell/2mpc) -"-- f(degree) __L_ 4(degree) 

p 
2.7926456 
±.0000011 

-1.91304211 pe-v -1.253±0.007 n ±.00000068 6=( 180.20±0.19)' 

A -0.606 pn- 0.642±0.013 (-6.5±3.5)' 0.76 (7.7~l:Y)' 
±.034 nn° 0.646±0.044 

pev -0.62±0.05 S= 1.2* 

r+ pno .-0.978±0.016 (36±34)' 0.17 (187±6)' 

2.83 nn+ +0.072±0.015 (167±20)' -0.97 (-n~f12)' 
±.25 P'l' -1.03~8:~~ 5=1.1* -

nn - -0.069±0.006 (10U5)' 0.98 (249~}~5)' r- -1.46 ne-v ±(0.385%0.070) S=2.3* 
±.37 Ae-v 0.24±0.23 S= 1.3* 

:::0 A1io -0.44±0.06 (21±12)' 0.64 (216~w· 
S=t.J* 

-- -1.65 A1f- -0.392±0.021 (2±6)'. 0.92 (185±13)' - ±.75 5=1.1 

o- AK- -0.66~8:ro 
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Stable Particle ,Table ( ~ont'd) 

~ Indicates an entry in the Stable Particle Data C~rd Listings not entered in the Stable Particle 
Table. We do not regard these as established particles. 

*s =Scale factor= v'x2/(N-1), where N"' number of experiments. S should be"' 1. If S > 1, we have 
enlarged lhe error Or the. mean." 6X; i.e., 6i" ~ S6X. This convention is still inadequate, since·" if S 
>> 1 the experiments are probably inconsistent, and therefore the real uncertainty is probably 
even greater than S6x. See lext. and ideograms in Stable Particle Data Card Listings. 

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=1) s c 
"·'1 0 0 p,n 0 0 
K+,K0 +1 0 A,r -1 0 
K-,i(O -1 0 - -z 0 
D+.,D0 0 +1 o- -3 0 
D-;o0 0 -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. For simplicity, decay mode charge states are written for the particle shown.· For antiparticle 

modes all particles must be charge conjugated. 
e. See Stable Particle Data Card Listings for energy limits used In this measurement. 
f. Quantum numbers shown are favored but not yet established. See Data Card Listings. 
g. Theoretical value; see also Stable PartiCle Data Card Listings. 
h. See note in Stable Particle Data Card Listings. 
1. The direct emission branching fraction is· (1.56±.35)><10-5 . 

j. The T(Kg) and ·1'1+-1 averages (and the related !<£ .. ,+,- branching fraction and rate' averages) 
contain only post-1971 results. The pre-l971 averages were 1'1+-1 = (1.95±0;03)><10-3 and T(Kg) = 
(0.86Z±0.006)x10- 10 sec. See notes on 1'1+-1 and T(Kg) discrepancies in Stable Particle Data Card 
Listings. . 

k. The branching fraction for!<£ .. ,ev includ~s the radiative events Kf .. "evr. 
.1. 

m. 

Error <!oes not include 0.13% uncertainty in the absolute SPEAR energy calibration. Assumes 

mll-=3095 MeV. 

This Is a weighted· average of D* and D0 branching fractions with uridetermln:ed weighting. 
n. P for::: and JP foro- not· yet measured. Values re'ported are SU(3) predictions. 
o. 
p. 

q. 

r. 

s. 

Assumes rate for :::- .. r0e-v small compared with·::;- -+ Ae-v. 
Warning. This Is an average of two Incompatible results: ABCLV collaboration (1.41::!:8J~)x10- 10 

sec and ACNO collaboration (0. 75::!:8: 14)x1o-10 sec. See note In Data Card Listings. 
lg.Aigvf defined by gi = ICAia+IC"Aia, ·gV = ICvla+IC'vla, and I:\elrill'){vlri(Ct+C't?'sllv); 
fi defined by cos fi = -Re(ClC'y+C'ACv)/gAgV [for more details, see text Section VI A]. 
The definition of the slope parameter of the Dalltz plot. is as follows [see also text Section VI 8.1]: 

IMiz = 1'+ g(sj~so) . 
m,.+ 

The Kg .. ,, and !<£ .. ,, rates (and branching fractions) are from Independent fits and do not 
include results of !<£-Kg interference experiments. The 1'1+-1 and l'lool values given in the 
addendum are these rates combined with the 1'1+-1 and l'lool results from 'interference 
experiments. 

t. The definition for the CP violation parameters is as follows [see also text Sectior' VI 8.3): 

u. The definition 
Section VI B ]: 

Zlsllplcosll 
a = lsl2+fpf2 

c-Zisllplsinll 
fJ = lsl2+1pl2 

of these quanti~es is as follows [for more details on sign convention, l:!eE" text 

{J = .J 1-a2stnf; 
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Meson Table 
April 1978 .. 

In additi.on to the entries in the Meson. Table, the Mes.on Data Card Listings contain all 
substantial claims for meson resonances. See Contents of Meson Data Card L i.stings below. 

,-
"'. 

Quantities in itaZias a~e new o~ have changed by mo~e than one (oZd) standard deviation sinae Ap~iZ 1976. 

Name Partial decay mode 

~ IG(t)c,. 
Full 

Ml Mass Width por 
1T .M r ±rj.j{•J Mode Fra~tion (%) Pmax(b) P 1---l estab. (MeV) (MeV) (Gev)2 [Upper limits are la (%)] (MeV/c) 

± 1-(0-)+ 139.57 0.0 0.019479 1T See Stable Particle Table ,. 134.96 7.95 eV 0.018215 
±.55 eV 

n 0+(0-)+ 548.8 0.85 keV 0.301 Neutral 71.0 See Stable 
±0.6 ±.12 keV ±.000 Charged 29.0 Particle Table 

p(770) 1+(1-)- •776~ 15511 0.602 1TTT "'100 362 
±3§ ±3§ ±.120 TTY 0.024 ±.007 375 

e+e- 0.0043±.0005 (d) 388 
11+11- 0.00~7±.0012 (d) 373 
ny seen 194 

M and r from neutral mode. For upper limits, see footnote (e) 

w(783) nn- 782.6 10.1 0.612 n+7T-1To 89.9±0.6 S=1.2* 327 
±0.3 ±.3 ±.008 'J1'+1T- 1.3±0.3 S=l.S* 366 

S=l.3" ,•y 8.8±0.5 380 
e+e- 0 .• 0076±~0017 ·s=L9* 391 
ny seen 199 
For upper limits, see footnote (f) 

n' (958) 0+(0-)+~ 957.6 < 1 0.917 nTT1T 66.2±1.7 231 
±0.3 <.001 p'y 29 .8±1. 7 S=l.l* 165 

wy 2.1±0.4 159 
yy 2.0±0.3 479 
For upper limits, see footnote (g) 

0 (980) 1-(0+)+ 980(h) soChl 0.960 n!! seen. 318 
±5§ ±10§ ±.049 KK seen'i 

s* (980) 0+(0+)+ "' 980(c)§ 40 (c)§ 0.960 KR seen11 
±10§ ±10§ ±.039 IT'll seen 470 

See note on TT1T ·and KR S wave11 • 
+ 

~(1020) a-en-. 1019.6 4.1 1.040 K+K- 48.6±1.2 S=l.3* 128 
±0.2 ±.2 ±.004 KtJ<s 35.1±1.2 s=L s* 111 

S=l.S* n+'II_1T, (incl. pTT) 14. 7±0. 7 S=L 2* 462 
ny 1.6±0.2 362 
"'Y 0.14±0.05 501 
e+e- .031±.001 S=l.1* 510 
11+11- .025±.003· 499 
For upper limits, see footnote (i) 

+ 
+ 

A1 (1100) 1-(1+)+ "' 1100~ "'300~ i.2i PTT "' 100 249 
±.33 

8(1235) 1+(1+)- 1231§ ' 128§ 1.52 wn only mode seen 347 
±10 ±10 ±.16 [D/S amplitude ratio = .29±.05] 

For upper limits, see footnote (j) ... 
f(l270) 0+(2+)+ 1271§ 180§ 1.62 1TTT 80.3±0.3 620 

±5 ±20 ±.23 2'11+zn- 2.8±0.3 s = 1.1* 557 
KR 3.1±0.4 S= 1.3* 395 
'II+TT-2TT 0 seen 560 .~ 

For upper. limits, see footnote (t) 

D(l285) 0+(1+)_:. 1282§ 25 1.64 KK'II seen 301 
±5 ±10§ ±.03 nTT1T seen 481 , .. 

t(on seen] 238 
2n+zn- (prob. p0n+n-) seen 563 

E(l300) . 0+(0+)+ "'1300 200-400 IT'll seen 
KR seen 

See note on 1TTT and KR S wave~. 
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Meson Table ( cont'd) 
Name 

~ IG(()C, 
1T 

" 1--'-i estab. 

A, (1310) 1- (2+)+ 

E(l420) O+(A )+ 

.Mass 
M 

(MeV) 

1312~ 
±5 

1416§ 
±10 

Full 
Width 

r 
(MeV) 

. 102§ 
±5 

60 
±20§ 

Not a well established resonance. 

f' (1515) 0+(2+)+ 1516§ 65 
±10 ±10§ 

p' (1600) 1+cn- "' 16001T· "'3001T 

A, (1640) l-en+ "'1640 "' 300 

Not a well established resonance. IT 

w(l670) nn-

g(l680) IT 1 + (3-)-

1668§ 
±10 

1688§ 
±20 

./, M and r from the 211 mode. 
+ .. 
+ 

S(l935) IT 1935§ 
J < 4 ±2 

h(2040) 0+(4+)+ 2040 
±20 

T(2190)1T 1 + (3-):. 2192§ 
±10 

+ 

U(Z350) II o+ (4+)~ 2350: + + ±25 + + + 
lj/(3100) o-cn- 3097±2 
or J 

160§ 
±15 

180§ 
±30 

193 
±50 

0.067±0.012 

Partial decay mode. 

Fraction ID 
[Upper limits are la (%)] 

por 
Pmax[b) 
(MeV/c) 

1.72 piT 70.3±2.1 
14.4±0.9 
10.6±2.5 
4.7±0.5 

4ll 
531 
356 
430 
281 
649 

±.13 fl1l 

2.01 
±.08 

2.30 
±.10 

2.56 
±.48 

2:69 
±.49 

2.78 
±.27 

2.85 
±.30 

3.74 
±.02 

4.16 
±.39 

4.80 
±.33 

5.52 
±.47 

Willi 

KK 
n'" 
IIY 

. Ki<" 
t(K*I< + I<*K 

T]1l!T 
i{6!1 

<1 
0.45±0.11 

seen 
seen] 
seen 
possibly seen] 

dominant 

421 
130 
564 
349 

!T!T seen 
572 
745 

For upper limits, see .footnote (k) 

411 75§±10§ 738 
t[PTr+!T-

!T!T 
seen with "+"- in. S-Wave] 572 

25§±10§ 788 

fiT dominant 304 

PIT seen 645 
311 possibly seen 806 
5!1 

t[w!T!T 
possibly seen 740 
possibly seen J 615 

211 24±5§ 
411 (incl. !T!Tp,pp,A211,w!T) large 
K1< small 

832 
786 
682 
623 KK11 (incl. K* !<) small 

NN dmrrinant 

!T!T seen 
Ki< seen. 

NN dominant 
!TIT seen 

NN dmrrinant 
!TIT seen 

236 

1010 
890 

564 
1086 

707 
ll67 

9.598 e+e- 7±1 1549 
±.ooo u+u- 7±1 1545 

hadrons. 86±2 
t(2(11+11-)11° 3. 7±0. 5 . 1496 

3(11+11-)11° 2.9±0. 7 1433 
!T+!T-!1°J<'JC 1.2±0.3 1369 
PIT 1.1±0. 2 1448 
4~11+11-)11° 0.9±0.3 1345 
K (890) 1<*\1430) 0. 67±0. 26 1007 
Kl<* 0.61±0.08 1373 
pj:m+'IT- 0.41±0.08 1108 
2(11+11-) 0.4±0.1 1517 
3 (11+11-) 0. 4±0. 2 1466 
pfm- o. 38±0. 08 1174 
2(11+11-)I<'!C 0.31±0.13 1320 
K0 J<'-~~-+ 0.26±0.07 1440 
cjl!T+!T- 0.21±0.09 1365 
pp 0.21±0.02 1232 
ppn 0.19±0. 04 948 
~KI< o.18±o.o8 1176 
AX o.16±o.o8 1075 
PPm+"-"' 0.11±0.04 1033 
pprn° 0.10±0.02 1175 
~n 0.10±0. 06] 1320 

t(yn' 0.25±0.06 1401 
yf 0.20±0.07 1288 
yX(2830)+3y 0.14±0.04] 256 

For smaller branching ratios, upper limits, and reso
nance· subchannels of the above modes, see listing.ll 
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Meson Table (cont:d) 
Name Partial decay mode 

~ IG(t)c, 
Full 

M2 
~· 

Mass Width por 

. ~estab. 
M r · ±rM!•l Mode Fraction (%) Pmax(b) 

(MeV) (MeV) (Gev)2 [Upper limits are la (%)] (MeV/c) 
,_,., 

o+ co+).!. Z(1T+1T-) (incl. 1T1TP) 4.4±0.8 • X (3415) 3413±5 11.649 1678 
1T+,r-K+K- (incl. 1rKK*J 3. 7±1. 0 1579 
YJ/IP(3100) 3.3±1.0 300 
3(1T+1T-) 1. 9±0. 7 1632 
1T+Tr- 1.0±0.3 1701 
K+K- 1. 0±0. 3 1634 
pji1T+1T- 0.5±0.2 1319 

P or o+ (A).!. 3508±4 12.306 yJ/lji(3100) 23 .• 4±0.8 s = z. 4° 388 
xh510) 3(1T+1T-) 2.4±0.8 1682 

2(1T+1T-) (incl. 1T1TP)_ 1. 5±0. 6 1727 

JP = 1+ preferred. 
1r+1r-K+K- (incl. 1TKK*)0.9±0.4 1632 
1T+1T-pp 0.14±0.11 1381 

x(3555) o•(N).!_ 3554±5 12.631 yJ/w(3loo) .- 16±3 s = 1. 3. 427 
1T+1T-rK- (incl. 1rKK*) 2. o±o. 6 1655 
3(1T+1T-) 1.1±0. 7 1706 
1r+1r- and rK- o. 29±0.15 

Jp = 2+ preferred. 
1T+1T-pp 0.29±0.14 1408 
2(1T+1T-) (incl.1T1Tp) 0.23±0.06 1750 

w (3685) nn- 3686±3 0.228±0.056 13.587 + - 0.9±0.1 1842 e e 
±.001 11+11- 0.8±0.2 1839 

hadrons 98.1±0.3 
t(J/w 1T•1T- 33±3] 474 

"\v(3685) - "\v(3100) 588.6±0.8 t(J/lji 1T.1T. 17±2] 478 

t(J/w , 4.2±0.7] 189 
t(2(1T+1T-)1T' 0. 4±0. 2] 1798 
t(1i+1r-K+K- 0.14±Q.04] 1725 
t(2(1T+1T-) 0.08±0.02] 1816 

t( y X (3415) ' 7±2] 261 

t(y X(3510) 7±2] 172 

t( y xC3555) 7±2] 128 

wC377o) en- 3772 28 14.228 + - 1885 e e 0.0013±0.0002 
±6 ±5 ±.106 DD dominant 184 

W(4415) en- 4414±7 33±10 19.483 . + - 0.0013±0.0003 2207 e e 
±.146 hadrons dominant 

T(9500) en- "' 9500 90.25 + - seen. 4750 
~·~- seen 4750 

Seen split into two peaks m1 = 9410±13, m, =10060±30. 
Additional structure may be present~. 

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

K* (892) 1/2(n 892.2 49.5 0.796 K1T "'100 288 
±0.4 ±1.5 ±.044 K1T1T < O.i! 216 

Ky 0.15±0.07 309 
M.and r from charged mode; m0 - m± = 4.1±0.6 MeV. 

Q, (1280) 1/2(1+). "' 1280 "' 120 1.64 K1T1T dominant 501 
±.19 

t(Kp Zal'ge] 62 

Existence of a second resonance, Q, (1400) , 11 
t(K*1T possib Zy seen] 307 

decaying mainly .into K 1T, not well established. Kw possibZy seen 

K(1400) 1/2(0+) 1400-1450 200-300 K1T ~--seen 

See note on K1r S wave~. 

K* (1430) 1/2(2+) 1434~ 100§ 2.06 K1T 49.1±1.6 623 "' ±5 ±10§ ±.14 K'1T 27.0±2.2 424 
IC* 1T1T ·11.2±2.5 374 
Kp 6.6±1.5 327 
Kw 3. 7±1.6 320 
Kn 2.5±2.5 492 
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Meson Table · ( cont'd) 
Part i a 1 decay mode 

Full 
Mass Width 

M r 
(MeV) (MeV) 

M2 pw 
±rMi•l Mode Fraction(%) Pmax(b) 
(Gevl [Upper limits are la (%)] (MeV/c) 

L(l770) 1/2 (A ) 1765§ 140§ 
±10 ±50 

3.11 K1111 dominant 788 
±.25 K!J""' , seen 757 

t(K (1430)n and other subreactions~] 
Not a.well established resonance~. 

3.19 K~ tar>ge 798 
±.24 t(Kp Zarge] 619 

t(K*n ' l<Zl'ge] 660 
Kn 19±5§ 817 

t--------------~------------------------------------------~---------
3.491 See Stable Particle Table 
3.472 

n+ 1/2 co-) 1868.3 
D0 1863.3 

4.034 D0n+ 60±15 39 
n+n'} 37 
n+y 40±15 135 

n*+ (2010) 1/2(1-) 2oo8.6 <2.o 
±1.0 

"lJ*+ - "D• = 145.3 ± 0.5 MeV 

4.024 D0n° 55±15 45 
D'y 45±15 138 

n* • (2010) 1/2 (1-) 2006 < s 
±1.5 

+ 

+--------------------------------------------------~----------------

Contents of Meson Data Card Listings 

Non-strange (S = 0, C = 0) Strange CIS I= 1, C= 0) 

entry IG(JP)Cn , entry IG(JP)C 
n entry IG(Jp)C 

n entry I (Jp) 

n 1- (0-)+ 'A,_ (1310) 1-(2+)+ + e+e-(1100-3100) K 112cn 

n o+ co-)+ E (1420) o+ (A )+ +X (2830) K" (892) 112cn 
p (770) 1+(1-)- + X (1410-1440) 1jJ (3100) or J 0-(1-)- Q,(l280) 1/2 (1 +) 

w (783) o-cn- f' (1515) 0+(2+)+ X (3415) 0+(0+)+ + Q2 (1400) 1/2(1+) 

M (940-953) + F, (1540) 1 (A) +x (3455) + K' (1400) 1/2 (0 -) 

n' (958) 0+ (0-)+ p1 (1600) 1+(1-)- Pc or x(3510) O+(A )+ K (1400) 1/2 (O+) 

5 (980) 1- (0+)+ Ag (1640) l-en+ X (3555) O+(N )+ K*(l430) 1/2(2+) 

s* (980) o+ co+)+ w (1670) o-cn- 1jJ (3685) o-cn- + KN(l700) 1/2 

f+H (990) g (1680) 1+(3-)- 1jJ (3770) en- L (1770) l/2(A ) 

"' (1020) 0-(1-)- + X (1690) +ljJ (4030) en- K*(l780) 1/2(3-) 

f+ M (1033-1040)' +A.. (1900) -1 1jJ (4415) en- + K*(2200) 

f+ ~(1080) 0+ (N )+ + X (1900) 1-(4+)+ T (9500) en- + I (2600) 

A1 (1100) 1-(1+)+ s (1935) 1 +T (10060) en- ChiJ.rmed c 1 c 1 = 1) 

f+ M (1150-1170) h (2040) o+ (4+)+ 

B (1235) 1+(1+)- T (2190) 1+(3-)- D (1870) 1/2(0-) 

f+ p' (12SO) 1+ (1-)- u (2350) 0+(4+)+ D*(2010) 1/2(1-) 

f (1270) o+ (2+)+ + NN(2360) 1 + F (2030) 

D (1285) o+ (A )+ + NN(l400-3600) + F* (2140) 

E: (1300) o+ co+)+ + X (1900-3600) + Exotics 
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Meson Table (coned) 

··' Indicates an entry in Meson Data Card Listings not entered iri the Meson Table. We do not regard 
'these as established resonances. All' the entries in_ the Listings can be found in .the Table of 
Contents of Meson Data Card Listings. · · 

~ See Mes~n Data Card Listings. 

Quoted error includes scale factorS= /x2/(N-l). See footnote to Stable Particle Table. 
t Square brackets indicate a subreaction·ofthe previous (unbracketed) decay mode(s). 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

(h) 

(i) 

(j) 

(k) 

(R.) 

This is only an educated guess; the error given is larger than the-error of the average of the 
published values. (See Meson Data Card Listings for the latter.) 
rM is approximately the half-width of the resonance when plotted against M2• 

For decay modes into <: 3 particles, Hnax 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. 
From pole position (M - ir /2) . 
The e+e- branching ratio is from e+e- + ~+~- experiments only. The wp interference is then due 
to wp mixing only, and is expected to be small. See note in Meson Data Card Listings. The 
u+u- branching ratio is compiled from 3 experiments; each possibly with substantial wp inter
ference. The error reflects this uncertaintyj see notes in Meson Data Card Listings. If eu 
universality holds, r(p 0 + u+u-) = f(p 0 + e+e ) x 0.9978S. 
Empirical limits on fractions for other decay modes of p(770) are n±n < 0.8~, ~+~+n-~- < O.lS\, 
rrt~+~-~· < 0.2\. 

Empirical limits on fractions for other decay modes of w(783) are ~+~-Y < S%, ~·~•y < 1%, · 
n + neutral(s) < l.S%, u+u- < 0.02%, ~•u+u- < 0.2%. 

Empirical limits on fractions for other decay modes of n'(9S8): ~+~- < 2%, ~+~-~· < S%, 
~+~+~-~- < 1%, ~+~+~-~-~· < 1%, 6~ < 1%, ~+~-e+e- < 0.6%, ~·e+e- < 1.3%, ne+e- < 1.1%, 
~·p•<4%. 

The mass and width are from the n~ mode only. If the KK channel is strongly coupled, the width 
may be 300 MeV or more. 
Empirical limits on fractions for othe1 decay modes of ~(1020) are~+~-< 0.03%, ~+~-Y < 0.7%, 
wy < st, PY < 2\, 2~+2~-~· < 1%. 

Empirical limits on fractions for other decay modes of B(123S): ~~ < lS%, KR < 2%, 4~ <SO%, 
~~ < l.S%, n~ < 2S%, (RK)--rr0 < ·8%, KsKs rrt < 2%, KsKr. rrt < 6%. 
Empir-ical 1 imi ts on fractions for other decay modes of f' (lSlS) are nn < SO% , 
n~~ < 30%, KR~ + K*R < 3S%, 2~+2~- < 32%. 

Empirical limits on fractions for other decay modes of f(l270). are n~~ < 1%, K°K-~+ + c.c. < 1%, 
nn < 2%. 

Established Nonets, and octet-singlet mixing angles from Appendix liB, Eq. (2 •) . Of the 
two 1sosmglets, the ''mainly octet" one is wr.itten first, followed. by a semicolon. 

(JP)Cn Nonet members 61in. 6quadr. 

(0-)+ ~. K, n; n' -24 ± 10 -11 ± 10 

en- p, I(' ~; w 38 ± 10 40 ± 10 

(2+)+ A2, K*(l430), f'; f 24 ± 20. 26 ± 2o 

~.;/ 
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Baryon Table 
April 1978 

The following short list gives the status of all the Baryon States in the Data Card Listings. In addition 
to the status, the name, the nominal mass, and the quantum numbers (where known) are shown. States with 
three- or four-star status are included in the main Baryon Table; the others have ·been omitted because the 
evidence for the existence of the effect and/or for its interpretation as a resonance is open to conside'r
able question. 

N(939) P11 ll(l232) P33 **** h(iH5) POl **** 1:(1193) 

N(l470) P11 **** [1(1550) P31 * 1\(1330) Dead 1:(1385) 
N(l520) Dl3 **** {I( 1650) S31 A<l40S) SOl **** 1:(1480) 
N(l535) S11 {\(1670) 033 A(l520) 003 **** l:(lS80) 
N(l540) Pl3 * {1(1690) P33 A(l600) POl .. 1:(1620) 
N(l670) DlS {1(1890) F3S 1\(1670) SOl **** 1:(1660) 
N(l688) Fl5 [1(1900) S31 • A(l690) D03 **** 1:(1670) 
N(l700) S11 ll(l910) P31 **** A(l800) POl l: (1670) 
N(l700) Dl3 {\(19SO) F37 **** 1\(1800) G09 * l: (1690) 
N(l780) P11 ***' ll(l960) D3S A(l81S) FOS **** l:(17SO) 
N(l810) Pl3 ll( 2160) ... A(l830) DOS l:(l76S) 

N(l990) Fl7 ll(2420) H311 1\(1860) P03 1:(1770) 

N(2000) FlS li(28SO) A( 1870) SOl 1:(1840) 
N(2040) Dl3 ll(3230) A(2010) 1:(1880) 
N(2100) S11 * A(2020) F07 * l:(l91S) 
N(2100) DlS A(2100) G07 1:(1940) 
N(2190) Gl7 ... zo (1780) POl * A(2110) FOS ... 1:(2000) 
N(2200) Gl9 zo (186S) 003 • A(232S) 003 • 1:(2030) 
N(2220) Hl9 Zl(l900) Pl3 * A(2350) **** l: (2070) 
N(2650)Illl Zl(21SO) A(2S8S) ... 1:(2080) 
N(3030) Zl (2SOO) 1:(2100) 
N(324S) l:(22SO) 
N(3690) 1:(2455) 
N( 37SS) 1:(2620) 

1:(3000) 

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

Needs confirmation. 
* Weak.· 

P11 2(1317) Pll 
Pl3 2(1530) Pl3 

2(1630) 
Dl3 2(1820) 13 
S11 2(1940) 
P11 2(2030) 1 
Dl3 2(2120) 

2(22SO) 
2(2SOO) 

S11 
Dl5 !1(1672) P03 
P11 * 
Pl3 * Ac (2260) 
P11 
Fl5 l: (2430) 
Dl3 c 

S11 * 
Fl7 **** 

Dibaryons 

Fl5 * S=O 

Pl3 s = -1 

Gl7 * s = -2 

[See notes on N's and 8's, z*•s, A's and E's, 2*'s, and dibaryons at the beginning of those sections in 
the Baryon Data Card ~istings; also see notes on individual resonances in the Baryon Data Card Listings.] 

Particle a 

p 
n 

N(l470) g 

N(l520)g 

N(lS3S)g 

1T or K beamb 

Pbearn (GeV/c) 

a = 411~2 (rnb) 

p = 0.66 
a= 27.8 

p = 0. 74 
a=23.S 

p = o. 76 
a=22.S 

Mass 

M" 
(MeV) 

938.3 
939.6 

1390 to 
1470 

lSlO to 
1S30 

lSOO to 
1S4S 

Full 
Width 

r" 
(MeV) 

0.880 
0.883 

180 to 2.16 
240 ±0.29 

(200) 

110 to 2.31 
lSO ±0.19 

(125) 

SO to 2.36 
lSO ±O.lS 

(100) 

Partial decay mode f 
p or d 

Mode Fraction c Pmax 

% (MeV/c) 

See Stable Particle Table 

N1T 

Nll 
N1T1T 

[NE 
[li1T 
[Np 

N1T 
N1T1T 

[NE 
[Np 
[li1T 

Nll 

N1T 
Nll 
N1T1T 

[Np 
[NE 
[li'IT__ 

-Go 
-19 
-25 
- 7]e 
-23]e 
- 7]e 

-5s 
-4S 
< S]e 
-19]e 
-23]e 
< 1 

-3o 
-65 

s 
3]e 
2]e 
l]e 

420 

d 
368 

d 
177 

d 

4S6 
410 
d 
d 

228 
d 

467 
182 
422 
d 
d 

243 
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Baryon Table (cont'd) 

Particle a (JP)a 'IT or K beamb M2 Partial decay mode f t' 
I Mass Fuli 

- estab. 
pbeam (GeV/c) Me Width ±rMb Fraction 

c p or d 
rc (GeV2) 

Mode Pmax 

a = 411X
2 

(mb) 
(MeV) 

(MeV) % 
(MeV/c) v 

N(l670)g l/2(5/2-)o~5 p = 1.00 1650 to 145 to 2.79 N1l -45 560 
a= 15.6 1685 170 ±0.26 N1l1l -55 525 

(155) [1111 -471e 360 
[Np - 51e d 
AK < 0.3 200 
Nil < 0.5 368 

N(l688)g l/2(5/2+>F~5 p = 1.03 1670 to 120 to 2.85 N1l -60 572 
a= 14.9 1690 145 ±0.24 N1l1l -4o 538 

(140) [Ne: -151e 340 
[Np -131e d 
[llir -121e 375 
Nil < 0.3 388 

N(l700)g 1/2(1/2-)Sfl p = 1.05 1660 ·to 100 to 2.89 N1l -55 580 
a= 14.3 1700 200 ±0.26 N1l1l -30 547 

(150) [Ne: <101e 355 
[Np 7-211e d 
[1111 4-151e 385 

AK -10 250 
I:K 2-7 109 

N(l700)g 1/2(3/2-)0~3 p = 1.05 1660 to 80 toh 2.89 N1l --10 580 
a= 14.3 1710 120 ±0.20 N1l1l -go 547 

(120) [NE: <4o1e 355 
[Np < 51e d 
[/111 15-4o1e 385 
AK - 1 250 

N(l780) 1/2(1/2+)P~1 p = 1.20 1650 to 100 to 3.17 N1l -20 633 
a= 12.2 1750 180 ±0.28 N1l1l 1:-~~1: 603 

(160) [NE: 440 
[Np 40-651e 249 
[1111 10-20] 448 
ilK < 5 353 
I:K -10. 267 
Nil 2-201- 476 

N(1810) 1/2(3/2+)P~3 p = 1.26 1650 to 100 to 3.28 N1l -2o 652 
a= 11.5 1750 300 ±0.36 N1l1l -7o 624 

,(200) [Ne; -2o1e 468 
[Np 45-701: 297 
[1111 -201 471 

... ilK 1-4 386 ... I:K -.2 307 ... ... Nn < 5 503 ... 
-N(2190) 1/2(7/2 )G17 p = 2.07 2140 to 150 to 4.80 15-35 888 N1l 

a= 6.21 2250 300 ±o·.55 
(250) 

N(2200) 1/2(9/2-)G
19 

p = 2 •. 10 2130 to 200 to 4.84 N1l -10 894 
a= 6.12 2270 300 ±o.55 

(250) 

N(2220)g 1/2(9/2+)H
19 

p= 2.14 2200 to 250 to 4.93 N1l -20 905 
a= 5.97 2250 350 ±0.67 

(300) 

N(2650) 112 < ll/2-> ruf p = 3.26 2580 to -400 7.02 N1l -5 1154 
a= 3.67 2700 (400) ±1.06 

N(3030) 1/2( ? ) p = 4.41 -3030 -400 9.18 N1l (J+ 1/2)x 1366 .. a= 2.62 (400) ±1.21 <o.1k f .. .. 
"' 
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Baryon Table ( cont'd) 
j 

Particle a (JP}a 11 or K beamb M2 Partial decay mode f 
Mass Full 

- estab. 
pbeam (GeV/c} M" Width ±rMb Mode Fraction " 

p or d 

r" Pmax 
a = 41TX2 

(mb} 
(MeV} (GeV2J % 

'•' 
(MeV} (MeV/c} 

.. ~ 
ll(1232}g 3/2(3/2+}P;

3 
p= 0.30 1230 to 110 to 1.52 N"lr -99.4 227 
a= 94.3 1234 120 ±0.14 NTT+1T- - 0 so 

(115} 

ll(++} Pole position:Z M-if/2 (121l.O±O.S} -i(49.9±0.6} .. li(O} Pole position: Z M-H/2 (1210.9±1.0} -i(53.l±l.O} 

ll(1650}g 3/2(1/2-}s;
1 

p = 0.96 1600 to 120 to 2. 72 N"lr -32 547 
a= 16.4 1695 200 ±0.23 N"lr1T -65 511 

(140} (Np 10-25]e d 
[li1T -5o]e 344 

ll(1670}g 3/2(3/2-}033 p= 1.00 1620 to 190 to 2.79 N"lr -15 560 
a= 15.6 1720 240 ±0.33 N"lr1T -s5 525 

(200} (Np <40]e d 
[li1T 45-60]e 361 

ll(1690}g 3/2(3/2+}P;
3 

p = 1.03 1650 to 150 to 2.S6 N1T 10-20 573 
a= 14.9 1900m 350 .±0.42 N1!1T -so 540 

(250} (Np 10-20]e d 
[li1T ).45]e 377 

ll(lS90}g 3/2(5/2+}F
35 

p = 1.42 1S60 to 150 to 3.57 N"lr -15 704 
a= 9.S8 1910 300 ±0.47 N1T1T -so 677 

(250} (Np -60]e 403 
[li1T 10-30]e 531 .. EK < 3 400 

ll(1910}g 3/2(1/2+}P;
1 

p = 1.46 17SO to 200 to 3.65 N"lr 15-25 716 
a= 9.54 1960 2SO ±0.42 N"lr1T >40 691 

(220} (Np -4o]e 429 
[li1T sma11]e 545 

EK 2-20 420 

ll(1950}g 3/2(7/2+}F
37 

p= 1.54 1910·to 200 to .3.SO N1T -40 741 
a= S.90 1950 2SO ±0.47 N1T1T >25 716 

(240} (Np -lO]e 471 
[li1T -2o]e 574 

EK < 1 460 

ll(l960}g 3/2(5/2-}035 p = 1.56 1S90 to 100 to 3.S4 N1T 7-15 74S 
a= s. 75 1950 300 ±0.39 EK <10 469 

(200} 

li(2160}n 3/2( ?-} p= 2.00 2150 to 160 to 4.67 N1T (J+1/2}x S70 
a=6.46 2240 440 ±0.65 =0.4- 1.4k 

(300} 

ll(2420}g 3/2(11/2+}H
311 

p = 2.64 23SO to 300 to 5.S6 N1T 10-15 1023 
a= 4.68 2450 500 ±0.73 

(300} 

!1(2850) 3/2( ?+} p = 3.85 2800 to -400 8.12 N1T (J + 1/2}~ 1266 
a= 3.05 2900 (400} ±1.14 -o.25 

!1(3230} 3/2( ? } p = 5.08 3200 ·to -440 10.43 N"lr (J + 1/2}x 1475 
a= 2. 25 3350 (440) ±1.42 -o.o5k 

z* Evidence for states with strangeness +1 is inconclusive. 

+ 
See the Baryon O~ta Card Listings for data and discussion. 

+ 
+ .. .. 

·" 

'• 
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Baryon Table ( cont'd) 

Particl~a (JP)a 'tr or K beamb Mass Full M2 Partial decay mode f ~· 

- estab. 
pbeam (GeV/c) Me Width ±fMb. c p or d 

rc Mode Fraction Pmax 
C1 = 4rr~2 (mb) 

(MeV) 
(MeV) 

(GeV2 ) % 
(MeV/c) 

~· 

A 0(1/2+) 1115.6 1.245 See Stable Particle Table 

A(l405) 0(1/2-) s~l Below K-p 1405 40 ± 10 ° 1.97 I:rr 100 142 
threshold ±50 (40) ±0.06 

A(l520) 0(3/2-)0~3 p = 0.389 1s2o 16 ± 2° 2.31 NK 46 ± 1 234 
CI·= 84.5 ±2 0 (16) ±0.02 I:rr 42 ± 1 258 

Amr 10 ± 1 250 
+ I:'tr'tr 0.9±0.1 140 

A(l670) 0(1/2-)S~l p = 0. 74 1660 to 20 to 2. 7.9 NK" 15-25 410 
C1 = 28.5 1680 60 ±0.07 lin 15-35 64 

(40) I:rr 20-60 393 

A<l690) 0(3/2-)0~3 p = 0. 78 1690 40 to 2.86 NK 20-30 429 
CI= 26.1 ±10° 80 ±0.10 I:rr 20-40 409 

(60) A'tr'tr. -25 415 
+ 
+ 

I:'tr'tr -2o 352 

A(l815l 
+ • 

p = 1.05 55-65 0(5/2 JF
05 

1820 70 to 3.29 NK 542 
CI= 16.7 ±50 90 ±0.15 I:rr 5-15 508 

(80) I:(l385)'tr 5-10 362 

A(1830) 0(5/2-Jo
05 

p = 1.09 1810 to 60 to 3.35 NK <10 554 
CI= 15.8 .1830 110 ±0.17 I:rr 35-75 519 

(95) I:(1385)'tr >15 375 

A(1860l 
+ • 

0(3/2 )P
03 

p = 1.14 1850 to 60 to 3.46 NK 15-40 576 
CI= 14.7 1920 200 ±0.19 I:rr 3-10 534 

(100) 

A(l870l 0(1/2-)S~~ p = 1.16 1700 to 200 to 3.50 NK 20-60 582 
CI= 14.2 1850 400 ±0.56 I:rr seen 542 

+ (300) ... 
A(2100l 0(7/2-JG

07 
p = 1.68 2080 to 100 to 4.41 NK -30 748. 
CI= 8.68 2120 300 ±0.53 I:rr -5 699 

(25Q) lin <3 617 
!':K <3 483 
!vJJ <8 443 

A(2110l + " 0(5/2 )F
05 

p= 1.70 2050 to 150 to 4.45 NK 5-25 756 
·CI= 8.48 2150 300 ±0.42 I:rr <40 709 

(200) 

A(2350J 0(9/2+) p = 2.29 2340 to 100 to 5.52 NK -12 913 
CI= 5.85 2420 250 ±0.28 I:rr -1o 865 

(120) 

A(2585) 0( ? ) p = 2.91 -2585 -300 6.68 NK (J+l/2kx 1058 
CI= 4.37 (300) ±0.78 -1.0 

1(1/2+) (+)1189.4 1.415 See Stable Particle Table 
(0)1192.5 1.422 
(-)1197.4 1.434 

1:(1385) 
+ • Below K-p (+)1382.3±0.4 (+)35±2 Arr 88 ± 2 208 1(3/2 JP

13 
1.92 

threshold S= L6p s = 2. 2 p ±0.05 I:rr 12 ± 2 117 
(-)1387.5±0.6 (-) 40±2 ... S= LOP S=L9p ... ... (0) 1382.0±2.5 (35) _,-... 

S=L6P 

~· 



{j '·:: u u d 6 \J ') ··~ 
"·1, 

',J C!~ IJ ~J 

15 

Baryon Table {cont'd) 

'i Particle a (JP)a IT or K beamb Mass Full M2 Parti~l decay mode f 
- estab. 

pbeam (GeV/c) Ma Width ±fMb Fraction 
a p or d 

rc Mode Pmax 
a = 41TX 2 

(mb) 
(MeV) 

(MeV) 
(GeV2 ) % 

(MeV/c) 
!!.,_;' 

r 
I:(l660)q + • 

1(1/2 )Pll p = 0. 72 1580 to 30. to 2. 76 NK <30 402 
a= 30.1 1690 200 ±0.17 I: IT seen 383 

(100) AIT seen 440 

I:(l670) 1(3/2-)0~3 p = 0. 74 16750 35 to 2.79 NK 5-15 410 
a= 28.5 ±10 70 ±0.08 LIT 20-60 387 

+ (SO) 
+ li1T <20 447 

I:(l750) 1(1/2-)S~l p = 0.91 1730 to 50 to 3.06 NK 10-40 483 
a= 20.7 1820 160 ±0.13 AIT 5-20 507 

(75) LIT <a 450 
I:T) 15-55 54 

I:(l765) 1(5/2-)015 p = 0.94 1774 105 to 3 •. 12 NiC -41 496 
a= 19.6 ±7 0 135 ±0.21 AIT -14 518 

(120) A(1520)1T -19 187 
+ J::(1385)1T - 9 315 
+ I: 'It - i 461 + 

I: (1915) g 1(S/2+)F~5 p = 1.25 1905 to 70 to 3.67 NK 5-15 612 
a= 13.0 1930 160 ±0.19 AIT 10-20 619 

(100) I: IT seen 568 

I:(1940)q 1(3/2-)0~3 p = 1. 32 1890 to 100 to 3.76 NK <20 678 
a= 12.0 1960 300 ±0.43 li1T seen ·680 

(220) LIT seen 589 
A(1520)1T seen 370 

I: (2030)g + p = 1.52 1(7/2 )F
17 

2020 to 120 to 4.12 NK -20 700 
a= 9.93 2040 200 ±0.37 li1T -20 700 

(180) LIT 5-10 652 
EK <2 412 

::: A(l520)1T 5-20 429 
+ J::(1385)1T 12 530 

I:(2250)q 1( ? )l' p = 2.04 2200 to 50 to 5.06 NK <10 849 
a= 6. 76 2300 150 ±0.22 AIT seen 841 

(100) I: IT seen 801 

I:(2455) 1( ? ) p = 2.57 -2455 -120 6·.·03 NK (J + 1/2kx 979 
a=5.09 (120) ±0.29 -0.2 

I:(2620) 1( ? ) p = 2.95 -2600 -200 6.86 NK (J+ 1/2)/ 1064 
a= 4.30 (200) ±0.52 -o.3 

E 1/2(1/2+) (0) 1314.9 1. 729 See Stable Particle Table 
(-) 1321.3 1. 746 

E(l530) l/2(3/2+)P
13 

(0)1531.8:!:0.3 (0)9.1.±0.5 2. 34 EIT 100 144 
S=1.3P ±0.02 

<->1S3s.o±o.6 (-) lO.l:tl.9 
+ (10) 

E (1820) 1/2(3/2 1823 20+15 0 
3.31 tU< -45 396 

±6 0 
-10 

±0.04 E (1530)11 -45 234 
(20) I:i{ '"'10 306 

EIT small 413 

E (2030) 
8 

1/2( ? ) 2024 16+15 0 4.i2 I:K" -80 524 
±.6 0 - 5 ±0.03 ti. -20 587 

+ 
(16) E1T small 573 

" 
+ = (1530)IT small 418 + 

.,.rr 0(3/2+) 1672.2 2.796 .see Stable Particle Table 
+ 
+ 
+ 

'W + 
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Baryon Table (cont'd) 

+ For convenience all Baryon States for which information exists in the Baryon Data Card Listings are 
listed at the beginning of the Baryon Table. States with only a one or two star (*) rating in that 
list have been omitted from the main B~ryon Table; eac~ Omitted state is indicated by an arrow in the 
left-hand margin of the Table. In the Listings there is an arrow under the name of each state omitted 
from the Table. 

a. The names of the Baryon States in Col. l [such as N(l470)] contain a nominal mass which is primarily 
for purposes of identification. See Col. 4 for actual mass va·lues. The convention for using primes 
in the spectroscopic notation for the quantun numbers in Col. 2 (such as PiJ:> is as follows: no prime 
is attached when the Data Card Listings include only one resonance in the g ven partial wave; when 
there is more than one resonance the first has been·designated with a prime, the second with a double 
prime, etc. The name and the quantum numbers for each state are also given in large print at the 
beginning of the Data Gard Listings for that state. See footnote a. ·of the Stable Particle Table for 
the strangeness quantum numbers of the baryons; in addition to the names listed there, we also use N 
and 11 for S = 0 baryons, and z* for S :;: + 1 baryons. 

b. The numbers in Col. 3 and Col. 6 are calculated using the nominal mass (see a. above) for M and the 
nominal width (see c. below) for r. 

a. For masses, widths, and branching fractions of most baryons we report here a range instead of an 
average. Averages are appropriate if each result is based on independent measurements, but inapprop
riate where the spread in parameters arises because different models or procedures have been applied 
to a common set of data. The ranges given in the Table are generally chosen _to be conservatively 
large. See the Data Card Listings for the individual values obtained in specific analyses. A single 
value with an approximation sign (-) indicates that there is not enough data to g·ive a meaningful 
interval. A nominal width is included in parentheses in Col. 5; this nominal wiQth is used. to 
calculate·the value of fM given in Col. 6. 

d. For two-body decay modes we given the momentum, p, of the decay products in the decaying baryon 
rest frame. For decay modes into >3 particles we give the maximum momentum, Pmax:, that any of the 
particles in the final state can have in this frame. The momenta are calculated using the nominal 
mass (see a. above) of the decaying baryon, and of any isobars in the final state. Some decays which 
would be energetically forbidden for the nominal masses actually occur· because of "the finite widths 
of the decaying baryon and/or isobars in the final state. In these cases, the decay momentum is 
omitted from Col. 9 and replaced with a reference to this footnote. 

e. Square brackets around an isobar decay mode indicate that it is a sub-reaction of the previous 
unbracketed decay mode. 

f. Many of the branc::hing fractions in ihe Table are extracted from signific~ 
on ....{;X' type couplings obtained in partial-wave analyses. The original V xx' 
the Baryon Data Card Listings. FOr information on radiative decays of N1 s and 
review preceding the Baryon Data Card Listings •. 

more accurate results 
values are given in 
11 's , s_ee the mini·- · 

g. qnly information coming from partial-wave analyses has been used here. For the pro?ucti~n·experi
ment -resfults see the Baryon Data Card Listings. 

h. The range given here does not include the widths of several hundred MeV reported by LONGACRE 75 
and LONGACRE 77. 

i. The range given here does not inClude the branching ratio of approximately 80% reported by 
FELTESSE 75. 

j. The existence of an Illl resonance at this mass has been confirmed, but the possibility remains 
that there are also other nearby I = 1/2 resonances. See the mini-review preceding the Baryon Data 
card Listings. 

k. This state has been seen only in an energy-dependent fit to total, channel, or fixed angle cross
section data. J is not known; X is rellf• 

l. See note on determination of resonance parameters in the Baryon Data Card Listings. Values of mass 
and· width are dependent upon resonance shape used to fit the data. The pole position is much less 
dependent upon the parametrization used. The pole positions given here are taken from results (in 
the Data Card Listings) of fits to the phase shifts of CARTER 73 without Coulomb corrections. 

m. There may be more than one P33 resonance in or near this mass range. 

n. There is probably more than one /). resonance near 2160 MeV. The parameters in the Table correspond 
to the observations of REY 74. See the Baryon Data Card Listings for other possibilities. 

o. The error given here is only.an educated guess; it is larger than the error of the·average of the 
published values (see the Baryon Data Card Listings for tne latter). 

p. Quoted error includes a S (scale) factor. See second footnote to Stable Particle Table. 

q. Because the elastic branching fraction of this "resonance is poorly determined, it is not possible 
to extract inelastic branching fractions from partial-wave couplings. See the Baryon Data Card 
Listings for the partial-wave couplings. 

P. Recent partial-wave analyses of the College de France-Saclay group find evidence for a 5/2- and a 
9/2- E resonance at t~s mass. See the Baryon Data card Listings. 

s. This state is now considered to be firmly.· established even though the quantwn numbers and decay 
rates are not ~ufficiently well known. 

,, 
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PHYSICAL AND NUMERICAL CONSTANTS* 

PHYSICAL CONSTANTS 
Uncert. (ppm) 

= 6.022 045(31)x1023 mole-1 . . . . . . . . . . . . . . . . . . . 5.1 

r··· = 22413.83(70) cm3 mole-1 = molar volume of ideal gas at STP 31 • c .. = 2.997 924 58(1.2)x1010 em sec-1 . . . . . . . . . . . . . . . . . . 0.004 
e .. 
1 MeV 
fi=h/271' 

= 4.803 242(14)x1o-10 esu = 1.602 189 2(46)x10-19 coulomb . 2.9; 2.9 
= 1.602 189 2(46)x1o-6 erg . . . . . . . . . . . . . . . . . . . . . . . 2.9 
~ 6.582 173(17)x10-22 MeV sec = 1.054 588 7(57)x1o-27 erg sec 2.6; 5.4 
= 1.973 285 8(51)x10-11 MeV em = 197.32858(51) MeV fermi . . 2.6; 2.6 
= 0.624 007 8(16) GeV mb1/2 . . . . . . . . . . . . . . . . . . . 2.6 

fie 

a. 

kBoltzmann 

= e2/fic = 1/137.03604(11) . 0.82 
= 1.380 662(44)x10-16 erg •r1 . . . . . . . . . . . . . 32 
= 8.61735(28)x10- 11 MeV •K-1 = 1 eV/11604.50(36) •K 32; 31 
= 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. 722 776(65) m":1: 2.8; 0.38; 9. 7 
= 1.007 276 470(11) amu . . . . . . . . . . . . . . . . . . . . . . . 0.011 

1 amu = 1/12 mc 12 = 931.5016(26) MeV . . . . . . . . . . . . . . . 2.8 
md = 1875.6280(53) MeV . . . . . . . . . . . . . . . . . . . . . . . 2.8 
re . . . = e2/mec2 = 2.817 938 0(70) ferr:ni (1 fermi= 10-13 em) 2.5 
Xe . . . = fi/mec = rea-1 = 3.861 590 5(64)x10-11 em ...... . 
a .. Bohr = fi2/mee2 = rea-2 = 0.529 177 06(44) A (1 A= 10-8 em) 
a-Thomson = (8/3)7rr~ = 0.665 244 8(33)barn (1 barn = 10-24 cm2) 

1.6 
0.82 
4.9 
1.6 ~Bohr . . . . = efi/2mec = 0.578 837 85(95)x10-14 MeV gauss-1 

~N . . . . . . = efi/2mpc = 3.152 451 5(53)x10-18 MeV gauss-1 1.7 
0.011 ~,/~Bohr = 0.001 521 032 209(16) ......... . 

1/2w~yclotron = e/2mec = 8. 794 024(25)x106 rad sec-1 gauss-1 2.8 
1/2wgyclotron = e/2mpc = 4. 789 378( 14)x103 rad sec-1 gauss-1 ......... 2.8 
Hydrogen-like atom (nonrelativistic, ~ = reduced mass): 

v ze2 ~ y2 ~z2e4 n2fi2 
c >rms = nfic ; En = z = 2(nfi)2 ; an = ~ze2 

R .. = mee4/2fi2 = mec2a 2/2 = 13.605 804(36) eV (Rydberg) .. . 
= meca2/2h = 109 737.3177(83) cm-1 ..... . 

2.6 
0.075 

pc = 0.3 Hp (MeV, kilogauss, em) 
1 year (sidereal) ...... = 365.256 days = 3.1558x107 sec (l::j7rX107 sec) 
density of dry air . . . . = 1.204 mg cm-3 (at 2o•c, 760 mm) 
acceleration by gravity . . = 980.62 em sec:-2 (sea level, 45°) 
gravitational constant ... = 6.6720(41)x10-8 cm3 g-1 sec-2 .. 
1 calorie (thermochemical) = 4.184 joules 
1 atmosphere = 1.01325 bar (1 bar= 106 dynes cm-2) 

615 
y 
I 

1 eV per particle = 11604.50(36) •K (from E = kT) . . . . . . . . . . 31 

t:H.!M£;BI~AL ~QtfSTANIS 

71' = 3.141 592 7 1 rad = 57.295 779 5 deg ..;; = 1. 772 453 85 
e = 2.718 281 8 1/e = 0.367 879 4 v'z = 1.414 213 6 
ln2 = 0.693 147 2 ln10 = 2.302 585 1 v'3 = 1.732 050 8 
log102 = 0.301 030 0 log10e = 0.434 294 5 v'iO = 3.162 277 7 

*Revised April 1978 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. Chern. Ref. 
Data ~. 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 mmion (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 adj~stment of Cohen and Taylor has been recommended for 
International use by CODATA (Committee on Data for Science and Technology), and is the most up-to-date, 
generally accepted set currently available. However, since the publication 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)x1023 mole-1 (1.04 ppm); a-1 = 137.035 987(29) (0.21 ppm) [obtained using the Josephson effect]; 

and R .. = 109 737.3143(10) cm-1 (0.009 ppm). [See Atomic Masses and Fundamental Constants 5, Ed. by J. H. 
Sanders and A. H. Wapstra, Plenum Pub. Co., (1976).] But It must be realized that, since the output values of 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 cautious 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 In 1980. 
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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 ... 

~ m2 2 X 1/2 Yo=JI. cos e -m ml 
+I I 0 

I 4,T 2 X 1/2 
0 +5/2 5/2 3/2 ml m2 Coefficient!:, 

I+ I 2 + lf2 I 0 
YI )i;·ei<l> 

1/ 

r~~2 -1 2 1/2 1/ I 1 =- a; s1n e 1+2 1/2 I 3/2 +3/2 

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

l-l_L2 -l/2 I 
0 ff(3 2 1\ 

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

~ 
Y 2 = -;r,; 2 cos e- 2 ) r I -~~2 2/5 3/5 5/2 3/2 

1 1/2 
0 +1/2 3/5 -2/5 -1/2-1/2 

X 
3/5 2/5 5/2 3/2 +3/2 II 0 -1/2 ~~2 l~l In· i<j> I""! -1 +1/2 2/5 -3/_'3. -3/2 -3/2 

I+I +I/2 I 1/2 +I/ y
2 

;;;- STT Sln8cos0e 

3/2 X 1/2 2 
1~1 -~~2 4/5 1/5 5/2 

+1 -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 f!J . 2 e 2i<j> 1+3/2 +1/2 I +I +I l-2 -1/2 I I. 0 - ~~2 2/3 I/ 3/2 

2 - 4 7; sm e 

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

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

1cm 
+1/2 +1/2 3/4 -1/4 0 0 

X 1 +~ 1-I -1/2 I 3/2 X 3 2 . 
5/2 3/2 1+1/2 -1/2 1/2 1ft 2 I 

1+2 +I I +2 +2 -1/2 +1/2 1/2 -1/ -I -I 
1+3/2+1 I +3/2 +3/2 .... 

+2 0 1/3 2/3 3 2 I 1+3 2 0 2~5 3/5 5/2 3/2 1/2 1~1/2 -1/2 3/4 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/ -2 

1/15 1/3 3/5 1/10 2/5 1/2 1 

1 1~ r2 -1 r~~2 -1 
l-3/2 -1/2 

X +2 +I 0 8/15 I/6 -3/10 3 2 I +1/2 0 3/5 1/15 -1/3 5/2 3/2 1/2 
6/15 -1/2 1/10 -1/2 +I 3/10 -8/15 1/6 -1/2 -1/2 -1/2 - 2 I 0 +I 0 0 0 

(+I +I I +I +I 1/5 1/2 3/10 rl -I 1+1 0 1/2 1/2 2 I 0 0 0 3/5 0 -2/5 3 2 I 
0 +I 1/2 -IL2 0 0 0 -1 +I 1/5-1/2 3/10 -I -I -I 

+I -I 1/6 1/2 1/3 0 -1 6/15 1/2 1/10 
0 0 2/3 0 -1/ 2 I -1 0 8/15-1/6 -3/10 

-I +I 1/6 -1/2 I/ -I -1 -2 +I 1/15-1/3 3/5 

0 -1 1/2 l(t 2 tl -1 
y£ -m = (- 1 ) my7'* -1 0 1/2 -1/ -2 -2 0 

1-1 -1 I 
d£ =J 4rr ym e -im<j> 

m,O 2£+1 . l 

+2 -3/2 
+1 -1/2 

0 1/2 
-1 3/2 

4 3 2 1 1
:+2 0 
+1 1 

0 2 +1 +1 +1 +1 

3/2 - 1 + cos9 e 
d3/2, 3/2 - ---z- cos 2 

d 3/2 - .J33 1tcose . e 
3/2,1/2-- -2- sm-z 

3/2 . r.d-cos A e 
d3/2, _1; 2 =v3 - 2 -cos-z 

d 3/2 1-cose . e 
3/2,-3/2 =--2--sm-z 

d 3/2 3cos6-1 e 
1/2,1/2 =--2--cos-z 

d2 = (1 + cose)
2 

2,2 2 

d~.o =- {+ sine cose 

rl/2 _J 3/10 8/15 1/6 
-1/2 0 3/5 -1/15 -1/3 5/2 3/2 
-3/2 + 1 i/Io "2j_5 !1_2 -3/2 -3/2 -

3 2 
-2 -2 

2/3 I/ 
1/3 -2/3 

l-2 -1 

3 
-3 

I 

1 
+1 

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

l-3/2 -1 1 

(i 1 i 2m 1m2 \i 1 j 2 1 M) 

J - j - j 
= ( -1) 1 2(j2j1m2mili2i1JM 

1 1+ cose 
d1,1=-2--

1 1-cose 
d1-1 =-2--

l-~ -2 

d 3/2 3cos$+1 . e 
1/2 • -1/2 =- ---y-- s tn Z d2 = (1-cose )

2 
d2. = 1-cos$(2 cos6+1) 

1,-1 2 

-1 -2 
-2 -1 2 (3 2 1) do,o = 2 cos e -2 

1/2 1/2 
1/2 -1/2 

4 
-4 

2,-2 2 
1-2 -2 11 

Sign convention is that of Wigner (Group Theory, Academic Press, New York, 1959), also used by Condon and Shortley (The Theory of 
Atomic Spectra, Cambridge Univ. Press, New York, 1953), Rose (Elementary Theory of Angular Momentum, Wiley, New York, 1957), 
and Cohen (Tables of the Clebsch-Gordan Coefficients, North American Rockwell Science Center, Thousand Oaks, Calif., 1974). The 
signs and numbers in the current tables have been calculated by computer programs written independently by Cohen and at LBL. {Table 
extended April 1974.) 
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SU(3) ISOSCALAR FACTORS 

Adapted from J. J. de Swart, Rev. Mod. Phys. 35, 916 (1963) 

The convention used here is: baryon first, meson second. 

• • y = 2 • 
• 

lSI ® lSI = 1271 $ 1101 $ 110"1 $ ISh$ ISla$ Ill . 

Five single-coefficient tables are omitted. 

a negative coefficient, i.e. (NKI10•) = -1. 

I•---., 
0 ~. y = 1 I = i/2 N 

The one involving a l1o'"} has 

Ttie others, involving {27} and 

_____ .....,. Y _ 
1 1 

_ 
3
/

2 
~ { 1 0 J , are a II + 1. 

~11. i7 

N1r ~/10 
:!:K - v'QIIO 
NTJ 3v'Q/10 

-2· •• 

-I 
~D ~F 

3~/10 1/2 
-3v'Q/10 1/2 
- v'QIIO 1/2 

to• 

-1/2 
-1/2 

1/2 

N" 
:!:K 

~~~----''-', 

1.7 10 

Multiplicity of 27; AK 3ylSf10 - vl5/10 -1/2 -1/2 

• =I • X=2,~=3 

~11. 
:=:TT 
:a:R 
:::;'1 
AR 

NK ~/10 
::=:K -V'i]/10 
:a;, - V'IDI20 
ATJ 3y.Ji)/20 

v'Ri/10 1/2 
-vi'ID/10 -1/2 
-~/5 ~/4 
- v'S/5 - V2!4 

.!!,F 
~12 
V2!2 

0 
0 

~11. 1? 
NK ~/5 
::=:K vl5/5 
:a;, 0 
:!:T] ~1!0 
A1r VlJ0/10 

y = 0 I = I 

1n ~ 10 10* 

-~1!0 vl§/6 -v"§/6 vl§/6 
- vr;30;10. - V/§16 V/§16 - V/§16 

0 V6/3 V'6!6 -V'616 
~/5 0 1/2 1/2 
vl5/5 0 -1/2 -1/2 

....., 
Y - 1 I - i/2 t=. -
~7 ~D ~F 10 

-~/10 -3v'Q/10 1/2 1/2 
-\IQ/10 3a/10 1/2 1/2 

3V'QIIO - /10 -1/2 1/2 
3vl5/10 - V"3/IO 1/2 -1/2 

y- -1 I-3 
~11. ~7 to• 

~/2 -~/2 :::TT 
:a:R V2!2 V'2/2 

/2 
The phase factor ;1 = ±1, from de Swart's 
Table I, enters in his syn>metry formula (14. 3): 

(fltflz/ fl.} = ;1(-1)It+I2-r(f12f111 fl.). 

This factor is irrelevant if you are doing your own 
self-consistent calculations; it enters when you 
try to check someone else who chose f12 @fl.1 
instead of fli @f12 • 

POl ® lSI = 1351 e 1271 e 1101 $ lSI. 

*Four single coefficient tables are omitted; only the {21} is -1; the three with {35} are +1. 

y- 1 I- i/2 N· y = 1 I= 3/2 ~ 
27 8 ~11. {5 27 10 + 

- v'Q/5 -2v'5/5 l>lT 1/4 - VS/4 VlQ/4 
-2ylS/5 vl5/5 LI.T] J(g/4 3/4 VZ14 

:!:K /4 ~VZ/4 - 1/2 

~ Y-O I -o A y- 0 I - 1 y- 0 I= 2 

s11. 27 ~11. \5 27 10 ~ ~11. - - ~5 27 

:a;, - v'lli/5 -v'iS/5 
::=:K -05/5 v'TII/5 

E, ~16 -?f87!0 y'J/3 - v'3Q1!5 :a;, 
ETJ ~12 30110 0 ~/5 L>R 
::=:K ~/3 - yQ/5 -~/3 15 
L>R VJ/6 vl5/10 V'J/3 2 15 

vJ12 -1/2 
1/2 v-'3/2 

y- -1 I- 3/2 

~5 27 

v'212 -~/2 
'\1'2/2 v-'2/2 

- -1 - i 2 :=.-
~11. ~5 27 10 ~ ~11. -
STT 1/4 -7v'Q/20 ~/4 -~/5 
:::;'1 3/4 ~/20 -~14 -ji!/5 

Srr 

fl~ I VZ/4 -3 /20 - 1/2 /5 EK 
:!:K 1/2 .VS/to ~12 v'S/5 

I I 

-z •----, 
-3 •Y- 2 I-0 n- y- -2 l - 1 

~11. 35 10 ~11. ~5 27 
Mu I t i p I i c i t y of 35; + 

e•I,X•2 
fiT] ~12 -~/2 fllT 1/2 -¥3/2 ::::1< ~/2 ~/2 ::=:!< v'3/2 1/2 
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PROBABILITY AND STATISTICS 

A. PROBABILITY DISTRIBUTIONS AND CONFIDENCE LEVELS 

We give here properties of the three probability distributions 
most com'?only used in high energy physics: Normal (or 
Gaussian), Chi-squared, and Poisson. We warn the reader that 
there is no universal convention for the terln ''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 Lev~l vs. x2 for no Degrees of Freedom 

2 3 4 5 6 8 10 20 30 40 50 60 80 100 

1.0·--
0.6 n0 =I 
0.4 
0.3 
0.2 ........ \\ 1\ 

0.1 11o = '...I r-..l2 6. \UIO [1k 10~[5131 

.....J 
u 

Q) 

> 
Q) 

.....J 

Q) 
(J 
c:: 
Q) 
'0 -c:: 
0 
u 

0.06 
0.04 

·. 0.03 
0.02 

0.01 
0.006 
0.004 
0.003 
0.002 

0.001 

\ \11 
L\ \ 1\ \ 1\ 

\ \ \ \ 
\ 1\ \ \ 

~For n0 > 30, 
0.0006 E 1 co x2 
0.0004 ~CL~::~.J21r f. exp (- 2 )dx 
0.0003 f= y 
0.0 002 ~ with y = ·h x2 -~ ++---+,+--\---+ \+-H 11 \r-+-'1+---+11 IH-+tlt--I-+++1-IH 

0. 0 0 0 1 .__r--___...I___,_I---'1-I._~.....~II__._I.L..I ll...uj ?cu· 1ii.L.J.J IIIILI.L...-__._...l..LL.: \\u...\1-IJI \.....__._11-11\l.L.U.IJL.LJI.U..U 

I 2 3 4 5 6 8 I 0 20 30 40 50 60 80 100 
X2 

(Or X2 X 100 for--) 

A.1. Normal Distribution 

The normal distribution with mean X and standard deviation a 
(variance a2) is: 

2/ 2 
P(x)dx = - 1- e-(x-x) 2<1 dx. (1) 

.[2rra 

The confidence level associated with an observed deviation from 
the mean, o, is the probability that I x-X I> o, i.e., 

CL = 2 (' dx P(x) 
Jx+b 

p 

-2cr -cr 0 cr 2cr 

(2) 

[The small figure in Eq. (2) is drawn with o = 2a.] CL is given 
by the ordinate of the nD = 1 curve in the figure at x2= (o/a )2. 
The confidence level foro= 1(1 is 31.7"/o; 2a, 4.6"/o; 3(1, 0.3"/o. 
The~ confidence intei-val, 1-CL, (which is also some
times called confidence level) foro = 1a is 68.3"/o; 2a, 9S.4"/o; 
3(1, 99. 7"/o. The odds against exceeding o, (1-CL)/CL, for 
o = 1a are 2.1S:1; 2a, 21:1; 3a, 370:1; 4a, 16,000:1; Sa, 
1,700,000:1. Relations between d and other measures of the 
width: probable error (CL = O.S deviation) = 0.67(1; mean ab
solute deviation = 0. 80 a; RMS deviation = a; half width at half 
maximum = 1.18 a . 

A.2. Chi-squared Distribution 

The chi-squared distribution for~ degrees of freedom is: 

(3) 

where h (for 11 hal£11 ) = n /2. The mean and variance are nD 
and 2np,' respectively. :g evaluating Eq. (3) one may: usi 
Btirling s a~proximation: r(h) = (h-1)!"' 2.S07 e-h hlh-1 2)x 
(1 + 0.0833 h) which is accurate to± 0.1"/o for all h2. 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 100 d 2 p ( 2) 
= l X nDX 1-CL CL 

(4) 

0 5 10 15 
[The small figure in Eq. (4) is drawn with nD = 5 and CL = 10 "/o.] 
CL is plotted as a function of x2 for several values of nD in the 
above figure. For large nD• x 2 becomes normally distributed 
about nD. Thus, 

(S) 

becomes normally distributed with unit standard deviation. A 
~approximation, due to Fisher, 1 is that X, not X 2, becomes 
normally distributed, specifically 

y 2 = ..rz;:r -.J2nD-1 (6) 

approaches normality with unit standard deviation. For small 
CL's in particular, Y2 is much more accurate than Y1· Thus, 
for nD =·so and x 2 = 80, the true CL = 0.4S"/o, but y 1 is 3.0 cor-. 
responding to a CL of 0.13%, while Y2 is 2.7 corresponding to a 
CL of 0.3S%. 

.. 

.... 
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PROBABILITY AND STATISTICS (Cont'd) 

A.3. Poisson Distribution 

The Poisson' distribution with mean ii is: 

e ~(fi)(fi)n 
Pii (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'' as follows: The confidence level as~ociated with 
a given upper limit N and an observed value n0 of n is the proba
bility that n > no if ii = N, i. e. , 

CL 
CL = :E PN(n) 

n=n0 +1 

=1- (8) 

0 4 N 8 12 

[The small figure in Eq. (8) is drawn with n 0 = 2 and CL = 90o/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% confidence 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 nD = 2,4, and 6 curves, 
respectively; 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 ±O"n• and it is ·des~red 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 ;} the 
other data) from a distribution having mean V (which we wish to 
estimate) and variance a2. (Identification of fi.e true a· with the 
0'0 datum is an approxim~tion which may become serio~sly inac
curate when 0"0 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.1.' 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 whi<::h Yn = v<xn), where Xn represents some set of inde
pendent var1ables, e. g., cross -section measurements at various 
values of energy and angle, xn = { En• en}. 

B.1. Single Mean and Variance Estimates 

{1) ll the Yn represent a set of values all supposedly drawn from 
a single distribution with mean y and variance 0'2 (i.e. , the a are 
all the same, but their common value is unknown) then n 

1 ~ d N ii Yn an (9) 

(10) 

are unbiased estimates of V and a2
• The variance of y is a2 /N. 

If the parent distribution is normal and N is large, the -$ariance of a; is 2a4/N. 

(2) ll the Yn all have the common value y and the an are known, 
then the weighted average 

v = .!. :E e w n wnyn' (11) 

where w = 1/a2 and w = :E w , is an appropriate unbiased esti
mate of 'f. Thisnchoice of weighting 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) = :Ei aifi(x) to independent 
data Yn ± an 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: 

Here V is the covariance matrix of the fitted parameters 

vii=. (ae,i- iie,i) (ae,j- "e,j). 

which is. given by 

-1 I 2 
(V )ij = ~ fi (xn)fj (xn) an . 

(12) 

(13) 

(14) 

The variance of an interpolated or extrapolated value of y at point 
x, Ye =l:ae,ifi(x), is: 

(y e - V )2 
= :E V .. f. (x)f.(x) . (15) 

e · ij lJ 1 J 

For the case of a straight line !!!_, y(x) = a + bx, one obtains the 
following estimates of a and b, 

(16) 

where 

S1' S , S , S , S = ;E (1, X , y , x 2 , X y )/a2, 
x y xx xy n n n n n n (17) 

D = s 1 s~- s~. 

The covariance matrix of the fitted parameters is: 

(v v ) (s -s ) aa ab 1 xx x 

Vab Vbb = i5 -Sx · S1 
(18) 

The variance of an interpolated or extrapolated value of y at point 
xis: 

2 
_ 2 1 st ( sx) (y - y ) = - + - X - -e e s

1 
D . s

1 
(19) 

C. ERROR PROPAGATION 

We consider here the situation in which one wishes to calculate 
the value and error of a function of some other quantities with 
errors, e. g. , in a Monte Carlo program. 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({y}) + i Jin v mn (a:~ayJ{y} = {y}. (20) 

(f- fi2 = rRn vmnf.a~f) (a~) (21) 
\ m {y}={y} n {y}={y} 

E. g. , the mean and variance of a function ~f a single variable 
with mean Y and variance a2 are: ----

(22) 

(23) 

Note that these equations will usually be applied by substituting 
some measured quantities, {y} say, for the true means, {y}. ll, 
as is· often the case, Yn - Yn is of order ~ V nn• 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, 1958). 

2. M. Abramovitz and I. Stegun, eds., !!.~ .2!_ 
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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RELATIVISTIC KINEMATICS* 

I I 
DEFINITIONS AND GENERAL FORMULAE 

I.~ 

We define any 4-vector p by its components: 

{

P = E = the energy 
with +Po :_ +' 

o>
11 

,P1 ) 3-vector of 
magnitude P, 

(I-1) 

{ 

~ll =_ the longitudinal momentum along a beam direction 
where -..-

then 

P1 =the transverse momentum (2·components, along 2 
axes perpendicular to the beam); 

lab 
p 

em 
p 

(Elab Plab +lab) 
' II ' Pl (I-2) 

(I-3) 

The 4-vector scalar products are defined by 
++ 

(I-4) A • B = A 0B 0 - A•B 

so that 

II. GENERAL INVARIANT DEFINITIONS AND RELATED FORMULAE 

For any 2 particles i and j, the most commonly used 
invariants are defined as follows: 

A. The invariant mass squared of the combination of par
ticles i and j is 

s := m7. ::: (p. + p.)
2 

= m~ +m~ + 2(E.E. 
ij 1) 1 J 1 J 1 J 

P.·P.> . 
1 J 

(II-1) 

Using the function 8(x,y,z) [also called A(x,y,z)], defined by 

6 (x, y, z) - x 2 + y 2 + z 2 
- 2xy- 2yz - 2zx 

we have the relations: 

A.l. In the particle j rest [r':'e (Pj = O), the longi

tudinal axis being alonq Pi, 

_ (sij - rn~- rn; 
- 2m. ' 

J 

~ ldsij ,rn~ ,mj> 
2m. 

J 

A.2. In the a.m. frame for particles (i and j) 

( ij) 
p, 

J. 

thus, 

+ + + 
Q j~ ih the longitudinal axis being along Pi, 

~~ (sij ,m~ ,mj> 

2~ 

A.3. Applications: Useful re'rations involVil1fl sij.:._ 

(II-2) 

(II-6) 

(II-11) 

(II-13) 

i) In a Dalitz plot [or the 3-body decay, x + 1 + 2 + 3, 

const. (i,j = 1,2,3) ·(II-14) 

with rn~ 23 
ii) In a triangle plot for the 4-body decay, X + "1 + 2 + :l + 4! 

L: s .. 
i<j 1] 

22: rn~ + m~ 234 = const. (i,j = 1,2,3,4) 

i 

with m~231+ = (pl + p2 + p3 + p4)2 = m~ 

(II-15) 

B. The invariant momentum transfer squared between particles 
i and k is 

, (II-16) 

PARTICULAR CASES AND ASYMPTOTIC VALUES (~) 

III. VERY HIGH ENERGY PHYSICS: 
ASYMPTOTIC FORMULAE 

A. Colliding beams 

(III-1) 

If 8 {$ the supplement of the angle between 
the two beams, (and if we assume Ei ~Pi), then: 

B. Interaction of particle a with target 
b at rest 

and 

and 

and 

B .1. In the lah frcone 

s = s 
ab 

8.2. 

s = s 
ab 

m~ + ~ + 2m. Ealab = 2m Elab 
JJ b a (III-3) 

P. 
lnC 2"\, 

(III-4) 

In the center-of-mass frame 

(III-5) 

I 
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RELATIVISTIC KINEMATICS (Cont'd) 

Application to the reaction a+ b + c + d, 

1. General formulae in the (ab) e.m. system, 

t = tac ~ = [t~n- 4PaPc sin2e~c)Jm 
with 

min em 
t:x = [{Ea- EC)2 - {Pa +PC) 2] (II-20) 

{inin/max refer to the minimum/maximum of It I) 

min [m!-m~-~+m~ r 
[ ~ (s:;;~r and tmax m2 

ac 
2Vs a 

~ / e:1m~)2 m~r 
which, after expansion in powers of (1/s), gives 

<m!- m~) <rn:,- m~) 
s 

(m! + rn:,- m~- m~) <m!rn:, - m~m~) 
sz + {\) (II-22) 

In a similar way, defining uad = (pa-pd) 2 , one finds 

u:: • 2 ad 
(

8 )] em 
- 4PaPd s~n - 2-. 

with 

A general relation b~tween the invariants is 

s + t + u = m~ + ~ + m~ + m~ 

IV. RELATIONS BETWEEN THE (j) PARTICLE AND (ij) PARTICLE 
REST FRAMES ' LORENTZ TRANSFORMATION 

The general Lorentz transformation ha~ the· matrix· form 

(

E )(ij)- (. y 

Pll - -n 
pl 0 

-n 
y 

0 

0) (E )(j) 
0 pll 
1 pl 

If we define, i~ any frame, the quantity: P ± = E ± Pll, 

(iJ" 
Y+n 

(

<y-n> o 

o <Y+n> 

0 0 

(IV-1) 

(IV-3) 

(IV-4) 

2. Particular ease 

In the c.m.: dt = 2P P d(cos8 ). 
a c · ac 

i) m 
a m ~'I' md' c 

tmin m!<rn:, -m~) 2 

(II-24) ac 2 s 

min {m~- m~) (m~- m~) 
uad (II-25) 

ii) For elastic scattering 
(a+ b -+ a'+ b'), 

tmin = 
aa' 

0, 

and t -4P 2 . 2eaa') s>n --
aa' a 2 

dt 
aa' 2P~ d{cos6aa'); (II-26) 

min 
{m2- rn:,> 2 

also a 
(II-27) u 

ab' 

At high energy; 

e~ij ~ ~ and 
m. 

J 

~ij is called the boost parameteP of the Lorentz 
transformation that .connects the particle ij 
rest frame to the particle j rest frame. 

Application 

1. To 1~eaction a (beam) + b (target) 

The transformation from the lab frame into the 
c.m. frame is given by: 

y and n 
P. 

>nc 

lSI = 1~1 = tanh ~ij lt:. (sij ,m~ ,mj> 
sij + mj- m~ 

(IV-5) r with 
s+rn:, -m! + J~(s,m!,rn:,> 

2~rs 
y 1 

cosh ~ 
Jl-82 = ij = 

sinh ~ij 

\ 

s .. + m~- m~ 
l) J l 

2m.~ 
J >) 

p(j) 
i 

=~ 

The spatial part of the matrix in Eq. (IV-1} !3-bove can be 
written with the classical vector form 

A convenient way to write the latter expression is 

p(ij) = p(j) _ n[E(ij) + E(j)] 

Y+1 

(IV-6) 

(IV-7) 

(IV-9) 

(IV-10) 

(IV-ll) 

2. The Lorentz transform of any vector 

.£1 = (E1 ,P1>, given in a [Pame containing another 

vectoP p
2 

= (E 2~2 ), into the p
2 

rest frame

where p
2 

= (m2 ,0), and p
1 

= (E~,P~) -may be 

calculated using: 

y 
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RELATIVISTIC KINEMATICS (Cont'd) 

v. RAPIDITY VARIABLE: DEfiNITION AND KINEMATIC RELATIONS 

Definition: in any systern, .. for a particle of energy E 
longitudinal momentum Pll , the rapid{ty is defined by 

and 

with the 

From the 

y = ~ £n (E + Pll ) = tanh - 1 (~) 
E- Pll E 

I 

transverse mass rnl - (rn2 + Pfl"' 

last of the two equations above, one 

p+ rnl 
ey 

p rnl 
e-y 

l 
E rnl cosh y 

so that 
pll rnl sinh y 

gets 

(V-1) 

(V-2) 

(V-3) 

(V-4) 

(V-5) 

A. Relations between the rapidities of diffe:rent f:rames: 

(V-7) 

B. Application to a reaction a+ b.-). c + d (or a+ b + c +X): 

In the lab frame, 

' lab lab 
(rna cosh ya rna sinh ya 0) 

j <rn,. 0, 0) 

lab lab lab .. 
PC = (rnlc cosh yc mlc sinh Yc ' Plc ) 

(and a similar formula for particle d or X). 

In the c.m. frame, 

ern 
(rna cosh 

ern 
rn sinh 

ern 
0) Pa ya a Ya 

ern 
(~ cosh 

ern sinh ern 0) pb yb ~ yb 

ern 
{m1ccosh 

ern 
sinh 

ern .. 
) PC = Yc rnlc Yc Plc 

(and a similar formula for particle d or X). 

(s - rn2 - r,\2) lab -1 a b ylab = 9,n_:;-ya cosh 2rna~ at large s a rna~ 

(s + rn2- rn
2

) 
£n Vs ern cosh- 1 a b ern 

Ya 
2rn~Vs at large s Ya rn 

a 

ern -1c+rn~-rn~) ern =-£n Vs 
yb cosh Vs at large s yb 

2~ s r + rn2- rn2) ern -1 c d 
Yc cosh rs at large s 2m1.:: s 

2 
and md (or rn~) 

with 1; = £n rs 
~· 

one gets, at large s: 

~ 

£n Vs ern 
yc 

rnlc 

«s 

(V-8) 

(V-10) 

(V-11) 

(V-12) 

(V-13) 

lab 
y (

Plab 

£n ·lab 
p 

lab) + ~ 8 
lab = -£n(tan 2) 

pll 

~The maximum :Papidity gap for the react~on a+ b -+ c + d 
at large s is: 

i) for the incoming particles (a,b): 

yacrn _ ybcm = R.n _s_ 
rna~ 

ii) for the outgoing particles (c,d): 

(V-15) 

Application to reaction a+b-+ 1+ 2 ..• +N, with the N 
'outgoing particles being ordered by increasing rapidity. 

1. 

2. 

3. 

4. 

The maximum rapidity gap between the outgoing 
particles has an approximate value 

(V-17) 

The :rapidity gap (y~jl_between the rapidities 
y i and y j of particles i and j, respectively, 
is related to the invariant mass sqUared of 
particles i and j 

2 .. .. 
sij =m~+mj+2m1 i•m1 j cosh(yi-yj)-2Pli.plj, 

-1 
cosh 

(V-18) 

(V-19) 

The :rapidity gap between eithe:r of the ext:reme 
pa:rtioles (1 o:r N) and its adjacent neighl:io:r 
[2 or (N- 1) respectively] is, on a statistical 
basis, and in first approximation 

and 

ly Y I e.c R.n_..;._ 
N-1- N MN 

(V-20) 

(V-21) 

M1 {MN) being the missing mass with respect to 
particle 1 {N) in the reaction a + b ~ 1 + M1 

(a + b + N + MN) • 

The rapidity gap Yal between the incoming 
particle a and the outgoing particle closest 
to a, 1, is related to the transverse momentum 

tal= (pa-pl)
2

: 

(V-23) 
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RELATIVISTIC KINEMATICS (Cont'd) 

VI. INCLUSIVE REACTIONS AND SCALING VARIABLES: 
DEFINITIONS AND KINEMATIC RELATIONS 

A. Scaling Variable: Definitions 

• For the inclusive reaction a+ b -+ c +X 

1) Feynman' s definition: 

where 

(VI-3) 

(VI-4) 

is the center-of-mass momentum of particle c and the ·light
est possible]?article(s) _mx min which, consistent with 
conservation laws, could reCoil against particle c. 

A reZ.atio!:B_hip between x and ~ which becomes useful at 
high energy [see (VI-6)] derives from 

m2 
X 

2) An alternative definition: 

with Pcm _ ~ (Pcm )2 
llmax - max 

• For eleatro- ·and photoproduation (off protons): 

Bjorken's definition: 

w = 2"';~ 
-q 

(VI-7) 

e- e' = the difference between the 
incident and the outgoing energies 

where proton mass 

momentum transfer squared 

(NOTE: w- 1 is sometimes also called x.) 

• For neutrino interactions: 

For the inclusive reaction V + b -+ c +X , 

If X is a system of hadrons, 

Scaling variables: 

Note: v is sometimes written 

V = pb • q , leading to the replacement 

throughout 

• At high energy, 
2Pcm 

X ~ _l_l - • (VI-5) 
-..Is 

Pcin o.<Vs 
max 2 

and 

The relation between x and y is trivial: 

2rnl em 
-JS sinh y 

and, for y also large: 

For P1 fixed as s+oo, 
em 

3t._ x' ~ ..rs 
~ X 

m2 

1- ~ 
s 

(for m~ >> rn~) 

(VI-B) 

(VI-9) 

(VI-6) 

In the lab, with c a lepton of negligible mass, 

the neutrino-+ c scattering angle: 

w 

X = 

y 

2E\)EC sin2
(8/2) 

~<Ex-~> 
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RELATIVISTIC KINEMATICS (Cont'd). 

B. For the inclusive +reaction a+ b -+ c +X, the invariant .differential cross section E (d 3ojdp~) may be 
written in the following forms using various expressions of the phase space volume d 3pc/Ec (and omitting 
the subscript c): 

Longitudinal variable 
of particle c 

Transverse variable 
of particle c 

Corresponding invariant 
{differential) c~oss section E(d3o/dp3) 

(VI-10) 

E 
Tf 

(averaged over azimuth) (VI-11) 

X 
2Ecm 

TIVs ( 
averaged ) 

over azimuth 
(VI-12) 

y (
averaged. over) 

azimuth 
(VI-13) 

t (averaged over azimuth) (VI-14) 

* See Denyse M. Chew, "Relativistic Kinematics," LBL-3815 {1975), for details and references. 

Revised April 1978. 

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' 1\)], 
!,-orentz !_nvariant fhase Epace is given by 

For a+ b 

or 

1 4 4 I piml 
For 2-body: d LIPS(s, p 1 • P 2 ) = (

2
,)2 5 (p-p1 -p2 ) d p 

4 
.JS dn~m 

1 4 4 1 
For 3-body: dLIPS(s,p1 ,p2 ,p) = (

2
,)5 5 (p-p 1 -p2 -p3 )d p 32S ds 12 ds 23dcrdcosi3dy, 

where a,~~ and'( are Euler angles. 

n particles or X- n particles, in general li) - If), 

<Jif= iF j I.Mi£12 dLIPS(s;p1'""'•Pn)' 

1 I 2 2 
rif = 2rr>x j cM,if I d LIPS(rr>x; P1' ... • pn)' 

(1) 

(2) 

(3) 

(4) 

(5) 

where t:Mif is an invariant matrix element. F is MPller 1 s invariant flux factor, F
2 

. -lab ~-lab I · 1 ;>:cm I·' lSbeam,b,target(Pb =O),then F= Pa ~= Jc'a 'IS· 

If a 

For elastic scattering in c. m., ~~m 

do
dt 

IP~m I , and (2) and (4) yield 

The normalization is such that the optical theorem reads 

The choice of Eq. (1) implies a particular normalization of any spinors that may occur in eM,. 

(6) 

(7) 

The advantage 
1 1 

of this normalization is that it greatly simplifies the structure of eM, by putting factors such as 
(21T)3 2E 

In addition, the labels, i, f, re.fer to specific spin {helicity) into the phase space where they really belong. 

states, so that the usual "average and sum11 rule is implicit. 
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PARTICLE DETECTORS, ABSORBERS, -AND RANGES* 

A. DETECTOR PARAMETERS 

In this section we give various parameters for common detectors. 
The quoted numbers represent at best an order of .magnitude, and 
are useful only for preliminary design. A more detailed .intro
duction to detectors can be found in 11A Consumer's Guide to 
Particle Detectors," by D. J. Miller, Rutherford Lab Report 
RL-76-072, July 1976. 

A.l Scintillators: Photon yield"' lY/100 eV in plastic 
scintillator and"' ly/25 ev in Nai.l,2 

A. 2 Cerenkov: 3 Half-angle ec of cone aperture in terms of 
velocity 8 and index of refraction n: 

ec arc cos (a~) - J2 (1 - a~) 

Threshold velocity: at= 1/n; yt = l/Jl~,a~. 
Therefore, atYt = 1/J2o + t}, where o = n-1. Values of o 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 (1- -
1
-) 211 dv = ~ a

2 J (-1
- - -

1
-) 211 dv 

c a2n2 c t a2l a2l 
t t 

., sao sin26c/cm (visible spectrum) . 

A.3 Photon Collection: In addition to the photon yield, one 
should take into account the light collection efficiency 
{S 10% for typical 1-cm-thick scintillator) S attenuation 
length ("'1 to 4 m for typical scintillators ) , and quantum 
efficiency of the photomultiplier cathode {$ 25%). 

A.4 Bubble, Streamer, Wire Chambers: 

Resolution Dead 
Chamber !XJ2e Accura·c;t: {rms) Time Time 

Bubble ± 751J "' 1 ms "'1/20 
a s 

Streamer ±3001J IJS "'100 ms 

Optical spark ±2ooi IJS 10 ms 

Magnetostricti ve 
Spark ±SOOIJ 2 IJS "' 10 ms 

Proportional >±3001Jc,d "'50 ns "'200 ns 

Drift ±50 to 300\l .. 2 ns 
B 

"'100 ns 

~Multiple pulsing time. 
60\l for high pressure. 

~300\l is for 1 mm pitch. 
give ±150\l Delay line cathode readout can 

e~~~a!!~l c~~~~~=~ wire. 

A.S .Shower Detectors: Typical energy resolutiOns · (FWHM) for 
incident electron in the 1 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 Tt for t (= plate 
thickness) ~ o. 2 radiation lengths. 6 · 

Nai (20 rad. lengths) :
7 2

' 
El/4 

Lead Glass (14 rad. lengths) :
8 ~ 

.JE 
. . 6 16% 

Lead-L~quid Argon { 15.75 rad. lengths) : r.> 
(42 cells: lead, 2 mm liquid argon, yE 

lead-GlO, 2 mm liquid argon) 

Lead-Scintillator Sandwich ( 14 rad, lengths) :
9 ~ 

·(35 cells: 2 mm lead, YE 
12.7 mm scintillator) 

Proportional Wire Shower Chamber ( 17 rad, lengths) :
10 

( 36 cells: 0. 4 74 rad. length type-metal + Al, 
9.5 mm 80% Ar- 20% CH4 gas) 

40% 
.,fE 

A.G Proportional Chamber Wire Instability:_ The limit on the 
voltage V for a wire tension T is .9iven by11 

sTl/2 
v "' ----rc-

where s, R., 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 sSt) gives 12 

59T112 [! + ~ R.n ( s )] 
R. 11R. 11d 

where V is in kV, and T is in grams. 

B. COSMIC RAY FLUXES 

The fluxes of particles of different types depend on the lati
tude, their energy, and ·the conditions of measurement. Some 
typical sea-level values13 are given below: 

IV 

Jl 

J2 

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 
Intensitx Com.Eonent COinEOnent 

l.lX 10- 2 o:ex1o-2 Q,3Xl0- 2 -2 -1 
em sec 

1.8Xl0-2 1. 3 X 10-2 0.5 X 10-2 -2 -1 
em sec 

2.4 X 10-2 1.7Xl0-2 Q,7Xl0-2 -2 -1 
em sec 

sterad 
-1 

Very approximately, about 75% of all particles at sea-level are 
penetrating, and are muons. The absolute flux of proton~5at -2 
sea-level, in a momentum range 700-1100 MeV/c, is l.SXlO em 
sec-1 steraa-1, or -0.1% of all particles. 
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PARTICLE DETECTORS, ABSORBERS, AND RANGES (Cont'd) 

C. PASSAGE OF PARTICLES THROUGH MATTER 

C.l Energy Loss Rates for Heavy Charged Projectiles: A heavy 
projectile (much more massive than an electron) of charge Zproje, 
moving at speed ac <a >> l/137) through a slowing medium, 
dissipates energy principally via interactions with the elec
trons of the medium. The mean rate of such energy loss per 
unit path length x may be written as:l4 

(
dE) = 

0 
pmed zmed (zproj)

2 

dx proj Amed a 

x[incmey2:2c2)- a2-%- zm~J{l+v}, 
where D = 4nNAr~mec2 = 0.3070 MeV cm2/g (see Physicai and 
Numerical Constants Table). 

Here Zmed and ~d are the charge and mass numbers of the 
medium and Pmed ~s the mass density of the medium; I, ~, C, and 
v are phenomenological functions. Frequently, the values of 0, 
C, and V are negligibly small; the parameter I characterizes 
the binding of the electrons of the medium. As a rule of thumb, 
we may estimate I for an idealized medium as I 011 16 <Zmed) 0.9 ev 
when Zmed > 1. For realistic 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 chemical mixtures or 
compounds by computing 

N 

~ "'.E (dE) dx n=l dx n ' 

with {dE/dx)n appropriate to the nth chemical constituent 
(using p~~d as the partial density) .1~ 

The function 0 represents the density·effect upon the energy 
loss rate; it is non-negligible only for highly relativistic 
projectiles in dense media. 16 For ultra-relativistic projec
tiles, 0 approaches iny2 +constant, where the value of the 
constant depends upon the density of the medium and its chemical 
composition. 

The function C represents shell corrections to the energy loss 
rate. 14 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 
electrodynamics.l7 These effects become important when l~roj/SI 
is comparable to 137 •. For relativistic unit-charge projectiles, 
jvj is of the order of l%; positively charged projectiles lose 
energy more rapidly than do their charge conjugates.l7,18 

(dE/dx) r . falls rapidly with S until reaching a minimum around 
S = 0.9E ?almost independent of medium), followed by a slow rise. 
Because of the density effect, the quantity in square brackets 
approaches R.ny +constant for large y. 

The value (dE/dx) rojox is the ~ total energy loss via inter
actions with elec~rons of the medium in a layer of thickness ox. 
For any finite Ox, Poisson fluctuations Cdn cause the actual 
energy loss to deviate from the mean. For thin layers, the 
distribution is broad and skewed, being peaked below (dE/dx)ox, 
and having a long tail toward large ener~ losses.l9 Only for 
a very thick layer [(dE/dx)ox >> 2~a2y2c ] will the distribution 
of energy losses become nearly Gaussian. The large fluctuations 
of the total energy loss rate from the mean are due to a small 
number of collisions with large energy transfers. The fluctua
tions are greatly reduced for the so-called restricted energy 
loss rate, described in section C.3. 

C.2 Energetic Knock-On Electrons: For a spinless point-charge 
projectile, the production of high energy (kinetic energy T »I) 
electrons is given by (neglecting the spin of the electron) : 

for 

~ = lo.:!o (zmed) (~)
2 

dTdx Amed a 
l 

Pmed T2 

I«T.;;T 
max 

l + 2y __ e_ + __ e_ m ( m )2 
Mproj Mproj 

where ~roj· is the mass. of the projectile and all other 
quantit~es are as in section C.l. This formula does not differ 
significantly from the precise resUlt, incorporating spin 
effects, for any projectile (including e±) in the restricted 
range I<< T << Tmaxi more accurate formulae are available for 
various projectiles. 20 , 21 Our formula is inaccurate forT 
close to I; for 2I ~ T ~ lOI, the 1/~ dependence above becomes 
011 T-TJ with 3 ~ n ~ 5. 22 

C.3 Rates of Restricted Energy Loss for Charged Projectiles: 
The variability of energy loss for heavy projectiles is due 
primarily to the variability in the production of energetic 
knock-on electrons. Bremsstrahlung and pair production 
processes make this variability even greater for electrons 
than for heavy particles as projectiles (see, e.g., the figure 
11 Fractional Energy Loss for e+ and e- in Lead"}. If an instru
ment 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 ~ Ernax << Tmax is: 14 

Notice the overall factor of 1/2. 

a2 - o - z 2c J 
med 

The density effect causes the restricted energy loss rate to 
approach a constant, the Fermi plateau value, for the fastest 
projectiles. 

c. 4 Hultiple Coulomb Scattering through Small Angles: As a 
charged particle traverses a medium it is deflected via many 
independent small-angle Coulomb scatterings. The bulk of this 
deflection is due to scattering from the nuclei in the medium. 
An estimate for the net deflection in the absence of large
angle scatters is:23 

erms 
plane 

(l+E)Z . 15 MeV/c 
proJ pS 

_{§; 
vr:; (radians} , 

where a;r~ne is the standard deviation of the distribution of 
net deflection angles projected onto any plane, p is the 
projectile momentum, Sc is its speed, Ox is the thickness of 
the medium, ~ is the radiation length for the medium (see the 
Table of Atomic and Nuclear Properties of Materials) , and IE I 
is usually less than 0 .1. This formula applies only when 
e~ne « l. 
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There is a definite possibility that some single iarge-angle 
scatter will deflect the projectile by much more than e~T:ne· 
These large-angle scatters are not included in the above 
estimate" for e~:ne;. they lead to broad-tails on th~ distri
bution of the actual deflection angles. The actual distribu
tion is app~ox~~~tely a. Gau~sian with standard deviation S~T!ne 
_f~~eplane- eplaner wh~le 1t falls as a power for eplarie~ 
8plane· 

Other quantities are sometimes used to describe the amount of 
multiple ·Coulomb scattering. The non-projected scattering 
angle e is distributed with: 

while auxiliary quantities l.Pplane' Yplane' and splane (see 
the figure) obey: 

rms 
ljiplane 

rms 
yplane 

rms 
and 5plane 

8x 

~ 
2 

1 e=s 

V3 plane 

1 Ox arms 

V3 plane 

-
1
- 6x erms 

vl2 plane 

'-.."'plane 

........ 
XBL 782·307 

All the quantitative_estimates in this section apply only in 
the limit of small ap~~ne and in the absence of large-angle 
scatters. 

C. 5 Electron Range in Lead, Copper, Carbon, artd Hydrogen: 
See figure following. 

C.6 Fractional Energy Loss for Electrons and Positrons in 
Lead: See figure· following. 

C. 7 Contributions to Photon Cross Section in Lead: See figure 
following. 

C.B Photon Mass Attenuation Coefficients, Energy Deposition: 
See figure following. 

D. ATOMIC AND NUCLEAR PROPERTIES OF MATTER 

See Table following. 

*Prepared April 1974 by Sherwood Parker and Bernard Sadoulet. 
Revised April 1978 by Sherwood Parker and Ray Hagstrom. 
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Mean Range and Energy loss in lead, Copper, Aluminum, and Carbon 
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10 

0.1 
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P (GeV/c) 
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Pb/cu - E~' 
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FAI 
Pb·.J"Cu ··. 
XBL 762-2274 
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Mean range and energy loss due to ionization for the indicated particles in Ph, 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-17538), with density correction added (Hans Bichsel, private communication). See also 
Joseph F. Janni [Air Force Weapons Laboratory Technical Report. No. AFWL-TR-65-150 (1966)]. The average 
ionization potentials (I) assumed were: Ph (8ZO eV), Cu (3ZO eV), Al (166 eV), and C(77.5 eV). Figure indicates 
total path length; observed range may be smaller (by - 1%- Z% in heavy elements) due to multiple scattering, 
primarily from small energy-loss collisions with nuclei. The functional forms have not been experimentally 
verified to better than roughly :t: 1"/o. For higher energies refer to discussion by Cobb (11A Study of Some Electro
magnetic Interactions of High .Velocity Particles with Matter, 11 University of Oxford Report HEP/ T/55 (1973n 
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 toss in Liquid Hydrogen 

20 
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XBL 761·2150 
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Range and energy loss in liquid hydrogen bubble chamber, based on Bethe-Bloch equation (Section C.l above), 
using an average ionization potential for H2 of !=20.0 ev, which is an approximate average of the experi
mental result of Garbincius and Hyman [Phys. Rev. A2, 1834 (1970)) and- the theo·ret'ical result of Ford and 
Browne [Phys. Rev. A7, 418 (1973)). Bubble charnbe;-conditions are chosen to be those of Garbincius and 
Hyman: parahydrogen-of density= 0.0625 g/cm3 "<note: range~ 1/density), with vapor-pressure 60.8 lb/in2 

(absolute) and temperature 26.2°K. The functional dependence of the Bethe-Bloch equation is not experi
mentally verified to better than about ±1% over large momentum ranges. It should be noted that the number 

. of bubbles per em of a track in a bubble chamber is nearly proportional to l/S2 , not dE/dx. For the linear 
portions of the range curves, R ~ p3.6. ·scaling law for particles of other mass .or charge (except electrons): 
for ·a given medium, the range 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'momentum Pa = PbMa/Mb (i.e., 
having the same'velocity) by the expression: 

~ 

' I 
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Mean Electron Range in Lead, Copper, Carbon, and Liquid Hydrogen 

T ( keV) 
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E 
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f1171Pl±m--TTIT~-=ffi±mmtJkJBSIITmltii10-2 
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T (MeV) XBL 762-2273 
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u w 
_J 
w 

Mean range of electrons in the continuous-slowing-down approximation, taking into account energy loss 
by collisions .with atomic electrons and by bremsstrahlung; strong fluctuations are to be expected for individual 
tracks. This range is the total path length; the practical range is shorter because of multiple Coulomb scat
tering, which becomes increasingly important as the electron slows down. E.g., for a fast electron the rms 
projected angle due to multiple Coulomb scattering reaches 1 radian by the time the electron has slowed to 
0.4 MeV in hydrogen, 1.5 MeV in carbon, 9 MeV in copper, and 24 MeV (off scale) in lead. 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. 
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E (MeV) XBL 743·2667 

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. 

Contributions to Photon Cross Section in Lead 

E (MeV) 
XBL 743-2668 

Photon eros s section in lead in inverse radiation 
lengths as a function of photon energy. The intensity 
ofphotons can be expressed as I= r0exp(-O'x), where 
a is read above and x is the path length in radiation 
lengths. See also figure following. 
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Photon Mass Attenuation Coefficients, Energy Deposition 

10- 1 10 

mass atten. coefficient 

Total mass atten. coefficient 
multiplied by fraction of 
primary photon energy loss 

10 

10-l 

10-1 

10-1 

10-2 10-l 10 

PHOTON ENERGY (MeV) 
X8L 743-2662 

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=I0 exp(-~t). The accuracy is a few· percent. Interpolation to other Z should be done in the cross 
section cr = (~/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. ~ 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. From J. H. Hubbell, NSRDS-NBS 29(1969). 
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Atomic and Nuclear Properties of Materials* 'l 

Material Z A Nuclear Nuclear colllsion 

H2 

D2 

He 

Ll 
Be 

c 
Nz 

Ne 

AI 

Ar 

Fe 
Cu 
Sn 
w 
Pb 

u 

cross length Lcoll· b 
section <Ta 
[barns] [g/cm2] [em] 

1.01 0.039 

2.01 0.074 

2 

3 
4 

4. 00 0. 134 

6.94 0.215 
9.01 0.270 

6 1Z.01 0.340 

7 14.01 0.390 

10 20.18 0.520 

13 26.98 o:6so 

18 39.95 0.890 

26 55.85 
Z9 63.54 
50 118.69 
74 183.85 
82 207.19 

92 Z38.03 

1.160 
1.270 
Z.040 
2.810 
3.080 

3.380 

43.0 

45.·1 

49.6 

53.6 
55.4 

58.7 

59.7 

64.4 

68.9 

74.5 

79.9 
83.1 
96.6 

108.6 
111.7 

607 

273 

397 

100.4 
30.0 

.. 37.8 

73.8 

53.7 

25.5 

53.2 

10.Z 
9.3 

13.2 
5.6 
9.8 

116.9 .. 6.Z 

Absorption 
length lib 

[em] 

790 

34Z 

478 

120.6 
36.7 

49.9 

99.4 

74.9 

37.2 

80.9 

17. 1 
14.8 
22.8 
10.3 
18.5 

dE/dx mine Radiation •angth 

Lrad 

[g/em2] [em] 

4. 12 

Z.01 

1. 94 
1. 65 
1.61 

0.29Z 63.05 

0.342 126.1 

0.243 94.32 

0.881 82.76 
2.97 65.19 

1.78 .. 2.76 

1.82 1.47 

1.73 2.08 

1.62 4.37 

1.51 Z.11 

1. 48 
1. 44 
1. 28 
1. 17 
1. 13 

11.6 
12.9 
9.4 

22.6 
12.8 

42.70 

37.99 

28.94 

24.01 

19.55 

13.84 
12.86 
8.82 
6.76 
6.37 

890 

764 

755 

155 
35.3 

'"27.5 

47.0 

24.0 

8.9 

14.0 

1. 76 
1. 43 
1. 21 
0.35 
0.56 

Densitt 
[g/cm ] 

0 is for gas 
[g/l] 

! o. 0708 
l (0.090) 

0. 163 
! o. 125 
l(0.178) 

0.534 
1.848 

'"L ssf 
l 0.808 
l(t.25) 
l 1. 207 
l (0. 90) 

Z.10 
l1. 40 
l (1. 78) 

7.87 
8.96 
7.31 

19.3 
11.35 

1.09 ,.zo.7 6.oo .. 0.32 .. 18.95 

Refractive 
index n;e 

0 is (n-1)><106 

for gas 

lt. 11Z 
l (140) 

1. 128 
l 1. 024 
l (35) 

l 1. zos 
l (300) 
lt. 092 
l (67) 

lt. 233 
l (Z83) 

Air 60.2 soooog 

12.0 

67Soog g 
30050

g lo.oo1zosgl 1.ooo213g 
1. 82 0. 0022 36. 20 l ( 1. 29) l (293) 

H2 0 58.3 58.3 78.8 2.03 2.03 36.08 36.1 1.00 1.33 
H2 (bubble chamber 26°K)h 43.0 ,.683 887 4. 12 ,.0. 26 63. OS '"1000 ,.0. 063h 1. 112 
D2 (bubble chamber 31°K)h 45.1 ,.322 403 2.07 .. 0.29 126.1 ,.900 .. 0.140h 1.110 

----------------------------------------------------------------------------------------------------------
H-Ne mixture (50 

Propane (C3H8~ 
mole percent)1 62. 9 

55.0 

Freon 1381 (CF3 Br)l 

Ilford emulsion 
Nai 

LiF 
Polyethylene (CH 2 ) 
Mylar (C5 H4o2 ) 
Polystyrene, scintillator (CH)k 
Luelle, Plexiglas (C5H8o2 ) 

74.3 

88. 1 
91.9 

61.1 
55.7 
58.5 
57.0 
57.7 

154.5 

134 

.. 49.5 

Z3.1 
25.0 

23.1 
.. 59.6 

4Z.1 
55.2 

.. 48.9 

215 

176 

73.5 

36.7 
41.3 

30.7 
78.4 
56.1 
68.5 
65.0 

1.84 0.75 

2.Z8 0.98 

1.52 .. 2.3 

1.44 5.49 
1. 3Z 4. 84 

1. 69 4.46 
2.09 .. 1. 95 
1. 91 2.65 
1. 97 Z.03 
1. 97 ,.z.32 

29.70 

45.38 

16.53 

11.02 
9.49 

39.25 
44.78 
39.95 
43.8 
40.55 

73.0 

111 

.. 11 

2.94 
2.59 

14.9 
'"48 

28.7 
42.9 

'"34.5 

0.407 
l 0. 411 
l (2. 0) 

l .. t. sol 
l (8. 71) 

3.815 
3.67 

2.64 
0.92-0.95 

1. 39 
1.032 

1. 16-1. zo 

1.092 
lt. zsl 
l (1005) 
lt. 2381 
l (750) 

1.775 

1.394 

1. 581 
.. 1. 49 

--------------------------------------------------------------------------~-------------------------------
Spark or proportional chamber1 0.05?. 0.03?. 0.073 2.7?. 0.046 
Shielding coneretem 65.5 26.2 36.8 1. 70 4.ZS 26.7 10.7 2.5 
co

2
n 60.4 33800 46000 1. 82 0.0033 36.2 20210 (1. 79)n (410)n 

Freon 12 (CClzF~n 68.1 13800 20200 1. 64 0.0081 23.7 4810 (4. 93)n (1080)n 

Freon 13 (CClF3) 66.0 15000 21400 1. 70 0.007~ 27. 15 6380 (4.Z6)n (?ZO)n 
Silica Aerogel0 6Z.3 .. 311 430 1. 8Z .. 0.36 30 .. 150 0.1-0.3 1.0+0.25p 

•) Table revised April 1978 by J. Engler and F. Monnig. For details and references, see CERN NP Inter nat Report 74-1. 

a) <T of neutrons ('" <T of protons) at ZO GeV from Landolt-Bornstelp, New Series I, Vol. 5. Energy dependence for all nuclei ,. 1/2 
percent/GeV (from 5-ZS GeV). 

b) Lcoil • A/(N .<7). In the absorption length the elastic scattering Is subtracted. 
c) For a minimum-Ionizing, singly-charged particle In the material. From W.H. Barkas and M.J. Berger, Tables of Epergy Losses apd Bonges 

of Heovv Choraed Particles, NASA-SP-3013 (1964). · 
d) From Y.S. Tsal, Rev. Mod. Phys. 46, 815 (1974). 
e) Values for solids, or the liquid phase at bolllng point, except where noted. Values In parentheses for gaseous phase STP (0°C, 1 atm.), 

except where noted. 
f) Density variable. 
g) Gas at zo•c. 
h) Density may vary about :1:3?., depending on operating conditions. 
I) Values for typical working condition with Hz target: 50 mole percent, 29"K, 7 atm. . 
j) Values for typical chamber working conditions: Propane- S?"C, 8-10 atm. Freon 13B1- zaoc, 8-10 atm. 
k) Typical scintillator; e.g. PILOT B and NE 102A have an atomic ratio H/C a 1.10. 
l) Values for typical construction: 2 layers 50 ,.m Cu/Be wires, 8 mm gap, 60?. argon, 40?. lsobutane or co2; 2 layers 50 11m Mylar/Aclar 

foils. 
m) Standard shielding blocks!! typical composition 02 52?., 51 32.5?., Ca 6?., Na 1.5?., Fe 2?., AI 4?. plus reinforcing Iron bars. Attenuation 

tenath l • 115 :1: 5 g/cm , also valid for earth (typical p = 2.15) from CERN-LRL-RHEL Shielding exp. UCRL 17841 (1968). 
n) Used In Cerenkov counters, value at 26°C and 1 atm. Indices of refraction from E.R. Hayes, R.A. Schluter, and A. Tamosaltis, ANL-6916 

(1964). 
o) n(SIGz) + 2n(H20) .used In Cerenkov counters, p a density In g/cm3 • FromM. Cantin et at., Nucl. Instr. Meth. 118, 177 (1974). 

--
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ELECTROMAGNETIC RELATIONS 

:~ .. Maxwell's Equations Impedances: Alternating Currents (MKSA) 

Ohm's law: V = ZI, V = V
0

eiwt 

.• Quantity 
CGS ( statcoul., 
statamp., sec cm-1) 

Potentials: V =chafges 7, 

Fields: 

Materials: 

Force: 

Maxwell: 

:E 
c currents 

T. 
-r· 

c = speed of light 
in vacuum 

:E -vv, B=vx:A 

15 EE, B= ~-'li 

F- q(E + fxl3) 

v. 15 = 41Tp. 

- ·- 1 al3 '7XE = -c: Tt", 

v. B = o. 

vxii=hl+.!.. an 
... c cat 

Integral Forms (MKSA) 

MKSA (coul., amp., ohm) 

v = 41TEO chafges 
..9.. 
r 

:A = fu 
-curfents 

T 
4,. r 

1 .J1 "o = 36";f 10 MKSA, 

flo= 41T 10-7 MKSA 

E = -VV. B = VXA 

E E, B = fL H 

V·D = P• 

- - al3 '7XE =-at, 

v.J3 = o, 

vxl'i> ... J + an at 

1. Impedance of self -inductance of inductance L : Z ::: iwL 

1 
2. Impedance of a capacitor of capacitance C : Z ::: iwC 

3. Impedance of a flat conductor of width w at high frequency: 

z - ..li.:!il£.. . - wO ·-' 

. t• .t {-1.7X1o-8nm for Cu 
p reSlS lVl y - 2.8 X1o-8 n m for AI 

6 = effective skin depth 

= c:£ . ,. 6.6 em 

V 1T"fl "v(sec-1) 
for Cu 

Capacitance C and Inductance L per Unit Length (MKSA) 

1. For flat plates of width w, separated by d« w : 

c = Ew 
d 

2. For' coax cable of interior and exterior radii r
1 

c 

. . { 2 to 6 for plastics 
E ::: dielectric constant 4 to 8 for porcelain, glasses 

J..L magnetic susceptibility 

Transmission Lines (No Loss) (MKSA) 

Velocity 

1. Gauss' theorem: f "E ·n ds = f Pl"o dv 
surface volume 

Impedance 

1 j.JT:C = 1 /~ 

.JL7C 
L, C are inductance and capacitance per unit length 

2. Ampere's law: 

(p = charge/volume) fuchrotron Radiation (CGS) 

4 e2 3 4 
Energy loss/revolution = T p 13 y , p = orbit radius. 

fii·dl= f T·'rtds 
surface 

For electrons (13"'1), l>E(MeV)= 0.0885 [E(GeV)]4 /p(meter). 
rev. 

r 

{j = su;rface current density) 

Critical frequency: we = 3y3 c/p 

See J.D. Jackson, Classical Electrodvnamics, 2nd Ed., John 
Wiley & Sons, New York, 1975, for more formulae and details. 
(Prepared April 1974; revised. April 1976.) 

RADIOACTIVITY AND RADIATION PROTECTION 

Unit of activity = Curie: 
1 Ci = 3. 7X 1010 disintegrations/sec 

Unit of exposure dose for x and y 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 107 MeV /g) in any material 

Unit of dose equivalent (for protection) = rem: 
rems (Roentgen equivalents for man) = rads X QF, 

where QF (quality factor) depends upon the type of radiation 
and other factors. For y rays and HE protons, QF "' 1; for 
thermal neutrons, QF ::::: 3; for fast neutrons, QF ranges up 
to 10; and for "'particles and heavy ions, QF ranges up to 20. 
Maximum ermissible occu ational dose for the whole body: 

5 rem year (or "'100 millirem wee ) 
Fluxes (per cm2) to liberate 1 rad in carbon: 

3.5 X 10 7 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 millirem/year !;:., 

cosmic radiation (charged particles+ neutrons) -z5}E 
cosmic radiation (y rays) -25 " 
radiation from rocks and air (y rays) -73 S 

Cosmic ray background in counters: ...... 1/minjcm2jster 
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C.M. ENERGY AND MOMENTUM VS. BEAM MOMENTUM 

-· 
E dE rn dT m v dP "'m dP 

em em p beam p .beam beam p beam 

PBEAM -----c.~. ENERGY------ -MOMENTUr.t IN C.'oll.-- P8EAM -----c. M. ENERGY------ -MOMENTUM IN C.•.-- P8EAM ---C.M. ENERGY--- -MOMENTUM IN C.M.-
IHEY/Cl (MEV I IHEV/Cl IMEV/Cl !MEV I IHEV/CI IGEV/Cl IGEVI IGEV/Cl 

yp Kp yp Kp yp 'yp yp yp 

ep "P PP ep "P pp "P Kp pp "P Kp pp ep Kp pp ep Kp pp ep ep 
"P "P 

0 939 1078 1432 1877 0 0 0 0 1500 1922 1930 2022 2254 732 729 696 624 3.0 2.56 2.61 2. 77 1.10 1.08 1. 02 
20 958 1079 1432 1877 20 11 13 10 1520 1932 1940 2031 2261 738 735 702 631 3.2 2.63 2.68 2.83 1.14 1o12 1.06 
40 911 1083 1433 1877 38 35 26 zo 1540 1942 1950 2039 2268 744 741 709 637 3.4 z. 70 z.75 z.a9 1.18 1.16 1o10 
60 996 1089 1434 1877 56 52 39 30 1560 1951 1959 2048 2275 7!0 747 115 643 3.0 z. 77 z.az 2.9b 1.22 1.20 1.14 
80 1015 1096 1436 1878 74 68 52 40 1580 1961 1969 2057 2282 756 753 721 650 3.8 z. 83 z. 88 3.02 1.26 1.24 1.18 

TIP II = P8EAM - 59 MEV T IPII = P8EAM - 133 MEV T(Pil = PBEAM - .137 GEV 
100 1033 ll05 1439 1879 91 85 65 50 1600 1970 1978 2065 2289 762 759 727 656 4.0 2.90 z. 95 3.08 1.29 1.27 1.zz 
120 1051 lll6 1441 1880 107 101 78 60 1620 1980 1988 2074 2296 768 765 733 662 4.2 2.96 3.01 3.14 1.33 1. 31 1. 26 
140 1069 1127 1445 1882 123 ll7 91 70 1640 1989 1997 2083 2304 773 770 739 668 4.4 3.03 3.07 3.19 1.36 1.34 1.29 
160 1087 1139 1449 1883 138 132 104 80 1660 1999 2006 2091 2311 779 776 745 674 4.6 3.09 3.13 3.25 1.40 1. 38 1. 33 
180 ll04 1152 1453 1885 153 147 116 90 1680 2008 2016 2100 2318 785 782 751 680 4.8 3.15 3.19 3.31 1.43 . 1.41 1.3b 

TIP II = PBEAM - 92 MEV TIP II = P8EAM - 134 MEV T( P11 = PBEAM - .138 GEV 
zoo llZl 1165 1457 1887 167 161 129 99 1700 2018 2025 2109 2325 791 788 756 686 5.0 3.21 3.25 3. 3b 1.46 1.44 1.40 
zzo ll37 ll78 l4tZ 1889 182 175 141 109 1120 2027 2034 Zll7 2332 796 793 762 692 5. 5 3.35 3.39 3. 50 1.54 1.52 1.48 
240 ll54 ll9Z 1468 1892 195 189 153 ll9 1140 2036 2043 2126 2339 802 799 768 698 6.0 3.49 3. 52 3.63 1.61 1.60 1. 55 
260 1170 1206 1474 1894 209 zoz 166 129 1160 2045 2053 2134 2346 807 805 774 704 6.5 3.62 3.65 3. 75 1.69 1.67 lo63 
280 1186 1219 1480 1897 222 215 118 138 1180 2054 2062 2143 2353 813 810 779 710 7.0 3.75 3.78 3.87 1.75 1.74 1.70 

T( PII = P8EAM - 107 MEV Tl Pll = P8EA~ - 134 MEV T!Pil = PBEAH - .138 GEV 
300 1201 1233 1486 1900 234 228 189 148• 1800 2064 2011 2151 2360 818 816 785 116 7.5 3.87 3.90 3.99 1.82 loBO 1. 76 
320 1217 1247 1493 1903 247 241 201 158 1820 2073 2080 2159 2367 824 821 791 721 8.0 3.99 4.02 4.ll 1.88 1.87 1. 83 
340 1232 1261 1500 1906 259 253 213 167 1840 2082 2089 2168 2314 829 827 796 121 8.5 4.ll 4.14 4.22 1.94 1.93 t. BCJ 
360 1247 '1274 1507 1910 211 265 224 177 1860 2091 2098 2176 2381 835 832 802 733 9.0 4. 22 4.25 4.33 z.oo 1.99 1.95 
380 1262 1288 1514 1913 282 277 235 186 1880 2100 2107 2184 2388 840 837 808 139 9. 5 4. 33 4.36 4.44 2.06 2.05 2.01 

T I PI) = P8EAM - 115 MEV TIP11 = P8EAM - 134 MEV T( Pll = P8EAM - .139 GEV 
400 1277 1302 1522 1911 294 288 247 196 1900 2108 2115 2193 2395 845 843 813 744 10.0 4.43 4.46 4.54 2.12 2.10 2.07 
420 1292 1315 1530 1921 305 300 258 205 1920 Zll7 2124 2201 2402 851 848 818 750 u.o 4.64 4.67 4. 74 z.zz 2.21 2.18 
440 1306 1329 1538 1925 316 311 268 214 1940 2126 2133 2209 2409 856 853 824 756 12.0 4.84 4.8b 4.93 2.33 2.31 z.2a 
460 1320 1342 1546 1929 327 322 279 224 1960 2135 2142 2211 2416 861 859 829 761 13.0 5.03 5.05 5.12 2.43 2.41 2.38 
480 1335 1356 1554 1933 337 332 290 233 1980 2144 2150 2226 2423 867 864 835 767 H.o 5.21 5.24 5. 30 2.52 2.51 2.48 

T IP!l = PBEAM - 120 MEV Tl PII = P8EAM - 135 MEV TIP II = PBEAH - .139 GEV 
500 1349 1369 1563 1938 348 343 300 242 2000 2153 2159 2234 2430 872 869 840 772 15.0 5. 39 5.41 5.47 2.61 2.60 z. 57 
520 1362 1382 1572 1943 3~8 353 310 251 2020 2161 2168 2242 2431 877 874 845 778 16.0 5. 56 5. 58 5.64 z. 70 2.69 2.66 
540 1376 1395 1580 1947 368 363 321 260 2040 2170 2176 2250 2444 882 879 851 783 17.0 5. 73 5. 75 5.81 2. 79 2. 78 2. 75 
560 1390 14GB 1589 1952 378 313 331 269 2060 2179 2185 2258 2451 887 885 856 789 18.0 5.89 5.91 5.97 '2.87 2.86 2.83 
580 1403 1421 1598 1957 388 383 341 278 2080 2187 2194 2266 2458 892 890 861 794 19.0 6.05 6.07 6.12 2.95 2.94 2.91 

Tl PII = P8EAM - 123 MEV TlP1l = P8EA~ - 135 ~EV TlP1l = P8EAM - .139 GEV 
600 1416 1434 1607 1962 397 393 350 287 2100 2196 2202 2274 2465 897 895 866 799 zo·.o 6. 20 6.22 6.27 3.03 3.02 2.99 
620 1430 1446 1616 1967 407 402 360 296 2120 2204 ZZll 2282 2472 902 900 872 805 22.0 b.49 •• 51 b.56 3.18 3.17 3.14 
640 1443 1459 1625 1973 416 412 370 304 2140 2213 2219 2290 2479 907 905 877 810 24.0 6.78 6.79 6.84 3.32 3.31 3.29 
660 1456 1472 1634 1978 425 421 379 313 2160 2221 2227 2298 2486 912 910 882 815 26.0 7.05 7.07 7.11 3.46 3.45 3.43 
680 1468 1484 1644 1984 434 430 388 322 2180 2230 2236 2306 2493 917 915 881 821 28.0 7.31 7.33 1. 31 3.5'9 3. 59 3. 56 

T I Pll = P8EAH - 125 MEV Tl Pll = P8EAM - 135 MEV T(PI 1 = P8EAM - .139 GEV 
700 1481 1496 1653 1989 443 439 397 330 zzoo 2238 2244 2314 2500 922 920 892 826 30.0 1. 56 7.58 7.62 3.72 3.11 3.69 
720 1494 1509 1662 1995 452 448 406 339 zzzo 2246 2253 2322 2507 927 925 897 831 32.0 7.81 7.82 7.86 3.85 3.84 3.82 
740 1506 1521 1611 2001 461 457 415 347 2240 2255 2261 2330 2514 932 930 902 836 34.0 8.04 8.06 8.10 3.97 3.96 3.91t 
760 1519 1533 1681 ZOOT 470 465 424 355 2260 2263 2269 2338 2520 937 934 907 841 3b.O 8.27 8.29 8.33 4.08 4.08 4.0b 
780 1531 1545 1690 2013 478 474 433 364 2280 2271 2217 2346 2527 942 939 912 846 38.0 a. 5G a. 51 8.55 4.20 4.19 4.17 

Tl Pll = P8EAM - 127 ~EV T IP!l = P8EAM - 135 MEV Tl P11 = PBEAM - .139 GEV 
800 1543 1557 1699 2019 486 482 442 372 2300 2280 2286 2353 2534 947 944 917 852 40.0 a. 72 a. 73 a. 11 4.31 4.30 4.28 
820 1555 1569 1709 2025 495 490 450 380 2320 2288 2294 2361 2541 951 949 922 857 42.0 8.93 8.94 8.98 4.41 4.41 4.39 
840 1567 1580 1718 2031 503 499 459 388 2340 2296 2302 2369 2548 956 954 927 862 44.0 9.14 9.15 9.18 4.52 4.51 4.50 
860 1579 1592 1728 2037 511 507 467 396 2360 2304 2310 2371 2555 961 959 932 867 46.0 9.34 9.35 9.39 4.b2 ••• z 4.b0 
880 1591 1604 1737 2043 519 515 475 404 2380 2312 2318 2384 2561 966 963 937 872 48.0 9.54 9. 55 9.58 4. 72 4.12 4. 70 

TIP!l = P8EAM - 129 MEV TIP!l = P8EAH - 135 MEV Tl Pll = P8EAM- .139 GEY 
900 1603 1615 1747 2049 527 523 483 412 2400 2320 2326 2392 2568 970 968 941 877 50.0 9. 73 9.74 9. 78 4.82 4.81 4.80 
920 1615 1627 1756 2056 535 531 492 420 2420 2328 2334 2400 2575 975 973 946 882 55.0 10.20 10.21 10.25 5.06 5.05 5.04 
940 1626 1638 1765 2062 542 538 500 428 2440 2336 2342 2407 2582 980 911 951 887 bO.O 10.05 10.bb 10.b9 5.28 5.za 5.26 
960 1638 1649 1715 2069 550 546 508 435 2460 2344 2350 2415 2589 984 982 956 892 65.0 11.08 11.10 ll.lZ 5.50 5.50 5.48 
980 1649 1661 1784 2075 558 554 515 443 2480 2352 2358 2423 2595 989 987 960 897 70.0 11.50 11.51 11.54 5.71 5.11 5.09 

TIP 11 = PBEAM - 130 MEV TIP!l = P8EAM - 136 MEV TIP II .= PBEAM - .139 GEV 
1000 1660 1672 1794 2082 565 561 523 451 2500 2360 2366 2430 2602 994 991 965 901 75.0 11.90 11.91 11.94 5.91 5.91 5.89 
1020 1672 1683 1803 2088 573 569 531 458 2520 2368 2374 2438 2609 998 996 970 906 80.0 12.29 12.30 12.32 6.11 6.10 6.09 
1040 1683 1694 1812 2095 580 576 538 466 2540 2376 2382 2445 2616 1003 1001 975 9ll 85.0 12.67 12.67 12.70 6.30 6.29 6.28 
1060 1694 1705 1822 2102 587 583 546 473 2560 2384 2390 2453 2622 1007 1005 979 916 90.0 13.03 13.04 13.06 6.48 6.48 6.46 
1080 1705 1716 1831 2108 594 591 . 553 481 2580 2392 2398 2460 2629 1012 1010 984 921 95.0 13.39 13.39 13.42 6.66 6.65 6.64 

T(P 11 = P8EAM - 131 MEV T lPil = P8EAM - 136 MEV TIP!l = P8EAM - .139 GEV 
1100 1116 1126 1840 2115 601 !598 561 488 2600 2400 2405 2468 2636 1017 1014 988 926 100.0 13.73 13.74 13.16 6.83 6.83 6.az 
llZO 1127 1737 1850 ZlZZ 609 605 568 495 2620 2408 2413 2475 2643 1021 1019 993 930 zoo.o 19.40 19.40 19.42 9.67 9.67 9.66 
ll40 1738 1748 1859 2129 616 612 575 502 2640 2415 2421 2483 2649 1025 1023 998 935 300.0 23.75 23.75 23.76 u.a5 11.85 11.84 
1160 1748 1158 1868 2135 622 619 583 510 2660 2423 2429 2490 2656 1030 1028 1002 940 400.0 27.41 21.42 27.43 13.69 13.69 13.68 
1180 1759 1769 1877 2142 629 626 590 517 2680 2431 2436 2498 2663 1034 1032 1007 944 500.0 30.65 30.65 30.66 15.31 15.31 15.30 

Tl Pll = P8EAM - 131 MEV TIP1l = P8EAM - 136 ~EV TIP1l = P8EAH - .140 GEY 
1200 1770 1780 1887 2149 636 633 597 524 2700 2439 2444 2505 2669 1039 1037 1011 949 600.0 33.57 33.57 33.58 16.17 16.71 16.76 
1220 1780 1790 1896 2156 643 639 604 531 2720 2446 2452 2512 2676 1043 1041 1016 954 700.0 36.26 36.26 36.27 18.12 18.11 18.11 
1240 1791 1800 1905 2163 650 646 611 538 2740 2454 2459 2520 2682 1048 1045 1020 958 800.0 38.76 38.76 38.77 19.37 19.37 19.36 
1260 1801 1811 1914 2110 656 653 618 545 2760 2462 2467 2527 2689 1052 1050 1025 963 900.0 41.11 41.11 41.12 20.54 20.54 zo. 54 
1280 1812 1821 1923 2177 663 660 624 552 2780 2469 2474 2534 2696 1056 1054 1029 968 1000.0 43.33 43.33 ~3 P~~A/:·~~4~ 1G:e 21.65 

TlPil = P8EAM - 132 MEV TIP!l = PBEAM - .136 MEV TIP!l 
1300 1822 1831 1932 2184 669 666 631 559 2800 2477 2482 2542 2702 1061 1058 1034 912 1100.0 45.44 45.45 45.45 zz. 71 22.11 22.11 
1320 1832 1841 1941 2191 676 673 638 565 2820 2484 2490 2549 2709 1~65 1063 1038 977 1200.0 47.46 47.47 47.47 23.72 23.72 23.72 
1340 1843 1851 1950 2198 682 679 645 572 2840 2492 2497 2556 2715 1069 lG67 1042 981 1300.0 49.40 49.40 49.41 24.69 24.69 24.69 
1360 1853 1862 1959 2205 689 685 651 579 2860 2499 2~05 2563 2722 1074 1071 1047 986 1400.0 51.26 51.27 51.21 25.62 25.62 25.62 
1380 1863 1872 1968 2212 695 692 658 585 Z88G 2507 2512 2570 2728 1078 1076 1051 990 1500.0 53.00 53.07 53.07 zo.5Z zo.5Z 26.52 .. 

Tl Pll = P8EAH - 133 ~EV Tl Pll = PB.fAM - 136 MEV TlPll "" PBEAH - .140 GEV 
1400 1873' 1881 1971 2219 701 698 664 592 2900 2514 2520 2578 2735 1082 1080 1056 995 1000.0 54.80 54.81 54.81 27.39 27.39 27.39 
1420 1883 1891 1986 2226 708 704 671 599 2920 2522 2527 2585 2742 1086 1084 1060 999 1700.0 56.49 56.49 56.50 28.24 28.24 28.23 
1440 1893 1901 1995 2233 714 111 677 605 2940 2529 2534 2592 2748 1091 1088 1064 1004 1.800. 0 58.13 58.13 58.13 29.06 29.05 29.05 
1460 1903 1911 2004 2240 120 717 684 612 2960 2537 2542 2599 2755 1095 1093 1069 1008 1900.0 59.72 59.72 59.73 29.85 29.85 29.85 
1480 1912 1921 2013 2247 726 723 690 618 2980 2544 2549 2606 2761 1099 1097 1073 1013 zooo.o 61.27 61.21 61.28 30.63 30.63 30.62 

Tl Pll = P8EAM - 133 MEV Tl Pll = PBEAH - 136 HEY TlPll • P8EAM - .140 GEV 
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PERIODIC TABLE OF THE ELEMENTS 

11.~081 
2 

He 
lA IIA IliA IVA VA VIA VIlA 4.0026 

3 4 5 6 7 8 9 10 
-Li Be B c N 0 F Ne 
6.94 9.0122 10.81 12.011 14.0067 15.9994 18.9984 20.17 ---------

~ 
------

II 12 13 14 15 17 18 
Na Mg AI Si p s Cl Ar 

22.9898 24.305 IIIB IVB VB VIB VIIB ,---- VIII ----., IB liB 26.9815 28.086 30.9738 32.06 35.453 39.948 ------------I~ 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 
K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge As - Se Br Kr 

39.10 40.08 44.956 47.90 50.941 51.996 54.9380 55.847 58.9332 58.71 63.55 65.38 69.72 72.59 74.9216 78.96 79.904 83.80 ---1-----------.u----------I~ ---------------------
37 38 39 40 41 42 44 45 46 48 49 50 51 52 53 54 
Rb Sr y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe 

85.47 87.62 88.906 91.22 92.906 95.94 98.9062 101.07 102.90l 106.4 107.868 112.41 114.82 118.69 121.75 127.60 126.9045 131.30 ------ ------
55 56 57-71 72 73 74 75 76. 77 78 79 80 81 82 83 84 85 86 
Cs Ba Rare Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn 

132.905 137.34 Earths 178.49 180.947 183.85 186.2 190.2 192.22 195.09 196.967 200.59 204.37 207.2 208.981 (209) (210) ·(222) 
---------

87 
Fr 

(223) 

8 r-

6 -

R 
4 r-

2 r-

0 
0 

88 89- 104 lOS 106 
Ra Acti-

226.o25 nides (261) (262) (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 ~ a ~ ~ ~ ~ ~ ~ n ~ & & fu n ~ 
138.91 140.12 140.908 144.24 (145) 150.4 151.96 157.25 158.925 162.50 164.930 167.26 168.934 173.04 174.97 

~ n ~ u ~ ~ ~ ~ ~ a & ~ 89 I 90 I 91 I 92 I 93 I 94 I 95 I 96 I 97 I 98 I 99 II 00 I 
(227) 232.038 231.036 238.03 237.~ (244) (243) (247) (247) (25 1) (254) (257) 

101 1102 1103 Md No Lr 
(258) (259) (260) 

I 

Numbers in parentheses are mass numbers of most stable isotope of that element. Adapted from the 
Handbook of Chemistry and Physics, 58th Ed., 1977-1978. (Particle Data Group update, April 1978.) 

CROSS SECTION PLOTS 

I I I I I 

le+e-f - 6.0 le+e-fi 

Rare earths 
(Lanthanide 

series) 

Actinide series 

i PLUTO 

f DASP 

~~~~~~,,,r1rlljH~1mw~ , 1: 
R 

~'fi 
I 
a 

4.0 

1 f f +HH 1 2.0 ~ 
-

_l _l_ I 

2 3 4 5 6 7 8 3.55 .4.05 4.55 5.05 
Ec.m. (GeV) W [GeV] 

a. 

SPEAR data on the ratio R of the cross section for e + e
annihilation into hadrons to that for annihilation into muon 
pairs. Reproduced, with permission, from W. Chinowsky, 
Ann. Rev. Nucl. Sci. 27, 393 (1977). 

DESY measurements of the ratio R of the cross section for 
e+e- annihilation into hadrons to that for annihilation into 
muon pairs. From G. Knies, "Results from PLUTO," DESY 77/74 
(1977). 
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CROSS SECTION PLOTS (Cont'd) 

PHOlON ENERGY-GeV 
I 5 

j SANTA- BARBARA -SLAC 

t DESY-HAMBURG 

I GLASGCW-SHEFFIELD-DNPL 

+ LEBEDEV- YERE\AN -5ERPUKI-OII 

• SLAC-TUFTS-im(ELEY 

PHOTON ENERGY-GeV 
looor----"'j'"'-""'j""--'f"o ____ ~t------Jf<----"i"--__,¥, 

t SANTA-BARBARA-SLAC 

<I> DESY-1-iAMl..ffi 

-1_300 ,, ,, 
t ABBHHM 

.1 GLA93JJ(I-SHEFFHD-DNPL 

+ LEBEDEV-YERE\AN-SERIUG-0/ 

+CORNELL I 
'0... 
)0 I '' 

~ 200 I '\ 1/ 
II 

~ SLAC a BERKELEY 

+CORNELL 

100 

EcM CFIDTON AND NUD..EON)-GeV. 

YP tOtal cross section versus photon energy (top scale) and 
photon-plus-nucleon.total center-of-mass energy (lower scale). 
Courtesy Gething M. Lewis, Glasgow. 

110 

0 

SLAC 
UCSB 

FERMILAB 
TORONTO, UCSB 

20 40 60 80 100 

ECM <PHOTON AND NJCLEONJ-GeV 

yd total cross ·section versus photon energy (top scale) and 
photon-plus-single-nucleon total center-of-mass energy (lower 
scale). Courtesy G_ething M. Lewis, Glasgow. 

! 200 GEV ELECTRON BEAM 
T ENERGY 

120 140 160 180 200 

PHOTON ENERGY (GEV) 

YP total cross section versus photon energy (lower scale) and total center-of-mass energy {upper scale) .. 
Courtesy Roland M. Egloff, Fermilab. 
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CROSS SECTION PLOTS . (Cont'd) 

1000~~--~-.,~,-~---.-.-..---,--, 

.., 
c: 
0 
~ 
u 
:::1 
c: 

~ 

E 
u 

b 
---0 
bo 

100 

10 

lvNl Neutrino and antineutrino 

~charged-current cross sections 

v il 

A t> CIT -FNAL- Rockefeller 
• o BEBC 
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10 100 

E (GeV) 

Muon neutrino and antineutrino charged-current cross section 
as a function of total energy, with linear fits to early 
Gargamelle data superimposed. Triangles from B. C. Barish 
et al., Phys. Rev. Lett. J9, 1595 (1977); circles from P. c. 
Bosetti et al., Phys. Let~ 70B, 273 (1977); squares from 
D. H .. PerkinS, Rep. Prog. Phys:- .!Q.• 409 (1977). 
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6.0 e-p 
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w = ZMv/k~l 
Inelastic electroproduction form factore for a Virtual 
space-like photon scattering on a proton, from SLAC-MIT, 
Phys. Rev. DS, 528 (1972). R = <rs/ <TT• the ratio of the 
longitudin~l tOtransverse cross sections. See L. Hand, 
Phys. Rev. 129, 1834 (1963). 
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'I 'I 
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Pbeam (GeV/c) 
100 

1T::tp total cross-section data from the Particle Data Group compilation 
11 1TN Two-Body Scattering Data," LBL-63 ( 1973}. 
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1=1/2. 3/2 

1=3/2 

-100L_~------~L-~------~ 

100~----------~------~~~ 
"tot(rrN)-ImA'(O')/Pbeam 

....... 

0.1 L 10. 
Pbeam (GeV/c) 

Interpolations of '!TN total cr~ss sections for 1=3/2 and 1/2, and the 
corresponding real parts of the forward amplitudes as calculated from 
dispersion relations by A. A. Carter and J. R. Carter (RHEL ppt. RL-
73-024, 1973; labeled C above) and by G. Hohler and H. P. Jakob (priv. 
comm •• 1972; labeled H above). The normalization of the curves for 
each value of I is such that the s~ of their squares divided by 19. 6 
gives do/dt at 0° in mb/{GeV/c) • 
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CROSS SECTION PLOTS (Cont'd) 
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K-p and K-d total cross-section data compiled by Li et al., Proc. 1973 
Purdue Con£. on Baryon Resonances. The solid curve passes through 
the Brookhaven data. 
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K-N total cross sections for I= 0 and I= f below 3. 3 GeV/c. 
Compiled and unfolded by Li et aL • Proc. 197 3 Purdue Con£. 
on Baryon Resonances. 
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K-p and K-d total cross-section data. Compilation sources: E. Bracci 
et al., CERN/HERA 72·2, K'p; G. R.·Lynch, K'd (< 3 GeV/c); Particle 
Data Group, K-d (>3 GeV/c). The new BNL data below 1 GeV/c are 
not included. 
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Phases of forward amplitudes for KLp- K;p(O,D) and K~d:-+ K~d(*). 
The deuterium data are shifted 1 GeV/c higher to avoid overlap with the 
proton data. 0-p, compiled by Particle Data Group, LBL-55; D-p, 
V. Birnlev et al; JINR-El-6851 ( 1972); *-d, K. -F. Albrecht et al., 
Phys. Lett. 4BB, 257 ( 1974). 

•. 
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CROSS SECTION PLOTS .(Cont'd) 

MOMENTUM ( GEU/C l 

Compilation of recent K+ p and K+ d total eros s
section measurements. References can be found 
in th~ Baryon Data Card Listings. 

3 o,-----~----N~U~C~L~E~O-N.---C-RO_S,S~-S-E_C,T_I_O_N __ ,_ __ .-, 

25 

20 
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10 

0 ~o-----.~5-----1~.o-----1~.-5----2~.-0----2~.-5----3~.-0----3~.s 

MOMENTUM <GEU/Cl 

Total cross -section for isospin zero KN system. 
Unfolding of the BUGG 68 and BOWEN 70 and 73 
data was done by G. R. Lynch (as in Proc. of 1970 
Duke Conference). Tables of u 0 were provided 
by the BNL authors. Lynch and BNL use the 
same method of unfolding; the BOWEN 73 unfolded 
distribution is obtained by a difierent method (see 
plot in Z mini-review in the Baryon Data Card 
Listings). 
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pp and np crosS sections from Particle Data Group, ''NN and ND 
Interactions -- A Compilation", UCRL-20 000 NN {August 1970); 
some points at higher energies added since original co~pilation. 
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EJ:> and P,j cross sections from Particle Data Group, ~~"A Compilation of 
NN and ND Reactions, '1 LBL-58 (1972); some points added since original 
compilation.. 



.0 

E 

b, 

42 

CROSS SECTION PLOTS (Cont'd) 
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Total and elastic pp cross-section data compiled by U. Amaldi, CERN. 
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s(:::::- Zmpplab)' as compiled by U. Amaldi, CERN,. 
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DATA CARD LISTINGS 

Illustrative Key 
_j Particle name, and quantwn 

=--::-==7.-:;-;;:-::--:-;:-:::----;---;.,.,--,---------,c-----------------~~ numbers (if known}. 

Name of particle as it ';\ JXX(1200) ~~~\7-:z.._~./X~X~M~E~S~O~N~(;l~2~0~0~,J~P~G~=~~-~~=='===:V _______________ ___jiParticle code (for internal appears in table. 1\ ' 
.· v:ORIGINALLY CAllED ·xxt I use only). 

Arrow indicates this particle tS ~ TABLE j'-------------------
omitted from table. 1 OMITTED FROM (General comments on 

particle. -

~uantity tabulated b~low. 

Number of events above 
background. --

Measured values (paren
theses indicate varue 
not used m average), 

± Error in measured value 
(- field blank if error 
sytnmetric; parentheses 
on error only indicate 
data not used in average 
due to problems with 
error estimation). 

Average value (and error) 
of quantity measured. 

Vertical bar indicates 
average; width of hori
zontal bar on top is error 
(scaled) in average. 

Value and error for each 
experiment. 

Pattial decay mode 
(labeled by Pi). 

Branching ratio (labeled 
byRj)• 

Value (and error) of quantity 

~
Abbreviated reference for 

----------------------I7~4_G/x~X~!UIJ2~0@0~J:ffMAAS~S~=~:~~E~V~V~--~~~~--~=-~~~------~~----- thlsresWtifWlreference 
r. given below. 

,~!:, ,1-'~"'~"'~~~_..~,_LL!,___,:~v~~~ ·-0 ~:~ ~·~~p r~:~ 

AVG 

f-" IPt . P2 

Rl 
PI L 
Rl L 
Rl 
Rl FIT 

35. 
50, 
70. 

(60.} 

HAS QUESTIONABLE BACKGROUND SUBTRACTION 
10. 7, PIERCE 68~+ 2.1 K-P 9/6B 

!Measurement technique 
(see abbreviations on 
next page.) 

FENNER 69 HBC 0 4,2 Pl+P 9/~9 

EA IER RESULT 
Charge ( s) of particle 

SMITH 70 ~~S ~3.5 PI-P 2176• 

5.1 AVEPAGE IERPOR INCLUDES SCALE FACTOR OF 1.01 detected. 

74 XXI1200} WIDTH I~EVl 

5. 
10. 
40. 

OR LESS 

MERRILL 
PIERCE 
FENNER 
SMITH 

66 HBC 
6B ASPK + 
69 HBC 
70 ~MS 

--jReaction producing particle, 
o~""j',-.2,..K=-n-p-r------:7-;16;-6;--1 or comments. 

0 4.2 Pl+P 9/69 (asterisk indicates result 
3.5 PI-P 2/76 added or changed since 

2.1 K-P ~/I; 8 Date this result punched 

SCALE FACTOR OFLQL__ 'Sca::e:i::: :d:tii::cates 
~~i3,}8~o~4""~'=--=-~-=-~-i61;-';17;0;'."7, AVERAGE ! ERROR I N CL UD E S 

/ I SEE I OEOGRM BELOW l 

1-lE!GHTEO RUERRGE 38.4 :1: 6.0 
ERROR SCRLEO BY 1. 3 

·FENNER 69 HBC 
·PIERCE 68 RSPK 
·MERRILL 66 HBC 

-20 20 60 100 140 

XXf1200J I-IIOTH fMEUJ 

74 XX(l200l PARTIAL DECAY MODES 

CHISQ 

. ~ inconsistent data. 

Ideogram to display incon
sistent datai curve is sum 
of Gaussians, one for 
each experiment (area of 
Gaussian= 1/error; 
width of Gaussian = 
::1:: error). 

[

Contribution of experiment 
to xZ (if no entry present, 

11."3T----------..j ~:f:~~i:~t :fto~s::a~~ LEY 
~ 

1.8 
fCDNLEU 
=0 .1791 

factor because of large 
error). 

XX(l2001 INTO 3Pif 
XXI12GO} INTO K KBAR 

DECAY MASSES Representative masses of 
'1[)3~9~+~~3~9±:+::f3~~-------j decay products· (used for 

£.:4 9 3+ 4 9 3 calculating last column of 
Particle Property Tables) 

74 XX! 12001 BRANCHING RATIOS 

X! 200 INTO 3P II TOTAL ( Pll 
.66 .02 ~ERR ILL 66 HBC 0 3.2 K-P 7/~6 

( .6B} ( .03} LYNCH 67 HBC +- 2. 7 PI-P ~/H 
LYNCH DATA HAS QUESTIONABLE BACKGROUND SUB TRACT I ON 

0.67~ o. 012 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3} 

11200} INTO KK8AR/TOTAL ! P2} 
• 35 .05 PIERCE 68 ASPK + 2.1 K-p- 9/68 

FIT /0.325 0,012/ FROM measured, as determined 1 ,~:d~___£1!__~'.1~BL~::Q:;~1J 
from constrained fit {using ).E 
all measured branching 
rai:ios for this particle). 

FIT (ERROR INCLUDES SCALE FACTOR OF 1.3} 
Branching ratio Rj in terms 

of partial decay mode 
fractions Pi above. 

... References listed by year, 
then author. 

Abbreviated reference form 
used on data cards above. 

Journal, report, preprint, 
etc. (see abbreviations 
on next page). 

XX! 1200} INTO KKBAR/3P I !P2l/(Pl} 
• 50 .03 FENNER 69 HBC 0 4.2 PI+P 
.41 .04 SMITH ?0 MMS 3.5 PI-P 

AVG 0.468 0.043 'AVERAGE I ERROR INCLUDES SCALE FACTOR OF lo 8} 
FIT 0.48D 0.026 FROM FIT IE~P.OR INCLUDES SCALE FACTOR OF 1.3} 

****** ********* ********* *******#* ********# #####***# ********* ****:<l*** 

f- /MER~ILL 6
1
6/PRL 16 143 

/ LYNCH 67 PR 155 610 y PIERCE 68 PL 27B 230 
FENNER 69 NC 618 372 

~ l- ****** ********* *****#**# 
***#*# ********# #******** 

REFERENCES FOR XX ( 1200} 

A. MERRILL 
B. LYNCH 
N, PIERCE 
D. FENNER, B. BEANE 
J. SMITH 

********* ********* ####***** ********* ******** 
**#****#* ********* ****#**** ********* *******# 

9/69 
2176* 

Author(s) 



44 

Illustrative Key (cont'd) 

Abbreviations 
Journals 

APAH 
ADVP 

ANP 
ARNS 
BAPS 
CJP 
JAP 
JETP 
JETPL 
JPA 
JPG 
JPSJ 
LNC 
NC 
NIM 
NP 
PL 
PN 
PPSL 
PR 
PRAM 
PRL 
PRSE 
PRSL 
PTP 
RMP 
RRP 
SJNP 
SPU 
ZNAT 
ZPHY 

Acta Phys. Acad. Hungarica 
Advances in Physics 
Annals of Physics 
Annuil Review of Nuclear Science 
Bulletin of the Amer. Phys. Soc. 
canadian Journal of Physics 
Journal of Applied Physics 
English Transl. of Soviet·Physics JETP 
Letters of Soviet Physics JETP 
Journal of Physics A 
Journal of Physics G 
Journal of the Phys. Soc. of Japan 
Letters to Nuovo Cimento 
Nuevo Cimento 
Nuclear :Instruments and Methods 
Nuclear Physics 
Physics Letters 
Particles and Nuclei 
Proc. of the Phys. Soc. of London 
Physical Review 
Pramana 
Physical Review Letters 
Proc. of the Royal Soc. of Edinburgh 
Proc. of the Royal Soc. of LOndon· 
Progress of Theoretical Physics 
Reviews of Modern Physics 
Revue Romaine de Physique 
Soviet Journal of Nuclear Physics 
Soviet Physics - Uspekhi 
Zeitschrift fUr Naturforschung 
Zeitschrift far Physik 

Conferences 

Co~ferences are referred to by the location in which 
they were held (e.g., DUBNA, BOULDER, LUND, etc.). 

Institutions 

AACH 
AARH 
AOEL 
AERE 
ALBA 
ALBE 
AHST 
ANKA 
ANL 
ARIZ 
ATEN 
ATHU 
AUCK 
BARC 
BAR I 
BART 
BELG 
BERG 
BERL 
BERN 
BGNA 
BING 
BIRM 
BNL 
BOHR 
BOIS 
BCtNN 
BORD 
BGST 
BRAN 
BRCO 
BRIS 
BROW 
BRUX 
BUCH 
BUDA 
BUFF 
CAEN 
CANS 
CARL 
tARN 
CASE 

TECHNISCHE UNIV. AACHEN 
AARHUS UNIV. 
ADELPHI UNIV. 
ATOMIC ENERGY RES. ESTAB. 
STATE UNIV. OF NEW YORK AT ALBANY 
ALBERTA UN IV., NRC 
UNI V • OF AMSTERDAM 
MIDDLE EAST T·ECHNICAL UNIV. 
ARGONNE NATIONAL LAB. 
UNIV. OF ARIZONA 
NUCLEAR RES. CENTRE DEMOKRlTOS 
UNIV. OF ATHENS 
UNI V. OF AUCKLAND 
UNIV. DE BARCELONA 
UNIV. Dl BARJ 
BARTOL RESEARCH FOUNDATION 
INST • I NTERUNIV. DES SCI. NUC. 
UNIV. OF BERGEN 
INST • HOCHENERGIEPHYS. DAW 
UNIV. BERN 
UNJV. 01 BOLOGNA 
STATE UNIV. OF NEW YORK AT BINGHAMTON 
BIRMINGHAM UNJV. 
BROOKHAVEN NATIONAL LAB. 
NIELS BOHR INSTITUTE 
BOISE STATE UNIV. 
UNIV. BONN 
UNJV. DE BORDEAUX 
BOSTON UNIV. 
BRANDEl S UN IV. 
UNIV. OF BRITISH COLUMBIA 
H. H. WILLS PHYS. LAB., U. OF BRISTOL 
BROWN UNIV. 
UNIV. LJBRE DE BRUXELLES 
BUCHAREST STATE UNIV. 
CENTRAL RESEARCH INSTITUTE OF PHYSICS 
.STATE UNIV. OF NEW YORK AT BUFFALO 
LAB. DE PHVS. CORPUSCULAIRE 
AUSTRALIAN NATIONAL UNJV. 
CARLETON UNIV. 
CARNEGIE-MELLON UNIV. 
CASE WEStERN RESERVE UNIY • 

AACHEN, GER"'ANY 
AARHUS, DENMARK 
GARDEN CITY, N.Y., USA 
HARWEll t BERKS., ENGLAND 
ALBANY, N. Y., USA 
EDMONTON, CANADA 
AMSTERDAM, NETHERLANDS 
ANKARA, TURKEY 
ARGONNE, ILL., USA 
TUCSON, ARIZ., USA 
ATHENS, GREECE 
ATHENS, GREECE 
AUCKLAND, NEW ZEALAND 
BARCELONA, SPAIN 
SARI t ITALY 
SWARTHMORE, PA., USA 
BRUXELLES, BELGIUM 
BERGEN, NOR\IIAY 
ZEUTHEN/BERLINt ODR 
BERNt SWITZERLAND 
BOLOGNA, ITALY 
BINGHAMTON, N. v., USA 
BIRMINGHAM, ENGLAND 
UPTON, L.lu N. Y., USA 
COPENHAGEN, DENMARK 
BOISE, IDAHO, USA 
BONN, GERMANY 
BORDEAUX, FRANCE 
BOSTON, MASS •, USA 
WALTHAM, MASS., USA 
VANCOUVER, CANADA 
BRISTOL, ENGLAND 
PRCVIDENCEt R. I., USA 
BRUXELLES, BELGIUM 
BUCHAREST, ROMANIA 
BUDAPEST, HUNGARY 
BUFFALO, N. Y., USA 
CAEN, FRANCE 
CANBERRA, AUSTRALIA 
OTTAWA t CANADA 
PITTSBURGH, PA., USA 
CLEVELAND, OHIO, USA 

Measurement techniques .. 

ASPK 
cc 
CNTR 
DASP 
DBC 

DPWA 
ELEC 
EMUL 
FBC 
FRAB 
FRAG 
FRAM 
HBC 
HEBC 
HLBC 
HYBR 
IPWA 
MMS 
MPWA 
NEUL 
OMEG 
OSPK 
PBC 
PLAS 
PLOT 
PWA 
RVUE 
SMAG 
SPEC 
SPRK 
STRC 

WIRE 
XEBC 

CAVE 
CCAC 
CDEF 
CEA 
CENG 
CERN 
CHIC 
CINC 
CIT 
CNRC 
COLO 
COLU 
CORN 
casu 
CRAC 
CUNY 
CURl 
DARE 
DAfi:T 
OESY 
DORT 
DUKE 
OURH 
DUUC 
EDIN 
EFI 
EPOL 
ETHZ 
FIRZ 
FISK 
FLOR 
FNAL 
FOM 
FRAS 
FRAS 
FREI 
FSU 
GENO 
GESC 
GEVA 
GLAS 
GRAZ 

Automatic spark chambers 
Cloud chamber 
.Counters 
DESY double-arm spectrometer 
Deuterium bubble chamber 
'Energy-dependent PWA 
Electronic combination 
Emulsions 
Freon bubble chamber 
ADONE BB Group.detector 
ADONE yy Group detector 
ADONE MEA Group detector 
Hydrogen bubble chamber 
Helium bubble chamber 
Heavy liquid bubble chamber 
Hybrid: BC +electronics 
Energy-independent PWA 
~ssing mass spectrometer 
Model-dependent PWA 
Neuland large-angle V spectrometer 
CERN OMEGA spectrometer 
Optical spark·chamber 
Propane bubble chamber 
Plastic detector 
DESY PLUTO detector 
Partial-wave analysis 
Review of previous data 
SPEAR magneti~ detector 
Spectrometer 
Spark chamber 
Streamer chamber 
Wire chamber 
xenon bubble chamber 

CAVENDISH LAB., CAMBRIDGE UNIV. 
COMMUNITY COLLEGE OF ALLEGHENY COUNTY 
COLLEGE DE FRANCE 
CAMBRIDGE ELECTRON ACCEL. 
tEN, GRENOBLE 
EUROPEAN ORG. FOR NUC. RES. 
UN IV. OF CHICAGO 
UNIV. OF CINCINNATI 
CALIF. INSTITUTE CF TECHNOLOGY 
CANADIAN NATIONAL RESEARCH COUNt IL 
UNJV. OF COLORADO 
COLUMBIA UNIV. 
CORNELL UNI V • 
COLORADO STATE UNIV. 
INST. FOR NUCLEAR RESEARCH 
CITY UNIV. OF NEW YORK 
LABORATOIRE JC.LIOT-CURJE 
OARESBURY NUC. PHYS. LAB. 
DARTMOUTH COLLEGE 
DEUTSCHES ELEKTRDNEN-SYNCH. 
UNIV. DORTMUND 
DUKE UNJV,. 
UNIV. OF DURHAM 
UNIVERSITY COLLEGE 
UNJV. OF EDINBURGH 
ENRICO FERMI INST. FOR NUCL. STUDIES 
EWLE POLYTECHNIQUE 
S\IIISS FEDERAL INST • OF TECHNOLOGY 
UNIV. Dl FIRENZE 
FISK UNIY. 
UNJV. OF FLORIDA 
FERMI NATIC.NAL ACCELERATCR LAB. 
FOUND. FOR FUNDAMENTAL RES. ON MATTER 
LAB. NAZIONALJ DEL SINCROTRONE 
LAB. NAZ10NALI DEL C.N.E.N. 
UNIV. OF FREIBURG 
FLORIDA STATE UNIV. 
UNIV. Dl GENOVA 
GENERAL ELECTRIC RES. AND DEY. CENTER 
UNJV. DE GENEYE 
UNIV. OF GLASGOW 
UNIV,. GRAZ 

CAMBRl DGE, ENGLAND 
PITTSBURGH, PENN., USA 
PARIS, FRANCE 
CAMBRIDGE, MASS., USA 
GRENOBLEt FRANCE 
GENEVA, SWITZERLAND 
CHICAGO, Ill., USA 
CINCINNATI, OHIO, USA 
PASADENA, CALIF., USA 
OTTAWA, CANADA 
BOULDER, COLO., USA 
NEW YORK, N. Y., USA 
ITHACA, ~. Y., USA 
FORT COLLINS, COLO., USA 
CRACOW, POLAND 
NEW YORK, N. Y., USA 
PARIS, FRANCE 
OARESBURY, ENGLAND 
HANOVER, N .. H., USA 
HAMBURG, GERMANY 
DORTMUND, GERMANY 
DURHAM, N. C., USA 
DURHAM, ENGLAND 
OUBL IN, IF-ELAND 
EDINBURGH, SCOTLAND 
CHICAGO, ILL., USA 
PARIS, FRANCE 
ZURICH, SWITZERLAND 
FIRENZE, ITALY 
NASHVlLLEt TENN., USA 
GAINSVILLEt FLA., USA 
BATAVIA, Ill., USA 
UTRECHT, NETHERLANDS 
FRASCAl'lt ITALY 
FRASCATJ, ITALY 
FREIBURG, GERMANY 
TALLAHASSEE, FLA., USA 
GENOVA, ITALY 
SCHENECTADY, N. Y., USA 
GENEVA, SWITZERLAND 
GLASGOW, SCOTLAND 
GRAZ, AUSTRIA 
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Illustrative Key (cont'd) 

Abbreviations (cont'd) 

Institutions (cont'd) 

GREll! 
GSCO 
HAlF 
HAMB 
HARV 
HAWA 
HElD 
HELS 
HOUS 
IBH 
liT 
ILL 
lLLC 
ILLG 
INO 
INNS 
JOhA 
lPN 
IPNP 
I PPC 
IRAD 
ISU 
JTEP 
IUPU 
JAGL 
JHU 
JJNR 
KANS 
KARL 
KEK 
KENT 
KIAE 
KIEV 
KNTY 
KONA 
KCNS 
LALO 
LANC 
LASL 
LAUS 
LBL 
LCGT 
LEBO 
LEED 
LEHI 
LElD 
LEN I 
LINZ 
LIVP 
LLL 
LOIC 
LDQM 
LOUC 
L·OWC 
LPNP 
LPTP 
LRL 
LSU 
lUND 
MAOR 
MAOU 
MANH 
HA>II 
MANZ 
MASA 
MASS 
MCGI 
MCHS 
MELB 
MHCO 
MICH 
MILA 
MJNN 
MIOH 
HIT 
HOOE 
MONP 
MCNS 
MCNT 
MOSU 
MPEI 
MPIH 
MPIM 
MSNA 
HSU 
MTHO 
MULH 
MUNC 
MURA 
NAGO 
NAPL 
NA.SA 
NOAH 
NEAS 
NEUC 
NEVI 
NIJM 
NIU 
NDRD 
NOVO 
NPOL 
NRL 
NWES 

lNST~ DES SCI. NUC., UNIV. DE: GRENObLE GRENOBLEt FRANCE 
GEf.LOGICAL SURVEY OF CANADA OTTAWA, CANADA 
TECHNION- ISRAEL INST. OF TECHNOLOGY HAIFA, JSFIAEL 
UNIV. HAMBURG HAMBURG, GERMANY 
HARVARD UNIV. CAMBRlOGEt MASS .. , USA 
UNIV. OF HAWAJI HONOLULUt HAWAII, USA 
UNIV. HEIDELBERG HEIDELBERG, GERMANY 
HELSINGIN YLJOPISTO HELSINKit FINLAND 
UNI v. OF HC.USTGN HOUSTON, TEXAS, USA 
INTERNATIONAL BUSINESS MACHINES PALO ALTO, CAllF., USA 
IlliNOIS JNST. OF TECH. CHICAGO, ILL., USA 
UNIV. Of ILLINOIS URBANA, ILL., USA 
UNIV. OF ILLINOIS AT CHICAGO CHICAGO, ILL., USA 
INST • LAUE-LANGEVIN GRENOBLEt FRANCE 
UNIV. OF INDIANA BLOOMINGTON, IND., USA 
PHYS. JNST., UNIV• INNSBRUCK INNSBRUCKt AUSTRIA 
UNIV. OF IOWA IOWA CITY, IOWA, USA 
JNST • DE PHYS. NUCLEAIRE OR SAY, FRANCE 
INSTITUT DE PHYSIQUE NUCLEAIP.E PARIS, FRANCE 
INST. FOR PARTICLE PHYSICS OF CANADA MONTREAL, CANADA 
INSTITUTE OU RADIUM PARIS, FRANCE 
IOWA STATE UNIV. AMES, IOWA, USA 
INST • FOR TEOR. AND EXP. PHYS. MOSCOW, USSR 
INDIANA U. - PURDUE U. AT INDIANAPOLIS INDIANAPOLIS, IND., USA 
JAGELLC.NIAN UNIV. CRACOW, POLAND 
JOHNS HOPKINS UNIV. BALTIMORE, MO., USA 
JOINT JNST. FOR NUCL. RF.SEARCH 'OUBNA, USSR 
UNIV. OF KANSAS LAWRENCE, KANSAS, USA 
TECHNISCHE UNJV. KARLSRUHE KARLSRUHE, GERMANY 
NAT. LAB FOR HIGH ENERGY PHYS., JAPAN TSUKUBA-GUN, JAPAN 
KENT UNIV. AT CANTEBURY, KENT CANTEBURY, ENGLAND 
KURCHATOV INST. OF ATOMIC ENERGY MOSCOW, USSR 
PHYSICAL-TECHNICAL INST. KJEV, USSR 
UNIV. OF KENTUCKY LEXINGTON, KY., USA 
KONAN UNJV. KOBE, JAPAN 
B. P. KC'NSTANTINOV INST. OF NUCL. PHYS. USSR 
LINEAR ACCELERATOR LAB, ORSAY ORSAYt FRAfiiCE 
LANCASTER UNIV. LANCASTER, ENGLAND 
u. C. LOS ALAMOS SCIENTIFIC LAB. LOS ALAMOS, N. H., USA 
UNIY. Of LAUSANNE LAUSANNE, SWITZERLAND 
u. C. LAWRENCE BERKELEY LAB. BERKELEY, CALIF., USA 
LAB. Dl COSMD-GEOFISICA DEL CNR TORINO, ITALY 
L EBEOEV PHYSICS . INST. MOSCOW, ·USSR 
UNIY. OF LEEDS L"EEOS, ENGLAND 
LEHIGH UNIY. BETHLEHEM, .PA., USA 
JNST • LORENTZ LEI DEN, NETHERLANDS 
INST. Of NUCL. PHYS., USSR ACAD. ·SCI. LENINGRAD, USSR 
LJNZ INSTITUT FUR PHYSIK, KEPLER HOCti. LINZt AUSTJI.IA 
LIVERPOOL UNIV. LIVERPOOL, ENGLAND 
LAWRENCE LIVERMORE LAB. LIVERMORE, CALIF., USA 
IMPERIAL CLL. OF SCI. AND TECH. LONDON, ENGLAND 
QUEEN JIIIARY COLLEGE LONDON, ENGLAND 
UN IVERS lTY COLLEGE LONDON, ENGLAND 
WESTFIELD COLLEGE LONDON, ENGLAND 
LAB. DE PHYS. NUCL. ET HAUTES .ENERGIES PARIS, FRANCE 
LAB. DE PHYS. THEC!R. ET HAUTES ENERGIES PARIS, FRANC-E 
U. C. LAWRENCE BEfiKELEY LAB. BERKELEYt CALIF., USA 
LOUISIANA STATE UNIV. BATON ROUGE, LA., USA 
UNIV. I LUND LUND, SWEDEN 
JUNTA DE ENERGJA NUCLEAR MADRID, SPAIN 
UNJV. AUTONC!ri!E DE MADRID MADRID, SPAIN 
MANHATTAN COLLEGE NEW YORKt N. y,., USA 
UNIV. Of MANITOBA WINNIPEG, CANADA 
UNIV. MAINZ MAINZ, GERMANY 
UNJV. OF MASSACHUSETTS AMHERST, MASS., USA 
UNIV. OF MASSACHUSETTS BOSTON, MASS., USA 
MCGILL UNIV. MONTREAL, CANADA 
UNIV. MANCHESTER MANCHESTER, ENGLAND 
UNIV. OF MELBOURNE PARKVILLE, AUSTRALIA 
MOUNT HOLYGKE COLL. SOUTH HADLEY, MASS., USA 
UNIV. OF MICHIGAN ANN ARBOR, MICH., USA 
UNIV. 01 MILANO MILANO, ITALY 
UNIV. OF MINNESOTA MINNEAPOliS, MINN. t USA 
MIAMI UNIV. OXFORD, OHIO, USA 
MASSACHUSETTS JNST. 'OF TECHNOLOGY CAMBRIDGE, MASS., USA 
ISTJTUTO 01 t=ISICA DELLA UNIVERSITA MODENA, ITALY 
UNIV. DE MONTPELLIER MONTPELLIER, FRANCE 
UNIV.·OE L'ETATt MONS MONS, BELGIUM 
UNIV. DE MC'NTREAL MONTREALt CANADA 
MOSCOW STATE UNIV. MOSCOW, USSR 
MOSCOW PHYS. ENG. JNST. MOSCOW, USSR 
MAX-PLANCK-INST • FUR PHYS,.-ASTROPHYS. HEIDELBERG, GERMANY 
MAX-PLANCK-INST. FUR PHYS.-ASTROPHYS. MUNICH, GERMANY 
INS. OI FISICA DELL UNIV. MESSINA, ITALY 
MICHIGAN STATE UNIV. EAST LANSING, MICH•t USA 
MT. HOLYOKE COLLEGE SOUTH HADLEY, MASS., USA 
CENTRE UNIV. OU HAUT-RHIN MULHOUSE, FRANCE 
UNIV. OF MUNICH MUNICH, GERMANY 
MIDWESTERN UNIV. RESEARCH ASSOC. STROUGHTON, WISC., USA 
NAGOYA UNIV. NAGOYA, JAPAN 
UNIV. DI NAPOLI NAPOLI, ITALY 
NASA, GODDARD SPACE FLIGHT CENTER GREENBELT, MO., USA 
UNIV. OF NOTRE DAME NOTRE DAME, IND., ·usA 
NORTHEASTERN UN 1 V. BOSTON r MASS., USA 
UNIV. DE NEUCHATEl NEUCHATELt SWITZERLAND 
NEVIS LAB. IRVINGTDN-CN-HUDSONt N.Y., USA 
R. K. UNIV. NIJMEGEN NIJ~EGFNt NETHERLANDS 
NORTHERN ILlJNGIS UNIV. DE KALB, ILL., USA 
NOROISK INS. FGR TEOR. ATOMFYS. COPENHAGEN, DENMARK 
INST. CF NUCL. PHYS. NOVOSIBIRSK, USSR 
NORTHERN PCLYTECHNIC LONDON, ENGLAND 
NAVAL RESEARCH LABORATORY WASHINGTON, D.C. • USA 
NORTHWESTERN UNIV· EVANSTONt ILL., USA 

"'" OHIO 
DREG 
ORNL 
ORSA 
OSAK 
OSKC 
USLO 
osu 
OTTA 
OXF 
PADO 
PATR 
PAVI 
PENN 
PI SA 
PITT 
PPA 
PRAG 
PRIN 
PURO 
REHO 
RHEL 
RISO 
RMCS 
RotH 
ROCK 
RONA 
ROSE 
RUTG 
SACL 
SAGA 
SANJ 
SBER 
SEAT 
SEIB 
SERP 
SETO 
SFLA 
SHEF 
SHMP 
SIEG 
SLAC 
SMAS 
SOFI 
STAN 
STEV 
STLO 
STOH 
STON 
STRB 
suss 
SYRA 
TAlA 
TELA 
TEMP 
TENN 
TEXA 
TMSK 
TNTO 
TOHO 
TOKY 
TORI 
TRiU 
TRST 
TUFT 
TWAS 
UBEL 
UCB 
uco 
uti 
UCLA 
UCND 
UCR 
UCSB 
ucsc 
UCSD 
UMO 
UNCS 
UPNJ 
UPPS 
UTAH 
UTRE 
VANO 
VICT 
YJEN 
VJLL 
VIRG 
VPI 
WARS 
WASH 
WI EN 
WILL 
WISC 
WOOD 
WUPG 
WUPP 
WUSL 
WYOM 
YALE 
ZEEM 
ZURI 

NEW YORK UNIV. l'tEW YOkK, N. Y,., U~A 
OHIO UNIV. ATHENS, OHIO, USA 
UNIV. OF OkEGGN EUGENE, ORE •• USA 
OAK RIDGE NATJONAL LAB. OAK RIDGE, TENN., USA 
UNIV. DE PARISt FAC. DES SCI. ORSAYt FRANCE 
OSAKA UNIV. OSAKA, JAPAN 
OSAKA CITY UNIV. OSAKAt JAPAN 
OSLO UNIV. OSLO, NORWAY 
OHIO STATE UNJV. COLUMBUS, OHIO, USA 
UNIY• OF OTTAWA OTTAWA, CANADA 
OXFORD UNJV. OXFORD, ENGLAND 
UNIV• 01 PAOOVA PAOOVA, ITALY 
UNIY• OF PATRAS PATRAS, GREECE 
UNIV• OJ PAVIA PAVIA, ITALY 
UNIV. OF PENNSYLVANIA PHILADELPHIA, PA., USA 
UNIV• OJ PISA PISA, ITALY 
UNIV• OF PITTSBURGH PITTSBURGH, PA., USA 
PRINCETON-PENN. PROTON ACCEL. PRINCETON, N. J., USA 
INSTITUTE OF PHYSICS, CSAV PRAGUE, CZECHOSLOVAKIA 
PRINCETON UNIV. PRINCETON, N. J., USA 
PURDUE UNJV. LAFAYETTE, INO.t USA 
WEIZMANN INST. OF SCI. REHOVOTH, ISRAEL 
RUTHERFORD HIGH ENERGY LAB. CHILTON, DID., BERKS., ENGLAND 
RESEARCh ESTAB. RISO ROSKILOE, DENMARK 
ROYAL MILITARY COLLEGE Of SCIENCE SHRIVENHAMt ENGLAND 
UNIV• OF ROCHESTER ROCHESTER, N. y., USA 
ROCKEFELLER UNJV. NEW YORK, N. Yet USA 
UNIV• DI ROMA ROMAr ITALY 
ROSE POLYTE,HNIC INST • TERRE HAUTE, IND., USA 
RUTGERS UNIV. NEW BRUNSWICK, N. J., USA 
CNTR. Q• ETUDES NUC,. SACLAY Gl F-SUR-YVETTE, FRANCE 
SAGA UNIV. SAGA, JAPAN 
1ST. SUPERIORE 01 SANJTA ROMA, ITALY 
SAN BERNARDINO STATE COLLEGE SAN BERNARDINO, CALIF., USA 
SEATTLE PACIFIC COLLEGE' SEATTLE, WASH., USA 
RESEARCH CENTER SEJBERSOORF VIENNA, AUST.RIA 
INST .. OF HIGH EN. PHYS • SERPUKOV, USSR 
SETON HALL UNJV. SOUTH ORANGE, N. J., USA 
UNJV. OF SOUTH FLORIDA TAMPA, FLA., USA 
UNIV. OF SHEFFIELD SHEFFIELD, ENGLAND 
UNIV• OF SOUTHAMPTON SOUTHAMPTON, ENGLAND 
GESAMTHOCHSCHULE Sl EGEN HUTTENTAL, GERMANY 
STANFORD LINEAR A'CEL. CENTER STANFORD, CALIF., USA 
SOUTHEASTERN MASSACHUSETTS UNIV. NORTH DARTMOUTH, MASS., USA 
BULGARIAN ACAD. OF SCI. SOFIA, BULGARIA 
STANFORD UNIV. STANFORD, CALIF., USA 
STEVENS INST. OF TECH,. HOBOKEN, N .. J. t USA 
ST. LOUIS UNJV. ST. LOUIS, MO., USA 
STOCKHOLM UNJV. STOCKHOLM, SWEDEN 
STATE UNJV .. OF NEW YORK AT STONYBROOK STONYBROOK, l.J., N. Y., USA 
CENTRF DES RES. NUCLEAJRES STRASBOURG, FRANCE 
UNIV. OF SUSSEX FALMER, BRIGHTON, ENGLAfiiD 
SYRACUSE UNJV. SYRACUSE, ·N. Y., USA 
lATA INST .. OF FUNDAMENTAL RESEARCH BOMBAY, INDIA 
UNIV. OF TEL-AVIV TEL-AVIV, ISRAEL 
TEMPLE UNIV. PHILADELPHIA, PA., USA 
UNIV• OF TENNESSEE KNOXVILLE, TENN., USA 
UNJV. OF TEXAS AUSTIN, TEXAS, USA 
NUCL• PHYS. JNST., TOMSK POLYTECH JNST. TOMSK, USSR 
UNIV• OF TORONTO TORONTO, CANADA 
TOHOKU UNIV. SENOAI, JAPAN 
UNIV· OF TOKYO TOKYOt JAPAN 
UNIV. OJ TORINO TORINO, ITALY 
TRIUMF, UNIV. OF BRITISH COLUMBIA VANCOUVER, CANADA 
UNIV• OI TRIESTE TRIESTE, ITALY 
TUFTS UNIV. MEDFORD, MASS., USA 
WASEDA UNIV. TOKYO, JAPAN 
UNJV. OF BELGRADE BELGRADE, YUGOSLAVIA 
UNIV• OF CALIF. AT BERKELEY BERKELEYt CALIF., USA 
UNIV. OF CALIF. AT DAVIS DAVIS, CALIF., USA 
UNJV,. OF CALJ.F. AT IRVINE IRVINE, CALIF., USA 
UNIV. OF CALIF. AT LOS ANGELES LOS ANGELES, CALIF., USA 
UNION CARBIDE NUCLEAR DIVISION OAK RIDGE, TENN., USA 
UNJV. OF CALIF. AT RIVERSIDE RIVERSIDE, CALIF., USA 
UNJV. OF CALJF. AT SANTA BARBARA SANTA BARBARA, CALIF., USA 
UNIV. OF CALIF. AT SANTA CRUZ SANTA CRUZ, CALIF., USA 
UNIV· OF CALIF• AT SAN DIEGO LA JOLLA, CALIF,., USA 
UNIV. OF MARYLAND COLLEGE PARK, MD., USA 
UNION tOLL. SCHENECTADY, N. Y., USA 
UPSALA COLLEGE EAST ORANGE, N. J,., USA 
GUSTAF WERNER INSTITUTE UPPSALAt SWEDEN 
UNJV. OF UTAH SALT LAKE CITY, UTAH, USA 
UNIV• OF UTRECHT UTRECHT, NETHERLANDS 
VANDERBJL T UN IV. NASHVILLE, TENN. t USA 
utuv. OF VICTORIA VICTORIA, CANADA 
INST. FOR HIGH EN. PHYS., A. A. S. VIENNA, AUSTRIA 
SWISS INST. OF NUCLEAR RESEARCH VILLJGEN, SWITZERLAND 
UNIV. OF VIRGINIA CHARLOTTESVILLE, VA., USA 
VIRGINIA POLYTECHNIC INST. BLACKSBURG, VA., USA 
UNtV. OF WARSAW WARSAW, POLAND 
UNJV. OF WASHINGTtN SEATTLE, WASH., USA 
UNIV• WIEN WIENr AUSTRIA 
COLLEGE OF WILLIAM AND MARY WILLIAMSBURG. VA., USA 
UNIV. OF WISCONSIN MADISON, WISt., USA 
WOODSTOCK COLLEGE WOODSTOCK, MO., USA 
GESAMTHOCHSCHULE WUPPERTAL WUPPERTAL GERMANY 
_UNIY. WUPPERTAL WUPPERTAL, GERMANY 
WASHINGTIJN UNIV. ST. LOUIS, MQ., USA 
UNIV• OF WYOMING LARAMIE, WYOMING, USA 
YALE UNIV. NEW HAVEN, CONN., USA 
ZEEMAN LAB •• UNIV. OF AMSTERDAM AMSTERDAM, NETHERLANDS 
UNIV. ZURICH ZURICH, SWITZERLAND 



Stable Particles 

........ ••••••.or•• .................................................... . ...... ......... ......... ......... ......... ......... ......... ....... . 

0 GA14HA MASS tiN UNITS GF 10**-21 MEV) 

C6,.) OR LESS PATEL 65 
6. OR LESS GINTSBURG 61t 
2.3 OR LESS GOLOHABER 68 

(0.061 OR LESS FRANKEN 11 
10. OR LESS WILLIAMS 71 CNTR 

('t.E-13)MEV OR LESS LOWENTHAL 73 
D. 73 OR LESS HOLLWEG 74 
0.6 OR LESS CL ... 997 DAY IS 75 

INVALID MEASUREMENT. SEE CRITICISM IN KROLl 11 

SATELLITE DATA 
SATELLITE DATA 
SATELLITE DATA 
LOW FREQ RES CIR 
TESTS GAUSS LAW 
GENL RELATIVITY 
ALFVEN WAVES 
JUPITER HAGFIELD 

AND GOLOHABER 11 .. ............................................................... 
GINTSBUR 64 S(iV. ASTR.AJ7 
PATEL 65 PL 14 105 
GOLOI-iABE 68 PRL 21 567 
FRANKEN 71 PRL 26 115 
WILLIAMS 71 PRL 26 721 

REFERENCES FOR GAMMA 

536 "'· A. GINTSBURG 
v. l. PATEL 
A. GOLOHABER,M. NIETO 
P A FRANKEN, G W AMPULSKI 
+FALLER,Hill 

IACAO SCI,USSRJ 
I DURHAM) 

I STONY BROOK) 
I MICHl 

IWESL€YAI\IJ 

LCWENTHA 73 PR D8 2349 
H(ILLWEG 74 PRL 32 961 
DAVIS 75 PRL 35 1402 

O.O.LOWENTHAL IUCI I 
J V HOllWEG INATL CENTER FOR A.TMOS RESRCHI 
+GOLOHABER,NIETO ICIT+STON+LASLJ 

PAPERS NOT REFERRED TO IN DATA CARDS 

GOLOHABE 1L RMP 43 271 A S GOLOHABER, M M NIETO 
KROll 71 PRL 26 1395 N M KROLL 
BYRNE 17 AST.SP.SCI.46 115 J.C.BYRNE 

I STON+BOHR+UCSBJ 
ISLACI 
ILOICI 

................... c.•••••••• ••••••*** ********* ·······*· ******** 
••••••*** ********"* *"******* •••*••••• ********* ••••••••• ·······* 

1 E-NEUTRINOIOtJ=1/21 

1 E-NEUTRJNO l'4ASS (KEVJ 

10.251 OR LESS LANGER 52 CNTR ANTI-NEUT.ITRITIUMJ 

10/69 
.10/69 

10/69 
3172 
3171 
8/77* 
7174 
1118* 
3118• 

10.501 OR LESS HAMILTON 53 CNTR ANTI-NEUT.tTRITIUMJ.11173 
(0.551 10.281 FRIEDMAN 58 CNTR ANTI-NEUT.URITIUM) 

M 4.1 OR LESS CL=.67 BECK 68 CNTft NEUTRINO(SOOIUM 221 11173 
M 0 
M 

0.5 OR LESS CL=.90 CARIS 69 CNTR ANTI-NEUT.lTRITIUMI 11/73 
0.32 OR LESS Clc.90 SALGO 69 CNTR ANTI-NEUT.ITRITJUMI 11173 

M 0.06 OR LESS CL:.90 BERGKVJS 72 CNT ANTI-NEUT.tTRlTIUMI 11173 
M IO.OOBIOR LESS COWSIK 72 THEOR.LHt.FROM COSMOLOGY 3/74 
M 0.086 OR LESS CL=.90 RODE 72 CNTR ANTI-NEUJ .CTRITIUMJ ll/13 
M 0 OAklS 69 VALUE .075KE'VICL=.671 DISAGREES kiTH FIG.6. WE USE FIG.6. 11173 

" c M C 

OM 

450. OR LESS CLc. 90 CLARK 74 ASPK KE3 DECAY 
LOWEST LIMIT FROM STRANGENESS CHANGING DECAY. 

1 IE-NEUTRINO) - (E-ANTINEUTRINO) MASS OIFF. IKEVI 

450. OR LESS CL=.90 CLARK 74 ASPK KE3 DECAY 

1 E-NEUTRINO MEAN LIFE/MASS (UNITS SECIEVI 

3. E 2 OR MORE REINES 74 CNTR ANTI-NEUTRI..,O 
REINES 14 LOOKED FOR E-ANTINEUTRINO OF NON-ZERO MASS DECAYING TO 
A NEUTRAL OF LESSER MASS + GAMMA. USED LIQUID SCI NT • DETECTOR NEAR 
FISSICN REACTOR. FINDS LAB LIFETIME 6.E7 SEC OR MORE. ABOVE VALUE 
OF MEAN LIFE/MASS ASSUMES AVG. EFFECTIVE NEUTRINO ENERGY OF D.2MEV. 

****** ••••••••• ********* ********* ********* ********* ••••o**** 

LANGER 
HAMIL TON 
FRIEDMAN 
BECK 
OAR IS 
SAL GO 

52 PR 88 689 
53 PR 92 1521 
58 PR 109 2214 
68 ZPHY 216 229 
69 NP Al38 545 
69 NP A138 417 

REFERENCES FOR E-NEUTRINO 

L M LANGER,R J 0 MOFFAT 
0 HAMILTCN,W P ALFOROol GROSS 
LEWIS FRIEDMAN,LINCOLN G SMITH 

(INDIANA I 
IPRINCETONJ 

IBNLJ 
(MPIHJ 

I LAVAL-QUEBEC I 
( ZURJCHI 

E BECKtH DANIEL 
R OARJS,C ST-PIERRE 
R C SALGO,H H STAUB 

BERGKVlS 72 NP 839 317 KARL-ERIK BERGKVIST IUNIV STOCKHOUIJ 
COWSIK 72 PRL 29 669 R COWSIK,J MC ClELLAND IUCB) 
RODE 72 LNC 5 139 B RODE,H DANIEL CMUNICH+MPIHJ 
CLARK 74 PR 09 533 +El IOFF, FRISCH, JOHN SON, KERTH ,SHEN+ ILBLI 
REINES 74 PRL 32 180 +SOBEL,GURR (UCI J 

ALSC 78 PRIVATE COMM. V • BARNES ( PURD I 

****** ********* ********* ********* ********* ********* ********* ***O**** 
****** ********* ********* ********* ********* ********* •o•****** ******** 

3 ELECTRONCO.S,J::1/2J 

3 ELECTRON MASS IMEVI 

( .s11oo611 .oooo21 
c .51100-41( .Q0000161 

.5110034 .ooo0014 

COHEN 
TAYLOR 
COHEN 

65 RVUE 
69 RVUE 
7.3 RVUE 

US lNG NEW E/H 

3 ELECTRON MEAN LIFE {UNITS 10**21 YRI 

2.0 OR MCRE MOE 65 CNTR 
S. 3 OR MORE STEINBERG 75 CNTR 

STEINBERG 75 SENSITIVE TO ALL DECAY MODES IN WHICH DECAY PARTICLES 
ESCAPE FROM DETECTOR WITHOUT DEPOSITING ENERGY. TEST OF CHARGE 
CONSERVATION. 

11175 
11175 

11175 

3178* 
3178* 
3178* 
3178* 
3/78* 

7/70 
3/14 

6/66 
2176 
2176 
2176 
2!76 

46 

Data Card Listings 
For notation, see key at front of Listings . 

3 ELECTRON MAGNETIC MOMENTI E/ZMEI 

"" MM 
SEE R1CH 72 FOR A REVIEW OF THEORY AND EXPERIMENTS. 

MM 
MM 
MM R 

"" "" •• 
"" "" MM 

"" MM R 

OHM 
OHM 

I 1.00116091 +-12-41*10**-7 SCHUPP 61 CNTR -
11.001159622 J +-( 271*10**-9 WJ.lKINSON 63 CNTR -
Cl.0011681 +-1221*10**-6 RICH 66 GNTR + 
(1.0011595571 +-(.301*10**-9 RICH 68 CNTR -
11.00ll596389l+-1311*10**-10TAVLOR 69 RVUE 
11.00115961t41 +-171* 10**-9 WESLEY 70 CNTR 
U.0011596577H-C35l*10**-10WESLEY 71 CNTR -
I 1.00116031 +-( 121*10**-7 GillELAND 72 CNTR + 
I l.0011596567:1+-(351*10**-10COHEN 73 RYUE 
(1.001159667) +-1241*10**-9 'WALLS 73 CNTR -
1.00ll5965241+-(20J*10**-ll VANDYCK 77 CNTR 

RICH 68 JS REEVALUATION OF WILKINSON 63. 

(E+ ANtMALDUS MAG MOM)- IE- ANOMALOUS MAG MOMliAVG 
1.0 OR LESS CL:.9S SEREDNYAK 77 CNTR 

POSITRON 

BOLOMETRIC TECHN 
SINGLE ELECTRON 

UNITS 10**-5 

•cr•••• ••••••••• ••••••••• ••••••••• ••••••••• •••••••cr• ********* ******** 

SCHUPP 61 PR 121 1 
WILKINSO 63 PR 130 852 
COHEN 65 RMP 3 7 53 7 
MOE 65 PR 140 6 992 

RICH 66 PRL 17 271 
RICH 68 PRL 20 967 
TAYLOR 69 RMP 41 375 
WESLEY 70 PRL 2-4 1320 
WESLEY 7L PR A4 1341 
GILLELAN 72 PR "AS 38 
RICH 72 RMP lt4 250 

REFERENCES FOR ELECTRON· 

A A SCHUPP,R W PIOD,H R CRANE lMICH) 
0 T WILKINSON,H R CRANE (MICHl 
COHEN,OUMONO .tN.A. AVIATION SCJ.CENTER+CITI 
.M K MOE,f REINES «CASE INST TECHNOLOGVl 

A lUCHt H R CRANE 
A RICH 
+PARKER, LANGENBERG 
J C WESLEY,A.RICH 
J C WESLEY,A RICH 
J Gllt.ElANO,A RICH 
A RICH,J C WESLEY 

(MICHl 
t MICHJ 

IPRIN+UCI+PENNI 
OIICHJ 
I MICHl 
lMICHJ 
CMICHJ 

COHEN 13 J.PHYS.CHEM.REF.OATA 2, P.663, E.R.COHEN,B.N.TAYLOR 
WALLS 73 PRL 31 975 F.L.WALLS,T .S.STEIN 
STEINBER 75 PR 012 2582 STEINBERG,KWIATKOWSKI,MAENHAUT ,WALL 
SEREDNYA 71 Pl 668 102 SEREONYAKOV,SIOCJROV,SKRINSKY+ 
VANDYCK 77 PRL 38 310 +SCHWINBERG,OEHMELT 

I WASH) 
IUMDJ 

I NOVO} 
(WASH I 

•••••• •*••••••• ********* ······•*• ••••••*** •••••••••••••••••• ******** 
****** ********* ********* ********* ********* ********* ********* ••o***** 

2 Mu-NEUTRINOCO,J=l/21 

2 Mu-NEUTRINO MASS IMEVI 

3.5 OR LESS BARK AS 56 EMUL 
4.0 OR LESS DUDZIAK 59 CNTR 
3.6 OR LESS FEINBERG 63 RVUE 
3.0 OR LESS ALLCOCK 65 RVUE 
2.5 OR LESS BARDON 65 ASPK 
2.8 DR LESS C.Le.90 SHAFER 65 CNTR 
1.6 OR LESS CL=.90 BOOTH 67 CNTR 

3174 

8/66 
8/66 
6/68 

• 2171 
6170 
2172 
2172 
3/74 

11177• 
12177* 

6/77• 

7/66 
7/66 

5171 
3/68 

2.2 OR LESS CL,.,.90 HYMAN 67 HEBC o. K- HE . 11/67 

B M 
s 

B M 

OM 
0 

" 
M 
M 
M 

DM 

(1.21 OR LESS CL=.90 BACKENSTO 71 CNTR "'**2=-1.28+-1.24 
1.15 OR LESS CLz:.90 SHRUM 71 CNTR "**2=-1.55+-1.14 

18 EV) OR LESS COWSIK 72 THE OR .LJM.FROM COSMOLOGY 
1.15 OR LESS CL=.90 BACKENSTO 73 CNTR "**2"'-o. 29+-o .9o 
0.65 OR LESS CL=.90 CLARK 74 ASPK KMU3 DECAY 

u.oJ OR LESS CL=.90 OAUM 76 SPEC "'**2"' 0.23+-0.54 
0.57 OR LESS CL=.90 DAUM 78 SPEC "**2= 0.13+-0.14 

WE CALCULATE UPPER LIMIT AT CL=.90 FROM M**2. 
BACKENSTOSS 73 REPLACES BACKENSTOSS 11 AND USES THEIR NEW PI- MASS. 
SHRUM 71 USES SHAFER 67 Pl- MASS VALUE AND CRANE 11 MU MASS VALUE. 
DAUM 78 REPLACES OAUM 76. EVALUATED USING MIPI t•ll9.5675+-0.0013 
AND MlMUI=105.65948+-0.00035. R. FROSCH, PRIVATE COMM. 

2 IMU-:-NEUTRINOJ - l MU-ANTINEUTRINOI MASS OJFF. I MEV I 

0.45 OR LESS CL=.90 CLARK 74 ASPK KMU3 DECAY 

2 MU-NEUTRJNO MEAN LIFE/MASS tuNITS SEC/EVJ 

3. E-3 OR MORE CL: .90 BELLOTTI 
1.3E-2 OR MORE CL:c .90 BELLOTTI 
2.2E-3 OR MORE CL=-.90 BARNES 

11. El7l OR MORE COWSIK 
THESE EXPERIMENTS LOOK FOR NEUOtUJ -> 
COWSJK 17 REFERS TO RADIATIVE DECAY OF 

76 HLBC NEU, CERN GARGAMEll 
76 HLBC ANTINEU, CERN GARG 
77 DBC NEU, ANL 12FT • 
71 RVUE ASTROPHYSICS 

NEU(E l GAMMA. 
EITHER NEUE DR NEUMU. 

Z Mu-NEUTRINO VELOCITY-C.; ABSI(V-CI/CI (UNITS 10**-41 
EXPECTED TO BE ZERO FOR MASSLESS NEUTRINO 

10171 
12/71 

3174 
1173 
7174 
1176 
3/78* 
1176 
1173 
1/73 
3/78* 
3178• 

11175 

1178* 
1178* 
1178* 

12177* 
1178* 

12177* 

77 
26 

2.0 OR LESS CL=.99 ALSPECTOR 76 SPEC >SOGEV NEU, K DECAY' 1178* 
4.0 OR LESS CL=.99 ALSPECTOR 76 SPEC <SOGEV NEUo PI OCAY 1178* 

••••*• c.•••***** •••••••••••••••••• ········* ................... •••••.o•• 

BARKAS 56 PR 101 718 
DUDZIAK 59 PR 114 336 
FEINBERG 63 ARNS 13 431 
ALLCOCK 65 PPSL 85 815 
BARDON 65 PRL 14 449 

SHAFER 65 PRL 14 923 
BOOTH 67 PL 268 39 
HYMAN 67 Pl 258 376 
BACK ENS T 71 PL 368 403 
SHRUM 71 PL 37B 114 
COWS IK 72 P~L 29 669 
BACKENST 13 PL 438 539 

CLARK 74 PR 09 533 
ALSPECTO 76 PRL 36 837 
BELLOTTI 76 LNC 17 553 
OAUM 76 PL 608 380 
BARNES 71 PRL 3 8 10-49 
COWS IK 11 PRL 39 784 
DAUM 78 PL - TO BE PUBL. 

REFERENCES FOR Mu-NEUTRINO 

W H BARKAS,\'1 BIRNBAUM,F M SMITH (LRLI 
W F DUDZIAK,R SAGANE,J VEDDER ILRU 
G FEINBERG, L M LEDERMAN ICDLUHBIAI 
G R ALLCOCK ILIVERPOOLI 
BAROQN,NlJRTON,PEOPLES + tCOLU+STONY BROOKJ 

R E SHAFER,CROWE,JENKINS tLRU 
BOOTH, JOHNSON,W I Lll AMS, WORMALD I LIVERPOOl I 
+LOKENt PEWITT, HCKENZI E+ I ANL +CARN+NWES I 
BACKENSTOSS, DANI Elt KOCH+ I CERN ,KARL, HE I 0 l 
E V SHRUM,K 0 H ZIOCK lUNIV OF VIRGINIAJ 
R COWSIK,J MC CLELLAND tUCBl 
BACK ENS TOSS, OANI EL, KOCH+ ( CERN+KARL+MUNJ CH1 

+ELIOFF,FRISCH,JOHNSON,KERTH,SHEN + (LBLJ 
ALSPECTOR + I·BNL+PURD+CIT+FNAL+ROCKJ 
+(A VALLI , FIORINI, ROLLI ER I MILA I 
+DUBAL, EATON ,FROSCH, MCCULLOCH+ IV Ill+ETHZ f 
+CARMONY, OAUWE,fERNANDEZ + I PURO+ANLJ 
R. COWSIK IMPJMJ 
+EATONtFROSCH,HIRSCHMANN,MC CUllOCH+ (VILLI 

****** o•••••••• ********* ********* ••••••••• ********* ********* •••••• •••••*••• ••*•••••• ........................... •••••••~~<• 
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Data Card Listings 
For notation~ see key at front of Listings. 

0 ----- __ :_:~0::~:~,~~------ --------- --------- --------
4 MUON MASS HIEVI 

(105.6591" (0.,0021 FEINBERG 63 RVUE 
UOS.65991 CO.OOH-1 TAYLOR 69 RVUE USING NEW E/H 
ll05.6597t t 0.00051 CRANE 71 CNTR INCLUDED IN COHEN73 
UOS .. 6594) (0.,00041 CROWE 72 CNTR INCLUDED IN CDHEN73 
105.65948 0.,00035 COHEN 73 RVUE 

A 105.65945 0.00033 CASPERSON 77 CNTR + 
C CRANE 71 GIVES MU/ME .. 206.76878C 851 • WE USE ME=. 5110041 Cl6)MEV. 
0 CROWE 72 GIVES HU/MEc206., 7682151 AND USES ME= .. 51100411161M£V. 
A CASPERSON 77 GIVES MU/ME.,206.76859(291.WE USE Mfc.,Sll0034(141MEV. 

AVG 105 .. 65946 • o:o0o24 AVERAGE I ERROR INClUDES SCALE fACTOR OF 1.01 

1170 
1/13 
2/72 
3174 

12/170 
1/73 
1173' 

12177* 

" " " " " " " " " " 
STUOENT105.65946 0.00026 AVERAGE USING STUDENTLOIH/1 .. 11) - SEE MAIN TEXT 
FIT 105.65946 0.00024 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1 .. 01 2178* 

4 MUON MEAN LIFE WNITS 10•*-61 

2.,198 0.001 0.001 FARLEY 62 CNTR 
2.201 0.004 lUNOY 62 CNTR CONLEV= .. 98 11/67 
2 .. 202 0.003 0.003 ECKHAUSE 63 CNTR 
2 .. 197 0 .. 005 0.002 MEYER 63 CNTR + 
2.198 0.002 0.002 MEYER 63 CNTR - 7/66 

(2.200261 I Q.,00081J WilliAMS 72 CNTR + 2176 
2.1973 0.0003 DUCLOS 73 CNTR + 1/76 
2.19711 OJ•00008 BALANOIN 14 CNTR + 1176 

W WILLIAMS 72 MEAN LIFE MEASUREMENT WAS NOT THE PRIMARY PURPOSE Of 1176 
W THEIR EXPERIMENT AND DISAGREES STRONGLY WITH LATeR EXPTS. NOT AYGO. 1/76 

AYG "2:191i34 O.Oo0o77 o.oooo11 AVERAGE I ERRoR INCL. scALE FACTOR oF 1.01 
STUDENT 2.197133 0.000084 0.00008lt •AVG BY STUOENTlOIH/1.111 -- SEE MAIN TEXT 

4 MU+/Mu- MEAN lIFE RATIO 

DT 1;,000 0.001 MEYER 63 CNTR MEAN LIFE MU+/Mu- 7/66 

4 MUON ANOMALOUS MAGN. MOMENT ll0 .. -6*EII2*MU MASSIJ 

MM SEE RICH 72 AND COMBLEY 74 FOR A REVIEW OF THEORY AND EXPERIMENTS. 
-NM (1162.01 15.01 CHARPAK 62 CNTR + 
MM (1165.751 (0.711 BAILEY 68 CNTR + STOR .. RINGS 
MM (1166.251 C0.21tl BAILEY 68 CNTR - STOR. RINGS 
MM ERRORS STATISTICAL. VALUES COMBINED TO GIVE MU+- VALUE BELOW 
MM 1166.16 0.31 BAILEY 68 CNTR +- STOR. RINGS 
MM 1060. 67. .HENRY 69 CNTR + 
MM A 11165.8951 (0.027) BAILEY 75 CNTR + STORAGE RING 
MM A 1165.922 0.009 BAILEY 77 CNTR +- STORAGE RING 
MM A BAILEY 11 INCLUDES RESULTS OF BAILEY 75. 

5/69 
5/69 
5/69 
5/69 
1177• 

11/75 
11177• 
11177• 

"" •• 
"" 

AYG 1165.9222 
STUOENT1165.9222 

O.Oo~ AVERAGE tERROR INCLUDES scALE fACTOR OF 1 .. 01 
0.,0097 AVERAGE USING STUOENTlOCH/1.11) - SEE MAIN TEXT 

4 MUON TO PROTON MAGNETIC MOMENT RAT J0 

MMR THIS RATIO IS USED TO OBTAIN PRECISE VALUES OF THE MUON MASS. 
MMR SEE CROWE 72. 
MMR 13.18651 (.00221 COFFIN 58 CNTR + 
MMR t1.t8301 ( .00111 LUNDY 58 .CNTR + 
MMR (3.1761 C .0131 LUNDY 58 CNTR -
MMR (3.18341 I .00021 GARWIN 60 CNTR + 
MMR 13.183361. t .000011 BINGHAM 63 CNTR + 
MMR (3.1808) ( .00041 BINGHAM 63 CNTR -
MMR 13.183381 1.000041 HUTCHINS 63 CNTR + 
MMR 0 (3 .. 183351)(.,0000161 EHRLICH 69 CNTR 
MMR C (3.183314)( .. 0000341 THOMPSON 69 CNTR 
MMR 13.18333.0)( .. 0000441 HUTCHINS 70 CNTR + 
MMR H (3.183347)( .0000091 HAGUE 70 CNTR + 
MMR C (3.183336)(.,0000131 CRANE 71 CNTR 
MMR 0 (3.183349)( .,"0000151 DEYOE 11 CNTR 
HMR F U.1833261C.0000131 FAYART 71 CNTR 
MMR H 13.18334671.,00000821 CROWE 72 CNTR + 
MMR R THE RESULTS THROOGH 1972 ARE INCLUDED IN COHEN 7"3. 
MMR R 3.1833402 .0000012 COHEN 73 RVUE 
MMR 3.1833299 .0000025 CASPERSON 75 CNTR 

SPIN RESONANCE 
PRECESSION STROB 
PRECESSION STROB 
PRECESSION PHASE 
PRECESSION STROB 
PRECESS ION STROB 
PRECESSION PHASE 
HFS SPLITTING 
HFS SPLITTING 
PRECESSION PHASE 
PRECESSION PHASE 
HFS SPLITTING 
HFS SPLITTING 
HFS SPLITTING 
PRECESSION PHASE 

MMR 3.1833403 .0000044 CASPERSON 77 CNTR + HFS SPLITTlNG 
MMR C CRANE 71 SUPERSEDES TlfJMPSON 69. THIS IS NOT A DIRECT MEASUREMENT .. 
MMR H CROWE 72 SUPERSEDES HAGUE 70. 
MMR F FAVART 11 ASSUMES A ZERO VALUE FOR THE PROTON POLARlZABILITY. 
MMR 0 DEYOE 11 SUPERCEDE$ EHRLICH 69. THIS IS NOT A DIRECT MEASUREMENT. 
MMR 0 WE GIVE A NEW VALUE WHICH CONTAINS A THEORETICAL CORRECTION OF 
MMR 0 -7.8+-2.3 PPM, AS DISCUSSED IN FOOTNOTE 3SA Of CROWE 72. 
MMR • • • • • • .. •. • 
MMR AVG 3.18333310.0000034 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.61 

3/72 
3/72 
2/72 
2/72 
2/72 
2/72 
2/72 
2/72 
2172 
2/72 
2/72 
2172 
2172 
2/72 
1/73 
2/72 
2/72 
3174 
3/74 
2/76 

12177• 
1/73 

1/73 
1/73 
1173 
1/73 

MMR STUDENT3.18333300.0000027 AVERAGE USING STUDENTlOIH/1.111 -- SEE MAIN TEXT 
ISEE IDEOGRAM BELOW I 

4 HUON PARTIAL DECAY MODES 

DECAY MASSES 
Pl MUON INTO E ANTI(E-NEUI (MlJ-NEUI .5+ 0+ 0 
P2 MUON INTO E 2GAMMA .5+ 0+ 0 
P3 MUON INTO 3ELECTRONS .5+ .5+ .5 
P4 MUON INTO E GAMMA .5+ 0 
P5 MUON INTO E (E-NEUI ANTI(MlJ-NEUI .5+ 0+ •• MUON INTO E ANTI CE-NBJJ CMlJ-NEUJ GAMMA .5+ 0+ D+ 

-- -~-- --=----- ------ ------- ------ -------- ------
4 MUON BRANCHING RATIOS 

Rl MUON INTO E+2GAMMA I IN UNITS OF 10**-51 I P21 /CPU 
R1 1.6 OR LESS CL=.90 FRANKELl 63 OSPK + 
R1 0.4 OR LESS CL,.90 POUTISSOU 74 CNTR + 
R1 POUTISSOU 74 LIMIT APPLIES TO SUM OF ALL NEUTRINOLESS MU+ DECAYS. 

12/75 
1/76 

Stable Particles 

llEIGHTED RUERRGE = 3.1.833331 ± 0.0000034 
ERROR SCRLEO BY 1.6 

CHISQ 
· ·CRSPERSDH 77 CNTR 2.7 

75 CNTR 1.6 
73 RVUE ...1..:..!L 

5.3 

3.1834 

MUCH TO PROTON MRGHETIC MOMENT RRTIO 

!CONLEU 
=0.071.) 

R2 
R2 F 
R2 F 
R2 F 
R2 F 
R2 K 
R2 K 
R2 F 
R2 F 
R2 F 
R2 K 

R3 .. 
R3 
R3 
R3 

•• •• R4 

•• 
R5 
R5 
R5 
R5 
R5 

MUON INTO 3E UN UNITS OF 10••-11 CP31/C Pl) 
5.0 OR LESS CL=.90 PARKER 62 CNTR 
1.3 OR LESS Cl=.90 ALIKHANOV 62 OSPK 
1.5 OR LESS CL=.90 FRANKEL2 63 CNTR 
1.2 OR LESS CL.c:.,9Q BABAEY 63 OSPK 
0.062 OR LESS CLc..90 KORENCH2 71 OSPK 
0.019 OR LE.SS CL.,.90 KORENCHEN 76 SPEC + 

FOUR ABOVE EXPERIMENTS EVALUATED UPPER LIMITS ASSUMit-.IG 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 • 

MUON INTO E+GAMMA liN UNITS OF 10••-81 CP41/CPll 
4 .. 3 OR LESS CL=.90 FRANKELl 63 OSPK 
2 .. 2 OR LESS CL=.90 PARKER 64 OSPK 
2.9 OR LESS CLc.,9Q KORENCH1 11 OSPK + 
0.36 OR LESS CL•.,90 DEPOMMIER 11 CNTR + 

MUON+ INTO CE+ CE-ANTJNEUI CMlJ-NEUII CP51/(PlJ 
FORBIDDEN BY AOOIT lYE CONSERVATIVATION LAW FOR MUON NUMBER • 
MULTIPLICATIVE LAW PREDICTS R4:::Q.,S 

0.25 OR tESS CL=.90 EICHTEN 73 HLBC + 

MUON INTO E ANTI IE-NEUI 
27 EVENTS SEEN 

t.4E-2 0.4E-2 
3.3E-3 1.3E-3 

862 EVENTS SEEN· 

CMu-NEUI GAMMA CP61/(Pll 
ASHKIN 59 CNTR 
CRITTENOE 61 CNTR TlGAMI GT 10 MEV 
CRITTENOE 61 CNTR TfGAMI GT 20 MEV 
BOGART 67 CNTR HGAMJ GT 14.5 MEV 

4 MUON DECAY PARAMETERS 

RELATED TEXT SECTION VI A 

RHO RHO PARAMETER {V-A THEORY PREDICTS Rtt:l=0.7SI 
RHO C (0.,7411 10.0271 DUDZIAK 59 CNTR + 20~53 MEV E+ 
RHO P9213 0.745 0.025 PLANO 60 HBC + WHOLE SPECTRUM 
RHO P TWO PARAMETER FIT TO RH~ 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 D 10.661) 10.0161 BARLOW 64 CNTR + WHOLE SPECTRUM 
RHO D (0 .. 8671 (0.0351 PONTECORY 64 CC 
RHO 0 RESULTS IN DOUBT. 
RHO C BOOK 10.7503) 10.00261 PEOPLES 66 ASPK + 2D-53 MEV E+ 
RHO C 280K 10.7601 10.0091 SHERWOOD 67 ASPK + 25-53 MEV E+ 
RHO C 170K 10.7621 10.0081 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 0.7518 0.0026 DERENZO 69 RVUE 
RHO 

2/72 
6111* 

10171 
12177• 

11/75 

1178• 
1178• 
1178• 
1178* 
1/78* 

10/69 
10/69 

10/69 
10/.69 
10/69 
10/69 
10/69 
10/69 
10/69 
10/69 

10/69 

RHO AVG 0.7517 0.0026 
RHO STUDENT O. 7517 0.0028 

AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOCH/1.111 -SEE MAIN TEXT 

ETA ETA PARAMETER 
ETA P 9213 C-2 .. 01 10.91 
ETA P TWO PARAMETER FIT TO RHO 
ETA C 800K 10.051 10.51 
ETA C 280K 1-0.71 10.6) 
ETA t 170K {-0.71 10.5) 
ETA C RHO CONSTRAINED ""'0.75., 
ETA 6346 -0.12 0.21 

IV-A THEORY PREDICTS ETA=OJ 
PLANO 60 HBC + WHOLE SPECTRUM 

AND ETA- PLANO 60 DISCOUNTS VALUE FOR ETA 
PEOPLES 66 ASPK + 2D-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+ 

XSI 
XSI 
XSI 
XSI 
XSI 
XSI 
XSI 
XSI G 
XSI 

XSI PARAMETER (V-A THEORY PREDICTS XSI=1 I 
9K 0.97 0.05 BARDON 59 CNTR BROMOFORM TARGET 

8354 0.93 0.06 PLANO 60 HBC + 8.8 KGAUSS 
10 .. 9031 (0.027) All-ZAOE 61 EMUL + 27 KGAUSS 

DEPOLARIZATION BY MEDIUM NOT KNOWN SUFFICIENTLY WELL. 
66K {0.9751 10.0301 GUREVICH 64 EMUL 140 KGAUSS 

0.975 0.014 GUREVICH 67 EMUL 
GUREVICH 67 SUPERSEDES GUREVICH 64 

10/69 
10/69 
10/69 
10/69 
10/69 

10/69 

10/69 
10/69 
10/69 

10/69 
10/69 
10/69 

XSI AVG 
XSI STUDENT 

0.972 
0.913 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOCH/1 .. 111 -- SEE MAIN TEXT 

OEL 
DEL 
OEL 
DEL 
OEL 
OEL 

DELTA PARAMETER (V-A THEORY' PREDICTS OELTA=0.751 
8354 O. 78 0.05 PlANO 60 HBC + WHOLE SPECTRUM 

O. 782 0.031 KRUGER 61 
490K 0.752 0.009 FRYBERGER 68 ASPK + 25-53 MEV E+ 

VOSSLER 69 HAS MEASURED THE ASYMMETRY BELOW 10 MEV 

10/69 
10/69 
10/69 
11/69. 

DEL AYG 
DEL STUDENT 

0.7551 
a. 1sso 

0.0085 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
0.,0094 AVERAGE USING STUDENTlO(H/1.111 -- SEE MAIN TEXT 



Stable Particles 

HEL 
HEL 
HEL 
HEL 0 
HEL 0 
HEL 
HEL 
HEL 
HEL 
HEL 

HELlCITY OF DECAY ELECTRON. 
(V-A THEORY PREDICTS HELICITY=+-1 FOR E+-t RESPECTIVELYJ 
WE HAVE FLIPPED THE SIGN FOR E- SO OUR PROGRAMS CAN AVERAGE 

i0.2U (0.161 DICK 63 CNTR + ANNIHILATION 
IN DOUBT- POSITRONS POSSIBLY DEPOLARIZED IN BE MODERATOR. 

1 .. 05 0.30 BUHLER 63 CNTR + ANNIHILATION 
0.94 0 .. 38 BLOOM 64 CNTR + BREMS TRANSMISS 
1.04 0.18 DUCLOS 64 CNTR + BHABHA SCATT 

29K 0.89 0.28 SCHWARTZ 6'7 OSPK - MOLLER SCATT 

10/69 

10/69 
10/69 
10/69 
10/69 

HEL AVG 
HEL STUDENT 

1.00 
1.00 

0.13 
o.1 .. 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTlO(H/l.lU -- SEE MAIN TEXT 

GS 
GS 

SCALAR COUPLING CC•NSTANT IN HUON DECAY CIN UNITS OF GVI 
0.33 OR LESS DERENZO 69 RVUE 

GA 
GA 

AXIAL VECTOR COUPLING CONSTANT .IN MUON DECAY liN UNITS OF GVI 
O. 86 0.33 0.11 DERENZO 69 RYUE 

FAY 
FAY 

PHASE BETWEEN VECTOR AND AXIAL VECTOR COUPLINGS tDEGREESI 
180. 15. DERENZO 69 RYUE 

Gr 
GT 

TENSOR COUPLING CGNSTANT IN MUON DECAY liN UNITS OF GVI 
0.28 OR LESS DERENZO 69 RVUE 

GP 
GP 

PSEUOOSCALAR COUPLING CONSTANT IN MUON DECAY (IN UNITS OF GVI 
. 0.33 OR LESS DERENZO 69 RVUE .................................................................... 

COFFIN 
LUNDY 
ASHKIN 
BARDON 
DUDZIAK 
GARWIN 
PLANO 

58 PR 109 973 
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 
CRITTEND 61 PR 121 1823 
KRUGER 61 UCRL-9322 CUNPUBI 
ALIKHANO 62 CERN CONF -\23 
BLOCK 62 NC 23 1114 
CHARPAK 62 PL 1 16 
FARLEY 62 CERN CONF 415 

LUNDY 
PARKER 
BABAEV 
BINGHAM 
BUHLER 
DICK 

62 PR 125 1686 
62 NC 23 lt85 
63 JETP 16 1397 
63 NC 27 1352 
63 PL 1 368 
63 PL 1 150 

ECKHAUSE 63 PR 132 422 
FEINBERG 63 ARNS 13 431 
FR ANKEL1 63 NC 2 7 894 
FRANKEL2 63 PR 130 351 
HUTCHINS 63 PR 131 1351 
NEYER 63 PR 132 2693 

BARLOW 61t PPS B4 239 
BLOOM 61t PL 8 87 
DUCLOS 6lt PL 9 62 
GUREVICH M· PL 11 185 
PC NTECOR 64 DUBNA CONF 
PARKER 64 PR 133B 76B 

PEOPLES 66 NEVIS-147 IUNPUBI 
BOGART 67 PR 156 1405 
GUREVICH 67 JAE 1297 
SCHWARTZ 67 PR 162 1306 
SHERWOOD 67 PR .156 11t75 
BAILEY 68 PL 2BB 287 

ALSO 72 NC 9A 369 
FRYBERGE 68 PR 166 1379 

DERENZO 69 PR 181 1854 
EHRLICH 69 PRL 2 3 513 
HENRY 69 NC 63A 99 5 
TAYLOR 69 RMP 41 375 
THOMPSON 69 PRL 22 163 
HAGUE 70 PRL 25 628 
HUTCHINS 70 PRL 24 1251t 

CRANE 71 PRL 27 47-\ 
DEVOE 11 PRL 25 1179CERJ 

ALSO 11 PRl 26 213 
FAVART 71 PRL 27 1336 
KORENCH1 11 SJNP 13 190 
KORENCH2 11 SJNP 13 728 

REFERENCES FOR MUON 

+GARWIN, PENMAN, LEDERMAN, SACHS (COLUMBIA I 
+SENS,SWANSON, TELEGOJ ,YOVANOYITCH I CHI CAGOI 
+FAZZJNJ,FIDECARO,LJPMAN,MERRISON + CCERNI 
M BARDON, 0 BERLEY, L LEDERMAN lCOLUMBIAI 
W OUDZIAK.R SAGANE. J VEDDER CLRLJ 
GARWIN• HUTCHINSON, PENMAN, SHAPIRO C COLU"4BIA I 
R J PlANO ICOLUMBIAI 

ALJ-ZAOE,GUREVICHtNIKOLSKI IUSSRI 
CRITTENOEN,WALKER,BALLAM I JitSU+MJCHI 
H KRUGER CLRL) 
A I ALJKHANOV,A BABAEV + IITEP MOSCOW) 
BLOCK,FJORINI, KIKUCHI+( DUKE, BOLOGNA, MILANO I 
G CHARPAK,F J M FARLEYtR L GARWIN + ICERNI 
fARLEY,MASSAM,MULLERt ZJCHICHJ I CERN I 

RICHARD A LUNDY 
S PARKER, S PENMAN 
·BABAEV,BALATStKAFTANOV,LANDSBERG + 
G.MCD.BINGHAM 
+CAB I BBO t F I DECARO, MASS AM, MUlLER+ 
DICK ,FEUYRA IS, SPIGHEL 

IEFJI 
IEFII 

I ITEPJ 
ILRLJ 

CCERNJ 
CCERNI 

-M ECKHAUSEtT A FILJPPAS + ICARNEGIEJ 
GERALD FEINBERG, l M LEDERMAN CCOLUMBIAJ 
S FRANKEL,W FRATJ,J HALPERN + IPENNI 
S FRANKEL ,W FRAT I, J HALPERN + I PENN I 
HUTCHJNSONtMENESt PA TlACHt SHAPIRO ICOLUMBI A I 
S L MEYER,ANDERSON, BLESER, LEDERMAN+ CCOLUI 

+BOOTH,CARROLtCOURT ,DAVIES, EDWARDS+ ILIVPJ 
+DICK ,FEUYRAI S,HENRY,MAC-Q, SP IGHEL CCERNI 
+HEJNTZEtOE RUJULAtSOERGEl ICERNI 
GUR EYJCH,MAKARIYNA+ (KURCHATOV, MOSCOW I 
PONTECORVO, SUL YAEV I MOSCOW I 
5 PARKER,H L ANDERSON,C REY IEFIJ 

J PEOPLES 
+OICAPUA, NEMETHY, STRELZDFF 
GUR EVJCH,MAKARIYNA, MI SHAKOVA+ 
D H SCHWARTZ 
B A SHERWOOD 

I COlUMBIA J 
ICOLUI 

CKURCHATOVI 
IEFJI 
IEFII 

I CERN I 
ICERNJ 

(EFI I 

+BARTL,VON BOCHMANN,BROWN,FARLEY+ 
+8ARTLtVON BOCHMANN,BROWN,FARLEY+ 
D FRYBERGER 

5 DERENZO IEFJI 
+HOFER, MAGNCN, STOWEll, SWANSON+ (CHI CAGOJ 
+SCHRANK,SWANSON ISTAN+UCSB+UCSOI 
+PARKER ,LANGENBERG I PRI N+UCI +PENN I 
+AMATQ,CRANE,HUGHES ,MOBLEY+ IYALEI 
+ROTHBERG, SCHENCK, WILL JAMS+ CWASH+LRL I 
HUTCHINSON, lARSON, SCHOEN,SOBER,+ ( PPAJ 

+CASPERSON,CRANE, EGAN, HUGHES+ 
+MC INTGRE ,MAGNON, STOWEll, SWANSON+ 
DEVOE, MC I NT GRE ,MAGNON, STOWELL+ 
+MCINTYRE, STOWELL, T ELEGDJ, DEVOE+ 
KOR ENCHENKOt KOST IN, MIC ELMACHER+ 
KORENCHENK0 1 KOSTIN, MJCELMACHER+ 

CYALEI 
lCHICAGOJ 
CCHICAGOI 
CCHICAGOJ 

IJINRI 
(JINRI 

CROWE 72 PR OS 21-\5 +HAGUE,ROTHBERG,SCHENCK+ ILBL+WASHJ 
WILLIAMS 12 PR 06 737 R W WILLJAMS,O L WILLIAMS CWASHINGTONI 
COHEN 73 J.PHYS.CHEM.REF.DATA 2, P.663t E.R.COHEN,B.N.TAYLOR 
DUCLOS 13 PL 478 491 +MAGNON,PICARO ( SACU 
EJCHTEN 73 PL 468 281 +DEOEN+C AACH+BELG+C ERN+EPOL+MI lA+LALO+LDUC I 

BALANOIN 74 JETP 40 811 
POUTISSO 74 NP 880 221 
BAILEY 75 Pl 55B 420 
CASPERSO 75 PL 598 397 
KORENCHE 76 JETP 43 1 

BAILEY 77 PL 678 225 
DR 77 PL 6B8 191 

CASPERSO 77 PRL 38 956 
DEPOMMJE 17 PRl 39 1113 

FISHER 
ASTBURY 
DEVCNS 
LATHROP 
LATHROP 
REITER 
TELEG01 

59 PRL 3 349 
60 ROCH CONF 60 542 
60 PRL 5 330 
60 NC 11 109 
60 NC 17 114. 
60 PRL 5 22 
60 ROCH CONF 60 713 

CHARPAK 61 PRL 6 128 
HUTCHINS 61 PRL 7 129 
SHAPIRO 62 PR 125 1022 
FAIRLEY 66 NC 45A 2B1 

+GREBENYUK,ZINOV ,KONINt PONOMAREV ( JJNR J 
POUT I SSOU,FELAWKA, I NGRAJIII + IMONT+BRCOI 
+BORER+ I C ERN+OAR E+B ERN+ SHE F+ MANZ+RMC S+B I RM I 
CASPERSONtCRANE+ ( YALE+LASL+HEI D+BERN+WYOM) 
KORENCHENKO,KOSTIN, MITSEU4AKHER+ I JINRJ 

+BORER+ (CERN+ DAR E+B ERN+SHEF +MAN Z +RMC S+BJ RM I 
•BORER+/ C.ERN+OAR E+B ERN+SHEF+MANZ +RMC S+B I RM 
CASPERSON ,CRANE+ I B ERN+HE I D+LASl+WYOM+YALE I 
()EPOMMJ E RwMART IN+ C MONT +8RCO+TRIU+V I CT +MEL8 I 

PAPERS N(IT REFERRED TO IN DATA CARDS 

FISHER ,l EONT IC, LUND BY, MEUNIER, STROCT (CERN I 
ASTBURY,HATTERSLEY,HUSSAIN + ILIVERPOOLJ 
DEVONS,G lDAl, LEDERMAN, SHAPIRO ICOLUMBJA I 
J LATHROP,R A LUNOY,V l TELEGOI + IEFIJ 
J LATHROPtR A lUNOYrS PENMAN+ CEFJJ 
REITER,ROMANOWSKI ,SUTTON + CCARNEGIEJ 
V l TELEGOI fCERNI 

CHARPAK,FARLEY 1 GARWJN,MULLER,SENS + (CERN) 
0 P HUTCHINSON, J HENES + fCOLUM8 1A I 
G SHAPJRO,l M LEDERMAN CC.OLUP481AJ 
FAIRLEYtBAJLEY,BROWN,GIESCH + tCERNI 

10/69 

I0/69 

10/69 

10/69 

10/69 
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Data Card Listings 
For notation, see key at front of Listings. ,. 

VOSSLER 
RICH 
_COMBLEY 

69 NC 63A 423 
72 RMP 44 250 
74 PRPL 14 1 

C VOSSLER 
A RICH,J C WESLEY 
F.COMBLEY, E .PICASSO 

CEFII 
CHICHI 
CCERNI 

•••••• 0******** •••••••** ............................................ . 
•o•••• ••••••••• ••••••••• •••*••••• ********* ••••••••• ••••••••• •••••••• 

+ T-(1800) Heavy Lepton 

Since the discovery of anomalous e~ events 

(PERL 75) in e+e- collisions, the evidence for the 

existence of a new heavy lepton has steadily mounte~ 

The evidence comes primarily from anomalous two

charged-prong leptonic events (e±~+, e±x+, ~±x+) 
produced in e+e- annihilation. The production cross 

section and lepton momentum spectrum in these events 

is consistent with the hypothesis of pair production 

and leptonic decay of a charged lepton with mass 

around 1800 to 1900 MeV. The events cannot be 

explained by charm production, and no other viable 

hypothesis has been forthcoming. We refer the 

reader to the excellent reviews of FLUGGE 77 and 

PERL 77 (see T± reference section) for discussions 

of this evidence. 

we now treat the T± as an established particle 

and enter it into the Stable Particle Table along 

with the e and ~. 

In the Data Card Listings below we list the 

published measurements of T± pr,operties as well as 

those of its associated neutrino v,, assumed to 

exist if the T is a sequential lepton. 

For information about searches for heavy 

leptons of other types, see the Particle Searches 

section at the end of the Stable Particle Data 

Card Listings. 

36 TAU NEUTRINO 

NOT YET ESTABLISHED. 
OMITTED FROM TABLE. 

36 TAU NEUTRINO MASS (MEV) • 

p 144 600. OR LESS CLc.95 PERL 77 SHAG E+E-3.&-7.8GEY ECM 
740. OR LESS C.Lc.90 BRANDELIK 78 DASP ASSUMES V-A DECAY 

(540.) OR LESS CL=.90 BRANOELIK 78 DASP ASSUMES Y+A DECAY 
PERL 77 IS E+E- TO TAU+ TAU- EXPT. VALUE QUOTED ASSUMES Y-A DECAY 
AND TAU MASS=l900 MEV. 

•••••• •••*••••• .................. •••••**** •••••••••••••••••••••••••• 

PERL 77 PL 708 487 
BRANOELI 78 PL 73B 109 

REFERENCES FOR TAU NEUTRINO 

+FELOMAN,ABRAMS, ALAM,BOYARSKI+ I SLAC+LBL I 
BRANDELIK + CAACH+DESY+HAMB+MPIM+TOKYJ 

****** ................................................................. . 
*•**** *•••••••• •••••**** ........................................... . 

35 TAU+-Il800tJ•l/ZJ HEAVY LEPTON 

E+E- -> TAU+TAU- CROSS SECTION THRESHOLD BEHAV·JOR 
AND MAGNITUDE CONSISTENT WITH POINTLIKE SPIN 112 
DIRAC PARTJC.LE. BRANDELIK 78 RULES OUT POINTLIKE 
SPIN 0 OR SPIN 1 PARTICLE. 

12177• 
3178• 
317B• 

12177• 
12177* 



, 
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Data Card Listings 
For notation, see key at front of Listings. 

35 TAU MASS IMEVl 

M p 6411800.1 1200.1 PERL 75 SHAG INCL. IN PERL 77 2/78* 
M 8 220(1910.1 130.1 BURMESTl 77 PLUl ASSUMES V-A DECAY 12177* 
M 8 22011790.) 170.) BURMESTl 77 PLUT ASSUMES V+A DECAY 12111• 
M p 144(1900.1 1100.) PERL 77 SlUG E+E- 3.8-7.8GEV ECM 12/77* 
M 1807. 20. BRANDELJK 78 DASP E+E- 3.1-5.2GEY ECM :3/780 
M BURMESTER 17 MASS VALUE ARE FROM EVENTS CONTAINING MU+- PLUS ONE 12/770 
M OTHER PRONG, ORIGINATING FROM E+ E- ->TAU+ TAU-. THE.MASS 12/77* 
M VALUES COME FROM A FIT TO THE SHAPE AND ECM DEPENDENCE Of THE 12/77* 
M MU+- SPECTRA, ASSUMING THAT THE TAU SPIN "IS 1/2 AND ITS AS SOC 12/770 
M NEUTRINO HAS M=O. . 12177* 
M PERL 77 VALUE COMES FROM E+ E- TO E+- Mu-+ AND NO OTHER DETECTED 12177* 
H PARTICLES. ASSUMES V-A COUPLING AND ZERO MASS FOR ASSOC NEUTRINO. 12177* 

Pl 
P2 
P3 

•• P5 

•• P7 
P8 

•• PlO 
Pl9 

35 TAU PARTJAL DECAY MODES 

TAU+- INTO MU+- NEUfMUJ NEUUAUJ 
TAU+- INTO E+- NEUCEJ NEUITAUJ 
TAU+- INTO E+- GAMMA(SJ 
TAU+- INTO MU+- GAMMAISJ 
TAU+- INTO E+- CHARGED PARTICLES 
TAU+- INTO MU+- CHARGED PARTICLES 
TAU+- INTO HADRON+- NEUTRALS 
TAU+- INTO 3 HADRONS+- NEUTRALS 
TAU+- INTO NEUITAUJ RHOO PI+
TAU+- INTO K+- NEUTRALS 
TAU+- INTO UNMEASURED MODES H. - MEAS.MODESJ 

FITTED PARTIAL DECAY MODE BRANCHING FMCTIONS 

DECAY MASSES 
105+ 0+ 0 

.5+ 0+ 0 

.5+ 0 
105+ 0 

139+ 0 
139+ 139+ 139+ 

0+ 776+ 139 
493+ 0 

The matrix below is derived from the error matri.Jr: for the fitted partial decay mode 

branching fractions, P 1, as follows: The diagonal elements are Pi::t:6P
1
, where 

6Pi = V(6P16P1), while the off-diagonal elements are the~ correlation coefli

cients (6P16Pj)/(6P1 • 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 t. 

P1 P2 P7 P8 PI9 
P 1 .1751t+-.Ol73 
P 2 -.OJOZ .1191+-.0284 
p 7 o. o. .3302+-.0952 
p 8 o. o. o. .3500+-.1100 
P19 -.1142 -.1891 -.6381 -.7373 •.035+-.1492 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

TAU+-
220 
220 

35 TAU BRANCHING RAT lOS 

INTO UIJ+- NEUIMUJ NEUCTAUUITOTAL IPlJ 
0.15 0.03 BURMESTl 77 PLUT ASSUMES V•A DECAY 

10.19) (0.04) BURMESTl 77 PLUT ASSUMES V+A DECAY 
0.175 0.040 '.PERL 77 SMAG E+E• TO MU+- X-+ 
0.22 o.to 0.07 CAVALLI SF 77 SPEC E+E- "TO MU+- X-+ 

0.023 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.OJ 

12177• 
12177• 
121770 
1/78* 

Rl 
AVG 
STUDENT 
FIT 

0.164 
0.163 
0.175 

0.025 AVERAGE USING STUDENT10(HI1.11J - SEE MAIN TEXT 
Rl 

R2 
R2 
R2. 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 

R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 

•• •• •• 
RS 
R5 

0.011 .FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.0) 

TAU+- INTO IL+- NEUIU NEUITAUIJITOTAL SQRTIPI*P2J 
WHERE L MEANS E OR MU. EQUALITY OF E AND MU MODES IS ASSUMED. 

P 105 0.17 0.06 0.03 PERL 76 SMAG 
8 144 0 .. 186 0.030 PERL 77· SMAG 
B 21 0.224 0.055 BARBARD-G 77 SHAG 
B 13 0.182 0.031 BRANDELIK 78 DASP ASSUMES V-A DECAY 

8 13 10.2061 (0.036) BRANOELIK 78 OASP ASSUMES V+A DECAY 
8 WE HAVE COMBINED STATISTICAL AND SYSTEMATIC ERRORS QUADRATICALLY. 
P ASSUMES V-A COUPLING, TAU MASS=J.8 GEVt TAU NEUTRINO MASS=O. 
8 ASSUMES V-A COUPLING, TAU MASS .. l.9 GEVt TAU NEUTRINO MASS=O. 

3177• 
121770 
11/770 
3/78* 
3178* 
3/78• 

AVG 
STUDENT 
FIT 

0.186 
0.186 
0.177 

• O.Cn9 
0.020 
0.016 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTIOIHIJ.llJ - SEE MAIN TEXT 

FROM FIT CERROR INCLUDES SCALE FACTOR OF 1.0) 

TAU+- INTO E+- NEUIEJ NEUITAUI/MU+- NEUIMUI NEUfTAUJCP2JifPLJ 
PREDICTED TO BE 1 FOR SEQUENTIAL LEPTON, 2 FOR PARAELECTRON, 
AND 1/2 FOR PARAMUON. 
21 0.92 0.37 
21 10.671 co.z81 
18 0.92 0.32 

BURMEST2 77 PLUT ASSUMES V-A DECAY 
BURMEST2 77 PLUT ASSUMES V+A DECAY 
BRANOELIK 78 DASP E+E- 3.1-5.2GEV ECM 

AVG 0.92 0.24 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

12177* 
12/77* 
3178* 

STUDENT 0.92 0.26 AVERAGE USING STUOENTlOIH/1.111 -- SEE MAIN TEXT 
FIT 1.02 0.19 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

TAU+- INTOIE+- GAMMAISJ + MU+- GAMMAIS)JJTOTAL IP3+Pitl 
8 0.12 OR LESS CL•.90 BURMEST2 77 PLUT E+E- 4-5 GEV ECM 
8 ASSUMES SAME MU,E MOM. SPEC. AS IMU E + NOTHING DETECTEDI. 

TAU+- INTO(E+- CHARGED PRONG + MU+- CHARGED PRONGJITOTAL IPS+P6J 
O.Oit OR LESS CL•.90 BURMEST2 77 PLUT E+E- lt-5 GEV ECM 

12/77* 
12177• 

12177• 

Stable Particles 

RIO TAU+- INTO ALL UNMEASURED MODES I TOTAL IP19) 
RIO THIS IS JUST c 1.-ISUM OF ALL MEASURED MOOESJ FROM FIT 
RIO • • • • • • .. • • 
RIO FIT -0.03} 0.15 FRGM FIT 

: ......................... •••••••*• .................................. . 

PERL 75 PRL 35 1489 
PERL 76 PL 638 466 
BARBARO- TI PRL 39 1058 
BRANDEL 1 77 PL 708 125 
BURMESTl ·17 PL 688 297 
BURMEST2 77 PL 688 '301 
CAVALLJS 77 LNC 20 337 
PERL 11 PL 708 487 
ALEXANOE 78 PL 73B 99 
BRANDELI 78 Pl 13B 109 

REFERENCES 'FOR TAUI 1800) HEAVY LEPTON 

+ABRAMS ,BOYARSKI, BREIDENBACH + I L8L+SLAC J 
+FELDMAN,ABRAMStALAM,BOYARSKJ + ISLAC+LSU 
BARBARG-GAL T JERI+ ILBL+NWES+SLAC+HAWAJ 
BRANOELJK + (AACH+DESY+HAMS+MPIM+TOKYI 
BUR"1ESTER,CR I EGEE + I DESY+HAMB+S I EG+WUPG J 
BURMESTER,CRIEGEE + (OESY+HAMB+SIEG+WUPG) 
CAVALLI-SFORZA,GOGGI + ' CPAVI+PRIN+UMOJ 
+FELOMAN,ASRAMSt ALAMtSOYARSKI+ lSLAt+LBL I 
ALEXANOE R,CR IEGEE+ ( OESY+AACH+S JEG+WUPGJ 
SfiANOELlK + IAACH+OESY+HAMB+MPIM+TOKYJP 

REVIEWS 

PERL2 77 HAMBURG SYMP. ALSO ISSUED AS SLAC-PUB-2022, M.PERL ISLAC) 
FLUGGE 77 MESON CONF;.BliSTON ALSO ISSUED AS DESY 77-~5, G.FLUGGE ·fOESYJ 

•••••• •••••••*• ••••••••• •o•~••••• .••••••••• ••••••••• •••••o••• •*•••••• 
****** •••••••~• •••••••** ••••••••• ****·***** ••••••••• ••••••••• •••••••• 

8 CHARC,.EO PJONUitO,JPG,.D--1 1•1 

8 CHARGED PION MASS CMEVI 

139.37 0.20 CROWE 54 tNTR -
139.68 o.l5 BARK AS 56 EMUL + 

s (139.5771 (0 .. 0131 SHAFER 67 CNTR - MESONJt ATOMS 

• ( 139.549) t0.008J BACKENSTO 11 CNTR - MESONIC· ATOMS 

" s 139.566 0.013 SHAFER 72 CNTR - MESONJC ATOMS 
M 8 139.569 o.008 BACKENSTO 73 CNTR - MESONJC ATOMS 
·M 139.571 0.010 BRANDAOOO 76 CNTR - MESONIC ATOMS 
M 139.5686 0.0020 CARTER 76 CNTR - MESONIC ATOMS 
M M 139.5667 o.oo21t MARUSHENK 76 CNTR - MESONIC ATOMS 
M D (139.56521 (0.0019) OAUM 16 SPEC + PI+ --> MU+ NEU 
M s SHAFER 72 UPDATES SHAFER67 WITH NEW ALPHA AND NEW CALIS. LINE ENER. 
M • BACKENSTOSS 73 CGRRECTS BAtKENSTOSS 71 WITH NEW VACUUM POL. CALC. 

" M THIS MARUSHENKO 76 VALUE USED AT AUTHORS REQUEST BECAUSE IT USES 

" " ACCEPTED SET Of CALIBRATION GAMMA ENERGIES. ERROR INCREASED FROM 
M M .0017 TO INCLUDE QED CALC • ERROR OF .0017 Cl2 PPMJ • 
M 0 OAUM 78 VALUE DEPENDS ON ASSUMED MU+ MASS MIMUJ=I05.65948+-.00035 • 
M 0 ENTERs· OUR FIT VIA PJ-MU MASS OIFF. BELOW WHICH IS INOEP. Of M(MUI. 
M 
M AVG 139.5619 o.oots AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

6/68 
10/71 

1173 
1173 
1178* 
6111* 

12177* 
2178* 
1173 
1173 
3/78:0 
3178*-
3/78* 
217B• 
2178• 

M STUDENT 139'.5679 o.oot6 AVERAGE USING STUOENT101HI1.1U - SEE MAIN TEXT 
M FIT 139.5669 

34.00 
33.89 

.145 33.881 
33~925 
33.9057 

AVG 33.9058 

0.0012 FROM FIT (ERROR INCLUDES SCALE FACTOR OF t.OJ 

8 IPI+J - CMU+J MASS DIFFERENCE (MEVJ 

o.076 
0.076 
o.o35 
o.025 
0.0919 

BARKAS 
BARKAS 
HYMAN 
BOOTH 
OAUM 

56 EMUL 
56 EMUL 
61 HEBC + K-HE 
TO CNTR +MAGNETIC SPECT. 
78 SPEC + SEE NOTE D ABOVE 

0.0019 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

2/78• 

2171 
2171 
2/78* 

0 
0 
0 
0 
0 
0 
0 
0 
0 

STUDENT 33.9058 0.0020 AVERAGE USING STUOENTLDIH/l.llJ -- SEE MAIN TEXT 
FIT 33.9014 0.0012 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 2178* 

8 tCPI+l- IPI-)1/AVG., MASS DIFFERENCE IPERCENTI 

OM 0.02 o.o5 AYRES 71 CNTR 

8 CHARGED PION MEAN LIFE IUNITS 10**-91 

T 25.6 0.5 0.5 CROWE 51 RVUE 
T 25.6 0.8 0.8 ANDERSON 60 CNTR 
T 8000 25.46 0.32 0.32 ASHKIN 60 CNTR + 
T 26.02 0.04 ECKHAUSE 65 CNTR + 
T 25.6 0.3 BARDON 66 CNTR 
T 25.9 0.3 OUNAITSEV 66 CNTR 
T N 126.40) (0.08) KINSEY 66 CNTR + 
T N SYSTEMATIC ERRORS IN CALIBR.JN THIS EXP.OJSCUSSED BY NORDBERG 67 
T 26.67 0.24 LOBKOWJCZ 66 CNTR 
T -26.04 0.05 NORDBERG 67 CNTR + 
T 26.02 0.04 AYRES 11 CNTR +-
T 26.09 0.08 OUNAJTSEV 73 CNTR + 
T 

3/71 

9/66 
6/66 
6/68 
6/66 
8/67 
9/66 
8/67 
3/71 
3174 

AVG "'26.030 
STUDENT 26.028 

0.023 
o. 025 

0.023 AVERAGE (ERROR INCL. SCALE FACTOR OF 1.01 
0.025 AVG BY STUOENTlOIH/1.11) -SEE MAIN TEXT 

8 (IPI+I- IPI-IJ/AVG., MEAN LIFE DIFF. IPERCENTJ 

R5 ASSUMES SAME MUtE MOM. SPEC. AS IMU E + NOTHING OETECTEOJ. 12177* OT N "THIS QUANTITY IS A MEASURE OF CPT JNVARIANCE IN W.J. 

•• R6 
R6 

•• R6 

•• •• •• 
R7 
R7 
R7 

R8 
R8 
R8 
R8 
R8 

•• •• 

TAU+- INTO CHADRON+- NEUTRALS)/(TOTAU IP7J 11177* 
11 177• 

3/781Ct 
3178* 

19 0.45 0.19 BARBARD-G 77 SHAG 

AVG 
STUDENT 
FIT 

0.29 O.ll BRANDELIK 78 DASP ASSUMES V-A DECAY 
I0.21J 10.101 BRANDELIK 78 DASP ASSUMES V+A DECAY 

0.330 
0.33 
0.330 

0.095 
0.10 
0 .. 095 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF J.OJ 
AVERAGE USING STUOENTlO(H/1.111 -- SEE MAIN TEXT 

FROM FIT CERROR INCLUDES SCALE FACTOR OF 1.01 

or 0.23 0.40 LOBKOWICZ 66 CNTR SEE NOTE L 
or L 
or 

ABOVE IS THE MOST CONSERVATIVE VALUE QUOTED BY AUTHORS 
9/66 
9/66 
7166 
8/68 
3171 

or 
or 
or 
DT AVG 
DT STUDENT 

O.l't o. 7 BARDON 66 CNTR 
-O.ll't 0.29 PETRUKHIN 68 CNTR 

0.055 0.011 AYRES 11 CNTR 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.0) 
AVERAGE USING STUOENT10CH/1.11J -- SEE MAIN TEXT 

TAU+- INTO IK+- NEUTRALSIJTOTAL f-PIOJ --- ------ -------- -----.... ------- ----- ------ ---
8 SMALL . BRANOELIK 77 OASP 3.6-5.2ECM E:H- 1178* 
8 BRANDELIK 77 FINDS 0.07+-0.06 K+- PER EVT IN E+E- -> E+- PRONG-+. 1/780 8 CHARGED PION PARTIAL DECAY MODES 

TAU+- INTO 13 HADRONS+- NEUTRALSJITOTAL ( P8J DECAY MASSES 
0.35 0.11 BRANDELIK 78 OASP ASSUMES V-A DECAY 3178* 

(0.38) CO.UJ BRANDELIK 18 OASP ASSUMES V+A DECAY 3/78• 
Pl CHAR. PION INTO MU I MU-NEU J 105+ 0 
P2 CHAR. PION INTO E I E-NEUI .5+ 0 
P3 CHAR. PION INTO MU IMu-NEUJ GAMMA 105+ O+ 

FIT 0.35 0.11 FROM FIT (ERROR INCLUDE.S SCALE FACTOR OF 1.01 •• CHAR. PION INTO PJO E IE-NEUJ 134+ .5+ 

TAU+- INTO CNEU RHOD PI+-I*IE+- NEU NEUJ CP9J*IP2J 
P5 CHAR. PION INTO E NEU GAMMA .5+ o+ 
P6 CHAR • PION INTO E NEU E+ E- .5+ O+ .5+ .s 

A 0.0083 0.0033 ALEXANDER 78 PLUT E+E- 4-5 GEV ECM 3178• 

•• A THIS IS AVG. OF .TH3IR TWO VALUESCT8L 11 WITH 30PCT SYST. ERR. INCL. -- ------ ------ ------- --------- ----- ------- --------



so 

Stable Particles 
11"±, 11"0 

8 CHARGED PION BRANCHING RATIOS 

CHAR. PION INTO HU NEU GAMMA WHITS 10**-41 tP3l/iPll Rl 
Rl 26 1.24 0 .. 25 C.ASTAGNOL 58 EMUL ECMU).LT .3.38 MY 

R2 
R2 
R2 0 
R2 0 
R2 0 
R2 

CHAR. PION INTO E NEU (UNITS I0•*-41 tP2)/(Pl) 
1.21 0.07 ANDERSON 60 CNTR 

(1.2471 (0.0281 01 CAPUA 64 CNTR 
BRYMAN 75 RYUE 1.27lt 0 .. 024 

BRYMAN 75 IS A RECALC. OF DICAPUA 6"' EXPT USING LATEST PI LIFETIME. 

11175 
9175 
9175 

R2 AVG 
R2 STUDENT 

1.267 
1.268 

0 .. 023 
0.025 

AIIERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTIOIH/1.111 - SEE MAIN TEXT 

R3 CHAfo:. 
R3 0 52 
R3 D 36 
R3 0 38 
R3 0 
R3 0 43 
R3 332 
R3 

PION INTO PIO E NEU 
(1.15~ 1.22). 
0.97 0.20 
1 .. 07 0.21 
1.10 0.26 
1.1 o.z 
t.oo o.o8 

(UNITS 10**-81 tPiti/HlJ 
OEPOMMil 63 CNTR + 
BARTLETT 64 OSPK + 
BACASTOW 6 5 OSPK + 
BERTRAM 65 OSPK + 
OUNAJTSEV 65 CNTR + 

0.10 OEPOMMIER 68 CNTR + 

R3 AVG 1.023 0.069 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

2172 

6166 
7/66 
3/68 

R3 STUDENT 1.023 0.074 AVERAGE USING STUOENTlO(H/l.lU -- SEE MAIN TEXT 
D DEPOMMIER 68 STATES THAT THE RESULT OF OEPOMMIER 63 IS AT LEAST 2172 
0 10 PERCENT TOO LARGE BECAUSE OF A SYSTEMATIC ERROR IN THE PJO 2/72 
D DETECTION EFFICIENCY. THIS MAY BE TRUE Of All THE PREVIOUS 2/72 
D MEASUREMENTS ACCORDING TO DEPOMMIER 68 AND Y.,SOERGEL, PRIVATE 2/72 
0 COMMUNICATION, 1972. 

•• •• •• •• 

CHAR. PION INTO E NEU GAMMA (UNITS 10** .. 8) IPSJ/tPl) 
E 143 2.15 0.5 OEPOMM12 63 CNTR + GAM KE 5G-90 MEV 
E DEPOMMIER 63 VALUE IS CORRECTED FOR THE LATEST VALUE OF THE PIO 
E LIFETIME 10.828+:-0.057 E-161. SEE FOOTNOTE 10 OF DEPOMMIER 7'7 • 

R5 
R5 
R5 

CHAR. PION INTO E NEUE+ E- (UNITS 10**-81 IP6)/1Pil 
3.4 OR LESS CL .... 90 KORE~HEN 71 OSPK + 
0 .. 48 OR LESS CL=.90 KORENCHEN 76 SPEC + ..................................................................... 

CROWE 54 PR 96 470 
8ARKAS 56 PR 101 778 
CROWE 57 NC 5 541 
CASTAGNO 58 PR 112 1179 

ANDERSON 60 PR 119 2050 
ASHKIN 60 NC 16 490 
OEPOMMll 63 PL 5 61 
DEPOMMI2 63 PL 1 285 

ALSO 77 PRL 39 1113 
BARTLETT 64 PR 1368 1452 
OI CAPUA 64 PR 133B 1333 

BACASTOW 65 PR 139 8407 
BERTRAM 65 PR 139 8 617 
OUNAITSE 65 JETP 20 58 
ECKHAUS E 65 PL 19 348 

BARDON 66 PRL 16 775 
OUNAITSE 66 Pl 23 283 
Kl NSEY 66 PR 144 1132 
LOBKCWI C 66 PRL 17 548 

HYMAN 67 PL 258 376 
NORDBERG 67 Pl 248 591t 
SHAFER 67 PR 163 1451 

ALSO 65 PRL 14 923 

OEPOMMJE 68 NP B4 189 
PETRUKHI 68 JINR-Pl-3862 
BOOTH 70 Pl 32B 723 
AYRES 71 PR 3D 1051 

ALSO 67 PR 157 1288 
ALSO 68 PRL 21 261 
ALSO 69 UCRL-18369 
ALSO 69 PRL 23 1267 

BACKENST 71 PL 368 403 
ALSO 70 THESIS 

KORENCHE 71 SJNP 13 189 
SHAFER 72 PRIVATE COMM. 
BACKENST 73 PL 43B 539 

ALSO 73 SUBMITTED TO NP 
DUNAITSE 73 SJNP 16 292 

BRYMAN 75 PR 011 1337 
BRANDAOO 76 ZNAT 31A 1150 
CARTER 76 PRL 37 1380 
KORENCHE 76 JETP <\4 35 
MARUSHEN 76 JETPL 23 72 

ALSO 76 PRIVATE COMM., 
ALSO 78 PRIVATE COMH. 

OAUM 78 Pl - TO BE PUBL. 

MERRISON 62 AOVP 11 1 
SHAPIRO 62 PR 125 1022 
CliRR 63 PR 130 341. 

REFERENCES FOR CHARGED PION 

K M CROWE,R H PHILLIPS ILRLI 
W H BARKAStW BIRNBAUJIIIt F M SMITH CLRLI 
K M CROWE (StANFORD HEPLI 
C CASTAGNOlltM MUCHNIK IRO~AI 

H L ANDERSONtT FUJJl,R H MillER+ IEFU 
ASHKJN,FAZZINJ,FIDECARO,ll PMAN + I CERN I 
OEPOMM IER,HEJ NTZE, RUBBI A, SOERGEL I CERN I 
P OEPOMMIER,HEINTZEtRUBBJA,SOERGEl (CERN) 
OEP OMMJ E R t MART IN+ I MONT +BRCO+ TR IU+V I C T +MEL 8 I 
BARTLETT ,OEVONStMEYER,ROSEN I COLUMBIA) 
0 I CAPUA, GARLAND, PONOROM,STRELZDFF C COLU I 

+GHESQUI ERE,WIEGAND,LARSEN tLRL+SLAC I 
BERTRAM,MEVER,CARRIGAN+ IMJCH+CARNEGIE I 
OUNAITSEV,PETRUKHINtPROKOSHKIN + CDUBNAI 
ECKHAUSEtHARRJS,SHULER+ IWILLIAM AND MARY) 

BARQON,OORE,OORFAN, KRIEGER + ICOLUMBIAI 
+KUTVINt PROKOSHKIN, RASUVAEV,SlMONOV IDUBNAI 
KlNSEY,LOBKOWICZtNOROBERG IROCHESTER UNIVI 
LOBKOWICZ 1 MELISS INOS tNAGASHl MA+ I ROCH+BNL I 

+LOKEN, PEWJ TT tDERR ICK + I ANL +CARN+NWES I 
NORCBERGt LOBKOWICZ, BURMAN (ROCHESTER UN lVI 
ROBERT E. SHAFER CLRLI 
SHAFER,CROWE,JENKINS ILRLI 

OEP OMM IE R t DUCLOS, HE l NT Z E t KlEINKNECHT +t CERN I 
PETRUKHJ N, RYKAL INtKHAZ INS, CISEK I DUBNA I 
+JOHNSONtWllllAMS,WDRHALO IL:JVPI 
+CORMACK ,GREENBERG, KENNEY + ILRL,UCSBI 
AYRES tCALOWELlt GREENBERG, KENNEY' KURZ+ ( LRL I 
AYREStCORMACK t GREENBERG, KENNEY+ ILRL ,UCSB I 
DAVID S AYRES ITHESISI ILRLJ 
GREENBERG, AYRES, CORMACK, KENNEY+ ILRL ,UCSB I 

BAtKENSTOSS ,OANI EL, KOCH+ ICERN,KARL ,HEIDI 
C • VON OER HALSBURG I HEIDELBERG I 
KORENCHENKO,KDST lNt MICELMACHER+ I JlNR 1 
R. SHAFERt 1972 IFNALI 
BACKENSTOSS ,OANJElt KOCH+ ICERN+KARL+HUNICHI 
L. TAUSCHER 
OUNAITSEV,PROKOSHKI N,RAZUVAEV+ I SERPI 

+PICCIOTTO IUNIY OF VICTORIAI 
BRANDAO 0'0LIVERAtDANIEL,VON EGIOY+ IMUNCI 
+OJ X IT, SUNDARESAN+ I CAP.l+GNRC+CHIC+t IT I 
KOR ENCHENKO, KOST IN, MJ TSELMAKHE R+ ( JI NR) 
MARUSHENKO, MEZENTSEV,PETRUNIN+ ILENI I 
R. SHAFER IFNALI 
A. I. SMIRNOV I LEN I J 
+EATON,FROSCHtHIRSCHMANN,MC CULLOCH+ IVJLU 

PAPERS NOT REFERRED TO IN OATA CARDS 

A W MERRISON 
G SHAPIRO,L M LEDERMAN 
JOHN B CZJRR 

(LJVERPOOLI 
ICOLUM8IAJ 

ILRLJ 

•••• .,. .............................................. •••••*••• ........ . 
...... ••••••••• .......... ••••••••• ••••••••• .......... ••••••••• *"'****** 

9 NEUTRAL PIONI135,JPGs=0--1 1=1 

9 IPI+-1 - "101 MASS DIFFERENCE IMEVJ 

0 (5.37) ( 1.0) PANOFSKY 51 CNTR -
0 4.50 0.31 CHJNOWSKY 54 CNTR -
0 4.62 0.05 HADDOCK 59 CNTR -
0 4.60 0.04 HillMAN 59 CNTR 
0 4.55 0.07 CASSELS 59 CNTR 
0 4.69 o .. o1 SAHIOS 60 HBC 
0 4.6056 0.0055 CZIRR 63 CNTR 
0 4.59 0.03 PETRUKHI N 63 CNTR -
0 ~.6034 0.0052 VASILEVSK 66 CNTR -
0 
0 AVG 4.6043 o. 0037 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

12177• 
12177* 
12177* 

10/71 
1178* 

2172 

9/66 

0 STUDENT 4.6043 0.0040 AVERAGE USING STUDENTIOIH11.11) - SEE MAIN TEXT 

Data Card Listings 
For notation, see key at front of Listings. 

9 NEUTRAL PION MEAN liFE IUNITS 10**-16) 

N 76 11.9) 10.51 10.51 GLASSER 61 EMUL 
N 45 12.31 11.11 Cl.OJ TIETGE 62 EMUL 
N 88 (2.81 10.91 10.9) KOLLER 63 EMUL SEE STAMER 66 

1.05 0.18 0.18 VON OARDE 63 CNTR 
75 u.n 10.5) SHWE 64 EMUL 

0.730 0.105 BELLETTIN 65 CNTR 6/66 
N 67 Cl.6) (0.61 (0.,5) EVANS 65 EMUL 6/66 

K 232 1.0 0.5 STAMER 66 EMUL 8/67 
0.56 0.06 BELLETTJN 70 CNTR PRJM.EFF. ON NUC 7170 
0.9 0.06B KRYSHKIN 70 CNTR PRIMAKOFF EFFECT 12170 

8 o .. a2 0.04 BROWMAN 74 CNTR PRJMAKOFF EFFECT 7175 
N OLD EMULSION MEASUREMENTS NOT USED BECAUSE OF POSSIBLE SYSTEMATIC 
N SHIFT TO lARGER MEAN liFE VALUES. 

K INCLUDES EVENTS OF KOLLER 63. 8/67 
8 BROWMAN GIVES PJO WJDTH=8.02+-.42EV. MEAN LIFE IS HBAR/WIOTH. 11175 

AVG 0.828 0.057 0.053 AVERAGE IERROR INCL. SCALE FACTOR OF l.BI 
STUDENT 0.835 0.038 0.035 AVG BY STUDENT101HI1.111 -- SEE MAIN TEXT 

I SEE 1 OEOGRAM BELOW I 

~EIGHTED RUERRGE = 1.207 ~ 0.080 
ERROR SCRLED BY 1.8 

· ·BRD~MRN 74 CNTR 
·KRYSHKIN 70 CNTR 
·BELLETTIN 70 CHTR 
·STRMER 66 EMUL 
·BELLETTIH 65 CHTR 
·UON DRRDE 63 CHTR 

CHISQ 
o.o 
1.3 
8.9 

0.7 
_1.:.1..... 
13.2 

!CDHLEU 
0 2 3 =0.0101 
HEUTRRL PI DECRY RRTE!UHITS 10••16SEC-1J 

9 NEUTRAL PION PARTIAL DECAY HODES 

DECAY MASSES 
PI PIO INTO 2GAMMA 0+ 0 
P2 PIO INTO E+ E- GAMMA ... .5+ 0 
P3 PIO INTO 4ELECTRONS .5+ .5+ .5+ .5 

•• PIO INTO 3 GAMMA 0+ 0+ 0 
P5 PIO INTO 4 GAMMA 0+ 0+. 0+ 
P6 PIO INTO E+ E- .5+ .5 

9 NEUTRAL PI ON BRANCHING RAT I OS 

Rl PIO INTO IGAMMA E+ E-lft2GAMMAI (PERCENT) IP2JICP1J 
Rl 11.196) THEORET • CALC. JOSEPH 60 QUANTUM ELECT • 9/66 
Rl 27 1.11 0.15 BUOAGOV 60 HBC 
Rl ~071 1 .. 166 0.047 SAMlOS 61 HBC PI-P tO PJO N 
Rl S SAMIOS VALUE USES PANOFSKY RATIO = 1.62 
Rl 
Rl AVG 
R1 STUDENT 

1.166 
1.166 

0.045 
0.048 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.0) 
AVERAGE USING STUOENTlOIH/1.11) - SEE MAIN TEXT 

R2 
R2 
R2 

PIO INTO 13 GAMMAI/12 GAMMA) (UNITS 10**-61 IP4Jf(Pl) 
0 5.0 OR LESS CL ... 90 DUCLOS 65 CNTR 

5.0 OR LESS CL=.90 KUTIN 65 CNTR 

., 
R3 
R3 

PIC INTO IE+E+E-E-1112 GAMMAI IUNITS 10**-51 CP3l/(PU 
146 '3.18 0.30 SAMIOS 62 HBC SEE NOTE N BELOW 

QUANTUM ELECT. 3.28 THEORET. CALC. MIYAZAKI 73 
R3 N ABOVE VALUE USES PANOFSKY RATIO = 1.62 

•• R4 
PIO INTO 14 GAMMAII(2 GAMMA) tUNJTS 10**-51 IP51/(Pll 

0 6.1 OR LESS CL=.90 ABRAMS 73 ASPK 

R5 PIO INTO IE+ E-IITOTAL IUNITS 10**-61 IP61/(Pl) 
R5 0 2.0 OR LESS CL ... 90 DAVIES 74 RVUE 
R5 0 DAVIES 74 EXTRACTS THIS INFORMATION FROM BLOCH 75 K+ EXPERIMENT. ...................................................................... 
PANOFSKY 51 PR 81 565 
CHINOWSK 54 PR 93 586 
CASSELS 59 PPS 74 92 
HADDOCK 59 PRL 3 478 
HllL.'IAN 59 NC 14 887 

BUOAGOV 
JOSEPH 
SAM lOS 
GLASSER 
SAM lOS 
SAM lOS 
TIETGE 

60 JETP 11 755 
60 NC 16 997 
60 NC 18 154 
61 PR 123 1014 
61 PR. 121 275 
62 PR 126 1844 
62 PR 127 1324 

CZIRR 63 PR 130 341 
KOLLER 63 NC 27 llt05 

ALSO 66 STAMER 
PETRUKHI 63 SIENA CONF 208 
VON CARD 63 Pl 4 51 

SHWE 64 PR 1368 1839 
BEL LETT I 65 NC 40 A 1139 
OUCLGS 65 PL 19 253 

REFERENCES FOR NEUTRAL PION 

W K H PANOFSKY,R L AAMOOT,J HADLEY ILRLI 
W CHJNOWSKYtJ STEINBERGER ICOLUMBJA) 
CASSELS, JONES,MURPHY, 0 .NEILL I LIVERPOOL) 
HADDOCK, ABASHJ AN,CROWE ,CZJ RR ILRLI 
HILLMAN, H IOOELKOOP, VAMAGAT A, ZA VATTI NIICERNJ 

BUOAGOV,VlKTOR,OZHELEPOV,ERMOLOV + IJINRI 
0 W JOSEPH I EF I ) 
N P SAMIOS (COLUMBIAI 
R G GLASSERtN SEEMAN,B STILLER INRLI 
N P SAMIOS ICOLUM8IA+BNLJ 
SAM lOS, PLANO, PRCOELL + ICOLUMBIA+8NU 
J TlETGE,W PUESCHEL IMAX PLANCK JNSTI 

JOHN 8 CZIRR 
E l KOLLER,S TAYLOR,T HUETTER 

ILRLI 
I STEVENS 1 

V 1 PETRUKHIN,YU 0 PROKOSHKIN (JINRI 
VCN OAROEL, DEKKERS, MER MOO, VAN PUTTEN+I CERN I 

H SHWE,F M SMITHtW H BARKAS (lRll 
BELL ETTINI tBEMPORAO, BRACCINI+( PI SA+FJR ENZE I 
DUCLOS, FREYTAGtHEINTZE + fCERN+HEIDELBERGJ 

6166 
3/68 

6/66 
2176 

8173 
8173 

12/75 
12175 
12175 
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Data Card-Listings Stable Particles 
For notation, see key-at front of Listings~ 11'0, 1} 

EVANS 
KUTIN 

65 PR 139 8 982 D A EVANS I OXFORD I 
IJINRJ 65 JETP LETT 2 243 KUTtN,PETRUKHJN,PROKOSHKIN 

STAMER 66 PR 151 1108 
VASJLEVS 66 PL 23 281 
BELLETT I 70 NC 66A 243 
KRYSHKIN 70 JETP 30 1037 

ABRAMS 73 PL 458 66 
MIYAZAKI 73 PR D8 2051 
BROWMAN 74 PRL 33 1400 
DAVIES 74 NC 24A 324 

STAMER, TAYLOR,KOLLER,HUETTER+ t STEVENS) 
VASILEVSKY,VISHNYAKOV,OUNAITSEV + ·IDUBNAI 
BELLETTINI ,BEMPORAO,LUBELSHEY+ 'IPISA+BONNI 
+STERLIGOV,USOV ITOMSK POlYTECH.I.NST.J 

+CARROLL ,KYCIAtoll ,HICHAEL-,MOCKETT + IBNll 
fTOKYI 

ICORN+BINGJ 
IBIRM+RHEL+SHMPJ 

T .MIYAZAKI, E. TAKASUGI 
+DEWIRE tGITTELMANtHANSON+ 
+GUY,ZIA 

••••••••••••••• ••••**••• ••••••••••••••••••.•••••••••.••••••••••••••••• .................................................................... 

M 

" M 
M 
M 
M 
M 
M AVG 

FOR C. BALTAY'S REVIEW OF THE ETA MESON, SEE PROC. UNIV. OF PENN. 
CONF. ON MESON SPECTROSCOPY C'W.A.BENJAMJN, N.Y., 19681 

53 549.0 
35 546.0 
91 548.0 

549.3 
148 549.·0 
325 552.0 

548.2 
250 555.0 

548.82 

14 ETA MASS 04EVI 

1.2 
4.0 
1o0 
2.9 
0.7 
3.0 
0.65 
2.0 

BASTIEN 
PICKUP 
ALFF 
OELCOURT 
FOELSCHE 
KRAEMER 
FOSTER3 
JAMES 

62 HBC 
62 HBC 
62 HBC 
63 CNTR 
64 HBC 
64 OBC 
65 HBC 
66 HBC 

0.56 AV·ERAGE (ERROR INCLUDES SCALE FACTOR OF 1.41 

7/66 
6/66 

M STUDENT 548.72 0.44 AVERAGE USING STUOENTlOIH/1.111 - SEE MAIN TEXT 
ISEE IDEOGRAM BELOW J 

I-IEIGHTED AUERAGE • 548.82 z 0.56 
ERROR SCALED BY 1.4 

~···JAMES 66 HBC 
· ·FDSTER3 65 H8C 

•KRAEMER 64 DBC 
·FDELSCHE 64 HBC 
·DEL COURT 63 CNTR 
•ALFF 62 HBC 
·PICKUP 62 HBC 

· ·BASTIEN 62 HBC 

mll 
9.6 
0.9 
1.1 
0.1 
O.D 
0.7 

_.!L.Q_ 
12.4 

ICDHLEU 
540 545 550 555 560 565 =0 .054) 

ETA MASS !MEUl 

14 ETA WIDTH 

ETA WIDTH DETERMINED FROM 14ASS 
91 (10.01 OR LESS 

148 110 .. 01 OR LESS 
31 (12.01 OR LESS 

( 4.01 OR LESS 
(.91 OR LESS Cl~ .. 95 

SPECTRUM 
ALFF 
FOELSCHE 
JAMES 
BALTAY 
JONES 

CUNITS MEV) 
62 HBC 
64 HBC 
66 HBC 
66 OBC 
66 CNTR 

ETA .WIDTH DETEJ<MINED FROM DECAY RATE (UNITS KEVJ 
THIS IS THE PARTIAL DECAY RATE IWlJ FOR THE MODE lETA INTO 2GAMMAI 
DIVIDED BY THE FITTED BRANCHING FRACTION ·cpu FOR THAT MODE. 

FIT 0.85 0.12 FROM FIT 

14 ETA PARTIAL DECAY .MODES 

Pl ·ETA INTO ZGAMMA 
P2 ETA INTO 3PIO 
P3 ETA INTO PI+ PI- PIO 
P4 ETA INTO PI+ PI- GAMMA 
P5 ETA INTO E+ E- PIO (VIOLATES C IN E.M.I. I 
P6 ETA INTO E+ E- PI+ PJ-
P7 ETA INTO PIO 2GAMMA 
PS ETA INTO E+ E- GAMMA 
P9 ETA INTO 2PIO GAMMA (VIOLATES C I 
PlO ETA INTO PI+ PI- PIO GAMMA 
Pll ETA INTO PI+ PI- 2GAMMA 
Pl2 ETA INTO MU+ Mu-
P13 ETA INTO MU+ Mu- GAMMA 
Pl4 ETA JNTO MU+ Mu- PIO 
P15 ETA INTO PI+ Pl-
P16 ETA INTO E+ E-

DECAY MASSES 
0+ 0 

134+ 134+ 134 
139+ 139+ 134 
139+ 139+ 0 
134+ .5+ • 5 
139+ 139+ .5+ .5 
134+ 0+ 0 

.5+ .5+ 0 
134+ 134+ 0 
139+ 139+ 134+ 
139+ 139+ 0+ 
105+ 105 
105+ 105+ 0 
105+ 105+ 134 
139+ 139 
.5+ .5 

6/66 
7/66 
8/67 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The matrix below is derived· from the error matrix for the fitted partial d~cay mode 

.branching fractions, P 1, as follows: The diagonal elements are Pi :1: 6P
1
, 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 thue constrained ·to add to i. 

Pl PZ P3 P4 'P7 PB 
. p 1 .3799+-.0098 

p 2 -.2691 .2990+-.0106 
p 3 - .. 3224 -.2353 .2358+-.0056 
p 4 -.2866 -.2095 .8201 .0489+-.0013 
p 7 -.4271 -.5781 -.0939 -.0801 .0314+-.0109 
P 8 - .. 0434 -.0326 -.0494 -.0501 -.0036 .0050+-.00lZ 

FJTTED PARTIAL DECAY MODE RATES 

The matrix below is the branching fraction matrix above, transformed into rate 

space; i.e., ·Gi e ri = rtotalpi' in appropriate units. In analogy to the matrix above, 

the diagonal elemente are Gi ± 6Gi' where 6Gi :: V (6Gi6G), while the off~diago~al 
elements are the normalized correlation coefficients (6Gi6Gj)/{6Gi · 6Gj). Note that, 

because of the error in rtotal' the errors and correlations hert'7 are not directly derivable 

from those above. 

G1 G2 G3 G4 G7 G8 
·G 1 .3240+-.0460 
G 2 .9386 .2550+-.0385 
G 3 .9689 .9513 .2011+-.0294 
G 4 .9646 .9471 1.0097 .0417+-.0061 
G 1 .3661 .3028 .4240 .4226 .0268+-.0104 
G 8 .5178 .5082 .5233 .5199 .2318 .0043+-.0012 

Note on Conflicting Results for n-->- yY Decay Rate 

The BROWMAN 74 result for _r yY is three standard 

deviations below the earlier BEMPORAD 67 result. 

This is because the BEMPORAD 67 analysis finds a 

negligible strong-production amplitude and attri

butes all- of their observed n photoproduction cross 

section to Coulomb production. BROWMAN 74, on the 

other hand, find that the strong-production contri

bution to the cross section is significant, especi

ally at lower energies, and that the Coulomb con

tribution is smaller, resulting in a smaller value 

of ryy. 
The n photoproduction data of BROWMAN 74 were 

taken at incident Y-ray energies of 5.8, 9.0, and 

11.45 GeV on beryllium, aluminum, copper, silver, 

and uranitm1 targets, while the BEMPORAD 67 data were 

taken at 4.0 and 5.5 GeV on lead, silver, and zinc. 

The higher energies, higher statistics, better 

angui.ar resolution, and larger range of atomic 

weights of the BROWMAN 74 experiment result in a 

more reliable separation of the Coulomb amplitude 

from the strong-production amplitude. In addition, 

the bad approximation mentioned in BROWMAN 74 foot

note 4 was present in the theoretical work utilized 

by BEMPORAD 67 and this may accOunt for some of the 

discrepancy. 

Browman et al.state that the BROWMAN 74 result 

is compatible with the BEMPORAD 67 data, although 

the agreement is not as good as that given by the 



Stable Particles· 
11 

BEMPORAD 67 fit to these data. On the other hand, 

the BEMPORAD 67 result appears to be incompatible 

with the 9 GeV data (especially uranium) shown in 

Fig. 2 of BROWMAN 74. 

Wl 
Wl 8 
Wl 
Wl 8 
Wl 8 
Wl 8 
Wl 8 
Wl 8 
Wl 8 
Wl 
WI FIT 

We quote the BROWMAN 74 result. 

14 ETA DECAY RATES 

ETA INTO ZGAMMA IUNITS KEYI IGll 
U.OO) 10.221 BEMPORAD b1 CNTR PRIMAKOFF Eff'EC.T 
0.324 0.046 BROWMAN 71t CNTR PRIMAKOFF EFFECT 

BEMPORAO 67 GIVES Wl .. l.Zl+-.26 KEY ASSUMING THAT Wl/TOTAL=0.314. 
BEMPORAO PRIVATE COMMUNICATION GIVES MORE GENERAL RESULT AS 
Wl•Wl/TOTAL=.380+-.083. WE EVALUATE THIS USING WIITOTAL=.38+-.0l. 
NOT INCLUDED IN AVERAGE BECAUSE THE UNCERTJANTY RESULTING FROM THE 
SEPARATION OF THE COULOMB AND NUCLEAR AMPLITUDES HAS APPARENTLY 
BEEN UNDERESTIMATED. SEE NOTE ON DISCREPANCY ABOVE. 

• ·a:3i4 • • 0.046 FROM FIT I ERROR INCLUDES SCALE FACTOR OF 1.01 

14 ETA BRANCHING RATIOS 

Rl ETA INTO NEUTRALS/CHARGED 1Pl+P2+P7J!(P3+P4+P8J 
Rl 10 (2.51 (1.01 PICKUP 62 HBC 
R1 53 13.201 I 1.261 BASTIEN 62 HBC 
R1 t2.71 10.81 SHAFER 62 HBC 
Rl 2.6 .9 BUSCHBECK 63 HBC 
R1 N 280 (4.51 (l.O I JAM.ES 66 HBC 
R1 N THESE EXPERIMENTS HAVE NOT BEEN USED IN COMPUTING THE AVERAGES 
Rl N AS THEY WERE UNABLE TO SEPARATE CLEARLY PARTIAL MODES 13) AND {41 
R1 N FROM EACH OTHER. THE REPORTED VALUES THUS PROBABLY CONTAIN 
Rl N SOME IUNKNGWNI FRACTION OF MODE (41. 
Rl 2.64 0.23 BAL TAY2 67 DBC 

11175 
7/74 

11/75 
11/75 
11/75 
2/76 
2/76 
2176 

7/66 
6/66 

11/67 
Rl 
Rl 
Rl 
Rl 

AYG 
STUDENT 
FIT. 

2.64 
2.64 
2.452 

0.22 
0.24 
0.081 

AVERAGE I ERROR INC'""UDES. SCALE FACTOR OF 1.0 I 
AVERAGE USING STUOENTlOIH/1.111 - SEE MAIN TEXT 

FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.11 

R2 
R2 
R2 

ETA INTO 2GAMMA/CHARGED I PlJI(P3+Pit ... P81 
0.99 0.48 CRAWFORD 63 HBC 

R2 FIT 1.,311 0.,053 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.11 

Note on n + n°yy 

The discrepancies between various measure

ments of branching ratios involving n + n°yy are 

displayed in the ideogram below, in which all rel

evant experiments have been converted.to a com

mon ratio, n°yyjneutrals. Our branching ratio fit 

does not include DIGIUGNO 66, FELDMAN 67,or the 

upper limit measurements. See page 43 of "Review 

of Particle Properties", Physics Letters 39B, 

No.1 (1972) for more. discussion. 

-0.2 

~EIGHTED RVERRGE = 0.061 • 0.031 
ERROR SCRLED BY 2.3 
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 owtl. values of X, 6i". 
and scale factor, which are difier
ent from the values shown here. 

·SCHMITT 70 
•KRNOFSKY 70 
·DEVONS 70 
·COX 70 
·BUTTRRM 70 
·JRCQUET 68 
··FELDMRN 67 
·BRL TRY1 67 
·~RHLIG 66 
·GRUNHRUS 66 
·DIGIUGNO 66 

0.6 O.B 

OSPK 
OSPK 
OSPK 
HBC 
OSPK 
HLBC 
OSPK 
DBC 
OSPK 
OSPK 
CNTR 

ETR B.R. INTO lPIO 2GRMMRl/NEUTRRLS 

CHISQ 
0.8 
o.o 
2.3 
1.6 
3.4 
0.6 

13.4 
O.B 

4 .• 4 

46.4 
!CONLEU 
=0.000) 
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Data Card Listings 
For notation, see key at front of-Listings. 

R3 
R3 S 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 R 
R3 R 
R3 E 
R3 E 
R3 E 
R3 

ETA INTO ,(PIO 2GAMMAI/NEUTRALS IP71/(Pl+P2+P7J 
(0.3751 (0.0721 DIGIUGNO 66 CNTR ERROR DOUBLED 

THE ERRORS OF DIGIUGNO+ 66 HAVE BEEN INCREASED BY A FACTOR 
Of nHJ. TO TAKE INTO ACCOUNT POSSIBLE SYSTEMATIC ERRORS. AS 
SUGGESTED BY THE AUTHORS. 

.27 .10 GRUNHAUS 66 OSPK 
I .0281 t .0441 BUNIATOV 67 OSPK 
( .2441 t.051 fELDMAN 67 OSPK 

SEE THE NOTE ON ETA DECAY INTO NEUTRALS ABOVE. 
.026 .0-19 BUTTRAM 70 OSPK 
.122 .052 .,Oit>4 COX . 10 HBC 

I .01) OR LESS CL=.90 DEVONS 70 OSPK 
16 .016 .047 SCHMITT 70 OSPK 
SCHMITT 70 IS A REANALYSIS BUNIATOV 67 

10.111 (0.031 STRUGALSK 71 HLBC 
THIS MEASUREMENT HAS ·BEEN EXCLUDED BECAUSE THE ERROR APPEARS 
TO BE SERIOUSLY UNDERESTIMATED. 

6/66 

8/67 
11/67 

8/67 

12/70 
6/70 

12/70 
12170 

5171 
2/71 
2171 

R3 AVG 0.042 
0.039 
0.044 

0.023 
0.019 
0.015 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.41 
AVERAGE •USING STUOENTlO(H/1.111 - SEE MAIN TEXT 

FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.21 
R3 STUDENT 
R3 FIT 

•• •• R4 

•• R4 
R4 
R4 
R4 
R4 
R4 
R4 

•• R4 

ETA INTO CPI+ PI- GAMMA)/lPl+ PI- PIOI IP4lllP31 
0.14 0.08 FOELSCHE 64 HBC 

24 (0.73) (0.251 PAULI 64 08C 
THIS EXPERIMENT HAS NOT BEEN INClUDED IN THE AVERAGES SINCE 
NOT CLEAR THAT THEIR CLASS 8 EVENTS ARE ACTUALLY FROM ETAS. 

7250 

••• 

0.30 O. 06 CRAWFORD 66 HBC 
.10 .10 KRAEMER 64 OBC 
.196 .041 FOSTER3 65 HBC 
.25 .035 LlTCHFIEL 67 DBC 

0.28 0.04 BALTAY2 67 OBC 
.201 .006 GORMLEY 70 ASPK 

0.209 0.004 THALER 73 ASPK 

IT IS 

6/66 
7/66 
7/66 
8/67 

11/67 
6/70 
6/73 

R4 AVG 0.20h 
0.2074 
0.2075 

0.0037 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.11 
R4 STUDENT 
R4 FlT 

0.0031 AVERAGE USING STUOENTlOIH/1.111 -- SEE MAIN TEXT 
0 .. 0033 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

RS 
RS 
RS 
RS 
RS 

ETA INTO (3PIOI + 2/3{ PIO 2GAMMAI/ PI+PI-PIO 
0.83 .0.32 CRAWFORD 63 HBC 
2.0 1.0 FOELSCHE 64 HBC 
0.90 0.24 FOSTER! 65 HBC 

CP2+2/3P71/P3 
7/66 
1/66 
7/66 

R5 AVG 0.91 
0.91 
1.357 

0.19 
0.20 
0.057 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTlOCH/1.11) - SEE MAIN TEXT 

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.21 
R5 STUDENT 
R5 FIT 

R6 ETA INTO 3PI0/2GAMMA 
( .. 901 OR MORE 

IP21/lPl} 
R6 
R6 o.88 0.16 

•• 1.1 o.z 
R6 0.75 0.09 
R6 

CHRETIEN 
8ALTAY1 
CENCE 
DEVONS 

62 PBC 
67 DBC 
67 OSPK 
70 OSPK 

11/67 
1/68 

12/70 

R6 AVG 0.824 0.085 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.21 
R6 STUDENT 
R6 FIT 

0.821 0.085 AVERAGE USING STUDENTlOCH/1.11) - SEE MAIN TEXT 
0.787 0.039 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.1) 

ISEE IDEOGRAM BELOW I 

R7 
Ri 
R7 
R7 

~EIGHTED RVE.RRGE = 0.824 • 0 .OBS 
ERROR SCRLED BY 1.2 

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. 

· · ·DEVONS 70 OSPK 
· ·CENCE 67 CSPK 

67 DBC 

CHISQ 
0.7 
1.8 

.....Q....L 
2.7 

O.B 1.2 1.6 
!CONLEV 

INTO l3PIOl/I2GRMMRl 

ETA INTO 2GAMMAJIPI+ PI- POl 
1.61 0.39 

401 1.72 .25 
FOSTER! 
BAGLIN 

65 HBC 
69 HLBC 

CPUICP3) 

=0.258) 

7/69 

R7 AVG 1.69 
1.69 
1.611 

0.21 
0.23 
0.065 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTlOCH/1.11) - SEE MAIN TEXT 

FRC:M FIT IERROR INCLUDES SCALE FACTOR OF 1.11 
R7 STUDENT 
R7 FIT 

R8 
R8 •• •• •• •• •• 8 

•• •• 8 

•• •• •• •• 
•• •• •• •• •• •• 

ETA INTO NEUTRALICPI+ PI- PIOI 1Pl+P2+P71/CP31 
50 3.6 0.8 KRAEMER 64 OBC 

3.8 1.1 PAULI 64 OBC 7/66 
2.89 0.56 ALFF-STEI 66 HBC 9/66 

244 3.6 0.6 FLATTE2 67 HBC 1/68 
29 3.4 1.1 AGUJLAR-8 72 HBC 11/72 
10 2.83 0.80 BLOODWORT 72 HBC 11172 
74 2.54 1.89 KENDALL 74 OSPK 12175 
ERROR INCREASED FROM PUBLISHED VALUE 0.5 BY BLOODWORTH, PRIV. COMM. 1173 

AVG 3.26 0.30 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
STUDENT 3.26 0.33 AVERAGE USING STUOENTlOIH/1,.111 - SEE MAIN TEXT 
FIT 3.01 0.10 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.11 

ETA INTO IE+E-PIOI/IPI+PI-PIOI {UNITS 10 .. -41 CP5JI(P31 
110. OR LESS PRICE 65 HBC 
11. OR LESS FOSTER2 65 HBC 
42. OR LESS CL=.90 BAGLINl 67 HLBC 
16. OR LESS CL=.90 BILLING 67 HLBC 
1.9 OR LESS CL•.90 JANEl 75 OSPK 

8/67 
11/67 
12175 



u 
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Data Card Listings 
For notation, see key at front of Listings. 

RlO 
R10 

Rll 
Rll 

R12 
Rl2 S 
R12 
Rl2 S 
Rl2 S 
Rl2 T 
Rl2 T 
R12 
R12 
R12 
R12 
R12 
R12 
Rl2 AVG 

ETA INTO CE+E-PI+PI-1/TOTAL IUNITS 10 .. -21 
10.71 OR LESS RITTENBER 65 HBC 

ETA INTO IE+E-Pl+PI-)I(PI+Pl-GAMMAI 
1 0.026 0.026 GROSSMAN 66 HBC 

ETA INTO 2 GAMMA/NEUTRALS 
(0.4161 (0.0441 DIGIUGNO 66 CNTR 

.lt4 .07 GRUNHAUS 66 OSPK 
( .5791 ( .0521 FELDMAN 67 OSPK 

SEE THE NOTE ON ETA DECAY INTO NEUTRALS ABOVE. 
(0.39) (0.061 JONES 66 CNTR 

IP61 

C P61/ (P41 

( P 1) liP 1+P2+P7 I 
ERROR DOUBLED 

THIS RESULT FROM COMBINING CROSS SECTIONS FROM TWO DIFFERENT EXPTS. 
.59 .033 BUNIATOV 67 OSPK 
.535 .018 BUTTRAM 70 OSPK 
.486 .036 COX 70 HBC 

0.57 0.09 STRUGALSK 71 HLBC 
113 0.60 0.14 KENDALL 74 OSPK 

0.01B AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.31 

6/66 

6/66 

6/66 
B/67 
B/67 

8/67 

11/67 
12/70 
6170 
5/71 

lZ/75 

Rl2 STUDENT 
Rl2 FIT 

0.535 
0.535 
0.535 

0.016 AVERAGE USING STUOENTlOIH/1.11) -- SEE MAIN TEXT 
Oe013 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.21 

R13 
Rl3 S 
Rl3 R 
R13 S 
Rl3 S 
R13 
Rl3 R 
Rl3 R 
Rl3 
on 
Rl3 
Rl3 
Rl3 AVG 

ISEE IDEOGRAM BELOW I 

~EIGHTEO RUERRGE = 0.535 ~ 0.018 
ERROR SCRLEO BV 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. 

KENORLL 74 OSPK 
·STRUGRLSK 71 HLBC 
·COX 
·BUTTRRM 
·BUNIRTOU 
·GRUNHRUS 

70 HBC 
70 OSPK 
67 OSPK 
66 OSPK 

0.1 
1.9 
0.0 
2.8 

..hL 
6.6 

0.9 
ICONLEU 
=0.157) 

ETR INTO 12 GRMMRl•NEtiTRRLS 

ETA INTO 3PJO/NEUTRALS 
(0.209) (0.0541 DIGIUGNO 66 CNTR 

I .29} ( .10 I GRUNHAUS 66 OSPK 
(.1771 1.0351 FElDMAN 67 OSPK 

SEE THE NOTE ON ETA DECAY INTO NEUTRALS ·ABOVE. 
.41 .033 BUNJATDY 67 OSPK 

REDUNDANT INFORMATIOfll FROM THIS EXPERINENT. 
1.4391 (.OZ41 BUTTRAM 70 OSPK 
.392 .Oit2 COX 70 HBC 

0.32 0.09 STRUGALSK 71 HLBC 
75 0.40 0.14 KENDALL 74 DSPK 

IP21/IP1+P2+P7J 
ERROR DOUBLED 

0.025 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 

6/66 
8/67 
8/67 

11/67 

12170 
6170 
5/7l 

12175 

Rl3 STUDENT 
R13 fIT 

0.027 AVERAGE USING STUDENHOIH/1.1U - SEE MAIN TEXT 
0.014 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) ... 

014 
014 
Rllt P 
014 
Rllt FIT 

R15 
R15 
R15 
R15 

R16 
R16 
016 
Rl6 FIT 

011 
R17 
Rl7 
Rl1 
Rl7 
Rl7 
R17 
Rl7 

R1S 
R1S 
R1S 

019 
R19 
R19 
R19 
019 
Rl9 AVG 

ETA INTO PIO 12 GAMMA)/2GAMMA C P7JifPll 
(.51 OR LESS CL ... 90 
o.o 0.14 

(0.051 (0.041 

WAHLIG 
BALTAYl 
BONAMY 

66· SPRK 
67 OBC 
67 SPRK 

7/66 
11/67 

PRELIMINARY RESULT 11/67 

·o:olh• • Q.Q3Q FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.21 

ETA INTO IE+E-PIOUTOTAL IUNITS" I0•*-21 CP51 
O. 7 OR LESS RITTENBER 65 HBC 
0.084 OR LESS CL=.90 BAliN 68 OBC 
0.016 OR LESS CL•.90 MARTYNOV 76 HLBC 

ETA INTO 2GAMMAIC3PIO + PIO 2GAMMAI 1PlJ/IP2+P71 
O.BO .25 BACCI 63 CN~ 

1.150 0.060 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.21 

ETA INTO CPHPI-PIO GAHMAJ!CPI+PI-PIOJ (UNITS 10*._21 
IP101/CP31 

OR LESS 
OR LESS 
OR LESS 
OR LESS 
OR LESS 

CL•.95 
CL•.90 
CL=.90 

FLATTE 67 HBC 
PRICE 67 HBC 
BALTAY2 67 DBC 
ARNOLD 6B HLBC 
THALER 73 ASPK 

7.0 
0.9 
1.6 
1.7 
0.24 
o.o 0.15 liMIT ABOVE RESTATED FOR AVERAGING 

ETA INTO IPI+PI- 2GAMMAJ/IPI+PI-PIOI CP11J/IP31 
.009 OR LESS PRICE 67 HBC 
.016 OR LESS CL"'.95 BAL TAY2 67 OBC 

ETA INTO 3PIOI(Pl+ PI- PIOI 
1.3 .4 
1.47 0.20 

199 1.50 .15 

BAGLIN2 
0.17 BULLOCK 

.29 BAGLIN 

67 HLBC 
6B HLBC 
69 HLBC 

IP211lP31 

6/66 
6/6B 
6177• 

7/66 

B/67 
B/67 

11/67 
9/6B 
6/73 
6/73 

B/67 
ll/67 

8/67 
9/68 
7/69 

Rl9 STUDENT 
Rl9 FIT 

1.46 
1.46 
1.26B 

0.13 
0.14 
0.060 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTlOIH/1.111 - SEE MAIN TEXT 

FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.1) 

R20 
020 
020 
R20 FIT 

RZ1 
RZ1 
R21 
R21 
R21 AvG 

ETA INTO 2GAMMA/It3PIOI+2/31PJO 2GAMMA)) 1Pli/IP2+2/3P71 
1.10 0.5 MULLER 63 DBC 

1.1B7 0.058 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.21 

ETA INTO NEUTRALS/TOTAL CPl+P2+P71 
.79 .o8 BUNIATOV 67 OSPK 

16K .7os .oo8 BASILE 71 CNTR MM SPECTROMETER 

O.OOBO AVERAGE tERROR INCLUDES SCALE FACTOR OF l.,OJ 

7/66 

11/67 
B/71 

R21 STUDENT 
R21 FIT 

o.705B 
o. 7058 
o. 7103 

O.,OOB6 AVERAGE USING STUDENTlOIH/1.111 -- SEE MAIN TEXT 
0.006B FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.11 

., 
t..; 

Stable Particles 

RZZ 
RZZ 
RZZ 
R22 FIT 

k23 
RZ3 

R24 
RZ4 

R25 
R25 

RZ6 
R26 N 
R26 N 
R26 N 
R26 N 
R26 N 
R26 
R26 FIT 

ETA INTO CPJO 2GAMMAJITOTAL 
.12 OR LESS CL=.95 .......... 

0.031 0.011 FROM FIT 

IP7J 
JACQUET 69 HLBC 

ETA INTO MU+Mu-/TCTAL IUNITS 10**-51 IP121 
0 2. OR LESS Ctc.95 WEHMANN 6B OSPK 

ETA INTO MU+MU-PIO/TOTAL «UNITS to••-41 IP141 
5. OR LESS WEHMANN 68 OSPK 

ETA INTO MU+MU-/2GAMMA (UNITS 10•*-51 IP12Jf(Pll 
5.9 2.2 HYAMS 69 DSPK 

ETA INTO IPIO 2GAMMA)/13PJO + PIO 2GAMMAI (P7J/IP2+P7J 
0.1 0.3 KANOFSKY 70 OSPK 

WE HAVE CHANGED THE ERROR ON THIS EXPERIMENT FROM +0.3,-0.1 
TO THE ABOVE +0.3,-0,3 SINCE IT IS CLEAR FROM FIGURE 7 IN THE 
ARTICLE THAT A CENTRAL VALUE OF Q.O IS ABOUT AS PROBABLE AS THE · 
QWTED VALUE OF 0 .. 1. 

0 .. 095 0.032 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.21 

6/70 

4-16B 

4/68 

7/69 

2171 
2111 
2171 
2171 
2171 

R27 ETA INTO IPI+ PI-JITOTAL (UNITS 10•*-21 IP151 6173 
R27 0 0.15 DR LESS THALER 73 ASPK CON. LEY. NOT GIVEN 6173 

R2S 
RZS 
RZS 
RZS 
R28 FIT 

ETA INTO IE+E-GAMMAI/CPI+PJ-PJOI IUNITS 10 .. -21 IP81/CP31 
BO 2.1 0.5 . JANE2 75 OSPK 
VALUE CHANGED BY ERRATUM. 

2.11 0.50 FROM FIT (ERROR INCLUDES SC'A.LE FACTOR OF leO) 

R29 ETA INTO IE+ E-1/TOTAL IUNITS 10**-41 IP16J 
R29 0 3. OR LESS CL=.90 DAVIES 74 RYUE 
R29 0 DAVIES 74 EXTRACTS THIS INFORMATION FROM ESTEN 67. 

14 ~TA C-NONCONSERVING DECAY PARAMETERS 

RELATED TEXT SECTION VI C.1 

A1 LEFT-RIGHT ASYMMETRY PARAMETER FOR PI+ PI- PJO IUNITS 10 .. -2) 
AI 1351 7.2 2.8 BALTAY 66 OBC 
A1 1300 5.8 3.1t CLPWY 66 HBC 
Al 10665 (0.31 11.01 CNOPS 66 OSPK REPL BY MULLER 69 
A1 705 -6.1 4.0 LARRIBE 66 HBC 
A1 G36BOO ll.5J 1.51 GORMLEY3 68 ASPK 
A1 10709 .3 1.1 MULLER 69 OSPK 
A1 1138 -1 .. 4 3. CARPENTR 70 HBC 
A1 349 3.2 5.1t OANBURG 70 OBt 
Al 220K -0.05 0.22 LAYTER 72 ASPK 
A1 165K 0 .. 28 0.26 JANEl 74 OSPK 
A1 GORMLEY3 68 ASYMHETRY PROBABLY DUE TO UNMEASURED IE X Bl SPK. CH. 
A1 EFFECTS. NEW EXPTS. WITH CE X 8) CONTROLS OONT OBSERVE ASYMMETRV. 

2/76 
2176 

2178* 
2178* 

8/66 
B/66 
B/67 
B/67 

• 6/68 
9/69 
6/70 
2171 

•B/72 
3/71t 
3/74 
3174 

A1 
Al 
A1 

AVG 
STUDENT 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTlOIH/1.111 - SEE MAIN TEXT 

LEFT-RIGHT ASYMMETRY PARAMETER FOR PI+ PI- GAMMA IUNITS 10**-21 A2 
AZ 33 -2. 11. CRAWFORD 66 HBC 11/66 
AZ 
A2 N 
AZ 

-lt. B. LITCHFIEL 67 DBC 8/67 
1620 1.5 2.5 MULLER 69 OSPK 9/69 
7257 1.22 1.56 GORMLEY 70 ASPK 6170 

AZ 36K 0.5 0.6 THALER 72 ASPK 8/72 
AZ 35K 1.2 0.6 JANE2 74 OSPK 3174 
AZ N 
AZ 

MULLER 69 IS SENSITIVE ONLY TO UPPER .It OF GAMMA-RAY SPECTRUM .. 

A2 AVG 0.88 
AZ STUDENT "0.88 

0 .. 40 
0.45 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENT10(H/1 .. 111 - SEE MAIN TEXT 

AS 
AS 
AS 
AS 
AS 
AS 
AS 

SEXTANT ASYMMETRY PARAMETER FOR PJ+ PI- PJO (UNITS 
1300 6.8 3.3 CLPWY 66 HBC 

705 -2.4 4.0 LARRIBE 66 HBC 
37K 0.5 0.5 GORMLEY3 6B WIRE 

220K 0.10 0.22 LAYTER 72 ASPK 
165K 0.20 0.25 JANEl 74 OSPK 

10•*-21 
12175 
12/75 
12/75 
12/75 
12175 

AS AVG 
AS STUDENT 

0.19 
0.19 

0.16 
0.17 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOIH/1.1U - SEE MAIN TEXT 

AQ 
AQ 
AQ 
AQ 

QUADRANT ASYMMETRY PARAMETER FOR PI+ PI- PIO (UNITS 10••-21. 
220K -0.07 0.22 LAYTER 72 ASPK 
165K -0.30 0.25 JANEl 74 OSPK 

.12/75 
12/75 

AQ AVG -0.11 
AQ STUDENT -0 .. 17 

0.17 
0.18 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTlOIH/1.111 - SEE MAIN TEXT 

SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 

BETA FOR ETA TO PI+ PI- GAMMA. SENSITIVE TO 0-WAVE CONTRIBUTION. 
ON/DCOS THETA= SIN**2 THETA • 11 +BETA* COS .. 2 THETAI 

7250 -0.060 O.D65 GORMLEY 70 WIRE 
L 0.12 0.06 THALER 72 ASPK 

35K 0.11 0.11 .JANE2 74 OSPK 
AUTHORS DONT BEliEVE THIS TO INDICATE D-WAVE BECAUSE DEPENDENCE Of 
BETA ON GAMMA ENERGY INCONSISTENT WITH THEOR. PREDICTION. 
COS**2 OEP_ENOENCE MAY ALSO COME FROM P AND F-WAVE INTERFERENCE. 

12/75 
12175 
12/75 
12/75 
12175 
12175 
12175 

BET AVG 
BET STUDENT 

0.047 
0.053 

0.062 
0.053 

AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.51 
AVERAGE USING STUDENTlOCH/1.111 - SEE MAIN TEXT 

lit ENERGY DEPENDENCE OF ETA DALITZ PLOT 

OP RELATED TEXT SECTION VI C.2 
OP THE FOLLOWING EXPTS FIT TO ONE OR MORE OF THE COEFFICIENTS 
DP A.B,C,O, OR E FOR ETA TO PI+ PI- PIO 
OP MATRIX ELEMENT**2=1 + A*Y + B*IY**2J + C*X + o•IX**ZI + E*X*Y 
OP 1300 SEE TEXT SEC VI C.2 CLPWY 66 HBC 
DP 705 SEE TEXT SEC VI C.2 LARRIBE 66 HBC 
DP 7170 SEE TEXT SEC VI C.2 CNOPS 68 OSPK 
OP 37K SEE TEXT SEC VI C.2 GORMLEY3 68 WIRE 
OP 526 SEE TEXT SEC VI C.2 BAGLIN 69 HLBC 
OP 1138 SEE TEXT SEC VI C.2 CARPENTR 70 HBC 
DP 349 SEE TEXT SEC VI c.z OANBURG 70 DBC 
DP 7250 SEE TEXT SEC VI C.2 GORMLEY 70 WIRE 
DP 220K SEE TEXT SEC VI C.2 LAYTER 72 ASPK 
OP B1K SEE TEXT SEC VI C.2 LAYTER 73 ASPK 

AD AlPHA PARAMETER FOR ETA TO 3 PIO 
AO MATRIX ELEMENT **2 "" 1 + 2*ALPHAC<Z I SEE TEXT SEC VI C.31 
AO 192 -0.32 0.37 BAGLIN 70 HLBC 

.................................. ********* ••••••••• *******•• *••••••• 

12/75 
12175 
12175 
12175 
12175 
12175 
12/75 
12175 
12175 
12175 

12/75 
12175 



Stable Particles 
T/. K± 

PEVSNER 61 PRL 1 421 

ALFF 62 PRL 9 322 
BASTIEN 62 PRL 8 114 
CHRETIEN 62 PRL 9 127 
PICKUP 62 PRL 8 329 
SHAFER 62 CERN CONF 307 

BACCI 63 PRL 11 37 
BUSCHBEC 63 SIENA CONF 1 166 
CRAWFORD 63 PRL 10 546 

ALSO 66 PRL 16 907 
DELCOURT 63 Pl 1 215 
MULLER 63 SIENA CONF 99 

FOELSCHE 64 PR 134 B 1138 
KRAEMER 64 PR 136 8 496 
PAULl 64 PL 13 351 

FOSTER! 65 PR 138 B 652 
FOSTER2 65 ATHENS 
FOSTER3 65 THESIS 
PRICE 65 PRL 15 123 
RITTENBE 65 PRL 15 556 

ALFF-STE 66 PR 145 1072 
SAL TAY 66 PRL 16 1224 
CLPWY 66 PR 149 10~ 
CNOPS 66 PL 22 546 
CRAWFORD 66 PRL 16 333 

DIGIUGNO 66 PRL 16 767 
GROSSMAN 66 PR 146 993 
GRUNHAUS 66 THESIS 
JAMES 66 PR 142 896 
JONES 66 PL 23 597 
LARRJBE 66 Pl 23 600 
WAHliG 66 PRL 17 221 

REFERENCES FOR ETA 

PEVSNER,KRAEMERtNUSSBAUM,RICHARDSON + (JHUJ 

ALFF,BERLEY,COLLEYtBRUGGER + CCOLU+RUTGERSI 
BASTIEN 1 6ERGE,DAHL,FERRD-LUZZI + llRL) 
CHRETIEN+ I BRAN+BROWN+HARYARO+MJT+PADOVA I 
E PICKUP,ROBINSON,SALANT ICNRC+BNU 
J SHAFERtfERRO-LUZZitMURRAY + IUCB+LRLJ 

BACCltPENSO,SALVINI + (R014A+FRASJ 
BUSCHBECK-CZAPPrCOOPER + (YIENNAtCERN,AMSTJ 
F S CRAWFORO,LLOYD,FOWLER ILRL+DUKEI 
F S CRAWFORO,L llOYO,E FOWLER tlRL+OUKE) 
DELCOURT,LEFRANCOIS,PEREZ Y JDRBA+ (ORSAYI 
HULLER,PAULI + (SACL+ROMAI 

H W FOELSCHEtH l KRAYBILL 
KRAEMER,MAOANSKY,FIELDS + 
E PAULitA MULLER 

(YALE I 
(JHU+NWES+WOODI 

ISACLAYI 

FOSTERrPETERS,MEERtLOEFFLER + 
FOSTER, GOOD, MEER 

(WISC+PURDUEJ 
(WISCONSIN I 
(WISCONSINI 

(LRLI 
( LRL+BNU 

M.C.FOSTER 
L.R. PRICE 1F. S. CRAWFORD 
RITTENBERG, KALBFLEISCH 

ALFF-STE INBERGERr BERLEY+ I COLUMB IA+RUTGERS I 
+FRANZ IN I 1 KlMt Kl RSCH+I COLUMBIA+STONY BROOK I 
COlUMBIAtlRL,PUROUE ,WISCONSI N,YALE 
CNOPS 1 F INOCCHIARS, l ASSALLE 1 I CERN t ETHZ t SACL) 
F.S.CRAWFORO,L.R.PRICE CLRLI 

OIGIUGNQ, GIORGI, SILVESTRI+ INAPLt TRST ,FRAS I 
R GROSSMANtL PRICEtf CRAWFORD ILRLI 
J.GRUNHAUS (COLUMBIA) 
F E JAMEStH L KRAYBILL IYALE+BNU 
JONES, Bl NN IE, DUANE, HORSEY, MASON, ( LOI C, RHEL I 
LARR IBE, LEVEQUE, MULLER, PAULI,+ I SACL+RHEL) 
WAHLIGtSHIBA"TAtMANNELlJ I MIT+PISA I 

BAGLIN1 67 PL 248 637 8AGLIN,BEZAGUET,OEGRANGEt+ CEPOL+UCBI 
BAGLIN2 67 SAPS 12 567 BAGLINtBEZAGUET,DEGRANGE,+ tEPOL+tiCBJ 
BALTAYl 67 PRL 19 14~5 6AlTAY,FRANZINitKIMtNEWMAN+ ICOLU+BRANI 
BALTAY2 67 PRL 19 1498 BALTAY,fkANZINI,KIM,NEWMAN+ CCOLU+STONI 
BEMPORAD 67 PL 258 380 8EMPORAO,BRACCINitFOA,LU8ELSMEY+IPISA,80NNJ 

ALSO PRIVATE COMMUNICATION 

BILLING 67 PL 258 435 
BONAMY 67 HEIDELBERG CONF. 
BOWEN 67 PL 24B 20b 
BUNIATOV 67 Pl 25B 560 

CENCE 67 PRL 19 1393 
FELDMAN 67 PI<.L 18 868 
FLATTE 67 PRL 18 976 
FLATTE2 67 PR 163 1441 
LITCHFJE 67 Pl 248 486 
PRICE 67 PRL 18 1207 

ARNOLD 68 Pl 27B 466 
BAZ IN 68 PRL 20 895 
BULLOCK 68 PL 27B 402 
GORHLEY3 68 PRl 21 402 
WEHMANN 68 PRl 20 748 

8AGLIN 69 Pl 298 445 
ALSO 70 NP B22 66 

HYAMS 69 Pl 298 128 
JACQUET 69 NC 58 743 
MUllER 69 THESIS 

BAGLIN 70 NP 822 66 
BUTTRAM 7D PRL 25 1358 
CARPENTR 70 PR 01 1303 
COX 70 PRL 24 534 

OANBURG 70 PR 02 2564 
DEVONS 70 PR Dl 1936 
GOf.MLEY 70 PR 02 501 

ALSO 70 NEVIS 1811THESISI 
KANOFSKY 70 NC 68 413 
SCHMITT 70 Pl 32B 638 

BASILE 71 NC 3A 796 
STf\UGALS 71 NP 827 429 
AGUILAR- 72 PR 06 29 
BLOODWOR 72 NP 839 525 
LAYTER 72 PRL 29 316 
THALER 72 PRL 29 313 

lAYTER 73 PR 07 2565 
THALER 73 PR 07 2569 
BROWMAN 74 PRL 32 1067 
DAVIES 74 NC 24A 324 

ALSO 67 Pl 248 115 
JANEl 74 PL 488 260 
JANE2 74 PL 48B 265 
KENDALL 74 NC 21A 387 

JANEl 75 PL 59B 99 
JANE2 75 PL 598 103 

ALSO 76 Pl tTO BE PUSL.) 
MARTYNOV 76 SJNP 23 48 

Bill ING,BUllOCK, ESTENtGOVANt + tLOUC,OXFl 
BON AMY, SONDEREGGER I SAC LAY I 
80WEN,CNOPS ,FINOCCHIARO,+ CCERN+ETHZ+SACLI 
BUNIATOY tZAVATTINI ,DEI NET,+ ICERN+KARL I 

CENCE, PETERSON, STENGER, CHI U+ I HAWA 1 I+lRL J 
FELDMAN t FRAT I, GLEESON, HALPERN,+ (PENN I 
S.M.FLATTE ILRLI 
S.M.FlATTE AND C .G. WDHL llRL l 
LITCHF I ELO, RANGAN, SEGAR, Sill ITH+ IRHEL+SACLA Y I 
L.R.PRICEtF.S.CRAWFORO CLRLI 

+P ATY 1 BAGLI N, 8 INGHAM+ ( STRB+MADR+E POL+U.C8 I 
BAZ IN, GO SHAW ,ZACHER,+ I PRI NCETONt QUEENS I 
+ES TEN, FLEM ING,GOVANt HENOERSON,OWEN+ (LOUt I 
GORMLEY, HYMANt LEE ,NASH, PEOPLES+ I COLU+BNLl 
WEHMANN, ENGELS,+ IHARV+CASE+SLAC+CORN+MCGI I 

BAGLIN,BEZAGUET,+ I EPOL,UCB,HAQR,STRBI 
+BE ZAGUET ,DE GRANGEt MUS SET +( EPOLtMADR, STRB) 
HYAMStKOCH,POTTER,VON liNOERN,+ CCERN,MPIMI 
JACQUET 1 NGUYEN-KHAC,HAATUFT+ fEPOlt BERG) 
ARMAND MULLER I STRBI 

+BEZAGUET ,DEGRANGE, MUSSET+ I EPOL+MADR+STRBI 
+KREISLER,MISCHKE IPRINI 
CARPE.NTERtB INKLEYICHAPMAN,COX,OAGAN+ (DUKE I 
COX, FORTNEY ,GOLSON (DUKE I 

+ABOLINSrDAHLt DAVIE S,HOCH,KIRZ ,+ I LRL I 
+GRUNHAUS,KOZLOWSKI tNEMETHY + CCOLU,SYRAJ 
GORMLEY, HYMAN tlEEtNASH, PEOPLES+ ( COLU+BNL I 
MICHAEl GORMLEY ICOLUI 
A. KANOFSKY ILEHII 
+BUNIATOV,ZAVATTINI ,OEINET+ (CERN, KARL) 

+BOLLIN I ,OALPIAZ,FRABETTI+ tCERN,BGNA,STRBI 
+CHUYIL0 1 GEMESY,IVANOVSKAYA+ (JJNRI 
AGUILAR-BEN IT ez, CHUNG t E 1 SNER,SAMIOS ( BNL I 
BLOODWORTH, JACKSON, PRENTICE ,YOON CTORONTOJ 
+APPEl, KOTLEWSKI t lEE t STEIN 1 THALER ( COLUI 
+APPElrKOTLEWSKI ,LAYTER ,LEE,STEIN ICOLUI 

+APPElt KOTLEWSKI , LEE, STEIN t THALER I COLU I 
+APPEL,KOTLEWSKI ,LAYTER,LEEtSTEJN ICOLUI 
+DEWIRE,GITTELMAN,HANSONtlOH + CCORN+BINGI 
+GUYtZIA IBIRM+RHEL+SHMPI 
EST EN, GOVAN, KNIGHT, MILLER, TOVEY+ (LOUC+OXF I 
+JONES 1 LIPMAN,OWEN, PENNEY+ (RHEL+LOWC+SUSS) 
+JONES, L1 PMAN,OWEN, PENNEY+ fRHEL +LOWC+SUSS) 
+lANOU,MASSJMO,SHAP1RO + tBROW+BARI+MJT) 

+GRANNIS,JONEStliPMAN,OWEN + fRHEl+LOWCI 
+GRANNJS,JONEStliPMAN,OWEN + IRHEL+LOWCI 
ERRATUM, M.R.JANEt PRIVATE COMMUNICATION. 
+SAL TYKOV, T ARASOVtU ZHINSKI I {J INRI 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS 

BAST lEN 62 PRL 8 114 
CARMONY 6Z PRL 8 117 
ROSENFEL 62 PRL 8 293 

BASTJ EN, BERGE,OAHL, FERR{rlUZZI ,MILLER+CLRU 
0 CARMONYtA ROSENFELO,VAN DE WAllE (LRL) 
A ROSENFELDrD CARMONY,VAN DE WALLE tlRLI 

............................................................. ••••••o• 
OOIC<OOO 00000:0000 00000000:0 ••••••••• ••••••ooo ********* ••••••••• 00000:000 
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Data Card Listings 
For notation; see key at front of Listings. 

10 CHARGED K MASS IMEYI 

493.9 0.2 COHEN 57 RVUE + 
493.7 0.3 BARKAS 63 EMUL -
493.78 0.17 GREINER 65 EMUL + VIA TAU DECAY 

1493.87) 10.191 KUNSELMAN 71 CNTR - KAONIC ATOMS 
493.691 0.040 BACKENSTO 73 CNTR - KA:JNIC ATOMS 

M A 493.662 0.19 KUNSELMAN 74 CNTR - KAONIC ATOMS 

7/66 
10/71 

1173 
3174 
6/770 
3/74 

M 493.657 0.020 CHENG 75 CNTR - KAONIC ATOMS 
M A KUNSELMAN 74 UPDATES KUNSELMAN 71 WITH IMPROVED KAONJC ATOM CALC. 

AVG 493.667 
STUDENT 493.667 
FtT 493.668 

0.018 
0.020 
D.Ol8 

AVERAGE tERROR INCLUDES SCAlE FACTOR OF 1.0) 
AVERAGE USING STUOENTlOtH/1.11) - SEE MAIN TEXT 

FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 2/78* 

10 (K+I - (K-1 MASS DIFFERENCE CMEVI 

OM F 1.5M -0.032 0.090 FORO 72 ASPK +- 4/72 
OM F FORD 72 USES M(PI+J-HIP1-I = +28+-70 KEY. 1/73 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

10 CHARGED K MEAN LIFE IUNITS 10**-81 

CHAR. K MEAN LIFE 
(0.95) (0.361 10.251 llOFF 56 EMUL 

52 (1.60) 10.3) {0.31 EISENBERG 58 EMUL 
1.21 0.06 0.06 BURROWES 59 CNTR 

33 11.381 10.241 10.24) FREOEN 60 EMUL 
11.251 10.221 (0.171 SARKAS 61 EMUL 

51 (1.271 10.361 10.231 BHOWMIK 61 EMUL 
293 1.31 0.08 0.08 NORDIN 61 HBC 

11.241 C0.07l NORDIN 61 RVUE -
1.231 0.011 0.011 BOYARSKI 62 CNTR + 
1.2443 0.0038 FITCH 65 CNTR + K AT REST 6/66 
1.221 0.011 FORO 67 CNTR +- 8/67 
1.2212 0.0036 LOBKOWICZ 69 CNTR + K IN FLIGHT 9/66 

3M 1.2380 0.0016 OTT 71 CNTR + STOPPING K 2171 
OLD EXPERIMENTS WITH LARGE ERRORS EXCLUDED FROM AVERAGING 2171 

AVG 
STUDENT 
FIT 

0.70 

1.2370 
1-.2374 
1.2371 

0.0032 0.0032 AVERAGE IERROR INCL. SCALE FACTOR OF 2.41 
0.0016 0.0016 AVG BY STUDENTlOIH/1.111 -- SEE MAIN TEXT 
0.0026 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.91 
ISEE IDEOGRAM BELOW I 

~EIGHTED RUERRGE = 0.8084 • 0.0021 
ERROR SCRLED BV 2.4 

It" f-'-· 

l· 
) \ 

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. 

CHISQ 
•OTT 71 CNTR 0.4 
·LOBKD~ICZ 69 CNTR 7.3 
·FORD 67 CNTR 
·FITCH 65 CNTR 3.7 
·BDVRRSKI 62 CNTR 
·NORDIN 61 HBC 
BURRD~ES 59 CNTR 

11.4 
CCDNLEU 

0.75 o.8o O.BS 0.90 0.95 =0.003) 
CHRRGED K DECRV RRTE CUNITS 10••8 SEC-1! 

10 IIK+J - IK-.11/AVG., MEAN LIFE DIFFERENCE (PERCENTt 
~ . 

DT N THIS QUANTITY IS A MEASURE OF CPT INVARIANCE IN W.I. 

OT 
OT 
OT 

0.30 
0.078 

FORD 67 CNTR 
LOSKOWitZ 69 CNTR 

8/67 
12/70 

OT AVG 
OT STUDENT 

0.114 
0.112 

0.093 
0.083 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.21 
AVERAGE USING STUDENTIOIH/1.111 - SEE MAIN TEXT 

PI 
P2 
Pl 
P4 
P5 
P6 
P7 
P8 
P9 
PIO 
Pll 
Pl2 
P13 
P14 
PIS 
Pl6 
P17 
Pl8 
Pl9 
P20 

10 CHARGED K PARTIAL DECAY MODES 

CHAR. K INTO MU NEU 
CHAR. K INTO PI PIO 
CHAR. K INTO PI PI+ PI
CHAR. K INTO PI 2PIO 
CHAR. K INTO MU PIO NEU 
CHAR. K INTO E PIO NEU 
K+ INTO PI+ PI- E+ NEU 
K+ INTO PI+ PI+ E- NEU 
K+ INTO PI+ PI- MU+ NEU 
K+ INTO PI+ PI+ MU- NEU 
CHAR. K INTO E NEU 
CHAR. K JNTO MU NEU GAMMA 
CHAR. f< INTO PI PIC GAMMA 
CHAR. K INTO PI PI+ PI- GAMMA 
CHAR. K INTO PI E+ E-
CHAR. K INTO PI MU+ MU-
CHAR. K INTO PI GAMMA GAMMA 
CHAR. K INTO PIO E NEU GAMMA 
K+- INTO PI-+ E+- E+-
CHAR. K INTO PI NEU NEU 

K MU2 
K PI2 
TAU 
TAU PRIME 
K MU3 
KEl 
K E+ 4 
K E- 4 
K+MU+ 4 
K+MU- 4 
K E2 
K MU RAD 
K PI RAD 
TAU RAO 
PI E E 
PI MU MU 
PI GAM GAM 
PI E NEU GAM 
PI-+E+-E+
PI NEU NEU 

DECAY MASSES' 
105+ 0 
139+ 134 
139+ 139+ 139 
139+ 134+ 134 
105+ 134+ 0 
.5+ 134+ 0 

139+ 139+ • 5+ 
139+ 139+ .5+ 
139+ 139+ 105+ 
1)9+ 139+ 105+ 
.5+ 0 

105+ 0+ 0 
139+ 134+ 0 
139+ 139+ 139+ 
139+ .5+ • 5 
139+ 105+ 105 
139+ 0+ 0 
134+ .5+ 0+ 
139+ .5+ .5 
139+ 0+ 0 

.. 

--
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Data Card Listings 
For notation,. see key at front of Listings. 

P21 
P22 
P23 ... 
P25 
P26 
P27 
P28 
P29 
P30 
P31 
P32 

CHAR. K INTO E NEU GAMHA 
CHAR. K INTO PI GAMMA 
CHAR. K INTO PI 3GAHMA 
CHAR. K INTO PIO PIO E NEU 
K+ INTO PI- E+ MU+ 
K+ INTO PI+ E+ Mu-
CHAR. K INTO MU NEU NEU NEUBAR 
CHAR • K INTO PI 0 JotU NEU GAMMA 
K+ INTO PI+ MU+ E-
CHAR. K INTO MU NEU E+ E
K+- INTO Mu-+ NEU E+- E+
CHAR. K INTO NEU E E E 

K E2 RAO 
K PI GAM 
PI 3GAM 
K E4 2PIO 
PJ-E+MU+ 
PI+E+Mu
MU 3NEIJ. 
PI HU NEU GAM 
PI+MU+E-
MU NEU E+E
Mu-+ NEU 2E+
NEU 3E 

CHARGED K CONSTRAINED fiT 

.. 5+ 0+ 
139+ 0 
139+ 0+ 0+ 
134+ 134+ .5+ 
139+ .s+ tos 
139+ .5+ 105 
105+ 0+ 0+ 
134+ 105+ 0+ 
139+ .105+ • 5' 
105+ 0+ .5+ .s 
lOS+ 0+ .5+ .5 

0+ .5+ .5+ .s 

OVERALL FIT OF MEAN LIFE, WIDTHS AND BRANCHING 
RATIOS USES 59 DATA POINTS TO DETERMINE SIX 
QUANTITIES. OVERALL FIT HAS CHISQ::78.Q. MAIN 
CONTRIBUTION f 13.2) COMES FROM Rl9 OF HAIDT 
11 (WE SEE NO REASON TO REJECT THIS EXPERIMENT 
AT THIS TIME) 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The matrix below ie derived from the error matrix for the fitted partial decay mode 

branching fractions, Pi' ae follows: The diagonal elements are P
1

±6Pi' where 

6Pi = '\)(6Pi6Pi)' while the off-diagonal elements are the~ correlation coeffi

<;:ients (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 constrairied to add to 1. 

P1 P2 P3 P4 PS P6 
p 1 .6350+-.0016 
p 2 -.7381 .2116+-.0015 
p 3 -.1919 -.0353 .0559+-.0003 
p 4 -.1819 .0349 .2039 .0113+-.0005 
p 5 -.2725 -.2321 -.1179 -.3230 .0320-.0009 
p 6 -.3388 -.1384 .1501 .0258 .2122 .0482+-.0005 

FITTEQ PARTIAL DECAY MODE RATES 

The matrix below ie the branching fraction matrix above, transformed into rate 

spac~; i.e., G1 e ri = rtotalpi' in appropriate units. In analogy to the matrix above, 

the diagonal elements are Gi ± 6Gi' where OGi = '\) (6Gi6Gi), while the off-diagonal 

elements are the~ correlation coefficients (6Gi6Gj)/(6G
1

: 6Gj). Note that, 

because of the el:'ror in rtotal' the errors and correlations here are not directly derivable 

from those above. 

G1 G2 G3 Glt GS G6 
G 1 .5133+-.0017 
G 2 -.3275 .1710+-.0013 
G 3 -.0991 -.0024 .0452+-.0002 
G 4 -.1076 .0488 .2062 .0140+-.0004 
G 5 -.1623 -.1977 -.1229 -.3193 .0258+-.0007 
G 6 -.1551 -.0803 · .1533 .0311 .2194 .0390+-.0004 

Wl 
Wl 
Wl 
W1 FIT 

10 CHARGED K DECAY RATES 

CHAR. K INTO MU NEU CUNITS 10**6 SEC-1) tGll 
51.2 0.8 FORO 67 CNTR +-

51.33 0.17 FROM· FIT I ERROR INCLUDES SCALE FACTOR Of 1.2) 

W2 CHAR. K INTO PI PJ+ PI- tUNJTS 10**6 SEC-11 CG31 

3178• 
3/78* 
3/78* 

8/67 

W2 F 14.4961 10.030) FORO 67 CNTR +- SEE NOTE F 8/67 
W2 F 3.2M (4.5291 10.032) FORO 70 ASPK SEE NOTE F ll/70 
W2 4.5ll 0.024 FORD 70 ASPK SEE NOTE F 11/70 
W2 F THE LAST IS THE COMBINED RESULT OF FORD 67 AND FORD 70 
W2 ••••.••• • 
W2 FIT 4.517 0.023 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.11 

W3 
W3 
W3 
W3 
W3 FIT 

•• •• 
W4 

•• W4 FIT 

01 
01 

02 
02 
02 F 

CHAR. K INTO UAUI - CTA!J PRIME) (UNITS 10**6 SEC-U 
(G3-G41 

USED FOR DELTA I ., 1/2 TEST • ......... 
3.111 0.039 FROM FIT 

CHAR. K INTO (MU PIO NEUI + (E PIC 'NEUI (UNITS 10••6 SEC-11 
CG5+G61 

USED FOR DELTA I "' 1/2 TEST. 

6.484 0.089 FROM FIT 

10 I(K+) - CK-IJ/AVG., DECAY RATE DIFFERENCE CPERCENTI 

DIFFERENCE IN K MU2 RATES 
-0.54 0.41 

DIFFERENCE IN TAU RATES 
-o. 5o o.9o 

(-0.041 I0.21J 

CIG1+1-IG1-J J/G1 
FORO 67 CNTR 

I CG3+1-IG3-J JIG3 
FLETCHER 67 OSPK 

(PERCENT I 

CPERCENTJ 

FORO 67 CNTR SEE NOTE F 
02 F 3.2M 
02 F 

10.191 C0.141 
o.oa 0.12 

FORD 70 ASPK SEE NOTE F 
FORO 70 ASPK SEE NOTE F 

02 s 
02 F 
02 s 
02 

(-0.021 (0.161 
SECOND FORO 70 VALUE 
SMITH 73 VALUE OF 02 

SMITH 73 AS PK +-
IS FIRST FORO 70 COMBINED WITH FORD 67. 
IS DERIVED FROM SMITH 73 VALUE OF 03. 

8/67 

8/67 
8/67 

11170 
11170 
11/73 

11/73 

02 AVG 
02 STUDENT 

0.07 
0.07 

0.12 
0.13 

AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOCH/1.111 -- SEE MAIN TEXT 

03 
03 
03 
03 

DIFFERENCE IN TAU PRIME RATES I CG4+J-IG4-) )/AVERAGE 
1802 -1.1 1.8 HERZO 69 OSPK 

0.08 0.58 SMITH 73 ASPK +-

I PERCENT) 
5/70 

11173 

03 AVG -0.03 
D3 STUDENT -0.03 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTLOIH/1.111 -- SEE MAIN TEXT 

04 
04 

DIFFERENCE IN K P!2 RATES 
o.s 1..2 

I (G2+1-IG2-i II AVERAGE CPERCENTI 
HERZO 69 OSPK 5/70 

· Stable Particles 
K± 

DIFFERENCE IN K PI RAO RATES C (Gl3+1-IG13-Ii/AVERAGE IPEf<CENTI 05 
05 
05 
05 
05 

24 o.o 24.0 EDWARDS 72 OSPK PI KE 58-90 MEV 8172 
4000 1.0 4.0 ABRAMS 73 ASPK +- PI KE 51-100 MEV 3/74 
2461 o.8 5.8 SMITH 76 WIRE +- PI+-KE 55-90 MEV 11/76* 

D5 AVG 
D5 STUDENT 

0.9 
0.9 

3.3 
3.5 

AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTIOCH/1.111 - SEE MAIN TEXT 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
R1 FIT 

R2 
R2 0 
R2 0 
R2 0 
R2 
R2 
R2 
R2 
R2 FIT 

10 CHARGED K BRANCHING RATIOS 

OLD DATA EXCLUDED 

CHAR. K INTO tMU NEUI/TOTAL IUNITS 10**-21 CPU 
(58.51 (3.01 BIRGE 56 EMUL + 
156.9} t2.61 ALEXANDER 57 EMUL + 

OLD EXPERIMENTS NOT INCLUDED IN AVERAGING 
62K 63.24 Oo44 CHIANG 72 OSPK + 1.84 GEV/C K+ 

63.50 0.16 FRCM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

CHAR. K INTO IPI PIOI/TOTAL IUNJTS 10**-21 IP21 
c'27.71 (2.7) BIRGE 56EMUL+ 
C23.21 C2.2) ALEXANDER 57 EMUL + 

EARLIER EXPERIMENTS NOT AVERAGED 
(21.0) C0.61 CALLAHAN 65 HLBC SEE R17 
121.61 10.6) TRILLING 65 RVUE. 

16K 21.18 0.28 CHIANG 72 OSPK + 1.84 GEV/C K+ 

21.16 0.15 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

R3 CHAR. K INTO CPI PI+ PI-1/TOTAL CUNITS 10**-21 CP31 
R3 15.61 10.41 BIRGE 56 EMUL + 
R3 (6.81 10.41 ALEXANDER 57 EMUL + 
R3 {5.21 (0.31 TAYLOR 59 EMUL + 
R3 EARLIER EXPERIMENTS NOT AVERAGED 
R3 5. 7 0.3 ROE 61 HLBt + 
R3 2332 5.54 0.12 CALLAHAN 64 HLBC + 
R3 540 5.1 0.2 SHAKLEE 64 HLBC + 
R3 5.71 o.15 DE MARCO 65 HBC 
R3 44 6.0 0.4 YOUNG 65 EMUL + 
R3 P 693 5.34 Oe21 PANOOULAS 70 EMUL + 
R3 C 2330 15.56) (0.20) CHIANG 72 OSPK + 1.84 GEV/C K+ 
R3 C THIS VALUE IS NOT INDEPENDENT OF CHIANG 72 R1,R2,R4rR5, AND R6 
R3 P INCLUDES EVENTS OF TAYLOR 59. 
R3 
R3 AVG 0.098 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.31 

1/71 
9172 

6/66 
9172 

9/66 

9/66 
6/66 
6/66 

10/70 
9172 
9/72 

R3 STUDENT 
5.521 
5.533 
5.588 

0.089 AVERAGE USING STUDENTlOIH/1.111 -- SEE MAIN TEXT 
R3 FIT 0.030 FROM FIT CERROR INCLUDES SCALE FACTOR OF 1.11 

C SEE IDEOGRAM BELOW I 

~EIGHTED RUERRGE = 5.521 z 0.098 
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. 

·PRNDDULRS 70 EMUL 
•YOUNG 65 EMUL 
·DE MARCO .6 HBC 

CHISQ 
0.7 
1.4 
1.6 

·SHRKLEE 
•CRLLRHRN 
·ROE 

64 HLBC 4.4 
64 HLBC 0.0 
61 HLBC _Q_,_i_ 

8.6 

4.6 6.0 6.5 6.0 6.6 7.0 
CHRR.K TO !PI PI+ PI-1/TOTRL IUH 10••-21 

ICONLEU 
=0.1271 

R4 
•• 0 
R4 0 
R4 0 
R4~ 0 

•• 
R4 
•• p 

CHAR. K INTO IPI 2PIO)/TOTAL 
12.11 10.51 
12.2) (0.4) 
11.5) 10.21 

IUNITS 10•*-21 (P41 
Bl RGE . 56 EMUL + 
ALEXANDER 57 EMUl + 
TAYLOR 59 EMUL + 

EARL·IER' EXPER'IMENTS NOT AVERAGED 
1. 7 0.2 ROE 61 HLBC + 

108 1.8 0.2 SHAKLEE 64 HLBC + 
198 1.53 o.u PANDOULAS 70 EMUL + 

•• 1307 1.84 0.06 CHIANG 72 OSPK + 1.84 GEV/C K+ 
•• p INCLUDES EVENTS OF TAYLOR 59 • 
R4 
R4 AVG 0.011 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.41 

ll/67 
11/67 
10/70 
9/72 

R4 STUDENT 
1.767 
1. 778 
1.732 

0.063 AVERAGE USING STUDENTlOIH/1.111 --SEE MAIN TEXT 
R4 FIT 0.045 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.31 

ISEE IDEOGRAM BELOW J 

R5 CHAR. K INTO (MU PIO NEUI/TOTAL IUNJTS 10••-21 IPS) 
R5 0 (2.81 CI.OJ BIRGE 56 EMUL + 
R5 0 (5.9) 11·3) ALEXANDER 57 EMUL + 
R5 0 12.81 10.41 TAYLOR 59 EMUL + 
RS 0 EARLIER EXPERIMENTS NOT AVERAGED 
R5 2345 3.33 0.16 CHIANG 72 OSPK + 1.84 GEV/C K+ 
R5 
R5 FIT 0.086 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.11 

R6 
R6 
R6 
R6 
R6 
R6 
R6 
R6 

CHAR. K INTO (E PIO NEUI/TOTAL (UNITS 10**-21 IP6J 
(3.21 11.31 BIRGE 56 EMUL + 
{5.1J 11.31 ALEXANDER 57 EMUL + 

EARLIER EXPERIMENTS NOT AVERAGED 

429 
3516 

5.0 0.5 ROE 61 HL8C + 
4. 7 0.3 SHAKLEE 64 HLBC + 
4.86 0.10 CHIANG 72 OSPK + 1.84 GEV/C K+ 

R6 AVG 0.093 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

9/72 

11/67 
11/67 

9/72 

R6 STUDENT 
R6 FIT 

0.10 AVERAGE USING STUDENTlOIH/1.111 - SEE MAIN TEXT 
0.052· ·FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.11 



Stable Particles 
K± 

UEIGHTED RUERRGE = 1.767 • 0.071 
ERROR SCRLEO 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. 

CHISQ 
72 OSPK 1.S 
70 EMUL 4.6 
64 HLBC o.o 

·CHIANG 
•PRNDOULRS 
·SHRKLEE 
·ROE 61 HLBC ....Q...L 

6.3 
ICONLEU 

1.2 1.6 2.4 =0.100) 

R7 
R7 
R7 
R7 
R7 
R7 

CHRR, K INTO !PI 2PIOl/TOTRL !UN 10••-2l 

CHAR. K INTO C PI2 + MU3J/TOTAL I UNITS 10**-21 fP2+PSI 
WE COMBINE THESE TWO MODES FOR EXPTS MEASURING THEM IN XENON BC 
BECAUSE OF DIFFICULTIES OF St;PARATING THEM THERE 

23.4 1.1 ROE 61 HLBC + 
886 25.4 0.9 SHAKLEE 64 HLBC + 

11/67 

11/67 
11/67 

R7 AYG 24.60 
R7 STUDENT 24.61 
R7 FIT 24.36 

0.98 
0.83 
0.15 

AVERAGE IERRDR INCLUDES SCALE FACTOR OF 1.41 
AVERAGE USING STUOENTlOIH/1.111 - SEE MAIN TEXT 

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.11 

RB 

•• •• •• 
•• •• 
RlO 
RlO 

Rll 
Rll 
Rll 
Rll 
Rll 

Rl2 
Rl2 
Rl2 
Rl2 
Rl2 
Rl2 
Rl2 

K+ INTO t PI+ PI+ E- NEUJITOTAl I UNITS lO>Ct•-71 IPS) 
20. OR LESS ttc.,95 BIRGE 65 FBC + 

0 6.9 OR· LESS Cl=.95 ELY 69 HLBC + 
0 9.0 OR LESS CL ... 95 SCHWEINBE 71 HLBC + 

K+ INTO tPI+ PI- MU+ NEUI/TOTAL (UNITS 10**-51 IP91 
1 0. 77 0.54 0.50 CLINE 65 FBC + 

K+ INTO (PI+ PI+ HU- NEUJ/TOTAL (UNITS 10**-61 IPlOJ 
0 3.0 OR LESS CL ... 95 BIRGE 65 FBC + 

CHAR. K INTO IE NEUIITOTAL (UNITS 10*._51 CPlll 
160.0 OR LESS CL.,.95 BDRREANJ 64 HBC + 

4 2.1 1.8 1.3 BOWEN 67 OSPK + 
BOWEN·RESULT SHOULD BE CORRECTED TO 1.91+1.7,-1.21 BECAUSE Of 
K+ TO E+ NEU GAMMA DECAYS BEFORE COMPARING WITH BOTTERILL 67 R28 

CHAR. K INTO IPI GAMMA GAMMAJITOTAL (UNITS 10**-41 
IPL71 

All VALUES GIVEN HERE ASSUME A PHASE 
-0.1 0.6 CHEN 

0.5 OR LESS CL=.90 KLUIS 
0.35 OR LESS CL=.90 LJUNG 

-0.42 0.52 ABRAMS 

SPACE PION ENERGY SPECTRUM 
68 OSPK + TIPII 60-90 MEV 
71 OSPK + TCPIIGT 117 MEV 
73 HLBC + 6-102,114-127MEV 
71 SPEC + TIPIILT 92 MEV 

R13 CHAR. K INTO IPI PlO GAMMAI/TOTAL (UNITS 10 .. -41 CPU) 
R13 0 18 (2.21 10.7) CLINE 64 FBC + PI+ KE 55-80 MEV 
Rl3 0 1.9 OR LESS CL ... 90 EMMERSON 69 OSPK PI+ KE 55-80 MEV 
Rl3 M 0 I.O OR LESS MAL TSEV 70 HLBC + PI+ KE L T 55 MEV 
RI3 A2IOO 2.11 O.I9 ABRAMS 72 ASPK +- PI+ KE 55-90 MEV 
Rl3 0 24 (2.41 (0.81 EDWARDS 72 OSPK PI+ KE 58-90 MEV 
Rl3 L U.SI U.ll (0.61 LJUNG 73 HLBC + PI+ KE 55-80 MEV 
RI3 L 12.61 11.51 (1.11 LJUNG 73 HLBC + PI+ KE 55-90 MEV 
Rl3 OL 17 16.81 13.71 (2.U LJUNG 73 HLBC + PI+ KE 55-102MEV 
RI3 246I 2.87 0.32 SMITH 76 WIRE +- PI+-KE 55-90 MEV 
Rl3 0 ONLY HIGH STATISTICS EXPERIMENTS ARE AVERAGED. . 
Rl3 M MALTSEV 70 SELECTS LOW PI+ ENERGY TO ENHANCE DIRECT EMISSION CONTR. 
R13 L THE LJUNG 73 VALUES ARE NOT INDEPENDENT. 
R13 A ABRAMS 72 OBSERVES DIRECT EMISSION BR. RATIO Of (1.56+-D.351*10**-5 
R13 A +-0.5*10••-5 ADDNL. SYST. ERROR AND INNER BREMSSTRAHLUNG BR. RATIO 
Rl3 A OF 12.55+-0.181*10**-4• WE QUOTE THE SUM OF. THESE BR. RATIOS. 
Rl3 

8/66 
10/69 
9/71 

8/66 

8/66 

11/67 
8/67 

2172 
9/73 
8/7I 
9/73 

I2177• 

8/66 
10/69 
12/75 
I/73 
8172 
9173 
9173 
9/73 

11/76* 
3118• 
1/76 
9/73 
1173 
l/73 
1/73 

R13 AVG 2.75 
R13 STUDENT 2.75 

0.16 
0.18 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOIH/1.1U - SEE MAIN TEXT 

Rl4 
Rl4 
Rl4 

CHAR. K INTO CPI PI+ Pl- GAMMA)/TOTAL IUNITS 10••-41 
CPI41 

1.0 0.4 STAMER 65 EMUL + EGAM GT 11MEV 

CHAR. K INTO IPI E+ E-1/TOTAL CUNJTS 10**-61 IP151 
1 2.45 OR LESS CL= .. 90 CAMERINI 64 FBC + 

4.4 OR LESS CL,.,.90 BISI 67 DBC + 
10.41 bR LESS CllNEl 67 FBC + 
0.88 OR LESS CL= .. 90 CLINE2 67 FBC + 

32.0 OR LESS CL=.90 BEIER 72 OSPK +-
1. 7 OR LESS CL=.90 CENCE 74 ASPK + THREE TRACK EVTS 
0.21 OR LESS C.Lm.90 CENCE 74 ASPK + TWO TRACK EVENTS 

Rl5 
Rl5 
Rl5 
R15 C 
R15 C 
Rl5 
Rl5 
Rl5 
Rl5 C CLINE2 REPLACES CL INEL.. CUNEI IS NOT FOR CL=.90 • 

Rl6 
Rl6 
Rl6 

CHAR. K INTO IPI MU+ Mu-1/TOTAL IUNlTS 10*•-61 IP16) 
3.0 OR LESS CL 21 .90 CAMERINI 65 FBC + 
2.4 OR LESS C.L=.90 BISI 67 DBC + 

CHAR. K INTO IPI PIOI/TAU 
134 3.24 0.34 

1045 3.96 0.15 

IP21/IP31 
YOUNG 65 EMUL + 
CALLAHAN 66 fBC + 

8/66 

8/66 
11/67 

.11/67 
.. 2/74 

9/72 
10174 
I0/74 
2174 

8/66 
11/67 

8/66 
9/66 

Rl7 
Rl7 
Rl7 
Rl7 
Rl7 
Rl7 
Rl7 

AVG 
STUDENT 
FIT 

3.B4 
3.86 
3. 7B7 

0.27 
O.I6 
D.034 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.9) 
AVERAGE USING STUOENTlO(H/1 .. 11) - SEE MAIN TEXT 

FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.11 

RIB CHAR. K INTO IPI 2PJOJfTAU 
RIB 2027 0.303 0.009 
RIB 17 0.393 0.099 
RlB 

BISI 
YOUNG 

tP4J/IP3J 
65 H+Hl + 
65 EMUL + 

8/66 
8/66 

RIB AVG 0 .. 3037 
Rl8 STUDENT 0.3037 
RIB FIT 0.3IOO 

0 .. 0090 AVERAGE (ERROR INCLUDES SCALE fACTOR OF 1.01 
0.0097 AVERAGE USING STUOENT101H/I.11J - SEE MAIN TEXT 
0.0079 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.3) 

56 

Data Card Listings 
For notation, see key at front of Listings._.~ 

R19 CHAR. K INTO CMU PlO NEUJ/TAU tP5IIIP3J 
R19 21!45 0.632 0.035 BISI I 65 H+HL + 
R19 38 0.90 0.16 YOUNG 65 EMUL + 
Rl9 H 1505 10.5101 10.0171 EICHTEN 68 HLBC + 
R19 H1505 0.503 0.019 HAIDT 71 HLBC + 
Rl9 H HAJOT 71 IS A REANALYSIS Of EICHTEN b8 .. 
Rl9 

• 8/66 
8/66 

11/68 
12170 

Rl9 AVG 0.536 
Rl9 STUDENT 0.527 

0.054 AVERAGE tERROR INClUDES SCALE FACTOR OF 3.21 
0 .. 025 AVERAGE USING STUDENTlOlH/1.111 - SEE MAIN TEXT 

RI9 FIT 0.572 O.OI6 FMIM FIT IERROR INCLUDES SCALE FACTOR OF 1.8) 
t SEE IDEOGRAM BELOW I 

UEIGHTEO RUERRGE = 0.536 * 0.054 
ERROR SCRLED 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. 

CHISQ 
71 HLBC 3.1 
65 EMUL 

•HRIOT 
YOUNG 

·BISI 1 65 H+HL _L.§_ 
10.5 

ICONLEU 
0.2 1.0 1.4 =0.001l 

CHARGED K INTO IMU PIO NEUl/TRU 

R20 CHAR. K INTO tE PIO NEUIITAU 
R20 230 0 .. 90 0.06 
R20 37 0.90 0.16 
R2D 854 0.94 0.09 
R20 H 4385 10.8461 (0.0211 
R20 H4385 0.850 0.019 
RZO 2827 0.856 0.040 
R20 H HAIDT 11 JS A REANALYSIS OF 

BORREANI 
YOUNG 
BELLOTT2 
EICHTEN 
HAIDT 
BRAUN 

EICHTEN 68. 

(P6JIIP3J 
64 HBC + 
65 EMUL + 
67 HLBC 
68 HLBC + 
7I HLBC. + 
75 HLBC + 

R20 
O.OI6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1o0) 

• 8/66 
• 8/66 
11/67 
11/68 
12170 
12175 

R20 AVG 
R20 STUDENT 
R20 FIT 

o.s5e 
0.858 
0.8633 

0 .. 018 AVERAGE USING STUDENTlOCH/1.111 - SEE MAIN TEXT 

R2l 
R2l 
R2l 
R2l 
R2l 
R2l 
R2l 

0.0098 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.1J 

K+ INTO tPI+ PI-E+ NEUI/TAU IUNITS 10*•-41 CP71/fP31 
69 6.7 1.5 BIRGE 65 FBC + 

269 5.83 0.63 ELY 69 HLBC + 
50D 7.36 0.68 BOURQUIN 71 ASPK 
106 7.0 0.9 SCHWEINBE 71 HLBC + 
30K 7.21 0 .. 32 ROSSELET 77 SPEC + 

8/66 
11/68 
I2/71 
9171 

11177• 

R21 AVG 
R21 STUDENT 

6.98 
1.02 

0.26 
0.29 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTlO(H/1.111 - SEE MAIN TEXT 

R22 
R22 
R22 

R23 
R23 
R23 
R23 
R23 
R23 
R23 

K+ INTO IPI+ PI- MU+ NEUJ/TAU {UNITS 10**-41 IP9)/IP3J 
12.51 APPROX GREINER 64 EMUL + 

2 .. 57 1.55 BlSI 67 DBC + 

CHAR. K INTO tE PIO NEUI/IMU2+PI21 IUNITS 10••-2lfP6J/IP1+P21 
1679 5.89 0.21 CESTER 66 OSPK + 
5110 6.16 0.22 ESCHSTRUT 6B OSPK" + 

W 5 .. 92 0 .. 64 WEISSENBE 76 SPEC + 
W VALUE CALCULATED FROM WEISSENBERG 76 KE3, KMU2, KP12 VALUES 
W TO ELIMINATE DEPENDENCE ON OUR 1974 TAU AND TAU-PRIME FRACTIONS. 

R23 AVG 0.15 AVERAGE C ERROR INCLUDES SCALE FACTOR OF 1.01 

8/66 
11/67 

8/67 
3/68 
1178• 
1178• 
117B• 

R23 STUDENT 
R23 FIT 

6.01 
6.01 
5.698 

0.11 AVERAGE USING STUOENTlOIH/1.111 -SEE MAIN TEXT 
O.D67 FROM FIT CERROR INCLUDES SCALE FACTOR Of 1.11 

R24 CHAR. K INTO IPI PIOIIIMU NEUI tP21/lPlJ 
R24 A4517 0.3277 0.0065 AUERBACH 67 OSPK + 
R24 1600 0.305 0 .. 018 ZELLER 69 ASPK + 
R24 W 25K 10 .. 3281 10.0051 WEISSENBE 74 STRC + 
R24 W 0.3355 0.0057 WEISSENBE 76 SPEC + 
R24 A AUERBACH 67 CHANGED FROM .3253+-.0065.. SEE COMMENT WITH RATIO R26. 
R24 W WEISSENBERG 76 REVISES WEISSENBERG 74 .. 
R24 

1174 
10/69 

7171t 
1178• 
1174 
II7B• 

R24 AVG 0.3307 
R24 STUDENT 0.3307 
R24 FIT 0.3332 

0.0051 AVERAGf (ERROR INCLUDES SCALE FACTOR OF 1.21 
O.D04B AVERAGE USING STUDENT101H/1.111 - SEE MAIN TEXT 
0. 0030 FROM FIT I ERROR INCLUDES SCAlE FACTOR OF 1.01 

R25 
R25 
R25 
R25 
R25 
R25 
R25 
R25 
R25 

CHAR .. K INTO IE PIO NEUI/IMU NEUI IP6111Pll 
A 295 0.0791 0.0054 AUERBACH 67 OSPK + 

960 .. 0175 .. 0033 BOTTERil 68 ASPK + 
561 0.069 0.006 GARLAND 68 OSPK + 
350 0 .. 069 0.006 ZELLER 69 ASPK + 

A AUERBACH 67 CHANGED FROM .0791+-.005lt. SEE COMMENT WITH RATIO R26. 
A THE VALUE .0785+-.0025 GIVEN IN AUERBACH 67 IS AN AVERAGE OF 
A AUERBACH 67 R25 AND CESTER 66 R23. 

R25 AVG 0.0024 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

1174' 
5/68 
4/68 

10/69 
1174 
3/74 
3/74 

R25 STUDENT 
R25 FIT 

0.0752 
0 .. 0753 

0.07597 
0.0027 AVERAGE USING STUDENT10CH/1.lll - SEE MAIN TEXT 

0.00091 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.1J 

CHAR .. K INTO CMU PIO NEUI/CMU NEUI IP51/(PlJ 
A 307 0.0486 0.0040 AUERBACH 67 OSPK + 
G 424 O. 0480 0.0037 GARLAND 68 OSPK + 

240 0 .. 054 0.009 ZELLER 69 ASPK + 
AUERBACH 67 CHANGED FP.OM .. 0602+-.0046 BY ERRATUM WHICH BRINGS THE 
MU-SPECTRUM CALCULATION INTO AGREEMENT WITH GAILLARD 70 APPENDIX B .. 
GARLAND 68 CHANGED FROM .055+-.004 IN AGREEMENT WITH MU-SPECTRUM 
CALCULATION OF GAILLARD 70 APPENDIX B. L.G.PONDRQM, PRIV .. COMM.I731 

I174 
1174 

10/69 
I/76 
L/74 

"1/74 
1/74 

R26 
R26 
R26 
R26 
R26 
R26 
R26 
R26 
R26 
R26 AVG 
R26 STUDENT 
R26 FIT 

0.0488 
0.0487 
0 .. 0503 

Q .. 0o.26 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1 .. 01 
0.0028 AVERAGE USING STUOENT101H/1.1U -- SEE MAIN TEXT 
O.OOI4 FROM FIT (ERROR INClUDES SCALE FACTOR OF 1.7) 
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Data Card Listings 
For notation, see key at front of Listings. 

R27 
R27 R 
R27 R 
R27 R 
R27 
R27 FIT 

R28 
R28 
R28 
R28 
R28 
R28 
R28 
R28 AVG 

CHAR •. t( INTO CMU NEUI/TAU tPlii(P31 
lt27 110.38) tO.SZ I YOUNG 65 EMUL + 

DELETED FROM OVERALl FIT BECAUSE YOUNG 65 CONSTRAINS HIS RESULTS. 
TO ADD UP TO 1. ONLY YOUNG MEASURED MU2 DIRECTLY. 

11.364 0.072 FROM FIT 

CHAR. K INTO IE NEUJ/tMU NEUI IUNITS 10**-51 IPllJ!(Pll 
10 1.9 o. 7 o.s BOTTERILL 67 ASPK + 

8 1.8 o.s 0.6 MACEK 69 ASPK + 
112 2.42 0.42 CLARK 72 OSPK + 
534 2.37 0.17 HEARDZ • 75 SPEC + 
404 2.51 0.15 HEINTZE 76 SPEC + 

0.11 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

9/66 

11/67 
4/69 
1173 

ll/75 
2176 

R28 STUDENT 0.12 AVERAGE'USING STUOENTlO(H/l,.lU - SEE MAIN TEXT 

R29 CHAR. K INTO IMU PIO NEUJIIE PlO NEUJ C PSI IIP6J 
R29 C1509 0.703 0.056 CALLAHAl 66 HLBC 
R29 5601 0.667 0.017 BOTTER12 68 ASPK + 
R29 H 1398 (0.6041 (0 .. 0221 EJCHTEN 68 HLBC 
R29 H t0.596) (0.0251 HAIDT 11 HLBC + 
R29 03480 0.698 0.025 CHIANG 72 OSPK + 1.84 GEV/C K+ 
R29 l 554 0.,705 0.063 LUCAS2 :13 HBC - OALITZ PRS ONLY 
R29 B 1585 C0.608J (0.,0141 BRAUN 75 HLBC + 
R29 0.67 0.12 WEISSENBE 16 SPEC + 
R29 E C0.670J C0.0141 HE!NTZE 77 SPEC + 
R29 COMMENTS . 
R29 C FROM CALLAHAN! 66 WE USE ONLY THE MU3/E3 RATIO AND DO NOT 
R29 C INCLUDE IN THE FIT THE RATIOS MU3/TAU AND E31TAU, SINCE THEY SHOW 
R29 C LARGE DISAGREEMENTS WITH THE REST OF THE DATA. 
R29 J-1 HAIOT 11 IS A REANALYSIS Of EICHTEN 68. 
R29 H ONLY INDIVIDUAL RATIOS INCLUDED IN fiT ISEE R19 AND R201. 
R29 0 CHIANG 72 R29 IS STATISTICALLY INDEPENDENT OF CHIANG 72 R5 AND R6. 
R29 L LUCAS 13 GIVES NIMU3Ja554+-7.6PCTt NCE3J=786+-3.1PCT. WE DIVIDE. 
R29 B BRAUN 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 0.679 0 .. 013 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

6/68 
6/68 

10/68 
12170 

9172 
lli13 
1/76 
1178* 

12177* 

11/68 
9172 

11173 
1/76 

12177* 

R29 STUDENT 0.,679 0.015 AVERAGE USING STUOENTlOIH/1.1lJ -- SEE MAIN TEXT 
R29 FIT 0.663 0.018 ·FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1. 7) 

R30 
R30 
R30 

CHAR. K INTO I PIO E NEU GAMMA)! IPIO E NEUJ (UNITS 10*._21 
IP1811CP61 

1.2 0 .. 8 BELLOTTi 67 HLBC + EGAM GT 30MEV 
R30 R 13 
R30 R 

O. 76 0.28 ROMANO 71 HLBC EGAM GT 10MEV 
10.531 (0.221 ROMANO 71 HLBC + EGAM GT 30 MEV 

R30 L 16 
R30 l 

O.lt8 0.20 LJUNG 73 HLBC + EGAM GT 30 MEV 
10.221 10.15) 10.10) LJUNG 73 HLBC + EGAM GT 30 MEV 

R30 l 
R30 L 
R30 R 
R30 R 
R30 R 
R30 

FIRST lJUNG VALUE IS FOR COSCELECT-GAMMAJL.T. 0.9, SECOND VALUE IS 
FOR COSIELECT-GAMMAJ BETW 0.6 AND 0.9 FOR COMPARISON WITH ROMANO. 
BOTH ROMANO VALUES ARE FOR COSIELECT-GAMMAJ BETW 0.6 AND 0.9. 
SECGNO VALUE IS FOR COMPARISON WITH SECOND LJUNG VALUE. 
WE USE LOWEST EGAN CUT FOR TABLE VALUE. SEE ROMANO FOR EGAM DEPEND. 

R30 AVERAGE MEANINGLESS ISCALE FACTOR a 1.01 

R31 K- INTO IPI+ E- E-1/TOTAL IUNITS 10**-51 IP191 
R31 TEST OF LEPTON NUMBER CONSERVATION. 
R3l 1.5 OR LESS CHANG 68 HBC 

R32 
R32 C 
R32t 
R32 C 
R32 L 
R32 C 
R32 C 
R32 L 

CHAR. K INTO IPI NEU NEUJ/TOTAL IUNITS 10*._61 CP201 
11.41 OR LESS CLa~90 KLEMS 71 OSPK + TIPIJ 117-127MEV 
(0.941 OR LESS CL•.90 CABLE 73 CNlR + TIPIJ 6Q-105 MEV 
0.56 DR LESS CL•.90 CABLE 73 CNTR + TCPIJ 6G-127 MEV 

0 57.0 OR LESS CL=.90 LJUNG 73 HLBt + 
KLEMS 71 AND CABLE 73 ASSUME PI' SPECTRUM SAME AS KE3 DECAY. 
SECOND CABLE LIMIT COMBINES CABLE AND KLEMS DATA FOR VECTOR INT. 
LJUNG 73 ASSUMES VECTOR INTERACTION. 

R33 CHAR. K INTO tE NEU GAMMAliTOTAL fUNITS 10**-51 IP211 

11/67 
10/71 
9/73 
9173 
9/73 
9173 
9173 
9173 
9173 
9/73 

3/68 

3/71t 
2/74 
2171t 
9113 
3174 
2174 
9173 

R33 M 7.1 OR LESS MACEK 70. OSPK + PIEJ 231t TO 247 12170 
R33 M ABOVE IS MEASUREMENT OF STRUCTURE-DEPENDENT DECAY ONLY. ... ... CHAR. K INTO CPI GAMMAI/TOTAL (UNITS 1D**-61 CP221 

4.0 OR LESS CL•.90 KLEMS 11 OSPK + 

R35 CHAR. K INTO CTAUI/ITAU PRIMEJ IP3/P41 
R35 USED FOR DELTA 1=1/2 TEST. 

:~: FIT • • 3:226 • • O.Oai FROM FIT 

R36 CHAR. K INTO CPI 3GAMMU/TOTAL CUNITS 10**-41 IP231 

8171 

R36 3.0 OR LESS CL•.90 KLEMS ·7LOSPK + TIPII GT U7MEV 8/71 

R37 
R37 
R37 

R38 
R38 
R38 

••• ••• ••• 
R40 
R40 
R40 

R41 ... ... 
••• ... 
••• ••• 

K+ INTO I PI+ PI+ E- NEUJICPJ+ 'PI- E+ NEUJ CUNITS 10**-41 IPBJ/(P71 
0 130. OR LESS CLa.95 BOURQUIN 71 ASPK 8176* 
3 3.6 OR LESS CL•.95 BLOCH 76 SPEC B/76* 

CHAR. K INTO (PIO PIO E NEUI/KE3 (UNITS 10**-41 fP21tlf(P61 
0 37.0 OR LESS CL ... 90 ROMANI) 71 HLBC + 
2 3.8 5.0 1.2 LJUNG 73 HLBC + 

K+ INTO CPI- E+ MU+I/TOTAL (UNITS 10**-81 IP251 
K- INTO CPI+ E- MU-IITOTAL JS ALSO INCLUDED HERE 

2.8 OR LESS CL=.90 BEIER 72 OSPK +-

K+ INTO (PI+ E+ MU-1/TOTAL CUNITS 10*._81 IP26) 
K- INTO (PI- E- MU+I/TOTAl IS ALSO INCLUDED· HERE 

1.1t OR LESS Cl=.90 BEIER 72 OSPK +-

CHAR. K INTO lMU 3NEUl/TOTAL (UNITS 10**-61 CP27J 
P 0 6.0 OR LESS CL=.90 PANG 73 CNTR + 
P PANG 73 ASSUMES MU SPECTRUM FROM NEu-NEU INTERACTION OF BARDIN 70 • 

CHAR. K JNTO IPIO MU NEU GAMI/TOTAUUNITS 10**-511P281 
0 6.1 OR LESS CL•.90 LJUNG 73 HLBC + EGAM GT 30 MEV 

CHAR. K INTO IE PJO NEUIICPI PIO) CP611fP21 
786 0.221 0.012 LUCAS2 73 HBC - DALITZ PRS ONLY 
LUCAS 73 GIVES NIE31n786+-3.lPCTt NIPI21=3561t+-3.1PCT. WE DIVIDE • 

12171 
9173 

9172 

9172 

11173 
3174 

9173 
9173 

11173 
11/73 

IIi. R43 FIT 0.2280 0.0031 FROM Fll IERROR INCLUDES SCALE FACTOR OF 1.11 

••• ... 
••• ••• ••• ••• 

CHAR. K INTO IPI 2PIOJIIPI PIOI CP4JICP21 
L 574 0.,081 0.005 LUCAS2 73 H8C - OALITZ PRS ONLY 
L LUCAS 73 GIVES NIPI 2PJOI=571t+-5.9 PCT, NIPI21=3564+-3.1 PCT~ 
L WE QUOTE Q.S*NIPJ 2PJ01/NCPJ2) WHERE 0.5 IS BECAUSE ONLY DALlTZ 
L PAIR PIO' S WERE USED• 

11173 
11173 
11173 
11173 

R44 FIT 0.0819 0.0022 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.3) 

R45 
R45 

CHAR. K INTOIMU NEU GAMMAJITOTAL IUNITS 10**-31 IPlZI 7174 
12 5 • 8 3 • 5 WEI SSENBE 74 STRC + E-GAMMA GT 9 MEV 7174 

Stable PartiCles 
K± 

••• ••• ••• 
R47 
R47 
R47 

R48 

••• ••• 
••• ••• ••• 

CHAR. K INTO CPI E+ E-,CPI+ PI-E NEUI (UNITS 10**-31 IP15JIIP71 
B 41 7.0 1.3 BLOCH 75 SPEC + 
8 BLOCH 75 QUOTES THIS RESULT MULTIPLIED BY OUR 1974 KE4 BR.FRAC • 

CHAR. K INTO IE NEU GAM III E NEUI (P21JIIP111 
H 56 1.05 0.25 0.30 HEARD! 75 SPEC + PCEI 236 TO 247 
H ABOVE IS SENSITIVE ONLY TO STRUCTURE DECAY TERM. 

K+ INTO (PI+-MU-+E+IIIPI+PI-E NEUI (UNITS 10**-41 {P25+P261!1P71 
0 0 1.9 OR LESS CL•.90 OIAMANTBE 76 SPEC + 
0 DJAMANTBE 76 QUOTES THIS RESULT TIMES OUR 1975 KE4 BR. RATIO. 

K+ INTO I PI+ MU+ E-IIIPI+PJ- E NEUJ {UNITS 10*._41 { P29JI{P71 
D 0 1.3 OR LESS CLe.9Q DIAMANTBE 76 SPEC + 
0 OIAMANTBE 76 QUOTES THIS RESULT TIMES OUR 1975 KElt BR RATIO • 

R50 
RSO 0 
RSO 0 
'RSO 0 
R50 D 
RSO 0 

CHAR. K INTO IMU NEU E+E-JICPI+PI-ENEUJ IUNITS 10**-3) (P30JilP71 
14 (3.3) 10.9) OIAMANTBE 76 SPEC+ MIEEI GT litO 
14 27. 8. OlAI'IANTBE 76 SPEC + EXTRAPOLATED ·BR 
OIAMANTBE 76 QUOTES THESE RESULTS TIMES OUR 1975 KE4 BR RATIO. 
THE SECOND DIAMANTBE 76 VALUE IS THE FIRST VALUE EXTRAPOLATED TO 0 
TO INCLUDE LOW MASS E PAIRS. 

'R51 K+- INTOIPI-+E+-E+-IICPI+PI-E NEUJ UNJTSil0**-41 IP19JIIP7J 
R51 D 0 2.5 OR LESS CL•.90 DJAMANTBE 76 SPEC + 
R51 D DIAMANTBE 76 QUOTES THIS RESULT TIMES OUR 1975 BR RATIO. 

R52 K+- INTOIMIJ-+ NEU E+- E+-1/IPI+PI-E NEUICUNITS 10**-3) CP31JICP7J 
R52 0 0 0.5 OR LESS CL• .90 DJAMANTBE 76 SPEC + 
R52 0 DIAMANTBE 76 QUOTES THIS RESULT TIMES OUR 1975 KE4 BR RATIO. 

.R53 tt+ INTO INEU E+ E+ ~Ill PI+PI- E NEUI tuN ITS 10**-21 IP32)f(P1J 
R53 It 0.54 Q.51t 0.27 OIAMANTBE 76 SPEC + 
R53 0 DJAMANTBE 76 QUOTES THIS RESULT TIMES OUR 1975 KE4 BR RATIO. 

·Note on Slope Parameter for K ~ 3TI Decays 

As was discussed in ·Section VI B •. 1 of the 

text, for the 3n decays of the K mesons we list 

the slope parameter "g" which is defined, as in 

that section, by 

11175 
l1175 

lll75 
11175 

11116* 
11176* 
11176• 

.11176* 
11176* 
11176* 

lll76* 
11176* 
11176* 
11/76* 
11176* 
11176* 

11/76* 
11176* 
11/76* 

11176* 
11176* 
11176* 

11176* 
11176* 
11176* 

+k ~ + ••• , 
(

s-s)2 
(1) 

mn+ 

where 

(2) 

(3) 

EK' Ei 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' I and To: 

+ 
T:- ± + + 'f 

K ~ TI-TI-TI 

,± 
T 

+ 0 0 ± K- ~ TI TI TI 

~ 
+ 0 

~ TI TI TI 

The measurements of g vary considerably beyond 

the authors 1, 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 
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K± 

GTO subsection of the ~ Listings. Appendix I 

discusses tests of the b.I = 1/2 rule utilizing these 

slopes. 

There is no indication of a CP-violating 

asymmetry in K~ decay as measured by the asymmetry 

parameter a± (equivalent to j) given in subsection 

A of the K~ Listings. 

The high-statistics T0 -decay experiment of 

MESSNER 74 finds significant 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 gT
0 

from 0.629± 0.017 (linear fit) to 0.681± 

0.024 (quadratic fit). Another recent experiment, 

PEACH 77, does not observe this correlation and is 

in agreement only with the linear fit of CHO 77. 

Because the quadratic terms are required by 

MESSNER 74, we now include only those T 0 experiments 

in the average for which we have quadratic (g,h,k) 

fit information. 

There is some evidence for a non-zero k 
+ 

coefficient from T- experiments. FORD 72 (l.SM 
+ + + + 

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. 

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. 

However, these experiments do not find a strong 

correlation between g and the second order coef

ficients. We continue compiling the linear coef

ficient g. 

Parametrizations 

In the literature other definitions of slope 

parameters have appeared. We have converted to the 

definition of g in Eq. (1) 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. 
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a) For analysis of charged K's the expression 

often used is: 

\Mj2 1 + a Y 
y 

with 

y 
3T

3
- Q 

Q 
Q ~- Imi 

The relevant formulae 

with 

and 

g 

y 

-c a 
y y 

1 + a b. 
y 

3 
2 

are: 

with c 
y 

b) For the analysis of K0 decay the expression 

often used is : 

with 

T3max 

The relevant transformations are 

53- so Q (l+M T3 ---- + 3 2~ 

and 

-2a 
t 

g 
1 + atct 

with 

ct 

2/< [~ Q(l +6) 
ron+ 

- T J 3max 

c) Other K0 authors use the.same form of 

matrix element as given in b) above, but define 

T3max 
2 . 
3Q 



..: 

; "1,' I',: .--~. ,j 
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The relevant transformation is then 

g 
-2a 

u 
1 +a c 

u u 
, with c 

u 

d) Older K0 analyses were done using 

1 + a 
v 

The relevant transformation is then 

g 

and 

-c a 
v v 

1 + d a vv 
with c 

v 

For the reader's convenience w.e give a table 

of numerical values for Q, T3max' b., c y' and ct, 

obtained using the masses from the current edition. 

± .± ,o 
' ' 

Q 75.00 84.21 83.60 

T3max 48.10 53.22 53.91 

b. o.o -0.0789 0.0798 

c 0.7891 0.7028 0.7023 
y 

ct 0.0963 -0.0768 0.3204 

c o.o -0.2247 0.2272 
u 

c 0.0400 0.0400 0.0393 
v 

d 0.0506 0.0524 0.0605 
v 

References 
+. 0 

See the reference sections of the K-.and ~Data 

Card Listings. 

10 CHARGED K ENERGY DEPENDENCE OF DALITZ PLOT 

RELATED TEXT SECTION VI B.l, APPENDIX I, AND MINI-REVIEW ABOVE 

MATRIX ELEMENT SQUARED "' 1 + G (S3-SO)/(MPI+ .. 21 

GT+ LINEAR ENERGY DEPENDENCE fGI FOR TAU DECAYS K+ INTO PI+ PI+ PI-
GT+ THESE EXPTS FIT M**2:cl+AY*Y• WE LIST G IN THE MAIN liSTING AND 
GT+ GIVE AY AT RIGHT. G=-1.5*AY*fMPIU21/CMK*Ql. SEE NOTE ABDVEe 
GT+ZL 51t28 (-0.221 (0.021tl ZINCHENKO 67 HBC + AY.:c0.28+-.03 
GT+ L 9991t (-0.2181" (0.0161 BUTlER 68 HBC + AY.:c0.277+-.020 
GT+ Gl7898 1-0.1961 (0.0121 GRAUMAN 70 HLBC + AY=0.228+-.030 
GT+Q 750K -0.2158 0.0028 FORD 72 ASPK + AY=0.2734+-.0035 
GT+ 39819 -0.201 0 .. 008 HOFFMASTE 72 HLBC + INCLUDES GRAUMAN 
GT+ 225K -0.222 0.0064 DEVAUX 77 SPEC + AY=0.2822+-.0077 
GT+ L EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 
GT+ Z ALSO INCLUDES OBC EVENTS 
GT+ G EHULS. DATA ADDEO - All EVENTS INCLUDED BY HOFFMASTER 72 
GT+ Q THIS VALUE OF AY IS FROM A QUADRATIC FIT WITH Y**2 COEF:::.o30+-.0IO. 
GT+ Q A liNEAR FIT IS QUOTED CNLY FOR THEIR COMBINED K+ AND K- SAMPLE. 
GT+ Q IT GIVES AY=0.2737+-.0032 • THE QUADRATIC FIT TO THE COMBINED 
GT+ Q SAMPLE GIVES AY=0.2152+-.,0033 AND Y*"'2 COEFF=0.025+-.0l0 • 
GT+ Q CCHISQ/DFJ=l.38 FOR liNEAR FIT AND 1.20 FOR QUADRATIC FIT. 
GT+ 

10/69 
10/69 

8170 
4/72 
1171 

11177* 
3118* 

1171 
4172 
4/12 
4/72 
4/12 
1/13 

GT+ AVG -0.2153 
GT+ STUDENT -0.2155 

·0.0036 AVERAGE IERP.QR INCLUDES SCALE FACTOR OF 1.5) 
0.0021 AVERAGE USING STUOENTlOfH/1 .. 111 -- SEE MAIN TEXT 
(SEE IDEOGRAM BElOW I 

~EIGHTED RUERRGE = -0.2153 • 0.0036 
ERROR SCRLEC BY 1.5 

CHISQ 
77 SPEC 1.1 
72 HLBC 3.2 

·DEURUX 
•HOFFMRSTE 
·FORO 72 RSPK _Q.&_ 

4.3 

-0.24 -0.22 
CCCNLEU 

-0.20 -0.18 =0 .115 I 
LIN. ENERGY OEP. FOR K+ TO PI+ PI+ PI-

GT- LINEAR ENERGY DEPENDENCE IGI FOR TAU DECAYS K- INTO PI- PI- PI+ 
GT- FOR DEFINITION OF AY SEE NOTE IN ABOVE SECTION GT+. 
GT- F 1341 1-0.2201 (0.0351 FERRO-LUZ 61 HBC - AY=0.28+-.045 
GT-ML 5718 1-0.190) 10.02:31 MOSCOSO 68 HBC - AY=0.242+-.029 
GT- 50919 -0.1'94 0.007 MAST 69 HBC - AY=0.241+-.009 
GT-Q 750K -0.2187 0.0028 FORO 72 ASPK - AY:c0.2170+-.0035 
GT- 81K -0.199 O.OOB LUCAS! 73 HBC - AY=0.252+-.0ll 
GT- F NO RADIATIVE CORRECTIONS INCLUDED. 
GT- L EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 
GT- M ALSO INCLUDES OBC EVENTS. 
GT- Q THIS VALUE OF AY IS FROM A QUADRATIC FIT WITH Y**2 COEF=.020+-.010. 
GT- Q SEE ALSO THE NOTE Q IN THE GT+ SECTION ABOVE. 
GT-

0.0067 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 .1) 

10/69 
10/69 
10/69 
4/12 

10/12 

3118* 

lt/72 
4/12: 

GT- AVG -0.2131 
GT- STUDENT -0.2147 0.0037 AVERAGE USING STUOENTIOIH/1 .. 111 -- SEE MAIN TEXT 

ISEE IDEOGRAM BELOW I 

~EIGHTEO RUERRGE = -0.2137 • 0.0067 
ERROR SCRLEO BY 2.7 

CHISQ 
73 HBC 3.4 
72 RSPK 3.1 
69 HBC ..1.JL. 

14.5 

-0.24 -0.16 
( CONLEU 
=0.0011 

LIN. ENERGY DEP. FOR K- TO PI- PI- PI+ 

OG ffGT+I-fGT-Il/IIGT+I•CGT-11 IN PERCENT 
DG . A NON-ZE~O·.VALUE FOR THIS QUANTITY INDICATES CP VIOLATION 
OG 3.2H -0.10 0.53 FORO 10 ASPK 

GTP LINEAR ENERGY DEPENDENCE CGJ FOR TAU PRIME DECAY CHA.K INTO PI PIOPIO 
GTP 11'92 0.48 0.04 KALMUS 64 HLBC + 
GTP 1874 0.586 0.098 BISI 65 HLBC + ALSO HBC 
GTP 401t8 0.,516 0.020 DAVISON 69 HL8C + ALSO EMUL 
GTP 198 0.516 0.074 PANOOULAS 10 EMUL + 
GTP A1365 0.61 0.06 AUBERT 72 HLBC 
GTP 574 0.484 0.084 .LUCAS2 13 HBC· - DALJTZ PRS ONLY 
GTP 5635 0.602 0.021 SHEAFF 75 HLBC + 
GTP S 27K 0.510 0.060 SMITH 75 WIRE + 
GTP B3263 0.648 0.036 BRAUN 76 HLBC + 
GTP LE4639 10.8061 10.2201 BERTRAND 76 EMUL 
GTP A WE GIVE LINEAR TERM OF HIGHER ORDER FIT. EQ.I OF APP.JI 9 AUBERT 72. 
GTP S SMITH 75 MEASURES QUADRATIC COEFFICIENT H=0.009+-0.040. 
GTP B BRAUN 76 GIVES Cc.,324+-.018 FOR LINEAR MATX.ELEM. FIT. ABOVE G=2*C. 
GTP E WE GIVE LINEAR TERM OF HIGHER ORDER FIT. 
GTP L EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 
GTP ' 
GTP AVG 0.561 0.021 AVERAGE fERRClR INCLUDES SCALE FACTOR OF 1. 71 

11170 

10/69 
10/69 
10/69 
10170 

1173 
9173 
2176 

12175 
11111* 
12177* 
1/13 

12/15 
11177* 
12177* 
3178* 

GTP STUDENT 0.559 0.020 AVERAGE USING SJUDENT101H/1.1U -- SEE MAIN TEXT 
ISEE IDEOGRAM BELOW I 
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~EIGHTED AVERAGE = O.S61 • 0.021 
ERROR SCALED BV 1.7 

· · · · ·BRAUN 76 HLBC 
75 ~IRE 
75 H~BC 

· · · · · ·LUCAS2 73 HBC 
· · ·RUBERT 72 HLBC 

· · · · ·PANDOULAS 70 EMUL 
69 HLBC 

· · · ·BISI 65 HLBC 
· · · · · · ·KALMUS 64 HLBC 

0 .3. D.S 0.7 0.9 
LIN. ENERGY DEP. FOR K TO PI PIO PIO 

± 0 
Note on K~,3 and KR- 3 Form Factors 

CHISQ 
5.9 
0.7 
3.9 
O.B 
3.3 
0.4 
5.0 
0.1 

_L!_ 
24.1 

ICONLEU 
=0.002! 

Definitions of the parameters ;\.+' !;(0), A.
0

, 

ifs/f+J and iforlf+J and a general discussion of the 

methods of analysis are given in Section VI B.2 of 

the text. 

This note describes the contents of the Data 

Card Listings for the two K~3 parametrizations, 

(;\.+' !;(O)) and(;\.+' 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. 

~~3 Experiments 

The matrix element for K~3 decay, assuming a 

pure vector current, is given by Eq. (2) in Section 

VI B.2 of the text. Most experiments appear to be 

compatible w~th the assumption that f+ depends 

linearly on t and that f is constant. Only DALLY 
0 

72 (K~3 l appears to require A._ # 0 (by about three 

standard deviations) • A single data bin at low q 2 

seems to be responsible. The effe.ct is not observed 

in the high-statistics 
0 

(also K~3 ) • 

experiment of DONALDSON2 74 

.J.+, s<o> Parametrization: A data from K 3 + + ~ 
decay are entered into the K- and ~ sections of 

the Data Card Listings in subsection L+M. The 

corresponding !;(O) 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 

60 

Data Card Listings 
For notation, see key at front of Listz"ngs. 

likelihood contour below. The correlations are 

given on the right side of the !;(0) data cards. 

"' <l 
+I 

§ 

"' 

_}+t._}
0 

Parametrization: This parametriza

tion is used in recent K~3 analyses. To facilitate 

comparison between experiments, we convert earlier 

experiments from the (;1.+,!;(0)) parametrization to 

(;\.+,;1.
0

) whenever possible (i.e., when A+ and !;(0) 

values, errors, and correlations are given). The 

transformation between these parametrizations is: 

dA. 
0 

dA.+ 
l + d!;(O) 
a~ 

+ 

2 2 2 
where a = m1f/ <I~Jc- m1f) • 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 (;\.+,;\. 0 ) results into the (;\.+' 

!;(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 ;1.
0

) values, errors, and correlation. Such 

measurements are entered in the L+M, XIA, and LO 

subsections. They give rise to the error ellipses 

.• 
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shown in Figs. 1 and 2. These are approximations 

to likelihood contours. 

Some analyses of this type fix A+ and determine 
0 s(O), e.g., CARPENTER 66 and PEACH 73 (both K~ 3 ). 

We enter s(O) and ds(O)/dA+ in the XIA section and 

give the fixed A+ value in the data card footnote. 

The s(O) 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. 

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 s(O) for 

fixed A+· These adjustments are noted in the s(O) 

data card footnotes, e.g., for CALLAHAN! 66 and 

HAIDT 71 (K+ subsection XIA), where the published 

errors and correlation violate the constraint 

lcAsl < 1 on the normalized correlation coefficient 

CAE;; given by 

XBL 762-2298 

Fig. 1. One-standard-deviation (e-l/2) likelihood 
contours in the (A ,A ) plane forK+ . 

- ":':" .0 -- - l-13 

6 

Stable. Particles 
K± 

In some cases, e.g., BRAUNl 73, the parametri

zation used is A+' s(O), s(t*l, where t* is the 

weighted average of t with weighting according to 

the sensitivity to S• In this case we do not use 

s(O). -It is-a badly determined parameter comparable 

to A or the slope of s(t). Instead, we use 

s<o> s<t*> c1 * + \t) 

ds<o> ds<t*> * * * = err:;:-- (1 + A+t l + s<t >t 
dA+ 

0.1 

).0 0 

-0.1 

XBL 762-2297 

Fig. 2. One-standard-deviation (e-l/2) likelihood 
_contours -in--the- (A- ,A--) -plane --forK0-

3
. - ··--

+ 0 l-1 



Stable Particles 
K± 

With the BRAUN! 73 values, A = 0.027, s(6.6) = +. 
-0.34 ± 0.20, and ds(6.6)/dA+ -14, we obtain 

s<o> (.,-0.40± 0.24) - 19(A+- 0.027) 

or for their fitted A+ 

s<o> -o.36 ± o.4o. 

0.025 ± 0.017, we get 

Method B: Branching ratio experiments cannot 

determine A+ and s(O) simultaneously, but simply 

fix a relationship between them, given in Section 

VI B.2 of the text. Results are usually quoted as 

values of s(O) at fixed A+. We list these resUlts 

in subsection 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 r(K~3>;r(K~ 3 ) and 

r(K0 )/r(K0

3
), which include the branching ratios 

113 e 
from these experiments. The branching.ratios from 

our current edition and the results for s(O) and A0 

evaluated at A+ = 0.030 are 

r CK
113

> ;r (Ke 3> o. 663 ± . 018 (S=l. 7) 

s(O) -0.20 ± .15 (S=l. 7) 

-11.9 

+0. 014 ± . 012 (S=l. 7) 

+0.04 

0. 695 ± .017 

+0.08 ± .13 

-10.3 

+0.037 ± .011 

+0.12 

The scale factor S is the amount by which the error 

has been multiplied in order to compensate for 

discrepancies in the branching ratios. These A
0 

results give rise to the K
113

;Ke3 bands in Figs. 1 

and 2. 

Method C: Polarization experiments measure 

(s(t}) 1 the Weighted average Of s(t) OVer the t 

range of the experiment, where the weighting 

accounts for the variation with t of the sensi

tivity to s(t). Such measurements are entered in 

subsection XIC. 

To reinterpret these results in the (A+,s(O)) 

parametrization, we recognize that A+= 0. corre

sponds to s(t) constant (always assuming A_= O) so 

that 
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The correlation with A+ is given by the following 

relations (valid for small A+): 

where ( t/m~). is the average value of t weighted by 

the sensitivity to s(t). These results, transform

ed to A0 and dA 0/dA+ values, are entered in sub

section LO and give rise to bands in Figs. 1 and 2. 

In Figs. 1 and 2, we disregard those polari

zation measurements for which ds(O)/dA+ is not 

obtainable. Also we. disregard MERLAN 73 because 

the signs of s(O) and ds(O)/dA+ are opposite, 

whereas the above equation requires them to be the 

same (since t > 0) • 

Comparison of K\.13 Experiments: Figures 1 and 

2 show the likelihood contours in the (A+,A 0 ) plane 

f + d 0 • 1 or K\.1 3 an K
113 

respect~ve y. 

The K~3 Dalitz plot results (ellipses) shown 

are fairly consistent and appear to cluster between 

the Kll 3/Ke 3 result and the polarization results of 

BETTELS 68 and CUTTS 69. The K~3 results are much 

less consistent with a small cluster appearing in 

the neighborhood of the DONALDSON2 74 result. 

X2 fits to the results shown in Fig. 1 and 

Fig. 2 yield the following values for A+ and A0 • 

The corresponding values of s(O) are also given. 

+ Ko 
K].J3 ].J3 

A 
+ 

+0.026 ± .oo8* +0.034 ± .006* 

\ -0.003 ± .007* +0.020 ± .007* 

dA 0 /dA+ -0.15 -0.24 

i;oF 40/19 72/12 

s* 1.5 2.5 

s<o> -0.35 ± .14* ~0.16 ± .11* 

ds(O)/dA+ -14. -15. 

*All errors have been increased by the scale 
factor S = (X 2/DF)~ to take into account the 
discrepancies between measurements. 

. ... 

~-

:, 
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In view of the large x2/DF of these fits, 

especially K~ 3 , the fit results should be taken 

with a grain of salt. The largest contributors to 
2 . + 72 . d ~ ~n the KJJ 3 case are CHIANG w~ th 8. 1, an 

the polarization results, BETTELS 68 with 6.8 and 

CUTTS 69 with 5.5. In the K~3 case the largest 

contributors are the polarization results of 

SANDWEISS 73 with 17, LONGO 69 with 14, and CLARK 

77 with 12, and the Dalitz plot results of ALBROW 

72 with 11, ALBRECHT 74 with 7.3, and PEACH 73 with 

5.3. All other X2 values were less than 4. 

The DONALDSON2 74 result 

A+ 0.030 ± 0.003 

A
0 

0.019 ± 0.004 

clearly dominates the statistics in the K0 case. 
]J3 

The A+ value is consistent with the Ke 3 value of 

A+' and with the pole approximation 

~* 
-2--
~*-t 

Their f 0 (t) extrap~lates linearly to the Callan

Treiman point. It is less than two standard 

deviations from the KJJ 3/Ke 3 result. 

_!{e 3 Experiments 

The f term of the matrix element [Eq. (2) text 

Section VI B.2] can be neglected for Ke 3 because 

it is proportional to the lepton mass. The f term 
2 + 

is usually assumed to be linear in t = q = (P K- P TT)
2, 

the square of the four-momentum transfer, i.e., 

the effective mass of the lepton pair. We quote 

the linear coefficient A: (L+E on the data cards). 

There has been some suggestion of departure from. 

linearity [CHIEN 71 (K: 3) and Chounet, Gaillard, 

and Gaillard1 - Review] but no compelling evidence. 

The A+ results 

average values 

+ 
Ke3' 

K o • 
e3" 

are fairly consistent and the 

are 

A+ 0.0285 ± 0.0043 

A+ = 0.0300 ± 0.0018 (S = 1.2) 

where the K~ 3 error has been multiplied by the 

scale factor 1.2 to compensate for inconsistencies 

(see ideogram in K0 section L+E). 
L 

See also the excellent reviews of Gaillard and 

Stable Particles 
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Chounet, 1 Chounet, Gaillard, and Gaillard,
2 

and 

Pondrom. 3 
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10 CHARGED K FORM FACTORS 8/67 

RELATED TEXT SECTION VI 8.2 AND MINI-REVIEW ABOVE. 

IN THE FORM FACTCR COMMENTS, THE FOLLOWING ABBREVIATIONS ARE USED. 
F+ AND F- ARE FORM FACTORS FOR THE VECTOR MATRIX ELEMENT. 
FS AND FT REFER TO THE SCALAR AND TENSOR TERM. 
FO = (f+t + IF-J•TI(MK**2-MPI**21 
L+, L- AND LO ARE THE LINEAR EXPANSION COEFFS. Of f+, F- AND FO. 
L+ REFERS TO THE KMU3 VALUE EXCEPT IN THE KE3 SECTIONS. 
OXI/Dl IS THE CORRELATION BETWEEN XJ(OI AND l+ IN KMU3. 
OLO/OL+ IS THE CORRELATION BETWEEN LO AND L+ IN KMU3. 
T = MOMENTUM TRANSFER TO THE PI IN UNITS OF MPt••2• 
OP "' CAL ITZ PLOT ANALYSIS 
PI .. PI SPECTRUM ANAlYSIS 
MU = MU SPECTRUM ANAL YSJ S 
POL• MU POLARIZATION ANALYSIS 
BR "" KHU3/KE3 BRANCHING RATIO ANALYSIS 
E • POSITRON OR ELECTRON SPECTRUM ANALYSIS 
RC "" RADIATIVE CORRECTIONS 

XJA XIA ., F-/F+ COETERMINED FROM SPECTRAl ----------------
XIA 76 C+L.BI (0.6) BROWN 62 XEBC + OP+BR, L+=O 
XIA 87 I+0.7J CO.SJ GJACOMELL 64 EMUL + MU+BR RVUE, L+=O 
XJA J (-O.OBJ (0.11 JENSEN 64 XEBC + OP+BRCKMU3,KE31 
XIA 264B (0.0) (1.11 10.9) CALLAHA1 66 FRBC + MU, L+=O, T UNKN 
XIA C 444 +0.72 0.93 CALLAHAl 66 FRBC + PI, DXJ/OL=-17 
XIA 78 1-0.51 10.91 EISLER 68 HLBC + PI,L+:cO,NO OX/Dl 
XIA K2041 -o.S 0.8 KIJEWSKI 69 OSPK + PI, DXI/DLc-26 
XlA H3240 -1·1 0.56 HAIDT 71 HLBC + DP, DXI/DL•-29 
X lA A4025 -0.62 0.28 ANKENBRAN 72 ASPK + PI, OXJ/DL .. -12 
XIA 83480 +0.45 0.28 CHIANG 72 OSPK + OPt OXI/DL=-15 
XIA DlB97 -0.36 0.40 BRAUN! 73 HLBC + DP, OXI/DL=-19 
XIA N 490 -0.8 0.8 ARNOLD 74 HLBC + OP, DXIIDL=-20 
XIA M6527 -0.51 0.24 MERLAN 14 ASPK + OP, DXI/OL:= -9 
XIA J JENSEN 64 GIVES L+M=L+Ec-.020+-.021. OXI/DL UNKNOWN. INCLUDES 
XIA J SHAKLEE 64 XI BIKMU3/KE31. 
XJA C CALLAHAN 66 TABLE 1 IPI ANALI GIVES DXI/DL=C.72-.051/(Q-.Oitl=-17, 
XIA C ERROR RAISED FROM .80 TO AGREE WJTH DXI0=.37 FOR FIXED L+. 
XJA K , KIJEWSKI 69 FIG. 17 WAS USED TO OBTAIN DXI/Ol AND ERRORS. 
XIA H HAIOT 71 TABLE 8 lOP ANAL) GIVES DXI/OLci-1.1+0.5JI(.050-.029J=-29t 
XIA H ERROR RAISED FROM .SO TO AGREE WITH OXI0=.20 FOR FIXED L+. 
XIA A ANKENBRANOT 72 FIG. 3 WAS USED TO OBTAIN DXI/DL. 
XIA B CHIANG 72 FIG .. 10 WAS USED TO OBTAIN DXI/DL. 
XJA B FIT 11AO L-""l+ BUT WOULD NOT CHANGE FOR L-=0. L.PONOROM,PRIV.C0"'!.74 
XJA D BRAUN! 73 GIVES XICTI=-.34+-.20, OXlfTI/OL+=-14 FOR L+=.027t T=6.6 .. 
XIA D WE CALCULATE ABOVE XICOJ AND OXJ(OJ/OL+ FOR THEIR L+ ... 025+-.0l7 
XIA N ARNOLD 74 FIG. It WAS USED TO OBTAIN XIA AND DXI/DL. 
XIA M MERLAN 74 FIG.S WAS USED TO OBTAIN DXIIDL. 
XIA 
XIA FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS ABOVE. 

XIB 
XIB 
XIB 
XIB 
XIB 
XIB 
XIB 
XIB 
XIB 

XlB : F-/F+ IOETERMINEO FROM KMU3/KE3J -----------
THE KMU3/KE3 BRANCHING RATIO FIXES A RELATIONSHIP BETWEEN XIfOl 
AND L+. WE QUOTE THE AUTHORS XICOJ AND ASSOCIATED L+ BUT DO NOT 
AVERAGE BECAUSE THE L+ VALUES DIFFER. THE FIT RESULT AND SCALE 
FACTOR GIVEN IN THE ABOVE NOTE ON KL3 FORM FACTORS ARE NOT OBTAINED 
FROM THESE XIB VALUES. INSTEAD THEY ARE OBTAINED DIRECTLY FROM THE 
FITTED KMU3/KE3 RATIO CR29J • 

-0.11 0.75 0.99 SHAKLEE 64 XEBC + BRt L+=O 
+Q.6 0.5 BISI 1 65 HBC + BR, L+.,O 

XIB 500 +0.8 0.6 CUTTS 65 OSPK + BR, L+=D 
XIS 636 +O.It 0.4 CALLAHAl 66 FRBC + BR, L+=O 
XIB 306 +0. 75 0.50 AUERBACH 67 OSPK + BR, L+=O 
XIB B 5601 
XIB E 1398 
XIS ~86 

XIB 

1-0.081 10.151 BOTTERIL2 68 ASPK + BR,L+o:.023+-.008 
C-0.60) 10.201 EICHTEN 68 HLBC + BR, SEE NOTE E 
+t-0. 0.-6 GARLAND 68 OSPK + BR, L+=O 
+0.91 0.82 ZELLER 69 ASPK + BR, L+=.023 

XIB 8 -0.35 0.22 BOTTERIL 70 OSPK + BRtL+c.045+-.015 
XIB EI505 -0.81 0.27 HAIDT 71 HLBC + BR,L+=.028,FIG.8 

5825 0.0 0.15 CHIANG 72 OSPK + 8R,L+=.,03,FIG.10 
H 55K -0.12 0.12 HEINTZE 77 CNTR + BRtL+=.029 

XIB 
XIB 
XIB B BOTTERIL 70 IS REEVALUATION OF BOTTERIL 2 68 WITH DIFFERENT L+. 
XIB E EICHTEN 68 HAS L+=.023+-.008t T=4, INDEP. OF l-. REPL. BY HAIOT 11. 
XIB H CALCULATED BY US FROM LO AND L+ GIVEN BELOW. 
XIB •• • • • • • • • 
XIS FIT DISCUSSED IN· NOTE "ON Kl3 FORM FACTORS ABOVE. 

XIC XJC = F-/F+ (DETERMINED FROM MU POLARIZATION IN KMU31 -------
XIC THE MU POLARIZATION IS A MEASURE OF XII TJ • NO ASSUMPTIONS ON L+-
XIC NECESSARY, T (WEIGHTED BY SENSITIVITY TO XIO) SHOULD BE SPECIFIED. 
XIC IN L+tXIIOJ PARAMETERIZATION THIS IS XIIOJ FOR L+=O .. OXI/DL=XI*T• 
XIC. FOR RAD· CORR. TO MUON POLARIZATION IN KHU3 SEE GINSBERG 71. 
XIC T 2100 (+1.21 12.41 Cl.BI BORREANI 65 HLBC + POLARIZATION 
XJC T 500 BTWN -4.0 AND +1.7 CUTTS 65 OSPK + LONG. POL. 
XIC T 397 (-1.4) I 1.81 CALLAHAl 66 FRBC + TOTAL POL. 
XIC T 2950 C-0.71 C0.9J 13.31 CALLAHA1 66 FRBC + LONG. Pot. 
XIC 86000 -1.0 0.3 SETTELS 68 HLBC + TOTAL POL. T:c4.9 
XIC C3133 -0.95 0.3 CUTTS 69 OSPK + TOTAL POL • T=4.0 
XIC M 40K 1-0.641 C0.27l MERLAN 74 ASPK + POL,DXIIOL=+1.7 
XIC 01585 -0.25 1.20 BRAUN 75 HLBC + POL. T=4.2 
XIC T T VALUE NOT GIVEN. 
XIC B SETTELS 68 DXI/DL=XI*T=-1.0*4.9=-4.9 
XIC C CUTTS 69 T=4.0 WAS CALCULATED FROM FIG.8. DXI/OL=XI*T=-.95*4=-3.8 • 
XJC M MERLAN 74 POLARIZATION RESULT (FIG.51 NOT POSSIBLE. SEE DISCUSSION 
XlC M OF POLARIZATION EXPERIMENTS IN NOTE ON Kl3 FORM FACTORS ABOVE. 
XIC D BRAUN 75 OXI/OLcXI•T=-.25*4•2z:-l.O • 
XIC • • • • • • • • • 
XJC FU DISCUSSED· IN NOTE" ON Kl3 FORM FACTORS ABOVE. 

1/74 
1/74 
1/74 
1/74 
1/74 
1/74 
1174 
1/H 
1/74 
1/74 
3174 

11175 
3/14 
1/74 
l/74 
111ft 
1/74 
1/74 
1174 
1/74 
1/74 
1/74 
1/74 
3/74 
3/74 

11/75 
3/74 

l/74 
l/74 
1/74 
2/76 
2/76 
2176 
1/74 
l/74 
1174 
1/74 
1/74 
1/74 
1/74 
1/74 
1174 
1/74 
1/74 
l/74 
3178• 
l/74 
1/74 
3/78* 

8/67 
1/74 
B/67 
B/67 
1/74 
1/74 
3/74 
l/76 

1/74 
1/76 
l/76 
1/76 
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lXI IMAGINARY PART OF XI I JEST OF T REVERS AU ----------------
lXI 2648 o.o 1.0 CALLAHAL 66 FRBC + MU 1/74 
lXI 397 +1.6 1.3 tALLAHAl 66 FRSC + TOTAL POL. 1/74 
1X1 2950 0.5 1.4 0.5 CALLAHAl 66 FRBC + LONG. POL. 1174 

lXI 6000 -0.1 0.3 SETTELS 68 HLBC + TOTAL POL. 1/74 

lXI 3133 -0.3 0.3 0.4 CUTTS 69 OSPK + TOTAl POL. FIG. 7 1/74 
lXI 
IX1 AVG -0.09 0.21 AVERAGE IERROR JNC.lUOES SCALE FACTOR OF L.OJ 
lXI STUDENT -0.10 0.23 AVERAGE USING STUOENTlO(H/1.111 -- SEE MAIN TEXT 

L+M LAMBDA + {liNEAR ENERGY DEPENDENCE OF F+ IN KHU3 DECAY) 
L+M SEE ALSO THE CORRESPONDING ENTP.IES AND FOOTNOTES IN SECTIONS xu, 
L+M XIC, AND LO. 
L+M FO~ RAO.COR. OF KHU3 OP SEE GINSBURG 70 AND BECHERRAWY 70. 3/74 
L+M 444 o.o o.os CALLAHAl 66 FRBC + P1 1174 
L+M 2041 o.oo9 0.026 KIJEWSKI 69 OSPK + P1 1/74 
L+M 3240 0.050 0.018 HAIDT 11 HLBC + OP 1/74 

L+M A4025 0.024 0.019 ANKENBRAN 72 ASPK + P1 1174 
L+M 3480 -0.006 0.015 CHIANG 72 OSPK + OP 1/74 

L+M 1897 0.025 o .. on BRAUN1 73 HLBC + OP 3/74 
L+M 490 o.ozs 0.030 ARNOLD 74 HLBC + OP· 7174 
L+M 6527 0.027 a.a19 MERLAN 74 ASPK + OP 3174 

L+M A ANKENBRANDT 72 L+ FRCI.wl f1G.3 TO MATCH DXI/OL. TEXT GIVES .a24+-.a22 1/74 

L+M 
L+M FIT DISCUSSED IN NCTE ON KL3 FORM FACTORS ABOVE. 

La LAMBDA a (LINEAR ENERGY' OEPENOENC.E OF FO IN KMU3 DECAYI 
LO WHEREVER POSSIBLEt WE HAVE CONVERTED THE ABOVE VALUES OF XIIOI INTO 
LO VALUES OF La USJNG THE ASSOCIATED L+M AND OXI/OL. 
LOW 444 +a.058 0.036 CALLAHA1 66 FRBC + PltOLa/DL+=-a.37 1/74 
LO L 6000 -0.063 (O.aZ4) SETTELS 68 HLBC + POL,OLO/DL+=+.60 1/74 
La W 2041 -0.031 O.C45 KIJEWSKI 69 OSPK + PitDLa/OL+=-1.10 1174 
La L 3133 -0.056 (0.024) CUTTS 69 OSPK + POL,DLa/Dt.+z+.69 1174 
ta W 3240 -a.03C) o.a29 HAIOT 71 HLBC + OPtOLO/OL+:-1.34 1174 
LO W 4025 -O.a26 o.a13 ANKENBRAN 72 ASPK + PltOLO/OL+=+0.03 1174 
LO W 3480 +0.030 O. 014 CHIANG 72 OSPK + DP,OLO/OL+=-a.21 1/74 
LO 01897 -0.008 0.020 BRAUN! 73 HLBC + OP,OLO/DL+=-0.53 1/76 
LO 4SO -0.040 0.040 ARNOLD 74 HLBC + OP,DLO/DL+z:-0.62 7174 
LO 8 1-0.0111 I0.01U BRAUN 74 HLBC + KHU3/KE3 VS. T 11175 
LO M 6527 -0.019 0.015 MERLAN 74 ASPK + OP,OLO/OL+=+0.27 3/14 
LO L 1585 +0.008 o.a97 BRAUN 75 HLBC + POL,OLO/OL+=+.92. 1/76 
LO H 55K +0.019 10.010) HEINTZE 77 SPEC + 8RtDLO/QL+::+a.03 12177• 
LO W LO CALCULATED BY US FROM XIO, L+M, AND OXIIOL. 1/74 
LO L LO VALUE IS FOR L+=0.03 CALCULATED BY US FROM XIO AND DXI/DL. 1174 
LO D THIS VALUE AND ERROR. ARE TAKEN FROM BRAUN 75 BUT CORRESPOND TO THE 1176 
LO 0 BRAUN! 73 L+M RESULT. DLO/DL+ IS FROM BRAUN! 73 DXI/OL IN XIA ABV. 1176 
La B BRAUN 74 IS A COMBINED KMU3-KE3 RESULT. IT IS NOT INDEPENDENT OF 11/75 
LO 8 BRAUN! 73 (KMU3) AND BRAUN2 13 tKE3J FORM FACTOR RESULTS~ 11/15 
La M MERLAN 74 La AND CLO/DL+ WERE CALCULATED BY US FROM XIAt L+Mt AND 3174 
LO M OXI/OL. THEIR FIG~6 GIVES Laz-O.a25+-0.01Z AND NO OLO/Ol+. 3174 
LO H HEINTZE 77 USES L+=0 .. 029+-o.ao3. DLa/OL+ ESTIMATED BY US. 12177• 

tg FIT oiSCuSsEo.tN NoTe'" oN KL3 FORM FACTORS ABovE. 

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 
L+E 
L+E 

LAM8tA + ILINEAR ENERGY DEPENDENCE OF F+ IN KE3 OECAYJ 
FOR RAO.COR .. OF KE3 OP SEE GINSBURG 67 AND BECHEJIRAWY 70 .. 

217 +0.036 .045 BROWN 62 XEBC + PI, NO RC 
<\07 -0.010 .029 JENSEN 64 XEBt + PI, NO RC 
230 -a.04 .as BORREANI 64 HBC + E+t NO RC 
854 0.045 a.011 0.018 BELLOTT2 67 FBC + OP, USES RC 

1393 +a .. a16 .a16 IMLAY 67 OSPK + OPt NO RC 
515 +O.a28 .. a13 .a14 KALMUS 67 FBC + E+, PI, NO RC 
960 .as .04 BOTTERILl 68 ASPK + E+, USES RC 

90 -o.a2 o.aa 0 .. 12 EISLER 68 HLBC + Pit USES RC 
1458 .045 .015 BOTTERIL 70 OSPK PI, USES RC 
2707 a.a27 0 .. 010 STEINER 71 HLBC + OP, USES RC 
4017 a.a29 0.a11 CHIANG 72 OSPK + OP, RC NEGLIGBLE 

A o.az7 a.aOB BRAUN2 73 HLBC + OP, NO RC 
B ta.025J IO.aa7J BRAUN 74 HLBC + KMU3/KE3 VS. T 

A BRAUNZ 73 STATES THAT RC OF GINSBERG 67 WOULD LOWER L+E BY .002 BUT 
A THAT ~C OF BECHERRAWY DISAGRHS AND WOULD RAISE L+E BY .. oa5 • 

B BRAUN 74 IS A COMBINED KMU3-KE3 RESULT. IT IS NOT INDEPENDENT Of 
B BRAUN1 73 IKHU3J AND BRAUNZ 73 tKE31 FORM FACTOR RESULTS. 

L+E AVG cl.Oa43 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.aJ 

3174 

8/67 
8!61 

11/67 
8/67 
8/67 

• 6/68 
6/68 

ta/69 
11171 
9172 
3174 

11175 
3174 
1176 

11175 
ll/75 

L+E STUDENT 
·a:ai85 
o.a284 a.oa41 AVERAGE USING STUDENTlaiH/1.1lJ -- SEE MAIN TEXT 

FS 
FS 
FS 
FS 
FS 
FS 
FS 
FS 

FS/F+ 

2707 
4aU 
2827 ·. 

FS AVG 
FS STUDENT 

FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 

FTIF+ 

27a7 
4a17 
2827 

FT AVG 
FT STUDENT 

RAllO OF SCALAR TO F+ COUPLINGS FOR KE3 DECAYI ABS. VALUEJ---
.18 OR LESS CL=.90 BELLOTTZ 67 HLBC 10/69 
.3a OR LESS CL=.95 KALMUS 67 HLBC + 10/69 

0.23 OR LESS CLc.90 BOTTERILl 68 ASPK 8/66 
0.14 a.03 a.04 STEINER 71 HLBC + L+,FS,FT,PHI FIT 2172 
0.13 OR LESS CL=.90 CHIANG 72 OSPK + 9/72 
a.ao a.10 BRAUN 75 HLBC + 12175 

0.125 O .. a44 AVERAGE IERROR INCLUDES StALE fACTOR OF 1.3) 
0.12,6 a.037 AVERAGE USING STUOENTlOIH/1.111 -- SEE MAIN TEXT 

RATIO OF TENSOR TO F+ COUPLINGS FOR KE3 OECAYUBS· VALUEJ---
.58 OR LESS CL ... 90 BELLOTT2 67 HLBC 1a/69 

1.1 OR LESS CL= .. 95 KALMUS 67 HLBC + 10/69 
a.58 OR LESS CL= .. 9a BOTTERtll 68 ASPK 8/66 
a.24 a .. l6 0.14 STEINER 71 HLBC + L+,FS,FT,PHI FIT 2172 
0.75 OR LESS CL•.90 CHIANG 72 OSPK + 9/72 
0 .. 07 0.37 BRAUN 75 HlBC + 12175 

0.22 
0.22 

0.14 
a.l5 

AVERAGE IERROR INCLUOES SCALE FAC.TOR OF t.al 
AVERAGE USING STUDENTlatH/1 .. 1lJ - SEE MAIN TEXT 

FTM FT/F+ RATIO OF TENSOR TO F+ COUPLINGS FOR KMU3 DECAY ------------
FTM 1585 0.02 a.tz BRAUN 75 HLBC 1176 

KE4 KE4 DECAY FORM FACTORS ARE GIVEN IN THE FOLLOWING PAPERS 
KE4 BASILE 71 ASPK + ll/75 
KE4 BEIER 73 OSPK +- 11175 

.. •••• ••••••••• ••••••••o ••••••••• ••••••••• •••••**** **••••••• •****••• 

BIRGE 56 NC 4 834 
ILC FF 56 PR 102 927 
ALEXANDE 57 NC 6 478 
COhEN 57 FUND.CONS .PHYS. 
EISENBER 58 NC 8 663 
BURROWES 59 PRL Z 117 
TAYLOR 59 PR 114 359 

FREOEN 6a PR 118 564 
BARKAS 61 PR 124 1209 
BHCIWMIK 61 NC 20 857 
FERFD-LU 61 NC 22 1087 
NORQlhj 61 PR 123 2166 
ROE 61 PRL 1 346 
BOYARSKI 62 PR 128 Z3<i8 

REFERENCES FOR CHARGED K 

BIRGE, PERKJ NS, PETERSON, STORK tWHITEHEA i LRLI 
ILOFF,GOLOHABER,LANNUTTI,GILBERT + ILRLJ 
ALEXANDERrJOHNSTON, OCEALLA IGH i DUBLIN INST I 
+CROWE,OUMONO {ATOMICS INTER.+LRL+C IT I 
EISENBERG,KOCHtlOHRMANNrNIKOllt + IBERNJ 
BURROWES,CALDWELLtFRISCH,HILl + IHITI 
S TAVLORrHARR.JS,OREAR,LEE,BAUHEL ICOLU"4BJAI 

S C FREOEN,F C GILBERT,R S WHITE ILRU 
iLRLI 
UN lVI 
ILRll 
ILRLJ 

BARK AS, OYER, MASON,NORR IS, Nl CKOLS, SMJ T 
8 BHOWMIKtP C JAIN, P C MATHUR I DELHI 
FERRO-LUZZI, MI LLERt MURRAY, ROSENFELD+ 
PAUL NORDIN JR 
ROE,SJNCLAIR,BROWN,GLASER + I MICH+LRLI 
BCYARSKI ,LOH, NIEMELA ,RITSON I MIT I 

64 

Data Card Listings 
For notation, see key at front of Listings. 

BRGWN 62 PRL 8 450 
BARKAS 63 PRL 11 26 

SORREANI 64 PL 12 123 
CALLAHAN 64 PP. 136 B 146'3 
CA/I'ERJNI 64 PF.L 13 318 
CLINE 64 PRL 13 101 
GIACOMEL 64 NC 34 1134 
GREINER 64 PRL 13 284 
JENSEN 64 PR 136 81431 
KALMUS 64 PRL 13 99 
SHAKLEE 64 PR 136 B 1423 

8ROWN,KAOYK 1 TRILLING,ROE+ ILRL,MIC.HI 
W H BARKAS,J N OYERtH H HECKMAN ILRLI 

G BORREANI,G RINAUDO,A WERBROUCK ITURINI 
A CAllAHANtR MARCHtR STARK (WISCONSIN) 
CAMERIN I ,CLJNE ,FRY, POWELL I WI SCCNS IN+LRLI 
D CLINEt W F FRY IWISCONSINI 
GIACOMELLI, MONTI, QUARENI + I BOLOGNA, MUNICH I 
0 GREINER, W OSBORNE, k BARKAS llRLI 
JENSENrSHAKLEE,ROE, SINCLAIR { MICH I 
+KERNAN, PUt POWELL,OOWD { LRL, WI SCI 
SHAKLEE ,JENSEN, ROE, SINCLA 1 R (HI CHI 

BIRGE 65 PP 139 B 1600 BIRGE,ELY,GIDAL,CAMERINI,CLINE + (LRl+WJSCJ 
BISI 65 NC 35 768 BISJ,BORREANitCESTER,FERRARO + ITORINOI 
BISI 1 65 PR 139 B 1068 BORREANJ,MARZARI-CHIESA,RINAUOO+ ITORINOJ 
BORREANI 65 PR 140 81686 BORREANJ,GIOALtRINAUOO,CAFORIO+ IBARI,TORII 
CALLAHAN 65 PRL 15 129 A CALLAHAN,O CLINE IWISCONSINI 
CAMERINI 65 NC 37 1795 +CLINE,GJDALtKALMUS,KERNAN tWISC+LRll 
CLINE 65 PL 15 293 A CLINE,W F FRY IWISCONSINJ 
CUTTS 65 PR 138 B969 CUTTS,ELIOFFtSTIENING ILRLI 

DE MARCO 65 PR 14a B 1430 DE MARCO,GROSSO,RINAUOO ITORJNO+CERNJ 
FITCH 65 PP 140 8 1a88 FITCH,QUARLES,WILKINSIPRINCETON+MT HOLYOKEJ 
GREINER 65 ARNS 15. 67 QUOTED BY BAR.KAS {LRLJ 
STAMER 65 PR 138 8 440 STAMER,HUETTERtKOllER,TAYLOR,GRAUMAN ISTEVJ 
TRILLING 65 UCRL 16473 GEORGE H TRILL lNG ILRLJ 

UPDATED FKOM 1965 ARGONNE CCNF., PAGE 5. 
YOUNG 65 UCRL 16362 POH-SHIEN YOUNG (THESJS,BERKELEYI tlRLI 

ALSO 67 PR 156 1464 P-S YOUNG,W.Z.OSBORNE,w .. H~BARKAS ILRLI 

CALLAHAl 66 PR 15a 1153 CALLAHAN,CAMERINI+IWISC,LRL,RIVERSIOE,BARI I 
CALLAHAN.66 NC 44A 9a A C CALLAHAN IWISCONSINI 
tESTER 66 Pl 21 343 CESTER,ESCHSTRUTH,GNEILL+ (PRINCETON-PENNI 

ALSO 67 AUERBACH, FOOTNOTE 1. 

AUERBACH 67 PR 155 15a5 
ALSD 74 PR D9 3216 

BELLOTTI 67 HEIDELBERG CGNF 
BELLOTT2 67 NC 52A 1287 

ALSO 66 PL 20 69a 
SISI 67 PL 258 572 

+DOBBS ,MANN ,MCFARLANE, WHITE+ 
ERRATUM 
BELLOTTI,PULLIA 
SELL OTT I, FIORINI, PULLI A 
BELLOTTI, FIORINI, PULLI A+ 
81 S t,CESTER, CHIESA, VI GONE 

IPENN,PRINJ 

I MILANI 
IMILANJ 
IMILANJ 

I TORI NOI 

BOTTERIL 67 PRL 19 982 BDTTERILLt BROWN,CORBETT ,CULLIGAN + C OXFORD J 
ALSO 68 BOTTERIL 

BOWEN 67 PR 154 1314 BOWEN,HANN,MCFARLANE,HUGHES+IPENN-PRINCETOJ 
CUNEI 67 HEIDELBERG CC.NF CLINE,HAGGERTY,SINGLETQN,FRY+ IWISCONSINI 
CLINE2 67 .,ERCEG NOVI T8L.4 O.CLINE,PROC.INTL.SCH.ON ELEM .. PART.PHYSICS 

FLETCHER 67 PRL 19 98 
FORD 67 PRL 18 1214 
IMLAY 67 PR 160 12a3 
KALMUS 67 PR 159 1187 
ZINCHENK 67 RUTGERStTHESISJ 

SETTELS 68 NC 56A 1106 
ALSO 1l HAIDT 

80TTERIL 68 PR 171 1402 
BOlTER I 1 68 PR 174 1661 
BOTTERJZ 68 PRL 21 766 
BUTLER 68 UCRL-18420 
CHANG 68 PRL za 510 

CHEN 68 PRL 20 73 
EICHTEN 68 PL Z7B 586 
EISLER 68 PR 169 1090 
ESCHSTRU 6B PR 165 1487 
GARLAND 6B PR 167 1225 
MOSCOSO 68 THESIS 

CUTTS 6-; PR 184 138a 
ALSD 68 PRL za 955 

DAVISON 69 PR 180 1333 
ELY 69 PR 18a 1319 
EMMERSON 69 PRL 23 393 

FLETCHER ,BEl ER, EOWRADS, + 
+LEMONICKtNAUENBERG, PI ROUE 
IMLAY, ESCHSTRUTH,FRANKLIN+ 
KALMUS ,KERNAN 
ZINCHENKO 

(ILLINOIS I 
I PRINCETON I 
CPRINCETONI 

(LRU 
(RUTGERS I 

AACHEN-BAR 1-BERGEN-C ERN-EP-N I J HEGEN-QRSA Y+ 

BOTTERILL,BROWN,CLEGG,CORBETT + (QXFORDJ 
BOTTERILL,BROWN,CLEGGtCORBETT + IOXFOROJ 
80TTERILL,BROWN,CLEGG,CORBETT + (OXF-ORDI 
+BLANO,GOLDHABER, GOLOHABERtHIRAT A+ (LRL J 
CHANG,YOOH, EHRLICH, PLANO+( MARYLAND, RUTGERS J 

CHEN,CUTTS,KJJEWSKitSTIENING + ILRL,MITJ 
AACHEN-SARI -CERN-E P-DRS AY-P AOOVA-VAL ENC I A 
EISLER,FUNG ,MARATECK,MEYER,PLANO (RUTGERS I 
E SCHSTR UTH ,FRANKL IN, HUGHES+ (PRINCETON, PENN 1 
+TSIPIStDEYONS, ROSEN+ ICOLUMBIAtRUTG,WJ SCI 
M L MOSCOSO I UNIV PARIS ORSAYI 

+ST IENlNG,WIEGANOtOEUTSCH tLRL,HITJ 
CUTTS,STIENING,WIEGANO,DEUTSCH ILRL,MIT I 
+BACASTOW ,BARKAS, EVANS, FUNG,PORTER+ I UCR I 
ELYtGIDAL,HAGOPIANt KALMUS+ ILOUC+WISC+LRL I 
EMMERSON,QUJRK (OXFORD I 

HERZD 69 PR 186 14a3 +BANNER,BEIERtBERTRAM,EDWAROS + tiLL) 
KIJEWSKI 69 UCRL-18433 THESIS P K KIJEWSKI ILBLI 
L08KOWIC 69 PR 185 1676 +MELISS I NOS ,NAGASHI MAt TEWKSBURY+ CROCH,BNLI 

ALSO 66 PRL 17 548 LOBKOWJCZ,MELISSJNOS,NAGASHIM+ (ROCH+BNLI 
MACEK 69 PRL 22 32 MACEK,MANN,MC FARLANE,ROBERTS+IPENN,TEMPLEI 
MAST 69 PR 183 12aa +GERSHWIN,ALSTON-GARNJOST,BANGERTER+ ILRU 
ZELLER 69 PR 182 14Za ZELLERtHADOOCK,HELLANOtPAHL+ IUCLA,LRLI 

BOTTERIL 70 PL 31B 325 +BROWN,CLEGGtCORBETT,CULLIGAN+ IOXFI 
FORD 70 PRL 25 1370 +PIROUEtREMMEL,SMITH,SOUDER CPRINI 
GRAUMAN 70 PR 01 1277 +KOLLER,TAYLQR,PANDOULAS+ ISTEV,SETO,LEHI J 

ALSO 69 PRL 23 737 +KOLLERtTAYLQR,PANOOULAS+ ISTEV,SETO,LEHIJ 
MACEK 70 PR D1 1249 +MANN,MCFARLANE,ROBERTS (PENNI 
MALTSEV 7a SJNP 10 678 +PESTOVA,SOLOOOVNIKOYA,FADEEV + IJINRJ 
PANDOULA 70 PR D2 1205 +TAYLOR,Kll.LER,GRAUMAN + ISTEV,SETOI 

BASILE 71 PL 36B 619 
BOURQUIN 1l PL 36B 615 
HAIOT 11 PR 03 ta 

ALSO 69 PL 298 691 
KLEMS 11 PR 04 66 

ALSO 70 PRL 24 1a86 
ALSO 70 PRL 25 413 

KUNSELMA 7l PL 348 485 
OTT 71 PR 03 52 
RCMANO 71 PL 36B 525 
SCHWEINB 71 PL 36B 246 
STEINER 11 PL 368 521 

ABRAMS 72 PRL 29 1118 
ANKENBRA 72 PRL 28 1472 
AUBERT 72 Nt l2A 509 
BEIER 72 PRL 29 678 
CHIANG 72 PR 06 1254 

CLARK 72 PRL 29 1214 
EOkAROS 72 PR 05 2120 
FORO 72 PL 388 335 
HOFFMAST 72 NP 836 1 

ABRAMS 73 PRL 3a 500 
BACKENST 73 Pl 438 431 
BEIER 13 PRL 3a 399 
8RAUN1 13 Pl 478 182 

ALSO 75 BRAUN 
BRAUNZ 73 PL 47B 185 

ALSO 75 BRAUN 
CABLE 73 PR DB 38a7 

+BREHIN t DIAMANT-BERGER, KUNZ+ ISACL+GEVA I 
+BOYMON0 1 EXTERMANN, MARASCO+ (GEVAtSACL J 
AACHEN+BAR I +CERN+EP +NI J MEGEN+OR SAY+P AOOVA+ 
+tAACH, SARI ,CERNt EPOLt NIJM, DRS AY, PAQO, TORI I 
+HILDEBRANO,STIENING ICHIC,LRLJ 
KLEMS, HI LDEBRANOt ST lEN lNG t lRLt CHIC I 
KLEMS,HilOEBRANO, ST IENJNG (LRL, CHIC I 

R. KUNSELMAN I WYOMING J 
OTT ,PRITCHARD ILOQM I 
+RENTON,AUBERT ,BURS AN-LUTZ I SARI oCERN,ORSA) 
AACHEN+BELGIUM+CERN+NIJMEGEN+PAOOVA COLLAB 
AACHEN+BAR I +CERN+EPCl. +DRS A+N IJ H+PAOO+ TOR IN 

+CARROLL 1 KYCIA,LI,MENES,MICHAEL + CBNU 
ANK ENBRANOT tLARSEN+ C BNL+LASL+FNAL+YALE I 
+HEUSSEt PASCAUDt V IALLE+ I ORSA+BJi.UX+EPOL I 
+BUCHHOLZ ,MANN, PARKER (PENNSYLVANIA I 
+RG SENt SHAP J RO, HANDLER, OLSEN+ IROCH+WI SC J 

+CORK, EL IOFF ,KERTH, MCREYNOLDS, NEWTON+ IL BL 1 
+BE IERt BERTRAM ,HERZO, KOESTER + ( ILLI 
+PIROUE,REMMEL,SMITH,SOUDER I PRI NCETONI 
HOFFMASTER, KDLLERt TAYLOR+ C STEV+SETO+LEHl J 

+CARROLLtKYCJA,LI,MENEStMICHAEL + IBNLJ 
BAC KENSTOSS, B"AMSERG ER+C CERN+KARL +HEI O+STOH I 
+BUCHHOLZ,MANNt PARKER, ROBERTS I PENNI 
AACHEN+BARI +&RUSSEL S+CERN COLLABORATION 

AACHEN+BARI +BRUSSEL S+CERN COLLABORATION 

+HILDEBRAND, PANG, ST IENI NG IEFI+LBll 

y 
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Data Card Listings 
For notation, see key at front of Ljstings. 

LJUNG 73 PR 08 '1307 
ALSO 72 PRL 28 523 
ALSC 72 PRL 28 1287 
ALSO 69 PRL 23 326 

LUCAS! 73 PR 08 719 
LUCASZ n PR DB 727 
PANG 73 PR DB 1989 

ALSO 72 Pl 408 699 
SMITH 13 NP 860 411 

ARNOLD 74 PR 09 .1221 
BRAUN lit Pl 518 393 
CENCE 74 PR 010 776 

ALSO 73 THESIS IUNPUBL., 
i<UNSELMA 74 PR C9 2469 
MERLAN lit PR 09 107 
WEISSENB 74 Pl 488 474 

BLOCH 
BRAUN 
CHENG 
HEARD! 
HEAROZ 
SHEAFF 
SMITH 

15 PL 568 201 
75 NP 889 210 
75 NP A254 381 
75 PL 558 321t 
75 PL 558 327 
75 PR 012 2570 
75 NP 891 45 

BERTRAND 76 NP 8114 387 
BLOCH 76 Pl 608 393 
BRAUN 76 LNC 17 521 
OIAMANTB 76 Pl 628 485 
HEINTZE 76 Pl 608 302 
SMITH 76 NP 8109 173 
NEISSENB 76 NP 8115 55 

ABRAMS 17 PR 015 22 
. DEVAUX 77 NP 8126 11 

HEINTZE 71 Pl lOB 482 
ROSSELET 17 PR 015 574 

O.LJUNG ,Q.CLINE IWJ SCI 
O.LJUNG (WISCI 
O.CLINE,O.LJUNG IWISCJ 
CAMERINI ,LJUNGtSHEAFftClJNE · (WI SCI 
LUCAStTAFT,WILLIS (YALEI 
LUCAS, TAFT tWILLJS I YALE J 
+HILDEBRAND, CABLE tS T1 ENJNG ( EF I +ARI Z+L BL I 
CABLEtHILOEBRAND,PANG, STIENING IEFI+LBL I 
+BOOTH, RENSHALlt JONES+ I GLAS+ll VP+OXF+RHEL J 

C l ARNOLDtB P ROEtD StNCLAIR CHICHi 
+CORNELSSEN,HARTYN + IAACH+BARI+BRUX+CERNJ 
+HARRJS,JONES,HORGAOd + CHAWA+LBL+WISCJ 
D 8 CLARKE IWISCI' 
R.KUNSELMAN IWYOMJ 
+KASHA,WANDERERtADA IR+ (VAL E+BNL+lASll 
WEISSENBE~G,EGOROV,MINERYINA +" C ITEP+LEBOJ 

+BREHfN,BUNCE,DEVAUX+ tSACL+GEYAJ 
+CORNELSSEN, MARTYN+ I AACH+BARI +BRUX+CERN I 
+ASANO,CHEN,DUGAN,HU, WU, HUGHES+ ICOLU+YAL E I 
+HEINTZE, HEINZ Ei.MANN+ ICERN+HEI Dl 
+HEJNTZEtHEINZELMANN+ tCERN+HEID.I 
M. SHEAFF tWISCI 
+BOOTH,RENSHALL,JONES+ (GLAS+l IYP+OXF+RHEL I 

+SACTON + IBRUX+UBEL+DUUC+LOUC+WARSJ 
+BUNC Et DEVAUX, DIAMANT-BERGER+ t GEVA+SACL J 
+MARTYNtERRIQUEl + IAACH+BARI+BELG+CERNJ 
Dl AMANT-BERGER, BlOCHtDEVAUX + ( SACL+GEVA I 
+HEINZELMANN,JGO-KEMENES,MUNOHENKE+ I HEIDI 
+BOOTH tRENSHAllt JONES+ IGLAS+l IVP+OXF +RHELI 
WEI SSENBERGtEGOROYt HI NERVI NA+ I ITEP+LEBD I 

+CARROlltKYCIAtLitMICHAEltMOCKETT + IBNLJ 
+BLOCH,D IAMANT-BERGER, MAl LLARD+ I SACL+GEVA I 
+HEINZELMANN, IGO-KEMENESt+ IHEIO+CERNI 
+EXTERMANN,FISCHER,GUISAN + IGEVA+SACLI 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS 

BLOCK 62 CERN CONF 371 

BRENE 61 NP 22 553 
BIRGE 63 PRL 11 35 
ADAIR 64 Pl 12 67 
CABIBBO 64 PL 9 35Z 

ALSO 64 PL 11 360 
ALSO 65 PL 1-\ 7Z 

CABJBBO 66 BERKELEY CONF 33 
GINSBERG 67 PR 162 1570 
WILLIS 67 HEIDELBERG 273 
CRONIN 6B VIENNA CONF 2U 
HAIDT 2 69 PL 298 696 

BARDIN 70 Pl 32B 1Zl 
BECHERRA 70 PR Dl 1452 
FEARING 70 PR OJ 54Z 
GAILLARD 70 CERN 70-llt 
GINSBERG 70 PR D1 229 

GINSBERG 71 PR Olt 2893 
CHCUNET 72 Pl Itt 199 

BLOCKtL ENDINARA,MONARI INWES+BOLOGNAI 

PAPERS NOT REFERRED TO IN DATA CARDS 

BRENE,EGARDT ,QVIST 
BIRGEtELY,GIOALtCAMERINJ + 
ADAIR,LElPUNER 
CABIBBO, MAKSYMOWICZ 
CABIBBOtHAKSYMOWICZ 
CABIBBO, MAKSYMOWICZ 

(NORD} 
llRl+WISC+BARI I 

IYALE,BNLI 
ICERNJ 
ICERNI 
ICERNJ 

CABIBBO ICERNJ 
EDWARD S GINSBERG IU. MASS BOSTON} 
W J WILLIS -RAPPORTEUR TALK IYALEI 
RAPPORTEUR TALK tPRINCETONJ 
+ IAACH, BARitCERN,EPOl ,NIJM,ORSA,PAOO, TORI J 

BARD I Nt BILENKY, PONT ECORVO 
T .BECHERRAWY 
+fiSCHBACK, SMITH 
M K GAILLARD, L M CHOUNET 
E S· GINSBERG 

IJJNRJ 
IROCHI 

( STON+BOHRJ 
ICERN+ORSAI 
CIIT HAIFA} 

E S GINSBERG OUTJ 
( PHY S. REPTS .J.CHOUNET t 2*GAillARO IORSA+CERN I 

••o••• ********* ••••**••• ••••••*** ********* ••••••••• ••••••••• •••••••• .................................................................... 
11 NEUTRAL Kllt98,JP=G-I I•l/2 

11 NEUTRAL K MASS I MEV I 

M 498.1 CHRISTENS 64 OSPK 
M 2223 497.44 

... 
0.33 
o.s 
0.50 

KIM 65 HBC KO FROM PBAR P 6/66 
M 4500 498.9 

.,.. 497.44 .. 
M AYG 497.87 
M STUDENT 497.83 
M FIT 497.67 

BALTAY 66 HBC KO FROM PBAR P 6/66 
FITCH 6 7 OSPK 11/67 

0.32 AVERAGE tERROR INCLUDES.SCALE FACTOR OF 1.5) 
0.26 AVERAGE USING STUDENTlOIH/1.111 - SEE MAIN TEXT 
0.13 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.11 2/7B* 
ISEE IDEOGRAM BELOW I 

~EIGHTED AVERAGE • 497.87 s 0.32 
ERROR SCALED 8V ~.6 

Stable Particles 
K±, ~. ~ 

11 IKOI - CK+-J MASS otFFERENCE IMEVJ ... 0.6 ROSENFELD 59 HBC ... ... CRAWFORD 59 ·HBC + 

• 3.9D 0.25 BURNSTEIN 65 HBC 
7 3.71 0.35 KIM 65 HBC - K- P TO KO N 6/68 

417 3.95 o.21 Hill 68 DBC + K+D TO KOPP 3/68 

AVG 3.92 0.14 AVERAGE IERROR INCLUDES SCALE FACTOR OF t;,OJ 
STUDENT 3.91 0.15 AVERAGE USING STUOENTJOIH/1.111 -- SEE MAIN TEXT 
FIT 4.01 0.13 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.11 ....................................................................... 

CRAWFORD ·59 PRL 2 112 
ROSENFEL 59 PRL 2 110 
CHRISTEN 64 ·PRL 13 138 
BURNSTEI 65 PR 138 B 895 
KIM . 65 PR 140 8 1334 

BAL TAY 
FJTCH 
HILL 

66 PR 142 932 
67 PR 164 1711 
68 PR 168 1534 

'REFERENCES FOR NEUTRAL. K 

CRAWFORD ,CREST I, GOOD, S TEVENSONt T ICHO ILRL J 
A H ROSENFELO,F SOLMJTZ,R D TRIPP ILRLJ 
CHR I STENSON,CRON IN, FITCH, TURLAY CPR I NCETONJ 

.R A ·BURNSTEIN,H A RUBIN (MARYLAND I 
J K K~MtL KIRSCHtO MILLER ICOLUHBIAI 

BAL TAY,SANDWEISS,STONEHILL + (YALE+BNLJ 
FITCH, ROTHt RUSS, VERNON I PRJ NCETON} 
HilltR,OBI~SON,SAKITT,CANTER ( BNltCARNEGIE I 

****** ********* ********* oo•••••••· ••••••••• ********* ********* •••••••• ...... ··•··•···· ..................................................... . 
jKgj 12 SHORT-LIVED NEUTRAL Kl498t JPo::0-1· 1•112 

-- -----' ------ ------ ------ --- ----- ----:---
Note on the K~ Mean ·Life 

From 1968 until l972 our average value for the 

K~ mean- life was (0.862 ± 0.006) x 10-lO second. 

Since then several high-precision experiments have 

obtained results compatible with each other which 

average (0.8923 ± 0.0022) x l0-10 second. This is 

about five standard deviations above the previous 

average. The origin of this discrepancy is not 

known. The discrepancy is displayed graphically in 

the ideogram below which contains all experiments, 

old and new. 

Since the newer experiments are in principle 

superior -that is, they have higher statistics, 

better. acceptance, and easier trigger conditions 

we have chosen to average them separately from the 

older experiments as is seen in the Data Card 

Listings below. In the Stable Particle Table, 

we quote the new value, but give the old value in 

a warning footnote. 

12 KOS MEAN LIFE (UNITS 10••-10 SEC) 

T KOS MEAN LIFE lf'RE-1971 EXPERIMENTS) 
T 90 11.07) 10.13) (0.13J BOLDT 58 CC 

Zl18• 

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. 

. T 512 0.94 0.05 0 .• 05 CRAWFORD 59 HBC 

·FITCH 
·BALTAV 

--+- ·KIM 
·CHRISTENS 

496.5 497.5 498.6 499.5 500.5 

NEUTRAL K MASS IMEUJ 

67 DSPK 
66 HBC 
65 HBC 
64 DSPK 

CHISQ 
0.7 
4.3 
1.7 

...Q.d.. 
7.0 

ICONLEU 
=0.0721 

T 63 11.09) 10.181 C0.15J· BOWEN 60 CC 
OLD EXPTS WITH LOW STA-TISTICS ·NOT INCLUDED IN AVERAGE. 

37B 0.94 0.05· 0.05 BERTANZA 62 HBC 
503 0.87 , d.b5 CHRETIEN 63 HLBC 
545 0.86 0.04 KREISLER 64 OSPK 

0.86~. .0.016 ALFF-STEI 66 OSPK 
572 ."0.90 0.06 0.05 AUERBACH 66 OSPK 

lt50P · 0.92 0.04 8ALTAY 66 HBC 
8 10.904) C0.024) BOTT-BODE 66 OSPK 
-5000 0.843 0.013 KIRSCH 66 HBC 
19994 0.856 0.008 DONALD 68 HBC 

H 20000 0.872 0.009 HILL 68 OBC 

6/68 

9/66 
8/67 
6/66 
9/66 
6/66 
6/68 

11172 

AVG 0.8641 0.0065 0.0065 AVERAGE tERROR INCL. SCALE FACTOR OF 1 .. 31 
STUDENT 0.8642 0.0060 o:oo59 AVG BY STUOENT101H/I.1IJ -- SEE MAIN TEXT 

IS EE I DEOGRAH BELOW J 

T KOS MEAN LIFE IPOST-1971 EXPERIMENTS} 
T THESE VALUES ARE USED TO DETERMINE THE STABLE PARTICLE TABLE 
T VALUES OF THE KOS MEAN LIFE AND RATES. 
T H 50K 0.8958 0.0045 SKJEGGEST 72 HBC 
T F 2173 IO.B67J 10.0241 FACKLER 73 OSPK 
T 6M .0.8937 0.0048 GEWENIGER 74 ASPK 
T C 0.8913 0.0032 CARITHERS 75 SPEC 
T 26K 0.881 0.009 ARONSON 76 SPEC 
T 

1173 
11/13 
3/74 
1/15 

11/760 

T AVG 0.8923 0.0022 0.0022 AVERAGE (ERROR INCL. SCALE FACTOR OF 1.01 
T STUDENT 0.8924 O. 0025 0.0024 AVG BY STUDENTlO I H/1. 111 -- SEE MAIN TEXT 
T FIT 0.8923 0.0022 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.0) 

• (SEE IDEOGRAM BELOW I 



Stable Particles 
\ 
~ 

T H 
T H 
T H 
T H 
T 8 
T F 
T C 
T C 
T C 
T C 

COMMENTS 
HILL 68 HAS BEEN CHANGED BY THE AUTHORS FROM THE PUBLISHED VALUE 
I 0.865+-0.009t BECAUSE OF A CORRECTION IN THE SHIFT DUE TO ETA+-. 
SKJEGGESTAO 12 AND HILL 68 GIVE DETAJLEO DISCUSSIONS OF SYSTE'4ATJCS 
ENCOUNTERED IN THIS TYPE OF EXPERIMENT • 
KOS MEAN LIFE NOT THE PRIMARY QUANTITY MEASURED IN THIS EXPT • 
FACKLER 73 DOES NOT INCLUDE SYSTEMATIC ERRORS. 
CARITHERS 75 VALUE IS FOR KOL-KOS MASS 01 FFERENCE OM=. 5348+-. 0021. 
THE OM DEPENDENCE OF THE TOTAL DECAY RATE (INVERSE MEAN LIFE I IS 
GAMMA{ KOSI"' l I 1.122 +-. 004 I+ .16* COM-. 5348 J/DMI*lO**l 0 /SEC. 
VALUE WOULD NOT CHANGE WITH OUR CURRENT OM• .. 5349+-.0022. 

~EI&HTED AUERAGE = 1.1261 * 0.0059 
ERROR SCALED BY 2.3 

+-· ·ARONSON 76 SPEC 
·CARITHERS 75 SPEC 
·GE~ENI&ER 74 ASPK 
·SKJEG&EST 72 HBC 

-+- ... ·HILL 68 DBC 
-+-· . ·DONALD 68 HBC 

--+-· ·KIRSCH 66 HBC 
·BAL TRY 66 HBC 
·AUERBACH 66 OSPK 

--+--· ·ALFF-STEI 66 OSPK 
·KREISLER 64 OSPK 
·CHRETIEN 63 HLBC 

:~ 
·BERTANZA 62 HBC 

........ ·CRA~FORD 59 H.BC 
) 

CHISQ 
0.6 
1.1 
1.4 
3.1 
3.0 

14.9 
10.8 

1.8 

36.7 
ICONLEU 

11172 
11/72 

6/68 
11173 
11175 
11175 
11175 

2176 

1.0 1.1 1.2 1.3 =0.0001 

P1 
P2 
P3 
P4 
PS 
P6 
P7 

KOS DECRY RATE !UNITS 10••10 SEC-11 

12 KOS PARTIAL DECAY MODES 

KOS INTO PI+ PI
KOS INTO PIO PIO 
KOS INTO HU+ MU
KOS INTO E+ E-
KOS INTO PI"+ PI- GAMMA 
KOS INTO GAMMA GAMMA 
KOS INTO 3PIO 

12 KOS BRANCHING RATIOS 

R1 KOS INTO CPI+ PI-1/TOTAL 
R1 0.68 0.04 CRAWFORD 59 HBC 
R1 0.70 0.08 COLUMBIA 60 HBC 
R1 U (0.7401 (0.0241 ANDERSON 62 HBC 

DECAY MASSES 
139+ 139 
134+ 134 
105+ 105 
.5+ .5 

139+ 139+ 
0+ 0 

134+ 134+ 134 

tPU 

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 
Rl AVG 0.6710 0.0096 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

1/76 
2171 

R1 STUDENT 0.611 0.010 AVERAGE USING STUDENTlOtH/1.111 - SEE MAIN TEXT 
R1 FIT 0.6861 0.0024 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.1) 

R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 

KOS 

1066 
198 

AVG 
STUDENT 
FIT 

INTO CPIO PlOJ/TOTAL 
0.27 0.11 
0.26 0.06 
0.30 0.035 
0.335 0.014 
0.288 0.021 

CRAWFORD 
BAG LIN 
BROWN 
.BROWN 
CHRETIEN 

59 HBC 
60 HLBC 
61 HLBC 
63 HLBC 
63 HLBC 

CP21 

0.316 
0.316 
0.313q 

0.014 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.31 
0.014 AVERAGE USING STUOENTlOtH/1.111 - SEE MAIN TEXT 
0.0024 FROM FIT CERROR INCLUDES SCALE FACTOR OF 1.U 
CSEE IDEOGRAM BELOW I 

~EIGHTEO AUERAGE = 0.316 • 0.014 
ERROR SC~LED BV 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. 

· ·CHRETIEN 
·BRD~N 

·BRO~N 

·BAGLIN 
·CRA~FDRD 

0.45 0.65 

63 
63 
61 
60 
59 

CHISQ 
HLBC 1.8 
HLBC 1.8 
HLBC 0.2 
HLBC 0.9 
HBC 

4.7 
ICDNLEU 
=0.1SSI 

KOS INTO IPIO PIOI /TOT~L 

66 

Data Card Listings 
For notation, see key at front of Listings. 

R3 KOS INTO (PI+ PI-1/fPIO PIOI CPU!(P21 
R3 N 267 {2.121 {0.171 BOZOKI 69 HLBC 5170 
R3 G 3016 {2.285) (0 .. 0551 GOBBI 69 OSPK K+N TO KOP 5/69 
R3 3700 2.10 0.06 MORFIN 69 HLBC K+N TO KOP 10/69 
R3G 7944 z.ze2 0.043 MOFFETT 70 OSPK K+N TO KOP 2172 
R3 8 6150 2.22 0.095 BAL TAY 11 HBC K-P TO KO +NEUTRALS 12/71 
R3 A 306B 2.22 0.10 All TTl 72 HBC K+P TO PI+ P KO 6172 
R3 6380 2.22 o.o8 MORSE 72 DBC K+N TO KOP 2/72 
R3 N 701 2.10 o.u NAGY 72 HLBC K+N TO KOP 1/73 
R3 ~799 2 .. 16 0.08 HILL 73 OBC I<+D TO t<.O P P 9173 
R3 16K 2.169 0.094. COWELL 71t OSPK PI- P TO LAM KO 7175 
R3 1315 2.11 0.09 EVERHART 76 WIRE PI- P TO LAM KO 11176* 
R3 N NAGY 72 IS A FINAL RESULT WHICH INCLUDES BOZOKI 69. 11173 
Rl G MOFFETT 70 IS A FINAL RESULT WHICH INCLUDES GOBBI 69. 2/72 
R3 8 THE DIRECTLY MEASURED QUANTITY IS KS TO PI+PI-/All KOBAR,.,.345+-.005 12/71 
R3 A THE DIRECTLY MEASURED QUANTITY IS KOS TO PI+ PI-/All t<.0=.31t5+-.005 6172 
Rl 
R3 AVG 2.197 0.026 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1 .. 01 
R3 STUDENT 2.192 0.031 AVERAGE USING STUDENTlOCH/1.111 - SEE MAIN TEXT 
R3 

R4 
R4 
R4 
R4 

•• R4 
R4 C 
R4 

FIT 

R4 J 
R4 M 
R4 J 

•• 
R4 
R4 

•• •• c 
R4 J 
R4 M 

2.186 0.025 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.11 

CKOS INTO PI+ PI- PIQ, CP VIOLATINGJ/IKOL INTO PI+ PI- PJOI 
TEST OF CP VIOLATION - SEE TEXT SECTJON VI B.3A FOR DEFINITIONS 
CPT ASSUMED VALID - C I.E. RECAI=OI - ONLY tiMAI**2 QUOTED HERE 
18 (3.8) OR LESS CL:.90 ANDERSON 65 HBC 

0.45 OR LESS CL:. 90 BEHR 66 HLBC 
53 11.71 OR LESS CL:.9Q WEBBER 70 HBC 
71 0.8 OR LESS CL:.9Q WEBBER 70 HBC 
99 1.2 OR LESS Cl .... 90 CHO 71 DBC 
98 U.OJ OR LESS CL=.90 JAMES 71 HBC 
50 (1.2) OR LESS Cl=.95 MEISNER 71 HBC CL=.9 NOT AVAIL. 

180 0.66 OR LESS CL ... 90 JAMES 72 HBC 
99 1.2 OR LESS CLc.90 JONES 72 OSPK 

384 0.12 OR LESS CL=.90 METCALF 72 ASPK 
148 0.11 OR LESS CL=.90 MALLARY 73 OSPK RECAJ=-.05+-.17 
192 1.2 OR LESS CLc: .. 90 BALOOCEOL 75 HLBC 
THIS is THE COJoiBINED RESULT OF ANDERSON 65 AND WEBBER 70 
JAMES 72 IS A FINAL RESULT WHICH INCLUDES JAMES 71. 
THESE AUTHORS FINO REALCAJ= 2.75+-.65, ABOVE VALUE AT REIAl=O 

KOS INTO tMU+ HU-)/CHARGED tuNifS lOU-51 tP3JICPll 
10.0 OR LESS CL=.90 BOTT-BODE 67 OSPK 
20.0 OR LESS CL=.90 BOHH 69 OSPK 

1 .. 07 OR LESS CL=.90 HYAMS 69 OSPK 
32.6 OR LESS CLc.90 STUTZKE 69 OSPK 
0.047 OR LESS CL=.90 GJESDAL 73 ASPK 

RS 
RS 
R5 
RS 
R5 
R5 
RS S VALUE CALCULATED BY US. USING 2.3 INSTEAD OF 1 EVENT, 90 PERC.CL 

R6 KOS INTO IPJ+ PI- GAMMAI/CPI+ PI-I tUN.10**-31 {P51/CP1J 
R6 27 NO RATIO GIVEN 8EllOTTI 66 HBC PG GT 50 MEV/C 
R6 10 3 .. 3 1.2 WEBBER 70 HBC PG GT 50 MEV/C 
R6 B 2.8 0.6 BURGUN 73 HBC PG GT 50 MEV/C 
R6 C 29 13.01 {0.61 BOBISUT 74 HLBC PG GT 40 MEV/C 
R6 2.68 0.15 TAUREG 76 SPEC PG GT 50 MEV/C 
R6 B BURGUN 73 ESTIMATES THAT DIRECT EI4ISSJON CONTRIBUTION IS .3+-.6 • 
R6 C BOBISUT 74 NOT INCLUDED IN AVERAGE BECAUSE PCGAMMAI CUT DIFFERS. 
R6 C ESTIMATES DIRECT EMISSION CONTRIBUTION TO BE 0.5 OR LESS, CL::.95. 
R6 T TAUREG 76 FINO DIRECT EMISSION CONTRI8 LT .06rCL=.90. 

•• 

10/69 
8/66 
8170 
8170 
4171 
6171 
2/71 
1173 

10/72 
2174 
8/73 

12175 

11173 
2171 

8/67 
2/71 

10/69 
5/69 
7/73 

10/69 
10/69 
11/73 
12/75 
6/77* 

11173 
1176 
1176 
6/77* 

R6 AVG 
R6 STUDENT 

2.70 
2.70 

0.14 
0.16 

AVERAGE tERROR INCLUDES SCALE fACTOR OF 1.01 
AVERAGE USING STUDENTlOIH/1.111 -- SEE MAIN TEXT 

R7 
R7 

KOS INTO CE+ E-)/CHARGED (UNITS 10**-51 tP41/CPll 
50.0 OR LESS CL ... 90 BOHM 69 OSPK 

•• KOS INTO 2 GAMMA/TOTAL tuNITS 10**-3) I P61 
RB R 0 21.0 OR LESS CL=.90 BANNER 69 OSPK 
RB R 
RB R 

0 2.2 OR LESS CL•.90 REPElllN 71 OSPK 
0 O. 71 OR LESS CL=.90 BANNER 12 OSPK 

•• •• RB R 

0 2.0 OR LESS CL=.90 MORSE 72 DBC 
0 0.4 OR LESS CL=.90 BARMIN2 73 HLBC 

THESE LIMITS ARE FOR MAXIMUM INTERFERENCE IN K~-Kl TO 2 GAMMAS 

•• •• 
CKOS INTO PI+ PI- PlOt CP CONSERVING)/tKOL INTO PI+ PI- PIOI 
384 0.42 OR LESS CL=.90 METCALF 72 ASPK 

R10 
R10 
R10 
R10 
R10 
R10 

CKOS INTO 3PIO,CP VIOLATINGI/(KOL INTO 3PIOJ 
SEE COMMENTS UNDER BRANCHING RATJO R4 

22 1.2 OR LESS CLc.90 BARMIN1 73 HLBC 
G 0.28 OR LESS Cl ... 90 GJESOAL 7<4 SPEC 
G GJESDAL 14 USES K2PI, KMU3 AND KE3 DECAY RESULTS AND UNITARilY. 
G CALCULATES ABSI ETAOOOJ=.26+-.20. WE CONVERT TO Clc.90 UPPER LIMIT • .................................................................... 

BOLDT 58 PRL 
CRAWFORD 59 PRL 

150 
266 

BAGLIN 60 NC 18 1043 
80WEN 60 PR 119 2030 
COLUMBIA 60 ROCH CONF 727 

REFERENCES FOR KOS 

E BOLOT,D 0 CALDWElLtY PAL IMITI 
CRAWFORO,CRESTI,DOUGLASS,GOOD,TICHO + CLRLI 

BAGLIN,BLOCH, BRISSON,HENNESSY + C EPOLI 
BOWEN, HARDY, REYNOLDS rSUN, MOORE+ ( PR IN+BNLI 
M SCHWARTZ + ICOLUMBIAI 

BROWN 61 NC 19 1155 BROWN,BRYANT,BURNSTEINtGLASER,KAOYK+ (MICHl 
ANDERSON' 62 ··cERN CONF 836 J A ANDERSON ,F S CRAWFORD + t LRL I 
BE.RTANZA 62 PREPRINT 0105 BERTANZA,CONNOLLY,CULWICK,EISLER + CBNLI 

UNPUBLISHED, BUT RECERTIFIED BY AUTHORSr AUGUST 66. 

CHRETIEN 63 PR 131 2208 
BROWN 63 PR 130 769 
KREISLER 64 PR 136 B 1074 
ANDERSON 65 PRL l4 475 

ALFF-STE 66 Pl 21 595 
AUERBACH 66 PR 149 1052 

ALSO 65 AUERBACH 
BALTAY 66 PR 142 932 
BEHR 66 PL 22 540 
BELLOTTI 66 NC 45A 737 
BOTT-800 66 PL Z3 277 
KIRSCH 66 PR 147 939 

BOTT-BOD 67 PL 24B 194 
DONALD 68 Pl 27B 58 
HILl 6B PR 171 1418 

BANNER 
BOHM 
BOZOKI 
DOYLE 
GOBBI 
HYAMS 
MORFIN 
STUTZKE 

69 PR 1B8 2033 
69 THESIS 
69 PL 30B 498 
69 UCRL 1Bl39-THES IS 
69 PRL 22 682 
69 PL 298 521 
69 PRL 23 660 
69 PR 177 2009 

CHRETIEN+ tBRANDEIS+BROWN+HARVARD+ HITI 
BROWN,KADYK,TRllliNGrROE + tLRL+MICHI 
H KREISLER,O OVERSETH,J CRONIN CPRINCETONI 
+CRAWFOR,GOLDEN,STERN,BINFORO + CLRL+WISCI 

ALFF-STEINBERGERoHEUER,KLEINKNECHT + tcERNJ 
AUERBACH, DOBBS .. LANOE, MANNo SCIULLI+ ·(PENN I 

BALTAY,SANDWEISS,STtiNEHill + tYALE+BNL) 
BEHR, SRI SSON ,PET I AU+ I EPOL ,MILA, PADOt OR SAY I 
+PULLI A, BAL DD-CEOLI N + C MILAN+PAOUAI 
BOTT-BOOENHAUSENrOE BOUARD + ICERNI 
L KIRSCHoP SCHMIDT tCOLUMBIAI 

BOTT-BOOENHAUSENoDE BOUARDrCASSEL+ tCERNI 
OONALDt EDWARDS ,N I SAR+ C li VP,CERN, I PNPo CDEF I 
HilloROBINSONtSAKITT + CBNLoCARNEGIEI 

+CRONIN,UU,PILCHER tPRINCETONI 
A .. BOHM UACHI 
+FENYVES, GOMBOS I, NAGY, SURA NYI + C BUDAPEST) 
J.C. DOYLE CLRLJ 
GOBS It GREEN, HAKEL, MOFFETT, ROSEN+( ROCHESTER I 
+KOCH,POTTERtVON LINDERNrLORENZ+ CERNCMPIMI 
MORFINrSINCLAJR IMICHJ 
+ABASHIAN, JONES, MANTSCH ,ORR, SM ITHt I Lll NOIS) 

2171 

12171 
12/71 
8172 
2172 
2/74 

12/71 

11172 

U/73 
11/75 
11175 
U/15 

.· 



. 
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Data Card Listings 
For notation, ·see key at front of Listings. 

MOFFETT 70 SAPS 15 512 +GOBBJ,GREEN 1 HAKEL,ROSEN IRGCHES·TERI 
WEBBER 70 PR 01 1967 +SOLMJTZ,CRAWFORO,ALSTON-GARNJOST (lRU 

ALSO 69 UCRl 19226 THESIS 8 R WEBBER ILRll 

SAl TAY 11 PRL 27 1678 
ALSO 71 NEVIS-187 THESIS 

CHO 11 PR 03 1557 
JAMES 71 Pl 358 "265 
MEISNER 11 PR 03 59 
REPELLIN 11 Pl 368 603 

ALITTI 
BANNER 
JAMES 
JONES 

12 PL 398 568 
12 PRL 29 237 
72 NP 8~9 1 
72 NC 9A 151 

METCALF 72 Pl 408 103 
HORSE 72 PRL 28 388 
NAGY 72 NP Blt7 94 

ALSO 69 PL 308 ~98 
SKJEGGES 72 NP BitS 31t3 

BARMINl 
8ARMIN2 
BUR GUN 
FACKLER 
GJESDAL 
HILl 
MALLARY 

73 PL lt6B lt65 
73 Pl lt78 463 
73 Pl 468 lt81 
73 PRL 31 847 
73 PL lt4B 217 
13 PR 08 1290 
73 PR D7 1953 

BOBISUT 74 LNC 11 646 
COWELL 74 PR 010 2083 
GEWENIGE 74 PL 488 487 
GJESOAL 74 PL 52B 119 

BALDOCEO 75 NC 25A 688 
CAR IT HER 75 PRL 34 1Z4~ 
ARONSON 76 NC 32A 236 
EVERHART 76 PR 014 661 
TAUREG 76 PL 658 92 

BIRGE 
MUllER 
FITCH 
GOOD 

60 ROCH CONF 601 
60 PRL 4 418 
61 NC 22 1160 
bl PR 124 1223 

+BRIDGEWATER, COOPER, GER SHW INwHABJ B I+ I CDLU) 
WILLIAM A. COOPER ICOLUMBIAI 
+DRALLE ,CANT ERt ENGLER, FISK+ (CARN+BNl +CASE I 
+MONTANETtPAUL,PAUl I+ ICERN+SACL+OSLOI 
+MANN,HERTZBACH, KOFLER + CMASA+BNl+YAlE J 
+WOLFF ,CHOLLET ,GAillARO,JANE+ IORSA+CERN I 

J ALITTJ,E LESQUOY,A MULLER CSACLAYI 
+CRONIN, HOFFMAN, KNAPP, SHOCHET I PRJ NCETON) 
+MONT ANET, PAUL, SAETRE+ I CERN+SACL+OSLO J 
+ABASHIANtGRAHAMtMANTSCH,ORR,SMITH+ I ILU 

+NEUHOFER, NI EBERGALl+ IC ERN+ I PN+WI EN J 
+NAUENBERG, 81 ERMAN, SAGER+ ICOLO+PRI N+UHD I 
+TELBI SZt V ESZTERGOHSI ( SUDAPESTJ 
BOZOKI tf ENYVES, GOMBOS I ,NAGY+ I BUDAPEST I 
SKJEGGEST AD ,JAMES, HONTANET+( OSLO+C ERN+SACL I 

+BARYLOV, CAVIDENKOt DeiuoQv+ I IHP I 
+BARYLOVt DAVIDENKO, OEMIOOV+ I ITEPJ 
+BER TRANET, LESQUOY, MULLER, PAUL I +I SACl +CERN) 
+FR JSCHtMART IN,SHOOT ,SOMPAYRAC OUT) 
+PRESSER ,STEFFEN t STEINBERGER+ I C ERN+HEI Dl 
+SAKI TT, SAM lOS, BURR IS, ENGLER+ I BNL+CARN I 
+SINN IE, GALLIVANt GOMEZ t PECK, SC lULL I+ I CIT I 

+HUZJ TA,MA TT lOll, PUGLlERIN IPADO I 
+LEE-FRANZI Nl ,ORCUTT ,FRANZ I Nl + I STON+COLU I 
GEWEN I GER ,GJ ESDAL, PRESSER+ I CERN+HE 10 I 
+PRESSER,ST EFFEN t STEINBERGER + I C ERN+HEI 01 

BAL OQ-CEOL IN, BOBI SUT t tAllMAN I+ I PAOO+WI SCI 
CARJTHERStMODIStNYGREN 1 PUN + ICOLU+NYUJ 
+MCINTYREtROEHRIG + IWISC+EFI+UCSD+IllCJ 
+KRAUS,LANOE,LONG,LOWENSTEIN + IPENNJ 
+ZECH,DYDAK,NAVARRI A+ I HEIO+CERN+DORT J 

PAPERS NOT REFERRED TO IN DATA CARDS 

R W BIRGEtP P ELY + ILRL+WlSCDNSJNJ 
MlA.LER, BIRGE, FOWLER ,GOOD, P ICC ION I+ I LRl+BNL I 
V FITCH,P PIROUEtR PERKINS IPRIN+LASU 
GGOD,MATSEN,MULLER,PICCIONI + ILRU 

CRAWFORD 62 CERN CONF 827 F S ·CRAWFORD ILRl) 
(PENNI 

CLRLI 
AUERBACH 65 PRL 14 192 AUERBACH,LANOE,MANN,SCJULLI,UTO + 
TRILLING 65 UCRL 16473 GEORGE H TRILLING 

UPDATED FROM 1965 ARGONNE Cf:NF., PAGE US. 

.•••••••••••••• 0:(1:0:······ ••••••••••••••••••••.••••.•••...•........... ...... ·.o.~······ ..•.....•....•.......•...•.•............•............ 
13 lONG-LIVED NEUTRAL Kllt98t JP=O-J 1=1/2 

13 IKOlJ - IKOSJ MASS DIFFERENCE 
WE GIVE CKOL-KOS MASS DIFFERENCE I H8AR) IN UNITS OF 10**10 SEC-1 

TX 12.201 (0.351 FITCH 61 CNTR 
X 10.841 10.29) I 0.221GOOO 61 HLBC 

TXC (1 .. 021 (0.231 CAMERJNI 62 HLBC 
TX (0 .. 551 (0.241 AUBERT 65 HlBC 

X (0.261 (0.361 C0.2618ALOQ-CEO 65 HLBC ASSUMES CP CONS. 
TXA 10.64) 10.121 CHRISTENS 65 OSPK 
TX 10 .. 70) OR lESS FITCH 65 .OSPK CF. MEISNER 66 
v 130 CO.B91 (0.151 VISHNEVSK '65 OSPK CU AND Al REGEN 
X IO.SJitJ 10.0391 ALFF-STEI 66 OSPK 
X •• 10.421 (0.241 (0.'361 BALOD-CEO 66 HL BC KO+N INTO HYPER. 
B I 0.5311 (0.(]271 BOTT-BODE 66 OSPK C REGEN 

TX 71 10.58) 10.11) CAMERINl 66 HBC, OBC KO+N INTO HYPER 

8/67 
6/66 

6/66 
7/66 
8/67 
6/66 
8/67 
9/66 
8/67 

D 
D 
D 
D 
0 
D 
D 
0 
D 
0 
0 
D 
D 
D 
0 
D 
0 
0 
D 
0 
0 
D 
D 
D 
0 
D 
0 
0 
0 
D 

N 72 1+0.641 10.181 CANTER 66 DBC KO SCATTER IN 02 11/66 
X 95 (0.621 (0.10) (0.161 CHANG 66 HBC KO+P INTO HYPER. 8/67 

10.81) 10.17) FUJII 66 OSPK IRON REGENERATOR 9/66 
59 co. 71tl (0.341 MEISNER! 66 HBC 6/66 

+ SIGN FAVORED MEISNER2 66 H8C 9/66 
X (0.38) (0.161 JOVANOVIC 66 OSPK C+URANIUM REGEN. 11/66 

TX 136 (+0.64) (0.191 CANTER 67 DBC KO+D INTO HYPER. 11/67 
X 10.651 (0.111 MISCHKE 61 OSPK .. U/67 
X 590 (0.591 10 .. 13) BALATZ 68 OSPK AL REGENERATOR 3/68 
X 10.5201 C0.0441 CARNEGIE 68 HBC GAP METHOD 3/68 

TX {+0.481) (0.0461 MEL HOP 68 OSPK ST • STEEL REGEN 6/68 
BX 10.5471 I 0.0241 BOTT-BODE 69 OSPK C REGEN 1/71 
FX 10.5551 (0.0201 FAI SSNER 69 ASPK REGEN IN CU 10/69 

0.51t2 0.006 CULLEN 70 CNTR 1/71 

• C0 .. 51t21 (0.006) ARONSON 10 ASPK GAP METHOD 1171 
X 10.481) 10.0521 (0.,0751BALATS 11 OSPK 9/71 

• 10.534) 1 o.oo7J CARNEGIE 71 ASPK GAP METHOD 8/71 
TH 119 (+0.671 (0.141 HILL 71 DBC 10/71 
s 1757 (0.5571 (0.0381 FACKLER 73 OSPK 11/73 

a. 5340 o. 0030 GEWENIG3 74 SPEC GAP METHOD 11/75 
0.5334 a. oo4o GJESDAL 74 SPEC CHG ASYMMETRY 11/75 ... . . 

0 AVG 0.5349 0.0022 AVERAGE ·tERROR INCLUDES SCALE FACTOR OF 1.01 
0 STUDENT 0.5348 0.0025 AVERAGE USING STUOENTIOIH/1.111 -- SEE MAIN TEXT 

0 X 
0 X 
0 T 
D T 
0 T 
D T 
D T 
0 
D 
D v 
D N 
D N 
0 B 
0 F 
0 • 0 • 
0 • D H 
0 H 
0 s 

c 
A 

COMMENTS 
NO ATTEMPT HAS BEEN MADE TO CORRECT OLDER EXPERIMENTS WITH LARGE 11/75 
ERRORS FOR THE SUBSEQUENT CHANGES IN THE KOS MEAN LIFE OR IN ETA+-. 2/76 
A KOS MEAN LIFE OF O.B62 10•0:-10 SEC WAS USED IN CONVERTING THE 1/71 
MASS DIFFERENCE FROM UNITS OF INVERSE KOS MEAN liVES TO ABSOLUTE 1/71 
UNITS. VALUES NOT BEARING THIS FOOTNOTE EITHER WERE GIVEN IN 1/71 
ABSOLUTE UNITS OR WERE CONVERTED USING THE AUTHORS' VALUE OF THE 1/71 
KOS MEAN LIFE. 1171 
CAMERINI 62 VALUE CHANGED FROM 1.7 fSEE TABlE 1 OF CAMERINI 66) B/67 
CHRISTENSON 65 CORRECTED FOR INTERFERENCE BY FITCH 65 FOOTNOTE. 1/11 

. VISHNEVSKY 65 NOT CORRECTED FOR INTERFERENCE EFFECTS. 3/68 
CANTER 66 ERROR IGNORES UNCERTAINTY OF PHASE SHIFTS. THESE EVENTS 10171 
ARE USED IN HILL 71• 10/71 
BOTT-BOOENHAUSEN 69 IS A REEVALUATION OF BOTT-BODENHAUSEN 66. 1/71 
FAISSNER 69 HAS AOONL. SYSTEMATIC ERROR LESS THAN TWO PERCENT. 1171 
ARONSON 70 AND CARNEGIE 71 USE KOS MEAN LIFE=.862+-.006 E-10 SEC. 11175 
WE HAVE NOT ATTEMPTED TO ADJUST THESE VAlUES FOR THE SUBSEQUENT 2/76 
CHANGE IN THE KOS MEAN liFE OR IN ETA+-. 2/76 
HilL 71 PRIMARY RESULT IS THAT OM IS POSl liVE. 10/71 
THE MAGNITUDE MAY HAVE AN ADDITIONAL SYSTEMATIC ERROR OF ABOUT 0.12 10/71 
NOT AVERAGED BECAUSE ERROR IS LARGE AND SYSTEMATICS NOT DISCUSSED. 2/76 

Stable Particles 
~. K~ 

13 KOl MEAN liFE fUNITS 10**-8 SEC) 

KOl f!IEAN liFE 
34 8.1 3.2 2.4 BARDON 
ASSUMED OScOQ AND DELTA 1•1/2 CRAWFORD 
15 5.1 2.4 1.3 CARMON 

5.3 0.6 FUJII 
1700 6.1 1.5 1.2 ASTBURY3 

5.15 0.14 DEVLIN 
15.01 10.51 LOWYS 

.4M 5.154 0.044 VOSBURGH 
SUM OF PARTIAL DECAY RATES. 

58 CNTR 
59 HBC 
62 FBC 
64 OSPK 
65 CNU 
67 CNTR 
67 HLBC 
72 CNTR 2/71 

AVG 
STUDENT 
FIT 

5.158 
5.158 
5.183 

0.042 
0.046 
0.040 

0.042 AVERAGE (ERROR INCl. SCALE FACTOR OF 1.01 
0.045 AVG BY STUDENTIOIH/1.111 -- SEE MAIN TEXT 

FROM fiT IERROR INCLUDES SCALE FACTOR OF 1.01 

13 KOl PARTIAL DECAY MODES 

DECAY MASSES 
PI KOL INTO 3PIO TAU 0 PRIME 134+ 134+ 134 
P2 KOL INTO PI+ PI- PIC TAU 0 139+ 139+ 134 
Pl KOL INTO PI MU 'NEUTRIN'l Kl MU3 139+ lOS+ 
P4 KOL INTO PI E NEUTRINO KL E3 139+ .5+ 
P5 KOL INTO PI+ PI- KL PI+ PI- 139+ 139 
P6 KOL INTO MU+ MU- Kl 2MU 105+ 105 
PT KOL INTO E+ E- Kl 2E .5+ .5 
PB KOL INTO E MU Kl EMU .s+ IDS 
P9 KOL INTO TWO GAMMAS Kl 2GAHMA 0+ 0 
PIO KOL INTO PI+ PI- GAMMA Kl PJ+-G 139+ 139+ 
Pll KOL INTO PIO PIO KL 2PI 0 134+ 134 
Pl2 KOL INTO PI E NEU GAMMA KL E3GAM 139+ .• 5+ 0+ 
Pl3 KDL l NTO PI 0 TWO GAMMAS KL PI2GAMMA 134+ O• 0 
Pl4 KOL INTO E+ E- GAMMA KL 2EGAH ... .5+ 0 

· PIS KOL INTO MU+ Mu- GAMMA KL 2MUGAM 105+ 105+ 0 
Pl6 KOL INTO MU+ MU- PIO Kl 2MUPJO 105+ 105+ 134 
PIT KOL INTO PI+ PI- E+ E- Kl 2PI 2E 139+ 139+ ... • 5 
Pl8 KOL 
Pl9 KOL 

INTO PIO PI+- E-+ NEU KL 2Pl ENEU 134+ 139+ 
INTO (PI MU ATOHI NEU KL I PIMUINEU 

NEUTRAL K CONSTRAINED FIT 
OVERALL FlT OF MEAN LIFE, WIDTHS AND BRANCHING 
RATIOS USES 64 DATA POINTS TO DETERMINE SIX 
QUANTITIES. OVERALL FIT HAS CHI-SQUAREOc69.8 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

... 0 

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:t6Pi' where 

6Pi = 'V(6Pi6Pi), while the off-diagonal elements are the normalized 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. 

Pl P2 P3 P4 PS Pll 
p 1 .2147+-.0073 
p 2 -.5340 .1239+-.0018 
p 3 -.5709 .1869 .2701+-.0048 
p ~ -.6711 .2212 -.1188 .3884+-.0054 
p 5 -.3361 .4867 .1379 .1627 .0020+- .. 0001 
Pll .1119 -.1061 -.1115 ..:.1312 -.0665 .0009+- .. 0002 

FITTED PARTIAL DECAY MODE RATES 

The matrix below is the branching fraction matrix above, transformed into rate 

space; i.e., Gi e ri = rtotalpi' in appropriate unita. In analogy to the matrix above, 

the diagonal elements are Gi :t 6G1, where 6Gi = V (6Gi6Gi), while the off-diagonal 

elements are the~ correlation coefficients (6G16Gj) /(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 It G 5 Gil 
G. 1 .0414+-.0015 
G 2 -.3285 .0239+-.0004 
G 3 -.3816 .2970 .0521+-.0010 
G 4 -.4277 .3439 -.0028 .. 0749+-.0011 
G 5 -.2206 .5284 .2112 .2440 .0004+-.0000 
Gll .Ul4 -.0706 -.0798 -.0896 - .. 0471 .0002+-.0000 

WI 
WI 
WI 
Wl FIT 

13 KOL DECAY RATES 

KOL INTO PIO PIO PIO CUNITS 10 .. 6 SEC-11 {GlJ 
54 5.22 1.03 O.B4 BEHR 66 HLBC ASSUMES CP .......... 

4.14 0.15 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.'3) 

KOL INTO PI+ PI- PO fUNITS 100:0:6 SEC-11 IG21 
lB 3.26 0.77 ANDERSON 65 HBC 
lit 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 ASSUMES CP 

3/780: 
3/780: 

8/66 

8/66 
6/66 
8/66 

10/71 

W2 
W2 
W2 
W2 
W2 
W2 
W2 J 
W2 
W2 J 
W2 

99 2.11 0.28 CHO 71 DBC ASSUMES CP 
98 (2.51 10.31 JAMES 71 HBC ASSUMES CP 
SO 2.12 0.33 MEISNER 71 HBC ASSUMES CP 

180 2.35 0.20 JAMES 72 HBC ASSUMES CP 
192 2.32 0.13 0.15 BALOOCEOl 75 HlBC ASSUMES CP 

• 4/71 
6111 

10/71 
1173 
1176 

W2 
W2 
W2 
W2 J 
W2 
W2 AVG 

IN THE OVERALL FIT THIS RATE IS NELL DETERMINED BY THE MEAN LIFE AN 
THE Bf;;.ANCHING RATIO R2. FOR THIS REASON THE DISCREPANCY BETWEEN THE 
W2 MEASUREMENTS ODES NOT AFFECT THE SCALE FACTOR OF THE OVERALL FIT 
JAMES 72 IS A FINAL MEASUREMENT AND INCLUDES JAMES 11. 

0.11 AVERAGE !ERROR INCLUDES SCALE FACTOR Of 1.21 

11/13 

W2 STUDENT 
2.34 
2.35 
2.391 

0 .. 10 AVERAGE USING STUDENTlOIH/l .. llJ -- SEE MAIN TEXT 
W2 FIT 0.,038 FROM FIT CERROR INCLUDES SCALE FACTOR OF 1.2) 

ISEE IDEOGRAM BElOW I 



Stable Particles 
K£ 

•• W3 

•• 
W3 

0 

~EIGHTED AUERAGE = 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, 6X,. 
and scale factor, which are differ
ent from the values shown here. 

CHISQ 
· ·BALDOCEOL 75 HLBC 0.0 
· ·JAMES 72 HBC 0. 0 

·MEISNER 71 HBC 0.4 
·CHO 71 DBC 1.7 
·~EBBER 70 HBC 0.2 
·BEHR 66 HLBC 1.0 
·FRANZINI 66 HBC 6.5 

_ _,,...._ __ . ·ANDERSON 65 HBC 

4 6 

8.9 
CCONLEU 
=0.1771 

KOL RATE INTO PI+ PI- PIO 110••6 SEC-11 

KOt INTO PI E NEUTRINO IUNITS 10••6 SEC-11 IG4t '· 
7.52 0.85 0.72 AUBERT 65 HLBC OS•DQ tCP ASSUMED 

620 7.81 0.56 CHAN 71 HBC 
8167 
2172 

W3 AYG 0.46 
0 .. 49 
0.11 

AVERAGE C ERROR INCLUDES SCALE FACTOR OF loOl 
AVERAGE USING STUDENTlOIH/1.111 -- SEE MAIN TEXT 

FROM FIT IERROR INCLUDES SCALE FACTOR OF J.l) 
W3 STUDENT 
W3 FIT 

•• •• •• 
KOL INTO CHARGED (3-BODY.) IUNITS 10 .. 6 SEC-11 CG2+G3+G4J 

98 15.1 1.9 AUERBACH 66 OSPK . ....... . 8/67 

W4 FIT 15.09 0.11 FROM FIT. IERROR INCLUDES SCALE FACTOR OF 1.U 

W5 
W5 
W5 
W5 
W5 
W5 
W5 

•• " W5 
W5 
W5 
W5 
W5 

W6 
W6 
W6 

KOL INTO LEPTONIC tKMU3+KE31 IUNITS 10**6 SEC-11 
0 109 9.85 1.15 1.05 FRANZINI 65 HBC 

C 335 110.3) 10.81 HILL 67 OSC 
D 393 11.6 0.9 CHO 70 OSC 
D 252 13.1 1.3 WEBBER 71 HBC 
0 410 12.4 O. 7 BURGUN 72 HBC 
0 126 8.47 1.69 MANN 72 HOC 

C CHO 70 INCLUDES EVENTS OF HILL 67 
D ASSUMES QSa:QQ RULE 

IG3+G41 

K+N TO KO P 
K+N TO KOP 
K- P TO KOSAR N 
K+P TO KOPPI+ 
K- P TO KOSAR N 

0.65 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.51 

2172 
8/67 

10/70 
2172 
1173 
9/72 

AVG 
STUDENT 
FIT 

11.60 
11.66 
12.70 

0.54 AVERAGE USING STUDENTlOCH/1.111 -- SEE MAIN TEXT 
0.15 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.11 
I SEE 1 DEOGRAM BELOW ) 

~EIGHTEO AUERAGE = 11.60 ~ 0.66 
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. 6'i, 
and scale factor, which are differ
ent from the values shown here. 

·MANN 
·BUR GUN 
·~EBBER 

·CHO 
·FRANZINI 

72 HBC 
72 HBC 
71 HBC 
70 DBC 
65 HBC 

CHISQ 
3.4 
1.3 
1.3 
o.o 

2.:..L 
8.6 

6 10 14 1B 
CCONLEU 
=0.0721 

KOL RRTE INTO KMU3 + KE3 110••6 SEC-11 

KOL INTO PI MU NEUTRINO UNITS 10**6 SEC-U IG31 
19 4.54 1.24 1.08 LOWYS 67 HLBC 8/67 

W6 FIT 5.211 0.100 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.11 

R1 KOL 
R1 24 
R1 549 
R1 #4 
Rl 29 
01 
R1 AVG 
Rl STUDENT 
R1 FIT 

13 KOL BRANCHING RATIOS 

INT(I CPIO PIO PIOHCHARGED 
0.24 0.08 ANIKINA 64 CC 
0.251 0.014 BUOAGOV 68 HLBC 
0.277 0.021 BUDAGOV 68 HLBC 
0.31 0.07 0.06 KULYUKINA 68 CC 

(Pli/CP2+P3+P4) 
6/66 

ORSAY MEASUR. 10/68 
EC. POLYTEC.MEAS 10/68 

2171 

0.260 
0.260 
0.274 

0.011 
0.013 
0.012 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENT101H/1.1U - SEE MAIN TEXT 

FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.31 

68 

Data Card Listings· 
For notation, see key at front of Listings. 

R2 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

KOL 
59 
79 
75 
66 

326 
566 

1729 
126 

1402 
1590 
3200 

558 
6499 

INTO I PI+ 
0.185 
0.151 
0.157 
0.15 
0.159 
0.178 

10.1441 
0.162 
0.161 
0.167 
0.1605 
0.146 
0.159 
0.163 

PI- P 101/CHARGED 
0.038 ASTIER 61 CC 
0.020 ADAIR 64 HBC 
0.03 0.04 LUERS 64 HBC 
0.03 0.04 ASTSURYl 65 CC 
0.015 ASTBURY2 65 CC 
0.011. GUIDONI 65 HBC 

I O.OD-41 HOPKINS 65 HBC 
0.015 HAWKINS 66 HBC 
0.005 HOPKINS 67 HBt 
0.016 KULYUKINA 68 CC 
0.0038 ALEXANDER 73 HBC 
0.004 BRANDENBU 73 HBC 
0.010 EVANS 73 HLB'c 
0.003 CHO 77 HBC 

IP2IIIP2+P3+P41 

SEE HOPKINS 67 

8/66 
8/66 
8/66 
8/66 
6/66 
6/66 
6/66 
6/66 
8/67 
2171 
1174 
1/Jit 
1/73 

11177• 

R2 AVG 
R2 STUDENT 
R2 FIT 

o•t587 
0.1600 
0.1584 

0.0024 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.31 
0.0022 AVERAGE USING STUDENTlOIH/1.111 - SEE fi'IIAIN TEXT 
0.0020 FROM FIT IERROR INCLUDES SCALE FAr:TOR OF 1.21 
ISEE IDEOGRAM BELOW 1 

~EIGHTEO AUERAGE = 0.1587 ~ 0.0024 
ERROR SCALEO BY 1.3 

Values above of 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. t)i, 
and scale factor. which are differ· 
ent from the values shown here, 

·CHO 
·EUANS 

77 HBC 
73 HLBC 

·BRANOENBU 73 HBC 
·ALEXRNOER 73 HBC 
·KUL YUKINA 68 CC 
·HOPKINS 67 HBC 
·HA~KINS 66 HBC 
·GUIDONi 66 HBC 
·RSTBURY2 65 CC 
·ASTBURY1 66 CC 
·LUERS 64 HBC 
·ADAIR 64 HBC 
·ASTIER 61 CC 

CHISQ 
2.0 
o.o 

10.1 
0.2 
0.3 
0.2 
0.0 
1.3 
0.0 

0.10 0.22 0.26 

14.2 
CCONLEU 
=0.0771 

KOL INTO !PI+ PI- PI01;CHRRGEO 

R3 KOL INTO IPI HU NEUTRINOI/CHARGED IP31/(P2+P3+P4) 
R3 251 10.356) 10.07) LUERS 64 H8C 
R3 172 10.391 10.081 10.101 ASTBURVl 65 CC 
R3 C 330 10.3351 10.0551 KULYUKINA 68 CC 
R3 C THIS MODE NOT MEASURED INDEPENDENTLY FROM R2 AND Rlt 
R3 • • • • • •• • • 
R3 FIT 0.3452 0.0051 FROM FIT 

04 

•• 
04 
04 
04 
04 
R4 AVG 

KOL INTO IPI E NEUTRINOIICHARGED (P4)/IP2+P3+P4J 
24 0.46 0.11 NEAGU 61 CC 

153 0.487 0.05 LUERS 64 HBC 
202 0.46 0.08 0.10 ASTBURY1 65 CC 
500 0.498 0.052 KULYUKlNA 68 CC 

0.032 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

7/66 
2171 

2176 

7/66 
2171 

R4 STUDENT 
R4 FIT 

0.485 
0.485 
0.4964 

0.034 AVERAGE USING STUDENTlO(H/1.111 - SEE MAIN TEXT 
0.0051 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

KOL INTO IPJ E NEUIIIIPI E NEUI+lPI MU NEUJI IP4IIIP3+P4J 05 
05 
05 

320 0.415 0.120 ASTIER 61 CC ......... 
R5 FIT 0.5898 0.0059 FROM FIT IERROR INCLUDES SCALE FACTOR Of· 1.01 

R6 KOL INTO IPI+ PI- PIOIITOTAL IP21 
06 

:: FIT • • o:12J9 0.0018 FROM FIT 

07 
07 
07 
R7 FIT 

08 
R8 c 
08 
08 K 
08 
08 
08 0 
08 B 
08 8 
08 8 
08 0 
08 0 
R8 c 
R8 K 
08 
R8 AVG 

KOL INTO (lEPTON PI NEUTRINOJITOTAL 

0.6584 0.0066 FROM FIT 

KOL INTO 12 GAMMAIITOTAL IUN. 10** ... 41 

32 
33 
90 
23 

11.3) 10.6) CRIEGEE 66 OSPK 
6. 7 2.2 TODOROFF 67 OSPK 

17.41 11.61 CRONIN 1 67 OSPK 
5.5 1.1 KUNZ 68 OSPK 
4.5 1 .. 0 ENSTROM 71 DSPK 
5.0 11.01 REPElliN 71 DSPK 
4.54 0.84 BANNER2 12 OSPK 

I P3+P41 

IP91 
8/66 

REPL. CRIEGEE66 11/68 
11/67 

NORM.TO 3PIIC+NI 2171 
Kct. 1.5-9 GEV/C 2/12 

11171 

THIS VALUE USES HOO/E+-1**2=1.05+-0.14. IN GENERAL, Sl3R8 "' 
(4.32+-0.551*110**-41*1 ( EOO/E+-1**21. 

8172 
8/12 
8172 

11/71 
11171 
11/68 

ASSUMES REGEN AMPL IN COPPER AT 2GEV IS 22 MB. TO EVALUATE 
FOR A GIVEN REGEN AMPL AND ERROR, MULTIPLY BY I REGEN AMPLI22MBI**2 

CRIEGEE 66 REPLACED BY TODOROFF 67 
CRONJN1 67 REPLACED BY KUNZ 68. 2171 

• RB STUDENT 
• 4:89 
4.88 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOtH/1.11) -- SEE MAIN TEXT 

R9 KOL INTO IPI+ PI-JICHARGED (UNIT 10**-31 (P5IIIP2+P3+P41 
R9 0 45 12.01 10.41 CHRISTENS 64 OSPK ETA +- "' 1.95+-0.20 2176 
R9 0 54 12.08) 10.351 GALBRAITH 65 OSPK ETA +- • 1.99+-0.16 2176 
R9 0 Cl.931 (0.261 BASILE 66 OSPK ETA +- • 1.92+-0.,13. 2/16 
R9 0 11.9931 10.0801 BOTT-BODE 66 OSPK ETA +- c 1.95+-0.04 2176 
R9 M 4200 (2.601 (0.071 MESSNER 73 ASPK ETA+- • 2.23+-0.05 6/13 
R9 OLD EXPERIMENTS EXCLUDED FROM FIT. SEE SUBSECTION E+- BELOW FOR 2/76 
R9 AVERAGE ETA+- OF THESE EXPERIMENTS AND FOR NOTE ON DISCREPANCY. . 2176 
R9 FRCiM SAME DATA AS R27 MESSNER 73t8UT WITH DIFFERENT NORMALIZATION. 6173 
09 
R9 FIT 2 .. 589 0.060 FROM FIT 

.. 
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69 

Data Card Listings 
For notation, see key at front of Listings. 

' RlO KOL INTO IPl MU NEUIICPI E NEUJ IP3J/(P41 
RlO 0.81 0.19 ADAIR 64 HBC 6/66 

RlO 0.82 0.10 DEBOUARO 67 OSPK 11/67 
RlO Z13 0.7 o.z H4WKINS 67 HBC 8/67 

RlO 0.81 o.os HOPKINS 67 HBC 8/67 

RlO 110 o.n o.os BUDAGOV 68 HLBC 10/68 
RIO K 10.671 (0.131 KUL VUKINA 68 CC • 3174 
RIO 8 569 10.111 10.04) BEILLJERE 69 HLBC 10/69 
RlO 1309 I 0.648) (Q.030) EVANS 69 HLBC REPL. BY EVANS 73 1173 
RlO 3548 0.68 o.oa BASILE 70 OSPK 10170 
RlO 6700 o.Ht 0.044 BRANOENBU 73 HBC 1/74 
RlO 1309 0.662 o.o3o EVANS 73 HLBC 1/73 
RlO tOK o.662 o.o37 WILLIAMS 74 ASPK ·. 10/74 
RIO K KULYUKlNA 68 RIO IS NOT MEASURED INDEPENDENTLY FROM R2 AND R4. 1/74 
RIO 8 BEILLIERE 69 IS A SCANNING EXPT USfNG SAME EXPOSURE AS BUDAGOV 68 
RlO O.Ot9 AVERAGE CERROR INCLUDES SCALE FACTOR OF l.lJ RIO AVG 0.695 
RIO STUDENT 0.695 0.021 AVERAGE USING STUDENTlOIH/1.111 -- SEE MAIN TEXT 
RIO FIT 0.695 0~011 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

Rll 
Rll 
Rll 
Rll 
Rll 

Rl2 
Rl2 
Rl2 
RlZ 
RlZ 
RlZ 
RlZ 
RlZ 
RlZ 

0 

0 

KOL INTO IMU+MlJ-1/CHARGEO CUNITS 10*._61 ( P61 II P2+P3+P4 J 
100.0 OR LESS ANIKINA 65 CC 
250.0 OR LESS CL=~90 ALFF-STEI 66 OSPK 

z.o OR LESS CL=.90 BOlT-BODE 67 DSPK 
35.0 oa Less Cl=.90 FITCH 67 OSPK 

KOL INTO IPI+ PI- GAMMAJITOTAL lUNITS 10**-31 IP101 
15.0 OR LESS ANI KINA 65 cc 
s.o OR LESS BELLOTTI 66 HLBC GAM KE 40-130 MV 
3.0 OR LESS NEF.KENS 66 OSPK GAM KE 120 MEV 
0.4 OR LESS CL=.90 THATCHER 68 OSPK GAM KE 20-170 MV 

. 3.2 OR LESS CL=.90 BOBISUT 74 HLBC GAM KE GT 40 MEV 
Z4 0.062 o.o21 DONALOS1 74 SPEC 

0.46 OR LESS CL=.90 woo 74 SPEC 
USES KOL TO PI+PI-PIO/ALL KOL DECAYS "' 0.126 

R13 KOL INTO IE+ E-)/CHARGED (UNITS 10**-61 IP7Jf(P2+P3+Pitl 
R13 1000.0 OR LESS ANIKINA 65 CC 
Rl3 200.0 OR LESS CL=. 90 ALFF-STEI 66 OSPK 
Rl3 23.0 OR LESS CL.a.90 BOTT-BODE 67 OSPK 

Rl4 KOL INTO IE MUI/CHARGED (UNITS 10**-41 (PB)f(P2+P3+P41 
Rllt 10.0 OR LESS ANIKINA 65 CC 
Rllt 1.0 OR LESS Ctc.90 CARPENTER 66 OSPK 
Rl4 0.1 OR LESS CL=.90 BOTT-BODE 67 OSPK 
R11t 0.08 OR LESS CLc.90 FITCH . 67 OSPK 

"R15 KOL INTO IE+ PI- NEUI/IE- PI+ NEUI 
RlS o· 97 I 0.901 (0.181 NEAGU 61 CC 
R15 0 11.011 (0.161 LUERS 64 HBC 
RlS 0 894 Cb.99) CQ.0231 KULYUKINA 66 CC 
RlS 0 1539 (1.061 (0.05) VERHEY 66 OSPK 
RlS 0 LOW PREClSION EXPTS NOT AVERAGED. FOR MORE PRECISE YALUEt 
R15 0 SEE Sl3A2 I BENNETT 70, MARX 701 

R16 KOL INTO IMU+ PI- NEUJICMu- PI+ NEUI 
R16 1M 1.0081 0.0027 OORFAN 67 OSPK 
R16 SEE ALSO S13A2 AND, S13AL IN THE CP VIOLATION SECTION 

Rl7 
Rll C 
R11 C 
Rll G 
R17 G 
Rll 
Rl7 FIT 

KOL INTO CPIO PJOI/TOTAL (UNITS 10*"'-31 IPlll 
7 fl.2J 11.51 11.21 CRIEGEE 66 OSPK 

CRIEGEE EXPT NOT DESIGNED TO MEASURE 2 PIO DECAY MODE 
189 12.51 (0.81 GAILLARD 69 OSPK E00.,.3.6+-0.6 

LATEST RESULT OF THIS EXPERIMENT GIVEN BY FAJSSNER 70 R19 

• ·o:94 · • O.i8. FROM FIT 

KOL INTO C3PIOJIIPI+PI-PJOI CPUI(P21 
1B8 2.0 0.6 ALEKSANYA 64 FBC 

.,. .,. 
Rl8 
Rl8 .,. 1010 1.80 0.13 BUDAGbV 68 HLBC 

883 11.651 co.o11 BARMJN2 72 ·HLBC ERROR STAT. ONLY 

6/66 
9/66 
8/67 
3/68 

6/66 
B/67 
6/66 
2/71 

12/75 
10/74 
12175 
10/74 

6/66 
6/66 
8/67 

6/66 
8/66 
8/67 
3/68 

8/66 
9/66 
8/67 

11/67 
2/71 

1/66 ' 

5/69 
1/71 

9/66 
10/68 
3/74 

Rl8 AVG 
R18 STUDENT 
RIB FIT 

1.81 
t.et 
1.733 

o.l3 
0.14 
o .. o76 

AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTIO(H/1.111 - SEE MAIN TEXT 

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1·31 

Rl9 
R19 C 
R19 C 
R19 C 
Rl9 
Rl9 
R19 R 
Rl9 
Rl9 
Rl9 
Rl9 
Rl9 
Rl9 
Rl9 

tc.OL INTO 12PIOJ/13P[OJ (UNITS 10 .. -21 IPll)/(Pl} 
109 11.891 I0.3U CRONIN 1 67 OSPK ETAOOc4.9+-0.S 

11.36) (0.18} CRONIN 2 67 OSPK ETA00=3 .. 92+-0."3 
CRONIN2 IS FURTHER ANALYSIS OF CRONIN! tNOW BOTH WITHDRAWN 

NO EVENTS SEEN BARTLETT 68 OSPK SEE EOO BELOW 
57 0.46 0.11 BANNER 69 OSPK ETA00•2•2+-0.3 

133 (1.31) (Q.31J CENCE 69 OSPK ETA00=3.7+-0.5 
29 0.37 0.08 BARMIN 70 HLBC ETA00.,2.02+-0.23 
30 0.32 0.15 BUOAGOV. 70 HLBC ETA00=1.9+-0.5 

172 0.90 0.30 FAISSNER 70 OSPK ETA00=3.2+-0.5 
150 1.21 0.30 REY 76 OSPK ETA00=3.8+-0. 5 

F FAISSNER 70 CONTAINS SAME 2PIO EVENTS AS GAILLARD 69 R17 
R CENCE 69 EVENTS ARE INCLUDED IN REV 76. 

R19 AVG 0.092 AVERAGE IERROR ·INCLUDES SCALE FACTOR OF 1.61 

8/67 
11/67 
11/68 
ll/6B 

2172 
10/69 
12/70 
10170 
12/70 

8116• 

1177• 

R19 STUDENT 
R19 FIT 

0.437 
o.o+25 
0.431 

0.065 AVERAGE USING STUOENTlOIH/1.111 -- SEE MAIN TEXT 
0.083 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.51 
IS EE IDEOGRAM BELOW I 

R2D KOL INTO IPJ+ Pl-lltKE3 + KMU31 CUNITS 10**-31 IP51f(P3+P4l 
R20 0 309 12.511 10.231 DEBOUARD 67 OSPK ETA+-=2.00+-0.09 
R20 0 525 12.351 (0.191 FITCH 67 OSPK ETA+-c1.94+-0.08 
R20 2703 3.04 0.14 DEVOE 11 SPEC ETA+-zr2.25+-0.05 

=~g g ~~~R~~=E~~:~T~/~~~~~E~X:~~~M~~~s A~~\~~B~~~!~g: ~;~C=~~~~C~~R 
::~FIT • ·3:0.;6• • 0.075 FROM FIT (ERROR INCLUDES SCALE FACTOR.OF 1.01 

RZl 
RZl 
R21 S 
RZl 
RZl 
R21 

KOL INTO 12GAMMAJ/( 3 PIO I fUN ITS 10 .. -3 I CP9J II PlJ 
16 2.5 Q. 7 ARNOLD 68 HLBC VACUUM DECAY 

BANNER 69 IS NEW EXPT. NOT TO BE CONF WITH RB OF CRONJN1 67 
115 2.24 0.28 BANNER 69 OSPK 

28 2.13 0.43 BARMIN 11 HLBC 

2/76 
2/76 

11177• 
2/76 
2/76 

11/6B 
2/72 

11/68 
8171 

R21 AVG 
R21 STUDENT 

0.22 
0.24 

AVERAGE tERROR INCLUDES· SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOtH/1.111 - SEE MAIN TEXT 

Stable Particles 
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UEIGHTED AVERAGE = 0.437 ~ 0.092 
ERROR SCALED BY 1.6 

Values above of weighted average. 
error, and !!JCale 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. 

-+--· ·REY .76 OSPK 
·FAISSNER 70 DSPK 

70 HLBC 
· · · · · ·BARMIN 70 HLBC 

· · · ·BANNER 69 ·osPK 

.£!!li!l. 
6.6 
2.4 
0.6 
0.7 

_!hQ_ 
10.4 

ICDNLEV -o.s o.s 2.5 =0.0351 

RZZ 
RZZ 
R2Z 
R22 A 
R22 C 
R22 C 
R22 C 
R22 F 
RZZ 
R22 A 
R22 A 
R22 C 
R22 C 
R22 F 
RZZ 
R2Z 
R2Z 
RZ2 
RZZ 
RZZ 
RZZ 

KDL INTO !2PIDI/I3PIOI 110 .. -21 

KOL INTO CMU+MU-1/CPI+PI-1 IUNITS 10**-61 CP6)f(P51 
0 140. OR LESS CLc.90 FOETH 69 SPEC EFF.DENOM.= 16000 
0 18. OR LESS CL= .. 90 DARRJULAT 10 SPEC EFF.DENOM.c 125000 
0 11.531 OR LESS CLc.90 CLARK 11 SPEC EFF.DENOM.USOOOOOJ 
6 6.7 6.1 3al CARITHE1 73 SPEC EFF.DENOfil.: 893000 
3 4.5 6. 3. CARITHE2 73 SPEC EFF.DENOM.c 667000 
9 15.81 flt.J (2.1 CARJTHE2 73 SPEC EFF.DENOM.Il5600001 
3 4 .. 2 5.1 2.6 FUKUSHIMA 76 SPEC EFF.DENQM.= 719000 

16 4.2 1.4 0.9 SHOCHET 77 SPEC EFF.DENOM .. =38ZOOOO 
CLARK 71 LIMIT RAISED FROM 1.2 E-06 BY FIELD 74 REANALYSIS. 
NOT IN AGREEMENT WITH THREE SUBSEQUENT EXPTS. SO NOT AVERAGED. 
CARITHERS ERRORS ARE AT Cl=90 PERCENT. SECOND CARITHERS2 VALUE IS 
AVERAGE OF CARITHERS1 73 VALUE AND FIRST CARITHERS2 73 VALUE. 
FUKUSHIMA 76 ERRORS ARE AT CL=90 PERCENT • 

HIE COMBINED RESULT BELOW IS THE OBSERVED NUMBER OF EVENTS 
(28+-5.31 DIVIDED BY THE SUM OF THE EFFECTIVE DENOMINATORS FOR 
EACH OF THE UNPARENTHESIZEO RESULTS ABOVE. INOIVIDUAL EFFECTIVE 
DENOMINATORS ABOVE INCLUDE THE PJ+PI-/MU+Mu- RELATIVE ACCEPTANCES. 

COMBINED CCL .... 6BJ EFF.OENOM.=6240000 

R23 KOL INTO (E+ E- 1/lPl+PI-J (UNITS 10**-5) CP7111P51 
R23 0 10.0 OR LESS Cl=.90 FOETH 69 ASPK 
R23 0.10 OR LESS CL=.90 ClARK 71 ASPK 

R24 KOL INTO {E MUJ/IPJ+PI-1 (UNITS 10**-51 CP8)/(P51 
R24 0.10 OR LESS CL=.90 CLARK 71 ASPK 

R25 KOL INTO CPt E NEU GAHIIIKL E31 IUNITS 10**-21 IP12JICP3J 
R25 . .-· 10 3.3 2.0 PEACH· 11 HlBC GAM KE GT 15 MEV . 

R26 KOL INTO CPIO TWO GAMMASJ/13Pl01 IUNITS 10*._3) IPUJICPU 
R26 0 1.1 OR LESS CL=.90 BANNER 69 OSPK 

R27 KOL INTO (PI+ PI-1/TAU (UNITS 10**-21 CP51/IP21 
R27 4200 1.64 0.04 HESSNER 73 ASPK ETA +- "' 2.23 

=~~ FIT • ·1:635 • • 0.036 FROM FIT tERROR INCLUDES SCALE FACTOR OF l .. OJ 

R28 KOL INTO CE+ E- GAMMAJ/13PI0} IUNITS 10*._41 fP141/CPU 
R28 0 1.3 OR LESS Clc.9Q BARM[N1 72 HLBC 

R29 KOL INTO (MU+ MU- GAMMAI/TOTAL IUNITS 10 .. -61 IP151 
R29 0 7.B1 OR LESS CL=.90 DONALDS3 74 SPEC 
R29 D USES KOL TO PI+PI-PIO/AlL KOL DECAYS • 0.126 

R30 KOL INTO CHU+ Mu- PIOI/TOTAL IUNITS 10**-51 CP161 
R30 D 5.66 OR LESS CL=.90 DONALDS3 74 SPEC 
R30 D USES KOL TO PI+Pl-PIO/ALL KOL DECAYS "' 0.126 

R31 KOL INTO lPl+PI-E+E-J /TOTAL IUNlTS 10**-61 IP17} 
R31 30.. OR LESS ANIKINA 73 STRC 
R31 D 8.81 OR LESS CL=.90 DONALDSON 76 SPEC 
R31 D USES KOL TO Pl+Pl-PIO/ALL KOL DECAYS ., 0.126 

R32 KOL INTO·IPIO PI+- E-+ NEUIITOTAL tUNITS 10 .. -31 CP18J 
R32 2.2 OR LESS CL=.90 DONALDS3 74 SPEC 
R32 USES KOL TO Pt+Pl-PIO/ALL KOL DECAYS "' 0.126 

R33 KOL INTO IPI MU ATC/41 NEU/TOTAL !UNITS 10**-71 CP191 
R33 18 SEEN COOMBES 76 WIRE 

5170 
11/70 
2/16 
2/76 
2/76 
2/76 
2176 
B/77* 
2176 
2176 
2176 
2/76 
2176 
8177• 
BITT* 
8177* 
8/77• 
8177* 

5170 
6/71 

6171 

6/71 

2172 

6/73 
6/73 

3/74 

12175 
6/77* 
6171* 

12175 
6177• 
6177* 

12175 
3/18* 
6/71* 
6/77* 

12175 
6177* 
6/77• 

6/77* 
. 6171• 
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13 t<OL ENERGY DEPENDENCE OF DALITZ PLOT 

RELATED TEXT SECTION VI B .. l, APPENDIX I, AND MINI-REVIEW ON SLOPE 
PARAMETERS IN THE CHARGED K SECTION OF THE DATA CARD LISTINGS ABOVE 

MATRIY ELEMENT SQUARED • 1 + G*U + H*U**2 + K*V**2 
WHERE U=CS3-SOJ/IMPI**21 AND Y•IS1-S21/CMP1+**21 

GTO liNEAR COEFFJC.JENT G FOR Kl -:> PI+ PI- PIO MATRIX ELEMENT SQUARED 
GTO Q 79 10.551 10.231 ADAIR 64 HBC AYc-7,.6 +- 1.1 
GTO Q 77 10.51J 10.201 LUERS 64 HBC AV=-7.3 +- 1.6 
GTO Q 66 (0.321 (0.131 ASTBURYl 65 CC AV-5.5 +- 1.5 
GTO Q 310 CO.Sll (0.091 AST8URY2 65 CC AVc-(7.3 +.6 -.8) 
GTO Q 280 10.641 10.171 ANIKINA 66 CC AV:-(8.2 +.9 -1.31 
GTO Q 126 10.701 10.121 HAWKINS 66 HBC AV=-8.6 +- 0.1 
GTO Q 1350 10.6491 10.0441 HOPKINS 67 HBC AT .. -0.294 +- .018 
GTO Q 1198 10.4281 10.055) NEFJ<ENS 67 OSPK AU=-0.20~ +- .025 
GTO Q 2446 {0.400) (0.0~5) 8ASILE2 68 OSPK AT.c-0.188 +- .020 
GTO 029000 {0.651) t0.012J ALBROW 70 ASPi< AY=-0 .. 862 +- .015 
GTO QB 36K {0.5931 (0.022) BUCHANAN 70 SPEC AU=-0.278 +- .010 
GTO Q 4400 (0.6561 C0.058) SMITH 70 OSPK AT:o:::-0.297 +- .Q21t 
GTO Q 180 (0 .. 50) (0 .. 11} JAMES 72 HBC 
GTO Q 1486 (0.608) {0.0431 KRENZ 72 HLBC AT=-0.277 +- .018 
GTO Q 384 10 .. 6881 (0.0741 METCALF 72 ASPK AT-0.31 .03 
GTO Q {0.612} (0.0321 ALEXANDER 73 HBC 
GTO Q 3200 (0.73} (0.041 BRANOENBU 73 HBC 
GTO QC 20K (0.6191 10.0271 BISI 74 ASPK ATc-0.282 +- .011 
GTO Q (0.645) (0.026) HILL 74 STRC PRELIMINARY 
GTO 509K 0.677 0.010 MESSNER 74 ASPJ< AY:c-0.917+-.013 
GTO Q 192 (0.69} (0.07) BALDOCEOL 75 HLBC 
GTO Q 56K (0.590) 10 .. 022) BUCHANAN 75 SPEC AU.-0.277 +- .010 
GTO H6499 0.681 0.02-\ CHO 77 HBC 
GTO 4709 0.620 0.023 PEACH 77 HBC 
GTO Q QUADRATIC OEPENOECE REQUIRED BY RECENT EXPER1!'4ENTS IS.EE SECTIONS 
GTO Q KTO AND KTO BELOW. CORRELATIONS PREVENT US FROM AVERAGING RESULTS 
GTO Q OF FITS NOT INCLUDING G, H, AND K TERMS. 
GTO 8 BUCHANAN 70 RESULT REVISED BY BUCHANAN 75 TO INCLUDE RAOIATIVE CDR. 
GTO 8 AND TC USE MORE RELIABLE KL MOM.SPECT. OF 2ND EXPT.IHAD SAME BEANII. 
GTO C BISI 74 VALUE COMES FROM QUADRATIC FIT WITH QUAD. TERM CONSISTENT 
GTO C WITH ZERO. GTO ERROR IS THUS LARGER THAN IF LJNEAR FIT WERE USED. 
GTO 
GTO AVG 0.61'0 O.OH AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6J 

3/71 
3171 
3/71 
3/71 
3/71 
3/71 

10/69 
3/71 
3/71 
1171 
2176 
3/71 
1173 

11172 
11172 
2176 
1/74 

1017-\ 
3178* 
7175 

12175 
7/75 

11177* 
11111* 

2/76 
2/76 

11175 
11/75 

GTO STUDENT 0 .. 6716 0.0100 AVERAGE USING STUOENT10IH/1.1U - SEE MAIN TEXT 

0.55 

ISEE IDEOGRAM BElOW l 

~EIGHTEO RUERRGE • 0.670 s 0.014 
ERROR SCRLED BV 1.6 

77 HBC 
77 HBC 
74 RSPK 

0.75 ·o.eo 
TRU 0 SLOPE PRRRMETER FOR KOL 

CHISQ 
4.7 
0.2 

...Q..&... 
5.4 

!CDNLEU 
=0.066) 

QUADRATIC COEFF. H FOR KL Pl+ PI- PlO MATRIX ELEMENT SQUARED 
509K 0.079 0.007 
6499 0.095 0.032 

MESSNER 7~ ASPK 
CHO 77 HBC 

4709 0.048 0.036 PEACH 77 HBC 

3178* 
3/78* 
3178* 

HTO 
HTO 
HTO 
HTO 
HTO 
HTO AVG 
HTO STUDENT 

0.0786 
0.0787 

0.0067 
0.0073 

AVERAGE (ERROR INClUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTIO(H/1.111 - SEE MAIN TEXT 

QUADRATIC COEFF• K FOR Kl -> PI+ PI- PIO MATRIX ELEMENT SQUARED 
509K 0.0097 0 .. 0018 MESSNER 71t ASPK 
6499 0.024 0.010 CHO 77 HBC 
lt709 -0.008 0.012 PEACH 77 HBC 

3178* 
3178* 
3/78* 

KTO 
KTO 
KTO 
KTO 
KTO 
KTO AVG 
KTO STUDENT 

• o:o098 
0.0098 

O.Ooi8 
o.oo19 

AVERAGE (ERROR INClUDES SCALE FACTOR OF 1.0} 
AVERAGE USING STUOENTlO(H/1.11) - SEE MAIN TEXT 

------ ------ ----- ------ ------ ----- ------ -------
13 KOL FORM 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 COMMENTS, THE FOLLOWING ABBREVIATIONS ARE USED. 
F+ AND F-ARE FORM FACTORS FOR THE VECTOR MATRIX ELEMENT. 
FS AND FT REFER TO THE SCALAR AND TENSOR TERM. 

r~.-L~F:~a\~F~~:T~~:K~;~E::l;;~!NSION COEFFS. OfF+, F- AND FO. 
L+ REFERS TO THE KMU3 VALUE EXCEPT IN THE KF3 SECTIONS. 
OXI/DL IS THE CORRELATION BETWEEN XI IOl AND l+ IN KMU3. 
OLO/OL+ IS THE CORRELATION BETWEEN lO AND L+ IN KMU3 • 
T = MOMENTUM TRANSFER TO THE PI IN UNITS Of MPI .. 2. 
OP = OALITZ PLCT ANALYSIS 
PI = PI SPECTRUM ANALYSIS 
MU == MU SPECTRUM ANALYSIS 
POL= MU POLARIZATION ANALYSIS 
BR = KMU3/KE3 BRANCHING RATIO ANALYSIS 
E = POSITRON OR ELECTRCiN SPECTRUM ANAlYSIS 
RC "' RADIATIVE CORRECTIONS 

70 

Data Card Listings 
For notation, see key at front of Listings. 

XIA XIA • F-/F+ (DETERMINED FROM SPECTRAl ----------------------
XIA ll341 +1.2 10.81 CARPENTER 66 OSPK OPt OXI/DL•-18 1/74 
XIA B 3140 1-3.q1 C0.41 BASilE 70 OSPK OPt INDEP OF L+ 1174 
XIA C 16K (-0.681 (0.121 (0.201 CHIEN 70 ASPK OPt DXJIDL"'-26 1/74 
XIA A9086 -1.5 0.7 ALBROW 72 ASPK OPt DXI/Dl•-28 1/74 
XIA C 16K (+0.501 10.61) DALLY 72 ASPK OPt OXI/DL UNKN. 1/74 
XIA P1385 -1.00 {0.45J PEACH 73 HLBC OP, OXI/Dlc-20 1/74 
XJA D 82K -0.26 0.21 ALBRECHT 7-\ WIRE OPt DXI/Dl•-24 11175 
XIA 0 82K t-2 .. 411 {0.17) AlBRECHT 74 WIRE OPt DXI/Olc-9.4 11/75 
XIA El.6M -0.11 0.01 DONAlOS2 74 SPEC OPt OXJ/Ol=-17 11/75 
XlA F 32K -0.25 0.22 BUCHANAN 75 SPEC OPt OXI/OLc-5.9 2176 
XJA L CARPENTER 66 XJ(OI IS FOR l+=O. OXI/Dl IS FROM FIG. 9. 1/7-'t 
XIA 8 BASILE 70 IS INCOMPATIBLE WITH ·All OTHER RESULTS. AUTHORS SUGGEST 1/74 
XIA B THAT EFFICIENCY ESTIMATES MIGHT BE RESPONSIBLE. 1174 
XIA A AlBROW 72 FIT HAS L- FREE, GETS L-=-.030+-.060 OR tAM•+.15+.17-.ll. l/71t 
XIA C CHIEN 70 ERRORS ARE STATISTICAL ONLY. OXI/OL FROM FIG.4. 1174 
XIA C DALLY 72 IS A REANALYSIS OF CHIEN 70. THE DAlLY 72 RESULT IS 1174 
XIA C NOT COMPATIBLE WITH ASSUMPTION L-=0 SO NOT INCLUDED IN OUR FIT • 2176 
XIA C TliE NON-ZERO L- VALUE AND THE RELATIVELY LARGE l+ VALUE FOUND BY 1174 
X lA C DALLY 72 COME MAINLY FROM A SINGLE LOW T BIN IFIGS.1,21 • 117-\ 
X lA C THE (F+,XJ I CORRELATION WAS IGNORED. 1/74 
XIA C WE ESTIMATE FROM FIG. 2 THAT FIXING L-•0 WOULD GIVE XI(0)•-1.4+-0.3 1174 
XIA C AND WOULD ADO 10 TO CHI SQUARED. OXI/OL IS NOT GIVEN• l/74 
XJA 0 ALBRECHT 74 IS CALCLLATEO BY US FROM LOt L+ AND OlO/Ol+. THEY FINO 11175 
X lA D TWO SOLUTIONS. THE FIRST HAS l+= .046+-.008 IN AGREEMENT WITH KE3. 3/'74 
XIA p PEACH 73 GIVES XI0=-.95+-.45 FOR t+cL-=.025 • THE ABOVE VALUE IS 1/H 
XIA p FOR L-=0. K.PEACH, PRIVATE COMMUNICATIONI19HJ. 1/H 
XIA E OONALOSON2 74 GIVES Xl=-.u+-.. 02 NOT INCLUDING SYSTEMATICS. ABOVE 11/75 
XIA E ERROR AND OXIIOL WERE CAlCULATED BY US FROM LO AND L+ ERRORS CWHJCH 11/75 
XIA E INCLUDE SYSTEMATICS) AND OLO/DL+• 11/75 
XJA F BUCHANAN 75 IS CALCULATED BY US FROM LO, L+ AND DLO/Dl+ BECAUSE 2/76 
XlA F THEIR APPENDIX A VALUE -.20+-22 ASSUMES XJIT) CONSTANT, I.E. L-et+. 2176 

~~: FIT otsCuSsEo ·IN Noie ·oN KL3 FORM FACTORS IN K+- SECTION OF DATA CARDS. 

XIS 
XIS 
XIS 
XIS 
XIS 
XIS 
XIS 
XIS 
XIS 
XIS 
XIS 
XIS 
XIS 
XIS 
XIS 
XIS 
XIS 
XIS 

XIS -= F-/F+ (DETERMINED FROM KMU3/KE31 ---------------
THE KMU3/KE3 BRANCHING RATIO FIXES A RElATIONSHIP BETWEEN XUOJ 
AND L+. WE QUOTE THE AUTHORS XI COJ AND ASSOCIATED L,+ BUT 00 NOT 
AVERAGE BECAUSE THE l+ VAlUES DifFER. THE FIT RESULT AND SCALE 
FACTOR GIVEN IN THE NOTE GN 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 FITTED KMU3/KE3 RATIO (R1DI. 

389 +1.1 1.1 ADAIR 6-\ HBC BRt L+=O 
+0.66 0.9 1.3 tUERS 64 HBC BRt L+=O 
+0.2 0.8 1.2 KULYUKINA 68 CC BRt l+•O 

569 +0.-\5 0.28 BEILLIERE 69 HLBC BRt l+=O 
E 1309 1-0.221 10.30) EVANS 69 HLBC BRt l+=.02+-.015 

3548 -0.5 0.5 BASILE 70 OSPK BR, L+=.02 
6700 0.5 0.4 BRANOENSU-73 HBC 8Rtl+so.019+-.013 

E1309 -0.08 0.25 EVANS 73 HLBC BRt l+•.02 
E EVANS 73 REPLACES EVANS 69. 

FIT oisCuSsfo ·IN NoTe· oN KL3 FORM FACTORS IN K+- SECTION oF DATA CARDS. 

XIC XIC • F-/F+ IOETERMINEO FROM KU POLARIZATION IN KMU3} -----------
XIC THE MU POLARIZATION IS A MEASURE OF XI(TJ. NO ASSUMPTIONS ON L+-
XIC NECESSARY, T (WEIGHTED BY SENSITIVITY TO XIO) SHOULD BE SPECIFIED. 
XIC IN L+tXItOI PARAMETERIZATION THIS IS XHOI FOR t+=O. DXIIOL•XI*T. 
XIC FOR RAD. CORR. TO MUON POLARIZATION IN XMU3, SEE GINSBERG 73. 
XIC T 2608 (-1.2) 10.51 AUERBACH 66 DSPK POlARIZATION 
XIC T 638 C-1.61 (0.51 ABRAMS 68 OSPK POLARIZATION 
XIC l -1.81 0.50 O.ib tONGO 69 CNTR POl. Tc3.3 
XIC S2.2M -0.385 0.105 SANDWEISS 73 CNTR PQL,OXI/Dl•-6 
XIC H207K +O.l7B 0.105 CLARK 77 SPEC POL,OXI/Otc+,.68 
XIC T T VALUE NOT GIVEN. 
XIC L LONGO 69 T•3.3 CALC. FROM OXJIDL•-6.0 ITABlE U DIVIDED BY XIc-1,.81 
XJC S SANOWEISS 73 IS FOR l+"'O AND T•O· 
XIC H CLARK 77 fc+3.80, OXI/Dl=XHTI*T=.l18*3.80=+.68 

~~~ FIT orsCuSsfo ·IN NoTe· oN KL3 FORM FACTORS IN K+- SECTJO.N OF DATA CARDS. 

IMAGINARY PART OF XI CTEST OF T REVERSALI ------------

l/74 
1/74 
1/74 
2176 
2176 
2/76 
1/7-\ 
1/74 
1174 
1/7-'t 
1174 
1174 
117-\ 
l/74 
1174 

2172 
8/67 
5/69 
1/74 
1/74 

11/77* 
1174 
1/74 
1/H 

11177* 

lXI 
lXI 
lXI 
lXI 
lXI 
lXI 
lXI 
lXI 
lXI 

-0.2 0.6 ABRAMS 68 OSPK POLARIZATION 10/69 
-0.02 o.oa LONGO 69 CNTR POt. T•3.3 11/69 

SANOWEISS 73 CNTR POlt T=O 1/74 
ClARK 77 SPEC POLt T=O 11177* 
XIO DEPENDENCE +0.2l*REtxiO). 11177* 

2.2M -0.060 0.045 
C207K 0.35 0.30 
C CLARK 77 VALUE HAS ADDITIONAL ......... 

AVG -0.044 0.039 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.0} 
STUDENT -0.045 0.042 AVERAGE USING STUOENTlOIH/1.111 - SEE MAIN TEXT 

L+M LAMBDA + (LINEAR ENERGY DEPENDENCE OF F+ IN KMU3 DECAY) --------
l+M SEE ALSO THE CORRESPONDING ENTRJES AND NOTES IN SECTION XlA AND tO. 
l+H FOR RAO.COR. OF KMU3 OP SEE GINSBURG 70 AND BECHERRANY 70. 3/74 
L+M C 16K (0.07) C0.02l CHIEN 70 ASPK OP 1174 
t+M A9086 0.085 0.015 ALBROW 72 ASPK OP 117~ 
L+M C 16K (Q.llJ (0.041 DALLY 72 ASPK OP 1/74 
L+M 0 82K 0.046 0.008 AlBRECHT 74 WIRE DP 11/75 
L+M D 82K (0.076) C0.004) ALBRECHT 74 WIRE OP 11175 
L+/11 1.6M 0.030 0.003 DONALDS2 74 SPEC OP 10174 
L+M 32K 0.046 0.030 BUCHANAN 75 SPEC OP 9/75 
L+M C CHIEN 70 VALUE AND ERROR HAVE BEEN CHANGED FROM 0.08 - 0.01 TO 3/71 
l+M C INCLUDE SYSTEMATIC EFfECTS. DALLY 72 IS A REANAlYSIS OF CHIEN 70. 3/71 
L+M C SEE NOTE IN SECTION X(A. 1/7-'t 
L+M 0 ALBRECHT 74 FINDS TWO SOlUTIONS. THE FIRST AGREES WITH KE3. 11/75 

t:: FIT orsCuSsEo.rN NaiE·cN KL3 FORM FACTORS INK+- SECTION OF DATA CARas. 

LO LAMBDA 0 ILINEAR ENERGY DEPENDENCE OF FO IN KMU3 DECAYI 
LO WHEREVER POSSIBLE, WE HAVE CONVERTED THE ABOVE VALUES OF XJ(O) INTO 
tO VALUES OF LO USING THE ASSOCIATED l+M AND DXI/Ql. 
LO t 1371 +0.08 (0.071 CARPENTER 66 OSPK OP,OlO/OL+=-0.54 1/74 
LO L -0.140 (0.0431 I0.0221LQNGO 69 CNTR POLtOL0/0L+•+.49 1/74 
LO 8 311t0 1-0.333) (0.034) BASILE 70 OSPK OPtDlO/Ol+•+l. 1/74 
LO A 9086 -0.043 0.052 ALBROW 72 ASPK OP,OLO/DL+=-1.39 1/7-'t 
LO C 161< 1-0.0671 10 .. 2271 DAllY 72 ASPK OPtOlOIOl+ UNKN. 1/74 
LO R 6700 1+0.06) (0.031 BRANOENBU 73 HBC BR,l+:o::.019+-.0l3 1/74 
LO p 1385 -0.060 10.038) PEACH 73 HLBC OPtOLO/OL ... -0.71 1/74 
LO L 2.2M -0.018 t0.0091 SANDWEISS 73 CNTR POltDLO/Ol+=+.49 1/74 
LO 0 82K +0.024 0 .. 011 ALBRECHT fit WIRE DP.DLO/OL+•-1.06 11175 
LO 0 82K C-0.1301 10.0141 ALBRECHT 7-\ WIRE 0Pt0LO/OL+m+0.20 11175 
LO E 1.6M +0.019 O.QOit OONALDS2 74 SPEC DP,OLO/OL+z-0,.47 10/74 
LO F 32K +0.025 0.019 BUCHANAN 75 SPEC OPtDLO/OL+=+0.5 2/76 
LO l 207K +0.0-\7 t0.009) CLARK 77 SPEC PQL,Ol0/Dl+=1.06 11177* 
LO l LO VALUE IS FOR L+>=0.03 CALCULATED BY US FROM XIO AND OXI/OL. 1174 
LO B BASILE 70 LO IS FOR L+=O. CALCULATED BY US FROM XIA WITH OXI/Dl=O. 1174 
LO 8 BASILE 70 IS INCOMPATIBlE WITH All OTHER RESULTS. AUTHURS SUGGEST 1/74 
LO 8 THAT EFFICIENCY ESTIMATES MIGHT BE RESPONSIBLE. 1174 
LO A ALBROW 12 LO IS CALCULATED BY US FROM XIA,L+ AND OXIIOL. THEY GIVE 1/74 
LO A Letc-.0~3+-.039 FOR L-"'0• WE USE OUR LARGER CALCULATED ERROR. 1/74 
LO C DAllY 72 GIVES F0c1.20+-.35, L0•-.080+-.272, LOPRIME=- .. 006-.045, 1174 
LO C BUT WITH A DIFFERENT DEFINITION OF LO. OUR QUOTED tO IS HIS LO/FO. 1/74 
LO C WE CANNOT CALCULATE TRUE LO ERROR WJTHOUT HIS ILOtfO) CORRElATIONS. 1/74 
LO C SEE ALSO NOTE C IN SECTWN XJA. 1/74 

.· 
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Data Card Listings 
F~r notation, see key at front of Listings. 

LO P 
LO R 
LO R 
LO D 
LO D 
LO E 
LO 
LO 

PEACH 73 ASSUMES L+>=0-.025. CALCULATED BY US FROM XIO AND DXIO/DL+. 
FIT FOR LO DOES NOT INCLUDE THIS VALUE BUT INSTEAD INCLUDES THE 
KMU3/KE3 RESULT FROM THIS EXPERIMENT. 
ALBRECHT 74 FINDS TWO SOLUTIONS. THE FIRST HAS L+=.046+-.008 IN 
AGREEMENT WITH KE3• DLO/DL+ OBTAINED FROM FIG.2C. 
DONALDSON2 74 OLO/DL+ OBTAINED FROM FIG. LB. 
BUCHANAN 75 VALUE IS fROM THEIR APPENDIX A AND USES ONLY KMU3 DATA. 
OLO/OL+ WA_S OBTAINED BY PRIVATE COM'4UNICATIONt C.BUCHAN_ANt 1976. 

LO • • • ...... . 
LO FIT DISCUSSED IN NOTE ON KL3 fORM ·fACTORS IN K+- SECTION OF DATA CARDS. 

.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 
L+E. 
L+E 

LAMBCA + CLINEAR ENERGY DEPENDENCE OF F+ IN KO E3 DECAY) 
FOR RAD.COR. OF KE3 OP SEE GINSBURG 67 AND BECHERRAWY 70. 

153 +0.07 .06 LUERS 64 HBC DPt NO RC 
517 +0.15 .08 FISHER 65 OSPK OPt NO RC 
762 -0.01 .02 FIRESTONE 67 HBC OPt NO RC 
531 +0.01 .015 KADYK 67 HBC EtPI, NO RC 

• 240 +0.08 .10 .08 LOWYS 67 F8C Pit USES RC 
1000 0 .. 02 -0.013 ARONSON 68 OSPK PI 
4800 +0.023 0.012 BASILE 68 OSPK OPt NO RC 

42K 0.023 0.005 BISI 71 ASPK OP, USES RC 
l6K, 0.05 0.01 CHIEN 71 ASPK OPt NO RC 

1910 0.022 0.014 NBJHOFER 72 ASPK Pit USES RC 
5600 0.045 Q.Ollt ALBROW 73 ASPK OPt USES RC 
1871 0.019 0.013 BRANOENBU 73 HBC PI TRANSV.t RC 
2171 0.040 0.012 WANG 74 OSPK OPt USES RC 

25K 0.0270 0.0028 BLUMENTHA 75 SPEC OP 
24K 0.044 0.006 BUCHANAN 75 SPEC DP, USES RC 
49K 0.032 0.0042 BJRULEV 76 SPEC OP, USES RC 

500K 0.0312 0.0025 GJESDAL 76 SPEC - DP, USES RC 

L+E AVG 0.0018 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.2} 

l/74 
2176 
2176 

11/75 
ll/75 
ll/75 
2176 
2176 

3/74 

8/67 
8/67 
8/67 
8/67 
5/69 
3/68 

12171 
6/71 
1173 
9/73 
1174 
7174 
7175 
7175 
1178* 
1177*· 

L+E STUDENT 
0.0300 
0.0298 0 .. 0011 AVERAGE USING STUOENTlOCH/1.,111 -- SEE MAIN TEXT 

ISEE IDEOGRAM BELOW J 

~EIGHTED RVERRGE = 0.0300 z 0.0018 
ERROR SCRLED BY 1.2 

CHISQ 

FS 
FS 
FS 
FS 
FS 

FT 

·GJESDRL 76 SPEC 0.2 
·BIRULEV 76 SPEC 0.2 

+· ·BUCHRNRN 75 SPEC 5.4 
·BLUMENTHR 75 SPEC 1.2 
·~RNG 74 DSPK 0.7 
·BRRNDENBU 73 HBC 0.7 
·RLBRD~ 73 RSPK 1.1 
·NEUHDFER 72 RSPK 0.3 
·CHIEN 71 RSPK 4.0 
·BISI 71 RSPK 2.0 
·BRSILE 68 OSPK 0.3 
·RRDNSON 68 DSPK 0.6 
·LD~YS 67 FBC 
·KRDYK 67 HBC 1.8 
·FIRESTONE 67 HBC 
FISHER 65 DSPK 

·LUERS 64 HBC 

-0.1 o.o 0.1 0.2 0.3 
18.6 

!CDNLEU 
=0.0991 LRMBDR• FOR KE3 DECRY OF KOL 

FstF+ RATIO OF SCALAR TO F+ COUPliNGS FOR KE3 DECAYIABS. VALUEJ---
0.15 OR lESS CL=.68 KULVUKINA 67 CC 

5600 0.19 OR LESS CLc.95 ALBROW 73 ASPK 
25K 0.04 OR LESS CL=.68 BLUMENTHA 75 SPEC 

••• 0.07 OR LESS BIRULEV 76 SPEC CL NOT GIVEN 

FT/F+ RATIO OF TENSOR TO F+ COUPLINGS FOR KE3 DECAYfABS. VALUEJ----

10/69 
9173 
7175 
1178* 

FT 1.0 OR LESS CLc.68 KULYUKINA 67 CC 10/69 
FT 5600 1.0 OR LESS CL=.95 ALBROW 73 ASPK 9/73 
FT 25K 0.23 OR LESS CL=.68 BLUMENTHA 75 SPEC 7175 
FT ••• 0.34 OR LESS BIRULEV 76 SPEC CL NOT GIVEN 1178* 

13 CP VIOLATION PARAMETERS IN KOL DECAYS 

RELATED TEXT SECTION VI 8.3 AND MINI-REVIEW BELOW 

---------13 CHARGE ASYMMETRY IN TAU DECAYS----------------
TEXT SECTION VI 8.3 8 

SEE SCRIBANO 70 FOR OEFI NIT ION CHIS SIGMA+-1 • A"'1 FOR MAX ASYMMETRY 
CM)**2 = 1+ SIG+- (2/SQRTI3J *I lT+J-IT-1 J/ TMAXJ AS SCRIBANO 70 

DECAY ASYMMETRY PARAMETER FOR PI+ PI- PIO (UNITS· 10**-21 
.3M 0.2 0.95 BLANPIED 68 CNTR 

3M 0.27 0.2 SCRJBANO 70 CNTR 
4400 0.000 0.050 SMITH 70 OSPK 

AVG 0.016 0.063 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.31 

• 4170 
.12170 
.L0/70 

A 
A 
A 
A 
A 
A 
A STUDENT 0.015 0.053 AVERAGE USING STUOENTlOIH/1.111 - SEE MAIN TEXT 

IS.EE IDEOGRAM BELOW t 

---------------13 CHARGE ASYMMETRY IN LEPTONIC DECAYS I PERCENT I-----
TEXT SECT ION VI 8.3 C 

SUCH ASYMMETRY VIOLATES CP • IT IS RELATED TO REAUEPSILON). 

A1 KOL INTO IMU+PI-NUI-CMu-PJ+NUJICMU+PI-NUJ+IMu-Pt+NUI 
Al 0 1M 10.403) (0.1341 DORFAN 67 OSPK 
A1 D 1M 0.57 0.17 PACIOTTI 69 OSPK 
A1 7.7M 0.278 0.051 PICCIONI 72 ASPK 
Al 4.1M 0.60 0.14 MCCARTHY 73 CNTR 
Al 15M 0.313 0.029 GEWENJG1 74 ASPK 

I PERCENT) 
DERIVED FROM Rl6 

A1 0 PACIOTTI 69 15 A REANALYSIS OF OORFAN 67 AND IS CORRECTED FOR 
A1 0 MU+ MU- RANGE DIFFERENCE IN MC CARTHY 72. 
Al 
Al AVG 0.038 AVERAGE CERROR INCLUDES SCALE FACTOR Of 1.51 

ll/67 
1173 
1173 
6/73 
7174 
1173 
1173 

Al STUDENT 
0.319 
0.316 0.027 AVERAGE USING STUDENT10(H/1.1U -- SEE MAIN TEXT 

CSEE IDEOGRAM BELOW ) 

:j 

Stable Particles 
K£ 

~EIGHTED RUERRGE = 0.016 z 0.063 
ERROR SCRLED BV 1.3 

·SMITH 70 OSPK 
·SCRIBRND 70 CNTR 
BLRN~IED 6~ CNTR 

CHISQ 
0.1 
1.6 

-1 0 2 

1.7 
!CDNLEV 
=0.1901 

DECRY RSYMMETRY FOR KOL INTO PI+ PI- PIO 

~EIGHTED RUERRGE = 0.319 z 0.038 
ERROR SCRLED BY 1.5 

·GE~ENIG1 

·MCCRRTHY 
·PICCIDNI 
·PRCIDTTI 

74 
73 
72 
69 

RSPK 
CHTR 
RSPK 
DSPK 

CHISQ 
o.o 
4.0 
0.6 

4.7 
ICDNLEV 

o.o 0.2 1.0 =0.0941 
CHRRGE RSYMMETRY FOR KL --> MU PI NU 

A2 KOL INTO CE+PI-NUI-H-PI+NUI"E+PJ-NU)+(E-PI+NU) 
A2 B 10M 10.2241 {0.0361 BENNETT 67 CNTR 
A2 B 10M 0.246 0.059 SAAl 69 CNTR 
A2 LOM 0.346 0.033 MARX 70 CNTR 
A2 600K 0.36 · 0.18 ASHFORD 72 ASPK 
A2 40M 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 

CPERCENT I 
11/67 
10170 
10170 
2172 

12173 
7/74 

A2 'AVG 0.333 
A2 STUDENT 0. 334 

0.014 
0.016 

AVERAGE (ERROR INCLUDES SCALE FACTOR Of 1.01 
AVERAGE USING STUDENT101H/1.11J -- SEE MAIN TEXT 

Al KOl INTO IIL+J-(L-II"Cl+I+IL-11 ICOMBINED AlAND A21 IPERCENTJ 
Al B 10M 
Al 0 1M 
AL 10M 
AL 600K 
AL 7.7M 

0.246 0.059 SAAL 69 CNTR KE3 2/71 
0.57 0.17 PACIOTTJ 69 OSPK KMU3 1173 
0.346 0.033 MARX 70 CNTR KE3 2/71 
0.36 0.18 ASHFORD 72 ASPK KE3 2172 
0.278 0.051 PICCIONI 72 ASPK KMU3 L/73 

AL 40M 
AL 4.tM 
AL 33M 
AL 15M 
Al 34M 

0.318 0.038 FITCH 73 ASPK KE3 12173 
0.60 0.14 MCCARTHY 73 CNTR KMU3 6173 
0.333 0.050 WILLIAMS 73 ASPK KHU3+KE3 12173 
0.313 0.029 GEWENIGl 74 ASPK KMU3 7174 
0.341 0.018 GEWENIG1 74 ASPK KE3 7174 

AL SEE FOOTNOTES IN SECTIONS Al AND A2 ABOVE. 1/73 
Al 
AL AVG 
AL STUDENT 

0.330 0.012 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 
0.330 0.013 AVERAGE USING STUOENTLOIH/1.111 - SEE "'AIN TEXT 

------------13 PARAMETERS FOR KOl INTO 2Pl DECAY-------~----
TEXT SECTION VI 8.3 0 

ETA+- "' AIKL TO PI+PJ-JIACKS TO Pl+PI-1 
ETAOO :c ACKL TO PIOPIOI/A.IKS TO PIOPIO) 

Note on /n+_/ 

There is a very large discrepancy between old 

and new results for /n /,the ratio of amplitudes 
+-

A(K0 ~ TI+TI-)/A(K0 ~ w+w-). The average of the older 
L S 

/n / results of CHRISTENSON 64, GALBRAITH 65, 
+- -- -

BASILE 66, BOTT-BODENHAUSEN 66, DE BOUARD 67, and 



Stable Particles 
K£ 

FITCH 67 (see subsections R9, R20, R27, and E+- of 

the ~ Data Card Listings) is 

-3 (1.95 ± 0.03) X 10 

with very good consistency. 

The more recent results of MESSNER 73, GEWEN

IGER2 74, and DEVOE 77 are in good agreement with 

each other but do not agree with the average of 

the older results. The three recent results, when 

adjusted for the current values of the K~ and ~ 

mean lives and current normalizing branching 

fractions, give .an average value of 

(2.273 ± 0.023) X 10-3 

which is eleven standard deviations above the 

previous average. 

The origin of the discrepancy between old and 

new results is not known. The effect of the change 

in the K~ mean life value (see note in K~ section 

of the Stable Particle Data Card Listings) is 

insufficient to explain it, raising In I by only 
+-

about 2%. 

Since the newer experiments are in principle 

superior (higher statistics, better acceptance, 

easier trigger conditions), we have chosen to 

average them separately from the earlier experiments 

as is seen in the E+- subsection of the Data Card 

Listings below. 

The entry referenced as GKL/GKS 71 is the 

·average of all seven experiments before 1971. This 

average is .. determined from the branching ratios 

quoted for these exper~ents in subsections R9 and 

R20 above. It was quoted by us as the In I value 
+-

in our 1971 edition. The average and fit values at 

the end of the E+- subsection below do not include 

the pre-1971 In I results. 
+-

The fitted values in the EOS, E+-, and ER sub-

sections below are the result of a fit to the 

unparenthesized values of ln
00

l, In+_ I, and 

ln
00

/n+_l in these subsections. We quote the 

fitted values of In I and In I in the Addendum to 
+- 00 

the Stable Particle Table but warn in a footnote 

that they exclude pre-1971 In I results. 
+-

THE FITTED VALUES OF ETA+- AND ETAOO 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 FIT VIA THE QUANTITY ACTUALLY MEASURED-- BRANCHING RATIOS -
R9, R20 AND R27 tETA+-J AND Rl7 AND R19 IETAOO). THESE BRANCHING 
RATIOS ARE COMBINED WITH CURRENT NORMALIZATIONS AND CURRENT Kl AND KS 
MEAN LIVES TO OBTAIN PI PI RATES. THE ETA+- AND ETA.OO VALUES OBTAINED 
FROM THESE RATES ARE ENTERED BELOW WITH THE NAME •GKL/GKS'. 

72 

Data Card Listings 
For notation, see key at front of Listings .. --

EDS IETA001 .. 2 "" CAIKL TO 2PIOJ/ACKS TO 2PIOI 1**2 I UNITS 10•*-61 
EOS X 0 . 1-2.1 (7.01 , BARTLETT· 68 OSPK 
EOS X 57 14.91 11.21 BANNER 69 OSPK 
EOS XR 133 (14.1) C3.41 CENCE 69 OSPK 
EOS XF 180 113.1 (4.1 GAILlARD 69 OSPK 
EOS X 29 14.081 10.91 BARMIN 70 HLBC 
EOS X 30 13.61 I I 1.91 BUDAGOI/ 70 HLBC 
EOS C 8.1 3 • 7 CHOLLET 70 OSPK CU REG.,4 GAMMAS 
EOS XF 172 19.9) 13.41 FAISSNER 70 OSPK 
EOS C 56 7.4 2.0 WOLFF 71 OSPK CU REG.t4GAMMAS 
EOS XR 150 114.1) 13.41 REV 76 OSPK 
EOS X 5.1 1.0 GKLIGKS 78 RVUE BR SCALE FACTOR=1.5 
EOS X SEE NOTE ABOVE REGARDING FITTED VALUES OF ETA+- AND ETAOO. 
EOS R CENCE 69 EVENTS ARE INCLUDED IN REY 76. 
EQS F FAISSNER 70 CONTAINS SAME 2PJO EVENTS AS GAILLARD 69 

10/69 
2/72 

10/69 
10/69 
12170 
10/70 
2/72 

12/70 
12111 
8176• 
2178• 

1/77* 

EOS C CHOLLET 70 GIVES ETAOO .. (l.23+-0.24l*IREGEN AMPL,2GEV/C CUiitOOOOMB 2/72 
EOS C WOLFF 71 GIVES ETA00=11.13+-0.121*CREGEN AMPlt2GEV/C CUJ/10000MB 2172 
EOS C WE COMPUTE BOTH ETA00**2 VALUES FOR (REGEN AMPL,2GEV/C CUI.,.24+-2MB. 2/72 
EOS C THIS REGEN AMPL RESutTS FROM AVERAGING OVER FAISSNER 69, 2/72 
EOS C EXTRAPOLATED USING OPTICAL MODEL CALCULTIDNS OF BOHM ET At. 2/72 
EOS C PL 218 594 119681 AND THE DATA OF BALATS 71. (FROM H. FAISSNER, 2/72 
EOS C PRIVATE COMMUNICATIONI 2/72 
EOS F FAISSNER 70 C[jNJAINS SAME 2PIO EVENTS AS GAILLARD 69 

~g~ AVG ·5:7i 0.87 AVERAGE (ERROR INCLUDES SCALE FACTOR Of 1.01 
EOS STUDENT S.72 0.99 AVERAGE USING STUOENTlOIH/L.ll) -- SEE MAIN TeXT 
EOS FIT 5.40 O.lt3 FROM FIT CERROR INCLUDES SCALE FACTOR OF 1.11 2178* 
EOO THIS FIT VALUE CORRESPONDS TO ETA00=2.324+-0.092 2178* 

E+- ETA+- "" AIKL TO PI+PI-J/AIKS TO PI+PI-J UNITS 10 .. -3 -----------
E+- X ItS ll.9SI 10.201 CHRISTENS 64 OSPK 2/76 

2176 
2/76 
2/76 
2/76 
2/76 
2/16 
2/76 

11/75 
3/14 

11/77* 
2/18* 

E+- X Sit U.991 10.161 GALBRAITH 65 OSPK 
E+- X 11·921 10.13) BASILE 66 OSPK 
E+- X U.951 10.04) 80TT-BOOE 66 OSPK 
E+- X (2.00) t0.09) DEBOUARO 67 OSPK 
E+- X (1.91tl (0.081 FITCH 67 OSPK 
E+- AX Cl.95) (0.03) GKL/GKS 71 RVUE EXPTS. BEFORE 11 
E+- A AVERAGE OF ABOVE EXPTS. EXCLUDED FROM FIT. SEE TYPED NOTE ABOVE. 
E+- X 4200 12.231 10.051 MESSNER 73 ASPK 
E+- 2.30 0.03S GEWENIG2 74 ASPK 
E+- X 2703 12.251 CO.D51 DEVOE 77 SPEC 
E+- X 2.254 0.029 GKL/GKS 78 RVUE BR EXP. AFTER 71 
E+- X SEE NOTE ABOVE REGARDING FITTED VALUES OF ETA+- AND ETAOO. 
E+-
E+- AVG 2.273 0.023 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
E+- STUDENT 2.273 0.025 AVERAGE USING STUDENT10fHI1.11J - SEE MAIN TEXT 
E+- FIT 2.274 0.022 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 2/78* 

ER 
ER 
ER 
ER 
ER AVG 

I SEE IDEOGRAN BELOW ) 

UEI&HTED AUERA&E = 2.~47 ~ 0.059 
ERROR SCALED BV 3.0 

Values above of weighted average, 
error, and scale factor are for the 
reader• s convenience only. The 
data were actually proceued by a 
constrained fit program, which 
calculates ita own values of X. 6X, 
and scale factor, which are differ
ent from the values shown here. 

· ·DEUOE 77 SPEC 
·GEUEHIG2 74 ASPK 
·MESSNER 73 ASPK 
·FITCH 67 OSPK 
·DEBOUARD 67 OSPK 
·BOTT-BODE 66 OSPK 
·BASILE 66 OSPK 
·GRLBRAITH 65 OSPK 
·CHRISTENS 64 OSPK 

CHISQ 
4.2 

~9.0 

2.7 
6.7 
2.7 

24.4 
3.1 
1.0 

2.0 2.8 

63.7 
!CONLEU 
=O.OOOl 

RBS!ETA+-l !UNITS ~D••-3l 
RATIO OF ETAOO OVER ETA+-
124 1.03 0.07 
167 1.00 . 0.06 

8ANNERL 
HOLDER 

72 OSPK 
7 2 ASPK 

8172 
8/72' 

ER STUDENT 
ER FIT 

1.013 
1.013 
1.022 

0.046 
o.ott9 
0.040 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOIH/1.,11J - SEE MAlN TEXT 

FROM FlT CERROR INCLUDES SCALE FACTOR OF 1.11 2/76* 

F+
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 
F+- 0 
F+- P 
F+- G 
F•- H 
F+

PHASE OF ETA+- I DEGREES) --------------------
THE DEPENDENCE OF THE PHASE ON THE KOL-KOS MASS DIFFERENCE 
IS GIVEN FOR EACH EXPERIMENT IN THE COMMENTS BELOW• WHERE OM IS 
CMASS OIFF./HBARI IN UNITS 10••10 SEC-1. WE HAVE EVALUATED THESE 
MASS DEPENDENCES USING OUR APRIL 1978 VALUE, OM=O.S349+-0.0022 
TO OBTAIN THE VALUES AND AVERAGE QUOTED BELOW. WE ALSO GIVE THE 
REGENERATOR PHASE FR IN THE COMMENTS BELOW. 

(45.01 150.0) FITCH 65 OSPK BE REGEN 
(30.01 14S.OI FIRESTONE 66 HBC 
110.0) 121.01 BOTT-BODE 67 OSPK C REGEN 
(25.01 (35.01 MISCHKE 67 OSPK CU REGEN 

CLD EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 
151.01 111.01 BENNETT2 68 CNTR CU REG. USES 
34.2 10.0 BENNETT 69 CNTR CU REGEN 
45.3 12.0 BOHM 69 OSPK VACUUM REGEN 
4S.2 7.1t FAISSNER 69 ASPK CU REGEN 
40.6 4.2 JENSEN 70 ASPK VACUUM REGEN 
37.2 12.0 BALATS 11 OSPK CU REGEN 
36.2 6.1 CARNEGIE 72 ASPK CU REGEN 
46.S 1.6 GEWENIG2 74 ASPK VACUUM REGEN 
45.5 2.8 CARITHERS 75 SPEC C REGEN 

11/67 
11/67 
11/67 
7/68 
2176 
8/68 
2/11 
2/71 
2111 
2171 
9/11 
1173 
3/74 
7/75 

F+- AVG 45.0 
F+- STUDENT 45.1 
F+- FIT 45.0 

1.3 
1.4 
1.2 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlO(H/1.11) - SEE MAIN TEXT 

FROM FIT IERROR INCLUDES SCALE FACTOR OF LOI 2178* 
COMMENTS 

F+- N BE!iNETT 69 IS A REEVALUATION OF BENNETT2 68. 11/69 
F+- c BENNETT 69 USES MEASUREMENT OF (F+-1-IPHIFI OF ALFF-STEINBERGER 66. 2171 
F+- c BENNETT 69 F+-=131t.9+-10.0l+ 69*IOM-.5451 OEG. FR=-49.9+-S.It DEG. 2/71 
F+- B BOHM 69 F+-=i4l.0+-12.0J+479*10M-.526) DEG. 2/71 
F+· F FAISSNER 69 ERROR ENLARGED TO INCLUDE ERROR IN REGENERATOR PHASE. • 11/69 
F+- F FAISSNER 69 F+-=149.3+-7.41+20S*(OM-.SS51 OEG. FR=-42.7+-5.0 DEG. 2/11 
F+- J JENSEN 70 f+-u(lt2.4+-4.01+576*IDM-.538l DEG.. 2/71 
F+· 0 BALATS 11 f+-:ui39.0+-l2.0)+198*CDM-.51t4) DEG. FR=-It3.0+-4.0 OEG. 9/71 
F+- p CARNEGIE 72 F+- IS INSENSITIVE TO OM. FR=-56.2+-5.2 DEG. L/73 
f+· G GEWENIG2 74 F+-.,(lt9.4+-1 .. 01+565*(0M-.51t01 OEG. 3174 
F+- H CARITHER 75 F+-=145.5+-2.8)+224*rDM-.5348) OEG. FR=-40.9+-2.6 DEG. 11175 

,. 
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Data Card Listings 
<:;,For notation, see key at front of Listings. 

PHASE Of ETA 00 CDEGREESJ ------------------FOO 
FOO 
FOO 
FOO 
FOO 
FOO 
FOO 

FIRST QUADRANT PREFERRED GOBBI 69 OSPK 11/69 
51.0 30.0 CHOLLET 70 OSPK CU REG.,4 GAMMAS 10/70 

56 38.0 25.0 WOLFF 71 OSPK CU REG.,4 GAMMAS 12171 
CHOLLET 70 USES REGENERATOR PHASE FR=-46.5+-4.4 DEG. 1/73 
WOLFF 71 USES REGENERATOR PHASE fRc:-48.2+-3.5 DEG. 1/73 

FOO AVG 43.3 
FOO STUDENT 43 .. 3 
FOO FIT 48.3 

19.2 
20.7 
13.2 

AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING. STUOENTlOCH/1.111 ·- SEE MAIN TEXT 

FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 2178• 

OF 
OF B 
OF B 
OF 
OF FJT 

PHASE CIFFERENCE FOO - f+- COEGREESJ----------------
7".6 18.0 BARBIELLI 73 ASPK 

INDEPENDENT OF REGENERATOR MECHANISM,QH,ANO LIFETIMES. 

3.3 13.1 FROM FIT CERROR INCLUDES SCALE FACTOR OF 1.01 

Superweak Model Predictions for ¢ and Ree: 
- .n+-

The superweak model of Wolfenstein, Phys. 

Letters ~. 562 (1964) predicts that 

and 

_1(2tun-r5) 
tan -fl--

. . 0 0 
These expressions and the values of the KI, - KS 

mass difference L'.M = (0.5349±0.0022) x1o10fl sec-1 

the K~ mean life 's = (0.8923 ± 0.0022) x lo-10 sec, 
0 +- 0 +-and the magnitude of the KI, ~ TI TI /KS ~ TI TI ampli-

tude ratio In I = (2. 274 ± 0. 022) x 10-3 , all from 
+-

the current edition, result in the predictions that 

(43.67 ± 0.14) 0 

and 

Ree: (1.645 ± 0.016) X 10-3 

These can be compared with the experimental values 

¢+- (45.0 ± 1.2)
0 

¢
00 

(48.3 ±,13.2) 0 

Ree: (1. 621 ± 0. 088) X 10-3 

where Ree: has been computed using the relation 

Ree: 

and our current values of the charge asymmetry 

parameter for leptonic ~ decay o = (0. 330 ± 0. 012) i 

and the b.s = -b.Q amplitude (Rex, Imx) = (0.009 ± 

·•.' 0.020, -0 .. 004 ± 0.026) .. 

The superweak predictions are in good agree

ment with the data. 

7173 
7173 

2/78* 

The values of 's and In I have undergone major +-
revision in the past few years (see notes on these 

parameters in the K~ and ~ sections of the Data 

Card Listings). We have utilized only the post-

1971 experimental values of these parameters and 

Stable Particles 
K£ 

have made necessary changes in the related param

eters L'.M and ¢+- (see footnotes in the related 

'data card subsections D and F+- above). 

13 X '" IDSz-OQ AMPLITUOEJ/COS=+OQ AMPLITUDE! 

RELATED TEXT SECTION VI B.lt 

REX REAL PART OF X 
REX c 152 0.06 0.18 o.,. BALDD-CE 65 HLBC K+ CHARG.E EXCHNG 11/67 
REX 196 0.035 0.11 0.13 AUBERT 65 HLBC K+ CHARGE EXCHNG 11/67 
REX F 109 -o.oa 0.16 0.28 FRANZINI 65 HBC PBAR P 11/67 
REX 116 0.17 0.16 0.35 FELDMAN 67 OSPK P 1-P TO KO LMBOA 11/67 
REX 335 10.111 10.101 HILL 67 OBC K+O YIELDS KOPP 11/67 
REX (0.03) {0.031 BENNETTl 68 CNTR 7/68 
REX 121 0.09 0.07 0.09 JAMES 68 HBC PBAR P 5/69 
REX B. -0.020 0.025 BENNETT 69 CNTR CHAR ASYH+ CU RE 10/69 
REX ••• 0.09 O.l't 0.16 LJTTENBER 69 OSPK K+N TO KOP 4/69 
REX N 215 0.12 0.09 CHO 70 OBC K+D TO KOPP 10/10 
REX U Z2Z (0.0~1 10.01) IO.OBI BUR GUN 71 HBC K+P TO KOPPI+ 2172 
REX zsz 0.25 .07 .09 WEBBER 71 HBC K-P TO KBAR N 10/69 
REX u 410 0.03 0.06 0.06 BUR GUN 72 HBC K+P TO KOPPI+ 1173 
REX lZ6 0.26 0.,10 0~14 MANN 72 HBC K-P TO t<.OBAR N 9172 
REX G .. , 1-0.131 10.111 MANTSCH 72 OSPK KE3 FROM KO lMB 2172 
REX G 100 (0.04) {0.101 {0.131 GRAHAM 72 OSPK KMU3 FROM KO LMB 2172 
REX G 442 -0.05 0.09 GRAHAM 72 OSPK PI-P TO KO LMBDA 2172 
REX 1757 -.0.008 0.0~4 FACKLER 73 OSPK KE3 FROM KO 9/73 
REX 1367 -0.03 o.o7 HART 73 OSPK KE3 FROM KO LMB 2174 
REX 1079 -0.070 0.036 MALLARY 73 OSPK KE3 FROM KO Ull + 6173 
REX 4724 0.04 0.03 NIEBERGA 74 ASPK K+P TO KOPPI+ 7/74 
REX 79 0.10 0.18 0.19 SMITH 75 WIRE PI-P TO KO lMBDA 8176• 
REX c 8ALOD-CE 65 GIVES X AND THETA.CONVERTEO BY US TO REX AND IMX. 11/67 
REX F FRANZINI 65 GIVES X AND "THETA.FOR REX AND INX SEE SCHMIDT 67. Ll/67 
REX N CHD 70 IS ANALYSIS OF UNAMBIGUOUS EVENTS IN NEW DATA AND Hill 67. 10170 
REX u BURGUN 72 IS A FINAl RESULT WHICH INCLUDES BURGUN 71. 11173 
REX B BENNETT 69 IS A REANALYSIS OF BENNETT! 68. 10/69 
REX G SECOND GRAHAM 72 VALUE IS FIRST GRAHAM 72 VALUE COMBINED WITH 2172 
REX G MANTSCH 72. 2/72 
REX 
REX AVG o.oo9 0.020 AVERAGE tERROR INCLUDES SCALE FACTOR Of 1.41 
REX STUDENT o.ooe 0.017 AVERAGE USING STUOENTlOCH/1.111 -- SEE MAIN TEXT 

ISEE IDEOGRAM BELOW I 

UEIGHTED AVERAGE = 0.009 ,. 0.020 
ERROR SCALED BY 1.4 

CHISQ 
· ·SMITH 75 UIRE 
· ·NIEBERGR 74 ASPK 1.1 
· ·MALLARY 73 DSPK 4.8 
··HART 73 DSPK 0.3 

·FACKLER 73 DSPK 0.1 
·GRRHRM 72 DSPK 0.4 
·MANN 72 H8C 4.4 
·BUR GUN 72 H8C 0.1 
·UEB8ER 71 HBC 9.1 
·CHD 70 oec· 1 :s 
·LITTENBER 69 OSPK 0.3 
·BENNE-TT 69 CNTR 1.3 
•JAMES 68 HBC 1.0 
·FELDMAN 67 DSPK 
·FRRNZINI 6S H8C, 
·RUBERT 65 HLBC o.o 
·BRLDD-CE 65 HLBC 

24.6 
-0.4 0.0 0.4 0.8 ICDNLEU 

REAL PART OF X IDELTR S = -DEL TR Q RMP J =0 .017) 

IHX IMAGINARY PART OF X CASSUMES M(KLJ-MIKSJ POSITIVE - SEE Sl301 
IHX c 152 -0.44 0.32 0.19 BALDD-tE 65 HLBC K+ CHARGE EXCHNG 3/68 
IHX 196 -0.21 o.u· 0.15 AUBERT 65 HLBC K+ CHARGE EXCHNG 3/68 
IHX F 109 +0.024 0.40 0.30 FRANZINI 65 HBC PBAR P 3/68 
IHX 116 o.o 0.25 FELDMAN 67 OSPK PI-P TO KO LMBDA 11/67 
IMX N 335 C-0.201 (0.101 HILL 67 DBC K+O Yl ELOS KOPP 11/67 
IHX 121 +0 .. 22 0.37 0.29 JAMES 68 HBC PBAR P 5/69 
IHX ••• -0.11 0.10 O.ll LITTENBER 69 OSPK K+N TO KOP 4/69 
IHX N 215 -0.08 o.o7 CHO 10 OBC K+O TO KOPP .10170 
IMX U 2ZZ (0.121 co.o8J C0.091 BUR GUN 71 HBC K+P TO KOPPI+ 2172 
IHX 25Z o.o .oe WEBBER 71 HBC K-P TO KBAR N 10/69 
IHX u 410 0.01 0.06 0.01 BUR GUN 72 HBC K+P TO KOPPI+ 1173 
IHX 126 0.21 0.15 0.12 MANN 72 HBC K-P TO KOSAR N 9172 
IMX G 34Z (-0.041. 10 .. 16) MANTSCH 72 OSPK KE3 FROM KO LMB 2172 
IMX G 100 10.121 (0.171 10.161 GRAHAM 72 OSPK KMU3 FROM KO lMB 2172 
IMX G 442 0.05 0.13 GRAHAM 72 OSPK PI-P TO KO LMBDA 2172 
IHX 1757 -0.017 0.060 FACKLER 73 OSPK KE3 FROM KO 9173 
IHX 1367 0.09 0.07 HART 73 OSPK KE3 FROM KO LMB 2174 
IHX 1079 0.107 0.092 0.014 MALLARY 73 OSPK KE3 FROM KO LM + 6/73 
IHX 4724 -0.06 0.05 NIEBERGA 74 ASPK K+P TO KOPPI+ 7/74 
IMX 79 -0.10 0.16 0.19 SMITH 75 WIRE PI-P TO KO LMBDA 8176• 
IHX c BALDD-CE 65 GIVES X AND THETA.CONVERTED BY US TO REX AND IMX• 11/67 
IHX F FRANZINI 65 GIVES X AND THETA.FOR REX AND IMX SEE SCHMIDT 67• 11/67 
IMX N FTNOTE 10 OF HILL 67 SHOULD READ +0,.58, NOT -0.,58 tPRIV.COMM.I. 3/68 
JMX N CHO 70 IS ANALYSIS OF UNAMBIGUOUS EVENTS IN NEW DATA AND HILL 67. 10/70 
IHX u BURGUN 72 IS A FINAL RESULT WHICH INCLUDES BURGUN 71. 11173 
IMX G SECOND GRAHAM 72 VALUE IS FIRST GRAHAM 72 VALUE COMBINED WITH 2/72 
IMX G MANTSCH 12. 2/72 
IMX 
IMX AVG -0.004 0.026 AVERAGE tERROR INCLUDES SCALE FACTOR Of 1.11 
JMX STUDENT -0.005 0.027 AVERAGE USING STUDENTlOIH/1.11) -- SEE MAIN TEXT 

****** ••••*•••• ..................... •••••*••* *******'** •••••*.o.•• ......... 
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BARDON 58 ANP 5 156 
CRAWFORD 59 Pf(L 2 361 
ASTJ ER 61 AIX CONF 1 227 
FJTCH 61 NC 22 1160 
GOOD 61 PR 124 1223 
NEAGU 61 PRL . 6 552 

ALSO 61 JETP 13 1.138 

CAMERINJ 62 PR 128 362 
DARMON 62 PL 3 57 

ADAIR 64 PL 12 67 
ALEKSANV 64 OUBNA 2 102 

ALSO 64 JETP 19 1019 
ANIKINA 64 JETP 19 42 
CHRISTEN 64 PRL 13 138 
FUJlt 64 OUBNA 2 146 
LUERS 64 PR 133 B 1276 

ANIKINA 65 JINR P 2488 
ANDERSON 65 PRL 14 475 
ASTBURYl 65 Pl 16 80 

REFERENCES FOR KOL 

.M BAROONwK LANOEtL LEDERMAN ftOLUMBIA+BNLJ 
CRAWFORO.CRESTI,OOUGLASS,GOOO + ILRLI 
ASTJER,BLASKOV ICtRI YET, SJAUD + IEPOU 
Y FlTCH,P PIROUE,R PERKINS (PRINCETON) 
GOOD, MATSEN wMULLERt PICC I ONI, POWELL . + CLRL I 
NEAGU,OKONOV, PETROV ,ROSANOVA,RUSAKOV ( JINRI 
NYAGU,OKONOVt PET ROY wROZANOVA,RUSAKOY IJINRI 

CAMERINitFRYtGAIDOS,BIRGE,ELY + IWISC+LRLI 
J OARMONtA ROUSSET,J SIX IEPOLI 

R K AOAIR,L B LEIPUNER IYALE+BNL I 
ALEKSANYANtALIKHANYAN, VARTAZARYAN+ I EREVANJ 
ALEKSANYAN+ CLEBEOEV+MOS ENG PHYS+EREVANI 
ANIKINA,ZHURAVLEVA+ IGEORG ACAO SCI+ OUBNAI 
CHRISTENSON,CRONINt FITCH, TURLAY (PRINCETON I 
FUJII, JOVANOVICH, TURKOT+ CBNL,MARYLAND,MIT I 
LUERS, MITTRA tWllll S, YAMAMOTO I BNU 

ANIKJNAtYARDENGAt ZHURAVLEVAt KOTLYA+ I OUBNAI 
ANDERSONtCRAWFORO,GOLDEN,STERN + ILRL+WISCI 
ASTBURY ,FJNOCCHIARO,BEUSCH + ICERN+ZURlCHI 

ALSO 65 HELV.PH.AC.39 
ASTBURY2 65 Pl 18 175 
ASTBURY3 65 Pl 18 178 

523 M PEPIN 

AUBERT 65 Pl 11 59 
ALSO 67 LOWYS 

BALOD-CE 65 NC 38 684 
CHRISTEN 65 PR 140 8 74 
FISHER 65 ANL 7130 8'3 
FITCH 65 PRL 15 73 

FRANZINI 65 PR 140 8 127 
GALBRAIT 65 PRL 14 383 
GU lOON 1 65 ARGONNE CONF 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 17 980 
AUERBACH 66 PR 149 1 052 

ALSO 65 PRL 14 192 
BAL DD-C E 66 NC 45A 733 
BASILE 66 BALATCN CCJNF 

BEHR 66 PL 22 540 
BELLOTTI 66 NC 45A 737 
BOTT-BOO 66 PL 23 277 
CAMERINI 66 PR 150 1148 
CANTER 66 PRL 17 942 
CARPENTE 66 PR 142 871 
CHANG 66 PL 23 702 

ASTBURY,MICHELINI 1 BEUSCH + CCERN+ZURJCHI 
ASTBURYtMICHELINitBEUSCH + CCERN+ZURICHI 

AUBERT ,BEHRtCANAVAN ,CHOUNET+ t EPOL+ORSAYJ 

BALDO-CEOLIN 1 CALIMANt,CIAMPOllllO + (PADOI 
CHR ISTENSONtCRONIN, FITCH, TURLAY (PRINCETON I 
FIStiER,ABASHIAN 1 ABRAMS,CARPENTER+ I ILL) 
FJTCti,ROTHtRUSS,VERNON IPRINCETONJ 

FRANZ IN I r Kl RSCHt PLANO + I COLUMBI A+RUTGERS J 
GAlBRAITHtMANNINGtJONES + (AERE+BRIS+RHEU 
+BARNES, FOEl SCHE, FERBEl ,FI RESTO+ I BNl+YALE I 
H W K HOPKI NSt BACON, EISlER I VANO+RUTGERS J 
VISHNEVSKY,GALANINAtSEMENOV + I ITEPJ 

AlFF-STElNBERGERtHEUER,RUBBIA + 
ANIKINA, VAROENGAr ZHURAYLEVA+ 
AUERBACH,MANN 1 MCFARLANEt SC lUll l 
AUERBACH r DOBBS 1 LANDE, MANN, SC lUll I+ 
+LANDE rMANN, SC lULU r UTO rWHtTE, YOUNG 
SAl DG-CEOLJN,CALIMANI 1 ClAM POll LLO+ 
BASILE,CRONIN,THEVENET + 

ICERNI 
IJINRJ 
CPENNI 
(PENNI 
C PENNI 

I PADUA) 
I SA CLAY J 

+BRISSON,BALDO-CEOL INr AUBERT+ ( PAOOtEPOll 
BELLOTTI, PULLIAt BAL DO-CEOl IN+ IMILAN,PAOUA I 
BOTT-BOOENHAUSEN 1 DE BOUARD,CASSEL+ (CERN) 
CAMERI N I ,CL I NEt ENGLISH, Fl S CHBE IN+WI SCONS IN 
+CHOrENGLERtFISK,Hlll + CCARNEGIE+BNll 
CARPENTERtABASHANrABRAMSrFISHER I ILLINOIS I 
CHANG, BASSAN0 1 Kl KUCHI, DODO+ I SYRACUSE, BNL I 

CRIEGEE 66 PRL 17 150 +FOX,FRAUENFELDERrHANSON,MOSCAT+ (lllJNOISJ 
FIRESTON 66 PRL 16 556 FIRESTONEtKIM,LACH,SANDWEISS+ IYALEwBNlJ 
FIRESTON 66 PRL 17 116 F IRESTONEt KlM,LACH, SANOWEISS+ I YALE, BNLI 
FUJII 66 PRl 13 253 FUJIIIJOVANOVICH,TURKOT,ZORN CBNl+MARYLANOJ 

FUJII 66 IS THE CORRECTED VALUE GIVEN BY JOVANOVICH+ 66 
HAWKINS 66 PL 21 238 C J 8 HAWKINS IYALEI 

ALSO 67 PR 156 1444 C J B HAWKINS (YALE) 

JOVANOVI 66 PRL 17 1075 
KULYUKIN 66 BERKELEY 2B 
MEl SNERl 66 PRL 16 278 
MEl SNER2 66 PRl 17 492 
NEfKENS 66 Pl 19 706 
VERHEY 66 PRL 17 669 

BENNETT 6 7 PRL 19 993 
BOTT-BOO 67 PL 24B 194 
BOTT-BOD 67 Pl 2ltB lt38 

ALSO 66 Pl 20 212 
ALSO 66 Pl 23 277 

CANTER 67 THESIS 

CRONIN 1 67 PRL 18 25 
CRONIN 2 67 PRINC CONFI11/67J 
DEBOUARD 67 NC 52A 662 

ALSG 65 Pl 15 58 
DEVLIN 67- PRL 18 54 

ALSO 68 PR 169 1045 

DORFAN 67 PRL 19 987 
FELDMAN 67 PR 155 1611 
FIRESTON 67 PRL 18 176 
FITCH 67 PR 16lt 1711 
HAWKINS 67 PR 156 1444 
HILL 67 PRL 19 668 

HOPKINS 67 PRL 19 185 
KAOYK 67 PRL 19 597 
KULYUKIN 67 PREPRINT 
LOWYS 67 Pl 24B 75 
MISCHKE 67 PRL 18 138 
NEFKENS 67 PR 157 1233 
TODOROFF 67 THESIS 

ABRAMS 68 PR 176 1603 
ARNOLD 68 Pl 28B 56 
ARONSON 68 PRL 20 2B7 

ALSO 69 PR 175 1708 
BALATZ 68 PL 268 320 
BARTLETT 6B PRL 21 55B 

BASILE 68 PL 268 542 
BAS ILE2 68 PL 288 58 
BENNETTl 66 PL 278 21t4 
BENNETT2 68 Pl 27B 248 
BLANPIED 68 PRL 21 1650 
BUOAGOV 68 NC 57A 182 

ALSO 68 Pl 28B 215 

JOVANOVICH, FUJI I, TURKOT ,ZORN + (BNL+UMO+MIT I 
KUL YUK INA,ME STVl RJ SHVI L1 tNEAGlJ, PETR+ I JI NR I 
G W MEISNERtB B CRAWFORD1F CRAWFORD ILRU 
G HEISNERoB CRAWFOROtf CRAWFORD (LRLI 
NEFKENS, ABASH I ANr ABRAMS ,CARPENTER+ I Ill I 
VERHEY, NEFKENSt ABASH! AN+ (ILl) 

BENNETT, NYGREN, SAAL, STEINBERGER +(COLUMB t A I 
BOTT-BODENHAUSENtOEBOUARO,CASSEL + ICERNI 
SOTT-BOOENHAUSEN r DEBOUARO t DEKKERS+ I CERN I 
SOTT-BODENHAUSENt DEBOUARDt CASSEL+ I CERN) 
SOTT-BOOENHAUSEN 1 0EBOUAROrCASSEL+ (CERN I 
J.M. CANTER (CARNEGIE) 

+KUNZ,RlSKtWHEELER CPRINCETONI 
+KUNZ,RISK,WHEELER IPRINCETONl 
DEBOUARO,DEKKERS 1 JOROAN,MERMOD + ICERNl 
DE BOUARO,OEKKERS,SCHARFF+ CCERN+ORSA+MPIMJ 
OEVL IN ,SOLOMON 1 SHEPARD, BEALL+ I PRIN+UMOI 
SAY ERt BEALl, DEYL JN, SHEPHARD+ l UMO+PPA+PRIN) 

DORFAN, ENSTROM ,RAYMOND, SCHWARTZ +( SLAC+LRL J 
FELDHAN,FRANKEL,HIGHLANDtSLOAN I PENN) 
FIRESTONE tKI M, LACH, SAN OWE ISS,+ (YALE ,BNLJ 
FlTCH,ROTHtRUSSrVERNON I PRINCETON I 
C J B HAWKINS lYALEl 
HILL, LUERS, ROBINSON .CANTER+ I BNL, CARNEGIE) 

HOPKINS,BACON, EISLER IBNL J 
KAOYK,CHAN,ORIJARDt ORENr SHELDON ILRL I 
KULYUKtNA+MESTYIRJSHYILI +NEAGU + I J INRI 
lOWYSt AUBERT rC HOUNET t PASCAUD+ ( EPOLt ORSA I 
MISCHKE, ABASH I ANt ABRAMS+ IILLINOI S I 
+ABASH I ANt ABRAMS ,CARPENTERtFI SHER+ (IlL I 
JOHN A TODOROFF IILLINOISI 

+ABASH! AN ,MISCHKE t NEFKENSr SMITH+ t ILLINOIS I 
ARNOLD, BUDAGOV, CUNDY, AUBERT+ ( CERN+ORSAY) 
SeHeARONSONt K.W.CHEN IPRINCETONI 
S H ARONSON, K W CHEN CPRINCETONl 
BALATZr BEREZ IN 1 VI SHNEVSKY ,GALANINA+ ( ITEP J 
BARTLETT ,CARNEGI EtF ITCH+ (PRJ NCETO~J 

BASt LE, CRONI N1 THEVENET, TURLAY+ I SAC LAY J 
+CRONIN, THEVENET 1 TURLAY, ZYLBER AJCH+I SACLAY) 
SE~NETT, NYGREN, STEt N8ERGER+ ICOLUMBI A+CERN I 
BENNETT t NYGREN, STEINBERGER+ I COLUMB I A+CERN I 
BLANPI EO,LEVIT ,ENGELS+ I CASE+HARV+MCGI I 
BUOAGOV, BURMEISTER, CUNDY+ t CERN,ORSA, IPNP) 
+CUNDY, MYATT 1 NE ZR IC K+ I CERN ,ORSA, EPOLI 

CARNEGIE 68 PRINC TR44 THESIS R.K.CARNEGIE (PRINCETON) 
JAMES 68 NP B8 365 F JAMES, H BRIAND (IPNPtCERNJ 

ALSO 68 PRL 21 257 HELLANO,LONGQ,YOUNG IUCLA,MICHI 
KULYUKIN 68 JETP 26 20 KULYUKINA,MESTVIRISHVILitNEAGU+ IJINRJ 
KUNZ 68 THESIS (PU 461 P f KUNZ {PRINCETON) 
MELHCP 68 PR 172 1613 MELHOP MURTY BOWLES,BURNETT+ CLA JOLLAJ 
THATCHER 68 PR 174 1674 THATCHER,ABASHIAN,ABRAMS,CARPENTER + tllll 

BANNER 69 PR 188 2033 
ALSO 68 PRL 21 1103 
ALSO 68 PRL 21 1107 

+CRONIN ,L IU, PILCHER 
BANNERt CRONIN, L IU, PILCHER 
BANNER CRONJN,LIU, PILCHER 

(PRINCETON I 
(PRINCETON) 
(PRJ NCETON I 

74 

Data Card Listings 
For notation, see key at front of Listings. 

BEILLIER 69 Pl 30B 202 
BENNETT 69 Pl 298 317 
BOHM 69 NP 89 605 

ALSO 68 PL 278 321 

BOTT-800 69 CERN 69-7 329 
CENCE 69 PRL 22 12l0 
EVANS 69 PRL 23 427 
FAJSSNER 69 Pl 30B 204 
FOETH 69 PL 30B 282 

B EI LL I ERE, BOUT ANG tliMON 
+NYGREN, SAAL 1 STEINBERGER+ 
+OARR tulAT, GROSSO,KAFT ANOV+ 
BGHM, O.IR.R JULAT, GROSSO, KAFT ANDY 

CEPOLI 
CCOLUt BNLI 

CCERNJ 
I CERN) 

BOTT-BODENHAUSENtDE BOUARO,CASSEL+ ICERNI 
CENC E, JONES, PETERSON, STENGER+ IHAWA 1 I, LRL J 
EVANSrGOLOEN tMUIR t PEACH+ I EO INBURGHrCERN I 
+FOETHrSTAUDEr TIT TEL+ f AACH,CERN 1 TORI I 
+HOLOERrRAOERMACHER + CAACHEN,CERN, TORINO) 

GAILLARD 69 NC 59A 453 +GALBRAITH,HUSSRI,JANE+ CCERN,RHEL,AACHENJ 
ALSO 67 PRL 18 20 +KRIENEN,GALBRAITH, HUSSRI+ (CERN+RHEL+AACHI 

GOSBI 69 PRL 22 685 +GREEN,HAKEL,MOFFETT,ROSEN,GOZ+ IROCH+RUTGI 
LITTENBE 69 PRL 22 654 LJTTENBERG,FlELO,PICCIONI,MEHLHOP+ fUCSOJ 
LCINGO 69 PR 181 1808 H J LONGO,K K YOUNG,J A HELLAND IMICHtUCLAI 
PACIOTTI 69 THESIS,UCRL 19446 M A PACIOTTI ILRLI 
SAAL 69 THESIS H J SAAL (COLUMBIAI 

ALBROW 70 PL 33B 516 +ASTONtBARBER,BIRO,ELLISON + 1-MCHS+DAREI 
ARONSON 70 PRL 25 1057 +EHRLICHtHOFER,JENSEN+ IEFltllLC,SLACJ 
BARMIN 70 PL 338 377 +BARYLON,BORISOV,BYSHEVA+ IITEP,JINRI 
BASILE 70 PR 02 78 +CRONIN,THEVENT,TURLAYwZYLBERAJCH + (SACLJ 
BUCHANAN 70 Pl 33B 623 . +ORICKEY ,RUDNICK, SHEPARD+ I SLACtJHUrUCLAJ 

ALSO PRIVATE COMMUNICATION, B. COX, FEB. 7l 

BUOAGOV 70 PR 02 815 +CUNOYtMYATT,NEZRICK+ CCERN 1 ORSA,EPOLI 
ALSO 68 PL 28B 215 +CUNDY,MYATT,NEZRICK+ ICERN,ORSA,EPOLJ 

CHIEN 70 PL 33B 627 C-Y .CHIEN,COX, ETTLINGER + CJHU+SLAC+UCLA I 
ALSO PRIVATE COMMUNICATION, 8. COX, FEB. 11. 

CHO 70 PR 01 3031 +OR.AllEtCANTERtENGLERoFISK+ ICARN,BNLtCASEJ 
ALSO 67 PRL 19 668 HllLtlUERS 1 ROBINSON,SAKITT + CBNL 1 CARNI 

CHOLLET 70 PL 31B 658 
CULLEN 70 PL 32B 523 
DARRIULA 70 Pl 338 249 
FAISSNER 70 NC "TOA 57 
JENSEN 70 THESIS 

ALSO 69 PRL 23 615 

MARX 70 Pl 32B 219 
ALSO 70 THESI S,NEVIS 179 

SCRIBANO 70 PL 32B 224 
SMITH 70 PL 32B 133 
WEBBER 70 PR 01 1967 

ALSO 69 UCRL 19226 THESIS 

BALATS 7l SJNP 13 53 
BARHIN 71 Pl 358 604 
BISI 11 PL 36B 533 
BURGUN 11 LNC 2 1169 
CARNEGIE 71 PR 04 1 
CHAN 71 LBL-350 THESIS 

+GAlLLAROtJANErRUCLIFFEtREPElliN + ICERNI 
+OARRIULAT,OEUTSCH,FOETH + IAACH 1 CER.N,TDRII 
+FERRERO,GROSSOtHOLOER + IAACH,CERNtTORII 
+REITHLER, THOME,GAI LLARO+ I AACH, CERNtRHELI 
O.A. JENSEN CEFII 
JENSEN, ARONSON, EHRLICH, FRYBERGER+ C EF I, Ill I 

+NYGREN, PEOPLES, STE INBERGE+ I COLU 1 HARV 1 CERN I 
JAY MARX I COLUMBIA I 
+MANNELLJ, PIER.AZZINI, MARX+ C PI SA,COLU, HARV I 
+WANGrWHATLEY ,ZORN, HORNBOSTEL (UHO, BNLI 
+SOLMIT l tCRAWFOROt ALSTON-GARNJOST llRLI 
B R WEBBER ILRLI 

+BEREZJN,VI SHNEVSKI I tGALANINA+ ( ITEP I 
+BARYLOV,YESELOVSKY,OAVIDENKO+ ( ITEPI 
+OARRIULAT, FERRERO, RUBBIA+ ( AACHtCERNt TORI) 
+LESQUOYtMULLERtPAULI+ ( SACL+CERN+OSLOI 
+tESTER, FITCH, STROVINK r SULAK ( PRIN I 
J.HIONG-SING CHAN CLBLJ 

CHIEN 71 Pl 35B 261 +COXtETTLINGERtRESVANIS+ IJHU 1 SLAC,UCLAI 
ALSO 12 CALLY 

CHO 71 PR 03 1557 +ORALLE,CANTERtENGLERwFISK+ ICARNtBNL,CASEI 
CLARK 71 PRl 26 1667 +ELIOFF tFIEL0 9 FRISCH,JOHNSON,KERTH+ (LRLJ 

ALSG 70 UCRL 19709-THESIS ROLLAND JCHNSON CLRLI 
ALSO 71 UCRL 20264-THESIS HENRY FRISCH CLRLI 

• ALSO 74 SLAC-PUB-1498 R.C.FIELD (SLACI 

ENSTROM 71 PR 04 2629 +AKAVJA,COOMBES, DORFAN+ ( SLACt STANJ 
ALSO 70 THESIS (SLAC 125) J E ENSTROM C STANFORD I 

HILL 71 PR Olt 1 +SAKI TT ,SKJEGGEST AD ,CANTER+ I BNl 1 CARN,CASE I 
JAMES 71 PL 358 265 
MEISNER 71 PR 03 59 

+MONTANET, PAUlr PAULI+ ICERN+SACL+OSLOI 
+HANN,HERTZBACHtKOFLER + (MASA+BNL+YALEI 

PEACH 71 Pl 35B 351 +EVANS ,MUIRtBUOAGOYtHOPKINS+ C EDIN,CERNI 

REPELLIN 71 PL 36B 603 +WOLFF,CHOLLETtGAILLARD,JANE+ CORSArCERNI 
WEBBER 71 PR D3 64 +SOLMITZtCRAWFOROtALSTO~GARNJDST (LRll 

ALSO 68 PRL 21 498 NEBBERtSOL.MJTZ,CRAWFORO,ALSTONGARNJOSTILRLI 
ALSO 69 UCRL 19266-THESIS B R WEBBER (LRU 

WOLFF 71 PL 368 517 +CHOLLETtREPELliNtGAILLARO+ (ORSA,CERNI 

ALBROW 72 NP B44 1 
ASHFORD 72 PL 38B 47 
BANNER! 72 PRL 28 1597 
BANNER2 72 PRL 29 237 
BARMINl 72 SJNP 15 636 
BARMIN2 72 SJNP 15 638 
BURGUN 72 NP 850 194 
CARNEGIE 72 PR 06 2335 

DALLY 72 PL 41B 647 
ALSO 70 CHIEN 
ALSCI 71 CHIEN 

GRAHAM 72 NC 9A 166 
HOLDER 72 PL ltOB 141 
JAMES 72 NP B49 1 
KRENZ 72 LNC 4 213 

MANN 72 PR 06 137 
HANTSCH 12 NC 9A 160 
METCALF 72 Pl 40B 703 
NEUHOFER 72 Pl 418 642 
PICCIONI 72 PRL 29 1412 

ALSO 74 PR 09 2939 
VOSBURGH 72 PR 06 1834 

ALSO 7l PRL 26 866 

+ASTON, BARBER,BlRDt Ell I SON+ ( MCHS+OARE I 
+BROWN ,MASEK,MAUNG, MtllER,RUOERHAN+ IUCSQ) 
+CRONI NtHOFFMAN,KNAPPt SHOCHET ( PRI NCETONI 
+CRONIN, HDFFMAN,KNAPP, SHOCHET ( PRI NCETONI 
+DAYIDENKO,OEMIOOYtOOLGOLENKO+ I ITEPJ 
+BARYLOY,QAYIDENKO, DEMJOOV+ I ITEPJ 
+LE SQUDY tMULLER ,PAULI,+ C SACL +CERN+OSLOI 
+CESTERt FITCHt STROVINKr SULAK (PRINCETON) 

+INNOCENT I, SEPPI rCHIEN ,COX+ ( SLAC+JHU+UCLA I 

+ABASH IAN, JONES tMANTSCH ,ORR+ (I Ll+NEAS I 
+RADERMACHER, STAUDE+ (AACH+CERN+TORI J 
+MONT ANET, PAUltSAET RE+ I CERN+SACL+OSLO I 
+HlPKINStEYANS tMUIRrPEACH CAACH+CERN+ED.IN I 

+KOFLER, ME 1 SNER,HER TZBACH+ CMASA+BNL+YALE I 
+ABASHJAN,GRAHAM, JONES,ORR+ llll+NEAS I 
+NEUHOFER,NI EBERGALL+ CCERN+IPN+Wl EN I 
+NI EBERGALL rREGLER, STIER+ { CERN+ORSA+VJ ENI 
+COOMBES, DONALDSON, ODRFAN r FRYBERGER+ I SLAC I 
PICCIONt tOONALOSON + (SL AC+UCSC+COLO I 
+DEVLIN, ESTERLING,GOZ, BRYMAN + (RUTG, HASA I 
VOSBURGHtOEVliNtESTERLINGrGOl + CRUTG,HASAJ 

ALBROW 73 NP B58 22 +ASTON,BARBER,BIRO, ElLISON+ IMCHS+DAREI 
ALEXANDE 73 NP B65 301 ALEXANOER,BENARY,BOROWITZ,LANDE+CTELA+HEIDI 
ANIKINA 73 Pl-7539 COM.JINR +BALASHOV,BANNJK + (JJNRI 
BARBIELL 73 Pl 43B 529 BARBtELLINitOARRIULATtFAINBERG+ ICERNJ 
BRANOENB 73 PR DB 1978 BRANDENBURG, JOHNSON, LEITH, LOOS+ { SLAC I 
CARITHEl 73 PRL 30 1336 +HOOJS,NYGRENrPUN,SCHWARTZ+ ICOLU+CERN+NYUI 
CARITHE2 13 PRL 31 1025 CARITHERS,NYGREN,GOROON+ ICOLU+BNL+CERNI 
EVANS 73 PR 07 36 +MUIRtPEACHrBUOAGOY+ IEOINBURGH+CERNI 

ALSO 69 PRL 23 427 EVANS,GOLOEN,MUJR,PEACH+ CEDINBURGH+CERN) 

FACKLER 73 PRL 31 847 
FITCH 73 PRL 31 1524 

ALSO 72 C00-3072-13 
HART 73 NP 866 317 
MALLARY 73 PR 07 1953 

ALSO 70 PRL 25 1214 

MCCAIUHY 73 PR 07 687 
ALSO 72 Pl 42B 291 
ALSO 71 THESIS LBL-550 

MESSNER 73 PRL 30 876 
PEACH 73 PL 438 441 
SAN OWE IS 73 PRL 30 1002 
WILLIAMS 73 PRL 31 1521 

ALBRECHT 74 Pl 488 393 

+FRJ SCHtMARTINt SHOOT 1SOHPAYRAC CHIT J 
+HEPP, JENSEN, STROVI NKt WEBB (PRINCETON J 
R.C.WEBB CTHESISI CPRINCETONI 
+HUTTON, F JElDt SHARP, BLACKMORE+ ( CAVE+RHEL I 
+BINNJE,GAlliVAN,GOMEZ,PECK,SCIULLI + ICITI 
SCIULlt,GALLIYAN,BINNIEtGOMEZ + CCJTJ 

+BREWER, BUONJTZ, ENT IS t GRAVEN,MI LLER+ C LBL I 
MCCARTHY ,BREWER, BUONITZ, ENTJ S, GRAVEN+ C lBLI 
R.L.HCCARTHY (LBLJ 
+MORSE, NAUENBERG, HtTLI N + CCOLO+SLAC+UCSC I 
+EVANS tMUIR, HOPK lNS .KRENZ ( EDIN+CERN+AACH I 
+SUNDERLAND, TURNER, WILLIS wKELl ER ( YALE+ANL I 
+LARSEN, LEI PUNER, SAPPr SESSOMS+ ( BNL+YALE I 

DUBNA+BERLI N+BUOAPE ST +PRAGU E+S ERPUKH+ SOFIA 
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,For notation, see key at front of Listings. 

SIS I 74 PL 508 504 
BOBISUT 74 LNC 11 646 
DONALDS1 74 PRL 33 554 

ALSO 74 DONALDSON 3 
ALSO 76 DONALDSON 

DONALDS2 74 PR 09 2960 
ALSO 73 PRL 31 337 

DONALDS3 74 SLAC 184-THESIS 
ALSO 76 DONALDSON 

GEWENIGl 74 Pl 488 483 
ALSO n·CERN INT. REPT. 

GEWENIG2 74 Pl 488 487 
ALSO 74 PL"528 119 

GEWENIG3 74 PL 528 108 
GJESDAL 74 Pl 528 ll3 

BISI,FERRERO 
+HUZIT AwMATT IOL I, PUGLI ERIN 
OONALOSONrHITLINwKENNELLY ,KIRKBY + 

CTORI J 
IPAOOJ 
(SLACJ 

DC.NALDSON,FRYBERGER ,HIT UN tliU+ I SLAC+UCSCJ 
· DONALDSON,FRYBERGER,HITLIN,UU+ ISLAC+UCSCJ 

GREGORY J. DONALDSON I SLAC I 

GEWENIGER,GJESOAL ,KAHAE ,PRESSER+ ICERN+HEI D J 
VERA LUTH ITHESIS-INT. REPT .. 74-41 IHEIOJ 
GEWENIGER,GJESOAltPRESSER + CCERN+HEIOJ 
GJESOAL, PRESSER, STEFFEN + lCERN+HEIO J 
GEWENJGER,GJESOAltPRESSER + ICERN+HEIOI 
+PRESSER ,KAMAE, STEFFEN+ I CERN+ HE I OJ 

HILL 74 17TH INT .. CONF.HEP· +SAKJTT,SNAPE,STEVENStPARK+ CBNL+SLAC+SBERJ 
MESSNER 74 PRL 33 1458 +FRANKLIN,MORSE,NAUENBERG+ ICOLO+SLAC+UCSC} 
NIEBERGA 71t PL 498 103 NIEBERGALltREGLERtSTIER + ICERN+ORSA+VIENJ 
WANG 74 PR 09 540 +SMITH,WHATLEY,ZORN,HORNBOSTEL lUMO+BNLI 
WILLIAMS 74 PRL 33 240 +LARSEN,LEIPUNER,SAPPtSESSOMS + IBNL+YAlEJ 
WOO 1lt LNC 10 38 +BUCHANANtPEPPER IUCLAJ 

BALOOCEO 75 NC 25A 688 8ALDO-CEOLINwBOBISUT,CALIMANI+ IPAOO+WISCJ 
BLUMENTH 75 PRL 34 164 BLUMENTHAL,FRANKEL,NAGY + IPENN+CHIC+TEHPJ 
BUCHANAN 75 PR 011 -457 +ORICKEY,PEPPER,RUDNICK + IUCLA+SLAC+JHUJ 
CARITHER 75 PRL 34 1244 CARITHERS,MODIS,NYGREN,PUN + ICOLU+NYUI 
SMITH 75 UCSD THESIS-UNPUB JAMES G. SMITH IUCSOJ 

BIRULEV 76 SJNP 24, 178 
COOMBES 76 PRL 37 249 
OONALOSO 76 PR 014 2839 

ALSO 11t SLAC 184-THESIS 
FUKUSHIM 76 PRL 36 348 
GJESDAL 76 NP 8109 118 

· REY 76 PR 013 1161 
ALSO 69 CENCE 

CHO 17 PR 015 587 
CLARK 71 PR 015 553 

ALSO 75 LBL-4275 THESIS 
DEVOE 7.7 PR 016 565 . 
PEACH 77 NP B127 399 
SHOC HET 71 PRL 3 9 59. 

+VESTERGOMBI t VOVENKOt VOTRUBAtGENCHEV+( JINR I 
+FlEXERtHAll,KENNELLYrKIRKBY + CSTAN+NYUI 
DONALDSON ,HilliN, KENNELLY ,KI A.KBY ,U U+( SLAC) 
GREGORY J. DONALDSON C SLAC) 
FUKUSHIMA ,JENSENt SURKO, THALER+ CPR I N+MASA I 
+KAMAE,PRESSER,STEFFEN + ICERN+HEID) 
+CENCE,JONES, PARKER + (NDAM+HAWA+LBL) 

+DERRICK, li SSAUER ,HILLER, ENGLER+ ( ANL +CARNJ 
+FI ELO, HOLLEY, JOHNSON, KERTH t SAH, SHEN C LBL J 
GILBERT SHEN . CLBU 
+CRONJN,FRI SCH, GROSS!rPILCHER+ I EF I+ANll 
+CAMERON + C&GNA+EOIN+GLAS+PISA+RHELI 
+lJNSAY,GROSSD-PILCHER,FRISCH + IEFI+ANLI 

PAPERS NOT REFERRED TO IN DATA CARDS 

ALEXANDE 62 PRL 9 "69 G ALEXANOERtS ALMEJDAtf CRAWFORD ILRLI 
JOVANOVI 63 BNL CONF 42 JOVANOVIC,FISCHER,BURRIS + IBNL+MARYLANDI 
STERN 6-4 PRL 12 -459 STERN,BINFORDtLINO,ANDERSON + IWISC+LRLJ 
BEHR 65 ARGONNE CONF 59 BEHR,BRISSON,BELLOTTI+ CEPOLtfolllLA 1 PADOt 
MESTVIRI 65 JINR P 2449 MESTVIRISHVILI,NYAGU,PETROV,RUSAKOV+ IJINRI 
TRilliNG 65 UCRL 16473 GEORGE H TRILLING tlRLJ 

UPDATED FROM 1965 ARGONNE CONF., PAGE 115. 

GINSBERG 67"PR 162 I570 
RUBBIA 67 PL 248 531 

ALSO 1 66 PL 20 207 

EDWARD S GINSBERG ( U. MASS BOSTON I 
C.RUBBIA, J.STE INBERGER I CERN+COLU I 
ALFF-STEINBERGERtHEUER, KLEINKNECHT+ I CERN I 

ALSO 2 66 Pl 21 595 ALFF-STEINBERGER, HEUER, KLEINKNECHT+ {CERN I 
AI,.SO 3 66 Pl 23 167 C .RUBBJA,J .. STElNBERGER ICERN+COLUI 

:SCHMIDT 67 NEY1S lbDITHESISI P • SCHMI OT CCOLUMB lA I 

-<:RONIN 68 VIENNA CONF P.281 CRONIN,RAPPORTEURS TALK 
BECHERRA 70 PR 01 llt52 T BECHERRAWY 
GINSBERG 70 PR 01 229 E S GINSBERG 
HEUSSE 70 LNC 3 449 +AUBERT,PASCAUO,VIALLE 
GINSBERG 73 PR DB 3887 E S ·GINSBERG, J SMITH 
KLEINKNE 76 ARNS ·26 1 K. KLEINKNECHT 

(PRINCETON I 
IROCHJ 

lilT HAIFA} 
CORSAYI 

I MIT+STONJ 
I DORY) 

..................................................... ********* •••••••• 
! ................................................................... . 

Charmed Particles 

Since this is the first full edition of the 

Review to contain charmed particles, we need to 

describe the placement of the charmed particle 

information within the Data Card Listings. As 

always, the Listings are divided into three groups 

according to particle type: 

1) Stable Particles, immune to decay via 

the strong interaction; 

2) Meson Resonances; 

3) Baryon Resonances. 

The charmed particle listings are fit into this 

scheme as follows: 

D,F ->- Stable Particles following K 

A+ ->- Stable Particles following !l
c 

Charm Searches ->- Stable Particles at end 

o*, F* ->- Mesons following strange mesons 

Baryons following strange baryons 

Stable Particles 
K£; CHARMED PARTICLES 

In the Charm Searches section we give negative 

search results, as well as positive results such 

as emulsion tracks which can be interpreted as 

charm but cannot be classified as one of the 

particles named above. 

There are many excellent reviews of charm. 

A few which give a theoretical overview are listed 

in references 1 and 2. Reference 3. is a thorough 

recent experimental review. Others, related to 

specific particles or searches, are listed in the 

appropriate reference sections below. 

Charm is described by the standard GIM model
4 

with four spin-1/2, fractionally-charged, baryon 

number B = 1/3 quarks with quantum number assign

ments as follows: 

Quark Q 13 s c 

u 2/3 1/2 0 0 

d -1/3 -1/2 0 0 

s -1/3 0 -1 0 

c 2/3 0 0 1 

where the charge is related to the third component 

of the isospin, baryon number, strangeness, and 

charm by 

Q 13 + ~(B+S+C) 

The conventional model for describing the 

weak interactions involving these quarks and 

leptons is a Weinberg-Salam theory
5 

with left

handed weak isodoublets 

C) C) (J C) 
and right-handed weak isosirtglets. Here 

d' d cos8 + s sinS 

s' s cos8 - d sinS 

where 8 is the Cabibbo mixing angle (sin28 ~ 0.055). 

Then, following Jackson's (Ref. 1) ·shorthand nota

tion, the weak interaction has a current-current 

structure 

H 
w 

where the charged and neutral currents are 

Jc = Vee + Vllll + u (d cos8 + s sinS) 

+ c (s cos8 - d sinS) 



Stable Particles 
CHARMED PARTICLES, CHARMED D's 

ignoring the Lorentz group structure. Thus only 

the charged current has terms which change charm, 

and the Cabibbo-favored transition is to a strange 

quark (c + s), giving /:;c = /:;s. 

The particles entering the charmed particle 

listings are believed to have the following quark 

composition: 

D+,D*+ + c d 

Do,D*o + c u 

+ *+ F ,F + c s 

A+ E 
c' c 

+ cud 

The lowest lying states, D, F, and A , should 
c 

decay weakly. The Cabibbo-favored transition 

(c + s) then leads to the expectation that D final 

states contain K, that F final states contain KK 

or are non-strange, and that A+ final states 
c 

contain A, E, or pK. 

References 

1. Proceedings of Summer Institute on Particle 

Physics, Aug. 2-13, 1976, Report No. SLAC-198 

(November 1976): J.D. I\jorken, p.l; 

J.D. Jackson, p.l47 (also available separately 

as LBL-5500); S. L. Glashow, p.473; A.·De Rujula 

(a pictorial review), p.483; also F. J. Gilman, 

1976 Particles and Fields Conference at 

Brookhaven National Lab, SLAC-PUB-1833, 

November 1976. 

2. M. K. Gaillard, B. W. Lee, and J. L. Rosner, 

Rev. Mod. Phys. 47, 277 (1975). 

3. G. J. Feldman, Charmed Particle Spectroscopy, 

Lectures given at the Banff Summer Institute 

on Particles and Fields, Banff, Alberta, 

Canada, Aug 26-Sept. 3, 1977; SLAC-PUB-2068 

(December 1977). 

4. S. L. Glashow, J. Iliopoulos, and L. Maiani, 

Phys. Rev. D2, 1285 (1970); also B. J. Bjorken 

and S. L. Glashow, Phys. Lett. 11, 255 (1964). 

5. S. Weinberg, Phys. Rev. Lett. 19, 1264 (1967) 

and A. Salam, in Elementary Particle Theory, 

edited by N. Svartholm (Almqvist and Wiksell, 

Stockholm, 1968), p.367. 
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Data Card Listings 
For notation, see key at front of Listings. 

+ 
D- (1863), D0 (1868), and D* (2010) 

Note that D and D* are used thr~ughout this 

review to mean the apparently charmed states at 

-1865 MeV a~d-2010 MeV, respectively, and should 

not be confused with the uncharmed D(l285) meson. 

There is very strong evidence for the charm 

interpretation of the narrow Kn, K2n, K3n 3tates 

observed in e+e- collisions at SPEAR. In agreement 
1-3 

with the expectations for charmed m~sons, the 

following are observed (see data cards and refer

ences in the D and D* Data Card Listings): 

a) The D state appears to be produced only 

in association with equal (-1870 MeV) or 

higher mass states. Eiectromagnetic 

production of charm via a massive virtual 

photon would produce charm-anticharm pairs. 
+ b) The D decays via the exotic charge mode 

K-n+n+ and not K+n+n-. A charmed charge

plus (cd) meson decays weakly to an 

uncharmed negative strangeness state as 

expected for /:;C = l:;s. 

c) The observed decay modes of the D are 

Cabibbo-favored (strange) . The Cabibbo

suppressed modes (c'+ d, /:;S = 0) are not 

observed within present statistics. 

d) An excited state appears at -2010 MeV 

in agreement with mass predictions.
4 

e) The masses suggest that the D states and 

* D states are isospin rnultiplets. There 

are two distinct neutral states as is known 

from the D0-o0 mixing studies (see D0 

branching ratio R9 section), suggesting 

the isodoublet structure (D+,Do) and 

(D-,0°) as expected for charmed nonstrange 

mesons (cd, cu) and (cd, cu). 

.f) Parity violation indicates that the ground 

state decays weakly. Charm conservation 

·prevents strong decay. 

g) Semileptonic decay ·modes are observed 

as would be expected from elementary 

processes such as c ·+ se+v • e 
The published data and references are listed 

in the D± and D0 sections below and in the D*(2010) 

sections of the Meson Data Card Listings. These 

data are summarized in the Tables at the beginning 
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Data Card Listings 
For notation, see key at front of Listings. 

of this report. For a thorough recent review of 

the data see reference 5. 

'References 

1. M. K. Gaillard, B. W. Lee, and J. L. Rosner, 

Rev. Mod. Phys. 47, 277 (1975). 

2. M. B. Einhorn and c. Quigg, Phys. Rev. Dl2, 

2015 (19.75). 

3. A. De Rujula, H. Georgi, and S. L. Glashow, 

Phys. Rev. Lett.~. 398 (1976). 

4. A. De Rujula, H. Georgi, ahd s. L. Glashow, 

Phys. Rev. Dl2, 147 (1975). 

5. G. J. Feldman, Properties of the D Mesons, 

Proceedings of Summer Institute on Particle 

Physics, July 11-22, 1977, SLAC-204, p.241. 

Also available individually as SLAC-PUB-2000. 
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31 CHARGEO DC1868,JPa0-l 1=112 

31 CHARGED D MASS INEVJ 

L 5011876.1 115.1 PERUztl 76 SHAG +- K+-PI+-Pl+-
L U871t.J C5.J GOLOHABER 77 SMAG +- 00,0+ RECOIL SPC 

P 1868.3 0.9 PERUZZI 77 SNAG +- E+E- 3.77GEV ECM 
L (1871t.J 111.1 PICCOLO 77 SMAG +- E+E-It.03,4.1tlECM 
L VALUES WITH LARGE ERRORS NOT AVERAGED. 

P EftRDR DOES NOT INCLUDE 0.13 PERCENT UNCER'JIANTY IN THE ABSOLUTE 
P SPEAR ENERGY CALIBRATION. USES MlPSII•3095 MEV. 

31 10+-J - tOOl MASS DIFFERENCE IMEVI 

.OM 5.0 0.8 PERUZZI 77 SMAG +- E+E--3.77GEV ECM 
OM NOT INDEPENDENT Of PERUZZI 77 0~ AND oo· MASSES. 

..• 
WK 
WK 
WK 
WK 

•• •• •• •• 

31 CHARGED 0 WIDTH FROM MASS SPECTRUM IMEVI 

50 40~ OR LESS CLa.9Q PERUZZI 76 SNAG +- K-+PI+-Pl+-
7. OR LESS PERUZZI 77 .SMAG +- E+E- 3.77GEV ECM 

PERUZZI WIDTHS ARE CONSISTENT WITH THEIR EXPERIMENTAL RESOLUTION. 

31 EVIDENCE FOR WEAK DECAY OF 0 

70 WISS 76 
WISS. 76, USING A SAMPLE Of ABOUT 70 D+- --> K-+ PI+- Pl+-
EYENTS WHICH .INCLUDE THE PERUZZI 76 EVENTS, FINDS THAT THIS FINAL 
STATE IS INCOMPATIBLE WITH NATURAL SPIN AND PARITY. THE NATURAL 
SPIN PARITY FINAL STATE IN DO --> K- PI+ IGOLDHABER 761 INDICATES 
PARITY VI OUT ION IN THE 0+- AND DO DECAYS IF BOTH ARE MEMBERS OF 
THE SAME ISOMULTIPLET AS SUGGESTED BY THEIR SIMILAR MASSES. 
THIS SUGGESTS A WEAK DECAY AND CONSEQUENTLY A NARROW WIDTH OF ORDER 
10**13 SEC-1 OR 10**-B MEV • 

-- ---· - --- ----- ---- -~--- ----- ----

Pl 
P2 
P3 

•• 
PS 
P6 
P7 

31 CHARGED 0 PARTIAL DECAY MODES 

D+- INTO K-+ PI+- Pl+-
0+- lNTO KD PI+-
0+- INTO PI+- PI+ PI-
0+- lNTO PI+- K+ K
D+- INTO K+- PI+ Pl-
0+- INTO E+- NUE 
0+- INTO E+- ANYTHING 

31 CHARGED D BRANCHING RATIOS 

DECAY MASSES 
493+ 139+ 139 
497+ 139 
139+ 139+ 139 
139+ lt93+ lt93 
493+ 139+ 139 
.5+ Q 
.5+ 0 

D+- INTO IK-+ PI+- PJ+-1/TOTAL IP11 

1/17* 
12177* 
12177* 

117B• 

3/78* 
3118* 

Rl 
Rl BS O.D39 0.010 PERUZZI 77 SMAG E+E- 3. 77GEV ECM 12177* 

R2 
R2 

R3 
R3 
R3 

•• •• •• 
RS 
RS 
RS 

•• •• •• 

D+- INTO UO PI+-1/TOTAL IP21 
17 . 0.015 0.006 PERUZZI 77 SMAG E+E- 3. 71GEV ECM 12177*. 

D+- INTO (KO PI+-IIIK-+ PI+- PI+-1 (P2J/(PlJ 
P .45 OR LESS CLc.90 PICCOLO 77 SHAG +- E+E- 4.03GEV ECM 12177* 
P OBTAINED FROM SIGMA*BR VALUES OF TABLE 1. 12177* 

0+- INTO CPI+- PI+ PI-II{K-+ PI+-PI+-1 CP311(Pll 
.OB OR LESS CL:.90 PICCOLO 77 SHAG +- E+E- lt.03GEV ECM 12171* 

OBTAINED FROM SIGMAOBR VALUES OF TABLE I. 12177• 

0+- INTO (PI+- K+ K-lf(K-+ PI+- PI+-1 {P411{Pll 
.15 OR LESS CL~.90 PICCOLO 77 SHAG +- E+E- 4.03GEV ECM 12177* 

OBTAINED FROM SIGMA*BR VALUES OF TABLE I. 12117* 

D+- INTO IK+- PI+ PI-IIIK-+ PI+- Pl+-1 (P51f(Pll 
.05 OR LESS ·cL ... 90 PICCOLO 77 SHAG +- E+E- 4.03GEV ECM 12177* 

OBTAINED FROM SIGMA*BR VALUES OF TABLE I. 12177* 

Stable Particles 
CHARMED D's, D±, D0 

.. 
R7 

tO+- 1NTO E+- NUEJ/CD+- TO 'E+- ANYTHING + DO TO E+- ANYTHINGI 12177* 
0~10 OR LESS CL=.90 BRANDELIK 77 DASP E+E- 3.99-4.08 GEV 12171* 

•• •• •• •• •• 

D+- AND DO INTO CE+- ANYTHINGI/ tTOTAL 0+- AND DOl IP71 
0.10 0. 03 BRANDE UK 77 DASP E+E- 3.99-4.08 GEV 
0.072 0.028 FELLER 7B SHAG E+E- 3.172 GEV ECM 
0.11 0.02 BACINO 78 SPEC E+E- 3.712 GEV ECM 

1/TB* 
li1B* 
217B* 
3/7B* 

R8 AVG 
R8 STUDENT 

0.098 
0.098 

0.014 
0.016 

AVERAGE CERROR INCLUDES SCALE FACTOR Of 1.01 
AVERAGE USING STUOENTlOIH/1.111 - SEE MAIN TEXT ........................................................................ 

GOLDHABE 76 PRL 37 255 
PERUZZI 76 PRL 37 569 
WISS 76 PRL 37 1531 
BRANOELI 71 PL 70B 387 
GOLDHABE 77 Pl 698 503 
PERUZZI . 77 PRL 39 1301 
PICCOLO 77 PL 708 260 
BACINO 78 PRL 40 671 
FELLER 7B PRL 40 274 

REFERENCES FOR CHARGED D 

GOLOHABER, PIERRE, ABRAMS ,ALAM+ ( LBL+SLAC I 
+PICCOLO,FELDMAN, NGUYEN,WI SS+ tSLAC+LBLI 
+GOLDHAB ER, ABRAMS ,A LAM, BOYARSK I+ ILBL+SLAC I 
BRANDELIK + IAACH+DESY+HAMB+MPIM+TOKYI 

~~ ~~~~5~ F~ [~~~~~RAMS' A\~~A~+LBL .~~=~:~~~~ J 
+PERUZZI tLUTHrNGUYE NtWI SS ,ABRAMS+ C SLAC+LBLI 
+BAUMGARTEN tB IRK WOOD + I SLAC+UCLA+UC I J 
+LITKE, MADARAS, RONAN+ ILBL+SLAC+NWES+HAWA I . ....................................................................... . 

****!t* •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

32 NEUTRAL DUB63,JP=o-l 1=1/Z 

32 NEUTRAL 0 MASS CMEVI 

l 231tllB65.1 05.1 GOLOHABER 76 SMAG CHGD K PI AND K 3PI 1177* 
1863. 3. GOLDHABER 77 SHAG DO,O+ RECOIL SPC 12177* 

P 1863.3 0.9 PERUZZI 77 SHAG E+E- 3. 77GEY ECM 12177* 
L tl868.J (11.1 PICCOLO 77 SHAG +- E+E-4.03,4.41ECM li7B* 
L VALUES WITH LARGE ERRORS NOT AVERAGED. 

P ERROR DOES NOT INCLUDE 0.13 PERCENT UNCERTIANTY IN THE ABSOLUTE 317B* 
P SPEAR ENERGY CALIBRATION. USES MIPSI.1=3095 MEV. 3178* 

0.86 • AVERAGE CERROR JNCLUOES SCALE FACTOR OF t".OI AVG 1B63.28 
STUDENT1863.2B 0.93 AVERAGE USING STUOENTlO(H/1.111 - SEE MAIN TEXT 

32 NEUTRAL D WIDTH FROM MASS SPECTRUM CMEVJ 

234 40. OR LESS GOLOHABER 76 SHAG CHGO K PI AND K 3PI 
30 2.0 OR LESS CL=.90 FELDMAN 77 SHAG D*+ TO DO PI+ 
WIDTHS ARE CONSISTENT WITH EXPERIMENTAL RESOLUTION. SEE NOTE ON 
WEAK. DECAY IN CHARGED D SECTION ABOVE. 

Pl 
P2 
P3 
P4 
PS 
P6 
P7 

•• •• PlO .,. 

32 NEUTRAL 0 PARTIAL DECAY MODES 

DO INTO K- PI+ 
DO INTO K- PI+ PI+ PI
DO INTO KO PI+ PI-
DO INTO KO PI+ PI- PI+ PI
DO INTO PI- PI+ 
DO INTO K+ PI- IVIA OOBARI 
00 INTO K+ K-
00 INTO K- PI+ PIO 
DO INTO KO PIO 
DO INTO E+- ANYTHING 
DO INTO UNMEASURED MODES I 1. - MEAS.MOOESI 

OOBA,R MODES ARE CHARGE CONJUGATES OF ABOVE MODES 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

DEC.AY MASSES 
493+ 139 
it93+ 139+ 139+ 139 
lt97+ 139+ 139 
lt97+ 139+ 139+ 139+ 
139+ 139 
493+ 139 

::~: ~~:. '134 
497+ 134 
.5+ .• 5 

The matrix below ill derived from the error matrix for the fitted partial decay mode 

branching fractions, Pi' as follows: The diagonal elements are Pi:EOP
1
, where 

6P
1 

= ...J(OP
1
6Pi), while the off-diagonal elements are the~ correlation coeffi

cients (6Pi6Pj)/{6P
1 

· 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 i. 

P 1 P 2 P 3 p. 8 P19 
P 1 .01Bit+-.0049 
p 2 .. 3052 .0350+-.0092 
p 3 .2891 .08B3 .043B+-.Olll 
P B o. a. o. ..1200+-.0600 
P19 -.1741 -.1873 -.212B -.9597 • 7828+-.0625 

32 NEUTRAL 0 BRANCHING RATIOS 

IPll 

1/77* 
8111* 
3/77* 
3177* 

Rl 
Rl 
Rl 

DO INTO IK- PI+I/TOTAL 
13D 0.022 0.006 PERUZZI 77 SHAG E+E- 3.77GEV .ECM 12177* 

Rl FIT 

R2 
R2 
R2 
R2 FIT 

R3 •• R3 
Rl FIT 

0.0184 0.0049 FROM FIT IERROR INCLUDES SCALE FACTOR Of 1.01 

DO INTO CK- PI+ PI+ PI-J/TOTAL IP21 
44 0.032 0.011 PERUZZI 77 SMAG E+E- 3.71GEV ECM 12171* 

0.0350 0.0092 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

DO INTO CKO PI+ PI-JITOTAL CP31 
2B O.,OitO 0.013 PERUZZI 77 SHAG E+E- 3. 77GEV ECM 12177* 

0.044 0.011 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

DO INTO IK- PI+ PI+ PJ-If(K- PI+I CP2JICPU •• 
R4 P 214 2.2 0.8 PICCOLO 77 SHAG E+E-4.03,4.41EOI 12177* 

•• •• •• 
P THIS CHANNEL DOMINATED BY K- PI+ RHOO IB5+-15 PERCENT). 12/17* 
P K* PI+ PI- AND K- A2+ CONSISTENT WITH o, K* RHOO FRAt IS 0.1+-0.1 • 12177* 

R4 FIT 

•• RS 
RS 
R5 FIT 

1.91 0.59 FROM FIT CERROR INCLUDES SCALE FACTOR OF 1.01 

00 INTO IKO PI+ PI-J/(K- Pl+l IP3JIIP1) 
116 2.8 1.0 PICCOLO 77 SMAG E+E-4.03 1 4.41ECM 12/77* 

2.3_9 _0.74....- FRQM_FIT IERROR JNC.LUDES SCALE "FACTOR "OF l.()) 



Stable Particles 
D0 • CHARMED F's. F±, p, n 

R6 
R6 

R7 
R7 

•• •• 
•• •• •• •• 
RlO 
RlO 
RlO 
RlO 

Rll 
Rll 

Rl2 
Rl2 
Rl2 

FIT 

Rl2 FIT 

00 INTC IPI- Pl+JI(K- PI+) 4P5J/CPU 
0.07 OR LESS CL=. 90 PICCOLO 77 SHAG- E+E- 4.03 GEVECM 

00 INTO tK+ K-IJU<- PI+J «P7t/CP11 
0.01 OR LESS CL"'.90 . PICCOLO 77 SHAG E+E- 4.03GEV ECM 

00 INTO IKO PI+ PI- PI+ PI-1/TOTAL t P41 
POSSIBLY SEEN KNAPP 76 SPEC PHOTOPROOUCTION 

DO INTO IK+ PI- VJA OOBARI/CK Pll IP5JJ(Pl+P5J 
THIS IS THE 00-00BAR MIXING LHUT 

0.16 OR LESS CL=.90 FELDMAN 77 SHAG Oh TO DO PI+ 
0.18 OR LESS CL=.90 GOLOHABER 77 SMAG 

00 INTO IK- PI+ PIOI/TOTAL CPBI 
7 0.12 O.Ob SCHARRE 78 SHAG E+E- 3.77 GEV ......... 

0.120 0.060 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

00 INTO IKO PIOI/TOTAL IP91 
0,.06 OR LESS CL=.90 SCHARRE 78 SHAG E+E- 3.77 GEV 

DO INTO All UNMEASURED MGOES I TOTAL tP191 
THIS IS JUST 1.-ISUM OF All MEASURED MODES) FROM FIT 

• ·o:7e3· • 0.063 FROM FJT 

****** ********* ********* ••••o•••• ••••••••• ••••••••• ••••••••• •••••••• 

GOLCHABE 76 PRL 37 255 
KNAPP 76 BNL CONF. 
FELDMAN 77 PRL 38 1313 
GOLCHABE 77 Pl 698 503 
PERUZZI 77 PRL 39 1301 
PICCOLO 77 PL 70B 260 
SCHARRE 78 PRL 40 14 

REFERENCES FOR NEUTRAL D 

GOL DHABER ,pIERRE ,ABRAMS ,ALAH+ ILBL+SLAC) 
B.KNAPP ICOLUI 
+PERUZZI,PICCOLO,ABRAHS,ALAH + ISLAC+LBLI 
GOLDHABER,WISSIABRAMS,ALAH + CLBL+SLACJ 
+PICCOLO 1 FELDMAN+ I SLAC+LBL +NWES+HAWA I 
+PERUZZI, LUTH,NGUYEN,Wl SS ,ABRAMS+ IS LAC+lBLI 
+BARBARD-GAL TIER I + CSLftC+LBL+NWES+HAWAI 

QUANTUM NUMBER OETERMINUJONS NOT REFERRED TO IN THE DATA CARDS 

NGUYEN 77 PRL 39 262 +WI SS, ABRAMS 1 ALAM,BOYARSKJ + CLBL+SLACJJ .................................................................... ...... ......... ......... ......... ......... ......... ......... ....... . 

The only published evidence for the existence 

of the charmed-strange F meson states comes from 

BRANDELIK 77. They observe events in e+e- colli

sions at 4.4 GeV each having a low energy photon, 

two other photons with a yy mass in the n region, 

and a charged pion. They find four events with 

negligible background which fit·the hypothesis 

e+e- + FF* or e+e- + F*F*, F*+Fy, F+nrr,, and 

n+yy with consistent F and F* masses. These data 

are entered into the Data Card Listings below and 

in the F*±(2140) section of the Meson Data Card 

Listings, but await confirmation before entry into 

the Tables. 

[B 
~ 

34 F+-120301JP= I 

NEEDS CONFIRMATION. 
GHJTTEO FROM TABLE. 

--- ------ --- ----- ----- --- ---- --------
34 F+-12030) MASS CMEVJ 

4 2030. 60. BRANDELIK 77 OASP - E+E- ECM=4GEV 

-- ------ ------- ----- --- ----- ---- _____ ...._ 

34 F+-120301 PARTIAL DECAY MODES 

Pl F+- INTO PI+- ETA 
DECAY MASSES 

139+ 51t8 .................................................................... 
REFERENCES FOR F-t2030J 

BRANDEL I 77 PL 70B 132 BRANDELIK + C AACH+DESY+HAMB+MPIM+TOKYJ 

•••o•• ********* ••o•••••• ••••••••• ••••••••• ••••••••• ********* ******** ............................................................... 
[£] 16 PROTONI93S,J•ll21 1•112 

--- -----? ----- ---- ---- ----- ---- ---
16 PROTON MASS I MEV I 

1938.2561 10.0051 
1938.25921 {0.0052) 
938.2796 0.0027 

COHEN 
TAYLOR 
COHEN 

65 RVUE 
69 RVUE 
73 RVUE 

USING NEW E/H 

12:177* 

lZ/17* 

3177• 

3171* 
12/17* 

1178* 

1178* 

12177* 

1/66 
7170 
3/1't 

78 

Data Card Listings 
For notation, see key at front of Listings .. 

16 PROTLN MEAN LIFE CUNITS 10*~26 YRJ 

( .OOOOOliOR MORE GOLDHABE 54 TH 232 FISS.MODE INDEPEN 
C0.00210R MORE FLEROV 57TH 232 FISS.MOOE INDEPEN 
Cl.51 OR MORE BACKENSTO 60 CNTR 

(60.01 OR MORE KROPP 65 CNTR 
1200.01 OR MORE GURR 67 CNTR DEP. ON DECAY MODE 
(1300.01 OR MORE BERGAMASC 74 CNTR 12175 

R 20000.0 OR MORE REINES 74 CNTR 12175 
8 KROPP AND BACKENSTOSS SENSITIVE TO PARTICULAR DECAY MODES OF PROTON 

R REINES 74 LOOKS AT DECAY CHAINS ENDING IN HUON DECAY. 12175 

"" MM 
MM 

MH1 0 
MM1 R 
HM1 R 
MMl 0 
MM1 R 

EOM 
EOM 

16 PROTON MAGNET. MOMENH E/ZMPI 

(2.792761 (.000021 
(2.792782H .0000171 
2. 7928456 • 0000011 

COHEN 
TAYLOR 
COHEN 

65 RVUE 
69 RVUE 
73 RVUE 

16 ANTIPROTON MAGNETIC MOMENT CE/2MPJ 

l-1.81 (1.21 SUTTON 62 CNTR 
C-2.83) {0.101 FOX 72 CNTR 
-2.819 0.056 ROBERTS 74 CNTR 

OLD EXPERJMENT WITH LARGE ERROR. NOT AVERAGED. 

USING NEW E/H 

ROBERTS 74 IS REANALYSIS OF FOX 72 DATA. REPLACES OLD FOX VALUE. 

16 PROTON ELECTRIC DIPOLE MOMENT WHITS 10**-23 E CHI 
NONZERO VALUE IMPLIES VIOLATION OF T AND P IN EM INTERACTION 

1G 700. 900. 
55000. OR LeSS 

HARRISON 69 MBR 
KHRIPLOVI 76 

................................................... ··········· ....... . 
REFERENCES FOR PROTON 

GOLOHABE 54 PR 96 1157 FNOTE2 GOLDHABERtF REINES+ (LOS ALAMOS1BNLI 
FLEROY 57 SOY PHYS DOK 3 79 FLEROV,KLOCHKOY,SKOBKIN,TERENTEV IUSSRI 
BACKENST 60 NC 16 749 BACKENSTOSS,FRAUENFELDER,HYAMS + (CERNI 
BUTTCN 62 PR 127 1297 J BUTJON,B MAGLIC CLBL1 
COHEN 65 RMP 37 537 +DUMOND IN.AHER.AVIATION SCIENCE CENT. ,C Ill 
KROPP 65 PR 137 8 740 W R KROPP,F REINES ICASE INST TECHNOLOGY) 

. GURR 67 PR 158 1321 GURRIKROPP,REINES,MEYER (CASE, JOHANNESBURG I 

HARRISON 69 PRL 22 1263 HARRISON,SANDARS,WRIGHT ICLARENOON OXFOROI 
TAYLOR 69 RMP 41 375 +PARKER,LANGENBERG IPRIN+UCI+PENNI 
FOX 72 PRL 29 193 +BARNESrEISENSTEIN+fBNL+CARN+VPI+WILL+WYOMI 
COHEN 73 J.PHYS.CHEM.REF.DATA 2., P.663, E.R.COHEN,B.N.TAYLOR 

BERGAMAS 74 LNC 11 636 
REINES 74 PRL 32 493 
ROBERTS 74 PRL 33 1181 

ALSO 75 PR Dl2 1232 
KHRIPLOV 76 JETP 44 25 

BERGAMASCO,PICCHI fTORI+FRASI 
+CROUCH tuCI+CASEI 
+COXt ECKHAUSE+ I WILL+YPJ+CARN+WYOM+C IT+BNU 
ROBERTS,COX + CWILL+VPI+CARN+WYOM-tCIT+BNLI 
I.B.KHRIPLOVICH. INUC. PHYS.INST • ,SIBERIA) 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS 

KALOGERO 76 PRL 37 1037 
FRANKLIN 71 PR 016 910 

KALOGEROPOULQS,CHJU, SUOARSHAN I SYRA+TEXA tP 
JERROLD FRANKLIN CHAIFJP ...................................................................... .................................................................... 

11 NEUTRON(939,J=1/2J 1=1/2 

17 NEUTRON MASS IMEVJ 

1170 
3/74 

11175 
ins 
7175 

10/69 
1178* 

T 1939.55271 (0.00521 TAYLOR 69 RYUE USING NEW E/H 7170 
T 939.5731 0.0027 COHEN 73 RVUE 3174 
T THESE DETERMINATIONS OF NEUTRON MASS NOT INDEPENDENT OF 7170 
T NEUTRON-PROTON MASS DIFFERENCE MEASUREMENTS BELOW. 7170 

17 CNEUTRONI - IPROTONJ MASS DIFFERENCE CMEVJ 

D M t1.29344110.00007J MATTAUCH 65 RVUE 
D 1.293429 0.000036 COHEN 73 RVUE 
D WE HAVE CONVERTED MATTAUCH NEUTRON-HYDROGEN MASS DIFFERENCE TO 
D NEUTRON-PROTON MASS DIFFERENCE USING CURRENT VALUE Of ElECTRON MASS 
D AND A HYDROGEN BINDING ENERGY OF 13.6 EY. 

MM 
MM 

EOM M 
EOM 
EOM M 
EOM 
EDM 
EDM 
EOM 
EOM 
EOM 
EOM 

11 NEUTRON MAGNETIC MOMENT CMAGNETONS,938.2 NEVI 

(-1.91311t8 0.000066) 
-1.91304211 0.00000088 

COHEN 
GREENE 

56 RVUE 
77 

17 NEUTRON ELECTRIC DIPOLE MOMENT (UNITS 10**-23 E CMJ 
TEST OF CP OR T VIOLATION IN THE EM INTERACTION 

C-20.) (30.) MILLER 67 MRS 
+24. 39. SHULL 67 CNTR 
130. J OR LESS DRESS 68 MRS ABSOLUTE VALUE 
(5.) OR LESS BAIRD 69 MRS .INCLUDED IN DRESS73 

- 2. 39. APOSTOLES 70 MRS 
0.32 0.75 DRESS 73 MRS .LT.10**-23 CL=.80 
0.04 0.15 DRESS 77 MRS 

DRESS 6B INCLUDES DATA OF MILLER 67. 
THE DRESS 71 RESULT IS EQUIV TO EOM < 3 E-24 ICL=.90I 

3171 
3174 
3171 
3/71 
3/11 

7166 
3178• 

1118* 
1178* I' 
1178* 

10/69 
1/78* 
6173 
6171* 
1178* 
6171* -

EDM AVG 
EDM STUDENT 

0.05 
0.05 

0.15 
0.16 

AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOIH/1.11) - SEE MAIN TEXT 
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Data Card Listings 
For notation, see key at front of Listings. 

AV 
AV C 
AV EP 
AV P 
AV P 
AV EP 
AV EP 
AV P 
AV P 
AV E 
AV 
AV 
AV C 
AV E 
AV P 
AV K 
AV 
AV 

K 

17 NEUTRON MEAN L'IFE" IUNITS 10*•3 SECI 

THE MEASUREMENT OF THE NEUTRON MEAN LIFE BY SOSNOVSKII 59 HAS 
BEEN DISCARDED SINCE 1. lT DISAGREES WITH THE BETTER AND MORE 
RECENT RESULT OF CHRISTENSEN 67. 2.. THE VALUE OF GA/GY DE-
RIVED FROM THE NEW VALUE OF THE MEAN LIFE AGREES WEl:l WITH THE 
GA/GV VALUE OBTAI NED FROM THE FREE NEUTRON DATA. 

I 1.0121 10.0211 
(0.9351 10.0141 
0.918 0.014 

ERROR CHANGED BECAUSE ERROR 
IN GOLD HAS BEEN REDUCED. 

SOSNOVSKI 59 PILE SEE. NOTE E 
CHRISTENS 67 PILE REPL BY CHRISTENS72 
CHRISTENS 72 PILE 

IN CROSS SECTJON FOR NEUTRON ABSORPTION 

17 NEUTRON BETA DECAY PARAMETERS 

RELATED TEXT SECTION VI 0.1 

GA/GV (SEE TEXT FOR SIGN CONVENTION) 
1-t·.zsoJ 10.0441 CONFORTO 67 RVUE SEE NOTE C BELOW 
(-1.231 10.011 CHRISTENS 67 CNTR N DECAY' FT VALUE 
(-1.221 (0.081 GRIGOREY 68 CNTR E-NEU ANG CORREL 
1-1.261 (0.021 CHRISTENS 70 CNTR PE,NEUT SPIN CORREl 
1-1.211 (0.0251 EROZOLIMS 71 CNTR PE,NEUT SPIN CORREL 
t-1.2391 (0 .. 0111 CHRISTENS 72 CNTR N DEC.,+ FT VALUE 
t-1.2631 (0.0161 KROPF 73 RVUE N DECAY ALONE 
-1.250 0 .. 009 KROPF 7:3 RVUE N DEC.+ FT VALUE' 
-1.250 0.036 OOBROZEMS 75 CNTR E-NEU ANG CORREL·. 
-1.253 0.021 KROHN 75 CNTR PE,NEUT SPIN CORREL 
-1.263 o.015 EROZOLIMS 77 CNTR PE,NEUT SPIN CORREL 

CONFORTO 67 COMB.INES FREE NEUTRON DA"TA·TO 1967. REPL. BY KROPF 73. 
THESE EXPERIMENTS MEASURE THE ABSOLUTE VALUE OF GA/GV ONLY 
KROPF 73 VALUE OBTAINED BY FITTING All DATA THROUGH 1972. 
KROHN 75 PAPER GIVES -1.258+-.015 INCLUDING EVENTS OF CHRISTENS 70. 
THE VALUE QUOTED ABOVE IS DERIVED FROM HIS AtBASED ON NEW EXPT ONLY 

c)~OoJ1 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 

7/6B 
3/6B 
6172 

11/68 
10/71 
10171 
10/71 
1173 
1173 
1173 

12175 
1177• 
1178* 
1173 

10171 
1173 
1/780 
1/77* 

AV AVG -1,.2533 
AV STUDENT -1.2532 0.0077 AVERAGE USING STUDENTlO(H/1.11) - SEE MAIN TEXT 

PHASE ANGLE OF GA RELATIVE TO GY .COEGREESI . 
P ( 175. I ( 10.1 BURGY 60 CNTR POLAR. NEUTRONS 
P U98.1 121.1 CLARK 60 CNTR POLAR. NEUTRONS 
C (176.11 16.41 CDNFORTO 67 RVUE 
P (181.31 (1.31 EROZOLIMS 70 CNTR' POLAR. NEUTRON 

P 181.1 1.3 KROPF. . 73 RVUE N DECAY 
180.,35 0 .. 43 EROZOLIMS 74 CNTR POLAR. NEUTRONS 
180.llt 0.22 STEINBERG 74 CNTR POLAR. NEUTRONS 

C CONFOilTO 67 COMBINES FREE NEUTRON DATA TO 1967. REPL. BY KROPF ·13• 
P KROPF 73 VALUE OBTAIN€0 BY FITTING ·ALL DATA THROUGH 1972. 

6/77.* 
6171* 

11/6B 
10/69 

1173 
6117• 
6/77* 
1/73 
1173 

F 
F 
F 
F .. 
F 
F 
F 
F 
F 
F 
F 
F 

AVG 180.20 
STUDENT 180.20 

0.19 
0 .. 21 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENT10(H/1 .• 111 - SEE MAIN TEXT 

01 
01 
01 
01 
01 
01 
01 
01 

THREE-VECTOR CORRELATION COEFFICIENT 
01 MEASURES COMPONENT OF NEUTRON SPIN PERPENDICULAR TO THE DECAY 
PLANE IN BETA DECAY. SHOULD BE ZERO IF T-INYARIANCE NOT 
VIOLATED. SEE TEXT SEC VI D. 

-O.D1 .• 01 
-0.0027 .0033 
-0.0011 .0017 

EROZOLIMS 70 CNTR 
EROZOLlMS 74 CNTR 
STEINBERG 74 CNTR 

POLAR. NEUTRONS 
POLAR. NEUTRONS 
POLAR. NEUTRONS 

7'/76.* 
7/76* 
7176* 
7176* 
7176• 
7176* 
7176* 

Dl AVG -0.0016 
D1 STUDENT -0 .. 0016 

o.oo1s 
0.0016 

AVERAGE (ERROR INCLUDES SCALE FACTOR Of 1.01 
AVERAGE. USING STUDENTlOIH/1.,11) - SEE MAIN TEXT 

................................................... ••••••:o-•• •••••••• 

COHEN 56 PR 104 2B3 
SOSNOVSK 59 JETP 9 .117 
BURGY 60 PR 120 1829 
CLARK 60 CJP 3B 693 

MATTAUCH 65 NP 67 1 
CHRISTEN 67 Pl .26B 11 
CONFORTO 67 APAH 22 15 
MILLER 67 PRL 19 3B1 
SHULL 67 PRL 19 384-
DRESS 6B PR 170 1200 
GRIGOREV 6B SJNP 6 239 

BAIRD 69 PR .179 1285 
TAYLOR 69 RMP 41 375 
APOSTOL E 70 RRP 15 343 
CHRISTEN 70 PR C1 1693 
EROZOLIM 70 SJNP 11 583 · -- i.lsa·- ·- i'l.- n& sst 

EROZOLIM 71 J~TPL 13 252 
CHRISTEN 12 PR 05 162B 

REFERENCES FOR NEUTRON' 

V W COHEN, CORNGOLO, RAMSEY 
SOSNOVSKII,SPIVAKtPROKOFEV + 
+KROHN,NOVEY ,RINGO 
+ROBSON 

fBNL+HARVARDJ 
fiAE MOSCOWI 

CANL+CHICJ 

+THIELE,WAPSTRA IMAX PLANCK INST.CHEM.I 
CHR ISTENSEN,NI ELSON, BAHNSEN t BROWN+ (RI SOl 
G. CONFORTO ICERNJ 
+DRESS,BAIRD,RAMSEY fORNL+HARYI 
C.G.SHULLt R.NATHANS (MIT+BNLI 

!~~~~i:!~t!~~=~:~~~ I, NI~OLAEVSK:~R:L ;~::~: 
+MILLER,DRESS,RAMSEV IORNL .. HARVI 
+PARK ERtLANGENBERG f PRIN+UCI +~ENN I 
APOSTOLESCU, JONESCU, lONESCu-BUJOR. + fBUCHI 
CHRISTENSEN,KROHN,RINGO {ANLI 
EROZOLIMSKitBONDARENKO, + IKURC .MOSCOW I 
ERtfZOLIMSKY,BONDARENKO + IKURC IN MOSCOW) 

EROZOLIMSKU,BONDARENKO + ( KURC MOSCOW J 
CHRI STENSENtNI ELSON, BAHNSEN, BROWN+ (RJSOI 

COHEN 73 J.PHYS.CHEM.REF.OATA 2, P.663, e.R.COHEN,B.N.TAYLOR 
DRESS 13 PR 07 3147 DRESS, MILLER, RAMSEY (ORNL+HARVI 
KROPF 73 1PHY TO BE PUBL • A KROPFtH PAUL fLINZJ 

ALSO 70 NP A151t 160 H PAUL {VIENI 

EROZOLJM 14 JETPL 20 34-5 EROZOL I~SKI I, MOSTOVOI, FEDUN IN, FRANK+ 
STEINBER H PRL 33 41 STEINBERG,LJAUD, Y JGNONt HUGHES (VAL E+GREN I 

ALSO 76 PR 013 2469 STEIN BERG, LIAUD, Y IGNON, HUGHES IYALE+GRENI 
DOBROZEM 75 PR D11 510 OOBROZEMSKY,KERSCHBAUM,MORAW,PAUL + ISEIBI 

'KROHN 75 PL 55B 115 KROHN, RINGO IANLJ 
'DRESS 11 PR D15 9 +MILLER,PENDLEBURY, PERRIN+ CORNL+GREN+HARV I 
EROZOLlM 17 JETPL 23 663 EROZOL IMSKII ,FRANK, MOSTOVOI + CKURC· MOSCOW} 
GREENE 11 PL 11B 297 +RAMSEY,MAMPE+ CC ENG+ ILl G+SUSS+ORNL +CE NG I 

PAPERS NOT REFERRED TO 'IN DATA CARDS 

JACKSON 57 PR U)6 511 JACKSON, TREIMAN, WYLO (PRINCETON I 
COHEN 65 RMP 37 537 +DUMOND IN.AMER.AVIATION SCIENCE CENT.,CIT) 
BHALLA 66 PL 19 691 C P SHALLA I ALABAMA)· .................................................................... .................................................................... 

M 
H 
M 
M 
H 
H 
H 
H 
M 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
H 
M 
H 
M 

OM 
OM 
OM 

N 
N 
N 
N 
N 
N 
N 
N 

18 LAMBDA MASS fMEYI 

Stable Particles 
n, A 

SINCE OUR FINAL VALUES FOR THE SIGMA AND LAMBDA MASSES COME FROM 
DOING AN OVERALL FIT TO All MEASURED MASSES AND MASS DIFFERENCES, 
WE HAVE USED THE UNCORRELATED MEASUREMENTS FROM SCHMIDT 65 RATHER 
THAN THE ONES COMING FROM THE OVERALL FIT REPORTED IN THAT PAPER. 
SINCE THERE SEEMS TO BE NO CONVINCING ARGUMENT AS TO WHY ONE SHOULD 
IGNORE DATA USING RANGE MEASUREMENTS, WE HAVE INCLUDED HERE VALUES 
DEPENDING ON PROTON AND PION RANGES. THE SCHMIDT 65 MASSES HAVE 
BEEN REEVALUATED USING OUR APRIL 1973 PROTON AND CHARGED K AND PI 
MASSES. P. SCHMIDT, PRIVATE COMMUNICATION, {19741. 

1115.44 0.,12 BHOWMIK 63 RVUE + SEE NOTE L BELOW 
ABOVE LAMBDA MASS HAS BEEN RAJ SED 35 KEY TO ACCOUNT FOR 46 KEY 
INCREASE IN PROTON MASS AND 11 KEV DECREASE IN CHARGED PION MASS. 

6350115.861 10.091 BALTAY 65 HBC ERROR IS STATtS. 6/66 
48B 1115.65 0.01 SCHMIDT 65 HBC SEE NOTE N 3174 

1147Cl115.741 10.041 CHIEN 66 HBC 6.9 PBAR P 9/67 
·. 97211115.69) {0.051 CHIEN 66 HBC 6.9 PBAR PAN TIL 9/67 

1115.6 O.,lt LONDON 66 HBC 6/66 
(1116.01 10.21 BADIER 67 HBC 2.4 PBAR ·p,LLBAR 8/67 

195 1115.39 0.12 MAYEUR 67 EMUL 11/67 
B 1524( 1115.521 10.031 BOHM 70 EMUL 3/72 

935 1115.59 O.OB HYMAN 72 HEBC 11171 
AVERAGE OF VERY INCONSISTENT DATA. ERROR STATISTICAL ONLY. AUTHORS 3172 
DETECT SYSTEMATIC EFFECT OF ABOUT .15 MEV, HHICH THEY ATTRIBUTE 3172 
TO ERROR IN RANGE-ENERGY REL4TIONS·, IN REGION BETA=0.6-0. 7. 3172 
THIS EFFECT, IF CONFIRMEDt WOULD AFFECT VERY LITTLE THE. VALUES OF 3/72 
BHOWMICK 63 AND MAYEUR 6.7. . 
ERROR PURELY STATISTICAL. 

AVG 1115.566 
S TUDENT1115. 568 
FIT 1115.600 

1115 .o 

0.056 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.31 
0.053 AVERAGE USING STUOENTlOIH/1.111 -- SEE MAIN TEXT 
0.048 FROM FIT (ERROR INCLUDES .SCALE FACTOR OF 1.2) 2178* 
(SEE IDEOGRAM BELOW J 

UEIGHTED RVERRGE = 1115.566 * 0.056 
ERROR SCRLED BY 1.3 

1115·.4 

V'alues above of weighted average, 
error, and scale factor are for the 
reader's convenience only. The 
data were actually processe.d by a 
constrained fit program, which 
calculates its own values of X, 6X, 
ci.nd scale factor, which are differ
ent from the values sho~ here. 

CHISQ 
.-HYMRN 72 HEBC 0.1 
·MRYEUR 67 EMUL 2.2 
LONDON 66 HBC 

-SCHMIDT 65 HBC 1.4 
·BHDUMIK 63 RVUE _!_:_!__ 

4.8 

1115.8 1116.2 
ICDNLEV 
=0.188) 

LRMBDR MRSS IMEVJ 

o.os 
0.29 

lB LANDA - ANTJLAMBDA MASS DIFFERENCE IMEVI 
0.06 CHIEN 66 HBC 6.9 PBAR P 9/67 
0.15 BADIER 67 HBC 2.4· PBAit P 8/67 

OM AVG 0.08:3 
o.oBo 

O.OB3 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.51 
OM STUDENT 0.063 AVERAGE USING STUOENT10IH/1.lll -- SEE MAIN TEXT 

1B LAMBDA MEAN LJFE (UNITS 10**-101 

T 0 188 12.6:31 10 .. 211 (0.211 BOLDT 58 cc 

T 0 825 12.721 (0.161 10.161 CRAWFORD 59 HBC 

T 0 140 (2.721 10.291 (0.271 BOWEN 60 cc 
T 0 186 12 .. 601 I0.2BI (0.201 CHANG 62 HBC 

T c 799 (2.69) (0.11) 10.11) HUMPHREY 62 HBC 

T 0 2239 12.36} 10.061 (0.06) BLOCK 63 HEBC 

T 0 706 12. 76) (0.201 CHRETIEN 63 HLBC 

T 0 ·794 {2.591 (0.09) HUBBARD 64 HBC 
T 0 2260 (2.311 (0.101 KREISLER 64 OSPK 

T 0 1378 12.59) (0.071 SCHWARTZ 64 HBC 

T 0 635 12.511 10.161 BAL JAY 65 HBC 6/66 

T 0 2534 12.61 10.11 HILL 65 OSPK 
T 0 916 12.351 (0.09) BURAN 66 HLBC 6/66 

T s 1147 12.501 10.141 CHIEN 66 HBC 6.9 PBAR P 9/67 

T s <72 (2.701 (0.20) CHIEN 66 HBC 6.9 PBAR PtANTJ 9/67 

T 0 2213 12.4521 10.0561 I0.054IENGELMANN 66 HBC 9/66 

T 0 585 (2.6BI (0.131 (0.111 AUERBACH 67 OSPK 8/67 

T 0 12.44J 10.15) BADIER 67 HBC 2.4 PBAR P 6/68 

T 0 12.551 tO. lSI BAOIER 67 HBC 2.4 PBAR P,ANTIL 6/68 

T 0 8342 l2.535) (0.0351 GRIMM 68 HBC 6/68 

T 0 2600 IZ.471 10.081 HEPP 6B HBC B/68 
T 0 1059 (2.391 (0.10) D.EM IOOV 70 HLBC PI-Pt 3.B6 GEV/C 12170 
T 0 4572 C2.51tJ C0.041 BALTAY 71 HBC K-P AT REST 6/71 

T 0 6582 (2.691 (0.051 AL THOFF2 73 OSPK PI+N TO K+LAMBDA 2174 

T 36K 2.626 0.020 POULARD 73·HBC K-P,KHOM .4T02.3 9173 

T 34K 2.611 0.020 CUYTON 75 HBC K-P,KMOM .96-1.4 1111* 
T 53K 2.69 0.03 ZECH 77 SPEC NEUTRAL HYP. BEAM 12/71* 
T 0 OLD LOWER STATISTICS EXPERIMENTS NOT INCLUDED IN AVERAGE. 1178* 
T .s ERROR PUREL V STATISTICAL • 
T 
T AVG 2.632 0.020 0.020 AVERAGE IERROR INCL. SCALE FACTOR OF 1.61 

T STUDENT 2.630 0.015 0.015 AVG BY STUOENTlD(H/1.111 -- SEE MAIN TEXT 
CSEE IDEOGRAM BELOW ) 
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Stable Particles 
A 

UEIGHTEO RUERRGE = 0.3799 • 0.0029 
ERROR SCRLED BY 1.6 

77 SPEC 
75 HBC 

CHISQ 
3.8 
1.1 

73 HBC ....Q...,_L 
5.1 

ICDNLEU 
0.395 =0.079l 

LRMBDR DECRY RRTE !UNITS 10••10 SEC-1l 

18 (LAMBD.&. - ANTILAMBOAI/AVG., MEAN LIFE DIFFERENCE 

DT 0.044 0.085 SADlER 67 HBC 2.4 PBAR P 8/67 

18 LAMBDA MAGNETIC MOMENT IMAGNETONS,938.26 MEV) 

"" -1.5 0.5 COOL 62 OSPK 

"" o.o 0.6 KERNAN 63 cc 

"" 8553 -1.39 0.72 ANDERSON 64 HBC 

"" 151 -0.5 0.28 CHARRIERE 65 EMUL 

"" •• (-0.671 co.11J 10.371 BARKOV 71 EMUL PRELIM. RESULT 2/72 

"" 1300 -0.66 0.07 OAHLJENSE 71 EMUL HAG fl ELD=ZOOKG 6/71 

"" 3868 -0.13 0.18 HILL 71 OSPK 10/71 

"" 57 -0.65 o.za BARKOV 72 EMUL INCLUDES BARKOV 11 3178* 

"" 1.2M -0.57 o.os BUNCE . 76 SPEC 1/78• 
MM 350K -0.59 0.07 HELLER 11 SPEC 1178* 

"" "" AVG -0.606 0.034 AVERAGE .1 ERROR INCLUDES SCALE fACTOR OF 1.01 

"" STUDENT -0.605 0.038 AVERAGE USING STUDENTlOIH/1.111 -- SEE MAIN TEXT 

18 LAMBDA ELECTRIC DIPOLE MOMENT CUNITS 10**-14 E CHI 

EDM 
EDM 
EDM 

NONZERO VALUE IMPLIES VIOLATION OF l AND P 

5.0 OR LESS CLz::,.95 GIBSON 66 EMUL 
1 .a OR LESS CL>=.95 BARONI 71 EHUL 

BARONI MEASURES t-5.9+-2.9)*10**-15 E CH 

1B LAMBDA PARTIAL DECAY HODES 

P1 LAMBDA INTO PROTON PJ-
P2 LAMBDA INTO NEUTRON PIO 
P3 LtiHBDA INTO PROTON HU- NEUTRINO 
Pft - LAMBDA INTO PROTON E- NEUTRINO 
PS LAMBDA INTO PROTON PI- GAMMA 

18 LAMBDA BRANCHING RATIOS 

R1 LAMBDA INTO CP PI-1/{(P PI-l+CN PIOJI 
Rl 0.627 O.D31 CRAWFORD 59 HBC 
R1 D.65 D.D5 COlUMBIA 60 HBC 
R1 U CD.6851 CO.DL11 ANDERSON 62 HBC 
Rl 9D3 0.643 O.D16 HUMPHREY 62 HBC 
R1 U 6736 0.635 D.DD7 DOVLE 69 HBC 

DECAY MASSES 
938+ 139 
939+ 134 
938+ 105+ 
938+ • 5+ 
938+ 139+ 

{PlJf{Pl+P2) 

PI-P TO LAM. KO 
R1 4572 D.646 D.OD8 BALTAY 71 HBC K-P AT REST 

.R1 U ANDERSON RESULT NOT PUBliSHED, EVENTS ADDED TO DDVLE SAMPLE. 
R1 
R1 AVG D.6399 O.OOft9 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1 .. 01 

2/72 
2/72 
2/72 

2/71 
6/71 
2/71 

R1 STUDENT 0.6398 
R1 FIT 0.6419 

O .. D055 AVERAGE USING STUOENTlO(H/1.111 -- SEE MAIN TEXT 
0 .. 0049 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 AVG 

LAMBDA INTO IN 
0.23 
0.43 
0.28 
0.35 

75 0.291 

PlDI/tiP Pl-I+IN PIOII IP2l/CP1+P21 
0 .. 09 EISLER 57 HLBC 
D.14 CRAWFORD 59 HBC 
o.oa BAG LIN 60 HLBC 
0.05 BROWN 63 HLBC 
D.034 CHRETIEN 63 HLBC 

D.025 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
R2 STUDENT 

D.304 
D.3D4 
0 .. 3581 

D.D28 AVERAGE USING STUDENTlOIH/1.111 --.SEE MAIN TEXT 
R2 FIT 

R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 

N 
N 
N 
N 
0 

0 .. 0049 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1 .. 01 

LAMBDA INTO tP E- NEUl/TOTAL IUNITS 10**-31 (P4111Pl+P21 
15 12.01 ID.S I HUMPHREY 61 RVUE 

• (2.91 (1.51 ( 1.21 AUBERT 62 FBC 
150 10.821 (D.121 ELY 63 fBC K- AT REST 
102 (0.781 10 .. 121 10.131 BAGLI N 64 FBC K- AT 1.45 GEV/C 
20 I 1.551 CD.34) LIND 64 HSC 

143 10.801 10.081 MALONEY 69 HBC 

•• 10.781 10.09) CANTER 71 HBC K-P AT REST 

218 {D.88) 10~101 LINDQUIST 1l OSPK PI- P TO KO LAM 
THESE VALUES HAVE BEEN CHANGED BY US INTO RATIOS TO PROTON Pl-. 
BECAUSE THAT IS THE DIRECTLY MEASURED QUANTITY. SEE R5 BELOW 
LOW STATISTICS EXPERIMENTS. NOT AVERAGED 

10/69 
4/71 
2172 
3/72 
3172 
1110 

Data Card Listings 
For notation, see key at front of Listings. 

R4 LAMBDA INTO IP Mu- NEUIITOTAL IUNlTS 10**-41 CP3)1lP1+P2J 
R4 1 (0.21 OR MORE GOOD 62 HBC 

•• 1 tl.OI OR LESS ALSTON 63 HBC 

•• 2 (1.01 OR LESS KERNAN 64 FBC ... BETWEEN 1.3 AND 6 .. 0 LIND 64 HBC 
R4 3 1.3 o. 7 LIND 64 RVUE 7/66 

•• 2 1.5 1.2 RONNE 64 FBC 

•• 9 2.4 o.a CANTERl 11 HBC STOPPED K-P 1111 
R4 14 1.4 o.s BAGGETT2 72 HBC STOP K- 8/72 

•• R4 AVG 1.57 0.35 AVERAGE tERROR INCLUDES SCALE FACTOR Of 1.01 

•• STUDENT 1.56 0.38 AVERAGE USING STUOENTlDIH/1.111 - SEE MAIN TEXT 

RS LAMBDA INTO (p E- NEUI/CP PI-1 (UNITS 10**-31 IP4111Pll 
RS 150 1.23 D.20 ELY 63 fBC 2/72 
RS 120 loll 0.18 BAG LIN 64 FBC 2172 
RS 1<3 1.20 D.l2 MALONEY 69 HBC 2172 
RS 1078 1.31 0.06 ALTHOFFl 71 OSPK 2172 
RS c •• 1.17 D.13 CANTER 11 HBC K-P AT REST 3172 
RS LC 218 11.321 10.151 LJNOQUIST 71 OSPK PI-P TO KO LAM 3/72 
RS L 5'4 1.23 D.ll LINDQUIST 77 SPEC PI-P TO KO LAM 12177• 
RS c CALCULATED BY US FROM R3 ASSUMING THE AUTHORS USED I P PI-IITOTc2J3 3172 
RS L LINDQUIST 77 INCLUDES DATA OF LINDQUIST 71. 12171• 
RS 
RS AVG 1.257 0.043 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
RS STUDENT 1.256 D.048 AVERAGE USING STUDENTlO(H/1.11) - SEE MAIN TEXT 

•• •• 

A
A
A
A
A
A
A
A
A-

LAMBDA INTO (P PI- GAHMAIIIP PI-I IUNITS 10**-31 
72 1.32 0.22 BAGGETT3 72 HBC 

18 LAMBCA DECAY PARAMETERS 

RELATED TEXT SECTION VI D AND APPENDIX Ill 

AL.PHA LAMBDA- (LAMBDA INTO PI- PROTON) 
1156 0.62 D.D7 CRONIN 63 CNTR 

10.6631 (D.0221 BERGE 66 RVUE 
10130 0.645 0.017 OVER SETH 67 OSPK 

M 2529 10.747) (0.0861 MERRILL 68 HBC 
3520 D.67 D.06 DAUBER 69 HBC 

10325 0.649 o.D23 CLELAND 12 OSPK 
8500 D .. 584 D.D46 ASTBURY 75 SPEC 

IP51/tPU 1173 
PI- MOM L T 95 ME VIC 1/73 

LAMBDA FROM PI-P 8/67 
INCLUDES ABOVE 9/66 

LAMBDA FROM PI-P B/67 
REPL BY DAUBER 68 6/68 
FROM XI DECAY 6/68 

LAMBDA FROM PI-P 5172 
LAMBDA FROM PI-P 2/78* 

A- AVG 
A- STUDENT 

D.642 
0.642 

D.Ol3 
0.014 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTIOIH/1.11} - SEE MAIN TEXT 

AO 
AO 

ALPHAO /ALPHA- FOR LAMBDA IL INTO PIO N/l INTO PI- PI 
1.10 D.27 CORK 6D CNTR 

AD 0 4760 
AO 

1.000 0.068 OLSEN 7D OSPK PI+N TO K+ LAMBDA 5170 

AD AVG 1.0D6 D.D66 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.DJ 
AD STUDENT hDD6 D.D71 AVERAGE USING STUDENTlDCH/1.11) -- SEE MAIN TEXT 
AD 0 DONE BY COMPARING PROTON ·otSTR .. WITH N D1STR. FROM LAMBDA DECAY. . 

F
F
F
F
F
F-

PHI 
1156 

1D130 
7377 

10325 

ANGLE CS 1 NC PHI 1/COSIPHJ J=BETA/GAMitA I I DEGREES I 
13.0 17.0 CRONIN 63 OSPK 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 OSPK REPL BY CLELAND 72 5/72 
. -7.D 4.5 CLELAND 72 OSPK LAMBDA FROM PI-P 5/72 

F- AVG -6.5 
F- STUDENT -6.6 

3.5 
3.8 

AVERAGE (ERROR INCLUDES SCALE FACtOR OF 1 .. DI 
AVERAGE USING STUOENTID(H/1.111 - SEE MAIN TEXT 

AV GA/GV FOR LAMBDA BETA DECAY lSEE TEXT SEC. VI 0.1 FOR SIGN CONV.J 
AV 22 . (-1.D31 LIND 64 HBC 
AV 102 ID.61 OR MORE BAGLIN 65 HlBC 
AV BETW O. AND -1 .. 1 BARtOW 65 OSPK 
AV 1D2 I 0.11 OR MORE CLc.95 ELY 65 HLBC 
AV EXPERIMENTS INCLUDED IN CONFORTO 65• RVUE 
AV -1.14 0.23 D.'33 CONFORTD 65 RVUE 
AV M 148 -D.72 D .. 14 . 0.19 MALONEY 69 HBC 
AV A 1D78 C-0.621 lD.D81 (D.D91 ALTHOFF2 7l OSPK 
AV H 141 -D.75 0.15 0.18 CANTER 71 HBC 
AV L 173 C-0.401 ID.131 ID .. l11 LINDQUIST 71 OSPK 
AV M 352 -0.7ft 0.09 0.12 BAGGETTl 72 HBC 
AV A Sl7 -0.63 0.06 AlTHOFFl 73 OSPK 
AV 405 -0 .. 47 0.09 BURNETT 76 SPEC 
AV L 441 -0 .. 53 D.D9 D.ll LINDQUIST 77 SPEC 
AV A ALTHOFfl 73 INCLUDES DATA OF ALTHOFF2 11. USES 
AV A THREE SPIN ASYMMETRIES. 
AV M EXPT MEASURES ONLY THE ABSOLUTE VALUE OF A/V 
AV L LINDQUIST .77 INCLUDES DATA OF liNDQUIST 71. 
AV 

NO SIGN GIVEN 

ASS. VALUE 

6/68 
1111 
6/68 
1/71 
6/68 

11/67 
10/69 

POLAR I ZED LAMBDA 7/73 
4/71 

E-NEU AND UP-DOWN 9/71 
STOP .. K- 2172 
POLARIZED LAMBDA 7/73 
E-NEU AND SPIN 2/78* 

POL LAMBDA, 3 ASYMM 12177* 
PROT SPECTRUM AND 7173 

1113 
1173 

12177• 

AV AVG -0 .. 622 
AV STUDENT -D.624 

D.~8 AVER.AGE tERROR INCLUDES SCALE FACfOR OF 1.21 
D .. 045 AVERAGE USING STUDENT1DlHI1.111 - SEE MAIN TEXT 
ISEE IDEOGRAM BELOW I 

UEIGHTEO RUERRGE = -0.622 • 0.048 
ERROR SCRLED BY 1.2 

· ·. · ·LINDQUIST 77 SPEC 
CHISQ 

O.B 
· ·BURNETT 76 SPEC· 2.8 
· ·RL THOFF1 73 OSPK 0.0 
· ·BRGGETTl 72 HBC 1.3 
· ·CRNTER 71 HBC 0.6 
· ·MRLOHEY 69 HBC 0.4 
· ·CONFORTO 65 RUUE ~ 

9.4 

-1.5 -1.0 -0.5 0.0 0.5 
ICOHLEU 
=0.154) 

GR/GU FOR LRMBDR BETR DECRY 

~-~~~· ~········ ....•••••.•..••..•........• ~········ ···l!j:····· 
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Data Card Listings 
For notation, see key at front of Listings. 

EISLER 57 NC 
BOLDT 58 PRL 
CRAW FOR 0 59 PRL 

5 1700 
1 148 
2 266 

BAGLIN 60 NC 18 1043 
BOWEN 60 PR 119 2030 
CORK 60 PR 120 1000 
COLUMBIA 60 ROtH CONF 126 
HUMPHREY 61. PRL 6 lt78 

ANDERSON 62 CERN CONF 832 
AUBERT 62 NC 25 479 
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 llt94 
BlOCK 63 PR 130 766 
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 

ElSLER,PLANO,SAMIOS,SCHWARTZ + 
E BOLDTtD 0 CALDWElltY PAL 
CRAWFORDtCREST I, DOUGLASS, GOOD + 

CCOLU+BNL J 
IMITI 
ILRLJ 

IEPOLI 
(J:IRINCETONI 

ILRL+PRIN+BNLI 
(COLUMBIA) 
ILRL+SYRAJ 

BAGLIN,BLOCH,BRISSON,HENNESSY + 
BOWEN ,HARDY ,REYNOLDS ,SUN + 
CORK, KERTH, WENZELtCRONI N+ 
M SCHWARTZ + 
HUMPHREY,KIRZ,ROSENFELO,RHEE + 

ANDERSON, CRAWFORD, GOLDEN, LLOYD + 
AUBERT 1 BRISSON,HENNESSY,SIX + 

ILRLJ 
CEPOll 
CDUKE I CHUEN CHUEN CHANG 

COOL,HilltMARSHAll + 
M L GOQD,V G liND 

IBNL+MIT+NYU+ANL I 

W E HUMPHREY,R R ROSS 
(WISCONSIN I 

ClRLI 

AlSTON 1 KIRZtNEUFELDt SOLMITZ,WOHLMUT llRl I 
8 BHOWMIKtD P GOYAL COELHII 
BlOCK tGESSAROll 1 RATTI+ C NWES+BGNA+SYRA+ORNL I 
BROWN 1 KAOYK,TRILLING,ROE + CLRL+MICHI 
CHR E T I EN, CROUCH+ I BRAN+ BROWN +HAR VARD+M IT I 
J W CRONIN,O E OVERSETH IPRINCETONI 
ELY,GIDAL,KALMUS,OSWALD,POWEll + ClRLI 
KERNAN,NOVEY,WARSHAW,WATTENBERG C ANL +ILL· I 

ANDERSON 64 PRl 13 167 J A ANDERSONtf S CRAWFORD (LRLI 
BAGLIN 64 NC 35 917 BAGLIN,BINGHAM+ IEPOl+CERN+lOUC+RHEL+BERGl 
HUBBARD 64 PR 135 B 183 HUBBARDtBERGE,KALBFLEISCHtSHAFER + CLRLJ 
KERNAN 64 PR 113 8 1271 KERNAN,POWELL,SANDLER + llRL+LOUCJ 
KREISLER 64 PR 136 B 1074 M N KREISLER,O OVERSETH,J CRONIN (PRINJ 
LIND 64 PR 135 B H83 LINO,BINFORD,GOOD,STERN CWISCONSINJ 
RONNE 64 PL 11 357 RONNE+ fCERN+EPOL+LOUC++UNJV.BERGENI 
SCHWARTZ 64 UCRL 11360 THESIS JOSEPH ADAM SCHWARTZ CLRLJ 

BAGLIN 65 NC 35 971 
.BAL TAY 65 PR 140 6 1027 
BARLOW 65 Pl 18 64 
CHARRIER 65 Pl 15 66 

ALSO 66 NC 46A 205 
CONFORTO 65 EC INT HERZEGNOVI 
ELY 65 PR 137 81302 
HILL 65 PRL 15 85 
SCHMIDT 65 PR 140 B 1328 

BERGE 66 BERKEi.EY lt6 
BURAN 66 PL 20 318 
CHIEN 66 PR 152 1171 
ENGEL.'4AN 66 NC 45A 1038 
GIBSON 66 NC 45A 882 
LONDON 66 PR 143 1014 

BAGllN + I EPOL,CERN,LOUC,RHEL, BERGEN I 
BAL TAY,SANDWEISS,CULWICK,KOPP + CYALE+BNLI 
J BARLDW,·BLAIR,CONFORTO+ ICERN+RHEl+PENNI 
CHARRI ERE,GIBSON+ I EPOL +BRJ S+CERN+MP I M I 
CHARRJERE,GIBSON + CEPOL,8RIS,CERN,MPIMI 
G CONFORTO I CERN I 
ELY,GIDAL,KALMUS,POWELL + ILRL,LOUCI 
HILL tLI ,JENKINS, KYC IAt RUDERMAN I MIT, BNL I 
P SCHMIDT ICOLUMBIAI 

8E.RGE,CA81BBO IIRVUEJ LRL,CERNJ 
BURAN,EIVJNDSON,SKJEGGESTAO,TOFTE + (OSLOJ 
+LACH,SANOWEISS,TAFT,YEH,OREN + CYALE+BNLI 
ENGELMANN, FIL THUTHt ALEXANDER+ I HEI D, REHO J 
W M GJ8SON,K GREEN IBRISI 
LONDON,RAUtGOLDBERGtLICHTMAN+ IBNL, SYRAJ 

AUERBACH 67 NC 47A 19 AUERBACH,BOWEN,DOBBS,LANOE,MANN+ I PENNI 
IEPOLI SADlER 67 PL 25B 152 +BONNET,BRIANDET,SADOULET 

CLELAND 67 PL 26B 45 CLELANDtBIENLEJN,CONFORTO+ t CERN+GEVA+LUNDI 
MAYEUR 67 U.LJBR.BRUX.BUL32 C.MAYEUR,E.TOMPA,J.WJCKENS IBELG,LOUCJ 

CMJCH+PRJNI 
I HEIDELBERG) 
CHEIOEL8ERGI 

OVERSETH 67 PRL 19 391 0 E OVERSETH, R F ROTH 
GRIMM 68 NC 54A. 187 H.-J.GRIMM 
HEPP 68 ZPHYS 214 11 V.HEPP,H. SCHLEICH 
MERRill 68 PR 167 1202 MERRILLtSHAFER ILRLJ 

DAUBER 
DOYLE 
MALONEY 
BOHM 
OEMJOOV 
OlSEN 

69 PR 179 1262 +BERGE,HUBBARD,MERRJLL,MILLER llRLJ 
69 UCRL 18139-THESIS J.C. DOYLE CLRL l 
69 PRL 23 425 MALONEYtSECHI-ZORN CUNIV MARYLANDI 
70 NC 70A 38tt + KRECKER + IBERL+BRUX+DUUC+LDUC+LOWC+WARSJ 
70 SJNP 10 681 +KIRillOV-UGRYUMOVtPONOSOV,PROTAS0V+ I ITEPI 
10 PRL 24 843 +PONOROMtHANDLERtLIMON,SMITH + IWJSC,MICHI 

AlTHOFF 1 71 PL 378 531 
ALTHOFF2 11 PL 37B 535 
BALTAY 71 PR 04 670. 
BARKOV 71· JETPL 14 60 
BARONI 11. LNC 2 12S6 
CANTER 11 PRL 26 868 

CANTER! 11 PRL 27 59 
OAHLJENS 11 NC 3A 1 
HILL 11 PR "04 1979 

ALSO 65 PRL 15 SS 
LJNDQUI S 11 PRL 27 612 

BAGGETTl 72 ZPHY 249 279 
8AGGHT2 72 ZPHY 252 362 
BAGGETT3 72 PL 42B 379 
BARKOV 72 JETPL 16 104 
CLELAND 72 NP 640 221 
HYMAN 72 PR D5 1063 

AL THOFfl 73 PL lt36 -237 
AL 'rHOFF2 73 NP 866 29 
POULARD 73 PL 46B 135 

ASTBURY 75 NP 899 30 
CLAYTON 75 NP B95 130 
BUNCE 76 PRL 36 1113 
BURNETT 76 NC 34A 14 
HELLER 77 PL 68B 480 
LINDQUIS 17 PR 016 2104 

ALSO 76 JPG 2 L211 
ZECH 77 NP 8124 413 

+BROWN, FREYTAG, HEARD tHE INT ZE + 
+BROWN,FREYTAGtHEARDiHEINTZE + 
+BR I DGEWA TEA ,COOPER, HA Bl 6 I+ 
+GUREVICH,MAKARI NAt MARTEMYANOV+ 
G BARONitS PETRERA,G ROMANO 
+COLE tLEE-FRANZI NJ, LOVELESS + 

ICERN,HEIDI 
CCERN,HEIDJ 
fCOlU+BI NG J 

f ITEPI 
IROMA) 

ISTON+COLUI 

+COLE,LEE-FRANZINI, LOVELESS+ I STON+COLUJ 
DAHL-JENSEN + ICERN+ANKA+LAUS+MPIM+ROMAJ 
+ll ,JENKINS, KYCIA ,RUDERMAN I MIT, BNl I 
HILL ,LI, JENKINS, KYC I At RUDERMAN I MIT, BNL I 
LINDQUIST tSUMNER+ I EFJ,WUSL tOSU, ANLI 

+BAGGETT tE I SELE~ F IL THUTH,f:REHS E+ I HE I D l 
+BAGGETT tEISELEtf IL THUTH, FREHSE+ I HEIDI 
+BAGGETT, EJ SELE ~F Il THUTH, FREHSE, HEPP+I HElD l 
+GUREVICH,MAKARINAtMARTEMYANOV + ( ITEPI 
+CONFORTO, EATON,GERBER+ CCERN+GEVA+LUNO I 
+BUNNELL tOERRitK,FI ElOS,KATZ+ CANL+CARNI 

+BROWN, FREYTAG tHE AR Dt HE I NT ZE+ 
+BROWN ,FREYT AG,HEARD ,HE I NT ZE+ 
+GIVERNAUQ, BORG. 

lCERN+HEIDI 
ICERN+HEIDI 

CSACLJ 

+GALLIVAN,JAFAR + ( LOIC+CERN+ETHZ+SACLJ 
+BACQN,BUTTERWORTHt WATERS + (LOJC+RHELI 
+HANDLER,MARCH,MARTIN + IWISC+MICH+RUTGJ 
+ INNES,MASEK,MAUNGt MILlER ,RUDERMAN+ (UCSC) 
+OVERSETH,BUNCE,OYDAK + (PUCH+WISC+HEJOI 
LINDQUIST,SWALLOW,SUMNER + IEFJ+OSU+ANLJ 
LINDQUIST tSWAllOW, SUMNER+t EF I+WUSL +OSU+ANL J 
+OYDAK, NAVARRIA+ I SJ EG+CERN+DORT +HEIDI 

PAPERS NOT REFERRED TO IN DATA CARDS 

10. ARMENTER 62 CERN CONF 236 ARMENTEROS+ CCERN+EPOl+LOIC+BIRM+CEN-SACLAYl 
BALTAY 62 CERN CONF 233 BALTAY,FOWLER,SANDWEISS,CULWJCK+ CYALE+BNLJ 
BERGE 63 THESIS IBERKELEYJ J PETER BERGE (LRLI 

***••• .......... ***"'**••• .......... ••••et•••• •••••••••••••••••••••••••• ...... ......... ......... .......... ......... ........... ..•...... ....... . 

Stable Particles 
A, :E+ 

19 SIGMA+ I ll89,JP=l/2+J I=l 
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19 SIGMA+ MAS.S CMEVJ 

N SEE NOTE PRECEDING LAMBDA MASS LISTINGS 

llt4 1189.38 0.15 BARKAS 63 EMUL + SEE NOTE S BELCW 
58 1189.48 0.22 BHOWMIK 64 EMUL + SEE NOTE S BELOW 

ABOVE SIGMA+ MASSES HAVE BEEN RAISED 3D KEV TO ACCOUNT FOR 46 KEY 
INCREASE IN PROTON MASS ANO 21 KEY DECREASE IN PION MASS 

lt205 1189.61 0.08 SCHMIDT 65 HBC SEE NOTE N 3/74 
1189.16 0.12 HYMAN 67 HEBC 6/68 

8 607 1189.33 O.C4 BOHM 72 EMUL 12173 
8 BOHM 12 UPDATED WITH POG APR. 73 K-, PI- AND PIO MASSES. 12173 

AVG 1189.371 
STUDENT 1189.3 54 
FIT 1189.366 

0.060 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.8) 
0.041 AVERAGE USING STUOENTlOIHil.UI - SEE MAIN TEXT 

~s~~7ID~~~:A:I~E~~:R~R INCLUDES SCALE FACTOR OF 1.8) 2178* 

s 
s 

s 

~EIGHTED RVERRGE = 1189.371 ± 0.060 
ERROR SCRLED 8V 1.8 

ValUes above of weighted average. 
error, and scale factor are for the 
reader• s conv~nience only. The 
data wer.e actually processed by a 
constrained fit progran;t1 which 
calculates its own values· of X, oX, 
and scale factor, which are differ
ent from the values shown he!e• 

CHISQ 
· ·BDHM 72 EMUL 1.0 
· ·HVMRN 67 HEBC 3.1 

•SCHMIDT 65 HBC 8.9 
·BHD~MIK '64 EMUL 0.2 
·BARK AS 63 EMUL _Q_,_Q_ 

13.3 
!CDNLEU 

1188.8 1189.2 1189.6 1190 .o =0.0101 
SIGMR+ MRSS !MEVl 

19 SIGMA+ MEAN liFE CUNITS 10**-10) 

GLASER 58 RVUE 
127 0.98 o.16 0.12 PUSCHEL 60 EMUl 

41 0.82 0.34 0.20 EVANS 60 EMUL 
117 0.85 0.14 o.u FREDEN 60 EMUL 
54 0.80 0.10 0.067 KAPLON 60 EMUL 
23 o. 76 0.22 0.14 CHIESA 61 EMUL 
49 0.75 0.13 0.09 BERTHELOT 61 HLBC 

140 0.82 0.10 o.o8 BARKAS 61 EMUl 
192 0.749 0.056 0.052 GRARD 62 HBC 
456 0.765 0.04 0.04 HUMPHREY 62 11BC 
203 O.B4 o.12 o.oa· BHOWMIK 64 EMUl 
181 0.84 o.o9 BALTAY 65 HBC 6/66 
900 0.76 0.03 CARAVAN 65 HBC 6/66 

1300 0.83 o.032 CHANG 66 HBC 6/66 
125 (0.861 (0.151 CH.IEN 66 11BC + 6.9 PBAR P 9/67 
117 I 1.101 (0.241 CHIEN 66 HBC - 6.9 P8AR P,ANTI 9/67 
381 o.so o.o7 COOK 66 OSPK 1/66 

10664 0.803 0.008 BARLOUTAU 69 HBC K-P .4-1.2 GEV/C 11/69 
20K 0.795 0.010 EISElE 10 HBC K .... P AT REST 2/71 
526 0.83 0.04 BAKKER . 71 DBC - K-N TO SIG+ 2PI- 10/71 

5719 0.807 0.013 CONFORTO 76 HBC K-P 1-1.4 GEV/t 11111* 
CHANG ERROR 0.018 RAJ SED BY US. SEE 1970 EDITION, RNP 42,12311970) 1/73 
ERROR PURELY STAT·ISTICAL 

AVG 0.8015 0.0053 0.0052 AVERAGE IE RROR INCL. SCALE FACTOR OF 1.01 
- SEE MAIN iEXT STUDENT 0.8015 0.0058 0.0057 AVG BY STUDENTlOCH/1.111 

-- ---- ---- ---- ------ ----- ---- --------
19 SIGMA+ MAGNETIC MOMENT tMAGNETONSt938.26 MEVI 

"" 381 1.5 lol COOK 66 OSPK 7/66 

"" 52 3.5 loS KOTElCHUC 67 EMUL K-P AT 1.15BEV/C · 8/67 

"" 51 3.0 1.2 SULLIVAN 67 EMUL PHOTOPRODUCT JON 8/67 
HM 69 3.5 1.2 COMBE 68 EMUl 10/68 

"" 29333 2.1 loO MAST 68 HBC K-P AT .4 GEV/C 6/68 
MM 955 2.67 0.97 AllEY 11 OSPK 1.28 GEV/C PI+P 10/70 

"" 2651 2. 7 o.9 SAHA 73 HLBC K-P .2 5TO. 55GEV/C 6/73 
MM 8503 2.95 0.31 DOBLE 11 HBC K-P .46 GEV/C 12177• 
HM 
MM AVG 2.83 o.25 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.0) 
MH STUDENT 2.84 0.27 AVERAGE USING STUDENTlOIH/1.11J - SEE MAIN TEXT 

Pl 
P2 
P3 
P4 
PS 
P6 
P7 
P8 

19 SIGMA+ PARTIAL DECAY MODES 

SIGMA+ INTO PROTON PlO 
SIGMA+ INTO NEUTRON PI+ 
SIGMA+ INTO NEUTRON PI+ GAMMA 
SIGMA+ INTO LAMBDA E+ NEU 
SIGMA+ INTO PROTON GAMMA 
SIGMA+ INTO NEUTRON MU+ NEUTRINO 
SIGMA+ INTO NEUTRON E+ NEUTRINO 
SIGMA+ INTO PROTON E+ E-

DECAY MASSES 
938+ 134 
939+ 139 
939+ 139+ 

1115+ .5+ 
938+ 0 
939+ 105+ 0 
939+ .s+ o 
938+ • 5+ .5 

---- -------- ---~-- _:...;;,;_ ____ ==---- ------- ------- -----



Stable Particles 
L+ 

19 SIGMA+ BRANCHING RATIOS 

JNTO !NEUTRON PI+I/CNUCLEON PI) 
0.490 0.024 HUMPHREY 62 HSC 

CP21/1Pl+P21 R1 
R1 
R1 
R1 
R1 
R1 

SIGMA+ 
308 
534 

1331 
531 

0.46 0.02 CHANG 66 HBC 
0.4 88 O. 010 BARLOUT AU 69 HBC 
0.484 0.015 TOVEE 71 EMUL 

6/66 
K-P .4-1.2 GEV/C ll/69 

12/71 

Rl AVG 0.4835 0.0073 AVERAGE IERROR INCLUDES SCAlE FACTOR OF l.OJ 
Rl STUDENT 0.4838 0.0081 AVERAGE USING STUOENTlOIH/l.llJ -- SEE MAIN TEXT 

R2 
R2 
R2 
R2 

SIGMA+ INTO tNEUT PI+ GAJIU/IPhNJ CUNITS 10**-31 CP31/P21 
11.8) ABOUT BAliN2 65 HBC PI+ LT 116 MEV/C 8/67 

29 0.27 0.05 ANG 69 HBC PI+ LT 110 MEV/C 11/68 
180 0.93 0.10 EBENHOH 73 HBC . PI+ LT 150 MEV/C 3174 

SIGMA+ INTO ILAHBC:A E+ NEUI/TOTAL IUNITS 10**-51 CP41 R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 

4 (3.31 (1.71 WILLIS 64 HBC STOP. K- 9/66 
EVENTS FROM THIS EXPERIMENT,JNCLUOED IN ElSELEl 69 ll/69 

6 2.0 0.8 BARASH 67 HBC STOP K- 8/67 
5 1.6 0.1 BALTAY 6tJ HBC STOP K- 11/69 

10 2.9 1.0 ElSElEl 69 HBC STOP K- 10/69 

AVG 2 .. 02 0.47 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1~0) 

STUDENT 2.01 0~52 AVERAGE USING STUDENTlOIH/1.111 - SEE MAIN TEXT 

R4 
R• 

•• R4 
R4 
R• 
R4 

SIGMA+ INTO IP GAMMA I/ IP 
1 (0.06810R LESS· 

24 0 .. 37 0.08 
4 10.17) ., 0.21 0 .. 03 

31 0.276 0.051 

PIOJ CUNITS 10**-21 IP5J/IP1J 
CARRARA 64 HBC 
SALIN 65 HBC 
QUARENI 65 EMUL 
ANG 69 HBC STOP K-
GERSHWIN 69 HBC 

R4 AVG 0.240 0.035 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.41 

6/66 
10/69 
10/69 

R4 STUDENT 0.,239 O.D3D AVERAGE USING STUOENT1DIH/1.1U -- SEE MAIN TEXT 
I SEE IDEOGRAM BELOW J 

WEI&HTEO RVERR&E 0.240 * 0.035 
ERROR SCRLED BY 1.4 

69 HBC 
69 HBC 

CHJSQ 
0.5 
1.0 

65 HBC ...1..&... 
4.1 

!CONLEU 
0.4 0.6 =0.1261 

Sl&MR+ INTO !P &RMMRJ/!P PIOJ 

R5 SIGMA+ INTO IN E+ t.IEUJ/IN PI+I CUNITS 10*•-51 IP71iiP21 
R5 EO D 11622DJ EFFECTIVE DENCM. COURANT 64 HBC 
R5 -EO 0 12720JEFFECTIVE DENOM. MURPHY 64 HBC 
R5 EO 1 196901EFFECTIVE DENOM. NAUENBERG 64 HBC 
R5 0 0 1324061EFFECTIVE DENOM.. BIERMAN 68 HBC 

SEE NOTE E 
SEE NOTE E 
SEE NOTE E 

RS UA 0 18D4001EFFECTIVE OENOM. EISELE2 69 HBC + STOP K-
R5 UO 1 I30000JEFFECTIVE DENOM. NORTON 69 HBC 
RS 0 OLDER LOWER STATISTICS EXPTS. NOT INCLUDED IN AVERAGE. 
R5 U 0 105000 EFFECTIVE DENOM. SECHilORN 73 HBC STOP K-
R5 U A 0 111000 EFFECTIVE OENOM. EBENHOH 74 HBC STOP K-
R5 U EFFECTIVE DEN OM.. CALCULATED BY US 
R5 E EFFECTIVE DENOM. TAKEN FROM EISELE 67 
R5 A EISELE2 69 REPLACED BY BY EBENHOH 74~ 
R5 
R5 
R5 

R6 
R6 
R6 E 
R6 E 
R6 u 
R6 
R6 E 
R6 u 
R6 
R6 
R6 

R7 
R7 
R7 
R7 
R7 

~ •1:1• ·a; ~Ess· Cl=.90 OUR AVERAGE 12.3 EVTSJfCEFF.ONOM.SU/10 
NUMBER OF EVENTS INCREASED TO 2.3 FOR 90PC CONFIDENCE LEVEL 

SIGMA+ INTO IN MU+ NEUJ/lPJ+NJ (UNITS 10 .. -51 (P6)/IP21 
1 11201 ANALYSED EVENTS 
0 10150 EFFECTIVE OENOM. 
0 1110 EFFECTIVE DENOM. 
2 62000 EFFECTIVE DE NOM. 
0 33800 EFFECTIVE DENOM. 

EFFECTIVE DENOM. 
EFFECTIVE DENOM. 

GALTIERI 62 EHUL 
COURANT 64 HBC 
NAUENBERG 64 HBC 
EISELE2 69 H8C 
BAGGETT 69 HBC 
TAKEN FROM EISELE 67 
CALCULATED BY US 

NO RATIO QUOTED 
SEE NOTE E 
SEE NOTE E 

•6:2 • ·oR i.E is • CL ... 90 OUR AVERAGE 16.7 EVTSJI(EFF.ONOH.SUMI 
NUMBER OF EVENTS INCREASED TO 6.7 FOR 90PC CONFIDENCE LEVEL 

CSIGHA+ INTO LEPTONSJ/ISIGMA- INTO LEPTONS) 
0 0 .. 034 OR LESS BAGGETT 67 HBC 
1 0.08 OR LESS NORTON 69 HBC ......... 

O.Oit3 OR LESS CLz.90 OUR AVERAGE USING R5 AND R6 

R8 SIGMA+ INTO (PROTON E+ E-)/TOTAL IUNITS 10•*-6) IP8J 

11/67 
11/67 
6/68 
6/68 
6/68 

11/69 
2/16 
2/76 
1176 

11/67 
Il76 

2176 
2176 

11/61 
11/67 
11/67 
6/68 

11/68 
11/67 

2/76 
2176 

6/68 
10/69 

2176 

RB 7.0 OR LESS ANG 69 HBC STOP K- 1D/69 
R8 A ANG 69 FOUND 3 E+E- EVENTS IN AGREEMENT WITH GAMMA CONVERSION OF 
R8 A PROTON GAMMA DECAY -LIMIT GIVEN HERE IS FOR NEUTRAL CURRENT 

R9 ISIGHA+ INTO N MU+ NEUI/CSIGMA- INTO N Hu- NEU) 
R9 2 0~06 D.045 0.03 EISELE2 69 HBC +- STOP K- 10/69 
R9 
R9 0.12 OR LESS CLc.9Q OUR AVERAGE USING R6 2/11 

82 

Data Card Listings 
For notaUon, see key at front of Listings. 

RIO 
R10 E 
RIO 0 
R10 G 
RIO 
R10 
R10 
R10 
RIO 

A+O 
A+O 
A+O 

(SIGMA+ INTO N E+ NEIJJ/ISIGMA- INTO N E- NEU) 
0 (0~03) OR LESS Cl=.90 EISELE2 69 HBC +- STOP K-
0 CO.l2J OR LESS CL:c.95 COLE 71 HBC STOP K-

lOWER STAll STICS EXPERIMENT NOT I NCLUOEO IN AVERAGE 
D 0~018 OR LESS CL=~90 SECHIZORN 13 HBC STOP K-,POISSON 
D 0~019 OR LESS CL:::~90 EBENHOH 74 HBC +- STOP K-

EISELE2 69 REPLACED BY EBENHOH 74. 

0~009 OR LESS CLz.9D OUR AVERAGE USING R5 

19 SIGMA+ DECAY PARAMETERS 

RELATED TEXT SECTION VI D AND APPENDIX Ill 

ALPHA+/ALPHAO FOR SIGMA+ ISIG+ TO PH NIIISIG+ TO PID PI 
+0.04 D.ll CORK 60 CNTR SIG+ FROM PI+P 

1+0.201 10.241 TRIPP 62 HBC + REPLAC~BY SANGER 
A+O 0 3500 
A+O 0 2600 
A+D 20K 
A+O 0 

(-.0141 tO.D521 BANGERTER 66 HBC + SIG+ FROM K-P 
t-.047) 1~011 BERLEY 66 HBC + SIG+ FROM K-P 
-O.lD4 0~028 REUCROFT 77 HBC 
OLD RESULTS, HAVE BEEN REPLACED. SEE BELOW -

10/69 
10171 
2/76 
8173 

12175 
12175 

2176 

9/66 
9/66 
6177• 

A+O 
A+O 
A+O 
A+O 

AVG -0.095 
STUDENT -0.096 
FIT -0.074 

0.034 
D.D30 
0.015 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.31 
.AVERAGE USING STUOENTlDIH/1.11) - SEE MAIN TEXT 

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1~11 3178* 

A+ ALPHA+ FOR SIGMA+ I SIG+ TO PI+ NJ 
A+ 35DOO 0.069 0.017 BANGERTER 69 HBC 
A+ 41D1 0.031 O~D49 BERLEY 70 HBC 
A+ 

K-P AT 400 MEV/C 11/69 
12/70 

A+ AVG 
A+ STUDENT 

0.066 
D.066 
0.072 

O.Dl6 
O.D17 
D.OI5 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENT1DIH/l.ll) - SEE MAIN TEXT 

A+ FIT FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.DJ 3/78* 

AO ALPHAO FOR SIGMA+ ISIG+ INTO PIO PROTON) 
AD -0.80 0.16 BEALL 62 CNTR 
AD 1-0 .. 90) 10 .. 251 TRIPP 62 HBC 
AD 0 5200 1-0.9861 10.072) BANGERTER 66 HBC 
AD 320DO -0~999 0.022 BANGERTER 69 HBC 
AO H 1335 -0.98 0~05 D~02 HARRIS 70 OSPK 
AO 16K -0~940 0.045 BELLAMY 72 ASPK 
AO l 1259 -0.945 0.055 0.042 LIPMAN 73 OSPK 
AD l DECAY PROTONS SCATTERED OFF ALUMINUM. 
AO H DECAY PROTONS SCATTERED OFF CARBON. 
AO 

R EPLAC. BY BANGE 
K-P TO SIG+ PI-

PI+P TO SIG+ K+ 
Pl+P TO SIG+ K+ 
PI+P TO SIG + 

AD AVG -0.979 0.016 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1~0) 

.7/66 
10/69 

5170 
11172 
7/73 
1/13 

AD STUDENT -0~979 0.018 AVERAGE USING STUDENTlDIH/1.111 -- SEE MAIN TEXT 
AO FIT -0.978 0.016 FROM FIT (ERROR INCLUDES SCALE FACTOR Of 1.01 3178* 

F+ PHI+ ANGLE 
F+ a 370 U80.I 
f+ 560 143. 

Cl054 184. 

ISIG+ INTO N PIJ 
I3D~J 

29. 

S I Nl PHI )/COS I PHI )"'-BET A/ GAMMA I DEGREE I 
BERLEY 66 HBC + NEUTRON RESCATT. 
BANGERTI 69 HBC 
BERLEY 70 HBC K-P AT 400 MEV/C F+ 

F+ 
F+ 

C CHANGED FROM 
24. 

176 TO 184 TO AGREE WITH SIGN CONVENTION. 

9/66 
10/69 
11/69 

F+ AVG 167.3 
F+ STUDENT 167.5 

20.1 
21.2 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.11 
AVERAGE USING STUOENTlDIH/1~111 - SEE MAIN TEXT 

AG 
AG 

FO 
FO H 
FO L 
FO l 
FO H 
FO 

ALP HAG FOR SIGMA+ C SI G+ INTO PROTON GAMMA) 
61 -1~03 0.52 0.42 GERSHWIN 69 HBC K-P TO SIG PI 

PHIO ANGLE ISIG+ INTO PIO PROTON) SINIPH11/CDSIPHII=BETA/GAMMA IOEGJ 
22.0 90.0 HARRIS 70 OSPK PI+P TO SIG+ K+ 

1259 38.1 35.7 37~1 LIPMAN 73 OSPK PI+P TO SIG+K+ 
DECAY PROTON SCATTERED OFF ALUMINUM. 
DECAY PROTONS SCATTERED OFF CARBON. 

11/69 

5/70 
7/73 
7!73 

FO AVG 35.8 
FO STUDENT 35.8 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTIOIH/1.11} -- SEE MAIN TEXT 

........................ ••••**••• ••••••••••••••••••••••••••••••••••• 

CORK 
EVANS 
FREOEN 
KAPLON 
PUSCHEL 

60 PR 120 10DD. 
60 NC 15 873 
60 NC 16 611 
60 ANP 9 139 
60 NP 2D 254 

BARKAS 61 PR 124 1209 
BERTHELO 61 NC 21 693 
CHIESA 61 NC 19 117.1 

BEAll 62 PRL B 75 
GRARO 62 PR 127 607 
GALTIERI 62 PRL 9 26 
HUMPHREY 62 PR 127 I305 
TRIPP 62 PRL 9 66 

BARKAS 63 PRL 11 26 
ALSO 61 UCRL 9450 

BHOWMit< 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 

SALT AY 
BAZIN 
BAZIN2 
CARAVAN 
QUARENI 
SCHMIDT 

65 PR 140 B 1D27 
65 PRL 14 154 
65 PR UO 81358 
65 PR 136 B 433 
65 NC 40 A 928 
65 PR 140 B 1328 

REfERENCES FOR SIGMA+ 

CORK, KERTH, WENZEltCRONI N, COOl I LRL+PRIN+BNLI 
BR IS T +BRUSS+ I A S-U. CDL-DUBLI N+L ON+ MIL AN+P AD 
S fREOEN,H KORNBLUM,R WHITE ILRLI 
M KAPLON,A MELISSINOS,YAMANOUCHI IROCHJ 
W PUSCHEL (MAX PLANCK INSTI 

BARKAS tOYER ,MASON, NICHOLS t SMITH ILRLI 
BERTHElOT tOAUDIN, GOUSSU + I SACLAY+ORSAY I 
CHIESA,QUASSIATI, RINAUDO C INFN-TURINI 

BEALL ,CORK,KEEfE, MURPHY ,WENZEL ILRL J 
F GRAROtG A SMITH ILRLl 
GAL TIER I ,BARKAS, HECKMAN, PATRICK, SMITH C LRU 
W E HUMPHREY,R R ROSS ILRLI 
R 0 TRIPP,M B WATSQN,M FERRO-LUZZI ILRU 

W H BARKAS,J N OYER,H H HECKMANN ILRL) 
JOHN OYER !THESIS, BERKELEY} ILRLI 

B BHOWMIK,P JAIN,P MATHURtlAKSHMI I DELHI J 
CARRARArCREST I,GR IGOLETTO, PERUZZO+ CPAOOVA) 
COURANT ,Fil THUTH+ ICERN+HEID+UMD+NRt+BNl) 
C THORNTON MURPHY IWISCONSINJ 
NAUENBERGtMARATECK, + ICOLU+RUTG+PR IN) 
\JIIll IS, COURANT ,ENGELMAN+( BNL ,CERN, HEIDt UMOJ 

SAL TAY,SANDWEISS,CULWICK,KOPP + CYALE+8NLJ 
BAZINrBLUMENFELDtNAUENBERG + IPRIN+COLU) 
BAZ IN ,PLANO, SCHMIDT+ l PRIN, RUTG, COLU I 
CARAYANNOPOULOS, T AUTFEST, WILLMANN I PURDUE I 
QUARENitCARTACCI + IBGNA,FIRZ,GEN0 1 PARMAJ 
P SCHMIDT ICOLUHBIAI 

BANGERT E 66 PRl 11 495 BANGERTER,GAL T1 ER 1, BERGE, MURRAY+ ILRLI 
BERlEY 66 PRL 17 1011 +HERZ6ACH,KOFLER,YAMAMOTO + IBNL+MASA+YALEI 
CHANG 66 PR 151 1081 CHUNG YUN CHANG ICOLUMSIAJ 

ALSO 65 NEVIS 145 THESIS CHUNG YUN CHANG ICOtUMBJAJ 
CHIEN 66 PR 152 1171 +LACH,SANDWEISS,TAFT,YEH,QREN + fYALE+BNLI 
COOK 66 PRL 11 223 V COOK,EWART,MASEK,ORR,PLATNER CWASHINGTONJ 

BAGGETT 67 PRL 19 1458 
ALSO 68 VIENNA ABS. 374 
ALSO 68 PRIVATE COMM. 

BARASH 67 PRL 19 181 
EISElE 67 ZPHYS 205 409 
HYI"AN 67 PL 25 B 376 
KOTELCHU 67 PR1. 18 1166 
SULLIVAN 67 PRL 18 1161 

ALSO 64 PRL 13 246 

BAGGETT, DAY ,GLASSER ,KEHOE, KNOP+ 
BAGGETT, KEHOE 
N. BAGGETT 

(MARYLAND I 
I MARYLAND} 
!MARYLAND I 

BARASH,OAYtGLASSER,KEHOE,KNOP + IMARYLANOI 
+ENGELMANN, FI l THUTH ,FOL ISH tHEPP+ I HE 10) 
+LOKEN, PEWITT ,MCKENZIE,+ I ANL+CARN+NWES I 
KOTELCHUCK, GOZA, SUL Ll VAN,ROSS {VANDERBILT) 
SULLIVANtMCINTURFF, KOTELCHUCH I VANOERBIL TJ 
A 0 MCINTURFFtC E RODS IVANDERBILTJ 
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Data Card Listings 
-._For notation, see key at front of Listings .. 

81 ERMAN 
COMBE 
MAST 

68 PRL 20 1459 
68 NC 57A 54 
68 PRl 20 1312 

ANG 69 ZPHYS 228 151 
BAGGETT 69 MOOP-TR-973 
BALTAY 69 PRL 22 615 
BANGERT E 69 UCRL-19244 
BANGERTl 69 PR 187 1821 

BIERMAN,KOUNOSU,NAUENBERG + tPRINCETON) 
CERN-SRI S TOL -LAUSANNE-HUN I CH-ROME-COllABOR 
MAST,GERSHWIN,ALSTGN-GARNJOST + tlRLJ 

+EBENHOH, E 1 SELE ,ENGElMANN, F Il THUTH+ I HE I 0 I 
N V BAGGETT ITHESIS I (UMOI 
SAL lAY ,FRANZ INI, NEWMAN, NORTON+ ICOlUt STON I 
ROGER ODEll BANGERTER t THESIS I ( LRL I 
BANGERTER, GARNJOST, GALT I ER I, GERSHWIN+ t LRL I 

BARLOUTA 69 NP 814 153 BARLOUTAUO,BELLEFONtGRANET+(SACL+CERN+HEIOI 
EISElE! 69 ZPHYS 221 1 +.ENGELMANN,FILTHUTH,FOHLISCH,HEPP+ IHEIOI 
EISELE2 69 ZPHYS 221 401 +ENGELHANN,FILTHUTHoFOHLISCH,HEPP+ (HEIDI 
GERSHWIN 69 PR 188 2077 +ALSTON-GARNJOST,BANGERTER + ILRLJ 

ALSO UCRL 19246 THESIS LAWRENCE K GERSHWIN ILRLJ 
NORTON 69 NEVIS 115· {THESIS I HERBERT NORTON (COLUMBIA I 

BEP.lEY 
EISELE 
HARRIS 

70 PR 01 2015 
70 ZPHY 238 372 
10 PRL 24 165 

AllEY 71 PR 03 75 
BAKKER 71 LNC 1 37 
COLE 71 PR 04 63l 
TOVEE 11 NP 833 493 
BELLAMY 72 PL 39B 299 
BOHM 72 NP 848 1 

ALSO 13 IIHE-73.2 NOV 

EBENHOH 73 ZPHY 264 413 
ll PMAN 73 PL 438 89 
SAHA 73 PR 07 3295 
SECHIZOF< 73 PR 08 12 

EBENHOH 74 ZPHY 266 367 
CGNFORTO 76 NP B105 189 
DOBLE 71 PL 67B 483 
REUCROFT 77 PR 015 5 

GLASER 58 CERN CONF 270 

+YAMI Nt HERT ZBACHt KOFLER + 
+F IL THUTH,HEPP, PRESSER., Z ECH 
+OY ERSETHt PONDROM, DETTMANN 

I BNL, HASA, YALE I 
IHEIOELBERGJ 

IMICH,WISCI 

+BENBROOK,COOK,GLASS,GREEN,HAGUE + CWASHI 
+,SABRE COLLA B. I Z EEM+SACL+BGNA+REHO+EPDL I 
+LE E-FRANZI Nl t lOYEL ESS, SALT AY+ I STON, COLU I 
L OUC, BELGRADE, BERL t BRUX ,DUBLIN, WARS COLLAB 
+ANDERSON, CRAWFORD, OSMON+ ILOWC+RHEL+SUSS I 
BERll N+BELGRADE+BRUX+DUBL IN+LOUC+WARSAW 
BRUSSELS BULLETIN, SAME COLlABORATION 

+E1 SELE tF H. THUTH tHE PPt LEtT NER, THOUW+ IHE I D) 
+UTO, WALKER, MONTGOMERY+ I RHEL+SUSS+LOWC l 
+FETKOVICH,HEINTZELMAN,MEL TZER + ICARNJ 
B.SECHI-ZORN,G.,SNOW IUMOI 

+EISELEoENGELMANN,FILTHUTH,HEPP + IHEIDI 
+GOPAL,KALMUS,LITCHFIELO,ROSS + lf!HEL+Ui.ICJ 
+GOTTSTE I NtHANSL, HERYNEK+ IMP IM+BOHR+VAND l 
+ROOS,WATERS,WEBSTERtHANSL + CVANO+HPIMJ 

PAPERS NOT REFERRED TO IN DATA CARDS 

GLASER,GOOD,MORRI SON I MICH+LRLI 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS 

TRIPP 62 PRL 8 175 R. TRIPP,M WATSON,M FERRO-LUZZI ~ ILRLI p 
ALFF 63 SIENA CONF 1 205 ALFF,NAUENBERG,KIRSCHt+ ICOLU+RUTG+BNLJ 

ALSO 65 PR 137 B 1105 ALFF,GELFANO,BRUGGER,BERLEY+ICOLU+RUTG+BNll 
COURANT 63 SIENA CONF 1 73 COURANT,FilTHUTH,BURNSTEIN,DAY+ fCERN+UMDI 

****** •••••**** *'******** ********* ********* ********* o•••••••• ******** ................... ········* ********* ....................................................... . 

M 
M 
M 

20 SIGMA-( 1198, JP=1/2+1 1=1 

20 SIGMA- MASS OIEVJ 

SEE NOTE PRECEDING LAMBDA MASS liSTINGS 

300D 1197.43 O.(l8 SCHMIDT 6 5 HBC SEE NOTE N ........... 
FIT 1197.35 0.06 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

20 ISIGMA-1 - ISIGMA+I MASS DIFFERENCE IMEVI 

87 
2500 

86 

8.25 
8 .. 25 
7.91 

0.40 
0.25 
0 .. 23 

BARKAS 
DOSCH 
BOHM 

63 EMUL -
65 HBC 
72 EMUL 

3174 

2/18* 

1/73 

AVG 
STUDENT 
FIT 

8 .. 09 
8.10 
7.98 

0 .. 16 
D.18 
o.o8 

AVERAGE (ERROR INClUDES SCALE FACTOR OF 1 .. 01 
AVERAGE USING STUOENTlOIH/1.111 - SEE MAIN TEXT 

FROM FIT tERROR INCLUDES SCALE FACTOR OF 1 .. 21 2/78* 

20 CSIGHA-J - llAMBDAJ MASS DIFFERENCE IMEVI 

DL N SEE NOTE PRECEDING t.AMBOA MASS LISTINGS .. 

OL 
OL 85 
OL 2279 
OL 

81.70 
81.80 
81.64 

0.19 
0 .. 13 
0 .. 09 

BURNSTEIN 64 HBC 
SCHMIDT 65 HBC SEE NOTE N 
HEPP 68 HBC 

9/66 
3174 
8/68 

Ol AVG 
Ol STUDENT 

81.693 
81.692 
81.750 

0.069 
0 .. 011 
0 .. 054 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.DJ 
AVERAGE USING STUDENT10(H/l.1U-- SEE MAIN TEXT 

DL FIT FROM FIT IERROR INCLUDES SCALE FACTOR OF 1 .. 01 2178* 

T 
T 
T 
T 
T 
T C 
T S 

• .T S 
,_ T 

T 
T 
T 
T 
T 
T 
T C 
T S 
T 

45 
41 

1208 
3267 

61 
64 

506 
10253 

.1M 
1383 

2D SIGMA- MEAN LIFE CUNJTS 10**-10) 

1.67 0.40 0.28 BROWN 58 HLBC 
1.89 0 .. 33 0.25 EISLER 58 HLBC 
1.35 0 .. 32 0.17 CHIESA 61 EMUl 
1.75 0.39 0.30 BARKAS 61 EMUL 
1.58 0.06 0·.06 HUMPHREY 62 HBC STOP. K-
1.666 0.075 CHANG 66 HBC STOP. K-

(2.081 (D.221 CHIEN 66 HBC - 6.9 PBAR P 
Cl.461 10.311 CHIEN 66 HBC + 6.9 PBAR PtANTI 
1.38 0.07 WHITESIDE 68 HBC STOP. K-
1.412 0.016 BARLOUTAU 69 HBC K-P .4-1.2 GEV/C 
1.485 0.022 EISELE 7D HBC K-P AT REST 
1 .. 42 0.05 BAKKER 71 D8C - K-N TO SIG- 2Pl 
1 .. 41 0.09 0.08 TOVEE 71 EMUL 

2400 1.463 0,.039 ROBERTSON 72 HBC K-P .25 GEV/C 
8437 1.49 0.03 CONFORTO 76 HBC K-P 1-1.4 GEV/C 

CHANG ERROR O.D18 RAISED BY US .. SEE 1970 EDITION, RMP 42,123(197DI 
ERROR PURELY STATISTICAL. 

6/66 
9/67 
9/67 
6/68 

11/69 
2171 

10/71 
12171 

3174 
11117* 
1173 

AVG 1.483 0.015 0.014 AVERAGE (ERROR INCL. SCALE FACTOR OF 1.,41 
STUDENT 1.481 0.012 D.Ol2 AVG BY STUOENTLOIHI1.1ll -- SEE MAIN TEXT 

ISEE IDEOGRAM BELOW I 

0.4 

l 

Stable Particles 
:E+, :E-

~EIGHTEO AVERAGE = o.J742 • 0.0066 
ERROR SCALED BV ~-4 

·CONFORTO 76 HBC 
·ROBERTSON 72 HBC 
·TOVEE 71 EMUL 
·BAKKER 71 OBC 

··EISELE 70 HBC 
·BARLOUTAU 69 HBC 
·~HITESIOE 6B HBC 
·CHANG 66 HBC 

· ·HUMPHREY 62 HBC· 
· ·BARKAS 61 EMUL 

-i+-11--''---- ·CHIESA 61 EMUL 
--~'---- ·EISLER 58 HLBC 

·BRO~N 58 HLBC 

0.8 1.0 

CHI SQ. 
0.0 
0.3 
0.7 
1.5 
o.o 
0.5 
1.9 
7.5 
2.9 

15.2 
ICONLEV 
=0.055) 

SIGMA- OECAV RATE !UNITS 10••10 SEC-1J 

20 SIGMA- MAGNETIC MOMENT CMAGNETONS ,938.26 MEV I 

MM R BTWN -1.6 AND +0.8 FOX 73 CNTR SIG-ATOM FINE ST 3/74 
SIG-ATOM FINE ST 12175 

12175 
MM R -1.48 0 .. 37 ROBERTS 74 CNTR 
MH R ROBERTS 74 INCLUDES DA!A FROM FOX 13 .• 

P1 
P2 
P3 

•• 
P5 

20 SIGMA- PART!I AL DECAY MODES 

SIGMA- INTO NEUTRON PI-
SIGMA- INTO NEUTRON PI- GAMMA 
SIGMA- INTO NEUTRON MU- NEUTRINO 
SIGMA- INTO NEUTRON E- NEUTRINO 
SIGMA- INTO LAMBDA E- NEUTRINO 

DECAY MASSES 
939+ 139 
939+ 139+ 
939+ 105+ 
939+ • 5+ 

1115+ .5+ 

-- ----- ------ ------- ------- ----- ------- ------

R1 
R1 
R1 
R1 
R1 
Rl 
R1 

SIGMA- INTO 
22 0.66 
11 0.56 
56 0.43 
72 0.43 
13 0 .. 38 

20 SIGMA- BRANCHING RATIOS 

IN MU- NEUI!(N PI-I IUNJTS 10**-31 
0 .. 15 COURANT 64 H8C 
0.2D BAZIN 65 HBC 
0.09 BAGGETT 69 HBC 
O. 06 ANG 1 69 HBC 
0.11 COLE 71 HBC 

IP31/1Pll 

FROM STOP. K
STOP. K-
STOP K-
STOP K-

0 .. 043 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 

6/66 
10/69 
10/69 
10/71 

0.047 AVERAGE USING STUDENTLOIH/1.111 - SEE MAIN TEXT 
R1 AVG 
R1 STUDENT 

R2 
R2 
R2 
R2 
R2 
R2 

SIGMA- INTO IN f.. NEUJ!(N PI-I 
9 1.0 0.4 0.3 

16 1 .. 37 0.34 
16 1.15 0.4 
31 1.4 0.3 

18D 1.11 0 .. 09 

IUNITS 10**-31 
MURPHY 64 HLBC 
NAUENBERG 61t HBC 
MILLER 64 F8C 
COURANT 64 HBC 
BIERMAN 68 HBC 

IP41/(Pll 

R2 A 331 11.021 IO.OBI ANG 1 69 HBC - STOP K
STOP K
STOP K
STOP K-

6/68 
10/69 
10171 

8173 
1176 
1/76 

R2 57 0 .. 97 D.15 
R2 455 1.05 o.o7 
R2 A 601 1 .. 09 O.D6 
R2 A ANG 1 69 REPLACED BY 
R2 

COLE 71 HSC 
SECHIZORN 73 "HBC 
EBENHOH 74 HBC 

EBENHOH 74. 

R2 AVG 1.082 
1.082 

0.038 
0.041 

AVERAGE IERROR INCLUDES SCALE FACTOR bF 1.01 
AVERAGE USING STUDENHOIH/1.111 -- SEE MAIN TEXT R2 STUDENT 

SIGMA- INTO ILAMBDA E- NEUJIIN PI-I IUNITS 10**-41 R3 
R3 IP5111Pll 

R3 
R3 
R3 
R3 
R3 

11 
35 
31 
31 

0.75 
0.64 
0 .. 69 
0.52 

0.28 COURANT 64 HBC STOP. K-
0.12 BARASH 67 HBC STOP K- 8/67 
0.12 EISELE! 69 HBC STOP K- 10/69 
0. 09 SAl TAY 69 HBC STOP K- 4/69 

R3 AVG 0 .. 604 
0.605 

0.060 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
R3 STUDENT 0.069 AVERAGE USING STUDENTIOIH/1.111 - SEE MAIN TEXT 

R4 

•• R4 

SIGMA- INTO IN PI- GAMMAIIlN PI-I IUNITS 10**-31 IP2J!IPU 
U.liAPPROXIM· BAZIN 65 HBC PI- LT 166 MEV/C 8/67 

23 0.10 .02 ANG 2 69 HBC PI- lT 110 MEV/C 10/69 
R4 292 0.46 0.06 EBENHOH 73 HBC PI+ LT 150 MEV/C 3/74 

A-

20 SIGMA- DECAY PARAMETERS 

RELATED TEXT SECTION VI D AND APPENDIX II I 

ALPHA SIGMA-
A- 1-0 .. 161 (0 .. 211 TRIPP 62 HBC 
A- 0 6500 I-O.D101 10.0431 BANGERTER 66 HBC 
A- 0 6068 I-D .. 1041 10.041 BERLEY 67 HBC 
A- 51000 -0.011 0.012 BANGERTER 69 HBC 
A- 8 5978 1-0.1.341 (0.C341 BERLEY 70 -HBC 
A- 60000 -0.067 0.011 BOGERT 70 HBC 
A- 0 OLD RESUlTS. HAVE BEEN REPLACED. 
A- B BERLEY 7D REPLACED BY BOGERT 70 

REPL. BY BANGERTE 
K-P TO SIG- PI+ 7/66 
K-P TO SIG- PI+ 11/67 

10/69 
K-P AT 400 MEV/C 2/71 
K-P AT 400 MEV/C 12170 

2/71 

A
A
A-

AVG • .:a:o688 • 0.Qo8t AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 
STUDENT -D.0688 0,.0087 AVERAGE USING STUOENTlOCH/1 .. 111 - SEE MAIN TEXT 

F- PHI ANGLE ISJNIPHII/COSIPHIJ:BETA/GAMMAI IDEGREESI 
F- 0 1006 1+22.1 {30.) BERLEY 67 HBC K-P TO SIG- PI+ 11/67 
F- 1385 14. 19. BANGERTl 69 HBC 10/69 
F- C1092 + 5.. 23.. BERLEY 70 HBC NEUTRON RESCATT. 11/69 
F- C CHANGED FROM -5 TO +5 TO AGREE WITH S JGN CONVENTION 

~= AVG io:3., • •14 .. 6 
F- STUDENT_ 10.4_ 15.8 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOIH/1.111 -- SEE MAIN fEXT 



Stable Particles 
L-, L0 

AV GV/GA FOR SIGMA TO LAMBDA BETA DECAY ITEXT SEC VI 0.1 FOR SIGN CONVJ 
AY PREDICTED TO BE ZERO BY CONSERVED VECTOR CURRENT THEORY 
AV FB 45 (0.31 J {0.301 BARASH 67 HBC 
AV FS 51 10.71 10.41 BALTAY 6'9 HBC USING SJG'i'-
AV FS Bl 1+0.221 10.281 ElSElEl 69 HBC 
AV F S 186 0.37 0.20 ·fRANZJNI 72 HBC USING SIG+-
AV T 55 -0.17 0.35 TANENBAUM 75 SPEC 
AV 8 BARASA 67 MEASURED ABSOLUTE VALUE. 
AY S SIGN CHANGED TO AGREE WITH OUR CONVENTION. 
AV F FRANZINI 72 INCLUDES EVENTS OF BARASH 67. EISELEl 69, BALTAY 69. 
AV T WE QUOTE TANENBAUM 75 WHICH ASSUMES CVC WK MAG TERM. 
AV 

11/67 
4/69 

10/68 
l/73 

12/75 

1173 
1/76 

AV AVG 
AV STUDENT 

0.24 
0.24 

0.23 
0.20 

AVERAGE IERROR INCLUDES SCALE FACTOR OF t.3J 
AVERAGE USING STUDENTlOIH/1.111 -- SEE HAIN TEXT 

AV1 
AV1 
AV1 
AV1 
AV1 
AV1 
AV1 
AV1 
AV1 
AV1 
AV1 
AV1 

GA/GV FOR SIGMA TO NEUTRON BETA OECAYCTEXT SEC VI 0.1 FOR SIGN CONVI 
57 10.051 10.231 (0.321 GERSHWIN 68 HBC REPLACED BY GER.M 6168 
61 +0.19 0.20 0.17 GERSHWIN 69 HBC POLARIZED SIGMAS 10/69 
63 -0.33 0.30 0.85 BOGERT 70 HBC K-P AT 400 MEV/C 10/70 
43 -0.4 0.52 1.5 ElliS 72 ASPK POLARIZED SIGMAS 10/71 

C+O.lOI 10.111 ELLIS 72 RVUE SUM LJKEL.t+SOll 10/71 
C-0.27) 10.131 10.171 ELLIS 72 RVUE SUM LIKEL.t-SOLI 10171 

ELLIS 72 HAS COMBINED THE MAXIMUM LIKELIHOODS OF COLLERAJNE 69 9 3/72 
EISELE2 69, GERSHWIN 69t ELLIS 72, AND GETS TWO POSSIBLE VALUES. 3172 

AVG 0.13 
STUDENT 0.13 

0.17 
0.19 

AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTlOtH/l.lll - SEE MAIN TEXT 

AV2 
AV2 
AV2 
AV2 
AV2 
AV2 
AV2 

ABSOLUTE VALUE OF GA/GV FOR SIGMA TO NEUTRON BETA DECAY 
49 0.23 0.16 COLLERAIN 69 HBC NEUTRON SCATTER 10/69 

·10/69 
6/72 

10/14 
H.E.HYPERON BEAM 11177* 

33 0.37 0.26 0.19 EISELE2 69 HBC NEUTRON SCATTER 
36 0.29 0.28 0.29 BALTAY 72 HBC NEUTRON SCATTER 

3507 0.435 0.035 TANENBAU 74 ASPK 
519 0.17 0.07 0.09 DECAMP 77 ELEC 

AV2 AVG 0.385 
0.396 

0.070 AVERAGE IERROR INCLUDES SCALE FACTOR OF 2.31 
AV2 STUDENT 0.041 AVERAGE USING STUOENT101H/1.1U - SEE MAIN TEXT 

(SEE IDEOGRA"' BELOW I 

UEIGHTED AVERAGE = D.385 * 0.070 
ERRDR SCALED BY 2.3 

-r-

.£!ill.9. 
-+-· · ·DECAMP 77 ELEC 7.2 

+ •TAHENBAU 74 ASPK 2.1 

"' •BAL TAY 72 HBC 

/ \. ·EISELE2 69 HBC 

' ·t· ·CDLLERAIH 69 HBC _Q_,L 

_/ 10.2 
!CDNLEV 

-0.2 D.2 0.6 1.0 =0.006) 
ABS!GA/GVl .FDR SIGMA TD H BETA DECAY ······ ............................................................. . 

REFERENCES FOR SIGMA-

BROWN 58 CERN CONF 270 BROMNtGLASER,GRAVES ,PERL,CRONIN + UUCHI 
EISLER 58 NC SERlO 10 150 EISLER,BASSitCONVERSI+ tCOLUtBNLtBGNAtPISAI 

BARKAS 61 PR 124 1209 
CHIESA 61 NC 19 1171 
HJMPHREY 62 PR 127 1305 
TRIPP 62 PRL 9 66 

BARKAS 63 PRL 11 26 
BURNSTE I 64 PRL 13 66 
COURANT 64 PR 136 8 1791 
MILLER 64 PL 11 262 
MURPHY 64 PR 134 B 188 
NAUENBER 64 PRL 12 619 

BAZ IN 65 PR 140 B 1358 
DOSCH 65 Pl 14 239 

ALSO 66 PR 151 1081 
SCHMlOT 65 PR 140 B 1326 
BANGERT E 66 PRL 17 495 
CHANG 66 PR 151 1061 
CHIEN b6 PR 152 1171 

"BARASH 61 PRL 19 181 
BERLEY 67 PRL 19 919 
BIERfiAN 68 PRL 20 1459 
GERSHWIN 68 PRL 20 1270 
HEPP 68 ZPHY 214 
WHITESID 68 NC 54A 537 

ANG 1 69 ZPHY 223 103 
ANG 2 69 ZPHY 228 151 
BAGGETT 69 PRL 23 249 
BALTAY 69 PRL 22 615 
BANGERTE 69 UCRL-19244 
BANGERT 1 69 PR 187 1821 

BARLOUTA 69 NP 814 153 
COLLERAI 69 PRL 23 198 
EISELEl 69 ZPHY 221 1 
EI SELE2 69 ZPHY 223 487 
GERSHWIN 69 UCRL-19246 

BERLEY 
BOGERT 
EISELE 

70 PR 01 2015 
70 PR 02 6 
70 ZPHY 238 372 

BARKAS, DYER, MASON, N ICKOLSt SMITH 
A M CHJESAtB QUASSlATitG RINAUDO 
\lj E HUMPHREY,R R ROSS 
P. 0 TRIPPtM WATSON,M FERRO-LUZZI 

ILRLJ 
CTURINI 

CLRL. 
(LRLI 

W H BARKAS,J N DYER,H H HECKMAN ILRL1 
BURNSTEIN,DAYtKEHOE tSECHI ZORNtSNOW IUMDI 
COURANT ,FILTHUTH+ ICERN+HEJD+UMD+NRL+BNL I 
MILLER, S T ANNARDt BEZAGUET + C LDUC tEPOL+BERG I 
C THORNTON MURPHY IWISCONSINI 
NAUENBERG1 SCHM lOT t HARATECK+ ICOLU+RUTG+PR IN I 

BAZIN,PLANO,SCHMIOT + IPRIN+RUTG+COLUI 
DOSCH,ENGELMANN,Fll THUTH,HEPP,KLUGE+ I HElD. 
CHUNG YUN CHANG ' (COLUMBIA) 
P SCHMIDT tCOLUMBIAI 
BANGERTERtGAL TJERI, BERGE,MURRAY+ ILRL I 
CHUNG YUN CHANG "ICOLUMBIAI 
+LACH,SANOWEISS,T~FT,YEHrOREN + IYALE+BNLJ 

BARASH,DAY,GLASSERoKEHOEtKNOP + IMARYLANDJ 
BERLEY,HERTZBACH,KOFLER + IBNL,MASA,YALEI 
BIERMANtKOUNOSU,NAUENBERG + IPRINCETONI 
GERSHWINtALSTON-GARNJOST, BANGERTER+ ILRL I 

71 V.HEPP,H. SCHLEICH IHEIDELBERGJ 
H. WHITESIDEtJ• GOLLUB IOBERLINI 

ANG,ElSELErENGELMANN,FILTHUTH + IHEJD) 
+EBENHOR, EISELE, ENGELMANN, FI L THUTH+ I HE 1 Dl 
BAGGETT 1 KEHOE, SNOW fUN IV MARYLAND I 
SAL TAY,FRANZINJ ,NEWMAN,NORTDN+ ICOLU, STONI 
ROGER DOELL BANGERTER ITHES IS I ILRL) 
SANGER TERtGARNJOST, GALT I ERI, GERSHWIN+ I LRLI 

SARLOUT AUOt BELLEFON ,GRANET +I SACL+CERN+HEI 0 I 
COLLERAJ NEt DAYt GLAS SERt KNOP+t UNJ V MARYLAND I 
+ENGELMANN, FIL THUTH,FOHLI SCH, HEPP+ tHE I 0) 
EISELE, ENGELMANN, Fl LTHUTHr FOHt ISCH+. (HE to I 
LAWRENCE KENNETH GERSHWIN ITHESISI ILRU 

+YAMIN,HERTZBACHrKOFLER + IBNL,MASA,YALEI 
+LUCAS,TAFT,WilliStBERLEY + IBNL,MASA,YALEI 
+F I L THUTH,HEPP, PRESSER t ZECH I HEIDEL BERG. 

84 

Data Card Listings 
For notation, see key at front of Listings. 

BAKKER 11 LNC 1 37 
COLE 71 PR 04 631 

ALSO 69 NEVIS-115 THESIS 
TOVEE 71 NP 833 493 

BAL TAY 72 PR D5 1569 
BOHM 12 NP 848 1 
ELL 1 S .72 NP 839 17 
FRANZINI 72 PR 06 2417 
ROBERTSD 72 THESIS 

EBENHOH 13 ZPHY 264 413 
FOX 73 PRL 31 1084 
SECHIZOR 73 PR 08 12 
EBENHOH 74 ZPHY 266 367 
ROBERTS 74 PRL 32 1265 

ALSO 74 PRL 33 122 
ALSO 75 PR D12 1232 

TANENBAU 74 PRL 33 175 
ALSO 75 TANENBAUM 

TANENBAU 75 PR D12 1871 
CONFORTO 76 NP B105 189 
DECAMP 11 PL 66B 295 

BROWN 57 PR 108 1036 
NIETO 68 RMP 40 140 

+,SABRE COLLAB. I ZEEM+SACL +BGNA+REHO+EPDLI 
+L EE-FRANZINI, LOVELESS, BAL lAY+ I STON ,COLU I 
HERBERT NORTON I COLUMBIA I 
LDUC, BELGRADE • BERt, BRUX • DUBliN ,WARS COL LAB 

+FEINMAN, FRANZ INI, NEWMAN, YEH+ CCOLU+STON J 
BEkL I N+B ELGRAOE+ BRUX+OUBLI N+LOUC +WARSAW 
OXF+AERE+RHEL+LOQH+LYON+NWE S+I TEP COLLABOR 
COLUMBI A+HEJOELBERG+MARYLAND+STONY BROOK 
R.M.ROBERTSON . (I ITI 

+E 1SELE, F lL THUTH, HE PP tL EITNER, THOUW+ I HE I 0 t 
+LAM9 BARNES, EISENSTEIN+ I BNL +VPI+Wt LL+WYOM) 
8 .SECHI-ZORNt G. 5'-IOW tuMD I 
+EISELE,ENGELMANN,FJlTHUTH9HEPP + IHEIDI 
WILL +VP I+CARN+WYOM+CIT COLLABORAT JON 
ERRATUM TO ROBERTS 74 
ROBERTS,COX + I~ILL+VPI+CARN+WYOM+CIT+BNLI 
TANENBAUMtHUNGERBUEHLER + IYALE+FNAL+BNU 

TANENBAUM,HUNGERBUEHLER + IYALE+FNAL+BNL I 
+GOPAL,KALMUS,LITCHFIELD,ROSS + IRHEL+LOICJ 
+BAOi ER, BLAND,CHOLL ET 9 GAIL LARD+ ILALO+EPOL l 

PAPERS NOT REFERRED TO IN DATA CARDS 

J BROWN, 0 GLASER, M PERL 
M NIETO 

IMICH+BNL I 
ISTONJ 

****** ********* ***•••••• ••••••••• ********* ••••••••• ********* ******** 
****** ********* ********* *****•••• ••******* ********* ••••••••••••••••• 

01 N 

01 
01 
01 
01 
01 AVG 

21 SIGMA0t1193,.JP=1/2+J 1=1 

21 ISIGMA-1 - ISIGMAOI MASS DIFFERENCE tMEVJ 
SEE NOTE PRECEDING LAMBDA MASS LISTINGS. 

18 4.75 
37 4.87 
12 5.01 

4.B60 

0.1 
0.12 
0.12 

BURNSTEIN 64 HBC 
DOSCH 65 HBC 
SCHMIDT 65 HBC SEE. NOTE N 

0.076 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.21 

3/14 

01 STUDENT 
01 FIT 

4.860 
4.882 

0.011 AVERAGE USING STUOENTlOtH/1.111 - SEE MAIN TEXT 
0.063 FROM FIT tERROR INCLUDES SCALE FACTOR OF l.OJ 2118* 
IS EE 1 DEOGRAM BELOW ) 

4.4 

UEIGHTED AVERAGE = 4.860 s 0.076 
ERROR SCALED BY 1.2 

4.8 

Vaiues above of weighted average, 
error, anti 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. 

CHISQ 
· · ·SCHMIDT 65 HBC 1.6 

65 HBC . 0 .o 
64 HBC _!_,_L 

2.8 

5.2 5.6 
!CDNLEV. 
=0.249) 

!SIGMA-l-lSIGMAOl MASS DIFFERENCE 

21 ISIGMAOI - CLAMBDAI MASS DIFFERENCE tMEVJ 

DL N SEE NOTE PRECEDING LAMBDA MASS LISTINGS. 

OL 208 76.63 0.28 
0.55 

SCHMIDT 65 HBC SEE NOTE N 6/68 
DL 109 76.23 COLAS 75 HlBC LAMBDA-GAMMA DEC 12/75 
Ol 
OL AVG 16.55 
DL STUDENT 76.55 
DL FIT 76.81 

0.25 
. 0.27 

0.08 

AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTlO(H/1.111 - SEE MAIN TEXT 

FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 2/78* 

21 SIGMAO MEAN LifE {UNITS 10**-19) 

62 EMUL CE-H OR LESSI 
0.58 0.13 

DAVIS 
DYOAK 77 SPEC PRIMAKOFf EFFECT 

P1 
Pl 
P3 

R1 
R1 

21 ,SIGMAO PARTIAL DECAY HODES 

SIGMAO INTO LAMBDA GAMMA 
SIGMAO INTO LAMBDA E+ E
SIGMAO INTO LAMBDA GAMMA GAMMA 

21 SIGMAO BRANCHING RATIOS 

SIGMAD .INTDtLAMBDA E+ E-1/TOTAL 
10.005451 THEORET. CAL. FEINBERG 58 

DECAY MASSES 
1115+ 0 
1115+ .5+ .5 
1115+ 0+ 0 

t,P2l!CP1+P21 
QUANTUM ElECT. 

R2 SIGMAO INTO ILAMBDA GAMMA GAMMAJ/UAMBDA GAMMA) CP3)f(P1J 
R2 0.03 OR LESS CL=.90 COLAS 75 HLBC 

•••••• ••*•••••• ••••••••• *****•••• ***•••••* ********* ••••••••••••••••• 

6/77* 

6/77* 
6/77* 

9/66 

12/75 
12/75 
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Data Card Listings 
For notation, see key at front of Listings. 

REFERENCES FOR SJGMAO 

FEINBERG 58 PR .109 1019 
DAVIS 62 PR 127 605 
BURNSTE I 64 PRL 13 66 
DOSCH 65 Pl 14 239 
SCHMIDT 65 PR 140 B 1328 

G.FEINBERG IBNLI 
D OAVJS,R SETTI,!<I RAYMONO,G TOMAS IN IEFI I 
BURNSTEIN,OAY,KEHOE,SECHI ZORN,SNOW (UMOJ 
DOSCH, ENGELMANN, F I l THUTH ,HEPP, KLUGE+ ( HEI OJ 
P SCHMIDT ICOLUMBIAJ 

COLAS 
OV'oAK 

75 NP B<H 253 
77 NP 8118 1 

+FARWEll ,FERRER, SIX taRSAl 
+NAVARRI A, OVERSE TH, STEFFEN+ I CERN+OORT+HE I 0) 

PAPERS NOT REFERRED TO IN DATA CARDS. 

COURANT 63 PRL 10 409 COURANT, F Il THUTH, FRANZ I Nl + I CERN+UMD+NRL I 

QUANTUM NUMBER DETERMINATION~ NOT REFERRED TO IN THE DATA CARDS 

ALFF 65 PR 137 81105 ALFF,GELFAND,NAUENBERG+ ICOLUMBIA.+RUTG+BNL Jp 

****** ******••• ********* ****o*••• ooo:t:••••• *"'******* ••••••••• ******** **.**** ••••••••••••••••••••••••••••••••••••.•••••••••••••••••••••••••• 

H G 
H G 
H 

" H 

22 XI-U32l,JP=l/2 J 1=1/2 

22 XI- MASS CMEVJ 

1111317.01 12.21 WANG 61 HLBC 
1811317.91 (1.91 FOWLER 61 HLBC 
COLD DATA AND LOW STATISTJCS DROPPED ON SUGGESTION OF J R HUBBARDJ 

517 1321.4 0.4 JAUNEAU 63 FBC 
62 1321.1 0.65 SCHNEIDER 63 HBC 

241 1321.1 0.3 BAOIER1 64 HBC 
All MASSES ABOVE WERE RAISED 0.09 MEV BECAUSE LAMBDA MASS RAISED 

149 1321.3 0.4 PJERROU 65 HBC ' 
6 1321.67 0.52 CHIEN 66 HBC - 6.9 PBAR P 

299 1321.4 1.1 LONDON 66 HBC 
195 1321".87 0.51 GOLOWASSE 70 HBC 5.5 K-P 

USES LAMBDA MASS OF 1115.58-MIXII IS 1322.18 IF MCLAMBOAJ=lll5.84 
268 1321.12 0.41 WILQUET 72 HLBC 
632 1321.46 0.34 DIBIANCA 75 OBC 4.9 GEV/C K-0 

AVG 1321.34 0.14 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

11/67 
·9/67 
6/66 
8/70 
8110 
1113 
1111• 

STUDENT 1321.,34 0.16 AVERAGE USING STUOENTlOCH/1.111 - SEE MAIN TEXT 

H1 
H1 

FIT 1321.32 0.13 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 2178* 
THE FIT ASSUMES XI AND" ANTI-XI MASSES EQUAL. 

22 ANTI-XI+ MASS CMEVI 

1U322.01 (1.31 BROWN 62 HBC ANTI-Xl-
5 1320.69 0.93 CHIEN 

H1 S 
H1 

12(1321.71 10 .. 61 SHEN 
34 1321.2 0.4 STONE 

66 HBC + 
67 HBC 
70 HBC 

6.9 PBAR P,ANTI 
ANTI-XI-

7166 
9/67 

10/67 
10/70 
11/72 H1 35 1)21.,6 Oo8 VOTRUBA 72 HBC 10 GEV/C K+ P 

Mf S THE ERROR IS STATISTICAL ONLY 
M1 
M1 AVG 1321 .. 20 0.33 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 
M1 STUDENTI321.20 0.36 AVERAGE USING STUOENTIOIH/1.11) - SEE MAIN TEXT 
M1 FIT 1321.32 ·0.13 FROM FIT CERROR~NCLUDES ·SCALE FACTOR OF 1.01 2178* 

HIE FIT ASSUMES XI AND ANTI-XI MASSES EQUAL. 

22 lXI-I - IANTI-XI+I MASS DJFFERENCE.·CMEVI 

OM 1.0 1.1 CHIEN 66 HBC 6.9 PBAR P 9/67 

22 XI- MAGNETIC MOMENT CMAGNETONS,938.26 MEV) 

MM 2724 -0.1 2.1 
o.s 

BINGHAM :r·O OSPK - 1 .. 8 GEV/c K-P 2171 
MM 2436 -2.1 COOL 74 OSPK - 1 .. 8 GEV/C K-P 10/74 
MM 
MM AVG -1.85 
MM STUDENT -1.86 

0.75 
0.82 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTIOCH/1.111 - SEE MAIN TEXT 

Tl 
Tl 
Tl 
Tl 
Tl 

22 XI- MEAN liFE (UNITS 10**-101 

11 (3.51 {3.41 {1.231 WANG 61 HLBC 
18 Cl.2BI {Q.41) {0.251 FOWLER 61 Hl8C 
IOLO DATA AND LOW STATISTICS DROPPED ON SUGGESTION OF J R HUB8ARDJ 

517 1.86 0.15 0.14 JAUNEAU 63 FBC-
62 1.55 0.31 0.31 SCHNEIDER 63 HBC 

356 11.771 10.121 CARMONY 64 HBC REP BY PJERROU 65 
794 1.69 0.07 HUBBARD 64 HBC 
246 1.70 0.12 PJERROU 65 HSC 

6 {1.371 {0.511 CHIEN 66 HBC - 6.9 PBAR P 
11/67 
9/67 
6/66 
2171 
6/68 
1173 
3174 

10174 
1/77• 

299 1.80 O. 16 LONDON 66 HSC 

2610 
680 

4303 
s 2436 

C 1.671 {0.07» SURGUN 68 HBC 
1.61 0.04 DAUBER 69 HBC 
1.73 0.08 0.01 MAYEUR .72 HLBC 
1.63 0.03 BALTAY 74 HBC 

{1.637) (0.0501 COOL 74 OSPK -
1.67 0.08 DIBIANCA 75 OBC 

THE ERROR IS STATISTICAL ONLY 

K-P AT 1·3-1.8 

2.1 -GEV/C K-
1. 75 GEV/C K-
1.8 GEV/C K-P 
4.9 GEV/C K-D 

AVG 1.654 
STUDENT 1.653 

0.021 
0.024 

0.020 AVERAGE tERROR INCL. SCALE FACTOR OF 1.01 
0.023 AVG BY STUDENTlOIH/lolU -- SEE MAIN TEXT 

22 ANTI-XI+ MEAN LIFE CUNITS 10**-101 

5 11.511 10.551 CHIEN 66 HBC + 6a9 PBAR P.ANTI Q/67 
12 {1.91 10.71 {0.51 SHEN 67 HBC ANTI-XI- 10/67 
34 1.6 O. 3 STONE 70 HBC 10170 
35 (1.551 {0.351 10.201, VOTRUBA 72 HBC ·10 GEV/C K+ P 11172 
THE ERROR IS STATIST I CAl ONLY 

P1 
. P2 

P3 
P4 
P5 
P6 
P7 
PS 
P9 
P10 
Pll 
Pl2 
Pl3 

R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 

Stable Particles 
L0 , z-

22 XI- PARTIAL DECAY MODES 

XI- INTO LAMBDA PI-
XI- INTO LAMBDA E- NEUTRINO 
XI- INTO NEUTRON PI-:-
XI- INTO LAMBDA MU- NEUTRINO 
XI- INTO SIGMAO E- NEUTRINO 
XI- INTO SIGMAO MU- NEUTRINO 
XI- INTO NEUTRON E- NEUTRINO 
XI- INTO NEUTRON MU- NEUTRINO 
XI- INTO SIGMA- GAMMA 
XI- INTO PROTON PI- PI-
XI- INTO PROTON PI- E- NEUTRINO 
XI- INTO' PROTON PI- MU- NEUTRINO 
XI- INTO XIO E- NEUTRINO 

22 XI- BRANCHING RATIOS 

DECAY MASSES 
1115+ 139 
1115+ .5+ 

939+ 139 
1115+ 105+ 0 
1192+ .5+ a· 
1192+ 105+ 0 
939+ .. 5+ 0 
939+ 105+ 0 . 

ll97+ 0 
93B+ 139+ 139 
93B+ 139+ .• 5+ 
938+ 139+ 105+ 

1314+ .5+ 0 

XI- INTO (LAMBDA .E- NEUIIILAMBDA PI-I IUNITS 10**-31 
IP21/{P11 

155 EFFECTIVE OENOM. CARMONY 63 HBC 
260 EFFECTIVE DENOM. JAUNEAU 63 HBC 
220 EFFECr'IVE DENOM. BERGE 66 HBC 
155 EFFECTIVE OENOM. LONDON 66 HBC 
717 EFFECTIVE OENOM. TRIPPE 67 HBC 

1976 EFFECTIVE DENOM. HUBBARD 6B HBC 
R1 H 
R1 H 
R1 

4 f1.,15J (0.901 {0 .. 551 HUBBARD 68 RVUE 
HUBBARD 68 {RVUEI INCLUDES All ABOVE EVENTS 

1 4150 EFFECTIVE DE NOM. YEH 74 HBC 

11/67 
11/67 
11/67 
11/67 
11/67 
6/68 
6/68 
6/68 
7/75 

R1 
Rl AVG 0.7 0.3 OUR AVERAGE USING All THE ABOVE 2/76 

R2 
R2 
R2 
R2 
R2 

R3 
R3 
R3 
R3 
R3 

R4 
R4 
R4 

•• 
R4 

R5 
RS 
RS 

•• ... 
R6 

R7 
R7 
'R7 
R7 
R7 
R7 

•• RS 

•• •• 
R10 
R10 

Rll 
Rll 

R12 
R12 

R13 
R13 

XI- INTO {NEUTRON PI-1/ClAMBDA PI-I (UNITS 10**-31 
CP3111P1J 

5.0 OR LESS FERRD-LUZ 63 HBC 
1.1 OR LESS DAUBER 69 HBC 
3.0 OR LESS Cl.,.90 YEH 74 HBC 

XI- INTO llAHBDA MU- NEUTRINOI/TOTAL CUNITS 10**-31 
(Pit) 

12.0 
1.3 
0.35 

OR LESS 
OR lESS 

0.35 

BERGE 
DAUBER 
YEH 

66 HBC 
69 HBC 
74 HBC 

XI- INTO CSIGMAO E- NEUTRINOJ/TOTAL CUNITS 10**-31 
CP51 

3.0 OR lESS 
0.5 OR LESS 
0.53 OR LESS Clc.90 

BERGE 
DAUBER 
YEH 

66 HBC 
69 HBC 
74 HBC 

760 EFF.DENOH. 

2859 EFF.DENOM. 

4363 EFF.OENOM. 

XI- INTO ISIGO Mu- NEUIJ(LAH PI-I CUNITS 10**-31 CP61/(PlJ 
5.0 OR LESS BERGE 66 HBC 
0.76 OR LESS CLo:::.90 YEH 74 HBC 3026 EFF.DENOM. 

XI- INTO CN E- NEUII{LAMBDA PI-I IUNITS 10**-31 (P7)Jtpl) 
10.0 OR LESS Clc.90 BINGHAM 65 RVUE 
3.2 OR LESS CLc.,9Q YEH 74 HBC 715 EFF .OENOM. 

XI- INTO.CSJGMAO E- NEU + LAMBDA E- NEUJJTOTAL Cl0**-31 
CP2+P51 

17 0 .. 68 0.22 DUCLOS 11 OSPK SEE NOTE 0 
THIS EXPERIMENT CANNOT DISTINGUISH SIGMAO FROM LAMBDA. THE CABIBBO 
THEORY PREDICTS SIGMAO RATE ABOUT A FACTOR 6 SMALLER THAN THE 
LAMBDA. TO GET A VALUE FOR THE TABLE R7 HAS BEEN AVERAGED WITH Rl .. 

XI- INTO CN MU- .NEUI/tlAMBDA PI-I (UNITS 10**-31 CPBI/CPlJ 

6/68 
6/68 
7/75 

6/68 
6/68 
7175 

6/68 
6/68 
7/15 

7/66 
7/75 

9/66 
7/75 

10/71 

0 15.3 OR L_ESS Clc_.90 YEH 7~ .HBC 150 EFF.OENOM". 11175 

XI- INTO (SIGMA- GAMMAI/ILAM PI-I CUNITS 10**-41 CP911tPlJ 
0 ll.5 OR LESS CL= .. 90 YEH 74 HBC 2000 EFF.DENOM. 11175 

XI- INTO CP PI- PI-1/ILAMBOA PI-I (UNITS 10**-41 CPlOif(PlJ 
0 3. 7 OR LESS Clc.90 YEH 74 HBC 6200 EFF.DENOM .. 11175 

XI- INTO CP PI- E- NEUII(lAM PI-I {UNITS 10•*-lt) CP11JIIP11 
0 3.7 OR LESS CL=.90 TEH 74 HBC 6200 EFF.OENOM. 11175 

XI- INTO CP ·pJ- MU- NEUI"LAM PI-I CUNITS 1o••-4J CP12)f{P1J 
0 3.7 OR LESS CLc.90 YEH 74 HBC 6200 EFF .. DENOM. 11175 

XI- INTO IXIO E- NEUJIILAM.PI-1 (UNITS 10•*-31 {Pl3111Pll 
0 2.3 OR LESS Ctc."90 YEH 74 HBC 1000 EFF.DENDM. 11175 

22 XI- DECAY PARAMETERS 

RELATED TEXT SECTION VI 0 AND APPENDIX II I 

ALPHA XJ-
0 C-0.441 {0.121 JAUNEAU 63 FBC 
0 62 C-0 .. 731 {0 .. 23) SCHNEIDER 63 HBC 

240 -0.5 0.38 BAOIERl 64 HBC 
356 -0.62 0.13 CARMONY 64 HBC 

1004 -0.365. 0.068 BERGE 66 HBC 
A l 364 -0.47 0 .. 13 LONDON 66 HBC 
A 1-0.391) {0 .. 0321 BERGE 2 66 RVUE 

SEE NOTE D BELOW 
SEE NOTE 0 BELOW 
SEE NOTE D BELOW 
SEE NOTE D BELOW 
SEE -NOTE 0 BELOW 
SEE NOTE 0 BELOW 

INCLUDES All ABOVE 

6/6B 
6/68 
6/68 
6/68 
6/6B 
6/6B 
9/66 
6/68 A M 2529 {-0.3751 (0.0511 MERRILL 68 HBC 

2781 -0.391 0.045 DAUBER 69 HBC 
2724 -0.383 0.065 BINGHAM 70 OSPK 

B20 -0.42 0.11 MAYEUR 72 HlBC 
4303 -0.376 0.038 BALTAY 74 HBC 
2436 -0.39 0.05 COOL 74 OSPK -

B 414 -0.40 0.19 OIBIANCA 75 OBC 
0 OLD DATA NOT INCLUDED IN AVERAGE. 

SEE NOTE A BELOW 

2.1 GEVIC K
I. 75 GEV/C K-
1.8 GEV/C K-P 
4.9 GEV/"c K-D 

D ERRORS MULTIPLIED BY 1.1 DUE TO APPROXIMATIONS USED FOR XI 
D POLARIZATION. {SEE DAUBER 69 FOR DETAILED OISCUSSIONI 

\. tDNDCN 66 USES ALPHA-LAMBDA = 0.62 
M DATA OF MERRill 68 INCLUDED IN DAUBER 68. 
A USED ALPHA LAMBDA = 0 .647 +- 0.020. 

B OIBIANCA 75 USES ALPHA LAMBDA = 0.647. 

0.021 AVERAGE CERROR INCLUDES SCALE FACTOR OF t.OJ 

10/70 
1113 
3/74 

10/74 
1111* 

6/68 

AVG -0.392 
STUDENT -0.391 0.023 AVERAGE USING STUDENTIOCH/l.lll ·- SEE MAIN TEXT 
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Stable Particles -. ..... , :=;0 

PHI ANGLE (SJNIPHIJ/COSIPHII=BETA/GAHMAJ IDEGRE'fSJ 
(-16.0) (45.0) JAUNEAU 63 FBC 

62 (45.0) 136.0) SCHNEIDER 63 HBC 
356 54.0 30.0 CARMONY 64 HBC 

1004 Q. 12. BERGE 66 HBC 
L 364 0.0 20.4 LONDON 66 HBC 

M 2529 (9.81 111.61 MERRILL 68 HBC 
2781 -14. 11. DAUBER 69 HBC 
2724 -26.0 30.0 BINGHAM 70 OSPK 

SEE NOTE 0 BELOW 
SEE NOTE D BELOW 
SEE NOTE 0 BELOW 
SEE NOTE 0 BELOW 
SEE NOTE 0 BElOW 

SEE NOTE A BELOW 

4303 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 

OLD DATA NOT INCLUDED IN AVERAGE. 
ERRORS MULTIPLIED BY 1.2 DUE TO APPROXIMATIONS USED FOR X[ 
POLARIZATION. CSEE DAUBER 68 FOR DETAILED OISCUSSIONI 

l LONDON 66 USES ALPHA-LAMBDA "' 0.62 
M DATA OF MERRILL 68 INCLUDED IN DAUBER 68. 
A USED ALPHA LAMBDA "' 0.647 +- 0.020. 

AVG 2.0 5.7 AVERAGE IERROR INCLUDES SCALE FACTOR OF l.U 

6/l:IB 
6/68 
6/68 
6/68 
6/68 
6/68 

10170 
3174-

10/74 

STUDENT 2.0 6.2 AVERAGE USING STUOENTlDCH/1.111 - SEE MAIN TEXT 
ISEE IDEOGRAM BELOW J 

UEIGHTEO AVERAGE = 2.0 ± 5.7 
ERROR SCALED BY 1.1 

CHISQ 
·COOL 74 OSPK 0.0 
·BAL TAY 74 HBC 1.0 
·BINGHAM 70 OSPK 0.9 
·DAUBER 69 HBC 2.1 
·LONDON 66 HBC 0.0 
·BERGE 66 HBC 0.0 
·CARMONY 64 HBC _2,_Q_ 

7.1 
!CONLEU 

-100 :-50 0 60 100 150 =0.3151 

PHI ANGLE FOR XI- IIH DEGREES! 

•••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• o••.•••••• •o•••••• 

FClWLER 
WANG 
BROWN 

61 PRL 6 134 
61 JETP 13 512 
62 PRL 8 255 

CARMON 63 PRL 10 381 
FERRG-LU 63 PR 130 1568 
JAUNEAU 63 SIENA CONf 4 

ALSO 63 PL 5 261 
SCHNE IDE 63 Pl ~ 360 

CARMONY 
BAOI ER1 
HUBBARD 
BINGHAM 
PJERROU 
PJERROU 

64 PRL 12 ~82 
64 DUBNA CONF I 593 
64 PR 135 B 183 
65 PRSL 285 202 
65 PRL 14 275 
65 THESIS 

REFERENCES FOR XI-

fOWLER, BIRGE. EBERHARO,El Y t GOOD t POWELl+( LRL I 
K WANG,T WANG.VIRYASOV,TING,SOLOVEV+ (JINRI 
BROWN,CULWICK,FOWLER.GAJLLOUD + C BNL+YALE I 

CARMONY, PJERROU IUCLA I 
FERRO-LUZZI·, ALSTON, ROSENFELD,WOJCICKI C LRL I 
JAUNEAU+ ( EPOL+CERN+LOUC+RHEL+BERGEN I 
JAUNEAU 9 + C EPOLtCERN, LOUC,RHElt BERGEN I 
H SCHNEIDER I CERN I 

CARMONY, PJERRou, SCHLEINtSLATERtSTORK+(UCLAJ J 
BADI ER, DEMOULIN, BAR LOUT AUD+I EPOL, SitCL, ZEEM I 
HUBBARD, BERGE, KALBFLE 1 SCH, SHAFER + I LRL J 
H H BINGHAM ICERNJ 
+ SCHLEIN,SLATER,SMJTH,STORK,TICHO IUCLAJ 
G M PJERROU WCLA I 

BERGE, EBERHARDt HUBBARD, MERRILL + I LRU BERGE 
BERGE 2 
LONOCN 
CHIEN 
SHEN 
TRIPPE 

66 PR 147 945 
b6 BERKELEY CONF 
66 PR 143 1034 
66 PR 152 1171 
67 Pl 25 B 443 
67 PRIV. COMM;. 

46 BERGEtCABlBBO ILRLtCERNIRVUEI I 
LONDON ,RAU,GOLDBERG, ll CHTMAN+ I BNL +SYRACUSE I 
+lACH,SANDWEISS,TAFT,YEHtOREN + IYALE+BNLJ 

BUR GUN 
HUBBARD 
MERRILL 

68 NP 88 447 
68 PRL 20 465 
68 PR 167 1202 

DAUBER 69 PR 179 1272 
BINGHAM 70 PR D1 3010 
GOLOWASS 70 PR 01 1960 
STONE 70 PL 32B 515 

OOCLOS 
HAYEUR 
VOTRUBA 
WJLQUET 

71 NP 832 493 
72 NP B47 333 
72 NP B45 77 
72 Pl 428 372 

BALTAY 74 PR 09 49 
COOL 74 PR 010 792 

ALSO 72 PRL 29 1630 
YEH 74 PR 010 3545 
DISIANCA 75 NP 898 137 

B.C .SHENt A .F I RESTONE,G .GOL DHABER I UCB+LRL I 
T. TRIPPE I UClA I 

+MEYER,PAULI,TALLINI, + 
HUBBARD, BERGE, DAUBER 
MERRJLL,SHAFER 

I SACL+CDEF+RHEL I 
ILRLI 
ILRLIJ 

+BERGE,HUBBARO,MERRJLL, MILLER ILRUJ 
+COOK,HUHPHREYt SANDER, WILL lAMS+ IUCSO,WASHJ 
GOLDWASSER, SCHULTZ I Illl 
+BERt INGHIERI ,BROMBERG,COHEN,FERBEl +(ROC HI 

+FREYTAG ,HE INT ZE tHE I NZELMAN, JONES+ I CERN I 
+VAN BJNST,WILQUET+ IBRUX+CERN+TUFT+LOUCI 
VOTRUBA, SAFOER,RATCLIFFE IBIRM+EDJNI 
+FLIAGINE ,GUY,KNIGHT+ I BRUX+CERN+TUFT+LOUCI 

+BRIOGEWAT ER ,COOP-ER, GERSHWIN+ CCOLU+Bl NG IJ 
+G IACOMElll, JENKINS tKYC lAw LEONT IC, LI + I BNL I 
COOL wGIACOMElllw JENKINS,K'I'CIA, LEONT IC+C BNL I 
+GAIGALAS,SHITH,ZENDLE,BALTAY + CBING+COLUI 
F.A.OIBIANCA, R.J.ENDORF ICARNJ 

•••••• ****••••• •••••o••• ••••••••• ••••••••• •••*••••• ••••••••• •••••••• ..... ,.- ••••••••• ••••••••• ••••••••o ••••••••• ••••••••• •••••••o• •••••••o 

1 1313.4 
M 49 1315.2 

23 XIOI131~,JP=1/2 I Jc1/2 

23 XIO MASS IHEVJ 

1.8 
0.92 

PALMER 68 HBC 
WILQUET 72 HLBC 

3/68 
1/13 

" M AVG 1314.83 
H STUDENT1314.8~ 

0.82 
0.91 
0 .. 55 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) . 
AVERAGE USING STUDENTlOIH/1.111 - SEE MAIN TEXT 

M FIT 1314.91 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 2178* 

--- ---- ---~ ------ ------- ------ ------ ----

Data Card Listings 
For notation, see key at front of Listings .. 

23 (Xl-1 - IXIOI MASS DIFFERENCE I MEV I 

0 23 6.8 1.6 JAUNEAU 63 FBC 

0 45 16.1 I (1.61 CARMONY 64 HBC REP BY PJERROU 65 
0 88 6.1 0.9 PJERROU 65 HBC 11/67 
0 29 6.9 2.2 LONDON 66 HBC 6/66 

0 
0 AVG 6.34 o .. 74 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
0 STUDENT 6 .. 34 o .. 8o AVERAGE USING STUOENTIOIH/1 .. 111 -- SEE MAIN TEXT 
0 FIT 6.41 0.55 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01· 

23 XIO MEAN LIFE IUNITS 10**-101 

24 3 .. 9 1.4 0.80 JAi.JNEAU 63 FBC 
45 (3.51 Cl.OI 10.81 CARMONY 64 HBC 

101 2.5 0.4 0.3 HUBBARD 64 HBC 
80 3.0 0.5 PJERROU 65 HBC 

340 3 .. 07 0.22 0 .. 20 DAUBER 69 HBC 
B 469 12.851 (0 .. 201 (0.181 BRIDGEWAT 72 HBC 

M 157 2.90 0.32 0.27 MAYEUR 72 HL8C 
B t:52 2.88 0.21 0 .. 19 BALTAY 74 HBC 
Z 6300 2.17 0.16 ZECH 77 SPEC 
M MAYEUR 12 VALUE I'IIOOIF lEO BY ERRATUM. 
B SAL TAY 74 INCLUDES BRIDGEWATER 72. 

REP BY PJERROU 65 

1. 75 GEV/C K-P 
2.1 GEV/C K..-
1. 75 GEV/C K-

NEUTRAL HYP. BEAM 

Z ZECH 77 VALUE IS FOR LAMBDA LIFETIHE~e2.69E-10. FOR LAM LIFETIME 
Z DIFFERENT FROM THIS, TAUXIO::f2.77-lTAULAMBDA-2.691JE-10. 

2178* 

11/67 
6/6B 
1/73 

. 1/74 

3/74 
12177* 

1174 
3/74 

12177• 
12177• 

AVG 2 .. 903 
STUDENT 2.90 

0.099 
0.11 

0.093 AVERAGE IERROR INCL. SCALE FACTOR OF 1 .. 01 
0 .. 10 AVG BY STUOENTlOIH/1.111 -- SEE MAIN TEXT 

---- ------ ----- ------- ----- ---~ ----- -:------

PI 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
PIO 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

R2 
R2 
R2 
R2 
R2 
R2 

R3 
R3 
R3 
R3 
R3 
R3 

R4 
R4 
R4 
R4 

•• 
R5 
R5 
R5 
R5 

R6 
R6 
R6 
R6 

R7 
R7 
R7 
R7 

R8 
R8 

R9 
R9 

23 XlO PARTIAL DECAY MODES 

XIO INTO LAMBDA PIO 
XIO INTO PROTON PI
)(JQ INTO PROTON E- NEU 
XIO INTO SIGMA+ E- NEU 
XIO INTO SIGMA- E+ NEU 
XIO INTO SIGMA+ Mu- NEUTRINO 
XIO INTO SIGMA- MU+ NEUTRINO 
XIQ INTO PROTON MU- NEUTRINO 
XIO INTO LAMBDA GAMMA 
XJQ INTO SIGMAO GAMMA 

23 XIO BRANCHING RATIOS 

DECAY MASSES 
1115+ 134 
938+ 139 
938+" .5+ 

1189+ .5+ 
1197+ .5+ 
1189+ 105+ 
1197+ 105+ 
938+ 105+ 

1115+ a 
1192+ 0 

XIO INTO (PROTON PI-1/ILAMBDA PIOI I UNITS 10**-51 IP2Jf(Pll 
2700. OR LESS TICHO 63 HBC 

500. OR LESS HUBBARD 66 HBC 
90, OR LESS DAUBER 69 HBC 

0 180. OR LESS CL:c.90 YEH 74 HBC 1300 EFF.DENOH. 
3.6 OR LESS Clc.90 GEWENJGER 75 SPEC 

XIO INTO (PROTON E- NEUI/ILA14BOA PIOJ I UNITS 10**-3) 
IP3)f(Pll 

27.0 OR LESS TICHO 63 HBC 
6.0 OR LESS HUBBARD 66 HBC 
1.3 OR LESS DAUBER 69 HBC 
3.4 OR LESS CL:: .. 90 YEH 74 HBC 670 EFF.OENDH. 

XIO INTO ISIGMA+ E- NEUJIILAMBDA PIOJ I UNITS 10 .. -31 
(P4)/IP1) 

13.0 OR LESS TICHO 63 HBC 
7.0 OR lESS HUBBARD 66. HBC 

1.5 OR LESS DAUBER 69 HBC 
1.1 OR LESS CL~:.90 YEH 74 HBC 2100 EFF .OENOM. 

XIO INTO ISIGMA- E+ NEUI/CLAHBDA PIOI f UNITS 10**-31 
tP5JIIPll 

6.0 OR LESS HUBBARD 66 HBC 
1.5 OR LESS DAUBER 69 HBC 
0.9 OR LESS CL=.90 YEH 74 HBC 2500 EFF.OENOM. 

XIO INTO fSIGMA+ MU- NEUIITOTAL IUNITS 10**-31 CP61 
1.0 OR LESS HUBBARD 66 HBC 
1.5 OR LESS DAUBER 69 HBC 
L.l OR LESS tl=.90 YEH 74 HBC 2100 EFF.OENQM. 

X)O INTO ISIGMA- MU+ NEUI/TOTAL IUNITS 10••-31 IP71 
6.0 OR LESS HUBBARD 66 HBC 
1.5 OR lESS DAUBER 6CJ HBC 
0.9 OR LESS CL= .. 90 YEH 74 HBC 2500 EFF.OENOM. 

XIO INTO IPROTON MU- NEUI/TOTAL CUNITS lO•U-31 IPS I 
6.0 OR lESS HUBBARD 66 HBC 
1.3 OR LESS DAUBER 69 HBC 
3.5 OR LESS CL=.90 YEH 74 HBC 664 EFF.DENOM. 

XIO INTO (LAMBDA GAMMAIIILAM PI OJ (UNITS 10**-31 IP9111Pll 
I 5. 5. YEH 74 HBC 200 EFF.OENOM. 

XIO INTO ISIGMAO GAMHAIIfLAM PIOJ fUNJTS 10**-21 tP10JIIPll 
0-1 6.5 OR LESS CL:.90 YEH 74 HBC 60 EFF .. OENOM .. 

---- ------- -'----- ----..----- ------- ----- ----- -----

L 

" A 
8 

• A 
0 
0 

L 
A " A • A • 
A 
A AVG 

23 XIO DECAY PARAMETER 

RELATED TEXT SECTION VI 0 AND APPENDIX III 

ALPHA XI 0 
-0.09 0 .. 46 PJERROU 65 HBC 

146 -0.13 0.17 BERGE 66 HBC 

•• -0.2 0.4 LONDON 66 HBC 
490 t-0.33) 10.111 MERRILL 66 HBC. 
739 -0 .. 43 Q.09 DAUBER 69 
440 t-0 .. 521 (0.091 SRI DGEWAT 7 2 HBC 
130 -0.84 0.27 MAYEUR 72 HLBC 
652 -0.5~ 0.10 BAL TAV 74 HBC 

USED ALPHA LAMBDA = 0.647 +-· 0.020. 

SEE NOTE 0 BELOW 
SEE NOTE 0 BELOW 
SEE NOTE D BELOW 
SEE NOTE 0 BELOW 
SEE NOTE A BELOW 
1. 75 GEV/C K-P 
2.1 GEV/C K-
1. 75 GEV/C K-

ERRORS MULTIPLIED 8'1' 1 .. 1 OUE TO APPROXIMATIONS USED FOR XI 
POLARIZATION. I SEE DAUBER 69 FOR DETAILED Dl SCUSSIONI 
LClNDCN 66 USES AlPHA-LAMBDA = 0.62 
MERRILL 66 REPLACED BY DAUBER 69 
BRIDGEWATER 72 ERROR PURELY STATISTICAL. 
BALTAY 74 INCLUDES BRIDGEWATER 72. 

-0 .. 441 o.07B AVERAGE tERROR INCLUDES SCALE FACTOR Of 1.31 

6/68 
6/68 
6/68 

11175 
11175 

6/68 
6/68 
6/68 

11175 

6/68 
6/68 
6/68 

11175 

6/68 
6/68 

11175 

6/68 
6/68 

11175 

6/68 
6/68 

11175 

6/68 
6/68 

11175 

11175 

11/75 

6/68 
6/68 
6/68 
6/68 

l/73 
1113 
3174 

1/73 
3174 

A STUDENT -0.445 0.069 AVERAGE USING STUOENTIOIH/1.11J - SEE MAIN TEXT 
C SEE I OEGGRAI4 BELOW I 
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Data Card Listings Stable Particles 
For notation, see key at front of Listings. 

I.IEIGHTED AVERA&E ·= -0.441 ~ 0 .078 
ERROR SCALED BY 1.3 

CHISQ 
·BAL TAY 74 HBC 1.0 
·MAYEUR 72 HLBC 2.2 
•DAUBER 69 0.0 
·LONDON 66 HBC 0.4 
·BERGE 66 HBC 3.4 
·PJERROU 65 HBC 

6.9 

-1.5 -1.0 -0.5 o.o !CONLEV 
0.5 1.0 =0.142) 

RLPHR FOR XIO 

PHI ANGLE { SI Nl PHI )/COSC PHI JcBETA/GAHMAJ IDEGREES J 
146 -8. 30. BERGE 66 HBC SEE NOTE D BELOW 6/66 

H 490 1101.01 C46.,01 MERRill 66 HBC SEE .NOTE D BELOW 6/68 
A 739 36. 19. DAUBER 69 HBC SEE NOTE A BELOW 

B 440 Ul .. 2J 114.41 BRIOGEWAT 72 HBC 1.75 GEV/C K-P 1/73 
B 652 16.0 11.0 SAL TAY 74 HBC 1.75 GEV/C K- 3/74 

A USED ALPHA LAMBDA = 0.647 +- 0.020. 
0 ERRORS MULTIPLIED BY 1.2 DUE TO APPROXIMATIONS USED FOR XI 
0 POLARIZATION. ISEE DAUBER 69 FOR DETAILED OISCUSSIONI 
M MERRILL 66 REPLACED BY DAUBER 69 
B BRIDGEWATER 72 ERROR PURELY STATISTICAL. 1/73 

6 SAL lAY 74 INCLUDES BRIDGEWATER 72. 3/74 

AVG 20.7 
STUDENT 20.6 

11.7 
13.2 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTlOIH/l.llJ -- SEE MAIN TEXT 

REFERENCES FOR X~O 

ALVAREZ 59 PRL 2 215 AlVAREZ, EBERHARD, GOOD, GRAZ lAND, TICHO+ I LRL I 
JAUNEAU 63 SIENA CONF 1 1 JAUNEAU+ I EPOL+CERN+LOUC+RHEL +BERGEN I 

ALSO 63 PL 4 49 JAUNEAU+ I EPOL+CERN+LOUC+RHEL +BERGEN) 
TICHO 63 BNL CONF 410 HAROLD K TICHO I UCLA I 

CARMGNY 64 PRL 12 4BZ CARMONY, PJERROU, SCHLEIN, SLATER, STORK+ (UCLA I 
HUBBARD 64 PR 135 B 163 HUBSARD,BERGE,KALBFLEISCH,SHAFER + ILRLI 
PJERROU 65 PRL lit 275 + SCHLEIN,SLATER,SMITH,STORK,TICHO WCLU 
PJERROU 65 THESIS G M PJERROU (UCLA) 

BERGE 66 PR 147 945 BERGE,EBERHARD,HUBSARD,MERRILL + ILRLI 
HUBBARD 66 UCRL ll510 J RICHARD HUBBARD CTHESJS,BERKELEYI ILRL) 
LONDON 66 PR 143 1034 LONDON ,RAU~ GOlDBERG ,tJCHTMAN+I BNL +SYRACUSE I 
MEP:Rlll 66 BERKELEY CGNF MERRILL,SHAFER,BERGE ILRLI 

ALS 0 66 UCR~ 16455 DEANE MERRill ITHES IS, BERKELEY I I LRU 

PALMER 66 PL 268 323 PALMER, RAOOJ IC IC, RAU, RI CHAROSON+ IBNL, SYRA I 
+BERGE ,HUBBARD, HERR I LLt MILLER I LRL I DAUBER 69 PR 179 llH 

BRIOGEWA 72 NEVIS 1951THESISI ALBERT BRIDGEWATER ICOLUMBIAI 
MAYEUR 72 NP B47 333 +VAN BINST,WlLQUET+ IBRUX+CERN+TUFT+LOUCI 

ALSO 73 NP B53 266 ERRATUM TO MAYEUR 72 
WILQUET 72 Pl 42B 372 +FLIAGINE,GUY,KNIGHT+ ISRUX+CERN+TUFT+LOUCJ 

SAL TAY 74 PR 09 49 +SRI DGEWATER ,COOPER, GERSHWIN+ ICOLU+BI NG I J 
YEH 74 PR 010 3545 +GAJGALAS,SMITHtZENDLEtBALTAY + IBING+COLUJ 

GEWENIGERtGJESDAL,PRESSER '+ (CERN+HEID) 
+DYDAKt NAVARRIA+ I SI EG+CERN+OORT +HElD) 

GEWENIGE 75 PL 578 193 
ZECH 77 NP B124 413 

****** •*••••••• ********* •••:t:o:oooo ********* ********* ********* ******** ****** ****••o•• ********* ••••••••• ••••••••• ••••••••• ••••••••• •••••••• 

E 
F 
F 

H • .. • 
" 0 
H E 
M E 

" F 
M F 
M F 
M F 
H F 

24 OMEGA-I 1675oJP=3/2+1 1""0 
QUANtUM NUMBERS ASSIGNED FROM SU3 
SPIN 1/2 EXCLUDED BY DEUTSCHMANN 71 

24 OMEGA- MASS IMEVI 

111615.) EISENBERG 54 EMUL 
1 1672.1 1. FRYl 55 EMUL 
1 1670.6 11.1 FRY2 55 EMUL 
1 1673.0 e.o ABRAMS 64 HBC 
3 1673.3 1.0 PALIIIIER 66 HBC 
3 1671.8 o.e SCHUL Tl 6B HBC 
5 1674.2 1.6 > SCOTTER 68 HBC 
6C 1671.9) 11.21 SPETH 69 HBC 

13 1671.43 o. 78 ABCLV 73 HBC 
4 1673.4 1. 7 DIBIANCA 75 DBC 

INTO XI- PIO 
K-P 4.6,5. GEV/C 
K-P 5. 5 GEV/C 
K-P 6. GEV/C 
K-P 10. GEV/C 
K-P 10. GEV/C 
4.9 GEV/C K-D 

EISENBERG 54 MASS CALCULATED FOR DECAY IN FLIGHT. ALVAREZ 73 HAS 
SHOWN THAT THE OMEGA INTERACTED WITH AG NUCLEUS TO GIVE K- XI AG .. 
BOTH FRY EVENTS IOENT IFI EO AS OMEGA- BY ALVAREZ 73. 
FRY MASSES ASSUME DECAY TO LAMBDA K- AT REST. DECAY FROM ATOMIC 
ORBIT COULD DOPPLER SHIFT THE K- ENERGY AND RESULTING OMEGA- MASS 
BY SEVERAL MEV FOR FRY 2. THIS SHIFT IS NEGLIGIBLE FOR FRY 1 
BECAUSE THE OMEGA DECAY IS APPROXIMATELY PERPENDICULAR TO ITS 
ORBITAL VElOCITY, AS IS KNOWN BECAUSE THE LAMBDA STRIKES THE 
NUCLEUS IL.ALVAREZ, PRIVATE COMM. 19131. WE HAVE CALCULATED THE 
ERROR ASSUMING THAT ORBITAL N IS 4 OR LARGER. 
ABCLV VALUE INCLUDES THE SPETH 69 EVENTS. 
DIBJANCA 75 GIVES MASS FOR EACH EVENT. WE QUOTE AVERAGE. 

0.41 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

9/73 
9/73 
9/73 

11/69 
11/69 
11/69 
11/69 
12/73 

1177• 
9/73 
9/73 
9173 
3/74 
3/74 
3/74 
3174 
3/74 
3/74 
3/74 

12173 
1/77• 

AVG 1672.25 
STUDENT 1672.24 0.47 AVERAGE USING STUDENTIOIH/1.11) - SEE MAIN TEXT 

24 ANTI-OMEGA+ MASS IMEVJ 

HB 1 1673.1 1.0 FIRESTONE 71 HBC 12 GEV/C K+D 3/71 

rl- Mean Life 

There are now two large-statistics measurements 

of the n- mean life: 

Tfl- (1.41 ~~:;~)xlO-lO sec (DEUTSCHMANN77) 

(, +0.14) -10 Tn- \0.75 -O.ll x1o sec (ACNO 78) 

Neither result is published as of this writing, but 

both are considered final by their authors. The 

DEUTSCHMANN 77 (ABCLV collaboration) result is from 

101 events of the inclusive reaction K-p + ·n- +any

thing at 10 and 16 GeV/c, where the rl- decays into 

AK-, :':
0
1T-, or :':-1T 0

• The ACNO 78 result is from 19 

events of the exclusive reactions K-p + rl-K+Ko and 

K-p + rl-K+K+1T- at·4.2 GeV/c, where the fl- is 

observed in the same decay channels. 

The ACNO 78 value is only about half as large 

as (i.e., about two and a half standard deviations 

below) the DEUTSCHMANN 77 value. The explanation 

of this discrepancy is not known. Contamination 

from decays would increase Tn- and would pose 

more.of a problem for the inclusive events of 

DEUTSCHMANN 77 than for the exclusive-production, 

constrained events of ACNO 78. DEUTSCHMANN 77 

include an additional -a% systematic error in their 

negative error to account for possible E and/or =-
contamination. 

Our 1976 average was based on the lifetimes of 

individual events listed below and on 16 ABCLV 73 

events. We now exclude the individual events from 

our average because of possible systematic errors. 

The ABCLV 73 events are included in the DEUTSCHMANN 

77 result. We then average the DEUTSCHMANN 77 and 

ACNO 78 values and multiply the errors by a scale 

factor S = 2. 5 to account for the discrepancy. In 

the Tables we quote the average value 

s = 2.5 

and warn of the discrepancy in a footnote. 



Stable Particles 
o-, CHARMED BARYONS 

24 OMEGA- MEAN LIFE IUNITS 10**-10 SECJ 

1 c 1.631 
l I o. 71 
1 11.41 
1 (1.85) 
1 Cl.SJ 
1 (1.201 
1 (0.06) 
1 10.631 
1 (0.251 
1 {0.301 
1 co. 711 
1 {0.081 
1 (1.041 
1 (2.381 

16 (1.391 
1 (0.135) 
1 (0.4821 
1 co. 7021 
1 10.2281 

0 101 1.41 
39 0.75 

0 OEUT SC.HMAN 11 

ABRAMS 64 HBC 
BARNES 1 64 HBC 
BAPNES 2 64 HBC 
COLLEY 65 HBC 
RICHAROSO 65 HBC 
SCHUL Tl 68 HBC 
SCHULTZ 68 HBC 
SCHULTZ 68 HBC 
SCOTTER 68 HBC 
SCOTTER 68 HBC 
SCOTTER 68 HBC 
SCOTTER 68 HBC 
SCOTTER 68 HBC 
SCOTTER 68 HBC 

10.451 C0.3U ABCLV 73 HBC 
OIBIANCA 75 OBC 
DlBIANCA 75 OBC 
OIBIANCA 75 OBC 
01 BIANCA 7 5 DBC 

0.15 0.24 DEUTSCHMA 77 HBC 
0.14 0.11 ACNO 78 HBC 

INCLUDES EVENTS OF ABCLV 13 .. 

K-P 10. GEV/C 
4.9 GEV/C K-0 
4.9 GEV/C K-0 
4.9 GEV/C K-D 
4.9 GEV/C K-0 
10.16 GEV/C K- P 
4.2 GEV/C K- P 

7/66 
7/66 
7/66 
7/66 
7/66 

11/67 
11/67 
11/67 
6/68 
6/68 
6/68 
6/68 
6/68 
b/68 

12173 
1177• 
1177• 
1/77* 
1177• 
2178• 
2178* 
2/78* 

AVG 1.1 0.4 0.3 AVG tERROR INCL. SCALE FACTOR OF 2.5) 2178* 

Pl 
P2 
P3 

24 OMEGA- PARTIAl DECAY MODES 

OMEGA- INTO LAMBDA K
OMEGA- INTO XIO PI
CMEGA- INTO XI- PIO 

24 OMEGA- BRANCHING RATIOS 

DECAY MASSES 
1115+ 493 
1314+ 139 

. 1321+ 134 

R1 OMEGA- INTO lAMBDA K- IPl) 
R1 1 EVENT FRY1 55 EMUL 
R1 1 EVENT FRY2 55 EHUL 
Rl BOTH FRY EVENTS IDENTIFHO BY AlVAREZ 73. 
R1 2 EVENTS PALMER 66 HBC 
R1 3 EV-ENTS SCHULTZ 68 HBC 
Rl 5 EVENTS 1 XI PI DECAY AHB.SCOTTER 68 HBC 
R1 13 EVENTS +2 AMBIG. WITH XI-AbCLV 73 HBC K-P 10. GEV/C 
R1 2 EVENTS OIBIANCA 75 DBC 4.9 GEV/C K-0 

OMEGA- INTO XJO PI- I P2J R2 
R2 
R2· 
R2 
R2 

5 EVENTS PALMER 68 HBC 
68 HBC 
73 HBC 
75 OBC 

3 EVENTS SCOTTER 
3 EVENTS +1 AMBIG.WITH SIG-ABCLV K-P 10. GEV/C 

4.9 GEV/C K-0 2 EVENTS OIBIANCA 

R3 
R3 
R3 
03 
R3 

0~EGA- INTO XI- PIO 
1 EVENT 
1 EVENT 
1 EVENT 
1 EVENT 

ABRAMS 
PALMER 
SCOTTER 
ABCLV 

64 HBC 
68 HBC 
68 HBC 

IP31 

73 HBC K-P 10. GEV/C 

24 OMEGA- DECAY PARAMETERS 

RELATED SECTION VI 0 IN TEXT 

AL 
Al 

ALPHA FOR OMEGA- TO K- lAMBDA 
15 -0.66 0.36 0.30 KOCHER 74 

................................................................•... 
EISEN BE R 54 PR 96 541 
FRY1 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 

PALMER 
SCHULTZ 
SCOTTER 
SPETH 

68 PL 268 323 
68 PR 168 1509 
68 PL 268 47~ 
69 PL 298 252 

REFERENCES FOR OMEGA-

Y EISENBERG 
FRY, SCHNEPS, SWAMI 
FRY tSCHNEPS, SWAMI 

I CORNEll I 
I WI SCI 
I WI SCI 

+ BURNSTEIN,GLASSER + IUMD+NRLI 
V E BARNES,CONNOLLY,CRENNElltCULWICK+ IBNL) 
V E BARNES,CONNOLLY,CRENNELLtCULWICK+ IBNLJ 
COLLEY, DODO +( 81 RM+GLAS+LOIC+M PIM+OXF+RHEL J 
R ICHAROSONt BARNES oC RENNEt+ I BNL+SYRACUSE J 
N P SAMIOS I tRVUEJ 81'4l) 

PALMER, RADOJ It JC, RAU,RICHARDSON+ I BNL, SYRA) 
SCHULTZ+ IILL,ARGONNE,NORTHWESTERN 1 WISC) 
SCOTTER+ fBIRM,GLASGOW,LOIC,JIIJUNICH,OXFI· 
SPETH+ ( AACHENtBERLJN,CERN,LOIC,VJ ENJ 

F1RESTON 71 PRL 26 410 +GOLOHABERtliSSAUER,SHELDON,TRILLtNG ILRLJ 
ABCLV 73 NP 861 102 AACHEN+BERLIN+CERN+LONDON+VIENNA CGL:LABOR. 
ALVAREZ 73 PR 08 702 LUIS W. ALVAREZ llBll 
KOCHER 74 Pl. 518 193 KOCHER,WERNHARO C INNS+VIENI 
OJBIANCA 75 NP 898 137 F.A.DIBIANCAt R.J.ENDORF ICARNI 
OEUTSCHM 77 CERN/EP/PH772GREV DEUTSCHMANN+( AAC H+B ERL +CERN+INNS+LOIC+VI EN I 
ACNO 78 PRIVATE COMM • 8. JONGEJANS I CERN+Z EEM+N I JM+OXF COLLAB • I 

****** ********* ********* ********* ********* ********* ******b** ObbO*b** 
........................ •••••• b •• ••••••••••••••••••••••••••••••••••• 

A+(2260) and E (2430) 
-c c---

There is some evidence for the existence of 

these charmed baryons, although the evidence is 

weak compared with that for the charmed D states. 

The data on the A+ are summarized in the section 
c 

11/73 
11173 
11173 
11/69 
11/69 
11/69 
12173 

1/77* 

11/69 
11/69 
12/73 
1177• 

11/69 
11/69 
11/69 
12173 

10/74 

below while the data on the E (2430) are summarized 
c 

in the Baryon Data Card Listings. 
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The evidence is quite consistent with the 

charmed baryon picture. 1 '
2 

A ·single event, identi

fied with high probability as Vp ~·~-A~+~+~+~

observed at BNL (CAZZOLI 75) has IJ.S = -1 and 11Q = +1 

for the hadrons. For this event, rate argumen·ts 

indicate a t:.s = -11Q strength comparable to t:.s = 11Q. 

For noncharmed particles, no t:.s = -11Q semileptonic 

processes have been observed, and limits on such 

rates are ·a few percent of 11S = 11Q rates. With 

charm, such events are expected at rates comparable 

to 11s = 11Q rates. Production can occur via the 

Cabibbo-suppressed transition Vd ~ ~ c (/1Q = +1, 

t:.s = 0) 1 while the Cabibbo-favored nonleptonic decay 

involves the transition c ~sud (/1Q = 0 1 t:.s = -1) 

resuiting in 11Q = +1 1 t:.s = -1 as observed. Thus 

charm provides a natural explanation for this 

event. The (A4~)++ mass and one of the (A3~)+ mass 

combinations are in good agreement with charm 

predictions3 for the lowest lying charmed baryon 

states with charge +2 and +1 and JP = 1/2+, the 

E++(2430) and the A+(2260). 
c c 

CAZZOLI 75 state that the most likely alterna-

tive to charm for this event is associated production 

of a missing ~ with a probability of "" 3 x 10-5 

We adopt the names Ac and Ec used by CAZZOLI 75. 

The name A or E indicates the isospin (u,d quark) 

structure, while the subscript c indicates that 

the strange quark in an uncharmed A or E has been 

replaced by a charmed quark giving c(ud) 
0 

for A+ 
I= c 

and c(ud)I=l for Ec. Alternative names to Ac and Ec 

are c
0 

and c
1

, used e.g. in Ref. 1 and Ref. 2. 

Additional charmed baryon evidence comes from 

Fermilab photoproduction data (KNAPP 76) on the 

reaction 

y + Be ~ A + pions 

A narrow peak is observed in A~-~-~+ at 2.26 GeV 

and not in A~+~+~-. A higher mass (-2.5 GeV) peak 

in (l\.4~) 0 
is seen to cascade into this state. Their 

results are consistent with being 

in striking agreement with the CAZZOLI 75 event. 



0 'I ~ 
-··-.: i 6 d d ') ] '·;.J w u ~j -~-~ f.~,..., l 

89 

Data Card Listings 
For notation, see key atfront of Listings. 

Uncharmed ~ states are known to exist4 in the 

neighborhood of the observed states. However, the 

narrow width of the A~-~-~+ peak and the absence 

of the opposite-charge state tend to favor the 

charm interpretation. One disturbing feature of 

the KNAPP 76 data which is contrary to charm 

expectations is the absence of a signal in the 

!\~+~+~- state. 

BARISH 77 in an ANL deuterium exposure find 

one neutrino dilepton candidate, which they 

identify as 

where the ~0 
is inferred from the observation of 

a single converted photon, and the neutrino and 

spectator neutron are not seen. This event has a 

possible, but highly speculative, interpretation as 

a semileptonic decay of a charmed baryon: 

->- Jl-E++ (2430) (n ) 
c s· 

L +- 0 + 
p~ ~ ~ e ve 

or 

L +- o-o + 
p~ ~ ~ K e v· 

e 

-o 
where the K escaped detection. With the second 

interpretation and the charm expectation that 

~;+(2430) ->- !\;~+, they speculate that they may have 

observed the semileptonic decay 

J\ + ->- p~-~ ° K~ e + v 
c e 

This interpretation would require that 

mass(~++) >2439 MeV and mass(J\+) >2248 1· · c c MeV, un1.ts 

consistent within errors with the CAZZOLI 75 mass 

values. It would also require a fairly unlikely 

spectator neutron momentum of 260 MeV. Other 

interpretations exist for this event including a 

lighter mass, -2 GeV charmed baryon or a background 

non-dilepton event. 
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PI 
P2 
P3 

•• 

33 LAMBOAIC+I2260,JP= J 

NEEDS CONFIRMATION. 
OMITTED FROM TABLE. 

33 LAMBOA/C+ MASS CMEVJ 

·C 1 2260. 20. CAZZOLJ 75 HBC + LAMBDA 2PI+ PI-
S 112360.1 C590.1 SUGIMOTO 75 EMUL INTO SIGMA PIO 
S 112230.1 1560.1 SUGIMOTO 75 EMUL INTO SIGMA ETAO 

K 60 2260. ( 10.1 KNAPP 76 SPEC - ANTILAM 2Pl- PI+ 
8 112248.) OR MORE BARISH 77 DBC MODE P4 BELOW 

C CAZZOLI 75 IS BNL EXPT. SEES (NEUTRINO P --> HU- LAMBDA 3PI+ PI-I 
C EVENT WITH MILAMBOA 4PII=2426+-12MEV. LARGE 05=-0Q RAT·e ISAME AS 
C OS=OQI SUGGESTS CHARM. OERUJULA 75 PREDICTS 2 STATES NEAR THIS 
C MASS WHICH DECAY STRONGLY BY PI+ EMISSION IMASS OIFF 160 AND 2ZOMEV 
C FOR THE TWO STATESJ TO THE LOWEST MASS CHARMED BARYON. THE THREE 
C POSSIBLE PI+ EMISSION MASS. DIFFS FOR THIS EVT ARE 338+-12 1 327+-12 
C AND 166+-15MEV. WE USE THE LATTER FOR THE ABOV'E QUOTED MASS. 

S SUGIMOTO 75 VALUES ASSUME DECAY TRACK IDENTIFICATION AS SIGMA+-. 
S VALUES TAKEN FROM GAISSER 76 TABLE 3. VERY SPECULATIVE INTERP. 

KNAPP 76 IS FNAL WIDE BAND PHOTON BEAM ON BE TARG. THEY SEE PEAK IN 
ANTILAM 2PI- PI+ BUT NOT IN ANTILAM 2PI+ PI-. THEY ALSO SEE AN 
ANTILAM 2PI+ 2PI- STATE AT 2.5GEV CASCADING VIA PI- EMISSION TO 

K THE 2.26 GEV STATE. 
B BARISH 11 IS ANL EXPT. SEES ONE DILEPTON EVENT WHICH IS CONSISTENT 
6 WITH NEU P -> Mu- SIGMA/C++, SIGMA/C++.--> LAMBOA/C+ PI+ AND 
B LAMBOA/C+ --> P PI- PIO KOSAR E+ NEU.. THIS INTERPRETATION GIVES 
6 ABOVE MASS liMIT. IT IS A VERY SPECULATIVE INTERPRETATION. 

33 LAMBOA/C+ MEAN LIFE CUNITS 10 .. -12 SEC) 
14.5) SUGIMOTO 75 EMUL INTO SIGMA PIO 

1 (0.681 SUGIMOTO 75 EMUL INTO SIGMA ETAO 
SUGIMOTO 75 VALUES ASSUME DECAY TRACK IDENTIFICATION AS SIGMA+-. 
VALUES TAKEN FROM GAISSER 76 TABLE 3. VERY SPECULATIVE. 

33 LAMBDA/C+ WIDTH FROM MASS. SPECTRUM 

60 75. OR LESS KNAPP 76 SPEC - ANTILAM 2PI- PI+ 
KNAPP 76 MEASURES WIDTH 40+-ZOMEV CONSISTENT WITH THEIR EXPT 
RESOLUTION C30MEVI FOR A ZERO WIDTH STATe. 

33 LAMBCA/C+ PARTIAL DECAY MODES 

LAMBOA/C+ INTO LAMBDA PI+ PI+ PI
LAMBOA/C+ INTO SIGMA+ PIO 
LAMBDA/C+ INTO SIGMA+ ETA 
LAMBOA/C+ INTO P PI- PJ6 KO E+ NEU 

NGTE ON VERY TENTATIVE MODES PZ, P3, AND P4 

DECAY MASSES 
1115+ 139+ 139+ 139 
1189+ 134 
1189+ 548 

THESE MODES ARE VERY TENTATIVE.. PZ AND P3 ARE FROM SUGIMOTO 75 
CSEE GAISSER 76 REVIEW) AND P4 IS FROM BARISH 77. EACH IS FROM A 
SINGLE EVENT. SEE DETAILS IN TYPED REVIEW ABOVE. 

·~··** ~··****** ••••••••• •••••••** .................................... . 

CAZZCJLI 75 PRL 34 1125 
SUGIMOTO 75 PTP 53 1540 
KNAPP 76 PRl 31 882 
BARISH 77 PR 015 1 

OERUJULA 75 PR 012 147 
GAISSER 76 PR 014 "3153 
LEE 17 PR 015 157 

REFERENCES FOR LAMBOA/C+ 

+CNOPS",CONNOL Y ,LOUTTIT, HURT AGH+ I BNLI 
-tSATO,SAITO ITWAS+TOKYI 
+lEEtLEUNG,SMITH + ICOLU+HAWA+ILL+FNALI 
+OERRICK,OOMBECK,MUSGRAVE + IANL+PUROI 

THEORY AND REVIEW 

+GEORGI ,GLASHOW 
T .K .GAISSER, F .HAL ZEN 
+QUIGG, ROSNER 

CHARY) 
(BART+WISCI 

IFNALI 

.............................................. *•••••••• ********* .......... . ****** .................................................................... . 

3117* 
3/77* 
3111* 
3/77* 
3177* 
3171* 
3/77* 
3177* 
3/7711-
3/71* 
3177* 
3177• 
3/77ft. 
3177* 
3177"' 
3177* 
3/77* 
3/77• 
3177* 
3177• 
3/77* 
3177* 

3/77* 
3/77* 
3/77* 
3/770 

3/77* 
3177• 
3177* 

3177* 
3177• 
3/77* 
3177• 
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jHEAVY LEPTON SEARCHES! 
+ 

Data on the T-(1800) heavy lepton are listed 

in a separate section above, following the e and 

J.l 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 J.l) 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 numbe·r. For convenience we omit writing 

the antiparticles in the following descriptions. 

The four types are: 

Sequential Leptons (L-, v Ll_: Such a pair 

is assumed to have its own separately strictly 

conserved lepton number nL = +1. This means that 

the radiative decays 

are forbidden 

while the weak decays (assuming mL_ sufficiently 

massive) 

L 
+vLe-ve J 
+ VL J.l-VJ.l 

+ VL hadrons 

are allowed . L 

L 

There could be an indreasing 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 

be :S l0-12 

chamber. 1 

mass above 1 GeV, the mean life should 

sec, too short to be observed in a track 

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 J.l-, respectively. 

Radiative decays are again forbidden and decays 
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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. 

E+ .... EL
0 J.l+V~ + 

e e v 
e 

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 J.l-, respectively. They 

may or may not have associated neutral leptons. 

Radiative decays are allowed in addition to weak 

modes similar to those of sequential leptons. The 

radiative mode can dominate or can be relatively 

unimportant depending on the model. 4 Decays such 

as 
.F + e + hadrons 

are also allowed. 

Long-Lived Penetrating Particles. Heavy 

leptons could have long mean lives under certain 

circumstances. For example, if~ > mL_' then L-, 
L 

the sequential lepton, is completely stable since 

its lepton number is conserved. 

Experimental Results. The results are summar

ized in the Data Card Listings below. Mass limits 

for all types are listed together in subsection M. 
+ 

Mass information on the T-(1800) is no longer 

included here but has been moved into the new 
+ 

T-(1800) section. 

The Listings also contain cross-section upper 

limits reported as results of unsuccessful searches. 

We no longer list cross sections for anomalous eJJ 

events in e+e- collisions. These cross sections 

are consistent with coming from e+e- + T+T- where 
+ 

the T-(1800) is assumed to be a spin-1/2 Dirac 

point particle with a mass about 1800 MeV. 
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l. 

2. 

3. 

4. 

" " " M 
M 
M 
M 
H 
M 
H 
M 
M 

u 
R 
R 
y 
L 
w 
I 
M 
M 
s 
B 
B 
c 
D 
D 
N 
E 
J 
A 
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P~OPERTJES OF THE TAU+-118001 HEAVY LEPTON AND ITS ASSOCIATED 
NEUTRINO ARE LISTED SEPARATELY ABOVE FOLLOWING THE E AND MU 
LISTINGS. THE FOLLOWING SECTION CONTAINS INFORMATION ON SEARCHES 
FOR HEAVY LEPTONS OF OTHER TYPES AND SEARCHES FOR TAU+- IN 
COLLISIONS OTHER THAN E+E-~ WE LIST MASS liMITS AND CROSS SECTION 
UPPER liMITS REPORTED AS NEGATJVE SEARCH RESULTS. WE NO LONGER 
LIST CROSS SECTIONS FGR THE ESTABLISHED PROCESS E+ E- --> TAU+ TAu
AS WAS DONE IN OUR 1971 SUPPLEMENT • 

HEAVY LEPTON MASS LIMITS IGEVI 
0 1.0 OR MORE BEHREND 65 SPEC - ORTHOELECTRON( F) 

NONE BETWEEN .12 AND .57 BETOURNE 65 SPEC - ORTHOELECTRON IF J 
NONE BETWEEN • 3 AND .1 BUDNITZ 66 SPEC - ORTHOELECTRONIF) 
NONE BETWEEN .2 AND .92 BARNA 68 CNTR - LONG-LIVED 
NONE BETWEEN .97 AND 1 .03 BARNA 68 CNTR - LONG-LIVED 
NONE BETWEEN ol AND 1.3 BOLEY 68 SPEC - OR THOELECTRONI F I 
NONE BETWEEN .2 AND .6 LIBERMAN 69 OSPK - ORTHOMUONIN) 

.490 OR MORE ROTHE 69 RVUE 
NONE BETWEEN .26 ANO 1.32 LICHTENST 70 SPEC - ORTHOELECTRON IF I 
20 '.4241 ( .0131 I.0021RAMM 70 HLBC 0 ORTHOMUONI N I 
22 1.4311 I .0041 RAMM 71 HLBC - OR THOMUON IN J 

D 0.1 OR MORE ANSORGE 73 HBC - LONG-LJ VED 
0 0.6 OR MORE BACCI 73 ELEC +- ORTHOELECTRON(F I 
0 2.2 OR MORE BACCI 73 ELEC +- DRTHOELECTRONIFJ 
0 2.0 OR MORE CL=.90 BARISH 73 ASPK + PARAMUON I M I 
0 1.4 OR MORE CL= .95 BERNARDIN 73 ASPK +- ANY NON-RAD TYPE 
0 1.0 OR MORE CL.,.95 BERNARDIN 73 ASPK +- ANY NON-RAD TYPE 

NONE BETWEEN 0.55 AND 4.5 BUSHNIN 73 CNTR - LONG-LIVED 
0 2.4 OR MORE CL=.90 EICHTEN 73 HLBC + PARAMUON IMI 

7.8 OR MORE CL=.95 HANSON 73 WIRE ORTHOELECTRONI F I 
1.8 OR MORE CL=.90 ASRATYAN 74 HLBC +- ORTHOMUON INJ 
8.4 OR MORE CL=.9D BARISH 74 SPEC + PARAMUON (MI 

NONE BETWEEN 0 AND 2.0 GJTTLESON 74 SPEC ORTHOMUON INI 
0 1.15 OR MORE CL:c.95 OR ITO 74 ASPK +- ANY NON-RAO TYPE 
NONE BETWEEN 0.25 AND 2.3 BACCI 77 SPEC +- ORTHOELECTRONIFI 

1.2 OR MORE MEYER 77 SMAG 0 NEUTRAL 

COMMENTS 
liMITS APPLY ONLY TO HEAVY LEPTON TYPE GIVEN IN COMMENT AT RIGHT ON 
OAT A CARD. SEE REVIEW ABOVE FOR DESCRIPTION OF TYPES. 
IN COMMENTS BELOW: All BEAMS ARE MU TYPE NEUTRINO OR ANTINEUTRINO~ 
L,E,M,F,N STANO FOR SEQUENTIAL LEPTON,PARA-ELECTRON,PARA-MUON, 
ORTHO-ELECTRON tORTHIJ.MUON RESPECT IVl Y. 

H BEHREND 65 IS OESY EXPT • LOOKS FOR E P-->F P, F-> E GAMMA. 
H THIS MASS liMIT CORRESPONDS TO A LIMIT ON lAMBDA**2 OF 6.25*10**-4• 
T BETOURNE 65 IS ORSAY EXPT. LOOKS FOR E P -->F P. MASS OF .12 
T CORRESPONDS TO COUPLING CONSTANT LAMBDA**2 GT .0016, MASS OF .57 
T TO lAMBDh*2 GT .22. 
U 8UDNITZ 66 IS CEA EXPT. LOOKS FOR E P-->F P. 
R BARNA 68 IS SlAC PHOTOPROOUCTION EXPT. 
Y BOLEY 68 IS CEA EXPT. LOOKS FORE P-->F P. MASS OF .1 CORRESPONDS 
Y TO COUPLING CONSTANT LAMBOA**2 GT 3*10 .. -4, MASS liMIT OF 1.3 TO 
Y LAMBOAU2 GT .01. 
l LIBERMAN 69 IS A BNl EXPT MEASURING MUON BREMSSTRAHLUNG. 
W ROTHE 69 EXAMINES PREVIOUS DATA ON MU PAl R PROD AND PI AND K DECAYS 
I LICHTENSTEIN 70 IS CORNEll EXPT MEASURING E BREMSSTRAHLUNG. 
I MASS LIMIT DEPENDS ON COUPliNG CONSTANT. FIRST VALUE ABOVE IS FOR 
I LAMBDA .. 2 GT .17, SECC'NO IS FOR LAMBOA .. 2 GT .42. 
M RAMM 70 FINDS PEAK IN MU PI COMBINED MASS PRODUCED BY NEUTRINO 
M INTERACTIONS. HE ALSO CLAIMS EVIDENCE FOR THIS IN KOMU3 DECAYS IN 
M HBC WHERE PI MU COMBINED MASS PEAKS IN SAME REGION. CLARK 72 FINDS 
M NO EVIDENCE FOR PI MU PEAK IN HIGH STATJSTICS KOL3 EXPT. 
M RAMM 71 SEES PEAK IN MU GAMMA COMBINED MASS PRODUCED BY NEUTRINOS. 
S ANSORGE 73 LOOKS FOR ELECTRON PAIR PROD AND ELECTRON-LIKE BREMS$. 
8 BACCI 73 IS FRASCATI E+E- EXPT • lOOKS FOR F --> E GAMMA. 
8 MASS LIMIT DEPENDS ON COUPLING CONSTANT lAMBDA FOR THIS DECAY· 
8 FIRST VALUE ABOVE IS FOR LAMBDA**2 GT 9*10 .. -5, 2ND IS FOR 
B LAMBOA**2 GT 10 .. -3. 
C BARISH 73 IS FNAL 50t145 GEV NEU EXPT. lOOKS FOR CNEU NUCLEON--> 
C M+ ANYTHINGJ. ASSUMES lK+ --> MU+ NEU NEUI WITH BR=.3. 
0 BERNARDINI 13 IS FRASCATI E+E- EXPT. FIRST VALUE ASSUMES UNIVERSAL 
0 COUPLING TO ORDINARY LEPTONS. SECOND VALUE ALSO ASSUMES COUPLING 
0 TO HADRONS. 
N BUSHNIN 73 IS SERPUKOV 70 GEV P EXPT • MASSES ASSUME MEAN LIFE ABOVE 
N 7E-10 AND 3E-8 RESPECTIVELY. CALCULATED FROM CROSS SECIOC BELOWI 
N AND 30 GEV MUON PAIR PRODUCTION DATA. 
E EICHTEN 73 IS CERN 1-10GEV NEU EXPT. LOOKS FOR M+ PRODUCED IN 
E NEU NUCL -> M+ HADRONS ASSUMING 15 PERCENT DECAY TO E+ NEU NEU. 
J HANSON 73 LOOK FOR DEVIATIONS FROM QED IN E+ E- -->2 GAMMA. THEY 
J MEASURE THE PRODUCT OF THE F MASS * THE COUPLING CONSTANT LAMBDA, 
J WHICH IS THE VALUE QUOTED ABOVE. 
A ASRATYAN 74 USES EICHTEN 73 DATA ON NEU NUCL --> E- HADRONS AND 
A ANTINEU NUCL --> E+ HAORONS TO SET LIMITS ON ORTHO~UON PRODUCTION. 

BARISH 74 IS FNAL 50,135 GEV NEU EXPT. LOOKS FOR lNEU NUCLEON --> 
M+ ANYTHING). ASSUMES IM+ -->MU+ NEU NEUI WITH BR=.3. 
GITTLESON 74 IS MU P --> P OR.THOMUON SEARCH. COUPLING CONSTANT 
lAMBDA**2 IS <.01 FOR MASS UP TO .7 GEVt LIMIT ON LAMBDA**2 RISES 
TO <.1 FOR MASS OF 2.0 GEV. 
ORITO 74 LOOKED FOR H+H- PAIRS GIVING MU-E PAIRS. MASS LIMIT REFERS 
TO ANY NON-RADIATIVE TYPE HEAVY LEPTON; lt E, M, Ft N. 
COUPLING TO HADRON ASSUMED FROM THEORETICAL MODELS. 

b/11* 
6117• 
6171• 
6/77* 
6/77* 
6177• 
6177* 
6177• 
6177* 
6177• 
6/17* 
6/77* 
1176 
1176 
2/74 
2/74 
2/74 
2174 
3/74 
6/77* 

11/75 
7/74 

12177• 
11175 
12177* 
12177• 

3177• 
3/77* 
3177* 
3177• 
3177• 
3177• 

6177* 
6171• 
6/17• 
6171• 
6177* 
6177• 
6/17• 
6/77* 
6177* 
6/77* 
6177• 
6177* 
6177• 
6/77* 
6177• 
6177• 
6/71* 
6/77* 
6177* 
6177• 
6177• 
1/76 
1176 
1/76 
1176 
3177• 
3/71* 
2/74 
2174 
2/74 
2174 
2174 
2174 
2176 
2176 
6177• 
6177* 
6/17* 
2176 
2/76 
7/74 
7/74 

12177• 
12177* 
12/77* 
3/74 
3174 
3174 

BACCI 17 IS SAME TYPE AS BACCI 13. LOWER MASS LIMIT CORRESPONDS TO 
LAMBOA**2 LIMIT OF 4*10**-5• UPPER VALUE IS FOR LAMBOA**2 LIMIT OF 

K 1.5*10**-3 • 
MEYER 77 LOOKS FOR NARROW NEUTRAL RESONANCE lNIE PliAND(MU Pll 
CHANNELS PRODUCED BY E+E- AT 6.8 GEV CECMI. ASSUMED TO Sf DECAY 
PRODUCT OF THE TAU. SEE SECTION NE BELOW. 

NEU HEAVY lEPTON EVIDENCE (NEUTRINO NUCLEON) 
NEU SEE ALSO SECTION 'Y' IN 'CHARMED HADRON SEARCHES' AND 
NEU SECTION 'T' IN 'liTHER NEW PARTICLE SEARCHES'. 
NEU 6 TRJMUON EVENTS BENVENUI 77 NEUL 5/6NEU,1/6NEUBAR 
NEU 10 MU+ Mu-, 3 MU- Mu- EVENTS BENVENU2 77 NEUL 
NEU BENVENUTl 77 IS FNAl EXPT. TRIMUON EVENTS CAN BE EXPlAINED BY PROD 
NEU OF A NEW HEAVY lEPTON -->MU- NEUBAR NEW LIGHTER LEPTON --> MU+ MU-
NEU NEUTRINO. SEE ALSO BENVENUT2 77, AlBRIGHT 77 AND BARGER 77 FOR 
NEU FURTHER ANALYSIS. HEAVIER lEPTON HAS H=7 {+3,-11 GEV, LIGHTER HAS 
NEU M=3.5{+1 .. 5,-.4J GEV. 
NEU BENVENUT2 77 IS FNAL EXPT WHICH ANALYSES THE DIMUON EVENTS THAT ARE 
NEU UNliKElY TO COME FROM CHARM PRODUCTION BECAUSE OF HUON MUMENTA. 
NEU THEY MAY BE EXPLAINED BY SAME CASCADE DECAY PROCESS AS TRIMUDN 
NEU EVENTS. 

DC HEAVY LEPHN PRODUCTION OIFF. CROSS SEC. IP NUCLEON) (CM**ZISR-GEVI 
DC 0 1.6E-37 OR LESS CL=.90 GOLOVKIN 72 CNTR- 70GEV Pt SERPUKHOV 
DC B 0 4. E-38 OR LESS Cl=~90 BUSHNIN 73 CNTR- 70GEV p, SERPUKHOV 
DC G MASS RANGE 1 TO 4.5 GEVtTHETA=O,P=25 GEV/C. 
DC BUSHNIN 73 HEAVY LEPTON PATH TRAVERSES 6800 GM/CM-*2 ABSORBER. 
DC DIFFERENTIAL CROSS-SECTION MEASURED AT P:::30 GEV/C THETA:: 2 MRAO. 

JC 
IC 
IC 
IC 
IC 
IC 
IC 
JC 
IC 
IC 
IC 

INVARIANT HEAVY LEPTCJi PROD. CROSS SEC. IP NUCLEON) ICM**2/GEV**2) 
S 0 5.4E-39 OR LESS CL=.90 CRONIN 74 SPEC - Mc1-6.8 GEV 
B 0 6.4E-35 OR LESS CL=.90 BINTINGER 75 SPEC +- M=1-5 GEV 
S CRONIN 74 IS AN FNAl 300 GEV P CU EXPT. LOOKED FOR lONG L IVEO 
S PENETRATING PARTICLES. ABOVE LIMIT ASSUMES STABLE. MULTIPLY IT BY 
S EXPI1.22E-8*MITAUJ FOR MASS MIGEVI AND liFETIME TAUISEC). LIMIT 
S OBTAINED AT THETAILABI "' 77 MRAO, PT , 2.38 GEV/C. 
8 BINTINGER 75 IS A 3o-300 GEV P C EXPT. LOOKED FOR LONG LIVED 
8 PENETRATING PARTICLES. ABOVE LIMIT ASSUMES STABt.E. MULTIPLY IT BY 
8 EXPC3.5E-B*M/TAU/PJ FOR MASS MIGEVI, liFETIME TAUlSECJ, MDM.PtGEVJ. 
B OBTAINED AT THETAILABJ = 91 MRAO, PT = 1-2.25 GEV/C. 

CN NEUTRAL HEAVY LEPTON PRODUCTION CROSS SECTION ICM**2 I 
CN K 5 l1. E-37 OR MOREl KRISHNASW 75 CNTR +o- M=2-5 GEV 
CN B 0 BENVENUTI 75 SPEC 0 
CN K KRISHNASWAMY 75 IS KOLAR GOLD MINE COSMIC RAY EXPT. TYPICAL EVENT 
CN K HAS VERTEX IN AIR 70 CM FROM WALL WITH THREE OBSERVED CHARGED 
CN K TRACKS. AUTHORS SUGGEST NEU+ROCK GIVES NEW PARTICLE WITH MEAN LIFE 
CN K 10E-9 SEC OR LGNGER. DE RUJULA 75 GIVES ANOTHER INTERPRETATION. 
CN K SEE ALSO RAJASEKARAN 75. 
CN 8 BENVENUTI 75 IS AN FNAL EXPERIMENT WHICH ROUGHLY SIMULATES THE 
CN B KRISHNASWAMY 75 EXPT. BUT APPARENTLY CONTRADICTS IT, FINDING NO 
CN 8 EVENTS. SENSITIVE TO DECAYS OF NEUTRAl PENETRATING PARTICLES 
CN B PRODUCED BY THE PRIMARY PROTONS OR BY SECONDARY NEUTRINO 
CN 8 INTERACTIONS IN THE 1 KM. NEUTRINO BEAM EARTH SHIELD. 

EVIDENCE FOR NEUTRAL HEAVY LEPTON PRODUCED IN NEUTRINO INTERATIONS 
1 SEEN BARANOV 77 HlBC 0 SERPUKHOV 

BARANOV EVENT INTERPRETED AS NEU N -> P 2PIO NEUTRAl H.LEPTON WITH 
H.LEPTON --> MU- E+ NEU .. MASSz1.4-2.5 GEVt TAU=6*10**-12 SEC. 
EVENT ALSO HAS A POSSIBLE CHARMED PARTICLE INTERPRETATION. 

MM 
MM 
MM 
MM 

UNEXPLAINED MISSING NEUTRAL lHEAVY lEPTON? I MOMENTUM /TOTAL MOMENTUM 
E 0.05 0.03 ELLIOT 77 CALC 
E ElLIOT 77 IS SLAC 10.5 GEV PI+ P -> P NPI+- NEUTRALS. FINDS THAT 
E NEUTRAl SPECTRUM CAN BE EXPLAINED BY GAMMA, KOt LAMBDA, NEUTRON. 

CP 
CP 
CP 
CP 
CP 

NEUTRAl HEAVY LEPTCN PROD. CROSS SEC. (PROTON NUCLEON) (CM**2) 
0 1. E-29 OR LESS FAISSNER 76 HLBC 0 

FAISSNER 76 LIMIT ASSUMES STABLE NEUTRAL WEAKLY INTERACTING LEPTON. 
ALSO RULES OUT DE RUJULA 75 INTERP. OF 5 KRISHNASWAMY 75 EVENTS AS 
{P NUCLEON-> l+ Xt l+ --> LO X) UNLESS l+ MASS IS ABOVE 3 GEV .. 

NE 
NE 
NE 
NE 
NE 
NE 

NEUTRAl HEAVY lEPTON PROD. CROSS SECTION fE+ E-J ICM**21 
4.5E-36 OR LESS CLc.9Q MEYER 77 SHAG E+E- 6.B GEV IECMI 

MEYER 77 EXPT LOOKS fOR NARROW NEUTRAL RESONANCE IN E-PI AND MU-PI 
CHANNELS. VALUE GIVEN IS FOR MASS OF .5 GEV, AND IS PRODUCT OF CS* 
SRITAU--> NEW NEUTRAL LEPTONJ•8RINEUTRAL LEPTON--> E OR MU PII • IF 
MASS OF NEUTRAL LEPTON IS 1.5 GEV, LIMIT BECOMES 2.5E-36. SEE S25M. 

****"'* •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

BEHREND 
BETOURNE 
BUONJTZ 
BARNA 
BOLEY 

65 PRl 15 900 
65 PL 17 70 
66 PR 141 1313 
68 PR 173 1391 
68 PR 1b7 1275 

BERNARDI 69 NCL 1 15 
LIBERMAN 69 PRL 22 663 
ROTHE 69 NP 810 241 
LICHTENS 70 PR 01 825 

REFERENCES FOR HEAVY LEPTON SEARCHES 

+BRASS E, ENGLER, GANS SAUGE+ ( OESY+KARL) 
+NGUYEN NGOC,PEREZ Y JORBA+ tORSAJ 
+DUNN INGt GOITE INt RAMSEY ,WAlKER,WILSONl HARV I 
+COX, MARTI Nt PERL, TAN, TONER, ZIPF+ I SLAC+STAN I 
+EliAS, FRIEDMAN, HAR TMANNt KENDALL+ I MIT+CEA} 

BERNARDINI tFELICETT I+ I FRAS+NAPL+ROMAI 
+HOFFMAN, ENGELS, I MR IE+I HARV+CASE+MCGI +SLAC I 
K.W.ROTHE,A.M.WOLSKY • IPENN) 
LICHTENSTEIN ,ASHt BERKELMANtHARTilL+ (CORN) 

RAMM 70 NATURE 227 1323 C.A.RAMM ICERN) 
ALSO 72 NATURE 237 388 

RAMM 71 NAT.PH.SC .. 230 
GOLOVKI N 72 PL 428 136 
ANSORGE 73 PR 07 26 
BACCI 73 Pl 448 530 
BARISH 73 PRL 31 410 

BERNARDI 73 NC 17A 383 
ALSO 70 LNC 4 1156 

BUSHNIN 73 NP 858 476 
ALSO 72 PL 428 l36 

EICHTEN 73 PL 468 281 
HANSON 73 NCl 7 587 

ASRATYAN 74 PL 498 488 
BARISH 74 PRl 32 1387 
CRONIN 74 PR 010 3D93 
GITTLESO 74 PR 010 1379 
OR I TO 74 Pl 488 165 

BENVENUT 75 PRl 35 1486 
81NTINGE 75 PRL 34 982 
BACCI 77 Pl 718 227 
KRISHNAS 75 Pl 57B 105 

ALSO 75 PRL 35 628 
ALSO 75 PRAMANA 5 78 

FAISSNER 76 Pl 608 401 
BARANOV 17 Pl 708 269 
8ENVENU1 77 PRL 38 1110 

ALSO 77 PRl 38 1187 
AlSO 77 PRL 38 1190 

CLARK, ELI OFF, F I ELDt FRISCH, JOHNSON+ I lBl I 

145 C.A.RAMM ICERNJ 
+GRACHEV 1 KHODYREV,KUBAROVSKY+ I SERPI 
+BAKER, KRZESINSKitNEALEtRUSHBROOKE+ {CAVE I 
+PAR I SJ, PEN SO, SALVI Nit STELLA+ I ROMA+FRAS J 
+BARTLETT ,BUCHHOLz, HUMPHREY+ lC IT+FNAl I 

BERNARDINI, BOLL I NI, BRUN INI +( CERN+BGNA+FRAS} 
ALLES-BORELL I, BERNARDINI ,BOLLIN!+ I CERN I 
+0UNAYTZEV,GOLOVKIN,KUBAROVSKY + I SERPJ 
GOLOVKIN ,GRACHEV, SHOOYREV + I SERP} 
+DEDEN+I AACH+BELG+C ERN+EPOL+MI LA+LALO+LOUC) 
+LEONGtNEWMAN, LAW,L ITKE +I HI T+HARV+CEA+HA IF I 

+GERSHTEIN ,KAFT ANOV, KUBANTZEV tLAPIN+ I SERP I 
+BARTLETT tBUCHHOLZt HERR ITT + CClT+FNAl I 
+FRISCH,SHOCHETtBDYHONO,MERHOO + IEFI+PRINI 
G ITTLESON,KIRK+ f HARV+ROCH+COLU+FNAL) 
+VISENTINtCERAOINI,CONVERSI + CFRAS+ROMAI 

BENVENUTI ,CLINE, FORO+ ( HAR V+PENN+Wl SC+FNAL I 
Bl NTINGE RtCURRY+ l EF I +HARV+PENN+WI SC 1 
+DEZORZ I, PEN SO, STELLA+ IROMA+FRAS I 
KR I SHNASWAMY, MENON+ I BOMBAY+OSAKA J 
DE RUJULA,GEORGI ,GLASHOW IHARVI 
RAJASEKARANt SARMA ITATA I 

+HASERT+t AACH+BELG+CERN+E POl +MILA+OXF+LOUC I 
+VOLKOV,GERSHTEINtiVANILOV + tSERPJ 
BENVENUTI ,CliNE+ ( FNAL +HAR V+PENN+RUT G+W I SCI 
ALBRIGHT ,SH JTH, VERHASEREN IFNAL+STON I 
BARGER, GOTTSCHALK+ IW I SC+ZARAGOZA+RHEL I 

12177• 
12177* 
12171• 
12/77• 
12177* 

1!78* 
1178• 
1171* 
1171• 
7177• 
1171* 
7177• 
1171* 
~1171* 

1171• 
7111* 

1176 
2174 
1/76 
2174 
3/74 

1176 
2176 
2/76 
2/76 
2176 
4177• 
2176 
2/76 
2176 
4171• 

2/76 
2/76 
2/76 
2/76 
2/76 
2176 
8176• 
2176 
2/76 
3177* 
3177• 
3177* 

12177• 
12177• 
12177• 
12/77* 
12/17* 

1178• 
1/78* 
1178* 

1177• 
1177• 
1/77* 
1177• 

12177• 
12177• 
12177• 
12177• 
12177• 
12177* 
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INTERMEDIATE BOSON, QUARK SEARCHES 

BENVENU2 77 PRL 38 1183 

tAVAlllS 77 LNC 20 337 

BENVENUTI ,CLINE+ C FNAL +HARV+PENN+RUTG+WI SCI 

CAVAlL 1-SFORZA,GOGGI + tPAVI+PRIN+UMO I 
ELLIOT 77 PR 015 1851 +FORTNEY ,GOSHAWt LAMSAtlOOS+ I OUKE+AL BA I 
HEYER 17 Pl 708 469 +NGUYEN, ABRAMS, ALAM+ I Sl AC+l Bl +NWES+HAWA J 

...... ••••••••• ••••••••• ••••••••• ********* ********* ••••••••• ******** 

........................................ $ ........... ********* •••••••• 

TiNTERMEDIATE BOSON SEARCHES I 

" " " 

" " " " 

~ BOSON MASS LIMITS IGEVJ 
B 0 1.7 OR MORE Ct:.99 BERNARDIN 65 HYBR + NEU N, CERN 
8 0 2.0 DR MORE CL.,.90 BURNS 65 OSPK + NEU N, BNL 
C 0 3.8 OR MORE CL=.90 BARISH 73 ASPK + W+ TO LEP+NEU=.2 
C 0 4.5 OR MORE CL=.90 BARISH 73 ASPK + W+ TO LEP+NEU:.5 
C 0 4.7 OR MORE CL=.90 BARISH 73 ASPK + W+ TC LEP+NEU=.B 
E 0 5.0 OR MORE CL.::.'15 BERGESON 73 ELEC 
U 0 NONE WITH MASS 1o-20 GEV BUSSER 71t WIRE +-0 P-P.52. 7 GEV CM 
A 0 NONE WITH MASS 5.5-8.5 GEV ABRAMOV 77 CNTR +-
A ABRAMOV 71 IS 70 GEV P-CU EXPT AT SERP LOOKING AT DIRECT MUONS OF 
A HIGH TRANSVERSE MOM. RESULT IS MODEL DEPENDENT. 
8 LOOKED FOR (NEU Nl TO IW+ MU- Nit W+ TO IMU+ NEU, E+ NEU• OR HORNS) 
C BARISH 13 LOOKED FOR INEU N) TO IW• MU- N), W+ TO Om• NEU1 AT NAL. 
C RESULT GIVEN FOR THREE ASSUMED BR.FRACS. W+ TO ILEPTON NEUJ/ALL. 
E BERGESON 73 LOOKED AT ENERGY DISTR Of NEU-INDUCED MUON FLUX UNOER
E GROUND. SCALE INVARIANCE OF THE INELASTIC STRUCT FN ASSUMED. 
U BUSSER 74 IS CERN ISR EXPT. LOOKED FOR ELECTRONS OF LARGE 
U TRANSVERSE MOMENTUM. RESULT QUOTED ABOVE IS MODEL DEPENDENT. 

W BOSON PRODUCTION CROSS SECTION 110**-36 CM**21 
0 6.0 OR LESS ANKENBRAN 71 CNTR +- W TOIMU NEUJ=1.0 

A ANKENBRANOT 71 LOOKED FOR IP NHOIW HAORONSJ, W TO IMU NEUI AT BNL. 
A THIS ASSUMES BR OF W TO MU NEU.IS 1. IN GENERAL THIS VALUE IS 
A 6.0/BRr WHERE BR=IW TO MU NEUI/IW TO Alll. 

SCALAR BOSON MASS LIMITS IGEV) 
C 0 10.0 OR MORE CL.::.qQ CONVERSI 73 ASPK 0 E+E- FRASCATI 
C CONVERSJ 73 LOOKED FOR QED VJot.ATION IN E+E- SCATTERING AT 2.8 GEV 
C AND ASSUMED W BOSON MASS=10 GEV. FOR MW=15 GEV. MS LIMIT= 6.5 GEV .......................................... ·······**· .•..••.........•. 

BERNARDI 65 NC 38 608 
BURNS 65 PRL 15 42 
ANKENBRA 71 PR 03 2582 

BARISH 73 PRL 31 180 
BERGESON 73 PRL 31 66 
CONYERS 1 73 PL lt6B 26'1 
BUSSER 71t PL ltBB 371 
ABRAMOV 77 SJNP 25 ltl 

REFERENCES FOR INTERMEDIATE BOSON SEARCHES 

BERNARDINI, BJENL E IN, BOHM, DARDELr + (CERN I 
+GOUL JANOS ,HYMAN, LE DERMAN.L EE + I COLU+BNL I 
ANKENBRANOT ,LARSENtLEIPUNER+ ( BNl+YALE J 

+BARTLETT, BUCHHOLZ, HUMPHREY+ ICJT+FNA.L I 
+CASSIOAY,HENORICKS IUTAHJ 
+O•ANGELO,GATTO,PAOLUZI tROMA.J 
+CAMILLERirDl LELLA + fCERN+COLU+ROCK J 
+ANISIMDVA,BONOA.RENKOrGRIOASOV + ISERPl ..................................................................... ...... ......... ......... ......... ......... ......... ......... ....... . 

I QUARK SEARCHES I 
SEARCHES FOR INTEGRALLY CHARGED QUARKS APPEAR ALONG WITH OTHER 
SIMILAR SEARCHES IN 'OTHER NEW PARTICLE SEARCHES' SECTION BELOW. 

Since the last edition, there has been a claim 

(LARUE 77) that charges of ±1/3 were detected on 

niobium beads heat-treated on a tungsten substrate 

using a magnetic levitometer. No non-integral 

charges were found on niobium beads heat-treated 

2174 
2/74 
2/74 
2/74 
2/74 
1/76 
8/76* 

12171* 
12177• 
12177• 

2/71t 
2/71t 
2/74 
1/76 
L/76 
8176* 
8176* 

2/74 
2/74 
2/71t 
2/74 

3/74 
3/74 
3/74 

on a niobium substrate. Using a Millikan apparatus, 

BLAND 77 found no non-integral charges on tungsten 

particles, but the sensitivity of LARUE 77 is so 

much greater than BLAND 77 that these experiments 

may not be inconsistent.· Thus, there is still no 

confirmed evidence for the existence of free quarks. 

The best searches for quarks in cosmic rays 

yield upper limits on the flux of quarks of about 

10-ll cm-2 ster-l sec-l Cross-section upper 

limits established from proton accelerator experi

ments and calculations based on production models
1 

imply that free quarks 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 calculations for quark 

92 

Data Card Listings 
For notatz"on, see key at front of Lz"stz"ngs. 

pair production. Limits on free quark concentra

tions in stable matter vary enormously depending on 

the source of matter and the technique . 

We group quark searches by experimental tech

n{que -proton accelerators, electron accelerators, 

cosmic rays, and stable matter. Proton accelerator 

experiments generally measure quark production 

cross sections (we quote these in section C) , 

differential cross-section ratios (section AF), 

or differential cross sections (sections IC and D). 

Searches with photon or electron beams may measure 

differential cross sections (section G) and set 

limits on the quark mass (section M). Cosmic ray 

experiments measure quark flux (section F), and 

searches in stable matter measure quark concentra

tion (section RHO). Most of the accelerator and 

cosmic ray experiments have searched for fraction

ally charged particles, but some have searched for 

massive stable particles which would have low 

velocity. The latter searches are usually sensi

tive to a range of charges and may appear in the 

section below on Other New Particle Searches. 

We have relied heavily on the recent review 

of L. W. Jones
2 

for data prior to April 1977. 

References 

1. T. K. Gaisser and F. Halzen, Phys. Rev. Dll, 

3157 (1975). 

2. L. W. Jones, Rev. Mod. Phys. 69, 717 (1977). 
-- ---- ------ ------- -------- ____ _: ______ 't ____ -----

C QUARK PRODUCTION CROSS SECT. FROM PROTON ACCELERATOR EXPTS. (CM**21 
C 0 2.0E-31t OR LESS CL=.'10 BINGHAM 64 HBC Q= -1/3 M=.5-2.0GEV 
C 0 L.OE-34 OR LESS CL.,.90 BINGHAM 61t HLBC Q= -2/3 M=.5-2.5GEV 
C 0 Z.OE-35 OR LESS BLUM 61t HBC Q: -L/3 M=0-2.5GEV 
C 0 9.5E-36 OR lESS HAGOPIAN 64 HBC Q= +L/3 M=.5-2.5GEV 
C 0 1.0E-34 OR LESS LEIPUNER 64 CNTR Q= -113 M=o-Z.OGEV 
C 0 4.0E-31t OR LESS MORRISON 61t HBC Q= -113 M=·5-2.5GEV 
C 0 1.0E-33 OR LESS MORRISON 64 HBC Q= -213 M=.5-2.5GEV 
C W 0 2.0E-35 OR LESS FRANliNl 65 CNTR Q= -2/3 M=o-2.5GEV 
C y 0 3.2E-39 OR LESS Cl=.90 ALLABY 6'1 CNTR Q= -L/3 M=2GEV 
C y 0 5.5E-38 OR LESS CL=.90 ALLABY 69 CNTR Q= -213 H=2GEV 
C y Q I.SE-35 OR LESS CL=.90 ALLABY 69 CNTR Q:: +1/3 M=2GEV 
C y 0 1.0E-35 OR LESS C(=.90 ALLABY 69 CNTR Q'= +2/3 M=2GEV 
C A 0 4.0E~37 OR LESS CL=.90 ANTJPOV1 6'1 CNTR Q= -213 M=O-SGEV 
C A 0 3.0E-39 OR LESS CL::.9Q ANTIPOV2 69 CNTR Q= -1/3 M=4.5-5GEV 
C A 0 3.0E-37 OR LESS CL=.90 ANTJPOV2 6'1 CNTR Q: -213 M=2-5GEV 
C V 0 1.0E-36 OR LESS CL=.90 ANTIPOV 71 CNTR Q= -4/3 M:4GEV 
C 8 0 3.0E-34 OR LESS BOTT-BOOE 72 CNTR Q=+-1/3 Mc0-22GEV 
C B 0 6.0E-34 OR LESS BOTT-BODE 72 CNTR Q=+-213 M=o-13GEV 
c p 0 1.0E-32 OR LESS CL=.qo ALPER 73 SPEC Q: 2/3 M=4-21t GEV 
C p 0 1.0E-32 OR LESS CL=.90 ALPER 73 SPEC Q= 4/3 M=lt-24 GEV 
C L 0 L.OE-35 OR LESS LEIPUNER 73 CNTR Q= L/3 M=0-12GEV 
C L 0 1.0E-35 OR LESS lEIPUNER 73 CNTR Q= 2/3 M=0-12GEV 
C L 0 S.OE-31 OR LESS LEIPUNER 73 CNTR Q= 4/3 M=0-12GEV 
C 0 S.OE-39 DR LESS CL=.90 NASH 74 CNTR Q= -1/3 M:ft- 9GEV 
C 0 5.0E-3B OR LESS CL=.'10 NASH lit CNTR Q: -213 M:ft.-LlGEV 
C 0 4.0E-35 OR LESS CL=.90 FABJAN 75 CNTR Q= 1/3 M::o-zo GEV 
C 0 B.OE-35 OR LESS CL::.90 FABJAN 75 CNTR Q= 2/3 M=Q-20 GEV 
C HAGOPIAN 61t CROSS SECTION INFERRED FROM FLUX DATA. 
C FRANZINI 65 CROSS SECTICJN INFERRED FROM FLUX DATA. 
c ALLABY 6'1 IS A CERN 27 GEV ..P+BE EXPT. STUDIES MASSES o-z. 7GEV 
C ASSUMING NN:c:NNQQ. CROSS SECTIONS ASSUME ISOTROPIC PROD. IN Cf't. 
C CROSS SECTIONS AT 2GEV ARE GIVEN HERE. SEE FIG.q FOR MASS OEPEN. 
C ANTIPOV1 69 IS A SERPUKHOV 70 GEV P EXPT. MASS LIMIT FROM NN=NNQQ. 
C ANTIPOV1 69 AND ANTJPOV2 69 ARE SERPUKHOV 70GEV P EXPTS. ANTIPOV2 
C GIVES RESULTS FOR M=2-5GEV ASSUMING NN-->NNQQ, HAORONIC OR LEPTONIC 
C QUARKS. WE QUOTE TYPICAL VALUES. 
C y ANTIPOV 71 IS A SERPUKHOV 70 GEV P+AL EXPT. STUDIES OIQUARK MASSES 
C V L .9-lt .4GEV • WE SHOW ltGEV VALUE • SEE THEIR FIG. 2 FOR MASS DEPEN. 
C B 80TT-BOOENHAUSEN 72 IS A CERN ISR 26+26 GEV P+P EXPERIMENT. 
C p ALPER 73 IS CERN ISR 26+26 GEV P+P EXPT. ASSUMES ISOTROPIC C.M. 
C P PRODUCTION. SENSITIVE TO ANY Q>2/3. 
C L LEIPUNER 73 IS ANNAL 300 GEV P EXPERIMENT. 
C N NASH 74 IS FNAL EXPT USING 200 AND 300 GEV PROTONS. SEE FIG 2tPG861 
C N FOR OTHER MASS VALUES AND VARIOUS PRODUCTION MECHANISMS. 
C F FABJAN 75 IS CERN ISR P+P EXPT AT ECM::::53 GEV. INCLUDES RESULTS 
C F OF BOTT-BODE 72 EXPT. 

3177• 
3171* 
3/77* 
3/77• 
3177• 
3/77• 
3111• 
3/71* 
l/76 
1/76 
1/16 
1/76 
2174 
1176 
L/76 
1176 
2/71t 
2174 
1/76 
1/76 
2/74 
2174 
2/74 
2171• 
2117• 
1171• 
1171• 
3171* 
3177• 
1/76 
l/16 
1176 
2171t 
l/76 
1176 
L/76 
L/76 
L/76 
2/74 
1/76 
1/76 
2/74 
2171* 
2171* 
L/77* 
1177* 
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AF 
AF F 
AF 
AF 
AF F 
AF 
AF 
AF 

rc 
rc 
rc 
rc 
rc 
rc 
rc 

0 
0 
0 
D· 
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 
D 
0 
0 
0 
0 
0 
0 

OG 
DG 
DG 

• • 
M 
M 
M 
M 

F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 

M 

QUARK PROOUCTfloN FLUX (FlUX QUARKS I FLUX CHARGED PARTICLES) 
0 0.0 6.0E-10 FABJAN 75 CNTR JI\:Q-20 GEV 
0 t.78E-9 OR LESS CL-:.90 BASILE 71 SPEC Q= +1/3 M:z>0-26GEV 
0 loOSE-9 OR LESS Cl=.90 BASILE 77 SPEC Q= -113 M=Q-26GEV 

FABJAN 75 REPORTS BOTH FLUX AND CROSS SECTION (ABOVE J 
BASILE 71 IS A CERN-ISR EXP AT ECM=62.2 GEV COVERING PT UP TO 1 GEV 
BASILE 17 FIND ONE QUARK CANDIDATE WITH H .LT •• 169 GEVo 
THEY DO NOT CLAIM THIS AS A QUARK. 

QUARK INVARIANT PROD. CROSS SECT. FROM PROTON ACCEL. ICHU2/GEY**2) 
0 S.lE-39 OR LESS CL=.90 ANTREASYA 77 SPEC Q= •1/3 H=Q-6 .. 3 GEV 
0 8.8E-39 OR LESS Cl=.90 ANTREASYA 77 SPEC Q: -1/3 M=0-6.3 GEV 
0 1.3E-39 OR LESS CL=.90 ANTREASYA 77 SPEC Q= +2/3 M=0-8 GEV 
0 z.zE-39 OR LESS Cl=.90 ANTREASYA 77 SPEC Q= -213 M::o-6 GEV 

ANTREASYAN 77 LOOKS FOR HIGH TRANSVERSE MOM QUARKS IN 400 GEV P-CU 
INTERAC.TICNS AT FNAL. 

QUARK PROD. DIFF. CROSS SEC .. FROM PROTON ACCL. EXPTS .. (CM**21SR-GEVl 
1.5E-36 OR LESS OORFAN 65 CNTR BE TARG M::3-7GEV 
3 .. 0E-36 OR LESS OORFAN 65 CNTR FE TARG M::3-7GEV 
7 .. 2E-39 OR LESS CL=.90 ALLABV 69 CNTR Q:-l/3 THETA"' 0 MR 
5.2E-36 OR LESS CL:.90 AllABY 69 CNTR Q:-2/3 THETA:6.5MR 
2.6E-35 OR LESS CL:.,90 ALLABY 69 CNTR Q=+l/3 THETA=44 MR 
1.3E-35 OR LESS CL=.90 ALLABY 69 CNTR C=+2/3 THETA:44 MR 
7.0E-36 OR LESS CLo:::.90 ANTIPOV2 69 CNTR Q=-1/3 M:O-SGEV 
4.0E-36 OR LESS CLo:::.90 ANTIPOV2 69 CNTR Q=-213 M=o-2.5GEV 
1.6E-36 OR LESS CL= .. 90 ANTIPOV 71 CNTR Q:-4/3 THETA=47 MR 
3.8E-36 OR LESS CL:c.9Q ANTIPOV 71 CNTR Q:::-4/3 THETAz:47 MR 
5.6E-36 OR LESS CL:c.90 NASH 74 CNTR Q=-1/3 
S.OE-35 OR LESS CL: .. 90 NASH 74 CNTR Q=-213 14 GT 1 .. 76 

0 S.SE-35 OR LESS CL:,.90 NASH 74 CNTR Q=-2/3 M LT 1 .. 76 
0 1.6E-33 OR LESS CL=.90 ALBROW 75 SPEC Q=+-4/3 M=S-20 GEV 
0 S.OE-34 OR LESS CL:.90 JOVANOVIC 75 CNTR Q=1/3 H=7-15 GEV 
0 2.0E-34 OR LESS CL:.90 JOVANOVIC 75 CNTR Q=l/3 M=I5-26 GEV 
0 1 .. 3E-34 OR LESS CL-::.90 JOVANOVIC 75 CNTR Q=2/3 M=1D-26 GEV 
0 S.OE-35 OR LESS CL:: .. 90 JOVANOVIC 75 CNTR Q=4/3 M=to-26 GEV 
0 3.9E-36 OR lESS CL=.90 BALOIN 76 CNTR Q:-2/3 M=1.4-6 GEV 
0 2.0E-36 OR LESS CLz:.90 BALOIN 76 CNTR Q=-4/3 M=2·7-12GEV 

OORFAN 65 IS A 30 GEV/C P EXPERIMENT AT BNLo Vz:.IB-.995 
SEE FOOTNOTE Y IN SUBSECTION C ABOVE. 
SEE FOOTNOTE A IN SUBSECTION C ABOVE. 
FIRST ANTIPOV 71 VALUE IS FOR M=l.9-2 .. 3,2 .. 7-4.4GEV, SECOND IS FOR 
M=2.3-2.7GEV. SEE ALSO NOTE V IN SECTION C ABOVE. 
NASH 74 IS FNAl EXPT USING 200 AND 300 GEV PROTONS. VALUES ARE FOR 
A lMRAD LAB PROD. ANGLE AND OUTGOING MOMENTUM AT MAX OF FOUR BODY 
PHASE SPACE FOR QUARK-PAIR PROD.. SEE TABLE I PG. 860 FOR OTHER 
liMITS. 
ALBilOk 75 IS A CERN ISR EXPT WITH ECM=53 GEV. THETA==40 MR. SEE 
FIG. 5 FOR MASS RANGES UP TO 25 GEV. 
JOVANOVICH 75 FIG.4 COVERS RANGES Qo:::J/3 TO 2 AND M=3 TO 26 GEV .. 
THIS IS A CERN I SR 26+26t 22+22 GEV P+P EXPERIMENT • 
BALDIN 76 IS A 70 GEV SERP EXP. VALUES ARE PER AL NUCLEUS AT 
THETA=O. ASSUMES STABLE PARTICLE INTERACTING WITH MATTER IN SAME 
HANNER AS ANTI PROTON. 

QUARK PROD. DIFF. CROSS SEC. FROM PHOTOPROO. ICM**2/SR-EQUJV.QUANTAI 

t./18~ 

1/76* 
1/18~ 

2176• 
2116* 
2176* 

11 177• 
11177• 
11177* 
11177* 
11/77* 
11177* 

2174 
2/74 
1/76 
1/76 
1/76 
1/76 
1176 
l/76 
1/76 
l/76 
2171• 
2171• 
2177• 
1177• 
2/76 

11175 
11175 
11/15 

1177• 
1177• 
2/74 
2/76 
2176 
1176 
1/76 
2171• 
2177• 
2171* 
2177• 
1/77* 
1177• 

11/75 
2/76 
1177• 
1177• 
1177• 

G S.OE-35 OR LESS Cl=.90 GALIK 74 CNTR THETA,.,I.2o7 DEG. 11/76* 
G GALIK 14 IS 20 GEVCMAXI GAMMA CU EXPT. USING SLAC 20 GEV SPTRMETER. 11176* 

LIMIT ON QUARK MASS FROM ELECTRON ACCELERATORS CGEV/C .. 2J 
*lEP QUARK INDICATES LEPTONIC QUARK 
•STR QUARK INDICATES STRONG QUARK 

.B5 OR MORE CLz:.99 BATHOW 67 CNTR Q=1/3 *lEP QUARK 3/77• 

.90 OR MORE Cl::,.99 BATH OW 67 CNTR Q=2/3 *LEP QUARK 3177• 
.70 OR MORE CL=.90 FOSS 67 CNTR Q=1/'3 *LEP QUARK 3/77* 
.B4 OR MORE CL ... 90 FOSS 67 CNTR Q=2/3 •LEP QUARK 3177• 

1.0 OR MORE BELLAMY 66 CNTR Q::l/3 *LEP QUARK 3171• 
1.5 OR MORE BELLAMY 66 CNTR Q::2/'3 *LEP QUARK 3177* 
0.5 OR MORE BELL-AMY 66 CNTR Q::l/3 *STR QUARK 3/77• 

.75 OR MORE BELLAMY 6B CNTR Q::2/3 *STR QUARK 3/77• 
G 3.b OR MORE CL=.90 GALIK ·74 CNTR Q=ll3 •STR QUAP.K 7176• 
G 4.5 OR MORE CL=.90 GALIK 74 CNTR Q=2/3 *STR QUARK 7176* 
G 1.4 OR MORE CL= .90 GALIK 74 CNTR Q=1/3 *lEP QUARK 7/76* 
G 1.B OR MORE Cl=.90 GALIK 74 CNTR Q=2/3 •LEP QUARK 7176• 
G FIRST TWO. MASS LIMITS ARE FOR STRONGLY INTERACTING QUARKS, INFERRED 7176• 
G FROM CROSS-SEC LIMITS USING ORELL MODEL. LAST TWO ARE FOR LEPTONIC 7176• 
G QUARKS. EXPT USES PHOTOPRODUCTION ON COPPER. 7176• 

QUARK FLUX FROM COSMIC RAY EXPERIMENTS I NUHBER/CM**2-SR-SEC I 
*TO IN THE RIGHT HAND COLUMNS INDICATES A SEARCH FOR MASSIVE 

QUARKS USING TIME DELAY AFTER AIR SHOWERS, SENSITIVE TO A RANGE 
OF CHARGES 

*AS IN THE RIGHT HAND COLUMNS INDICATES A SEARCH IN AIR SHOWERS 
All SEARCHES ARE AT SEA LEVEl UNLESS OTHERWISE INDICATED 

0 1.6E-6 OR LESS CL=.90 BoweN 64 CNTR Q=-1/3 Al T=2750M 3177*-
0 2.0E-7 OR lESS CL=.90 SUNYAR 64 CNTR Q=l/3 3177• 
o a. 7E-9 OR LESS CLc.9Q DELISE 65 CNTR Q=l/3 AL T=2750M 3177* 
0 l.SE-B OR LESS CL=.90 DELISE 65 CNTR Qz:2f3 AL T=2750H 3177* 
o s.oe-a OR LESS CL=.90 HAS SAM 65 CNTR Q=2/3 3117• 
0 1.4E-10 OR LESS BARTON 66 CNTR Q:2/3 3177* 
0 1.5E-9 OR LESS Cl=.90 BUHLER-BR 66 CNTR Q=l/3 All"' 450M 3177• 
0 1.4E-9 OR lESS CL=.90 BUHLER-BR 66 CNTR Q=2/3 All"' 450M 3177• 
0 2.6E-9 OR LESS KASHA 66 CNTR Q=1/3 3177* 
0 2.1E-9 OR LESS KASHA 66 CNTR Q=2/3 3177• 
0 4.5E-10 OR LESS CL:.90 LAMB 66 CNTR Q=l/3 3177• 
0 l.6E-9 OR LESS CL=.90 LAMB 66 CNTR Q=2/3 3/77* 
0 lo4E-JO OR lESS BARTON 67 CNTR Q=2/3 3177• 
0 l.6E-7 OR LESS BUHLER-I 67 CNTR Q=4/3 Al Tz: 450M 3177• 
0 4.5E-10 OR LESS CL>=.90 BUHLER-2 67 CNTR Q=l/3 AL T= 450M 3177* 
0 1. 7E-10 OR LESS BUHLER-2 67 CNTR Q=2/3 Al T"" 450M 3177• 
0 1.7E-10 OR LESS CL=.90 GOMEZ 67 CNTR Q=-1/3 3177• 
0 3.4E-10 OR LESS CL=-90 GOMEZ 67 CNTR Q=2/3 3177* 
0 2.0E-9 OR LESS CL=.90 KASHA 67 CNTR Q=2/3 3/77* 
0 3.0E-10 OR LESS BJORNBOE 68 CNTR M:5GEV OR MORE *TO 2174 
0 l.SE-10 OR LESS CL:z::.90 SRI A TORE 68 CNTR Q:lf3 5176• 
0 l.SE-10 OR LESS CL:c.90 BRIATORE 66 CNTR Q=2/3 5/76* 
0 3. 7E-6 OR LESS CL=.90 SRI A TORE 66 CNTR Q=4/3 5176• 
0 2.2E-6 OR LESS FRANZ I NI 66 CNTR V= .. 5-.9C H=2GEV UP 2174 
0 6.6E-ll OR LESS Cl=.95 GARMIRE 68 CNTR Q::1/3 3171• 
o 8.SE-ll OR LESS CL=.95 GARMIRE 66 CNTR Q:2f3 3177• 
0 3.1E-10 OR LESS CL=.90 HANAVAMA 66 CNTR Q:l/3 3/77Ct 
0 2.4E-6 OR LESS CL=· 95 KASHAl 66 OSPK V=.5-. 75( M:5-15GEV 2/74 
0 1.2E-10 OR LESS CL==.90 KASHA2 66 CNTR Q::2f3 3/77* 
0 lo3E-l0 OR LESS CL=.90 KASHA3 66 CNTR Q:4f3 3177• 

z o s.oE-11 OR LESS CAIRNS 69 cc Q:2/3 3177* 
F 0 5.0E-ll OR LESS CL:.9Q FUKUSHIMA 69 CNTR Q=l/3 2174 
F 0 7 .SE-10 OR LESS CLc.9Q FUKUSHIMA 69 CNTR Q::2/3 2/74 

1 EVENT CLAIMED MCCUSKER 69 cc Q=2/3 ••s 2/74 
0 S.OE-10 OR LESS BOSIA 70 CNTR Q=l/3 AL T=3500M 1176• 
0 2.5E-10 OR lESS BOSIA 70 CNTR Q:2f3 Al T=3500M 1178• 
1 EVENT CLAIMED CHU 70 HLBC •As 5176• 
0 1.9E-9 OR LESS CL=.90 FAI SSNER 70 CNTR Q=ll3 3/71* 
0 9.8E-ll OR LESS CL=.90 KRIDER 70 CNTR Q::::ll3 AL T:750M 3177* 
0 1.6E-10 OR LESS CL:c.90 KRIDER 70 CNTR Q-=2/3 AL T=750M 3117• 
0 lo)E-10 OR LESS CL:.90 CHIN 71 CNTR Q=l/3 3177* 
0 5.7E-ll OR LESS CL::.90 CHIN 71 CNTR 0=1/3 AL T=2770M 3177*-

•.. ) 

Stable Particles 
QUARK SEARCHES 

RHO 
RHO 
RHO 
P.HO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 

0 3.0E-10 OR LESS CL=.90 LLARK 71 CC Q=l/3 *AS 
0 3.0E-ll OR LESS CL'=.90 CLAkK 71 CC Q=2/3 *AS 
0 l.OE-10 OR LESS CL:.90 HAZEN 71 CC Q=l/3,2/3 *AS 
0 4.1E-10 OR LESS BEUCHAMP 72 CNTR Q<=lt/3 ALT=2750M 
0 1.0E-10 OR LESS CL=.<;O BOHM 72 CNTR Q=ll3 *AS 
0 l.OE-10 OR LESS CLc.90 SOHM 72 CNTR Q=2/3 *AS 
0 6.3E-ll OR LESS CL=.90 COX 72 ELEC Q=l/3 ALTc2750M 
0 9.6E-ll OR LESS CL=.90 COX 72 ELEC Q:2f3 ALTz:2750M 
0 2.2E-l0 OR lESS Cl=.90 CROUCH 72 CNTR Q=2/3 
0 3.0E-6 OR LESS OARDO 72 •TD 
0 4.0E-9 OR LESS CL::.95 EVANS 72 CC Q=l/3 *AS 
0 1.5E-9 OR lESS TONWAR 72 CNTR M.GT .lOGEV *TD 
0 a.OE-11 OR LESS ASHTON 73 CNTR Q:1/3 *AS 
0 1.7E-6 OR lESS Cl::.9a HICKS 73 CNTR Q=lf3 
a 1.7E-6 OR LESS Cl=.90 HICKS 73 CNTR 0=2/3 
0 1.0E-7 OR LESS CL=.90 CLARK 74 CC Q=l/6 *-AS 
0 7.0E-10 OR LESS CL=.90 CLARK 74 CC Q=l/4 •AS 
C S.OE-11 OR LESS CL=.90 CLARK 74 CC 0:1/3 *AS 
a 2.0E-ll OR LESS CL=.90 CLAPK 74 CC Q=2/3 *AS 
0 3.0E-10 OR LESS CL:c.95 KIFUNE 74 CNTR Q::l/3 
0 1.2E-ll OR LESS CL:.9Q. HAZEN 75 CC Q=1/3 *AS 
0 7.0E-ll OR LESS CL:::.90 KRISOR 75 CNTR Q:l13 
0 5.0E-ll OR LESS CL:.90 KRISOR 75 CNTR Q=2/3 GAMMA c 10 
0 1.5E-10 OR LESS CL=.90 KRISOR 75 CNTR Q:Z/3 GAMMA GTlOOO 
0 l.OE-9 OR lESS BRIATORE 76 ELEC *TO 

V BARTON 66 HAD 220000 G/CM**2 EXTRA SHIELDING 
W BARTON 67 HAD 6000 GICM**2 EXTRA SHIELDING 
Q BUHLER-I 67 AND BUHLER-2 67 HAD 760 G/CM**2 EXTRA SHIELDING 
C BJORNBOE 66 -TWO EXPERIMENTS HAVING 1650 AND 36aO G/CMU2 SHIEUHNG 
R BRIATORE 66 SEARCHES FOR LEPTONIC QUARKS WITH 6300 G/CM2 SHIELDING 
R BRIATORE 66 GIVES (1.1+-l.SIE-10 FOR Q=4/3 WE CONV. TO Cl=.90 

Z CAIRNS 69 OBSERVED 4 POSSIBLE QUARK CANDIDATES 
Y FRANZINI 66 MEASURES VELOCITY DIRECTLY BY TOF 
F FUKUSHIMA 69 DOES NOT RULE OUT QUARKS HEAVIER THAN 10 GEV. 

M MC tUSKER 69 CLAIMS 1 CANDIDATE. LATER SIMILAR EXPTS. SEE NONE. 
U 0=2/3 IF MASS LT 6.5 GEV, Q=l/3 IF MASS= 8 GEV. 
U COULD BE AN EARLY-TIME NORMALLY CHARGED COSMIC RAY. SEE ALLISON 70. 

X OAROO 72 HAD 7000 G/CM .. 2 EXTRA SHIELDING 
H HICKS 73 LOOKED AT LARGE ZENITH ANGLES, THUS USING THE ATMOSPHERE 
H AS AN EXTENDED FILTER FOR HAORONIC QUARKS. THEIR SEARCH PUTS AN 
H UPPER LIMIT ON LEPTONIC QUARK FLUX IN COSMIC RAYS. 
K KIFUNE 74 LOOKED AT LARGE ZENITH A~GLES. FROM THEIR FLUX LIMIT 1 THEY 
K GET A lCWER ll MIT ON QUARK MASS OF 20 GEV. 

QUARK CCNCENTRATION IN MATTER (QUARKS PER NUCLEON) 
0 t.OE-22 OR LESS HlLlAS 59 
0 l.OE-10 OR LESS BENNETT 66 SOLAR SPECTRUM 
0 t.OE-17 OR LESS CHUPKA 66 METORITES 
0 l.OE-16 OR lESS GALLINARO 66 GRAPHITE LEVITOMETER 
0 4.0E-19 OR LESS STOVER 67 IRON lEVITOMETER 
0 l.OE-17 OR LESS BRAGINSKI 66 GRAPHITE lEVITOMETER 
0 l.OE-20 OR lESS RANK 66 OIL DROPS 
a l.OE-16 OR LESS RANK 66 SEA WATER 
0 l.OE-17 OR lESS RANK 68 SEA SALT, ETC. 
0 l.OE-16 OR LESS RANK 66 LAKE WATER 
0 l.OE-24 OR lESS COOK 69 SEAWATER 
0 l.OE-23 OR lESS COOK 69 ROCK SAMPLES 
0 l.OE-23 OR LESS COOK 69 LAVA 
0 5. OE-23 OR LESS COOK 69 ll HE STONE 
0 l.OE-15 ·OR LESS ELBERT 70 ION SPECTROMETER 
0 5.0E-19 OR lESS MORPURGO 70 GRAPHITE LEVITOMETER 
0 t.OE-Zl OR LESS STEVENS 76 DEEP OCEAN SEDIMENT 
0 l.OE-22 OR LESS STEVENS 76 LUNAR SOIL 
0 3.0E-18 OR LESS BlAND 77 TUNGSTEN BEADS 
0 3.0E-21 OR LESS GALLINARO 77 IRON LEVITOMETER 

L 1 EVENT Q,z:+Q.337+-.009 lARUE 77 NIOBIUM-TUNGSTEN LEVITCH 
L 1 EVENT Q=-0 .. 331+-.070 LARUE 77 NIOBIUM-TUNGSTEN LEVITCH 
S HILLAS 59 WAS INSENSITIVE TO QUARKS ACCORDING TO SUNYAR 64. 
R BENNETT 66 LIMIT INFERRED BY JONES 76. 
T RANK 68 USES u.v. SPECTROSCOPY. 

COOK 69 USES MOLECULAR BEA~S. 
STEVENS 76 USES AN ION SPECTROMETER. 
BLAND 77 IS A MilliKAN OIL-DROP TYPE EXPT USING TUNSTEN PARTICLES. 
NO FRACTIONAL CHARGE WAS FOUND ON A TOTAl. SAMPLE OF 3.07E-7 GRAMS 
LARUE 71 SEES RESIDUAL CHARGE LISTED ABDVE TRANSFF.RRED TO A 
NIOBIUM BAll FRGM A TUNGSTEN SUBSTRATEt CORRESPDNOING TO A DENSITY 
OF l.E-23. 

•••••• ••••••*•• ••••••••• ····~~~···· ••••••••••••••••••••••••••••••••••• 

HlllAS 59 NATURE 164 B92 

BINGHAM 64 PL 9 201 
BLUM 64 PRL 13 353 A 
BOWEN 64 PRL 13 72B 
HAGOPIAN 64 PRl 13 260 
LEJPUNER 64 PRL 12 423 
MORRISON 64 Pl 9 199 
SUNYAR 64 PR 136B 1157 

DELISE 65 PR 140B 456 
OORFAN 65 PRL 14 999 
FRANZINI 65 PRL 14 196 
MASSAM 65 NC 40A 589 

BARTON 66 PL 21 360 
BENNETT 66 PRL l 7 1196 
SUHLER-B 66 NC 45A 520 
CHUPKA 66 PRl 17 60 
GALLINAR 66 PL 23 609 
KASHA 66 PR 150 1140 
LAMB 66 PRL 17 106B 

BARTON 67 PRSL 90 67 
BATHOW 67 Pl 25B 163 
BUHLER-I 67 NC 49A 209 
BUHLER-2 67 NC 51A 637 
FOSS 67 PL 25B 166 
GOMEZ 67 PRL 18 1022 
KASHA 67 PR 154 1263 
STOVER 67 PR 164 1599 

BELLAMY 66 PR 166 1391 
BJORNSOE 66 NC B53 241 
BRAGINSK 66 JETP 27 51 
BRIATORE 66 NC 57A S5a 
FRANZINI 66 PRL 21 1013 
GARMJRE 66 PR 166 1280 

HANAYAMA 66 CJP 46 S734 
KASHAl 66 PR 172 1297 
KASHA2 66 PRL 20 217 
KASHA3 66 CJP 46 S73 0 
RANK 68 PR 176 1635 

REFERENCES FOR QUARK SEARCHES 

HILLAS,CRANSHAW UEREI 

+DICK INSON,Ol EBOLDt KOCH tlEI TH+ I C ERN+EPOL J 
+BRANDT ,COCCON J, CZY lEWSKl,OANYSZ+ I CERN I 
BOWEN ,OEL ISE, KALBACH, MORT ARA I AR Ill 
+SHOVE, EHRLICH, LEBOY, LANZAt RAHM+C PENN+BNL I 
lEI PUNER,CHU,LARSEN, ADAIR I SNL+YALE J 
MORRISON ICERNI 
SUNYAR, SCHWARZSCHI lD ,CONNORS CBNLJ 

DELISE, BOWEN 
+EADES ,LEDERMAN' lEE I liNG 
+L EONTIC ,RAHMt SAM lOS, SCHWARTZ 
MASS AM, MULL ER,Z I CHICHI 

BARTON, STOCKEL 
W,.R.BENNETT 
BUHLER-SROGL IN, FORTUNATO, MASSAM+ 
CHUPKA, SCHIFFER 1 STEVENS 
GAlli NAROtMORPURGO 
KASHA, LEI PUN ERr ADAIR 
LAMB, LUNDY, NOVEY t YOVANOVI TCH 

CARIZJ 
ICOLUI 

IBNL+COLUI 
ICERNJ 

INPOLI 
IYALEJ 
CCERNJ 
IANl l 

I GENOJ 
I BNL+YALE I 

IANU 

BARTON I NPOLJ 
BAT HOW, FREYTAG, SCHUlZ, TESCH I DESY J 
BUHLER-BROGL IN, FORTUNATO, MAS SAM+ I CERN l 
BUHL ER-BROGL I Nr DALPIAZ, MASS AM, Z I CHICHI CERN I 
+GARElICK, HOMMA, LOBAR t OS BORNE, UGLUM I MIT I 
... KOBRAK 1 MOL JNE ,MULLINS 1 ORT H, VANPUTTEN+( CIT I 
+LEI PUNER, WANGLER, ALSPECTOR, ADA I RC BNL+YALE l 
+MORANrTRISCHKA ISYRAJ 

+HOF STADlER, LAKIN ,PERL, TONER 
+DAHGARO, HANSEN, CHATTERJEE+ 
BR AGI NSK II, Z ELDOVICH, MARTY NOV 
+CASTAGNOU ,BOlliNI tMASSAM+ 
FRANZ I NI, SHULMAN 
GAR HIRE 1 L EONG, SREEK ANT AN 

+HARA, Hl GASH! t K 1 TAMURA, HIONO+ 
+STEFANSKI 
KASHA,LARSEN t LEI PUNER, ADAIR 
KASHA t LARSEN, LEI PUNER 1 ADAIR 
D.M.RANK 

I STAN+SLAC I 
C BOHR+BERN I 

IMOSUI 
ITORI+CERN I 

I CO LUI 
CMITJ 

I OSAKI 
CBNL+YALEI 
IBNL+YALEI 
I BNL+YALE l 

I MICHl 

3/77* 
3/7711< 
2177* 
3111• 
2174 
2174 
3177* 
3177• 
3/77* 
3/77• 
1177• 
3/77* 
3177• 
1/76 
1176 
1/77* 
1177• 
1177• 
1177• 
7176• 
7/7611< 
3/77• 
3177* 
3177• 
1177• 
3177• 
3177• 
3177* 
3177• 
3177• 
3177• 
3/77* 
3/77* 
7176• 
2174 
5/76* 
2111• 
3117• 
1176 
1176 
1/76 
7176* 
7/76* 

3/77* 
3177* 
3/77• 
3177• 
2/74 
3/77* 
l/77* 
3/77* 
3177• 
1177* 
2174 
2174 
3177• 
3177* 
3177* 
3177• 
3177• 
3177* 
8177• 
1171• 
1171• 
7177• 
3177* 
3177• 
3177• 
3/77• 
3171• 
B/77* 
6177• 
7177• 



Stable Particles 
MAGNETIC MONOPOLE, CHARM SEARCHES 

ALLABY 69 NC 64A 75 +8 IANCHIN I • 0 I ODENS. DOS I NSON, HARTUNG+ (CERN I 
+KARPOVt KHROMOV, LAN OSBERG ,LAPSHIN+ I SERP I ANT I POVl 69 PL 296 245 

ANTIPOV2 69 Pl 308 576 +BOLOTOV ,OEV I SHEV ,DEVI SHE VA, 1 SAKOV• I SERPI 
CAIRNS 69 PR 186 1394 +MCCKUSKER, PEAK, WOOLCOTT I SYDNEY I 
COOK 69 PR 188 2092 +DE PASQUAL I, FRAUENFELOER, PEACOCK + t I LLI 
FUKUSHJ H 69 PR 118 2058 
MCCUSKER 69 PRL 23 658 

fUK USHI MA,K I FUNE, KONDO, KOSHI BA+ t TOKY I 
MCCUSKER ,CAIRNS I SYDNEY J 

BOS JA 70 NC 66A 167 G.BOSIA,L.BRIATORE (TORll 
CHU 70 PRL 24 917 CHU, KIM, BEAM, KWAK I OSU+ROSE+KANS I 

ALSO 70 PRL 25 550 
ElBERT 70 NP 820 217 

ALLISON, DERRICK, HUNT, SIMPSON, VOYVOOI C I ANL J 
+ER WI N,HERB ,NIElSEN, PETRILAK ,WE IN BERG (WI SCI 

FAJSSNER 70 PRl 24 1357 
KRIDER 70 PR 01 835 
MORPURGO 70 NIH 79 95 

•HOLDER, KRI SORt MASON, SA WAF, UMBACH I AACH I 
KRIOER,BOWEN,KALBACH tARIZI 
MORPURGO,GALLINARO, PALMIERI IGENOI 

ANTIPOV 
CHIN 
CLARK 
HAZEN 

71 NP 827 374 
71 NC 2A 419 
11 PRL 27 51 
71 PH 26 582 

+KACHANOV tKUT J IN, LANDSBERG tL EBEOEV + ( SERP I 
CHIN,HANAYAMAt HARA, HIGASHI ,TSUJI (OSAKI 
+ERNST, FINN, GRIFF IN 1 HANSEN, SMITH+ I LLL+LBLI 
W.E.HAZEN IMICHI 

SEUCHAMP 12 PR 06 1211 
BOHH 72 PRL 28 326 
BOTT-800 72 Pl 408 693 

BEUCHAMP, BOWEN ,COX, KALBACH (ARIZ I 
•DIE MONT .FA I SSNER,F ASOL D,KR I SOR+ I AACH I 
BOTT -BODENHAUSEN, CALDWELl+ I CERN+MP IM I 

COX 72 PR 06 1203 COX, BE\.ICHAMPtBOWEN, KALBACH I ARIZ I 
CROUCH 12 PR 05 2667 CROUCH,MORI,SMITH ICASEI 
DARDO 72 NC 9A 319 DARDO,NAVARRA, PENENGQ, SITTE (TORI J 
EVANS 72 PRSE A70 143 +FANCEY, MUIR t WATSON ( EDl N+LEED I 
TONWAR 72 JPA 5 569 TON WARt NARANAN, SREEKANT AN fTATA I 

ALPER 73 Pl 468 265 (CERN +L I VP+L UNO+BOHR +RHEl + ST OH+B ERG+l OUC I 
ASHTON 73 JPA 6 577 ASHTON ,COOPER, PAR.VAR ESH, SALEH I OURH I 
HICKS 73 NC 14A 65 +FLINT,STANDIL I MAN I I 
LElPUNER 73 PRL 31 1226 +LARSEN, SESSOMS, SMITH, WILL I AMS+ I BNL+YALE I 

CLARK 
GALIK 
KIFUNE 
NASH 

74 PA 010 2721 
74 PR 09 1856 
74 JPSJ 36 629 
74 PRl 32 858 

+FINN,HANSEN,SMITH ILLL » 
+JORDAN, Rl CHTER, SEPPI, S IE MANN + ( SLAC+FNAL1 
+HI EOA ,KUROKAWA, TSUNEMOTO, KIMURA+( TOKY+KEK 1 
+YAMANOUCHI tNEASE,SCULll tFNAL+CORN+NYUI 

ALBROW 
FABJAN 
HAZEN 
JOVANOVI 
KRJSOR 

75 NP 897 189 
75 NP 8101 349 
75 NP 895 189 
75 PL 568 105 
75 NC 27A 132 

+BARBER, BENZ+( CERN+OARE+FOM+LANC+MCHS+UTRE I 
+GRUHNt PEAK, SAUL I tCALOWELL+ I CERN+fi'IP IM I 
+HODSON 1 WINTERSTEIN, GREEN, KASS+ I MICH+LEED I 
JOVANOVICH+ (HAN I +AACH+CERN+GENO+HARV+TORI J 
KRISOR IAACHJ 

BALDIN 76 SJNP 22 261t +VERTOGRAOOV, VI SHNEVSKI I, GR I SHKEVICH+I Jl NR J 
+OAR DO ,pI AllOL I, MANNOCCHI + ILCGT+FRAS+FRE I 1 
+SCHIFFER, CHUPKA IANLI 

BRIATORE 76 NC 31A 553 
STEVENS 76 PR Dllt 716 

ANTREASY 77 PRL 39 513 ANTREASYAN, CDC CON I tCRDNI NtFRI SCH+ I EF l+PR 1 N I 
+CARA ROMEDtCIFARELLitGIUSTI+ tCERN+BGNAJ 
+BOCOBO,EUBANK,ROYER ISAN FRAN STATEI 

BASILE 77 NC 40A 41 
BLAND 77 PRL 39 369 
GALLINAR 77 PRL 38 1255 
LARUE 77 PRL 38 lOll 

GALLINARO,HARINElll ,MORPURGO IGENOJ 
+FAIRB-ANKtHEBARD (STAN) 
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ZAITSEV 72 SJNP 15 656 +LANDSBERG 
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f'IQNOPOLE PROD. CRCSS SECTION - ACCELERATOR EXP. ICM**21/NUCLEON 
A 0 1 E-40 OR LESS CLc.95 AMALDI 63 EMUL M=O TO 3 GEV 
A 0 5 E-41 OR LESS CL=.95 AMALOI 63 EMUL M=O TO 3.4 GEV 
P 0 2 E-"tO OR LESS PURCELL 63 CNTR M=O TO 3 GEV 
G 0 4 E--\3 OR LESS CL'"'.95 GUREVICH 72 EMUL M=0-5 GEV 
C 0 6 E-42 OR LESS CL,.,.95 CARRIGAN 73 CNTR Q=l/6-24 DIRAC CHAR 
M 0 5 E-42 OR LESS CL=.95 CARRIGAN 74 CNTR 0=1/30 TO 24 
B 0 2.7E-30 OR LESS BURKE 75 ASPK 
N 0 1 E-39 OR LESS CL:~~~.95 CARRIGAN 75 HLBC NEU ENERGY=1.0 
N 0 4 E-38 OR LESS CL'"'. 95 CARRIGAN 7 5 HLBC NEU ENERGY=5. 0 
N 0 1 E-37 OR LESS Ctc.95 CARRIGAN 75 HLBC NEU ENERGY:c:8.0 
E 0 5 E-44 OR LESS CLc.95 EBERHARD 75 CNTR M•O TO 12 GEV 
I 0 2 E-36 OR LESS CL:.95 GlACOMELL 75 PLAS M=O TO 20 GEV 
A AMALOI 63 USES 28 GEV PROT BEAM AT CERN PS. FIRST RESULT IS FOR 
A PROTON TARGET, SECOND IS FOR NUCLEON TARGET INSIDE NUCLEUS. 
P PURCELL 63 LOOKS FOR MONOPOLES PRODUCED BY 30 GEy PROT AT THE AGS. 
G GUREVICH 72 IS A SERPUKHOV 70 GEV/C P EXP. MASS LIMIT FROM PP'~'PPMM 

C CARRIGAN 73 IS NAL 300 GEV P EXP. MASS LIMIT 0-12 GEV FROM PP=PPMM 
M CARRIGAN 74 IS NAL 4DO GEV EXP. MASS LIMIT 0-13.7 GEV/MONOPOLE. 
N CARRIGAN 75 REEXAMINES OLD CERN NEUTRINO EXPTS IN HLBC. NEU ENERGY 
N GIVEN AT RIGHT REPRESENTS NEUTRINO THRESHOLD ENERGY. 
N THESE VALUES ARE IN UNITS CM**21NUCLEUS. 
E EBERHARD 75 USED NAL TAF:GETS - 300 GEV AND 400 GEV P ON ALUMINUM. 
E Qsl-7 DIRAC CHGS.. USED SAME TYPE OF DETECTOR AS ROSS 73. 
I GIACOMELLI 75 IS CERN JSR EXP., M•Q-30 GEV, Qs0.4-2.5 DIRAC CHGS. 
B BURKE 75 EXPT LOOKS FOR MULTIPHOTON EVENTS FROM ANNIHILATION OF 
B ltONOPOLE PAIR. 300 GEV NEUTRON BEAM AT FNAL. 

fo'ONOPOLE PROD. CROSS SECTION - SEARCH IN MATTER ICM**21 /NUCLEON 
0 5 E-38 OR LESS GOTO 63 EMUL M=l GEV 
0 5 E-36 OR LESS GOTO 63 EMUL M=lO GEV 
0 5 E-33 OR LESS GOTO 63 EMUL M=lOO GEV 
D 3 E-40 OR LESS CL=.95 PETUKHOV 63 CNTR METEORITE 

C 0 1 E-38 OR LESS CL=.90 CARITHERS 66 ELEC M=2 GEV 
C 0 7 E-37 OR LESS CL=.90 CARITHERS 66 ELEC M=10 GEV 
C 0 1 E,.35 DR LESS CL=.9D CARITHERS 66 ELEC M=25 GEV 
F 0 5 E-lt3 DR LESS CLc.90 FLEJSCH1 69 CNTR M:c:1 GEV 
F 0 2 E-ltO OR LESS CL-=.90 FLEISCH1 69 CNTR M=10 GEV 
F 0 3 E-37 OR LESS CL=.90 FLEISCH1 69 CNTR M"'l00 GEV 
F 0 5 E-34 OR LESS CL•. 90 FLE I SCt11 69 CNTR M..,1000 GEV 
F 0 1 E-29 OR LESS CLz.9D FLEISCH! 69 CNTR M=10000 GEV 
K 0 1 E-42 OR LESS CL..,.95 KOLM 71 CNTR Mzt.5 GEV 
K 0 1 E-42 OR LESS CLz.95 KOLM 71 CNTR M:m10 GEV 

0 1 E-37 OR LESS CL .... 95 KOLH 71 CNTR M•lOO GEV 
0 1 E-34 OR LESS CL ... 95 KOLM 11 CNTR M=1000 GEV 
0 1 E-31 OR LESS CLc.95 KOLM 71 CNTR M"'1500 GEV 
0 I E-43 OR LESS CL=.95 ROSS 73 ELEC M=2 GEV 
0 5 E-lt1 OR LESS CLc::.95 ROSS 73 ELEC M=lO GEV 

R 0 5 E-38 OR LESS CL=.95 ROSS 73 ELEC M""100 GEV 
G GOTO 63 EXAMINES MAGNETITE ROCK IN THE ADIRONDACK MOUNTAINS. 
C CARITHERS 66 LIMITS ABOVE ARE FOR NUCLEON-NUCLEON INTERACTIONS. 
C LIMITS FOR PHOTONUCLECN PRODUCTION ARE 1D .. 3 TIMES LARGER. 
F FLEISCHER 69 UlOKEO FOR MONOPOLES IN SEDIMENTS AT BOTTOM OF OCEAN 
F DEPOSITED DURING THE LAST 16 MILLION YEARS. Q=60 DIRAC CHAR.OR LESS 
K KOLM 71 TRIED TO DETECT MONOP. IN DEEP SEAWATER Q=.2-27 DIRAC CHAR. 
R ROSS 73 TRIED TO DETECT KONOP. IN LUNAR OUST Q=.4-36 DIRAC CHAR 
R OR LARGER CHARGES EXCEPT FOR G= N*36•GO, WITH N INTEGER. THEY ALSO 
R REPORT LIMIT OF DENSITY IN LUNAR MATERIAL AS 1. 7*10**-4 MONOP.IGM. 

12175 
12175 
12/75 
1174 
3/74 

12/75 
1178* 
1/76 
1176 
1176 

11175 
2/76 

I2175 
12175 
12/75 

3174 
3/74 

12175 
I/76 
1/76 
1/76 
2176 
2176 
2/76 
1178• 
1/78* 

12/75 
12/75 
12/75 
12/75 
12175 
12175 
12175 

2176 
2176 
2/76 
2/76 
2176 
3/74 
3174 
3/74 
3/74 
3174 
3174 
3/74 
1174 

12175 
12175 
12/75 
3/74 
3174 
2/76 
2176 
3/74 
2/76 
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MONOPOLE FLUX IN COSMIC RAYS t NUMBER/CM**2-SEC-SR I 
0 1 E-13 OR LESS GOTO 63 EMUL KF TO 10**4 GEV 
0 5 E-15 OR LESS CL=.90 CAR IT HERS 66 ELEC 

3 E-19 OR LESS CL=.90 fLEISCH2 69 SCAN KE TO 10**10 GEV 
2 E-18 OR LESS KOLM 71 CNTR KE TG 10**5 GEV 

R 5 E-19 OR LESS CL=.95 ROSS 73 ELEC KE TO 10**4 GEV 
p l t 1 E-131 PRICE 75 EMUl M GT 200 GEV 

F F FlEISCHER 2 69 LDOKED FOR MONOPOLE TRACKS LEFT IN OBSIDIAN AND MICA 
F F OVER GEOLOGICAL TIMES. 
F R ROSS 73 INCLUDES DATA OF EBERHARD 71 PAPER. 
f p THE PRICE 75 EVENT COULD BE EXPLAINED AS DUE TO A FRAGMENTING HEAVY 
F p NUCLEUS. SEE ALVAREZ 75, FLEISCHER 75, FRIEDLANDER 75,AND ROSS 76. 
F p SEE EBERHARD 75 FOR DISCUSSION OF CONFliCT WITH OTHER EXPERIMENTS. 
F p NOT CONSIDERED CONVINCING EVIDENCE FOR THE EXISTENCE OF MONOPOLES. 
F p HAGSTROM 77 GIVES A REINTERPRETATION AS A HEAVY ANTINUCLEUS. 

~CNOPOLE DENSITY IN MATTER t NUMBER/LITER I 
s 0 1.6E-4 OR LESS SCHATTEN 70 ELEC MOON 
c 0 lt.4E-5 OR LESS CL= .95 CARRIGAN 76 CNTR AIR 
t 0 1.8E-3 OR LESS CL-= .95 CARRIGAN 1~ CNTR SEA WATER 
s SCHATTEN 70 EXAMINED SATELITE DATA FOR PERTURBATIONS IN THE LUNAR 
s MAGNETIC WAKE. LIMIT IS FOR THE DIFFERENCE IN NUMBERS OF NORTH AND 
s SOUTH MONOPOLES. 
t CARRIGAN 76 IS SENSITIVE TO MONOPOLES WITH DIRAC CHARGE Q:l/6 TO 24 
t AND MASS AS LARGE AS 11500 GEVJ•Q. 

****Oo* ••••••••• •••••••** •••••••••••••••••• *****•*•• ••••••••• ******** 

AMAL 01 63 NC 28 773 
GOTO 63 PR 132 361 
PETUKHOV 63 NP 49 87 
PURCELL 63 PR 129 2326 
CARITHER 66 PR 149 I070 

FLEISCH1 69 PR 184 1393 
ALSO 70 JAP 41 958 

FLEISCH2 69 PR 184 1398 
ALSO 70 JAP 41 958 

SCHATTEN 70 PR 01 2245 
KOLM 71 PR 04 1285 

GUREVJCH 12 PL 388 549 
ALSO 70 PL 318 394 
ALSC 72 JETP 34 917 

CARRIGAN 73 PR D8 3717 
ROSS 73 PR DB 698 

ALSO 71 PR 04 3260 
CARRIGAN 74 PR 010 3B67 

BURKE 75 PL 608 113 
CARRIGAN 75 NP B91 279 

ALSO 71 PR 03 56 
EBERHARD 75 PR 011 3099 
GtACOMEl 75 NC 28A 21 

PRICE 75 PRL 35 487 
ALSO 75 LBL-4260 
ALSO 75 LBL-4289 
ALSO 75 PRl 35 1412 
ALSO 75 PRl 35 1167 
ALSC 76 LBL-4665 
ALSO 77 PRL 38 729 

CARRIGAN 76 PR 013 1823 

REFERENCES FOR MAGNETIC MONOPOLE SEARCHES 

+BARON I, MANFREDI Nl, BRADNER+ IROMA+UCSO+CERN 1 
+KOLM,FORO ITOKY+HJT+BRANJ 
•YAKIMENKO llEBD) 
+COLL 1 NS, FUJI I, HORNBOSTEL, TURKOT {HARV+BNL J 
CARITHERS,STEFANSKI tADAIR (YALE I 

FLE !SCHER tHART t JACOBS+ f GESC+UNCS+GSCO 1 
FL El SCHER ,HART, JACOBS, PRICE, SCHWAfa l +{ GESC I 
FLEISCHERtPRICE,WOOOS IGESC) 
Fl E ISCHERtHART t JACOBS, PRICE t SCHWART Z+f GE SC J 
SCHATTEN tNASAI 
+VILLAtODIAN IMIT+SlACJ 

+KHAKI MOV ,MART EM IANCV+ 
GUREVICH,KHAKIMOV + 
BARKOV, GUREVICH, 
+NE ZR I CK, STRAUSS 
+EBERHARD, ALVAREZ, WATT 
EBERHARQ,ROS S, Al VAREZt WATT 
+NE ZRI CK, STRAUSS 

( KI AE+NOVC+SERP I 
( Kl AE+NOVO+SE RP J 
I KI AE+NOVO+SERP J 

CFNALI 
flBL+SLACJ 
ILBL+SLAC J 

CFNAU 

+GUSTAFSON,JONES,LONGO (MICHl 
+NEZRICK CFNALJ 
CARRIGAN,NEZRICK tFNALI 
+ROSS, TAYLOR ,ALVARE Z,OBERLACK ( LBL +MPI M I 
GIACOMELLI, ROSSI+ I BGNA+CERN+SACL +ROMA J 

+SH 1 RK ,OSBORNE, PIN SKY 
LUIS ALVAREZ 
PHILIPPE EBERHARD 
R.L. FLEJSCHER,R.M.WALKER 
M.W. FRIEDLANDER 
RONALD ROSS 
RAY HAGSTROM 

+NEZR ICK, STRAUSS 

( UCB+HOUSTON I 
CLBLJ 
tLBLI 

IGESC+WUSLJ 
IWUSl I 

ILBLJ 
CLBLJ 

IFNALJ 
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jcHARM SEARCHES! 

12/75 
12/75 
12/75 
12/75 
12175 
12175 
12175 
12/75 
12/75 
11176* 
11 176• 
12175 
12175 
3/77* 

4/77* 
1177* 
1/77* 
4/77* 
4177* 
4177* 
1117• 
1177• 

Data on specific charmed states are listed in 

separate sections in the appropriate places in the 

Data Card Listings: D, F, and Ac - Stable Particles; 

D*, p* -Mesons; Ec - 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, as are 

cross-section upper limits for charm searches. 

Direct lepton production in pN collisions is 

summarized in the Other New Particle Searches 

section below rather than in this section, because 

recent results favor other interpretations than 

charm. Tri-muon production in neutrino interac

tions is also summarized in that section. 

Neutrino-induced Dilepton Events 

Many neutrino experiments have now observed 

dilepton events. These data are summarized in sub

sections Y and VO. Bubble chamber experiments have 
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Data Card Listings 
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observed neutrino-induced ~-e+ events associated 

with strange particle production in the reaction 

Dilepton events have no conventional explana

tion. Production of charmed hadrons, heavy leptons, 

and intermediate bosons have been proposed as 

potential explanations. Production of charmed 

particles (C) in neutrino interactions would be 

expected to give rise to such events via the 

mechanism 

+ ~-C + hadrons 

L £\!£ + hadrons 

where the Cabibbo-favored transition would predict 

a strange particle among the hadrons. Thus the 

appearance of neutrino-induced dimuon events, 

~-e+ events, and associated strange particles can 

be understood via the charm mechanism. 

Short-lived Tracks in Emulsions 

The mean life of a weakly decaying charmed 

meson or 

be in the 

baryon of mass M (in GeV) is expected to 
1 range 

T = (10-ll to 10-13 sec) x 1;M'> 

with a corresponding mean path length for lab 

momentum p (in GeV/c) of 

~ 
M 

(1~ to 100~) x p 

Thus even at Ferrnilab energies, these would be hard 

to see as tracks in bubble chambers, so emulsion is 

used. We list data for these experiments in sub

sections CC and EM below. 

Charm Searches 

We list cross-section upper limits for the 

many unsuccessful charm searches. In cases where 

limits are given for many channels and mass ranges, 

we list only a range or a few likely channels and 

indicate in the comments cards the extent and· 

location of the tables of data included in the 

paper. 

References 

l. M. K. Gaillard, B. W. Lee, and J. L. Rosner, 

Rev. Mod. Phys. 47, 277 (1975). 
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Stable Particles 
CHARM SEARCHES 

PROPERTIES OF THE CHARMED O, D•, F, F*•. LAMSOA/C+, AND SIGMA/C+ 
STAHS ARE LISTED IN SEPARATE SECTIONS. 
THE FOLLOWING SECTION CONTAINS INFORMATION ON SEARCHES FOR 
OTHER CHA~MEO PARTICLE STATES AND SEARCHES FOR THE ABOVE STATES 
IN NEW COLLISICN PROCESSES. THESE SEARCH RESULTS ARE USUALLY 
LISTED AS CROSS SECTION UPPER LIMITS. WE NO LONGER LIST CROSS 
SECTIONS FOR ESTABLISHED PROCESSES LIKE E+ E- -> 0 OBAR AS WAS 
DONE IN OUR 1917 SUPPLEMENT .. 

CHARMED BARYON PRODUCTION IN (E+ E-1 COlliSIONS 
PICCOLO 77 SHAG 

PICCOLO 77 LOOK AT INCLUSIVE PBAR AND LAMBDA PROD IN 3.7-7.6 GEVECH 
E+E- AT SlAC. FINDS SHARP RISE IN CS BETW 4 .. 4 AND 5 GEV. EVIDENCE 
FOR PROD OF CHARMED BARYON IN THAT REGION. 

CHARMED HACRON PRODUCT ION CR6SS SEC (GAMMA NUCLEON I ICM**21 
60 EVENTS KNAPP 76 SPEC lAMBOABAR PI-PI-PI+ 

0 l.lE-31 OR lESS Cl:.95 QUINN 76 HBC B++ M-
D 1.2E-31 OR lESS Cl=.95 QUINN 76 HBC B+ MD 

KNAPP 76 SEES A PEAK AT M=2.26+-0.01 GEV/C**2· WIDTH IS 40+-20 MEV, 
K CONSISTENT WITH ZERO WIDTH STATE IRESOlUTION=30 MEVI. NO PEAK SEEN 
K IN LAMBDABAR PI+ PI+ PI-. THEY AlSO SEE A LAMBDABAR 14PIIO PEAK AT 
K 2.5 GEV CASCADING DOWN TO THE PEAK AT 2.26. EXPT USED WIDE-BAND 
K PHOTON BEAM AT FNAL. 
Q QUINN 76 USED A 9.3 GEV PHOTON BEAM AT SLAC. SEE TABLES 1 AND 3 FOR 
Q INDIVIDUAL CHANNELS. ABOVE LIMITS ARE FOR All CHANNELS WITH ONE OR 
Q NO MISSING NEUTRALS. 

CHARMED HADRON PRODUCT ION CROSS SEC Tl ON I PI NUCLEON I I CM*-21 
B 0 1.5 TO 3.7 E-30 OR LESS BALTAY 75 HBC 15 GEV PI+P 
B 0 0.2 TO 35 E-30 OR LESS SAL lAY 75 HBC 15 GEV PI+P 
P a. 'E-33 OR LESS CL=.90 APEl 76 ASPK 40 GEV/C PI-
U 0 0.5 TO 15 E-30 OR LESS BUNNELL 76 STRC CL=.97 
C , 1. TO a. E-31 OR LESS CESTER 76 SPEC 15 GEV/C PI-
G 4. TO a. E-32 OR LESS GHIOINI 76 SPEC 19 GEV/C PI P 
H 4. E-30 OR lESS Cl=.95 HAGOPIAN 76 DBC SHORT LIVED 2-5GEV 
H 7. E-31 OR LESS CL=.95 HAGOPIAN 76 DBC LONG liVED 1.9-2GEV 
H 3. E-31 OR lESS CL=.95 HAGOPIAN 76 DBC LONG liVED1-1.9,2-5 
A 0 l.aE-31 OR LESS CL=.95 BLANAR 77 SPEC 200 GEV/C PI+ 
S .02a OR LESS CL=.90 BRANSON 77 SPEC PI+ SEE NOTE S 
S .041 OR LESS CL=.90 BRANSON 77 SPEC ·PI- SEE NOTE S 
0 2.6E-30 OR LESS CL=.95 GODDARD 77 HBC DOBAR C++ 
J 0 5.1E-34 OR LESS JONCKHEER 77 STRC 225 GEV/C PI-
E 7.E-30 +-20.E-30 CESTER 78 SPEC 10.5 GEV/C PI- N 
8 BALTAY 75 SENSITIVE TO CHARMED PARTICLES WITH M=I .. 5 TO 4.0 GEV ANO 
8 TAU LT 10**-11 WHICH THEN DECAY INTO STRANGE PARTICLES. 
B THE FIRST VALUE ABOVE IS FOR ASSOC PROD OF CHARMED PARTICLES. 
B SEE HIS TABLE 1 FOR SPECIFIC DECAY MODES. THE SECOND RANGE OF 
B VALUES IS FOR INCLUSIVE PROD OF CHARMED MESONS AND BARYONS WITH 
B CHARGES -2 TO +2. SEE HIS TABLE 2 FOR SPECIFIC DECAY MODES. 
P APEL 76 IS SERP EXPT. LOOKS FOR PI- P --> DO ADO N, DO --> KO PIO. 
U BUNNELL 76 IS A SLAC 15.5 PI+P EXPT. All POSSIBLE 2 TO 5-BODY MASS 
U CGMBINATICNS WERE STUDIED FOR NARROW RESONANCES PRODUCED IN COINC 
U WITH SINGLE MUONS. MASS RANGE STUD I ED WAS UP TO 3.1 GEV. SEE TABLE 
U 1 ON PG 87 FOR DETAILED RESULTS OF INDIVIDUAl CHANNELS. 
C CESTER 76 LOOKS AT MASS RANGE 1.a TO 2.5 GEV. SEE TABLE 1 FOR 
C INDIVIDUAL CHANNElS. VALUES GIVEN ARE CROSS-SEC/NUCLEON ON CARBON. 
G GHIDINI 76 LOOKED FOR CHARMED MESONS OF .MASS GT 1.5 GEV AND BARYONS 
G OF MASS GT 2.0 GEV. LIMITS ARE CL=.95. LIMITS FOR MOST CHANNELS LIE 
G IN THE ABOVE RANGE. SEE TABLE 2 FOR INDIVIDUAL CHANNELS. 
H HAGOPIAN 76 IS A SLAC 15GEV PI+ D EXPT. ALL POSSIBLE TWO AND THREE 
H BODY MASS COMBINATIONS WERE STUDIED FOR NARROW RESONANCES WITH MASS 
H 1.5-SGEV FOR MESONS AND 2-5GEV FOR BARYONS., INDIVIDUAL LIMITS.FOR 
H TWO AND THREE BODY DECAY FROM MANY REACTIONS ARE GIVEN. 
H VEES WERE STUDIED FOR THE POSSIBILITY OF A NEW LONG LIVED (MEAN 
H LIFE lE-11 SEC. OR MORE) NEUTRAL PARTICLE. ONE CANDIDATE WHH MASS 
H 1.9-2 GEV WAS FOUND. SECOND LONG LIVED LIMIT FOR M=I-1.9, 2-5 GEV. 
A BLANAR 77 IS FNAL EXPT. LIMIT IS FOR CS•BR TO MUONS. ASSUMES 
A DIFFRACTIVE CHARMED 2GEV MESON PAIR PRODUCTION. OTHER LIMITS FOR 
A PI AND P BEAMS GIVEN IN TABLE I. 
S BRANSON 77 MEASURES IPI NUC -->J C CBARJ/(Pt NUC ->J ANYTHING! 
S WITH J,C, AND tSAR ALL DECAYING TO MUONS. FNAL EXPT. FIRST VALUE 
S ABOVE IS FOR 225 GEV/C PI+ BEAM, SECOND IS FOR 225 GEV/C PI- BEAM. 
D GODDARD 77 IS A SLAC Ph P EXPT AT 4.51 GEV ECM. 
J JONCKHEERE 77 LOOKS FOR CORRELATION BETW .VOS AND PROMPT MUONS TO 
J SIGNAL DECAY OF CHARMED PARTICLE. 
E CESTER 7a IS BNL EXPT, LOOKS FOR PI- N-->0•- X, o•- --> DO BAR PI 

DOBAR-->K+ PI-. 

CHARMED HADRON PRODUCT ION CROSS SECTION ( P NUt LEONI ICM~*2J 
A 0 1. E-33 OR LESS AUBERT 75 SPEC PI+ K-
A 0 4. E-33 OR LESS AUBERT 75 SPEC K+ PI-
A 0 1. E-33 OR LESS AUBERT 75 SPEC 
A 0 a. E-33 OR LESS AUBERT 75 SPEC 
A 0 7. E-33 OR LESS AUBERT 75 SPEC 
A 0 2. E-33 OR LESS AUBERT 75 SPEC 
A 0 it. E-32 OR LESS AUBERT 75 SPEC 
A 0 2. E-33 OR LESS AUBERT 75 SPEC 
H 0 5. TO 20. E-30 OR LESS AAHLIN 76 HBC 
H 0 15. TO 100.E-30 OR lESS AAHLIN 76 HBC 
H 0 10. TO 35. E-30 OR LESS AAHL IN 76 HBC 
L • 0.05· TO·Ml·.35E-27·- ALBROW 76 SPEC 

K+ K
PI+ PI
p K-
K+ PBAR 
P PI-
PI+ PBAR 
BARYONtM lT 2GEV 
BARYON,M 2-3 GEV 
MESON, M 1-2 GEV 

B 2. E-30 OR LESS BINTINGER 76 SPEC M=2 GEV/C**2 
B 5. E-32 OR LESS BINTINGER 76 SPEC M=4 GEV/C**2 
C 9. E-30 OR "LESS CL=.95 ALDER 77 SPEC DO--> K- PI+ 
C a. E-30 OR LESS CL=.95 ALDER 77 SPEC OOBAR--> K+ PI-
S .04 OR LESS CL=.90 BRANSON 77 SPEC SEE NOTE S BELOW 
0 0 3.6E-31 OR LESS CL=.95 DITZLER 77 SPEC DO -> K- PI+ 
D 0 2.9E-31 OR LESS CL=.95 DITZLER 77 SPEC DOBAR -'"> K+ PI-
A AUBERT 75 IS A BNL 30 GEV EXPT. LOOKS FOR P BE --> JPRJME ANYTHING 
A WHERE JPRIME DECAYED VIA THE CHANNEL SHOWN. ·ABOVE VALUES ARE 
A FOR M=2:.25GEV AND ASSUME A WIDTH SMALL COMPARED TO THE RESOLUTION. 
A UPPER LIMITS ARE ALSO GIVEN FOR THE ABOVE CHANNELS AND P PB~R FOR 
A M=3 .1 AND 3.1 GEV. THOSE L I MJ TS RANGE FROM 7E-36 TO 4E-33. 
A MA 71 SAYS AUBERT 75 LIMITS SHOULD BE AN ORDER OF MAG. LARGER. 
H AAHLIN 76 IS A 19 GEV/t P-P EXPT AT CERN. VALUES GIVEN ARE CL=.975. 
H SEE TABlE 2Bt PG 479 FOR INDIVIDUAL LAMBDA (OR KSI +PIONS CHANNELS. 
L AlBROW 76 IS JSR EXPT, ECM=53GEV. SEE THEIR TABLE 2B.PG 377 FOR 
L INDIVIDUAL MESON AND BARYON CHANNELS. EXAMINES MASS RANGE 2-4 GEV. 
B BJNTINGER 76 IS CROSS-SEC TIMES BR INTO K- PI+. WE SHOW TWO VALUES 
B FROM THEIR FIG.4 WHICH COVERS MASS RANGE 1. 7-4 GEV. SIMILAR LIMITS 
8 ARE GIVEN FOR K+ PI- AND PI+ PI- CHANNELS. LIMITS ARE PROPORTIONAL 
B TO CS*BR FOR J/PSI INTO MU+ MU-, TAKEN:10NB FOR ABOVE VALUES. 
C ALDER 17 IS CERN-ISR EXPT AT ECM=53 GEV. 
S BRANSON 17 MEASURES (P NUC -->J C CBARIIIP NUC -->J ANYTHINGI WJTH 
S J,C, AND CBAR All DECAYING TO MUONS.FNAL EXPT USING 225 GEV/C BEAM. 
D DITZLER 77 IS FNAL 400GEV P EXPT. ABOVE LIMITS ARE FOR 
D BRtK PII*DSIGMA/DY AT YICMI=-0.4. 

I/7a• 
117a• 
117a• 
117a• 

2171* 
9117• 
9117* 
2!11* 
2171• 
2/.17* 
2171• 
2111* 
2171• 
2171* 
2171* 

7/76• 
7/76* 
1178• 
1/77* 
2177• 
2177• 
Z/76 
2176 
2/76 
4177* 
1111* 
1111* 
117a• 
117B• 
1178• 
7176* 
7176* 
7176• 
7176* 
7/160 
7176• 
1178• 
1177* 
1177• 
1177• 
1117• 
2171• 
2111* 
2171• 
2171* 
2171* 
2/76 
2/76 
2176 
2/76 
2/76 
2176 
2/76 
4177* 
4177• 
4/770 
7171* 
7/770 
1171* 
1178• 
1178• 
1178• 
1/78* 
1178* 

2/76 
2/76 
2/76 
2176 
2/76 
2176 
2/76 
2/76 
2177* 
2177• 
2171• 
1178* 
1177• 
1177* 

12177* 
12/77* 

7111* 
1178• 
1178* 
2176 
2/76 
2/76 
2/76 
2/76 
2177• 
2177* 
2117• 
1/78* 
117B• 
1/77* 
1/77* 
1/77* 
1177• 

12/770 
7177* 
7171* 
1!7a• 
1178• 
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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 

CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 

y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
v 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
v 
v 
v 
v 
v 
y 
y 
v 
v 
v 
y 
y 
y 
y 
v 
v 
y 

YO 
YO 
VO 
vo 
vo 
vo 
vo 
VO 
vo 
vo 
VO 
vo 
vo 
vo 
vo 
YO 

•• •• 
Rl 

•• Rl 
Rl 

•• 
Rl •• 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

CH.&RMEO HADRON PROOUCTJOt>; CROSS SECTION CN NUCLEON) tcM*-21 
0 1.9E-31 OR LESS BLESER 75 SPEC K+PI-, M=l.B GEV 2171* 
0 t.OE-31 OR LESS BLESER 75 SPEC K+PI-, M""Z.S GEV 2177* 

B 0 l.OE-31 OR LESS BLESER 75 SPEC K- P ·, M=2.5 GEV 2/77* 
W 0 2.5E-29 OR LESS CL=.975 WARD 75 HBC KS PI+ PI- 1/77* 
A 0 6. E-32 OR LESS ABOLINS 76 SPEC PI+ Pl- 1/77* 
A 0 7. E-32 OR LESS ABOLINS 76 SPEC PBAR P 1177* 
A 0 4. E-32 DR LESS ABOLINS 76 SPEC K- PI+ 1177* 
A 0 6. E-32.0R LESS ABOLINS 76 SPEC K- P. l/11* 
G o-2 SEE COMMENT G BELOW BINKLEY 76 SPEC 1177* 

BLESER 75 USES NEUTRONS UP TO 300 GEV/C, BE TARGET. EXAMINES MASS 2177* 
RANGE UP TO 3.5 FOR KPI, UP TO 4.0 FOR KP. VALUES ARE CROSS-SEC/NUC 2/17* 
WARD 75 IS N-P EXPT WITH MOM UP TO 24 GEV/C. THIS VALUE IS FOR MASS 1/77* 
RANGE 1.5-2.5 GEV. SEE TABLE 1 PG 31 FOR UPPER LIMITS ON C++.C+. 1171* 
COIO+,QO,D- DECAYS INTO VARIOUS FINALSTATES IN MASS RANGE l.S-5GEV. 1/77* 
UPPER liMIT FOR SEEING DECAY OF CHGO CHARMED PARTICLE INTO VO FOR 1/77* 

W TAU GT 10 .. -11 SEC GIVEN AS 1.5*EXPtll FOR VO '""LAMBDA OR SIGMA, AND 1177* 
W 3 .. 0*EXPITJ FOR VO=KO. HERE, T=10*-ll/TAU, CS GIVEN IN MICROBARNS. 1/77* 
A ABOLJNS 76 IS FNAL EXPT. USES NEUTRONS UP TO 300 GEV/C ON BE TARG. 1177* 
A TYPICAL VALUES ABOVE ARE FOR M=3.0 GEV. SEE FIG 4 FOR MASS RANGE 1177* 
A 2-4 GEV. OBSERVES POSSIBLE K- PI+ ENHANCEMENT AT 2 .. 29+-.03 GEV. 1177* 
G BINKLEY 76 MEASURES SRI C TO MU + OTHERSI*R WHERE R IS THE RATIO OF 1177* 
G THE CROSS-SEC FOR PRODUCING THE J/PSJ TOGETHER WITH A C-CBAR PAIR 1177* 
G TO THE TOTAL CROSS-SEC FOR PRODUCING THE J/PSI AT THIS ENERGY. THE 1177* 
G EXPT WAS A 300 GEV/C FNAL RUN, AND SAW 2 TRI-HUON EVENTS. THIS GAVE 1177* 
G A .90 Cl UPPER LIMIT OF .003 FOR THE MEASURED QUANTITY DESCRIBED 1177* 
G ABOVE. 1171* 

CHARMED HADRON PROOUCTlON CROSS SECTION CPBAR NUCLEONI ICM**21 
0 5 .. E-29 OR LESS CL=:.95 CARLSSON 75 HBC PBAR P ANYTHING 2177* 
0 3. E-29 OR LESS CL=.95 CARLSSON 75 HBC PBAR P PI+ PI- 2177* 
0 .,8 TO 4.4 E-30 OR LESS tESTER 76 SPEC 12.4 TO 15 GEV/C 2177* 

CARLSSON 75 IS A 9GEV PBAR P CERN EXPT. liMITS ARE FOR P PBAR PEAK 2177* 
IN CHANNELS INDICATED. K KBAR CHANNELS CHECKED BUT NO llMITS GIVEN. 2177* 
tESTER 76 LOOKS AT MASS RANGE 1.8 TO 2.5 GEV. SEE TABLE 1 FOR 2177* 
INDIVIDUAL CHANNELS. ltALUES GIVEN ARE CROS5-SEC/NUCLEON ON CARBON. 2177* 

CHARMED HADRON EVIDENCE IN NEUTRINO NUCLEON -> 2 LEPTONS ANYTHING 
SEE ALSO SECTION 'NEU' IN •HEAVY LEPTON SEARCHES• AND 
SECTION 'T' IN •otHER NEW PARTICLE SEARCHES'. 
14-MU+MIJ- OMIJ-MIJ- OMU+MU+ BENVENUl 75 SPEC PREDOM. NEU BEAM 2/76 
51MU+MU- 7MU-Mu- 3MU+MU+ BEN\tENU3 75 SPEC 6/7 NEU BEAM 2176 

5MU+Hu- OMU-Mu- 2MU+MU+ BENVENUS 75 SPEC 9/lOANTINEU BEAM 2176 
4MU+MU- 4 OTHER MU PAIRS BARISH 76 SPEC NEU BEAM 7176* 

S 32 DIMUON EVENTS ASRATYAN 77 SPEC NEU BEAM 1/78* 
A 4MU+E- 6MU-E+ BALLAGH 77 HLBC .55 NEUBAR, .45 NEU 12177* 
L 81 EVENTS MIJ-E+ BALTAY 77 HLBC PREOOM .. NEU BEAM B/77* 
K 1 EVENT MlJ-E+ BARISH 77 OBC NEU BEAM 3/17* 
R 67 MU MU BARJSH2 77 SPEC FNAL 45-205GEY NEU 1/7B* 
R 28 MU MU BARISH2 77 SPEC FNAL 45-205 ANTINEU 1/78* 
L BLETZACKE 77 RVUE 1178* 
0 17 EVENTS HIJ-E+ BOSETTI 77 HYBR 7177* 
0 11 Mu-E+ DEDEN 77 HLBC 12177* 
H 15 Mu-E+ HAIOT 77 HLBC 1178* 
H 257MU+MU- HOLDER 77 SPEC INCIDENT NEU 12/77* 
H 58MU+MlJ- HOLDER 77 SPEC INCIDENT ANEU 12/77* 
H 49 MU-MU- -HOLDER2 77 SPEC NEU BEAM 12177* 
H 9 MU+MU+ HOLOERZ 77 SPEC NEUBAR BEAM 12177* 
B BENVENUTI 75 ARE FNAL NEUTRINO NUCLEON EXPERIMENTS WHICH LOOKED FOR 2/76 
B TWO OR MORE MUONS IN THE FINAL STATE. NO TRIMUON EVENTS WERE SEEN. 2/76 
B AUTt«lRS STATE THAT THESE OIMUON EVENTS REQUIRE THE EXISTENCE OF ONE 2/76 
8 OR MORE NEW PARTICLES WITH M=2-4GEV AND TAU:l0**-10SEC· OR LESS. 2/76 
B BENVENUTI4 75 SHOW THAT THE OBSERVED PROPERTIES OF THESE EVENTS 2/76 
8 00 NOT AGREE WITH HYPOTHESES OF HEAVY LEPTON OR INTERMEDIATE VECTOR 2/76 
8 BOSON. THEY SUGGEST A HADRON IYI WITH A NEW QUANTUM NUMBER. 2176 
S ASRATVAN 77 IS SERPI.I<.HOV EXPT. FINDS R=CDIMUONS/SINGLE MUON EVENTSt 1178* 
S GT (6.2+-1.7)E-3 fOR NBJ BEAM AND LT .. 011 FOR NEUBAR BEAM. 1178* 
A BALLAGH 77 IS AN FNAL EXPT. MEASURES INEUMU ~>Mu- E+ XJICALL NUMU 12177* 
A C.(:.Ja(.31t .... 23-.13J*l0**-2 AND CNEUMUBAR N-->MU+ E- XI/CALL NUMUBAR 12177* 
A t.C.)=(.,15 .... llt- .. 0Bl*l0**-2· RATIO OF ANTINEU TO NEU FRACTIONS IS 12111* 
A C 0.45 ... 0.6-0.3 I. 
L BALTAY 77 IS FNAL EXPf IN NEON-H2 MIXTURE. THEY SEE 15 ASSOCIATED 8/77* 
l VEES, GIVING (.,6+-.21 NEUTRAL STRANGE PARTICLES PER EVENT.. 8177* 
K BARISH 77 EVENT COULD BE NEU P TO MU+ 8++., SEE CHARMED BARYON NOTE 3/77* 
K AND LAMBOA/C+ SECTION ABOVE. 3/77* 
R BARISH2 77 FINDS OIMUON TO SINGLE MUON RATE CONSISTENT WITH CHARM. 1178* 
L BLETZACKER 77 EXPLAINS TRIJituON AND LIKE SIGN OIMUON PROD AS ASSOC 12/77* 
L PROD OF CHARM.. 12177* 
0 BOSETTI 77 IS FNAL 15-FT CHAMBER EXPT • SEES 11 YEES AS SOC WITH 7177* 
0 THESE EVENTS. KO MULTIPLICITY IS 1.84 (+.63,-.531 PER EVENT. 7177* 
0 DEDEN 77 IS CERN WIDE BAND EXPT, EMAX=2 GEV.ll+-5 EVENTS ABOVE A 12177* 
0 BACKGROUND OF 6 EVENTS. 12177* 
H HAIDT 77 IS SAME EXPT AS VONKROGH 76 LISTED UNDER S29VO .. MEASURES 1178* 
H CNEUMU N-->MU-E+XIIINEUMU N-->MU-XJ:mC.63+-.21JE-2 FOR TCE+J>.8 GEV. 1178• 
H THESE EVENTS HAVE AN AVERAGE OF 2.0+-0.6 KO PER EVENT • 1/78* 
H HOLDER 77 IS CERN NARROW-BAND BEAM EXPT IN WHICH All MOMENTA ARE 12177* 
H MEASUREO.ENERGV SPECTRAtANG.CORRELATIONSoPT DISTRIBUTIONS ALL IN 12177* 
H AGREEMENT WITH PROD AND DECAY OF CHARMED PARTICLE. 12/77* 
H HOLOER2 11 IS 200GEV NARROW BAND EXPT • AFTER BACKGROUND SUBTRACTION 12177* 
H THE RATE OF LIKE-S JGN DIMUON EVENTS TO CHARGED CURRENT EVENTS IS 12177* 
H 13+-21•10**-4• MAY COME FROM ASSOC PROD OF CHARM-ANTICHARM PAIR. 12177* 

CHARMED HADRON EVIDENCE IN NEUTRINO NUCLEON --> MU- E+ YO ANYTHING 
WHERE THE VO IS A KOS OR A LAMBDA 

B 1 EVENT OEOEN 75 HLBC 
8 1 EVENT BLI ETSCHA 76 HLBC 
Y 4 EVENTS YONKROGH 76 HLBC 
E 0 EVENTS BERGE 77 HLBC ANTINEU BEAM 
D 3 EVENTS OEOEN 77 HLBC 
B THE OEOEN- 75 AND BLIETSCHAU 76 EVENTS ARE FROM CERN 
B GARGAMELLE NEUTRINO EXPOSURES. THE MASSES Of THE E+ YO SYSTEM FOR 
B THE TWO EVENTS ARE 1.24t 1.91 GEV FOR LAMBDA OR 0.65, 1.57 FOR KO. 
V THE VON KROGH 76 EVENTS ARE FROM AN FNAL 15 FT NEON BUBBLE CHAMBER 
V EXPOSURE.. ALL FOUR E+ EVENTS FOUND HAVE ASSOCIATED KQS. 
E BERGE 77 USED FNAL 15 FT CHAMBER FILLED WITH H-NEON. SAW TWO 
E POSSIBLE MU E EVENTS, COMMENSURATE WITH PREDICTED BACKGROUND, 
E NEITHER WITH ASSOCIATED YO. 
0 DEOEN 77 EVENTS INCLUDE THOSE OF OEOEN 75 AND BLEITSCHAU 76. 

CHARMED HADRON BRANCHING RAllO INTO CMU NEU ANYTHINGJ/TOTAL 
8 8 A FEW PERCENT BENVENU2 75 SPEC FNAL NEUTRINO NU 
H 315 APPROX 0.15 HOLDER 77 SPEC 
A 0.19 OR LESS BAUM 77 
0 3 .15 .18 .07 OEOEN 77 HlBC 
B BENVENUTI2 75 LOOKS AT ANTINEUTRINO NUCLEON--> MUON HADRONS. SEES 
B EXCESS EVENTS ABOVE INCIDENT ENERGY 30 GEV. COMPARES BENVENUTl1 75 
B OIMUON EVENTS WITH EXCESS EVENTS TO GET BRANCHING RATIO. 
H HOLDER 77 VALUE IS FROM NEU AND ANEU INDUCED OIMUON EVENTS OF 
H OPPOSITE SIGN. SEE SEC. Y LISTING ABOVE. BR CALCULATED USING EFF 
H BASED ON DECAY OF 0+118501 TO KO MU+ NEU. 
A BAUM 77 PUTS UPPER liMIT ON E+- MU-+ PROD AT ISR. INfERS BR ABOVE 
A FROM THIS, ASSUMING THAT ALL DIRECT ELECTRONS COME FROM THE O. 
0 OEDEN 77 IS FOR CHARMED BARYON -->LAMBDA LEPTON+ NEU Af'tYTHING. 
0 SEES 3 NEU N --> MU- E+ YO X EVENTS AND EXCESS OF 42+-20 NEU N --> 
0 MU- LAMBDA X EVENTS OYER EXPECTED ASSOC. PROD.. SUGGESTS CHRH.BAR. 

2/76 
2176 
2/76 
3/77* 

12177• 
2176 
2176 
2/76 
2/76 
2/76 
3111* 
3/71~ 
3171* 

12177• 

2176 
12171* 
12177• 

1178* 
2176 
2/76 
2176 

12177* 
12177* 
12177* 
12177* 
12177* 

117B• 
1178• 
1/78* 

Data Card Listings 
For notation, see key at front of Listings. 

R2 CHARMED HADRON IASSOC. VOl BRANCHING RATIO INTO SEHILEPTONICS/ALL 
R2 8 2 0.1 OR MORE BUETSCHA 76 HLBC M=2.5-4 GEV 
R2 8 THIS Bfi..RATIO AND MASS ARE &EQD. BY OBSERVED RATE AND CHARM SCHEME. 

R3 CHARMEC HADRON BRANCHING RATIO INTO IE NEU ANVTHINGJ 
R3 B 0.11 0.03 BRANOEL2 77 SPEC E+E- 4-5.2 GEV(ECMI 
R3 B 0.16 0.06 BRANDEL2 77 SPEC E+E- 4-5.2 GEVIECMI 
R3 8 FIRST BRANDELIK 77 VALUE USES INCLUSIVE ELECTRON EVENTS .. SECOND 
R3 8 VALUHERROR STAT ONLYJ USES EVENTS WITH A SECOND ELECTRON. 

CC CHAPMEC HADRON EVIDENCE IN COSMIC RAYS 
CC N 1 EVENT NIU 71 EMUL 
CC N NIU 71 DETECTS CHGO PARTICLE DECAYING INTO HADRON+PIO. HASSel. 7BGEV 
CC N AND TAUc2.2 E-14 IF SECONDARY IS PION. MASS:2.95 GEV AND TAU=3.6 
CC N E-14 IF IT IS PROTCN. POSSIBLE EVIDENCE OF PAIR PRODUCTION. 
CC T 8 EVENTS TASAKA 73 EMUL 
CC T SAME TYPE AS NIU EVENT. TAU 8ETW 1.5 AND 175 E-13. 
CC S 1 EVENT SUGIMOTO 75 EHUL 
CC S SAME TYPE AS NIU EVENT. TWO SUCH PARTICLES PRODUCED TOGETHER. 
CC S TAU1:c:6.E-l3, DECAYS TO CHARGED PRONG + ETA. TAU2:4.E-12, DE'CAYS TO 
CC S CHARGED PRONG+ PIO .. MASSES OF BOTH PARTICLES ARE ABOUT 2.0 GEV IF 
CC S DECAY PRONG IS PROTCN, 1.7 IF DECAY PRONG IS KAON, AND 1.55 IF 
CC S DECAY PRONG IS PI. COMBINED MASS OT THE TWO NEW PARTICLES"' 4.1 GEY 
CC S OR 3.8 GEV ASSUMING THE DECAY PRONGS TO 8E KAONS OR PIONS 
CC S RESPECTIVELY. CONSISTENT WITH LAMBDAIC+ LAM8DA8AR/C-.SEE GAISSER 76 

EM CHARMED HADRGN CROSS SEC .. IN MISC. EMUL. EXPTS, WHERE LIFETIME SEEN 
EM 1 EVENT JAIN 75 EMUL TAU APROX. 10E-l3 
EM 2 EVENTS KOMAR 75 EMUL TAU .LT. E-15 
EM 1 EVENT BURHOP 76 EMUL TAU APPROX E-13 
EM 0 1.5E-30 OR LESS CLo::.90 COREMANS 76 EHUL TAU E-12 TO E-14 
EM 0 7.E-30 OR LESS CL=.90 BOZZOLI 77 300,400 GEV P-NUCl 
EM 0 0.0018 OR LESS CL= .. 90 MUNORA 77 EMUL +- TAU E-12 TO E-14 
EM JAIN 75 IS A FNAL 300 GEV PROTON EXPT. EVENT SHOWS DECAY OF NEUTRAL 
EM INTO HAORON-E-NEU, TAKING PLACE .019 CM FROM THE PROD VERTEX. MAY 
EM BE LEPTONIC DECAY OF CHARMED PARTICLE. 
EM KOMAR 75 IS FNAl 200 GEV/C PROTON EXPT. SEE 2 EVENTS WITH SINGLE 
EM ELECTRON EMITTED FROM NEAR INTERACTION. 
EM BURt«JP 76 EXPT DONE AT FERMJLAB HIGH ENERGY NEUTRINO BEAM. USED A 
EM COMBINATION OF EMULSION AND SPARK CHAMBERS. THEY SEE A PARTICLE 
EM WITH TAU=ABOUT 6 E-13 SEC DECAYING TO YO + 3 CHGO TRACKS. DECAY 
EM MODE APPEARS DIFFERENT FROM PREVIOUSLY OBSERVED HODES OF CHARMED 
EM HADRON DECAYS. 
EM COREMANS 76 USED 300 GEV/C PROTONS, AND LOOKED FOR ABOVE LIFETIMES. 
EM BOZZOll 77 IS FNAL EXPT LOOKING FOR ASSOC PROD OF CHARMED PARTICLES 
EM WITH TAU=:3E-15 TO 3E-l3 SECONDS AND MASS lT 4 .. 5 GEV. 
EM MUNORA 77 IS FNAL 400GEV P EXPT. ABOIIE VALUE IS RATIO TO PI+- PROD .. ...................................................................... 
NIU 71 PTP 46 1644 
TASAKA 73 PTP 50 1879 

AUBERT 75 PRL 35 416 
ALSO 77 PRL 38 172 

BALTAV 75 PRL 34 1118 
BENYENU1 75 PRL 34 419 
BENVENU2 75 PRL 34 597 

ALSO 74 PRL 33 984 

BENVENU3 75 PRL 35 1199 
BENYENU4 75 PRL 35 1203 
BENVENU5 75 PRL 35 1249 
BLESER 75 PRL 35 76 
CARLSSON 75 NP 899 lt51 
DEDEN 75 PL 58B 361 

JAIN 75 PRL 34 123B 
KOMAR 75 JETPL 21 239 

ALS(i 76 SJNP 24 275 
SUGIMOT(i 75 PTP 53 1540 
WARD 75 NP B 101 29 

AAHliN 
ABOL INS 
ALBROW 
APEL 
BARISH 
BINKLEY 

76 NP Bl07 476 
76 PRL 37 417 
76 NP Bll4 365 
76 SJNP 24 507 
76 PRL 36 939 
76 PRL 37 576 

BlNTINGE 76 PRL 37 732 
Bll ETSCH 76 PL 60B 207 
BUNNELL 76 PRL 37 85 
BURHOP 76 PL 65B 299 
tESTER 76 PRL 37 1176 

COREMANS 76 Pl 65B 480 
GHIDINI 76 NP 8111 189 
HAGOPIAN 76 PRL 36 296 
KNAPP 76 PRL 37 882 
QUINN 76 PR 014 2857 
VONKPOGH 76 PRL 36 710 

ALDER 77 PL 668 401 
ASRATYAN 77 PL 718 439 
BALLAGH 77 PRL 39 1650 
SALT AY 77 PRL 39 62 
BARISH 77 PR 015 1 
8ARISH2 77 PRL 39 981 
BAUM 71 Pl 68B 279 

BERGE 77 PRL 38 266 
BLANAR 71 PRL 38 192 
BLETZACK 71 PRL 38 1241 
BOSETTI 71 PRL 3B 1248 
BOZ lOll 77 LNC 19 32 
BRANDEL2 71 PL 708 387 

BRANSON 
OED EN 
OtT ZLER 
GODDARD 
HAJDT 

77 PRL 3C SaO 
71 PL 678 474 
77 PL 71B 451 
77 PR 016 2730 
77 JPG 3 1 

HOLDER 77 PL 69B 377 
HOLOER2 77 PL 70B 396 
JONCKHEE 71 PR 016 2073 

ALSO 76 Pl 648 221 
MUNDRA 77 LNC 18 554 
PICCOLO 17 PRL 39 1503 
CESTER 78 PRL 40 139 

REFERENCES FOR CHARMED HADRON SEARCHES 
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+YAMAMOTO 

ITOKY+YOKOHAMA I 
CKONAJ 

+BECKER, B JGGS, 8URGER,CHEN+ C M tl+BNL t 
z .. MING MA, 8. Y. OH iMSU) 
+CAUTIS,COHEN,CSORNA,KALELKAR + CCOLU+BJNGI 
BENVENUTI tCliNEo FORO+ CHARV,PENN1WI SC,FNAL J 
BENYENUT I ,CLINE, FORO+ C HARV, PENN, WI SC, FNAL I 
AUBERT, BENVENUTI+ ( HARV, PENN ,WI SC, FNALI 

BENVENUTI ,CLJNE,FORD+ (HARV,PENN,WISC,FNALI 
BENYENUT I ,CLINEt FORO+ ( HARV 1 PENN,W I SC1 FNALI 
BENVENUf I, CLINE,FORD+ CHARV, PENN ,w I SC, FNALI 
+GOBBI ,KENAH,KEREN+ I FNAL+NWES+ROCH+SLACI 
+EKSPONG,HDLMGRENtNILSSON+ CSTOH+LI YP) 

( AACH+BRUX+C ERN+EPOL+MI LA•ORSA+LOUC J 

P. L. JAIN, B. GIRARD CBUFFI 
+ORLOVA, TRETY AKOVA, CHERNYAYSKI I C LE BD I 
KOMAR,ORLOVA,TRETYAKOVA,CHERNYAVSKI I CLEBDI 
+SATD,SAITO CTWAS+TOKYJ 
+AN SORGE ,CARTER, MOUNT, NEAlE+ fCAVE I 

+ALPGARO, ANOERSENtBERGVATN+C OSLO+STOH+HELS I 
+CAROIMONA,MAHHEWS ,SIDWEll+ C MSU+OSU+CARLI 
C ERN+DARE+fOM+L ANC+lt VP+MC HS+RHEl +UTR+LOND 
+BERTOLUCCI ,VJKTOROV,VINCELLI+ I SERPi-CERNI 
+BARTLETT,BODEK,BRO~N,BUCHHOLZ + fCIT•FNALI 
+GAINES, PEOPL ES1 KNAPP+ I FNAL +COLU+HAWA+I LL I 

B INTINGER,l UNOV, AKERLOF+ (FNAL+MICH+PURO I 
C AACH+BRUX+C ERN+EPDL+M.l LA+ORSA+LOUC J 

+CHENGtDELPAPA, DORF AN, DOUNGVAN+ CUCSC+SLAC I 
( LOUC+FNAL+BELG+OUUC+CERN+LOI C+ROMA+STRB+ I 

+FITCH,KADEL,WEBB,WHITTAKER + IPRIN+BNLJ 

+SACTDN+ C BELG+DUUC+LOUC+ROMA+STRB+WARS J 
+NAYACH,OOWELL,KENVON+ (OMEGA GROUPSJ 
+WILKINS ,WI NDrHAGOP I ANt ALBRIGhT+ C FSU+BRAN I 
+LEE,LEUNG,SMITH + (COLU+HAWA+ILL+FNALI 
a. J. QUINN, R. H. MILBURN (lUFTSJ 
+FRY, tAMER IN I, CLINE+ IWI SC+LBL +CERN•HAWA I 

+BLOCK+ C AACH+UCR+C ERN+HAR V+LAUS+MUNC+NWES J 
+EPSTEIN,GRIGORIEV1KALGANOV + (JTEP+SERPI 
+BI NGHAMoBDSETTI tFRETTER+ llBl+HAWhWASH J 
+HIBBS,HYLTON,KALELKAR,ORANCE + CCOLU+BNLI 
+OERR I CK, DOMBECK, MUSGRAVE + ( ANl+PURO I 
+BARTLETT ,BODEK, BROWN + IC IT•FNAL +ROCK I 
+BLOCK ,BOHM+ C AACH+UCR+CERN•HARY+MUNC+NWES I 

+DIBIANCA,EMANS + CFNAL+SERP+ITEP+14ICHJ 
+BOYER,FAISSLER,GARELlCK,GETTNER + (NEASI 
BLETZACKER, NI EH, SON 1 ( S TON•UCSB J 
+GALTIERI,LYNCH + (LBL+CERN+HAWA+WISCI 
+CAMP ANINI ,CAP I LUPP I, GESSAROLI + ( BGNA+F J RZ J 
BRANOELI K + (A ACH+OES V+HAMB+MP 1 M+TOKY J 

•SANDERS • SN ITH, THALER, ANDERSON+ ( PR IN+EF I 1 
+ C AACH+B ELG+C ERN+E POL+MI l A+LALO+LOUC I 
+FINLEV,JOHNSON,LOEFFLER • IPURD+MICH+FNALI 
+GI L8ERT 1 KEY ,GORDON ,LA I ( TNTO+BNL) 

IBERKELEY+CERN+HAWA II•W I SCONS IN I 

+KNOBLOCH, MAY+ I CERN+OORT +HE I D•SACL•BGNA I 
+KNOBLOCH, MAY• I C ERN+OORT +HE I D+SACL +BGNA I 
JONCKHEERE,COOK,CSORNA + (WASH+LALO+UCOt 
COOK 1 CSORNA, HOLMGREN+ CWASH+LALO+UCO J 
+PUTT1STUTELEY,YOCK (AUCKI 
+PERUZZI , LUKE, LUTH+ f SlAC+LBL +NWES+HAWA I 
+FITCH,KAOEL,WEBB,WHITTAKER • (PRIN+BNLJ 

2/76 
2/76 

12/77* 
12177* 
12177• 
12177• 
12177* 

9176• 
9176• 
9/76* 
9/76* 
9/76* 
9/76* 
1177* 
1/77* 
1177• 
1/77* 
1/77• 
1171• 
1177• 
1177• 

3177* 
2177• 
4177* 
3177• 
3177• 
1178• 
1/78* 
2171* 
2177• 
2171• 
4177• 
4111* 
3177* 
3177* 
3/77* 
3177• 
3171• 
3177• 
1178* 
1/78* 
1178• 
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Data Card Listings 
_For notation, see key at front of Listings. 

REVIEWS REFEE\REO TO IN DATA CARDS 

GAISSER 76 PFl. D14 3153 T .K .GA I SSER oF. HAllEN (BART+WISC) 

•••••• ********* ********* ********O ********* ********* ********* ******** 
****•* ********* ********* ********* ********* ********* -********* ******** 

IorBER STABLE PARTICLE SEARCHEs! 

We collect here those searches which do not 

fit neatly into one of the above search categories. 

T TRIMUON PRODUCTION IN NEUTRINO NUCLEON INTERACTIONS 
T SEE AlSO SECTILN 1 NEU' IN •HEAVY LEPTON SEARCHES' AND 
1 SECTION 'Y' IN 1 CHARMfD HADRON SEARCHES• .. 
T 2 EVENTS Mu- MU HU BAR ISH 77 SPEC NEU BEAM 
T BARISH 71 EVENTS CONTAIN FAST MU- AND 2 ADDITIONAL MUONS WITH LOW 
T ENGERY IN DIMUON REST FRAME. SLOW MUONS COULD COME FROM EITHER 
T VIRTUAL PHOTON OR VECTOR MESON OR FROM ASSOC PROD OF CHARMED 
T PARTICLES WHICH DECAY LEPTONICALLY. 
T b SEEN BENVENUTI 77 NEUL 5/bNEUtl/6NEUBAR 
T BENVENUTI 77 IS FNAL EXPT • CAN BE EXPLAINED BY PROD OF NEW HEAVY 
T LEPTON --> Mu- NEUBAR NEW LIGHTER LEPTON --> MU+ Hu- NEU. 
T BLETZACKE 77 RVUE 
T BLETZACKER 77 EXPLAINS TRIMUON AND LIKE SIGN DIMUON PROD AS ASSOC 
T PROD OF CHARM. 
T 3 SEEN HOLDER 77 SPEC 
T HOlDER 17 EVENTS ARE Mu-MU-M+ AND MU-MU+MU+ WITH NEU BEAM, AND 
T MU+Mu-MU- 'tfiTH NEUBAR BEAM. RATE RELATIVE TO CHARGED CURRENT EVENTS 
T IS 4*10**-5. 

MU 01- AND TRI-MUCN PRODUCTION IN MU NUCLEON INTERACTIONS 
MU 11 TRI MUON EVENTS CHANG 77 SPEC 
MU 32 OIMUON EVENTS CHANG 77 SPEC 
MU CHANG 77 DIMUON RATE IS GT 5*10**-4 THAT OF INCLUSIVE HUON RATE. 
HU CROSS SECTION UNCORRECTED FOR ACCEPTANCE IS 5*10**-36 CM**21NUCLEON 

LEP 
LEP 
LEP 
LEP 
LEP 
lEP A 
LEP A 
LEP A 
LEP A 
LEP B 
LEP 8 
LEP B 
LEP B 
LEP U 
LEP U 
LEP 

DIRECT LEPTON PRODUCTION IN PROTON NUCLEON INTERACTIONS 
THESE LEPTONS DO NOT RESULT FROM PlOt ETA OR KNOWN WEAK DECAYS· 
CANDIDATES FOR PARENTS OF DIRECT LEPTONS INCLUDE VIRTUAL MASSIVE 
PHOTONS, HIGH PT VECTOR MESONS, INTERMEDIATE BOSONSt CHARMED 
PARTICLES AND HEAVY lEPTONS. 

APPEL2 74 SPEC FNAL 300GEV P+BE 
APPEL2 74 OBSERVE DIRECT ELECTRON AND HUON SIGNALS 10**-4 TIMES THE 
PID YIELD FOR PPERP RANGE 1.9-4 GEV. ELECTRON SOURCE LIFETIME LESS 
THAN 110**-9 SECJ*IPARENT MASS/GEVJ. SUGGESTS LIGHT VEC.HES.IPHIJ. 

BOYMONO 74 SPEC FNAL 300GEV P+CU,W 
BOYMOND 74 SEE DIRECT MUON SIGNAL O.BE-4 TIMES THE PION YIELD FOR 
PT RANGE 1.5-5.4GEV.. SL.GGEST STRONGLY INTERACTING, SHORT liFETIME 
SOURCE. RHO AND PHI ARE POSSIBLE SOURCES .. 

BUSSER 74 SPEC CERN I SR 26+26GEV PP 
BUSSER 74 SEE DIRECT ELECTRON SIGNAL 10**-4 TIMES PION YIELD FOR 
PT RANGE 1.6-4 .. 7GEV. CANT BE PHI AlONE SINCE PHI TO K+K- NOT SEEN. 

LEDERMAN 75 RVUE LEP 
LEP 
LEP 
LEP 
LEP 
LEP 
LEP 
LEP 
LEP 

LEDERMAN 75 DISCUSSES ABOVE EXPTS AND RECENT UNPUBLISHED RESULTS. 
l SUGGESTS NEW LIGHTU-5 PION MASSESJ VECTOR MESON WEAKLY DECAYING .. 
R ABRAMOV 76 CNTR 35-70 GEV P+BEwCU 
R ABRAMOV 7b SEE DIRECT MUON SIGNAL (6.7+-.9)E-5 TlMES PION YIELD FOR 
R PT RANGE 1.9-3.1 GEV. RATIO MU+/MU- c 1.2. RATIO MU+/PI+ INCREASES 
R WITH INCREASING PROTON ENERGY, INDICATING DECAY OF HEAVY PARTICLE 
R WITH TAU lT 10**-11 SEC. 

LEP 
LEP 
LEP 
LEP 
LEP 

N 
N 
N 
N 
N 
M 
M 

" 
LEP 
LEP 
LEP K 
LEP K 
LEP K 
LEP T 
LEP T 
LEP T 
LEP T 
LEP E 
LEP E 
LEP E 
LEP S 
LEP S 
LEP S 
LEP M 
LEP 
LEP 
LEP 
LEP 
LEP 
LEP 
LEP 
LEP 

LPI 
LPl 
LPI 
LPI 

ANISJMOVA 76 ELEC 70 GEV PROT ON CU 
ANlSIMOVA 76 MEASURES LONG. POLARIZ. OF DIRECT MUONS WITH PT=2 -2.8 
GEV/Co FIND POL ... -0.85+-0.36. THIS WOULD INDICATE THAT MUONS COME 
FROM PARTICLE DECAYIN,G VIA WK INTERACTIONS. OPPOSITE RESULT IS 
SEEN AT 400 GEV ILAUTERBACH 76, LEIPUNER 761 AND 28GEVIGRANNAN 771. 

ABRAMOV2 76 CNTR 70 GEV P-CU 
ABRAMOV2 76 FINDS POLARIZ.OF PROMPT MUONS TO BE CLOSE TO THAT OF 
MUONS FROM DECAY OF PIONS AND KAONS. 

KASHA 7b CNTR FNAL 400GEV P+NUCL 
KASHA 76 FINO THAT MUON PAIR PRODUCTION CAN ACCOUNT FOR MOST OF THE 
DIRECT MUONS INDICATING ELECTROMAGNETIC PRODUCTION MECHANISM. 

LAUTERBAC 76 CNTR FNAL 400GEV P+CU 
LAUTERBACH 7b MEASURES LONG. POLARIZ. OF HIGH PT DIRECT MUONS TO BE 
p.:-0.06+-0.16 IRESULT GIVEN IN GRANNAN 771 AS EXPECTED FOR 
ElECTROMAGNETIC PROCESS, NOT WEAK DECAY. 

LEIPUNER 76 
LEIPUNER 76 MEASURES LONG. POLARIZ. OF FORWARD DIRECT MUONS TO BE 
P=-0.00+-0 .. 10 AS EXPECTED FOR ELECTROMAGNETIC ·PROCESS, NOT WK. DEC .. 

BRANSON 77 SPEC 200 GEV/C PROT + FE 
BRANSON 11 FINDS MU/PI RATIO= 3 .. E-5 FOR PT LESS THAN 1 GEV/C. 
ALSO .FINDS THAT 0.7+-0.2 OF ALL PROMPT MUS ARE PRODUCED IN PAIRS. 

BAUM 17 SPEC 
BAUM 17 MEASURES RATIO OF DIRECT IE MU) EVENTS TO DIRECT E EVENTS. 
FINDS NO E+- MU-+ SIGNAL AFTER BACKGROUND SUBTRACTION. IF All 
DIRECT ELECTRONS COME FROM 0 DECAY, THEN THIS LEADS TO UPPER LIMIT 
OF .19 FOR D--> K MU NEU BRANCHING RATIO. 

GRANNAN 77 CNTR BNL 28 .. 5 GEV PROT 
GRANNAN 71 MEASURES LONG. POLARIZ. OF HIGH PT DIRECT MUONS TO BE 
P=-0.15+-0.18 AS EXPECTED FOR ELECTROMAGNETIC PROCESS,NOT WK.OEC. 
TRANSVe POLAR1Z .. MEASURED TO BE 0.05+-0.05 .. 

AMMOLOUS DIRECT LEPTON PROD IN PI P INTERATIONS 
BUNNELL 78 STRC 16 GEV PI+,PI- P 

BUNNELL 78 IS SLAC EXPT. SEES EXCESS OF DlMUON EVENTS IN MASS 
REGION 400-600 MEV NOT EXPLAINABLE SY ORDINARY MEANS. 

CHARMGNIUM-LIKE STATES- INTEG. CROSS SECTION o B.Re ICM**2-MEVI 
0 1.3E-30 OR lESS CL=.90 BOYARSKl 75 SHAG 
0 9.0E-31 OR LESS BARSIELLI 76 CNTR M=2.5-3 GEV 
0 5.5E-31 OR LESS Cl=.90 BACCI 76 CNTR M=2.5-3 GEV 
0 9.0E-31 OR LESS ESPOSITO 76 CNTR M=2.5-3 GEV 

lS.E-30 OR LESS CL=.90 BENSINGER 77 SPEC LAMBDA lAMBOABAR 
1B.E-30 OR LESS Cl=.90 BENSINGER 77 SPEC KO K*l890)0 

2.E-30 OR LESS CLz:.90 BENSINGER 77 SPEC KS KL 
BOYARSKI 75 IS A SPEAR EXPT. LIMIT IS FOR ECM=3.2-5.9 GEV, 
EXCLUSIVE OF THE PSII3700) .. LIMIT RANGES FROM 1.1 TO 1.7 E-30. 
FOR A WIDTH Of 10 MEV, FROM E+E- HAORONS. 
BARBIELLINI 76 IS AN AOONE E+ E- EXPT. CROSS SECT .. CONVERTED FROM 
RATIO TO E+E- --> J/PSI CROSS SECT. 
BACCI 76 IS AN ADONE E+ E- EXPT. 
ESPOSITO 76 IS AN AOONE E+ E- EXPT. CROSS SECT. CONVERTED FROM 
RATIO TO E+E- --> J/PSI CROSS SECT. 

ICL 
ICL 
ICL 
ICL 
ICL 
ICL 
ICL 
ICL 
ICL 
ICL 
ICL 
ICL 
ICL 
ICL 
ICL 
ICL 
ICL N BENSINGER 77 IS A PBAR P FORMATION EXPT COVERING ECM=2.99-3.14 GEV. 

1111* 
1171* 
1111* 
1177* 
1171* 

12111* 
12117* 
12111• 
12/77* 
12177• 
12/11* 
12/77* 
12177* 
12177* 
12177• 

12177* 
12111* 
12177• 
12111* 

3111* 
3/71* 
3177• 
3/77* 
3117• 
3/77* 
3177• 
3177• 
3171* 
3177• 
3/77* 
3177• 
3177• 
3/77* 
3111• 
3177* 
3177* 
3171* 
3/77* 
3/77* 
3/77* 
3/71* 
3177• 
1178* 
I/68 
1/78* 
1178* 
3177• 
3/77* 
3111* 
3111* 
3171• 
1/78* 
1178• 
3177* 
3/77* 
3!11* 
3111* 
3/17* 
3/77* 

12/77* 
12111• 
12111* 
12/1711 
12/77* 
12177* 
12177* 
12177• 
12177* 

1178* 
1/78* 
1/78* 

ft/77* 
4111• 
4/77• 
4/77* 
1 118* 
1/78* 
1/780 
4/17• 
4/77* 
4177* 
4111* 
4/71* 
4/71* 
4177* 
4/77* 
1178* 
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Stable Particles 
OTHER STABLE PARTICLE SEARCHES 

Cl 
CL 
Cl 
CL 
CL 
Cl 
CL 
Cl 
Cl 
Cl 
CL 
CL 
CL 
Cl 
Cl 
CL 
CL 
CL 
CL 
CL 
Cl 

CHARMGNIUM-LJKE STATES CROSS-SECTION * S.R. ICM**2) 
0 l.OE-34 GR LESS APEL 75 CNTR H=2-5 GEV 

EARTL Y 76 CNTR SHOULDER AT 6 GEV 
H 12 5.2E-36 t2.0F-Ib HOM! 76 CNTR PEAK AT 6 GEY 
H 2.0E-36 OR LESS HOH2 76 CNTR 
T 2 .. 0E-33 OR LESS THEOOOSIO 76 CNTR M=1.2-3.5 GEV 
S 0 ASCHMAN 77 CNTR E+E- 6GEV REGION 
A APEl 75 IS A 40 GEY PI- P EXP. SENSITIVE TO MULTI-GAMMAS .. ODES NOT 
A SEE J/PSI OR PSJ(3700). 
E EARTLEY 76 IS A 300 GEV P NUCLEUS EXPT. STRUCTURE AT b GEV IS AT 
E MOST 5 PER CENT OF THE J/PSI CROSS SECT. DOESN'T SEE THE p$113700). 
H HOM1 7b AND HOM2 76 ARE FROM A 400 GEV P NUCLEUS EXPT. CROSS SECTS. 
H ARE FOR THE 6 GEV MASS REGION, WHERE AN ENHANCEMENT IS REPORTED IN 

E+E-CHOMl 76) BUT NOT IN HU+MU-IHOM2 76). E+E- BUMP MAY BE A 
STATISTICAL FLUCTUATICN. 
THEODOSIOU 1b IS A CORNELL GAMMA BE EXPT., WITH MAX. ENERGY OF 
11 GEV, LOOKING FOR ELECTRONS AND/OR GAMMAS. CROSS SECTICN IS 
CONVERTED FROM DIFF .. C .. s •. GIVEN AS 130EXPI3TI NB/GEV2 EXPECTED FOR 
THE 0- CHARH-ANTICHARM STATE 
ASCHMAN 77 IS SLAC SPEAR EXPT. LOOKS FOR PEAKS IN E+E- --> HAORONS 
AND --> E+E- NEAR 6GEV. FINDS GAHHA<200EV FOR HADRON OR E+E- DECAY. 

CH hEAVY PARTICLE PRODUCT ION CROSS SECTION ICM**2) 
CH 0 1. E-31 OR LESS lEIPUNER 7"3 CNTR +- M.:3-Il GEV 
CH LEIPUNER 73 IS ANNAL 300 GEV P EXPT. WOULD HAVE DETECTED PARTICLES 
CH WITH LIFETIME GREATER THAN 200 NSEC. 

CS HEAVY PARTICLE PRODUCTION CROSS-SECTION (CM**2/NUCLEONI 
CS b 2e5E-35 OR LESS GUSTAFSON 76 CNTR 0 TAU GT 10**-7 
CS GUSTAFSON 76 IS A 300 GEV FNAL EXPT LOOKING FOR HEAVY IM GT 2 GEV) 
CS LONGLIVED NEUTRAL HADRON$ IN THE M4 NEUTRAl BEAM. THE ABOVE TYPICAL 
CS VALUE IS FOR M=3 GEV AND ASSUMES AN INTERACTION CROSS SECTION OF 
CS 1 MS. VALUES AS A FUNCTION OF MASS AND INTERACTION CROSS SECTION 
CS ARE GIVEN IN FIG .. 2. 

D HEAVY PARTICLE PRODUCT ION DIFFERENTIAL CROSS SECTION ICM**2/SR-GEV) 
D 0 1e5E-36 OR LESS OORFAN 65 CNTR BE TARGET M:::3-7GEV 
0 0 3.0E-36 OR LESS OORFAN 65 CNTR FE TARGET M=3-7GEV 
D 0 2.4E-35 OR LESS CL=.90 SINON 69 CNTR Q=- M:1-1.8 GEV 
0 0 2.4E-35 OR LESS CL"'o90 ANTIPOVl 71 CNTR Q=- M=1.2-1.7t2.1-4 
D 0 1.2E-35 OR LESS Cl=.90 ANTIPOV2 71 CNTR Qc- M:z:2.2-2·B 
D 0 5.8E-34 OR LESS CL=.90 ALPER 73 SPEC +- M=1.5-24 GEV 
D 0 1 .. E-31 OR lESS CL:z:.90 APPEll 74 CNTR +- M::3.2-7.2 GEV 
D 0 2.2E-33 OR LESS CL=.90 ALBROW 75 SPEC Q=+-1 M=4-15 GEV 
0 W 0 1 .. 1E-33 OR LESS CL=.90 ALBROW 75 SPEC Q:+-2 M=6-27 GEV 
D J 0 a. E-35 OR LESS Cl= .90 JOVANOVIC 75 CNTR +- M=15-26 GEV 
D J 0 1.5E-34 OR LESS CL= .. 90 JOVANOVIC 75 CNTR Q=+-2t Mc3-10 GEV 
D J 0 6. E-35 OR LESS CL=.90 JOVANOVIC 75 CNTR 0=+-2 1 M=l0-26 GEV 
D B 0 2.6E-36 OR LESS CL=.90 BALD IN 76 CNTR Q=-1, M.:2.1-9.4 GEV 
D 0 OORFAN 65 IS A 30 GEV/C P EXPT AT BNL. UNITS ARE PER GEV MOMENTUM 
0 D PER NUCLEUS. 
D S ANTIPOV1 11 LIMIT INFERRED FROM FLUX RATIO .. 70 GEV P EXPERIMENT. 
0 T ANTIPOV2 71 IS FROM SAME 70 GEV P EXP .. AS ANT1POV1 71 AND SINON 69. 
D L ALPER 73 IS CERN ISR 26+26 GEV P+P EXPT. P>.9 GEV, .2< BETA <.65. 
0 A APPEll 74 IS NAL 300 GEV PHI EXPERIMENT. STUDIES FORWARD PRODUCTION 
D A OF HEAVY IUP TO 24 GEVJ CHARGED PARTICLES WITH MOMENTA 24-200GEVI-I 
0 A AND 40-150GEV t+CHG). ABOVE TYPICAL VALUE IS FOR 75 GEV AND IS 
D A PER GEV MOMENTUM PER NUCLEON. 
0 W ALBROW 75 IS A CERN ISR EXPT WITH ECH=53 GEV. THETA=40 MR .. SEE 
0 FIG. 5 FOR MASS RANGES UP TO 35 GEV. 
0 JOVANOVICH 75 IS A CERN ISR 26+26 AND 15+15 GEY P+P EXPERIMENT • 
D FIG.4 COVERS RANGES Q=1/3 TO 2 AND M=3 TO 2b GEV. 
0 VALUE IS PER GEV MOMENTUM. 
0 BALDIN 76 IS A 70 GEV SERP EXP. VALUE IS PER AL NUCLEUS AT 
D THETA=O. FOR OTHER CHARGES IN RANGE -0 .. 5 TO -3.0, CL:.90 LIMIT IS 
0 (2.6E-361/ABSfCHARGE) FOR MASS RANGE 12.1 TO 9 .. 4GEY)*ABS(CHARGE). 
0 ASSUMES STABLE PARTICLE INTERACTING WITH HATTER AS DO ANTIPROTONS. 

CA CROSS-SEC FOR PROO AND CAPT OF LONG•LIVED MASSIVE PARTICLES ICM**2) 
CA 0 .1-9E-36 OR LESS FRANKEL 74 CNTR TAU=l TO 1000 HRS 
CA 0 1 .. 4-9E-36 OR LESS FRANKEL 75 CNTR TAU=50 MS TO 10 HRS 
CA 0 2-20E-34 OR LESS ALEKSEEl 76 ELEC TAUz>100 HS TO 1 DAY 
CA 0 .2-8E-34 OR LESS AlEKSEE2 76 ELEC TAUc5 MS TO 1 DAY 
CA FRANKEL 74 LOOKS FOR PARTICLES PRODUCED IN THICK AL TARGETS BY 
CA 300-400 GEV /C PROTONS. 
CA FRANKEL 75 IS EXTENSION OF FRANKEL 74. 
CA ALEKSEEVI1,21 76 ARE 61-70 GEV P SERP EXPT. CS IS PER PB NUCLEUS. 

HEAVY PARTICLE FLUX IN COSMIC RAYS INUMBER!CH**2-SEC-SRI 
0 3.0E-1D OR LESS BJORNSOE 68 CNTR H ABOVE 5 GEV 
0 5.0E-ll OR LESS CL=.90 JONES b1 ELEC M.,5 TO 15 GEV 
0 3.0E-8 OR LESS DAROO 72 CNTR 
0 1. 5E-9 OR LESS TONWAR 72 CNTR H GT 10 GEV 
5 6. E-9 OR MORE YOCK 74 CNTR M GT 6 GEV 
0 7. E-10 OR lESS CLz.90 YOCK 75 ELEC +- Q GT 7 OR lT -7E 
0 1.0E-9 OR LESS BRIATORE 76 ELEC 

Y YOCK 74 EVENTS COULD BE TRITONS. 

liGHT (BETWEEN HU AND E MASSES) PARTICLE MASSIUNITS-ElECTRDN MASSES) 
0 NONE BETWEEN 6 AND 25 BELOUSOV 60 CNTR SPINORtTAU>1 E-8 
0 NONE BETWEEN 2 AND 25 GORBUNOV 60 CC SPINOR,TAU>l E-9 
0 NONE BETWEEN 5 AND 175 COWARD 63 CNTR SPINOR, TAU>22 E-10 
0 NONE BETWEEN 5 AND 175 COWARD 63 CNTR SCALAR, TAU>68 E-10 
0 NONE BETWEEN 2 AND 13 BLAGOV 75 CNTR SPINQR,TAU>2E-10SEC 
0 NONE BETWEEN 2 AND 10.,6 BLAGOV 75 CNTR SCALARtTAU>2E-10SEC 

BlAGOV 75 BOUNDS ON LIFETIME DEPEND ON MASS AND 'IMPROVE AS MASS 
DECREASES. AT 2 GEV THE EXPERIMENT IS SENSITIVE TO TAU>3E-ll SEC 
FOR SPINOR, TAU>SE-11 SEC FOR SCALAR. 

****** ········~~ .......... ********* ********* •••••••••••••••••••••••••• 

BELOUSOV 60 JETP 11 1143 
GORBUNOV 60 JETP 11 51 
COWARD 63 PR 131 1782 
DURFAN 65 PRL 14 999 
JONES 67 PR 164 1584 

BJORNBOE 68 NC 853 241 
SINON 69 PL 308 510 

ANT IPOV1 71 Pl 34B 164 
ANTIPOV2 71 NP 831 235 
DARDO 12 NC 9A 319 
TONWAR 72 JPA 5 569 
ALPER 73 Pl 46B 265 
LEIPUNER 73 PRL 31 1226 

APPEll 
APPEL2 
BOY MONO 
BUSSER 
FRANKEL 
YOCK 

74 PRL 32 428 
74 PRL 33 722 
74 PRl 33 112 
74 Pl 538 212 
74 PR 09 1932 
74 NP 876 175 

REFERENCES FOR OTHER NEW PARTICLE SEARCHES 

+RU SAKOV, TAMH ,CERENKOV CL EBDJ 
+SPIRIDONOV,CERENKOV ILEBO) 
+GITTELMAN, LYNCH, RITSON I STAN) 
+EAOES,LEDERMAN 1 LEE,TJNG CCOLUJ 

I M I C H+W I SC +L BL +UCLA +HI NN+C DSU+COLO+MURA) 

+DAMGARO,HANSEN, CHA TTE.RGEE+ I BOHR+BERN I 
OUTEilwKACHANOV, KHROMOV,KUTYIN+ ( SERPJ 

+DENISOV,OONSKOV,GDRIN,KACHANOV+ I SERP) 
+OENI SOY, OONSKOV, GORJ N, KACHANOV+ ( SERP) 
DARDO,NAVARRA,PENENGO,SITTE (TORI I 
TON WAR, NARANAN, SREEKANTAN flAT A) 

( C ERN+ll V P+LUND+BOHR +RHE l +ST OH+B ERG+lOUC ) 
+LARSEN, SESSOMS, SMITH, WI LLJAMS+ I BNL +YALE) 

+SOUR QUI NtGAI NESt LEDERMAN, PAAR+ I COLU+FNAl l 
+BOURQUIN, GAINES ,HOM,LEOERMAN+ (COLU+FNAL) 
+MERMOQ, P !ROUE, SUMNER, CRONIN+ I PRI N+EF 1) 
+CAMILLERI, DILELLA+ I CERN+COLU+ROCK+SACLI 
+FRAT I, RESVANI S, YANG, NE ZRICK (PENN+FNAL) 
P.C.M.YOCK IUNIV OF AUCKLAND) 
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4/77* 
4177• 
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4/77* 
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4177* 
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2/76 
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2/76 
5176* 
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2/76 
5/76* 
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1171* 

7/76* 
2/77* 
4/71* 
3111* 
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2111* 
3/77* 

4/77* 
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ft/11* 
4/17* 
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ft/77* 
1/76 

5176* 
5/76* 
5/76* 
5/76* 
2/76 
2/76 
4117• 
4/17* 
4177• 



Stable Particles 
OTHER STABLE PARTICLE SEARCHES 

ALBROW 7s NP B97 189 
APEl 75 Pl 568 190 
BOYARSKI 75 PRL 34 762 
BLAGDV 75 YAO.FJZ. 21,300 
FRANKEL 75 PR 012 2561 
JQVANOV I 75 Pl 566 105 
LEDERMAN 75 PRL 35 1543 
YOCK 75 NP 886 216 

ABRAMOV 76 Pl 648 365 
ABRAMOV2 76 SJNP 24 511 
ALEKSEEl 76 SJNP 22 531 
ALEKSEE2 76 SJNP 23 633 
ANISJHOV 76 PL 658 85 
BACCI 76 PL 568 190 

BALOlN 76 SJNP 22 264 
BARBIEll 76 Pl 648 359 
BRIATORE 76 NC 31A 553 
EARTLY 76 PRL 36 1355 
ESPOSITO 76 Pl 61tB 362 
GUSTAFSO 76 PRL 37 474 

+BARBER, BENZ +I C ERN+OARE+FOM+LANC+MCHS+UTRE I 
+-AUGENSTEIN rBERTOLUCC I , DONSKOV, +I SERP+CERN I 
+BREIDENBACH,BULOS, FELDMAN+ ISLAC+LBL I 
+K0"4ARt MURASHOVA, SYRE 1 SHCH lKOVA• f LEBO J 
+FRA TI, RESVANI S, VAN G, NE ZRICK I PENN+FNAU 
JCIVANOV l CH+ I MAN I +AACH+CERN+GENO+HARV +TOR I J 
+WHITE ICOLU) 
P.C.Ma YOCK IUNJV OF AUCKLANO+SLACJ 

+SULYAEV,BONDARENKO,DOBRETSOV + ISERP+MPEll · 
+ALEEVtANISIMOVA,BONOARENKO + ISERPJ 
AlEKSEEV, ZA ITSEV 1 KALINI NA, KRUGLOV+ I JI NR I 
ALEKSEE v, ZA IT SEV, KALI Nl NAt KRUGLOV+ ( JI NR I 
ANISIMOVAoBONOARENKOtGOVOROV + ISERP+MPEI I 
+BIDOLI,PENSO, STELLA,+ IROMA+FRAS J 

+VER TOGRADOV ,vI SHNE VSK 1 I ,GR ISHKEV IC H+l J INRI 
BARB JELL INI rNICOLETT 1+1 FRAS+NAPL +PI SA+ROMA J 
+DAR DO, PI AZZOLI, MANNOCC HI+ ( LCGHFRAS+FRE I I 
+GIACOMELLI oPRETZL I FNAL+BGNA+MPIM1 
+FELICETTI ,MARINI,+ I FRAS+RDMA+PAOO+NAPL J 
GUSTAFSON, AYRE, JONES, LONGO,MURTHY ( M lCH I 

98 

Data Card Listings 
For notation, see key at front of Listings. 

HDMl 16 PRL 36 1236 
HOMZ 1b PRL 37 1374 
KASHA 76 PRL 36 1007 
LAUTERBA 76 PRl 37 1436 
LEIPUNER 76 PRL 36 1011 
THEODOS 1 7!' PRL 37 126 

ASCHMAN 77 PRL 39 124 
BAR ISH2 77 PRL 38 577 
BAUM 77 PL b8B 279 
BENVENUT 11 PRL 38 1110 
BL ETZACK 77 PRL 38 1241 
BENSINGE 71 NP B119 17 

BRANSON 
CHANG 
GRANNAN 
HOLDER 
BUNNELL 

77 PRL 38 457 
77 PRL 519 
77 Pl 69B 125 
71 Pl 70B 393 
78 PRL 40 136 

+l EOERMAN, PAI(R, SNYDER+ I COLU+FNAl+STON I 
+LEDERMAN, PAAR, SNYDER,+ I COlU+fNAL+STON) 
+KELLOGG, LAUTERBACH, ADAIR+ IYAL E-+BNl+fNAL) 
LAUTERBACH, ADA JR, CARTER ,GRANNAN+ IY AL E+BNL I 
+lARSENtAOAIRtCARTER+ IBNl+YALE+fNAL) 
THEOOOS IOU, G ITTELMANt HANSON, LARSON+ (CORN t 

+COYNE ,GROOM+ ( PR I N+PAVI+UMD+UCSO+SLAC) 
+BARTLETT,BOOEK,BROWN + (CJT+FNAL+RDCK) 
+BLOCK, BOHM+ ( AACH+UCR+CERN+HARV+MUNC+NW ES) 
BENVENUTI ,CLINE+ IFNAl+HARV+PENN+RUTG+WI SC) 
BL ETZACKER, N IE Ht SON I IS TON+UCSB t 

I BRAN+BNL+CARN+C lNC+CUNY+MASA+P ENN+SMAS +) 

+SANOERS.SMITH,THALER,ANDERSON+ (PRIN+EFI I 
+CHEN,VAN GINNEKEN IMSU+FNALI 
+ADA I Rt KASHAo KELLOGG olAUTEFi.BACH+ I YAl E+BNLI 
+KNOBLOCH, MAY+ I C ERN+QORT +HE I D+S ACL+BGNA I 
+DUONG-VAN,KOGAN + ISLAC+VANO+UCSC+MlTI 

****** ********* ********"' ·•******"'* ********* ********* "'******** •••••••• 
****"'**** **"'****** ********* ******"'** ********* "'******** ******** 

: 
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Data Card Listings 
-.For notation, see key at front of Listings. 

: 

~···~· ***C<***** Ill******** ********* ••:e.•••••• ••••••••• ********* •••••••• ....... *"'******* ••••••••• ********* •••••••••••••••••• ********* •••••••• 

S=O, C=O MESON STATES 
**0*0* -•••••.•••• ·····••*• ********* ••••••••• ********* ********* ****"'*"'* 
....... ********* ••••••••• ********* ********* •••••••••••••••••• ******** 

17r±l 
SEE STABLE PARTICLE DATA CARD LISTINGS 

********* ·····10:*** ********* •••••••••••••••••• ********* ******** 
****** •*****'*** ********* ***•***** *****C<*** ••****·*** ********* *******o 

9 NEUTRAL PlONC13S,JPGcO--I 1"'1 

SEE STABLE PARTICLE DATA CARD LISTINGS 

****** ********* *C<******* ********* oeo••*•**** ********* ********* **O***** 
****** ********* ***O***** ********* ********* ********* ********* ******** 

14 ETAI549,JPG=O-+J I=O 

SEE STABlE PARTICLE DATA CARD liSTINGS 

********* ********* ********* ••••***** **••••••• ••••••••• ******** 
****** *****O*** ****••o•o ****O**** ********* *****••oo oo•****O* 

jp(77o) I 9 RH0(770,JPG o: 1-+) 1=1 

Note on the p 0 Mass and Width 

Because of the large width of the p meson, 

determinations of the resonance parameters are 

beset with many difficulties. In physical-region 

fits, it is well known that the p line shape does 

not correspond to a relativistic Breit-Wigner 

function with a P-wave width, but it requires one 

further shape parameter (PISUT 68). The same 

remark applies to the energy dependence of the 

phase shift <5~. Different ways of introducing the 

shape parameter lead ·to systematic differences, in 

addition to the systematic errors due to different 

ways of accounting for the background in physical

region fits, or due to different ways of projecting 

out the,partial waves for phase-shift analysis. 

We consider phase~shift analyses more reliable 

than physical-region fits. In the table below we 

have collected the most reliable information on the 

p 0 mass and width. The spread of values essentially 

reflects the order of magnitude of the systematic 

errors. We choose to recommend only a central 

value and a spread. 

M 
M 
M 

" M 
M 
M 
M 
M 

z 

X 
X 

M(po) r (po) 
(MeV) (MeV) 

773±1.7 not reliable 

778 ± 2 152 ± 2 

775 ± 4 160 ± 10 

770 ± 9 143 ± 13 

776.3±0.4 154.5 ± 1. 0 

770.2 ± 0.9 150.3 ± 2. 7 

776 ± 3 155 ± 3 

9 RHO MASS (HEVI 

Mesons 
1r±, 1r0 , TJ, p(770) 

References 

JACOBS 72 analysis of 
BATON 70 phase shifts 

HYAMS 73 phase shifts 

PROTOPOPESCU 73 phase 
shifts 

ESTABROOKS 74 analysis 
of HYAMS 73 phase shifts 

ROOS 75 analysis of 
BATON 70, HYAMS 73., and 

.PROTOPOPESCU 73 phase 
shifts 

Weighted mean of good 
physical-region fits 

"Educated guess" 

WE NO LONGER LIST S-WAVE BREIT-WIGNER FITSt PBAR P DATA WITH HIGH 
COMBINATORIAL E.ACKGROUNO, AND INSIGNIFICANT OR DOUBTFUL DATA~ 
SEE ALSO THE MINI-REVIEW ABOVE. 

MIXED CHARGES 
240 (752~01 

290 (755.01 

CHARGED CNL Y 
(748.01 

130 (115~ OJ 
R t160~0I 

• (768~01 

R (765.0) 

• 1760~ OJ 

• (765.01 
R 2775 1753.51 
R (158 .. OJ 
R (149.01 

900 767. 
R 1768.01 
R 1773.01 

1700 1182. I 
9650 764.3 

A 9650 (764.31 
A ERRORS ARE 2 

1300 777.0 
6500 766. 

AVG 765.9 
STUDENT 765.6 

750 

CH~RGED 

ALITTI 63 HBC -0 1~6 PI-P 
CHADWICK 63 HBC +-0 O~O PBAR P 

KENNEY 62 HBC - 1.2 Pl-P 
GUIRAGOSS 63 HBC - 3.3 PI-P 

t 9~01 CARMONY 64 HBC . 3.5 PI+P,TCUT 4 
( 5~01 BLIEOEN 65 MHSP - 3-5 PI- P 6/66 
t 5~01 ALFF-STEI 66 HBC . 2-3 PI+ P 6/66 
15~01 HAGOPIAN! 66 HBC - 3.0 PI- P 6/66 
(5.01 HAGOPJAN2 66 HBC - 2.14 PI-,TCUT12 9/67 

(10 .. 51 JACOBS 66 HBC - 2-3PJ-,T CUT 20 6/68 
( 10.0) JAMES 66 HBC . 2.1 PI+,TCUT2.5 8/66 
(3.01 WEST 66 HBC - 2.1 PI- P 10/66 .. EISNER 67 HBC - 4.2 Pt-,T CUTlO 1173 
15.01 HILLER 67 HBC - 2.1 PI-,T CUT20 9/66 
12.01 BATON 68 HBC - 2.8 PI-,T CUT13 7/69 
(5.1 FOSTER 68 HBC ·- PBAR P AT REST 1/73 
1.9 1.8 PISUT 68 RVUE - 1.7-3.2PJ-,CT10 6/68 

( 19.2) {3~31 PISUT 68 RVUE - l.7-3.2PJ-,CT10 6/68 
STD AND INCLUDE SYSTEMATIC UNCERTAINTIES FROM THEORY 

5.0 REYNOLDS 69 HBC - 2.26 PI- P 1173 
7. BYERLY 73 OSPK - .. PI- ~ 2174 

2.2 AVERAGE (ERROR INCLUDES SCALE FACTOR Of 1..41 
1.9 AVERAGE USING STUOENTlOIH/1.111 -- SEE MAIN TEXT 
tSEE IDEOGRAM BELOW I 

IJEIGHTEO ~UER~GE = 765.9 • 2.2 
ERROR SC~LEO BY 1.4 

CHISQ 
73 DSPK o.o 
69 HBC 4.9 
68 RUUE 0.8 
67 HBC· _Q_,_Q_ 

5.7 

790 
ICDNLEU 
=0.1271 

M~SS IMEUJ 
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Mesons 
p(770) 

MO NEUTRAl CNL Y 
MO 190 1750.01 
MO R 300 (760.0) 
•o 160 1175 .. 0) 
MO R 500 (170.01 
MO R 1150.01 
MO R 1775.01 
MO R 1770. I 
MO R 4207 C758.0J 
MO R 1765.01 
•o R (760. OJ 
MO p 4000 1765.1 
MO R C168.0J 
MO R 1761.1 
MO R 1170.01 
MO • 1175.0} 
MO 1900 1176. I 
MO 2250 775.0 
MO 13300 766.7 
MO • 054.01 
MO R (768.41 
•o x 1700 772.0 
MO C 759.0 
MO p 1765.01 
MO Cl2630 (760.0) 
MO 140K 767.7 
•o c 761.0 
MO 1930 767.0 
MO 2430 770.0 
MO B (775.41 
MO 772.3 
MO z 11200 173.5 
MO 6800 764.0 
MO p 1175.1 
MO H (778.1 
MO C 32000 775.0 

120.01 
110.01 

( 10.01 
15.01 
15 .. 01 
15. I 
n.s1 
(8.0} 
{3,.0) 

IS ... OJ 
(2.01 
(3. I 
14.01 
12.01 
15.1 
3.0 
2.B 

(9.0) 
12.41 
5.0 
7.0 

110.01 

1.9 
5.0 
4.0 
4.0 

(7.3) 
5.9 
1.7 
3.0 

c 5.1 
c2.1 
4.0 

SAM IOS 62 HBC. 0 4.7 PI-P 
ABOLINS 63 HBC 0 3.5 PI+P 
GUI RAGOSS 63 HBC 0 3.3 PI-P 
GOLDHABER 64 HBC 0 3.7 PI+P 
ALFF-STEI 66 HBC 0 2-3 PI+ P 6/66 
HAGOPIAN! 66 HBC 03.0PI-P 6/66 
HAGOPIAN2 66 HBC 0 2.1 PI-,TCUT 12 2/67 
JACOBS 66 HBC 0 2-3PI-,T CUT 20 6/68 
JAMES 66 HBC 02olPI+P 6/66 
WEST 66 HBC 02olPI-P 10/66 
ASBURY 2 67 CNTR 0 GAMMA + PB 1/73 
BACON 67 HBC 0 1. 7 PI-P 9/67 
HUWE 67 HBC 02.4PI-P 7/67 
MillER 67 HBC 0 2.1 PI-,T CUT20 9/66 
ARM ENI SE 68 DBC 0 5.1 PI+O 6/68 
FOSTER 68 HBC 0 PBAR P AT REST 1/73 
HYAMS 68 OSPK 011.2 PI- P 9/68 
PISUT 68 RVUE 0 I.7-3.2PI-,CTIO l/73 
AUSLENDER 69 OSPK 0 E+E- COLL8EAMS 2174 
MALAMUD 69 RVUE 0 2-4 PI-P 1/73 
REYNOLDS 69 H8C 0 2.:.!6 PI- P 1173 
SCHAR EN 69 HBC 0 2-4 PI- P 1173 
ALVENSLEB 70 CNTR 0 GAMMA A,TCUT.01 l/73 
BATON 70 HBC 02.8PI-P l/71 
BIGGS 10 CNTR OPHOTOPRODUC T ION 1173 
BAILLON 12 ASPK 0 15. PI- P 1/73 
BAll AM 72 H8C 0 2.8 GAMMA P 1173 
BALlAM 72 HBC 0 4. 7 GAMMA P 1/73 
BENAKSAS 72 OSPK 0 E+E- COLL. BEAMS 2174 
BENAKSAS 72 RVUE 0 E+E- COLL,.8EAMS 2174 
JACOBS . 72 HBC 02.8PJ-P 1173· 
RATCll FF 72 ASPK 0 15. PI-P,TCUT.3. 2174 
GLADDING 73 CNTR 0 2 .. 9-4. 7 GAMMA P 2174 
HYAMS 73 ASPK 017 Pl-P,N PI+PI- 1/74 
PROTOPOPE 73 H8C 0 7,.1 Pl+P,TCUT.4 2/74 

•o 4100 767. 4. ENGLER 74 DBC 0 6. PI+N,PI+PI-P 12/75 
MO 
MO 
MO 
MO 
MO X 
MO 
MO 
MO 

H (170.) 
771. 

0 (776.31 
C767.61 
069.0) 

AVG Tio:2i 
STUDENT 770.25 

750 

NEUTRRL 

19.) ESTABROOK 74 RVUE 0 17 PI-P,PI+PI-N 12175 
I. GRAYER 74 ASPK 017 PJ-P,N PI+Pl- 2/74 

10 .. 41 RODS 75 RVUE OPHASE SHIFTS 12/75 
13.01 BART ALUCC 11 CNTR OBREMS,E+E-P 12/77* 
13.01 WICKLUND 11 ASPK 03,4,6 Pl+-PN 12/77* 

0.8a AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.31 
0.82 AVERAGE USING STUDENT10CH/1.1LI -- SEE MAIN TEXT 
CSEE IDEOGRAM BELOW I 

UEIGHTED RUERRGE = 770.23 ~ O.BB 
ERROR SCRLED BY 1.3 

·GRRYER 74 RSPK 
·ENGLER 74 DBC 

ROTOPOPE 73 HBC 
·RRTCLIFF 72 RSPK 
·JRCDBS 72 HBC 
BENRKSRS 72 RUUE 

·BRLLRM 72 HBC 
·BRLLRM 72 HBC 
·BRILL ON 72 RSPK 
·BIGGS 70 CNTR 
·SCHRREN 69 HBC 
·REYNOLDS 69 HBC 
·PISUT 68 RUUE 
HYRMS 68 OSPK 

760 770 780 790 

RHO MRSS !MEUJ 

CHISQ 
o.G 
0.7 
1.4 
4.3 
3.7 
0.1 
0.0 
0.7 
3.4 
1.8 
2.6 
0.1 
1.6 

~ 
23.5 

!CDNLEU 
=0.037) 

------NOTES------

M INCLUDED IN BENAKSAS 72 REVUE VALUE 
M FROM POLE EXTRAPOLATION 
M INCLUDES BATON 70tHYAMS 73,PRDTOPOPESCU 73 
M FROM PHASE SHtFT ANALYSIS OF GRAYER 74 DATA. 
M FROM PHOTOPRODUCTICN, MODEL DEPENDENT. 

INCLUDED IN PISUT 68 RVUE 
SYSTEMATIC ERRORS ADDED CORRESP. TO SPREAD OF DIFFERENT FITS. 
MASS ERRORS ENLARGED BY US TO WIDTH/SQRH N) ,SEE K* TYPED NOTE 

9 CRHOOI - {RHO+-) MASS DIFFERENCE CMEVJ 

2.4 2.1 PI,SUT 68 RVUE PI N TO RHO N 

9 RHO WIDTH IMEVI 

WE NO LONGER LISTS-WAVE BREIT-WIGNER FITS, PBAR P DATA WITH HIGH 
COMBINATORIAL BACKGROUND, AND INSIGNIFICANT OR DOUBTFUL DATA. 
SEE FURTHER MINI-REVIEW ABOVE. 

MIXED CHARGES 
290 I 110.01 CHADWICK 63 HBC +-0 0.0 PBAR P 

6/68 

Data Card Listings 
For notation, see key at front of Listings. 

CHARGED ONlY 
130 1125.01 GUIRAGOSS 63 HBC - 3.3 PI-P 

(90 .. 0) I LO.OI SACLAY 63 HBC + 2.8 PI+P 
9B 1180.01 BONDAR 64 HBC - lt.1 PI-P 

177.01 120.0) CARMONY 64 HBC + 3.5 PI+P,TCUT 4 
1100.0) ALFF-STEI 66 HBC + 2-3 PI+ P 6/66 

w I 127.01 15.01 BU EDEN 66 MMSP - 3-5 PI- P 6/66 
w R 1150.0) (20.0) HAGOPJAN1 66 HBC - 3 .. 0 PI- P 6/66 
w R Cl35.0J 120.0) HAGOP IAN2 66 HBC - 2:.14 PI-,TCUT12 9/67 
w R 2775 1137.11 120.01 - ·JACOBS 66 HBC - 2-3PJ-,T CUT 20 6/68 

• R (147.01 119 .. 01 JAMES . 66 HBC + 2.1 PI+,TCUT2.5 8/66 

• R 1149.0 I 113.0) WEST 66 HBC - 2.1 PI- P 10/66 
w 900 146. 13. ElSNER 67 HBC - 4.2 PI-,T CUTlO 9/67 
w • 1153.01 113.0) MULER 67 HBC - 2. 7 PI-, T CUT20 9/66 
w R 1150.01 15.01 BATON 68 HBC - z.8 PI- P 7169 

• 1700 C145 .. 0J I 10.01 FOSTER 68 HBC PBAR P AT REST 1/73 
w 9650 147.3 4.0 3.9 PISUT 68 RVUE - 1.7-3.2PI-,cno 6/68 
w X 1300 154.0 13.0 REYNOLDS 69 HBC - 2.26 PI- P 1173 
w X 6500 146. 12. BYERLY 13 OSPK - 5. PI- p 2/74 
w 

AVG 147 .. 6 3.5 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1aOJ 
STUDENT 147.6 3. 7 AVERAGE USING STUDENTJO(H/1.111 - SEE MAIN TEXT 

wo NEUTRAL GNLY 
wo 190 1150.0) 120.01 SAMIOS 62 HBC 0 4.7 PI-P 

wo R 300 190 .. 0) (10.01 ABOLINS 63 HBC 0 3.5 PI+P 
wo 160 1175.01 GUJ RAGOSS 63 HSC 0 3.3 PI-P 
wo 500 1130 .. 01 GOLOHABER 64 HBC 0 3.7 PI+P 
wo 1100.01 ALFF-STEI 66 HBC 02-3PI+P 6/66 

wo 1120.01 (10.0) HAGOPIAN! 66 HBC 0 3.0 PI- P 6/66 

wo R 1135 .. 01 120.0) HAGOPIAN2 66 HBC 0 2.14 PI-P,LOW T 9/67 
wo R 4207 1122.21 115.01 JACOBS 66 HBC 0 2-3PI-,T CUT 20 6/68 
wo R 1103 .. 01 (13.01 JAMES 66 HSC o 2.1 PI+ P 6/66 
wo R 1173 .. 01 (13.01 WEST 66 HBC 02.1PI-P 10/66 
wo p 4000 U30.1 (5. I ASBURY 2 67 CNTR 0 GAMMA + PB 1/73 
wo R 1148.01 (8 .. 01 BACON 67 HBC 0 1. 7 PI-P 9/67 
WO R 1152. I ( 15.1 HUWE 67 HBC 02 .. 4PI-P 7167 
wo R (160.01 ( 15.01 MILLER 67 HBC 0 2. 7 PI-, T CUT20 9/66 
wo R (167.01 (6.01 ARMENISE 68 DBC 0 5.1 PI+O 6/68 
WO 1900 H32. I CIO.J FOSTER 68 HBC 0 PBAR P AT REST 1/73 
wo l 2250 145.0 12.0 HYAMS 68 OSPK OlL2 PI- P 1173 
wo p (160.01 110.01 LANZEROTT 68 CNTR 0 GAMMA p 1/73 
wo B 1105.0 I 120.01 AUSLENOER 69 OSPK 0 E+E- COLL. BEAMS 2/74 
wo R 1132.01 113.01 MALAMUD 69 RVUE 0 2-4 PI-P 1/73 
WO X 1700 135.0 16.0 REYNOLDS 69 HBC 0 2.26 PI- P 1173 
wo c 119.0 20.0 SCHAR EN 69 HBC 0 2-4 PI- P 1/73 
wo p {140.01 15.01 ALVENSLEB 70 CNTR 0 GAMMA A,TCUT.01 1/73 
wo C12630 (131.01 BATON 10 HBC 02.8PI-P 1/71 
wo 140K 146.1 2.9 BIGGS 70 CNTR OPHOTOPRODUC T I ON 1/73 
wo c 108.0 20.0 BAI LLON 72 ASPK 0 15. PI- P 1/73 
wo l 2430 155.0 12 .. 0 BALL AM 72 HBC 0 4. 7 GAMMA P 1/73 
wo l 1930 145.0 13.0 BALL AM 72 HBC 0 2.8 GAMMA P 1173 
wo • 1149.6) 123.21 BENAKSAS 72 OSPK 0 E+E- COll. BEAMS 2/74 
wo 135.8 15.1 BENAKSAS 72 RVUE 0 E+E- COLL.BEAMS 2/74 
wo 11200 (178.35) 12.51 JACOBS 12 HBC 02.BPI-P 1/73 
wo 6800 157 .. 0 e.o RATCLIFF 72 ASPK 0 15. PI-P, TCUT .3. 2174 
wo p (147.1 (11.) GLADDING 73 CNTR 02.9-4.7 GAMMA P 2174 
wo H Cl52.J 12 .. 1 HYAMS 73 ASPK 017 PI-P,N PI+PI- 1/74 
wo c 32000 160.0 10.0 PROTOPOPE 73 HBC 0 7.1 PJ+P,TCUT.4 2174 
wo 4100 146. 14. ENGLER 74 DBC 0 6. PJ+N,PI+PI-P 12175 
WO H 1143.1 I 13.1 ESTABROOK 74 RVUE 0 17 Pl-P,PI+PI-N 12/75 
wo 161. 4. GRAYER 74 ASPK 017 PI-P,N PI+PI- 2174 
wo 0 U54.51 11.01 RODS 75 RVUE OPHASE SHIFTS 12/75 
wo 1150.91 (3.01 BARTALUCC 77 CNTR OBREMS,E+E-P 12111* 
WO X 1152.01 (9.0) WICKLUND 11 ASPK 03t4t6 PI+-PN 12177* 
wo 
wo AVG 150.3 2. 7 AVERAGE C ERROR INCLUDES SCALE FACTOR OF 1 .. 41 
wo STUDENT 149.4 2.B AVERAGE USING STUDENTIOIH/1.11) -- SEE MAIN TEXT 

H 
p 
R 

X 
• l 

CSEE IDEOGRAM BELOW I 

UEIGHTED RUERRGE = 150.3 ~ 
ERROR SCRLED BY 1.4 

+· ·GRRYER 
·ENGLER 
·PROTOPDPE 

BO 

NEUTRRL RHO UIDTH !MEUJ 

-----NOTES------

INCLUDED IN BENAKSAS 72 REVUE VALUE 
FROM POLE EXTRAPOLATION 

·RRTCLIFF 
·BENRKSRS 
·BRLLRM 
·BRLLRM 
·BRILLDN 
·BIGGS 
·SCH~REN 

·REYNOLDS 
·HYRMS 

200 

INCLUDES BATON 70,HYAMS 73,PROTOPOPESCU 73 
FROM PHASE SHIFT ANALYSIS OF GRAYER 74 DATA. 
FROM PHOTOPRODUCT ION, MODEL DEPENDENT • 
INCLUDED JN PISUT 68 RVUE 

2.7 

CHISQ 
74 RSPK 7.1 
74 DBC 0.1 
73 HBC 0.9 
72 RSPK 0.7 
72 RUUE 0.9 
72 HBC 0.2 
72 HBC 0.2 
72 RSPK 4.5 
70 CNTR 2.1 
69 HBC 2.5 
69 HBC 0.9 
68 DSPK _!!.d... 

20.3 
!CDNLEU 
=0.042) 

SYSTEMATIC ERRORS ADDEO CORRESP,. TO SPREAD OF DIFFERENT FITS. 
WIDTH ERRORS ENLARGED BY US TO 4*WIDTH/SQRTINJ,SEE K* TYPED NOH 

: 
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
p(770) 

Pl 
P2 
P3 

•• P5 

•• P7 

•• 

Rl 

Rl 
Rl 
Rl ... 
Rl 

Rl 
Rl 
Rl 
Rl 
Rl 

, 

9 FlHO PARTIAL DECAY HODES 

RHO INTO ZPI 
RHO INTO 4PI 
RHO INTO PI GAMMA 
RHO INTO E+ E-
RHO INTO PI ETA t VJ·OLATES G I 
RHO INTO ~U+ MU- • 
RHO INTO PI+ PI- PIO (VIOLATES .GJ 
RHO INTO ETA GAMMA 

9 RHO BRANCHING RAT IDS 

RHO INTO 4Pli2Pl 

I (PI+-· PIOJ 

DECAY MASSES 
139+ 139 
139+ 139+ 139+ 139 
139+ 0 

.5+ .5 
139+ 548 
105+ 105 
139+ 139+ 134 
548+ 0 

{P21/CP1J 

RHO+- INTO (PI+- PI+ PI- PIOI 
(0.026IOR LESS BLIEOEN 66 MMSP - 3-5 PI- P 6/66 
CO.Oll C!R LESS 
CO.OOZIOR LESS 
0.0035 0.004 

RHOO INTO CPI+ PI- PI+ PI-I I 
C0.00810R LESS 
t Q.OOZIOR LESS 
(Q.OOZIOR LESS CL:c.9Q 
I0.0015JOR LESS CL=.90 

DEUTSCHMA 66 HBC + 8.0 PI+ P 6/66 
FERBEL 66 HBC +- PI+- P ABOVE 2.5 10/66 
JAMES 66 HBC + 2.1 Pl+P 11/66 

(PI+ PI-I 
JAMES 66 HBC 0 2.1 PI+P 6/66 
CHUNG 68 HBC 0 3.2,4.2 PI-P 7/67 
HUSON 68 HLBC 0 16.0 PI- P 1/71 
GERMAN CO 69 HBC 0 2 .. 5-5.8 GAMMA P 10/67 

RHO INTO PI GAMMA/2Pl CUNlTS 10**-31 (P31/(Pll 
R2 M C20.) OR LESS LANZEROTT 65 CNTR GAMMA PIBREMSI 11/66 

10/66 
6/66 

R2 (5.) OR LESS Clc.97 FIOECARO 66 OSPK -., (7.1 OR. lESS HUSON 66 HlBC - 15 PI-PB 
RZ M ( 2.1 OR LESS Clc.90 GERMAN CO 69 HBC 
R2 C 0.24 0.01 GOBBI 74 OSPK - 23. PJ-A,PJ-PIOA 12175 
R2 C GOBBI 74 QUOTES THE PARTIAl WIDTH FOR RHO- INTO PI- GAMMA 
R2 C AS (35 +- 101 KEV 
R2 M ONE PION EXCHANGE HODEl USED IN THIS ESTIMATION 

+ - + -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 photoproduc

tion, yA ~ e+e-A, there is substantial interference 

between the allowed (p 0 ,w) ~ e+e- decays. The 

interference in the colliding-beam reaction e+e- ~ 
~+~- 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- ~ ~+~- experiments. 

R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 

•• R3 
R3 
R3 
R3 
R3 
R3 

•• •• •• 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 

•• •• •• 
R7 
R7 
R7 
R7 
R7 
R7 

The same comment applies to the decay p 0 

RHO INTOCE+ E-Jf(PJ+PI-J (UNITS 10**-41 CP4Jf(Pll 

SEE MINI-REVIEW ABOVE. 

94 (0.651 (0.141 ASBURY 1 67 CNTR PHOTOPRODUCTION 9/67 
POSSIBlY lARGE RHO-OMEGA INTERFERENCE 

(0.651 (1.11 (0.5) HERTZBACH 67 OSPK ASSUME SUOI+HIXING.10/66 
NOT SEPARATED FRGM OMEGA DECAY. 

33 (0.531 (Q.11J ASTVACATU 68 OSPK ASSUME SUC3J+MIXING 6~6B 
NOT SEPARATED FROM OMEGA DECAY. ERROR STATISTICAL CiNLY. 
0.50 0.10 AUSlENOER 69 OSPK E+E- COLUO.BEAM 9/68 

(0.491 10 .. 121 10.15) BIGGS 70 CNTR PHOTOPROOUCTION 6/70 
ASSUMING RHO WIDTH 140 MEV. ERROR STATISTICAL ONLY. 
0.41 Q.Q5 BENAKSAS 72 OSPK E+E- COLl.BEAMS 12172 

AVG 0.428 0.045 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
STUDENT 0.428 0.049 AVERAGE USING STUDENHOIH/1.111 -- SEE ·MAIN TEXT 

RHO INTO CPI ETAJ!(2PII 
(0.031 OR lESS 
I0.008JOR LESS 

I PSI/CPU 
DEUTSCHMA 66 HBC + 8.0 PI+ P 6/66 
FERBEl 66 HBC +- PI+- P ABOVE 2.5 ll/66 

RHO INTO IMU+ MU-1/lPI+ PI-J (UNITSL, 10**-41 

SEE MINI-REVIEW ABOVE. 

IP61/(PlJ 

0.97 0.31 0.33 HYAMS 67 OSPK 11 Pl .. ll H 6/67 
HYAMS MASS RESOL. IS 20 MEV. THE OMEGA REGION WAS EXClUDED. 
0.82 0.16 0.36 ROTHWEll 69 CNTR PHOTOPROOUCTION 4/70 
POSSIBlY LARGE RHO-OP'IEGA INTERFERENCE LEADS US TO INCREASE 
THE MINUS ERROR 
0.56 0.15 WEHMANN 69 OSPK 12 PI- ON C,FE 7/69 

W RESULT CONTAINS (11 +- 111 PER CENT CORRECTION USING SUD) 
W FOR CENTRAl VAlUE. THE ERROR ON THE CORRECTION TAKES ACCOUNT 
W OF POSSIBLE RHO-OMEGA INTERFERENCE AND THE UPPER LIMIT AGREES 
W WITH THE UPPER liMIT OF (OMEGA INTO MU+ MU-J FROM THIS EXPT. 

AVG 0.67 
STUDENT 0.67 

0.12 
0.14 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF L.OJ 
AVERAGE USING STUOENTlO(H/1.111 -- SEE MAIN TEXT 

R~O INTO CPI+ PI- PIOIICPI+ PI-J IP7JIIP11 
(0.01) OR LESS CL=-.84 ABRAMS 11 HBC 0 3.7 PI+ P 11/71 

HODEL DEPENDENTtASSUHES I :: 1,2,0R 3 FOR THE 3PI SYSTEM 11/71 

RHO INTO CETA GAHMAIITOTAL (UNITS 10**-41 lP8J 
I 3. 6 J l 0. 9 I ANDREWS 77 CNTR 0 6. 7-10 GAMMA CU 12/77* 

SOLUTION CORRESPCNOING TO CONSTRUCTIVE OMEGA-RHO INTERFERENCE 
THE QUARK MODEL PREDICTS A RELATIVE DECAY PHASE OF ZERO. 

15.4) (1.11 At-IOREWS 77 CNTR 0 6.7-10 GAMMA CU 12177* 
SCLUTION CORRESPC.NOING TO DESTRUCTIVE OMEGA-RHO INTERFERENCE 

ANDERSON 61' PRL 6 365 
ERWIN 61 PRl 6 628 
KENNEY 62 PR 126 736 
SAMIOS 62 PRL 9 139 
XUCNG 62 PR 128 1849 

ABOUNS 63 PRL 11 381 
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 65 Pl 15 82 
Af<.HENISE 65 NC 37 361 
BllEOEN 65 Pl 19 444 
CLARK 65 PR 139 B 1556 
GUTAY 65 NC 39 381 
lANZEROT 65 PRl 15 210 
lOANIS 65 PRl 14 721 

ACCENSI 66 Pl 20 557 
ALFF-STE 66 PR 145 1072 
BAL TAY 66 PR 145 1103 
Bll EDEN 66 NC 43 71 
CAHBRIDG 66 PR 146 ~94 
CASON 66 PR 148 1282 
DEUTSCHM 66 PL 20 82 
FERBEl 66 Pl 21 Ill 
FIOECARO 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 

All ES-BO 67 NC 50 A 176 
ASBURY 1 67 PRl 19 869 
ASBURY 2 67 PRL 19 865 
BACON 67 PR 157 1263 
BANNER 67 Pl 25 B 300 
BAP.lOW 67 NC 50A 701 
BATGN 67 Pl 25 8 419 

ALSO 67 NP B 3 349 
CLEAR 67 NC 49A 399 
DANYSZ 67 NC 51 A 801 
EISNER 67 PR 164 1699 
FRENCH 67 NC 52A 442 
HERTZBAC 67 PR 155 1461 

ALSO 65 ZOANI S 
HUWE 67 Pl 248 252 
HYAMS 67 PL 248 634 
MillER 67 PR 153 1423 
POIRIER 67 PR 163 1462 

ABC COLL 68 NP B4 501 
ARMENlSE 68 NC 54A 999 
ASTVACAT 68 Pl 27 B 45 
BATON 68 PR 176 1574 
BLECHSCH 68 NC 53 A 1045 

AlSO 67 Nt 52 A 1348 
CHUNG 68 PR 165 1491 
DONALD 68 NP B 6 174 
FOSTER 68 NP B 6 107 
HUSON 68 PL 28B 208 
HYAMS 68 NP B 7 1 
JONES 68 PR 166 1405 
JOHNSON 68 PR 176 1651 
KEY 68 PR 166 1430 
LAMSA 68 PR 166 1395 
lANZEROT 68 PR 166 1365 
MARATECK 68 PRl 21 1613 
PISUT 68 NP B 6 325 
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Mesons 
p(770), w(783) 

GRAYER 74 fliP 8 75 189 
HABER 74 PR 010 1387 
NORDBERG 74 Pl 51 8 LOb 
SPITAL 74 PR 0 9 126 

RODS 75 NP 8 97 165 

G .GRAVER .HY AHS, BLUM, 0 IETL, + l CERN+MP I M I 
+HOOD US, HULSIZER, Kl ST IAKOWSKV tl EVY+ I HIT I 
+ABRAMSON t ANDREWS, HARVEY,+ lCGRN+ROCHI 
R.SPITAL,O.R.YENNIE tCORNJ 

M.ROOS (HELSI 

ANDREWS 11 PRL 38 198 +FUKUSHIHA,HARVEY,LOBKOWlCZ;MAY;+ lROCHI 
BARTALUC 77 OESV 17/56 BARTALUCCJ,BERTOLUCCI,+ lDESY+FRASI 
WICKLUND 11 ANL-HE P-PR-17-58 +AYRES, 01 EBOLOt GREENEt KRAMER' PAWL IC Kt I ANL J 
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I w(783) I 
1 OMEGA MASS IMEVI 

64 (771Q.4) Cl.4) ARMENTERO 62 HBC Q.Q PBAR P KLKL. 
800 1782.01 (1.0. AlFF 62 HBC 2.3-2.9 PI+P 

" 34 (784.0» (l.QJ ARMENTERO 63 HBC 0.0 PBAR P 

" 220 (781.01 12.01 KRAEMER 64 DBC 1.2 PI+O 

" 170 1785.61 (1.21 MILLER 0 65 HBC SEEN WITH K+K-
M 666 (786.01 t l.OJ JAMES 66 HBC 2.1 PI+P 

" R 2198 (783.41 co. 71 BALTAY 67 HBC 0.0 PBAR P 

" 155 (779.51 (l.,St BARASH 67 HBC 0.0 PBAR P K 1Kl. 
M 1784.8 I (1.1) KEY 68 HBC 3 PI-P 
M 2400 782.it 0.5 BIZlARRI 69 HBC 0 PBAR P 

" 750 784.1 1.2 ABRAMOVIC .70 HBC 3.9 PI- P 

" (784.01 I o. 71 ATHERTON 70 HBC 3.6 PBAR P, 7 PI. 

H 083.21 11.61 BIGGS 70 CNTR PHOTCPROOUCTIDN 
M FROM OMEGA-RHO INTERFERENCE IN THE Pl+PI- MASS SPEcTRUM 
H ASSUMING OMEGA WIDTH 12.6 MEV. 
H 260 1781.01 12.01 CASON 10 HBC 8.0 PI-Pt4PI 

" 250 084.1 (1.) OANBURG 10 DBC 1.2 Pl+ 0 

" 500 (186.1 n.l OANBURG 70 OBC 1.4 PI+ 0 
H 600 t784.1 u.) OANBURG 70 DBC 1. 7 PI+ 0 
H 500 C786.) Cl.) DANBURG 10 OBC 1.9 PI+ 0 
M 400 1785.1 11.1 OANBURG 70 DBC 2.1 PI+ D 
H 200 1785.1 (2., OANBURG 10 DBC 2.3 PI+ D 
M 248 783.4 1.0 BllZARRI 11 HBC 0.0 P PBAR K+K-
M 510 781.0 0.6 BIZZARRI 71 HBC 0.0 P PBAR K1K1 
H c 4270 (784 .. 11 (0.31 COYNE 71 HBC 3.7 PI+ P 

" c FRCiM TOTAL SAMPLE OF COYNE 11. THEY OBSERVE AN IMPORTANT 

" c CORRELATION BETWEEN SIGMA OF EXP. RESOLUTION AND THE MEAS. MASS. 
H 0 783.7 1.0 COYNE 11 HBC 3.7 PI+ P 
M 0 FROM BEST-RESOLUTION SAMPLE OF COYNE 71 

2/74 
2/74 
2174 
2/74 
2174 
2/74 
2174 
2174 
2/74 
9/69 
2/74 
2/74 
2174 

2/74 
2174 
2/74 
2174 
2/74 
2/74 
2/14 

11171 
11/71 
11171 

11/11 
11/71 

H 369 (784.01 t 1.41 MATTHEWS 71 OBC 6.95 PI+ D • 2/74 

M 
M 

418 782.5 0.8 AGUILAR 72 HBC 3.9,4.6 K- P 12172 
SR 4800 082.01 (0.81 OREN 74 HBC 2.3 PBAR P,5PI 12/75 
s 
• 
• 

ERROR INCLUDES 0.5 MEV MASS SCALE ERROR 
7000 782.4 0.5 KEYNE 76 CNTR PI-P, OMEGA N 12175 

33260 783.0 0.5 RODS 11 RVUE 0-3.6 PBAR P 12/75 
OBSERVED BY THRESHDLO-tROSSING TECHNIQUE. MASS RESQL.:cft.,8 MEV FWHM 

R INCLUDED IN RODS 11 RVUE. 
. 2100 783.5 

AVG 782.59 
STUDENT 782.66 

779 

OMEGR 

o.8 GESSARDLI 77 HBC 11 PI-P,OMEGA PI 12177• 

0.28 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.31 
0.26 AVERAGE USING STUDENT101H/1.11J -- SEE MAIN TEXT 
I SEE IDEOGRAM BELOW I 

~EIGHTED RUERRGE = 782.59 ± 0.28 
ERROR SCRLEO.BV 1.3 

·GESSRRDLI 77 HBC 
·RODS 77 RUUE 
·KEVNE 76 CNTR 
·RGUILRR 72 HBC 
·CDVNE 71 HBC 
·BIZZRRRI 71 HBC 
·BIZZRRRI 71 HBC 
·RBRRMOUIC 70 HBC 
·BIZZ~RRI 69 >tBC 

' 787 789 

MRSS !MEUl 

CHISQ 
1.3 
0.7 
0.1 
0.0 
1.2 
7.0 
0.7 
1.6 

_!L.L 
12.8 

!CONLEU 
•0.1201 

-- ----- ---·- ------ --:------ ----- ------- --------

w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 

1 OMEGA FULL WIDTH CMEV) 

34 9.0 3.0 ARMENTERO 63 HBC 0.0 PBAR P 

13.4 2.0 MILLER 0 65 HBC SEEN WITH K+ K-
155 (12.3) (2.0) BARASH 67 HBC SEEN WITH K1 K1 • 6/66 

111 15.81 C2.8) BARASH 67 HBC 0.0 PBAR P,K1 Kl 11171 

UNFOLDED BY COYNE 71 11/71 

750 8.8 3.0 ABRAMOVIC 70 HBC 3.9 PI- P 6/70 
11.2 2.1 ATHERTON 70 HBC 3.6 PBAR p, 7 PI 5170 

510 10.3 1.4 BIZZARRI 71 HBC 0.0 P PBAR K1Kl 11/71 

248 12.8 3.0 BIZZARRI 71 HBC 0.0 P .PBAR K+K- 11/11 

4270 9.5 1.0 COYNE 71 HBC 3.7 PI+ P 11171 

418 13.3 2. AGUILAR 12 HBC 3.9,4.6 K- P 12172 

9.1 o.8 BENAKSASl 12 OSPK E H- COLL. BEAMS 2/13 
10.5 1.5 BORENSTE I 72 HBC 2.18 K-P 1171• 

940 7. 70 1.65 BROWN 72 MMS 2.5 Pt- PtN MMS 12172 

ERROR TAKES ACCOUNT OF SYSTEMATICS ADDEO liNEARLY 
10.22 0.43 KEYNE 76 CNTR PI-Pt OMEGA N 12/75 20000 

OBSERVED BY THRESHOLD-GROSSING TECHNIQUE. MASS RESOL.=4.8 MEV FWHM 
11 PI-P,O"'EGA Pt 12177• 2100 9.4 

AVG 10.06 
STUDENT 10.06 

2.5 

0.31 
0.35 

GESSAROLI 77 HBt 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.0J 
AVERAGE USING STUOENTlOIH/1.111 - SEE MAIN TEXT 

Data Card Listings 
For notation, see key at front of Listings~ 

Pl 
P2 
P3 
P4 
P5 
P6 
P7 
P8 

•• 
P10 
Pll 

1 OMEGA PARTIAL DECAY MODES 

OMEGA INTO PI+ PI- PIO 
OMEGA .INTO PI+ PI- (VIOLATES G) 
OMEGA INTO PIO GAMMA 
OMEGA INTO PI+ PI- GAMMA 
OMEGA INTO 2PIO GAMMA 
OMEGA lNTO ETA GAfo\MA 
GMEGA INTO E+ E-
OMEGA lNTO MU+ MU-
OMEGA INTO ETA PIO (VIOLATES C I 
OMEGA INTO 3 GAMMA 
OMEGA INTO PIO MU+ MU-

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

DECAY MASSES 
139+ 139+ 134 
139+ 139 
134+ 0 
139+ 139+ 
134+ 134+ 
548+ 0 
.s+ .5 

LOS+ 105 
548+ 134 

0+ 0+ 0 
134+ 105+ 105 

The matrix below is derived !.rom the error matrix for the fitted partial decay mode 

branching fractions, Pi' as {allows: The diagonal elements are Pi ::1: 6Pi' where 

6P
1 

= ,j(6P
1
6P

1
), while the off~diagonal elements are the normalized correlation coeffi

cients (6P
1
6Pj)/(6P

1 
· 6Pj). For the deiinitions o!the individual P 1, see the listings 

above; only those Pi appearing in the matrix are aesumed in the lit to be nonzero and 

are thus constrained to add to 1. 

p 1 p 2 p 3 
1 .8987+-.0056 
2 -.5582 .0130+•.0027 

p 3 -.8728 .0824 .0884+-.0046 

----- -----.- ------- ------ ------- ------ -------- _______ .,_ 

1 OMEGA BRANCHING RATIOS 

R1 OMEGA INTO NEUTRAL/IPI+ PI- PlOI (P3+ ••• 1/IPU 
R1 0.17 0.04 All.MEN'fERO 63 HSC 0.0 PBAR P 

R1 20 0.11 0.02 BUSCHBECK 63 HBC loS K-P 
R1 35 o.o8 0.03 KRAEMER 64 OBC 1.2 PI+O 

R1 65 0.10 0.04 ALFF-STEI 66 HBC CORR.BY SCHUlTZtCOL) 
R1 850 0.134 0.026 OIGIUGNO 66 CNTR l.lt PI-P 
R1 348 0.097 0.016 FLATH 66 HBC 1.8 K-P 

R1 0.06 0.05 0.02 JAMES 66 HBC 2.1 PI+P 

R1 19 0.10 0.03 BARASH 67 HBC 0.0 PBAR P 
R1 46 0.15 0.04 AGUILAR 72 HBC 3.9,4.6 K- P 
R1 
R1 AVG 0.1065 o.oo88 AVERAGE IERROR INCLUDES SCALE FACTOR OF t.QJ 

9/66 
9/66 
9/66 
6/66 
7/67 

12/72 

R1 STUDENT 0.106 0.010 AVERAGE USING STUOENTlOIH/1.11) - SEE MAIN TEXT 
R1 

R2 
R2 R 
R2 R 
R2 

FIT 

R2 F 
R2 F 
R2 
R2 
R2 R 
R2 R 
R2 
R2 S 
R2 S 
R2 S 
R2 
R2 
R2 
R2 AVG 

0.0983 0.0057 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.0) 

CMEGA INTO I PI+ PI-)/IPI+ PI- PJOI. SEE ALSO R15 fP21/IPlJ 
(O.Oll)OR MORE Cl=.95 ABRAMOVIC 70 HBC 3.9 PI-P 
(Q.03510R LESS tL=.95 BIZLARRI 70 DBC PBAR N AT REST 
(0.019JOR MORE Cl:c.95 CHAPMAN 70 HBC 1.6-2.2 P PBAR 

(.002)0R MORE tl=.90 fLATTE 70 HBC 1.5 K- P 
FLATTE 70 SEES NO SIGNAL AT 1.7, 2.1, 2.6 GEV/C. 

10.0026JOR MORE CLz::.84 HAGOPIAN 70 HBC 2.3 PI- P 
I 0.040lOR LESS CL=.81t HAGOPIAN 70 HBC 2.3 PI- P 
0.022 0. 009 0.01 PODS 70 RVUE 
RODS 70 COMBINES ABRAMOVICH 70 AND BIZZARRI 70 
0.028 0.006 BEHREND 11 ASPK PHOTOPRDOUCTlON 
0.021 0.028 0.009 RATCI.lFF 72 ASPK ,::-, LS.PI- P,N 2PI 

SIGNIFICANT INTERFERENCE EFFECT OBSERVEO.NB OF OMEGA INTO 3PI 
COMES FROM AN EXTRAPOLATION. 

(Q.OUSIOR MORE BURNS 
(Q.024JOR MORE CL=0.95 lYONS 

73 HBC 
71 HBC 

.6-1.1 PBAR P 
3-4 K-PtLAM OHEG 

Q.Qo.49 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.01 

6170 
11171 
6/70 
8/69 

1/71 
l/71 
6/70 

11/71 
12/72 
12/72 
12172 
12175 
12177• 

R2 STUDENT 
0.0259 
0.0259 
0.0144 

0.0053 AVERAGE USING STUOENtlO{H/1.UI -- SEE MAIN TEXT 
R2 FIT Q.0031 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.51 

R3 OMEGA INTO IPIO GAMHAJ I CPI+ PI- PIOI fP31f(PU 
R3 {0.125) (0.025IOR GRTR. 8ARMIN 64 PXBC 2.8 PI-P 
R3 0.13 0.04 JACQUET 69 HLBC 10/67 

R3 o.o81 0.020 BALOIN 71 HLBC 2.9 PI+ P 11171 

R3 0.109 0.025 BENAKSAS2 72 OSPK E+E- COI.L.BEAMS 2/13 
R3 0.084 0.013 KEYNE 76 CNTR PI-P, OMEGA N 12175 

R3 
R3 AVG 0.0898 o. 0097 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

R3 STUDENT 0.090 Q.Oll AVERAGE USING STUDENTlO(H/1.111 -- SEE MAIN TEXT 
R3 FIT 0.0983 0.0057 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1-01 

•• OMEGA INTO IPI+ PI- GAMMAIItPI+ PI- PIOJ I Pit)/ IPll 

•• t0.05) OR LESS CL ... 90 FLATTE 66 HBC 1.8 K-P 9/66 

•• ( .06610R LESS CLa.90 KALBFLEI 75 HBC 2.2 K- PtGAHMA + 12/75 

R6 OMEGA INTO (MU+ Mu-1/IPI+ PI- PIOituNITS 10 .. -3) fP8)/{Pll 

R6 ( 1.2) DR LESS GALliER I 65 HBC 2. 7 K-P 

•• 11.1t OR LESS CL=.74 FLATTE 66 HBC 1.8 K-P 9/66 

R6 (0.21 OR LESS WILSON 69 OSPK 12 PI- ON C, FE 9/69 

Rl OMEGA INTO (2PIO GAMM)/(PlO GAMMA) IP5J/IP31 
Rl co.u OR· LESS BARMIN 64 PXBC 1.3-2.8 PI-P 

Rl 10.45) (0.331 SlRUGUSK 69 HLBC 2.34 PI+ N 8/69 
RT 10.14) OR LESS BALD IN 71 HL8C 2.9 PI+ P 11/71 
Rl 10.151 OR LESS CLc.9Q 8ENAKSAS2 72 OSPK E+E- COlt. SEAMS 217"3 

Rl (0.181 OR LESS Ct.c0.95 KEYNE 76 CNTR Pl-P,OMEGA N 1171* 

R8 tMEGA INTO tETA PIO +ETA GAMMUitPI+ PI- PIOI (P9+P6)f(PlJ 
R8 CO.Ol710R LESS Cl-=.90 FLATTE 66 HBC 1.8 K-P 9/66 

R8 C0.04510R LESS CLc.95 JACQUET 69 HLBC 4/70 

R9 OMEGA INTO (NEUTRALS) I ltHARGEOJ IP3+ ••• )/( Pl+P2 ... ) 

•• 0.124 0.021 FELDMAN 67 OSPK 1.2 PI- P "3/67 

R9 
R9 FIT 0 .. 0969 0.0056 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

R10 OMEGA INTO (2PIO GAMMAI/tPI+PI-PIOI CP51/{Pl) 
R10 tO.OBI OR LESS CL=.95 JACQUET 69 Hl8C 4/70 

Rll OMEGA INTO lETA GAMHA)!(PIO GAMMA) IP6J/ CP3l 

Rll {0 .. 58) (0."30) STRUGALSK 69 HLBC 2.34 PI+ N 8/69 

Rll 10.401 OR LESS BALD IN 71 HI.BC 2.9 PI+ P 11/71 

Rll 0.010 0.045 APEL 72 DSPK 4-8 PI- PtN 3GAM 2/13 

Rll (0.271 OR lESS CL ... 90 BENAKSAS2 72 OSPK E+E- COllo BEAMS 2/73 

R12 OMEGA INTO IPIO MU+ MU-1 I TOTAL I UNITS 10*._3, I Pill 
R12 12.) OR LESS WEHMANN 68 OSPK 12 PI- FE 6/68 

. 

! 
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Data Card Listings 
For notation, see key at front of Listings. 

Rl3 OMEGA INTO IE+ E-1/TOTAL IUNITS IOU-41 IP71 
Rl3 3 2. 1.2 BINNIE 65 OSPK PI-P NEAR THLO. 6/66 
Rl3 B MASS RESOLUTION OF BINNIE 65 IS ABOUT 15 MEV. 
Rl3 H (1.01 (1.71 10.751 HERTZBACH 67 OSPK ASSUME SUI31+MIXING.l0/66 
Rl3 H NOT RESOLVED FROM RHO DECAY. 
Rl3 A 33 (0.651 10.131' ASTVACATU 68 OSPK ASSUME SU(3)+MIXING 6/68 
Rl3 A NOT RESOLVED FROM RHO DECAY. ERROR STATISTICAL GNLY. 
Rl3 
Rl3 Z ~A~~ RESo~U~~ON OF BOlll~~lii~~L +-~g ~~~~HIS e~R~:~~~·~:-isz 916 ~ 
Rl3 Z 
Rl3 Z 

WITHOUT RHC:-O"'EGA INTERFERENCE. COMPLETE INTERFERENCE WOULD 
CHANGE VALUE BY +-35 PER CENT. THEREFORE WE INCREASED ERROR. 

Rl3 E 10.761 10.141 AUGUSTll 69 OSPK SEE NOTE E 2/72 
Rl3 E FROM 
Rl3 

E+ E- COlliDING BEAMS, ASSUMING OMEGA WIDTH 12.2+-1.3 MEV 4169 
O.IH . Q.10 BENAKSAS1 72 OSPK E+E- COLL.BEAMS 2/73 

Rl3 
Rl3 AVG 
Rl3 STUDENT 

o. 76 
o. 77 

0.17 
o.11 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.9) 
AVERAGE USING STUOENTlOfHI1.lll -- SEE MAIN TEXT 

R14 OMEGA 
Rl4 
Rl4 
Rl4 
R14 42 
Rl4 
R14 AVG 

INTO NEUTRALS I TOTAL 
o.OB4 o.015 
o.o79 o.019 
0.075 0.025 
0.073 0-.018 

BOLLIN I 
DEI NET 
BIZZARRI 
BASILE 

68 CNTR 
69 OSPK 
71 HBC 
72 CNTR 

I P3+ ••• J 
2.1 PI- P 
1 .. 5 PI- P 
0.0 P PBAR 

1.67 PI-P 

0 .. 0092 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

6/68 
9/69 

11/71 
2173 

Rl4 STUDENT 
R14 FIT 

0.0788 
0 .. 0788 
0.0884 

0.0098 AVERAGE USING STUDENT101Hil .. 1ll -- SEE MAIN TEXT 

Rl5 
Rl5 
Rl5 
Rl5 
Rl5 
Rl5 
Rl5 
Rl5 
Rl5 
Rl5 
Rl5 
Rl5 
Rl5 AVG 

0 .. 0046 HOM FIT IERROR INCLUDES SCALE FACTOR OF 1.0) 

OMEGA INTO IPI PIIIfTOTALI. SEE ALSO R2 
0.032 0 .. 028 0.019 AUGUSTI2 69 OSPK 

I0 .. 003JOR MORE CL•.95 GOLOHABER 69 HBC 
IO.Ol410R MORE CL.::.95 ALLISON 70 HBC 
0.0080 0.0028 0.0022BIGGS 70 tNTR 
0.0122 0.0030 ALVENSLEB 71 CNTR 
0 .. 013 0.012 0.009 HOFFElT 71 HBC 
0 .. 036 0.024 0.018 8ENAKSAS 72 OSPK 

I 0.00510R MORE Cl=0.95 BRANDEN8U 76 ASPK 
I0.009IOR MORE CL=0.95 HOLMGREN 77 HSC 
I0.00810R MORE Cl=0.95 WICKLUND 77 ASPK 

tP2J 
E+E- COLL. BEAMS 

3.7-4.0 PI+P 
1.3-1.7 PBAR P 
PHOTOPROOUC T I ON 
PHOTOPROOUC T I ON 
2.8,4. 7 GAMMA P 

E+E- COLL.BEAHS 
l3.K-P,PI+PI-
4.2 K-P,PI+PI-
3t4t6 pi+-PN 

0.0019 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

8169 
11169 

• 6170 
6170 

11111 
11171 
12/72 
7111• 
7177* 

12177* 

Rl5 STUDENT 
Rl5 FIT 

0.0102 
0.0102 
0.0130 

0.0022 AVERAGE USING STUDENTlOIHil.llJ -- SEE MAIN TEXT 
Oo0027 HOM FIT tERROR INCLUDES SCALE FACTOR OF 1.51 

R16 GMEGA INTO fETA GAMMAI I tALL NEUTRALS) tP6J/CP3+ ••• J 
R16 10.24) OR LESS CL=.90 OEINET 69 OSPK 9169 
R16 10.361 OR LESS Cl ... 90 DAKIN 72 OSPK 1.4 PI- P,N MMD 12/72 

Rl7 
Rl7 
R17 D 
Rl7 C 

OMEGA INTO 12 PIO GAMMAl I tAll NEUTRALS I IP51/IP3+ .... I 
10.191 OR LESS CL,.,,.90 DEINET 69 OSPK 
10.221 10.071 DAKIN 72 OSPK 1.4 PI- P,N MMO 

SEE Rl8 

Rl8 
Rl8 
RIB 0 
RIB D 
RIB D 

OMEGA INTO IPIO GAHMAJ I IAll NEUTRALS) IP31/tP3+,. •• J 
10.811 OR MORE Cl"' .90 DEI NET 69 OSPK 
10.781 (0.071 DAKIN 72 OSPK 1.4 PI- P,N MMD 

ERROR STATISTICAl CNlY.AUTHC!RS OBTAIN GOOD FIT ALSO ASSUMING 
PIO GAMMA AS THE ONLY NEUTRAl DECAY. 

Rl9 
Rl9 A 
R19 A 
Rl9 A 
R19 B 
R19. 8 

OMEGA INTO lETA GAMMAIITOTAL IUNITS 10**-41 IP61 
(3.01 12.51 11.81 ANDREWS 77 CNTR 0 6.7-10 GAMMA CU 

SOLUTION CORRESPCNOING TO CONSTRUCTIVE OMEGA-RHO INTERFERENCE 
THE QUARK MODEl PREDICTS A RELATIVE DECAY PHASE OF ZERO 

129.01 (7.01 ANDREWS 77 CNTR 0 6.7-10 GAMMA CU 
SOLUTION CORRESPONDING TO DESTRUCTIVE OMEGA-RHO INTERFERENCE .............................................................. 

MAGLIC 
PEVSNER 
XUONG 

61 PRl 7 178 
61 PRl 7 421 
61 PRL 1 327 

ALFF 62 PRL 9 325 
ARMENTER 62 CERN CONF 90 
STEVENSO 62 PR 125 687 

ARHENTER 63 SIENA CONF 1 296 
BARMIN 63 SIENA CONF 1 207 
BUSCHSEC 63 SIENA CONF 1 166 
GELFAND 63 PRl 11 436 
MURRAY 63 PL 7 358 

BARHIN 64 JETP 18 1289 
KRAEMER 64 PR 136 B 496 

REFERENCES FOR OMEGA 

B MAGLJC,AlVAREZ,ROSENFELD,STEVENSON ILRLJ 
PEVSNERt KRAEMER• NUSSBAUM ,RICHARD+( JHU+NWES I 
NGUYEN HUU XUONG,GERALD R LYNCH llRLJ 

ALFF, BERLEY ,COLLEY, GELFAND + (COLU+RUTGERS I 
R ARMENT EROS, R. BUOO.E + I CERN+COEf+EPOLJ 
STEVENSON,Al VAREZ, MAGLIC, ROSENFELD I LRLI 

ARHENTERO S, EDWARDS, JACOBSEN+ I CERN+COEF I 
BARMIN,DOLGOLENKO,KRESTNIKOV+ I JTEP I 
SUSCHBECK,C ZAPP+ lVI ENNA+CERN+AMST EROAM J 
GELFAND ,MillER,NUSSBAUM,RAT AU+ ICOLU+RUTG J 
MURRAY, FE RROLUZZ I ,HUWE, SHAFER, SOLM I Tl+( lRl I 

BARMIN,OOLGOLENKO,KRESHdKOV + I ITEPJ 
KRAEMER, MADANSKY tMEER+ I JHU+NWES+WOOO J 

BINNIE 65 Pl 18 348 BINNIE,OUANEtJANEtW JONES+ (lOIC+MCHSJ 
tlRL I 

tCOLUMBIAJ 
GALTIERI 65 PRl 14 279 A BARBARO GALTIERI,R 0 TRIPP 
HILLER 0 65 CU-2371NEVIS 1311 DAVID C MILLER ITHESISI 

INClUDES DATA OF GELFAND 63 ABOVE 
ALFF-STE 66 PR 145 1072 ALFF-STEINBERGER,BERLEV,BRUGGER+ICOLU+RUTGt 
ZOANIS 65 PRL 14 721 ZOANIS,MAOANSKY,KRAEMER,HERTZBACH+I JHU+BNLJ 

DIGIUGNC 66 NC 44A 1272 
FLATTE 66 PR 145 1050 
JAMES 66 PR 142 896 

SALTAY 67 PRL 1B 93 
BARASH 67 PR 156 l399 
FELDMAN 67 PR 159 1219 
HERTZBAC 67 PR 155, 1461 

ALSO 65 ZOANIS 

ASTVACAT 68 PL 27 B 45 
BOLllNI 68 NC 56 A 531 
BOLLINil 6B NC 57 A 404 
KEY 68 PR 166 1430 
PISUT 68 NP B 6 325 
WEt;MANN 68 PRL 20 748 

AUGUST I 1 69 Pl 28 8 513 
AUGUSTI2 69 LNC 2 214 
BIZZARRI 69 NP B 14 16~ 
OANBURG 69 UCRL-19275 

ALSG OANBURG 70 
OEINET 69 Pl 30 B 426 
ERWIN 69 NP 8 9 364 
GOLOHABE 69 PRL 23,1351 
JACQUET 69 NC 63 A 743 
HILLER 69 PR 178 2061 
STRUGALS 69 PL 29 B 532 
WILSON 69 PRIVATE COMM. 

01 GIUGNO,PERUZZirTROISE+ INAPl+FRAS+TRSTJ 
+HUWE,MURRAY, BUTTON-SHAFERrSOLMITZ+ ( lRll 
F E JAMES,KRAYSILL tYALE+BROOKHAVENJ 

+FRANZ INI ,SEVERt ENS, YEH, ZAN Ell 0 tCOLUMBI AI 
BARASH, KIRSCH, HIllER, TAN t COLUMBIA I 
+FRA TI, GLEESON, HALPERN, NUSSBAUM+ t PENN t 
HERTZ BACH, KRAEMER, MADAN SKI, ZOANI S+l JHU+BNLI 

ASTVACATUROV, AZ l HOY ,BALD IN+ I J I NR+MOSCOW I 
+BUHLER, DALP JAZ, MAS SAM+ t CERN+BGNA+STRB I 
+SUHl ER, OALP I AZ, MAS SAM+ I CERN+BGNA+STRBI 
+PRENTICE+COOPER+MANNER ITNTO+ANL +WI SC) 
J.PISUT,M.ROOS tcERNI 
+ENGELS+ I HARVARD+CASE+SLAC+CORNELL +MCGILL I 

+BENAK SA S ,BUON ,GRACCO, HAl SSI NSKI 1 + IORSAY I 
+LEFRANCOIS, LEHMANN, MARIN,+ tOR SAY I 
+FOSTERtGAVI LLET t MONTANET, + t CERN•COEF J 
JEROME S. OANBURG, THESIS ILRLI 

+MENZ lONE, MULLER, BUNI ATOV+ IKARL+CERN I 
+WALKER, GOSHAW, WE IN B-ERG I HI SC+PRIN+VANO I 
+SUTLER,COYNE, HALL, MACNAUGHTON, TR I LI NGt LRl I 
+NGUYEN-KHAC tHAATUFT ,HALSTE JNSLI I EPOL +BERGJ 
R.MILLER 1 LICHTMAN,WillMANN (PURDUE) 
+CHUV ILO ,FENYVESt + I WARS+J INR+SUOA) 
RICHARD WILSON ISEE ALSO PR 178 209511HARVJ 

9/69 
12/72 

9169 
12/72 
11171 
11171 

12177• 

ABRA,..OV I 70 NP 8 20 209 
BIZZARRI 70 PRl 25 1385 
ALLISON 70 PRL 24 618 
ATHERTCN 70 NP B 18 221 
BIGGS 70 PRL 24 1201 
CASON 70 PR 0 1 851 
CHAPMAN 70 NP B 24 445 
OANBURG 70 PR 0 2 2 564 
FlATTE 70 PR 0 1 1 

Mesons 
w(783), M(940-953), 17'(958) 

ABRAMOV ICH, BlUMENFELD, BRUY ANT,+ ICERN I 
+C lA PElT I,OORE, GASPERO, GUt DO~ I,+ I ROMA+SYRA I 
+COOPER,FJELQS,RHINES IANLI 
+BLAIR, CELNI KER, OOM INGO, FRENCH+ ICERN+I PN J 
•U I FFT, GABATHULER, KITCHING ,RAND I DARE I 
+ANDREWS, B I SWAS, GROVES, HARRINGTON,+ I NOAMI 
+DAVI OSON,GREEN, l YS ,RGE, VANDER VELOE t HI CHI 
+ABOL INS ,DAHL r DAVIES ,HOCH, KIRZ, MillER+ I LRLI 
STANLEY ·M. FlATTE I LRL J 

GGLOHABE 70 P~ILA.CC.NF.P.59 
HAGOPIAN 70 PRL 2 5 1050 

GERSON GOLOHASER,REVIEW ILRLI 
S. AND V.HAGOPIAN,BOGART,SELOVE IFSU+PENNI 

RODS 70 ONPLIR7 P.l73 

ABRAMS 71 PR 0 4 653 
AlVENSLE 11 PRL 27 8B8 
ANGELOW 71 SJNP 12 427 
BALOIN 71 SJNP 13 758 
8AROAOIN 71 PR D4 2711 
BEHREND 11 PRL 27 61 
BIZZARRI 71 NP 8 27 140 
SlOOOWOR 11 NP 8 35 133 
CHAPMAN 11 PR D 3 38 
COYNE 11 NP B 32 333 
FIELDS 11 PRl 27 1749 
MATTHWS 71 PRl 26 400 
MIJFFEIT 11 NP B 2'7 349 

PROC. OARESBURY STUDY WEEKEND NO 1. ICERNJ 

+BARNHAM, BUTLERtCOYNE, GOLOHABER ,HAll,+{ lBL I 
Al V ENSLE BEN, BECKER, BUSZA ,CHEN ,COHEN, +l DE SY) 
+GRAM EN IT SKY rKANASI RSK Y tKERATSCHEH,+ I JI NR I 
+YERGAKOV, TREBUKHOVSKY, SHI SHOV I IT EP J 
BAROAOI N-OT WINOWSKA, HOFMOKL, M ICHEJOA+I WARS I 
+lEE, NOROBERG,.WEHMAN, + I ROCH+CGRN+FNAL I 
+MONTANET,NILSSON,Q-ANOLAU,+ ICERN+COEF J 
BlOOOWORTH 9 JACKSON, PRENTICE, YOON t TORONTO I 
+FORTNEY ,FCWLER I OUKEt 
+BUTlER ,F ANG-LANOAU, MACNAUGHTON ILRL I 
+COOPER,RHI NES, Alll SON IANL+OXF I 
+PRENTICE, YOON, CARROLL, WALKER.+ 1TNTO+WI SCI 
+8 INGHAM ,FRETTER, BALLAM+I l RL +UCB+SLAC+TUFT I 

AGUILAR 72 PR 0 6 29 AGUilAR-BENITEZtCHUNG,EISNER,SAMIOS (BNLI 
APEL 72 Pl 41 B 234 +AUSLANOER,MULLER,SERTOLUCCI.+ IKARL+PISAI 
BASilE 12 PHIL.CONF.PROC153 +BOLLINI,SROGLIN,OALPIAZ,FRABETTI ,+ tCERNJ 
BENAKSAS 12 PL 39 B 289 +COSME,JEAN-MAFI.IE,JULLIAN,LAPLANCHE,+IORSAJ 
BENAKSAS172 PL 42 6 501 +COSHE,JEAN-MARIE,JUlliANrlAPlANCHE+toRSAVI 
BENAKSAS272 Pl 42 B 511 +COSME,JEAN-MARIE,JULLIAN,LAPLANCHf+(ORSAVI 
BROWN 72 Pl 42 8 117 +OOWNING,HOllOWAY,HULD,BERNSTEIN+IllL•llLCI 
DAKIN 72 PR D 6 2321 +HAU~ERtKREISLER,MISCHKE (PRINCETON} 
EISENBER 72 PR 0 5 15 EISENBEP.G~BALLAM,QAGAN,+ IREHO+SlAC+TElAJ 
RATCLIFF 72 Pl 3B 8 345 +SULOS, CARNEGIE' KLUGE, LEITH, L VNCHt + ( SLAC I 
BO~ENSTE 12 PR 0 5 1559 BDRENSTEIN,OANSURG,KALBFLEISCH,+ fBNL+MICHI 

BINNIE 73 PR D 8 2789 
BURNS 73 PR 0 1 1310 

EST ABROO 74 NP B 81 70 
GREGORIO 74 NC 20 A 437 
KRAMER 74 PRL 33 505 
OREN 74 NP 8 71 189 

EMMS 75 NP 898 1 
KALBFLEI 75 PR 0 11 987 
ROOS 75 NP 8 97 165 

KEVNE 76 PR 0 14 2B 
ALSO 73 BINNIE 

BRANOENB 76 NP B 104 413 

.CARR ,DE BENHAM, DUANE, GARBUTT,+ (lOIC+SHMP I 
+CONOON,KIM,MANDELKERN,PRICE,SCHULTZ 'CUt II 

ESTABROOKS, HYAMS, JONES, BLUM, ( CERN+MP IM I 
M.A.GREGORIO IICTP ... TRIESTEI 
+AYRES oOIEBOLO,GREENE, PAWLICKI+ I ANU 
+COOPER, F I ELDS,RHI NESt ALLISON+ IANL +OXF I 

+KINSON, STAt EY, BEll, DALE+ 
KALBFlEISCH, STRANO, CHAPMAN 
M .RODS 

fBI RM+OURH ... RHELI 
tBNL+MICHI 

IHELSt 

+BINNIE ,CARR, OEBENH AM, GARBUTT,+ tLOI C+SHMP I 

BRANDENBURG ,CARNEGIE, CASHMORE, DAV IER+C SlAC I 

ANDREWS 71 PRL 38 198 +FUKUSHIMA,HARVEY,LOBKOWICZ,MAV,+ IROCHJ 
GESSAROl 11 NP B 126 382 GESSAROLI,+ ISGNA+FIRZ+GENO+MILA+OXF+PAVIJ 
HOLMGREN 77 Pl 66 B 191 •JONGEJANS,ENGELEN,+ CCERN+AMST+NIJM+OXFJ 
LYONS 17 NP B 125 207 +COOPER,CLARK COXF) 
RODS 77 lNC 19 419 M.ROOS (HELSINKI I 
WICKLUND 77 ANL-HEP-PR-77-58 +AYRES,DIEBOLO,GREENEtKRAMER,PAWLICKI IANLJ .................................................................... 
•••••• ********* ••••••••• •••••**** ............................ ******** 

I M(940-953) I 
) 

66 Ml940-9531 

THE CLAIM FOR A NARROW RESONANCE AT 940 MEV BY 
CHESHIRE 72 HAS NOT BEEN CONFIRMED BY BINNIE 72t 
74, GRAYER 74, BUTTRAM 75. OMITTED FROM TABLE. 
THE CLAIM FOR A RESONANCE M(9531 IN THE PI+ PI
GAI'IMA CHANNEL (AGUILAR 701 HAS NOT BEEN 
CONFIRMED. OMITTED FROM TABLE. ............... ·····••*• ........................................... . 

AGUILAR 70 PRL 25 1635 
MAGLICH 11 PRL 21 1479 
ROSNER 71 PRL 26 93 3 
AGUILAR 72 PR 0 6 29 
CHESHIRE 72 PRL 28 520 
BINNIE 72 Pl 39 B 275 
BINNIE 74 PRL 32 392 
BUTTRAM 75 PRL 35 970 
GRIGORIA 75 NP 891 232 

REFERENCES FOR MI94G-9531 

AGU ILAR-BENJTEZ, SASSANO, SAMI OS, BARNES+( BNLI 
+OOSTENS, BRODY, CVIJANOV ICH I RUTG+PENN+UPNJ I 
J.l.ROSNER, E.W.COLGLAZIER ( MJNN+CIT I 
AGUILAR-BENJTEZ,CHUNG, ElSNER ,SAMJOS ( BNL I 
+HOFFMANrGARF I NKEL, + I I OWA+ANL+PURO I 
+CAMILLERI, DUANE, GARBUTT ,BURTON+ ILOIC+SHMP J 
+CAMILLERI ,CARR, DEB ENHAM, + (LOIC+SHMP I 
+CRAWLEY,OUKEtlAMBolEEPER,PETERSON I I SUI 
GR IGOR I AN, LAOAGE, ME LLEHA, RUONI CK,+ f UCLA I .................................................................... 

•••••••••••••••••••••••• * ............................................... . 

117'(958) I 2 ETA PRIMEI958,JPG,.,G-+I 1=0 

t h p . ' ( ) No e on t e J Ass1gnrnent of n 958 

From the Dalitz plot analyses of the n' ~ nnn 
and n' ~ TI+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 or CERRADA 77, thus again 

favoring spin 0, but still not ruling out spin 2 

(LEDNICKY 77). 



Mesons 
77'(958) 

Two recent analyses, however, seem to have 

finally established the spin 0 assignment of the n' 

CERRADA 77 perform a partial-wave analysis of 

the nTITI 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 

unambiguously 0 (see also DELAGUILA 77). 

ROUSSARIE 77 analyze a large sample of events 

from the reaction n-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 sati·sfied 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. 

2 ETA PRIME MASS (MEYI 

tNLY EXPERIMENTS GIVING ERROR 
85 l'i57.0I 

t'i58.0) 11.01 
KALBFLEISCH 64 SUPERSEDED 

(957.01 (3.0) 
{'960.0) (2.01 
1955.0) ( 10.0) 
(959.0) (3 .. 01 
1960.01 15.01 
957. 1· 

(ll'j56.0l (2.01 
3415 956.1 1.1 

535 957.4 1.4 
1414 958.2 o.s 

400 958. 1. 
957.46 0.33 

LESS THAN 2 MEV KEPT 
DAUBER 64 HBC 
KALBFLEl 64 HBC 
BY Rl TTENBERG 69 
BAOIER 65 HBC 
TRILLING 65 HBC 
COHN 66 DBC 
LONDON 66 HBC 
MOlT 69 HBC 
RITTENBER 69 HBC 
AGUILAR 10 HBC 
BASILEl 71 CNTR 
BAS llEl 71 CNTR 
OANBURG 7 3 HBC 
JACOBS 73 HBC 
DUANE 74 MMS 

FOR AVERAGING 
1.95 K-P 
2.1 K-P 

3.0 K-P 
3.65 PI+ P 
3.3 PI+D 
z.z K•P 
4.1-5.5 K- P 
1.7-2.7 K- P 

3 .9-4.6K-P 
1.6 PI- P,N XO 
1.6 PI- PtN XO 
2.2 K-P,LAM XO 
2.9 K-P,LAM XO 
PI- P,N HM 

12ns 

6/66 

12175 
6/66 
6/66 
71&9 
9/69 

12175 
11171 
11/11 
2174 
1174 
1174 

M 
M 
M 
M 
M 
M 

M 
M 
M 
M 
M 
M 
M 

AVG 957.57 
STUDENT 957.57 

0.25 
o.z8 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTlOIH/1.111 - SEE MAIN HXT 

w 
w 
• w 

85 
3415 

514 

(4.0) 
U.l 
t~t.n 
co.81 

Z ETA PRIME WIDTH I MEV I 

OR LESS 
OR LESS CLc.9Q 
OR LESS CL=.95 
OR LESS tLz.95 

DAUBER 
BASILEI 
DAN BURG 
DUANE 

64 HBC 
71 CNTR 
73 HBC 
74 MMS 

1.95 K-P 
1.6 PI- PtN XO 
2.2 K-P,LAM XO 
PI- PtN MM 

---- ----- ------- ------- -------- ~------- -------- --------

Pl 

P2 

P3 

P4 
P5 
P6 
P10 
Pll 
P12 
P13 
P14 
P15 
P16 

Pl7 

P18 
P19 

2 ETA PRIME PARTIAL DECAY MODES 

ETA PRIME INTO PI+ PI- ETA 
PliNJ ETAS DECAY INTO All NEUTRALS 
PltCJ ETAS DECAY CHARGED 

ETA PRIME INTO PIO PIO ETA 
PZINI ETAS DECAY INTO All NEUTRALS 
P2CCJ ETAS DECAY CHARGED 

ETA PRIME INTO PI+ PI- GAMMA 

ETA PRIME 
ETA PRU4E 
ETA PRIME 
ETA PRIME 
ETA PRIME 
ETA PRIME 
ETA PR1114E 
ETA PRIME 
ETA PRIME 
ETA PRJIIE 

C INCLUDING RHO GAMMA) 
INTO GAMMA GAMMA 
INTO OMEGA GAMMA 
INTO RHOO GAMMA 
INTO PI+ PI- E+ E
INTO 2 PI 
INTO 3 PI 
INTO 4 PI 
INTO 5 PI 
INTO b PI 
INTO PIO E+ E- IVIOLATES C IN 

ETA PRIME INTO ETA E+ E

ETA PRJME INTO PIO RHO 0 
ETA PRIME INTO PIO OMEGA 

BORN APPROX .I 
IVIOLATES C IN 

BORN APPROX • I 
I VIOLATES C.J 
C VIOLATES Cl 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

DECAY MASSES 
139+ 139+ ·546 

l34+ 134+ 546 

139+ 1"39+ 

0+ 
0+ 783 
0+ 776 

139+ 139+ .5+ .5 
139+ 139 
139+ 139+ 134 
139+ 139+ 139+ 139 

134+ .5+ .5 

546+ .5+ .5 

134+ 77b 
134+ 783 

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 

ll/71 
2174 
1174 

6Pi = V(6P/)Pi), 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 t. 

PI P2 P3 P4 P5 
p 1 .4262+-.0166 
p z -.5625 .2356+-.0195 
p 3 -.3544 -.5209 .2976+-.0167 
p 4 .0276 -.1367 -.0162 .0197+-.0026 
p 5 .1085 -.1676 -.1440 -.0235 .0206+-.0039 
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Data Card Listings 
For notation, see key at front of Listings. 

2 HA PkJMF. ~kANLHINC. KAllOS 

Note on n' (958) Branching Fractions 

In our ·calculation of the branching fractions 

of the n' (958), we use the decay modes nTITI (includ

ing nTI 0TI 0), p0y, and yy. It is assumed that the 

rate n ~neutrals is 71.1%. 

In the fit we do not use the constraint 

from I-spin conservation. The result of the fit 

is in agreement with it: R = 1.8 ± 0.2. 

R1 
R1 
R1 
R1 
R1 

ETA PRIME INTO (PI+ PI-ETA (NEUTRAL DEC.JJ/TOTAL IPlNJ 
h6 (0.361 10.051 KAL6FLE2 64 HBC 2.7 K-P 

KALBFLE2 64 SUPERSEDED BY RITTENBERG &9 
261 0.314 0.02b RITTENBER 6'9 HBC 1.7-2.7 K-P 

10/66 

9/69 

R1 FIT 0.309 0.012 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

R2 
R2 
R2 
R2 

ETA PRIME INTO I PI+ PI- NEUTRALS)"/ TOTAL 
33 0.35 0.06 SADlER 65 HBC 
39 0.4 0.1 LONDON 66 HBC 

IP1N+P2CI 
3.0 K-P 
2.2 K-P 

10/66 
10/66 

R2 AVG 0.363 
0.363 
0.379 

0.051 
0.056 
0.010 

AVERAGE IERROR INCLUDES SCAlE FACTOR OF 1.01 
AVERAGE USING STUDENTIOCH/1.11) -- SEE MAIN TEXT 

fROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 
R2 STUDENT 
RZ FIT 

R3 IPICI 
R3 K 

ETA PRIME INTO (PI+ PI- ETA tCHRGD.OECAYII/TOTAl 
44 10.1ZJ (0.02) KALBFLE2 64 HBC 

KALBFLE2 64 SUPERSEDED BY RITTENBERG 69 
2. 7 K-P 10/66 

R3 K 
R3 
R3 
R3 
R3 
R3 

, R3 
R3 

•• .. 
R4 
R4 

•• •• 

1 
10 

107 

0.07 0.,04 SADlER 65 HBC 
0.1 0.04 LONDON 66 HBC 
0.123 0.014 RITTENBER 69 HBC 

3.0 K-P 
Z .z K-P 
1. 7-2 • 1· K-P 

0.013 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

10/66 
10/66 
9/69 

AVG 
STUDENT 
FIT 

0.116 
0.116 
0.1258 

0.011t- AVERAGE USING STUDENllO(H/l.tlJ - SEE MAIN TEXT 
0.0050 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

ETA PRIME INTO CPI+ PI- NEUTRALS !EXCLUDING CP2CI 
PI+ PI- ETA INEUTR.DEC.JII I TOTAL 

10 (0.05) 10.041 KALBFLE2 64 HBC 2. 7 K-P 
KALBFLE2 64 SUPERSEDED BY RITTENBERG 69 

42 0.045 0.029 RITTENBER b9 HBC 1. 7-2.7 K-P . ...... . 
10/6~ 

9/69 

R4 FIT 0.069& 0.0057 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 

ETA PRIME INTO INEUTRALSI I TOTAL 
54 10.251 10.051 KALBFLEZ 64 HBC 

KALBFLEZ 64 SUPERSEDED BY RITTENBERG 69 
16 
32 

123 
535 

0.24 0.11 SADlER 65 HBC 
0.3 0.1 LONDON 66 HBC 
0.189 0.026 RITTENBER 69 HBC 
0.185 0.022 BASILEl 71 CNTR 

( PZN+P41 
Z. 7 K-P 

3.0 K-P 
2.2 K-P 
1.1-2.1 K-P 

1.6 PI- P,N XO 

10/66 

10/66 
10/66 
9/69 

11171 

R5 AVG 0.190 
0.190 
0.191 

0.,016 
0.016 
0.014 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENHOIH/1.111 - SEE MAIN TEXT 

fROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 
R5 STUDENT 
R5 FIT 

R6 
R6 

•• R6 
R6 
R6 
R6 
R6 

ETA PRIME INTO IPI+ PI- GAMMA I INCLUDING RHO GAHMAIJ/TOTAL 

42 

35 
20 

298 

10.22) 10.041 KALBFLE2 64 HBC 
KALBfl·E2 64 SUPERSEDED BY RITTENBERG 69 

10.34) t0.091 BADIER 65 HBC 
0.2 0.1 LONDON 66 "HBC 
'0.329 0.033 RITTENBER 69 HBC 

I P31 
z. 7 K-P 

3.0 K-P 
2.2 K-P 
1.7-2.7 K-P 

10/66 

' .10/66 
10/66 
9/69 

R6 AVG 0.316 
0."317 
0.304 

0.038 
0.035 
0.017 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.21 
AVERAGE USING STUOENTLOIH/1.111 - SEE MAIN TEXT 

FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.1) 
R6 STUDENT 
R6 FIT 

R7 
R7 
R7 
R7 
R7 

ETA PRIME INTO IPI+ PI- GAMMA I INCLUDING RHO GAMMAJJ/tPI PI ETA) 

0.25 
0.31 

0.14 
0.15 

DAUBER 
DAVIS 

64 HBC 
66 HSC 

CP311(P1+PZI 
1.95 K-P 
5.5 K- P 

10/66 
9/66 

R7 AVG 0.26 
o.2e 
0.450 

0.10 
0.11 
~.036 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENT101H/1.lll - SEE MAIN TEXT 

FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.1) 
R7 STUDENT 
R7 FIT 

R8 
R8 

R9 
R9 

R10 
R10 

Rll 
Rll 
Rll 
Rll 

R12 
R12 

R13 
Rl3 

R14 
R14 

R15 
R15 

ETA PRIME INTO IPIO E+ E-1/TOTAL IP16J 
C0.01310R LESS RITTENBER 65 HBC 2. 7 K-P 10/6& 

ETA PRIME INTO (ETA E+ E-1/TOTAL IP171 
10.011 lOR LESS RITTENBER 65 HBC 2.7 K-P 10/66 

ETA PRIME INTO IPIO RHOOJ/TOTAL• IP161 
(0.041 OR LESS RJTTENBER 65 HBC 2.7 K-P 10/66 

ETA PRIME INTO I GAMMA OMEGAIITOTAL I PSI 
10.08) OR LESS RITTENBER 65 HBC 2.7 K-P 10/66 

INCLUDES PIO OMEGA 
(.051 OR LESS Clo:::.9Q KALBFLEI 75 HBC 2.2 K- P,GAMMA + 12175 

ETA PRIME INTO CPI+ PI- E+ E-JITOTAL I PlOJ 
CO.OO&IOR LESS RITTENBER 65 HBC 2. 7 K-P 

ETA PRIME INTO 12 PIJITOTAL 
I 0.071 OR LESS 

ETA PRIME INTO (3 Pl1/TOTAL 
10.071 OR LESS 

ETA PRIME INTO I 4 PI I /TOTAL 
10.011 OR LESS 

LONDON 

LONDON 

LONDON 

66 HBC 

66 HBC 

CPU I 
COMPILATION 

(P121 
COMPILATION 

tP131 
66 HBC COMPILATION 

10/6& 

10/66 

10/bt:o 

10/66 
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Data Card Listings 
For notation~ see key at front of Listings. 

••• ••• 
Rl7 
Rl7 
Rl7 
Rl7 FIT 

••• 
Rl9 ••• ••• ••• ••• ••• Rl9 AVG 

(Pl51 HA PRlME INTO (6 PI'J/TOTAL 
10.011 OR LESS LONDON 66 HBC COMPILATION 

ETA PRIME INTO WHEGA GAHM.UI(PI+PI-ETA NEUTRALSJIP5J/(PlNI 
68 0.068 0.013 ZANFINO 77 ASPK 8.4 PI-P 

0.066 0.013 FROM FIT tERROR INCLUDES SCAlf FACTOR Of 1.01 

ETA PR]HE INTO 
5 0.055 
7 0.126 

31 o.ozo 
68 0.0111 

.025 

12 GA14HAI/TOTAL 
0.036 0.030 BOLLIN! 68 CNTR 
0.075 BENSINGER 70 DBC 
0.008 0.006 HARVEY 71 OSPK 
0.0033 DALPIAZ 72 CNTR 

.001 DUANE 74 HMS 

IP4J 
1.9 PI- P 
2.2 PI+ 0 
,3.65 PI- P,N XO 
1.6 PI- PtN XO 
PI-P,N HM 

0.0027 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

10/66 

12177• 

12/72 
12172 
11/71 
12/72 
12/75 

Rl9 STUDENT 
Rl9 FIT 

0.0192 
0.0191 
0.0202 

0.0031 AVERAGE USING STUDENTlQ(H/l.lll - SEE MAIN TEXT 

R20 
R20 
R20 

R21 
R21 
R21 

R22 
R22 
R22 

R23 
R23 

R24 
R24 

R25 
R25 
R25 
R25 
R25 
R25 
R25 
R25 

0.0027 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

ETA PRIME INTO IPI+Pl-J/TOTAL 
(0.02) OR LESS RJTTENBER 69 HBC 
(0.08) OR LESS CLo:::.95 DANBURG 73 HBC 

ETA PRIME INTO .Pl+PI-PIOJITOTAL 
(0.05) OR LESS RJTTENBER 69 HBC 
(0.091 OR LESS CLe.95 OANBURG • 73 HBC 

ETA PRIME INTO IPI+PI+PI-Pl-J/TOTAL 
IO.OlJ OR LESS RITTEN8ER 69 HBC 
(O.OlJ OR LESS CL=.95 OANBURG 73 HBC 

ETA PRlME INTO IPI+PI+PI-PI-PlOJITOTAl . 
10.011 OR LESS RITTENBER 69 HBC 

ETA PRIME INTO IPI+PI+Pl-Pl- NEUTRALSJ/TOTAL 
(0.01 J OR LESS RITTENBER 69 HBC 

ETA PRIME INTO CRHOO GAMMAJIIALL PI+ PI- GAMMAI 
0.94 0.20 AGUILAR 70 HBC 

E 473 1.15 0.10 OANBURG 73 HBC 
E 473 (0.951 OR MORE CL=.95 DANBURG 73 HBC 
E EQUIVALENT STATEMENTS 

137 1.01 0.15 
615 11.1 

JACOBS 73 .HBC 
ROUSSARIE 77 OSPK 

IP11 J 
1.7-2.7 K-P 

2.2 K-P,LAM XO 

IP121 
1.7-2.7 K-P 

2.2 K-P,LAM XO 

IP13J 
1·.7-2.7 K-P 

2.2 K-P,LAH XO 

C P14J 
1.7-2.7 K-P 

IP15+ ••• 1 
1.7-2.7 K-P 

IPbJIIP3J 
3 .9-4.bK-P 
2.2 K-P,LAH XO 
2.2 K-P,LAM XO 

2.9 K-P,LAM XO 
1.4 PI-P ETAPR N 

9/b9 
2174 

9/b9 
2/14 

9/b9 
2174 

9/b9 

1171 
2174 
2174 

1174 
1178• 

R25 AVG 
R25 STUDENT 

1.082 
1.082 

0.017 
0.086 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.0) 
AVERAGE USING STUDENT101H/1.1U -- SEE MAIN TEXT 

R26 
R26 
R26 
R26 FIT 

ETA PRIME INTO (PIC PJO ETA INTO 3 PIOJ/TOTAL IP2NC3PIOII 
4 0.11 0.06 BENSINGER 70 DBC 2.2 PI+ b ......... 

0.0722 0.0059 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.0) 

R27 ETA PRIME INTO IPI+ PJ- GAMHUIIPI+ PI- ETA(NEUTRAL DEC.) I 
R27 IP3J/IP1NI 
R27 K (0.541 (0.10) AGUILAR 72 HBC 3.9,4.6 K- P 
R27 K NOT AVERAGED DUE TO COMPLICATION WITH MI9531.SEE KALBFLEI 74• 
R27 473 0.92 0.14 OANBURG 73 HBC 2.2 K-P,LAM XO 
R27 192 1.11 0.18 JACOBS 73 HBC 2.9 K-P,LAM XO 
R27 P 2603 U.181 (0.201 ROUSSARIE 77 OSPK 1.4 PI-P,ETAPR N 
R27 P PRELIMINARY RESULT 
R27 

117i 

12172 

2174 
1/74 

12177• 

R27 AVG 0.99 
R27 STUDENT 0.99 
R27 FIT 0.'982 

0.11 
0.12 
0.078 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTLOIH/l.lll -- SEE MAIN TEXT 

FROM FIT CERROR INCLUDES SCALE FACTOR OF 1.01 

R28 
R28 
R28 
R28 

ETA PRIME INTO 12 GAMMA I /I PIO PIO ETACNEUTRAL DEC.)) 
IP4J/IP21NIJ 

16 0.188 0.058 APEl 72 OSPK 3.8 PI- PrN XO 

R26 FIT 0.118 0.019 FROM FIT (ERROR INCLUDES. SCALE FACTOR OF 1.01 

2 ETA PRIME C.-NONCONSERVJNG DECAY PARAMETER 

RELATED TEXT SECTION VI C 

A DECAY ASYMMETRY PARAMETER FOR PI+ PI- GAMMA 
A 152 .07 .08 RITTENBE 65 HBC 2.1-2. 7 K-P 
A 103 .00 .10 KALBFLEI 75 HSC 2.2 K-P 
A 2'95 -.069 .078 GRIGORIA 75 STRC 2.1 PI-P 
A SP 615 C-.0081 (.0531 ROUSSARIE 77 OSPK 1.4 PI-P ETAPR N 
A S SIGN OF ASYMMETRY PARAMETER CHANGED BY US TO CONFORM WITH 

S DEFINITION IN TEXT SECTION VI C 
P PRELIMINARY RESULT 

0.049 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

1/13 

12175 
12175 
12/75 

1178• 

AVG -0.001 
STUDENT -0.001 0.056 AVERAGE USING SfUDENTlOIH/1.111 -- SEE MAIN TEXT 

••••***** ••:o<•••*** *••••••*• ••****•*• ............................. . 

DAUBER 64 PRL 13 449 
ALSO 64 OUBNA CONF 1 418 

GOLDBERG 64 PRL 12 546 
GOLDBERG 64 PRL 13 249 
KALBFLE1 64 PRL 12 52 7 
KALBFLE2 64 PRL 13 34'9 

BADIER 65 PL 17 337 
KIENZLE 65 PL 19 438 
RITTENBE 65 PRL 15 556 
TRilliNG 65 PL 19 427 

COHN 
lONQ(IN 
MART·IN 

66 PL 21 347 
66 PR l't3 1034 
66 PL 22,352 

BARBARO- 68 PRL 20 349 
BARLOUTA 68 Pl 26 8 674 
BOLLINI 68 NC 58 A 289 
DAVIS 66 PL 27 B 532 

DUFEY 69 Pl 29 B 605 
MOlT 69 PR 177 1966 
RITTENBE 69 UCRL-18863 

AGUILAR 70 FRL 25 1635 
BENSINGE 70 PL 33 B 505 

BAROAOIN 71 PR D4 2711 
BASILE1 71 NC 3 A 311 
BASILE2 71 NP 8 33 29 
HARVEY 71 PRL 27 885 
OGlEVETS 71 PL 35 B 69 

REFERENCES FOR ETA ~RIME 

DAUBER, SLATER, SMITH, STORK t T ICHO (UCLA I JP 
OAUBERtSLATERtl T :iMITH,STORK,TICHO (UCLA) 
+GUNDZIK, LICHTMAN,CONNOLL Y, HART,+ (SYRA+BNL I 
+GUNOZ IK tLEJ TNERtCONNOLL Y, HART,+ I SYRA+BNL J 
KALBFLEISCH, ALVAREZ, BARBARD-GAl T IERI, +I LRL) JP 
G .R. KALBFL EISC Ht 0 .DAHL, A.RITTENBERG ILRL J JP 

BAOI ER ,DEMOULIN, BAR LOUT AUO+I EPOl+SAC L+AMST J 
KIENZLE,MAGLICtlEVRAT,LEFEBVRES + CCER...,J 
R I TTENBERGt KALBFLEISCH I LRL +BNL J 
+BROWN, GOLOHABERS, KAOYK tSCANIO ( LRLI 

COHN, MCCULLOCH, BUGG tCONDO C ORNL+ TENN+UCNDJ 
LONDON rRAU, SAMIOStGOLOBERG + { BNL+SYRACUSE J lJP 
MARTIN,CRITTENDENtSCHROEDER I INDIANA Ul I 

BARBARO-GAL TIER I, HA Tl SON, RITTENBERG+ { LRLI 1=0 
BARLOUTAUO+ ( SACLAY+AMSl+BGNA+R EHO+EPOLI 1=0 
+BUHLER, OALP IAZ, MAS SAM+ ICERN+BGNA+STRB I 
+AM MAR, MOlT, DAGAN,OERR ICK, FIELDS I NWES+ANLI 

+GOBS I, POUCHON, CNOPS ,+ I ETHZ+C ERN+SACLI IJP 
+AM MAR, DAVIS ,KROPAC, SLATE, DAGAN+ I N"'ES +ANL J 
ALAN RITTENBERG ITHESISI llRLIJ::Q 

AGUILAR-BENITEZ, BAS SAND, SAM lOS, BARN ES"+I BNL I 
BENSINGER, ERWIN, THOMPSON, W • D.WALKER (WI SCI 

BARDADIN-OT WINOWSKA, HOFMOKL, MICHEJOA+ (WARS I 
+BOll I NI, OALPl AZr FRABETT I, +(CERN+BGNA+STRB) 
+BOLLIN I ,DALPIAZ, FRABETTI ,:+ICERN+BGNA+STRBJ 
+MAR QUIT, PETERSON, RHOADES,+ I HI NN+M ICH J 
OGI EVET SKY, TYBOR, ZASLAVSKY I DUBNA J 

Mesons 
17'(958), 6(980) 

AGUILAR 72 PR 0 6 29 
APEL 72 Pl 40 8 680 
BINNIE 72 Pl. 39 e 275 
SLLOOWOR 72 NP 8 3'9 525 
DALPIAZ 12 Pl 42 B 377 
RADER 72 PR 0 6 3059 

OANBURG 73 PR 0 8 3744 
JACOBS 73 PR 0 6 18 
KAlBFLE I 73 PRl 31 333 

BAL lAY 74 PR 09 2999 
DUANE 74 PRL 32 425 
GAULT 74 NC 24 A 2 59 
KALBFLE I 74 PP. OLD 916 

GRIGORI A 75 NP B91 232 
KALBFLEI 75 PR 011 987 

CERRADA 77 NP B 126 189 
OELAGUIL 77 PR 016 2833 
GESSAROL 77 NP 8 126 382 
LEONICKY 77 E2-1052lt22t23 
ROUSSARI 17 PREPRINT 

ALSO 77 BUDAPEST CONF. 
ZANFINO 77 PRL 38 930 

AGUILAR-BENITEZ, CHUNGt EISNER, SAM IOS C BNL I 
+AUSLANDER, MULLER, 6 ERTGLUCC It+ IKARL+P J SA) 
+CAMILLERI, DUANE, GARBUTT, BUR TCN+ ( LO I C+SH"'P) 
BlOODWORTH ,JACKSON, PRE NT ICE t YOON t TORONTO J 
+FRASETT I, MAS SAM, NA VARRJ A, Z I CHICHI ! CERN I 
+ABOL INS rOAHL, DAN BURG, DAVIES ,HOCH, + llBl) 

+KALBFLEISCH ,BORENS 1E I N,CHAPMAN, +I BNL+MI CHI JP 
+CHANG 1 GAUTHlERt + ( BRAN+UMO+SYRA+TUFT J JP 
KAlBFLEISCH,CHAPMANt+ IBNL+MICH+LBll JP 

+COHEN,CSORNA, HABIB I, KAlELKARt + CCOLU+BING l JP 
+8 INN IE, CAM IllER I, CARR, DE BENHAM+ ILCI C+SH~P I 
+JONES, SCAORON, THEWS ( DURH+lOI C+ARI Z l 
G.R.KALBFLEJSCH IBNLJ 

GR IGOR IAN, LAOAGE, MELLEMA, RUDNICK,+ I UCLA I 
KALBFLEI SCHt STRANO, CHAPMAN ( BNL +MICH I 

+WAGNER,BLOCKZIJL,+ (CERN+AMST+NJJM+OXFJ JP 
F.OEL AGUILA AND M.G.OONC'El IBARCELONAJ JP 
GESSAROLI, + C BGNA+F JRZ+GENO+M ILA+OXF+PAV I J 
R.LEONICKY IJINR) JP 
+ER NWE IN ,FEL TESSE, BORGEAUO, ROUSSAR IE +I SACL I JP 
HEMINGWAY REVIEW TALK !CERNJ 
+BROCKMAN, DANKOWYCH ,+ I CARL +MC GI +OHI O+TNTO J 

o:••••• •••••**** •••*••••• .............................................. . ................................................ •*••••••• ................. . 

I o(98o) 1 36 ·aELTAI980,JPG=O+-I 1=1 

Observations of missing mass peaks in the 960 

MeV mass region are mostly controversial and are 

therefore not listed here. Under this entry, we 

list two types of I = 1 peaks near the :KK threshold: 

1) nn decays, peaking slightly below the 

KK threshold. 

JP =normal. 

This defines IG = 1- and 

2) A KK threshold enhancement with I= 1. 

This association is justified by the remark 

(ASTIER 67) that the KK threshold enhancement may 

be due to a virtual bound state also coupled to the 

nn system. In a coupled-channel analysis of the 
• 

most significant data, MORGAN 75 and PLATTE 77 show 

that the resonance width of the o(980) may be much 

larger than the apparent width observed in the nn 
channel (see, however, IRVING 77). 

The low Q-value of the KK threshold enhance

ment and the decay distributions of the nn system 

favor JP = 0+. Additional argument (LIPKIN 69) 

comes from the absence of a pn decay mode 

(GRASSLER 77). 

36 OELTAC980J MASS {MEV) 

M ETA PI FINAL STATE. (NLY. 
M 5 30 c.i80.0 10.0 AMMAR 68 HBC ,5.5K-,ETA PI 

5 SEE ALSO AMMAR 70. 
2173 

10 t960.1 APPROX. CHUNG S 68 HBC - 3.2 PI-P 
80 1'975.01 OEFOIX 68 HBC 1.2 PB P,ETA PI 
20 '970.0 15.0 BARNES 69 HBC - 4-5 K-P,PI-ETA 

980. 10.. CAMPBELL 69 DBC +- 2. 7 PI+ 0 
15 I9EIO.OJ ( 10.0J MillER 69 HBC - 4.5 K-N,ETA PI 
21 (948.0) (7.01 BAROADIN 71 HBC +- 8 PI+P,P 00 PI 

5/70 
11/77*' 
9/69 
1173 
7/69 

11177* 

c 
cw 
c 
w 

150 972. 10. DEFOIX 72 HBC +- O. 7 PBAR Pt7 PI 
47 1980.1 CONFORTO .73 OSPK - 4.5 PI-P,P X-
70 989.0 10.0 WELLS 75 HBC - 3.1-6 K-P,ETA PI 
20 (988.0) (9.01 WELLS 75 HBC + 3.1-6 K-P,ETA PI 
SYSTEMATIC ERROR 6 MEV DUE TO ENERGY CALIBRATION ADDEO 
WEAK EVIDENCE ONLY FOR DElTA+ PRODUCTION 
80 981.0 6.0 GAY 76 HBC - 4.2 K-P,ETA PI 
80 1974.01 19.01 GAY 76 HBC - 4.2 K-P,ETA PI 
USING A TWO CHANNEl RESONANCE PARAMETRIZATION, WITH THE COUPLING 
CONSTANT RATIO lETA PII/IK KSARJ FIXED AT SUI3J VALUE OF 2/3. 

'117.0 1.0 GRASSLER ·17 HBC - 16 PI-+P,ETA PI 

1173 
L/74 

11177• 
11177* 

11177• 
11177• 

11177* 

AVG 979.3 
STUDENT 979.2 

3.3 ... AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOIH/1.111 - SEE MAIN TEXT 

K KBAR ONLY, SEE THE TYPED NOTE ABOVE 
14311003.31 7.0+SYSTEMATIC ROSENFELD 65 RVUE +- • 8/66 
10011016.) 110.1 ASTIER 67 HBC +- 0 PBAR P 12177• 
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Mesons 
o(9ao). s•(gao) 

36 OELTA(9801 WIDTH (MEV) 

W ETA PI FINAL STATE ONLY 

w 
w 
F 
F 

N 
N 

J 
J 

30 8D.O 30.0 AMMAR 68 HBC ,5.5K-,ETA PI 
80 C25.01 OEFOIX 68 HBC 1.2 PB P,ETA PI 
20 C50.0I OR LESS BARNES 69 HBC - 4-5 K-P,Pl-ETA 

40. 15. CAMPBELL 69 DBC +- 2. 7 PI+ 0 
15 60.0 30.0 MILLER 69 HBC - 4.5 K-N,ETA PI 
21 31.0 28.0 BARDAOIN 71 HBC +- 8 PI+P,P DO PI 

150 (30.) C5.1 OEFOIX 72 H6C +- 0.7 PBAR P,7 PI 
47 160.1 t50.I (30.1 CONFORTO 73 OSPK- 4.5 PI-P,P X-
70 116.01 (25.0) C 16.01 WELLS 75 HBC - 3.1-6 K-P,ETA PI 
20 (5.01 111.01 C5.01 WELLS 75 HBC + 3.1-6 K-P,ETA PI 
WEAK EVIDENCE CNLY FOR DELTA+ PRODUCTION. 

80 TO 300 FLATTE 76 RVUE - 4.2 K-P,ETA PI 
USING A TWO CHANNEl RESONANCE PARAMETRIZATION OF GAY 76 DATA. 

55.0 15.0 GAY 76 HBC - 4.2 K-P ETA PI 
THE ERROR IN THE PAPER IS WRONGLY QUOTED AT ONE POINT 
02.01 151.01 GAY 76 HBC - 4.2 K-P ETA PI 

SEE NOTE J ABOVE • 
44.0 22.0 GRASSLER 77 HSC - 16 PI-+PwETA PI 

AVG 49.0 AVERAGE C ERROR INCLUDES SCALE FACTOR OF 1.0 I 

2173 
11/77* 
11177* 
l/73 
2/74 
2174 
2/74 
1/74 

11177* 

11177* 

STUDENT 48.9 
8.3 
9.2 AVERAGE USING STUOENTlOIH/l.llJ SEE MAIN TEXT 

P1 
P2 
P3 

K KBAR ONLY, SEE THE TYPED NOTE ABOVE 
143 157.01 13.0+SYSTEMATIC ROSENFELD 65 RVUE +-
100 (25.1 APPROX. ASTIER 67 HBC +-SEE NOTE A ABOVE 

{120.) APPROX. MORGAN 75 RVUE 1.2 PBAR P 
FROM COUPLED CHANNEL FIT TO OUBOC 72 DATA 

DELTAI9801 
OELTAC9801 
DELTAt9801 

36 OELTAt980l PARTIAL DECAY MODES 

INTO ETA PI 
INTO RHO PI 
INTO K KBAR 

36 OELTAI980) BRANCHING RATIOS 

OELTAC9801 INTO IRHO PllltETA PI) 

DECAY MASSES 
548+ 134 
176+ 134 
497+ 497 

CP21/1Pl) 

8/66 
9/67 

12/75 

R1 
R1 I 0.251 OR LESS CL=. 70 AMMAR 70 HBC - 4.1,5.5K-,ETA PI. 5/70 

R2 
R2 
R2 
R2 

DELTAC9801 INTO CK KBARII(ETA PI I CP3IICP11 
{0.25) 10.081 OEFOIX 72 HBC +- O. 7 PBAR P 11/77* 

FROM THE O'fCAY OF Ol12851. 
SEEN GAY 76 HBC - 4.2 K-P ETA PI 11!77* 

••••••••• ••••••••• ••••••••• **•······ ·······*• ******** 

REFERENCES FOR OELTAC9801 

TURKOT 63 SIENNA CONF 1 661 +COLLJNS,FUJJJ,KEMP+ IBNL+PITTSBURGHI 

ARMENTER 65 Pl 17 344 
BARASti 65 PR 139 8 1659 
KIENZLE 65 PL 19 438 
ROS ENFEL 65 OXFORD CCJNF 58 

ALLEN 0 
BAL TAY 
FOCACCI 
OOSTENS 

66 Pl 22 543 
66 PR 142 B '932 
66 PRL 17 890 
66 PL 22 708 

ALL I SON 67 PL 258 619 
ASTIER 67 Pl 25 B 294 

ASTIER 67 INCLUDES DATA OF 
BAILLON 67 NC 50A 393 
BANNER 1 67 Pl 25 B 300 
BANNER 2 67 Pl 25 8 569 
BARLOW 67 NC 50 A 701 
CONFORTO 67 NP 83 469 

AMMAR 68 PRL 21 1832 
CHUNG S 68 PR 165 1491 
OEFOI X 68 PL 28 8 253 
GALTIERI 6B PRL 20 349 
JUHALA 68 Pl 27 B 257 
SABRE CO 68 Pl 26 B 674 

BARNES 69 PRL 23 610 
CAMPBELL 69 PRL 22 1204 
CRENNELL 69 PRL 22 1398 
JUHALA 69 PR 184 1461 
KRUSE 69 PR 177 1951 
MILLER 69 Pl 29 8 255 

ALSO 69 PR 1B8 2011 
SCHROEOE 69 PR 188 2081 

ABOLINS 
AMMAR 
COOP'fR 
YIOU 

70 PRL 25 469 
70 PR 0 2 430 
70 NP 8 23 605 
70 ·THESIS, A 646 

ANDERSON 71 PRL 26 108 
BAROADIN 71 PR D4 2111 

ARMENTEROS,EOWARDSt JACOBSEN + lCERN+CDEFI 
+FRANZ INI ,KIRSCH, HIllER ,STEINBERGER+ I CO LUI 
+ MAGLIC,LEVRAT,LEFEBVRES + CCERNI 
A H ROSENFELD CLRL--RVUEI 

+GP Fl$HERtG GOOOENtl MARSHALL,SEARS (COLOIG=+ 
+LACH, SANOWE ISS, TAFT, YEH, STONEHILl+ I YALE I 
+ KIENZLE,LEVRAT,MAGLJC,MARTIN ICERNI 
+CHAVANON,CROZON,TOCQUEVILLE (SACLAY,CDEFI 1:1 

+CRUZ+ IOXF+MP IM+BI RM+RHEL+GLAS+LOIC I 
+MONT AN ET, BAUB Ill I ER, OUBOC+I CO EF+CE RN+ IRAQ J 

BARLOW 67,CONFORTO 67,ARMENTEROS 65. 
+EOWARDS+D-ANOLAU+ASTI ER+ I CERN+COEF+IRAD I 
+FA YOUX ,HAMEL, ZS EMBERY, CHEZE+ ( SACLAY+CAEN I 
+CHEZE 1 HAMEL, MARELt TEIGER+ I COEF+SACL I 
+MONTANET ,D-ANDLAU+ I CERN+CDEF+IRAO+LIVP I 
CONFORT0 1 MAREC HAL+ I CERN+COEF+ IPNP+l IVP I 

•OAVI s, KROPAC,OERRI CK, FIE LOS,+ I NWES+ANL I 
+O.OAHL 1 J. KJRZt O.H.MILLER (LRLI 

+RIVET ,S JAUD,CONFORTO+ CCOEF+IPNP+CERN 1 
BARBARQ-GAL T JERI, MA TISON, Rl TTENBERG+ ( LRL I 
+LEACOCK, RHOQE,KGPELMAN ,LIBBY+ I IOWA+COLOI 
BARLOUTAUO+ (SACL+AMST+BGNA+REHO+EPOL I 

+CHUNG, E I SNERt SASSANO, GOLDBERG+ I BNL +SYRA) 
J .H.C AMP8ELL ,LICHTMAN, LOEFFLER,+ C PURDUE I 
+KARSHON,KWAN WU LAI,+ lBNL+NYUI 
+LEACOCK ,RHODE ,KOPELMANtLI BBY, + I I SU+COLOI 
KPUSE tLOOS ,GOLDWASSER t ILLINOIS I 
O.H.MILLER, S.bKRAMER, D.D.CARMONY t+l PURDUE I 
YEN ,AMMANN, CARMONY, ELSNER,+ (PURDUE J 
SCHROEDER ,KERNAN, FISHER tll BBY ,+ (I SU+COLO I 

+GRAVEN ,MCCARTHY, G. SMITH, L. SMITH+ C LRL+UCD I 
+KROPAC,OAVI S,OERRICK+ C KANS+NWES+ANL+WI SCI 
+HANNER,MUSGRAVEt POLLAROtVOYVOOIC ( ANL I 
TCHIU-PUNG YIOU (ORSAYI 

+DIXIT,+ C CHIC+ANL+CARL+LASL +CNRC+NAGOYA J 
BAROADIN-OTWINOWSKA tHOFMOKL ,MICHEJDA+( WARSJ 

BINNIE 72 Pl 39 B 275 +CAMILLERitDUANEtGARBUTTtBURTON+ILOIC+SHMPJ 
CHESHIRE 72 PRL 28 520 +HOFFMAN,GARFINKEL,+ IIOWA+ANL+PUROI 
DEFOIX 72 NP B 44 125 +NASCIMENTOtBIZZARRI,+ tcOEF+CERNI 
DUBOC 72 NP 8 46 429 +GOLDBERGtMAKOWSKltOONALOt+ CLPNP+LIVPJ 
HOLLOWAY 72 PHIL.CONF .PROC.l33+HULO,KOETZ,KRUSE,BERNSTEJ N,+ (I ll+ILLC I 

ATHERTON 73 Pl 43 8 249 
CONFORTO 73 AI X CONF. 

BINNIE 74 PRL 32 392 
I<.ALBFLE I 74 NP 86'9 279 
MORGAN 74 PL 51B 11 

BUTTRAM 
MORGAN 
WELLS 

GAY 
FLATTE 

75 PRL 35 970 
75 ARGONNE CCNF. 45 
75 NP B 101 333 

76 Pl 63 B 220 
76 Pl 63 8 224 

GRASSLER 77 NP 8 121 189 
IRVING 77 PL 70 B 217 
MAY 77 PR D 16 1'983 
MlNNAERT 11 PREPRINT 

+FRANEK, FRENCH,GHI 01 Nl, HILPERT,+ I CERN I 
BUTTERWORTH RAPPORTEUR TALK Cl-195,FJG.39 

+CAM ILLER I ,CARR, DEB ENHAM,+ 
KALBFLEISCH, VANDERBURG,+ 
O.MORGAN 

tLOIC+SHMPJ 
( BNL+RUTG+IND I 

(RHELJ 

+CRAWLEY ,DUKE, LAMB, LEE PER, PETERSON I I SU J 
D.MORGAN I RHELJ 
+RADOJICJC,ROSCOE,LYONS (OXFJ 

+CHALOUPKA, BLOKZ I JL tHE I NEN+ ( CERN+AMST +I~ I JM I J P 
S.M.FLATTE tcERNJ 

( AACH+BERL+BONN+ CERN+CRAC+HE I O+WARS I 
A.C.IRVJNG (LIVE.RPOOLI 
+ABRAMSON,ANOREWS, BUSNELLO, + ( ROCH+CORN 1 
MINNAERT IBORDEAUXI J 

.................. * ................... ********* ***•••••• ..................... . 

........ ••••••••• ••••••••• •••••**** ............................ . 

Data Card Listings 
For notation, see key at front of Listings. 

(997.1 
H 981. 
H (997. J 
H ( 1012.1 
M I 1007. I 
M (986.1 
H N C 986. 
M '969.0 
M 
M AVG 976.6 

3 S*(980,JPG=O++I 1=0 

UNDER THIS ENTRY WE LIST PARAMETERS OF THE POLE IN THE 
1SOSCALAR S WAVE. FOR A MINI-REVIEW SEE UNDER EPSILON. 
POSSIBLE EVIDENCE OF D-WAVE PI PI INTERACTIONS IN THIS 
REGION IS LISTED SEPARATELY UNDER ETA Nl10BOI. 

FOR EARLY WORK USING BREIT-WIGNER OR SCATTERING 
LENGTH PARAMETRIZATION IN FITS TO THE K KSAR ~ASS 
SPEClRUM, SEE REFERENCE SECTION AND OUR 1972 EDITION. 

3 REAL PAkT OF THE S* POLE POSITION IMEVI 

(6.1 PROTOPOPE 73 HBC PI+ p 

7. BiNNIE 73 CNTR PI- P,S* N 
ESTABROOK 73 ASPK 17 PJ-P,PI+PI-N 

16.1 GRAYER 73 ASPK 17 PI-P,PI+PI-N 
l20. I HYAMS 73 ASPK 0 17 PJ-P,N PI+PI-

c 5.) FUJII 75 RVUE 17 PI-PtPI+PI-N 
10. AGUILAR 77 HBC .1 PBAR p, KS KS 
5.0 LEEPER 77 ASPK 2-2.4 PI-P 

6.2 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.61 

12177• 
12/17* 
12/15 
12177* 
12177* 
12175 
12177* 
12177* 

H STUDENT c;i76.9 5.1 AVERAGE USING STUDENTlOIH/1.11) -- SEE MAIN TEXT 

A FROM SINGLE CHANNEL FIT TO HYAMS 73 DATA. 
C WITH A SIMULTANEOUS FIT TO THE PI PI PHASE-SHIFTS, 
C INELASTICITY AND TO THE KS KS INVARIANT MASS. 

N FROM COUPLED CHANNEL FIT TO HYAMS 73 AND PROTOPOPESCU 73 DATA. 
R INCLUDED IN AGUILAR 77 FIT 

3 NEGATIVE IMA.G. PART OF THE S* POLE POSITION IMEVl 
CORRESPONDS TO HALF-WIDTH, NOT FULL WIDTH. 

127.1 (8.1 PROTOPOPE 73 HBC 7. PI+ P 12177* 
24. 7. BINNIE 73 CNTR PJ- PtS* N I2177* 
~ 5. I ESTABROOK 73 ASPK 17 PI-PoPI+PI-N 12/75 

R (16.) (5.) GRAVER 73 ASPK 17 PI-P,Pl+PI-N 12177• 
R (15.1 15.) HYAMS 73 ASPK 0 17 PI-P,N PI+PI- 12/77* 
A 119.) 0.1 FUJII 75 RVUE 17 PI-P, Pl+Pt-N 12175 

A FROM SINGLE CHANNEL FIT TO HYAMS 73 12177• 
N C 50. 40. AGUILAR 77 H8C .7 PBAR P, KS KS 12177• 

15.0 4.0 LEEPER 77 ASPK 2-2.4 PI-P 12177• 

AVG 17.5 
STUDENT 17.4 

3.9 
3.9 

AVERAGE IERROR INCLUDES StALE FACTOR OF 1.11 
AVERAGE USING STUOENTlOIH/1.11) - SEE MAIN TEXT 

A FROM SINGLE CHANNEL FIT TO HYAMS 73 DATA • 
C WITH A SIMULTANEOUS FIT TO THE PI PI PHASE-SHIFTS, 
C INELASTICITY AND TO THE KS KS INVARIANT MASS. 

N FROM COUPLED CHANNEL FIT TO HYAMS 73 AND PROTOPOPESCU 73 DATA. 
R INCLUDED IN AGUILAR 77 FIT 

P1 
P2 

3 S*l9801 PARTIAL DECAY MODES 

INTO K KBAR 
INTO PI PI 

DECAY MASSES 
497+ 497 
139+ 139 

***•••••• ********* ••••••••• ********* **•****** ****o•••• ******** 

WANG 

BIG I 
BINGHAM 
ERWIN 

SAL TAY 
BARMIN 

61 JETP 13 323 

62 CERN CONF 247 
62 CERN CONF 240 
62 PRL 9 '34 

64 OUBNA CONF 1 409 
64 DUBNA CONF 1 433 

CRENNELL 66 PRL 16 1025 
HESS 66 PRL 17 1109 

BARLOW 
BEUSCH 
DAHL 

67 NC 50A 701 
67 PL 25 B 357 
67 PR 163 1377 

REFERENCES FOR S* 

WANG TSu-TSENG,VEKSLER,VRANA,+ C JINRI 

A BIGI,S BRANDT, R CARRARA + lCERNI 
H H BINGHAM,-M BLOCH + CEPOL+CERNI 
ERWIN, HOYER, MARCH,WALKER ,WANGLER I WI SC+BNL I 

SALT AY 1 LACH,CRENNELL, OREN, STUMP +I YALE+BNL I 
BARMIN, DDLGOLE NKO, YEROF EEV t KRESTN I+ I ITEP I 

CRENNELL,KAL8FLEI SC Ht l A I, StARR, SCHU+ ( BNL J 
•DAHL+HARDY+KIRZ+MILLER ILRLI 

+L I LLESTOL+MONT ANET + ·I CERN+COEF+ I RAD+L I VP 1 
+FISCHER ,GOBS I, ASTBURY+ C ETHZ+CERN I 
+HARDY+HESS+KIRZ+MILLER CLRLJ 

ALJTTI 68 PRL 21 1705 +BARNES,CRENNElltFLAHlNIO,GOLDBERG,+ CBNLI 
LAI 68 PHILAD.CONF.P.303 KHAN WU LAI IBNLI 
PHELAN 68 THESIS JAMES J. PHELAN (ANL+ST .LOUIS UNIVJ 

ALSO 68 PRL 21 316 HOANG,EARTLY,PHElAN,ROBERTS+IANL+CHIC+NOAMt 

AGUILAR- 69 PL 29 B 241 
ALSO 67 BARLOW 
ALSO b9 NP B 14 195 

HOANG 69 NC 61 A 325 
HOANG 69 PR 184 1363 

SADlER 70 NP B 22 512 
BATON 70 Pl 33 B 528 
BEUSCH 70 PHILA.CCNF.P. 185 
HYAMS 70 PHILA.CONF.P.41 

ALSO 70 NP B 22 189 
OH 70 PR D 1 2494 

ALSTON-G 71 Pl 36 B 152 

BAS DEVAN 72 PL 41 8 178 
OAMERI 72 NC 9 A 1 
OUBOC 72 NP 8 46 429 
FlATTE 72 PL 38 B 232 
GRAYER 72 PHIL.CONF.PROC. 
WILLIAMS 72 PR 0 6 3178 

BINNIE 73 PRL 31 1534 
DIAMOND 73 PR 0 7 1977 
ESTABROO 73 TALLAHASSEE 
FUJII 73 NC 13 A 311 
GRAYER 7'3 TALLAHASSEE 
HYAMS 73 NP 8 64 134 
OCHS 73 THESIS 
PROTOPOP 73 PR 0 7 1280 

M. AGUI LAR-BENI TE Z, J .BARLOW o + 

M.AGUI LAR-SENITE z, J .BARLOW o+ 
T .F .HOANG 
+EAR TL Y 1 PHELAN, ROBERTS,+ 

I CERN+CDEF) 

t CERN+COEF I 
(ANL) 

(ANL+ILLC) 

+BONNET, OREV I LLON, BAU81LLI ER, + ( EPOL + JPNP I 
+LAURENS,REIGNIER CSACLAYI 
w.BEUSCH lETHZ+CERNJ 
+KOCHt BEUSCH, + CC ERN+MP IM+ETHZ+LOI C+HAWA I 
HYAMS,KOCH,POTTER,VON LINOERN,+ ICERN+MPJHI 
+GARF INKH, MORSE, WA.LKER,PRENTICE (WI SC+ TNTO I 

ALSTON-GARNJOST, BAR BARD-GALT JERI,+ IL8LJ 

BASDEVANT, FROGGATT, PETERSEN I CERN I 
+BORZATT A,GQUSSU, + I GENO+MllA+SACL I 
+GOLOBERG,MAKOWSKI, DONALD,+ ILPNP+liVP I 
+ALSTON-GARNJOST, BARBARD-GAL TIER It+ ( LBL I 

5 +HYAMS ,JONES, SCHLEIN, BLUM, 01 Ell+ ICERN+MPIM I 
P.K.WILLIAMS (FSUI 

+CARR, DE BENHAM, DUANE ,GARBUTT,+ I LO I C+SHMP J 
+Bl NKLEY, + I WI SC+OUKE+COLO+TNTD+OHI OJ 
ESTABROOKS, MART IN, GRAYER,HYAMS+ CCERN+MPIM I 
Y.FUJil,M.KATO CTOKYOJ 
+HYAMS, JONES, BLUM, 0 leT lt KOCH+ (CERN+MP IM) 
+JONES, WE JLHAMMER, BLUM, OJ Ell,+ CCERN+MP I M I 
W.OCHS IMPIMI 
PROTO POP ESCUt GARNJOST, GALT 1 ERI t FLATT E+ILBL J 
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Data Card Listings 
. For notation, see key at front of Listings. 

GRAYER 
GRAYER 
MORGAN 

FUJII 
MORGA~ 
PAWLICKI 

BRANDES 
BUTTRAM 
CERRADA 
flATTE 
WILKINS 

AGUILAR 
FROGATT 
LEEPER 
MART IN 
PAWLICKI 

74 NP 8 75 189 
74 NP 8 76 3 75 
14 Pl 518 71 

75 NP 885 179 
75 AP.GONNE CONF. 
75 PR 012 631 

76 NP B 104 413 
76 PR D 13 1153 
76 Pl 62 B 353 
76 PL 63 8 228 
76 PR 0 13 1831 

17 PREPRINT 
77 NP B 129 89 
77 PR 0 16 2054 
77 NP B 121 514 
11 PR 0 15 3196 

45 

+HYAMS, JONES, a tuM ,a 1 en. KOCH+ 
+HYAMS ,JONES ,BLUM tO JET l 
D.MORGAN 

ICERN+MPIMI 
ICERN+MPIMI 

IRHEL I 

Y.FUJII,M.FUKUGITA (JOKY) 
D. MORGAN IRHEL I 
+AYRES 1 DIEBOLD, GREENE, KRAMER, W ICKLUNO I ANLJ 

+CARNEGI E,CASHMORE, DAVI ER, LAS INSK I,+ I SLAC I 
+CRAWLEY, DUKE tLAMBt LEEPER, PETERSON I I SU J 
+GON ZAL EZ-ARROYOt RUBIO, YNOURAI N I CERN+MAOR I 
S.M.FLATTE ICERNJ 
+ALBRIGHT,S+V HAGOPIAN,LANNUTTI (FSUl 

+CERRAOA, + ( MADR I D+BOMBAY+CERN+PARI S l 
+PETERSEN . ( GLASGOW+COPENHAGEN I 
+BUTTRAM ,CRAWLEY, DUKE, LAMB, PETERSON (I SUI 
+OZMUTlU,SQUIRES (DURHAM) 
+AYRES,COHENwDIEBOLO,KRAMERwWICKlUNO tANLil J 

****** ********* .............................................................. * .. ********* ******** 
......................... ********* ............... ********* ............................... ******** 

I H(990) I 
) 

35 H(990,JPG=A -1 J:O 

THE EVIDENCE OF BENSON 66 HAS DISAPPEARED AFTER 
RE-ANALYSIS (CHAUDHARY 701. NO SIGNIFICANT 
OTHER EVJ DENCE HAS BEEN PUBLISHED. 
OMITTED FROM TABLE. 

****** ................... ,.****** .......................................................... .. 

REFERENCES FOR H 

BARTSCH 64 Pl 11 167 AACHEN-ZEUTHEN-BIRM-BONN-HAMB-MUNCHEN COLL 
GOLDHABE 65 CORAL GABLES P.76 G. GOLDHABER tLRL I. 
BENSON 66 PRL 11 1234 +MARQUIT,ROE,SJNCLAIR,VANDER VELDE (MICHIJJP 
COHN 67 NP 81 57 +MC CULLOCH,BUGG,CONOO tORNl+UNIV.TENNI 
ROSENFEL 67 RMP 39 1tAPPENOIX ROSENFELDtBARBARD-GAlTJERI+(LRL+CERN+YALEI 
ARMENISE 68 Pl 26B 336 +GHJDINlwFORJNO+ fBARI+BGNA+FIRl+ORSAYI 
BARBARO- 68 PHilAO.CONF .P .137 A.BARBARD-GAL TI ERI, P.SOOING «lRL) 
FUNG 68 PRL 21 4 7 +JACKSON+PU+BROWN+G IDAL ( U. C. RI VERS+L Rll 
GOLOHABE 69 LUND CONF.P.271 G.GOLDHABER QUOTED BY B.MAGLIC llRLJ 
CHAUOHAR 70 PR D 2 2110 B.CHAUDHARY,E.MARQUJT (MINNESOTA) 
GORDON 70 COO 1195 17(} THESJStiLliNDIS fiLL) 
MICHAEl 72 PRL 28 1475 W.MICHAEl,G.GIOAL ILBU 

****** ............................................................. •••••••*• ........ . 
•••••• ***~~<***** ********* ********* ********* ............................... . 

lct>(1020)1 

181 1019.0) 
2011018.61 
41( 1020.0) 
46( 1021.5) 
15Cl019. I 
32( 1021.01 

165 1022. 
136 1018. 

A 10711021.01 
D 70 101(}.9 

410( 1019.91 
120 1019.6 
100 1019.9 

87 1020.8 
131 1020.4 
100 1020.3 

A 500( 1019.51 
984 1019.4 

54 1018.7 
11 1018.6 

A 17011020.3} 
( 1019.41 

454 1019.7 
BOO 1018.9 

A 90511020 .. 41 
A 383(1020.01 
A 2504U020.0l 
A 721( 1022.0) 
A DOOI 1019.71 

AVG 1019.62 
STUDENT! 019.68 

4 PHI U020,JPG=1-- J 1=0 

4 PHI MASS IMEVI 

WE ONLY AVERAGE MASS AND WIDTH VALUES WHEN THE 
SYSTEMATIC ERRORS HAVE BEEN EVALUATED. 

I 2.01 
. (0.51 

. 12.01 
c o.8J 
13.) 
(4.0} 
1.5 
0.5 

(1.5) 
0,7 

(0.31 
0.5 
0.5 
o.8 
o.s 
0.4 

(0.61. 
0.8 
0.8 
.1 

10.41 
(0 .. 3) 

0.5 
0.6 

(0."31 
(1 .. 0) 

(0.21 
( 1.01 
(0.21 

SCHLEIN 63 HBC 
MILLER 0 65 HBC 
LONDON 66 HBC 
ABRAMS 67 HBC 
BARLOW 67 HSC 
DAHl 67 HBC 
MOSTEK 68 OSPK 
HYAMS 70 OSPK 
ALVENSLE 71 OSPK 
OIBIANCA 71 DBC 
STOTTLEMY 71 HBC 
AGUILAR 72 HBC 
AGUILAR 72 HBC 
BALAKIN 72 OSPK 
COlLEY 72 HBC 
BAllAM 73 HBC 
AYRES 74 ASPK 
BESCH 74 CNTR 
BIZZARRI 74 DBC 
BIZZARRI 74 DBC 
DE GROOT 74 HBC 
BUKIN 75 ELEC 
KALBFLEI S 76 HBC 
COHEN 77 ASPK 
BALDI 77 CNTR 
BALDI 77 CNTR 
BALDI 77 CNTR 
BALDI 77 CNTR 
AKERLOF 77 SPEC 

2.0 K- P .12/75 
0.0 PBAR P 12/75 
2.2 K-P 12/75 

4.2 K- P 12175 
1.2 PSAR P 12/75 
1-4 PI- P 12/75 

1.8 GAMMA + C 6/68 
11. PI- P 12177* 
GAMMA+C 12117• 
4.93 K- N 12175 
2.9 K-P,Y K KBAR 11171 
3.9,4 .. 6 K- P 12/75 
3.9,4.6 K- P 12/75 
E+ E- COLL.8EAMS 12172 
10.K+ P,K+ P PHI 12/72 
2.a- 9.3 G P 1174 
3-6PI/K-P, K+K- 12177* 
2 GAMMA P,PK+t<- 12175 
0 PBAR N,K+K- PI.12175 
0 PBAR N,KLKS PI 12/75 
4.2 K-P,l K+K- 12177* 
E+E- COLL.BEAMS 12177* 
2.18 K-P,K K8AR 7/77* 
6 PI- PN,K+K-PN 12177* 
10 K-P,K-PHI P 12177* 
10 PI-PtPI-PHJ P 12177* 
10 K+P,K+PHI P 12/77* 
10 P p,p PHI P 12177* 
-\00 P+A,K+K- 12/77* 

0.24 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.51 
0.21 AVERAGE USING STUDENTlO(H/1.111 -- SEE MAIN TEXT 
ISEE IOEOGRA~ BELOW J 

~EIGHTEO RVERRGE • 1019.62 • 0.24 
ERROR SCRLEO BY 1.5 

CHISQ 
·COHEN 77 RSPK 1.4 
·KRLBFLEIS 76 HBC 0.0 
·BIZZRRRI 74 OBC 2.1 
·BIZZRRRI 74 OBC 1.3 
·BESCH 74 CNTR 0.1 
·BRLLRM 73 HBC 2.9 
·COLLEY 72 HBC 2.5 
·BRLRKIN 72 OSPK 2.2 
·RGUILRR 72 HBC 0.3 
·RGUILRR 72 HBC 0.0 
·OIBIRNCR 71 OBC 0.2 
.•HYRMS 70 CSPK 10.5 

MOSTEK 68 CSPK _L_L 
26.0 

1016 1018 1020 1022 1024 1026 
!CCNLEV 
=0.011) 

PHI MRSS !MEVl 

Mesons· 
s*(9BO), H(990), 4>(1o2o) 

A SYSTEMATIC ERRORS NOT EVALUATED. 
M S INSIGNIFICANT DATA WITH SMAll STATISTICS NO LONGER AVERAGED 
M 0 MASS ERRORS ENLARGED BY US TO WIOTH/SQq,l(NI,SEE K* TYPED NOTE 

4 PHI WIDTH IMEVI 

WE OOLY AVERAGE MASS AND WIDTH VALUES WHEN THE 
SYSTEMATIC ERORRS HAVE BEEN EVALUATED. 

20 {3.51 ( 1.0) MILLER 0 65 HBC 0.0 PBAR P .12175 
41 (6.01 14.01 LONDON 66 HBC 2.2 K-P 12175 
46 (1.8) (3.01 (1.51 ABRAMS 67 HBC 4.2 K- P 12/75 

165 (4.5) (3.0) ( 2.0) MOSTEK 68 OSPK 1.8 GAMMA+ C 6/6B 
150 4-2 0.9 AUGUSTIN 69 OSPK E+ E- COLL.BEAMS.12/72 

4.09 0.29 BJZOT 70 OSPK E+ E- COlt. BEAMS 12/72 
w 136 3.3 1.5 HYAMS 70 OSPK ll. PI- P 6170 
w 87 4.67 2.02 SALAK IN 71 OSPK E+ E- COLL.SEAM 12/75 
w 70 5,5 2.6 DIBIANCA 71 DBC 4.93 K- N 12/75 
w llO (4.5) {3.0) 14 .. 0 I STOTTLEMY 71 HBC 2.9 K-P,Y K KBAR 11/71 
w D 120 4.6 1.7 AGUILAR 72 HBC 3.9,4.6 K- P 12/75 

0 100 4.7 1.9 AGUILAR 72 HBC 3.9,4.6 K- P 12/75 
D 131 5.0 1.8 COLLEY 72 HBC lO.K+ P,K+ P PHI 12/75 
D 454 3.8 0.7 BORENSTEI 72 HBC 2.18 K-P,K KBAR 1111* 
D 100 3.8 1.5 BAll AM 73 HBC 2.8-9.3GP 12/75 

AD 500 (4.5) 10.8} AYRES 74 ASPK 3-6PIIK-P,K+K- 12/75 
D 984 4.4 0.6 BESCH 74 CNTR 2 GAMMA P, PK+K- 12/15 

s 54 (6.81 (3.11 (2.5J B IZZARR1 74 OBC 0 PBAR N,K+K- PI 12175 
s 71 (4.11 13.8) C3.6J B IZZARRI 74 DBC 0 PBAR Nt KLKS PI 12/75 

w 3.81 0.37 COSME 2 74 OSPK E+E- COLL .. BEAMS 2/74 
w AD 170 (4.2) CL.3) DE GROOT 74 HBC 4.2 K-P,L K+K- 12/75 
w A 1300 4.5 0.42 AKERLOF 77 SPEC 400 P+A,K+K- 12177• 
w 
w AVG 4.13 0.17 AVERAGE tERROR INCLUDES SCALE FACTOR OF t.ol 
w STUDENT 4.13 o.19 AVERAGE USING STUDENTlO(H/1.11) - SEE MAIN TEXT 

A SYSTEMATIC ERRORS NOT EVALUATED. 
S INSIGNIFICANT DATA WITH SMALL STATISTICS NO LONGER AVERAGED 

0 WIDTH ERRORS ENLARGED BY US TO 4*WIOTH/SQRTCNlt SEEK* TYPED NOTE 

PHI INTO K+ K
PH.I INTO Kl KS 

4 PHI PARTJ AL DECAY MODES 

PHI INTO PI+ PI- PIO (INCLUDING RHO PI l 
PHI INTO ETA GAMMA 
PHI INTO E+ E-
PHI INTO MU+ MU-
PHI INTO PIO GAMMA 
PHI INTO PI+ PI- IVIOLATES G) 
PHI INTO PI+PI-GAMMA 
PHI INTO OMEGA GAMMA (VIOLATES CJ 
PHI INTO ETA PIO IVIOLATES Cl 
PHI INTO RHO GAMMA IVIOLATES Cl 
PHI INTO ETA NEUTRALS 

DECAY MASSES 
493+ 493 
497+ 497 
139+ 139+ 134 
548+ 0 

.5+ .5 
105+ 105 
134+ 0 
139+ 139 
139+ 139+ 
783+ 0 
548+ 134 
776+ 0 

P1 
P2 
P3 
P4 
PS 
P6 
P7 
P8 
P9 
PlO 
Pll 
P12 
Pl3 
P14 PHI INTO 5PI 139+ 139+ 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, P 1, as follow11: The diagonal elements are Pi± OP
1
, where 

OP1 = "\} (6P/:iPi}, while the off-diagonal elements are the normalized correlation coeffi

cients (6Pi6Pj) /(6P1 · 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 i. 

P1 P2 P3 P4 
p 1 .4856+-.0116 
p 2 -.8019 .3514+-.0123 
p 3 -.2146 -.3846 .1469+-~0072 
P -4 -.0999 -.0842 -.oo19 .0161+-.0022 

Rl PHI 
Rl B 27 
R1 252 
Rl 
R1 
Rl 270 
Rl 321 
Rl 

4 PHI BRANCHING RATIOS 

INTO (K+ K-lf(K KBAR 
10.26) (0.06) 
0.48 0.04 
0.540 0.034 
0.486 0.044 
0.49 0.06 
0.45 0.05 

+ PI+ PI- PIOJ 
BADI ER 65 HBC 
LINDSEY 66 HBC 
BALAKJN 7l OSPK 
CHATELUS 71 OSPK 
DE GROOT 74 HBC 
KALBFLEIS 76 HBC 

(P11/(P1+P2+P31 

2. 7 K-P 
E+ E- COll.BEAM 

E+ E- COLL.BEAMS 
4.2 K-P,L PHI 
2.18 K-P 

10/66 
10/66 
11/71 
11/71 
12175 
1117* 

Rl AVG 
Rl STUDENT 
Rl FIT 

0.497 
0.4(}6 
0.494 

0.019 
0.022 
0.012 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
AVERAGE USING STUOENTIOIH/1.11) - SEE MAIN TEXT 

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.31 

., 
R2 8 
R2 · 
R2 ., 
R2 
R2 
R2 
R2: AVG 

PHI INTO IKL KSIJ(K KBAR + PI+ PI- PIOJ 
25 (0.23) (0.06) SADlER b5 HBC 

167 0.40 0.04 LINDSEY 66 HBC 
0.257 0.038 BALAKJN 71 OSPK 

133 0.27 0.03 KALSFLEIS 76 HBC 
270 (0.371 10.05) DE GROOT 74 HBC 
SUPERSEDED BY lOSTY 77 UNDER R19. 

IP2Jf(Pl+P2+P31 
10/66 

2. 7 K-P 10/66 
E+ E- COLL. BEAMS. 1/73 
2.18 t<-P 7177* 
-\.2 K-P,l PHI 12117* 

R2 STUDENT 
R2 FIT 

0.300 
0.290 
0.357 

0.042 
0.026 
0.012 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.11 
AVERAGE USING STUDENTIOIH/1.11) -- SEE MAIN TEXT 

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.5) 

R3 PHI INTO IPI+ PI- PIO UNCL.RHO PIIJ/TOfAL (P3J 
R3 E 0.139 0.007 PARROUR2 76 OSPK E+E- COll.BEAMS 7/17* 
R3 E USING TOTAL WIDTH 4.1 MEV. THE 3 PI MODE IS MORE THAN 80 PER CENT 
R3 E RHO PI AT THE 90 PER CENT C.L. 
R3 ••••• • • •• 
R3 FIT 0.1469 0.0012 FROM FIT tERROR INCLUDES SCAlE FACTOR OF 1.21 

RS 
RS 
R5 
R5 
R5 

PHI INTO IKL KSJ/tK KBARJ 
10 0.40 0.10 
sz o.48 o.o7 

0.44 0.07 

SCHLEIN 
BAD I ER 
LONDON 

63 HBC 
65 HBC 
66 HBC 

IP21/(P1+P2l 
2.0 K-P 
3.0 K-P 
2.2 K-P 

10/66 
11/67 

.10/66 

R5 AVG 
R5 STUDENT 
R5 FIT 

• o:44a 
0.448 
0.420 

0.044 
0.048 
0.014 

AVERAGE tERROR INCLUDES SCALE FACTOR OF l.OJ 
AVERAGE USING STUDENTlO(H/1.111 -- SEE MAIN TEXT 

FROM FIT IERROR INCLUDES SCAlE FACTOR OF 1.51 
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Mesons 
1/>(1020), M(1033-1040) 

R6 PHI INTO iPI+ PI- PIO CINCL.RHO PIII/IK KBAR) IP31/1Pl+P21 

•• 0.30 0.15 LONDO!\ 66 l!BC: 2.2 K-P 10/Q6 
R6 0.237 0.039 CERRAOA 77 HBC 4.2 K-P,LAM 3P1 12177* 
R6 
R6 AVG 0.241 . 0.038 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.01 
R6 STUDENT 0.241 0.041 AVERAGE USING STUOENTlOIH/l.lll -- SEE MAIN TEXT 
R6 FIT 0.175 0.010 FROM FIT I ERROR INCLUDES SCALE FACTOR OF 1.21 

R7 PHI INTO CPI+ PI- PIO IINCL.RHO PIIJ/CKL KSJ IP3J!(P21 
R7 I 0.31 OR LESS BERLEY 65 HBC 2.9 Pl+P 10/66 
R7 0.47 0.06 COSME 1 74 OSPK E+E- CDLL.SEAMS 2/74 
R7 
R7 FIT 0.418 0.029 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.31 

RB PHI INTO IPI+ PI-J/IK KBARI (SEE ALSO RlSI IPBJ/1Pl+P21 
RB 10.21 OR LESS lONDON 66 HBC 2.2 K-P 10/66 

R9 PHI INTO CE+ E-1/t K+ K-1 ! UNITS JQU:-4) IPSI!IPlJ 
R9 I SEE ALSO Rl6) 
R9 40 6.1 I.7 BECKER 6B CNTR GAMMA C 9/6B 

R10 PHI INTO IMU+ Mu-1/TOTAl I UNITS 10**-41 
1.B WEHMANN 

MOV 
EARLES 
HAYES 

IP6J 
RlO 3 ~s 3~s 
RIO 2~34 1~01 

RlO 2.17 0.60 
RlO 2.69 0 .. 46 
RlO 
R10 AVG 2 ~so o.34 

6B OSPK 
69 CNTR 
70 CNTR 
71 CNTR 

12 K- C 
PHOTO PROD. 
6.0 BREMSSTR~ 

PHOTOPROO. 

6/6B 
ll/70 
ll/70 

.11/71 

RIO STUDENT 2.50 0.37 
AVERAGE IERROR INC.lUDES SCALE FACTOR OF 1.0) 
AVERAGE USING STUDENTIOIH/1.111 -- SEE MAIN TEXT 

Rll PHI INTO CETA GAMMAJITOTAL IP4J 
Rll 27 0.073 0.019 BASILE . 72 CNTR 1.8 PI- p 12172 
RllA 25 0.026 0.007 BENAKSAS 12 OSPK E+E- COll.BEAMS • 2173 
RllA 54 o~o1s 0 .. 004 COSME 76 OSPK E+E- COlL.SEAMS 12175 
RllA FROM 2 GAMMA DECAY MODE OF ETA 1111* 
RUB (0.02410R lESS Cl=O .95 COSME 76 OSPK E+E- COll.BEAMS 1171* 
RllB FROM PI+PI-PIO DECAY MODE OF ETA 1171• 
Rll 0.0135 0.0029 ANDREWS 11 CNTR 6.7-10 GA"\MA CU 12177• 
Rll 
Rll AVG 0.0026 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.21 
Rll STUDENT 
Rll FIT 

0.0160 
0.0156 
0.0161 

0.0025 AVERAGE USING STUOENTlOIH/1.111 - SEE MAIN TEXT 
0.0022 FROM FIT IERROR INClUDES SCAlE FAC.TOR OF 1.01 

Rl2 
Rl2 
Rl2 
Rl2 

Rl3 
Rl3 

Rl4 
Rl4 

Rl5 
RI5 

Rl6 
Rl6 
R16 A 
R16 A 
Rl6 
Rl6 
Rl6 
RI6 .,. 
RI6 
Rl6 
RI6 
Rl6 
RI6 
R16 AVG 

IP9J PHI INTO IPl+ PI- GAMMAJ/TOTAL 
10.041 OR LESS liNDSEY 

COSME 1 
KALBFLE 1 

65 HBC. 
74 OSPK 
75 HBC 

2.7 K-P 2/74 
(0.00710R LESS CL=.90 E+E- COll .BEAMS 2/74 

C .061 OR LESS CL=.90 2.2 K- P,GAMMA + 12175 

PHI INTO lETA NEUTRALSJ/IK KBARI 1P13JIIP1+P2J 
10.15) OR LESS LINDSEY 66 HBC 2.7 K-P 

PHI INTO (OMEGA GAMMA) I TOTAL 
C0 .. 05J OR LESS LINDSEY 

PHI INTO C RHO GAMMA I I TOTAL 
10.021 OR LESS LINDSEY 

PHI INTO (E-+ E-1/TOTAL (UNITS 10•*-41 
I SEE ALSO R91 

66 HBC 

66 HBC 

I P101 
2. 7 K-P 

IP121 
2.7 K-P 

(P5J 

5 C6.6) 14.41 12.81 ASTVACATU 6B OSPK 4 PI- P 
ERROR OF ASTVACATUROV 6B DOES NOT INCLUDE SIGMAIPHII UNCERTAINTY. 

27 (7.21 13.91 BINNIE 6B OSPK 1.6 PI- p 
9 16.1) 12.61 BOLLINI 68 CNTR 1.9 PI-P 

2.B1 0.25 BALAKIN 71 OSPK E+ E- COLL.8EAMS 
3.50 0.21 CHATELUS 11 OSPK E+ E- COLL.8EAMS 
3.3 0.3 COSME 1 74 OSPK E+ E- COll.BEAMS 
3.10 0.14 PARROUR1 76 OSPK E+ E- CQLL.BEAMS 

USING TOTAL WIDTH 4.2 MEV. THEY DETECT 3 PI MODE AND OBSERVE 
SIGNIFICANT INTERFERENCE WITH OMEGA TAIL. THIS IS ACCOUNTED FOR 
IN THE RESULT QUOTED ABOVE 

10/66 

10/66 

10/66 

6/6B 
6/68 
6/6B 
9/68 

ll/71 
11/71 

2174 
1171* 

R16 STUDENT 
3.13 
3.13 

0.12 
0.12 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.U 
AVERAGE USING STUDENTlOIH/1.111 --SEE MAIN TEXT 

Rl7 
Rl7 
Rl7 

RlB 
RlB 
Rl8 
RIB 
RlB 

PHI INTO (PIO GAMMAI!CTOTALJ 
1 (0.0025) 10.00121 BENAKSAS 72 OSPK 

32 0 .. 0014 0.0005 COSME 76 OSPK 

PHI INTO IPI+ PI-JI(TOTAU CUNJTS 10·U-4} 
I SEE ALSO R8J 

(50.1 OR LESS CL=.95 BIZOT2 
lBO. I OR LESS CL=.95 BALAKIN 
12.71 OR LESS CL:.95 ALVENSLE 

10 OSPK 
71 OSPK 
72 OSPK 

IP71 
E+E- COLl. BEAMS 2/73 
E+ E- COll~BEAMS 12177* 

I PSI 

E+ E- COLL.BEAMS ll/71 
E+ E- COLL.BEAMS 1/71 
GAMMA+C 1172 

R19 PHI INTO IKL KSI/IK+ K-1 (P2Jf(P11 
R19 144 
Rl9 125 
Rl~ 

RI9 
Rl9 
Rl9 
R19 AVG 
R19 STUDENT 
R19 FIT 

0.4 

PHI 

0.69 0.10 
1.15 0.15 
0.71 0.05 
o.82 o.o8 
a. 11 o.o8 

AGUILAR 
COLLEY 
LAVEN 
LOSTY 
LYONS 

72 HBC 
72 HBC 
77 HBC 
77 HBC 
77 HBC 

3.9,4.6 K- P 12172 
1D.K+ P,K+ P PHI 12172 
10 K-P, K+K-LAMBO 12177* 
4.2 K-P,PHJ HYP 12/77* 
3-4 K-P ,LAMB PHI 12177* 

0.774 0.055 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.61 
0.768 0.042 AVERAGE USING STUOEN1101H/1~111 -- SEE MAIN TEXT 
0.724 0.041 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.51 

IS E E I OECGRAM BELOW I 

IHTD 

~EIGHTED RUERRGE = 0.774 • 0.055 
ERROR SCRLED BV 1.6 

O.B 

IKL 

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. 

·L VOHS 77 HBC 
·LOS TV 77 HBC 
·LRUEN 77 HBC 
·COLLEY 72 HBC 
·RGUILRR 72 HBC 

1.2 1.6 

KSli'(K+ K-1 

CHISQ 
0.6 
0.3 
1.6 
6.3 

_!..d._ 
10.2 

!CONLEU 
=0.037I 

Data Card Listings 
For notation, see key at front of Listings. 

R20 PHI INTO I PI+ PI- PlOI JNCL.RH(J Plli(K+ K-1 (P3)/IP1J 
R20 34 Q.2B 0.09 AGUILAR 72 HDC 3.9 9 4.6 K- P 12172 

:~g FIT • ·a:3o2 ~ • 0.018 FROM FIT I ERROR INCLUDES SCALE FACTOR OF 1 .. 11 

R21 
R21 

PHI INTO 12PI+ 2PI- PJOJ/(K+ K-1 IP14JI(Pl) 
10.02) OR LESS Cl=D.95 AGUILAR 72 HBC 3.9,4.6 K- P 

.................................. ······••* ••••••••• *****•*** ******** 

REFERENCES FOR PHI 

BERTANZA 62 Pfi.L 9 180 BERTANZA,BRJSSON,CONNOLLY,HART + IBNL+SYRAI 
GELFAND 63 PRL ll 43B GElFANO,MilLER,NUSSBAUM,KIRSCH+ ICOLU+RUTGI 

GELFAND t3 OATA INCLUDED IN MILLER 65 BELOW 
SCHLEIN 63 Pfi.L 10 36B SCHLEJN,SLATER,SMITH,STORK,TlCHO fUCLAI 

SADlER 65 PL 17 337 BAOIER,DEMOULIN.BARLOUTAUD+ 
BERLEY 65 PR 139 B 1097 D BERLEY,N GElFAND 
GALTIERI 65 PRL 14 279 A fARBARO GALTIERJ,R 0 TRIPP 

ISACL+AMST) 
I BNL+COLUMB lA J 

ILRLI 
ILRL) LINDSEY 65 PRL 15 221 JAMES S LJNOSEY,GERALO A SMITH 

LINDSEY 65 C:ATA INCLUDED IN LINDSEY 66 BELOW 
MILLER 0 65 CU-2371NEVIS 131J DAVID C MILLER tTHESISJ ICOlUMBIAJ 

.12/72 

GRAY, L 66 PRL 17 501 +HAGERTY,BIZZARRI,CIAPETTJ + 
LINDSEY 66 PR 147 913 JAMES S L tNOSEY. GERALD A SMITH 
LINOSEYl 66 Pl 20 93 J~S.LJNOSEY, G.A.SMITH 

f SYRA+RDMA I JPG 
ILRLI 
ILRLJ 

LINDSEY 1 66 DATA INCLUDED IN LINDSEY 66 ABOVE 
LONOCN 66 PR 14 3 1034 LGNOON ,RAU, SAMIOS,GOLOBERG + I BNL +SYRACUSE J 

ABRAMS 67 MD TECH REP 720 
BARLOW 67 NC 50A 701 
CHASE 67 PRL 18 710 
DAHL 67 PR 163 1377 
HERTZBAC 67 PR 155 1461 
KHACHATU 67 Pl 24B 349 

ABRAMS 6B Pfi. 175 1697 
ASTVACAT 6B PL 27 B 45 

ALSO 67 PRL 19 869 
BECKER 6B PRL 21 1504 
BINNIE 68 PL 27B 106 
BOLLINI 6B NC 56 A 1171 
MOSTEK 6B PRL 20 1057 
WEHMANN 6B PRL 20 748 

AUGUST IN 69 Pl 28 B 517 
HOY 69 THESIS 
SCOTTER 69 NC 62 A 1057 

BIZOT 70 Pl 32 416 
ALSO 69 PEREZ-Y-JORBA 9 

BIZOT2 70 LNC r., 1273 
EARLES 70 PRL 25 1312 
HYAMS 70 NP 6 22 189 

GERALD ABRAMS • THESIS 4MARYLANO) 
+LlLLESTOl +MONT ANET + I CERN+COEF+ IRAO+L JVP I 
R .C .CHAS E9 P .ROTHWELL ,R. WE I NSTE IN I CEA+NEAS) 
+HAROY+HESS+KlRZ+MlllER ILRLJ 
HERTZ BACH ,KRAEMER,MAOANSKI, ZOANI S+ I JHU+BNL I 
KHACHATURYAN+AZ IMOV+BALOJ N+B ELOUSOV+( DUBNA J 

+GlASSER, KEHOE, SECH I-ZORN, WOLSKY I MARYLAND I 
AST VACATUROV, A Z I MDV, BALD IN+ I J INR+MOSCOW I 
ASBURY, BECKER, BERTRAM, T I NG+ COESY+COLUMB I A J 
+BERTRAM, BINKLEY, JORDAN ,KNASEL+ I OESY+Ml T J 
+DUANE +FARUQI +HORSEY+ ILOI C+RHEL J 
+BUHLER ,OALP I AZ, MAS SAM+ ICERN+BG~A+STRB I 
+E I SENHANOL ER, MCCLELLAN, Ml STRY+ I CORNELL I 
+ENGELS+ f HARVARO+CASE+SLAC+CORNEll +MCGI lll 

+B I ZOT • BUON .DELCOUR T, HAl SS I NSK I,+ I OR SAY I 
KEN MIN HOY !NORTHEASTERN UNIVERSITY) 
+ERSKINE, PALER,+ I BI RM+GLAS+LDJC+MPI M+OXF I 

+BUON, CHATELUS, JEANJEAN, LALANNE, + I ORSA I 
LIVERPOOL SYMP.69 

+DEL COURT 9 JEANJEAN 9 LALANNE, + lOR SAY) 
+FA ISSLER,GETTNER,LUTZ, MOY, TANG,+ INEASI 
+KOCH, POTTER, V .L I NO ERN, LORENZ, LUT JENSI CERN I 

ALVENSLE 11 PRL 27 441 ALVENSLEBEN,BECKER,BUSZA,CHEN,+ IMIT+DESYJ 
BALAKIN 71 PL 34 B 328 +BUOKER,PAKHTUSOVA,SIDOROV,SKRINSKY,+INOVOJ 
OIBIANCA 71 NP B 35 13 +EINSCHLAG,ENOORF,ENGLER,FISK,+ ICORNJ 
CHATELUS 71 lAL 1247CTHESISJ Y.CHATELUS ISTRASBOURGJ 

ALSC 70 BJZOT 
HAYES 71 PR 0 4 899 +JMLAY,JOSEPH,KEIZERtSTEJN ICORNJ 
STOTTLEM 71 ORO 2504 170 A.R.STOTTLEMYER, THESIS fMARYLANOJ 

AGUILAR 12 PR 0 6 29 
ALVENSLE 72 PRL 28 66 
BALAKIN 72 PL 40 B 431 
BASILE 12 NP B 44 605 
BENAKSAS 72 Pl 42 B 511 
COLLEY 72 NP B 50 1 
BORENSTE 72 PR 0 5 1559 

BALLAM 13 PR 0 1 3150 

AYRES 74 PRL 32 1463 
BESCH 74 NP 870 257 
B I ZZARR I 74 NC 20A 393 
COSME 1 74 Pl 48 B 155 
COSME 2 74 Pl 48 B 159 
DE GROOT 14 NP B74 77 

BUK IN 75 IYAF 75-64 
KAlBFLE I 75 PR Oll 9B7 

COSME 16 PL 63 B 352 
PARROURl 76 Pl 63 B 357 
PARROUR2 76 PL 63 B 362 
KALBFLEI 76 PR D 13 22 

ANDREWS 17 PRL 38 19B 
AKERLOF 77 PRL 39 861 
BALDI 77 Pl 68 B 381 
BARTALUC 17 OESY 17/56 
CERRAOA 77 NP B 126 241 
COHEN 77 PRL 3B 269 
COURANT 77 PR 0 16 1 
EVANGEL 77 NP B 127 384 
LAVEN 17 NP B 127 43 
LDSTY 71 CERN/EP/PHYS77 
LYONS 11 NP B 125 207 

AGUILAR-BENITEZ, CHUNG, EISNER, SAM lOS I BNLI 
AL VENSLE BEN, BECKER, Bl GGS, BINKLEY+ IMI T+OE SY J 
+BOK I N9 PAKHTUSOVA, S IDOROV, + I NOVOS 16 IR SK J 
+DALPIAZ ,FRABETTI 9 ZlCHICHI + lCERN+BG"4hSTR8 I 
+COSME ,JEAN-MARIE, JULL I AN .LA pt ANCHE+ IORSAY J 
+JOBES, R I 001 FORO oGR IFF ITHS, + I B IRM+GLAS J 
BORENSTEIN, OANSURG, KALBFLE J SCH, + I BNL +MI CHI 

+CHAOW ICK, EISENBERG, BINGHAM,+ ISLAC+LBLI 

+DI EBOLO, GREENE, KRAMER, LEVINE,+ I ANLI 
+HARTMANN 9 KOSE, KRAUTSCHNE 1 OER, PAUL,+ f BONN J 
+ClAP ETT l, 0 I ON J S I, DORE, GASPERO+ I ROMA J 
+JEAN-MARIE, JUlllAN, LA PLANCHE,+ (OR SAY I 
+JEAN-MAR IE, JULLI AN ,LA PLANCHE,+ toRSAY J 
+I-IOOGLANO, JDNGEJANS ,METZGER+ I AMST+Nl JMI 

+OERBENEV tKONORA TENKO,KUROAOZE '+ I NOVO I 
KALBFL E J SCH, STRANO, CHAPMAN I BNL +MICHl 

+COURAU, OUOELZAK,GRELAUO, J EAN-"'ARJ E+ fORSAY I 
+GRELAUO ,COSME ,COURAU, OUDELZAK • + lOR SAY 1 
+GRELAUD,COSME,COURAU, OUDELZAK, + (OR SAY J 
KALBFLEISCH, STRAND, CHAPMAN ( BNL +MI CH J 

+FUKUSHIMA, HARVEY, LOBKOWI CZ ,MAY,+ I ROCH) 
+ALLEY 9 Bl NT INGER tDI TZL ER,+ IFNAL +M I CH+PURO I 
+BOHR INGER, DORSAZ,HUNGERBUHL ER • + (GENEVA I 
BAR TALUCCJ, BERTOLUCCI, + I OESY+FRAS I 
+BLOCKZ IJL, HEINEN,+ I AMST +CERN+NJ JM+OXF 1 

+AYRES, OJ EBOLD. KRAMER. PAWLICKI, WI CKLUNO( ANL 1 
+MAKDI S I, MARSHAK, PETERSON, RUDDICK,+ I MI NN) 
EVANGELISTA,+ I SARI +BONN+C ERN+DARE+GLAS+ J 
+OTTER, KLEIN,+ lA ACH+BERL+CERN+LO IC+WIEN I 
+HOLMGREN, BLOKZ IJL, + ( CERN+AMST+NI JM+OXF 1 
+COOPER, CLARK C OXF I 

•••••••••••••••••••••••• ******••• ................................... . 
****** •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

IM(1033-1040) I•' MII03H0401 
• • THE CLAIM FOR A NARROW RESONANCE AT 1033 MEV 

BY GARFINKEL 72 HAS NOT BEEN CONFIRMED BY 
BINNIE 74, GRAYER 74, BUTTRAM 75. OMITTED 
FROM TABLE. 
THE CLAIM FOR AN OMEGA PI RESONANCE AT 1040 
MEV BY OEFOIX 73 HAS NOT BEEN CONFIRMED BY 
OIAZ 74. OMITTED FROM TABLE~ 

••••••••••••••••••••••••••••••••• •••*••••• .......................... . 

GARFINKE 72 PRl 29 1477 
DEFOIX 13 PL 43 B 141 
BINNIE 74 PRL 32 392 
DIAl 74 PRL 32 260 
GRAYER 74 NP B 75 189 
BUTTRAM 75 PRl 35 970 

REFERENCES FOR Ml 1033-1040) 

GARFINKEL, HOFFMAN, J ACOBEL, + ( PURD+ANL +IOWA I 
+DOBRZYNSKI, ESPI GAT ,NASCIMENTO,+ C COEF I 
+CAMILLERI, CARR, 0EBENHAM9 + ILOI C+SHMP I 
+01 B JANCA, F ICK INGER, ANDERSON,+ I CAS E+CARN I 
+HYAMS, JONES, BLUM ,o I Ell, KOCH+ CCERN+MP I M I 
+CRAWLEY,OUKE,LAMB,LEEPER.PETERSON (I SUI ...... ......... ......... .. ....... .......... ......... . ............... . 

••••••••••••••• •••*••••• ••••••••• *****•••• •••••••••••••••••• *•······ 
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
TJN(1080), A1(1100) 

30 ETA NU080,JPG=N +J 1=0 J GREATER THAN 1 I TJN( 1 080) I SOME EXPER!M~NTS SUGGEST J=Z. NOT CONFIRMED BY 
• ~ GRAYER 74, FROGGATT 77. OMITTED FROM TABLE. 

H 
M 
M 

--~> ------ ------ ------ --------- -------- --------
1060.0 

70 1C85.0 
1120.0 
1112.0 

( 1080.0) 
1070.0 

30 E'rA N MASS CMEVJ 

15.0 
10.0 

100.0 
16;0 

MillER 68 HBC 
WHI TEHEAO 68 ASPK 

'40.0 OH 69 HBC 
CLAYTON 70 HBC 
OIAZ 70 HBC 
REYNOLDS 70 HBC 

4.0 PI- P 
3 .l-3.6 PI-P 
7.PI- PtPI+ 0 
2.5 PBAR P,4 PI 

O. PBAR P, 4 PI 
2.26-2.36 PI- P 

9/68 
10161 
9/69 
1/71 
5170 
1/71 

AVG 1083.3 
STUOENT1083.0 

20.0 ... 
8.3 

AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.41 
AVERAGE USING STUDENTlOCH/l.llJ -- SEE ~AtN TEXT 

110.01 
(25.0) 
150.0 
CBO.OJ 
(80.0) 
85.0 

30 ETA N WIDTH (MEV) 

OR LESS 
OR LESS 

1oo.o 

35.0 

MILLER 68 HBC 
WHITEHEAD 68 ASPK 

40.0 OH 69 HBC 
CLAYTON 70 HBC 
OIAZ 70 HBC 
REYNOLDS 70 HBC 

4.0 PI- P 
3.1-3.6 PI-P 
7.PI- P,PJ+ 0 
2.5 PBAR P,4 PI 

O. PBAR P., 4 PI 
2.26-2.36 PI- P 

9/68 
10/67 
9/69 
tin 
5170 
1171 

AVG 98.0 
STUDENT 97.7 

31.3 
34.5 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENT10CH/1.1U -- SEE MAIN TEXT 

*It<******* ********* •••••••••••••••••••••••••••••••••••• ****Ill<*** 

MILLER 68 PRL 21 1489 
WHITEHEA 68 Nt 53 A 817 

DH 69 PRL 23 331 

CLAYTON 70 NP B 22 85 
OIAZ 70 NP B 16 239 
REYNOLDS 70 NP 8 21 11 

WHITEHEA 72 NP B 48 365 

DIAMOND 73 PR 0 1 1977 

GRAYER 74 NP B 75 189 

FROGATT 11 NP B 129 89 

REFERENCES FOR ETA N 

+GUTAY ,JOHNSON, KENNEY+ ( PUROUE+NOAM+SLAC I 
C.WHITEHEAD + IAEREt-SHMP+lOICI 

+WALKER ,cARROll, fIR EBAUGH,+ CWISC+TNTOI 

+MASON,MUIRHEAO,R I GO POULOS,+ C LIVP+ATENJ 
+GAV llLE T, LABROSSE, MONT ANET, + ICERN+CDEF I 
+ALBRIGHT, BRADLEY,+ C OHIO+FSU+MI NN+COLOI 

WHITEHEAOtAULDt+ I AERE+RHEL+SHMP+LOUCI 

+BINKlEY,+ C W ISC+DUKE+COLO+TNTO+OHJ 0 I 

+HYAMS ,JONES ,BLUM ,a IETL, KOCH+ C CERN+MPI M I 

+PETERSEN GLASGOW+COPENHAGEN 

•••••• ********* ••••••••••••••••••••••••••••••••••••••••••••••••••••• ...... ......... ......... ......... ......... ......... ......... ....... . 
I Al ( 1100) I 10 AllllOD,JPG=l+-1 1•1 

+ 
The peak in the (3n)- mass distribution near 

the pn threshold was discovered by BELLINI 63 in 

very forward n- scattering on c·arbon without 

nuclear break-up, thus coherent diffractive pn 

production. 

Until 1977, all the significant observations 

of a p 0n± peak near 1100 MeV were made in the 
+ + 

react·ion 11-N -> (nnn) -N. At small momentum transfer, 

the diffraction-like mechanism without quantum 

number exchange in the t-- channel contributes to 

this reaction. The dominant effect is a broad 

Jp = 1 + enhancement in the s-wave pn system, its 

maximum intensity occurring at -1100 MeV and its 

width being -300 MeV (ANTIPOVl 73, KRUSE 74, OTTER 

74, TABAK 74, THOMPSON 74, EMMSl 75, BALTAY 77, 

PERNEGR 77) . 

All of these experiments have been partial

wave analyzed by the method of ASCOLI 70, TABAK 74, 

CAUTIS 77. Assuming that, for a given momentum 

transfer t, the 3n vertex is independent of the 

NN _vertex, the 3n system is composed, in the spirit 

of the non-unitary isobar model, of quasi-two-body 

np and TI£ amplitudes. The waves contributing to 

the 3n final state are (at most) the 0-P, l+S, 

l+D, 2-P, 3+D, 1 P, and 2+D pn waves and the 0 S, 

l+P, and 2-D £TI waves. Here £ stands for a pole 

in the JP = 0+ nn system, the location of which is 

not well established [see the review of S-wave nn 

interactions under £(1300)]. 

The results of these analyses have shown that 

the phase of the l+S wave displays little varia

tion relative to the 0-S(£TI), l+P(£TI), and 2-P(pn) 

waves (ANTIPOVl 73, OTTER 74, TABAK 74, THOMPSON 

74, BALTAY 77). As the 2+D wave exhibits a clear 

Breit-Wigner-like phase change in the A2 region 

(ASCOLI 70, ANTIPOVl 73, OTTER 74, TABAK 74, 

THOMPSON 74, BALTAY 77), the above results have 

been interpreted to imply that no resonant A
1 

is 

needed. Unitarity ··corrections to the isobar model 

do not change this conclusion (ASCOLI 75, AITCHISON 

75). 

This conclusion has been, however, reversed, 

by several new analyses. BOWLER 75 demonstrated 

that the small variation in the l+S phase could be 

due to a phase difference between the Deck ampli

tude and the direct A
1 

resonance-production ampli

tude. Another cause could be inelasticity due to 

the coupling of the pn, £TI, and K*K channels, and 

rescattering (BRAYSHAW 76, LONGACRE 76, 77). Finally, 

SCHULT 77 re-analyzed the ANTIPOVl 73 data using 

three-pion-state amplitudes which satisfy both 

unitarity and analyticity, and found a solution 

with considerably more phase variation than 

originally had been found. 

BASDEVANT 77 performed an analysis of the pn 

waves exclusively, ignoring the en waves as being 

meaningless in an isobar analysis, since-the£ 

could not be considered a bona fide particle. 

Their full amplitude is properly analytic and 

unitary, and it includes: the Deck amplitude, 

resonant as well as background elastic pn -> pn 

scattering, rescattering corrections, inelasticity 

due to the K*i< channel·, and direct diffractive A
1 

production. They take the l+S phase from the 

difference of the known A2 phase and the observed 

2+D- l+S phase difference (ANTIPOVl 73). BASDEVANT 

77 show that the ANTIPOVl 73 data are consistent 

with a resonance at M = 1300 ± 150 MeV, r = 400 ± 100 



Mesons 
At(llOO) 

MeV, and that the data are rather inconsistent with 

the hypothesis of no resonance. 

Recentl~new light has been shed on the 

existence of the A
1 

by the PERNEGR 77 data on 

coherent n scattering on nuclei. For the first 

time these data contain information on the l+S-

0-P phase difference. Although this phase-shift 

analysis is ambiguous between two solutions, 

interestingly enough one solution exhibits a 

conspicuous phase variation near M- 1100 MeV, 

f- 300 MeV. The energy dependence of the 1 + S - 0-P 

phase difference is in fact exactly as predicted 

by BASDEVANT 77 on the basis of the ANTIPOVl 73 

data. 

A long-standing problem of the A1 has been 

its non-observation in non-diffractive processes 

(for a recent review of the situation up to 1976, 

see HABER 77). Here ?lso the situation is 

completely changed due to new observations. 

GAVILLET 77 select backwardly produced 3TI 

events in the reaction K-p ~ L-TI+TI+TI- in suffi

cient number to project out the different 

partial waves. An A1 peak is seen not only in the 

total 3TI mass distribution, but most clearly in 

the l+S partial wave. The Breit-Wigner parameters 

of the peak are: mass 1041 ± 13 MeV, width 

230 ±50 MeV. 

A possible confirmation of backward A
1 

production by pions has been obtained by FERRER 

77 in a very large-statistics experiment; ~The 

observed peak has the resonance parameters, 

M"" 1050 MeV and f"" 200 ± 50 MeV, but nothing is 

known about the partial-wave composition. The 

production cross sections at two different beam 

momenta of 9 and 12 GeV/c agree with limits set 

by earlier, less significant experiments (ANDERSON 

69, ABASHIAN 75). 

On the other hand, no evidence for the A
1 

has 

been found in the charge-exchange reactions 

n+n-n°p (EMMS2 75), TI+p ~ TI+TI-TI 0~++ (WAGNER 

BALTAY 77), or K-p ~ TI+n-n°A (CERRADA 77). 

+ n n ~ 

75, 

However, 

the number of partial waves is greater in charge 

exchange due to the two possible values of isospin, 

and thus the analysis is more complicated. 

Other non-diffractive channels, such as pp 

annihilation, have not produced consistent results 

of any statistical significance. 

l10 

Data Card Listings 
For notation, see key at front of Listings .. 

+ 
Finally, the semileptonic decay ,-

to have been discovered at PLUTO (ALEXANDER 77). 

The n+n-n± mass distribution with a p 0n± selection 

shows a peak centered at M -. 1150 MeV, f - 250 ± 50 

·MeV, very unlike phase space. The Dalitz plot 

distribution is consistent with l+S. However, with 

only 23 events in the plot it' is not impossible to 

rule out all other possible waves. It is amusing 

to notice that this peak looks very much like the 

first Al (BELLINI 63), which contained only 47 

events! 

BASDEVANT 78 use the data of ALEXANDER 77 and 

preliminary unpublished SLAC-LBL data to restrict 

the range of solutions for the A
1 

resonance param

eters obtained in their analysis of diffractive A1 
production (BASDEVANT 77). The parameters they 

obtain, .when expressed as second sheet pole values 

rather than as simple Breit-Wigner parameters, are: 

M = 1180 ±50 MeV, f = 400 ±.50 MeV. This is not in 

contradiction with the results of the physical

region fits of FERRER 77 and GAVILLET 77 quoted 

above. 

Thus we may finally be arriving at a consistent 

picture of the A1 as a meson resonance. The quanti-

tative details, however, are a long way from being 

determined exactly. 

M 
M F 
M 
M 
M 
M 
M 
M 
M 

PRODUCED BY PI + 
I 1080.01 
(1080.1 
llO'tO.OI 
( 1128.) 

10 Al MASS IMEVI 

APPROX. 

CB.l 

ADERHCLZ 64 HBC 4.0 Pl+P 
BOESEBECK 68 HBC + 8 PI+ P 
ARMENISE 70 HI!C 0 9 PI+ N -- Al P 
THOMP$01 74 HBC + 13 PI+P,PC3PIJ+ 

PROOUC~~o:~.~l - ASCOll 68 HBC -0 5 PJ-P 
11089.01 112.01 BALLAM 68 HBC - 16.0 PI-P 
C1090.1 APPROX. CHUNG 68 HBC - 3.2,4.2 PI-P 
C 1055.01 16.01 JUNKMANN 68 HBC - 16. PI- Pr SPI 
Clll9.1 130.1 KEY 68 HBC - 3 PI-P 

M SHOULDER ON A2 ONL'rj- CASO 
70 

HBC _ ll.ZPI-P 

M u~~~:~: U.OI CRENNELl 70 HBC - 6. PI- P,F PI 
= F T 11150.1 ANT1POV1 73 CNTR- 25u40. PI-P 
M T MASS AND WIDTH SEEN TO DEPEND ON T, UNIQUE OET. IMPOSSIBLE 
M (1152.01 (9.,0) BALTAY 77 HBC 0 15 PI- P,P lPI 

M : PHAS~~~~~j~~ION OBSERVED BETWEENPi~~~~\No7I~~rRWA;E~+l3+l 5 
PI- NUt. 

6/68 
l/71 

12/15 

6/68 
9/68 
2167 
9/69 
9/68 

5170 
5170 
1174 
1/74 

12/77* 
12177• 

PROOUt~~~~~-~!ONSj~~~~ARDS SCATT.ANOERSON 69 "MS - 16 PI- P,BACKW9 8/69 
J (1050.0) tll.OJ FERRER 77 OMEG - 9+12 PI- p,p 3PI.l2/77* 
J NO JP DETERMINATION ATTEMPTED 

M 
H 
M 
M 
M 

" M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

PRODUCi~o;:.~BARS.(1.,) DANYSz 67 HBC +- 3t3.6 PBAR p 
11042.1 121.1 FRIDMAN 68 HBC - 5.7 PBAR P 
11076.1 {5.1 ATHERTON 73 HBC +- 5. 7 PBAR P 

JP ANALYSIS GIVES SC.ME EVIDENCE FOR RHO Pl 0-WAVE 

PRODUCED BY K-. 
I 1111.1 
11117.) 
(1060 .. } 

110.) 
130.1 
t15.1 

ALLISON 
ALLISON 
JUHALA 

67 HBC + 6 K-P,LAM +5 PI 
67 HBC + 6 K-P,LAM +4 Pl 
67 HBC 0 4.6-5 K-P,5BOOV 

~=OOUCi~o:6 .. ~;· t 2o.OI ALEXANDER 69 HBC + 9 K+P 
K+ 11030.0) 120.01 BERLINGHI 69 HBC + 0 12.7 K+ P 
K+ FOR CONTRADICTORY EVIDENCE SEE RABIN 70 • 

:ROOUCi~o:r.~;·BA~~~~~~S SCATTERIN~AVIllET 77 HBC + 4.2 K- P,S 3Pl 

FROM A FIT TO JP=l+ RI-O PI PARTIAL WAVE 

AVERAGING NOT MEANINGFUl 

7/67 
6/68 
1/74 
1/73 

1/68 
1/68 
1/66 

9/69 
9/69 

12/17* 

·' 
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Data Card Listings 
For notation, see key at front ofListings. 

Mesons 
A1(l100), M(1150-1170). B(1235) 

PRODUCED BY PI + 
(80.01 

1130. I 
(50.01 

BOO,.) 
(367.1 

10 Al WIDTH CMEVI 

APPROX. 
OR LESS 
APPROX. 

(30.) 

PRODUCED BY PI -
U40.0I 131.01 
112 5 .. J APPROX .. 

177.01 (17.01 
(16.) 1~6.1 

SHOULDER ON A2 ONLY 

AOERHOll 64 HBC 4.0 PI+P 
BOESEBECK 68 HBC + 8 PI+ P 
ARMENJSE 70 HBC 0 9 PI+ N -- Al P 
RINAUDO 11 HBC + 5. PI+P,P 13Pil+ 
THOMPSOl 74 HBC + 13 Pl+P,PI3PI I+ 

BALL AM 
CHUNG 
JUNK MANN 
KEY 

68 HBC 
68 HBC 
68 HBC 
68 HBC 

- 16.0 PI- P 
- 3.2,4.2 PI-P 
- 16. PI- P, 5Pl 
-3.0Pl-P 

199.01 (15.01 CASD 70 HBC - 11.2PI-P 
F T C300,. J ANTIPOVl 73 CNTR - 25.,40. PI- P 

T MASS AND WIDTH SEEN TO DEPEND ON T, UNIQUE OET. IMPOSSIBLE 
(264.01 111.01 BALTAY 77 HBC 0 15 PI+ p,p 3Pl 

P C300.0J PERNEGR 77 CNTR - 9+13+15 PI- NUC. 
P PHASE VARIATION OBSERVED BETWEEN ll+SJ AND CG-PJ WAVES 

PRODUCED BY PIONStBACKWAROS SCATT. 

6/68 
1171 

ll/71 
12175 

9/68 . 
2/67 
9/69 

ll/67 

5/10 
1174 
1174 

12/770 
12177• 

198.01 (45.01 120.01 ANDERSON 69 MMS - 16 PI- P,BACKW9 8/69 
J (195.01 02.01 FERRER 77 OMEG - 9+12 PI- p,p 3PI 12/77* 
J NO JP DETERMINATION ATTEMPTED 

PRODUCED BY PBARS • 
133.1 119.) OANYSZ 67 HBC +- 3,3.6 PBAR P 7/67 

1130.) APPRGX. FRIDMAN 68 HBC +- 5.7 PBAR P 6/68 
136.1 120.1 115.1 ATHERTON 73 HBC +- 5.7 PBAR P 1174 

JP ANALYSIS GIVES SOME EVIDENCE FOR RHO PI 0-WAVE 1173 

PRODUCED BY K-. 
150.) 
(50.1 

I 120. I 

PRODUCED BY K+. 

150. I 
125.1 
115. I 

ALLISON 
AlllSON 
JUHALA 

67 HBC + 
67 HBC + 
67 HBC 

6 K-P,LAM +4 PI 
6 K-P,LAM +5 PI 

0 4.6-5 K-P,5BODY 

116B 
1/68 
1/bB 

(160.01 120.01 ALEXANDER 69 HBC + 9 K+P 9/69 
8 1120.01 130.01 BERLJNGHI 69 HBC 12.7 K+ P 8/69 
K+ FOR CONTRADICTORY EVIDENCE SEE RABIN 70 • 

(130 .. 01 120.01 BERLINGHI 69 HBC + 0 12.7 K+ P 9/69 

PRODUCED BY K-,BACKWARDS SCATTERING. 
F 1230.01 150.01 GAVILLET 77 HBC + 4.2 K- P,S 3PI 12177* 

PI 
P2 

Rl 
Rl 

f FROM A FIT TO JP=l+ RHO PI PARTIAL WAVE 

AVERAGING NOT MEANINGFUL 

10 A1 PARTIAL DECAY HODES 

Al INTO RHO PI 
A1 INTO KBAR K 

10 A1 BRANCHING RATIOS 

A1 INTO IKBAR KJf(RHO PI) 
I 0.0025JOR LESS DAHl 

DECAY MASSES 
176+ 139 
493+ 497 

(P21/CP11 
67 HBC - 4.0 PI- P 

oo.-oo• ••••••••o •••oo•••• oooo**••• ••••••••• •o••••o•• ooooooo•o oo:o:ooo•o 

REFERENCES FOR A1 

BELLIN I, FJOR IN I, HERZ, NEGRI ,RATTI I MILANI 

AACH+BERL+B IRM+BONN+OESY+HAMBURG+LOI C+MPI M 
GOL OHABERtSROWN, KADYK, SHEN+ I LRL +UC81 

.10/66 

BElliNI 63 NC 29 896 

ADERHOLZ 64 Pl 10 226 
GOLDHABE 64 PRL 12 336 
LANDER M PRL 13 346 A LANDER,ABOLINS,CARMONYrHENORICKS + IUCSDJ JP 

ABOLINS 65 ATHENSIOHIOICONF. +CARMONY,LANDER,XUONG,YAGER I LA JOLLA 11.,1 
ISACL+BGNAI ALITTI 65 PL 15 69 AliTTI,BATON,DELERtCRUSSARO+ 

ALLARD 66 NC 46A 737 
DEUTSCHM 66 Pl 20 82 
HESS 66 UCRL-16832 

. ALLISON 67 PL 25B 619 
DAHL 67 PR 163 1377 
OANYSZ 67 NC 51 A B01 
JUHALA 67 PRL 19 1355 
SlATTERY 67 NC 50A 377 

ARM EN IS E 68 PL 26 8 336 
ASCOLI 68 PRL 21 113 
BALLAM 68 PRL 21 934 
BOESEBEC 68 NP 8 4 501 
CASO 68 NC 54 A 983 
CHUNG 68 PR 165 1491 
CNOPS 68 PRL 21 1609 
FRIDMAN 68 PR 167 1268 
JUNt<.MANN 68 NP 88 H1 
KEY 6B PR 166 l't30 

ALEXANDE 69 PR 183 1168 
ALLABY 69 PL 298 198 
ANDERSON 69 PRL 22 1390 
BERLINGH 69 PRL 23 -\2 
DONALD 69 NP B ll 551 
FAYOLLE 69 NP 8 13 40 
JUHALA 69 PR 184 1461 
KENYON 69 PRL 23 146 

+ORIJARD+HENNESSY+ fORSAY+MI LAN+SACL +UCB I 
DEUTSCHMANN, STEINBERG + UACH+BERLIN+CERNI 
R I HESS (THESIS, BERKELEY) ILRU 

+CRUZ+ IOXF+MPIM+Bl RM+RHEl+GLAS+LOIC I 
+HARDY+HESS +KIRZ +MILLER ILRLI 
OANYSZ+FRENCH+SIMAK (CERN) 
+LEACOCK+RHOOE+KOPELMAN+ I IOWA+COLOI 
+KRAYBILL+FORMAN+FERBEL IYALE+ROCHI JP 

+FORI NO+CARTACC I+ C SARI +BGNA+F I RZ+ORSAY I 
+CRAWLEY ,KRUSE ,MORT ARA, SCHAFER,+ ( llll NOI S I 
+BRODY, CHADWICK, FRI ESt GUI RAGDSS IAN+ I SLAC IJ P 
BO ES EB ECK, OEUT SC HMANN, + (AACHEN+ BERL I N+C ERN I 
+CONTE+COROS+D IAZ+ I GENOYA+HAMB+HILA+SACLI 
S. U.CHUNG,O.OAHLt J. KJ RZ, D. H. MILLER I LRLI 
+HOUGH ,COHN tBUGG+ I BNL+ORNl +UCNO+TENN+PENN I 
+MAURERrMICHALQN, OUDET+ IHEI D+STRASBOURGJ 
+COCCONI + IAACH+BERl+BONN+CERN+'WARS I 
+PRENT ICE+COOPER+MANNER+ C TNTO+ANL+WI SCI 

G .ALEXANDER ,A .FIRESTONE ,G. GOLDHABER ILRL J 
+8 INDN+OIDDENS+DUTE IL+KLOYNI NG+... (CERN I 
+COLLINSt+ (BNL+CARNI 
BERLINGHIERJ,FARBERt+ tROCHI 
+EDWARDS, BURAN, BElT INI , + Ill VP+OSLO+PADO I 
+DE MONTAIGNAC,MORANO,STRACHMAN+ (PARISI 
+LEACOCKrRHOOEt KOPELMAN,L IBBY, + IISU+COLDI 
+KINSON,SCARRr+ IBNl+UCND+ORNLJ 

ARMENISE 70 LNC 4 199 +GHIOINI,FORING,CARTACCI,+ CBARI+BGNA+FIRZI 
ASCOll 70 PRL 25 962 +BROCKWAYtCRAWLEY,EISENSTEIN,HANFT,+ IlLLI JP 
BRANOENB 70 NP B16 369 +BRENNER,IOFFREOO,JOHNSON,KIM+ IHARYAROI 
CASO 70 LNC 3 707 +CORQS,COSTA+ IGENU+DESY+HAMB+MflA+SACU 
CRENNELL 70 PRL 24 781 +KARSHON,LAI,SCARR,SIMS IBNLI 
GARELICK 70 PHILAO.CONF.P.205 O.A.GARELICK,REVIEW INORTHEASTERNI 
RABIN 70 PRl 24 925 +GAlTIERI,DERENZO,fLATTE,FRIEDMAN+ ILRLI 

ASCOLI 71 PRL 26 .929 
BEMPORAO 11 NP B 33 397 
BERGER 71/PHENDMENOLOGY 
RINAUDO 11 NC ·s A 239 

ILL INOIS+GENO+HAMB+MIL+ SACL+HARV+ TN TO+ WI SC 
+BEUSCHr MEL ISS INOS, + ( CERN+ETHZ+LO IC+M IlAI 

IN PARTICLE PHYSICS, CALTECH 1971 ILRLI 
+BOECKMANN, MAJOR+ I TORI +BONN+DURH+NI JM+EPDL I JP 

BERENYI 12 NP B 37 621 +PRENTICE,STEENBERG 1 VOON 1 WALKER (TNTO+WISCI 
,BLC.OOWOR 72 NP B 46 402 BLOOOWORTH,JACKSON, PRENTICE 1 YOON ITORONTOI 
DIEBOLD 12 8ATAV.CONF.3P.l1 R.OIEBOlD RAPPORTEUR TALK (ANU 
LAMSA 12 NP B 41 388 +EZELL,GAIDOS,WILLHANN CPUROUEJ 
MORSE 12 NP B 43 17 +OH,WALKER,JOHNSTON,YOON IWISC+TNTOI 

ANTIPOV1 73 NP B 63 153 
ANTJPOV2 73 NP 8 63 lltl 
ARNOLD 73 NC 11 A 393 
ASCOLI 1 73 PR 0 8 3894 
ASCOLI 2 73 PRL 31 795 
ATHERTON 73 Pl 43 8 249 
READ 73 NP B 64 511 

+AS COLI ,BUSNELLQ,FOCACCI ,+ CCERN+SERPI JP 
+ASCOLI,BUSNELLOrFOCACCit+ ICERN+SERPJ JP 
+ENGEL, ESCOUBES, GEHESY ,JANOSSY ,+I STRB+BUDA I 
+JONES,WEINSTEIN,WYlO (Ill} 
+CHAP IN ,CUTLER tHOllOWAY ,KOESTER, KRUSE+( Ill J JP 
+FRANEK ,FRENCH,GH ID INI, HILPERT 1 + I CERN I 
B.J.REAO IOESYJ 

BOWLER 74 NP B74 493 +OA INTON,KAOOOURA,AITCHiSON (QXF) 
ASCOt I 74 PR 09 1963 +CUlLER, JONES, KRUSE, ROBERTS rWE INSTE IN+( Ill J 
KRUSE 74 PRL 32 1328 +ROBERTS,EDELSTEIN+ CILL+CARN+NWES+ROCHJ JP 
LICHTMAN 74 NP B81 31 +BISWAS,CASON,KENNEY,HCGAHAN,+ ' (NDAMJ JP 
OTTER 74 NP 880 1 +RUDOLPH+ IAACH+BERL+BONN+CERN+HEIDJ JP 
TABAK 74 BOSTON CONf • P.46 +RONAl ,ROSENFElD, LASJNSKI+ CL8L+SLAC I JP 
THOMPS01 74 PR 09 560 
THOMPS02 74 NP 869 381 

THOMPSONtGAIDOS,HCILWAIN 1 WlLLMANN IPUROI JP 
THOMPSONrBADEWITZ,GAIOQS,HCILWAIN+ IPUROI JP 

ABASHIAN 75 PRL 34 691 
AITCHISO 75 Pl 59 B 288 
ASCOL I 7S PR 0 12 43 
BEUSCH 75 Pl 55B 97 
BOSETT I 75 NP B 101 304 
BOWLER 75 NP B97 227 

+BEAHERt BROSS t EISENSTEIN,+ I ILL +ANL+ I SUI 
J.J.R.AITCHISON, R.J.GDLOING tOXfOROJ 
G.ASCOLI, H.W.WYLO IILLINOISJ 
+POLGAR, FREUDENRE ICH+ I CERN+ETHZ+LOIC+MILA I 
+OTTER+{ AACH+BERL+BONN+CERN+HEI O+Ui IC+WI EN I 
+GAMEt A ITCH I SON, DAI NTON C OXF+OARE I 

DJAZ 75 PR 12 D 1272 +Dl 81 ANCA, F ICKINGER ,DADO, ENGLER+ CCASE+CARN I JP 
EHMS 1 75 NP 693 1 +JONES,KINSONtBEllrOAlE+ (BJRM+OURH+RHELJ JP 
EHHS 2 75 Pl 60 B 109 +JONEStKINSONrBELLtOALE+ tBIRM+OURH+RHEll JP 
HORNE 75 PR D11 996 +S .HAGOPIAN, V • HAGOPIAN, BENSINGER+ I FSU+BRAN I 
KANE 75 TENTH RENCONTRE DE MORIOND IMI.CHI 
WAGNER 75 Pl 58B 201 +TABAK,CHEW llBU JP 
ASCOLI 75 PR D 12 43 
AITCHISO 75 PL 59 8 288 
BOSETTI 75 NP 8 101 304 

G.ASCOU,H.W.WYLD tiLLINOJS) 
I .J.R.AITCHISON, R.J .GOLDING I OXFORD I 
HOTTER+ I AACH+BERL+B ONN+CERN+HE I O+LO IC+WI EN I 

BAUBILLI 76 NP B ll5 237 
BENZ 76 NP B ll5 3B5 
BRAYSHAW 76 PRL 36 73 

BAUBillJER,RIVOAL,ARHENISE + IBARI+LPNPI .JP 
+BRAUN + ( AACHEN+BONN+HAMBURG+HE I DBERG+MP IM l 
O.BRAYSHAW ISLACI 

ALEXANDE 11 DESY 77/78 AlEXANDERrKNIES,+IDESY+AACH+HAMB+SlEG+KUPPI 
SAL lAY 77 PRL 39 591 +CAUTIStKALELKAR (COLUM8IAI JP 
BASOEVAN 77 PR D 16 657 BASDEVANT,BERGER (FNAL+ANL) JP 
CAUTJS 77 THESIS NEVIS 221 C.V.CAUTIS CCOLUHBIAI JP 
CERRADA 71 NP B 126 241 +BLOCKZIJL,HEINEN+ IAMST+CERN+NIJM+OXFI JP 
FERRER 77 BUDAPEST CONF. +TREILLEtRJVET + IORSAY+CERN+COEF+LPNPI 

ALSO 11 THESISrlAL 1295 A.FERRER SORIA IORSAYI 
GAVILLET 71 PL 69 B 119 +BLOCKZIJL,ENGELEN+ IAMST+CERN+NIJM+OXFI JP 
HABER 11 NP B 129 429 H.E .HABER,G.L.KANE IUNIV .. Of MICHIGAN I 
KNIES 77 HAMBURG CONF. PLUTO DETECTOR fOESYJ 
LONGACRE 71 PRl 38 1509 +AARON INORTHEASTERN,BOSTONI JP 
PERNEGR 71 BUDAPEST CONF. +BEUSCHtASTBURY+ IETHZ+CERN+LOIC+NJLAI JP 
SCHULT 11 PR 0 16 62 + WVLD tiLLINOISI JP 
BASOEVAN 78 ANL-HEP-PR-78-01 BASDEVANT+BERGER fLPTP+ANL) JP 

••oo•• ••:o:ooo•o• •••o••o•o o:o:o•••••o ••oo••ooo ••o•••••• •o••ooo•o ••oooooo 
•••••• ••••***** ••••••*** •o••••*** ***••••o• •o•oo•••o •o*oo•:o:•o o•o•*••o 

I M( 1150-:-1170) I·· Hlll50-11101 

BUTTERWO 67 HEJDELB.CONF.P.2B 
CASON 67 PRl 18 880 
ASCOLI 68 PRL 21 ll3 
DONALD 68 PL 26 B 327 
VON KROG 68 Pl 278 253 
JUNKMANN 68 NP 88 471 
ARMENISE 69 LNC 2 501 
GALLOWAY 70 PR D 1 3077 
JACOBEL 1Z PRL 29 b 11 
MORSE 72 NP B 43 77 
BUTTRAM 75 PRL 35 970 

THIS ENTRY LISTS REFERENCES TO PEAKS OF LOW 
STATISTICAL SIGNIFICANCE IN THE 3 PI SYSTEM 
BETWEEN THE A1 AND THE A2, AS WELL AS A CLAIM 
FOR A NARROW RESONANCE AT ll50 MEV BY JACOBEL 
72, NOT CONFIRMED BY BUTTRAM 75. OMITTED FROM 
TABLE. 

REFERENCES FOR HC ll50-1170J 

REVIEW TALK ON MESONS AT HEIDELBERG CONF. 
+lAMSA, Bl SWAS, OERAOOrGROVES r+ I NOTREDAME I 
+CRAWLEY ,KRUSE ,MORT ARA, SCHAf ERt + t JLLI NOI S I 
+FRDDESEN ,BETTINI,+ ( L I VERPOOL,OSLO, PADUA J 
+MJYASHITAtKOPELMAN 1 MARSHAll LIBBY ICOLOI 
+COCCONI + I AACH+BERl+BONN+CERN+WARS I 
+GHIOINI rFORINO,CARTACC I+ I BARI+BGNA+ftRZI 
+MOlT tAl YEA ,LEE, MART IN, PRICKETT I I NO I 
+GARFINKEL ,HOFFMAN,+ ( IOWA+PURD+ANL I 
+OHtWALKER, JOHNSTQN,YOON IWISC+TNTOJ 
+CRAWLEY rDUKE, LAMB, LEE PERt PETERSON C I SU J 

o••oo• •o•o••••• ********* :o:ooo•o•*• *••o••oo* •••••*•oo •••••oooo **•o•oooC~ I •o···· ·*······· *0**00 *** :o:•o•o···· 000000:0:00 ·*···•o:o:• •oo ..... oo• •oo .... *. 

, I B(1235) I 11 81l235oJPG=l++l l•l 

11 8 MASS IMEVI 

6011220.01 ABOLINS 63 HBC + 3.5 PI+P 
11220.01 GOLOHABER 65 HBC 3.7 PI+,PI-P 

376 1200. 20. BALTAY 67 HBC +- 0.0 PBAR P 
1259.0 27 .. 0 BOESEBECK 6B HBC + 8.0 PI+ P 
1220. zo. CHUNG 68 HBC - 3.2,4.2 PI- P 
1240.0 20.0 ANDERSON 70 CNTR 0 5-18 GAMMA P 

( 1272.0) 115.0) CASON 10 HBC - 8,.0 PI-Pt4PI 
1200.0 ( 10.01 EROFEEV 70 HBC - 3.25 PI- P 
1225.0 22.0 HONES 70 HBC + 18.5 PI+ P 
1236.0 15.0 HOOGLAND 70 DBC - 3.0 K- 0 

H 1200.0 15.0 MIYASHITA 70 HBC - b. 7 PI-P,4Pl 
H 11230.1 ( 10.1 POLS 70 HBC + 5. PI+ P 
M HANDORAWN BACKGROUNO.ERRDRS STATISTICAL ONLY. 

" ( 1228.) (5. )· FRENKIEL 72 HBC +- o. PBAR PI,S PI 
H FIT REQUIRES AN ADDITIONAL JP=l- RESONANCE 
H w AT 1256 MEVt WIDTH 129 MEV. 
H 0 1163 1243. .. OTT 72 HBC + 7.1 PI+ p,p B+ 
M 0 FROM FIT OF THE MASS SPECTRUM 
M A {1252.) (6 .. } OTT 72 HBC + 7.1 PI+ p,p B+ 
H A FROM FIT OF MASS SPECTRUM AND MOMENTS DISTRIBUTION WITH A STRONG 
H A INTERFERENCE WITH THE BACKGROUND. 
M 1235. 15· AFZAL 73 HBC + 11 .. 7 PI+ P 
H '1268. , .. AFZAL 73 HBC - 11.2 PI- P 
H 1400 1222. .. CHALOUPKA 74 HBC - 3.9 PJ-P,P B-
H 600 1220. 1· KARSHON 74 HBC + 4.9 PI+P,P B+ 
H 890 1245.0 u.o FLATTE 76 HBC - 4.2 K-P,PI-OMEGA 

" 450 1251.0 a.o GESSAROli 11 HBC - 11 PJ-P,PI- OME 
M 
H AVG 1230.8 •• o AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.61 

2/67 
10/67 
9/67 

11/70 

1/71 
ll/70 
2171 

11171 
11171 
12172 

2173 

2/73 

2173 
Z/73 

12175 
12175 
1111* 

12/710 

" STUDENT 1230.5 , .. AVERAt;E USING STUDENTlOCH/1.111 - SEE MAIN TEXT 
CSEE IDEOGRAM BELOW J 



il2 

Mesons 
8(1235), p'(1250) 

WEIGHTED RUERRGE = 1230.8 ± 4.0 
ERROR SCALED BY 1.6 

-+-
-+-· 

'GESSRROLI 77 H8C 
·FLRTTE 76 H8C 
·KRRSHON 74 H8C 
·CHRLOUPKR 74 H8C 
·RFZRL 73 H8C 
·RFZRL 73 H8C 
·OTT 72 H8C 
·MIYRSHITR 70 H8C 
·HOOGLRNO 70 08C 

··HONES 70 H8C 
·RNOERSON 70 CNTR 
·CHUNG 68 H8C 
·80ESE8ECK 68 HBC 

CHISQ 
6.4 
1.7 
2.4 
4.8 
5.4 
0.1 
4.1 
4.2 
0.1 
0.1 
0.2 
0.3 
1.1 

· · · ·8RL TRY 

1150 1250 1300 1350 

67 H8C ~ 
33.3 

!CONLEU 
=0.0021 

8 MRSS .!MEUl 

11 8 WIDTH CHEVI 

60 100.0 20.0 ABOLINS 63 HBC + 3.5 PI+P 

w 
w 

(80.0) 
31b 100. 

25 I lOO.J 
203. 
150. 

300 183.J 
SUPERSEDED 

1100.0) 
( 150.0) 

30. 
ESTIMATED 

75. 
20. 

( 12.1 
BY FRENK IEL 72 

APPROX. 

SUPERSEDED BY AFZAL 73 

GOLOHABER 65 HBC 
SAL TAY 67 HBC 
U:E 67 HBC 
BOESEBECK 68 HBC 
CHUNG 68 HBC 

'BIZZARRI 69 HBC 

ANDERSON 
tASO 

70 CNTR 
10 HBC 

1122.01 138.01 128.01 CASON 70 HBC 
100.0 20.0 EROFEEV 70 HBC 

78 .. 0 14.0 46.0 HONES 70 HBC 
W 132.0 20.0 HOOGLAND 70 OBC 
W 113.0 44.0 MIYASHITA 70 HBC 
W P 1120~1 (20.1 POLS 70 HBC 
W P HANDDRAWN BACKGROUNO.ERRORS STATISTICAL ONLY. 

3.7 PI+,PI-P 
+- 0.0 PBAR P 

- 3.6 -PI- P 
+ 8. PI+ P 

- 3.2,4.2 PI- P 
+- 0 PBAR P 

0 5-18+GAMMA P 
- 11.2PI-P 

- 8.0 Pl-Pt4PI 
- 3.25 PI- P 

+ 18.5 PI+ P 
- 3.0 K- 0 
- 6.7 PI-P 1 4PI 

+ 5. PI+ P 

W W H26.1 (10.1 FRENKIEL 72 HBC +- O. PBAR PI,5 PI 
W W SEE NOTE UNDER THE MASS ABOVE. 
W 0 1163 134. 23. 26. OTT 72 HBC + 7.1 PI+ p,p B+ 
W b HOM F lT OF THE MASS SPECTRUM 
W A 1156.1 121.1 118.1 OTT 72 H8C + 7.1 PI+ P,P B+ 
W A SEE NOTE UNDER THE MASS ABOVE. 
W 120. 50. AFZAL 73 HBC + 11.7 PI+ P 

130. 50. AFZAL 73 HBC - 11.2 PI- P 
1400 135. 20. CHALOUPKA 74 HBC - 3.9 .PJ-P,P B-

600 156. 22. KARSHON 74 HBC + 4.9 PI+P,P B+ 
890 182.0 45.0 FLATTE 76 HBC - 4.2 K-P,PI-OHEGA 
450 155.0 32.0 GESSAROLI 77 HBC - 11 PJ-P,PI- OHE 

2/67 
• 1/68 
11/67 
9/67 

12172 

11/70 
2173 

1171 
11170 
2/71 

11171 
11/71 
12172 

2/73 

2/73 

2/73 
2173 

12/75 
12/75 
7177* 

12177* 

w 
w 
w 
w 
w 
w 
w 
w 

AVG 121.1 
STUDENT 127.7 

... 
8.1 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
AVERAGE USING STUOENT10CH~1.111 -- SEE MAIN TEXT 

P1 
P2 
P3 
P4 
P5 
P6 
P7 

R10 
R10 
R10 
R10 
R10 
R10 
R10 
RIO AYG 

11 B PARTI_Al DECAY MODES 

INTO OMEGA+PI 
INTO ZPI+ ZPI
JNTO K KBAR 
INTO PI PI 
INTO PI PHI 
INTO ETA PI CFORBIDOEN BY Gl 
INTO K KBAR PI 

DECAY MASSES 
783+ 139 
139+ 139+ 139+ 139 
493+ 493 
139+ 139 
134+1020 
548+ 139 
493+ 493+ 139 

11 B "BRANCHING RATIOS 

DIS RATIO FOR 8("12351 INTO OMEGA PI 

600 
0.3 
0.35 
0.21 
0.4 

0.1 
0.25 
0.08 
0.1 0.1 

CHALOUPKA 74 HBC - 3.9-7.5 PI-P 
KARSHON 74 HBC + 4.9 PI+P,P -8+ 
CHUNG 75 HBC + 7.1 PI+P 
GESSAROLI 77 HBC - 11 PI-P,PI- OME 

1174 
12175 
12175 
12/710 

RIO STUDENT 
0.291 
0 .. 291 

0.052 
0.060 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTlOIH/1.111 -- SEE MAIN TEXT 

R1 
R1 

R2 
R2 
R2 
R2 

R3 
R3 
R3 

•• •• •• 
R5 
R5 

B INTO f4PllltOMEGA Pll 
10.51 OR LESS 

8 INTO CK KBARJ/(014EGA PIJ 
(0,.021 OR LESS 
(0.101 OR LESS CL=.90 
10 ... 081 OR LESS CL:.95 

8 INTO (PI PI )/(PI OHEGAI 
10.31 OR LESS 
10.151 OR LESS CL=.90 

8 INTO CPI PHil I IPJ OMEGU 
IO.OLSJCR LESS 
(0.041 OR LESS Cl=.95 

8 INTO (ETA PII I (PI OMEGA) 

IP2J/IP1J 
ABOLINS 63 HBC + 3.5 PI+P 

DAHL 
BALTAY 
81ZZARRI 

67 HBC 
67 HBC 
69 HBC 

IP3Jf(p1J 
1 .. 6-4.2 PI- P 

+- 0.0 PBAR P 
+- 0 P8AR P 

IP4J/IP1J 
ADERHOLZ 64 HBC 4.0 PI+P 
OTT 72 H8C + 7.1 PI+ P 

IPSI/IPlJ 
DAHL 67 HBC 1.6-4.2 PI- P 
81 ZZARRI 69 HBC +- 0 PBAR P 

IP61!1 P11 
(0.251 OR LESS CL=.90 BALTAY 67 HBC +- 0.0 PBAR P 

10/66 
2/67 
9/69 

7/66 
12/72 

10/66 
9/69 

2/67 

Data Card Listings 
For notation, see key at front of Listings. 

•• •• 
8+- INTO IlK KbA;',.)+- PIOJ I (PI OMEGA! 

(0.08) OH LESS CL=.90 BALTA't 67 HOC 0.0 P8AR P 

•• •• 
8+- INTO IKS KS PJ+-1 I IPI OHEGAJ 

.10.02) OR LESS CL=.90 BALTAY 67 HBC 0.0 PBA- P 

•• •• 
8+- INTO IKS KL PI+-1 I IPI OMEGAJ 

CO.Obl OR LESS CL;-;90 BALTAY 67 HBC 0,.0 PBAR P 

•••••• ••co•••••• ********* ********* ********* ••••••••• ********* •••co•••• 

A60LINS 63 PRL 11 381 
BGNOAR 63 Pl 5 209 
ADERHOLZ 64 PL 10 240 
CARMONY b4 PRL 12 254 
GOLOHABE 65 PRL 15 118 

BALTA't' 67 PRL 18 93 
DAHL 67 PR 163 1377 
LEE 67 PR 159 1156 
SLATTERY 67 NC 50A 371 

ASCOLI 68 PRL 20 1411 
BCJESEBEC 68 NP 8 4 501 
CASD 68 NC 54 A 983 
CHUNG 68 PR 165 1491 
BIZZARRI 69 NP 8 14 16'7 

ANDERSON 70 PR D 1 27 
CASO 70 LNC 3 707 
CASC.N 70 PR D 1 851 
EROFEEV 70 SJNP 11 450 
HONES 70 PR D 2 827 
HOOGLAND 70 Pl 33 8 631 
MIYASHIT 70 PR 0 1 771 
POLS 70 NP B 25 109 
WERBROUC 70 LNC 4 1267 
DEVONS 71 PRL 27 1614 

FRE,...KIEL 72 NP B 47 61 
OTT 72 LBL-1547 
SI STERSO 72 NP B 48 493 

AFZAL 73 NCL 15 A 61 
ARMENISE 73 NC 17 A 707 
ARMENISE 73 LNC 8 425 
ARNOLD 73 LNC 6 707 
CASON 73 PR 0 7 1971 
CASON 1 73 NP 8 64 lit 
COHEN 73 PR 0 8 23 

BALLAM 74 NP 876 315 
CHALOUPK 74 Pl 518 407 
KARSHON 74 PR D10 3608 

CHUNG 75 PR Oll 2426 
ALS0,73 PL 47 a· 526 

OUBOVIKO 75 SJNP 20 229 

FLATTE 76 PL 64 B 225 

GESSAROL 71 NP 8 126 382 

REFERENCES FOR !Hl2351 

A BOLl NS, LANDER, MEHLHOP, XUONG, YAGER lUCSD) 
BON OAR, DODO+ I AACHEN+81RM+HAMB+LO IC+MP IM J 
AACHEN+BERLIN+BJRH + BONN+HAMBUR+LGIC+MPJM 
CARMONY, LANDER, RI NOFLE lSCH, XUONG, YAGER IUCB) J P 
G GOLOHABER,S GOLDHABER,KAOYK,SHEN ILRLI 

+SEYER IE,...S+YEH+ZANE LLO 
+HAROY+HESS +K I RZ+MJLLER 
+MOEBS tROE, S lNCLAIR, VANDERVELDE 
+KR AY81ll+FORMAN+FE RBEL 

ICOLU+BNL 1 
(LRll 

(MICHl 
IYALE+ROCHJ 

+CRAWLEY,HORTARA,SHAPIRO I ILLJ JP 
BOESEBECK ,OEUTSCHMA NN, +I AACHEN+BERLI N+C ERN 1 
+CONTE+COROS+Ol AZ+ I GENOVA+HAMB+MI LA+SACLI 
S.U.CHUNG,O.OAHL, J. Kl RZt D .H. MJ LLER I LRL I 
+FOSTER,GAVI Ll ET, MONT ANET, + I CERN+COEF J 

+GUSTAVSON,JGHNSON, + ISLAC+CIT+UCSB+NEASI 
+CONTE, TOMAS I NI, CORDS• I GEND+HAMB+MI LA+SACll 
+ANDREWS, BI SWAS, GROVES, HARRINGTON,+ (NOAH I 
+VETLITSKY,WLAOIHIRSKY,GRIGOREV,+ I ITEPI 
+CASON, 81 SWAS,HELLANO, KENNEY, MCGAHAN+ I NOAMI 
SABRE COLLABOR. IAHST+SACL+BGNA+REHO+EPOLJ 
MIYASHITA,YON KROGH,KOPELMANtLI8BY CCOL01 
+BOECKMANN, CIRBA, + C 80NN+DURH+EPOL +TORI I 
WER BROUCK,R I NAUOO, + I TORI +N I JM+BONN+LBl I JP 
+KOZLOWSKI ,HORWl T z, + I COLU+SYRA J 

+GHESQUI ERE, l ILLESTOL ,CHUNG t + I COEF+CERN IJP 
R.L.OTT THESIS CLBUJP 
S J STERSON, HARRISON, HEY OAt JOHNSON, +C HARVARD I 

+BASSLER,+ COURH+GENO+DESY+MILA+SACll JP 
+FORI NO,CART ACCJ t + I SAP J +8GNA+FIRZ J 
+FORI NC,CARTACCI, + ( BARI+BGNA+F I RZ J 
+ENGEL t E SCOUBES, KURTZ, LLORET ,p ATY, + I STRB I 
+B I SWAS,KENNEY, MADDEN, SANDER tSHEPHAROI NOAMI 
+MADDEN, BISHOP ,a I SWAS, KENNEY,+ I NOAH I 
+FER BEL, SLATTERY I ROCHESTER I 

+CHADWICK,B INGHAM, FRETTER+ {SLAC+LBL+HPIM I 
CHALOUPKA,FERRANOO,LOSTY,MONTANET (CERNJ JP 
+M I KENBERG, EISENBERG, PITLUCK, RONAl+ I REHOJ JP 

+PROTOPOPESCU .L VNCH ,FLATTE, + ( BNL+LBl+UCSC J JP 
+PROTOPOPESCU,LYNCH,FLATTE ,+ I BNL+LSL+UCSCJ JP 
M.S.OUBOVJKOV.t.A.EROFEEY (JTEPJ JP 

+GAY, BLOKZ I JL ,METZGER,+( CERN+AHST +N I JH+OXF J JP 

GESSAROLJ,+ CBGNA+ftRZ+GENO+MJLA+OXF+PAVI J JP 

•••••* ********* ********* ********* •••••••••••••••••.• ••••*•••• ******** ••••••••••••••• ********* •••••••••••••••••••••••••••••• -•••••••••••••• 

lp'(lzso) 1 
) 

69 RHO PRIMEC1250,JPG=l-+l 1=1 

EVIOEI>ICE NOT COMPELLING. OMITTED FROM TABLE. 
.SEE ALSO THE RHO PRIHEI16001 MINI-REVIEW. 

--- ____ .:. ____ ----- ------ ------ _..:, ___ ------- ------
69 RHO PRIMEC12501 MASS CHEVI 

2lb1 

2/67 

2/67 

M A 1256. 10. FRENKIEl 72 HBC +- O.PBARP,OMEGA2Pl 12177* 

M A SEe ALSO RHO PRIME I 1600) MINI REVIEW 12/77* 

69 RHO PRIME I 12501 WIOTti CMEVI 

w A 130. 20. FRENKIEL 72 HBC +- O.PBARPtOMEGA2Pl 12177* 
W A SEE ALSO RHO PRIMEI1600J MINI REVIEW 12177* 

•••••• ********* ········* ********* •••••••••••••••••• ********* •••••••• 
REFERENCES FOR RHO PRIME I 1250) 

ANDERSC•N 70 PR 0 1 27 +GUSTAVSON,JOHNSON,+ ISLAC+CIT+UCSB+NEAS) 
PODOLSKY 71 UCPl 20128 W.J.PODOLSKY,PH.O. THESIS ILBLI 
FFI.ENKIEL 72 NP 8 47 61 +GHESQUIERE,LILLESTOL,CHUNG,+ ICDEF+CERNIJP 
WOLF 72 ITHACA N.Y. CONF. G.WOLF,P.213 ISLACl 

CHUNG 73 PL 47 B 526 
BRAMON 73 LNC 8 659 

BALLAM 74 NP 876 375 
CHALOUPK 74 PL 518 407 
CCNVERS J 74 Pl 528 493 
EST ABROO 74 NP 879 301 
KARSHON 74 PR 010 3608 

ALLES 75 NC 30A 136 
CHUNG 75 PR 011 2426 
ESTABROO 75 NP 895 322 
FRGGGATT 75 NP 891 454 
HYAMS 75 NP 8100 205 

BASSOMP I 76 PL 65 8 397 

+PROTOPOPESCU,L YNCH ,FLATTE ,+ C BNl+LBL+UCSC J 
A.BRAMON IFRASCATII 

+CHAOWJ CK ,BINGHAM, FRETTER+ C SLAC+L8L+MPI M J 
CHALOUPKA,FERRANOO, LOSTY,MONTANET CCERN) 
+PAOL UZ I, CERAOINJ,GR Illl + I ROMA+FRAS J 
p.ESTABROOKS, A.O .MART IN I OURH J 

. +MIKENBERG,EJ:SENBERG,PJTLUCKtRONAT+ IREHOI JP 

All ES-BORELll, BERNARDINI+ I CERN+BGNA+FRAS 1 
+PROTUPOPESCU,L YNCH, FLA TTE, + I BNL +LBL +UCSC I 
P. EST A BROOKS, A. 0 .MARTIN I DURH1 
C .o .FROGGATT, J .L. PETERSEN ( GLAS+NORO I 
+JONES, WE ILHAHMER, BLUM,Ol Ell+ C CERN+MP IM 1 

8ASSOMP J ERRE, 8 INOER, + I MULH+STRB+TORI I 

BARTALUC 71 PREP. DESY 77-59 BARTALUCCI,BERTOLUCCI,BIENLEIN+ IDESY+FRASJ 
BUDNEY 71 PL 70 8 365 N.M.8UONEY,Y.M.BUONEV,V.V.SEREBRYAKOVCNOVOI 
COSTA 17 PL 67 B 213 COSTA OE BEAUREGARO,PHAM,PIRE,TRUONG IEPOLJ 
GESSAROL 77 NP 8 12b 382 GESSAROLI,+ IBGNA+FIRZ+GENO+MILA+OXF+PAYI1 

............... ********* ********* ********* ********* ••••••••• ******** 
****** ********* ••••••••• ********* ••••••••• ····••*** •••••**** ******** 

,• 

.• 
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Data Card Listings 
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.For notation, see key at front of Listings. 
Mesons 

!(1270) 

I r(t27o) I 5 FC 1270,JPG=2++J 1=0 

WE NO ltNGER LIST EVERY PUBLISHED VALUE. 
WE AVERAGE ONLY THE MOST SIGNIFICANT 
DETERMINATIONS OF MASS AND WIDTH. 

1/73 
1/73 
1/73 

• • • • • 

• • • • • • • 
H 
H 

5 F MASS IMEVJ 

( 1250.0) 125.01 SELOVE 62 HBC 3.0 PI- P l/73 
141611267.01 110.0) JACOBS 66 HBC 2-3 Pl-PtT CUT20 10/67 

1276. ll. RABIN 67 HBC 8.5 PI+ P 9/67 
1960 1261. 5. ARMENJSE 68 DBC 5.1 PI+N,P PI+ - 1/73 

360 1270 • 10. ARMENISE 68 OBC 5.1 PI+N,P PIO 0 1173 
1265. .. BOESEBECK 68 HBC • PI+ P 6/68 
1268.0 6.0 JOHNSON 68 HBC 3.7-4.2 Pl- P 7/69 
JOHNSON 68 INCLUDES BONDAR 63, LEE 64, OERAOO 65, EISNER 67o 
1275.0 13.0 ARMENJSE 70 HBC 9PI+N--FP 1171 
1273.0 7.0 ARMENt SE 70 HBC 9 PI+ N -- MM P 1/71 

600 1275.0 10.0 OH 10 HBC 1.26 PI- p,p F 1171 
Cl273.01 (6.01 STUNTEBEC 70 HBC 8.PI-P,5.4 PI+O 11/71 

5300 1271 .. 0 4.0 FLATTE 71 HBC 1.0 PI+ P 6/71 
E 30011272. I KEMP" 72 DBC 11.7 PI+ N 12/72 

2000 1261.0 10 .. 0 JACOBS 72 HBC 2.8 PI- P 1/73 
600 1258.0 10.0 TAKAHASHI 72 HBC .. PI- P,N 2P I 1/73 

~ . ...:.1200 1274 .. 12. WHITEHEAD 72 ASPK 3 .. 1-3.6 PI- P 2/13 
4600 1272. 4. ENGLER 74 OBC 0 6. PI+N,PI+PI-P 12/75 

IH I 1269 .. ) 14 .. 1 ESTABROOK 75 RVUE 17 PI-P,PI+PI-N 12175 
I 1275. 

AVG i211:1• 
STUDENT1271 .. 3 

4. 

lo 7 
2.0 

HYAMS 75 ASPK 17 PI-P,Pl+PJ-N 12/75 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTlOtH/1.111 -- SEE MAIN TEXT 

E~ROR TAKES ACCOUNT OF SPREAD OF DIFFERENT PHASE-SHIFT SOLUTIONS 
EVIDENCE FOR A STRUCTURE CLAIMED 
MASS ERRORS ENLARGED BY US TO WIDTH/SQRTINI,SEE K* TYPED NOTE 
USES SAME DATA AS HYAMS 75 

5 F WIDTH IMEVI 

UOO .. OI 125 .. 01 SELOVE 62 HBC 3 .. 0 PI-P 
1416 199 .. 01 UO.OJ JACOBS 66 HBC 2-3 PI-P,T CUT20 10/67 

155. 11. RABIN 67 HBC 8.5 PI+ P 9/67 
W T 1960 216. 20. ARMENISE 68 DBC 5.1 PI+NtP PI+ - 1173 
W T 360 1188.1 140al ARMENISE 68 OBC 5.I PI+N,P PIO 0 1/73 

128. 23. BOESEBECK 68 HBC 8 PI+ P 6/68 
176.0 13.0 JOHNSON 68 HBC 3.7-4.2 PI- P 7/69 

JOHNSON 68 INCLUDES BONDAR 63, LEE 64, OERADO 65, EISNER 67. 
131.0 25 .. 0 ARMENISE 70 HBC 9 PI+ N -- MM P 1/71 

T 173.0 25.0 ARMENISE 70 HBC 9 Pl+ N -- F P 2174 
T 600 120.0 20.0 OH 70 HBC 1.26 PI- P,P F 2/74 

E (196.01 118.01 STUNTEBEC 70 HBC 8.PI-P,5.4 Pt+D 11/71 
5300 183.0 15.0 FLATTE 11 HBC 7.Pl+P,DELTA++F 1/71 

W E 300 1143.1 KEMP 72 OBC 11 .. 7 PI+ N 12/72 
W 2000 130.0 25.0 JACOBS 72 HBC 2.8 PI- P 1/73 
W T 600 I66.0 28.0 TAKAHASHI 72 HBC 8,. PI- PtN 2PI 1/73 
W 1200 1217.1 124.1 WHITEHEAD 72 ASPK 3.1-3.6 PI- P • 2173 
W 4600 192. 16. ENGLER 74 DBC 0 6. PI+N,PI+PJ-P 12/75 
W IH 1209.1 110.1 ESTABROOK 75 RVUE 17 PI-P,PI+PI-N I2/75 
W I 188. 4. HYAMS 75 ASPK 17 PI-P,PI+PI-N 12/75 
w 
W AVG 181.1 

STUDENT 182.0 
5e6 AVERAGE IERROR INCLUDES SCAlE FACTOR OF 1.71 
4.5 AVERAGE USING STUDENTlOIH/1.111 -- SEE MAIN TEXT 

PI 
P2 
P3 
P4 
P5 
P6 
P7 

ISEE IDEOGRAM BELOW I 

~EIGHTED RUERRGE = 181.1 ± 5.6 
ERROR SCRLED BV 1.7 

CHISQ 
·HVRMS 75 RSPK 3.0 
·ENGLER 74 DBC 0.5 
·TRKRHRSHI 72 H8C 0.3 
·JRCOBS 72 HBC 4.2 
·FLRTTE 71 HBC o.o 
·DH 70 HBC 9.3 
·RRMENISE 70 HBC 0.1 
·RRMENISE 70 HBC 4.0 
·JOHNSON 68 HBC 0.2 
·BOESEBECK 68 HBC 5,3 
·RRMENISE 68 DBC 3.0 

· ·RRBIN 67 HBC ....£.....!_ 
32.3 

ICDNLEU .so 150 250 350 =0.0011 
F ~lOTH IMEUl 

I ERROR TAKES ACCOUNT Of SPREAD OF DIFFERENT PHASE-SHIFT SOLUTIONS 
E EVIDENCE FOR A STRUCTURE ClAIMED 
T WIDTH ERRORS ENL/IRGED BY us· TO 4*WIOTH/SQRTINI,SEE K* TYPED NOTE 
-H USES SAME DATA AS HYAMS 75 

5 F PARTIAl DECAY MODES 

INTO PI PI 
INTO 2PI+ 2PI
INTO PI+ PI- 2PIO 
INTO K KBAR 
INTO K KBAR PI 
INTO ETA PI PI 
INTO ETA ETA 

DECAY MASSES 
139+ 139 
139+ 139+ 139+ 139 
139+ 139+ 134+ 134 
497+ 497 
497+ 497+ 139 
548+ 139+ 139 
548+ 548 

5 F Bq_A.NGH!NG RATIOS 

F INTO 12PI+ 2PI-J/IPI PIJ IP21/CP1J 
ASCOll 68 SUGGEST DECAY IS MAINLY RHD-RHO,l/3 OF WHICH YIELD ZPl+ 2PI-

Oe08 0.06 SONDAR 63 HBC 4e0 PI-P 
0 .. 04 0.05 CHUNG 65 HBC 3.2 PI-P 

CORRECTED BY O.OAHL 
11171 
11171 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

50 0.07 0.04 ASCOLI 68 HBC 5 PI- P 6/b8 
0.022 0.045 0.022 BARDADIN 71 HBC Be PI+ P 2/72 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

0.041 0.013 OH 70 HBC 1.26 PI- P,P F 2/73 
154 0.037 Oe007 ANDERSON 73 OBC 6. PJ+N,P FO 1/74 

I0.03310R LESS C.L.=.90 BUGG 73 OBC 8e PI+N,P FO 1/74 
70 

285 
160 

.051 .025 EISENBERG 74 HBC 4.9 PI+P,DEL++FO 11/75 

.043 ,.Q07 .011 LOUIE 74 HBC 3e9 PI- P,N FO .Il/75 
,.024 .006 EMMS 75 DBC 4. PJ+N,P FO 11175 

R1 AVG 
RI STUDENT 

0.0344 
0.0351 

Oe 0040 
o. 0047 

AVERAGE IERROR INClUDES SCALE FACTOR OF 1.1) 
AVERAGE USING STUDENTLOIH/1.111 -- SEE MAIN TEXT 

R2 F INTO IPI+ PI- 2PI01/CPJ PJI IP3IIIP11 
R2 SHOULD BE TWICE R1 IF DECAY IS RHO-RHO ISEE ASCOLI 681 
R2 600 .15 e06 EISENBERG 74 HBC 4.9 PI+P,DEl++FO 11/75 
R2 I .011 EMMS 75 OBC 4. PI+N,P FO 11/75 

R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 AVG 

F INTO IK KBARIJ(PI PII IP41/1Pll 

20 

WE GNLY AVERAGE EXPEfl:JMENTS WHICH EITHER TAKE INTO ACCOUNT F-A2 
INTERFERENCE EXPLICITLY OR DEMONSTRATE THAT A2 PRODUCTION IS 
NEGLIGIBLE. 

10.0471 10.0121+ SYST. BEUSCH 
Oe05 0.05 DAHL 
CORRECTED BY O.DAHl 

67 OSPK 
67 HBC 

0.031 0.012 AOERHOLZ 69 HBC 
(0,.071 OR lESS CLm.95 AGUILAR 72 HSC 

5,7,12 PI-P 
1.6-4.2 PI- P 

8 PI+ p,K+K-PI-
3.9,4.6 K- P 

LIMIT ABOVE RESTATED FOR AVERAGING BELOW. 
0.0 0.04 AGUilAR 72 HBC 3e9,4.6 K- P 
0.13 0.0·5 BISWAS 72 HBC 18.5 PI+- P 

10.021 OR LESS Cl=e85 WHITEHEAD 72 ASPK 3.1-3.6 PI- P 
0.03 0.02 TOET 73 HBC 5 PI+P,P PI+ FO 

.025 .015 EMMS 75 OBC 4. PI+N,P FO 

.029 .006 WETZEl 76 OSPK 8.9 PJ-P,KS KS 
0.047 0.005 PAWLICKI 71 SPEC 6. PI N,K+ K- N 

THIS DETERMINATION HAS QUANTITATIVELY ACCOUNTED FOR BOTH F-PRIME 
AND A2 INTERFERENCE EFFECTS. 

0,.0045 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.31 

9/67 
10/66 
11/71 
12175 
12172 
12/72 
12/72 

1/73 
12/72 
I/74 

11/75 
1171* 

12/77* 

R3 STUDENT 
0 .. 0380 
0.0372 0.0048 AVERAGE USING STUDENTlOIH/1.111 -- SEE MAIN TEXT 

IS E E IDEOGRAM BELOW ) 

~EIGHTEO RUERRGE = 0.0380 ± 0.0045 
ERROR SCRLEO BV 1.3 

+· 
4- .. 
-+f-. 

j-+ 

·PR~LICKI 

·~ETZEL 

·EMMS 
·TOET 
BIS~RS 

·RGUILRR 
·ROERHOLZ 
·ORHL 

77 SPEC 
76 OSPK 
75 OBC 
73 HBC 
72 HBC 
72 HBC 
69 HBC 
67 HBC 

CHISQ 
3.2 
2.3 
0.8 
0.2 

0.3 

6.7 
!CONLEU 

-0.05 0.05 0.15 0.25 =0.150) 

R4 
R4 
R4 

R5 
R5 
R5 

F INTO IK KBRRl/IPI Pll 

F INTO IKO K- PI+ AND C,.C.J/IPI PII 
10.071 OR LESS Clz.95 AGUILAR 

I .00410R lESS Clz:.95 EMMS 

F INTC lETA PI PIIJIPI PII 
IOel91 OR LESS CL=.95 AGUILAR 

I.01010R lESS Cl=.95 EMMS 

F INTO lETA HAIJ(PI PJI 

IP51/IPII 
72 HBC 3e9,4.6 K- P 
75 OBC 4. PI+N,P FO 

IP61/1Pll 
72 HBC 3.9,4.6 K- P 
75 DBC 4. PI+N,P FO 

IP71/CPU 

12/72 
11/75 

12/72 
11175 

R6 
R6 

•• 
(.091 OR lESS Cl=.95 · EISENBERG 74 HBC 
I .016IQR LESS CL=.95 EMMS 75 DBC 

4.9 Pl+P,DEL++FO 11/75 
4. PI+NtP FO 11175 

RIO 
RIO 
RIO 
R10IH 
RIO H 
R101 
RlOI 
RIO 
RIO AVG 

F INTO IPI PII/TOTAL 
600 Oe8 0.04 
250 0.85 0.05 

le82} (,.QlJ 
USES SAME OATA AS HYAMS 75 

OH 70 HBC 
BEAUPRE 71 HBC 
ESTABROOK 75 RVUE 

IPU 
01.26 PI- P,P F 
08 PI+ P,DELTA++F 

11 Pt-P,PI+PI-N 

.803 e003 HYAMS 75 ASPK 17 PI-P,PI+PI-N 
ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT PHASE-SHIFT SOLUTIONS 

0.0030 AVERAGE (ERROR INCLUDES SCAlE FACTOR OF 1.01 

1/71 
1/71 

12/75 

12/75 

RIO STUDENT 
0.8032 
Oe8031 0.0032 AVERAGE USING STUOENTlOIH/1.111 --:-SEE MAIN TEXT 

SELOVE 62 PRl 9 272 
BONDAR 63 Pl 5 153 
GUIRAGOS 63 PRl 11 85 
HAGOPIAN 63 PRL I 0 533 
VEJLLET 63 PRL IO 29 

ADERHOLZ 64 PL 10 240 
BRUYANT 64 Pl 10 232 
LEE 64 PRl 12 342 
SODICKSO 64 PRL 12 485 

BAF.MIN 65 SJNP 1 230 
BARMIN 65 SJNP I 623 
CHUNG 65 PRl 15 325 
OERAOO 65 PRL I4 872 
GUIRAGOS 65 P~l 11 85 
WANGLER 65 PR 137 B 414 

REFERENCES FOR F 

SELOVE, HAGOPIAN, BRODY, BAKER, lE BOY I PENN I 
BONDAR+ ( AACHEN+B IRM+BONN+DE SY+lO I C+MPI M I 

·Z.G.T. GUIRAGOSSIAN (LRLI 
V HAGOPIAN,W SELOVE (PENNI 
V EI ll ET, HENNESSY, BINGHAM, BlOCH+ I EPOl +MILAN I 

AACHEN-.BERL I ~BERl I N-.BONN-....HAMSURG-.LO IC~MP I I J 
BRUYANT,GOLDBERG,HOLDER,FlEURY+ ICERN+EPOll I 
lEE tROE, SINCLAIR, VANDER VEL DE I M ICH I 
SUDICKSON,WAHliG,MANNELU,FRISCH+ CMITI I 

+OOLGOLENKO,ELENSKY,EROFEEV+ IITEP MOSCOWI JP 
+DOLGOLENKO+EROFEEV+KRESTN I KOV+ I ITEP MOSC I 
CHUNG, DAHL, HARDY, HESS, JACOBS ,K I RZ ( lRL) 
DERAOO ,KENNEY, POIRIER, SHE PHARO INOTR E DAME J 
Z G T GUIRAGOSSIAN (lRU 
T P WANGLER,A R ERWIN,W WALKER IWISCONSINI 
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Mesons 
f(1270), D(1285) 

ACCENS I 
JACOBS 
WAHLIG 

BARLOW 
BEUSCH 
DAHL 
ElSNER 
POIRIER 
RABIN 

66 Pl 20 557 
66 UCRL-16877 
66 PR 147 ~41 

67 NC SOA 701 
67 Pl 25 B 357 
67 PR 163 1377 
67 PR 164 1699 
67 PR lb3 1462 
67 THESIS 

ARHENJSE 68 NC 54 A 999 
ASCOLI 68 PRL 21 1712 
BOESEBEC 68 NP B 4 501 
FOSTER 68 NP B 6 107 
JOHNSCN 68 PR 17 6 1651 
LAMSA 68 PR 166 1395 
WHITEHEA 68 NC 53A 817 

ADERHOLZ 69 NP 8 11 259 
AGUILAR- 69 Pl 29 8 241 
Af..MENISE 69 LNC 2 501 
CASO 69 NC 62 A 755 
DONALD 69 NP B 11 551 

AGUILAR 70 PRL 25 58 
ARMENISE 70 LNC 4 199 
SADlER 70 NP B 22 512 
OH 70 PR 0 1 2494 
STUNTEBE 70 PL 32 B 391 

BAROADI N 11 PR 04 2711 
BEAUPRE 71 NP B 2 8 77 
FARBER 71 NP 8 29 237 
FLATTE 11 PL 34 8 551 

AGUIlAR 12 PR 0 6 29 
BISWAS 72 PR D 5 1564 
FOGLI 72 NC 8 A 670 

ACCENS I, ALLE S-BORElll, FRENCH ,fRl SK+ I CERN l 
L.O.JACOBS, THESIS I LRL 1 
+SHIBATArGOROONoFRISCH,MANNELLI (Mil+PISAl J 

+l IL LESTOL+MONT ANET + I CERN+COEF+ IRAO+l. I VP I 
+Fl SCHER ,GOBS I, AS TB URY+ I ETHZ +CERNJ 
+HARDY+HE SS+KI RZ+MI LLER ( LRL l 
+JOHNSON+KLE I N+PETERS+SAHN I +YEN+ I PURDUE I 
+BI SWAS, CASON, DERADO,KENNEY+ INDAM+PENN) 
M. RABIN (RUTGERS l 

+FOR I NO+CART ACCI + I BAR I +BGNA+F IRENZE+ORSAY I 
G .ASCOl I, H. B .CRAWLEY, D. W. MORT A RA, + I Ill 1 
BOESE BECK ,DEUTSCHMANN,+ (AACH EN+BERL I N+CERN) 
+GAVIllET+LABROSSE+MONTANET+ fCERN+CDEF l 
+POIRIER, BI SWA S, GUT AY+ ( NDAM+PURO+SLAC J 
+C ASON+B I SWA S+OE RADO+GROVES+ ( NOTREDAME l 
+MCEWEN, OTT, AITKEN+ I AERE+SHMP+lOUC J 

+eARl SCH ,+ I AACH+BERl+CE RN+JAGL+WARS I 
"'. AGUJLAR-B EN ITE Z ,J. BARLOW,+ I CERN+COEF I 
+GHID IN 1, FOR INO, CART ACC I+ I BAR I +BGNA+F I RZ J 
+CONTE, BENZ,+ I GENO+DES Y+HAMB+MILA+SACL l 
+EDWARDS ,BURAN, SETT INI, + I LIVP+OSLO+PADOJ 

AGUILAR-SEN ITEZ, BARNES, SASSANO,+ I BNL+SYRA I 
+GH10 IN I, FOR lNG, CART ACC I,+ I SARI +BGNA+F 1 Rll 
+BONNET 1 OREV I LLONt BAUBI Lll ER ,+ I EPOL+ I PNP I 
+GARFINKEL ,MORSE, WALKER, PRENTICE C WI SC+TNTOJI 
STUNTEBECK, KENNEY, DEERY, 81 SWAS oC ASON+ C NOAMI 

BAROAN IN-OTW INOWSKA ,HOFMOKL, + C WARS I 
+OEUT SCHMANN, GRAESSLERt + I AACH+BERL+CERN I 
+DE PINTO, 81 SWAS ,CASON, DEERY ,KENNEY 1 +(NOAH I 
+ALSTON-GARNJOST t BARBARO-GALT I ER I 1 + ( LBll 

AGUILAR-SEN ITEZ, CHUNG, ElSNER ,SAM lOS I BNl 1 
+CASON, HARR t NGTON, KENNEY, SHEPHARD I NOAM J 
FOGLI-MUC IACC I A, P ICC IARELL I I BAR I I 

GRAYER 72 PHil.CONF.PROC. 5 +HYAMS, JONES, SCHLEIN t BLUM, 0 I Ell+ ( CERN+MP I M I 
JACOBS 12 PR 0 6 1291 
KEMP 72 NC 8 A 611 
SCARROTT 72 LNC 3 271 
T AKAHASH 12 PR 0 6 1266 
WHITEHEA 72 NP 8 48 365 

ANDERSON 73 PRL 31 562 
BUGG 73 PR 0 7 3264 
CHARLESW 73 NP B 65 253 
HYAMS 73 NP B 64 134 
TOET 73 NP B 63 248 

E1SEN8ER 74 PL 528 239 
ENGLER 74 PR 010 2070 
GRAYER 74 NP 8 75 189 
HOLLOWAY 74 PR 09 1161 
lOUIE 74 Pl 466 385 

EMMS 75 NP 896 155 
ESTA8ROD 75 NP 895 322 
HYAMS 75 NP 8100 205 
PAWLICKI 75 PR 012 631 

WETZEL 76 NP B 115 208 

ANTIPOV 71 NP 8 119 45 
PAWLICKI 11 PR 0 15 3196 

L.O .. JACOBS I SACLAYI 
+MAJOR ,CONTRJ, + C DURH+GENO+MI LA+EPOl+lPNP 1 
SCARROTT, KEMP I DURHAM) 
TAKAHASHI ,BAR ISH,+ C TOHO+PENN+NDAM+ANl 1 
WHITEHEADtAULO, + I AERE+RHEL+SHMP+LOUC I 

+ENGLER, KRAEMER, lOAF t OIAZ 1 + I CARN+CASE I 
+CONDO, HART tCOHNt ENOORF t+ ITENN+C!RNL+Cl NC J 
CHARLESWORTH, EMMS, BELL t + C RHEL+B1 RM+OURH I 
+JCNES, WE ILHAMMER' BLUM, OI Ell,+ ICERN+MP IM) 
+THUAN,MAJOR,RINAUDO,+I NIJM+BONN+DURH+TORI I 

El SENBERG, ENGLER, HABER, KAR SHON+ 
+KRAEMER, TOAFF ,WEISSER, OI A Z+ 
G .GRAYER, HYAMS, BLUM tO IETL 1 + 
+HULD,JORDAN, KOET Z, BERNST El N+ 
+Al ITT I, GANOOI S, CHALOUPKA• 

IREHOI 
CCARN+CASEl 
ICERN+MPIM) 

( lll+ILLC I 
I SACL+CERN I 

+KIN SON, STACEY 1 VOTRUBA+ C Bt RM+OURH+RHEL I 
P. EST A BROOKS, A.D .MARTIN lOUR HI 
+JONES, WE I LHAMME RtBLUMt DI ElL+ I CERN+MP I M I 
+AYRES, DI EBOLDt GREENE, KRAMER,WJ(:KLUND I ANL I 

+FREUDENREICH, BEUSCH, + I ETHZ+CERN+LOIC I 

+BU SN ELU.itDAMGAARD 1 KIENZLE,+ I SERP+GEVA J 
+AYRES, COHEN, DIEBOLD, KRAMER, WICKLUND ( ANL I 
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I D(1285) I 
11290.) 
1283.0 
1290. 

I 1310.01 
1270.0 
1285. 
1303.0 
1283.0 

150 1292. 
180 1286. 
50011280.) 

8 Dtl2B5oJPG::1++l 1=0 

8 0 MASS IMEVJ 

APPROX. 
5.0 
1. 

10.0 
1. 
a.o 
6.0 

10. 
3. 

('3.1 

BARLOW 67 HBC 
DAHL 67 HBC 
D-ANDLAU 68 HBC 
OEFOIX 68 HBC 
CAMP BEll 69 OBC 
LORSTAD 69 HBC 
BAROADlN 71 HBC 
BOESEBECK 71 HBC 
OEFOIX 72 HBC 
ouaoc 12 HBC 
THUN 72 MMS 

SPECTRUM 

1.2 PBAR P, 4PFS 
1.6-4.2 PI- P 

1.2 PBAR p, 5-6 PFS 
1.2 PB P,7 PI 
2. 7 PI+ 0 

0.1 PB p, 4, 5-BODY 
B PI+ p, P+6PI 
16.0 PI P,5 PI 
0.7 -PBAR P,7 PI 
1.2 PBAR P,2K4Pl 

• 13.4 PI- P 

5/67 
10/66 
6/68 
3/69 
8/69 
9/69 
9/69 
6/71 
1/73 

12/72 
12/72 
1.2/72 SEEN IN THE 

210 1279.0 
365 1276.0 
320 1282.0 

MISSING MASS 
5.0 GRASSLER 77 HBC 0 16. PI-+ P 11177* 

u 
w u 
w 
w 
w 
w 
w 
w 
w 
w 
w 

AVG 1282.4 
STUDENT1282.5 

R 135.0) 
46. 

3.0 EDWARDS 77 SPEC 0 8.5 PI- P 12177* 
2.0 NACASCH 77 HBC 0 o7+o76 PB P,KKBP 12177* 

1.6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.31 
1.5 AVERAGE USING STUOENTIOIH/1.111 --SEE MAIN TEXT 
ISEE IDEOGRAM BELOW J 

8 D WIDTH 1"1EVI 

110.0) DAHL 67 HBC 1.6-4.2 PI- P 11171 
20. D-ANOLAU 68 HBC 1.2 PBAR P, 5-6 PFS 2/72 

UNFOLDED BY DOBRZYNSKI 71 
R 140.0) DEFOJX 68 HBC 1.2 PB Pt7 PI H/71 

30a0 15.0 CAMPBELL 69 OBC 2.7 PI+ D 8/69 
(60.) ( 15. J LORSTAD 69 HBC 0.7 PB p, 4,5-BODY 11171 
(44.01 124~01 BARDAOlN 71 HBC ' PI+ P, P+6PI 11171 
10.0 10.0 BOESEBECK 71 HBC 16.0 PI Po5 PI 6/71 

150 (28. J 15.1 DEFOIX 72 HBC 0.7 PBAR Pt7 P9 1173 
180 146.) 19. I DUBOC 72 HBC 1.2 PBAR P,2K4Pl 12/72 
500 C37. J 15. J THUN 72 MMS 13.4 PI- P 12/72 

SEEN IN THE MISSING MASS SPECTRUM 12/72 
RESOLUTION NOT UNFOLDED 
210 24.0 
320 28.3 

AVG 24.9 
STUDENT 25.3 

18.0 
6.7 

4.9 
5.6 

11171 
GRASSLER 17 HBC 0 16. PI-+ P 12177* 
NACASCH 77 HBC 0 .7+.76 PB P,KKBP 12177* 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOIH/1.111 -- SEE MAIN TEXT 

Data Card Listings 
For notation, see key at front of Listings. 

P1 
P2 
P3 
P4 
P5 
P6 

WEIGHTED ~UERRGE = 1282.4 • 1.6 
ERROR SCRLED BY 1.3 

·N~C~SCH 77 HBC 
·EOWRROS 77 SPEC 
·GRRSSLER 77 f:IBC 
·OUBOC 72 HBC 
·DEFOIX 72 HBC 

CHISQ 
0.0 
4.5 
0.5 
1.4 
0.9 

·BDESEBECK 71 HBC 0.0 
·B~RDRDIN 

·LDRSTRO 
·CRMPBELL 
·0-RNDLRU 
·DRHL 

1250 1270 1290 1310 1330 

0 MRSS IMEUl 

8 0 PARTIAL DECAY MODES 

0 INTO K KBAR PI 
0 INTO Pl PI RHO 
0 INTO ETA PI PI 
D INTO DELTA PI 
0 INTO 2PI+ 2Pl
D INTO K* K8AR 

8 D BRANCHING RATIOS 

0 INTO IPI PI RHO) I IK KBAR PI I 

71 HBC 6.6 
69 HBC 0.1 
69 OBC 1.5 
68 HBC 1.2 
67 HBC ~ 

16.9 
ICONLEU 
=0.0761 

DECAY MASSES 
497+ 497+ 134 
134+ 134+ 776 
548+ 134+ 134 
980+ 134 
139+ 139+ 139+ 139 
892+ 497 

CP2J/CP1) R1 
R1 
R1 
R1 

12.01 OR LESS DAHL 67 HBC 
14.01 OR LESS DONALD 69 HBC 

CHARGED PI ONLY 10/66 
1.2 PBAR P,5P+ 

THIS IS FOR IRHOO PI+ PJ-1/IK K8AR PIO) 

R2 0 INTO (K KBAR PII/IETA PI PIJ 
R2 K R 0.166 0.055 OEFOlX 68 HBC 
R2 fl REVISED BY DEFOIX 72 
R2 0.16 0.08 CAMPBEll 69 OBC 
R2 K 0.20 0.08 OEFOIX 72 H8C 
R2 K K KBAR SYSTEM CHARACTERIZED BY THE I:c1 THRESHOLD 
R2 K ENHANCEMENT ISEE UNDER DElTAI980JJ. 
R2 

IP1J/IP3J 
1.2 PBAR P 

2 .. 7 PI+ D 
0.7 PBAR p,7 PI 

1/73 

l/73 
1173 

R2 AVG 
R2 STUDENT 

0.173 
0.173 

0.039 
0.042 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENT101H/1.1U -- SEE MAIN TEXT 

R3 
R3 
R3 
R3 
R3 

D INTO (DELTA PIJf(ETA PI Pll 
POSSIBLY SEEN AHMAR 70 HBC. 

OTWINOWSK 70 HBC 
OEFOIX 72 HBC 
GRASSLER 77 HBC 

IP41/IP3) 
4.1,5.5K-,ETA 5/70 

8 PI+ P, P+6PI 9/69 
O. 7 PBAR P, 7 PI • l/73 

POSSIBLY SEEN 
(0.8) (0.21 
1.0 0.3 0 16. PI-+ P 11/77* 

R4 0 INTO 12PI+ 2PI- iiNCL. RHO PI Pill/lETA PI+ PI-I 
R4 IP51112/3P3J 
R4 50 10.551 OR MORE BOESEBECK 71 HBC 16. PI+- P,P 5PI 11/71 
R4 0.46 0.15 GRASSLER 77 HBC 0 16 •. PI-+ P ll/77* 

R5 
R5 

0 INTO CK* KBARJ/TOTAL 
NOT SEEN NAtASH 

IP61 
77 HBC .7+.76 PB P,KKBP 12177* 

*****'* "'******** ********* ********* ........... ********* *******'** 

D-ANDLAU 65 Pl 17 347 
MillER 65 PRL 14 1074 
BARLOW 67 NC 50 A 701 
DAHL 67 PR 163 1377 
D-ANDLAU 68 NP B 5 693 
DEFOIX bB Pl 28 8 353 

CAMPBELL 69 PRL 22 1204 
DONALD 69 NP B 11 551 
LORSTAO b9 NP 8 14 63 
OH:INOWS 69 Pl 29 8 529 

AHMAR 70 PR D2 430 

BAROAOIN 71 PR 04 2711 
BOESEBEC 11 PL 34 B 659 
GOLDBERG 71 LNC 1 627 

BERENYI 
CHAPMAN 
OEFOIX 
DUBOC 
THUN 

72 NP 8 37 621 
72 NP B 42 1 
72 NP B 44 125 
72 NP B 46 429 
72 PRl 28 1733 

VUILLEMI 75 LNC 14 165 
WELLS 75 NP B 101 333 

HANDLER 76 NP B 110 173 
VUILLEHI 76 NC 33A 133 

EDWARDS 71 PREPR1NT 
GRASSLER 77 NP B 121 l89 
NACASCH 77 PREPRI NT 

REFERENCES FOR D 

+BARLOW,ADAHSON, + I COEF+CERN+ IRAD+L I VP I 
+CHUNG,OAHL t HESS, HARDY, Kl RZ, + I LRL +UCB J 
+MONTANET ,D-ANOLAU+ ( CERN+CDEF+1RAD+LIVPJ 
+HAROY+HESS+KIRZ+MillER ILRLJI JP 
+ASTIER,BARLOW+ ICOEF+CERN+IRAO+LIVPII JP 
+RIVET, S lAUD ,CONFOR TO+ I CDEF+IPNP+CERN) 

+LICHTMAN,+ IPUROJ 
+EDWARDS, BURAN, BETTINI,+ I L I VP+OSLO+PAOO I 
B .. LORSTAO,D-ANOLAU,ASTIER,+ ICOEF+CERNJ JP 
S.OTWINOWSKI IWARSAWI 

+KROP ACt OAVI StOERRICK+ I KANS+NWES+ANL +WI SC J 

BAROADIN-OTWINOWSKA tHOFMDKl1 MICHEJDA+ I WARS I 
I AACH+BERl+BONN+CERN+CRAC+HE IO+WARS J 

+MAKOWSKJ,TOUCHARD,OONALDt+ IIPN+llVP) JP 

+PR ENTICE ,STEENBERG, YOQN,WALKER I TNTO+W 1 SCI 
+CHURCH, l YSt MURPHY, RING, VANDER VEL DE I Ml CH J 
+NASCIMENTO, B IZZARR It+ I COEF+CERN I 
+GOLOBERG,MAKOWSKJ, DONALD,+ ILPNP+liVPJ 
+BL I EDEN, FINOCCHIARO, BOWEN,+ ( STON+NEAS J 

VUILLEHIN,+ ILAUS+NEUC+LPNP+LIVP+GLAS I JP 
+RADOJICIc, ROSCOE,L YONS ,+ fOXF J 

+Pl AND, BRUCKER, KOLLER+ I RUTG+STEV+SETOJ 
VUJ LLEMIN+ 'l AUS+NEUC+lPNP+l I VP+GlAS J 

+LEGACEY+C OTT AWA+HONTREAL+COLUMBUS+ TORONTO I 
~ +I AACHEN+BERL I N+BONN+CERN+CRACOW+HE I D+WARS 1 

+DEFO IX, DOBRZYNSKI+( PAR I S+MAOR ID+CERN+T AT A J J P 
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Data Card Listings 
,For notation, see key at front of Listings. 

·: .l€{13oo) I 14 EPSilON(l300.JPG:cO++) 1=0 

S-Wave 1T1T and KK Interactions 

In this note, we discuss information on the 

non-strange IGJPC = 0+0++ partial wave, coupled to 

the 1T1T and KK systems. 

200 

c> 
Q) 

:3 150 

r 
f 

BATON 70 

BAILLON 72 

Mesons 
e:(1300) 

. + -
The threshold behavior of elastic 1T 1T scatter- f oo SONDEREGGER 69 

ing involves s and P waves which can be sufficiently 
0 1 well described by the scattering lengths a 0 , a 1 , and 

a~. In spite of many attempts (see PILKUHN 73, 

BONNIER 74, PASCUAL 74, RIESTER 75, SRINIVASAN 75, 

GRIVAZ 76), the determination of these parameters 

still meets with great difficulties (BASDEVANT 73, 
0 2 75). The parameters a 0 and a 0 are strongly corre-

lated and must lie in a narrow band in th~ (ag, a~)
plane (MORGAN2 70).. Thus if ag is fixed, a~ and ai 

are determined within small uncertainties (BASDEVANT 

72, 75) 0 

The best value of ag comes from combining the 

Ke4 data of ROSSELET 77 with the Roy-equation fits 

to cg above 600 MeV, yielding ag = (0.26± 0.05)\l-l 

(FROGGATT 77) . 

Near threshold the S wave shows no resonant 

behavior. The so-called ABC and DEF effects (BOOTH 

63, HALL 69, BRODY 70,72, BANAIGS 71,73) occur only 

on nuclear targets (d, H3 , He 3) and move when 

kinematical conditions change. Thus they must be 

kinematical effects (DUBAL 71, BRODY 72, RISSER 73, 

BAR-NIR 75, BARRY 75). 

The region of elastic 1T1T scattering is known 

to extend from threshold to about 990 MeV, near the 

KK threshold (BATON 70, CARROLL 72, PROTOPOPESCU 73, 

HYAMS 73, OCHS 73). 

Up to the p-meson mass region, the phase shift 

cg is (qualitatively) uniquely determined; it rises 

monotonically and reaches a .value of 60° to 70° 

near 700 MeV (SONDEREGGER 69, BATON 70, BAILLON 72, 

CARROLL 72, FRENKIEL 72·, GAIDOS 72, PROTOPOPESCU 73, 

~JiYAMS 73, OCHS 73, ENGLER 74, ESTABROOKS 74,75, 

GRAYER 74); see Fig. 1. 

In the mass region of 700 to 900 MeV, all 

"energy-independent phase-shift analyses using the 

constraint T)g = 1 find two solutions ("up-down 

ambiguity"). This ambiguity was resolved in favor 

of the "down" solution (see Fig. 2) by the obser

vation of a very rapid decrease in the S-wave 

<0 

f BENSINGER 71 

l ZYLBERSZTEJN 72 

100 

50 

0 

300 400 500 600 700 800 900 1000 1100 

M 1T1T (MeV) XBL 743-2666 

Fig. 1. The S-wave, I = 0 1T1T phase shift, as deter
mined by several experiments. The curves are from 
BASDEVANT 73; solutions (1- 3) were obtained by 
fitting the data of BATON 70, while (4- 6) are 
from fits to the data of PROTOPOPESCU 73. 

amplitude between 950 and 980 MeV (PLATTE· 72, 

GAIDOS 72, HYAMS 73, BINNIE 73, ENGLER 74). The 

size of the observed drop corresponds to a change 

from nearly the unitarity limit to zero. 

Independent evidence for the correctness of 

this "down" solution comes from studies of the 1T
0

1T
0 

system (APEL 72, BRAUN 73, SKUJA 73, RIESTER 75). 

They observe a wide 1r
0

1r
0 enhancement of -aoo MeV 

which is much better described by the "down" solu

tion than the "up" solution. However, this conclu

sion is not confirmed by DAVID 77. Indirect 

information from elastic 1T1T scattering in the 

crossed channel (ELVEKJAER 72, NIELSEN 70,72) is 

compatible with the "down", but not with the "up" 

solution. 

The ambiguities of the phase-shift solutions 

stem from the fact that there are more helicity 

amplitudes than observables. Thus in the absence 

of polarization measurements one is obliged to make 
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Data Card Listings 
For notation, see key at front of Listings. 

•• if 
10 ----:::;f:i~~iiW~.~*t~.- ------------------------------------------------
45 o0 ::to 0 4 

!500 600 700 ... 900 1000 1100 1200 1300 1<00 1!500 1600 -
Mmt MeV/c2 

Fig. 2. The s-wave, I=O nn phase shift, as determined by various analyses of the data of GRAYER 74, 
compared with the previous results of PROTOPOPESCU 73. (Figure from GRAYER 74.) 

some supplementary assumptions (see, e.g., DONOHUE 

75). Analyzing the same data (GRAYER 74) by differ

ent methods, HYAMS 75 find four solutions in the 

region 1.0-1.8 GeV, while ESTABROOKS 75 find four 

solutions denoted A,B,C,D below 1.2 GeV which 

become eight solutions above 1.2 GeV (see Fig. 3). 

COMMON 76 rules out solutions B and D, which are 

distinguished by containing the p' (1600) in the P 

wave. JOHNSON 76 rule out solutions A and C, and 

FROGGATT 75,77 favor only solution B unambiguously. 

MARTIN2 77 favor solution B and a variant of the A 

solution which, however, has a much larger b&ckward, 

high energy (exotic I= 2 exchange) cross section 

than solution B, and which in addition has a D-wave 

nn resonance at 1600 MeV instead of the P-wave 

p' (1600). What emerges from these analyses of the 

uncoupled nn system is a second sheet pole E, 

located at about 1.3 GeV, rather far from the 

real axis (FROGGATT 77, MARTIN2 77). 

In spite of the apparent n°n° peaking in the 

600- BOO MeV region, it has been made plausible 

(MORGAN 75) that all available nn ~ nn and nn ~ KK 

data are compatible with the existence of just two 

poles: the s* connected with the rapid variation 

of og near the KK threshold, and the E. The narrow 

s* resonance would also be responsible for the large 

KK I= 0 s-wave scattering lengths. 

In quark model language, the s* would be 

mainly an ss state and the E mainly a uu and dd 

state. Some recent coupled-channel analyses indi

cate, however, that these states mix unexpectedly 

and appreciably. It was first demonstrated (FLATTE 

76) that the nn 4 nn and nn 4 KK data near the KK 

threshold are consistent also with a broad s* with 

an appreciable coupling to nn. In contrast to this, 

MARTIN! 77 show that the data prefer interpreting 

only the s* as a quark-antiquark ·system, the E being 

a molecular nn-compound with no significant for.ce 

in the KK channel. 
- 0 0 Recently new data on n p 4 KSKSn (CASON 76) 

showed that the phase difference I <1>0 - <PsI under the 

well known f meson indeed showed a resonance-like 

behavior: one of their solutions has a rapid phase 

variation near 1255 MeV, whereas the other looks 

very much like the E in the nn data. In a very

large-statistics experiment on n p 4 K-K+n and 

n+n ~ K-K+p, PAWLICKI 77 confirm unambiguously 

that the E(l300) indeed couples strongly to the 

K+K- system, quite in agreement with the slow-rise 

solution of CASON 76. 

Finally, a yet uncompleted analysis of nn ~ nn 

and nn ~ KK data with some additional information 
- 0 0 + -from a pp 4 KSKSn n experiment concludes that both 

the s* and the E are very broad and strongly coupled 

to both the nn and the KK systems (CERRADA 76, 

AGUILAR 77) • 
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. Data Card Listings 
For notation, see key at front of Listings. 

SOLUTION A SOLUTION 8 

H 1·7 

SOLUTION C 

1·7 

1·7 

SOLUTION 

1·7 

Mesons 
€(1300) 

Fig. 3. Argand plots for 7T7T S, P, D, and F partial-wave amplitudes. Shown are solutions A-D of ESTABROOKS 
75, obtained with the data of GRAYER 74. The points on the curves are at 50 MeV intervals. The diameters 
of the s-, P-, D-, and F-wave unitarity circles shown are given by 2/3, 1:3, (2/3)/5, and /'7, respectively. 
An elastic I= 2 S-wave phase shift of 25° independent of M7171 has been assumed. (Figure from ESTABROOKS 75.) 

14 EPSILON MASS I MEV) 

11255.} 15.1 
(1256.0) 
{1100.1 
I 1270 .I APPRO X. 
( 1300.) 

CASON 
FROGGATT 
MARTIN 1 
MARTIN 2 
PAWLICKI 

76 STRC 
77 RVUE 
77 RVUE 
11 RVUE 
77 SPEC 

7 • PI-P,KS KS 
PI+PI- CHANNEL 
PI+PI-/K+K
PI+PI- CHANNEL 
6. PI N,K+ K- N 

THJS SOLUTION IS UNIQUE, ELASTJCJTY 0.69 1 RHO PRIME IN P-WAVE. 
VERY ELASTJC SOLUTION, HAS RHO PRIME IN P WAVE, AMBIGUOUS TO MAINLY 
INELASTIC SOLUTION WHICH IS BACKWARD EXOTIC AND HAS NO RHO PRIME. 
BROAD ELASTIC SOLUTION 

14 EPSILCN WIDTH tMEVI 

C1Ci.l 110.1 CASON 76 STRC 7. PI-P,KS KS 
CASGN 71 CANNOT RULE OUT A SECOND SOLUTION WITH LARGE WIDTH. 

C400.J APPROX. FROGGA.TT 17 RVUE PI+PI- CHANNEl 
WIDTH DEFINED AS DISTANCE BETWEEN 45 AND 135 DEGREES PHASE SHIFT. 

1150.1 APPRDX. PAWliCKI 77 SPEC 6. PI NtK+ K- N 

......................... ********* ********* ********* ********* ******** 

SAM ICS 62 PRL 9 139 

BLGKHINT 63 JETP 17 80 
BOOTH 63 PR 132 2314 
KIRZ 63 PR 130 2481 

REFERENCES FOR EPSilON 

+BACHMAN,LEA+ C BNL+CUNY+COLU+KNTY I 

BLOKHI NTSEVA, GRE I BI NNI K, ZHUKOV + 
+ ABASHIAN 
+SCHWARTZ + TRIPP 

fOUBNAJ 
ILRLI 
( LRLI 

12111* 
12111* 
12177* 
12177* 
12177* 

12/77* 
12177* 
12177* 
12177* 

12177* 
12111• 
12/77* 
12177• 
12/77* 

BARISH 64 PR 135 B 416 
CRAWFORD 64 PRL 13 421 
DEL FABR 64 PRL 12 674 
KALMUS 64 PRL 13 99 

BATCN 
BIRGE 
BROWN 
DURAND 

65 NC 36 1149 
65 PR 139 B 1600 
65 CORAL GABLES 219 
65 PRL J4 329 

JACOBS 66 PRL 16 669 
KOPELMAN 66 PL 22 118 
LOVE(ACE 66 Pl 22 332 

ANDERSDN 67 PRL 1B 89 
CLEGG 67 PR 163 1664 
CORBETT 67 PR 156 1451 
GUTAY 67 PRL 18 142 
JOHNSON 67 PR 163 1497 
MALAMUD 67 PRL 19 1056 
WALKER 67 RMP 39 695 
WALKER 67 PRL 18 630 

BANDER 68 PR 168 1679 
BISWAS 68 PL 27 B 513 
BRAUN 68 PRL 21 1275 
DUTTA-RO 68 PI<. 169 1357 
EISENHAN 68 PRl 20 758 
FOSTER 68 NP B 6 107 
HYAMS 68 NP 87 1 
JONES 68 PR 166 1405 
JOHNSON 68 PR l76 1651 
LGVELACE 68 PL 28 8 264 
JIIIARATECK 68 PRL 2l 1613 

BAR ISH ,KURZ, PEREZ-MENDEZ, SOLOMON 
+GROSSMAN ,LLOYD, PRJ CEt FOWLER 

CLRLI 
CLRU 

IFRASCATII 
ILRL+WISCONSJNI 

DEL FABRO,DE PRETIStJONES+ 
+KERNAN, PU,POWELL,DOWD 

J.P • BATON, J .REGNIER 
+ELY +G IDAL+KALHUS+C AHERINI + 
BROWN+FAIER 
L. DURAND AND Y • T • CHI U 

+SELOVE 
+ALLEN,GODDENtMARSHALL + 
LOY ELACE, HEINZ, DONNACHI E 

' 

ISACLAYI 
ILRL+WISCJ 

C NORTHWESTERN I 
(YALE I 

ILRLJ 
C COLORADO+ IOWA J 

(CERNI 

+FUKUI +KESSLER+ ICH IC+ANL+CNRC+MCGILL +LOQM I 
A.S.CLEGG ILANCASTERJ 
+DAM ERELL +MI ODLEHAS+NEWTON I OXF+RHEL 1 
+JOHNSON+LOEFFLER+HC ILWAI N+ I PURDUE+LRL J 
+GUTAY, EISNER, KLEIN, PETERS ,SAHNI, YEN+ ( PURD I 
E.MALAMUO + P.E.SCHLEIN IUCLAJ 
W.D.WALKER (WISCONSIN) 
+CARROLL, GARFINKEL, OH IW I SCONS IN I 

+SHAW, FULCO ( UC IRVINE+S. BARBARA) 
+CASON, J OHNSQN,KENNEY, POIRIER+ ( NOA'1 I 
BRAUN,CLINE,SCHERER IWISCONSINJ 
B. OUTTA-ROY, I.R. LAPIDUS ISTEVI 
E IS ENHANOLERt MISTRY, MOSTEK + CCORNEll J 
+GAVIL LET+LABROSSE+ MONT ANET + ( CERN+COEF J 
+KOCH, POTTER, •• VON LI NO ERN, LORENC CERN+MP I H} 
+CALDWELL +ZACHAROV+HART I NG+BLEULER+ I CERN J 
+POIRIER, 81 SWASt GUT AY+ ( NOAM+PURO+SLAC I 
C.LOVELACE ICERNJ 
+HAGOPIAN,+ f PENN+LRL+COLO+PURD+ TNTO+WI SC 1 



Mesons 
E(1300), A2{1310) 

BlZZARRl 69 NP 814 169(SEE P.l90I+FOSTER,GAVILLET,GHESQUIERE• (CERN+COEFI 
DAVISON 69 PR 180 1333 +SACASTOW,BARKASt+ IUCR+UCBJ 
OEINET 69 Pl 30 8 359 +MENZIONE,MULLER,STAUDENHAIER,+ IKARL+CERNI 
ELY 69 PR 180 1319 +GIDAL,HAGOPIAN,+ IUCB+LOUC+WISCI 
FELDMAN 69 PRL 22 316 +FRATI,GlEESONtHALPERN,NUSSBAUH,+ IPENNI 
GUTAY 69 NP 8 12 31 +CARMONY,CSONKAtLOEFFlER,MEIERE IPURDUEJ 
HALL 69 NP 8 12 573 +MURRAY,RIOOIFORD IBIRMINGHAMI 
KJPKINSO 69 NC 59 A 181 J.HOPKINSCN,R.G.ROBERJS !CERN) 
MALAMUD 69 ARGONNE CONF.P.93 E.HALAMUO, P.SCHLEIN IUCLAl 
HORGAN '69 NP B 10 261 O.HORGAN,G.SHAW IRHEL) 
ROBERTS 69 PL 29 B 368 R.G. ROBERTS, F. WAGNER ICERNI 
SCHARENl 69 ARGONNE CONF.306 SCHARENGUIVEL CPUROUEI 
SCHAREN2 69 PR 186 1387 SCHARENGUIVELlPURD+LRL+CERN+COlO+PENN+TNTOJ 
SMITH 69 PRL 23 335 G.A.SMJTH, R.J.MANNING fMSU+lRU 
SONOEREG 69 SEE 8ASDEVANT 72 SONDEREGGER,BONAMY tSACLJ 
STRUGALS 69 Pl 29 B 518 +CHUVILO,FENYVESt+ IWARS+JINR+BUDAl 

ALSO 70 NP B 24 358 STRUGUSKJ,CHUVILO,FENYVES,GEMESY,• IDUBNAJ 
WAGNER 69 NC 64 A 189 F.WAGNER CCERNI 

BARTSCH 70 NP B 22 1 
BATON 70 PL 33 8 528 
BRODY 70 PRL 24 948 
OIAZ 70 NP B 16 239 
HYAMS 70 PHILAO.CCNF.P.41 
MAUNG 70 PL 33 8 521 
MORGANl 70 SPRINGER TRACTS 
MORGAN 2 70 PR 0 2 520 
NIElSEN 70 NP B 22 525 
SCHARENG 70 NP B 22 16 
OH 70 PR 0 1 2494 
SHIBATA 70 PRL 25 l227 

+KEPPEL, GENSCH, MORRISON,+ C AACH+BERL +CERN I 
+LAURENS,REIGNIER tSACLAYJ 
+GROVES, VANBERG, MAGLIC +( PENN+RUTG+UPNJ+ANL I 
+GAVI LLET ,LABROSSE, MONTANET+ ICERN+COEF I 
+ SCHL El N, BE USC H, +I C ERN+MP I M+Ef.H Z +l 0 I C+HAWA I 
+MASEK, MILLE'R, RUDERMAN, VERNON,+ I UCSD+LRL I 

MOO.PHVS •, VOL• 55, P .1. MORGAN, PI SUT I RHEl +CERN I 
O.MORGAN,G.SHAW IRHELJ 
+LYNG-PETERSEN,PI ETARINEN I NORD ITA J 
SCHARENGUIVEL, GUT AY t MILLER,+ CPURO+PENN I 
+GARFINKEL, MORSE, WALKE R,PRENTI CE (WI SC+TNTOI 
+FRISCH,WAHLIG tMIH 

ALSTCN-G 71 PL 36 B 152 ALSTON-GARNJOST,BARBARD-GALTIERI,+ (LBU 
BANAIGS 1l NP B 2B 509 +BERGER,DUFLOrGOLOZAHLtCOTTEREA+(SACL+CAENI 
BEAUPRE 71 NP B 28 77 +OEUTSCHMANN1GRAESSLER,+ IAACH+BERL+CERNJ 
BENSINGE 11 PL 36 B 134 BENSINGER,ERWIN,THOMPSON,W.O.WALKER CWISCJ 
DUBAL 71 NP B 32 535 l.OUBAL,D.J.BROWN tCNRC+CARLI 
GUILLOU 11 NC 5 A 659 LE GUILLOU,MOREL,NAVELET lCERNJ 
GUTAY 11 NP 6 27 486 +SCHARENGUIVEL,FUCHS,GAIOOS,MILLER,+ IPUROJ 
HAMILTON 71 SPRINGER TRACTS MOO.PHYS.,VOL. 57,P.41 J.HAMILTON INOROITAI 
KIM 71 PR 0 4 265 +BANDER IUCI I 
LYNG PET 11 PHYS.REPRTS 2 155 J.LYNG PETERSEN IREVIEWI ICERNI 

APEL 72 PL 41 B 542 
BAILLON 72 Pl 38 8 555 
8ASDEVAN 72 Pl 41 B 178 
BRODY 1 72 PRL 28 1215 
BRODY 2 12 PRL 28 1217 
CARROLL 72 PRL 28 318 
ELVEKJAE 72 NP B 43 445 
FLATTE 72 PL 38 B 232 
FREfoOKIEl 72 NP B 47 61 
GAIOOS 72 NP B 46 449 
PRASAD 72 PR 0 6 3216 
NIELSEN 72 NP 8 49 586 
WHITEHEA 72 NP B 48 365 
WILLIAMS 72 PR 0 6 3178 
ZYLBERSZ 72 PL 38 B 457 

ANJOS 73 NP 8 67 37 
BANAIGS1 73 PL 43 B 535 
8ANAIGS2 73 NP 8 67 1 
BASDEVAN 73 AIX CONF.P.220 
BEIER 73 PRL 30 399 
BINNIE 73 PRL 31 1534 
BRAUN 73 PR 0 8 3794 
HYAMS 73 NP 8 64 134 

+AUSLANDER, MULLER, BERTOLUCCI ,+ C KARL+PI SA I 
+CARNEGIE, KLUGE, LEI THt LYNCH, RATCLI FF+I SLAC I 
BASOEVANT, FROGGA TT, PETERSEN C CERN I 
+GROVES, MAGL ICH ,NOREM,+ I PENN+RUTG+UPNJ I 
H.BRODY C PENNSYLVANIA) 
+01 AMONO,FIRE8AUGH, MATTHEWS,+ IWISC+TNTOI 
F. EL VEKJAER I AARHUS I 
+ALSTON-GARNJOST, BARBARO-GAL TIER I, I LBL I 
+GHESQUI ERE ,ll Ll ESTOL ,CHUNG,+ lCOEF+CERNJ 
+MCILWAIN, THOMPSON, WILLMANN I PURDUE I 
+BREHM (UNIV.OF MASSACHUSETTS} 
H.N I ELSENtG .OAOES I NORD+ AARHUS I 
WHI TEHEAO,AULOt+ I AERE+RHEL+SHMP+LOUC I 
P.K.WILLIAMS IFSUI 
ZYL BERSZTEJN, BAS I LE, BOURQUIN,+ C GEVA+SACL I 

+D.LEVY,A.SANTORO ISACLAYJ 
+COTTEREAU, FABBRI t+ I SACL +CAEN+FRAS I 
+BERGER, GOLDZAHL, COTTEREAUt+ I SACL +CAEN) 
J.L.BASOEVANT RAPPORTEUR TALK I PARIS VI J 
+BUCHHOLZ, MANN, PARKER, ROBERTS I PENN I 
+CARR, OEBENHAM ,OUANE,GARBUTT r+ CLO IC+SHMP J 
+O.CL INE (WI SCI 
+JONES, WE ILHAMMER, BLUM, Dl Ell,+ ICERN+MP I M J 

FOR OTHER RESULTS ON SAME EXPERIMENT SEE GRAYER 74 
OCHS 73 THESIS 
PILKUHN 73 NP B 65 460 
PROTOPOP 13 PR D 1 1280 
RISSER 73 PL 43 8 6B 
SKUJA 73 PRL 31 653 

BASDEVAN 74 NP B 72 413 
BONNIER 74 NP B 83 440 

·CARROLL 74 -PR 0 lO 1430 
ENGLER 74 PR D 10 2070 
ESTABROO 74 NP B 79 301 
GRAYER 74 NP B 76 375 
JONES 74 NP 8 83 93 
MORGAN 74 Pl 51 B 71 
ORITO 74 PL 48 8 380 
PASCUAL 74 NP B 83 362 

BAP.-NIR 
BARRY 
BAS DEVAN 
DONOHUE 
ESTABRDO 

·FROGGATT 
FUJI I 
HYAMS 
MORGAN 
RIESTER 
SHIMADA 
SRINIVAS 

BANAl GS 
CASON 
CERRADA 
COMMON 
FLATTE 
GRI VAZ 
JOHNSON 
\liETZEL 

75 NP 8 87 1D9 
75 NP B 85 239 
75 NP 8 98 285 
75 NC 25 A 409 
75 NP B 95 322 
75 NP B 91 454 
75 NP 8 85 179 
75 NP 8 100 205 
75 ARGONNE CONF. 
75 NP 8 96 407 
75 NP B 100 225 
75 PR D 12 681 

76 NP B 105 52 
76 PRL 36 14B5 
76 PL 62 B 353 
76 NP B 103 10'9 
76 PL 63 B 228 
76 PL 61 B 400 
76 Pl 63 8 95 
76 NP B 115 208 

THESIS (MPIMI 
+SCHMIDT ,MARTIN,+ (KARL+CERN+LOUC+NIJM I 
PROTOPOPESCU, GARNJOST, GALT I ERI, FLATTE+I LBL I 
T .RISSER,M.Q.SHUSTER I SACL I 
+WAHLIGrRISSERtPRIPSTEI N,NELSONt + ILBL I 

BASDEVANT, FROGGATT, PETERSEN C LPTP+NORD I 
B.BONNJER,N.JOHANNESSON (CERNI 
+MATTHEWS,WALKER+ I SLAC+DUKE+WI SC+TNTOJ 
+KRAEMER, TOAFFt WEISSERt DIAZ+ tCARN+CASE I 
P.ESTABROOKS,A.D.MARTIN IOURHJ 
+HYAMS,JONES ,BLUM,DIETL ICERN+MPIM I 
+AlLISONrSAXON COXFI 
Do MORGAN IRHEL 1 
+FERRERt PAOLUZ I, SANTONI CO I FRAS+ROMA J 
P .PASCUAL ,F .J • YNOURAIN I BARC+MAOU I 

+RtSSER,SttJSTER 
G.W.BARRY 

I CERN+UCSB+TELA I 
IPUROJ 
CLPTPI 
f BOROI 

BASOEVANT ,CHAPELLE, LOPEZ, S I GELLE 
J,. T .QONOHUE,Y .LEROYER 
P.ESTABROOKS,A.O.MART IN 
C .. O.FROGGATT ,J.L .PETERSEN 
Y .FUJI I, M. FUKUGIT A 
+JONES 1 WE ILHAMMER, BLUM, OJ ETL + 

45 D.MORGAN 
+ARNOLD, ENGEL, PATV 
T .SHIMADA 
SR tNI VAS AN, HELLAND, LENNOX, Kl EM+ 

IDURHJ 
IGLAS+NOR01 

ITOKYI 
CCERN+MPIMI 

IRHELI 
ISTRBI 
ITOKYJ 

tNOAM+ANLI 

+BERGER ,f;OLDZAHL 1 COTTEREAIJ+ t SACL+CAEN+FRAS I I, J P 
+POLYCHRONAKOS,BISHOP,BISWAS,+ INDAM+ANLII J 
+GONZALEZ-ARROYO, RUBIO, YNOURA IN CCERN+MAOR I 
A.K.COMMON (KENT) JP 
S.M.FLATTE ICERNJ 
+OAVI S 1 HALSTE INS LID, IRWIN, +C LALO+BERG+EPOL I 
+MARTIN,PENNINGTON COURH+CERNI JP 
+FREUDENREI CHt BE USC Ht+ C ETHZ+CERN+LOI C I 

AGUILAR 11 NP 8 +CERRADAt+ IMADRIO+BOMBAY+CERN+PARISJ 
FROGGATT 77 NP B 129 89 +PETERSEN IGLASGOW+CDPENHAGENJ 
DAVID 77 PR 0 16 2027 +VILLETrAYEOtBAREYREtBORGEAUDt+ {SACU 
HAY 77 PR 0 16 1983 +ABRAMSON,ANOREWS,BUSNELLO,+ IROCH+CORNI 
MARTIN 1 77 NP 8 121 514 +OZMUJLU,SQUIRES !DURHAM) 
MARTIN 2 77 PREPRINT TH.2353 A.Q.MARTtN,H.R.PENNINGTON CCERNJ 
PAWLICKI 77 PR 0 15 3196 +AYRES,COHEN,OJEBOLO,KRAMERtWICKLUNO IANLJI J 
ROSSELET 17 PR 0 15 574 +EXTERMANN,FJSHERoBERGER,BLOCH,+IGEVA+SACLJ 

****** ••••••••• ********* ••••••••• ••••••••• ••••••••• ********* o••••••• •••••• •••••o••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• •••••••• 
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Data Card Listings 
For notation, see key at front of Listings._ 

IA2(1310) I 

11320.01 
11335.01 

1425 1290.0 
(1290.01 
11310.01 

1060 1286. 
0 400011307.1 

260 1311.0 
l20 1320. 

(1310.1 
(1301.01 
11300.0) 
I 1299. I 
(1295.0) 

241( 1299.0) 
1310.0 
1305. 

941 1306.0 
280 1313.0 
58lt 1288.0 I 

c 1335.01 
M {1330.01 
M I 1274.01 
M 360 1304.0 
M lODOO 1307. 
M 5000 1309. 
M 2BOOO 1299.0 
M 24000 1300. 
M 17000 1309.0 
M 160 1307. 
M p 1315. 
M 15BO 1306. 
M p 1600 1318. 
M 1200 129B. 
M 30001131B.OJ 
M 

i3ch:7 M AVG 
M STUDENT 1307.7 

12 A211310rJPG=2+-) 1=1 

WE LIST THE A2 AS AN ORDINARY BREIT-WIGNER RESONANCE. 
FOR OISCUSSION OF THE REPORTED SPLITTING, SEE OUR 
APRIL 72 AND APRIL 73 EDITION. 

12 A2 MASS (MEVIt 3PI MODE 

ADERHOLZ 64 HBC 4.0 PI+P 
(10.0) GOLDHABER 64 HBC 3.7 PI+- P 
(5.01 LEFEBVRES 65 MMSP - 5.6,6.0 PI-P 

( 10.01 BARNES 66 HBC - 6.0 PI-P 
( 10.0) BENSON 66 OBC 0 3.65 PI+O 
IB.J LEV RAT 66 MMS 6-7 PI- P 

( 16.1 CHI KOVANI 67 MMS - 7 PI- P 
6.0 ARMENISE 68 DBC 0 5.1 PI+O 

10. BOESEBECK 68 HBC 
0 ' 

PI+ P 
120.1 CHUNG 68 HBC - 2.7-4.5 PI- P 
(8.01 VON KROGH 68 HBC - 6.7 PI- P 
14.01 JUNK MANN 68 HBC - 16. PI- p, 5Pl 

( 14.) LAMS A 6B HBC - 8 PI- P 
(20.0) ANDERSON 69 MMS - 16 PI- P,BACKW9 
f 12.0 I ARMENISE 69 DBC . 5.1 PI+D,3PI++-
14.0 EISENBERG 69 HBC . 4. 3, 5.; GAMMA p 

13.) AS COLI 70 HBC - 5-7.5PI-P 

4.0 ALSTON 70 HBC . 7.0 PI+P,3PI p 
1.0 BOCKMANN 70 HBC 05. PI+P 

110.01 CASO 70 HBC - ll .. 2PJ-P,PI RHO 
115.0) .QJAZ 10 HBC +- o. PBAR P, 4 PI 
( 15.01 GARFINKEL 70 OBC - 4.5 K-O,LAMBOA 
I 22.01 GORDON 70 osc 04.2PI+D 

4.5 BARNHAM 71 HBC . 3. 7 P1+ P.t3Pll+ 
5. BINNIEl 71 MMS - PI-P NEAR A2 THR 
s. BINNIEl 71 MMS - PI-P NEAR A2 THR 
6.0 BOWEN 11 MMS -S.PI-P 
6.0 BOWEN 71 HMS . s. PI+ P 
4.0 BOWEN 71 MMS - 1. PI- P 
1. 8LOOOWORT 72 HBC . 5.45 PI+ P,P 3PI 
s. ANTIPOV1 73 CNTR - 25.,40. PI- P 
9. CHALOUPKA 73 HBC - 3.9 PI- P,P A2 
1. EHMS 75 DBC 04. PI+N,P A20 .. WAGNER 75 HBC 01. PI+P,QEL++A2 

12.0) GHIOINI 77 OMEG -12 PJ-p,p 3PI 

i.4 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
1.7 AVERAGE USING STUDENTlOIH/1.111 - SEE MAIN 

12175 
1/73 
2/73 

12175 
1/73 

12/75 
9/67 
6/6B 
5/6B 
9/68 
1/73 
1171 
8/69 
5/70 

12/69 
1/71 
1/71 
5/70 
1/73 

12/15 
12/75 

1171 
11/71 
11/71 
11171 
11171 
11/71 
111.71 
1/73 
1/74 
2/73 

11175 
11/75 
12177* 

TEXT 

0 ONLY EXPERIMENTS GIVING ERROR LESS THAN 15 MEV KEPT FOR AVERAGING 
A ANALYSIS COMPLICATED BY NEARBY PEAK CA1.51 AND/OR Al 
P FROM A FIT TO JP=2+ Rtl) PI PARTIAL WAVE 

MK 
MK 
MK N 
MK 

BO(l311.01 
60 1333 .o 

(1344.01 
130 1280.0 

MK 1317.2 
MK (1315. 71 
MK 11311.01 
MK 132 1301.0 
HK 190 1313.0 
MK S 1500 1319.0 
MK 730 1313.0 
MK 2724 1320.0 
MK P 1131B. I 
MK 
MK AVG 1317.3 
MK STUDENT1317 .6 

12 A2 MASS f HEV J, K KBAR MODE 

(3.01 
13.0 
11.1 
12.0 
4.0 

I 10.81 
15.01 
1.0 
1.0 
3.0 
4.0 
2.0 

Cl.J 

BARLOW 67 H8C +- 1.2 PSAR P, KK • 2/72 
BARLOW 67 HBC +- 1.2 PBAR P, KK 9/67 
BEUSCH 67 OSPK 0 5-12 PI-P,KlKl 11/71 
CONFORTO 67 HBC +- O. PBAR P IN tcK. 9/67 
DAHL 67 HBC - 2.7-4.5 PI- P 8/67 
DAHL 67 HBC 0 2.7-4.5 PI- P 11171 
CRENNELL 68 HBC 0 6.0 PI-PtK1K1 11/71 
ALSTON 70 HSC + 7.0 PI+PtK+KS P 1/11 
CRENNEL 71 HBC - 4.5 PI- P,KSK-P 11/71 
GRAYER 71 ASPK - 17.2 PJ-P,K-KS P 2/72 
FOLEY 72 CNTR - 20.3 PI- P,K- KS 12!72 
MARGULIES 76 SPEC - 23.PI-P,K-KS 12/77* 
HARTIN 77 SPEC -10 PI PtKS K- P 12/77* 

1.8 AVERAGE IERROR INCLUDES SCALE FACTOR Of 1.31 
1.6 AVERAGE USING STUOENTlO(H/1.111 - SEE MAIN TEXT 
I SEE IDEOGRAM BELOW I 

~EIGHTED RUERRGE = 1317.3 ± 1.8 
ERROR SCRLED BY 1.3 

R2 MRSS IMEUlo K KBRR MODE 

HK N 
MK S 
MK P 

THE NEUTRAL MODE CAN INTERFERE WITH THE F MESON 
SYSTEMATIC ERROR IN MASS SCALE SUBTRACTED 
FROM A FIT TO JP:c2+ PARTIAL 

.-
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Data Card Listings 
For notation, see key at front of Listings. 

·Mesons 
A2(1310) 

189 1312.0 
1300.0 

32 1300.0 
30 1288. 

1320. 
E 1000 1323. 
EM 620011324. I 

M 
M AVG 1305.3 
M STUDENT1306 .0 

1240 

12 A2 MASS IMEVI, ETA PI MODE 

7.0 ALSTON 70 HBC . 7.0 PI+P,PI ETA 1/71 
20.0 CASO 70 HBC - ll.ZPI-P,PJ ETA 5/70 
e. ~ZI ERBA 70 HBC - e. PI- P,PI ETA 1/73 
1. JOHNSTON 70 HBC - 7.PI-P,PI-ETA P l/71 

20. ESPIGAT 72 HBC +- O.PBAR PtETA 2PI 11/71 
e. KEY 73 OSPK - b.PJ-p, P PI-ETA 1174 

(8. J CONFORTO 73 OSPK - 6.PI-P,P MMS- 1/74 

5.8 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.61 
5.0 AVERAGE USING STUOENTlOIH/l.llJ -- SEE MAIN TEXT 
I SEE IOEOGRi\M SHOW I 

~EIGHTEO RUERRGE = 1305.3 • 5. 8 
ERROR SCRLEO BY 1.6 

73 OSPK 
72 H8C 
70 HBC 
70 HBC 
70 HBC 
70 HBC 

1400 

CHISQ 
4.9 
0.5 
6.1 
0.4 
0.1 

..J1...,.L 
13.0 

ICONLEU 
=0.024) 

R2 MRSS IMEUl , ETR PI MODE 

M E ERROR INCLUDES 5 MEV SYSTEMATIC MASS-SCALE ERROR 
M M MISSING MASS WITH ENRICHED HMS.::ETA PI-, _ETA "' 2 GAMMA 

• • w 
w 
w 
w 
w 
w 
w 

12 A2 WIDTH I MEV I, 3PI MODE 

( 100.01 AOERHOLZ 64 HBC 4.0 PI+P 
(90.0) 110.0) GOLOHABER 64 H8C 3.7 PI+- P 12/75 

1425 99.0 ( 15.01 lEfE8VRES 65 MMSP - 6.0 PI-P 1/73 
(10.01 I 10.01 BARNES 66 HBC - 6.0 PI-P 2/73 

1100.1 115.1 BENSON 66 D8C 0 3.65 PI+D 12/75 
1060 98. 15.1 LEV RAT 66 MMS - 6,7 PI- P 1/73 

a 40oo (90.1 115.1 CHIKOVANI 67 MMS - 7 PI- p 12/75 
260 96.0 16.0 ARMENISE 68 DBC 0 5.1 PI+O 9/67 
120 156.) 121.1 BOESEBECK 68 HBC 0 8 PI+ P 1/73 

180 .. 1 120.1 CHUNG 68 HBC - 2.7-4.5 PI- P 5/68 
(40.01 125 .. 01 VON KROGH 68 HBC - 6.7 PI- P 9/68 

A 152.0) ( 16.01 JUNKMANN 68 HBC - 16. PI- P, 5P1 1/73 
0 190.01 ( 10.0) 150.01 ANDERSON 69 MMS - 16 PI- .P 1 8ACKW9 12/75 
AE 241 1164.01 120.0) ARHENISE 69 DBC . 5.1 PI+0,3PI++- 5170 
0 lBO. OJ C30.0J EISENBERG 69 HBC . 4.3,5.3 GAMMA p 12/69 

941 7'9.0 12.0 ALSTON 70 HBC . 1.0 PI+Pt3PI p 1/71 
2eo 170.0) I 29.0) BOCKMANN 70 HBC 05., Pl+P 5/70 
5el (135.01 126 ... 01 CASO 70 HBC - 11.2PJ-P,PI RHO 1/73 

190.01 120.0J OJAZ 70 HBC +- a. PBAR P, 4 PI 5/70 
135.01 C35.01 GARfiNKEl 70 DBC - 4.5 K-D,LAMBDA 1/71 

1215.01 122 ... 01 GORDON 70 DBC 04.2PI+D 1171 
360 111.4 18.0 BARNHAM 71 HBC . 3.7 PI+ P,I3PII+ 11/11 

10000 (100.1 BINNIE1 71 MMS - PI-P NEAR A2 THR 11/71 
5000 12. 16. SINN I E1 71 MHS - PI-P NEAR A2 THR 11/71 

28000 105.0 5.0 BOWEN 71 HHS - 5. PI- P 11/71 
24000 99.0 5.0 BOWEN 71 MHS . 5o PI+ P 11/71 
17000 103.0 5.0 BOWEN 71 MMS - 1. PI- P 11/71 

0 160 (12.1 125.1 BLOOOWORT 72 HBC . 5.45 PI+ P,P 3PI 12/72 
p 115. 15o ANTJPOV1 73 CNTR - 25.,40. PI- P 1/74 

1580 99. 15. CHALOUPKA 73 HBC - 3.9 PI- p,p A2 2/73 
p 1600 112. 1e. EHMS 75 D8C 04. PI+N,P A20 11/75 
p S1200 122. 14. WAGNER 75 HBC 07. PI+P,OEL++A2 11175 
p 3000 1130.01 17.01 GHIDINI 77 OMEG -12 PJ-P,P 3Pl 12177• 

AVG 101.7 2.7 AVERAGE IERRGR INCLUDES SCALE FACTOR OF 1.11 
STUDENT 101.9 2.9 AVERAGE USING STUDENTlOIH/1.,111 - SEE MAIN TEXT 

0 
E 
0 

ONLY EXPERIMENTS GIVING MASS ERROR LT. 15 MEV KEPT fOR AVERAGI~G 
BACKGROUND SUBTRACT ION MODEL-DEPENDENT;. 

W A 
MAY BE DIFFERENT OBJECT, ALTHOUGH JPC.,2++. COMPARE CRENNELL 69. 
ANALYSIS COMPLICATED BY NEARBY PEAK CA1.,51 AND/OR Al 

w 
w p 

WK 
WK 
WK 
WK 
WK 
WK 
WK 
WK 
WK 
WK 
WK 
WK 
WK 
WK 

N 

N 
N 

S WIDTH ERRORS ENLARGED BY US TO 4*WIDTH/SQRHNirSEE K* TYPED NOTE 
FROM A FIT TO JP=2+ RHO PI PARTIAL WAVE 

12 A2 WIDTH (MEVI, K KBAR MODE 

60 56.0 28.0 BARLOW 67 HBC ·- 1.2 PBAR P, KK 
s eo 56.0 25.0 BARLOW 67 HBC ·- 1.2 PBAR P, KK 

(88.1 123.1 I 22.) BEUSCH 67 OSPK 0 5-12 PI-PrK1Kl 
130 (90.0) CONFORTO 67 HBC ·- O. PBAR p IN KK 

47. 1e. DAHL 67 HBC - 2.7-4 .. 5 PI-P 
(80.51 ( 36.,51 DAHL 67 HBC 0 2.7-4.5 PI-P 
(21.01 (10.,01 (6 ... 01 CRENNELL 68 HBC 0 6.0 PI-P,KlK1 

s 132 90.0 31.0 ALSTON 70 HBC . 7.0 PI+PtK+KS P 
s "0 125.0 36.0 CRENNEL 71 HBC - 4.5 PI- PrKSK-P 
Sl500 123.0 13.0 GRAYER 11 ASPK - 17.2 PI-PrK-KS p 

730 113.0 19.0 FOLEY 7 2 CNTR - 20.3 PI- P,K- KS 
S2724 105.0 8.0 MARGULIES 76 CPEC - 23.,PJ-P,K-KS 

PS (113.1 (4.1 MARTIN 77 SPEC -10 PI P 1 KS K- P 

WK AVG 99.0 9.1 AVERAGE I ERROR INCLUDES SCALE FACTOR Of 1.6) 

9/67 
9/67 

11/71 
9/67 
8/67 

11/71 
11/71 

1171 
11/71 
11171 
12/72 
12177• 
12171* 

WK STUDENT 101.2 6.9 AVERAGE USING STUDENTlO(H/1.111 - SEE MAIN TEXT 
CSEE IDEOGRAM BELOW I 

~EIGHTEO RUERRGE = 99.0 • 9.1 
ERROR SCRLEO BY 1.6 

·MRRGULIES 76 
·FOLEY 72 
·GRRYER 71 
·CRENNEL 71 
·RLSTON 70 
·ORHL 67 
·BRRLO~ 67 
·BRRLO~ 67 

CHISQ 
CPEC 0.6 
CNTR 0.5 
RSPK 3.4 
HBC 0.5 
HBC 0.1 
HBC 8.4 
HBC 3.0 
HBC ...1....!... 

18.8 
!CONLEU 

200 250 =0.009) 
R2 ~lOTH IMEUl, K KBRR MODE 

WK P FRGM A FIT TO JP=2+ PARTIAL WAVE. 
WK N THE NEUTRAl MODE CAN INTERFERE WITH THE f MESON 
WK S WIDTH ERRORS ENLARGED BY US TO 4*WIDTH/SQRTCNI,SEE K* TYPED NOTE 

12 A2 WIDTH CMEVI, ETA PI MODE 

w 1e9 103.0 20.0 ALSTON 70 HBC . 1.0 PI+P,PI ETA 1/71 
w fl20.oJ CASO 70 HBC - 11.2PI-PrPI ETA 5/70 
w 32 1·41.0} (20 .. 0) ( 16.01 DZI ERBA 70 HBC - 8., PI- PrPI ETA 11170 

30 138.01 (30.01 JOHNSTON 10 HBC - 7.PI-P,PI-ETA P 1/73 
120 .. 30. ESP IGAT 72 HBC +- D.P8AR PtETA 2PI 11/71 

1000 108. 9. KEY 73 OSPK - 6.PI-P,P PI-ETA 1/74 
M 6200 ( 104. I (9.1 CONFORTO 73 OSPK - 6.PI-PtP MMS- 1/74 

AVG 108.1 7.9 AVERAGE fERROR INClUDES SCALE FACTOR OF 1.01 
STUDENT 108.0 8.5 AVERAGE USING STUDENTlOlH/1.111 - SEE MAIN TEXT 

MISSING MASS WITH ENRICHED MMS=ETA PI-, ETA .. 2 GAMMA 
WIDTH ERRORS ENLARGED BY US TO 4*WIDTH/SQRT(NJ ,SEE K* TYPED NOTE 

12 A2 PARTIAL DECAY MODES 

P1 A2 INTO RHO PI 
P2 A2 INTO K KBAR 
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 PJ 
P7 S A2 INTO PI GAMMA 
PB S A2 INTO ETA PRIME PI 

P S SMALlr NOT USED IN THE FIT 

FITTED PAR TlAL DECAY MODE BRANCHING FRACTIONS 

DEC/I.Y MASSES 
776+ 139 
493+ 497 
548+ 139 
139+ 139+ 783 
139+ 139+ 134 
139+ 139+ 139 
139+ 0 
958+ 139 

The matrix below is derived from the error m8trix for the fitted partial decay mode 

branching fractions. Pi, as follows: The diagonal elements are P
1
±6Pi' where 

6Pi = ..J(6Pi6P1), ~hile.the off-diagonal ~le_ments are the~ correlation coeffi

cients (6Pi6Pj)/(6Pi · 6Pj). For the definitions ~f the individual Pi, see the listings 

above; only thoee Pi appearing in the matrix are assumed in the fit to be nonzero and 

are thus constrained to add to 1. 

PI P2 P3 P4 
p 1 .7033+-.0211 
p 2 .0623 .0466+-.0054 
p 3 .1515 -.0186 .1438+-.0090 
p 4 ..... 9124 -.2618 -.4821 .1063+-.0250 

R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 

12 A2 BRANCHING RATIOS 

A2 (CHARGED ONLY) INTO IK KBARI/CRHO PIJ 
(0.131 10.031 BEUSCH 

TttE NEUTRAL MODE CAN 1 NTERFERE WITH f • 
11 0.09 0~06 0.09 ASCOLI 

113 
50 

0.054 0.022 CHUNG 
(0.,031 10.0121 DONALD 
0.06 0.03 ABRAMOVIC 
0.07 D.03 NEF 
0.097 0.018 ALSTON 
0.056 0.014 CHALOUPKA 

67 OSPK 

68 H8C 
68 HBC 
68 HBC 
70 HBC 
70 MMS 
71 H8C 
73 HBC 

(P2J/(Pl) 
0 5,7,12 PI-+ 

- 5 PI-P 
- 3.2 PI-P 

1.2 PBAR P 
- 3.93 PI- P 
- 7.,0 PI- P 

+ 7.0PI+P 
- 3.9 PI- p,p A2 

Rl AVG 0.,0089 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 

9/67 

6/68 
.. 1/67 
• 2172 

1/71 
6/70 
1/71 
2/73 

Rl STUDENT 
0.0677 
0.067 
0.0663 

0.010 AVERAGE USING STUDENTlOCH/1.111 - SEE MAIN TEXT 
R1 FIT 

R2 
R2 
R2 
R2 
R2 AVG 

0.,0078 FROM FIT IERROR INCLUDES SCALE FACTOR Of 1.01 

A2 INTO CETA PU/lRHO PI + K KBAR +ETA PI I IP3J!(P1+P2+P31 
34 0.,15 0.,04 BARNHAM 71 HBC----+ 3 .. 7 PI+ P 

0.13 0.04 ESPIGAT 72 H6t +- O.PBAR p, ........ 
0.140 0.028 AVERAGE IERROR INCLUDES SCALE FACTOR Of 1.01 

11/71 
11/71 

R2 STUDENT 0.140 0.030 AVERAGE USING STUOENTlOCH/1 .. 111 - SEE MAIN TEXT 
R2 FIT 0.1609 0.0088 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 



120 

Mesons 
A2(1310). E(1420) 

k3 A2 INTC (ETA PI I I (RHO Pll 
R3 0.3 0.2 
R3 o.zz 0.09 
R3 22 0.23 0.08 
R3 0.12 o.oe 
R3 0.16 a. 10 
R3 0 (0.181 {0.061 
R3 0.3 0.13 
R3 l5 o.zs 0.09 
R3 0.34 0.17 0.34 
R3 0 39 (0 .. 181 (0.071 
R3 l67 0.246 0.042 
R3 l49 Q.Zll 0.044 
R3 52 o.zz 0.05 
R3 0.18 o.os 
R3 0.2 0.02 
R3 
R3 AVG o.zoa 0.014 AVERAGE 

I P3J/C Pll 
AOERHOLZ 64 HBC 4.0 Pt+P 
CONTE 67 HBC - 11.0 PI-P B/6 .. 
ASCOU 68 HBC - 5 PI-P t/68 
CHUNG 68 HBC - 3.2 PI-P 12/66 
KEY 68 HBC - 3 PI-P .11/67 
VETLITSKY 69 HBC - 3.3 PI- P Ci/68 
ASRAMOVIC 70 HBC - 3.93 PI- P 1/71 
BOCKMANN 70 HBC + 5.0 PI+P 9/69 
BOCKMANN 70 HBC OS.OPI+P 9/69 
OZI ERBA 10 HBC - .. PI- P 11/71 
ALSTON 71 HBC + 7.0 PI+ P 1/71 
CHALOUPKA 73 HBC - 3.9 PI- P,P AZ 2/73 
ANTIPOV 73 CNTR - 40. PJ-p,p A2- 1/74 
FORI NO 76 HBC 1l PI- PrETA PI 12177* 
GHIOINI 77 OMEG -12 PJ-p,p 3PI 12177* 

C ERROR INCLUDES SCALE FACTOR OF 1.01 

R3 STUDENT 0.208 0.015 AVERAGE USING STUDENT10CHI1.1U -- SEE MAIN TEXT 
R3 FIT 0.204 0.013 FROM FIT tERROR INCLUDES ,SCALE FACTOR OF 1.0) 

R4 A2 INTO tETA PRIME PIJ I TOTAL ( PBI 
R4 (0.1 I OR LESS C.t«JNG 65 HBC - 3.2 PI-P 
R4 (0 .. 021 OR LESS CLc.97 BARNHAM 71 HBC + 3.1 PI+ P 2172 

R5 A2 INTO CETA PRIME PIJ/tRHO PI) IPBI/CPlJ 
R5 0.04 0.03 0.04 BOCKMANN 70 HBC 0 5.0 PI+ P 9169 
R5 10.151 (0.091 DZIERBA 70 HBC - 8. PI- P 11171 
R5 STRONGLY DEPENDENT ON BACKGROUND SUBTRACTION 11171 
R5 10.041 OR U~:SS ALSTON 71 HBC + 1.0 PI+ P 1/71 
R5 (O.OlllOR LESS CL=.90 EISENSTEI 73 HBC - 5.pJ- p,p 6PI 1174 

R6 
R6 

.7 

A2 INTO IPI+ PI- PIOI I (RHO PII 
10.111 OR LESS BENSON 

A2 INTO CETA Pti!IK KBARI 

IPSJIIPlJ 
66 DBC 0 3.7 PI+O 

IP3l/IP21 
R7 
R7 
R7 

13.01 OR LESS FOSTER 68 HBC - PBAR P,PBA REST 11171 
SUPERSEDED BY ESPIGAT 72 CSEE UNDER R2 AND RBI 

R7 FJT 3.08 0.41 FROM FIT 

A2 INTO CK KBARI/CRHO PI + K KBAR + ETA PI I CP21/IP1+P2+P31 
17 0.06 0.03 BARNHAM 71 HBC + 3.7 PI+ P1 KSK+P 

C0.0201 (0.0041 ESPIGAT 72 HBC +- O.PBAR P, 
NOT AVERAGED BECAUSE OF DISCREPANCY BETWEEN MASSES 
FROM tK KBARI AND (RHO Pll MODES 

11171 

11/71 
2172 

•• •• •• •• •• •• R8 
8 0.03 0.02 DAMERI 72 HBC 

73 HBC 
73 HBC 

- 11. PI- P 12172 
0.05 0.02 TOET + 5. PI+ p,p K+ KO 12175 

•• 0.09 0.04 TOET 0 S.PI+P,PI+P K KB 12175 

•• RB AVG 0.012 AVERAGE IERROR INCLUDES SCAlE FACTOR OF 1.01 
RB STUDENT 

0.048 
0.048 
0.0522 

0.014 AVERAGE USING STUDENT10CHI1.1U - SEE MAIN TEXT 
RB FIT 

•• •• 

D.0058 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

A2 INTO tPI+ PI- Pl-IICRHOO PI-I CP6CIItP1CI 
10.231 OR LESS CL•.90 ABRAMOVIC 70 HBC - 3.93 PI- P 1171 

A2 INTO (PI GAMMAIITOJAl Rll 
Rll R 
RllR M 
Rll R 
Rll M 

(0.D051 (0.0051 (0.0031EISENBERG 72 HBC 
0.0045 0.0011 MAY 77 SPEC 

(P71 
PHOTOPRODUCTION 

+- 9.7 GAM NtA2 X 
11171 
12177• 

PION EXCHANGE MODEL USED IN THIS ESTIMATION 
MAY 77 GIVE PARTIAL WIDTH 460+1-110 KEY. 

Rl2 
Rl2 
Rl2 
Rl2 

A2 INTO IOMEGA PI PII/IRHO PII IP4)1(p1J 
(0.191 10.08) OEFOIX 7'3 HBC 0 0.1 PBAR Pt7 PI 12177* 

279 
60 

l40 
60 

0.10 0.05 CHALOUPKA 73 HBC - 3.9 PI- p,p A2 • 2173 
0.2B 0.09 DJAZ 74 DBC 0 6.PI+N,PC5PIJO 1174 

R12 K (0.291 fO.D81 KARSHON 74 HBC 0 4.9 PI+P,OEL++A2 12177• 
R12 K (.,101 C.041 KARSHON 74 HBC + 4.9 PI+P,P A2+ 12171* 
Rl2 K 0.18 0.08 KARSHON 74 HBC AVG OF ABOVE TWO 12177* 
Rl2 K KARSHON 74 SUGGEST AN ADDITIONAL JcQ STATE, STRONGLY COUPLED 
Rl2 K TO OMEGA PI PI COULD EXPLAIN DISCREPANCIES IN BRANCHING RATIOS 
R12 K AND MASSES. WE USE A CENTRAL VALUE AND A SYST. SPREAD. 
Rl2 
Rl2 AVG 
Rl2 STUDENT 
R12 FIT 

D.151 
0.150 
0.151 

0.049 
0.046 
0.040 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.31 
AVERAGE USING STUDENT10fHI1.111 - SEE MAIN TEXT 

FROM FIT tERROR INCLUDES SCALE FACTOR OF J.DI ............................................................ 
ADERHOLZ 64 PL 10 248 
CHUNG 64 PRL 12 621 
GOLDHABE 64 OUBNA CONF 
LANDER 64 PRL 13 346 

REFERENCES FOR A2 

f AACHEN+BERL IN+B IRH+BONN+HAM BURG+LO IC+MP IM I 
+DAHL, HARDY ,HESS, KALBFLEJ SCHrK IRZ I lRL I 

1 480 G GOLDHABERtS GOLDHABER,OHAlLORAN 1 SHENILRLJ 
+A8otiNS,CARMONY,HENORIKS,XUONG+ CLA JOLLAI 

ABOLlNS 65 ATHENSCOHIOICONF. +CARMONY ,LANDER, XUONG, YAGER C LA JOllA) 1=1 
ADERHOl.Z 65 PR 138 B 897 
ALITTI 65 PL 15 69 
CHUNG 65 PRL 15 325 
FORINO 65 PL 19 68 
LEFEBVRE 65 PL 19 434 
SEIDLITZ 65 PRL 15 217 

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 
LEVRAT 66 Pl 22 714 

ARMENISE 67 PL 258 53 
.BALTAY 67 PL 25B 160 
BARLOW 67 NC 50A 701 
BARTSCH 67 PL 258 48 
8EUSCH 67 Pl 25 8 357 
CASON 67 PRL 18 88D 
CHI KOVAN 67 Pl 258 44 
CHUNG 6 7 PRL 18 IDO 

ALSO 66 UCRL-16832 
COHN 67 NP Bl 57 
CONFORTO 67 NP 83 469 
CONTE 67 NC 51 A 175 
DAHL 67 PR 163 1377 
OANYSZ 67 NC 51 A 801 
SlATTERY 67 NC SOA 377 

ARMENISE 68 PL 268 336 
ASCGLI 68 PRL 20 1321 
BALlAM 68 PRL 21 934 
BENZ 68 PL 28 B 233 
BOESEBEC 68 NP B 4 501 
CASO 68 NC 54 A 983 
CHUNG 68 PR 165 1491 
C.RENNEll 68 PRL 2rJ 1318 

( AACHEN+BERL+B IRM+BONN+HAMB+LOI C+MPIM I 
ALITTit8ATON,DELER 1 CRUSSARD+ ISACLAY+BGNAl JP 
+OAHL ,HARDY ,HESS, JACOBS ,K IRZ ,MILlER CLRL I 
+GESSAROLI + t BGNA+BARI +FI RZ+ORSA+SACL I 
CERN MISSING MASS SPECTROMETER GROUP tCERNI 
l SEIDLITZ,O I DAHLtD H MILLER CLRLJ 

BARNES,FOWlERtlAitORENSTeiN + CBNL+CUNYI 
G.C.BENSON, THESIS CHICHI 
G BENSON,LOVELL,MARQUIT,ROE + IMICHI 
R. EHRLICH,W.SELOVE,H.YUTA IPENNI 
FERBEL ,(ROCHESTERI 
CERN MISSING MASS SPECTROMETER GROUP lCERN1 

ARM EN ISE ,FOR INO, + f BAR I •BGN A+F IRZ+ORSAY I 
+KI RSCH+KUNG+YEH+RA BIN ( COLU +BNL+RUTGERS l 
+l I LLESTOL+MONT ANET+ C CERN+CDEF+ IRAO+LI VP 1 
+OEUTSCHHANN+GROTE+COCCON I+( AACH+BERL+CERN I 
+FISCHER ,GOBS I ,ASTBURY+ t ETHZ+CERNI 
+LAMSA, B I SWAS ,OERAOO, GROVES,+ CNOTREDAHEI 
CERN MISSING MASS SPECTROMETER GROUP fCERNI 
-+DAHL, HARDY, HE SSt KI RZ 1 MILLER ( LRl I 
RICHARD I HESS--THE Sl S, BERKELEY t LRU 
+MCCULLOCH+8UGG+CONOO IORNL+UNIV. TENN. I 
+MARECHAL, MONTANET + t CERN+CDEF+ I PN+L I VP J 
+TOMASINI ,CORDS+ ( GE NOVA+HAHB+M ILANO+SACLAY I 
+HAROY+HESS+KIRZ+MI LLER ILRL 1 
DANYSZ+FRENCH+SI MAK I CERN I 
+KRAYBILl+FORMAN+FERBEl CYALE+ROCHI JP 

ARMENISE ,FORINO,+ I BARI+BGNA+F IH+ORSAY1 
+CRAWLEY, MORT A RA, SHAPI ROo BR lOGES+( ILLINOIS J JP 
+BRODY ,CHAOW ICK, FRIES, GUIRAGOSS IAN+ I SLAC I 
CERN MISSING MASS SPECTROMETER GROUP tcERNJ 
BOES EB ECK,DEUTSCHMANN, + ( AACHEN+BERL I N+CERN 1 
+CONTE+CORDS+DIAZ+ CGENOVHHAMB+MllAN+SACl J 
S .U.CHUNG ,Q.OAHL, J. KIRZ, Q. H. ,"'T LlEP, C LRLI 
+KARSHON+KWA,~ ll\f tSCARRt SKJLUCOR/Io I il~ll 

Data Card Listings 
For notation, see key at front of Listings. 

OUNALO 68 PL 26 B 327 
FOSTER 68 NP B 8 174 
FRIDMAN 68 PR 167 1268 
JUNKMANN 68 NP 88 471 
KEY 68 PR 166 1430 
LAMSA 68 PR 166 1395 
VLf\ KRGG 68 PL 27 8 253 

ADERHOLZ 69 NP B 11 259 
AGUILAR 169 PL 29 8 62 
AGUILAR 269 PL 29 B_ 241 
ANDERSON 69 PRL 22 1390 
ARMENISE 69 LNC 2 501 
CHIKOVAN 69 Pl 28 B 526 
CRENNELL 69 PRL 22 1327 
OGNALO 69 NP 8 12 325 
EJSENBER 69 PRl 23 1322 
VETLITSK 69 SJNP 9 596 

+Ff\OOE:SEN+BETT I NI + (lIVERPOOL +OSLO•PAOUA I 
+GAVI LlET ,LABROSSE, MONTANET t+ CCERN+CDEF J 
+MAURER, MICHALON, OUDET+ (HE I D +STRASBOURG I 
+COCCONI t + I AACH+BERL+BONN+C.ERN+WARS I 
+PR ENTICE+COOPER+MANNER+ ( TNTO+ANL+W I SCI 
+{. ASON+BI SWAS+DERAOO+GROVES+ (NOT REDAME J 
+MlYASHITAtKOPELMANoMARSHALL LIBBY CCOLOI 

+BARTSCH,+ CAACH+BERL +CERN+JAGL+WARS I 
+BARLOW ,JACOBS, DELL A NEGRA+( CERN+COEF+L I liP I 
M .AGUILAR-BENt TEZ ,J • BARLOW,+ I CERN+CDEF J 
+COLLINS,+ IBNL+CARNJ 
+GH 10 JNI ,FOR I NO,CAR T ACC I+ I BAR I +BGNA+F I RZ I 
CERN MISSING MASS SPECTROMETER GROUP CCERNI JP 
+KARSHON,KWAN WU LAJ,+ IBNUIJP 
+EDWARDS ,FOS TERr MOORE C lIVERPOOL I 
El SENBERG,HA8ER, BALLAM, CHAOWICK+(REHO+SLAC I 
VETLITSKY,GRJGOREYEVrGRJSHINt+ C ITEPI 

ABRAMOV I 70 NP 8 29 466 ABRAMOVICH, BLUMENFELD, BRUYANT 1 + I CERN I JP 
ALSTON 70 PL 33 B 607 
ASCOLI 70 PRL 25 962 
BASILE 70 LNC 4 838 
BAUOl 70 PL 318 3~7 
BAUD2 70 PH1LAD.CONF.P.3ll 
BAU03 70 Pl 31 8 401 
BOCKMANN 70 NP B 16 221 
BUTLER 70 UCRL 19845 
CAROLL 70 PRL 25 1393 
CASO 70 LNC 3 707 
DIAl 10 NP B 16 239 
OZI ERBA 70 PR D 2 2544 

ALSO 68 LAMSA 

+BARBARO, BUHLt DEREN lOr EPPERSON 1 FLATT E+C LRL 1 
+BROCKWAY,CRAWLEY,EISENSTEJN,HANFT,+ CILLI JP 
+DALPIAZ, FRAB ETTI, MASSAMt+ C CERN+BGNA+STRB I 
CERN BOSON SPECTROMETER GROUP CCERNJ 
CERN BOSON SPECTROMETER GROUP ICERNI 
CERN BOSON SPECTROMETER GROUP ICERNI 
+MAJOR, POlS t + (80NN+DURH+NI JM+EPOL+TOR I I 
THESIS ( LRLI 
+FIREBAUGH, GARFINKEl, MORSE ,OH, + (WI SC+TNTO I 
+CONTE, TOMASINI, CORDS+ ( GENO+HAMS+MILA+SACL I 
+GAVILLE.T ,LABROSSE, MONTANET+ CCERN+COEF 1 JP 
+SHEPHARD, B I SWAS, CASON, JOHNSON, KENNEY( NOAM) 

GARFINKE 70 PL 33 8 536 GARFINKEL,AMMANN,CARMONY,YEN IPURDIJPC 
GORDON 70 COO 1195 119 THESIStiLLlNOIS liLli 
JOHNSTON 70 NP B 24 253 +KEY,PRENTICE,YOON,GARFINKEL,+ CTNTO+WISCI 
KRUSE 70 PHILAD.CONF.P.359 U.KRUSE, PARTIAL HAVE ANAlYSIS CJLL) JP 
NEF 70 THESIS+PRIV.COHM.CER~ BOSON SPECTROMETER GROUP CCERNI 
SUTHERLA 70 PHILAD.CONF.P.369 G.SUTHERLAND,INTERFERING RESONANCECGLASGOW) 

AGUILAR 
ALSTON 
BARNHAM 
BEKE'{pV 
BINNIE I 
BINNIE2 
BOWEN 
CRENNEL 
FARBER 
FOLEY 
GRAYER 
LYNCH 
RINAUDO 

71 PR 0 4 2583 
71 Pl 34 B 156 
71 PRL 26 1494 
71 SJNP 4 765 
71 Pl 36 B 257 
71 PL 36 B 537 
71 PRl 26 1663 
11 Pl 35 8 185 
71 NP 8 29 237 
11 PRL 26 413 
11 Pl 34 B 333 
71 UCRL 20022 AND 71 
71 NC 5 A 239 

ANKENBRA 72 PRl 29 1688 
BERENYI 72 NP 8 37 621 
BLC.OOWOR 72 NP B 37 203 
DAMERI 72 NC 9 A 1 
DIEBOLD 72 SATAV.CONF. 
EISENBER 72 PR D 5 15 
ESPIGAT 72 NP 8 36 93 
fOLEY 72 PR D 6 747 
LASSILA 72 PRL 28 1491 
MORSE 72 NP B 43 77 

AHMANN 13 PR D 1 1345 
ANKEBRAN 13 PR D 8 2785 
ANTIPOV 13 NP B 63 175 
ANTIPOVl 73 NP B 63 153 
ANTIPOV2 73 NP 8 63 141 
CASON 73 NP B 64 14 
CHALOUPK 73 PL 44 B 211 
CONFORTO 73 PL 45 B 154 
DEFOIX 73 PL 43 8 141 
EISENSTE 73 PR 0 7 278 
KEY 73 PRL 30 503 
TOET 73 NP B 63 248 

DlAZ 74 PRL 32 260 
KARSHCN 74 PRL 32 852 
OTTER 74 NP 880 1 
TABAK 74 BOSTON P. 46 
THOMPS01 74 PR D9 560 
THCMPS02 74 NP 869 381 

ABASHIAN 75 PRL 34 691 
EMMS 75 PL 58B 117 
LGSTY 75 PL 568 96 
UNOERWOO 75 PR Dll 2345 

ALSO 73 CONFORTO, 73 KEY 
WAGNER 75 PL 58B 201 

FOR INO 76 NC A 35 465 
HANDLER 76 NP B 110 113 
MARGULIE 76 PR D 14 667 

CERRAOA 
CORD EN 
GHIDINI 
MAY 
PAWLICKI 

71 NP B 126 241 
71 RL-77-D971A 
77 PREPRINT 
77 PR D 16 1983 
77 PR D 15 3l'i6 

MARTIN 78 PREPRINT CERN 

AGUilAR-BENITE z, EISNER, Kl NSON I BNL J 
+BARBARO, BUHL, DERENZO, EPPERSON tFLATTE+ ( LRL) 
+ABRAMS, BUTLER tCOYNE,GOLDHABER ,HALL,+ ( LBll 
+SOMBKOWSKY rKONOWALOVt KRUTSCHI N IN,+ I ITEP I J P 
+CAM ILLER I, DUANEt FARUQ I, BURTON,+( LO IC+SHMP I 
+CAMILLERI tDUANE,FUUQI ,BURTON,+ (LOIC+SHMPI 
+FARLES ,FA I SSl ER, BL I EDENr + ( NEAS+STON I 
+GORDON, KWAN-WU LAI, SCARR t BNL J 
+DE PINTO, B I SWAS, CASON ,DEERY tKENNEY, +(NOAH J 
+LOVE ,OZAKI, PLATNER ,LINDENBAUM 1 + t BNL+CUNY J 
+HYAMS ,JONES t SCHLE I Nt BLUM tDI ETL+f CERN+MP 1"41 
AMSTERDAM CONF. G.LYNCH CLBLI 
+BOECKMANN, MAJOR+f TORI +SONN+DURH+N I JM+EPOLI J P 

ANKENBRANDT, BRABSON ,CRITTENDEN, HEINZ, +I INC I 
+PRENT 1 C E ,ST EENBERG t YOON,HALKER fTNTO+W ISC I 
BLGODWORTH, JACKSON, PRE NT ICE t YOON ( TNTO I 
+BORZATT A,GOUSSU, + I GENO+MI LA+SACL I 
R.DIEBOLD RAPPORTEUR TALK CANLJ 
E I SENBERG,BALLAM, DAGAN,+ I REHO+SLAC+TELA I 
+GHESQUI ERE, li LLEST GL ,MONT ANET I CERN+CDEF I 
+LOVE ,OZAKI, PLATNER, Ll NOENBAUM, + C BNL +CUNY t 
LASSILA,YOUNG IJOWAI 
+OHt WALKER, JOHNSTON, YOON f W ISC+TNTO I 

+CARMONY tGARF INKElt GUT AY ,MILLER+ IPURD+ IUPU) 
ANKEBRANDTt BRABSON,CRITTENDEN 1 HEINZ 1 + I INO I 
+ASCOLitBUSNELLO,FOCACCJ,+ CCERN+SERPI JP 
+ASCOLitBUSNELLOtfOCACCit+ CCERN+SERPI JP 
+ASCOLI,BUSNELLO,FOCACCI,+ tCERN+SERPI JP 
+MADDEN, BISHOP ,e 1 SWASt KENNEY t+ (NOAH I 
CHALOUPKA, DOBRZYNSKI, FERRANDO,LOSTY, +(CERN I 
+MOBLEY ,KEY t PERPOST ,+ C EF I +FNAL+TNTO+H I SC 1 
+DOBRZYNSKI tESPIGAT ,NASCIMENTO,+ CCDEF1 
EISENSTEIN, SCHULTZ, ASCQLI, lOFFREDO, + fILl I 
+CONFORTOtMOBLEY, + CTNTO+EF I +FNAL+WJ SCI 
+THUAN ,MAJOR,RINAUDOt+ C NI J"4+BONN+OURH+TORI I 

+DI BlANC At F ICKINGER, ANDERSON,+ CCAS E+CARN I 
+MIKENBERG,PITLUCKt ElSENBERGtRONAT+ CREHOI 
+RUDOLPH+ I AACH+BERL +BONN+CERN+HE ID I JP 
+RONAT,ROSENFElD,LASINSKI+ ILBL+SLACI JP 
THOMPSON,GAIOOS,~CILWAINtWILLMANN IPURDJ JP 
THOMPSON,BADEWITl,GAiqOS,MCILWAIN+ IPURDI JP 

+BEAM ERt BROSS, El SENSTE IN,+ I ILl +ANL +I SU J 
+JONES,KINSON,STACEY,BELL+ IBIRM+DURH+RHELI JP 
+CHALOUPKA,MONTANET ,GANDOIS+ CCERN+SACL I JP 
UNDERHOOD,CONFORTO, KEY+( EF I +FNAL +TNTO+WI SCI 

+TABAK, CHEW CLBLI JP 

+GESSAROLit+ BGNA+FIRZ+GENOi'MILA+OXF+PAV 
+PLANO, BRUCKNER, KOLLER,,+ ( RUTG,STEV, SETO I 
+KRAMER, FOLEY, LOVEt LINDENBAUM,+ C BNL+CUNY) 

+BlOCKZ IJL tHE IN EN,+ CAMST +C ERN+N I JM+OXF I 
+DGWELLtGARVEY,JOBES+ CBIRM+RHEl+TELA+UJWCI JP 

C BAR I +8 ONN+CERN+OARE+LI VP+MI LA I J P 
+ABRAMSON ,ANDREWS t BUSNELLO, + C ROCH+CORN) 
+AYRES, COHEN ,DIEBOLD, KRAMER, WICKLUND ( ANLJ I J 

+OZMUTLU, BALDI,+ CDURH+GEVA+CERNI JP ................................................................................... ............................................................................. 
I E(1420) I 6 EC 1420tJPG=A +I 1"'0 

6 E MASS IMEVI 

M 1425. 7. BAILLON 67 HBC o. PBAR P 11166 
M 142D. 20. DAHL 67 HBC 1.6-4.2 PI- P 9166 
M 1423.0 10.0 FRENCH 67 HBC 3-4 PBAR P 6167 
M 3l0 1420. 7. lORSTAD 69 HBC o. 7 PB P, 4,5-BOOY 9169 

• 170 1398. lO. DEFOIX 72 HBC D.7 PBAR P,7 " 1173 

• 280 1406 • 7. DuBoc 72 HSC 1.2 PBAR P,2K4Pl 12172 
M (1417.51 (4.1 NACASCH 77 HBC 0 .7,.76 PBAR p 12117* 
M 

AVG 1415.5 4.3 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1-21 
STUOENT1416.0 4.3 AVERAGE USING STUOENTlO(H/1.111 -- SEE MAIN TEXT 

~ .... 



u u 6 u 

121 

Data Card Listings 
. For notation, see key at front of Listings. 

6 E WIDTH IMEVJ 

w so. 10. BAILLON 67 HBC o. PBAR P 11/66 
w 60.0 20.0 DAHL 67 HBC 1.6-4.2 PI- P 10/66 
w 45. - 20. FRENCH 67 HBC 3-4 PBAR P 6/67 
w 310 60. 20. LORSTAD 69 HBC 0.1 PB p, 4,5-BOOY 9/69 
w 170 50. 10. OEFOIX 72 HBC 0.1 PBAR P,7 PI 1/73 
w 280 so. 12. DUBOC 72 HBC 1.2 PBAR Pt2K4PI 12/72 
w 153.) 120.01 NACASCH 11 HBC 0 • 1, • 76 PBAR P 12/77* 
w 
w AVG 59.8 6.0 AVERAGE IERROR INCLUDES SCALE FACTOR OF lolJ 
w STUDENT 58.3 6. 7 AVERAGE USING STUDENTlOIH/1.111 - SEE MAIN TEXT 

PI 
P2 
P3 
P4 
PS 

Rl 
Rl 

R2 
R2 

R3 
R3 
R3 

R4 
R4 

6 E PARTIAL DECAY HODES 

INTO K K*I892J 
INTD K KBAR PI 
INTO PI PI RHO 
INTO DELTA PI 
INTO ETA PI PI 

6 E BRANCHING RATIOS 

E INTO IKBAR K*l892) + C.C.JIIK KBAR PIJ 
.so .10 BAIL LON 

e INTO IPI PI RHOJ 1 IK KaAR PU 
12.0) OR LESS DAHL 

E INTO lETA 2 PI)/IK KBAR PII 
u.s1 OR LESS CL=.95 FOSTER 
1.5 o.s OEFOIX 

E INTO (DELTA PIIIIETA PI PIJ 
0.4 0.2 OEFOIX 

67 HBC 

67 HBC 

68 HBC 
72 HBC 

72 HBC 

DECAY MASSES 
497+ 892 
497+ 497+ 139 
134+ 134+ 776 
980+ 139 
548+ 139+ 139 • 

IPUJIPZJ 
0.0 PBAR P 

IP3)/(P2) 
0 1.6-4.2 PI- P 

IP51/IP2l 
- 0.,0 PBAR P 

0.1 PBAR P 

I Pltl/1 PSI 
0.7 PBAR P,7 PI 

****** .................. **** .. *** .••••••••••••••••••••••••••••••••••• 

REFERENCES FOR E 

BAILLON 67 NC 50A 393 +E OWARDS+D-ANDLAU+A STIER+ I CERN+COEF+IRAD I 
BARASH 67 PR 156 1399 BARASH fKlRSCH, Ml LLERr TAN (COLUMBIA I 

11/66 

.10/66 

9/69 
1/73 

1/73 

DAHL 67 PR 163 1377 +HARDY+HESS+KIRZ+MI LLER ILRL I I JP 
ALSO 65 P.Rl 14 1074 

FRENCH 67 NC 52A 438 

FOSTER 
BETT.INI 
LORSTAD 
DEVONS 

CHAPMAN 
DEFOIX 
OUBOC 

68NP88174 
69 NC 62 A 1038 
69 NP B 14 63 
71 PRL 27 1614 

72 NP 8 42 1 
72 NP B 44 125 
72 NP 8 46 429 

VUILLEMI 75 LNC 14 165 

HANDLER 76 NP 8 110 173 
VUILLEMl 76 NC 33A 133 

EDWARDS 77 PREPRINT 
GRASSLER 77 NP B 121 189 
NACASCH 71 PREPRJNT 

MILLER tCHUNG, DAHL, HESS ,HARDY, KIRZ+ CLRL +UCB I 
+KINSON+MCDONALO+Rl DO I FORO+ CCERN+BIRM I 

+GAVILLET ,LABROSSE, MONTANET ,+ I CERN+CDEF J 
+CRESTI, LIMENTANI ,SERTAUZA ,BIG I +I PADO+P I SA I IC 
B.LDRSTAO,O-ANDLAU,ASTIER,+ ICOEF+CERNI JP 
+KOZLOWSKirHORWITZt+ ICOLU+SYRAI 

+CHURCH, L YS, MURPHYo RING, VANDER VELOE ( MlCH I 
+NASC I MENTO,SJ ZZARR I'+ ICOEF+CERN J 
+GOLDBERG, MAKOWSKI, OONALOr+ I LPNP+LI VP I 

VUILLEMIN,+ ILAUS+NEUC+LPNP+LIVP+GLAS I JP 

+PLANO, BRUC KERrKOLL ER+ I RUTG+S TEV+SETO I 
+VUI LLEMIN, + · I LAUS+NEUC+L PNP+LIVP+GLAS I 

+L EGACEY+I OTT AWA+MONTREAL +COLUMBUS+TORONTO I 
+( AACHEN+BERLI N+BONN+CERN+CRACOW+HE ID+WARS I 
+DEFOIX, DOBRZYNSKI+ ICOEF+MADR+CERN+TATA I 

••••o• ............................................................... . 
o ............... •o•ooo••• ••••••o•• ••o•••••• ·o······· o•••••••• •••••••• 
jx(t410-1440) I 38 XI141D-1440) 

THIS ENTRY liST PEAKS OF LOW STATISTICAL 
SIGNIFICANCE, SEEN IN RHOO RHOO OR K KBAR. 
OMITTED FROM TABLE. 

---- -------- __ i_ _____ ------- ------:: .... - ----- ------- --------

38 Xl1410-14401 MASS CMEVJ 

----RHOO RHOO MODE-----
11410.0) BETTINI 66 OBC 0 O. PBAR N,S PI 2174 

-----KS KS MODE ---~-
8 POSSIBLY SEEN 
B THE AUTHORS ASSOCIATE THE 
B ESTIMATlON IS DIFFlCULT 

1412. 23. 
1439.0 5.0 6.0 

'1425.01 
'1405.) 

ABRAMS 67 HBC 4.25 K- P 
PEAK WITH THE F PRIME, BUT BACKGROUND 

BARLOW 
BEUSCH 
FOLEY 
OE~OIX 

67 HBC 1.2 PSAR P 
67 OSPK S, 7,12 PI-P 
11 CNTR - 20.3 PI- PtK- KS 
73 HBC 0 0.1 PBAR ~,7 PI 

5/67 

5/67 
9/67 
2171 
1174 

AVG i~t3J:s· 
STUDENT1437 • 7 

5.3 
5.9 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.0) 
AVERAGE USING STUOENTlOCH/1.111 - SEE MAIN TEXT 

38 XI 141G-1440) WIDTH CMEVI 
----RHOO RHOO MODE------

190.01 BETTINI 66 OBC Q D. PBAR N,5 PI 2174 

----KS KS MODE -------
100. 70. 67 HBC 1.2 PBAR P 5/67 
43.0 17.0 18.0 

BARLOW 
BEUSCH 
FOLEY 
OEFOIX 

67 OSPK 5,7,12 PI-P 9/67 
120.01 OR LESS 
(40. J 

AVG 46.4 
STUDENT 46.2 

17.0 
18.5 

71 CNTR - 20.3 PI- p,K- KS 2/71 
73 HBC 0 0.7 PSAR Pt7 PI 1/74 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENT101H/1.11J -- S.EE MAIN TEXT 

•••••o ••••••••••••••••••••••••••• ••••o•••• •••••••••••••••••••••••••• 

BETTINI 
ABRAMS 
BARLOW 
BEUSCH 
DONALD 
FOLEY 
DEFOIX 

66 NC 42A. 695 
67 PRL 18 620 
67 NC 50 A 701 
67 PL 25 B 357 
69 NP B 11 551 
71 PRL 26 413 
73 PL 43 B 141 

REFERENCES.._ FOR Xf 1410-1440 I 

+CRES TI , ll MENT ANI ,LORI A ,PERUZZO+I PADO+P J SA J 
+KEHOE t GLASSER, SECH I-ZORN, WOLSKY I MARYLAND I 
+MONT ANET ,D-ANDLAU+ C CERN+COEF+ IRAD+L I VP J 
+FISCHER rGOBBI, ASTBURY+ ( ETHZ+CERN I 
+EDWARDS ,BURAN, BETTINI ,+ I LI VP+OSLO+PAOOJ 
+LOVE tOZAKlt PLATNER' L INOENBAUM ,+ I BNL+CUNY I 
+~OBRZYNSKI, ESP I GAT ,NASCIMENTO,+ I CDEF J 

................ ••••••o•• •••••••••••••••••••••••••••••••••••••••••••• ............................................ o•••••••• ••••••••••••••••• 

Mesons 
E(l420), X(1410-1440), f'(1515) 

lr'(1515) I 13 f PRIME( 1515,JPG.,2++1 1 01 0 

13 F PRIME MASS CMEVI 

P 14( 1480.01 CRENNELL 66 HBC 6.0 PI- P 
B 5( 1460.1 I 10.1 ABRAMS 67 HBC 4.25 K- PrKS KS 
8 BACKGROUND ESTIMATION OIFFICUL T • 
P ll515.01 (7.0) AMMAR 67 HBC 
P 10011519.1 17.1 AGUILAR 72 HBC 

M P 46(1514.1 14.1 COLLEY 72 HBC 

5.5 K-P,K KBAR 
3.9,4.6 K-,K KB 
10.K+ PtK+ K-
4.K- P,K KBAq, 
13.K-P,K+K-
4.15 K-P,KS KS 
10 K- P 

8/66 
5/67 
5/67 
9/67 

12172 
12172 
12"172 
7177* 
7/770 

12/77* 
12/770 

M P 4711521.1 (7.) VIOEAU 72 HBC 
M EP 12011527.01 16.01 BRANOENBU 76 ASPK 
M 123 1522.0 6.0 BARREIRO 77 HBC 
M 166 1528. 7. EVANGELIS 77 OMEG 
M 1506.0 5.0 PAWLICKI 77 SPEC 6.PI N,K+K-

• 
" " 

w 
w 
w 
w 

AVG 1516.1 
STUDENT1511.1 

6.7 AVERAGE IERROR INCLUDES SCALE FACTOR OF 2.01 
4.9 AVERAGE USING STUDENTlOIH/1.111- SEE MAIN TEXT 
ISEE IDEOGRAM BELOW J 

~EIGHTED RVERRGE = 1516.1 s 6.7 
ERROR SCRLED BY 2.0 

77 
77 

SPEC 
DMEG 

77 HBC 

1550 

CHISQ 
4.1 
2.9 

...L.Q_ 
7.9 

ICDNLEV 
=0.0191 

F PRIME MRSS IMEVJ 

C WITH A PHASE SHIFT ANALYSIS 
E MASS ERRORS ENLARGED BY US TO WIOTH/SQRTlNI ,SEE K* 'rvPEO NOTE. 

P F-A2-F PRJME INTERFERENCE IN K+K- FINAL STATE NOT ACCOUNTED FOR. 

13 F PRIME WIDTH IMEYJ 

8 5 (53 •• 118.1 ABRAMS 67 HBC 4.25 K- P,KS kS 5/67 
8 BACKGROUND ESTIMATION DIFFICULT .. 5/67 
p 135 .. 01 125.01 AMMAR 67 HBC 5.5 K-P, K KBAR 9/67 
p 100 169.1 t22.1 AGUILAR 72 HBC 3.9,4.6 K-P,K KB 12172 
p 46 (28., 115.1 COLLEY 72 HBC 10.K+ p,K+ K- 12172 

EP 47 uo.J 120.1 VJDEAU 72 HBC 4.K- P,·K KBAR 12172 
EP 120 (61.01 (22.01 BRANDENBU 76 ASPK 13.k-P,K+K- 111n 

123 62.0 19.0 14.0 BARREIRO 11 HBC 4.15 K-P,KS KS 1111* 
166 72.0 25.0 EVANGELJ S 77 OMEG 10 K- P 12177• 

66.0 10.0 PAWLICKI 77 SPEC 6.PI N,K+K- 12177• 

AVG 65.7 
STUDENT 65.7 

... 
•• 7 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOCH/1.11) - SEE MAIN TEXT 

W C WITH A PHASE SHIFT ANALYSIS 
W E WIDTH ERRORS ENLARGED BY US TO 4*WIOTH/SQRTINirSEE K* TYPED NOTE. 
W P F-A2-F PRIME INTERFERENCE IN K+K- FINAL STATE NOT ACCOUNTED FOR. 

PI· 
P2 
P3 
P4 
PS 
Pb 
P7 

Rl 
Rl 
Rl 
Rl 
RL 
Rl 
RL 

R3 
R3 

R4 
R4 

•• R4 

•• ., ., 
RS 

R6 
R6 

13 F PRIME PARTIAL DECAY HODES 

F PRIME INTO PI+ PI
F PRIME INTO K KBAR 
F PRIME INTO K K*I892J 
F PRIME INTO ETA ETA 
F PRJME INTO PI PI ETA 
F PRIME INTO PI K KBAR 
F PRIME INTO PH "PI+ PI- PI-

13 F PRIME BRANCHING RATIOS 

DECAY MASSES 
139+ 139 
497+ 491 
493+ 892 
548+ 548 
139+ 139+ 548 
139+ 497+ 497 
139+ 139+ 139+ 139 

F PRIME INTO (PI+ PI-1/tK KBARI tPlii(P21 
(.011 OR LESS BEUSCH 75 OSPK 8.9 PI-PrKO KO N 12/77* 

10.06) OR LESS CL=0.90 BRANOENBU 76 ASPK 13.K-P,K+K- 7177* 
I0.043)0R LESS CL .. 0.95 BARREIRO 77 HBC 4.15 K-P,KS KS 7/170 
0.011 0.003 PAWLICKI 77 SPEC 6.PJ N,K+K- 12/770 

THEY GIVE CPI PI )/TOTAL a 11.2+-0.4) PER CENT • THE F- F PRIME 
INTERFERENCE TERM CAN BE SEPARATED FROM THE F PRlME-A2 TERM. 

F PRIME INTO lETA ETAIICK KBARI IP4J/CP2) 
. 10.501 OR LESS BARNES 67 HBC 4.6, S.O K- P 10/67 

F PRIME INTO IPI PI ETAJ/IK KBARI IP5)/IP21 
10.31 OR LESS CL=.67 AHMAR 67 HBC 10/67 
10.251 (0.131 BARNES 67 HBC 4.6, s.O K- P 10/67 

SUPERSEDED BY AGUILAR 72 
10.411 OR LESS CL=.95 AGUILAR 72 HBC 3.9,4.6 K- P 12172 

f PRIME INTO IPI K KBAR + K K*f8921 1/IK KBARJ IP6+P31/IP21 
(0.41 OR LESS CL=.67 AMHAR 67 HBC 10/67 
10.151 OR LESS CLc.95 AGUILAR 12 HBC 3.9,4.6 K- P 12/72 

F PRIME INTO (PI+ PI+ PI- PI-J/IK KBARI IP71/tP21 
10.32) OR LESS CL.,.95 AGUILAR 72 HBC 3.9,4.6 K- P 12/72 

• •••••••• ••o•••••• ••••••••• o ................. •o••••••• •••o•••• 



Mesons 
f'(l515), F1(1540), p'(l600) 

REFERENCE'S FOR F PRIME 

BARNES 65 PRL 15 322 +CUL WICK, GUIDON It KAlBFLEl SCH, GOZ+ I BNL +SYRA I 

CRENNEll 66 PRL 16 1025 + KALBFLE ISCHwLAI 1 SCARP., SCHUMANN + IBNL II 

ABJ<. AMS 
AM MAR 
BARNES 
ALITTI 

LORSTAO 
SCOTTER 

AGUILAR 
CC•lLEY 
VIOEAU 

67 PRL 18 620 
67 PRL 19 1011· 
67 Phl 19 964 
68 PRL 21 1705 

69 NP B 14 63 
69 NC 62 A 1057 

72 PR 0 6 29 
72 NP B 50 1 
72 Pl 41 B 213 

+KEHOE t GLASSER, SECHI-ZORN, WOLSKY I MAR YLANO I 
+OAVIS,HWANG,QAGAN,DERRICK + INWES+ANL) JP 
+DORNAN, GOL DBEkG, lE ITNER + I BNL+S YRACUSE IICJ P 
+BARNES ,C. RENNE LL,FLAMI NI O,GOLDBERG, + I BNL I 

B .LORST AD 1 0-ANDL AU, AST I ER 1 • I CDEF+CERN I 
+ERSKINE, PAL ERt + C 8 tRM+GLAS+LOIC+MP I "!+OXF I 

AGUILAR-SEN ITEZ, CHUNG, EISNER, SAMIOS I BNLI 
+JOBES, Rl OD I FORO, GRIFFITHS,+ I B I RM+GLAS I 
+VI OEAUt ROUGE, BARRF LETt OEBR I ON~+ I EPOL +SACL J 

BEUSCH 75 Pl 60 B 101 +B lRMAN tWEBSOAL E 1 WETZEL ICERN+ETHZ I 

BRANOENB 76 NP 8 104 413 BRANDENBURG, CAKNEG 1 E ,CASHMORE, DAVI ER+I SLAC I 

BARREIRO 77 NP 
EVANGEL! 17 NP 
LAVEN 77 NP 
PAWLICKI 77 PR 

121 237 
127 384 
127 43 
15 3196 

+OIAZ, GAY ,HEM! NGWAY ,+ I CER N+AMST +NI JM+OX F I 
EVANGELIST A,+ I SARI+ BONN+C ERN+OARE+GLAS+ l 
+OTTER ~KLE t N, + I AACH+BERl+CERN+LG IC+WI EN I 
+AYREStCOHEN,DIEBOLO,KRAMEP,WICKLUNO IANLII JP 

***"'** ********* ********* ********* ***ill***** ***Ct****l(t ********(' ***l(t'4 ~ *('******* ********* ******l(tl(tl(t *******('* ......... l(t ********* 

IF 1(1540) I 
) 

47 Fl( 1540 1 JPG= I 1=1 

JP :c: 2-,1+ FAVOPEO. 
A NEW EXPEkiMENT ICERRAOA 17t MONTANET 771 
WITH 5 TIMES THE STATISTICS OF AGUILAR 69 ODES 
NOT CCNFJRM THE Fl. OMITTED FROM TABLE. 

Pl 
P2 
P3 

47 Fl MASS IMEVI 

1011490.01 120.01 AOERHOLZ 
142 1540.0 5.0 AGUILAR 

25(L543.0a 13.01 DUBOC 
70(1557.1 110.1 BAKKEN 
DUBIOUS BACKGROUND SUBTRACTION 

47 F1 WIDTH (MEVI 

10 185.01 f39.01 AOERHOLZ 
142 40.0 15.0 AGUILAR 

25 ll6.ol '10.01 Dueoc 
10 140.1 (lO.I BAKKEN 
DUB IOU$ BACKGROUND SUBTRACT ION 

47 F1 PARTIAL DECAY MODES 

F1 INTO K KBAR PI 
Fl INTO K*C6'921 KBAR 
F1 INTG 3 PI 

REFERENCES FOR F1 

69 HBC + 
6c;l HBC 

B Pl+ P,KKBARPI.ll/69 
0.7PBARP,KKBARPI 11/69 

0 1.1-1.2 PBAR P • 2/72 71 HBC 
75 HBC + 19 PP,PN3PI 12175 

69 HBC + 
69 HBC 
71 HBC 
75 HBC + 

B PI+ P,KKBARPI 11/69 
0.7PBARP,KKBARP1 11/69 

0 1.1-1.2 PBAR P 2172 
19 PP,PN3PI 12175 

DECAY MASSES 
134+ 497+ 497 
892+ 497 
139+ 139+ 139 

AOERHOLZ 69 NP 8 11 259 +BARTSCH t + (AACH+BERL+CE RN+CRAC+WARS I 
+E!ARLOW~ JACOBS 1 D-ANOLAU, AS TIER+ I C ERN+COEF I 
+BARLOW, JACOBS, D-ANOLAU tASTIER+ I CERN+CDEF I 

AGUILAR 69 PL 29 8 379 
AGUILAR 69 NP B 14 195 

DUBOC 11 PL 34 B 343 

CHAP~AN 12 NP B 42 1 
DUBOC 72 NP B 46 429 

BAKKEN 75 NP B90 227 

+GOLDBERG, MAKOWSK (, TOUCHARO, + t JPNP+ll VP I 

+CHURCH, LYS, MURPHY~ RING~ VANDER VEL DE ( MICH I 
+GOLDBERG,MAKOWSK I, DONALD,+ I LPNP+LIVP I 

+JACOBSEN, OLSSON~ SKJEVLI NG IOSLOJG=-

C ERRADA 17 PREPR. BUDAPEST C +QI AZ, FERRANDO, GARZON+( MAOR+ TAT A+CERN+COEF I 
MINNAEKl 17 PREPRINT +BILLVo+ CBORD+LPNP+LAUS+NEUC+LIVP+GLASI JP 
JotONTANET 77 PRIVATE CO~MUN. L. MONTANET (CERN) 

***••• •*•*****(' ••*~~<**••• l(tl(t**••••• ••••.:co:o:••• ........ (' •••••• l(tl(t •• ***('*••• 
***"-** **l(t*l(tl(tl(t •• ****l(t*••• .l(tl(tl(t**'*** •• l(tl(t····· ••••••••• *****l(t*l(tl(t l(t.l(tl(t$$** 

lp'(t6oo) 1 65 fo.HO PRIMEfl600,JPG:c:l-+l 1=1 

The p' (1600) was first seen in 

Y (real or virtual) + p' 0 + p 0'Tf+'Tf-

with the 'Tf+'Tf- pair apparently in an S wave (BINGHAM 

72, DAVIER 73, SCHACHT 74, ALEXANDER 75, LEE 75). 

A peak seen in the cross section of the reaction 

e+e- + 'Tf+'Tf-'Tf+'Tf- has also been claimed as evidence 

for the p' (BARBARINO 72, CONVERSI 74); however, 

exchange mechanisms can be invoked that reproduce 

these results without any p' (HIRSCHFELD 74). 

Evidence for a 2'Tf decay has been looked for 

in several phase-shift analyses of one 'IT p + 'Tf-'Tf+n 
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experiment (GRAYER 74). The first phase-shift 

solution found yielded clear evidence for p' + 'Tf+'Tf

(HYAMS 73, OCHS 73). Since then, however, it has 

been recognized that at least four distinct solu

tions fit the data above 1.2 GeV (ESTABROOKS 75, 

HYAMS 75). The solutions denoted B,D by ESTABROOKS 

75 exhibit the p' (1600) whereas the solutions A,C 

do not. In several attempts to constrain the 

solutions further, COMMON 76 rules out solutions B 

and D, but does still find a p', JOHNSON 76 rule 

out A and C, FROGGATT 75,77 unambiguously prefer 

solution B and give p' (1600) parameter values, and 

MARTIN 77 has a D-wave 'Tf'Tf resonance at 1600 MeV 

instead of the p' (1600). This latter solution 

could be suspect because it corresponds to an 

-exotic I= 2 exchange ('IT+ 'IT- + 'IT-'IT+). Note that 

none of the solutions has any evidence for a 

p' (1250), claimed mainly by vector dominance 

arguments to explain the nucleon form factors. 

There is no clear evidence for a localized p' (1250) 

peak in e+e- + 'Tf+'Tf- nor in e+e- + 4'Tf (BUDNEV 77); 

the enhancement above the p(770) 'tail seen over a 

wide range of energies can be explained as an 

effect of inelasticity, due mainly to the opening 

of the W'Tf channel (ROOS 7 5, COSTAl 77) • The Jp = 1-

partial wave of the W'Tf system is strong in the 

1250 MeV region, but does not exhibit a resonance 

behavior (CHALOUPKA 74, CHUNG 73,75, GESSAROLI 77). 

The mass and width values listed below are 

only indicative, because for such a broad peak 

they are extremely dependent on the parametrization 

chosen (SMADJA 72). Note also that the mass 

dependence of the width will be strongly affected 

by the inelastic channels with their rather high 

thresholds. For the photoproduction data, possible 

diffractive background could explain the observed 

energy dependence of the width (SCHACHT 74). 

M p 

400 1430. 
1590. 
1550. 

160 1550. 
340 1450. 

65 1570. 
1610. 

(1575.) 
11540.1 

65 RHO PRIME MASS (MEVI 

50. 
20. 
60. 
50. 

100. 
60. 
30. 

(30.1 

BINGHAM 72 HBC 
HYAMS 73 ASPK 
CONVERSI 74 OSPK 
SCHACHT 74 STRC 
SCHACHT 74 STRC. 
ALEXANDER 7 5 HBC 
FROGGATT 77 PVUE 
MARTl N 11 RVUE 
LAPLANCHE 77 OSPK 

AVERAGE MEANINGLESS tSCALE FACTOR= 1.41 

FROM PHASE SHIFT ANALYSIS OF HYAMS 73 DATA 

9.3 GAM P,P 4PI 12/72 
17 PJ-P,N PI+PI- l/74 
E+ E- TO 4Pt 12/75 
5.5-9 G p,p 4PI 12175 
9-18 G p,p 4PI 12175 
7.5 GAM p,p 4Pl 12175 
17 PI-P,PI+PI-N 12177* 
17 PJ-P,PI+PJ-N 12/77* 
E+E- TO 4PI,6PI 1178* 



u ,J u 
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w 

PI 
P2 
P3 
P4 
P5 
P6 
P7 

E 
E 
E 
p 
p 

65 RHO PRIME WIDTH IMEVI 

•oo 650. 100. BINGHAM 12 HBC q.3 GAl<! P,P 4PI 
180. 50. HYAMS 73 ASPK 17 PJ-P,N PI+PI-
360. 100. CONYERS I 74 OSPK E+ E- TO 4PI 

160 400. 120. SCHACHT 74 STRC 5.5-<; G p,p 4PI 
340 a so. 200. SCHACHT 74 STRC 9-18 G P,P 4PI 

65 340. 160. ALEXANDER 75 HBC 7.5 GAM P,P 4PI 
300. 100. FROGGATT 71 RVUE 17 PJ-P,PI+PI-N 

1340.1 MARTIN 71 RVUE 17 PI-P,PI+PI-N 
(220.) I 7Q. I LAPLANCHE 77 OSPK E+E- TO 4PJ,6PI 

AVERAGE MEANINGLESS (SCALE fACTOR = 2.1J 

FRCM PI-lASE SHIFT ANALYSIS OF HYAMS 13 OAT A 
WIDTH ERRORS ENLARGED BY US TO 4*WIDTH/SQRHNI,SEF K* TYPED NOTE 

65 RHO PRIME PARTIAL DECAY MODES 

RHO PRIME INTO RHO PI Pl 
NEUTRAL RHO PRIME INTO ALL 4 CHARGED PI MODES 
RHO PRIME INTO RHO Rl-'0 
RHO PRIME INTO PI PI 
RHO PRIME INTO KBAR K 
RHO PRIME INTO PI OMEGA 
RHO PRIME INTO PI+ PI- PIO PIO 

65 RHO PRIME BRANCHING RATIOS 

DECAY MASSES 
139+ 139+ 776 
139+ 139+ 139+ 139 
776+ 776 
139+ 139 
493+ 493 
139+ 783 
139+ 139+ 134+ 134 

Rl RHO PRIME INTO (RHO PI+ PI-1/(4 PI, ALL CHARGEOJ 1Pli/CP2) 

12/72 
12175 
12175 
12175 
12175 
12/75 
12177• 
12177* 
1/78* 

R1 OO,..INANT BARBARINO 72 OSPK E+E- TO 4 PI 1/73 
Rl ( .BOJ BINGHAM 72 HBC 9.3 GAM P1 P 4PI 1/73 
Rl 500 0.7 0.1 SCHACHT 74 STRC 5.5-18 G P1P 4PI 12/75 
Rl S THE PI PI SYSTEM IS IN S WAVE 1/73 

R2 
R2 

R3 
R3 
R3 

R4 
R4 

R5 
R5 
R5 
R5 
R5 
R5 C 
R5 C 
R5 IP 
R5 P 
R5 P 
R5 
R5 

RHO P~IHE INTO (RHO 0 RHO 0)/(RHO 0 PI+ PI-J (P3J/(PlJ 
NONE CFORBIDOEN BY 1=1) BINGHAM 72 HBC 9.3 GAM P,P 4PI 

RHO PRJ ME INTO IPI+ PI-J/(4 Pit All CHARGED! IP4)/(P21 
( .21 OR LESS 2 SIGMA BINGHAM 72 HBC 0 9.3 GAM p,p 2PI 

10.141 OR LESS ESTIMATE DAVIER 73 STRC 0 6-18 G P,P 4PI 

RHO PRIME INTO CKBAR Kl/(4 PI, ALL CHARGED) (P5) /IP21 
1.041 OR LESS 2 SIGMA BINGHAM 72 HBC 09.3GA!r1P 

RHO PRIME INTO IPI+PJ-J/TOTAL (P41 
(0.151 OR LESS EISENBERG 73 HBC 5 PI+ P 10EL++2PI 

ESTIMATED USING OPE MODEL. 
0.25 0.05 HYAMS 73 ASPK 17 PI-P,N PI+PI-
0 .. 20 0.05 MONTANET 73 H8C PBAR P AT REST 

(0.201 OR LESS COSTA 2 77 RVUE E+E-,2 PI + 4 PI 
ESTIMATE USING UNITARlTY,TlME REVERSAL INVARIANCEtBRElT 1-JIGNER 

.30 .05 FROGGATT 77 RVUE 17 PI-PIPl+Pl-N 
E!ETWEEN 0.15 AND 0.30 MARTIN 77 RVUE 17 PI-P,PI+PI-N 

FROM PHASE SHIFT ANALYSIS OF HYAMS 73 DATA 

AVG 0.250 0.029 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

1/73 

1173 
1/74 

1/73 

1/74 

1/74 
12/770' 
12/77* 
12/77* 
12177* 
12177• 

R5 STUDENT 0.250 0.033 AVERAGE USING STUDENTlO(H/1.111 -- SEE MAIN TEXT 

•• 
R6 

RHO PRJME INTO CPI+ PI- PIO PIOI/C4PI, ALL CHARGED) 
CP71/CP2f 

R6 (lol OR LESS ESTIMATE OAVIER 73 STRC 6-18 G P,P 4PI 1/74 

R7 
R7 
R7 
R7 

RHO PRIME INTO IPI+ PI-+ NEUTRALSJ/14PIIALL CHARGEOJ 
IP7+ •••• I!IP21 

12.61 (0.41 BALLAM 74 HBC 9.3 GAMMA P 12175 
UPPER Ll MIT. BACKC::ROUND NOT SUBTRACTED 

ALVENSLE 71 PRL 26 273 
BRAUN 11 NP 830 213 
BULOS 71 PRl 26 149 

BACCI 72 Pl 3B8 551 
BARBARIN 72 LNC 3 689 
BARTOLI 72 PR D 6 2374 
BINGHAM 72 PL 418 635 
BRAMCN 72 LNC 3 693 
DIEBOLD 72 eATAV.CONF. 
EISENBER 72 PR D 5 15 
LAYSSAC 72 NC lOA 407 
SMAOJA 72 PHJL.CONF.PROC349 

CERAOINI 73 PL 43 B 341 
OAVIER 73 NP 8 58 31 
EISENBER 73 PL 43 B 149 
HYAMS 73 NP B 64 134 
KREUZER 73 PR D 8 1431 
MONTANET 73 ERICE SCHOOL 518 
OCHS 73 THESIS 
PARK 73 NP B 58 45 

8ALLAM 74 NP 676 375 
BERNABEI 74 LNC 11 261 
CONVERSI 74 PL 52B 493 
ESTABROO 74 NP B79 301 
FERBEL 74 PR D9 824 

.. ., GRAYER 74 NP B 75 189 
HIRSHFEL 74 NP 874 211 
SCHACHT 74 NP 681 205 

ALEXANDE 75 PL 578 487 
ALLES 75 NC 30A 136 
ESTABROO 75 NP 895 322 

-~ FROGGATT 75 NP 891 454 
HYAMS 75 NP 8100 205 
LANG 75 PL 588 45 0 
L ANGACK E 75 PR 0 13 697 
LEE 75 STANFORD CONF.213 
RODS 75 NP B 97 165 

8ASSOMP I 76 PL 65 B 397 
COMMON 76 NP B ·1 03 109 
JOHNSON 76 PL 63 8 95 

REfERENCES FOR RHO PRIME 

AL VENSLEBEN, BECKER, 8ER TRAM ,CHEN, +I DESY+MIT I 
+FRIDMAN, GERBER, GIVERNAUD1+ ISTRASBOURBI 
+BUSZA,KEHOE, BENt STON, + I SLAC+UMO+I BM+LBL I 

+PENSO, SALVI NI, STELLA, BALD IN I-CE IROMA+FRAS l JPC 
BAR BAR I N0 1 CERAOI N I,+ ( F RAS+ROMA+PAOO+UMD I IGJ P 
+FELICETTI, OGREN,+ I FRAS+ROMA+NAPL l IGJP 
+RABIN, ROSENFELD, SM AOJ A, YOST +I L BL ,UCB 1 SLAC I IGJP 
+GRECO (THEORETICAl PAPER I IFRASCATI I 
R.DIEBOLD RAPPORTEUR TALK IANLI 
EISENBERG, 8ALLAMt DAGAN,+ I REHO+SLAC+ TELA I 
J.LAYSSAC,f.M.RENARO CMONPI 
+BINGHAM, FRETTER, BALLAM ,CHAOW ICK+ I LBL+SLAC I 

+CONYERS I, EKSTRAND, GRILLI, +I ROMA+FRAS+PAOO I IGJ P 
+OERADO, FRIES 1 L1 U, MOZLEY ,001 AN, PARK,+ I SLAC 1 
EISEN BERG1 KARSHON, M iKENBERG, PI TLUCK, + IREHO I 
+JONES, WEI LHAMMER, BLUM, DIETL,+ I CERN+MP I M I 
H.J.KREUZER 1A.N.KAMAL IUNIV. OF ALBERTA) 
L.MONTANET ICERNI 
THESIS fMPIMI 
J.C.H.PARK OIPIMI JP 

+CHAOW ICK ,a INGHAM 1 FRETT ER+ ISLAC+LBL +MPl M I 
+O.ANGELO 1 S PILLANTI Nl, VALENTE f ROMA+FRAS I 
+PAOLUZ I, C ERADI N I, GRILLI+ IROMA+FRAS I 
P .EST A BROOKS 1 A .Q .MART IN I OURH I 
T .FER BEL AND P. SLATTERY I ROCH I 
G .GRAYER, HVAMS • BLUM ,Q IETL, + ( C ERN+MP 1M I 
A.C.HIRSHFELD,G.KRAMER IHAMBI 
+DERAOO,FRIESIPARK,YOUNT IMPIMI 

ALEX ANDER ,a ENARY, GANOSMAN 1L I SSAUER + I TELA I 
ALLES-BORELL I, BERNARDIN I+ I CERN+8GNA+FRAS I 
P.EST ABROOKStA.D.MARTIN I OURHI 
C .0 .FROGGA TT ,J .L. PETERS EN I GLAS+NORO) 
+JONES, WE ILHAHMERr BLUM, 01 ETL+ ( CERN+MP IM J 
C.B.LANG,I.S.STEFANESCU (KARL) 
P.LANGACKER,G.SEGRE (PENNI 
WCNYONG LEE (CQLUJ 
M.ROOS (HELSJ 

SASSOMP I ERRE, BINDER,+ 
A.K.COMMON 
+MAkl IN, PENNINGTON 

CMULH+STRB+TDRI I 
{KENT J JP 

IOURH+CERNI JP 

Mesons 
p'(1600), A3(1640) 

BUDNEY 77 Pl 70 B 365 N.M.BUONEVoV.M.BUONEV,V•V.SEREBRYAKOV(NOVOI 
COSTA 1 77 PL 67 B 213 COSTA DE BEAUREGAROIPHA"1tPIRE,TRUONG CEPOLJ 
COSTA 2 17 PL 7l B 345 COSTA DE BEAUREGAROoPIRE1T.N.TRUONG fEPOLJ 
FJ..OGGATT 77 NP B 129 89 C.O.FROGGATT,J.L.PETERSEN CGLAS+BOHRI 
LAPLANt.H 77 HAMBURG CCNF. F. LAPLANCHE CORSAI 
MARTIN 77 PREPRINT TH.2353 A.D.MARTJN,M.R.PENNINGTON {CERNJ 

*** :·"'* •****.t-*** ••••••••• ••••••••o ••******* ••••••••o ••••••••• ******** ****** ********0 ..................................................... . 

34 A311640,JPG=2--I I :c: 1 

The A3 (1640) is seen as a bump in the diffrac

tive-like process rrN ~ (rrrrrr)N. The dominant effect 

is a -300 MeV-wide enhancement in the JP = 2- frr 

S-wave system, starting from frr threshold. Neither 

additional (narrower) structure in the 3rr mass 

distribution, nor other decay modes, have been 

clearly established. The situation would appear 

to be similar to that of the A
1

, but there are 

certain additional complications. 

(a) Some experiments with incident rr observe 

little variation of the JP = 2- .frr phase in the 

A3 mass region (ANTIPOVl 73, ASCOLil 73). This 

is confirmed by GHIDINI 77 with a large-statis

tics experiment at 12 GeV/c using the OMEGA 

spectrometer. Even though there is a peak 

compatible with a Breit-Wigner shape, the 

phase of the 2-S wave with respect to the 0 S 

does not show any clear resonant behavior. 

On the other hand, PERNEGR 77 perform a PWA of 

the reaction rr A~ (rr+rr-rr-)A on nine different 

nuclear targets at 8.9, 12.9, and 15.1 GeV/c, 

and obtain evidence for resonance-like phase 

variations of the 2-S and 2-P waves relative 
+ + 

to 1 S and 1 P. Thus they propose two decay 

modes: frr via S wave and prr via P wave. 

(b) Experiments with incident rr+ have shown 

evidence for variations consistent with a 

resonance interpretation (OTTER 74, THOMPSON 

74). This is not confirmed by BALTAY 77 (see 

also CAUTIS 77) with a PWA of rr+p ~ (rr+rr+rr-)p 

at 15 GeV/c. 

(c) In the non-diffractive charge-exchange reaction 

rr+p ~ rr+rr-rr 0~++ at 7 GeV/c (WAGNER 75) and at 

15 GeV/c (BALTAY 77 or CAUTIS 77), and in the 

hypercharge-exchange reaction K p ~ rr+rr-rr 0A at 

4.2 GeV/c (CERRADA 77), there is no evidence 

for A
3 

production. 

\ 



Mesons 
A3(1640) 

(d) The A
3 

region is not well described by the 

Deck-like model of Ascoli et al., although the 

agreement could probably be improved by a 

series of more or less well motivated adjust

ments to the model (ASCOLI2 73, ASCOLI 74). 

Nevertheless, relative phase variations of 

-40° through the A
3 

mass region are predicted 

for the 2 f~ wave. 

(e) Other partial waves contribute strongly in the 

A
3 

region. The 2 p~ P wave may exhibit a 

broad enhancement; no phase variation relative 

to 2 f~ is observed (ANTIPOVl 73, ASCOLil 73, 

OTTER 74, THOMPSON 74, PERNEGR 77). ANTIPOVl 

73 show some evidence for an enhancement in the 

2+ f~ P wave with M-1750 MeV, r-200 MeV. The 

relative phases are not inconsistent with a 

resonance interpretation. The l+D p~ wave of 

PERNEGR 77 shows features of a resonance-like 

behavior with a mass -1650 MeV and a width 

-4oo MeV. 

Thus, while for the Al evidence for a reso

nance interpretation seems to be emerging, the new 

results for the A
3 

are still contradictory and 

must await further clarification. 

---- ------- --!-..------ ----- -------- -------- --------- --------
34 A3 MASS IMEYI 

3011600.01 FORINO 65 OBC 04.5 PI+ 0 10/66 
M 2011630.01 130.01 VETLITSKY 66 HBC - 4.7 PI- P 12/75 
M (1630.1 110. J BALTAY 68 HBC + 7, 8.5 PI+ P 12175 
M 11660.01 116.01 BARTSCH 66 HBC + 8. PI+ P,3Pl P 12175 
M 11610.1 119.1 LAMSA 68 HBC - 8.0 PI-P, PI-F 12/75 
M 29711673.01 (40.01 ARMENISE 69 OBC + 5.1 PI+0,3PI++- 12!75 
H 11680.1 120.01 CASO 69 HBC - 11 PI-P 5/10 
H 11660 .. 01 120.01 CASO 69 HBC - 11 PI-Pt PI-F 12175 
M 11645.01 110.01 CRENNELL 70 HBC - 6. PJ-.p,f PI 12/75 
M 0633.01 02.01 MlYASHITA 70 HBC - 6.7 PI-P,Pl-F 1171 
M BACKGROUND SUBTRACTION OIFF ICUL T • 
M 11672.01 BEKETOV 71 HBC - 4.45 PI-P 11/71 
M I 1600. I (50.J PALER 71 DBC + 13.PI+ D,OI3PIJ+.12/75 
M 26011660.1 (25.1 CASO 72 HBC + 11.7 PI+ P 12/75 
M F 11658.1 18.1 HARRISON 72 HBC - 13o20. PI- P 12/72 
M F FIT ASSUMES AN ADDITIONAl PEAK AT 1830 MEV. 12/72 
M f EVIDENCE FOR A SUBSTANTIAl DECAY INTO 3PI ClAIMED 
M P 11650.1 130.1 ANTIPOVl 73 CNTR- 25.,40. PI-P 12/75 
M P 11660.1 110.1 ASCOLl 1 73 HBC - 5.-25.PI- p,p A3 12/75 
M P E 11600.1 110.1 THOMPSON 74 HBC + 13. PI+ p,p A3+ 12175 
M E EVIDENCE FOR A RGTATION OF THE PHASE CLAIMED. 
M 57511640.1 (lO.) KALHKAR 75 HBC + 15 PJ+P,P Pl+F 12/75 
M P 200011662.01 110.01 BALTAY 77 HBC 0 15 PI+ P1P 3PI 12177* 
M P 2000I16aO.OI ta.OI GHIDINI 77 OMEG -12 Pl-P,P 3Pl 12177* 
M R H650.0J PERNEGR 77 CNTR- 9+13+15,PJ- NUC. 12/71* 
M R CLEAR PHASE ROTATION SEEN IN 12-SI AND 12-PI WAVES 
M P FRLM A FIT TO JP=2- F PI PARTIAL WAVE 

w 
w 
w 
w 
w 

AVERAGJ NG ~OT MEANINGFUL 

34 A3 WIDTH I MEV I 

20 1100.1 VETLtTSKY 66 HBC - 4.7 PI-P 
170.1 140.1 BALTAY 6a HBC 7, 8.5 PI+ P 

1115.01 145.01 BARTSCH 68 HBC a. PI+ P,3PI P 
H 1100.) 150.1 (30.} LAMSA 68 HBC - 8.0 PJ-P PJ-F 
A 297 1240.01 150 .. 01 ARMENISE 69 DBC + 5 .. 1 PI+Dr3PI++-
A BACKGRCUNO SUBTRACT ION MODEL-DEPENDENT. 

tl30.1 CASO 69 HBC - It PI- P 
I 150.01 CASO 69 HBC - 11.0 PI-P,PI- F 
(130.01 130.01 CRENNEll 70 HBC - 6. PI- P,F PI 

137.01 124.01 MIYASHITA 70 HBC - 6.7 Pl-PIPI-F 
BACKGROUND SUBTRACT ION DIFFICULT. 

6/66 
6/6a 

12175 
11/67 

5170 
5170 
6/6a 
6/6a 
5170 
1171 

112a.01 BEKETOV 11 HBC 
1220.1 180.1 PALER 71 OBC 

- 4.45 PI- P lli7I 
+ 13.Pl+ DoDI3PIJ+.12/75 

• p 200. TO 400. CASD 72 HBC + 11 .. 1 PI+ P I172 
w 

F 
F 
f 

p 
w p 

260 1190.1 ClOO.J CASO 72 HBC + 11.7 PI+ P 12/75 
153.1 (20.1 116.) HARRISON 72 HBC - 13.,20. PI- P 12172 

FIT ASSUMES AN ACOITIONAL PEAK AT IB30 MEV. 
EVIDENCE fOR A SUBSTANTIAL DECAY INTO 3Pl CLAIMED 

1300.1 150.) ANTIPOVI 73 CNTR-
1270.1 I6Q;) ASCOLI 1 73 HBC -

12/72 

25.,40. PI- P I2175 
5.-25.Pl- P1P A3 12175 
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w r E 1310.1 (40.) THOMP~GN 74 HBC. . 13. PI+ p,p A3+ 12/H· 
E EVIDENCE FOR A ROTATICN OF THE PHASE CLAIMED. 

• 575 1240. I (30. I KALELKAR 75 HBC . 15 PI+P,P Pl+F 12175 
w p 2000 1265.01 (60.01 BALTAY 77 HBC 0 15 PI+ P,P 3Pl 12/77"11 

• P 2000 1220 .. 0 I 130.01 GHIDINI 17 0"1EG -12 PJ-p,p 3PI 12177* .. R (400.01 PERNEGR 11 CNTR - 9+13+I5rPI- NUC. 12177• 

• R CLEAR PHASE ROTATION SEEN IN 12-SJ AND 12-PJ WAVES 
w p FROM A FIT TO JP=2- F PI PARTIAL WAVE 

AVERAGING NOT MEANINGFUl 

34 A3 PARTIAL DECAY MODES 

DECAY MASSES 
P1 A3 INTG 3 PI 134+ 134+ 134 
P2 A3 INTO RHO PI 134+ 776 
P3 A3 INTO ETA PI 134+ 54a 
P4 A3 INTO 5 PI 139+ 139+ 139+ 139+ 
P5 A3 INTO K K•ts921 497+ a92 
P6 A3 INTO K KEIAR PI 497+ 4<)7+ 134 
P7 A3 INTO K KBAR 497+ 497 
P8 A3 INTG F PI 1271+ 134 
P9 A3 INTO OMEGA PI PI 783+ 134+ 134 

34 A3 BRANCHING RATIOS 

A'3+- INTO IPI+- RHOOJIIALL PI+- PI+ PI-I (P2Cif(PtCI R2 
R2 
R2 
R2 

10.31 OR LESS BAP.TSCH 6B HBC + B. Pl+ PI3PI P 8/69 
10.41 OR LESS FERBEL 68 RVUE +- • 9/68 

1.181 OR LESS Ctc.95 PALER 71 DBC + l3.P++ Or0(3P+I+ 11171 

A3+- INTO IPl+- FIIIALl PI+- PI+ PI-J 
I WITH F INTO PI+ PI-I 

IP8)11P1C I R3 
R3 
R3 
R3 
R3 
03 
R3 
R3 
R3 
R3 
R3 
R3 
R3 

INDICATION SEEN LUBATTI 66 HLBC 16 PI- 11166 
(0 .. 59JFOR JP=2- BARTSCH 68 HBC a. PI+ Pr3PI 8/69 
I 0.5llFOR JP:l+ BARTSCH 6a HBC a. PI+ P,3PI a/69 
(0.20JFOR JP:Q- BARTSCH 68 HBC + a. PI+ Pr3PI a/69 
(0.351 10.201 BALTAY 6a HBC + 7-a.5 Pt+P 5/6a 

CONSISTENT WITH I.O CASO 68 HBC - 11 PI- P 6/68 
10.76) (0.24) 10.341 ARMENISE 69 DBC + 5.1 PI+Do3Pl++- 5/70 

CONSISTENT WITH 1.0 CRENNELL 70 HBC - 6. PI- PrF. PI • 5/70 
I.B51 OR MORE CL=.95 PALER 
CONSISTENT kiTH I.O LICHTMAN 
CONSISTENT WITH 1.0 KALELKAR 

1I DBC + 13.P++ O,OC3P+J+ 11111 
74 HBC +- 1a.5 PI+-P,P 3PI I2175 
75 HBC + 15 PJ+P,P 3PI 12/75 

R5 
R5 
R5 
R5 

•• .. 
•• 

A3+- INTO IPI+- ETA)IIAll PI+- PI+ PI-I 
lAll ETA DECAYS) 

10.091 OR LESS BALTAY 68 HBC 
10.101 OR LESS CRENNELL 70 HBC 

A3+- INTO CPI+- 2PI+ 2PI-111All PI+- PI+ PI-I 
10.11 OR LESS BALTAY 68 HBC 
I 0.101 OR LESS CRENNEll 70 HBC 

A3+- INTO IRHO PIJ/CF PJI 

CP3J/CP1CI . 7-a.5 Pt+P 5/66 
- .. PI- P1F PI 5170 

IP4C1!1Plct 
+ 11a.5 PI+ P 6/6a - .. P+- PrF P+ 5/70 

IP21/IP81 •• •• 
R9 
R9 

10.031 10.371 10.031 CASD 69 HBC - 11 PI- p 12175 

A3+- INTOL I PI+- PI+ Pl-IICF PI) IP1C-PBI/IPaJ 
(0.061 (0.471 10.061 CASO 69 HBC - ll PI- P 12/75 

•• POSSIBLY SEEN HARRISON 72 HBC - 13.,20. PI- P 12172 . 

RIO A3+- INTO IUNCORREL.Pl+- PI+ PJ-If(All PI+- PI+ Pt-1 
RIO M 1.051 OR LESS Cl=.95 PALER 71 DBC + 13. Pl+O,OI3Pll+ 1117I 
RIO M MODEL DEPENDENT FIT ........................ ·······•·· .......................... . 
FORINO 65 Pl 19 68 
FOtACC I 66 PRL 17 a90 
LEVRAT 66 Pl 22 714 
LUBATTI 66 THESIS BERKELEY 
VETLITSK 66 Pl 2I 579 
OANYSZ 67 NC 51 A aot 
DUBAL 67 NP B3 435 

ALSO 68 THESIS I456 

BAL T AY 68 PRL 20 887 
BARTSCH 68 NP 8 1 345 
CASD 6a NC 54 A 9a3 
FERBEl 68 PHILA.t0NF.335 
lOFFREDO 6a PRL 21 1212 
LAMSA 6a PR 166 1395 

ARMENISE 69 LNC 2 501 
BARNES 69 PRl 23 142 
CASO 69 LNC 2 437 

ALSO 68 CASO 

REFERENCES FOR A3 

+GESS AROL I+ t BGNA+BAR I +F IRZ+ORSA+SACL I 
CERN MISSING MASS SPECTROMETER GROUP tCERNJ 
CERN HISSING MASS SPECTROMETER GROUP CCERNI 
H.J.LUBATTI tLRLJl-2-
VETl IT SKY ,GUSZAVIN 1 Kll GER,ZOLGANOV+ ( IT EP I 
DANYSZ+FRENCH+SIMAK ICERNI 
CERN MISSING MASS SPECTROMETER GROUP (CERNI 
L .OUBAL ( GENEVE I 

+KUNG+YEH+F ERBEL+ ( COLU+ROCH+RUTG+YALE I I= 1 
+KEPPEL,KRAUSr+ IAACH+BERL+CERNI JP 
+CONTE+CORDS+D IAZ+ I GENDVA+HAMB+MILA+SACL I 
T .FERBEL I ROCHESTER I 
+BRANDENBURG r BRENNER, E J SENSTEI N+ (HARVARD I 
+CASON+BISWAS+OERADO+GROVES+ ( NOTREOAME I 

+GH 101 Nl rFORl NOt CART ACCI + 
+CHUNG 1 EISNER, FlAM I Nl Or+ 
+CONTE r TOMAS IN I, CANTORE+ 

I BAR I +BGNA+F IRZI 
IBNLJ 

( GENO+MJLA+SACL I 

BRANOENB 70 NP 816 369 +BRENNER,IOFFREDO,JCHNSON,KIM+ (HARVARD) 
CRENNELL 70 PRL 24 781 +KARSHON,LAJ,SCARR,SJMS IBNU 
CHIEN 70 PHILAO.CONF.P.275 C.Y .CHIEN, REVIEW (JOHNS HOPKINS I 
MIYASHIT 70 PR 0 1 771 MIYASHITA,VON KROGHIKOPELMANrliBSY ICOLO) 

BEKETOV 11 SJNP 4 165 
PALER 71 PRL 26 I675 

ALEXANDE 72 t.P B 45 29 
ARMENISE 72 LNC 4 201 
CASO 12 NP B 36 349 
HARRISON 12 PRL 28 775 
SALZBERG 12 NP 8 41 397 

ANTJPOVJ 73 NP B 63 I53 
ANTIPOV2 13 NP B 63 HI 
ASCOLI 1 13 PR 0 7 669 
ASCOLI 2 13 PR 0 8 3894 

+SOMBKDWSKY,KDNOWALOVrKRUTSCHlNINI+ tiTEPI JP 
+BADE WIT Z r BAR TON tMILLER r PALFREY, TEBES I PURD 1 

AlEXANDER, BAR-N I R, SENARY, DAGAN,+ t TELA I 
+FORI NO, CART ACCI r+ I BARI +SGNA+fl RZ I 
+MADDOCK 1 BASSLeR+ t OURH+GEND+DE SY+M ILA+SACL I 
+HEY OAt JOHNSON r K I M,LAW, MUELLER o+ I HARV 1 
+HARRISON, HEYOA, JOHNSON, KIM ,LAW,+ I HARV I 

+ASCOll r BUSNELLOtFOCACC I,+ 
+AS COL I r BUSNELLOt FOCACC I,+ 
INTERNAl. COLLABORATION 
+JONES, WE JNSTE I NtWVLD 

(CERN+SERP I JP 
ICERN+SERPJ JP 

(Ill+ I JP 
liLLI JP 

ASCOLI 74 PR 09 I963 +CUTLERrJONES,KRUSErROBERTS,WEINSTElN·Hllll 
LICHTMAN 74 NP B81 31 +81SWAS,CASON,KENNEYrMCGAHAN,+ (NOAMI 
OTTER 74 NP sao 1 +RUDOLPH+ IAACH+SERL+BONN+CERN+HEIDJ JP 
TABAK 74 BOSTON +R9NAT,ROSENFElDrLASINSKI+ tLBl+SLACJ JP 
THCMPSON 74 PRL 32 331 +BAOEWITliGAIOOS,MCilWAINrPALERI+ IPUROJ JP 

ALSC 74 NP B69 381 THOMPSON,BADEWITZ,GArDOSIMCILWAIN+ IPURDI JP 

BEKETOV 15 SJNP 20 379 +lOMBKOVSKIIoKAIOALONtKDNOVALOV+ IITEPI 
EMMS 75 Pl 60 8 109 +JONEStKINSON,BElL,OALE+ IBIRM+OURH+RHELI JP 
HORNE 75 PR Dll 996 .+S.HAGOPIAN,V.HAGOPIANIBENSINGER+IFSU+BRANJ 
KALELKAR 75 THESISINEVIS 2071 M.S.KALELKAR ICOLUI 
WAGNER 75 Pl 5aB 201 +TABAK, CHEW ( LBll JP 

,. 
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Data Card Listings 
For notation, see key at front of Listings. 

SAL lAY 
CAUTIS 
CERt;.ADA 
GHJDINI 
PERNEGR 

77 PRL 39 591 +CAUTIS,KALELKAR ICOLUMBrAJ JP 
77 THESIS NEVIS 221 C.V.CAUTIS tCOLUMBIA) JP 
77 NP 8 126 241 
17 PREPRJNT 
71 BUDAPEST CONF. 

+BLOCKZIJL,HEINEN,+ IAMST+CERN+NIJM+OXFI JP 
+ IBARI+BONN+CERN+OARE+LIVP+MILAJ JP 
+8EUSCH 1 ASTBURY+ IETHZ+CERN+LOIC+MILAI JP 

:O***** ••••••••• ********o ••••••••• ••••••••• ********* o•******* ******** .............. .,. •••••••••• ********* ••••••••••••••••••••••••••••••••••• 

l w( 1670) I 45 oMEGAtl67o,JPG=3--l •=o. 
THIS RESGNANCE OVERLAPS IN ITS "3PJ MODE WITH THE A3, 
BUT IN SC.HE EXPERIMENTS ONE CAN ESTABLISH THE DECAY 
MODE RHOO PIO, THUS 1=0. WAGNER 75 FINO JP=3- UNIQUELY. 
CERRAOA 17 SEE ClEAR PHASE ROTATICN RESPECT TO FOUR 
DIFFERENT REFERENCE WAVES. CONFIRMED BY CAUTIS 17. 
THE DECAYS INTO 5PI AND OMEGA PI+ PI- NEED FURTHER 
CONFIRMATION ISEE ALSO XI1690JJ. 

1636. 
1670. 

200 1679. 
500 1678. 

M Q 200 1660. 
M P 600 1669. 
M P E 1673.0 
M E 110U700.0l 
M 

45 OMEGA I 16701 MASS CMEVl 

20. 
20. 
17. ... 
13. 
ll. 
12.0 

APPROX. 

ARMENISE 
KENYON 
MATTHEWS 
DIAl 
DIAZ 
WAGNER 
CAUTJS 
CERRAOA 

68 OBC 
69 DBC 
71 OBC 
74 OBC 
74 OBC 
75 HBC 
11 HBC 
77 HBC 

5.1 Pl+NtPOPIJO 9/68 
8. Pl+N,PI3PUO 8/69 
7.0 PI+N,PC3PIJO. 1171 
6. PJ+NtPC3PIJO 1174 
6. PI+N,PC5PJ10 1174 
7. PJ+Pt0EL++3Pl 11/75 
15 PJ+P,OEL 3Pl 12177* 
4.2 K-P,LAM 3Pt 12177* 

M AVG 1668.3 
M STUOENT1668. 7 

5 •• 
6.0 

AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTlOIH/1.111 - SEE MAIN TEXT 

H E PHASE ROTATION SEEN FOR JP 3- CRHO PIJ WAVE. 
M p FROM A Ftl TO 1""0, JP=3- RHO PI PARTIAL WAVE 
M Q FRGM (OMEGA PI PI J MODE 

s 200 
500 

Q 200 
p s 600 
p E 

112. 
100. 
155. 
167. 
122. 
173. 
173.0 

45 OHEGAC16701 WIDTH IMEVI 

60. •o. .o. 
40. 
39. 
28. 
16.0 

ARMENISE 
KENYON 
MATTHEWS 
DIAZ 
·ouz 
WAGNER 
CAUTIS 

68 DBC 
69 OBC 
71 OBC 
74 OBC 
74 OBC 
75 HBC 
77 HBC 

5.1 PI+N,PC3PIIO 9/68 
B. PI+N,PI3PIJO 8/69 
7.0 PI+N,PI3PIJO 11/75 
6. PI+N,PI3PIJO 1/74 
6. PJ+NtPI5PIJO 1/74 
1. PI+P,OEL++3PI 11/75 
15 PI+P,OEL 3PI 12/77* 

AVG 159.1 
STUDENT 159.7 

ll.2 
12.8 

AVERAGE" (ERROR INCLUDES SCALE FACTOR OF 1.0) 
AVERAGE USING STUOENTlOIH/1.111 SEE MAIN TEXT 

W E PHASE ROTATION SEEN FOR JP 3- IRHO PIJ WAVE. 
W P FROM A FIT TO JcQ, JP=3- RHO PI PARTIAL WAVE 

P1 
P2 
P3 
P4 
P5 

R1 
R1 
R1 

WIDTH ERRORS ENLARGED BV US TO 4*WIDTH/SQRTINJ tSEE K* TYPED NOTE 
FROM IOMEGA PI PI I MODE 

45 OMEGAI16701 PARTIAL DECAY MODES 

OMEGAC16701 INTO 3 PI CJNCL. RHO PII 
OMEGAU6701 INTO 5 PI IINCL. OMEGA PI+PI-1 
OMEGAC 16701 INTO RHO PI 
OHEGAU6701 INTO OMEGA PI+ PI-
OMEGAI16701 INTO 8112351 PI 

45 OMEGAilb701 BRANCHING RATIOS 

CMEGAU6701 INTO C5 PIJ/(3 PI) 

DECAY MASSES 
134+ 131t-+ 134 
134+ 131t-+ 131t-+ 134+ 
776+ 131t-
783+ 131t-+ 134 

1231+ 134 

I P21 liP II 
C0.10l (0.101 KENYON 69 DBC 8. PI+N,PI 3PIJO. 8/69 

200 0.97 0.28 OIAZ 74 OBC 6. PJ+N,PI5PIJO 1/74 

RZ GMEGAUb701 INTO IRHO PU/(3 PI) CP31/IPU 
R2 200 (0.701 OR MORE MATTHEWS 71 OBC 7•0 PI+N,PI3PIJO 11/71 

R3 OMEGAilb701 INTO CCMEGA PI+ PI-IIlRHO PIJ IP4l/CP31 
R3 100 0.47 0.18 OUZ 74 OBC 6. PI+N,PC5PIJO l/71t-

R4 OMEGAI16701 INTO IBI1235J PIIICRHO PIJ IP51/IP31 
R4 POSSIBLY SEEN OIAZ 74 DBC b. Pf+N,PI5PIJO 1174 

****** ••••••••• •o-••····· •••••••••••••••••••••••••••••••••••••••••••• 

ARMENISE 68 Pl 268 336 

KENYON 69 PRL 23 146 

ARMENISE 70 LNC 4 199 

MATTHEWS 71 PR 0 3 2561 
MATTHEW! 71 LNC 1 361 

OIAZ 74 PRL 32 260 

WAGNER 75 PL 588 201 

REFERENCES FOR CMEGAI1670J 

+GHIDINJ,FORINO+ CBARI+BGNA +FJRZ +ciRSAYJ 

+KINSON,SCARRt+ IBNl+UCND+ORNLI 

+GHIO INI ,FORI NO, CARTACCI t+ C BARI+BGNA+FIRZI 

+PRENTICEtYOON ,CARROLL,+ CTtHO+WI SCI 
+PRE NT ICE ,YOQN, CARROLL,"!" CTNTO+WISC I 

+OJ BlANCA, F ICK INGER, ANDERSON,+ I CAS E+CARN I 

+TABAK,CHEW ILBLI JP 

BAl TAY 
CAUTIS 
CERRAOA 
CORD EN 

77 PREPRINT +CAUTIS,KALELKAR ICOLUJ JP 
17 THESIS NEVIS 221 C.V.CAUTIS (COLUMBIA J JP 
77 NP B I26 241 +BLOCKZIJL,HEJNEN,+ IAMST+CERN+NIJM+OXFI JP 
77 PREP. RL 77 097A COROEN,CORBETT+ IBIRM+RHEL+TELA+LOWCJ JP 

•••••••••••••••••••••••• •••o-••••• ..................................... .. ............................................. ••••*•••• ................... . 

I g( 1680) I 15 Gll6BO,JPG: 3-+) 1•1 

This entry contains the 2~, 4~, w~. KK, and 

KK~ peaks in the region of 1700 MeV. The spin

parity determination and the mass and width in the 

Mesons 
A3(1640), w(1670), g(1680) 

Meson Table come from the 2~ mode. An elasticity 

of 24% is found at resonance in the ~~ elastic 

partial-wave analysis (HYAMS 75) . This is consis

tent with the assumption that at least some of the 

effects listed are due to g decay into various 

channels. On the other hand, some discrepancies 

in masses, widths, and branching ratios indicate 

that there may be more than one IG = 1 + meson in 

this region (BARNHAM 70, HOLMES 72, THOMPSON 74). 

Although we have colle.cted all the data here under 

a common entry, we do not imply that they are 

necessarily all related. 

E 
G 
Gl 

I 

PI+ PI- MODE 

c 1700.01 
( 1640.01 
1670.0 

{1683.) 
1720.0 

I 1655.01 
1737.0 
1687. 
1678. 
1652. 

600 1690. 
1693. 

11692.) 
I 1722.1 

AVG 1687 .a 
STUOENT1688. 7 

15 G MASS CMEVJ 

1100.01 

30.0 
( 13.) 
zo.o 

(10.01 
23.0 
21. 
12· 
13. 

7. .. 
112.1 

13.1 

BELLINI 65 HLBC 
FORINO 65 DBC 
GOLDBERG 65 HBC 
ARM ENI SE 68 DBC 
CRENNEll 68 HBC 
JOHNSTON 68 HBC 
ARM ENI SE 70 OBC 
STUNTEBEC 70 HDBC 
MATTHEWS 71 OBC 
MATTHEWS 71 HBC 
ENGLER •74 DBC 
GRAYER 74 ASPK 
ESTABROOK 75 RVUE 
HYAMS 75 ASPK 

0 6.1 PI-P 12175 
0 4.5 PI+O 6/66 
0 6 PI+D, 8 PI-P 
0 5.1 PI+ 0 • 6/68 
0 6.0 PI- P 12/68 
0 7.0 PI- P 6/68 
09PI+N 1171 

0 8. PJ-P,5.4 PI+O 2172 
0 7. PI+ N 2172 
0 7. PI-P 2/72 

0 6. PI+NtPI+PI-P 12/75 
0 17 PJ-P,PI+PI-N 2174 

17 PJ-P,PI+PI-N 12/75 
0 11 PI-P,PI+PI-N 12/75 

6.4 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.5J 
4.9 AVERAGE USING STUOENTlOCH/1.111 - SEE MAIN TEXT 
ISEE IDEOGRAM BELOW I 

M E MASS ERRORS ENLARGED BV US TO WIOTH/SQRTCNJ,SEE K* TYPED NOTE 
H I FROM PHASE-SHIFT ANALYSIS 
M ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT ~HASE-SHIFT SOLUTIONS 
M G USES SAME DATA AS HYAMS 75 

H C2PIJ+- MODE 
M 
M 1640.0 25.0 

35.0 
(5.) 

CRENNELL 
BARTSCH 
THOMPSON 

68 HBC 
70 HBC 
74 HBC 

- 6.0 PI- P 12/68 
5/70 

12/75 
M 122 1650.0 + 8 PI+ P,2 PI 

+ 13 PI+ p M 11632.1 
M 

M 
M 
M 
M 
M 

AVG 1643.4 
STUDENT1643 .4 

20.3 
21.9 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENT10CH/1.11J -- SEE MAIN TEXT 

K KBAR + K KBAR PI MODE 

11675.1 
(1700.1 

EHRLICH 66 HBC +- 7.9 PI-P,K KBAR 
FRENCH 67 HBC 0 3,3.6 PBAR P 

2172 
7/67 

OBSERVED IN NEUTRAUK* KBARJ 
I 1740.1 

MODE IG-PARITY UNKNOWN) 
FRENCH 67 HBC CKO K-1 3-4 PBAR p 7161 

SEE FIG. 9 OF FRENCH 67 
1640.0 20.0 25.0 CRENNELL 68 HBC +- 6.0 Pl-P,KBAR K 12/6B 
1690.0 16.0 ADERHOLZ 69 HBC + 8 Pl+ P,KKBARPI 8/69 
1692. 6. BLUM 75 ASPK 018.4 PI-P,N K+K- 11/75 

6000 1698. 12. MARTIN 11 SPEC 10 PI P,KS K- P 12177• 
FF.OM A FIT TO JP=3- PARTIAL WAVE. 

AVG 1690.3 
STUOENT1691.0 

6. 7 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.41 

f4PIJ+- MODE 

1720. 
( 1675 .. 0) 

144 1680.0 
90(1640.0) 

F 1021 1689.0) 
1705.0 

300( 1710.) 
1630. 
1687. 

( 1685.1 
66U733.1 

1670. 

AVG 1677.1 
STUDENT1617.9 

5.5 AVERAGE USING STUOENTlOCH/1.111 -- SEE MAIN TEXT 
CSEE IDEOGRAM BELOW I 

"· ( 10.01 
40.0 

120.01 
120.01 
21.0 

15. 
20. 

(14.1 
(9.) 
(0. 

SAL TAY 
JOHNSTON 
BARTSCH 
BARTSCH 
BARTSCH 
CASO 
ARMENI SE 
HOLMES 
CASON 
CASON 
KLJGER 
THOMPSON 

68 HBC + 1, 8.5 PI+ P 
68 HBC - 7.0 PI- P 
10 HBC + 8 PI+ P,4 PI 
70 HBC + 8 PI+ P,A2 PI 
70 HBC + 8 PI+ Pt2 RHO 
70 HBC - 11.2PI-P,RHO 2PI 
72 HBC - 9.1 PI- P,P 4PI 
72 HBC + 10.-12. K+ P 
73 HBC - 8.,18.5 PI- P 
73 HBC - 8.,18.5 PI- P 
74 HBC - 4.5 PI-PtP 4PI 
74 HBC + 13 PI+ P 

p.o AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.01 

6/68 
6/68 
lt-/11 
4171 
4/71 
5/70 

12/72 
1/73 
1/74 
1174 

12175 
12/75 

9.0 AVERAGE USING STUDENT101H/1.11J -- SEE MAIN TEXT 
ISEE IDEOGRAM BELOW I 

FROM UHO+- RHOOI MODE 

RHOO RHOO MODE 

( 1700.0l 
( 1700.01 

GMEGA PI MODE 

1654. 
1630.0 

11666. I 
1686. 
1666.0 

AYG 1663.4 
STUDE NT 1665.7 

24. 
u.o 

150.) .. 
14.0 

MAURER 
BRAUN 

8ARNHAM 
CASO 
CASON 
THOMPSON 
GESSAROL I 

70 HBC 
71 HBC 

70 HBC 
70 HBC 
73 HBC 
74 HBC 
77 HBC 

05.7 PBAR p, 7 PI • 2/71 
05.7 PBAR P,7 PI 11/71 

+ 10 K+ P,OMEGA PI 6/70 
- ll.2PJ-P,P.I OMEG 5/70 

- 8.,18 .. 5 PI-P 1174 
+ 13 PI+ P 12175 

11 PJ-P,OMEGA PI 12177• 

13.8 AVERAGE IERR.OR INCLUDES SCALE FACTOfl OF 2.31 
10.2 AVERAGE USING STUDENTlOCH/1.11} -- SEE MAIN TEXT 

ISEE IDEOGRAM BELOW J 



Mesons 
g(1680) 

NR1 
NR2 
NR3 
N 

R 

1600 

~EIGHTED ~UER~GE = 1687.8 • 6.4 
ERROR SC~LED BY 1.5 

·GR~YER 74 ~SPK 

·ENGLER 74 DBC 
·M~TTHE~S 71 HBC 
·M~TTHE~S 71 DBC 
·STUNTEBEC 70 HDBC 

70 DBC 
68 HBC 
65 HBC 

G M~SS IMEUlo PI+ PI- MODE 

G MSS 

~EIGHTED ~UER~GE = 1690.3 • 6.7 
ERROR SC~LED BY 1.4 

·M~RTIN 77 SPEC 
·BLUM 75 ~SPK 
·~DERHDLZ 69 HBC 
·CRENNELL 68 HBC 

1760 1800 
IMEUJ K KB~R + K KB~R PI MODE 

~EIGHTED ~UER~GE = 1677.1 • 13.0 
ERROR SC~LED BY 2.0 

•THOMPSON 74 H8C 
·CRSON 73 H8C 

72 H8C 
70 H8C 
70 H8C 
68 H8C 

1640 1680 1720 1760 1800 

G M~SS 14PIJ+- MODE 

R PEAKS FROM MMS. {FOR DIFFICULTIES WITH MMS EXPTS. SEE 
THE A2 MINI-REVIEW IN THE 1973 EOITIONI 

CHISQ 
0.4 
0.1 
7.6 
0,7 
0.0 
4.6 
2.6 

__Q_,_L 
16.3 

I CDNLEU 
=0.023) 

CHISQ 
0.4 
0.1 
0.0 

_§_JL_ 
5.5 

!CCNLEU 
=0.139) 

£l!il.£ 
0.6 
0.2 
9.9 
1.8 
o.o 

...L.L 
20.6 

ICCNLEU 
=0.001) 

(1632.1 115.) 
u 700.1 (15.1 
11748.1 CLS.J 

FOCACCI 
FOCACCI 
FOCACCl 

66 MMS -
66 MMS -
66 MMS -

7-12 PJ-P.,P MMS 12172 
7-12 PI-P, P MMS 12172 
7-12 PI-PtP MMS 12/72 

NOT SEEN BY BOWEN 72 
( 1700.0) (47.0) ANDERSON 69 MMS 16 P 1- P, BACKW 8/69 

126 

Data Card Listings 
For notation, see key at front of Listings .. 

~EIGHTEO ~UERRGE = 1663.4 ± 13.8 
ERROR SC~LEO BY 2.3 

·GESS~RCLI 77 HBC 
•THOMPSON 74 HBC 
·CRSC 70 H8C 
·B~RNH~M 70 H8C 

1600 1640 1680 1720 1760 1800 

G M~SS IMEUJ CMEG~ PI MODE 

CHISQ 
0.0 
6.3 
9.2 

__Q_,L 
15.7 

!CCNLEU 
=0.001) 

--- --- ------ ------- ------- ------ ___ _._ __ --.------

H 

G 
Gl 

I 

PI+ PI- MODE 

140.01 
180.0 
188. 
200.0 
180.0) 
171.0 

267. 
156. 
73. 

600 167. 
ioo. 

(240.1 
{267.) 

15 G WIDTH (/1EVI 

40.0 ... 
100.0 
c2o .. o1 
65.0 
12. 
36. 
36. 
40. 
18. 

130.1· 
130.1 

46. 

FORINO 65 OSC 
GOLDBERG 65 HBC 
ARMENISE 68 DBC 
CRENNELL 68 HBC 
JOHNSTON 68 HBC 
ARMENISE 70 OBC 
STUNTEBEC 70 HDBC 
MATTHEWS 71 DBC 
MATTHEWS 71 HBC 
ENGLER 74 DBC 
GRAYER 74 ASPK 
ESTABROO.I<. 75 RVUE 
·HYAMS 75 ASPK 

0 4.5 Pt+O 6/66 
0 b Pl+O, a PI-P 
0 5.1 PI+ 0 6/ba 
0 6.0 PI- P 12/6a 
0 7.0 PI- P b/ba 
09PI+O 1171 

0 8. Pl-P.5o4 PI+D 2172 
0 1. PI+ N 2./72 
0 7. PI- P 2172 

0 6. PI+N,Pl+PJ-P 12/15 
0 17 PI-P,PI+PI-N 2174 

17 PJ-P.PI+PI-N 12175 
0 17 PJ-P,PI+PI-N 12/75 

AVG •111:2· 15.2 AVERAGE IERROR INCLUDES SCALE FACTOR Of 1.31 
STUDENT 181.2 14.6 AVERAGE USING STUDENTlOIH/1.111 - SEE MAIN TEXT 

ISEE IDEOGRAM BELOW I 

W FROH PHASE-SHIFT ANALYSIS 
W ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT PHASE-SHIFT SOLUTIONS 
W G USES SAME DATA AS HYAMS 75 

• • w 
w 
• w 
• w 
w 
• 

12Pll+- MODE 

122 
200.0 
180.0 
(42.1 

100.0 
30.0 

120.1 

CRENNELL 
BARTSCH 
THOMPSON 

68 HBC 
70 HBC 
74 ,HBC 

- 6.0 PI- P 
+ 8 PI+ P,2 PI 
+ 13 PI+ P 

1216a 
5170 

12175 

AVG 2e. 1 
:n.o 

AVERAGE IERRDR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTlOIH/1.111 -- SEE MAIN TEXT STUDENT 181.6 

K KBAR + K KBAR PI HOOE 

(120.1 APPROX. FRENCH 67 HBC IKO K+-1 3-4 PBAR P 11/69 
ABOVE VALUE ESTIMATED FROM FIG. ·9 OF FRENCH 67 

79.0 70.0 25.0 CRENNELL ba HBC +- 6.0 PI-P,KSAR K 12/ba 
112.0 60.0 ADERHOLZ 69 HBC + B PI+ P,KKBARPI 8/69 
205.. 20. BlUM 75 ASPK Ota.4 PI-PtN K+K- 11175 

P 6000 199. 40. HARTIN 77 SPEC 10 PI PtKS K- P 12177• 
p FORfoll A FIT TO JPc3- PARTIAL WAVE. 

AVG •1ez:B• 25.6 AVERAGE IERROR INCLUDES SCALE FACTOR OF Lobi 
STUDENT 1a6.1 19.7 AVERAGE USING STUDENTlOIH/1.11) --SEE MAIN TEXT 

ISEE IDEOGRAM BELOW I 

t 4PI )+- MODE 

100. 35. SAL TAY 6B HBC + 1, a.5 PI+ P &lba 

(90.01 120.01 JOHNSTON 68 HBC - 7.0 PI- P 6/68 
NOT SEPARATED FROM 2 PI DECAY 

144 135.0 
90 (180.01 

F 102 1160.01 
1160.01 

300 ( 200.1 
130. 
169. 

1125.) 
66 (150. J 

lOb. 

AVG 120.6 
STUDENT 120.& 

30.0 
(30-01 
130.01 

30. 
70. 

(83.1 

25. 

FRGM I RHO+- RHOOJ MODE 

OMEGA PI MODE 

130. 
(60.01 

1194.1 
89. 

160.0 

AVG 104.7 
STUDENT 104.4 

13. 

I 94.1 
25. 
5&.0 

21.2 
24.0 

BARTSCH 70 HBC . B PI+ Pr4 PI 4/71 
BARTSCH 70 HBC . a PI+ PtA2 PI 4171 
BARTSCH 70 HBC . a PI+ P,2 RHO 
CASO 70 HBC - 11.2PI-P,RHD 2PI 5170 
ARMENISE 12 HBC - 9.1 PI- P,P 4PI 12172 
HOLMES 72 HBC . 10.-12. K+ P 1/73 

48. CASON 73 HBC - s.,ta.s PI-P 1174 
135.1 CASON 73 HBC - s.,1a.5 PI- P 1/74 

KLIGER 74 HBC - 4.5 PI-PtP 4Pl 12175 
THOMPSON 74 HBC + 13 PI+ P 12/75 

AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTLOIH/1.11) - SEE MAIN TEXT 

43, BARNHAM 70 HBC + 10 K+ P,OMEGA PI &170 
CASO 10 HBC - ll.ZPI-P,PI OMEG 5/70 

(60.1 CASON 73 HBC - a.,IB.5 PI- P 1174 
THOMPSON 74 HBC + 13 PI+ P 12175 
GESSAROU 77 HBC 11 PI-PtOMEGA PI 12177• 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTIOIH/1.111 - SEE MAIN TEXT 

R PEAKS FROM MHS. IFOR DIFFICULTIES WITH MMS EXPTS. SEE 
THE A2 MINI-REVIEW IN THE 1973 EDITION) 

NRl 
NR2 
NR3 
N 

R 

C21.J OR LESS 
130. I OR LESS 
oa.J OR LESS 

NOT SEEN BY BOWEN 12 
(195.01 

FOCACC I 
FOCACCI 
FOCACCI 

ANDEftSON 

66 HMS -
66 MHS -
66 MMS -

69 MMS 

7-12 Pt-P,P MMS 12/72 
7-12 PI-P,P MHS 12172 
7-12 PI-Pt P MMS 12172 

- 16 Pl- P,BACKW a/69 

,• 

. -
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Data Card Listings 
For notation, see key at front of Listings. 

~E~GHTED RUERRGE = 177.2 ~ 15.2 
ERROR SCRLED BV 1.3 

·GRRVER 74 
·ENGLER 74 
·MRTTHE~.S 71 

71 
70 
70 
68 

·RRMENISE 68 
65 

RSPK 
DBC 
HBC 
D8C 
HDBC 
DBC 
HBC 
DBC 
HBC 

CHISQ 
1.6 
0.1 
8.4 
0.3 
2.3 
0.0 
0.1 
0.0 

_Q_,_Q_ 
12.9 

ICONLEU 
0 100 200 300 400 =0.118) 
G ~lOTH IMEUl PI+ PI- MODE 

~EIGHTEO RUERRGE • iB2.8 ~ 25.6 
ERROR SCRLEO BV 1.6 

f.t!!ll. 
·MRRTIN 77 SPEC 0.2 
·BLUM 75 RSPK 1.2 
·ROERHOLZ 69 HBC 1.4 
·CRENNELL 68 HBC -.i.JL 

7.6 
ICDNLEV 

0 100 200 300 400 =0.056) 

G ~lOTH !MEV I K KBRR + K KBRR PI MODE 

15 G PARTIAL DECAY HODES 

DECAY MASSES 

Pl INTO PI PI 139+ 139 

P2 INTO ltPI 139+ 139+ 139+ 139 
P3 INTO 2 RHO 776+ 116 

P4 INTO PI PI RHO 139+ 139+ 776 

P5 INTO A2 PI 1312+ 139 

•• INTO K KBAR 497+ 497 

P7 INTO OMEGA PI 139+ 783 

PB INTO K KBAR PI 497+ lt97+ 139 
P9 G INTO PHI PI 1020+ 139 
PlO G INTO ETA PI 548+. 139 

15 G BRANCHING RATlOS 

Rl G INTO 12PI1/TOTAL (Pl1 
Rl P 10.41 BARTSCH 70 HBC + 8. PI+ P 2/72 
Rl P (0.221 10 .. 041 MATTHEWS 71 HOBC 0 7. PI+NtPI-P 2/72 
Rl P OPE HODEL USED IN THIS ESTIMATION 
Rl G 1.2451 {.0061 ESTABROOK 75 RVUE 17 PI-P,PI+PI-N 12/75 
R1 G FROM PHASE-SHIFT ANALYSIS OF HYAMS 75 DATA 
R1 S .24 .01 HYAMS 75 ASPK 0 17 PI-PtPI+PI-N 12175. 
R1 S ERROR TAKES ACCOUNT OF SPREAD OF 4 DIFFERENT PHASE-SHIFT SOLUTIONS 

Rl 
Rl 
R2 
R2 
R2 
R2 
R2 
R2 
R2 

G INTO IPI- PIO) I CAll PI+- PI+ PI- PIOI (PlJ"P2CJ 
10.081 OR LESS BALTAY 68 HBC + 7-8.5 PI+ P 

USING DATA OF DEUTSCHMANN 65 ON PI+P TO PI+ PIC P 
o.a 0.2 . JOHNSTON 6a HBC - 7. PI- P 
0.8 0.15 BARTSCH 70 HBC + a. PI+ P 

(0.121 OR LESS BALLAM 71 HBC - 16. PI- P 
10.21 OR LESS HOLMES 12 HBC + 10.-12. K+ P 
0.35 0.11 CASON 73 HBC - 8.,18.5 PI- P 

6/68 
6/6a 
2/72 
2172 
2172 
1/73 
1/74 

R2 AVG 
R2 STUDENT 

0.56 
0.57 

0.16 
0.12 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.01 
AVERAGE USING STUDENTlOIH/1.111 -- SEE MAIN TEXT 

R3 
R3 
R3 

R4 
R4 

•• R4 

G+- INTO 12PI1112RH01 
(0.4a) OR LESS 

SUPERSEDED BY CASON 73 

G+- INTO IK KBARJ/12PII 
o.oa o.oa 
0.08 0.03 

(P11/IP3J 
BISWAS 68 HBC - B. PI- P 

IP61/IPLJ 
0,.03 CRENNELL 68 HBC 6.0 PI- P 

BARTSCH 70 HBC + 8. PI+ P 

R4 AVG 0.080 0.026 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

2172 
1/74 

12/6a 
1171 

R4 STUDENT 0.080 0.028 AVERAGE USING STUOENTlO{H/1.111 - SEE MAIN TEXT 

R5 
R5 

G+- INTO CK KBAR PIJ/12Pll 
0.10 0.03 

(P8JI(Plt 
BARTSCH 70 HBC + 8. PI+ P 2/72 

Mesons 
g(1680) 

k6 
kO 

•• 
R6 

•• 

G+- HtH..s lkHO 2PJJ/IALL 4Pll 
C.ONSHlWl WIH, 1. 
t. 0.15 
0.88 0.15 

CASO 
BARTSCH 
'BALLAM 

I P4l /IP2) 
6 B HBC - 11 PI- P 
70 HBC + 8. PI+ P 
71 HBC - 16. PI- P 

b/f."! 
2/72 
2172 

R6 AVG 
R6 STUDENT 

o.u 
0.12 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVEI\.AGE USING STUOENTlOIH/1.111 --SEE I'IAIN TEXT 

R7 
R7 
R7 
R7 
R7 
R7 
R7 
R7 

•• •• •• 
R9 
R9 
R9 

•• •• 
R9 

RlO 
RlO 
RlO 
RlO 
RIO 
R10 A 
RIO A 
RlO 
RlO 
RlO 

G+- INTO l2RHOJ/IALL 4PII 
0.7 0.15 BAHSCH 70HBC 

IP3Jf(P2J , 
+ a. PI+ P 

10.921 ARMENISE 72 HBC - 9.1 PJ--p,p 4Pl 
I0.7al 10.331 CASON 73 HBC - a •• 1a.s PI- P 

ASSUMING (All 4PI I= I RHO RHO I + IOMEGA PI I 
66 ( .561 KUGER 74 HBC - 4.5 PJ-p,p 4PI 

(0.131 (0.091 THOMPSON 74 HBC + 13 PI+ P 
RHO RHO AND A2 PI MODES ARE INDISTINGUISHABLE 

G+- INTO 12. RHOI/IALL RHO 2PI I 
0.4a 0.16 CASO 

IP31/IP41 
6a HBC - 11 PI-
68 HBC - a. PI-10,.751 OR MORE BISWAS 

G+- INTO IPI+- A20J/IALL 4Pll 
(WITH A20 INTO fPI+ PI- PJO) I 

0.40 0.20 SAL lAY 68 HBC + 7,a.5 PI+P 
NOT SEEN JOHNSTON 68 HBC - 7 PI- P 

{0.61 (0.151 BARTSCH 70 HBC + 8. PI+ P 
NOT SEEN CASON 73 HBC - a.,18.5 PI- P 

G+- INTO I PI OMEGAI/(ALL 4PI) (P7J!(P21 
(WITH OMEGA INTOIPJ+ PI- ~IOII 

0.25 0.10 
.25 0.10 

0.12 0.07 
10.221 (0.081 

ASSUMING (All 4PIJ=(RHO RHOI 
( .'09 J OR LESS 

·0 .. 33 0.07 

BALTAY 68 HBC + 7-a.5 PI+P 
JOHNSTON 68 HBC - 7.0 PI- P 
BAllAM 71 HBC - 16. PI- P 
CASON 73 HBC ... a.,ta.5 PI- P 

+ IOMEGA Pll 
KLIGER 74 HBC - 4.5 PI-P,P 4PI 
THOMPSON 74 HBC + 13 PI+ P 

2/72 
12/72 
1/74 

12175 
12175 

6/6B 
2/72 

6/68 
6/6a 
2/72 
1/74 

5/68 
6/68 
2/72 
1/74 

12/75 
12175 

RIO AVG 
RID STUDENT 

0.233 
0.236 

o.o50 
0.051 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.21 
AVERAGE USING STUOENTlOIH/1.11) --SEE MAIN TEXT 

Rll 
Rll 

Rl2 
Rl2 

G+- INTO IPJ PHIIIIALL 4PIJ 
10.111 OR LESS BALTAY 

IP9J/IP21 
68 HBC + 7,a.5 PI+P 

G+- INTO IPI+- 2PI+ 2PI- PIOI/CALL PI+- PI+ PI- PIOI 
10•151 OR LESS. BALTAY 6a HBC + 7,a.5 PI+ P 

(P101/lP21 

6/6a 

6/6a 

Rl3 
RI3 

G+- INTO IPI ETAI/IALL 4PII 
10.021 OR LESS THOMPSON 74 HBC + 13 PI+ P . , 12/75 

Rl4 
Rl4 

GO INTO (2PI+ 2PI-I/12PIJ IP2CI/1Pll 
GO INTO C2PI+ 2PI-J FORBIDDEN IF 4PI MODE IS IRHO RHO) 

••• 0.44 0.20 KALELKAR 75 HBC 015 PI+P 

BELLINI 65 NC 40 A 94a 
OEUTSCHM 65 PL 18 351 
FORJNO 65 PL 19 65 
GOLDBERG 65 PL 11 354 

EHRLICH 66 PR 152 1191t 
FOCACC I 66 PRL 17 a90 
LEVRAT 66 PL 22 114 
SEGUlNOT 66 PL 19 712 

ABRAMS 
OANYSZ 
OUBAL 

ALSO 
FRENCH 

67 PRL 18 620 
61 PL 248 309 
67 NP 83 435 
68 THESIS 1456 
67 NC 52A 41t2 

ARMEN!SE 6a NC 54 A 999 
SALT AY 68 PRL 20 8a7 
BtSWAS 68 PRL 21 50 
80ESEBEC 68 NP 8 4 501 
CASO 68 NC. 54 A 9B3 
C.RENNELL 68 PL 28 8 136 
JOHNSTON 6a PRL 20 1414 

AOERHOLZ 69 NP 8 11 259 
ANDERSCN 69 PR"t 22 1390 
BARISH 69 PR 1a4 1375 
CASO 69 NC 62 A 755 
VETLITSK 69 SJNP 9 461 

AR~ENISE 70 LNC 4 199 
BARNHAM 70 PRL 24 1083 
BARTSCH 70 NP 8 22 109 
CASO 10 LNC 3 707 
KRAMER 70 Pf!L 25 396 
MAURER 70 THESIS N0.588 
STUNTEBE 70 PL 32 8 391 

BALLAM 71 PR .0 3 2606 
BRAUN 71 NP 8 30 213 

REFERENCES FOR .G 

BELLINJ,OI COR.ATO,OUIMIO,FIORINI (MILANOI 
M.DEUTSCHMANN ET AL IAACHEN+BERLIN+CERN1 
FOR INO, GESSAROLI + l BOLOGNA+ORSAY+SACL AY) 
GOLDBERG+ I c·ERN+E POL +ORSAY+M IL ANO+CEA-SACLI 

R. EHRLICH,W.SELOVE,H.YUTA IPENNSYLVANIAI 
CERN "'ISSING MASS SPECTROMETER GROUP ICERNI 
CERN MISSING MASS SPECTROMETER GROUP ICERNJ 
CERN MISS lNG MASS SPECTROMETER GROUP I CERN I 

+KEHOE+GLASSER+SECH 1-ZORN+WOLSKY I MARYLAND I 
+FRENCH+KJ NSON+S IMAK+ ( CERN+L IVERPOOL I 
+FOCACC I +K IENZL E+LECHANOI NE+LEVRAT+ I CERN I 
L.OUBAL IGENEVE) 
+K INSqN+MCOONALO+RI DO I FORO+ I CERN+BIRM I 

+FORIND+CART ACCI +I SARI +BGNA +FJRENZE+ORSAY) I 
+KUNG+YEH+FERBEL+ CCOLU+ROCH+RUTG+YALEI 1=1 
+CASON,QZIERBAt GROVEStKENNEYt+ (NOAMI 
BOES EBECK ,OEUT SCHHA NN, + C AACHEN+ BERl I N+C ERN I 
+CONTE+CORDS+OIAZ+ I GENOVA+HAMB+MI LA+SACl J 
+KARSHON,LAitSCARR, SKILLICORN IBNLJ 
+PRENTIC E,ST EENBERG, YOON ITORONTO+WI SCI IJ P 

+BARTSCHt + CAACH+BERL +CERN+JAGL +WARS I 
+COLLINS,BLIEDEN+ IBNl+CARNI 
+SHOVE, 6 I SWAS tCASON,+ I PENN+NOAH+ROCH I 
+CONTE ,BENZ,+ I GENO+OESY+HAMB+MILA+SACL) 
+GUZHAVIN ~KLIGER, KOLGANOV, L EBEOEV+ ( ITEP I 

+GHIOINI, FORINO,CAR TACCJ ,+ C BAR 1 +BGNA+FI Rl) 
+COLLEY tJOBE $,KENYON, PATHAK, RI ODIFORO( BIRM) 
+KRAUS, TSANOSt GROTE, KOTZAN+I AACH+B ERL+CERN I 
+CONTE, TOMASINI, CORDS+ I GENO+HAMB+MILA+SACLI 
+BARTON tGUT AYtL I CHTMAN,MILLERt + I PURDUE I 
G.MAURER ISTRASBOURGI 
STUNTEBECK,KENNEY ,DEERY, Bl SWAS ,CASON+ I NOAMI 

+CHADWICK ,GUIRAGOSSJAN,JOHNSQN,+ ISLACJ 
+FR I OMAN, GERBER, GI VERNAUO,KAHN ,+ I STRB I 

12175 

GRAYER 71 PL 35 s· 610 +HYAMS,JONES, SCHLEIN, BLUM,+ ICERN+MPIMIJP3-
MATTHEWS 71 NP 8 331 

ARMENISE 72 LNC 4 205 
ALSO 75 LNC 14 177 

BOWEN 72 PRL 29 890 
CLAYTON 12 NP 8 47 81 
GRAYER 72 PHIL.CONF.PROC. 
HOLMES 72 PR D 6 3336 

ARNOLD 73 LkC 6 707 
CASON 73 PR 0 7 1971 
CASON 1 73 NP 8 64 14 
HYAMS 73 NP B 61t 134 
RO&ERTSO 73 PR D 7 2554 

OUBOVIKC 74 SJNP 19 56a 
ENGLER 74 PR 010 2070 
GRAYER 74 NP 8 75 189 
KLIGER 74 SJNP 19 428 
OREN 74 NP 871 189 
THCMPSON 74 NP 869 220 

+PR ENT It E, YOON tCARROll t + C. TNTO+WI SC JJP3-

+FORINO,CARTACC 1 ,+ I BARI+BGNA+FIRZJ 
+FOGLI-MUCIACCJA,FOfUNO+ (6ARI+BGNA+FIRZ1 JP 
+EARLES ,FAI SSLER, BL I EDEN,+ INEAS+STON I 
+MASON,MUIRHEAO, RIGOPOULOSt+ ILJVP+PATR I 

5 +HYAMS, JONES, SCHlEIN, BLUM, DIETL +fCERN+MP I M I 
+FERBEL,SLATTERY,WERNER (ROCHJ 

+ENGEL, ESCOUBES,KURTZ,LLORET ,PATY,+ I STRBI 
+8 I SWAS, KENNEY, MADDEN, SANDER ,SHEPHARD( NOAMI 
+MADDEN, BISHOP ,a ISWAS,KENNEY ,+ C N!>AM I 
+JONES, WEI LHAMMERtBLUM ,OJ Ell t+ I CERN+MP I M I 
ROBERTSON ,WALKER, DAVIS I DUKE+ WI SCI 

OUSOVIKOV,MATSYUK,NILOV,SOKOLOV I ITEPI 
+KRAEMER, TOAFF,WEIS SER ,OIAZ+ I CARN+CASE I 
G.GRAYER ,HYAMS tBLUM tDI ETLt + ( CERN+MPI M I 
+BEKETOV,GRECHKOtGUZHAVIN,DUBOVIKOV+ ( ITEP I 
+COOPER, FIELOStRHINES,WHITMORE t+ ( ANL+OXF I 
+GAl DOS 1 MCILWAIN, MJ LLER,MULERAt+ ( PURD I 

BLUM 15 PL 578 lt03 +CHABAUO,OIETL,GARELICK,GRAYER+ ICERN+MPIMI JP 
ESTABROO 75 NP 895 322 P.ESTABROOKS 1 A.O.MARTIN IOURHJ 
HYAMS 75 NP 8100 205 +JCNES,WEILHAHMER,BLUM,OIETL+ ICERN+MPJMI 
KALELKAR 75 THESISCNEVIS 2071 M.S.KALELKAR ICOLU)J"'l 
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Mesons 
g(1680), X(1690), .4(1900), X(1900), 5(1935) For notation, 

Data Card Listings 
see key at front of Listings. 

ANTIPOV 77 NP B 119 45 
GESSAROL 17 NP B 126 382 

+SUSN Ell O, DAMGAARO, Kl ENZLE+ I C.ERN+SERP J 
GE SSAROLI, + ( BGNAi-F IRZ+GENO +MIL A+OXF+PAV II 

1'4ARTIN 78 PREPRINT CERN +OZMUT LU+BALDI, + I DURH+GEVA+CERN I 

********* ********* ********* ********* ********* O******** ******** 

lx{t690) I 
) 

********* •••••ooo 

64 X(16901 

THIS ENTRY CONTAINS OMEGA PI PI PF.AKS AROUND 
1690 MEV. EVIDENCE NOT COMPELLING. OMITTED FROM TABLE. 

64 Xll6901 MASS IMEVI 

11689.1 (10.1 DANYSZ 67 HBC 0 3,3.6 PBAR P 2174 
NOT SEEN IN HIGH STATISTICS EXP. OF OREN 74 

1670.0 18.0 YOST 68 HBC 
1695.0 20.0 BARNES 69 HBC 

04.3 K-P,LHBO.SPI. 2/74 
·a 4.6 K-P,OMEG2Pl 2174 

AVG 1681.2 
STUOENTL661.1 

13.4 
15.1 

AVERAGE (ERROR INCLUDES SCAlE FACTOR OF 1.01 
AVERAGE USING SJUDENTLOIH/1.111 - SEE MAIN TEXT 

64 Xll690J WIDTH IMEVI 

138.1 118.) OANVSZ 67 HBC 0 3,3.6 PBAR P 1173 
NOT SEEN IN HIGH STATISTICS EXP. OF OREN 74 

50.0 15.0 YOST 68 HBC 
90. 20. BARNES 69 HBC 

04.3 K-P~LMBO.SPI. l/73 
0 4.6 K-P,QMEG2Pf 1/73 

AVG 64.4 
STUDENT 63.8 

19.2 
14.7 

AVERAGE fERROR INCLUDES SCALE fACTOR Of 1.61 
AVERAGE USING STUDENTlOIH/1,.11) -- SEE MAIN TEXT ...... ......... ......... ......... ......... .......... .......... ....... . 

OANYSZ 
YOST 
BARNES 
OREN 

REFERENCES FOR X 116901 

67 NC 51 A 801 DANYSZ+FRENCH+SIMAK 
68 UMO T .REPOFi.T849 +YODH1 EI NSCHLAG,OAY ,GLASSER 
69 PRL 23 142 +CHUNGIEISNER1FLAMINI01+ 
74 NP B71 189 +COOPERiflELDS,RHINES,WHJTMORE,+ 

ICERNI 
IUMDI 
CBNLI 

( ANL+OXF I .............................................................. 
•••••• ••••••••• " ••••••••••••••••••••••••••• ········* ***"'*•••• •••.o:•••* 

l-4<t9oo) I 
) 

43 A41 1900tJPG= -J 1=1 

THIS ENTPY CONTAINS THE OlFFRACTIVE-LlKE 3PI AND SPl 
BUMPS IN THE REGION .OF 1900 MEVt AS WELL AS VARIOUS 
PEAKS NEARBY. NOTE THAT THE EXISTENCE OF AN S-WAVE 
GPI THRESI-DLO BUMP liN ANALOGY TO A1 AND A31 

M 
M 
M 
M 
M 
M 
M 
M 

PI 
P2 
P3 
P4 

Rl 
Ri 

IS NOT UNEXPECTED. OMITTED FROM TABLE. 

43 A4 MASS IMEVI 

{1900.1 HUSON 68 HLBC - 16.PI-A,A SPI 
( 1830.1 SALZBERG 72 HBC - 13120 PI-P1P 3PI 

4011960.1 (30.1 BASTIEN 73 DBC - 15.PI-DID 3PI 
MARGINAL STATISTICAL SIGNIFICANCE • 

t 1800. I OEUTSCHM 75 HBC . 16 PI+P,P 3PI 
208120BO.J (40.1 KALELKAR 75 H8C . 15 P.I+P1P PI+G 

(2100.1 APPROX ANTIPOV 11 CIBS - 25PI-P 1 P 3Pl 
12214.) I 15.1 SAL TAY 77 HBC 0 15PI-PIDEL++3PI 

VARICUS PEAKS 
11820.1 (12.1 FRENCH 67 HBC 0 3.3.6 PBAR P 

GBSERVED IN IKS KO PIQ ••• I MODE CG-PARITY UNKNOWN) 

A4 WIDTH IMEVI 

( 130.1 
40 1200.1 
MARGINAL STATIST I CAL 

208 t34o.J t8o.J 
(500. I APPROX .. 
(355.) ( 21.1 

VARIOUS PEAKS 
150.1 (20.1 

SEE NOTE K ABOVE 

SALZBERG 
BASTIEN 

SIGNIFICANCE. 
KALELKAR 
ANTIPOV 
BALTAY 

FRENCH 

43 A4 PARTIAL DECAY MODES 

A4 INTO 3PI 
A4 INTO RHO PI 
A4 INTO F PI 
A4 INTC G PI 

43 A4 eRANCHING RATIOS 

72 HBC - 13,20 PJ-P,P 3PI 
73 DBC - 15.PJ-D,D 3PI 

75 HBC + 15 PJ+PtP PI+G 
77 CIBS- 25PI-P,P 3PI 
11 HBC 0 15PI-P,OEL++3PI 

67 HBC 0 3-4 PBAR P 

DECAY '4ASSES 
139+ 139+ 139 
776+ 139 

1211+ 139 
1688+ 139 

A4 INTO IG PIJI(ALL 3PII 
DOMINANT 

IP4J/(plJ 
KALELKAR 75 HBC • 15 PI-t-P 1 P 3PI 

•••••.o:••• ••••••••• **"'****** ••••••••• ********* ••••••••• •o•••••• 
REFERENCES FOR A4 

DANYSZ 67 NC 51A 801 OANYSZ+FRENCH+SIMAK ICERNJ 
FRENCH 67 NC 52A 442 

HUSON 68 PL 28 B 208 

BEMPCRAD 71 NP B 33 397 

CLAYTON 72 NP B 47 81 
HAPRISON 72 PRL 28 775 
SALZBERG 72 1\P B 41 397 

+K I NSON+14COONAl O+Rl DDt FORO+ I CERN+B IR"' I 

+LUBATTI, BE Lll Nl t BINGHAM,+ JORSA+M ILA+L8L I 

+DUFEY ,CODLING,+ I CERN+ET Hl+LO IC+MI LA J 

+MASON, MU IRHEA01 R I GDPOULOS 1 + ( Ll VP+PA TR I 
+HEYOA 1 JOHNSON 1 KIM. LAW 1 MUELl ERt + ( HARV I 
+HARRISON, HEYDA, JOHNSON 1 KIM ,LAW,+ I HARV I 

BASTIEN 73 UPPSALA CONF. 73 +OUNN,HARRISILUBATTIIBINGHAMI+ ISEAT+UC.BI 

OREN 74 NP 871 189 +COOPER, FIE LOSt RHINES ,WHITMORE • -t- ( ANL +OXF I 

2/74 
2174 
2/14 

12175 
12/75 
12177* 
12117• 

7/67 

2174 
2174 

12175 
12/77* 
12177• 

7/67 

12175 

OE:U15CHM 75 NP 899 397 OEUTS(.;HMANN,+ 
KALELKAR 75 THESISINEVIS 207) M.S.KALELKAR 

IABBC..CHW COLLABOf<.ATIONI 
ICOLUI 

77 NP 8 119 45 t-BUSNELLC 10AMGAARD 1 KIENZlE+ (CERN+SERPJ ANTI POV 
BAl JAY 
CAUTIS 

77 PRL 39 591 +CAUTtStKALELKAF. ICOLUMB lA I JP 
77 THESIS NEVIS 221 C.V.CAUTJS (COLUMBIA I JO 

••••o•••• •••.o:ooo~~ro "'"'******* ***"'***** '********* ********* ••••••** 
***"'"'* ********* *****~~>"*** •.o:•••••*• ********* ********* .0:******** ........ . 

I X( 1900) I 17 Xll9QQ,JPG•4+-l 1•1 

) THIS ENTRY CONTAINS THE STRUCTURE FOUflO WITH A 
MOMENTS ANALYSIS OF THE K5 K- SYSTEM. 
WAIT CONFII'.MATION .. OMITTED FROM TABLE. 

17 XI 19001 MASS (MEV I 

1903 .O 10.0 BALDI 
FROM A FIT TO THE YC810I MOMENT. 

78 SPEC - 10 PI-PIP KS K- 12117* 

w y 
w y 
w 

17 X(l900I WIDTH IMEVI 

166.0 43.0 BALDI 
FROM A FIT TO THE Yt8,0I MOMENT. 

78 SPEC - 10PJ-p,p KS K-

••••••• ~,••.o:•••• ********* ••••••••••••••••••••••••••• ····•••** •••••••• 
REFER!:NCES FOR )(( 19001 

12177* 

BALDI 78 PL B +BOHR INGER, OORSAZ.HUNGERBULERI + CGENEVAI JP 

••••••••••••••• ***"'*•••• **"'****** ••••••••••••••••••••••••••••••••••• 
••••••••••••••• "'········ **••••••• **•••.o:••• •••••••••••••••••••••••••• 

ls(t935)1 31 Stl9351JPG= I 

Three enhancements have been observed in anti-

proton-proton cross sections, called S(l935), 

T(2190), 0(2350). 

The S (1935) has a narrow width, 9 ± 4 MeV, 

whereas the T(2190) and the U(2350) have widths 

of 150 ±50 and -200 MeV, respectively. Three 

independent experiments (CARROLL 74, CHALOUPKA 76, 

BRUCKNER 77) are in fair agreement on the charac

teristics of the S(l935). However, its isospin is 

not yet well established (CARROLL 74, CHALOUPKA 76). 

Although the S(l935) couples strongly to the 

elastic channel, it is not seen in pp charge 

exchange (GARNJOST 75, CHALOUPKA 76). KELLY 76 

has proposed an explanation in terms of an inter

fering background wave of the same spin-parity, 

and favors J = 1 or 2. Other explanations, requir

ing two resonances nearly degenerate in mass, but 

of different isospin (DOVER 76) , are not supported 

by the data (KELLY 76, MONTANET 77). Analyzing 

backward pp elastic scattering data, CARTER 77 has 

given arguments for JPC = 2++. 

The observation of broad enhancements at 2190 

and 2350 MeV comes from total cross-section measure

ments (ABRAMS 67), pp annihilation measurements 

(ALSPECTOR 73), pp elastic cross-section measure

ments (COUPLAND 77), and from an amplitude analysis 

of pp annihilations into ~~ (CARTER 77). Compari

son of pp and pd total cross sections (ABRAMS 67) 
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Data Card Listings 
.~ _For notation, see key at front of Listings. 

Mesons· 
5{1935), h(2040), T(2190) 

suggests I= 1 for T (2190), whereas I= 0 and I= 1 

are both present in the U(2350) bump. CARTER 77 

succeeds in assigning IGJP = 1+3- to T(2190) and 

IGJP = 0+4+ to U(2350), and finds in addition 

evidence for an IGJP = 1+5- resonance at 2480 MeV. 

The IGJP = 0+4+ resonance may also be observed in 

pp ~ ~ 0~ 0 annihilations (DEMARZO 77). 

For other objects coupled to pp, see the entry 

NN(l7oo-3Goo>. 

31 S MASS OlEYl 

S CHANNEL NBAR N 
c (1940.1 CB.J CLINE 70 HBC 0 .25-. 74 PBAR p • 11968. J BENVENUTI 71 HBC 0 .t-.6PBARP 

s 1932. 2. CARROLL 74 CNTR S CHAN.PBAR P,O 
c C 1942. I 15.) D-ANDLAU 75 HBC 0 .175-.750 PBAR P 

1934.4 2.6 1.4 KALOGERO 75 DBC - PBAR N ANNIH 
A c 1940.) DEFOIX 15 HBC OPBAR P,5PI 

s .1935.9 1.0 CHALOUPKA 76 HBC OPBAR P TOT,ELAS 
1939.0 3.0 BRUCKNER 77 SPEC • 4- .85 PBAR P 

AVG 1935.28 1.00 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.31 

2112 
2172 

12175 
12175 
12175 
12/75 
12/75 

7111*-

STUOENT19'35.34 0.91 AVERAGE USING STUOENTlOIH/1.111 - SEE MAIN TEXT 
ISEE IDEOGRAM BELOW I 

UEIGHTED RVERRGE • 1935.28 • 1.00 
ERROR SCRLED 8V 1.3 

77 SPEC 
76 HBC 
76 DBC 

CHISQ 
1.6 
0.4 
0.2 

74 CNTR ...L.L 
4.8 

1926 1946 1950 
ICCNLEV 
.. 0.187) 

c 
• s 
c 

A 
s 

w 
w AVG 

S. MRSS I MEV l 

FROH ENERGY DEPENDENCE OF 5Pl CROSS-SECTION. 
SEEN AS A BUMP IN THE PBAR P - KS KL CROSS SECTION WITH JPC.,1--. 
NOT SEEN BY CARSON 72 WITH EQUAL STATISTICS. 
FROM ENERGY DEPENDENCE OF FAR BACKWARD ELASTIC SCATTERING. 
SGME INDICATION OF ADDITIONAL STRUCTURE. 
SEEN IN 3 CHARGED MODE. NOT SEEN BY BOWEN 73 WITH 6X STATISTICS. 
NARROW BUMP SEEN IN TOTAL PBAR PtD CRDSS-SECTIONS.ISOSPIN UNCERTAIN 
NOT SEEN IN PSAR P CEX BY GARNJOST 75tCHALOUPKA 76. INTEGRATED 
CROSS-SECTION 3X LARGER THAN BRUCKNER 17. 

31 S WIDTH I ME VI 

S CHANNEL NBAR N 
. 14CJ.I (9.1 CLINE 10 HBC 0 .25-'.;74 PBAR P 
(35.1 BENVENUTI 71 HBC 0 .1 - .B PBAR P .. .. 3, CARROLL 74 CNTR S CHAN.PBAR P,D 
I 57.51 (5.1 D-ANOLAU 15 HBC 0 .11s-. 750" PBAR P 
u. ll. 4. KALOGERO 75 DBC - PBAR N ANNIH 

I 60.1 DEFOIX 75 HBC OPBAR P~5PI ... 4.3 3.2 CHALOUPKA 76 HBC OPBAR P TQT,ELAS 
(4.0) OR LESS BRUCKNER 71 SPEC .4-.85 PBAR p 

9.1 2.4 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

2172 
2172 

-12/75 
12/75 
12/75 
12175 
12/75 
1111• 

w STUDENT 9.1 2.6 AVERAGE USING STUOENTlOIH/1.lll - SEE MAIN TEXT 

SEE FOOTNCTES UNDER S MASS ABOVE 

31 S PARTIAL DECAY MODES 

PI S INTO PBAR P 
DECAY MASSES 

938+ 938 

•••co•• ••••co•••• ••••••*** ••*•••••• •••*••••• ••••••••• ••••••••• ••••••*• 

CliNE 

CLINE 
ALSO 

68 PRL 21 1268 

70 PREPRINT 
70 KIEV CONF. 

BENVENUT 11 PRL 27 283 
CLINE 11 REVIEW 
PJNSKt 71 PRL 27 1548 

REFERENCES FOR S 

+ENGLl SH ,REEDER 1 TERRELL, TWITTY 

O.CL INE, J .ENGL'ISHI D.o. REEDER 
ASTI ER RAPPORTEUR TALK 

1\HSCONSINI 

IWISCJJ 

BENVENUTI ,CLINE, RUT Z1 REEDER, SCHEREP. I WI SCI 
D.CLINE,TALK AT ANL WORKSHOP JULY 11 IWJSCI 
STEPHEN S. PINSKY IUTAH+ARGONNEI 

eiZZARRI 72 PR 0 6 160 
BOWEN 1 72 PkL 29 8CJO 
DIEBOLD 72 eATAV.CONF.V3 17 

BOWEN 
BURNS 
KIENZLE 

13 PRL 30 332 
13 PR 0 8 1286 
73 PR D 1 3520 

ASTBURY 74 CERN 74-18 
BURNS 74 NC 20A 463 
CARROll 14 PRL 32 247 
KALOGERO 74 BOSTCN 74 

+GU !PONt, MARZANO, CASTELL I,+ 
+EARL f.~, FAtS SLEI<, BL IEOEN, + 
R.DJEBOLO RAPPORTEUR TALK 

IROMA+TRSTI 
lt.:EAS+STONI 

«ANLJ 

+EARLES 1 FAI SSL ER, Bll EDEN,+ I NEAS+STON I 
+CGNOON,OONAHUE,MANDELKERN,PRICEt+ IUCI) 
W.KIENZLE ICERNJ 

A.ASTBURY REVIEW AT PRAGUE 74 
+CONDON, MANDEL KERN, PRJ GE, SCHULTZ 
+CHIANG,KYC lA t li 1 MAZUR 1 Ml CHAEL1 + 
T.E.KALOGEROPOULOS tREVIEWJ PG.97 

IRHEL I 
IUCI) 
I BNLJ 

+BEAMER, BROSS, EISEN STE I Nt+ (Ill +ANL+I SiJ J ABASt-!IAN 75 PRL 34 691 
D-ANOLAU 75 PL 588 223 +COHEN-GANOUNAt LALOUMt LUTZ, PETRI I COEF+P I SA J JP 
OEFOIX 75 PALERMO CONF. 
OCNNACHI 75 NC 26 A 317 
GARNJOST 75 PRL 35 1685 
KALOGERO 75 PRL 34 1047 
WEINGART 75 PRL 34 1201 

B.FRENCH1 RAPPORTEURS TALK ICOEFI 
A. OCNNACHI E, P.R. THOMAS (MANCHESTER J 
+KENNEY 1 POLLARD, ROSS, TRIPP,+ I LBL +MHCO I 
KAL OGEROPOULQS1 TZANAKOS I SYRA I 
WEINGARTEN,OKUBO IROCHI 

ABASHIAN 76 PR 0 13 5 +WATSON,GELFANDtBUTTRAMI+CILL+ANL+CHIC+ISUI 
DEFOIXl 76 STOCK.SYMP.NBAR-N +LADRON DE GUEVARA,ANGELJNlt+ CCOEF+PISAJ 
OEFOIX2 76 STOCK.SYMP.NBAR-N +LAORON DE GUEVARA1ANGEL1Nlt+ ICDEF+PISAJ 
DOVER 76 PL 62 B 293 +KAHANA I BNLI 
CHALOUPK 76 PL 61 6 487 CHALOUPKA,+ ICERN+LIVP+MONS+PAOO+ROMA+TRSTJ 
EISENHAN 76 STDCK.SYMP.NBAR-N E.EISENHANOLER ILIJQMI 
KELLY 76 PREP. RL 76 053 R.L.KELLY1R.J.PHILLIPS ILBL+RHELJ 

BENKHEJR 17 PL B 68 483 BENKHEJRJ,BOUCROT,+ ICERN+COEF+EPOL+LALD) 
BRUCKNER 17 PL· 67 B 222 +GRANZ,INGHAMtKILIANtLYNEN+(MPIH+HEIO+CERN) 
CARTER 71 PREP. RL 17-035A A.A.CARTER ILOQMJ JP 
MONTANET 77 BOSTC:N CCrNF. L.MONTANET ICERNI 
ROSSI 77 PL 70 B 255 G.C.ROSSIIG.VENEZ(ANO ICERNJ 

****** ••••••••••••••••••••••••••• ***•••••• ................... ••*••••• •••••• ••••••*•• ••••••••• ••*•••••• ••••*•••• •••••*••• ••••••••••••••••• 

I h(2o4o) I 16 HI2040,JPG=4++) 1=0 

PI 
P2 

700 2030. 
2050. 

AVG 2041.8 
STUDENT2041.8 

700 180. 
225. 

AVG 192.8 
STUDENT 1n·.e 

H INTO PI PI 
H INTO K KBAR 

APEL 75 AND BLU~ 75 ESTABLJ SH JP AS 4+ AND I=O. 
ADDITIONAL EVIDENCE FOR THE H MESON IS REPOPTED 
IN WAGNER 14. 

16 H MASS IMEVI 

30. 
25. 

19.2 
20.9 

APEL 
BLUM 

75 CNTR 
75 ASPK 

40. PI-PtN 2PIO 11175 
18.4 Pl-PtN K+K- 11/75 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTLOIH/1.1U -- SEE MAIN TEXT 

16 H WIDTH tMEVI 

60. 
120. 

50.7 
54.8 

70, 
APEL 
BLUM 

75 CNTR 
75 ASPK 

40. PI-P,N 2PJO 11/75 
18.4 PI-P,N K+K-· 11175 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOIH/l.lU - SEE MAIN TEXT 

16 H PARTIAL DECAY MODES 

DECAY MASSES 
139+ 13CJ 
497+ 497 

....... ••••••*•• ••*•••••• ................................................. . 
REFERENCES FOR H 

WAGNER 
APEL 
BLUM 

74 LONOCN CONF. 
75 PL 57B 398 
75 PL 578 403 

F. WAGNER, RAPPORTEURS TALK tMPIM) 
+AUGENSTEIN+ IKARL+PISA+SERP+WIEN+CERNI JP 
+CHABAUO 1 OJ Ell, GARELJCK,GRAY ER+ I CERN+MP I M I JP 

• ...... * .............................. ********* •••••••••••••••••••••••••• ****** .................... ••••••*** ....................... ••••***** ........ .. 

IT(2190)j 32 TI2190,JPG"'3-+l I::l. 

J 
M J 

THIS ENTRY CONTAINS THE BUMP OBSERVED IN $-CHANNEl 
NBAR N AND THE STRUCTURE FOUND BY AMPLITUDE 
ANALYSIS OF PBAR P INTO PI PI. 
FOR A REVIEW SEE ASTBURY 74, EISENHANDLER 76, 
AND MONTANET 77. SEE ALSO S MINI-REVIEW. 

32 T MASS IMEVJ 

S CHANNEL NBAR N 
2190. 10. ABRAMS 70 CNTR S CHANNEL PBAR N 1/73 

SEEN AS BUMP IN 1=1 STATE. SEE AlSO COOPER 68. 
PEASLEE 75 CONFIRM PBAR P RESULTS OF ABRAMS 70,NO NARROW STRUCTURE 

2193. 2. ALSPECTOR 73 CNTR S CHANNEL PBAR P 1/74 
2155,.0 15.0 COUPLAND 77 CNTR 0 .7-2.4PB-P,PB-P 12/710 

FROM A FIT TO THE TOTAl ELASTIC CROSS SECTION. 

AVG 21CJ2.2 
STUOENT2192.5 

1.9 
2.1 

PBAR P INTO PI+ PI-

AVERAGE (ERROR INCLUDES SCAlE FA(.TOR OF 1.01 
AVERAGE USING STUDENTLOIH/1.111 -- SEE MAIN TEXT 

12150.01 CARTER1 • 11 CNTR 0 .7-2.4PB P,PJPI 12177• 
I=l,JP=3- FROM AM_PLITUOE ANALYSIS. 

32 T WIDTH IMEVI 

S CHANNEL NBAR N 
185.) 

SEE NOTE B ABOVE. 
CJ8. e. 

135.0 75.0 
FROM A FIT TO THE TOTAL 

AVG 98.4 
STUDENT 98.4 

e.o 
8.6 

ABRAMS 67 CNTR 

ALSPECTOR 73 CNTR 
COUPLAND 77 CNTR 

ELASTIC CROSS SECTION. 

S CHANNEL PBAR N 

S'·CHANNEL PBAR P 
0 .7-2.4PB-P,PB-P 

7/67 

1174 
12177* 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOIH/1.lll - SEE MAIN TEXT 
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Mesons 
T(2190), U(2350), NN(2360) 

W PBAR P INTO PI+ Pl-
W - 1200.01 CARTERl 77 CNTR 0 ,.7-2.4PB P,PJPI 12177• 
W l•l ,JP-=3- FROM AMPLITUDE ANALYSIS. 

32 SIGMA IHSJ FOR FORMATION B.V NUCLEON ANTINUCLEON 

CS A 
CS A 
cs 

I 5.51 ABRAMS 70 CNTR S CHANNEL PBAR N 1171 
FOR 1=1 NBAR N 

2.3 0.13 o .. os ALSPECTOR 73 CNTR S CHANNEL PBAR P 1/74 

32 T PARTIAL DECAY MODES 

P1 
P2 

T INTO PBAR P 
T INTO PI PI 

DECAY MASSES 
938+ 938 
139+ 139 

........................................ $ ............................ . 

ABRAMS 67 PRL 16 1209 

'DOPER 68 PRL 20 1059 

BRitMAN 69 PL 29 B 451 
MONTANET 69 LUND CONF .p .189 

ABRAMS 70 PR 0 1 1911 

BACON 11 NP B 32 66 
FIELDS 71 PRL 27 1749 
YOH 71 PRL 26 922 

REFERENCES FOR T 

+COOLtGI ACOMELLI ,KVCIA,LEONT IC,L I,+ C BNL) 

+HYMAN, MANNERf MUSGRAVE, VOYVOOIC CANLI 

+FERRO-LUZZI, 81 ZARD t+ 
L.MDNTANET, RAPPORTEUR 

t CERN+CAEN+SACL I 
CCERNI 

+COOL tGIACOMELLI ,KYCIA,LEONTIC,LI t+ IBNL I 

+BUTTERWORTHtMlLLER tPHELAN t+ 
+COOPER,RHINES,ALLl SON 
+SARI SH,CAROLL, LOBKOVICZ+ 

IRHEL+LIVP I 
CANL+OXFJ 

tCIT+BNL+ROCHI 

ALEXANOE 72 NP B 45 29 ALEXANDER,BAR-NIRtBEVARY,OAGANr+ tTELAJ 
BERTANZA 72 CHEXBRES ICERN 72-10) L.BERTANZA, REVIEW TALK IPISAI 
BUGG 72 PR D 6 3047 +CONDO,HARTtCOHNtENOORFt+ ITENN+ORNL+CINCJ 
CLAYTON 72 NP B -\7 81 +MASON,MUIRHEAO,RIGDPOULOS,+ ILIYP+PATRI 
DIEBOLD 72 BATAV.CONF. R.OIEBOLD RAPPORTEUR TALK IANLJ 
DONALD 72 PL 40 8 586 +GALLETLVtEDWAROStOE BILlY,+ ILIVP+LPNPI 

ALSPECTO 73 PRL 30 511 
BACON 73 PR 0 7 577 
BETTINI 73 NC 15 A 563 
BOWEN 73 PRL 30 332 

NJCHOLSO 73 PR D 1 2572 

ASTBURY 74 CERN 14-18 
BERTANZA 74 NC 23A 209 
HYAMS 74 NP 8 73 202 

DONNACHI 75 NC 26 A ·317 
EISENHAN 75 NP 8 96 109 
HANDlER 75 NP 8101 35 
HUESMAN 75 NC 25A 91 
PEASLEE 75 PL 57B 189 

ALSPECTOR,COHENrCVI JANOYICHt+ C RUTG+UPNJ I 
+BUTTERWORTH, IRHEL+LIVPI 
+GARNJOST ,a IGI t+ I PAOO+LBL+P I SA+ TORI I 
+EARLE St FAISSLER, Bl I EDEN,+ I NEAS+STON I 
+EASTMAN ,QH, PARKER, SMITH, SPRAf'KA I MSU I 
NICHOLSON,DELORME, CARROLL,+ I CIT +ROCH+BNL I 

A.ASTBURY REVIEW AT PRAGUE 74 IRHELJ 
+BIGitCASAllrLARICCIA,+ IPISA+PADO+TORI I 
+JONES, WE ILHAMHER, BLUM,+ I CERN+MPIM I 

A.DONNACHIE ,P.R. THOMAS t MANCHESTER I 
E ISENHANDLER rG IBSONr+ ILOQM+ll VP+OARE+RHEl I 
+JACQUES ,JONES, PANDOULAS ,+ I RUTG+STEV+ALBA I 
+GARNJOST, ROSS,+ ILBL+PADO+P ISA+TORI I 
+DEMARZO, GUERRIERO,+ ICANB+BARI+BROW+M IT I 

GAY 76 NC 31 A 593 +JEANNERETrBOGOANSKl,+INEUC+LAUS+LIVP+LPNPI 
EISENHAN 76 STOCK.SYMP.NBAR-N E.EISENHANDLER ILOQMI 
ZEMANY 76 NP 8 103 537 +HING HA,MOUNTZ,SMITH IMSUI 

CARTER! 77 PL 67 8 117 +COUPLAND,EISENHANDLER,ASTBURY,+ILOQM+RHELI JP 
CARTER2 77 PL 67 B 122 A.A.CARTER ILOQM1 JP 
CA.RTER3 77 PREP. RL 77 045A A.A.CARTER tlOQMI JP 
COUPLAND 71 PL 71 8 lt60 +EISENHANDLERtGIBSON,ASTBURY,+ llOQM+RHELI 
JONES 71 NP B 119 476 M.Q.JONES,R.J.PLANO IRUTG1 
MONTANET 77 BOSTON CONF. L.MONTANET ICERNJ 

...... ••••••••• ••••••••• ••••••••• ********* ••••••*** ••••••••• ******** .................................................................... 
I U(2350)) 41 U(2350oJPG-4++1 1•0 

M 
M 1 
M El 
M E 
M I 

w 
W I 
W EI 
W E 

• J 
w J 

cs 
cs 
cs 

P1 
P2 

I 

FOR A REVIEW SEE ASTBURY 74, EISENHANOLER 76, 
AND MONTANET 77. SEE ALSO $ MINI-REVIEW. 

41 Ul23501 MASS 

2375. 10. ABRAMS 70 CNTR 
12359.1 12.1 ALSPECTOR 73 CNTR 
123451 I 15.01 COUPLAND 77 CNTR 

FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 
ISOSPINS 0 AND 1 NOT SEPARATED 

PBAR P INTO PI+ PI-

S CHANNEL NBAR N 1/71 
S CHANNEL PBAR P 1/74 

0 .7-2.4PB-P, PB-P 12177* 

12310.01 CARTER1 77 CNTR 0 .7-2~4PB PtPIPI 12177* 
Jz:O, JP>=4+ FROM AMPL ITUOE ANAL VSIS. 

41 U(23501 WIDTH 

C190.J ABRAMS 70 CNTR 
U65.1 118.1 (6.) ALSPECTOR 73 CNTR 
(135.01 1150.01 (65.01 COUPLAND 77 CNTR 

fROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 
ISOSPINS 0 AND 1 NOT SEPARATED 

PBAR P INTO PI+ PI-

S CHANNEL NBAR N 1/71 
S CHANNEL PBAR P 1/74 

0 .. 7-2.4PB-PtPB-P 12/77:0: 

1210.01 CARTER! 77 CNTR 0 .7-2.4PB PrPlPI 12177* 
Iz:O,JP"'4+. FROM AMPLITUDE ANALYStS. 

41 UC23501 SIGMA IMBI FOR FORMATION EXPERIMENTS 

(2.51 ABRAMS 70 CNTR 
(2.11 10.21 4:0.11 ALSPECTOR 73 CNTR 

ISOSPINS 0 AND 1 NOT SEPARATED 

41 U PARTIAL DECAY MODES 

U INTO PBAR P 
U INTO PI PI 

1171 
S CHANNEL PBAR P 1174 

DECAY MASSES 
936+ 938 
139+ 139 

•••••• ••••••••• ••••••••• ••••••••• •*••••••• •••••••••••••••••••••••••• 

Data Card Listings 
For notation, see key at front of List£ngs. 

BR]CMAN 69 PL 29 B 451 
ABRAMS 70 PR 0 1 1917 
EASTMAN 12 NP B 51 29 
MING MA 12 NP B 51 77 
ALSPECTO 73 PRL 30 511 
NICHOLSO 73 PR 0 7 2572 

ASTBURY 
HYAMS 
MING MA 

74 CERN 74-18 
74 NP B 73 202 
74 NP 808 214 

OONNACHI 75 NC 26 A 317 
EISENHAN 75 NP B 96 109 

REFERENCES FOR Ul23501 

+FERRD-LUZZ I, BI ZARD, + I CERN+CAEN+SACL I 
+COOL,GI ACOMELLI, KYCI AoLEONT IC oll ,+ I BNL) 
+MING MA,OHtPARKERISMtTHrSPRAFKA CMSUJ 
+EAST MAN,OH, PARKER, SMITH, SPRAFKA I MSU 1 
ALSPEC TORtCOHEN ,CVI JANOVICH,+ I RUTG+UPNJ I 
NICHOLSON, DELORME ,CARROLL,+ I CI T+ROCH+BNL I 

A.ASTBURY REVIEW 1\T PRAGUE 7't 
+JONES t WE ILHAMMER1 BLUHr+ 
+MOUNTZ, ZEMANY 1 SMITH 

IRHELI 
CCERN+MPHO 

tMICHI 

A .DONNACHI E, P .. R .. THOMAS (MANCHESTER I 
E ISENHANDLER, GIBSON 1+ I LOQM+LI YP+DARE+RHEL J 

EISENHAN 76 STDCK.SYMP.NBAR-N E.EISENHANOLER ILOQMI 

tARTERl 77 PL 67 B 117 +COUPLAND,EISENHANDLER,ASTBURY,+ILOQM+RHELI JP 
CARTER2 77 PL 67 8 122 A.A.CARTER ILOQMI JP 
CARTER3 77 PREP. RL 17 045A A.A.CARTER ILOQMI JP 
COUPLAND 77 PL 71 B 460 +EISHiHANOLER,GIBSQN,ASTBURYt+ ILOQM+RHELI 
DE MARZO 77 PRIVATE COMM. + IBARI+BROWN+MJTJ JP 
MONTANET 71 BOSTON CCNF. L.MONTANET CCERNJ 

•••••• ********* •••••••••••••••••• ********* •••••••••••••••••••••••••• 
•••*•• .......... ········* ······••* ********* •••••••••••••••••• ******** 

33 NBAR NI2360,JPG= J 1=1 I NN(2360) I THIS ENTRY CONTAINS THE BROAO BUMP OBSERVED 
L. __ ...;.. __ "":"';...,o .. zN THE S-CHANNEL NBAR N AND THE STRUCTURE FOUND 

H 
H 
H 

" H 
H 
H 

_____ _;),. BY AMPLITUDE ANALYSIS OF PBAR P INTO PI PI • 
7 OMITTED FROM TABLE. 

A 
A 

N 
N 
N 
I 

S CHANNEL 
2350. 

FOR A REVIEW SEE ASTBURY 74, EISENHANDLER 76, 
AND MONTANET 77. SEE ALSO S MINI-REVIEW. 

33 NBAR NI2360J MASS (MEV) 

NBAR N 
10. ABRAMS 10 CNTR S CHANNEL NBAR N 

FOR I=1 NBAR N 
(2360.D) 125.01 OH 70 HDBC -OPBARIPtNI ,K*K2PI 

NO EVIDENCE FOR THIS BUMP SEEN IN THE PBAR P DATA OF CHAPMAN 71 
NARROW STATE NOT CONFIPHEO BY OH 73 WITH MORE DATA. 

12359.1 (2.1 ALSPECTOR 73 CNTR S CHANNEL PBAR P 

1173 

1/73 

1/74 
H EI 12345.01 115.0) COUPLAND 71 CNTR 0 • 7-2.4PB-P, PB-P 12177* 
H E FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 

ISOSPJNS 0 AND 1 NOT SEPARATED 

PBAR P INTO PI+ PI-
12480.01 CARTER! 77 CNTR 0 .7-2.4PB PtPIPI 12177* 

Jc1,JP=5- FROM AMPLITUDE ANALYSIS. 

33 NBAR Nl 2360 I WIDTH C MEVJ 

S CHANNEL NBAR N 
(140.) ABRAMS 67 CNTR S CHANNEL PBAR N 1/73 

N (60.01 OR U:SS OH 70 HOBC -OPBAR(P,NJ ,K*K2Pl 11171 
W N NCJ EVIDENCE FOR THIS BUMP SEEN IN THE PBAR P DATA OF CHAPHAN 71 
W N NARROW STATE NOT CONFIRMED BY OH 73 WITH MORE DATA. 
W I 1165.) 118.1 (8.1 ALSPECTOR 73 CNTR S CHANNEL PBAR P 1/74 
W Et (135.0) 1150.0) 165.0) COUPLAND 77 CNTR 0 .7-2.4P8-P,PB-P 12177* 
W E FRC:M A FIT TO THE TOTAL ELASTIC CROSS SECTION. 
W I ISOSPINS 0 AND 1 NOT SEPARATED 
w 
W PBAR P INTO PI+ Pl-
W 1210.01 CARTER1 77 CNTR 0 .7-2.1tP8 P,PJPI 12177* 
W l=ltJP=S- FROM AMPLITUDE ANALYSIS • 

33 SIGMA CMB) FOR FORMATION BY NUCLEON ANTINUCLEON 

cs 
cs 
cs 
cs 

13.21 ABRAMS 70 CNTR S CHANNEL NBAR N 1171 
FOR I=l NBAR N 

12.11 10.21 tO.l) ALSPECTOR 73 CNTR S CHANNEL PBAR P 1174 
ISOSPINS 0 AND 1 NOT SEPARATED 

ABRAMS 67 PRL 18 1209 

BRIC,.AN 69 PL 29 8 451 
CASO 69 LNC 3 707 

ABRAMS 70 PR D 1 1917 
OH 70 PRL 24 1257 

CHAPMAN 11 PR D4 1275 
Fl ELDS 71 PRL 27 1749 
YOH 71 PRL 26 922 

ASTBURY 72 CERN 72-10 
DIEBOLD 72 BATAV.CONF.Y3 17 
EASTMAN 72 NP B 51 29 
MING MA 72 NP B 51 77 

ALSPECTO 73 PRL 30 511 
BOWEN 73 PRL 30 332 
OCNNACHI 73 LNC 7 285 
DH 73NPB5157 
NICHOLSO 73 PR D 1 2572 

ASTBURY 
HYAMS 
MING MA 

74 CERN 74-18 
74 NP B 73 202 
74 NP 868 214 

DONNACHI 75 NC 26 A 317 
EISENHAN 75 NP B 96 109 

REFERENCES FOR NBAR Nf 23601 

+COOL,GlACOMEllliKYCJA,LEONT IC tll, + IBNLI 

+FERRO-LUZZI, BJ ZAROt+ I CERN+CAEN+SACL J 
+CONTE tBENZr + I GENO+OESY+HAMB+MI LA+SACLI 

+COOLrGIACOMEllltKYCIA,LEONTICtl t t+ IBNL) 
+PARKER 1 EASTMAN, SMITH rSPRAFKAt MA IMSUI 

+GREEN, lYSt MURPHY rR lNG t + 
+COOPER,RHlNESrALLI SON 
+BARI SHfCAROLL, LOBKOVJC Z+ 

I MICHl 
( ANL+OXf' J 

ICIT+BNL+ROCHJ 

A.ASTBURY REVIEW AT CHEXBRES 72 
R.DIEBOLD RAPPORTEUR TALK 
+MING MA ,QH, PARKER 1 SMJ THt SPRAFKA 
+EASTMAN, OH, PARKER, SMITH, SPRAFKA 

IRHELJ 
IANL I 
IMSUI 
(MSUJ 

ALSPECTQR,COHENt CVI JANOVIC Ht + {RUTG+UPNJ I 
+EARLES,FAI SSLER,BL I EDEN r+ t NEAS+STON I 
A .. OONNACH1E, P.R. THOMAS I MANtHE STER J 
+EASTMAN,MING HA,PARKER,SMITH,+ IMSUI 
NICHOLSON rDELORMEtCARROLLI + I.CI T+ROCH+SNL I 

A.ASTBURY REVIEW AT PRAGUE 74 
+JONES, WE ILHAMMER1 BLUM,+ 
+HOUNT z, ZEMANY t SHIT H 

IRHEL) 
tCERN+MPIMJ 

tMICH I 

A. OONNACHIE r P.R. THOMAS (MANCHESTER I 
E I SENHANOLER,G I BSON ,+ ILOQM+ll VP+OAR E+RHEL I 

EISENHAN 76 STOCK.SYMP.NBAR-N E.EISENHANDLER ( LOQMI 

CARTER! 77 PL 67 B 117 +COUPLAND, E I SENHANOLER, ASTBURY ,+ CLOQM+RHEL I JP 
CARTER2 77 Pl 67 B 122 A.A.CARTER~ ILOQM} JP 
CARTER3 77 PREP. Rl 17 045A A.A.CARTER tLOQMI JP 
COUPLAND 77 PL 71 B 460 +EI SENHANOLER,GI BSON, ASTBURY ,+ I LOQM+RHEL I 
MONTANET 77 BOSTON C(jNF. L.MONTANET (CERN) 

••••••••••••••• ********* ********* ••••••*** ********* ********* •••••••• 
****** ********* ..................................... ********* •••••••• 
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Data Card Listings 
Par notation, see key at front of Listings. 

Mesons 
NN(1400-3600), X(1900-3600) 

~ . -I NN(1400-3600) I 
51 NBAR NU400-3600J 

THIS ENTRY CONTAINS VARIOUS HIGH-MASS 
NON-STRANGE PEAKS COUPLED TO THE 

jx(1900-36oo) I 46 Xll90D-3600) 

THIS ENTRY CONTAiNS VARIOUS HIGH-MASS 
NON-STRANGE PEAKS. OMITTED FROM TABLE. 

M W G ( 1395.) 

NBAR N SYSTEM, AS WELL AS QUASI NUCLEAR 
BOUND STATES BELOW THRESHOLD. SEE ALSO 
THE St T, U DATA CARD LISTJNGS AND MINI
REVIEW. OMJTTED FROM TABLE. 

51 NBAR N( 1400-36001 MASSES AND WIDTHS OIEVI 

PAVLOPOUL 78 CNTR STOPPED PBARS 

The high mass region is covered nearly contin

uously by evidence for peaks of various widths and 

1178• decay modes. As a satisfactory grouping into 

M W G {1646. I 

11684. I 

PAVI:OPOUL 7 8 CNTR 

PAVLOPOUL 78 CNTR 

STOPPED PBARS 

STOPPED PBARS 

1178* particles is not yet possible, we list together all 
M W G 

OBSERVED WIDTHS CON.SISTENT WITH EXPERIMENTAL RESOLUTION. 
THEY LOOKED FOR RADIATIVE TRANSITIONS TO BOUND P PBAR STATES, 
MONO-ENERGETIC GAMMA RAYS DETECTED. 

1794.5 lolt GRAY 11 OBC - O.PBAR 
71 OBC - o.PBAR ts.l OR LESS CL=.95 GRAY 

DECAYS TO FOUR OR MORE PIONSri=1. 

11897.) 
125.) 

(l.J 
16.) 

1897.0 17~0 
110.0 82.0 

PRODUCED BACKWARDS. 

(1930.) 
19.) 

KALOGERO 75 DBC - PBAR N ANNJH 
KALOGERO 75 OBC - PBAR N ANNIH 

ABASHIAN 76 STRC 
ABASHIAN 76 STRC 

SEE SI1935J ABOVE. 
SEE 511935) ABOVE. 

ePt-PrP 3PI 
8PI-P,P 3PI 

tl7e• 

t/72 
1172 

12/75 
12175 

12177* 
12177* 

153 2020.0 
153 24.0 

3.0 
12.0 

BENKHEIRI 77 OMEG -, 9,12PI-PrPPPBPI- 12177* 
BENKHEIRI 77 OMEG - 9r12PI-P,PPPBPI- 12/77* 

12190.0) KALBFLEIS 69 HBC 
BETWEEN 20 AND eo MEV KALBFLEIS 69 HBC 

0 S-CHANNEL PBARP 7/69 
0 S-CHANNEL PBARP 7/69 

SEEN IN PBAR P TO RHOO RHOO PIO. IG=1-. 
NOT SEEN BY BACON 73rNOR BY ZEMAN 76 

(2200.) 
(150.1 

SEE T 12200) ABOVE. 
SEE T 12200) ABOVE. 

sa 22o4.o 5.o 
58 116.) OR LESS 

BENKHEIRI 77 OHEG - 9, 12PI-P,PPPBPI- 12177* 
BENKHEIPI 77 OHEG - 9t12PI-PrPPPBPI- 12177* 

12207.) 113.1 ALLES-BOR67HBC 05.7PBARP 12/66 
162.) 152.1 ALLES-BOR 67 HBC 0 5.7 PBAR P 12/66 

ALLES-BORELLI 67 SEE NEUTRAL MODE ONLY IPI+P.I-PIOI 

I 2141.1 DONALD 13 HBC 0 S CHANNEL PBAR P 1/74 
114.1 DONALD 73 HBC 0 S CHANNEL PBAR P 1/74 

SEEN IN FINAL STATE IOMEGA PI+ PI-J 

12360.) 

12375.) 
(200.) 

SEE hBAR N 12360) ABOVE. 

SEE Ul23501 ABOVE. 
SEE U(23SOJ ABOVE. 

2480.0 30.0 CARTER! 77 CNTR 0 .7-2.4PB PrPIPI t2171* 
210.0 25.0 CARTER! 77 CNTR 0 .7-2.4PB PrPIPI 12177• 

Izl,JP~~~:S- FROM AMPLITUDE ANALYSIS OF PABAR P INTO PI PI. 

2850.0 5.0 BRAUN 
139. J OR LESS BRAUN 

76 DBC 
76 OBC -

S.SPBAR OwN NBP+ 12171* 
5.5P8AR D,N N8P+ 12/7'7* 

DECAYS TO N8AR N AND NBAR N PI 

150 2950 .• 0 10.0 EVANGELIS 77 OMEG -
150 132.0) OR LESS CL"'.99 EVANGELIS 77 OMEG -

t6PI-P,PPBARPI-S 12177* 
16PI-P,PPBARPI-S 12177* 

N 
N 
.N 
w 

3080. 20. ALEXANDER 72 HBC 0 6.94 PBAR P 1/73 
220. 70. ALEXANDER 72 H8C 0 6.94 P8AR ·p 1173 

H X 
w 

" z w z 
z 

DECAYS TO 3PJ+ 3PI-
NOT SEEN BY KALELKAR 75 ~ITH t.S TIMES MORE DATA 

3370. to. ALEXANDER 72 HBC 0 6.94 PBAR P 
150. 40. ALEXANDER 72 HBC 0 6.94 PBAR P 

DECAYS TO 4PJ+ ltPI-

3390. 20. ALEXANDER 72 HBC 0 6.94 PBAR P 
220. 100. ALEXANDER 72 HBC 0 6.94 PBAR P 

DECAYS TO 3Pl+ 3PI-
NOT SEEN BY IC.ALELKAR 75 WITH t.5 TIMES MORE DATA 

360D. 20. ALEXANDER 72 HBC 0 6.94 P8AR P 
140. 20. ALEXANDER 72 H8C 0 6.94 PBAR P 

DECAYS TO 4-PI+ 4PI-

***••• ••••••••• ••••••••• ********* •••:o<••••• ••••••••• ••••••••• •••••••• 
REFERENCH FOR. NBAR NllltOG-36001 

ALLES-SO 67 NC 50 A 776 AllES-BORELLI,FRENCHtFRISK,+ ICERN+BONNJG=-
KALBFLEI 69 PL 29 8 Z59 G.KAL8FlEISCH,R.STRAND,V.VANOERBURG 18NLI 
KALBFLEI 70 PHJLAD.CLNF.P.409 G.KAL8FLEISCH AND O.MILLER REVUES IBNL) 
ALEXANDE 70 PRL 25 63 +BAR-NIRwOAGAN,GIOALtGRUNHAUS+ IT£l-AVIVI 
GRAY 71 PRL 26 H91 +HAGERTtKAU)GEROPOULOS (SYRA) 
AlEXANDE 72 NP 8 45 29 ALEXANDERtBAR-NIRfBEVARY,DAGANw+ tTELAJ 
BOGOANOV 72 PRL 28 1418 BOGDANOVA,QALKAROV, SHAPIRO f ITEP) 

-· -oDNALO 73 NP 8 61 333 +EOWARDStGIBBINS,BRIAND,DUBOCt+ CLIVP+LPNPJ 
GRAY 73 PRl 30 1091 +PAPAOOPOULOU,KARAGEROPOULOS,+ fATEN+SYRAI 
NICHOLSO 73 PA 0 1 2512 NICHOlSON,OELORMErCARROll,+ ICIT+ROCH+BNLI 
HYAMS 74 NP 6 73 202 +JONEStWEILHAMMERrBlUMt+ ICERN+MPIM I 
OONNACHI ?5 NC 26 A 317 A.OONNACHIE,P.R.THOMAS (MANCHESTER) 
ElSENHAf'l 75 NP B 96 109 ElSENHANOLER,GIBSONt+ (LOQM+UVP+OARE+RHELI 
KAll:lKAR 1'5 lHES I SINE VIS 207 I M. S .KALELKAR (CQLU I 

~ KALOGERO 75 PRL 34 10H KAlDGEROPOUlOS,TZANAKOS ISYRAJ 
ABASHIAN 76 PR 0 13 5 'tWATSON,GELFANO,BUTTRAM+IlLL+ANL+CHlC+IOWAI 
BRAUN 76 PL 8 60 481 +BRICKrFRJDMAN,GERBER,JUJLLOT,MAURER+CSTRBJ 
BENKHEIR '17 Pl 8 68 483 BENKHEIRirBOUCROT,+ fCERN+COEF+EPOL+LALOI 
CARTER! 71 PL 67 B 117 +COUPLAND,EtSENHANDlERtASTBURY,+(lOQM+RHEll JP 
EVANGEL) 11 PL B 72 139 EVANGELISTA+ f8ARI+80NN+CERN+DARE+GLAS+I 
PAVLOPOU 78 PL 72 8 415 PAVLOPOULOS+ IKARL+BASEL+CERN+STOH+STRBI ............... *••······ ............................................ . 
••**** .......... ••••••••• ............................................ . 

1/73 
1/73 

1173 
1/73 

1173 
tl73 

the Y = 0 bumps coupled neither to NN nor to e + e-

and having M > 1900 MeV, ordered by increasing mass. 

Note that ANTIPOV 72 (TT-p + pMM- at 25 and 40 GeV/c) 

see no narrow bumps. 

.r.6 XC 190Q-3600J MASSES AND loHDTHS I ME VI 

100 1898. 
too toe. 

18. 
41. 27. 

THOMPSON 74 HBC 
THOMPSON 74 HBC 

13 PI+ Pw2RHO 
t3 PI+ Pt2RHO 

t2175 
12175 

100 1900. 
100 216. 

40. 
lOS. 

80ESEBECK 68 HBC 
BOESEBECK 68 HBC 

a PI+ PtPI+ PIO 12/75 
8 PI+ P,PI+ PIO 12175 

30 1973.0 
30 teo.oJ 

15.0 CASO 
CASO 

70 HBC - 11.2PI-P,RHO 2PI 12/75 
10 HBC - 11.2PI-PtRHO 2PI t2/75 

4011975.0) (12.01 KRAMER 70 HBC + 13.1 PI+ Pt2PJ 11170 
ItO (52.0) OR LESS CL ... 90 KRAMER 70 HBC + 13.1 PI+ P,2PI 12/75 
2PI PEAK OF KRAMER NOT SEEN IN SAME EXP WITH MORE DATAITHOMPSON 74) 

soc 2070 .. ) 
sa· 1160.1 

TAKAHASHI 72 HBC 
TAKAHASHI 72 HBC 

8. PI-P,N 2PI 
e. PI-P,N"2PI 

1217S 
12175 

2157.0 10.0 KRAMER 70 HBC + 13.1 PI+ P,2PI U/70 
68.0 22.0 KRAMER 70 HBC + 13.t PI+ P,2PI 11170 

EVIDENCE OF KRAMER 70 DISAPPEARED WITH MORE STATJSTICSITHOMPSON 74) 

2190.0 10.0 CLAYTON 67 H8C +- 2.5PBAR,A2+DMEGA t0/67 

(2207.0) C22.0) CASO 70 HaC - 11.2PI- P·,NOTE C 5170 
lt30.0I CASO 70 HBC - 11.2PI- P,NOTE C 5170 

SEEN IN RHO- PI+ PI- COMEGA AND ETA ANTISELECTED IN 4 PI SYSTEM) 

15 HBC + 15 Pl+P,P5PJ 
75 HBC + 15 Pl+P,P5PI 

126 2340.. 20.. BALTAY 
126 180. 60. aALTAY 

DOMINANT DECAY INTO RHO RHO PI 

12175 
12175 

2500.0 
187.01 

32.0 ANDERSON 69 MMS - 16 PI- PrBACKW9 8/69 
ANDERSON 69 MMS - t6 PI- P,BACKW9 a/69 

M C 
w c 

c 

550 2620· 
sso as. 

20. 
30. 

BAUD 
BAUD 

69 MMS - e.-10. PI- P 
69 MMS - a.-10. PI- P 

2676.0 27.0 CASO 70 HBC - 11·2PI- P,NOTE C 
(150.0) CASO 10 HBC - 11.2PI- PtNOTE C 

SEEN IN RHO- PI+ PI- IOMEGA AND ETA ANTISELECTED IN It- PI SYSTEM) 

640 2aoo. 
640 46. 

20. 
10. 

BAUD 
BAUD 

69 MMS - a.-10. PI- P 
69 MHS - e.-to. PI- P 

15 2a20. tO. SABAU 71 HBC + e. PI+ P 
15 50. 10. SABAU 71 HBC + e. PI+ P 
SEEN IN (K K8AR PI PI)+. MASS DISTRIBUTION 

230 zeao.. 20. 
230 115.1 OR LESS 

BAUD 
BAUD 

69 MMS - e.-10. PI- P 
69 MMS - e.-10. PI- P 

9/69 
9/69 

5170 
5170 

9/69 
9/69 

11/71 
11/71 

9/69 
9/69 

43 3013. 5. YOST 7t HBC + ll.PJ+ PrPfBPIJ+ 11/71 
43 140.) OR lESS YOST 71 HBC + ll.PJ+ PtPI8GII 5/11 
4.3 S.D. EFFECT .. DECAY TO 7 PIONS 
NOT SEEN BY KALELKAR 75 WITH 5 TIMES MORE DATA 

3025.0 20.0 
125.0) APPROX. 

3075.0 20.0 
125.0) APPROX. 

3145.0 20.0 
UO.OI OR LESS 

3475.0 20.0 
(30.'0) APPROX. 

3535.0 20.0 
130.0) APPROX. 

BAUD 
BAUD 

BAUD 
BAUD 

BAUD 
BAUD 

BAUD 
BAUD 

BAUD 
BAUD 

10 MMS - 10.5-13 PI- P 
70 MMS - tO. 5-13 PI- 7 

70 MMS - 10.5-13 PI- P 
70 HMS - tO.S-13 PI- P 

70 MMS - 10.5-15 PI- P 
70 MMS. - 10. 5-t5 PI- P 

10 MMS - tlt-15. 5 PI- P 
70 MMS - 14--15.5 PI- P 

70 MMS - 14-15.5 PI- P 
70 MMS - llt-15.5 PI- P 

.......................... •••••*••• ·······** .......................... . 
CLAYTON 67 HEIDBG.CONF.P.57 
BOESEBEC 6a NP 8 4 SOl 
ANDERSON 69 PRL 22 1390 
BAUD 69 PL 308 129 
BAUD 70 Pl 3t 8 549 
CASO 70 LNC 3 707 
KRAMER 70 PRL 25 396 
SAaAU 71 LNC 1 514 
YOST 71 PR D 3 642 
T AKAHASH 72 PR 0 6 t266 
THOMPSON 74 NP 86"9 220 
BAL TAY 75 PRL 35 891 
KlLELKAR 75 THESISINEVJS 207J 
kEMP 75 NC 27 A 155 

REFERENCES FOR XC 190G-3600J 

+MASON,MUIRHEAD, F IL IPPAS+f LIVERPOOL+ATHENS I 
80 ES EBECK rOEUT SC HMANN, + f AACHEN+ BERLI N+CERN) 
+COLLINS I+ ( BNL +tARN I 
CERN BOSON SPECTROMETER GROUP tcERNI 
CERN BOSON SPF.CTROMETER GROUP fCERNJ 
+CONTE t TOMASI Nl, CORDS+ f GENO+HAMB+Ml LA+SACL I 
+BARTONrGUTAYtll CHTMANtMILLERt+ I PURDUE) 
+URETSKY C BUCH+ANU 
+MORRl S r ALBRIGHT r BRUCKER tLANNUTTt IF SUI 
TAKAHASHI tBARJSH,+ fTDHO+PENN+NOAM+ANLI 
+GAIOQS,MCILWAINtMilt.ER,MULERAt+ I PUROI 
+CAUl IS ,COHEN, KALELKAR, PI SELLO ,+1 COLU+BINGJ 
M.S.KALELKAR CCOLUI 
+LOTTS ;cONTRJ, TEODORO+t DURH+GENO+HILA+l.PNP I 

•••••••••••••••••••••••• ••*•••••• ••••*•••• ••••••••• •••••*••* •••••••• •••••• ........ * •*••••••* ........................................... . 

5170 
5/70 

5/10 
5170 

5170 
5170 

5/70 
5170 

5/70 
5170 



132 

Mesons 
e+e-(1100-3100). X(2830). J/1f(3100) 

M 

• 

M • • A 
A 

M c 
• c 

c 

• • • • 
• I 

• I 

M 

• 
M 
w 

7 E+ E-1 llOG-3lOO,JPG==l- ) I= 

THJS ENTRY CONTAINS NON-STRANGE 
VECTOR MESONS COUPLED TO E+ E
BETWEEN PHI AND J/PSI MASS REGION. 
SH ALSO RHO PRIMEU250) AND RHO 
PRIME{ 1600) MINI-REVIEW. 
OMITTED FROM TABLE. 

1 E+ E-lll00-31001 MASSES AND WIDTHS (MEV1 

400 1097. 19. BARTALUC 11 HASP 7 GAM p, E+E- P 
400 31. 24 • BARTALUC 77 .HASP 1 GAM p, E+E- P 

1256. 10. SEE RHO PRJ HE I 12501 
130. 20. SEE RHO PRIME I 1250) 

11499.0 I 10.5) 10.71 BEMPORAO 77 BBAR E+ E-
(2.3) (0.5) 10.31 BEMPORAO 11 BBAR E+ E-

SEEN ALSO BY THE GAMMA GAMMA 2 GROUP IBEMPORAD 771. 

I 1600.1 APPRO X. SEE RHO PRIME (1600) 
300 TO 800 SEE RHO PRJ ME ( 16001 

-H662.J 15.) LA PLANCHE 77 OSPK E+ E-
(25.) U3.1 LA PLANCHE 77 OSPK E+ E-

COUPLES TO BOTH 3 PI AND 5 PI 

( 1700.1 (20.} UPLANCHE 77 OSPK E+E- TO 4PI ,6PI 
uso.J 160;1 LAPLANCHE 77 OSPK E+E- TO 4P1,6PI 

G•+, BUT BRANCHING TO 4Pl+- IS SMALL. THEY ALSO OBSERVE A 
STATE AT 1540 MEV WITH LARGER 4PI+- DECAY I SEE RHO PRIME 11600} I • 

1765 TO 1792 BARBIELll 77 BBAR E+ E-
47 TO 79 BARBIELLI 77 BBAR E+ E-

11769.1 (6.1 LAPLANCHE 77 OSPK E+ E-
153.) (30.) LAPLANCHE 77 OSPK E+ E-

COUPLES MAINLY TO 5 Pl. 

1612 TO 1836 BARBIELLI 77 BBAR E+ E-
13 TO 34 BARBIELLI 77 BBAR E+ E-

58 1819. 7. BACCI 77 GG2 E+ E-
58 H. 9. BACCI 77 GG2 E+ E-

1821. 18. ESPOSITO 77 MEA E+ e-
31. 25. ESPOSITO 77 MEA E+ E-

12130.) APPRO X. BEMPORAD 77 MEA E+E-,K*I892J+ ••• 
130.1 APPRO X. BEMPORAD 77 MEA E+E-,K*IB92J+ ••• 

SPREAD TAKES ACCCJUNT OF POSSIBLE INTERFERENCE BETWEEN THE 
TWO STRUCTURES. 
SYSTEMATIC ERROR ADDED LINEARLY. 

**•••• ................................................................ . 

REFERENCES FOR E+ E-11100-31001 

BACCI 77 PL B 68 393 +DE ZORZI,PENSO,STELLAtBALOINI,+IROHA+FRASI 
BARBIELL 77 PL B 66 397 BARBIELLINI,BARLETTA,+IFRAS+NAPL+PISA+SANII 
BARTALUC 77 NC A 39 374 BARTALUCCI BERTOLUCCI,BRADASCHIAIDESY+FRASI 

. ALSC 77 PREP. OESY 77-59 
BEMPORAO 77 HAMBURG CCJNF. C. BEMPORAD CPISAJ 

I Ffc.AS+NAPL+P ADO+ROMA I ESPOSITO 17 PL 8 68 389 +FELICETTitMARINit+ 
l.APLANCH 77 HAMBURG CONF. F. LAPLANCHE IORSAI 

IORSAI ALSO 77 PL B 67 231 COSME,OUOELZAK,GRELAUO,JEAN-MARIE+ ....................................................................... 
................. ********* .......... ********* ..................... ******** 

lxcza3o) I 
) 

54 XI2830,JPGz:; I I"" 

OBSERVED IN THE SEQUENTIAL RADIATIVE DECAY (JF THE 
J/PSIC31001 INTO XC28301 GAMMA, XC2B301 INTO GAMMA 
GAMMA. THIS SUGGESTS QUANTUM NUMBER ASSIGNMENTS c .. +, 
IG=O+ OR 1-. POSSIBLY ALSO SEEN IN THE REACTION PI- P 
INTO NEUTRON 2 GAMMA. 
NEEDS CONFIRMATION. OMITTED FROM TABLE. 

54 XC28301 MASS (MEVI 

12177• 
12177* 

12/77* 
1217H 

1/78* 
1178• 

12/77* 
12/77* 

L/78* 
1178* 

1176* 
1/76* 

12177* 
12177* 

1/76* 
1176* 

12177• 
12177• 

12/77* 
12177* 

12177* 
12177* 

1178* 
1176* 

6(2700.01 BARTEL 76 CNTR E+E-,3 GAMMA 1/76 
M 
M 
M 
M 
M 
M 

P1 
P2 

R1 
R1 

R2 
R2 
R2 

SIGNAL IS ONLY 2 STD EFFECT IN BARTEL 76. 3/77* 
19 2820.0 14.0 YAMADA 77 OASP E+ E-,3 GAMMA 12177* 
11 2880.0 90.0 APEL 76 SPEC. 40 PJ-P,N 2GAMMA 1176* 

AVG 2821.4 
STUOENT2821.4 

AVERAGE CERfi.OR INCLUDES SCALE FACTOR OF 1.0) 
AVERAGE USING STUOENTlOIH/1.111 - SEE MAIN TEXT 

54 i<.C28301 PARTIAL DECAY MODES 

X( 28301 INTO GAMMA GAMMA 
XC 2830) INTO PBAR P 

54 XI 2830) BRANCHING RATIOS 

DECAY MASSES 
0+ 0 

938+ 938 

SEE !!RANCHING RATIOS R70,R76,R77,R79 OF J/PSII31001 
SEE BRANCHING RATIOS R"30,R54 OF PSII36851 

Xl26301 INTO IPBAR PI/TOTAL 
. 2 POSSIBLY SEEN WIIK 

Xl28301 INTO IGAMMA GAMHAI/TOTAL 
SEEN YAMADA 
SEEN APEL 

IP21 
75 DASP E+E-

CPU 
77 OASP E + E-, 3 GAKMA 
78 SPEC 40 PJ-P 1 N 2GAMMA 

1/76 

12/17* 
1178* 

...... ********* .......................................... ********* ........ . 

Data Card Listings 
For notation, see key at front of Listings. 

REFERENCES FOR XI 28301 

WIIK 75 STANFORD SYMP.69 B.H.WIIK 

BARTEL 76 TBILISI CONF.N56 +OUINKER,OLSSON,HEINTZE 1 + 

IOESYI 

IDESY+HEIDI 
IDESYJ WJIK 76 TBILISI CONF.N 75 B.H.WIIK RAPPORTEUR 

AMAlDl 11 LNC 20 409 +BENEVENTANO,OELL,DCOHER+IROHA+BNL+AOELPHI I 
APEL 11 Pl +AUGENSTEIN,+ IKARL+PISA+SERP+WIEN+CERNI 
BRAUNSCH 17 PL 67 B 243 . BRAUNSCHWEIG,+ IAACH+QESY+HAH8+MPIM+TOKY I 
YAMADA 77 HAMS •. CONF. P. 69 YAMADA IAACH+HAMB+DESY+MUNC+TOKYI 
WIIK 77 DESY 77/01 +WOLF CDESYI 

.............................................. ********* ................. . 
• ••••• ********* ............................................................. . 

I J/1f(31oo) 1 70 J/PSII3100tJPG=1--I I=O 

(3100.1 
13105. I 
3095. 
3C89. 5 
3096. 
3103. 
3096.0 

BOYARSKI 

70 J/PSI 131001 .MASS IMEVI 

WE USE INDEPENDENT MEASUREMENTS OF THE J/PSI (31001 
MASS, THE PSH36851 MASS AND THE ·MASS DIFFERENCE TO 
PERFORM A CONSTRAINED FJT. 

AUBERT 74 SPEC 28. PPIE+E-1 
(3.) AUGUSTIN 74 SHAG E+E-.. BOYARSKI 75 SHAG E+E-
31. CRIEGEE1 75 PLUT E+E-.. PRE POST 75 SPEC 13.-21.GAMMA 0 .. BEMPORAD 75 FRAB E+E-
30.0 SNYDER 76 SPEC 400 P BE, E+E-

75 IS A REEVALUATION OF AUGUSTIN 74 BASED 
ON A RECAll BRATICN OF THE SPEAR ·BEAM ENERGY. 

MASS, WIDTH, PARTIAL WIOTHSt AND BRANCHJNG RATIOS ALL OBTAINED 
FROM ONE OVERALL FIT TO DATA OF THIS EXPERIMENT. 

ERROR OF ABOUT 1 PER CENT FROM THE UNCERTAINTY IN CALIBRATION OF 
THE BEAM ENERGY • 

2/75 
2175 
3/75 
2175 
1/76 
1176 
1177* 

AVG 3097.5 
STUDENT3097. 5 
FIT 3096.8 

2.9 
3.2 
2.4 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOIH/1.111 -- SEE MAIN TEXT 

FROM FJT IERROR INCLUDES SCALE FACTOR OF 1.01 

P1 
P2 
P3 
P4 

p 
p 
Pll 
P12 
P13 
P14 
P15 
P16 
Pl7 
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 
P44 
P45 
P46 
P47 
P48 
P49 
P50 
P51 
P52 
P53 
P54 
P55 

p 
p 
PTO 
P71 
P72 
P73 
P74 
P75 
P76 

70 J/PSH31001 WIDTH IKEVI ... 15 • BOYARSKI 75 SHAG E+E- 3/75 ... 26 • BALDI Nil 75 FRAG E+E- 1176 
60. 25. ESPOSITO 75 fRAM E+E- 1/76 

AVG 66.9 ll.5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
STUDENT 66.~ 12.4 AVERAGE USING STUDENT10(H/1.11) - SEE MAIN TEXT. 

70 J/PSI 13100) PARTIAL DECAY MODES 

J/PSI (31001 INTO E+ E
J/PSI (31001 INTO MU+ Mu
J/PSI (31001 INTO HAORONS 
J/PSII3100J INTO VIRTUAL GAMMA INTO HADRONS 

HAORONJC DECAYS 

J/PSI131001 INTO Pl+ PI
J/PSIC31001 INTO PI+ PI- PIO 
J/PSJ{31001 INTO 21Pl+ Pl-1 
J/PSH31001 INTO 21Pl+ PI-I PIO 
J/PSif3100) INTO 3CPI+ Pl-1 
J/PSII31001 INTO 3CPI+ PI-I PIO 
J/PS1131001 INTO 41PI+ PI-I 
J/PSII31001 INTC 4(PJ+ PJ-1 PIO 
J/PSIC31001 INTO K KBAR 
J/PSII31001 INTO K KBAR PI 
J/PSIC31001 INTO PI+ PI- K+ K
J/PSU31001 INTO 21Pl+ PI-I K+ K
J/PSI 131001 INTO PI+ PI- PIO K+ K
J/PSIC3100J INTC RHO PI 
J/PSII31001 INTO RHO PI PI PI 
J/PSI 131001 lNTO OMEGA PI PI 
J/PSI 131001 INTO OMEGA 4PI 
J/PSII3100J lNTO OMEGA K KBAR 
J/PSH31001 INTO OMEGA F 
J/PSI 131001 INTO IJMEGA F PRIME 
J/PSII31001 INTO PHI PI PI 
J/PSII31001 INTO PHI 2CPI+ PI-I 
J/PSIC31001 INTO PHI K KBAR 
J/PSII31001 INTO PHI ETA 
J/PStl31001 INTO PHI ETA PRIME 
J/PSII31001 INTO PHI F 
J/PSJ (31001 INTO PHI F PRIME 
J/PSI 131001 INTO A2 PI 
J/PSI(3100) INTO A2 RHO 
J/PSIC31001 INTO K K*(892J 
J/PSII3100) INTO K K*l14301 
J/PSJI31001 INTO K*C8921 K*l692) 
J/PS113100 I· INTO K*I1430I K*l 14301 
J/PSII31001 INTO K*IB921 K*(1430) 
J/PSII3100 I INTO P PBAR 
J/PSII31001 INTO P PBAR PI 
J/PSII31001 INTO P NBAR PI 
J/PSit31001 INTO P PBAR PI+ PI
J/PSI 131001 INTO P PBAR PI+ PI- PIO 
J/PSH31001 INTO P PBAR ETA 
J/PSI 131001 INTO P PBAR OMEGA 
J/PSII31001 INTO LAMBDA ANTILAMBOA 
J/PSII31001 INTO LAMBDA ANTISIGMA 
J/PSJI3100) INTO XI ANTIXI 
J/PSII31001 INTO PI B 

RADIATIVE DECAYS 

J/PSII31001 INTO GAMMA GAMMA 
J/PSII31001 INTO 3 GAMMA 
J/PSH3100J INTO PIO GAMMA 
J/PS1131001 INTO ETA GAMMA 
J/PS1131001 INTO ETA PRIME GAMMA 
J/PSI(31001 INTO Xl28301 GAMMA 
J/PSH31001 INTO F GAfo'HA 

DECAY MASSES 
.5+ .5 

105+ 105 

139+ 139 
139+ 139+ 134 
139+ 139+ 139+ 139 

497+ 497 
497+ 497+ 139 
139+ 139+ 497+ 497 

776+ 139 
776+ 139+ 139+ 139 
783+ 139+ 139 
783+ 139+ 139+ 139+ 
783+ 491+ 497 
783+1271 
763+1516 

1020+ 139+ 139 

1020+ 497+ 491 
1020+ 548 
1020+ 958 
1020+1271 
1020+1516 
1312+ 139 
1312+ 776 

497+ 892 
497+1434 
892+ 892 

1434+1434 
892+1434 
938+ 938 
938+ 936+ 139 
938+ 939+ 139 
938+ 938+ 139+ 139 

938+ 938+ 548 
938+ 936+ 783 

1115+1115 
1115+1192 
1314+1314 

139+1231 

0+ 
0+ 

134+ 
548+ 
958+ 

2830+ 
1271+ 

0+ 
0 
0 
0 
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Data Card Listings 
.For notation, see key at front of Listings. 

W1 
W1 
W1 8 
W1 
W1 8 
W1 

70 J/PSII31001 PARTIAL WIDTHS CKEVI 

J/PSIUlOOI INTO E+ E- IGll 
4.8 0.6 BOYARSKI 75 SHAG 

14.61 (,.8) BALDINil 75 FRAG 
4.6 1.0 ESPOSITO 75 FRAM 

ASSUMING EQUAL PARTIAl WIDTHS FOR lE+E-1 AND IMU+Mll-1 

E+E
E+E
E+E-

2175 
3175 
1/76 
1176 

Wl AVG 4.75 0.51 
Wl STUDENT 4.75 0.55 

AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOCH/1.111 -- SEE MAIN TEXT 

W2 
W2 
W2 
W2 
W2 AVG 

J/PSII31001 INTO MU+ Mll-
4.8 0.6 
s.-o t.o 

W2 STUDENT 
4.85 
4.85 

0.51 
o.ss 

W3 
W3 
W3 
W3 
W3 

J/PSJt31001 INTO HAORONS 
59. 14. 
59. 24. 
so. 25. 

BOYARSKI 75 SHAG 
ESPOSITO 75 FRAM 

CG21 
E+E
E+E-

2175 
3/75 
1176 

AVERAGE CERROR INCLUDES SCALE FACTOR OF 1aOI 
AVERAGE USING STUOENTlO(H/Ialll -- SEE MAIN TEXT 

BOYARSKJ 75 SHAG 
BALDINil 75 FRAG 
ESPOSITO 75 FRAM 

CG31 
E+E
E+E
E+E-

2/75 
3/75 
1176 
1/76 

W3 AVG 57.3 
W3 STUDENT 57.3 

10.9 
u.7 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOCH/1.111 - SEE MAIN TEXT 

W4 J/PSH31001 INTO GAMMA INTO HAORONS 
W4 C 12a 2· SOYARSKI 75 SHAG E+E-
W4 C INCLUDED IN W3 

R1 
R1 

R2 
R2 

R3 
Rl 

•• •• •• •• •• 

10 J/PSI (31001 BRANCHING RATIOS 

FOR THE BRANCHING RATIOS R1 - R4, SEE ALSO THE PARTIAL 
WIDTHS ABOVE, AND CPARTIAL NIOTHSI~R1 BELOW. 

J/PSit31001 INTO CE+ E-1/TOTAL (Pll 
Oa D69 0.009 BOYARSKI 75 SMAG E+E-

J/PSJ('31001 INTO (MU+ Mu-J/TOTAL CP21 
Oa069 0.009 BOYARSKI 75 SMAG E+E-

J/PSU3100I INTO (HADRONSIITOTAL (P3) 
0.86 0.02 BOVARSKJ 75 SMAG 

J/PSU3100I INTO (E+ E-1/tMU+ MU-1 
1.00 0.05 BOYARSKJ 
0.93 0.10 fORO 
.91 .15 ESPOSITO 

75 SMAG 
75 SPEC 
75 fRAM 

E+E-

CP11/CP21 
E+E
E+E
E+E-

1176 

3/75 
3/75 

3175 
3/75 

3175 
3175 

2175 
3175 
2175 
1/76 

R4 AVG 
R4 STUDENT 

o.o43 
o.o47 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTlOCH/1.111 - SEE MAIN TEXT 

R5 J/PSil31001 INTO CGAMMA INTO HADRONSI/TOTAL 
R5 C .17 .02 Bo'rARSKI 75 SHAG 
RS C I NCLUOEO IN R3 

R 
R 

•• R8 

•• •• 

HAORONIC DECAYS 

J/PSII3100I INTO CPI+ PI-1/T.OTAL «UNITS 10**-41 
2 1.0 0.1 BRAUNSCHW 76 DASP 
1 1.6 1.6 VANNUCCI 77 SMAG 

E+E-

E+E
E+E-

1/76 

R8 AVG 
RB STUDENT 

1.10 
1.10 

0.64 
0.69 

AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTIOCH/1.111 - SEE MAIN TEXT 

•• •• 
J/PSIC31001 INTO l2CPI+ PJ-)1/TOTAL 

76 .004 .001 JEAN-MARl 76 SMAG E+E- 1/76 

R23 
R23 
R23 
R23 

J/PSif31001 INTO (K+ K"-1/TOTAL 
I 1.4 1.4 
2 2 .o 1.6 

IUNITS 10 .. -41 
BRAUNSCHW 76 DASP 
VANNUCC 1 77 SMAG 

Mesons 
J/,P(3100) 

1177• 
1111• 

R23 AVG 
RZ3 STUDENT 

1.1 
1.1 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENHOIH/l.lll -- SEE MAIN TEXT 

R24 
R24 

R25 
R25 
R25 
R25 

J/PSIC3100J INTO (KO K*C892101/TOTAL 
45. 0 .. 0027 0.0006 VANNUCCI 77 SHAG 

J/PSII31001 INTL CK+- K*I8921-+J/TOTAL 
39 0.0041 0.0012 BRAUNSCHW 76 DASP 
48 0.0032 0 .. 0006 VANNUCCI 71 SMAG 

E+E-

E+E
E+E-

R25 AVG 
R25 STUDENT 

0 .. 00338 
Q a00338 

0 .. 00054 
0 .. 00059 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1 .. 01 
AVERAGE USING STUDENTlOIH/1,.111 - SEE MAIN TEXT 

R26 
R26 

R27 
R27 
R27 

R28 
R28 

R29 
R29 

R30 
R30 

J/PSIC3IOOI INTO IKO K*l 1430101/TOTAL 
(0.0021 OR LESS CL=0.90 VANNUCCI 77 S14AG 

J/PSI131001 INTO IK+- K*U42D-+I/TDTAL 
(0 .. 003310R LESS CL=0.90 BRAUNSCHW 76 OASP 
IO.OOISJOR LESS CL=0.90 VANNUCCI 77 SMAG 

J/PSit31001 INTO IK*I89210 K*I892101/TOTAL 
co· .. oo05JOR LESS CL,..0.90 VANNUCCI 77 SMAG 

J/PSU31001 INTO IK*Il43010 K*Cl430JOI/TOTAL 
(0.002910R LESS CL'"'0.90 VANNUCCI 77 SMAG 

J/PSIC3100J INTO IK*(89210 K*C1430)0)/TOTAL 
ItO Oa0067 0.0026 VANNUCCI 77 SHAG 

R31 J/PSIC31001 INTO CPBAA PJITOTAL IUNJTS 10*•-31 
R31 A 70 2.3 0.3 BRAUNSCHW 76 DASP 
R31 A 300 2.0 0 .. 15 GOLDHABER 76 SMAG 
R31 2.0 0.5 TONUTTI 77CNTR 
R31 

E+E
E+E-

E+E-

E+E-

E+E
E+E
E+E-

1171* 

1177* 

1/77* 

1177• 

1171* 
12171• 
12177• 

R31 AVG 2.06 
R31 STUDENT 2.05 

0.13 
0.14 

AVERAGE C ERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOCH/1 .. 111 - SEE MAIN TEXT 

R32 J/PSH31001 INTO (PBAR PII(MU+ MU-) 
R32 A 20 (.0511 1.021 CRIEGEE2 75 PLUT 

R33 
R33 

R34 
R34 

R35 
R35 

R36 
R36 

R37 
R37 

R38 
R38 

R39 
R39 
R39 
R39 

J/PSH3100) INTO (LAMBDA ANTILAMBOAIITOTAL 
19 .OOI6 .0008 ABRAMS 75 SMAG 

J/PSI C3100I INTO (P PBAR PIOI/TOTAL 
0.0010 0.0002 FELDMAN 77 SHAG 

J/PSIC31001 INTO CP PBAR PI+PI-1/TOTAL 
0.0041 ·0.0008 FELDMAN 77 SMAG 

J/PSIC31001 INTO CP PBAR PI+ PI- PIOI/TOTAL 
0.0011 Oa0004 FELDMAN 11 SHAG 

J/PSIC3100) INTO (LAMBDA ANTISIGMAJ/TOTAL 
( .000410R LESS CL.,0.90 FELDMAN 77 SHAG 

J/PSU31001 INTO CPJ+- A21/T07AL 
(0.0043JOR LESS CL=0.90 BRAUNSCHN 76 DASP 

J/PSH31001 INTO tOMEGA PI PII/TOTAL 
215 0 .. 0078 0.0.0216 BURMESTER 77 PLUT 
348 0.006B 0.0019 VANNUCCI 77 SHAG 

E+E-

E+E-

E+E-

E+E-

E+E-

E+E
E+E-

1/16 

1/76 

12177• 

12177• 

12177• 
1171• 

R39 AVG 
R39 STUDENT 

0.0068 
0.0068 

0.0019 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
0.0021 AVERAGE USING STUDENTlOtH/1.111 - SEE MAIN TEXT 

R40 
R40 J/PS I C3!~~~0~NTO 0~~~~3 K-1/TOTAL VANNUCCI 77 '\MAG E+E- 1177* 

·RIO J/PSIC3100J INTO l21PI+ PI-I PIOJ/TOTAL R41 J/PSI 131001 INTO (OMEGA K KBARJ/TOTAL 
RIO 675 .04 .01 JEAN-MARl 76 SMAG E+E- I/76 R41 
RIO 1500 0.0364 0.0052 BURMESTER 77 PLUT E+E- 12/17* 
RIO AA2 
RIO AVG 0.0372 0,.0046 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 R42 
RIO STUDENT 0.0372 0.0050 AVERAGE USING STUDENTlOtH/1.10 - SEE MAIN TEXT 

Rll 
Rll 

R12 
R12 

Rl3 
Rl3 

Rl4 
Rl4 

Rl5 
R15 

R16 
R16 

J/PSIC31001 INTO I3IPJ+ PI-1/TOTAL 
32 .0~ .002 JEAN-MARt 76 SMAG 

J/PSI (3100t INTO (31PI+ PI-I PI OJ/TOTAL 
181 a029 .007 JEAN-MARl 76 SHAG 

J/PSH31001 INTO 141PI+ PI-I PIOI/TOTAL 
13 .009 .003 JEAN-MARl 76 SHAG 

J/PSI 13IOOI INTO I PI+ PI- K+ K-1/TOTAL 
205 0.0072 0.0023 VANNUCCI 77 SMAG 

J/PSI(31001 INTO 121PI+ PI-I K+ K-1/TOTAL 
30 0,.0031 0 .. 0013 VANNUCCI 77 SHAG 

J/PSIC3100) INTO (RHO PIIIIPI+ PI- PIOI 
(. 71 OR MORE CL=0.90 JEAN-MARl 76 SMAG 

E+E- 1176 

- E+E- 1176 

E+E- 1176 

E+E- 1177* 

E+E- 1177* 

E+E- 1176 

R43 
R43 

R44 
· R44 

R45 
R45 

••• 
R46 

R47 
R41 

R48 

••• 
••• 

Rl7 J/PSII31001 INTO IRHOO PIOI/CRHO+- Pl-+1 R49 
R11 0.63 0.22 BARTEL 1 76 CNTR E+E- 1177* 
R11 .59 .17 JEAN-MARl 76 SMAG E+E- 1176 R50 
RI7 (0.53) (0,.151 ALEXANDER 77 PLUT E+E.- 12177* R50 
Rl7 
Rl7 AVG 0.60 0.13 AVERAGE tERROR INCLUDES SCiUE FACTOR OF laO) R51 
R11 STUDENT 0.60 O.l't AVERAGE USING STUDENT10(H/I.111 -- SEE MAIN TEXT R51 

J/PSit31001 INTO CRHO PI I/ TOTAL 
543 0.010 0.002 BARTEL I 76 CNTR 
99 0.012 0.003 BRAUNSCHW 76 DASP 

153 .013 .003 JEAN-MARl 76 SMAG 

R52 
R52 
R52 
R52 

22 0.0016 0,.0010 FELDMAN 77 SMAG 

J/PSIC31001 INTO CPHI K KBARIITOTAL 
14 0.0018 0.0008 FELDMAN 77 SMAG 

J/PSIC31001 INTO CPHI ETAI/TOTAL 
5 0.0010 0.0006 VANNUCCI 77 SMAG 

J/PSlt3lOOI INTO IPHI ETA PRIMEJ/TOTAL 
I0.0013JOR LESS ·CL=0.90 VANNUCCI 77 SHAG 

J/PSH31001 INTO (PHI F PRIMEI/TOTAL 
6 0.0008 0.0005 VANNUCCI 77 SMAG 

J/PSit31001 INTO (P NBAR PI-1/TOTAL 
0.0038 0.0008 FElDMAN 77 SHAG 

J/PSII3100J INTO CP PBAR HAl/TOTAL 
0 .. 0019 0 .. 0004' FELDMAN 77 SHAG 

J/PSIC31001 INTO IP PBAR OMEGAI/TOTAL 
0.0005 0 .. 0001. FELDMAN 77 SMAG 

J/PSIC3IOOI INTO tKOS K+- PI-+1/TOTAL 
126 0.0026 0.0007 VANNUCCI 77 SHAG 

J/PSH31001 INTO CPHI FI/TOTAL IUNITS 1011<*-41 
(3 .. 7,) OR LESS CL=Oa90 VANNUCCI 77 SlUG 

J/PSH3IOOI INTO (PHI 21PI+PI-J I /TOTAL 
(0.0015JOR LESS CL=0.90. VANNUCCI 77 SHAG 

J/PSII31001 INTO (OMEGA FJ/TOTAL 
81 0.0019 0.0008 VANNUCCI 77 SMAG 
70 0 .. 0040 0.0016 BURMESTER 77 PLUT 

E+E-

E+E-

E+E-

E+E-

E+E-

E+E-. 

E+E-

E+E-

E+E-

E+E-

E+E-

E+E
E+E-

12177• 

12177• 

1177• 

I/77• 

12177• 

12177* 

12177* 

1177* 

i/17* 

l/11* 

1177* 
12111* 

R18 
R18 
R18 
R18 
R18 
R18 

183 IOaOl6) {0.0041 ALEXANDER 77 PLUT 

E+E
E+E
E+E
E+E-

1177• 
1177• 
l/76 

12177* R52 AVG 0.00232 
R52 STUDENT 0.00230 

0 .. 00084 .AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.21 
0.00081 AVERAGE USING STUOENTlO(H/1 .. 111 - SEE MAIN TEXT 

Rl8 AVG 
RIB STUDENT 

O.Oll2 
0.0112 

0.0015 
0 .. 0016 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.0) 
AVERAGE USING STUDENTIOIH/1 .. 111 - SEE MAIN TEXT R53 

R53 
R19 J/PSH31001 INTO IOMEGA PI 'PIJ/121PI+ PI-I PIOI 
RI9 J C .21 JEAN-MARl 76 SHAG 

R20 J/PSU3100J INTO IRHO Pl PI PIJ/t2 IPI+ PI-I PIOI 
R20 J I .31 JEAN-MARl 76 SHAG 

R21 
R21 

R22 
R22 

J/PSU31001 INTO I PHI PI+ PI-1/TOTAL 
23 Oa0021 Oa0009 FELDMAN 11 SMAG 

J/PSI01001 INTO IKOS KOLJ/TOTAL (UNITS 10**-41 
(0 .. 89) OR LESS CL=0.90 VANNUCCI 71 SMAG 

E+E-

E+E-

E+E-

E+E-

1/76 

1/76 

R54 
R54 

R55 
R55 

12177* R56 
R56 

1177* R57 
R57 

J/PSI 13100) INTO IOMEGA F PRIMEJ/TOTAL tuN ITS 10**-41 
U .. 61 OR LESS CL::0.90 VANNUCCI 77 SHAG E+E- 1177• 

J/PSII3100J INTO CPI+PI-PID K+K-1/TOTAL 
309 0.012 0,.003 VANNUCCI 11 SHAG E+E- 1177* 

J/PSH3100J INTO CRHO A21/TOTAL 
36 0.0084 0.0045 VANNUCCI 77 SHAG E+E- 1177• 

J/PSH31001 INTO (OMEGA 2PI+ 2PI-I/TOTAL 
140 0.0085 Oa0034 VANNUCCI 77 SHAG E+E- 1117* 

J/PSJC3IOOI INTO CXI- ANTIXI-1/TOTAL 
4 (0.0004JAPPROX. FELDMAN 77 SHAG E+E- 12/77* 
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Mesons 
J/'lf(3100), x(3415) 

.,. 
R58 

059 
R59 

J/PSI I 3100 t INTO I RHO+- P·I-+ t/ II'.*( 8'92h- K-+l 
(0.261 (0.09J PIERRE 76 SHAG 

J/PSH3100) INTO .fB+- PI-+1/TOTAL 
87 0.002'9 0.0007 BURMESTER 77 PLUT 

J/PSII3100J INTO (~ NBAR)/TOTAl. (UNITS 10••-21 

E+E-

E+E-

R60 
R60 0.18 0.09 YAMADA 77 OASP £+ E-,3 GAMMA 

k J FINAL STATE 2(PJ+PI-JPIO 
:R A ASSUMING .ANGULAR DISTRIBUTION U.+COS(THETAI**21 

R10 
R70 
R70 

"R7l 
R71 
R71 

RADIAl JVE DECAYS 

J/PSH31001 INTO IXI28301 GAMMAI/TOTAL 
(39,. J OR LESS CL:0.90 WHlTAKER 
U7.l OR 'LESS CL=0.90 BIDDJCK 

(UNITS 10**-31 
76 SHAG 
77 CNTR 

J/PSU3100I INTO {2 GAMMA I !TOTAL WNlTS 10**-31 I P41 
(3.1 OR LESS Cl=0.90 Will<. 75 OASP 
10.5) OR LESS Cl=0.90 BARTEll 77 CNTR 

E+E
E+E-

E+E
E+E--

4/77* 

12177* 

12177* 

4177• 
3177* 

1111* 
4/77* 

R72 J/PSIOlOOJ INTO CPIO GAMMA)/T.OTAL lUNITS 10 .. -31 2175 
·R72 U 9 10.0751 10.0481 BRAUNSCHW 77 DASP E+E-,3 GAMMA 1177* 

R73 
R73 
R73 
R73 

.:1/PSI (3100l INTO I ETA GAMMAliTOTAL I UNITS 10••-31 
21 1.3 0.4 BARTEll 11 CNTR 
60 0.8 0.1 YAMADA 77 DASP 

E+E-.3 GAMMA 
E+E-,3 GAMMA 

1177• 
12177• 

R73 AVG 
R73 STUDENT 

0.83 
O.B3 

0.12 
0.11 

AVERAG'E (ERROR INCLUDES SCALE FACTOR OF 1.21 
AVERAGE USING STUDENTlO{H/1.111 - SEE MAIN TEXT 

R74 
R74 
R74 
R14 
R74 

J/"PSII3100J INTO fETA PRIME GAMMAIITOTAL 

57 

• 
(3.,31 OR LESS CL=.90 BACCI 
2.4 0. 7 BARTEL 1 
2.9 1.1 YAMADA 

C UNITS 10**-31 
16 FRAG E+E-
76 CNTR 
77 DASP 

E+E-,2 GAMMA RHO 
E+E-,3 {;AMMA 

4/71* 
1177• 

12177* 

R74 AVG 
R74 STUDENT 

2 .. 54 
2.54 

AVERAGE HRROR JNCt..UOES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOtH/1.,111 -- SEE MAIN TEXT 

R75 
R75 

R76 
R76 
R76 
R76 
R76 

R77 
R77 
RH 

J/PS113100I INTO lETA PRI.ME GAMMAlltETA GAMMA) 
1.B 0.8 .BARTELl 77 CNTR E+E-, 3 GAMMA 

J/PSII3100) INTO (XC28301 GAMMAJITOTAL,X TO 2 GAMMA (UNITS 1'0**-31 
10.14) CO.OBl BARTEL 2 76 CNTR E+E-,3 GAMMA 

EXISTENCE OF XI2B30J IN BARTEL 2 76 DATA IS ONLY 2 STD EFFECT 
10.321 OR LESS tl=0.90 BARTELl 77 CNTR E+E-,3 GAMMA 

19 0.,14 0.,04 YAMADA 77 OASP E+E-,3 GAMMA 

J/PS1C3100) INTO IXC28301 GAMMA1/TOTAL,X TO P PBAil. GAM (UNITS 10**-3 
{0.041 OR LESS CL=0.,'90 GOL.DHABER 76 SMAG E+E-
(0.21 OR LESS Cl.cQ.,90 WJIK 76 DASP E+E-

R78 J/PSI13100) INTO (3 GAMMA)ITOTAL IUNITS 10**-31 
R76 U 10.08) OR Lt:SS CLcQ.,CJO 8PAUNSCHW 77 OASP E+t:-, 3 GAMMA 

R79 
R19 

J/PS](31001 INTO CXI2830) GAMMAl/TOTAL,X TO RHO GAMMA IUNJTS 10•*-31 
t0.31 OR LESS CL.,0.90 BARTEL 2 76 CNTR E+E-r2 GAMMA RHO 

R80 J/PSII31001 INTO lGAMMA + 2 OR MORE NEUTRALSIITOTAL (UNITS lOCt*-3) 
RBO 7.0 2.0 BARTEll 17 CNTR E+E-

~81 J/PSH3100) INTO IF GAMMAJ/TOTAL 
R81 35 10.0020) 10.00071 ALEXANDER 17 PLUT 0 ·E+E-
R 
R RE-STATED BY US USING TOTAL WIDTH 67 KEV. 

--- ---~- ---- .---- ----- ------ -------- --------

Gl 
Gl S 
Gl 
Gl 
Gl 
Gl 
Gl 

70 J/PSI 13100 I GIII*Gif+E-J/GHOTAU (KEVI 

THIS COMBINATION OF A PARTIAL WIDTH WITH THE PARTIAL WIDTH 
INTO E+E- AND WITH THE TOTAL WIDTH JS OBTAINED FROM THE INTEGRATED 
CROSS-SECTION INTO CHANNELl II IN THE E+E- ANNIHILATION· 
WE ONLY LIST DATA NOT HAVING BEEN USED TO DETERMINE THE PARTIAL 
WIDTH GCI t OR THE BRANCHING RATIO G( I)/TOTAL. . 

GC E+E-)*GIE+E-1/GCTOTAL J 
(.32) (.071 
.34 .14 
.41 .06 

(.34) ( .091 
1.361 1.101 

BALDINil 
BEMPORAD 
OASP1 
ESPOSJ TO 
FORO 

75 FRAG 
75 FRAB 
75 DASP 
75 FRAM 
75 SPEC 

E+E
E+E
E+E
E+E
E+E-

1177• 
3177* 

12171• 
12/71* 

1177• 
1177• 

1177• 

1171• 

12177• 

l/76 
l/76 
l/76 
1176 

Gl AVG 
G1 STUDENT 

0.399 
0.3'99 

0.,055 
0.060 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF t.OJ 
AVERAGE USING STUOENTlOIH/1.111 - SEE I"'AJH TEXT 

GC MU+Mu-J•GC E+E-J /G I TOTAL) 
.31 .09 BEMPORAD 75 FRAB E+E- 1176 

c .321 1.08) CRIEGEE2 75 PLUT E+E- 1176 
.51 .09 OASP1 75 DASP E+E- 1/76 

(.381 ( .05) ESPOSITO 75 FRAN E+E- 1176 
'.461 (.10) LIBERMAN 75 SPEC E+E- 1176 

AVG 0.41 0.10 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.61 

G2 
G2 
G2 
G2 
G2 
G2 
G2 
G2 
G2 STUDENT 0 .. 410 0.079 AVERAGE USING STUDENTlO(H/1.11 I - SEE MAIN TEXT 

G3 
G3 
G3 

Gl HAORCN IC I*GI E+E-1/G(TOTALI 
(4.1 (.81 . 8ALDJNI1 75 FRAG E+E

E+E-13.9) t.8J ESPOSITO 75 FRAM 

SEE THE BRANCHING RATIOS AND PARTIAL WIDTHS ABOVE. ............................................................................. 
CHRISTEN 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 33 164'9 
BALDINI- 74 NCL 11 711 
8AR8IELL 74 NCL ll 718 
BRAUNSCH 74 Pl 538 393 

REFERENCES FOR J/PSH3100) 

CHRISTENSON t HIC.KStl EO ERMAN+ ICOLU+BNL+CERNI 

+BRIGGS,AUGUSTJN,BOYARSKI+ ILBL+SLAC I 
+ZORNt BARTOLI+ I FRAS+UMO+NAPL+PADO+RO,_AJ 
+BECKERt BIGGS, BURGER, CHEN, EVERHART ( HIT+BNL) 
+BOYARSK I ,ABRAMS, BRIGGS+ CSL AC+LBL I 
+BARTOLI,BARBARINO, BARB IELLJNI + IFRASCATI J 
FOR ERRATA 
BALDINI-CEL lOt BACCI+ CFRASCATI+ROMAI 
BARB I ELL INI tBEMPORAD+ IFRAS+NAPL+PISA+ROMA l 
BRAUNSCHWEIG+ C AACHEN+HAMB+MUNICH+TOKYO I 

1/76 
1176 

Data Card Listings 
For notation, see key at front of Listings. 

ABRAMS 75 STANFORD SYHP.25 G.S.A8J<.AH~ UBLI 
ANDREWS 75 PRL 34 231 +HAR VEYr LOBKOWIC Z, MAY ,NORDBERG 1 RCCH+CORN I 
AUBERT 75 NP 8 89 1 +-BECKER,BIGGS,SURGER,GLENN,+ IMIT+BNLl 
BACCI 75 NCL 12 269 +PENSQ,STHLA,BALOJNJ-CELJO,+ IRCMA+FRASI 
BALOINil 75 PL "588 471 BALDJNl-CELIO,BOZZOtCAPON,SACCl+IFRAS+ROMAI 
SALOINI2 75 PL 58B 475 BALDINI..-CELIO,<.APONtDEL FABBRO+ CFf'.AS+ROMAl 
BEHPORAO 75 STANFORD SYMP.ll3 C.BEMPORAD (PJSA+FRASCATII 
,BLANAR 75 PRL 35 346 +BOYER,FAISSLERrGAREUCKtGETTNER,+ . tNEAS) 
'BOYARSKI ,75 PRL 34 1357 +BREIOENBACH,BULOS,FEt.OMAN,+ ISLAC+LBUJPC 
BRAUNSCH 75 Pl 53B 491 BRAUNSCHWEIG+ U.ACHEN+HAMB+MUNltH+TOKYOJ 
BUSSER 75 Pl 56 8 482 +BLVMENFELDtBANNERt+ IC.ERN+CDLU+ROCK+SACU 
CAfiiERINI 75 PRL 35 483 +LEARNEDtPREPOST,ASH,ANOERSQN,+ (WISC+SLACJ 
CRIEGEEl 75 P.l 538 489 +OEHNE,FKANKE,HORU TZ,KRECHLOCK+ .COESYI 
CRifGEE2 75 DESY PREP.75/32 +OEHNE,FOX,FRANKE,HORUTZ,KNIESt+ IDESYI 
DAKIN 75 Pl 56 B 405 +KREISLER,BCL-ON,HEILE+ CHASA+MJT+SLACI 
DASPl 75 Pl 568 491 BRAUNSCHWEJG,KONIGS,+ CAACH+DESY+-MPlM+TOKY) 
DASP2 75 Pl 578 297 BRAUNSCHWEIG,KONIGSt+ UAC.H+OESY+MPIM+TOKYJ 
ESPOSITO 75 NCL 14 73 +BARTOLI tBISfLLO,+ IFRAS+NAPL+PADO+ROMAI 
'FORO 75 PRL 34 604 +BERON,HILGER,HOFSTADTER+ (SLAC+-PENNI 
GITTELMA 75 PRL 15 1616 GITTELMAN+HANSON+LARSON+LOH+ ICORNI 
GRECO 75 PL 568 367 +PANCHERJ-SRJVASTAVA,SRIVASTAVA CFRASJ 
HEINTZE 15 STANFORD SVMP.97 J.HEINTZE CHEIDELBERGJ 
JACKSON 75 NtH 12B l"3 J.,Q.JACKSON,D."SCHARRE ILBLI 
KNAPPl 75 PPL 34 1040 +LE€,BRONSTEIN+ ICOLU+HAWA+CORN+Ill+FNALI 
KNAPP2 75 PRL 34 1041t +LEE,BRONSTEIN+ ICOlU+HAWA+CDRN+Ill+FNALI 
LISHMAN 75 STANFORD SYMP.55 A.O.LIBERI'IAN ISTANFORDJ 
MARTIN 75 PRL 34 2AB +BOLON,OAKIN,FELDMAN,HANSON+IMIT+MASA+SLACt 
PREPOST 75 STANFORD SYMP.241 R.,PREPOST IWISCONSINI 
SHIPSDN 75 PRL 35 6'9'9 +BERON,FORO,HILGER,HOFSTAOTERt+ (STAN+PENNJ 
WJIK 75 STANFORD SYMP.69 B.H.WIIK IDESYI 
YENNIE 75 PRL 34 23'9 D.R.YENNJE ICORNElll 

ANTIPOV 76 TBILISI CONF.N B +BESSUBOV,BUDANOV,BUSHNIN,DENISOV,+ ISERPI 
BACCI 76 LNF-76/60IPI +BALDlNJ-tELJOtCAPON+ IFRAS+ROHA+GENOJ 
BARTEL 1 76 Pl 64 B 483 +DUINKER,CLSSON,STEFFEN,HEINTZE+IOESY+HEIDJ 
BARTEl 2 76 TBlLISI CONF.N56 +DUINKERtOLSSON,HEINTZE,+ IOESV+HEJDJ 
BR.AUNSCH 76 Pl 63 B 487 BRAUNSCHWEIG,+ UACH+DESY+HAMB+MPIM+TOKYI 
BUSSER 76 NP 8 113 1B9 +BLUMENFELDtBAhNfRt+ IC.ERN-t<:OLU+ROCK+SACLI 
GOLOHABE 76 WISCONSIN CCNF.40 G.GOLOHABER I SLAC+lBL J 
JEAN-MAR 76 PRL 36 291 +ABRANS,BOYARSKI, BREIDENBACH,+ I SLAC+LBLI IG 
PIERRE 76 SAC.LAY-DPHP£76-21 F.PIERRE ISlAC.+LBLJ 
SNYDER 76 PRL 36 1415 +HOM,LEOERMAN,APPEL,KAPLAN+fC.OLU+fNAL+STONI 
VANNUCCI 76 SLAC-PUB-1724 +ABRAMS,BOY'ARSKI ,BREIDENBACH,+ CSLAC+LBL J 
WHITAKER 76 PRL 37 1596 +TANENBAUJihABRAHStALAM,BOYARSKI .. +CStAC+-LBU 
WJIK 76 TBILI Sl CONF.N75 8.H.WIIK RAPPORTEUR COESYl 

ALEXANDE 77 DESY 77172 ALEXANDER,CRJEGEE,+- IDESY+HAMB+SIEG+-WUPPJ 
BARTELl 77 PL 66 8 4B9 +OUINKERtOLSSott.HEINTZEt+ IDESY+HEIDl 
BARTEL 2 77 OESY 77170 +OITTMANN,FRJTSCHER,HEINTZE,+ IDESY+HEIOI 
BIODJCK 71 .PRL 38 1324 +BURNETT+ CUCSD+UMO+PAVI+PRIN+SLAC+STANJ 
BRAUNSCH 71 OESY 77/02 BRAUNSCHWEIG,+ CAACH+OESY+HAHB+MPIM+TOKYI 
BURMESTE 17 PL 72 B 135 BURMESTER,CRJfGEE,+ (DESY+HAMB+-SIEG+W'UPPJ 
"COROEN 17 Pl 68 8 96 +DOWELL,+ (BJRM+CERN+MPJM+NEUC+EPOL+RHELJ 
FELDMAN 77 PL 33 C 285 +PERL ILBL+SLACI 
KNIES 77 DESY 71114 G.KNIES HAMBURG TALK ON PLUTO COLLAS.tOESYI 
TONUTTI 77 HAMB. CONF. P. 145+BESCHtKOVALSKI (8QNN+DESY+MAINZJ 
VANNUCCI 77 PR 0 15 1814 +ABRAHS,ALAM,BOYARSKlt+ tSLAC+LSLI 
YAMADA 77 HAMS. CONF. PI "69 YAMADA IOESY+TOKYI 
WIIK 77 1lESY 77101 +WOLF IOESYI ........................................................................... ....... .......... ........... ......... .......... ............. .......... ......... . 
lx(3415) I 56 CHI 13415,JPG=O++I I=O 

OBSERVED JN THE RADIATIVE DECAY OF PSU3685J INTO 
CHI 134151 GAMMA. THEREFORE C"'+• THE OBSERVED DECAY INTO PI+ PI
OR K+ K- IMPLIES G=+, JP=0+,2+, •• • • THE ANGULAR DISTRIBUTION 
IS CONSISTENT WITH J=O. JP ABNORMAL EXCLUDED BY Pl+. PI- AND 
K+ K- DECAYS. JP=O+ PREFERRED (fELDMAN 771 • 

56 CHIC3415J MASS fMEVI 

• • • • • • • 

W 3412.0 8.0 NIIK 75 OASP E+E-,J/PSI 2 GAM 1177* 

" • 

Pl 
P2 
P3 

•• 
P5 
P6 
P7 

•• P9 
PlO 

Rl 
Rl T 

R2 
R2 T 

R3 
R3 T 

•• R4 T 

R5 
R5 T 

•• 
R6 T 

3413.0 10.0 WHITAKER 76 SMAG E+E-,J/PSJ 2 GAM 12177* 
3415.0 10.0 TRILLING 76 SHAG E+-E-,HAORONS GAM 1177* 
3413.,0 11.0 WHITAKER 76 SMAG E+E-,MONOCHR.GAM 1177* 
3413.0 9.,0 BIDDICK 77 CNTR E+E-,MONOCHR .. GAM 3177* 

W INCREASED 4 MEV BY FELDMAN 77 TO CORRECT FOR ENERGY CALIBRATION • 

AVG 3413.1 
STUDENT3413.1 

4.2 
4.5 

AVERAGE Ct:RROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOIH/1.111 -- SEE MAIN TEXT 

56 CHI 134151 PARTIAL OECAY MODES 

DECAY MASSES 
CHI (34151 JHTD PI+ PI- 13'9+ 139 
CHU 34151 INTO K+ K- 493+ 493 
CHIC3415J JNTO 2CPI+ PI-I 139+ 13'9+ 139+ 139 
CHII34151 INTO 31PI+ PI-I 
CHIC34151 INTO PI+ PI- K+ K- 13'9+ 139+ 4'93+ 493 
CHIC34151 INTO J/PSI (31001 GAMMA 309B+ 0 
CHJ(3415) INTO 2 GAMMA 
CHH3~15) INTO PI+ PI- P PBAR 139+ 13'9+- 938+ '938 
CHJC3<4115J INTO RHOO PI+ PI- 776+ 139+ 139 
CHit 34151 INTO K*(8'9210 K+/- PJ-/+ 892+ 493+ 139 

56 CHI (3415J BRANCHING RATIOS 

CHH341SI INTO 12 GAMMAJ/TOTAL 
I0.001910R LESS CL•0.,90 YAMADA 17 DASP E+ E-,3 GAMMA 12171• 

CHH31tl5J INTO 2CPI+ Pt..-J/TOfAL 
.044 .ooe FELDMAN 77 SHAG PSJI3685JTD GAM CHI 12177* 

CHJI3415) INTO I PI+ PI- K+ K-JifOU.L 
.037 .010 FELDMAN 71 SMAG PSI I 36B5 I TO GAM tHt 12177• 

CHI ( 34151 INTO 3lPI+ PI-1/TOTAL 
.DP~ .007 FELDMAN 11 SHAG PSII36851TO GAM CHI 12111* 

CHlC341SI INTO IPI+ Pl-J/TOTAL 
.01 .003 FELDMAN 77 SHAG PSI( 3685HO GAi4 CHI 12/17* 

CH113.U51 INTO IK+ K-1/lOTAL 
.01 .003 FELDMAN 11 SHAG PSI( 3685HO GAM CHI lZ/77* 

--



• 
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Data Card Listings 
For notation, see key at front of Listings. 

11.1 CH1134tl5J INTO tPl+ PI-P PSARJ/TOTAL 
R7 T .005 .002 fELDMAN 11 SHAG PSI (3685HO GAM CHI 12177* 

•• 
RB T 
RB T 
R8 T 
RB T 

CHII34151 INTO 
0.027 
0.045 

.03 
0.047 

IJ/PSH3100J 
0.013 
0.023 

.03 
0.027 

GAMMA J /TOTAL 
BARTEL 
BIODJCK 
FELDMAN 
YAMADA 

71 CNTR PSI( 3685HO GAM CHI 12177* 
77 CNTR PSIC36851TC. GAM CHI .12/77* 
77 SHAG PSI« 36BSHO GAM CHI 12177* 
11 OASP E+ E-,3 GAMMA 12171* 

•• RB AVG 0.0099 AVERAGE IERROR INCLUDES SCALE FACTOR OF l.OJ 
RB STUDENT 

0 .. 033'3 
0.033 O.Oll AVERAGE USING STUOENTlOIH/l.lU -• SEE MAIN TEXT 

R9 CHU3415J INTO IRHOO PI+ PI-J/TOTAL 
R9 T .017 .006 FElDMAN 77 SHAG PSII36851TO GAM CHI 12177* 

RlO CHII34151 INTO IK*I892JO K+- PI- +J/TOTAl 
RIOT .023 .008 FElDMAN 77 SHAG PSH 3685HC GAM CHI 12/77* 

.R T CALCULATED USING PSH3685J TO {GAMMA CHII341511/TOTAL=.07 12177* 
R T THE ERRORS DO NOT CONTAIN THE UNCERTAINTY IN THE PS113685J DECAY. 

••••••••••••••• ********* ********* •••••••••••••••••• *••······ •••••••• 
.REFERENCES FOR CHJ(3415J 

FELDMAN 75 PRL 35 821 +JEAN-MARlEtSADOULET,VANNUCCI,+ CLSL+St:ACl 
ALSO 75 PRL 35 1189 IERRATAI 

TANENBAU 75 PRL 35 1323 TANEN8AUMrWHITAKER,A8RAMSr+ CL8l+SLAC1 
WIIK 75 STANFORD SYMP.69 B.H.WIIK . COESYJ 

PIERRE 76 LBL-5324 F.PIERRE CSLAC+LBU 
TRILLING 76 STANFORD SYMP.4"37 
VERNON 16 TBI ll SI CC·NF .N63 
WHITAKER 76 PRL 37 1596 

G .. H. TRILLING ClBLJ 
W. VERNON CUMO+P AVI +PRI N+UCSD+SLAC+STAN I 
+TANENBAUM, ABRAMS,A"LAMt BOYARSK I,+ C SLAC+LBL J 

WIIK 76 T81LI SJ C~NF.N75 B.H.WIIK -RAPPORTEUR CDESYI 

BARTEL 77 OESY 77170 
BIOOJCK 17 PRL 38 1"324 
BRAUNSCH 77 DESY 71/03 
FELDMAN 77 PL 33 C 285 

+OifHIANNC FRITSCHER ,HEJNTZE,+ WESY+HEIDI 
+BURNETT+ t UCSO+UMO+PAVI+PRIN+SlAC+STANJ 
BRAUNSCHWEIG 1 + -CAACH+DES Y+HAMB+MPI M+TOKY I 
+PERL tlBL+SLACJ 

YAMADA 77 HAMS. CONF. PI 6c:l YAMADA CDESY+TOKY) 
WJJK 77 DESY 17/01 +WOLF t DESY I 

•••••••• oe.••c.•*• ·····••*• ********* ••••••••• •••*••••• ••••••••••••••••• •••••• ••••••••• ••••••••• ••••••••••••••••••••••••••• ••.oo•••••• •••••••• 
lx(3455) I 

) 
58 ·CHH3455rJPG= I I= 

OBSERVED IN THE CASCADE RADIATIVE DECAY OF PSJ(3685J 
INTO CHII34551 GAMMA, CHIC34551 INTO J/PSI13100I GAMMA 

Pl 

(WHITAKER 761, THEREFORE C=+. NOT SEEN IN HADRONIC 
MODES. NOT SEEN IN OTHER EXPERlMENTS lOOKING ONLY FOR MONOCHROMATIC 
PHOTONS. AMBIGUOUS, WITH A CBROAOERI STATE AT ABOUT 3340 NOT 
EXCLUDED. NEEDS CONFIRMATION. JP=O- PREFERRED I FELDMAN 77). 
OMITTED FROM TABlE. 

58 CHlt3455) MASS IMEYI 

It 3454.0 1D.O WHITAKER 16 SMAG E+E- 1 J/PSJ 2 GAM 

58 CHIC3<\551 PARTJA~ DECAY MODES 

DECAY MASSES 
CHH34551 INTci J/PSII31001 GAMMA 3098+ 0 

58 CHI(34551 BRANCHING RATIOS 

SEE BRANCHING RATIOS R62 OF PSII3685) 

•••••• ••••••••• ••••••••• ••••••••• ••••••••• •••••.oo•.oo• ••••••••••••••••• 
REFERENCES FOR CHII34551 

WHITAKER 76 PRl 37 1596 +TANEN8AlJM,ABRAMS,ALAMtBOYARSKl,+CSLAC+LBL1 
NIIK 76 TBJLISI CONF.N75 B.H.WIIK RAPPORTEUR IOESYJ 

WllK 17 DESY 77/01 +WOLF CDESYJ 

•••••• ••••••••• .......... ••••••••• ••••••••• ••••••••• ••••••••• *!'•••••• ...... ......... ......... ......... ......... ........... ......... ....... . 
I p c or x(351 0) Iss PC OR CHII 3Sl0,JPG= +I 1•0 

OBSERVED IN THE RADIATIVE SEQUENTIAL DECAY 
OF THE P$1136851 INTO PC GAMMA, PC INTO 
J/PSIC31001 GAMMA. THEREFORE, C=+. 

THE lACk OF DECAYS INTO PI+ Pl .... OR K+ K- IS SUGGESTIVE: OF 
JP = ABNORMAL. THE DECAYS INTO 4PI AND 6PI IMPLY ·G=+, THUS J .. O. 
J=O IS EXCLUDED BY THE ANGUlAR DISTRIBUTION IN THE (GAMMA J/PSII 
DECAY. JP=1+ PREFERRED IFELDMAN 711 • 

55 PC MASS IMEVI 

1177• 

" " " " " " " " " 

40 3500. 10. UNENBAUM 75 SHAG HAORONS GAM 12177* 

Pl 
P2 
P3 

•• PS 
P6 
P7 

7 3512.0 7 .. 0 WtiK 75 DASP E+E-,JIPSI 2 GAM 1177* 
3510.0 20.0 BARTEL 76 CNTR E+E-tJ/PSI 2 GAM 1177* 

12 3504.0 10.0 WHITAKER 76 SMAG E+E-,J/PSI 2 GAM 1177* 
3511.0 7.0 BtOOICK 77 CNTR E+E-,MONOCHR.GAM 3171* 

W INCREASEO 4 MEV BY FELO~AN 76 TO CORRE~T FOR ENERGY CALIBIUTION. 

AYG 3508 .. 4 
STUOENT3508.5 

•• o ... AVERAGE IERROR INCLUDES SCA\.E FACTOR OF 1.01 
AVERAGE USING STUOENTlOIH/1.111 - SEE MAIN TEXT 

55 PC PARTIAL DECAY flllOOES 

PC INTO J/PSI (3100) GAMMA 
PC INTO PJ+ PI-
PC INTO K+ K-
PC INTO GAMMA GAMMA 
PC INTO 21 PI+ PI-I 
PC INTO 31Pt+ PI-J 
PC INTO PI+ PI• k+ K-

DECAY MASSES 
3098+ 0 

139+ 139 
493+ 493 

I39+ 139+ 139+ 139 

139+ 139+ 493• lt93 

Mesons 
x(3415), x(3455), P c or x(3510), x(3555) 

··a 
P9 
PlO 
Pll 

PC INTO PI+ PI- P PBAR 
PC INTO RHOO Pl+ PI-
PC INTO K*C89210 1<+/- PI-/+ 
PC INTO PI+ PI- X(2630J 

55 PC BRANCHING RATIOS 

Rl PC INTO (J/PSJC3100J GAHMAI/TOTAL 

139+ 139+ 938+ 938 
776+ 139+ 139 
892+ 4c:l3+ 139 

Rl 0.46 0.11 BARTEL 77 CNTR PSIC 36851 TO GAM PC 12177* 
RI 0.70 0 .. 21 BIDDIC.K 77 CNTR PSIC36851TO GAM PC 12/77* 
fU .35 .07 FELDMAN 77 RVUE PSI 13685JTO GAM PC 12171* 
Rl INCLUDES WHITAKER 76 WI IK 76,BIODICK 77. 
Rl T 0 .. 15 0.04 YAMADA 77 OASP E+ E-,3 GAMMA 12177* 
Rl 
Rl AVG 0.234 0.078 AVERAGE CERROR INCLUDES SCALE FACTOR OF 2.4) 
RI STUDENT 0.240 0.058 AVERAGE USING STUOENTlOIH/1.11) -SEE MAIN TEXT 

R2 PC INTCi I Pl+PI- AND K+K-1/TOTAl 
R2 T LESS THAN· .0021 fELDMAN 77 SHAG PS IC 3685 I TO GAM PC I2177* 

R3 PC INTO (GAMMA GAMMAI/TOTAL 
R3 T C0.0019IOR lESS CL=0.90 YAMADA 77 DASP E+ E-,3 GAMMA 12177* 

R4 PC INTO 2CPI+ Pt-1/TOTAL 
R4 T .015 .006 FELDMAN 77 SMAG PSif3685) TO GAM PC 12/77* 

PC INTO (PI+ PI- K+ K-)/TOTAL RS 
RS T .0085 .0042 FELDMAN 77 SHAG PSil3685J TO GAM PC 12-177* 

PC INTO 3CPI+ PI-liTOTAL •• 
R6 T .024 .ooe FELDMAN 77 SHAG PSII3685 I TO GAM PC 12177* 

PC INTO (PI+ PI- P PBARI/TOTAL R7 
R7 T .OOllt .0011 FELDMAN 77 SMAG PSII36851 TO GAM PC 12/71* 

PC INTO IRHOO PI+ PI-JITOTAL •• RS T .0037 .0031 FELDMAN 77 SMAG PSI 136851 TO GAM PC I2177* 

PC INTO IK*CB9210 K+ - PI- +1/TOTAL R9 
R9 T .0044 .0031 FELDMAN 77 SHAG PSH36851 TO GAM PC 12177* 

R10 PC INTO (PI+ PI- X(2830JJITOTALtX TO 2 GAMMA CUNITS I0 .. -41 
R10C (8.31 OR LESS CLe0.90 BARTEL 77 CNTR E+ E- 12177* 

C THE VALUE IS NORMALIZED TO THE BRANCH!. RATIO 0 PSJC36851 
C INTO IJ/PSI131001 ETAJITOTAt.. 
T ESTIMATED USING PSI(36851 TO {GAMMA PCJITOTAL ... 071 12177* 
T THE ERRORS DO NOT CONTAIN THE UNCERTAINTY IN THE PSI136851 DECAY. 

•••••• ****'"*** ********* •••••••••••••••••••••••••••••••••••••••••••• 

DASP 75 PL 578 407 
FELDMAN 75 STANFORD SYMP.39 
HEINTZE 75 STANfORD SYMP .. 97 
SJ ~PSON 75 PRL 35 699 
TANENBAU 75 PRL 35 1323 
WIIK 75 STANFORD SYMP .. 69 

BARTEL 76 TI!JLISJ CONF.N56 
WHITAKER 76 PRL 37 1596 
WIIK 76 TBJLISJ CONF.N75 

BARTEL 77 OESY 77/70 
BJOOICK 71 PRL 38 1324 
BRAUNSCH 77 DESY 77/03 
FELDMAN 77 PL 33 C 285 

REFERENCES FOR PC 

BRAUNSCHWEIG ,KON IGS,+ I AACH+DESY+MPIM+TOKY I 
G.J.FELOMAN ISLACJ 
J.HEINTZE IHEIOELBERGI 
+BERON,FORD, HILGER, HOFSTADTER, + ( STAN+PENN I 
TANENBAUM,WHITAKER, ABRAMS,+ ClBL+SLACI 
B .. H.WIIK CDESYI 

+OUINKER, OLSSON, HEI NT"zE t+ I OESY+HE I D) 
+TANENBAUM,ABRAMS tA LAM, BOYARSKI, + C SLAC+LBLI 
B .. H.WI IK RAPPORTEUR CDESYI 

+DITTMANN( FR IT SCHER ,HEINTZE ,+ I DESY+HE 10) 
+BURNETT+ C UCSD+UMO+PAV I+PRIN+SLAC+STAN I 
BRAUNSCHWEIG,+ (AACH+DESY+HAMB+MPIM+TOKY 1 
+PERL (LBL+SLAC I 

YAMADA 17 HAMS. CONF. P. 69 YAMADA COESY+TOKYI 
WIIK 77 DESY 77101 +WOLf IDESYI ...................................................................... •••••••••••••••••••••••• •••.oo••••• ••••••••••••••••••••••••••••••••••• 

lx(3555) I 57 CHII3555,JPG'"' +I 1=0 

OBSERVED IN RADIATIVE DECAY OF PSIC36B51 INTO 
CHIC3555) GAMMA. THEREFORE C=+. THE OBSERVED DECAY INTO 4Pl 
AND 6PI IMPLY G•+, THUS 1=0• 
J .. O IS EXCLUDED ~y THE ANGULAR DISTRIBUTION IN THE HAORONIC 
DECAYS. JP ABNORMAl EXClUDED BY PI+ PI- AND K+ K- DECAYS • 
J Pr::o2+ PREFERRED I FELDMAN 71 I • 

57 CHlt3555) MASS IMEVI 

3550.0 
4 351t3.0 

356I.O 

10.0 
10.0 
7.0 

TRILliNG 
WHITAKER 
BJDDICK 

76 SNAG 
76 SHAG 
11 CNTR 

E+E-,HAORONS GAM 
E+E-, J/PSI ·2 GAM 
E+E-,MONDtHR.GAM 

1177* 
1177* 
3177• 

AVG 3553.8 
STUOENT3553.8 

s .• 
S.9 

AVERAGE tERROR INClUDES SCALE FAClOR OF I.ll 
AVERAGE USING STUDENTlOIH/1.111 _._ SEE MAIN TEXT 

57 CHII35551 PARTIAL DECAY MODES 

Pl 
P2 
P3 ,. 
PS 
P6 
P7 
PB 
P9 
PlO 

CHIC 35551 INTO PI+ PI-
CHH35551 INlO K+ K-
CHJI35551 INTO 2(PJ+ PI-) 
CHII35551 INTO 3CPI+ Pl-1 
CHIC 3555) INTO PI+ PI- K+ K
CHIC 35551 INTO J/PSI (31001 GAMMA 
CHI (35551 INTO 2 GAMMA 
CHIC 3555 J INTO PI+ PI-. P PBAR 
CHIC35551 INTO RHOO PI+ PI
CHU3555) INTO K*(892)0 t<.+l- PI-/+ 

57 CHII3555J BRANCHING RATIOS' 

R1 CHJC355SJ INTO 12 GAMMAI/TOTAL 
R1 T C0.0006IOR LESS Cl .. 0.90 YAMADA 77 DASP 

R2 CHJCl5551 INTO 21Pl+ PJ-IITOTAL 

DECAY MASSES 
139+ 139 
493+ lt93 
139+ 139+ I39+ 139 

139+ 139+ 493+ 493 
3098+ 0 

0+ 0 
139+ 139+ 938+ 938 
716+ 139+ 139 
892+ 493+ 139 

E+ E-, 3 GAMMA 12177* 

R2 T .0023 .006 FELDMAN 77 SNAG PSI(36851TO GAM CHI I2177• 
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Mesons 
x(3555), 1/1(3685) 

R3 tHH355~ I INTO CPI+ PI- K+ K-1/TDTAL 
R3 T .ozo .006 fELDMAN 

•• CHH35551 INTO 31PI+ PI-1/TOTAL 
R4 T .au .007 FELDMAN 

R5 CHU35551 INTO (PI+ PI- AND K+ K-1/TOTAL 
R5 T .0029 .0014 FELDMAN 

•• CHH 35551 INTO C PI+ PI- P PBARI ITO TAL 
R6 T .0029 .0014 FELDMAN 

GAMMA 1/TOT AL 

77 SHAG PSII3685HO GAM CHI 12177* 

77 SHAG PSII3685JT(! GAM CHI 12177• 

71 SHAG PSII3685JTO GAM CHI 12177• 

11 SHAG PSII36851TO GAM (.HI 12177• 

R7 
RT T 
RT T 

CHH35551 INTO 
0.33 
o.:n .,. 
0.14 

(J/PStt31001 
o.o9 BARTEL 77 CNTR PSU3685JTO GAM CHI 12177• 
0.14 BIOOICK 77 CNTR PSII36851TC GAM CHI 12177* 

R7 T .06 
o.o3 

FELDMAN 71 SHAG PSI 136851 TO GAM CHI 12177• 
R7 T YAMADA 77 OASP E+ e-,3 GAMMA 12/77* 

R7 
R7 AVG 0.034 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 
R7 STUDENT 0.029 AVERAGE USING STUDENTlOCH/1.11) -- SEE MAIN TEXT 

ISEE IDEOGRAM BELOW I 

~EIGHTEO RUERRGE = 0.161 • 0.034 
ERROR SCRLEO BV 1.3 

·VRMROR 77 ORSP 
·FELOMRN 77 SMRG 
·BIOOICK 77 CNTR 
·BRRTEL 77 CNTR 

CHISQ 
0.5 
0.1 
1.1 

_L.L 
5.3 

ICONLEU 
-0.1 0.1 0.3 0.5 0.7 =0.1531 

CHI13555l INTO I~/PSI13100l GRMMRl/TOTRL 

RB CHIC35551 INTO IRHOO PI+ PI-1/TOTAL 
RB. T .0011 .0043 FELDMAN 77 SHAG PSJI36851TO GAM CHI l217H 

R9 CHJI35551 INTO (K0(89210 K+ - PI- +)/TOTAL 
R9 T .0074 .0044 fELDMAN 77 SMAG PSII3685JTO GAM CHI 12/770 

R T ESTIMATED USI~G PSII3685J TO (GAMMA CHil35551l/TOTALc.07 
R T THE ERRORS DO NOT CCNTAIN THE UNCERTAINTY IN THE PSII36851 DECAY • ...... ......... .......... .......... .......... ......... .......... ....... . 
FELDMAN 75 PRL 35 821 

ALSO 75 PRL 3 5 1189 
TANEN8AU 75 PRL 35 1323 

REFfRENCES FOR CHII35551 

+JEAN-MARIE, SAOOULET ,VANNUCCI.+ ( LBL+SLAC I 
I ERRATA I 

TANENBAUM ,wHIT AKERt ABRAMS t+ tLBL+SLAC I 

TRILLING 76 STANFORD SYMP.437 G. H. TRILLING tLBL1 
WHITAKER 76 PRl 31 1596 +TANENBAUM,ABRAMStALAM,BOYARSKI,+ISLAC+LBLI 
WIIK 76 TBILISI CONF.N75 S.H.WIIK RAPPORTEUR . IDESYI 

BARTEL 77 OESY 71/70 
BIOOICK 17 PRL 38 1321t 
BRAUNSCH 71 OESY 71/03 
FELDMAN 77 PL 33 C 285 
YAMADA 77 HAMS. CONF. P. 
WIIK 77 DESY 71/01 

+0 ITTMANNI FR IT SCHER, HEI NTZE ,+ t OESY+HEIDI 
+BURNETT+ t UC SD+UMO+PAVI +PR IN+SLAC+ST ANI 
BRAUNSCHWEIG,+ { AACH+DESY+HAMB+MP I M+TOKY I 
+PERL I LBL+SLAC J 

69 YAMADA IDESY+TOKY) 
+WOLF IDESYJ 

•••••••••••••••••••••••• ••••***** ••••••*** ·······*· ••••••*• .................................................................... 
l¥'(3685) I 7L PSli36B5oJPG=l-l 1=0 

H s 3680.3 
M 3664. 

" 3684. 
M 

71 PSI 13685) MASS IMEVJ 

WE USE INDEPENDENT MEASUREMENTS OF THE J/PSII31001 
MASS, THE PSII36851 MASS, AND THE MASS DIFFERENCE TO 
PERFORM A CONSTRAINED Fll. 

37. 
5. .. CRIEGEE 

LUTH 
PI'.EPOST 

75 PLUT 
75 SHAG 

.75 SPEC 

E+E
E+E-

21. GAMMA D 

2/75 
1/76 
1/76 

H AVG 3663.9 
STUOENT3663.9 
FIT 3685.5 

4.3 
4. 7 
2.5 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOIH/1.111 - SEE 14AIN TEXT 

FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.01 

OM 
OM 
OM FIT 

ERROR Of ABOUT 1 PER CENT FROM THE UNCERTAINTY IN CALIBRATION OF 
THE BEAM ENERGY. 

71 PSit36651 - J/PS113100J MASS DIFFERENCE tMEVI 

see. 1 .. LUTH 75 SMAG 

588.6 0.6 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

11 PSI t36e51 WIDTH IKEVI 

228. 56. LUTH 75 SMAG 

Data Card Listings 
For notation, see key .at front of Listings; . -

Pl 
P2 
P3 

•• 
p 
p 
Pll 
Pl2 
Pl3 
Pl4 
Pl5 
Pl6 

' p 
p 

11 PS1136851 PARTIAL DECAY MODES 

PSII36851 INTO E+ E
PSII36851 INTO MU+ Mu
PSH36f:51 INTO HAORONS 
PSH3685J INTO VIRTUAL GAMMA IN!O HAORONS 

DECAYS INTO J/PSil31001 + ANYTHING 

PSH36851 INTO J/PSII3100J + ANYTHING 
PSlt3685) INTO J/PSII31001 +NEUTRALS 
PS.IC36E51 INTO J/PSII31001 PI+ PI
PSII36851 INTO J/PSII3100J PIO PIO 
PSJ(36851 INTO J/PSJI3100J ETA 
PSI t 3685 I INTO J/PSI 131001 GAMMA GAMMA 

HAORONIC DECAYS 

PSII36851 INTO PI+ PI
PSII3685J INTO RHC PI 
PSII36851 INTO K+ K-

DECAY MASSES 
.5• .5 

105+ 105 

3098+ 139+ 139 
3098+ 134+ 134 
3096+ 548 

139+ 139 
776+ 139 
493+ 493 

P2l 
P22 
P23 
P24 
P25 
P26 
P27 
P2B 
P29 
P30 

PSII36851 INTO 2(Pl+ Pl-J 
PSI(36851 INTO 2tPI+ PI-I PJO 
PSII36851 INTO PI+ PI- K+ K
PSII3685J INTO PBAR P 

139+ 139+ 139+ 139 
139+ 139+ 139+ 139+ 
1'39+ 139+ 493+ 493 
938+ 938 

p 
p 
P5l 
P52 
P53 
P54 
P55 
P56 
P57 
P5B 
P59 
P60 

PSII36851 INTO Uf(BOA ANTILAMBDil 
PSII36851 INTO XI ANTIXI 
PSI( 3685 J' INTO OMEGA X { 2830J 

RADIATIVE DECAYS 

PSJt36851 INTO GAMMA GAMMA 
PSII3685J INTO PIO GAMMA 
PSII36fl51 INTO HA GAMMA 
PSH3685) INTO ETA PRIME GAMMA 
P!)l(36851 INTO Xt2830) GAMMA 
PSH 36851 INTO CHI 13415) GAMMA 
PSU3685J INTO CH1t34551 GAMMA 
PSIC3685) INTO PC(35101 GAMMA 
PSI{36851 INTO CHI 135551 GAMMA 
PSII36851 INTO PCt35101 + ANYTHING 

FITTED PAR TlAL DECAY MODE BRANCHING FRACTIONS 

1115+1115 
1321+1321 
783+2830 

2830+ 
3413+ 
3454+ 
3508+ 
3554+ 

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 

6P
1 

= ...J(6Pi6p~ • while the off-diagonal elements are the normalized 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/1JJ11"+Tr- J/Tjl1fo1fo J/Tjlf"l J/'fi+O'l1lER NON-J/lJI 
J/lJI 1f+Tr- .3289+-.0251 
J/lJJ Tr0-.f' .4707 .1734+-.0178 
J/Tjll"l -.0216 -.0102 .0416+-.0071 
J/!j1+(mi£R .2593 -.4156 -.1526 .0334+-.0258 
NON-J/ll -.9014 -.4243 -.0537 -.5365 .4227+-.0445 

Wl 
Wl 

., 
W3 

Rl 

11 PSI 136851 PARTIAL WIDTHS IKEVI 

PSIC36851 INTO E+ E-
2.1 .3 LUTH 75 SHAG 

PSitl6S5J INTO HAORONS 
224. 56. LUTH 75 SMAG 

71 PSII36S5J BRANCHING RATIOS 

PSII36851 INTO IE+ E-.1/TOTAL 

CGll 

IG31 

E+E-

E+E-

2/75 
1176 

1/76 

Rl L ·0088 .0013 FELDMAN 77 RVUE E+E- 12171* 

Rl L 
Rl L 
Rl L 

R2 
R2 H 
R2 H 

R3 

FRCM AN OVERALL FIT ASSUMING EQUAL PARTIAl WIDTHS FOR tE+E-1 
AND tMU+MU-}. FOR A MEASUREMENT OF THE RATIO SEE THE ENTRY R4 BELOW 
INCLUDES LUTH 75,HILGER 75,BURMESTER 71 

PSII36851 INTO I MU+ MU-1/TOTAL 
.oo77 .0011 HILGER 75 SPEC E+E-

RE-STIITEO BY US USING IJ/PSII31001+ANYTHINGI/TOTAL =0.55 

PSII36851 INTO CHADRONSJ/TOTAL 
R3 P .981 .003 LUTH 75 SMAG E+E-
R3 P INCLUDES CASCADE CECAY INTO J/PSI {31001 

•• R4 

R5 
R5 C 
R5 C 

RLO 
RLO 
RLO 
R10 FIT 

Rll 
Rll 
Rll 
Rll FIT 

Rl2 
Rl2 
Rl2 
Rl2 

PSII36851 INTO CMU+ MU-JIIE+ E-1 
.89 .16 BOYARSKI 75 SMAG E+E-

PSit36851 INTO (GAMMA INTO HADRONSJ/TOTAL 
a 029 • 004 LUTH 75 SHAG E+E-

INClUDED IN R3 

DECAYS INTO J/PSI(31001 +ANYTHING 

PSJI36851 INTO IJ/PSJI31001 + ANYTHINGI/TOTAL 
.57 .08 ABRAMS 75 SHAG E+E-

0.577 0.044 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

PSI(3685J INTO IJ/PSit3100) + NEUTRALSIIIJ/PSII31001 +ANYTHING) 
.41 .02 TANENBAUM 76 SHAG E+E-

p.410 0.020 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

PSit36851 INTO I J/PSlt31001 PI+ PI-1/TOTAL 
.32 • 04 ABRAMS I 75 SHAG 
.36 .06 WIIK 75 OASP 

E+E
E+E-

1176 

l/76 
4177• 

12177• 

1176 

1/76 

2/76 

1/76 
1/76 

R12 AVG 
Rl2 STUDENT 
Rl2 FIT 

0.332 
0.332 
0.329 

0.033 
0.036 
0.025 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTlOIH/1.111 -- SEE MAIN TEXT 

FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

,• 
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Data Card Listings 
• For notation, see key at front of Listings. 

Mesons 
¥'(3685), ¥'(3770) 

Rl3 
.• Rl3 

~ Rl3 
Rl3 
Rl3 AVG 

PSII368SI INTO IJ/PSU3100J PIO PIOIITOTAL 
0.17 0.029 A.BRAMSl 15 SMAG 
.18 .06 WIIK 75 DASP 

• o:t12 · O.Oz6 

E+E
E+E-

1177• 
1/76 

Rl3 STUDENT 
Rl3 FIT 

0.172 
0.173 

0.028 
o.ote 

AVERAGE IERR0R INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOIH/l.lU - SEE MAIN TEXT 

FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

Rl4 
Rl4 H ... 
Rl4 1-. 
Rl4 
Rl4 FlT 

Rl5 
Rl5 
Rl5 
Rl5 

PSII36851 INTO CJ/PSH31001 PIO PIO)f(J/PSII31001 PI+ PI-I 
1.641 1.151 HILGER 75 SPEC E+E-
0.53 0.06 TANENBAUM 76 SMAG E+E-

IGNORI!IlG THE IJ/PSI ETAI AND IJ/PSI GAMMA GAKMAI DECAYS 

0.527 0.050 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

PSIC3685J INTO IJ/PSII3LOOI ETU/TOTAl 
• 043 .008 TANENBAUM 76 SMAG 
.·037 .015 WJIK 75 OASP 

E+E
E+E-

1/76 
1/17* 

1176 
1176 

Rl5 AVG 
Rl5 STUDENT 
Rl5 FIT 

0.0417 
0.0417 
0.0416 

0.0011 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
0.0076 AVERAGE USING STUDENTlOIH/1.111 -- SEE MAIN TEXT 
0.0011 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

R16 • PSIC36851 INTO IJ/PS1131001 GAMMA OR J/PSII3100J PlOI/TOTAL 
R16 (.001510R LESS CL=.90 TANENBAUM 76 SHAG E+E- 2176 

R20 
R20 
R20 

R21 
R21 

R22 
R22 

R23 
R23 
R23 

R24 
R24 

R25 
R25 
R25 

R26 
R26 

HAORONIC DECAYS 

PSJI36851 INTO IPI+ PJ-1/TOTAL tuN"ITS 10**-41 
13.71 OR LESS CL=0.90 BRAUNSCHW 76 OASP 
10.51 OR LESS CL=0.90 FELDMAN 77 SHAG 

PSII3685J "INTO IRHOO PIOJ/TOTAL 
I .OOliOR LESS CL=.90 ABRAMS 75 SHAG 

PSII3685J INTO 12CPI+ PI-I PIOIITOTAL 
.0035 .0015 ABRAMS 75 SMAG 

PSII36851 INTO IK+ K-JITOTAL IUNITS 10**-41 
2 I lit. J OR LESS CL•0.90 BRAUNSCHW 76 DASP 

10.51 OR LESS CL•0.90 FELDMAN 77 SHAG 

PSII36851 INTO CPJ+ PI- K+ K-1/TOTAL 
0.0014 0.0004 FELDMAN 77 SHAG 

PSJI36851 INTO CPBAR PJ/TOTAL 
14.71 OR LESS CL=0.90 
2.3 0.7 

PSJC 3685) INTO I RHO PI )/TOTAL 

IUNITS lOU-4) 
BRAUNSCHW 76 DASP 
FELDMAN 77 SHAG 

tO.OOllOR LESS CL=0.90 BARTEL 1 76 CNTR 

PSII3685) INTO 21PI+PI-J/TOTAL 

E+E
E+E-

E+E-

E+E-

E+E
E+E-

E+E-

E+E
E+E-

E+E-

1/77• 
12177* 

1176 

1/76 

1/77* 
12/77• 

12177* 

1177• 
12177• 

1177• 

ANGULAR DISTRIBUTION (l+COS**21 ASSUMED 
VALID FOR ISOTROPIC DISTRIBUTION OF THE PHOTON 
THE VALUE IS NORMALIZED_TO THE BRANCH]. RATIO 0 PSIC3685) 
INTO IJ/PSII3100) ETAJITOTAL. 
RE-STATED BY US USING IMU+MU-1/TOTAL = .0077 
RE-STATED. BY US USING TOTAL DECAY WIDTH 228 KEY. 

71 PS 113685 J GIII*GIE+E-1/GITOTALI IKEVJ 

THIS COMBINATION OF A PARTIAL WIDTH WITH THE PARTIAl WIDTH 
INTO E+E- AND WITH THE TOTAL WIDTH IS OBTAINED FROM THE INTEGRATED 
CROSS-SECTION INTO CHANNELl I) IN THE E+E- ANNIHILATION • 
WE ONLY LIST DATA NOT HAVING BEEN ·usED TO DETERMINE THE PARTIAL 
WIDTH Gill OR THE BRANCHING RATIO Gill/TOTAL. 

G3 
G3 

G IHAORONIC JOG I E+E-1/ GfTOT AlI 
2.2 .4 ABRAMS 75 SHAG E+E-

ABRAMS 74 PRL 33 1453 

ABRAMS 75 STANFORD SYMP.25 
ABRAMS! 75 PRL 34 1181 
AUBERT 75 PRL 33 1624 
BOY ARSK I 75 PAL ERHO CGNF • 54 
CAMERINI 75 Pfi:L 35 483 
CR I EGEE 75 PL 53 B 489 
DASP3 75 PL 578 407 
FELDMAN 75 PRL 35 821 
FELDMAN! 75 STANFORD SYMP • 39 
GRECO 75 PL 56B 367 
HEINTZE 75 STANFORD SYMP.97 
JACKSON 75 NIM 128 13 
HILGER 75 PRL 35 625 
HUGHES 75 PREP.HEPL 765 
LUTH 75 PRL 35 1124-
LIBERMAN 75 STANFORD SYMP.55 
PREPOST 75 STANFORD SYMP.241 
Sl MPSON 75 PRL 35 699 
TANENBAU 75 PRL 35 1323 
WIIK 75 STANFORD SYMP.69 

REFERENCES FOR PS 113685 J 

+BRIGGS, AUGUST IN, BOYARSKI + I LBL+SLAC I 

G.S.ABRAMS (LBLI 
+BRIGGS ,CHINOWSKY ,F Rl EDBERG,+ I LBL+SLAC) 
+BECKER, BIGGS, BURGERt GLENN+ t MIT +BNL I 
+BREI OENBACH ,BULOS, AS RAMS, BR IGGS+t SLAC+LBL ) 
+LEARNED ,PRE POST, ASH,ANDERSON, + IW I SC+SLAC I 
+DEHNE, FRANKE, HORL I TZ, K RECHLOCK+ I DESY J 
BRAUNSCHWEIG, KONIGS ,+ I AACH+DESY+HP I M+TOKY I 
+JEAN-MARl E, SAOOULET, VANNUCCI,+ I LBL+SLAC J 
G .J .F HOMAN I SLAC I 
+PANtHER 1-SR I VAST AVA, SRIVASTAVA I FRAS 1 
J .HEINTZE I HEIDElBERG I 
J.Q.JACKSON,O.SCHARRE ILBL 1 
+BERON, FORD ,HOFST AOTER, HOWELL,+ I ST AN+PENN I 
+BERQN,CARR INGTON,FORD,HILGER,+ ( STAN+PENNI 
+BOYARSK I ,LYNCH, BRE IDENBACHt+ I SLAC+LBL 1 J PC 
A.O.LIBERMAN (STANFORD I 
R.PREPOST IWISCONSINJ 
+BERON, FORO, HILGER, HOFS TAOTERt + I STAN+PENN 1 
TANENBAUM, WHITAKER, ABRAMS,+ I LBL +SLAC 1 
B.H.WIIK IOESYI 

BAOTKE 76 PREPRINT +BARNETT,+ IUMO+PAVI+PRIN+UCSD+SLAC+STANJ 
BARTEL 1 76 PL 64 B 483 +DUINKER,OlSSON,STEFFENtHEINTZE+IOESY+HEIOI R27 

R27 0.0008 0.0002 FELDMAN 71 SHAG E+E- 12177* BARTEL 2 76 TBILISJ CONF.N56 +DUINKER,OLSSON,HEINTZE,+ IOESY+HEIO) 

R28 
R2B 

R29 
R29 

PSH36851 INTO (LAMBDA ANTILAHBDAJITOTAL 
(0.0004JOR LESS CL=0.90 FELDMAN 77 SHAG 

PSH36851 INTO lXI- ANTIXI-1/TOTAL 
10.00021 FELDMAN 77 SHAG 

E+E-

E+E-

R30 
R30 

PSII36851 INTO IOMEGA X(283011/TOTAL,X TO 2 GAMMA IUNITS 100*-21 
t0.02310R LESS CL"'0.90 BARTEL 77 CNTR E+E-

RADIATIVE DECAYS 

R41 PSJ(36851 INTO IGAMHA GAHNA)ITOTAL 
Rltl U ( .005JOR LESS CL.,.95 HUGHES 
R41 C .OOBtoR LESS CL=.90 WltK 

Rlt-2 PSII36851 INTO IPIO GAMMAI/TOTAL 
R42 U t.007IOR LESS CL.,.95 HUGHES 
Rlt-2 C.OlJ OR LESS Cl"'.90 WIJK 

75 SPEC 
75 DASP 

75 SPEC 
75 OASP 

R43 PSI(3685J INTo (ETA GAHMAJ/TOTAL CUNITS 10 .. -21 
R43 U (1.81 OR LESS CL=.95 HUGHES 75 SPEC 

E+E
E+E-

E+E
E+E-

E+E-
R43 I0.0210R LESS Cl'=0.90 YAMADA 77 OASP E+ E-,3 GAMMA 

R44 
Rlt-4-C 
R44- R 

R53 
R53 
R53 

R54 
R54 
R54 
R54 
R54 
R5-4C 

PSU3685) INTO lETA PRIME GAMMAI/TOTAL IUNITS 10**-21 
I0.023lOR LESS CL~:~0.90 BARTEL 2 76 CNTR 
t0.6l OR LESS CL.,0.90 BRAUNSCHW 77 OASP 

PSJI3685l INTO 1Xt28301 GAMMAJITOTAL IUNITS 10**-21 
(1.11 OR LESS CL.,0.90 WHITAKER 76 SMAG 
U.OJ OR LESS CL=0.90 BIDDICt< 71 CNTR 

PSII36851 INTO IXI28301 GAMHAl/TOTAL CUNITS 10**-21 

E+E
E+E-

E+E
E+E-

X(2830) INTO CHANNEL SPECIFIED IN COMMENTS 
10.31 OR LESS CL=0.95 HUGHES 75 SPEC X TO 12 GAMMA) 
IO.Ol410R LESS CL•0.90 YAMADA 71 OASP E+ E-,3 GAMMA 
(0.05) OR LESS CL=0.90 BARTEL 77 CNTR X TO 12 GAHMAt 
10.01810R LESS CL=0.90 BARTEL 2 77 CNTR X TO (RHO GAMMA) 

R55 PSit36851 INTO ICHH3415l GAMMAl/TOTAL (UNITS 10 .. -21 
R55 A 7.5 2.6 WHITAKER 
R55 A 7.2 2.3 BIODICK 

76 SHAG E+E-
77 CNTR~ E+E-, MONOCHR .GAM 

R55 

BRAUNSCH 76 Pl 63 8 487 BRAUNSCHWEIG,+ tAACH+OESY+HAMS+MPIMtTOKYI 
SNYDER 76 PRL 36 1415 +HOMtLEOERMAN,APPEL,KAPLAN+ICOLU+FNAL+STONI 

12177* · TANENBAU 76 PRL 36 4-02 TANENBAUM,ASRAMS,SOYARSKI,BULOS,+tSLAC+LSLJ IG 
TRILLING 76 STANFORD SYHP.437 G. H. TRILLING (LBLI 
VERNON 76 TBILISI CCNF.N63 W.VERNON CUMO+PAVI+PRIN+UCSO+SLAC+STANI 

12177* WHITAKER 76 PRL 37 1596 +TANENBAUM,ABRAMStALAM,BOYARSKiw+ISLAC+LBLJ 

1176 
1176 

1176 
1/76 

1/76 
121770 

12177• 
12177• 

WJIK 76 TBILISI CCNF.N75 B.H.WI IK RAPPORTEUR IOESYJ 

+0 ITT MANN( FR IT SCHER tHE INTZE, + l DESY+HE 10 I BARTEL 77 OESY 77/70 
BARTEL 2 77 HAM. CON. P. 
BIDOICK 77 PRL 38 1324 
SRAUNSCH 77 PL 67 8 249 
BURMESTE 77 PL 66 B 395 
FELDMAN 77 PL 33 C 285 

117 +OITTMANN,FRITSCHER,HEINTZE,+ COESY+HEIOI 
+BURNETT+ IUCSD+UMO+PAV I +PRIN+SLAC+ST AN J 
BRAUNSCHWEIG,+ ( AACH+DESY+HAHB+MPJ M+TQKY I 
BURMESTER, CR I EGEE, + l OESY+HAMB+S I EG+WUPP I 
+PERL llBL+SlACI 

YAMADA 77 HAMB. CONF. P. 69 YAMADA IDESY+TOKY) 
WIIK 77 OESY 77/01 +WOLF IOESY) 

......... ··(!:······ •.•••••.• ········* ....................................... . ........................................................... •••*••••• ........ . 

lt<377o) I 

13770., 
3772.0 

53 PSI l3770oJPG:1- I I= 

53 PSIC3770) MASS CHEVI 

16.01 
6.0 

BACINO 
RAP lOIS 

77 SPEC 0 E+E- IDELCOI 
77 SHAG 0 E+E-

4177• -- ------- ----- ------ ---- ---- _. _____ ------
3/77* 

12 177* 
12177• 
12177* 
12177* 

OH 
OH 

53 PSI 13770)-PSI 136851 MASS DIFFERENCE tMEVJ 
88.0 3.0 RAPIDIS 77 SHAG E+E-

(24.01 
28.0 

53 PSJI37701 WIDTH IMEVJ 

15.0) 
5.0 

BACINO 77 SPEC 0 E+E- (OELCOJ 
RAPIDIS 77 SHAG 0 E+E-

R55 AVG 
R55 STUDENT 

7.3 
7.3 

1. 7 
loB 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTlOlH/1.11) -- SEE MAIN TEXT 

53 PSII37701 PARTIAL WIDTHS IKEVJ 

Wl PSI (37701 INTO E+E-
Wl (0.181 (0.06) BACINO 77 SPEC 0 E+E- IOELCOJ 

•• R57 PSII36851 INTO ICHH35551 GAMMAI/TOTAL (UNITS 10 .. -21 Wl R 0.37 0.09 RAPIOIS 77 SHAG 0 E+E-
- - R57 B 7.0 2.0 BIODICK 77 CNTR E+E-,MONOCHR.GAM 3177* Wl R SEE ALSO R2 BELCW 

R59 PSH36851 INTO IPCI3510J GAMMAJ/TOTAL (UNITS 10**-21 
R59 B 7.1 1.9 BIDDJCK 77 CNTR E+E-,MONOCHR.GAM 3177* 

R61 PSH36851 INTO tCHU34-551 GAMMAJ/TOTAL (UNITS 10**-21 
R61 B 12.51 OR LESS CL=0.90 BIODJCK 77 CNTR E+E-

R62 
R62 
R62 
R62 
R62 
R62F 
R62F 

PSit36851 INTO ICHIC34551 GAMMAIITOTAL (UNITS 10**-21 
CHH3455J INTO CHANNEl SPECIFIED IN COMMENTS 

10.81 10.41 TRILLING 76 SMAG CHI TOIJ/PSI GAMMA) 
t0.00710R LESS CL=0.90 YAMADA 77 OASP E+ E-,3 GAMMA 
10.6) OR. LESS CL=0.90 BARTEl 77 CNTR CHI TO(J/PSI GAMMA) 
0.6 0.4 FELDMAN 77 RVUE CHI TOIJ/PSI GAMMA) 

INCLUDES WHITAKER 76 WIIK 76. . 

1171• 
12177• 
12/770 
12177* 
12177* 

Pl 
P2 

53 PSI 137101 PARTIAL DECAY MODES 

PSI (3770) INTO E+ E
PSII37701 INTO 0 OBAR 

53 PSI 137701 BRANCHING RATIOS 

DECAY MASSES 
.5+ .5 

1876+1876 

Rl PSII37701 INTO CO OBARJITOTAL IP21 
Rl DOMINANT PERUZZI 77 SHAG E+E-,Q OBAR 

R2 
R2 

PSit37701 INTO IE+ E-1/TOTAL IUNITS 10**-51 tPll 
1.3 0.2 RAPIOIS 77 SMAG 0 E+E-

......................................... ,. ••••• * •••:o:••••• .................... . 

1/76 

12/77* 
12177• 

12 /77* 
12177• 

12/770 
12177* 

12177• 

12/770 
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Mesons 
¥'(4030), ¥'(4415), r 1(9410), r 2 (10060), K±, K0 

Data Card Listings 
For notation, see key at front of Listings. 

BACINO 
PERUZZI 
RAPID IS 

71 SLAC-PUB-2030 
77 PRL 39 BOl 
77 PRL 39 526 

REFERENCES FOR PSI 137701 

+BAUMGARtEN r B IRK WOO Or+ I SLAC+STAN•UCLA+UC I I 
+PICCOlO • FELDMAN, PERl,+ (Sl AC olBloNWES+HAWA 1 
+GOBB I, LUKE, PERL, +I ST AN+SL AC+l Bl+NWES+HAWA 1 

****** ********* ••••cr**** ********* ********* **"'****** ********* ******** •••••• •••••••co:• •••••••••.••••••••• •••o-••••• •••••••••••••••••• **•*•••• 

11f<4o3o) I 
) 

72 PSII4030rJPG=l- I I: 

OMITTED FROM TABLE. 

Pl 
P2 
P3 
P4 
P5 
P6 

Rl 
Rl 

R2 
R2 

72 PSIC40301 MASS IMEV) 

4028.0 2.5 Got OHABER 77 SHAG 

72 PSII40301 PARTIAL DECAY MODES 

PSH40301 INTO D OBAR 
PSIC4030) INTO D* DBAR AND D*BAR 0 
PSI 140301 INTO DO O*BAR 
PSJC4030) INTO J/PSI13l00) HADRON$ 
PSU 40301 INTO E+ E-
PSH40301 INTO MU+ Mu-

72 P$1140301 BRANCHING RATIOS 

E+E-

DECAY MASSES 

PSH40301 INTO ID OBAR If( DO OBAR+O*BAR Dl CP1J!(P21 
0.05 0.03 GOLDHABER 77 SMAG 0 E+ E-

P$1(40301 INTO J/P$1(31001 HADRON$ IP41 
LOOKED FOR BURMESTER 77 PlUT E+E-

Rl PSit4030J INTO (0* D*BARJI(QO DBAR+O*BAR OJ IP3Jf(P2J 
R3 32.0 12.0 GOLDHABER 77 SMAG 0 E+ E-

R4 P$1(4030) INTO (E+ E-1/TOTAL (UNITS 10**-51 IPSI 
R4 I 1.01 APPRQX.. FElDMAN 77 SMAG E+ E-

•••••••••••••••••••••••• ********* ••••••••••••••••••••••••••••••••••• 

AUGUSTIN 75 PI<L 34 764 
BACCI 75 Pl 588 481 
BOYARSKI 75 PRl 34 762 
ESPOSITO 75 PL 588 478 
SCH"UTTE 75 STANFORD SYMP.5 

PERUZZI 76 PRL 37 569 

BURMESTE 71 DESY 77/19 
GOlDHABE 77 PL 69 B 503 
FELDMAN 71 Pl 33 C 285 
lUTH 11 PL 70 8 120 
Wilt<. 77 DESY 77/01 

REFERENCES FOR P$1140301 

+BOYARSKI, ABRAMS, BRIGGS+ I SLAC+LBll 
+81 DOL I, PEN SO, STELLA,+ (ROMA+FRAS I 
+BREIDENBACH, ABRAMS, SRI GGS, + IS LAC+LBL I 
+FEU CETTI , PERUZ l I,+ I FRAS+NAPL+PADO+ROMA I 
R.F.SCH~tTTERS (SLACJ 

+PICCOLO ,FE lOMAN, NGUYEN. WISS ,+ I SlAC+LBL I 

+CRIEGEE, DEHNE+ I DESY+HAMB+SJ EG+WUPP I 
GOL OHABERtWI SS ,ABRAMS, AlAM,LUTH,+ I LBl+SLAC J 
+PERl ILBL+SLAC I 
+PIERRE, ABA. AMS ,A lAM, BOYARSKI, + I LBL+Sl AC I 
+WOlF CDESYI 

•••••• •••c.••••• .................. ······*•* ••••et•••• ................. . •••••• ••••••••• ........... ••••••••• ********* .......................... . 

I+< 4415) I 73 PSI 14415,JPG=l- I I= 

Pl 

Rl 
Rl 

R2 
R2 

RESONANCE-SHAPED STRUCTURE IN E+E- INTO HADRON$ .. 
NUMBER OF STATES IN THIS REGION, AND SPECIFIC DECAY MODES, UNKNOWN. 

73 PSII44151 MASS IMEVI 

4414. 7. SIEGRISt 76 SHAG E+E--
14400.1 · APPROX. KNIES 77 PlUT 0 E+E-,MU+ MU-

73 PSII44151 WIDTH CMEVI 

33. 10. SIEGRIST 76 SHAG 

13 PSit4,.15) PARTIAL DECAY MODES 

PSI 14415) INTO E+ E-

73 PSH44151 BRANCHING RATIOS 

PSH441SI INTO IE+ E-JITOTAL (UNITS io••-51 
1.3 .3 SIEGRIST 76 SHAG 

PS1C44151 INTO HADRONS/HJTAL 
DOMINANT SIEGRIST 76 SHAG 

E+E-

DECAY MASSES 
.5+ .5 

E+E-

HE-

••••••••• .......... .......... ••••••••• ********* ................. . 
REFERENCES FOR PSI( 4415) 

SC:HwJTTE 75 STANFORD SYMP .. S R.F.SCHWJTTER.S l!iLACI 

S JEGRJST 76 PRl 36 700 +ABRAMS t BOYARSKI , BREIDENBACH t+ ( lBL+SLAt I 

G.KNlES HANBURG TALK ON PLUTO COllABoiOESYI KNIES 
LUTH 
WIIK 

17 OESV 7?/74 
11 Pl 70 8 120 
71 OESY 77/01 

+PIERREt ABRAMS,ALAM, BOYARSKI ,+ I lBL+SLAC I 
+I'OLF COESYI 

****** oo••••••• ••••••••• ••••••••• ********* ••••••••• ••••••••• ******** •c.•••• ................................................................ . 

12/170 

4/77* 

12177* 

12177* 

·1 r 1 (941 o) I •• UPSILON119410,JPG=l- , I=· 

49 UPSllGN1 MASS CMEVI 
M I 9410. 13. INNES 77 SPEC 0 400 P+A,MU+MU-
M I FROM 2-PEAK FIT 

49 UPSILON1 WIDTH CGEVI 

W A flOO.J OR lESS I NNE'S 11 SPEC 0 400 P+A,MU+MU-
W A FRCM QUOTED RESOLUTION 

Pl 
P2 

Rl 
Rl 

R2 
R2 

49 UPSilON1 PARTIAl DECAY MODES 

UPSilON1 INTO MU+ MU
UPSILONl INTO E• E-

49 UPSILON! BRANCHING RATIOS 

UPSJLO~l INTO MU+ MU
SEEN 

UPSll0"1 lNTO E+ E
SEEN 

HERB 11 

COBB 11 

DECAY MASSES 
I05+ 105 

.5+ .s 

C PlJ 

I P21 

...... ********* .............................................. ******** 

COBB 
HERB 
INNES 

11 PL 
17 PRL 39 252 
71 PRl 39 1240 

REFERENCES FOR UPSilONl(94101 

+IWATA, FABJAN, GOLOB ERG+ I BNl+CERN+SYRA+YALE J 
+HOM,LEOE RMAN, APPEL, ITO,+ I COLU+FNAl +STON I 
+APPElt BROWN tHERB, HOM, F 1 SK+I COLU+FNAl+STON I 

•••••• ********* ·····••** ********* ********* •••••••••••••••••••••••••• 
****** ********* •••••o *** o******** ********* ********* ********* ******** 
lr2(l0060)I 

) 
52 UPSILON2Cl0060,JPG::1- J 1., 

SPliTTING OF UPSilON SEEN IN ONE EXPERIMENT 
ONLY·. WAIT CONFIRMATION. OMITTED FROM TABLE. 

52 UPSil0N2 MASS 'MEVJ 

12177* 
12177* 

12177* 

12/77* 

12177* 

H I 10060. 30. INNES 77 SPEC 0 400 P+A 9 MU+MU- 12177* 
H I 

W A 
W A 

Pl 
P2 

Rl 
Rl 

FROM Z-PEAK FIT 

52 UPSilON2 WIDTH IGEYI 

I 106. J OR LESS INNES 77 SPEC 0 400 P+A,MU+MU-
FROM QUOTED RESOlUTION 

52 UPSJLON2 PARTIAl DECAY MODES 

UPSILON2 INTO MU+ HU
UPSilON2 INTO E+ E-

52 UPSILON2 BRANCHING RATIOS 

UPSILON2 INTO MU+ MU
SEEN HERB 11 

DECAY MASSES 
105+ 105 

.5+ .5 

IPll 

2/76 R2 UPSilON2 INTO E+ E
SE£:N 

IP21 
12177* R2 COBB 11 

2176 

2/'16 

1177• 

• ••••• ********* ••••••••• ····••*** ••••••••••••••••••••••••••••••••••• 

COBB 
HERB 
INNES 

71 PL 
11 PRl l9 252 
17 PRl 39 1240 

REFERENCES FOR UPSilON2110060) 

+ lWAT A, FABJAN, GOLOB ERG+ ( BNl+CERN+S YRA+YALE) 
+HOM, LEDERMAN, APPEL, ITO,+ ICOLU+FNAL+STONJ 
+APPEl, BROWN, HERB, HOMt FISK+ I COlU +FNAl +ST ON J 

•••••• ••••*•••• ......... ********* •••••••••••••••••• ••••••••• •••••••• •••••• ••••••••• ••••••••• ********* ••••••••••••••••••••••••••••••••••• 

S=± 1, C=O MESON STATES 
****** ******'*** ..................................................... . 
•••••• ********* ...................................... **•······ ***••••• 

10 CHARGED KI494,JP=D-1 1=1/2 

SEE stABLE PARTICLE DATA CARD LISTINGS 

................ ••••••*** ********* ••••••••••••••••••••••••••• ******** ....... ********* ••••••••• ********* .................................. . 

11 NEUTRAl KI498,JP=O-J I=l/2 

SEE StABLE PARTlCLE DATA CARD LISTINGS 

•••••• •••••*••• ********* ............................................ . 
•••••• ***•••••• ********* ............................................ . 

12177• 

12177* 

12177• 

12/770 
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Data Card Listings 
.. For notation, see key at front of Listings . 

• . jK*(892) I 
18 K*I89Z.JP .. l-J 1-112 

18 K*l 8921 MASS I MEV I 

CHARGED ONLY. THIS 
s 100 {898.0) 

M W 1 700 891.0 
so zoo 1889.5) 
s 300 1891.0) 
S 300 I 895.01 
so 190 (895.1 

0 620 891. 
so 260 ( 892 ... 51 
so 70 (898.1 
so 50 1883.1 

720 890. 
600 889. 

M S 300 1896.01 
M S 430 1893.) 
M 0 540 888. 
11 s (891.1 
M S 1887.1 
M S 1890.01 
M S 1892.01 

s 115 1896.01 
0 341 892.0 

s 115 (884.01 

M 
M 

1000 891.0 
2886 894. 

728 892. 
3229 892. 

01027 892. 
SO 127 f895. I 

4404 892.2 
0 765 894 .z 

w 01150 894.3 
I 9000 1891.91 

AVG 892.24 
STUDENT 892.19 

NEUTRAL CNL Y • 
s 70 (897.01 

IS WHAT APPEARS ON MESON TABLE 
(5.01 CHADWICK 63 HBC + 1.5 K+PIK PIJ 12/75 

1.2 WOJCICKI 64 HBC - 1.7 K-P(KO Pt-1 12/75 
(3.61 ADELMAN 65 HBC - 1.5 K-P 12175 
(3.01 FERRD-LUZ 65 HBC + K+P 12/75 
t3.0J GELSEMA 65 HBC - 1.5 K-PC·KO PI-I 12/75 
13.61 SOMSE 67 HBC + 2.3 K+P IKO PI+) 12/75 
2.3 DE BAERE 67 HBC + 3.5 K+P IKO PI+J 12175 

13.31 DE BAERE 67 HBC + 3.5 K+P IK+ PIOJ 12175 
(9.01 SALLSTROM 67 HBC + 3. K+ P IKO PI+I 12175 
t7.0) SALLSTROM 67 HBC + 3· K+ P IK+ PIQ) 12175 
3.0 BARLOW 67 HBC +- 1.2 PBARPCKO PIJ 12/75 
3.0 BARLOW 67 HBC +- 1.2 PBARPCK PIJ 12/75 

15.01 CONFORTO 67 HBC +- Q. PBARPIKO PIJ 12/75 
13.01 OE WIT 68 DBC - 3.0 K-PIKOPI-1 12/75 
2.5 DE WIT 68 HBC - 3.0 K-P 12175 

(4.0) FICENECl 68 HBC - 1.3 K-P CK-PIOI 12/75 
(3.0) FICENECI 68 HBC - 1.3 K-P IKOPI-1 12/75 
15.01 FICENEC2 68 HBC - 2.7 K- PIK-PIOI 12/75 
(3.0) FICENEC2 68 HBC - 2.1 K- PfKOPI-1 12/75 
14.01 SCHWEINGR 68 HBC - 4.1 K-PIKO PI-I 12/75 
2.6 SCHWEINGR 68 HBC - 5.5 K-PIKO PI-I 12/75 

15.01 ,KANG 68 HBC - 4.6 K-P(K PIJ 12/75 
2.0 CRENNEll 69 DBC - 3.9 K-N IKOPI-J 12/75 
1.0 FRIEDMAN 69 HBC - 2.1 K-PIKO .PI-I 12175 
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 FRIEOI~AN 69 HBC - 2.1 K-PIKO PI-I 12/75 

(4.51 LIND 69 HBC + 9. K+ P 12175 
1.5 AGUILAR! 11 HBC - 3,.9,4.6 K- P ll/71 
2.0 CLARK 73 HBC - 3.13 K-PI·KO PI-I 12/75 
1.5 CLARK 73 HBC - 3.3 K-P,P P.I- KO 12/75 

(,Q.7J PALER 75 HBC - 14.3 K-P,K•- X+· 12/75 

( 10.01 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOIH/1.111 -- SEE MAIN TEXT 

COllEY 62 HBC 0 2.0 Pt-P 12175 
" H s 120 (899.) 14.0) BARLOW 67 HBC 0 1.2 PBAR P 12175 

M s 310 (897.1 14.01 BARLOW 67 HBC 0 1.2 PBAR P 12/75 

" s (889.01 {5.·01 CONFORTO 67 HBC 0 O. PBAR P 12175 
H 01040 894.7 1.4 DAUBER 61 HBC 02.0 K-PIK-PI+J 12175 

" AS 490 (892.01 14.01 GEORGE 67 HBC 05.0K+P 1217-5 
M so 1895. I l.lt.OI FICENECl 68 HBC 0 1.3 K-P IK-PI+I 12/75 
H so (901.) (4.01 FICENEC2 68 HBC 0 2.7 K-P H-PJ+) ·12175 

" so 1.50 ,(896.0) 14.51 SCHWE INGR 68 HBC 0 4.1 K-PIK-PJ+J 12/75 
M S0120 1903.01 15.01 SCHWEINGR 68 HBC 0 5 .. 5 K-PCK-PI+I 12175 
M s 200 1899.01 15.0) KANG 68 HBC 0 4.6 K-PCK-PI+J 12175 
H !OK 893.7 2.0 DAVIS 69 HBC 0 12. K+PIK+PI-J 12/75 
H WA02200 1890.01 11.31 DE BAERE 69 HBC 0 5.0 "K+P(K+PI-1 12/75 
M w 4300 895.0 1.0 HABER 70 DBC 0 3. K-N fK-PI+J 12175 
H 02934 897.9 1.1 AGUILAR! 71 HBC 0 3.9,4.6 K- P 12175 
H 05362 898.0 0.7 AGUILAR! 71 HBC 0 3.9,4.6 K- P 12/75 
H 01700 898.4 1.3 BUCHNER 72 DBC 04.6 K+ N,K+ PI- 12172 
M 3186 896.0 1.0 LEWIS 73 HBC 02.1-2.1 K+P 2174 
H c 894.0 1.3 UNGLIN 73 HBC 02-13 K+P,K+PI- 12/75 
M !OK 896.0 0.6 FOX 74 RVUE 0 2 K-P,K-PI+N 12/75 
M 896.0 0.6 FOX 74 RVUE 0 2 K+N,K+PI-P 12175 

" c 896. 2. MATtSON 74 HBC 012 K+P,K+PI- 12175 
M 3600 895.5 1.0 MCCUBBIN 75 H8C 0 3.6 K-P,K-Pl+N 12175 

" I 22K 1897.1) 10.71 PALER 75 HBC 014.3 K-P,K•O XO 12/75 
M 897.6 0.9 BOWLER 77 OBC 05.4 K+D,K+Pl-P P 12/77* 
H C895. 7J (0.31 ESTABROOK 17 SPEC 013 K+-P,K+-Pl+- 12/17* 
M FROM PHASE SHIFT ANALYSIS OF 155000 EVENTS. 
H 1894.91 11.6) WICKLUND 71 ASPK 0 3,4,6 PI+-PN 12177* 

AVG 896.35 0.35 AVERAGE fERP.OR INCLUDES SCALE FACTOR· OF 1.31 
STUDENT ·896.26 0.32 AVERAGE USING STUOENTlOIH/1.111 - SEE MAIN TEXT 

(SEE IDEOGRAM BELOW I 

~EIGHTED RUERRGE c 896.35 ,. 0.35 
ERROR SCALED BY 1.3 

£.t!!.§.l1.. 
·BD~LER 77 DBC 1.9 
·MCCUBBIN 75 HBC 0.7 
•MRTISDN 74 HBC o.o 

74 RUUE 0.3 
·FOX 74 RUUE 0.3 
·LINGLIN 73 HBC 3.3 .. ·LE~IS 73 HBC 0.1 - ' ·BUCHNER 72 DBC 2.5 
·RGUILRR1 71 HBC 5 .. 6 
•RGUILRR1 71 HBC 2.0 
·HRBER 70 OBC 1.8 
·DRUIS 69 HBC 1.7 
·CRUSER 67 HBC __i_,_L 

21.7 

890 894 B9B 902 906 
!CDNLEU 
=0.040) 

NEUTRRL K•f892J MRSS !MEUJ 

Mesons 
K*(892) 

M 
'H 

A INCLUDED IN LINGLIN 73 WORLD K+P DST 
C FROM POLE EXTRAPCILATION. 

M 0 MASS ERRORS ENLARGED BY US TO G.6.MMA/SQRHNI. SEe TVPEO NOTE. 
H I 
H S 

INCLUSIVE REACT.WN. COMPLICATED BACKGROUND AND PHASE-SPACE EFFECTS 
DATA WITH MASS ERROR {IF 3 MEV OR MORE NOT AVERAGED 

H W .NUMBEF. OF -EVENTS IN PEAK REEVALUATED BY US 

* Note on K (892) Masses and Mass Differences 

Unrealistically small errors are reported 

by·some experiments. We use simple "realistic" 

tests for the minimum errors on the determination 

of mass and width .from a sample of N event·s: 

o . (m) 
m~n 

r 
IN 

0 . {f) 
m~n 

4 
r 

lN 

(For detailed discussion see the April 1971 

edition of this note.) We consistently·increase 

unrealistic ·errors before averaging. 

Although in the past we have argued against 

taking the mass difference m(K* 0
) - m(K*±) from 

the separate averages of m(K* 0 ) and m(K*±), we 

no longer see any reason for such caution. In 

fact, the difference between the separate 

averages agrees with direct measurements of the 

mass di·fference, and it has a smaller statistical 

error. 

18 KO(O) - K*f+-1 MASS OIFF. fHEV} 

0 w 283 6.3 4.1 SARASH 67 HBC 0 PBAR P 
0 S01400 16.5) 15.01 FICENEC!. 68 HBC 1.3 .K- P 
0 SD1600 19.51 15.01 FICENEC2 68 HBC 2. 7 K- P 
0 7338 5.7 1.7 AGUILAR! 71 HBC -0 3.9,4,.6 K- P 
0 
0 AVG 5.8 1.6 AVERAGE (ERROR INCLUDES SCALE fACTOR OF 1.01 

12175 
12175 
12/75 
lll71 

0 STUDENT 5.8 1.7 AVERAGE USING STUOENTlOCH/1.111 -- SEE MAIN TEXT 

D MASS ERRORS ENLARGED BY US lO GAMMA/SQRHNJ. SEE TYPED NOTE. 
S DATA WITH MASS ERROR OF 3 MEV OR MORE NOT AVERAGED 

W NUMBER OF EVENTS IN PEAK REEVALUATED BY US 

18 K•IB921 WIDTH IMEV) 

w CHARGED ONLY. THIS IS WHAT APPEARS ON MESON TABLE 
w s 100 146.0) ca.ot CHADWICK 63 HBC + 1.5 K+P(K PI I 12/75 
w w 01700 46.0 5.0 WOJCICKI 64 HBC - 1.7 K-PIKO PI-) 12175 

• so 200 (51.01 '15 .. 01 ADELMAN 65 HBC - 1 .. 5 K-P 12175 

• so 300 (47.01 111.01 FERRD-LUZ 65 HBC + 3.0 K+P 12175 
w so 300 150.01 ll2.0) GELSEMA 65 HBC - 1.5 K-PCKO PI-I 12/75 
w so 190 150.1 ( 15.01 BOMSE 67 HBC + 2.3 K+PIKO PI+J 12175 
w 0 620 56.0 9.0 DE BAERE 67 HBC + 3.5 K+PIKO Pl+l 12175 
w so 260 153.1 113.01 DE BAERE 67 HBC + 3.5 K+P CK+ PIOJ 12/75 
w so 70 168.1 133.01 SALLSTROH 67 HBC + 3. K+ P (!<0 PJ+I 12/75 
w so 50 147 .. 1 127.0) SALLSTROM 67 HBC + 3 .. K+ P (K+ PIOI 12175 
w so 210 144.1 (12.01 BARLOW 67 HBC +- 1.2 PBAR P 12/75 
w 720 43. 9.0 BARLOW 67 HBC +- r.2 PBARPIKO PIJ 12175 
w D 600 53. 9.0 BARLOW 67 HBC +- 1.2 PBARPIK PIJ 12175 
w so 430 (58.) U2.01 DE WIT 68 DBC - 3. K- 0 12175 
w D 540 44.0 8.c DE WIT 68 DBC 3. K- D 12175 
w s 158.1 116.01 FICENECl 68 HBC - 1.3 K-P IK-PIOJ 12175 
w s 144.1 I 13.01 FICENECl 68 HBC - 1.3 K-P IKOPI-J 12175 

• so 115 (41.0) 116.01 SCHWE INGR 68 HBC 4 .. 1 K-PIKO PI-J 12175 
w so 341 ·147 .• 01 UO.OI SCHWEJNGR 68 HBC 5.5 K-P(KO PI-) 12/75 
w s 157.01 (13.01 FICENEC2 68 HBC - 2. 7 K- PIK-PIOJ 12/75 

• s (48.01 19.01 FICENEC2 68 HBC - 2.1 K- PIKOPI-1 12/75 
w so 175 152.01 ( 16.01 KANG 68 -HBC - 4.6 K- P 12175 
w 02886 53, 4.0 FRIEDMAN 69 HBC - 2.1 K-PfKO PI-I 12/75 
w 0 728 49. 7.3 FRIEDMAN 69 HBC - 2.45K-PfKO PI-I 12/75 
w 03229 46. 3.2 FRIEDMAN 69 HBC - 2.6 K-PIKO PI-I 12175 
w 01027 49. 6.1 FRIED!' AN 69 HBC - 2.1 K-PIKO PI-) 12/75 
w so 127 150.) (18.0) UNO 69 H8C + 9. K+ P 12175 
w 04404 54.3 3.3 AGUILAR I 11 H8C - 3.9,4.6 K- P 12/75 
w 0 765 46.3 6.7 CLARK 73 HBC - 3.13K-PtP PI- KO 12/75 

. w W Ol-150 48.2 5.1 CLARK 73 H8C - 3.3 K-P, P PI- KO 12175 
w I 9000 152.11 (2.21 PALER 75 HBC - 14.3 K-P,K•- X+ 12/75 
w 
w AVG 49.5 1.5 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

STUDENT 49.4 1.8 AVERAGE USING STUDENTIOCH/1.1U -- SEE MAIN TEXT 
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Mesons 
K"(892), Q 

w NEUTRAL CNLV. 
w so 70 (60.01 
w s 310 (53.) 
w so 120 C34. I 
w 01040 44. 
w s (52.1 
w s (50.01 
w so 200 148.01 
w so 120 (51.01 

so 150 153.01 
w 0 10K 53.2 
w WA02200 158.01 
w w 04300 54.0 
w 2934 55.8 
w D5362 48.5 
N Dl700 51.4-
N 03186 46.0 
w c 146.51 
w lOK 47. 

51. 
147.1 

3600 ... 
1 22K 150.61 

4B.9 
152.91 

(29.01 
'13.01 
Cl2.51 

5.5 
( 12.01 
(8.01 

116.01 
t 19.01 
(17.51 

2.1 
15.01 
3.3 
4.2 3.4 
2. 7 
5.0 
3.3 

I 1.51 
2. 
2. 

t3. I 
3. 2. 

12.51 
2.5 

{0.4) 
FROM PHASE SHIFT ANALYSIS OF 

151.21 Cl.7J 

COLLEY 62 HBC 2.0 PI-P 12175 
BARLOW 67 HBC 1.2 PBAR P 12/75 
BARLOW 67 HBC 1.2 PBAR P 12/75 
DAUBER 67 HBC 2.0 K- P 12175 
FICENECl 68 HBC 1.3 K-P I K-PI+J 12175 
FICENECZ 68 HBC 2.7 K- PIK-PI+I 12/75 
KANG 68 HBC 0 4.6 K-PI K-PI+I 12/75 
SCHWEINGR 68 HBC 0 5.5 K-PIK-PI+l 12/75 
SCHWEINGR 68 HBC 0 4.1 K-P(K-PJ+) 12175 
DAVIS 69 HBC 0 12. K+P(K+Pl-1 12175 
DE BAERE Ml HBC 0 5.0 K+PIK+PI-1 12175 
HABER 70 DBC 0 3. K-N tK-PI+I 12!75 
AGUILAR! 71 HBC 0 3.9,4.6 K- P 11171 
AGUILAR1 11 HBC 0 3.9,4.6 K- P 12175 
BUCHNER 12 DBC 04.6 K+ N,K+ PI-P 12172 
LEWIS 73 HBC 02.1-2.1 K+P 12175 
LINGLIN 73 HBC 02-13 K+P,K+PI- 117ft. 
FOX 74 RVUE 0 2 K-P,K-PI+N- 12175 
FOX 74 RVUE 0 2 K+N,K+PI-P 12175 
MAliSON 74 HBC 012 K+P,K+PI- 12/75 
MCCUBBIN 75 HBC 0 3.6 K-P,K-PI+N 12/75 
PALER 75 HBC 014.3 K-P,K*O XO 12175 
BOWLER 77 DBC 05.4 K+O,K+PI-P P 12177* 
ESTABROOK 77 SPEC 013 K+-P,K+-PI+- 12!17• 

155000 EVENTS. 
WICKLUND 77 ASPK 03t4t6 Pl+-PN 12177* 

AVG 49 .B6 
STUDENT 49.79 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.11 
AVERAGE USING STUDENTlOIH/1.111 -- SEE MAIN TEXT 

A INCLUDED IN LINGLIN 73 WORLD K+P DST 
C FROM POLE EXTRAPCJLATION. 
0 ~lOTH ERRORS ENLARGED BY US TO 4*GAMMA/SQRHNI .. SEE TYPED NOTE. 

I INCLUSIVE REACTJQt-.. COMPLICATED BACKGROUND AND PHASE-SPACE EFFECTS 
W S DATA WITH MASS ERROR OF 3 MEV OR MORE NOT AVERAGED 
W W NUMBER OF EVENTS IN PEAK REEVALUATED BY US 

18 1<018921 PARTIAL DECAY MODES 

Pl 
P2 
P3 

KOI8921 INTO K PI 
K•CB921 INTO K PI PI 
1<*18921 INTO K GAMMA 

DECAY MASSES 
lt93+ 139 
493+ 139+ 139 
493+ 0 

18 K*l8921 BRANCHING RATIOS 

Rl 
Rl 

1<.*18921 INTO IK PI Pllf(K PIJ IP21/IP1J 
0 (O.OOZIOR LESS WOJCICKI2 64 HBC - 1.7 K-P 

R2 
R2 
R2 

K*l892) INTO tK GAMMAI/TOTAL CUNITS 10**-31 IP31 
11.61 OR LESS CL:i.:.95 BEMPORAD 72 CNTR + 10.-16. K+A,COUL l/71 
1.5 0.1 CARITHERS 75 CNTR 0 8-16KOBAR A,COUL 12175 

•••••• ********* ....................................................... . 

ALSTON 61 PRL 6 300 
ALEXANDE 62 PRL 8 447 
COLLEY 62 CERN CONF 315 

CHAOW ICK 63 PL 6 309 
GOLDHABE 63 ATHENS CONF 92 

WOJCICKI 64 PR 135 B 484 

ADElMAN 65 ATHENS 527 
FERRD-LU 65 NC 36 1101 
FERRO-LU 65 NC 39 417 
GELSEMA 65 THESIS 
WANGLER 65 PR 137 8 414 

BARASH 6 7 PR 156 1399 
BARLOW 67 NC 50 A 701 
BOMSE 67 PR 158 1298 
CDNFORTO 67 NP 83 469 
DAUBER 67 PR 153 llt03 
DE BAERE 67 NC 51 A 401 
FRENCH 6 7 NC 42A 442 
GEORGE 67 NC 49A 9 
SALLSTRO 67 NC lt9A 348 

DE WIT 6B THESIS 
FICENEC1 68 PR 169 1031t 
FICENEC2 68 PR 175 1725 
KANG 68 PR 176 1587 
SCHWEING 68 PR 166 1317 

CRENNELL 69 PRL 22 487 
DAVIS 69 PRL 23 1071 
DE ilAERE 69 ~C 61 A 397 
FRIEDMAN 69 UCRL-1B86D 
JUHALA 69 PR 184 1461 
LIND 69 NP 8 14 1 

ATHERTON 70 NP B 16 416 
HABER 70 NP B 17 289 

AGUILAR 71 PRL 26 466 
AGUILAR1 71 PR D 4 2583 
BARNHAM 71 NP B 28 1 71 
BUCHNER 71 NP B 29 381 
CORDS 71 PR D It 1971t 
MERCER 71 NP B32 381 
YUT A 71 PRL 26 1502 

ABRAMOVI 72 NP 8 39 1B9 
Bl NGHAM 72 NP B 41 1 
BEMPORAO 72 NP B 51 1 
BRUNET 72 NP B 37 114 
BUCHNER 72 NP B 45 333 
CRENNELL 72 PR D 6 1220 
OEUTSCHM 72 NP 8 36 373 
ENGELMAN 72 PR D 5 2162 
ROUGE 72 NP B 46 29 
TJECKE 72 NP B 39 596 

REFERENCES FOR K*IB921 

ALSTON tAL VAREZ, EBERHARD, GOOD, GRAZIANO+ILRL ) 
ALEXANDER,KALBFLEISCH,MILLER,G SMITH ILRLJ 
0 COLLEY,N GELFAND + CCOLUMBIA+RUTGERSJ 

CHADWICK ,CRENNELLt OAVI E S,BETTI N I +I OXF+PAOOJ 
SULAMITH GDLOHABER (LRLJ 

STANLEY G WOJCICKI ILRLI 

STUART LEE ADELMAN ICAVENOISHJ 
FERRO-LUZZI, GEORGE, HENRI ,JONGEJANS (CERN I 
FERRO-LUZZI tGEORGE,GOLDSCHMIOT-CLER+ (CERN I 
E.S.GELSEMA I SEE ALSO PL 10 34111AMSTERDAMI 
WANGLER, ERWIN, WAlKER CWI SCONSIN) 

BARASHtK IRSCHt MILLE'Rt TAN I COLUMBI AJ 
+HONT ANET ,Q-ANOLAU+ CCERN+CDEF+IRAO+LIVP J 
+BORENSTEIN+COLE+GILLESPIE+ (JOHN HOPKINSI 
+MARECHAL ,MONT ANET+CERN+CDEF +I PN+L IVERPOOL 
+SCHLEIN,SLATER,TJCHO IUCLAI 
+GOLDSCHMIDT-CLERMONT tHE NR 1 + I BRUX+CERN J 
+Kl NSON+MCOONALO+RI DO I FORO+ I CERN+BIRM I 
+GOLOSCHMI DT-CLERMONT+HENRI + ICERN+BRUX I 
SALLSTROM+OTTER+E KS PONG I STOCKHOLM) 

Se DE WIT 
+HULSIZER+SWANSON+TROWER 
FICENEC, ·GORDON, TROWER 
Y.W.KANG 
SCHWEI NGRUB ER, DERR I CKt FIELDS+ 

I AMSTERDAM I 
I ILL I 

llLLINOJSI 
I IOWA I 

IANL+NWESI 

+KARSHON ,LAI, ONEALL, StARR I BNL I 
+DERENZO, FLATTE, ALS TONtL YNCH,SOLMI T 2 I LRL I 
+GOLDSCHMIDT-tLERMONT tHENRI ,+ lilELG+CERNI 
J.FRIEDMAN,PH.De THESIS ILRLJ 
+LEACOCK, RHODE tKGPELMAN tll BSY, + I I SU+COLOI 
+ALEXANDER,FIRESTONEtFU,GOLDHABER tLRU JP 

+FRANEK, FRENCHtFRISK, BEDNAR+ I CERN+PRAG I 
+SHAP IRA, ALEXANDER+ I REHO+SACL+BGNA+E POL I 

+BARNES, SASSANO, E J SNER, KJNSON, SAM IOS I BNLI 
+EISNER,KINSON C8NU 
+COLLEY ,JOBES, GRIFFITHS, HUGHES, +I B IRM+GLAS I 
+OEHM, GOEBEL, GOLDSCHMIDT,+ I MPI M+CERN+BELG 1 
+C-ARMONY 1 ERW t N, ME JERE,+ I PURO+UCD+ IUPU J 
+ANTICHtCALLAHAN,CHIEN,COX,+ (JOHN HOPKINSI 
+DERRICK, ENGELMANN, MUSGRAVE IANL+EFI I 

ABRAMOVICH 1 CHALOUPKA,CHUNG,H1LPERT, + I CERN I 
I INTERNATIONAL K+ COLLABORATIONI 

+BEUSCH, FREUOENRE ICH, + t CERN+ETHZ+LOI C I 
+OANYSZ I GOL.OSACKt + ( COEF+SACL+LOI C+LOWC I 
+DEHM, CHARR JERE, CORNET,+ ( MP 1 M+CERN+BRUX I 
+GORDON,KWAN-WU LAI ,SCARR (BNL J 
DEUTSCHMANN,+ IABCLV COLLABORATION) 
ENGELMANN, MUSGRAVE, FORMAN,+ I ANL +E F 1 I 
+VIDEAU,VOUE,OE BRIONt+ IEPOL+SACLJ 
+GRIJNS,HEJNEN,DE GROOT,+ INIJM+AMSTI 

Data Card Listings 
For notation, see key at front of Listings .. 

BERTHON 73 NP B 63 54 +""ONT ANET, PAUL, BERTRANET ,+ ICERN+SACl I 
CHARRIER 13 NP 8 51 317 CHARRIERE,QRIJARQ,QE BAERE,+ ( CERN+BELG I 
CLARK 73 NP 8 54 432 +L VONS, RAOOJ IC IC (OXFORD I 
LEWIS 73 NP B 60 293 +ALLEN, JACOB S,DANYSZ ,BORG,+ (LOWC+LDIC+CDEF I 
LJt-.GLIN 73 NP 8 55 408 O.LINGLIN ICERNl 
WALUCH 73 PR D 8 2837 +FlATTE, FRI EOJ'4AN tLBLI 

FOX 74 NP sao 403 G.C .FOX, M.L.GR 1 SS (CIT l 
MATIS ON 74 PR 09 1872 +GALT 1 ER J ,GARNJOST, FLATTE ,FRIEDMAN,+ ILBLI 

BRANOENB 75 PL 59 B 405 BRANDENBURG tCARNEGI E ,CASHMORE, DAY I ER+ I SLAC) 
CAR ITHEP 75 PRL 35 349 CARITHERS ,MUHLEMANN tUNDERWOOO,+ I RCICH+!'ICGI J 
MCCUBBIN 75 NP 886 13 N .A .MCCU881 N, L. LYONS I OXFI 

PALER 75 NP B96 1 +TOVEY, SHAH tSP I RO,CHAURAND+ I RHEL+SACL +EPOll 

BOWLER 77 NP B 126 31 +OA INTONtDRAKE, WIlL lAMS I OXFORD I 
EST ABRC..O 77 SLAC PUB 2004 ESTABROOKS, CARNEGJ E+ IMGNT +CARL +DURHAM+SL AC I 
WICKLUND 77 ANL-HEP-PR-17-58 +AYRES, DIEBOLDt GREENE, KRAMER, PAWLICKI IANLJ ................................................................................. 
****** ****""* •** ......................................................... 

lo REGION, Krr7T(1240-1400) I 
28 Q REGION U200-14001 Ic1f2 

The main effect in the Q region is a broad 

bump in the Knn spectrum between 1200 and 1400 MeV 

(not far above the K*(892)n threshold), produced 

by K beams without charge exchange. In particular, 

it has been observed in coherent K+d interactions 

(FIRESTONE 72) and in coherent interactions on 

heavy nuclei (BINGHAM 73). Throughout the entire 

region, JP = 1 + and I = 1/2. FIRESTONE! 7 2 observe 

a bump in the backward direction with a shape 

similar to that of the Q. The broad Q peak does 

not have a simple Breit-Wigner shape. It can be 

fitted at all energies by a superposition of two 

Breit-Wigner amplitudes. Dalitz plot analyses of 

the interference between the K*n and Kp modes show 

the relative magnitude and relative phase of the 

two decay amplitudes varying with Knn mass. The 

Kp mode has a maximum intensity below that of K*n. 

Partial-wave analyses have confirmed the rather 

complex situation of the Q region (DEUTSCHMANN 74, 

ANTIPOV 75, OTTER 75, 76, TOVEY 75, BRANDENBURG 76). 

The dominant states are l+S(K*n) and l+S(Kp). 

Other important states are JP = 0- and JP = 2+. 

The K*n and KP modes are not produced coherently 

and have different polarization properties 

(BRANDENBURG 76, OTTER 76). Whereas the KP mode 

approximately conserves s-channel helicity, the 

K*n mode is approximately t-channel-helicity 

conserving. . c 

Most recent partial-wave analyses of the Q 

bump support the existence of a JP = 1 + Knn resonance, 

the Q
1

, with a mass around 1280 MeV, a width of the 

order of 150 MeV, and mainly coupled to the Kp 

channel (BRANDENBURG 76, OTTER 76, BOWLER 76, 



,. ' u 
I .. :; 

141 

Data Card Listings 
.• .For notation, see key .at front of Listings. 

CARNEGIE 77). The status of the K*~ channel is 

less. transparent, a large K*~ background (Deck 

effect) impeding its interpretation. Experimentally, 

those data with sufficient statistics show the 

presence of a two-peak structure (OTTER 75, BRANDEN

BURG 76). BRANDENBURG 76 claim to observe suffi-

cient phase variation to warrant proposing the 

existence of a JP = 1 + l<mr resonance, the Q
2

, with 

a mass around 1400 MeV, a width of the order of 

150 MeV, and mainly coupled to the S-wave K*~ 

channel. This is supported by BOWLER 77, but 

questioned by BASDEVANT 76, who show that·the data 

can be explained (at least qualitatively) by a 

single resonance interfering with a proper Deck 

background. 

AACHEN 76 and WOHL 77 have shown some evidence 

for a KW decay of the Q1 in diffraction-like 

processes. 

The (Knn) 0 system produced in the charge

exchange reaction appears to have an important 

Jp = 1+ contribution (OTTERl 75, VERGEEST 76). 

The l+(K*n) and l+(Kp).waves cannot be explained 

as decay products of a single resonance, and the 

K*n wave behavior suggests a resonance contribution 

around 1400 MeV (VERGEEST 76). 

There are a number of claims for the observa

tion of Knn resonances in the Q mass region in 

other non-diffractive processes (ARMENTEROS 64, 

CRENNEL 67,72, ASTIER 69, DAVIDSON 74, DORE 75). 

These data can be described in terms of a single 

resonance of characteristics consistent with those 

of Q1 (CONFORTO 77). The most recent result comes 

from a hyperon-exchange reaction (GAVILLET 77) , 

which shows again the production of a JP = 1 + Kp 

enhancement with mass and width close to those of 

the Q1 • However, neither ARMENTEROS 64 (or a later 

analysis by ASTIER 69) nor GAVILLET 77 observe a 

K*n resonance compatible with the Q2 •. 

28 Q REGION MASS IMEV) 

PRODUCED BY BEAMS. OTHER THAN K MESONS 

• A 1242.0 9.0 10.0 ASTI ER 69 HBC 0 ~BAR P • 9/69 

• A THIS IS THE .C MESON • 

• 4511'300.1 CRENNELL 67 HBC 0 6 PI- P,LK2Pl 7/67 • 40( 1300. J CRENNELL 12 HBC 0 4.5Pl-PrlK2PI 12/72 

• 4011278. I 15.) DAVIDSON 74 HBC +- 1.6-2. 2 PBAR P 12/75 
43(1235.) ( 10.) OORE 75 OSPK 06.2 PI-Prl HM 12/75 

PRODUCED BY K-, BACKWARDS SCATTERING, HYPERON EXCHANGE 
C 700 1279.0 5.0 GAVILLET 77 HBC + 4.2 K-PrXI-KPIPI 12/77* 
C COUPLES MAINLY TO RHO K. 

ML F 
ML 
.L 
•L 
ML 
.L 
.L 
•L 
ML 

PRODUCED BY K BEAMS 
1211320.01 125.01 

(1230.0) I 15.01 
3511280.0) ( 10.01 

'1320 .. 01 '15.01 
SPLIT THE Q REGION INTO 3 

C 1270.1 APPROX. 
(1335.01 16.01 
11300.1 APPROX. 

4511301.01 I 10.01 
21( 1300.01 I 10.01 

0281.1 17.) 
11300.01 (10.01 
(1260.1 (20.1 
11325.01 
(1296. I 
11283.1 
11315.) 
U260.1 
(1260.) 

( 5.) 
(6. I 
(7.1 

I 10.1 
(5., 

28 Q LOW tQAJ 

ALMEIDA 65 HBC + 
BASSOMPIE 67 HBC + 
BASSOMPIE 67 HBC + 
BASSOMPIE 67 HBC + 

BUMPS 

Mesons 
Q 

3-5 K+ P 
5 .. K+ P 
5. K+ P 
5. K~ P 

12/72 
11/67 
11/67 
11/67 

DE BAERE 67 HBC + 3.5 K+ P 7/67 
BARTSCH 68 HBC 10. K-P,K NPI .12175 
BARBARO 69 HBC + 12.K+ P IK ZPIJ 9/69 
BISHOP 69 HBC + 3.5 K+P(K* PIJ 12/75 
ERWIN 69 HBC 0 3.5 K+PIK* PIJ 12/75 
FRIEDMAN 69 HBC - 2.6,2 .. 7 K- P 12/75 
ABRAMS 70 HBC + 2.5-3.2 K+ P 12175 
FARBER 70 HBC + 12.7 K+ P .12/75 
OENEGRI 71 OBC - 12.6 K-D,K 2PI 0 12/75 
BARLOUTAU 73 HBC - 14.3 K-P,P K-2PI 12!75 
BARLOUTAU 73 HBC - 14.3 K-P,P K02PI 12/75 
BINGHAM 73 HLBC - 5.5-12.7 COH K-A 12175 
LEWIS 73 HBC + 2.1-2. 7 K+ P 12175 
LEWIS 73 HBC + 2.1-2 .. 1 K+ P 12/75 

MASS I ME VI 

FROM EXPERIMENTS SPLITTING Q REGION INTO TWO PEAKS 

( 1280.) SHEN 66 HBC + 0 4.6 K+P,5 BODY 12/72 
(1260.01 110.01 AlEXANDER 69 HBC 9.0 K+ P 12/75 
11240.01 (5.0) BARNHAM 71 HBC + 10.0 K+P,K 2PI 12175 
I 1243. I 1 e. 1 GARfINKEL 71 DBC + 9. K+ 0 12175 
11228.) (14.) ANDERSON 72 DBC - 7.3 K- 0 12/75 
(1260.1 DAVIS 72 HBC + 12. K+ P 12172 
(1234.1 112.1 FIRESTONE 72 OBC + 12. K+ 0 2173 

ML C. (1300.1 APPROX. BRANDENB 76 ASPK +- 13 K+-P,IKPIPJIP 12175 
ML C COUPLES MAINLY TO RHO K 
ML E (1289.01 125.01 CARNEGIEl 77 ASPK +- 13 K+-P,P KPIPI 12/77* 

E FROM A MODEL DEPENDENT FIT WITH GAUSSIAN BACKGROUND TO 
E BRANDEMBURG 76 DATA. 

ML ( 1270.01 APPROX. OTTER 76 HBC - 1D-14-l6K-P 12!77• 
.L 
ML AVERAGING NOT MEANINGFUL 

"" F 

"" 

28 Q HIGH IQBI MASS IMEVJ 

fROM EXPERIMENTS SPLITTING Q REGION INTO TWO PEAKS 

MH 7011320.01 110.0) 
120.01 

15.01 
18.1 

SHEN 66 HBC + 4.6 K+ P 12175 
MH I 1380. OJ AlEXANDER 69 HBC 9.0 K+ P 12175 
HH I 1420.01 BARNHAM 71 HBC + 10.0 K+P,K 2PI 12175 
MH 11344.1 GARFINKEL 71 DBC + 9. K+ D 12175 
MH Cl414. I 115.1 ANDERSON 72 OBC - 7.3 K- 0 12175 
MH 11420.1 
MH 1136B.I I 18.1 

DAVIS 72 HBC + 12. K+_. P 12172 
FIRESTONE 72 OBC + 12. K+ 0 12/170 

MH 0 (1400.1 APPRCiX. 
MH 0 COUPLES MAINLY TO K• PI 

BRANOENB 76 ASPK +- 13 K+.-P,tKPIPIIP 12175 

MH E U401t.,OJ 110.0 I 
E SEE NOTE E ABOVE. 

CARNEGIEl. 77 ASPK +- 13 K+-P,P KPIPI 12177• 

"" MH AVERAGING NOT MEANINGFUL 

2B Q REGION WIDTH IMEVJ 

PRODUCED BY BEAMS OTHER THAN K MESONS 
127.0 7.0 25.0 ASTIER 69 HBC 

45 160.1 CRENNELL 67 HBC 
40 160.1 CRENNELL 72 HBC 
40 125.1 (15.) DAVIDSON H HBC 

ERROR INCREASED BY US. SEE K* TYPED NOTE. 
43 (30.1 (25.) (18.1 OORE 75 DSPK 

0 PBAR P 
0 6 PI- P 
0 4.5Pt-P, LK2PI 

+- 1.6,-2.2 PBAR P 

06.2 PJ-P,L MM 

PRODUCED BY K-, BACKWARDS SCATTERING, HYPERON EXCHANGE 

• 9/69 
7/67 

12172 
12175 

12175 

C 700 78.0 15.0 GAVILLET 77 HBC + 4.2 K-P,XI-KPJPI l217h 
C COUPLES .MAINLY TO RHO K. 

Wl F 
WL 
WL 
WL 
WL 
Wl 
WL 
WL 
Wl 
Wl C 
WL C 
WL 

WL 

PRODUCED BY K BEAMS 

E 

12 (60.01 120.01 
t6o.ol c2o.oJ 

35 (80.01 (20.0) 
(60.01 120.01 

ALMEIDA 65 HBC + 
BASSOMPIE 67 HBC + 
BASSOMPIE 67 HBC + 
BASSOMPIE 67 HBC + 

3-5 K+P 
5., K+ P 
5. K+ P 
5. K+ P 

12172 
11/67 
11/67 
11/67 

SPLIT THE Q REG ION INTO 3 BUMPS 
1200.1 APPROX. 
1196.01 c 16.0) 
250 • APPROX • 

NO BACKGROUND SUBTRACT ION. 
45 140.01 (10.01 
21 140.01 (15.01 

1s1.1 122.1 
(80.01 120.01 

1180. I 128.1 
1180.01 
(326.1 
1266.1 
I 150. I 
(47.) 

117.) 
121.1 
170.1 
118.) 

DE BAERE 67 HBC + 3.5 K+ P 7/67 
BARTSCH 6B HBC 10. K- P,K NPI .12175 
BARBARO 69 HBC + 12.1(+ P CK 2PII 9/69 

BISHOP 69 HBC + 3.5 K+PIK• PIJ 12175 
ERWIN 69 HBC 0 3.5 K+PCK* PII 12175 
FRIEDMAN 69 HBC - 2.6,2. 7 K- P 12175 
ABRAMS 70 HBC + 2.5-3.2 K+ P 12175 
FARBER 70 HBC + 12.7 K+ P .12175 
OENEGRI 71 DBC - 12.6 K-D,K 2PI D 5171 
BARLOUTAU 73 HBC - 14.3 K-P,P K-2PI 12175 
"BARLOUTAU 73 HBC - 14.3 K-P,P K02PI 12175 
LEWIS 73 HBC + 2.1-2.1 K+ P 12/75 
LEWIS 73 HBC + 2.1-2.7 K+ P 12175 

28 Q LOW IQAJ WIDTH CMEVJ 

FRO~ EXPERIMENTS SPLITT lNG Q REGION INTO TWO PEAKS 

1100.01 120.0) SHEN 66 HBC + 0 4.6 K+P,5 BODY 12175 
140.01 110.0) ALEXANDER 69 HBC 9.0 K+ P 12175 

(110.0) ( 15.01 BARNHAM 71 HBC + 10.0 K+P,K 2PI 12175 
170.1 (26.) I 18. J GARFINKEL 71 OBC + 9. K+ D 12175 

Ull.l 133.) ANDERSON 72 OBC - 7.3 K- 0 12/75 
020.1 DAVIS 72 HBC + 12. K+ P 12172 
1188.1 121.1 FIRESTONE 72 OBC + 12. K+ D 12175 
1200.) APPRO X. BRANOENB 76 ASPK 13 K+-P.CKPIPIJP 12175 

COUPLES MAINLY TO RHJ K 
1150.001 (71.01 CARNEGIE! 77 ASPK 13 K+-P,P KPIPI 12177• 

E SEE NOTE E ABOVE. 

WL AVERAGING NOT MEANINGFUL 



Mesons 
Q. K'(1400) 

28 Q HIGH {QBI WIDTH IMEVJ 

WH F 
WH 
WH 
WH 
WH 
WH 
WH 
WH 
WH 

FROM EXPERIMENTS SPLITTING Q REGION INTO TWO PEAKS 

70 IBO.OJ 
c 120.01 
(120.01 
160.) 
189. I 
ISO. J 

120.0) 
120.01 
( 15.01 

OR LESS 
124.1 

1241.) (30.1 
( 160.) APPROX. 

COUPLES "'AINLY TO K* PI 

SHEN 66 HBC + 4.6 K+P 
ALEXANDER 69 HBC 9.0 K+ P 
BARNHAM 71 HBC + 10.0 K+PtK 2Pl 
GARFINKEL 71 OBC + 9. K+ 0 
ANDERSON 72 OBC - 7.3 K- 0 
DAVIS 72 HOC + 12. K+ P 
FIRESTONE 72 OBC + 12. K+ 0 
BRANDENB 76 ASPK +- 13 K+-P.CKPIPIIP 

12175 
12175 
12/75 
12172 
12175 
12172 
12/75 
12175 
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Data Card Listings 
For notation, see key at front of Listings .. 

BASSCMPI 67 PL 268 31i BASSC'MPIERH,GOLDSCHMIOT+ ICER,..+BkUX+BIR'11IJP 
BERLINGH 67 Pkl 18 1087 BEkllNGHIEIU+FARBER+FERBEL+fORMAN IROCHJIJP 
DE BAERE 67 NC. 49A 374 +DEBAISIEUX+FAST+FiliPPAS+ lc.ERN+BRUXI 

ALSC PRIVATE COMMUNICATIC·N BY B. JONGEJANS 
GCLOHABE 67 PRL 19 976 G.GOLOHABER ILBLI 

BARTSC.H 68 NP 88 9 
80MSE 68 PRL 20 1519 
DENEGRI 68 PRL 20 1194 

ALSO 10 ANTICH 

ALEXANDE 69 NP B 13 503 
ANDREWS 69 PRL 22 731 

+COCCON I,+ I AACH+BERL+CE RN+LO IC+VI EN I 
. +BORENSTEJN,CAllAHAN,COLE,COX,+ CJOHNHOPKI 1+ 

+CALLAHAN+ETTLINGER+GILLESPIE+ IJOHNHOPKI 1+ 

G • ALEXANDER, F lR ESTONE,GOLDHABE R,+ ( lRl1 
+LACHt LUOLAMt SAN OWE ISS, BERGER,+ I YALE+LRL) 

WH D 
WH D 
WH E ( 142.01 ( 16.0) CARNEGIE! 77 ASPK +- 13 K+-p,p KPIPI 12171• BARBARO 69 PRl 22 1207 BARBAROo-GAL T I ERI t OAVI S, FLA TTE, + ( LRL) 

E SEE NOTE E ABOVE • 
WH 
WH AVERAGING NOT MEANINGFUL 

Pl 
P2 
P3 
P4 
PS 

•• 

28 Q REGION PARTIAL DECAY MODES 

Q REGION INTO K*IB92J PI 
Q REGION INTO K RHO 
Q REGION INTO K PI 
Q REGION INTO K EU 
Q REGION INTO K OMEGA 
Q REGION INTO K PI PI 

28 Q REG[ON BRANCHING RATIOS 

PRODUCED BY BEAMS OTHER THAN K MESONS 

DECAY MASSES 
892+ 139 
497+ 176 
497+ 139 
497+ 548 
497+ 783 
497+ 139+ 139 

Rl Q REGION INTO IK RHOJ/TOTAL (UNITS OF 10**-21 IP21 
R1 75.0 10.0 ARMENTERO 64 HBC 0.0 PBAR P 
R1 DCfollNANT CRENNELL 72 HBC 0 lt.5PI-P,LK2PI 

RZ Q REGION INTO IK* PiliTOTAL lUNITS OF 100*-2) I PlJ 
R2 25.0 10.0 ARMENTERO 64 HBC Q.o PBAR P 

R3 Q REGION INTO IK+ PI-I I IK+O PlO+ PI-I 
R3 10.21 OR LESS CL=.90 CRENNELL 67 HBC 0 6.0 Pt-P 

R4 

•• 
RlO 
RlD 
RlD 
RlO 

Rll 
Rll 

Rl2 
Rl2 

Rl3 
Rl3 
Rl3 

Rl4 
Rl4 
Rl4 

Rl5 
Rl5 

••• ••• ••• 
Rl7 
Rl7 
Rl7 
Rl7 

Q REGION INTO IKO PI+ PI- PIOI I IK+O PIO+ PI-J 
10.1) OR LESS CLc.90 CRENNELL 67 HBC 0 6.0 PI-P 

PRODUCED BY K BEAMS 
Q REGION INTO CK PII I CK*I892) PII CP31/(PlJ 

.(0.81 OR LESS SHEN 66 HBC 4.6 K+Po 5 BODY 
Q REGION INTO K•C892) PI AND K RHO IOVERLAPPING BANDSJIPl+P 

10 ll.OI SHEN 66 HBC + 4.6 K+P 

Q REGION INTO IK OMEGAlliK*I8921 pi) fP5JIIPl) 
( 0.11 OR LESS SHEN 66 HBC + 4.6 K+P 

Q REGION INTO CK PIJ I IK*I892J PII IP3JICP11 
10.301 OR LESS SHEN 66 HBC + 4.6 K+P 

Q REGION INTO K•l8921 PI AND K RHO (OVERLAPPING BANOS I 
IP1+P21 

200 (1.01 BERliNGHI 67 HBC + 12.7 K+ P 

Q REGION INTO IK PII I TOTAL 
C0.021 OR LESS 
{0.021 OR LESS CL ... 95 

Q REGION INTO CK ETAI f TOTAL 
(0.021 OR LESS 

IP31 
BERLINGHI 67 HBC + 12.7 K+ P 
BA.RTSCH 68 HBC - 10.0 K- P 

IP41 
BERLINGHI 67 HBC + 12.7 K+ P 

Q REGICN INTO IK OMEGAI I TOTAL IP51 
10.021 OR LESS BERLINGHI 67 HBC + 12.7 K+ P 

12 0.01 0.005 BARTSCH 68 HBC - 10.0 K- P 

Q REGION INTO 1K kHOI I CK•I8921 PIJ IP2111Pll 
0.91 0.25 BERLINGHI 67 HBC + 12.7K+P 

701 0.4 0.1 BARTSCH 68 HBC - 1o.o K- P 

6/66 
12172 

6/66 

7167 

7/67 

11/67 

8/66 

10/66 

10/66 

7/67 

11167 

11/67 

11/67 
9/68 

11167 
9168 

R17 AVG 
R17 STUDENT 

0.41 
0.46 

o.1a 
0.11 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.9) 
AVERAGE USING STUOENT10(HI1.lll - SEE MAIN TEXT 

RlB 
RIB 

Q REGICN INTO IK PI) I lK*(89ZI PI) (P3J/(pl) 
(0.211 OR LESS DE BAERE 67 HBC + 3.5 K+ P 

Rl9 

••• ••• Rl9 

Q REGION INTO (K PI PII I TOTAL fP61 
201 0.22 o. ca 

S POSSI SLY SEEN 
S POSSIBLY SEEN 

BARTSCH 68 HBC 
ALEXANDER 69 HBC 
DAVIS 72 HBC 

- 10.0 K- P 
9.0 K+ P 

+ 12. K+ P 
Rl9 S WITH THE CPI Pl I SYSTEM IN S-WAVE 

REFERENCES FOR Q REGION 

PRODUCED BY BEAMS OTHER THAN K MESONS 

ARMENTER 64 OUBNA CONF 1 577 
ALSO 64 DUBNA CDNF 1 617 

ARMENTER 64 PL 9 207 
ALSO 66 PR 145 1095 

CRENNEll 67 PRL 19 44 
ASTIER 69 NP B 10 65 
BETTINI 69 NC 62 A 1038 
CRENNELL 72 PFt 0 6 1220 
DAVIDSON 74 PR 09 77 
OORE 15 LNC 13 265 

PRODUCED BY K BEAMS 

AL.1EIDA 65 Pl 16 184 

ARMENTEROS, EDWARDS, D-ANDLAU + ICERN+CDEF I 
R ARMENTEROS (RAPPORTEUR! 
ARMENT EROS, EDWARDS, D-ANOLAU, + I C ERN+CDEF I 
BARASH,KIRSCH,MillERt TAN lCOLUMBIAI 
+KALBFLE J SCH tLAI, StARR, SCHUMANN I BNL I I 
+MARECHAL,MONTANET, + ( COEF+CERN+JPNP+LIVP I IJP 
+CREST loll HENT AN I, 6 ERT AUZA ,a JGI+ I PAOO+P ISA II 
+GOFt.OON,KWAN-WU LAI ,stARR IBNLJ 
+CHAPMAN,GREEN,LYS,ROE (MICHl 
+GUIDON I ,LAAKSO, MARINI,CONFORTO+CROMA+RHEL I 

ALI4EI OA, ATHERTON, BYER, DORNAN ,FORSON+ I CAVE) 

SHEN 66 PRL 11 726 +BUTTERWORTH,FU,GOLOHABERS,TRILLJNG lllf.LI 
ALSO 66 IPRJVATE COMMUNIGERSCN GOLOHABER CLRLI 

11166 

9168 
Z/13 
1173 
1173 

BISHOP 6'il NP B 9 403 
CHI EN 69 Pl 298 433 
CHUNG 69 PR 182 1443 
COLLEY 69 NC A 59 519 
ERWIN 69 NP 8 9 364 

+GOSHAWtERWINoWALKER IWISCI 
+MALAMUD ,MELLEMA, RU CNI CK, SCHLEIN+ tuCLA I 
+E I'SNER+BAL l+LUERS I BNLI 
+EASTWOOD,+ 181 RM+GLAS+LOI C+MP IM+GXF+RHEL I 
+WALKER r GOSHAW, WE IN BERG I WI SC+PR IN+VANO J 
J.FRIEDMANoPH.O. THESIS HRLJ FRIEDMAN 69 UCRL-18860 

WERNER 69 PR 188 2023 +AMMAfi,OAVJS,KROPAC,YARGER,CHO,+ INWES+ANLI 1+ 

ABRAMS 70 PR 0 1 2433 +EISENSTEIN ,KI It, MARSHALL,O-HALLORAN, + I Ill) 
ANT ICH 70 NP B 20 201 +CARSON,CHIEf\I,COX,OENEGRJ,ETTLINGER,+ (JHUJ 1+ 
BOWLER 70 Pl 31 B 318 M.G.BOWLER . I OXFORD I 
FARBER 10 PR 0 1 78 +FERBEL,SLATTERY,YUTA CROCHJ 1+ 
FIP.ESTON 70 PHILAD.CONF.P.229 A. FIRESTONE REVIEW ILRLI 

BARNHA~ 71 NP 825 49 +COLLEY,GRJFFJTHS,ALPER, + IBIRM+GlAS+OXFI 
BOWLER 11 8CLOGNA CONF. PROC H. G. BOWLER INTRODUCTORY TALK I OXFORD I 
OENEGRI 11 NP B 28 13 +ANTICH,CALLAHAN,CARSON,CHIEN,COX,+ IJHUI 1+ 
FORHAN 71 PR 0 3 2610 +GELFAND,LEARY,HOSER,SEIDl,WOLFSON CEFII 
GARFINKE 71 PRL 26 1505 GARFINKEL,HOLLANO,CARI'IONYoLANDER+IPURO+UCOJ 1+ 

ANDERSON 72 PR D 6 1823 
BINGHAM 72 NP 8 48 589 
BRANOENB 72 NP 8 45 397 
BRANDENB 72 PRL 28 932 
DAVIS 72 PR D 5 2688 
FIRESTON112 NP B 47 348 
FIRESTON 72 PR D 5 505 
FRATI 12 PR D 6 2361 
HAATUFT 72 NP 6 48 78 

+FRANKL IN, GODDEN, KOPELMAN, LJ BBY, TAN I COLO I 
+EISENSTEIN ,GP ARD ,H ERQUET, + I CERN+8RUX I 
BRANDENBURG, BRODY, JOHNSON, L E J TH tlOOS+ IS LAC I 
BRANDENBURG, JOHNSON, LEt TH, LOOS ,LUSTE+ I SLAC I 
+ALSTON, BARBARO, FLA TTEo FRIEDMAN, L YNCH+ILBL I 
A.FIRESTONE ICITI 
FIRESTONE ,GDLDHABER, li SSAUERo TRI Lll NG C LBLI 
+HALPERN, HARGIS, SNAPE t CARNAHAN,+( PENN+C INC I 
+ARNOLD,HAGUENAUERt + ( 8ERG+STRB+EPDL+HADRJ 

BARLOUTA 73 NP B 59 374 
BINGHAM 73 NP B 52 31 
DE JCNGH 13 NP 8 58 110 

+nREVILLON, SHAH,+ I SACL+EPOL+RHELI JP' 
+FARWELt+ CLBl+ORSAY+BNL+SACLAY+HILANI JP 
+CORNET oCHARR I ERE,+ ( BRUX+MONS+C ERN+MP IM I 

JONES 73 NP 8 52 383 G. T .JONES ICERNI JP 
LEWIS 13 NP B 60 283 
WERNER 73 PR 0 7 1275 

+AllEN, JACOBS oDANYSZ, BORG,+ I LOWC+LOJC+CDEF I 
+SLATTERY,FERBEL IRGCHESTERI 

ANGELOPO 74 NC 20A 49 
BOWLER 74 NP 674 493 
DEUTSCHM 74 Pl 496 388 

ANGELOPOULOS, F JLI PPAS+ I ATHU+AT EN+ll VP+VI ENI JP 
+DAINTONtKADDOURA,AJTCHISON I OXF I 
DEUTSCHMANN,+ IAACH+BERL +CERN+l(j JC+V I EN I JP 

ANTIPOV 75 NP B86 381 +ASCOli, BUSNELLO,KIENZLE+ ISERP+CERN+Illl JP 
BOWLER 75 NP B97 227 +GAME oAITCHJ SON,OAI NTON COXF+OAREI 
DREVILLO 75 Pl 55 8 245 
DUNWOOOI 75 NP B91 189 

ORE VI LLON ,BORENSTEIN+ I EPOL+BOHR+CDEF I JP 
OUNMOOOl Eo GRANT+ i CERN+BELG+MONS+MPIM) JP 

OTTER1 75 NP 884 333 + IAACH+BERl+CERN+LOIC+VIEN+ATHU+ATEN+LIVPI JP 
OTTERZ 15 NP 693 365 +RUOOLPHoRUMPF+ IAACH+8ERL+CERN+LOIC+VIEN) JP 
OTTER3 75 NP 896 29 
TOVEY 75 NP B95 109 

+RUDOLPH, SEYFERT+(AACH+BERL +CERN+LOIC+VI ENI I, JP 
+HANSEN, BORENSTEIN, BORG+ I RHEL+EPOL+SACL II ,JP 

AACHEN 16 PREPRJNT +BE'Rl +CERN+LOIC+VIEN+BI RM+BRUX+C ERN+MONS++ 
BASDEVAN 76 PRL 37 977 BASOEVANT, BERGER I FNAL+ANL I 
BOAL 76 PR 0 14 2998 +EDWARDS, KAMAL, TORGESON (ALBERTA I 
BOWLER 76 PHYS. J. G3 775 M.G .. BOWLER (OXFORDI 
BRANDENB 76 PRL 26 103 
OTTER 76 NP B 106 77 
VERGEEST 76 Pl 62 B 411 

BRANDENBURG ,CARNEGI E,CASHMORE ,OAVI ER+ I SLAC I J P 
+ I AACH+BERL+CERN+LOIC+VI EN+LPNP+RHEL+SACL I JP 
+ENGELEN,JONGEJANS,+ IAMST+CERN+NIJM+OXFI JP 

CARNEGI E177 NP B 127 509 +CASHMORE,DAVIER,OUNWOODIE ,LAS INSKI+ C SLAC) 
CARNEG1E277 SLAC PUB 1887 +CASHMORE,OUNWOOOIEolASINSKI,LEITH CSLACJ 
CHEN 77 ANL HEP PR 77 22 +FIELOS,RHINES CANLI 
CONFORTO 11 RL-71-0241A B .. CONFORTO,G.CONFORTO CROMA+RHELI 
OHEM 77 MPI-PAE El 60 +GEIST,GOBEL,KUlWEIN,WITTEK,WOLF IMUNICHI 
GAVILLET 77 PREP. CERN +OIAZ,OIONISJ,+ CAMST+CERN+NIJM+OXFI JP 
WOHL 78 NP B +PALER,CHAURANOo + I LPNP+RHEL+SACLAY I .......................................................................... ..................................................................... 
I K' ( 1400) I 21 K PRINE ll4DDoJP=O-l 1=112 

) OBSERVED IN K PI PI PARTIAL-WAVE ANALYSIS. 
WAIT CONFIRMATION. OMITTED FROM TABLE. 

21 K PRIME MASS CMEVJ 

liDO. APPROX. BRANOENBU 76 ASPK +- 13 K+-P,KPIPI 
COUPLED MAINLY TO K EPSILON. DECAY INTO K•CB90J PI SEEN. 

21 K PRIME WIDTH IMEVJ 

12177• 

1250.1 APPROX. BRANDENBU 76 ASPK +- 13 K+-PoKPIPI 12177• 
COUPlED MAINLY TO K EPSILON. DECAY INTO K•C8901 PI SEEN. 

....................................................................... 
REFERENCES FOR K PRIME· 

BRANOENB 76 PRL 36 1239 BRANOENBURGoCARNEGIE,CASHMOREoOAVIER+ISLAC} JP 
AACHEN 77 PREP. AACHEN 41 + IAACHEN+BERLIN+CERN+LOIC+VIENNAI JP ......................................................................... 
•••••• •eo••..,••• ••"*•**• ••••••••• ••••••••• ••••••••• ••••••••• •••••••• 
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Data Card Listings 
For notation, see key at front of Listings. 

l~e(1400)j 
t<l !C. APPAl llt00 1 JP=O+I J=l/2 

S-Wave KTI Interactions 

The KTI interactions are reminiscent of the nn 

interactions, apart from the inelastic thresholds, 

both for the leading JP = 1-, 2 +, 3- resonances and 

for-the S wave. The first inelastic S-wave thres

holds are K7Tmr and Kn, neither of these channels 

being knoWn to be important below 1400 MeV. 

From the K7T threshold (-630 MeV) up to this 

energy, the phase shift o; of the I(JP) = 1/2 (0+) 

wave is determined uniquely by the requirements of 

elastic unitarity. It grows monotonically, reaching 

40° at about 900 MeV, and 90° at about 1350 MeV, 

being everywhere well described by an effective

range formalism (MERCER 71, BINGHAM 72, FIRESTONE 

71,72, MATISON 72,74, GALTIERI 73, YUTA 73, FOX 74, 

BAKER 75, ~USCHER 75, BOWLER 77, ESTABROOKS 77); 

see Fig. 1. The ambiguous "up" solution in the 

region of the K* (8_92) has by now been ruled out 

conclusively (MATISON 72,74, GALTIERI 73, BOWLER 

77, ESTABROOKS 77). 

In the 1400 MeV region the analysis becomes 
1 complicated due to the largeness of 6
0

,_ to the 

nearness of the K*(l430) and·the resulting strong 

S-D interference, and to the opening of inelastic 

channels. Several groups have interpreted the slow 

passage of 0~ through 90° as ~vidence for a reso

nance (FIRESTONE 71,72, FRATI 72, ROUGE 72, CORDS 

73, LAUSCHER 75, MORGAN 75), while others contended 
1 that o0 was large but non-resonant (AGUILAR 72, 

BUCHNER 72 , CRENNELL 72 , ENGELMANN 72 , BAKER 7 5) . 

New features emerge as the phase-shift analy

sis is continued up to 1900 MeV from a large

statistics experiment (ESTABROOKS 77) • In the 

inelastic region where the ambiguities cannot be 

resolved, ESTABROOKS 77 find four solutions for the 

S wave, all of which exhibit a rapid drop in the 

modulus of the amplitude near 1450 Mev (see Fig. 2). 

This behavior is confirmed with less statistics by 

BOWLER 77 and MARTIN 77, and a cl·ear circular motion 

is seen in the Argand plot with a maximum speed in 

the region 1400-1500 MeV. This behavior in all 

four solutions is interpreted as evidence for an 

S-wave 0+ KTI resonance with a mass of 1400 to 1500 

MeV, a width of 200 to 300 MeV, and an elasticity 

~ 
Ul 

(.,() 

-·· a. 
(.,() 

Mesons 
IC( 1400) 

. -o 
-3 O OL....6 _ __,_ _ ___._1.0 _ ___._ _ ___.1.'-4--'---'-.;__~1.8 

180°~~~~---.---.--.---.---.. 

120° 

60° 

00 

120° 

60° 

00 
0.6 0.8 l,O 1.2 

M{K7r) GeV 
XSL 783-397 

Fig. 1. The solid points are the Kn phase shifts 
calculated in a simultaneous analysis of the_ SLAC 
13 GeV/c neutron and A recoil reactions. The curves 
represent the effective range or-resonance fits- of 
ESTABROOKS 77, except for the dashed curve on the 
o3 plot which represents a constant cross section 
o~ 1.8 rnb. The open circles are from MERCER 71, 
BINGHAM 72, LINGLIN 73, MATISON 74, BAKER 75. 

greater than 0.8 (for all but one solution). We 

call this resonance K(l400), and enter it into the 

Table. 

In addition, ESTABROOKS 77 see the slow 

passage of o; through 90°, already referred to, 

at about 1350 MeV. Whether an additional pole 

would be required for its explanation, has not been 

studied by anyone. We note that the situation is 
0 

reminiscent of the n11 system, where o0 goes slowly 

through 90° at about 850 MeV, yet no pole is needed 

at that mass (MORGAN 75). The half-width, as 

measured by the distance between phase shifts of 
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SOLUTION C SOLUTION D 

~1-/p ,(11.5 /.· 
1.3 ~. 

~ ~.7 .F. ~.7 
~~ 

1.5 

Fig. 2. Argand diagrams for the K~ partial waves of EST~ROOKS 77. 

45° and 90°, is about 400 MeV in the TTTT case, and 

about 450 MeV in the KTT case. 

The present 0+ nonet looks rather different 

from the one considered by MORGAN 75. The £ and K 

are both heavier and narrower than before, and the 

£ in addition couples strongly to KK. The question 

of whether the o and the s* are narrow or wide is 

still unsettled. 

Finally, we remark that two of the four solu

tions of ESTABROOKS 77 provide evidence for a 

second P-wave resonance with mass -1650 MeV, width 

-250 MeV, and elasticity -o.25. This new state, 

K*'<l650) , would, if confi'rmed, most probably be 

assigned in the quark model as a radial excitation, 

si~ilarly to p'(l600). 

19 KAPPA MASS CHEYI 

1425. ABOUT ESTABROOK 77 SPEC 13 K+- P 12/.77* 
FROM ELASTIC K PI PARTIAL WAVE ANALYSIS ( SEE KAPPA MINI-REVIEW I 12/77* 

19 KAPPA WIDTH IMEYI 

w 20G-300 ABOUT ESTABROOK 77 SPEC 13 K+- P 12177* 
FROM ELASTIC K PI PARTiAL WAVE ANALYSIS I SEE KAPPA MINI-REVIEW ) 12177* 

REFERENCES FOR KAPPA 

TRIPPE 68 Pl 28 8 203 +CHI EN, MALAMUD, HELL EHAr SCHLEIN,+ IUCLAI 

CRENt.ELL 69 PRL 22 487 +KARSHONtlAI,O.NEAlltSCARR IBNLI 
DODO 69 PR 177 1994 +JOLOERSMA,PALHER,SAMIOS IBNLI 
GOLDBERG 69 Pl 30 8 434 SABRE COLLABOR. CSACL+AMST+BGNA•REHO+EPOU 
SCHLEIN 69 ARGCNNE CONF. 446 P .. SCHLEIN {UClA) 

Flfi:ESTON 7l PRL 26 1460 
MERCER 71 NP 632 361 
YUT A 11 PRL 26 1502 

AGUILAR 12 PR 0 6 11 
BINGHAM 72 NP B 4!" 1 
BUCHNER 12 NP 8 45 333 
CHUNG 72 PRL 29 1570 

A. FIRESTONE ,G. GOLOH A6ER ,o.L I SSAUER I LRL I 
+ANTJCH,CALLAHAN,CHIENtCOX,+ IJOHN HOPKINSI 
+DERRICK, ENGELMANN, MUSGRAVE I ANL+EF I I 

AGUILAR-BENITEZ,CHUNG,EISNER . IBNLJ 
+ I INTERNATIONAL K+ COLLABORATION I 
+DE HM 1 CHARR JERE, CORNET,+ IMP IM+CERN+BRUX) 
+EISNER,AGUILAR-BENITEZ IBNU 

DIEBOLD 72 BATAV.CONF. V.3 17R.OIEBOLD RAPPORTEUR TALK CANll 
CRENNELL 72 PR D 6 1220 
ENGELMAN 12 PR 0 5 2162 
FIRESTON 72 PR 0 5 2188 
FRAT I 72 PR D 6 2361 
MAliSON 72 LBL 1537 (THESIS) 
ROUGE 72 NP B 46 29 

CORDS 
LINGLIN 
YUTA 

13 NP 8 54 109 
73 NP B 55 408 
73 NP 8 52 70 

+GORDON,KWAN-WU LAI,SCARR CBNLI 
ENGELMANN, MUSGRAVE, FORMAN,+ I ANL+EFI I 
+GOLDHABER, LISSAUER, TRILLING CLBLIPWA 
+HALPERN, HARGIS, SNAPEtCARNAHAN ,+( PENN+CI NC I 
REVISED VERSION WILL GO TO PHYS.RFV. LBL 
+VIDEAU,VOLTE,DE BRION,+ IEPOL+SACLI 

+CARMONY ,LANDER, ME I ERE,+ 
D.L INGLIN 
+ENGELMANN, MUSGRAVE ,FORMAN,+ 

I PURO+UCD+IUPU I 
I CERN I 

IANL+EFII 

.. 
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FOX 
MATISCN 
MORGAN 

74 NP 880 403 
74 PR 09 1872 
74 PL 518 71 

BAKER 75 NP 899 211 
LAUSCHEfl 75 NP 886 189 
MOFGAN 75 ARGONNE CONF. 45 

CHIEN 76 NP 8 106 355 

BALDI 77 NP 8 
BOWLER 71 NP B 126 31 
ESTABROO 71 SLAC PUB 2004 
MARTIN 77 NP 8 
SPIRO 77 NP 8 125 162 

G.C. FOX, M.L.GR l SS 
+GALT IER I, GARNJOST, FLATTE ,fRIEDMAN,+ 
O.MORGAN 

(CIT I 
ILBU 

IRHELJ 

+BANERJEE,CAMPBEllt ALLEN, MARCH+ ILOlC+LOWC J 
+OTTER,WHCZOREK,+ IABCLV COLUBORATIONI 
O.HORGAN I RHEL I 

+FE lOCK, lUCAS. PEVSNER, ZGANJ S I SALT I MORE I 

· +BOHRINGERtOORSAZ,+ lGENEVE+CERN I 
+OAINTON ,DRAKE ,Will I AMS (OXFORD I 
EST A BROOKS, CARNEGI E+l MONT+CARL +DURHAM+SLAC J 
+SHIMAOA,SALDI ,+ IOURHAM+GENEVA l 
+BARLOUT AUO 1 COMBERt PAlER,+ ( SACL+I<:.HE l+EPOL I 

•••••••••••••••••••••••••••••••••.•••••••••••••••••• ••••••o•:o •••••••• ........................ •••o•o••• ••••o•••• •••••••••••••••••••••••••• 
IK*C143o) I 22 K*C1430.JP=2+1 1=112 

WE CCINSIDER THAT PHASE-SHIFT ANAlYSES PROVIDE MORE 
RELIABLE DETERMINATIONS OF THE MASS AND WIDTH. 
SEE RHOC7101 MINI-REVIEW •. 

22 KOC14301 MASS IMEVI 

WITH FINAL STATE K PI CHARGED ONLY, 
0 39 1423. u.o 

124.0) 
125.01 
12.0 

120.0) 

SASSANO 67 H8C - 4.6-S.OK-P,KOPI- 12175 
s 25tl440., 
so 13( 1401.01 

D 63 1427.0 
s 1361 1420.0) 

220 1416.0 
D 60 1414. 

1400 1420.0 
W D 225 1425. 

1301 1418.) 

AVG 11120.5 
STUOENT1420. 5 

10.0 
13.0 
3.1 

. 8.0 
(6.) 

2.6 
2.8 

140.1 DE BAERE 67 HBC + 3.5 K+P IK+ PIOJ 12175 
SCHWEJNGR 68 HBC - 4.1 K- P IK PJJ 12175 
SCHWEINGR 68 HBC - 5.5 K- P (K PII 121770 
BISHOP 69 HBC + 3.5 K+PIKO PJ+I 12177* 
CRENNELL 69 OBC - 3.9 K-N IKOPI-1 7169 
LIND 69 HBC + 9. K+ PI KO PI+J 12177* 
AGUILAR! 71 HBC - 3.9,4.6 K- P 11/11 
BARNHAH 11 HBC + K+ PtKO PI+ P 12175 
CLARK 73 HBC - 3.3 K-P,P PI- KO 12177* 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOIH/1.111 - SEE MAIN TEXT 

CHARGED ONLY, WITH OTHER FINAL STATES 
l30Cl400.0J 120.01 BADIER 65 HBC - 3. K- P IKOPIJ 12175 
2011440.01 120.01 DUBAL 68 MMS - U.S K- P 12175 

W D 24011396.) (6.1 BASSOMPJE 69 HBC + 5 K+P IK 2PIJ 12175 
11411.1 C1.) FRIEDMAN 69 HBC - 2.1 K-P IK 2Pll _2172 

CHARGED AND NEUTRAL 
13411404.01 115.01 FOCARDI 65 HBC -0 3. K- P tK PI) 12/75 

D 5511423.1 (24.0) ADERHOLZ 68 H8C -0 10 K- P (K PIJ 12175 

M NEUTRAL ONLY 
M D 4611446.01 
M S 16011425.0) 
M SO 81(1405.0) 
M S 97H397.01 
M WAD 21011422.) 

2200 1421.1 
1800 l419.1 
600 1416. 

1100 1427. 
c 1420.1 

800 1421.6 
llt23.0 

300 l't20.0 
1440.0 
1434.0 

19.01 
( 15.01 
C22.01 
119.0) 

(8.01 
2.6 
3.7 
6. 
3. 
4.3 
4.2 
3.0 
7.0 

10.0 
2.0 

DAHl 67 HBC 
KANG 68 HBC 
SCHWEINGR 68 HBC 
SCHWEJNGR 68 HBC 
BASSOMPJ E 69 HBC 
DAVIS 69 HBC 
AGUILAR! 71 HBC 
CORDS 71 DBC 
BUCHNER 7 2 OBC 
LINGLIN 73 HBC 
MCCUBBIN 75 HBC 
ElKIN 76 SPEC 
HENORJCKX 76 DBC 
BOWLER 7 7 OBC 
EST A BROOK 77 ASPK 

0 4.PI- P IKPIJ 
0 4.6 K- P 
0 4.1 K- P ( K Pll 
0 5. 5 K- P ( K PIJ 
0 5 K+P IK PII 
0 12. K+ P(K+PI-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+Pl-

0 3.6 K-P,K-PI+N 
06.K-P,KO" PI+PI-

8.25 K+N,K+Pl 
0 5.5 K+DtK PI P P 
0 13K+-P,P K PI 

2.0 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.91 

12177• 
12175 
12175 
12175 
12175 
9/69 

11171 
2172 

12172 
12175 
12175 
7177• 
7171• 

12177* 
121770 

AVG i425: 7 • 
STUDENT 11t23. 7 1.5 AVERAGE USING STUOENTlOIHil.lll -- SEE MAIN TEXT 

(SEE IDEOGRAM BELOW J 

UEIGHTED RUERRGE = 1425.7 s 2.0 
ERROR SCRLED BY 1.9 

· · ·ESTRBRDDK 77 RSPK 
· ·BOULER 77 DBC 

·HENDRICKX 76 DBC 
·ElKIN 76 SPEC 
·MCCUBBIN 75 HBC 
·LINGLIN 73 HBC 
·BUCHNER 72 DBC 
·CORDS 71 DBC 
·RGUILRR1 71 HBC 
·ORVIS 69 HBC 

1400 1460 

NEUTRRL K• 11430J MRSS IMEVJ 

M A INCLUDED IN LINGLIN 73 WORLD K+P DST 
M C FROM POLE EXTRAPOLATION, USING WORLD K+P OST 

CHISQ 
17.3 

2.1 
0.7 
0.8 
0.9 
1.7 
0.2 
2.6 
3.2 

....hL 
32.5 

ICONLEV 
=O.OOOJ 

M 0 ERRORS ENLARGED BY US TO GAMMAISQRT I Nl • SEE TYPED NOTE ON K* 
M P FROM PHASE SHIFT ANALYSIS. 
M S DATA WITH MASS ERROR OF 15 MEV OR MORE NOT AVERAGED 
M W NUMBER OF EVENTS IN PEAK REEAVAlUATEO BY US 

Mesons 
1G(l400), K*(1430) 

22 K*ll1t30J WIDTH lMEVI 

CHARGED ONLY, WITH FINAL STATE K PI 
0 63 ... ... SCHWEINGR 68 HBC - 5.5 K-PIKO Pt-J 12175 

so 136 (110.01 C42.01 BISHOP 69 HBC . 3.5 K+ P 12175 
0 60 96. so. a LIND 69 HBC . 9. K+ P .12177* 

1400 91t. 7 15.1 12.5 AGUILAR! 71 HBC - 3.9,4.6 K- P 11171 
w w 0 225 us. 31.0 BARN HAM 71 HBC . K+ P,KO PI+ P 12/75 
w 130 (42.1 112.1 CLARK 73 HBC - 3.3 K-P,P PI- KO 12/770 
w 
w AVG 97.3 11.6 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.0) 
w STUDENT 97.3 12.8 AVERAGE USING STUOENTlOIHil.llJ - SEE MAIN TEXT 

CHARGED ONlY, WITH OTHER FINAL STATES 
0 130 1105.01 137.01 SADlER 65 HBC - 3.0 K-P 

CHARGED ONLY, WITH OTHER FINAL STATES 
D 130 1105.01 137.01 SADlER 65 HBC - 3.0 K-P 
0 120 1110.1 140.01 BASSOMPIE 69 HBC + 5 K+P IK 2PII 

143.1 (13.1 FRIEDMAN 69 HBC - 2.7 K-P IK 2PII 

CHARGED AND NEUTRAL 

12175 

12175 
12175 

2172 

134 (92.01 132.0) FOCARDI 65 HBC -0 3.0 K- P U PU 12115 
0 55 1115.1 194.01 AOERHOLZ 68 HBC -0 10 K- P (K Pll 12175 

W NEUTRAL CNL Y 
w 0 46 161.01 
w so 16D ( 116.01 
W WAD 210 (110. I 
"' 2200 101. 
w 1800 116.6 
w D 600 llt4. 

D1100 109. 
c (61.01 

800 ll6. 
D 300 125.0 

110.0 
98.0 

C36.Cl 
137.01 
130.0) 
10. 
10.3 
24.0 
14.0 

I 14.01 
18. 
29.0 
20.0 

5.0 

15.5 

DAHL 67 HBC 
KANG 68 HBC 
BASSOMPJE 69 HBC 
DAVIS 69 HBC 
AGUILAFU 11 HBC 
CORDS 71 OBC 
BUCHNER 72 OBC 
llNGLIN 73 HBC 
MCCUBBIN 75 HBC 
HENORICKX 76 OSC 
BOWLER 7 7 OBC 
ESTABROOK 77 ASPK 

0 3.8-4.2 PI- P 
0 4.6 K- P 
0 5 K+P IK PII 
0 12. K+ P IK PJI 
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,K-PI+N 
8.25 K+N,K+PI 

0 5.5 K+O,K PI P P 
0 13K+-P, P K PI 

5.9 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.61 

121770 
12175 
12175 
9169 

11171 
12/75 
12175 

1171t 
12175 
71770 

12/770 
12177• 

AVG 105.8 
STUDENT 105.1 4.8 AVERAGE USING STUDENTlOIH/1.111 -- SEE MAIN TEXT 

(SEE IDEOGRAM BELOW I 

UEIGHTED RVERRGE = 106.8 s 5.9 
ERROR SCRLEO BY 1.6 

+ . . . . ....... ·ESTRBRDDK 77 
·BJULER 77 
·HENDRICKX 76 
·MCCUBBIN 75 
·BUCHNER 72 

· ·CORDS 71 
·RGUILRR1 71 

69 

50 100 150 250 

NEUTRRL K•I1430J UIDTH IMEVJ 

A INCLUDED IN liNGLIN 73 WORLD K+P CST 
C FROM POLE EXTRAPOLATION, USING WORLD K+P OST 

CHISQ 
RSPK 2.5 
DBC 10.3 
DBC 0.4 
HBC 0.3 
DBC 0.1 
DBC 2.5 
HBC 0.7 
HB.C ....Q...L 

17.0 
ICONLEV 
=0.017J 

D ERRORS ENLARGED BY US TO 4*GAMMAISQRHNJ. SEE K* TYPED NOTE. 
P FROM PHASE SHIFT ANALYSIS. 

S DATA WITH MASS ERROR OF 15 MEV OR MORE NOT AVERAGED 

PI 
P2 
P3 
P4 
P5 
P6 

W NUMBER OF EVENTS IN PEAK REEAVALUATED BY US 

22 K*ll430l PARTIAL DECAY MODES 

KOUit30J INTO K PI 
K*lllt30) INTO KOC8921 PI 
K*( 1430) INTO K RHO 
KO( 14301 INTO K OMEGA 
K*fl430) INTO K ElA 
K*ll4301 INTO K*l8921 PI PI 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

DECAY MASSES 
493+ 139 
892+ 139 
493+ 776 
493+ 783 
493+ 548 
892+ 139+ 139 

The matrix below is derived from the error matrix for the fitted partial decay mode 

branching fraction11, P
1
, as follows: The diagonal elements are P

1
:!: 6P

1
, where 

6Pi "' ..J(6P16P1), while the off-diagonal elements are the normalized correlation coe££i

ciente (6P16Pj) /(6Pi. 6Pj). Foi- the definitions of the individual P
1
, see the listings 

above; only those Pi appearing in the matrix are aeeumed in the fit to be nonzero and 

are thus constrained to add to i. 

p 1 p 2 p 3 p 4 p 5 p 6 

p 1 .4907+-.0163 
p 2 .0641 .2703+-.0215 
p 3 -.0836 -.0010 .0657+-.0145 
p 4 -.1081 -.2010 -.1212 .0369+-.0159 
p 5 -.3209 -.3905 -.22llt -.1600 .0248+-.0261 
p 6 -.2544 -.3690 -.2154 -.1581 -. 2722 .1116+-.0248 
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Mesons 
K*(1430), KN(1700) 

Rl 
Rl 
Rl 
Rl 
Rl FIT 

22 K*!l4301 BRA,.C.HJNG RATIOS 

KCIH4301 INTO IK PII/TOTAL tPlJ 
0 .. 49 0 .. 02 ESTABROOK 77 ASPK +- 13K+-P,P K PI 12177* 

FROM PHASE SHIFTS ANALYSIS. 

0.491 0.016 FR~M FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

R2 K*(L4301 INTO IK*I892l PIJ/CK PI+ K PI PI) IP2lf(Pl+P2+P3J 
- 3.0 K-P R2 QR 1.451 (0.131 SADlER 65 HBC 1178• 

10167 R2 Q (0.47) (0.101 SASSANO 67 HBC -0 4.6, 5.0 K- P 
R2 
R2 FIT 

R3 
R3 QR 
R3 0 
R3 
R3 FIT 

•• 
R4 

•• 
•• 0 
R4 
•• 0 
R4 
R4 0 

•• 
R4 G 
R4 G 
R4 AQ 
R4 A 
R4 
R4 

•• 
R4 AVG 

0.327 0.019 FRCJH FIT 

K*ll4301 INTO IK RHOI/IK PI + K PI PIJ I P31 I( Pl+P2+P3 J 
10.141 (0.071 SADlER 65 HBC - 3.0 K-P 
CO.l41 (0.101 SASSANO 67 HBC -0 4.6, 5.0 K- P 

0.079 0.016 FROM FIT 

K*ll430J INTO IK*I8921 PII I IK Pll (P21/IPU 
6 0.33 0.33 CHUNG 65 HBC + 0 3.9-4.2 PI- P 

0.65 0.20 SHEN 66 HBC 0 N* PRODUCED 
10.631 (0.201 SHEN 66 HBC + NO N* PRODUCED 
0.52 0.12 SCHWEINGR 68 HSC 0 4.1+5.5 K- P 

11.061 10.301 BASSOMPI E 69 HBC 5.0 K+P 
o.8o o.3o BASSOHPIE 69 HBC 5.0 K+P 

B4 (0.93) (0.1lJ BISHOP 69 HBC 3.5 K+ P 
o.47 o.o8 AGUILAR! 71 HBC 3.9,4.6 K- P 
0.91 o.zo CHARRIERE 73 HBC 0 5 .. K+ P,K P 3PI 

REVISED BY GOLDSCHMIDT 75 
150 10.651 (0 .. 251 ANTIPOV 75 ASPK - 40 K-P,K*- P 

K* PI SIGNAL FROM PARTJAL WAVE ANALYSIS OF IK-PI+PJ-1 SYSTEM 

1178• 
10/67 

8/66 
10166 
10166 
10/67 

1178* 
1/78* 
9/69 

ll/11 
l/13 

0.54 0.16 DEHM 74 OBC 0 4.6 K+ N 12/15 
0.62 0.19 LAUSCHER 75 HBC 010,16 K-P,K-PI+N 12175 

R4 STUDENT 
0.548 
0,.544 
0.551 

0.053 
0.060 
0.046 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTLOCHI1.111 -- SEE MAIN TEXT 

FROM FIT IERROR INCLUDES SCALE FACTOR Of 1.01 R4 FIT 

RS 
R5 
RS 
RS 
R5 
RS 
RS 
RS 
R5 AVG 

K*C 14301 INTO 
0.19 

(0.08} 
(0.21 
0.13 
0.05 

(0.2 J 

IK OMEGAI I K PI 
0.16 

OR LESS 
OR LESS 

0.01 
0.04 

OR LESS CL=.95 

CP4J/IP1J 
BAOIER 65 HBC 
SHEN 66 HBC 
BASSOMPIE 69 HBC + 
BASSOMPIE 69 HBC 
AGUILAR! 11 H8C 
CHUNG 74 HBC 

- 3.0 K-P 
4.6 K+P 
5 K+ P 

0 5 K+ P 
3.9-4.6 K- P 

- 7.3 K-P,K•- P 

1178* 
8166 
9169 
9169 

11171 
12/75 

R5 STUDENT 
0.075 
0.075 
0.075 

0.034 
0.038 
0.033 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENT101HIL.111 -- SEE MAIN TEXT 

FRGM fiT (ERROR INCLUDES SCALE FACTOR OF 1.01 R5 FIT 

R6 
R6 

•• •• ... 
•• 0 
Rb 
Rb •• 
R6 

•• Rb 
R6 
R6 AVG 

K*ll430) INTO CK RHO) I IK Pil (P3JIIPU 
10.091 OR LESS CHUNG 65 HBC + 0 3.9-4.2 PI- P 
0.26 0.16 SCHWEINGR 68 HBC 0 4.1+5.5 K- P 

10.21 OR LESS BASSOMPJE 69 HBC + 5 K+ P 
10.31 OR LESS BASSOMPIE 69 HBC 0 5 K+ P 

15 10.11) (0.06) 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 DBC 0 4.6 K+ N 

10.241 10.141 LAUSCHER 75 HBC 010,16 K-P,K-PI+N 
USES RESULTS OF OTTER 75 ISEE R7 BELOWI. WE DO NOT AVERAGE THIS 
STATISTICALLY REDUNDANT RATIO, BUT KEEP THE LAUSCHER 75 HSULT 
FOR R4 ABOVE. 

8166 
10167 

9169 
9169 
9/69 

11/71 
12/75 
12/75 

R6 STUDENT 
0.111 
0.116 
0.134 

0.054 
0.047 
0.030 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.4) 
AVERAGE USING STUOENTlOtHI1.111 - SEE MAIN TEXT 

FROM FIT IERRCR INCLUDES StAlE FACTOR OF 1.11 R6 FIT 

R7 
R7 
R7 

K*l 14301 INTO IK RHot 
10.391 OR LESS 

I IK*I892) PI) 
BASSOHPIE 67 HBC 

(0.401 OR LESS tlo::,.90 FIELD 67 HBC 

IP31/IP2J 
+ 5. K+ P 9161 

- 3.8 K- P 6167 
R7 P 130 .13 .09 OTTER 75 HBC 08t10tl6 K-P,K* N 12/75 
R7 AN 
R7 N 
R7 A 
R7 P 
R7 P .. , 
R7 AVG 

10.031 {0.031 ANTIPOV 75 ASPK - 40 K-P,K*- P 12/15 
K RHO MODE NOT OBSERVED 
FROM PARTIAL WAVE ANALYSIS OF IK-Pl+PI-J SYSTEM 

0.36 0.10 VERGEEST 76 HBC 0 4.2 K-P.P KOPIPI 12177* 
FROM PARTIAL WAVE ANALYSIS OF IKO PI+ PI-I SYSTEM 

R7 STUDENT 
0.23 
0.231 
0.243 

0.11 
0.085 
0.057 

AVERAGE IERROR INCLUDES SCALE fACTOR OF 1.11 
AVERAGE USING STUDENT10tHI1.111 -- SEE MAIN TEXT 

FROM fiT IERROR INCLUDES SCALE FACTOR OF 1.11 R7 FIT 

•• R8 0 

•• R8 FIT 

R9 
•• 0 

•• R9 FIT 

RIO 
R10 R 
RIO R 
RIO 
RIO 
RIO 
RlO FIT 

K*U4301 INTO (K OMEGA) I IK*I8921 PIJ 
10.101 t0.04) FIELD 61 HBC 

0.137 0.062 FROM FIT 

K*U4301 INTO tK ETA) I IK*I892) PII 
10.011 10.04) FIELD 67 HBC 

0.092 0.100 FROM FIT 

I IK Pll K*U4301 INTO (K ETAI 
0 .. 05 0,.06 

I 0 .06510R lESS 
10.021 OR LESS 
10.041 OR LESS 

SADlER 65 HBC 
BAS SOH PIE 69 HBC 
BISHOP 69 HSC 

eto:.,95 AGUILAR! 71 H8C 

CP41/CP21 
- 3. 8 K- P 

CP51/IP21 
-3.8K-P 

IP5J ICPll 
- 3.0 K-P 

5.0 K+P 
3.5 K+ P 
3.9-4.6 K- P 

0.050 0 .. 054 FROM FIT CERRGR INCLUDES SCALE FACTOR OF loCI 

K*ll4301 INTO tK*t8921 PI PII/TOTAL IP61 

6/67 

6167 

1178* 
1178* 
9169 

11/71 

Rll 
RllT 
Rll 

0.12 0.04 GOLDBERG 76 HBC - 3 K-P,P KOPIPIPI 12/77* 

R11 FIT 

Rl2 
R12T R 
Rl2 
Rl2 FIT 

0 .. 112 0.025 FROM FIT IERF.OR INCLUDES SCALE FACTOR 01= 1.oj 

k*U4301 INTO IK*(8921 PI PIJJ(K PI I IP61/IP11 
0.21 0.08 JONGEJANS 77 HBC - 4 K-P,P KOPIPIPI 12171* ........... 
0.221 0.053 FROM FIT CERROR INCLUDES SCALE FACTOR OF 1.01 

Q FOLLOWING SUGGESTION BY AGUILAR 10t WE 00 NOT MAKE USE OF MEASURE-
Q MENTS WHERE THE IK PI PIJ BACKGROUND SUBTRACTION IS DIFFICULT DUE 
Q TO THE NEARBY Q REGION. 

R RESTATED BY US. 
ASSUMING PI PI SYSTEM HAS ISO-SPIN I, WHICH IS SUPPORTED BY 
THE DATA 

............................................................................. 
SADlER 
CHUNG 
FOCARDI 

65 PL 19 612 
65 PRL 15 325 
65 Pl 16 351 

REFERENCES FOR K*Cl430J 

BA DI ER, DEMOULIN, GOt OBERG+ I EPOL +SACL +AMST I 
+DAHL, HARDY, HESS, JACOBS ,KI RZ ,MILLER ILRL I 
FOCAROI, M INGUZZ I RANZ I , SERRA+( BOLOGNA+$ ACL 1 

Data Card Listings 
For notation, see key at front of Listings. 

~HF.f\ bt.. Pkl 17 7'26 +~UTTEk ... llf<TI-!,FU,GOLDHABERS,TRILLING (LRLJ 
AL.)L 66 I PRl VATE C.lJMI'tUN J GEkSCN GOL OHABER ILRL I 

SASSANO 67 PRL 19 968 
BASSOMPI 67 PL 268 30 
CRENNEll 67 PRL 19 44 
DAHL 67 PR 163 1377 

ALSO 65 PH 14 401 
DE BAERE 67 NC. 51 A 401 
FIELD 67 PL 246 638 
GCLOHABE 67 PRL 19 972 

ADERHOLZ 68 NP 6 5 567 
ALSO 66 PL 22 357 

ANTICH 68 PRL 21 1842 
DUBAL 68 THESIS 1456 
KANG 68 PR 176 1587 
SCHWEING 68 PR 166 1317 

ALSO 67 THESIS 

BASSOMPI 69 NP 613 189 
BISHOP 69 NP B 9 403 
CRENNELL 69 PRL 22 487 
DAVIS 69 PRL 23 1071 
DE BAERE 69 NC 61 A 397 
FRIEDMAN 69 UC RL-18860 
LIND 69NPB14l 

ABRAMS 10 PR 0 1 2433 
AGUILAR 70 PRL 25 1362 
BIRMINGH 70 KIEV CONF. 

AGUilAR1 71 PR 0 4 2583 
BARNHAM 71 NP B 28 171 
CORDS 71 PR 0 4 1974 

BUCHNER 72 NP 8 45 333 
CRENNELL 12 PR 0 6 1220 
DEUTSGHM 72 NP 8 36 313 
ENGELMAN 12 PR 0 5 2162 
FRATI 12 PR D 6 2361 
ROUGE 12 NP B 46 29 
T1 ECKE 12 NP B 39 596 

+GOLDBERG, GOZ, BARNES, LEI TNER+I BNL+SYRACUSE 1 
BASSOMP I ERRE, GOLOSC HMI DT + ICE RN+BRUX+B IRMJ IJP 
+KALBFLEISCH ,LAJ, SCARR, SCHUMANN I SNLI 
+t-IAROY+HESS+KI RZ +MILLER 'LRL I 
HARDY tCHUNGt DAHL, HESS, K I RZ ,MILLER I L RL I 
+GOLOSCHMI Of-CLERMONT tHENR I+ I Bfl.UX+CERN J 
+HENOR ICKS+P ICC I ONI +YAGER I LA JOLLA J 
G .GOLDHABER, FIRES TONE, SHEN I LRLI 

+DEUTSCHMANN+ ( AAC H+BERL +CERN +LO IC+VIENNA I 
BARTSCH,OEUTSCHMANN,MORRISON+ IASCLIICIVJ 

+CALLAHAN ,CARSON, COX, DENEGR I,+ C JHU J 
L.OUBAL IGENEVEI 
Y.W.KANG I IOWA) 
SCHWE I NGRUB ER, DERRICK, F I EL OS+ I ANL +NWE S I 
F .L.SCHWE INGRUBER C NORTHWEST ERN, EVANSTON J 

BASSOMP JERE, GOLOSCHMIDT-CL E RM. + ICERN+BRUX J JP 
+GO SHAW, ERWI NtWALKER (WI SCI 
+KARSHON,LAI,ONEALL,SCARR IBNLJ 
+DERENZO, FLATTE, ALS TQN,L YNCH, SOLMI T Z I LRL J 
+GOLDSCHMIDT-CLERMONT, HENRI,+ I BELG+CERN I 
J.FRIEDMAN,PH.O. THESIS ILRLJ 
+ALEXANDER, FIRES TONE ,FU,GOLDHABER I LRL J JP 

+E 1 SENSTE IN tK IMt MAR SHALL, O. HALLORAN,+ I I Lll 
AGUILAR-BENITEZ, BAS SANDt EISNER,+ I BNL+PURD I 
AS T1 ER P APPORTEUR S TALK I BI RM+GLAS+OXF J 

+EISNER,K IN SON I BNLI 
+COLLEY, JOBES, GRIFFITHS ,HUGHES,+{ 81 RM+GLAS J 
+CARMONY, ERWIN,MEIERE, + I PURO+UCO+IUPUJ 

+DEhM, CHARR I ERE, CORNET,+ IMP I M+CERN+BRUX I 
+GOROON,KWAN-WU LAI ,SCARR I BNl J 
DEUTSCHMANN,+ IABCLV COLLABDRATION1 
ENGEUIANN,MUSGRAVEt FORMAN,+ I ANL+Efl) 
+HALPERN, HARGIS, SNAPE, CARNAHAN,+( PENN+C 1 NC J 
+VIDEAU,VOLTE,OE BRION,+ IEPOL+SACLI 
+GRIJNS,HEINEN,DE GROOT,+ (NIJM+AMSTI. 

CHARRIER 73 NP B 51 317 CHARRIEPE,DRIJARO,OE SAERE,+ ICERN+BELGJ 
ICERNI 

I OXFORD I 
I SRUX+MONS+CERN+MPI M J 

I CERN) 
ILBL I 

ALSO 75 !PRIVATE C.OMMUNICATIONJ GOLDSCHMIDT-CLERMONT 
CLARK 73 NP 8 54 432 +LYONS,RAOOJICIC 
DE JCNGH 73 NP 8 58 110 +CORNET,CHARRIERE,+ 
LINGLJN 73 NP S 55 408 O.LINGLIN 
WALUCH 73 PR 0 8 2837 +FlATTE,FRIEOMAN 

DEHM 
CHUNG 

74 NP 875 47 
74 PL 51B 413 

+GOEBEL, WITTEK ,WOLF t+ I MPI M+BRUX+MONS+CERN I 
+EISNER, PROTOPOPE SC U, SAMIOS, STRANO I BNL I 

+ASCOLI, BUSNELLO, K 1 ENZLE+ ( S ERP+CERN+lll J ANTIPOV 75 NP B86 381 
LAUSCHER 75 NP 886 189 
MCCUBBIN 75 NP 886 13 

+OTTER,WIECZOREK,+ tABCLV COllABORATIONJ JP 
N.A.MCCUBBJN,L.LYONS IOXFI 

OTTER 75 NP 884 333 + t AACH+BERL +C ERN+LOIC+Vl EN+ATHU+ATEN+Ll VP) 

ETKlN 76 PRL 36 1482 +FOLEY ,GOLDMAN, Ll NDENBAUM,K IH, + I 8NL+CUNY) 
J.GOLDBERG IHAIFAJ 
+V IGNAUO,BURLAUO, + { MONS+SACL+LPNP+BELGI 

GOLDBERG 76 LNC 11 253 
HENDRICK 76 NP 8 112 189 
VERGEEST 76 PL 62 8 lt11 +ENGELEN, JONGEJANS, + I AMST +CERN+N I JM+OXF) JP 

BOWLER 11 NP B 126 31 
ESTABR(JQ 17 SLAC PUB 2004 
JO~GEJAN 71 PREPRINT UEEMI 

+CAIN TON, DRAKE, WILLIAMS I OXFORD I 
EST A BROOKS, CARNEGI E+IHONT+CARL +DURHAM+SLAC I 
JC·NGEJANS, CERRADAt + I AMST +CE RN+N I JH+OXF) ........................................................................ ......................................................................... 

I KN(1700) I 
) 

21 KNI 1100,JP= I I "' 112 

THIS ENTRY CONTAINS VARIOUS PEAKS IN STRANGE MESON 
SYSTEMS REPORTED IN THE 1700 MEV REGION. 
EVIDENCE NOT COMPELLING, OMITTED FROM TABLE. 

27 KNt 11001 MASS I MEV I 

( 1660.0) 
I 1660.01 I 10.01 

CLAIMED BY JOBES 
MODES. K PI BUMP 

11660. I 
6011110.1 (15.1 

137{ 1692.01 16.01 
NOT SEEN BY JONGEJANS 

CARMONY 67 HBC - 3.8 K-P,QMEGA K 
JOBES 67 HBC + 5 .. K+ P 

IN CK PJJ, IK*I892J PIJ, AND IK*I1430J PIJ 
INTERFERES MOSTLY WITH DELTA I 12361. 

CHARRIERE 73 HBC 0 5. K+ P,K P 3PI 
CHUNG 74 H8C - 7.3K-P,K-OMEGA P 
ElKIN 76 SPEC 06.K-P,KO PI+PI-

77 WITH LARGER STAll STICS • 

27 KNI17001 WIDTH IMEVJ 

11161 
12/75 

1113 
12/75 
1111* 

{60.0) 
SEE NOTE J 

(20.0) 
ABOVE 

JOBES 67 HBC + 5. K+ P 12175 

(60.1 
60 (110.1 

137 (26.0) 
NOT SEEN BY 

CHARRIERE 73 H8C 
ISO. J CHUNG 74 HBC 

0 5. K+ PtK P 3PI 1/73 
- 7 .3K-P, K-OMEGA P 12/15 

{24.01 111.01 ElKIN 76 SPEC 06.K-P,KO PI+PI- 1111* 

PI 
P2 
P3 
P4 
PS 
P6 

Rl 
Rl 
Rl 

JONGEJANS 11 WITH LARGER STATISTICS. 

21 KNI1700) PARTIAL DECAY MODES 

KNI1700) INTO K PI 
KNfl700} INTO K PI PI 
KN(l700) INTO K*l8921 PI 
KNI1700J INTO K RHO 
KNI 17001 INTO K*{ 14301 PI 
KNI17001 INT_O K GMEGA 

27 KN( 11001 BRANCHING RATIOS 

DECAY MASSES 
493+ 139 
493+ 139+ 139 
892+ 139 
493+ 716 

1434+ 139 
lt93+ 783 

I(Nil100I INTO {K PI)J(K OMEGAJ IP1J/IP61 
10.51 10 .. 5) CHUNG 7-tt HBC - 1.3 K-P,KN- P 

NO K PI SIGNAL SEEN IN THIS EXPERIMENT 

R2 KNU7001 INTO CK*l892J PIJ/ITOTAL K PI Pll IP31/tP21HP3J 
R2 10.51 ElKIN 76 SPEC Ob.K-P,KO PI+PI-

··~~~··· .................................................................. . 
12/15 

1171• 
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Data Card Listings 
·For notation, see key at front of Listings. 

Mesons 
KN(1700), 1(1770). K•(1780) 

CARMONY 67 PRL 18 615 
JOBES 67 Pl 268 ~9 
CHARRIER 73 NP 8 51 317 
CHUNG 74 PL 518 4l2 
ETKlN 76 PRL 36 1482 
JONGEJAN 71 PREPRINT ClEEHI 

REFERENCES FOR KNI1700J 

0 .CARMONY, T .HENDRICKS, L .LANDER I LA JOLLA I 
+BASSOMPIERRE,OE BAERE + IBIRM+CERN+BRUXJ 
CHARRIERE,ORIJARO,OE BAERE,+ ICERN+BELGJ 
+E 1 SNER, PROTOPOPESCUt SAMJOS, STRAND ( BNL I 
+FOLEY ,GOLDMAN, l I NOENBAUM ,K I"',+ ( BNl +CUNY I 
JCINGEJANS, CERRAOA,+ I AHST+tERN+N I JM+OXF) 

****** ********* ********* •c'"''******* ********* ••••••••• ********* ******** 
****** ********* ********* ********* ***O***** ********* **"'****** ******** 

IL(1770) I 23 U 1170, JP= I I "' 1/2 

The L(l770) is seen as a bump in the diffrac

tive-like process KN+ (K1T1T)N. BARBARO 69 and 

FIRESTONE 72 find the decay is consistent with 

being entirely K* (1430).1f, whereas AGUILAR 70, 

BARTSCH 70, COLLEY 71, and DENEGRI 71 present 

evidence for alternate decay modes. For a review 

see EISNER 74. 

Partial-wave analyses (DEUTSCHMANN 74, ANTIPOV 

75, OTTER 75) have shown that the situation in the 

L region is complicated, with many waves contribut

ing. The 2- K*(l430)1T S wave is important, but 

cannot explain the whole L enhancement (DEUTSCH

MANN 74). 

On the other hand, a recent paper repeating 

the PWA of OTTER 75 on an enlarged sample (AACHEN 

77) proposes the existence of a 2 resonance to 

explain the sharp rise of the 2- K*(l430)1T channel, 

the peak in the 2- K*(892)rr partial wave, and the 

observed phase variation. Further confirmation is, 

however, needed before"considering this an estab

lished resonance. 

23 l MASS CMEVJ 

H 20(1780.) BERLINGHI 6 7 HBC + 12.7 K+P 
M ( 1760.01 ( 15.0) JOBES 67 HBC + 5. K+ P 
M 1145.0 20.0 AGUILAR 70 HBC - 4.6 K- P 
M 1780.0 15.0 BARTSCH 70 HBC - 10.1 K- P 
M tl760o01 ( 15.0) LUDLAM 70 HBC - 12.6 K- P 
M 1765.0 40.0 COLlEY 71 HBC + lO.K+P,K 2PI 
M SYSTEMATIC ERRORS ADDEO C!JRRESP. TO SPREAD OF DIFFERENT FITS. 
H 11740.0J DE NEGRI 71 OBC - 12.6 K-D,K 2PI 0 

7/67 
1173 
6/70 
1/11 
1/73 
1/73 

5/71 
H 1.767. .. Bll EDEN 72 HMS - 11.-16. 

·- p 
12/72 

- w 
w 
w 
w 
w 
w 

PI 
P2 
P3 

•• P5 

•• P7 

306 1130. 20. FIRESTONE 72 DBC + 12. K+ 0 1/13 
PRODUCED IN CONJUNCTION WITH 0* 

AVG 1764.6 
STUDENT1765.0 

6.7 
5.8 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 
AVERAGE USING STUOENTlOCH/l.lU -- SEE MAIN TEXT 

23 l WIDTH CMEVI 

20 (80.1 BERLINGHI 67 HBC + 12.7 K+P 7/67 
(60.01 C20.0) JOBES 67 HBC + 5. K+- p 1/73 
100.0 50.0 AGUILAR 70 HBC - 4.6 K- p 6/70 
138.0 40.0 BARTSCH 70 HBC - 10.1 K- P 1/71 
ISO.OJ t40.0J C20.01 lUDLAM 70 HBC - 12.6 K- p 1/73 
90. 70. COLLEY 71 HBC + 10.K+P,K 2PI 1/73 

SYSTEMATIC ERRORS ADDEO CORRESP. TO SPREAD OF DIFFERENT FITS. 
fl30.0J DENEGRI 71 OBC - 12.6 K-O,K 2PI 0 5/71 
100. 26. BllEDEN 72 MMS - 11.-16. K- P 12/72 

306 210. 30. FIRESTONE 72 OBC + 12. K+ D 12/72 
PRODUCED IN CONJUNCTION WITH 0* 

AVG 137.7 
STUDENT 130.7 

24.2 
21.5 

AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.51 
AVERAGE USING STUOENTlOCHf1.ll) -- SEE MAIN TEXT 

23 L PARTIAL DECAY MODES 

INTO K PI PI 
INTO K*C 14301 PI 
INTO K PI PI PI 
INTO K*CB92J PI 
INTO. K*I892J RHO 
INTO K*I892J OMEGA 
INTO K*C 8921 PI PI 

DEC.AY MASSES 
497+ 134+ 134 
134+1434 
497+ 134+ 134+ 134 
892+ 134 
892+ 176 
892+ 783 
892+ 134+ 134 

23 L BRANCHING RATIOS 

Rl L INTO IK*Il4301 Pll I IK PI PI ) I P2J/CPU 
Rl LARGE DENEGRI 68 DBC - 12.6 K- 0 1/71 
Rl H.Ol BARBARO 69 HBC + 12.0 K+ P 1111 
Rl 0.2 0.2 AGUILAR 70 HBC - 4.6 K- P 1111 

•• LESS THAN 1.0 BARTSCH 70 HBC - 10.1 K- P 1/71 
Rl LESS THAN .. 1.0 COLLEY 71 HBC. 10. K+ P 11171 
Rl p CONSISTENT WITH 1. FIRESTONE 72 OBC + 12. K+ D 
Rl p PRODUCED IN CONJUNCTION WITH 0* 
Rl R LESS THAN 1.0 SEEMS TO BE ESTABLISHED. 
Rl R FOR DISCUSSION OF THE EXPERIMENTAL EVIDENCE ON OTHER DEC.AY 
Rl R MODES SEE HUGHES 1l,SLATTERY 71 1 EISNER 74. 

•~••* •••••o••• ********• ••••••••• ********* ********* ********* ******** 

· BARTSCH 66 PL 22 357 

BERLINGH 67 PRL 18 1087 
JOBES 67 PL 268 49 

DENEGRI 
BARTSCH 

ANDREWS 
BAR BARD 
COLLEY 

AGUilAR 
BARTSCH 
LUDLAM 

68 PRL 20 1194 
68 NP 88 9 

69 PRL 22 731 
69 PRL 22 1207 
69 NC A 59 519 

70 PRL 25 54 
70 PL 33 B 186 
70 PR D 2 1234 . 

REFERENC.ES FOR L fl710} 

+DEUTSCHMANN,+ C AAC.H+BERL+CE'RN+LOI C+VI EN J 

8 ERL INGH IER I +FARBER+FERBEL +FORHAN+ I ROCH I I 
+BASSOMPlERRE,DE BAERE + IBIRH+CERN+BRUXI 

+C.ALLAHAN+ETTLINGER+GILLESPI E+ { JHU I 
+COttON I,+ CAACH+BERL +C.ERN+LO IC+V I EN I 

+LACH ,LUDLAM ,SANDWEI SS, BERGER t+ IYALE+LRL I 
BARBARO-GAL TIER I ,OAVJ S, FLA TTE, + tLRL J 
+EASTWOOD,+ I 81 RM+GLAS+LOIC+M PI M+OXF+RHEL J 

AGUILAR-BEN JTEZ, BARNES, SASSANO ,CHUNG, +t BNL1 
+DEUTSCHMANN,+ CAACH+BERL+CERN+LO I t+VI EN I 
+SANDWEISS, SLAUGHTER CYALEJ 

71 NP B 26 71 +JOBES 1 KENYON,PATHAK,HUGHES,+ IBIRH+GLASJ 

12172 
12172 

11171 

COLLEY 
DE NEGRI 
HUGHES 

71 NP 8 28 13 +ANTICH,CALLAHAN,CARSON,CHIEN,COX,+ CJHUI JP 
71 BOLOGNA CC'NF.PROC I.S.HUGHES,TALK AT BOLOGNA CONF. CGLASGOWJ 

ANDERSON 72 PR· 0 6 1823 
Bll EDEN 7 2 Pl 39 B 668 
FlRESTON 72 PR 0 5 505 

BAR LOUT A 73 NP 8 59 3 74 
BINGHAM 73 NP B 52 31 
CHARRIER 73 NP B 51 317 

OEUTSCHH 74 Pl 49B 388 
EISNER 74 BOSTON 

ANTIPOV 75 NP B86 381 
OTTER 75 NP 893 365 

ALSO 77 PREP. AACHEN 41 

+FRANKL I N,GOOOEN• KOPELMAN ,LJ BBY, TAN I COLO} 
+F I NOCCH 1 ARO, BOWEN, EARLES,+ I STON+NEAS I 
FIRES TONE, GOLOHABER, LJ SSAUER, TRI Lll NG t LBL J 

+OREVILLONt SHAH,+ I SACL+E POL +RHEll 
+FARWELt+ I LBL +ORSAY+BNL+SACLAY+MILAN l 
CHARRIERE 1 0RIJARD,DE BAERE,+ CC.ERN+BELGJ 

DEUTSCHMANN,+ IAACH+BERL+CERN+LOit+VIENI JP 
R.L.EISNER REVIEW TALK CBNU 

+ASCOLitBUSNEllOtKIENZLE+ ISERP+CERN+Illl JP 
+RUDOLPH, RUMPF+ I A AC.H+BERL+CERN+LOJC+V lEN) JP 

/AACHEN+BERLI N+CERN+LOI C+V JENNA JP 

****** ••••••••• ••••••••• ••••••••• ********* ••••••••• ********* o••o•••• 
•••••• ********* **:"****** ********* ********* ****••••• ********* ***CI**** 

1~<17ao) I 60 K*ll180 1 JP .. 3-I 

Evidence for K*(l780) has been reported by a 

number of experiments which observe peaks of low 

statistical significance around 1800 MeV in the 

mass spectra of K1T and K1T1T systems produced both. 

with charge exchange (CARMONY 71, AGUILAR 73, 

SPIRO 76, CARMONY 77, GRASSLER 77) and without 

charge exchange (SPIRO 76). The large variation 

in the measured values of the mass (see'the Data 

Card Listings) leads GRASSLER 77 to suggest that 

there may be further structure at higher mass 

(around 1850 MeV). 

Additional evidence for the K*(l780) has come 

from observations of structure in the charge

exchange K1T angular distribution at -1800 MeV 

(FIRESTONE 71, BRANDENBURG 76), which can be 

explained by a rapid rise of the F-wave amplitude 

interfering strongly with other waves. This 

behavior has been interpreted by BRANDENBURG 76 as 

implying the existence of a resonance with JP = 3-, 

M- 1780 MeV, and r- 270 MeV. The existence of such 

a resonance has been confirmed by BALDI 76 and 

CHUNG 78. BALDI 76 analyze non-charge-exchange 

data and find significant signals at -1780 MeV in 

all moments up to L = 6. A clear, statistically 



Mesons 
K*(1780), K•(2200). 1(2600) 

significant peak at -1786 MeV is observed by CHUNG 

78 in their charge-exchange KTI mass spectrum. 

Both of these experiments obtain narrower widths 

than BRANDENBURG 76. BALDI 76 finds a width of 

135 ± 22 MeV and CHUNG 78 a width of 95 ± 31 MeV. 

There have been two recent phase-shift analyses 

of the KTI system in this energy region. The energy

dependent analysis of BOWLER 77 supports the exis

tence of a broad JP = 3- resonance at ·-1760 MeV with 

a width -300 Mev. The problem of the width has 

been partly resolved by the ESTABROOKS 77 analysis 

of the high-statistics spectrometer data of 

BRANDENBURG 76. ESTABROOKS 77 find four solutions 

(see the KTI S-wave mini-review), all of which are 

compatible with the existence of an F-wave resonance 

at -1780 MeV with a width -175 MeV and elasticity 

-0.2. The KTITI decay mode has been confirmed by 

KONIGS 77 with good statistics and can be considered 

.established. 

" " M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

• 
" • w 
• • w 
w 
w 
w 
w 

60 K'O( 1180) MASS IMEVt 

76Cl753.) 112.) CARMONY 11 OBC 09 K+N,K+PI-P 
PRESENCE OF RES(NANCE ONi..Y INDICATED BY HOLE AT 1600 MEVtFIT 

11171 

DFFJCULT.SEE ALSO CARMONY 71. 
11850,.) APPRO X. FIRESTONE 71 OBC o·tz.K+ N,K+ PI-P 11171 

APPARENT INTERFERENCE WITH OTHE ~ AMPll TUDES PRECLUDES 11171 
PRECISE DETERMINATION 11/71 

65(1760.) AGUILAR 73 HBC 07.'3 K-P,K-Pl+N 1174 
M 1779.0 11.0 BALDI 76 SPEC + 10 K+P,KO Pl+P 12177• 
M FROM A FIT TO Yl6,21 MOMENT. JP=3- FOUND. 
A 1776. 26. BRANOENB 76 ASPK 013 K+-P,K+-PI-+ 12/75 
A CONFIRMED BY PHASE SHIFT ANALYSIS OF ESTABROOKS 77,YIELOS JP=3-

4011780.1 130.1 SPIRO 76 HBC - 14.3 K-P,KOPI-P 12175 
G SOC lBitO.J no.J SPIRO 76 HBC 014.3 K-P,K-PI+N 12175 

B Cl760.0I A.PPROX. BOWLER 11 OBC 0 5.4 K+0 1 K+PI-P P 12177• 
B PHASE SHIFT ANALYSIS,YIELOS JP=3-. 

127 1789 .. 0 18.0 CARMONY 77 DBC 0 9 K+N,KO PI+Pl-P 12177* 
( 1871.01 110.0) GRASSLER 77 HBC. 0 10-16 K-P,K-PI+N 12171* 
( 1812.0! 128.0) KONIGS 11 OMEG 0 10K-P,KO PI+PI-N 12177* 
1786.0 8.0. CHUNG 78 MPS 0 K-P,K-PI+N 6 GEV 1178* 

AVG 1783.8 
STUDENT1783.8 

5.9 
6.4 

AVERAGE I ERROR INC.LUOES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENT101H/1.,1U - SEE MAIN TEXT 

c 
c 
I 
I 

M 
M 

E 
E 
E 
D 

GRASSLER 77 PROPOSE THE EXI STENC.E OF ANOTHER OBJECT • 
NOT AVERAGED 

60 K*l1780) WIDfH IMEVJ 

76 (60.) C20.) CARMONY 71 DBC 09 K+N,K+PI-P 
SEE NOTE C ABOVE 

1300.) APPROX. FIRESTONE 71 DBC 0 12.K+ N,K+ PI-P 
SEE NOTE I ABOVE 
65 (80.) OR LESS AGUILAR 73 HBC 07.3 K-P,K-PI+N 

135.0 22.0 BALDI 76 SPEC + 10 K+P,KO PI+P 
FROM A FIT TO YC6,21 MOMENT. JP=3- FOUND. 

1270.1 170.) BRANOENB 76 ASPK 013 K+-P,K+-PI-+ 
ESTABROOKS 77 FINO THAT BRANDENBURG 76 DATA ARE CONSISTENT 
WITH 175 MEV WIOTH.NOT AVERAGED. 

40 1120.) 175.1 SPIRO 76 HBC - 14.3 K-P,KOPI-P 

11171 

11/11 

1174 
12177* 

12175 

12177* 
GO 80 uoo.J (45.) SPIRO 76 HBC 014.3 K-P,K-PI+N 12177* 

G 

B 1300.01 APPROX .. 
B SEE NOTE ABOVE 

127 85.0 
(285 .. 01 

D 1181.0) 
96.0 

AVG 117.7 
STUDENT 117.6 

50.0 
140 .. 0) 
144.01 
31.0 

16.9 
19.3 

BOWLER 7.7 DBC 0 5.4 K+O,K+PI-P P 12177* 

CARMONY 77 DSC. 0 9 K+N,KO PI+PI-P 12/77* 
GRASSLER 77 HBC 0 10-16 K-P,K-PJ+N 12177• 
KDNIGS 77 OKEG 0 IDK-P,KO PI+PI-N 12!77* 
CHUNG 78 f'IIPS 0 K-P,K-PI+N 6 GEV 1178* 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTlOIH/1.111 - SEE MAIN TEXT 

0 ERRORS ENLARGED BY US TO 4*GAMMA/SQRTtNI .. SEE K* TYPED NOTE. 
W G SEE NOTE ABOVE. 

Pl 
P2 
P3 
P4 
P5 
P6 

60 K*U780J PARTIAL DECAY MODES 

K*I1780J INTO K PI 
K*Cl780J INTO K*IB92J PI 
K*11780) INTO' K RHO 
K*l 17801 INTO K*ll430J PI 
K*ll7801 INTO K PI PI 
K*11780) INTO K*IB901 RHO 

DECAY MASSES 
-\93+ 139 
892+ 139 
493+ 716 

1434+ 139 
493+ 139+ 139 

1100+ 176 
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60 K*ll7fl01 BRANC.HING fl:ATlOS 

K*Cl 780 I INTO IK*I 892) P t + K RHOJ /( K Ptl IP2+P31/P1 Rl 
Rl 
Rl 
Rl 

0.9 O.lt AGUILAR 73 HBC 
0.4 0.6 SPIRO 76 HBC 
1.59 0.44 CARMONY 77 OBC 

7.3 K-P,K-Pl+N 12177* 
14.3 P-P,KD-PI+- 12/77* 

0 9 K+N,KO PI+PI-P 12177* 
Rl 
R1 AVG 
R1 STUDENT 

1.05 
1.04 

0.,32' 
0.31 

AVERAGE HRROR INCLUDES SCALE FACTOR OF 1.21 
AVERAGE USING STUDENTlOIH/1.111 - SEE MAIN TEXT 

R2 
R2 

R3 
R3 

K*ll7801 INTO CK0(8921 PII!CK PI Ptl IP211lP5l 
0.33 0.12 CARMONY 71 OBC 0 9. K+ N 

K*l1780) INTO (K RHOI/IK PI Pll IP31_/IP51 
0.48 0.14 CARMONY 77 DBC 0 9., K+ N 

R4 K*ll7BOI INTO IK PI )/TOTAL CPU 

12/770 

R4 B 10.31 OR LESS BOWLER 77 DBC 0 5.4 K+O,K+PI-P P 12177* 
R4 8 0.19 0.02 ESTABROO 77 ASPK 0 13 K+-P,K PI 12!77* 
R4 B SEE NCTE ABOVE. 

.................................................................... 
CARHONY 71 PRL 27 1160 
FIRESTON 71 PL 36 8 513 
AGUILAR 73 PRL 30 612 
WALUCH 73 PR 0 8 2837 

REFERENCES FOR K*tl7801 

+COROS,CLOPP,ERWIN, MEl ERE,+ IPURD+UCD+IUPUJ 
FIRES TONE ,GOLOHABER ,L I SSAUER, TRILlING I LBL I 
+CHUNG,EISNER,PROTOPOPESCU,SAMIOS 1 + C BNLI 
+FLATTE t FRIEDMAN ( LBLI 

BALDI 76 PL 63 .8 344 +BOEHRINGER tDORSAz, HUNGERBUHLER,+ (GENEVA) JP 
BRANOENB 76 PL 60 8 478 
SPJRC 76 PL 60 8 389 

BRANDENBURG, C.ARNEGI E,CASHMORE, DAVI ER+I SLAt I JP 
+BARLOUT AUO tPALER, CHAURAND+I SACL+RHEL+EPOL) JP 

BOWLER 77 NP 8 126 31 
CARMONY 77 PRO 16 1251 

+DAINTON,ORAKE,WILLIAMS IOXFOROI JP 
+CLOPP ,LANDER, HEIER E, VENt+ ( PURD+UCO+ IUPU) 

ESTABROO 77 SLAC PUB 2004 EST A BROOKS, CARNEGIE+ IMONT+CARL +QURHAM+SLAC I JP 
GRASSLER 77 NP B 125 189 
KONIGS 77 BUDAPEST CONF. 

+KLUGOW ,+ ( AACHEN+BERLIN+CERN+LOJC+VI ENNAJ 
+OTTER, BBISH, BIRMAN,+ IAACHEN+CERN+ETHZ) 

CHUNG ~8 PRL 40 355 +ETKINwFLAMINO+ IBNL+BRAN+CUNY+MASA+PENNI JP .................................................................... 
I
·~·(~~~~·) .1 ................................................... . 
w • 40 K*l2200rJP= ) 

.w 

) ENHANCEMENT SEEN IN IANTIHYPERON NUCLEON) MASS 
NEAR THRESHOLD. INTERPRETATION UNCERTAIN. 
OMITTED FROM TABLE. 

40 K*I2200J MASS IMEVI 

20 2240. 20. LISSAUER 70 HSC 9. K+ P 
12200.1 APPROX. SLATTERY 71 RVUE 8-13 K+ P 

COMPILATION OF IANTIHYP.-NUCLEONJ MASS IN K+ P 8.-13. GEV/C 

40 K*l22001 WIDTH lMEVI 

20 80. 20. LISSAUER 70 HBC 9. K+ P 
(200.1 APPROX. SLATTERY 71 RVUE 8-13 K+ P 

COMPILATION OF (ANTlHYP.-NUCLEONJ MASS IN K+ P 8.-13. GEV/C .................................................................... 
AL EXANOE 68 PRL 20 755 
LlSSAUER 70 NP 8 18 491 

REFERENCES FOR K*l22001 

AL EXANOER, FIRESTONE ,GQLDHABER, SHEN 
+AL EXANOER, FIRESTONE, GOLDHAB ER 

ILRLJ 
ILBLI 

CARMCNY 71 PRL 27 1160 +COROS,C.LOPP,ERWIN,MEIERE,+ CPURO+UCO+INDI 
SLATTERY 71 UR-B75-332 (PREP I P • SLATTERY, A REVIEW OF STRANGE MESONSlROCH I .................................................................... ...... ......... ......... ......... ......... ......... ......... ....... . 
I r(26oo> I 

) 
24 I 126001 

THIS ENTRY CONTAINS HIGH-MASS, NARROW STRANGE PEAKS. 
OMITTED FROM TABLE. 

2~ I MASS CMEVJ 

11171 
11171 
11171 

11171 
11171 
11171 

N 130 2600.0 10.0 APOSTOLAK 77 HBC +- 12PB PtKSPIPIPI 12177* 
N NOT SEEN BY APELDOORN 78 IN THE SAME REAC.TION AND 
N WITH ABOUT THE SAME STATISTICS, BUT POORER RESOLUTION. 
N THE DISAGREEMENT IS AT A LEVEl OF ABOUT 2 STD.OEV. 

24 I WIDTH IMEVI 

W N 130 UO.OJ OR LESS APOSTOLAK 77 HBC +- 12PB P,KSPIPJPI 12177* 
W N SEE NOTE N ABOVE. ..................................................................... 
APOSTOLA 77 PL 66 8 185 
APELDOOR 78 Pl 72 B 487 ....... ......... ........ . 

REFERENCES FOR I 

APOSTOLAKI S, + I C.ERN+MONS+LO lC+BELG+lALOJ 
APELDOORN,KARI MAKI 1 + IAMST+HELS+LIVP+STOHJ . .................................. . • ..... ····**'··· ..•••••.•••.....••••.•.••••......••••••.....••••••••• 
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Mesons 
D±, D0 , D*(2010), F±, F*(2140), EXOTICS 

C=±l MESON STATES 
.......................................... ··•••!0'••· ••••••••••••••••• ...... ......... ......... ......... ......... ......... ......... ....... . 

31 CHARGED 0( 1868,JP:::O-I I=l/2 

SEE STABLE PARTICLE DATA CARD LISTINGS ..................................................................... ...... ......... ......... ......... ......... ......... ......... ....... . 
3~ NEUTRAL DC 1863,JP.,O-I 1=1/2 

SEE STABLE PARTICLE DATA CARD LISTINGS ............... ········· ........................................... . ...... ......... ........ * ••• ,. ....................................... . 

lo*:I:(20lo) I 

M 
M 

OM 

EM 
EM 
EM 

G 
p 

(2008.1 
2008.6 

62 CHARGED 0*120101 MASS CMEVI 

13.1 . 
1.0 

GOLDHABZ 11 SHAG +- E+E
PERUZZI 71 SHAG +- e .. e-

G FROM SJMULTANEUS FIT TO D*+,O*O,O+,AND OO,NOT INDEPENDENT OF 
G FELDMAN 77 MASS DIFFERENCE BELOW. 

P PERUZZI 11 MASS NOT INDEPENDENT OF FELDMAN 77 MASS DIFFERENCE 
P BELOW AND PERUZZI 77 00 MASS VALUE • 

62 10*+1 - COOl MASS DIFFERENCE .CMEVJ 

30 H5.3 0.5 FELDMAN 77 SMAG 0*+ TO DO PI+ 

62 CD*+) - ID*Ol MASS DIFFERENCE IMEVI 

, 2.6 , 1.8 PERUZZI 77 SHAG +- E+E-
NOT INDEPENDENT OF FELDMAN 71 MASS DIFFERENCE ABOVE, PERUZZI 77 , 
00 MAss, AND GDLDHABERZ 77 D*O MASS. 

62 CHARGEO.D*I2010) WIDTH IMEVJ 

12/770 
3178* 

12/77* 

18 120.01 OR LESS PERUZZI 76 SHAG +- E+E-,PSlflt0301 1177* 
30 CZ.OI OR LESS CL•.90 FELDMAN 77 SHAG D*+ TO 00 PI+ 12/77* 

Pl 
P2 

62 CHARGED 0*120101 PARTIAL DECAY MODES 

D*+l2010t INTO DO PI+ 
D*~I20lc:tl INT~ 0'!' GAMMA 

DECAY MASSES 
1865+ 139 
1876+ 0 

D*-(20101 MODES ARE CHARGE CONJUGATES OF ABOVE MODES 

62 CHARGED D*C 20101 BRANCHING RATIOS 

R1 0*+12010) INTO 100 PJ+I/TOTAL IPlJ 
Rl G 0.6 0.15 GOLOHAB2 77 SHAG + E+E-
Rl G ASSUMING THAT ISOSPJN IS CONSERVED IN THE DECAY 

R2 D*+C2010J INTO 10+ GAMMAJ/TOTAL CP21 
R2 SEEN GOLOHAB1 77 SHAG RECOIL SPEC .................................................................... 

REFERENCES FOR CHARGED 0*120101 

PERUZZI 76 PRL 37 569 +PJCCOLOtFELDMAN, NGUYENrWJSSt+ ISLAC+LBL I 

FELDMAN 71 PRL 38 1313 +PERUZZI ,PICCOLO,ABRAMS,ALAM+ ISLAC+LBL I 
+PICCOLO, FELDMAN, PERL,+ CSLAC,LBLt NWES+HAWA) ~~~~~1 ~~· ~~~c!7.t/!~~ G.GOLOHABER ILBL+SLACI 

GOLDHAB2 77 PL 69 B 503 +WI SS,ABRAMS,ALAH,BOYARSKJ ,+ ILBL+SLAC) .................................................................... ...... ......... ••••••••• ••••••••• •••••••!• •••••••••••••••••••••••••• 

lo*0(2oto) I 61 NEUTRAL O*I2010,JPz1-J 1=112 

J CONSISTENT WITH 1t VALUE 0 RULED OUT (NGUYEN 77). 

61 NEUTRAL D*I2010J MASS IMEVJ 

M G 2006. 1. 5 GOLDHAB2 77 SMAG E+E-
M G FROM SIMULTANEUS FIT TO Q*+,D*O,Q+,AND DO. 

61 NEUTRAL 0*120101 WIDTH fMEVJ 

15.) OR LESS GOLOHAB2 76 S"'AG E+E- To o•o• 

-- ----- -----~ ---- _____ :.._ __ --------- ------ -------

Pl 
P2 

61 NEUTRAL D*f 20101 PARTIAL DECAY -MODES 

000{20101 INTO DO PIO 
QOQ{ 20101 INTO 00 GAMMA 

DECAY MASSES 
1865+ 134 
1865+ 0 

D*OI 20101 BAR MODES ARE CHARGE CONJUGATES OF ABOVE MODES 

--;--- ----- ----- ------ -------- ----- ----.---- -------

12177• 

12177• 

12177* 

3111• 

61 NEUTRAL 0*120101 BRANCHING RATIOS 

R1 0*0120101 INTO 100 GAMMAl/COO PIO + DO GAMMA) IP2J/IP1+P2J 
R1 G 0.45 0.15 GOLOHAB2 77 SMAG E+E- 12177* 
R1 G WE QUOTE THE NClF.MAL FIT VALUE FROM TABLE 1. THE lSD-SPIN 
R1 G CONSTP:AINED FIT IS NOW I<NOWN T() GIVE A DO GAMMA FRACTION WHICH IS 
R1 G TOO LARGE. SEE DETAILS IN FOOTNOTE 21 OF FELDMAN 77 REVIEW • . ..................................................................... . 

REFERENCES FOR .NEUTRAL 0*12010) 

GOLDHAB1 76 PRL 37 255 
GOLDHABZ 76 SLAC CONF. 379 

GOLDHABER, PIERRE, ABRAMS ,ALAM ,+ UBL+SLAC J 
G.GOLDHABER IAVAIL. AS LBL-55341 ILBL+SLACJ 

GOLOHA82 77 PL 69 8 503 
NGUYEN 11 PRL 39 262 

GOLDHABER,ABRAMS,ALAM+ 
+WI SS, ABRAMS, ALAH, BOYARSKI, + 

REVIEWS 

FELDMAN 77 SLAC-204 SUH.JNST G.FELDMAN 

UBL+SLACJ 
CLBL+SLACJ J 

ISLACJ 

.. ....................................................................... . . ..................................................................... . 
SEE STABLE PARTICLE DATA CARD LISTINGS 

••*••• ................................................................. . ........ ......... .......... .......... .......... ......... .......... ....... . 
IF*(2140)j 

) OMITTED FROM TABLE. 

2lltO.O 

74 F* MASS IMEVJ 

60. BRANOELJK 77 OASP +- E+E-,PI 3 GAMMA 12177* 

--- ---- ----- ------ ---- ---- ---- ---

OM 

Pl 

Rl 
Rl 

J 

74 IF*+) - (FQJ MASS OIFF_ERENCE CMEVJ 

120. .o. BRANDELIK 77 DASP +- E+E- 1 F GAMMA 

74 F* PARTIAL DECAY MODES 

DECAY MASSES 
F* INTO F GAMMA 0+ 0 

74 F* BRANCHING RATIOS 

IPU F* INTO IF GAMMA)/TOTAL 
PROBABLY SEEN BRANDELlK 77 DASP E+E-

............................................................................ 
REFERENCES FOR F*C2llt0) 

' BRANDEL~ 11 Pl _70 B 132 BRANOEltK,COROS,~IAACH+OESY+HAMB+MPHtt+TOKYJ ...... ~ ............................................................. . ....... .......... ......... .......... .......... ......... ......... ....... . 
EXOTIC MESON STATES ...................................................................... ....... ••••••••• ••••••••. ......... ······>Co··· ••••••••••••• _ ............ . 

I EXOTics I 
) 

50 EXOTICS 

THE PURPOSE OF THIS ENTRY IS TO PROVIDE A LIST OF 
REFERENCES FOR EXOTIC MESON SEARCHES CSEE MAIN TeXT, 
SEC. 3 AND TABLE Ut AS WELL AS THEORETICALLY BASED 
SUGGESTIONS FOR EXPERIMENTS. NOTE THAT LIPKIN 73 
PROPOSES EXPERIMENTS WHICH ARE CONCLUSIVE ·EVEN IF 
NEGATJVE RESULTS ARE OBTAINED. ..................................................................... -. .. 

REFERENCES FOR EXOTICS 

REPORTS ON SEARCHES 

ROSENFEL 68 PHILA.CONF.P.455 A.H.ROSENFELD ILRU 
DODO 69 PR 177 1991 +JOLOERSMA, PALMER, SAMIOS (BNLJ 
CHO \ 70 PL 32. 8 409 +OERR ICK ,JOHNSON, MUSGRAVE,+ IANL+NWES+KANS J 
GJACOHEL 70 PL 33 8 373 G.GIACOMELLI + IBGNA+SACL+AMST+REHO+EPOU 
LYS 70 PR 0 2 2525 J.LYS+ . IHICHJ 
ROSNER 70 EXP.MESON SPECTROSCOPY,EO. C.BALTAY AND A.H.ROSENFELOtP.499 
BUHL 72 NP B 37 421 +CLINEtTERRELL IWISCONSINJ 
COHEN 73 NP B 53 1 +FERBEL,SLATTERY,WERNER (ROCHESTER) 
OURUSDY 73 PL 45 8 517 +BAUBILLIER,GEORGE,ARMENISE,+ ILPNP+BARIJ 
ALAN 74 PL 538 207 +BRABSON, GA-lLOWAY,+ I IND+PURD+SLAC+VANOJ 
COHEN 74 BOSTON O.COHEN REVIEW TALK ICOLU) 
OREN 74 NP B71 189 +COOPER,FIELDS,RHINES,WHITMORE,+ IANL+OXFJ 
BALTAY 75 PL 578 293 +CAUTIS,COHENtKALELKAR,PISELLO,+ICOLU+BINGI 
DAVIS 75 NP B96 426 +AMMAR,KROPAC;YARGER,+ fKAN,S+CCAC+ANL) 

BRUNOIER 76 PL 64 B 107 

BOUCROT 77 NP B 121 251 
HOOGLAND 77 NP B 126 109 
HOOGLAND 71 NP 8 126 109 
MOSEP: 77 NP B 129 28 

BRUNO I ERS, BRUN, FLUR I,+ IFREI BURG+SACL+ETHZ I 

+NAVACHtRI VET,+ I LAL O+CE RN+CDEF+EPOL I 
+GRAYER t HYAMS, BLUM, DIT L,+ C AMST +CERN+MPIM I 
+GRAYER, HYAMS, BLUM, DITL t+ IAMST +CERN+MP IM J 
F.L.MOSER CEFJ) 

SUGGEST IONS FOR SEARCHES 

ROSNER 
ROSNER 
FA I MAN 
LIPKIN 

68 PRL 21 950,1468 J.L.ROSNER tTEL-AVIVI 
70 EXP.MESON SPECTROSCOPYtEO. C.BALTAY AND A.H.ROSENFELO,P.499 
73 PL 43 B 307 O.FAIMAN,G.GOLDHABER,Y.ZARHI {CERN) 
73 PR 0 7 ·2262 H.J.LJPKIN (ARGONNE+FNALI 

........ ... .......... .......... • ........ * ........... •• ........ ••••••••• *******Co 
•••••• *******•• ······:(!!** ********* ...................................... . 
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Baryons 
N's and ll's 

Note on N's and ~·s 

I. Determination of Resonance Parameters 

Values of masses, widths, and branching ratios 

are obtained mainly from partial-wave analyses. 

In addition to a few comprehensive partial-wave 

analyses, there are numerous others which are based 

on somewhat incomplete data or cover only a limited 

energy range. we also include some information 

from production and total cross-section experiments. 

This can be valuable in establishing the existence 

of high mass bumps, but at the lower energies these 

experiments have limited statistics compared to 

formation experiments and it is seldom clear which 

of several states at similar masses is being 

observed. 

There are ·two main problems in obtaining 

reliable resonance parameters. First there is 

often disagreement as to just what the values of 

the partial-wave amplitudes are. This problem is 

obviously related to the quality and quantity of 

the data and to the procedures used to determine 

the amplitudes. Secondly, even if smooth curves 

were available for the amplitudes, there would 

still be some parametrization-dependent ambiguity 

in deciding what the resonance parameters should be. 

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 they require an extrapolation away from 

the physical region.· This point has been discussed 

in detail with regard to the ~(1232) in previous 

editions of this review. 1 '
2 

Although the best 

determined pole parameters are those of the ~(1232), 

there are now a number of determinations for higher 

lying resonances which are included in the Data 

Card Listings. For further discussion see the 

corresponding references, e.g., NOGOVA 73, SPEARMAN 

74, BALL 75, LICHTENBERG 75, LONGACRE 75, CUTKOSKY 

76, VASAN 76, and LONGACRE 77. 

The_following sections of this mini-review 

contain discussions of various new developments in 

experimental non-strange baryon spectroscopy. For 

a thorough discussion of earlier results see our 
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1976 edition3 and the review of K. Lanius. 4 Some 

of the newest developments were reported at the 
5 

Oxford Topical Conference on Baryon Resonances in 

1976, and have not yet been published. Following 

our standard practice, we omit such results from 

the Data Card Listings, but do discuss them here. 

At the beginning of the Data Card Listings for 

N's and ~·s, we present a table giving our evalua

tion of the status of the N and ~ resonances based 

on information contained in the Listings. In the 

Table of Particle Properties, we do not quote values 

and errors for most parameters, but give only ranges 

for masses and widths in order to emphasize that in 

some cases these parameters are quite poorly deter

mined. When in doubt about the reliability of a 

particular parameter, we choose the range quoted 

in the Tables to be conservatively large. 

References for Section I 

1. Particle Data Group, Rev. Mod. Phys. 43, Sll4 

(1971). 

2. Particle Data Group, Phys. Lett. 39B, 103 (1972). 

3. Particle Data Group, Rev. Mod. Phys. 48, Sl47 

(1976). 

4. K. Lanius in Proceedings of the XVIII Interna

tional Conference on High Energy Physics 

(Tbilisi, 1976), Vol. I, pg. C45. 

5. Proceedings of the Topical Conference on Baryon 

Resonances (Oxford, 1976), edited by R. T. Ross 

and D. H. Saxon. 

For other references see the Data Card Listings. 

II. nN Partial-Wave Analyses and 
New Resonances 

A large amount of new data on nN elastic and 

charge-exchange scattering was presented at the 

1976 Oxford Baryon Conference. Bristol-Southampton

Rutherford! have measured n+p and n-p elastic 

differential cross sections (DCS) at 51 momenta 

between 0.4 and 2.1 GeV/c with sonic spark chambers 

and a single-arm spectrometer for events with small 

forward or backward scattering angles. Rutherford 

has measured the charge-exchange DCS at 22 momenta 

between 0.6 and 2.7 GeV/c and the polarization (POL) 

at 22 momenta between 0.6 and 2.3 GeV/c. 2 Liquid 

scintillator neutron detectors and lead scintil

lator gamma detectors were used. There also exist 
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high-statistics TI+p DCS data at 16 momenta between 

1.2 and 2.3 GeV/c from Maryland-Argonne3 and TI+p 

POL data at 64 momenta between 0.6 and 2.6 GeV/c. 

from Oxford-Rutherford. 4 In comparison with these 

experiments, our knowledge of low energy TI-p POL 

remains rather weak, and there are no measurements 

of spin-rotation parameters. 

The most recent comprehensive TIN+ TIN amplitudes 

are those of CUTKOSKY 76 and Pietarinen.
5 

Both of 

these analyses impose energy-dependent analyticity 

constraints in conjunction with energy-independent 

data fitting. They differ in the types .and numbers 

of curves along which analyticity constraints are 

imposed. The CUTKOSKY 76 analysis imposes a minimal 

number of constraints while that of Pietarinen is 

more highly smoothed. In addition, the analysis of 

CUTKOSKY 76 includes a detailed error analysis. 

Neither of these analyses included the new elastic 

DCS data
1 

or the charge-exchange DCS and POL data
2 

when they were presented at Oxford in 1976. However, 

the analyses have continued, and Pieta~inen has 

provided us with the final version of his amplitudes 

and resonance parameters obtained from fits which 

do include the charge-exchange data (PIETARINEN 786). 

The amplitudes are shown in Figs. II.l - II.6, and 

the resonance parameters are discussed below. The 

results of CUTKOSKY 76 are limited to energies 

below 2200 MeV, and emphasize the I = 3/2 waves. 

The results of this analysis for I= 3/2 and J = 1/2, 

3/2, 5/2, and 7/2 are compared. with PIETARINEN 78 

in Figs. II.l and II.3. In the remaining parts of 

Fig. II we compare the results of PIETARINEN 78 and 

AYED 76. AYED 76 is a thesis containing previous 

results of the Saclay group (referred to as AYED 74 

in our 1976 edition). 

The results of these and other recent analyses 

have significantly strengthened the evidence for 

many of the resonance candidates in the Data Card 

Listings. On the basis of the current evidence we 

are adding five nucleon and delta resonances to 

this year's Tables, and a JP value for a previously 

tabulated bump. A discussion of each of these 

follows. 

N(l700)D~3 :_ AYED 76, CUTKOSKY 76, and 

PIETARINEN 78 find evidence for an inelastic 

(x-0.1) D13 resonance with a mass of 1650 to 1740 

MeV and a width of 60 to 120 MeV. The signal is 

Baryons 
N's and l:l's 

small in all three analyses, and is accompanied by 

a rapidly varying background corning from the tail 

of the N(l520), but there is rather good agreement 

on the resonance parameters. A 100-MeV wide D13 
resonance at 1680 MeV is observed in TIp+ K0A by 

BAKER 77, and similar states have appeared in some 

of the ambiguous solutions resulting from earlier 

associated-production analyses. The TIN + TITIN 

analyses of LONGACRE 75 and LONGACRE 77 find a D13 
resonance of similar mass, but with various estimates 

of the width ranging from 100 to 600 MeV. Although 

no single analysis appears to be capable of defini

tively establishing this state, we have decided on 

the basis of the collective evidence to include it 

in the Tables. 

N (2200) G19 :__ A 190-MeV wide G19 resonance at 

2130 MeV was first found by AYED 76, and has been 

confirmed by PIETARINEN 78 (see Fig. II.6) and 

Hendry
7 

though with somewhat higher mass and width. 

The low energy tail of this resonance is also 

apparent in the results of CUTKOSKY 76. Though 

the elasticity is small, x- 0. 1, the resonance 

signal is strong because of its high spin. 

N (2650)I
1 11_:_ The N (2650) has been in the 

Tables for some time as a bump with unknown JP. 

PIETARINEN 78 has now found a clear signal for a 

400-MeV wide 11/2 resonance near this mass (see 

also Ref. 5) , and we have added this JP value, to 

the Tables. Hendry
7 

also finds an 11/2 state near 

this mass, but with a width of 900 MeV. The strong 

possibility that there are other, less prominent 

nucleon resonances in this region remains; e.g., 

PIETARINEN 78 also finds a weaker signal for a 

13/2+ state. 

ll(l690)P;3 :_ All recent TIN analyses claim the 

existence of one or two P 3 resonances in the mass 
- ,3 

range 1500- 2000 MeV. These are divided into two 

categories in the Data Card Listings, called the 

!1(1690) and !1(2160). The situation with the !1(2160) 

is unclear, and it may well represent several 

unresolved resonances with different JP values. 

However, there is general agreement that the !1(1690) 

is a rather inelastic (x-0.1 to 0.2) P resonance 
33 

with a mass of 1650 to 1900 MeV, and a width of 150 

to 350 MeV. The wide range of reported masses and 

widths may be due to the tail of the !1(1232) which 
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Fig. ILL Amplitudes for 1=3/2 'ITN elastic. scattering in the J=l/2 and J=3/2 waves. The energy depen
dence of each amplitude is displayed by plotting its real and imaginary parts vs. energy, in alignment with 
the corresponding Argand plot. In addition, arrows are plotted on the Argand plots with bases positioned 
at integer multiples of 50 MeV and a base-to-tip length of 5 MeV. All the energy axes run from elastic 
threshold to 2500 MeV. The established resonances in these waves are indicated on the Argand plots. The 
results of two different analyses are shown; the energy axes for the. two analyses are aligned for ease of 
comparison. The lower Argand plot for each wave is from CUTKOSKY 76 (results of. energy-independent fitting 
are shown as data points; the curves show an energy-dependent fit). The upper plot for each wave is from 
PIETARINEN 78. The different locations of the ~(1690) in the P33 amplitudes of CUTKOSKY 76 and PIETARINEN 
78 illustrate the possibility that there may be more than one P33 resonance in or near the 1650- 1900 MeV 
region. 
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- ·Fig. II. 2. Amplitudes for I = 1/2 1TN elastic scattering in the J = 1/2 and J = 3/2 waves. The energy depen
dence of each amplitude is displayed by plotting its real and imaginary parts vs. energy, in alignment with 
the corresponding Argand plot. In addition, arrows are plotted on the Argand plots with bases positioned 
at integer multiples of 50 MeV and a base-to-tip length of 5 MeV. All the energy axes run from elastic 
threshold to 2500 MeV. The established resonances in 'these waves are indicated on the Argand plots. The 
results of two different analyses are shown; the energy axes for the two. analyses are aligned for ease of 
comparison. The lower Argand plot for each wave is from AYED 76; the upper plot is from PIETARINEN 78. 
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Fig. II. 3. Amplitudes for I= 3/2 7TN elastic scattering in the J = 5/2 and J = 7/2 waves. The energy depen
dence of each amplitude is displayed by plotting its real and imaginary parts vs. energy, in alignment with 
the corresponding Argand plot. In addition, arrows are plotted on the Argand plots with bases positioned 
at integer multiples of 50 MeV and a base-to-tip length of 5 MeV. All the energy axes run from elastic 
threshold to 2500 MeV. The established resonances in these waves are indicated on the Argand plots. The 
results of two different analyses are shown; the energy axes for the two analyses are aligned for ease of 
comparison. The lower Argand plot for each wave is from CUTKOSKY 76 (results of energy-independent fitting 
are shown as data points; the curves show an energy-dependent fit). The upper plot for each wave is from 
PIETARINEN 78. 
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Fig. II. 4. Amplitudes for I = 1/2 TTN elastic scattering in the J = 5/2 and J = 7/2 waves. The energy depen
dence of each amplitude is displayed by plotting its real and imaginary parts vs. energy, in alignment with 

-.the corresponding Argand plot. In addition, arrows are plotted on the Argand plots with~ases positioned 
at integer multiples of 50 MeV and a base-to-tip length of 5 MeV. All the energy axes run from .elastic 
threshold to 2500 MeV. The established resonances in these waves are indicated on the Argand plots. The 
results of two different analyses are shown; the energy axes for the two analyses are aligned for ease of 
comparison. The lower Argand plot for each wave is from AYED 76; the upper plot is from PIETARINEN 78. 
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Fig. II.S. Amplitudes for I=3/2 'ITN elastic scattering in the J=9/2 and J=ll/2 waves. The energy depen
dence of each amplitude is displayed by plotting its real and imagi~ary parts vs. energy, in alignment with 
the corresponding Argand plot. In addition, arrows are plotted on the Argand plots with bases positioned 
at integer multiples of 50 MeV and a base-to-tip length of 5 MeV. All energy axes run from 1500 to 3000 
MeV. The established resonance in the H3 11 wave is indicated on its Argand plots. The results of two 
different analyses are shown; the energy axes for the two analyses are aligned for ease of comparison. 
The lower Argand plot for each wave is from AYED 76; the upper plot is from PIETARINEN 78. 
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Fig. II.6. Amplitudes for I=l/2 1TN elastic scattering in the J=9/2 and J=ll/2 waves. The energy depen~ 
dence of each amplitude is displayed by plotting its real and imaginary parts vs. energy, in alignment with 
the corresponding Argand plot. In addition, arrows are plotted on the Argand plots with bases positioned 

~ at integer multiples of SO MeV and a base-to-tip length of 5 MeV. All the energy axes run from 1500 to 
3000 MeV. The established re.sonances in ·these waves are indicated on the Argand plots. The results of 
two different analyses are shown; the energy axes for the two analyses are aligned for ease of comparison. 
The lower Argand plot for each wave is from AYED 76; the upper plot is from PIETARINEN 78. 
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is an appreciable background at the lower end of 

this mass range, or to the presence of more than 

one P
33 

resonance in or near this mass range. 

Supporting evidence for the ~(1690) comes from the 

nN + nnN analyses of LONGACRE 75 and LONGACRE 77, 

but with an even wider range of possible mass V?lues. 

~(1960)D35 :_ AYED 76, CUTKOSKY 76, PIETARINEN 

78,and several earlier analyses find evidence for 

a D35 resonance with a mass of about 1900 MeV. The 

reported widths span a large range from 100 to 400 

MeV, and there is disagreement about the strength 

of the elastic coupling, which is at most x- 0.15. 

However, a detailed study by CUTKOSKY 76 of the 

extent to which this resonance is required by 

current data has confirmed its existence. 

~(2160): The ~(2160) has been omitted from 

the Tables in past years because there are many 

conflicting claims of delta resonances in this 

region with different JP values. The newest analyses 

do not do much to clear up this confusion. However, 

the pronounced dip in backward n+p elastic scat

tering found by REY 74 clearly indicates some sort 

of resonance activity in the region, so we are 

tabulating the ~(2160) as a bump with unknown JP 

In addition to the above new Table entr.ies, 

there are many more possible N and ~ resonances 

suggested by recent analyses which cannot yet be 

considered established. Of particular interest is 

the region around 1900 to 2200 MeV, where there are 

possible s
31

, D
13

, o
15

, F
15

, and F17 states which 

are supported to some extent by all three of AYED76, 

CUTKOSKY 76, and PIETARINEN 78, as well as by some 

earlier analyses. In addition, the results of 

PIETARINEN 78 and Hendry
7 

at higher energies indi

cate that high-spin N and ~ states up to masses of 

4000 MeV are visible in current data. 

References for Section II 

1. D. J. Bardsley et al. , in Proceedings of the 

Topical Conference on Baryon Resonances (Oxford, 

1976), edited by R. T. Ross and D. H. Saxon, pg. 66. 

2. R. M. Brown et al. , in Oxford Conference Proceed

ings (ibid.), pg. 75; R.M.Brown et al., Ruther

ford Laboratory preprint RL-76-093 (1976); 

R. M. Brown et al., Nucl. Phys. Bll7, 12 (1976). 

3. K. Abe et al., Phys. Rev. DlO, 3556 (1974). 
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4. J. F. Martinet al., Nucl. Phys. B89, 253 (1975). 

5. E. Pietarinen, in Oxford Conference Proceedings 

(op.cit.), pg. 20. 

6. E. Pietarinen, private communication, .1978. 

7. A. w. Hendry, in Oxford Conference Proceedings 

(op.cit.), pg. 29 and LBL-7524, Feb. 1978. 

For other references see the Data Card Listings. 

III. The nnN Channel 

In the isobar model, the amplitude for the 

reaction nN + nnN is written 

T ~ {TJILL' (E) BW (E ) XJILL' 
L... ~n ~ nN ~n 

In this expression the BW's denote either approp

riate Breit-Wigner' s or .the corresponding two-body 

amplitude from nN or nn partial-wave analyses. The 

functions X contain all the angular information; 

these are well defined functions depending only on 

which isobars are used in the model. The partial
JILL' 

wave amplitudes, T ~n , etc. , may be indicated by 

where L is the incoming (nN) angular momentum, and 

L' is the outgoing angular momentum between the 

isobar [p,e: (= nn I= O, S wave) ,ll.] and the remaining 

hadron (Nor n); as usual I and J are the isospin 
~ + + -+, -+ . 

and total spin (J = L + S = L + S') , respectively. 

Often the p is given a subscript 1 or 3 which 

denotes twice the pN total spin. The generalization 

of the model to include more quasi-two-body final 

states is--obvious.· It should be noted that one 

assumes the partial-wave amplitudes depend only 

on the c.m. energy E and .not on the diparticle 

subenergies, Enn and EnN· 

Results from three large isobar analyses have 

recently become available. The earliest is that of 

the LBL-SLAC collaboration, LONGACRE 75 and Ref. 1 

which analyzes 200K events of n-p + n~n°p, n+n-n 

and n+p + n+n°p in the c.m. energy range 1300-2000 

MeV. The Saclay group has analyzed 100~ events of 

the same reactions in the range 1360- 1760 MeV 

(LONGACRE 77). Preliminary results of the Imperial 
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College group for TI+p ~ TI+TI 0p and TI+TI+n between· 

1430 and 1700 MeV were presented at the Oxford 

Baryon Conference.
2 

These three analyses have been 

reviewed and compared by Barnham, 2 with the· general 

conclusion that the couplings of the more prominent 

resonances to the tr~ channel are in good agreement, 

but that there remain serious disagreements over' 

the pN couplings. Resonance parameters, including 

pole positions, from LONGACRE 75 and LONGACRE 77 

are included in the Data Card Listings. An interest

ing result of LONGACRE 77 is the claim that there 

are two previously unreported resonances at 1550 

MeV, a 200-MeV wide P
13 

and a 100-MeV wide P
31

, 

which are observed in both the TI~ and pN channels. 

Several aspects.of these ,isobar. analyses have 

been criticized. The most detailed and quantitative 

criticism has centered on two points. First, none 

of the present analyses include one-pion-exchange 

(OPE) in their parametrizations. The effects of 

this have been investigated by Aaron et a1. 3 and 

by Novoseller.
4 

It is found that OPE can have 

appreciable effects, includl.ng possible resolution 

of the overall phase ambiguity, above about 1700 to 

1800 MeV. Second, the assumption that the partial

wave amplitudes do not depend on the diparticle 

sUbenergies is inconsistent with unitarity. The 

construction of a parametrization which simultan

eously satisfies unitarity and has the correct 

analytic structure is very difficult. Much theoret

ical effort has gone into the construction of such 

parametrizations, but as yet they have not been 

used in a comprehensive TIN ~ TITIN analysis. A rough 

estimate of the magnitude of the unitarity correc

tions is given in Ref. 2. More progress has been 

made in the analogous 3TI final state analyzed in 

production experiments. Discussion of the current 

situation, and references to earlier work which is 

also relevant to the TITIN channel, can be found in 

Refs. 5 and 6. 

References for Section III 

1. D. J. Herndon et al. , Phys. Rev. Dll, 3183 ( 197 5 ). 

2. K. w. J. Barnham in Proceedings of the Topical 

Conference on Baryon Resonances (Oxford, 1976), 

edited by R. T. Ross and D. H. Saxon, pg. 109. 

3. R. Aaron et al., Northeastern University Report 

NUB t2306 (October 1976). 

4. D. E·. Novoseller, California· Institute of Tech

nology Reports CALT-68-596·and CALT-68-608 

(June 1977). 

5. I. J.'R. Aitchison, J. Phys. G: Nucl. Phys. l• 
121 (1977). 

6. R. L. Schult and H. W. Wyid, Jr., Phy·s. Rev. Dl6, 

62 (1977). 

IV. Photon Couplings 

IVa. Photoproduction 

The couplings of yN to the N and ~ resonances 

can in principle be studied in any formation process 

such as yN ~ N* ~TIN, nN, KA, etc., provided that 

the strong decay channel is well understood. In 

practice, almost all information about the couplings 

comes frbm the partial-wave analysis of single-pion 

photoproduction, for which there is a large amount 

of experimental data. Also, elastic scattering in 

the TIN channel has been well studied and all photo

production analyses rely heavily on the resulting 

information about the resonance masses and widths. 

The most important analyses of single-pion 

photoproduction are reviewed briefly below. The 

formalism for this work has been described in the 

mini-review in the 1976 Review of Particle Proper

ties,1 and readers are referred there for further 

information. There are three basic techniques used 

in the analyses. 

(a) Simple Isobar Model 

This is the simplest form of energy-dependent 

analysis. The partial waves are parametrized as 

smooth background to which appropriate Breit-Wigner 

resonant structure is added. The electric Born 

terms are included exactly to reproduce the forward 

peak in charged-pion photoproduction but the 

magnetic terms are assumed to be included in the 

background of the partial waves. The couplings for 

the Breit-Wigner amplitudes and the parameters for 

the background are varied to get the minimum X2 

for experimental data within the required energy 

range. This method is sufficiently flexible to 

give a good fit to the experimental data. However, 

due to the large number of partial waves involved 

in the process, there are, in principle, diffi

culties concerning the uniqueness of the solution 

that is obtained. This is overcome by the form of 
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parametrization but it is not clear how this biases 

the solution. 

The two important analyses of this kind are 

very similar. METCALF 74 is a continuation of the 

earlier Walker analysis2 and fits yp + rr+n,· rr 0p 

and yn + rr p from the first to the fourth resonance 

regions. + 0 FELLER 76 analyzes yp + rr n, rr p from the 

first to the third resonance regions using data 

that was not available to the work of METCALF 74. 

Other isobar analyses (ROSSI 73, HEMMil 73, HEMMI2 

73, BENEVENTANO 74, and KRIVETS 74
3

) have been made 

on a significantly smaller scale using small and 

sometimes restricted data sets. 

(b) Fixed-t Dispersion Relations (FTDR) 

This technique invokes the resonance dominance 

of the imaginary parts of the photoproduction ampli

tudes to get a simple parametrization scheme. Only 

the imaginary parts of the partial waves are param

etrized and the real parts of the photoproduction 

amplitudes are calculated using fixed~t dispersion 

relations. In some analyses, background terms are 

added to the imaginary parts of the low angular 

momentum partial waves, but, in general, the 

process can be described almost entirely by the 

parameters for Breit-Wigner resonances. Usually, 

the masses and widths are restricted to values 

close to those from rrN phase-shift analyses but it 

has been shown by CRAWFORD 75 and BARBOUR 76 that 

it is possible to get stable values for these in 

photoproduction analyses for resonances from the 

first to the third resonance regions. 

Since the number of free parameters is rela

tively small, this approach has fewer problems with 

non-unique solutions compared to more general forms 

of parametrization. However, it is less flexible 

and tends to achieve poorer fits than, for example, 

the isobar models. It-has the advantage of contain

ing the exact Born terms and it has built into it 

exactly the correlation between structure in the 

real and imaginary parts that is required by 

analyticity. The most important weakness of FTDR 

is caused by divergence problems in the partial

wave expansions that are used to calculate the 

dispersion integrands at unphysical values of t. 

This restricts the method to fitting data at ltl 

values of less than 1 or 1.5 (GeV/c)
2

. Another 

problem is the need to know the dispersion integrands 
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at all energies. This has been treated in recent 

analyses _by making a simultaneous amplitude analysis 

above the resonance region. 

FTDR analyses have been made by grou.ps at 

Berkeley (MOORHOUSE 73, KNIES 74, MOORHOUSE 74), 

at Lancaster (DEVENISH 73, DEVENISH2 74),and at 

Glasgow (CRAWFORD 75, BARBOUR 76). All three groups 

have made analyses from the first resonance region 

to a center-of-mass energy of 2 GeV. 

(c) Energy-Independent Analyses 

These determine the partial waves by making 

independent fits over a range of essentially single

energy values and are thus the least biased of the 

techniques employed. However, to obtain unique 

solutions, it is necessary to use Watson's theorem
4 

to fix the complex phase of most of the partial 

waves and it is extremely difficult to use this 

method above the first resonance region. Thus most 

analyses of this type contribute little to the 

knowledge of the photonic resonance couplings. 

Only BERENDS 77 contains an analysis of the second 

resonance region, and couplings are quoted for the 

P~1 (1470), D~ 3 (1520), and s~1 (1535) resonances. 

The most interesting result is the claim that the 

A~12 coupling for the D~3 that is typically obtained 

in energy-dependent analyses is too large by a 

factor of almost two due to the omission of non

resonant background. 

Resonance Couplings and Errors in the 
Data Card Listings 

The Listings give the photoni~ couplings 

obtained in all recent and extensive photoproduction 

partial-wave analyses. If no errors are quoted, the 

authors have given a unique result without quoting 

an error. The Berkeley analyses and CRAWFORD 75 

quote as an error the spread of values for various 

solutions around a central value. The Lancaster 

Group estimate a "real error" for each parameter 

of a given solution that corresponds to the change 

in value required to increase "the best possible X2
" 

by 1%. METCALF 74 and FELLER 76 make a similar 

error analysis. Thus there is a large variation 

in the errors quoted for individual couplings. 

However, the variation in the values of the 

couplings in the various papers is generally as 

large as or larger than the quoted uncertainties, 
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• ~ndicating that the systematic effects of the 

various parametrizations are at least as important 

as the essentially statistical effects represented 

by the quoted errors. This is reflected in· the 

errors given in Table IV.l which contains the 

values for the couplings obtained by combining 

the results from the various analyses. 

TABLE· IV .1. The av~rage of the couplings from 
MOORHOUSE 74, KNIES 74, METCALF 74, DEVINISH2 74, 
CRAWFORD 75, BARBOUR 76, and FELLER 76. The errors 
given take account of the errors quoted in these 
analyses and the differences between the analyses. 

Helicity Couplings (GeV)~ 10-3 
Resonance Helicity Ap An 

A A 

p~l(l470) 1/2 -73±20 37 ± 27 

D~3 (1520) 1/2 
3/2 

-8 ± 9 -74 ± 16 
166 ± 11 -130 ± 20 

s~1 (1535) 1/2 64 ± 19 -61 ± 34 

D~5 (1670) 1/2 
3/2 

19 ± 14 -33 ± 25 
20 ± 13 -60 ± 33 

F~ 5 (1688) 1/2 
3/2 

-5 ± 17 23 ± 14 
132 ± 23 -18 ± 20 

s~l(l700) 1/2 44 ± 24 -18 ± 26 

D~3(1700) 1/2 
3/2 

-10 ± 38 -11 ± 60 
5 ± 29 10 ±50 

p~l (1780) 1/2 11 ± 48 7 ±55 

Pi3 (1810) 1/2 
3/2 

26 ± 44 -6 ± 39 
-34 ±50 -17 ± 65 

f:l 
AA 

-137 ± 7 
-254 ± 5 

p;3(1232) 1/2 
3/2 

I 

s31 (1650) 1/2 43 ±50 

67 ± 48 
69 ±50 

D33 (1670) 1/2 
3/2 

-8 ± 35 
-7 ± 35 

p;3(1690) 1/2 
3/2 

28 ± 25 
-1 ±57 

F
35

(1890) 1/2 
3/2 

- ~I 

p;l (1910)' 1/2 -12 ± 20 

-71 ± 22 
-71 ± 27 

F37 (1950) 1/2 
3/2 
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IVb. Electroproduction in the Resonance Region 

{by F. Foster, Lancaster University) 

Both the quantity and quality of the data 

continue to improve in this interesting but some

what unfashionable corner of the v, Q2 plane. 

Most experiments now use the coincidence technique: 

detecting the scattered electron to fix the energy 

and momentum transfer, together with one of the 
+ 

final state hadrons (p,TI-). By this method the 

virtual photoproduction differential cross sections 

for particular exclusive channels can be determined. 

At the date of the last Review many excellent 

data sets were already available. These included 

TI 0 production in the first resonance region from 

DESY, 1 •2 the, Lancaster-Manchester group at 

Daresbury, 3 and·Bonn University.
4 

There was 

also good TI 0 data in the second resonance region
5 

and forward TI+ data in the second and third 

resonance regions from Lancaster-Manchester.
6 

Much interest was generated by the n data _from 

Daresbury, DESY, and Bonn, which is a unique indi-
' 7-9 cator for the s
11 

(1535) resonance. The total 

cross-section measurements from DESY,
10 

Bonn,
11 

and Stanford
12 

gave essential information on the 

Q2 variation of the resonance "peak" heights in 

relation to the background, and demonstrated that 

the longitudinal-to-transverse ratio OL/OT was 

everywhere very close to zero. 

During the past two years much new information 

has become available. In particular we have the 

detailed data sets ·from DESY on single TI + and TI 0 

production in the second and third resonance 

regions13 •14 at Q2 values of 0.6 and 1.0 Gev2 , and 
1 15,16 

new n data near the s 11 Cl535) from DESY at 0.6, 

1.0, 2.0, and 3.0 Gev2 and Bonn
17 

at Q2 of 0.4 Gev
2

• 

By changing the virtual photon polarization, both 

groups have succeeded in measuring the longitudinal 
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excitation of the si1 resonance with the r.esults: 

crL;cr = 0.15±0.18 (Q2 =0.6), 15 -0.06±0.16 (Q2= T . 
1.10), 16 0.16±0.10 (Q2 =0.4). 17 The Lancaster-

Manchester group has taken a large amount of data 

on rr and rr+ production from a deuterium target 

over the second and third resonance regions at Q2 

values 0.5 and 1.0 GeV
2

• From this data it will be 

possible to extract the differential cross sections 

Y n ~ prr-,which are essential to the understanding 
v 

of the multipole couplings to the isospin-l/2 reso-

nances. Preliminary data were available at the 

Hamburg conference 18 for the rr- /TI + ratio at Q2 = 0. 5 

Gev
2 

in the forward direction, and estimates were 

presented of the neutral n~ 3 (1520) multipole 

couplings. 19 

Theoretical analyses of the data sets to 

extract resonance multipole couplings necessarily 

rely on fixed-t dispersion-relation calculations 

which relate the real (background) and imaginary 

(resonant) parts of these matrix elements. 

R. C. E. Devenish and D. H. Lyth
20 

incorporated 

lthe constraints into an energy-dependent fitting 

procedure and produced the first estimates of 

second and third resonance multipoles up to 

Q
2 

= 1. 5 Gev
2 

using .the Lancaster:-Manchester 5 ' 6 and 

preliminary DESY rr 0 , rr+, and n data together with 

total cross-section measurements. Since then, 

Gayler
21 

has used the final DESY data in the same 

fitting routines and has produced improved results 

on the couplings to the s~1 (1535), Di3 (1520), 

F~5 (1688),and P~1 (1470) resonances. 

The present status of the couplings to the 

more prominent resonant states may be summarized 

as follows: 

..!'; 3 (1232): There is no change from previous 

reviews. However, Gayler remarks21 that while the 

resonance appears to be a dominantly magnetic 

(quark spin flip) excitation, the background, which 

forms an increasing fraction of the single-pion 

cross section as Q2 increases, is dominantly 

helicity-1/2 in the y~ system. This is to be 

expected on the basis of the quark parton model 

and duality. 

.E~3 (1520): It is firmly established
6

•13 •14 •21 

that the transverse helicity-1/2 excitation 

increases rapidly as Q2 increases from 0 to 1.0 

Gev
2

. The rate of increase observed depends on 
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the details of the fitting procedures used, but is 

consistent with the magnetic coupling falling 

slowly and the electric coupling. falling like a 

"dipole," almost as one would expect from a naive 

harmonic oscillator quark mode1.
22 

_§~1 (1535): The new data14- 17 establish beyond 

doubt that the excitation of this resonance falls 

less rapidly than its SU(6) partner n~3 (1520) and 

the excitation is dominantly transverse. At Q2 = 0, 

contributions of the n~ 3 and s~1 are in the ratio 

4:1, while at Q2 = 3. 0 Gev2 the ratio becomes an 

amazing 1:2. Thus the second resonant peak in 

total cross-section measurements at high Q2 is 

. dominated by the s~1 (1535) - this may account for 

possible small changes in the observed shape as 

Q2 increases. 

..!'~l (1470): The situation here is fluid; 

although there are no clear signals for this 
21 

resonance, some analyses .do 

contribution at Q
2 = 1. 0 Gev

2
• 

require a significant 

New rr 0 and rr+ data 

from Lancaster-Manchester below the second resonance 

and from DESY at high Q2 may clarify the position. 

..!'~ 5 (1688): Here again the helicity-1/2 to 

helicity-3/2 ratio is observed to increase with Q
2 

as we expect from the quark model. 

Some progress has been made in understanding 

the phenomenology of resonance electroproduction 

within the framework of SU(6) symmetry.
23 

Cashmore 
w 

et al.,
24 

for example, have shown that radiative 

transitions between the nucleon and members of the 

{70,1-} multiplet are consistent with only three 

independent amplitudes, corresponding to quark 

orbit flip, spin flip, and simultaneous spin-orbit 

excitation . (Note that the spin-orbit term is 

normally neglected in "naive" quark model calcula

tions.22) It is necessary to find out if this 

relatively simple structure persists as Q2 increases 

and, if it does, to determine the Q2 variation of 

the three amplitudes. Using mainly the. amplitudes 

connecting the proton and the charged ni3 and si1 
resonances, Foster

25 
and Alcock et a1. 26 have shown 

that all three excitation terms are necessary to 

describe electroproduction at Q2 values up to 1 

Gev
2

• The orbit flip term falls rapidly, while the 

spin flip term remains almost constant as Q2 

increases (just like the simple quark model 

predictions), causing the observed helicity change-
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over. The spin-orbit term has an intermediate 

variation with Q2 and appears to be influential in 

causing the 'si1 to dominate the D~ 3 at Q2 values 

above 0.5 Gev2 . To be sure that the three terms 

are sufficient to describe electroproduction of the 

{70,1-} multiplet we will have to await accurate 

determination of more charged resonance multipoles 

or some measurements of the neutral isospin-1/2 

resonance multipoles. The preliminary data from 

Lancaster-Manchester18 •19 
on the process yvn + 

near the second resonance give results for M~

E~- which are in fair agreement with the SU(6) 

'Tr p 

and 

scheme. 25 w 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 
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V. Production Experiments 

It is difficult to draw firm conclusions about 

N and ~ resonance properties from production experi

ments because each prominent bump seen in production 

is generally a coherent superposition of several 

resonances plus non-resonant background. However, 

production and formation experiments are clearly 

closely related, and we give parameters obtained 

from production experiments in the Listings, 

although they are not used in the Tables. Starting 

with this edition, we will also include a brief 

review of the main results of recent N and ~ 

production experiments. This year we concentrate 

on diffractive production of rrN and rrrrN systems as 

this is where most of the recent experimental 

activity has been. 

Data on the exclusive channels NN + NNrr and 

NNrrrr at high energy are now available, both from 

FNAL (BIEL 76) and the CERN ISR (WEBB 75 , DEKERRET 

76). The diffractively produced 'TrN and rrrrN systems 

have mass shapes which are remarkably similar to 

those observed at lower momenta. 

.The low mass 'TrN system is dominated by a broad 

bump peaking around 1.35 GeV, on which may be super

imposed other structures at 1.5 and 1.7 GeV. The 

1.35 GeV b~p is produced more peripherally than 

those at 1.5 and 1.7 GeV (DEKERRET 76, HARRIS 77). 

The two higher mass peaks are probably associated 

with the D~ 3 (1520) and F~5 (1688), respectively. 

There is mounting evidence for an appreciable 

JP = l/2- component in low mass N + N'Tr diffractive 

dissociation. This is in violation of the Gribov

Morrison rule which would allow only l/2+, 3/2-, 

5/2+, etc. The reactions 'Tr±p + rr±(prr 0 ) and 

rr±(nrr+) have been. analyzed by OCHS 75 at 14 GeV/c 

and OTTER! 77 at 16 GeV/c [who included data on 

rr±p + rr 0 (prr±)]. In each case the data were fitted 

with coherent sums of diffractive and ~-production 

amplitudes. Both analyses concluded that there is 
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significant diffractive production of 1/2 back

ground for 1TN masses below 1. 3 - 1. 4 GeV. Moreover, 

the diffractively produced 1TN system could be 

described completely by 1/2- and 3/2+ waves only 

(i.e., both Gribov-Morrison violating), although a 

sizeable 3/2 contribution could not be excluded. 

SOTIRIOU 75 also analyzed 1T+p ~ 1T+(n1T+) at 16 GeV/c 

for n1T+ masses below 2 GeV. In addition to enhance

ments associated with kno~ resonances, a 200-MeV 

broad bump at 1.35 GeV was found. The JP determin

ation at low mass was not completely unambiguous, 

but the bump appears to be predominantly 1/2 below 

1.35 GeV, and predominately 1/2+ above. RUSHBROOKE 

76 analyzed data on np ~ (p1T-)p from 9 to 24 GeV/c. 

They used a Deck-plus-resonances parametrization 

and found broad resonance signals in both the 1/2-

and 1/2+ waves at about 1.4 GeV, as well as a large 

1/2 Deck contribution peaking below 1.3 GeV. In 

STRACHMAN 75 the t-channel isospin-0 and isospin-1 

parts of NN ~ N(N1T) at 5. 7 GeV/c were separated 

and the It = 1 N1T mass spectrum found to contain 

known resonance peaks, while the It= 0 spectrum 

had only a broad bump centered at 1.35 GeV. 

The low mass 1T1TN system exhibits a broad 

enhancement below 2 GeV on which subsidiary peaks 

are superimposed at around 1.5 and 1.7 GeV. The 

production characteristics are consistent with 

diffraction. 

Partial-wave analises of diffractively produced 

1T1TN systems have recently been carried out by BLOBEL 

75, CARNEY 76, BACON 77, HEINEN 77., and OTTER2 77. 

All the analyses use bubble chamber data in the 

medium energy range. BLOBEL 7 5 analyze pp ~ p (p'TT + '11-) 

at 12 and 24 GeV/c. CARNEY 76 use a compilation of 

data on K+p ~ K+(p'TT+'TT-) between 7.3 and 16 GeVjc. 

The reaction K-p ~ K-(p'TT+1T-) is studied by HEINEN 

77 at 4.2 GeV/c and by OTTER2 77 at 10, 14.3, and 

16 GeV/c. BACON 77 analyze the 10 and 16 GeV/c 

data of OTTER2 77 together with 'TT±p ~ 'TT±(p'TT+'TT-) at 

8, 16, and 23 GeV/c. 

All the analyses agree that the low mass 'TT'TTN 

system can be adequately described assuming a 

dominant contribution from partial waves having 

spin-parities JP = 1/2+, 3/2-, and 5/2+, and having 

~'11, p£, and, to a less extent, pp decay modes only. 

CARNEY 7 6 require J;;. 7/2 above about 1. 7 GeV. 

BLOBEL 75 and BACON 77 cannot rule out alternative 
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solutions completely in terms of partial waves in 

the series JP=l/2-, 3/2+, 5/2-, etc., although 

this conclusion is not supported by CARNEY 76. 

OTTER2 77 find evidence for a small contribution 

(of order 20%) from 5/2-(~=2)~'11 in the mass region 

1. 60 - 1. 7 5 GeV in addition to partial waves sa tis

fying the Gribov-Morrison rule. The shape of the 

5/2 enhancement is consistent with a Breit-Wigner 

form (M = 1. 67 GeV, f = 0.15 GeV) and is interpreted 

as evidence for production of D~ 5 (1670). 
It seems clear that the enhancement at 1.5 GeV 

is predominantly 3/2-(~=0)~'11, although other partial 

waves such as l/2+(~=0)p£ are contributing in this 

region. No evidence for a resonant nature of the 

1.5 GeV enhancement could be obtained from studies 

of relative phases (BLOBEL 75, BACON 77, HEINEN 77, 

OTTER2 77). 

The situation concerning the peak at 1.7 GeV 

is more complex in that the different analyses come 

to different conclusions as to the detailed spin

parity decomposition. However, all analyses do 

agree that the major contribution is not from 5/2+ 

and thus the enhancement cannot be completely assoc

iated with the F ~5 (1688). BLOBEL 75 find that the 

dominant partial wave is 3/2-(~=l)p£ with some 

contribution from 5/2+(~=1)~'11. CARNEY 76 cannot 

conclusively identify all the waves contributing 

to the enhancement, but both 3/2-(~=l)p£ and 

3/2-(~2)~'11 are strong. On the other hand, BACON 

77 find that l/2+(~=0)p£ is important in the 1.7 

GeV region, together with 3/2-(~=l)p£, 3/2-(~=2)~'11, 

and 5/2+(~=1)~'11. HEINEN 77 also find that spin

parity 1/2+ contributes, but that the decay mode 

is (~=1)~'11. In addition, 3/2-(~=l)p£ and 5/2~~=2)p£ 

are present. Similarly, OTTER2 77 conclude that 

the 1.7 GeV enhancement is composed of several 

partial waves with spin-parities 1/2+ (or 1/2- - the 

analysis cannot distinguish the two possibilities 

in this region), 3/2-, and 5/2+ all contributing, 

as well as 5/2-(~=2)~'11. 

It is interesting to note that the Gribov

Morrison rule appears to be reasonably well satis

fied for diffractively produced '111TN systems, in 

contrast to the situation for 1TN diffraction 

dissociation. This could be connected with the 

fact that the Deck· mechanism is expected to be 

important at low mass and that the major contribu-
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tion is to s-wave states. Thus s-wave tm (JP = 3/2-l 

and p€(1/2+) both give rise to spin-parities in 

the "allowed" series, whereas s-wave TTN(l/2-) does 

not. A similar situation occurs in three-meson 

diffractive production, where the "allowed" s·eries 

is dominant. 

References for Section V 
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STATUS OF N* RESONANCES 

THOSE WITH AN OVERALL STATUS OF ***OR **** ARE INCLUDED IN THE MAIN BARYON 
TABLE. THE OTHERS AWAIT CONFIRMATION. 

STATUS AS SEEN JN --

PARTICLE LIJ O~:::~~ ~~:~· PI N ETA N K LAM K SJG PI DE GAM N c~!~~~ --------------'----------------------------------
Nl9391 Pll 
Nl 14701 Pll .... **** ... . .. EPS N 
NU520J 013 .... .... . ... . ... ... RHO N 
Nll535J Sll RHO N 
NC 15401 Pl3 . RHO N 
Nl 16701 015 RHO N 
NU688J Fl5 .... ... RHO N 
Nll7001 Sll .... . .. ... RHO N 
Nll700J 013 ... .. .. . RHO N 
Nfl780I Pll ... . .. .. RHO N 
NU81DJ Pl3 .. RHO N 
Nll990J Fl1 .. .. . 
Nf 20001 fl5 .. .. . 
N(201tOJ 013 
NIZ1001 Sll . . 
Nl21001 015 .. .. 
Nf2190) Gl1 ... . .. 
Nf 22001 GL9 ... 
Nf 22201 Hl9 ... 
NU6501 Illl 
Nf 30301 
Nl3245J 
Nl36901 
Nf 37551 

0Eli12321P33 F 
OEU 1550JP31 . 0 RHO N 
DEU1650JS31 .... R .. RHO N 
DELC 16701 D33 ... • ... . RHO N 
DELI1690 I P33 ... ... I ... RHO N 
DELC18901F35 .... . ... 0 RHO N 
DEU1900IS31 . . 0 
DEU 19lOJP31 .... E RHO N 
0Elfl950IF37 .... N RHO N 
DEU 1960)035 ... . .. F 
DELI21601 ... ... 0 
DELC24201H311 ... ... R 
DELI28501 ... .. 8 
DEU32301 . I 

**** GOOD, CLEAR, AND UNMISTAKABLEe 
GOOD, BUT IN NEED OF CLARIFICATION OR NOT ABSOLUTELY CERTAIN. 

** NEEDS CONFIRMATIIJNe 
o WEAKe 
"' ATTRIBUTED TO THE STATE CLOSEST TO WHERE THE CROSS SECTION PEAKS. 

•••••• ••••••••• ********* ********* ••••••••• ••••o•••• ******••• ******** ........... ,. .......................................................... . 
S=O I= 1/2 NUCLEON STATES (N) 

.................................................... ······••-o: •••••••• 
~· ......... ···~:··::0:::::::~· J:::::··::,::······· ................ . 

SEE STABLE PARTICLE DATA CARD LISTINGS 

•••••• ••••••••• ********* ••co•-o:•••• ••••••••o **••••••• ••••••••• •••••••• 
****** ********* ********'* oooco.o-•••• ********* ********* ********* ******** 

~ 17 NEUTRONI939, J::l/2) 1=1/2 

SEE STABLE PARTICLE DATA CARD LISTINGS 

**•••• ••••••••• ••••~••• ••••••••• ********* o•••••••• ••o•••••• •••••••• ....................................................................... 
jN(1470) I ., NOL/211470. JP•l/2+1 I•l/2 IP1tl 

MASS AND WIDTH ARE BEST DETERMINED FROM PARTIAL WAVE 
ANALYSES. WE LIST PRODUCTION EXPERIMENTS SEPARATELY -
SEE BELOW. 

AYED 76 CLAIMS TWO Pll STATES IN THE 1500 MEV REGION. 
WE TENTATIVELY LIST BOTH HERE. 

Baryons 
N's and A's, p. n. N(1470) 

RE 
RE 

61 N01/2114701 MASS IMEVI 

I 1370.01 BRANDSEN 65 RVUE PHASE-SHIFT ANAL 
( 1380.01 ROPER 65 RVUE PHASE-SHIFT ANAL 
I 1470.01 BAREYRE 68 RVUE PHASE-SHIFT ANAL 

WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 
(1466.01 DONNACH1 68 RVUE PHASE-SHIFT ANAL 
(1461.0) AVED 70 IPWA 

FROM ENER. DEP. FIT OF ARGAND DIAGRAM 
(1462.01 DAVIES 70 RVUE P-S ANAL SOL A 
U470 .. ) ALMEHED 72 IPWA 
1405. TO 1420. CRAWFORD 75 DPWA PI N PHOT~PROD 

L 1415. OR 1390. LONGACRE 75 IPWA PI N TO 2PI N 
l THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 oF LONGACRE 75. 

2 11413. J AYED 76 1 PWA 
2 (1532.1 AYED 76 IPWA 
2 AYEO 76 FINDS 2 DIFFERENT Pll RESONANCES IN THIS REGION IN CONTRAST 
2 TO All OTHER PWAS. WE LIST BOTH TOGETHER HERE UNTIL 
2 SITUATION IS FURTHER CLARIFIED. . 

l 
2 
2 

I 1404.1 BARBOUR 76 DPWA PI N PHOT~PROO 
11460.1 BERENDS 77 IPWA PI-N PHOTD-PROO 
11380.1 LONGACRE 77 IPWA PI N TO 2Pl N 

ALL LONGACRE71 PARAMETERS ARE FROM SOLUTION S2t EXCEPT FOR THE POLE 
POSITION WHICH IS FRGM SOLUTIONS Sl AND C1. 

61 N*l/2114701 WIDTH IMEVJ 

1255.01 BAR EYRE 68 RVUE 
1211.01 OONNACH1 68 RVUE 
I 16'+.01 AYED 7D IPWA 
1391.1 DAVIES 70 RVUE P-S ANAL SOL A 
1220.1 ALMEHEO 72 1 PWA 
255. TO 396. CRAWFORD 75 OPWA PI N PHOTD-PROO 
180. OR zoo. LONGACRE 75 I PWA PI N TO 2PI N 

1182.1 (SMALLER MASSI AYED 76 IPWA 
(75.1 I LARGER MASS I AYED 76 IPWA 

1330.) BARBOUR 76 OPWA PI N PHOTD-PROO 
1279.1 BERENDS 77 IPWA PI-N PHOT~PROD 
1200. I LONGACRE 77 IPWA PI N TO ZPI N 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

11375.1 
11381 •• 

61 N*1/2Cl'+701 REAL PART OF POLE POSITION IMEVJ 
15.1 LEE 73 FIT TO ALMEHE072 

LONGACRE 75 I PWA PI N TO 2PI N 
RE 8 1360. OR 1333. LONGACRE 77 IPWA PI N TO 2PI N 

IM 
IM 
IM 8 

1216.1 
1209.1 

61 N*112U4701 2*1MAG PART OF POLE POSITION IMEVJ 
I 10. I LEE 73 FIT TO ALMEHE072 

LONGACRE 75 IPWA PI N TO 2PI N 
167. OR 234. LONGACRE 77 IPWA PI N TO 2PI N 

9/66 
9/66 

11/67 

6/68 
1171 

8/69 
2172 
1/76 

11175 
11175 
11/710 
11/77'11 
11177* 
11177• 
11177• 
1/76 
1178* 

111770 
11177* 
11/770 

11/67 
6/68 
1171 
8/69 
2112 
1176 

11175 
11177* 
11177* 
1/76 
1178* 

11177* 

1174 
1174 

11/75 
11/710 

1/74 
1/74 

11175 
11177• 

61 N*1/211470J ABSOLUTE VALUE OF POLE RESIDUE IMEVI 117'+ 
ABS (74.1 C5.1 LEE 73 FIT TO ALMEHED72 1/74 

61 N*l/211470) PHASE OF POLE RESIDUE (RADIANS) 1/74 
PH 1-1.4) LEE 73 FIT TC ALMEHE072 I/74 

61 N*l/21 14701 PARTIAL DECAY MODES 

P1 N*l/2114701 INTO PI N 
P2 N*l/211'+70) INTO N EPSILON 
P3 N*1/2fl470J INTO N03/2(1232) PI 
Pit N*l/2114701 INTO N PI PI 
PS N*l/2114701 INTO GAMMA N 
P6 N*1/2Cl470) INTO N RHO 
P7 N*1/211470) INTO GAM p, HELICITY=1/2 
P8 N*li2Cl470) INTO GAM N, HELlCITYcl/2 
P9 N*l/2114701 INTO ETA N 
PlO N*1/2114701 INTO K LAMBDA 
P11 'N*l/2114701 INTO N RHO,S=l/2,P-WAVE 
Pl2 N*l/2114701 INTO N RHO,S .. 3/2,P-WAVE 

61 N*li2U470J BRAN:HING RATIOS 

"' N*1/2ll4701 INTO IPI NIITOTAL 

"' 10.681 BAR EYRE 68 RVUE 
Rl 10.6581 DONNACH1 68 RVUE 
Rl 10.564) AYEO 70 IPWA ., 10.49) DAVIES 70 RVUE 
Rl (0.67) 10.18) SAXON 70 HBC ., 10.581 (0.09)- SAXON 70 HBC 
Rl (0.65) ALMEHEO 72 I PWA 
Rl I .541 I SMALLER MASS) AYED 76 IPWA 
Rl ( .16) (LARGER MASS J AYEO 76 I PWA 

DECAY MASSES 
139+ 938 
938+1300 

1232+ 139 
938+ 139+ 139 

0+ 938 
938+ 176 

0+ 93B 
0+ 939 

939+ 54B 
497+1115 
938+ 716 
938+ 776 

CPU 

P-S ANAL SOL A 
AT 1400 MEV 

Rl A A AND 8 CORRESPOND TO THE 2 BEST SOLUTIONS. ANALYSIS IS DONE ON THRE 
Rl B BOCY DECAYS, ASSUMING ONLY P1, PZ AND P3 DECAYS PRESENT. 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

R2 N*l/2( 14701 INTO IN EPSILONIITOTAL IP21 
R2 DOMINANT INELASTIC DECAY THURNAUER 65 RVUE -
R2 DOMINANT INELASTIC DECAY NAMYSLOWS 66 RVUE -
R2 DOMINANT INELASTiC DECAY ROSENFELD 67 RVUE -
R2 DOMINANT INELASTIC DECAY MORGAN 68 RVUE ISOBAR MODEL 
R2 (0.161 DIEM 70 IPWA 3 BODY ANALYSIS 
R2 ASSUMING R1= 0.61 

"' 10.30) 10.201 SAXON 10 HBC 
R2 • 10.20) I 0.121 SAXON 70 HBC 
R2 A AND B CORRESPOND TO THE 2 BEST SOLUTIONS, SEE NOTE IN R1. 

R3 N*l/211470) INTO IN*3/211232 I PI )/TOTAL IP3J 
R3 10.17) DIEM 70 IPWA 3 BODY ANAL'tSIS 
R3 ASSUMING R1"' 0.61 
R3 (0.03) 10.201 SAXON 70 HBC 
R3 • 10.221 10.121 SAXON 70 HBC 
R3 A ANC 8 CORRESPOND TO THE 2 BEST SOLUTIONS, SEE NOT:; =;; -~ :.~--:-
R3 • (0.20) MAKAROV 71 I PWA 0 PI- P TO PI PI N 
R3 R ASSUMES R1=0.6. MAXIMUM CM ENERGY ANALYZED WAS 1435 MEV. 

R4 N*1/2Cl4701 INTO !GAMMA NI/IPI Nl IPSJI(plJ 
R4 F STRONG INDICATION ROSSI 73 DBC 0 GAM N TO PI-P 
R4 F DISAGREES WITH OTHER DATA 

11/67 
6/68 
1/11 
8/69 
6/70 
6/70 
2/72 

11177* 
11177* 

11/67 
11/67 
11i67 
6/68 
1/71 

6170 
6/70 

1171 

6/70 
6170 

3172 

2/73 
2/73 
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Baryons 
N(1470) 

N*li2U470) INTO CN RHO )/TOTAL {P61 R5 
R5 
R5 

(0.071 ·DIEM 70 IPWA 3 BODY ANALVSIS 1/11 
ASSUMING Rl:c 0.61 

N*l/2{14701 INTO CGA'4MA NI/TOTAL (PSI •• •• •• 
(.00061 MICKENS 7l THEORETICAL EST. 10/71 

TOTAL WIDTH TAKEN AS 250 MEV • 

R7 
R7 
R7 
R7 
R7 

N*li2Uit70J FROM PI N INTO ETA N SQRTIPl*P91 
(+.231 LEMOIGNE 73 .QPWA 1488 TO 1685 MEV 
1+.3281 fELTESSE 75 OPWA 0 1488 TO 1745 MEV 

SUPERCEDE$ LEMOIGNE 73, USES M AND W OF AYED 76 tlARGER MASSI. 

R7 9 
AN ALTERNATIVE WHICH CAN NOT BE DJSTINGUISHEO ~ROM THIS IS TO HAVE 
A Pl3 RESONANCE WITH M=l530r W::79, AND COUPLING=+.21l 

•• •• c 
N*l/2(14701 FRIJM Pl N TO K LAMBDA SQRT'Pl*PlOI 

-.296 .068 DEVENISH 74 0 FIXfD T OISP REl 
•• c EXTRAPOLATION OF PARAMETRIZED AMPLITUDE BELOW THRESHOLD. 

•• N*l/204701 FROM PI N TO N*3/2( 12321 PI SQRT(Pl*P3t 
•• t (-.30)0R -.37 LONGACRE 75 IPWA PI N TO 2PI 

•• • •• • t-.4ll LONGACRE 77 IPWA PI N TO 2PI 
LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED .. 

RlO N*l/211470) FROM PI N TO N RHOtS=1/2,P-WAV·E SQRT I Pl*Pll) 
PI N TO 2PI 
PI N TO 2PI 

R10 L IO.OJ OR -.23 LONGACRE 75 IPWA 
RIO 8 l+.llJ LONGACRE 77 IPWA 

Rll 
Rll 
Rll 

N*l/2114701 FROM PI N TON RHQ,S:3/2,P-WAVE SQRTtP1•P12J 
1-.181 LONGACRE 77 IPWA PI N TO 2PI N 

LONGACRE 11 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 

Rl2 
Rl2 L 
R12 8 

N*l/20470} FROM PI N TO N EPSILON SQRTCPI*P21. 
t.1810R + .. 23 LONGACRE 75 IPWA PI N TO 2PI 

{+.181 LONGACRE 77 IPWA PI N TO 2PI 

61 N*11211470J PHOTON DECAY AMPUGEV .. -1/21 

FOR DEFINITION OF GAfiiMA-NUClEON DECAY AMPLITUDES, SEE MINI
REVIEW PRECEDING THE BARYON liSTINGS. 

Al N*l/2(14701 INTO GAM p, HELICITY=1/2 IGEV**-1/21 
Al -.096 .022 OEVENISH 73 OPWA PI N PHOTO PROD 
Al t-.0801 HEMMil 73 + FWD PIO PHTOPROD 
Al -.055 .028 MOORHOUS 73 OPWA PI N PHOTD-PROO 
Al -.079 .012 OEVENIS2 74 OPWA PI N PHOTD- PROD 
Al -.066 .013 KNIES 74 DPWA PI N PHOTO PROD 
Al -.070 .023 METCALF 74 OPWA PI N PHOTD-PROO 
Al -.087 .002 MOORHOUS 74 OPWA PI N PHOTD-PROO 
Al -.010 .040 CRAWFORD 75 OPWA PI N PHOTD-PROD 
Al 1-.071) KRI VETS 75 DPWA PI-N PHOTD-PROO 
Al c-.0531 BARBOUR 76 DPWA PI N PHOTD-PROD 
Al -.087 .006 FELLER 76 OPWA PI N PHOTD-PROO 
Al c-.0761 BERENDS 77 1 PWA PI-N PHOTD-PROD 
Al 

AVERAGE· MEANINGleSs· t ScALE FACTOR = 1.01 Al 

A2 N*112tl4701 INTO GAM N, HELICITYc:1/2 IGEV**-1/2) 
A2 .089 .056 OEVENISH 73 OPWA PI N PHOTO PROD 
A2 6 c-.oou HEMMI2 73 0 GAM N TO PIO N 
A2 6 CONVERTED TO OUR CONVENTIONS USING M AND W FROM WALKER69 AND X=.55 
A2 +.002 .025 MOORHOUS 73 DPWA PI N PHOTD-PROD 
A2 .117 .011 ROSSI 73 DPWA 0 GAM N TO PI- P 
A2 CCNVERTED TO OUR CONVENTIONS USING M AND W FROM ROSSI73 AND X=.55 
A2 ( .0831 BENEVENT 74 OPWA 0 GAM N TO PI- P 
A2 CONVERTED TO OUR CONVENTIONS USING M=1470 MEV, W=230 MEV, x ... 55 
A2 .041 .025 OEVENIS2 74 DPWA PI N PHOTD-PROO 
A2 .ooo .013 KNIES 74 OPWA PI N PHOTO PROD 
A2 .043 .035 METCALF 74 DPWA PI N PHOTo-PROD 
A2 .033 .013 MOORHOUS 74 DPWA PI N PHOTD-PROD 
A2 +.044 .001 CRAWFORD 15 OPWA PI N PHOTD-PROD 
A2 1+.0581 BARBOUR 76 OPWA PI N PHOTD-PROO 
A2 

AVERAGE •MfANitiGl.ESs cSci..LE FACTOR "" 3.11 A2 

•••••* ••••••••••••••••••••••••••••••••••••••••••••• *•······· 

BRANDSEN 65 PR 139 B1566 
ROPER 65 PR 138 8190 
THURNAUE 65 PRL 14 985 

NAMYSLOW 66 PR 157 1328 

ROSENFEL 67 IRVINE CONF 

BAREYRE 68 PR 165 1731 
DONNACHl 68 PL 268 161 

ALSO 68 VIENNA 139 
ALSO 68 THESIS 

HORGAN 68 PR 166 1731 

AYEO 
DAVIES 
DIEM 
SAXON 

70 KIEV CONf 
70 NP B21 359 
70 KIEV CONF. 
70 PR 02 1790 

MAKAROV 1l SJNP 13 510 
MICKENS 71 LNC 1 707 
AL ... EHED 72 NP B40 157 

OEVENISH 73 PL 478 53 
HEMMII 73 PL lt3B 79 
HEMMI2 73 NP B55 333 
LEE 73 PRL 31 1029 
LEMOIGNE 73 PURDUE CONf • 93 
HOORHOUS 73 PL "t38 44 
R.CiSSI 73 NC l.3A 59 

ALSO 71 LNC 2 1183 

BENEVENT 71t NC 19A 529 
DEVENISH 74 NP B81 330 
OEVENIS2 74 PL 52B 227 
KNIES 74 PRO 9 2680 
METCALF 74 NP 876 253 
MOORHOUS 74 PRO 9 1 

CRAWFORD 75 NP 897 125 
FEL JESSE 75 NP 893 242 
KR IVETS 75 SJNP 20 430 

ALS 0 74 SJNP 19 112 
LONGACRE 75 Pl 558 415 

REFERENCES FOR N*l/2114701 

+ODONNELL, MOORHOUSE 
LD ROPER,RM WRIGHT,BT FELD 
P G THURNAUER 

NAMYSLOWSKI ,RAZHI ,ROBERTS 

A H ROSEN FELDt P SOD I NG 

(DURHAM, RHELHJP 
C LRL-L VMR, MIT I I JP 

IROCH} 

t ST AN,EDINtLOICJ 

ILRLI 

P·BAREYRE, C BRICMANt G YILLET tSACLAYIIJP 
A OONNACHIEt R G KIRSOPP, C LOVELACE CCERNIIJP 
DONNACHIE RAPPORTEUR.S TALK IGLASJ 
R G KIRSOPP tEDIN) 
D MORGAN fRHEL I 

R AVEO,P 8AREYREr G VILLET (SAClJIJP 
A DAVIES IGLASJ 
+ SMADJA, CHAVANONr OELERt DOLBEAU+ tSACL-1 
SAXON, MULVEYr CHINOWSKY COXFtLRLI 

,GASILOVA,NEL YUBJN, ++ 
R E MICKENS 
+LOVELACE 

I IOFFE INSTI IJP 
IFISKI 

(LUNO,RUTGJ IJP 

DEVENISH,RANKIN, LYTH ILOUC+BONN+LANCJ IJP 
HEMMI, INAGAKI+ I KYOTO+SAGA+KEK+TOKYI IJP 
+INAGAKI t KIKUCHI, MAKI, MIYAKE+ (KYOTO, TOKYO) I JP 
LEE,SHAW CUCI+ROYAL HOLLOWAY COLLEGEJIJP 
+GRANET tMARTYrAYEO, BAR EYRE tBORGEAUD,+I SACLJIJP 
MOORHOUSE, OBERLACK I GLAS+lBL I IJP 
+P IAZZAtSUS INNO, + (ROMA, FRAS,NAPL,PAVIA I IJP 
CARBONARArF I ORE,+ I NAPL, FRA S, PAVI At ROMA I IJP 

BENEVENTANO,OANGELO,NOTARISTEFANI ,+ IROMAI IJP 
DEY ENISH,t=ROGGATT, MART I Nl OESY rNOROI TA tLOUC I 
OEVENISH,L YTHrRANKI N IDESY tlANC,80NNJ IJP 
KNIES r MOORHOUSE, OBERLACK I LBlt GLAS I I JP 
W J METCALFrR L WALKER lCITIIJP 
HODRHOUSE,OBERLACK,ROSENFELO t GLAS+lBL) TJP 

R L CRAWfORD (GLASJIJP 
+AY EO, BAR EYRE, BORGE AUD, DAY 1 DtERNiofEI N+l SACL I I JP 
+MIROSHNICHENKO, NIKIFOJlOV,SANIN+ IKJEVI IJP 
KRIVETS,NJKIFOROV,SANINr SHALATSKI I tKIEVI IJP 
+ROSENFELD, LAS IN SKI ,SMADJA+ llBL, SLAC I IJP 

2/74 
2/74 

11/75 
U/75 
11/75 
11/75 

4/75 
4/75 
4175 

11175 
11/75 
11177• 

ll/75 
11175 
11177* 

11/77* 
11/77* 

11/75 
11175 
11/77* 

2/74 
2174 
2/73 
4175 
2/74 
2/74 
2/74 
1/76 
1178* 
1/76 
2171* 
1178• 

2/74 
4175 
4/75 
2/73 
4/75 
4/75 
4/75 
4175 
4/75 
2174 
2174 
2/74 
1/76 
1/76 

Data Card Listings 
For notation, see key at front of Listings. 

AYEO 76 ·CEA-N-1921 AYED tTHESISI ISACLIIJP 
BARBOUR 76 NP Bll1 358 ·I. M. BARBOURrR• L. CRAWFORD tGLASJIJP 
FELLER 76 NP -8104 219 +FUKUSHIMA ,HOR I KAWAt KAJ IKAWA+I NAGOYA+OSAKA I IJP 
BERENDS 11 MCIT/71/17 
LONGACRE 11 NP 8122 493 

F.A.BERENOS,A.DONNAC.HIE lLEIO,IICCHSI IJP 
LONGACRE,OOLBEAU ISACLJIJP 

ALSO 76 NP SlOB 365 DOL BEAUt T·RI ANT 1St NE IJEU, CAD I ET t SACL JIJP 

BAR EYRE 
BAR EYRE 
DAL ITZ 
JOHNSON 
OONNACHI 
WALKER 
AYEO 
BERARDO 
AYEO 

64 PL 8 137 
65 PL 18 342 
65 Pl 14 159 

PAPERS NOT REfERRED TO IN DATA CARDS. 

+BR ICMAN, VALLADASt VILLET, + 
+BRICMANt STIRLIN-G, VJLLET 
R H DALITZ, R G MOORHOUSE 

THESIS C H JOHNSON 67 UCRL-17683 
69 NP lOB 433 
69 PR 182 1729 
70 PL 318 598 
70 PRL 24 419 
72 BATAVIA C(INF 

ISACLAYrCAENJ IJ 
. I SACLAY IIJP 
COXF,RHEU 

(LRLI 
CGLAS+EOINI 

(CJTJIJP 
( "SACLAYJ 

IUCLA+LRt I 

A OONNACHIEt R KIRSOPP 
R L WALKER 
+BAREYRE,VILLET 
+HADDOCK ,NEFK-ENS, •• ,PARSONS+. • 
R AYED,P BAREYRE, Y LEMOI~NE C SACL I 

THE FOLLOWING ARE THEORETICAL PAPERS CONCERNING THE N*l/2(14701 --
RESNICK 66 .PR 150 1292 L RESNICK INJELS BOHRI 
SCHWARZ 66 PR 152 1325 J H SCHWARZ HRLI 
BALL 67 PR 155 1725 JS BALL, Gt SHAW, DY WONG IUCLA,-tJCI,UCSDI 
GOLDBERG 6"1 PR 154 1558 H GOLDBERG I CORNELL I .................................................................... ..................................................................... 
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M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

" M 
M 

M 
M 
H 
M 
H 

• • • • • w 
• w 
w 
w 
w 
w 

J Jml/2 PRODUCTION EXPERIMENTS 

UNDER THIS HEADING WE INCLUDE All BUMPS WHlCH LIE WELL 
BELOW 1500 MEV. SEE THE MINI-REVIEW PRECEDING THE N 
AND DELTA LtSTINGS FOR A DISCUSSION OF PRODUCTION 
EXPERIMENTS. 

91 N*1/2ll470) MASS CMEVI IPROO.EXP.) 

tl400.J APPROX COCCONI 64 CNTR + PP 3.6-12 GEV/C 
Cl425.1 APPROX ADELMAN 65 H8C + K-P 1.45 GEV/C 7/66 
11430.) APPROX ANKENBRAN 65 CNTR + PP 7.1 GEV/C 7/66 
(1400.) APPROX BELLETTIN 65 SPRK + PP,O 10-26 GEV/C 7/66 
{1405.1 (15.1 ANDERSON 66 SPRK + PP, 6-30 GEV/C 7/66 
11410.1 115 .. 1 BLAIR 66 CNTR + PP 2.8-7.9 GEV/C 7/66 
11400.) 130.1 FOLEY 67 CNTR PI+- P AND PP 11/67 
Cl450.1 (17.1 ALMEIDA 68 H8C + PP-PZPI ,10GEV/C 10/69 
U420.J APPROX BELL 68 HBC PI+- Pr 6 GEV/C 6/68 
11400. I APPROX LAMSA 68 HBC PI-P , 8 GEV/C 6/68 

175U446.J 111.1 SHAPIRA 68 DBC INTO PPI,PN 7.0 10/69 
THE EFFECT OF SHAPIRA 68, WITH MUCH IMPROVED DATA, HAS AU40ST 11/77* 
DISAPPEARED (YEKUTJEL1 721.. 11177* 

11390.1 (20 .. 1 TAN 68 H8C PP TO PIP, 6.1 10/61 
120tl443.1 115.) RHODE 69 HBC PP 22 GEV/C 10/69 

(1410.1 113.1 ANDERSON 70 MHS - PI-P TO PI- MHS 2/71 
tl430.J 120.1 BALLAM 1l HBC .. _ PI+-P AT 16GEV 2172 
lllt60.J BEKETOV 11 HBC + PI- P 4.45GEV/C 3172 
(1461.1 110.1 BOESEBEC 71 RVUE PP,PI-P,K-P PROD 3/72 

12011462.01 16.01 120/80 MA 71 HBC + P P TO P N PI 10/71 
t 1425.1 I 25.) RUSHBROOKE71 HBC + · PP TO P2PI 16GEV 2172 
11411.01 I 10.01 EDELSTEIN 72 MMS + PP 6 TO 30 GEV 1173 

64U410.01 133.01 GAGE 72 0 PO 5.9GEV/C 12/72 
11464.01 11.01 45/45 KARSHON 72 OBC + PD--P02PI 7 GEV 12/72 
t 1250. I LIS SAUER 72 DBC 0 K+N TO K+N* 12GV 1178* 
Cllt40.) tl5.1 RONAl 72 HBC Pt+P TO 3PI P 2/73 
U479.J {8.) LICHTMAN 74 HBC + PI+P TO 3PI P 4175 
11430.1 (8.1 LICHTMAN 74 HBC + PI-P TO 3PI P 4175 
H450.1 BLDBEL 75 HBC + PP TO PIPI+PI-PI 1176 

PWA INDICATES PI+PI-P ENHANCEMENT IS PRIMARILY AN 1/76 
S-WAVE OELTA++PI- SYSTEM WITH IrJP=1/2,3/2-. 1176 

{1450.1 (16.,) CAVALLI 75 SPEC + PP· TO 2N•,w:23GV 1/76 
11462.1 111.1 CAVALLI 75 SPEC + PP TO 2N*rW=31GV 1176 
(1466.1 128.1 CAVALLI 75 SPEC+ PP TO 2N•,W=53GV 1/76 
11390.) 110.1 MUSGRAVE 75 HBC K+ P TO K PI N 11/75 
1350. TO 1400. STRACHMA 75 BC NBAR CN PI I 1/76 

(1450.) UO.J ATHERTON 76 HBC PBAR P 5.7 GEV 2/77* 
1400. TO H20. RUSHSROO 76 HBC P PI- 51-WAVE 2171* 
lltOO. TO 1425. RUSHBROO 76 HBC P PI- PI-WAVE 2/77* 

11458.) t20.) APPLE 11 SPEC+ P P TO P IP PIOJ 1178* 
tl473.J 15.1 APPLE 77 SPEC+ P P TOP IN Pl+l 1178* 
C 1350.1 CHADWICK 77 HYBR + PI+-P 14 GEV/C 1178* 

CHADWICK 71 CONCLUDE THAT AN INTERPRETATION OF THEIR PEAK AS A 1178* 
RESONANCE IS HIGHLY IMPROBABLE. .. 1178• 

11460.) tlO.J HEINEN 17 HBC + K-P TO K- N*+ 1178* 
11470.1 (10.) HEINEN 11 HBC 0 K-P TO KOSAR N*O 1/78* 
Cllt90.1 120.1 EKELOF 78 SPEC+ P HE--P PI PI HE 1178* 
11250.) BERLAND 74 HBC +0 ISOSPIN ANALYSIS 10/74 
tl230.1 BRAUN2 75 BC PBAR P AND 0,5.,7 11175 
(1230.1 STRACHMA 75 BC NBAR IN Pll 1176 

THE EFFECT SEEN BY BERLAND 74 IN A PRISM PLOT ANALYSIS, BY BRAUN2 1/76 
15 IN A OALITZ PLOT FIT, AND BY STRAtHMAN 75 IN AN AMPLITUDE 1/76 
ANALYSIS LIES WELL BELOW THE MASS OF MOST OTHER BUMPS LISTED HERE. 1/76 
BRAUN2 75 AND STRACHMAN 75 ANALYSE THE SAME DATA. BERLAND 71t 1/78* 
CAN EXPLAIN THE OBSERVED FEATURES OF THEIR DATA WITH A DOUBLE 1/78* 
REGGE EXCHANGE MODEL. 1178* 

91 N*l/2tllt701 WIDTH IMEVI CPROO. EXP.J 

1100. J BELL 68 HBC PI+- P AND PP 6/68 
S 115 Cl98.) (40.1 SHAPIRA 68 OBC 1.0/69 

1150.) (60.1 TAN 68 HBC + 10/69 
120 g~~:! :~~:: :~g~~SON ~~ ~:~ - :~-2: ~~v~;- HMS 

1 ~~~~ 
1150.1 litO. I BALLAM 11 HBC +- PI+-P AT 16GEV 2172 
1100.) BEKETOV 71 H8C + P PI+ PI- MASS 3/72 
(60.1 (20.1 BOESEBEC 11 RVUE PP,PI-P,K-P PROD 3/72 

120 151t.OI U2.0I 120/80 MA 11 HBC + P P TO P N PI .10171 
NARROW WIDTH SUGGESTS THIS IS NOT THE USUAL N*l14701. 10171 

1125. J 125.1 RUSHBROOKE71 HBC + PP TO P2PI 16GEV 2/72 
1188.01 138.0) EDELSTEIN 72 MHS + PP 6 TO 30 GEV l/73 
1212.01 (62.01 GAGE 72 DBC. 0 PO 5. 9GEV/C 12172 
t 124.01 (20.0) KARSHON 72 DBC + PD--PD2PI 7 GEV 12/72 
C300.1 LISSAUER 72 OBC 0 K+N TO K+N* 12GV 1178* 
(100.1 130.1 RONAl 72 HBC PI+P TO 3PI P 2/73 
(50.) 125.1 LICHTMAN 74 HBC + PI+P TO 3PI P 4/75 
(62.1 t18.J LICHTMAN 74 HBC + PI-P TO 3PI P lt/75 

(250.1 195.1 CAVALLI 75 SPEC+ PP TO 2N*tW=23GV 1/76 
(249.1 190.) CAVALLI 75 SPEC+ PP TO 2N*rW=31GV 1/76 
(205.1 (105.1 CAVALLI 75 SPEC + PP TO 2N*,W=53GV 1176 
1145. I (35. I MUSGRAVE 75 HBC K+ P TO K PI N 11/75 



0 :~_.} u ('l I 6 d ·~ t'"·g 
·.J • ~?I "<.) t~,,! ~, lj 

167 

Data Card Listings 
·For notation, see key at front of Listings. 

w {145.) us.) ATHERTON 76 HBC .PBAR P 5. 7 GEV 

• {145.1 (30.) RUSHBROO 76 HBC P PI- Sl-WAVE 
w 1273.1 190. J RUSHBROO 76 HBC P ·Ph Pl-WAVE 

• c 120.) tzO.J APPLE 11 SPEC + P .P TO P IP PIOI 

w {30.) 130.) APPLE 77 SPEC + P P TO P ( N PI +l 
w 1120 .. I 120.1 HEINEN 77 HBC + K-P TO K- NU 

w 190.1 130. I HEINEN 11 HBC 0 K-P TO KOSAR N*O 

w 1200.1 EKELOF 78 SPEC + P HE--P PI PI HE 

--- ----- ------ ----- ----- ---- ___ ..;_ ------

Pl 
P2 
P3 
P4 
P5 
P6 

91 'N*l/2114701 PARTIAl DECAY MODES IPROO .. EXP.I 

NOl/2114701 INTO PI N 
N*ll2tl4701 INTO N PJPI(J,I=OI 
N*li2Cl4701 INTO NOJ/2112321 PI 
N*l/2Cl4701 INTO N PI PI 
N*112fl4701 INTO GAMMA N 
N*l/2114701 INTO N RHO 

DECAY MASSES 
139+ 938 
<138+ 139+ 139 

1232+ 139 
938+ 139+ 139 

0+ 938 
938+ 776 

-- ------ ----- ------ ----- ---~- ------ -------
91 N*1/211470) BRANCHING RATIOS IPROD. EXP.I 

N*1/204701 INTO IPI NIITOTAL IPU 

2/770 
2111• 
2117* 
1118* 
1178* 
1/780 
1/78* 
1178* 

Rl 
Rl {.661 TAN 68 H8C PP TO PIP., 6.1 10/69 

Rl 
R2 
R2 
R2 

N*1/2H4701 INTO lN*3/2tl2321 PIIITOTAL (P31 
PROBABLY SEEN JESPERSEN 68 HBC PP 22 BEY/C 

PI-P B BEV/C PROBABLY SEEN LAMSA 68 H8C 
DOMINANT BLOBEl 75 HBC + PP TO P(PI+PI-PI 

R3 N*l/2114701 INTO IN*l/2(12321 PIJICN P PJI IP31/IP41 
R3 P 0.5 0.2 HEINEN 77 HBC + K-P TO K- N*+ 
R3 P FOR THE P PI+ PI- FINAL STATE ONLY. .............................................................. 
COC CCN I 64 PL 
ADELMAN 65 PRL 
ANKENBRA 65 NC 
BEllETT I 65 Pl 
ANDERSON 66 PRL 
BLAIR 66 PRL 

8 134 
14 1043 
35 1052 
18 167 
16 855 
17 789 

FOLEY 
ALMEIDA 
BELL 
JESPERSE 
LAMS A 
SHAPIRA 
TAN 
RHODE 
ANDERSON 

67 PRL 19 397 
68 PR 174 1638 
68 PRL 20 164 
68 PRL 21 1368 
68 PR 166 1395 
68 PRL 21 1835 
68 Pl 288 195 
69 PR 187 1844 
10 PRL 25 699 

BALLAM 1l PR 04 1946 
BEKETOV 71 SJNP 13 605 
BOESEBEC 11 NP B33 445 
MA 11 PRL 26 333 
RUSHBROO 1l PR 04 3273 

EDELSTE I 72 PR 05 1073 
GAGE 72 NP 846 21 
liSSAUER 72 PRO 6 1852 
KARSHON 72 NP B31 371 
RONAl 12 NP 838 20 
YEKUTIEl 12 NP 640 77 

BERLAND 74 NP 875 93 
ALSO 7~ Pl 51B 187 

LICHTMAN 74 NP B81 31 

BLOBEL 75 NP 897 201 
BRAUN2 75 NP 895 503 
CAVALLI 75 LNC 14 353 

ALSO 75 lNC 14 345+359 
MUSGRAVE 75 NP 887 365 
STRACHMA 75 NP B98 120 

AlSO 76 NP B107 330 

ATHERTON 16 NP B103 3Bl 
RUSHBRDO 76 PRO 13 1B35 
APPLE 71 LNC 18 167 
CHADWICK 11 SLAC-PU8-201B 
HEINEN 17 NP 8122 443 
EKELOF 78 NP 8132 212 

GELLERT 6& PRl 17 884 
ALBER I 6B PR 176 1631 
WALKER 68 PRL 20 133 
CLEGG 69 NP Bl3 222 
ALEXANOE 73 NP 852 221 
ANSORGE 73 NP 863 93 
BEAUPRE 73 NP 866 93 
COOPER 74 NP 879 259 
OEUTSCHM 75 NP B99 397 
OCHS 75 NP 8B6 253 

REFERENCES FOR N*l/2114701 IPROO. EXP.J 

+liLLETHUN,SCANLON,STAHLBRANOT, + ICERNJ 
S L ADELMAN CCAMBRIOGEiCERNIJ 
ANKENBRANOT ,CL YOE ,CORK, KEEFE ,KERTH+ ILRLJ 
BELLETTJNJ,COCCONI,OIOOENS + ICERNI 
+8L ESER, COLLINS, FUJ lJ., + C BNL, CARN J 
+TAYlOR.,CHAPMANt + I HARWELl ,QUEENMARY,RHEL I 

+JONES, L I NDENBAUM,LOYE ,OZAKI+ ( BNL I 
+RUSHBROOKE, SCHARENGUI VEL+ I CAVEt DESY) 
+CRENNELL,HOUGH,KARSHON,LAI+ I BNLtCUNYJ 
JESPERSEN,KANG,KERNAN+ IIOWA STATEJ 
+CASON,BISWAS,OERAOO,GROVES,+ INOTRE DAME) 
•SENARY, EISENBERG ,RON AT, YAFFE+ I REhO I 
TAN,PERL,MARTIN,VHINOWSKU + ISlAC+LRl+UCIJ 
RHODE, LEACOCK, KERNAN, JESPERSEN,+ IISUJ 
+BLESER, BL! EDEN, COLLINS++ I BNL t CARN I 

+CHADWICK,GUIRAGOSSJAN,JDHNSDNt++ ISlACJ I 
, ZOMBKOVSKI I, KONOVAlOV, KRUCHINI N, ++ I IT EP I IJ 
BOESEBECK,GRAESSLER,KRAUS,+++ UBBCHLVJ I 
+COl TON I MSU+l BL) I 
RUSHBROOKE, WILLI AMS+BAREFORD++ I CAVE tLOIC I 1 J 

EOELSTE IN ,CARRIGAN, HIEN ,MCMAHON,+ ICARN+B.NL J 
W GAGE,E COLTON,W CHINOWSKI IL8LI 
+F J RESTONE, GINESTET ,GOLDHABER, TR ILLINGI l8ll IJP 
+YEKUTIELitYAFFE,SHAPIRAtRONAT,+ IREHOI I 
+E 1 SENBERGt LYONS, SHAPI RA, TOAFF+ I REHO I 
YEKUTI Ell ,YAFFE, SHAP1RAtRONAT + ( REHO I 

BERLAND, HABER, HODDUS, HUL 51 ZER,+ I MIT It 
BERLAND, HABERt HOOOUS., HULS 1 ZERt + (MIT I I 
l ICHTMAN, Bl SWA S,CASON, KENNEY ,MCGAHAN+ I NOAH I I 

+ESKREY S, FESEF ELOT, FRANZ+ { BONN+HAMB+MP I M) IJ P 
+GERBER ,MAURER ti'IICHALON tSCHI BY+ STBRB tLPNP I 
CAVALL 1-SFORlAtCONT A+ I PAY I A+PR IN J 
CAVAlli-SFORZA, CONT A+ I PAY I A+PRI N I 
+PEETERS, SCRE I NER,WHITMORE, YUTA I ANL) 
S TRACHMAN, BRAUNtGERBER, MAURER+ ILPNP+STR8 I I 
STRAtHMAN ILPNP II 

ATHERTON, FRENCH, SKU RAt BOHM+ I CERN+PRAG I 
RUSHRBOC.KEtRA..JA,ANSORGE,CARTER,NEALE ICAVEI JP 
+ASH, CHENG, COYNE ,GROSSMAN+ I PR I N+PAVI A J 
+CARROll t CHALOUPKA+ I SLAC+ST AN+C IT +LBL I I JP 
+ENGEL EN t KITTEL t MET lGER+ I Nl JM+AMST+CERN J I JP 
+HERZ, HAGBERiitKUt.lANOER+ ICERN+UPPS+LOUC J IJ 

PAPERS NOT REFERRED TO IN DATA CARDS 

+SMITH,WOJCICKJ.,COl TON, SCHLEIN + ILRLtUClAI 
+APPEltBUDNITZ tCHEN tDUNNING,GOITEIN+ I HARVI 

~~[~g~PSON 1 ROBERTSON ,oH,lEE ,HARTUNG,+ : ~l~~: 

AlEXANDER, BEN ARY +IT El- AYI Y+HE t OHBERG+OE S Y I 
AHSORGE, MADEN, NEALE, RUSH BROOKE I CAVE I 

CAACH+BERL+BONN+CERN+NOAM+PENN+TOHO J I 
COOPER, SE JOLt VANDERVELDE I MICH HJP 
DEUTSCHMANN+ I AACH+BONN+BERL+CERN+CRAC+HE ID I 
+OAVI OSON,DZIERBA, FIRES TONE+ I CIT+SLAC+lBL t1 JP 

BIEL 76 PRl 36 504,507 +Bl ESER,FERBEL+ I RDCH+FNAL+SlAC+NWES I 
CARNEY 7& NP B110 24B +COlLEY,JONEStKENYON+ tBIRM+BRUX+CERN+MONSJIJP 
OEKERRET 76 Pl 63B 477, 4B3 +NAGY, REGLER, BRANDT+ C CERN+HAM8+1 PN+V I EN I 
RUSHBROO 76 PRO 13 1835 RUSHBROOKErRAJA,ANSORGEtCARTERtNEALE ICAVEJIJP 
SOTIRIOU 76 NP B107 457 O.SOTIRIDU ICERNHJP 
BACON 11 NC 42A 431 +8ARNHAM,OORNAN 1 EASON 1 P0LLOCK+ (LOICUJP 
HARRIS 77 NP Bll9 1B9 +LUBATTI,MORIYASUtBINGHAM+ IWASH+UCSJ 
OTTERl 17 NP 8130 349 +RUDOLPH,WIECZOREK+ IAACH+BERl+BONN+CERNJIJP 
OTTER2 11 AACHEN IIIB/3-17 +RUDOlPH+ IAACH+BERL+CERN+LOIC+VIENIIJP .................................................................... 
•••••• ********* ••••••••• ********* ********* ••o••o••• •o••••••• •••••••• 

11/68 
11/6B 

117B* 

Baryons 
N(1470), N(1520) 

t N(1520) I 
62 NOl/2(1520• JP~3/2-) I.,l/2 lnbl 

M 

" M 

" " " " 

" " M 

" 

w 
w 
w 
w 

RE 
RE 8 

IM 
IM 8 

Pl 
P2 
P3 
P4 
P5 

•• 
P7 
PB 
P9 
PlO 
Pll 
Pl2 
Pl3 
Pl4 
Pl5 
Pl6 

Rl 
Rl 
Rl 
Rl 
Rl •• Rl 
Rl 

•• 

THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHED. 

62 N*1/21l5201 MASS IMEVJ 

( 1530.01 BRANDSEN 65 RVUE PHASE-SHIFT ANAL 
I 1536.01 ROPER 65 RVUE PHASE-SHIFT ANAL 
11510.01 BAR EYRE 68 RVUE PHASE-SHIFT ANAL 

WHERE CROSS SECT ION IS GREATEST - EYEBALl FIT 
11541.0) OONNACH1 6B RVUE PHASE-SHIFT ANAL 
11523.01 AYEO 70 IPWA 

FROM ENER. OEP. FIT OF ARGAND DIAGRAM 
I 1512.01 DAVIES 70 RVUE P-S ANAl SOL A 
I 1520. I ALMEHED 12 I PWA 

1501. TO 1503. CRAWFORD 75 OPWA PI N PHOT~PROD 
1524. DR 1520. LONGACRE 75 IPWA PINT02PIN 

THE 2 SETS Of PARAMETERS ARE FROM METHODS 1 AND 2 OF LONGACRE 75. 
( 1525.) AYED 76 I PWA 
I 1503.1 BARBOUR 76 OPWA 
I 1510. I BERENDS 11 I PWA 
0510.) LONGACRE 11 I PWA 

All LONGACRE77 PARAMETERS ARE FROM SOLUTION S2t 
POSITION WHICH IS FROM SOLUTIONS 51 AND C1. 

62 N*1/2115201 WIDTH (MEVI 

U25 .. 01 
049.0} 
1131.0) 
I 106.01 
1120.1 
ll5. TO 1-50. 
120. OR 150. 

tl2Z.J 
{137.1 
1105.1 
I 110. I 

SEE THE NOTES ACCOMPANYING THE 

BAREYRE 6B RVUE 
OONNACH1 68 RVUE 
AYEO 70 IPWA 
DAVIES 70 RVUE 
ALMEHED 72 I PWA 
CRAWFORD 75 OPWA 
LONGACRE 75 IPWA 
AYEO 76 I PWA 
BARBOUR 76 DPWA 
BERENDS 77 IPWA 
LONGACRE 77 I PWA 
MASSES QUOTED. 

PI N PHOTO-PROD 
PI-N PHOTO-PROD 
PINT02PIN 

EXCEPT FOR THE POLE 

P-S ANAL SOl A 

PI N PHOTD-PROO 
PI N TO 2PI N 

PI N PHDTD-PROO 
PI-N PHOTD-PROD 
P1 N TO 2PI N 

62 N*l/2U520I REAL PART Of POLE POSITION (MEVJ 

11514 .. 1 
1508. OR 1505. 

LONGACRE 75 IPWA 
LONGACRE 71 I PWA 

PI N TO 2PI 
PI N TO ZPI 

62 N*1/2115201 2*1MAG PART OF POLE POSITION I MEV I 

I 146.1 
109. OR 107. 

LONGACRE 75 IPWA 
LONGACRE 77 IPWA 

62 N*l/2115201 PARTIAl DECAY MODES 

N01/2U520J INTO PI N 
N*l/2115201 INTO N*3/2Cl2321 PI 
N*l/2Cl520) INTO N PI PI 
N*l/2115201+ INTO NEUTRON PI+ 
N*l/21 15201+ INTO PROf("N PI+ Pl
N*1/211520J INTO N ETA 
N•l/2115201 INTO N EPSilCN 
N*l/2115201 INTO N RHO 
Nllli/2(15201 INTO GAM Pt HELICITY=1/2 
N*l/2(15201 INTO GAM P, HELICITY=3/2 
N•1/2115201 INTO GAM N., HELICilY=1/2 
NIC<l/2(15201 INTO GAM N, HELICITY=3/2 
N*1/2U520J INTO K LAMBDA 
N•li2U520J INTO N*3/2112321 PI,S-WAVE 
N*l/2115201 INTO N*3/2(12321 PI ,O-WAVE 
N*l/2ll520I INTO N RHO,S .. 3/2tS-WAVE 

62 N*1/2( 15201 BRANCHING RATIOS 

N*l/2115201 INTO IPI NI/TOTAl 
10.541 8AREYRE 68 RVUE 
10.5091 DONNACHl 6B RVUE 
(0.5931 AYEO 70 IPWA 
(0.45} DAVIES 70 RVUE 
I0.5BJ Ali'IEHEO 72 IPWA 
(.561 AYED 76 IPWA 

SEE tHE NOTES ACCOMPANYING THE MASSES QUOTED. 

PI N TO 2PI 
PINT02PI 

DECAY MASSES 
139+ 93B 

1232+ 139 
938+ 139+ 139 
939+ 139 
93B+ 139+ 139 
939+ 548 
938+1300 
938+ 716 

0+ 93B 
0+ 93B 
0+ 939 
0+ 939 

497+1115 
1232+ 139 
1232+ 139 

93B+ 176 

IPIJ 

P-S ANAL SOL A 

Rl ALMOST HE ENTIRE INELASTICITY IS IN N PI PI (ONLY N ETA COULD COMPETE, 
R1 AND IT DOESNT). THE N PI PI SEEMS TO BE MAINlY N•312112321 PI, IN BOTH 
R1 \5 AND D WAVES. 

R2 
R2 
R2 
R2 
R2 

R3 
R3 
R3 
R3 
R3 
R3 

N*1/2115201 INTO IN*3/2112321 
0.20 0.05 
DOMINANT INEL DECAY 

10.401 
ASSUMING Rl"' 0.5 

N*l/2115201 INTO CN*3/2112321 
LARGE 
LARGE 
LARGE 
LARGE 
lARGE 

PIt/TOTAL 
KIRZ 
OLSSON 
DIEM 

&6 HBC 
66 RVUE 
70 I PWA 

IP41 
0 ASSUMING R1=0.72 

PIPTOPIPJN 
3 BODY ANALYStS 

Pli/IN PI PII IPZJIIP31 
THURNAUER 65 RVUE -
NAMYSLOWS 66 RVUE -
ROBERTS 67 RVUE -
ROSENFElD 67 RVUE -
MORGAN 6B RVUE ISOBAR MODEL 

(P71 

9/66 
9/66 

ll/&7 

6/68 
1/71 

81&9 
2172 
1/76 

11175 
11/75 
11/77* 
1176 
117B• 

11177• 
11177• 
11/71* 

11/67 
6/6B 
1/71 

2112 
1/76 

ll/75 
11/17* 

1/76 
1178* 

11/77. 

11175 

11/75 
11111* 

ll/75 

11/75 
ll/17* 

11/67 
6/68 
1/71 
8/69 
2/72 

11177* 

9/bb 
9/66 
1171 

11/67 
11/67 
11/67 
11/67 
6/68 

R4 

•• R4 

N*l/2115201 INTO IN EPSllONI/TOTAL 
PROBABLY PRESENT MORGAN 6B RVUE ISOBAR MODEL" 6/68 
10.021 DIEM 10 tPWA 3 BODY ANALYSIS 1171 

R4 ASSUMING R1= 0.5 
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Baryons 
N(1520), N(1535) 

R5 N*l/211520) INTO CN ETAJITOTAL CP61 
R5 D (0.0061 APPROX DAVIES 67 RVUE 
R5 DAVIES 67 GIVES SEVERAL VALUES DEPENDING ON INPUT DATA. All ARE SHALL 
R5 B (0.0141 BOTKE 69 MPWA T POLf+ RESON. 
R5 8 (0.003) (0.0011 DEANS 69 MPWA T POLE+ RESON. 
R5 6 I0.002JOR 0.004 CARRERAS 70 MPWA T POLF.+ RESON. 
R5 8 PARAMETRIZATION USED COULD BE IN DANGER Of DOUBLE COUNTING 
R5 SEEN LEMOIGNE 73 DPWA 1488 TO 1685 MEV 

R6 
R6 D 
R6 D 

R7 
R7 C 
R7 C 

R8 
R8 l 
R8 8 

•• •• l 
•• 8 
•• 8 

R10 
RIO L 
RIO 8 
RIO 8 

N*l/2U5201 INTO CN RHO )/TOTAL I PSI 
(0.07) DIEM 70 IPWA 3 BODY ANALYSIS 

ASSUMING Ric 0.5 

N*112Cl520J FROM PI N TO K LAMBDA SQRHPl*Pl31 
-.076 .032 OEVENISH 74 0 FIXED T DISP REL 

EXTRAPOLATION OF PARAMETRIZED AMPLITUDE BELOW THRESHOLD. 

N*l/2115201 FROM PI N INTO N EPSILON 
10.0) OR +.17 LONGACRE 75 IPWA 
(+.131 LONGACRE 71 IPWA 

SQRTI P1*P7 I 
PINTOZPI 
PI N TO 2PI 

N*l/2115201 FROM PI N TO N*3/2(1232l PJ,S-WAVE SQRHP1*P14l 
{+.27IOR +.24 LONGACRE 75 IPWA PI N TO 2PI 
(+.261 LONGACRE 77 IPWA PI N TO 2PI 

LONGACRE 77 CONSibER THIS COUPLING T(l BE WELL DETERMINED. 

N•l/2(15201 FROM PI N TO N•31211232l PJ,D-WAVE SQRTIPI*Pl5 
{+.24JOR +.30 LONGACRE ··75 IPWA PI N TO 2Pl 
C+.2ll LONGACRE 77 IPWA PI N TO 2PI 

LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 

Rll N*l/20520) FROM PI N TO N RHO,Sc3/2tS-WAVE SQRTCPl*Pl61 
R11 L 1+.32)0R +.24 LONGACRE 75 IPWA PI N TO 2PI 
Rll 8 (+.351 LONGACRE 17 IPWA PI N TO 2PI 
R11 8 LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 

Rl2 N•li2U520) FROM PI N TO ETA N SQRHPl*P6J 
Rl2 9 C+.OlliOR +.058 FELTESSE 75 DPWA 0 1488 TO 1745 MEV 
Rl2 9 SUPERCEOES LEMOIGNE 73, USES M AND W OF AYED 76. 

62 N*l/205201 PHOTON DECAY· AMPUGEV••-1121 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI
REVIEW PRECEDING THE BARYON LISTINGS. 

A1 
A1 
A1 
A1 
Al 
A1 
Al 
A1 
A1 
A1 
A1 
A1 
A1 
A1 

N*l/2( 15201 INTO GAM p, 
.010 .022 

{-.0261 
-.026 .015 
-.008 .015 
-.019 .008 
- .. 006 .006 

.ooo .006 
-.009 .004 

C+.0111 
("".0121 
-.005 .005 

c-.o2u 

HELICITY=1/2 CGEV .. -1/21 
DEVENJ SH 73 DPWA 
HEMMI1 73 
MOORHOUS 73 DPWA 
DEVENIS2 74 OPWA 
KNIES 74 DPWA 
METCALF 74 OPWA 
HOORHOUS 74 DPWA 
CRAWFOP.O 75 OPWA 
KRIVETS 75 OP"WA 
BARBOUR 76 DPWA 
FELLER 76 DPWA 
BERENDS 77 IPWA 

AI AVERAGE MEANINGLESS CSCALE FACTOR= 1.01 

A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 

N*1/2Cl5201 INTO GAM p, 
.180 .017 

+.194 .031 
.111 .012 
.169 .012 

+.165 .011 
• 174 .006 

+.162 .004 
(+.138) 
{+.158) 
+.164 

(+.0751 
.008 

HEL1CITY=3/2 CGEV**-1121 
OEVENISH 73 DPWA 
MOORHOUS 73 DP WA 
OEVENISZ 74 DPWA 
KNIES 74 OPWA 
METCALF 74 DPWA 
MOORHOUS 74 OPWA 
CRAWFORD 75 OPWA 
KRIVETS 75 OPWA 
BARBOUR 76 DPWA 
FELLER 76 OPWA 
BER ENOS 77 I PWA 

A2 AVERAGE MEANINGLESS (SCALE FACTOR .. 1.0l 

A3 N*li2Cl5201 INTO GAM N, HELICITY=1/2 · (GEV**-l/2l 

Pl N PHOTO PROD 
+ FWD PIO PHTOPROD 

PI N PHOTQ-PROD 
PI N PHOTD-PROD 
PI N PHOTO PROD 
PI N PHDTQ-PROD 
PI N PHOTQ-PROO 
PI N PHOTQ-PROD 
PI-N PHOTQ-PROD 
PI N PHOTG-PROO 
PI N PHOTQ-PROD 
PI-N PHOTD-PROO 

PI N PHOTO PROD 
PI N PHOTD-PROO 
PI N PHOTO-PROD 
PI N PHOTO PROD 
PI N PHOTQ-PROD 
P 1 N PHOTQ-PROD 
PI N PHOTD-PROD 
PI-N PHOTQ-PROO 
PI N PHOTQ-PROD 
PI N PHOTQ-PROD 
PI-N PHOTQ-PROO 

11/67 

10/69 
5/7D 
5/70 

2/74 

1/71 

4/75 
lt/75 
4/75 

11/75 
ll/75 
11177• 

11175 
11175 
11111* 

11/75 
11/75 
11177• 

11175 
11/75 
11177* 

1176 
1/76 

11/17* 

2/74 
2/74 
2/73 
4/75 
2/74 
2/74 
2/74 
1/76 
1178* 
1176 
Z/11* 
1178• 

2174 
2/73 
4175 
2174 
2/74 
2174 
1/76 
1178* 
1/76 
Z/71* 
1178• 

A3 -.075 .037 OEVENISH 73 DPWA PI N PHOTO PROD 2/74 
A3 -.085 .014 MOORHOUS 73 OPWA PI N PHOTQ-PROO 2/73 
A3 2 +.031 .012 ROSSI 73 OPWA 0 GAM N TO PI- P 4/75 
A3 2 CCNVERTED TO OUR CONVENTIONS USING M AND W FROM ROSSI73 AND X=.56 4/75 
A3 CO.) BENEVENT 74 DPWA 0 GAM N TC PI- P 4/75 
A3 -.089 .019 OEVENIS2 74 DPWA PI N PHOTQ-PROD 4/75 
A3 -.071 .005 KNIES 74 OPWA PI N PHOTO PROD 2/H 
A3 -.066 .010 METCALF 74 DPWA PI N PHOTD-PROO 2/14 
A3 -.088 .007 MOORHOUS 74 DPWA PI N PHOTD-PROD 2/74 
A3 -.067 .004 CRAWFORD 75 DPWA PI N PHOTo-PROD 1/76 
A3 (-.056l BARBOUR 76 OPWA PI N PHOTD-PROD 1176 

!i AVERAGE· MEANt NGLE Ss • c ScAt E ·FACToR = 3 .. 9 1 

•• •• •• 8 
•• 8 
•• 2 

•• •• •• •• •• •• •• 
A4 

•• 

N*ll2(1520l INTO GAM Nt HELICITY•3/2 tGEV**-1/ZJ 
-.126 .028 OEVENISH 73 DPWA PI N PHOTO PROD 

C-.087) HEMHI2 73 0 GAM N TO PIO N 
CCNVERTED TO OUR CONVENTIONS USING M AND W FROM WALKER69 AND X=.56 

-.016 ,.016 .018 ROSSI 73 DPWA 0 GAM N TO PI- P 
-.124 .013 HOORHOUS 13 DPWA PI N PHOTD-PROO 

C- .. 035) BENEVENT 74 DPWA 0 GAM N TO PI- P 
CONVERTED TO OUR CONVENTIONS USING H=l520 MEV, W:120 MEV, X=.56 

-.155 .019 DEVENIS2 74 DPWA PI N PHOTQ-PROD 
-.LZO .010 KNIES 74 DPWA PI N PHOTO PROD 
-.118 .013 METCALF 74 DPWA PI N PHOTQ-PROD 
-.119 .025 HOORHOUS 74 DPWA PI N PHOTD-PROD 
- .. 133 .003 CRAWFORD 75 DPWA PI N PHOTD-PROD 
(-.1~61 BARBOUR 76 DPWA PI N PHOTQ-PROD 

A4 • • 
A4 AVERAGE MEANINGLESS C SCALE FACTOR c 3.11 .................................................................... 

REFERENCES FOR N*1/2Cl520J 

SEE A PREVIOUS EDITION fRMP 37t 633t 1965) FOR EARLIER REFERENCES. 

BRANIJSEN 65 PR 139 B1566 
ROPER 65 PR 138 8190 
THURNAUE 65 PRL 14 985 

+ODGNNELLt MOORHOUSE 
LD ROPER,RM WRIGHT,BT FELD 
P G THURNAUER 

COURHAM, RHELJJJP 
CLRL-lVMR,MITJ IJP 

CROCHJ 

KIRZ 66 PRIVATE COMM J KIRZ (LRLI 
NUMBER EXTRACTED FROM DATA OJ SCUSSED lN KIRZ 63. Z 63. 

NAHYSLOW 66 PR 157 13Z8 NAMYSLOWSKI,RAZMt,ROBERTS CSTAN,EOJN,LOJCI 
OLSSON 66 PR llt5 1309 M G OLSSON, G B YODH CWISC,UMOJ 

2174. 
4/75 
4/75 
4/75 
2/73 
4175 
4175 
4/75 
2174 
2/74 
2/74 
1176 
1176 

Data Card Listings 
For notation, see key at front of Listing~ . . -

DAVIES 67 NC 52A 1112 
ROBERTS 67 PREPRINT 
ROSENFEL 67 IRVINE CCNF 

A T DAVIES, R G MOORHOUSE 
R G ROBERTS 
A H ROSENFELD, P SODING 

(GLASGOW, RHEL I 
I DURHAM) 

ILRU 

BAR EYRE 68 PR 165 1731 
DONNACH1 68 PL 268 161 

ALSO 68 VIENNA 139 
ALSO 68 THESIS 

P BAR EYRE, C 8RICMANt G VILLET ( SACLAYI IJP 
A DONNACHIE, R G KIRSOPPt C LOVELACE CCERNIIJP 

HOFGAN 68 PR 166 1731 

BOTKE 
DEANS 

69 PR 18D 1417 
69 PR 185 1797 

AYED 70 KIEV CONF 
CARRERAS 70 NP 16B 35 
DAVIES 70 NP 8Z1 359 
DIEM 7D KIEV CONF. 
ALMEHED 1Z NP 840 157 

DEVENISH 73 PL 47B 53 
HEMMJl 73 PL 438 79 
HEHHI2 73 NP 855 333 
LEMOIGNE 73 PURDUE CDNF • 93 
HODRHOUS 73 PL 43B 44 

DONNACHIE RAPPORTEUR.$ TALK CGLASJ 
R G KIRSOPP {EDIN) 
D MORGAN I RHEL I 

J C BOTKE 
S DEANS, J WOOTE"4 

R AYEO,P BAREVRE, G VILLET 
8 CARRERAS, A DONNACHIE 
A DAVIES 
+ SHADJAt CHAVANON, OELER, 
+LOVELACE 

IUCSBI 
CUNIV S FLORIDA) 

CSACLI IJP 
COARE,HCHS I 

. CGLASI 
DOL BEAU+ C SACL I 

CLUNDtRUTGJ IJP 

DEVENISH,RANKJN, L YTH ILOUC+BONN+LANC I lJP 
HEHMI, JNAGAK I+ I KYOTO+SAGA+KEK+TOKY) IJP 
+INAGAKI ,KIKUCHI tMAKI ,MIYAKE+ (KYOTO, TOKYO) IJP 
+GRANET ,MARTY, AYEO, BAR EYRE, BORGEAUO, +I SACL I IJP 
MOORHOUSE, OBERLACK CGLAS+LBLIIJP 

ROSSI 73 NC 13A 59 +PI AZZAt SUS! NNO, + IROMAt FRAS, NAPL ,p AV I A I IJP 
ALSC 71 LNC 2 1183 CARBONARA ,FIORE,+ tNAPLtFRAS,PAVIA,ROMA) IJP 

BENEVENT 74 NC 19A 529 
DEVENISH 74 NP BBl 33D 
OEVENIS2 74 PL 52B 227 

BENEVENT ANO,OANGELO,NOTARI STEFANI,+ CROMAJ IJP 

KNIES 74 PRO 9 2680 
METCALF 74 NP 876 253 
MOORHOUS 74 PR 0 9 I 

CRAWFORD 75 NP 897 125 
FEL JESSE 75 NP B93 242 
KRIVETS 75 SJNP 20 430 

ALSO 74 SJNP 19 112 
LONGACRE 75 PL 55B 415 

AYED 76 CEA-N-1921 
BARBOUR 76 NP 8111 3 58 
FELLER 76 NP Bl04 219 
BERENDS 77 MC/T/77/17 
LONGACRE 11 NP 8122 493 

ALSO 76 NP B108 365 

OEVEN ISHt FROGGATT ,MARTINI OESY, NORD IT A, LOUC) 
DEVENISHtLYTH,RANKIN IDESY,LANC, BONN I IJP 
KN IES,HOORHOUSE ,08ERLACK ( LBL, GLAS I IJP 
W J METCALF,R L WALKER fCITIIJP 
MOORHOUSE ,QBERLACKt ROSENFELD C GLAS+LBL I IJP 

R L CRAWFORD C GLAS I I JP 
+AYEO,BAREYRE,80RGEAUO, DAVIO,ERNWEHHC SACL liJP 
+MIROSHNICHENKO,N IKIFOROV, SAN IN+ I KIEV I JJP 
KRI VETS, NIKI FORGY, SAN IN ,SHALAT SKI 1 I KIEV J IJP 
+ROSENFELOrLAS IN SKI , SMA OJ A+ I LBL, SLAC I IJP 

AYEO ITHESISI ISACLIIJP 
1. H. BARBOUR,R. L. CRAWFORD CGLASJIJP 
+FUKUSHI MA,HOR IKAWAt KAJ JKAWA+C NAGOYA+OSAKA J IJP 
F .A .. BERENDS, A. DONNA CHI E ILEID, HCHS I IJP 
LONGACRE,OOLBEAU CSACL)IJP 
DOL8EAU, TRIANTJS,NEVEUtCADIET C SACL )IJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

KlRZ 63 PR 130 2481 J KIRZt J SCHWARTZ, R D TRIPP CLRLJ 
8AREYRE 65 PL 1B 342 + BRICMAN, STIRLING, VILLET ISACLAYIIJP 
CROUCH 65 DESY CONF II 21 C BROWNrCEA, HARVARO,MIT t PADOVArWE IZMANNI 
OERADO 65 ATHENS CONF 244 +KENNEY,LAMSA, + CNOTRE DAME,KENTUCKYI 
MERLO 66 P ROY SOC 2B9 489 J P MERLO, G VALLADAS CSACLAYI 

THE ABOVE PAPERS DISCUSS INELASTIC CHANNELS NEAR THE REONANCE. 
JOHNSON 67 UCRL-17683 THESIS C H JOHNSON CLRL J 

CUNIV S FLORIDA) DEANS 69 PRL 177 2623 S R DEANS 
OONNACHI 69 NP 108 4"33 A DONNACHJE, R KJRSOPP I GLAS+EO IN I 

IC.ITJIJP 
ISACLAYI 

WALKER 69 PR 182 1729 R L WALKER 
AYED 70 PL 31B 598 +BAREYRE+VILLET 

................... tjl: •••••••••••••••••••••••••••••••••••••••••••••••• ...... ......... ......... ......... ......... ......... ......... ....... . 
IN(1535) I 63 N*l/211535, JP•l/2-l 1•112 I Sill 

M 
M 
M N 
M N 
M 1 

" 1 
M 3 
M 
M 6 
M 6 
M • 
M 7 
M 2 
M 2 
M 2 
M 
M 

" M 

" " M 
M 

THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHED. 
IT IS STRONGLY ASSOCIATED WITH THE ETA N CHANNEL • 

63 N*l/Z(l5351 MASS IMEYI 

(1519.0) HENDRY 65 RVUE ETA N + Sll PI N 
( 157D.OI MICHAEL 66 RVUE FITS BAREYRE Sll 
(1557.01 OR 1565.0 UCHIVAMA- 66 RVUE FITS N ETA DATA 
FITTING GIVES TWO SOLUTIONS. PROBLEMS HATCHING PI P PHASE SHIFT 

(1535.01 BAR EYRE 68 RVUE PHASE-SHIFT ANAL 
WHERE CROSS SECTlON IS GREATEST- EYEBALL FIT 

(1591.01 DONNACH1 6B RVUE PHASE-SHIFT ANAL 
Cl535.01 110.01 DELCOURT 69 CNTR PHOTOPRODUC T • 
11534.01 AYED 70 tPWA 

FRCJM ENER. OEP. FIT OF ARGAND DIAGRAM 
c 1502.0) DAVIES 70 RVUE P-S ANAL SOL A 
(1500 .. 1 ALMEHED 12 IPWA 
(1551.1 HICKS 73 MPWA GAM P-ETA P 

CNLY STATES FROM TABLE VII OF HICKS73 ARE INCLUDED IN LISTINGS. 
M AND WARE FROM SOLUTION C.2tBR=SQRHGl/W WITH G FROM TABLE VII. 

1507. TO 1530. CRAWFORD 75 OPWA PI N PHOTQ-PROD 
1520. OR 1510. LONGACRE 75 IPWA PI N TO ZPI N 

THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 OF LONGACRE. 75. 
C 1519. I AYED 76 I PWA 
(1501.1 BARBOUR 76 DPWA PI N PHOTD-PROD 
( 1500 .. I BERENDS 77 I PWA PI-N PHOTo-PROD 
C 1547. I (6., BHANDARI 77 DPWA D USES ETA N CUSP 
U520.J LONGACRE 11 IPWA PI N TO 2Pl N 

ALL LONGACRE17 PARAMETERS ARE FROM SOLUTION 52, EXCEPT FOR THE POLE 
POSITION WHICH IS FROM SOLUTIONS S1 AND Ct. 

63 N*l/2Cl535J WIDTH CMEVJ 

(130.01 HENDRY 65 RVUE 
( 13D.OJ MICHAEL 66 RVUE 
(156.01 OR 144.0 UCHIYAMA..;. 66 RVUE SEE NOTE ON MASS 

9/66 
7/66 
9/66 

11/67 

6/68 
8/69 
1/71 

8/69 
2/72 
9173 
9173 
9173 
1/76 

11/75 
11175 
11177• 

1176 
1118* 
1/78* 

11/71* 
11177• 
11/77* 

9/66 
7/66 
9/66 

t 155.01 BAR EYRE 68 RVUE 11/67 
1268~0) APPRO X OONNACH1 68 RVUE 6/68 
U20.0I DEL COURT 69 CNTR PHOTOPROOUCT • 8/69 

• 6 (96.01 AYEO 10 IPWA 1/71 

• • (36.01 DAVIES 70 RVUE P-S ANAL SOL A 8/69 
• 7 (50 .. ) ALMEHEO 72 IPWA 2172 
• 2 Cl34.1 HICKS 73 MPWA GAM P-ETA P 9173 

• 114. TO 167. CRAWFORD 75 DPWA PI N PHOTD-PROO 1176 
75. OR lDO. LONGACRE 75 IPWA PINT02PIN 11175 

C15.) AYED 76 IPWA 11177* 
(128.1 BARBOUR 76 DPWA PI N PHOTD-PROD 1/16 

C57.1 BERENDS 11 1 PWA PI-N PHOTQ-PROD 1178* 
(139.) (33.1 BHANDARI 77 OPWA 0 USES ETA N CUSP 1178* 
fl35.J LONGACRE 71 t PWA PINT02PIN 11/17* 

SEE THE NOTES ACC.OHPANYING THE MASSES QUOTED. 
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Data Card Listings 
·For notation, see key at front of Listings. 

RE 
RE 
RE 6 

IH 
IH 
IH 6 

RER 

IHR 

P1 
P2 
P3 
P4 
P5 
P6 
P7 
PB 
P9 
P10 

R1 
R1 

o R1 
R1 
Rl 
Rl 
R1 
R1 
Rl 
R1 
Rl 
R1 

R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 

R3 
R3 
R3 

R4 
R4 
R4 

R5 
R5 
R5 

N 

3 

N 

• 

0 
0 

63 N*l/2115351 REAL PART OF POLE POSITION (MEVI 

I 1496.1 LONGACRE 75 IPWA PI N TO 2PI N 
U519.J U.l BHANDARI 77 OPWA 0 USES ETA N CUSP 

1525. OR 1527. LONGACRE 77 IPWA PI N TO 2PI N 

63 N*l/2115351 2*1MAG PART OF POLE POSITION .I MEV I 

(103.) LONGACRE 75 IPWA PI N TO 2PI N 
(140.1 132.1 BHANDARI 77 OPWA 0 USES ETA N CUSP 
135. OR 123. LONGACRE 77 lPWA PI N TO 2PI N 

63 N*L/2fl535) REAL PART OF ELASTIC POLE RESIDUE (MEVI 

ZOo 21o BHANDARI 77 OPWA 0 USES ETA N CUSP 

63 N*l/2Cl535J IMAG PART OF ELASTIC POLE RESIDUE IMEVI 

13 0 6o BHANDARI 77 OPWA 0 USES ETA N CUSP 

63 N*l/2U535J PARTIAL DECAY MODES 

N*l/2(15351 INTO PI N 
N*l/2U5351 INTO N ETA 
N*l/2(15351 INTO N PI PI 
N*l/2Cl5351 INTO N EPSILON 
N*l/2C1535) INTO N*3/2112321 PI 
N*l/2115351 INTO N RHO 
N*ll2fl535t INTO GAM P9 HELICITY.,1/2 
N*l/211535) INTO GAM N, HELJCJTYc1/2 
N*1/2115351 INTO K LAMDBA 
N*li2Cl535} INTO N RHO,S•1/2,S-WAVE 

63 N*l/2Cl5351 BRANCHING RATIOS 

N*l/2U53SJ INTO IPI NI/TOTAL 
(Oe69) HENDRY 65 RVUE 
IOe32) MICHAEL 66 RVUE 
10.7U OR 0.28 UCHIYAMA- 66 RVUE 
t0.3U OR 0.43 DAVIES 67 RVUE 
(Oe696) OONNACH1 68 RVUE 
10.,;331 DEL COURT 69 CNTR 
10.3971 AVEC 70 IPWA 
(0e36J DAVIES 70 RVUE 
(0e25f ALMEHED 72 I PWA 

( e34) AYED 76 I PWA 
1.2971 1.0261 BHANDARI 77 DPWA 

N*l/2tl5351 INTO IN ETAI/TOTAL 
DOMINANT JNEL DECAY HENDRY 65 RVUE 

IOe681 MICHAEl 66 RVUE 
10.291. OR 0.71 UCHIYAMA- 66 RVUE 
IOe69) OR O.o\5 DAVIES 67 RVUE 
(0.41 (0.11 DEANS 69 MPWA 
IOe661 DELCOURT 69 MPWA 
l0e69) OR 0.696 CARRERAS 70 MPWA 

DECAY MASSES 
139+ 938 
939+ 548 
93 8+ 139+ 139 
938+1300 

1232+ 139 
938+ 776 

0+ 938 
O+ 939 

497+1115 
938+ 776 

IPll 

SEE NOTE ON ~ASS 
PIP TO N ETAtB9C 

P-S ANAL SOL A 

0 USES ETA N CUSP 

IP21 

SEE NOTE ON MASS 
PIP TO N ETA,B,C 
T POLE+ RESONe 

T POLE+ RESON. 
PARAHE1RJZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

THE VALUES OF R2 LISTED ABOVE ARE INCOMPATIBLE WITH THE RESULTS 
OF DIEM ET Ale l10J 

N•ll2ll5351 INTO CN*3/2112321 PI )/TOTAL (PSI 
10.071 DIEM 70 JPWA 3 BODY ANALYSIS 

ASSUMING Rlc 0.34 

N*l/2115351 INTO IN EPSILONI/TOTAl IP41 
(0.261 DIEM 70 IPWA ' BODY ANALYSIS 

ASSUMING Rl,., 0.34 

N*l/2(15351 INTO IN RHO }/TOTAL fP6J 
I 0.201 DIEM 70 I PWA 3 BODY ANALYSIS 

ASSUMING R1= Oe34 

11175 

11/75 
117B• 

11177• 

11175 

ll/75 
1118• 

11177• 

1178* 

1178• 

9/66 
9/66 
9/66 

11/67 
6/68 
8/69 
1/71 
8/69 
2172 

11177• 
1178• 

9/66 
9/66 
9/66 

11/67 
5/70 
8/69 
5170 

1/71 

1/71 

1/71 

R6 N*112U5351 INTO GAMMA PROTON/TOTAL IP71 9/73 
R6 5 .0042 .0014 DEANS 72 MPWA P ETA PHOTOPROD. 9/73 
R6 "5 BR=IDEANS72 RADIATIVE WIDTHII(NOHINAL FULL WIOTH=100 HEVI 9/73 
R6 5 THE HJCKS73 ENTRY UNDER R7 IS A MORE RECENT RESULT BY SAME GROUP. 9173 

R7 N*1/2115351 FROM GAMMA PROTON TO ETA PROTON SQRTCP2*P71 9173 
R7 ( .03661 HICKS 73 HPWA GAM P-ET A P 9/73 

RB 
RB 
RB •• 
R9 
•• c 
•• c 

R10 
RIO L 
RIO 8 

N*l/2115351 FROM PI N INTO ETA N 
(+.431 LEHOIGNE 73 DPWA 
(+.481 FELTESSE 75 OPWA 

SUPERCEDE$ LEMOJGNE 73, USES M AND W OF AYED 76. 

SQRHP1*P21 2174 
1488 TO 1685 MEV 2/74 

0 1488 TO 1745 MEV 11175 
11177• 

N*l/2115351 FROM PI N TO K lAMBDA SQRHPl*P91 4/75 
-.691 .214 DEVENISH 74 0 FIXED T OISP REL 4/75 

EXTRAPOLATION OF P!\RAHETRIZED AMPLITUDE BElOW THRESHOLD. 4175 

N*l/2115351 FROfi4 PI N TO N*3/2( 1232) PI 
(0.01 OR -.06 LONGACRE 75 IPWA 

( .001 LONGACRE 77 JPWA 

SQRHPl*PSI 
PI N TO 2PI 
PI N TO 2PI 

11175 
11/75 
11177• 

·• Rll N*l/2(15351 FROM PI N TO N RHD,S=l/2,S-WAVE SQRTCP1*Pl0) 
PI N TO 2PI 
PINT02Pl 

11175 
11175 
11177• 

- "lfl11 l l+.l210R +.09 LONGACRE 75 IPWA 
Rll 8 C+.lOI LONGACRE 77 IPWA 

R12 
Rl2 l 
Rl2 8 

N*l/2 U535 I FROM PI N TO N EPS ILDN 
I .1 I OR -.09 LONGACRE 

t-.081 LONGACRE 

SQRHP1*P41 
75 IPWA PI N TO 2PI 
77 JPWA PI N TO 2PI 

11175 
11175 
11177* 

Baryons 
N(1535) 

63 N*l/2(15351 PHOTON DECAY AMPliGEV .. -1/21 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI
REVIEW PRECEDING THE BARYON LISTINGS. 

Al 
A1 
Al 
Al 
A1 
A1 
A1 
A1 
Al 
A1 
A1 
A1 
A1 

N*L/211535) INTO GAM p, 
.042 .023 

c .015) 
+.053 

.078 

.056 
+.063 

.036 
+.082 

(+.0621 
1+.063) 
+.070 

(+.0341 

.020 

.020 

.020 

.013 

.002 

.007 

.004 

At • • 

HELICITY=1/2 CGEV**-1/21 
DEVENISH 73 DPWA 
HEMMil 73 
MOORHOUS 73 DPWA 
DEVENISZ 71t DPWA 
KNJ ES 74 DPWA 
METCALF 74 OPWA 
MOORHOUS 7 4 OP WA 
CRAWFORD 75 OPWA 
KRIVETS 75 DPWA 
BARBOUR 76 DPWA 
FEllER 76 OPWA 
BERENDS 77 I PWA 

A1 AVERAGE MEANINGLESS ISCAlE FACTOR a 5.51 

A2 N*1/2U535) INTO GAM N, HELJCJTY=1/2 IGEV**-1121 

P J N PHOTO PROD 
+ FWD PIO PHTOPROO 

PI N PHOTD-PROO 
P 1 N PHOTD-PROO 
PI N PHOTO PROD 
PI N PHOTD-PROD 
PI N PHOTO-PROD 
PI N PHOTD-PR.OO 
PI-N PHOTD-PROD 
PI N PHDTD-PROD 
PI N PHOTD-PROO 
PI-N PHOTQ-PROO 

2174 
2174 
2173 
4/75 
2174 
2174 
2174 
1176 
1178• 
1/76 
2177• 
1178• 

A2 -.026 .029 OEVENISH 73 DPWA PI N PHOTO PROD 2/74 
A2 -.048 .021 MOORHOUS 73 OPWA PI N PHOTD-PRDO 2173 
.&.2 8 -.031 .024 ROSSI 73 DPWA 0 GAM N TO PI- P 4/75 
A2 8 CONVERTED TO OUR CONVENTIONS USING H AND W FROM ROSSI73 AND X=.36 4/75 
A2 9 1-.078) BENEVENT 74 DPWA 0 GAM N TO PI- P 4/75 
A2 9 CCNVERTED "TO OUR CONVENTIONS USING M=1520 MEV, W:80 MEV, X=.36 4/75 
A2 -.037 .023 DEVENIS2 74 OPWA PI N PHOTD-PROD 4/75 
A2 -.052 .005 KNIES 74 OPWA PI N PHOTO PROD 2174 
A2 -.·051 .021 METCAlF 74 OPWA PI N PHOTD-PROD 2174 
A2 -.027 .009 MOORHOUS 74 OPWA Pt N PHOTD-PROO 2/74 
A2 -.088 .011 CRAWFORD 75 OPWA PI N PHOTD-PROD 1/76 
A2 1-.109) BARBOUR 76 OPWA Pt N PHOTO-PROD 1/76 

!~ AVERAGE •HEANH4GLESs • I SeALE FACTOR "' 1. 71 

••••••••••••••••••••••••••••••••••••••••••••••••• '(!~ •••••••• '(!~" ••••••••• 

REFERENCES FOR N*l/2115351 

HENDRY 65 PL 18 111 A W HENDRY, R G MOORHOUSE (RHELI 
REVIEWS EARLY PHASE-SHEFT-ANALYSIS RESULTS AND PI-P TO ETA N 
EXPERIMENTS. WE TAKE NUMBERS FROM THE SOLUTION USING BRANDSEN 65. 

MICHAEl 66 PL 21 93 C MICHAEl COXFI 
UCHIYAMA 66 PR 149 1220 F UCHIYAMA-CAMPBEllt R K LOGAN lllliiJP 
DAVIES 67 NC 52A 1112 A T DAVIES, R G MOORHOUSE IGLASGOW,RHELI 

BAREYRE 68 PR 165 1131 
OONNACH1 68 PL 26 B 161 

AlSO 68 VIENNA 139 
ALSO 68 THESIS 

DEANS 69 PR 185 1797 
DELCOURT 69 Pl 29B 75 

AYEO 70 KIEV CONF 
CARRERAS 70 NP 16 B 35 
DAVIES 70 NP 821 359 
DIEM 70 KIEV CONF. 

ALMEHED 12 NP 840 157 
DEANS 12 PN 3 217 
DE\IENISH 73 PL 478 53 
HEMMU 73 PL 43B 79 
HICf(.S 73 PRO 7 2614 
lEMOJGNE 73 PURDUE CONF • 93 
MOORHOUS 73 PL 43B 44 
ROSSI 73 NC 13A 59 

ALSO 71 lNC Z 1183 

BENEVENT 74 NC 19A 529 
OEVENISH 74 NP 881 330 
OEVENIS2 74 PL 528 227 
KNIES 74 PRO 9 2680 
METCALF 74 NP B76 253 
MOORHOUS 74 PR D 9 1 

CRAWFORD 75 NP B97 125 
FELTESSE 75 NP B93 242 
KRIVETS 75 SJNP 20 430 

ALSO 74 SJNP 19 112 
LONGACRE 75 PL 55B 415 

AYED 
BARBOUR 
FELLER 

76 CEA-N-1921 
76 NP B111 358 
76 NP 8104 .219 

BERENDS 17 MC/T/77/17 
BHANDARI 77 PRO 15 192 
LONGACRE 17 NP B122 493 

AlSC 76 NP Bl08 365 

P BAREYREt C BRICMANt G VILLET CSAClAYIIJP 
A DONNACHIE, R G KIRSOPP, C lOVELACE tCERNJIJP 
OONNACHIE RAPPORTEUR.S TALK IGLASI 
R G KIRSOPP CEDIN) 
S DEANS, J WOOTEN CUNIV S FLORIDAJ 
DEl COURT, LEFRANCOIS, PEREZ-Y-JORBAt+ I ORSA I 

R AYEO,P BAREYRE, G VIllET CSACUIJP 
B CARRERAS, A DONNACHIE IDARE,MCHSJ 
A DAVIES IGlASI 
+" SMADJA, CHAVANON, DElERt OOLBEAU+ CSACLI 

+LOVELACE ILUNO,RUTG)IJP 
+JACOBS, LYONS, HICKS (U S Fl TAMPA+CARNI 
DEY ENISH, RANKIN, L YTH llOUC+BONN+lANC I I JP 
HEMMI, lNAGAKI + ( KYOTO+SAGA+KEK+TOKY) IJP 
+DEANS, JACOBS, LYONS+ (CARN+ORNL+SOUTH FLA. I I J P 
+GRANET, HARTY, AVEC, BAR EYRE, BORGEAUO, +I SACL I I JP 
MOORHOUSE, OBERLACK C GLAS+LBl I IJP 
+PIAZZA ,SUS INNQ, + C ROMA ,FRAS ,NAPL, PAVIA I I JP 
CARBONARA, F IOREt + I NAPL, FRAS, PAVIAt ROMA I I JP 

BEN EVENT AND ,DANGELO, NO TAR I STEFANI,+ ( ROMA) I JP 
OEV EN ISH, FROGGATT tMART INC OESY, NORD IT A, LOUC I 
OEVENI SH, l YTH, RANKIN I DE SY tlANC9 BONN I IJP 
KNIES ,MOORHOUSE ,QBERLACK ILBL ,GLAS I IJP 
W J METCALFtR L WALKER ICJTIIJP 
MCORHOUSE,OBERLACK, ROSENFElD I GlAS+L BL I IJP 

R l CRAWFORD IGLAS IIJP 
+AYEO, BAR EYRE, BORGE AUD, DAVID, ERNWEIN+ I SACL) IJP 
+M I ROSHN ICHENKOt N IK IFORDV, SANI N+ I KIEV I I JP 
KR I VETS, NIKJFOROV,SANIN, SHALATSKI t C KIEV II JP 
+ROSENFElD, LAS IN SKI, SMADJA+ I lBL t SLAC I IJP 

AYED (THESIS) ISACUIJP 
1. M. BARBOURtR• L. CRAWFORD IGlASIIJP 
+FUKUSHIMA ,HORI KAWA, KAJIKAWA+( NAGOYA+OSAKA I JJP 
Fe A.SERENDS, A.OONNACHI E C L E lOt HCHS I IJP 
R BHANOARI,Y-A CHAO (CARNJlJP 
LONGACRE,OOLBEAU CSACU IJP 
DOL BEAU, TRI ANT t S, NEVEU, CADI ET I SACL I I JP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

BAREYRE 65 PL 18 342 + BRICHANt STIRLING, VILLET CSACLAYHJP 
IDURHAM, RHELIIJP BRANDSEN 65 PR 139 B1566 +ODONNEll, MOORHOUSE 

BASIS OF NUMBERS WE QUOTE FROM HENDRY 65. 
JOHNSON 67 UCRL-17683 THESIS C H JOHNSON ILRll 
LOVELACE 67 HEIDElBERG C. 79 C LOVELACE t CERN I IJP 

IGLAS+EDINI 
ISACLAYI 

OONNACHI 69 NP 108 433 A OONNACHIE, R KIRSOPP 
AYED 70 PL 31B 598 +BAREYRE+VILLET 

THE FOLLOWING ARTICLES DEAL WITH THE REACTIONS PI- P TO ETA N 
AND GAMMA P TO ETA P NEAR THRESHOlD. THE OAT A 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 
HAY BE FOUND IN THEM • 

MAINLY EXPERIMENTAL --
BULOS 64 PRL 13 486 
BACt I 66 NC 45A CJ83 
JONES 66 Pl 23 5''i7 
RICHARDS 66 PRL 16 1221 
PREPOST 67 PRL 18 82 
BlC-OM 68 PRl 21 1100 
BULOS 69 Pk 187 1827 
HEUSCH 70 PRl 25 1381 
BINNIE 73 PRO 8 2789 

I BROWN, BRANDEl S, HARVARD ,MIT, PAOOVA I I 
+PENSO ,SALVINI, MENCUCCI NI, + (ROMA, FRASCAT I I IJ P 
+BINNIE, OUANEt HORSEY, MASON,+ t LOI Ct RHEL I 
+CHIUtEANOJ,HELMHOLZ,KENNEY,+ ILRL,HAWAIII IJ 
R PRE POST, 0 LUNDQUIST, 0 QUINN I ST ANFORDI 
+HEUSCHt PRESCOTT, ROCHESTER lCITI 
+LANOU, BORDNER, BAST I EN+ I BOST+HARV+MIT+PENN I 
+PRESCOTT, ROCHESTER ,WI NSTEI N I CIT I 
+CAMILLERI ,DEBENHAH,DUANE,+ ILOIC, SHMPI 



Baryons 
N(1535), N(1540), N(1670) 

MAINLY THEORETICAL 
BALL 66 PR 149 1191 J S BALL CUCLAI 
OOBSCN 66 PR 146 1022 P N DOBSON IHAWAIJJ 
MINAMI 66 PR 147 1123 S MINAMI I OSAKA I 
DEANS 67 PR 161 1466 S R DEANS, W G HOLLADAY IVANOERBILTJ 
lCGAN 67 PR 153 1634 R K LOGAN, F UCHIYAMA-CAMPBELL IlLli 
MENCUCC I 67 NC 48A 579 C MENCUCCINI, A REALE IFRASCATil 
MINAMI 67 PR lbt 1619 S MINAMI I OSAKA I 
MOSS 67 PR ,., 1785 T A MOSS ILSUJ 
DEANS 68 PR 165 1886 S R DEANS, W G HOLLADAY IVANOERBIL T I 
PAL 68 PR 167 1350 B K PAL I NPL NEW DELHI I 
BALL 69 PR 177 2257 +GARG+SHAW IUCLA+UCI I 
LEFIEVRE 70 NC 66A 349 +LERUSTE ICOEFI 

*****:O •:o::o:o••••• ********* ********* *******"'* ********* ••••••o•o- ****"'*"'* 
****** ********* o•••***** ********* ********* ********* *******''"li' ••****** 

IN( 1540) 1109 N*l/211540, JP=312•1 1=1121 P'131 

) 

109 N*l/2(15401 MASS tMEVJ 

11177* 

11177* 

11540.1 LONGACRE 77 IPWA PI N TO 2PI N 11/77* 
ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION 52. EXCEPT FOR THE POLE 11/77* 
POSITION WHICH IS FROM SOLUTIONS Sl AND Cl. 11/71* 

RE 8 

IM 8 

PI 
P2 
P3 .. 
P5 

Rl 
Rl 

R2 
R2 

Rl 

•• 
•• •• 

8 

8 

8 

8 

109 N*l/2(15401 WIDTH (MEV) 

(200.1 LONGACRE 77 I PWA PINT02PIN 

109 N*l/21l540) REAl PART OF POLE POSH ION (MEV I 

1535. OR 1482. LONGACRE 77 I PWA PI N TO 2PI N 

109 N*l/2115401 2*IMAG PART OF POLE POSITION IMEVI 

207. OR 314. LONGACRE 77 I PWA 

109 N* 1/2 f 15401 PARTIAL DECAY MODES 

N*l/2115401 INTO PI N 
N*l/2(15401 INTO N RHJ,S=l/Z,P-WAVE 
N*l/2115401 INTO N RHOtS=3/2,P-WAVE 
N•l/2115401 INTO N*3/2112321 PI,P-WAVE 
N*l/2(15401 INTC. N EPSILON 

109 N*l/2(15401 BRANCHING RAT JOS 

N*l/2(1540) FROM PI N TO N RHO,S=1/2,P-WAVE 
c-.oet LONGACRE 11 I PWA 

N*1/2U540J FROM PI N TON RHO,S=3/2,P-WAVE 
C .001 LONGACRE 77 IPWA 

N*1/2U5401 FROM PI N TO N*3/2U232l PI, P-WAVE 
{+.11) LONGACRE 11 I PWA 

N*l/2U5401 FROM PI N TO N EPSILON 
( .00) LONGACRE 77 I PWA 

PI N TO 2PI N 

OECAY MASSES 
139+ 938 
938+ 776 
938+ 776 

1232+ 139 
936+1300 

SQRTIP1*P21 
P J N TO 2PI 

SQRJ(PI*P3 I 
PINT02PI 

SQRTf P1 *P41 

N 

N 

PINT02PIN 

SORT CP1*P5 I 
PINT02PJ N ...... ......... ......... .......... ********* ********* ·l(lc······· ...••••• 

REFERENCES FOR N$1/2(15401 

LONGACRE 77 NP B122 493 
ALSO 76 NP BlOB 365 

LONGACRE, DOL BEAU 
DOL BEAU, TRIA NT I 5, NEVEU, CADI ET 

CSACUIJP 
C SACLJ I JP 

••••••••••••••• ********* ••••••••• ********* ***•••••• ••••••••••••••••• 
•••••• •****lO<*** ........ 1). ****ll<···· ................... •••****** •••••••• 

1520 MEV REGION - PRODUCTION EXPERIMENTS 

1507.0 
1503. 
1500.0 
1512.0 
1460. TO 

( 1510.01 
1501.D 

C 1500. I 

8 N*1/2U52Dt JP= I J:::l/2 PRODUCTION EXPERIMENTS 

SEE THE MINt-REVIEW PRECEDING THE N AND DELTA LISTINGS 
FOR A DISCUSSION OF PRODUCTION EXPERIMENTS .. 

8 N*l/205201 MASS (MEVI {PROD. EXP.I 

b.O .. 
10.0 

2.0 
1510. 

c 20.0) 
5. 7 

A-BORELLI 67 HBC 0 PBAR P 5. 7 GEV 
ANDERSON 70 MMS - PI- P TO PI- HMS 
AMALDI 11 SAS P P AT 24 GEV 
Elll 5 71 CNTR ·, MMS PP 3. 7 GEV /C 
MORSE 71 HBC +0 PI-P, 7 GEV/C 
MORSE 71 HBC + Pl-P, 25 GEV/C 
EDELSTEIN 72 MMS + PP 6 TO 30 GEV 
OH 72 OBC 0 PI-N TO PI-PI-P 

DETERMINE J=3/2,Q13 PROBABLE 
1515. 11. 

C 1490. I 
1510. 

(1500.1 
1500. 
1515. 

7. 

8. 
5. 

COOPER 
8A.AUN1 
MUSGRAVE 
STRACHHA 
WEBB 
ROUGE 

74 HBC 0 0 P CEX 
75 HBC PBAR P 5.7 GEV 
75HBC K+PTOKPIN 
75 BC NBAR (N PI I 
7 5 I SR + P P TO P N* 
11 OMEG 0 PI-P 9tl.2 GEV/C 

11177* 

11171* 

11177* 

11177* 

11111* 

11177* 

11171* 

11177* 

11177* 
11177* 

ll/77* 
11177• 

11/77* 
11171* 

11177• 
11177* 

10171 
2/71 

10171 
10171 
11177* 
11111* 

1173 
2173 
.2173 
4175 

11175 
11175 

1176 
1176 
1178* 

170 

Data Card Listings 
For notation, see key at front of Listings .. 

8 N*1/2(15201 WIDTH CMEVI (PROD. EXP .. I 

55.0 15.0 A-BORELU 67 HBC D PBAR P 5.7 GEV 
120. to. ANDERSON 70 MMS - PI- P TO PI- MMS 
118.0 20.0 AMALOI 71 SAS P P AT 24 GEV 
88.0 2.0 ELLIS 71 CNTR MMS PP 3. 7 GEV/C 
80. TO 120. MORSE 71 HBC . PI-P, 1 GEVIC 

(100.01 (30.01 MORSE 11 HBC . PI-P, 25 GEV/C 
140.0 43.0 EDELSTEIN 72 MHS + PP 6 TO 30 GEV 
106. 39. 31. COOPER 74 HBC 0 0 P. CEX 

1200. I BRAUN I 75 HBC PBAR P 5. 7 GEV 
101. 26. MUSGRAVE 75 HBC K+PTOKPI N 
150. so. WEBB 75 I SR + P P TO P N* 
105. 17. RCUGE 77 OMEG 0 PI-P 9,12 GEV/C 

8 N*l/.2(15201 PARTIAL DECAY MODES IPROD. EXP.J 

DECAY MASSES 
PI N'*l/2115201 INTO PI N 139+ 938 
P2 N*l/2(1520 I INTO N*3/2fl2321 PI 1232+ 139 
Pl N*li2Cl520l INTO N PI PI 938+ 139+ 119 
P4 N*l/2tl520J+ INTO NEUTRON PI+ 939+ 139 
P5 N*l/2(1520)+ INTO PROTON PI+ PI- 938+ 139+ 119 
Pb N*l!2Cl520J INTO N ETA 939+ 548 
P7 N*l/2(15201 INTO N PIPICJ.I=OI 939+ 139+ 119 
P8 N*l/211520) INTO N RHO 938+ 776 

8 N*l/2(15201 BRANCHING RATIOS (PROD. EXP.J 

., N*l/2(15201 INTO (N PI I !TOTAL (Pl) ., N*(l5201 INTO (N PI)!TOTAL PRODUCTION EXPERIMENTS 
Rl 0.78 0.24 BASSOMPIE 67 HBC . K+P TO K* N* 

R2 N*l/211520) INTO (NEUTRON PI+IICP PI+ PI-I (P4IIIP51 
R2 D .. 11 0.45 ALEXANDER 67 HBC . PP 5.5 BEV/C 

R3 N*l/2(15201 INTO IN PI I !IN PI Pll CP1JIIP31 
Rl 1.25 0.44 o. 71 A-BORELLI 67 HBC 0 PBAR P 5.7 BEV/C 

•• N*1/211520 I INTO (N*3/2(1232J PI 1/(N PI PI I CP2JICP31 

•• o.oo 0.09 A-BORELLI 67 HBC 

R5 N*l/2Cl520J INTO CN PI PIJ/TOTAL CP31 
R5 10.08} OR LESS BASSOMPIE 67 HBC + K+P TO ,K* N* 

•• N*li2Cl5201 INTO IN ETAJ/TOTAL CP6J 

•• 0.22 0.14 BASSOMPIE 67 HBC + K+P TO K* N'* 

R7 N•l/2( 15201 INTO CPI NJ/CPI N*312Cl23211 CP1JIIP21 
R7 (0.,421 OP LESS LEE 67 HBC PI-P 3.6 GEV/C 

R8 N*l/2{15201 INTO IN PIP I (J, I=OJ }/TOTAL CP7l 
R8 MAIN DECAY MODE MORSE 71 HBC . PI-P 7,25 GEV/C 

****** .................. "'******** ................................... . 

A-BORELL 67 NC 47 232 
ALEXANDE 67 PR 154 1284 
BASSOHP J 6 7 PL 2 58 440 
LEE 67 PR 159 1156 

ANDERSON 70 PRL .25 699 

AMALDI 
ELLIS 
MORSE 

71 PL 348 435 
71 PRL 27 442 
11 PR 04 133 

REFERENCES FOR N*L/2(15201 CPROO. EXP •. J 

ALLES-BORELL I, FRENCH, FRISK, MICHEJDA I CERN I 
ALE XANOER 1 BENARY ,CZAPE K ,+ (WEI ZMANN C CERN) I 
BASSOMPIERRE, + CCERN,BRUXELLESI 
+MOEBS,ROE,SINCLAtR,VANOER VELDE (MICHl 

+SL ES ER 1 Bll EOEN, COLLINS++ (BNL,CARNJ 

+BJANCASTELLI,BOSIOt+ II SANITA ROfo!A+CERNI 
+MAGL ICH ,NOREM, SANNES, 5 I l VERMAN I RUTGI 
+OH, WALK ERtCARRQLL, LYNCH + IW I SC+TNTOJ IJ 

10171 
2/71 

10171 
10171 
11111• 
11177* 
1/73 
4175 

11175 
11175 

1176 
1178* 

11/68 

9/66 

9/66 

9/66 

11/68 

11/68 

11/67 

11177* 

EOELSTEI 72 PR 05 1073 
JOHNSTAD 72 NP 842 588 
OH 12 Pl 428 497 

EOELSTE INtCARRtGAN, HI EN,MCMAHON,+( CARN+BNLI 
+MOLLERUO+ ••• +JACOBSEN( BOHR,HHS,OSLO, STOHl IJP 
+FUNG,KERNAN,POE,SCHALK,SHEN - -cuCR)lJP 

COOPER 14 NP 879 259 

BRAUNl 75 NP 895 481 
MUSGRAVE 75 NP B87 365 
STRACHMA 75 NP 898 120 

ALSO 76 NP B1D7 330 
WEBB 75 Pl 558 331 

ALSO 75 PL 55B 336 
ROUGE 77 Pl 698 115 

BIEL 76 PRL 36 504,507 
RUSHBROO 76 PRO 13 1835 
SOTIRIOU 76 NP 8107 457 

COOPER, S EIOL, VANDER VEL DE I MICHl 

+GERBER t MAURER,Mt CHALON 1 SCHI BY+ I STRB ,LPNPI I 
+PEETERS, SCRE I NER,WHITMORE, YUT A C ANLI 
STRAtHMAN, BRAUN, GERBER, MAURER+ (l PNP+STRB I I 
STRACHMAN CLPNPJ I 
+lR Ill I NG, TEL EGO I+ I AACH+UCL A+UCR+CERN I 
+TRILLING, TELEGDI+ I AACH+UCLA+UCR+CERNJ 
+DE ROSNY ,FLEURY tRIVET+ ( LPNP+CDEF+LALOI 

PAPERS NOT REfERRED TO IN DATA CARDS 

+BlESER, FER BEL+ C ROCH+fNAl+Sl AC+NWES I 
RUSHBROOKEtRAJA,ANSORGE ,CARTER1NEALE CCAVEI IJP 
O.SOTIRJOU CCERNIIJP . .................................................................... .. 

........ ........... ••••••••• ••••••••• .......... ......... ********* •••••••• 

I N(1670) I •• N•1121lb7o, JP•S/2-1 1=112 I D1sl 
tHE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHED. 

64 N'*112116701 MASS CMEVl 

C 1650.01 APPROX BRANDSEN 65 RVUE PHASE-SHIFT ANAL 
I 1680.01 BAREYRI: 68 RVUE PHASE-SHIFT ANAL 

WHERE CROSS SECT ION IS GREATEST - EYEBAll FIT 
C 1678.01 OONNACHl 68 RVUE PHASE-SHIFT ANAL 
Cl674.01 DUKE 68 CNTR PJ-p EL + POL 

6 C1675.01 AYEO 70 IPWA 
6 FRGM ENER. DEP. FIT OF ARGAND DIAGRAM 
4 (1669.01 DAVIES 70 RVUE P-5 ANAL SOL A 
7 (1683. I ALMEHEO 7 2 I PWA 

1652. TO 1687. CRAWfORD 75 OPWA PI N PHOTD--PROD 
1660. OR 1660. LONGACRE 75 IPWA Pl N TO 2PI N 

THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 OF LONGACRE 75. 
ll660.J A't'EO 76 IPWA 
C 1687.1 BARBOUR 76 OPWA PI N PHOTD-PROO 
(1650.) LONGACRE 77 IPWA PI N TO 2PI N 

All LONGACRE77 PARAMETERS ARE FROM SOl UTI ON S2, EXCEPT F.OR THE POLE 
POSITION WHICH JS FROM SOLUTIONS 51 AND C1. 

7/66 
11/67 

6/68 
6/68 
l/71 

8/69 
2172 
1176 

11175 
11175 
11177* 

1/76 
11111* 
11!77* 
11117• 



-

u ,j 6 0 
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Data Card Listings 
For notation, see kf?y at front of Listings. 

RE 
RE 8 

lM 

'" 8 

Pl 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
PlO 
Pll 
Pl2 
Pl3 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

R2 
R2 
R2 
R2 
R2 
R2 

R3 
R3 
R3 
R3 
R3 

64 N*li2U6701 WIDTH tHEVJ 

1135.0) BAR EYRE 68 RVUE ll/67 
1173.01 OONNACHl 68 RVUE 6/68 
1143.0) AYED 70 I PWA 1/71 
1115.01 DAVIES 70 RVUE SOL A AND 8 8/69 
(150.1 ALMEHED 72 IPWA 2172 
165. TO 185 .. CRAWFORD 75 OPWA PI N PHOTD-PROD L/76 
llt5. OR 150. LONGACRE 75 I PWA PI N TO 2PI N 11175 

Cl46.) AYED 76 IPWA ll/77* 
1172.1 SARBD,UR 76 DPWA PI N PHOTD-PROD 1/76 
(130.1 LONGACRE 71 I PWA PI N TO 2PI N ll/77* 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

64 NOL/2(16701 REAL PART OF POLE POSITION CMEVI 11175 

I 1663. I LONGACRE 75 I PWA 
1649. OR 1650. LONGACRE 77 I PWA 

PINT02PI 
PI N TO 2PI 

11/75 
11177• 

64 NOL/2(16701 2*IMAG PART OF POLE POSITI·ON (MEVI 11175 

1146.) LONGACRE 75 IPWA 
127. OR 127. LONGACRE 77 IPWA 

64 N*l/2116701 PARTIAL DECAY MODES 

N*l/2116701 INTO PI N 
N*l/206701 INTO N ETA 
N*l/2116701 INTO lAMBDA K 
N*l/2116701 INTO N*3/2tl2321 PI 
N*l/2116701 INTO N PI PI 
N*l/2(16701 INTO GAM P. HELICITY=l/2 
N*l/2(1670) INTO GAM p, HELICITY"'3/2 
N*l/21 16701 INTO GAM Nt HELICITY=l/2 
N*l/2116701 INTO GAM N, HELICITY:3/2 
N*l/2t16701 INTO SIGMA K 
N*li2U6701 INTO N*3/2U232J PI tD-WAVE 
N*l/2(16701 INTO N RHOtS=3/2,D-WAVE 
N*l/2Cl6701 INTO N EPSILON 

64 N*l/206701 BRANCHING .RATIOS 

N*li2U6701 INTO IPI NJITOTAL 
(0.41) BAR EYRE 68 RVUE 
10.3911 OONNACHl 68 RVUE 
c 0.3921 AYED 70 I PWA 
(0.50) OAVI ES 70 RVUE 
I 0.451 ALMEHED 72 I PWA 

I .41 t AYEO 76 IPWA 
SEE THE' NOTES ACCOI>IPANYJNG THE MASSES QUOTED. 

N*1121167DI INTO IN HAt/TOTAL 
I 0.021 OR LESS TRIPP 6 7 RVUE 
(0.018t BOTKE 69 MPWA 
(0.0061 (0.0041 DEANS 69 MPWA 
(Q.00610R 0.012 CARRERAS 70 MPWA 

PINT02PI 
PINT02PI 

DECAY MASSES 
139+ 938 
939+ 548 

1115+ 497 
1232+ 139 

938+ 139+ 139 
0+ 938 
0+ 938 
0+ 939 
0+ 939 

493+1189 
1232+ 139 

938+ 776 
938+1300 

IPl) 

P-S ANAL 

IP2J 

SOL A 

POLE + RESON. 
POLE + RESON. 

T POLE + RESON. 
PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

N•ll21 16701 INTO ILAMBOA KI/TOTAL IP31 
I0.01610R LESS TRIPP 67 RVUE 
IO.OOliOR LESS RUSH 6B MPWA T POLE + RESON. 

PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 
I0.002810R LESS Cl=.63 WAGNER 71 IPWA PI-P TO K LAMB 

11175 
11177* 

ll/67 
6/68 
1/71 
8/69 
2/72 

'11177• 

8/67 
10/69 
5/70 
5/70 

B/67 
B/69 

1/71 

R4 N*l/2116701 INTO CN*3/2112321 PJIITOTAL IP41 
R4 E 12600 0.63 0.1 BRODY 71' HBC PI-P--2PI N,PWA 6/70 
R4 E ASSUMES ELASTIC BRANCHING RATIO 0.42+-0.04 

R5 
R5 
R5 

N*l/2116701 FROM PI N TO K LAMBDA SQRTIP1*P31 4175 
-.034 .006 OEVENISH 74 0 FIXED T OISP REL 4175 

COUPLING TO LAMBDA K NOT REQUIRED IN THE ANALYSIS OF BAKER77. 117B* 

R6 
R6 
R6 

N*l/2(16701 FROM PI N TO ETA N SQRTC P1*P2 I 11175 
to.OIOR 1+.009) FELTESSE 75 OPWA 0 l48B TO 1745 MEV 11175 

R7 
R7 
R7 
R7 
R7 

•• R8 L 
•• 8 
R8 8 

•• •• •• 

USES M AND W OF AYED 76. 

N*ll2ll670l FROM PI N TO K SIGMA SQRTIP1*P101 
LESS THAN .003 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*1/2116701 FROM PI N TG N•312112321 Pl,D-WAVE SQRTIP1*Plll 
1-.45JOR -.50 LONGACRE 75 IPWA PI N TO 2PJ N 
C-.461 LONGACRE 77 IPWA PI N TO 2PI N 

LONGACRE 77 CONSIDER THIS COUPLING TO BE WEll DETERMINED. 

N*1/211670l FROM PI N INTO N RHQ,So::J/2,0-WAVE SQRHP1*-P121 
1+.151 LONGACRE 77 IPWA PI N TO 2PI N 

LONGACRE 71 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 

R10 N*l/2116101 FROM PI N INTO N EPSILON SQRTIP1C<P13J 
R10 8 C-.031 LONGACRE 77 JPWA PI N TO 2PI N 

Al 
Al 
Al 
Al 
Al 
AI 
Al 
Al 
AI 
AI 
Al 
Al 
Al 
Al 

SEE NOTE .PRECEDING THE N*112116881 INELASTIC DECAY MODE MEASUREMENTS. 

64 N*1/21l6701 PHOTON DECAY AMPUGEV**-1/2·) 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI
REVIEW PRECEDING THE BARYON LISTINGS. 

N*l/2 ll6 70 I INTO GAM Pr HELICJTY=1/2 CGEV**-1121 
.027 .030 OEVENISH 73 DPWA PI N PHOTO PROD 

( .0231 HEMMI1 73 + FWD PIO PHTOPROO 
+.011 .012 MOORHOUS 73 OPWA PI N PHOTD-PROD 

.019 .021 DEVENIS2 74 DPWA PI N PHOTO-PROD 

.013 .014 KNIES 14 DPWA PI N PHOTO PROD 
+.010 .013 METCALF 74 OPWA PI N PHOTO-PROD 

.019 .007 MOORHOUS 74 OPWA PI N PHOT~PROD 
+.027 .009 CRAWFORD 75 OPWA PI N PHOTO-PROD 

(+.004) KRIVETS 75 OPWA PI-N PHOTO-PROD 
(+.OOBI BARBOUR 76 DPWA PI N PHOTQ-PROO 
+.034 .004 FELLER 76 DPWA PI N PHOTO-PROD 

0 0 

AVERAGE MEANINGLESS (SCALE FACTOR :c 1.21 

11175 

11175 
11175 
11175 

1178* 
1/78* 

11175 
11175 
11/77* 

11177* 
11111* 

11177• 
11/77* 

2/74 
2174 
2173 
4/75 
2/74 
2174 
2/74 
1176 
1178* 
1176 
2177* 

Baryons 
N(1670), N(1688) 

A2 N*1/211610) INTO GAM P 1 HELlCITY=3/2 (GEV**-1121 
A2 .036 .030 OEVENI SH 73 DPWA PI N PHOTO PROD 
A2 +.021 .020, MOORHOUS 73 OPWA PI N PHOTD-PROD 
A2 .014 .004 OEVENIS2 74 DPWA PI N PHOTD-PROD 
A2 .014 .ooB KNIES 74 OPWA PI N PHOTO PROD 
A2 +.042 .024 METCALF 74 DPWA PI N PHOTD-PROO 
A2 .016 .002 MOORHOUS 74 DPWA PI N PHOTD--PROO 
A2 +.015 .006 CRAWFORD 75 OPWA PI N PHOTD-PROD 
A2 1+.0211 KRI VETS 75 OPWA PI-N PHOTO-PROD 
A2 (+.0211 BARBOUR 76 OPWA PI N PHOTD-PROD 
A2 + .. 019 .009 FELLEP. 76 DPWA PI N PHOTD-PROD 
A2 0 0 

A2 AVERAGE MEANINGLESS (SCALE FACTOR :: 1.01 

A3 N*l/2(16701 INTO GAM N, HELICITY=l/2 CGEV**-1121 
A3 -.060 .062 OEVENISH 73 DPWA PI N PHOTO PROD 
A3 + .. 010 .040 MOORHOUS 73 OPWA PI N PHOTD-PROO 
A3 .:...029 .023 OEVENI52 74 OPWA PI N PHOTD-PROO 
A! -.043 .006 KNIES 74 OPWA PI N PHOTO PROD 
A3 .004 .015 METCALF 74 DPWA PI N PHOTD-PRDO 
A3 -.017 .004 MOORHOUS 74 OPWA PI N PHOTD-PROD 
A3 -.052 .003 CRAWFORD 75 OPWA PI N PHOTD-PROO 
A3 l-.o58J BARBOUR 76 DPWA PI N PHOTO-PROD 
A3 0 0 

A3 AVERAGE MEANINGLESS (SCALE FACTOR = 4 .. 41 .. N*l/2(16701 INTO GAM N, HELIC ITY=3/2 IGEV**-1/21 
A4 -.072 .022 DEVENISH 73 DPWA PI N PHOTO PROD 
A4 -.035 .014 MOORHOUS 73 DPWA PI N PHOTD-PROO 
A4 -.068 .020 DEVENIS2 7't DPWA PI N PHOTO-PROD 
A4 -.071 .030 KNIES 74 OPWA PI N PHOTO PROD 
A4 -.009 .029 METCALF 74 OPWA PI N PHOTD-PROD 
A4 -.049 .DOlt MOORHOUS 74 DPWA PI N PHOTD-PROD 
A4 -.OB3 .007 CRAWFORD 75 oPWA PI N PHOTD-PROO 
A4 c-.o80J BARBOUR 76 DPWA PI N PHOTD-PROO 
A4 

AVERAGE· MEAhnNGLE Ss 0 ,ScALE A4 FACTOR = 2.3) 

****** ********* ********* ********* ********* ********* ********* ******** 

BRANDSEN 65 PL 19 420 

TRIPP 67 NP B3 10 

8AREYRE 68 PR 165 1731 
DONNACH1 6B PL 268 161 

ALSC 6B VIENNA 139 
ALSO 68 THESIS 

DUKE 68 PR 166 l44B 
INSIGHTFUL QUALITATIVE 

RUSH 68 PR 173 1776 

BOTKE 
DEANS 

69 PR 180 1417 
6'9 PR 165 1797 

AYED 70 KIEV CONF 
CARRERAS 70 NP 16B 35 
DAVIES 70 NP B21 359 

BRODY 71 PL 348 665 
WAGNER 71, NP 825 411 

AUIEHED 72 NP B40 157 

OEVENISH 73 PL 47B 53 
HEMMll 73 Pl 438 79 
MOORHOUS 73 Pl 43B 44 

OEVENJSH 74 NP B81 330 
DEVENIS2 74 Pl 52B 227 
KNIES 74 PRO 9 26BO 
METCALF 74 NP B76 253 
MOORHOUS .74 PRO 9 1 

CRAWFORD 75 NP B97 ,125 
DEANS 75 NP B96 90 
FEL TESS E 75 NP B93 242 
KR I VETS 75 S.JNP 20 430 
. ALSC 74 SJNP 19 112 
LONGACRE 75 Pl 55B ltl5 

AYED 76 CEA-N-1921 
BARBOUR 76 NP 8111 358 
FELLER 76 NP Bl04 219 
LONGACRE 77 NP B122 493 

ALSO 76 NP B108 365 

REFERENCES FOR N*l/2116701 

+ODONNEllt MOORHOUSE I DURHAM 9 RHEl J IJP 

+ LEITH, + ILRL ,SL AC, CERN 1 HE 10, SAC LAY J 

P BAREYREt C 8RICMAN, G VILLET ISACLAYIIJP 
A OONNACHIE, R G KIRSOPP, C LOVELACE ICERN)JJP 
OONNACHIE RAPPORTEUR.S TALK IGLASl 
R G KIRSOPP tEOINI 
+JONES ,KEMP ,MURPHY, THRESHER, + IRHElrDXF l IJP 

ARGUMENTS CONCERNING .EXISTENCE AND IJP. 
J E RUSH IUNIV ALABAMA) 

J C BOTKE 
S OEANSt .J WOOTEN 

R AYEDtP BAREYREt G VILLET 
B CARRERAS, A DONNACHIE 
A DAVIES 

+CASHMORE+ ... +HERNDON+ ... 
F WAGNER, C LOVELACE 

+LOVELACE 

CUCSBJ 
(UNIV S FLORIOAt 

C SACLI IJP 
(OARE,MCHS) 

CGLAS I 

ISLAC+LRL I 
(CERN) 

ILUNO, RUTG I I.JP 

CEVEN ISH, RANK I NtL YTH 
HEMMI, INAGAKI+ 
MOORHOUSE, OBERLACK 

ILDUC+BONN+LANC I I JP 
( KYOTO+SAGA+KEK+TOKY I IJP 

I GLAS+LBL I IJP 

DEVEN ISH, FROGGATT ,MARTI Nl DE SY, NORD IT A, LOUC I 
DEVEN I SH,L YTH, RANKIN I OESY ,LANC, BONN I I JP 
KNIES 1 MOORHOUSE, OBERLACK tl8L, GLAS I IJP 
W J METCALF,R L WALKER CCITIIJP 
MGORHOUSE ,08ERLACK, ROSENFELD ( GLAS +LBL I IJP 

R L CRAWFORD (GLAS JIJP 
+MITCHELL, MONTGOMERY,+ I SFLA, ALABAMA I I JP 
+AYEO, BAR EYRE, BORGE AUO, OAVI DtE RNWE IN+ I SACl l 1 J P 
+MI ROSHN ICHENKO, N IK IFOROV, SANI N+ I Kl EV J IJP 
KRI VETS, NIKI FOROV ,SANI N, SHALATSK I I I KIEV I JJP 
+ROSENFELO,LASINSKI ,SMAOJA+ (lBL,SLACI IJP 

AYED (THESIS) ISACLIIJP 
I. M. BARBOUR,R. L. CRAWFORD CGLASJIJP 
+FUKUSHI MAt HOR IKAWA, KAJ I KAWA+{ NAGOYA+OSAKA I I JP 
LONGACRE,OCLBEAU I SACL I IJP 
DOl BEAU, TRIANTI S, NEVEU, CADI ET ( SACU I JP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

BAR EYRE 
DUKE 
JOHNSON 
DEANS 
CONNACHI 
AYEO 
BAKER 
WINNIK 

65 PL 18 342 + BRICMANt STIRLING, Vr"LLET ISACLAYJ lJP 
CRHEL,OXFIIJP 

(LRLI 
IUNIV S FlORIOAI 

IGLAS+EDINI 

65 PRL 15 46B +JONES,KEMP,MURPHY,PRENTICE, + 
67 UCRL-17683 THESIS C H JOHNSON 
69 PRL 177 2 623 S R DEANS 
69 NP lOB 433 A DONNACHIE, R KIRSOPP 
70 PL 318 598 +BAREYRE+VILLET 
77 NP B126 365 +BLISSETtBLOODWORTH,BROOMErHART+ 
71 NP 8128 66 +TOAFFIREVEltGOLOBERG,BERNY 

I SACLAYI 
(RHELI IJP 
(HAlF) I 

*****'* *****'**** •••••••** ********* ******Co'** ********* ********'* ******** 
****** ********* ********• ***•••••• •••••••** *****•••• ••••••*** **"**** 

I N(1688) I 65 "*"2<1688, JP=512•• 1·1121 Fisl 
THE EXISTENCE OF THIS RESONANCE IS WEll ESTABLISHED. 

65 N*l/2Cl6a8) MASS (MEVI 

{1680.0) BRA NOS EN 65 RVUE PHASE SHIFT ANAL 

2174 
2/73 
4/75 
2/74 
2174 
2/74 
1176 
1178* 
1176 
2177* 

2174 
2/73 
4/75 
2174 
2/74 
2/74 
1/76 
1176 

2174 
2/73 
4/75 
2/74 
2174 
2174 
1176 
1176 

7/66 
( 1690.0) BAR EYRE 68 RVUE PHASE-SHIFT ANAL 11/67 

WHERE CROSS SECTION IS GREATEST - EYEBALl FIT 
( 1687.01 OONNACH1 68 RVUE PHASE-SHIFT ANAL 6/68 
( 1682 .. 0) DUKE 68 CNTR PI-P EL + POL 6/68 
t 16B2.0J AYEO 70 I PWA 1/71 

FROM ENER. DEP. FIT OF ARGAND DIAGRAM 
t 1685.01 DAVIES 10 RVUE P-S ANAl SOL A 8/69 
11688.) ALMEHED 72 IPWA 2112 



Baryons 
N(1688) 

1674. TO 1676 .. CRA\>:FORD 75 OPWA 
( 1685. I KNASEL 75 OPWA 

1680. OR 1670. LONGACRE 75 IPWA 
THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND 

(1679.) AYEO 76 I PWA 
M '1680.) BARBOUR 76 DPWA 
H 11660.1 LONGACRE 77 IPWA 

" All LONGACRE77 PARAMETERS ARE fROM SOLUTION S2t 
POSITION WHICH IS FROM SOLUTIONS Sl AND Ct. 

65 N*l/2ll68BJ WIDTH (MEVI 

(110.01 BAR EYRE 68 RVUE 
w 077.01 DONNACHl 68 RVUE 
w (109.0) AYEO 10 IPWA 
w (104.01 DAVIES 70 RVUE 
w {140.) ALMEHED 72 IPWA 
w 115. TO 124. CRAWFORD 75 DPWA 
w t 155. I KNASEL 75 DPWA 
w 125. OR 130. LONGACRE 75 IPWA 
w {126.1 AYEO 76 I PWA 

ll20.I BARBOUR 76 OPWA 
n5o.l LONGACRE 77 IPWA 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

PI N PHOTD-PROD 1/76 
0 PI- P TO KO LAM 11/75 

PI N TO 2PI N 11175 
2 OF LONGACRE 75. ll/75 

11111* 
PI N PHOTD-PROO 1/76 
PINT02PIN 11/77* 

EXCEPT FOR THE POLE 11/77* 
11/77* 

11167 
6/68 
1171 

P-S ANAl SOL A 8/69 
2/72 

PI N PHOTD-PROD 1/16 
0 PI- P TO KO LAM 11/75 

PINT02PI N 11175 
11177* 

PI N PHOTD-PROO 1176 
PI N TO 2Pl N 11177* 

65 N*l/2116881 REAL PART OF POLE POSITION IMEVI 11/75 

RE t 1688. I 
RE 8 1656. OR 1653. 

LONGACRE 75 IPHA 
LONGACRE 77 IPHA 

PINT02PIN 
PINT02PIN 

11175 
11/77* 

65 N*1/21U881 2*IMAG PART OF POLE POSITION CMEVI 11/75 

IH 

'" 8 

Pl 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
PlO 
Pll 
Pl2 
Pl3 
Pl4 
Pl5 
Pl6 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

U32.1 LONGACRE 75 IPHA 
_145. OR 143. LONGACRE 17 IPHA 

65 N*l/2Cl68BJ PARTIAL DECAY MODES 

N*li2U688) INTO PI N 
N*1/2U688) INTO N ETA 
N*li2C 16881 INTO LAMBDA K 
N*l/2116881 INTO 111*3/2U2321 PI 
N*1/2U6881 INTO N PI PI 
N*l/2(1688) INTO GAM P. HELICITY=l/2 
N*l/2C16881 INTO GAM P, HELJCITY==3/2 
N*l/211688) INTO GAM N, HELICITY=l/2 
N*1/2U6881 INTO GAM N·, HEL1CITV::3/2 
N*l/2( 16881 INTO N EPSILON 
N*l/2( 16881 INTO N RHO 
N*l/2(16881 INTO N*3/2U2321 Pl,P-WAVE 
N*l/Zil6881 INTO 111*3/2112321 PltF-WAVE 
N*l/2116881 INTO N Rl<ltS=3/2,P-HAVE 
N*1/2116881 INTO N RHO,S=3/2,F-WAVE 
N*l/2(16881 INTO SIGMA K 

65 N*l/2 I 16881 BRANCHING RAT lOS 

PI N TO 2Pl N 
PI N TO 2PI N 

DECAY MASSES 
139+ 938 
939+ 548 

1115+ 497 
1232+ 139 

938+ 139+ 139 
0+ 938 
0+ 938 
0+ 939 
0+ 939 

938+1300 
938+ 776 

1232+ 139 
12'32+ 1'39 
938+ 776 
938+ 776 
493+1189 

N*1/2Cl688J INTO (PI NI/TOTAL IPll 
(0.641 BAREYRE 68 RVUE 
(0.5601 OONNACHl 68 RVUE 
10.593) AYED 70 IPHA 
10.541 DAVIES 70 RVUE SOL A AND B 
(0.651 ALMEHEO 72 IPHA 

( .591 AYEO 76 IPWA 
SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

MORE INFORMATION CN THE INELASTIC DECAY MODES OF THE 1690 MEV 
BUMP, AS SEEN IN PROOUCTJiJN EXPERIMENTS, MAY BE FOUND BELOW 

R2 
R2 
R2 B 
R2 
R2 
R2 

R3 
R3 

N*112H6881 INTO IN ETAI/TOTAL IP21 
(0.015IOR u:ss TRIPP 67 RVUE 
C 0.00041 BDTKE 69 MPHA T POLE + RESON. 
(0.0031 (0.0021 DEANS 69 MPWA r· POLE + RESON. 
t0.0005IOR .001 CARRERAS 70 MPHA T POU + RESON. 

PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

N*1/2U688J INTO CN ETAI/CPI NJ CP21/IP1J 
I0.02710R LESS HEUSCH 66 IWUE + PIO, ETA PHOTO 

N*l/2(16881 INTO (LAMBDA KI/TOTAL CP3l 

11175 
.11177• 

11/67 
6/68 
1171 
8/69 
2/72 

11177• 

8/67 
10/69 
5/70 
5/70 

9/66 

R4 
R4 
R4 
R4 
R4 

IO.D01310R LESS TRIPP 67 RVUE 8/67 
CO.OOLIOR lESS RUSH 68 MPWA T POLE + RESON. 5/70 

PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 
CD.OOLIOR LESS CL=.63 HAGNER 71 IPHA PI-P TO K LAMB 1171 

N*1/211688 I INTO ( N*3/2C 12321 PI )/TOTAL IP41 R5 
R5 
R5 
R5 

12600 10.131 10.041 SOLN.A BRODY 71 HBC PI-P-2PI N/PHA 
P1-P-2PI N/PWA 12600 10.391 (0.101 SOLN.B BRODY 71 HBC 

R6 
R6 
R6 
R6 

R7 
R7 l 
R7 8 
R7 8 

R8 
•• l 
R8 8 
R8 8 

ASSUMES ELASTIC BRANCHING RATIO 0.62+-0.06 

N01/2U6881 FROM PI N TO K LAMBDA SQRHPl*P31 
-.009 .009 OEVENISH 74 0 FIXED T OISP RH 
1.011 KNASEL 75 DPWA 0 PI- P TO KO LAM 

COUPll NG TO LAMBDA K NOT REQUI REO IN THE ANALYSIS OF BAKER 77. 

N*1/2(16881 FROM PI N TO N EPSILON SQRTCPL*P101 
C-.28JOR -.30 LONGACRE 75 IPWA PI N TO 2Pl 
f-.311 LONGACRE 77 IPHA PI N TO 2PI 

LONGACRE 77 CONSIDER THIS COUPLING TO BE HEll DETERMINED. 

N*1/2Cl688J FROM PI N TO N*3/2112321 Pl,P-HAVE SQRTIP1*P121 
l·h26JOR +.25 LONGACRE 75 IPWA PI N TO 2PI 
C+.Z71 LONGACRE 77 IPWA PI N TO 2PJ 

LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 

R9 N*l/2116881 FROM PI N TO N*3/2(12321 PI,F-WAVE SQRT(Pl*Pl31 
R9 L CO.I OR 1-.081 LONGACRE 75 IPHA PI N TO 2PI 
R9 8 t-.071 LONGACRE 77 IPHA PI N TO 2Pl 

RIO 
R10 L 
RIO 8 
RIO t1 

Rll 
Rll 8 
R11 8 

N*1/2116881 FROM PI N TON RHQ,S:3/2,P-WAVE SQRTCP1*P14l 
(+.27JOR +.30 LONGACRE 75 IPWA PI N TO 2PJ 
1+.231 LONGACRE 77 IPWA PI N TO 2PI 

LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 

N*1/2U688) FROM PI N TON RHQ,S:3/2rF-WAVE SQRTCP1*P151 
1+ .. 151 LONGACRE 77 IPHA PI N TO 2Pl N 

LONGACRE 77 CONSIDER THIS COUPLING TO BE WEll DETERMINED. 

6/70 
6170 

4/75 
4175 

Ll/75 
1178* 

11/75 
11175 
11177• 

11175 
11175 
11117• 

11/75 
11/75 
11177• 

11/75 
11/75 
11/17• 

11177• 
11177* 

172 

Data Card Listings 
For notation, see key at front of Listings., 

Rl2 
R12 2 
R12 2 
Rl2 2 
R12 2 

N*l/2(1688) FROM PI N TO K SIGMA SQRHPL*Pl6J 
LESS THAN .001 DEANS 75 OPWA PI N TO K SIGMA 

RANGE GIVEN IS FkOH 3 OF 4 BEST SOLUTIONS, NOT PRESENT IN SLTN.l. 
OEAN$75 DISAGREES WITH PI+ P TO K+ SIGMA+ DATA OF W!NNtK77 
AROUND 1920 MEV. 

65 N*l/211688) PHOTON DECAY AMPUGEV**-1/21 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI
REVIEW PRECE~ING THE BARYON LISTINGS. 

Al N*1/2ll6881 INTO GAM P 1 HELICITY=l/2 CGEV**-1/21 
Al .015 .023 OEVENISH 73 DPWA PI N PHOTO PROD 
Al (-.003) HEHMil 73 + FWD P 10 PHTOPROD 
Al -.008 .004 MOORHOUS 73 DPWA PI N PHOTG-PROO 
Al .027 .019 DEVENIS2 74 OPWA P 1 N PHOTo-PROD 
Al -.016 .014 KNIES 74 OPWA PI N PHOTO PROD 
Al -.oo8 .011 METCALF 74 DPWA PI N PHOTQ-PROO 
Al -.014 .003 HOORHOUS 74 OPWA PI N PHOTo-PROD 
Al -.013 .002 CRAWFORD 75 DPWA PI N PHOTo-PROD 
Al (+.003) KRIVETS 75 OPWA, PI-N PHOTo-PROD 
Al c-.0041 BARBOUR 76 OPWA P t' N PHOTo-PROD 
Al -.009 .002 FELLER 76 DPHA PI N PHOTQ-PROD 
Al . . 
Al AVERAGE MEANINGLESS ISCALE FACTOR= 1.11 

A2 N*l/2116881 INTO GAM p, HELICITY=3/2 tGEV**-1/21 
A2 .146 .031 DEVENI SH 73 DPWA PI N PHOTO PROD 
A2 +.100 .012 MOORHOUS 73 DPWA P 1 N PHOTD-PROD 
A2 .163 .ou DEVENIS2 74 OPHA PI N PHOTQ-PROD 
A2 .097 .007 KNIES 74, DPWA PI N PHOTO PROD 
A2 .129 .016 METCALF 74 OPHA PI N PHOTo-PROD 
A2 .147 .006 MOORHOUS 74 DPWA P 1 N PHOTD-PROD 
A2 +.135 .006 CRAWFORD 75 DPWA PI N PHOTD-PROO 
A2 (+.1071 KRIVETS 15 DPWA PI-N PHOTQ-PROD 
A2 (+.1321 BARBOUR 76 DPWA PI N PHOTQ-PROD 
A2 •• 121 .oto FELLER 76 OPHA PI N PHOTQ-PROD 
A2 . . 
A2 AVERAGE MEANINGLESS ISCALE FACTOR ;. 2.81 

Al N*l/2116881 INTO GAM Nt HELICITY=l/2 IGEV**-1/21 
A3 .035 .049 OEVENISH 73 DPWA PI N PHOTO PROD 
A3 +.017 .014 MOORHOUS 73 DPHA PI N PHOTD-PROD 
A3 .031 .028 DEVENlS2 74 DPHA PI N PHOTG-PROD 
A3 .023 .005 KNIES 74 DPWA PI N PHOTO PROD 
A3 .ooa .018 METCALF 74 OPHA PI N PHOTD-PROD 
A3 .023 .003 MOORHOUS 74 DPWA PI N PHOTG-PROD 
Al +.021 .001 CRAWFORD 75 OPWA PI N PHOTD-PROD 
A3 1+.0341 BARBOUR 76 DPWA PI N PHOTD-PROO 
A3 . . 
A3 AVERAGE MEANINGLESS ISCALE. FACTOR :c 1.01 

A4 N* 1/2116881 INTO GAM N, HELICJTY:3/2 IGEV**-1/21 
A4 -.018 .039 OEVEN1SH 73 OPHA PI N PHOTO PROD 
A4 -.005 .018 MOORHOUS 73 OPWA PI N PHOTD-PROD 
A4 ~.021 .028 OEVENIS2 74 DPWA PI N PHOTD-PROO 
A4 .001 .018 KNIES 74 DPWA PI N PHOTO PROD 

•• .oo .030 METCALF 74 DPWA PI N PHOTD-PROD 
A4 -.041 .004 MOORHOUS 74 DPWA PI N PHOTD-PROD 
A4 -.015 .004 CRAWFORD 75 DPHA PI N PHOTD-PROO 
A4 {-.0281 BARBOUR 76 DPWA PI N PHOTD-PROD 
A4 . . 
A4 AVERAGE MEANINGLESS CSCALE FACTOR : 2.9) 

***••• •••••••••••••••••• •••*••••• ••*•••••• ......... ••*•••••• •••••••• 

REFERENCES FOR N*1/2C 16881 

SEE A PREVIOUS EDITiON tRMP 37, 633, 19651 FOR EARLIER REFERENCES. 

BRANDSEN 65 PL 19 420 
HEUSCH 66 PRL 17 1019 
TRIPP 67 NP B3 10 

8AREYRE 68 PR 165 1731 
OONNACH1 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 1417 
69 PR 185 1197 

AYEO 70 Kl EV CONF 
CARRERAS 70 NP 16B 35 
DAVIES 70 NP 821 359 

BRODY 71 PL 34B 253 
WAGNER 71 NP B25 411 

ALMEHED 12 NP B40 157 
DEVENJSH 73 Pl 478 53 
HEMMJl 73 PL 438 79 
MOORHOUS 73 Pl 4'3B 44 

OEVENlSt-! 74 NP B81 330 
OEVENIS2 74 Pl 52B 227 
KNIES 74 PRO 9 2680 
METCALF 74 NP 876 253 
MOORHOUS 74 PRO 9 1 

CRAWFORD 75 NP 897 125 
DEANS 75 NP 896 90 
KNASEL 75 PRO 11 1 
KRIVETS 75 SJNP 20 430 

ALSO 74 SJNP 19 112 
LCNGACRE 75 PL 558 1t15 

AYEO 76 CEA-N-1921 
BARBOUR 76 NP Bill 358 
FELLER 76 NP Bl04 219 
LONGACRE 77 NP B 122 493 

ALSO 76 NP 6108 365 

+ODONNELL, MOORHOUSE I DURHAM, RHELI IJP: 
C A HEUSCH, C Y PRE SCOTT 1 R F CASHEN C CIT I 
+ LEITH, + llRL,SlACtCERN,HEID,SACLAYJ 

P BAREYRE, C 8RICMAN, G VILLET ISACLAY1JJP 
A DONNACHJE1 R G KIRSOPP, C LOVELACE tCERNIIJP 
DONNACHIE RAPPORTEUR.S TALK CGLAS) 
R G KIRSOPP lEDIN) 
+JONES ,KEMP,MURPHYt THRESHER, + (RHEL, OXF I IJP 
J E RUSH (UNIV ·ALA8A"'AI 

J C BOTKE 
S DEANS, J WOOTEN 

R AYEO,P SAREYRE, G VILLET 
8 CARRERAS, A OONNACHIE 
A DAVIES 

+CASHMORE+ •• +HERNDON+ •• 
F WAGNER, C LOVELACE 

tUCSB1 
CUNIV S FLORIDA) 

I SACLI IJ P 
I DARErMCHS I 

IGLAS I 

I SLAC+LRL J 
ICERNJ 

+LOVELACE 
OEVENI SH,RANKIN,l YTH 
HEMHI,INAGAKI+ 
MOORHOUSE, 08ERLACK 

CLUNQ,RUTGIIJP 
ILOUC+SONN+l.ANC J IJP 

C KYOTO+SAGA+KEK+TOKYI IJP 
CGLAS+LBL JIJP 

DEV EN ISH, FROGGATl, MARTI Nl DESY ,NORD IT A, lOUt I 
OEVEN ISHtl YTH, RANK! N I OESY, LANC, BONN J IJP 
KNIES ,MOORHOUSE, OBERLACK C LBL 1 GL AS) IJP 
W J METCALF,R l WALKER ICITIIJP 
MOORHOUSE,OBERLACK, ROSENFELD I GLAS+L8l J IJP 

R L CRAWFORD CGLASJIJP 
+MITCHELL, MONTGOMERY,+ I SFLA, ALABAMA l 1J P 
+lINDQUIST ,NELSON+ CCHIC,WUSL,OSU,ANLI IJP 
+MIROSHNICHENKO, NIKIFORQV, SAN IN+ t KJEYJIJP 
KR 1 VETS ,NIKI FOROV, SANI N1 SHALATSKI I C KI€V I IJP 
+ROSENFELD,LASINSKI 1SMAo.JA+ llBL,SLACJ IJP 

AYED (THESIS) ISACLIIJP 
1. M. BARBOUR,R. L. CRAWFORD CGLASltJP 
+FUKUSHI HA,HOR1KAWAIKAJIKAHA+C NAGOYA+OSAKA I IJP 
LONGACR€,DOLBEAU ISACLIIJP 
DOL BEAU, TRJANT Is, NEVEU ,CADI ET C SACL I I JP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

CROUCH 65 OESY CONF II 21 + (BROWN,CEA,HARVARO,MJT,PAOOVA,HEIZMANNI 
DERAOO 65 ATHENS CONF 244 +KENNEY1LAMSA, + (NOTRE OAME,KENTUCKY) 
DUKE 65 PRL 15 468 +JONESIKEMPtMURPHY,PRENTICE, + IRHEl10XFIIJP 
MERLO 66 P ROY SOC 28'9 489 J P MERLO, G VALLADAS lSACLAYI 
ROBERTS 67 PREPRINT R G ROBERTS (DURHAM) 
BANNER 68 PR 166 134 7 +DETOEUF, FAYOUX, HAMEL, + ( SACLAY,CAEN I 

THE ABOVE PAPERS DISCUSS INELASTIC CHANNELS NEAP THE BUMP. 

11175 
11/75 
11/75 

1/78* 
1/78* 

2/74 
2/74 
2173 
4/75 
2/74 
2/74 
2/74 
1/76 
1/78* 
1/76 
2111* 

2/74 
2/73 
4/75 
2174 
2/74 
2/74 
1/76 
1178* 
1/76 
2171* 

2/74 
2/73 
lt/15 
2/74, 
2/74 
2/74 
1/76 
1/76 

2/74 
2/73 
4/75 
2/74 
2174 
2/74 
1176 
1/76 

:: 



u / 

0 u 6 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
N(1688), N(1700) 

BAREYRE 65 Pl 18 3~2 + BRJCMAN.· STIRLING, VILLET tSACLAY) IJP 
DEANS 69 PRL 117 2623 S R DEANS (UNIV S FLORIOAJ 
OONNACHI 69 NP 108 433 A OONNACHJE, R KJRSOPP (GLAS+EDJNJ 
AYEO 70 Pl 318 598 +BAREYRE+YILLET I SACLAYJ 
BAKER 77 NP 8126 365 
WINNIK 71 NP 8128 66 

+BLJ SSET ,BLOODWORTH, BROOME, HART+ tRHEl J IJP 
+TOAFF, REYE L,GOLDBE RG, BERNY I HA IF) I 

....... ********* .......... ***oCt***** •••••••••••••••••• ····•*•** ........ . ...................................................................... 
I N(1700) I .. N*l/211700, JP=I/2~) 1=1/21 5111 . 

THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHED. 

66 N*l/211700) MASS IMEYI 

M (1695.01 BRANDSEN 65 RYUE PHASE-SHIFT ANAL 9/66 
M {1700.0) MICHAEL 66 RVUE FITS BAREYRE S11 7/66 
M G (1710.01 BAREYRE 68 RVUE PHASE-SHIFT ANAL 11/67 
M G WHERE CROSS SECT ION IS GREATEST - EYEBALL FIT 
M 3 (1710.0} QONNACH1 68 RVUE PHASE-SHIFT ANAL 8/68 
M (1705.0) ( 10.01 OR ITO 69 RVUE K LAMBDA PS ANAL B/69 
M I 1689.01 AYED 70 I PWA 1/71 
M FROM ENER. DEP. FIT OF AfiGAND DIAGRAM 
M I 1766.01 DAVIES 10 RVUE P-S ANAL SOL A 8/69 

( 167B.OJ SCHORSCH 70 OPWA K LAM PHOTOPRO. 10/71 
A (1685.01 WAGNER 71 I PWA PI-P TO K LAMB 1/71 
A THERE ARE 3 SIMILAR SOLUTIONS 
1 '1670.} ALMEHEO 72 I PWA 2/72 

2 11699. J 1-HCKS 73 MPWA GAM P-ETA P 9/73 
2 ONLY STATES FROM TABLE VII OF HICKS73 ARE INCLUDED IN LISTINGS. 9/73 
2 M AND W ARE FROM SOLUTION C2tBR=SQRHGIIW WITH G FROM TABLE VII. 9/73 
I I 1860. I LANGBEIN 73 I PWA PI N-K SIG,SOL 2 9/73 
I 511 AMPLITUDE LARGE BUT NOT RESONANT IN SOLUTION 1 OF UNGBEIN73 9/73 
I DEANS75 AND LANGBEJN73 DISAGREE WITH PI+ P TO K+ SIGMA+ DATA OF 1178* 
I WINNJK77 AROUND 1920 MEV. 1178* 

I 1675.1 KNASEL 75 DPWA 0 PI- P TO KO LAM 11/75 
1675. OR 1660. LONGACRE 75 IPWA PINT02PIN 11/75 

THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 OF LONGACRE 75. 11175 
M 11673.1 AYED 76 IPWA 11177* 
M 11676.1 BARBOUR 76 DPWA PI N PHOTtrPROD 1176 
M 0 J1700.} (5.1 BAKER 77 I PWA 0 PI- P TO K LAM. 1178* 
M E (1680~ I BAKER 77 OPWA 0 PI- P TO K LAM. 1/78* 
M 0 THE TWO ENTRIES FOR eAKER 77 ARE FOR AN IPWA USING THE BARRELET 111B* 
M .. ZERO METHOD AND A CONVENTIONAL ENERGY-DEPENDENT ANALYSIS. 1/78* 
M 8 ( 1700.1 LONGACRE 77 IPWA PINT02PIN 11177* 
M 8 All l(·NGACRE77 PARAMETERS ARE FROM SOLUTION S2t EXCEPT FOR THE POLE 11177* 
M 8 POSITION WHICH IS FRCJM SOLUTIONS 51 ·AND C1. 11111* 

66 N*1/2U7001 WIDTH IMEVI 

1240.01 MICHAEL 66 RVUE 7/66 
(260.0) BAR EYRE 68 RVUE 11/67 
1300.01 OONNACH1 6B RVUE 8/69 
1104.0·1 11'5.01 ORJTO 69 RVUE B/69 
(166.01 AYEO 70 J PWA 1/71 
(404.01 DAVIES 70 RVUE P-S ANAL SOL A B/69 

SOL B GIVES 121 MEV 2/73 
199.0) SCHORSCH 70 OPWA K LAM PHDTOPRO. 10/71 

A CllO.OJORI140.0 J WAGNER 71 IPWA PI-P TO K LAMB 1/71 
1 1120.1 ALMEHEO 72 I PWA 2/72 

2 1195.) HICKS 73 MPWA GAM P-ETA P 9/73 
I czoo.J LANGBEIN 73 JPWA PI N-K SIG,SOL 2 9/73 

1170.1 KNASEL 75 OPWA 0 PI- P" TO KO LAM 11/75 
150. OR 130. LONGACRE 75 IPWA PI N TO 2PI N 11/75 

1150.1 AYEO 76 I PWA 11177* 
1194.1 BARBOUR 76 OPWA PI N PHOTD-PROO 1/76 
( 130.1 uo.J BAKER 77 1 PWA 0 PI- P TO K LAM. 1178* 

190.1 BAKER 77 OPWA 0 PI- P TO K LAM. 1/7B* 
1170.1 lONG ACRE 77 JPWA PI N TO 2PI N 11/77* 

SEE THE NOTES ·ACCOMPANYING THE MASSES QUOTED. 

66 N*1/211700J REAL PART OF POLE POSITION IMEVI 11/75 

RE 
RE 8 

IM 
IM 8 

PI 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
PIO 
Pll 
Pl2 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

(164B. J 
1699. OR 1698. 

LONGACRE 75 IPWA 
LONGACRE 77 IPWA 

PI N TO 2Pl 
PI N TO 2PI 

66 N*1/2U700J 2*IMAG PART OF POLE POSITION 'IMEVJ 

1117.1 
174. OR 173. 

LONGACRE 75 IPWA 
LONGACRE 77 IPWA 

66 N*l/2117001 PARTIAL DECAY MODES 

N*l/2117001 INTO PI N 
N*l/21 1700J INTO N ETA 
N* 1/2 I 1700 J INTO LAMBDA K 
N*l/2(17001 INTO GAM P, HELICJTY::l/2 
NOl/2111001 INTC GAM N, HELICITY::1/2 
N*l/211700) INTO N PI PI 
N*1/2(1700l INTO N EPSILON 
N*l/2117001 INTO N RHO 
N*l/2(17001 INTO K SIGMA 
N*l/2117001 INTO N RHO,S=1/2,S-WAVE 
N*l/2ll700l INTO'N RHO,S=3/2,D-WAVE 
N*112tl700I INTO N*3/211232) PI 

66 N*1/2117001 BRANCHING RAT lOS 

N*l/2(17001 INTO CPI NJ/TOTAL 
( 1.0) APPROX 66 RVUE 

b8 RVUE 
70 IPWA 

PINT02PI 
PI N TO 2PI 

DECAY MASSES 
139+ 938 
939+ 548 

1115+ 497 
0+ 93B 
0+ 939 

93 8+ 139+ 139 
938+1300 
938+ 71b 
493+1189 
938+ 776 
938+ 776 

1232+ 139 

IPIJ 

co. 791 
(0.6421 
(0.561 
(0.51 
1.54) 

MICHAEL 
OONNACHl 
AYEO 
DAVIES 
ALMEHEO 
AYED 

70 RVUE P-S ANAL SOL A 
72 I P~A 
76 IPWA 

11/75 
11117* 

11175 

11/75 
11177* 

1/bb 
8/69 
1/71 
8/69 
2112 

11/17* 

R2 
R2 
R2 A 
R2 
R2 
R2 
R2 

R3 
R3 
R3 

R4 
R4 
R4 
R4 
R4 

•• 
R5 
R5 
R5 
R5 

•• ,. 
R7 
R7 I 
R7 5 
R1 5 
R1 

N*l/2117001 FRCM PI N TO K LAMBDA 
(.201 1.051 ORITO 
1.2liOR .23 WAGNER 
-.179 .033 OEVENISH 
1.121 KNASEL 

1-.231 (.011 BAKER 
1-.251 BAKER 

69 RVUE 
71 I PWA 
74 
75 OPWA 
77 IPWA 
11 OPWA 

SQRTIPl*P3'l 

PI- P TO K LAMB 
0 FIXED T OISP REL 
0 PI- P TO KO LAM 
o' PI- P TO K LAM. 
0 PI"" P TO K LAM. 

NU/211700) INTO {LAMBDA KI/TOTAL CP3J 
I 0.02BI APPROX. RUSH 6B MPWA T Pod: + RESON. 

PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

N*l/2117001 INTO IN ETAl/TOTAL IP21 
(0.0131 BOTKE 69 MPWA T POLE + RESON. 
10.031 10.021 DEANS 69 MPWA T POLE+ RESON. 
10.191 OR 0.27 CARRERAS 70 MPWA T POLE + RESON. 

PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 
CARRERAS 70 USES REGGE POLES + RESONANCES. VALUES SUSPICIOUSLY LARG 

N*ll2il700I FROM GAMMA PROTON TO K LAMBDA SQRT(P3*P41 
(0.00210R LESS ORIT02 69 CNTP. K LAM PHOTOPRO 
(0.00721 SCHORSCH 70 DPWA K LAM PHOTOPRO. 

1.00601 DEANS 72 MPWA GAM P-K LM,SOL -D 

NOl/2(17001 FROM GAMMA PROTON TO ETA PROTON 
1.01011 HICKS 73 MPWA 

SQRT( P2*P41 
GAM P-ETA P 

NU/2( 17001 FROM PI N TO K SIGMA SQRHP10P91 
(.Lll LANGBEIN 73 IPWA PIN-K SIG,SOL 2 
I .066JTO .137 DEANS 75 OPWA PI N TO K SIGMA 

RANGE GIVEN IS FROM FOUR BEST SOLUTWNS. 
(.201 KNASEL 750PWA 0 PI- P TO KO LAM 

RB N*l/2117001 FROM PI N TO N*3/211232.1 PI' SQRHP1*P121 
R8 L C-.1610R -.15 LONGACRE 75 IPWA PI N TO 2PI 
R8 8 (-.291 LONGACRE 77 IPWA PI N TO 2PI 
R8 8 LONGACRE 77 CONSIDER THIS COUPLING TO BE WEll DETERMINED. 

R9 N*11211700J FROM PI N TO N RH0tS"'1/2,S-WAVE SQRT I Pl*P10J 
PI N TO 2PI 
PI N TO 2P I 

R9 l 
•• 8 

( .23IOR +.16 LONGACRE 75 IPWA 
1-.11 J LONGACRE 77 J PWA 

RIO 
RIO 8 
RlO 8 

N*li2(1700J FROM PI N TON RHO,S=3/2,D-WAVE SQRTIP1*Plll 
C-.291 LONGACRE 77 IPWA PI N TO 2PI N 

LONGACRE 77 CONSIDER THIS COUPLING TO BE WEll DETERMINED. 

Rll 
Rll L 
Rll 8 

N*l/2117001 FPOM PI N TO N EPSILON SQRHP1*P71 
(-.23JOR -.,25 LONGACRE 75 IPWA PI N TO 2PI 

PI N TO 2PI C .001 LONGACRE 71 I PWA 

66 N*11211700} PHOTON DECAY AMPLIGEV**-1121 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI
REVIEW PRECEDING THE BARYON LISTINGS. 

AI N*li2U7001 INTO GAM Pt HELICITY:1/2 IGEV**-1/21 
AI .OZ4 .033 DEVENISH 73 OPWA PI N PHOTO PROD 
AI +.066 .042 MOO RHO US 73 OPWA pI N PHOTD- PROD. 
AI .029 .01B DEVENI 52 74 DPWA PI N PHOTD-PROO 
AI .05B .OIB KNIES 74 DPWA PI N PHOTO PROD 
AI +.012 .015 METCALF 74 DPWA PI N PHOTtrPROO 
AI .054 .005 MOORHOUS 74 DPWA PI N PHOTD-PROO 
AI +.044 .01B CRAWFORD 75 DPWA PI N PHOTO-PFIOO 
AI (+.044) BARBOUR 76 DPWA PI N PHOTO-PROD 

.AI +.068 .009 FEllER 76 DPWA PI N PHOTtrPROO 
AI 
AI AVERAGE MEANINGLESS (SCALE FACTOR ., 1.6) 

A2 N*1/2( 17001 INTO GAM N, HELICITY=1/2 ( GEV**-1121 
A2 .010 .043 OEVENISH 73 O.PWA PI N PHOTO PROD 
A2 -.072 .066 MOORHOUS 73 OPWA PI N PHOTtrPROO 
A2 -.006 .031 OEVENI 52 74 OPWA PI N PHOTD-PROO 
A2 -.015 .035 KNIES 74 OPWA PI N PHOTO PROD 
A2 -.019 .022 METCALF 74 OPWA PI N PHOTO-PROD 
A2 -.027 .009 MOORHOUS 74 OPWA PI N PHOTtrPROD 
A2 -.103 .010 CRAWFORD 75 OPWA PI N PHOTD-PROO 
A2 (-.0221 BARBOUR 76 DPWA PI N PHOTtrPROO 
A2 . . 
A2 AVERAGE MEANINGLESS (SCALE FACTOR "' 2.91 

.................................................................................................... 
BRANDSEN 65 PL 19 420 

MICHAEL 66 PL 21 93 

BAREYRE 68 PR 165 1731 
OONNACHl 6B Pl 26B 161 

ALSO 68 VIENNA 139 
ALSO 68 THESIS 

RUSH 68 PR 173 1776 

BOTKE 
DEANS 
OR ITO 
ORJT02 

69 pp 180 1417 
69 PR 185 1797 
69 LNC 1 936 
b9 INS J 113 

AYEO 70 KIEV CONF 
CARRERAS 70 NP l6B 35 
DAVIES 70 NP B21 359 
SCHORSCH 70 NP B25 179 

WAGNER 71 NP B25 411 

AL "'EHEO 72 NP 840 157 
DEANS 72 PRO 6 1906 
DEVENISH 73 PL 47B 53 
HICKS 73 PRO 7 2614 
LANGBEJN 73 NP B53 251 
MOORHOUS 73 PL 438 44 

OEVENISH 74 NP BB1 330 
DEVENJS2 74 PL 52B 227 
KNIES 74 PRO 9 2680 
METCALF 74 NP B76 253 
MOC.RHOUS 74 PRO 9 1 

CRAWFORD 75 NP 897 125 
DEANS 75 NP 896 90 
KNASEL 75 PRO 11 1 
LONGACRE 75 PL 558 415 

REFERENCES FOR N*l/2117001 

+ODONNEll t MOORHOUSE 

C MICHAEL 

(DURHAM, RHELIIJP 

COXFJ 

P 8AREYRE, C BRJCMANt G VILLET CSACLAYIIJP 
A DONNACHIE, R G KIRSOPPt C LOVELACE ICERNIJJP 
60NNACHIE RAPPORTEUR.$ TALK IGLASJ 
R G KIRSOPP I EDINI 
J E RUSH (UNIV ALABAMA} 

J C BOTKE 
S DEANS, J WOOTEN 
S ORJTO,S SASAKI 
S ORITO {THESJSI 

R AYEO,P BAREYRE, G VILLET 
B CARRERAS, A DONNACHIE 
A DAVIES 
+TI ETGE, WEILNBOECK 

F WAGNER, C LOVELACE 

IUCS81 
(UNIV S FLORIDA) 

(TOKYO-OSAKA I 
fTOKYOJ 

CSACUIJP 
(DARE,MCHS) 

(GLASJ 
CMPIMI 

lCERNJ 

+LOVELACE (LUNDtRUTGIIJP 
OEANS,JACOBS, LYONS,MONTGOHERY ISOUTH FLA.IIJP 
OEVENI SH,RANK IN, L YTH ILOUC+BONN+LANC I I JP 
+OEANStJACOBS,LYONS+ (CARN+ORNL+SOUTH FLA.IIJP 
LANGBEIN,HAGNER I MUNICH I IJP 
MOORHOUSE, OBERLACK I GLAS+LBLI IJP 

DEY ENI SH, FROGGATT, MART IN( DESY, NORD IT At LOUC I 
DEVENISH,L YTH,RANKI N ( OESY, LANC, BONN I IJ P 
KNIES ,MOORHOUSE tOBERLACK C LBL, GLAS I IJ P 
H J METCALF,R L WALKER ICITJ IJP 
MOORHOUSE tOBERLACK, ROS ENFEL 0 I GLAS+LBL I lJP 

R l CRAWFORD ( GLAS I I J P 
+M ITCHElLt MONTGOMERY,+ ( SFLAt ALABAMA II JP 
+Ll NO QUIST, NEL SCN+ ( CHICt WUSL tOSU, ANL I I J P 
+ROSENFELO,LASINSKI ,SMADJA+ ILBL,SLACliJP 

4/75 
4/75 
4175 
4/75 

11175 
1/78* 
111B* 

8/69 

10/69 
8/69 
5170 

9173 
10171 
10/71 
9/73 

9173 
9/73 

9/73 
9/73 

11/75 
11/75 
11175 

11175 
11175 
11177* 

11175 
11175 
11177* 

11177* 
11/770 

U/75 
11175 
11177* 

2174,. 
2/73 
4/75 
2174 
2/74 
2/74 
1/76 
1/76 
Z/77* 

2/74 
2/73 
4/75 
2174 
2/74 
2174 
1/76 
1176 



Baryons 
N(1700) 

AYEO 76 CEA-N-1921 AYED CTHESISI ISACLJIJP 
BARBOUR 76 NP 8111 358 I. M. BARBOUR,R. L. CRAWFORD IGlASJIJP 
fELLER 76 NP 8104 219 +FUKUSHIMA, HOR I KAWAt KAJ lKAWA+I NAGOYA+OSAKA I IJP 
BAKER 17 NP 8126 365 +BL l SSET, Bl OGOWORTH r BROOME, HART+ I RHEL1 IJP 
LONGACRE 77 NP 8122 493 LONGACRE,DOLBEAU ISACLJIJP 

ALSO 76 NP BlOB 365 DOL BEAU, TRJ ANTIS, NE V~U, CAD I ET I SACL I I J P 

PAPERS NOT REFERRED TO IN DATA CARDS. 

BAF<.EYRE 
JOHNSON 
DEANS 
OONNACHI 
AYED 
WINNIK 

65 Pl 16 342 
67 UCRL-17683 THESIS 
69 PR 177 2623 
69 NP lOB 433 
70 PL 318 598 
17 NP 8128 66 

+ BRICMANt STIRL.ING, VILLET 
C H JOHNSON 
S R DEANS 
A OONNACHIEr R KIRSOPP 
+£AREYRE+VILLET 
+TOAFF ,REVEL ,GOLDBERG, BERNY 

ISACLAYIIJP 
llRLI 

CUNIV S FLORIDAI 
IGLAS+EDINI 

I SACLAY I 
(HAIFJ I 

•••••• ********* ********* ********* ********* ********* ••o•••••• ******** 
O******** •••••••o• ********* ******O** O******** ********* ******** 

IN( 1700) I 18 N•l/211100, JP=312-I 1•1121 D'b I 

3 
3 
3 
A 
A 

" M 

" M 

M 

" 
" " " M 

RE 
RE 8 

'" IM 8 

P1 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
P10 
P11 

AYED 76, LONGACRE 75, AND LONGACRE 77 FINO EV IOENCE 
fOR THIS STATE. THERE IS ADDITIONAL EVIDENCE FROM 
ASSOCIATED PRODUCTION. 

18 N*1/2Cl700J MASS tMEVJ 

tl73D.I DONNACH2 68 RVUE PHAS. SHIFT-CERN1 
( 1680. I KIRSOPP 68 RVUE PHASE SHIFT ANAl 

WHERE MAX. ABSORPTION IS -DONNACH1, 2 ,KIRSOPP EYEBALL FIT CERN 1 
(1780.0) WAGNER 71 I PWA PI-P TO K LAMB 

Dl3 RESONATES ONlY IN.ONE OUT OF 3 POSSIBLE SOl. 
( 1670. I DEANS 72 MPWA GAM P-K U4t SOl 0 
( 1790. I LANG6E IN 73 I PWA PI N-K SIG,SOL 1 

NOT SEEN IN SOLUTION 2 OF LANGBEINT3 
DEANS75 AND lANGBEIN73 DISAGREE WITH PI+ P TO K+ SIGMA+ DATA Of 
WINNIK77 AROUND 1920 MEV. 

1710. OR 1710. LONGACRE 75 I PWA PINT02PIN 
THE 2 SETS Of PARAMETERS ARE FROM METHODS 1 AND 2 OF LONGACRE 75. 

11710. I AYED 76 I PWA 
11670.1 '10. I BAKER 77 I PWA 0 PI- P TO K LAM. 
(1690. I BAKER 77 DPWA 0 PI- P TO K LAM. 

THE TWO ENTRIES FOR BAKER 77 ARE FOR AN IPWA USING THE BARRElET 
ZERO METHOD AND A CONVENTIONAL ENERGY-DEPENDENT ANALYSIS. 

'1660. I LONGACRE 77 IPWA PI N TO 2PI N 
All U·NGACRE17 PARAMETERS ARE FROM SOLUTION S2, EXCEPT FOR THE POLE 
POSITION WHICH IS FROM SOLUTIONS S1 AND Cl. 

18 N*1/2l17001 WIDTH IHEVJ 

(90.) DEANS 72 MPWA GAJol P-K LM,SOL D 
( 120.1 LANGBEIN 73 IPWA PI N-K SIG,SOL 1 
100. OR 300. LONGACRE 75 I PWA PI N TO 2PI N 

llOO.J AYED 76 IPWA 
(90.) 125. I BAKER 77 I PWA 0 PI- P TO K LAM. 

'100. J BAKER 77 OPWA 0 PI- P TO K LA"4. 
(600.) LONGACRE 77 IPWA PI N TO 2Pl N 

18 N*1/211700J REAL PART OF POLE POSITION IMEVt 

(1710.) 
1616. OR 1613. 

LONGACRE 75 IPWA 
LONGACRE 77 I PWA 

PI N TO 2PI 
PINT02PI 

18 N*1/2117001 2*IMAG PART OF POLE POSITION CHEVJ 

(607. I 
577. OR 575. 

LONGACRE 75 IPWA 
LONGACRE 77 I PWA 

18 N*1/211700J PARTIAL DECAY HODES 

N*l/2( 17001 INTO PI N 
N*1/2C1700J INTO. LAMBDA K 
N01/2117001 INTO GAM PtHELICJTY::3/2 
N*1/2U700I INTO GAM P,HELICITY=l/2 
N*1/2U7001 INTO GAM NtHEliCITY=3/2 
N*1/2U 7001 INTO GAM NtHELICITY=l/2 
N*li2U7001 INTO K SIGMA 
N*1/2( 17001 INTO N EPSILON 
N*l/2C17001 INTO N:Ot3/2(12321 PI,S-WAVE 
N*112U7001 INTO N*3/2Cli321 PltD-WAVE 
N*l/211700) INTO N RHQ,S~::3/2,S-WAVE 

PI N TO 2PI N 
PI N TO 2PI N 

DECAY MASSES 
139+ 938 

1115+ 497 
0+ 938 
0+ 938 
0+ 939 
O+ 939 

493+11B9 
938+1300 

1232+ 139 
1232+ 139 

93B+ 776 

--- ----- ---- ----- ----- ----- --------- -------
18 N*112 ( 17001 BRANCHJNG RATIOS 

R1 N*1/2117001 FPOM GAMMA PROTON TO K LAMBDA SQRTC I P3+P4l*P21 
R1 ( .00771 DEANS 72 MPWA GAM P-K LH,SOL 0 

R2 N*1/2ll700) FPOM PI N TO K SIGJoiA SQRHPl*P71 
R2 1 ( .101 LANGBEIN 73 IPWA PI N-K SIG,SOL 1 
R2 2 LESS THAN .011 DEANS 75 OPWA PI N .TO K SIG114A 
R2 2 PANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 

R3 N*li2C 17001 INTO PI N/TOTAL CPU 
R3 ( .09) AYEO 76 IPWA 

•• N*l/2 U 700 I FROM PI N TO K LAMBDA SQRHPl*P2J 

•• +.026 • 019 DEVENI SH 14 0 FIX ED T OISP REL 

•• 1-.031 ( .0041 BAKER 77 IPWA 0 PI- P TO K LAH. 

•• (-.031 BAKER 77 OPWA 0 PI- P TO K LAM. 

R5 N*l/2(17001 FROM PI N TO N EPSILON SORT I Pl*PBJ 

10/69 
10/69 
10/69 
1/71 

9/73 
9/73 
9/73 
1178* 
1178* 

11175 
ll/75 
11177* 
1/78* 
1178* 
1/78* 
1178* 

11177* 
11171* 
11177* 

9/73 
9173 

11175 
11177* 

1178• 
1178* 

11171* 

11/75 

11/75 
11/77* 

11175 

11175 
11177* 

9/73 
9173 

9/73 
9173 

11/75 
11175 

ll/77* 

4/75 
4/75 
1178* 
1178• 

11/75 
R5 l (-.21 OR -.2 LONGACRE 75 I PWA PI N TO 2PI 11/75 
R5 8 '.001 LONGACRE 77 I PWA PI N TO 2PI 11177* 

•• N01/2U7001 FROM PI N TO N*3/2( 12321 PI, S-WAVE SORT CPl*P91 11175 

•• l (+.15JOR +.16 LONGACRE 75 lPWA PINT02PI 11/75 
R6 8 ( .00) LONGACRE 77 I PWA PI N TO 2PJ 11177* 

R7 N*1/2ll7001 FROJol PI N TO N*3/2U232J PI r 0-WAVE SQRHP1*P101 11175 
R7 l C-.1010R -.14 LONGACRE 75 t PWA PI N TO 2PI 11175 
R7 8 (+.121 LONGACRE 71 I PWA PI N TO 2PI ll/77* 

174 

Data Card Listings 
For notation, see key at front of Listings. 

R8 NC<1/2117001 FROM PI N TON RHO,S=3/2 9 S-HAVE SQRTC P1*P1ll 
R8 l 
RB 8. 

10.1 OR C-.071 LONGACRE 75 IPWA PI N TO 2Pl 
PI N TO 2PI C+.07l LONGACRE 71 IPWA 

18 N*112tl7001 PHOTON DECAY AMPUGEV**-1/21 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPliTUDES, SEE MINI
REVIEW PRECEDING THE BARYON LISTINGS. .. NC<1/2C 17001 INTO GAJol P t HELICITY>=1/2 CGEV**-1/2) 

A1 -.103 .130 OEVENISH 73 DPWA PI N PHOTO PROD 

A1 -.048 .050 OEVENI S2 74 OPWA PI N PHOTG-PROO 

A1 -.015 .040 KNIES 74 DPWA PI N PHOTO PROD 

A1 .o .034 METCALF 74 DPWA PI N PHCTG-PROO 

A1 ( .0231 JoiOOP.HOUS 74 OPWA Pi N PHOTO PROD 

A1 -.012 .010 CRAWFORD 75 DPWA PI N PHOTD-PROD .. '"':"·0051 BARBOUR 76 OPWA PI N PHOTQ-PROD 
A1 -.014 .025 FELLER 76 DPWA PI N PHOTO-PROD 

A1 . . 
A1 AVERAGE JoiEANINGLESS CSCALE FAt TOR = 1 .0 I 

A2 N*l/2( 17001 INTO GAM P, HELICITY=3/2 IGEV**-1/21 

A2 .055 .. 065 DEVENI SH 73 DPWA PI N PHOTO PROD 

A2 -.006 .014 OEVENISZ 74 OPWA PI N PHOTG-PROO 

A2 .030 .040 KNIES 74 DPWA PI N PHOTO PROD 

A2 .o .029 METCALF 74 DPWA PI N PHOTG-PROO 
A2 ( .0351 MOORHOUS 74 OPWA Pi N PHOTO PROD 

A2 - .. 012 .010 CRAWFORD 75 OPWA PI N PHOTo-PROD 

A2 1-.oo91 BARBOUR 76 OPWA PI N PHOTo-PROD 

A2 .o .014 FEllER 76 DPWA PI N PHOTo-PROD 

A2 
AVERAGE ·,..EANtNGleSs fSCAL.E A2 FACTOR = 1.01 

A3 N*l/2Cl700l INTO GAM N, HELICJTY=1/2 (GEV**-1/21 

A3 .013 .222 DEVENISH 73 OPWA PI N PHOTO PROD 
A3 -.021 .098 DEVENIS2 74 DPWA PI N PHOTo-PROD 

A3 -.036 .040 KNIES 74 DPWA PI N PHOTO PROD 

A3 .o .034 METCALF 74 DPWA PI N PHOTD-PROD 

A3 1-.0151 MOO RHO US 74 DPWA PI N PHOTO PROD 
A3 +.081 .015 CRAWFORD 75 OPWA PI N PHOTD-PROD 

A3 1+.0171 BARBOUR 76 OPWA PI N PHOTO-PROD 

A3 . . 
A3 AVERAGE MEANINGLESS CSCALE FACTOR = 2.31 

A4 N*l/2(17001 INTO GAM Nt HELICITY=3/2 {GEV**-1/21· 
A4 -.088 .087 DEVENI SH 73 DPWA PI N PHOTO PROD 
A4 -.026 .067 OEVENISZ 74 DPWA PI N PHOTD-PROO 

•• .024 .024 KNIES 74 OPWA PI N PHOTO PROD 
A4 .o .044 METCALF 74 DPWA PI N PHOTG-PROO 

•• ( .02BJ HOORHOUS 74 OPWA P1 N PHOTO PROD 

A4 +.107 .025 CRAWFORD 75 OPWA PI N PHOTD-PROD 

A4 (+.0221 BARBOUR 76 OPWA PI N PHOTD-PROO 

A4 
AVERAGE· MEANu~Gl.ESs • 1 ScAt E A4 FACTOR ::: 1.11 

............. C<. ••c.•••••• ................. C< ........................... . 

DCNNACH2 68 VIENNA 139 
KIRSCiPP 68 THESIS 
WAGNER 71 NP B2 5 411 
DEANS 72 PRO 6 1906 
OEVENISH 73 PL 47B 53 
LANG8EI~ 73 NP B53 251 

DEVENISH 74 NP 681 330 
DEVEN IS2 74 Pl 52B 227 
KNIES 74 PRO 9 2680 
METCALF 74 NP B76 253 
MOORHOUS 74 PRO 9 1 

CRAWFORD 75 NP B97 125 
DEANS 75 NP 896 90 
LCiNGACRE 75 Pl 558 415 

AYED 76 CEA-N-1921 
BARBOUR 76 NP Blll 358 
FELLER 76 NP 6104 219 
BAKER 77 NP 8126 365 
LONGACRE 71 NP 8122 493 

ALSO 76 NP BlOB 365 

HERNDON 72 teL 1065 
HINNIK 71 NP 812B 66 

REFERENCES FOR N*1/21 1700) 

OONNACHIE RAPPORTEUR.$ TALK CGLASJ 
R G KIRSOPP I EO IN I 
F WAGNER, C LOVELACE ICERNJ 
DEANS,JACOBS, LVONS,MONTGOHERY (SOUTH FLA.IIJP 
OEVEN ISH,RANKI N, L YTH tlOUC+BONN+lANC I IJ P 
LANGBEIN,HAGNER CMUNICHIIJP 

DEVENISH, FROGGA TT ,JoiART IN I DESY, NORD IT A,LOUC I 
DEVEN ISH, l YTH, RANKIN I DESY, LANC, BCNNI IJ P 
KNIES, MOORHOUSE, OBERLACK ( LBL, GLAS I IJP 
W J HETCALF,R l WALKER CCIT IJJP 
MOORHOUSE,OBERLACK, ROSENFELD C GLAS+l 6LIIJP 

R L CRAWFORD 
+14 I TCHELL, MONT GOMER V, + 
+ROS ENFELQ, LAS IN SKI, SMAOJA+ 

C GLAS JIJP 
ISFLA,ALABAMAI IJP 

( LBL, SLAC I I JP 

AYEO ITHESISI CSACUIJP 
I. H. BAR60UR 9 R. L. CRAWFORD (GLAS)IJP 
+FUKUSHI MAt HORIKAWA, KAJ I KAWA+C NAGOYA+OSAKA I I JP 

· +BL I SSET ,BLOODWORTH, BROOME ,HART+ I RHELIIJP 
LONGACRE,QOLBEAU CSACU IJP 
OOL BEAU, TRI ANT 1St NE VEUr CADI ET ( SACL I IJ P 

PAPERS NOT REFERRED TO IN DATA CARDS. 

+,. •• ROSENFELD. •• +CA SHHORE+ ••• 
+ TOAFF, REVEL ,GOLDBERG, BERNY • 

I LBL, SLAC I 
IHAIFJ I 

****** •••••c.••• ..................................................... . 
****** •••••c.••• ********* ****C<**** •••••••••••••••••• ********* ••c.••••• 
1700 MEV REGION - PRODUCTION EXPERIMENTS 

1 

" 1 

" A 
M A 

" 8 

" 8 

" " M 
M 

(1695.01 
11734.0) 
( 1730.01 
'1112.01 

20 N*l/211700, JPso I 1=1/2 PRODUCTION EXPERIMENTS 

SEE THE MINI-REVIEW PRECEDING THE N AND DELTA LISTINGS 
FOR DISCUSSION OF PRODUCTION EXPERIMENTS. 

20 N*1/211700J MASS (HEVI (PROD. EXP.J 

(9.0 I A-BORELLI 67 HBC . PBAR P 5.7 BEV/C 
C2l.OI ALMEIDA 68 HBC . PP 10 BEV/C 
UB.OI GALLOWAY 68 HBC PI-P 6 GEV/C 
(6.0) BARNES 69 HBC K-P TO K-P 2P I 

IJP CONSISTENT WITH Sll( 17001 OR PUC17BOJ IN FORMATION 
( 1667.01 C5.01 BENVENUTI 69 DBC 0 Pl-0 2.26 GEV 

J CONSISTENT WITH 5/2 OR 712 
P;JOC 1693.1 (15.) RHODE 69 HBC PP 22 GEV/C 
JP IS PROBABLY 5/2+ 

'1691.1 14.) · ANDERSON 70 MMS - PI- P TO PI- MMS 
171( 1710.) 00.1 CIRBA 70 HBC . PI+ P TO P+3PI 
40(1763.) c 25.1 COOPER 10 HBC . LAJoiB. K PROD. 

505( 1730.01 (15.0) CRENNELL 70 HBC . PI-P,PI+P 6 GEV 

60(1710.1 KUZNETSOV 70 HLBC - LAMB. K PROD. 
'1719.01 (6.01 WILLMANN 70 HBC . PI+P 13. GEV 

J CONSISTENT WITH 5/2 OR 7/2 

11175 
11/75 
11177* 

2174 
4175 
2174 
2174 
2/74 
1176 
1/76 
2171• 

2/74 
4/75 
2/74 
2/74 
2/74 
1/76 
1176 
2111* 

2174 
4175 
2/74 
2/74 
2174 
1176 
1176 

2/74 
4175 
2174 
2174 
2174 
1/76 
1176 

8/67 
9/69 
8/69 
1170 

5170 

10/69 

2/71 
2171 
2171 
1171 
2/71 
5170 



0 J 6 ! 
\..I 6 

175 

Data Card Listings 
. For notation, see key at front of Listings. 

U694oOI (8.01 AHALDI 71 SAS P P AT 24 GEV 
(1730.) 120.1 BALLAM 71 HBC +- PI+-P AT 16GEV 
11700.1 BEKETOV 71 HBC + PI- P 4.45GEV/C 
(1711.1 (lQ.J BOESEBEC 11 RYUE PP,PJ-P,K-P PROD 
U672oOI 14.01 ELLIS 71 CNTR HMS PP 3.7 GEV/C 

80( 1650.01 110.01 80/120 MA 11 HBC + P P TO P N PI 
tl7QQ.OJ (10.01 MORSE 71 HBC + PI-P 25 GEV/C 
1670. TO 1730. MORSE 71 HBC +0 PI-P 7 GEY/C 

tl720ol 120.1 RUSHBROOKE71 HBC + PP TO P2PI l6GEV 
C1690.3J C-4.51 EDElSTEIN 72 MMS + PP 6 TO 30 GEV 
tl668.01 I 19.01 21t/45 KARSHON 72 OBC + PD--PD2PI 1 GEV 
U715oOI 15.01 LAMSA 72 HBC + PI+-P 8T018 GEY 

ANALYSIS GIVES JP = 5/2+ 
C166Q.) 115. OH 72 OBC 0 PI-N TO PI-PI-P 

DETERMINE J=512tF15 PROBABLE 
11120.1 (15.) RONAT 72 HBC PI+P TO 3PI P 
(1820.1 DAVIDSON 74 HBC +PI-P TO PI- OM·P 

OMEGA PROTON ENHANCEMENT,MOMENTS ANALYSIS CONSISTENT WITH 2J=l OR 3 
11732.1 C7.) LICHTMAN 74 HBC + PI+P TO 3PI P 
11694.1 110.1 LICHTMAN 74 HBC + PI-P TO 3Pl P 
11810.1 115.,) ATHERT02 75 HBC PBAR P 5.7 GEY 

CMEGA PROTON ENHANCEMENT, MOMENTS ANALYSIS CONSISTENT WITH S STATE. 
11700.) BLOBEL 75 HBC + PP TO PIPI+PI-PI 

PWA INDICATES Pl+PI-P ENHANCEMENT IS PRIMARILY A 
P-WAVE P EPSILON SYSTEM WITH lwJP=1/2,3/2-. 

1660• TO 1670. BRAUN! 75 HBC PBAR P 5. 7 GEV 
U691.1 111.1 CAVALLI 75 SPEC+ PP TO 2N*,W=23GY 
fl691.1 18.1 CAVALLI 75 SPEC+ PP TO 2N*,W:31GV 
11715.1 110.) CAVALLI 75 SPEC + PP TO 2N*tW=53GY 
11686.1 Cl2.1 MUSGRAVE 75 HBC K+ P TO K PI N 
Cl650.J STRACHMA 75 BC NBAR IN PIJ 
11678.1 14.) WEBB 75 ISR + P P TO P N* 
11691. I Cit. I ATHERTON 76 HBC PBAR P 5. 7 GEV 
11680.1 125.1 APPLE 77 SPEC + P P TOP IP PIOJ 

10171 
2172 
3172 
3172 

10171 
10171 
3172 
3172 
2172 
1/73 

12172 
1173 

2173 
2173 
2173 

10174 
10174 
lt/75 
4175 
2177• 
2171* 
1176 
1176 
1176 

11175 
1176 
1176 
1176 

U/75 

M {1660.1 120.1 APPLE 77 SPEC+ P P TOP IN PI+J 

1/76 
1/76 
2171• 
1178* 
1178• 
1/78* 
1178* 
1178• 
1178* 
1/78$ 
1178• 
1178• 

M 11690. J 110. J HEINEN 77 HBC + K-P TO K- N*+·' 
M (1670.1 (lO.J HEINEN 77 HBC 0 K-P TO KOSAR N*O 
M I 1670• J OTTF.R2 77 HBC + K-P TO K- N*+ 
M FROM PARTIAL WAVE ANALYSIS OF P PI+ .PI- SYSTEM.. SHAPE OF 
M F 5/2-DIOELTA PI) WAVE IS COMPATIBLE WITH A BREIT-WIGNER. 
H 11677.1 12.1 ROUGE 77 OMEG 0 PI-P 9tl2 GEYIC 

11110.1 120.1 EKHOF 78 SPEC+ P HE--P PI PI HE 

20 N*l/21 17001 WIDTH I MEV I I PROD. EXP.J 

00.01 f20.0I A-BORELLI 67 HBC 9/69 
1140.01 157.0) ALMEIDA 68 HBC + 9/69 

155.01 U5.0I GALLOWAY 68 HBC 8/69 
110.01 I 15.01 BARNES 69 HBC K-P TO K-P 2PI 7170 

W I 105.01 116.01 BENVENUTI 69 DBC 5170 
W 190 1235.1 150.1 RHODE 69 HBC PP 22 GFY/C 10/69 
W 1130.1 {10.1 ANDERSON 70 MMS - PI-P TO PI- MMS 2171 

177 166.) 126.) CiRBA 70 HBC + PI+ P AT 5 GEV/C 2171 
1102.1 140.) COOPER 70 HBC + PI+P, 5.5 GEV/C 2171 

505 1130.01 130.0) CRENNELL 70 HBC + 1171 
60 1220.1 KUZNETSOV 70 HlBC- PI-P, It GEY/C 2171 

163.01 (12.01 WillMANN 70 HBC + 5170 
(152.01 I 15 .. 01 AMALOI 71 SAS P P AT 24 GEV 10/71 
1120.1 150.1 BAllAH 71 HBC +- PI+-P AT 16GEV 2172 

157.1 US.} BOESEBEC 71 RYUE PP,Pt-P,K-P PROD 3172 
002.01 19.01 ElliS 71 CNTR MMS PP 3.7 GEV/C 10/71 

80 194.01 C20.0I 80/120 MA 11 HBC + P P TO P N PI 10171 
W 110.1 (20.1 MORSE 71 HBC + PI-P 25 GEY/C 3172 
W 70. TO 120. MORSE 11 HBC +0 PI-P 7 GEY/C 3172 
W tl20ol 140.1 RUSHBROOKE71 HBC. + PP TO P2PI 16GEY 2172 
W (133.01 126.0) EDELSTEIN 72 MMS + PP 6 TO '30 GEV 1173 
W f 168.01 164.01 KARSHON 72 OBC + PD--P02PI 7 GEY 12172 
W (80.0) APPROX. LAMSA 72 H8C. PI ·p 18.5 GEY/C 12172 
W 2. 1128.) {40. OH 72 OBC 0 PI-N TO PI-PI-P 2173 
W 160oJ 140.) RONAl 72 HBC PI+P TO 3PI P 2/73 
W 1157.1 112.1 ABE 74 + P+P->P+X,JCBN PK 4/75 
W U2Q.) DAVIDSON 74 HBC + PI-P TO PI- OM P 10174 
W 134.1 114. I LICHTMAN 74 HBC + PI+P TO 3PI P 4/75 
W (48. I I 20.1 LICHTMAN 74 HBC + PI-P TO 3PI P 4/75 
W l87ol 120.1 ATHERT02 75 HBC PBAR P 5.7 GEY 2177* 

1140.1 BRAUN! 75 HBC PBAR P 5.7 GEV 11175 
(188.1 1112.1 CAVALLI 75 SPEC + PP TO 2N*,W=2'3GY 1176 
tl33 .. 1 138.1 CAVALLI 75 SPEC+ PP TO 2N*,W=31GY 1/76 
UOO.I 110.J CAVAlli 75 SPEC + pp· TO 2N*tWo:::53GY 1176 
1135.) 120.) MUSGRAVE 75 HBC K+ P TO K Pt N 11175 
1148.1 116.,) WEBB 75 ISR + P P TOP N* 1176 
1194.1 llO.J ATHERTON 76 HBC PBAR P 5.7 GEV 2111* 
1150.1 1100.1 APPlE 77 SPEC + P P TO P IP PIOI 1/78* 
1150.1 C70.) APPLE 17 SPEC+ P P TOP IN PI+l 1178* 
1120.1 120.1 HEINEN 77 HBC + K-P TO K- N*+ 1178* 

W 190.1 130.1 HEINEN 77 HBC 0 K-P TO KOSAR N*O 1178* 
W F 1150.1 OTTER2 77 HBC + K-P TO K- N*+ 1178* 
W U3Q.J 16.1 ROUGE 77 OMEG 0 PI-P 9tl2 GEY/C 1178* 
W 1200.) EKELOF 78 SP_EC. + P HE--P PI PI HE 1178* 

Pl 
PZ 
P3 
P4 
P5 
P6 
P7 
PB 
P9 
PlO 
Pll 

Rl 
Rl 
Rl A 

RZ 
RZ 
RZ 

R3 
R3 
R3 
R3 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

20 N*l/2(17001 PARTIAl DECAY MODES IPROD. EXP.I 

N*l/2117001 INTO PI N 
N*l/2{ 17001 INTO N PI PI 
N•11211700I INTO N*3/2112321 PI 
N*li2Cl700)+ INTO NEUTRON PI+ 
N*1/211700)+ INTO PROTON PI+ PI
N*l/2(17001+ INTO N*3/211232J++ Pl
N*l/2117001 INTO N ETA 
N*1/211700I INTO LAMBDA K 
N*1/2U 7001 INTO SIGMA K 
N*1/2U7001 INTO OMEGA PROTON 
N*l/211700) INTO RHOO PROTON 

DECAY MASSES 
139+ 938 
938+ 139+ 139 

1232+ 139 
939+ 139 
938+ 139+ 139 

1232+ 139 
939+ 548 

1115+ 497 
1189+ 493 

783+ 938 
716+ 938 

20 N*1/211700I BRANCHING RATIOS I PROD. EXP.J 

N*1/2U7001 INTO IPI NIIIPI N*3/2U232)) 
(Q.771 OR lESS LEE 67 HBC 
{9.01 GR MORE BENVENUTI 69 DBC 

N*l/2117001 INTO IN ETAII(N PI + N PI PII 
(0.02510R LESS KRAEMER 64 DBC 
I0.042,10R LESS CLo:::.95 A-BORELLI 67 H8C 

N*l/2117001 INTO CLAMBCA KJICP PI+ PI-I 
C0.03410R lESS AlEXANDER 67 HBC 
10.07} OR LESS CL=.95 CIRBA 70 HBC 
CO.Oll 8AKSAY 76 ISR 

I PliiCP31 
PI-P 3.6 GEY/C 

f P71/ (Pl+P2} 
+ PI+O 1.2 
+ PBAR P 5.7 BEY/C 

I P8) IIPSJ 
+ PP 5.5 BEY/C 

PI+P AT 5 GEV/C 
+ PP--N•P 

11/67 
5170 

9/69 

11/67 
2171 
1178* 

Baryons 
N(l700) 

•• 
R4 •• 
R4 I 
R4 
R4 A 
R4 

R5 
R5 
R5 

R6 

•• 
R7 
R7 
R7 
R7 

N*1/2Cl700J INTO (lAMBDA KlltN PI+ N PI PII (P81/CP1+P2J 
IO.Ol3JOR LESS CL=.95 A-BORELLI 67 HBC + 

SEEN CHINOWSKY 68 HBC PP TO K+ Y N 
liMITS 0.025 TO 0.11 BARNES 69 HBC K-P TO K-P 2PI 

25 0.025 0.005 CRENNEll 70 HBC + 
lESS THAN 0.025 WillMANN 70 HBC PI+P TO 3PI P 

25 SEEN. CONS. WITH J=l/2 MORSE 71 HBC 0 PI-P 7 GEV/C 

N*l/2117001 INTO CN PIIIIN PI PI) IP1JIIP21 
f 1.261 OR LESS CLc.95 A-BORELLI 67 HBC 
0.025 0.13 CRENNEll 70 HBC 

N*l/2{17001 INTO CN*3/2fl232J· PIIIIN PI PI J CP3JI(PZJ 
NO EVIDENCE A-BORELLI 67 HBC + 

SEE MERlO 66 FOR A REVIEW. 

N*1121l700J INTO (NEUTRON PI+IIIP PI+ PI-} 
0.67 0.40 AlEXANDER 67 HBC 
0.47 0.25 A-BORELLI 67 HBC 

IP41 II PSI 
+ PP 5.5 BEV/C 

P8AR P 5.5 GEV/C 

8/67 
6/68 
7170 
1171 
6170 
3/72 

8/67 
1171 

8/67 

11167 
7/70 

R7 AYG 
R7 STUDENT 

0.53 
0.53 

0.21 
0.23 

AVERAGE IERROR INCLUDES SCAlE FACTOR OF 1.0} 
AVERAGE USING STUDENTlOIH/1.111 - SEE MAIN TEXT 

•• N*1/2117001 INTO CN*3/2112321++ PJ-1/(P PI+ PI-J fP611(P5J 

•• o. 74 0.14 AlEXANDER 67 HBC + PP 5.5 BEY/C 11/67 

•• 1.0 0.3 ALMEIDA 68 H8C + PP 10 BEV/C 9/66 

•• {0.83) KAY AS 68 HBC PP 8.1 BEY/C 11/68 

•• I LESS THAN 0.15 BARNES 69 HBC K-P TO K-P 2PI 7/70 ., (0.501 OR lESS Cl=.95 CIRBA 70 HBC PJ+P AT 5 GEY/C 2171 

•• NO EV IOENCE CRENNEll 70 HSC + 1/71 

•• A {2.3) 11.61 WillMANN 70 HBC PI+P TO 3PI P 6/70 

•• { 1.0) OR MORE Clo:::.95 SEKETOV 71 HBC + DELI1232 )++ PI- 3/72 ., 0.75 o. 75 BOESEBEC 11 RVUE PP,PI-P,K-P PROD 3172 

•• 0.35 0.20 RUSHBROOKE71 HBC + PP TO P2PI 16GEV 2172 
•• c 0.65 0.15 LAM SA 12 HBC PI P 18.5 GEY/C 12172 

•• 10.401 BLOBEl 75 HBC + PP TO PCPI+PI-PI 1178• 

•• 0.3 0.1 HEINEN 77 H8C + K-P TO K- N*+ 1178• 

•• 0.42 o.o8 EKELOF 78 SPEC + P HE--P PI PI HE 1178* 

•• •• AVG 0.471 0.078 AVERAGE CERROR INClUDES SCALE FACTOR OF 1.51 

•• STUDENT 0.465 0.064 AVERAGE USING STUDENTlOIH/h111 -- SEE MAIN TEXT 

•• •• 
N*l/2111001 .INTO ISIG KIICLAMB Kl I P9J IIPBI 

LESS THAN .20 COOPER 70 HBC + PI+P, 5.5 GEY/C 2/71 

RIO 
RIO 

N*1/2117001 INTO IPI NJ+I(OMEGA PROTONJ IPUICPlOJ 
lESS THAN .36 (90 PCT CLJ DAVIDSON 74 HBC + PI-P TO PI- OM P 10/74 

' Rll N*1/211700I INTO CRHOO PROTONIIIOMEGA PROTON) IPllJIIPlOI 
Rll lESS·Tt-IAN .12 (90 PCT Cll DAVIDSON 74 HBC +PI-P TO PI- OM P 10/74 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED ............................................................................... 
KRAEMER 64 PR 136 Blt96 

ALEXANDE 67 PR 154 1284 
A-BORELL 67 NC 47 232 
LEE 67 PP 159 1156 

ALMEIDA 68 PR 174 1638 
CHINOWSK 68 PR 165 1466 
GALLOWAY 68 PL 27B 250 
KAYAS 68 NP 85 169 

BARNES 69 PRl 23 1516 
BENVENUT 69 PR 187 1852 
RHODE 69 PR 187 1844 

ANDERSON 70 PRL 25,699 
CIR8A 70 NP B23,533 
COOPER 70 NP 823,605 
CRENNELL 70 PRl 25 187 
KUZNETSOV70 SJNP 10t332 
WillMANN 70 PRL 24 1260 

AMAlOI 71 PL 34B 435 
BAllAM 71 PR 04 1946 
BEKETOY 71 SJNP 13 605 
BOESEBEC 71 NP 833 445 
ELLIS 71 PRl 27 442 
MA 71 PRL 26 333 
HORSE 71 PR 04 133 
RUSI18ROO 71 PR 04 3273 

EOELSTE I 72 PR 05 1073 
JOHNSTAO 72 NP 842 588 
KARSHON 72 NP 837 371 
LAMSA 72 NP 837 364 
OH 72 PL 428 497 
RONAl 72 NP B38 20 

ABE 74 Pl 538 114 
DAY IOSON 74 PRl 32 855 
LICHTPI!AN 74 NP 681 31 

ATHERT02 75 NC 30A 505 
BLOBEL 75 NP B97 201 
BRAUN! 75 NP B95 481 
CAVAlLI 75 LNC 14 353 

AlSO 75 LNC 14 345+359 
MUSGRAVE 75 NP 887 365 
STRACHMA 75 NP 898 120 
WEBB 75 Pl 558 331 

ALSO 75 Pl 55B 336 

REFERENCES FOR N*l/2117001 CPROD. EXP.I 

+MADANSKY,+ IJ HOPKINS,NWESTERN,WOODSTOCKI I 

AlEXANDER, SENARY, CZAPEK, + I WE I ZMANN (CERN I I 
AllES-BOREll I, FRENCH, FRISK, M IC HEJOA I CERN I 
+MOEBStROE,SINClAIR,YANDER VElDE IMICHI 

+RUSHBROOKEt + CCAVE,OESYICERNII 
CHJNOWSKY,KINSEY,KLEIN, + ClRL,SlACl 
GALLOWAY, AlYEA, CRIT TENDENt PRICKETT t + I INO I 
+GUYADER, SENE, Y IOU, Al ITT I,+ I ORSAV, SACLAY I 

+BASSANO+CHUNG+E I SNER+FlAM INTO+K INS ON f BNll JJ 
BENVENUTI, MARQUIT, OPPENHEIMER IMINN,COLOI 
RHODE, LEACOCK, KERNAN, JESPERSEN,+ IISUI 

+BLESER, BLI EDEN, COlliNS++ f BNL, CARN J 
+YANDERHAGEN+ I EPOL, DURHtNIJM, TORI, BONN) 
+MANNER, MUSGRAVE, POllARD, YOYYOOIC I ANL J 
+LAit LOUIE, SCARR, SIMS IBNlJ 
+MELN I KOV, RYl TSEYA, CHAORAA, 8AliNTP f J INRI 
+LAMSA,GAIOOStEZEll IPUROJIJ 

+BJANCASTEllltBOSIO,+ II SANITA ROMA+CERNJ 
+CHAOWICK,GUJRAGOSSIAN,JOHNSON,++ CSLACJ I 
, ZOMBKOVS Kl I, KONOVA lOY, KRUCHIN IN,+'+ I IT EP I I J 
BOESEBECKwGRAESSLER,KRAUSt+++ UBBCHLVJ l 
+MAGLJ CH ,NOREM, SANNES ,s I l YERMAN I RUTG J 
+COL TON I MSU+l BL J I 
+OHtWALKERtCARROll,LYNCH + CWISC+TNTOI I 
RUSHBROOKE, WILL I AMS+BAREFORO++ C CAVErlOIC I I J 

EDELSTEIN ,CARRIGAN, HIEN,MCMAHON, +ICARN+BNll 
+MOLLERUD+ ••• +JACOBSENI BOHR,HELS,CSLO,STOHJ IJP 
+VEKUTIELI,YAFFE,SHAPIRA,RONAT,+ fREHOJ I 
+WillMANN+ •• +GO, BJSWAS+... IPURO,NDAMJ IJP 
+FUNG, KERNAN, POE, SCHAlK ,SHEN I UCR I J JP 
+F I SEN BERG, LYONS ,SHAPI R A, TOAFF+ I REHO I 

+ALSPECTOR, BOMBER OW I Tl+ I RUTG,UPNJ, FSU I 
DAY IDS ON ,QZI ER SA, FIRES TONE,+ C CIT+BNl+LBl J I 
LICHTMAN ,a I SWAS, CASON,KENNEY tMCGAHAN+I NDAMJ I 

ATHERTON, BAR-NIR, FRENCH, SKURA+ (CERN+PRAG J 
+ESKREYS, FES EF ElDT, FRANZ+ ( BONN+HAMB+MPI M) I JP 
+GERBER ,MAURER, MICHAlONt SCHI BY+ I STR a, LPNP J I 
CAVALli-SFORZAtCONTA+ CPAYIA+PRINI 
CAVAll 1-SFORZA,CONT A+ IPAVJA+PRINJ 
+PEETERS,SCREINERtWHITMORErYUTA CANL J 
STRAtHMAN, BRAUN, GERBER, MAURER+ I LPNP+STRB) I 
+TRilL lNG, TELEGDI+ IAACH+UCLA+UCR+CERN I 
+TRIllING, TEL EGO I+ C AACH+UClA+UCR+CERNI 

ATHERTON 76 NP 8103 381 ATHERTON,FRENCH,SKURA,BOHM+ ICERN+PRAGI 
BAKSAV 76 Pl 616 405 +BOHMtCHANGrElLJS,fOETH+ CAACH+UCR+CERNII 
APPLE 71 LNC 18 167 +ASH,CHENG,COYNE,GROSSMAN+ CPRIN+PAVIA) 
HEINEN 17 NP B1Z2 443 +ENGElEN,KJTTEL,METZGER+ INIJM+AMST+CERNIJJP 
OTTER2 77 AACHEN IIIB/3-77 +RUDOlPH+ CAACH+BERl+CERN+LOIC+VIENIIJP 
ROUGE 77 Pl 69B 115 +DE ROSNY,FLEURY,RIVET+ ILPNP+CDEF+lALOJ 
EKELOF 78 NP B132 212 +HERZ,HAGBERG,KULLANDER+ CCERN+UPPS+lOUCIJJ 

PAPERS NOT REFERRED TO IN DATA CARDS. 

MERLO 66 P ROY SOC 289 489 J P MERLO, G VAllAOAS fSACLAYJ 
LISSAUER 72 PRO 6 1852 +FIRESTONE,GINESTET,GOlOHABER,TRJtliNGClBlllJP 
ANTIPOV 75 NP 899 189 +ASCOlltBAUO+ ICERN-IHEP BOSON SPECI 
LEDNICKY 75 PL 58B 89 R. LEDNICKY (JINRJ 
SIEl 76 PRL 36 504,507 +BLESER,FERBEL+ IROCH+FNAl+SLAC+NWESJ 
CARNEY 76 NP 8110 248 +COLLEY,JONES,KENYON+ CBIRM+BRUX+CERN+MONSIIJP 
OEKERRET 76 Pl 638 477,483 +NAGY,REGLER,BRANOT+ CCERN+HAMB+IPN+VIENJ 



Baryons 
N(1700), N(1780) 

RUSHBROO 76 PRO 13 1835 
SOTIRIOU 76 NP 8107 457 

RUSHBROOKE, RAJA, ANSORGE ,CART ERtNEALE I CAVE} IJP 
O.SOTIRJOU ICERNJIJP 

BACON 71 NC 42A 431 +BARNHAM,DORNAN, EASON, POllOCK+ I LOIC J IJP 
+CARROLL ,CHALOUPKA+ I SLAC+ST AN+C 1 T+l BL J JJ P CHADWICK 77 SLAC-PUB-2018 

HARR-IS 17 NP 8119 189 
HOFMANN 71 NP 8125 404 

+l USA TT I, MORIYASU, 8 INGHAH+ I WASH+UCB J 
+JOSCHOK, SCHRODER, BLOBEL+ I BONN+OESY+HP IM I 1 

' .................................................................... ............... ***•••••• •••••••••••••••••••••••••••••••••••••••••••• 

IN( 1780) I 14 N*l/211780, JP=l/2+1 1=1121 Pill 

M 

" " " M 

" M 

" A 

" A 
M 7 

" 2 

" 2 

" 2 
M F 
M F 
M F 

" F 

" " L 
L 

M 

" " " " 

w 
w 
w 
w 
w 
w A 
w 7 
w 2 
w F 
w F 
w 
w 
• w 
w 
w 

THE EXISTENCE OF THIS RESONANCE IS WELL .ESTABLISHED. 

14 N*1/2U7BOI MASS IMEVI 

( 1151.01 
(1640.0) (70.0) 
( 1700.0) 
(1645.0) 

OONNACH1 
OR ITO 
ORIT02 
AYED 

FROM ENER. 
(1710.0) 
11809.01 

OEP. FIT OF ARGANO DIAGRAM 
DAVIES 

t 1685.010R( 1740.01 
THERE ARE 3 SIMILAR SOLUTIONS 

SCHORSCH 
WAGNER 

68 RVUE 
69 RVUE 
69 CNTR 
70 I PWA 

70 RVUE 
70 OPWA 
71 IPWA 

U720.1 ALMEHED 72 IPWA 

PHASE-SHIFT ANAL 
K LAMBDA PS ANAL 
K LAM PHOTOPRO 

P-S ANAL SOL A 
K LAM PHOTOPRO. 
PI-P TO K LAMB 

(1728. I HICKS 73 MPWA GA-M P-ETA P 
ONLY STATES FROM TABLE VII OF HICKS73 ARE INCLUDED IN liSTINGS. 
M AND WARE FROM SOLUTION C2t8R:c:SQRTCG1/W WITH G FROM TABLE VII. 

(1780.1 LANGBEIN 73 IPWA PI N-K SIGtSOL 
(1780.1 LANGBEIN 73 IPWA PIN-K SIGtSOL 

OEANS75 AND LANGBEIN73 DISAGREE WITH PI+ P TO K+ SIGMA+ DATA OF 
WINNIK77 AROUND 1920 MEV. 

U670.I KNASEL 75 OPWA 0 PI- P TO KO LAM 
1730. DR-1710. LONGACRE 75 IPWA PI N TO 2PI N 

THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 OF LONGACRE 75. 
11730.1 AYED 76 IPWA 
( 1625. I ( 10.1 BAKER 77 IPWA 0 PI- P TO K LAM. 
( 1650.1 BAKER 77 DPWA 0 PI- P TO K LAM. 

THE TWO ENTRIES FOR BAKER 17 ARE FOR AN I PWA USING THE BARRELET 
ZERO METHOD AND A CONVENTIONAL ENERGY-DEPENDENT ANALYSIS. 

Cl720.1 LONGACRE 77 IPWA PI N TO 2PI N ~ 
All LCNGACRE77 PARAMETERS ARE FROM SOL UTI ON S2t EXCEPT FOR THE POLE 
POSITION WHICH IS FROM SOLUTIONS S1 AND C 1. 

14 N*112117801 WIDTH IMEVI 

1327.01 DONNACH1 68 RVUE 
C3IO.OI 150 .. 01 OR ITO 69 RVUE 
(210 .. 01 ORIT02 69 CNTR K LAM PHOTO PRO 

cso .. ol AYED 70 IPWA 
(4145.01 DAVIES 70 RVUE SOL A 
(280.01 SCHORSCH 70 OPWA K LAM PHOTOPRQ. 
U60.0IORC220.,01 WAGNER 71 IPWA PI-P TO K LAMB 
tl60.1 ALMEHED 72 I PWA 
(203. I HICKS. 73 HPWA GAM P-ETA P 
(130 • .1 LANGBEIN 73 IPWA PI N-K SIG,SOL 1 
(130.1 LANGBEIN 73 I PWA PI N-K SIG,SOL 2 
1174.) KNASEL 75 DPWA 0 PI- P TO KO LAM 
(165. I OR C75 • .1 LONGACRE 75 I PWA PI N TO 2PI N 
(164.1 AYEO 76 I PWA 
C160. I 16.1 BAKER 77 IPWA 0 PI- P TO K LAM. 
(95.1 BAKER 11 DPWA 0 PI- P TO K LAM. 

(120.1 LONGACRE 77 IPWA PI N TO 2PI N 
SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

B/69 
B/69 

10/11 
1/71 

8/69 
10171 

1171 

2/12 
9/73 
9/73 
9/73 
9173 
9/73 
1178• 
II7B* 

11/75 
11175 
11175 
11177• 
1/7B* 
1/78• 
1178* 
1178* 

11/17* 
11177* 
11177* 

B/69 
8/69 

10/71 
1171 
8/69 

10/71 
1/71 
2172 
9173 
9173 
9/73 

11/75 
11175 
11177* 
1/78* 
1178* 

11/77* 

14 N*l/2117801 REAL PART OF POLE POSITION IMEVI 11175 

RE 
RE 8 

IM 
IM 8 

PI 
P2 

-P3 
P4 
P5 
P6 
P7 
P8 
P9 
PIO 
.Pll 
Pl2 

RI 
Rl 3 
Rl 6 
Rl 
Rl 
Rl 

R2 
R2 
R2 A 
R2 
R2 
R2 
R2 

( 1708 .. ) 
1720. OR 1711. 

LONGACRE 7 5 1 PWA 
LONGACRE 77 I PWA 

PINT02Pl 
PINT02PI 

14 N*1f2( 17801 2*IMAG PART OF POLE POSITION CMEVI 

117.} LONGACRE 75 IPWA 
123. OR 115 .. LONGACRE 77 IPWA 

14 N*l/2(1780) PARTIAL DECAY MODES 

N*l!2Cl7801 INTO PI N 
N*li211780J INTO LAMBDA K 
N*1/2(1 7801 INTO N ETA 
N*l/2117801 INTO GAM P, HELICJTY:c:1/2 
N*112U7801 INTO GAM Nr HELICITY=l/2 
N*li2Cl780J INTO N PI PI 
N*1/2H780J INTO N EPSILON 
N*112tl7801 INTO N RHO 
N*l/2117801 INTO K SIGMA 
N*l/2117801 INTO N*31211232} PI 
N*l/2(17801 INTO N RHQ,S:c:1f2,P-WAVE 
N*1/2Cl780J INTO N RHO,S=312,P-WAVE 

14 N*li2H7B01 BRANCHING RATIOS 

N:Ol/2117801 INTO IPI NI/TOTAL 
10.321 
(0.149) 
10.431 
(0.21 

c .17) 

OONNACHl 
AYEO 
DAVIES 
ALMEHED 
AVEO 

N*li2Cl7801 FROM PI N TO K LAMBDA 
I .061 I .. 031 OR ITO 
( .1610R .21 WAr.NER 
-.150 .038 OEVENISH 
( .10) KNASEL 

(-.051 ( .. 03) BAKER 
c-.101 BAKER 

68 RVUE 
10 I PWA 
70 RVUE 
12 I PWA 
76 I PWA 

69 RVUE 
71 
74 
75 DPWA 
77 IPWA 
11 DPWA 

PINT02PI 
PI N TO 2PI 

DECAY MASSES 
139+ 938 

1115+ 497 
939+ 548 

0+ 938 
0+ 939 

938+ 139+ 139 
93B+1300 
938+ 776 
493+1189 

1232+ 139 
938+ 776 
938+ 176 

CPlJ 

SOL A 

SQRTCP1•P21 

PI- P TO K LAMB 
0 FIXED T DISP REL 
0 PI- P TO KO LAM 
0 PI- P TO K LAM. 
0 PI- P TO K LAM. 

11/75 
11177:0 

11/75 

11175 
11177* 

8/69 
1/11 
8/69 
2/12 

11177• 

4175 
4/75 
4175 
4175 

11/75 
1/78* 
1178* 

176 

Data Card Listings 
For notation, see key at front of Listing~. 

N*l/211780) INTO (LAMBDA tO/TOTAl CP2J R3 
R3 
R3 

C0.003JTO 0.065 RUSH 68 MPWA T POLE + RESON. 8/69 

R4 
R4 

. R4 
R4 
R4 

R5 
R5 
R5 
R5 

•• R6 

R7 
R7 
R7 
R7 
R7 

R8 
R8 
R8 

•• 
R9 
R9 

RIO 

8 

8 

RIO 8 

Rll 
Rll 
Rll 8 

L 

L 

L 

PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING· 

N•l/2(17801 INTO IN HAl/TOTAL IP3J 
I 0.191 BOTKE 69 MPWA 
10.091 (0.,051 DEANS 69 MPWA 
C0.01510R 0.035 CARRERAS 70 MPWA 

PARAMETRIZATil:N USED COULD BE IN DANGER OF DOUBLE 

T POLE + RESON. 
T POLE + RESON. · 
T POLE + RESON. 

COUNTING 

N*li2Cl7801 FRCK GAMMA PROTON TO K LAMBDA 
(0.00271 ORIT02 69 CNTR 
(0.00881 SCHORSCH 70 DPWA 

C .01041 DEANS 72 MPWA 

SQRHP2*P41 
K LAM PHOTOPRO 
K LAM PHOTOPRO. 
GAM P-K LM, SOL D 

N*1/2(17801 FROM GAMMA PROTON TO ETA PROTON SQRTCP3*P41 
1.00751 HICKS 73 MPWA GAM P-ETA P 

t-.'*1/2117801 FROM PI N TO K SIGMA 
t.UJ LANGBEIN 73 IPWA 
I .141 LANGBEJN 73 I PWA 
C.0751TO .. 203 DEANS 75 DPWA 

RANGE GIVEN IS FJo.OM FOUR BEST SOLUTIONS. 

N•ll2ll780) FROM PI N TO N*l/2112321 Pl 
( ·13JOR -.20 LONGACRE 75 IPWA 

(+.17) LONGACRE 77 IPWA 

N*1/2C 17801 FROM PI N TO N RHO, S=l/2, P-WAVE 
(+.3210R +.20 LONGACRE 75 IPWA 
(-.19) LONGACRE 77 I PWA 

N*112117BOI FROM PI N TON RHO,S:c:3/2,P-WAVE 
c-.311 LONGACRE 77 IPWA 

N*112(17801 FROM PI N TO N EPSILON 
(+.1810R +.28 LONGACRE 75 I PWA 
(+.261 LONGACRE 77 I PWA 

SQRTCP1*P9l 
PI N-K SJG, SOL 1 
PI N-K SIG,SDL 2 
PI N TO K SIGMA 

SQRTCPl*P101 
PINT02PI 
PINT02PI 

SQRTIP1•Plll 
PINT02Pl 
PINT02Pl 

SQRT(Pl*P121 
PINT02PIN 

SQRTCPl*P71 
PINT02PIN 
PINT02PIN 

10/69 
5/70 
S/70 

9/13 
10/71 
10171 
9173 

91.73 
9173 

9173 
9173 
9173 

11/75 
11/75 

11175 
11/15 
11177• 

11/75 
11/75 
11177* 

ll/77* 
11177* 

11/75 
11/75 
11177* 

R12 N:Oll2ll780) FROM PI N TO ETA N SQRTIP1*P31 11175 
R12 5 (+.382 HO +.383 FEL TESSE 75 DPWA 0 148B TO 1745 MEV 11175 
R12 5 USES M AND W OF AYEO 76., NOTE THAT THIS GIVES A BRANCHING 11177•' 
R12 5 RATIO TO ETA N OF ABOUT 80 PCT. IN STRONG DISAGREEMENT WITH 11175 
R1·2 5 EARLIER EXPERIMENTS. 11175 

14 N*li2Cl7801 PHOTON DECAY AMPLIGEV*•-1121 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI
REVIEW PRECEDING THE BARYON LISTINGS. 

AI N:Ol/2(17801 INTO GAM P, HELICJTY:c:1/2 tGEV••-1121 
A! .022 .057 OEVENI SH 73 DPNA PI N PHOTO PROD 
A! +.026 .028 MOORHOUS 13 OPWA PI N PHOTD-PROO 
A! -.014 .021 DEVENIS2 74 OPWA PI N PHOTD-PROO 
Al .022 .015 t<.NIES 74 OPWA PI N PHOTO PROD 
Al -.068 .024 METCALF 74 D~WA PI N PHOTD-PROD 

AI .016 .025 MOORHOUS 74 DPWA Pl N PHOTD-PROO 
AI +.062 .007 CRAWFORD 75 DPNA PI N PHOTD-PROD 
Al C+.OOSI BARBOUR 76 OPWA PI N PHOTD-PROD 
AI +.053 .019 FELLER 76 DPWA PI N PHOTD-PROO 

AI 
AVERAGE· MEANINGLESs· t ScALE AI FACTOR c 2.61 

A2 N*1/2f 17801 INTO GAM N, HELICITY=ll2 CGEV*$-1/21 
A2 -.028 .067 OEVENISH 73 DPWA PI N PHOTO PROD 
A2 +.027 .022 MOORHOUS 73 DPWA Pl N PHOTD-PROO 
A2 -.060 .061 OEVENIS2 74 OPWA Pl N PHOTD-PROO 
A2 .027 .015 KNIES 74 DPWA PI N PHOTO PROD 
A2 .048 .045 METCALF 74 DPWA Pl N PHOTD-PROO 
A2 .057 .022 MOORHOUS 74 DPWA p 1 N PHOTD-PROD 
A2 -.020 .016 CRAWFORD 75 DPWA PI N PHOTD-PROD 
A2 c-.0101 BARBOUR 76 OPWA PI N PHOTD-PROO 
A2 

AVERAGE ·MEANtNG~ESs • cScALE FACTOR "' 1.41 A2 

.................................. $:0······· ..................................................... .. 

DCNNACH1 68 Pl 268 161 
ALSO 68 VIENNA 139 
ALSO 68 THESIS 

RUSH 68 PR 173 1776 

SOTKE 
DEANS 
OR ITO 
ORIT02 

69 PR 180 1417 
69 PR 185 1797 
69 LNC 1 936 
69 INS J 113 

AYEO 70 KIEV CONF 
CARRERAS 70 NP 168 35 
DAVIES 70 NP B21 359 
SCHORSCH 70 NP B25 179 

WAGNER 71 NP B25 411 

AU4EHEO 72 NP 840 157 
DEANS 12 PRO 6 1906 

OEVEtdSH 73 PL 478 53 
HICKS 73 PRO 1 2614 
LANGBEIN 73 NP 853 251 
MOORHOUS 73 PL 43B 44 

DEVENISH 74 NP 881 330 
DEVENIS2 74 Pl 52B 227 
KNIES 74 PRO 9 2680 
METCALF 74 NP 876 253 
MOORHOUS 74 PRO 9 1 

CRAWFORD 75 NP 897 125 
DEANS 75 NP B96 90 
FEL TESSE 75 NP B93 242 
KNASEL 75 PRO 11 1 
LONGACRE 75 PL 558 415 

AYED 76 CEA-N-1921 
BARBOUR 76 NP B111 358 
FELLER 76 NP B104 219 
SAKER 77 NP B126 365 
LONGACRE 77 NP 8122 493 

ALSG 16 NP 8108 365 

REFERENCES FOR N*1/2( 17801 

A DONNACHIEt R G KIRSOPP, C LOVELACE tCERNUJP 
OONNACHIE RAPPORTEUR.S TALK CGLASJ 
R G KIRSOPP (EDINI 
J E RUSH (UNIV ALABAMA) 

J C BOTKE 
S DEANS, J WOOTEN 
S ORITO,S SASAKI 
S ORITO CTHESISI 

R AYED.P BAREYRE, G VllLET 
8 CARRERAS, A DONNACHIE 
A DAVIES 
+T I ETGEt WEILNBOECK 

F WAGNERt C LOVELACE 

CUCSBI 
(UNIV S FLORIDA) 

(TOKYO-OSAKA J 
tTOKYO) 

CSACLJIJP 
tOAREtMCHS) 

lGLASJ 
IMPIMI 

(CERN I 

+LOVELACE ILUND.RUTG) IJP 
DEANS 9 JACOSS, LYONS,MONTGOMERY CSOUTH FLA.JIJP 

DEV ENI SH. RANK I Nt L YTH I LOUC+BONN+LANC l I JP 
+DEANS,JACOBStLYONS+ (CARN+ORNL+SOUTH FLA.I]JP 
LANGBEIN 9 WAGNER (MUNICHIIJP 
MOORHOUSE. OBERLACK IGLAS+LBLJIJP 

OEVEN ISH, FROGGATT t MART INC DESY t NORD IT AtLOUC I 
DEVENI SHoLYTHt RANKIN C DESYt LANC,80NNJ I JP 
KNIES, MOORHOUSE, OBERLACK ( LBL, GLAS I IJ P 
W J METCALF.R L WALKER CCITJIJP 
MOORHOUSE tOBERLACKt ROSENFElD ( GLAS+LBLIIJ P 

R l CRAWFORD ( GLAS I I J P 
+MITCHELL t MONTGOMERY,+ ( SFLA. ALABAMA I IJP 
+A YEO, 8Ak.EYRE t SORGE AUD, DAVID 9 E RNWE IN+ I SACLJ I JP 
+LINDQUIST ,NELSON+ (CHIC, WUSL ,QSU. ANLI I JP 
+ROSENFELD.LASINSKI , SMADJA+ (LBLt SLAC I IJP 

AYED (THESIS) CSACLIIJP 
I. H. BARBOUR, R. L. CRAWFORD C GLAS I IJP 
+FUKUSHIMA 9 HORJ KAWA t KAJ IKAHA+C NAGOYA+OSAKA l IJ P 
+8L I SSET 9 BLOODWORTH, BROOME • HART+ I RHEl) IJP 
LLNGACRE,DOL8EAU ISACLIIJP 
OCl BEAU. TRIANTJ S. NE VEUt CADI ET ( SACLI I J P 

2/74 
2/73 
4/75 
2174 
2/74 
2174 
1176 
1176 
2111* 

2174 
2173 
4175 
2174 
2174 
2/74 
1/76 
1/76 



,., 
tJ iJ u 6 I 

u 

177 

Data Card Listings 
• For notation, see key at front of Listings. 

- .. 

,. 

PAPERS NOT REFERRED TO IN DATA CARDS .. 

DEANS 69 PR 117 2623 S R DEANS IUNIV S FLORIDA) 
IGLAS•EDINt 

ISACLAY) 
DONNACHJ 69 NP lOB .lt33 A OONNACHIE, R KIRSOPP 

+BAREYRE+VILLET AYED 70 PL 318 598 
WINNJK 77 NP 8128 66 +TOAFF ,REVEL,GOLDBE RG, BERNY I HAlf) I 

.....• ······*•• ··~··$··· ................... ,. ................ ····••*• .................................. ********* .............. 10< •• ,..,. 

I N(1810) I . rn;-Jp,· 
15 N*L/211810, .JP=3/2+J J::c:L/2 ~ 

" w 
w 
w 
w 
w 
w 
w 
w 
w 
w 

THE EXISTENCE OF THIS RESONANCE IS WEll ESTABLISHED. 

15 N*liZUBlOJ HASS IMEVI 

3 I 1860.0) OONNACHl 68 RViJE PHASE-SHIFT ANAl 
X U860.0) APPROX LEA 69 CNTR PI-P ELASTIC 
X SEE ALSO APLIN 7L 
6 I 1766.01 AYEO 70 I PWA 
6 FROM ENER. DEP. FIT OF ARGAND DIAGRAM 
4 118~4.01 DAVIES 70 RVUE P-S ANAL SOl A 
A 11800.01 WAGNER 11 IPWA PI-P TO K LAMB 
A Pl3 RESONATES ONLY IN ONE OUT OF 3 POSSIBLE SOLUTIONS 
7 (1850.) AlMEHED 72 IPWA 

( 1833. J HICKS 7 3 MPWA GAM P-ET A P 
ONLY STATES FROM TABLE VII OF HICKS73 ARE INCLUDED IN LISTINGS. 
M AND WARE FROM SOLUTION C2,BR=SQRTIGI/W WITH G FROM TABLE VII. 

U85D.J KNASEL 75 OPWA 0 PI- P TO KO LAM 
1695. OR 1720. LONGACRE 75 IPWA . PI N TO 2PJ N 

THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 OF LONGACRE 75. 
11696.1 AYED 76 IPWA 

0 H640.1 110.1 BAKER 77 IPWA 0 PI-P TO K LAM. 
E C1710.J BAKER 77 OPWA 0 PI-P TO K LAM. 
D THE TWO ENTRIES FOR BAKER 77 ARE FOR AN JPWA USING THE BARRELET 
E ZERO METHOD AND A CONVENTIONAL ENERGY-DEPENDENT ANALYSIS. 
8 C1750.) LONGACRE 77 IPWA PI N TO 2PI N 
8 ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION S2, EXCEPT FOR THE POLE 
8 POSITION WHICH IS FROM SOLUTIONS Sl AND C1. 

15 N*1/211810l WIDTH IMEVI 

3 1296.001 DONNACHl 68 RVUE 
6 082.0) AYEO 70 I PWA 
4 1449.01 DAVIES 70 RVUE SOL A 
4 SOL B GIVES 307 Mev 
A C220.0I WAGNER 71 IPWA P J-P TO K LAMB 
1 C300.1 AlMEHED 72 I PWA 
·I t2SO.J HICKS 73 MPWA GAM P-ETA P 

1327.1 KNASEL 75 OPWA 0 PI- P TO KO LAM 
115.· OR 150. LONGACRE 75 IPWA PJNT02PIN 

1117.1 AYED 76 IPWA 
C200.1 C50. I BAKER 77 IPWA 0 PI- P TO K LAM. 
tSOO.J BAKER 77 OPWA 0 PI- P TO K LAM. 
COO.) LONGACRE 77 I PWA PINT02PIN 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

6/68 
8/69 

1/71 

8/69 
1/71 

2172 
9/73 
9/73 
9/13 

11/75 
11/75 
11/75 
11/770 

1178• 
1178* 
1178*" 
1178* 

11117* 
11177• 
11177* 

8/69 
1171 
8/69 
2/73 
1/71 
2/72 
9/73 

11175 
11/75 
11/770 

1178* 
1/78* 

11177• 

15 N*1/2H8101 REAL PART OF POLE POSITION (MEVI 11/75 

RE 
RE 8 

IM 
IM 8 

PI 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
PIO 
Pll 
Pl2 
Pl3 

Cl716.) 
1745. OR 1748. 

LONGACRE 75 I PWA 
LONGACRE 77 I PWA 

PINT02PI 
PINT02PI 

15 N*1/2U810J 2*1MAG PART OF POLE POSITION IMEVJ 

(124.) 
135. OR 123 • 

LONGACRE 7 5 J PWA 
LONGACRE 77 I PWA 

15 N*l/2118101 PARTIAL DECAY MODES 

N*1/2tl810) INTO PI N 
N*112H8101 INTO lAMBDA K 
N*l/2Cl810J INTO N ETA 
N*l/2Cl8101 INTO N PI PI 
N*l/2Cl810I INTO GAM PtHELJCITYc3/2 
N*l/2Cl8101 INTO GAM P,HEliCITYcl/2 
N*l/211810) INTO GAM N,HELICITY=3/2 
N*li2Cl8101 INTO GAM NtHEliClTY=l/2 
N*l/21 18101 INTO SIGMA K 
N*ll2tl8101 INTO N RHO,S=1/2,P-WAVE 
N*l/2Cl8101 INTO N RHOtS=3/2,P-WAVE 
N*l/2118101 INTO N*3/2(1232J PJ,P-WAVE 
N*l/2{1810) INTO N EPSILON 

PI N TO 2PI 
PINT02PI 

DECAY MASSES 
139+ 938 

IllS+ 497 
939+ 548 
938• 139• 139 

0+ 938 
0+ 938 
0+ 939 
0+ 939 

493+1189 
93 8+ 176 
938+ 776 

1232+ 139 
938•1300 -- ---- ---~ ------- --- _.._ ____ ----- -------

Rl 
Rl 
Rl 
Rl 
Rl 

15 N*1/2118101 BRANCHING RATIOS 

N*l/2118101 INTO IPI NJ/TOTAL 
10.211 
(0.1491 
10.401 
{0.251 

68 RVUE 
70 IPWA 

I P lJ 

70 RVUE SOL A 
72 IPWA 

11175 
11/77* 

11/75 

Ii/75 
11177• 

- 'Rl 1.141 

OONNACH1 
AYEO 
DAVIES 
ALHEHEO 
AYEO 76 IPWA 

8/69 
1171 
8/69 
2/72 

11/770 

R2 
R2 
R2 

R3 
R3 
R3 
R3 
R3 

R4 
R4 A 

•• R4 
R4 
R4 

N*l/2(18101 INTO ILAHSOA KIITOTAL CP21 
CO.Ol4JTO .0.16 RUSH 68 MPWA T POLE + RESON. 8/69 

PARAMETRIZATION lJSEO COULD BE IN DANGER OF DOUBLE COUNTING 

N*l/2118101 INTO ~N ETAl/TOTAL fP31 
10.03641 BOTKE 69 MPWA T POLE + RESON. 
(0.0031 10.0031 DEANS 69 MPWA T POLE + RESDN. 
I0.030JOR 0 .. 094 CARRERAS 70 MPWA T POLE + RESDN. 

PARAMETRIZATION USED COULD BE IN DANGER OF OOUBLf' COUNTING 

N*l/2118101 FROM PI N TO K LAMBDA 
1.121 WAGNER 
-.067 .033 DEVENISH 
( .. 131 KNASEL 

C-.061 1.02) BAKER 
C-.091 BAKER 

71 IPWA 
74 
75 OPWA 
77 I PWA 
77 OPWA 

SQRTIP1*P21 
PI- P TO K lAMB 

0 FIXED T DISP REl 
0 PI- P TO KO LAM 
0 PI- P TO K LAM. 
0 PI- P TO K LAM .. 

10/69 
5170 
5/70 

4/75 
4175 
4/75 

11/75 
1178* 
1178* 

Baryons 
N(1780), N(1810) 

R5 
R5 

N*l/21181"01 FROM GAMMA PROTON TO K LAMBDA SQRTUP5+P6l*P21 9/73 
I .00821 DEANS 72 HPWA GAM P-K UI.SOL 0 9/73 

•• •• 
N*l/2Cl810J FROM GAMMA PROTON TO ETA PROTON SQRTCCP5+P6J*P3) 

I .00521 HICKS 73 MPWA GAM P-ET A P 

R7 ., 
R7 ., 
R7 

N*li2Cl810J FROM PI N TO K SIGMA SQRT{PJOP9J 
I .051110 .087 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. 

R8 N*1/2118101 FROM PI N TON RHO,s"=l/2,P-WAVE SQRTI Pl*PlOI 
PINT02PI 
PINT02PJ 

RS l t-.35)0R -.40 LONGACRE 75 I'PWA 
R8 8 (+.261 LONGACRE 77 IP~A 

•• N*1/211810J FROM PI N TO N RHO,S==3/2,P-WAVE SQRTIPl*P111 
•• 8 1-.151 LONGACRE 71 IPWA . PI N TO 2PI N 

RlO N*ll2tl810l FROM PI N TO N*3/211232JPI,P-WAVE SQRTfPl*P121 
Rl 0 8 ( + .17 I LONGACRE 77 I PWA PI N TO 2P J N 

Rll N*l/2118101 FROM PI N TO N EPSILON SQRTIPl*Pl3) 
Rll 8 1+.191 LONGACRE 71 IPWA PI N TO 2PI N 

15 N*l/2118101 PHOTON DECAY AMPUGEV**-1/21 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI
REVIEW PRECEDING THE BARYCN liSTINGS. 

AI N*l/2118101 INTO GAM P, HELICITY==l/2 tGEV**-1/21 
AI -.022 .094 DEVENISH 73 DPWA PI N PHOTO PROD 
AI .025 .034 DEVENIS2 74 OPWA PI N PHOTD-PROD 
AI -.004 .032 KNIES 74 DPWA PI N PHOTO PROD 
AI .o .025 METCALF 74 OPWA PI N PHOTD-PROO 
AI +.022 .012 CRAWFORD 75 OPWA PI N PHOTD-PROO 
AI (+.0861 BARBOUR 76 OPWA PI N PHOTD-PROO 
AI . .. ... 
AI AVERAGE MEANINGLESS ISCALE FACTOR :: 1.01 

A2 N*1/2t 18101 INTO GAM P, HEUCIJYz:3/2 CGEV**-1121 
A2 -.DOl .106 DEVENISH 13 OPWA PI N PHOTO PROD 
A2 -.087 .057 DEVENIS2 74 DPWA PI N PHOTD-PROD 
A2 -.006 .030 KNIES 74 OPWA PI N PHOTO PROD 
A2 .o .022 METCALF 74 DPWA PI N PHOTD-PROD 
A2 -.016 .016 CRAWFORD 7 5 DPWA PI N PHOTO-PROD 
A2 c-.o6oJ BARBOUR 76 OPWA PI N PHOTD-PROO ., . . 
A2 AVERAGE MEANINGLESS ISCALE FACTOR= 1.01 

A3 N*l/2118101 INTO GAM N, HELIC ITY=l/2 CGEV**-1121 
A3 .132 .173 OEVENISH 73 OPWA PI N PHOTO PROD 
A3 .013 .045 DEVENIS2 74 DPWA PI N PHOTD-PROD 
A3 .014 .014 KNIES 74, DPWA PI N PHOTO PROD 

•• .o .050 METCALF 74 OPWA PI N PHOTD-PROD 
A3 -.037 .022 ~CRAWFORD 75 OPWA PI N PHOTD-PROD 
A3 1-.0201 BARBOUR 76 OPWA PI N PHOTD-PROD 
A3 

AVERAGE.MEANtNGl.ESs·tScAtE FACTOR= 1.11 A3 

A4 N*1/2( 18101 INTO GAM N, HELIC 1 TY=3/2 IGEV**-1/21 
A4 •. 080 .133 OEVENISH 73 OPWA PI N PHOTO PROD 
A4 -.083 .090 DEVE.NIS2 74 DPWA P t N PHOTD-PROD 
A4 -.ooa .025 KNIES 74 DPWA PI N PHOTO PROD 
A4 .o .044 METCALF 74 OPWA PI N PHOTD-PROO 
A4 -.038 .015 CRAWFORD 75 OPWA PI N PHOTD-PROD 
A4 1+.046) BARBOUR 76 DPWA PI N PHOTD-PROO 
A4 

AVERAGE ·MEANINGleSs· c ScALE A4 FACTOR "" 1.01 

................................................................ 
DONNACHl 68 PL 266 161 

ALSO 68 VIENNA 139 
ALSO 68 THESIS 

RUSH 68 PR 173 1776 

BOTKE 69 PR 180 1417 
DEANS 69 PR 185 1797 
LEA 69 PL 29B 584 

AYEO 70 KIEV CONF 
CARRERAS 70 NP 168 35 
DAVIES 70 NP B21 359 

WAGNER 11 NP B2 5 411 

AUIEHED 72 NP B40 157 
DEANS 72 PRO 6 1906 
DEVEN1SH 73 Pl 47B 53 
HICKS 73 PRO 1 2614 

DEVENISH 74 NP B81 330 
DEVENIS2 74 Pl 528 227 
KNIES 74 PRO 9 2680 
METCALF 74 NP B76 253 

CRAWFORD 75 NP B97 125 
DEANS 75 NP B96 90 
KNASEL 75 PRO 11 1 
LONGACRE 75 Pl 558 415 

AYEO 76 CEA-N-1921 
BAP:BOUR 76 NP Bill 358 
BAKER 11 NP B126 365 
LONGACRE 77 NP 5122 493 

ALSO 76 NP BlOB 365 

DEANS 69 PR 177 2623 
DCNNACHI 69 NP 108 433 

AYEO 
APLIN 
MA 
WINNJK 

10 PL 318 598 
71 NP B32 253 
76 PRO 13 3027 
77 NP B128 66 

REFERENCES FOR N*1/2tl810) 

A OONNACHIE, R G KIRSOPP, C LOVELACE ICERNHJP 
DONNACHIE RAPPORTEUR.$ TALK CGLASI 
R G KIRSOPP CEDINI 
J E RUSH IUNIV ALABAMAI 

J C BOTKE IUCSB J 
S DEANS, J WOOTEN CUNIV S FLORIDA) 
LEA, CADES ,WARD,COWAN,+ I RHEl, BRI STQL, DARE I 

R AYEO, P BAREYP.E, G VILLET 
8 CARRERAS, A OONNACHIE 
A DAVIES 

f WAGNER, C lOVELACE 

ISACLIJJP 
IDARE,MCHSI 

IGLASJ 

ICERN I 

+LOVELACE ILUNQ,RUTGJ IJP 
DEANS ,JACOBS, lYONS, MONTGOMERY I SOUTH" FLA • II JP 
DEVENI SH, RANKJ N, l YTH ILOUC+BOttN+LANC I IJP 
+DEANS, JACOBS, LYONS+ I CARN+ORNL+SOUTH FLA. II JP 

OEVENJ SH, FROGGATT, MART IN I OESY, NORD I TAt LOUC J 
OEVENI SH,L YTH, RANKIN I DESY tlANCt BONN) IJP 
KN J ES, MOORHOUSE, OBERLACK I LBL, GlAS IIJ P 
W J METCALF,R l WALKER ICITJJJP 

R L CRAWFORD IGLASIIJP 
+MITCHELL, MONTGOMERY,+ I SFLA, ALABAMA J IJP 
+liNOQUt ST, NELSON+ I CHIC, WUSl ,OSlJ,ANU IJP 
+ROSENFELD, LAS IN SKI ,SMADJA+ ILBlt SLAC I IJP 

AYEO I THESIS J 
1. M. BARBOUR,R. L. CRAWFORD 

C SACLIIJP 
IGLASIIJP 
IRHELJ IJP 
I SACLIIJP 
I SACLIIJP 

+SL I SSET ,BLOODWORTH, BROOME, HART+ 
·L(•NGACRE, DOL BEAU 
DOl BEAU, TRI ANT IS, NEVEU, CADI ET 

PAPERS NOT REFERRED TO IN DATA CARDS .. 

S R DEANS 
A OONNACHIE, R KIRSOPP 

+BAREYRE,VILLET 
+COWAN, GIBSON, GI LHORE++ 
E. MA, G. l .. SHAW 
+TOAFF, REVEL, GOLDBERG, BERNY 

IUNIV S FLORIDA) 
IGLAS+EOINI 

ISACLAYI 
IRHEL,BRISTOL) 

tOREG+UCI UJP 
IHAIF)I 

••••••••••••••••••••••••••••••••• •o••••o•• .................... ••*••••• 
.................................. •o••oo••• ................... ****•••o 

9173 
9/73 

11/75 
11175 
11/75 

1178• 
1178* 

11/75 
11/75 
11177• 

11/77* 
11177• 

11177• 
11177• 

2/74 
4/75 
2/74 
2/74 
1/76 
1/76 

2/74 
lt/75 
2/74 
2/74 
l/76 
1/76 

2174 
4/75 
2/74 
2/74 
1/76 
1176 

2/74 
4/75 
2/74 
2174 
1/76 
1176 



Baryons 
N(1990), N(2000), N(2040) 

I N(1990) I 11 N*l/211990, JP=7/2+1 1=1/2 IF 171 

" M 
M 

" M 

" " M 

" " " " M 

w 
w 
w 
w 
w 
w 

P1 
P2 
P3 
P4 
P5 
P6 
P1 
P8 
P9 

X 
X 
1 

3 
3 
7 

H 
H 
H 
1 
1 
1 
1 

H 
1 

) 

l1 N*l/2U9'ilOJ MASS IMEVI 

t 1983.01 OONNACHl 68 RVUE PHASE-SHIFT ANAL 
(1995. I K IRSOPP 68 RVUE PHASE SHIFT ANAL 

WHERE MAX. ABSORPTION IS -DONNACHl, 2 tK IRSOPP EYEBALL FIT CERN 1 
(2000.0) APPROX LEA 69 CNTR PI-P ELASTIC 

SEE ALSO APLIN 71 
(2000.) ALMEHEO 72 IPWA 
I 1970. I HICKS 73 MPWA GAM P-ETA P 

CNL Y STATES FROM TABLE Vll OF H1CKS73 ARE INCLUDED IN LISTINGS. 
M AND WARE FROM SOLUTION C2,8R==SQRTtG1/W WITH G FROM TABLE VII. 

11960.1 LANGBEIN 73 I PWA 
NOT SEEN IN SOLUTION 2 OF LANGBEIN73 
DEANS75 AND LANGBEIN73 DISAGREE WITH PI+PTOK+ 
WINNIK77 AROUND 1920 MEV. 

C2049.1 AYED 76 I PWA 

17 N*l/2C 19901 WIDTH (MEVI 

(225.01 OONNACHl bB RVUE 
(250.1 KIRSOPP 68 RVUE 
(200.1 ALMEHEO 72 IPWA 
1300.) HICKS 73 MPWA 
{170.1 LANGBEIN 13 IPWA 
tll9.1 AYEO 76 I PWA 

17 N*l/2U99pl PARTIAL DECAY MODES 

N*l/2( 19901 INTO PI N 
NOI/2(19901 INTO N PI PI 
N:Cil/2(19901 INTO N ETA 
N*l/21 19901 INTO LAMBDA K 
N*l/2119901 INTO GAM PtHELICITY.,.3/2 
N*l/2(19901 INTO GAM P,HELICITY=l/2 
N*l/2(19901 INTO GAM N,HELJCITY=3/2 
N*l/2(19901 INTO GAM N,HELJCITY=l/2 
N*l/209901 INTO K SIGMA 

17 N*l/2(1990) BRANCHING RATIOS 

N*l/2119901 INTO IPI NJ/TOTAL 

PI N-K SJG,SOL 1 

SIGMA+ DATA OF 

PHASE SHIFT ANAL 

GAM P-ETA P 
PI N-K SIG,SOL 1 

DECAY MASSES 
139+ 938 
938+ 139+ 139 
939+ 548 

1115+ 497 
0+ 938 
0+ 938 
0+ 939 
0+ 939 

493+1189 

lPll 

10/69 
10/69 
8/69 

2172 
9/13 
9173 
9173 
9/73 
9/73 
1178* 
1178* 

ll/17* 

8/69 
10/69 

2/72 
9/73 
9/73 

11177* 

R1 
R1 
Rl 
R1 

( .09) 
C0.15J 

( .061 

KIRSOPP 
ALMEHED 
AYEO 

68 RVUE 
72 I PWA 
76 IPWA 

PHASE SHIFT ANAL 10/69 
2172 

11177• 

N*l/2(19901 INTO IN ETAJ/TOTAL IP31 R2 
R2 
R2 

10.021 10.021 DEANS 69 MPWA T POLE + RESON. 5170 
PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

R3 
R3 

N*l/2119901 FROM GAMMA PROTON TO K LAMBDA SQRTIIP5+P61*P41 9173 
• 0034 DEANS 72 MPWA GAM P-K LM, SOL D 9/73 

R4 

•• 
R5 
R5 1 
R5 2 
R5 2 

•• •• 

Al 
A1 

A2 
A2 

A3 
A3 

A4 
A4 

N*l/2(19901 FROM GA,!ti!MA PROTON TO ETA PROTON SQRT((P5+P6I*P3) 
1.00451 HICKS 73 MPWA GAM P-ETA p 

N*l/2119901 FROM PI N TO K SIGMA SQRHP1*P9) 
(.061 LANGBEIN 73 IPWA PIN-K SJG,SOL 1 
( .010HO .023 DEANS 75 DPWA PI N TO K SIGMA 

RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 

N*l/2U9901 FROM PI N TO K LAMBDA SQRTIP1*P41 
-.021 • 033 DEVENISH 74 0 fiXED T OISP REL 

17 N*l/2(1()901 PHOTON .OECAY AMPLIGEV**-1/21 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI
REVIEW PRECEDING THE BARYON LISTINGS. 

N*l/2(19901 INTO GAM P, HELICITY==1/2 IGEVC0*-1/21 
C+.OllJ BARBOUR 76 OPWA PI N PHOTG-PROD 

N*l/2119901 INTO GAM p, HELIC1TY==3/2 IGEV**-1/21 
t-.0081 BARBOUR 76 DPWA PI N PHOTD-PROD 

N*l/2119901 INTO GAM N, HELJCJTY==l/2 I GEV .. -1/21 
l-.o99J BARBOUR 76 DPWA PI N PHOTG-PROD 

N*l/2119901 INTO GAM N, HELICITY=3/2 IGEV**-1121 
c-.o7oJ BARBOUR 76 OPWA PI N PHOTD-PROD .................................................................................. 

DCNNACHl 68 PL 268 161 
KIRSOPP 68 THESIS 

DEANS 69 PR 1B5 1797 
LEA 69 PL. 29B 584 

ALMEHEO 12 NP 840 157 
DEANS 72 PRO 6 1906 
HICKS 73 PRO 1 2614 
LANGBEIN 7) NP 853 251 

OEVENISH 74 NP 881 330 
DEANS 75 NP 896 90 

AYFO 
BARBOUR 

DEANS 
AYEO 
APLIN 
MA 
WINNIK 

76 CEA-N-1921 
76 NP Bill 35B 

69 PR 177 2623 
70 PL 318 598 
1l NP 832 253 
76 PRO 13 3027 
77 NP Bl2B 66 

. REFERENCES FOR N*l/2(1990) 

A DONNACHIE, R G KIRSOPP, C LOVELACE CCERNJIJP 
R G KJRSOPP IEDINI 

S DEANS, J WOOTEN I UN IV S FLORIDA I 
LEA, OADES, WARD, COWAN,+ C RHEL, BR 1 STDL, DARE J 

,LOVELACE CRUTGIIJP 
OEANS,JACOBSt LYONS,MONTGOMERY I SOUTH FLA. IIJP 
+OEANS,JACOBS,LYONS+ ICARN+ORNL+SOUTH FLA.IIJP 
LANGBEIN,WAGNER IMUNICHIIJP 

DEY EN ISH ,fROGGATT, MARTIN I DE SY, NORD IT A, LOUC I 
+MITCHELL,MONTGOMERY, + I SFLA, ALABAMA I IJP 

AYEO (THESIS) 
I. M. BARBOUR,Jt. L. CRAWFORD 

ISACLJIJP 
IGLASIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

S R DEANS 
+BAR EYRE ,VI llET 
+COWAN,G I BSON, G lLMORE++ 
E. MA,G. L. SHAW 
+TOAFF, REVE Lt GOLDBE RGt BERNY 

CUNIV S FLORIDAI 
I SACLAY I 

IRHEL 1 BRISTOLJ 
I OREG+UC I I I J P 

IHAifll 

................ ········* ..................... •••••*••• ................... . 

....... .......... .......... ........... ········* ................... ******** 

9173 
9/73 

9173 
9/73 

11175 
11/75 

4/75 
4/75 

1176 
1/76 

1176 
1176 

1176 
1/76 

1176 
~176 

178 

Data Card Listings 
For notation, see key at front of Listings .. 

I N(2000) I 06 N*l/212000, JP•5/2+1 1•112 I F151 
) 

12175. I 
(1930.) 
U970.J 

NOT SEEN IN 
12025.1 

06 N*l/2{2000) MASS CMEVJ 

ALMEHED 
DEANS 
LANGBEIN 

SOLUTION 1 OF LANGBEIN73 
AYED 

12 I PWA 
72 MPWA 
73 I PWA 

76 IPWA 

2/72 
GAM P-K LM 1 SOL 0 9/73 
PI N-K SIGtSOL 2 9173 

9/73 
ll/77• 

06 N*l/212000) WIDTH IMEVJ 

(150.) 
1112.) 
U70.J 
(157.1 

ALMEHED 72 I PWA 
DEANS 7 2 MPWA 
LANGBEIN 73 I PWA 
AYEO 76 I PWA 

2/72 
GAM P-K LM, SOL D 9/73 
PI N-K SIG,SOL 2 9/13 

11117• 

P1 
P2 
P3 
P4 
P5 
P6 
P1 

R1 
RJ 1 
R1 

06 N•li2C20001 PARTIAL DECAY MODES 

N*l/2(20001 INTO PI N 
N*1/2120001 INTO LAMBDA K 
N*1/2120001 INTO GAM P,HELICITY=3/2 
N*l/2(20001 INTO GAM P,HELICITY==l/2 
N*l/2(20001 INTO GAM N,HELICITY=3/2 
N*l/2(2000) INTO GAM N,HELICITY==l/2 
N•1/2{2000l INTO K SIGMA 

06 N*l/2120001 BRANCHING RATIOS 

N*l/2120001 INTO CPl NJ/TOTAL 
10.251 ALMEHEO 

1.081 AYED 
72 I PWA 
76 J PWA 

DECAY MASSES 
139+ 938 

1115+ 497 
0+ 93B 
0+ 938 
0+ 939 
0+ 939 

493+1189 

R2 N*l/2120001 FROM GAMMA PROTON TO K LAMBDA SQRT(CP3+P41*P2J 
R2 C .00221 DEANS 72 MPWA GAM P-K LM,SOL 0 

R3 
R3 1 
R3 2 
R3 2 

N*l/2120001 FROM PI N TO K SIGMA SQRTCP1*P7J 
1.051 LANGBEIN 73 IPWA PIN-K SIG,SOL 2 
t .022 I DEANS 75 OPWA PI N TO K SIGMA 

VALUE GIVEN IS fROM SOLUTION 1, NOT PRESENT IN SOLUTIONS 2,3,4. 

REfERENCES FOR N•l/2120001 

AlMEHED 12 NP B40 157 ,LOVELACE CRUTGI IJP 
(SOUTH flA.)IJP 

IMUNICHJIJP 
I Sf LA, ALABAMA I IJP 

ISACUIJP 

DEANS 72 PRO 6 1906 DEANS, JACOBS, lYONS ,MONTGOMERY 
LANGBEIN,WAGNER LANGBEIN 13 NP 853 251 

DEANS 75 NP B96 90 +MITCHELL, MONTGOMERY,+ 
AYED 76 CEA-N-1921 AYED ITHESJS) 

PAPERS NOT REFERRED TO IN DATA CARDS. 

MA 76 PRO 13 3027 E. MA,G. L. SHAW IOREG+UCI JIJP 

.............................................. ······•** ••••••••••••••••• . ......................... ,. ......... ,. ................................... . 
I N(2040) I 16 N*l/212040, JP=3/2-I 1=112 ~ 

" M 

" " " 

P1 
P2 
P3 
P4 
P5 
P6 
P1 
P8 
P9 

3 
3 
3 
3 
X 
X 
1 

3 
3 
1 

1 
1 
1 

1 

) 

16 N*1/2C20401 MASS CMEV1 

12057.01 OONNACHI 68 RVUE PHASE-SHIH ANAl 
{2030. I OONNACH2 68 RVUE PHAS. SHIFT-CERN! 
(2040.1 KIRSOPP 68 RVUE PHASE SHIFT ANAl 

WHERE MAX. ABSORPTION IS -OONNACHlt 2 ,KIRSOPP EYEBALL FIT CERN 1 
12030.0) APPROX LEA 69 CNTR PI-P ElASTIC 

SEE AlSO APLIN 71 
12075.1 ALMEHED 72 IPWA 
(2090.) HICKS 73 MPWA GAM P-ETA P 

ONLY STATES fROM TABLE VI I OF HICKS73 ARE INCLUDED IN LISTINGS. 
M AND W ARE FROM SOLUTION C2tBR=SQRTIGl/W WITH G FRON TABLE VII. 

12029.) AYEO 76 I PWA 

16 N*l/2120401 WIDTH IMEVI 

1293.01 
1290. I 
1240.1 
(150.) 
1224. I 
1116. I 

SEE THE NOTES ACCOMPANYING THE 

DONNACH1 6B RVUE 
DONNACH2 68 RVUE 
KIRSOPP 6B RVUE 
ALMEHED 72 IPWA 
HICKS 73 MPWA 
AYEO 76 I PWA 
MASSES QUOTED .. 

16 N*1/2(2040l PARTIAL DECAY MODES 

N*l/2120401 INTO PI N 
N*l/2C 20401 INTO N PI PI 
N*l/212040) INTO N ETA 
N*l/2120401 INTO LAMBDA K 
N*l/212040) INTO GAM P,HElltiTY=3/2 
N*l/2(2040) INTO GAM P,HELICITY=1/2 
N*1/2120401 INTO GAM NtHELICITY=3/2 
N*l/2(20401 INTO GAl'\ NtHELICJTY::1/2 
N*1/2120401 INTO SIGMA K 

PHAS. SHIFT-CERN1 
PHASE SHIFT ANAL 

GAM P-ETA P 

DECAY MASSES 
139+ 938 
93B+ 139+ 139 
939+ 548 

1115+ 497 
0+ 938 
0+ 938 
0+ 939 
0+ 939 

493+11B9 

2/72 
11177• 

9/73 
9173 

9/73 
9/73 

11175 
11175 

6/68 
10/69 
10/69 
10/69 

8/69 

2172 
9173 
9173 
9173 

11177• 

8/69 
10/69 
10/69 

2172 
9173 

11177• 



(J ~ 0 
jL"• i 6 u 0 6 jl 
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Data Card Listings 
-~ ·For notation,. see key at front .of Listz"ngs. 

16 N*l/2120401 BRANCHING RATIOS 

N*l/2120401 INTO (PI NI/TOTAL CPU Rl 
Rl 
Rl 
Rl 
Rl 

( .26) 

( .151 
10.31 

I .101 

OONNACH2 
KIRSOPP 
ALMEHED 
AYEO 

6B RVUE 
68 RVUE 
72 l PWA 
76 IPWA 

PHAS • SHI FT-CERNl 10/69 
PHASE SHJ Fl ANAl 10/69 

2/72 
11111• 

N* 1/2120401 INTO IN ETAI/TOTAL lP31 R2 
R2 
R2 

(0.1 OR 0.009 CARRERAS 70 MPWA T POLE + RESON. 5/70 
PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

Rl 
Rl 

N*l/2(20401 FROM GAMMA PROTON TO K LAMBDA SQRHIP5+P61*P4) 9/73 
I .00701 DEANS 72 HPWA GAM P-K LM,SOL 0 9/13 

R4 
R4 

N*l/2 I 2040 I FROM GAMMA PROTON TO ETA PROTON SQRT I I P5+P6 I *P31 9/73 
I .0037J HICKS 73 MPWA GAM P-ET A P 9/73 

R5 
RS 
RS 
R5 
RS 

NOL/2120401 FROM PI N TO K SIGMA SQRTfPl-*P91 
1.014HO .037 DEANS 75 DPWA PI N TO K SIGMA 

RANGE GIVEN IS FRCM FOUR BEST SOLUTIONS. 
OEANS75 DISAGREES WITH PI+ P TO K+ SIGMA+ DATA OF WINNIK17 
AROUND 1920 MEV. 

16 N*l/2(20401 PHOTON DECAY AMPUGEV**-1/21 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI
REVIEW PRECEDING THE BARYON LISTINGS. 

Al N*l/2120401 INTO GAM P1 HELICITY=1/2 CGEV .. -1121 
Al .026 .052 DEVENI 52 74 OPWA Pl N PHOTD-PROD 

A2 N*l/2120401 INTO GAM P 1 HELICITY=3/2 IGEV**-1/21 
A2 .128 .057 DEVENIS2 74 DPWA Pl N PHOTD-PROD 

Al N*1/2C204al INTO GAM N 1 HELICITY=l/2 CGEV**-1/2) 
Al .053 .aa3 DEVENIS2 74 OPWA PI N PHOTD-PROO 

A4 N*l/2C204al INTO GAM N1 HELICITY=3/2 CGEV .. -1/21 
A4 .lOa 

DONNACH1 68 PL 26B 161 
OONNACH2 68 VIENNA 139 

* KIRSOPP 68 THESIS 

LEA 69 PL 298 584 

CARRERAS 70 NP 16B 35 

ALMEHED 
DEANS 
HICKS 

72 NP 840 157 
72 PRO 6 1906 
73 PRO 7 2614 

OEVENIS2 74 Pl.52B 227 
DEANS 75 NP B96 9a 
AYEO 76 CEA-N-1921 

OONNACHI 
AYEO 
APLIN 
HA 
WINNIK 

69 NP lOB 433 
7a PL 31B 598 
71 NP B32 253 
76 PRO 13 3027 
17 NP B128 ·66 

.141 OEVENI 52 74 DPWA PI N PHOTD-PROO 

REFERENCES FOR N*l/2 C 20401 

A DONNACHIEt R G KIRSOPP, C LOVELACE CCERNIIJP 
OCNNACHIE RAPPORTEUR.$ TALK CGLASJ 
R G KIRSOPP CEOINJ 

LEA tOADES ,WARO,COWA N, + I RHEL, BRISTOL 1 DARE I 

8 CARRERAS, A OONNACHIE IOARE 1 MCHS1 

+LOVELACE I LUNO,RUTG I IJP 
aEANS,JACOBS, LYONS,MONTGOMERY ISOUTH FLA.IIJP 
+OEANS,JACOBS,LYONS+ ICARN+ORNL+SOUTH FLA. JIJP 

DEVEN ISHt L YTH, RANKIN 
+MITCHELL, MONTGOMERY,+ 
AYED fTHESI S I 

(DE SY ,LANC, BONN I I JP 
I SFLA, ALABAMA I I JP 

ISAClJIJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

A DONNACHIEt R KIRSOPP 
+BAREYREoVIllET 
+COWAN, Gl BSON, GILMORE++ 
E. MA,G. L. SHAW 
+TOAFF tREVE L, GOLDBERG, BERNY 

CGLAS+EOINJ 
I SACLAYI 

IRHEL,BRISTOLI 
(OREG+UCI IIJP 

(HAIFJI .................................................................... ...... ......... ......... ......... ......... ......... ......... ....... . 
IN(2100) I 

) 
04 N*112(2100, JP:1/2-I I=1/2 I S'l"tl 

Pl 

(2070.) 
(2100.) 
12280. I 

a4 N*1/2(2100J MASS IMEVI 

ROYCHOUD 
AU1EHED 
AYED 

04 N*1/212100) WIDTH (MEVI 

11 OPWA 
72 I PWA 
76 I PWA 

1200.1 ALMEHEO 72. IPWA 
(320. J AYEO 76 I PWA 

04 N*1/2(21001 PARTIAL DECAY MODES 

N*1/212100J INTO PI N 
DECAY MASSES 

139+ 938 

---- ------- -------- ------ --------- ------ -------- -------
04 N*l/2C21001 BRANCHING RAT IDS 

Rl N*112t2100l INTO IPI NI/TOTAL ( PlJ 
Rl 7 (0.51 AlMEHED 12 lPWA 
Rl 1.151 AYEO 76 IPWA ..................................................................... 

REFERENCES FOR N* 1/2 ( 2100 I 

ROYCHOUD 11 NP B27 125 R K ROYCHOUOHURY, B H BRANS DEN IDURHJ IJP 
ALMEHED 72 NP B40 157 +lOVELACE CLUNOtRUTGJIJP 
AYEO 76 CEA-N-1921 AYEO (THESIS) c"SACL I IJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

MA 76 PRO 13 3a27 E. MA,G. L. SHAW (QREG+UCIJIJP 

•••••••••••• (! ••••••••••••••••••••••••••••••••••••••••••••• >:': ••••••••• 

****** .................................................................. . 

111'75 
11175 
11/75 

1178• 
1/18* 

4/75 

4/75 

4/15 

4/75 

3172 
2/72 

11/77* 

2172 
11177• 

2172 
11177* 

Baryons 
N(2040), N(2l00), N(2190) 

IN(2100) I 
) 

a5 N*1/2(210a, JP=S/2-1 I::::t1/2 

H 
H 

Pl 
P2 

Rl 
Rl 7 
Rl 

a5 N*1/2121aOI MASS IMEVI 

12100.1 ALMEHED 72 IPWA 
12076. J AYED 76 IPWA 
(1870.1 BAKER 77 DPWA a PI-P TO K LAM. 

IN ADDITION TO THE LISTED PARAMETERS OBTAINED IN A OPWA, BAKER 11 
SEE A POSSIBLE EFFECT ABOVE 2000 MEV IN AN IPWA. 

( 150.1 
1206.) 

C53.l 

05 N*ll2121aal WIDTH IMEVJ 

ALMEHED 
AYED 
BAKER 

72 IPWA 
76 I PWA 
11 DPWA 

05 N*1/2(21001 PARTIAL DECAY MODES 

~ PI- P TO K LAM. 

DECAY MASSES 
N*l/2121001 INTO PI N 139+ 938 
N*1/2(2100) INTO LAMBDA K 1115+ 497 

05 N*-112121001 BRANCHING RATIOS 

N*l/2121001 INTO IPI NI/TOTAL 
(0.21 

( .091 
ALMEHED 
AYEO 

72 IPWA 
76 I PWA 

(Pl) 

2/72 
11177* 
1178* 
1/78* 
1118* 

2/72 
11177* 

1178• 

2/72 
11111* 

R2 N*l/2121001 FROM PI N TO LAMBDA K SQRHP1*P21 
R2 E (-.061 BAKER 11 OPWA 0 PI- P TO K LAM. 1/78* . ....... ......... ......... ......... ......... ......... ......... ....... . 
ALMHEO 
AYED 
BAKER 

HA 

72 NP 840 157 
76 CEA-N-1921 
71 NP 8126 365 

76 PRO 13 3027 

REFERENCES FOR N*l/2121001 

+LOVELACE 
AYEO ITHESISJ 
+8l J SSET tBL OODWORTH, BROOME, HART+ 

ILUNO,RUTGI IJP 
(SACLIIJP 
CRHEU IJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

E. HA,G. l. SHAW IOREG+UCI liJP 

xxxxxxxxxx 
********* ••••••••• ****CI:**** •••••••••••••••••••••••••••••••••••••••••• 
••••••••• ••••••••• **O:•••••• ......................................... . 

Zl4M 

Z14P1 

2100. 

114 N*l/212100, JP= J Io::1/2 PRODUCTION EXPERIMENT 

RESONANCE-LIKE BUMP OBSERVED IN PP TO P(N PI+) AT CERN 
ISR IDE KERRET 761. THE ENHANCEMENT SHOWS UP MORE 
CLEARLY WHEN EVENTS CORRESPONDING TO TRANSVERSAL DECAYS 
OF THE IN PI+J SYSTEM ARE SELECTED, CONTRARY TO WHAT 
WOULD BE EXPECTED FOR A "DIFFRACTJVE-LIKE EFFECT. 

lllw N*l/212100} MASS IMEVI CPROD. EXPERIMENTSI 

DE KERRET 76 ISR + PCN PI+IE*::45GE 

114 N*l/2121001 PARTIAL DECAY MODES IPROO. EXP.J 

N*112 12100) INTO PI N 
DECAY MASSES 

1115+ 497 

********* •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

REFERENCES FOR N*1/212100J PROD. EXPERIMENTS 

DEKERRET 76 PL 638 477,483 +NAGYtREGlER 1 BRANOT+ , (CERN+HAHB+IPN+VIENI 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• **•••••• 
****** ••••••••• ···O:•••** •••••••••••••••••••••••••••••••••••••••••••• 

IN(2190)'j·n ··•ll2<219o, JP=m-a •·112IG17I 
THIS RESONANCE IS WELL ESTABLISHED. 

71 N*l/2(21901 MASS IMEVI 

12190.0) OIDDENS 63 CNTR PI+- P TOTAL 
H 12210.01 HOHLER 64 RVUE DATA + OJSP REl 
H c 2190.01 APPRO X YOKOSAWA 66 CNTR PI- P OSJG + POL 
H t2265.0) OONNACH1 68 RVUE PHASE-SHIFT ANAL 
H C20QO.aJ APPROX LEA 69 CNTR PI-P ELASTIC 
M 2180. 25. ANDERSON 70 MMS - PI- P TO PI- MMS 
M t21se.o1 AYEO 70 I PWA 
M FROM ENER., OEP. FIT OF ARGAND DIAGRAM 
H 12260.01 HUll 70 HPWA SMALL ANGLE P J-P 
M (2160 .. al 150.0) AMALDI 11 CNTR P P AT 24 GEV 
M (216a.) BRANSDEN 11 OPWA 
H 12200. I ROYCHOUO 71 OPWA 
M 12225.) AlMEHEO 72 IPWA 
H (2190., OTT 72 MPWA a PI-P BKWD HSTC 
H (2206.) HICKS 73 MPWA GAM P-ETA P 
M ONLY STATES FROM TABLE VII OF HICKS73 ARE INCLUDED IN LISTINGS. 
H M AND W ARE FROM SOLUTION C2tBR=SQRTIGI/W WITH G FROM TABLE VII. 
H 12208 .. ) 120 .. ) ABE 74 + P+P->P+X, JCBN PK 

12141.) AYEO 16 JPWA 

7/66 
6/68 
8/69 
2/71 
1/71 

1/71 
10/71 
3/72 
3/72 
2172 
2173 
9/73 
9/73 
9173 
4/75 

11/77* 



Baryons 
N(2190). N(2200), N(2220) 

w 
w 
w 
w 
w 
w 
w 
w 
w 
w 

Pl 
P2 
P3 
P4 
P5 

•• P7 

•• 
P9 

Rl 
Rl 
Rl 

1 
1 

71 N*l/212191)) WIDTH IMEVJ 

1200.01 DIODENS 63 CNTR 
1200.01 HOHLER 64 RVUE 
1220.01 APPROX YOKOSAloiA 66 CNTR 
1298.0) DONNACHl 68 RVUE 
275. 10. ANDERSON 70 MHS 

1325.01 AYEO 70 I PWA 
(239.01 HULL 70 MPWA 
1150.1 ALMEHEO 72 I PWA 
tl93.J HICKS 73 MPWA 
1243.1 AYED 76 1 PWA 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

11 N*l/2121901 PARTIAL DECAY MOD.ES 

N*l/ZCZ1901 INTO PI N 
N*l/2121901 INTO LAMBDA K 
N*l/2(2190) INTO N PI PI 
N*l/2(21901 INTO GAM PtHELICITY=3/2 
N*l/2121901 INTO GAM P,HELICITY=l/2 
N*l/2121901 INTO GAM NtHELIC1TY=3/2 
N*l/2,21901 INTO GAM NtHEUCIT'I""'1/2 
N*l/2121901 INTO ETA N 
N*l/2121901 INTO SIGMA K 

71 N*l/2 121901 BRANCHING RAT IDS 

N*l/2121901 INTO IPI NI/TOTAL 
10.31 APPROX 
10.31 APPROX 

63 CNTR 
66 CNTR 
68 RYUE 
70 I PWA 

- PI- P TO PI- MMS 

S14All ANGLE PI-P 

GAM P-EiA P 

DECAY MASSES 
139+ 938 

1115+1700 
938+ 139+ 139 

0+ 938 
0+ 938 
0+ 939 
0+ 939 

548+ 938 
493+1189 

CPU 

R1 3 
Rl b 
Rl 

I0.31t91 
.0.1501 
10.091 
10.351 

OIDDENS 
YOKOSAWA 
OONNACH1 
AVED 
HULL 
ALMEHED 
OTT 

70 MPWA SHALL ANGLE PI-P 
Rl 1 
Rl 
Rl 

1.25) 
(.161 AYED 

72 IPWA 
72 MPWA 0 PI-P BKWO ELSTC 
76 I PWA 

7166 
7/66 
6/68 
2111 
1/71 
1171 
2112 
9173 

11177• 

7166 
7166 
6/68 
1/11 
1171 
2172 
2173 

11/17* 

R2 N*l/2121901 FROM GAMMA PROTON TO K LAMBDA SQRlltP4+P51*P21 9173 
R2 ( .. 01611 DEANS 72 MPWA GAM P-K LM,SOL 0 9173 

R3 
R3 

N*l/2121901 FROM GAMMA PROTON TO ETA PROTON SQRTIIP4+P51*P8) 
I .00941 HICKS 13 MPWA GAM P-ETA P 

•• 
R4 

N*1/2121901 FROM PI N TO K SIGMA SQRT(Pl*P91 
I .014)TO ·.019 DEANS 75 OPWA PI N TO K SIGMA 

R4 RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. ' 

•• 
R4 

OEANS75 DISAGREES WITH PI+ P TO K+ SIGMA+ DATA Of WINNIK77 
AROUND 1920 MEV. .................................................................................... 

DIDDENS 63 PRL 10 262 
HOHLER 64 PL 12 149 
YOKOSAWA 66 PRL 16 714 

OONNACHl 68 PL 268 161 
ALSO 68 VIENNA 139 
ALSO 68 THESIS 

LEA 69 PL 29B 584 

ANDERSON 70 PRL 25,699 
AVED 70 KIEV CONF 
HULL 70 PR D2 1783 

AMALDI 11 PL 348 435 
8RANSDEN 11 NP B26 511 

ALSO 70 NP 816 461 
ROYCHOUD 71 NP 827 125 

ALMEHED 72 NP BltO 157 
DEANS 72 PRO 6 1906 
OTT 72 PL 428 133 

ALSO 72 MCGILL THESIS 
HICKS 73 PRO 7 2614 

ABE 74 PL 538 lllt 
DEANS 75 NP 896 90 
AYED 76 CEA-N-1921 

REFERENCES FOR N*1/212190) 

+JENKINS, KYCIA, RilEY' 
G HOHLER, J GIESECKE 
+SUWA,HILL,ESTERLING, BOOTH 

(BNU I 
(KARLSRUHE) 1 

IANLt CHIC J JP 

A OONNACHIEt R G KIRSOPP, C LOVELACE ICERNJIJP 
DCNNACHIE RAPPORTE·UR.S TALK IGLASJ 
R G KIRSOPP lEDIN) 

LEA, CADES tWARDtCOWAN, + IRHEL,BRI STOLt DARE I 

+BlESER, BL I EDEN, COLLINS++ 
R AYEOtP BAREYREt G VllLET 
J HULlt R LEACOCK 

IBNL,CARNI 
I SACL JIJP 
(I SUI 

+BIANCASTELLI,BOSIO,+ II SANITA ROMA+CERNI 
tOGDEN CDURHIIJP 
ROVCHOUDHURYt PERRJN,BRANSOEN I DURH IIJP 
R K ROYCHOUOHUR~,B H BRANSDEN (DURHIIJP 

+LOVELACE (LUNDt RUTGI IJP 
DHNS,JACOBSt LYONS,MONTGDMERY (SOUTH FLA.JIJP 
+TRISCHUK,VAYRA,RICHARDSt+ IMCGJ, STLDt IOWA IIJP 

J.VAVRA CMCGIJ JP 
+DEANS, JACOBS ,LYONS+ ( CARN+ORNL+SOUTH FLA. JIJP 

+ALSPECTOR, BOMBEROWITZ+ 
+MI TCHELL,MONTGOMERY I+ 
AYED (THESIS) 

I RUTGt UPNJ, F SUI 
ISFLA, ALABAMA I IJP 

ISAClllJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

BARGER 66 PRL 16 913 V BARGER, D CLINE IWISCJ P 
CARROLL 66 PRL 16 288 +CORBETT,DAMERELL,MIDDLEMAS, + tRHEL,OXFIJ-l 
CARROLL 66 PRL 17 1274 +CORBETT,OAMERELL,MJDDLEMAS, + IRHEL,OXFIJ-L 

ERRATUM CHANGING THE RATHER WEAK DETERMINATION OF J-L TO +1 12.1 
KORMANYO 66 PRL 16 709 KORMANYOS,KRISCH,OFALLON, + IMJCH,ANLJ P 
BUSZA 67 NC 52A 331 +OAVIS,OUFF,HEYMANN, + ILOUC,WESTFIELDI 
AYED 70 l'l 318 598 +BAREYREtVILLET ISACLAYI 
MA 76 PRO 13 3027 E. MA,G. L. SHAH IOREG+UCI J IJP 
WINNIK 77 NP 8128 66 +TQAFF,REYEL,GOLOBERGtBERNY IHAIFJJ 

9/73 
9/73 

11175 
11175 
ll/15 
1178• 
1!78• 

XXXXXXXXX· ............................................................................... .......... .......... ••••••••• ••••••••• •••••:et••• .................... ** .... . 

IN(2200) I 

l13M 

Zl3W 193. 

113 N*l/212200, JP•9/2-1 1•1121 G191 

113 N*1/2122001 MASS (MEVI 

AYED 

113 N*l/2122001 WIDTH I!'4EVI 

A'I"ED 

76 I PWA 

76 IPWA 

180 

Data Card Listings 
For notation, see key at front of Listings. 

Zl3P1 

Z13Rl 
Z13R1 

113 N*1/2(22001 PARTIAL DECAY MODES 

N*112C2200) INTO PI N 

113 N*l/2( 22001 BRANCHING RATIOS 

N01/2122001 INTO (PI Nl 
.09 

ITOTAL 
AYEO 76 I PWA 

DECAY MASSES 
493+1189 

(Pl)) . ......................................................................... .. 
REFERENCES FOR N*I/212200) 

A'I"ED 76 CEA-N-1921 AYED tTHESISI ISACUIJP 

....... "'******** ......................................................... . ............................................................................ 
I N(2220) I 90 N*l/212220, JP•9/2+1 1•1/2 I Hl~ I 

M 

" M 

" " 

12200.1 
12221.0) 

FROM ENER. 
12245.01 
12249. I 

THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHED. 

90 N*1/2122201 MASS lMEVI 

APPROX. BUSZA 
AYED 

DEP. FIT OF ARGANO DIAGRAM 
HULL 
AYEO 

90 N*1/2(2220) WIDTH (MEV) 

67 OSPK 
10 I PWA 

10 MPWA 
76 IPWA 

LEG.POLYN.ANAL. 

SMALL ANGLE PI-P 

2171 
1171 

1/71 
ll/77* 

1258.0) 
t329.0' 
1347. I 

AYED 
HULL 
AYED 

70 I PWA 
70 MPWA 
76 IPWA 

1/71 
SMALL ANGLE PI-P 1/71 

11177• 

Pl 
P2 

Rl 

90 N*l/2122201 PARTIAL DECAY MODES 

N*l/2122201 INTO PI N 
N*l/2(22201 INTO N ETA 

90 N*l/21ZZ20) BRANCHING RATIOS 

DECAY MASSES 
139+ 938 
939+ 548 

CPU 
Rl • 
Rl 
Rl 

N*l/2122201 INTO IPI NI/TOTAL 
C0.11t01 
(0.151 
(.201 

AYED 
HULL 
AYED 

70 I PWA 
70 MPWA 
76 t PWA 

1/71 
SMALL ANGLE PI-P 1/71 

11/17* 

.............................................. ******••• .................. . 

SUSZA 
AYEO 
HULL 

AYED 

AYED 

•• 

67 NC 52A 331 
70 KIEV CONF 
70 PR 02 1783 

76 CEA-N-1921 

70 PL 31B 598 
76 PRO 13 3027 

REFERENCES FOR N*l/2(22201 

+DAVIS,DUFF,HEYMANN,NIMMON + 
R AYED,P BAREYRE, G VILLET 
J HULL, R LEACOCK 

AYED CTHESISI 

ILOUC+LOWC I 
( SACLIIJP 

(I SUI 

CSACLIIJP 

PAPERS NOT REFERED TO IN DATA CARDS 

+BARE'I"REtVILLET 
.e. MAtG. L. SHAW 

ISACLAYI 
COREG+UCIIIJP 

....... *****•••• ........... ********* ...................................... . 

.............. ** ............................................................. . 

2200 MEV REGION - PRODUCTION EXPERIMENTS 

2160. 
2120. 
2362. 

Ill N*112(2200, JP::?J J::1/2 PRODUCTION EXPERIMENTS 

WE LIST HERE BUMPS OBSERVED IN THE RANGE 200o-2400 MEV. 

111 N*l/2(22001 MASS IMEVI CPROO. EXP.J 

50. 
30. 
20. 

AHALOI 
APPLE 
APPLE 

11 SAS + P P TO P MM 
11 SPEC + P P TO P (p PIOI 
11 SPEC + P P TO P (N Pl+l 

AVERAGE· MEA~t NGLE Ss • c ScAt e FACTOR :: s .o 1 

Ill N*l/2122001 WIDTH CMEVl (PROD. EXP.J 

1178* 
1178* 
1178* 

w 125. 10. APPLE 
APPLE 

77 SPEC + P P TO P CP PJO) 1178* 

• 75 • 
w 

AVG 9-1.9 
STUDENT 91.8 

50. 

40.7 
44.4 

77 SPEC + P P TO P (N PI+I 1178* 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENT!O(H/1.111 - SEE MAIN TEXT 

****** ...................................................................... . 

REFERENCES FOR N*l/2122001 

AMALDI 71 Pl 348 435 +BIANCASTELLI t BOSIOtMATTHIAE+ ( SANI+CERNI 
APPLE 77 LNC 18 167 +ASH,CHENG,COYNE ,GROSSMAN+ C PRIN+PAV I A I 

................. **•••···· ................................................ . •••••• .......... .......... ••••:**••• .......... ••••:et•••• ................. . 
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Data Card Listings 
For notation, see key at front of Listings. 

I N(2650) I 72 N•l/212650, JP=ll/2-1 l•l/2 ~ 
ROYCHOUOHURY 71 CLAIM Fl512400J AND Gl912400J TO BE 
POSSIBLE RESONANCES. BRANSDEN 11 FINO THE POSSIBLE 

" " " " M 

w 
• • • 

Pl 
P2 
P3 

(2700 .. 01 
12660.01 
( 2600.0) 
(2633.0) 
2649.0 

(lOO .OJ 
1200.01 
(425.01 
360.0 

RESONANT CANDIDATES 511125201 AND Hl9125901 .. RECENT 
PI N PWA 1 S ESTABLISH THE EXISTENCE OF A JP=ll/2- STATE 
IN THIS REGION. BUT THE STRONG POSSIBILITY THAT THERE 
ARE ALSO OTHER STATES REMAINS. SE'E THE MINI-REVIEW 
PR.ECEOING THE N AND DELTA LISTINGS .. 

72 N•l/2126501 MASS CMEVJ IPROD. EXP.J 

APPROX 

10.0 

ALVAREZ 
HOHLER 
WAHllG 
BARGER 
CITRON 

64 CNTR 
64 RVUE 
64 OSPK 
66 .fiT 
66 CNTR 

PI PHOTOPROD 
DATA + OISP REl 

0 PI-P CH EX 
TOTAL·+ CH H 
PI+- P TOTAL 

72 N*l/2126501 WIDTH CMEVJ IPROD. EXP.J 

20.0 

ALVAREZ 
HOHLER 
BARGER 
CITRON 

64 CNTR 
64 RVUE 
66 FIT 
66 CNTR 

TOTAL + CH EX 

12 N*1/212650) PARTIAL DECAY MODES.IPROD. EXP.I 

N*l'/2126501 INTO PI N 
N*l/2126501 INTO LAMBDA K 
N*l/2(26501 INTO N PI PI 

DECAY MASSES 
139+ 938 

1115+ 497 
938+ 139+ 139 

72 N*1/2126501 BRANCHI~G RATIOS IPROD. EXP.J 

R1 N*l/2126501 INTO IPI NI/TDTAL IPll 
R1 ONLY CJ+1/21*C PI N/TOTALI MEASURED FOR THIS STATE 

ll/67 
7/66 

7/66 
ll/67 
7/66 

Rl 8 10.4561 10.0181 BARGER 66 RVUE TOTAL + CH EXC. Ll/67 
R1 0.436 0.028 CITRON 66 CNTR TOTAL CROSS-SEC. 11/67 
R1 10.301 BARGER " 67 RVUE USES KORMANYOS67 11/ti7 
Rl USES REGGE AMP.+RESON. TO CALCULATE DIF. CROSS SECTIONS AT 180 OEGRE 
Rl FOR CRITICISM OF THIS METHOD, SEE DOLEN 68. 
R1 . 10.241 OIKMEN 67 RVUE. USES KORMANYOS66 11/67 
Rl USES ONLV RESONANCES TO CALCULATE OIF. CROSS SECTIONS AT 180 DEGREES 
R1 10.061 KORMANYOS 67 CNTR PI-P AT 180 DEG. 11/67 ....................................... ., ............................ . 

REFERENCES FOR .N*l/2126501 I PROD. EXPel 

ALVAREZ 64 PRL 12 710 +BAR-YAM,KERN,LUCKEY,OSBORNE, + IMIT,CEAI 
HOHLER 64 PL 12 149 G HOHLER, .J GIESECKE I KARLSRUHE I I 
WAHLIG 64 PRL 13 103 +MANNEllltSOOICKSON,FACKLERrWARD, + I MIT I 
BARGER 66 PR 151 1123 Y BARGER, M OLSSON tWISCJ 
CITRON 66 PR 141t ll01 +GALBRAITH,KYCIAtLEONTJC,PHILLIPS, + IBNLJ 
BARGER 67 PR 155 1792 V BARGER, D CLINE IWISCI 
DU<.MEN 67 PRL 18 798 F .N OIKMEN I MICHl 
KORMANYO 67 PR 164 1661 KORMANYOS, KRISCH, OFALLON, + IMICH,ANLI P 

PAPERS NOT REFERRED TO IN DATA C~RDS. 

SAACKE 67 NC 51A 761 J BAACKE, M YVERT IKARLSRUHE,ORSAYIJ-L 
DOLEN 68 PR 166 1768 R DOLEN, D HORN, C SCHMID ICITI 
WAHLIG 68 PR 168 1515 M A WAHLJG, I MANNELLI IMJT 1 PISAI 

FINAL VERSION OF DATA USED IN WAHLIG 64. IN CONFUNCTION WITH 
CITRON 66 TOTAL CROSS SECTIONS, THIS CHARGE EXCHANGE DATA GJV.ES 
COMPLEX ELASTIC SCATTERING AMPLITUDE AT 0 DEGREES. 

SRANSDEN 7L NP 826 511 
ALSO 70 NP 816 ~61 

ROYCHOUD 71 NP B27 125 

,OGDEN 
ROVCHOUDHURY ,PERRIN, BRANSDEN 
R K ROYCHOUDHURY,B H BRANSDEN 

IOURHJI JP 
IDURHIJJP 
IOURHIIJP 

*"*** .................................................. ., ••••••••••• ...... ......... ......... ......... ......... ......... ......... ....... . 
73 N*1/213030, JP= I J:1/2 PRODUCTION EXPERIMENTS 

73 N*l/20030) MASS IMEVI (PROD. EXP. l 

(3080.01 
13030.0) 

HOHLER 
CITRON 

64 RVUE 
66 CNTR 

DATA + DISP REL 7/66 
Ph·- P TOTAL 7/66 

Pl 
P2 

73 N*1/2C3030J WIDTH I MEV I I PROD. EXP~ I 

1~00.01 CIT RON 66 CNTR 

73 N*l/200301 PARTIAL DECAY MODES IPROD. EXP.J 

N*1/2f30301 INfO PI N 
N*1/2130301 INTO N PI PI 

DECAY MASSES 
139+ 938 
93 8+ 139+ 139 

73 N*l/213030) BRANCHING RATIOS IPROD. EXP.I 

R1 N*l/2130301 INTO IPI NI/TOTAL CPU 
R1 CNLY IJ+1121*1 PI N/TOTAU MEASURED FOR THIS STATE 
R1 8 {0.088) 10.0161 BARGER 66 RVUE TOTAL • CH EXC. 
Rl 10.0481 CITRON 66 CNTR TOTAL CROS.SEC. 
R1 10.121 BARGER 67 CNTR USES KORMANYOS66 
R1 USES REGGE AMP.+RESON. TO CALCULATE DIF. CROSS SECTIONS AT 180 DEGRE 
R1 FOR CRITICISM OF THIS METHOD, SEE DOLEN 68. 
Rl 10.0161 DIKMEN 67 RYUE USES KORMANYOS67 
Rl USES ONLY RESONANCES TO CALCULATE OIF. CROSS SECTIONS AT 180 DEGREES 

••••••• ., •• ,. ..... ······•** ,. •••••••••••• ,. •• .,. ********* ********* •••***** 

7/66 

ll/67 
11/67 
11/67 

11/67 

Baryons 
N(2650),N(3030),N?(3245),N(3690), N?(3755) 

HOHLER 
BARGER 
CITRON 
BARGER 
OJKMEN 

64 PL 12 149 
66 PR 151 1123 
66 PR 144 1101 
67 PR 155 1792 
67 PRL 1B 798 

REFERENCES FOR N*l/2130301 I PROD .. EXP.I 

G HOHLER, J GIESECKE 
V BARGER, M OLSSON 

I KARLSRUHE I I 
I WI SCI 

+GALBRAITH, KYC lA, LEONT IC ,PH ILL IPS, 
V BARGER, D CLINE 

+ . (8NL) 

F N DIKMEN 

PAPERS NOT REFERRED TO IN DATA CARDS 

I WI SCI 
CHICHI 

KDRMANYO 67 PR 164 1661 
DOLEN 68 PR 166 1768 

KCRMANYOS, KRISCH, OFALLON, + 
R DOLEN, .D HORN, C SCHMID 

IMICH,ANLI P 
ICITJ 

................ ********* ••••••••• ········* ••••••••••••••••••••••••••. ...... ......... .......... ......... ......... .......... .......... ·•······ 

3245.0 

74 N• /213245, JP:: PRODUCT ION EX PERl MENTS 

EXISTENCE NOT CONCLUSIVELY ESTABLISHED. I-SPIN 
NOT DETERMINED, BUT THE NARROW WIOfH PRECLUDES 
IDENTIFICATION WITH THE N*3/2f32301. 
OMITTED FROM TABLE. 

74 N* /2C3245J MASS IMEVI IPROD. EXP.J 

10.0 KORMANYOS 67 CNTR PI-P 180 DEG EL 

74 N* /2132-45) WIDTH (MEY.I I PROD. EXP. I 

135.01 OR LESS KORMANVOS 67 CNTR 

----- ------- -------- ------- _____ ..:. __ ---- --------- --~---

Pl 

74 N* /213245) PARTIAL DECAY MODES IPRQO. EXP.I 

N* /2132451 INTO PI N 
DECAY MASSES 

139+ 938 

74 N* /2132451 BRANCHING RATIOS {PROD. EXP.I 

Rl N• /2132451 INTO (PI NI/TOTAL IPll 
R1 J IS NOT KNOWN. FOLLOWING IS IJ+1/21*1PI NI/TOTAL 
R1 10.371 KORMANYOS 67 CNTR 

••••••••••••••••••••••••••••••••• ********* ........................... . 

REFERENCES FOR N• /2132451 CPROO. EXP.I 

KORMANYO 67 PR 164 1661 KORMANYO$, KRISCH, OFALLON, + I MICH,ANL I P 

................... ., ................................................ * ................ ········* ......•...•...........•......•.............. 

3690.0 

50.0 

75 N*1/213690, JPc I 1=112- PRODUCTION EXPERIMENTS 

A BUMP SEEN IN THE INVARIANT HASS OF A VERY COMPLI
CATED STATE IN + SEVEN PISI, SO AS EVIDENCE FOR 
A NEW RESONANCE IT IS NOT CONCLUSIVE. NOT INCLUDED 
IN TABLE. 

75 N*l/2136901 MASS IMEVI IPROD. EXP.I 

10.0 BARTKE 67 HBC + PI+P 8 PRONGS 

75 N*l/2136901 WIDTH IMEYI IPROD. EXP.J 

30.0 BARTKE 67 HBC + 

75 N*1/2136901 PARTIAL DECAY. MODES (PROD. EXP.J 

DECAY MASSES 
P1 N*l/213690) INTO N + 7 PIS 

•••••• ********* ••••••••• ********* ********* ••••••*** ****••er•• •••••••• 

REFERENCES FOR N*l/Zf36901 (PROD. EXP.I 

BARTKE 67 PL 248 118 +CZYZEWSKI, DANYSZ ,+ ICRACOW,0RSAYJ I 

"'*. ... • •• ........ • ••••• *•. ••••••••• ••••••••• •••••• ••• ········* *••••••• ................................................................ ., ... 

Pl 

76 N. /213755, JP:: PRODUCTION EXPERIMENTS 

A SMALL PEAK IN THE IP P PBARI INVARIANT MASS FftOM 
8.4 BEV/C PI+ P TO PI+ P P PBAR EVENT.S. AS EVIDENCE 
FOR /J NEW RESONANCE IT IS NOT CONCLUSIVE. OMITTED 
FROM 'TABLE. 

76 N* /2(37551 MASS IMEVI IPROO. EXP.J 

3755.0 8.o · EHRLICH 68 HBC + Pt+ P P PBAR 

76 N* /2C37551 WIOfH IMEVI IPROO. EXP.I 

20.0 EHRLICH 68 HSi: + 

76 N* /2137551 PARTIAL DECAY MODES IPROD. EXP.J 

N* /2137551 INTO PI+ P P PSAR 
DECAY MASSES 

139• 938+ 938+ 938 

•••••••*• •••••**** ********* ********* ............................. . 

6/68 

6/68 

6/68 

8/67 

8/67 

6/68 

6/68 



Baryons 
N?(3755), A(1232) 

REFERENCES FOR No /2137551 (PROD. EXP.I 

EHRLICH 68 PRL 20 686 R EHRLICHtR J PLANO,J B WHITTAKER IRUTGERSJ 

****** ********* ooco•••••• ********* ********* ********* ••••••••• ****It<*** •••••••••••••••••••••••••••••••••••••••••• ***"'***** ••••••••• ******** 

S=O 1=3/2 NUCLEON STATES (A) 
****** ••••••••• ********* •••••• *** *****•••o ********* ********* •••••••• ****** ********* ********* ********* OC<C<OOOOOO ********* 000000000 00000*00 

I A( 1232) I 33 N*3/2(1232. JP=3/2+1 1•3/2 I P331 
THE EXISTENCE OF THIS RESONANCE IS WEll ESTABLISHED. 
SEE CARTER 11 AND CARTER 13 FOR PI N CROSS-SECTION 
DATA IN THIS REGION. 

33 N•3/2(12321 MASS IMEV) 

( 1234.1 ROPER 65 DPWA ++0 PHA:iE SHIFT AN. 
(1235.1 ALMEHEO 72 JPWA 
11243.31 (1241.71 CHENG 73 FIT CARTER 11 

THE HiD ENTRIES ARE FROM TWO DIFFERENT PARAMETRIZATION$ Of THE 
RESONANCE CONTRIBUTUION TO THE P33 PHASE SHIFT. 

C 1230.4) TSCHANG 73 FIT CARTER11 P33 
11231. I AVEC 76 I PWA 

M++ 1236.0 0.55 OLSSON . 65 RVUE ++TOTAL-SIGMA DATA 
M++ 1231.0 1.5 CARTER 71 MPWA ++ PI+P SIG. TOTAL 
M++ 1231.1 .2 CARTER 73 IPWA ++PI N 88-310 MEV 
M++ EXPERIMENTAL QUANTITY-SEE CARTER73 FOR COULOMB BARRIER CORRECTIONS 
M++ EXPERIMENTAL QUANTITY-SEE CARTER71 FOR COULOMB BARRIER CORRECTIONS 
M++ • • • • • • • • • 
M++ AVERAGE MEANINGLESS CSCALE fACTOR :c 8.41 

M+ 
M+ 
M+ 

(1231.81 
1230.6 

Cl231. 71 
1.8 

BERENDS 
CRAWFORD 
BARBOUR 

MO 1236.45 0.65 OLSSON 

75 IPWA + 
75 OPWA 
76 DPWA 

65 RVUE 0 

GAM P TO PI NUC 
PI N PHOTQ-PROD 
PI N PHOTQ-PROD 

2/72 
2/74 
2/74 
2/74 
1/74 

11177• 

1174 
"9/73 
9/73 
1174 

4/75 
1176 
l/76 

MO 1232.9 0.6 CARTER 11 MPWA 0 PI-P SIG. TOTAL 1171 

:g AVERAGE· MEANINGleSs·' ScAt E FACToR .. 4.oJ 

33 N*312U232) WIDTH CMEVI 

65 OPWA ++0 PHASE SHIFT AN. (120.) 
( 129.1 

ROPER 
ALMEHEO 
CHENG 
TSCHANG 
AYEO 

72 I PWA 2/72 
1152.21 ( 145.81 73 FIT CARTER 71 2/74 
c 120.1 73 FIT CARTER1l P33 1/74 
( 109.1 76 IPWA 11/77* 

65 RYUE ++ W++ 120.0 2.0 
W++ 111.1 1.B 

OLSSON 
CARTER 
CARTER 

11 MPWA ++ PI+P SIG. TOTAL 1/74 
W++ 111.5 .4 73 IPWA ++ PI N 88-310 MEV 9/73 
W++ • 
W++ AVERA~E MEANINGLESS CSCAlE FACTOR = 1.0) 

W+ 
W+ 

120.2 
Ul7.41 

3.9 CRAWFORD 
BARBOUR 

WO 119.6 2.4 OLSSON 
WO 114.7 3.0 CARTER 
WD 
WO AVERAGE MEANINGLESS CSCALE FACTOR :c 1.31 

75 OPWA 
76 OPWA 

65 RVUE 
71 MPWA 

D 

PI N PHOTD-PROO 
P_I N PHOTQ-PROO 

0 PI-P SIG TOT. 

33 CN*OI - IN*++I MASS "DIFFERENCE CMElJI 

wo 
WD 

R (0.451 CO.B51 OLSSON 
2 1.3 1.9 CARTER 
1 1.4 .4 CARTER 

REDUNDANT WITH DATA IN MASS LISTING. 

AYERAGE.MEANINGlESs·cScALE FACTOR= 1.01 

65 RYUE 
71 MPWA ++ Pl+-P SJG. TOTAL 
73 IPWA PI N BB-310 MEV 

33 CN*OI-fN*++I WIDTH DIFFERENCE OlEYl 

6.5 
10.3 

2.2 
1.3 

CARTER 
CARTER 

7l MPWA ++ PI+-P SIG. TOTAL 
73 IPWA PI N BB-310 MEV 

33 N*3/2Cl2321 REAL PART OF POLE POSITIONCMEYI 

1176 
1/76 

1171 

1/74 
9/73 

9/73 

l/74 
9113 

REE M fl214.J MICHAEL 67 2/74 
REE 11211.1 BALL 72 2/73 
REE p 1211.6 0.7 POG 72 FIT DELTA 33 2173 
REE 3 C1210.71 C1210.7) CHENG 73 FIT CARTER 71 2174 
REE 1214.5 10. NOGOVA 73 FIT ALMEHED72 2174 
REE 11213.1 SPEARMAN 74 FIT ZERO TRJCTRY 4/75 
REE FIT INCLUDES OlSSON 65 PARAMETERS PLUS SCATTERING LENGTH PLUS 6 
REE PHASE SHIFT VALUES FOR TPJe120 TO 492 HEY. 
REE ERROR EST. FROM FITS WITH SOMEWHAT VARYING ASSUMPTIONS 

:~~ AVERAGE· MEA~uNGLESs ·,ScALe FACTOR = t.oJ 

R++ 1211.5 .6 BALL 75 ++ FIT CARTER 73 
R++ 1210.9 .8 LJCHTENB 75 ++ FIT CARTER 73 
R++ 1209.6 .5 VASAN 76 ++ FIT CARTER 73 
R++ FROM FITS TO COULOMB CORRECTED CARTER 73 PHASE SHIFT. 
R++ C1210.5JTOl12lO.BI VASAN 76 ++FIT CARTER 73 
R++ FROM FITS TO UNCORRECTED tARTER 73 PHASE SHIFT • 
R++ • • • • • • • • • 
R++ AVERAGE MEANINGLESS (SCALE FACTOR = 1.81 

RE+ 12QB. 

REO U I 12ll.61 
kEO 1210.9 
RED 1210.75 
REO I 1210.21 

z. 

1.4 
.6 

REO •• • • • • • • • 

CAMPBELL 76 

BALL 75 
LICHTENB 75 
YASAN 76 
VASAN 76 

REO AVERAGE MEANINGLESS CSCALE FACTOR "' 1.01 

+ FIT PHOTG-PROD 

0 FIT CARTER 73 
0 FIT CARTER 73 
0 FIT CARTER 73 
0 fIT CARTER 13 

11175 
11/75 

1176 
1/76 
1/16 
1/76 

2117• 

11/75 
11/75 

1176 
1176 

182 

Data Card Listings 
For notation, see key at front of Listings. 

33 N*3/211232J IMAG PART OF POLE POSITJONIMEVI 

JME M 
!ME 
IME P 
IME 3 
!ME 
!ME 
!ME 

(52.1 
t50. I 
49.5 

ISO. 7) 

48.6 
149.) 

1.8 
(50.61 

5. 

MICHAEL 67 
BALL 72 
POG 72 
CHENG 73 
NOGOVA 73 
SPEARMAN 74 

IME AVERAGE HEANINGLESS I SCALE FACTOR ., 1.01 

I++ 
I++ 
I++ 
I++ 

50.1 .6 
49.6 .75 
50.4 .5 

I49.9ITO (50 .. 01 
1++ ••••••••• 

BALl 75 
LICHTENB 75 
VASAN 76 
YASAN 76 

I++ AVERAGE MEANINGLESS (SCALE FACTOR"' 1.01 

IM+ 53. 2. 

IMO U 153.01 
IMO U 53.25 1. 75 
IMO C 52.8 .6 
IMO U t52.9JTO 153.11 
IMO • • • • • • • • • 
IMO AVERAGE MEANINGLESS CSCALE FACTOR 

CAMPBELL 76 

BALL 75 
LICHTENB 75 
VASAN 76 
YASAN 76 

"' 1.0) 

FIT DELTA 33 
FIT CARTER 71 
FIT ALMEHED72 
FIT ZERO TRJCTRY 

++ FIT CARTER 73 
++ FIT CARTER 73 
++ FIT CARTER 1"3 
++ FIT CARTER 73 

+ FIT PHOTO-PROD 

0 FIT CARTER 73 
0 FIT CARTER 73 
0 FIT CARTER 73 
0 FIT CARTER 73 

33 N*3/2( 12321 ABSOLUTE VALUE OF POLE RESIDUE IMElJI 

ASS ... 
A++ 

ABO C 
ABO U 

153.1 

C52.41TO C53.2J 
152.11 TO C 52.41 

154.BITO 155.01 
155.2)TO (55.3) 

BALL 

YASAN 
VA SAN 

VA SAN 
VAS AN 

73 

76 
76 

76 
76 

FIT DELTA 33 

++ FIT CARTER 73 
++ FIT CARTER 73 

++ FIT CARTER 73 
++ FIT CARTER 73 

33 N*312Cl232J PHASE OF POLE RESIDUE IRAOIANSJ 

PH 

P++ 
P++. 

PHD 
PHD 

P1 
PZ 
P3 
P4 
P5 

c-.au 

I-.822HO -.B33 
c-.B23HO -.830 

I-.840JTO -.847 
I-.B4BITO -.B56 

BALL 

VASAN 
VASAN 

VA SAN 
VA SAN 

73 

76 
76 

76 
76 

33 N*3/2112321 PARTIAL DECAY MODES 

N~3/2112321 INTO N PI 
N•li2Cl2321 INTO N GAMMA 
N*3/211232J INTO N PI PI 
N*3/2Cl232) INTO GAM NUCLEON, HELICITY=1/2 
N*3/2UZ321 INTO GAM NUCLEON, HELICITY=3/2 

33 N*3/2Cl2321 BRANCHING RATIOS 

R1 N*3/2tl2321 INTO IN GAMMA1/lN PJI CPERCENTJ 

FIT DELTA 33 

++ FIT CARTER 73 
++ FIT CARTER 73 

++ FIT CARTER 73 
++ FIT CARTER 13 

DECAY MASSES 
938+ 139 
93B+ 0 
93B+ 139+ 139 

0+ 93B 
0+ 938 

CP2JttPU 

2/74 
2/73 
2173 
2/14 
2/74 
4175 

11/75 
11/75 

1176 
1/76 

2177• 

11/75 
11175 
1/76 
1176 

9/73 

l/76 
1/76 

1176 
1/76 

9/73 

1/76 
1176 

1176 
1/76 

R1 0.55 0.02 DALITZ 66 RVUE 
R1 0.53 0.025 BERENDS 71 IPWA 

7/68 
PHOTOPROD. ANAL. 10171 

:t AYERAGE.MEANINGleSs•tSciLE FACTOR= 1.01 

N*3/2(123210 INTO IN PJJ/TDTAL CPU R2 
R2 
R2 

C .991 CARTER 71 MPWA ++ PI+-P SIG. TOTAL 1174 
11.1 AYEO 76 IPWA 11177• 

33 N*3121 1232) PHOTON DECAY AMPLCGEY**-1/21 

FOR DEFINITION OF GAMMA-NUCLEON DECA"Y AMPLITUDES, SEE MINI
REVIEW PRECEDING THE BARYON LISTINGS. 

A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
Al 
A1 

N*3/2112321 INTO GAM NUCLEON, HELICIT"Y,.l/2 IGEY**-1121 
-.144 .014 
-.142 .006 
-.138 .004 
-.140 .006 
-.142 .001 
-.130 .002 

c-.1391 
c-.1291 
-.141 .004 

A1 • • • • • • • • • 

OEVENISH 73 DPWA PI N PHOTO PROD 
MOORHOUS 7l OPWA PI N PHOTD-PROO 
KNIES 74 DPWA PI N PHOTO PROD 
METCALF 74 OPWA PI N PHOTD-PROD 
MOORHOUS 74 OPWA PI N PHOTG-PROO 
CRAWFORD 75 OPWA PI N PHOTD-PROD 
KRIYETS 75 OPWA PI-N PHOTG-PROO 
BARBOUR 76 DPWA PI N PHOTD-PROO 
FELLER 76 OPWA PI N PHOTD-PROO 

AI AVERAGE MEANINGLESS I SCALE FACTOR "" 2.41 

AZ 
A2 
AZ 
A2 
A2 
A2 
A2 
A2 
A2 
A2 

N*3/2( 12321 INTO GAM NUCLEONt HELICIT'I=3/2 I GEV**-112 I 
. -.262 .015 

-.259 .016 
-.253 .002 
-.254 .007 
-.261 .001 
-.24B .002 

(-.2531 
c-.2511 
-.256 .003 

A2 • • • • • • • • • 

DEY ENI SH 73 DPWA PI N PHOTO PROD 
MOORHOUS 73 DPNA PI N PHOTD-PROD 
KNJES 74 DPWA PI N PHOTO PROD 
METCALF 74 DPWA PI N PHOTQ-PROO 
MOORHOUS 71t DPWA PI N PHOTQ-PROO 

"CRAWFORD 75 DPWA PI N PHOTD-PROO 
KRIYETS 75 OPWA PI-N PHOTD-PROO 
BARBOUR 76 OPWA PI N PHOTQ-PROD 
FELLER 76 DPWA PI N PHOTD-_PROO 

A2 AVERAGE MEANINGLESS CSCALE FACTOR"" 3.71 

.................................................................... 
REfERENCES FOR N*3/2112321 

OLSSCIN 65 PRL 14 118 
ROPEF. 65 PR 138 Bl90 

M G OLSSON CWISCI 
L D ROPER, R M WRIGHT, B T FELD ILRL+MITIIJP 

DALITZ 66 PR 146 1180 DALITZ,SUTHERLAND IOXfOROI. 
CONTAINS REFERENCES TO EARLIER WORK ON DELTA PHOTOPRODUCTION. 

MICHAEL 
BERENDS 
CARTER 

67 PR 150 1677 
11 NP B30 575 
71 NP B26 445 

MICHAEL CRHEU IJP 
+MEAYER CCEA,MIT,TUFTI 
+WILLIAMS, BUGG, BUSSEY, DANCE ICAVEtRHELI 

2/74 
2/73 
2174 
2/74 
2/74 
1/76 
1178* 
1/76 
2177* 

2/74 
2173 
2174 
2174 
2174 
1176 
1178* 
1/76 
2177• 



(' u 

Data Card Listings 

0 6 6 

183 

For notation, see key at front of Listings. 
Baryons 

d(l232), a(155o) 

ALMEHED 72 NP 840 157 
BAll 12 PRl 28 1143 
PDG 72 Pl 398 103 
BALL 73 PRO 7 2789 
CARTER 73 NP 858 378 
CHENG 73 PRO 1 2249 
OEVENISH 13 PL 478 53 
HOORHOUS 73 Pl 438 44 
NOGOVA 13 NP 861 445 

AlSO 73 NP 861 438 
ALSC 73 NP 865 544 

T SCHANG 73 NP 859 445 

KNIES 74 PRO 9 2680 
METCALF 74 NP 876 253 
MOORHOUS 74 PRO 9 1 
SPEARMAN 74 PRO 10 1660 

BALL 75 PRO 11 1171 
BERENDS 75 NP 884 342 
CRAWFORD 75 NP 897 125 
KRIVETS 75 SJNP 20 430 

ALSO 74 SJNP 19 112 
LICHTENB 75 LNC 12 616 

A 'I' EO 
BARBOUR 
CAMPBELL 
FELLER 
VAS AN 

ALSO 

76 CEA-N-1921 
76 NP 8111 358 
76 PRO 14 2431 
76 NP 8104 219 
76 NP 8106 535 
76 NP 8106 526 

ODNNACHl 68 Pl 268 161 
FONDA 13 PRO 8 353 
HENVEY 74 PR 09 302 
OLSSON 74 LNC 10 333 
PFEIL 74 NP 873 166 
SUZUKI 74 NP 868 413 

GANENKO 
NIGRO 
GANENKOl 
GANENK02 
ZABEV 

75 SJNP 22 522 
15 NP 884 201 
76 SJNP 24 284 
76 SJNP 24 594 
76 SJNP 21t 70 

+LOVELACE tlUNOtRUTGIIJP 
+CAMPSELL,LEE,SHAW IUTAH,BOIS,UCI I 
SOOJNG t BARTELS,+ (DE SY+LBL +BRAN+CERN+HE LSI I J p 
BALL 1LEE, SHAW I UT AH+UCJ J I JP 
CARTERtBUGG,CARTER ICAVENOISH+QUEEN MARY IIJP 
CHENG,LICHTENBERG I lNOJ IJP 
OEVENISHrRANK I N1l YTH I LOUC+BONN+LANC I IJP 
MOORHOUSE 1 OBERLACK IGLAS+l Bll IJP 
NOGOVA1PISUT(IP SLOVAK ACAO SCI.CONENIUS UIJJP 
NOGOVA,PISUT+IIP SLOVK ACAD SCI,COMENIUS UIIJP 
NDGOVAtPISUT+I IP SLOVK ACAO SCI 1COMENIUS Ul IJP 
TSCHANG, PARK IN SON C FLOR+GAINESVl LLE I IJP 

KNIES ,MOORHOUSE, OBERLACK I LBL, GLAS I IJP 
W J METCALFrR L WALKER ICITJIJP 
MOORHOUS E,OBERLACK, ROSENFELD ( GLAS+LBL I IJP 
T D SPEARMAN (TRINITY COLLEGE,DUBLINI 

IUTAHJ IJP J S BALl ,R L GOBLE 
BERENDS 1 OONNACHIE 
R L CRAWFORD 

ILEID1MCHSJ 

+M I ROSHNICHENKO,N JK IFOROV, SANI N+ 
KR I VETS, NIKIFOROV 1 SANI N ,SHALATSK I I 
D B ,LICHTENBERG 

IGLASIIJP 
IKIEVHJP 
IKIEVIIJP 

t INDI IJP 

AYED ITHESISI (SACLI IJP 
I. M. BARBOUR,R. L. CRAWFORD fGLASJIJP 
CAMPBELL ,SHAW ,BAll I 801 S+UC I +UTAH 11 JP 
+FUKUSHI MA,HORI KAWA, KAJ IKAWA+t NAGOYA+OSAKA I IJP 
S. S. VASAN (CARN11JP 
S. S. VASAN ICARNIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

DONNACHI E, LOVELACE, Kl RSOPP I CERN I 
FONDA, GH IRAROI 1 SHAW (I CTP-TR IE STE+ TRS T I lJ P 
HENYEYtKANE OHCHIIJP 
OLSSON tcERNI IJP 
PFEIl tROLLN IK, STANKOWSKI (BONN I 
SUZUKI,KUROKAWA1KONOO HOKYOI 

+KRIVETS,MIROSHNJCHENKO,NIKIFOROV+ IKIEV1 IJP 
N IGRQ, SP I LLANTI NI 1 VALENTE I PADO, FRAS I 
+KR I VETS ,MifiOSHNICH ENKO, Nl KI FOROV+ ( Kl EV I IJP 
+GORBENKO, KR I VETS 1 KOLESNIKOV+ I KIEV I IJP 
ZASEV, KUZNET SOY 1 S TUKOV ITMSK 1 IJP 

**•••• .............................................................. . ....................................................................... 
1232 MEV REGION - PRODUCTION EXPERIMENTS 

M++ 
M++ 
M++ 
M++ 
M++ 
M++ 
M++ 
M++ 
M++ 
M++ 
M++ 
M++ 
M++ 
M++ 

1217. 
1227.0 

AVG 1222.,7 
STUOENT1222. 7 

11232.01 
( 1236.01 
11233 .. 4) 
Cl221t.OI 
1236.0 
1226.0 
1222.0 
1226.0 

( 1231.1 
1219. 
1213. 

11224.) 
1224. TO 

M++ AVG 1226.3 
H++ STUDENT1225.3 

81 N03/211232, JP,3/2+) Jc3/2 PRODUCT JON EXPERIMENTS 

SEE THE MINI-REVIEW PRECEDING THE N AND DELTA LISTINGS 
FOR A DISCUSSION OF PRODUCTION EXPERIMENTS. 

81 N•312(1232l MASS CMEVJ IPROD .. EXP.J .. 
7.0 

ANDERSON 70 MMS - PI- P TO PI;_ HMS 2/71 
ELLIS 71 CNTR HMS PP 3. 7 GEV/C 10/71 

5.3 
5.9 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENT10tH/1.11J - SE'E MAIN TEXT 

(6.0) 

(4.4) 
12.0) 

2.0 
2.0 
3.0 
2.0 

(3.1 
5. 
3. 
5. TO 10. 

1228. 

FERRG-LUZ 65 HBC ++ K+P TO KO P PI+ 
DEANS 66 RVUE ++ P l+P TOTAL 
GIDAL 66 DBC ++ 0 0 TO NN!NNJ PI 
HABER 70 OBC K-D TO 4 BOO(PJ 
COLTON 72 HBC ++ PP TO Pl+PN 7GEV 
COLTON 72 HBC ++ TO PI+PJ-PP 
COLTON 72 HBC ++ TO PI+PI-PIOPP 
COLTON 72 HBC ++ TO PI+PI-Pl-PN 
lEWIS 73 H8C ++ K+ P TO K P 2PI 
LICHTMAN 74 HBC ++ PI+P TO 3Pl P 
LICHTMAN 74 HBC ++ PI-P· TO 3Pl P 
BRAUN2 75 BC PBAR P AND 0,5. 7 
ATHERTON 76 HBC PBAR P 5. 7 GEV 

3.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 3.1) 

1/66 
7/66 
1/10 
1173 
1173 
1/13 
l/73 
1/76 
4/75 
4/75 

11175 
2171• 

1.4 AVERAGE USING STUDENTlO(H/1.11) -- SEE MAIN TEXT 

M+ 
M+ 
M+ 

1224. TO 1230. BRAUN! 75 HBC PBAR P 5. 7 GEV 11/75 
1256. 15. APPLE 71 SPEC + P P TO P IN Pl+J 1/78* 

NOT SEEN IN P P TO P CP PJOJ. 1178* 

MO 
MO 
MO 

M
M-

1231. 
(1230.1 
c 1220.1 

( 1241.31 
1239.0 

7.9 

115. 
w 105.0 
w lltl. 
w 
W AVG 115.2 
W STUDENT 114.5 

W++ ... ... 
W++ ... ... 
W++ 
W++ 
W++ 

( 125.0) 
1121.01 

.(124.01 
1120.01 

115 .. 0 
127.0 
122.0 
106.0 

(146. I 

II. OOPCEX 4/75 
PBAR P 5.7 GEV 11175 

5. TO 10. 

COOPER 
BRAUN! 
BRAUN2 

74 HBC 
75 HBC 
75 BC PBAR P AND D,5.7 11/75 

15.1) 
5.0 

GIDAL 
COL TON 

66 osc -
72 HBC - TO PI+PI-PI-PN 

7/66 
1/73 

81 CN*-1 - IN*++) MASS DIFFERENCE IMEVJ IPRCO. EXP.J ... GIOAL 66 OBC 

81 N*3/211232J WIDTH CME:VJ IPROD. EXP.) 

5. 
7.0 

II. 

7.5 ... 
(30.01 

( 14.01 
18.01 
6.0 
5.0 
9.0 
7.0 

110.1 

ANDERSON 
ELLIS 
MUSGRAVE 

70 HMS -
71 CNTR 
75 HBC 

PI- P TO PI- MMS 2/71 
MMS PP 3. 7 GEV/C 10/71 
K+ P TO K PI N 11175 

AVERAGE CERROR INCLUDES SCALE FACTOR OF 2.0) 
AVERAGE USING STUDENT101H/1.1U - SEE MAIN TEXT 

FERRD-LUZ 65 HBC ++ 
DEANS 66 RVUE ++ l/66 
GIOAL 66 D8C 7166 
HABER 70 OBC K-0 TO 4 BOOCPI 7170 
COLTON 72 HBC ++ PP TO PI+PN 7GEV 1/73 
COLTON 72 HBC ++ TO PI+PI-PP 1/73 
COl TON 72 HBC ++ TO PI+PI-PIOPP 1173 
COL TON 72 HBC ++ TO Pl+PI-PI-PN 1/73 
LEWIS 73 HBC ++ K+ P TO K P 2PI 1/16 

W++ 
W++ 
W++ ... 
W++ 

166. 
134. 

1110.) 

... 
7. 

LICHTMAN 
LICHTMAN 
BRAUN2 
ATHERTON 

74 HBC 
74 HBC 
75 BC 
76 HBC 

++ PI+P TO 3PI P 4175 
++ PI-P TO 3Pl P 4175 

10. TO 20. 
113. 

PBAR P AND 0,5.7 11/75 
96. TO PBAR P .5. 7 GEV 2177* 

W++ AVG 123.2 
W++ STUDENT 123.3 

5. 7 
3.7 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 2.01 
AVERAGE USING STUDENTIOCH/1.111 -- SEE MAIN TEXT 

W+ 110. TO 130. 
60o 

BRAUN! 
APPLE 

75 HBC PBAR P 5. 7 GEV 11/75 
W+ 20. 20o 77 SPEC + P P TO P (N Pl+J 1/780 

wo 109. 32. 25. COOPER 
BRAUN I 
.BRAUN2 

74 HBC 
75 HBC 
75 BC 

OOPCEX 4175 
wo (120.1 PBAR P 5. 7 GEV 11/75 
wo {120.) 10. TO 20. PBAR P AND D,5.7 11/75 

w- H49.oJ 
w- 237.0 

(18.0) 
22.0 

GlOAt 
COL TON 

66 OBC -
72 HBC - TO PI+PI-PI-PN 

.................................. ······•c.• *•••••••• ................... . 
FERRG-LU 65 NC 36 1101 
DEANS 66 PREPRINT 
GIDAL 66 PR 141 1261 

ANDERSON 70 PRL 2 5 699 
HABER 70 NP 17B 289 
ELLIS 71 PRL 27 442 
COl TCN 72 PR 06 '35 
LEWIS 73 NP 860 283 

COOPER 74 NP B79 259 
L JCHTMAN 74 NP 881 31 

8RAUN1 75 NP B95 481 
8RAUN2 75 NP B95 503 
MUSGRAVE 75 NP BS7 365 

ATkERTON 76 NP 8103 381 
APPLE 77 LNC 18 167 

ALEXANDE 73 NP B52 221 
BEAUPRE 73 NP B66 93 
BERLAND 74 NP 875 93 

ALSO 71t PL SIB 187 
ATHERTON 75 NC 30A 505 
STRACHMA 75 NP B98 120 

REFERENCES FOR N*l/2112321 CPROO. EXP.J 

fERRO-LUZZI,GEORGEt + 
S R DEANS, W G HOLLADAY 
G GIOAL, A KERNAN, S KIM 

ICERNI 
CVANDERBILTI 

(LRLJ 

+BLESER, 8ll EDEN, COLliNS++ ( BNL, CARNJ 
+SHAPIRA,MERRILL,MONARJ++ CSABRE COLLJ 
+MAGLICH ,NOREM, SANNES, SILVERMAN t RUTG I 
E COL TON, A KIRSCHBAUM (LBU 
+AllEN, JACOBSt OANYSZ, I SLAM+ {lOWC+LOIC+COEF I 

COOPER, SE IOL, VANDER VELOE C MICH I 
LICHTMAN 1 BI SWAS,CASON, KENNEY, MCGAHAN+ I NOAM 1 I 

+GERBER, MAURER, M ICHALON, SCHI BY+ ( STRB, LPNP 11 
+GERBER, MAURER, MICHALON, SCHI BY+ { STRB 1 LPNP 11 
+PEETERS, SCRE J NER, WHITMORE, YUT A ( ANL I 

ATHER TON, FRENCH, SKURA, BOHM+ 
+ASH, CHENG, COYNE, GROSSMAN+ 

( CERN+PRAG I I 
(PRIN+PAVJAI 

PAPERS NOT REFERRED TO IN DATA CARDS 

ALE XANOER 1 SENARY+ (TEL-AVIV +H El DEL B ERG+OE SY I 
I AACH+8ERL +BONN+CERN+NDAM+PENN+ TOHO J I 

BERLAND 1 HABERt HOOOUS, HULSIZER,+ t MIt I I 
BERLAND,HA8ERt HODOUS, HULSI ZI:R, + I MIT I I 
ATHERTON 1 BAR-Nl R, FRENCH, SKURA+ ( CERN+PRAG I I 
STRACHMANt BRAUN, GERBER, MAURER+ ( LPNP+STRB I 1 ............... ········· ............................................ . 

.... u .................................................................. . 

I d( 1550) I uo N•3t21l55o. JP•l/2+1. I•3t2 IP:n I 
) 

110 N*3/21l550J MASS (MEVI 

7/66 
1113 

11/71* 

11/770 

11550.1 LONGACRE 17 IPWA PI N TO 2:PI N 11/77* 
ALL LONGACRE17 PARAMETERS ARE FROM SOL UTI ON S2t EXCEPT FOR THE POLE 11/77* 
POSITION WHICH IS FROM SOLUTIONS S1 AND Cl.. 11/77* 

110 N*3/2Cl5501 WIDTH CMEVI 

{ 110.) LONGACRE 77 I PWA PINT02PIN. 11177• 

110 N•3/211550J REAL PART OF P_OLE POSITION IMEVI 11/77* 

RE B 1554. OR 1553. LONGACRE 17 IPWA PI N TO 2PI N 11/77* ' 

110 N*3/21 1550) 20IMAG PART OF POLE POSITION CMEVI 11/77* 

IM 8 105. OR 104. LONGACRE 77 IPWA PI N TO 2PI N 11177• 

110 N*3/21 15501 PAPTIAL DECAY MODES 11177* 

DECAY MASSES 
,Pl 
P2 
P3 

N*3/2C15501 INTO PI N 
N*3/2C15501 INTO N*3/2f12321 PI 
N03/2C15501 INTO N RHD,S=3/2 

110 N~3/2115501 BRANCHING RATIOS 

139+ 938 
1232+ 139 

938+ 716 

Rl N*3/21155DI FROM PI N TO N*3/2'112321 PI SQRTIP1*P21 
R1 8 1+.11J LONGACRE 77 IPWA PI N TO 2Pl N 

R2 N*3/2CI5501 FROM PI N TO N RHO,S:c:3/2 $QRTIP1*P31 
R2 8 1+.081 LONGACRE 77 IPWA PI N TO 2PI N 

•••••• ······~·· ~····· ••.••••••...••••••••• ······~·· ···!Co····· •..•••.• 
LONGACRE 77 NP 8122 493 

ALSO 76 NP 8108 365 

REFERENCES FOR N*3/2115501 

LONGACRE ,DOL &EAU 
DOL BEAU, TR I ANT IS 1 NE VEUt CADI ET 

ISACLIIJP 
ISACLIIJP 

• •••••••••••••• ••••••*** ............................................ . .................................................................... 

11171• 

ll/77• 
11/71* 

11177* 
11177* 



Baryons 
A(1650), A(1670) 

la(165o)l BZ N•3/2U650, JP=l/2-J 1=3/2 

THE EXISTENCE OF THIS RESONANCE IS WELL ESTABliSHED. 

--- ---- ----- -------- ------ -~--- -------- _,__ ____ _ 
82 N*3/2Cl650) MASS (MEV) 

M 11648.01 112.01 DEVLIN 65 CNTR PI+- P TOTAL 
M 1 (1695.01 BAREYRE 68 RVUE PHASE-SHIFT ANAL 
M 1 WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 

3 (1635.0) DONNACHl 68 RVUE PHASE-SHIFT ANAL 
6 ( 1614.01 AYEO 70 IPWA 
6 ENER. DEP .. FIT OF ARGANO DIAGRAM 
4 11617.01 DAVIES 70 RVUE P-S ANAL SOL A 
1 ( 1620.1 ALMEHEO 72 IPWA· 

M 1622. TO 1688. CRAWFORD 75 OPWA PI N PHOTG-PROO 
M 1625. OR 1600. LONGACRE 75 I PWA PI N TO ZPI N 
M THE 2 SETS OF: PARAMETERS ARE FROM METHODS 1 AND 2 Of LONGACRE 75. 
M U623.1 AVEO 76 IPWA 
M Cl680.) BARBOUR 76 DPWA PI N PHOTD-PROO 
M USSO.I LONGACRE 77 IPWA PI N TO ZPI N 
M ALL LONGACRE17 PARAMETERS ARE FROM SOLUTION sz. EXCEPT FOR THE POLE 

POSITION WHICH IS FROM SO~UTIONS S1 AND Cl. 

82 N•312tl6501 WIDTH (MEV) 

(250.01 BAR EYRE 68 RVUE 
{177.01 DONNACHI 68 RVUE 

w U42.01 AYEO 70 I PWA 

w 1141.01 DAVIES 70 RVUE P-S ANAL SOL A 
w I 140. I ALMEHEO 72 IPWA 
w 125. TO 214. CRAWFORD 75 DPWA PI N PHOTG-PROD 
w l' 160. OR 150. LONGACRE 75 I PWA PI N TO ZPI N 
w 

RE 
RE 8 

IM 
IM 8 

Pl 
P2 
P3 
P4 
P5 
P6 
P7 

Rl 
Rl 
Rl •• Rl 
Rl 

R2 
R2 l 
R2 8 
R2 8 

R3 
R3 l 
R3 8 

I 161.) AYEO 76 I PWA 
1246.) BARBOUR 76 DPWA PI N PHOTQ-PRDD 
(120.) LONGACRE 11 IPWA PI N TO 2PJ N 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

82 N*3/2116501 REAL PART OF POLE POSITION OlEYl 

11583.1 
1575. OR 1572. 

LONGACRE 75 IPWA 
LONGACRE 77 IPWA 

PI N TO 2PI 
PI N TO 2PI 

82 N*3/2ll6501 2*1MAG PART OF POLE POSITION CMEVI 

1143.1 LONGACRE 75 I PWA 
119. OR 128. LONGACRE 77 I PWA 

82 N*3121l650J PARTIAL DECAY MODES 

N*3/2U6501 INTO PI N 
N*3/Zfl6501 INTO N PI PI 
N*'l/2116501 INTO GAM NUCLEON. HELICITY=l/2 
N*3/211650J INTO N*3/2112321 PI 
N*3/2Cl650J INTO N RHO 
NoC<3/2Cl650J INTO N RHO.S•.112.S-WAVE 
N*3/2Cl6501 INTO N RHO.S=312.D-WAVE 

82 N*3/211650) BRANCHING RATIOS 

N*3/2tl6501 INTO IPI NJITOTAL 
68 RVUE 
70 IPWA 

P 1 N TO ZPI 
PI N TO 2PI 

DECAY MASSES 
139+ 938 
938+ 139+ 139 

0+ 938 
1232+ 13<) 
938+ 176 
938+ 776 
938+ 776 

CPll 
(0.2841 
(0.3171 
10.281 
(0.351 

OONNACHl 
AYEO 
DAVIES 
AU4EHEO 
AYEO 

70 RVUE P-S ANAL SOL A 
72 IPWA 

1.32) 76 I PWA 

N*3/2U6501 FROM PI N TO N*3/2C 12321 PI SQRTIPl*P41 
1+ .. 40IOR +.40 LONGACRE 75 IPWA PI N TO 2PI 
1+.391 LONGACRE 77 IPWA PI N TO 2Pl 

LONGACRE 77 CONSIDER THIS COUPLING TO BE WEll DETERMINED. 

N*3/2ll6501 FROM PI N TON RHO.S=1/2 9 S-WAVE 
1.18JOR -.28 LONGACRE 75 JPWA 

1-.081 LONGACRE 77 IPWA 

SQRHPl*P6J 
PINT02PI 
PINT02PI 

R4 N*3/211650J FROM PI N TO N RHO,S=3/2,D-WAVE SQRHPl*P71 
R4 8 1+.13) LONGACRE 77 IPWA PI N TO 2PI N 

Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 

82 N*3/211650J PHOTON DECAY AHPllGEV**-1/2) 

FOR OEFINIT ION OF GAMMA-NUCLEON DECAY AMPLITUDES. SEE MINI
REVIEW PRECEDING THE BARYON LISTINGS. 

N*3/21l650) INTO GAM NUCLEON, HELICITY=l/2 IGEV**-1/2) 
·.004 .033 DEVENISH 73 DPWA PI N PHOTO PROD 
1.1131 HEMMil 73 + FWD PIO PHTOPROO 
+.090 .076 MOORHOUS ·73 OPWA PI N PHOTD-PROO 
-.10 .011 OEVENJS2 74 OPWA PI N PHOTD-PROO 

.033 .015 KNIES 74 OPWA PI N PHOTO PROD 

.105 .038 METCALF 74 OPWA PI N PHOTD-PROO 

.078 .066 MOORHOUS 74 OPWA PI N PHOTD-PROO 
+.044 .027 CRAWFORD 75 OPWA PI N PHOTD-PROO 

(+.058) KRIVETS 75 OPWA PI-N PHOTD-PROD 
1+.0551 BARBOUR 76 OPWA PI N PHOTO-PROD 

A1 -.005 .016 FELLER 76 OPWA PI N PHOTD-PROO 

!~ AVERAGE· MEANu~GleSs • 1 ScALe FACToR "' 2.91 

11/67 

6/68 
1/71 

8/69 
2172 
1176 

11/75 
11/15 
11177* 

1176 
11171• 
11177* 
11117• 

11/67 
6/68 
1171 
8/69 
2172 
1/76 

11175 
11111• 
1/76 

11111* 

11175 

11175 
11171• 

11175 

11175 
11177• 

/ 

6/68 
1171 
8/69 
2172 

11177* 

11175 
11175 
11177* 

11175 
11175 
11177• 

11177• 
11171• 

2174 
2/74 
2173 
4175 
2174 
2174 
2174 
1/76 
1178* 
1176 
2177"' 

184 

Data Card Listings 
For notation, see key at front of Listings.~ -

DEVLIN 65 PRL 14 1031 

BAREYRE 68 PR 165 1731 
ODNNACH1 68 PL 26B 161 

ALSO 68 VIENNA 139 
ALSO 68 THESIS 

AYEO 70 KIEV CONF 
CAVIES 70 NP B21 359 

ALMEHED 72 NP B40 157 
OEVENISH 73 Pl 478 53 
HEMMil 73 PL 4"38 79 
MOORHOUS 73 Pl 438 44 

OEVENI$2 74 Pl 52B 227 
KNIES 74 PRO 9 2680 
METCALF 14 NP B76 253 
MOC:RHOUS 74 PRO 9 1 

CRAWFORD 75 NP 897 125 
KRIVETS 75 SJNP 20 430 

ALSO 74 SJNP 19 112 
LONGACRE 75 PL 55B 415 

AYEO 76 CEA-N-1921 
BARBOUR 76 NP 8111 358 
FELLER 76 NP 8104 219 
LONGACRE 77 NP B122 lt93 

ALSO 76 NP BlOB 365 

REFERENCES FOR N*312116501 

T J DEVLIN .J SDLOMON.G BERTSCH IPRINCETONJ I 

P BAREYRE. C BRitMAN. G VlllET (SACLAYliJP 
A DONNAC.HlEt R G KIRSOPP. C LOVELACE CCERNIJJP 
OCNNACHIE RAPPORTEUR'S TALK IGLASJ 
R G KIRSOPP I EOINI 

R AYEO• P BAREYRE • G VILLET 
A DAVIES 

tSACLIIJP 
IGLASJ 

+LOVELACE 
DEY EN ISH, RANK I Nt l YTH 
HEMMI t INAGAKI+ 
MOORHOUSE, OBERLACK 

OEVEN I SH 9 l YTH, RANKIN 

ILUNO,RUTGJ IJP 
{ LDUC+BClNN+LANC J 1 JP 

I KYOTO+SAGA+KEK+ TOKY I I JP 
IGLAS+LBLJIJP 

KNIES • MOORHOUSE, OBERLACK 
I DE SY, LANC • BONN) I JP 

ILBL,GLASJIJP 
fCITHJP 

IGLAS+L8L J1JP 
W J METCALF 1 R L WALKER 
MOORHOUSE ,QSERLACKt ROSENFELD 

R l CRAWFORD fGLASJlJP 
+MtROSHNICHENKQ,NlK IFOROV, SANIN+ IKI EV J IJP 
Kf: I VETS, NIK IFOROV, S ANI N. SHALATSK I I I KIEV JIJP 
+ROSENFELOr LAS INSKI , SMAOJA+ ILBL. SLAC I IJP 

AYEO ITHESISI (SACLIIJP 
I. H. BARBOUR,R. L .. CRAWFORD IGLASIIJP 
+FUKUSHIMA 1 HOR IKAWA .KAJ IKAWA+I NAGOYA+OSAKA J IJP 
LONGACRE,ODLBEAU ISACLJIJP 
DOL BEAUt TR I ANT IS. NEVEU, CADI ET I SACL J IJ P 

PAPERS N(IT REFERRED TO IN DATA CARDS. 

CARRUTHE 
DEVLIN 
HELLAND 
BAR EYRE 
JOHNS~ 
DONNACHI 
AYEO 
BOWLER 
DEANS 

60 PRL 4 303 P CARRUTHERS ICORNELLJ 
62 PR 125 690 T J DEVLIN, 8 J MOYER, V PEREZ-MENDEZ ILRU 
64 PR 134 81062 +OEVLINtHAGGEtLONGO,MOYER.WOOO ILRU I 
65 Pl 18 342 + BRitMAN, STIRLING. VlllET CSACLAYIIJP 
67 UCRL-17683 THESIS t H JOHNSON ILRL I 
69 NP lOB 433 A OONNACHJE. R KIRSOPP IGLAS+EOINJ 
70 Pl 31B 598 +BAREYRE.VILLET CSAC.LAYI 
70 NP 118 331 +CASHMORE (U. OXFORD) 
75 NP 896 90 +MITCHELL.MONTGOMERY•+ _CSFLA,ALA8AMAIIJP . .................................................................... . ...... ......... ......... ......... ......... ......... ......... ....... . 

la(1670) I 10 N*3/211670. JP=3/2-I 1=3/2 

THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHED. 

10 N*3/2U670J MASS IMEVJ 

" 11691.0) OONNACHl 68 RVUE PHASE-SHIFT ANAL 
M ENER. OEP. FIT OF AR"GAND DIAGRAM 
M 11649.0) DAVIES 70 RVUE P-S ANAL SOL A 
M 11700. J ALMEHEO 72 IPWA 
M 1612. TO 1624. CRAWFORD 75 OPWA PI N PHOTG-PROD 

" 11600.1 uo.J GAIOOS 75 HBC ++ PI+P TO N* 2PI 
M 1725. OR 1680. LONGACRE 75 I PWA PI N TO 2PI N 
M THE 2 SETS OF PARA,.ETERS ARE FROM METHODS 1 AND 2 OF LONGACRE 75. 

" 11723.) AYEO 76 IPWA 
M 11629.1 BARBOUR 76 OPWA PI N PHOTO-PROD 

" 11600.) LONGACRE 11 IPWA PI N TO 2PI N 

" All LONGACRE17 PARAMETERS ARE FROM SOL UTI ON S2t EXCEPT FOR THE POLE 
M POSITION WHICH IS FROM SOLUTIONS S1 AND Cl. 

--- ------ ------- ----- ----- ---- ----- ----
10 N*3/211670J WIDTH IMEVI 

w 3 (269.0) DONNACHl 68 RVUE 
w 6 (258.0) AYEO 70 IPWA 
w 4 1188.0) DAVIES 70 RVUE SOL A 

7 1260.) ALMEHEO 72 IPWA 
210. TO 268. CRAWFORD 75 OPWA PI N PHOTD-PROO 

( 180.1 (35.) 120.1 GAIOOS 75 H8C ++ PI+P TO N* 2PI 
190. OR 240. LONGACRE 75 JPWA PJNT02PJN 

1192.) AYEO 76 IPWA 
1222.) BARBOUR 76 OPWA PI N PHOTD-PROO 
1200.1 LONGACRE 71 IPWA PI N TO 2PI N 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

8/69 

8/69 
2/72 
1176 
1176 . 

11175 
11175 
11177* 

1176 
11177• 
11177• 
11177• 

8/69 
1171 
8/69 
2172 
1176 
1176 

ll/75 
11171* 

1176 
11171• 

10 N*312( 16701 REAL PART OF POLE POSITION I MEVJ 11/75 

RE 
RE 8 

IM 
IM 8 

Pl 
P2 
P3 
P4 
P5 
P6 
P7 
PB 
P9 

11681.1 
1600. OR 1594. 

LONGACRE 15 I PWA 
LONGACRE 77 1 PWA 

PINT02PIN 
PJNT02PIN 

10 N:t:3/211670) Z*IMAG PART OF POLE POSITION IMEVI 

1245.1 LONGACRE 75 I PWA 
208. OR 201. LONGACRE 77 I PWA 

10 N*3/2116701 PARTIAL DECAY MODES 

N*3/211670J INTO PI N 
N*3/21 16701 INTO N PI PI 
N*3/211670) INTO K SIGMA 
N*3/211670) INTO. GAM NUCLEON, HELICJTY.cl/2 
N*3/2116701 INTO GAM NUCLEON. HELICITY=3/2 
N:031211670J INTO t-!*3/2112321 PI 
N*31211670J INTO N*l/2112321 PI.S-WAVE 
N*312116701 INTO N*312112321 Pl,D-WAVE 
N*3/2(1670J INTO N RHO.S=3/2,S-WAVE 

PI N TO 2PI 
PINT02PI 

DECAY MASSES 
139+ 938 
938+ 13<)+ 139 
493+1189 

0+ 938 
0+ 938 

1232+ 139 
1232+ 139 
1232+ 139 

938+ 716 

11175 
11117• 

11175 

11175 
11177• 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
.6(1670), il(1690) 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

10 N*3/2H6701 BRANCHING RATIOS 

N*3/2U670J INTO IPI N}/TOTAL 
co.HJ 
(0 .. 2171 
(0 .. 121 
(0 .. 16l 

(.17) 

OONNACHl 
AYED 
DAVIES 
ALMEHEO 
AYEO 

bB RVUE 
70 IPWA 
10 RVUE 
72 JPWA 
76 I PWA 

(p 1) 

SOL A 

N*3/2(16701 INTO IK SIGMAJITOJAL IP3J 

8/69 
1/71 
8/69 
2/72 

11177* 

R2 
R2 
R2 
R2 

(.00002JOR LESS FEUERBACH 70 RVUE PI P TO K+ SIG+ 7/70 
ASSUME MASS, WIDTH, XIELASTJ OF OONNACHIE 68 
MODEL USED MAY OOUBL E COUNT .. 

R3 N*3/2(1670J FROM PI N TO N*3/2H2321 PI ,S-WAVE SQRT(Pl*PH 
R3 L C-.2510R -.24 LONGACRE 75 IPWA PI N TO 2PI 
R3 8 c-.301 LONGACRE 77 IPWA PI N TO 2Pl 

11175 
·11/75 
11177* 

R3 8 LONGACRE 77 CONSIDER THIS COUPLING .TO BE WELL DETERMINED. 

R4 N*3/2H670J FROM PI N TO N*3/2(12321 PI,D-WAVE SQRT(Pl*PBJ 
PINT02Pl 
PINT02Pl 

R4 L 10.1 OR 1-.101 LONGACRE 75 IPWA 
•• 8 (-.OSJ LONGACRE 77 IPWA 

RS N*3/2116701 FROM PI N TO N RHO,S:3/2t S-WAVE SQRT(P1*P9J 
R5 L C.2010R +.30 LONGACRE 75 IPWA PI N TO 2PI N 

P J N TO 2P I N RS 8 (-.041 LONGACRE 77 JPWA 

R6 N*312116701 FROM PI N TO K SIGMA SQRHP1*P3J 
R6 I.OOlJTO .Qll DEANS 75 DPWA PI N TO K SIGMA 
R6 RANGE GIVEN IS FRCM FOUR BEST SOLUTIONS. 
R6 
R6 2 

OEANS75 DISAGREES WITH PI+ P TO K+ SIGMA+ DATA OF WINNIK77 
AROUND 1920 MEV. 

10 N*3/2H670J PHOTON DECAY AMPLIGEV**-1/21 

FOR DEFINITION OF GAMMA-NUCLEON D.ECAY AMPLITUDESt SEE MINI
REVIEW PRECEDING THE BARYGN LISTINGS. 

Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 

N*3/2116701 INTO GAM NUCLEON, HELJCITY•1/2 I GEVU-1/2 I 
.036 .()52 

+.068 .042 
.054 .029 
.078 .009 
.o .048 
.o41 .028 

+.101 .Oll 
(+ .. 1201 
+.072 .033 

DEVENISH 73 DPWA PI N PHOTO PROD 
MOORHOUS 73 OPWA PI N PHOTo-PROD 
OEVENIS2 74 DPWA PI N PHOTO-PROD 
KNIES 74 OPWA PI N PHOTO PROD 
METCALF 74 DPWA PI N PHOTQ-PROD 
MOORHOUS 74 DPWA PI N PHOTQ-PROD 
CRAWFORD 7 5 DPWA PI N PHOTQ-PROD 
BARBOUR 76 DPWA PI N PHOTQ-PROD 
FELLER 76 DPWA PI N PHOTQ-PROD 

A1 AVERAGE MEANINGLESS ISCALE FACTOR = 1 .. 21 

A2 N*3/211670J INTO GAM NUCLEON t HELICITY=3/2 IGEV••-112) 
A2 .uo .039 DEVENISH 73 DPWA PI N PHOTO PROD 
A2 +.022 .052 MOORHOUS 13 OPWA PI N PHOTQ-PROD 
A2 .072 .014 DEVEN1S2 74 DPWA PI N PHOTQ-PROO 
A2 .070 .009 KNIES 74 OPWA PI N PHOTO PROD 
A2 .o .041 METCALF 74 OPWA PI N PHOTD-PROD 
A2 .021 .020 MOORHOUS 74 DPWA PI N PHOTQ-PROO 
A2 +.116 .024 CRAWFORD 75 OPWA PI N PHOTO-PROD 
A2 (+.1171 BARBOUR 76 DPWA PI N PHOTQ-PROD 
A2 +.087 '.023 FELLER 76 OPWA PI N PHOTD-PROD 
A2 . . 
A2 AVERAGE MEANINGLESS (SCALE FACTOR = 1.51 .................................................................... 
DONNACH1 68 PL 268 161 

ALSO 68. VIENNA 139 
ALSO 68 THESIS 

AYED 70 KIEV CONF 
DAVIES 70 NP B21 359 
FEUERBAC 70 NP 16B 85 

ALMEHED 72 NP 640 157 
DEVENJSH 13 PL 478 53 
MOORHOUS 73 PL 436 44 

OEVENIS2 74 PL 528 22'1 
KNIES 74 PRO 9 2680 
METCALF 74 NP 876 253 
MODRHOUS 74 PR D 9 1 

CRAWFORD 75 NP 697 125 
DEANS 75 NP 896 90 
GAIDOS 75 PRO 12 2565 
LONGACRE 75 PL 55B 415 

AYED 76 CEA-N-1921 
BARBOUR 76 NP Bl11 358 
FEllER 76 NP 8104 219 
LONGACRE 17 NP 8122 493 

ALSO 76 NP 8108 365 

DONNACHI 69 NP 108 433 
AYED 70 PL 318 598 
BOWLER 70 NP 17B 331 
WINNIK 11 NP 8128 66 

REFERENCES FOR N*3121l670) 

A DONNACHIEt R G KIRSOPP, C LOVELACE ICERNliJP 
OCNNACHI E RAPPORTEUR'S TALK fGLAS I 
R G KIRSOPP CEDINJ 

R AYEO,P 6AREYREt G VILLET 
A DAVIES 
FEUER SAC HER +HOLLADAY 

+LOVELACE 
DEVENISH,RANK IN ,L YTH 
MOORHOUSE, 08ERLACK 

OEVENISH 1 L YTH, RANKIN 
KNIES, MOORHOUSE,OBERLACK 

ISACLIIJP 
IGLASJ 

IVANOER6ILTl 

ILUND,RUTGIIJP 
CLOUC+BONN+LANCJ IJP 

I GLAS+LBLI IJP 

I OESY t LANC, BONN I IJP 
ILBL,GLASI IJP 

ICITIIJP 
I GLAS+LBL I IJP 

W J METCALF,R L WALKER 
MOORHOUSE, OBERLACKt ROSENFElD 

R L CRAWFORD 
+MIT CHELL, MONTGOMERY,+ 
GAl DOS, MILLER 
+ROSENFELO,LAS IN SKI tSMAOJA+ 

IGLASIIJP 
I SFLA, ALABAMA J I JP 

( PURDIIJP 
ILBL,SLACJ IJP 

AYEO ITHESISI ISACUIJP 
I. H. BARBOUR,R. L• CRAWFORD IGLASIIJP 
+FUKUSHIMA 1 HOR IKAWAt KAJ IKAWA+t NAGOYA+OSAKA IIJP 
LONGACRE,OOLBEAU ISACUIJP 
DOL BEAU, T R I ANTIS, NEVEU, CAD I ET I SACU I JP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

A OONNACHIEt R KIRSOPP 
+BAREYRE t VILLET 
+CASHMORE 
+ TOAFF, REVEL tGOLDBERG, BERNY 

IGLAS+EOINI 
I SACLAY) 

IU. OXFORD) 
IHAIFIJ 

..................................................................... ...... .......... ••••••••• ••••••••• ••••••••• ***•••••• ••••••••••••••••• 

I a( 1690) I 19 N•31211690o JP•3/2+l 1=3121 P!b I 
RECENT ANALYSES INDICATE A P• '33 RESONANCE SCIMEWHERE 
IN THE 1650-1900 MEV REGION.. SEE ALSO THE N*3/2f21601 
liSTINGS. 

19 N*312116901 MASS CMEVJ 

11/75 
11/75 
11177• 

11/75 
11175 
11177• 

11/75 
11/75 
11/75 

1178• 
1/78* 

2/74 
2/73 
4175 
2/74 
2/74 
2/74 
1/76 
1/76 
Z/77* 

2/74 
2/73 
4/75 
2/74 
2174 
2/74 
l/76 
1176 
2171• 

(1690.1 
11690.1 

WHERE MAX. 
11801-0J 

ENER .. DEP .. 

DONNACH2 
KIRSDPP 

ABSORPTION IS -DONNACHlt 2 
AYED 

68 RVUE PHAS.SHIFT-CERN1 10/69 
68 RVUE PHASE SHIFT ANAL 10/69 

tKIRSOPP EYEBALL FIT CERN 1 10/69 
70 IPWA 1171 

FIT OF ARGANO DIAGRAM 

7 Cl680.J ALMEHEO 72 IPWA 

3 
3 
6 
1 

l 1900. OR 1640. LONGACRE 75 IPWA PI N TO 2PI N 
L THE 2 SHS OF PARAMETERS ARE FROM METHODS 1 AND 2 OF LONGACRE 75. 

L 

(1900.} AYEO 76 IPWA 
(1560.1 LONGACRE 77 JPWA PI N" TO 2PI N 

All LONGACRE77 PARAMETERS ARE FROM SO(UTION S2t EXCEPT FOR THE POLE 
POSITION WHICH IS FROM SOLUTIONS Sl AND Ct. 

19 N*3/2U690) WIDTH CMEVJ 

(28l.J riONNACH2 68 RVUE P HAS. SHI FT-CERN1 
C240.J KIRSOPP 68 RVUE PHASE SHIFT ANAL 
1598.01 AYED 70 I PWA 
(220.1 ALMEHEO 72 IPWA 
205. OR 300. LONGACRE 75 I PWA PI NT02PIN 

1204.) AYED 76 I PHA 
( 150.1 LONGACRE 11 IPWA PI N TO 2PI N 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

2/72 
11175 
11175 
11177* 
11177*. 
11177* 
11111* 

10/69 
10/69 
1/71 
2172 

11175 
11111* 
11/77* 

19 N*3/2Cl6901 REAl PART OF POLE POSITION IMEVI 11/75 

RE 
RE 8 

IM 
IM 8 

Pl 
P2 
P3 
P4 
PS 
P6 

Rl 
Rl 3 
Rl 3 
Rl 6 
Rl 1 
Rl 

11609. I 
1541. OR 1542. 

LONGACRE 75 IPWA 
LONGACRE 71 I PWA 

PI N TO 2P.I N 
PI N TO 2PI N 

19 N*3/211690J 2*IMAG PART OF POLE POSITION CME\11 

1323.) LONGACRE 75 I PHA 
178. OR 178. LONGACRE 77 IPWA 

19 N•312116901 PARTIAL DECAY MODES 

N*3/2Cl6901 INTO PI N 
N*3/21l6901 INTO K SIGMA 
N*3/ZC16901 lNTO N*3/211232) PI,P-WAVE 
N*3/ZC16901 INTO N*3/Zfl2321 PI,F-WAVE 
N*3/ZH6901 INTO N RHO,Sc1/2,P-WAVE 
N*3/21l690J INTO N RHO,S~3/2,P-WAVE 

19 N*3/2116901 BRANCHING RATIOS 

N*3/211690J INTO (PI NJ/TOTAL 
1.101 
(.081 

(0.1351 
IO.lJ 
1.19) 

DONNACH2 
K IRSOPP 
AYED 
AlHEHEO 
AYEO 

68 RVUE 
68 RVUE 
70 IPWA 
72 IPWA 
76 I PWA 

PI N TO 2PI 
PI N TO 2PI 

DECAY MASSES 
139+ 938 
493+ 1189 

1232+ 139 
1232+ 139 

938+ 176 
938+ 17b 

IPU 
PHAS .SHIFT-CERNl 
PHASE SHIFT ANAl 

R2 N:0:3/2116901 INTO (K SIGHAJ/TOTAL IP2J 

11175 
11177* 

11(75_ 

11/75 
11/77* 

10/69 
10/69 
1/71 
2/72 

11177* 

R2 (.00002JOR LESS FEUERBACH 70 RVUE PI P .TO K+ SIG+ 7170 
R2 ASSUME MASS, WlDTHt XIELASTJ OF DONNACHIE 68 
R2 HODEL USED MAY DOUBLE COUNT • 

R3 
R3 
R3 
R3 
R3 

N*3/211690} FROM PI N TO K SIGMA SQRTCPl*P21 
I.0061TO .042 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. 

11175 
11/75 
11/75 
l/78* 
1178• 

R4 N*3/2Cl6901 FROM PI N TO N*312(.12321 PI,P-WAVE SQRTIPl*P3) 
R4 L (-.36JOR -.30 LONGACRE 75 JPWA PI N TO ZPJ 
R4 8 1-.341 LONGACRE 77 IPWA PI N TO 2PI 

11/75 
·u 175 
11/77* 

R4 8 LONGACRE 77 C(·NSIDER THIS COUPLING TO BE WELL DETERMINED. 

RS N*3/211690) FROM PI N TO N*3/21 12321 ~~ ,F-WAVE SQRHPl*P41 
RS 8 1+.071 LONGACRE 11 IPWA PINT02PIN 

R6 N*3/2116901 FI\OM PI N TO N RHO,Sc1/2,P-WAVE SQRTCP1*P51 
R6 8 c- .. 101 LONGACRE 11 IPWA PI N TO 2PI N 

R7 N*3/2 I 1690 I FROM PI N TO N RHO,S=3/2,P-WAVE SQRTIPl*P61 
R7 8 c-.toJ LONGACRE 11 IPWA PI N TO 2PI N 

19 N*3/2Cl6901 PHOTON DECAY AMPL(GEV**-1121 

FOR DEFINHJON OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI
REVIEW PRECEDING THE BARYON LISTINGS. 

Al 
Al 
Al 
Al 
Al 
Al 
Al 

N*3/21 16901 lNTO GAM NUCLEON, HELICITV=l/2 (GEV .. -1/21 
.ot6 .ass DEVENISH 73 OPWA PI N PHOTO PROD 

-.033 .. 037 OEVENJS2 74 OPWA PI N PHOTG-PROD 
.003 .·015 KNIES 74 DPWA PI N PHOTO PROD 
.o .038 METCALF 74 OPWA PI N PHOTD-PROO 
.o .020 FELLER .76 OPWA PI N PHOTD-PROO 

Al AVERAGE MEANINGLESS (SCALE FACTOR "' 1.01 

A2 
A2 
A2 
A2 
A2 
A2 

N*3/2116901 INTO GAM NUCLECN, 
.074 .064 
.ooe .046 

-.034 .022 
.o ,.033 

.• o .015 
A2 • • 

HEliCITY::3/2 IGEV**-1/21 
OEVENISH 73 DPWA PI N PHOTO PROD 
OEVENIS2 74 DPWA PI N PHOTD-PROO 
KNIES 74 DPWA PI N PHOTO PROD 
METCALF 74 OPWA PI N PHOTO-PROD 
FELLER 76 OPWA PI N PHOTD-PROO 

A2 AVERAGE MEANINGLESS (SCALE FACTOR"' 1.01 

****** •••••••••••••••••••••••••••••••••••• •••*••••• ••••••••• ******** 

OONNACH2 68 VIENNA 139 
KIRSOPP 68 THESIS 

AYED 70 KIEV CONF 
FEUERBAC 70 NP 16B 85 
ALMEHED 72 NP B40 157 
DE\IENISH 73 PL 47B 53 

DEVENIS2 74 Pl 528 227 
KNIES 74 PRO 9 2680 
METCALF 74 NP 876 253 

REFERENCES FOR N*3/2(1690) 

OONNACHIE RAPPORTEUR'S TALK tGLASI 
lEDIN I R G KIRSOPP 

R AYED,P BAREYREt G VlllET 
FEUER8ACHER+HOLLADA Y 
+LOVELACE 
DEVENISHt RANKIN, l YTH 

OEVEN ISH, L YTH, RANKIN 
KNIES, MOORHOUSE, OBERLACK 
W J METCALF,R L WALKER 

(SACLIIJP 
IVANDERBILTJ 

( LUNDtRUTG II JP 
CLOUC+BCNN+LANC J IJP 

( OESY t LANC, BONN IIJP 
(lBLtGLASIIJP 

ICITJIJP 

11177* 
11/77* 

11/77* 
11171* 

11/77* 
11177• 

2/74 
4/75 
2/74 
2/74 
2111* 

2/74 
4/75 
2174 
2/74 
2111* 



Baryons 
A(1690), A(1890); A(1900) 

DEANS 75 NP 896 90 
LGNGACRE 75 Pl 558 415 

+MITCHELL, MONTGOMERY,+ I SFLA, ALABAMA I IJ P 
+ROSENFELDtlAS IN SKI tSMADJA+ ·ILBL, SLACI IJP 

AYED 76 CEA-N-1921 
fELLER 76 NP 8104 2:19 

AYEO (THESIS! ISACLIIJP 
+FUKUSHIMA, HOR I KAWA t KAJ I K AWA+( NAG[,YA+OSAKA I I JP 

LONGACRE 77 NP 8122 493 LONGACRE,DOLBEAU ISACLJ IJP 
ALSO 76 NP 8108 365 . DOL BEAU, T R IANTI S, NEVEU, CADI ET ( SACLI I JP 

AYED 
BOWLER 
WINNIK 

70 PL 318 598 
10 NP 118 331 
71 NP 6128 66 

PAPERS NOT REFERRED TO IN DATA CARDS. 

+BAREYREwVILLET 
+CASHMORE 
+TOAFF, REVEL ,GOLDBERG, BERNY 

C SACLAY I 
·tu. OXFORDI 

IHAIFI I 

•••••• ••******* ••**"'***0 ***-****** ********* ·······*· ******C<** •••••••• ****** ••••••••• •••••••*• ********* ........... ********* ••••••••• ******** 

I A( 1890) I 11 N*312tl890, JP•5/2+l 1•3121 F 351 

M 
M 
M 

M 
M 

w 
w 
w 

REE 
REE 

!ME 
!ME 
GV 

RER 

IMR 

PI 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
PIO 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
GV 

R2 
R2 
R2 
R2 

3 
6 
6 
4 
7 

I 
5 
5 
5 
5 

L 
L 

4 
7 

I 
5 
5 

L 

THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHED. 

11 N*312ll890J MASS IMEVJ 

11913.0) OONNACHl 68 RVUE PHASE-SHIFT ANAL 
I 1837.01 AYED 70 I PWA 

FROM ENER. OEP. FIT OF ARGANO DIAGRAM 
I 1841.0) DAVIES 10 RVUE P-S ANAL SOL A 
11875.1 ALMEHED 72 IPWA 
1890. TO 1986. MEHTANI 72 DPWA PI+P TO PI+PIOP 

I 1890.1 LANGBEIN 73 1 PWA PI N-K SIG,SOl 1 
11890.1 LANG BE IN 73 lPWA PI N-K SJG,SOL 2 

OEAN$75 AND LANGBE1N73 DISAGREE WITH PI+ P TO K+ SIGMA+ DATA OF 
WINNIK77 AROUND 1920 MEV. 

1870. OR 1830~ LONGACRE 75 I PWA PI N TO 2PI N 
THE 2 SETS OF PARAMETERS ARE F.ROM METHODS 1 AND 2 OF LONGACRE 75. 

U869.1 AYED 76 IPWA 
1885. 27. CUT KOSKY 76 I PWA 

ll N*312fl890I WIDTH IMEVJ 

1350.0) DONNACHl 68 RVUE 
( 198.0) AYED 70 JPWA 
'136.0) DAVIES 70 RVUE SOL A 
(250. I ALMEHED 72 I PWA 

213. TO 322. MEHTANI 72 DPWA PI+P TO PI+PIOP 
{180. I LANG8E IN 73 I PWA PI N-K SJG.SOL 1 
H40. I LANGBEIN 73 IPWA PI N-K SIG. SOL 2 
255. OR 220. LONGACRE 75 I PWA PINT02PIN 

1255. I AYED 76 IPWA 
310. 90. CUTKOSKV 76 IPWA 

SEE NOTES ACCOMPANYING MASSES QUOTED AS FOR N*1/209101 

11 N*3/2U890J REAL PART OF POLE POSITION tMEVI 

0813.1 
1825. 12. 

LONGACRE 75 I PWA 
CUTKQSKY 76 IPWA 

PI N TO 2PI N 

11 N*3/2118901 2*IMAG PART OF POLE POSITION IMEVI 

I 193. I 
250. 36. 

LONGACRE 75 I PwA 
CUTKOSKY 76 IPWA 

PI N TO 2P I N 

11 N*3/2118901 REAL PART OF ELASTIC POLE RESIDUE IMEVI 

13.5 3.5 CUTKOSKY 76 I PWA 

11 N*3/2U8901 IMAG PART OF ELA"STIC. POLE RESIDUE IMEV) 

-u. 

N*3/2(18901 
N*3/2118901 
N*3/21 1890) 
N*3/2U890) 
N*3/2U890) 
N*3/2t1890) 
N*3/211890 I 
N*3/2U890J 
N*3/2tl890) 
N*3/2 U890 I 

N*3/211 890 I 
I 0.161 

5. CUTKOSKY 76 IPWA 

L1 N*3/2ll890I PARTIAL DECAY MODES 

INTO PI N 
INTO N PI PI 
INTO K SIGMA 
INTO N*3/2U232J PI 
INTO GAM NUCLEON 9 HELICJTY=l/2 
INTO GAM NUCLEON, HEL1CITY=3/2 
INTO N RHO 
INTO N*3/2(12321 PI ,P-WAVE 
INTO N*3/2112321 PI ,F-WAVE 
INTO N RHO,S=3/2,P-WAVE 

11 N*l/2118901 BRANCHING RATIOS 

INTO IPI NIITOTAL 
DONNACH1 68 RVUE 

10.1471 AYEO 70 I PWA 
10.20) DAVIES 70 RVUE 
10.18) ALMEHEO 72 I PWA 

1.141 AYED 76 JPWA 
.litO .oo8 CUT KOSKY 76 lPWA 

N*3/2U890) INTO IK SIGMAJ/TOTAL 
CQ.OOBIOR LESS FEUERBACH 70 RVUE 

~ASSUME MASS, WIDTH, XI ELAST) OF OONNACHIE 68 
MODEL USED MAY DOUBLE COUNT. 

DECAY MASSES 
139+ 938 
938+ 139+ 139 
493+ll89 

1232+ 139 
0+ 938 
0+ 938 

938+ 776 
1232+ 139 
1232+ 139 

938+ 776 

IPll 

SOL A 

IP31 
PI P TO K+ SIG+ 

R3 N*3/211890J INTO (SIGMA K)O(PI Nl/TOTAL**2 IP3•Pll 

8/69 
1/11 

8/69 
2/72 
9/73 
9/73 
9/73 
1/78* 
1/78* 

11/75 
11175 
11177* 
11 /77* 

8/69 
1/71 
8/69 
2172 
9173 
9173 
9/73 

11175 
11111* 
11/77* 

11/75 

11/75 
11177* 

11175 

11175 
U/77* 

11177* 

11177* 

8/69 
1/71 
8/69 
2172 

11/77* 
ll/77• 

7170 

R3 C.001610R LESS KALMUS 70 OPWA PI+P TO K+ SIG+ 1/71 

R4 N*3/2118901 FROM PI N TO N03/2112321 PI SQRHPl*P4l 
~4 .19 TO .23 MEHTANI 72 OPWA Pl+P TO PI+PIOP 9/73 
R4 MOSTLY F WAVE DECAY 9/73 
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Data Card Listings 
For notation, see key at front of Listings. 

1;5 
R5 
R5 
R5 
R5 

•• 
R6 

R7 
R7 

AI 
AI 
AI 
AI 

. AI 
AI 

N*3/2.118901 FROM PI N TO K SIGMA SQRTtP1*P31 
(.06} LANGBEIN 73 I PWA PI N-K SIGtSOL 1 
I .06) LANGBEIN .73 IPWA PI N-K SJG,SOL 2 
I .02.1110 .054 DEANS 75 OPWA PI N TO K SIGMA 

RANGE GIVEN IS FROM FOUR BEST SOLUTIONS • 

N*3/2118901 FROM PI N TO N*3/21 1232.1 PI ,F-WAVE SQRT(P1*P91 
C-.12IOR -.20 LONGACRE 75 IPWA PI N TO 2PI N 

N*3/2118"301 FROM PI N TO N RHOtS=3/2,P-WAVE SQRTCP1*PlOI 
C-.28IOR -.33 LONGACRE 75 IPWA PI N "TO 2PI N 

11 N*3/21189~)) PHOTON DECAY AMPU GEV**-1121 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI
REV lEW PREC EUING THE BARYON Ll STINGS. 

NOJ/2(18901 INTO GAM NUCLEON, 
.019 .. 027 
.042 .016 

+.047 .067 
-.003 .009 

1+.0351 

HELICITY"'l/2 IGEV**-1/21 
DEVENIS2 74 OPWA PI 
KNIES 74 DPWA PI 
METCALF 74 OPWA PI 
CRAWFORD 75 OPWA PI 
BARBOUR 76 OPWA PI 

N PHOTO-PROD 
N PHOTO PROD 
N PHOTD-PROO 
N PHOTD-PROO 
N PHOTG-PROO 

At • • 
A1 AVERAGE MEANINGLESS CSCALE FACTOR = 1.81 

A2 
A2 
A2 
A2 
A2 
A2 
A2 

N*3/2118901 INTO GAM NUCLEON, HELICITY=3/2 {GEV**-1121 
.078 .020 DEVENI 52 74 DPWA P 1 N PHOTD-PROD 

N PHOTO PROD 
N PHOTD-PROD 
N PHOTD- PROD 
N PHOTD-PROD 

-.022 • 020 KNIES 74 OPWA PI 
-.028 .066 METC.Alf 74 OPWA PI 
-.021 .036 CRAWFORD 75 OPWA PI 

1-.0131 BARBOUR 76 OPWA PI ...... 
A2 AVERAGE MEANINGLESS ISCALE FACTOR : 2.21 

REfERENCES FOR N*3/21 18901 

OONNACHl 68 PL 26B 161 
ALSC .68 VIENNA 139 
ALSC 68 THESIS 

A OONNACHJE, R G KJRSOPPt C LOVELACE ICERNIIJP 
OONNACHIE RAPPORTEUR'S TALK IGLASI 
R G KlRSOPP HDINI 

AYEO 70 KJ EV CONF 
DAVIES 70 NP B21 359 

R AYEQ,P BAREYRE, G VILLET 
A DAVIES 

tSACUIJP 
IGLAS I 

IVANDERBILTJ FEUERBAC HER+HOLLADA Y FEUERBAC 70 NP 16B 85 
KALMUS 70 PR 02 1824 G KALMUS. G BORREANI, J LOUIE ILRU 

ALMEHEO 72 NP B40 157 
MEHTANI 12 PRL Z9 1634 
LANGBEIN 73 NP B53 251 
OEVENIS2 74 PL 52B 227 
KNIES 74 PRO 9 2680 
METCALF 74 NP B76 253 

CRAWFORD 75 NP 897 125 

+LOVELACE 
+FUNG, KERNAN, SCHALK, + 
LANGBE IN,WAGNER 
OEVEN ISH.L YTH, RANKIN 
KN lES, MOORHOUSE, OBE RLACK 
W J METCALF,R L WALKER 

R L CRAWFORD 

ILUNO,RUTGJIJP 
(UCR +LBL I 

IHUNICH)IJP 
(DE SY, LANC, BONN J JJ P 

I LBL, GLAS I JJP 
ICITIJJP 

DEANS 75 NP B96 90 
LONGACRE 75 PL 55B 415 

+M JTCHELL, MONTGOMERY,+ 
+ROSENFELD,LASJNSKI tSMADJA+ 

IGLASIIJP 
C SFLA, ALABAMA J I JP 

ILBL,SLAC.liJP 

AYEO 76 CEA-N-1921 AYEO C THESIS I 
BARBOUR 76 NP Bill 358 
CUTKOSKY 76 PRL 37 645 

t SACL IIJP 
I GLAS liJP 

ICARN+LBUIJP 
' {CARN+LBL+BRISHJP 

I. M. BARBOUR,R. L. CRAWFORD 
CUT KOSKY, HENDRICK, KELLY 

ALSO 76 OXFORD CONF. 49 CUT KOSKY tHENORICK,C HAD+ 

PAPERS NOT REFERRED TO IN DATA CARDS. 

AYEO 70 PL 31B 598 +BAREYRE+VILLET ISACLAYI 
IHAJFJJ WlNNIK 77 NP B12B 66 + TOAFF, REVEL ,GOLDBERG, BERNY ............................................................................ 

• •• •• • ... • ... • • • .. .. .. ** •• •• • •• ..... •• • • ••• *** •• .. ••••• .... .... ....... •• .. ....... * 

I A( 1900) I 30 N•31211900, JP•I/2-l 1•3/2 I S3tl 

PI 
P2 

Rl 
Rl 
Rl 
Rl 
Rl 

R2 
R2 

) THIS EFFECT IS SEEN IN TWO CHANNELS. 

30 N*3/2(19001 MASS tMEVI 

C 1920. I LANGBEIN 73 lPWA 
11870.1 LANGBEIN 73 JPWA 

0EANS75 AND LANGBEIN73 DISAGREE WITH'PI+ P TO K+ 
WJNNIK77 AROUND 1920 MEV. 

t2001. I AYEO 76 IPWA 

30 N*3/2119001 WIDTH IMEVI 

1140.1 LANGBEIN 73 IPWA 
U60. I LANGBEIN 73 IPWA 
1307.) AYED 76 lPWA 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

30 N*3/211900J PARTIAL DECAY MODES 

N10:3/21 1900) INTO PI N 
N*3/2{ 1900) INTO K SJG14A 

30 N*3/2C 19001 BRANCHING RATIOS 

N*3/211900) FROM PI N TO K SIGMA 
( .111 LANGBEIN 73 IPWA 
( .12) LANGBEIN 73 I PWA 
( .0761 DEANS 75 OPWA 

PI N-K SIG,SOL 1 
PI N-K SIG,SOL 2 

SIGMA+ DATA OF 

PI N-K SlGt SOL 1 
PI N-K SIG,SOL 2 

DECAY MASSES 
139+ 938 
493+1189 

SQRTIP1*P21 
PI N-K SIG,SOL 1 
PI N-K SIGtSOL 2 
PI N TO K SIGMA 

VALUE GIVEN IS Ffi:OM SOLUTION 1. NOT PRESENT 1 N SOLUTIONS 2,3,4. 

N*3/2 (1900 J INTO PI N/TOTAL IPll 
I .081 AYEO 76 I PWA 

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

9173 
9173 
9/73 

11175 
11/75 

11/75 
11/75 

lll75 
11175 

4175 
2174 
2174 
1/76 
1176 

4175 
2/74 
2174 
1/76 
1/76 

9/13. 

9/73 

9/73 
9/73 
1178* 
1178• 

11177• 

9173 

9173 
9/73 

11177• 

9173 

9173 

9173 
9/73 
9/73 

11175 
11/75 
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Data Card Listings 
• For notation, see key at front of Listings. 

Baryons 
.6{1900), ~(1910), ~(1950) 

lANGBEI N 73 NP 853 251 
DEANS 75 NP 896 90 
AYEO 76 CEA-N-1921 

REFERENCES FOR N*3/2(19001 

LANGBEIN, WAGNER 
+HI TCHEllt MONTGOHER 't, + 
AYEO ITHESI S J 

I HUN ICH 11 JP 
CSFLA, ALABAMA 1 JJP 

ISACLJ IJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

WINNIK 17 NP 8128 66 +TOAFF ,REVEL ,GOLDBERG, BERNY IHAIFII 

•••••• 'Ct .................. ********* ••••••••••••••••••••••••••••••••••• 

r~<·1·~·~·~)·~· .. ~:··::3::~::::~· J::::::~·:.:::r;~;r·· ... ········ 
THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHED. 

12 N*3/21l910J MASS IMEVI 

{1934.01 OONNACHl 68 RVUE PHASE-SHIH ANAL 
(1783.01 AYED 70 IPWA 

FROM ENER. OEP. FIT OF ARGANO DIAGRAM 
I 19llt.OI DAVIES 70 RVUE P-S ANAL SOL A 
C 1900.1 ALMEHEO 72 lPWA 
(1980.} LANGBEIN 73 IPWA PI N-K SIGtSOL 
11950.1 LANGBEIN 73 IPWA PI N-K SIGtSOL 

DEANS75 AND LANGBEJN73 DISAGREE WITH PI+ P TO K+ SIGMA+ DATA OF 
WINNIK77 AROUND 1920 MEV. 

(1789.1 AYED 76 IPWA 
1940. 30.. CUTKOSKY 76 IPWA 

M (1790 .. 1 LONGACRE 77 IPWA PI N TO 2PI N 
M All LONGACRE77 PARAMETERS ARE FROM SOLUTION S2, EXCEPT FOR THE POLE 
M POSITION WHICH IS FROM SOLUTIONS Sl AND Cl .. 

w 
w 
w 
w 
w 
w 
w 

3 
6 
4 
7 

• • 

REE 
REE 8 

!ME 
IHE 8 

RER 

IMR 

PI 
P2 
P3 
P4 
P5 
P6 

Rl 
Rl 3 
Rl 
Rl 
Rl 
Rl 
Rl 

R2 
R2 
R2 
R2 

12 N*3/2fl910J WIDTH IHEVJ 

1339.01 OONNACH1 68 RVUE 
1308 .. 01 AYEO 70 IPWA 
1290.1 DAVIES 70 RVUE 
1200.1 ALMEHEO 72 IPWA 
(190.1 LANGBEIN 73 IPWA 
1170.1 LANGBEIN 73 IPWA 
(221 .. ) AVEC 76 IPWA 
380. 130.. CUTKOSKY 76 I PWA 

( 170 .. I LONGACRE 77 I PWA 
SEE NOTES ACCOMPANYING MASSES QUOTED 

SOL A 

PI N-K SIGtSOL 
PI N-K SIGtSDl 

PI N TO 2PI N 

12 N*3/2fl9101 REAL PART OF POLE POSITION lMEVI 

1863.. 15. 
1792. OR 1801., 

CUT KOSKY 76 I PWA 
LONGACRE 77 I PWA PI N TO 2PI N 

12 ·N*3/2U9101 2*IMAG PART OF POLE POSITION CMEVI 

250. 34 .. CUT KOSKY 76 I PWA 
112. OR 165. LONGACRE 77 I PWA PINT02PIN 

12 N*3/2fl910) REAL PART OF ELASTJC POLE RESIDUE CMEVI 

-4. 5. CUTKOSKY 76 I PWA 

12 N*3/2119101 IHAG PART OF ELASTIC POLE RESIDUE IMEVJ 

-27 .. s. CUTKOSKY 76 IPWA 

12 N*3/2( 1910) PARTIAL DECAY MODES 

N*3/2U9101 INTO PI N 
N*3/2119101 INTO N PI PI 
N*3/2119101 INTO K SIGMA 
N*3/2119101 INTO N*3/2tl232J PI 
N*312Cl9101 INTO GAM NUCLEON, HEUCITY=l/2 
N*3/2119101 INTO N RHO,S=3/2 

12 N*3/211910J BRANCHING RATIOS 

N*3/2(19101 INTO CPI NJ/TOTAL 
68 RVUE 
70 IPWA 

DECAY MASSES 
139+ 938 
938+ 139+ 139 
493+1189 

1232+ 139 
0+ 938 

938+ 776 

IPLJ 
(0 .. 301 
(0.1281 
(0.181 
10.33) 
1.161 

OONNACH1 
AYED 
DAVIES 
ALMEHED 
AYED 
CUTKOSKY 

70 RVUE SOl A 
72 IPWA 
76 IPWA 

.. 225 .025 76 IPWA 

N*3/2H910J INTO IK SIGMAIITOTAL 
(0,.008)0R LESS FEUERBACH 70 RVUE 

ASSUME MASS, WIDTHt XCElASTJ ·OF DONNACHIE 68 
MODEl USED MAY DOUBLE COUNT • 

CP31 
PI P TO K+ SIG+ 

8/69 
1/71 

8/69. 
2/72 
9/73 
9/73 
1/78* 
1178* 

11/77* 
11177* 
11177• 
11117• 
11177• 

8/69 
1/71 
8/69 
2172 
9/73 
9/73 

11/77* 
11177* 
11177* 

11/77* 
ll/77• 

11177• 
ll/77* 

11177• 

11/77* 

8/69 
1/71 
8/69 
2/72 

11177• 
11177• 

7/70 

R3 N*3/2119101 FROM PI N TO K SIGMA SQRTIP1*P31 9/73 
R3 9 

• R3 
. R3 

R3 

1.111 LANGBEIN 13 IPWA PIN-K SIG,SOl 1 9/73 
1.15) LANGBEIN 73 IPWA PI N-K· SIG,SOL 2 9/73 
I .0821TO .184 DEANS 75 DPWA PI N TO K SIGMA 11175 

RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 11/75 

R4 N*3/2U9101 FROM PI N TO N*3/21 12321 PI SQRTIP1*P41 11177• 
11177• Rlt 8 (-.061 LONGACRE 77 IPWA PI N TO 2Pl N 

R5 N*3/2(1910J FROM PI N TON RHO,S=3/2 SQRtiP1*P61 
R5 8 1-.291 LONGACRE 77 IPWA PI N TO 2PI N 

11 177• 
11177• 

AI 
AI 
AI 
AI 
AI 
AI 

12 N*3/2119101 PHOTON DECAY AMfiUGEV**-1121 

FOR DEFINITlON OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI
kEVJEW PRECEDING THE BARYON LISTINGS. 

N*3/2f1910I INTO GAM NUCLEON, HELICJTY=1/2 CGEV**-1/21 
.ooo .025 DEVENIS2 74 DPWA PI N PHOTD-PROO 
.010 .012 KNIES 74 DPWA PI N PHOTO PROD 

-.032 .065 METCALF 74 OPWA PI N PHOTD-PROD 
-.009 .013 CRAWFORD 75 OPWA PI N PHOTD-PROD 

1-.031 I BARBOUR 76 OPWA PI N PHOTD-PROD 
A1 .. • 
A1 AVERAGE MEANINGLESS (SCALE FACTOR "" 1 .. 01 

REFERENCES FOR N*3/2119101 

~/75 
2/74 
2/74 
1/76 
1/76 

DGNNACH1 68 PL 268 161 
ALSO 68 VIENNA 139 
ALSC 68 THESIS 

A OONNACHIE, R G KIRSOPP, C LOVELACE (CERNHJP 
OONNACHI E RAPPORTEUR'S TALK lGLAS I 
R G KIRSOPP IEDINI 

AYEO 70 KIEV CONF 
DAVIES 70 NP 821 359 
FEUERBAC 70 NP 168 85 

R AYEO,P 8AREYRE, G VIi..LET 
A DAVIES 
FEUER8ACHER +HOLLADAY 

I SACLJ I JP 
CGLASI 

(VANDERBILT I 

ALMEHED 72 NP 840 157 
LANGBEIN 73 NP B53 251 

+lOVELACE 
LANG8EIN,WAGNER 

ILUND,RUTGIIJP 
(MUNICHIIJP 

OEVENIS2 74 Pl 528 227 
KNIES 74 PRO 9 2680 
METCALF 74 NP B76 253 

DEY EN ISHt l YTH, RANKIN 
KNIES, MOORHOUSE, 08ERLACK 
W J METCALF,R L WALt<ER 

I DE SY, LANC, BONN l IJP 
ILBL,GLAS JIJP 

tell JI JP 

CRAWFORD 75 NP B97 125 
DEANS 75 NP 896 90 

R l CRAWFORD 
+MITCHEll ,MONTGOMERY,+ 

IGLAS IIJP 
f SFLA,ALA8AMA I IJP 

AYEO 76 CEA-N-1921 
BARBOUR 76 NP 8111 358 

AYED CTHESISI 
I • M. BARBDUR,R. l. CRAWFORD 
CUT KOSKY, HEN OR IC Kt KEllY 
CUTKOSKY tHENDRI(K ,CHAD+ 
LONGACRE, DOL BEAU 

ISACLJIJP 
CGLAS I IJP 

CUTKOSKY 76 PRL 37 645 
AlSO 76 OXFORD CONF .. 49 

LONGACRE 77 NP 8122 493 
ALSO 76 NP 8108 365 

I CARN+L BL IIJ P 
IC ARN+LBL+8RI S J I JP 

I SACLJ IJP 
( SACL I IJP DOL BEAUt TRIANTI S, NE VEUt CADI ET 

PAPERS NOT REFERRED TO IN DATA CARDS. 

CARY ANN 65 PR 138 8433 CARAYANNDPOULOS, TAUTF EST, WI LLHANN C PURO I 
A PARTIAL WAVE ANALYSIS OF PI+P TO SIGMA+ K+ 

AYED 70 Pl 318 598 +BAREYRE+VIllET ISACLAYI 
WINNIK 71 NP 6128 66 +TOAFF,REVEL,GOLOSERG,BERNY IHAIFJI 

•••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• •••o•••• ......................... ••*•••••• ••••••••••••••••••••••••••••••••••• 

I~( 1950) I 83 N*3/211950, JP=7/2+1 1=3/21 F 3'l' I 
THE EXISTENCE OF THIS RESONANCE IS WELL ESTABUSHEO. 

83 N*3/211950J MASS CMEVJ 

11920.01 DUKE 65 CNTR PI-P El +POL 6/68 

w 
w 
w 
w 
w 
w 
w 
w 
w 

REE 
REE 
REE 

!ME 
!ME 
!ME 

RER 

IMR 

11950.01 APPROX YOKOSAWA 66 CNTR PI- P OSIG + POL 7/66 
I 
I 
3 
6 
6 

(1975.01 BAREYRE 68 RVUE PHASE-SHIFT ANAl ll/67 
WHERE CPOSS SECTION IS GREATEST- EYEBAll FIT 

(1946.01 OONNACH1 68 RVUE PHASE-SHIFT ANAl 6/68 
(1931.01 AYED, 70 IPWA 1/71 

FROM ENER. DEP .. FIT OF ARGANO DIAGRAM 

• 11935.0) · DAVIES 70 RVUE 
(1950.0) 130.01 KALMUS 70 OPWA 
11930.) ROYCHOUO 11 DPWA 

P-S ANAl SOl A 
PJ+P TO K+ SIG+ 

7 (1925.1 AlMEHED 72 IPWA 
2 1920 TO 1951 MEHTANI 72 MPWA PI+P TO PI+PJOP 
L 1930. OR 1925. LONGACRE 75 IPWA PI N TO 2PI N 
l Hi 1 ~ 2 ~~1S OF PARAMETERS ARE F=~~DMETHOD~61I:~~ 2 OF LO_NGACRE 75. 

7 
2 
l 

1945. 7.. CUTKOSKY 76 IPWA 

83 N*3/211950J WIDTH CMEVI 

I 170.01 DUKE 65 CNTR 
(200.01 APPROX YOKOSAWA 66 CNTR 
(180 .. 01 BAREYRE 68 RVUE 
1221 .. 01 OONNACH1 6B RVUE 
1197.01 1\YED 70 IPWA 
1221.0) DAVIES 70 RVUE 
(300.01 (60.0) KALMUS 70 DPWA 
1200.1 AlMEHEO 72 IPWA 
234 TO 269 MEHT AN I 7 2 MPWA 

235. OR 240. LONGACRE 75 IPWA 
(237.1 AYED 76 IPWA 
305. 40. CUTKOSKY 76 JPWA 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

SOL A 
P I+P TO K+ SlG+ 

PI+P TO PI+PIOP 
PINT02PIN 

83 ~*3/2(19501 REAl PART OF POLE POSITION (HEVJ 

(1924.1 
f 1915. I 
1895. 

(258.) 
(220. J 

2:60. 

50. 

-2s. 

10. 

LONGACRE 
VASAN2 
CUTKOSKY 

75 I PWA 
76 
76 I PWA 

PI N TO 2PI N 
FIT AYED 76 

83 N*3/2119501 2*1MAG PART OF POLE POSITION (MEVI 

24. 

LONGACRE 
VASAN2 
CUTKOSKY 

75 I PWA 
76 
76 I PWA 

PINT02PIN 
FIT AYEO 76 

83 N*3/211950J REAl PART OF ELASTIC POLE RESIDUE (MEV) .. CUT KOSKY 76 I PWA 

83 N*3/2(1950) JHAG PART OF ELASTIC POLE RESIDUE fMEVJ 

9. CUTKOSKY 76 IPWA 

8/69 
1/71 
3/72 
2/72 
9/73 

11175 
11175 
11177• 
11177* 

7/66 
7/66 

11/67 
6/68 
1/71 
8/69 
1/71 
2172 
9/73 

11/75 
11177* 
11/77* 

11175 

11/75 
11177* 
11177• 

11175 

11/75 
11177* 
11177* 

11/17* 

11177• 
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Baryons 
f1(1950), f1(1960) 

P1 
P2 
P3 
P4 
P5 
P6 
P1 
P8 
P9 
P10 
Pll 
P12 
Pl3 

R1 
R1 
R1 
R1 1 
R1 3 
R1 6 
R1 4 
R1 1 
R1 
R1 

R2 
R2 
R2 
R2 
R2 
R2 

N*3/209501 
N*3/21 19501 
N*3/2Cl9501 
N*3/2U950J 
N*l/211950) 
N*3/2Cl9501 
N*3/211CJ50J 
N*3/2U950J 
N*3/21l'950) 
N*3/2U950) 
N*3/2U950J 

~=~~~:~!:~~: 

83 N*3/2U95GI PARTIAL DECAY HODES 

iNTO PI N 
INTC SIGMA K 
INTO N*3/2112'32J PI 
INTO Y*U 13851 K 
INTC N*l/2112321 RHO 
INTO NEUTRON PI+ PI+ 
INTO N*3/2f12321 PI PI INOT RHOJ 
INTO GAM NUCLEON, HELICITY=l/2 
INTO GAM NUCLEC.N, HELICITY=3/2 
INTC N RHO 
INTO N*3/2tl2321 PI ,F-WAVE 
INTO N*l/2112321 PItH-WAVE 
INTO N RHO,S=3/Z,F-WAVE 

83 NC13/2Cl950J BRANCHING RATIOS 

DECAY MASSES 
139+ 938 

1189+ 493 
1232+ 139 
1384+ 493 
1232+ 776 
939+ 139+ 139 

1232+ 139+ 139 
0+ 938 
0+ 938 

938+ 176 
1232+ 139 
1232+ 139 

938+ 176 

N*3/2tl9501 INTO IPI NI/TOTAL CPU 
C0.41J DUKE 65 CNTR VERY ENERGY OEP 
10.41 APPROX YOKOSAWA 66 CNTR 
10.571 BAREYRE 68 RVUE 
I 0.3861 OONNACH1 68 RVUE 
10.4961 AYEO 70 IPWA 
10.511 DAVIES 70 RVUE SOL A 
(0,.41 AU4EHED 72 IPWA 
(.UI AYED 76 IPWA 

.396 .010 CUTKOSKY 76 IPWA 
SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

N*3/2U950) INTO I SIGMA KJ*IPI NJ/TOTAL**2 
SEEN BORREANI 68 HBC 

10.0041 C0.008J FEUERBACH 70 RVUE 
ASSUME MASS, WltiTHt XC ELAST I OF OONNACHIE 68 
MODEL USED HAY DOUBLE COUNT. 

0.0081 0.0013 KALMUS 70 DPWA 

I P2*P11 
PI+P 1.35-1.68 
PI P TO K+ SlG+ 

Pl+P TO K+ SIG+ 

N*3/2U950J FROM PI N TO N*3/2Cl232J PI SQRTIP1*P31 

7/66 
7166 

11/67 
6/68 
1/71 
8/69 
2172 

11177* 
11/77* 

10/69 
7/70 

1171 

R3 
R3 
R3 

.37 TO .48 MEHTANI 72 MPWA PI+P TO PJ+PIOP 9/73 
MOSTLY F WAVE DECAY 9/1'3 

•• •• •• 
N*3/2ll9501 FROM PI N TO SIGMA K SQRHP1*P21 9173 

I ,.041 LANGBEIN 73 I PWA PI N-K SIG,SOL 1 9/73 

•• 5 
•• 5 
•• 5 
•• 5 

( .05J LANGBEIN 73 IPWA 
I .022 J TO .040 DEANS 75 OPWA 

PI N-K SIGt SOL 2 9/73 
PI N TO K SIGMA 11175 

RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 
CEANS75 AND lANGBEIN73 DISAGREE WITH PI+ P TO K+ 
WINNIK77 AROUND 1920 MEV. 

SIGMA+ DATA OF 

R5 
R5 

N*3/2ll9501 FROM PI N TO t.l*3/2112321 Pt,F-WAVE SQRTIPl*P11J 
I-.25JOR -.32 LONGACRE 75 IPWA PI N TO 2PI N 

•• •• 
N*3/2U9501 FROM PI N TO N RHQ,S::3/2,F-WAVE SQRHP1*P13) 

( .18l0R -.24 LONGACRE 75 IPWA PI N TO 2PI N 

MORE INFORMATION ON INELASTIC DECAY MODES OF BUMPS, SEEN IN PRODUCTION 
EXPERIMENTS AROUND 1950 MEV, MAY BE FOUND IN THE NEXT ENTRY 

B3 N*3/2(19501 PHOTON DECAY AMPLCGEV**-1/21 

FOR DEFINHJON OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI
REVIEW PRECEDING THE BARYON LISTINGS. 

A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 

N:03/211~501 INTO GAM NUCLEON, HELICITY'"'l/2 IGEV*•-1121 
-.088 .025 
-.070 .012 
-.059 .029 

c-.o80I 
-.053 

1-.076) 
.005 

OEVENI 52 74 DPWA PI 
KNIES 74 DPWA PI 
METCALF 74 OPWA PI 
MOORHOUS 74 OPWA PI 
CRAWFORD 75 OPWA PI 
BARBOUR 76 OPWA PI 

N PHOTD-PROO 
N PHOTO PROD 
N PHOTD-PROD 
N PHOTD-PROO 
N PHOTD-PROO 
N PHOTQ-PROO 

Al AVERAGE MEANINGLESS ISCALE FACTOR.= 1.3) 

A2 
A2 
A2 
A2 
A2 
A2 
A2 

N*3/2( 19501 INTO GAM NUCLEON, HEL It ITY=3/2 I GEV**-1/2) 
-.080 .021 
-.078 .OLO 
-.093 .024 

, ... 1801 
-.038 

1-.065) 
A2 • • 

.014 

DEVENIS2 74 OPWA PI N PHOTD-PROO 
KNIES 74 OPWA PI N PHOTO PROD 
METCALF 74 OPWA PI N PHOTD-PROO 
MOORHOUS 74 OPWA PI N PHOTirPROD 
CRAWFORD 75 OPWA PI N PHOTo-PROD 
BARBOUR 76 OPWA PI N PHOTQ-PROO 

A2 AVERAGE MEANINGLESS ISCALE fACTOR = 1.51 

••••••••••••••• ••••••**• •••••••••••••••••••••••••••••••••••••••••••• 

DUKE 65 PRL 15 468 
YOKOSAWA 66 PRL 16 714 

BAR EYRE 68 PR 165 1731 
BORREANI 68 UCRL 18350 
DONNACH1 68 PL 26B 161 

AlSO 68 VIENNA 139 
ALSC: 68 THESIS 

AYEO 70 KIEV CONF 
DAVIES 70 NP 821 359 
FEUER8AC 70 NP 16B 85 
KALMUS 70 PR D2 1824 

ROYCHOUO 71 NP 827 125 

AU4EHED 72 NP 840 157 
MEHTANI 72 PRL 29 1634 
LANGBEIN 73 NP B53 251 

OEVEN.IS2 74 Pl 52B 227 
Kt.iiES 74 PRO 9 2680 
METCALF 74 NP B76 253 
MOORHCiUS 74 PRO 9 1 

CRAWFORD 75 NP 897 125 
DEANS 75 NP 896 90 
lLNGACRE 75 PL 55B 415 

AYEO 76 CEA-N-1921 
BARBOUR 76 NP Bll1 358 
CUTKOSKY 76 PRl 37 645 

ALSO 76 OXFORD CONF. 49 
VASAN2 76 NP B106 526-

REFERENCES FOR N*3/2( 19501 

+JONESoKEHPtMURPHYoPRENTICE, + 
+SUWA, HILL, ESTERLING, BOOTH 

IRHEL 1 0XF11JP 
tANL,CHJC)IJP 

P BAREYRE, C BRICMAN, G VILLET 
BORREANI, KALMUS 

ISACLAYI IJP 
CLRLJ 

ICERNIIJP 
IGLASJ 
CEDINJ 

A OONNACHIEt R G KJRSOPP, C LOVELACE 
DCNNACHJE RAPPORTEUR'S TALK 
R G KIRSOPP 

R AYEO,P 8AREYREt G VILLET 
A DAVIES 
F EUER8ACHER +HOLLADAY 
G KALMUS, G BORREANI, J LOUIE 

I SACL 1 IJP 
IGLASJ 

IVANDERBJLTI 
ILRLI 

R K ROYCHOUDHURY, B H BRANS DEN I DURHI IJP 

+LOVELACE 
+FUNG, KERNAN, SCHALK, + 
LANGBEINoWAGNER 

OEVENISHtl YTH,RANKI N 
KNIE S,MOORHOUSEt OBE RLACK 

ILUNO,RUTGIIJP 
IUCR +LBLJ 

fHUNICHHJP 

(DE SY ,LANC, BONN II JP 
ILBL,GLASIIJP 

CCIT)JJP 
CGLAS+LBLJ tJP 

W J METCALF ,R L WALKER 
MOORHOUS E1 06ERLACK, ROSENFELD 

R L CRAWFORD 
+MITCHELL,MONTGOMERY, + 
+ROSENFELD,LASINSKI tSMADJA+ 

A'HD ITHESISI 
I. M. BARBOUR,R. L. CRAWFORD 
CUTKOSKY t HENDRICK,K Ell Y 
CUT KOSKY ,HENORICK,CHAO+ 
S. S. VASAN 

IGLASJIJP 
ISFLA,ALA8AMAI IJP 

CLBLtSLACIIJP 

I SACUl JP 
IGLASJIJP 

fCARN+LBLI IJP 
CC ARN+l 8l +BR IS I IJP 

ICARNIIJP 

11175 
1178* 
1178* 

11/75 
11/75 

11175 
11175 

4/75 
2/74 
2174 
2/74 
1176 
1/76 

4175 
2/74 
217't 
2174 
1176 
1176 

Data Card Listings 
For notation, see key at front of Listings. 

PAPERS NOT REFERRED TO IN DATA CARDS. 

HOHLER 63 NP 48 470 G HOHLER, G EBEL 
LAYSCN 63 NC 27 72't W M lAYSGN 
AUVIL 64 NC 33 473 P AUVIL, C LOVELACE 
HELLAND 64 PR 134 81062 +DEVLIN,HAGGE,LDNGO,MOYER 1 WOOD 

(KARLSRUHE I I 
CCERNI IJ 
llOICIIJP 

I LRLI IJ 
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 
OONNACHI 69 NP lOB 433 A OONNACHIE, R KIRSOPP 
AYED 70 PL 316 59B +BAREYRE+VILLET 
AYEO 74 PRIVATE COMMCTN. AYEO,BAREYRE 

ALSO 73 AIX CONFERENCE AYEDrBAREYRE 

I KARLSRUHE J I 
IVANDERBILTI 

ClRLJ 
CGLAS+EOINI 

· tSACLAYI 

WINNIK 77 NP 6128 66 +TOAFF,REVEL,GOLDBERGrBERNY 

I SACL IIJP 
CSACLIIJP 
IHAifl I 

***"'** ********* ..................... ****••••• .......... • ................ . 

•••••o ********* ********* ********* ********* ••••••••• ********* •••••••• 

I a( 1960) I 13 N*3121l960, JP•512-l 1•312 I D3sl 

REE 

IME 

RER 

IMR 

P1 
P2 

R1 
R1 
Rl 
R1 
R1 
R1 

X 
X 
3 
1 

1 
1 
1 
1 

3 
3 
1 

1 

13 N*3/2119601 MASS CMEVI 

11954.0) DONNACHl 68 RVUE PHASE-SHIFT ANAL 
c 1970.1 KIRSOPP 68 RVUE PHASE SHIFT ANAL 
(1950.01 APPROX LEA 69 CNTR PI-P ELASTIC 

SEE ALSO APLIN 70 
WHERE MAX. ABSORPTION IS -DONNACH1t 2 tKIRSOPP EYEBALl FIT CERN 1 

12200.1 AlMEHED 72 I PWA 
(1960.1 LANGBEIN 73 IPWA PI N-K SJG,SOL 2 

NOT SEEN IN SOLUTION 1 OF lANGBEIN73 
OEANS75 AND LANGBEIN73 DISAGREE WiTH PI+ P TO K+ SIGMA+ DATA OF 
WINNIK71 AROUND 1920 MEV. 

(1894.1 AYED 76 I PWA 
1925. 20. CUTKOSKY 76 I PWA 

13 N*312U9601 WIDTH IMEVI 

1311.001 OONNACH1 68 RVUE 
C400.J KIRSOPP 68 RVUE PHASE SHIFT ANAL 
1600.1 ALMEHEO 72 IPWA 
(150.1 LANGBEIN 73 IPWA PI N-K SIG, SOL 2 
( 121.1 AYED 76 I PWA 
350. 100. CUT KOSKY 76 IPWA 

SEE THE NOTES ACCOMPANY] NG MASSES QUOTED 

13 N*3/2U960J REAl PART OF POLE POSITION CMEVI 

1860. 15. CUTKOSKY 76 IPWA 

13 N*3/2Cl960I 2*IMAG PART OF POLE POSITION CMEVJ 

276. 40. CUTKOSKY 76 I PWA 

13 N*3/2119601 REAL PART OF ElASTIC POLE RESIDUE (MEVJ 

12. 3. CUTKOSKY 76 IPWA 

13 N*3/2119601 IMAG PART OF ELASTIC POLE RESIDUE CMEVI 

-15. .. CUTKOSKY 76 IPWA 

13 N*3/2(19601 PARTIAl DECAY MODES 

N*3/2Cl9601 INTO PI N 
N*3/2fl960J INTO K SIGHA 

13 N*3/2U9601 BRANCHING RATIOS 

N*3/2U960) INTO tPJ N)/ TOTAl 
1.1541 OONNACH1 
1.121 KIRSOPP 

C0.251 AlMEHEO 
C ,.08) AYED 

.133 .C13 CUTKOSKY 

68 RVUE 
6B RVUE 
12 IPWA 
76 IPWA 
76 IPWA 

DECAY MASSES 
139+ 938 
493+1189 

IPll 
PHASE SHIFT ANA. 
PHASE SHIFT ANAl 

N*3/2(19601 INTO IK SIGMAIITOTAL (P2J 

6/68 
10/69 
8/69 

10/69 
2172 
9/73 
9173 
1178* 
1178* 

11177• 
11111* 

8/69 
10/69 
2/72 
9173 

11/77* 
11177• 

11117• 

11/77• 

11177* 

10/69 
10/69 
2172 

11177* 
11111* 

R2 
R2 
R2 
R2 

CO.Ol31 CO.Oll FEUERBACH 70 RVUE PI P TO K+ SIG+ 7170 

R3 
R3 1 
R3 2 
R3 2 

A1 
Al 
A1 

A2 
A2 
A2 

ASSUME MASS, WIDTH, X I ELAST) OF DONNACHI E 68 
MODEl USED HAY DOUBLE COUNT. 

N*3/2U9601 FROM PI N TO K SIGMA SQRTIP1*P2J 9173 
I .081 LANGBEIN 73 IPWA 
C .018JTO .035 DEANS 75 OPWA 

RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 

PI N-K SIG,SOL 2 9173 
PI N TO K SIGMA 11175 

11175 

13 N*3/2Cl960) PHOTON DECAY AMPUGEV**-1/21 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI
REVIEW PRECEDING THE BARYON LISTINGS. 

N*3/2C1960) INTO GAM NUCLEON, HELICITY•112 CGEV**-1121 1176 
+,.003 .016 CRAWFORD 75 OPWA PI N PHOTD-PROO 1/76 

C-.0851 BARBOUR 76 DPWA PI N PHDTD-PROD 1/76 

N*3/2C1960) INTO GAM NUCLEGN, HELICJYT.,3/2 CGEV**-1121 
-.010 .032 CRAWFORD 75 OPWA PI N PHOTD-PROD 

(+.0.661 BARBOUR 76 DPWA PI N PHOTD-PROD 

1/76 
1176 
1/·76 

•••••• ••••••••• ••••**••• ••••••••• ••••••••• ••••••••• ••••••••• •o•••••• 
REFERENCES FOR N*3/2Cl960I 

DONNACH1 68 PL 26B 161 A OONNACHIEr R G KIRSOPPt C lOVELACE lCERNJIJP 
I':JP.SOPP 68 THESIS R·G KIRSOPP (EDJNI 



6 'J' 
' 6 

189 

Data Card Listings 
For notation, see key at front of Listings. 

LEA 69 Pl 298 584 l EA,OAOES, WARD, COWAN,+ 
FEUERBACHER+HOLLAOA Y 
+LOVELACE 

IRHEL, SRI STQL,OARE I 
IVANDERBJLTI 

CLUNDtRUTGJ IJP 
FEUERBAC 70 NP 168 85 
ALMEHED 72 NP 840 157 

LANGBEIN 73 NP 653 251 LANGBEIN ,WAGNER IMUNICHJIJP 

CRAWFORD 75 NP 897 125 
DEANS 75 NP 896 90 

R L CRAWFORD 
+MITCHELL ,MONTGOMERY,+ 

IGLASHJP 
ISFLA,ALABAMAIIJP 

AYED 76 CEA-N-1921 AYED tTHESISI ISACLIIJP 
IGLASIIJP 

ICARN+LBLIIJP 
I CARN+L BL+BRI S IIJP 

BARBOUR 76 NP 8111 358 I. M. BARBOUR,R. l· CRAWFOPO 
CUT KOSKY, HENDRICK, KELLY CUTKOSKY 76 PRL 31 645 

ALSG 76 OXFORD CONF. 49 CUT KOSKY, HENDRICK,C HAD+ 

PAPERS NOT REFERRED TO IN DATA CARDS. 

DCNNACHl 69 NP lOB 433 A OONNACHIE, R KIRSOPP 
+BAREYRE+VILLET 

IGLAS+EDINI 
ISACLAYI 

IRHELtBRISTOU 
AYED 70 Pl 318 598 
APLIN 71 NP 832 253 +COWAN, GIBSON, Gl LMORE++ 

+TOAFF, REVE Lt GOLDBERG, BERNY WINNIK 77 NP 8128 66 I HA IF II 

•c.•••• ********* ********* ********* ********* ********* ********* •o****** 
o••••• ********* ********* o•oo***** ********* ********O ********* ******** 

1950 MEV REGION - PRODUCTION AND uToTAL EXP'TS 

11922.01 
(1912.01 
11900.01 
12C80.0I 

THIS BUMP 
(1860.0) 
118'95.1 
11890.1 
11881.) 

70 N*3/2U950, JP:::: J 1=3/2 PRODUCTION EXPERIMENTS 

SEE THE MINI-REVIEW PRECEDING THE N AND DELTA LISTINGS 
FOR A DISCUSS ION OF PRODUCTION EXPERIMENTS 

70 N*3/2119501 1'4ASS IMEVI (PROD. EXP.I 

APPROX COOL 56 CNTR PI+ P TOTAL 
(15.01 BRISSON 61 CNTR PI+ P TOTAL 

(9.01 DEVLIN 65 CNTR PI+ P TOTAL 
( 12-01 YCON 67 HBC . 3 BEV/C PI-P 
IS NOT SEEN BY CHUNG 68 AT 3.2 GEV/C 

COL TON 72 HBC ++ PP TO PI+PN 7GEV 
(15.1 COLLEY 74 HBC ++ K+P TO K+PPI+PI-

s. TO 10. BRAUN2 75 BC PBAR P AND D,5.7 
(6.1 CHUNG 75 HBC ++ PI+ P AND K+ P 

MCST PROBABLE JP ASSIGNMENT IS 7/2+. 
(18£10. J 110· I GAl DOS 75 HBC ++ PI+P TON* 2PI. 

1K 1849. TO 1893. ZEMAt-IY 11 HBC ++ PI+P 10.3 GEV/C 
FROM N PI AND N PI PI MODES 
37(1927.1 135-1 lEMA NY 11 HBC ++ PI+P 10.3 GEV/C 
FROM SIGMA KBAR MODE ONLY 

---- ------ ------ ------ ------- ------ -------- -----

w 
w 
w 
w 
w 
w 
w 
w 

PI 
P2 
P3 

•• 
P5 
P6 
P7 
PB 

'"' 

70 N03/2U950J WIDTH (MEV I I PROD .. EXP.I 

(256.01 (39.0 I DEVLIN 65 CNTR 
140 .. 0) (20.01 YOON 67 HBC . 

ltSD.OI COL TON 72 HBC ++ PP TO PI+PN 7GEV 
(230.) (50.) COLLEY 74 HBC ++ K+P TO K+PPI+PI-
(120. I to. TO 20. BRAUN2 75 BC PBAR P AND 0,5. 7 
(219. 1 (23.1 CHUNG 75 HBC ++ PI+ P AND K+ P 
(taO.) 130.) GAJOOS 75 HBC ++ PI+P TO NO 2PI 

IK 205. TO 273. ZEMANY 77 HBC ++ P I+P t0.3 GEV/C 
37 140.1 t73 .. ) ZEMANY 77 HBC ++ PI+P 10.1 GEV/C 

70 N*3/2(19501 PARTIAL DECAY MODES (PROD. EXP.J 

N*3/21 1950 I INTO PI N 
N*3/21t950J INTO SIGMA K 
N03/211950J INTO N03/202321 PI 
N*3/2Cl9501 INTO Y*ll13851 K 
N*3/2119501 INTC N*3/2(12321 RHO 
N*3/2Cl9501 INTO NEUTRCN PI+ PI+ 
N*3/2Cl9501 INTO N03/2112321 PI PI INOT RHCI 
N*3/2Cl950) INTO PROTON PI+ PIO 
N*3/2119501 INTO PI PI N 

DECAY MASSES 
139+ 938 

1189+ 49'3 
1232+ t39 
1381t+ 493 
1232+ 776 
939+ 139+ t39 

1232+ 139+ 139 
938+ 139+ 139 
139+ 139+ 938 

70 N*3/21t9501 BRANCHING RATIOS (PROD. EXP.I 

N03/2119501 INTO I PI NJ/TOTAL CPU 
10.57) (0.121 DEVLIN 65 CNTR 

7/66 
7/66 

8/67 

1/73 
10174 
11175 

1176 
1176 
1/76 
1178* 
1178* 
1118* 
1/780 

8/67 
1/73 

t0/74 
U/75 
t/76 
1/76 
t/78* 
t/78* 

RI 
RI 
RI (0.481 I 0.151 ZEMANY 77 HBC ++ PI+P 10 .. 3 GEV/C 1178* 

R2 
R2 

R3 
R3 
R3 

N*3/21t9501 INTO ISIGMA KIJIPI NJ IP2JICP11 
0.059 0.024 CHINOWSKY 68 HBC ++ PP TO P SIG K 

N*3/21t950I INTO NOJ/2112321 PI Pt CNOT RHOI IP71 
SEEN CHINOWSKY 68 HBC ++ PP TO IP 3PI I N 
SEEN BOGGILD 70 HBC PP TO N3PIINTRLI 

11/68 

11/68 
6/70 

R4 N 3/2119501 INTr. CPI NJIIN*3/211232) PJJ IPUIIP31 
R4 (0.551 OR LESS LEE 67 HBt PI-P 3.63 BEVIC 11/67 

R5 
R5 
R5 

•• •• 
R7 
R7 
Rr 

RB 

•• RB 

R9 
R9 

RIO 
RIO 

Rll 
iHI 

N*3/2fl9501 INTO IIPI NI*INEUTRON PI+ PI+IIITOTAL**2 
IP1•P6J 

0.05 0.013 GALLOWAY 68 RVUE ++ PI+P TO N 2PI+ 

N*3/21t9501 INJ( IY*1(1385J KJI(PI Nl IPitJ/(PlJ 

6/68 

0.035 0.015 CHINOWSKY 68 HBC ++ PP TO P LAM K PI ll/68 

N*3/2119501 INTO IN*3/211232J RHOJJIPI NJ (P5J/CP1J 
10.451 APPROX CHINOWSKY 68 HBC ++ PP TO I P 3PI I N 11/68 

THIS INCLUDES CORRECTION FOR UNSEEN DECAY IJSPJN FACTOR 5/31. . 

N*3/2H9501 INTO IN*3/2U232J RHOI/TOTAL (PSI 
SEEN YOON 67 HBC + 
NOT SEEN BOGGILD 70 HBC PP TO N3PICNTRLJ 

N*3/21lc:i501 INTO (PROTON PJ+ PIOIJTOTAL IPS I 
10.261 (0.071 ZEMANY 77 HBC ++ PI+P 10.3 GEV/C 

N*3/2(1950J INTO (NEUTRON PI+ PI+I/TOTAL IP61 
{0.241 {0.07) ZEMANY 77 HBC ++ PI+P tO. 3 GEV/C 

N*3/-2C:1950J I'NTO ·c SIGMA KI/TOTA_L IP21 
(0.0271 (0.009J ZEMANY 11 HBC ++ PI+P tO. J GEV/C 

8/67 
6/70 

1/78* 

1178* 

·11'18* 

Baryons 
A(1960), A(2160) 

RI2 
R12 0 
Rl2 D 
R12 R 
Rt2 R 

N*3/2119501 INTO.fPI PI NJJIPI N + PI PI Nl IP9JICP1+P9J 
(0.351 10.081 GAIOOS 15 HBC ++ PJ+P TO N* 2PI 

ASSUMING IPJ PI NJ IS All N*3/202321 PI, WHICH AGREES WITH DATA 
10 .. 301 10.071 GAIDOS 75 HBC ++ PI+P TO N• 2PI 

ASSUMING IPI PI Nl IS All RHO PI 

****** ********* ********* ********* o••****** ********* ***•***** ••••••oo 

REFERENCES FOR N03/20950J t PROD. EXP. J 

COOL 
BRJ SSON 
DEVLIN 
LEE 
YOON 

56 PR 103 1082 
61 NC 19 2t0 
65 PRL 14 1031 
67 PR 159 1156 
67 PL 24B 307 

R COOL, 0 PICCIONI, 0 CLARK fBNl I 
+DETOEUF rFALK-VAIRANT, VAN ROSSUM,+ ISACLAYI 
T J DEVLINtJ SOLOMON,G BERTSCH (PRINCETON) 
+MOEBS,ROE,SINCLAIR,VANOER VELDE IMICHI 
+BERENYI,KEY,PRENTICE, + ITORONTO,WISCJ 

CHI NOWSK 68 PR 171 1421 
·CHUNG 68 PR 165 149t 
GALLOWAY 68 PL. 268 334 

CHINOWSKY ,CONDON ,KJ NSEY ,KLEIN,+ 
S U CHUNG,DAHt,KIRZtMILLER 
K F GALLOWAY 

ILRL,SLACJ 
CLRU 

I INDIANA I I 

BOGGILD 70 NP 816 503 +KOREA-AHO+JACOBSEN+ I BOHR+ HELS+OSLO+STOHJ 
COL TON 12 PR 06 95 E COLTON, A KIRSCHBAUM ILBL I 
COLLEY 74 NP 869 205 COLLEY,HUQ,JOBEStKINSON,MJLNEt+ IBIRM+GLASII 
BRAUN2 75 NP 895 503 +GERBERrMAURERrMICHALON,SCHIBY+ STBRB,LPNP 1 
CHUNG 75 PL 578 384 +PROTOPOPESCU, ElSNER+ I BNL+CASE+LBL+UCSC I JJP 

ALSC 75 PRO 12 693 CHUNG,PROTOPOPESCU,EISNER+ fBNL+CASE+UCSCJIJP 
GAIOOS 75 PRO t2 2565 GAIDOS,MILLER tPUROJIJP 
Z~MANY 77 TORONTO PREPRINT +BEAUFAYS,GODDARD,KENNEOY,KEY+ ITNTO+BNLJIJP 

OEUTSCHM 75 NP 899 397 

PAPERS NOT REFERRED TO IN DATA CARDS. 

DEUTSCHMANN+ IAACH+BCNN+BERL +CERN+CRAC+HE ID) 

****** ********* ********* ******••* ********* ********* ***•***** •••••••o 
****** ********* ••••••••• **O****** ********* ••••••••• ********* ******** 

IA(2160) I 9 N*3/212160, J 1=3/2 

" " " M 
M 
M 
M 
M 
H 
M 

EARLY ANALYSES FOUND EVIDENCE FOR A RESONANCE 
NEAR THIS MASS IN THE P33 PARTIAL WAVEr AND UNLESS 
STATED OTHERWISE, All DATA CARDS BELOW APPLY TO THIS 
WAVE. IN AOOITtONr ROYCHOUOHURY 71 FINO POSSIBLE 

EVICENCE FOR P31r 033, AND 035 RESONANCES IN THIS MASS REGION. IN A 
SIMILAR ANALYSIS BRANSDEN 71 FOUND SOME EVIDENCE FOR S3tt 033, AND D35 
RESCNANCES IN THIS REGION. VON SCHLIPPE 72 SUGGESTS A G39 .. A PRONOUNCED 
SHARP DIP IS OBSERVED IN PI+ P BACKWARD SCATTERING AT 2200 MEV BY 
REY 74. DUAL INTERFERENCE MODEL ANALYSIS OF MA 75 FINDS SIGNAL FOR 
P33, P3t, AND 035, BUT NOT fOR G39,. AYED 76 FINDS A G39 RESONi\NCE 
IN THIS MASS REGION. THE EFFECT SEEN IN K SIG PRODUCTION IS 
tOO MEV LOWER IN MASS. 

9 N*3/Zf2t60) MASS IMEVI 

I 2160. J KIRSOPP 
12120.1 ROYCHOUD 

7 12150.1 ALMEHEO 
1 11980.1 LANGBEIN 
1 NOT SEEN IN SOLUTIIjN 2 OF LANGBEIN73 

68 RVUE 
71 OPWA 
72 J PWA 
13 I PWA 

PHASE. SHIFT ·ANAL 

PI N-K SIG,SOL 1 

1 DEANS75 AND LANGBEIN73 DISAGREE WITH PI+ P TO K+ SIGMA+ DATA OF 
1 WINNIK17 AROUND t920 MEV. 

4 12196.1 146.1 141.1 REY 14 MPWA ++PI+ P 180 OEG CS 
4 BAKER 74 AND REV 74 FINO NEGATIVE PARITY ISPIN UNOETERMINEOJ. 
2 12170.1 AYEO 76 IPWA 
2 AYEO 7b RESULT IS A G39 RESONANCE. 

9 N*312121601 WIDTH IMEVI 

1/78* 
1178* 
1178* 
1/78* 

10/69 
3172 
2/72 
9173 
9/13 
1/78* 
t/78* 

t0/74 

11177* 
11/77* 

w 3 
w 7 
w I 
w • 

1260.1 KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
1200. I ALMEHEO 7 2 I PWA 
tl90.1 LANGBEIN 73 IPWA PI N-K SIGtSOL 1 
1302. I {143 .. I REY 74 MPWA ++ PI+ P 180 OEG CS 

w 2 

PI 
P2 

RI 
Rl 
RI 
RI 
RI 

R2 
R2 
R2 
R2 

5 
5 

I 

(205.1 AYED 76 IPWA 
SEE THE NOTES ACCOMPANYING MASSES QUOTED 

9 N*3/212t601 PARTIAL DECAY MODES 

N03/212t601 INTO PI N 
N03/2C2t60) INTO K SJG14A 

9 N*31212t601 BRANCHING RATIOS 

N*3/2(21601 INTO IPI NJ/TOTAL 
1.251 KJRSOPP 68 RVUE 

(0 .. 3) ALMEHFO 12 IPWA 
( .041 AYED 76 I PWA 

REY74 FINDS (J+l/21X""·8t+/-C .54/.S9) 

N*3/2121601 FROM PI N TO K SIGMA 
(.OBI LANG BE IN 73 IPWA 
I.D481TO .120 DEANS 75 DPWA 

RANGE GillEN IS FROM FOUR BEST SOlUTIONS. 

DECAY MASSES 
139+ 938 
493+1189 

(Pll 
PHASE SHIFT ANAL 

SQRHP1*P2J 
PI N-K SIG,SOL t 
PI N TO K SIGMA 

.................................. *•••••••* •••• ,. •••••••.•••••••••••••• 

KJRSOPP 68 THESIS 
ROYCHOUO 71 NP B27 125 

ALMEHI=D 72 NP B40 t57 
I LANGBEIN 73 NP 853 251 

REY 74 PRL 32 908 
ALSO 74 PRl 33 250 
ALSO 75 PRO 11 1777 

DEANS 75 NP B96 90 
AYEO 76 CEA-N-1921 

REFERENCES FOR N*3/2( 2160) 

R G KIRSOPP 
R K ROYCHOUOHURY, B H BRANSDEN 

lEDIN I 
COURHHJP 

+LOVELACE 
LANGBEIN ,WAGNER 

REY, LENNOXt POIRIER, PRETZL 
REY, LENNOX, POIRIER, PRETZL 
LENNOX, POIRIER, REV t SANDER+ 
+MI rtHELL,HONTG0"4ER Y, + 
AYED (THESIS) 

(LUNO,RUTGIIJP 
I MUNICH I IJP 

I NOAM+MP J M II P 
C NDAM+MPI M I I P 

INOAM+FNAL +ANL JI P 
( SFLAt ALABAMA IIJP 

ISACLJ IJP 

2172 
9/73 

10174 
11177* 

10/69 
2172 

11/71* 
t0/74 

9173 
9/73 

11175 
11/75 



Baryons 
a(2160), ~(2420), ~(2850) 

PAPERS NOT REFERRED TO IN DATA CAPOS. 

00NNACHI 69 NP lOB 433 
BRANSOEN 71 NP 82.6 5ll 

AlSO 70 NP 816 461 
VUN SCHL 72 LNC 4 767 
BAKER 74 PRL 32 251 
MA 75 PRO 11 1832 
WINNIK 77 NP 8128 66 

A DONNACHIEtR KIRSOPP 
,OGDEN 
ROY CHOUDHURY, PERRIN, BRANSOEN 
VON SCHllPPE 

. BAKER, EARll Y ,PRET AL, PRUSS,+ 
MA,SHAW 
+TOAFF tREVEL, GOLDBERG, BERNY 

t GLAS+EOJ N I 
lOURHJ IJP 
( DURH liJP 
ILOWCliJP 

CFNAL, ANL tNDAM I P 
IUCSB, SLAG UJP 

IHAJFJ I .................................................... **••····· ........ . 
r~<~~·;~)·~···::··::,::~::::~· J:::::::~· :::::·i~~··::T 

M 12312.01 
M FROM ENER. 
M 12400.) 
M 12400.1 
M 12440.1 
M 12404.) 
M 12392.) 

BOTH ROYCHOUDHURY 11 AND BRANSDEN 71 SEE A POSS ISLE 
RESONANT F35 IN THIS MASS REGION. IN ADDITION BRANSDEN 
7L FIND A RESONANT P33 AT 2600 MEV. 

84 N*3/2(2420J MASS tMEVJ 

AYED 10 I PWA 
DEP. FIT OF ARGAND DIAGRAM 

BRANSDEN 71 OPWA 
ROYCHOUO 71 DPWA 
OTT 12 MPWA 0 PI-P BKWD ELSTC 

(63.) REY 74 MPWA ++ PI+ P 180 DEG CS 
AYEO 76 I PWA 

84 N*3/212420) WIDTH IMEVI 

l/71 

3/72 
3/72 
Z/73 

10/74 
11/77* 

(347.01 
1484.) 
(289.) 

179.1 
AYED 
REY 
AYED 

70 IPWA 1171 
74 HPWA ++PI+ P 180 DEG CS 10/74 
76 IPWA 11177* 

Pl 
P2 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

84 N*3/2(24201 PARTIAL DECAY MODES 

N03/2(24201 INTO PI N 
N*3/212420J INTO SIGMA K 

DECAY MASSES 
139+ 938 

1197+ 493 

84 N*31212420J BRANCHING RATIOS 

N*31212420J INTO (PI NI/TOTAL 
10.113) AYED 

(.41 OTT 
I .. 1571 (.0701 ( .. 035JREY 

REV 74 DETERMINES (J+l/2JX ONLYt WE 
I .09) AYED 

IPll 
70 IPWA 
72 MPWA 0 PI-P BKWO ELSTC 
74 MPWA ++ PI+ P 180 DEG CS 

HAVE DIVIDED BY 6. 
76 I PWA 

********* .... o•••• ••••****CO: •••••••••••• $$0000 ••••••••• $000···· 

REFERENCES FOR NC0:3/212420J 

AYEO 70 KIEV CONF R AYEDt P BAREYREt G VILLET I SACLJ IJP 

BRANSOEN 11 NP 826 511 
ALSO 70 NP B16 461 

ROVCHOUO 11 NP 827 125 
OTT 72 PL 428 133 

ALSO 72 MCGILL THESIS 

REV 74 PRL 32 908 
ALSO 74 PRL 33 250 
ALSO 75 PRO 11 1177 

AYED 76 CEA-N-1921 

BELLAMY 67 PRL 19 476 

AYED 10 PL 318 598 

,OGDEN IOURHJ IJP 
ROYCHOUDHURY,PERRIN, BRANSDEN { DURH) IJP 
R K ROYCHOUDHURY,B H BRANS DEN IDURHI IJP 
+TR ISCHUK,VAVRA, RICHARDS,+ IMCGI, STLO, IOWA )IJP 
J. VAVRA (MCGI J JP 

REV, LENNOX, POIRIER, PRETZL 
REV, LENNOX, POIRI ERt PRETZL 
LENNOX, POIRIER, REY, SANDER+ 
AYEO CTHESISI 

(NDAM+MPIMIIP 
INDAM+MPIMJIP 

INOAM+FNAL+ANLI IP 
ISACLIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

+BUCKLEY,QOBINSON, + 

+BAREYRE+VILLET 

(WESTFIELD,LOUC) JP 

(SA CLAY I 

•••o•• ~ ......... ooo•o•••• $ ........ 0 ********• •••• $0··· ................. . 
Ct**O*• $$0$0$0 •• •••••o*** ••o•o•••• CO:******CO:CO: ••o•••••• .......... ·$······ 

2420 MEV REGION - PRODUCTION .AND crTOTAL EXP'TS 

69 N*3/2(2420t JP= ) Ic3f2 PRODUCTION EXPERIMENTS 

SEE THE .MJNI-REVIEW PRECEDING THE N AND DELTA LISTINGS 
FOR A DISCUSSION OF PRODUCTION EXPERIMENTS. 

69 N*312(24201 14ASS (MEVI tPROO. EXP.I 

C2360.0) OIODENS 63 CNTR PI+ P TOTAL 
12520.0) 140.0) ALVAREZ 64 CNTR PI PHOTOPROD 
(2440.01 HOHLER 64 RVUE DATA + OISP REL 
12400.01 APPROX WAHLIG 64 OSPK 0 PI-P CH EX 

1/71 
2173 

10/74 
10174 
11111* 

7/66 

(2452.01 BARGER 66 RYUE TOTAL + CH EX 11/67 

• • 

Pl 
P2 
P3 

•• 

USES REGGE AMP.+RESON. TO CALCULATE OIF. CROSS SECTIONS AT 180 DEGRE 
FOR CRITICISM OF THIS METHOOt SEE DOLEN 68. 

2423.0 10.0 CITRON 66 CNTR PI+ P TOTAL 

69 N*3/2124201 WIDTH (MEVJ IPRQQ. EXP.) 

(200.01 
1245.0) 
1275.0) 
310.0 20.0. 

DIDDENS 
HOHLER 
BARGER 
CITRON 

63 CNTR 
64 RVUE 
66 RVUE 
66 CNTR 

TOTAL + CH EX 

69 N03/2124201 PARTIAL DECAY MODES (PROD. EXP.) 

N03/2C24201 INTO PI N 
N*312124201 INTO SIGMA K 
N*3/2t2420) INTC. N*3/2112321 PI 
N*312124201 INTO NEUTRON PI+ PI+ 

DECAY MASSES 
139+ 938 

1197+ 493 
1232+ 139 
939+ 139+ 139 

7/66 

1166 
ll/67 
7/66 

190 

Data Card Listings 
For notation, see key at front of Listings ... 

69 N*3/2(2420) BRANCHING RATIOS (PROD. EXP .. J 

Rl N*312 ( 2420 I INTO IPI NJ/TOTAL IP1J 

Rl 10.067) APPRO X DIOOENS 63 CNTR ASSUMING J=ll/2 
Rl 0.113 0.0036 CIT RON 66 CNTR ASSUMING J=ll/2 
Rl (0.12) BARGER 67 FIT ASSUMING J=ll/2 
Rl 10.1631 OIKMEN 67 FIT ASSUMING J:ll/2 
Rl USES ONLY RESONANCES TO CALCULATE DIF. CROSS SECTIONS AT 180 DEGREES 
Rl (0.061 KORMANYOS 67 CNTR ASSUMING J=ll/2 

R2 N*3/2(2420J INTO IPI NI*INEUTRON PI+ PI+I/(TOTAL0*2J 
R2 ( P1*P4) 
R2 0.0195 o. 0048 GALLOWAY 68 RVUE 

•••••• •••o•o••• *CO:*······ •••••• $ •• •o•••••*• ··$•••••o $••o•ooo• •••••••• 

DIDOENS 
ALVAREZ 
HOHLER 
WAHLIG 
BARGER 
CITRON 

63 PRL 10 262 
64 PRL 12 110 
64 PL 12 149 
64 PRL 13 103 
66 PR 151 11Z3 
66 PR 144 1101 

BARGER 67 PR 155 1792 
DJKMEN 67 PRL 18 79B 
KORMANYO 67 PR 164 1661 
GALLCWAY 68 PL 26B 334 

REFERENCES FOR N*3/2124201 I PROD. EXP.J 

+JENKINS, KYCIAt RILEY IBNLI I 
+BAR-YAM,KERN,LUCKEY,OSBORNE, + (MJT,CEAJ 
G HOHLER 9 J GIESECKE IKARLSRUHEI I 
+MANNELLI, SODICKSON tF ACKLER tWARO, + (MIT I 
V BARGER, M OLSSON CWISCI 
+GALBRAJTH,KYCIA,LEONTIC-.PHILLIPS, + IBNU 1 

V BARGER. 0 CLINE 
F N DlKMEN 
KDRMANYOS, KRI SCHt OFALLON, + 
K F GALLOWAY 

onsc1 P 
(MICHl 

IMJCH,ANLI 
t INDIANA I 

PAPERS NOT REFERRED TO IN DATA CARDS. 

BAACKE 67 NC 51A 761 J BAACKE, M YVERT IKARLSRUHE,ORSAVJJ-L 
OOBROWOL 67 PL 24B 203 OOBROWOLSKitGUSKOVtliKHACHEV, + CDUBNAJ P 
DOLEN 68 PR 166 1768 R DOLEN, 0 HORN, C SCHMID (CIT I 
WAHLIG 68 PR 168 1515 M A WAHLIG, I MANNELLI IMIT,PISA1 

FlNAL VERSION OF DATA USED IN WAHLIG 64. IN CONJUNCTION WITH 
CITRON 66 TOTAL CROSS SECTIONS, THIS CHARGE EXCHANGE DATA GIVES 
COMPLEX ELASTIC SCATTERING AMPLITUDE AT 0 DEGREES • 

........ ••••••••o ·····$··· 00$•••••* •• $00$··· ···$····· •••••••oCt ....... $0 
$•••o• ••••••••• $····$··· $.0$000$$ •••••• $00 o•••••••o ···$····$ •••o••$• 

M 
M 
M 

• M 

'2870.0) 
(2700.01 
(2850.01 
ze5o.o 

128B3.) 

85 N03/2(2850, JP= +I 1=3/2 PRODUCTION EXPERIMENTS 

85 N03/2t28501 MASS IMEVJ (PROD. EXP.) 

APPRDX 

1z .. o 
(26.) 12B.) 

HOHLER 
WAHL IG 
SARDADIN 
CITRON 
REY 

64 RVUE DATA + OISP REL 
64 OSPK 0 PI-P CH EX 
66 HBC ++ NO TO P + 3 PIS 
66 CNTR PI+ P TOTAL 
74 MPWA ++ PI+ P lBO DEG CS 

85 N03/2{2850J WIDTH (MEV) I PROD. EXP.J 

7/66 
7/66 

11/67 
11/67 

11/67 

6/68 

7/66 
7/66 

10114 

(150.0) 
400.0 

(380.1 

BAROAOIN 
CITRON 
REY 

66 HBC ++ 7166 
40.0 

(141.) (201.) 
66 CNTR 7/66 
74 MPWA ++ PI+ P 180 DEG CS 10174 

85 N*3/212850) PARTIAL DECAY MODES IPROO. EXP.I 

Pl 
P2 
P3 

N*3/ZI2850J INTO PI N 
N03/21Z850J INTO P PI PI PI 
N*3/212850J INTO N PI PI 

DECAY MASSES 
139+ 938 
938+ 139+ 139+ 139 
93 8+ 139+ 139 

85 N03/2l2850J BRAOCHING RATIOS IPROO. EXP.J 

R1 N*3/212850J INTO C PI NJ/TOTAL CPlJ 
R1 ONLY ( J+l/2JOI PI N/TOT AlJ MEASURED FOR THIS STATE 
Rl 8 IO.Z241 (0 .. 0161 BARGER 66 RVUE TOTAL + CH EXt. 11/67 
Rl 0.261 0.048 CITRON 66 CNTR TOTAL CROSS.SEC. 11/67 
R1 8 C0.40) BARGER 67 RVUE USES KORMANYOS66 11/67 
R1 8 USES REGGE AMP.+RESON. TO CALCULATE DIF. CROSS SECTIONS AT 180 DEGRE 
Rl 8 FOR CRITICISM OF THIS METHOD, SEE DOLEN 68. 
R1 C (0.491 DIKMEN 67 RVUE USES KORMANYOS67 11/67 
Rl C USES ONLY RESONANCES TO CALCULATE DtF. CROSS SECTIONS AT 180 DEGREES 
R1 (0.391 DOBROWOLS 67 CNTR PI+P AT 180 DEG 
R1 (0.101 KORMANYOS 67 CNTR PI-P AT 180 DEG. 11/67 
Rl C0.06J OR LESS CL•.95 HALDORSE 72 HBC PP 19 GEV/C 12/72 
R1 UPPER LIMIT ON ELASTICITY .. ALSO FIND Ja9/2 OR MORE. 
R1 { .. 281 (.13) I .19) REV 74 MPWA ++PI+ P 1BO OEG CS 10174 

••••••••••••••• ••••o•••• .................................... ••••••o• 

HOHLER 64 PL 12 149 
WAHLIG 64 PRL 13 103 
BAROADIN 66 PL 21 357 
BARGER 66 PR 151 1123 
CITRON 66 PR 144 1101 

BARGER 67 PR 155 1792 
DlKMEN 67 PRL 18 798 
DOBROWOL 67 PL 248 203 
KQRMANYO 67 PR 164 1661 
HALOORSE 72 NC lOA 468 
REV 74 PRL 32 908 

ALSO 7't PRL 33 250 
ALSC 75 PRO 11 1777 

REFERENCES FOR N*3/2(28501 (PROD. EXP.J 

G HOHLER, J Gt ESECKE I KARLSRUHE I 1 
+MANNfLU,SODICKSONtFACKLER,WARO, + fMITJ 
SARDAOJN-QTWINOWSKA,QANYSZt + IWARSAWI 
V BARGER, M OLSSON (WISCJ 
+GALBRAJTH,KYCIA,LEONTIC,PHILLIPSt + IBNLI J 

V BARGER, 0 CLINE 
F N OJKMEN 
DOBROWOLSKI tGUSKQV, LIKHACHEYt + 
KORMANYOS, KRISCH, OFALLON, + 
HAL DORSEN,JACOBS EN 
REY, LENNOX, POI RJ ERt PRETZL 

tWISCI P 
CMICHI 

I DUBNA) 
IMICH,ANU 

(OSLO) IJ 
INDAM+MPUOIP 
(NDAM+MPHUIP REV tLENNOX, POIRIER, PRETZL 

LENNOX,POIRIER,REYt SANDER+ INDAH+FNAL+ANL J I P 

PAPERS NOT REFERRED TO IN DATA CARDS. 

8AACKE 67 NC 51A 761 J BAACKE, M YVERT IKARLSRUHE,QRSAYJJ-L 
DOLEN 68 PR 166 1768 R DOLEN, 0 HORN, C SCHMID ICITI 
WAHLIG 68 PR 168 1515 M A WAHLIGt I MANNELLI IMIT,PISAI 

FINAL VERSION OF CATA USED IN WAHLIG 64. IN CONJUNCTION WITH 
CITRCN 66 TOTAL CROSS SECTIONS, THIS CHARGE EXCHANGE DATA GIVES 
COMPLEX ELASTIC SCATTERING AMPLITUDE AT 0 DEGREES. 

.. •• o •••••••••• •••••o••• ••••••••• •••••••oo ••••••••• ••••••o•• •••••••• 
••••o• ......... •••o**••• ·····•••o •••••••o• o••······ ••••••••••••••••• 
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Data Card Listings 
· • For n'otation, see key at front of Listings. 

.. 

.. 

86 N*3/213230. JP= J 1=312 PRODUCTION EXPERIMENTS 

86 NO:J/2132301 MASS IMEVI IPRDDa EXP.J 

M 
M 

13230.01 
13296.1 179.1 

CITRON 
178.1 REV 

66 CNTR PI+ P TOTAL 7/66 
74 HPWA ++ Pl+ P 180 DEG CS 10174 

86 N*3/2C3230J WI OTH I MEV J I PROD • EXP. I 

llt40.0J CITRON 
1687.1 U043.J t323.1 REY 

66· CNTR 7/66 
74 MPWA ++ PI+ P 180 DEG CS 10/74 

86 NO:J/2132301 PARTIAL DECAY HODES IPROO. EXP.J 

PI 
P2 

N*l/2132301 INTO PI N 
N*3/2132301 INTO N PI PI 

86 N0:3/2t3230) BRANCHING RATIOS 

DECAY MASSES 
139+ 938 
938+ 139+ 139 

Rl N*3/202301 INTO IPI NI/TOTAL IPll 
Rl ONL·Y IJ+l/21*1 PI N/TOTALf MEASURED FOR THIS STATE 
Rl 8 10.03) 10.011 BARGER 66 RVUE TOTAL+ CH EXC. 11/67 
Rl (0.061 CJTRON 66 CNTR TOTAL CROS. SEC. 11/67 
Rl 8 10.031 TO 0.1 BARGER 67 CNTR USES KORHANYOS66 11/67 
Rl B USES REGGE AHP.+RESON. TO CALCULATE OlF. CROSS SECTIONS AT 180 DEGRE 
Rl B FOR CRITICISM OF THIS METHOD, SEE DOLEN 68. 
R1 0 C0.251 OIKMEN .·67 RVUE USES KORMANYOS67 11/67 
Rl 0 USES ONLY" RESONANCES" TO CALCULATE "OIF. CROSS SECTIONS AT ·taO DEGREES 
Rl (.451 (.091 (.131 REY 74 HPWA ++PI+ P 180 DEG CS 10/71t .................................................................... 
BARGER 
CITRON 
BARGER 
OIKMEN 
REY 

66 PR 151 1123 
66 PR 144 1101 
67 PR 155 1792 
67 PRL 18 798 
74 PRL 32 908 

ALSO 74 PRL 33 250 
ALSO 75 PRO 11 1777 

KORMANYO 67 PR 164 1661 
DOLEN 68 PR 166 1768 

REFERENCES FOR N*3/2C32301 (PROD. EXP.J 

II BARGER, M OLSSON (WISCJ 
+GALBRAJTH,KYCIAwLEONTICwPHILLJPS, + (BNU 
Y BARGER, 0 CLINE (WISCJ 
F N OJKMEN (MICHl 
REV ,LENNOX, POI Rl ER, PRET ZL ( NDAH+MPI HI I P 
REV, LENNOX, POIRIER, PRETZL ( NDAH+MPIM I I P 
LENNOK, POIRIER, REY, SANDER+ CNOAM+FNAL+ANL II P 

PAPERS NOT REFERRED TO IN DATA CARDS 

kORMANYOS, KRISCH, OFALLON, + 
R DOLEN, 0 HORN, C SCHMID 

(HICH,ANLJ P 
(CJTJ 

•••••••••••••••••••••••••••••••••••••••••• ••••••*•• ••••••••••••••••• .................................................................... 
EXOTIC NUCLEONS - 1640 MEV· REGION 

EXOTIC NUCLEONS 

THIS IS NOT A COMPLETE LIST. WE WILL TABULATE EXOTICS FROM NOW ON 

I J:~~~5/2 

THIS IS NOT A COMPLETE LIST. WE TABULATE 
ONLY FROM 1970 ON. 

IN A MISSING MASS EXPERIMENT, PI+ P TO PI- X+++, 
BIRULEII 71 FINO NO EVIDENCE FOR EXOTIC ( I=5/2J RESONANCES IN THE 
MASS INTERVAL 1.2 TO 2.2· GEV. 

EX( 16401 MASS (MEVJ 

29 1627. 12. PRICE 70 OBC -- K-0 AT 4.91GEV/C 
FOUR S. D. EFFECT 

EX( 16401 WIOTH I MEV I 

29 30. OR LESS CL 101 .90 PRICE 70 OSC -- PI-Pt-N BUMP 
CROSS SECTION 13.0+-3.9 HICROBARNS 

EXI1640) CROSS SECTION LIMITS IMICROBARNJ 

CS 6 40 • OR LESS BANNER 70 DSPt<. +++ PI +P, 1. 9 GEV/C 
CS B 1=5/2 LIMIT .GIVEN ABOVE IS FOR MASS RANGE 1540-1750 MEV 

****** •••****** ••••••••• ********* ·********* -O******** oo••••••• •••••••• 

BANNER 70 NP Bl5 205 
PRICE 70 PL 338,533 

AftiMANN 71 PL 34B 533 
BIRULEII 71 SJNP 12 536 
JOHNSON 71· PL 34B 428 

REFERENCES FOR EX {16401 

+CHEZEtHAHELtTEIGERtZACCONE + ISACLAVI 
+BERG,SALANT ,WATERS ,WEBSTER, WEINBERG I llANO) 

PAPERS NOT REFERRED TO IN DATA CARDS 

+CARMONY, GARFINKEL, GUT AV tM ILLER, YEN 
+VOVENKO, GUSKOYt OOBROVOLSK I I,++ 
0 JOHNSON 

I PUROI 
IJINRJ 

IANU 

•••••• **** ••••• ••••••••• ••••••••• ********* ••••o•••• ••••••••• •••••••• .................................................................... 

3/71 

3/71 

7170 

Baryons 
a{3230), EXOTIC NUCLEONS, ~··s. Z0 (17BO) 

Note on the S = + 1 Baryon System 

Since our 1976 edition was published, new 

measurements have been made of the K
0
p + K+n differ

ential cross section (DCS) from 0. 6 to 1..5 GeV/c 

(ARMITAGE 77), the K+n + K0p DCS at 700, 800, and 

900 MeV/c (SAKITT 77), K+d scattering below 600 

MeV/c (GLASSER 77), and the quasi-two-body DCS's 
+ + * forK N +~and K N + K N below 1.5 GeV/c 

(GIACOMELLI2 76). There has been one partial-wave 

analysis (GIACOMELLil 76), which searched for a Z~ 

decaying into K~, but found no evidence for such 

an effect. The evidence for the existence of z*•s 

remains inconclusive. For detailed reviews see our 

previous edition
1 

and the Oxford Conference talk 

of MARTIN 76. 

References 

1. Particle Data Group, Rev. Mod. Phys. 48, Sl88 

(1976). 

See the Data Card Listings for other references. 

M 
M 

" M 

" H 
M 
M 

PI 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

S= 1 1=0 EXOTIC STATES (Z0) 

SEE THE MINI-REVIEW PRECEDING THIS LISTING. 

WILSON 72 AND GIACOMELLI 74 FINO SOME SOLUTIONS 
WITH RESONANT-LIKE BEHAVIOR IN THE POl PARTJAL. WAVE. 
THE EFFECT SEEN IN THE 1=0 TOTAL CROSS SECTIONS, 
If A RESONANCE, MUST HAVE SPIN.,l/2, BECAUSE THE 
INELASTIC CROSS SECTION IS VERY SMALL AND THE TOTAL 
CROSS SECTION IS ABOUT 4*PI/K**2• 

95 ZOO( 17801 MASS IHEVJ 

1780.0 10.0 COOL 70 CNTR + K+P, 0 TOTAL 
0 SEEN DOWELL 70 CNTR K+PwO TOTAL 
0 SEE AlSO 01 SCUSS JON OF LYNCH 70 
W 11800.1 WILSON 72 PWA K+N POl WAVE 
W ESTIMATE OF PARAMETERS FROM BW + QUADRATIC BACKGROUND FIT TO POl. 

1 (1750.1 CARROLL 73 CNTR KN t"'O TCStfiT 1 
l 11825. I CARROLL 73 CNTR KN 1=0 TCS,FIT 2 
1 FIT l"'FIT OF SINGLE L"',l BW+BACKGROUND TO 1"'0 TCS FROM .4-1.1 GEV/C 
1 FIT 2""FIT OF l=1 AND L=2 BWS TO SAME OATA,SEE Z0(1865) FOR L=2 PART 

(1740.1 GIACOMEL H PWA .38-1.51 GEII/C 

95 Z*OI1780J WIDTH IMEVI 

w 
I 
I 

1565.01 
(300.) 
1600., 
1845.1 
1300.1 

COOL 
WILSON 
CARROll 
CARROLL 
GIACOMEL 

70 CNTR + 
72 PWA 
73 CNTR 
73 CNTR 
74 PWA 

K+P, 0 TOTAL 
K+N POl WAVE 
KN JmQ TCS,FIT 1 
KN t=O TCS, Fl T 2 
.38-1.51 GEV/C 

w 
1 
I 

95 ZOO( 17801 PARTIAL DECAY MODES 

Z*O{ 1780) INTO K N 

95 Z00(1780) BRANCHING RATIOS 

lOO( 17801 INTO CK NI/TOTAL 

DECAY MASSES 
493+ 939 

CPU 
10.95) COOL 70 CNTR + K+P, 0 TOTAL 
10.85) WILSON 72 PWA K+N POl WAVE 
(. 751 CARROLL 73 CNTR If J"'l/2, FIT I 
1.911 CARRC.LL 73 CNTR IF J=l/2,FIT 2 
C.851 GIACOMEL H PWA • 38-1.51 GEV/C 

•••••• ••••••••• o•••••••• ••••••••• ********• •••*••••• ••••••••• ******** 

1171 
7/70 
7/70 
3172 
3/72 
9/73 

-9/73 
9/73 
9173 

10/74 

1/71 
3/72 
9/73 
9/73 

10174 

l/71 
3/72 
9/73 
9/73 

10/74 



Baryons 
Z0 (1780), Z0(1865). Z1(1900) 

REFERENCES FOR Z*Ot 17801 

COOL 70 DUKE CONF 47 R l COOL { BNLJ 
ALSO 69 Pl 308 564 
ALSO 70 PR 01 1887 

ABRAMS,COOL,GJACOHELLI,KYCIA,LI + IBNLI 
CCOL,GIACOMELLI,KYCIAtLEONTICtli + IBNLJ 

DOWELL 70 DUKE 53 J.D. DOWEll (BJRHt 
WILSGN 72 NP 842 445 +GR IFFITHS,HIRATA + I BGNA+GLAS+ROMA+TRST} 
CARROll 73 Pl 458 531 
GlACOMEl 74 NP 871 138 

+KYCIAt li tMICHAEL,MOCKETT, RAHM+ I BNLII 
GIACO_MELL I,+ I BGNA+GL.AS+ROMA+TRST I I JP 

LYNCH 
HIRATA 
BOWEN 
JOHNSON 
CAMERON 
BIG I 

70 DUKE 9 
71 NP B30 157 
13 PR D7 22 
74 Pl 50B 343 
75 PALERMO CONF. 
76 NP 8110 25 

PAPERS NOT REFERRED TO IN DATA CARDS 

G LYNCH (REVIEWER OF CR.SEC. DATAl ILRLJ 
+GOLOHABER, HAll, SEE GEP, THR Illl NG, WOHL ILBL t I JP 
+JENKINS,KALBACH,PETERSEN + CARIZ+MICH) 
JOHNSON, VLASSOPULOS I CERN, DURH I 
+CAP ILUPP I+ I BGNA+EOI N+GLAS+P I SA+RHELJ I JP 
+CAI'IERON+ I B GNA+EDI N+GLAS+P IS A+RHEL H JP 

EXPERIMENTS MAINLY ABOUT ELASTIC CHANNELS --
GOLDHABE 62 PRL 9 135 GOLDHABERtCHlNOWSKY,GOLOHABER+ ILRL+UCLAJJJP 
RAY 69 PR 183 1183 RAY,BURRIS,FISK,KRAEMER,HILL+ +CARN+BNL 
ARMITAGE 12 NAL PAPER 391 +ASTON,OUERDOTH,ELLISON, + (MCHS+OAREI 
GIACOME1 72 NP B42 437 GIACOMELLI + IBGNA+GLAS+ROMA+TRSTI 
GJACOMEL 73 NP 856 346 GIACOMELLI,+ fBGNA+GLAS+ROMA+TRSTJ 

AlSO 73 BGNA PPT. AE-73/4 GIACOMEllloGRif'JTHS,+ (BGNA+GLAS+ROMA+TRSTI 
llNOCN 74 PRO 9 1569 LONDON 18NLIIJP 
ALEXANOE 75 PL 58B 484 AL EXANOER, BAR-NIR, SENARY+ CTELA+HE IO JIJP 
OAMERElL 75 NP B94 374 +HOTCHKISStWICKENS,BENTlEY+ (P.HEL,BIRMJ 

EXPERIMEt.TS MAINLY ABOUT INELASTIC CHANNELS --
GIACOMEL 72 NP B3 7 571 GIACOMELLI + ( BGNA+GLAS+R0!'4A+TRST I 
ARMITAGE 77 NP 8123 11 +ASTON,DUEROOTH,ELLISON,FJTTON+ IMCHS+DAREJ 
GLASSER 77 PRO 15 1200 +SNOW,TREVVETT,BURNSTEIN,FU,PETRJ+IUMD+IITI 
SAKJTT 11 PRO 15 1846 +SKELLY,THOMPSON CBNU 

•••••• • ........................... ********'~< *******Co* ••••••••• ******~~'* 
****~~'* ******~~'** ********* ********* ********* .......... ··-······ ******** 

I Z0(1865) I 
) 

96 Z*OU865, JP=3/2-J 1=0 

THIS EFFECT IS STRONGLY ASSOCIATED WITH THE K* ~ 
THRESHOLD. SEE HIRATA 66 AND 70. WILSON 72 AND 
GJACOMELLI2 73 REPORT PARTIAL WAVE ANALYSES. 
AARON 73 CLAIMS A RESONANCE IN A MODEl DEPENDENT 

" " " " " .. 

PWA. SEE ALSO Z*OC1780J. 

96 1*008651 MASS IMEVI 

U860.01 115.01 CARTER 
{1868.01 tlO.OJ COOL 
I 1830.1 AARON 
11840.1 CARROll 

FITZ:fJT Of l=1 AND L.:.Z BWS TO 1-0 TCS 
SEE ZOC 17801 FOR FIT 1 AND L=1 PART Of 

96 1*0118651 WIDTH IMEVI 

67 THEO DISPERSION REL. 
70 CNTR K+P t D TOTAL 
73 MPWA I=O KN .6-1.6G/C 
73 CNTR KN Jc:O TCS,FIT 2 

FROM .4-1.1 GEVIC. 
FIT 2. 

8/67 
8/67 
9173 
9/73 
9173 
9173 

1200.0) 
(160.01 
uoo.) 
(15.) 

150.0} 
(30.01 

CARTER 
COOL 
AARON 
CARROLL 

67 THEO 
70 CNTR 
73 HPWA 
73 CNTR 

8/67 
8/67 

1=0 KN .6-1.6G/C 9/73 
KN I~O TCS,FJT 2 9/73 

96 1*0118651 PARTIAl DECAY MODES 

Z*O( 18651 INTO K N 
DECAY MASSES 

493+ 939 P1 
P2 Z*OC 1865) INTO N K*(892J 938+ 892 

96 1*0tl8651 BRANCHING RATIOS 

R1 1*0Cl8651 INTO IK NI/TOTAL CPU 
R1 '.155) 1.0251 CARTER 67 THEO IF J=3/2 
R1 c .1151 1.0251 COOL 70 CNTR IF J>=3/2 
R1 1.0851 CARROLL 73 CNTR IF J:c3f2,FJT 2 

R2 z•ot 18651 INTO N K*I892J IP2J 
R2 MAIN INELASTIC DECAY HIRATA 68 HBC 

.,. ....................................................... ····-···· ....... . 
CARTER 67 PRL 18 801 
HIRATA 68 PRL 21 1485 
COOL 70 PR 01 1887 

ALSO 66 PRL 17 102 
AlSCi 69 PL 308 564 

AARON 13 PRO 1 1401 
CARROLL 73 Pl 458 531 

HI RAT A 70 DUKE 429 
AAP.ON 71 PRL 26 40 7 
HIRATA-1 71 NP B33 445 
GJACOMEL 72 NP B3 7 517 
WILSON 72 NP 842 445 

REFERENCES FOR 1.00(18651 

A A CARTER ICAVENOISHJ 
HIRATA, WOHL, GOLDHABER, TPILLING (LRL) 
COOL,GIACOMELLJ,KYCIA,LEONTIC,LJ + f8NLJ 
+GIACOMELlltKYCIA,LEONTIC,lloLUNOSYt+ IBNLJ I 
ABRAMS, COOL tGIACOME LLI, KYC JA,LI + I BNU 
AARON,R ICH,HOGAN, SRIVASTAVA ILASL+NEASIIJP 
+K YC I A ,LJ ,M ICHAEL,HOCKETT, RAHM+ I BNLII 

PAPERS NOT REFERRED TO IN DATA CARDS 

+GOLOHA8ER, SEEGER, TRI LLI NG+WOHL ILRL I 
+AMAOO+S ILBAR I NEAS ,PENN, LASL I 1 JP 
+GOLOHABER,HALL, SEEGER, TP.I LLING,WOHL I LBL J 
GIACOMELLI + IBGNA+GLAS+ROMA+TRSTJ 
+GRIFFITHS,HJRATA + IBGNA+GLAS+Fc.OMA+TRSTJ 

.................................. *****•••• ••••••••• ********* *******"' 
****** ***0***** .OOOO:t$000 ********* *****O$OICI: **0****** ********* ******** 

9/73 
9173 
9/73 

11/68 

192 

Data Card Listings 
For notation, see key at fro-nt of Listings.~ -

S=l 1=1 EXOTIC STATES (Z1) 

................ ·'Ci········ ····Ct**** *•••••••• ********* ****'***** ******** 

....... •••••••*• ***tl***** ********* **~~'·****** ********* **'"****** ........ . 

lzl(i9oo) 1.7· ,.111900, JP=3!2•• 1=1 IP13I 

" M 
M 

" " " " " " " 

REE 

!ME 

P1 
P2 

R1 
R1 
R1 
R1 
R1 
R1 
R1 

1 
1 
1 
1 
1 

2 
2 
2 

1 
1 
1 

2 

1 
1 
1 

2 

) THIS EFFECT IS STRONGLY ASSOCIATED WITH THE K-DELTA 
THRESHOLD. SEE THE MINJREVIEW PRECEDING Z*OI1780J 

97 Z*U19001 MASS IMEVJ 

(1932.01 AYED 70 IPWA P13,SOL.I 
(1899.01 AYEO 70 IPWA P13,SOL.II 
12030.0) AYEO 70 JPWA Sll,SCL.IJI 

THREE SOLNS IN ORDER OF DECREASING SIGNIFICANCE. THOUGH AYEO 70 
GIVE PARAMETERS,THEY CC'NCLUOE RESONANT INTERPRETATION DOUBTFUL. 

11830.1 BARNETT 70 IPWA P13,SOLN III 
RESONANCE SIGN.6L BARELY ABOVE BACKGROUND DUE TO THE LARGE ERRORS 
IN THE AMPLITUDES RESULTING FROM THE ANALYSIS 
1900.0 10.0 COOL 70 CNTR ++ K+P TOTAL 

11880. J ALBROW 11 IPWA ++ SOL. GAMMA 
11890.1 KATO 11 IPWA SOl ICFIT BWJ 
12040.1 KATO 11 IPWA SOL IJIFIT 8W1-

KATO 71 ESTIMATE RESONANCE PARAMETERS -- UPDATED PHASE SHIFTS 
PUBLISHED IN MILLER 72. 

152D.OJ 
1397.0) 
1557.0) 
1120.1 
1240.0) 
11'90.) 
1280.) 
1260.) 

97 Z*ll19001 WIDTH (MEV) 

AYED 70 I PWA K+P 
AYEO 70 I PWA K+P 
AYEO 70 IPWA K+P 
BARNETT 70 IPWA P13tSOLN III 
COOl 70 CNTR ++ K- TOTAL 
ALB ROW 71 I PWA ++ SOL • GAMMA 
KATO 71 IPWA SOL ItFIT BWJ 
KAYO 71 IPWA SOL IJCFIT BWJ 

SEE THE NOTES ACCOMPANYING MASSES QUOTED. 

97 11*11900) REAL PART OF POLE POSITION 

I 1787. I ARNOT 74 DPWA K+ P ELASTIC 

97 11*11900) IMAGINARY PART OF POlE POSITION 

1100.1 ARNOT 74 OPWA 

97 Z*111900J PARTIAL DECAY MODES 

Z*U 1900) INTO K N 
1*lf 1900) INTO N*312f 1232) K 

97 Z*1tl900J BRANCHING RATIOS 

Z*li190DJ INTO CK N)JTOTAL 
I 0.101 OR LESS CARTER 67 THEO 
10.161 AYED 70 I PWA 
10.20) AYED 10 I PWA 
(0.17) AYEO 70 IPWA 

1.121 BARNETT 70 I PHA 

K+ P ELASTIC 

DECAY MASSES 
493+ 938 

1232+ 493 

CPU 
DISPERSION REL. 

P13,SOLN III 
10.121 tASSUMING J=3/21 COOl 70 CNTR ++ K+P TOTAL 

6170 
6/70 
6170 

9/13 

1/11 
10/71 
10/71 
10/71 
3/72 
3172 

6/70 
6/70 
6170 
9173 
1171 

10171 
10171 
10/71 

4/75 

4/75 

4175 

lt/75 

8/67 
6/70 
6/70 
6/70 
9173 
1/71 

R1 10.15) AlB ROW 11 IPNA ++ SOL. GAMMA ' 10/71 
R1 10.221 KATO 11 I PWA SOL HFIT BWI 10/71 
R1 (0.271 KATO 11 IPWA SOL JI(FIT BWJ 10/71 

SEE NOTES ACCOMPANYING THE MASSES QL(JTED. 

R2 Z*U1900J INTO K N03/2112321 IP2J 
R2 MAIN INELASTIC DECAY BLAND 67 HBC 8/67 
R2 NO EVIDENCE, SPEED HAS MINIM. GRIFfiTHS 72 H8C K+P .9-1.5 GEVIC 3172 

• ••••• ********* ...................................................... . 

BLAND 67 PRL 18 1077 
CARTER 67 PRL 18 801 

AYEO 70 PL 32B 404 
BARNETT 70 U MOt RPT 7D-101 

ALSO 70 DUKE 443 
COOL 70 PR 01 1887 

ALSC 66 PRL 17 102 

REFERENCES FOR Z*lt 19001 

+BOWLERtBROWN,G+S GOLDHABER,SEEGER,+ ILRLJ 
A A CARTER ICAVENOISHJ 

+BAREYRE, FELTESSE, VJLLET 
BARNETT tGOl DMANt LAASANEN, STEIN BERG 
BARNETT tGOlOMAN, LAASANEN, STEINBERG 
+GIACOMELLI, KYCIA, LEONTICt Lit + 
COOL, GIACOMElli, KYC IA, LEONT IC, L1 + 

tSACLAYIIJP 
IUMDIIJP 
IUMDIIJP 
(BNLJ I 
tSN'tJ 

ALBROW 71 NP B30 273 +ANOERSONrAlMEHEO, ••• ,UOO,WAGNER ICERNI IJP 
(CERNUJP 

IANL,NWESIIJP 
IANLIIJP 

fANL,NWESIIJP 

AlSO 70 DUKE 375 ERNE,SENS,WAGNER 
KATO 71 H.E.PHEN.,MORIOND +KOEHLER, •• ·.,YGKOSAWA+BURLESON 

AlSCi 70 DUKE 367 A. YOKOSAWA 
ALSC 70 PRL 24 615 KAHhKOEHlERrNOVEY,YOKOSAWA+ 

GRIFFITH 12 NP B38 365 
MILLER 72 NP 637 401 

+HIRATA,HUGHES + CBGNA+GLAS+ROMA+TRSTI 
+NOVEY 9 YOKOSAWA ,CUT KOSKY + I ANL +CARN+NWES J IJP 

ARNOT 74 PRL 33 987 ARNDT, HACKMAN, ROPER, STEINBERG fVPI,UMOJIJP 
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Data Card Listings 
· ·For notation, see key at front of Listings. 

Baryons 
Z1(1900), Z1(2150), Z1(2500), A's and I:'s 

'•' PAPERS NOT REFFEREO TO IN Z*l DATA CARDS 

TOTAL-C~OSS-SECTHJN EXPERIMENTS --
BUGG 68 PR 168 l't66 +GILMORE,KNIGHT, + IRHEL,BIRM,CAVEI 
BOWEN 70 PR OZ 2599 +CALDWELL, OIKMENt JENKINS• KALBACH,+IARIZI 
BOWEN 73 PR 07 22 +JENKINS,KALBACHrPETERSEN + IARIZ+MICHI 
CAP,ROLL 73 Pl 458 531 +KYCIAtli,MlCHAELrMOCKETT,RAHM+ IBNLJ 

A K-MATFIIX ANALYSIS OF SOME OF THE EARLY K+P .DATA---
illriNOISI HITE 67 THESIS G E HITE 

THEORET I CAL AND MODEL DEPENDENT ANALYSES 
CARRERAS 70 NP 819 349 B CARRERAS, A OONNACHIE 
ALCOCK 73 NP 856 301 ALCOCK,COTTINGHA!C . 
ALCOCK 76 NP 8102 173 ALCOCK,COTTINGHAM,OAVIS 

EXPERIMENTS -HAINLY ABOUT INELASTIC CHANNELS -

I DARESBURY, MCHS I 
IBRISIIJP 
IBRIS)JJP 

BLAND 68 UCRL-18131 Tt-IESIS R W BLAND (LR.ll 
BLAND 69 NP Bl3 595 +BOWLER, BRbWNt KAOYK, GOLDHABER, + HRU 
BLAND 70 NP Bl8 537 +BOWLER, BROWN, GOLDHABER, URU 

BLAND 69 AND BLAND 70 REPLACE BLAND 67 AND BLAND 68. 
HJRAlA-1 11 NP B33 445 +GOLDHABER,HALL,SEEGER,TRJLLING,WOHL (LBU 
BRUNET 72 NP 837 lilt BRUNET, NARJOUX ,OANY SZ+C COEF+SACL +LOI C+LOWC I 
GRIFFITH 72 NP B38 365 +HIRATA,HUGHES,JACOBS+CBGNAtGLAS,ROMA,TRSTitJP 
LOKEN 72 PR 06 2346 +BARISH,GOMEZtDAVIES,SCHLEIN,+ fCJT,UCLAI· 
BERTHON 73 NP 863 5~ 6ERTHON,MONTANET,PAUL,SAETRE+ (CERN+SACll 
LEWIS 73 NP 660 283 lEWIS,AllEN,JAC06S,OANYSZ+ (lOWC+lOIC+COEFI 
LESQUOV 75 NP 899 346 +MULLER,TRIANTIS,BERTHON+ ISACL+CERNI IJP 
MUSGRAVE 75 NP 867 365 +PEETERS,SCREINER,WHIH40REtYUTA CANU 
GJACOM-2 76 NP 8111 365 GIACOMELLI+HANORtOll+ fBGNA+GLAS+ROMA+TRSTJ 
ARMITAGE 77 NP B123 11 +ASTON,OUEROOTH,ElliSON,FITTON+ (MCHS+DAREI 
GLASSER 77 PRO 15 1200 +SNOW,TREVVETTtBURNSTEIN,FUtPETRI+fUMO+t IT» 
SAKlT·T 11 PRO 15 18ft6 +SKELLY,THOMPSON (BNLI 

THE MAIN ELASTIC SCATTERING AND POLARIZATION EXPERIMENTS --
CARROLL 68 PRL 21 1282 +FiSCHER, LUNDBYt PHILLIPS, + (8Nl,ROCHJ 
ANOERS-1 69 PL 288 611 ANDERSSON, OAUM, ERNE, LAGNAUX, + fCERNJ 
ANDERS-2 69 PL 30B 56 ANDERSSON, OAUH, ERNE, LAGNAUX, + ICERNI 
ASBURY 69 PRL 23 194 +DOWELL, KATQ, LUNDQUIST, NOVEY, +IANL,UMDI 
BLAND 69 Pl 298 618 R W BLAND, G GOLOHABER, G H TRILLING (LRU 
BARBER 70 PL 32B 214 +BROOME, OUFFt HEYMANN, IMRIE,+ CLOUC,RHELIIJP 
GIACOMEL 70 NP B20 301 GIACOMELLI, GRIFFITHS, C BGNA,GLAS ,ROMA, TRSTI IJP 
HALL 70 DUKE 435 +BLANO,GOLOHA8ER,TRILLING ILRLJ 
REBKA 70 PRL 24 160 +ROTHBERG, ElKINS, GLODISt + (YALE) IJP 

.• 

ADAMS 11 PR 04 2637 +OAVJES,OOWELL,GRAYER,HATTERS+ (BIRM+RHELl 
BARNETT 71 Pl 348 655 +LAASANEN,STEINBERG + IUMO+ANL+NWES+fNALJ 
EHRLICH 71 PRL 26 ~25 +ETKIN,GLOOIS,HUGHES,KONOO,LU,MORI+ IYALEI 
WHITMORE 71 PP 03 1092 +ABRAMS,EISENSTEJN,KJM,OHALLORANt+ (Jlll 
ADAMS 7Z NAl PAPER 326 +COXtOAVIES,OOWELLtGRAYER + CBJRM+RHELI 
CHARLES 72 PL 40B 289 +COWAN,EOWAROS,GIBSON,+ 18RIS,RHEL,SHMPI 

ALSO 72 NAL PAPER 287 CHARLES,COWANtEOWAROS + tBRIS+RHEl+SH"4P) 
OANYSZ 7Z NP 842 29 +PENNEY,STEWART,THOHPSDNt+ CLOIC,COEF,LOWCI 
ADAMS 73 NP 866 36 AOAMS,COX,DAVIES,OOWELL,+ t8JRM+RHELIIJP 
BARBER 73 NP 861 125 BARBER,BROOMEtBUSZA,OAVJES,OUFF+ILOUC+RHEU 
BARNETT 73 PRO 8 2751 BARNETT,LAASANEN+ (UMO+ANL+NWES+FNALJ 
CHARLES 73 PURDUE CONF. 179 CHARLES,EOWARDS,+ ISHMP+AARH+RHEL+BRISJ 
CAMERON 74 NP 878 93 CAMERON 1 HIRATA.JENNINGS.+ CGLAS,BGNA,TRSTHJP 
YUTA 74 NP B81 189 YUTA,BOCK,MUSGRAVEtPEETERS,SCHREJNERtHANUI 
ABE 75 PRO 11 1719 +BARNETT,GOLOMAN,LAASANEN+ CUMO,ANLI 
ADAMS 75 NP B87 41 +CARTERtCOOK,GlASS,GREEN (WASHJ 
PATTON 75 PRL 34 ~75 +BARLETTA,EHRllCHtETKIN+ IYALE,TOKY 1 BNU 

PARTIAL-WAVE ANALYSES 
CARRERA! 70 NP 823 52 5 

ALSO 70 DUKE 447 
ERNE 70 DUKE 375 
LEA 71 NP B26 413 
LOVELACE 11 NP B2B 141 
CUTKOSKY 72 NAL PAPER 210 
EHRLICH 12 NAl PAPER 447 
MARTIN 72 PREPRJNT 
MARTIN 75 NP B94 413 
CUTKOSKY 76 NP 6102 139 
GIACOfll-1 76 NP BllO 67 

ISEE ALSO ADAMS 73 AND CAMERON 741 
B CARRERAS, A OONNACHIE (DARE I IJP 
+OONNACHJE, K IRSOPP I DARE+MCHS+EDI N I 
+SENS, WAGNER I CERN IIJP 
+MARTJN 1 THOMPSON CRHEL,LOUCJlJP 
+WAGNER (CERN I IJP 
+HICKS ,K Ell:'t' ,SHIH ,JOHNSON I CARN+ lll+ANL I 
+ETKIN,GLODJS,HUGHEStLU,PATTON + IYAL~I 
B.R.MARTIN, C.E.MILLER (lOUC I 
B R MARTIN ILOUCI 
CUT KOSKY, HICKS, KELLY,·+ I CARN+ I IT+ANLII JP 
GtACOMELLI+MANDRIOLI ( BGNA+GLAS IIJP 

EARLIER ANALYSES THAT DO NOT INCLUDE RECENT POLARIZATION DATA --
LEA 66 PR 165 1770 LEA, MARTIN, CADES IRHEL,BNL,CERNI 
MARIIN 6B PRL 21 1286 8 R MARTIN I BNLI 
CUTKOSKY 70 PR 01 2547 R E CUTKOSKY, B B OED (CARNEGIE-MELLON) I 

LATEST REVIEW 7ALKS AND PAPERS 
LEVISETT 69 LUND CCNF 341 R LEVI SETTJ IRAPPORTEURI 
GOLDHABE 70 DUKE 407 G.GOLOHABER CR£VIEWERJ 
DOWELL 72 NAL REVIE\ol REVIEW TALK IN BARYON SESSION 

I CHICAGO I 
(LRLJ 

(BIRMI 
IRUTGJ 
IBIRHI 
ICARNI 

CLBLJ 
ILBLI 

CLOUCJ 

LOVELACE 72 NAl REVIEW RAPPORTEUR'S TALK 
DOWEll 73 PURDUE CONF. 157 DOWEll 
CUTKOSkY 74 LONDON CONF II-54 CUTKOSKY 
KELLY 75 ANL-HEP-CP-15-58 REVIEW TALK IN BARYON SESSION 
URBAN/ 75 Pl 608 71' URBAN 
MARTfN 76 OXFORD CONF. 409 RAPPORTEUR'S TALK 

....... .......... ......... .......... ............ ............ ......... ....... . ...... ......... .......... .......... - .................................... . 

Pl 

2150. 

1175. I 

) I=l 

A SMAll BUMP IN TOTAL CROSS SECTION AT 
PK::l.B GEV/C 

93 Z*ll21501 MASS IMEVJ 

20. ABRAMS 70 CNTR ++ K+P TOTAL 

93 Z*U2150) WIDTH (MEV) 

ABRAMS 70 CNTR + K+P TOTAL 

93 Z*U21501 PARTIAL DECAY MODES 

1*1121501 INTO K N 
DECAY MASSES 

493+ 936 

10/71 

10171 

93 Z0112150I BRANCHING RATIOS 

R1 Z*lC2150J INTO (K NIITOTAL (PlJ 
R1 J IS NOT KNOWN, THE FOLLOWING IS IJ+1/2 IO:Pl 
R1 (0.04) ABRAMS 70 CNTR + K+P TOTAL .................................................................................. 

REFERENCES FOR Z*U21501 

ABRAMS 70 PR 01 1917 
ALSO 67 PRL 19 257 

+COOL,GlACOMEllltKYCIA,LEONTICtLI + IBNLJ 
ABRAMS, COOL ,GIACOMELLI, KYC IA, LEONTIC+ I BNLI 

........................ ********* ....................................... . ..................... 
94 ZOlt2500, JP= J 1=1 

A SMALl BUMP IN TOTAL CROSS SECTION AT 
PK:2. 7 GEV/C 

9~ Z*U25001 MASS (MEVJ 

2500. 20. ABRAMS 70 CNTR ++ K+P TOTAL 

94 ZOlt25001 WIDTH (ME:tl 

1160. I ABRAMS 70 CNTR ++ K+P TOTAl 

94 ZOU25001 PARTIAL DECAY MODES 

Pl Z*ll25001 INTO K N 
DECAY MASSES 

493+ 93B 

~4 Z*lt2500J BRANCHING RATIOS 

Rl Z*H25001 INTO IK NIITOTAL tPll 
R1 J IS NOT KNOWN, THE FOLLOWING IS IJ+1/2JOP1 
R1 (0.031 ABRAMS 70 CNTR ++ K+P TOTAL 

****** ****••••• .......... •••••*••• .............................. •••••*•• 
REFERENCES FOR Z*ll25001 

ABRAMS 70 PR 01 1911 
ALSO 67 PRL 19 257 

+CGOL,GIACOMELLJ,KYCIA,LEONTIC,LI + IBNLI 
ABRAMS tCOOL tGI ACOME lll tKYC I A ,LEONT JC+ I BNLI .......................................................................... 

•••••• ••••••••• ••••••••• ********* ********* ********* ********* ******** 

Z1 CROSS SECTION LIMITS 
3 Z01 CROSS SECTION liMITS 

SEE MINIREVIEW PRECEDING Z*O 

CS UNITS MIC~08ARNS 
CS LESS THAN 50. BASSOMPIE 68 HBC K+P TO Z*+ PI+ 
CS A LESS Ji,AN .z +.3 -.1 ANDERSON 69 ASPK + PI-P TO K-Z*+ 
CS A ABCVE LIMIT FOR M=1.7. TO 1.4 GEV - CLc 99 P.C. 
CS B LESS THAN 1.4 +1.9 -.5 ANDERSON b9 ASPK + PI-P TO K-Z*+ 
CS B ABCVE LIMIT fOR H=1.5 TO 2.5 GEV 

REFERENCES FOR Z*1 CROSS SECTION LIMITS 

8ASSGMPI 68 PL 27B 468 
ANDERSON 69 PL 298 136 

BASSOMP IERRE, + {CERN, BRUXEllES I 
+BLESER, BLIEOENt COLLINSt + IBNL,CARNEGIEJ 

TYSON 
l«lRI 
HOPI 

PAPERS NOT REFERRED TO IN DATA CARDS 

67 PRL 19 255 +GREENBERG,HUGHEStLU,MINEHART,MORJ, 
68 Pl 28B 152 +GREENBERGtHUGHES,LU,ROTH8ERG, + 
69 PR 185 1681 +GREENBERGt HUGHES, LU, Ml NEHART, + 

MORI 69 REPLACES TYSON 67 AND MORI 68. 

I YALE) 
CYALEJ 
(YALE I 
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Note on A's and E's 

The number of confirmed resonances has 

increased slowly but steadily in the last few 

years, and since our last edition (1976) we have 

added three more states to the y* portion of the 

Baryon Table. There remains, however, a large 

number of proposed, but unconfirmed, resonances, 

and some of the states we enter in the Data Card 

Listings may really be more than one resonance. 

10/71 

10/71 

10/71 

10/71 

10/69 
10/69 

10/69 

All the recently proposed y*•s are only weakly 

coupled to their two-body decay channels KN, An, 
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and En. For this reason they appear as very small 

peaks or make no appearance at all in invariant 

mass distributions. Rather, when the two-body 

reactions KN ->- KN, KN ->- An, and KN ->- En are 

partial-wave analyzed, some of the amplitudes are 

found to traverse resonance-like counterclockwise 

circles. The results of partial-wave analysis 

give JP information, whereas a peak seen in an 

invariant mass distribution or a total cross section 

often cannot be analyzed for its quantum numbers. 

We will keep information coming from formation 

experiments and from production experiments 

separate whenever necessary. 

Formation Experiments 

Partial-wave analyses have been performed 

mainly for the channels KN, An, and LTI; a few 

results exist also for 5K, Aw, and some quasi-two

body channels. With a few exceptions (e.g., BAILLON 

75 and VANHORN 75 for the An channel}, the great 

majority of the analyses done so far cover rather 

narrow energy ranges, usually corresponding to a 

single bubble chamber experiment. A disturbing 

feature that appears when examining the partial 

waves obtained in such analyses is that they do not 

always join smoothly with the partial waves given 

in analyses done for the same channel over a 

different energy range. 

More ambitious analyses treat all channels 

simultaneously so that unitarity constraints are 

automatically obeyed and the resonances appear with 

the same masses and widths in the different channels. 

The multi-channel analyses done prior to 1974 (KIM 

71, LANGBEIN 72, and LEA 73} included the three 

two-body channels K"N,· An, and En, and were carried 

out in the mass range 1.5 to 1.9 GeV. This is the 

mass range of a particular bubble chamber experi

ment (ARMENTEROS 68} , the only one which at that 

time had relatively good statistical accuracy. 

In recent years, additional experimental 

results have been obtained. Bubble chamber experi

ments now exist with better statistics in the mass 

range already considered (HEMINGWAY 75, RLIC 77} 

and with somewhat lower statistical accuracy up to 

a mass of 2.5 GeV (BELLEFONl 75,2 75, 77, and 78}. 

However, the most important recent contributions to 

this field, for the KN channel at least, are from 
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electronic counter experiments. These provide 

results which are difficult if not impossible to 

get in a conventional bubble chamber experiment. 

They include high-statistics measurement of the 

K-p->- K0n total1 and differential cross section2 

at low energies, K p elastic polarization measure

ments,3 and K n elastic angular distributions 

(DECLAIS 77 and Ref. 4}. 

We may expect that improved partial-wave 

analyses over a wide energy range will be performed 

in the near future in order to disentangle the 

rather unsatisfactory present situation. Even 

though the unconfirmed resonances (one- and two

star states in Table 1} are often "seen" in several 

analyses with more or less compatible parameters,. 

the corresponding partial-wave behavior is often 

very different in each of these analyses. Thus 

the confidence one has in the existence of these 

resonances is rather weak. 

Three analyses published in final form since 

the previous edition of this Review are discussed 

below. Two of them are multi-channel analyses, 

fitting data from the three channels KN, An, and 

En, and covering a wide mass range. 

a} In the recent analysis of the Rutherford 

Laboratory-Imperial College collaboration (RLIC 77} 

the mass range extends from 1480 to 2170 MeV. The 

data used have been carefully selected in order to 

eliminate inconsistencies (usually the older and 

statistically less accurate points have been 

rejected}. Angular distributions were directly 

used in the fit except when the quality of the data 

was such that no loss of information occurred by 

using Legendre coefficients (e.g;, K-p->- E0n°}. 

In this work, a conventional energy-dependent 

analysis is performed first for each of the three 

channels (KN, An, and En}. As usual, the presence 

of a resonance in a partial wave is detected by 

comparing the goodness of the fit when this wave is 

parametrized as a smooth background to the alterna

tive fit when a Breit-Wigner is added to the back

ground. The 3 separate fits are then considered 

together in order to obtain a real multi-channel 

analysis. Internal consistency requires that the 

masses and widths of the resonances be the same in 

each of the 3 channels. The final fit has been 



6 

195 

Data Card Listings 
·· For notation, see key at front of Listings. 

Baryons 
A's and L's 

• done with these resonance parameters fixed and 

equal to a "we·ighted average" of the three values. 

Some suspected resonances are confirmed by 

this analysis, but many other reported "resonance 

effects" are not found and new possible resonances 

are proposed. The situation in particular for the 

low partial waves and for low energy is still very 

confused. 

b) The analysis of B. Martin and M. Pidcock 

(MARTIN 77) is a multi-channel energy-dependent 

partial-wave analysis with parametrized K-matrix 

elements. The mass range covered is 1.54 to -2 GeV. 

Here the 3 channels KN, An, and LTI are always 

considered simultaneously, a fictitious channel 

being introduced to account for the global effect 

of the remaining final states. The An and Ln 
channels have thresholds within the above mass 

range and they may induce a "cusp effect". In 

order not to e·xclude such a possibility, an addi

tional channel, opening up at the right energy, is 

also included for the S waves. (It is known that 

the inelasticities in the S waves are largely due 

to the production of the n meson, and a similar 

effect is seen inS-wave TIN elastic scattering.) 

These additional channels, for which no data are 

fitted, have large cross sections, so it is not 

clear if such a multi-channel analysis really 

imposes more stringent unitarity constraints than 

those already contained in single-channel fits. 

For this analysis also, a careful selection of the 

available data has been made. The number of data 

points which have been fitted amounts to about 

12,000. Some of the experimental points have been 

renormalized in order to suppress unphysical 

discontinuities in the data. The various channels 

or types of data may have very different numbers of 

data points; it would be possible to have a good 

overall X2 
with some pieces of data being badly 

.• fitted. This was prevented by introducing weights 

for the various types of data so that each type is 

reasonably well fitted. 

Resonances can appear as poles of the K-matrix, 

but the K-matrix parameters thus deduced are diffi

cult to compare to those obtained in the more 

conventional analyses. Two other methods in which 

the resonance parameters are calculated from the 

poles of the T.-matrix are also given. We list the 

resurts of these two methods in the Data Card 

Listings. It should be noted that no claim for 

uniqueness of the proposed solution is made; in 

fact, another solution with almost the same X2 /N 

was presented at the Oxford· Conference.
5 

This 

latter solution has not been retained as it was 

not in agreement with present ideas about the low 

energy behavior of some waves. 

c) The single-channel KN analysis of ALSTON 

,78 is worth mentioning because it includes a large 

amount of new data1- 3 not previously used by other 

analyses. A preliminary version of this work has 

already been published. 1 It is a conventional 

energy-dependent analysis, covering the mass range 

1.5 to 1.94 GeV, which uses a unitary background 

parametrization expressed in terms of scattering 

lengths. The cusp effects observed at the An and 

Ln thresholds are included by the introduction of 

a square-root singularity in the energy variation 

of the s-wave resonance widths. All the confirmed 

states are observed, but most of the less well 

established resonances (one and two stars in 

Table I) are neither observed nor required. 

d) Other analyses: Preliminary results of a 

KN single-channel analysis by Hansen et al~ have 

been reported. They incorporate more theoretical 

ingredients than any of the analyses done so far. 

we have not yet included these results in the 

Listings. In this energy-independent analysis, 

invariant amplitudes at fixed t are used as supple

mentary constraints in the fit. These fixed-t 

amplitudes themselves are computed using dispersion 

relations for which not only experimental data but 

also a first estimate of the partial waves is 

needed. The method requires that the process of 

estimating the fixed-t amplitudes and then the 

partial-wave amplitudes be iterated a few times 

until full consistency is obtained. This kind of 

analysis may eventually provide us with more 

reliable partial-wave amplitudes which satisfy 

fixed-t analyticity and crossing. 

In the Listings, the resonance pa~ameters 

obtained in the latest single-channel analyses are 

given. These usually cover a limited mass range, 

but include new data not yet incorporated in the 
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:...ao -.u 

1600 

2100 

IIURCY , ... V) 

Fig. 1. Amplitudes for KN scattering in the s 11 
partial wave. The energy dependence of each ampli
tude is displayed by plotting its real and imaginary 
parts versus energy, in alignment with the corre
sponding Argand plot. In addition, arrows with 
bases positioned at integral multiples of 50 MeV 
and a base-to-tip length of 5 MeV are plotted on 
the Argand plots, and the only_established resonance 
in this wave, the I:(l750), is indicated. The results 
of two different analyses are shown for each channel; 
the energy axes all run from elastic threshold to 
2200 MeV and are aligned for ease of comparison. 
The lower plot for each channel is from RLIC 77. 
The upper plot is from ALSTON 78 for the elastic 
channel and from MARTIN 77 for the inelastic 
channels. 
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U!RGT (MeV) E!I.ERCT (MeV) 

Fig. 2. Amplitudes for KN scattering in the P11 
partial wave. The energy dependence for each ampli
tude is displayed by plotting its real and imaginary 
parts versus energy, in alignment with the corre
sponding Argand plot. In addition, arrows with 
bases positioned at integral multiples of 50 MeV 
and a base-to-tip length of 5 MeV are plotted on 
the Argand plots, and the only established resonance 
in this wave, the E (1660), is indicated. The results 
of two different analyses are shown for each channel; 
the energy axes all run from elastic threshold to 
2200 MeV and are aligned for ease of comparison. 
The lower plot for each channel is from RLIC 77. 
The upper plot is from ALSTON 78 for the elastic 
channel and from MARTIN 77 for the inelastic 
channels. 
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Fig. 3. Amplitudes for KN scattering in the P13 
partial wave. The energy dependence of each ampli
tude is displayed by plotting its real and imaginary 
parts versus energy, in alignment with the corre
sponding Argand plot. In addition, arrows with 
bases positioned at integral multiples of 50 MeV 
and a base-to-tip length of 5 MeV are plotted on 
the Argand plots. The only established resonance 
in this wave, the 2: (1385), lies below elastic 
threshold and is not shown. The results of two 
different analyses are shown for each channel; 
the energy axes'all run from elastic threshold to 
2200 MeV and are aligned for ease of comparison. 
The lower plot for each channel is from RLIC 77. 
The upper plot is from ALSTON 78 for the elastic 
channel and from MARTIN 77 for the inelastic· 
channels. 
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Baryons 
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Fig. 4. Amplitudes for KN scattering in the o13 
partial wave. The energy dependence of each ampli
tude is displayed by plotting its real and imaginary 
parts versus energy, in alignrnent.with the corre
sponding Argand plot. In addition, arrows with 
bases positioned at integral multiples of 50 MeV 
and a base-to-tip length of 5 MeV are plotted on 
the Argand plots, and the established resonances 
in this wave, the E(l670) and the E(l940), are 
indicated. The results of two different analyses 
are shown for each channel; the energy axes all run 
from elastic threshold to 2200 MeV and are aligned 
for ease of comparison. The lower plot for each 
channel is from RLIC 77. The upper plot is from 
ALSTON 78 for the elastic channel and from MARTIN 
77 for the inelastic channels. 
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.3 III(Dl6) 
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Fig. 5. Amplitudes for KN scattering in the o15 
partial wave. The energy dependence of each ampli
tude is displayed by plotting its real and imaginary 
parts versus energy, in alignment with the corre-. 
spending Argand plot. In addition, arrows with 
bases positioned at integral multiples of 50 MeV 
and a base-to-tip length of 5 MeV are plotted on 
the Argand plots, and the only established 
resonance in this wave, the ~(1765), is indicated. 
The results of two different analyses are shown for 
each channel; the energy axes all run from elastic 
threshold to 2200 MeV and are aligned for ease of 
comparison. The lower plot for each channel is 
from RLIC 77. The upper plot is from ALSTON 78 
for the. elastic channel and from MARTIN 77 for the 
inelastic channels. 
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Fig. 6. Amplitudes for KN scattering in the F15 
partial wave. The energy dependence of each ampli
tude is displayed by plotting its real and imaginary 
parts versus energy, in alignment with the corre
sponding Argand plot. In addition, arrows with 
bases positioned at integral multiples of 50 MeV 
and a base-to-tip length of 5 MeV are plotted on 
the Argand plots, and the only established resonance 
in this wave, the r (1915), is indicated. The results 
of two different analyses are shown for each channel; 
the energy axes all run from elastic threshold to 
2200 MeV and are aligned for ease of comparison. 
The lower plot for each channel is from RLIC 77. 
The upper plot is from ALSTON 78 for the elastic 
channel and from MARTIN 77 for the inelastic 
channels. 
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Fig. 7. Amplitudes for KN scattering in the F17 . 
partial wave. The energy dependence for each ampli
tude is displayed by plotting its real and imaginary 
parts versus energy, in alignment with the corre
sponding Argand plot. In addition, arrows with 
bases positioned at integral multiples of 50 MeV 
and a base-to-tip length of 5 MeV are plotted on 
the Argand plots, and the only established resonance 
in this wave, the L(2030), is indicated. The results 
of two different analyses are shown for each channel; 
the energy axes all run from elastic threshold to 
2200 MeV and are aligned for ease of comparison. 
The lower plot for each channel is from RLIC 77. 
The upper plot is from ALSTON 78 for the elastic 
channel and from MARTIN 77 for the inelastic 
channels. 
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Fig. 8. Amplitudes for KN scattering in the s 01 and P01 partial waves. The energy dependence of each 
amplitude is displayed by plotting its real and imaginary parts versus energy, in alignment with the 
corresponding Argand plot. In addition, arrows with.bases positioned at integral multiples of 50 MeV 
and a base-to-tip length of 5 MeV are plotted on the Argand plots, and the established resonances A(l670) 
and A(l870) are indicated. The only other established resonance in these waves is the A(l405), which lies 
below elastic threshold in the s01 wave and is not shown. The results of two different analyses are shown 
for each channel; the energy axes all run from elastic threshold to 2200 MeV and are aligned for ease of 
comparison. The lower plot for each channel is from RLIC 77. The upper plot is from ALSTON 78 for the 
elastic channel and from MARTIN 77 for the TIL channel. 
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Fig. 9. Amplitudes for KN scattering in the P03 and o03 partial waves. The energy dependence of each 
amplitude is displayed by plotting its real and imaginary parts versus energy, in alignment with the 
corresponding Argand plot. In addition, arrows with bases positioned at integral multiples of 50 MeV 
and a base-to-tip length of 5 MeV are plotted on the Argand plots, and the established resonances A(l520), 
A(l690), and A(l860) are indicated. The results of two different analyses are shown for each channel; 
the energy axes all run from elastic threshold to 2200 MeV and are aligned for ease of comparison. The 
lower plot for each channel is from RLIC 77, The upper plot is from ALStON 78 for the elastic channel 
and from MARTIN 77 for the TIL channel. 
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Fig. 10. Amplitudes for KN scattering in the n05 and r 05 partial waves. The energy dependence of each 
amplitude is displayed by plotting its real and imaginary parts versus energy, in alignment with the 
corresponding Argand plot. In addition, arrows with bases positioned at integral multiples of 50 MeV 
and a base-to-tip length of 5 MeV are plotted on the Argand plots, and the established resonances A (1815-) 
A(l830), and A(2110) are indicated. The results of two different analyses are shown for each channel; 
the energy axes all run from elastic threshold to 2200 MeV and are aligned for ease of comparison. The 
lower plot for each channel is from RLIC 77. The upper plot is from ALSTON 78 for the elastic channel 
and from MARTIN 77 for the TI~ channel. 
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Fig. 11. Amplitudes for KN scattering in the F07 and G07 partial.waves. The energy dependence of each 
amplitude is displayed by plotting its real and imaginary parts versus energy, in alignment with the 
corresponding Argand plot. In addition, arrows with bases positioned at integral multiples of 50 MeV 
and a base-to-tip length of 5 MeV are plotted on the Argand plots, and the established resonance A(2100) 

·is indicated. The results of two different analyses are shown for each channel; the energy axes all run 
from elastic threshold to 2200 MeV and are aligned for ease of comparison. The lower plot for each channel 
is from RLIC 77. The upper plot is from ALSTON 78 for the elastic channel and from MARTIN 77 for the nE 
channel. 
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·Data Card Listings 
~ ,. ·For notation, see key at front ofListtngs; 

multi-channel analy_ses described abqve. In par_ti.C:.., 

ular, the Saclay-College de France collaboration 

has now published three separate energy-dependent 

analyses for the channels KN, An, and ETI extending 

up to a mass of 2.5 GeV (BELLEFON 78, 76, and 77, 

respectively):. They. indicate that the bumps seen 

in total cross sections at these higher energies 

are made up of many resonant states. 

For a brief description of the older analyses. 

we refer to the previous editions of this compila

tion. 

Production Experiments 

·This type of experiment is often.difficult to 

analyze. 'Information on I= 0 states .is possible. 

only· when there is·· no I = 1 state at· a· similar mass. 

The main controversies at the presen:t time concern 

resonances in the 1600 to 1700 MeV region. See 

the mini-reviews on E.(l620) and E (1670) in these 

Listings. 

Figures 

-Argand .. plots of fifteen S = -1 partial waves 

are shown, in F._igs •. 1 t~rough 11. Tpe analysef!. 

shown were picked largely for illustrative purposes 

rather than on the basis of our judgment of their 

quality;' for the KN channel,' we chose to show the 

amplitudes obtained by RLIC 77 and ALSTON 78, and 

for the An and Er. channels those from RLii::: 77 and 

MARTIN 77. 

Errors on Masses and Widths 

Often the quoted errors in partial-wave 

analyses are only statistical, and the values·of 

masses and widths can change by more than these 

errors when a new parametrization is u·sed. For· 

this reason we report the values of M, r, and xi 

obtained by different authors .. even if they analyze 

the same data. The spread of these masses and 

widths is certainly a better estimate of the· 

uncertainties than the statistical errors. 

Sometimes the errors quoted are obtained by the 

inspection of various fits done with different 

hypotheses (see, for example, BERTHON 70, GALTIERI 70, 

· B3:ryo:ns 
.,· · A's'- and I:'s 

VANHORN 75, RLIC 76):. F9r three states·;, A(l520lc, 

A (1815), and E (1765), there ar.e. en~ugh d~ta ~vail
able to perform an overall fit ·of the various _xi ,. 

of the type discussed in the main text · (Sec. VII Bl • 

In this case we are forced to use the e~~ors, 

however smal,l they may be, but we warn the reade_r . 

that the final errors are not. to be takeri seriously. 

In conclusion, in the Baryon Table. we choos·e 

not to give errors on masses and total ~idths 

determined-primarily by partial-wave analyses, but, 

whenever. necessary, to show a range of values. ·As 

for the'branching ratios, we use the errors when 

needed to perform an overall fit, but we caution 

the reader. 

Conclusions 

Table I is an attempt to evaluate the status 

of the various y*•s. The evaluations are of course 

partly subjective. A blank indicates that there· :Ls 

no corresponding evidence at all. This may mean 

either that the relevant couplings are small or 

that the resonance does not really exist. The 

Baryon Table includes only the well established 

resonances. It seems clear, however, that whereas 

any particular one of the questionable resonances 

may disappear with the_ next analysis, there are 

probably. marw _new reson~nces_ underlying __ those 

already established. 
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~--.Baryons 
·A's. and I:'s, A. A(1330), A(1405) 

TABLE J., STATUS OF yo RESONANCES 
THOSE WITH 'AN ·ovERAll STATUS.Of ***OR •••• ARE INCLUDED ·JN THE ·MAIN BARVON 
TABLE. THE OTttERS ·AWAIT CONFIRMATION. 

STATUS AS SEEN IN -

OVERAt.:L .r6TALii 
PARTICLE LJJ STATUS CR. SEC. KBAR .N LAM PI SIG Pt OTHER CHANNELS 

lAfiU IUS I POl .... WEAK T.O N .pJ 
LAMIUJOI DEAD .. LAMillt051 SOl .... .... .... 
UMC 15201 D03 .... . ... .... 0 .... LAMZP I, LAM GAM 
LAMC16001. POl:· .. ·• 
LAMC 16701 SOl .... 8 •••• LAM ETA 
LAM U 690 I 003 .... .... I ~··· 

LAM2PJ,SIG2PI 
LAMU8001 POl .. 0 .. 
LAM I 18001 G09 . 0 . 
LAM118151 FOS .... '!*** E SIGil385J PI 
LAMI18301 ·005 .... ' N 
lAMU8601 P03 ... F 
UMH8701 SOl ... ... 0 .. 
LAMI2010J .. • . LAM OMG 
UMI20201 F07 8 . 
LAMC 21001 G07 .... I ... XI K,LAM OMG 
'LAMI2110J F05 0 LAM OMG 
LAMI23501 .... .... ..... 0 

'LAMI2585J ... ... . E 

SIGU193J Pll .... WEAK TO N PI 
SIGt 13S51 P13 .... .... 
SIGC 14SOI PE . . 
SIGC 15SOI 013 . . .. 
SJGC 16201 Sl1 .. . 
SJGI16201 PE .. .. LAM Z-P,J 
SJGI16601 Pll . 
SIGU6701 013 .... .... SEVERAL OTHERS 
SlGt 16701 :pe .. .. .. SEVERAL OTHERS 
SIG"t1690J ... .. . .. lAfll 2-PI 
SIGt 17501 Sl1 ... .. .. SIG ETA 
SIGC 17651 015 .... SEVERAL OTHERS 
SIGC 11701 Pl1 . 
SIGUS401 P13 . 
SJGC 18SOJ P11 .. .. 
SIGI 19151 F15 .... 
SIG(l9~01 013 
SJGCZOOOI Sll 
SIGIZ030) fl7 .... .... .. XI 'K 
SIGCZ070J FlS •· . 
SIGUOSOI P13 .. .. 
SIGI2100J Gl7 • . 
SIGC ZZ50J .... 
SIGC2455J ... 
SJGI26201 ... 
SJ.GC30001 

GOOD, CLEAR, AND UNMISTAKABlE. 
GOOD, ·auT IN NEED Of'.CLARifJCATION OR NOT ABSOlUTELY CERTAIN. 

** NEE OS CONFIRMATION. 
* WEAK • 

._ ATTRIBUTED TO THE STATE CLOSEST TO ·wHERE .THE CROSS SECTION PEAKS. 

S=-1 1=0 HYPERON STATES (A) ...... ......... ......... ......... ......... ......... ......... ....... . ...... ......... ......... ......... ......... ......... ......... ........ . 
......... ......... ......... ......... ......... ......... ....... . ...... ......... ......... ......... ......... ......... .......... ........ . 

0 1-8 LAMBOAU115, JPc1f2+1 1•0 

SEE STABLE PARTICLE DATA CARD ltSTINGS ...... .......... ...•...... ......... ......... ......... ....•.... ....... . .................................................................... 
I· J .. o PRODUCTION .EXPERIMENTS 

SEE THE MINI-REVUE AT THE START OF THE Y* liSTINGS. 

A PEAK WAS SEEN NEAR 1330 MEV IN THE LAMBDA GAMMA 
SPECTRUM IN THREE PI-PROPANE EXPERIMENTS IYUNG-CHANG 
64, BUBELEV 67, AND BOZOKI 68). All MORE RECENT 

RESULTS INDICATE THAT THERE IS NO RESONANACE NEAR THIS MASS VALUE. 

Y-CtiANG 
BUBELEV 
DAHL 
BOZOKI 
TAN 
MAYEUR 
COLAS 

................................................................... 
64 OUBNA CONF I 615 
67 Pl 248 246 
67 PR 163 1377 
68 PL 288 360 
69 PRL 23 101 
70 Pl 338 441 
75 NP 891 253 

REFERENCES FOR Y*011330 t I PROO. EXP.I 

YUNG-CHANG, IN, KLADNJTSKAYA, + IOUBNAt 
+CHAORAA, CHUVILO, + IJINR,SUCHAREST,CERNI 
DAHL, HARDY, HESS, KIPZ, MILLER (LRU 
+FENYVES, GEMESY, + (SUDAPEST,OUBNAI 
T H TAN ISLACI 
+VAN BINST,WILQUET+++ CBRUX,CERN,TUFTI 
COLAS, FARWElL 1 FERRER, S"Ix f ORSA I 

•••••• ..... ,. •••• •****'**l(t.O •***** ......... *••• ........... •••*••••• ......... * 
... (!< ................................. ········* .............................. . 
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DataCard Listings 
For notation, see J.r,ey atfront of Listings . .. 

IA(1405) I 

li Clo\05.01' 

• 11410.01 

" Uo\05.01 

• 11382.01 

" 1400.0 

• 67 "1400.0 

" 120 1"'05.0 

" " AVG 1402 .. 4 

37 v•ou .. s, JP•112"' l•o :I So' 1 1 
PRODUCT ION EXPERIMENTS 

THIS RESONANCE "CAN BE IDENTIFIED WITH TtiE VIRTUAL SOUND 
STATE IN TtiE KBAR-N SYSTEM FOUND IN -lHE. ANAlYSIS OF ·LOW 
ENERGY K..;P INTERACTION. WE USJ SUCH EXPERIMENTS SEPA-
RATELY .BELOW. WE USE ONLY PRCDUCTION ·EXPERIMENTS FOR 
AVERAGING OF M~SSES AND WIDTHS. 

37 Y•Oct405) MASS CMEYI IPROO. EXP,.J 

ALSTON 61 HBC K-P 1.·15 -·aev/c 
ALEXANDER ·62 HBC PI-P 2.1 BEY/C 
AlSTON 62 HBC K-P l.Z-.5 BEV/C 

18 .. 0) ENGLER 65 HDBC PI-P, PI+O· 1.68 
Zo\.0 MUSGRAVE 65 HBC PBAR P 3-4 BEVJC 
s.o BIRMUiGHA 66 HBC ·K-P 3.5 
s.o GAL TIERI 68 DBC K-0 2.1-2. 7BEV/C 

3~5 AVERAGE CERROR INCLUDES SCALE F.ACTOR OF 1.01 

7/66 
7/66 
9/67 

·6/68 

• STUOENT1402 .4 3.9 AVERAGE USING STUOENT101H/1.U) -- SEE MAIN TEXT 

---- --·-~ --- ----- ----- --· -- ---..--- -----
37 Y*OClo\051 WIDTH IMEVI IPROO. EXP.) 

• -tzo.o·J ALSTON 61 HBC 7/66 

• 35.0 s.o ALEXANDER 62 HBC .. (50.0) ALSTON •. 62 HBC 

• (89.0) 120.0• ·ENGLER 65 -HOBC 7/66 .. 60.0 20.0 MUSGRAVE 65 HBC 7/66 

• 67 50.0 10.0 BIRMINGHA 66 HBC K-P 3.5 9/67 

• 120 35.0 8.0 GAL TIER I 6.8 DBC K-0 ·2.1-2. 78EV/C 6/68 

• w AVG 38.1 3.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF .1.01 

• STUDENT 17.9 4.3 AVERAGE USING SfUDENTlOIH/1.111 -- SEE MAIN ·TEXT 

37 Y*OC 14051 PARTIAL DECAY .MODES I PROD. ·EXP.I 
DECAY MASSES 

Pl Y•OC14051 INTO SIGMA· PI 1197+ 139 ................................................... ······~·· ....... . 
ALSTCN -61 PRL 6 698 
ALEXANDE 62 PRL 8 447 
ALSJC.N 62 CERN CONF '311 
ENGLER 65 PRL 15 2Z4 
MUSGRAVE 65 NC 35 735 

BIRMINGH 66 PR 152 1148 
CALTJEIU 68 PRL ·21 573 

REFERENCES FOR Y*OC 14051 CPROO. EXP.I . 

+ALVAREZ,EBERHARO,GQOO,-GRAZIANO, + ILRLJ I 
ALEXANDER,KAlBfLEIS(H,MILLER,SMITH ILRU I 
+ALVAREZ,FERRD-LUZZ It ROSENFELD, + I LRLJ I 
+FI SK,KRAEMER,MELTZER,WESTGARD,+ ICARN,BNL I IJ 
+PETMEZAS,+ t SIRM,CERN, EPOL tLOlC, SAClAY J 

8IRMING-HAM,GLASGOW,l01C, OXFORO,.RUTHERFORO 
BARBARD-GALTJERI.CHADWJCK + ILRL.St.ACI .................................................................... . ................................................................... . 

1405 UEV REGION• EXTRAPOLATIONS BELOW THRESHOLD 

" " " .. 
" " " " " 

24 Y*OI 1405, JPc1!2-l 1.,0 
EXTRAPOLATION BELOW THRESHOLD 

SEE NOTE IN Y*0114051 PRODUCTION ·EXPERlMENTS -THE Dlf=
FICI.A.TIES IN EXTRAPOLATING FROM THE PHYSICAl REGION -tO 
THE RESONANt~ LOCATION ARE DISCUSSED BY OALITZ 67 • 

THE QUESTION ON WHETHER Y*(l4051 IS A KSAR-N SOUND 
STATE OR A COO POLE IDALITZ 70, RAJASEKARAN 72 ·HAS BEEN INIIESTIG"ATED 
BY CLINE 71, MARTIN 71, GAl fiERI 72, AND DOBSON 72. THE LAST TWO 
PAPERS CONCLUDE -THAT THE OATA CANNOT TELL THE DIFFERENCE. 

THE IN KBAR~IIPI SIGMA) COUPLING RATIO IS DISCUSSED BY. CADES 77 • 

1410.7 
1409.6 

1407.5 
1403 .o 

. 1416.0 
11421.01. 
11406 .• 1 

n.oJ 
11.71 

c 1.2) 
C3.0) 
14.01 

KIM 65 HBC 0-EFF;,..RANGE FIT 
SAK ITT 65 HBC 0-EFF-RANGE "FIT 

DATA OF SAKITT ARE USED IN FIT BY KITTEL • 
KITT.EL •66 HBC 0-EFF-RANGE FIT 
KIM 67 HBC K IIIIATRIX FITIKPI 
MARTIN 69 HBC CONST. K MATRIX 
MARTIN 70 RVUE CONST • K MATRIX 
CHAO 73 DPWA 0-RNG. FIT .SOL B 

SEE ALSO THE ACCOMPANYING PAPER OF THOMAS73. 

Z4 Y•OU405) WIDTH IMEVJ 

37.0 
28.2 
34.1 
50.0 
29.0 

120.0) 
155. I 

13 .. 2) 
(4.11 
C4.1J 
15.01 
I6.0t 

ASYMMETRIC RESCNANCE 

KIM 65 HBC 
SAKITT 65 HBC 
KITTEL 66 HBC 
KIM 67 HBC K MATRIX FIHKPJ 
MARTIN 69 HBC CONST. 'K MATRIX 
MARTIN 70 RVUE CONST. K MATRIX 
CHAO 73 OPWA 0-RNG. FIT .. SOL B 

SHAPE.W/2=41 MEV BELOW RESONANCEtl4 MEV ABOVE. 

•••••• ••••***** .......... ••••••*•• .................. *••• ••*•••*•• •••••••• 

KIM 65 PRL 14 29 
SAKHT 65 PR 139 8119 
KIT TEL 66 Pl 21 349 
KIM 67 PRL 19 1074 
MARTIN 69 PR 183 1352 
MARTIN 70 NP 816 479 
CHAO 73 NP 856 46 

ALSG 13 ~p 856 15 

REFERENCES FOR Y*Of1405J IFROM EXTRAPOLATIONS) 

J K KIM . 
+OAY,GLASSERISEEMAN,FRIEDMAN, + 
W KIT TEL, G OTTER 1 I WACEK 

(COLUMBIA I tJP 
IUMO,LRLHJP 

I VIENNA) JJP 
(YALE}JP J KIM 

8 R MART IN, M SAKJTT 
A 0 MARTIN, G G ROSS 
CHAO ,KRAEMER, THOMAS ,MART IN 
THOMAS, ENGLER, FISK, KRAEMER 

t LOUC+BNL I 
IOURHAMJ IJP 

C RHEL+CARN+LOUC I IJ P 
ICARNJIJ 

7166 
1/66 

7/66 
8/67 

L0/69 
6/70 
9173 
9/73 

7/66 
7/66 
7/66 
6/67 

10/69 
6/70 
9/13 
9173 
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Data Card Listings 
For notation, see key at front of Listings. 

PAPERS NOT REFERRED TO IN DATA CARDS 

ABRAMS 65 PR 139 &454 G S ABRAMS, 8 SECHI-ZORN lUND I IJP 
OCNALD 66 P( 22 711 + EDWAA.DS, -LYS, NJ"SAR. MOORE ILIVERPOQLJ 
KACYIC.- 66 PRL 17 599 +01\ENt G+S GOLOHABERt TRILLING CLRL)JJP 

FIT SOLUTIONS GIVING AN J•O 51 12 RESONANCE. I 
ABJ-AMS 65, KAOVK 66, AND Cl:NALD 66 SUPPORT THOSE EFFECTIVE-RANGE-

DALJTZ 67 PR 153 1617 DALJJl, WONG, RAJASEKARAN COli:FORO,BDMBAYI 
OALJTZ 70 OUKE-HR 70 03 R 0 DALITZ IDXF) 
CLINE 11 PRL 26 1191t D CLINE,R LAUMANNtJ MAPP (WISCI 
HARTIN 71 PL· 358 62 A 0 NARTIN 1 8 R MARTINtROSS I DURH+lOUC+RHEl J 
DDBSQN 72 PR 06 3256 p· N DOBSON,R MCELHANEY .tHANA I 
GALTIERt 72 LBL 555 A~BARBARQ-GALTIERI ILBU 
RAJASEKA 72 PR 05 610 RAJASEKARAN ITATA) 

ALSC EARLIER PAPERS CITED IN RAJASEURAN72 
SHAW 73 PUf\.DUE CtNF. 411 SHAW CUCI JIJP 
CADES 17 NC 42A 462 G.C .OAOES,G.RASCHE IAARH+ZUkl IIJP 

000000 oo .. oooo• •oooooooo .o .. ooo••· oo•••oo•o o•ooo•o•• ooooo•ooo 00000000 
•••o•o •oo•••••o ••••••••• ••oo••••• ••••••••••••••••••••••••••• ooo••••o 

I A( 1520) I 38 v•oll5ZO. JP•31Z-I 1•0 I Do31 
PRODUCTION AI\IO FORMATION EXPERIMENTS AGREE QUITE WEll 
WITH EACH OTHER, THERFORE, THEY HAVE NOT BEEN SEPARATED 
FOR THIS PARTICLE. 

THE DECAY MODE LAMBDA PI PI IS LARGELY DUE TO 
Y01Cl385) PI. ONLY THE VALUES OF CYOU1385J PU/CLAMBDA PI Pll GIVEN 
BY MAST. 12 AND COROEN 15 ARE BASED ON REAL 3-BODY PARTIAl WAVE ANLAYSES 
tTHE ClDEP RESULTS BEING OBTAINED USING ·CRUDER METHODS I. THE 
DISCREPANCY BETWEEN THE 2 f(ESULTS IS ESSENTIALLY DUE TO THE DIFFERENT 
HYPOTHESIS MADE CONCERNING THE SHAPE OF THE EPSILON MESON. 

38 YOOC15201 MASS fMEVI 

llt5 1511.2 3.0 GALTIEJ\J 63 DBC K-0 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 
ll511.01 I 15.0J MUSGRAVE 65 HBC PBAR P 3-4 BEV/C 1/66 

3011510.01 12.0) BIRMINGHA 66 HBC K-P 3.5 9/61 
1511.2 1.2 BURKHARDT 69 HBC K-~ .8-1.2 GEV/C 10/69 

QUOTED ERROR INCREASED TO ACCOUNT FOR DISAGREEMENT BETWEEN 
TWO MEASUREMENTS DONE BY SAME AUTHORS lk""7P AND SIGMA PIJ 

11519.) KIM 71 OPWA K-MATRIX ANAL. 
1669 1511.+/-1., TO 1521.+/-1. BERTHON 11t HBC 0 QUASI 2 BODY CS 
2000 1519.4 .3 CORDEN 15 DBC K- D 1.4-1.8GV/C 

4K 1519.1 0.3 CAMERON 11 HBC K-P 0.96-1.36GEV 
1519. 1. RliC 11 OPWA KBAR N MULTJCHNL 
1520. .5 ALSTON 18 DPWA KBAR N ELASTIC 

3/71 
10/14 
4175 
1178• 
1/16 
1178• 

AVG 1519.53 
STUOENT1519.54 

0.22 
0.21 

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.2) 
AVERAGE USING STUDENTlOCH/1.11) -- SEE MAIN TEXT 

38 Y•005201 WIDTH OIEVI 

16.1t z.o WATSON 63 HBC 
(19.0) ( 19.0) MUSGRAVE 65 HBC 7166 

30 (50.0) I 10.0) BIRMINGHA 66 HBC K-P !1.5 9/67 
w (18.01 OR LESS DAHl 61 HBC 9/66 
w 14.1 1.8 BtiRKHAROT 69 HBC K-P .8-1.2 GEV/C 10/69 
w Cl6.) KIM 71 DPWA K-HATRIX ANAL. 3/11 
w 2000 15.5 1.6 CORD EN 15 OBC K- D 1.~1.8GV/C lt/75 
w .K 16.3 o.-5 CAMEP:ON 11 HBC K-P 0.96-1.36GEV 1178• 
w 15. .. RLIC 11 DPWA KBAR N MULl ICHNL 1176 
w 15.4 .5 ALSTON 18 DPWA KBAR N ElASTIC 117BO 
w 
w AVG" 15.56 0.28 AVERAGE IERROR INCLUDES SCALE FACTOR Of ·l.Ol 
w STUDENT 15.54 0.!13 AVERAGE USING STUOENTlOIH/1.111 - SEE MAIN TEXT 

38 Y*OCl520) P~RTIAl DECAY MODES 

DECAY MASSES 
P1 YOQ( 15201 INTO KBAR N 491+ 939 
P2 Y*OCl5201 INTO SIGMA PI 1197+ 139 
P3 YOOU5201 INTO LAMBDA PI PI 1115+"139+ 139 
P4 YOQ( 1520) INTG LAMBDA GAMMA 1115+ 0 
PS YOQ{ 1520) INTO SIGMAO GAMMA 1192+ 0 
P6 Y*Oil520) INTO SIGMA PI PI 1191+ 139+ 139 
P7 YOOI·15201 INTO IY01(1385J+Pfl 1384+ 139 
PB YOOC15201 INTO YOU13851 PI INTO LAMBDA PI PI 1115+ 139+ 1"39 

NOTE THAT P8/P7 IS THE BRANCHING FRACTION" FOR Y*Hl3851 INTO LM PI 
P9 Y*OI 1520J INTO LAMBDA EPSILON. 1518+1300 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The matrix below is derived from the error matrix for the fitted partial decay mode 

bran~hing fractions, Pi' as follow11: The diagonal elements are Pi:t:OPi' where 

Opi = V(6Pi6P1), while the off-diagonal e_1ements ar~ the~ correlation coeffi

cients (6Pi6Pj) /(6Pi · 6P}·. For the definitions of the individual P
1
, see the listings 

above; only those Pi appearing in the matrix are asaumed in the fit to be nonzero and 

are thus constrained to add to 1. 

Pl P2 P3 P4 P5 P6 
p 1 .4503+-.0056 
p 2 -.6215 .4199+-.0064 
p 3 -.2288 -.3931 .0945+-.0043 
p 4 -.0653 ..... 1167 -.0468 .0018+-.0014 
p 5 -.1675 -.2995 -.1202 -.0248 .0190+-.0034 
P 6 · -.0249 -.Oit46 -.0119 -.oo37 -.oo95 .0086+-.oo05 

9173 

Rl 
Rl 
Rl 
R1 
Rl 
Rl 
Rl 
Rl 
Rl 
R1 
Rt AVG 

Baryons 
A(1405), A(l520) 

38 yooc 15201 BRANCHING RATIOS 

YOOI15201 INTO CSIGMA PIJICKBAR NJ 
1 .. 12 .78 MUSGRAVE 65 HBC 
0.96 0.20 DAHL 67 HBC PI-P 1.6-lt GEV/C 
0.73 o;.ll DAUBER "67 HBC K-P AT 2.GEV/C 
1.06 .·14 ' · SCHEUER 68 QBC 0 K-N 3 GEV/C 
0.82 O. C8 BURKHARDT 69 HBC K-P .8-1.2 GEV/C 

11.06) 1.12) BERTHON · 14 HBC 0 QUASI ·2 BODY CS 
.9B .,03 RLIC 11 DPWA KBAR N MUll ICHNL 

KBAR N TO SIGMA PI AMPLITUDE AT RESONANCE IS +.46 +/- .01" 

8/67. 
9166. 
8/67 

10/69 
10/69 
10/14 

1176 
1/16 

R1 STUDENT 
R1 FlT 

0.951 
0".951 
0.933 

0~044 
0.032 
o.C23 

AVERAGE tERROR INCLUDES SCALE FACTOR OF. 1.7) 
-AVERAGE USING STUDENT10CH/1.11J - SEE MAIN TEXT 
FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.31 

YOO( 1520 I INTO 
oa'7 
0.21 

-19 
0.22 

t0.2) 
(.211 

flAMBDA PI 
0.05 
0.18 ... 
0.03 

( .131 

PUICKBAP Nt 
DAHL 61 HBC 
DAUBER 67 HBC 
SCHEUER 68 DBC 
BURKHARDT 69 HBC 
KIM 11 OPWA 
BERTHON 14 HBC 

C P3JIIPll 
PI-P 1.6-4 GEVIC 
K-P AT 2 .GEV/C 

0 K-N· 3 GEV/C 
K-P .s-1.2 GEV/C 
K-MATRIX ANAL. 

0 QUASI 2 BODY CS 

9/66 
8/61 

10/69 
10/69 
3/71 
1~/14 

. RZ 
, RZ 

RZ 
RZ 
-RZ 
RZ 
R2 
RZ 
RZ 
RZ 
R2 

AVG 0.202 0.021 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 
STUDENT 0.202 0.024 AVERAGE USING STUOENT10tHI1.11J -- SEE MAIN TEXT 
FIT 0.210 0.010 fF.CM FIT IERROR INCLUDES SCALE fACTOR Of 1.1) 

R3 
R3 
R3 

"R3 
R3 
R3 AVG 

Y00(1520) INTO tSJGMA PlJ/CLAMBDA· PI PI) 
4.5 1.0 ARMENTERO 65 HBC 
3.3 1.1 BIRMINGHA 66 HBC 
3.9 1.0 UHLJG. 67 HBC 

CP2J/CP3J 

K-P 3. 5 
K-P .9-1.0 BEV/C 

1/66 
9/61 
9/66 

·fl:3 STUDENT 
R3 FIT 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENTlOCH/1.,111 - SEE MAIN TEXT 

FROM FIT CERRDR INCLUDES SCALE FACTOk OF 1.1) 

•• ... Y*OI1520) INTO I LAMBDA GAMMA)ITOTAL f PERCENT) IP41 
238 Q.BO ~.14. MAST 68 HBC 0 USING ELASTe.45 11/68 . ....... . •• •• FIT 0.,18 0.14 FROM FIT CERROR INCLUDES SCALE FACTOR Of 1.0) 

•• R5 
R5 ... 
•• ..• 
•• •• •• •• •• •• •• •• •• •• 

FIT 

R6 AVG 

YOOfl520) INTO CSJGMAO GAMMAI/TOTAL fPERCENTJ CPS) 
2.0 .35 MAST 68 HBC SEE NOTE .S . 10/69 

RATIOS CALCULATED FROM Rlt,ASSUMING SUUI. NEEDED TO CONSTRAIN 
All THE YOOC15201 BRANCHING RATIOS TO BE UNITY • 

1.90 0.31t FROM FIT I ERROR INCLUDES SCALE FACTOR OF 1.0) 

YOOC1520) 'INTO I KBAR NJITOTAL CPU . 
0.29 0.05 WATSON 63 HBC K-P All CHANNELS 10171 

.441 .01B GAL TIERI 69 HBC K- P .28-.45 G/C 10/69 
0.47 0.03 COlLEY 11 oec K-N 1. 5 GEV PROD 10171 

(0.45) KIM 71 DPWA K-MATRIX ANAL. 3/11 
.448 .Ollt COR DEN 75 aBC K- 0 1.4-1.8GVIC 4175 

'.,..21 MAST 76 HBC 0 K- P CEX 1/16 
,H .01 RLIC 11 OPWA KBAR N MUll ICHNL 1/16 
.45 .03 ALSTON 18 OPWA KBAR N ELASTIC 1/78.0: 

. 0.012 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.1) 
R6 STUDENT 
R6 FIT 

0.457 
0.4571 
O.lt503 

0.0083 AVERAGE USING STUDENT10(H/1.lll - SEE MAIN TEXT 
0.0056 FROM FIT CER~OR INCLUDES SCAlE FACTOR OF 1.2) 

R7 
R7 
R7 
R7 
.R7 
R7 
;R1 
R7 
RT AVG 

YOO( 1520) INTO 
o.ss 
0.418 
0.43 

CO.It6J 

C SIGMA P IJ /TOTAL 
O. 09 WATSON 

.011 GALTJERJ 
(0.03} COLLEY 

.426 .014 
KIM 
COROEN 

SUPERSEDES COLLEY 11 

63 HBC 
69 HBC 
11 DBC 
71 OPWA 
15 OBC 

I P21 
K-P All CHANNELS 

0 K-P .28-.45GEV/C 
K-N 1.5-GEV PROD 
K-MATR I X ANAL. 
K- D 1.4-1.8GV/C 

0.011 AVERAGE IERROP INCLUDES SCALE FACTOR Of 1.0) 

10/11 
6/69 

10/11 
3/11 
4/15 
1/16 

.R1 STUDENT 
'R1 FIT 

0.425 
0.424 
0.4199 

0.012 AVERAGE USING STUDENTlOIH/1.11) - SEE MAIN TEXT 
0.0064 FROM FIT CERROR INCLUDES SCALE FACTOR OF 1.2) 

•• ' .. 
:RB 

•• 
RB A 
RB A 
RO A 

Y*Ofl520) INTO ISIGMA PI PJJITOTAL 
.010 .0015 GALTIERI 
.0085 • 0006 MAST2 

BASED ON ASSUMED ELASTICITY OF .46 
.001 .002 CORDEN 

CONSIDERABLE HACTION OF THE SIGMA PI 
Y*lfllB5) PI INTERMEDIATE STATE. 

69 HBC 
73 MPWA 

CP61 _ 
0 K-P .28-.45GEV/C 

K-P TO 2PI SIG 

15 DBC K- 0 1.4-1.8GV/C 
PI DECAY PROCEEDS VIA THE 

10/69 
9173 
9/13 
4/75 
4175 
4/75 

•• •• AVG 0.0085B 0.00054 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.0) 
0.00059 AVERAGE USING" STUOENT10CH/1.1U - SEE MAIN TEXT 
0.00051t FROM FIT CERROR INCLUDES SCAlE FACTOR OF 1.0) 

R8 STUDENT 0.00858 
R8 FIT 0.00856 

•• •• •• •• •• •• •• •• •• •• 

Y*0(1520J TO Y*1Cl385) PI TO LM PI PI/LM PI PI CP8JIIP3) 
MORE THAN 0.10 CLINE 69 OBC K-0 TO 2PI LAM N 

0.39 0.10 BURKHARDT 11 HBC LAM. 3P1 PROD. 
U.OJ CHAN 12 IPWA K-P TO LAM 2Pl 
0.e2 0.10 MAST 13 IPWA K-P TO 2PI LAM 

.58 .22 COROEN 75 OBC K- 0 1.4-1.8GV/C 
CENTRAl BINC1514-1524) GIVES .14+-.10 -- OTHER BINS lOWER BY 2-5SIG 
CNLY THE Y*U385JDS03 SEEMS TO CONTRIBUTE . 
BOTH Y*H3851DS03 AND SIGMA (PI PJIDP03 CONTRIBUTE 

9/73 
9/69 
3/11 
2/13 

12/72 
4/15 

R9 AVERAGE MEANINGLESS CSCALE FACTOR = 2.21 

.R10 
RIO 

Rll 
Rll 
Rll 1 
Rll 
Rll 
Rll 
Rll 
R11 AVG 

Y*OC15201 INTO (Y0111385)" PI)/TOTAL I P7J 
0.041 0.005 CHAN 12 HBC K-P TG LAM 2PI 3171 

Y*OCl5201 INTO CLAMBOA PI PJ)/TOTA.l 
0.10 to'.021 COLLEY 11 OBC 

.11 .01 MAST 73 JPWA 
BASED ON ASSUMED ELASTlCJTY OF .46+/-.02 

.091 .006 . CORDEN 15 DBC 
SUPERSEDES COLLEY 71 

CP3J 
K-N 1.5 GEV PROD 10/71 
K-P TG 2PI LAM 9/13 

K- D 1.4-1.8GV/C 
9173 
4/15 
1176 

Rll STUDENT 
Rll FIT 

0.0960 
0.0956 
0.0945 

0.0084 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.6) 
0.0062 AVERAGE USING STUDENTlOCH/1.111 - SEE MAIN TEXT 
0.0043 fROM FIT IERROR INCLUDES SCALE FACTOR OF 1.11 

R1Z 
R1Z 

YCIQ( 15201 INTO (LAMBDA EPSJLONJ/TOTAL 
.20 .08 COROEN 

(P91 4175 
75 DBC K- 0 1.4-1.8GV/C 4175 

•••o•o •••*••••o ••••••o•• ••o•o•••o oooo••••• •••o••••o o•o······ o••••••o 
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Baryons 
A(1520), A(1600), A(1670) 

REFERENCES FOR Y*Ol 1520) 

GALTJERI 63 Pl 6 296 A BARBARO-GALTIERI,A HUSSAJN,RD TRIPP &LRU 
WATSCN 63 PR 131 22lt8 M 8 WATSON, M.FERRO-LUZZJ, R 0 TRIPP (LRLIIJP 
ALMEIDA 64 PL 9 204 
ARMENTER 65 Pl 19 338 
MUSGRAVE 65 NC 35· 735 

BlRHINGH 66 PR 152 1148 
DAHL 67 PR 163 1371 
DAUBER 6 7 Pl 248 52 5 
UHliG 67 PR 155 1448 
MAST 68 PRL 21 1715 
SCHEUER 68 NP 88 503 

BURKHARD 69 NP 814 106 
CLINE 69 LHC 2 407 
GALTIERI 69 LUND 352 

·ALSO 70 DUKE 95 

BURKHARCT11 NP 827 64 
COLLEY 71 NP 831 61 

S P ALMEIDA,· G R LYNCH CCERNI 
ARMENTEROS,F-l.UZZit + CCERN,HEID, SACLAYI 
+PE TMEZAS ,+ 18 IRM,CERN,EPOL tLDI C, SAC LAY I 

BIRMINGHAM~ GLASGOW, I .c., OXf'ORO,RUTHERFORO 
OAHL,HAROY,HESS,KJRZ,MILLER ILRL I 
+MLAMUD ,SCHLEIN, SLATER ,STORK (UCLA I 
+CHARL TON,CONODNtGLASSER,YDDHt + (UMD,NRLI 
MAST tALSTONt BANGERTER,GAL TIERI+ ILRL) 
SABRE COLLAB. ISACL+AMST+BGNA+REHO+EPOll 

+f I l THUTH+KLUGE+... IHEID+Efl +CERN+SACLAY) 
+LAUJIIIANN+MAPP IWISCI 
BAR BARD-GALT JERI, BANGERTER, MAST, TRIPP I LRLJ 
R D TRIPP tlRL I 

+FIL THUTH ,KLUGE, OBERLACK++ (HE JD+CERN+SACLI 
+COX,EASTWODO,FRY+.. I BIRM+EDIN+GLAS+LOIC I 

KIM 11 PAL 27 356 J K KIM IHARVIIJP 
ALSO 70 DUKE 161 

CHAN 
MAST 
MAST2 
BERTHON 
CORD EN 

72 PRL 28 256 
73 PR 07 5 
73 PRO 1 3212 
74 NC 21A 146 
75 NP 88lt 306 

MAST 76 PRO lit 13 
CA~ERON 77 NP 8131 399 
RLIC 77 NP 8119 362 
ALSTCN 78 LBL-6784 

ALSO 77 PRL 38 1007 

BERLEY 70 PR 01 1996 
GOLOWICH 74 PRO 10 3861 

J. K. KIM tHARVIIJP 

+BUT .-SHAFERtHERTZBACH, KOFLER++ lHASA, YALE I 
+ALSTON-GARNJOST, I)ANGERTER,+... ILBLI IJP 
+BANGERTER,ALSTON-GARNJOST ,+ tLBL I IJP 
BER THON, TRISTRAM,+ I CDEF+RHEL+SACL+STRB I 
CORDENtCOX,OARTNEll tKENYON,ONEALE, + I BIRMJ 

MAST, ALSTON-GARNJOS T, BANGERTER+ ( LBL) 
+FRANEK,GOPAL,KALHUS,MCPHERSON+ IRHEL+LOIC) IJP 
GOPAL,ROSS,VAN HORN,MCPHERSON+ (LOIC+RHELJIJP 
+KENNEY, POLLARD, ROSS+ IL Bl +MTHO+CERN J I JP 
AlSTON-GARNJOST, KENNEY ILBL+MTHO+CERN liJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

+YAMIN, KOFLER, MANN, MEISNER+ IBNL, MASA, YALE I IJP 
EUGEN GOLOWICH CSLACI .................................................................... 

1
·~(··1·~·~~)··~··· .. •••• ..................... 'j;o; 1.*j ............. . 
• • 101 Y*OC160(1, JP=l/2+1 1=(1 

) 

101 Y*OC 1600) MASS CHEV) 

" 11570.1 KIM 11 OPWA K-MATRIX ANAL. 

" POSSIBLE EFFECT IN SIGMA PI AND KBAR N CHANNELS .. 
M I620.0 IO.O LANGBEIN 72 IPWA MULTICHANNEL 

I646. 7. CARROLL 76 DPWA JmO TOTAl CS 
1572. OR 1611. MARTIN 11 DPWA KBAR N MULTICHNl 

THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
PARAMETERS FROM TI1E T-MATRIX POLE AND FROM A 8-W ·FITt RESPECTIVELY. 

1573. 25. RLIC 77 OPWA KBAR N MULT ICHNL 
I703. 100. ALSTON 78 DPWA KBAR N ELASTIC 

• AVERAGE· MEANINGLESs • tSc.itE fACTOR "' 2.31 " 
-- ----- ---- ---- ---- ---- ---- -----

101 Y*Oil6001 WIDTH CMEVI 

150. I KIM 71 OPWA K-MATRIX ANAL. 
w 60.0 Io.o LANG BE IN 72 I PWA HUL TICHANNEl 

• 120.) CARROLL 76 OPWA J::O TOTAl CS 

• 247. OR 271 • MART IN 77 OPWA KBAR N HUL TJCHNL 
w 147. so. RLIC 77 DPWA KBAR N MUll ICHNL 
w 593. 200. ALSTON 78 DPWA KBAR N ELASTIC 

AVG 64.6 16.8 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.11 

1/76 

1176 

I/76 

1/76 
2171• 

11171• 

111b 
1/78* 

1176 

1176 
I/76 
2111* 

11177• 
I/J6 
1178* 

STUDENT 63.6 I0.9 AVERAGE USING STUDENTlOIHII.ll) -SEE MAIN TEXT 

P1 
P2 

SEE THE NOTES ACCOMPANYING MASSES QUOTED_) 

101 Y*OI1600) PARTIAL DECAY HODES 

Y•QC 1600) INTO KBAR N 
Y*Otl6(10) INTO SIGMA PI 

101 Y•OU600J BRANCHING RATIOS 

RI V•Oil6(10) INTO IKBAR NJITOTAL 
RI 0.25 (1.15 LANGBEIN 72 IPWA 

DECAY MASSES 
497+ 939 

1197+ I39 

t PU 
MULTICHANNEL 

RI TOTAL CROSS SECTION BUMP WITH (J+l/2JX=.O~ SEEN BY CARROll 1b 
KBAR N MULTICHNL RI t .3010R .29 MARTIN 77 OPWA 

RI .2~ .04 RLIC 17 OPWA 
Rl .14 .05 ALSTON 78 DPWA 

:i AVERAGE•MeA;nNGle$s·c$citE FACTOR= I.ll 

KBAR N HUL TICHNL 
KBAR N ELASTIC 

I/76 

l/76 

1/76 
1176 
2177* 

II/77• 
1/76 
1178* 

R2 
R2 
R2 
R2 
R2 
R2 

Y*OII600) FROM KBAR N INTO SIGMA PI 
LANGBEIN 
HEPP2 
MARTIN 
RLIC 

SQRTIP1*P2) 1/76 
o.28 a. 09 

NOT SEEN 
f-.39lCR -.39 
-.16 .04 

72 IPWA MUL-TICHANNEL 1176 
76 DPWA -0 K- NUt TO SIG PI 2177* 
77 DPWA KBAR N MULTICHNL 11 /77* 
77 DPWA KSAR N MULTICHNl 1/76 

R2 AVERAGE MEANINGLESS ISCALE FACTOR :: 1.21 

KIM 7I PRL 27 356 
ALSC 70 DUKE 1bl 

LANGBEIN 72 NP B47 477 

CARROll 76 PRL 3 7 806 
HEPP2 76 PL 65B 487 

REFERENCES FOR Y*(ll I600) 

J K KIM 
J. K. Kll'l 

+t!AGNER 

IHARV1IJP 
CHARV) IJP 

01PlHJIJP 

+CHIANG tK YC lA, ll, MAZUR, HI CHAEL • t BNL JI 
+BRAUN ,GRIMM, S TROSE LE, THOL +I CERN, HE I 0 9 MP I M) I J P 

Data: Card Listings 
For notation, see key atfront of Listings .. 

MA~TlN 71 NP BI27 3~9 MARTJN,PIOCOCKtMCORHOUSE ILOUC+GLAS IIJP 
ALSO 11 NP B126 266 
ALSC 77 NP BI26 285 

HAHIN,PJOCOCK CLOUC1 
MARllN,PtDCOCK ILOUCJ IJP 

RLIC 17 NP 8119 362 GGPAL,ROSS,VAN HORN,MCPHERSON• ILOIC•RHEliJJP 
ALSTON 78 lBL-6784 +KENNEY t POLLARD, ROSS+ CLBL+MTHO..CERN1 IJP 

AlSC 77 PRL 38 I007 Al STON-GARNJOS T, KENNEY C L BL+MTHO+CERN 11 JP ............... (' ................................................... . 
••••••• c. ................ **••••••• ................................... . 

IA(ls?o) 1 40 v•Oll670. JP·ll2-· 1=0 I sad 

• ·H 

• M 
M 
M 
M 

" 

• H 

w 
w 
w 
• 

P1 
P2 
P3 
P4 

R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
Rl 
R1 
R1 
R1 
R1 

R2 
R2 
R2 
R2 
R2 

R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 

" M 

H 
N 
N 
A 
N 
N 

SEE THE MINI-REVUE AT THE START Of THE Y• LISTINGS. 

THJ.S RESONANCE IS WELL ESTABLISHED. 

40 Y*OU670) MASS I MEV I 

( 16t:6.010RI 16J5.0J BERLEY 65 HBC 0 K-P TO LAM ETA J/66 
THE FIRST VAlUE ASSUMES THE BRANCHING RATIO INTO LAMBDA ETA IS 

SMALL, THE SECC.NO THAT IT·. IS LARGE. BECAUSE THE ReSONANCE IS NEAR 
THE lAMBDA ETA TI-I<ESHOLO. ·THE BRANCHING RAllO AFFECTS THE MOMENTUM 
DEPENDENCE Of THE TOTAL WIOHit AND THUS ALSO THE RESONANCE PARA
METERS OBTAINED BY FITTING TO THE DATA. 

(1663.0) 13.01 ARMENT-I 68 HBC 0 ELASTIC, CH EXCH 11/68 
11678.01 12.01 ARMENT-2 68 HBC 0 K-P TO SIGMA PI 11/68 
1674.0 (5.01 ARMENT-3 69 HBC 0 MULTICHANNEL 9/69 
1662.0 . t3.0J ARMENT-~ 69 HBC 0 ElAST ,CH.EXC.ED 9/69 
1680.0 11.0) ARMENT-4 69 HBC 0 K-P TO SIG PI.ED 9/69 
1674.0 BERLEY 69 HBC 0 K-P TO SIGMA PI 6/10 
I6B3.0 15.01 GALTIERI 70 HBC 0 SIG PI,EOPWA 7170 
1670. KIM 71 OPWA K-MATP.IX ANAL. 3/71 
I640.0 140.0) LANGBEIN 72 JPWA MULTICHANNEl .I2/12 
170(1. C 10.1 BAXTER 73 OPWA 0 ·K- P TO NEUTRALS I0/74 
1672. fl.J HART 73 DPWA EL+CX,.7-.8GEV/C 2174 
1665. 15.1 PREVOST 74 OPWA Q- K-N TO Sll3851PI 10/74 
1675. 12.1 HEPP2 76 OPWA -o K- NUC TO SIG PI 2177* 

11664.1 MARTIN 77 OPWA KBAR N MULTICHNL 11177* 
MARTIN 17 OBTAINS IDENTICAl RESONANCE PARAMETERS FROM THE 
T-MATRI X POLE AND FROM A B-W FIT • 

1670. (5.1 RLIC 77 OPWA KBAR N MUlTICHNl 1/76 
I671. (3.1 AlSTON 78 DPWA KBAR N ELASTIC 1178* 

THE MULTICHANNEL ANALYSIS INCLUDES ELASTIC AND SIGMA PI 10/69 
THE APPARENT DISCREPANCY BETWEEN THESE RESULTS JS PROBABLY NOT 

SE~IOUS. 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. 

40 Y*O(lb701 WIDTH IMEVJ 

122.0JORII5.01 BERLEY 65 HBC 0 SEE NOTE M ABOVE 
126.0) (8.0) ARMENT-I 68 HBC 0 SEE NOTE N ABOVE 
CZ6.01 C5.01 ARMENT-2 68 H8C 0 

23.0 (3.01 ARMENT-3 69 HBC 0 
38.0 I 15.01 ARMENT-4 69 HBC 0 ElAST,CH EXC.ED 
33.0 (5.0l ARMENT-4 6CJ HBC 0 K-P TO SIG PI .EO 
3I.O BERLEY 69 HBC 0 K-P TC. SIGMA PI 
25.0 15.0) GALliER I 7(1 HBC 0 SIG PI ,EDPWA 
35. KIM 7I OPWA K-MATRIX ANAL. 
45.0 '20.01 LANGBEIN 72 I PWA HUL TICHANNEL 
65, 120., BAXTER 73 OPWA 0 K- P TO NEUTRALS 
19. 12.1 HART 73 DPWA El+CXt .7-.8GEV/C 
19. (5.) PREVOST 74 OPWA 0- K-.N TO SU385JPI 
46. (5.1 HEPP2 76 OPWA -0 K- NUC TO SIG PI 

tl2.J MARTIN 11 DPWA KBAR N MULTICHNL 
45. 110.) RLIC 77 OPWA KBAR N MUll ICHNl 
29. C5.1 ALSTON 78 DPWA KBAR N ELASHC 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

40 Y•OU670J PARTIAl DECAY MODES 

Y*011670J INTO KBAR N 
Y*(ltl67(11 INTO LAMBDA ETA 
Y*(1Cl6701 INTO SIGMA PI 
Y*OC16701 INTO SIGMAI13851 PI 

40 Y*OI167DJ BRANCHING RATIOS 

Y*Oil670) INTO IKBAR NJITOTAL 
10.14) (0.041 ARMENT-I 68 HBC 
O.I7 ARMENT-3 69 HBC 
0.14 10.041 ARMENT-4 69 HBC 

10.39) (0.051 CONFORTO 7I HBC 
0.28 KIM 71 DPWA 
0.35 I 0.061 LANGBEIN 72 IPWA 

.36 I .03) HART 73 OPWA 
(.I 51 MARTIN 17 OPWA 

.20 c .031 RLIC 11 OPWA 

.17 1.03) ALSTON 78 OPWA 

DECAY MASSES 
~97+ '939 

1115+ 548 
1189+ 139 
I39+13B4 

CPU 
0 OLD DATA 
0 
0 NEW DATA 
0 K-PtELAST.CEX 

K-MATRIX ANAL. 
MULTICHANNEL 
EL•CX,. 7-. 8GEV /C 
KBAR N MULTICHNL 
KBAR N MULTICHNL 
KBAR N ELASTIC 

EFFECT BELOW REGION At'-lAl VIED. VALUE OF .18 DOES NOT 
AFFECT FIT OR VALUES OF OTHER PARAMETERS. 

THIS IS THE DIAMETER OF THE CIRCLE IN THE ARGANO PlOT. IT IS 
SUPERIMPOSED ON A LARGE BACKGROUND. 

Y*(1116 701 FROM KfAR N TO LAMBDA ETA SQRTIPI*P21 
10.201 OR 0.23 BERLEY 65 HBC 0 SEE NOTE H ABOVE 
(0.261 ARMENT-3 69 HBC 0 
10.241 KIM 7I DPWA K-MATRIX ANAL. 
+.20 (.051 BAXTER 13 DPWA 0 K- P TO NEUTRALS 

SEE THE NOTES ACCOMPANY lNG MASSES QUOTED 

Y*Ot16701 FROM KBAR N TO SIGMA PI SQRTIP1*P31 
C-0.251 (0.061 ARMENT-2 68 HBC 0 OlD DATA 
1-0.27) ARHENT-3 69 HBC 0 
1-0.30) 10.03) ARMENT-4 69 HBC (1 NEW DATA 

PUBLISHED SIGN CHANGED TO AGREE WITH lUND I969 CONVENTION ISEE TEXTI 
-0.27 BERLEY 6'9 HBC 0 K-P TO SIGMA PI 
-0.29 (0.03) GAL TIER I 70 HBC 0 SIG PI,EOPWA 
-0.38 KIM 7I OPWA K-MATRIX ANAl. 
-.28 ( .05) BAXTER 73 OPWA 0 K- p TO NEUTRALS 
-.23 c .03) LONDON 75 HLBC 0 K- P TO SIGO PlO 
-.29 (.03) HEPP2 76 DPWA -0 K- NUC TO SIG PI 

1-.131 MARTIN 77 DPWA KBAR N MUl TICHNL 
-.3I c .. 031 RLIC 77 OPWA KBAR N MULTICHNL 

7/60 
ll/68 
11/68 
9/69 
9/69 
9/69 
6/70 
7170 
3/7I 

12/72 
10/14 
2/74 

.10174 
2171* 

11/17* 
I/76 
1178* 

ll/b8 
9/69 
9/69 
6170 
3/71 

12172 
2/74 

11/77* 
1176 
1178• 

7/66 
9/69 
3/71 

10174 

9/69 
9/69 

10174 
6/70 
7110 
3/7I 

10174 
4/75 
2117• 

11177* 
1,11b 
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Data Card Listings 
For notation, see key at front of Listings. 

R4 Y*Oil6701 FROM KBAR N TO SIGMAI1385J PI SQRHPl*P41 
R4 -.18 .05 PREVOST 74 DPWA 0- K-N TO SH385JPI 10/74. 

BEHEY 65 PRL 15 641 
ARMENT-! 68 NP 88 195 
ARMENT-2 68 NP BB 223 

AF;MENT-3 69 LUND PAPER 229 
VALUES ARE QUOTED IN LEVI 

AH.MENT-4 69 NP 814 91 
BERLEY 69 Pl 308 430 
GALT JERI 70 DUKE 113 

CONFORTO 71 NP 834 41 
KIM 71 PRL 27 356 

ALSO 70 DUKE 161 
LANGBEIN 72 NP 847 477 
BAXTER 73 NP 867 125 
HART 73 PURDUE CONF. 311 
PREVOST 74 NP. 869 246 
LONODN 75 NP 685 289 

HEPP2 76 Pl 658 487 

REFERENCES FOR Y~OI16701 

+CONNOLLY, HART, RAUM, STONE HILL, + (BNLI IJP 
ARMENTEROS, BAILLON, + tCERN,HEIDEL,SACLAYJ IJP 
ARMENTEROS, BAillONt + tCERN,HEIDEL,SACLAYJlJP 

ARMENTEROS 1 BAILLON, + ICERN,HEIDEL,SACLAYIIJP 
SETTI 69. 
Af<MENTEROS, BAil LON, + tCERN,HEIDEL,SACLAYI IJP 
+HART, RAHMr WilliS, YAMAMOTO IBNLIIJP 
A. BARBARO GALTIERJ llRlllJP 

+LEVI SETTI, LASI NSKI •• DBERLACK++ I EF I +HEIDI IJ P 
J K KIM IHARVIIJP 
J. K. KIM IHARVI IJP 
+WAGNER IMPIMIIJP 
BAXTER, BUCK INGHAM, CORBETT, DUNN,+ (OXFORD II JP 
+P 1 CE, BACASTOW, FUNG ,+ IT ENN+UCR +MASA+BUFF I I J P 
PREVOST ,BARLOUTAUD, + I SACL+C ERN+HE I 0 I 
LONDON, YU, BOYD,+ I BNL, CERN, EPOL, ORSA, TOR I I 

+BRAUN rGR VIM, STROBE LE, THOL +{CERN, HE I Dr MP I M I I J P 
HARTIN 77 NP 8127 349 MARTIN,PIOCOCK,MOORHOUSE ILDUC+GlASJIJP. 

ALSO 77 NP 8126 266 
ALSG 71 NP 8126 285 

RllC 11 NP 8119 362 
ALSTON 78 LBL-6784 

ALSO 77 PRL 38 1007 

BJRMINGH 66 PR 152 ll48 
LEVISETT 69 LUND 339 

MARTIN,PIDCOCK ILOUCI 
MARTIN,PIDCOCK ILOUCJIJP 
GOPAL,ROSS,VAN HORNoMCPHERSON+ ILOIC+RHELIIJP 
+KENNEY, POLLARD ,ROSS+ I LBL+MTHO+CERN I IJP 
AL S TON-GARNJOST, KENNEY ll BL+MTHO+CERN I I JP 

PAPERS NOT REFERRED TO IN DATA CARDS 

I Bl RMI NGHAM, GLASGOH 1 L01 C ,OXFORD, RUTHERFO I 
R LEVI SETT I I RAPPORTEUR I I CHICAGO) 

****** ********* ********* ********* •••••••••••••••••• ********* ******** 
****** ••••••••••••••••••••••••••••••••••••••••••••• ********* •••••••• 

IA(1690) I 55 VOOI1690, JP•3/2-l 1•0 I D(bl 
SEE THE MINI-REVUE AT THE START OF THE Y* LISTINGS. 

THIS RESrNANCE IS ~Ell ESTABLISHED. 

55 Y*OI16901 MASS (MEV) 

(1696.01 (3.0) ARMENT-1 68 H8C 0 ELASTIC, CH EXCH 11/68 

. " 
" " 

" M 

" " 'H 

" H 

" 

Pl 
P2 
P3 
P4 
P5 
P6 

06Bl.OJ (2.0) ARMENT-3 6B HBC 0 K-P TO SIGMA PI ll/6B 
16'Bl. IB.I BARTLEY 6B DBC 0 K-P AND K-D DATA ll/6B 
1695.0 14.0) BUGG 68 CNTR 0 K-P, 0 TOTAL 7/6B 

11691.01 12.01 CONFORTO 6B HBC 0 HASTIC, CH EXCH ll/6B 
THE Y*OI1690) IS AT THE EDGE OF THE ENERGY REGION ANALYZED BY 

M CGNFORTO. THE SAME DATA AS WEll AS OTHERS EXTENDING TO LOWER 
M ENERGIES ARE INCLUDED IN ARMENTEROS 1. 

M 

A 1691.0 12.01 'ARMENT-4 6CJ HBC 0 ElAS,CH EXC.ED 
ANALYSIS INCLUDES OLD AND NEW DATA Of CHS COLLAB •• 43-.B GEV/C 
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 PARAI4ETRIZATION 
A OF THE PARTIAL-WAVE AMPL ITUOES ARE NOT INCLUDED, AND CAN BE LARGE. 
A 16BB.O 12.01 ARMENT-4 69 HBC 0 K-P TO SIG PI.ED 

A 
A 

1689.0 BERLEY 69 HBC 0 K-P TO SIGMA PI 
1701.0 14.01 BERTANZA 69 HBC 0 ELASTIC, CH EXCH 
16BO.O 15.01 GAL TIER I 70 HBC 0 SIG PI,EDPHA 
16BB.O t3.01 CONFORTO •71 HBC 0 K-P,ELAST,CEX 
1690. KIM 71 DPWA K-MATRIX ANAL. 
1680.0 120.01 LANGBEIN 72 IPWA MULTICHANNEl 
1670. 110.1 BAXTER 73 DPWA 0 K- P TO NEUTRALS 
16B4.. 13.1 HART 13 DPWA EL+CX,.7-.BGEV/C 
1692. (4.1 CARROLl 76 DPWA 1=0 TOTAL CS 
1690. 13. I HEPP2 76 OPWA -0 ·K- NUC TO SIG PI 
16B7. OR l6B9. MARTIN 77 DPHA KBAR N MULTICHNL 

THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION Of RESONANCE 
PARAMETERS FROM THE T-MATR1X POLE AND FROM A B-W FIT, RESPECTIVELY .. 
ANOTHER 3/2- LAMBDA AT 1966 MEV IS ALSO SUGGESTED BY MARTIN71t 
BUT IS VERY UNCERTAIN. 

.1690. (5.) 
1692. 15.) 

RUC 
ALSTON 

55 Y*Oil6901 WIDTH IMEVJ 

135.01 (7.01 ARMENT-1 
IB5.01 17.01 ARMENT-3 
48. 115.1 BARTLEY 
40.0 17.01 BUGG 

127.01 (5.01 CONFORTO 
31.0 17.01 ARMENT-4 
72.0 (6.01 ARMENT-4 
57.0 BERLEY 
2B.O IB.OI BERTANZA 
8s.o I 10.01 GALTIERI 
64 .. 0 15.0) CONFORTO 
55. KIM 
40.0 110.01 LANGBEIN 
30. I 10.1 BAXTER 
86. 19.1 HART 

13B. I CARROll 
82. IB.J HEPP2 
62. OR 62. MART IN 
60. 15.1 RLIC 
64. 110. J ALSTON 

SEE THE NOTES ACCOMPANYING THE 

77 OPWA 
1B DPWA 

6B HBC 
68 HBC 
6B DBC 
6B CNTF: 
6B HBC 
69 HBC 
69 HBC 
69 HBC 
69 HBC 
70 HBC 
71 HBC 
71 OPWA 
72 IPWA 
73 DPWA 
13 DPWA 
76 OPWA 

KBAR N MULTICHNL 
KBAR N ELASTIC 

0 OLD DATA 
0 OLD DATA 
0 K-P AND K-0 DATA 
0 
0 SEE NOTE M ABOVE 
o ELAS,CH exc .. Eo 
0 K-P TO SIG PI EO 
0 K-P TO SIGMA ·pJ 
0 
0 SJG PI ,EDPHA 
0 K-P,ELAST,CEX 

K-MATRIX ANAL. 
MULTICHANNEL 

0 K- P TO NEUTRALS 
El+CX, .1-.BGEV/C 
Iz:O TOTAL CS 

76 OPHA -0 K- NUC TO SIG PI 
77 DPWA KBAR N MULTICHNL 
71 DPWA KBAR N MULTICHNL 
1B OPHA KBAR N ELASTIC 

MASSES QUOTED 

55 Y*OU690J 'PARTIAL DECAY MODES 

Y*OI1690J 
Y*OI1690J 
Y:<'0(16901 
Y*OI 16901 
Y*-011690·1 
Y*OI1690J 

INTO KBAR N 
INTO SIGMA P 1 
INTO LAMBDA PI PI 
INTO SIGMA PI PI 
INTO Y*1113B51 PI 
INTO LAMBCA El A 

S-WAVE 

DECAY MASSES 
497+ 939 

11B9+ 139 
1115+ 139+ 139 
1189+ 139+ 139 

139+1384 
1115+ 54B 

9/69 

9/69 
6170 
9/69 
7/70 
6170 
3/71 

12172 
10/74 
2/74 
2171* 
2111* 

11/77* 

1/76 
1178* 

11/68 
11/68 
11/68 

7/6B 
11/6B 
q/69 
9/69 
6/70 
9/69 
1/10 
6/70 
3/71 

12172 
10/74 
2/74 
2171* 
2111* 

11177* 
1176 
1178* 

Baryons 
A(1670), A(1690), A(1800) 

Rl 
Rl 
Rl 

" Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

R2 
R2 
R2 
R2 
R2 
R2 

55 Y•OI1690I BRANCHING RATIOS 

THE SUM OF All THE QUOTED BRANCHING RATiOS IS MORE THAN 1.0. THF. 
TWO-BODY RATIOS ARE FROM PARTIAL WAVE ANALYSES, AND THUS PROBABLY ARE 
MORE RELIABLE THAN THE THREE-BODY RATIOS, WHICH ARE DETERMINED FROM 

BUMPS IN CROSS SECTIONS. OF THE LATTER, THE SIGMA PI PI BUMP LOOKS 
MORE SIGNIFICANT ITHE ERROR GIVEN FOR THE LAMBDA PI PI RATIO LOOKS UN
REASONABLY SMAll!. HARDLY ANY OF THE SIGMA P1 PI DECAY CAN BE VIA 
Y*l ( 13B5), FOR THEN NINE TIMES AS MUCH LAMBDA PI PI DECAY WOULD BE 
REQUIRED. 

Y*OI 16901 INTO CKBAR NJ/TOTAL IPiJ 
IO.lBI (0.031 ARMENT-1 6B ~BC 0 
10.231 BUGG 6B CNTR 0 ASSUMING J:3/2 

M I 0~22 I 10.031 CONFORTO 6B HBC 0 SEE NOTE M ABOVE 
0 ~ 18 (0.021 ARMENT-4 69 HBC 0 NEW DATA 
0~2B (0.041 BERTANZA 69 HBC 0 

N (0.341 (0 .. 021 CONFORTO 71 HBC 0 K-P,ELAST,CEX 
0.22 KIM 71 OPWA K-MATRIX ANAL. 
0.15 10.051 LANGBEIN 72 IPHA HUL T I CHANNEL 

.24 ( .ou HART 73 DPHA El+CX-.7- .. SGEV/C 
C .2BIOR .26 MARTIN 17 DPWA KBAR N HULTICHNL 

.24 I .031 RLIC 11 DPWA KBAR N MUL T ICHNL 
.22 I .031 ALSTON 1B OPWA KBAR N ElASTIC 

2 TOTAL CROSS SECTION BUMP WITH CJ+l/2)X ... 4B SEEN BY CARROLL 76 
N EFFECT IS AT END OF REGION ANALYZED. THIS COULD AFFECT VALUE OF X1 .. 

Y*Oil6901 FROM KBAR N TO SIGMA PI SQRT I Pl*P2 I 
1-0.331 (0.02) ARMENT-3 6B HBC 0 OLD DATA 
(-0.361 I 0.021 ARMENT-4 69 HBC 0 NEW DATA 

PUBLISHED SIGN CHANGED TO AGREE WITH LUND 1969 CONVENTION ISEE TEXT» 
-0.27 BERLEY 69 HBC 0 K-P TO SIGMA PI 
~0.31 (0.031 GAL TIER I 70 HBC 0 SIG PI,EOPWA 

11/6B 
7168 

11/68 
9/69 
9/69 
6170 
3/71 

12/72 
2174 

11171* 
1/76 
1/78* 
2111* 

ll/6B 
9/69 

10/74 
6/70 
7170 

R2 -0.40 KIH 71 DPWA K-MATRIX ANAL. • 3/71 
R2 0.26 10.07) LANGBEIN 72 IPHA MULTI CHANNEL 
R2 -.20 I .. 031 BAXTER 73 DPWA 0 K- p TO NEUTRALS 
R2 -.28 1.031 LONDON 75 HLBC 0 K- P TO SIGO PIO 
R2 -.29 ( .03} HEPP2 76 DPWA -0 K- NUC TO SIG PI 
R2 1-.30JOR -.2B MARTIN 77 DPWA KBAR N MUL TICHNL 
R2 - .. 25 { .031 RLIC 77 OPWA KBAR N MUL T ICHNL 

R3 Y*OI 16901 FROM KBAR N TO lAMBDA PI PI SQRTIP1*P31 
R3 10.251 (0.021 BARTLEY 68 HOBC 0 LAM 2Pl CROS SEC 
R3 ONLY CROSS-SECTION DATA USED. ENHANCEMENT NOT SEEN BY PREVOST 71, 

R4 Y•oc 16901 FROM KBAR N TO SIGMA PI PI SQRTIP1*P41 
R4 C0.21J ARMENT-2 6B HDBC 0 K-N .TO SIG PI PI 

R5 Y*Oil6901 FROM KBAR N INTO LAMBDA ETA SQRTCPl*P61 
R5 .oo '.031 BAXTER 73 DPWA 0 K- P TO NEUTRALS 

R6 Y•OI1690I FROM KBAR N TO YOU13B5) PI S-WAVE SQRTIPl*P51 
R6 +.27 .04 PREVOST 74 OPWA 0- K-N TO Sfl3B51PI 

*****• ********* ********* •••••••••••••••••• ***•••••• *•••••••• •• ,. ••••• 

ARMENT-1 6B NP B8 195 
AFiHENT-2 6B NP BB 216 
ARMENT-3 6B NP BB 223 
BARTLEY 6B PRL 21 1111 
BUGG 6B PR ·16B 1466 

ALSO 67 PRL 1B 62 
CONFORTO 6B NP B8 265 

ARMENT-4 69 NP ·Bl4 91 
BERLEY 69 PL 30B 430 
BERTANZA 69 PR 177 2036 

GAL TIER I 70 DUKE 173 
CONFORTO 71 NP B34 41 
KIM 71 PRL 27 356 

ALStl 70 DUKE 161 
LANGBEIN 72 NP B47 477 
BAXTER 73 NP B67 125 
HART 73 PURDUE CONF. 311 
PREVOST 74 NP 869 246 

LUNOON 75 NP 8B5 2B9 
CARROll 76 PRL 37 BD6 
HEPP2 76 Pl 65B 4B7 

MARTIN 77 NP B127 349 
ALSO 77 NP B126 266 
ALSO 71 NP Bl26 2B5 

Rue 11 NP Bll9 3t:2 
ALSTON 78 LBL-67B4 

ALSO 77 PRL 3B 1007 

REFERENCES FOR Y*OI 16901 

ARMENTEROS, BAILLON, 
AF-MENTEROS, BAILLQN, 
ARMENTEROSt BAILLON, 
+CHU, OOWD,GREENE, + 
+GILMOREt KNIGHT, + 
OAVIES,DOWEllt+ 
+HARMSEN, LASINSKI, + 

+ ICERN,HEIDEL,SACLAYIIJP 
+ ICERN,HEIDH,SACLAYI I 
+ ICERN,HEIDEL,SACLAYJIJP 

ITUFTS,FSU,BRANOEISJ I 
IBIRM,CAVE,RHELJ I 
IBIRMrCAVE,RHELJ I 
I CHICAGO, H EI DEll IJP 

ARMENTEROS, BAil·LON, + ICERN,HEIOEL,SACLAYIIJP 
+HARTt RAHMt WllliSt YAMAMOTO IBNLIIJP 
+BIGI,i:ARRARAtCASAll, + IPISA,eNLtYALEHJP 

A. BARBARO GALTIERI ILRLIIJP 
+lEVI SETTI,LASINSKI •• OBERLACK++ IEFI+HEID}IJP 
J K KIM CHAR VI IJP 
J. K. KIM CHARVIIJP 
+WAGNER IMPIMI IJP 
BAXTER, BUCKINGHAM ,CORBEll t DUNN r+ (OXFORD II JP 
+RIC Et BACASTOW,FUNG, + ITENN+UCR+MASA+BUFF I JJ P 
PREVOST ,BARLOUTAUD, + I SACL+CERN+HEIDI 

LONDON, YU, BOYD,+ I SNL, CERN, EPOL, ORSA, TOR II 
+CHIANG ,KYC IA,U, MAZUR, MICHAEL+ I BNLI I 
+BRAUN ,GR IHM, STROBE LE, THOL +ICERNt HEI D, MP I M) I JP 

MAR TIN, P IDCOCKoMOORHOUSE ILOUC+GLAS I IJ P 
MARTIN,PIDCOCK (LOUCJ 
MARTIN,PIOCOCK ILOUC)IJP 
GOPAlr ROSS, VAN HORN ,MC•PHERSON+ ILOIC+RHELIIJP 
+KENNEY, POllARD, ROSS+ IL BL +MTHO+CERN II J P 
Al S TON-GARNJOST, KENNEY ILBLHITHO+CERN J I J P 

( 

PAPERS NOT REFERRED TO IN DATA CARDS 

PREVOST 71 AMSTERDAM CONF + CHS COLLABORATION , I CERN+HE I O+SACL I 

•••••• ********* ********* ********* ••••••••• ••••***** ********* ******** 
****** •••••••••. ********* ********* ••••••••••••••••••••••••••• ******** 

IA{1800) I n v•ou8oo, JP•ll2•l 1·o I Pod 
) SEE .THE MINI-REVIEW AT THE START OF THEY* LISTINGS. 

THE EVIDENCE FOR THIS STATE IS SOMEWHAT CONFUSED. IT 
WAS FIRST SUGGESTED IN A PARTIAL WAVE ANALYSIS OF 
KBAR N DATA BY THE BEHAVIOUR OF THE POl AMPliTUDE 
WHEN 1T WAS PARAMETRIZED AS A TWD-STRAIGHT-LINE 
BACKGROUND I ARMENT EROS 681. 

ALMOST All THE RECENT ANAlYSES CONTAIN A POl STATE, AND SOMETIMES 
THO, BUT THE MASSES, WIDTHS, AND BRANCHING RATIOS OBTAINED IN THE 
DIFFERENT ANALYSES VARY GREATLY. 

77 Y*OI1B001 MASS IMEVI 

11745.01 
I 1740.0) 
(1800.0) 
11750. OJ 
11690.01 I 10.01 

ERROP STATIST • ONLY- NO 
(1755. I 

17BO.o 20.0 

ARMENTERO 6B HBC 
BAILEY 69 OPWA 
ARMENTERO 70 HBC 
ARMENTERO 70 HBC 
GAL TIER I 70 HBC 

ERROR .QUE TO PARTICULAR 
KIM 71 OPWA 
LANGBEIN 72 IPWA 

0 ELASTIC, CH EXCH 
0 ELASTIC, CH EXCH 
0 ELASTICt CH EX 
0 SIGMA PI 
0 SIG PJ,EOPWA 
p,.\<f.ANAL. INCLUDED 

.K-:MATR I X ANAL. 
MULTI CHANNEL 

12/72 
10/74 
4175 
2171* 

11177* 
1176 

ll/6B 
3172 

llf6B 

10174 

10/14 

11/68 
10/70 
6/10 
6/70 
1110 
1/71 
3/71 

12/72 



Baryons 
A(lBOO), A(1815) 

M 
M 
M 
M 
M 
M 
M 
M 

w 
w 
w 
w 

w 
w 
w 
w 

Pl 
P2 
P3 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

111t6. 10. PREVOST 14 OPWA o- K-N TO SC13851PI 
1735. 5. CARROLL 76 OPWA 1=0 TOTAL CS 
1861. OR 1953. MARTIN 77 OPWA KBAR N MULTICHNL 

THE TWO ENTRIES FOR MART IN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
PARAMETERS FROM THE T-MATRJX POLE AND FROM A B-W FJT, RESPECTIVELY. 

1853. 20. RllC 77 DPWA KBAR N MutTJCHNl .......... 
AVERAGE MEANINGLESS (SCALE FACTOR = 3.51 

11 Y•Oil8001 WIDTH CMEVI 

ARMENTERO 68 HBC 0 

10/74 
2/77* 

ll/77• 

1/76 

(147.01 
(300. 01 

130.01 
C70.0) 
122.01 
135.) 

BAILEY 69 OPWA 0 ELASTIC, CH EXCH 10/70 

120.0 10.0 
46. 20. 

128.) 
535. OR 585. 
166. 20. . ~ . . . . .. ~ . 

ARMENTERO 70 HBC 0 ELAST1Ct CH EX 6170 
ARMENTERO 70 HBC 0 SIGMA PI 6170 
GAL TIER I 70 HBC 0 SIG PI ,EOPWA 7170 
KIM 71 OPWA K-MATRIX ANAL. 3171 
LANGBEIN 72 IPWA MULTICHANNEL 12112 
PREVOST 74 OPWA o- K-N TO SU385)Pt 10/71t 
CARROLL 76 DPWA I=O TOTAL C S 2/77* 
MARTIN 77 OPWA t<.BAR N MULTICHNL 11177* 
RLJC 77 OPWA KBAR N MULTICHNL l/76 

AVERAGE MEANINGLESS (SCALE FACTOR "' 3~1J 
SEE THE NOTES ACCOMPANYING MASSES QUOTED 

77 Y*Oil800l PARTIAL DECAY MODES 

Y*OC 18001 INTO KBAR N 
Y*OC 18001 INTO SIGMA PI 
Y*OC1800) INTO SIGMAt1385J PI 

77 Y*Ot 18001 BRANCHING RATIOS 

DECAY MASSES 
497+ 939 

1197+ 1'39 
139+1384 

Y*OU800J INTO tKBAR NJITOTAL tPU 
10.41 ARMENTERO 68 OPWA 0 ELASTIC, CH EXCH 11/68 
(0.551 BAILEY 69 DPWA 0 ELASTIC, CH EXCH 10170 
(0.15) ARMENTERO 70 OPWA 0 ELASTIC, CH EXCH 10170 
(0.301 KIM 71 DPWA K-MATRIX ANAL. 3171 
0.36 0.05 LANGBEIN 72 IPWA MULTICHANNEL 12172 
t .52 lOR .49 MARTIN 77 OPWA KBAR N MUL TtCHNL 11177• 

.21 .04 RLIC 77 DPWA KBAR N MULTICHNL 1176 
1 TOTAL CROSS SECTION BUMP WITH (J+1/2)X=.29 SEEN BY CARROLL 76 2177• 

R1 AVERAGE MEANINGLESS (SCALE FACTOR .: 2.31 

R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 

Y*OC1800J FROM KBAR N INTO SIGMA PI SQRTCP1*P2J 
{+0.201 ARMENTERO 70 OPWA 0 K-P TO SIGMA PI 

PUBLISHED SIGN CHANGED TO AGREE WITH LUND 1969 CONVENTION I SEE TEXT) 
{-0.13) 10.031 GAL TIER I 70 DPWA 0 K-P TO SIGMA PI 
10.11) KIM 71 DPWA K-MATRJX ANAL. 
C 0.01) OR LESS LANG BE 1 N 7 2 I PWA MULTICHANNEL 
{+.25JOR +.23 MARTIN 77 DPWA KBAR N MULTICHNL 
-.24 .04 RliC 77 OPWA KBAR N MUl TICHNL 

Y*OU8001 FROM KBAR N TO SIGMAI13851 PI SQRTCPl•P3J 

6/70 
10/14 
1110 
-3171 

12172 
11/770 
1/76 

R3 
R3 +.18 .10 PREVOST 74 DPWA o- K-N TO Stl385JPI 10/74 

SEE THE NOTES ACCOMPANYING MASSES QUOTED .................................................................... 
REFERENCES FOR YOOI 1800) 

ARMENTER 68 NP 88 195 ARMENTEROS, BAILLON, + 
BAILEY 69 THESIS UCRL-50617 DAVID SAAL BAILEY 
ARMENTER 70 DUKE CONF i23 AI'.MENTEROS, BAILLON, + 
GALTIERI 70 DUKE CONF 173 A BARBARO-GALTIERI 
KIM 11 PRL 27 356 J K KIM 

ALSO 70 DUKE 161 J. K. KIM 
LANGBEIN 72 NP 8-\7 417 +WAGNER 

(CERN ,HEIDEL, SACLAY 1 IJ P 
ILRL liVERMORE JIJP 

(CERN, HE JOEl I IJP 
llRLJIJP 

CHARVJIJP 
CHARYHJP 
(MPIM)JJP 

PREVOST 74 NP 869 246 PREVOST, BARLOUTAUO, + I SACL +CERN+HEI 01 
CAP.ROLL 76 PRL 37 806 
MARTIN 77 NP 8127 349 

ALSO 17 NP 8126 266 
ALSO 17 NP 8126 285 

RLIC 71 NP Bllq 362 

+CHIANGtKYC JA, LI, MAZUR,MICHAEL+ C BNL I I 
MARTIN, PIDCOCK, MOORHOUSE (LOUC+GLAS llJP 
MARTIN,PIOCOCK (LOUCI 
MARTIN,PIOCOCK tLOUCJIJP 
GOPAL,ROSS,VAN HORN,MCPHERSON+ CLOIC+RHELJIJP .................................................................... ...... ......... ......... ......... ......... ......... ......... .•...... 

IA(lBOO) I 
) 

102 Y*OClBOQ, JPa:9/2-l 1=0 I Gog I 
THIS NARROW RESONANCE SEEMS NECESSARY TO FIT A PEAK 
IN THE Al COEFFICIENT OF THE K-P ANGULAR DISTRIBUTION. 
IT IS NOT REQUIRED IN ANY OTHER CHANNEL. 

102 Y*OIIBOOJ MASS IMEVI 

1/76 

1176 

1808~ 5. RLIC 77 DPWA KBAR N MULTICHNL 1/16 

Pl 
P2 

Rl 
Rl 

R2 
R2 

102 Y*Oq800I WIDTH IMEVI 1176 

27. 5. RLIC 11 DPWA KBAR N MULTICHNL 1176 

102 Y*OI 18001 PARTIAL DECAY MODES 1/76 

Y*OI 18001 INTO KBAR N 
YOQ{ 18001 INTO SIG"'A PI 

DECAY MASSES 
497+ 939 

1197+ 139 

102 Y*Oil8001 BRANCHING RATIOS 1/76 

Y*OHBOOJ INTO IKBAR NI/TOTAl tPll 1176 
.04 .01 RLIC 71 DPWA KBAR N MULTICHNL 1/76 

Y*O( 1800) FROM KBAR N INTO SIGMA PI SQRHPl*P21 l/76 
LESS THAN .04 RLIC 77 DPWA KBAR N MULTICHNL 1/76 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ••••••** 
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Data Card Listings 
For notation, see key at front of Listings. 

REFERENCES FOR Y*0118001 

RLJC 77 NP 8119 362 GOPAL,ROSStVAN HORN,MCPHERSON+ CLOIC+RHELIIJP .................................................................... ....................................................................... 
jA(tBt5) I 39 ,.011815. JP·512•• 1·0 IFosl 

SEE THE MINI-REVIEW AT THE START 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 WEIGHTED AVERAGES FOR 
MASS AND WIDTH. 

39 Y*OC1Bl51 MASS IMEVI 

M N 1813.0 12.01 ARMENT-I 67 HBC 0 K-P TO SIGMA PI 8/67 
M N 1816.0 (4.01 BEll 67 HDBC 0 K-N TO SIGMA PI 11/67 
M N 1811.0 (2.01 ARMENT-3 68 HBC 0 ELASTIC, CH EXCH 11/68 
M N 1819.0 (4.,01 BUGG 68 CNTR 0 K-P, 0 TOTAL 6/68 
M N 1825 .. 0 I 1.01 BRitMAN 70 CNTR 0 TOTAL AND CH EX 6/10 
M N 1819.0 Cl.OI BRICMANl 70 DPWA SIGTOT,ELAS,CHEX 1/71 
M 1830.0 UO.OI COOL 70 CNTR K-P, 0 TOTAL 10/70· 
M 1820.0 UO.OI GALTJERI 70 OPWA 0 K-P TO SIGMA PI 7170 
M 1818.,0 12 .. 01 CONFORTO 71 OPWA 0 ElASTIC, CH EXCH 6/70 

1810.. KIM 71 DPWA K-MATRIX ANAL. 3/71 
1823~0 (3.01 KANE 72 OPWA 0 K-P TO PI SIG 10/11 
1818.0 13.01 LANGBEIN 72 tPWA MULTIC.HANNEL 12172 

11830.1 OECLAIS 77 DPWA KBAR N TO KBAR N 1178* 
1811. OR 1819. MARTIN 77 DPWA K8AR N MULTICHNL 11171* 

THE TWO ENTRIES FOR MARTIN 71 CORRESPOND TO EXTRACTION OF RESONANCE 
PARAMETERS fROM THE T-MATRJX POLE AND FROM A B-W FIT, RESPECTIVELY. 

1822.. 12. I RLlC 77 OPWA KBAR N MULTICHNl 1176 
1819. 12..1 ALSTON 78 DPWA KBAR N ElASTIC 1178* 

ERROR STATIST. ONLY- NO ERROR DUE TO PARTICULAR P.W.ANAl. INCLUDED 1171 

39 Y*Oil8151 WIDTH IMEVJ 

w 87 .o 115.01 ARMENT-I 67 HBC 8/67 
w 64.0 (12 .. 0) BELL 67 HOBC 11/67 

• N 11.0 {4.01 ARMENT-3 68 HBC 0 ELASTIC, CH EXCH 11/68 

• N 75 .. 0 11.01 BUGG 68 CNTR 0 K-P, D TOTAL 6/68 
w N 8o.o 16.0) BRitMAN 70 CNTR 0 TOTAL AND CH EX 6170 
w N 79~0 {3.01 SRICMANl 70 DPWA SIGTOT ,ELAS,CHEX 1/71 
w 100.0 COOL 10 CNTR K-P, 0 TOTAL 10170 

• 100.0 (20.01 GALT JERI 70 DPWA 0 K-P TO SIGMA PI 7170 
w 90.0 (4.01 CONFORTO 71 DPWA 0 ELASTIC, CH EXC.H 6170 
w 70. KIM 71 DPWA K-MATRIX ANAL. 3171 
w 104.0 (16.0) KANE 72 OPWA 0 K-P TO PI SIG 10/71 
w 70.0 (5.01 LANGBEIN 72 IPWA MULTICHANNEL 12172 
w C82., I DECLAI S 77 DPWA KBAR N TO KBAR N 1178* 
w 76. OR 76. MARTIN 77 DPWA KBAR N MULTICHNL 11177* 
w 
w 

Pl 
P2 
P3 
P4 
P5 
Pb 

81. 15.1 RLIC 11 DPWA 
72. 15 .. 1 ALSTON 78 OPWA 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

39 Y*OU815J PARTIAL DECAY MCDES 

Y*OI 18151 INTO KBAR N 
Y*O( 18151 INTO SIGMA PI 
Y*OU8151 INTO Y*lll3851 PI P-WAVE 
YOOC 18151 INTO SIGMA PI PI 
Y*O( 1815) INTO ETA LAMBDA 
Y*OI 1815) INTO Y•lC 13851 PI F-WAVE 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

KBAR N MUL T ICHNL 
KBAR N ELASTIC 

DECAY MASSES 
497+ 939 

ll89+ 139 
139+1384 

1192+ 139+ 139 
548+1115 
139+1384 

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:OPi' -where 

6Pi = ...)(6P16Py, while the off-diagonal elements are the~ correlation coeffi

ciente (6pi6Pj) /(6Pi · 6Pj). For the definitions of the individual Pi' see the listings 

above; only those Pi appearing in the niatrix are assumed in the fit to be nonzero and 

are thus constrained to add to t • 

PI P2 P3 P4 P5 P6 
P 1 .. 6CC8+-.0lq3 
p 2 -.4763 .1155+-.0078 
p 3 -.1042 .0496 .1034+-.0287 
p 4 -.3565 -.0111 -.8126 .1579+-.0334 
p 5 -.0579 .0276 .0060 -.2343 .0153+-.0085 
p 6 -.0361 .0172 .0038 -.1150 .0021 .0070+-.0063 

39 Y*OC 18151 BRANCHING RATIOS 

ERRORS QUOTED BY EXPERIMENTERS DO NOT INCLUDE UNCERTAINTY DUE 
TO PARAMETRIZATION USED IN THE P.W.A. THEY SHOULD BE INCREASED. 

Rl Y*Ot 18151 INTO CKBAR NIITOTAL IPll 

1176 
1178* 

Rl 0.62 0.02 ARMENT-3 68 HBC 0 ELASTIC, CH EXCH 11/68 
Rl (0.721 BUGG 68 CNTR 0 K-P r D TOTAl 6/68 
Rl 0.65 0.02 BRitMAN 10 CNTR 0 TOTAl AND CH EX 6170 
Rl 0.58 0.02 BRICMAN1 70 OPWA SIGTOT .ELAS,CHEX l/11 
Rl {0.81 COOL 70 CNTR K-P, 0 TOTAL 10/10 
Rl 0.63 o.ot CONFORTO 71 OPWA 0 ELASTIC, CH EXCH 6170 
Rl 10.52) KIM 71 DPWA K-MATRIX ANAL. 3171 
Rl 0.47 0.02 LANGBEIN 72 I PWA MULTICHANNEL 12172 
Rl 1.511 DEC LA IS 77 OPWA KBAR N TO KBAR N 1178* 
Rl (.59 lOR .58 MARTIN 11 OPWA KBAR N MUll lCHNL 11177* 
Rl .57 .02 RliC 77 OPWA KBAR N MULTICHNl 1/76 
Rl •• o .03 ALSTON 78 OPWA KBAR N ELASTIC 1178* 
Rl 
Rl AVG 0.601 0.021 AVERAGE CERROR INCLUDES SCALE FACTOR OF 3.21 
Rl STUDENT 0.6128 0.0100 AVERAGE USING STUDENTlOtH/1.111 - SEE MAIN TEXT 
Rl FIT 0.601 0.019 FROM FIT CERROR INCLUDES SCALE fACTOR OF 3.01 
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Data Card Listings 
For notation, see key at front of Listings. 

R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 

Y*OI 18151 FROM KBAR N INTO SIGMA PI SQRTIPl*PZI 
-0.27 0.01 ARMENT-1 67 DPWA 0 K-P TC SIG"'A PI 

PUBLISHED SIGN CHANGED TO AGREE WITH LUND 1969 CONVENTJON ISEE TEXT) 
0.23 0.025 BELL 67 DPWA 0 K-P TO SIGMA PI 

-0.26 0.03 GAL TIERI 70 DPWA 0 K-P TO SIGMA PI 
10.261 KIM 71 DPWA K-MATRIX ANAL. 
-0.268 0.027 KANE 72 DPWA 0 K P TO PI SIG 

0.25 0.03 LANGBEIN 72 IPWA MULTICHANNEl 
I-.2510R -.25 MARTIN 77 OPWA KBAR N MULTICHNL 
-.28 .03 RLIC 77 OPWA KBAR N MULTICHNL 

R2 AVG MOD 0.0078 A\fERAGE CERROR INCLUDES SCALE FACTOR OF l.OJ 

10/74 
10/74 
11/67 

7170 
3/71 

10/11 
12172 
11111* 

1176 

R2 STUDENT 
R2 FIT 

0.2645 
0.2650 
0.2635 

o.0067 AVERAGE USING STUOENTlOIH/1.111 -- SEE MAIN TEXT 
0.0078 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

R3 Y*O( 18151 FROM KBAR N TO Y*H 13851 PI P-WAVE SQRHP1*P31 
R3 A 10.31 (0.051 ARHENT-2 67 HBC 0 K-P TO LAIIII P+ P+ 
R3 +.27 .03 PREVOST 74 DPWA 0- K-N TO Sll3851Pl 10/71t 
R3 +.167 .054 CAMERON2 77 DPWA 0 K-P TD SC1385JPI 1/780 
R3 
R3 AYG 
R3 STUDENT 
R3 FIT 

0.246 
0.248 
0.249 

0.044 
0 .. 031 
0.034 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.11 
AVERAGE USING STUDENTlOIH/1.111 - SEE MAIN TEXT 

FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.51 

•• •• •• R4 FIT 

Y*OC18151 INTO IY*1H3851 PIJITOTAl C P3J 
0.20 0.05 BIRGE 65 HBC .0 K-P TO LAM PI PI 7/66 

0 .. 103 0.029 FROM FIT IERROR INCLUDES SCALE FACTOR Of 1.5) 

Y*Oil8151 INTO ISIGMA PI Pli/TOTAL (P41 RS 
RS 
RS 
RS 
RS 

NO CLEAR SIGNAl ARMENT-4 68 HOSt 0 K-N TO SIG PI PI 11/68 
THERE IS A SUGGESTION OF A SUMP, ENOUGH TO BE CONSISTENT WITH 

WHAT IS EXPECTED FROM SIGMA PI DECAY OF THE Y*ll 13851 -- ABOUT 0.02. 

R5 FIT 0 .. 158 0.033 FROM FIT 

Y*DI1815) FROM KBAR N TO ETA LAMBDA SQRTC Pl*P5J 
-.096 .040 .02D RADER 73 MPWA 

R6 
R6 
R6 
R6 FIT • ·a:o96 • • 0.02i FIWM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

R7 
R7. 
R7 

Y*Otl815J FROM KBAR N TO Y*lfl385J PI F-WAYE SQRTCP1*P6) 
-.065 .029 CAMERON2 77 OPWA 0 K-P TO Stl3851PI .......... 

R7 FIT 0.065 o .. C29 FROM FIT tERROR INCLUDES SCALE FACTOR OF t.OJ ...................................................................... 
BIRGE 65 ATHENS CONF 296 

REFERENCES FOR Y*O( 18151 

+ELY,KALMUStKERNAN,LOUJE,SAHOURIA, + fLRL}JJP 
ARMENTEROS, F LUZZI, + ICERN,HEIOEL, SACLAYI IJP ARMENT-I 67 PL 248 1<;8 

ARMENT-2 67 ZEIT PHYS 202 
BELL 67 PRL 19 '936 
ARMENT-3 68 NP 88 195 
ARMENT-It 68 NP 88 216 

486 ARHENTEROS, F LUZZI, + tCERN,HEIDEL,SACLAYI IJP 

BUGG 68 PR 168 1466 

BkiCMAN 7D PL 318 152 
BRICMAN1 70 Pl 338 511 
COOL 7D PR D1 1887 
GAL TIER I 70 DUKE CONF 173 

CONFCRTO 11 NP 834 41 
KIM 71 PRl 27 356 

ALSO 70 DUKE 161 

KANE 72 PR D5 1583 
LANGBEIN 72 NP B47 477 
RADER 73 NC 16A 178 
PREVOST 74 NP B69 246 

CAMERCN2 77 RL-77-119/A 
OECLAIS 17 CERN 77-16 
MARTIN 17 NP B127 349 

ALSO 77 NP Bl26 266 
ALSO 17 NP Bl26 285 

RLIC 11 NP B119 362 
ALSTON 78 LBL-6784 

ALSO 17 PRL 38 1007 

R B BELL CLRLJ JJP 
ARMENTEAOS, 8AILlONt + CCERN,HEIDEL,SACLAYIIJP 
ARMENTEROS, BA ILL ON, + I CERN,HEI DEL, SACLAY I I 
+GIU40REt KNIGHT, IRHEl+BIRM+CAVEJ I 

+FERRO LUZZI, PERREAUr+ lCERN,CAEN,SACLAYJ 
+FERRD-LUZZJ,LAGNAUX ICERNI 
+GIACOMELLI, KYCIA, LEONTIC, LJ, + IBNLI I 
A BARSARD-GAL T JERI ILRLI IJP 

+LEVI SETTI ,LASINSKJ • .OBERLACK++ f EF I +HElD IIJ P 
J K KIM IHARVI IJP 
J. K. KIM CHARYJIJP 

0 F KANE CLBLIIJP 
+WAGNER tMPIMIIJP 
+BARLOUT AUD ,+ I SACL+HEJ D+CERN+RHEL +CDEF J 
PREVOST t BAR LOUTAUD t + I SACL+CERN+HE ID) 

+FkANEK, GOPAL, BACON, BUTTERWORTH+ IRHEl+LOIC I I JP 
+DUCHON, LOUVEL, PATRY, SEGUI NOT+ t CAEN+CERN II JP 
MARTIN,PJOCOCK,MOORHOUSE CLOUC+GLAS I IJP 
MARTIN,PIOCOCK (LOUCJ 
MARTJN,PIOCOCK (LOUCIIJP 
GOPAL,ROSS,YAN HORNtMCPHERSON+ ILOIC+RHELJIJP 
+KENNEY, POLL ARQ,ROSS+ (L Bl+MTHO+CERN) I JP 
ALS TON-GARNJOST, KENNEY llBl +MTHO+CERN J IJ P 

PAPERS NOT REFERRED TO IN DATA CARDS 

THE FOllOWING PAPERS ARE NOW OF ONLY HISTORICAl INTEREST --

CHAMBERL 62 PR 125 1696 CHAMBERLAJN,CROWE,KEEFE,KERTH, + flRL) J 
GALTIERI 63 PL 6 296 A BARBARO-GALTIERitA HUSSAIN,RD TRIPP flRLJIJ 
SODJCKSO 64 PR 133 B757 SODICKSON,MANNElLI, FRI SCH,WAHL. IG IMITI BNLJ I J 
HOLLEY 65 UCRL-16274 THESIS W R HOLLEY CLRlJ J 
BJRMINGH 66 PR 152 1148 BIRMINGHAM,GLASGOW,J.C., OXFOROtRUTHERFORD 
CCCL 66 PRL 16 1228 +GIACOMElll,KYCIA,LEONTICrlUNilBY + IBNLII 
GELFAND b6 PRl 17 1224 +HARMSEN,LEYJ-SETTI,PREDAZZI+ CEfltANLJ 
ARMENTER 67 NP B3 592 ARMENTEROS,FERRO-LUZZI+ CCERN,HEID,SACLAYJIJP 
CONFCRTO 68 NP B8 265 +HARMSEN, LASINSKJ, + CCHICAGO,HEIDELIIJP 
LASINSKI 68 PR 163 1192 LASINSKI, LEVI SETTI, PREDAZZI ICHICAGOJ JP 
PREVOST 71 AMSTERDAM CONF + CHS COLLABORATION CCERN+HEID+SACll 

.............................. ***"'***** ........................................... .. 

....... ****"*** .................................................................. . 

IA(1830) I 56 Y*DC1B30, JP=5/2-I I=O IDosl 
SEE ThE MINI-REVIEW AT THE START OF THE yo LISTINGS. 

THE BEST EVIDENCE FOR THIS RESONANCE COMES FROM THE 
SIGMA PI CHANNEL. IT IS WELL ESTABLISHED. 

56 Y*OC1830J MASS tMEVI 

9/73 
9/73 

1178• 

1827.0 
1B37.0 
1807.0 
1840.0 
183LO 
1830. 

I 1120.1 

13.0) 
tll.OI 
I 10.01 
115 .. 0) 
(5.0) 

ARMENTERO 67 HBC 
BEll 67 HBC 
ARMENTERO 68 HBC 
GALTIERI 70 DPWA 
CONFORTO 71 DPWA 

0 K-P TO SIGMA PI 8/67 

1832.D 
1810.0 

(5.Dl 
110.01 

KIM 11 DPWA 
KIM 11 DPWA 
KANE 72 DPWA 
LANGBEIN 72 IPWA 

D K-P TO SIGMA PI 11/67 
0 ELASTIC, CH EXCH 11/68 
0 K-P TO SIGMA PI 7/70 
0 HASTIC, CH EXCH 6/70 

K-MATRIX ANAL. 3/71 
K-MATRIX ANAL. 3171 

0 K-P TO PI S IG 10/71 
MULTICHANNEl 12/72 

Baryons 
A(1815), A(1830), A(1860) 

M 1817. OR 1818. MAF.TIN 77 DPWA KBAR N MULTICHNL 11177• 
H THE TWO ENTRIES FOR MARTIN 77 CDRP.ESPOND TO EXTRACTION OF RESONANCE 
M PARAMETERS FROM THE I-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 
M 1825. t10.1 RLIC 77 DPWA KBAR N MULTICHNl 1/76 
M K POSSIBLE EFFECT MAINLY IN SIGMA PI. NOT CLEAR IF UNCORRELATED • 
M K hiTH THE 183D EFFECT 

N ERROR STATIST. CNLY- NO ERROR DUE TO PARTICULAR P.W.ANAL. INCLUDED 1171 

PI 
P2 
P3 
P4 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 

R3 
R3 

56 Y*DI18301 WIDTH IMEVI 

75.0 t9.0) ARMENTERO 67 HBC 
74.0 (18.DJ BELL 67 HBC 

123.D 132.01 ARMENTERO 68 HBC 
15D.O {30.01 GALTIERJ 70 DPWA 
104.0 135.01 CONFORTO 11 DPWA 
80. KIM 71 OPWA 

120. J KIM 71 OPWA 
88.0 I 1D.DJ KANE 72 OPWA 
60.0 120 .. 0) LANGBEIN 72 JPWA 
56. OR 56. MARTIN 77 OPWA 
'94. 110.) RLIC 770PWA 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

5~ Y*OU8301 PARTIAL DECAY MODES 

Y*O( 183DI INTO KBAR N 
Y*OI 18301 INTO SIGMA PI 
Y*OC 1830) INTO Y*1 I 1385 I PI D-WAYE 
Y*OI 1830) INTO ETA LAMBDA 

56 Y*Ot 1830) BRANCHING RATIOS 

v•OI 1B30 I INTO 
0.09 
0.03 
0.05 

t0.241 

CKBAR NI/TOTAL 
(D .. OlJ 
(D.02J 
(0.021 

0.10 (0.03) 
C .04JOR .04 

.04 ( .031 

.02 (.021 

ARMENTERO 68 HBC 
BRICMANl 70 OPWA 
CONFORTO 71 DPWA 
KIM 11 DPWA 
LANGBEIN 72 IPWA 
MART IN 77 OPWA 
RliC 77 DPWA 
ALSTON 78 DPWA 

0 K-P TO SIGMA PI 
0 K-P TO SIGMA PI 
0 ELASTIC, CH EXCH 
D K-P TO SIGMA PI 
0 ElASTIC, CH EXCH 

K-MATRIX ANAL. 
K-HATRIX ANAL. 

0 K-P TO PI SIG 
MULTI CHANNEL 
KBAR N MUll JCHNL 
KBAR N MUL T ICHNL 

DECAY MASSES 
497+ 939 

1189+ 139 
13'9+1384 
548+1115 

I PlJ 
0 ElASTIC, CH EXCH 

SIGTOT ,ELAS,CHEX 
0 ELASTIC, CH EXCH 

K-HATRIX ANAL. 
MULTI CHANNEL 
KBAR N MUL TICHNL 
KBAA. N MUL TICHNL 
KBAR· N ELASTIC 

Y•DU830J FROM KBAR N INTO SIGMA PI SQRTIPl*P21 
(-0.151 t0.02) ARMENTERO 67 OPWA D K-P TO SIGMA PI 

PUBLISHED SIGN CHANGED TO AGREE WITH LUND 1969 CONVENTION tSEE TEXTJ 
0.19 fO.OlJ BELl 67 OPWA 0 K-P TO SIGMA PI 

-0.16 10.03) ·GALTIERI 70 DPWA 0 K-P TO SIGMA PI 
0.15 KIM 71 DPWA K-MATRIX ANAL. 

-0.138 10.0181 KANE 72 DPWA 0 K-P TO PI SIG 
0.27 10.011 LANGBEIN 72 JPWA MULTICHANNEL 

t-.1HOR -.17 MARTIN 77 OPWA KBAR N MULTICHNL 
-.11 (.031 RLIC 77 DPWA KBAR N MULTICHNL 

Y*Ot1830J FROM K8AR N TO ETA LAMBDA 
-.044 .020 RADER 73 MPWA 

Y*OU8301 FROM KBAR N TO Y*111385J PI 0-WAYE SQRTfP1*P3J 

8/67 
. 8/67 
11/68 

1170 
6/70 
3/71 
3/71 

10171 
12172 
11177* 
1/76 

11/68 
1/71 
6170 
3/71 

12172 
11177* 

1/76 
1178* 

10174 
10174 
11/67 

1110 
3/71 

10/71 
12112 
11177* 

1/76 

9/73 
9/73 

•• •• •• •• •• 

+.13 .03 PREVOST 74 OPWA 1r K-N TO Sl l3851Pl 10/74 
2 -.141 .014 CAMERDN2 77 DPWA D K-P TO SC13851PI 1178* 
2 CAMERON2 11 UPPER LIMIT ON G-WAVE DECAY IS 0.03 1178* 

R4 AVERAGE MEANINGLESS {SCALE FACTOR- "' 1.01 ....................................................................... 
REFERENCES FOR Y*Ot 1830 I 

ARMENTER 67 Pl 248 19B ARMENTEROS, F-LUZZit + tCERN,HEIOEL,SAClAYIJJP 
SEll 67 PRL 19 936 R B BELL ILRLIIJP 
ARMENTER 68 NP B8 1'95 ARMENTEROS, BAILLONr + (CERN,HEIOElrSAClAY.JIJP 
tCNFORTO 68 NP 88 265 +HARMSEN, LASINSKI, + CCHICAGO,HEIOELIIJP 
. IS SUPERSEDED BY CONFORTO 71. 
SRICMANl 70 PL 338 511 +FERRO-LUZZJ,LAGNAUX (CERNJ 
GALTIERI 70 DUKE CONF 173 A BARBARO-GALTIERI (LRLJIJP 

CONFORTO 71 NP B31t 41 
KIM 71 PRL 27 356 

ALSO 70 DUKE 161 
KANE 72 PR OS 1583 
LANGBEIN 72 NP B47 477 
RADER 73 NC 16A 118 

PREVOST 11t NP B69 246 

CAMERON2 71 RL-77-119/A 
MARTIN 77 NP 8127 349 

ALSC 77 NP 8126 266 
ALStJ 11 NP 8126 285 

RlJC 77 NP Bll9 362 
ALSTON 78 lBL-67B4 

AlSIJ 77 PRL 38 1007 

PREVOST 11 AMSTEP.DAM CONF 

+LEVI SETT I ,LASINSK I •• OSERLACK++ ( EF I+HEIDJ IJP 
J K KIM CHARYl IJP 
J. K. KIM (HARVJJJP 
D F KANE 
+WAGNER 
+BARLOUT AUD t + 

(LBLJ IJP 
CMPIMJIJP 

I SACL+HEI D+CERN+RHEL +COEF I 

PREVOST, BARLOUTAUO, + I SACL+CERN+HE JD) 

+FRANEK, GO PAl, BACON, BUTTERWORTH+ IRHEL+LOIC I IJP 
MARTJN,PIDCOCK,HOORHOUSE CLOUC+GLAS) IJP 
M~RTJN,PIDCOCK (lOUCI 
MARTJN,PIOCOCK {LOUCJIJP 
GOPAL,ROSS,YAN HORN,MCPHERSON+ (LOIC+RHEU lJP 
+KENNEY, POLLARD, ROSS+ IL BL+MTHO+CERN I IJ P 
ALSTON-GARNJOST, KENNEY (lBl+MTHO+CE~N I IJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

+ CHS COLLABORATION tCERN+HEID+SACL I . ............................................................................... . ....... ............. .......... .......... ......... ............ ........... ....... . 
I A( 1860) I 60 voolls6o. J•=•m• i=o I Po31 

THE JP=3/2+ ASSIGNMENT IS CONSISTENT WITH All 
AVAilABLE DATA IINCLUDJNG POLARIZATION) AND RECENT 
PARTIAL WAVE ANALYSES. THE DOMINANT INELASTIC 
MODES REMAIN UNKNOWN. SEE ALSO Y*Ol20101 MINI-REVIEW. 

bO Y*Otl860) MASS IMEVJ 

" A F07 1864.0 2.0 ARMENTERO 68 DPWA 0 ELASTIC, CH EXCH 11/68 

" N 1870.0 5.0 BUGG 68 CNTR 0 K-P TOTAL 7/6B 
M A F07 1871.0 6.0 BRitMAN 70 CNTR D TOTAL AND CH EX 6/70 
M 1870.0 6.0 BRICMANl 70 OPWA D SIGTOT,ELAS,CHEX 1111 
M N 1883.0 10.0 CONFORTO 11 DPWA 0 ELASTIC, CH EXCH 6/70 

" I c 1110.1 KIM 11 DPWA K-MATRIX ANAL. 3171 
M 1850.0 20.0 LANGBEIN 72 IPWA MULTICHANNEl 12/72 
M tlB68.J LEA 13 DPWA MULTICHNl K-MTRX 9173 



Baryons 
A(1860), A(1870), A(2010) 

M 
M 
M 
M 

" " M 

• 
M 
M 
M 

PI 
Pl 
P3 
P4 
PS 

Rl 

1894. 10.. HE.HINGWA 75 OPWA 0 K- P TO KBAR N 
C 1900. J NAKKASVA 75 OPWA 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 T.,.C ENTRIES FOR MARTIN 71 CORRESPOND TO EXTRACTION OF RESONANCE 
4 PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 

1900. 5. RLIC 77 OPWA KBAR N MULTICHNL 
1908. 10. ALSTON 78 DPWA KBAR N ELASTIC 

A THESE TWO ANALYSES GAVE THE F07 ASSIGNMENT, THEY HAVE TO BE 
A DISCARDED IN VIEW OF CCNFORTO 70 ANC BRICHANL 70 

N DUE TO PARTICULAR PARAMETERIZATION USEO,ERROR CAN BE LARGE 
1 POSSIBLE EFFECT MAINLY IN SIGMA Pl. WE TENTATIVELY LIST IT HERE. 

2 CiNLY UNCONSTRAINED STATES FROM TABLE 1 OF LEA13 ARE IN LISTINGS. 
3 FOUND IN ONE OF TWO BEST SOLUTIONS .. 

AVERAGE ·MEANINGleSs· tScALE FACTOR = 2.41 

60 Y*Ot16601 WIDTH (MEVI 

A F07 3~.0 7.0 ARMENTERO 66 DPWA 
N 40.0 10.0 BUGG 68 CNTR 

A F07 '24.0 15.0 BRICMAN 70 CNTR 
37.0 10.0 BRICMAN1 70 DPWA 

N 6o.o 20.0 CONFORTO 71 DPWA 
I (20.1 KIM 11 DPWA 

125.0 20.0 LANGBEIN 72 IPWA 
1323.61 LEA 73 DPWA 
107. 10. HEMINGWA 75 DPWA 

( 100. I NAKKASYA 7 5 DPWA 
191. OR 193. MARTIN 77 DPWA 
n. IOo RLIC 77 DPWA 

119. zo. ALSTON 78 DPWA 
SEE THE NOTES ACCOMPANYING MASSES QUOTED 

AVERAGE MEANINGLESS tSCALE FACTOR = 2.61 

60 Y*0116601 PARTIAL DECAY MODES 

Y*OI18601 INTO KBAR N 
Y*O( 1860) INTO SIGMA PI 
Y*OI1860 I INTO LAMBDA OMEGA 
Y*D( 18601 INTO YOU l3851 PI P-WAVE 
Y*OI1860J INTO Y01113851 PI F-WAVE 

60 YOOCI6601 BRANCHING RATIOS 

Y*O( 1860) INTO (KBAR NIITOTAL 

0 ELASTIC, CH EXCH 
0 K-P TOTAL 
0 TOTAL AND CH EX 
0 SIGTOT,ELAS,CHEX 
0 ELASTIC, CH EXCH 

K-MATRIX ANAL. 
MUL T J'CHANNEL 
MULTICHNL K-MTRX 

0 K- P TO KBAR N 
0 K-P TO LAM. OMG. 

K8AR N MUL TICHNL 
KBAR N MULTICHNL 
KBAR N ELASTIC 

DECAY MASSES 
497+ 939 

1169+ 139 
1115+ 783 

139+1384 
139+1384 

I Pll 

ll/75 
1176 
1178* 

11177* 

1/76 
1/78* 
1/71 

1171 

9173 
L/76 

11/66 
7/68 
6/70 
1171 
b/10 
3171 

12172 
9/73 

11/75 
1/76 

11177* 
1176 
1176* 

Rl A F07 0.12 0.02 ARMENTERO 68 HBC 0 ELASTIC, CH EXCH 11/68 
Rl CJ+1/21Pl= 0.40 BUGG (18 CNTR 0 
Rl A F07 o.o1 0.02 BRitMAN 70 CNTR 0 TOTAL AND CH EX 
Rl 0.14 0.02 BRICMANl 70 DPWA 0 SJGTOT ,ELAS,CHEX 
Rl 0.25 0.03 CONFORTO 71 DPWA 0 ELASTIC, CH EXCH 
Rl 0.37 0.05 LANGBEIN 72 I PWA MULTICHANNEL 
Rl ( .321 LEA 73 DPWA MUL T ICHNL K-MTRX 
Rl .24 .04 HEMINGWA 75 OPWA 0 K- P TO KBAR N 
Rl C .3610R ... MARTIN 77 DPWA K6AR N MULTI CHNL 
Rl .18 .02 RUC 11 DPWA KBAR N MULTICHNL 
Rl ... .os ALSTON 78 DPWA KBAR N ELASTIC 
Rl SEE THE NOTES ACCOMPANYING MASSES QUOTED 
Rl 

AVERAGE· MEANINGleSs·' ScAt E Rl FACTOR = 2 .6) 

R2 Y*Oil8601 INTO SIGMA PI (P21 
R2 PROBABLY SEEN GAL TIER I b6 DBC 0 K-N TO SIG PI PI 
R2 (0~031 OR "LESS LANGBEIN 12 I PWA MULTI CHANNEL 
R2 POSSIBLY THIS BUMP SEEN AT 1840+-10 MEV WITH A WIDTH OF 35+-10 MEV 
R2 IS THE Y*OI1830I, WHICH DECAYS STRONGLY TO SIGMA PI. HOWEVER THE 
R2 NARROW WIDTH HERE ARGUES FOR ITS BEING THE Y001l6601. 

R3 YOOI18601 FROM KBAR N TO SIGMA PI SQRHPl*P21 
R3 (+.15) LEA 73 DPWA MUL TICHNL K-MTRX 
R3 (+.15IOR +.14 MARTIN 77 OPWA KBAR N MUL T ICHNL 
R3 -.09 .03 RLIC 77 OPWA KBAR N MUL TICHNL 

R4 Y*OI18601 FROM KBAR N INTO LAMBDA OMEGA SQRHPL*P31 
R4 ( .032) NAKKASYA 75 OPWA 0 K-P TO LAM. OMG~ 

R5 Y*OI1860J FROM KBAR N INTO Y*ll1365) PI P-WAVE SQRTIP1*P41 
R5 LESS THAN 0.03 CAMERON2 77 OPWA 0 K-P TO Sfl385lPI 

•• Y00118601 FROM KBAR N INTO Y*ll13851 PI F-WAVE SQRTIP1*P51 

•• +.126 .055 CAMERON2 71 OPWA 0 K-P TO Sfl3851PI 

•••••• ••••••••• ••••••••• ••••••••• ••••c-•••• ••••••••• ********* •••••••• 

ARME NTE RObS NP 68 1 ~5 
BUGG 68 PR 168 1466 
GALTIERI 66 PRL 21 573 

BRitMAN 10 PL 318 152 
BR1CMAN1 70 Pl 33B 511 
CONFORTO 71 NP 834 U 
KIM 71 PRL 27 356 

ALSO 70 DUKE 161 
LANGBEIN 72 NP 847 477 

LEA 73 NP 856 77 
HEMJNGWA 75 NP B91 12 
NAKKASYA 75 NP 893 85 

CAMERON2 77 RL-77-119/A 
MARTIN 17 NP B127 349 

ALSO 77 NP Bl26 266 
ALSO 17 NP 8126 285 

RLIC 71 NP Bll~ 362 
ALSTON 78 LBL-6784 

ALSO 17 PRL 38 1007 

REFERENCES FOR Y*0118601 

ARMENTEROSt BAILLQN, + (CERN,HEIDEL,SACLAYJIJP 
+GILMORE, KNIGHT, + CRHELtBIRM,CAVEJ I 
BAR6ARD-GALTIERI, MAliSON, + (LRL,SLACJ 

+FERRO LUZZI, PERREAU,+ ICERN,CAEN,SACLAYI 
+FERRO-LUZZI,LAGNAUX CCERNJ 
+LEVI SETTI,LASINSKI~.OBERLACK++ (EFI+HEIOIIJP 
J K KIM IHARVliJP 
J. K. KIM CHARVJIJP 
+WAGNER IMPIMJIJP 

+MART IN, MOORHOUSE+ ( RHEL+LOUC+GLAS+AARHUS I IJP 
HEMINGWAY, EAOE S, HARMSEN+ (CERN, HE I 0, MP I M) I J P 
A. NAKKASYAN (CERNIIJP 

+FRANEK, GOPAL, BACON, BUTTERWORTH+ (RHEL +LOI C I I JP 
MARTIN, PI OCOCK, MOORHOUSE ( LOUC.+GL AS I IJ P 
MARTJN,PIDCOCK (LOUC.l 
MARTIN,PIDCOCK ILOUC I IJP 
GOPAL, ROSS, VAN HORN ,MCPHERSON+ {LOIC+RHEL I IJP 
+KENNEY, POLLARD, ROSS+ ILBL +MTHO+CERN J I JP 
AL STON-GARNJOST, KENNEY llBl +MTHO+CERN I I J P 

7/68 
6170 
1171 
6170 

12172 
9173 

11/75 
11177* 

1176 
1/76* 

11/68 
12172 

9/73 
9/73 

11177* 
1/76 

1176 
1/76 

1178* 

1178* 
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Data Card Listings 
For notation, see key at front of Listings. .. -

PAPERS NOT REFERRED TO IN DATA CARDS 

ARMENTER 67 NP 83 592 
REPLACED BY ARMENTEROS 

CONFORTO 68 NP BB 265 

ARMENTEROS, F-LUZZI, + ICERN,HEIDEL,SACLAYJIJP 
68 AND CONFORTO 68. 

+HARMSEN, LASINSKI, + (CHICAGOtHEIOELIIJP 
SUPERSEDED BY CONFORTO 

LEVISETT 69 LUND 339 
ALBROW 71 NP 829 413 

71. 
R.LEVI SETTI I RAPPORTEUR I IEFI l 
+ANDERSON, BOSNJAKOV IC, DAUM, ERNZ ,+ I CERN I 

BACCARI 77 NC 41 A 96 +POUlARD,REVEL, TALL IN I+ I SACL+CDEF I IJP . .................................................................. . 
• •••••••••••••• ********* •••••••••••••••••••••••••••••••••••• *****'*** 

IA(1870) I I So"'tl • • 36 YOO(l870, JP=1/2-I 1.:0 

PI 
P2 
P3 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

R2 
R2 
R2 
R2 

R3 
R3 

THE SOL AMPLITUDE SHOWS A RATHER CLEAR SECOND RESONANCE 
BEHAVIOR IN THE 170Q-1900 MEV REGION~ THERE ARE WIDE 
DISAGREEMENTS AMONG THE MASS, WIDTH, AND COUPLING 
DETERMINA liONS. 

36 Y*OI 18701 MASS I MEV) 

(1872.01 110~01 BRIGMAN 70 DPWA TOT, ELAS, CHEX 
11780.1 KIM 71 OPWA K-MATRIX ANAl. 
1830.0 120~01 LANGBEIN 72 tPWA MULTICHANNEL 
1767. OR 1842. MARTIN 77 OPWA KBAR N MULTICHNL 

THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
PARAMETERS FROM THE T-MATRIX POLE AND FROM A 6-W FIT, RESPECTIVELY. 

1825. (20.1 RLIC 77 DPWA ·KBAR N MULTICHNL 
1725. 120.1 ALSTON 78 DPWA KBAR N ELASTIC 

36 Y*011670l WIDTH tMEVI 

1100.0) (20.01 BRICMAN 70 DPWA 
(40.1 KIM 71 DPWA 
10.0 ( 15.0) LANGBEIN 72 IPWA 

435. OR 473. MARTIN 77 DPWA 
230. 120.) RLIC 77 DPWA 
185. 120.) ALSTON 78 DPWA 

36 Y00(1670l PARTIAL DECAY MODES 

Y*O( 18701 INTO KBAR N 
Y*OI 18701 INTO SIGMA PI 
Y00(18701 INTO "Y*lll365J PI 

36 Y*Oil8701 BRANCHING RATIOS 

Y*OC 16701 INTO ( KBAR N) /TOTAL 
10.181 (0.021 BP.ICMAN 70 DPWA 
(0.60) KIM 71 OPWA 
0~35 (0.151 LANGBEIN 72 IPWA 

U.2LIOR 0 70 MARTIN 77 OPWA 
.37 (.051 RLIC 71 OPWA 
.28 { .051 ALSTON 78 DPWA 

Y*Ol 18701 FROM KBAR N TO SIGMA PI 
10.241 KIM 71 DPWA 
( .... 7410R -.43 MARTIN 77 DPWA 
-.08 ( ~05 J RLIC 77 DPWA 

Y*OC 18701 FROM KBAR N INTO Y*U 13651 PI 
-.056 .026 CAMERON2 77 OPWA 

TOT. ELAS, CHEX 
K-MATRIX ANAL. 
MULTICHANNEL 
KBAR N MULTICHNL 
KBAR N MULTICHNL 
KBAR N ELASTIC 

DECAY MASSES 
497+ 939 

1197+ 139 
139+1364 

I Pl) 
TOT, ELAS, CHEX 
K-MATRIX ANAL. 
MULTI CHANNEL 
KBAR N MULTICHNL 
KBAR N MUL TICHNL 
KBAR N ELASTIC 

SQRTIP1*P2) 
K-MATRIX ANAL. 
KBAR N MUL TICHNL 
KBAR N MULTICHNL 

SQRTIP1*P31 
0 K-P TO Sl1365lPI 

********* ********* •••••••••••••••••••••••••• 
REFERENCES FOR Y*OI1870I 

BRICMAN 70 PL 336 511 
KIM 71 PRL 27 356 

ALSO 70 DUKE 161 
LANGBEIN 72 NP 847 417 

C BRitMAN, M FERRO-LUZZI, J 
J K KIM 
J~ K. KIM 
+WAGNER 

P LAGNAUXICERNI IJP 
(HARVJIJP 
IHARVI IJP 
( MPIM) IJP 

CA~ERCN2 77 F\L-77-119/A 
MARTIN 17 NP 8127 349 

ALSO 77 NP B126 266 
AlSO 77 NP B126 265 

RLIC 77 NP B119 362 
ALSTON 78 LBL-6784 

AlSO 77 PRL 36 1007 

+FRANEK, GOPAL, BACON, BUTTERWORTH+ IRHEL+LOIC I IJP 
MART IN ,pI DCOCKt MOORHOUSE C LOUC+GLA S I IJ P 
MARTIN.PIOCOCK ILOUC) 
MARTIN,PIDCOCK ILOUCIIJP 
GOPAltROSS.VAN HORN,MCPHERSON+ ILOIC+RHEL)IJP 
+KENNEY t POlLARD, ROSS+ ( LBL+MTHO+CERN I I J P 
ALSTON-GARNJOST, KENNEY ( LBL+MTHO+C.ERN I I JP 

• ••••••••••••••••••••••• ********* ********* ••••••••• ********* •••••••• 
****** ............................. ,. ••••••••••••••••••••••••••••••••• 

IA(2010) I 
) 

69 Y*012010, I I=O 

SEE THE MINI-REVIEW AT THE START OF THEY* LISTINGS. 

SEVERAL AMBIGUOUS RESONANCE POSSIBILITIES ARISE FROM 
THE ANALYSES LISTED HERE. POSSIBLE QUANTUM NUMBERS 
ARE 03 IGALTIERl 70, SIGMA PI I, D3+F5 OR P3+D5 OR 
P1+03 (BRANDSTETTER 72t LAMBDA OMEGAI. A MORE RECENT 

LAMBCA· OMEGA ANALYSIS (NAKKASYAN 751 FINDS TWO BEST SOLUTIONS, EACH 
WITI-1 THE Y*012100I AND ONE ADDITIONAL RESONANCE WHICH CAN BE EITHER 
THE Y*0(1860,JP=3/2+1 OR THE Yt:OI2110,JP=5/2+1. ' 

89 Y*0(20101 MASS (MEV) 

12010.01 (30.0) GALTIERI 70 OPWA 0 K-P TO SIGMA PI 
1935. TO 1971. BRANDSTE 72 OPWA 0 K-P TO LAM. OMG. 
1951. TO 2034. BRANDSTE 72 OPWA 0 K-P TO LAM. OMG. 

PARAMETERS QUOTED ARE RANGES FROM THREE BEST FITS, THE LOWER 
(HIGHER) MASS STATE PROBABLY HAS J.LE.3/2(5/21. 

1171 
3171 

12112 
11177* 

1/76 
1/76* 

1171 
3/71 

12/72 
11177* 
1/76 
1178* 

1/71 
3171 

12/72 
11177* 

1176 
1178* 

3/71 
ll/77* 

1176 

1/78* 

7170 
1174 
1174 

11/75 
11175 



Data Card Listings 

U
. 

' ' .j 6 
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~ For notation, see key at front of Listings. 
Baryons 

A(2010), A(2020), A(2100) 

'•' 89 Y*OI2010J WIDTH IMEVI 

(130.01 (50.01 GALTIERl 70 DPWA 0 K-P TO SIGMA PI 7/70 
180. TO 240. (lWR. MASSI BRANOSTE 72 DPWA 0 K-P TO LAM. OMG. 1/74 
73. TO 154. IHGR. MASSI BRANOSTE 72 OPWA 0 K-P TO LAM. OMG. 1/74 

P1 
P2 
P3 

R1 
R1 

., ., 
R2 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

89 Y*OI20101 PARTIAL DECAY MODES 

Y*O( 20101 INTO KBAR N 
Y*OI2010l INTO SIGMA PI 
Y*OI 20101 INTO LAMBDA OMEGA 

89 Y*OIZOlOJ BRANCHING RATIOS 

Y*OI2010J FROM KBAR N TO SIGMA PI 
1-0.201 10.041 GALTIERI 70 OPWA 

Y*OI20101 FROM KBAR N INTO LAMBDA OMEGA 
I .111 TO .25 ILWR.J BRANDSTE 7 2 OPWA 
I .041 TO .15 IHGRo) BRANDSTE 72 OPWA 

DECAY MASSES 
497+ 939 

1197+ 139 
1115+ 783 

SQRT(Pl*PZI 
0 K-P TO SIGMA PI 

SQRTIPl*P3J 
0 K-P TO LAM. OMG. 
0 K-P TO LAM· OMG. 

*****'0: ·····'0:··· *******'Ct* 'Ct:f<'CI:'Ct$'0:$$$ 'Ct$'Ct$$'Ct'Ct$$ ********* ********* *****'Ct** 

REFERENCES FOR Y*O( 2010 I 

7/70 

1/74 
1174 

GALTIERI 70 DUKE CONF 173 
BRANDSTE 72 NP 839 13 

A BARBARD-GALTIERI CLRLIIJP 
BRANDSTETTER, BUTTERWORTH,+ t RHEL+CDEF+SACL I 

PAPERS NOT REFERRED TO IN DATA CARDS. 

NAKKASYA 75 NP 8'93 85 A. NAKKASYAN I CERN I IJP 

****** ******'Ct** •••••• 'Ct •• ********* ***'Ct*'Ct*** ********* *'Ct*****'Ct* ****'Ct*** 
****** ···'Ct····· ********* ···'Ct····· 'Ct******** **••····· ••••••• 'Ct. 'Ct******* 

I A(2020) I 27 Y*OI2020, JP=7/2+1 1=0 

P1 
P2 
P3 

R1 
Rl 
R1 

R2 
R2 

R3 
R3 

) 

12020.01 
(2l00.1 
12140.1 
12117.1 

(160.0) 
1120. I 
1128.1 
U67.1 

EFFECTS IN THIS PARTIAL WAVE HAVE OBSERVED AT SOMEWHAT 
DIFFERENT ENERGIES IN TWO CHANNELS. HOWEVER, LITCHFIELD 
71 NOTE THAT THE NEED FOR THIS STATE IN THEIR ANALYSIS 
RESTS SOLELY ON A POSSIBLY INCONSISTENT POLARIZATION 
MEASUREMENT AT 1.784 GEV/C. THE STATE WAS NOT REQUIRED 
IN THE KBAR N TO KBAR N ANALYSIS OF HEMINGWAY 75, BUT 
COULD NOT BE CONCLUSIVELY RULED OUT. IT IS NOW 
SEEN IN THE NEW ANALYSIS OF DECLAIS 77 WHICH INCLUDES 
K- NEUTRON ELASTIC DIFFERENTIAL CROSS SECTION DATA, 
AND IS WEAKLY SUPPORTED BY BACCARI 77. 

27 Y*OI20201 MASS fMEVI 

(20.01 
(30.1 

GAL TIER I 
LITCHFIE 
BACCARI 
DECLAIS 

"27 Y*OI2020J WIDTH (MEVI 

1:30.01 
(30. I 

GALliER I 
LITCHFIE 
BACCARI 
DEC LAI S 

70 OPWA • 0 K-P TO SIGMA PI 
71 OPWA K-P TO KBAR N 
77 OPWA 0 K-P TO lAM. OMG. 
77 OPWA KBAR N TO KBAR N 

70 OPWA 
71 OPWA 
77 DPWA 
77 DPWA 

0 K-P TO SIGMA PI 
K-P TO KBAR N 

0 K-P TO LAM. OMG. 
KBAR N TO KBAR N 

27 Y*Of20201 PARTIAL DECAY MODES 

Y*O( 2020 I INTO KBAR N 
Y*0(2020J INTO SIGMA PI 
Y'Ct0(2020I INTG LAMBDA OMEGA 

DECAY MASSES 
497+ 939 

1197+ 139 
1115+ 783 

27 Y*OC20201 BRANCHING RATIOS 

Y*0120201 INTO CKBAR NI/TOTAL CPU 
10.051 10.021 LITCHFIE 71 OPWA K-P TO KBAR N 

C.05J DEClAIS 77 DPWA KSAR N TO KBAR N 

Y*0(20201 FROM KBAR N TO SIGMA PI SQRTIP1'0:P21 
C-0.151 (0.02) GALTIERI 70 OPWA 0 K-P TO SIGMA PI 

Y*0(2020l FROM KBAR N TO LAMBDA OMEGA SQRTCP1*P3J 
lESS THAN .05 BACCARI 77 OPWA 0 K-P TO LAM. OMG. 

********* ********* ********* *'0:******* '********* '0:*'0:***** 

REFERENCES FOR Y*OC 20201 

GAL TIER I 70 DUKE CONF 173 
LITCHFIE 71 NP B30 125 

A BARBARO-GAL TIER I 1 LRL I IJP 
L ITCHFI HOt • • .+LESQUOY, +.. C RHEL+COEF+SACL I IJP 

BACCARI 77 NC 41A 96 
DECLAIS 77 CERN 77-16 

HEMINGWA 75 NP B91 12 

+POULARO,REVEL, TALL IN I+ ISACL+CDEFI IJP 
+OUCHOt"-;,lOUVEl, PATRY, S EGUI NOT+ CCAEN+CERNI IJ P 

PAPERS NOT REFERRED TO IN DATA CARDS. 

HEMINGWAY, EAOE S, HARMSEN+ I CERN 1 HE I 0 1 MPI M) IJP 

****'** '0:****'*0** ********* ........... ********* ···'Ct•***'Ct •••••••••••• 'Ct"Ct:t:t• 
****** ********* ********* ***'0:***** ********* ******'0:** ********* ··'Ct····· 

7/70 
10171 
1178* 
1178• 

7/70 
10/71 

1/78* 
1178* 

10/71 
1/78* 

1170 

1/78* 
1178* 

IA(2100) I 41 v•o121oo. JP=712-I r=o I G07 l 

·P1 
P2 
P3 
P4 
PS 

SEE TI1E MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

THIS ENTRY ONLY INCLUDES RESULTS FROM PARTIAL-~AVE 
ANALYSES. PARAMETERS OF PEAKS SEEN IN CROSS-SECTIONS 
AND INVARIANT-MASS DISTRIBUTIONS AROUND 2100 MEV ARE 
GIVEN IN A SEPARATE ENTRY BELOW. 

41 Y*0121001 MASS fMEVI 

(2120.01 WOHL 66 HBC K-P CH EX 
f2080.01 CLQ.OJ BURGUN "68 DPWA 0. K-P TO )(J K 
12130.01 (20.01 BERTHON1 70 OPWA 0 K-P TO SIGMA PI 
2110.0 f20.0I GALTIERI 70 OPWA 0 K-P TO SIGMA PI 
2100. 115.) LITCHFIE 71 DPWA K-P TO KBAR N 
2110.0 C30.0l LITCHFJE 71 OPWA K-P TO SIG PI 
2U3. TO 2154. BRANOSTE 72 DPWA 0 K-P TO LAM. OMG. 
2092.0 t 12.01 KANE 72 DPWA 0 K-P TO PI SIG 
2105. 110.1 HEMINGWA 75 DPWA 0 K- P TO KBAR N 

2 2110. OR 2089. NAKKASYA 75 OPWA 0 K-P TO LAM. OHG. 
3 12094.1 BACCARI 77 OPWA 0 K-P TO LAM. OMG. 

12094.1 DECLAIS 77 DPWA KBAR N TO KBAR N 
2110. C tO.) RLIC 77 DPWA KBAR N MULTJCHNL 
2106. (30. I BEllEFON 78 OPHA 0 KBAR N TO KBAR N 

QUOTED PARAMETERS CORRESPOND TO THE TWO BEST SOLUTIONS FOUND. 
EACH HAS THE Y*OC21001 AND ONE AOOITIONAL RESONANCE (P3 OR F5J. 

BURGUN 68 SEE A RESONANCE-LIKE EFFECT· IN THIS REGION IN THE 
REACTION K-P TO XI K. HOWEVER, AS THEY POINT OUT, IT lS NOT CLEAR 
WHEThER IT IS MAINLY THE G07 Y*OI21001 OR INSTEAD A SO FAR OTHERWISE 
UNOBSERVED RESONANCE WITH A SPIN LESS THAN 712. 

L LITCHFIELD 71 IS AN UPDATE OF BERTHON1 70 
1 PARAMETERS QUOTED ARE RANGES FROM THREE BEST FITS. 

41 Y*OC21001 WIDTH CMEVI 

1145.01 WOHL 66 HBC 
(80.01 C 10.0) BURGUN 68 OPWA 0 K-P TO XI K 
140.0 C 15.01 BERTHON1 70 DPWA 0 K-P TO SIGMA PI 
60.0 125.01 GAlliER! 70 OPWA 0 K-P TO SIGMA PI 

B 1170.1 TO 300. • LITCHFIE 71 OPWA . K-P TO KBAR N 
B LARGER VALUE CORRESPONDS TO PURE B.w. LOWER.VALUE , TO B.w. + BCKGRD 

L 140.0 (50.01 (30.0) LITCHFIE 71 DPWA K-P .JO SIG PI 
1 208. TO 229. BRANOSTE 72 OPWA 0 K-P TO LAM. OMG. 

144.0 126.01 KANE 72 DPWA 0 K-P TO PI SIG 
241. {30. J HEMINGWA 75 OPWA 0 K- P TO KBAR N 

2 244. OR 302· NAKKASYA 75 OPWA 0 K-P TO LAM. OMG. 
3 198.1 BACCARI 77 OPWA 0 K-P TO LAM. OMG. 

1250.1 DECLAIS 77 OPWA KBAR N TO KBAR N 
250. (30.) RLIC 77 DPWA KBAR N MULTICHNL 
157. (40. I BElLEFON 78 OPWA 0 KSAR N TO KBAR N 

SEE THE NOTES ACCOMPANYING MASSES QUOTED . 

.41 Y$0(21001 PARTIAL DECAY MODES 

Y*OI2100J INTO KBAR N 
Y•OI21001 INTO SIGMA PI 
Y*OI2100 I INTO XI K 
Y'O:O( 2100) INTO LAMBDA OMEGA 
Y*OI 21001 INTO ETA LAMBDA 

41 Y*Of21001 BRANCHING RATIOS 

DECAY M.ASSES 
497+ 939 

1197+ 139 
1321+ 497 
1115+ 783 
548+1ll5 

Y*Of2100I INTO CKBAR NJITOTAL CPU 

7/66 
10/69 
10/70 

7170 
10/71 
10171 

1174 
10/71 
11/75 
11175 

1178* 
1/78'0: 
1/76 
1/78* 

11/75 
11/75 

3/72 
1/74 

7/66 
10/69 
10/70 
7/70 

10171 

10/71 
1174 

10/71 
11175 
11/75 

1178* 
1/78* 
1/76 
1/78* 

R1 
Rl (0.251 WOHL 66 HBC 7/66 
R1 0 
R1 
R1 
Rl 
R1 
R1 
Rl 0 

R2 
R2 L 
R2 
R2 
R2 
R2 

R3 
R3 
R3 B 
R3 
R3 
R3 B 

R4 
R4 1 
R4 2 
R4 3 
R4 3 
•• 3 

1 R4 3 

RS 
RS 

10.331 OAUM 68 CNTR K-P ELA,POLrSIGT 7170 
0.30 (.031 LITCHFIE 71 OPWA K-P TO KBAR N .10171 

.31 (.031 HEHINGWA 75 OPWA 0 K- P TO KBAR N 11175 
f .291 DEC LA IS 77 DPWA KBAR N TO KBAR N 1/78'0: 

.30 (.031 RLIC 77 OPWA KBAR N HULTICHNL 1/76 
.24 ( .061 BELlEFON 78 OPWA 0 KBAR N TO KBAR N 1/78* 

DAUH 68 ASSUMES (J+l/21*X VALUE SEEN IN TOTAL CROSS SECTION. 

Y*OI 21001 FROM KBAR N INTO SIGMA PI 
BERTHON1 
GAL TIER I 
LITCHFIE 
KANE 
RLIC 

SQRTCP1*P21 
(+0.16) (0.·021 
+0.06 (0.031 
o.t6 co.os1 

+0.096 (0.0371 
+.12 (.041 

70 OPWA 
70 OPWA 
71 DPWA 
72 OPWA 
77 OPWA 

0 K-P TO SIGMA PI 
0 K-P TO SIGMA PI 

K-P TO SJG PI 
0 K-P TO PI SIG 

KBAR N HULTICHNL 

Y*OC2100J FROM K8AR N TO XI K SQRTCP1*P31 
10.051 TRIPP 67 RVUE 0 K-P TO XI K 
(0.091 10.011 BURGUN 68 DPWA 0 K-P TO XI K 
10.0031 MULLER 69 DPWA 0 
0.035 Q.Cl8 LITCHFIE 71 OPWA K-P TO XI K 

BURGUN 68 UPDATED BY LITCHFIELD 71, WHO TAKES SOLUTION C OF BURGUN 

Y*OI 21001 FROM KBAR N 
(.05 I TO .11 

t.12210R .154 
c-.o7oJ 
(+.0111 
(+.0081 

INTO LAMBDA OMEGA SQRTCP1*P41 
BRANDSTE 72 OPWA 0 K-P TO LAM. OMG. 
NAKKASYA 75 DPWA 0 K-P TO LAMo OMG. 
BACCARI 77 DPWA 0 GD37-WAVE 
BACCARI 77 OPWA 0 GG17 ... WAVE 
BACCARI 77 DPHA 0 GG37-WAVE 

NOTE THAT THE 3 ENTRIES FOR BACCARI77 ARE FOR 3 DIFFERENT WAVES. 

Y*O( 21001 FROM KBAR N TO ETA LAMBDA SQRT CP1*P5 I 
-.050 .020 RADER 73 MPWA 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

···'0:····· ••• '0:'0:**** ******'0:** ********* ***'Ct'Ct*'Ct'Ct'Ct 'CI:$'0:$····'0: ******** 

REFERENCES FOR .Y*OC21001 

10/70 
7/70 

10171 
10171 
1/76 

8/67 
10/69 
7/70 
3172 
3/72 

1/74 
11175 
1/78• 
1178* 
1/78* 
1178* 

9173 
9173 

WOHL 66 PRL 17 107 C G WOHL, F T SOLMITZ, M l STEVENSON (LRLJ IJP 
TRIPP ,67 NP 83 10 + LEITHr + CLRlrSLACrCERNrHEIDEL,SACLAYI 
BURGUN 68 NP 68 447 <t-MEYER,PAULI, + CSACLAYrCOLFRANCErRHELI 
OAUM 68 NP B7 19 +ERNE, LAGNAUXt SENS, STEUER, UDO CCERNIJP 

CONFIRMS THE SPIN-PARITY ASSIGNMENT. 
MUlLER 69 THESIS 1 UCRL 1":1372 R A MULLER (LRLI 



Baryons 
A(2100), A(2110). A(2325) 

BERTHONl 70 NP 824 417 
GALT lER I 70 DUKE CONF 173 
LITCHFIE 71 NP 830 125 

+VRANA, BUTTERWORTH, + (CDEF, RHELt SACLAVIIJP 
A BARBARD-GAL TJ ERI (LRL II Jp 
L ITCHF I ElDt • • .+L ESQUOY, +• • ( RHEL+CDEf+SAC l II JP 

BRANDSTE 72 NP 839 13 SRANDSTETTER+ ••• +TALLINI (RHELtCDEF,SACLI IJP 
KANE 72 PR 05 1583 D F KANE ( LBll I JP 
RADER 73 NC l6A 178 +BARLOUTAUDt+ ( SACL+HEI D+CE RN+RHEL+CDEF I 

HEMINGWA 75 NP 891 12 
NAKKASYA 75 NP 893 85 

HEMINGWAY, EADEStHARMSEN+ CCERNrHEIDt MPJMJ IJP 
A. NAKKASYAN (CERNIIJP 

BACCARI 77 NC 41A 96 
DECLAIS 77 CERN 77-16 
RLJC 77 NP 8119 362 
BELLEFON 78 NC 42A 403 

+POULARDt REVElt TALLINI+ 
+DUCHON,LOUVEL t PATRY, SEGUI NOT+ 
GOPAL,ROSStYAN HORN,MCPHERSON+ 
+BERTHONtB IlLOI Rt BRUNET+ 

( SACl+COEF I IJP 
t CAEN+CERNII Jp 
I LOIC+RHEL 1 I JP 
CCDEF+SACL) IJP 

.................................................................... 
·~·A··<··2·1 •• 1 •• 0 •• ) •• 1......... ......... ......... ····r;o: 5··r·.... .. ..... . 
_ _ 35 Y•.ot2110r JP=S/2+1 t•o 

'" M 
M 
M 
M 
M 
M 
M 
M 
M 

w 
w 
w 
w 
w 
w 
w 
w 

BERTHON1 70 FIND EITHER F05 OR 005 POSSIBLE IN 
THE SIG PI CHANNEL• WITH f05 SLIGHTLY PREFERRED. 
IN THE KBAR N CHANNEL, LITCHFIELD 71 (SAME GROJPI 
FINO ONLY 005. AS USUAL, THE STATISTICS ARE MUCH 

. BETTER IN THE ELASTIC CHANNE!-• 
ALTHOUGH KANE 72 FINDS AN FOS EFFECT, THE UNUSUALLY BROAD 

WIDTH MAY .INVALIDATE A RESONANT INTERPRETATION. HOWEVER RLIC 77, 
BELLEFDN 771 AND BELLEFON 78 ALSO FIND AN F05. THE EVIDENCE FO~ 
FOS FROM THE LAMBDA OMEGA ANAlYSES, NAKKASYAN 75 AND BACCARI 77, 
IS QUITE WEAK, BUT THEY GIVE NO EVIDENCE IN FAVOR Of DOS. .THE 
WEIGHT Of THE EVIDENCE IS THUS IN FAVOR OF FOS. SEE ALSO THE 
Y•0(20101 MINI-REVIEW. 

35 Y•OC 2110 I MASS C MEV I 

(2110.1 UO.I BERTHON1 70 OPWA - K- P TO SIG PI 
DOS 2140. 40. LITCHFIE 71 OPWA K-P TO KBAR N 

(2141.01 (6.0) KANE 72 DPWA 0 K-P TO PI SIG 
12103.1 NAKKASYA 75 DPWA 0 K-P TO LAM. OMG. 
12137.1 BACCARI 77 OPWA 0 K-P TO LAM. OMG. 
(2140., (20.1 BELLEFON 77 OPWA 0 K-·p TO SIG PI 
(2100.1 (50.1 RLIC 77 DPWA KBAR N MUL TICHNL 

2 (2106. I (50.1 BELLEFON 78 DPWA 0 KBAR N TO KBAR N 
A RESONANCE OUTSIDE RANGE OF DATA. 
1 FOUND IN ONE OF TWO BEST SOLUTIONS. 

35 Y*OC21101 WIDTH (MEV) 

(185.1 (3Q.J BERTHON1 70 OPWA - K- P TO S IG PI 
005 120. 40. LJTCHFIE 71 OPWA K-P TO KBAR N 

1504.0) uo.o1 K.ANE 72 OP\ItA 0 K-P TO PI SIG 
1391 .. 1 NAKKASYA 75 DPWA 0 K-P TO LAM. OMG. 
tl32.1 BACCARI 77 OPWA 0 K-P TO LAM. OMG., 
Cl40., 120.1 BELLEFON 11 DPWA 0 K-·p TO SIG PI 
1200.1 (50.) RLIC 11 OPWA KBAR N MUL T ICHNL 
(251.1 (50 .. 1 BELLEFON 78 OPWA 0 KBAR N TO KBAR N 

-- __ ...;......_ -------- --·--- ---- --. -- ---- ------

P1 
P2 
P3 
P4 

R1 
Rl 

.R1 
R1 
R1 

R2 
RZ 
R2 
R2 
RZ 

•• .. 
R3 

•• R4 
R4 

35 Y*OI2110J PARTIAL DECAY MODES 

Y•OC 2110) INTO KBAR N 
Y•Ot 2110) INTO SIGMA PI 
Y•OC21101 INTO LAMBDA OMEGA 
Y*OC 21101 INTO Y*l( 13B51 PJ P-WAVE 

DECAY MASSES 
497+ 9.39 

1197+ 139 
1115+ 783 

139+1384 

35 Y*0(2110) BRANCHING RATIOS 

Y•OC21101 FROM KBAR N TO SIGMA PI 
(+.17) (.03) BERTHON1 

t+0.156J 10.01.31 KANE 
(+.141 (.011 BELLEF02 
(+.101 C .031 RLIC 

Y•Ot21101 INTO CKBAR HI/TOTAL 

SQRTCP1*P2J 
TO DPWA - K- P TO SIG PI 
72 DPWA 0 K-P TO PI SIG 
76 OPWA 0 K- P TO .StG PI 
77 DPWA KBAR N MULTICHNL 

CPU 
D05 0.14 0 .. 04 L ITCHFI E 71 DPWA K-P TO KBAR N 

(.,071 ( .031 
C.271 t.61 

THE LARGE ELASTICITY 

RLJC 77 OPWA KBAR N MUl TICHNL 
BElLEFON 78 OPWA 0 KBAR N TO KBAR N 

ERROR OF BELLEFON 78 IS PROBABLY A MISPRINT. 

Y•OC211DI FROM KBAR N INTO LAMBDA OMEGA SORHP1•P31 
(.1121 NAKKASYA 75 DPWA 0 K-P TO lAM. OMG • 

LESS THAN .05 BACCARI 77 OPWA 0 K-P TO LAM. OMG. 

Y•OC2110) FROM KBAR N TO Y*1Cl3B5) PI P-WAVE SQRTtPl•P4) 
2 -.011 .025 CAMERON2 77 OPWA 0 K-P TO Sfl3851PI 
2 CAMERON2 77 UPPER LIMIT ON F-MAVE DECAY IS 0.03 .............. ,. ......... ,. ....... ,. .................................. . 

BERTHON1 70 NP 824 417 
LITCHFIE 71 NP BJO 125 
KANE 72 PR D5 1583 

NAKKASYA 75 NP B93 85 
BACCARI 77 NC "HA 96 
BEllEFON 77 NC 37A 175 

.CAitERON2 77 Rl-77-119/A 
RLIC 77 NP 8119 ~62 
BELLEFON 78 NC 42A 403 

REFERENCES FOR Y•Ot21101 

+VRANA,BUTTERWORTH,+ ICOEF,RHEL,SACLAYIIJP 
L ITCHFIELDr •• .+LESQUOY,+ •• IRHEl+CDEF+SACL II JP 
D F KANE tLBUIJP 

A. NAKKASYAN ICERNHJP 
+POULARO,REVEL,TALLJNI+ I SACL+CDEF IIJP 
DE BELLEFON, BER THON,B ILLDI R+ I COEF+SACL I I Jp 
+FRANEK, GQPAL, BACON, BUTTERWORTH+( RHEL +LOIC JIJP 
GOPALtROSS,VAN HORN, MCPHERSON+ ILOIC+RHEL llJP 
+BERTHON,B t LLDIR r BRUNET+ ICDEF+SACL) IJP ............................................................................ 

.......................................... * ................................ . 

1171 
10/71 
10/71 

1176 
111e• 

11177• 
1/76 
1178• 

1/76 

1171 
10/71 
10171 

1176 
1178• 

11177• 
1176 
1178• 

1/71 
10/71 
l/76 
l/76 

10/71 
l/76 
1178• 
1178* 

1/76 
1"176 
1/78* 
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Data Card Listings 
For notatz"on, see key at front of Listings.·-

2100 WEV REGION - PRODUCTION .AND 17ToTAL EXP'TS 

25 Y*Ot2100, JP .. 1 r .. o PRODUCTION EXPERIMENTS 

SEE THE MINI-REVIEW AT THE START OF THE Y• LISTINGS. 

SEE THE NilTE TO THE G07 Y*OC2100I, 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 MITH THE Y*0121001t 
BUT HAY CONTAIN A SHALL CONTRIBUTION FROM THE SUGGESTED BUT NOT ESTAB
LISHED OTHER RESONANCES IN THIS REGION. 

-- --- ---- ----- ---- ------- .... .;~ __ .; __ ... .;..; .......... . 
25 Y*012100J MASS tMEVI (PROD. EXP .. J 

M 
M 
M 
H 
M 

C 2097. OJ 
2100.0 
2121·0 
2107.0 

(2135.0) 

16.01 
(7.,01 
15.0) 

BOCK 
BUGG 
BRitMAN 
COOL 

65 HSC 
66 CNTR 
70 CNTR 
70 CNTR 
70 CNTR 

PBAR P 5.7 BEV/C 7/61! 
K-P, 0 TOTAL 6/66 

0 TOTAL AND CH EX 6/70 
(10.0) 
t2o.oJ 

K-P, 0 TOTAL 10/70 
LU 0 GAMMA P TO K+ Y* 1171 

25 Y•Ot2100I WIDTH CMEVI CPROD. EXP.J 

w 
w 
w 
w 
w 

124.01 
140.0 
147.0 
185.0 
litO. OJ 

(14.0) 
U5.01 
( 15.01 

BOCK 
SUGG 

65 HBC 
68 CNTR 
10 CNTR 
10 CNTR 
70 CNTR 

INTO t<BAR N IPIJ 1/66 
6/68 

BR I CHAN 
COOL 

0 TOTAL AND CH EX 6170 
K-P, D TOTAL 10/70 

LU 0 GAMMA P TO K+ v• 1171 

P1 
PZ 
P3 
P4 

Rl 
Rl 
R1 
Rl 

•• 
R2 
R2 

•• •• 
•• •• 

25 Y*OC21001 PARTIAL DECAY MODES CPRoo. EXP!) 

Y•OI 21001 INTO K8AR N 
v•ol 2100) INTO KBAR N PI 
v•oC 21001 INTO LAMBDA ETA 
Y•Ot21001 INTO LAMBDA OMEGA 

DECAY MASSES 
497+ 939 
497+ 939+ 139 

1115+ 548 
1115+ 783 

25 Y*OC2100I BRANCHING RATIOS {PROD. EXP.J 

v•o 121001 INTO tKBAR NI/TOTAL (PlJ 
THESE VALUES OF ELASTICITIES ASSUME .J .. 7/2 -

0.,305 BUGG 68 CNTR 
0.24 (0.021 BR I CHAN 70 CNTR 0 TOTAL AND CH EX 
0.4 COOL 70 CNTR K-P, 0 TOTAL 

l 
Y•Ot2100J INTO KBAR N PI {P2) 

SEEN BOCK 65 HBC 

Y*OI21 001 FROM KBAR N INTO LAMBDA ETA SORT 1Pl*P31 
I a. 091 OR LESS FLATTE 2 67 HBC 0 K-P TO LAM ETA 

Y•oc 21001 INTO (LAMBDA OHEGA)/TOTAL CP41 
co.u OR LESS FLATTE 1 67 HBC 0 K-P TO LAM OMEGA 

.......................................... **••teo•••• ••••••••••••••••• 
REFERENCES FOR Y•OI21001 (PROD. EXP.I 

BOCK 65 PL 17 166 +COOPER,FRENCH,KINSONr + 
S M FLATTE 

CCERNt SACLAVl 
ILRL J 
ILRLI 

IRHEL,BIRM,CAVEI t 

FLATTE 1 .67 PR 155 1517 
FLATTE 2 67 PR 163 1441 
BUGG 68 PR 168 1466 

S M FLATTEt C G WOHL 
+GilMORE,KNIGHTt + 

BRitMAN 70 PL 31B 152 +FERRO LUZZI, PERREAU,+ CCERNrCAEN,SACLAY) 
COOL 70 PR 01 1887 +GIACOMELLI. KYCIA, LEONTtC, Lit + 18Nll 1 
LU 70 PR 02 1B46 +GREENBERG, HUGHES, MINEHART, MORlr+ tYALEI 

PAPERS NOT REFERRED TO IN DATA CARDS 

COOL 66 PRL 16 1228 +GIACOMELlltKYCIA,LEONTICtlltLUNDBY,+ CBNLJ I 
SUPERSEDED BY COOL 70. .................................................................... .................................................................... 

I A(2325) I liZ Y*OIZ3Z5, JP•312-I I•O I D(b I 
----_;~. BACCARI 77 FINO THIS STATE WITH JP EITHER 3/2- OR 

, 3/2+ IN A OPWA OF K- P TO LAMBDA OMEGA FROM 2070 TO 
2436 MEV. A SUBSEQUENT SEMI-ENERGY-INDEPENDENT PWA 
FROM THRESHOLD TO 24~6 MEV SELECTS 3/2-. 
BEllEFON 78 (SAME GROUP) ALSO SEE THIS STATE IN A 
OPWA OF K- P ELASTIC AND CHARGE-EXCHANGE DATA 
IN THE SAHE ENERGY RANGE, AND FINO JP=3/2- Of! 3/2+. 
THEY AGAIN PREFER JPc3/2-, BUT ONLY ON THE BASIS 
OF MOOEL DEPENOEHT CONSIDERATIONS • 

--- ---- ---- -~~------ _ ............ __________ .,.;.; . .,.;.;".;..;. ... _.; · .. .; .. _.;.;,_.;. 

w 
w 
H 
w 

2327. 
. 2.342. 

112 Y•OC2325J MASS CMEVJ 

zo. 
30 • 

BACCARI 
BELLEFON 

112 Y•OC23251 WIDTH CMEVI 

77 OPWA 
78 DPWA 

0 K-P TO LAM. OMGo 
0 KBAR N TO KBAR N 

160. 
177· 

•o. •o. BACCARI 77 I PWA 0 K-P TO LAM. OMG. 
BELLEfON 78 OPWA 0 KBAR N 'TO KBAR N .......... 

AVERAGE MEANINGLESS CSCALE FACTOR a 1.01 

. 
6/&8 
6/70 

10/70 

6/68 

8/67 

1118* 
1178• 



u '' ~.) ~:J u ~j 
J~ 

0 
1, 

~J ~:j 
-;; u ,.,;} ... v 

217 

Data Card Listings Baryons 
-'"For notation, see key at front of Listings. A(2325), A(2350), A(2585), r+, r-. t 0, 1:(1385) 

Pl 
P2 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

R2 
R2 

112 Y*OI2325t PARTIAl DECAY MODES 

Y*OC 23251 INTO KBAR N 
yoQI23251 INTO LAMBDA OMEGA 

112 Y*OI23~51 BRANCHING RATIOS 

Y*0123251 FROM KBAR N TO LAMBDA OMEGA 
• 06 .02 BACCARI 11 t PWA 
.os o02 BACCARI 77 OPWA 
,oa .03 BACCARI 77 OPWA 

DECAY MASSES 
497+ 9:9 

1115+ 783 

SQRHPlO:P21 
0 05:33-WAVE 
0 0013-WAVE 
0 0033 .. WAVE 

NOTE THAT THE 3 ENTRIES FOR BACCARI77 ARE FOR 3 DIFFERENT WAVES. ......... 
AVERAGE. MEANINGLESS CSCALE FACTOR .. l.OJ 

v•oc 23251 INTO IKBAR NIITOTAl Pl ,,. .06 BELL.EFON 78 OPWA 0 KBAR N TO KBAR N .....•.......•.................•• ·······*• ....•............. "'**10<**** 

REFERENCES FOR Y*OI23251 

BAt CAR I 77 NC 41A 9b 
BELL EFON 78 NC 42A 403 

+POULAROrREVELt TALL I Nt + 
+BER THON,BILLOIRr BRUNET+ 

ISACL+CDEFIIJP 
tCDEF+SACL I I JP ..................................................................... ...... ......... ........... ......... ......... ......... .......... ..... (!< .. 

M 
M 
M 
M 

" M 
M 
M 
M 

Pl 
P2 
P3 

42 Y*012350, JP= I I=O PRODUCTION EXPERIMENTS 

SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

DAUM 68 FAVORS JP=7/2- OR 9/2+. B~UCMAN 70 FAVORS 9/2+. 
LASINSKI 7l SUGGESTS THREE STATES IN THIS REGION 
USING A POMERON + RESONANCES MODEL. THERE ARE NOW ALSO 

THREE FORMATION EXPERIMENTS FROM THE COLLEGE DE FRANCE-SACLAY GROUP 
"WHICH WE INCLUDE HERE, BELEFON 77, BACCARI 77, AND BELLEFON 78, WHICH 
FINO 9/2+ IN OPWAS OF KBAR N TO SIGMA PI, LAMBDA OMEGA, AND KBAR N. 

42 Y*OC2350I MASS CMEVI IPROD. EXP.J 

2340 .. 0 n.oJ BUGG 68 CNTR K-P, D TOTAL 
2358.0 (6.01 BRitMAN 70 CNTR 0 TOTAL AND CH EX 
2344.0 (15.01 COOL 10 CNTR K-P, D TOTAL 

12360.01 (20.01 LU 70 CNTR 0 GAMMA P TO K+ Y* 
(2372.1 BACCARI 77 OPWA 0 K-P TO LAM. OMG. 

2365. 20. BELLEFON 77 OPWA 0 K- P TO SIG PI 
2310. 50. BELlEFON 78 DPWA 0 KBAR N TO KBAR N 

AVERAGE MEANINGLESS (SCALE FACTOR .. 1.01 

42 Y*OI23501 WIDTH OlEYl (PROD. EXP.I 

140a0 120aOI BUGG 68 CNTR K-P, 0 TOTAL 
324a0 130aOI BRitMAN 70 CNTR 0 TOTAL AND CH EX 

1190.01 COOL 70 CNTR K-P, ·D TOTAL 
155.01 LU 70 CNTR 0 GAMMA P TO K+ Y* 

U57aJ BACCARI 77 OPWA 0 K-P TO LAM. OMGa 
no. 20. 8ELLEFON 77 DPWA 0 K- P TO SIG PI 
204a 50. BELLEFON 18 DPWA 0 KBAR N TO KBAR N 

AVERAGE MEANINGLESS I SCALE FACTOR :c 1 a 71 

42 Y*OI23501 PARTIAL DECAY MODES IPRDD. EXP.I 

Y*Of23501 INTO KBAR N 
Y*012350J INTO SIGMA PI 
Y*OC23501 INTO LAMBDA OMEGA 

DECAY MASSES 
497+ 939 

1197+ 139 
1115+ 783 

42 Y*OC2350J BRANCHING RATIOS ~PROD. EXPal 

yoQC23501 INTO tKBAR NJ/TOTAL CPU 

1/78* 
1178* 
1176• 
1178• 

117e• 

6/68 
6170 

10170 
1171 
1178* 

11177* 
1178• 

6/68 
6/70 

10/10 
1/71 
1178* 

11111* 
1178• 

Rl 
Rl .12 a04 BELLEFON 78 DPWA 0 KBAR N TO KBAR N 1/78* 

R2 
R2 

R3 
R3 

•• •• •• 
R4 

•• 

Y*0(2350J FFIOM KBAR N INTO SIGMA PI 
-.11 .02 BEllEFON 

Y*0123501 FROM KfiAR N TO LAMBDA OMEGA 
LESS THAN .05 BACCARI 

Y*OI2350J INTO (KBAR NI/TOTAl 
J IS NOT DETERMINED IN THESE EXPTS • 

(0.571 BUGG 
1.1 0.25 BRitMAN 

(l.Q) COOL 

SQRTI P1*P2 I 
11 OPWA. 0 K-. P TO SIG PI 

SQRTIP1*P3J 
77 OPWA 0 K-P TO LAM. OMG. 

IJ+l/21*CP11 
THE FOLLOWING IS IJ+l/2J*P1 

68 CNTR K-P, 0 TOTAL 
70 CNTR 0 TOTAl AND CH EX 
70 CNTR K-P, 0 TOTAL ...................................................................... 

BUGG 
__., OAUM 

BRICMAN 
_ COOL 

LU 

68 PR 168 1466 
68NPB719 
70 PL 318 152 
70 PR 01 1887 
70 PR D2 1846 

BACCAR 1 17 NC 41A 96 
BELLEFCN 77 NC 37A 175 
8ELLEFGN 78 NC 42A 403 

REFERENCES FOR Y*OI23501 IPROD. EXPal 

+GILMORE,KNIGHT, + IRHEL,8JRM,CAVEI I 
+ERNE, LAGNAUX, SENS, STEUER, UDO ICERNIJP 
+FERRO LUZZI, PERREAUt+ ICERN,CAEN,SACLAYI 
+GIACOMELLI, KYCJA, LEONTIC, LJ, + CBNLI I 
+GREENBERG, HUGHES, MINEHART, MORI,+ CYALEI 

+POULARO,REVEL, TALLINI+ 
DE BELLEFON,BERTHON,BillOIR+ 
+BERTHON, B ILLDI R r BRUNET+ 

CSACL+COEFI IJP 
ICDEF+SACLI IJP 
CCOEF+SACLJIJP 

PAPERS NGT REFERRED IN DATA CARDS 
COOL 66 PRL 16 1228 +GIACOMELLI,KYCIAtLEONTICrLI,LUNDBY,+ IBNLJ I 

SUPERSEDED BY COOL 70. 
LASINSKI 71 NP B29 125 T A LASINSKI CEFIIIJP 
8ELLEF02 75 NC 28A 289 DE BELLEFON,BERTHON,BILLOIR+ CCDEF+SACL) 

PRESENTLY LISTED UNDER Y*ll22501r BUT ISOSPIN UNDETERMINED. 

................ •••••*••• ............................................. . •••••* ............ ,... •••••••••••••• ••••*•••• ............................. . 

1/76 
11/77* 

1178• 
1178• 

3/780 
3/78* 
3118* 

I JeD PRODUCT ION EXPERIMENTS 

SEE TI1E MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

1 Y*OI25851 MASS IMEVI CPROO. EXP.J 

2585.0 45.0 ABRAMS 
LU 

70 CNTR K-P, D TOTAl 10170 
12530aOI C25aOI 70 CNTR 0 GAMMA P TO Kv YO 1171 

7 Y*OI25851 WIDTH IMEVI IPROD. EXP.t 

C300aOI 
1150.0) 

ABRAMS 
LU 

70 CNTR K-P, D TOTAL 10170 
70 CNTR 0 GAMMA P TO K+ Y* 1/71 

Pl 

Rl 
Rl 
Rl 
Rl 
Rl 

7 Y*OI2585) PARTIAL DECAY HODES IPROO. EXP.I 

Y*Oi 25851 INTO K8AR N 
DECAY MASSES 

497+ 939 

7 Y*OI25851 BRANCHING RATIOS IPROD. EXP.I 

Y*OC25851 INTO IKBAR. NI/TOTAL 
J IS NOT KNOWNa THE FOLLOWING IS IJ+l"/21*P1. 

tlaOI ABRAMS 70 CNTR 
l0.121 l0a121 BRICMAN 70 CNTR 

RESONANCE AT END OF REGION ANALYZED -- NO CLEAR 

CPU 

K-P, D TOTAL 
TOTAL AND CH EX 

SIGNAL. ........................................................................ 
REFERENCES fOR Y*0125851 I PROD. EXP. J 

ABRAMS 
8RICMAN 
LU 

70 PR 1D 1917 
10 PL 318 152 
10 PR D2 1846 

+COOL, GIACOMELLI, KYCIA, LEONTIC, + IBNLI I 
+FERRO LUZZI, PERREAU,+ tcERN,CAEN,SACU.YI 
+GREENBERG, HUGH ESt MINEHART t MORI ,+ CYALEJ 

PAPERS NOT REFERRED TO IN DATA CARDS 

COOL 66 PRL 16 1228 +GIACOMELLI tKYCJA,LEONTIC,LUNDBY + IBNL II 

········* ......................................................... . ..................................................................... 
S=-1 I= 1 HYPERON STATES (I) ...................................................................... ...... .......... ......... .......... ......... ......... ......... ........ . 

lr+l 19 SIGMA+(ll89, JP:E1/2+1 1=1 

SEE STABLE PARTICLE DATA CARD LISTINGS 

......................... ·····(!<··· ...................................... . 
***'*** ********* ......................................................... . 

20 SIGMA-(1198, JP=1/2+1 1=1 

SEE STABLE PAR-r:ttLE DATA CARD L~STING~ 

•••••• **'**••••• ..................................... ••:e.······ ........ . 
·····~ ............................................................... . 

21 SJGMAOI1193, JP=1/2+1 1=1 

SEE STABLE PARTICLE DATA CARD LISTINGS ............................................................................ ............................................................. ****•••• 

I 1:(1385) I ., VOlll385, JP•3/2+1 l•l 

M 
M 
M 
M 

" 

SERIOUS INCOMPATIBILITIES EXIST BETWEEN DIFFERENT 
MEASUREMENTS OF THE Y*ll385) MASS AND WIDTH. THESE 
INCOMPATIBILITIES ARE AT LEAST PARTIALLY ACCOUNTED FOR 
BY SOME EXPERIMENTS QUOTING UNREAliSTICALLY SMALl 

ERRORSa WE CONSISTENTLY INCREASE UNREALISTIC ERRORS BEFORE AVERAGING 
ISEE THE TYPED NOTE ON K*(892U. 
IN THE LISTINGS BELOW WE ATTEMPT TO OBTAIN THE BEST VALUES FOR THE 
SEPAPATE CHARGE STATE MASSES AND WIDTHS. THUS WE DO NOT USE RESULTS 
QUOTED FOR MIXED CHARGES. 
WE NO LONGER USE EVERY PUBLISHED VALUE, BUT AVERAGE ONLY THE MOST 
SIGNIFICANT DETERMINATIONS. NEITHER 00 WE AVERAGE RESULTS FROM 
INCLUSIVE EXPERIMENTS WITH LARGE BACKGROUNDS OR RESULTS WHICH ARE NOT 
ACCOMPANIED BY AT LEAST A DISCUSSION ON EXPERIMENTAL RESOLUTION. 
NEVERTHELESS SYSTEMATIC DIFFERENCES BETWEEN EXPERIMENTS REMAIN (SEE 
THE IDEOGRAMS INSERTED IN THE DATA CARD LISTINGS BELOW I • 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 EMPLOYED ISEE 
BORENSTEIN 74 FOR A DISCUSSION ON THIS POINTI. THUS BORENSTEIN 74 USE A 
BREIT-WIGNER WITH ENERGY INDEPENDENT WIDTH, SINCE A P-WAVE WAS FOUND 
TO GIVE UNSATISFACTORY FITSa CAMERON2 71 USE THE SAME FORMa 
ON THE OTHER HAND HOLM GRAN 11 OBTAIN A GOOD FIT TO THEIR LAMBDA PI MASS 
SPECTRUM WITH A P-WAVE BREJT-WIGNER. BUT INCLUDE THE PARTIAL WIDTH FOR 
THE SIGMA PI DECAY MODE IN THE PARAMETRIZATION. 

43 Y*1 0385) MASS I MEV I 

141(1384.01 ALSTON 60 HBC +- K-P 1.15 BEV/C 
c 1385.0) BERGE 61 HBC +- K-P .4-.85 BEVIC 

3811384.01 MARTIN 61 HBC +0 K20 P .98 BEV/C 
11392aOI 11.01 COLLEY 62 HLBC -0 PI- PRP 2. BEV/C 
( 1389.0) 13.0} BAL TAY 65 HBC +- PBAR P 3a 1 BE VIC 
11392.0) 110.01 MUSGRAVE 65 HBC +-OPBAR P 3-4 BEV/C 

200(1384a 8) l2aOJ ATHERTON 71 HBC +- LAM PI+ + C.C. 
190(1380al I Sal AMMANN 73 DBC +- K-N 4.5GEVIC 
20011386. I ATHERTOl 75 HBC +-OPBAR P 5.7 GEV/C 

10/70 
10170 

7/66 
7/66 

11111* 
11177* 
1/16 



Baryons 
1:(1385) 

MO 
HO E 
MO E 
HO 2 
HO 2 
HO 2 
MO 
MO 
MO 

106(1361.01 C4 .. 01 CURTIS 63 OSPK 0 PI-P 1.5 BEV/C 
240 1385.1 2 .. 5 THOMAS 73 HBC 0 PI-P TO PIOKOLM 11/77* 

ERROR ENLARGED BY US TO GAMMA/SQRHNI. SEE TYPED NOTE ON K* MASS. 
3100 1380. 2. BORENSTE 74 HBC 0 K-P TOI1385J+PIS 1~/77* 

fROM FIT TO LAM P10 MASS SPECTRUM (IN LAM PI+ PI- PIO EVENTS I WITH 
WO FIXED AT 34 MEV. 

AVG 1382.0 
STUDENT1381.9 

2.5 
1.9 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.6J 
AVERAGE USING STUDENTlOCH/1.111 -- SEE MAIN TEXT 

H+ E 15411376.0 I 13.91 ELY 61 HLBC + K-P 1.11 BEV/C 11177* 
M+ 170(1375.01 (3.91 COOPER 64 HBC + K-P 1.45 BEV/C 11177* 
H+ 859 1381.0 1.b HUWE 64 HBC + K-P 1.22 BEV/C 
H+ 750 1382 .a . 1.0 ARMENTERO 65 HSC + K-P .9-1.2 BEV/C 
M+ E 250C 1384.31 '1.91 SMITH 65 HBC + K-P 1.8 BEV/C 11111• 
M+ E 250( 1382.6) (2.11 SMITH 65 HBC + K-P 1.95 BEV/C 11177* 
M+ E 6211383.01 (8 .. 01 BIRMINGHA 66 HBC + K-P 3.5 GEV/C 11177* 
H+ 135( 1378.01 ( 5.01 LONDON 66 HBC + K-P 2.24 BEV/C ll/17* 
H+ 1260 1384.4 1.0 SIEGEL 67 HSC + K-P AT 2.1 GEV/C 10/69 
H+ 46( 1390.01 (6.01 AGUILAR 70 HBC + K-P 4 GEV/SIG.PI 11171• 
H+ 400 1382 .o 2.0 AGUILAR 72 HBC + K-P TO LAM+P IS 10/74 
H+ 2300 1383.5 .85 HABIB I 73 HBC + K-P TO 2PI LAM 9173 
M+ R 3740tl382.J (l,.) BERTHON 74 HBC + K-P 1263-1843MEV 10/74 
M+ R ERRORS STATISTICAL ONLY. RESOLUTI CN NOT UNFOLDED. 
M+ 6846 1381. 1. BORENSTE 74 HBC + K-P T0(1385J+PIS 10/74 
H+ 1 ( 1380. J c2.1 BAR DAD IN 75 HBC K- p 14.3 GEV/C 11177* 
M+ HI 22Kl 1385.1 (3.1 BARREl RO 77 HBC K-P AT 4.2 GEV 11111* 
H+ H INCLUDES DATA OF HOLMGREN 71 
H+ 6900 1381 .. 9 0.3 CAMERON 77 HBC + K-P 0.96-1.36GEV 11177* 
M+ 2594 1385. 1. HOLMGREN 11 HBC + K-P AT 4.2 GEV 11/77* 
H+ 
M+ I FROM FIT TO INCLUSIVE LAMBDA PI SPECTRUM 
M+ E ERROR ENLARGED BY US TO GAMMA/SQRTCNJ. SEE TYPED NOTE ON K* MASS. 
H+ 
M+ AVG 1382.29 
M+ STUDENT1382.20 

0 .. 39 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.61 
0.31 AVERAGE USING STUDENTlOIH/1.111 -- SEE MAIN TEXT 
ISEE IDEOGRAM BELOW I 

WEIGHTED ~UER~GE 1382.29 ± 0.39 
ERROR SC~LED BY 1.6 

-1- ... 

1376 1380 

Y•1(13B5l+ M~SS (MEUl 

M- 93Cl382~0J C3.0) 
M- E 224C 1376.01 (4.41 
M- 200C 1392.01 (6.21 
M- E 1086 1385.3 1.9 
M- 1380 1384.0 1.0 
M- E 12011391.51 (2.61 
M- E 58fl399,.81 12.21 
M- 15U389.0) (9.01 
M- 370 1390.7 2 .. 0 
M- 1900 1390.7 1.2 
M- E 630 1387.1 1.9 
M- R 306011389.) 11.1 

-I--HOLMGREN 
·C~MERON 

·BORENSTE 
·H~BIBI 

·~GUIL~R 

·SIEGEL 
·~RMENTERD 

·HUWE 

1388 

77 
77 
74 
73 
72 
67 
65 
64 

HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 

CHISQ 
7.3 
1.7 
1.7 
2.0 
o.o 
4.5 
0.1 

_lL,2_ 
17.9 

(CONLEU 
=0.012) 

DAHL 61 OBC - K-D 0.45 BEV/C 11177• 
ELY 61 HLBC - K-P 1.11 BEV/C 11111* 
COOPER 64 HBC - K-P 1.45 BEV/C 11/77* 
HUWE 64 HBC - K-P 1.15-1.30GEV 11177• 
ARMENTERO 65 HBC - K-P ~9-1.2 BEV/C 
SMITH 65 HBC - K-P 1.8 BEV/C 11177• 
SMITH 65 HBC - K-P 1.95 BEV/C 11/77* 
LONDON 66 HBC - K-P AT 2.24 GEV 11177* 
SIEGEL 67 HBC - K-P AT 2.1 GEV/C 10/69 
HABIBt 73 HSC - K-P TO 2PI LAM 9/73 
THOMAS 73 HBC - PI-P TO PI-K+LM 11177* 
BERTHON 74 HBC - K-P 1263-1843MEV 10174 

M- R ERRORS STATISTICAL ONLY. RESOLUTION NOT UNFOLDED. 
M- 2303 1383. 2. 
M- J 11383.1 12.} 
M- HI 12Kil387~1 C3.1 
M- H INCLUDES DATA OF HOUIGREN 71 
M- 9720 1387~6 0.3 
H
H-

193 1391. 3. 

BORENSTE 74 HBC - K-P TOI13851+PIS 10/74 
BAROADIN 75 HBC - K- P 14.3 GEV/C 11177* 
BARREIRO 77 HBC - K-P AT 4.2 GEV 11177* 

CAMERON 
HOLMGREN 

77 HBC - K-P 0.96-1.36GEV 11/77* 
77 HBC - K-P AT 4~2 GEV 11/71* 

M- 1 
H- E 

FROM FIT TO INCLUSIVE LAMBDA PI SPECTRUM 
ERROR ENLARGED BY US TO GAMMA/SQRTCNI. SEE TYPED NOTE ON K* MASS~ ,._ 

M- AVG 1387.44 
M- STUOENT1387 .53 

0.58 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.21 
0.31 AVERAGE USING STUOENTlOCH/1.111 - SEE MAIN TEXT 
CSEE IDEOGRAM BELOW I 
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Data Card Listings 
For notation, see key at front of Listings. ... -

WEIGHTED ~UER~GE = 13B7.44 ± 0.5B 
ERROR SC~LED BY 2.2 

·HOLMGREN 77 HBC 
·CRMERON 77 HBC 

--!-· ·BDRENSTE 74 HBC 
·THOM~S 73 HBC 
·H~BIBI 73 HBC 
·SIEGEL 67 HBC 
-~RMENTERO 65 HBC 
·HUWE 64 HBC 

CHISQ 

0.3 
4.9 
0.0 
7.4 
2.7 

11.8 
_L.L 
28.4 

(CONLEU 
1375 13BO 1385 1390 1395 1400 =O.OOOl 

Y•1(1385l- M~SS (MEUl 

43 IY*-1 - CY*+I MASS DIFFERENCE CMEVI 

Q-+ R co.oJ (4.21 ELY 61 HlSC +- K-P 1.11 BEV/C 6/66 

Q-+ R 07. I (7. I COOPER 64 HBC +- K-P 1.45 BEV/C 10/69 
D-+ R (4.31 (2.21 HUWE 64 HBC +- K-P 1.22 BEV/C 8/66 

D-+ R 12.01 (1.5) ARMENTERO 65 HBC +- K-P .. 9-1.2 BEV/C 8/66 
0-+ R n.21 (2.11 SMITH 65 HBC +- K-P 1.8 BEV/C 9/66 

Q-+R ( 17.21 12.0) SMITH 65 HBC +- K-P 1.95 BEV/C 9/66 
D-+R (11.01 19.0) LONDON 66 HBC +- K-P 2.24 BEV/C 8/66 
0-+ 9.0 b.O LONDON 66 HBC +- LAMBDA 3 PI EVTS 7/66 

D-+ R (6.31 (2.0) SIEGEL 67 HBC +- K-P AT 2.1 GEV/C 10/69 
0-+ R (7.21 ( 1.4) HABIB I 73 HBC +- K-P TO 2PJ LAM 9/73 
Q-+ R BETWEEN -2 AND +6 CL=.95 BORENSTE 74 HBC +- K-P TOI13851+PIS ll/77* 
0-+ 
D-+R REDUNDANT WITH DATA IN MASS LISTINGS 

43 tY•OJ - IY•e<+J MASS DIFFERENCE CMEVI 

DO+ R BETWEEN -4 AND +4 CL=.95 BORENSTE 74 HBC +0 K-P TOI13851+PIS 11177* 
DO+ R REDUNDANT WITH DATA IN MASS LISTINGS 

43 CY•-1 - IY*OI KASS DIFFERENCE CMEVI 

D-O R 12.01 C2.4J THOMAS 73 HBC -0 PI-P TO Pt-K+LM 11177* 
D-0 R REDUNDANT WITH DATA IN MASS LISTINGS 

43 Y*H13851 WIDTH IMEVI 

141 (64.01 ALSTON 60 HSC +- K-P 1.15 BEV/C 
(40.01 BERGE 61 HSC +- K-P .4- .. 85 BEV/C 

38 120.01 OR LESS MARTIN 61 "HBC +0 KZO P .98 BEV/C 
tao.oJ ( 10.01 COLLEY 62 HLBC -0 PI- PRP 2. BEV/C 
126.01 IS .. OJ BAlTAY 65 HBC +- PBAR P 3. 7 BEV/C 7/66 
138.01 (9.0) MUSGRAVE 65 HBC +-OPBAR P 3-4 BEV/C 7/66 

T 200 (20.1 (4.) ATHERTON 71 HBC +- LAM PI+ + C.C. 11177* 
T FIT e.w. + PHASE SPACE BCKGRD 
R 200 135.) (5.1 ATHERTON 71 HBC +-LAM PI+ + C.C • 11/77* 

R fiT s.w. AND NO BCKGRO 
190 161.1 (10. I AMMANN 73 OBC +- K-N 4.5GEV/C 11177* 
200 (89.1 123.) ATHERTON! 75 HBC +-OPBAR P 5.7 GEV/C 11177* 

120.1 (10.1 ALSTON 78 DPWA -0 KBAR N ONLY 1/78* 
WITH MASS FIXED AT 1385 MEV .. FROM RESULTS OF PARTIAL WAVE ANALYSIS 1/78* 
OF KBAR N SYSTEM EXTRAPOLATED BELOW THRESHOLD. 1176* 

W 106 130.0) (9.01 CURTIS 63 OSPK 0 PI-P 1.5 BEV/C 
WO E 240 39.3 10.2 THOMAS 73 HBC 0 PI-P TO PIOKOLM 11177* 
WO E ERROR ENLARGED BY US TO 4*GAHMA/SQRTCNJ. SEE TYPED NOTE ON K* MASS. 
WO C 3100 153. I C8.J SORENSTE 74 HBC 0 K-P T0tl3651+PIS 11177* 
WO C 3100 CONSISTENT WITH WO>::W+=W- BORENSTE 74 HBC 0 K-P T0(1385I+PIS 11177* 

W+ E 154 (46.01 I 16.0) ElY 61 HLBC + K-P 1.11 BEV/C 11177* 
W+ E 170 C51.0J 116.0) COOPER 64 HBC + K-P 1.45 BEV/C 11177* 
W+ E 859 46.5 6.4 HUWE 64 HBC + K-P 1.15-1.30GEV 11177* 
W+ E 150 32.0 4.7 ARMENTERO 65 HBC + K-P .95-1.20 GEV 11177* 
W+ E 250 C30.31 (7.5) SMITH 65 HSC + K-P 1.8 BEV/C 11177* 
W+ E 250 C33 .. 1) (8.31 SMITH 65 HBC + K-P 1.95 BEV/C 11/77* 
W+ E 62 C25.0J 02.01 BIRMINGHA 66 HBC + K-P 3.5 GEV/C 11177* 
W+ E 1260 36.0 4.0 SIEGEL 67 H·Bc + K-P AT 2.1 GEV/C 
W+ E 46 03.1 (20.01 AGUILAR 70 HBC + K-P 4 GEV/SIG.PI 
W+ 400 32.5 6.0 AGUILAR 72 HBC + K-P TO LAM+PIS 

11!77* 
11177* 
10/74 

W+ E 2300 36.3 3.2 HABIBI 73 HBC + K-P TO 2PI LAM 11/77* 
W+ R 3140 C48.) C3.1 SERTHON 74 HBC + K-P 1263-1843MEV 10174 
W+ R ERRORS STATISTICAL ONLY. RESOLUTION NOT UNFOLDED. 
W+ 1 6646 34. 1.6 SORENSTE 74 HSC + K-P T0Cl3651+P1S 
W+ 1 RESULTS FROM LAM PI+ PI- AND LAM PI+ PI- PIO COMBINED ·BY US. 
W+ I (40.1 t3.2) BARDADIN 75 HBC + K- P 14.3 GEV/C 

11177* 

11177* 
W+ HI 22K C43.1 15.1 BARREIRO 71 HBC + K-P AT 4.2 GEV 11177* 

W+ H INCLUDES DATA OF HOLMGREN 11 
W+ 6900 35.5 1.9 CAMERON 77 HBC K-P 0.96-1.36GEV 11177* 
W+ 2594 34~ 2. HOLMGREN 71 HBC K-P AT 4.2 GEV 11177* 
W+ 
W+ I FROM FIT TO INCLUSIVE LAMBDA PI SPECTRUM 
W+ E ERROR ENLARGED BY US TO 4*GAMMA/SQRHNI. SEE TYPED NOTE ON K* MASS. 
W+ 
W+ AVG 34.96 
W+ STUDENT 34.9 

0.92 
1.0 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTlOCH/1.111 - SEE MAIN TEXT 

,• 



u i,J 6 .. ) 
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Data Card Listings 
, ,A For notation, see key at front of Listings. 

- .. w- 140.0} DAHL 61 OBC - K-0 0 .. 45 BEV/C 
W- E 224 (66.0) fl8.QJ ELY 61 HLBC- K-P 1.11 BEV/C 11/770:'' 
w- E 200 I 88 .O I 124. OJ COOPER 64 HBC - K-P 1.45 BEY /C ll/77* 
W- 1086 62.0 7.0 HUWE 64 HBC - K-P 1.1S-1.30GEV 
W- E 1382 38.0 4.1 ARMENTERO 65 HBC - K-P .95-1.20 GEV 11/77* 
W- E 120 129.21 (10.61 SMITH 65 HBC - K-P 1.80 BEY/C 11177* 
W- E 58 U7.11 18.91 SMITH 65 HBC - K-P 1.95 BEV/C 11/77* 
W-E 370 31.0 6.5 SIEGEL 67 HBC - K-P AT 2.1 GEV/C 11177* 
w- E 1900 51.9 4.8 HABIB! 73 HBC - K-P TO 2PI LAM 11/77:0: 
W- E 630 48.2 7.7 THOMAS 73 HBC. - PI-P r·a Pl-KOLM 11177* 
W- R 3060 140.1 (3.,) BERTHON 74 HBC - K-P 1263-l843MEV 10/74 
W- R ERRORS STATISTICAL ONLY. RESOLUTION NOT UNFOLDED. 
W- 1 2303 35. 3. BORENSTE 74 HBC - K-P TDI1385J+PIS 11/77* 
w- 1 RESULTS FROM LAM PI+ PI- AND LAM PI+ PI- PIO COMBINED BY US. 
W- I 147.1 (6.) BAROADIN 75 HBC - K- P 14.3 GEV/C 11/770 
W- HJ 12K (45.} 15.1 BARREIRO 11 HBC - K-P AT 4.2 GEV 11/77* 
w- H INCLUCES DATA OF HGUIGREN 77 
w- 9720 39.2 1.1 CAMERON 

HOLMGREN 
77 HBC - K-P Q.96-1.36GEV 11177* 
77 HBC - K-P AT 4.2 GEV 11177* w- 193 135.1 c 10. J 

w-
•- I 
w- E 

FROM FIJ TO INCLUSIVE LAMBDA PI SPECTRUM 
ERROR ENLARGED BY US TO 4*GAHMA/SQRTt NJ • SEE TYPED NOTE ON K* MASS. 

== AVG • 39:9 • 
W- STUDENT 39.4 

2.4 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.91 
1.5 AVERAGE USING STUOENT10(H/1.lll - SEE MAIN TEXT 

RE+ 
RE-

IM+ 
IM-

P1 
P2 
P3 
P• 
P5 

R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 AVG 

10 

C SEE IDEOGRAM BELOW J 

WEIGHTED RUERRGE • 3S,S z 2.4 
ERROR SCRLEO BY 1.S 

·CRMERON 77 
·BORENSTE 74 
·THOMRS 73 

-+-· ·HRBIBI 73 
·SIEGEL 67 

65 
64 

CHISQ 
HBC 0.2 
HBC 2.7 
HBC 1.2 
HBC 6.2 
HBC l.S 
HBC 0.2 
HBC .!Q_,_Q_ 

22.3 
!CONLEU 
=0.0011 

Y•111385l- WIDTH IMEUl 

43 Y*ll13851 REAL PART- OF POLE POSITION 4175 

1379.0 
1383 .. 0 

1.0 
1.0 

LICHTENB 14 
LlCHTENB 74 

+ EXTRAP HABJBJ13 4175 
- EXTRAP HABIBJ13 4175 

43 Y*1U385J IMAGINARY PART OF POLE POSITION 

11.5 
22.5 

1.5 
1.5 

i.. ICHTENB 74 
LJCHTENB 74 

43 Y*U 13851 PARTIAL DECAY MODES 

Y*U 13851 INTO LAMBDA PI 
Y*ll 13851 INTO SIGMA PI 
Y*lU3851 INTO LAMBDA GAMMA 
Y*ll1385l INTO KBAR N 
Y*lC 13851 INTO SIGMA GAMMA 

43 Y*lC13851 BRANCHING RATIOS 

+ EXTRAP HABIBJ13 
- EXTRAP HABIBJ73 

DECAY MASSES 
1115+ 139 
1197+ 139 
1115+ 0 

493+ 938 
1197+ 0 

Y*Ul3851 INTO (SIGMA PIJIILAHBDA PU IP2JIIP1J 
10.04) I 0.041 BASTIEN 61 HBC +-
10.04) OR LESS ALSTON 62 HBC +-OK-P 1.15 BEV/C 
0.09 0.04 HUWE 64 HBC +- K-P 1.2-1.1 GEV 

4/15 

lt/75 
't/75 

0.163 0.041 ARMENTERO 65 HBC +- K-P .95-1·20 GEV 7/66 
0.08 0.06 lONDON 66 HBC + K-P 2.24 BEVIC 7/66 
0.13 0.04 PAN 69 HBC + PI+ P - K Y PI 12172 
0.13 0.04 COLLEY 71 OBC -0 K-N 1.5 GEV PROD 10/71 

.16 .07 AGUILAR 72 HBC + K-P 3.9,4.6 GEV 10/74 
.18 .04 MAST2 73 MPWA +- K-P - 2PI SIG/LM 9/73 
.10 .05 THOMAS 73 HBC - PI-P TO PI K Y 9/73 
.16 .03 BERTHON 74 HBC + K-P 1263-1843HEV 11177* 
.11 .02 BERTHON 74 HBC - K-P 1263-1843MEV 11177* 
.21 .05 BORENSTE 74 HBC + K-P TOI1385J+PIS 10174 

Rl STUDENT 
0.133 
0.132 

o.ou 
0 .. 013 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.0) 
AVERAGE USING STUDENTlOIH/1 .. 11) -- SEE MAIN TEXT 

R2 
R2 

Y*U 1385) INTO LAMBDA GAMMA 
1 (0.17) (0.17) 

(P31 
MEISNER 72 HBC 0 1 EVENT ONLY 1173 

R3 Y*li1385J FROM KBAR N TO LAMBDA PI SQRHP1*P41 4/75 
R3 C +.586 .319 OEVENISH 74 0 FIXED T OISP REL 4/75 
Rl C EXTRAPOLATION OF PARAMETRIZED AMPLITUDE BELOW THRESHOLD 4/75 

•• •• Y*U 1385) INTO CLAM BOA GAMHAJI(LAMBDA PIJ CP3JICP1J 1/76 
I .061 OR LESS Cl,.,.90 COLAS 75 HLBC 0 K-P 575-970 MEV 1176 

R5 Y*l0385) INTO CSIGMA GAMMAJICLAMBOA PIJ (P5J/(P1) 
R5 I .051 OR LESS Cl=.90 COLAS 75 HLBC 0 K-P 575-970 MEV 

•••••• ••••••••* ••••••••• ••••••••• •••eo~•••• ••••••••• ••••••••• •••••eo•• 

1176 
1176 

Baryons 
l:(1385), l:(1480) 

ALSTCN 
BASTIEN 
BERGE 
DAHL 
ELY 
HARTIN 

60 PRL 5 520 
61 PRL 6 702 
61" Pfll 6 557 
61 PRL b HZ 
61 PRL 1 461 
61 PRL 6 283 

REFERENCES FOR Y*U 13851 

+ALVAREZ,EBERHARO,_GOODtGRAZIANO, + ILRLJ I 
P BASTIEN,M FERRO-LUZZI.A H ROSENFELD CLRLJ 
+BASTIEN,OAHL,FERRO-LUZZI,KIRZ, + CLRLJ 
+HORWITZ, MILLER, MURRAY,WHI TE C LRLJ 
+FUNG,GlOAL,PAN,POWELL,NHITE ILRLJ J 
+LEIPUNERtCHJNOWSKY,SHIVELYt + IBNltYAt.EJ 

ALSTON 62 CERN CONF 311 +ALVAREZ,fERRO-LUZZI,ROSENFELO, + (LRL.I 
COLLEY 62 PR 128 1930 +GELFANDtNAUENBERGt + ICOLUHBJA 1 RUTGERS) JP 
CURTIS 63 PR 132 1771 +COFFINtMEYER,TERWILLIGER (MICHl J 
COOPER 64 PL 8 365 +FILTHUTH,FRJDHAN,MALAMUO, + (CERN,AMSTI 
HUWE M UCRL-11291 THESIS D 0 HUWE CLRU jp 

ALSO 69 PR 180 1824 0 0 HUWE ,ILRU 

ARMENTER 65 PL 19 75 
BAL JAY 65 PR litO 81027 
MUSGRAVE 65 NC 35 735 
SMITH 65 THESIS CUCLAJ 

ARMENTEROS, + ICERN 1 HEIOEL,SACLAYI 
+SANOWEISS,TAFT,CULWICK,KOPP 1 + IYAlErBNLI 
+PETHEZAS, + I BIRM ,CERN, EPOL tLOIC r SACt.AY J 
L T SMITH (UCL"A J 

BIRMJNGH 66 PR 152 1148 BIRMINGHAM, GLASGOW, I .c., OXFOROtRUTHERFORD 
LONDON 66 PR 143 1034 +RAU,SAMIOS,YAMAMOTO,GOLOBERG1 + IBNL,SYRAI J 
SIEGEL 67 UCRL 18041 THESIS D M SIEGEL . ILRll 
PAN 69 PRL 23 808 +FORMAN CPENNJ I 
AGUILAR 70 PRL 25 58 +BARNES, SASSANO, CHUNG, EISNER 1 +CBNL,SYRAJ 
ATHERTON 71 NP B29 477 +CELNIK1ER,CLAYTONrFRENCHrFRISK 1 + tCERNJ 
COLLEY 71 NP B31 61 +COX, EASTWOOD, FRY+.. f BIRM+EOIN+GLAS+LOICJ 

AGUILAR 72 PR 06 29 
MEISNER 72 NC 12A 62 

AGUILAR-BENITEZ ,CHUNGt EJ SNER,SAMIOS C BNL I 
G HEISNER CU NC GREENSBORO+LBU 

AMMANN 73 PRO 7 1345 +CARMONY ,GARFINKEL, GUTAYr+ CPURO+IUPUI 
MAST2 73 PRO 1 3212: +BANGERTER,ALSTON-GARNJOST t+ C lBL I IJ p 

ALSO 73 PRO 7 5 MAST, BANGERTER, ALSTON-GARNJOST, + I LBL I JJP 
HABIBI 73 NEVIS 199UHESISJ M.HABIBI fCOLUMBIAI 

ALSO 73 PURD73, PG. 387 
THOMAS 73 NP 856 15 

SAL TAY,BRIDGEWATERtCOOPER,+ ICOLUM81A+81NGJ 
THOHAS,ENGLER,FISKr kRAEMER ICARNJ JP 

BERTHON 7lt NC 21A 11t6 
80RENSTE 74 PR 09 30D6 
OEVENISH 74 NP 881 330 
LICHTENB 74 PRO 10 3865 

BERTHON, TRISTRAM.+ I COEF+RHEL+SACL+STRB I 
BORENSTEJN,KALBFlEI SCHtSTRAN0 1 + I BNL+HICHJ 
OEVENJSH,FROGGATT ,MARTI NIOESY, NOROJT A,LOUC I 
D 8 LICHTENBERG CINDIANA UNIVERSITY) 

ALSO 74 PRIV. COMM. 0 B LICHTENBERG IINDJANA UNIVERSITY) 

ATHERTOl 75 NC 25A 1 ATHERTON oBAR-NlR,FRENCH 
BAROADIN-OT WJNOWSKA+ 
COLAS,FARWEllt FERRERrSIX 

CCERNI 
I SACL+EPOL+RHELJ 

fORSAJ 
BAR DAD! N 75 NP 898 418 
COLAS 75 NP B91 253 

BARREIRO 77 NP 8126 319 
CAMERClN2 71 RL-77-119/ A 
HOLMGREN 77 NP 8119 261 

+BERGE ,GANGUU, BLOKZI JL+ fCERN+AMST+NI JM) 
+FRANEK,GOPAL, BACON, BUTTERWORTH+ IRHEL+LOI C I 
+AGUILAR-BENITE z, KLUYYER+ C CERN+AMST+NIJM) 

ALSTGN 78 LBL-6784 ALSTON-GARNJOST, KENNEY+ CLBL+MHCO+CERN) 
ALSO 71 PRL 38 1007 ALSTON-GARNJOST t KENNEY+ C LBL +MHCO+CERN J 

PAPERS NOT REFERRED TO IN DATA CARDS • 

MALAMUD 64 PL 10 145 E HALAMUOt P E SCHLEIN 
J B SHAFER, 0 0 HUWE 
HUNGERBUHLER ,MAJKA,+ 

(CERN,UCLA) JP 
ILRLJ JP 

(YALE,FNAL 1 BNL tPI TT I 
SHAFER 64 PR 134 B1372 
HUNGERBU 7lt PRO 10 2051 .................................................................... .................................................................... 

P1 
P2 
Pl 

R1 
R1 

R2 
R2 

23 Y*ll1480t JP• J I=l PRODUCTlON EXPERIMENTS 

SEE HIE 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 
Y POLARIZATION OSCILLATES IN THE SAME REGION. 

SEE MILLER 70 FOR A DISCUSSION OF THIS STATE. HE SUGGESTS A POS-
SIBLE ALTERNATE EXPLANATION IN TERMS OF A REFLECTION OF N*1/2U6701 
DECAY TO LAMBDA K. HOWEVER, SUCH AN EXPLANATION FOR THE K+ SIGMA+ PIO 
CHANNEL SEEMS UNLIKELY CSEE PAN 70) IN TERMS OF KNOWN N*3/2C1690J 
DECAY INTO SIGMA K. IN ADDITION SUCH REFLECTIONS WOULD ALSO HAVE 
TO ACCOUNT FOR THE OSCILLATION OF THE Y POLARIZATION IN THE 1480 
MASS REGION. 

HANSON 1lt WITH FEWER DATA THAN PAN 70, CAN NEITHER CONFIRM NOR 
DENY THE EXISTENCE Of THiS STATE. MAST 75 SEES NO STRUCTURE IN THIS 
MASS REGION IN K- P TO LAMBDA PIO. 

23 Y*1U4801 JlltASS IMEVJ (PROD. EXP.I 

1479. 
1465. 
1485. 

10. 
15. 
10. 

PAN 
PAN 
CLINE 

AVERAGE MEANINGLESS f~CALE FACTOR "' 1.01 

70 HBC + 
70 HBC + 
73 MPWA 

Pl+P TO K PI LAM 
PI+P TO K PI SIG 
K- 0 TO LM PI- P 

23 Y*lll480J WIDTH (MEVI CPROD. EXP.J 

31. 
30. 
40. 

15. 
20. 
20. 

PAN 
PAN 
CLINE 

AVERAGE MEANINGLESS ISCAlE FACTOR = 1.01 

70 HBC + 
70 HBC + 
13 MPWA 

PJ+P TO K PI LAM 
PI+P TO K PI SIG 
K- 0 TO LM PI- P 

23 Y*104801 PARTIAL DECAY MODES IPROO. EXP.I 

Y*H 1480) INTO KBAR N 
Y*lf1480J INTO LAMBDA PI 
Y*Hl4801 INTO SIGMA PI 

-DECAY MASSES 
497+ 939 

1115+ 139 
1189+ 139 

23 Y*ll14801 BRANCHING RATIOS CPROD. EXP.I 

Y*lC llt80J INTO tSJGHA PI )II LAMBDA PIJ 
0.82 0.51 PAN 

IP3JIIP2J 
10 HBC + 

Y*li1480J INTO IPROTON KOBARJ/CLAMBOA PI) tPUIIP21 
0.36 O. 25 PAN 70 HBC + 

3/71 
3/71 
9173 

3/71 
3/71 
9/73 

3/71 

3/71 

•• •• Y*lf 14801 INTO KBAR N 
SMAll 

t Pll 9/13 
CLINE 13 MPWA K- 0 TO LH PI- P 9173 

••• q •••••••••••. •••······ •••••••••••••••••••••••••••••••••••••••••••• 



Baryons 
l::(1480), l::(1580), l::(1620) 

PAN 
CliNE 

10 PR 02, lt9 
73 LNC b 205 

REFERENCES FOR Y*l ( 1<\80 I I PROD. EXP. I 

+FORMAN,KO,HAGOPIANt SELOVE 
CLINE ,LAUMANN, MAPP 

(PENNI 
(WISCONSINIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

vu-u PA 69 PRL 23 806 
Yu-LI PA 69 PRL 23 808 

Yu-LJ PAN, F L FORMAN 
YU-LI PAN, F l FORMAN 

I PENNI 
(PENNI 

(PURDUE I 
CLBLI I 
tLBL} 

MILLER 70 DUKE 229 D H MILLER IREVIEW TALK) 
HANSON 11 PR 04 1296 tKAU4US,LOUIE 

+ALSTON-GARNJOST, BANGERTER+ MAST 75 PRO 11 3078 ............................................................... ,. .... ............................................................ ••••••o:• 

lr(15BO) I 
) 

00 Y*lll580, JP•3/2-l 1•1 ~ 
OBSERVED IN K- N 1=1 TOTAL CS WITHOUT JP ASSIGNMENT AT 
BNLlll 73, CARROLl 73, CARROLL 761 AND IN PWA Of K- P 
-->LAMBDA PI FOR CM ENERGIES=l56G-1600 MEV BY 

" l M 

w l 
w 

Pl 
P2 
P3 

Rl 
Rl l 
Rl l 
Rl l 
Rl l 
Rl t 

R2 
R2 l 
R2 
R2 

R3 
R3 L 
R3 
R3 

15B2. 
1583. 

11. 
115.1 

LITCHFIELD 74. LITCHFIELD 74 FINDS JP=3/2-. NOT SEEN B 
ENGLER 76 OR BY CAMERON 7B IWITH LARGER STATISTlCSJ, 
IN KLCNG P TO PI+ LAMBDA AND PI+ SIGMAO. 

00 Y*lllSBOI MASS IMEVI .. .. liTCHFIEl 74 DPWA 0 K- P TO LAM PI 
CARROll 76 DPWA 1=1 TOTAL CS 

00 Y:t~li15BO I WIDTH I MEV) .. LITCHFJEL 74 DPWA 0 K- P TO LAM PI 
CARROLL 76 OPWA I=I TOTAL CS 

00 Y*1Cl5BO) PARTIAL DECAY MODES 

Y*U 15BOI INTO KBAR N 
Y*1U5BOI INTO LAMBDA PI 
Y*U 15BOI INTO SIGMA PI 

DECAY MASSES 
497+ 939 

1115+ 139 
1197+ 139 

00 Y*1U5BOJ BRANCHING RATIOS 

Y*lC15BOI INTO KBAR N/TOTAL IPll 
+.03 .01 LITCHFIEL 74 DPWA KBAR N MULTICHNL 

MAIN EFFECT OBSERVED BY LITCHFIELD 74 IS IN PI lAMBDA FINAL STATE, 
KBAR N AND SIGMA PI COUPLINGS ALSO ESTIMATED FROM MULTICHANNEL FIT 
INCLUDING TOTAL CROSS SECTION DATA Ill 731. 
TOTAl CROSS SECTION BUMP· WITH IJ+1/21X= .06 SEEN BY CARROLl 76 

Y*1U580J FR.OM KBAR N TO LAMBDA PI SQRTIP1*P21 
+.10 .02 LJTCHFIEL 74 DPWA 0 K- P TO lAM PI 

NOT SEEN ENGLER 76 HBC + KL P TO PI+ LAM 
NOT SEEN CAMERON2 77 H8C + Kl P TO PI+ LAM 

Y*lC15BOI FROM KBAR N TO SIGMA PI SQRHPl*P31 
+.03 .04 LJTCHFIEL 74 OPWA KBAR N MULTICHNL 

NOT SEEN ENGLER 76 HBC + KL P TO PI+ SIGO 
NOT SEEN CAMERON2 77 HBC + KL P TO PI+ SIGO ...... ......... ......... ......... ......... ......... ......... ....... . 

llTCHFJE 74 PL 518 509 
CARROLl 76 PRL 3 7 806 
ENGLER 76 PL 63B 231 
CAMERON 78 NP 8132 189 

REFERENCES FOR Y*H15801 

LITCHFIELD ICERNIIJP 
+CHIANG,KYCtA,Ll,MAZURtMICHAEl+ 18Nl) I 
+KEYES 1 KRAEMER 1 SCHLERETH,TANAKA+ ICARN,ANLJ I 
+CAP ILUPP I+ I BGNA+EDIN+GLAS+P I SA+RHEL) I 

PAPERS NOT REFERRED TO IN" DATA CARDS. 

CARROLL 73 APS 8RKLY MTG 208 CARROLL.CHIANG,KYCIAolltHAZUR,MICHAEL+IBNLJI 
li 73 PURDUE CONF. 2B3 L1 I 8NU I .................................................................... ...... ......... .......... ......... ......... ......... ......... ....... . 
Note on E(l620) 

This state was first suggested by the BNL-CCNY 

collaboration (CRENNELL 68) who presented evidence 

for it in the r~action K n ~ E(l620)±TI+TI- with 
+ + 

E(l620)- decaying into An-. Since then there have 

been conflicting reports about this state (or 

states). 

Total Cross-Section Experiment 

A measurement of the K-p and K-d total cross 

sections in the 0.4 to 1.1 GeV/c range has been 

reported by the BNL group (CARROLL 76). Three 

narrow (10- 15 MeV wide) bumps in the I= 1 K-N 

cross section are seen at 1583, 1608, and 1633 MeV. 

4175 

4175 

4175 
2171* 

4175 

4175 

4175 
4175 
4/75 
4/75 
4175 
2111* 

4175 
lt/75 
2171* 
1178* 

4175 
4175 
2177* 
1178* 
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Data Card Listings 
For notation, see key at front of Listings. 

Formation Experiments 

There is evidence from several partial-wave 

analyses for one or two fairly narrow states within 

-so MeV of the effect seen in production; see the 

entries for E(l580,3/2-), E(l620,1/2-), and E(l660, 

1/2+). Not"e however that the various analyses do 

not agree on the widths and branching ratios of 

these states. 

Production Experiments 

A good review of the production experiments 

has been given by MILLER 70. There has been no new 

evidence from production experiments since 1970. 

The existing evidence is only in the ATI channel. 

The BNL-CCNY collaboration (CRENNELL 69) claimed 

the effect in the An channel with no evidence seen 

in KN or KNIT. SABRE 70 studied the same reaction 

at 3.0 GeV/c with comparable statistics and did not 

see any evidence for it in the ATI channel; on the 

contrary, they believed it to be a spurious peak 

resulting from misidentified E0 from the production 

of E(l670) decaying_into E0n+. AMMANN 70 studied 

the same reaction at 4.5 GeV/c and reported a state 

at 1640 MeV, again decaying only into An (no evi

dence seen in ETI or KN channels). Upper limits on 

production cross sections for a 25 GeV/c E- beam 

are reported by HUNGERBUHLER 74 • 

In conclusion, for understanding of the 

E(l620) we probably have to wait for more data and 

for a more complete understanding of the entire 

mass region from 1600 to 1700 MeV. The closeness 

of the E(l620) mass to 1670 MeV is suggestive that 

this effect may be related to what goes on in that 

region (see the "Note on E (1670)" below). 

lr(1620) I 
) 

" 11620.) 

32 Y*111620, JP=1/2-) 1=1 

THE Sll STATE AT 1697 MEV REPORTED BY VANHORN 75 IS 
INTERMEDIATE IN MASS BETWEEN THE SIGHAI1620) AND 
SlGHAI1750). WE TENTATIVELY LIST IT UNDER SIGMAI1750). 
CARROLL 76 SEES TWO BUMPS IN THE I=1 TOTAl CROSS 
SECTIONS NEAR THIS MASS. 

32 Y*lll6201 MASS IMEV) 

KIM 71 OPWA K-MATRIX ANAL. 3171 

" 1630.0 110.0 I LANGBEIN 7 2 IPWA MULTICHANNEL 12172 

M 
M 
M 

1608. 
1633. 

AVG 1613.0 
STUOENT1612.1 

140.1 
65.0 

115.) 
(10.1 

s. CARROLL 16 DPWA 1=1 TOTAL CS 2/77* 
10. CARROll 76 DPWA 1=1 TOTAL CS 2177* 

10.0 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 2.2 J 
5.6 AVERAGE USING STUDENTLOCH/1.111 - SEE MAIN TEXT 

32 Y*lll620J WIDTH IMEVI 

120.0) 
KIM 71 DPWA 
LANGBEIN 72 IPWA 
CARROLl 76 DPWA 
CARROll 76 OPWA 

K-HATRI X ANAL. 
MULTICHANNEl 
1:1 TOTAL CS 
I=1 TOTAL CS 

3171 
12112 

2177* 
2177* 



,-" 

" 

L] {J 6 lJ 

221 

Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
1:(1620), 1:(1660) 

P1 
PZ 
P3 

32 Y*Hl620J PARTIAL DECAY MODES 

Y*lll620J INTO KBAR N 
Y*lll620) INTO SIGMA PI 
Y*U lt20J INTO LAMBDA .PI 

32 Y*lU6201 BRANCHING RATIOS 

DECAY MASSES 
497+ 939 

1197+ 139 
1115+ 134 

Rl Y*UL620) INTO KBAR N CPU 
Rl (0.05) KIM 71 OPWA K-MATRIX ANAL. 
Rl A 0.05 OR LESS WONG 71 OPWA K-+P--LAM+Pl 
Rl 0.22 10.021 LANGBEIN 72 IPWA MULTICHANNEL 
Rl TOTAL CROSS SECTION BUMP WITH (J+l/ZIX=.06 SEEN BY CARROLL 76 
Rl TOTAL CROSS SECTION BUMP WITH fJ+l/2JX:c.04 SEEN BY CARROLL 76 
Rl A K-MATRIX FITINEGLECTS 3-BODY CHANNELS) REQUIRES NO RESONANCE 

R2 
RZ 
R2 
R2 

Y*U 1620) FROM KI!AR N TO SIGMA PI 
10.081 KIM 

O.ltO IO.OEd LANGBEIN 
NOT SEEN HEPP2 

Y*lll620J FROM KBAR N TO LAMBDA PI 

SQRTCPl*P2) 
71 OPWA K-MATRIX ANAL. 
72 IPWA MULTICHANNEL 
76 DPWA -0 K- NUC TO SIG PI 

SQRTIPl*P31 

3171 
10/71 
12172 
2111* 
2177• 

10171 

3171 
12172 

2171* 

R3 
R3 
R3 

10.151 KIM 71 OPWA K-MATRIX ANAL. 3/11 
NOT SEEN BAt llON 75 IPWA KBAR N TO LAM PI 11/75 .......................................................................... 

KIM 71 PRL 27 356 

REFERENCES FOR Y*lC 16201 

J K KIM CHARVIIJP 
(HARVI IJP 
I YA'LEI IJP 
I MPIMJ IJP 

ALSO 70 DUKE i61 J. K. KIM 
WONG 71 NC 2A 353 N S WONG 
LANGBEIN 72 NP B47 477 +WAGNER 

BAIL LON 
CARROLL 
HEPP2 

75 NP 8CJ4 3CJ 
76 PRL 37 806 
76 PL 658 487 

P. BAILLON,P. J. LITCHFIELD ICERN,RHELIIJP 
+CHIANG tKYC I A,L I, MAZUR, MICHAEL+ I BNL II 
+BRAUN ,GRIMM, STROBELE, THOL+ICERN, HEI Do MP JM I JJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

VANHORN 75 NP 887 145. A. J. VAN HORN 
A. J. VAN HORN 

ILBLJ JJP 
ILBLIIJP ALSO 75 NP 887 157 

•••••• ........... ••*•***** .......... * ........................................... . 
•••••• *****•••• .................................................... . 

1620 MEV REGION - PRODUCTION EXPERIMENTS 

" M 
M 
M 

" " 

P1 
P2 
P3 
P4 
PS 
P6 

R1 
R1 

R2 
RZ 
R2 

R3 
R3 

R4 
R4 
R4 

RS 
R5 

R6 

•• 

) I=1 PRODUCT ION EXPERIMENTS 

SEE THE MINI-REVUE AT THE START OF THE yo LISTINGS. 

THIS RESONANCE NEEDS CONFIRMATION. THE RESULTS OF 
CRENNELL 69 AT 3.9 GEV/C ARE NOT CONFIRMED BY THE SABRE 

COLLABORATION' AT 3.0 GEV/C C SABRE 701. HOWEVER IN AN EXPERIMENT AT 
4 .. 5 GEV/C, AMMANN 70 SEE A PEAK AT 1642 MEV WHICH ON THE BASIS OF 
BRANCHING RATIOS THEY DO NOT ASSOCIATE WITH THE Y*lC 16701. SEE MILLER 
70 FOR A REVIEW OF THESE CONFLICTS. 

78 Y*1U6201 MASS IMEVI IPROO. EXP.J 

11616.0} 18 .. 01 
EVENTS OF CRENNELL 68 ARE 

20 1618 .. 0 3.0 
1619.0 e.o 
161t2.0 12.0 

CRENNELL 68 DBC 
IN THE LARGER SAMPLE 

BLUMENFEL 6CJ HBC 
CRENNELL 6CJ DBC 
AMMANN 70 DBC 

+- K-D 3,.9 BEV/C 
OF CRENNELL 69 .. 
+ KO LONG + PROTON 
+- K-N TO LAM 3 PI 

K-N 4.5 GEV(C 

11/6B 

9/69 
9/69 
9173 

AVG 161CJ .. 4 
STUOENT1619.1 

3.8 
3.0 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.41 
AVERAGE USING STUOENT10(H/1e1ll - SEE MAIN TEXT 

7B Y01Cl6201 WIDTH (MEVI IPRClD. EXP.J 

l66eOI 
30.0 
72.0 
55.0 

(16.0) 
10.0 
22.0 
24.0 

CRENNELL 68 OBC 
BLUMENFEL 6CJ HBC 
CRENNELL 69 DBC 
AMMANN 70 DBC 

- SEE NOTE N ABOVE 11/68 
20 + 9/69 

15.0 +- 9/69 
K-N 4.5 GEV/C 9173 

AVG 41.3 12.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5) 
STUDENT 40 .. 7 10e4 AVERAGE USING STUDENTlOIH/1 .. 111 -- SEE MAIN TEXT 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

18 Y*1U6201 PARTIAL DECAY MODES IPROO. EXP.J 

DECAY MASSES 
Y*ll16201 INTO KBAR N 497+ 939 
Y*lf 16201 INTO LAMBDA Pl 1115+ 139 
Y*ll1620) INTO Y*1ll3B51 PI 1384+ 13CJ 
Y*lll6201 INTO LAMBDA PI PI 1115+ 13CJ+ 139 
Y•U1620l INTO SIGMA PI 1197+ 139 
Y*lC16201 INTO YOO( 14051 PI 1405+ 139 

78 Y*U16201 BRANCHING RATIOS CPROD. EXP.J 

Y*ll16201 INTO (LAMBDA PI PI Ill lAMBDA PIJ IP4JIIP31 
14 12.51 APPRO X BLUMENFEL 69 HBC + 

Y*lll6201 INTO IKBAR NIIILAMBDA PIJ I P 11 II P2) 
10.0) (0.1) CRENNELL 68 DBC + 
0.4 0.4 AMMANN 70 OBC K-P 4. 5 GEV/C 

v•u 16201 INTO LAMBDA PI IP21 
LARGE CRENNEll 68 OBC 

Y*H 16201 INTO (Y*lll385J PI II( LAMBDA PII IP3J/(p2J 
10.21 (0.11 CRENNELL 68 OBC 
10 .. 3) OR LESS CL=.CJ5 AMMANN 70 OBC K-P 4.5 GEV/C 

Y*ll 16201 INTO I SIGMA PJJJ(LAMBDA PII IPS) ICP2} 
(1.1)(95 PC UPPER ll HIT I AMMANN 10 DBC K-N 4.5 GEV/C 

Y*H 16201 INTO I YOO( 1405} PIIJILAMBDA PIJ I P61/C P21 
0.7 0.4 AMMANN 70 DBC K-P 4.5 GEV/C 

6170 

11/68 

11168 
6170 

CJ/73 

6/10 

*••••• ................................................................... . 

REFERENCES FOR Y*1116201 IPROD. EXP.I 

CRENNELL 68 PRL 21 648 +DELANEY, FLAMINIO, KARSHONt + I BNL,CUNYI 
IBNLI 

I BNLtCUNYJ 
BLUMENFE 69 PL 29B 58 BLUMENFELD, KALBFLEISCH 
CRENNELL 69 LUND PAPER 183 •KARSHONt LAit ONEIL, SCARR, + 

RESULTS ARE QUOTED IN LEVI SETTI 69. 

AMMANN 70 PRl 24 327 + GARFINKB.; CARMONY, GUTAY,+ (PURDUE, INDI 
ALSO 73 PRO 7 1345 AHMANN,CARHONV,GARflNKEL, IPURD+IUPU I 

PAPERS NOT REFERRED TO IN DATA CARDS 

ARMENTER 68 NP B8 1B3 
LEVISETT 69 LUND CONF 
TRIPP 69 UCRL 19361 
ARMENTER 70 DUKE 123 

AF"'ENTEROS, BAILLON + ( CERN+HEIO+SACL I 
R LEVI SETTI (RAPPORTEUR) EFINS 
R 0 TRIPP ILRLI 
ARMENTEROS, BAIL LON + ( CERN+HE I D+SACU 

MILLER 70 DUKE 229 0 H MILLER IREVIEW TALK) IPURDUEI 
SABRE 70 NP 816 201 SABRE COLLAB. I SACL, AMST t BGNA 1 REH0 1 EPOLJ 

HUNGERBUHLER ,MAJKA,+ I VALE, FNAL, BNL, PITT I HUNGERBU 74 PRO 10 2051 ......................................................................... ..................................................................... 
I 1:( 1660)j 79 Y*111660, JP•l/Z+I 1•1 I Pi d 

w 
w 
w 
w 
w 
w 
• w 

P1 
PZ 
P3 

R1 
R1 
R1 
R1 
R1 
R1 
R1 

R2 
R2 
R2 
R2 
R2 
R2 
R2 

R3 

SEE THE MINI-REVUE AT THE START OF THE Y* LISTINGS. 

7CJ Y*ll16601 MASS IMEVf 

1500. - 1600. ARMENTERO 70 HDBC -0 K-N TO SIGMA PI 
11670.1 KIM 71 DPWA K-MATRIX ANAL. 
(1621.} LEA. 73 OPWA MULTICHNL K-MTRX 

ONLY UNCONSTRAINED STATES FROM TABLE 1 OF LEA73 ARE IN LISTINGS. 
1658. 14~1 HART 73 DPWA EL+CX,.7-.8GEV/C 

{1660.1 130.1 BAILLON 75 IPWA KBAR N .TO LAM PI 
FRCM SOLUTION 1 OF· BAILLON 75, NOT PRESENT IN SOLUTION 2 

11671.1 12.) PONTE 75 DPWA 0 K- P TO LAM PI 
FROM SOLUTION 2 OF PONTE 75, NOT PRESENT IN SOLUTION 1. 

1668. 125.1 VANHORN 75 DPWA 0 K- P ·yo LAM PIO 
4 1565. OR 1597.. MARTIN 77 OPWA KBAR N MULT.ICHNL 
4 THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
4 PARAMETERS FROM THE T-MATRIX POLE AND FROM A e-:.w FIT, RESP.ECTIVELY • 

1676.. 115.1 RLIC 77 DPWA KBAR N MULTICHNL 
1679. 110.1 ALSTON 78 OPWA KBAR N ELASTIC 

79 Y*111660J WIDTH (MEVI 

150.01 
150. I 
151.81 
40. (10-1 

(80.1 140.) 
(81.1 (10.1 
230. (165., 
202·. OR 217 .. 
120. 120.J 
3B. 110 .. 1 

160.} 

ARMENTERO 70 HDBC -0 K-N TO SIGMA PI 
KIM 71 OPWA K-MATRIX ANAL. 
LEA 73 DPWA MUL TICHNL K-MTRX 
HART 73. OPWA EL .. CX,.7-.8GEV/C 
BAILLON 75 IPWA KBAR N TO LAM PI 
PONTE 75 DPWA 0 K- P TO LAM PI 
VANHORN 75 OPWA 0 K- P TO LAM PIO 
HARTIN 77 DPWA KBAR N MUL TICHNL 
RLIC 77 DPWA KBAR N MULTICHNL 
ALSTON 78 OPWA KBAR N ELASTIC 

79 Y*ll16601 PARTIAL DECAY MODES 

Y*lC 16601 INTO KBAR N 
Y*ll16601 INTO SIGMA PI 
Y*lf16601 INTO LAMBDA PI 

19 Y•lU660J BRANCHING RATIOS 

DECAY MASSES 
497+ 939 

1197+ 139 
1115+ 139 

YOU 16601 FROM KBAR N TO SIGMA PI SQRTIP1*P21 
1+0.21 ARHENTERO 70 HOBC -0 K-N TO SIGMA PI 

10.241 KIM 11 DPWA K-MATRIX ANAL. 
1-.211 LEA 73 OPWA MUL TICHNL K-MTRX 

NOT SEEN HEPP2 76 DPWA -0 K- NUC TO SIG PI 
I-.34JOR -.37 MARTIN 77 OPWA KBAR N MULTICHNL 
-.16 1.031 RLIC 77 DPWA KBAR N MULTICHNL 

Y*ll 1660) INTO KBAR N 
(0.141 

(.101 
.11 1 .. 021 

1.27JOR .. 29 
LESS THAN .04 

.10 1.051 

KIM 
LEA 
HART 
MARTIN 
RLIC 
ALSTON 

Y*li1660J FROM KBAR N TO LAMBDA PI 

11 DPWA 
73 DPWA 
73 OPWA 
11 DPWA 
11 DPWA 
7B OPWA 

IPU 
K-MATRIX ANAL. 
MUL TICHNL K-MTRX 
El+CX, .. 7-.BGEVIC 
KBAR N MULTJCHNL 
KBAR N MUL TICHNL 
KBAR N ELASTIC 

SQRHP1*P31 

6170 
3171 
9/73 
9173 
2174 

11/75 
11175 

1176 
1176 

11175 
11177• 

1/76 
1178• 

6170 
3171 
9173 
2174 

11175 
1176 

11175 
11177• 
1176 
1178* 

6170 
3171 
9173 
2/170 

11/770 
1176 

3171 
9/73 
2174 

11177• 
1176 
1178* 

R3 10.01 KIM 71 DPWA K-MATRIX ANAL. 2173 
R3 2 1+.071 LEA 73 DPWA MUL TICHNL K-MTRX 917'3 
R3 1 1-.041 1.021 BAILLON 75 IPWA KBAR N TO lAM PI 11175 
R3 3 (+.161 1.011 PONTE 75 OPWA 0 K- P TO LAM PI 1176 
R3 .12 1.121 1.041 VANHORN 75 OPWA 0 K- P TO LAM PIO 11175 
R3 (-.lOJOR -ell MARTIN 11 OPWA KBAR N MULTICHNL 11177* 
R3 LESS THAN .04 RLIC 77 DPWA KBAR N MUL T ICHNL 1176 

Af\MENTER 70 DUKE 123 
KIM 71 PRL 27 356 

ALSO 70 DUKE 161 
HART 73 PURDUE CONF. 311 
LEA 73 NP B56 77 

BAILLON 75 NP B94 39 
PONTE 75 PRO 12 2597 
VANHORN 75 NP B87 145 

ALSO 75 NP B87 157 

HEPP2 76 PL 658 487 
MARTIN 11 NP 8127 349 

ALSO 77 NP 8126 266 
ALSO 11 NP Bl26 285 

RLIC 17 NP 6119 362 
ALSTON 78 LBL-6784 

ALSO 77 PRL 38 1007 

REFERENCES FOR YOU 1660) 

ARMENTEROS, BAILLONt + lCERN,HEIDELIIJP 
J K KIM IHARV)IJP 
J. K. KIM IHARVJJJP 
+RICE, BACASTOW, FUNG t+ ( TENN+UCR+MASA+BUFF J I J p 
+MARI'I N,MOORHOUSE+ I RHEL +LOUt +GLAS+AARHUS I I JP 

P. BAILLON,P. J. LI TCHfJELD 
+HER T ZBACH, 8 UTTON-S HAfER+ 
Ae J. VAN HORN 
A. J. VAN HORN 

tCERN, RHELI IJP 
I MAS A+ TENN+UCR) I JP 

ILBL llJP 
ILBLI JJP 

+BRAUN ,GRIMM, STROBELE, THOL+( CERN, HE IO, MP JM I IJP 
MARTIN, P1DCOCK,MOORHOUSE ILCUC+GLAS I IJP 
MARTIN,PIOCOCK ILOUCJ 
MARTIN,PIDCOCK ILOUCJ IJP 
GOPAL,ROSS.,VAN HORN,MCPHERSON+ ILOIC+RHELIIJP 
+KENNEY ,POLLARD, ROSS+ IL BL +MTHO+CE RN I I J P 
AL S TON-GARNJOST ,KENNEY fLBl +MTHO+CERN J I JP 

.............................................................. •****••• . ............... ········* ........................................... . 



Baryons 
1:(1670) 

Note on 1:(1670) 

Production Experiments 

Th~ measured l:wjl:nn branching ratio for pro

duced l: (1670) 's is strongly dependent on momentum 

transfer. This was first discovered by EBERHARD 69, 

who suggested the existence of two Y~' s with the 

same mass and quantum numbers; one object with a 

large l:TITI [mainly A(l405)TI] decay mode produced 

peripherally, and another one with a large l:TI decay 

mode produced at larger angles. This observation 

has been confirmed by AGUILAR-BENITEZ 70, ASPELL 74, 

ESTES 74, and TIMMERMANS 76. When determined, the 

most likely quantum numbers are 3/2 [for both l:TI 

and A(l405)TI]. There is also the possibility of a 

third Y~ state, referred to as l: (1690) in the Data 

Card Listings, with a large ATI/l:TI branching ratio 

and somewhat larger mass. The large branching 

ratio is the.main. justification for this hypothesis 

and needs confirmation. These problems have been 

reviewed by EBERHARD 73 and MILLER 70. 

Formation Experiments 

Two states are also observed near this mass in 

formation. One of these, the 1:(1670, 3/2-), has the 

same quantum numbers as those observed in production 

and a large l:TI/l:TITI branching ratio. It may well 

correspond to the produced 1:(1670) seen at larger 

angles. (See TIMMERMANS 76 on this point.) The 

other state, the 1:(1660, 1/2+), has different 

quantum numbers from those seen in production, and 

its l:TI/l:TITI branching ratio is unknown. Thus its 

relation to the produced 1:(1670) remains obscure. 

(See also. the "Note on 1:(1620)" above.) 

I r(ls7o>l 
SEE THE MINI-REVUE AT THE START OF THE Y* LISTINGS. 

WELL. ESTABLISHED RESONANCE. IT HAS BEEN SEEN IN BOTH 
FORMATION AND PRODUCTION EXPERIMENTS. 

SEE lJSTIN~ OF PRODUCTION EXPERIMENTS BELOW 

It"' Y*1Cl670J MASS CMEVJ 

M 1660.0 BERLEY 64 HBC 0 k-P TO LAM PIO 7/66 
M 1668. {5.1 ARMENTER 68 HBC 0 K-P ELAS.+CH.EX 11/68 
M U66l.OI (2.0) ARMENTE2 68 HBC 0 K-P TO SIGMA PI 11/68 
M 1680. ARMENTE4 69 DBC K-N TO SIG- PIO 12/68 
M 1663.0 (2.01 ARMENT-5 69 HBC 0 K-P TO SIGMPI ED 9/69 • 1672.0 BERLEY 69 HBC K-P TO SIG PI 5110 • 1660. ARM ENTER 10 HBC 0 K-P TO LAM.PI EI 5170 • 1681.0 (3.01 BRUCKER 70 OBC - K-N TO SIG 2PI 10171 • 1662.0 (5.01 GALTIERI 70 HBC 0 SIG PI,EOPWA 1110 
M 1665. 110.) GALT JERI 70. HBC 0 LAM. PI, EOPWA 1170 
M 1676. 12. J BUOGEN 71 OPWA LAM PtO,CHS DATA 10171 
M 1670. KIH 71 OPWA K-MATRJX ANAL. 3/71 • 1675.0 c 15.01 LANGBEIN 72 I PWA MUL TJCHANNEL 12172 • 1685. 120.1 BAIL LON 75 I PWA KBAR N TO LAM PI ll/75 • 0671.1 (3.1 PONTE 75 OPWA 0 K- P TO LAM PI 1176 
M FRGM SOLUTION 1 OF PONTE 75. 1/76 • (1655.1 12 .. 1 PONTE 75 OPWA 0 K- P TO LAM PI 1/76 • FROI't SOLUTION 2 OF PONTE 75. 1/76 
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Data Card Listings 
For notation, see key at front of Listings. 

1659 .. (12.1 15.1 VANHORN 75 DPWA 0 K- P TO LAM PJO ll/75 
11650. I BELLEFON 76 IPWA 0 K- P TO LAM PI 2177• 

1670. 16.) HEPP2 76 OPWA -0 K- NUC TO SIG PI 2177• 
1667. OR 1668 .. MARTIN 77 DPWA KBAR N MUl TtCHNl ll/77• 

• THE TWO ENTRIES FOR MARTIN 71 CORRESPOND TO EXTRACTION OF RESONANCE 

" PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 

• 1670 • 15 .. 1 RLIC 77 DPWA KBAR N MULTJCHNL 1/76 

• 1679. uo .. J ALSTON 78 DPWA KBAR N. ELASTIC 1178* 

-- ---- ----- ---- ---- ---- ----- ----:---

•• Y*111670) WIDTH I MEV I 

w 60.0 BERLEY 64 HBC 0 7166 
w 56. (18.1 AR.MENTER 68 HBC 0 K-P ELAS.+CH. EX 11/68 
w 144.01 (4 .. 0) ARMENTE2 68 HBC 0 K-P TO SIGMA PI ll/68 
w 47.0 ARMENTE4 69 DBC K-N TO SIG- PIO I2/68 

w 49.0 14.0) ARMENT-5 69 HBC 0 K-P TO SIGMPI ED 9/69 

w "34.0 BERLEY 69 HBC 5170 
w 50. ARMENTER 10 HBC 0 K-P TO LAMB.PI 5170 
w 30.0 (10.01 BRUCKER 70 DBC - K-N TO SIG 2PI 10/1l 
w 48.0 (5.01 GAL TIER I 70 HBC 0 SIG PI, EOPWA 7170 

w 50. 110 .. ) GALTIERI 70 HBC 0 LAM. PI, EDPWA 7170 

w 59. 14 .. 5) BUDGEN 71 OPWA LAM PIO 10171 

w 40 •• KIM 7I DPWA K -MATRIX ANAL. 3/71 
w 65.0 (20 .. 0) LANGBEIN 72 IPWA MUL TlCHANNEl 12172' 

• 1D. 120. I BAXTER 73 DPWA 0 K- P TO NEUTRALS I0/74 
w 85. 125.) BAILLON 75 IPWA KBAR N TO LAM PI 11175 

• c (44., ( 11.1 PONTE 75 DPWA 0 K- P TO LAH. P J 1176 

• D (76.) 15.1 PONTE 75 DPWA 0 K- P TO LAM PI 1176 

• 32. (11.) VANHORN 75 DPWA 0 K- P TO LAM PIO ll/75 

• 180.) BELLEFON 76 I PWA 0 K- P TO LAM PI 2177• 
w 56. (3 .. 1 HEPP2 76 DPWA -0 K- NUC TO SIG PI 2177• 
w 46. OR 46. MARTIN 77 OPWA KBAR N MULTICHNL 11177• 
w 50. 15.) RLIC 77 OPWA KBAR N MUL TICHNL Il76 

• 56. 120 .. ) ALSTON 78 DPWA KBAR N ELASTIC 1178• 

--- ---- ----- ----- ----- -----· ----- ----
•• Y•H I67DJ PARTIAL DECAY MODES 

DECAY MASSES 
PI Y*lC 1670) INTO K8AR N 497+- 939 
P2 Y•H 16701 INTO LAMBDA PI 1115+ 139 
P3 Y*II1670) INTO SIGMA PI 1197+ 139 
P4 Y*ll1670) INTO LAMBDA PI PI 11I5+ I39+ 139 
P5 Y*HI670J INTO SIGMA PI PI 1197+ 139+ I39 
P6 Y*H 16701 INTO Y*lll3851 PI S-WAVE 139+1384 
P7 Y*U1670J INTO Y*OI I405) PI I405+ I39 
P8 Y*lC 16701 INTO LAMBDAI15201 PI 139+I5I8 

---- ----- ---- ----- ---- ---- ---- -----

Rl 
Rl 
Rl 
RI 
Rl 
Rl 
Rl 
Rl 
Rl 

R2 
R2 

R3 
R3 
R3 

•• •• 
R5 
R5 
R5 

·~ R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 

R6 
R6 
R6 
R6 
R6 
.6 
R6 
R6 
R6 
R6 
R6 

R7 
R7 
R7 
R7 

R8 
R8 
R8 

•• 
R9 
R9 

44 Y*U I6701 BRANCHING RATJOS 

Y*lC I6701 INTO IKBAR NI/TOTAL 
10 .. 09) 10.021 
o.o8 co .. o21 
0 .. 07 
O.IO C0.03J 
NOT SEEN 
I .0710R .07 
.oa 1 .. 031 
.11 C.031 

ARMENTER 
ARMENT-5 
KIM 
LANGBEIN 
HART 
MARTIN 
RLIC 
ALSTON 

68 HBC 
69 HBC 
71 OPWA 
72 IPWA 
73 OPWA 
77 DPWA 
77 OPWA 
78 OPWA 

CPU 
9/69 

0 ELAS. +CH.EX. EO 9/69 
K-MATRIX ANAL. 3/71 
HUL TICHANNEL 12172 
El+CX, • 7-.8GEV/C. Z/74 
KBAR N MULTICHNL 11177• 
KBAR N MUL TICHNL 1176 
KBAR N ELASTIC 1178• 

Y*lll670) INTO {LAMBDA PI PIJ/TOTAL IP41 
10.111 OR .LESS ARMENTE3 68 HBC K-P 1Pl=o091 9/69 

V*11l6701 INTO (SIGMA PI Pli/TOTAL IP51 
IO .. I41 OR LESS ARMENTE3 68 HBC K-P AND O-P1= .. 09 11/68 

RATIO ONLY FOR ISIG2PIJ SYSTEM IN 1=1, WHICH CANNOT BE Y*lC13851 11/68 

Y*lll670) INTO lY*Ot14051 PIJ/TOTAL I P7J 
(0.061 OR LESS ARMENTE3 68_HBC K-P AND D-PI=.09 11/68 

Y*IIl6701 FROM KBAR N TO LAMBDA PI SQRTIP1*P2J 
(+0 .. 1) ARMENTER 70HBC K-P TO LAMB PI 5170 

PUBLISHED SIGN CHANGED TO AGREE WITH LUND I969 CONVENTION (SEE TEXTI 10/74 
+0.09 10.021 GALTIERI 70 HBC 0 LAM. PI, EOPWA 7/70 

.165 1 .. 011 BUDGEN 71 OPWA LAM PIO 10/71 
0.08 KIM 71 DPWA K-MATRIX ANAL.. 3171 
0.13 (0.03) LANGBEIN 72 IPWA MUlTICHANNEL 12/72 
+.IO (.021 BAXTER 73 DPWA 0 K- P TO NEUTRALS 10/74 
+.018 .060 DEVENISH 74 0 FIXED T OISP REL 4175 
+.06 1.021 BAILLON 75 IPWA KBAR N TO LAM PI 11/75 

C• (.081 (.,QIJ PONTE 75 DPWA 0 K- P TO LAM PI 1/76 
D 1 .. 111 (.01) PONTE 75 OPWA 0 K- P TO LAM PI 1/76 

+.,09 I .021 VANHORN 75 OPWA 0 K- P TO LAM PIO 11/75 
(+.05) BELLEFON 76 IPWA 0 K- P TO LAM PI 2/71* 
I+ .. 08JOR +.08 MARTIN 77 OPWA KBAR N MULTICHNL 11/17* 
+.10 (.,021 RLIC 77 OPWA KBAR N MULTICHNL 1/76 

Y*lC I670) FROM KBAR N TO SIGMA PI SQRTCP1*P3J 
1+0.211 10.01) ARMENTE2 68 HBC 0 OLD DATA 
+0.19 ARHENTE4 69 OBC 
+0.20 IO .. OlJ ARMENT-5 69 HBC 0 NEW DATA 
+0.18 BERLEY 69 HBC 
+O.I8 (0 .. 061 GALTIERI 70 HBC 0 SIG PI,EOPWA 
0.15 KIM 71 DPWA K-MATRIX ANAL. 
0 .. 23 10.051 LANGBEIN 72 IPWA MULTICHANNEL 
+.20 (.,OlJ HEPP2 76 DPWA -0 K- NUC TO SIG PI 

I+.I8)0R +.17 MARTIN 77 OPWA KBAR N MUL T lCHNL 
+ .. 2I I .. 021 RLIC 11 OPWA KBAR N HUL TICHNL 

Y*ll 16101 FROM KBAR N TO Y*1 03851 PI S-WAVE SQRTIPI*P61 

11/68 
9/69 
9/69 
5170 
7170 
317I 

12/72 
2177• 

ll/77• 
1176 

IO.I71 (0.02) SIMS 68 OBC - LAM 2PI CROS.SEC 10/11 
SIMS 68 USES ONLY CROSS-SECT. DATA .. RESULT USED AS UPPER LIMIT ONLY 3172 

+ .. 11 .03 PREVOST 14 OPWA O- K-N TO SI1385JPI I0/74 

Y*IU670J INTO IY*Oil405JPIJ*IKBAR NIITOTAL**2 IP7•Pll 
10.031 OR LESS BERLEY 69 HBC 0 K-P .6-.82 BEV/C 

B 0.007 (O.OOZJ BRUCKER 70 DBC - K-N TO SIG ZP1 
B ASSUMING Y•Oil405J PI CROSS SECTION BUHP DUE SOLEY TO 3/2- RESQN. 

Y*IIl6701 INTO n•Oillt051 PIJIIY•tU3851 PI) lP71/IP61 
0 .. 23 10.081 BRUCKER 70 D8C - K-N TO SJG 2PI 

5/70 
10171 
10/71 

10171 

RIO Y•llt6701 FROM KSAR N TO LAMBDA I 15201 PI SQRTIPI•P8) 
RIO 3 .081 .QI6 CAMERON 77 OPWA 0 P-NAVE DECAY 1178* 
RIO 3 CAHERON77 UPPER liMIT (JN F-WAVE DECAY IS .03 1/78* 
RIO 3 ASSUMES LAMBDA(I5201 ELASTICITY==.46. 1178• ..................................................................... 

.. 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
l:(1670) 

BERLEV 64 OUBNA CONF I 565 

ARMENTER 68 NP 88 195 
ARMENTEl 68 NP 88 183 
ARMENTE2 68 NP 88 223' 
ARMENTE3 68 PL 288 521 
SIMS 68 PRL 21 1413 

ARMENTEit 69 NP 810 459 
ARHENT-5 69 NP 814 91 
BERLEY 69. PL 308 430 

ARMENTER 70 DUKE 123 
BRUCKER 70 DUKE 155 
GALTIERI 70 DUKE 173 
BUDGEN 71 LNC 2 85 
KIM 11 PRL 27 356 

ALSO 70 DUKE 161 

REFERENCES FOR Y•U 16701 

+CONNOllY 1 HART ,RAHM,STONEHILlt + (BNUIJP 

ARMENT EROS, BAJ Ll:ON + ICERN+HEI O+SACLAY) IJP 
ARMENT EROS, BAI LLON + I CERN+HEI D+SACLAY I IJP 
ARMENTEROS+BAILLON + CCERN+HEJO+SACLAY JI JP 
ARMENTEROSt BAJLLON + ICERN+HEIO+SACLAYI I 
SIMS, ALBRIGHT ,BARTLEY ,MEER+ IF SU, TUFT ,BRAN I 

ARMENTEROS,BAILLON,MINTEN + ICERN+SACLAYI J 
ARMENTEROS 1 BAILLON, + ICERN,·HEJDEL,SACLAYIIJP 
BERLEYtHART ,RAHMrWI LLJS,YAMAMOTO IBNLI 

ARMENTEROS, BAJLLON,· + CCERN;HEIOI 
+HARRISON,SIMS, ALBRIGHT ,cHANDLER++ I FSU I I 
A. BARBARO GALTIERI CLRLIIJP 
0 BUDGEN I OURH )l JP 
J K KIM IHARVHJP 
J. K. KIM ll:tARVI JJP 

LANGBEIN 72 NP 847 477 +WAGNER CMPIMIIJP 
BAXTER 73 NP 867 125 
HART 73 PURDUE CONF. 311 
DEVENISH 74 NP 881 330 

·PREVOST 74 NP 869 246 

BAJLLON 75 NP 891t 39 
PONTE 75 PRO 12 2597 
VANHORN 75 NP 887 145 

ALSO 75 NP 867 157 

BELLEFON 76 NP 8109 129 
HEPP2 76 Pl 658 487 
CAMERON 77 NP BUl 399 
MARTIN 71 NP 8121 349 

ALSO 77 NP 8126 266 
ALSO 77 NP 8126 285 

RLIC 77.NP 8119 362 

ALSTON 78 LBL-6784 
ALSO 71 PRL 38 1007 

BAXTER, BUCK INGHAM,CORBETT t DUNN,+ I OXFORD I IJP 
+RI CE,BACASTOW,FUNG ,+ CTENN+UCR+MASA+BUFF IIJP 
DEVENJSH 1 FROGGATT ,MARTI NC DESY, NORD IT A,LOUC I 
PREVOST r BARLOUTAUO, + f SACL+CERN+HE IO I 

P. BAILLON,P. J. LITCHFIELD 
+HER T ZBACH, BUTT<;IN-SHAF ER+ 
A. J. VAN HORN 
A. J. VAN HORN 

ICERN,RHELI IJP 
IMASA+TENN+UCR J IJP 

fLBLHJP 
I LBU IJP 

DE BELLEFON,BERTHON CCDEFIIJP 
+BRAUN,GRI MMt STROBEL£ t THOL +I CERN, HEIDt MP IM I I JP 
+FRANEK, GOPAL, KALMUS, MCPHERSON+ IRHEL +LO It IIJP 
MARTIN,P JDCOCK ,MOORHOUSE UOUC+GLAS J IJP 
MARTIN,PJOCOCK CLDUCJ 
MARTJN,PIDCOCK ILOUCtiJP 
GOPAL,ROSS,VAN HORN,MCPHERSON+ CLOIC+RHELJIJP 

+KENNEY, POLLARD, ROSS+ 
ALSTON-GARNJOST, KENNEY 

ILBL+MTHO+CERNI IJP 
ILBL+MTHO+CERN J IJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

BASTIEN1 63 PRL 10 188 P L BASTIEN, J P BERGE ILRLI IJ 
REPLACED BY BASTIEN 2r BUT SIMILAR AND MORE READILY AVAILABLE. 

BASTIEN2 63 UCRL-10779 THESIS P l BASTIEN ILRU IJ 
T-ZAOEH 63 PRL 11 470 TAHER-ZAOEHtPROWSE, SCHLEIN, SLATER,+ (UCLA) 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 C 17651 • REVERSES THE MODEL-DEPENDENT CONCLUSION OF TAHER-
ZAOEH ON THE PREFERRED JP ASSIGNMENT tFROM 3 2+ TO 3 12-1.1 

SMART 66 PRl 17 556 W M SMART,A KERNANtG E KALMUS,R P ELY CLRLJIJP 
ARMENTER 67 NP 83 592 ARMENTEROS,FERRO-LUZZI+ ICERN,HEIO,SACLAYI 
PREVOST 71 AMSTERDAM CONF + CHS COLLABORATION ICERN+HEID+SACLJ .................................................................... ...... ......... ......... ......... ......... ......... ......... ....... . 

J Jet PROD. AND CROSS SECT. EXPS .. 

SEE NOTE PRECEDING Y*1Cl6701 
PROBABLY THERE ARE TWO STATES AT SAME MASS WITH SAME 
QUANTUM NUMBERS, ONE DECAYING INTO SIGMA PI AND LAMBDA 
PI, THE OTHER INTO. Y*Ofl405J Pl. 

51 Y•1116701 MASS CMEVI tPROO. EXP.J 

t 1685.01 ALEXANDER 62 HBC -D PI-P 2-2.2 BEV/C 
1660.0 10.0 ALVAREZ 63 HBC + K-P 1.51 BEV/C 

(1665.01 (5.01 BUGG 68 CNTR K-P, 0 TOTAL C.S 

M 
M 
M 
M 
M 
M 
M 
M 
M 

7011661.1 (9.1 PRIMER 68 HBC + K-P 4.6-5. GEVIC 7/68 

PI 
P2 
P3 

•• PS 
P6 
P7 

SEE BARNES 69 FOR NEW ANALYSIS OF DATA C3 TIMES MORE DATAl 10/69 
1670.0 6.D AGUILAR 70 HBC SIG.PI K-P 4 GEV 5170 
1668.0 1D.O AGUILAR 70 HBC SIG.2PI K-P 4GEV 5170 
1665. 1.0 APSELL 74 HBC K- P 2.87 GEV/C 4/75 

1200 16B8+/-2. OR 1683+/-5. BERTHON 74 HBC 0 QUASI 2 BODY CS 4175 
5 1670. 4.. CARROLL 76 OPWA 1=1 TOTAL CS 2177* 
5 TOTAL CROSS SECTION BUMP WITH CJ+1/21X ... 23 2177• 
2 1675.. 10. HEPP1 76 DBC - K-N 1.6-1.75 GEV 2177• 
2 ENHANCEMENTS IN SIG Pl AND SJG PI P1 CHANNEL CROSS SECTIONS. 2177* 

1655. TO 1677. TJMMERMA 76 HBC + K- P lt.2 GEV/C 2177• 

AVERAGE MEANINGLESS (SCALE FACTOR = 1.01 

51 Y*Ul670J MASS IMEVI (PROD. EXP.J 

CltS.OJ ALEXANDER 62 HBC -o 
40.0 10.0 ALVAREZ 63 HBC + 

(30.01 115.01 BUGG 68 CNTR 
70 (60.) (20.1 PRIMER 6B HBC + K-P 4.6-5. GEV/C 

uo.o 12.0 AGUILAR 70 HBC S IG .. PI K-P 4 GEV 
135.0 40.0 30.0 AGUILAR 10 HBC SIG.2PI K-P 4GEV 
67. 2.4 APSELL 74 HBC K- P 2.87 GEV/C 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 
152.) CARROLL 76 OPWA 1=1 TOTAL CS 
48. TO 63. TIMMERMA 76 HBC + K- P 4.2 GEV/C 

AVERAGE MEANINGLESS CSCALE FACTOR= 3.21 

51 yol(16701 PARTIAL DECAY MODES (PROD. EXP.J 

Y*U 16701 INTO KBAR N 
Y*1116701 INTO LAMBDA PI 
Y*ll16701 INTO SIGMA PI 
VOl( 16701 INTO LAMBDA PI PI 
Y*1Cl6701 INTO SIGMA PI PI 
Y*U 16701 INTO Y*ll13851 PI 
Y*lll670J INTO Y*OC14051.PI 

DECAY MASSES 
497+ 939 

1115+ 139 
1197+ 139 
1115+ 139+ 139 
1197+ 139+ 139 
1384+ 139 
1405+ ~39 

11/66 
7/68 
5170 
5170 
4175 

2171*" 
2177• 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

R2 
R2 
R2 
R2 

51 Y*ll1670) BRANCHING RATIOS IPROO. EXP.J 

Y*1U6701 INTO IKBAR NJIISIGMA PI} 
0 (0.191 OR LESS ALVAREZ 

10.51+-.• 25 OR MORE SMITH 
C0.61 OR LESS LONDON 
10.0251 BUGG 
(0.241 OR LESS PRIMER 
10.261 OR LESS BARNES 
(0.21 OR LESS AGUILAR 
10.101 OR LESS BERTHON 

(.031 OR LESS TIMMERMA 

CPlii(P31 
63 HBC + K-P 1.15· BEV/C 
63 HBC -0 
66 HBC + K-P 2.25 BEV/C 
68 CNTR 0 ASSUMING J•3/2 
68 HBC + K-P 4.6-5. GEV/C 
69 HBC · + K-P 3.9-5 GEV/C 
70 HBC 
74 HBC 0 QUASI 2 BODY CS 
76 HBC + K- P 4.2 GEV/C 

Y*lC16701 INTO ILAMB.PIIIISIG Pll CP21/CP31 
130 11.201 ALVAREZ 63 HBC + K-P 1.15 BEV/C 

0.21 SMITH 63 HBC -0 
O.l5 Q.07 HUWE 64 HBC + 
0.6 OR LESS LONDON 66 HBC + K-P 2.25 BEV/C 

33 0.11 0.06 BUTTON-S 68 HBC + K-P AT 1.7 GEV/C: 
0 CO.J . PRIMER 68 HBC + K-P 3.9-5 -GEV/C 

PRIMER 68 ASSUMED tHIS DECAY TO BE ALL Y*C 16901- SEE BARNES 69 FOR 
NEW INTERPRATATJON OF OATA.(3 TIMES MORE DATAl -

0.45 0.15 BARNES 69 HBC + K-P 3.9-5 GEV/C 
C.SSJ (.111 BERTHON 74 HBC 0 QUASI 2 BODY CS 
.76 .09 ESTES 74 HBC 0 K-P,2.1+2.6GEV/C 

( .451+/- .07 OR LESS TIMMERMA 76 HBC + K- P 4.2 GEV/C 

· R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 AVERAGE· MEA;.uNcleSs • 1 ScALe FACTOR = 3.11 

R3 
R3 
R3 
R3 

•• R4 
R4. B 
R4 

RS 
RS 
R5 P 
RS 8 
RS 80 
RS 0 

Y*106701 INTO CLAMS. PI Pll/ISJG PIJ 
90 10.561 ALVAREZ 63 HBC 

(0.171 SMITH 63 HBC 
10.61 OR LESS LONDON 66 HBC 

Y•U 16701 INTO CSIGMA PI- PJJIISIG ·piJ 
180 (0.561 ALVAREZ 

LARGEST AT SMALL ANGLES ESTES 
63 HBC 
74 HBC 

I 0.210R LESS HEPPl 76 OBC 

Y*Ul670) INTO CY*OC1405) PIJIISJG P.II 
50 3 • t. 6 LONDON 66 HBC 
17 (0.581 10.201 PRIMER 68 .HBC 

iARGES't AT SMALL ANGLES ESTES ·74 HBC 
1.8+/-0.3 TO 0.02+/-0.07 TIMMERMA 76 HBC 

DEPENDING ON PRODUCTION ANGLE 

IPiti/IP3J .. K-P 1.15 BEV/C 
-o 
+ K-P AT 2.25 BEV/C 

C~SJIIP3J 
+ k-P 1.15 BEV/C 

0 K-P,2.1+2.6GEV/C 
- K-N 1.6-1.75 GEV 

IP7JIIP3J 
+ K-P 2.25 BEV/C 
+ K-P 4.6 ... 5. GEV/C 
+- -t(..:p 2.1+2.6GEV/C 
+ k-P 4.2 GEV/C 

R6 Y*tCl670I INTO (SIGMA PIIIISIGMA PI PJI IP31/IP51 

7/66 
11/66 
7/68 

10/69 
5170 
lt/75 
2177• 

7166 
10/69 
10/69 

10/69 
4175 

11/75 
2117•" 

71.66 

11175 
2!11* 

7/66 
7168 

11/75-
11177• 

R6 .It 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 7/66 
R6 [ BETWEEN 2.5 AND 0.24 EBERHARD 69 HBC K-P AT 2.6 GEVIC 9/69 
R6 0 DEPENDING ON THE PRODUCTION ANGLE 
R6 8 VARIES WITH PROD. ANGLE APSELL -74 HBC + K-P 2.87 GEY/C 4/75 
R6 11.391 (.161 BERTHON 74 HBC 0 QUASI 2 BODY CS 4/75 
R6 B APSELL 74, ESTES 74 AND TIMMERMANS 76 FINO STRONG BRANCHING RATIO 
R6 B DEPENDENCE ON PRODUCTION ANGLEt AS IN EARLIER PROD. EXPERIMENTS. 

R7 Y*Ul6701 INTO CY*OU4051 PII/ISIGMA PI PII 
R7 0.90 0.10 0.16 EBERHARD 65 HBC 
R7 1.0D • 02 APSELL 74 HBC 
R7 .97 .08 TIMMERMA 76 HBC 
R7 • • • • • 
R7 AVERAGE MEANINGLESS ISCALE FACTOR = 1.01 

CP71/IP51 
+ K-P 2.45 BEV/C 

K- P 2.87 GEV/C 
K- P 4.2 GEV/C 

RB 

•• 
Y*IU6701 INTO IY*OC14051 Pll/IY*lll3851 PI) CP7IItP61 

(0.81 OR LESS EBERHARD 65 HBC + K-P 2.45 BEV/C 

Y*lCl670J INTO (LAMBDA PI PJIICSJGMA PI PI I CP4J/(P51 

7166 
4175 
2177* 

7/66 

R9 

•• D.35 0.2 BIRMINGHA 66 HBC + K-P AT 3.5 GEV/C 11/67 

Y*li167DI INTO (LAMBDA PIIICSIGMA PI PII CP2JIIP51 RIO 
RIO 1.21 OR LESS 8IRMINGHA 66 HBC + K-P AT 3.5 GEV/C 11/67 

Rll 
Rll 

Rl2 
Rl2 

Y*1Cl670) INTO CLAMBOA PlllfLAMBOA PI+ SIG PII (P2)/IP2+P31 
(0.61 OR LESS AGUILAR 70 HBC 

Y*1116701 INTO IY*1tl385J PJJ/ISIGMA PI) IP6JIIP31 
C .211+/- .05 OR LESS TJMMERMA 76 HBC K- P 4.2 GEV/C .................................................................... 

51 Y*1Cl6701 QUANTUM NUMBER DETERMINATION (PROD. EXP.I 

5/70 

1176 
2177* 

01 
03 
04 

JP=3/2+ 
JP.,.3/2-
JP=3/2-

LEVEQUE 65 HBC INTO Y*Cl4051+PI 11/68 
EBERHARD 67 HBC + INTO Y*f 14051 PI 11/68 

400 BUTTON-SH 68 HBC +- 1 NTO S IGZERD+P J 11/68 .................................................................... 
ALEXANOE 62 CERN CONF 320 
ALVAREZ 63 PRL 10 184 
SMITH 63 ATHENS CONF 6 7 
HUWE 64 PR 180 1824119691 
EBERHARD 65 PRL 14 466 

BH.MINGH 66 PR 152 1148 
LONDON 66 PR 143 1034 
BUGG 68 PR 168 1466 
BUTTON-S 68 PRL 21 1121 
PRIMER 68 PRL 20 610 

BARNES 69 BNL 11823 
EBERHARD 69 PRL 22 200 
AGUILAR 70 PRL 25 58 

REFERENCES FOR Y*U 16701 (PROD. EXP.I 

AL EXANOER, JACOBS, KALBFLEI SCH,MILLER, + I LRL I 
+ALSTON,FERRO-LUZZitHUWEt + tlRLI 
G A SMITH CLRL) 
0 0 HUWE fLRLI 
+SHIVELYtROSS,SIEGAL,FICENECt + CLRL,ILLI I 

BIRMINGHAM, GLASGOW, I.C. Y OXFORD, RUTHERFORD 
+RAU,SAMJOS,YAMAMOTOtGOLOBERGt+ IBNLtSYRAI IJ 
+GILMOREtKNIGHT ,DAVIES+ ( 81 RM,CAVE,RHEL I I 
J BUTTON SHAFER IMASA+LRLI JP 
+GOLOBERGtJAEGER,BARNEStOORNAN + ISYRA,BNLJ 

+CHUNG,ElSNERtFLAMJNJO+ C BNLtSYRAI 
+FR IEOMANt PRJ PSTE IN tROSS I LRLI 
+BARNES, SASSANO, ·CHUNG, ElSNERt+fBNL,SYRAJ 

APSELL 
BERTHON 
ESTES 

74 PRO 10 1419 APSELL,FORO,GOUREVITCH+(BRAN,UMO,SYRArTUFTJI 
74 NC 21A 146 BERTHON,TRISTRAM,+ ICOEF+RHEL+SACL+STRBJ 
74 LBL-3827 CTHESISJ R. O. ESTES ILBLI 

CARROLL 76 PRL 37 806 
HEPPl 76 NP Bll5 82 
TIMMERMA 76 NP B112 77 

LEVEQUE 65 PL 18 69 
LEE 66 PRL 17 45 
EBERHARD 67 PR 163 1446 
MILLER 70 DUKE 229 
EBERHARD 73 PURDUE CONF • 247 
HUNGERBU 74 PRO 10 2051 

+CHIANG .KYC I At LI, MAZUR ,MICHAEL+ I BNL I I 
+BRAUN,GRJMMtSTROBELE, THOL+ICERN,HEJO, MPIMt I 
TIMMERMANStENGELEN+ fNIJM+CERN+AMST+OXF) JP 

PAPERS NOT REFERRED TO IN DATA CARDS 

+ CSACLAY,EPOL 1 GLASGOW,LOIC,OXF,RHELI JP 
Y Y LEE 1 0 0 REEDER, R W HARTUNG CWISC I JP 
+PRJ PSTE IN ,SHIVELY, KRUSE, SWANSON ILRLt ILL I I JP 
0 H MILLER CREVIEtrj TALK) IPUROUE) 
EBERHARD ILBLI IJP 
HUNGERBUHLER,MAJKA,+ CYALE,FNAL,BNL,PITT I .................................................................... ...... ......... ......... ......... ......... ......... ......... ....... . 



Baryons 
1:(1690), I:(1750) 

" " p 

" N 

" • M p 

• p 

" N 

• M 

w 
w 
w 
w 
w 

30( 1715.0) 
6011694.01 

11700.01 
46( 1682.01 

U700.0I 

, 1=1 PRODUCT JON EXPERIMENTS 

SEE TtiE IUNI;-REYUE AT THE START OF THE Y• LISTJNGSw 

SEE NOTE PRECEDING Y*lll670J LISTINGS, SEEN IN PRO. 
EXPERIMENTS ONLY, MAIN DECAY MODE IS LAMBDA PI. 

58 Y*lU690J MASS IMEYI IPROO. EXP.I 

112.0) COLLEY 67. HBC + K-P 6 ,GEV/C 
124.0) PRIMER 68 HBC . K-P 4.6-5 GEV/C 
(6.0) SIMS 68 HBC - K-N TO LAM PI PI 
(2.01 BLUMENFEL 69 HBC . KO LONG + PROTON 

CZO.OI HOYT 69 HBC . K-P 5.5 GEV/C 
SEE Y*lll670J LISTING-AGUILAR 70 WITH THREE TIMES THE DATA OF 
PRIMER 68 SHOW THAT THEY HAVE NO EVIDENCE FOR Y*ll6901 
THIS ANALYSIS, WHICH IS DIFFICULT AND REQUIRES SEVERAL ASSUMPTIONS 

AND SHOWS NO UNAMBIGUOUS Y•Hl690) SIGNAL, SUGGESTS JP=S/2+ • SUCH A 
Y* WOULD LEAD All PREVIOUSLY KNOWN Y* TRAJECTORIES. 

58 Y*ll.l6901 WIDTH (MEV) (PROD. EXP.I 

30 (100.01 135.01 CCI..LEY 61 HBC . 
60 tl05.01 (35.01 PRIMER 68 HBC + 

162.01 ( 14.01 SIMS 68 HBC - SEE NOTE N ABOVE 

•• 125.01 110.01 BLUMENFEL 69 HBC . 
1130.0) 125.01 MOTT 69 HBC + 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

--... ----. ---- ------ ----- ---- ----- ---

Pl 
PZ 
P3 

•• P5 

Rl 
Rl 
Rl 

02 
RZ 
R2 

R3 
R3 

•• •• •• 

58 Y*lC1690) PARTIAL DECAY MODES CPROD. EXP.I 

Y*1Cl690I 
Y*1tl6901 
Y•u 16901 
Y*lC 16901 
v•u I690l 

INTO KBAR N 
INTO LAMBDA PI 
INTO SIGMA PI 
INTO Y*1 (13851 PI 
INTO LAI'IBDA PI PI I INCLUDING P4J 

DECAY MASSES 
491+ 939 

1115+ 139 
1191+ 139 
1384+ 139 
1115+ 139+ 139 

58 Y*IC 16901 BRANCHING RATIOS I PROD. EXP.I 

Y*lll690) INTO CKBAR N)/(LAMBDA PII 1Pli/IP2) 

•• 0.4 0.25 COLLEY 61 HBC . 6/30 EVENTS 
10.2) OR LESS MOTT ·69 HBC + 

Y*lC 16901" INTO ISIGMA Pllf(LAMBDA PI) CP3JICP21 
Oo3 0.3 COLLEY 67 HBC + 413i0 EVENTS 

10.41 OR LESS CL•.90 MOTT 69 HBC . 
Y*li1690J INTO 1\'*1113851 PUIILAMBDA PI) IP41/IP21 

10.51 OR LESS MOTT 69 HBC . 
Y*ll 1690) INTO (LAMBDA PI PI Ill LAMBDA PU IP51/IP21 

0.5 0.25 COLLEY 67 HBC + 15/30 EVENTS 
z.o o •• BLUMENFEL 69 HBC + 31/15 EVENTS 

8/67 
7/68 

11/68 
9/69 
9/69 

8/61 
1168 

11/68 
9/69 
9/69 

8/61 
9/69 

8/61 
9/69 

9/69 

8/61 
9/69 

:: AVG •. •0:12 

R4 STUDENT 0.67 
0.53 
0.28 

AVERAGE IERRCR INCLUDES SCALE FACTOR OF Z.3) 
AVERAGE USING STUDENTlOIH/1.111 - SEE MAIN TEXT 

R5 
R5 
05 

Y*1tl6901 INTO IY*103851 Pl)IILAMBDA PI Pll IP41/IP51 
SMALL . COLLEY 6 7 HBC + 
LARGE SIMS 68 HBC - K-N TO L2PI .................................................................... 

COLLEY 61 PL 248 489 
DERRICK 61 PRL 18 266 

REPLACED BY MOTT 69. 
PRIMER 68 PRL 20 610 
SIMS 68 PRL 21 1413 

BLUMENFE 69 PL 29B 58 
MOTT 69 PR. 117 1966 

. AGUILAR 70 PRL 25 58 

REFERENCES FOR Y*lll690) IPROO. EXP.I 

C BIRM, GLAS, LOitrMUNICH,OXFORD,RHEL) 
+FIELDS, LOKEN, AMMARt fARGONNErNORTHWESTI 

+GOLDBERG, JAEGER, BARNES, + ISYRACUSE,BNU 
+ALBRIGHT, + IFSU,TUFTS,BRANDEISI 

B J BLUMENFELD, G R KALBFLEISCH IBNLI 
+AMHARt DAVIS, KROPAC, +(NORTHWEST,ARGONNEI 

PAPERS NOT REFERRED TO IN DATA CARDS 

AGUILAR-BENITEZ, BARNES, SASSANO+ ( BNL+SYRA I .................................................................... ·:""··· .............................................................. . 
lt(1750)j 57 Y*111750, JP~l/.2_-1 1=1 

THERE IS EVIDENCE FOR THIS STATE lN MANY PARTIAL
WAVE ANALYSES, BUT· WITH RATHER WIDE VARIATIONS IN 
THE MASS, WIDTH AND COUPLINGS.. THE LATEST ANALYSES 

INDICATED SIGNIFICANT COUPLINGS TO KBAR N AND LAMBDA PI, AS WELL AS 
SIGMA ETA WHOSE THRESHOLD IS NEARBY AT 1146 MEV IJONES 741. 

57 Y*ll1750J MASS tMEVI 

NEAR SIGMA ETA TI-RESI-IJLD CLINE 67 OBC - K-N TO SIGMA ETA 
ABOUT 1150.0 MEYER 67 RVUE 
ABOUT 113D .0 ARMENTERO 10 HOBC -0 K-N TO LAMBDA PI 

11751.01 (10.0) CONFORTO 71 DPWA 0 ElASTIC, (H EXCH 
U790.J KIM 71 OPWA K-MATRlX ANAL. 
11790.01 tl5.01 LANGBElN 72 lPWA MULTICHANNEL 
t 1716.1 t 10.1 BAXTER 73 DPWA 0 K- P TO NEUTRALS 
(1785.1 112.1 CHU 74 DBC - FIT SIG- ETA CS 
11760.1 15.1 JONES 74 HBC 0 fiT SIGO ETA CS 
0739.} {10.) PREVOST 74 OPWA 0- K-N TO Sll3851PI 

1 S-WAVE BW FIT TO THRSHLD c.s., NO BKGND. ERRORS STATISTICAL ONLY 
A 11180.1 130.1 BAILLON 75 IPWA KBAR N TO LAM PI 
A FROM SOL UTI ON 1 OF SA ILLON 75. 
B 11700 .• 1 130.) BAJLLON 75 IPWA KBAR N TO LAM PI 
8 FROM SOLUTION 2 OF BAILLON 75. 

Cl697.) 120.1 tlO.I VANHORN 15 DPWA 0 K- P TO LAM PIO 

8/67 
11/68 

9/66 
9/69 
6/70 
6170 
3171 

12172 
10174 
10174 
1/74 

10174 
1174 

11175 
11175 
1176 
1176 

11175 

224 

Data Card Listings 
For notation, see key at front of Listings .. -

• M 

M 

• 
" • • 
M 
M 
M 

• • • • • • • w 
• • w 
• • • 

Pl 
PZ 
P3 
P4 
P5 

•• 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

11730.) BELLEFON 76 IPWA 0 K- P TO LAM PI 2177* • 
3 1715. 10. CARROLL 76 DPWA 1.,.1 TOTAL CS 2171* -
4 1800. OR 1813. MRTIN 77 DPWA KBAR N MULTICHNL 11177* 
4 THE TWO ENTRIES FOR MARTIN 11 CORRESPOND TO EXTRACTION OF RESONANCE 
4 PARAMETERS FROM THE T-HATRIX POLE ANO FROM A 8-W FIT, RESPECTIVELY • 

1710. 15. RLIC 77 DPWA KBAR N MULTICHNL 1176 
1170. 10. ALSTON 78 DPWA I<.BAR N ELASTIC 1178* 

AVERAGE MEANINGLESS (SCALE FACTOR = 3.01 

57 Y*l( 11501 WIDTH I MEVl 

ABOUT 50.0 
ABOUT 80.0 

155.01 (10.01 
150.1 

I 100.01 
160.) 
189.1 
192.) 

U08.1 

(20.01 
(20.1 
(33.) 

MEYER 61 RVUE 9/69 
ARMENTERO 70 HDBC -O K-N TO LAMBDA PI 6/70 
CONFORTO 11 DPWA 0 ELASTIC, CH EXCH 6/70 
KIM 71 OPWA K-MATRIX ANAL. 3/71 
LANGBEIN 72 IPWA MULTICHANNEL 12/72 
BAXTER 73 DPWA 0 K- P TO NEUTRALS 10174 
CHU 74 OBC - FIT SIG- ETA CS 10/74 
JONES 74 HBC 0 FIT SIG+ETA CS 1174 
PREVOST 74 DPWA 0- K-N TO Stl3851PI 10174 
BAILLON 75 IPWA KBAR N TO LAM PI 11175 
BAILLON 75 IPWA KBAR N TO LAM PI 1/76 

1140.1 
(160.1 
166.1 

(1.1 
(20.) 
(30.1 
150.1 
(14.1 112.1 VANHORN 75 OPWA 0 K- P TO LAM PIO 11/75 

1110.) 
no. 1 
117. OR 119. 
60. 10. 

161.. 20 • ........ 

BELLEFON 76 IPWA 0 K- P TO LAM PI 2177* 
CARROLL 76 DPWA 1=1 TOTAL CS 2177* 
MARTIN 77 DPWA KBAR N MULTICHNL ll/77* 
RLIC 11 OPWA KBAR N MULTICHNL 1/76 
ALSTON 78 DPWA KBAR N ELASTIC 1178* 

AVERAGE MEANINGLESS CSCALE FACTOR = 4.51 

51 Y*lt 11501 PARTIAL DECAY MODES 

Y*1U7501 
v•u 17501 
Y*lC 11501 
Y*1Cl1501 
Y•1U750I 
Y*U1150J 

INTO KBAR N 
INTO SIGMA ETA 
INTO LAMBDA PI 
INTO SIGMA PI 
INfO SIGMAI13851 PI 
INTO LAM BOAC 1520) PI 

DECAY MASSES 
497+ 939 

1191+ 548 
1115+ 134 
1191+ 139 

139+1384 
139+1518 

57 Y*1t17501 BRANCHING RATIOS 

Y*ltl750J INTO IKBAR NI/TOTAL 
{0.121 (0.051 
10.81 

IPll 
CONFORTO 71 OPWA 0 ELASTIC, CH EXCH 6/70 
KIM 71 OPWA K-MATRIX ANAL. 3171 

(0.451 ( o.os) LANGBEIN 7 2 I PWA MULl !CHANNEL 12172 

3 TOTAL CROSS SECTION BUMP WITH IJ+1/2JX=.30 SEEN BY CARROLL 76 2/71* 
4 ( .06JOR .05 MARTIN 11 DPWA KBAR N MULTICHNL ll/17* 

.15 .03 RLIC 77 OPWA KBAR N MULTICHNL 1176 

.33 .os ALSTON 78 DPWA KBAA N ELASTIC 1178* 
R1 • • •••••• • 
R1 AVERAGE MEANINGLESS ISCALE FACTOR~ 3.1} 

RZ 
R2 
R2 

R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 

•• •• •• •• •• 

Y*1U750) FROM KBAR N INTO SIGMA ETA 
SEEN CLINE 

I .23) I .011 JONES 

SQRHPl*P21 
69 0BC - THRESHOLD BUMP 
14 HBC 0 FIT SIG+ETA CS 

Y*1U150J FROM KBAR N INTO LAMBDA PI SQRTCP1*P31 
(-0.251 ARMENTERO 70 IPWA -O K-N TO LAMBDA PI 

PUBLISHED SIGN CHANGED TO AGREE WITH LUND 1969 CONVENTION CSEE TEXTI 
10.091 KIM 71 DPWA K-MATRJX ANAL. 
10.301 10.051 LANGBEIN 72 IPWA MULTICHANNEL 
1-.281 (.051 BAXTER 73 OPWA 0 K- P TO NEUTRALS 
1-.-1201 1.0111 DEVENISH 14 0 FIXED T DISP REL 
(-.121 1.021 BAJLLON 75 IPWA KBAR N TO LAM PI 
1-.131 1.031 BAILLON 75 IPWA KBAR N TO LAM PI 
(-.131 (.041 VANHORN 75 OPWA 0 K- P TO LAM PIO 
1-.121 8EllEFON 76 I PWA 0 K- P TO LAM PI 
I-.10JOR -.09 MARTIN 77 OPWA KBAR N NUL T ICHNL 

I .041 (.031 RLJC 77 OPWA KBAR N MULTICHNL 

Y*lf 17501 FROM KBAR N TO SIGMA PI SQRHP1*P41 
10.161 KIM 71 OPWA K-MATRIX ANAL • 
10.131 (0.02) LANGBEIN 72 J PWA MULTI CHANNEL 
C+.0610R +.06 MARTIN 77 DPWA K8AR N MUL TICHNL 
-.09 .05 RllC 77 DPWA KBAR N MUL TICHNL 

Y*1Cl750J FROM KBAR N TO SIGMAI1385J PI SQRTtP1*P41 

9/69 
1174 

6/70 
10174 
3171 

12172 
10174 
4/15 

ll/75 
1176 

ll/75 
i./17* 

11177* 
1176 

3/71 
12172 
11177• 

1176 

R5 
R5 +.18 .15 PREVOST 74 OPWA D- K-N TO Sll3851PI 10/74 

R6 Y*lll1501 FROM KBAR N TO LAMBDAC1520) PI SQRTIP1*P61 
R6 5 .032 .021 CAMERON 11 OPWA 0 P-WAVE DECAY 
R6 5 ASSUMES LAMBOAI15201 ELASTICITY=.46 

•••••• ••••••••• ••••••••• •••****** ••••••••• ••o•••••• ••••••••• •••o•••• 

CLINE 61 PL 258 41 
MEYER 67 HEIDELBERG C 117 
ARMENTER 70 DUKE 123 . 
CONFORTO 11 NP 834 41 
KIM 71 PRL 27 356 

ALSO 70 DUKE 161 
LANGBEIN 72 NP B47 477 

BAXTER 73 NP B6 7 125 
CHU 71t NC 20A 35 
JONES 74 NP B73 141 
OEVENISH 74 NP 881 330 
PREVOST 74 NP 869 246 

BAILLON 75 NP 894 39 
VANHORN 15 NP 887 145 

ALSO 75 NP 881 157 

BELLEFON 16 NP 8109 129 
CARROLL 76 PRL 3 7 806 

CAMERON 77 NP 8131 399 
MARTIN 77 NP B127 349 

ALSO 11 NP 8126 266 
ALSO 17 NP 8126 285. 

RLJC 77 NP Bll9 362 

ALSTON 78 LBL-6784 
AL.SO 11 PRL 38 1007 

REFERENCES FOR Y*IC 1150) 

CLINEt OLSSON IWISCONSINIIJP 
J MEYER IRAPPORTEURI ISACLAYJIJP 
ARMENTEROS, BAILLON, + ICERN,HEIDELIIJP 
+LEVI SETTI,LASINSKJ •• OBERLACK++ tEFI+HEIOIIJP 
J K KIM CHARVIIJP 
J. K. KIM IHARVIIJP 
+WAGNER IMPIMJIJP 

BAXTER, BUCKINGHAM,CORBETT, DUNN,+ I OXFORD I I J P 
CHU, BARTLEY,+ I SUNY PLA TTSBURGH+TUFTS+BRAN II JP 
JONES (U. CHICAGO)IJP 
DEVEN ISH, FROGGATT, MARTIN tOE SY, NORD IT A, LOUC J 
PREVOST t BARLOUTAUD, + I SACL+CERN+HE I D I 

P. BAILLON,P. J. ll TCHFIELO 
A. J. VAN HORN 
A. J. VAN HORN 

DE BELLEFON,BERTHON 
+CHIANG ,KYCI At L I, MAZUR, MICHAEL+ 

+FRANEK, GO PAL, KALMUS, MCPHERSON+ 
MART IN, PI OCOCK ,MOORHOUSE 
MARTIN,PJOCOCK 
MARTIN, PIDCOCK 
GOPAL, ROSS, VAN HORN ,MCPHERSON+ 

ICERN,RHEUIJP 
ILBL J IJP 
ILBLIIJP 

tcOEF J IJP 
IBNL 1 I 

IRHEL+LOIC I lJP 
ILOUC+GlASJIJP 

tLOUCl 
tlOUCJ IJP 

llOIC+RHEUIJP 

+KENNEY ,POLLARD, ROSS+ 
ALSTON-GARNJOST, KENNEY 

I LBL+HTHO+CERN I I JP 
I L BL+MTHO+CERN I IJP 

1178• 
1178• 
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Data Card Listings 
- ··For notation, see key at front of Listings. 

PAPERS NOT REFERRED TO IN DATA CARDS 

FERRD-LU 66 BERKELEY CONF 183M FERRO, LUZZl (RAPPORTEUR) (CERN) 
ARMENTER 68 NP 88 183 ARMENTEROS, BAILLON, + {CERN,HEIOEL 1 SACLAYIIJP 
ARMENTER 69 LUND CONF PAPER ARMENTERQS, BAILLON, + ICERNrHEIDELtSACLAYJIJP 
HARRISC.N 70 FSlJ-HEP 70 3 1 W.C. HARP.ISON ITHESISI fFSUI 

****** ********* ********* ********* ********* ********* ********* ooooooo:t: ................................................... ********* •••o:•••* 

II:Ct7s5H 45 V:t:l(l765, JP=S/2-1 1=1 

SEE TliE MINI-REVIEW AT THE START OF THE Y* liSTINGS. 

45 Y*lll7651 MASS fHEVI 

1765.0 10.0 GALTIERI 63 DBC 0 K-0 1.51 BEV/C 
1155.0 10.0 ARMENTER 65 HBC 0 K-P TO Yo0ol520 PI 7/66 
1760.0 10.0 BEll 1 66 OBC - K-N TO Y•1520 PI 7/66 
1768.0 2.0 ARMENT-I 68 DPWA 0 ELASTIC, CH EXCH 11/68 
1768.0 4.0 BUGG 68 CNTR K-P 1 D TOTAL 11/66 
1175.0 7.0 SMART 68 RVUE -0 K-N TO LAMBDA PI 7/68 
1710.0 IO.O COOL 70 CNTR K-P, 0 TOTAL 10/70 

M 1765.0 10.0 GALTIERI 70 DPWA 0 K-P TO LAMBDA PI 7170 
M .1770.0 3.0 CONFORTO 71 OPWA 0 ElASTIC, CH EXCH 6/70 
H 11765.) KIM 71 OPWA K-MATRJX ANAL. 3/71 
M 175B. 7 3.9 BARLETTA 72 OPWA 0 KPPI Q.8-1.2GEV 12/72 
M 1765.0 9.0 KANE 72 OPWA 0 K-P TO PI SIG 10/71 
M 1770.0 5.0 LANGBEIN 72 tPWA MULTICHANNEL 12/72 
M 1775. 10. BAILLON 75 IPWA KBAR N TO LAM PI 11175 

P1 
P2 
P3 
P4 
P5 
P6 
P7 

1774. 10. VANHORN 75.0PWA 0 K- P TO LAM PIO 11175 
U765.J BELLEFON 76 IPWA 0 K- P TO LAM PI 2/77~ 

1172. OR I777. MARTIN 77 DPWA KBAR N MULTICHNL 11177• 
THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 

1174. 5. RLIC 77 OPWA KBAR N MULTICHNL 1/76 
1171. 5. ALSTON 78 OPWA KBAR N ELASTIC 1/78~ 

ERROR STATlST. ONLY- NO ERROR DUE TO PARTICULAR P.W.ANAL. JNCLUO~D 1171 

AVERAGE MEANINGLESS ISCALE FACTOR z:: 1.01 

45 Y•Ul765) WIDTH IMEVJ 

60.0 10.0 GAL TIER I 63 OBC 
70.0 20.0 BELL 2 66 DBC - 7/66 

128.0 o.o ARMENT-I 68 DPWA 0 ELASTIC, CH EXCH 11/68 
110.0 7.0 BUGG 68 CNTR K-P,D TOTAL 7/68 
l't6.0 9.0 SMART 68 RYUE -0 7/68 

1100.01 COOL 70 CNTR K-P, D TOTAL 10/70 
115.0 10.0 GALliER I 10 OPWA 0 K-P TO LAMBDA PI 7/70 
132.0 10.0 CONFORTO 71 DPWA 0 ELASTIC, CH EXCH 6/70 

ClOD.) KIM 71 DPWA K-MATRIX ANAL. 3/71 
107.2 10.9 BARLETTA 72 ciPWA 0 LAMU520JPI CH. 12/12 
120.0 38.0 KANE 72 ·OPWA 0 K-P TO PI SIG 10/71 
123.0 10.0 LANGBEIN 72 IPWA MULTICHANNEL 12172 
125. 15. BAILLON 75 I PWA K.BAR N TO LAM PI 11/75 
146. 18. VANHORN 75 OPWA 0 K- P TO LAM -PIO 11175 

(120.1 BELLEFON 76 IPWA 0 K- P TO LAM PI 2/77fl. 
102. OR 103. MARTIN 77 OPWA KBAR N MULTICHNL 11177* 
130. 10. RLIC 77 OPWA KBAR N MULTICHNL 1176 
116. 10. ALSTON 78 DPWA KBAR N ELASTIC 1/78* 

6.2 AVERAGE CERROR INCLUDES SCALE FACTOR OF 2.21 AVG 117.4 
STUDENT 120.4 3.7 AVERAGE USING STUDENTIOIH/1.11) -- SEE MAIN TEXT 

(SEE IDEOGRAM BELOW ) 

UEIGHTED RVERRGE = 117.4 ~ 6.2 
ERROR SCRLEO BV 2.2 

CHISQ 
·RLSTON 78 DPUR 0.0 
·RLIC 77 DPUR 1.6 
·VRNHORN 75 DPUR 2.5 
·BRILLON 75 IPUR 0.3 
·LRNGBEIN 72 IPUR 0.3 
·KRNE 72 OPUR 
·BRRLETTR 72 OPUR 0.9 
·CON FOR TO 71 OPUR 2.1 
·GRL TIER I 70 OPUR 0.1 
·SMRRT 68 RVUE 10.1 
·BUGG 68 CNTR 1.1 
·RRMENT-1 68 OPUR 1.7 
·BELL 2 66 OBC 5.6 
·GRL TIER I 63 OBC n.....!!.... 

59.3 
!CONLEV 

0 50 150 200 250 =0.0001 
V•1!1765J UIOTH !MEVJ 

45 Yfi.Ul7651 PARTIAL DECAY MODES 

Y•U 17651 INTO KBAR N 
Y*1H7651 INTO LAMBDA PI 
Yfi.H17651 INTO Y*OU520J PI 
YUtl7651 IN:TO Y•Ul385J PI D-WAVE 
Y•U1765J INTO SIGMA PI 
Y*lC 17651 INTO SIGMA ETA 
Y~lll7651 INTO SIGMA PI PI 

DECAY MASSES 
497+ 939 

1115+ 134 
1518+ 139 

139+1384 
1197+ 139 
1197+ 548 
1197+ 139+ 139 

Baryons 
I:(1750), I:(1765) 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The matrix below is derived from the error matrix fqr the fitted partial decay mode 

branching .fractiona, Pi' a a follow a: The diagonal eleme'nts are Pi :i: 6Pi' where 

6Pi = ...J (6Pi6Pt>, while the off-diagonal eiementi!J are the ~correlation coeffi

cienta (6Pi6Pj)/(6fi · 6Pj). For the definitions of the indivi~a1 Pi' aee 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. 

PI' P2 P3 P4 P5 P6 
p 1 .4133+-.0138 
p 2 -.0510 .1400+-.0I30 
p 3 -.3813 ':".0146 .1929-.0331 
p 4 -.2953 .0151 .1141 .0859+-.0090 
p 5 -.1125 .0057 .0434 .0332 .0145+-.0044 
p 6 .0836 -.3500 -.B4I6 -.2638 -.1350 .1534+-.0342 

R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 

45 Y*1U 765» BRANCHING RATIOS 

ERRORS QUOTED BY EXPERIMENTERS DO NOT INCLUDE UNCERTAINTY DUE 
TO PARAMETRIZATION USED IN THE P.W.A. THEY SHOULD BE INCREASED. 

Y•tc 17651 INTO {K8AR NI!TOTAL I PI) 
(0.61 GALliER I 63 HBC 0 K-P RVUE 
0.53 0.09 UHLIG 67 HBC 0 
0.45 0.01 ARMENT-I 68 DPWA 0 ELASTIC, CH EXCH 

(0.371 BUGG 68 CNTR 
SIGTOT ,ELAS,CHEX 0.36 0.02 BRICMANl 10 DPWA 

(0.4) COOL 70 CNTR K-P, D TOTAL 
0.36 0.02 CONFORTO 11 OPWA 0 ELASTIC, CH EXCH 

{0.421 KIM 71 DPWA K-MATRIX ANAL. 
0.39 o.o1 LANGBEIN 72 I PWA MULTICHANNEL 
I .3710R .36 MART IN 77 DPWA KBAR N MULTICHNL 
.41 .03 RLIC 77 OPWA KBAR N MULTICHNL 
.37 ·9~ ALSTON 78 .DPWA KSA~ N. ELASTIC 

9/66 
11/68 
11/66 

1171 
10170 
6/70 
3171 

12/72 
11177• 
1/76 
1178* 

R1 AVG 0.407 
0.3930 
0.413 

0.016 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.61 · 
R1 STUDENT 
R1 FIT 

0.2 

0.0093 AVERAGE USING STUDENTlOfH/1.111 -SEE MAIN TEXT 
0.014 FRON FIT tERROR INCLUDES SCALE FACTOR OF 2.41 
CSEE IDEOGRAM BELOW J 

UEIGHTEO RVERRGE = 0.407 ~ 0.016 
ERROR SCRLEO BV 2.6 

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, 6i', 
and scale factor, which are differ
ent from the values sho"Wn here, 

·RLSTON 78 
·RLIC 77 
·LRNG8EIH 72 

· ·CONFORTO 71 
·BRICMRN1 70 
·RRMENT-1 68 
UHLIG 67 

0.6 o.8 

OPUR 
OPUR 
IPUR 
OPUR 
OPUR 
OPUR 
H8C 

CHISQ 
1.5 
o.o 
2.9 
5.5 
6.5 

18.4 

34.0 
ICONLEV 
=0.0001 

Vf111765J INTO IK8RR H1,TOTRL 

R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 

Y*1(17651 FROM KBAR N 
-0.266 0.017 
-0.22 0.03 
{0.301 
0.15 
-.259 
-.25 
-.28 

c-. 3D I 

0.04 
.048 
.oz 
.04 

I-.29JOR -,.'28 
-.28 .03 

INTO LAMBDA PI 
SMART 
GAL TIERI 
KIM 
LANGBEIN 
OEVENISH 
BAIL LON 

.05 VANHORN 
BELLEFON 
MARTIN 
RLIC 

SQRHPl•P21 
68 DPWA -0 K-N TO LAMBDA PI 7/68 
70 DPWA 0 K-P TO LAM80A PI 7170 
71 OPWA K-MATRIX ANAL. 3/71 
72 IPWA MULTICHANNEL 12172 
74 0 FIXED T DISP REL 4175 
75 IPWA K8AR N TO LAM PI 11175 
15 DPWA 0 K- P TO LAM PIO 11175 
76. IPWA 0 K- P TO LAM PI 2111* 
77 OPWA KBAR N MULTICHNL 11177* 
77 DPWA KBAR N MULTICHNL 1/76 

R2 AVG MOO 
R2 STUDENT 
R2 FIT 

0.251 
0.253 
0.241 

0.013 
0.012 
0.012 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.31 
AVERAGE USING STUDENTlOIH/1.111 ·- SEE MAIN TEXT 

FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.31 

R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 AYG 

Y*lC 1765) FROM KBAR N INTO Y~OI15201 PI SQRTIP1*P31 
0.21 0.03 ARHENTERD 65 HBC 0 K-P TO Y*1520 PI 
0.31 0.02 BARLETTA 72 DPWA 0 K-P TO Y•l520 PI 

.305 .010 CAMERON 77 DPWA 0 K-P TO U 1520)PI 
LISTED RATE COMBINES P- AND F-WAVE DECAYS AND ASSUMES LAMBDAU5201 
ELASTICJTY:a,46. THE CAMERON 77 RESULTS FOR THE SEPARATE P- AND 
F-WAVE DECAYS ARE .303+/-.010 AND :.037+/-.014 1 RESPECTIVELY. 

0.303l • Q.0o86 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

9/66 
12172 
1178~ 

1178* 
1178• 
1178• 

R3 STUDENT 
R3 FIT 

0.3033 0.0093 AVERAGE USING STUDENT101H/1.11J - SEE MAIN TEXT 

R4 

•• R4 
R4 

•• R4 

•• •• 
R4 AVG 

0.282 0.023 FROM FIT CERROR .INCLUDES SCALE FACTOR OF 2.9) 

Y•1U765J FROM KBAR N TO Y*1tl3851 PI D-WAVE SQRTIPl*P41 
C0.241 10.031 ARMENT-2 67 HBC 0 K-P TO LAM PI PI 
10.321 10.061 SIMS 68 OBC - K-N TO LAM PI PI 

SIMS 68 USES ONLY CROSS-SECT. DATA. RESULT USED AS UPPER LIMIT ONLY 
+.20 .02 PREVOST 74 DPWA o- K-N TO Sl 13851PI 
+.184 .011 CAMERON2 77 DPWA 0 K-P TO SC1385JPI 

CAMERON2 77 UPPER LIMIT ON G-WAVE DECAY IS .03 

0.0096 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.0 I 

8161 
11/68 
3/72 

10/74 
1178• 
1178• 

R4 STUDENT 
R4 FIT 

0.1871 
0.188 
0.1884 

0.011 AVERAGE USING STUOENTlOIH/1.111 -- SEE MAIN TEXT 
0.0094 FROM FIT fERROR INCLUDES SCALE FACTOR OF 1.01 

,, 
•/ 



Baryons 
1:(1765), 1:(1770), 1:(1840) 

R5 
R5 ... ... 
R5 

•• •• R5 
R5 

Y*lll765) FROM KBAR N 
+0.07 o.oz 
+0.06 0.03 
(0 .. 09) 
+0.07~ 0.017 
0.09 OR LESS 

( +.08 )OR +.08 
+.13 .02 

INTO SIGMA PI 
ARMENTERD 67 OPWA 
GAL TJERI 10 OPWA 
KIM 71 OPWA 
KANE 72 OPWA 
LANGBEIN 72 JPWA 
MARTIN 77 DPWA 
Rt.IC 11 OPWA 

SQRTCPl*PS) 
0 K-P TO SIGMA PI 10174 
0 K-P TO SIGMA PI 1170 

K-MATRIX ANAL. 3171 
0 K-P TO PI SIG 10/71 

MULTICHANNEL 12112 
K8AR N MULT ICHNL 11111• 
KBAR N MULTICHNL l/76 

R5 AVG 
R5 STUDENT 
R5 FIT 

0.086 
0.082 
0.077 

0 .. 015 
0.013 
0.012 

AVERAGE IERROR INCLUDES SCALE FACTOR Of 1.51 
AVERAGE USING STUOENTlO(H/1.,11) .- SEE MAIN TEXT 

FROM FIT (ERROR I NtlUDES StALE FACTOR OF 1.11 

•• •• •• R6 FIT 

R7 
R7 
R7 
R7 FJT 

•• •• •• RB FIT 

Y*1Ul65) INTO (LAMBDA PI)I(KBAR N) (P2)1lP11 
0.33 O. 05 UHllG 67·HBC 0 K-P,.9 GEV/C 

0.339 0.034 FROM FIT .tERROR INCLUDES SCALE FACTOR OF 1.3) 

Y*Ul1651" INTO ·CY•OU5201PIIIIKBAR Nl (P311fP11 
0.2.~. 0.05 UHLIG 67 HBC () K-P, .9 GEV/C 

0.467 0.087 FROM FIT tERROR INCLUDES SCALE FACTOR OF 3.21 

V*lt17651 INTO CY*lll3B51PJJ/tK8AR Nl (P41/IP11 
0.25 0.09 UHllG 67 HBC 0 K-P, .9 GEV/C 

• ·o:z08 • • 0.02S FROM FIT I ERROR INCLUDES SCALE FACTOR OF 1.21 

Y*lC1165J INTO (SIGMA PI PIIITOTAL (P71 

9/66 

9/66 

9/66 

•• •• •• •• •• •• 

10.121 ARMENT-2 68 HOBC -0 K-N TO SIG PI PI 11/68 
FOR ABOUT 3/4 OF THIS, THE SIGMA PI SYSTEM HAS l=O AND IS ALMOST 

ENTIRELY Y*OU520J. FOR THE OTHER 1/4t THE SIGMA PI HAS Iz:1. THIS 
IS ABOUT WHAT IS EXPECTED FROM THE KNOWN RATE Y*lll765J TO Y*1113851 
PI, AS SEEN IN LAMBDA PI Pl. 

..................................................................... 
REFERENCES FOR Y*1117651 

GALTIERJ 63 PL 6 296 A BARBARD-GALTJERltA HUSSAINtRD TRIPP ClRliiJ 
ARMENTER 65 PL 19 338 ARMENTEROS, + ICERN,HEIDELBERG,SACLAYJIJP 
BELL 1 66 PRL 16 203 R 8 BELL, R W BIRGE, Y-L PAN,· R T PU ILRLIIJP 
BELL 2 66 UCRL-16936 THESIS R B BELL ILRlliJP 
ARMENTER 67 PL 24B 198 ARMENTEROS,FERRO-LUZZI+ ICERN,HEJD,SACLAYIJP 
ARMENT-2 67 ZEIT .PHYS .. 202 486 ARMENTEROS,FERRD-LUZZI+ ICERN,HEJQ,SACLAYJ 
UHLIG 67 PR 155 1448 +CHARLTON,CONDON,GLASSER,YODHr+ (UMO,NRU 

ARMENT-1 68 NP B8 195 
ARMENT-2 68 NP 88 216 
BUGG 68 PR 168 1466 
SIMS 68 PRL.21 lo\13 
SMART 68 PR 169 1330 

BRICMAN1 70 PL 33B 511 
COOL 70 PR 01 1887 
GAL TIER I 70 DUKE CONF 173 

CONFORTO 71 NP B34 41 
.KIM 11 PRL 27 356 

ALSO 70 DUKE 161 

BARLETTA 72 NP B40 45 
KANE -72 PR OS 1583 
LANG BEl N 72 NP B47 477 
OEYENJSH 74 NP B81 330 
PREVOST 74 NP B69 246 

BAI LLON 75 NP B94 39 
VANHORN 75 NP B87 145 

ALSO 75 NP B87 157 

BELLEFON 76 NP B109 129 
CAMERON 11 NP Bl31 399 
CAMERON2 77 RL-77-119/A 
MARTIN 77 NP ·B127 349 

ALSO 77 NP B126 266 
ALS(J 11 NP Bl26 285 

RLJC 77 NP B119 362 

ALSTON 7B LBL-6784 
ALSO 11 PRL 3B 1007 

ARMENTEROS, BAILLON, + ICERN,HEIOEL,SACLAYIIJP 
ARMENTEROS, BAILLON, + CCERN,HEIOEL,SACLAYJ I 
+GJLMOREtKNIGHT ,DAVIES+ IBIRMtCAVE,RHELJ I 
SIMS, ALBRIGHT ,BARTLEY ,MEER+ IFSU, TUFT, BRAN I 
W M SMART ILRLJ IJP 

+FERRD-LUZZI ,LAGNAUX 
+GIACOMELLI, KYCIA, LEONTICt Lit + 
A BARBARQ-GALTJERJ 

CCERNJ 
IBNL I I 
tlRLI IJP 

+LEVI SETTI tLASINSKI ... OBERLACK++ I EF I+HEJD) IJP 
J K KIM . CHARY) IJP 
J. K. KIM IHARYIJJP 

W.A. BARLETTA IEFI I IJP 
0 F KANE (LBU IJP 
+WAGNER I MPIMI IJP 
DEY ENI SHt FROGGATT ,MARTJNIDESY, NORD IT A,LOUC I 
PREVOST tBARLOUTAUO,+ ISACL+CERN+HEIDJ 

P. BAJLLON,P. J. LITCHFIELD 
A. J. VAN HORN 
A. J. VAN HORN 

CCERN,RHELIIJP 
CLBLIIJP 
ILBLIIJP 

0£ BELLEFON,8ERTHON CCOEF IJJP 
+FRANEK,GOPAL,KALMUS,MCPHERSON+ CRHEL+LOIC I IJP 
+FRANEKtGOPAl, BACON, BUTTERWORTH+IRHEL+lOIC I IJP 
MARTJN,PIOCOCK,MOORHOUSE (LOUC+GLAS I IJP 
MARTIN,PIDCOCK ILOUCI 
MARTJN,PIOCOCK CLOUCJIJP 
GOPALtROSS, VAN HORN, MCPHERSON+ ILOJC+RHEL lJJP 

+KENNEY,POLLARDt ROSS+ 
ALSTON-GARNJOST, KENNEY 

ILBL+MTHO+CERN I I JP 
ILBL+MTHO+CERN IJJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

FENSTER 66 PRL 11 841 +GELFANO,HARMSEN,L-SETTit+ (CHICtANLICERNIIJJP 
- FENSTER 66 IS SUPERSEDED BY BARLETTA 72 

CONFORTO 68 NP B8 265 +HARMSEN, LASJNSKI, + CCHICAGO,HEJDELIIJP 
SUPERSEDED ·BY CONFORTO 11. 

HARRISON 70 FSU-HEP 70 3 1 W.C. HARRISON ITHESISI IFSU) 
PREVOST 11 AMSTERDAM CONF + CHS COLLABORATION ICERN+HEIO+SACLJ ...................................................................... ..................................................................... 
I t(177o) I 

) 
100 Y*1U770, JP=l/2+1 1=1 I P111 

• 
M 
M 

• • M 

100 Y*1tl770J MASS (MEV) 

( 1772.01 KANE 72 DPWA K-P TO SIGMA PI 11177* 
1770. 20. BAillON 75 IPWA KBAR N TO PI LAM 11/75 

FROM SOLUTION 1 OF BAJLLON 75, NOT PRESENT IN SOLUTION 2. 1176 
1738. 10. RLIC 77 DPWA KBAR N MUlTJCHNL 1/76 . ........ . 

AVERAGE MEANINGLESS ISCALE FACTOR = 1.4) 
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Data Card Listings 
For notation, see key at front of Listings. ~. -

100 Y*lfl7701 WIDTH C MEV I 

w ceo.J KANE 72 DPWA K-P TO SIGMA PI 11111• 
w 80. 30. BAilLON 75 IPWA KBAR N TO PI LAM ll/15 
w 
w . . 
Pl 
P2 
P3 

Rl 
R1 
Rl 

R2 
R2 

•• R3 •• 

72. 10. RLIC 77 DPWA 

AVERAGE MEANINGLESS (SCALE FACTOR ::: 1.01 

100 Y*1117701 PARTIAL DECAY MODES 

Y*U1170J INTO KBAR N 
Y*U1170J INTO LAMBDA PI 
Y*ll11701 INTO SIGMA PI 

~ 100 Y*lll7701 BRANCHING RATIOS 

Y*l( 1770) FROM KBAR N INTO LAMBDA PI 
-.DB .02 BAILLON 75 IPWA 
LESS THAN .04 RLIC 11 OPWA 

Y*lt 1770) INTO IKBAR Nl/TOTAL ... .04 RLJC 77 DPWA 

Y*1U770) FROM KBAR N INTO SIGMA PI 
(-.1081 KANE 72 DPWA 

LESS THAN .04 RLIC 11 DPWA 

KBAR N MUll ICHNL 

DECAY MASSES 
497+ 939 

1115+ 139 
1197+ 139 

SQRT(Pl*P2J 
K8AR N TO PI LAM 
KBAR N MUL TICHNL 

IPU 
KBAR N MULTICHNL 

SQRT(Pl*P31 
K-P TO SIGMA PI 
KBAR N MUl TICHNL 

....................... * "******* ••••••••••••••••••••••••••• 

1/76 

11/75 
1/76 

1176 
1176 

1176 
11177• 
1176 

KANE 
BAlllON 
RLIC 

12 PR D5 1583 
75 NP 891t 39 
11 NP 8119 362 

REFERENCES FOR· Y•111770) 

0 F KANE 
P. BAILUJN,P. J. LITCHFIELD 
GOPAL,ROSS,VAN HORN,MCPHERSON+ 

C LBLI 
ICERN,RHELJIJP 
(LOIC+RHELIIJP 

..................................................................... ..................................................................... 
jE(1840)j 

) 
01 Y*10840t JP=3/2+) 1=1 

SEE THE MINI-REVIEWS PRECEDING THE Y*O'S. 

FOR THE TIME BEING, WE LIST ALL RESONANCE CLAIMS IN THE 
P13 WAVE IN THE 170o-1900 MEV MASS REGION TOGETHER UNDER THIS HEADING. 

01 Y-*1U81tOJ MASS IMEVI 

1840.0 UO .. OJ LANGBEIN 72 IPWA MULTICHANNEL 12172 
"1 U720.J 130.1 BAILLON 75 IPWA KBAR N TO LAM PI 11175 
1 FROI SOLUTION 1 OF BAILLON 75, NOT PRESENT IN SOLUTION 2. 1176 

1925. C200.l VANHORN 75 OPWA 0 K- P TO LAM PIO 11/75 
1798. OR 1802. MARTIN 77 DPWA KBAR N MULTICHNL 11177* 

THE TWO ENTRIES FOR MART IN 11 CORRESPOND TO EXTRACTION Of RESONANCE 
P~RAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPEC.TIVELY. 

01 Y*1t18401 WIDTH IMEYJ 

120.0 110.0) 
(120.1 (30.) 

65. C50.1 
~3. OR 93. 

'20.1 

LANGBEIN 
BAILLON 
VANHORN 
MARTIN 

72 JPWA 
75 iPWA 
75 OPWA 
11 ·DPWA 

MULTICHANNEL 12172 
KBAR N TO LAM PI 11175 

0 K- P TO LAM PIO 11175 
KBAR N MUL TICHNL 11177• 

Pl 
P2 
P3 

R1 
Rl 
Rl 

R2 
R2 

01 Y*U1840) PARTIAL DECAY MODES 

Y*1C1840) INTO KeAR N 
Y*lC181tOJ INTO SIGMA PI 
Y*lt18401 INTO LAMBDA PI 

01 Y*lf18401 BRANCHING RATIOS 

v•u 18-401 INTO C KBAR NJ /TOTAL 
0.37 {0.131 LANGBEIN 72 I PWA 

IO.OIOR(O.OI MARTIN 11 DPWA 

Y*lC 1840) FROM KeAR N INTO SIGMA PI 
0.15 (0.041 LANGBEIN 72 IPWA 

DECAY MASSES 
497+ 939 

1197+ 139 
1115+ 13ft 

CPU 
MUL T !CHANNEL 
KBAR N MULTICHNL 

SQRT(P1*P21 
HUt T JCHANNEL 

12172 
11/17* 

12172 
R2 t-.04IOR -.04 . MARTIN 11 OPWA KBAR N MUL TICHNL 11177• 

•• Y*ll 18401 FROM KBAR N INTO LAMBDA PI SQRTCP1*P3J 

•• 0.20 (0.041 LANGBEIN 72 IPWA· MULTICHANNEL 12112 
R3 +.122 .078 DEVENJSH 14 0 FIXED T OISP REL 4175 

•• 1 (+.11 J c .021 BAILLON 75 IPWA KBAR N TO LAM PI 11/75 

•• +.06 1.041 VANHORN 75 OPWA 0 K- P TO LAM PI 0 11/75 

•• (+.03JOR +.03 MARTIN 77 DPWA KBAR N MULTICHNL 11177* 

•••••• ••••••••• •••••**** ............................................ . 

LANGBEIN 72 NP B47 477 
OEVENJSH 74 NP B81 330 
BAILLON 75 NP B94 39 
VANHORN 75 NP 887 145 

ALSO 75 NP B87 157 

MARTIN 11 NP 8127 349 
ALSO 17 NP B126 266 
ALSG 11 NP B126 285 

REFERENCES FOR Y*1{ 1840) 

+WAGNER ( MPIMIJJP 
DEY ENI SH,FROGGATT, MART IN( DESY t NORD IT At LOUC I 
P. BAILLON,P. J. LITCHFIELD ICERN,RHELIIJP 
A. J. VAN HORN ILBLIIJP 
A. J. VAN HORN CLBLJIJP 

MARTIN, PI OCOCKt MOORHOUSE 
HARTIN,PIDCOCK 
MARTIN,PIOCOCK 

ILOUC+GLASJIJP 
(LOUCJ 
ILDUC)IJP 

****** ********* ••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••• ••••••••• ********* •••••••••••••••••••••••••••••••••••••••••••• 
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Data Card Listings 
~For notation, see key· at front of Listings. 

Baryons 
r(lBBO), r(1915) 

"jr(laao)j 
) 

67 Y*lll880, JP=l/2+1 I=l IP'i'd 
SEE T'"'E MINI-RE\(IEW AT THE START OF THE Y* LISTINGS. 

A RESONANCE IS SUGGESTED BY SEVERAL PARTIAL-WAVE 
ANALYSES ACROSS THIS REGION, BUT WITH WIDE VARIATIONS 
IN THE MASS AND OJHER PARAKETERS. WE LIST HERE 
All CLAIMS WHICH LIE WELL ABOVE THE Y*lll170J. 

67 Y*Ul880J MASS IMEVI 

1882.0 40.0 SMART 68 DPWA -0 K- N TO LAM PI 7/68 
U850.iH BAILEY 69 OPWA 0 ELASTJC, CH EXCH 10170 

ABOUT 1850.0 ARMENTERO 70 IPWA -0 ELASTIC, CH EXCH 6/10 
M 1950.0 50.0 GALTIERI 70 OPWA -0 K- N TO LAM PI 7170 
M 1920.0 30.0 llTCHFIEl 70 DPWA -0 K- N TO LAM PI 6/10 

·M 2 11898 • l LEA 7 3 OPWA MUL T ICHNl K-MTRX 9/73 
M 2 ONLY UNCONSTRAINED STATES .FROM TABLE 1 OF LEA73 ARE JN·LISTINGS. 9/73 

1 11960.) (30.1 BAILLON 75 IPWA KBAR N TO LAM PI 11175 
1 FRCiM SOLUTION 1 OF BAJLLON 75, NOT PRESENT IN SOLUTION 2. 1/76 

1985. 50. VANHORN 75 OPWA 0 K- P TO LAM PIO 11175 
3 1847. OR 1863,. MARTIN 77 OPWA KBAR N f'IIULTICHNL 11177* 
3 THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
3 PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W ~IT, RESPECTIVELY. 

AVERAGE'" MEANINGleSs·' Sci.LE FACTOR = 1.01 

67 Y*ll18801 WIDTH IMEVJ 

222.0 150.0 SMART 6 8 OPWA -0 K- N TO LAM PI 7/68 

1200.01 BAILEY 69 DPWA 0 ELASTIC, CH EXCH 10170 
ABOUT 30.0 ARMENTERO 70 IPWA -0 ELASTIC • CH EXCH 6170 

200.0 50.0 GAL TIER I 70 DPWA -0 K- N TO LAM PI 7110 
170.0 40.0 L ITCHFI EL 70 DPWA -0 K- N TO LAM PI 6/70 

2 1222.2) LEA 73 DPWA MUL T ICHNL K-MTRX 9/73 

w I ~ 260. I {40.) BAILLON 75 IPWA KBAR N TO LAM PI 11/75 

• 220. 140. VANHORN 75 OPWA 0 K- P TO LAM PIO 11175 
w 216. OR 220. MARTIN 77 OPWA KBAR N MUL T ICHNL 11177* 

• .. 
w AVERAGE MEANINGLESS (SCALE FACTOR= 1.01 

-- ------ ------- ------ ------ ------- -------- ------

PI 
P2 
P3 

Rl 
Rl 
Rl 
Rl. 

Rl 

R2 
R2 
R2 
R2 
R2 
R2 

67 Y*li1880J PARTIAL DECAY MODES 

DECAY MASSES 
V*li18BOJ INTO KBAR N 497+ 939 
Y*lf 18801 INTO LAMBDA PI 1115+ 134 
Y*111880J INTO SIGMA PI 1197+.139 

67 Y*li1B801 BRANCHING RATIOS 

Y*U1880J INTO (KBAR NJ/TOTAL 
(0.221 
10.20) 

( .311 
1.2noR .21 

Y:tli1880J FROM KBAR N 
-0.11 0.03 
-0.09 0.04 
-0.14 0.03 
•-.30) 
-.169 .1i9 

IPU 
BAILEY 69 DPWA 0 ELASTIC, CH EXCH 10/70 
ARMENTERO 70 IPWA -0 ELASTIC, CH EXCH 6/70 
LEA 73 OPWA MUL TJCHNL K-MTRX 9173 
MARTIN 77 DPWA KBAR N MUL TICHNL 11177* 

SQRHP1*'P2J 
68 OPWA -0 K- N TO LAM PI 7/68 
70 OPWA -0 K- N TO LAM PI 7170 
70 OPWA -0 K- N TO LAM PI 6/70 
73 DPWA MULTICHNL K-MTRX 9/73 
H 0 FIXED T DISP REL lt/75 

R2 I I-.12J ( .021 

INTO LAMBDA PI 
SMART 
GALliER I 
LITCHFIEL 
LEA 
DEVENISH 
BAILLON 75 IPWA KBAR N TO LAM PI 11/75 

R2 
R2 
R2 

+.05 .07 
f-.24JOR -.24 

.02 VANHORN 
MARTIN 

75 DPWA 0 K- P TO LAM PIO 11/15 
77 DPWA KBAR N MULTICHNL 11/770 

R2 AVERAGE MEANINGLESS CSCALE FACTOR = 1.01 

R3 ., ., 
Y*ll 18BOJ FROM KBAR N TO SIGMA PI 

NOT SEEN LEA 
SQRHP1*P3J 9/73 

73 DPWA MUL TICHNL K-MTRX 9/73 
1+.30JOR +.29 MARTIN 77 DPWA KBAR N MULTICHNL 11177* 

REFERENCES FOR Y*U 1880) 

SMART 68 PR 169 1330 W M SMART (LRLIIJP 
ILRL LIVERHOREHJP 

ICERN, HEIOELIIJP 
(LRLJIJP 

IRUTHERFORDJIJP 

BAILEY 69 THESIS UCRL-50617 DAVID SAAL BAILEY 
ARMENTER 70 DUKE CONF 123 ARMENTEROS, BAILLONt + 
GALTIERI 70 DUKE CONF 173 A BARBARD-GAi.TJERI 
LITCHFIE 70 NP 822 269 P J LJTCHFIELD 

LEA 7~ NP 856 77 
OEVENISH 74 NP B81 330 
BAI LLON 75 NP 894 39 
VANHORN 75 NP B87 145 

ALSO 75 NP B87 157 

MARTIN 71 NP B127 349 
ALSO 77 NP B126 266 
ALSO 11 NP B126 285 

+MARTIN, MOORHOUSE+ IRHEL+LOUC+GLAS+AARHUS 1 IJP 
OEVEN ISH, FROGGA TT ,MART INC DE SY t NORD IT AtLOUC J 
P. BAILLON,P. J. LITCHFIELD CCERN,RHELJIJP 
A .. J. VAN HORN ILBLIIJP 
A. J. VAN HORN llBLl IJP 

MART IN, P IOCOCK,MOOR.HOUSE 
MARTIN,PIOCOCK 
MARTINtPIDCOCK 

ILOUC+GLASIIJP 
ILOUCJ 
CLOUCIIJP ..................................................................... .................................................. , ······•*• ....... . 

:I r(1915) I 46 Y*lll915t JP=5/2+1 1=1 IFi5l 
SEE THE MINI-REVIEW AT THE ST~RT OF THE Y* LISTINGS. 

THIS RESONANCE WAS FIRST SEEN JN THE TOTAL-CROSS-SEC
TION MEASUREMENTS OF COOL 66. IN THIS ENTRY, HOWEVER, 
WE LIST ONLY THE RESULTS FROM PARTIAL-WAVE ANALYSES. 

SEE THE NEXT ENTRY FOR THE PARAMETERS OF PEAKS SEEN AROUND 1900-1950 
MEV IN CROSS SECT ICNS 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. 

" • 
" • 
" • • • 
M 
M 
M 
M 

• 
M 

• • M 

• ·w 

PI 
P2 
P3 
P4 
P5 

Rl 

46 Y*lU9151 MASS OtEVl 

1902.0 11.0 SMART · 68 OPWA -0 K-N TO LAMBDA PI 7/68 
1910,.0 20.0 BERTHON 70 OPWA 0 K-P TO lAMBDA PI 7170 
1900.0 15.0 BERTHON1' 70 OPWA 0 K-P TO SIGMA PI 10170 
1936.0 (3.0J BRICMANl 70 OPWA SIGTOT,ElAStCHEX 1171 
1903.0 10.0 COX 70 OPWA - K-N TO LAMBDA PI 6/70 
1905.0 30.0 GALTIERI 70 OPWA 0 K-P TO LAMBDA PI 7/70 
1895.0 10.0 LITCHFIEL 70 OPWA -0 K-N TO LAMBDA PI 6/70 
1910. 15.. LITCHFIE 71 DPWA K-P TO K6AR N .10/11 
1925.0 8.0 KANE, 72 OPWA 0 K-P TO-PI SIG 10/11 
1920.. 30., BAILLON 75 IPWA KBAR N TO LAM ~I 11175 
1914. 10. HEMINGWA 75 DPWA 0 K- P TO KBAR N 11/75 
1920. 15. 20. VANHORN 75 OPWA 0 K- P TO LAM PIO 11/75 

fl915.J BELLEFON 76 IPWA 0 K- p· TO LAM PI 2177• 
1900. 4. COROEN 76 OPWA - K- N TO PI- LAM 2177* 

PREFERRED SOLUTION 3, SEE CORDEN 76 FOR OTHER POSSIBLILJTES. 2177* 
CORDEN 76 INCLUDES THE DATA OF COX 70 AS A SUBSAMPLE 

1894. 5. COROENl 77 - K- N ,TO PI SIG 
1909. 5. COROEN1 77 - K- N TO PI SlG 

THE 2 ENTRIES FOR CCRDEN177 ARE FROM 2 DIFFERENT ACCEPTABLE SLTNS. 
NOT SEEN· DECLAIS 77 OPWA KBAR N TO KBAR N 

4 1925. OR 1933. MARTIN 77 OPWA KBAR N MULTJCHNL 
4 THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
4 PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FITt RESPECTIVELY. 

11/77• 
11177* 
11177• 
1/78* 

11177• 

1920. 10. RLIC 77 DPWA KBAR N MULTICHNL 1/16 
1937. 20. ALSTON 78 OPWA KBAR N ELASTIC 1178* 

ERROR STATIST • ONLY- NO ERROR DUE TO PARTICULAR P.W.ANAL. INCLUDED 1/71 

AVERAGE MEANINGLESS (SCALE FACTOR = 1.31 

46 Y*lt1915J WIDTH IMEVl 

(50.01 (20.01 ARMENTER1 67 DPWA 0 ELASTIC, CH EXCH 
52.0 25.0 SMART 68 DPWA -0 K-N TO LAMBDA PI 
60.0 20.0 BERTHDN 10 DPWA 0 K-P TO LAMBDA PI 
75.0 20.0 BERTHON1 70 DPWA 0 K-P TO SIGMA PI 

135.0 12.0 BRICMANl 70 DPWA SIGTOT tEl AS tCHEX 
77.0 27.0 cox 70 DPWA - K-N TO LAMBDA PI 
70.0 20.0 GALTIERI 10 DPWA 0 K-P TO LANBDA PI 
70.0 15.0 LITCHFIEL 70 DPWA -0 K-N TO LAMBDA PI 
70. 15. LITCHFIE 71 OPWA K-P TO KBAR N 

146.0 22.0 KANE 72 OPWA 0 K-P TO PI SIG 
70. 20. BAILLON 75 IPWA KBAR N TO LAM PI 
85. 15. HENINGWA 75 OPWA 0 K- , P TO KBAR N 

102. 18. VANHORN 75 DPWA 0 K- P TO LAM PI~ 
160. I BELLEFON 76 I PWA 0 K- P TO LAM PI 
75. 14. COROEN 76 DPWA - K- N TO PI- LAM 

107. 14. CORDEN1 77 - K- N TO PI SIG 
85. 13. CORDENl 77 - K- N TO PI SIG 

171. OR 173. MARTIN 77 OPWA KBAR N MULTICHNL 
130. 10. RliC 77 DPWA KBAR N MUL TICHNL 
161. 20. ALSTON 78 DPWA KBAR N ELASTIC 

LACK OF DATA PREVENTS FROM DETERMINING UNAMB. THJS AMPLITUDE ......... 
AVERAGE MEANINGLESS (SCALE FACTOR=- 1.,9) 

46 V*ll1915) PARTIAL DECAY MODES 

Y*1H915J INTO KBAR N 
Y*lC1915J INTO LAMBDA PI 
YOlt19151 INTO SIGMA PI 
Y*U1915J INTO Y*lU~85J PI P-WAVE 
yol( 19151 INTO Y*li1385J PI F-WAVE 

46 Y*111915J BRANCHING RATIOS 

DECAY MASSES 
lt97+ 939 

1115+ 139 
1197+ 139 

139+13Bit 
139+1384 

IPlJ 

11/67 
7/68 
1/70 

10/70 
1!71 

.6/70 
7170 
6/70 

10/71 
10/71 
11175 
11175 
11175 
2177• 
2117• 

11177* 
11177• 
11177• 

1176 
1178• 

11/67 

Rl A 
Y*U 1915J INTO 

10 .. 121 
0.18 
o.u 
0.15 

IKBAR Nl/TOTAL 
c .011 ARMENTER1 67 DPWA 

BRICJitAN1 70 DPWA 
CONFORTO 71 DPWA 
LITCHFJE 71 DPNA 
HEM I NGWA 75 DPWA 

0 ELASTICt CH EXCH 11/67 
SIGTOTtELAS,CHEX 1171 

0 ELASTIC, CH EXCH 6170 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 

R3 
R3 A ., 
"' ., 
R3 ., ., ., 
R3 

3 
4 

.II 
I .08JOR 

• 05 
.14 

Y*ll 1915) FROM 
-o.o8 
-0.1 
-0.09 
-0.11 
-o.o7 
-.087 
-.06 
-.09 

1-.101 

(0.021 
{ 0.03) 
(0.04) 

{ .04) 
.08 
(.03) • 
1.05) 

KBAR N 
(0.02) 
(0.021 
{0.02) 
t o.o3J 
CO.OlSJ 

( .056) 
1.02) 
{.02) 

-.10 .01 
t-.09IOR -.09 
-.09 I .03 I 

Y*lll915J FROM KBAR N 
(O.OOl (0.011 
-0.13 10.031 
-0.06 (0 .. 031 
-0.137 {0.0151 
-.17 .. 01 
-.15 .02 

1-.05 WR -.05 
-.19 c .031 

K-P TO KBAR N 10/71 
0 K- P TO KBAR N 11175 

MARTIN 77 DPWA 
RliC 77 DPWA 
ALSTON 78 DPWA 

KBAR N MULTICHNL 11/77* 
KBAR N MULTICHNL 1/76 
KBAR N ELASTIC 1178* 

INTO LAMBDA PI SQRTIPl*P2J 
SMART 68 DPWA -0 K-N TO LAMBDA PI 7/68 
BERTHDN 70 DPWA 0 K-P TO lAMBDA PI 7/70 
COX 70 DPWA - K-N TO LAMBDA PI 6/70 
GALTIERI 70 DPWA 0 K-P TO LAMBDA PI 7170 
LITCHFIEL 70 DPWA -0 K-N TO LAMBDA PI 6170 
OEVENISH 74 0 FIXED T DtSP REL 4175 
BAILLON 75 IPWA KBAR N TO LAM PI 11175 
VANHORN 75 DPWA 0 K- P TO LAM PIO 11/75 
BELLEFON 76 IPWA 0 K- P TO LAM PI 2177* 
COROEN 76 OPWA - K- N TO PI- LAM 2177* 
HARTIN 77 DPWA KBAR N MULTICHNL 11/770 
RLI·C 7_7 DPWA KBAR N MULTICHNL 1176 

INTO SIGMA PI SQRHP1*P31 
ARMENTERO 67 DPWA 0 K-P TO SIGMA PI 
BERTHON1 70 DPWA 0 K-P TO SIGMA PI 
GAL TIERI 70 OPWA 0 K-P TO SIGMA PI 
KANE 72 DPWA 0 K-P TO PI SIG 
CORDEN1 77 - K- N TO PI SIG 
CORDEN1 77 - K- N TO PI SIG 
MARTIN 77 DPWA KBAR N MUL TICHNL 
Rll C 77 OPWA KBAR N MUL TICHNL 

11/67 
10/70 
7170 

10/71 
11/77* 
11177* 
11177• 
1/76 

R3 AVG MOD 
R3 STUDENT 

0.1660 
0.1661 

0.0089 .AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.0) 
0.0099 AVERAGE USING STUDENTlOIH/1.111 -- SEE MAIN TEXT 

R4 Y*li1915J FROM KBAR N INTO Y*ll1385) PI P-WAVE SQRTIP1*P4) . 
R4 LESS THAN .,01 CAMERON2 77 OPWA 0 K-P TO SU3851PI 1/78* 

R5 Y*ll19151 FROM KBAR N INTO Y*li1385J PI F-WAVE SQRTfP1*P51 
R5 -.039 .,009 CAMERON2 77 OPWA 0 K-P TO SI1385JPI 1178* 

••:eo:••• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 



~Baryons 

1:(1915). 1:(1940) 

ARMENTER 67 Pl 248 198 
ARMENTEl 67 NP 83 592 , 
SMART 68 PR 169 1330 

BERTHON 70 NP 820 476 
BERTHONl 70 NP 824 417 
BRJCMANl 70 Pl 338 511 
cox-----70-NP-BI9-6i-·-
GAL TIER I 70 DUKE CONF 173 
LITCHFJE 70 NP 822 269 

CONFORTO 11 NP 834 41 
LJTCHFIE 71 NP 830 125 
KANE 72 PR 05 1583 
Oi:VENJSH 74 NP 881 330 

BAJLLON 75 NP B94 39 
HEMINGWA 75 NP 891 12 
VANHORN 75 NP BB7 145 

ALSO 75 NP BB7 157 

BELLEFON 16 NP 8109 129 
CDROEN 76 NP 8104 382 

CAMERON2 77 RL-77-119/A 
CDROEN1 77 NP B125 61 
DECLAIS 17 CERN 77-16 
MARTIN 71 NP B127 349 

ALSO 71 NP 8126 266 
ALSO 77 NP Bl26 285 

RLIC 77 NP 8119 362 
ALSTON 78 LBL-6784 

ALSO 77 PRL 38 1007 

REFERENCES FOR Y*lll9151 

UMENTEROS. FERRO-LUZZI+ 
ARM ENTEROS, FERRD-LUZZI + 
W M SMART 

{ C ERN,HE lOt SACLAV I 
(CERN,HEIO, SACLAYI 

CLRLJIJP 

+RANGAN, VRANA, +CCCL fRANCEt RHEL, SACLAYJ IJP 
+VRANA, BUTTERWORTH, + ICOEft RHH, SACLAYJIJ 
+FERRD-LUZZI,LAGNAUX fCERNI 

·--·+ISLAM; -COffEY·; + --· --ren.H,-EcifN;GLAS,UfiC J·IJ-P 
A BARBARO-GALTIERI ILRUIJP 
P J LITCHFIELD IRUTHERFORDJIJP 

+LEVI SETTI,LASJNSKJ •• OBERLACK++ IEFI+HEIDIIJP 
llTCHFJ ELO, • •• +LESQUOY t+• • IRHEL+CDEF+SACLI IJP 
D F KANE ILBLIIJP 
DEYENJSH 1 FROGGATT ,MARTINIDESY,NORDITA,LOUC I . 

P. BAILLON,P. J. LITCHFIELD (CERN,RHELJIJP 
HEMINGWAY 1 EAOES,HKRMSEN+ ICERNtHEIDt MPIMl IJP 
A. J. VAN HORN ILBUIJP 

·A. J. VAN HORN ILBLIIJP 

DE BELLEFON,BERTHON ICOEFIJJP 
+COX,QARTNELLtKENYON 1 0NEALE, SW40ROK+ ( BIRMI IJP 

+FRANi:K ,GO PAL, BACON, BUTTERWORTH+ IRHEL+LOIC J JJP 
+COXtKENYON,ONEALEt STUBBS,SUMOROK+ IBJRMIIJP 
+DUCHON,LOUYELt PATRY, SEGUINOT+ ICAEN+CERNJ IJP 
MARTIN,PIOCOCK,MOORHOUSE (LOUC+GLAS IIJP 
MARTIN,PIOCOCK (LOUCJ 
MARTIN,PIOCOCK ILOUCJ IJP 
GO PAL, ROSS, VAN HORN ,MCPHERSON+ I LOIC+RHEL J IJP 
+KENNEY, POLLARD, ROSS+ I LBL+MTHO+CERN) I JP 
ALSTON-GARNJOST ,KENNEY ILBL+MTHO+CERN JIJP 

PAPERS NOT REFERRED TO IN DATA CARDS · 

SMART 66 PRL 11 556 W M SMART,A KERNANtG E KALMUS,R P ELY ILRLIIJP 
SUPERSEDED BY SMART 68 • 

CONFORTO 68 NP B8 265 +HARMSEN, LASINSKI,· + {CHICAGO, HEIDEL) 
SUPERSEDED 8Y CONFORT0 71. .................................................................... .................................................................... 

1915 MEV REGION - PRODUCTION AND "TOTAL EXP'TS 

29 Y*lf1915, JP= PRODUCTION EXPERIMENTS 

SEE THE MINI-REVIEW AT THE START· OF THEY* LISTINGS. 

SEE THE NOTES TO THE Y*11191SI AND Y*1U940), WHICH 
IMMEDIATELY PRECEDE AND FOLLOW THIS ENTRY. HERE WE 
LIST ONLY PARAMETERS OF PEAKS SEEN IN CROSS .SECTIONS 

AND INVARIANT-MASS DISTRIBUTIONS 4 THE CROSS-SECTION PEAKS ARE ALMOST 
CERTAINLY ASSOCIATED WITH THE Fl5 Y*1U915J SEEN IN PARTIAL-WAVE 
ANALYSES. THE INVARIANT-MASS PEAKS SEEM MORE LIKELY TO BE ASSOCIATED 
WITH THE D13 Y*U940J. 

29 Y*1fl915J MASS IMEVI IPROO. EXP .. I 

CROSS-SECTION PEAKS --
1905.0 S.O SUGG 68 CNTR K-P, 0 TOTAL 11/66 

M 
M 
M 

"· M 
M 
M 
M. 
M 
M 

" 

• • w 
• • • • • w 
• 

Pl 
P2 
P3 

•• 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

•• Rl 

1906.0 6.0 BRitMAN 70 CNTR 0 TOTAL AND CH EX 6/70 
1912.0 10.0 COOL 70 CNTR K-P, D TOTAL 10170 

INVARIANT-HAS5-0ISTRIBUTION PEAKS --
(1942.0) (9.01 . BOCK 6S HBC PBAR P 5.7 BEV/C 
1940.0 11.0 AGUILAR 70 H8C + 3.9-4.6 GEV/C K- S/10 

ELASTIC DCS - 2173 
1931. 9. DADO 72 HBC 0 K-P ELSTC DCS 2/73 

G7 JNDICATED BY LEGENDRE COEFFS.,G9 NOT RULED OUT. 2/73 
42 1979.. 14. BRI EFEL 77 HBC + XI K MODE 2.9K-P 1178* 

AVERAGE MEANINGLESS ISCALE FACTOR= 2.11 

29 Y*111915) WIDTH IMEVI (PROD. EXP.) 

CROSS-SECTION PEAKS --
60.0 10.0 BUGG 68 CNTR 
50.o0 12 .. 0 BRitMAN 70 CNTR 0 TOTAL AND CH EX 

(30.01 COOL 10 CNTR K-P, D TOTAL 
INVARIANT-MAS5-DISTRIBUTION PEAKS --

136.01 (20.01 136.0) BOCK 6S HBC 
90.0 20.0 AGUILAR 70 HBC + 3.9-4.6 GEV/C K-

ELASTIC OCS -
70. 14. DADO 72 HBC 0 K-P ELSTC DCS 

42 69.. 32. BRIEFEL 11 HBC + X I K MODE 2 .9K-P ......... 
AVERAGE MEANINGLESS ISCACE FACTOR = 1.01 

29 Y*lC19151 PARTIAL DECAY MODES IPROD. EXP.J 

Y•1U915J INTO K8AR N 
Y•1U9151 INTO LAMBDA PI 
Y*li1915J INTO SIGMA PI 
Y•1Cl915J INTO XI K 

DECAY MASSES 
491+ 939 

1115+ 134 
1197+ 139 
1314+ 49~ 

29 Y*1Cl91SI BRANCHING RATIOS IPROO. EXP.I 

Y*1U9151 INTO IKBAR -NJ/TOTAL (PlJ 
THESE VALUES OF ELASTICITIES ASSUME JJS/2 --

0.06 BUGG 68 CNTR ASSUMING J=S/2 
0.01 0.02 BRitMAN 10 CNTR 0 TOTAL AND CH EX 
0 .. 07 COOL 70 CNTR K-P, 0 TOTAL 

THIS ELASTICITY ASSUMES J=7!2 
.62 .08 DADO 72 HBC 0 K-P ELSTC OCS 

11/66 
6/70 

10/70 

5170 
2/13 
2173 
1178* 

6/68 
6/70 

10170 
2/13 
2/13 

R1 AVG 0.10 
0.077 

0.13 
0.022 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 6.7) 
AVER'AGE USING STUDENTlO(H/1.111 - SEE MAIN TEXT R1 STUDENT 

R2 
R2 

R3 
R3 

Y*1Cl9151 INTO (KBAR NJ/ISIGHA Pll 
I .371 OR LESS BARNES 

Y•11191SJ INTO ILAMBOA PIJIISIGMA PIJ 
1.281 OR LESS BARNES 

IP11 /IP31 
69 HBC + 1 STAN. DEY. 10/69 

IP21/IP31 
69 HBC + 1 STAN. DEY. 10/69 

228 

Data Card Li~tings 
For notation, see key at front ofListings. 

•• •• Y*11l9151 INTO (X] Kl 
42 SEEN 

IP41 
BRIEFEL 11 HBC + K-P 2.87 GEV ........................ !t•······· .................................. . 

SOCK 65 PL 11 166 
COOL 66 PRL 16 1228 

SUPERSEDED BY COOL 70. 
BUGG 68 PR 168 1466 
8ARNES 69 PRL 22 lt79 

AGUILAR 70 PRL 25 58 
BRitMAN . io -P-L 318 -152 
COOL 70 PR 01 1887 
DADO 72 PRL 29 1695 
BRIEFEL 77 PRO 16 2706 

REFERENCES FOR Y*11191SJ (PROD. EXP.J 

+COOPERrFRENCHtKINSON, + 'c(ERN,SACLAY) 
+GIACOMELLI ,KYCIA,LEONTICtlltLUNOBY, + (BNL) 

+GILMORE, KNIGHT, DAVIES+ ( BIRM, CAYEtRHEL) I 
+FLAHINIO,HONTANET, SAMlOS + IBNL+SYRAI 

AGUILAR-BENITEZ, BARNES, + I 8NL, SYRA J 
+FERRO LUZZl, 'PERREAU;+ ICERN,CAENtSAC(Ayj 
+GIACOMELLI, KYCIA, LEONTICt l], + IBNLI I 
+BIRMAN,GOLOBERG,WEISS IHAif)JP 
+GOUR~VITCH tCHANG+ ( BRAN+UMO+SYRA+TUFT I 

PAPERS NOT REFERRED TO IN DATA tAROS 

PRIMER 68 PRL 20 610 +GOLDBERG,JAEGER,BARNES,DORNAN + iSYRAtBNLI 
SUPERSEDED BY BARNES 69 AND AGUILAR-BENITEZ 70. .................................................................... 

•••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••.••••• ••••••••• •••••*** 

I l:( 1940)j ........ ..,. JP•3/2-I 1•1 I D'13l 
SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

SUCH A RESONANCE IS SUGGESTED BY SOME BUT NOT ALL 
PARTIAL-WAVE ANALYSES IN THIS REGION. THIS 
EFFECT IS PERHAPS ASSOCIATED WITH THE BUMPS SEEN 
IN PRODUCTION EXPERIMENTS NEAR THIS MASS. SEE 
THE PRECEDING ENTRY • 

98 Y*1tl9401 MASS IMEVI 

1178* 

1940.0 SO.O GALTIERI 70 OPWA K- N TO LAM PI 7/70 
1940.0 ltO.O GALTlERJ 10 OPWA K-P TO SIGMA PI 7170 
1940.0 30.0 LITCHFIEL 70 DPWA K- N TO LAM PI 7170 
1985.0 15.01 KANE 72 OPWA 0 K-P TO PI SIG 10/71 

1186S. I LEA 73 DPWA MUL TICHNL K-MTRX 9173 
ONLY UNCONSTRAINED STATES FROM TABLE 1 OF LEA73 ARE IN LISTINGS. 9173 

M 1940. 20. LlTCHFI2 74 OPWA 0 K-P TO LI1S20JPI 10174 
M 19SO. 20. LITCHF13 7.4 DPWA 0 K-P TO KBAR DEL 10/llt 
M 1950. 30. BAI LLON 75 IPWA KBAR N TO LAM PI 11175 
M 1949. 40. 60. VANHORN 75 OPWA 0 K- P TO LAM PIO 11/7S 
M It 11940.1 BELLEFON 76 lPWA 0 K- P TO LAM PI 2171* 
M 4 SLIGHT BUMP IN MODULUS OF Fl WAVE. 2177* 
M 5 1886. OR 1893. MARTIN 77 OPWA KBAR N MULTICHNL 11177* 
M 5 THE TWO ENTRIES FOR MARTIN 11 CORRESPOND TO EXTRACTION OF RESONANCE 
H 5 PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 
M 1920. SO. RLIC 77 OPWA KBAR N MULTICHNL 1176 

: AVERAGE· MEANINGLeSs" c ScALE FACTOR = 1.oJ 

• w 
w 
w 

Pl 
P2 
P3 

•• 
P5 

•• P7 
PB 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

98 Y*1119401 WIDTH IMEVJ 

200.0 50.0 GALliER I 10 DPWA K- N TO LAM PI 1170 
200.0 50.0 GALTIERI 10 OPWA K-P TO SIGMA PI 1110 
280.0 40.0 LITCHFIEL 70 OPWA K- N TO LAM PI 1/10 
208.0 122.0) KANE 72 OPWA 0 K-P TO PI SIG 10/71 

(108.91 LEA 73 OPWA MUL TICHNL K-MTRX 9/73 
60. 20. LITCHFI2 74 OPWA 0 K-P TO LI1S20)PI 10/74 
70 • 30. 20. LITCHFI3 74 OPWA 0 K-P TO KBAR DEL 10/74 

150. 75. BAIL LON 75 I PWA KBAR N TO LAM PI 11/75 
160. 70. •a. VANHORN 75 OPWA 0 K- P TO LAM PIO llllS 
1S7. OR 159. MARTIN 77 OPWA KBAR N MULTJCHNL 11177* 
300. eo. Rllt 11 OPWA KBAR N MULTICHNL 1/76 ......... 

AVERAGE MEANINGLESS (SCALE fACTOR ., 2.41 

98 Y*111940J PARTIAL DECAY HODES 

DECAY MASSES 
Y*ll1940) INTO KBAR N 497+ 939 
Y*ll1940 I INTO LAMBDA PI 111S+ 139 
Y*Ul940t INTO SIGMA PI 1197+ 139 
Y*U 19401 INTO Y•OI1520l PI P-WAVE 134+1S18 
Y*1119401 INTO Y*Oil520J PI F-WAVE 134+1518 
Y•li1940I INTO KBAR OELTAU232) S-WAVE 493+1232 
Y•1U940I INTO KBAR OELTAI12321 D-WAVE 493+1232 
Y*1U940J INTO Y*lt 13851 PI S-WAVE 1~9+1384 

Y•ll 19401 FROM KBAR N 
-0.12 0.04 
-0.14 0.03 
c-.111 
-.153 .070 
-.04 .02 
-.as .o3 

t-.1SJOR -.14 
-.06 .03 

INTO LAMBDA PI SQRT(P1*P2J 
GALTIERI 10 OPWA K- N TO LAM PI 7/70 
LITCHFIEL 70 OPWA K- N TO LAM PI 7/70 
LEA 13 OPWA MUL TICHNL K-MTRX 9173 
OEVENISH 74 0 FIXED T OISP REL 4/7S 
BAILLON 75 IPWA KBAR N TO LAM PI 11/lS 

.02 VANHORN 75 OPWA 0 K-P TO LAM PIO 11/75 
MARTIN 71 OPWA KBAR N MUL TICHNL 11177* 
RLIC 77 OPWA KBAR N MULTICHNL 1/76 

R1 • • • • • ... • • 
R1 AVERAGE MEANINGLESS (SCALE FACTOR ., 1.51 

R2 
R2 
R2 
R2 
R2 
R2 
R2 

Y*ll1940) FROM KBAR N INTO SIGMA PI 
-0.1Z O. 03 GAL TIER I 
-0.093 10.006) KANE 

NOT SEEN LEA 
(+.16)0R +.16 HARTIN 

- .. 08 .04 RLIC 

R2 AVERAGE MEANINGLESS ISCALE FACTOR"' 1.01 

70 OPWA 
72 OPWA 
73 DPWA 
11 OPWA 
11 OPWA 

SQRT(P1*P31 
K-P TO S IGHA Pl 

0 K-P TO PI SIG 
MULTICHNL K-HTRX 
KBAR N HULTICHNL 
KBAR N HULTICHNL 

1110 
10/71 
9/73 

11/77* 
1/76 

R3 Y*lC19401 INTO KBAR N IPLI 9173 
R3 ( .21) LEA 73 DPWA Mlll TICHNL K-MTRX 9/13 
R3 1.14JOR .13 MARTIN 71 OPWA KBAR N MULTICHNL 11177* 
R3 LESS THAN .04 RLJC 71 OPWA KBAR N MUlTICHNL 1176 
R3 NO SIGNAL FOR THIS STATE WITH X LARGER THAN ABOUT .03 IN THE 11/1S 
R3 ANALYStS OF HEMINGWAY 7S. 11/75 
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Data Card Listings 
·" For notation, see key at front of Listings. 

.. 

•• •• •• •• •• 
•• •• R5 

•• R5 

Y*li1940t FROM KBAR N TO Y*OU520J PI P-WAVE SQRHPl*P4» 
- .. 11 .. 04 LITCHFI2 74 OPWA 0 K-P TO Ul520JPI 

ASSUMES LAM80Ail520J ELASTICITY=.45.SJGN RlTV .. TO SIGC20301 DECAY. 
LESS THAN .03 CAMERON 77 OPWA 0 K-P TO U 15201PI 

ASSUMES LAMBDAI15201 ELASTICJTYc.,46 .. 

Y*lt 19401 FROM KBAR N TO Y*Oil520l PI F-WAVE SQRTIPl*P51 
, -.08 .04 LITCHF12 . 74 OPWA 0 K-P TO U 1520IPI 
ASSUMES LAMBDAU5201 ELASTICITYc.45,SIGN RLTV. TO SIG(2030) DECAY. 

.062 .021 CAMERON 77 DPWA 0 K-P TO l( 1520)Pl 
ASSUMES LAM8DAU520J ELASTICITY=.46. 

:~ AVERAGE '"MEANtNGleSs '"cScAte FACToR ... t.oJ 

R6 Y*lll9401 FROM KBAR N TO KBAR DELTAU232J S-WAVE SQRTCPL*P61 

10174. 
10/74 
1/18* 
1178* 

10/74 
10174 
1178* 
1178• 

R6 3 -.16 .OS LITCHFI3 71t OPWA 0 K-P TO KBAR DEL 10/74 
R6 3 SIGN RELATIVE TO SIGMAI20301 DECAY 10174 

R7 Y*lll9401 FROM KBAR N TO KBAR OELTA(l2321 D-WAVE SQRTIPl*P71 
R7 3 -.H .OS LITCHFI3 74 DPWA 0 K-P TO KBAR DEL 10174 
R7 3 SIGN RELAT~VE TO SIGMAI2~~01 DECAY. }.~!74_ 

R8 Y*lll940J FROM KBAR N TO Y*lll385) PI $-WAVE SQRTIPl*P81 
R8 -.068 .. 025 CAMERON2 77 DPWA 0 K-P TO Sll385)PI 1178* 

................................ •••••••*• .................................. . 

GALTJERI 70 DUKE CONF 173 
LITCHFIE 70 NP 822 269 
KANE 72 PR 05 1583 
LEA 73 NP 856 77 

DEVENISH 74 NP 881 330 
LITCHFJ2 74 NP 87ft 19 
LJTCHFI3 74 NP 87ft 39 

BAILLON 75 NP 894 39 
VANHORN 75 NP B87 llt5 

ALSO 75 NP B87 157 

BELLEFON 76 NP 8109 129 
CAMERON 71 NP 8131 399 
CAMER(N2 77 RL-77-119/A 
MARTIN 71 NP B127 349 

ALSO 17 NP 8126 266 
ALSO 77 NP B126 285 

RLJC 77 NP 8119 362 

HEMINGWA 75 NP B91 12 

\ 

REFERENCES FOR Y*lll9401 

A BARBARG-GAL TIER I 
P J LITCHFIELD 
D F KANE 
+MARTlNrHOORHOUSE+ 

ILRLIJJP 
I RUTHERFORD I JJP 

ILBU IJP 
IRHEl+LOUC+GLAS+AARHUS IIJP 

DEVENISHr FROGGATT rMART IN IDE SY, NORD IT A,LOUC I 
L lTCHFIELDrHEMINGWAY,BAJLLONr+ ICERN+HEI DIIJP 
L ITCHFI ELDtHEMINGWAYrBAlllONr+ ICERN+HEJDJIJP 

P. BAILLONtP• J .. LITCHFIELD 
A. J. VAN HORN 
A. J. VAN HORN 

(CERN,RHELJIJP 
ILBLJ IJP 
ILBUIJP 

DE BELLEFONrBERTHON ICOEFI IJP 
+FRANEKrGOPAL,KALMUSr MCPHERSON+ IRHEL+LOIC J IJP 
+FRANEK, GOPAL,BACON,BUTTERWORTH+ I RHEL+l.OIC I IJP 
MAR TINt P U>COCK, MOORHOUSE ILOUC+GLAS J IJP 
MARTIN,PIOCOCK . (LOUCJ 
MARTJN,PJOCOCK CLOUCJJJP 
GOPAL,ROSStVAN HORN,MCPHERSON+ (LOIC+RHEL J IJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

HEM INGWAY,EADES,HARMSEN+ CCERN,HE ID,MPIMJ IJP .................................................................... .................................................................... 
li:<zooo) I 

) 
02 Y*112000, JP-1/2-1 1""1 

WE LIST HERE All REPORTED Sll STATES LYING ABOVE 
THE Y*1U7501 

02 Y*ll20001 MASS fMEVI 

2004. ItO. VANHORN 75 "DPWA 0 K-P TO LAM PIO 11175 
1755. OR 183ft. MARTIN 77 DPWA KBAR N MULTICHNL 11/17* 

THE TWO ENTRIES FOR MARTIN 71 CORRESPOND TO EXTRACTION OF RESONANCE 
PARAMETERS FROM THE T-MATRJX POLE AND FROM A 8-W FIT r RESPECT:IVEL Y • 

1955. 15. RLIC 77 DPNA KBAR N MULTICHNL 1176 

----- ----- ----- ----- ----- ----- ------ ~:__ __ _ 

P1 
P2 
P3 
P4 

R1 
R1 
R1 
R1 
R1 

R2 
R2 
R2 

R3 
in 
R3 

R4 
R4 

•• 

02 Y*lf2000J WIDTH IMEVI 

116. 40. 
413. OR 450. 
170. 40. 

VANHORN. 
MARTIN 
RLIC 

75 OPWA 
11 OPWA 
11 DPWA 

02 Y*ll2000) PARTIAL DECAY MODES 

Y*lf2000) INTO KBAR N 
Y*U20001 INTO LAMBDA PI 
Y*li2000J INTO SIGMA PI 
V*li2000J INTO LAHBCAI1520) PI 

02 Y0112000J BRANCHING RATIOS 

Y*1f20001 FROM KBAR N INTO LAMBDA PI 
NOT SEEN BAILLON 75 I PWA 

+.07 .02 .01 VANHORN 75 OPWA 
t-.19JOR -.18 MARTIN 11 DPWA 

.oa .03 RLIC 11 OPWA 

Y*lC2000) INTO IKBAR N)/TOTAL 
C.6210R .57 MARTIN 77 DPWA ... .os RLIC 11 OPWA 

Y*ll20001 FROM KBAR N INTO SIGMA PI 
(+.26)0R +.24 MARTIN 11 DPWA 
+.20 .04 RLIC 77 DPNA 

Y*U2000) FROM KBAR N TO LAMBDA(l520J PI 
-.081 .021 CAMERON 11 DPWA 

0 K-P TO LAM PIO 11175 
KBAR N MULTICHNL 11/77* 
KBAR N MULTICHNL 1176 

DECAY MASSES 
497+ 939 

1115+ 134 
1197+ 139 

139+1518 

SQRTtP1*P2J 
KBAR N TO LAM PI 

0 K-P TO LAM PIO 
KBAR N MUL T ICHNL 
KBAR N MUL TICHNL 

I Pll 

111.75 
11/75 
11/77* 
1/76 

1/76 
KBAR N MULTICHNL 11/77* 
KBAR N MUL TICHNL l/76 

SQRT I Pl*P3J 1176 
KBAR N MUl TICHNL 11/77* 
KBAR N MULTICHNL 1/76 

SQRHP1*Pftl 
a P-WAVE DECAY 1178* 

ASSUMES LAMBDA(l5201 ELASTIC lTV= .46, SIGN RlTV. TO S1Gil765J DECAY. l/78* ....... ......... .. ··-······· ......... .. . ........... ..•...... ............. . ....... .. 

Baryons 
I:(1940). I:(zqoo). I:(2o3o) 

REFERENCES FOR. Y*H2000J 

BA t"LLON 75 NP B94 39 P. BAILLON,P. J., t.ITCHFIELD 
A. J., VAN HORN 

ICERN,RHELIIJP 
I LBLJ IJP 
I LBLIIJP 

VANHORN 75 NP 887 145 
ALSO 75 NP B87 157 A. J. VAN HORN 

CAMERON 11 NP 
MARTIN 11 NP 

ALSO 71 NP 
ALSO 17 NP 

8131 399 
8127 3ft9 
8126 266 
8126 285 
8119 362 

+FRANEK r GOP AL r KALMUS, MCPHERSON+ 
MAR TJN,P IDCOCK,MOORHOUSE 
MARTIN, PIDCOCK 
MARTJN 1 PIOCOCK 

IRHEL+LOIC I IJP 
ILOUC+GLASIIJP 

(LOUCJ 
tlOUCJIJP 

CLCIC+RHELJIJP RLIC 11 NP GOPAL,ROSS,VAN HORN,MCPHERSON+ 

****** ********* ********* ********* •••o•••~• ********* ********* ••••o••• ............................................................................... 
II:czo3o) I 47 YOIC2030r JP:7/2~1 1=1 

M 
M 
M 
i4 

M 
M 
M 
M 

" M 
M 
M 
M 
M 

" M 

• 

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 
PB 
P9 
P10 
Pll 

SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

THIS ENTRY. ONLY INCLUDES RESULTS FROM PARTIAL-WAVE 
ANALYSES. PARAMETERS OF PEAKS SEEN IN CROSS-SECTIONS 
AND JNVARIANT-MASS DISTRIBUTIONS AROUND 2030 MEV ARE 

GIVE~ IN THE NEXT ENTRY. EVENTUALLY THE PARTIAL-WAVE ANALYSES SHOULD 
GIVE THE BEST RESULTS, AS THE\' ISOLATE THE Fl7 WAVE. THIS SUPERIORITY 
JS 1 HOWEVER, PROBABLY NOT YET ATTAINED, AND WE RELY ON BOTH ENTRIES 
FOR .PARAMETERS GIVEN IN THE MAIN BARYON TABLE. 

ft1 Y*li2_030J MASS CMEVI 

czo3o.oJ 120 .. 0) WOHL 66 HBC 0 K-P TO LAM PIO 
2032.0 6.0 SMART 68 DPWA - K-N TO LAMBDA PI 
2030.0 10.0 BERTHON 70 DPWA 0 K-P TO LAMBDA .PI 
2035.0 1.0.0 8EA.tHONl 70 lfPIIA 0 K-.,--rn··sTGr4"A· P"I.-
2027 .a 6.0 COX 70 DPWA - K-N TO LAMBDA Pl 
2010.0 15.0 GAL TIER I 70 DPWA 0 K-P TO LAMBDA PI 
2000.0 zo .. o GAlliER I 70 OPWA 0 K-P TO SIGMA PI 
2022.0. 4.0 LITCHFIEL 70 DPWA -0 K-N TO lAMBDA PI 
2025. 15. LlTCHFIE 71 DPNA K-P TO KBAR N 
2034 .. 0 tft.O KANE 72 DPWA 0 K-P TO PI SIG 
2025. 10. LITCHFil 74 OPWA 0 K-P TO LC18151PI 
2035. 10. LITCHFI2 74 OPWA 0 K-P TO U1520JPI 
2020. 30. LITCHF13 74 DPWA 0 K-P TO KBAR DEL 
2035. 15. BAILLON 75 JPWA KBAR N TO LAM PI 
2038 .. 10. HEMINGWA 75 DPWA 0 K- P TO KBAR N 
2042. u. VANHORN 75 OPWA 0 K-P TO LAM PIO 

(2030 .. ) BELLEFON 76 IPWA 0 K- p" TO LAM PI 

• 2030 • 3. COROEN 76 OPWA - K- N TO PI- LAM 
4 PREFERRED SOLUTION 3, SEE COROEN 76 FOR OTHER POSSIBLILJTES. 

• CORDEN 76 INCLUDES THE DATA OF COX 70 AS A SUBSAMPLE. 
c 2038. 10. CORDEN2 11 - K- N TO K* N 

6 2027. TO 2057 .. GOYAL 11 DPWA - K- N TO SIG PI 
2040 .. .. RLIC 77 DPWA KBAR N MUL TICHNL .......... 

AVERAGE MEANINGLESS ISCALE FACTOR "' l.OJ 

1110.01 WOHL 66 HBC 0 
160.0 16.0 SMART 68 OPWA - K-N TO LAMBDA PI 
165.0 30.0 15 .. 0 BERTHON 70 DPWA 0 K-P TO LAMBDA PI 
150.0 20.0 8ERTHON1 70 OPWA 0 K-P TO SIGMA PI 
158.0 16 .. 0 cox 70 OPWA - K-N TO LAMBDA PI 
115.0 15.0 GALT JERI 10 DPWA 0 K-P TO LAMBDA PI 
100 .. 0 40.0 GAL TIER I 70 OPWA 0 K-P TO SIGMA PI 
170.0 15.0 LITCHFJEL 70 DPWA -a K ... N TO LANBOA P 1 
zoo. 30. LITCHFIE 71 DPWA 
118.0 12.0 KANE 72 DPWA 
70. TO 125. LITCHFil 74 OPWA 

160. 20. LJTCHFI2 74 OPWA 
zoo. 30. LITCHFI3 74 DPNA 
180. 20. BAILLON 75 IPWA 
112. 15. HEMINGWA 75 OPWA 
118. ... VANHORN 75 DPWA 

1160. J BELLEFON 76 I PWA 
201. .. COR DEN 76 DPWA 
137. 40. COROEN2 11 

{260.1 DECLAIS 77 OPWA 
126. TO 195. GOYAL 77 DPWA 
190. 10. RLIC 11 DPNA 

AVERAGE MEANINGLESS ISCALE FACTOR .. 1.91 

47 Y*ll20301 PARTIAL OECAY MODES 

VOU2a30) INTO KBAR N 
Y01120301 INTO LAMBDA PI 
Y*ll20301 INTO SIGMA PI 
Y*U2030J INTO XI K 
yol{ 20301 INTO V*OI1815J PI P-WAVE 
Y*ll2030) INTO Y*OH520J PI D-WAVE 
V•ll20301 INTO v•OU5201 PI G-WAVE 
Y*ll20301 INTO KBAR DELTAC12321 F-NAVE 
Yll<li2030J INTO KBAR DELTAC12321 H-WAVE 
Y•ll2030) INTO K*l8921 N 
Y*1C2030) INTO Y*1Cl3851 PI F-WAVE 

47 Y*li2030J BRANCHING RATIOS 

K-P TO KBAR N ~ 
0 K-P TO PI SIG 
0 K-P TO LU8151PI 
0 K-P TO Ul520JPI 
0 K-P TO KBAR DEL 

KBAR N TO LAM PI 
0 K- P TO KBAR N 
0 K-P TO LAM PIO 
0 K- P TO LAM PI 
- K- N TO PI- LAM 
- K- N TO K* N 

KBAR N TO KBAR N 
- K- N TO S IG PI 

KBAR N MULTICHNL 

DECAY MASSES 
497+ 939 

1115+ 13ft 
1197+ 139 
1321+ ft97 

134+1820 
134+1518 
134+1518 
ft93+1232 
ft93+1Z32 
892+ 939 
139+1384 

(Pl) 

7/66 
6/68 
7170 

Hrno 
6/70 
7110 
7/70 
6170 

10/11 
10/11 
10174 
10/H 
10174 
11175 
11175 
11175 
2177* 
2177* 
2177* 

11177* 
1178* 
1/76 

7/66 
6/68 
1170 

10/70 
6/70 
7170 
7/70 
6/10 

10/11 
10171 
10/74 
10174 
1011ft 
11/75 
11175 
i1175 
2177• 
2177* 

11177• 
1/78* 
1178* 
1/76 

R1 
R1 

yol(2030f INTO IKBAR NJITOTAL 
C0.25J WOHL 66 HBC 0 K-P CH EX 7/66 

R1 0 
R1 
R1 
R1 
R1 
R1 
R1 0 

CO.UJ 
0.11 
0.18 

.18 
( .151 

0.04 
o.oz 

.03 

.24 .. 02 
CAUM 68 ASSUMES (J+1/21*P1 

DAUM 
CAMPBELL 
LITCHFIE 
HEMINGWA 
OECLAIS 
RLJC 

VALUE SEEN 

:i AVERAGE"HEAiiiNGLESs",ScAtE FACTOR"' 1.41 

68 CNTR K-P ELArPOt,SIGT 7170 
71 DBC - K- NEUTRON HAST 1/71 
11 DPWA K-P TO KBAR N .10171 
75 DPWA 0 K- P TO KBAR N 11/15 
11 DPWA KBAR N TO KBAR N 1178* 
11 DPWA KBAR N MULTICHNl 1176 

IN TOTAL CROSS SECTION. 



Baryons 
I:(2030). I:(2070) 

R2 
R2 
RZ 
RZ 
R2 
R2 
RZ 
R2 
R2 
R2 
R2 
RZ 
R2 
R2 

V*lU030J FROM KBAR N 
(0.201 
+0.21 
+0.2 
+0 .. 19 
+0.16 
+0.20 
+.195 
+.18 
+.20 

1.201 
+.20 
+.18 

0.01 
o.oz 
0.01 
0.03 
o.oos 

.053 

.oz 

.01 

.01 

.02 

INTO LAMBDA PI SQRTI Pl•PZI 
WOHL 66 HBC 0 K-P TO LAMBDA PI 
SMART 68 OPWA - K~N TO LAMBDA PI 
BERTHON 70 OPWA 0 K-P TO LAMBDA PI 

-COX 70 OPWA - K-N TO LAMBDA PI 
GAL TIER! 70 OPWA 0 K-P TO LAMBDA PI 
UTCHFIEL 70 OPWA -0 K-N TO LAMBDA PI 
DEVENISH 74 0 FIXED T OISP REL 
BAI LLON 75 IPWA KBAR N TO LAM PI 
VANHORN 75 OPWA 0 K-P TO LAM PIO 
BELLEFON 76 I PWA 0 K- P To LAM PI 
CORDEN 76 DPWA - K- N TO PI- LAM 
RLIC 77 DPWA KBAR N MUL T ICHNL 

I 

R2 AVERAGE MEANINGLESS CSCALE FACTOR • t.O) 

•• R3 
R3 
R3 •• •• •• R3 
R3 

•• R3 
R3 

•• R3 

•• •• •• •• 

V•ll2030) FROM KBAR N INTO SIGMA PI SQRTIPI•P3J 
l C-0.091 (0.021 BERTHONl 10 OPWA 0 K-P TO SIGMA PI 

-0.052 0.010 GAL TIERI 70 OPWA 0 K-P TO SIGMA PI 
-0.10 0.03 LITCHFIE 71 DPWA K-P TO SIG PI 

l LITCHFIELD 71 IS AN UPDATE OF BERTHON1 10 
-0.086 o.ol't KANE 72 DPWA 0 K-P TO PI SIG 

A -.09 .01 CORDEN1 11 - K- N TO PI SIG 

• -.06 .01 CORD ENI 11 ~ K- N TO PI SIG 
A THE 2 ENTAl ES FOR CtltDENl17 ARE FROM 2 DIFFERENT ACCEPTABLE SLTNS. 

• (-.0851 1.021 GOYAL 77 OPWA - K- N TO S IG PI 

• THIS COUPLING IS EXTRACTED FROM UNNORNALIZEO DATA. 
-.15 .03 RLIC 77 OPWA KBAR N MUL T ICHNL 

AVERAGE •MEANINGleSs ·eStAte FACTOR .. t.9J 

Y*lC2030) FROM KBAR N INTO XI K 
(0,.05) OR LESS TRIPP 
I 0.051 OR LESS BUR GUN 
10.0231 MULLER 

SQRTCPl*Po\1 
67 RVUE 0 K-P TO XI K 
68 OPWA 0 K-P TO XI K 
69 OPWA 0 

Y*U2030) FROM KBAR N TO Y*OI1815) PI P-WAVE SQRTCP1*PSJ 

l/66 
6/68 
7/70 
6170 
7/70 
6170 
4175 

11/75 
11175 

2177• 
2177• 
1176 

"10170 
7/70 
3/72 
3/72 

10/71 
11/710 
11177• 
11177• 

1178• 
1178* 
1176 

8/67 
10/69 
7/70 

RS 
RS 
RS 
RS 
RS 

' .18 .04 LITCHFll 74 DPWA 
ASSUMES LAMBOAU815J ELASTICITY=.6 

.14 .02 CORDEN2 75 DBC 

0 K-P TO L(l8151PI 10174 
1017:4 

- KBAR PI- NUCLEON U/75 

R5 AVG 
R5 STUDENT 

0.148 
0.1-\8 

0.018 
0.020 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AV,ERAGE USING STUOENTlOIH/1.111 - SEE MAIN TEXT 

R6 Y*ll2030) FROH KBAR N TO Y*OU5201 PI 0-WAVE SQRTIP1*P61 
R6 2 .Ft .03 LITCHF12 74 DPWA 0 K-P TO L(15201Pl 10/74 

~-~----3~---AllUJtt!Tar~P.A.I.t!~¥~-fl~liliCIJ~QR~iwr-n-o-et-- =--'RBArt -·pt=.· NOC(EON ~~~~; . 
R6 3 UPPER LIMIT 11175 
R6 5 -.114 .010 CAMERON 77 DPWA 0 K-P TO L( 1520IPI 1178* 
R6 5 · ASSUMES LAMBDAU520) ELASJICITYm,.46, SIGN RLTV. TO SIGI17651 DECAY. 1178* .... . 
R6 AVG MOD 0.1166 0.0095 AVERAGE IERROR INCLUDES SCAlE FACTOR OF 1.01 
R6 STUDENT 0.116 0.010 AVERAGE USING STUOENTlOIH/1.111 - SEE MAIN TEXT 

R7 
R7 
R7 
R7 
R7 

Y*lC2030J FROM KBAR N TO Y*O(l520) PI G-WAVE SQRTIPl*P71 
2 .02 .02 LlTCHFI2 74 DPWA 0 K-P TO Ul5201PJ 
2 ASSUMES LAMBOAll5201 ELASTICITYc.45 
5 -.146 .010 CAMERON 77 DPWA 0 K-P TO LU5201PI 
5 ASSUMES LAMBDAI15201 ELASTIGJTY~:~.46, SIGN. RLTV. TO SIGI1765J DECAY. 

10174 
10/74 

1118* 
1178• 

:~ AYG MOD • 
Rl STUDENT 

0.121 
0.138 

• 0.050 
p.012 

AVERAGE CERROR INCLUDES SCALE fACTOR OF 5.61 
AVERAGE USING STUOENTIOIH/1.11) - SEE MAIN TEXT 

Y*U2030J FROM KBAR N TO KBAR DELTAI1232) F-WAVE SQRTIP1*P81 RB ... .16 .03 LITCHFI3 74 OPWA 0 K-P TO KBAR DEL 10/74 

•• •• 
C.I7J 1.031. COROEN2 75 OBC - KBAR PI- NUCLEON ll/75 

UPPER LIMIT 11175 

•• •• 
Y*ll20301 FROM KBAR N TO KBAR OELTAU232) H-WAVE SQRT(PI*P91 

.00 .02 LJTCHFI3 74 DPWA 0 K-P TO KBAR DEL 

RlO Y*lt2030J FROM KBARN TO K*l8921 N SQRT(Pl*PIOI 
RIO C .02 .01 COROEN2 11 - 2FF7 WAVE 
RIO C .12 .02 COROEN2 71 - 4FF7 WAVE 
RIO C THESE AMPLITUDES AT RESONANCE HAVE POSITIVE RELATIVE SIGN, AND 
RlO C CORRESPOND TO A 7+/-3 PCT BRANCHING RATIO INTO K*l892) N. 
RIO • • ·• -. • • • • • 
RIO AVERAGE-MEANINGLESS (SCALE FACTOR "" 4.51 

Rll Y*ll2030) FROM KBAR N TO Y*1U3851 PI F-WAVE SQRTIP1*Plll 
Rll -.153 .026 CAto1ERON2 77 OPWA 0 K-P TO Sll3851PJ 

............................................................ ·······* 

WDHL 66 PRL 11 107 
TRIPP 67 NP 83 10 
BUR GUN 68 NP BB 44 7 
OAUM 68 NP 87 19 

CONFIRMS THE SPIN-PARITY 
SMART 68 PR 169 1336 

REFERENCES FOR y:O:l(2030J 

C G WOHL, F T SOLMITZ. M L STEVENSON ILRLIJJP 
+ LEITHt + (LRL,SLAC,CERN,HEJDELtSACLAYJ 
+MEYER,PAULI,TALLINI + ISACL+CDEF+RHEU 
+ERNE,LAGNAUX,SENS, STEUER,UDO ICERNIJP 

ASSIGNMENT. 
W M SMART 

MULLER 69 THESIS,UCRL 19312 R A MULLER 
(LRLJIJP 
ILRL) 

BERTHON 70 NP 820 476 
BERTHDNl 70 NP 824 417 
COX 70 NP B19 61 
GAL TIER I 70 DUKE CONF 173 
LITCHFIE 70 NP 822 269 

CAMPBELL 71 NP 825 75 
LITCHFIE 11 NP B30 125 
KANE 12 PR 05 1583 

OEVENISH 74 NP 881 330 
L1 TCHF 11 74 NP B74 12 
LITCHFJ2 74 NP 874 19 
LITCHF13 74 NP 874 39 

8Ail.LON 75 NP 894 39 
COROEN2 75 NP 892 365 
HEHINGWA 75 NP 891 12 
VANHORN 75 NP B87 145 

Al.SO 75 NP 887 157 
BELLEFON 76 NP 8109 129 
CDRDEN 76 NP B104 382 

CAMERON 11 NP 8131 399 
CAMERON2 11 RL-77-119/A 
COROENl 71 NP 8125 ·61 
COROEN2 77 NP 8121 365 
DECLAIS 71 CERN 77-16 
GOYAL 11 PRO 16 2746 
RLIC 77 NP 8119 362 

+RANGAN, VRANA, +(COL FRANCE, RHEL, SACLAYI JJP 
+VRANA, BUTTERWORTH, + (CDEF, RHEL, SACLAY I JJP 
+ISLAM, COLLEY, + IBIRM,EOJN,GLAS,LOIC)IJP 
A BARBARQ-GALTIERI ILRLJIJP 
P J LITCHFIELD IRUTHERFORDIIJP 

+MORTON, NEGUS, GOYAL, MILlER (GLASt LOICIIJP 
l ITCHFJELO, • •• +LESQUOY ,+. • IRHEL+COEF+SACL I IJP 
0 F KANE ILBLJIJP 

DEY EN ISH, FROGGATT, MART I NIOESY, NORD IT A.,tOUC I 
LITCHFIELOt HEMINGWAY, BAILLON,+ I CERN+HEIO I IJP 
L ITCHF I ELOt HEMINGWAY, BA ILL ON,+ fC ERN+HEI 0 I IJP 
L ITCHFIELO,HEMINGWAY,BAILLON,+ ICERN+HEIDI IJP 

P. BAILLON,P. J. LITCHFIELD tCERN,RHELJIJP 
+COX, OARTNELL, KENVON,ONEALE • SUfliiOROK+ ( BIRM II JP 
HEMINGWAY, EADES, HARMSEN+ (CERN, HE ID, MP 1M I IJP 
A. J. VAN HORN ILSLI IJP 
A. J. VAN HORN ILBll IJP 
DE BELLEFONtBERTHON fCOEFJIJP 
+COX,OARTNELL ,KENYON,ONEALE,SUMOROK+ I BIRMJ IJP 

+FRANEK, GOPAL, KALMUS, MCPHERSON+ I RHEL +LOIC J IJP 
+FRANE!<, GO PAL, BACON t BUTTERWORTH+ (RHEL+LOIC I IJP 
+COX, KENVONt ONEAL E, STUBBS, SUMOROK+ 18IRM I I J P 
+COXtKENYON,ONEALEt STU88S,SUMOROK+ I BIRMJ IJP 
+DUCHON, LOU VEL ,PATRY, SEGUINOT + I CAEN+CERN I IJP 
O.P.GOYAL,A.V.SOOHI (DELHI UNIV.IIJP 
GO PAL ,ROSS,YAN HORN,MCPHERSON+ {LCIC+RHEU IJP 

•••••• •••**•••• ........................... ••*•••••• ••••••*** *••••••• 
........................ •*••••••• .................. ••••***** ******** 

10/74 

11/17* 
11177• 
11177• 
11177• 

1178* 
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Data Card Listings 
For notation, see key at front· of Listings.~ -

2030 MEV REGION - PRODUCTION AND "TOTAL EXP'TS 

M 
M 
M 

" M 

P1 
PZ 

28 v•H2D3o, JP= I 1•1 PRODUCTION EXPERIMENTS 

SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

SEE THE NOTE TO THE Fl7 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 V*1{2030), 
BUT MAY CONTAIN A SMALL CONTRIBUTION FROM THE SUGGESTED BUT NOT ESTAB
LISHED OTHER RESONANCES IN THIS REGION. 

28 Y*lC20301 MASS IMEVJ IPROO. EXP.I 

(2022.01 
2020.0 
2049.0 
2025.0 

12025.01 

120.01 
7.0 
4.0 

10.0 
(20 .. 0) 

BLANPIEO 
BUGG 
BRICMAN 
COOL 
LU 

AVERAGE MEANINGLESS I SCALE FACTOR c 2.81 

65 CNTR 
68 CNTR 
70 CNTR 
70 CNTR 
70 CNTR 

0 GAMMA P TO K+ Y* 
K-P, 0 TOTAL 

0 TOTAL , AND CH EX 
K-P, D TOTAL 

0 GAMMA P TO K+ Y* 

28 Y*li2030J WIDTH IMEVJ IPROO. EXP.I 

(120.0) 
130.0 
126.0 
165.0 
(80.01 

120.0) 
10.0 
11.0 

.......... 

BLANPIEO 
BUGG 
BRICMAN 
COOL 
LU 

AVERAGE MEANINGLES"S (SCALE FACTOR "" 1.01 

65 CNTR 0 
68 CNTR 
10 CNTR 0 TOTAL AND CH EX 
70 CNTR K-P. 0 TOTAL 
70 CNTR 0 GAMMA P TO K+ Y* 

28 V*H2030J PARfiAL OECAV MODES IPROO. EXP.J 

Y*1120301 INTO KBAR N 
Y*112030) INTO KBAR N PI 

DECAY MASSES 
497+ 939 
497+ 939+ 139 

?~- -~*1~~~~~- 8RANCHING__~~TIOS IPROO. EXP.) 

R1 Y*ll2030) INTO CKBAR NJITOTAL (Pll 
R1 THESE VALUES OF ELASTICITIES ASSUME J=7/2 --
R1 0.131 BUGG 68.CNTR 
Rl 0.27 (0.021 BRitMAN 70 CNTR 0 TOTAL AND CH EX 
R1 0.12 COOL 70 CNTR K-P, 0 TOTAL 

RZ 
RZ 

Y*lf2030J INTO KBAR N PI. 
SEEN 

tP21 
BOCK HBC 

....... •••****" ······**· *•••••••• ..................... ••••*•••• •••••••• 

REFERENCES FOR Y*1(2030J IPROO. EXP.I 

BLANP1EO 65 PRL 14 741 +GREENBERG, HUGHES, KITCHING ,LU, + I YALEC CEA) J 
+GIACOMELLI ,KYCJA,LEONTIC,LI,LUNOBY,+ tBNLI 1 COOL 66 PRL 16 122 8 

SUPERSEDED BY COOL 70. 
BUGG 68 PR 168 1466 +GILMORE,KN1GHT, + IRHEL,SIRM,CAYEI I 

BRitMAN 
COOL 
LU 

70 PL 31B 152 
10 PR 01 1887 
70 PR 02 1846 

+FERRO LUZZI, PERREAU,+ tCERN,CAEN,SACLAYJ 
+GIACOMELLI. KYCIA, lEONTlC, l[, + tBNLI I 
+GREENBERG, HUGHES, MINEHART, MORt,+ (YALE) 

........................ *•••••••• ...................... ******••• ••••**** 
••••••••••••••• •••*••••• ••*•••••• ******••• •••••••••••••••••••••••••• 

lr(2070) I 
) 

34 Y*ll2070, JP=5/2+J 1=1 

THIS STATE HAS BEEN SUGGESTED BY ONLY ONE PARTIAL 
WAVE ANALYSIS ACROSS THIS REGION. IT NEEDS CONFIRMATION 
THE RESONANCE PROPOSED BY KANE IS TOO BROAD TO 

P1 
PZ 

Rl 
R1 
R1 

BE USED AS EVIDENCE. 

34 Y•U2070J MASS IMEYI 

(2070.1 tlO.J 
12057.01 

BERTHON1 70 OPWA - K- P TO SIG PI 
KANE 72 OPWA K-P TO SIGMA PI 

34 Y*U20701 WIDTH CMEVI 

(140. J 120. I BERTHON1 70 OPWA - K- P TO SIG PI 
(906.01 KANE 72 DPWA K-P TO SIGMA PI 

34 Y*ll2070) PARTIAL DECAY MODES 

Y*U20701 INTO KBAR N 
Y*lt20701 INTO SIGMA PI 

34 Y~ 112070 I BRANCHING RA TICS 

DECAY MASSES 
497+ 939 

1197+ 139 

Y*U20701 FROM KBAR N TO SIGMA SQRTIP1*P21 
(+,.121 1.021 BERTHON1 70 OPWA - K- P TO SIG PI 

(+0.1041 KANE 72 OPWA K-P TO SIGMA PI 

••••••••••••••• ••*•••*** ••••••••• •••••••*• •••••**** ••***•••• ***"*-*••• 

REFERENCES FOR Y*ll20701 

6/68 
6170 

10/70 
1/71 

6/68 
6170 

10170 
1/71 

6/68 
6170 

10/70 

1171 
1173 

1/71 
1/73 

1171 
1173 

BERTHONl 70 NP B24 417 
KANE 72 PR 05 1563 

+VRANA, BUTTERWORTH,+ 
0 F KANE 

CCOEF ,RHElt SACLAYIIJP 
CLBLJ 

****** •••••••** •co••***** ******••• •••*••••• ********* •••••••** **•••••* 
•••*•* •••***0:** ********* ********* •••:o:•O:*** ***•••••* ····••c.•• •••***** 
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Data Card Listings 
For notation, see key at front of Listings. 

IL(2080) I 
) 

88 Y*U2080, JP::::3/2+l 1=1 

SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

SUCH A RESONANCE IS SUGGESTED BY SOME BUT NOT All 

P1 
P2 

R1 ., 
R1 
R1 
R1 
R1 

PARTIAL-WAVE ANALYSES ACROSS THIS REGION. UNTIL THERE 
IS MORE EVIDENCE, WE OMIT THIS STATE FROM THE MAIN 
BARYON TABLE. 

88 Y*H2080t MASS CMEVI 

12082.0) (4.01 COX 70 OPWA - K- N TO LAM PI 
12070.01 (30.01 LITCHFIEL 70 DPWA -0 K- N TO LAM PI 
2120. 40. BAILLON 75 IPWA KBAR N TO LAM PI 

FROM SCLUTION 1 OF BAILLON 75. 

FRG~l;gluTION ~OQF BAIL LON 75. BAILLON 75 JPWA KBAR N TO ~AM PI 

2140. 30. BELLEFOL 75 OPWA 0 K- P TO LAM PIO 
3 2070. TO 2120. BELLEFON 76 IPWA 0 K- P TO LAM PI 
3 SUPERCEDE$ BELLEFOl 75. 

4 209l. 7. COROEN 76 OPWA - K- N TO PI- LAM 
4 PREfERRED SOLUTION 3, SEE CORDEN 76 FOR OTHER POSSIBLILITES 9 

4 INCLUDING A 015 AT THIS MASS. 
4 CORD EN 76 1 NCLUOES THE OAT A OF COX 70 AS A SUBS AMPLE. ........... 

AVERAGE MEANINGLESS tSCALE FACTOR = 1.61 

88 Y*U2080J WIDTH IMEVI 

187.0) 120.01 COX 70 OPWA - K- N TO LAM PI 
1250.01 (40.01 LITCHFIEL 70 OPWA -0 K- N TO LAM PI 
240. so. BAillON 75 I PWA KBAR N TO LAM PI 
zoo. so. BAI llON 75 IPWA KBAR N TO LAM PI 
180. 20. BELLEF01 75 DPWA 0 K- P TO LAM PI 0 

3 ( 100. J BELLEFON 76 IPWA 0 K- P TO LAM PI 
4 186. 48. CORD EN 76 DPWA - K- N TO Pl-. LAM 

AVERAGE MEANINGLESS (SCALE FACTOR = 1.01 

88 Y*lf2080J PARTIAL DECAY MODES 

Y*1120801 INTO KBAR N 
Y~ll20801 INTO LAMBDA PI 

88 Y*U20801 BRANCHING RATIOS 

DECAY MASSES 
497+ 939 

1115+ 139 

Y*ll20801 FROM KBAR N TO LAMBDA PI SQRTIP1*P2J 
1-0.161 (0 .. 031 COX 70 OPWA - K- N TO LAH PI 
1-0.091 (0.03) LITCHFIEL 70 OPWA -0 K- N TO LAM PI 

-.13 .04 BAillON 75 lPWA KBAR N TO LAM PI 
-.13 .04 BAILLON 75 IPWA KBAR N TO LAM PI 

iu 3 
+.19 .03 BELLEFOl 75 OPWA 0 K- P TO LAM PIO 

t-.101 BELLEFON 76 IPWA 0 K- P TO LAM PI 
R1 4 -.10 ..• 03 COROEN 76 DPWA - K-, N TO PI- LAM . . . R1 
R1 AVERAGE MEANINGLESS ISCALE FACTOR "' 1.21 

•••••••••••••••••••••••••••••••••••••••••• ********* ********* •••••••• 

COX 70 NP 819 61 
LITCHFIE 70 NP 822 269 
BA I LLON 75 NP 894 39 
BEllEF01 75 NP 890 1 

BELLEFCit-. 76 NP 8109 129 
CORDEN 76 NP B104 382 

REFERENCES FOR Y*ll20801 

+ISLAM, COLLEYr + 
P J LITCHFIELD 

I BIRM, EO IN r GLAS, LOIC J IJ P 
I RUTHERFORD I J JP 

(CERN,RHELIIJP 
ICOEF,SACLI IJP 

P. BAILLON,P. J., LITCHFIELD 
DE 8ELLEFON,BERTHON,BRUNET+ 

DE 8ELLEFON, BERTHON fCOEF JIJP 
+COX, DARTNELL rKENYON,ONEAL E, SUMOROK+ I BI RM I IJ P 

................ ********* •••••••••••••••••••••••••••••••••••••••••••• 

r~(~·~·~~)·~···::··:: 1 ~::::~·::.::::~·~:: ····T~ 1 ~r···· ········ 
---~>• SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

--- ------ ------- -:------- --------- --------- --------- -:-------
26 Y*ll21001 MASS (MEVJ 

(2060.01 120.01 GAL TIER I 70 OPWA 0 K-P TO LAMBDA PI 
12120.01 130 .. 01 GALTIERJ 70 OPWA 0 K-P TO SIGMA PI 

26 Y*ll21001 WIDTH IMEVI 

6/70 
6/70 

11/75 
1176 
l/76 
1176 

11/75 
2/77* 
2177* 
2177* 
2177* 
2/77:0: 

6/70 
6/70 

11/75 
1176 

·11/75 
2177* 
2117* 

6/70 
6170 

11175 
1/76 

11/75 
2111* 
2177* 

7170 
7/70 

no.oJ I30.oJ GALTIERI 70 DPWA 0 K-P TO LAMBDA PI 7/70 

P1 
P2 
P3 

U35.0J 130.01 GALT lERJ 70 OPWA 0 K-P TO SIGMA PI 7/70 

26 Y*U2100J PARTIAL DECAY MODES 

Y*l121001 INTO KBAR N 
Y*lf2100J INTO LAMBDA PI 
Y*ll21001 INTO SIGMA PJ 

26 Y*U21001 BRANCHING RATIOS 

DECAY MASSES 
497+ 939 

1115+ 134 
1197+ 139 

Rl Y*ll21001 FROM KBAR N TO LAMBDA PI SQRHP1*P2J 
R1 t-0.071 (0.,021 GALTIERI 70 OPWA 0 K-P TO LAMBDA PI 7/70 

R2 Y*lt2100J FROM KBAR N TO SIGMA PI SQRTIP1*P31 
R2 (+0.1.3) 10.02) GALTIERI 70 OPWA 0 K-P TO SIGMA PI 7/70 

•••••• ********"* ********* •••••••••••••••••••••••••••••••••••• ******** 

Baryons 
L(2080), !:(2100), L(2250) 

GAL TIER I 70 DUKE CONF 173 

REFERENCES F6R Y*H21001 

A BARBARO-GALT JERi ILRLJIJP 

••••oo ********* ********* ********* ********* ********* ********* ******** 
••••••••••••••••••••••••••••••••••••••••••••••••••• ********* ******** 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

48 Y*U2250, JP= ) Jm1 PRODUCT ION EXPERIMENTS 

SEE THE MINI-REVIEW AT THE s·TART OF THE Y* LISTINGS. 

THE PARTIAL-WAVE ANALYSIS RESULTS ARE TOO WEAK TO 
WARRANT SEPARATING THEM FROM THE PRODUCTION. AND CROSS-
SECTION EXPERIMENTS. . . 

LASINSKJ 71 IN KBAR N, USING A POMERON+RESONANCES .HODEL, AND 
BELLEFON1 76, BELLEFON 77, AND 8ELLEFON 78 (COLLEGE DE FRANCE-
SACLAY GROUP) IN DPWA 1 S OF KBAR N TO LAMBDA Pit SIGMA PJ, AND KBAR N, 
RESPECTIVELY, SUGGEST THE PRESENCE OF TWO RESONANCES AROUND THIS 
MASS VALUE. . 

48 Y*ll22501 MASS IMEVI (PROD. EXP.I 

12245.01 BLANPIEO 65 CNTR GAMMA P To K+ v• 
12299.01 16.01 BOCK "65 HBC PBAR P 5. 7 BEV/C 
2250.0 7.0 BUGG 68 CNTR K-P, 0 TOTAL 
2280. 14.0 AGUILAR 70. HBC + K- 3.9-4.6 GEV/C 
2237.0 u .. o BRICMAN 70 CNTR 0 TOTAL AND CH EX 
2255 .. 0 10 .. 0 COOL 70 CNTR K-P, 0 TOTAL 

12250.01 120.01 LU 70 CNTR 0 GAMMA P TO K+ Y* 
12260. I (30.1 BELLEF01 75 OPWA 05 WAVE 
12215.) (10.) BELLEF01 75 OPWA G9 OR Hll WAVE 

EVIDENCE FOR 2 RESONANCES IN THIS LAMBDA PI OPWA 
1 2300. 30. BELLEF02 75 HBC 0 K- P TO XI*O. KO 
v 2251 .. 30. 20. VANHORN 75 OPWA 0 K-P TO LAM PIO 
v VANHORN72 VALUE FROM .A OPWA THAT FINDS JP.,5f2+. 

2 12260.1 BELLEFON 76 I PWA 0 OS WAVE 
2 12215.) BELLEFON 76 IPWA 0 G9 WAVE 
2 SUPERCEDE$ BELLEF01 75. 

227S. 20. BELLEFON 77 DPWA 0 OS WAVE 
2215. 20. BELLEFON 77 OPWA 0 G9 WAVE 
2270. so. BELLEFON 78 DPWA 0 05 WAVE 
2210. 30. BELLEFON 78 OPWA 0 G9 WAVE 

AVERAGE MEANINGLESS ISCALE FACTOR = 1.ltJ 

---'- ---- ------ ------ __ ..::_ __ -----..: ------ ------

w 
w ·w 

B 
8 

2 
2 

1 
v 

{150.0) 
(21.01 
230.0 
100.0 
16lt.O 

U70.0J 
t12S.OJ 
I 100. I 

(60.1 
130. 
192. ., too;J 

I 140.1 
70. 
60. 

120. 
80. 

48 Y*U22501 WIDTH IMEVJ 

BLANPIED 
{ 17.0) 121 .. 01 BOCK 
20.0 BUGG 
20 .. 0 AGUILAR 
50.0 BRICMAN 

. COOL 
LU 

120.) BELLEF.Ol 
{40 .. 1 120 .. J BELLEF01 
20. BELLEF02 
30. VANHORN 

SELLEFON 
BELLEFDN 

20. BELLEFON 
20. BELLEFON 
40. BELLEFON 
20. BELLEFON 

I PROD. EXP. J 

65 CNTR GAMMA P TO K+ Y* 
65 HBC PBAR P 5. 7 GEV/C 
68 CNTR K-P, D TOTAL 
70 HBC + K- 3 .. 9-4.6 GEV/C 
70 CNTR 0 TOTAL AND CH EX 
70 CNTR K-P. 0 TOTAL 
70 CNTR 0 GAMMA P TO K+ Y* 
7S DPWA 05 WAVE 
75 OPWA G9 OR Hll WAVE 
7S HBC 0 ·K- P TO XI*D KO 
75 OPWA 0 K-P TO LAM PIO 
76 I PWA 0 05. WAVE 
76 IPWA 0 G9 WAVE 
77 DPWA 0 D5 WAVE 
.77 DPWA 0 G9 WAVE 
78 OPWA 0 05 WAVE 
78 DPWA. 0 .G9 WAVE 

w 
w 
w 
w 
w 
w 
w AVERAGE MEANINGLESS ISCALE FACTOR "' 2.71 

P1 
P2 
P3 
P4 
PS 

R1 
R1 
R1 
R1 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

48 Y*U2250J PARTIAL DECAY MODES IPROO .. EXP.I 

Y*ll 2250) INTO KBAR N 
Y*li22SOJ INTO LAMBDA PI 
Y*li22SOJ INTO SIGMA PI 
Y*li2250J INTO KBAR N PI 
Y*U22501 INTO XI*1/2{ 15301 K 

DECAY MASSES 
497+ 939 

1115+. 134 
1197+ 139 
. 497+ 939+ 139 
1533+ 497 

48 Y*lC2250J BRANCHING RATIOS (PROD. EXP.J 

Y*ll22501 INTO IKBAR NJ/TOTAL 
.oa .02 
.02 .01 

BELLEFON 
BELLEFON 

IPU 
78 DPWA" 0 05 WAVE 
78 OPWA 0 G9 WAVE 

R1 AVERAGE MEANINGLESS ISCALE FACTOR .. 2o7J 

R2 
R2 
R2 B 
R2 B 
R2 V 
R2 2 
R2 2 

R3 
R3 
R3 
R3 

Y*112250J FROM KBAR N TO LAMBDA PI SQRTIP1*P21 
I-0.18JIFOR JP:c9/2-J GALTIERI 70 DPWA K-P TO LAMBDA. PI 

I +.12) C .03 I BELLEF01 75 OPWA OS WAVE 
(-.091 1.021 BELLEF01 75 OPWA G9 OR Hll WAVE 
-.16 .03 VANHORN 75 OPWA 0 K-P TO LAM PJO 

(+.111 BELLEFON 76 IPWA 0 D5 WAVE 
1-.101 BELLEFON 76 JPWA 0 G9 WAVE 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

Y*li2250J FROM KfAR N TO SIGMA PI SQRTCP1*P3J 
t+0.07JtFOR JP=9/2-J GAL TIERI 70 DPWA K-P TO SIGMA PI 

+.06 .02 BELLEFON 71 OPWA 0 05 WAVE 
-.03 .02 BELLEFON 77 OPWA 0 G9 WAVE 

R3 
AVERAGE· MEANINGleSs • 1ScAte R3 FACTOR "' 1.11 

R4 Y*li2250J INTO IKBAR Nl/CSIGMA PIJ (Pl) /(P31 

•• 10.181 OR LESS BARNES 69 HBC + 1 STAN DEY LIMIT 

RS Y*ll22_50) INTO ILAMBDA PIJIISIGMA PIJ IP2JIIP3J 
RS (0 .. 181 OR LESS BARNES 69 HBC + 1 STAN DEY LIMIT 

•• Y*ll2250 I FROM K- P TO Xl*l/2( 153010 KO SQRHP1*P51 

•• .09 .02 BELLEF02 7S HBC 0 K- P TO XI*O KO 

•• SEEN IN ODS WAVE JN NEUTRAL CHANNEL ONLY, ISOSPJN UNDETERMINED. 

R7 Y*U22501 INTO IKBAR NJ/TOTAL CJ+1121*( PlJ 
R7 J IS NOT OEr"ERMINED JN THESE EXPTS. THE FOLLOWING IS (J+l/2JOP1. 
R7 10.471 BUGG 68 CNTR 
R7 (0.16) 1 o.121 BRICMAN 70 CNTR 0 TOTAL AND CH EX 
R7 (0 .. 42) COOL 70 CNTR K-P, D TOTAL 

•••••• ********* ********* .................... ********* .......... ******** 

6/68 
5170 
6170 

10/70 
1171 

11/7S 
11/75 
11/75 
11/75 
11175 

2/77* 
2177* 
2177* 

11177• 
11/71* 
1178* 
1178* 

6/68 
S/70 
6/70 

10/70 
1/71 

11/75 
11/75 
11/75 
ll/7S 
2/77* 
2111* 

11177* 
11177• 
1/78* 
1178• 

10/70 
"11/75 
11/7,5 
11/75 
2/77* 
2177• 

10/70 
11177* 
11177• 

10/69 

10/69 

11/75 
11/75 
11/75 

3/78* 
3/78* 
3/78* 
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·Baryons Data Card Listings 
l:(2250), l:(2455),l:(2620), E(3000), EXOTICS, 'E.'s For notation, see key at front of Listings. 

BLANPIED 65 PRL 1"' loU 
BOCK 65 Pl 17 166 
BUGG 68 PR 168 l't66 
BARNES 69 PRL 22 • 79 

AGUILAR 
BRitMAN 
COOL 
GALTIERI 
LU 

70 PRL 25 58 
10 PL 318 152 
10 PR Dl 1887 
10 DUKE CONF 113 
70 PR 02 1846 

. BELLEFOl 75 NP 890 1 
BELLEF02 75 NC 28A 289 
VANHORN 75 NP 887 llt5 

ALSO 75 NP 887 157 

BELLEFON 76 NP 8109 129 
BELLEFCIN 77 Nt 37A 115 
BELLEFON 78 NC · 42A 403 

REFERENCES FOR Y•li2250J IPROD. EXP.J 
+GREENBERG,HUGHES,KITCHING, + IYALEICEAJ I 
+COOPER,FRENCH,KINSONt + lCERN,SACLAYI 
+GllMORE,KNIGHTt + IRHEL,BJRM,CAVEI I 
+FLAMINJO,MONT ANET, SAM IOS + I BNL+SYRAI 

.AGUllAR-BENITEZt BARNESt + IBNL, SYRAJ 
+FERRO LUZZI, PERREAU,+ I CERN rCAEN,SACLAYI 
+GIACOMELLI, KYCIAt LEONTICt Lit + lBNLI I 
A BARBARO-GALTJERI ILRLIIJP 
+GREENBERG, HUGHES, MINEHART, MORt,+ CYALEI 

DE BELLEF02rBERTHONrBRUNET+ 
DE BELLEF02,BERTHONrBlllOIR+ 
A. J. VAN HORN. . 
A. :.I. VAN HORN 

DE BELLEFDNrBERTHON 
DE BELLEFONrBERTHONtBILLOIR+ 
+BERTHONtB ILLOJR, BRUNET+ 

CtOEF+SACL I IJP 
ICOEFrSACLI 

(LBLJIJP 
ILBL I IJP 

CCOEF JIJP 
(CDEF+SACL) IJP 
ICDEF+SAtUIJP 

PAPE~S NOT REFERRED TO IN DATA CARDS 

tOOL 66 PRL 16 1228 +GIACOMELLI ,KYCIArlEONTitrlltLUNOBYt+ IBNLJ I 
SUPEREDEO BY COOL 70. 

DAUBER 66 PL 23 154 . +SCHLEIN, SLATER, STORK, TICHO CUCLAILRLIJ J 
SUGGESTS J-.9/2 RESONANT BEHAVIOR IN SIGMA- Pl+r BUT APPEARS 

INCONSISTENT WITH PARAMETERS OF COOL 66. 
OAUM 68 NP B1 19 +ERNE, LAGNAUX, SENS, STEUER, UDO CCERNJJP 
LASINSKI 11 NP 829 l25 T A LASINSKI CEFiliJP 
HEJIUNGNA 75 NP 891 12 HEMINGWAYrEAOESrHARMSEN+ ICERN,HEIO,MPIMJ IJP ................. ......... ....... . 

53 Y*U2455r Jp .. I 1""1 PRODUCTION EXPERIMENTS 

SEE THE MINI-REVIEW AT THE START OF THEY* LISTINGS. 
THERE IS ALSO SOME SLIGHT EVIDENCE FOR Y* STATES IN 

?HIS MASS REGION FROM THE REACTION GAMMA + P TO K+ + MISSING MASS --
SEE GREENBERG 68. 

53 Y*ll2455) MASS IMEVI (PROD. EXP.I 

M 21r55.0 7.0 
10.0 

BUGG 
~BRANS 

68 CNTR 
TO CNTR 

K-P, D TOTAL 
K-P, 0 TOTAL M 2455.0 

• 
6/68 
10~70 

M AVG 2455.0 
STUDENT 2455.0 

5.7 
6.1 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTlO(H/1.111 -- SEE MAIN TEXT 

P1 

R1 
R1 
R1 
Rl 
R1 C 
R1 C 

. Rl C 

53 Y*lC24551 WIDTH IMEVI (PROD. EXP.I 

100.0 
140.0 

20.0 BUGG 
ABRAMS 

68 CNTR 
10 CNTR K-P, D TOTAL 

53 Y*ll24551 PARTIAL DECAY MODES (PROD. EXP.J 

Y01(2455) INTO KBAR N 
DECAY MASSES 

lt97+ 939 

53 Y•U24551 BRANCHING RATIOS (PROD. EXP.I 

Y*U24551 INTO (KBAR NJITDTAL· 
J IS NOT KNOWN.· THE FOLLOWING IS (J+l/2)~P1. 

C0.31 BUGG 68 CNTR 
0.39 ABRAMS TO CNTR 

(0.051 {0.051 BRitMAN ~ 70 CNTR 
FIT OF TOTAL CROSS SECTION GIVEN BY BRitMAN TO 
THIS REGION • 

(Pll 

K-P, D TOTAL 
0 TOTAL AND CH EX 

IS POOR IN 

............................................................. •••••••et 

BUGG 
ABRAMS 
BRICMAt..l 

68 PR 168 1466 
10 PR 1D 1917 
70 Pl 318 152 

REFERENCES FOR Y*l(24551 IPROD. EXP.I 

+GILMDRE,KNIGHTt + CRHELtBIRMtCAVEI 
+COOL, GIACOMELLI, KYCIAt LEONTJC, + CBNLI 
+FERRO LUZZI, PERREAUr+ (CERNrCAENrSACLAVI 

PAPERS NOT REFERRED TO IN DATA CARDS 
ABRAMS 67 PRL 19 678 . +COOL,GIACOMELLitKYCJA,LEONTJC,Lit + IBNLI 

SUPERSEDED BY ABRAMS 70. 
GREENBER 68 PRL 20 221 GREENBERG, ttUGHES, LU, MINEHART, + (YALEI .................................................................... .................................................................... 

w 
w 

P1 

54 Y*H2620r JPc I 1.,1 PRODUCTION EXPERIMENTS 

SEE THE MINI-REVIEW AT THE START OF THE V* LISTINGS. 

2620.0 
2542. 

54 Y*li2620J MASS CMEVI (PROD. EXP.I 

15.0 
22. 

ABRAMS TO CNTR 
OIBIANCA 75 DBt . . . . . . 

AVERAGE MEANINGLESS ISCALE FACTOR "" 2.91 

(175.01 
221. 

54 Y•lC2620J WIDTH IMEVI CPROO. EXP.J 

ABRAMS TO CNTR 
81. DIBIANCA 75 DBC 

K-P, 0 TOTAL 
XI K PI 

K-P, 0 TOTAL 
XI K PI 

54 Y*1 I 2620 I PARTIAL DECAY MODES (PROD. EXP. I 

V01(2620) INTO KBAR N 
DECAY MASSES 

497+ 939 

6/68 
10/70 

6/68 
10170 
6/70 

10/70 
1176 

10/70 
1/76 

54 Y•1126201 BRANCHING RATIOS (PROD. EXP.J 

R1 Y0112t:20) INTO IKBAR NIITOTAL CPIJ 
Rl J IS NOT KNOWN. THE FOLLOWING IS (J+1/21*P1. 
Rl {0.321 ABRAMS 70 CNTR K-P, D TOTAL 
R1 0.36 0.12 BRitMAN 70 CNTR 0 TOTAL AND CH EX .................................................................... 

REFERENCES FOR Y*ll26201 IPROD. EXP.I 

ABRAMS 67 PRL 19 678 +COOLrGIACOMElllrKYtiAtLEONTICtlit + (SNLI 
SUPERSEDED BY ABRAMS 70. 

ABRAMS 70 PR 1D 1917 +COOlt GJACOMElllr KYCIA, LEDNTltr + IBNLJ I 
BRitMAN 70 PL 31B 152 +FERRO LUZZI, PERREAU,+ (CERN,CAEN,SACLAYI 

OlBIANCA 15 NP B98 137 OJBIANCA,ENOORFR CCARNI ...... ~········ .................................................... . ..................................................................... 
59 v•tnooo, JP= PRODUCT ION EXPERIMENTS 

SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

ENHANCEMENT IN LAMBDA PI AND KBAR N INVARIANT MASS 
SPECTRA AND IN MISSING "MASS OF NEUTRALS RECOILING 
AGAINST KO. EVIDENCE NOT CONCLUSIVE. OMITTED FROM 
TABLE. 

59 Y*lt3000) MASS tMEVJ (PROD. EXP.J 

10170 
6/70 

t3DOO.OI EHRLICH 66 HBC 0 PI-P 7.91 BEV/C 9/66 

59 V*lC3000l PARTIAL DECAY MODES (PROD. EXP.J 

.• 1 
P2 

Y*U30001 INTO KBAR N 
Y•ll3000) INTO LAMBDA PI 

DECAY MASSES 
491+ 939 

1115+ 139 .................................................................... 
REFERENCES FOR Y*ll30001 (PROD. EXP.I 

EHRLICH 66 PR 152 1191r· R EHRLICH, W SELOVE, H YUTA CPENNCBNLI I I .................................................................... .................................................................... 
EXOTIC HYPERON CROSS SECTION LDliTS 

THIS IS NOT A COMPLETE LIST • we TABULATE 
ONLY FROM 1970 ON. 

CS UNITS MICROBARNS 
CS G (20.1 OR LESS GAL TIER I 68 DBC K-N TO SG-PI-PJO 7/70 
CS G ABOVE LIMIT FOR MASS < 2.15 GEV AND GAMMA < 60 MEV- {2.1 GEV/C K-1 7170 
tS A 140.1 OR LESS GALTIERI 68 OBC - K-N TO SG-PI-PIO 7/10 
CS A ABOVE LIMIT FOR MASS< 2.3 GEV "AND GAMMA < 120 MEV- 12.7 GEV/C K-1 7170 ..................................................................... 
!iALTIERI 68 PRL 21 573 

REFERENCES FOR EXOTIC HYPERONS 

A.BARBARG-GALTIERlrCHADWICK + ILRL+SLACI .................................................................... .................................................................... 
Note on = Resonances 

The = resonance situation has long been unset-

tled. This is mainly because: (1) =*•s can only 

be produced as part of a final state, K-p ~ =*+ 
others, where the analysis is more complicated than 

if direct formation were possible; (2) they are so 

produced with small cross sections (typically a few 

~b); and (3) the final states are in general topo

logically complicated and difficult to study with 

purely electronic techniques. Thus over the years 

our knowledge of =* spectroscopy has come wholly 

from bubble chamber experiments, where the numbers 

"of events available are small. 

Until recently, only the =<1530) could be 

considered as really well established. However, 

this year sees a significant improvement in our 

understanding of the =* spectrum with the data of 

GAY 76 and HEMINGWAY 77. We consider the data from 

this large bubble chamber experiment to be of 
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Data Card Listings 
" ~- For notation, see key at front of Listings. 

.. 

.. 

• sufficient quality so as to definitely establish 

the existence of =<1820) and =<2030) as narrow 

states (with widths -20 MeV). Moreover, reasonable 

estimates of the decay rates are now available, and, 

in the case of =(1820), a spin-parity analysis 

favors spin 3/2 (TEODORO 77). 

As far as the other =* states are concerned, 

the situation continues much as before. There is 

evidence for at least one other state in the 1850-

2000 MeV region and indications of several others 

above 2000 MeV. Indeed, numerous states are 

predicted to exist below 2500 MeV and the broad 

=<1940) could well be a mixture of several 

(HEMINGWAY 76). However,~for the time being we 

are still forced to group together rather disparate 

observations and await more new results. The 

disagreement among various experiments is indicated 

by means of ideograms in the Data Card Listings. 

More new results may shortly be forthcoming 

from two large bubble chamber experiments currently 

in progress (BAUBILLIER 71, MORRIS 75). In addi

tion, future experiments with the MPS at BNL and 

with hyperon beams at both FNAL and CERN may 

further clarify the situation. 

The table following this note gives our 

evaluation of the status of the = resonances, 

based on data available at this time. 

References 

1. M. Baubillier et al., CERN Proposal TCC/71-25 

and 74-14 (1971). 

2. R. J. Hemingway, Proc. of the Topical Conf. on 

Baryon Resonances, Oxford, 1976, edited by 

R .. T. Ross and D. H. Saxon (Science Research 

Council, Chilton). 

For other references see the Data Card Listings. 

STATUS OF XI* RESONANCES 
THOSE WlTH AN OVERALL STATUS OF *** OR **** ARE INCLUDED IN THE MAIN BARYON 
TABLE. THE OTHERS AWAIT CONFIRMATION. 
IN THE PAST WE HAVE LOWERED OUR STANDARDS FOR XI* RESONANCES AND TABUlATED 
STATES EVEN Tt-IOUGH THEY HAD ONLY BEEN SEEN AT LOW LEVELS OF STATISTICAL 
SIGNIFICANCE. NOW THAT NEW HIGH STATISTICS DATA IS BECOMING AVAILABLE, WE 
PROPOSE TO ADOPT SOMEWHAT' STRICTER CRITERIA. 

STATUS AS SEEN IN --

OVERALL 
PARTICLE LlJ STATUS XI PI LAM K SIG K XI* PI OTHER CHANNELS 

XJ(13171 Pll ••-o:• WEAK TO LAM PI 
X If 153DI Pl3 .... . ... 
XI C 163DI .. 
XH182DI 13 
XIC 194D) .. 
XIC203DJ 1 ... 
Xli212DI 
XIC225DI 3-BODY DECAYS 
XJ C250DI 3-BODY DECAYS 

GCOO, CLEAR, AND UNMISTAKABLE. 
*'** GOOD, BUT IN NEED OF CLARIFJCATION OR NOT ABSOLUTELY CERTAIN. ** NEEDS CONFIRMATION. 

* WEAK. 

Baryons 
:S's, :::-,- ::;0, :::(1530) 

..................................................................... ...... ......... ......... ......... ......... ......... .......... ....... . 
S=-2 I= 1/2 HYPERON STATES (:€) ....................................................................... ...... ......... .......... .......... ......... ......... ......... ....... . 

22 Xl-11321, JP=1/2 I 1•1/2 

SE.E STABLE PARTICLE DATA CARD LISTINGS . .................................................................. ,. .. . ...... ......... ......... ......... ......... ····'*···· ................ . 
23 XI0113llt, JP=1/2 I Jo::::1/2 

SEE STABLE PARTICLE DATA CARD LISTINGS 

**•••• ............................................................. . ...... ......... ......... ......... ......... ......... ......... ....... . 
I :::( 1530) I .. XI*l/211530, JP•3/2+1 1•1121 p 131 

THIS IS THE ONLY WELL-ESTABLISHED XI* WHOSE .PROPERTIES 
ARE All AT LEAST REASONABLY WEll-KNOWN. SPIN-PARITY 

.3/2+ IS FAVOURED BY THE DATA. 

NE DO NOT USE DETERMINATIONS OF THE MASS AND THE WIDTH OF THIS 
STATE UNlESS THEY ARE ACCOMPANIED BY SOME DISCUSSION OF SYSTEMATICS 
AND RESOLUTICN. 

lt9 XI*1/2U53D) MASS fMEVI 

M MIXED CHARGES 
M sse 1529.DJ 
M (1532.01 

CS.DJ 
CZ.DJ 

M- NEGATIVE CHARGE ONLY 
M- 38 1535.7 3.2 
M- 334(1534.71 u.u 
M- 185 1536.2 1.6 
M- 1535.3 2.D 
M- 48Cl540.) U. J 
A- 1534.5 1.2 

PJERROU 62 HBC -D K-P 1.8 GEV/C 
SADlER 61t HBC -D K-P 3 GEY/C 

LONDON 
BALTAY 
KIRSCH 
ROSS2 
BERTHON 
BELLEF02 

66 HBC - K-P 2.21t GEV/C 
72 HBC - K-P 1.75 GEV 
72 HBC - K-P 2.87GEY/C 
13 HBC - XI KBAR PI IP]) 
11t HBC - QUASI 2 BODY CS 
75 HBC - K-P TO XI- K PI 

7/66 
1/73 
2172 
2174 

1D/74 
11/75 

:: AVG i53s:t8 0.84 
M- STUDENT1535.18 0.92 
M- FIT 1534.97 D.63 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.DI 
AVERAGE USING STUDENT1DIH/1.11J - SEE MAIN TEXT 

FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.DJ 

MO NEUTRAL CHARGE ONLY 
MD 76 1528.7 1.1 
MD 59 1531.4 D.8 
MD 1262 1532.0 D.lt 
MD 324 1531.3 D.6 
MD 286 1532.3 D.7 
MD 1533.D 1.D 
MD 97Cl533.6) 11.41 
HO 
MO 

1532.2 .7 

LONDON 66 HSC 
BAOIER 72 HBC 
BALTAY 72 HBC 
BORENSTEI 72 HBC 
KIRSCH 72 HBC 
ROSS2 73 HBC 
BERTHON 74 HBC 
BELLEF02 75 HBC 

D K-P 2.24 GEV/C 
D K-P AT 3.95GEV/C 
D K-P 1. 75 GEV 
D K-P 2.2GEV/C 
D K-P 2.87GEV/C 

XI KBAR PI IPI I 
0 QUASI 2 BODY CS 
D K-P TO XI- K PI 

D.34 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.4) 

1/66 
1D/71 
1173 
2112 
2/72 
2174 

1Di74 
11/75 

MO AVG 1531.78 
MD STUDENT1531.84 
HO FlT 1531.8D 

D.28 AVERAGE USING STUDENTlOCH/1.111 - SEE MAIN TEXT 

1526 

D.31 FROM FIT CERROR INCLUDES SCALE FACTOR OF 1.31 
ISEE IDEOGRAM BELOW I 

~EIGHTED AVERAGE = 1531.78 ~ 0.34 
ERROR SCALED BV 1.4 

Values above of weighted average, 
error, and scale factor are for the 
reader1 s convenience only. The 
data were actually processed by a 
constrained fit program, which 
calculates its own values of X, 6"i, 
and scale factOr, which are differ
ent from the values shown here. 

CHISII 
·BELLEFC2 76 HBC 0.4 
·RDSS2 73 HBC 1.5 
·KIRSCH 72 HBC 0.5 

· ("DRENSTEI 72 HBC 0.6 
· ·BAL TAV 72 HBC 0.3 

·BADIER 72 HBC 0.2 
·LDNCCN 66 HBC ...LL 

11.4 
!CCNLEU 

1534 1538 =0 .0771 

---- ----- ---- ---~ .... ------ ---- ------- ----

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

AVG 
STUDENT 
FIT 

49 (XI0-1 IXJOO) MASS DIFFERENCE IMEVI 

5.7 3.0 
C1.DJ 14.01 
Z.D 3.2 
2.1 1.0 

13.91 11.81 
REDUNDANT WITH DATA 

2.92 D.91 
2.90 D.99 
3.17 0.64 

PJERROU 
LONDON 
MERRILL 
BAL TAY 
KIRSCH 

. 65 HBC 
66 HBC 
66 HBC 
12 HBC 
72 HBC 

IN MASS LISTING. 

-D 1.8-1.95 GEV/C 
-D 2.24 GEV/C 
-D 1.1-2.1 GEV/C 
-0 K-P 1.75 GEV 
-D K- P 2.87 GEV/C 

7/66 
7/66 
7166 
1173 
2172 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.D) 
AVERAGE USING STUOENTlDIH/1.111 - SEE MAIN TEXT 

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 



Baryons 
:E:(1530), :::(1630), :E:(1820) 

49 XI•l/211530) WIDTH (JIIEVJ 

W- NEGATIVE CHARGE ONLY 

-== t!·:~ !:: 
w- 8.3 3.6 ·w-

9.6 2.8 

7.8 SAL TAY 
kiRStH 
RDSS2 
BELLEF02 

72 HBC - K-P 1.75 GEV 
1·~ HBc - XI- PtO,XIO PI-
73 HBC - XI KBAR PI (PII 
75 HBC - K-P TO XI- K PI 

1173 
2172 
2174 

11175 

w- AVG 10.1 
W- STUDENT 10.0 

1.9 
2.1 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUOENTlOtH/1.11) __; SEE MAIN TEXT 

NO NEUTRAL CHARGE ONLy 
WO 7.0 2.0 
NO 1.0 1.0 
NO 8.5 3.5 
wo 11.0 2.0 
NO 9 .. 0 0.1 
wo 8.4 1.4 
wo 11.0 1.8 
wo 9.1 2.4 
WO 9.5 1.2 

SCHLEIN 
BERGE 
LONDON 
BAOI ER 
BAL TAY 
BORENSTEI 
KIRSCH 
ROSS2 
8ELLEF02 

63 HBC 
66 HBC 
66 HBC 
72 HBC 
72 HBC 
72 HBC 
72 HBC 
73 HBC 
75 HBC 

0 1.8, 1.95 GEV/C 
0 1.5-1.7 GEV/C 
0 2.24 GEV/C 
0 K-P AT. 3.95GEV/C 
0 K-P 1. 75 GEV 
0 XI- PI+ MODE 
0 XI- PI+ 
0 XI KBAR PI IPII 
0 K-P TO XI- K PI 

7/66 
7/66 

10171 
1/73 
2172 
2172 
2174 

11175 

=g AVG • 9:1~ 0.48 • 
NO STUDENT 9.13 O. 53 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
AVERAGE USING STUDENT101H/1.1U - SEE MAIN TEXT 

REO 
RE-

IMO 
IM-. 

1531.6 
1534.-\ 

4.-\5 ... 

49 X1*1/21 15301 REAL PART OF POLE POSITION 

o •• 
1.1 

L ICHTENB 74 
LJCHTENB 74 

0 EXTRAP HABIBI13 
- EXTRAP HABIBI73 

49 Xl*l/211530) IMAGINARY PART OF POLE POSITION 

0.35 
1.75 

lJCHTENB 74 
3.9 LICHTENB 74 

49 Xl*1/2115301 PARTIAL DECAY MODES 

0 EXTRAP HABIBI73 
- EXTRAP HABJBI73 

DECAY MASSES 
P1 XI*l/21 1530) INTO XI PI 1321+ 139 

OTHER STRONG DECAYS ARE FORBIDDEN BY ENERGY CONSERVATION. 
P2 Xl*1/211530) INTO XI GAMMA 1321+ 

49 XI*112U.53DI BRANCHING RATI'os CMEVI 

Rl XI*112U5301 INTO (XI GAMMAJ/TOTAL IP2) 
Rl C0.041 OR LESS Cl•.90 KALBFLEI 75 HBC - K-P AT 2.18 GEV 

.................................................... ******>Co•• •••••••• 

REFERENCES FOR XI*l/211530) 

+PROWSE,SCHLEIN,SLATER,STORK,TICHO CUCLA) 1 

4175 

4/75 
4175 

4175 

4175 
4175 

1/76 
1176 

PJERRDU 
SCHLEIN 
BADIER 
PJERROU 

62 PRL 9 114 
63 PRL 11 167 
64 DUBNA I 593 
65 PRL 14 275 

+CARMONY tPJERROUtSLATER ,STORK, TICHO (UClA) IJP 
+DEHOULIN,GOLOBERG, + (EPOL,SACLAY,AMSTI I 
+SCHLEIN, SLATER, SMI THt STORK, T ICHO IUCLAI 

66 PR 147 9lt5 +EBERHARO,HUBBAROtMERRILL,B-SHAFER,+ ILRLJ I ·BERGE 
LONDON 
MERRILL 

66 PR 143 1034 +RAU,SAMIOS,YAMAHOTQ,GOLOBERG,+ IBNL,SYRAJ IJ 
66 UCRL-16455 THESIS 0 )I MERRJLL ILRU JP 

SADlER .72 NP 8'37 429 .+BARRE LET ,CHARLTON, VIDE AU I EPOLI 
+BRIOGEMATERtCOOPER ,GERSHWIN,+ I COLU+BI NG I 
HABIBI ICOLUMBIAJ 
BORENSTEIN ,DAN BURG, KAL·BFLEISCH++ t BNLt MICH I 
SCHHJ DT+CHANG, HEM INGWAV I BRAN ,UMO, SYRA, TUFT I 

BAL T AV 72 PL 428 129 
ALSO 73 NEVIS 1991THESISI 

BORENSTE 72 PR 05 1559 
KIRSCH 72 NP 840 349 

ROSS2 73 PURDUE CONF. 355 ROSStLLOYOrRADOJICIC IOXFOROI 
BERTHON 74 NC 21A l-\6 
LICHTENB lit PRO 10 3865 

BERTHONt TRISTRAM,+ I COEF+RHEl+SACL+STRB) 
0 8 LICHTENBERG IINOIANA UNJVERSITYI 

ALSO 74 PRIV. COMM. 
8ELLEF02 75 NC 28A 289 
KALBFLEJ 75 PRO 11 987 

D B LICHTENBERG C INDIANA UNIVERSITY I 
DE BELLEFON,BERTHON,BILLOJR+ CCOEF,SACLI 
KALBFLEISCH, STRANOrCHAPHAN I BNL+HICHI 

PAPERS NOT REFERRED TO, IN DATA CARDS 

SHAFER 66 PR 142 883 BUTTON-SHAFER,UNOSEY,MURRAY,SMITH ILRLI JP 
A SPIN-PARITY OHERMINATION. 

HABJBI 73 NEVIS 199HHESJSI HABIBI CCOLUI 
IVA LEt FNALtBNLr PITT I 
I BRAN+UMO+SYRA+TUFT I 
C BRAN+UMO+SYRA+TUFT J 

HUNGERBU 74. PRO 10 2051 HUNGER BUHLER ,MAJKA,+ 
BRIEFEL 75 PRO 12 1859 +GOUREVJTCH,KIRSCH+ 
BRIEFEL 77 PRO 16 2706 +GOUREVITCH,CHANG+ ..................................................................... .................................................................... 
1:::(1630)1 

) 
) J::1/2 

THIS EFFECT NEEDS ·CONFIRHATIONa 
BARTSCH 69 SEE A SMALL, BROAD ENHANCEMENT NEAR 
1650 MEV - IT IS NOT CLEAR THAT IT IS THE SAME 

" " M 
M 

PHENOMENON AS BRJEFEL 77, WHO FIND CS""2.6+-0.,9 
MICROBARNS AT 2.87 GEV/C INCIDENT K- MOMENTUM. 

BORENSTEIN 72 SEE NO EFFECT lN THIS REGION. THEY FINO 
CS<2 MICROBARNS AT 2.18 GEVIC. 

ROSS 72 ARGUE THAT THE EFFECT THEY SEE IS NOT THE SAME AS THAT 
SEEN BY BRIEFEL 77 (WHOSE PRELIMINARY RESULTS WERE REPORTED IN 
BMST 701, AND FINO CS=2+-1 MlCROBARNS AT 3.,3 GEY/C. 
BELLEFON 75 FIND A CS OF AROUND 10 MICROBARNS NEAR 2 GEV/C, 
BUT LESS THAN 3 MICROBARNS AROUND 2.3 GEV/C. 

21 Xl*l/2(16301 MASS IMEV) 

29 16D6. 
34 1633a 
31 1624. 

... 
12. 
3. ......... 

ROSS 
BELLEF02 
SRI EFEL 

AVERAGE MEANINGLESS (SCALE FACTOR = 2.01 

72 HBC 
75 HBC 
77 HBC 

0 K-P AT 3a1-3. 7 
D K-P TO XI- K PI 
0 K-P 2 a87 GEV/C 

3172 
11175 

1178* 

234 

Data Card Listings 
For notation, see key at front of Listings. 

P1 

21 Xl*l/2116301 WIDTH IMEVI 

29 21. 7. ROSS 72 HBC 0 XI-PI+ K*0(890I 
34 40. 15a BELLEF02 75 HBC 0 K-P TO XI- K PI 
31 (22.51 BRIEFEL 77 HBC 0 K-P 2a87 GEV/C 
GOODNESS Of FIT INSENSITIVE TO VALUES BETWEEN 15 AND 30 MEV. 
THE SIGNIFICANCE OF THE EFFECT IS CLAIMED TO BE ABOUT 3 STD. DEV. 

21 Xl*1/211630) PARTIAL DECAY MODES 

)(1*1/2(16301 INTO XI PI 

SEEN IN K- P TO XI- PI+ KO ANO XI- PIO K+a 

DECAY MASSES 
1321+ 139 

............................................................. ****•••• 

REFERENCES FOR Xl*l/2( 16301 

ROSS 72 PL 388 171 
BELLEF02 75 NC 28A 289 
BRIEFEL 77 PRO 16 2706 

,BURANrllOYQ,MULVEYtRADOJICIC toXFJ I 
DE BELLEFON, BERTHON tBILLOI R+ I CDEF, SACLI 
+GOUREVITCH,CHANG+ I BRAN+UHO+SYRA+TUFT J 
BMST IBRANOEIS+MARYLANO+SYRACUSE+TUFTS 1 ALSO 70 DUKE CONF. 317 

PAPERS NOT REFERRED TO IN DATA CARDS 

APSEll 69 PRL 23 884 IBRANOEIS, MARYLAND, SYRACUSE, TUFTS} 
SUPERSEDED BY BMST 70 • 

BARTSCH 69 Pl 288 439 
KALBFLEI 70 DUKE CONF 331 

+ CAACHEN, BERLIN, CERN, LOICt VIENNAI 
G R KALBFLEISCH IBNU 1 

SUMMARJZES EVIDENCE FOR 
BORENSTE 72 PR 05 1559 
SCHMIDT 73 PURDUE CONF. 363 
HUNGERBU 14 PRO 10 2051 
BRIEFEL 75 PRO 12 1859 

ISCSPIN ONE-HALF. 
SORENSTE IN,OANBURG, KALBFLEISCH++ I BNL, MICH) I 
SCHMIDT t BRANDE 1 S I 
HUNGERBUHLER,MAJKAt+ IYALEtfNAL,SNL, PITT I 
+GOUREVITCH, KIRSCH+ .t BRAN+UMO+SYRA+TUFT I .......................................................................... 

•••••• .......... **••····· ............................................. . 

I :::(1a2o) I 50 XI*1/211820r JP=312 J 1=112 

WE LIST HERE EVERYTHING REPORTED IN THE MASS RANGE 
175D-1875 MEV. 
THE CLEAREST EVIDENCE FOR THIS STATE IS THAT OF 
GAY 76, Wt«J SEE AN 8 STD. DEY • ENHANCEMENT IN 
LAMBDA K-, AS WELL AS ENHANCEMENTS IN Xl*(l53QJ Pir 
AND SIGMA KBAR. THE ENHANCEMENT OBSERVED BY GAY 76 

IS NARROW f\IIIOTH 21 +- 7 MEVJ, IN CONTRAST TO RESULTS FROM EARliER LESS 
SIGNIFICANT DATA WHERE WIDTHS OF UP TO 100 MEV HAVE BEEN REPORTED ISEE 
THE DATA CARD LISTINGS BELOWJ. GAY 76 OBSERVE NO SIGNAL IN THE XI PI 
CHANNEL. IT IS POSSIBLE THAT THE XI PI ENHANCEMENTS SEEN IN THIS MASS 
REGICN' BY SOME EXPERIMENTS AT LOWER MOMENTUM ARE AT LEAST PARTIALLY DUE 
TO THE Xl*ll91t0), WITH A SHAPE DISTORTED BY THE MORE LIMITED AVAILABLE 
PHASE SPACE ISMITH 65la THE SITUATION IS FURTHER CONFUSED BY SOME 
EXPERIMENTS BEING FURCED TO ADD SEVERAL DIFFERENT CHANNELS TO OVERCOME 
POOR STATISTICS fCRENNEll 70, SADlER 711. 
A SPIN PARITY ANALYSIS OF THE GAY 76 DATA BUT WITH MORE STATISTICS 
fTEOOORO 771, FAVOURS J;3/2 BUT CANNOT MAKE A PARITY DISCRIMINATION. 

c 
c 

0 
D 

8 

50 XI*l/2118201 MASS IMEVI 

11770.01 HALSTEINS 63 FBC -0 K-FR 3.5 GEV/C 
30 1814.0 4.0 BAOIER 65 HBC 0 LAMBDA KOSAR 
29 1817a0 7.0 SMITH 1 65 HBC -0 LAMBDA KBAR 
40 l830a0 10.0 ALITTI 69 HBC - LAM, SIG KBAR 
25 1830.0 10.0 CRENNELL 70 DBC -0 3.6, 3.9 GEV/C 
FROM FIT TO INCLUSIVE XI Pit XI PI PI AND LAMBDA K- SPECTRA 

(1826,.0) 112.01 ·cRENNELl 70 DBC -0 3a6, 3.9 GEV/C 
FROM FIT TO INCLUSIVE XI PI AND XI PI PI SPECTRA ONLY 
28 1762.0 8.0 SADlER 72 HBC -0 XI PI ,XI2Pl tK Y 

" 8 

" 
38 1838.0 5.0 BADIER 72 HBC -OXI PJ,XI2PitK·Y 
SADlER 72 ADOS All CHANNELS AND DIVIDES PEAK IN LOWER AND HIGHER 
MASS REGICNS. THE DATA· CAN ALSO BE FITTED WITH A SINGLE BREIT
WIGNER OF MASS 1800 AND WIDTH 150 HEVa 

M 

" " M 

" " " " M 
M 

" " M 

" 

30 1821. 5. ROSSI 73 HBC -0 LAMBDA K-/KBARO 
LESS SIGNIFICANT ENHANCEMENTS SEEN IN XI*Cl5301 PI IM=1825 1 W=1001 
AND SIGMA KBAR {M;1810+-9rW=l6+-ll). 

1807. 27. DIBIANCA 75 DBC 
76 HBC 
77 HBC 
77 HBC 
11 HSC 
77 HBC 
11 HBC 

130 1823.0 2.0 GAY 
14 l797a 19a BRJEFEL 
68 1829a 9. BRIEFEL 
39 1860. 14.. BRIEFEL 
44 1870. 9. BRIEFEL 
57 1813a 4. BRIEFEL 

AVERAGE MEANINGLESS {SCALE FACTOR = 3.21 
ISEE IDEOGRAM BEL0\11 ) 

+ ....... ·BRIEFEL 
-+-. ·BRIEFEL 

-+-· ·BRIEFEL 
·BRIEFEL 
·BRIEFEL 
·GRY 
·DIBIRNCR 
·ROSSi 
·BROIER 
·BROIER 
·CRENNELL 
·RLITTI 
·SMITH 1 
·BRDIER 

1700 1800 1850 1900 1950 

XI•V2 !1820J MRSS !MEVJ 

-0 XI 2PJ, XI* PI 
- K- P AT 4.2 GEV 

0 XI PI (2a87 K-PI 
-0 XII15301 PI 
- SIGMA- KOSAR 

0 LAMBDA KOSAR 
- LAMBDA K-

CHISQ 
77 HBC 4.4 
77 HBC 29.1 
77 HBC 7.6 
77 HBC 0.7 
77 HBC 
76 HBC 0.6 
75 DBC 
73 HBC 0.0 
72 HBC 11.0 
72 HBC 55.2 
70 OBC 0.7 
69 HBC 0.7 
65 HBC 0.4 
65 HBC .2.:.§_ 

114.0 
I CONLEV 
=O.OOOJ 

3172 
11175 
1178• 

9/69 
10170 

11177* 

10/71 
10/71 

2/74 

1176 
2177* 
1178* 
1178* 
1178* 
1178* 
1178* 



6 u \ 

235 

Data Card Listings 
- ~For notat£on, see key at front of Listings. 

t 
0 

8 
8 

1 30 

130 
74 
68 
39 

•• 
57 

(80~01 

( 12.01 
30.0 
ss.o 

103.0 
(48.0) ' 
51.0 
se.o 
12. 
85. 
21.0 ... 
sz. 
n. ... 
26. 

50 XI*112U8201 WIDTH IHEVI 

OR LESS HALSTEINS 63 FBC -0 K-FR 3.5 GEV/C 
C4.Q) SADlER 65 HBC 0 LAMBDA KOSAR 
7.0 SMITH 2 65 HBC -0 LAMBDA KBAR 

40.0 20.0 ALITTJ 69 HBC - LAM, SIG KBAR 
38.0 24.0 CRENNELL 70 OBC -0 3.6, 3.9 GEV/C 

136.01 119.01 CRENNELL 70 OBC -0 3.6, 3.9 GEV/C 
13.0 BAOJER 72 HBC -0 LOWER MASS 
13.0 BAOIER 72 HBC -0 HIGHER MASS 
4. ROSSI 73 HBC -0 LAMBDA K-/KBARO 

58. OIBIANCA 75 OBC -0 XI 2PI, XI* PI 
1.0 GAY 76 HBC - K- P AT 4.2 GEV 

57. BRIEFEL 77 HBC 0 XI PI (2.87 K-PJ 
34. SRI EFEL 77 HBC -0 XIC 15301 PI 
17. BRIEFEL 77 HBC - SIGMA- KOSAR 
11. BRIEFEL 77 HBC 0 LAMBDA KOSAR 
11. BRI EFEL 77 HBC - lAM BOA K-

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED ABOVE. 

AVERAGE'MEANtNGLESs"tScAtE FACTOR= 2.21 
CSEE IDEOGRAM BELOW J 

9/69 
10170 
11177• 
10171 
10/11 
2174 
1176 
2177• 
1/78:0: 
1178* 
1178* 
1/78* 
1178• 

·BRIEFEL 
·BRIEFEL 
·BRIEFEL 
·BRIEFfl 

77 HBC 
77 HBC 
77 HBC 
77 HBC 
77 HBC 
76 HBC 
75 08C 
73 HBC 
72 HBC 
72 HBC 
70 DBC 

.£!:l!.§.g_ 
0.0 
2.8 
7.5 

------~----- ·BRIEFEL 
·GAY 
·DIBIANCA 
·ROSSi 
·BADiER 
·BADIER 
·CRENNELL 

0.4 

i1.3 
6.3 
3.9 

-so 

·ALITTI 69 HBC 
·SMITH 2 65 HBC 

i50 250 

....!L..L 
32.6 

ICDNLEV 
=0.0001 

P1 
PZ 
P3 
P4 
P5 

SO XI*l/2C18201 PARTIAL DECAY MODES 

XI*l/2(18201 HHO LAMBDA KSAR 
Xl*l/2( 18201 HHO XI PI 
XI*lf2(1820J INTO SIGMA KBAR 
XI*1/2U820J INTO XI*l/2115301 PI 
Xl*1/211820) INTO XI PI PI (EXCLUDING P4J 

DECAY MASSES 
1115+ 497 
1321+ 139 
1197+ 497 
1533+ 139 
1321+ 139+ 139 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The matrix below is derived !rom the error matrix for the fitted partial decay mode 

branching fractions, Pi' as follows: The di"agonal elements are Pi :1: 6Pi' where 

6Pi = ..j(6Pi6Pi}• while the off-diagonal elements are the~ correlation coeffi

cient!! (6pi6Pj) /(6Pi · 6Pj), For the definition!! of the individual P 1• 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 
p 1 .4974+-.0812 
p 2 -.7282 .1889+-.0505 
p 3 .1061 -.4931 .1463+-.0469 
p 4 -.7972 .5122 -.4933 .1674+-.0620 

R1 
Rl 
R1 
R1 FIT 

RZ 
R2 
RZ 
R2 FIT 

RZ1 
RZ1 

,._ R21 

RZ1 
R21 FIT 

RZZ 
RZZ 

• R22 
R22 FIT 

R3 

"' R3 
R3 
R3 FIT 

R31 
R31 
R3l 
R3l fIT 

50 Xl*l/21 18201 BRANCHING RATIOS 

XI*1/2t 18201 INTO (LAMBDA KBARJ/TOTAL 
0.30 0,1.5 ALITTI 

CPU , 
69 HSC - K-P 3.9-5.0 GEV 

Q.497 0.081 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.61 

Xl*l/2118201 INTO tXI PIJ/TOTAL IP21 
0.10 0.10 ALITTI 69 HBC - K-P 3 .9-SeO GEV 

• ·0:189 • • 0.05Q FROM FIT I ERROR INCLUDES SCALE FACTOR OF 1.21 

XI*l/21 18201 INTO txl PI 1/ I LAMBDA KSARJ ( P21/IP11 
0.20 0.20 SADlER 65 HBC 0 K-P AT 3 GEV 

(0,361 OR LESS CLc:.95 GAY 76 HSC - K- P AT 4.2 GEV ......... 
0.38 0.15 FROM FIT IERROR INCLUDES SCALE FACTOR Of 1.41 

XI*1/2(18201 INTO lXI PII/CXI*l/2115301 PIJ IP21/IP41 
1.5 0,6 0.4 APSELL 70 HSC 0 K-P AT 2.87 GEV 

• •1:13 • • 0.:3J' FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

XI*1/2118201 INTO f SIGMA KBARI/TOTAL IP31 
( 0.02 I OR LESS TRIPP 67 RVUE 
0.30 o. 15 ALI TTl 69 HSC - K-P 3.9-5.0 GEV 

Oo146 0.047 FROM FIT (ERROR INCLUDES SCALE FACTOR Of 1.1) 

XI*l/2118201 INTO ISIGMA KBARI/ILAMBOA KBARI fP31/IPll 
0.24 0.10 GAY 76 H8C - K- P AT 4.2 GEV 

0,29 0.10 FROM FIT tERROR INCLUDES SCALE FACTOR·Of 1.11 

9/69 

9/69 

6/70 

8/67 
9/69 

2171* 

Baryons 
:S(1820), :S(1940) 

•• •• •• •• •• R4 FIT .. , 
R41 
R41 ... 

XI*l/2(18201 INTO IXI*l/2(15301 Pli/.TOTAL 
0.30 0.15 ALITTI 69 HBC 

{0.251 OR LESS DAUBER .69 HBC 
USES IN PART THE SAME DATA AS SMITH 65 

IP41 
- K-P 3.9-5.0 GEV 

K-P 2. 7 BEV/C 

• •0:161' • 0.062 FROM fiT tERROR INCLUDES SCALE FACTOR OF 1.51· 

Xl*1121 1820) INTO I Xl*ll5301 PI I II LAM KBARI I P41/tP1J 
0.26 0.13 SMITH 1 65 HSC -0 K-P 2.45-2. 70GEV 
1.0 0.3 GAY 76 HBC - K- P AT 4.2 GEV 

R41 AVG 0,38 0.21 AVERAGE tERROR INCLUDES SCALE FACTOR OF 2.3) 

9/69 
9/69 

R41 STUDENT 0.35 0.14 AVERAGE USING STUDENTIOIH/1.111 - SEE MAIN TEXT 
R41 FIT 0.34 0,17 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.6J 

RS1 Xl*1/2118201 INTO (XI PI PII/ILAMBOA KBAR) (PSJ/tPll 
R51 10.1) OR MORE SMITH 1 65 HSC -0 K-P 2,45-2, 70GEV 

RSZ 
RS2 L 
R52 L 
R5Z 

Xl*l/2118201 INTO CXI PI PIJ/(XJCt1/2U5301 PI) fP5111P4) 
(0.3) tO.SI APSELL 70 HBC 0 K-P AT 2.87 GEV 

OR LESS. UPPER liMIT FOR THE 3-BODY DECAY 
CONSISTENT -WITH ZERO GAY 76 HBC - K-P AT 4.2 GEV 

R53 XI*1/2U8201 INTO XI PI PI I INCLUDING XI*C 15301 PIIICLAMBOA KBARJ 
RS3 CP4+PSJ/CP1J 

6170 

R53 C 10.141 OR LESS SADlER 65 HBC 0 1 STO •. DEV.LIMIT 11177* 
R53 C FOR THE DECAY MODE lXI- PI+ PIOI ONLY 

... ,. ... ,. ..................... ,. *······~· ·6······· .,. ............... ,. .......... . 
HALSTEIN 63 SIENA CONF 173 
SADlER 65 Pl 16 171 

REFERENCES FOR Xl*l/21 18201 

HALSTE INSLI D,+ (BERGEN, CERN, EPOL, RHELt LOUC I I 
+DEMOULJN,GOLDBERG, + CEPOL,SACLAYtAHSTJ I 

SNITH 1 65 PRL 14 25 +L I NOSEY ,BUTTON-SHAFER, MURRAY ILRLIIJP 
SMITH 2 65 ATHENS CONF 251 
TRIPP 67 NP 83 10 

USES CATA OF SMITH 1. 

ALI TTl 69 PRL 22 79 
DAUBER 69 PR 179 1262 
APSELL 70 PRL 24 777 
CRENNELL 70 PR lD 847 
BAOIER 72 NP B37 429 
ROSSI 73 PURDUE CONF, 345 

Dl BIANCA 75 NP 898 137 
GAY 76 PL 62B 477 
SRIEFEL 77 PRO 16 2706 

. ALSO 70 DUKE CONF. 311 

G A SMITH, J S LINDSEY (LRU 
+LEITH, + ILRL,SLACtCERN,HEIDEL,SACLAY) 

+BARNES,FLAMINIOtMETZGERt + I BNL,SYRACUSEI 1 
+BERGE, HUBBARD, MERRILlt MULLER (LRL J 
+ (BRANDEIS, MARYLANOt SYRACUSE, TUFTSJ I 
+KARSHON, LAI, ONEALL, SCARR, SCHUMANNCBNLJ 
+BARREL ET ,CHARLTON, VIDEAU ( EPOLI 
RCSS,LLOYDtRADOJICIC COXFORO) 

OIBJANCA,ENOORF CCARN} 
+ARMENT EROS, BERGE, GAVI LLET+C AMST+CERN+NIJM I I J 
+GOUREVI TCH ,CHANG+ t SRAN-tOMO+SYRA+TUFT I 
BMST (BRANDEl S+MARVLANO+SYRACUSE+ TUFTS I 

PAPERS NOT REFERRED TO IN DATA CARDS 

SMITH 64 PRL 13 61 +LINOSEY,MURRAYtBUTTON-SHAfER+ (LRLJ IJP 
MERRILL 68 PR 167 1202 D W MERRILlt J BUTTON-SHAFER HRU 

WEAK EVIDENCE CONCERNING JP. 
APSELL 69 PRL 23 884 (BRANDEIS, MARY LANDt SYRACUSE, TUFTS) 

SUP ERSEOED BY SRI EFEL 17. 
SCHMIDT 73 PURDUE CONF, 363 SCHMIDT (BRAN,DEISI 
SRJEFEL 75 PRO 12 1859 +GOUREVITCH,KIRSCH+ tSRAN+UMO+SYRA+TUFTI 
TEOOORO 11 CERN/EP/PHYS77-36 +DIAZ,OIONISI,BLOKZIJL+CAMST+CERN+NIJM+OXFJ JP 

ALSO 11 SLAC SUMMER JNST • HEMINGWAY REVIEW TALK (AMST+CERN+NIJM+OXFJ JP 
ALSO 71 BUDAPEST CONF. SALMERON REVIEW TALK (AMST+CERN+NIJM+OXFI JP 

••••••••••••••• ******••• ...... ,.,. .............................. ,. ............ .. 
****** .............. ,. .................. ,. ............................... . 

I :S{ 1940) I sz xt•l1Zil940, JP• l 1=1/2 

M 
M 
M 

" M 

) 

35 1933.0 
27 1"930.0 
66 1894.0 
21 1955.0 
29 1956.0 
25 1952. 

1900. 
139 1961. 

44 1936. 
56 1964. 

WE LIST UNDER XH19401 EVERYTHING REPORTED IN THE MASS 
RANGE 1875-2000 MEV. 

52 XI*l/2tl940) MASS (MEVI 

16.0 
20.0 
18.0 
14.0 
6.0 

11. 
12. 
18. 
zz. 
10. 

BADIER 65 HSC 0 XI- PI+ 
ALITTI 68 HBC 0 XI- PI+ 
DAUBER 69 HBC - XI PI 
GOLOWASSE 70 HBC - X I PI 
SADlER 72 HBC XI PJ,XJ2PI,K Y 
ROSSI 73 I XI PI 1-
DIBIANCA 75 DBC XI PI 
SRIEFEL 77 HBC 0 XI-Pl+C2.87 K-PI 
BRIEFEL 77 HBC - XIOPI-(2.87 K-PI 
SRIEFEL 77 HBC -0 XIU5301 PI 

ll/68 
11/68 
10/70 
10/11 
2/74 
1176 
1/78. 
1/78* 
1178• 

AVERAGE MEANINGLESS CSCALE FACTOR., 1.91 
CSEE IDEOGRAM BELOW , 

i860 

XI•i/2(i9401 MASS IMEVI 

· ·BRIEFEL 
·BRIEFEL 

· ·BRIEFEL 
·OIBIANCA 
·ROSSi 

77 H8C 
77 HBC 
77 H8C 
75 D8C 
73 

·BAOIER 72 HBC 
·GDLDUASSE 70 HBC 

· ·DAUBER 
·ALITTI 
·BADIER 

2020 

69 HBC 
68 HBC 
65 HBC 

2060 

f.!!!§g 
3.2 
0.2 
0.7 

i4.8 
0.3 
2.7 
0.4 
8.4 
0.6 

....2..:L.. 
32.0 

ICDNLEV 
=0.0001 



Baryons 
:::(1940), :::(2030) 

52 Xl*li2U9401 WIDTH IMEVI 

w 35 lo\0.0 35.0 SADlER 
w 27 ao.p ~o.o ALl TTl 
w •• 98.0 23.0 DAUBER 

65 HBC 
68 HBC 
69 HBC 

w 21 56.0 26.0 GOLOWASSE 70 HBC 
w 29 35.0 11.0 SADlER 72 HBC 
w 38. 10. ROSSI· 13 
w 63. 78. OJ BIANCA 75 DBC 
w 139 159. 57. BRIEFEL 11 HBC 
w •• 87. 26 • BRJEFEL 11 HBC 
w 56 60. 39. BRIEFEL 77 HBC 
w . . . . ... 
w AVERAGE MEANINGLESS ISCALE FACTOR :::: 1.61 

ISEE IDEOGRAM BELOW ) 

0 XI- PI+ 
0 XI- PI+ 11/68 - XI PI 11/68 

- XI PI 10/70 
XI PJ tXIZPI tK V 10/11 
lXI Pll- 2/74 
XI PI 1/16 

0 XI-PI+.CZ.B7 K-PI 1/78* - XlOPl-12.87 K-PI 1178* 
-o XII1530I PI l/78* 

CHISQ 
·BRIEFEL 77 HBC o.o. 
·BRIEFEL 77 HBC 1.8 
·BRIEFEL 77 HBC 3.5 
·DIBIRHCR 75 DBC 
·RDSS1. 73 1.9 
·BROIER 72 HBC 2.3 
·GDLDURSSE 70 HBC o.o 
·ORUBER 69 HBC 4.0 
·RLITTI 68 HBC 0.5 
·BRDIER 65 HBC ~ 

20.6 
ICOHLEU -so so 1.50 250 350 =0.0081 

P1 
'P2 
P3 
P4 
P5 

R1 
R1 

R2 
R2 

Xl•V211.940l UIDTH IMEUJ 

52 XI*l/2119401 PARTIAL DECAY MODES 

Xl*112U940) INtO XI PI 
Xl*l/2(19401 INTO Xloe<U530I PI 
Xl*lf21191t01 INTO XI PI PI (EXCLUDING P21 
Xl*l/2ll91t01 INTO XIO PI-
XI*1/21 19401 INTO XI- PIO 

52 Xl*l/2119401 BRANCHING RATIOS 

DECAY MASSES 
1321+ 139 
1533+ 139 
1321+ 139+ 139 
1314+ 139 
1321+ 134 

THE XH1940J IS SEEN MAINLY IN XI PJ AND SOME IN XII15301 PI. IT 
HAS BEEN LOOKED FOR IN Oll•ER CHANNELS BUT NOT SEEN. 

XI*1/2U940) INTO lXI PII/IXI*1/2Cl5301 PII 1Pli/CP21 
2.8 O. 7 0.6 APSELL 70 HBC 0 

XU1/2Cl9401 INTO lXI PI Pli/CXI*l/2115301 PIJ IP31/IP21 
0.0 0.3 APSELL 70 HBC 0 

6170 

6170 

R3 Xl*l/2([9401 INTO IXIO PI-1/{Xl- PIOJ IP41/IP5) 2174 
R3 1 25 2.6 6. 1.6 ROSSI 73 lXI PI I- 2171t 
R3 1 THIS BR IS 2.010.51 FOR AN I:cl/211=3/21 Xl*l1940). 2174 

................................. ••*•••••• •*••····· ••••••••••••••••• 

BADIER 65 PL 16 171 
,UJTTJ '- 68 PRL 21 1119 
DAUBER 69 PR 179 1262 
APSELL 70 PRL 21t 771 
GOLO.,ASS 70 PR 10 1960 
BAOJER · 72 NP B37,1t29 
ROSSI 73 PURDUE tONF • 31t5 

OJ BIANCA 75 NP 898 · 137 
BRIEFEL 77 PRO 16 2706 . 

ALSO 70 DUKE CONF. 317 

APSELL . 69. PRL 23 884 
SUPERSEDED BY BMST 70 • 

SCHMIDT 73 PURDUE CONF. 363 
BRIEFEL 75 PRO 12 1859 

REFERENCES FOR Xl*l/211940) 

+DE MOUlt N,GOLDBERG, + I EPOL, SACLAY tAMST I 
+FLAM IN! O,HETZGER,RADOJICJ C ,+1 BNL,S YRACUSE I 
+BERGE, HUBBARD, MERRILL, MULLER (LRLI 
+ IBRANOEIS, MARYLAND, SYRACUSE, TUFTS) 
E l GOLDWASSER, P F 'SCHULTZ I IlliNOIS I 
+BARRELET ,CHARLTON, VIDE AU I EPOL 1 
ROSS,LLOYD,RAOOJICIC (OXFDRDI 

D I BIANCA, ENDORF I CARN I 
+GOUREYITCH, CHANG+ I BRAN+UMO+SYRA+ TUFT I 
BMS T I BRANDE JS+MARYLAND+SYRACUSE+TUFTS I 

PAPERS NOT REFERRED TO IN DATA CARDS 

CBRANOEIS, MARYLAND, SYRACUSE, TUFTSI 

SCHMIDT 
+GOUREV ITCH, Kl RSCH+ 

l BRANDEIS I 
( BRAN+UMD+SYRA+TUFTJ .................................................................... 

.............. ! .................................................... . 

lz<2o3o) 1. 68 XI*l/212030, JP:5/2 OR GREATER) 1=1/2 

THE EYIDENtE FOR THIS STATE HAS BEEN MUCH IMPROVED 
BY HEMINGWAY 77, WHO SEE AN 8 STD. DEY. ENHANCEMENT 
IN SIGMA KBAR AND A WEAKER COUPLING TO LAMBDA KBAR. 
ALITTI 68 AND HEMINGWAY 71 OBSERVE NO SIGNALS IN THE 

XI PI PI COR Xl*(1530) Pll CHANNEL, IN C.ONTRAST TO DIBIANCA 75. THE 
DECAY INTO LAMBDA/SIGMA KBAR PI REPORTED BY BARTSCH 69 IS ALSO NOT 
CCNFIRMEO BY HEMINGWAY 77 .. 
A MOMENTS ANALYSIS OF THE HEMINGWAY 71 DATA INDICATES THAT THE SPIN 
IS GREATER THAN OR EQUAL TO 5/2 AT A LEVEL OF 3 STD. DEVIATIONS~ 
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Data Card Listings 
For notation, see key at front ofListings. 

M 
M 

" M 
M 
M 
M 

w 
w 
w 

PI 
P2 
P3 
P4 
P5 
P6 
P7 

R1 
Rl 

Rll 
Rll 

R2 
R2 

R21 
R21 

68 Xl*l/2120301 MASS IMEV) 

42 2030.0 10.0 ALI TTl 69 HBC - K-P 3.9-5 BEV/C 9/69 

40 2058.0 17.0 BARTSCH 69 HBC -0 K-P 10 GEV/C 9/69 
15 2019. 1. ROSSI· 73 HBC -0 SIGMA KBAR 2/74 

2044. 8. . OJ BIANCA 75 DBC -0 XI ZPI t XI* PI 1/76 
zoo 2024. 2. HEMINGWAY 77 HBC - K-P "AT 4.2 GEV 11111• 

AVERAGE MEANINGLESS (SCALE FACTOR"' 1.51 
(SEE JDEOGRA~ BELOW I 

--+-· 
·HEMIHGURV 77 HBC 
·OIBIRHCR 75 OBC 

CHISQ 
0.4 
5.5 
0.8 ·ROSS1. 

BRRTSCH 
·RLITTI 

2000 2020 2040 2060 2080 21.00 

XI•1./212030J MRSS IMEUl 

68 Xl*1/2l2030J WIDTH IMEV) 

45.0 40.0 20.0 ALI TTl 69 HBC 

57.0 30.0 BARTSCH 69 HBC 
15 33. 17. ROSSi 73 HBC 

60. 24. DIBIANCA 75 OBC 
200 16. 5 •. HEMINGWAY 77 HBC 

AVERAGE· MEANINGleSs· cScAte FACTOR = 1.21 
ISEE IDEOGRAM BELOW I 

-+ ......... ·HEMIHGURV 

---+--· ·DIBIRHCR 

t-·--·· ·ROSS1. 

;---.;. · · ·BRRTSCH 

) ~ ·RLITTI 

-so 0 50 1.00 1.50 

73 HBC 
69 HBC 
69 HBC .....Q.d... 

6.9 
ICOHLEU 
=0.0751 

- K-P 3.9-5 BEV/C::. 
-0 K-P 10 GEY/C::. 
-0 SIGMA KBAR 
-o XI 2PI, XI* PI 

9/69 
9/69 
2171t 
1176 

- K-P AT 4.2 GEY 11117• 

CHISQ 
77 HBC O.B 
75 OBC 2.7 
73 HBC 0.5 
69 HBC LS 
69 HBC _!!.d... 

6.2 
ICDHLEU 
=0.1.841 

----- , ____ ----- ---·----- ----- ----
68 XJOl/2(20301 PARTIAL DECAY MODES 

Xl*1/2(20301 INTO XI PI 
XU1/2120'30J INTO LAMBDA KBAR 
Xl*l/2(20301 INTO SIGMA KBAR 
XJ*1/212030) INTO Xl*l/2115301 PI 
Xl*l/2120301 INTO XI PI PI (EXCLUDING P4J 
Xl*1/21 20301 INTO LAMBDA. KBAR PI 
Xl*l/21 20301 INTO SIGMA KBAR PI 

DECAY MASSES 
1321+ 139 
1115+ 497 
1197+ 497 
1533+ 139 
1321+ 139+ 139 
1115+ 497+ 139 
1189+ 497+ 139 

-------- ----- ---- ----- ------ ------- ------
68 XI*l/2(20301 BRANC::.HING RATIOS 

XI*112C20301 INTO lXI PUI(HOOES PI TO P4J t Pl I I I Pl+P 2+P3+P41 
(0.301 OR LESS ALITTI 69 HBC - 1 STO DEY LIMIT 

Xl*1/2(20301 INTO (XI PI I II SIGMA KBARI 1Pli!CP31 
(0.191 OR LESS tL=~ 95 HEMINGWAY 77 HBC - K-P AT lt.2 GEY 

XJ01/2120301 INTO CLAM KBARI/(MODES Pl TO P4) I P2) II Pl+P2+P3+P4 I 
0 .. 25 0 .. 15 ALI TTl 69 HBC - K-P 3. 9-5 BEY /C 

XI*l/2{20301 INTO (LAMBDA KBARI/lSIGMA KBARJ CP21/lP3) 

0.22 0~09 HEMINGWAY 11 HBC - K-P AT 4.2 GEY 

9/69 

11117• 

9/69 

11/770 

.. . 



•' 

6 9 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
2(2030). 2(2120), 2(2250). 2(2500). o-. A! 

• R3 Xl*l/2C20301 INTO CSJG KBARII(MQOES PI TO P41 CP3111Pl+P2+P3+P41 
R3 0.75 0.20 ALITTI 69 HBC - K-P 3.9-5 BEV/C 9/69·· 

R4 XI*I/2120301 INTO (XI* PIJJ(MQOES PI TO P4J IP4)/1Pl+P2+P3+P41 
R4 (0.151 OR LESS ALITTI 69 HBC - 1 STD DEY LIMIT 9/69 

R41 XJOl/2120301 INTO lXI PI PI INCLUDING XI* PII/ISIGMA KBARI 
R41 IP4+P51/(.P31 
R41 10.111 OR LESS CL=.95 HeMINGWAY 77 HBC - ,1(-P AT 4.2 GEV 11177* 
R41 FOR THE DECAY MODE lXI- PI+ PI-I ONLY 

•• X!Ol/2120301 INTO LAMBDA KBAR PI CP61 

•• SEEN BARTSCH 69 HSC K-P AT 10 GEV 

R61 XJOl/2(20301 INTO (LAMBDA KBAR PU/ISIGMA KBARI CP61/IP31 
R61 10.321 OR LESS CL=.95 HEMINGWAY 17 HBC - K-P AT 4.2 GEV 

R7 XI*l/21 20301 INTO SIGMA KBAR PI IP71 
R7 SEEN BARTSCH 69 HBC K-P AT 10 GEV 

R71 X!Ol/212030) INTO ISIGMA KBAR PII!(SIGMA KBARI (P7JIIP31 
R71 c 10.041 OR LESS CL::.95 HEMINGWAY 77 HBC - K-P AT 4.2 GEV 
R71 c FOR THE DECAY MODE CSIGMA+- K- PI-+J ONLY 

•••••••••••••••••••••••• ••••*•••-: ••••••••• .; •••••••• ****••••• •••*•••• 

ALITTI 
BARTSCH 
ROSSl 

69 PRL 22 79 
69 Pl 28B 439 
73 PURDUE CONi= • 345 

REFERENCES FOR XI*l/2(20301 

+BARNES ,FLAMINIO.METZGER, + C BNL 9 SYRACUSE I I 
(AACHEN, BERLIN, CERN, LOIC• VIENNA) 

ROSS, llOYO,RAOOJICIC (OXFORD I' 

·OJ BIANCA 75 NP B9B 131 
HEMINGWA 17 PL 68B 197 

ALSO 76 Pl 628 477 

DIBIANCA,ENDORF 
HEM INGWAYtARMENTEROS+ 
GAY tARMENTEROS, BERGE+ 

ICARNJ 
UMST+CERN+NIJM+OXF) IJ 

( AMST +CERN+NI JM I ...... *•······· ........................ 11) •••••••••••••••••••••••••••• ....................................... ·•o:••····· •••••••••••••••••••••••••• 
I z(212o> I 103 Xl*1/212120, JP= I 1=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 
HEMINGWAY 17, BUT WITH ADDITIONAL STATISTICS, 

POINTS OUT THAT THE SIGNIFICAN.CE OF THE ENHANCEMENT IS GREATLY REDUCED 
IF A RESTRICTIVE FOUR-MOMENTUM CUT cu-CUTI IS MADE. THIS SUGGESTS 
AN ANOMALOUS PRODUCTION MECHANISM IF TNE STATE IS GENUINE .. 
IN NEED OF CONFIRMATION, OMITTED FROM TABLES. 

103 Xl*l/2121201 MASS CMEVI 

11177• 

11177• 

11177* 

11177* 

2123.0 7.0 GAY 76 HBC - K- P AT -\.2 .GEV 2177* 

PI 

Rl 
Rl 

103 Xl*l/2121201 WIDTH IMEVI 

25.0 12.0 GAY 76 HBC 

103 XI*l/2121201 PARTIAL DECAY MODES 

XI*1/2121201 INTO LAMBDA KBAR 

103 XI*l/21 21201 BRANCHING RATIOS 

XI*l/2121201 INTO LAMBDA KBAR 
SEEN GAY 76 HBC 

- K- P AT -\.2 GEV 

DECAY MASSES 
1115+ 497 

IPU 
- K- P AT 4.2 GEV ..................................................................... 

REFERENCES FOR XI*l/2121201 

GAY 76 Pl 62B 477 
HEMINGWA 71 PL 688 197 

+ARMENTER.OS, BERGE,GAVILLET +t AMST+CERN+NIJM I I 
HEM INGWAYtARMENTEROS+ C AMST +CERN+NIJM+OXF J 

•••••••••••••••••••••••• ********* .................................. . *••••I) ••••••••.•••••••••••••••••••••••••••••••••••••••••••••••••••••• 

I z(225o) I 
) 

35 2244.0 
1B 2295.0 

22 Xl*1/212250t JP= 

THE EVIDENCE FOR THIS STATE IS WEAK. BARTSCH 69 SEE 
A BUMP OF NOT MUCH STATISTICAl SIGNIFICANCE IN LAMBDA
KBAR-PI, SIGMA-KBAR-PI, AND XI-PI-PI lltASS SPECTRA_. 
GOLDWASSER ,70 SEE A NARROWER BUMP IN XI-PI-PI Af A 
HJGHER MASS.. PERHAPS THEY ARE THE SAME STATE, PERHAPS 
THEY ARE NOT, BUT SEE ALSO MORRIS TS .. 

22 Xl*l/2122501 MASS IMEVJ 

52 .. 0 
15.0 

BARTSCH 69 HBC 
GOLDWASSE 70 HBC -

K-P 10 GEV/C 
K-P 5. 5 GEV/C 

2111* 

2/77* 

9/69 
10170 

~ ----- ------ ---- ------ ------- ----- ----- -------

PI 
P2 
P3 

22 X1*1/2122501 WIDTH tMEVJ 

Bo.o eo.o 
LESS THAN 30.0 

BARTSCH 69 HBC 
GOLDWASSE 70 HBC 

22 XI*1/21225DI PARTIAL DECAY MODES 

Xl*l/2122501 INTO XI PI PI 
XI*1/2122501 INTO LAMBDA KBAR PI 
Xl*l/2122501 INTO SIGMA KBAR PI 

- K-P 5.5 GEVIC 

DECAY MASSES 
1321+ 139+ 139 
1115+ 497+ 139 
1197+ 497+ 139 

•••••• ••••••••• ••••••••• ••••••••• ••••••••• .••••••••• *••*••••• •••••••• 

9/69 
1D/70 

REFERENCES FOR XI*1/2(22501 

BARTSCH 69 Pl 28B 439 
GOLDWASS 70 PR 1D 1960 

+ I AACHEN, BERLIN, CERN, lOICt VIENNA I 
E l GOLDWASSER, P F SCHULTZ CILLINOISI 

PAPERS NOT REFERRED TO IN DATA CARDS. 

MOF< RIS 75 ANL -HEP-t P-75-58 MORRIS, OH. PARKER, SM JTH, WHITMORE I MSUI 

••••*• •*••••••• ••••••••••••••••••.••••••••• •••*••••• ••••••••••••••••• .................................................................... 
I z(25oo> I 

) 
99 XI*1/212500, JP= ) 1=1/2 

IT IS QUITE POSSIBLE THAT THE REASON THE EXPERIMENTS 
01 SAGREE ABOUT THE MASS AND WIDTH IS THAT THEY ARE 
SEEING DIFFERENT XI*S• FOR NOW, HOWEVER, WE GROUP 

w 
w 
w 
w 
w 

PI 
P2 
P3 
P4 
p~ 

P6 

THEM TOGETHER. 

30 2430.0 
45 2500.0 

2392 • 

99 XI*l/2125001 MASS IMEVI 

20.0 
10.0 
27. 

AU TTl 
BARTSCH 
OIBIANCA . . . .. . . . . . 

AVERAGE MEANINGLESS (SCALE FACTOR = 3.21 

99 XI*l/2125001 WIDTH IMEVI 

69 HBC 
69 HBC 
75 OBC 

- K-P 4. 6-5 GEV /C 
-0 K-P 10 GEV/C 

XI 2Pl 

150.0 
59.0 
75. 

60.0 
27.0 
69. 

40.0 ALITTJ 
BARTSCH 
OIBIANCA 

69 HBC -
69 HBC -0 
75 OBC XI 2Pl .......... 

AVERAGE MEANINGA:-ESS ISCALE FACTOR = 1 .. 11 

99 XI*1/2C2500I PARTIAL DECAY MODES 

Xl*1/2125001 INTO XI PI 
Xl*l/2(25001 INTO LAMBDA KBAR 
Xl*l/2125001 INTO SIGMA KBAR 
XI*1/2C2500I INTO XI*1/2C 1530) PI 
XJ*llz'l25001 INTO LAMBDA lOR SJGMAI KBAR PI 
Xl*1/2125001 INTO XI PI PI 

99 X1*1/2(2500I BRANCHING RATIOS 

DECAY MASSES 
1321+ 139 
1115+ 497 
1197+ 497 
1533+ 139 
1115+ 497+ 139 
1321+ 139+ 139 

XI*112C2500) INTO (XI PII/IMOOES P1 THRU Pltl CPUIIP1+P2+P3+P41 

9/69 
9/69 
1/76 

9/69 
9/69 
1/76 

Rl 
Rl 10.51 OR LESS ALITTI 69 HBC 1 SJO DEY LIMIT 9/69 

R2 
R2 

XI*1/2C25001 INTO CLAM KBARJ/CMOOES P1 THRU Pit) C~21/1Pl+P2+P3+Pltl 
0.5 0.2 ALITTJ . 69 HBC - 9/69 

R3 ., Xl*1/2(25001 INTO ISIG KBARJ/IMOOES PI THRU Pitl IP31/CP1+P2+P3+P41_ 
0.5 0 .. 2 All TTl 69 HBC - 9/69 

XI*1/z'I2500J INTO lXI* Pli/IMODES P1 THRU Pit) 1Plti/1Pl+P2+P3+Pitl R4 

•• 10.21 OR LESS ALITTI 69 HBC 1 STD DEY LIMIT 9/69 

R5 
R5 
R5 

XI*l/212500) INTO (LAMBDA lOR SIGMA} KBAR PII/TOTAL 
IPSJ 

SEEN BARTSCH 69 HBC -0 

R6 XI*l/2125001 INTO lXI PI PIJ/TOTAL IP6J 
R6 SEEN .BARTSCH 69 HBC -0 ..................................................................... 

REFERENCES FOR Xl*l/2C2500) 

ALITTI 69 PRL 22 79 +BARNES,FLAMINIO,'METZGERt + IBNL,SYRACUSEJ I 
BARTSCH 69 Pl 288 439 +' IAACHEN, BERLIN, CERN, lOICt VIENNAI 

DI BIANCA 75 NP, B9B 137 DIBIANCA, ENOORF ICARNJ . .................................................................. . ...... ......... ......... •........ ......... .......... ......... ....... . 
S=-3 1=0 HYPERON STATE (0) .................................................................... 

•••••• ·····••••!••••••**• ········* .................. ·······•· ....... . 
24 OMEGA-(1675, JP=3/2+1 1•0 

SEE STABLE PARTICLE DATA CARD LISTINGS .................................................................... •••••• ••••••••• ••••••••• ••••••••• ••*•••••• •••••••••••••••••••••••••• 
CHARMED BARYONS 

••••••••••••••• ••••***** ................... **••••••• ••••••••••••••••• •••••• ••••••••• ••••••••• ••••••••• ••••*•••• ......................... . 

lm 
-)-

FOR THE MINl-REVIEW ON CHARMED BARYONS, 
SEE THE STABLE PARTICLE DATA CARD- LISTINGS 

............................•.•..... ········* ...........•..••. ••••••••• ••••••••• •••*••••• ••••••••••••••••••••••••••••••••••• 

33 LAHBOA/C+I2260, JP= J 

SEE STABLE PARTICLE DATA CARD LISTINGS .................................................................... ...................................................................... 

9/69 

9/69 



Baryons 
I:c(2430), DIB.ARYONS 

I rc(243o) I 

" " " " • • 

PI 

------=>~ 104 SIGMA/CI2430, JPoc I 

lOit SIGMA/C MASS 

t l 2426. 12. CAZZOLI 75 HBC ++ LAMBOA/C+ PI+ 
KC 912500.1 KNAPP 76 SPEC 0 ANTILAMBOA/C-Pl+ 

C 1(2439.1 OR MORE BARISH 77 OBC ++ LAMBOA/C+ PI+ 
C SEE NOTES IN LAMBDA/C+ MASS SECTION ABOVE. . 

K KNAPP 76 MAY .NOT BE THE SAME STATE AS CAZZOLI 75. OERUJULA 75 
K PREDICT TWO SIGMA/C STATES AROUND 2.4-2.5 GEV • THIS COULD BE BOTH. 

104 SJGMA/CC2430J PARTIAL DECAY MODES 

SIGMA/C(2430) INTO LAMBOA/C+ PI 
DECAY MASSES 

2260+ 139 ...... ......... ......... ......... ......... ......... ......... ....... . 
CAZZOLI 
KNAPP 
BARISH 
PICCOLO 

75 PRL 34 1125 
76 PRL 37 882 
77 PR 015 1 
11 PRL 39 1503 

-DERUJULA 15 PR D12 147 
LEE 11 PR D15 151 

REFERENCES FOR SIGMA/CI24301 

+CNOPS,CONNOL YtlOUTTIT tMURT/I.GH+ CBNLJ 
+LEE, LEUNG, SMITH + ICOLU+HAWA+JLL+FNALI 
+DERRICK,DOMBECK,MUSGRAVE + UNL+PURDI 
+PERUZZ 1, LUKE+( SLAC+ST AN+LBL +UC B+NWES+HAWA I 

THEORY AND REVIEW 

+GEORGI, GLASHOW 
+QUIGG,ROSNER 

IHARVI 
tFNALI ...... ......... .......... ......... ......... ......... ......... ....... . .................................................................... 

Dibaryon States 

This year, for the first time, we list experi

mental evidence related to the existence of some 

two-baryon resonances predicted by SU(3) ,
1 

SU(6),
2 

and the MIT bag model.
3 

Reports of enhancements 

in B = 2 systems go back more than 10 years; but 

the interpretation of these enhancements remains 

uncertain. We are motivated to add this section 

because of renewed experimental and theoretical 

intere·st. 

Most significant evidence.is included in the 

Listings, but there may be omissions, especially 

in earlier work. We have not included evidence 

on nuclear properties, hypernuclei, d*'s; or ~·s 

bound within the deuteron·- though these may be 

related to effects observed in the search for 

dibaryon resonan'ces. We have also omitted data on 

low energy TI+d ~ pp. There is a large amount of 

literature on this reaction which we did not have 

time to review adequately. Most of these experi

ment's are addressed to the question of whether 

there is a resonance associated.~with the N~ 

threshold. 

The Listings are arranged in three groups of 

strangeness, since the difficulty and reliability 

of the experimehts.depends strongly on the 

strangeness. 

3111* 
3111* 
3111* 
3/17* 
3111* 
3111* 

238 

Data Card Listings 
For notatz"on, see key at front of L£st£ngs., . 

References 

1. R. J. Oakes, Phys. Rev. 131, 2239 (1963). 

2. F. Dyson and N. Xuong, Phys. Rev. Lett. ~. 

815 (1964). 

3. R. L. Jaf,fe, Phys. Rev. Lett. 38, 195 (1977). 

• ••••••••••••••••••••.••••••••••••••••••••• •••••••!t'• ••••••••••••••••• ...... ......... ......... ......... ......... ......... ......... ....... . 
DIB.ARYONS ..................................................................... . .................................................................... . 

106 STRANGENESS O, BARYON NUMBER 2 STATES 

RECENT RESULTS USING THE POLARIZED PROTON BEAM AND TARGET 
AT ARGONNE GIVE EVIDENCE FOR A DIPROTON STATE THAT WAS PREVIOUSLY 
INACCESSIBLE. THE DATA (HJOAKA 171 SHOW A SIGNIFICANT 
DIP IN THE DIFFERENCE BETWEEN ANTI-PARALlEL AND PARALLEL 
L[.NGITUOINALLY POLARIZED P P TOTAL CROSS SECTIONS, IN ADDITION 
TO STRUCTURE IN THE P P ELASTIC SCATTERING LEGENDRE COEFFICIENTS • 
HIOAKA 71 INTERPRET THESE EFFECTS AS EVIDENCE FOR A 3F3 (USING 
2S+l 1 l,J NOTATIONI STATE AT 2260 MEV. A FORWARD DISPERSION RELATION 
ANALYSIS (GREIN 71) OF THE ARGONNE DATA FINDS A SPIN SINGLET STATE AT 
2390 MEV AND A SPIN TRIPLET STATE AT 232D ME'It WITH WIDTHS GF ABOUT 
100 MEV AND 290 MEV, RESPECTIVELY. lTHE DISPERSION RELATION ANALYSIS 
CANNOT DETERMINE JJ. THE POSSIBILITY (KANE 761 THAT THE THRESHOLD fOR 
DELTAI12321 PRODUCTION IN P P SCATTERING INDUCES RESONANT BEHAVIOR 
IN THE 1D2 WAVE DOES NOT APPEAR TO BE REALIZED IN THIS ANALYSIS. 
AN INDEPENDENT PARTIAL WAVE ANALYSIS IHOSHIZAKI 171 Of THE ARGONNE OAT 
FAVORS A 3F3 RESONANT STATE AT 2260 MEV, WITH A WIDTH BETWEEN 10D MEV 
AND 250 MEV. . 

MINAMI IMINAMJl 17 AND MINAMI2 171 HAS PRESENTED CRITICISM OF 
THE ANALYSIS OF BOTH HIDAKA 71 AND HOSHIZAKI 71, AND SUGGESTS THE 
OBSERVED EFFECTS ARE CONSISTENT WITH THE ABSENCE OF A RESONANCE. 

FURTHER EVIDENCE FOR THE EXISTENCE OF A DJBARYON RESONANCE IN 
THE 2350 MEV REGION COMES FROM A PHOTDDISINTEGRATION EXPERIMENT 
CKAMAEI 771, WHERE AN ANOMALY IN THf POLARIZATION IS CONSISTENT WITH 
AN I=O, Jc3 STATE. . 

IN SPITE OF THE PROGRESS MADE BY RECENT WORKr MORE EXPERIMENTAl 
EVIDENCE IS NEEDED BEFORE THE EXISTENCE OF A TWO-NUCLEON RESONANCE 
CAN BE CONSIDERED CONFIRIIIIED. IT IS UNLIKELY THAT THE DJPROTONIS) CAN 
BE FIRMLY ESTABLISHED UNTIL MUCH MORE INFORMATION ON ANGULAR 
DISTRIBUTIONS WITH POLARIZED BEAM AND TARGET IS AVAILABLE. 

106 STRANGENESS Q, BARYON NUMBER 2 CROSS SECTION 

CS SEEN DEBOER 75 CNTR POL. P P ELASTIC 10 111* 
CS DEBOER 15 OBSERVE STRUCTURE IN THE DIFFERENCE BETWEEN 10171* 
CS B ANTI-PARALLEL AND PARALLEL TRANSVERSE SPIN STATES IN P P SCATTERING 10117* 
CS B AT 2,3,4,ANO 5 GEV/C MOMENTA USING POLARIZED BEAM AND TARGET 10177* 
CS C SEEN AUER 71 CNTR POL. P P ELASTIC 10171* 
CS C. AUER 11 OBSERVE A LARGE DIP J N THE DIFFERENCE BETWEEN 10177* 
CS C ANTI-PARALLEl AND PARALLEL LONGITUDINAL SPIN STATES IN P P 10177* 
CS C SCATTERING AT MOMENTA BETWEEN 1 AND 2.5 GEV/C. 10171* 
CS E SEEN HIDAKA 77 CNTR POL. P P HASTIC 2118* 
CS E HJDAKA 17 IS FROM THE SAME EXPERIMENT AS AUER 77. 10/71* 
CS E HIDAKA 77 PRESENT THE MOST POSITIVE EVIDENCE FOR A P P RESONANCE 10117* 
CS E BASED ON THE ENERGY DEPENDENCE Of THE LEGENDRE COEFFICIENTS FOR 10177* 
CS E P P ELASTIC SCATTERING IN PURE SPIN STATES, AND OF, THE DIFFERENCE 10/77* 
CS E BETWEEN ANTI-PARALLEL AND PARALLEL LONGITUDINAL CROSS SECTIONS • 10171* 
CS E THEY t:AVOR S=1t L=3, .J:3 QUANTUM NUMBERS. 10117* 

M D 
M D 
M D 
M E 
M H 

H 
H 
G 
G 
G 

D 
D 
E 

W H 

106 STRANGENESS Ot BARYON NUMBER 2 MASS CMEVI 

12390.0) GREIN 11 CNTR 
C2320.0J GREIN 77 CNTR 

USES DATA OF DEBOER 15 AND AUER 71 FOR DISPERSION ANALYSIS. 
(2260.01 HIOAKA 77 CNTR 
(2260.) HOSHIZAKI 77 PWA 

HOSHJZAKI 71 PRESENTS SOME RESULTS FROM A PARTIAl WAVE ANALYSIS OF 
ARGONNE DATA OF AUER 17. WIDTH OF THE 3F3 IS BETWEEN 90 AND 350. 

12350.1 . KAMAE 11 
KAMAE 77 IS A GAMMA D -> P N EXP. BETWEEN .2 AND .a GEV EIGAMMAJ 
KAMAE 11 OBSERVE A SHARP PEAK IN POLARIZATION AT 500 MEV ECGAMMAJ 

1100.01 
(290.0) 
(200.0) 
( 150.1 

lOb STRANGENESS o, BARYON NUMBER 2 WIDTH (MEV) 

GREIN 77 CNTR 
GREIN 17 CNTR 
HIDAKA 11 CNTR 
HOSHIZAKI 17 PWA . ................................................................... . 

10117• 
10/77* 
10/77* 
10/77* 
10117* 
10111* 
10111* 
10/77* 
10177* 
10111* 

10171• 
10/77* 
10111* 
10177* 

REFERENCES FOR STRANGENESS o, BARY. NO. 2 STATES 

DEBOER 75 PRl 34 558 
AUER 77 PL 618 113 

ALSC 77 ANl-HEP-CP-1707 
GREIN 77 WU-B-16-6 
HI OAKA 77 PL 708 419 

ALSO 77 PL 708 415 
HOSHJZAK 17 PTP 58 116 

ALSO 77 PTP 57 335 
ALSO 77 PTP 57 1099 

KAHAE 77 PRL 18 468 
ALSO 77 PRL 38 471 

+P., F ERNOWt A. KRI SCHt + (M ICH•ANl+STlO 1 
+E .COL TON, D .HILl, K ,NIELD,+ I ANL +NWE S) 
A.YOKOSOWA IANLI 
W.GREINtP.KROLL IKARL+WUPPJ 
+8ERETVAS,H.NIELD,H.SPINKA.,• IANll JP 
I ,p .AUER ,A.BERETVAS, E.COL TON oD .HILL t • IANL I 
N.HOSHIZAKI I KYOTO I JP 
N.HOSHIZAKI, T. KADOTA 
N.HOSHIZAKI 
•I .ARA I, T .FUJII, H. I KEOA, + 
T.KA.MAE AND T.FUJITA .. 

(KYOTO) 
(KYOTO I 

I TOKY+KEK) 
ITOKYI 



.. 
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Data Card Listings 
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·:'j 
l,J 

For notation, see key at front ofListings. 
Baryons 
DIBARYONS 

PAPERS NOT .REFERRED TO IN DATA CARDS 

KANE 76 PRO 13 2944 
BRAYSHAW 76 PRL 37 1329 

G.L.KANE ,G.H. THOMAS I M I CH+ANLI 
O.Q.BRAYSHAW CSLACJ 

KLGET 11 LA-UR-77-2321 +R .R • Sll BAN, R. AARON,+ I LASL+RUTG+NEAS+PENN J. 
MINAMil 77 OCU-31 
MINAMI2 71 OCU-40 

S.MlNAMI IOSKCJ 
S.MI-fi<IAHI IOSKCJ 

****** ••o•***** ••••••·u• ••••.-o••• ••••••••• ••••••••• ********* ******** •••••• ••••••••• ******"* ••••••••• •••••••*• ***~Co***** *"'******* ••eo•eo••• 

ls=-tl 
-4 

107 STRANGENESS -1, BARYON NUMBER 2 ·sTATES 

cs 
cs 
cs 
cs 
cs 

All OF THE POSITIVE EVIDENCE FOR A LAMBDA P RESONANCE 
COMES FROM EXPERIMENTS USING K- BEAMS AND NUCLEAR TARGETS, 
USUALLY DEUTERIUM. THIS EVIDENCE IS COMPLICATED BY NUCLEAR EFFECtS, 
BUT EVEN MORE SERIOUS AMBIGUITIES ARISE FROM THE FACT THAT 
THE MOST LIKELY LAMBDA P RESONANCE, AT 2130 MEV, LIES PRECISElY 
AT SIGMA NUCLEON THRESHOLD. 

BRAUN 77 EXAMINE THE T DEPENDENCE OF THE 2130 MEV ENHANCEMENT 
AND FINO TWO COMPONENTS. THE PERIPHERALLY PRODUCED PART OF THE 
2130 MEV PEAK IS NARROW AND HAS A STEEP T DEPENDENCE, WHILE THE 
LARGE T EVENTS FORM A BROAD ENHANCEMENT AT SIGMA NUCLEON 
THRESHOLD, WHICH IS INTERPRETED AS NON-RESONANT. BRAUN 77 FAVOR 
THE DEliTERON-liKE 3S1 ASSIGNMENT FOR THE NARROW' PEAK ON THE BASIS 
OF ITS PERIPHERAL PRODUCTION, BUT THEY CANNOT EXCLUDE THE POSSIBILITY 
THAT IT IS A NON-RESONANT CUSP EFFECT • 

EXPERIMENTS USING FREE HYPERON BEAMS MAY LACK THE STATISTICAl 
SENSiTIVITY TO OBSHVE THE 2130 MEV EFFECT SEEN IN THE NUCLEAR 
TARGET DATA. 

107 STRANGENESS -1 t BARYON NUMBER 2 CROSS SECT JON 

NOT SEEN~ 
NOT SEEN 
NOT SEEN 
NOT SEEN 

C25.1 15.1 

ALEXANDER 68 HBC 
BUNNEl 70 HEBC 
KAOYK 71 HBC 
HAUPTMAN 74 HBC 
BRAUN .77 DBC 

(MICRO· BARNS I 

LAM P ELASTIC 
K- STOP IN HE 
LAMBDA P SCATTER 
LAMBDA P ElASTIC 
K-0 .68-.84 GEV/ 

---- ------ -------- -------- -------- ___ _: __ ---------. -------
107 STRANGENESS -1, BARYON NUMBER 2 MASS OlEYl. 

10177• 
10177• 
10177• 
10/77* 
2178• 

M 12126.) CLINE 68 OBC K- AT 400 MEV/C 10177* 
M 12130.1 ALEXANDER 69 DBC K- FROM.9T01.1 10/77* 
M 12110.1 JAIN 69 EMUL K- AT REST 10/77* 
M 2128. .2 TAN 69 OBC 10177• 
M STOPPING K- IN DEUTERIUM. 10/77* 
M SECONDARY SHDLOER OBSERVED AT 2139 MEV 10177• 
M C2129.01 EASTWOOD 71 DBC 10177* 
M K- AT 1.45 AND 1.65 GEV/C 10177• 
M 2127.0 1.0 SIMS 71 DBC 10177* 
M K-0 .67 GEV TO .925. 3 '+ 4 BODY PEAK. 10177• 
M 2125.2 2.5 SHAHBAZIA 73 HlSC 10177* 
M 12251.41 (3.91 SHAHBAZIA 73 HLBC 10177* 
M N AT 7.S AND ·PI- AT It ON C. 4 STANDARD DEVIATION PEAK. . 10177* 
M 2129.0 0.4 BRAUN ?7 DBC K-0 .68-.84 GEV/ 10/77* 

lOT~ STRANGENESS -1, BARYON NUMBER 2 WIDTH I MEV I 

N, UO. I CLINE 68 DBC - 10177• 
N (20., JAIN 69 EMUl 10177• 
w 1. .. TAN 69 OBC 10177• • (20.0) EASTWOOD 71 DBC 10/77* 
w e.o 1.0 SIMS 71 DBC 10177• 
w 20.6 5.2 SHAHBAZIA 73 HLBC 10177• 
w C21.11 {5.41 SHAHBAZIA 73 HLBC 10177* 
w 5.9 1.6 BRAUN · 1,1 OBC K-0 .68-.84 GEV/ 10177• .................................................................... 

REFERENCES FOR STRANGENESS -11 BARY. NO. 2 STATES 

ALEXANDE 68 PR 173 1452 
CLINE 68 PRL 20 1452 
ALEXANOE 69 PRL 22 483 
JAIN 69 PR .187 18!'6 
TAN 69 PRL 23 395 
BUNNEl 70 PR 02 98 

EASTWOOD 71 PR 03 2603 
KADYK 71 NP 827 13 
SIMS 71 PR 03 1162 
SHAHBAZI 13 NP 853 19 
HAUPTMAN 74 LBl-3608 
BRAUN 77 NP 8124 45 

DAHl 61 PRL 6 142 
COHN 64 PRl 13 668 
SHAHBAZt 11 JINR-El-5935 

ALEXANDER ,U.KASHORN, A. SHAP IRA,+ I REHO+HE I OJ 
+R .LAUMANN+J .HAPP' {WI SCI 
AlEXANDERtHAlL tJEW, KALMUS, KERNAN I lBl+UCRI 
P.L.JAIN tBUFFI 
TAl HO TAN ISLACJ 
+DERRICK,FI ElOS,HYMAN+KEYES INWES+ANLI 

+FRY, HEATHCOTE, ISLANt+f BIRM+EDIN+GLAS+LOICI 
+ALEXANOER,CHAN, GAPOSCHKIN+TRI lliNG ( LBll 
+ONEALL,AlBRIGHT tBRUCKER+LANNUlTI IF SUI 
B.SHAHBAZ IAN+A .TIMONINA I JINRI 
J.M.HAUPTMAN CTHESISI ILBLI 
+H.GR I MM, V • HEPP, H • STROBEL E t+ (HE IO+MP IM I 

PAPERS NOT REFERRED TO IN DATA CARDS 

O.OAHl ,N .HORWITZ, O. Ml lLER, J .MU RRAYt + I L Bll 
H.O.COHN,K.BHATT ,w. M.BUGG IORNL+TENNI 
B.SHAHBAZIAN IJINRI 

>11*-" ................................................................. . • .................................. •••••••!!'• ••••••••••••••••• ,. ........ . 

ls=-zl 
-4 108 STRANGENESS -2, BARYON NUMBER 2 ~TATES 

cs ' 
cs 
CS A 
CS A 
CS A 

THERE ARE NO SIGNIFICANT CLAIMS FOR RESONANCES IN THE TWO LAMBDA 
OR XI NUCLEON SYSTEMS, ·THOUGH RESONANCES ARE PREDICTED (JAFFE 771. 

108 STRANGENESS -2 t BARYON NUMBER 2 CROSS SECTION 
I Mllll BARNS/NUCLEON) 

ClO.OI (7.·01 BEilliERE 72 HLBC 
NOT SEEN WILQUET 75 HLBC 
NOT SEEN GUY 77 HBC 

12 GEV K- ON PT PLATES fORMS LAMBDA BEAM. 

XI AT .8 TO 2.2 
K- AT· 2.2 GEV/C 
K-· PT AT 12 GEV 

SUGGESTS BROAD, lOW MASS PEAK IS DUE TO RESCATTERJNG 

--- ---- --~--- ---- ---- --- ------ -----
108 STRANGENESS -2, BARYON NUMBER 2 MASS IMEVJ 

2178• 
10171• 
10177• 
10177* 
10177• 

t 2:37o.oi 
12365.3) 

BEiLLiERE 12 'Ht:Bt ·-!(..:. AT 2.1 10111:0: 
(9.6} SHAHBAZIA 73 HLBC 2 ST .DEY. PEAK 10/77* 

108 STRANGENESS -2, BARYON NUMBER 2 WIDTH IMEV} 

SHAH9AZIA 73 HLBC ....................................................................... 
BEILLIER 72 Pl 39B 671 
SHAHBAZ I' 73 NP B53 19 
WllQUET 75 PL 578 97 
GUY 77 Rl-77-054-A 

JAFFE 77 PRL 18 195 

REFERENCES FOR StRANGENEss·--2, BARY. NO. 2 'STATES 

BEILLIERE .MAYEUR, + 18RUX+CERN+TUFT+l00C J 
B.SHAHBAZIAN,A. TIMON INA ( JINR I 
+KNIGHT ,GUY t+ I8RUX+TUFT+LOUC+CERN+RHELI 
J .G.GUV+J.KADYK fRHEl+LBLI 

PAPERS NOT REFERRED TO IN OAlA CARDS 

R.l.JAFFE fSLAC+MIT I 

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



Apeendlx I 

TEST OF 411•1/2 RULE FORK DECAYS 

The quantities of Interest for making tests of 

theoretical predictions regarding the 41•1/2 rule for K 

decay are usually partial decay rates for single 

channels or special sums of channels. It Is not 

possible to compute the errors on sums, differences, 

and ratios of partial decay rates from the information 

given In the Table of Stable Particles because of the 

presence of off,...diagonal terms In the error matrix. 

For this reason we give some of these quantities In 

Table I. Throughout this Appendix, Italics are used to 

Indicate that a quantity has changed by more than one 

(old) standard deviation since our previous edition, 

and S gives the scale factor Included In the quoted 

error because of Inconsistencies In the data (see 

footnote at end of Stable Particle Table for definition 

of S). 

Table I. (000) and ( +,...0) refer to the sign of 
the pions Into which the KL decays. 

r K+ •r K+ +r K+ • {6.484:t0.089)106 sec-t 
13 e3 ,.3 

r 1r -o.663:t0.018 s-1.1• 
K~ K!3 

rK. 1 rK. - 3. 226:tO. o82 ., .,. 
r~ .. r~ +r~ •(12.70:1:0.15)106 sec-t S•t.t• 

l3 e3 ,.3 

r ~ 1 r ~ • o. 695:tO . o 11 
,.3 eJ 

rt«<l(ooo) 1 rt«<l<+-o>· t.733:t0.076 Sat.3* 

1. Leptoplc decay rates 

The rK rates are useful In testing the leptonic 
lJ t 41-=1/2 rule In the way suggested by Trilling. The 

predictions aa·e 

r ~ I 2rK. - 1.012, a phase-space factor,2 
lJ lJ 

and 

r~ 1r~ -rK. IrK •• 
,.3 e3 J13 e3 

From Table 1, 

r • ..o 1 2rK. • o. 979:tO. 018 
!'.iJ 13 

and 
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These results seem to show a less than 2a 

disagreement with the predictions, but .the errors. ~ 

should be regarded with caution in view of the Internal 

disagreements In the data. (Note the Ideograms In the_. .• ~ 

Data Listings for the charged K meson.) 

2. Three-plop decays 

We follow here the tests· done by Mast et al., 3 

based on the general analysis of K decays suggested by 

Zemach.4 Both decay rates (r) and slopes (g, the 

energy dependence of the Dalltz plot distributions) are 

·used. The 411•1/2 rule predicts that the following test 

quantities are all equal to zero: 
,. 

r t«<l(OOO) 

[ 

rt«<l(+-O) J -1 _ 

-2 1' 

2 
Test 1 • -3 ... .,., 

~ 
1 [~f-Test 2 • 4 ;3 •• 1' 

rK. 
[ r .-::-•> J -1 

Test 3 ~ i .....:.:% 

.3 -1' 

1 
Test 5 • gt«<l(+-O) +gK: ~ z gK:• . 

The ; 1 are phase-space factors which have been 
calculated as described In Mast et al. 3 by use of a 

relativistic formulation and the masses a'nd slopes 

from this edition. The factors labeled UDP are the 

relative areas of the Dalltz plots, assuming a uniform 

distribution. The NUDP Include the observed slopes 

(see below). The CNUDP have been calculated by 

Including the final-state Coulomb Interaction. 

The values are: 

~ 
ll.D.f Wlllf ~ 

;,(000) "' 1.490 1.490 1.444 
;z(+-0) .. 1.221 1.303 1.287 
;3(++-)- 1.000 1.000 1.000 
;.(+00)- 1.247 1.178 1.142 

For convenience, we repeat the slope parameters 

tabulateg In the Stable Particle Table. They are as 

follows: 

.. -0.215:t0.004 

g~(+-0)-

-0.214:1:0.007 

-0. 215:t0. 003 

0.56U0.021 

0.670%0.014 

s-1.s• 

s-t.?• 



,·.··~ 
\~ 6 

A difference in the T+ and ·r slopes would be an 

fn!:lication of CP violation in this decay. Since no 
difference is observed at this time, we average he two 

'Bn1t use this value In Test 4 and Test 5. 

We use the CNUDP factors and the rates and slopes 

reported in this edition to compute ihe five test 

quantities whlch the 4I•1/Z rule predicts to be zero. 
The results are: 

Test 1 • "0.030:t0.045 
Test Z • -0.079:tO.OZ3 
Test 3 • O.Z16:tO.OZO 

Test 4 • 0. 066%0.011 
Test 5 • 0.175~0.018 

The three-pion final state can be in lsospin 

states I • 1,Z,3. Tests 1 and Z test the existence of 
lsospin I • 3 In the final state. Since the rate tests 
(Tests 1, Z, and 3) could differ from zero by as much 

as .· 0.1 owing to the mass differences and the 
occurrence of big slopes5 , no evidence for I•3 _Is 
found. Test 4 is related to the I•Z amplitude in the 

~ final state and Indicates the presence of I•Z. Tests 3 
and 5 give information on the 4I•3/Z part of the I•1 

amplitude relative to the 4I•1/Z part. Both tests 
: indicate the presence of 4I•3/2. 
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Appendix n 

TEST OF 4I•1/2 RULE FOR HYPERON DECAYS 

0. E. Overseth 
University of Mlchi&an 

1. Non!eptonlc decoy Amplitudes 

In this edition we again use the new convention 
for the amplitudes 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. Berae1 used a convention 
with A and B In units of sec-l/Z. Samlosa used a 

convention which gave A and B In units of 
(MeV-sec)-1/a. Following is the .convention sugaested 

by Jackson3 , which gives dimensionless A and B. 
The effective Lagranalan density for nonleptonlc 

hyperon decays (B 1 -+ Ba + n) can be written 

Left • G#~[~z(A+B'Ys)fd-"' 

where G .. 1o-5mj;a Is a coupllna constant characteristic 

of first-order weak decays, #'c Is the charged pion 
mass, and A and B are dlmenslopless complex 

numbers giving the relative amplitudes of the 
parity-violating and parity-conserving decays, 

respectively. The matrix 'Ys is to be taken in the Paull 
f ( 0 -I) . orm, 'Ys• -I 0 . The Invariant amplitude for the 
decay Is 

M- G#~[u(p)(A+B,.5)u(P)), 

where P is the 4-momentum of the decaying hyperon 

of mass M, and p is the 4-momentum of the baryon 

decay product of mass m. With the normalization 

convention, u,u, • 2m,, the Paull form of the matrix 
element in the rest frame of the decaying hyperon Is 

M .. G#~<xalv'2M(E+m)A + v'2M(E-m) Bu·<ilx1), 

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 

proportional to A and 8: 

Here #' Is the mass of the pion entering the decay. 
The parameters a, fj, and 'Y can therefore be 
expressed in terms of A and B, rather than s and p, If 
desired. 

The decay rate for B 1 -+ Ba + 1r Is 



where q Is the c.m. momentum of the decay products. 

For reference, the dimensionless constant In this 

expression has the value (GZ~~/811') • 1.9488x1o-15. 

Table I summarizes the amplitudes A and B for the 

nonleptonic decays of the A, t, and ::: hyperons. These 
amplitudes have been <:alculated by using the 
experimental data for meun lives, branching· ratios, · 
and the decay asymmetry a given In . the Stable 

Particle Table of this· Review. Time-reversal 

invarlance 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(~) 
as positive, the other S-wave decay amplitudes are 
chosen to give an approximate fit to the triangular 

relationships 

vZA(t~) + A(t!) '"' A(t:) and v'JA(t~) + A(~) = 2A(:E::). 

The signs of the B amplitudes relative to those of the 

corresponding A amplitudes are determined by the 
sign of the appropriate a decay parameter. 

Table I 

M ... m+~ A B CAB 
A~ ... p + 11' - 1.47~0.01 9.98~0.24 -0.289 

A8 ... n + 11'0 -1.07~0.02 -7.1H0.56 -0.740 
t+ + ... n + 11'+ 0.07~0.02 19.0H0.16 0.007 

t~ ... p + 11'0 1.48~0.05 -11. 99~0. 58 0.917 

t: ... n + 11' - 1.93~0.01 -0.65~0.08 -0.015 

:::8 .,. A+ 11'0 1.55~0.03 -5.96~1.12 0.424 
.,. A+ 11' - 2.04~0.02 -6.70~0.38 0.236 --

2. Tests of the 41•112 Rule 

(a) A Decay 

For A decay the L\1•1/2 rule predicts tbat r 0;r_ • 

0.50 and a 0 • a_. In order to determine the 

magnitude of possible 41•3/2 amplitudes present we 

write the linear expresslons4 for the 41•3/2 A- and 
B-wave amplitudes In terms of Aa, where 4a is the 
measured value of a 0/a_ minus the predicted value, 

and In terms of 4f similarly defined. Evaluating these 

we find 

Aa '"' -1.54 (A3/ At) + 1.61 (83/81), 
4f • 1.84 (A3/A1) + 0.25 (B3/B 1). 
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Here the 41•3/.2 amplitudes are expressed relative to 

the 41•1/2 amplitudes. The numerical values of the 1 ~ 

coefficients depend on the ratio B/A. The 
uncertainties In the coefficients are small compared to ·~ 

the uncertainties In Aa and 4f. Final-state 1rN 

Interactions have been included In these relations but 

have a very small effect. From .the Stable P11rticle 
·Table, 

4a • 0.006~0.066, 4r .. o.ose~o.012, 

and hence 

and 

The possible 3" 41•3/2 A-wave amplitude Is due to the 
disagreement of decay rates with prediction. At this 

level the results are sensitive to electromaanetlc 
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,& and hence cancel 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 41•1/2 rule Is valid, r0(:::0}/r _(:::-) • 

0.50 and a 0 • a_. For this case the expressions linear 

In 41•3/2 A- and B-wave amplitudes are4 

4a • 1.38 (AJ/A1)- 1.38 (B3/B1), 
4f • -1.44 (A3/A1)- 0.06 (B3/B1). 

From the Stable Particle Table, 

4a • 0.12~0.21, 4r • 0.070~0.021, 

and we find 

and 

(c) t Decay 

The traditional test of the 41,.,1/2 rule In t decay 

is that the amplitudes satisfy the relationship 

vZt~+ t!- t:"' 0. 

Graphically this Is equivalent to closing the t triangle 
when the amplitudes are plotted on A, B axes. 

Including 41~3/2 amplitudes In t decay analysis, the 

"t triangle" relationship becomes 



(\ 
,.J G 

where A3 and As are •i1•3/:Z and •11•5/:Z amplitudes, 
• !,respectively. There Is a similar equation for the B 

amplitudes. From Table I, 

v'2Ao + ~ ,.. A.. • O.:Z3:t0.09 

and 

If we neglect the 61•5/:Z amplitudes and assume all 
amplitudes to be real we can solve for possible 61•3/:Z 

amplitudes. The result Is 

and 

AJ 
A.. • -0.063:tO.O:Z5 

83 B • -0.076:tO.O:Z9 . 
+ 

Thus for hyperon decay, present experimental data 

limit 61•3/:Z amplitudes to less than about .57.. 

3. The Lee-Sugawara Relatlop 

From Table I the Lee-Sugawara relatlon,7•8 

...!3t~ + ~- :z:::: • 0, Is satlsrled to -0.05:t0.1:Z for the 
A amplitudes, and to :Z.6:t:Z.O for the B amplitudes. 
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Appendix III 

A. SU(3) CLASSIFICATION OF BARYON RESONANCES 

It Is established that a symmetry higher than 
SU(3) Is necessary to classify the known baryon 

resonances. However, many higher-symmetry 
.schemes have been proposed, and even for SU(6) 

various versions exist (for a r~vlew see Dalltz1). Since 
It Is not clear which one of these schemes best fits the 

data, we do not review them here, but we report once 
again fits of baryon states Into SU(3) multlplets. 

For the reader's convenience, we collect here the 

relevant formulae. 
Exact SU(3) symmetry predicts that all the 

members of a multiplet should have the same mass 

and the same couplings for decays Into other 

multiplets. It has been found, however, that the 
members of the octet of stable baryons lie within :Z07. 

of their mean mass; therefore a symmetry-breaking 

Interaction has been .introduced by Gell-Mann and 
Okubo lndependently.2 In addition, for the isospln-0 

vector mesons (w and ~). an additional 

symmetry-breaking interaction has been Introduced 

by Sakurai3 to take care of octet'-slnglet mixing. The 
relevant formulae for masses and decay rates are 

given below. 

Mass Formulae 

Broken SU(3) gives: 

Decuplet 6-t•t-::: ... :::-o GMO (1) 

Octet :Z(N + :::) • 3A + t GMO (:Z) 

A- M8 Octet-~ sIn 2B • '"A"='7i!" Mlxlnf 
Singlet angle 0 (3) 
mixing 

Me,. 
:Z(N + :::) - t 

GMO (4) 3 

Here GMO stands for the Gell-Mann-Okubo formula; 

the particle symbol Indicates Its mass. The formulae 

would be the same If squared masses were used. For 
the nonet case, A Is the "mostly-octet" particle, A' is 

the "mostly-singlet" particle. 

Decoy Rote• 

In terms of a relativistically Invariant matrix 
element T, the decay rate for two-body decay of a 

resonance of mass MR Is 

(5) 

where Rz•k/MR is the two-body phase space factor. 

Since the numerator is an Invariant, and slnce r must 

transform as 1/E, we Introduce the denominator MR. 4 



For .mswm decays (see below) the rates are 

calculated according to Eq. (5); for llAa,Qo resonance 

decays Into 1/~+ baryons and o- mesons, one next 

takes Into account the fact that spin sums In ITI2 

Introduce another fac.tore MR• cancelling the 1/MR. We 

are then left with 

ITI2k r • "'1iR MN , for baryons 
(5') 

ITI2k -Yf" M~, for mesons. 
(5") 

The powers of the nucleon mass MN or M~ have been 

Introduced so that we can treat ITI as dimensionless. 

11'12 contains centrifugal barrier factors, which we 

call B1• We then have 

Decuplet f 2 MN 
Singlet r • (cg) s1(k) MR k 

(6) 

Octet 2 MN r- (c0g0+crgr) B1(k) MR k 
(7) 

Octet- I A • a 8cos8 + a 1sln8 
Singlet ~~) 
mixing A' • -a8sln8 + a 1cos8 

with as • cogo +crgr 
(9) 

al - c1g1 • 

Here c1 are the SU(3) coefficients with the sign 

convention adopted In this article [see note ·In the 

Table of SU(3) Iscoscalar Factors and Fl.g. Z In the' 

text]. MN Is the nucleon mass, MR Is the resonance 

mass for which r Is calculated, k Is the 

center-of-mass momentum for the channel belna 

considered, and a1 are .the relevant coupllnas. For the. 

case of singlet-octet mlxlna, formula (8) has to be 

used In conjunction with (6) and (7). as and _a 1 
represent the couplings for the multiplet, and A and A' 

represent the coupllnas for the physical states. 

Is 

The relation betwe_en g0 , iF· and the parameter. a 

[ 
...IS g ] -1 

a• 1+- .!E. 3 go (10) 

Exact SU(3) predicts that the couplings g1 for all 

the members of a multiplet are the same; however, 

since the symmetry Is broken for the masses, It Is 

probably broken for the widths. In the case of the 

3/z+ decuplet, for broken SU(3) a sum rule has been 

derived by Becchi5 and by aupta6 Independently. It 

relates the g1 for the members of the decuplet by the 

relation 

(11) 
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where I•(A1r) is the coupling for the I(1385) -. A1f decay 

and I•(I1r) is the coupling for the decay I( 1385) ~ I1r. 

As mentioned In the text (Sec. IV B) the 

determination of the relative 

amplitudes can be useful In 

sisns of resonant 

making an SU(3) 

assignment of resonances. In fact the resonant 

amplitude T cc v'x8 x1 cc aeal• where the subscript e 

refers to the elastic channel and the a 8 , a 1 are the 

couplings of Eqs. (6) through (9). Assuming that all gl 

are positive, the sign of the a 1 are dependent upon the 

sign of the Clebsh-aordon coefficients c1• Once a sign 

convention Is adopted (we use the Levi-Setti7 

convention, see Fig. Z In the text) and the signs for a 

I state (1•1) and a A state (1•0} of known SU(3) 

assignment have been chosen for reference~ the signs 

of all the · other amplitudes can be useful In 

determining multiplet assignments. For exact SUC3) 

all the decays of members of a decuplet have the same 

sign. For octets the relative sign depends upon the 

value of io/gr and the mixing angle, as se~~ from Eqs. 

(7) through (9}. 

Fits to the Data 

Fits of baryon decay rates within SU(J) can be 

found In, among others, papers by Trlpp,8•9 

Levl-Setti, 7 Samios, 10 and Plane. 11 The most recent 

fits were made by Barbaro-aaltiert1Z and Sam los . 13 A 

recent fit of the decay rates within SU(6}w can be 

found In Litchfield et al. 14 Analysis of the baryon 

mass spectrum using the quark shell model has been 

done recently by Jones et a1. 15 

For our analysis In fitting the data a choice for 8 1 
has to be made. Plane 11 tried two forms for 8 1: 

(a) The form 8 1 • (kr)21D1(kr}, r being the radius 

of interaction and D1 the polynomials In kr given by 

Blatt and Weisskopf. 16 Usually r Is taken to be 1 

fermi. 8 

(b) The form e1 .. k2l. 

However, for final results form (b)· was chosen. A 

discussion of the differences among these two forms 

has been given by Barbaro-aaltieri. 17 It turns out 

that not only the values of the couplings, g1, depend 

upon the form used for 8 1, but also the value obtained 

for the mixing angle. For the 3/'Z- singlet, A(15ZO}, 

and the isospln-0 member of the octet, A(1690), the 

mixing angles obtained In the two cases are 

8 .. (-16 1+ 1.4>· 8 ... _(-"'7 5+3.6>. a • -1.3 • b "' · -3.4 • 

In disagreement by a few standard deviations. 

However, If a radius of Interaction of r "' 0.15 fermi Is 

.• 
.. l,J 

~· 



• 1 ... 

,;, 
t 

~· 

~ 

:i: 

'• ...... 

.. 

0 6 

used for form (a), the two values of 9 agree. This 

value of r does not fit resonance shapes when used In 

the Brelt-Wigner resonant form. 

Samlos13 used form (b) for a, . 
Table I Is a summary of the fits made by us 

(update of Barbaro-Galtlert12) using the barrier factor 

form (a) and exact SU(3). Th-e values of the masses, 

widths, and amplitudes used In the fits are taken from 

this edition's Tables and Listings. 

112- Nonet (B.ryon-Eto Resonances) 

For this nonet Eq. (7) was multiplied by the factor 

where Ms Is the decay baryon and JlR-i1s•564 MeV Is 

the difference of the mean 1/:Z- and 1/:z+ baryon 

octet masses. This kinematic factor comes from PCAC 

arguments (I.e.~ the assumption that the axial vector 

current remains an octet In the presence of symmetry 

breaking) and It was advocated by Graham. 18 For the 

1/:Z- nonet it was used In this form first by 

Geli-Mann. 19 
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7 

3/2+ Qecliplet 

The agreement among the coupling constants 

obtained for the four rates In this decuplet Is very 

bad. The fit made using form (b) for 8 1 has x2•50 for 

3 degrees of freedom; the one made with form (a) for 

&1 has x2/DF•24/3. The broken SU(3) relation (11), 

however, Is very well satlslfled. 

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 

~ of the masses, as opposed to the first power 

for fermlons. Thus for example, Eq. (:Z) becomes 

4K • 3~ + 1r. (?') 

The symbol K was Introduced by Glashow and 

Socolow20 for the~ 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 established nonets (o-, 1-, z+) 

and their mixing angles are listed at the bottom of the 

Meson Table. 

Table I. SU(3) baryon multlplets with two or more known members. Values of 9 
and a [defined by Eqs. (8) and (10)] are l.he result of fits made to all the 
measured two-bodl decal rates of each muti2let. 

Jp Octet members' Singlet 
I 
I 9(deg)b a 
I 

: { -1Z5 
c 

1/:Z- N(1535) A(1670) I(1750) {[:E:(l8SZ)]} A(1405) 0.97:t.13} 
[:::( 1778)] : -27:t5 0.31:t.07 

3/Z- N( 15ZO) A(1690) I(1670) [:::( 183:Z)J A(1520) : -18:t3 0.33:t.05 
I 

5/:z- N(1670) A(1830) I(1765) I 1.18:t.01 I 

5/:z+ N(1688) A(1815) I( 1915) [:::(:Z094)] A(2110) I Z4:t5 0.72:t.03 I 

Decuplet membersd gto 

3/2+ .:1( 1Z3:Z) I( 1385) :::( 1530) o- 1.78-:Z.29 x2iDF•50/3 
7/2+ .:1(1950) I(2030) 

8 Masses in parentheses are the nominal masses used In the Baryon Table. The 
::: members have masses as calculated by using formulae (1) and (2) with the 
mixing angle 9 derived from the decay widths. 

bsee text for a discussion of the 3/2- mixing angle. 
cThe first values of 9 and a are obtained by using a plus sign for the amplitudes 
of both N(1535) -+ N71 and A(1670) -+ A71. The second values use a minus sign 
for the second amplitude. Both fits, however, have a bad x2, mostly due to 
the two baryon-71 amplitudes. 

dcoupling constants from Ref. 1Z. 
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Aopeosilx IV 

GROWTH OF INFORMATION 

From time to time we have presented figures·· • 

demonstrating the amount of experimental work 

which has gone into spectroscopy, and the amount of 

new information available as a result. The 1978 

versions of these figures are shown as Figs. 1 and 2. 

Figure 1 is a simple count of the number of meson 

resonances listed in the Tables, categorized as those 

"understood" -- I.e., all quantum numbers are 

believed known -- and those simply "listed". The 

rapid recent increase in both of these categories 

occurred because of the discovery of the J/1/1 and 

related particles. 

---Mesons listed in Table 
50 --Well understood mesons l __ 

en 40 ., 
·;:: 
"E 

1,_/1 
No publicolion l I w 

· rsmark d _ _l-1 _...-1 

20 

myeal e 
1
_

1
, 

1 
.__r 

30 

10 

0,961 

I 1-r..J 
I 

r-' 
I ,--

1 

65 70 75 

Year of RPP publication -' 

80 

Fig. 1. Number of meson resonances listed in the 
Tables (dashed line) and those for which all quantum 
numbers are known (solid line), as a fU1'lction of year 
of publication of the Review of Particle Properties. 

In Figure 2 we present similar information for the 

baryon resonances, 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 grown only very slowly with time 

(dashed line); the real progress has been in the 

measurement of the p[ope[ties 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. 
, .. 



·-

"I 

"' Q) ... 
c w 

,-\ 
t.J ::.J u ~ \ 

~ •. o~ 

BARYON RESONANCES 

-,----Count of unstable baryons accepted 
forTable, with known JP · 

--Count of properties 
(m. r. branching ratios) 
for these baryons 

No publication 
these years 
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75 
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Year of publication 

Fig. 2. Total amount of information (mass + width + 
branching 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 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 

.~he A. If the answer is 1115.44 MeV, h.e probably was 

~eep into his graduate training in 1965. 

A history of this sort has more than whimsical 
';.alue. 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 

d 
't_,<!' I:,~J Q 9 ij 
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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, althouah we do quote 
the complied results). The abscissa on all these 

figures is the date of publication 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 previously 

unrecognized source of bias Is discovered and 
corrected, or If a new value for one of the Input 

constants, e.g. the electric char-ge, 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 average~ which we ourselves 
performed. These were 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 seriously interested In the 

history of the "best" values of physical constants). In 

each figure, the heavy Inner error bar represents the 

statistical error computed in the averaging procedure, 

and the thin outer error bars, when present, Indicate 

the Increase In the error due to the "scale factor". 
The scale factor Is described in the Introductory text, 
Sec. VII. It represents. an attempt to quantify_ the 

increase In the uncertainty which Is present In the 

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. 
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Fig. 3. The "generally accepted values" of the proton mass, the electron mass, and the speed of light, as a 
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On the whole, the number of times the values 

have changed by more than one standard deviation 
over the years is remarkably few._ 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 

experimental 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 frequently have quite different 

experimental input. The relative lack of change is a 

comment both on the experimentS and on the 

averaging proc,edures. We, of course, are responsible 

only for the averages (except Fig. 3). These averag_es 

entail considerable exercise of judgment: there are 
conflicting experiments, experiments with impossibly 

small errors, "preliminary" results, and so forth_. 

Statistical procedures will tell us that two experiments 

do not agree; they do not give a clue as to which (if 
either) is a good representation of the truth. Major 

decisions, and their motivations, are usually discussed 

on a case-by-case basis in the Data Card Listings; 
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general comments may be found in Sec. II of the text 

and in Rosenfeld 1• Note that, occasionally, the error ·r;; :" 

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 the-re exist cases 

with relatively large chanaes. There is a psycholoalcai 

danaer in preparina tables of "right" answers. The old 
joke about the experimenter who - riahts the 

systematics until he or she aets 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 ~isease). A result can 

disagree with the average of all previous experiments 
by five standard deviations, and still be right! Hence, 

perhaps it is of value to show that large changes can 
(and do) sometimes occur. 

Reference 

1. A. H. Rosenfeld, Ann. Rev. Nucl. Sci.~. 555 (1975). 
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u 6 u 0 

Atomic and Nuclear Properties of Mater,ials * 
Material Z A Nuclear Nuclear collision 

Hz 

Dz 

He 

Ll 
Be 

Ne 

AI 

Ar 

Fe 
Cu 
Sn 
w 
Pb 

u 

cross length Lcoll·b 
section tr8 

[barns) [g/cmz) [em] 

1.01 0.039 

Z.01 0.074 

z 
3 
4 

4.00 0.134 

6.94 O.Z15 
9.01 O.Z70 

6 1Z.01 0.340 

7 14.01 0.390 

10 Z0.1B 0.5ZO 

13 Z6.9B 0.650 

1B 39.95 O.B90 

Z6 55.B5 
Z9 63.54 
50 11B.69 
74 1B3.B5 
BZ Z07. 19 

9Z Z3B.03 

1.160 
1.Z70 
Z.040 
Z.B10 
3.0BO 

3.3BO 

43.0 

45.1 

49.6 

53.6 
55.4 

5B.7 

59.7 

64.4 

6B.9 

74.5 

79.9 
B3.1 
96.6 

10B.6 
111.7 

116.9 

607 

Z73 

397 

100.4 
30.0 

.. 37.B 

73.B 

53.7 

Z5.5 

53.Z 

10.Z 
9.3 

13.Z 
5.6 
9.B 

Absorption 
length ,_b 

[em] 

790 

34Z 

47B 

1Z0.6 
36.7 

49.9 

99.4 

74.9 

37.Z 

B0.9 

17. 1 
14.B 
ZZ.B 
10.3 
1B.5 

1Z.O 

dE/dx mine Radiation l~ngth 

Lrad 

[g/cmz) [em] 

4.1Z 

Z.07 

1. 94 

1.65 
1.61 

O.Z9Z 63.05 

0.34Z 1Z6.1 

O.Z43 94.3Z 

O.BB1 BZ.76 
Z.97 65.19 

t. ?B ,.z. 76 

t.BZ 1.47 

1.73 Z.OB 

1.6Z 4.37 

1.51 Z.11 

1. 4B 
1. 44 
1. ZB 
1. 17 
1. 13 

11.6 
1Z.9 
9.4 

ZZ.6 
1Z.B 

4Z.70 

37.99 

ZB.94 

Z4.01 

19.55 

13.B4 
1Z.B6 

B.BZ 
6.76 
6.37 

B90 

764 

755 

155 
35.3 

,.z7.5 

47.0 

Z4.0 

B.9 

14.0 

1. 76 
1. 43 
1. Z1 
0.35 
0.56 

Densit~e 
[g/cm ) 

() ls for gas 
[g/l) 

1
0.070B 
(0. 090) 
o. 163 

! 0. 1Z5 
(0. 17B) 
0.534 
1.B4B 

.. 1. 55f 

! 0. BOB 
(1. Z5) 

! 1. Z07 
(0. 90) 
Z.70 

! 1. 40 
(1. ?B) 

7.B7 
B.96 
7.31 

19.3 
11.35 

t.09 ,.zo.? 6.oo .. o.3z .,1B.95 

Refractive 
index n;e 

() is (n-1)x106 

for gas 

11. 11Z 
(140) 
1. 1ZB 

! 1. OZ4 
(35) 

11. Z05 
(300) 

! 1. 09Z 
(67) 

11. Z33 
(ZB3) 

Air 6o.z 5oooog 67500g 
! 

0. 00 1Z05g! 1. OOOZ73g 
1. BZ o. oozzg 36. zo 3oosoll ( t. z 9 ) (z 93) 

HzO 5B.3 5B.3. 7B.B Z.03 Z.03 36.0B 36.1 1.00 1.33 
Hz (bubble chamber Z6°K)h 43.0 '"6B3 BB? 4.1Z .,O.Z6 63.05 "'1000 .,0.063h 1.11Z 

~~-~b~~~::~~~~-b:~-=~~~~-----~:~! __ ~::: _____ ~~: _____ :~~!--~~~:: ___ !:~~! ____ ~:~~------~~~!~~~----:~!:~-------
H-Ne. mixture (50 mole percent)i 6Z. 9 

Propane (C 3HB~ 55. 0 

Freon 13B1 (CF3Br)l 74.3 

IIford emulsion 
Nai 

BB. 1 
91.9 

154.5 

134 

.. 49.5 

Z3.1 
Z5.0 

Z15 

176 

73.5 

36.7 
41.3 

t.B4 0.75 

Z.ZB 0.9B 

1.5Z .,z.3 

1.44 5.49 
1. 3Z 4. B4 

Z9.70 

45.3B 

16.53 

11.0Z 
9.49 

73.0 

111 

.. 11 

Z.94 
Z.59 

0.40? 

! 0. 41J 
(Z. 0) 

1 .. 1.5ol 
(B. 71) 
3.B15 
3.67 

1.09~ 

! 1. z5J 
(1005) 

! 1. Z3Bj 
(750) 

1.775 

LlF 61.1 ·z3.1 30.7 1.69 4.46 39.Z5 14.9 Z.64 1.394 
Polyethylene (CHz) 55.7 '"59.6 7B.4 Z.09 .,1.95 44.7B .,4B 0.9Z-0.95 
Mylar (C5 H40z) 5B.5 4Z.1 56.1 1.91 Z.65 39.95 ZB.7 1.39 
Polystyrene, scintillator (CH)k 57. 0 55. Z 6B. 5 1. 97 Z. 03 43. B 4Z. 9 1. 03Z 1. 5B1 
Luelle, Plexiglas (C5 HBOz) 57.7 '"4B.9 65.0 1.97 .,z.3Z 40.55 .,34.5 1.16-t.ZO .,1.49 

----------------------------------------------------------------------------------------------------------
Spark or proportional 
Shielding concretem 
cozn 
Freon 1Z (CClzFzl" 
Freon 13 (CCtF3 )n 
Slllca Aerogel0 

chamber1 0.057. 
65.5 Z6.Z 
60.4 33BOO 
6B.1 13BOO 

66.0 15000 
6Z. 3 '"311 

0.037. 
36.B 

46000 
zozoo 

Z1400 
430 

1. 70 
1. BZ 
1. 64 
1. 70 
1. BZ 

0.073 
4.Z5 
0.0033 
O.OOB1 

o.oon 
.. 0.36 

Z6.7 
36.Z 
Z3.7 
Z?. 15 
30 

Z.17. 
10.7 

ZOZ10 
4B10 
6380 
.. 150 

0.046 
Z.5 
(1. 79)n 
(4. 93)n 
(4.Z6)n 

0;1-0.3 

•) Table revised April 197B by J. Engler and F. Monnig. For details and references, see CERN NP Internal Report 74-1. 

(410)n 
(10BO)n 

(?ZO)n 
1. O+·o. Z5p 

a) a of neutrons ('" a of protons) at ZO GeV from Landolt-Bornstein, New Series I, Vol. 5. Energy dependence for all nuclei ., 1/Z 
percent/GeV (from 5-Z5 GeV). 

b) Lcoll • A/(N.a). In the absorption length the elastic scattering is subtracted. . 
c) For a mlnlmum-lonlzlng, singly-charged particle in the material. From W.H. Barl<as and M.J. Berger, Tables of Energy Losses and Ranges 

of Heavv Charged Particles, NASA-SP-3013 (1964). 
d) From Y.S. Tsal, Rev. Mod. Phys. 46, B15 (1974). 
e) Values for solids, or the liquid phase at boiling point, except where noted. Values ln parentheses for gaseous phase STP (0°C, 1 atm.), 

except where noted. 
f) Density variable. 
g) Cas at zo•c. 
h) Density may vary about :1:37., depending on operating conditions. 
l) Values for typical working condition with Hz target: 50 mole percent, zgoK, 7 atm. 
j) Values for typical chamber working condltlons: Propane- 5~C. B-10 atm. Freon 1381 - ZB°C, B-10 atm. 
k) Typical sclntlllator; e.g. PILOT B and NE 10ZA have an atomic ratio H/C = 1.10. 
l) Values for typical construction: Z layers 50 I'm Cu/Be wires, B mm gap, 607. argon, 407. isobutane or COz; Z layers 50 I'm Mylar/Aclar 

foils. 
m) Standard shielding blocks~ typical composition Oz 5Z%, Si 3Z.57., Ca 67., Na 1.57., Fe Z%, AI 47. plus reinforcing Iron bars. Attenuation 

length l • 115 :1: 5 g/cm , also valid for earth (typical p = Z.15) from CERN-LRL-RHEL Shielding exp. UCRL 17B41 (196B). 
n) Used In Cerenkov counters, value at Z6°C and 1 atm. Indices of refraction from E.R. Hayes, R.A. Schluter, and A. Tamosaltis, ANL-6916 

(1964). 
o)n(Sll>a) + Zn(H30) used in.Cerenkov counters, p =density in g/cm3. FromM. Cantin et al., Nucl. Instr. Meth. 11B, 177 (1974). 


