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I. INTRODUCTION, CREDITS, CONSULTANTS 

This review is an updating through January 1974 
of  our previous review (Particle Data Group, 1973). 
In this version of  the text we concentrate on topics 
that are either new or essential. For complementary 
information on our standard procedures the reader is 
referred to our January 1970 article (Particle Data 
Group, 1970). 

Again 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 
original data, and we provide complete references in 
the Data Card Listings for that purpose. 

The responsibilities of  the authors of  this compila- 
tion can roughly be broken down as follows: 

1) Stable particles." A. Barbaro-Galtieri, N. Barash- 
Schmidt and T.G. Trippe. 

2) Meson resonances: V. Chaloupka, D.M. Chew, 
M. Roos and P. S6ding. 

3) Baryon resonances: A. Barbaro-Galtieri, C. 
Bricman, R.L. Kelly, T.A. Lasinski and F. Uchiyama. 

General: All Berkeley authors. 
Consultants: To overcome unavoidable gaps in our 

coverage, both intellectual and geographical, we have 
solicited the help of  consultants: 
• Chih-Yung Chien (Johns Hopkins University) 
• Ronald Crawford (University of  Glasgow) 
• James E. Enstrom (Lawrence Berkeley Laboratory) 
• Anatoli Kuznetsov (JINR, Dubna) 
• R. Gordon Moorhouse (University of  Glasgow) 
• Horst Oberlack (Max Planck Inst. for Physics and 

Astrophysics, Munich) 

• Oliver E. Overseth (University o f  Michigan) 
• Mark Sakitt (Brookhaven National Laboratory). 

The usefulness of  this compilation depends in large 
part on the interaction between the users and 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: 

1) Stable particles, immune to decay via the strong 
interaction 

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

parts of  the compilation: 
1) Tables of  Particle Properties (also available in a 

separate data booklet) 
2) Data Card Listings. 
The Data Card Listings contain the original infor- 

mation (data, references etc.), weighted averages, com- 
ments 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 date (February 1, 1974) for all journals listed 
in the Illustrative Key. We also include preprints and 
unpublished conference reports which have come to 
our attention, but make no attempt at completeness. 

Roughly 40% of  our encoded results are not used 
for averaging. They are set off  in parentheses: our 
reasoning is then often given in a footnote below the 
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data. If  the reason is not given, it is one of the follow- 
ing: 
• The quantity was presented with no error stated. 
• The result comes from a preprint or conference re- 
port. It is our experience that such results (and partic- 
ularly 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. 
• The result is inconsistent with others, e.g., because 
of  different methods employed, rendering averaging 
meaningless. See, for example, the entries listed under 
the S(1930) meson, which contain both a wide peak 
formed in ~p interactions and narrow peaks reported 
in production experiments. 

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

The Tables of  Particle Properties represent the out- 
put of  weighted averages and some critical judgement. 
The extent to which "bl ind" averaging has been tem- 
pered with judgement 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 there- 
fore encouraged to familiarize himself with the Data 
Card Listings and, ultimately, with the original exper- 
iments. 

III. NOMENCLATURE 

A. Quantum numbers 
The symbols IG(JI')C represent: 
I = isospin 
G = G-parity 
J = spin 
P -- space parity 
C = charge conjugation pari ty. '  

a) Mesons 
The charge conjugation operator C turns particle 

into antiparticle and has eigenvalues -+ 1 only for neu- 
tral states; so it is useful to define an extension G 
which has eigenvalues for charged states too. It is 

usually* defined by 

G = ~7 exp (in/y).  (1) 

A neutral nonstrange state is an eigenstate of  
exp (in/y) with eigenvalue ( - 1 )  I. Then we can write 
the eigenvalue equation for the whole multiplet as 

G = Cn( -1 )  I, (2) 

where C n (n for neutral) is the eigenvalue C would 
have if applied to the neutral member of  the multiplet. 
Thus, for a 7r °, C has the eigenvalue + 1, and since 
1 = 1, G = - 1 .  For the 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-anti- 
fermion, e.g., qq,  with orbital angular momentum l, 
and with the two fermion spins coupling to give a 
spin S. Then one can show that the charge-conjugation 
eigenvalue [defined in eq. (2)] is 

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

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

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

The parity is 

F' = - ( - 1 )  t. (5) 

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

CnP = - ( - I )  S (6) 

so all singlet (1S0, IP 1 .... ) have CnP = - 1 ,  and all 
triplet (3S 1 .... ) have CnP = + 1. For proofs of  the 
above, see our 1969 text (Particle Data Group, 1969) 
and Appendix by C. Zemach. 

If, instead o f~q ,  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 (5)!] ap- 
ply unchanged. Of course the mesons are usually spin- 
less and S is zero, but the equations are more general. 
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 can- 
not be composed of  qq. 

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

i i i  
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The uni tary triplet o f  quarks is of  course defined 
to have isospin and hypercharge propert ies such that 
qq can combine (according to the SU(3) relations 
{3} ® {3} = (8} @ (1}) so as to form only unitary 
octets and singlets. The non-observation of  "exo t ic"  
mesons (i.e., mesons in more complicated supermulti- 
plets) is of  course one of the bases of  the naive quark 
model. But it is slightly less obvious that even some 

octets are forbidden by the model,  namely those with 
uP)Cn  = (0±) - ,  ( 1 - ) + ,  (2+) - ,  .... Such states are 
also not observed, and this is an addit ional  success of  
the naive quark model  classification scheme. 

In what follows, do not confuse "Abnormal -C"  
with Normal or Abnormal  JP,  both  of  which are al- 
lowed by the quark model. The series JP = 0 +, 1 - ,  
2 + .. . .  is called Normal because P = ( - 1 )  J as for nor- 
mal spherical harmonics, and J e  = 0 - ,  1 +, ... is called 

Abnormal.  
The top  part of  table I shows all the low angular 

momentum states that can be formed from qq. Note 
that half of  the JP states can be formed by  both a 
triplet and a singlet -qq state, e.g., 3P 1 , 1P 1 or 3D 2, 
1D 2. Eq. (3) shows that 3P 1 and 1P 1 have opposite 
C n, so the qq model  allows both.  But the states 3P 0 
and 3P 2 have no 1p counterparts.  According to eq. (6) 
they have CnP = + 1, and with the qq model  there is 
no way to form a state with a J  P of 3Po. 2 (i.e., J P = 
Normal) and with CnP = - 1 .  As mentioned,  such oc- 
tets have not shown up. With the help of  table I one 
can also see that the special state 1S 0, CnP = + 1, can- 
not be formed, so has Abnormal  C. 

b) General remarks 
Well-established quantum numbers are underlined 

in the Tables of  Particle Properties (except  for stable 
particles, where most of  the quantum 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 invari- 
ance we include it in the Stable Particles Table. 

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

use it. I f  not, we name it by a single symbol which 
specifies its baryon number B (= 0 for mesons), its iso- 
spin 1, its hypercharge Y, and, for a nonstrange meson, 
its G parity.  For  convenience, we also list the strange- 
ness S, which is related to Y and B by 

S = Y - B .  

The name conventions for mesons are given in the 
first parte of table II. 

To crowd even more information onto the symbol, 
we sometimes add a subscript giving J P. I f J  P is not 
known, but must be "Normal"  (0 +, 1 - ,  2 +, ...), e.g., 
because KTr 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 is "Abnormal" ,  
and we write, for example, KA(1240 ). 

For some pairs of  mesons with supposedly identi- 
cal quantum numbers, we also uses primes; e.g., '7, 7 ' ;  
f, f'. 

For  baryons no at tempt has been made to at- 
tach a subscript about J and P. The name conven- 
tions are given in the second part of  table II. For  
stable baryons of  each 1 and Y we use the sym- 
bol standing alone; for resonances, the mass is in pa- 
rentheses [i.e., N(1688),  A(1405),  1;(1765), etc.].  
The J e  assignments are reported in the Baryon Table 

Table II 
Particle name conventions. 

Name 1 Y S G 

Mesons 
n 0 0 0 
to or q~ a) 0 0 0 
# 1 0 0 
7r 1 0 0 

1 
K +, K ° ~. +1 +1 
K-, ~o 1 -1  -1 

Baryons 
1 

N ~ +1 0 
A ~ +1 0 
ZO, ZI 0, 1 +2 +1 
A 0 0 -1  
z 1 0 -1  

1 x ~ -1 -2  
~2 0 -2  - 3  

+ 

+ 

a) Since 1973, we have used the symbol to for those I G = O- 
mesons that decay mainly into 31r [to(783), to(1670)] ; we 
reserve the symbol 4~ for ¢(1019) and possible future high- 
er-mass IG = 0 -  mesons that decay mainly into KK. 

iv 
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Table ~. I G (~ of non-st-zmnge mesons from qq model. For the distincticn between 
abnormal jr and aknorm~ll C, see text following Eq. (6). K mesons share the same 
values of jr as the I=0 and i states sho~ but az~e not eigenstates of G. The 
middle colunm, which gathers together (J) F~-~--~CP, is a redundant intermediate 
step intended to make the table easier to 

(JP) _ c"~ 

[ ~p.. cp Norrn~al or 
- + abnormal i 

• ~ iS 0 (0-)A- 

+ 

0~ 

. , w  

i 

3S t 
k 

iP i 

3P 0 

3P i 

3Pz%k 

. . . . . . . . . .  

3D I 

3D 2 

3D 3 

I ........ 
+ 3Fz 
.,.,i 

~ 3F 3 

i 3F 4 

(i -)N + 

i+)A- 

( I+)A+~ 

( Z + ) N + 

( 3 -) N + 

. . . .  

(Z+)N + 

(3+)A+ 
+ p 

(4)N + 

IG(jP)Cn Examples and comments 

0+(0")+ ~7, n', E ? 

...... U_-( 95)_ +. . . . . . . . .  _ ~ .  . . . . . . . . . . . . . . . . . . . .  

o-(1)- ~,¢ 
I+( 1-)- p 

o-(i +)- 
. . . . . .  C(_t+_): . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . .  

0+(0+)+ ~, S* 

i'(o+)+ 6 ? 
0+(i+)+ D ? 

~ i-( i+)+ Ai 
0+(z¥)+ f, f, 
i-(2+)÷ A2 

. . . . . .  t_(_~-_~ . . . . . . .  . A _ 3  . . . . . . . . . . . . . . . . . . . .  

same as 3S i p, ? 

[0-(Z-)-I Re~e tepee of 
I i+(Z-)-I th~ abnormal-C state 

~ [ 0-(3-)- (Jr) Cn = (0-). 

' " ~ + ( 3  - ) -  g 

same as~P z 

J >2 

etc. 

ABNORMAL C STATES THAT CANNOT COME FROM,qq MODEL 

Abnormal C ] 

s t a t e s  

Have no qq 

model l 

(0-)A+ 

(i-) N- 

(0+)N - 

iZ+)N - 

(3-) N- 

o'(o')- l 
. . . . .  !f_(0_:~._ . . . . . . . . . . .  / 

! 
i'(i')+ 

( ( °'(z+)- / 

l'+(z+)" l ( °+(3')+ ] 

All except 

JP=O- 

are 

JP = normal, 

CP = -i 
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SI+ 3 -  a ,/ , ~ , }+, etc., and also by the symbols P l l ,  D13, 
F15, which refer to the 7rp or Kp partial-wave ampli- 
tude in which the resonant state occurs (the first sub- 
script refers to the isospin state: 2 X I for N and A and 
just I for Z, A, and Y,). When two or more baryons 
have identical quantum numbers we warn the reader 
by adding primes to the spectroscopic symbol as ex- 
plained 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 bary- 

on resonances comes in the form of partial-wave anal- 
yses. In addition data concerning meson resonances 
(TrTr, KTr, 7rTrTr) are, with increasing frequency, being 
subjected to partial-wave analyses. We thus find it nat- 
ural to introduce the resonance parameters which we 
compile in terms of a Breit-Wigner approximation for 
the partial-wave amplitude. 

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

r/ex,p (2i8) - 1 (1) 
T l l  = 2i ' 

where r/is referred to as the absorption parameter 
(0 ~<~ ~< 1) and 8, as the phase shift. The subscripts 
11 on T denote scattering from channel 1 to channel 
1 (i.e., nn + zrzr or KN + g,N). 

-I 

-½  

ImT l inT 

• =0 ! 28 

0 Re T '/2 -~/2 0 Re T '/2 

(a) (b) 

Fig. 1. Argand plots for the partial wave amplitude T 11. The 
outer circles are the unitarity bound (~ = 1). The inner circles 
correspond to the Breit-Wigner approximation of eq. (2) for 
a)xl = F1/F = 0.75 and b) x I = 0.4; e = 2(M-E)/P. 

In fig. 1 we show an Argand plot of  the elastic par- 
tial wave amplitude T 11. It illustrates geometrically 
how the real parameters r /and 8 are related to the 
real and imaginary parts of  T l l .  Many examples of  
such Argand plots may be found in the Baryon Data 
Card Listings. 

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

' Pl/(M-E-~ iP)  (2)  Tl l  = ~  

where E is the c,m. energy of  invariant mass, P1 and 
P are the elastic and total widths, and M is called the 
resonance mass. Eq (2) is, of  course, not the only pos- 
sible description of a resonant amplitude; it suffices 
to illustrate the properties of  partial-wave amplitudes 
which we associate with resonance behaviour in the 
absence of any background in the same partial wave 
(see, e.g., the 7rN D15 and F15 waves in the Baryon 
Data Card Listings). Usually the widths contain bar- 
rier-penetration factors which can vary rapidly with 
energy. Near threshold, P l (E)  should start up as 
q2l+ 1 (also true for the inelastic width Pa)" Various 
E dependences are then used for P1, mostly of  the 
form 

(qR) 2t+l 
(3) 

p I (E)  cc const. + ... +(qR) 2t ' 

see Jackson (1964), Pi~flt 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 
(Trrr -+ KK or KN -+ ~rt, for example), is 

T1j3 = ½ (Pl  F•)I /2/ (M-E-½ iv)  = 

(4) 
(x 1 x#) 1/2 [½rI(M-E-½iP)]; 

where 

N 

r = ~ p ~ ,  x~ = p i p  (5) 

and x 1 (called the elasticity) is often written x e. (Note 
that in the Data Card Listings we use the symbol P# 
rather than x~.) The channel cross-section o1# for the 
reaction 1 -+/3, for spin O-spin 1/2 scattering, is 

o15 = 47r~2(g+½)lTlaL2, (6) 

where J =  l -+½. 

vi 
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The important features of eq. (4) which character- 
ize resonant behaviour in the Argand diagram (Ira TI# 
versus Re TI~) are 

1) Energy variation given by circles with diameter 
(x 1 x~) 1/2 and maximum amplitude at E = M of 

Tmax = x ) l / 2 .  (7) i(x 1 

2) A maximum in the speed near resonance, given 
~pproximately by 

r I 2(XlX)l[2 
"Speed" (res) = dTlJdE E= M F(E) ' (8) 

for slowly varying F(E). These features may be re- 
lated to the r~, 6 representation of T11" Thus when 
E =M, 6 is either 90°(Xl > 1/2) or 0°(Xl < 1/2) and 
7/dips to its minimum value. 

These simple properties can be used to judge the 
presence or absence of resonance behaviour in an 
Argand plot. However, it must be kept in mind that 
eqs. (2) and (4) are only approximations to the "true" 
amplitude. The simple picture given above can be dis- 
torted 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 threshold, in which case a K-matrix-like para- 
metrization is more appropriate. 

B. SU(3) sign conventions for A and E resonances 
Consider the partial width Pt3 of a resonance decay- 

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

r~ ~ G~. 

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

Tla o~ C t C, a/(M- E - }  ir ), 

where G 1 is the coupling constant for the elastic chan- 
nel. In the context of exact SU(3) symmetry the rela- 
tive signs of the product GIG ~ for different reso- 
nances are often useful as a consistency check on 
SU(3) assignment of A and Y. resonances. See appen- 
dix II for further details. 

In the Data Card Listings for A and E resonances, 
we tabluate measured values for (x 1 x~) 1/2 cc GIG#. 
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 ~ Z(1385) ~ 2~7r, An and 

SU(3) RELATIVE SIGN OF RESONANT AMPLITUDES 

TRE s ~ a (GNE Y, " Gy,ry*)/(M-E-i r/2 ) 

l'q {8} )~1 f~t ~ l,ot I'1 
X(1385) A (1670} A(I690) A(18ZO) A08301 Z(E030) A(2~OOl 

PI3 SOl DO3 go5 005 g17 GO7 
• x x x x 

• X X X 
SOt 00~ Dr3 S It DIS 

&(1405) A(1520) ~'[1660) ~ (1760) ~ (1760) 

t'( i'l M {6} I8/ 
{8} 181 

Y ( 1 7 6 0 )  ~'(1760) 
S I I  015 • x 

' ',._4, ,", ~_./ 
X X 

Pt3 013 
~(1385) •(tG60) 

I,o~ !el 

X X x 
FI5 

$'(1915) 

!81 i,oJ 
~119151 ";'120301 

g~5 gt7 
X 

/ z x / k~ 

X 

Fig. 2. Plot adapted from Levi Setti (1969) showing the sign convention adopted here for the Z~r 
and A*r 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); × marks indi- 
cate the observed phases; • indicates phase chosen according to sign convention described in text. 
The Z(1915) predictions have been changed from Levi Setti's original figure. 

vii 
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~,N ~ A(1405) ~ ZTr are simply the product of the 
phases of the appropriate isoscalar factors. This con- 
vention is shown in fig. 2 from Levi Setti (1969). 

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

three categories in the Data Card Listings: energy-in- 
dependent partial-wave analyses (IPWA) energy-de- 
pendent partial-wave analyses (DWPA) and model-de- 
pendent partial-wave analyses (MPWA) in increasing 
order of the number of explicit supplementary hy- 
potheses that are used to extract the amplitudes from 
experimental 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 
angular momentum are above some cutoff value are 
assumed to be negligible. The sharp cutoff in angu- 
lar 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 
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 geo- 
metrical length of the lines representing the various 
partial wave amplitudes in Argand plots (see the Bary- 
on section of the Data Card Listings for examples of 
Argand plots). Various other criteria which are also 
used in some analyses are, e.g., matching with known 
solutions at low energies, the presence of known reso- 
nances in the final results, and limited inelasticity in 
high partial waves. 

In a DPWA, data at different energies are fit simul- 
taneously by using an energy dependent parametriza- 
tion of the partial wave amplitudes. The parametriza- 
tion is usually chosen to include both resonances and 
non-resonant background of some sort and an attempt 

is made to keep it as "model independent" as possible. 
Often the data are grouped into several energy bins 
which are fit separately rather than trying to fit the 
whole energy range under consideration simultaneous- 
ly. One of the main advantages of DPWA over IPWA 
is that sparse data spread over many different energies 
can be analyzed, e.g., nearly all S = -1  analyses are 
DPWA. In addition, the built-in energy continuity 
helps to resolve the ambiguities that plague IPWA and 
eases the problems associated with resonance parame- 
ter extraction. The price one pays for these 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 paramet- 
rization, 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 

distinction 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 behaviour in appropriate 
Argand plots; thus the p meson peak in 7rlr mass plots 
is firmly related to the I --- 1, l = 17rrr phase shift pass- 
ing through 90 ° . 

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

XIX~ = r J r ~ .  (9) 

In the case of total cross sections, the peak above 
background gives us, using the optical theoreml the 

1 x product (J + ~-) e, 

ot°t(E =M) = 47r~ 2 (J + ½)x e. (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 
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past; hence, we strive to have the Data Card Listings 
serve as an archive for all substantial claims or evi- 
dences for resonances. 

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 fur survival 
are of course subjective; therefore no precise criteria 
can be defined. In what follows we shall attempt to 
specify some guide lines. 

a) When energy-independent partial-wave analyses 
are available (mostly for N*'s), approximate Breit- 
Wigner behaviour 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 al- 
so shows a maximum near the resonance energy; fur- 
ther, there should be data well above the resonance, 
showing that the speed again decreases. Indeed proper 
behaviour of  the partial-wave amplitude could accredit 
a resonance even if its elasticity is too small to make a 
noticeable peak in the cross-section. 

Of course even if Argand plots are available, it may 
still be a matter of  opinion as to what behaviour con- 
stitutes 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 analy- 
sis of  Giacomelli (1973) finds a preferred class of  solu- 
tions which exhibit a resonance-like loop in the P01 wave 
near 1740 MeV (see fig. 6 of  the S = + 1 mini-review in 
the Baryon Data Card Listings). However, Giacomelli 
points out that, despite the resonant-like appearance 
of  the loop, the evidence for resonant energy de- 
pendence is inconclusive. Thus we omit the Z0(1780) 
from the Baryon Table. A similar quandary has existed 
for some time concerning the Zl(1900) ,  and it too 
has been omitted from the Tables. In this case, howev- 
er, the current evidence now seems to conclusively 
rule out the previously suspected resonant effect in 
the P13 partial wave. 

b) When there are insufficient data to perform en- 
ergy-independent analyses, one often resorts to ener- 
gy-dependent partial-wave analyses (mostly for Y*'s). 
In this case Breit-Wigner behaviour is an input. We 

therefore require that resonance solutions be found 
by several different analyses, preferably in different 
channels (KN ~ ~,N, nX, etc.), before putting the 
claim in the table. 

c) Partial-wave analyses of  three-body final states 
(TrN -+ nTrN) are becoming available. While these anal- 
yses are based on the isobar model (TrN ~ pN, hA, 
etc.) and are subject to theoretical objections of  vary- 
ing importance (triangle graphs, double counting, uni- 
tarity), they provide increasingly reliable information 
on inelastic decay modes of  otherwise established res- 
onances. 

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 
production processes. 

e) A special category of  "diffractive mesons" con- 
sists of  statistically significant peaks like AI ,  A 3 or Q, 
which are not far above the On, fTr or K*Tr thresholds. 
Because the behaviour near threshold in these chan- 
nels may be described by the Deck effect (double 
Regge exchange), the resonance interpretation is 
questionable. Several years ago we put these peaks in- 
to the Meson Table, but warned the reader not to in- 
clude that we claim they are necessarily genuine reso- 
nances. 

Partial-wave analyses of  multimeson systems in re- 
actions like nN -+ (nTrn) are becoming available (Ascoli, 
1973). There are several important aspects to such 
analyses: 

i) for a given t, the TrTrTr vertex is assumed to be in- 
dependent of  the NN vertex; 

ii) the 7rTrrr decay is assumed to proceed through 
quasi-two-body states (Olr, ecr, etc.) in the spirit of  the 
isobar model; 

iii) in order to keep the number of  parameters 
manageable, certain more or less plausible assumptions 
are made. 

Through such an analysis, the A 2 peak has been 
confirmed to be a resonance with an observed Breit- 
Wigner-like phase change relative to other partial 
waves. In contrast, peaks like A 1 and A 3 show an en- 
hancement in a "pure JP" mass plot but reveal no rel- 
ative 90 ° phase change. While this observation suggests 
that the A 1 and A 3 bumps to a larger part are due to 
non-resonant effects, mechanisms can still be invented 
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that reproduce the A 1 "partial-wave" associating the 
A 1 with a pole on an unphysical sheet. 

We now ask "How likely is it that the peaks of 
class (d) and (e) above (not checked by partial-wave 
analysis) will eventually be confirmed as Breit-Wigner 
resonances?" Most experimentally convincing peaks 
have been shown to be associated with resonances. 
But be warned of the sometimes drastic effects of 
thresholds (see, e.g., Solzhenitsyn, 1973); also, broad 
peaks may contain several resonances, or they may in- 
clude a resonance narrower than the peak, plus some 
other complications; for example: 

Before 1966 we might have tabulated the lrp 
bumps at 1520 and 1688 MeV as single resonances, 
whereas partial-wave analysis shows that each contains 
several resonances. 

Before the N'(1470, P11) was confirmed in partial- 
wave analyses, it was seen as a missing-mass or pTr~r 
peak produced peripherally in high-energy pp colli- 
sions, and (like A 1 , Q and A3) was partly explained 
by the Deck effect and later by double-Regge-pole 
exchange. 

Thus, we enter into the Tables of Particle Proper- 
ties experimentally convincing peaks unless there is 
contradictory information; and we can expect that 
most of these peaks will eventually be confirmed as 
one or more resonances. But we can easily give exam- 
ples of experimentally convincing peaks which in all 
likelihood have nothing to do with resonances: such 
are the K+p and pp total cross-section bumps near 
1.2 and 3 GeV/c, respectively, and the low-energy 
ABC and DEF effects in the S-wave 7rTr system. 

VI. CONVENTIONS AND PARAMETERS FOR 
WEAK AND ELECTROMAGNETIC DECAYS 

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

spectrum (p and *7), the asymmetry (~ and/5), and the 
helicity (h) of the electron in the process/a -+ 
e -+ + v+ ~. Assuming a local and lepton-conserving inter- 
action, the matrix element may be written as 

_ -- + f 
<elril~)<vlri(ci ci75)1 u), 

i 

where the summation is taken over i=S, V, T,A,P. 
Using the definitions and sign conventions of Kinosh- 

ita and Sirlin (1957), we have for the momentum pa- 
rameters: 

p = [3g2A+ 3g2v+ 6g2T]/D, 

.7-- 

for the asymmetry parameters: 

6gsg P COS ~bSp --8gAg V COS q~AV + 1 4 d  COS ~TT 

~= D ' 

= [ - - 6 g A g  V COS ~AV + 6 9 2  T COS ~bTT ] / D ~ ,  

and for the parameter describing the helicity of the 
electron: 

2g S gp cos ~SP- 8gAgv cos CAV-- 6g2T cos ~bTT 
h = D 

Here 

D =  d + 4  +4g2v+ 6~T+4g2 A, 

g=Lq:+tcT ,  

and 

cos = Re (qC; *C; C;) 

The quantities gi are defined to be real non-negative 
numbers, and the ~ki] are phase angles between the 
/-type and j-type interactions. Under the assumption 
of two-component neutrinos, C i = - C  i and C] = -C/, 
the S, P, and T terms vanish, and q~AV is the phase an- 
gle between C A and C V in the complex plane. 

By using the above equations and the experimental 
determinations of p, *7, ~, 5, and h, limits can be placed 

on gs/gv, gA/gV, gT/gV, gP/gV, and ~bAV. 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 ~bAV is the amplitude of time-reversal violation. 
Note that most experiments study ordy the upper end 
of the spectrum where 19 and .7 are highly correlated, 
so they can only report p for 77 ~- 0 and .7 for p - ¼. 
The values for/9 and .7 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- 
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biguous only when gs = gT = gP = 0. The same limits 
on gA/gv and q~AV are obtained, however, as when 
gs, gT, and gp are left free. 

Current values for the asymmetry parameters as 
well as IgA/gV[ and ~AV are given in the Addendum 
to the Stable Particle Table. In addition, Upper limits 
on Igs/gvh IgT/gvl and Igp/gvI are given in the/a sec- 
tion of the Stable Particle Data Card Listings. 

B. K-decay parameters 

B. 1. Dalitz plot for K ~ 3zr decays 
The small deviation from uniformity of  the Dalitz 

plot for the 37r decay of the K meson is usually de- 
scribed by a "slope parameter" (Dalitz, 1956). For 
the r and r' decays of the charged K's, and the r ° de- 
cay mode of the K~, we parametrize the Dalitz plot 
distribution by the expression 

s3--s o ~ \ s3 - - s  o 2 s2 - s  1 
[M[2cx l+g  + h i - - - 7 - _  | +/  . . . .  +... (1) 

m27r + \ m2+ ] 2 m/ t +  

where m 2+ has been introduced so as to make the co- 
efficients g, h, and/" dimensionless, and 

si =(PK-Pi )2 : (mK-rn i  )2 - 2 m K r  i i= 1,2,3 

s o = l  t" ~ _ l  2 2+ 2 2 • s i - 5 ( mK+ ml  m2+m3). 

Here the Pi are 4-vectors, m i and T i are mass and ki- 
netic energy of the ith pion, and the index 3 is used 
for the odd pion. 

The coefficient g is a measure of  the slope in the 
variable s 3 (or T 3) of the Dalitz plot, while h measures 
the quadratic dependence on s 3. The coefficient ] is 
related to the asymmetry of the plot and must be zero 
if CP invariance holds. Note also that if CP is good, g 
must be the same for r ÷ and r - ,  and similarly for h. 

At present there is no compelling experimental evi- 
dence for either the h or the/" term (for upper limits 
on the j  term, see section B.3(b) below). Thus we stop 
the above expansion at the first term and list only g. 
Since different experiments use different forms for 
13/I 2, in order to compare the experiments we have 
converted to g whatever coefficients have been meas- 
ured. 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 r ±, r '±, and r ° are predicted by 
the A1 = ½ rule. See Appendix I for these relations 
and a discussion of this rule. 

B.2. Form factors in K13 leptonic decays 
Assuming that only the vector current contributes 

to these decays, we write the matrix element as 

M o:/+(q2) [(PK +P~)u fflTu(1 + 75) uvl 

+ f _ (q2)[mlffl(l+Ts)u~ ' (2) 

where PK and P .  are the four momenta of  K and n 
mesons; m I is the lepton mass; f+ and]'_ are dimen- 
sionless form factors which can depend only on q2 = 
(PK-P,,)2, the square of the momentum transfer to 
the leptons. The parameters we list are X±, the energy 
dependence of the f±(q2) form factor, assuming the 
form 

f_+ (q2) = f±(0) [1 +;k±(q/m~r)2]; (3) 

and ~, the ratio of the two form factors, 

The quantity ~ can be determined in different ways: 
1) By measuring the K~3/Ke3 branching ratio and 

comparing it with the theoretical ratio as given in 
terms of ~ (0) = f_  (0)/f÷(0). 

± ± 
F(K~3)/F(Ke3) = 0.6457 + 0.1264 Re ~ + 0.01921~12 

+ 1.4115~÷ + 0.4754X_ Re ~ + 0.0080 X+ Re ~, 

r(K~3)/r(K° 3) --- 0.6452 + 0.1246 Re ~ + 0.01861~12 

+ 1.3162X+ + 0 . 4 3 7 0 X  Re ~ + 0.0064),+ Re ~. 

See Cabibbo (1966) and Fearing et al. (1970) (for the 
charge-dependent formulas). Note that the first con- 
stant has been changed to 0.6457; the earlier value 
was a misprint t ,  which we copied from Cabibbo 
(1966). 

2) By studying the Dalitz plot of  the K,3 decay. 
The Ke3 Dalitz plot distribution is only dependent 
upon the ;~. parameter, whereas the K~3 distribution 

t We thank Drs. H.W. Fearing and J. Smith for calling this 
mistake to our attention. 

xi 



Volume 50B, number 1 PHYSICS LETTERS April 1974 

is dependent upon X ,  X+, ~. Often experimenters 
have measured only the momentum spectrum of 
either the ~r or the lepton and compared it with the 
predicted spectrum. See the note on form factors in 
the K +- Data Card Listings for a discussion of this 
method. For a formula relating the Dalitz plot varia- 
bles to ~, see for example Brene et al. (1961). 

3) By measuring the muon polarization in Ku3 
decay. In the rest frame of the K the g is expected to 
be polarized in the direction A with P = A/IA 1, where 
A is given (Cabibbo and Maksymowicz, 1964) by 

A = O~ 1 (~)p~ 

_a2(~){~_~ f" Pn'Pu )] + P,r} /m K- E +  ( E -  muA 
L [pnl 2 

+ m K Im ~(q2)(pnXpu). 

If time-reversal invariance holds, ~ is real, and thus 
there is no polarization perpendicular to the K-decay 
plane. 

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 

+ 2 m K f s ~ ( 1  +75)u v 

+ (2fT/mK)(PK)x(P,) u u~ox,(1 +75)u v, 

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

The experimental results for ~, X_+, and the upper 
limits on Ifs/f+[ and Ifw/3'~l are given in the K*- and 
K~ sections of the Stable Particle Data Card Listings. 
See the note on form factors in the K +- Data Card 
Listings for discussions of these results. 

B.3. CP violation in K ° decays 
We list parameters for four different reactions in 

which CP can be tested (for details, see Okun and 
Rubbia (1967), Steinberger (1969), and Wolfenstein 
(1969))• 

a) K S -* n+n-zr °. The quantity measured here is 
the ratio of amplitudes 

As(Ks~Tr+Tr-Tr°)/AL(KL~Tr+n-n °) =x  + iy. (4) 

If CPT invariance holds and there is no I = 3 state 

present, 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 Ta- 
ble and under Branching Ratio R 4 in the K~ section 
of the Stable Particle Data Card Listings• Our proce- 
dure is to assume that x = 0, and to list (As/AL)2 in 
the form of a branching ratio. 

b) Charge asymmetry in KL ~ 3~r decays• As men- 
tioned above, the presence of a term in (S2--Sl) in ex- 
pression (1) describing the Dalitz plot distribution for 
r +- , r ° decays of K mesons would be an indication of 
CP violation. Rather than listing values of the ( s2 -s l )  
coefficient] in eq. (1), we choose to list o+_ from the 
equivalent expression 

IMI 2 cc 1 + o+(2/x/~)(T+- T_)/T+ma x 

(5) 
+ (CP nonviolating terms), 

where T_+ are the kinetic energies of the charged 
pions. We have momentarily abandoned the form in- 
volving the Mandelstam variables s i in favour of eq.(5) 
because the latter has been consistently used by exper- 
imenters searching for CP violation. We list a_+ among 
the CP-violating parameters at the back of the K~ sec- 
tion of the Stable Particle Data Card Listings. Note 
that only upper limits have been reported for this 
quantity• 

c) Asymmetry in the KL ~n~ l+-v decays. The quan- 
tity measured and compiled here is 

= 
F(K L ~Tr-l+v) - F(K L-Tr+l - v) 

F(K L ~ n - / +  v) + F (K L ~Tr+l - v) 

This asymmetry violates CP invariance. If CPT is good, 
for a pure K~ beam, 6 can be written as 

5 = 2[(1 -Ix12)/(ll  -x12)] Re e, 

where x is the AS = AQ-violating parameter defined 
in section B.4, and e is the parameter of the expansion 

IK L) = [(1 +e)lK) - (1 -e)lF,)]/[2(1 + le12)] 1/2, (6a) 

LK s) = [(1 +e)lK) + (1 - e ) tg ) ]  /[2(1 + le12)] 1/2. (6b) 

We give 6 in the Addendum to the Stable Particle Ta- 
ble. In addition, in the K~ CP-violation section of the 
Stable Particle Data Card Listings, we list 5 separately 
for K~ ~ n/av and K~ ~ Trey. 
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d) K L ~ 2rr decay. The relevant parameters are 

r/+_ = A (KL~Tr+n-)/A (Ks~lr+Tr-) = jr/+_ [ exp 04>+_), 

r/oo = A (Kt~Tr°Tr°)/A (Ks-+TrOTrO) = 1~7oo1 exp (iq~oo), 

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

e' = ½ivr22 [exp i (62-6o)  ] I m  (A2/Ao). 

Here, A i and 3 i are the amplitude and phase of lrrr 
scattering at the K mass, defined by 

(I = 01TIK) = exp (i3o)Ao, 

(1 = 2ITIK) = exp (i62)A 2 . 

Wu and Yang (! 964) have derived the relationships 

7"/+_ = e  + 6 ' ,  

7"/00 = e -- 2 e'. 

We give r/+_, %0, 4~+_, and q~oo in the Addendum 
to the Stable Particle Table. The phases are measured 
directly, whereas the magnitudes r/+_ and %0 are de- 
rived parameters. We use, as far as we can, the directly 
measured quantities as input and calculate r?+_ and 
r?oo from the values given by our constrained fits. 
Therefore, if one looks at the Data Card Listings, 
most of the 1771 measurements appear in the form of 
branching ratios, with appropriate comments. We then 
give the values of 77+_ and 1%o12 in a separate list at 
the end of the CP-violating parameters section of the 
K~_ section of the Stable Particle Data Card Listings. 

B.4. AS = AQ rule in K ° decays 
The relative amount of AS :¢: A Q component 

present is measured by the parameter x, defined as 

x = A (K ° ~Tr- l+v)/A (K °-+Tr- I+v). 

We list Re (x} and Im (x} for both Ke3 and Kv3 at 
the end of  the Stable Particle Data Card Listings and 
give values in the Addendum to the Stable Particle 
Table. 

C. 77-decay parameters 
As a test of possible C violation in electromagnetic 

interactions, a number of experiments have looked for 
possible charge asymmetries in the decays r/~rr+rr-rr o 
and r / ~  rr+Tr-7. For both modes we use the conven- 
tion 
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N + - N -  Asymmetry . . . .  
N + + N  -- 

where N -+ means the number of events with the rr (+-) 
energy greater than the 7r (~) energy in the 77 rest frame, 
We list the asymmetry parameters in the r/section of 
the Stable Particle Data Card Listings and give average 
values in the Addendum to the Stable Particle Table. 

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

Consider the decay 

Bi~Bf+~+v. 
Assuming V, A theory, neglecting "induced" scalar, 
"induced" pseudoscalar, and axial weak-magnetism 
terms, and neglecting the q2 dependence of the form 
factors, the baryon part of the matrix element for 
these decays may be written (Goldberger and Trei- 
man, 1958) as 

<Bfl')'~(g v - gA')'S ) + (gw/mB)oXVqvlBi), i 
where B i and Bf represent initial and final baryons, 
gA and gv  the axial and vector coupling constant, gw 
the weak magnetism coupling constant, and qv the 
sum of the lepton momenta. Here the Pauli represen- 
tation is used for the 7 matrices. The definition of 
gA/gV is 

gk/g V = IgA/gVI exp (i(~), 

where 6 is 0 + mr if time-reversal invariance holds (see 
Jackson et al., 1957). 

In neutron beta decay the measurements are con- 
sistent with time reversal, so gA/gV is nearly real and 
has been considered to be such in all the baryon lep- 
tonic decays. Notice that by using the above definition 
of the matrix element with the Pauli representations, 
the value ofgA/g v in neutron beta decay is negative. 

Due to statistical limitation the weak magnetism 
form factorg w is usually assumed from CVC and 
SU(3), so only gA and gv are determined experimen- 
tally. This determination is accomplished in a variety 
of ways: 

a) The lepton-neutrino angular correlation provides 
a measure of the absolute value ofga/g v (for relevant 
formulas, see, e.g., Albright, 1959). 

b) The up-down asymmetry of the lepton from po- 

xiii 



Volume 50B, number 1 PHYSICS LETTERS April 1974 

larized baryon decays provides a measure o fgA/g  v 
with its sign (for relevant formulas, see, e.g. Albright, 
1959). 

c) The lepton spectrum, given enough statistics, 
provides a measure o fgA /g  V with its sign (for relevant 
formulas, see, e.g., Bender, 1968). 

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

We compile the ratio gA/gV with its sign, for those 
decays for which it has been measured. For the neu- 
tron beta decay we compile also the phase 6. 

All the coupling constants and decay rates for bar- 
yon leptonic decays are related by Cabibbo's theory 
(Cabibbo, 1964). The latest fits to this theory can be 
found in Ebenh6h ( 1971) and Roos (1973). 

D.2. Asymmetry parameters in nonleptonic hyperon 
decays 

The transition matrix for the hyperon decay may 
be written as 

M = s + p(~  "q), (7) 

where s and p are the parity-changing and the parity 
conserving amplitudes, respectively; g 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)/(Isl 2 +lp12), 

/3 = 2 Im (s*p)/(lsl 2 +lpl2), 

3' = (Isl 2 -  Ipl2)/(Isl 2 + Ip12). 

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

I = 1 + a P y ' q ,  

where Py = (YItIIY) is the hyperon polarization. 
In the notation of Lee and Yang (1957) the polar- 

ization PB of the decay baryon is 

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. 

( +ev q)u +/3(ev ×q) + 3'0× (ev ×q) 
e B =  1 + , ey .q ' 

where PB is defined in that rest system of the baryon 
obtained by a Lorentz transformation along q from 
the hyperon rest system in which q and Py are defined. 
Note that a is the helicity of the decay baryon for un- 
polarized hyperons. 

The three parameters a,/3, and 7 satisfy the relation 

or2 +/32 + ,y2 = 1. 

It is then convenient to describe hyperon nonleptonic 
decays in terms of the two independent parameters a 
and the angle 4 defined by 

13 = (1 - a 2 )  1/2 sin 4, 

3' = (1-0~2) 1/2 cos 4, 

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

1 1 - ~zr <~ 4 ~<-rTr for 3 ' > 0 .  

+-~ n ~.< 4 --.< ~:Tr for 3 ' < 0 .  

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

a = 21sllpl cos A/(Isl2+lpl2), 

/3 = -2lsllp] sin A/(Isl 2 +lp12); 

that is A is the phase angle ofs  relative to p. Evidently 

--½7r~<A<~-Tr for a > 0 ,  

+½zr~<A~<~:zr for a < 0 .  

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

A = ~s - 8p, 

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

A =/5 s - /Sp = (6.8-+2.0) deg. :1: 

In the Stable Particle Data Card Listings we give a 

:~ This value for 8s-5 p is derived from the phase-shift analy- 
ses by Roper et al. (1965). The error is our estimation of 
the uncertainty. 
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and ~b for each decay since they are the most closely 
related to the experiments and are essentially uncorre- 
fated. Whenever necessary we have changed the signs 
of  the reported values, so as to agree with our conven- 
tions. In the Stable Particle Table we give a, q~, and ,5 
with errors; and for convenience we also give the cen- 
tral value of  7, without an error. 

VII. STATISTICAL PROCEDURES 

This section is a much abbreviated version of  sec- 
tion IX in the text of  our January 1970 edition (Parti- 
cle Data Group, 1970) to which the reader is referred 
for details. See also the mini-review on K* masses and 
mass differences in the K*(892) section of  the Meson 
Data Card Listings. 

A. Confidence levels and errors 
Quoted errors represent one standard deviation (o). 

Upper and lower limits represent 68.3% confidence 
bounds (1 o), unless otherwise stated. The errors in the 
Tables of  Particle Properties and the errors of  the av- 
erages in the Data Card Listings often include a scale 
factor S; see section VII.B. below. 

Quantities that have changed more than 1 o since 
our April 1973 edition (Particle Data Group, 1973) 
are italicized in the Tables of  Particle Properties. For 
a discussion see section V.B. in the text of  the 1970 
edition (Particle Data  Group, 1970). 

B. Unconstrained averaging, scale factors 
In the absence of  constraints, we calculate a 

weighted average 

+-6YC = ~ W i X i / ~ W i + - (  ~ W i ) - l / 2 ;  

Wi = 1 / ( 6 2 ) 2 ,  (1)  

where the sums run over N experiments. We also calcu- 
late X 2 and compare it with its expectation value of  
N -  1. If X 2 ~>N-  1, we increase the error 6Y" in eq. 
(1) by a factor 

S = [xZ/(N - 1)] -1/2. 

It is easy to design statistical tests for determining 
whether one experiment (or a group of  experiments) 
is consistent with the other experiments. However, 
statistics does not tell us who is wrong in case of  con- 

tradictions. When S >> 1, one can conclude either that: 
1) some (or all) experiments are wrong, or 
2) some (or all) experiments have underestimated 
their errors, or 
3) the experiments do not measure the same quantity 
(systematic errors). 

We do our best to resolve these cases. I f  we cannot, 
we assume that all experimentalists underestimated 
their errors by the same scale factor. If we scale up all 
input errors by this factor, X 2 returns to N -  1, and of  
course the output error scales up by the same factor. 

If all the experiments have errors o f  about the same 
size, the above procedure is straightforward. If, how- 
ever, there are both precise and imprecise (large er- 
rors) measurements o f  a particular quantity, one must 
be very careful not to permit the imprecise ones to 
"dilute" the scale factor. See our January 1970 edi- 
tion (Particle Data Group, 1970) for the prescription 
we use to handle this effect. 

We often plot an ideogram to guide the reader in 
deciding which data he might reject before making 
his own selected average. 

For further discussion of ideograms and scale fac- 
tors, we refer the reader to section IX of  our January 
1970 edition (Particle Data Group, 1970). 

C. Constrained fits 
The information on partial-decay fractions P i ¢  and 

partial widths 1" i = PiFtota I is frequently given by 
branching ratios R/, say, R 1 = P1/(P1 +P2), R2 = 
P2/P3, R 3 = PI/P2,  R 4 = P3/(PI +P2 +P3), etc. 

The number of  experimental inputs R] is often 
greater than the number of  decay modes. In these 
cases we fit all available information on the Pi, Fi, 
and R/subject  to the constraint XP i = 1. When, in ad- 
dition, the input R/a re  contradictory so that scale 
factors may have to be introduced, one has to resort 
to iterative procedures. 

The Data Card Listings give the values of  the fitted 
Ri, Pi, and F i, together with the error matrices of the 
Pi and of  the F i. For details about this procedure, the 
reader is referred to the text of  the January 1970 edi- 
tion (Particle Data Group, 1970), section IV.B. 

* We use the symbol Pi for partial-decay fractions throughout 
the Data Card Listings for stable particles, mesons, and bar- 
yons, although for baryons, x i is the commonly accepted 
symbol. See eq. (IV.5). 
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tradictions. When S >> 1, one can conclude either that: 
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3) the experiments do not measure the same quantity 
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we assume that all experimentalists underestimated 
their errors by the same scale factor. If we scale up all 
input errors by this factor, X 2 returns to N -  1, and of  
course the output error scales up by the same factor. 

If all the experiments have errors o f  about the same 
size, the above procedure is straightforward. If, how- 
ever, there are both precise and imprecise (large er- 
rors) measurements o f  a particular quantity, one must 
be very careful not to permit the imprecise ones to 
"dilute" the scale factor. See our January 1970 edi- 
tion (Particle Data Group, 1970) for the prescription 
we use to handle this effect. 

We often plot an ideogram to guide the reader in 
deciding which data he might reject before making 
his own selected average. 

For further discussion of ideograms and scale fac- 
tors, we refer the reader to section IX of  our January 
1970 edition (Particle Data Group, 1970). 

C. Constrained fits 
The information on partial-decay fractions P i ¢  and 

partial widths 1" i = PiFtota I is frequently given by 
branching ratios R/, say, R 1 = P1/(P1 +P2), R2 = 
P2/P3, R 3 = PI/P2,  R 4 = P3/(PI +P2 +P3), etc. 

The number of  experimental inputs R] is often 
greater than the number of  decay modes. In these 
cases we fit all available information on the Pi, Fi, 
and R/subject  to the constraint XP i = 1. When, in ad- 
dition, the input R/a re  contradictory so that scale 
factors may have to be introduced, one has to resort 
to iterative procedures. 

The Data Card Listings give the values of  the fitted 
Ri, Pi, and F i, together with the error matrices of the 
Pi and of  the F i. For details about this procedure, the 
reader is referred to the text of  the January 1970 edi- 
tion (Particle Data Group, 1970), section IV.B. 

* We use the symbol Pi for partial-decay fractions throughout 
the Data Card Listings for stable particles, mesons, and bar- 
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TABLES OF PARTICLE PROPERTIES 
Apri l  t974 

N. B a r a s h - S c h m i d t ,  A. B a r b a r o - G a l t [ e r l ,  C. Br i cman ,  V. Chaloupka,  D. M. Chew, 

R. L. Kelly, T. A. Las inekl ,  A. Ri t t enberg ,  M. Roos,  A, H. Rosenfeld  

P. SSdlng, T. G. Tr [ppe ,  and F.  Uchiyama 

(Closing date for data: Feb .  i ,  1974) 

Particle 

Y 

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

Quantities in italics have chan~ed by more than one (old) standard deviation since April 1973. 

IG(jP)Cn Mass Mean Life Partial decay mode 
(MeV} (sec) 
Mass 2 c r Mode Fraction a 
(GeV} 2 (cm) 

O, 1(i-)- 0(< 2)i0 -21 s table  stable 

p or 
Pmax b 

(MeV/c) 

I/ 

e 

/z 

7/" 

v e 

g 

0(< 60 eV)  
J = ½ 0(< t .2)  

J = ½ 0.5110034 
±.0000014 

J = ½ i05.65948 
±.00035 

m 2 = 0.01116 
m =-33.909 

M-m~± ±.006 

I-(0-) 139.5688 
±.0064 

m 2 =0.0195 

stable stable 

stable stable 
(>2X1021y) 

2.1994X10 -6 eu-$ 100 % 
±.0006 S=1.1* eyy (<1.6 )i0 -5 
c'r =6. 593Xt 04 3e (<6 )lO-~ 

ey (<2.2 )t0 -~ 

2.6030×I0 -8 pv t00 % -4 
± . 0 0 2 3  ew I I .24-" 0 . 0 3 ) 1 0  
c~'=780.4 c 1,24±0.25)i0-4 

VoVY ( t .02± 0.07)t0 -8 ( r + - r - ) / ¥ =  ~ e~, 
( 0 . 0 5 ± 0 . 0 7 ) %  evy _ c( 3 . 0  ±0.5 )10-~ 
( test  of CPT) eve+e (<3.4 )10 -~ 

53 
53 
53 
53 

30 
70 
30 
5 

70 
70 

7/.0 
i-(0-) + 134.9645 

±.0074 
m 2 = 0.0182 

= 4.6043 
m ~=-mrO ±.0037 

0.84><i 0 "16 ( 98.83± 0.05)% 

±.i0 S=2.1[~ 6 Y'/+ ye e- ( 1.17+0.05)% 
cr:=Z.5XtO- y'~y ~- d(<5 )t 0-6 

e - e - e  ' e -  ( 3 . 4 7  )10  - 5  - 
~-.,yy (<6. t  )10 -b 

67 
67 
67 
67 
67 
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A 

IG(JP)Cn 

x(l+~ 
2 2 I 

m2 

Stable Particle Table 
Mass Mean Life 

(MeV) (see) 
Mars 2 c r Mode 
(GoV) 2 (cm) 

938.2796 stable 
4- O. 0027 (> 2XI 028y) 
=0.8804 

(cont'd) 
Partial decay mode 

Fraction a 

! (x+)  939.5731 2 ,2 
4- 0.0027 

2 m =0.8828 
m p - m n = - t . 2 9 3 4 4  

4-0.00007 

0(½4 ) t t t 5 . 6 0  
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S =t .2"' 
m 2 =t .245 

918± t4  
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4-.06 

0 ½(½+)f 1314.9 
4-0.6 

m 2 = t  .729 
m, .o  - r n _ _  =-6 .4  

~ 4-.6 

m 

t 3 2 1 . 2 9  
4-0.t4 

m 2 = t  .746 

~ - -  0(}+) f t672.24-.4 
m2=2 .797  

0.800XtO -10 p~+ ( 5 t . 6 . . .  )% t89  
4-.006 nTr ( 4 8 " 4 = u ' t  )% 3 , 185 
c ' r=2 .40  py+ ( 1 . 2 4 4 - 0 A 8 ) t 0 -  S=1.4 225 

n~r y c( 0.934-0.10)10 -3 185 
Ae+v  ( 2 . 0 2 + 0 . 4 7 ) t 0  -5  72 

- P ( G + - - i + n v ) < . 0 3 5  rnu+v (< 2,4 )10 -D 202 
tnh+~ (< t . 0  ) t0  -5 224 

D ( ~ - ~ J - n  v) pe+e - (< 7 ) t0  -6 225 

< t . 0 X t 0 - 1 4  A y  100 % -3 74 
c 'r<3XtO- A e + e -  d( 5.45 )10 74 

1 .482Xi0 - i 0  n~-  
"+.0t7 S = t . 5 "  n e - v  
c~" : 4 .44  n~ v 

A e - v  
nrr y 

2.96XI0 -10 A o 
± . t 2  prr_ 
c~ =8.93 pe+ v_ 

e+v 
Z~-e v 
Y~ +l.t+v 
Z - ~  v 
PV v 

t . 6 5 2 X t 0  -10 Av- 
.023 S = t . l "  Ae v 

c r  =4.95 ~o e v 
A ~ -  v_ 

nrr  
ne- v 

~+0 3 . ^ - t 0  ~Orr- 
c~'= 3.9 

100 % ~ i93  
( t . 0 8 ±  0 . 0 4 ) t 0 - ~  230 
( 0.45~- 0 . 0 4 ) i 0 - ~  2 t0  
( 0 . 6 0 ± 0 . 0 6 ) t 0  -~, 79 

c( t . 0  + 0 . 2  ) t0  -4  193 

i~  t 3 5  100 -3 
(< 0.9 ) 299 
{< 1.3 ) I0 -~  323 
(< 1.5 )I0-~ I19 
(< t .5  )t0_~ i i 2  
(< t . 5  )10 ~ 64 
(< 1.5 ) I0 -~  49 
(< 1.3 )10 ~ 309 

100 % 139 
g( 0.70::1: 0 . 2 t ) t  0 -3 190 

(< 0.5 ) iO-~ 123 
(< 1.3 ) I0 -~  163 
(< 0.5 )% _.~ 70 
(< t . t  ) t0  ~ 303 
(< 1.0 )% 327 

Total of 293 
4t  e v e n t s  290 
s e e n  



A D D E N D U M  TO 

Stable Particle Table 

e 

K* 
IIII 

Mode Partial rate (sec "1) 

~v (51.36±0.1 9) 106 
lv~v~ ( t7 .07±0.15)t0~ 
~ v- ( 4.52±0.02)I0, u 
=v°~r° ( 1.40±0.04)i0, ~ 
~ r ° v  ( 2.58±0.07)i0c b 
e'rr° v ( 3.90±0.04)t0 ~ 

Magnetic moment 

1.001 159 6567 e~ 
4-.000 000 0035 2 m  c g Decay parametersJ 

e 
1,001 166 16 e~ p = 0.7524-0.003 ~ = - 0,12 ±0.21 
±,000 000 31 2rn c ~ = 0.9724-0.013 6 = 0.7554-0.009 h = 1.00+0.13 

K O + - n( 0.776±.006)t0 t0  
S W 0 ,iT 0 n( 0.35Z±.004) t0t0  

+0.33 I gA/g v =0.86_0.11 # = t80" ± t5  ° 
k 

, A I =  ~- rule for K-*  3~ k 
S=I.Z 
S=I . t  * K+~'rr +.rr +-n -- g=-.214±.005 S=i .7* 
S = t . i *  K---.rr -.n-+rr - g=-.214+.007 S=2.7 * 
S=1.4. K±_w:k w0~0 g= . 522+ .020  S=1.3 * 
S=t.7 * K ~ r r  °w+-rr - g= .6t0±.021 S=2.6 * 
S=l.l * 
S=t. 8* Form factors for K~3 decays (see Data Card Listings for 1~, k~ and k~} 

K + k~=.029±.004 K ° X+:.026±.004 
8=1.3" e3 e3 

CP violation parameters ~,n 
S = i ' t *  IT]+_] =(2.17±-07)10 -3 S=3.4"1~]oo r : ( z . z s , . o 9 ) t o - 3 s : t  t ~ 
S=2.0 * 
S=I.I* ~+_ =(46.6±2.5) ° S=i. 5" ~oo =(49+13 )° 

S:4.6~'S=1"1" i %_o12<o i2 i.qooo 12<1.2 5=( .34±.0t ) t0-2  S=t.C~ 

S=t '5~  aS = "~O ..... 
Rex=.000+.022 S=1.5 * Im x= .012+.030 S=I.Z* 

0 w°lv°'rr° ( 4.11 +0.13)t06 KL ~ % - ~ o  ( 2.31 ± o . o 7 ) 1 o  6 
rr~v ( 5.3t  4-0.tt)106 
"~ev ( 7.53 ±0. t2 ) t06  
~T+W - n( 3.42 ±0.36)t04 
~OwO n( 1.80 ±0.36) t04 

i 

Mode 

Tr+w -~r 0 
~r+w-y 

Magnetic 
moment 

( e ~ / 2 m ~  

2.7928456 
~.000001t 

Asymmetry parameter 

( 0 . t 2 ± . t 7 ) %  
(o .88* .4o)% 

Decay parameters m 
M e a s u r e d  

a ~(degree)  

Derived gA/gV gv/gA 

A(degree)  

P 
n _1.913148 pe-v -I. 250±. 09 

±.000066. 8 =(181.I+1.3)° 

(7 6 +4.o V A -0.67 p~ 0.647±0.0t3 (-6.54-3.5)" 0.76 \ " - 4 . 1 )  
i . 06  nw ° 0 .65t±0.045 

per -0.66±0.05 S=l.Z* 

p~r ° -0 .979±0.0t6  (36±34)  ° 0.17 (187±6) ° 

X ÷ 4-.4t2"62 \/ +t36) ° n~v + +0.066+0.016 (t67±20) ° -0.97 [ -73_10  
S = l . l  * _^+ 52 

PY - l . u3  [42 
+t2 ) °  

n~-  -0.0694-0.008 (10±15) ° 0.98 249_ t i 5  See Data Cds.  
" -1.6 to 0.8 ne-v 

Ae-v 0.37±0.20 

f +13\ o 
~ 0  Aw 0 -0.44±0.08 (21S:t2) ° 0.84 2i6_1~] 

8=1.3" 

-- -1.93 A~- -0.393+0.023 (2~7) ° 0.92 /184115Y 
+.75 S=I.2 * k 1 



Stable Particle Table (cont'd) 
*S : Scale  f a c t o r  : ~ fxZ / (N-1 ) ,  w h e r e  N ~ n u m b e r  of e x p e r i m e n t s .  S shou ld  be ~ t .  If S > 1, 
we have  e n l a r g e d  the e r r o r  of the m e a n ,  5x, i . e . ,  6 x ~  SSx .  T h i s  cor~vent[on is s t i l l  i nad-  
e q u a t e ,  s i n c e  if S > > t ,  the e x p e r i m e n t s  a r e  p r o b a b l y  i n c o n s i s t e n t ,  and t h e r e f o r e  the  r e a l u n -  
c e r t a i n t y  is p r o b a b l y  even  g r e a t e r  than  S6x.  See text  and i d e o g r a m  in S tab le  P a r t i c l e  Da ta  
C a r d  L i s t i n g s .  

a .  Quo ted  u p p e r  l i m i t s  c o r r e s p o n d  to a 90% c o n f i d e n c e  l eve l .  
b. In d e c a y s  w i th  m o r e  than  two b o d i e s ,  P m a x  is the m a x i m u m  m o m e n t u m  that  any  p a r t i c l e  

can  h a v e .  
c. See S tab le  P a r t i c l e  Da ta  C a r d  L i s t i n g s  fo r  e n e r g y  l i m i t s  u s e d  in th i s  m e a s u r e m e n t .  
d. T h e o r e t i c a l  va lue ;  s e e  a l s o  S tab le  P a r t i c l e  Da ta  C a r d  L i s t i n g s .  
e.  See note  in Stable  P a r t i c l e  Da ta  C a r d  L i s t i n g s .  
f .  P fo r  ~ and J P  fo r  l~- not ye t  m e a s u r e d .  V a l u e s  r e p o r t e d  a r e  SU(3) p r e d i c t i o n s .  
g. A s s u m e s  r a t e  fo r  ~ - - -  E ° e - v  s m a l l  c o m p a r e d  w i t h  ~ - - - A  e - v .  
h. The  d i r e c t  e m i s s i o n  b r a n c h i n g  r a t i o  is ( t . 5 6 ± . 3 5 ) X t 0  -5 .  
i .  T h i s  u p p e r  l i m i t  is a b o v e  the  c o n t r a d i c t o r y  r e s u l t s  of C a r i t h e r s  et al .  ( t ' 0+ '75)Xt0-80  - .  J 

and C l a r k  et a l .  ( < 0 . t ~ ) X t 0  -8.  See no te  in S tab le  P a r t i c l e  Da ta  C a r d  L i s t i n g s .  
j . I g A / g V [  de f ined  by gA = [ C A I Z + I C ' A I Z '  g v Z = I C v I Z + I C ' v  [2' and 

E( ' g  I P i I ~ )  <V [ r i ( c i + c '  i'/5) I v),; 
de f ined  by cos~b = - R  ( C * . C  . . + C ' A C * v ) / g A g  V [ f o r  m o r e  d e t a i l s ,  s ee  text  Sec t ion  

VI A ] .  e ~ v 
k. The d e f i n i t i o n  of the  s l o p e  p a r a m e t e r  of  the  Da l i t z  p lo t  is a s  f o l l o w s  [ s e e  a l s o  tex t  Sec -  

8 - s O 

lion i Mi2 = t + g/ 4 t. 
\ m + /  

I .  The  de f in i t i on  fo r  the CP  v i o l a t i o n  p a r a m e t e r s  is a s  f o l l o w s  [ s e e  a l s o  text  Sec t ion  
VI B.3]: 

- 2 r ( ~ + ~ - ~  °) 2 F ( t ~  ~ 0 o o  ) 
F ( K ° L ' ~ ) - F ( K ° L - - t  ) I.+_ol o J'qo I F(KOL_@@@) 
F ( K ~  t +) + F(K°L-- 1-) F(KOL~ ~+ - o  ) oo = " 

m .  The  de f in i t i on  of t h e s e  q u a n t i t i e s  is a s  f o l l o ws  [ fo r  m o r e  d e t a i l s  on s ign  c o n v e n t i o n ,  
see text Section Vl B]: 

a = 2 Isis ]Z+ I P 1 2 1  Pp Icos  A ; ~ = i ~ - a 2 s i n +  ; g A / g  V de f ined  by < Bf ] 'yk(gv-gA,Y5 ) [B[) ; 

= -2  Is r [p  I s inA = ~ i - a 2 c o s ~ .  5 de f ined  by g A / g  v I g A / g  v le i6. 
Is I2+Ipl 2 ~ = 

n. The  K ° ~  wwand K0T ~ TrTr r a t e s  (and b r a n c h i n g  f r a c t i o n s )  a r e  f r o m  i n d e p e n d e n t  f i t s  and 
do n o t ~ n c l u d e  r e s u l t s  of K°L-K° S i n t e r f e r e n c e  e x p e r i m e n t s .  The  IDA I and ['000 I v a l u e s  
g iven  in the a d d e n d u m  a r e  t h e s e  r a t e s  c o m b i n e d  w i t h  the [T]+ I a n d - f q 0 . [  r e s u l t s  f r o m  
i n t e r f e r e n c e  e x p e r i m e n t s .  - . 
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Meson Table 
Apr i l  1974 

In add i t i on  to the e n t r i e s  in  the Meson Table,  the Meson Data Card L i s t i n g s  conta in  al l  
subs tan t i a l  claims f o r  meson resonances. See Contents o f  Meson Data Card L i s t i n g s (  ~ ,  

Quantities in italics have changed by more than one (old) standard deviation since April 1973. 

N a ~  P a r t i a l  decay mode 

Full 
IG[jP)Cn M,$$ Width )41 p or 

- ±rH la) Mlo4e Fraction (%) Pmax [b) 
+ )q I P ' le~tmb. (,eM~) (Era%) (~eV) '  [Upper l i m i t s  are lo  (%)] ( ~ W / ¢ )  

~±(140) 1 ( 0 ) +  139.57 0.0 0.019483 
~°(135) 134.96 7.8 eV 0.018217 

±.9 eV 

See Stable Particle Table 

n(549) 0+(0-)+ 548.8 2.63 keV 0.301 All neutral 71 See Stable 
±0.6 ±.58 keV ±.000 ~+n-n0 + ~+~-y 29 Particle Table 

0+(0+)+ ~ 700 (c) Z600 (c) ~ 
¶ 

Exis tence o f  po le  not  es tab l i shed .  See note  on ~ S wave . 

p(770) i + { i - ) -  770~ 150. 0.593 ~ ~ 100 
±10 ~ ±i0 ~ ±.116 e+e - 0.0043±.0005 (d) 

p+p- 0.0067±.0012 (d) 
For upper l i m i t s ,  see f oo tno te  (e) 

359 
385 
370 

~J(783) 0 - ( i - ) -  782.7. I 0 .0  0.613 ~+~-~o 90.0±0.6 S=1.2 * 327 
±0.6 ~ ±.4 ±.008 ~+~- 1,3±0.3 S=I.5 * 306 

~0y 8.7±0.5 380 
e+e - 0.0076±.0017 S=1.9 * 391 
For upper l i m i t s ,  see foo tno te  (g) 

n'(958) 0+( -)+ 957.6 < i 0.917 q~ 70.6±2.5 S=1.4 * 234 
or X ° ±0.3 <.001 o°y 27.4±2.2 S:I.6" 458 

J=0 or 2 yy 1.9±0.3 479 
For upper lhlits, see footnote {h) 

~(970) i-(0+)+ 976, S0 0.953 n~ 
-- - ±i0 ~ ±20 § ±.049 O~ 

Possibly a virtual bound state of the ] = 1 KK system ¶ . 

seen 315 
< 25 139 

S*(993) 0+(0+)+ ~ 993 (c) 40 (c) 0,986 K~ 
±5 ±8 ±.040 ~ 

See notes on ~ and KK S wave ¶ . 

near threshold 
479 

~(1019) 0-(1-)-  1019.7 4.2 1.040 
±0.3 ±.2 ±.004 

S=1.9 * 

-). 

K+K - 46.6±2.5 S=1.6" 127 
KLK S 34.6±2.2 S=1.6: III 
~*~-~0 (incl. p~) 15.8±1.5 S=1.2 462 
nY 3.0±1.1 S=1.6 * 362 
e+e - .032±.002 S=1.4 * 510 
~+~- .025±.003 499 
For upper limits, see footnote (i) 

Al(ll00) i-(i+)+ ~ ii00 ~ 300 1.21 
±.33 

Broad enhancement in the JP=I + on partial wave; 

p~ ~ i00 

¶ 
not a Breit-Wigner resonance . 

253 

B(1235) i+(i+) - 1237, 120, 1.53 
±I0 ~ ±20 ~ ±.12 

~ only mode seen 
[D/S amplitude ratio = .24±.06] 
For upper limits, see footnote (j) 

352 



Meson Table 

Full M2 
_ l ~ [ j ~ ) c .  M , , ,  W ~ t h  ± r ~  ) 
+ l q I P F----!e~tab. [ . . % ]  (Me%3 (GeV) 2 

(cont'd) 
Partial decay mode 

Mode 
p 

Fractkm (~) Pmax (b) 
[Upper  l i m i t s  a r e  l o  (%)] [MeV/¢) 

f(1270) 0+(2+)+ 1270. 170_ 1.61 
±i0 ~ ±30 ~ ±.22 

nn 83±5§ 619 
2n+2~ - 4±1§ 556 
KK 4±3 S=I.S* 394 
For upper limits, see footnote (f) 

D(1285) 0+(A )+ 1286. 30 
__ _ ±i0 ~ ±20 § 

JP : 0-, 1 +, 2-, with 1 + favoured 

1.65 
±.03 

KK~ seen  305 
~ seen 484 

t [ 6 (970 )~  seen] 245 
2~+2~ - (prob.  p%+~-)  seen  565 

A2(1310) 1-(2+)+ 1310. i 00 ,  1.72 
±I0 ~ ±10 s ±.13 

0n 71 .5±1.8  S=1.2 413 
n~ 15 .2±1.2  529 
W~ 8 .6±1 .8  S=1.3" 354 
KK 4 .7±0 .6  428 
n ' (958)~ < i  280 

E(1420) 0+(A )+ 1416. 60 2.01 
±i0 ~ ±20 § ±.08 

KK~ ~ 40 421 
,[K*~ + ~*K ~ 203 l so  

n ~  ~ 60 564 
t[6(970)~ possibly seen] 352 

f'(iSl4) 0+(2+)+ 1516 40 2.29 
±3 ±10 ±.06 

KK only mode seen 

For upper limits, see footnote (k) 

572 

Ft(i540) 1 (A) 1540 40 
±5 ±15 

Evidence based on only one experiment 

2.37 
±. 06 

K*K + K*~ only mode seen 321 

0' (1600)  I + ( i - )  - ~, 1600 ~, 400 2.56 
-%64 

4~ dominant 738 
t[p~+~ - seen with ~+'ir- in  S-wav~ 575 

~ possibly seen 788 
KK < 8 629 

A3(1640) 1 (2)+ ~ 1640 ~ 300 2.69 f~ 
+.49 

Broad enhancement in the JP = 2- f~ partial wave; not a Breit-Wigner resonance. 

S05 

m(1675) 0-(N ) -  1666. 142.  2 .78  p~ 
- -  - -  ± 1 0  ~ i 2 0  ~ i . 2 4  3 7  

5~ 
t[~ 

seen  
possibly seen 
possibly seen 
possibly seen] 

647 
805 
778 
614 

g(1680)  1+(3- )  - 1686.  180.  2 .84  
±20 ~ ±30 ~ ±.30 

JP, M and F from the 2~ mode (z) . 

2"n 26±5§ l 
4~T ( i n c l .  1TTrp,po,A2~T,~01T) ~ 70 L 
K~ ~ 2 I 

KK~ (incl. K'K) ~ 3 I 

(z )  
831 
784 
680 
621 

See note (1) for possible heavier states. 

K+(494) i/2(0-) 493.71 0.244 
K°(498) 497.70 0.248 See Stable Particle Table 

K* (892) 1/2 (1- )  892.2 49.8 0.796 K~ 
±0.5 ±I.i ±.044 K~ 

Ky 

(Charged mode; m ° - m ± = 6.1±1.5 MeV) 

100 
< 0.2 
< 0.16 

288 
216 
310 



Meson Table 
Full 

,%P)c. M.,, w ~ h  N 2 
- +rH(a) 
+ IN I P ~---~'estab" (Me%] (Me%) (GeV) 2 

(cont'd) 
P a r t i a l  decay mode 

[Upper l i m i t s  a r e  l a  (%)] ( ~ V / ¢ )  

K 1/2(o + ) 
¶ 

See note on K~ S wave . 

~ goes slowly through 90 ° near 1300 b~V. 

KA(1240)1/2(I +) 1242 127 1.54] K~ 
or C ±i0 . _ ±25 ±.16] 

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

KA(1280 1/2(1 +) 1280 to | #[Kp 
to 1400) 1400 I 
See note (m). J t[K(~)£=0 

only mode seen 

large] 

seen ]  

p o s s i b l y  seen]  

K*(1420) 1/2(2 + ) 1421. i00. 2.02 K~ 
-- ±5 ~ ±i0 ~ ±.14 K*~ 

Kp 
See note (n). Fao 

Kn 

55.0±2.7 
29.5±2.5 
9.2±2.4 
4.4±1.7 
2.0±2.0 

616 
414 
319 
306 
482 

+ 

L(1770) I/2(A) 1765. 140. 3.11 K~ dominant 788 
-- ±I0 ~ ±50 ~ ±.25 K~ 757 seen ¶ 

t[K*(1420)~ and other subreactions ] 

JP=2" favoured, 1 + and 3 + not excluded. 

See note (i) for possible heavier states. 

(i) Contents of Meson Data Card Listings 

Non-strange (Y : 0) Strange (IYI = l) 

entry IG(jP)Cn entry IG(jP)cn entry IG(jP)Cn entry I (JP) 

K (494) 1/2(0 ) 

K* (892) l /2 (1- )  
(140) 

n (549) 
c (600) 

0 (770) 

(783) 

+ M (940) 

+ M (953) 

n ~ (958) 

8 (970) 

+ H (990) 

S* (993) 

¢ (1019) 
+ M (1033) 

+ Bl(1040 ) 

1 ( 0 ) +  
0+(0-) + 

+ n N (1080) 0+(N )+ 
Az (II00) 1-( i+)+ 

p' (1600) i+ ( i - )  - 
A3 (1640) i (2)+ 

o+(o+)+ 
1+(1-)- 
o ( 1 ) -  

+ 

0+(0-)+ 
i-(0+)+ 
0-(A ) -  
0+(0+)+ 
o ( 1 ) -  

1 + 

+ M (1150) 

+ AI.5(1170 ) 1- 
B (1235) 1+(1+) - 

+ p' (1250) 1+(1-) - 
f (1270) 0+(2+)+ 

D (1285) 0+(A )+ 

A2 (1310) 1-(2+)+ 

E (i420) 0+(A )+ 
X (1430) 0 

+ X (1440) 1 

m (1675) 0-(N ) -  

g (1680) 1+(3-) - 
+ X (1690) 

+ X (1795) 1 

+ S (1930) 1 

+ A~ (1960) 1- 

+ O (2100) 1 + 

+ T (2200) 1 

÷ p (2275) 1 + 

+ U (2360) 1 

N~ (2375) 0 

+ X(2500-3600) 

fl (1514) 0+(2+)+ 

Fz (1540) 1 (A)  

K 1/2(o +) 
Q 1/2(1 + ) 

K*(1420) 1/2(2 + ) 

+ KN(1660) 1/2 

+ KN(1760 ) 1/2 

L (1770) 1/2(A ) 

+ KN(1850) 
+ K*(2200) 

+ K*(2800) 

+ Exotics 
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Meson Table (cont'd) 

+ indicates an entry, in Meson Data Card Listings not entered in the Meson Table. We do not regard 
these as established resonances. 

¶ See Meson Data Card Listings. 

* Quoted error includes scale factor S = /~-i). See footnote to Stable Particle Table. 

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

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

(a) IN is approximately the half-width of the resonance when plotted against M 2 . 

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

(c) From pole position (M - iF/2). For beth e and S ~ the pole is on Riemann Sheet 2. 

(d) The e+e - branching ratio is from e+e - + ~+e- experiments only. The wp interference is then due 
to up mixing only, and is expected to be small. See note in Meson Data Card Listings. The 
~+~- branching ratio is compiled from 3 experiments; each possibly with substantial mp inter- 
ference. The error reflects this uncertainty; see notes in Meson Data Card Listings. If e~ 
universality holds, F(p ° + ~+~-) = F(p ° + e+e -) x phase space correction. 

(e) Empirical limits on fractions for other decay modes of p(765) are ~±y < 0.5%, ~±n < 0.8%, 
~+~+~-~- < 0.15%, ~±~+~-~0 < 0.2%. 

(f) Empirical limits on fractions for other decay modes of f(1270) are n~ < 15%; K°K-~ + + c.c. < 6%. 

(g) Empirical limits on fractions for other decay modes of w(783) are ~+~-y < 5%. ~%0y < 1%, 
n + neutral(s) < 1.5%, ~+~- < 0.02%, ~0~+~- < 0.2%, qy < 0.5%. 

F2ppirical limits on fractions for other decay modes of ri'(958): ~+~- < 2%. ~+~-~0 < 5%, 
~+~+~-~- < I%, ~+~+~-~-~0 < 1%, 6~ < 1%, ~+~ e+e - < 0.6%, ~°e+e- < 1.3%, r%e+e - < l.l%,'~°p ° < 4%, 
~o~ + y~ < 8%. 

Empirical limits on fractions for other decay modes of ¢(i019) are ~+~- < 0.03%, ~+~-y < 0.7%, 
~Y < 5%, py < 2%, ~0y < 0.35%, 2~+2~-~ ° < 1%. 

Empirical limits on fractions for other decay modes of B(1235): ~ < 15%, KK < 2%, 4~ < 50%, 
@~ < 1.5%, ~ < 25%, (KK)±~r ° < 8%, KsK S ~i < 2%, KsK L ~± < 6%. 

Empirical limits on fractions for other decay modes of f~(1514) are ~r+n - < 20%, rlrl < 50%, 
~n~ < 30%, KI~ + K*K < 35%, 2~+2~ - < 32%. 

We assume as a working hypothesis that peaks with I G = 1 + observed around 1.7 GeV all come from 
g(1680). For indications to the contrary see Meson Data Card Listings. 

See Q-region note in b~son Data Card Listings. Some investigators see a broad enhancement in 
mass (K~) from 1250-1400 MeV (the Q region), and others see structure. Tim K~, Km, and K~ modes 
are less than a few percent. 

The tabulated mass of 1421 bbV comes from tlm K~ mode; the K~ mode can be contaminated with 
diffractively produced Q±. 

(h) 

(i) 

(J) 

(k) 

(Z) 

(m) 

(n) 

Established Nonets, and octet-singlet mixing angles from Appendix IIB, Eq. (2'). Of the 
two isosinglets, the "mainly octet" one is written first, followed by a semicolon. 

(JP)c n Nonet members 01in. 0quadr. 

(0-)+ ~r, K, n; n t 24 ± 1 ° i0 ± 1 ° 
or: (0-)+ ~, K, n; E 16 ± 1 ° 6 ± 1 ° 

(i-)- P, K*, ~; ~ 36 ± 1 ° 39 ± 1 ° 

(2+)+ A2, K*(1420), fl; f 29 ± 2 ° 31 ± 2 ° 



t 0  

Baryon Table 
A p r i l  1 9 7 4  

T h e  f o l l o w i n g  s h o r t  l i s t  g i v e s  t he  s t a t u s  o f  a l l  t h e  B a r y o n  S t a t e s  i n  t h e  D a t a  C a r d  L i s t i n g s .  In  a d d i t i o n  to t h e  
s t a t u s ,  t h e  n a m e ,  t h e  n o m i n a l  m a s s ,  a n d  t h e  q u a n t u m  n u m b e r s  ( w h e r e  k n o w n )  a r e  s h o w n .  S t a t e s  w i t h  t h r e e  
o r  f o u r  s t a r  s t a t u s  a r e  i n c l u d e d  in  t h e  m a i n  B a r y o n  T a b l e ,  t h e  o t h e r s  h a v e  b e e n  o m i t t e d  b e c a u s e  t h e  e v i d e n c e  
f o r  t h e  e x i s t e n c e  o f  t he  e f f e c t  a n d / o r  f o r  i t s  i n t e r p r e t a t i o n  a s  a r e s o n a n c e  i s  o p e n  to  c o n s i d e r a b l e  q u e s t i o n .  

N(939) 
N(i470 
N(1520 
N(1535 
N(1670 
N(1688 
N(1700 
N(1700 
N(1780 
N ( i 8 i 0  
N ( t 9 9 0  
N(2000 
N ( 2 0 4 0  
N ( 2 1 0 0  
N(2100 
N(2190 
N(2220 
N(2650 
N(3030 
N(3245 
N(3690 
N(3755 

P i i  ****  A ( t g 3 Z )  P 3 3  ****  A ( t i t 6 )  P 0 i  ****  H ( t i 9 3 )  P i t  ****  
P t l  ****  A ( t 6 5 0 )  S 3 i  ****  A ( 1 3 3 0 )  D e a d  Z ( i 3 8 5 )  P t 3  ****  
D i 3  ****  A ( i 6 7 0 )  D33  ***  A ( 1 4 0 5 )  S01 ****  ~ ( i 4 4 0 )  D e a d  
S i t  ****  A ( i 6 9 0 )  P 3 3  * A ( 1 5 2 0 )  D03  **** ~ . ( t 4 8 0 )  * 
D i 5  ****  A ( i 8 9 0 )  F 3 5  ***  A ( t 6 7 0 )  S 0 t  ****  X ( t 6 2 0 )  S i t  ** 
Fi5 ****  A ( t 9 0 0 )  $ 3 t  * A ( 1 6 9 0 )  D03  ****  Z ( t 6 Z 0 )  P i t  ** 
$ t t  ****  A ( t 9 t 0 )  P 3 t  ***  A ( t 7 5 0 )  P 0 t  ** ~ . ( t 6 7 0 )  D i 3  **** 
D t 3  ** A ( t 9 5 0 )  F 3 7  **** A ( t 8 t 5 )  F 0 5  ****  ~ ( t 6 7 0 )  ** 
P t i  ***  A ( t 9 6 0 )  D35  * *  A ( t 8 3 0 )  D05  ***  Z ( t 6 9 0 )  ** 
P t 3  ***  A ( 2 t 6 0 )  ** A ( t 8 6 0 )  P 0 3  ** Z ( 1 7 5 0 )  S t l  *** 
F t 7  ** A ( 2 4 2 0 )  H 3 t t  ***  A ( t 8 7 0 )  S 0 i  ** ~ ( t 7 6 5 )  D t 5  **** 
F t 5  ** A ( 2 8 5 0 )  *** A ( Z 0 t 0 )  D03 ** H ( t 8 4 0 )  P t 3  * 
D t 3  ** A ( 3 2 3 0 )  ***  A ( 2 0 2 0 )  F 0 7  ** ~ ( t 8 8 0 )  P i t  ** 
S i i  * A ( Z t 0 0 )  G 0 7  **** ~ ( t 9 i 5 )  F i 5  **** 
D t 5  * Z 0 ( i 7 8 0 )  P 0 t  * A ( 2 t t 0 )  ? 0 5  * ~ ( t 9 4 0 )  D t 3  ***  
G t 7  ***  Z 0 ( i 8 6 5 )  D03  * A ( 2 3 5 0 )  ****  X ( 2 0 0 0 )  S i t  * 
H i 9  ***  Z t ( t 9 0 0 )  P i 3  * A ( Z 5 8 5 )  ***  H(Z030)  F t 7  **** 

• ** ZI(2150) * ~.(Z070) FI5 * 
• ** ZI(Z500) * Z(2080) P13 ** 
• ~ ( 2 t 0 0 )  G t 7  ** 
• Z(Z250) **** 
• Z(2455) *** 

~ ( 2 6 2 0 )  *** 

~ ( t 3 t 7  
Z ( t 5 3 0  
~ ( i 6 3 0  
E ( t 8 2 0  
~ ( i 9 4 0  
~(2030 
~(z25o 
X(z5oo 

P t l  ****  
Pi3 ****  

£2 (1672) P03 ****  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  _~@0_00 )_  _ _ * *  . . . . . . . . . . . . . .  

****  G o o d ,  c l e a r ,  a n d  u n m i s t a k a b l e .  *** G o o d ,  b u t  in  n e e d  of  c l a r i f i c a t i o n  o r  n o t  a b s o l u t e l y  c e r t a i n .  ; .  
** N e e d s  c o n f i r m a t i o n .  * W e a k .  

[ S e e  n o t e s  o n  N ' s  a n d  A ' s ,  o n  p o s s i b l e  Z * t s ,  a n d  o n  Y * ' s  a n d - ~ * ' s  a t  t h e  b e g i n n i n g  o f  t h o s e  s e c t i o n s  i n  t h e  
B a r y o n  D a t a  C a r d  L i s t i n g s ;  a l s o  s e e  n o t e s  o n  i n d i v i d u a l  r e s o n a n c e s  in  t h e  B a r y o n  D a t a  C a r d  L i s t i n g s . ]  

Particle a I (JPC M z w o r  K B e a m  b M a s s  F u l l  ... .  P a r t i a l  d e c a y  m o d e  
e s t a b .  Pbe  a m ( G e V / c )  M c  W i d t h  ~.FM b 

(; 4~k z (rob) (MeV) F c p or d = (GeV z) Mode Fraction Pmax 
(MeV) % ( M e V / c )  

p i / 2 ( t / z  +) 9 3 8 . 3  0 . 8 8 0  
S e e  S t a b l e  P a r t i c l e  T a b l e  n 9 3 9 . 6  0 . 8 8 3  

p = 0 . 6 6  t 4 0 0  to  t 6 5  to  2 . t 6  
N ( t 4 7 0 )  1 / 2 ( t / 2 + )  P ' t l  ~ = 2 7 . 8  t 4 7 0  300  ± 0 . 3 7  

( z 5 o )  

N ( t 5 2 0 )  t / 2 ( 3 / 2 - )  D ' t 3  p = 0 . 7 4  t 5 t 0  to  t 0 5  to  Z . 3 i  
o" = Z3.5 1540 150 ±0.19 

( iZS)  

Nn. ~ 6 0  4Z0 
N~ ~9  d 
Nn.lv ~35 3 6 8  

[Ne ~ 6 ]e d 
[An" ~ t 6  le 177 

< 5 ]  e [Np. d 
p y i  0.12-0.32 4 3 5  
nY t < 0 . 2 4  4 3 5  

Nn. ~55 456 
N~w -45 410 

[Ne < 5 ]  e d 
[Np ~ i 8 ]  e d 
[AT ~Z3] e ZZ8 
NO 0.2-1.4 d 
p y f  0 . 5 7 - 0 . 7 9  4 7 t  
n y f  0 . 3 6 - 0 . 5 6  4 7 i  

p = 0.76 1 5 0 0  to 50 to g.36 
N { i 5 3 5 )  i / Z ( t / Z ' )  S ' i i  g = 2 2 . 5  i 6 0 0  i 6 0  ± 0 . i 5  

( i 0 0 )  

Nu ~35 467 
Nr/ ~55 18Z 
N~w ~ t 0  4 2 2  

[Np ~ 2 ]  e d 
[Ne ~2] e d 
pyf 0 . 0 4 - 0 . 3 2  4 8 t  
n y  0 . 0 4 - 0 . 1 2  4 8 i  



i i  

P a r t i c l e  a 

Baryon Table (cont'd) 
I (jp)a Tr o r  K B e a m  b M a s s  F u l l  M 2 

-- e s t a b .  P b e a m ( G e V / c )  M e Wid th  + F M  b 
Cr = 4v ~ (rob) (MeV) F c 

(MeV) (GeV2) 

P a r t i a l  d e c a y  m o d e  

p o r  d 
M o d e  F r a c t i o n  P m a x  

% ( M e V / c )  

N ( t 6 7 0 )  g p = 1.00 1670 to t t 5  to 2 .79  
i / Z ( 5 / Z - ) D ' 5  ~ = i 5 . 6  i 6 8 5  t 7 5  * 0 .2 3  

(i40) 

N~ ~ 40 560 
Nwv ~ 60 525 
[~w ~ 50] e 360 
AK <I 200 
NU <1 h 368 
p y {  <0.04 572 
nyf 0.01-0.13 572 

N(1688)g I/2(5/2+)F" 5~ p = 1.03 1680 to 105 to 2.85 
(7 = 14.9 1690 180 *0.24 

(140) 

Nw ~ 60 572 
Nww ~ 40 538 

[Ne ~ i 3 ]  e 340 
[Np ~ iZ] e d 
[AT ~ i t ]  e 375 
A K  < 0 . t  231 
NH < 0 . 3  h 388 
p y {  0 . 2 0 - 0 . 4 4  583 
n y  I < 0 . 0 4  583 

N ( t 7 0 0 ) g  p = i . 0 5  t 6 6 5  to t 0 0  to 2 .89  
I/Z(I/2-)S"ll g = 14.3 !765 300 *0.34 

(200) 

Nv " 55 580 
N~ - 25 547 
[N~ ~ l o l e  355 

f Np t O J e  d 
A~ ~ 7 ]  e 385 
A K  ~ 5 250 
~ K  < 3 t 0 9  
N~ ~ 3 h 340 

p'/f <0.24 591 
ny f < 0.24 5 9 i  

I/2(I/2+)P"li'" p = 1.20 1650 to 50 to N(1780) g 3.17 
= 12.2 1860 350 *0.36 

(Z00) 

N~ ~Z0 633 
N ~ v  >40 603 

[Ne t 6 - 4 0 ]  e 440 
[N o 20-45] e 249 
[~v 8-20] e 448 
AK <7 353 
~K ~7 267 
N~ 2-20 h 476 
pyf <0.08 643 
nyf <0.08 643 

N ( i 8 i 0 )  i / 2 ( 3 / 2 + ) P t 3  p = 1 .26  i 7 7 0  to t 8 0  to 3 .28  N~ ~ 2 5  652 
g = Ii.5 1860 330 ±0.45 Nww >50 624 

(250) [Np 4 5 - 5 5 ]  e 297 
AK ~5 386 
N~ ~4 h 503 

N(ZI90) I/2(7/2-)G17 p = Z.07 2000 to 150 to 4.80 N~ ~25 888 
cr = 6.21 2260 325 -~0.55 

(250) 

N(2220) I/2(9/2+)H19 p = 2.14 2200 to 260 to 4.93 N~ -15 905 
C; = 5.97 2245 330 =h0.67 

(300) 

N(2650) I/2(?-) p = 3.26 -2650 -360 7.02 Nw (J+I/2)x. Ii54 
~r = 3 .67  (360) ~-0.95 -0 .453  

N(3030) I/2( ? ) p = 4.41 ~3030 ~400 9.18 Nw (J+I/2)x 1366 
~ = 2,62 (400) ~-1.2t  ~O.05J 

A(1232) k 3/2(3/2+)P'33 p = 0.30 1230 to II0 to 1.52 N~r -99.4 227 
= 94.3 1236 i22 .0.14 N~+~r - ~ 0  80 (; 

(ll0) pyt 0.70-0.74 259 

A(++) Pole position: k M-iI"/2 = (1211.6±0.7) -i(49.4"1.7) 

~(1650) 3/2(I/2-)S~i p=0.96 1615 to 140 to 2.72 N~ ~30 547 
=16.4 1695 Z00 :~0.23 NTrv -70 511 

( t 4 0 )  [Np t 0 - 2 6 ]  e d 
[Avt ~50] e 344 
py~ 0.02-0.034 558 



Particle a I 

i 2  

Baryon Table (cont'd) 
( j P ) a  ~r o r  K B e a m  b M a s s  F u l l  M 2 P a r t i a l  d e c a y  m o d e  

P b e a m ( G e V / c )  M c W i d t h  ± F M  b p o r  

e s t a b ,  ix = 4~r k ~ (mb)  (MeV) F c (GeV 2) M o d e  F r a c t i o n  P m a x  

(MeV) % ( M e V / c )  

p = 1.00 1650 to 190 to 2.79 Nw ~15 560 
A(1670) 3/2(3/2-)D33 ix =15.6 1720 270 ±0.43 Nw= > 60 525 

(260) [Np ~ 30] e d 
[ ~ .  -40 ]  e 361 

PYI 0. I-0.7 572 

~ ( 1 8 9 0 )  3 / 2 ( 5 / 2 + ) F 3 5 - -  p = t . 4 2  t 8 4 0  to  140 to  3 . 5 7  N~ ~ 17 704  
ix = 9 . 8 8  t 9 2 0  350  ± 0 . 4 7  N~w >50 677  

(250)  [N o 4 0 - 6 0 ]  e 403  
[AT 8-20] e 531 

~ K  < 3  400 
pyf < 0 . 3  712 

3 / 2 ( t / 2 + ) P 3 t - -  p = t . 4 6  t 7 8 0  to  200  to  3 . 6 5  Nw ~ 2 5  7 t 6  A ( t 9 1 0 )  
ix = 9 . 5 4  t 9 3 5  340  ± 0 . 5 7  Nw~r ? 6 9 t  

(300)  [Np s m a l l  ] e  4 2 9  
[A~r s m a l l  ] e 545  
~ K  - 6  420  

A ( 1 9 5 0 )  3 / 2 ( 7 / 2 + ) F 3 7  p = t . 5 4  t 9 3 0  to  t 7 0  to  3 . 8 0  NTr - 4 0  7 4 t  
ix = 8.90 1980 270 ±0.45 N~wr >25 716 

(230) [Np 8 - t 4 ]  e 471  
[A~ t 6 - 2 6 ]  e 574  
~ K  - Z  ~60 
~ ( 1 3 8 5 ) K  - t . 4  232  
pyf  0 . 1 6 - 0 . 3 4  749  

A(2420) 3/2(ii/2 +) p = 2.64 2320 to 250 to 5.86 NTr ~II 1023 
-- ix = 4.68 2450 350 ±0.73 N~r > 2 0  1006 

(300)  

A(2850) 3/2( ?+ ) p = 3.85 -2850 ~400 8.12 Nw (/+I/2)x. 1266 
ix = 3 . 0 5  (400)  ±1.14 ~ 0 . 2 5 3  

A(3230) 3/2( ? ) p = 5.08 --3230 --440 10.43 N~r (J+i/2)x. 1475 
ix = 2.25 (440) ±1.42 -0.05] 

* E v i d e n c e  f o r  s t a t e s  w i t h  s t r a n g e n e s s  +1 i s  c o n t r o v e r s i a l .  See  the  B a r y o n  D a t a  C a r d  l i s t i n g s  f o r  Z d i s c u s s i o n  a n d  d i s p l a y  o f  d a t a .  

A 0 ( t / 2  + ) 11t5.6 1.245 See Stable Particle Table 

A(1405) 0(I/2-)S'01 below K-p 1405 40±I0 f 1.97 ~v I00 142 
threshold +5 i (40) ±0.06 

A ( t 5 2 0 )  0 ( 3 / 2 = ) D ~ 3  p = 0 . 3 8 9  1 5 1 8  t 6  2 .31  N K  45±1  234  
ix = 84.5 ±2 i ±21 ~-0.02 ETr 41±I 258 

(16) A~rTr i0± .5 250 
~n~ .8±. i 140 

A ( t 6 7 0 )  0 ( 1 / 2 - ) S ' ~ t  p = 0 . 7 4  1 6 6 0  to  23 to  2 . 7 9  N K  1 5 - 3 5  4 t 0  
C; = 2 8 . 5  t 6 8 0  40  q-0.06 A~ 1 5 - 2 5  64 

(35) ~ r  3 0 - 5 0  393  

A(1690} 0(3/2- " p = 0.78 1690 30 to 2.86 NK 20-30 429 
)D03 ff = 26.1 +i0 ~ 70 ±0.10 ~r 30-50 409 

(60) Aw~ < 2 5  4 1 5  
~TrTr <25 352 

A(1815) 0(5/2+}F'5-u P = 1.05 1820 70 to 3.29 NK ~61 542 
ix = 16.7 -~5 ~ 100 ±0.15 X~v ~11 508 

{85) ~{1385}~r 15-20 362 

A ( t 8 3 0 )  0 ( 5 / 2 - ) D ~ 5  p = t . 0 9  t 8 t 0  to  70 to  3 . 3 5  N K  ~ t 0  554  
Cr = 15.8 1840 120 ±0.17 ~Tr 20-60 519 

(95} A~ -2 367 

A(2100) 0(7/2-)G07 p = 1.68 2090 to 80 to 4.41 NK -30 748 
ix = 8.68 2120 140 ±0.25 ~Tr ~5 699 

(120) A~ < 3 617 
~K <3 483 
A~0 < 3 443 



Particle a I 

t 3  

Baryon Table (cont'd) 
(jP)a w or K Beam b Mass Full M 2 Partial decay mode 

P b e a m ( G e V / c )  M c  W i d t h  + F M  b p o r  

e s t a b ,  ix = 4= k 2 (rob)  (MeV) F c M o d e  F r a c t i o n  P m a x  

(MeV) (GeV 2) % (MeV/c) 

A(2350) O( ? ) p = 2.29 -2350 140 to 5.52 NK (J+I/Z)x. 913 
= 5.85 320 +0.56 -0.91 

(240) 

A(2585) 0--( ? ) p = 2.91 -2585 -300 6.68 NK (J+l/2)x I058 
C; = 4.37 (300) :50.78 ~I.0} 

E I(i/2 +) (+)ii89.4 1.415 See Stable Particle Table 
(0)1i92.5 t .422 
( - ) 1 1 9 7 . 4  1 . 4 3 4  

E ( 1 3 8 5 )  1 ( 3 / 2 + ) P ' 1 3  b e l o w  K=p (+) t3834-1  (+)35+2 1 .92  A~r 88+2 2 0 8  
t h r e s h o l d  S : 1 . 2  m S = 2 . 0  m :50.05 Ew 12:52 t t 7  

( - ) 1 3 8 7 - 1  (-)42:55 
S=2.4 m S=3.5 m 

(35) 

E ( 1 6 7 0 )  n 1 ( 3 / 2 - ) D ' t 3  p = 0 . 7 4  1670  35 to  2 . 7 9  N K  - 8  4 t 0  
= 2 8 . 5  ±10  ~ 60 + 0 . 0 8  ETv 3 0 - 6 0  3 8 7  

(50) ATr ~ t 2  4 4 7  

E ( t 7 5 0 )  1 ( 1 / 2 - ) S ' i 1  p = 0 . 9 i  1 7 0 0  50 to  3 . 0 6  N ~  1 2 - 4 5  483  
ix = 2 0 . 7  to  t 7 9 0  t 0 0  :50 . t3  ATv 5 - 1 8  507  

(75) E~v 6 - t 9  4 5 0  
ET] t t - 4 4  54 

E ( t 7 6 5 )  1 ( 5 / 2 - ) D t 5  p = 0 . 9 4  1 7 6 5  ~ i 2 0  3 . t 2  N K  ~ 4 t  4 9 6  
(x = i 9 . 6  :55 ~ ( t 2 0 )  :50.21 Aw ~ i 3  5 1 8  

A(1520)~ ~15 187 
E ( 1 3 8 5 ) ~  ~ t 0  3 1 5  
E~ ~ t  4 6 t  

I(5/2+)F'15 p = 1.25 1900 to 50 to 3.67 NK ~ 1 4  6t2 E ( t 9 i 5 ) g  , o  

ff = 13.0 1930 120 +0.15 A~ -6 6i9 
(80) E~ ~6 568 

E ( t 9 4 0 )  i i(3/2-)D'13 p = 1.32 1865 to ii0 to 3.76 NK ~21 678 
= 12.0 1950 280 :50.43 A~ ~4 680 

(220) E~r < 7 589 

I(7/2+)F17 p = 1.52 2020 to 120 to 4.12 NK ~20 700 E ( 2 0 3 0 )  
ix = 9.93 2040 170 ±0.28 A~ ~20 700 

(140) Ew ~4 652 
~K < 2 412 

E(2250) i( ? p = 2.04 2245 to I00 to 5.06 N~ (J+I/Z)x. 849 
= 6.76 2280 230 +0.36 ~0.3J 

(160) 

E(2455) l__( ? p : 2.57 -2455 ~120 6.03 NK (J+i/Z)x 979 
: 5.09 (120) ±0.29 ~0.23 

I( ? p = 2.95 - 175 6.86 NK (l+I/2)x. i064 
- -  a = 4.30 (175) ±0.46 ~0.33 

l/2(i/2+) 1.729 See Stable Particle Table 
1.746 

E(2620) 

~(1530) p 

~2620 

(0)1314.9 
( - ) t 3 2 i . 3  

I/2(3/2+)P13" (0)i531.8+0.3 (0) 9.i:50.5 2.34 ~w 100 i44 
S=I.3 m ±0.02 

(-)1535. 1:50.7 (-) I0.6+2.6 
(10) 

,.~ ( i  8 2 0 ) P '  q i/2( ? ) 1795 to 12 to 3.31 AK seen 396 
1870 I00 +0.ii EK seen 306 

(60) Hw seen 413 
-~(1530)~ seen 234 

~(1940)P, r i/2( ? ) 1920 to 40 to 3.76 ~w seen 499 
1960 140 +0.17 ~(1530)w seen 336 

(9O) 

~- 0(3/2 +) 1672.2 2.796 See Stable Particle Table 



t 4  

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 Baryon Table; each 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. i [ such as N(i470)] contain a nominal mass which is a 
rounded average of the reported values in the Data Card Listings. The convention for using primes 
in the spectroscopic notation for the quantum numbers in Col. 2 [ such as P'11 ] is as follows: no 
prime is attached when the Data Card Listings include only one resonance oh-the given Argand 
diagram; 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 Card Listings for that state. 

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 F. 

c. For M and 1 ~ of most baryons we report here an interval instead of an average. Averages are 
appropriate if each result is based on independent measurements, but inappropriate where the 
spread in parameters arises because different models or procedures have been applied to a com- 
mon set of data. A single value with an approximation sign (-) indicates that there is not enough 
data to give a meaningful interval. Anominal width is included in parentheses in Col. 5 ; this nominal 
width is used to calculate the value of FM given in Col. 6. 

d. For two body decay modes we give 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 de- 
cay 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-reactlon of the previous un- 
bracketed decay mode. In the case of N* and & decays into isobar modes we have used the isobar 
model results of HERNDON 74 in addition to data from the listings (where available) to estimate 
the branching fractions. The results of HERNDON 74 are shown in Table III. i of the mini-review 
preceding the N* Data Card Listings. 

f. The tabulated radiative fractions involve a sum over two helicities (i/2, 3/2). In the case of 
" I = i/Z resonances, there are two distinct isospin couplings, whence'~p and~n. For conventions 

and further details, see the Mini-Review preceding the Baryon Data Card Listings. 
g. Only information coming from partial-wave analyses has been used here. For the production ex- 

periments results see the Baryon Data Card Listings. 
h. Value obtained in an energy-dependent partial-wave analysis which uses a t-channel-poles-plus- 

resonance parametrization. 
i. There may be more than one state in this region. The only analysis which reports an elastic 

coupling (LEA 73) also finds unusually low mass and width values. Note that all branching frac- 
tions quoted here depend on the elasticity of LEA 73. 

j. This state has been seen only in total cross sections. J is not known; x is F ,/F. 
k. See note on Z~(IZ3Z) in the Baryon Data Card Listings. Values of mass and wic~t~h are dependent 

upon resonance shape used to fit the data. The pole position appear to be much less dependent 
upon the parametrization used. 

~. 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 the latter). 

m. Quoted error includes an S (scale) factor. See first footnote to Stable Particle Table. 
n. In this energy region the situation is still confused. In addition to the effect at ~ 1670 MeV seen in 

both production and formation experiments, recent formation experiments have found evidence for 
fairly narrow (I ~~ 50 MeV) Sil and/or Pli states near 16Z0 MeV. A narrow bump in the I = i KN 
total cross section has also been seen recently at - 1590 MeV. It is not clear how many states 
really exist here. No one has reported a strong coupling of any of these states to KN but there is 
much disagreement about branching ratios into wA and w~. See the mini-reviews preceding the 
~(1620) and ~(1670) Data Card Listings for more information. 

o. Formation and production experiments do not agree on the Z~/A~ ratio. 
p. Only ~(1530) is firmly established; information on the other states comes from experiments that 

have poor statistics due to the fact that the cross sections for S = - Z states are very low. For 
states, because of the meager statistics, we lower our standards and tabulate resonant effects 

if they have at least a four-standard-deviatlon statistical significance and if they are seen by more 
than one group. So ~(2030), with main decay mode ZK, reported as a 3.5-standard-deviation effect 
is not tabulated. See the Baryon Data Card Listings for the other states. 

q. All four decay modes shown have been seen. Branching ratios are not quoted because there may be 
more than one state here. 

r. This bump has been seen in both final states shown; it is not clear if one, or more, states are 
present. 
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PHYSICAL AND NUMERCAL CONSTANTS* 

PHYSICAL CONSTANTS 

N = 6.022045(31)N 1023 mole -l Uncert.5.1(ppm) 

c = 2.99792458(l.2)N1010cm sec -l 0.004 

e = 4.803242(14)X10 -10 esu = 1.6021892(46)XI0 -19 coulomb 2.9; 2.9 

i MeV = 1.6021892(46)Xi0 -6 erg 2.9 

15=h/2~r = 6.582173{17)XI0 -22 MeV sec= 1.0545887(57)X10-27rg sec2.6; 5.4 

~c = 1.9732857(51)XI0 -ll MeV cm= 197.32857(51) MeV Fermi 2.6; 2.6 

= 0.6240078(16) GeV mb I/2 2.6 
2 

= e / t~c = t / t 3 7 . 0 3 6 0 4 ( t t )  0 . 8 2  

kBoltzman n = 1.380662(44)XI0 -16 erg°K -I 32 

= 8.61735(27)XI0 -ll MeV°K -l = I eV/l1604.50(36)°K 31; 31 

m e = 0.5110034(14) MeV = 9.109534(47)XI0 -31 kg 2.8; 5.1 

mp = 938.2796(27) MeV = 1836.15152(70)m e=6.72270(31) m.=h 2.8; 0.38; 46 

= 1.007276470(ii)m I (ml---i amu=~-mc12=931.5016(Z6)MeV 0.011 

m d = 1875.628(5) MeV 3 

r = e2/m c 2=2.8179380(70) fermi (i fermi= 10 -13 cm) 2.5 
e e 

k = JS/m c = r -i 10-11 = 3.8615905(64) X cm 1.6 
e e e 

2 -2 
a~Boh r = t~2/m e = r ~ = 0.52917706(44)A (IA = 10 -8 cm) 0.82 

8 2 e e 2 (i0-24 2 
= 0.6652448(33)XI0 -24 cm cm = I barn) 4.9 (~Thompson = ~"rre 

MBohr = e~/2m c = 0.57883785(95)X10 -14 MeV gauss -I 1.6 
e 
c = 3.1524515(53)XI0 -18 MeV gauss -l 1.7 

P'nucle on = e~/2mp 1 -I 
I/2~0e = e/2m c = 8.794023(25)X106 rad sec- gauss 2.8 

cyclotron e 1 - l 
I/Z~ocPyclotro n = e/2mpC = 4.789378(13)X103 rad sec- gauss 2.8 

Hydrogen-like atom (nonrelativistic, ~ = reduced mass): 
2 2 4 = n2~2 _ ze _hK 2 z~ 

V)rms --~c; En = 2 v = ; a n c ~ze 2 

R~o = mee4/2~2 = m c2~2/2 = 13.605804(36) eV (Rydberg) 2.6 
e 

pc = 0.3 Hp (MeV, kilogauss, cm); 0.3 (which is i0"iIc) enters because 

there are =300 practical volts/esu volt. 

t y e a r  ( s i d e r e a l )  

d e n s i t y  of  d r y  a i r  

a c c e l e r a t i o n  b y  g r a v i t y  

g r a v i t a t i o n a l  c o n s t a n t  

t c a l o r i e  ( t h e r m o c h e m i c a l )  

i a t o m o s p h e  r e  

t e V  p e r  p a r t i c l e  

= 365.256 days = 3.1558XI07 sec (=~rXl07 sec) 
-3 

= 1.205 mg cm (at 20°C, 760 mm) 

= 980.62 cm sec -2 (sea level, 45 ° ) 

= 6.6732(31)XI0 -8 cm3g -l sec -2 

= 4.184 joules 
-Z 

= I033.2275 gcm = 1.01325 bar 

= I1604.50{36) °K (from }E = kT) 

NUMERICAL CONSTANTS 

,r = 3.1415927 I rad = 57.2957795 deg ~- = 1.7724539 

e = 2.7182818 I/e = 0.3678794 Q-2 = 1.4142136 

In2 = 0.6931472 inl0 = 2.3025851 Q3- = 1.7320508 

logl02 = 0.3010300 logl0e = 0.4342945 ~-6 = 3.1622777 

'~Prepared by Stanley J. Brodsky, based mainly on the adjustment of the 
fundamental physical constants by E. R. Cohen and B. N. Taylor, J. Phys. 
Chem. Ref. Data 2, 663 (1973). The figures in parentheses correspond to 
the I standard deviation uncertainty in the last digits of the main number. 
(Updated April 1974.) 



C L  E B S C  H - G O  R D A N  

Note: 

I+i/2 +l/z I 11 o o L 
I+l/Z -1/211/2 1/4 111 
| - , (Z+l iZ t l i2 -1 /4- l |  

~l/Z 

l +~-1/2 113 213 312 1/~ 
+1/2 2 / 3 - 1 / 3 - 1 / 2 - 1 / ~  

| 0 - 1 / 2  2/3 1/! 3/2 
~ 2  1/3 -2 / :  -3/2 

2 x 1 ~  I -1-1 /2  1 

3 2 
+1 +1 

A "f- is  to be understood over  eve ry  coefficient; e. g. , for -8/15 read -~8/15.  
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C O E F F I C I E N T S ,  S P H E R I C A L  H A R M O N I C S ,  A N D  d F U N C T I O N S  

I :1 Notation: M M 

| m .  m .  
YIO = ~- c°sO 2 

YI 1 = - - ~  s in0  e id~ 

1 
+1 

Y21 J 15 =- ~ sinO cosO . 

~/1~5 sin 2 0 e y ? :  ~I 

3/2 x 
l+3/z +11 I 1+3/2 + 

1+3i20l  z/s 
11+1/2 +11 3/5 - 

~ l  I 11+3/; 2 1 I + l / i  
3 0 0 

/5 1/2 3/10 
I s  o -2/-5 3 2 
/ 5 - 1 / 2  3/1(] -1 -1 

6/15 l /Z  
I-1 018 /15 -1 /6  - 
I - z+ l t l / l - 5 -1 /3  

4it 
m,O 1 : ( _ t )  J Jt  < j z j f m 2 m f l j z j l j  M 

dj , = (_f)m m dJm, m, = dj At/2 0 i/2 0 . . . .  m, -m'  ~1/2, t/2 = cos-~ dt/2, -t/2 = -- s m ~  

2 ' ~  3 2 1 f t+~osO t sinO 
+I +f +I d~,t= 2 d10 =-- ~f~ 

3/2 3/5 -2/5 3 2 ~ 0 
7/2 5/2 V5 W2 3/fc 

~3/2 +3/2 +3/2 t / 5 - f  2 3/t(] 0 0 0 0 t l - cosO 
I/7 i /20 i /4  9/20 t /4  dt- ' l=  
4/7 

t6/35 2/5 1+3/2-3/2 
 /35-2/5 v2  3/2 I + f / 2 - f / 2  9/20 

217-18/35 i/5 +Wz ~W2 +t12 I - t / 2 + f / 2  9/20-W4-W2o f/4 3 2 i i cosO 
11+2-3/2 t /35 6135 2o/5 2/-5 I-3/2 +3/2 11/20-1/4 9/5 '0-1/4  ~ - f  -f  - t  do0 = 
| + I - I / 2  12/35 -5/14 -3/IC ~ | + f / 2 - 3 / 2  I /5 I /2 3/11_0 
11 0 f/2 18135-3/35-f/5 t/-5 712 512 312 t/2 I - t / 2 - f t 2  3/-5 -2/-5 

-t/2 - t / 2  -1/2 - t / 2  ~ t/-5 i - i  3/2   5-27/70 2 -5 -1/1c .$2 3/ 0 
11+2 0 13/f4 t /2 2/7 ~ I1+1-3/2 4/3.527/70 2/5 1/10 
|+l 1 4/7 0 -3/7 4 3 Z l I 0-f/2 [8/35 3/35-I/5-I/5 
I o 2 1-I  f/2 

I - z  3/2 
3 / 1 4 - t / 2  2/7 +f +I +1 +t 12 /35-5 / t4  3/ t0  7/2 -5/2 

| ÷ 2 - t  t / t4  3/t0 3/v Ws f /35 -6 /35  s-2/-5 - 3 / 2 - 3 / 2  - 3 ' / Z ~  
t 0 3/7 i/5 - f / t 4 - 3 / t 0  ~ 11 0 - 3 / 2  2/7 t8/35 f/5 
0 f 3/7 -Ws -Wt4 3/10 4 3 2 t 0 | - t - t / 2  4 / 7 - t / 3 5 - 2 / - 5  

.3/2 t + c o s  c o s ~  1 2 1 / t 4 - 3 / t 0  3/7 -t/-5 0 0 0 0 0 I -2  t /2 t / 7 - f 6 / 3 5  2/5 % / 2 , 3 / 2  = 2 
[ ) 1 ~ \  , + 2 - 2  1/70 t / t0  2/7 2/5 t/5 11-t-3/2 I 4/7 3/71 7/211 

2 m+f-i s/35 2/-5 1 / t 4 - t / t O - t / 5  I 3/7 -4/71-7/21 d3/z,i/z=--q- ~ l+cosO . 0 2 
Z s m z  d2, 2 = 0 0 t8/35 0 -2/7 0 t /5  ~ l l  

t t t , / t4  4 3 2 
3/2 r~1-eosO o d 2 f+cos8 -2 2 f/70-f/10 Z/7 -2/-5 I/5 -I -I -I -I 

d3/2,-I/2--'43--2-----c°s~ Z,J- -2 sinO |41-2 1/14 3/10 3/7 I/5 

I 
0 -I 

-~ 0 3/7 -V5  - t / f4  3/tc 4 3 2 3/2 ~. -eosO.  0 d 2 ~6- 2 t + 2 ° s 0 ( 2 c ° s 0 - t )  -Z 1 1_/14-3/t0 3/7 -1/5 d 3 / 2 , - 3 / 2 = - - ~ s m ~  20 = ~ sin20 dt ,  t = 

3/2 3cosO-t cos~ 2 f-cosO . 
dl/2, t/2 = 2 d2,-f =-  2 sm~ 

1/2,-'~ = -  2 d2, -2  : 

0 - t  13/7 t /5 -1 / t4  -3/t(] 
-1 0 
-Z 1 

0 -2 
dl 02 =-- ~ sinO cos8 L-I - I  

df,_l _ ~ (2 cosO+l) do0 = 

-2 -2 -Z 

h 3/t4 W2 2/7 
4/7 0 -3/v 
3 /14 - t /2  2/7 

Sign convention is that of Wigner  (Group Theory,  Academic  P r e s s ,  New York, t959), a l so  used by Condon and Shortley (The Theory of 
Atomic Spectra ,  Cambr idge  Univ. P r e s s ,  New York, t953), Rose (E lementa ry  Theory of Angular  Momentum, Wiley,  New York, t957), 
and Cohen (Tables of the Clebsch-Gordan  Coefficients ,  Atornics In ternat ional ,  Canoga Park ,  Calif. ,  t958). Note that the widely r ep ro -  
duced tables  of Cohen have s eve ra l  typographica l  m i s t akes .  The signs and numbers  in the cu r r en t  tables  have been ca lcula ted  by com- 
puter  p r o g r a m s  wr i t t en  independently by Cohen and at LBL. (Table extended Apr i l  t974.} 
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S U ( 3 )  I S O S C A L A R  F A C T O R S  

A d a p t e d  f r o m  3. 3. de  S w a r t ,  Re  v .  Mod .  P h y s .  35, 9 i 6  ( i 963 )  

T h e  c o r , v e n t i o n  u s e d  h e r e  i s :  b a r y o n  f i r s t ,  m e s o n  s e c o n d .  

ISi ® ISl - 1~71 $ IlOl @ 
i 

8 x 8  • • Five s i n g l e - c o e f f i c i e n t  
; /~ % Y = 2  ' 

Z [ ~ O .  " / ~, ~ .  a negat ive c o e f f i c i e n t ,  

2'X7, A 0 " ~  Y = 1 I • ' l /2  
\ , i  ",%,.,,., / \ /  h-t. z7 ~ r 

N?or \=~I  P ' ~. ~,~o ~ , 1 o  1/~ 
~%..- ~ - /  _~,*, * E;K - .~'~5/10 -3 ~/'~5/10 1/2 
. . . .  Nn 3v'~/10 - s/5110 1/2 

M u l t i p l i c i t y  of 27; AK 3v~?10 - v ~ / 1 0  - 1 / 2  

o = i ,  X = 2 , A = 3  

- - -"~"  Y - O  I - 0  A 

~tq. z7 ~D 

o _1,21'2 
Z , - % / ] - 0 1 2 0  --~/~;5 V~_'4 
An 3 v'3~/20 - ~/~/4 

110"1 • 18l, • 18}, • 11l 

tables are omitted.  
i . e .  (NK[ IO*)  = -1.  

I ~ Y - 1  

-112 I vi_2i2 
-1/21 //I12 

112 
-1/2 

v'$/2 N~ 
,~!21 =K~ 

A~ 

"~  r - - i  z - # z  H ~ v - - i  z-~ /z  

.Q'~/10 3qj/10 1/2 1/2 / V2/2 I 
3~/5/10 -x/T2_/IO -1/2 1/2/ 

~K I 3q5/10 - / /~ /10 1/2 -1/2 / 

* Four s ing le  c o e f f i c i e n t  tables are omitted; only the t27}  

( , )  
The one invo lv ing  a 1 1 0 ]  has 
The others,  invo lv ing  I~271 and 

{10 }  , are a l l  +1 A I - 3 / 2  
t0  

-v~/2 
re/2 

Y - O  I = 1  ~" 

v'~/5 - VB/~ - ~ / ~  
0 0 V~/3 .¢/6/6 - v/6/6 

o 1/2 1/2 
0 - 1 / 2  -1 /2  

The phase factor ~I = ±1, from de Swart's 
Table I, enters in his symmetry formula (14. 3): 

This factor is irrelevant if you are doing your own 
self-consistent calculations; it enters when you 
try to check someone else who chose ~tZ~ 
instead of ~i~t2. 

110] ® 18} - 1351 • 127} Et I101 • 18). 

i s - 1 ;  the three wi th ~35~, are "1-1. 

ll.- Y -  1 I - -  "i./2 N = Y - 1  z-31z A 

~i~ I V z! 1_o 
ll4 -v~14 Vi-614 

v ~ / 4  3/4 v'~/4 
/4 - v'~/4 _ 1/2 

~- Y - - 0  I - - 0  . / i  

• z_7 

8X10  Y ' 2 * ' *  
Z - 27 \ , .  

-2 
~15 ""w'~)"'~T -3" 

N u l t i p l i c i t y  of 35; 

l l = l ,  X f Z  

v ~ / 6  
V~ /2  

/ / 3 / 6  
7xK ] ~ / 3  

t Y  -- - 1  

-'~ [ 1 /4  
-"1 / 3 / 4  
~K / vA2/4 
z z  [ 1/2 

I 

Y - O  1 - 1  ~-, 

z3 t o 

- 3 , ~ / 1 0  V~/3  - V~Ll5 
v39/10 o -~5/5 

V ' ~ n 5  
2v'30/15 

z = i/z 

- 7 V $ / 2 o  v ~ / 4  
3~/2o  _ , / 2 / 4  

-3V'I0_/20 - 1/2 
v/SilO v~2/2 

- -2 l - o ~1- 

3+5 t o 

/2 v 2 / 2  

4P" Y - O  1 - 2  

1/2 ~J~/2 

r -  -1  z -  3 / z  

= Y -  - 2  1 - 1  

~ / 2  - Vg/ 1/2 ] 
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P R O B A B I L I T Y  A N D  STATIST ICS  

A. PROBABILITY DISTRIBUTIONS AND CONFIDENCE LEVELS 

W e  g i v e  h e r e  p r o p e r t i e s  of  the  t h r e e  p r o b a b i l i t y  d i s t r i b u t i o n s  
m o s t  c o m m o n l y  u s e d  i n  h i g h  e n e r g y  p h y s i c s :  N o r m a l  (or  
G a u s s i a n ) ,  C h i - s q u a r e d ,  and  P o i s s o n .  We w a r n  the  r e a d e r  t h a t  
t h e r e  i s  no  u n i v e r s a l  c o n v e n t i o n  f o r  t he  t e r m  " c o n f i d e n c e  l e v e l "  

a s  u s e d  by  p h y s i c i s t s ;  t h u s ,  e x p l i c i t  d e f i n i t i o n s  a r e  g i v e n  f o r  
e a c h  d i s t r i b u t i o n ,  and  w e  h a v e  a t t e m p t e d  to c h o o s e  d e f i n i t i o n s  
t h a t  c o r r e s p o n d  to c o m m o n  u s a g e .  I t  i s  e x p l a i n e d  b e l o w  h o w  
c o n f i d e n c e  l e v e l s  f o r  a l l  t h r e e  d i s t r i b u t i o n s  c a n  be e x t r a c t e d  
froz"n t he  f o l l o w i n g  f i g u r e .  

×2 Confidence Level vs. ;(2 for n D Degrees of Freedom 

1.0 

0.6 
0.4 
0.~ 
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0.1 

" 0.06 
o 0.04 
- 0 . 0 ~  

> 0.02 
O,) 

" 0.01 
Q.*  

o 0.006 
.~ 0.004 

0.00~ 
o 0.002 r.3 
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0.0006 
0.0004 
0.000~ 
0.0002 

0.0001 
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- wi ~ 1 / 1 1 1 1 1 1 I I I  
nmnnlnnmaI  

2 3 4 5 6 8 10 20 ~0 
X z 

m ~ . ~ ¢ . ~ . = . .  |Z='--;i.~:~.~EEj.I=-'=F,F,===----., 
m ~ B ~ - B  ~ ~--- | |  l | | | ;  l i= . , .~  ~ L I  "..,I "..I m'..l|~ | | -'J||| ]I] 
lllll=|lJll;|JlliLlm'-',ll||ll llllllll 
~ I n K  Jln~,ql~, U l l ~ , 1 1 1 L 1 1 k l l l I I k l & l I | I I | l l l l l l l l  

~ I I I m ~ I N B N B I L I I N I  • ~ m m m m m m m l m m w m t m n i i m m l l m i m m  
nl a m  mm~amnlm ml  vmam • • • m , m i ra |  immna l .  

I I I I l I , l l l l M I I L ~ l l k l l l i l ,  ' l i i I !  mi ' JJ  111111  I I I I I I  

I l l l l l l ~ l l l l , 1 1 1 | ~ l i l l k l i l J I l l l l l l l l l l l l l  
I n n m i m m I p n l l i ~ n l l ~ l i l | l w l a | l i i l m i l n l n N  
!!!!!!!UgM gktlll|liIllllaMilll| . . . . . . . . . . .  " . . . . . . . . . . . . . . . . . .  -,~=--~ =--=M': :: 

IIIIUIniglUlIll , l l I I l I & l ~ n I l I I n l I i I I l I i I l ~ I I  fill 
ImmmmmmmmmmllmllmIIIIlllllIII L I i l I I  , Ill ImilIll 
IIIIIIIIIIIIIII~IIII~IIILIIIIIIIIIIIIIIUlIIU 
IIIIIIIIIIIIIIN~IIII|IIIIIIIIILIILIIIlll 
I Inmmll l lggI l i lk l | l | I I I l IMHIW 

=~_~. - - - -= - - - - - ; - -= :=- -1 - - :=m:== === == 
I l l  I I  I ~ 1 1 1 1 1  I I  I l l l l l l  I I I  I I  IiIilII I'llIIIlllI llIlllllIll 
ImILIIII IIIII Iiin iiIiillii u 
IiIIIIII Ill II~IIII~II~IlllII II 
IIIIIIII~I IIIill IU III II~11 
IIIII~IIIlllIIIlliIIIII III1 
nIIIIIIIIIIllIIIII IIIUll 
IIl IIIlillIllillIlllllll 

A . 1 .  N o r m a l  D i s t r i b u t i o n  

T h e  n o r m a l  d i s t r i b u t i o n  w i t h  m e a n  .~ a n d  s t a n d a r d  d e v i a t i o n  (7 
( v a r i a n c e  (72) i s :  

P(x)dx = ___11____ e-(X-~)Z/ZaZdx. (I) 

The confidence level associated with an observed deviation from 
the mean, 6, is the probability that i x-xl > 6, i. e. , 

CL = 2 r dx  P(x) (Z) 
+6 

x x 
-2~ -= 0 ~ 2= 

[ The small figure in Eq. (Z) is drawn with 6 = Z(;.] CL is given 
by the ordinate of the n n = i curve in the figure at X z= (6/(7) z. 
The confidence level for'6 = l(y is 31.7%; 2(;, 4.6%; 3(7, 0.3%. 
The central confidence interval, I-CL, (which is also some- 
times called confidence level) for 6 = I(; is 68.3%; Z(y, 95.4%; 
3(;, 99.7%. The odds against exceeding 6. (I-CL)/CL, for 
6 = l{y are Z.15:1;--2~, Z1:l; 3(;, 370:1; 4G, 16,000:1; 5(;, 
1,700,000:1. Relations between (7 and other measures of the 
width: probable error (CL = 0.5 deviation) = 0.67(;; mean ab- 
solute deviation = 0.80 G; RMS deviation = (;; half width at half 
maximum = I. 18 (;. 

A.2. Chl-squared Distribution 

The ehi-squared distribution for n D degrees of freedom is: 

40 50 60 80 100 

t ( × 2 ) h - i  e - ×  2 / 2 d ×  2 (X2_> 0),  (3) (X2) d x  2 = 
P n D  2"~F (h) 

w h e r e  h ( f o r  " h a l f " )  = n D / 2  T h e  m e a n  and  v a r i a n c e  a r e  n 
• " D 

a n d  2 n ~ ,  r e s p e c t i v e l y .  En e v a l u a t i n g  Eq .  (3) one  m a y  u s e  
approximation: F(h) = (h-I)?~2.507 e -h h[h-I/2)X 

(i + 0.0833/h) which is accurate to :h 0.i,0 for all h ~ _ I/2. The 
confidence level associated with a given value of n n and an ob- 
served value of X 2 is the probability of chi-squared exceeding 
the observed value, i. e. , I ~ 

Pn D 

¢o 

CL = /X 2 dx 2 PnD(X 2) CL (4) 

. . . .  X 2 
0 5 I 0  15  

[ T h e  s m a l l  f i g u r e  i n  Eq .  (4) i s  d r a w n  w i t h n  D =  5 and  C L = 1 0 % . ]  
C L i s  p l o t t e d  a s  a f u n c t i o n  o f x  Z f o r  s e v e r a l  v a l u e s  of n D i n  the  
a b o v e  f i g u r e .  F o r  l a r g e  n D,  X 2 b e c o m e s  n o r m a l l y  d i s t r i b u t e d  
a b o u t  n D.  T h u s ,  

Yi : (x2 - n D ) / ~  (5) 

b e c o m e s  n o r m a l l y  d i s t r i b u t e d  w i t h  u n i t  s t a n d a r d  d e v i a t i o n .  A 
b e t t e r  a p p r o x i m a t i o n ,  due  to F i s h e r ,  l i s  t h a t  × ,  n o t ×  2, b e c o m e s  
n o r m a l l y  d i s t r i b u t e d ,  s p e c i f i c a l l y  

YZ = ~ - ~ n D - I  (6) 

a p p r o a c h e s  n o r m a l i t y  w i t h  u n i t  s t a n d a r d  d e v i a t i o n .  F o r  s m a l l  
C L f s  in  p a r t i c u l a r ,  YZ i s  m u c h  m o r e  a c c u r a t e  t h a n y t .  T h u s ,  
f o r  n D = 50 and  X Z = 80,  the  t r u e  C L  = 0 . 4 5 % ,  b u t  Yl i s  3 .0  c o r -  
r e s p o n d i n g  to a C L  of 0 . 1 3 % ,  w h i l e  YZ i s  2 .7  c o r r e s p o n d i n g  to a 
CL of 0 . 3 5 % .  
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PROBABILITY AND STATISTICS (Cont'd) 

A.3.  P o i s s o n  D i s t r i b u t i o n  

The  P o i s s o n  d i s t r i b u t i o n  w i t h  m e a n  fi i s :  

-(~)(~)n 
Pff (n)=e n! (n : 0,I,2,..-). (7) 

The variance is equal to the mean. Confidence levels for Poisson 
distributions are usually defined in terms of quantities called 
" upper limits" as follows: The confidence level associated with 
a given upper limit N and an observed value n o of n is the proba- 
bility t h a t  n > n o i f  /~ = N, i. e. , 

CL 

CL = E PN(n) ' - -  
n=n0+l 

1-Ct 
= i - n~ PN (n) ~ (8) 

?'I i, 
i n 

0 4 N 8 12 

[ T h e  s m a l l  f i g u r e  i n  Eq.  (8) i s  d r a w n  w i t h  n o = 2 and  C L  = 90%.] 
A u s e f u l  r e l a t i o n  b e t w e e n  P o i s s o n  and  c h i - s q u a r e d  c o n f i d e n c e  
l e v e l s  a l l o w s  one to  l o o k  up t h i s  q u a n t i t y  on the  a b o v e  f i g u r e .  
S p e c i f i c a l l y ,  the  q u a n t i t ~  I - C L  i s  g i v e n  by the o r d i n a t e  of the  
n D = 2 (n0+ t  ) c u r v e  a t  X = 2N. T h u s ,  90% c o n f i d e n c e  l e v e l  u p -  
p e r  l i m i t s  f o r  n O = 0, 1, and 2 a r e  g i v e n  by  h a l f  the  X 2 v a l u e  c o r -  
r e s p o n d i n g  to an o r d i n a t e  of 0.1 on the  n~) = 2 , 4 ,  and  6 c u r v e s ,  
r e s p e c t i v e l y ;  the  v a l u e s  a r e  N = 2 .3 ,  3.'~, and  5.3. 

T a b l e s  of  c o n f i d e n c e  l e v e l s  f o r  a l l  t h r e e  of t h e s e  d i s t r i b u t i o n s ,  
the r e l a t i o n  b e t w e e n  P o i s s o n  and c h i - s q u a r e d  c o n f i d e n c e  l e v e l s ,  
and  n u m e r o u s  o t h e r  u s e f u l  t a b l e s  and  r e l a t i o n s  m a y  be found  i n  
Ref .  2. 

B. STATISTICS 

We c o n s i d e r  h e r e  the  s i t u a t i o n  i n  w h i c h  one is p r e s e n t e d  w i t h  N 
i n d e p e n d e n t  d a t a ,  Y n ± a n ,  and i t  i s  d e s i r e d  to  m a k e  s o m e  
i n f e r e n c e  a b o u t  the  " t r u e "  v a l u e  of the  q u a n t i t y  r e p r e s e n t e d  by  
t h e s e  d a t a .  F o r  t h i s  p u r p o s e  we i n t e r p r e t  e a c h  d a t u m  Yn as  a 
s i n g l e  s a m p l e  p o i n t  d r a w n  r a n d o m l y  (and i n d e p e n d e n t l y  of the  
o t h e r  d a t a )  f r o m  a d i s t r i b u t i o n  h a v i n g  m e a n  ~ (which  we w i s h  to 
e s t i m a t e )  and v a r i a n c e  a 2. ( I d e n t i f i c a t i o n  of t~he t r u e  a n w i t h  the  

• . n . . 
a n d a t u m  i s  an  a p p r o x i m a t i o n  w h i c h  m a y  b e c o m e  s e r i o u s l y  i n a c -  
c u r a t e  w h e n  a n i s  an  a p p r e c i a b l e  f r a c t i o n  of Y n ' )  S o m e  m e t h o d s  
of e s t i m a t i o n  c o m m o n l y  u s e d  i n  h i g h  e n e r g y  p h y s i c s  a r e  g i v e n  
b e l o w ;  s ee  Ref .  3 f o r  n u m e r o u s  a p p l i c a t i o n s .  S e c t i o n  B . t .  d e a l s  
w i t h  the  c a s e  i n  w h i c h  a l l  ~ n  a r e  the  s a m e ,  e. g. , s e v e r a l  d i f f e r -  
en t  m e a s u r e m e n t s  of the  s a m e  q u a n t i t y ;  See.  B.2 .  d e a l s  w i t h  the  
c a s e  i n  w h i c h ~ n  = ~'(Xn), w h e r e  x n r e p r e s e n t s  s o m e  s e t  of i n d e -  
p e n d e n t  v a r i a b l e s ,  e . g . ,  c r o s s - s e c t i o n  m e a s u r e m e n t s  a t  v a r i o u s  
v a l u e s  of e n e r g y  and  a n g l e ,  x n = { E n ,  en}.  

B . I .  S i n g l e  M e a n  and V a r i a n c e  E s t i m a t e s  

( l )  If  the  Yn r e p r e s e n t  a s e t  of v a l u e s  a l l  s u p p o s e d l y  d r a w n  f r o m  
a s i n g l e  d i s t r i b u t i o n  w i t h  m e a n  ~ and v a r i a n c e  G 2 (i. e. , the a n a r e  
a l l  the  s a m e ,  b u t  t h e i r  c o m m o n  v a l u e  i s  unknown)  t h e n  

1 
~'e = N ~ Yn and (9) 

2 i 
ae = ~ ~n (Yn - Ye )Z (10) 

are unbiased estimates of ~ and a 2. The variance of ~ is GZ/N. 
If the parent distribution is normal and N is large, the veariance of 
ae~ is Za4/N. 

(2) If the ~ all have the common value y and the a n are known, II 
then the welghted average 

i 
Y'e = w ~n WnYn' ( t t )  

w h e r e  w = 1/¢~ 2 and  w = ~ w  , i s  a n  a p p r o p r i a t e  u n b i a s e d  e s t i -  
m a t e  of ~ .  T h i s n c h o i c e  of w e i g h t i n g  f a c t o r s  i n  Eq .  ( i t )  m i n i m i z e s  
the v a r i a n c e  of  the  e s t i m a t e ;  the  v a r i a n c e  i s  l / w .  

B.2.  L i n e a r  L e a s t  S q u a r e s  F i t  

A l e a s t  s q u a r e s  f i t  of the  f u n c t i o n  y(x) = 2~ i a i f i ( x  ) to i n d e p e n d e n t  
d a t a  Yn ± a n  a t  p o i n t s  x (e. g. , a L e g e n d r e  f i t  i n  w h i c h  the  f. a r e  

• n 1 
L e g e n d r e  p o l y n o m i a l s  and the  a i a r e  L e g e n d r e  c o e f f i c i e n t s )  g i v e s  
the  f o l l o w i n g  e s t i m a t e s  of the  p a r a m e t e r s  a t :  

ae, i = j~n Vij fj(Xn) Yn/aZn ' (12) 

Here V is the covariance matrix of the fitted parameters 

Vij  : (ae ,  i - ~ e , i  ) (ae ,  j - ~ e , j )  , ( t3)  

w h i c h  i s  g i v e n  by  

l 
(x n )fj (x n)/azn ( i  4) ( v ) i j  = ~ fi 

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

_ 2 
(Ye - Ye ) = ~ Vijfi(x)fj(x) • (15) 

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

a e = (Sy Sxx - S x Sxy)/D , 
(16) 

b e = (S I Sxy - S x Sy)/D, 

where 

S i , S x, Sy, Sxx, Sxy = ~ (I, x n, Yn' xzn' Xn Yn)/aZn ' (17) 

D = S ISxx - SZx" 

The covariance matrix of the fitted parameters is: 

Vaa Vab S I 1 < vb <_::-'. 
The  v a r i a n c e  of an  i n t e r p o l a t e d  o r  e x t r a p o l a t e d  v a l u e  of y a t  p o i n t  
x i s :  

i Si ( Sx )2 
( Y e - Y ' e  )2 = % +  ~ X -  ~ (19) 

C. E R R O R  P R O P A G A T I O N  

We c o n s i d e r  h e r e  the s i t u a t i o n  in  w h i c h  one w i s h e s  to  c a l c u l a t e  
the v a l u e  and e r r o r  of a f u n c t i o n  of s o m e  o t h e r  q u a n t i t i e s  w i t h  
e r r o r s ,  e . g . ,  i n  a M o n t e  C a r l o  p r o g r a m .  L e t  {y} be a s e t  of 
r a n d o m  v a r i a b l e s  w i t h  m e a n s  (~'} and c o v a r i a n c e  m a t r i x  V. 
T h e n  the  m e a n  and v a r i a n c e  of a f u n c t i o n  of t h e s e  v a r i a b l e s  a r e  
a p p r o x i m a t e l y  (to s e c o n d  o r d e r  i n  { y - y }  ): 

i z v ( a2f '~ (2ol 

= v / a f ~  ( ~ f )  
(f - ~2 rn~n m n l O y  } ~ (21) 

\ m / { y }  = (y}  {y} = (y}  

E.  g. , t he  m e a n  and  v a r i a n c e  of a f u n c t i o n  of a s i n s l e  v a r i a b l e  
w i t h  m e a n  7 and v a r i a n c e  a 2 a r e :  

i f(y-') + ~-0"2f"(~), (22) T= 

(f  - D 2 = a z f , ( y )  2 . ( 2 3 )  

Note  t h a t  t h e s e  e q u a t i o n s  w i l l  u s u a l l y  be  a p p l i e d  by s u b s t i t u t i n g  
. . . . . . . . . . .  d q u a n t i t i e s ,  {~} s a y ,  f o r  the  t . . . . . . . . .  (~} .  If ,  

i s  o f t e n  the c a s e ,  ~n - Y'n i s  of  o r d e r  ~ r ~ n n ,  t h e n  t h e r e  i s  as  no 
p o i n t  i n  k e e p i n g  the  s e c o n d  o r d e r  t e r m s  i n  Eq .  (20) o r  (22) s i n c e  
the  s u b s t i t u t i o n  i t s e l f  i n t r o d u c e s  f i r s t  o r d e r  e r r o r s .  

i .  R . A .  F i s h e r ,  S t a t i s t i c a l  M e t h o d s  f o r  R e s e a r c h  W o r k e r s  
( O l i v e r  and Boyd ,  E d i n b u r g h  and  L o n d o n ,  1958) .  

2. M. A b r a m o v i t z  and I. S t e g u n ,  e d s . ,  H a n d b o o k  of 
M a t h e m a t i c a l  F u n c t i o n s  ( N a t i o n a l  B u r e a u  of  S t a n d a r d s ,  
A p p l i e d  M a t h e m a t i c s  S e r i e s ,  Vol .  55, W a s h i n g t o n ,  i 9 6 4 ) .  

3. W . T .  E a d i e ,  D. D r i j a r d ,  F .  E. J a m e s ,  M. R o o s ,  and  
P.  S a d o u l e t ,  S t a t i s t i c a l  M e t h o d s  i n  E x p e r i m e n t a l  P h y s i c s  
( N o r t h - H o l l a n d .  A m s t e r d a m  and L o n d o n ,  i 9 7 i ) .  

Revised and expanded April 1974. 
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RELATIVISTIC KINEMATICS* 

DEFINITIONS AND GENERAL FORMULAE 

Notation: We define any 4 -vec to r  p by its componen ts :  

I P0 =- E ~ the energy  
p =- ( p 0 , ~ ) w i t h  ~ =- (PII' ~l )' 

I Piim the longitudinal  m o m e n t u m  along a b e a m  di rec t ion  

where  ~lm the t r a n s v e r s e  m o m e n t u m  (2 componen ts ,  
along Z axes  pe rpend icu la r  to the beam);  
= (Elab, plab p-~llab), (I) 

lab then p 
pCm = (Ecm,  p ~ m ,  ~ m ) .  (2) 

The 4 -vec to r  s ca l a r  p roduc ts  a re  defined by 

A'B = A0B 0 - X 'g ,  
lab lab cm cm 2 

so that p . p = p • p = m . 

General Invariant Definitions and Related Formulae: 

For any 2 particles i and j, the most commonly used 
invariants are defined as follows: 
I) The invariant mass squared of particles i and j is 

-=m 2 ~ )2 = m Z + m ~ + 2  - ~ ~ (3) sij ij (Pi + Pj i (EiEj  Pi ' Pj)" 

Using the function A( x, y, z) defi ned by 

A(x, y, z) --= x g +yZ + z2_2 xy-2yz-gzx 

= [ x- (%/y+~zz)2 ] [ x- (~y-~z)2 ], (4) 

We have the relations: 

in the par t i c le  i r e s t  f r ame  (~j = 0), the 

x axis being along ~ i '  

2 0 )  / . . . . .  .2-m2 ~ A ( s i j , m i  Z, m j )  ; (5) 
I 11 ~ 1 ,  

Pi-(J)-- \ Zmj Zm.j ' 

in the par t ic le  i j r e  st f . . . .  (~__ =- i~ i), the 

x axis  being along ~ii' 

/ s . . + m 2  -m2 J A(sij,miZ, m~) 0) 
( i j ) _ [  M 1 1 , , , . (6) -\ 

_(ij)  = mj p!j)  (7) 
F r o m  (5) and (6), ~i ~ I ' 

Some useful  re la t ions  involving s. . :  ~J 

• for  the Dalitz plot (3-body p rob lem,  X ~ t  + Z + 3), 

E = G i n 2 +  2 i<j sij i i m123 = eonst. (i,j = l,g,3) 

2 
with mlZ 3 = (Pl + PZ + P3 )z = m2; 

• for the triangle l~ (4-body problem, X--I+Z+3+4), 

(8) 

2; =2  Eml2+  2 i<j  sij i m t z 3 4  = eonst.  ( i , j = 1 , 2 , 3 , 4 )  (9) 

2 + P3 + P4 )2 = G wiflh m1234 = (Pl + P2 

2) The invar ian t  m o m e n t u m  t r a n s f e r  squared  be tween pa r t i c l e s  
i and k is 

Z - 2 (EiE k - ~i  " (10) tik ~- (pi-Pk)2 = m Z+ m k ~k )" 

PARTICULAR CASES AND 
ASYMPTOTIC VALUES (--~) 

IX E i and E. are  such that Ei= P i (>>mi )  and 
l 

Ej = Pj (> > mj) ,  for  example  in colliding 

b e a m s ,  then 

sij ~ 4 ,~i , ,~j  [ cos2 ( @ )  , (3a) 

0ij being the supp lement  of the angle between 

the d i rec t ions  of pa r t i c l e s  i and j. 

F o r  the init ial  state a ( b e a m ) + b ( t a r g e t ) :  

• i n t h e  lab f r ame  ( ~ a  = ~inc '  ~b = 0), 

2 + 2 E lab s =- Sab = m2 a + m b nlb a ' (3-1) 

so that: s = Zm b Pinc" (3-1a) 

• in the cen te r  of m a s s  f r a m e  (i3 b = - ~a  ), 

s Sab ( E l m  + cm 2 = E b ) ( 3 - ; : ' )  

so that: s ~ 4{p:m} 2 (3-2a) 

or pCm ~_ : (3-gh) 
a 

( s + mga-m~ mb O) 
Pa = ' P inc '  (6- t )  

zq-~ 41~ 

and 

s + mb-m a -mb 
= Pinc' " Pb 2 ~s ~-s 

(6-z) 

If E i and E k are such that E i ~ Pi ( >> mi) 

and Ek~Pk(>> ink), then 

0ik being the angle be tween pa r t i c l e s  i and k. 
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R E L A T I V I S T I C  K I N E M A T I C S  ( C o n t ' d )  

F o r  t he  r e a c t i o n  a + b -- c + d, 

s =- Sab = Scd;  

= ( E a - E c ) 2  w i t h  t m i  n - (Pa-Pc)2 

=I n~a-mc-mb*md ] - +mZa -ha2 -m 2 

L ~ ~ ] L 4 k I 7 ~ " 
(li-i) 

_~ ~+mcZ-m'12 k . ~ - - ~ - - s  / - m2c]Z; 

(Oad? ,i-., 
u -= t a d  = t bc  = U m i n - 4 P  a Pd  s in2  \ " ~ - /  " 

A g e n e r a l  r e l a t i o n  b e t w e e n  t h e  i n v a r i a n t s  i s  

s +t + u = m2 +d +m2 + a  c md'2 (11 -3 )  

I n t h  . . . . . .  d t  = 2 i ~ a  I] ~ c  I d ( c o S 0 a c ) .  ( l i a )  

t )  If the  m a s s e s  a r e  d i f f e r e n t  

(m c J m a, m d / mb): 

Z Z ( Z m z) ( m a - r n c )  rob -  d 
t m i n  ~ - s ( i l  - l a )  

2 2 , 2 m 2 ) 
( m a - m d )  ¢rnb- c 

U m i n  ~ s 

R e l a t i o n s  B e t w e e n  the  P a r t i c l e  j and P a r t i c l e  ij F r a m e s :  
Lorentz Transformations 

Defining, for[I P(J)=+ _v(J) e P(J),, (12) 

a n y  p a r t i c l e  J [ --4-°(iJ}-- ~" (ij}± --Ho(ij)' (13) 

e±~ i j=  m 2 _ m  Z %/ • 2 2 s . .  + ± A ( s i i ,  m i ,  m j )  
and 1,1 j i . (14) 

2m. sd~L-.. 

(see formulae (14-b), (19), and (31) for other equivalent defini- 
tions of ~), 

(~l-2a) 

e~iJ -----~ (i4a) and ~ij ~In Q (14b) 

For the initial state a~eam) + b(target): 

+ Z m z d~(s,m Z,d) e. ~ s rob- a 4- 
= (14-1) 

i #,ij)= e;~ij p(jl (-I  
t h e n :  ~(i ij)= ~JJ), ( i 6  

for a m o v e m e n t  t a k i n g  p l a c e  a l o n g  ~ i  " 

The  g e n e r a l  L o r e n t z  t r a n s f o r m a t i o n  h a s  t he  m a t r i x  f o r m  

P)l) = ~ 0 )IP,l ) , ,17 

o1/7./ 
ch . . . .  terized by ~= ~i(J)/(E[J)+ mj ), PIT = IV {. 

2%47 

T~ p l a b  ( t 5 - i )  p ~ m  o • , 

Pl--cm= ~ l l a b ;  ( i 6 - 1 )  

2 2 + Elab s + mb-m a na b a 
y = (20-I) 

mu~ 

J Is, m', d l P a inc 
n = = (21-f) 

mu~ 
To L o r e n t z  t r a n s f o r m  a n y  v e c t o r  p t  = (E 1 , ~ l ) ,  

y = i / t ~ - ~  2, and  ~'~ = ~y.  The  s p a c e  p a r t  c a n  be w r i t t e n  i n  the  
vector f o r m  

E (j) + E (ij) 
~(ij) = ~(j) _ ~. x + i (is 

{ Drl = t a n h  ~ij  (19 

Combining (f5) and (17): 3{ = cosh ~ij (20) 

~] = sinh ~ij  " (21) 

~ij is called the boo.st parameter of the Lorentz transformation 
that connects the particle ij rest frame to the particle j rest 
frame. 

given in a frame containing some other vector 

P2 = ( E 2 '  P2 ) '  i n t o  t he  f r a m e  w h e r e  P2 = ( m 2 '  0) 

( i . e . ,  t he  P2 r e s t  f r a m e ) ,  one  m a y  u s e  the  r e -  
l a t i o n s :  

E t E z - ~ I "  ~Z P t .  PZ 
E~ = m 2  m 2  (17-1 )  

Pi = ~i - ~ 2  \ z ? - ~ / '  ( i s 1 )  

w h e r e  p~ = (E~,  ~ )  i s  t he  t . . . .  f . . . .  d v e c t o r ,  

and  m 2 = p 2 .  T h e s e  a r e  d e r i v e d  f r o m  (17) and  
(181 u ~ n g  2 ~/ = E z / m  2 and  7[ : ~ 2 / m 2 .  

2) If  m a = m c,  m b / m d, 
2,  2 2,2 

m a Im  b -  m d I 
t m i n  ~ - 2 (l  1 - i b )  

s 

3) F o r  e l a s t i c  s c a t t e r i n g  (a + b ~  a ' + b ' ) ,  

d t a a  , = Z p 2 d  { c o s  Oaa, )  { t i c )  

(m  2 2) 2 
a - m b  

Umin  = s ( 1 1 - 2 - 1 )  
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RELATIVISTIC KINEMATICS (Cont'd) 

R a p i d i t y  V a r i a b l e :  D e f i n i t i o n  and  K i n e m a t i c  R e l a t i o n s  

De f in i t i on :  in  a n y  s y s t e m ,  f o r  a p a r t i c l e  of e n e r g y  E and  
l o n g i t u d i n a l  m o m e n t u m  Pll ' 

y--- , n \   anh-f 

: < ,  , =  

with the tra ........ ass m I ~- (m 2 + pZj_)I/Z 

From (15) and (22), ylab = yCm +~. (23 

I! 
+ = m I e +y (24) 

From (22), - ml e-y (Z5) 

m I cosh y (26) 

PH m I sinhy . (27) 

F r o m  (3), s i 2 =  m 2  + m ~ + z m l t m l z c ° s h ( y  t - y 2 ) - 2 ~ 1 1 . ~ 1 2 .  

( 2 8 - 1 )  

2 2 ~ 
From (10b ti2=ml+m2-Zm±iml2cosh(y i-y2)+zplf.P12. 

( Z 8 - Z )  

The target Co) and beam {a) rapidities, Yb and Ya' are g iven  by 

I lab_ 
Yb~<tb- 0 (29) in  the  lab  f r a m e :  , ^  

[Ya f r o m  Sab ; (30) 

[from(E3) and (29), y c m =  _~ (31) 
in the c m  frame: ~ o 

[ f r o m ( 2 3 ) ,  yCm= y laab_  ~. (32) 

S c a l i n g  V a r i a b l e :  D e f i n i t i o n s  

• F o r  the i n c l u s i v e  r e a c t i o n  a + b ~ c + X 

f)  F e y n m a n '  s d e f i n i t i o n :  

x = p C m -  c m  
II /Pmax (33 

wi th  p C m  J A ( s , m  I 2 ) = ' m x ,  m i n  
m a x  2 Q~s (34: 

w h e r e  m X , m i n i S  the  m a s s  of the l i g h t e s t  p o s s i b l e  p a r t i c l e ( s ) ,  
w h i c h ,  c o n s i s t e n t  wi th  c o n s e r v a t i o n  l a w s ,  cou ld  r e c o i l  a g a i n s t  
p a r t i c i e  c. 

r e l a t i o n s h i p  b e t w e e n  x and  m ~  w h i c h  b e c o m e s  u s e f u l  a t  h i g h  A 
e n e r g i e s  d e r i v e s  f r o m  

2 
m x ( P a + P b - P c ) 2  + m 2 = = s c - 2 P c  " (Pa+Pb)  ' (35] 

2) An alternative definition: 

x '  cm cm 
= Pl{ /Pll max (36) 

wi th  p C m  = J { p c m ~ 2  2 
II m a x  k max# Pl ' (37) 

• For electro- and photoproduetion: 

i) Bjorken' s formula: 

Zm v 
, (38) ¢o 

q 

I 
v = e-e' = the difference between the incident and 

the outgoing energies 
where mp = proton mass 

q2 = momentum transfer squared. 

-i co is  s o m e t i m e s  c a l l e d  x. 

2) Bloom-Gilman' s definition: 
2 2 

601 =¢o+ ~ . 
q 

(39) 

plab+ 

ylab ~ I In (ctn~-). 
_ p ab/ (22a) 

(Yi -Y2 ) 
SlZ=mll m12 e (28-Ia) 

and the rapidity gap between the two particles 
I and Z is: 

( s12 "> . (28-ib) 
Yl-Y2 ~fn mii m12 

lab cm cm 
Ya (Ya -Yb ) 

s = :ab = ma mbe = m a m b e 

(30a) 

and wi th  ( 3 - t a )  y [ab  ~ I n  in_.___.£ (30c) J 

\ a J 

cm ( ~  k 
F r o m  (14b), Yb ~-fn ~---) (31a) 

c m  / 4'-~s \ 
and wi th  (30a), Ya ~fntm--) " (32a) 

\a/ 

pCm = ~ (344 
max 2 

and x ~ 2p~;m (33a) 

4T 

Using (33a) and (35), 
2 

m x 
x ~ l  - 

s 

(33b) 

For Pl fixed as s -- 

2pim 
(36a) 

F o r  q2 and v l a r g e  ( B j o r k e n  l i m i t ) ,  

(39a) 
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RELATIVISTIC KINEMATICS (Cont'd) 

Cross Sections and Decay Rates 

For a system of n particles with overall four-momentum p and final four momenta Pi'" " ' ' Pn [ Pi = (Ei' ~i )] ' 

Lorentz I nvarlant Phase _Space is given by 

d3 i~i (40) 
d L I P S ( s ; p i , . . . , p n  ) = (Z~r) 454(p  - Z  pi) ~ ~I 

i (21v) 3n i=l 2E i 

i I ~  m[  
F o r  Z-body:  d L I P S ( s , P i , p z ) =  ~ 64 (p -p i -P2  ) d4p 4~ss df21m" (40 - i )  

For 3-body: d LIPS(s,pl,pZ,p3) = (2:)5 64(p Pi P2 P3 )d4p i . . . .  ~ dsizdsz3dc~dcos~d Y, (40-2) 

where ce, ~, and y are Euler angles. 

F o r  a + b -- n p a r t i c l  . . . .  X ~ n p a r t i c l e s ,  in  g e n e r a l  It> -- If>, 

t %f = 7 F - J  I ~ i f [  2 d L I P S ( s ; P i " ' ' ' P n ) '  (4f) 

or  
i 2 d LIPS(n~; • - {4Z) Fit= ~ ] I M4if[ Pi' "'Pn )' 

pb)Z _ m 2 2 w h e r e  M6if i s  a n i n v a r i a n t  m a t r i x  e l emen t .  F i s  M ~ l l e r ' s  i n v a r i a n t  f lux f a c t o r ,  F 2 = (Pc" arab . If a 

, ~ l a b  is b .... b, target il-" b = 0), then F = [~laba I rrlb = ] ~Cma ]~s. 

For e]asti .... tiering i ..... ~cm[ = ]i~;m [ and (40-i) and (41)yield 
' a 

de _ I ~ l  2 ]2 
. . . .  da = [ o t d, (43) 
dr2 (8~r)Zs dt 2 

64 .1v:ml  s 

The n o r m a l i z a t i o n  i s  such  tha t  the op t i ca l  t h e o r e m  r e a d s  

Im  ~ It=0 = Z [ i ~ : m  I ~r~ (;tot " (44) 

The cho ice  of Eq. (40) i m p l i e s  a p a r t i c u l a r  n o r m a l i z a t i o n  of any s p i n o r s  tha t  may  occu r  in  :A~. The advan tage  

of th i s  n o r m a l i z a t i o n  i s  tha t  i t  g r e a t l y  s i m p l i f i e s  the s t r u c t u r e  of cat& by put t ing  f a c t o r s  such  as  i i 
(2~)3 2E 

into the phase space where they really belong, in addition, the labels, i, f, refer to specific spin 01elicity) 

states, so that the usual "average and sum" rule is implicit. 

d P . . . .  d(7 A useful invariant is ] d4p5 (p2-mZ) 3 ~ 3 = J ~ , so that the invarlant cross sectlon is E ~ . The following 
d P 

table gives the value of the invariant cross section for different sets of variables useful {or the study of the 

inclusive reaction a + b ~ e + X. 

Longitudinal variable Transverse variable Corresponding invariant 
of particle e of particle c cross section 

PW 

p l a b  

2 2 
n% X = (pa+Pb-Pc) 

P l  

m± 

P± 

0lab 

tac 

E c m  d'{7 ( a v e r a g e d  
Tr Z \over a z i m u t h  dP~ md P l  

i d2(y ( a v e r a g e d  
2 \ o v e r  a z i m u t h  

dy d Pl 

E c m  . i_ d2(; =, 2E cm dec  ( a v e r a g e d  > 

pc:  . dxdp  d.dP  . . . . . .  imuth 

E lab d3(x 

(plab)  2 dplabdf2 lab 

( .... aged 
v d mZxd tac ~o ..... imuth) 

F o r  m o r e  f o r m u l a e  and d e t a i l s ,  s ee ,  e . g . ,  

W. R. F r a z e r  et  al.  , Rev.  Mod. Phys .  44, 284 (i972).  
5. K a s m a n  in  M. E. Law et al .  , L B L - 8 0  (1972), P a r t  III. 
H. P i lkuhn ,  The I n t e r a c t i o n s  of H a d r o n s ,  John Wi ley  & Sons,  New York ,  i967 ,  Chaps .  i and 2. 
A m e m o  o n  R e l a t i v i s t i c  K i n e m a t i c s  i s  a v a i l a b l e  u p o n  r e q u e s t  f r o m  t h e  P a r t i c l e  D a t a  G r o u p ,  L B L .  

R e v i s e d  a n d  e x p a n d e d  A p r i l  i974 .  
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C.M. ENERGY AND MOMENTUM VS. BEAM MOMENTUM 

EcrndEcm = mpdTbeam = rnpVbeamdPbeam ~ mpdPbeam 

EAM . . . . .  C,Mo ENERGY . . . . . . .  MOMENTUM IN C .~ . - -  
VlC) (MEV) (MEV/C) 

YP YP e p  vp Kp pp  ~p Kp pp ep  

0 939  1 0 7 8  1 4 3 2  1 8 7 7  0 0 0 0 
20 918  1 0 7 9  1 4 3 2  1 8 7 7  20 17 13 10 
40  977 1 0 8 3  1433  1 8 7 7  38  35 26 20 
60 996  1 0 8 9  1 4 3 4  1 8 7 7  56 52  3 9  30 
80 l O I S  1 0 9 6  1 4 3 6  1 8 7 8  74  68  52 40 

T ( P I )  = PBE4M - 59 MEV 
O0 1033 1105 1439 1879 91 85 65 50 
20  1051 I116 144I 1880 107 101 78 60 
40 1069 1 1 2 7  1 4 4 5  1 8 8 2  123 117 91 70 
50 1087 1139 1449 1 8 8 3  138  132  104 80 
80 I I04 1152 1453 1885 153 147 I 1 6  90 

T ( P 1 )  = PBEAM - 9 2  MEV 
00 1121 1 1 6 5  1457 1 8 8 7  167  161 129 9 9  

20 1137 1 1 7 8  1462  1 8 8 9  182 175  l ~ l  109  
;0 I154 1192 1468 1892 195  189 153 119 
50 l l 7 0  1 2 0 6  1 4 7 4  1 8 9 4  2 0 9  2 0 2  166  129  
BO 1186 1219 1480 1897 222  215 178 138 

T ( P I |  = P B E A M  - 107 MEV 
30 1201 1 2 3 3  1486 [900 2 3 4  2 2 8  189 148 
20 1217 1 2 4 7  1 4 9 3  1 9 0 3  247  241  2 0 1  158  
%0 I 2 3 2  1261  1 5 0 0  1 9 0 6  259  2 5 3  2 1 3  167 
50 1247 1274 1507 1910 271 265 224 177 
B0 1262 1 2 8 8  1 5 1 4  1 9 1 3  282  2 7 7  2 3 5  186 

T { P I )  = P8E4M - 115 MEV 
30 1277 1 3 0 2  1 5 2 2  1 9 1 7  2 9 4  2 8 8  247  196  
20 1282  1 3 1 5  1 5 3 0  1 9 2 I  305  3 0 0  2 5 8  205  
%0 1306 1 3 2 9  1 5 3 8  1 9 2 5  316  311  2 6 8  2 1 4  
50 1320 1 3 4 2  1 5 4 6  1 9 2 9  3 2 7  3 2 2  279  224  
30 1335 1 3 5 6  1 5 5 4  1 9 3 3  337  332  2 9 0  233  

T(PI) = P6EAM - 1ZO MEV 
)0  1349  1 3 6 9  [ 5 6 3  1 9 3 8  3 4 8  3 4 3  3 0 0  242  
~0 I 3 6 2  [ 3 8 2  1572 1 9 4 3  338  3 5 3  3 1 0  251  
~0 1376  1 3 9 5  1 5 8 0  1 9 4 7  368  3 6 3  3 2 1  260  
~0 1390 1 4 0 8  1 5 8 9  1 9 5 2  378  3 7 3  331  269  
30 1403  1 4 2 1  1598  1 9 5 7  388  3 8 3  3 4 1  278  

T { P I )  = P8EAM - 123 MEV 
)0 1416 1434 1 6 0 7  1 9 6 2  3 9 7  3 9 3  3 5 0  28 ~ 
~0 1430 1446 1 6 1 6  1967 407 4 0 2  360 296 
+0 1443 1 4 5 9  1 6 2 5  1 9 7 3  4 1 6  4 1 2  3 7 0  304  
~0 1456 1 4 7 2  1 6 3 4  1 9 7 8  425  4 2 1  3 7 9  313  
~0 1468 1484 1644 1984 434 4 3 0  388  322  

T ( P I I  = P B E A M  - 125 MEV 
)0 1481 1496 1653 1989 443 439 397 330 
!0 1484 1 5 0 9  1662 1995 4 5 2  448 406 339  
fO 1506 1521 1671 2 0 0 1  461  457 4 1 5  347  
~0 1519 1 5 3 3  1 6 8 1  2 0 0 7  470 465 4 2 4  355  
~0 1531 1545 16q0 2013 478 4 7 4  433 364  

T ( P I )  = P8EAM - 127 MEV 
)0 1543 L 5 5 7  1699 2 0 1 9  486  4 8 2  4 4 2  372  
!0 1555 1569 1709 2025 495 490 450 380 
~0 1567  1 5 8 0  1 7 1 8  2 0 3 1  5 0 3  4 9 9  4 5 9  388  
,0 1579 1 5 9 2  1728 2 0 3 7  511 507 4 6 7  396  
~0 15gi 1604 1 7 3 7  2 0 4 3  519 5 1 5  475 404 

T(PI) = P8E4M - 129 MEV 
~0 1603 1615 1747 2049 527 523 483 412  
:0 I 6 1 5  1 6 2 7  1 7 5 6  2 0 5 6  535  5 3 1  4 9 2  4 2 0  
• 0 1626 1 6 3 8  1765  2 0 6 2  5 4 2  5 3 8  500  428  
0 1638 1649 1775 2069 550 546 508 435 
IO 1649 1661 1784 2075 558 554 515 443 

T(PI| = PBEAM - 130 MEV 
I0 1660 16TZ 1794 2 0 8 2  565  5 6 1  5 2 3  451  
!0 1672  1683 1 8 0 3  2 0 8 8  573 569 53[ 458 
0 1683  1 6 9 4  1812  2 0 9 5  580  576  5 3 8  4 6 6  
,0 1 6 9 4  1 7 0 5  1822  2 1 0 2  587  5 8 3  5 4 6  473  
;0 1 7 0 5  I716 1831 Z l 0 8  5 9 4  59[ 553 481 

T(PII  = PBEAM - 131 MEV 
~0 1 7 1 6  1 7 2 6  1840 2 1 1 5  601 598 561 488 
:0 1727 1 7 3 7  1850  2 1 2 2  6 0 9  6 0 5  5 6 8  495  
0 1738 1 7 4 8  1 8 5 9  2 1 2 9  6 1 6  6 1 2  5 7 5  502  
,0 1748 1 7 5 8  1 8 6 8  2 1 3 5  6 2 2  6 1 9  5 8 3  510  
;0 1759  1 7 6 9  1877  2 1 4 2  6 2 9  6 2 6  590  517  

T ( P I )  = P B E A M  - 131 MEV 
'0 1770 1 7 8 0  1887 2 1 4 9  636  6 3 3  597 524 
:0 1780  1790 1 8 9 6  2 1 5 6  6 4 3  6 3 9  6 0 4  531  
0 1791 1 8 0 0  1 9 0 5  2 1 6 3  6 5 0  6 4 6  611 5 3 8  
,0 1801 1 8 1 [  1 9 1 4  2 1 7 0  6 5 6  6 5 3  6 1 8  545  
10 1812  1 8 2 1  1 9 2 3  2 1 7 7  6 6 3  6 6 0  6 2 4  552  

T ( P 1 )  = P8E4M - 132  MEV 
~0 1822 1 8 3 1  1932 2 1 8 4  669  6 6 6  631  559 
!0 1832 1841 1941  2 1 9 1  676  6 7 3  6 3 8  565  
0 1843  1 8 5 1  1 9 5 0  2 1 9 8  682  6 7 9  645  572  
,0 1853 1 8 6 2  1959 2 2 0 5  6 8 9  6 8 5  651  5 7 9  
;0 1863 1 8 7 2  1 9 6 8  2 2 1 2  6 9 5  6 9 2  6 5 8  585  

T(PI) = PBEAM - 1 3 3  MEV 
~0 1 8 7 3  1881  1977 2 2 1 9  701 6 9 8  6 6 4  592  
:0 1883 1 8 9 1  1986  2 2 2 6  708  7 0 4  $ 7 1  5 9 9  
0 1893 1901 1 9 9 5  2 2 3 3  714 711 6 7 7  605  
0 1903 1 9 1 1  2 0 0 4  2 2 4 0  7 2 0  7 1 7  6 8 4  612  
,0 1912 1 9 2 [  2 0 1 3  2 2 4 7  726  7 2 3  6 9 0  6 1 8  

T ( P I )  = P8EAM - 133 MEV 

PBE4M . . . . .  C.M. ENERGY . . . . . . .  MOMENTUM IN C .~ , - -  
(MEV/C) (MEV} (MEV/C| 

YP YP ep  ~P Kp pp  ~p Kp pp ep  

1500 1922 1930 2022 2254 732 729 696 624 
1520 1932 1940 2031 2261 738 735 702 631 
1540 1942 1 9 5 0  2 0 3 9  2 2 6 8  744  741  709  637  
1 5 6 0  1951 1 9 5 9  2 0 4 8  2 2 7 5  7 5 0  7 4 7  715  643  
1580  1961 1 9 6 9  2 0 5 7  2 2 8 2  756  753  721  6 5 0  

T [ P [ )  = PBEAM - 133 MEV 
1 6 0 0  1970 1978 2065 2289 762 759 727  656 
1620  1980 1 9 8 8  2 0 7 4  2 2 9 6  768  7 6 5  7 3 3  662  
1 6 4 0  1989 1 9 9 7  2 0 8 3  2 3 0 4  773  7 7 0  7 3 9  668  
1 6 6 0  1999 2006 2091 2311 779  7 7 6  745  674  
1 6 8 0  2 0 0 8  2 0 1 6  2 1 0 0  2 3 1 8  785  7 8 2  751  680  

T ( P I )  = PBEAM - 134 MEV 
1 7 0 0  2018 2025 2109 2 3 2 5  791 7 8 8  756  686  
1 7 2 0  2 0 2 7  2 0 3 4  2 1 1 7  2 3 3 2  796  7 9 3  762  692  
1 7 4 0  203~ 2 0 4 3  2 1 2 6  2 3 3 9  802  7 9 9  7 6 8  698  
1760 2045 2 0 5 3  2 1 3 4  2 3 4 6  807 805 7 7 4  704 
1780 2 0 5 4  2 0 6 2  2 1 4 3  2 3 5 3  813 810 7 7 9  7 1 0  

T ( P I )  = PBEAM - 134 MEV 
1 8 0 0  2 0 6 4  2 0 7 1  2 1 5 1  2 3 6 0  818  816  785  716  
1 8 2 0  2 0 7 3  2 0 8 0  2 1 5 9  2 3 6 7  824  821  791  721  
1840 2 0 8 2  2 0 8 9  2168 2 3 7 4  829  8 2 7  7 9 6  727  
1 8 6 0  2091  2 0 9 8  2 1 7 6  2 3 8 1  835  832  802  733  
1 8 8 0  2 1 0 0  2 1 0 7  2 1 8 4  2 3 8 8  840  8 3 7  808  7 3 9  

T ( P I )  = PBEAM - 134  MEV 
1900  2 1 0 8  2 1 1 5  2 1 9 3  2 3 9 5  845  8 4 3  813  744 
1 9 2 0  2 1 1 7  2 1 2 4  2 2 0 1  2 4 0 2  851 848  8 1 8  750  
1 9 4 0  2 1 2 6  2 1 3 3  2209 2409 856  853  824 756 
1 9 6 0  2135  2 1 4 2  2 2 1 7  2 4 1 6  861 8 5 9  829  761  
1 9 8 0  2 1 4 4  2 1 5 0  2 2 2 6  2 4 2 3  867  8 6 4  835  767  

T ( P I )  = PBEAM - 135 MEV 
2 0 0 0  2153  2 1 5 9  2 2 3 4  2 4 3 0  872  8 6 9  8 4 0  772  
2 0 2 0  2 1 6 1  2 1 6 8  2 2 4 2  2 4 3 7  877  8 7 4  845  ~78 
2 0 4 0  2170 2176 2 2 5 0  2 4 4 4  882 879 851 783  
2060 2179 2185 2258 2451 887 885 856 789 
2 0 8 0  2 1 8 7  2 1 9 4  2266  2 4 5 8  892  8 9 0  861  794  

T ( P I )  = PBEA:4 - 135 MEV 
2 1 0 0  2 1 9 6  2 2 0 2  2 2 7 4  2 4 6 5  897  8 9 5  866  7 9 9  
2 1 2 0  2 2 0 4  2 2 1 1  2 2 8 2  2 4 7 2  902  9 0 0  8 7 2  805  
2 1 4 0  2 2 1 3  2 2 1 9  2 2 9 0  2 4 7 9  9 0 7  9 0 5  877  810  
2 1 6 0  2221  2 2 2 7  2 2 9 8  2 4 8 6  912  910 8 8 2  815  
2 1 8 0  2 2 3 0  2 2 3 6  2 3 0 6  2 4 9 3  917 ~15 887  821  

T ( P I )  = PBEAM - 135 MEV 
2 2 0 0  2 2 3 8  2 2 4 4  2 3 1 a  2 5 0 0  922  9 2 0  8 9 2  826  
2 2 2 0  2 2 4 6  2 2 5 3  2 3 2 2  2 5 0 7  927  9 2 5  8 9 7  831 
2 2 4 0  2255  2 2 6 1  2 3 3 0  2 5 1 4  932  9 3 0  902  836  
2 2 6 0  2 2 6 3  2 2 6 9  2 3 3 8  2 5 2 0  937  9 3 4  907  841  
2 2 8 0  2271  2 2 7 7  2 3 4 6  2527 942  9 3 9  9 1 2  846  

T(P1) = PSEAM - 135 MEV 
2 3 0 0  2 2 8 0  2 2 8 6  2 3 5 3  2 5 3 4  947  944  9 1 7  852  
2 3 2 0  2 2 8 8  2 2 9 4  2 3 6 1  2 5 4 1  951  9 4 9  9 2 2  857  
2 3 4 0  2 2 9 6  2 3 0 2  2 3 6 9  2 5 4 8  956  9 5 4  9 2 7  882  
2 3 6 0  2 3 0 4  2 3 1 0  2 3 7 7  2 5 5 5  961  9 5 9  9 3 2  867  
2 3 8 0  2 3 1 2  2 8 1 8  2 3 8 4  2 5 6 1  966  9 6 3  9 3 7  872  

T ( P I )  = PBEAM - 135 MEV 
2 4 0 0  2 3 2 0  2 3 2 6  2 3 9 2  2 5 6 8  970  9 6 8  941 877 
2 4 2 0  2 3 2 8  2 3 3 4  2 4 0 0  2 5 7 5  975  973  946  882  
2 4 4 0  2 3 3 6  2 3 4 2  2 4 0 7  2 5 8 2  980  977  951 887 
2 4 6 0  2344  2350 2415 2 5 8 9  9 8 4  982  9 5 6  892  
2 4 8 0  2 3 5 2  2 3 5 8  2 4 2 3  2 5 9 5  9 8 9  9 8 7  9 6 0  897  

T(PI) = PBEAM - 136 MEV 
2500 2360 2366 2430 2602 994 991 965 901 
2 5 2 0  2368  2 3 7 4  2 4 3 6  2 6 0 9  998  9 9 6  9 7 0  906  
2540 2376 2382 2445 2616 1003 1001 975 911 
2 5 6 0  2 3 8 4  2 3 9 0  2453 2 6 2 2  1 0 0 7  1 0 0 5  9 7 9  916 
2 5 8 0  2 3 9 2  2 3 9 8  2 4 6 0  2 6 2 9  1 0 1 2  I010 984 921 

T(PI) = PBE4M - 136 MEV 
2 6 0 0  2 4 0 0  2 4 0 5  2 4 6 8  2 6 3 6  1 0 1 7  1 0 1 4  9 8 8  9 2 6  
2 6 2 0  2 4 0 8  2 4 1 3  2 4 7 5  2 6 4 3  1021 1019 993  930  
2 6 4 0  2415 2 4 2 1  2 4 8 3  2 6 4 9  1025 1 0 2 3  9 9 8  935  
2 6 6 0  2 4 2 3  2 4 2 9  2 4 9 0  2 6 5 1  1 0 3 0  1 0 2 8  1 0 0 2  940  
2 6 8 0  2431  2 4 3 6  2 4 9 8  2 6 6 3  1 0 3 4  1 0 3 2  1 0 0 7  944 

T ( P I )  = PBEAM - 136  WEV 
2 7 0 0  2 4 3 9  2 4 4 4  2 5 0 5  2 6 6 9  1 0 3 9  1 0 3 7  1011  9 4 9  
2 7 2 0  2446 2 4 5 2  2 5 1 2  2 6 7 6  1043 1 0 4 1  1 0 1 6  9 5 4  
2 7 4 0  2 4 5 4  2 4 5 9  2 5 2 0  2 6 8 2  1 0 4 8  1 0 4 5  1 0 2 0  9 5 8  
2 7 6 0  2462 2 4 6 7  2 5 2 7  2 6 8 9  1052  1 0 5 0  1 0 2 5  963  
2 7 8 0  2469 2474 2534 2 6 9 6  1056 1 0 5 4  1 0 2 9  9 6 8  

T ( P I )  = PBEAM - 136 MEV 
2 8 0 0  2 4 7 7  2 4 8 2  2 5 4 2  2 7 0 2  1061 1 0 5 8  1 0 3 4  972  
2 8 2 0  2 4 8 4  2 4 9 0  2 5 4 9  2 7 0 9  1 0 6 5  1 0 6 3  1038 977 
2 8 4 0  2492  2 4 9 7  2 5 5 6  2 7 1 5  1069  1 0 6 7  1 0 4 2  981  
2 8 6 0  2 4 9 9  2 1 0 5  2 5 6 3  2 7 2 2  1 0 7 4  1 0 7 1  1 0 4 7  9 8 6  
2 8 8 0  2 5 0 7  2 5 1 2  2 5 7 0  2 7 2 8  1 0 7 8  1 0 7 6  1051  9 9 0  

T ( P [ )  ffi P B E A M  - 136 MEV 
2 9 0 0  2 5 1 4  2 5 2 0  2 5 7 8  2 7 3 5  1 0 8 2  1 0 8 0  1 0 5 6  995 
2 9 2 0  2 5 2 2  2 5 2 7  2 5 8 5  2 7 4 2  1 0 8 6  1 0 8 4  1 0 6 0  9 9 9  
2 9 4 0  2 5 2 9  2 5 3 4  2 5 9 2  2 7 4 8  1091  1 0 8 8  1 0 6 4  1 0 0 4  
2 9 6 0  2537  2 5 4 2  2 5 9 9  2 7 5 5  1 0 9 5  1 0 9 3  1 0 6 9  1008  
2 9 8 0  2 5 4 4  2549 2606 2761 1099 1097 1073 1013  

T ( P I )  = P B E A M  - 136 MEV 

PBEAM ---C,M. ENERGY .... MOMENTUM IN C.M.- 
( G EVIC } ( G EV) ( GEV/C ) 

YP YP 
ep  Kp pp ep  Kp  pp 
~p ~p 

3.0 2,56 2.61 2.77 1.10 1,08 1.02 
8.2 2.63 2.68 2.83 1,14 I . I 2  1.06 
3.4 2.70 2.75 2.89 1.18 1.16 1.10 
8.6 2.77 2.82 2o96 1,22 1.20 1.14 
3.8 2.83 2.88 3,02 1.26 1.24 1.18 

T{PI) = P8EAM - .137 GEV 
4 . 0  2,90 2.95 3,08 1.29 1.27 1.22 
4,2 2.96 3.01 3.14 1.33 1,31 1.26 
4 . 4  3 . 0 3  3 . 0 7  3 , 1 9  1 , 3 6  1 . 3 4  1 . 2 9  
4 . 6  3 . 0 9  3 . 1 3  3 . 2 5  1 , 4 0  1 . 3 8  1 , 3 3  
4 . 8  3 . 1 5  3 . 1 9  3 . 3 1  1 . 4 3  1 . 4 1  1 , 8 6  

T(PI) = PBEAM - .138 GEV 
5 . 0  3 . 2 1  3 . 2 5  3 . 3 6  1.46 1.44 1 . 4 0  
5 . 5  3 . 3 5  3 . 3 9  3 . 5 0  1 . 5 4  1 . 5 2  1,48 
6 . 0  3 . 4 9  3 . 5 2  3 . 6 3  1 . 6 1  1 . 6 0  1 . 5 5  
6 . 5  3 . 6 2  5 . 6 5  3 . 7 5  1 . 6 9  1 . 6 7  1 . 6 3  
7 , 0  3 , 7 5  3 . 7 8  3 . 8 7  1 . , ' 5  1 , 7 4  1 . 7 0  

T(PI) = PBEAM - . = 3 8  GEV 
7 . 5  3 . 8 7  3 . 9 0  3 . 9 9  1 . 8 2  1 . 8 0  1 . 7 6  
8 . 0  3.99 4 . 0 2  4.11 1 . 8 8  1 . 8 7  1 . 8 3  
8.5 4 . 1 1  4.14 4 . 2 2  1.94 1 . 9 3  1.89 
9 . 0  4 . 2 2  4 . 2 5  4 . 3 3  2 . 0 0  1 , 9 9  1 , 9 5  
9.5 4 . 3 3  4.36 4.44 2 . 0 6  2.05 2.01 

T(PI)  = PBEAM - . 1 8 9  GEV 
I0.0 4.43 4 . 4 6  4.54 2.12 2.10 2.07 
1 1 . 0  4 . 6 4  4 . 6 7  4 , 7 4  2 . 2 2  2 . 2 1  2 . 1 8  
1 2 . 0  4 . 8 4  4 . 8 6  4 . 9 3  2 . 3 8  2 . 3 1  2 . 2 8  
1 3 . 0  5 . 0 3  5 . 0 5  5 . 1 2  2 . 4 3  2 . 4 1  2 . 3 8  
14.0 5.21 5.24 5.30 2.52 2.51 2.48 

T(PI) = PBE4M - .139 GEV 
15.0 5 . 3 9  5 . 4 1  5 . 4 7  2 . 6 1  2 . 6 0  2 . 5 7  
16.0 5 . 5 6  5 . 5 8  5.64 2 . 7 0  2.69 2.66 
1 7 . 0  5 . 7 3  5 . 7 5  5 . 8 1  2 . 7 9  2 . 7 8  2 . 7 5  
1 8 , 0  5 . 8 9  5 . 9 1  5 . 9 7  2.87 2 . 8 6  2.83 
19.0 6.05 6.07 6.12 2.95 2.94 2.91 

T ( P I |  = PBEAM - . 1 3 9  GEV 
2 0 . 0  6 . 2 0  6 . 2 2  6 . 2 7  3 . 0 8  3 . 0 2  2 . 9 9  
2 2 . 0  6 . 4 9  6 . 5 1  b . 5 6  3 . 1 8  3 . 1 7  3 . 1 4  
2 4 . 0  6 . 7 8  6 . 7 9  6.84 3 . 3 2  3 . 3 1  3 . 2 9  
2 6 . 0  7 . 0 5  7 . 0 7  7 . 1 1  3 . 4 6  3 . 4 5  3 . 4 3  
2 8 , 0  7 . 3 1  7 . 3 8  7 . 3 7  3 . 5 9  3 . 5 9  5 . 5 6  

T { P I )  = P8E4M - . 1 3 8  GEV 
3 0 . 0  7 . 5 6  7 . 5 8  7 . 6 2  3 . 7 2  3 , 7 1  3 . 6 9  
3 2 . 0  7 . 8 1  7 . 8 2  7 . 8 6  3 . 8 5  3 . 8 4  3 . 8 2  
34.0 8.04 8.06 8.10 3.97 3.96 3.94 
3 6 . 0  8 . 2 7  8 . 2 9  8 , 3 3  4.08 4 . 0 8  4.06 
3 8 . 0  8 . 5 0  8 . 5 1  8 . 5 5  4 . 2 0  4 . 1 9  4 . 1 7  

T ( P I |  = P8EAM - .139 GEV 
4 0 . 0  8 . 7 2  8 . 7 3  8 . 7 7  4 . 3 1  4 . 3 0  4 . 2 8  
4 2 . 0  8 . 9 3  8.94 8 . 9 8  4.41 4.41 4.39 
44.0 9.14 9.15 9.18 4.52 4.51 4.50 
4 6 . 0  9.34 9,35 9.39 4.62 4 . 6 2  4.b0 
48.0 9.54 9.55 9.58 4.72 4.72 4.70 

T ( P I )  = PSE4M - . 1 3 9  GEV 
50.0 9.73 9 . 7 4  9.78 4.82 4 . 8 1  4.80 
55.0 10.20 10.21 10.25 5.06 5.05 5.04 
bO.O 1 0 . 6 5  l O . b b  1 0 . 6 9  5 . 2 8  5 . 2 8  5 . 2 6  
6 5 . 0  1 1 . 0 8  1 1 . 1 0  1 1 . 1 2  5 . 5 0  5 . 5 0  5 . 4 8  
7 0 . 0  11.50 11.51 11.54 5.71 5.71 5.b9 

T(PI) = PBE4M - .139 GEV 
75.0 11.90 11.91 11.94 5.91 5.91 5.89 
8 0 . 0  1 2 . 2 9  1 2 . 3 0  1 2 . 3 2  6 . 1 1  6 . 1 0  6 . 0 9  
8 5 . 0  1 2 . 6 7  1 2 . 6 7  1 2 . 7 0  6 . 3 0  6 . 2 9  6 . 2 8  
90.0 13.03 13.04 13.06 6.48 6.48 6.46 
95,0 13,39 13.39 1 3 . 4 2  6.66 6,65 6,64 

T ( P I |  = PSE4M - . 1 3 9  GEV 
100.0 13.73 13.74 13.76 6.83 6,83 6.82 
200.0 19.40 19.40 19.42 9.67 9.67 9,66 
3 0 0 . 0  2 3 . 7 5  2 3 . 7 5  2 3 . 7 6  1 1 . 8 5  1 1 . 8 5  1 1 . 8 4  
4 0 0 . 0  2 7 . 4 1  2 7 . 4 2  2 7 . 4 3  1 3 . 6 9  1 3 . 6 9  1 3 , 6 8  
5 0 0 , 0  3 0 . 6 5  3 0 . 6 5  3 0 . 6 6  1 8 . 3 1  1 5 . 3 1  1 5 . 3 0  

T(PI) = P8E4M - .140 GEV 
6 0 0 . 0  3 3 . 5 7  3 3 . 5 7  3 3 , 5 8  1 6 . 7 7  1 6 . 7 7  1 6 . 7 6  
7 0 0 . 0  3 6 , 2 6  3 6 . 2 6  3 6 , 2 7  1 8 . 1 2  1 8 . 1 1  1 8 , 1 1  
8 0 0 . 0  3 8 , 7 6  3 8 . 7 6  3 8 . 7 7  1 9 . 3 7  1 9 . 3 7  1 9 . 3 6  
900.0 41.11 41.11 4 1 . 1 2  20.54 20.54 20.54 

1000,0 43.33 43.33 43.34 21.65 21.65 21.65 
T { P I )  = PBEAM -- . 1 4 0  GEV 

1 1 0 0 . 0  45.44 45.45 45.45 2 2 . 7 1  22.71 2 2 . 7 1  
1 2 0 0 . 0  4 7 . 4 6  4 7 . 4 7  4 7 . 4 7  2 3 . 7 2  2 3 . 7 2  2 3 . 7 2  
1 3 0 0 . 0  4 9 , 4 0  4 9 . 4 0  4 9 . 4 1  2 4 . 6 9  2 4 . 6 9  2 4 . 6 9  
1 4 0 0 . 0  5 1 . 2 6  5 1 . 2 7  5 1 . 2 7  2 5 . 6 2  2 5 . 6 2  2 5 . 6 2  
1 5 0 0 . 0  5 3 , 0 6  5 3 . 0 7  5 3 . 0 7  2 6 . 5 2  2 6 . 5 2  2 6 . 5 2  

T(PI)  = PBE4M - .140 GEV 
1 b 0 0 . 0  5 4 . 8 0  5 4 , 8 1  5 4 , 8 1  2 7 . 3 9  2 7 , 3 9  2 7 . 8 9  
1700.0 56°49 56.49 56.50 28.24 28.24 28.23 
1800.0 58.13 88.13 58.18 29.06 29.05 29,05 
1900.0 59.72 59.72 59.73 29.85 29.85 29.85 
2000.0 61,27 61.27 61.28 30.65 30.63 30.62 

T ( P I )  = PBE4M - .140 GEV 



2.5 

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 useful 
only for preliminary design. 

A, t Scintillators: Photon yield =Iy/100 eV in plastic scintillator I 
and =Iy/25 eV in Na I. f, 2 

A. 2 ~ e r e n k o v 3 :  Ha l f  angle  0 c of cone a p e r t u r e  in t e r m s  of 
v e l o c i t y  ~3 and i ndex  of r e f r a c t i o n  n: 

Oc : . . . . . .  (-~n) ~ ~ - ~ n )  " 

T h r e s h o l d  ve loc i ty :  ~t = l / n ;  Yt = 1 / l ~ - ~ t 2 "  

N u m b e r  of photons  N p e r  c m :  

- T ~t  3 ~ - Z~dv N = ~ 2 ~ d v =  k[3tYt 

-~ 500 s i n 2 0 c / C m  ( v i s i b l e  s p e c t r u m )  

A. 3 Photon  Co l l ec t ion :  In addi t ion  to the photon y ie ld ,  one should  
t ake  into accoun t  the  l igh t  co l l e c t i on  e f f i c i e n c y  (< 10% fo r  t y p i c a l  
t c m  t h i c k  s c i n t i l l a t o r ) ,  a t t enua t i on  l eng th  (= t to 4 m for  t y p i c a l  
s c i n t i l l a t o r s 4 ) ,  and q u a n t u m  e f f i c i e n c y  of the p h o t o m u l t i p l i e r  
ca thode  (<- 25%). 

A . 4  Bubble ,  S t r e a m e r ,  W i r e  C h a m b e r s :  

C h a m b e r  Type  A c c u r a c y ( r m s )  R e s o l u t i o n  T i m e  Dead  T i m e  

Bubble • 75bL = I m s  ~ - l / 2 0 s  a) 

S t r e a m e r  ± 300~x . = 40 txs = t80 m s  

Optical S p a r k  ±200g b) = 2 gs  = 1 0 m s  

M a g n e t o s t r i e t i v e  S p a r k  * 500~ ~ 2 [~s = I 0 m s  

P r o p o r t i o n a l  > ± 3 0 0  c , d )  =50 ns = 2 0 0  ns 

D r i f t  ~:50 to 300p ~ 2 ns  e) ~100 ns 

a) Mul t ip le  p u l s i n g  t i m e .  
b) 60~ for  h igh  p r e s s u r e .  
c) 300g i s  for  I m m p i t c h .  
d) D e l a y l i n e  ca thode  r e a d o u t  can g i v e  ± i 5011 p a r a l l e l  to anode w i r e .  
e) F o r  two c h a m b e r s .  

A.5 Shower  D e t e c t o r s :  T y p i c a l  energy r e s o l u t i o n  fo r  i n c i d e n t  
e l e c t r o n  in the  t GeV r a n g e ,  E i n G e V .  

Na I (Z0 r a d .  l eng ths )5 :  2% 
E I/4 (FWHM) 

Lead Glass (14 rad. lengths)6: 8-12% (FWHM) 

Lead Scintillator Sandwich (I0 rad. lengths)7: 2Z% v~-  (FWHM) 

(10 l e a d  p l a t e s ,  e a c h  I r a d i a t i o n  l eng th ,  and s c i n t i l l a t o r s ,  e a c h  1 
c m  in t h i c k n e s s ) .  

A. 6 P r o p o r t i o n a l  C h a m b e r  W i r e  I n s t a b i l i t y .  The  l i m i t  on the 
vo l t age  V fo r  a w i r e  t e n s i o n  T i s  g i v e n  by ~ 

! 
s T  a V ~  - -  fC 

w h e r e  s,  l ,  a n d C  a r e  the w i r e  s p a c i n g ,  l eng th ,  and c a p a c i t a n c e  
p e r  unit  l ength .  An a p p r o x i m a t i o n  to C fo r  c h a m b e r  ha l f  gap  t 
and w i r e  d i a m e t e r  d (good for  s <- t) g i v e s  9 

~gT~ ~ + 
where V is in kV, and T is in grams. 

B. COSMIC RAY F L U X E S  

The f luxes  of p a r t i c l e s  of d i f f e r e n t  t ypes  depend  on the  l a t i t ude ,  
t h e i r  ene rgy ,  and on the cond i t i ons  of m e a s u r e m e n t .  Some  typ i ca l  
s e a - l e v e l  v a l u e s  t0  a r e  g i v e n  be low:  

I v  v e r t i c a l  f lux 
I t  to ta l  f lux c r o s s i n g  a uni t  h o r i z o n t a l  a r e a  
J2 to ta l  f lux c r o s s i n g  a s p h e r e  of unit  r a d i u s  

Tota l  I n t e n s i t y  H a r d  c o m p o n e n t  Soft c o m p o n e n t  
I v 1.14X t 0 - }  0.83X 10-~ 0 .3 iX t0 -2 c m - 2 s e c - t  s t e r a d  - 

-2 -2 - I  J t  1 .79X10"~ 1.27X10 - 0 . 52Xt0  c m  2 s e c  
J2 2"4tX t 0 - ~  1"68X 10-2 0"73X t 0 " 2  c m - - s e c - I  

V e r y  a p p r o x i m a t e l y ,  about 75% of aI1 p a r t i c l e s  at s e a - l e v e l  a r e  
p e n e t r a t i n g ,  and a r e  ~ m e s o n s .  The  abso lu t e  f lux of p r o t o n s  at 
s e a - l e v e l ,  in a m o m e n t u m  r a n g e  700-1100 MeV/c ,  i s  1.5X10 -5 
c m - 2 s e c - l s t e r a d  -1,  o r  ~ 0 . t %  of all  p a r t i c l e s .  

C. PASSAGE O F  P A R T I C L E S  T H R O U G H  M A T T E R  

C. I dE/dxil: Energy loss for particlesheavier than an electron 
and having charge z [e !: 

[" 12 m e2~ z T I \ ] 
dE z _  z I I ~ n f -  - - - ~ - -  - - m a x - I  - z~ z 

w h e r e  D = 2TrNre2meCZ=0.t535 MeV cruZ/g,  Z and A a r e  c h a r g e  and 
m a s s  n u m b e r  of the m a t e r i a l ,  ~ = v / c  f o r  the i n c i d e n t  p a r t i c l e ,  
T I i s  the m a x i m u m  e n e r g y  6 r a y  c o n s i d e r e d  to be i o n i z a t i o n  l o s s ,  m a x  
I is  the  m e a n  i o n i z a t i o n  po ten t i a l  (I = Z X I 0  eV), and K i n c l u d e s  the 
she l l  c o r r e c t i o n  ( m a x i m u m  = t 0 %  a r o u n d  B = 0.1), d e n s i t y  e f f e c t  
( i m p o r t a n t  above  ~5 GeV/c ) ,  and the z 3 c o r r e c t i o n  12 ( i m p o r t a n t  
at low v e l o c i t y ,  a few p e r c e n t  at ~ =0 .1 ) .  F i g u r e s  a r e  g i v e n  be low 
for  e n e r g y  l o s s  and r a n g e  in l e a d  (wi th  s e a l i n g  i n d i c a t e d  fo r  c o p p e r ,  
a l u m i n u m ,  and c a r b o n )  and  in h y d r o g e n ,  wi th  TImax t a k e n  to be T m a :  
a s  de f ined  in Sec .  C. Z below.  

C . 2  5 r a y s 1 3 :  N u m b e r  N p e r  g / e r a  z p e r  MeV of 5 Pays of k ine t i c  
e n e r g y  T p r o d u c e d  by an inc iden t  p a r t i c l e  of m o m e n t u m  p and 
v e l o c i t y  ~ ( R u t h e r f o r d  f o r m u l a ) :  

dN Z 1 
- d ~  = D A ~2T2 

w h e r e  D i s  de f i ne d  in the  d E / d x  s e c t i o n .  T h i s  e x p r e s s i o n  is 
valid for any unit charge incident particle if T<<Tma x. Tma x is 
the maximum 6-ray energy, given by 

2 meCZ (pc) z g ~2y2 meC2 
Tma x = 

s me m z 
I+Zv ~ + 

where m e and M are the electron and incident particle masses 
and s is their center-of-mass energy squared. 

C. 3 Multiple Coulomb Scattering I 4: Sketched below are the mul- 
tiple scattering angle 0, displacement y, and sagitta s, of a par- 
ticle of charge z[el, passing through a scatterer of thickness L. 
All quantities are rms projected: 

0pro j  z p[3 ~ ~ (l+e) r a d i a n s  " / ~  

proj 
L 0 p r ° ]  Spr°j .I i/ ] [ 

Sproj  = I 
443 I L "l 

For L >~ 1/10 Lrad, • is generally < I/I0. The distribution of O 
i s  not t r u l y  G a u s s i a n .  t5  

C . 4  E l e c t r o n  R a n g e  in L e a d ,  C o p p e r ,  C a r b o n  and H y d r o g e n :  See 
f i g u r e  fo l lowing .  

C. 5 F r a c t i o n a l  E n e r g y  L o s s  for  E l e c t r o n s  and P o s i t r o n s  in L e a d :  
See f i g u r e  fo l lowing .  

C . 6  C o n t r i b u t i o n s  to Pho ton  C r o s s  Sec t ion  in L e a d :  See f i g u r e  
fo l lowing .  

C. 7 Pho ton  C r o s s  Sect ion:  See f i g u r e  fo l lowing .  

D. ATOMIC AND NUCLEAR PROPERTIES OF MATERIALS 

See table following. 

*Prepared April 1974 by Sherwood Parker and Bernard Sadou]et. 

References for this see%ion may be found after the following 
figures and the Atomic and Nuclear Properties Table. 
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PARTICLE DETECTORS, ABSORBERS, AND RANGES (Cont'd) 
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K a n g e  a n d  e n e r g y  l o s s  i n  l e a d  a r e  c a l c u l a t e d  u s i n g  t he  p r o g r a m  w r i t t e n  by  H a n s  B i s c h e l  ( U C R . L - i 7 5 3 8  + d e n s i t y  
c o r r e c t i o n ) .  The  e x c i t a t i o n  p o t e n t i a l  f o r  P b  i s  a s s u m e d  to  be 8Z0 eV (See  T a b l e  I of t he  a b o v e  r e f e r e n c e  fo r  the  
o t h e r  e l e m e n t s ) .  S c a l i n g  to  Cu,  A1, and  C a r e  i n d i c a t e d .  The  d o t t e d  l i n e s  a r e  f o r  c a r b o n .  The  e n e r g y  l o s s e s  
a b o v e  5 G e V / c  a r e  a l s o  p l o t t e d  a s  i m p l i e d  by  a r r o w s ;  n o t e  t h a t  the  s c a l e  a t  the  top  of the  p l o t  s h o u l d  be  u s e d  fo r  
t h i s  p o r t i o n  of the  g r a p h .  

F o r  o t h e r  b e a m  p a r t i c l e s ,  s e e  s c a l i n g  l a w  on n e x t  p a g e .  
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Range and Energy Loss in Liquid Hydrogen 
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R a n g e  and  e n e r g y  l o s s  i n  l i q u i d  h y d r o g e n  b u b b l e  c h a m b e r ,  d e t e r m i n e d  by  a ~+ r a n g e  of t . i 0 3  + 0 . 0 0 3  c m  f r o m  t he  
~ + ~  ~+v  d e c a y .  L i q u i d  h y d r o g e n  c o n d i t i o n s :  T = 2 7 . 6 ± 0 . t  °K; P = 4 8 ± 5  p s i a ;  p = ( 5 . 8 6 ± 0 . 0 6 ) i 0  -2 g / c m  3. (Da ta  
by  C l a r k  and  D i e h l ,  U C R L - 3 7 8 9 ,  t 9 5 7 . )  B u b b l e  c h a m b e r  p h y s i c i s t s :  n o t e  t h a t  the  n u m b e r  of b u b b l e s  p e r  c m  i s  

R ~  3 b  p r o p o r t i o n a l  to  1 / ~  2, no t  to  d E / d x .  F o r  t he  m o r e  l i n e a r  p o r t i o n s  of t he  s o l i d  ( r a n g e )  c u r v e s ,  p • . F o r  
o t h e r  a b s o r b e r s  a n d  m o r e  d e t a i l s ,  s e e  U C R L - Z 4 Z 6  R e v .  ( i 9 6 6 ) .  

S c a l i n g  l a w  for  p a r t i c l e s  of o t h e r  m a s s  o r  c h a r g e :  f o r  a g i v e n  m e d i u m ,  t he  r a n g e  R b of any  b e a m  p a r t i c l e  w i t h  
m a s s  Mb, c h a r g e  Zb, a nd  m o m e n t u m  u, i s  g i v e n  in  t e r m s  of t he  r a n g e  R of any  o t h e r  p a r t i c l e  w i t h  m a s s  Ma,  
c h a r g e  z a,  and  m o m e n t u m  Pa  = P b M a / ~ b  (i.  e .  , h a v i n g  the  s a m e  v e l o c i t y ~ b y  t he  e x p r e s s i o n  

Z Z Rb(~'  ~b' Ph) L'%/~a J' Ra(~a' ~a' Pa P b ~ a / ~  ~ " 
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PARTICLE DETECTORS, ABSORBERS, AND RANGES 

Electron Range in Lead, Copper, Carbon, and Hydrogen 
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T ( M e V )  
l%ange of electrons. This range is the total path length; the practical range is shorter because of multiple Coulomb 
scattering. This scattering becomes increasingly important as the electron slows down. E.g., for a fast electron, 
the rrns projected angle due to multiple Coulomb scattering reaches I radian by the time the electron has slowed 
to 0.4 MeV in hydrogen, 1.5 MeV in carbon, 9 IVIeV in copper, and 24 MeV (off scale) in lead. The "critical energy" 
(above which the energy loss due to brernsstrahlung exceeds that due to ionization and showering becomes impor- 
tant) is 400 MeV for hydrogen, i00 MeV for carbon, Z5 MeV for copper, and I0 MeV for lead. See Berger and 
Seltzer, NASA SP-301Z (1964) and P. Trower, UCI~L-24Z6, Vol. II Rev. (1966). 1-10 keV range was obtained 
by linear extrapolation. 

Fractional Energy Loss for e + and e- in Lead 
I I ~ l l r l l l  I I I 111111 I I I IIII1~ 

\ \  
oniz°tiOnl ~ 

1.0 - 
,o ":lectro P o s i t r o n ~  

T ° .J 
u~ ~ / Bremsstrohluno 

ILl x 
.Iol- o 0.5 

--IU, J Moiler (e-) \ 

o(e 

Posit r o n ~  ~ _  
nnihila t ion -r , ~ - : . . . . , . . _ _ ~  , " ~ . ~  

o .... i - ( - i  l I L Ill ~ ' ~ - - ~  . ~ ' " - ' ~  . . . .  
I0 I00 I000 

E ( M e V )  

F r a c t i o n a l  e n e r g y  l o s s  p e r  r a d i a t i o n  l e n g t h  i n  l e a d  a s  
a f u n c t i o n  o f  e l e c t r o n  o r  p o s i t r o n  e n e r g y .  E l e c t r o n  
( p o s i t r o n )  s c a t t e r i n g  i s  c o n s i d e r e d  a s  i o n i z a t i o n  w h e n  
t h e  e n e r g y  l o s s  p e r  c o l l i s i o n  i s  b e l o w  0 . 2 5 5  M e V ,  a n d  
a s  M o l l e r  ( B h a b h a )  s c a t t e r i n E  w h e n  i t  i s  a b o v e .  

Contributions to Photon Cross Section in Lead 
°~ / , , ,,,,~,l , I I II111 j ~ ~  

/ 

~ 0.5 
;_ % Po 

o9 ~ 0.3 ~ . ~  o" 

o ,,1 , L L [ l l l  
I I0 I00 I000 

E ( M e V )  

P h o t o n  c r o s s  s e c t i o n  i n  l e a d  i n  i n v e r s e  r a d i a t i o n  
l e n g t h s  a s  a f u n c t i o n  o f  p h o t o n  e n e r g y .  T h e  i n t e n s i t y  
o f  p h o t o n s  c a n  b e  e x p r e s s e d  a s  I = I 0 e x p ( - ( Y x ) ,  w h e r e  
(y i s  r e a d  a b o v e  a n d  x i s  t h e  p a t h  l e n g t h  i n  r a d i a t i o n  
l e n g t h s .  

T h e s e  f i g u r e s  are a d a p t e d  f r o m  F i g .  3 . Z  a n d  F i g .  3 . 3  f r o m  M e s s e l  a n d  C r a w f o r d ,  E l e c t r o n - P h o t o n  S h o w e r  D i s t r i -  
b u t i o n  F u n c t i o n  T a b l e s  f o r  L e a d ,  C o p p e r  a n d  A i r  A b s o r b e r s ,  P e r g a m o n  P r e s s ,  t 9 7 0 .  M e s s e l  a n d  C r a w f o r d  u s e  
L r (Pb) = 5.8Z g/cm Z. 
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PHOTON E N E R G Y  (MeV)  
X B L  7 4 3 - 2 6 6 2  

The photon cross section as a function of photon energy for various substances. The solid curve for each substance 
gives the total cross section in (cruZ/g). The dashed curve is the total cross section multiplied by the fraction of 
energy deposited by the photon (different from solid curve because of Compton scattering and bremsstrahlung of 
secondary electrons). See J. H. Hubbell, NSRDS-NBS 29 (1969). 
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PARTICLE DETECTORS, ABSORBERS, AND RANGES (Cont'd) 

Atomic and Nuclear Properties of Materials* 

M a t e r i a l  Z A N u c l e a r  a N u c l e a r  c o l l i s i o n  A b s o r p t i o n  d E / d x  r a i n  c R a d i a t i o n  l e n g t h  D e n s i t z  e R e f r a c t i v e  

section= length Lcon. b length[cm] ×b [ M~______~ L [~cmJ 2 Lrad [g/cm3] index n°; 
[barns] [ g/cm2] [cm] Lg/cm J [g /cm ] [cm] () is for g a s [ g / (  ] ()iSfor(n-i)XlOVgas 

y 0.0708 /1. i12 H 2 1 i . 0 t  0 . 0 3 9  4 3 . 0  6 0 7 . 4  7 8 9 . 5  4 .12  0 . 2 9 2  62 .8  887 { (0 .090)  ~ ( t40 )  

D 2 t 2 . 0 t  0 . 0 7 4  4 5 . t  2 7 3 . 3  3 4 1 . 7  2 .07  0 . 3 4 2  126 764  t . 6 5  1 . t 2 8  
J 0.125 / ioz4 He 2 4 . 0 0  0 . 1 3 4  4 9 . 6  3 9 6 . 5  4 7 7 . 8  1 .94  0 . 2 4 3  9 3 . t  745 ~ ( 0 . t 7 8 )  / ( 3 5 )  

Li 3 6.94 0.215 53.6 100.4 120.6 1.65 0.902 83.3 156 0.534 
Be 4 9 .01 0 . 2 7 0  55 .4  30 .0  36 .7  t . 6 t  2 . 97  66 .0  35 .7  t . 8 4 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . . . .  
C 6 12.01 0.340 58.7 =37.8 49.9 1.78 =2.76 43.3 =67.0 =1.55 f _ 

/ o.8o8 /1.2o5 N 2 7 1 4 . 0 t  0 . 3 9 0  59.7  7 3 . 8  99 .4  1 .82  1 .47  38 .6  4 7 . 8  | ( 1 . 2 5 )  / ( 3 0 0 )  

/ t.207 /1.092 Ne t0 20.18 0.520 64.4 53.7 74.9 1.73 2.08 29.1 24.3 I(0.96) ~(67) 

A1 13 26.98 0.650 68.9 25.5 37.2 1.62 4.37 24.3 9.0 2.70 

A r  t 8  3 9 . 9 5  0 . 8 9 0  74 .5  53 .2  80 .9  t . 5 1  2 . 1 t  t 9 . 7  14.1  / (  "t'-40)1 7~ /t-233283 
. . . . . . . . . . . . . . . . . . . . . .  / • / (  ) 
Fe 26 55.85 1.160 79.9 10.2 17.1 1.48 i{.6 13.9 1.77 7.87 
C u  29 6 3 . 5 4  1 . 2 7 0  83.1  9 .3  t 4 . 8  1 . 4 4  t 2 . 9  t 3 . 0  1 .45  8 .96  
Sn  50 t t 8 . 6 9  2 . 0 4 0  96 .6  t 3 . 2  22 .8  1 .28  9 .4  8 .9  1 .22  7 .31 
W 74 183.85 2.810 108.6 5.6 10.3 1.17 22.6 6.8 0.35 19.3 
P b  82 2 0 7 . 1 9  3 . 0 8 0  1 t l . 7  9 .8  18 .5  t . i 3  t 2 . 8  6 ,4  0 .56  t l . 3 5  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

U 92 2 3 8 . 0 3  3 . 3 8 0  1 1 6 . 9  ~ 6 . 2  12 .0  " t . 0 9  = 2 0 . 7  6. t = 0 . 3 2  = 1 8 . 9 5  
I o.ooi2o52 { A i r  (ga s  a t  2 0 ° C )  60 .2  5 0 0 0 0  g t . 8 2  0 . 0 0 2 2  g 37 .2  3 0 8 7 0  g { ( t . 2 9 )  (293) 

H O 58.3 58.3 2.03 2.03 36.4 36.4 1.00 1.33 
H z (bubble chamber 26°K) h 43.0 683 4.12 0.26 62.8 990 = 0.063 h 1.112 
D z (bubble chamber 31°K) h 45.1 322 2.07 0.29 126 900 = 0.140 h 1.110 
.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H-Ne mixture (50 mole per cent) { 62.9 154.5 1.84 0.75 29.9 73.5 0.407 1.092 
~' 0.41  J /1.25 j 

Propane (C3H8) J 55.0 134 2.28 0.98 45.9 it0 [(2.0) ~(i005) 

Freon 13BI (CP3Br)J (see other 74.3 49.5 1.52 =2.3 16.7 nil i= 1.50 J /t.238 J 
(8.71) U750) 

llford emulsion Freons below) 79.5 20.8 1.44 5.49 11.2 2.94 3.815 

Nal 91.9 25.0 1.32 4.84 9.5 2.59 3.67 1.775 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

LiF 61.1 23.1 1.69 4.46 39.3 15.1 2.64 1.394 
Polyethylene (CH~) 55.7 59.6 2.09 =1.95 45.3 =49 0.92-0.95 - 
Mylar (C6i.i402) - 58.5 42.1 1.91 2.65 40.5 29.2 1.39 - 
Polystyre~ne; ~cintillator (CH) k 57.0 55.2 2.03 1.97 44.3 43 1.032 1.58l 
Plexiglas (C5H802); also called 57.7 48.9 1.95 1.65 40.5 34.5 1.16-1.20 =1.49 
. . . . . . . . . .  Lucite ~ - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Spark or proportional chamber 0.5% 0.3 % 0. 073 2.7 % 0. 046 
Shielding concrete m 64.9 26.0 1.70 4.25 26.6 10.6 2.5 

CO 2 ~ ~ (1.79) n (420) n 
Freon 12 (CC12F2) I (used in Cerenkov counters) (4.93) n (1080)n 
Freon 13 (CCI F3) (4.26)n (720)n 

Table revised January 1974 by J. Engler and F. M~nnig. For details and references, see CERN NP Internal Report 74-i. { 
a (; of neutrons (= (y of protons) at 20 GeV from Landolt-Bornstein, New Series I, Vol. 5. Energy dependence for all nuclei = -- 

per cent/OeV (from 5-25 GeV). 2 
b L c o l  1 = A/(N.(T) .  In  the  a b s o r p t i o n  l e n g t h  the  e l a s t i c  s c a t t e r i n g  i s  s u b t r a c t e d .  
c F r o m  W. H.  B a r k a s  a n d  M. J.  B e r g e r ,  T a b l e s  of E n e r g y  L o s s e s  a n d  R a n g e s  of H e a v y  C h a r g e d  P a r t i c l e s ,  NASA S P - 3 0 i 3  

( t 964 ) .  
d Mainly from O. I. Dovzhenko and A. A. Pomanskii, Soviet Phys. JETP 18, 187 (1964); for some recent to-be-published 

results, see Y. Tsai, SLAC-PUB 1365 (1974). 
e Values for solids, or the liquid phase at boiling point, except where noted. Values in parentheses for gaseous phase STP 

(0°C, I atm. ), except where noted. 
f Density variable. 
g G a s  a t  20"C, 
h D e n s i t y  m a y  v a r y  a b o u t  ± 3 % ,  d e p e n d i n g  on  o p e r a t i o n  c o n d i t i o n s .  
1 V a l u e s  f o r  t y p i c a l  w o r k i n g  c o n d i t i o n  w i t h  H 2 t a r g e t ;  50 m o l e  p e r  c e n t ,  2 9 ° K ,  7 a t m .  
J V a l u e s  f o r  t y p i c a l  c h a m b e r  w o r k i n g  c o n d i t i o n s :  P r o p a n e  ~ 5 7 ° C ,  8 - t 0  a t m .  F r e o n  t 3 B t  ~ 2 8 ° C ,  8 - t 0  a t m .  
k T y p i c a l  s c i n t i l l a t o r ;  e . g .  P I L O T  B a n d  N E  1 0 2 A  h a v e  a n  a t o m i c  r a t i o  H / C  = 1 .10 .  

V a l u e s  f o r  t y p i c a l  c o n s t r u c t i o n :  2 l a y e r s  50 ~rn C u / B e  w i r e s ,  8 m m  g a p ,  60% a r g o n ,  4 0 %  i s o b u t a n e  o r  CO2;  2 l a y e r s  50 ~ m  
M y l a r / A c l a r  f o i l s .  

m S t a n d a r d  s h i e l d i n g  b l o c k s ,  t y p i c a l  c o m p o s i t i o n  0 2  52%,  Si 3 2 . 5 % ,  C a  6 % ,  N a  t . 5 % ,  F e  2 % ,  A 1 4 %  p l u s  r e i n f o r c i n g  i r o n  b a r s .  
A t t e n u a t i o n  l e n g t h 1  = i t 5 ± 5  g / c m  2,  a l s o  v a l i d  f o r  e a r t h  ( t y p i c a l  p = 2 .15 )  f r o m  C E R N - L H L - R H E L  S h i e l d i n g  exp .  
U C R L - 1 7 8 4 t  (1968) .  

n At  2 6 ° C  a n d  1 a r m .  I n d i c e s  of r e f r a c t i o n  f r o m  E. R. H a y e s ,  R.  A. S c h l u t e r ,  a n d  A.  T a m o s a i t i s ,  A N L - 6 9 t 6  ( i 9 6 4 ) .  
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I .  Methods  of E y p e r i m e n t a l  Phys i c s ,  Yuan and Wu, e d i t o r s ,  
A c a d e m i c  P r e s s ,  196 t ,  Vol.  5A, p. lZ7.  

2. R . K .  Swank, Ann. Rev .  Nuc.  Sci.  4, 137 (1954) a ndG. ~ W r igh t ,  
P r o c .  P h y s .  Soc. B6._.~8, 929 ( i955) .  

3. Methods of E x p e r i m e n t a l  P h y s i c s ,  Yuan and Wu, e d i t o r s ,  
Academic Press, 1961, Vol. 5A, p. 163. 

4. Nuclear Enterprises Catalogue. 

5. E.B. Hughes et. al., IEEE Transactions on Nuclear Science, 
NS-19, No. 3, 126 (1972). 

6. M. Holder e. al., Phys. Letters 40B, 141 (f972) and J. S. 
Beale et. al., "A Lead-Glass ~er-~nkov Detector for Electrons 
and Photons," CER/~ Writeup, Intl. Conf. on Instrumentation 
in H.E,P., Frascati (1973). 

7. J.K. Walker and T. R. Knasel, Rev. Sci. Instr. 3/7, 913 (~966). 

8. T. Trippe, CERN NP Internal Report 69-18 (1969). 

9. S. Parker and R. Jones, LBL-797 (1972), and A. Morse and 
B. Feshbach, Methods of Theoretical Physics, McGraw-Hill, 
New York, 1953, p. lZ36. 

I0. B. Rossi, Rev. Mod, Phys. 2__00, 537 (1948). 

11. H. Bichsel, Passage of Char~ed Particles Through Matter, 
American Inslitute of Physics Handbook, McGraw-Hill, 197Z, 
Sec. 8, p. t4Z. 

1Z. H. H. H e c k m a n  et .  a l . ,  P h y s .  Rev .  Le t t .  2_Z2, 871 (f969) and 
J .  D. J a c k s o n  et. al . ,  P h y s .  Rev .  B 6, 4f3~ (1972). 

13. See B. R o s s i ,  H i ~ h E n e r ~ r  P a r t i c l e s  ( P r e n t i c e  Hai l ,  1952), 
Sect ion  2.3 fo r  m o r e  a c c u r a t e  f o r m u l a e .  

14. Mainly  f r o m G .  Z. M o l i e r e ,  Na tu r fo r sch .~ (a ) ,  78 (1948). 

~5. See,  for  e x a m p l e ,  the e x p e r i m e n t a l  w o r k  of A. D. Hansen ,  
L .  H. L a n z l ,  E .  M. L y m a n ,  and M. B. Scott ,  P h y s .  Rev .  8_~4, 
634 (1951). 

E L E C T R O M A G N E T I C  R E L A T I O N S  

Quant i ty  

Maxwell' s Equations 

CGS ( s t a t cou l . ,  
s-~atamp.,  sec  c m  - f )  

Po ten t i a l s :  

F ie lds :  

M a t e r i a l s :  

Force: 

Maxwell: 

v =  ~ charges ' 

X = -~ currents "~; 

c = speed  of l ight  
in v a c u u m  

= -W, B = VXA 

= EE, B=~H 

= q(~+-~x~) 

~x~ : - ~  ---~-, 

~ . ~ :  o, 

~x~ 4 ~ ' +  ~ ~ = c T"~- 

MKSA (coul . ,  a m p . ,  ohm) 

V = 4~----~ charges 

c u r r e n t s  "~ ; 

l % = ~ 10 -9 MESA, 

p,O = 4"~ t0 "7 MESA 

T:: : -~v, ~ : ~'x~ 

~ : ~ %~., ~ :~0 ~ 

P = q(~ +~x~) 

~ . D =  p, 

~x~: a~ = --~-, 

~ . g :  0, 

- ~ el5 
VXS : T + --~-- 

I n t e g r a l  F o r m s  (MKSA) 

f. Gauss' theorem: 

dS 

2. A m p e r e ' s  law: 

d/ 

~a ] ~ . a d s :  f p/% dv 
su ce volume 

(p = charge/volume) 

/ ~ "  d~" = f 7 "  ~ dS 
r s u r f a c e  

(~ = s u r f a c e  c u r r e n t  dens i ty)  

I m p e d a n c e s :  A l t e r n a t i n  6 C u r r e n t s  (MKSA) 

O h m ' s  law: V = ZI,  V = Vo eiwt 

t .  I m p e d a n c e  of s e l f - i n d u c t a n c e  of i nduc tance  L : Z = ic~L 

l 
Z. I m p e d a n c e  of a c a p a c i t o r  of c a p a c i t a n c e  C : Z =-~-~ 

3. I m p e d a n c e  of a f lat  conduc to r  of width w at high f r equency :  

Z = ~ ;  

{ ~ l .  T X l O - 8 ~ m  for  Cu 
p = resistivity ?..8XJ0-8~m for  A1 

6 = e f f ec t ive  skin depth 

= ~ ' ~  ~ 6 . 6 c m  for  Cu 

Capacitance C and Inductance L per Unit Length (MKSA) 

i .  Fo r  flat p l a t e s  of width  w, s e p a r a t e d  by d<< w : 

d C = E ~0 w . L = ~ ~ --~ 
d 

2. For coax cable of interior and exterior radii r I and r 2 : 

Z~ EE 0 L :--~-- In(rz/rl) ; C = ~  ; 

{ 2 4 to 6 for p l a s t i c s  
= d i e l e c t r i c  cons tan t  to 8 for  p o r c e l a i n ,  g l a s s e s  

= m a g n e t i c  s u s c e p t i b i l i t y  

T r a n s m i s s i o n  L i n e s  (No L o s s )  (MKSA) 

Velocity : 1/L4"L"C : c/~V~- 

I m p e d a n c e  = 

L,  C a r e  i nduc t ance  and c a p a c i t a n c e  p e r  unit  l eng th  

S y n c h r o t r o n  Rad ia t i on  (CGS) 

41r e Z ~3y4 , p = o rb i t  r ad iu s .  Energy loss/revolution 3 P 

For electrons (~=i), z~E(MeV)= 0.0885 [E(GeV)]4/p(meter). 
rev. 

Critical frequency: w c = 3y 3 c/p 

See J .D.  J a c k s o n ,  C l a s s i c a l  E lec t rod~ ,narn ics ,  John  Wiley  & Sons,  
New York,  f962,  for  m o r e  f o r m u l a e  and deta ' i ls .  ( P r e p a r e d  A p r i l  
1974. ) 
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RADIOACTIVITY AND RADIATION PROTECTION 

Unit of act ivi ty = Curie:  
t Ci = 3 ,7Xt0  t0 d i s i n t e g r a t i o n s / s e c  

Unit of exposure dose for x and y radiation = Roentgen: 
I R = I esu/cm 3 = 87.8 erg/g (5.49×107 MeVyg ) of air 

Unit of absorbed  dose = rad: 
1 rad = t00 e r g / g  (6 .25Xt0 7 MeV/g) in any ma te r i a l  

Unit of dose equivalent  (for protection) = rem:  
reins (Roentgen equivalents for man) = rads X OF, 

where QF (quality factor) depends upon the type of radiation 
and other factors. For ¥ rays and HE protons, QF = i; for 
thermal neutrons, QF = 3; for fast neutrons, QF ranges up 
to 10; and for a particles and heavy ions, QF ranges up to 20. 

Maximum p e r m i s s i b l e  occupational dose for the whole body: 
5 r e m / y e a r  (or ~ t00 mi l l i r em/week)  

Fluxes  (per cm2) to l ibera te  iR in carbon: 
3X i07 m i n i m u m  ionizing singly charged pa r t i c l es  
0.9X i09 protons  of t MeV energy 

(These fluxes are correct to within a factor  of 2 for all 
materials. ) 

Natural  background: i20 to t30 m i l l i r e m / y e a r  ,,~ 
cosmic radiation (charged particles + neut .... ) ~25~ 
cosmic  radia t ion (y rays)  ~ 25 } 
radiation from rocks and air (y rays) ~ 73~ 

Cosmic ray background in counters: ~ I/min/cm2/ster 

PERIODIC TABLE OF THE ELEMENTS 

IA I I A  

3 4 
Li Be 

6.94 9.0122 

11 12 
Na Mg 

22.9898 24.305 

19 20 
K Ca 

39.102 40.08 

37 38 
Rb Sr 

85.47 87.62 

55 56 
Cs Ba 

132.905 : 137.34 

1 
H 

1.008 

I I IB  I V B  V B  V I B  V I I B  : - -  VIII  - - - - ~  IB l i B  

22 
Ti 

47.90 

40 
Zr 

91.22 

72 
Hf 

178.49 

21 
Sc 

44.956 

39 
Y 

88.906 

57-71 
Rare  

Earths 

23 
V 

50.941 

41 
Nb 

92.906 

73 
Ta 

180.947 

24 
Cr 

51.996 

42 
Me 

95.94 

74 
W 

183.85 

25 
Mn 

54.9380 

43 
Tc 

98.9062 

75 
Re 

186.2 

26 
Fe 

55.847 

44 
Ru 

101.07 J 

76 
Os 

i 90.2 

27 
Co 

58.9332 

45 
Rh 

102.905 

77 
Ir 

192.2 

28 
Ni 

58.71 

46 
Pd 

106.4 

78 
Pt 

195.09 

29 
Cu 

63.55 

47 

79 
Au 

196.967 

30 
Zn 

65.37 

48 
Cd 

112.40 

80 
Hg 

200.59 

I l i A  IVA VA VIA VIIA 

5 
B 

10.81 

26.981 .~ 

31 
Ga 

69.72 

49 
In 

1 ! 4.82 

81 
Tl 

204.37 

6 
C 

12.011 

14 
Si 

28.086 

32 
Ge 

72.59 

50 
Sn 

118.69 

82 
Pb 

207.2 

7 
N 

14.0067 

15 
P 

30.9738 

33 
As 

74.9216 

51 
Sb 

1121.75 

83 
Bi 

208.981 

8 
O 

15.9994 

16 
S 

32.06 

34 
Se 

78.96 

52 
Te 

127.60 

84 
Po 

(209) 

9 
F 

! 8 .9984 

17 
CI 

35.453 

35 
Br 

79.904 

53 
I 

126.9045 

85 
At 

(210) 

2 
He 

4.0026 

l0 
Ne 

20.17 

18 
A 

39.948 

36 
Kr 

83.80 

54 
Xe 

131.30 

86 
Rn 

(222) 

I i ~  [ 58 ' 59 I N ~ 61 [ 62 I 63 I G6~ I 65 I 66 [16~7930 68 I 69 I 70 [ 71 [ Ce Pr Pm Sm Eu Tb Dy He Er Tm Yb Lu 
150.4 158.925 162.50 167.26 168.934 173.04 174.97 138.91 140.12 140.9~ 144.24 (145) 151.96 157.25 

Rare earths 
(Lanthanide 

series) 

I "  90 , ,2 ,, f 01021  [ Ac Tb Pa U I Np Pu Am Cm Bk Cf Es Fm Md No Actinide series 
(227) 232.038 231.036 238.03 1237.048 (244) (243) (247) (247) (251) (254) (257) (256) (254) (260) 

Numbers in parentheses are mass numbers of most stable isotope of that element. Adapted from the 
Handbook o f  Chemistry and Physics, 1973-74. (Particle Data Group update, April 1974.) 
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CROSS SECTION PLOTS 

5OO 

=t 

4OO 

500 

o 

-6 200 

~- IO0 

0 - -  

5 aoo 
g 

6 0 0  

£ 
(-' 4 0 0  

o 

200 

c~ 0 

Photon energy in G e V  
0.5 1.0 5 I0 20 30 

DATA FROM: 
Santa Barhara.SLAC 
nESy-Hamburg 
Glas ~ow-She ffleld .DNPL 
Lebedev - Yet eva n-So r pukhov 
SLAC -Tufts -Berkeley 
A B B H H M  
S LAC -Berkele 7 

':,1 ~/! 

{ ' ;'" ~ '~f ' :"  " ....... • ,",,,"~ . . . .  

DATA FROM: 
, Santa Barbara-SLAC 

DESY-Hamburg 
Gla sgow-Shef~leld - DNPL 
L e b e d e v  - Y e r  e v a  n . S e t  p t ~ k h o v  

2 3 4 5 6 7 8 
Totol center of moss energy (of photon 

ond nucleon) in GeV 

Crtot(yp ) and (~tot('fd) as  compi l ed  by O. M. Lewis, Glasgow. 

2MpWl  

ZO 

6.0 

5.0 

4.0 

5.0 

2.0 

1.0 

0 

0.6 

O.5 

O.4 
~,Wz 

0.5 

0.2 

0.1 

0 

°P I ! F o r m  f a c t o r s  tt 
R=O.18 ÷t t + 

R=O.18  

i J i i i i i i I I 

2 4 6 8 I0 ,20 

= 2Mv/~21 

Ine las t i c  e l e Q t r o p r o d t u . ~ i o n  f o r m  ~ a Q t o r |  f o r  a v i r t u a l  
space-llke photon scattering on a proton, from SLAC-MIT, 
Phys. Rev. D5, 528 (1972). R= CrS/~T, the ratio of the 
longitudinal o~-6-transverse cross sections. See L. Hand, 
Phys. Rev. i29, 1834 (1963). 

i 0 0  

..Q 

1 0  ' ' 
1 0 0  , , 

b 

200 

100 

o 

E 
b 

- 1 0 0  

EC.M. (GeV) 
1.5 2 3 4 6 e 7 e o l o  

. . . . .  / " 1  t , I ,  , , J , i  i I, I i i , I  . . . .  

/~A ",o,(" p) 
f v 

I I I I I I I P } I I I I I I J I ~ I I I J I I I 

100.1 1 10 I 0 0  

Pbeam (GeV/c) 
w p total cross-section data from the Particle Data Group coi~ipilation 
"wN Two-Body Scattering Data," LBL-63 {1973). 

ECM (GeV) 
~/~ h5 t ; , 

I - 1 / 2 ,  a / 2  

/ I  / I \ .... (.N)-~'(o')/P . . . .  ii, iI/~ 

. . . . . . . .  i . . . . . . . .  

i001 . . . . . . .  , . . . . . . .  

[ (Tt o t ("N)-hr~k'(O°)/Pbe am 

v C [ . . . . . . . .  , ~ ~  
0.1 1. 10. 

Pbe,=, (GeV/c) 
Interpolations of ~N total cross sections for 1=3/2 and I/2, and the 
corresponding real parts of the forward ampl i tudes  as calcu/ated from 
dispersion relations by A. A. Carter and J.R. Carter (RHEL DDt. RL- 
73-024, 1973; labeled C above) and by G. Hohler and H.P. Jakob {priv. 
comm. , t97Z; labeled H above}. The normalization of the curves for 
each value of I is such that the s~rn of their squares divided by 19.6 
gives d~/dt at 0 e in mb/(GeV/c) . 
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CROSS SECTION PLOTS (Cont'd) 

f 
' J . . . .  J . . . .  r . . . .  t . . . .  j . . . .  t ' , ' ~  

] 
'°° h . RUT EREORO. B,RM,NG,AM. CAVENOr ,  OLL. J 

tI • BROOKHAVEN I 
90F-~ " ARIZONA .J 

I'# A 

20  ] . . . .  I , , , I f . . . .  ~ . . . .  ~ . . . .  I ' ' 

0.5 1.0 1.5 2.0 2.5 ~0 
LABORATORY MOMENTUM OF K- MESONS (GeV/c} 

~C 'p  a n d  K - d  t o t a l  c r o s s - s e c t i o n  d a t a  c o m p i l e d  b y  L i  e t  a l .  , P r o c ,  t 9 7 3  
Purdue Cord. on Baryon Resonances. The solid curve passes through 
the Brookhaven data. 

100 

80 

6O 

b 
4O 

20 

• ' ~ . . . . .  J . . . . . . . .  i . . . . . . . .  

IHigh energy I 

~ i ? !  ' ' ''' I I  I i '  

'~' ~ , i  ,,I O'T (K-P) 
• N~ktI.,...,.,.,.,~ 

. . . . . . . .  i • • , . . . . .  I , . . . . . .  

0., I I0  100 
Pbeam (Geg/c) 

l ~ - p  a n d  K i d  t o t a l  c r o s s - s e c t i o n  d a t a .  C o m p i l a t i o n  s o u r c e s :  E .  B r a c c i  
e t  a l .  , C E R N / H E R A  7 2 - 2 ,  R i p ;  G.R. L y n c h ,  K ' d  (<  3 G e V / c ) ;  P a r t i c l e  
D a t a  G r o u p ,  K - d  (>3  G e V / c ) .  T h e  n e w  B N L  d a t a  b e l o w  i G e V / c  a r e  
n o t  i n c l u d e d .  

9 0  i . . . .  i .... i . . . .  i . . . .  i . . . .  i , , 

tt 8ROOKHAVEN 

80 I ~ ~° g_ ~ ~ 

70 I I I 

. . . . . . . . . . . . .  t . . . .  f . . . .  J , . 

(15 I0 1.5 2.0 2.5 3.0 
LABORATORY MOMENTUM OF K- MESONS (GeV/c) 

'5~)0 '6~)0 1800 WOO 2~ZX) 2400 26CK) 2700 
TOTAL c.m. ENERGY (MeV) 

K ' N  t o t a l  c r o s s  s e c t i o n s  f o r  I : 0 a n d  ! = t b e l o w  3.  3 G e V / c .  
C o m p i l e d  a n d  u n f o l d e d  b y  L i  e t  a l . ,  P r o c °  i 9 7 3  P u r d u e  C o r d .  
o n  B a r y o n  R e s o n a n c e s .  

~ 6 0  

50 
o 
(.~ 

g ~o 

- 3 0  

%" -60 
Q) 

t~  
g) 

" - ~  - 9 0  
{ D  

- 1 2 0  

- 1 5 0  

-180 

. . . . . . . .  I 

K0p 
KOd -~ Ks~d 
Regeneration phase 

t÷t t 
, , . . . . . .  I 

10 

,[ IhI 

100 
Pbe~m ( G e V / c )  

P h a s e s  o f  f o r w a r d  a m p l i t u d e s  f o r  K ~ . p ~  K~p(<>,D)  a n d  K L d ~ °  K s d ( * ) . °  
T h e  d e u t e r i u m  d a t a  a r e  s h i f t e d  t G e ~ / c  h i~ghe r  t o  a v o i d  o v e r l a p  w i t h  t h e  
p r o t o n  d a t a .  O - p ,  c o m p i l e d  by  P a r t i c l e  D a t a  G r o u p ,  L B L - 5 5 ;  D - p ,  
V .  B i r n l e v  e t  a l ;  J I N R - E I - 6 8 5 t  ( t 9 7 Z ) ;  * - d ,  K . - F .  A l b r e c h t  e t  a l .  , 
P h y s .  L e t t .  48____BB, 2 5 7  ( t 9 7 4 ) .  
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3S 

25 

20 

30 

25 

20 
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C R O S S  S E C T I O N  P L O T S  ( C o n t S d )  

K PLUS PROTON TOTAL CROSS SECTION 

~ t' "'" "P' ...... 7 ................ 

1.0 1 .S 2.0 2.5 3.0 

MOMENTUM {GEU/E} 

K PLUS DEUTERON TOTAL CROSS SECTION 

~ , i,w ,o~,~o. ,o°°. . , , . , .o , .  

i 

,/ 
f 

.S 1.0 I .S 2.0 2.S 3.0 

MOMENTUM {GEU/C} 

C o m p i l a t i o n  of  r e c e n t  K+p an d  K+d t o t a l  c r o s s -  
section rneasuremeuts. References can be found 
i n  the  B a r y o n  D a t a  C a r d  L i s t i n g s .  

K NUCLEON CROSS SECTION 

, , . . , , . . ° , . ° , , ° % . , °  

tt 
1 .O I .S  2 . 0  2 . E  3 . 0  

MOMENTUM ( 6 E U / C )  

T o t a l  c r o s s - s e c t l o n  f o r  i s o s p i n  z e r o  E N  s y s t e m ,  
Unfolding of the BUGG 68 and BOWEN 70 and 73 
data was done by G. R. Lynch (as in Proc. of i970 
D u k e  C o n f e r e n c e ) .  T a b l e s  o( ~ 0  w e r e  p r o v i d e d  
b y  the  B N L  a u t h o r s .  L y n c h  a n d  B N L  u s e  the  
s a m e  m e t h o d  of  u n f o l d i n g ;  the  B O W E N  73 u n f o l d e d  
d i s t r i b u t i o n  i s  o b t a i n e d  b y  a d i f f e r e n t  m e t h o d  ( s ee  
p l o t  i n  Z m i n i - r e v i e w  in  t h e  B a r y o n  D a t a  C a r d  
L i s t i n g s ) .  

3 . s  

3 . s  

oo0 

i 

100 

1CO.  1 

I o o o  

"~ t O 0  

I0 

EC.M. (GeV) 

I I I I I I I 1~  I I I [ [ I I I I 

• N 
~tot(np) 

~ t o t ( P P )  

• :'~ 1"1 ..... -C-';~'~.~¢, ,~., .,,~,~,, . . . . . . .  
• , . . , r . .  r 'l ' O.tot( ] : )p  ) I i I i, I '~ %'~ 

~.I(Pp) 
, , , ,,,,I , , , T ~ T ~ J ~  . . . . .  

I 10 

Pbeam (GeV/c) 
100 

pp  a n d  np  c r o s s  s e c t i o n s  I r o r n  P a r t i c l e  D a t a  G r o u p ,  " N N  and  ND 
I n t e r a c t i o n s  - -  A C o m p i l a t i o n " ,  U C R L - Z 0  000 N N  ( A u g u s t  1970);  
s o m e  p o i n t s  a t  h i g h e r  e n e r g i e s  a d d e d  s i n c e  o r i g l n a l  c o m p i l a t i o n .  

EcM. (GeV) 
2 3 4 5 8 7 8 9 1 0  

I I I I I I I 11 I I I I I [ I I I I I I I I I I [ I I I ] I [ 

I , -.%,,~ Do ~ ®oo÷e i ooo~ 

°'el (pp) '~'~,+ 
i 

~+.-,-.,. 

"t  I l I I I I I I ]  I l I I I t I - l -  I l I I I i 

I I0 I00 

Pbeam (GeV/c )  
X B L  / ' 4 3 -  2 S S l  

~ p  a n d  ~ c r o s s  s e c t i o n s  f r o m  P a r t i c l e  D a t a  Groupw " A C o r n p i l a t i o n  of  
a n d  ~ D  R e a c t i o n s ,  " L B L - 5 8  ( i97Z) ;  s o m e  p o i n t s  a d d e d  s i n c e  o r i g i n a l  

c o m p i l a t i o n .  
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CROSS SECTION PLOTS (Cont'd) 

i i I i i l l j  

"+ ,/ 
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• oo  

5 t a n 0 l u l l  

I 

l l I I I i i i  i u u i i n u l J  I u I I I I I l l  I 

High energy 

• • • ~e, ge~, •eeee, t % 45 ~ # 
O'tot 

A +÷ ÷+ o',~ 

= A L L A I l l l  I I ] I L I I / J  J L I I a I L n l  J 
1o 1oo 1o0o 

PLAS (GeV/c) 

Total and elastic pp cross-sectlon data compiled by U. Amaldi, CERN. 
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A 

~o 

b 

25  

[• i u r ; I r i i  i l U u I , , l ;  i i , I 

20 

PP, PP 
~r~p 
K~p 
High energy 

0 

}I 
PP 

• n z ~  ' ~ P  

- o o O oOOoo_ 
Kp 

0 0 "  0~1)+ " ° "°°°~P "P 

, , , , ,,,,I , , , , ,,,,i 
D 100 1000 

s (SeV 2) 

I I I 
5O00 

PP, pp, ~Tp, and K;p total cross-sectlon data versus s(= ZmpPlab) , as 
compiled by U. Amaldi, CERN. 
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DATA CARD LISTINGS 

Illustrative Key 
Particle name, and quantum 

- - ~  numbers (if known). 

JParticle code (for internal 
-----[ use only). 

General comments on 
"1 particle. 

. . . . .  o p p  . . . .  fpartl Ieasltiotable i',l, r MESON lgO0 U P G - ,  

\/0 i0 NALLY CAL EO 
A . . . .  oinlttedindlcates this particle L ~ - f r o m  table, ~-~ ~\/ OMITTED FROM T A B L E / ~  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
] A b b r e v i a t e d  r e f e r e n c e  fo r  

Quantity tabulated below. ~ / X X (  1200| MASS (MEV~ / J _ / - -  this r e s u l t ;  full r e f e r e n c e  
! g i v e n  be low.  

C o d e  f o r  q u a n t i t y  t a b u l a t e d  l ~ . z ~ 7  7 / 6 6  
( M = m a s s ,  W=width,  e tc .  ) [~  M 6 l e t  [ M e a s u r e m e n t  t e c h n i q u e  

~ (see  a b b r e v i a t i o n s  on 

S ~ b o l s  u s e d  to key  t o g e t h e r  9 /A8  | next  page .  ) 
data card and related 9/69 
comments. L/74" 

]Charge(s) of particle 
AUG 1206.9 5.1 AVERAGE (ERROR INCLUDES SCALE FACTOR 0 ~ 1.0) | detected. 

Number of events above 
background. 

Measured values (paren- 
theses indicate value 
not used in average). 

Error in measured value 
(- field blank i f  e r r o r  
s y m m e t r i c ;  p a r e n t h e s e s  
on  e r r o r  o n l y  i n d i c a t e  
data not used in average 
due to problems with 
error estimation). 

A v e r a g e  v a l u e  (and e r r o r )  
of q u a n t l t y m e a s u r e d .  

V e r t i c a l  b a r  i n d i c a t e s  
a v e r a g e ; w i d t h  of h o r i -  
z o n t a l  b a r  on top  i s  e r r o r  
( sca l ed )  in  a v e r a g e .  

Value and error for each 
e x p e r i m e n t .  

/ ~  I I .  /MERRILL 66/HBC 0 3.2 K-P 
(16.) LYNCH 67 HBC +- 2 . l  PI-P 

M ~ ~  HAS QUESTIONABLE BACKGROUND SUBTRACTION 
/9 / / / 1 1 9 8 .  / I 0 .  7./ PIERCE 68/ASPK/+ 2 . t  K-P 

I/~M / / (1208.) / FENNER 69 HBC 0 4.2 PI+P 
F M//S / 80 1210. ~ SMITH 70 MMS Z ~  3.5 PI-P 

SUPERSEDES EA IER RESULT ~ 

74 XX(1200) WIDTH (MEV) ~ R e a c t l o n  producing particle, 
or comments. 

W 35. 5. MERRILL 66 HBC O ~  716~ 
W 50. lO. PIERCE 68 ASRK + 2.1 K-P 9/E8  __ Ote hi . . . . .  lt uoched 

70. ~0. FENNER 69 HBC 0 4.2 PI+P (asterisk indicates resLdt 
(60,) OR LESS SMITH 70 MMS 3, 5 PI-R / ' ~ *  [ added or changed since 

t previous edition). .... , • • • • 

8.4 6 .0 /  AVERAGE tERROR INCLUDES SCALE FACTOR O P z ~  
(SEE IDEOGRAM BELOW ) 

~ _ . ~ S c a l e  factor > { indicates 
UEIGHTEO AUERAGE = 3B.4 ± 6.0 | inconsistent data. 

ERROR SCalED BY i . 3  ~- . . 
Ideogram to d~splay mcon- 

I F 
' /  . ~ T  s i s t e n t  da ta ;  c u r v e  i s  s u m  

/ / ~  [ of G a u s s i a n s ,  one fo r  

II / I G . . . . .  Jan = I/ ..... ; 
w i d t h  o£ G a u s s l a n  = 
± e r r o r )  

I I ~ Contribution of experiment 
I I k CHISQ to X Z (if no entry present 

e x p e r i m e n t  not  u s e d  in PIERCE 68 ~SPK 
I-- 7 1  L ~  ................ calculating X~ ..... le 

factor because of large 
I.B error). { CONLELJ 

-20 20 6O tOO ~.40 =0.179) 
XX(1200) WIOTH {MEV) 

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

?4 XXIIg00) PARTIAL DECAY MODES 

DECAY MASSES 
Partial decay mode i / P I  XX(1200|  INTO 3PI/  139+ 139+ i39 

(labeled by Pi)' F P2 XX{I2@O) INTO K KBAR ~93+ ~93 

T4 XX(I200) BRANCHING RATIOS 

/RI  XX(~200) INTO 3PI/TOTAL/ (Pl) 
Branching ratio (labeled I/ RI ,66 ,02 MERRILL 66 HBC 0 3,2 K-P 7/66 

r R1 L (.68) (.03) LYNCH 67 HBC +- 2.7 Pl-P 6/67 
hyRj). RI L LYNCH DATA HAS QUESTIONABLE BACKGROUND SUBTRACTION 

R1 . . . . . . . . . 

RI FIT /0.675 0.012/ FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 
/ 

R2 ~ 0 0 }  INTO KKBAR/TOTAL (P2) 
Value (and . . . . .  ) of quantlty I R ~ / /  .35 .05 PIERCE 68 ASPK ÷ 2.1 K-P 9/68 

measured, as determined | ~ FIT , , , , , , , , , [ Branching ratio Rj in terms 
from constrained fit (using~: R2 FIT /0,325 O, 012/ FROM FIT (ERROR INCLUDES SCALE FACTOR OR 1,3| ~ of partlal decay mode 
all measured branching [ ~  ~ I fract .... Pz- above. 
r-atios f o r  this article" XX(1200) INTO KKBAR/3PI 

P ~" J R ~  .50 .03 FFNNER 69 HBC 0 4.2 PI÷P 9•69 
P3 ~ .  .& l  .04 SMITH vO MMS - 3.5 PI-P t174~ 

"0:468" " 0.045 AVERAGE tERROR I~CLUDES SCALE FACTOR OF 1.8| 
R3 FIT ~ / 0 . 4 B 0  0.026/ FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 

References listed by year. F REFERENCES FOR XX ( 1200 | 
t h e n  a u t h o r .  , __ - - - - - - - -  A u t h o r  (s)  

/MERRILL 6~6/PRL 16 143 A. MERRILL (S 
Abbreviated reference £ o r m  / LYNCH 67 PR 1~5 6[0 B. LYNCH (BNL) 

used on d a t a  cards above. F PIERCE 68 PL 27B 230 / N .  PIERCE/ ILRL ) l I ns t i t u t i on (s )  of author(s) 
FENNER 6@ NC 61B 372 O. FENNER, B. BEANE (NYSE÷AMEX) - -~ (see abbreviations on 

Journal. report, preprint. __. SMITH 7 0 ~  J. SMITH / T ~  [ next page). 
etc, (see abbreviations ~ - / /  
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Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
% v e, v/j,  e, ,u 

~ l  O GAMMA ( 0 . J = 1 )  

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

0 GAMMA MASS (IN UNITS OF 10"*-21 MEV) 

N P ( 6 . )  OR LESS PATEL 65 SATELLITE DATA 10/69 
M 6.  OR LESS GINTSBURG 66 SATELLITE OATA . 1 0 / 6 9  
M 2*3 OR LESS GOLOHABER 68 SATELLITE DATA 10169 
M F (0.06) OR LESS FRANKEN 71 LOW FREE RES CIR 3/72 
M I0. OR LESS WILLIAMS 71CNTR TESTS GAUSS LAW E171 
M F VALIDITY OUESTIONADLE ACCORDING TO AUTHORS AND KROLL 71. 3/72 
R P SEE CRITICISM IN GOLDHARER 71 3172 

N O 
M 

M 
M 
M 0.086 OR LESS CL- .90  RODE 72 CNTR ANTI-NEUT.(TRITIUM) 
M O DARIS 69 VALUE .075KEV(CL-.ET] DISAGREES WITH FIG.6. WE USE FIG.6. 

REFERENCES FOR GAMMA 

OINTSBUR b4 SDV. 6STR.AJT E3h M. A. OINTSBURG (ACAD SCI,USSRI 
PATEL 6S PL 16 lOS V . L .  PATEL (OU~HANI 
GOLDHABE 68 PRL 2| SOT A. GOLOHABER*M. NIETO (STONY EROOK) 
FRANKEN T1 PRL 26 115 R 6 FRANKEN~ G W AMPULSKI (RICH) 
WILLIAMS 71PRL 26 721 +FELLER,HILL (WESLEYAN) 

aAPERS NOT REFERRED TD IN DATA CARDS 

GOLDHABE 71RMP 65 277 A S GOLOHABERt M N NIETO (STON+BOHR+UCSB] 
KROLL 71PRL E6 1395 N N KROLL (SLAC) 

F ~  1 F-NEUTRINO (O~J=L/2)  

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

1 E-NEUTRINO MASS (KEY) 

M (0.25) DR LESS LANGER $2 CNTR ANTI-NEUT.ITRIT[UM) 
M (0.SO) OR LESS HAMILTON 53 CNTR ANTI-NEUT.(TRITIUM).II/TE= 
M (0 .5S)  ( 0 .E8 )  FRIEDMAN 58 CNTR ANTI-NEUT.(TRITIUMI 
M 6.1 ON LESS CL-.67 BECK 68 CNTR NEUTRINO(SODIUM 22) 11173* 

0.5 OR LESS CL=.OC 0ERIE 69 CNTR ANTI-NEUT.(TRITIUM) 11173* 
0.32 OR LESS CL=.9O SALGO 69 CNTR ANTI-NEUT.(TRITIUM) 11173* 
0.06 OR LESS CL-.90 BERGKVIS 72 CNT ANTI-NEUT.ITRITIUM) 11173* 

( 0 . 0 0 8 ) 0 8  LESS COWSIK 72 THEOR.LIM.FROM COSMOLOGY 3 /76*  
11173* 
11173* 

REFERENCES FOR E-NEUTRINO 

LANGER $2 PR 88 689 L N LANGER,R J 0 NOFFAT (INDIANA) 
HAMILTON SS PR 92 1521 D HAMILTON,N P ALFOROtL GROSS (PRINCETON} 
FRIEDMAN E8 PR 109 2216 LEWIS FRIEDMAN,LINCOLN G SMITH (BNLI 
8ECK 68 ZPHY 216 229 E BECKtH DANIEL (MPIH) 
DARTS 6g NP 6138 56S R 0681StC ST-PIERRE (LAVAL-QUEBEC) 
SALGO 69 NP 6136 617 R C SALGOtH H STAUB (ZURICH) 
EERGKVIS 72 NP 839 317 KARL-ERIK 8ERGKVIST (UNIV STOCKHOLM) 
COWS[K 72 PRL 29 669 R CONSIKtJ MC CLELLAND (UCS) 
RODE 72 LNC S 139 B RODE,H DANIEL (NUNICH÷NPIH) 

F ~  2 NU-NEUTR INO (0, J=I/2) 

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

2 NU-NEUTRINO MASS (NEV) 

M B.5 OR LESS BAqKAS 56 ENUL 
N 6 .0  OR LESS OUDZIAK $9 CNTR 
M 3.6 OR LESS FEIN8ERG 63 RVUE 
M B.O OR LESS ALLCOCK 65 RVUE 
M 2.5  08 LESS 8ARDON 65 ASPK 
H 2.8 OR LESS CL=.?O SHAFER 6E CNTR 
M 1.6 OR LESS CL=.9O BOOTH 67 CNTR 
M 2.2 OR LESS CL=.90 HYNAN 67 HEBC O. K- HE 
M ( 0 . 6 6 l  ( 0 .64 )  ( 0 . 6 6 )  PRANK 68 CNTR PRELIMINARY 
M fl ( 1 . 2 )  OR LESS EL=.90 BACKENSTO T1 CNTR N~ ' *2=- I .2S~. - I .26  
M S 1.18 OR LESS CL=.90 SHRUM TI CNTR M'~*2=-L.SS+-L.16 
M (5 EV) OR LESS COWSIN T2 THEOR.LIM.FROM COSMOLOGY 
M B 1.18 OR LESS Ct= .90  BACKENSTO 73 CNTR M~*2=--O.29+-O.DD 
M B B&CKENSTOSS 73 REPLACES BACKENSTOSS 71 AND USES THEIR NEW PI- MASS. 
M B WE CALCULATE UPPER LIMIT FROM M~t*2. 
M S SHRUM 71 USES SHAFER 67 P I -  MASS VALUE AND CRANE 71 MU MASS VALUE. 

7/66 
7166 

517l  
3 /68 

11167 
DI68 

10171 
12/71 

3176" 
1173 
1/T3 
1173 
1/78 

EARKAS 56 PR 101 778 
DUOZIAK S9 PR I t6  336 
FEINRERG 63 ARNS 13 631 
ALLCOCK 65 PPSL 85 875 
BAR00N 65 PRL 16 669 

SHAFER 6S PRL 16 923 
BOOTH 67 PL 268 39 
HVMAN 67 RL BBD Bib  
FRANK 68 VIENNA ABSo 
BACKENST 71 PL 368 60B 
SHRUM 71PL  378 116 
COWSIK 72 PRL 29 669 
BACKENST 73 RL 635 539 

REFERENCES EOR Mt~NEUTRINO 

W H BARKAS,W B(RNBAUN,F M SMITH (LRL) 
W F DUOZIAN~R SAGENE,J VEDOER {LRL) 
G FEINDERG. L M LEDERMAN (COLUMEIA) 
G R ALLCOCK (LIVERPOOL) 
BARDONINORTON,PEDPLES * (COLU÷STONY BROCK) 

R E SHAFEReCROWE~JENKINS (LRL) 
DOOTH*JOHNSONvNILLIAMSvWORRALO (LIVERPOOL) 
• LOKEN,PEWITT,NCKENZIE* (ANL+CARN+NWES) 

365 FRANK,GAMET,LAKIN (SHMP+LIVP÷STAN) 
8ACKENSTDSSe06NIELvKOCH+ (CERN,KARL~HEID) 
E V SHRUNtK 0 H Z I O C K  (UNIV OF VIRGINIA) 
R COWSIKIJ MC CLELLAND (UCB) 
BACKENSTOSS,OANIELtKOCH+ (CERN+KARL*MUNICH) 

~ l  3 ELECTRON ( 0 . 5 , J = 1 / 2 )  

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

3 ELECTRON MASS (MEV) 

M ( . 5 1 1 0 0 6 ) ( . 0 0 0 0 2 )  COHEN 65 RVUE 
M ( .51100N1( .0000016)  TAYLOR 69 NVUE USING NEW E/H T/TO 
M .$110056 .0000016 COHEN 73 RVUE 5176" 

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

3 ELECTRON MEAN LIFE (UNITS 10*'21 yo) 

T 2,0 OR MORE ROE 65 CNTR 6166 

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

3 ELECTRON MAGNETIC MDMENTIE/2MEI 

MM SEE RICH 72 FOR A REVIEW OF THEORY AND EXPERIMENTS. S/76. 
MN (1 .0011609)  ~ - ( 2 6 ; , 1 0 , * - 7  SCHUPP 61CNTR -- 
MU ( | .0011S9622)  + - ( 2 7 1 . 1 0 . ~ - 9  WILKINSON 63 CNTR - 8/60 
MM (1.0011681 + - 1 2 2 ) * 1 0 . * - 6  RICH 66 CNTR + POSITRON 8/66 
MM R (1.0011S9557) + - ( 3 O ) * l O * * - B  RICH b8 CNTR - 6/68 
MM ( 1 .0011596889 )+ - (31 ) *10* * -10TAYL08  69 RVUE . 2/71 
MM (1 .001189666)  + - ( 7 ) *  1 0 . * - 9  WESLEY 70 CNTR 6 /70  
MM (L .OOI1S96S77)÷- (35)* IO**- lOWESLEY 71CNTR -- 2/72 
MM (1 .0011605)  + - ( 1 2 ) ' 1 0 " * - 7  GILLELAND 72 CNTR + 2/72 
NM 1.00!1896S67 ÷- (35)* IO** -10COHEN TB PVUE 3/76*  
MM R RICH 68 IS REEVALUATION DF WILKINSON 63.  

REFERENCES FOR ELECTRON 

SCHUPP 6 l  PR 121 I A 6 SCHUPPoR W PIDE*H R CRANE (RICH) 
W1LKIflSO 63 PR 130 852 D T WILKTNSON,H P CRANE (MICH) 
COHEN 65 RMP 37 537 CDHENoDUNOND (N.A.AVIATICN SCI.CENTER~CIT] 
HOE 65 PQ IAO E 992 M K MOE.F REINES ICASE INST TECHNOLOGY) 
RICH 66 PRL IT BTI A RICH. H R CRANE (RICH) 
RICH 68 PRL 20 967 A RICH (MICH) 
TAYLOR 69 RMP 61 375 +PARKERvLANGENBERG (PRIN+UCI+PENN) 
WESLEY 70 RRL 24 1320 J C WESLEY,A.RIEH (RICH} 
WESLEY Tl PR At 1361 J C WESLEY,6 RICH (M/OH) 
GILLELAN 72 RR 65 38 J GILLELANO,A RICH (MICH) 
~ICH 72 RMR 46 250 A RICH,J C WESLEY (MICHI 
COHEN 73 3.PHYSoCHEM.REF.DATA 2, P.663v E.R.COHEN,B.N. TAYLOR 

F ~  6 MOON ( 1 0 6 . J = 1 / 2 )  

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

A MUON MASS (MEV) 

M (105.059)  (0.002) FEINBERG 63 aVUE 
M (105,6599)  (0 .0016)  TAYLOR 69 RVUE USING NEW E/H 7/70 
M C (105.659T) (0 .0005)  CRANE 71CNTR INCLUDED IN EOHENT3 1173 
M O (105.6506) (O.OOOA] CROWE 72 CNTR INCLUDED IN COHENT3 2172 
M 105.65968 O.O00ES CCHEN 73 RVUE 3176" 
M C CRANE 71 DIVES NUIME=206.76878(5S).  WE DEE ME=.511OOA|(16)MEV. L/73 
M O CROWE 72 GIVES MUIME=206.7682(B) AND USES WE=.SIIOOAI(16)MEV. )173 
M . . . . . . . . .  
M FIT 10S.6S98 .0003 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  3 / 7 4 '  

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

4 MUON MEAN LIFE )UNITS 18"*-6) 

T 2.198 0.001 0.001 PARLEY 62 CNTR 
T 2.203 0.00N LUNDY 62 CNTR CONLEV=.98 11167 
T 2.202 0.003 0 .003 ECKHAUSE 6S CNTR 
T 2.197 0.005 0*002 MEYER 63 CNTR + 
T 2.198 0.002 0.002 MEYER b3 CNTR - 7106 
T 2.20026 0.00081 WILLIAMS 72 CNTR ÷ 2/72 
T . . . . . . . . .  
T AVG 2 . 1 9 9 3 6  0.00061 0.00061AVERAOE (ERROR INCL. SCALE FACTOR OF I . I )  

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

6 MUtlMU- MEAN LIFE RATIO 

OT 1.000 0.001 MEYER 63 CNTR MEAN LIFE MU+/MU- 7/66 

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

6 MUON ANOMALOUS MAGN. MOMENT ( I O * * - 6 * F / ( 2 * M U  MASS)) 

MN SEE RICH 72 FOR A REVIEW OE THEORY ANO EXPERIMENTS. 3/76* 
MM (1162.01 ( 5 . 0 )  CHARPAK 62 CNTR + 
MN B (1165 .75)  ( 0 . 7 1 )  BAILEY 68 CNTR ÷ STOR. RINGS 51E9 
MM 8 (1166.2E) ( 0 . 2 6 )  BAILEY 68 CNTR - STOR. RINGS 5/69 
MM B ERRORS STATISTICAL. VALUES COMBINED TO GIVE NU+- VALUE BELOW 5469 
MN 1166.16 0.31 BAILEY 68 CNTR +-  STOR. RINGS 5169 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Stable Particles 
/~, ~'± 

Data Card Listings 
For notation, see key at front of  Listings. 

A MUDPJ TO PROTON MAGNETIC MOMENT RATIO 

MMR THIS RATIO IS USED TO OBTAIN PRECISE VALUES OF THE MUON PASS. 3/72 
MMR SEE CROWE 72, 3 f~2  

{3 .1865)  ( .002~)  COFFIN 56 CNTR ÷ SPIN RESONANCE 2/72 MMR 
MMR ( 3 , 1B30 )  { .0011)  LUNOY 56 CNTR + PRECESSION STROP 2172 
MMR {3 .176)  ( . 013 I  LUNDY EB CNTR PRECESSION STROB 2/72 
MNR I3 . I 834 )  ( .DO021  GARWIN 60 CNTR + PRECESSION PHASE 2 /72  
MMR (3,18336) (.OOOO7] BINGHAM 63 CNTR + PRECESSION STROP 2 /72  
MMR I 3 , 1808 )  ( .000~ I  BINGHAM 63 CNTR - PRECESSION STROE Z/72 
MM~ (3 . I 8338 )  (,OOOO4l HUTCHINS 63 CNTR + PRECESSION PHASE 2/72 
MMR D EHRLICH 69 CHIP HFS SPLITTING 2/72 

THOMPSON 69 CNTR HFS SPLITTING 2/72 
( 3 , 183351 ) ( , 000016 )  

MM~ C (3.183314)I.0B0034) 
MMR )3 ,183330( ( .000044)  HUTCHINS 70 CNTR + PRECESSION PHASE 2/72 
MMR H )3 , I 83347 ) ( , 000009 )  HAGUE 70 CNTR P~ECESSION PHASE 2/72 
MMR C {3.1833361(,0000131 C~ANE 71CNTR HFS SPLITTING 2/72 
MMR D (3 ,18S349) { ,000015)  DEVOE 71CNTR HFS SPLITTING 1/73 
MMR F {3 .183326) ( ,000013)  FAVART 71 CNTR HFS SPLITTING 2172 
MMR H {3 .1833467( ,0000082)  CRDWE 72 CNTR + PRECESSION PHASE 2 /72  
~MR R THE RESULTS THROUGH 1972 ARE INCLUDED IN COHEN 73 .  3174~ 
MMR R 3.1663~02 ,O00007Z  COHEN 73 RVUE 3 /74~  
MMR C CRANE 71 SUPERSEDES THOMPSON 69. THIS IS NOT A DIRECT M~ASUREMENT. 1173 
MMR H CROWE 72 SUPERSEDES HAGUE 70. 
MMR F FAVART ?1 ASSUMES A ZERO VALUE FOR THE PROTON PCLAR{ZAB{LITY. 1/73 
MMR D DEVOE 71SUPERCEDES EHRLICH 69 .  THIS IS NOT A DIRECT MEASUREMENT, 1/73 
MMR D HE GIVE A NEW VALUE WHICH CONTAINS A THEORETICAL CORRECTION OF 1/73 
MMR D - 7 . 8+ -2 .3  PPM, AS DISCUSSED IN FOOTNOTE 35A OF CROWE 72. 1/73 

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

4 MUON PARTIAL DECAY MODES 

DECAY MASSES 
• 5+ O+ 0 P I  MUON INTO E (E -NEU)  (MU-NEU) 

P2 MUON INTO E 2GAMMA .5+ O+ 0 
P3 MUON INTO 3ELECTRONS ,5÷ . 5÷  ,5 
P4 MUON INTO E GAMMA . 5+  0 

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

4 MUON BRANCHING RATIOS 

R1 MUON INTO E+2GA~MA t IN  UNITS OF 101*-5(  (PZ I / IP I )  
R) ( 1 . 6 )  OR LESS CL=.90 FRANKEL1 63  OSPK 

R2 MUON INTO 3E ( IN  UNITS OF 10.=-7)  (P3 I / IR I I  
P2 ~ B.O OR LESS CL=.O0 PARKER 62 CNTR 
R2 F 1.3 OR LESS CL=.qO ALIKHANOV ~20SPK 
R2 F I.S OR LESS CL= .90  FRANKEL2 63 CNTR 
R2 F 1 .2  OR LESS CL=.90 BABAEV 63 DSPK 
R2 K 0.062 OR LESS CL=,90 KORENCH2 71 DS~K Z/72 
n2  K KORENCHENK02 7I  ASSUMES A CONSTANT MATRIX ELEMENT. 2772 
R2 F FOUR ABOVE EXPERIMENTS ~VALUATED UPPER LIMITS ASSUMING A SECOND 
R2 ORDER V-A  NEUTRINO LOOP DIAGRAM. LIMITS NOT SIGNIFICANTLY CHANGED B 
R2 ASSUMING A CONSTANT MATRIX ELEMENT. 

R3 MUON INT~ E÷GAMMA ( IN  UNITS OF lO~* -B )  (P4 ) / (D ! )  
~3 4,3 OR LESS EL=,90 FRANKEL[ 63 DSPK 
R3 2.2 OR LESS CL=,90 PARKER 64 OSPK 
~3 2,9 OR LESS CL=.DO KCRENCHL 7 I  OSPK ÷ 10171 

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

4 MUON DECAY PARAMETERS 

RELATED TEXT SECTION VIA  

RHO RHO PARAMETER (V-A THEORY PREDICTS RHO=O.7B) 
~HO E {0 ,741 {  { 0 . 027 )  DUDZ IAK  B9 CNTR + 20 -13  MEV E+ 10 /69  
RHO P9213 0.746 0.025 PLANe 60 HBC + WHOLE SPECTRUM IOlb9 
~HO P TWO PARAMETER F IT  TD RHO AND ETA. 
RHO C 2276 {O,TSI)  (0 .034}  BLOCK 62 HEBC - WHOLE SPECTRUM 10169 
RHO D (0.6~)  (O .OA I  E~RLDW 64  CNTR - WHOLE SPECTRUM 10/69 
RHO D (0 .661)  {0 .016)  BARLOW 6A CNTR + WHOLE SPECTRUM 10 /69  
RHD O (0 .86T )  ( 0 . 035 )  PONTECORV 64  CC - 10169  
~HD D RESULTS IN DOUBT. 10 /69  
RHO C 800K  (0 .7503 )  ( 0 . 0026 )  PEOPLES 66 ASPK + 20 -53  MEV E+ 10169  
=HO C 280K (0.7601 (0 .009)  SHERWOOD 67 ASPK + 25-53 MEV E+ 10/69 
RHO C 170K (0 .762 l  ( 0 . 008 )  FRYBERGER 68  ASPK + 25 -53  MEV E+ 10 /69  
RHD C ETA CONSTRAINED =0. THESE VALUES INCORPERATED INTO A TWO PARAMETER 
RHO C F IT  TO RHO AND ETA BY DERENZO 69 .  
RHD 0 .75~B  O.OOZB OERENZO 69 RVUE L0 /69  
RHO . . . . . . . . .  
~HO AVG 0,75LT 0,00Z6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ,0 l  

ETA ETA PARAMETER (V -A  THEORY PREDICTS ETA=O) 
ETA P ~Z13  ( - 2 , 0 )  ( 0 . 91  PLANO 60 HBC + WHOLE SPECTRUM I0 /69  
ETA P TWO PARAMETER FIT ~0 RHO AND ETA- PLAND 60 DISCOUNTS VALUE FOR ETA L0/69 
ETA C BOOK (0 .051  (O ,B )  PEOPLES 66 ASPK ÷ 20--5B MEV E + 10 /69  
ETA C 280K  ( - 0 , 7 )  (O .b )  SHERWOOD 67 ASPK + 2B -B3  MEV E÷ 10 /69  
ETA C 170K ( - 0 . 7 )  (0 .B}  FRYEERGER 68 ASPK 2B-B3  MEV E÷ Io/Aq 
ETA C RHO CONSTRAINED =0.75.  
ETA 6346  -0 .12  0 .21  OERENZO 69  HBC ÷ 1 .6 -6 .S  MEV E+ 10 /69  

XSl XSl OARAMFTER (V-A THEORY PREOICTS XS I= I )  
XS!  OK 0 .97  0 .05  BARDON 59 CNTR BROMDFORM TARGET 10 /69  
XS I  B354  0 .9B  O.Ob RLANO 60  HBC + B ,8  KGAUSS 10 /69  
XSI A (0 ,903)  (0.0271 ALI-ZADE 61EMUL + 27 KGAUSS 10/69 
XSI A DEPOLARIZATION BY MEDIUM NOT KNOWN SUFFICIENTLY WELL, 
XS [G  66K (0 ,975 )  (0 ,030}  GUREVIDH 64  EMUL 140 KGAUSS 10/69 
XSl 0,9?5 0.014 GUREV[CH 67 EMUL 10/69 
XSI 0 GUREVICH 67  SUPERSEDES GUREVICH bA 10169  
xSI . . . . . . . . .  
xSI AVG 0,972 0.013 AVERAGE IERROR INCLUDES SCALE FACTOR DF 1.0)  

OEL DELTA PARAMETER {V-A THEORY PREDICTS DELTA=0.75] 
DEL B35~ 0 .78  0 .05  PLANO 60  HBC + WHOLE SPECTRUM 10169  
OEL 0 .782  0 .031  KRUGER 61 10 /69  
DEL 490K  0 ,752  0 .009  FRYBERGER bB ASPK ÷ 2B-53  MEV E ÷ 10 /69  
eEL VOSSLPR 69  HAS MEASURED THE ASYMMETRY BELOW lO MEV 11/69 
DEL . . . . . . . . .  
eEL AVG 0 .7551  0.0086 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.o)  

HE1 HELICITY DF DECAY ELECTRON. 
HEL [V-A THEORY PREOICTS HELICITY=+-I cORE÷- ,  RESPECTIVELY) 
HEL WE HAVE FLIPPED THE SIGN FOR E- SD OUR mROGRAMS CAN AVERAGE 
HFL D ( 0 . 2B )  ( 0 . 16 )  DICK 63 CNTR + ANNIHILATION 
HELD IN DOUBT- POSITRONS POSSIBLY DEPOLARIZED IN BE MODERATOR. 
HEL 1 .05  0 .30  BUHLER 63 CNTR + ANNIH ILAT ION 
HEL 0.94 0 .3B  
HEL 1 .0~  0 ,18  
HEL 20K 0 .80  0 .28  
HEL . . . . . . . . .  
HEL AVG I .O0  0 . I 3  

10 /69  

10 /69  
BLOOM 66  CNTR ÷ EREMS TRANSMISS 1 0 / o 0  
DUCLDS 64  CNTR ÷ BHABHA SCATT 10 /69  
SCHWARTZ 67 OSPK -- HOLLER SCATT 10 /69  

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

GS SCALAR COUPLING CONSTANT IN MUON DECAY ( IN  UNITS OF GV) 
GS ( 0 . 331  DR LESS DERENZO 69 FVUE tO /E9  

GS AXIAL VECTOR COUPLING CONSTANT IN MUON DECAY ( IN  UNITS OF GV) 
GA O.Bb  0 .33  0 ,11  OERENZD 69 RVUE LO/bQ 

FAV PHASE BETWEEN VECTOR AND AXIAL VECTOR COUPLINGS {DEGREES) 
FAV 180 .  15 .  DERENZD 69 RVUE 10/59 

GT TENSOR COUPLING CONSTANT IN MUON DECAY ( IN  UNITS OF GV) 
GT IO,281 OR LESS D~RENZO 69 RVUE 10/69 

G p PSEUe~SCALAR COUPLING CONSTANT IN MUON OECAY ( IN  UNITS OF GVI 
GP (0 ,33 )  OR LESS OERENZO 69  RVUE 10169  

~FERENCES FOR MUON 

COFFIN 58 PR 109 B73 +GARWIN~PENMAN,LEDERMAN,SACHS (COLUMBIA) 
LUNDY 58 PRL ! 38 ÷SENS,SWANSON,TELEGDI,YOVANOVITCH (CHICAGO) 
BAROON 59 PRL 2 56  M PARDON, D BERLEY, L LEDERMAN (COLUMBIA) 
DUDZIAK 59 PR I I ~  336 W OUDZIAK,R SAGANE, J VEODER (LRI)  
GARWIN 60  PR 118 ZTl GARWIN,HUTCHINSON~PENMAN,SHAPIRO (COLUMBIA) 
PLANO 60  PR LIB 1400  P J PLANO (COLUMBIAI 
ALI-ZADE 61JETn 13 313 ALI-ZADE,GUREVICH~NIKOLSKI {USSRI 
KRUGER 61UCRL-g3Z2 (UNPUB) H KRUGER (LRLI 

ALIKHANO 62 CERN CeNF 423  A I ALIKHANOV,A BABAEV + lITER MDSCGWI 
CLOCK 62 NC 23 111A BLOCK,FIORINI,KIKUCHI÷(DUKE~BOLOGNA,MILANO} 
CHARPAK 62 PL I 16 
FARLEY 62 CERN CONF 415 
LUNDY 62  ~R 125 1686 
PARKER 62 NC 23 A05 

BAEAEV 63 JETP 16 1397  
BINGHAM 63 NC 27 135Z 
EUHLEF 63 PL 7 368  
DICK 63 PL 7 150 
ECKHAUSE 63 PR I 32  422 
FEINBERG 63 ARMS 13 A3 I  
FRANKELI  63 NC 27 B94  
FgANKEL2 63 PR 130 351  
HUTCHINS 63 PR 131 1351 
MEYER 63 PP 132 269S 

RARLOW 64 PPS 84 Z39 
BLOOM 6~ PL E g7 
OUCLOS 6~ PL 9 62 
GUREVICH 64  PL 11 IBB  
PONTECOR 64  DUENA CONF 
PARKER b~ P~ I 33B  768  

G CHARRAK,F J M FARLEY,R L GARWIN ÷ ICERN) 
FARLEY,MASSAM~MULLER,ZICHICHI (CERN) 
RICHARD A LUNDY (EFI)  
S PARKER,S PENMAN (EFI)  

BABAEV,BALATS,KAFTANOV,LANDSEERG + l I TER)  
G.MCD.BINGHAM (LRL) 
÷CABIBBO~FIDECARO~MASS~M,MULLER+ (CERN) 
DICK,FEUVRAIS,SPIOHEL (CERN) 
M ECKHAUSE, T A FILIPPAS + (CARNEGIE) 
GERALD FEINBERG, L M LEDERMAN (COLUMBIA) 
S FRANKEL,W FRATI,J HALPERN + (PENN) 
S FRANKEL,W FRATI,J HALPEgN ÷ (~ENN)  
HUTCHINSON,MENES,RATLACH+SHAPIRO (COLUMEI~I 
S L MEYER,ANDERSON,BLESER,L¢OERMAN+ {CCLU) 

÷BDOTH,EARROL,COURT,OAVIES,EOWAROS+ (LIVP) 
+OICK,FEUVRA{S,HENRY,MACO,SPIGHEL (CERN) 
+HEINTZE,DE RUJULA,SOE~GEL {CEnNI  
GUREVICH,MAKARIYNA+ (KURCHATOV,MOSCOW) 
PONTECORVO,SULYAEV (MOSCOW) 
S PARKER,H L ANOERSON,D REY (EEl)  

PEOPLES Ob NEVIS-147 (UNPUB) J PEOPLES (COLUMB{A) 
GUREVICH 67  IAE 1297 GUREVICH,MAKARIYNA,MISHAKDVB+ (KURCHATOV) 
SCHWARTZ 67 PR 162 I306 
SHFRWODD 67 PR 156 i~75 
BAILEY 68 PL 289 287 

ALSO 72 NC 9A 3bg 
FRYBERGE 68 PR 166 1379  

DERENZO 69  PR tel IB54  
EHgLICH 69 PRL 23 513  
TAYLOR 69 RMP 41 375  
THOMPSON 69  PRL 22 163 
HAGU~ TO PRL 25 628 
HOTCHINS 70 PRL 24 1Z54 

CRANE 71 PRL 27 474 
DEVOE 7 I  P~L Z5 1779 (ER)  

ALSO 71 PRL 26 213  
FAVART 71PRL  27 1336 
KORENCH1 71SJNP 13 190 
KO~ENCH2 71SJNP 13 728  
CRDWE 72 PROS 2145 
WILLIAMS 72 PP Ob 737  

D M SCHWARTZ (EFI)  
B A SHERWOOD (EFI)  
+BARTL,VON BOCHMANN,BROWN,FAgLEY÷ {CERN) 
+BARTL,VON BOCHMANN,BROWN,FA~LEY+ ICE;N) 
D FRYBERGER (EF I I  

S DERENZO (EFI)  
+HOFER,MAGNDN,STDWELL,SWANSON+ (CHICAGO) 
+PARKER,LANGENBERG (PRIN+UCI÷PENN) 
+AMATO,CRANE,HUGHES,MOBLEY+ {YALE) 
+ROTHBERG,SCHENCK,W{LLIAMS÷ (WASH÷LRL) 
HUTCHINSON,LARSON,SCHCEN,SOBER,÷ (PPA)  

+CASPERSON,CRANE,EGAN,HUGHES÷ (YALE) 
÷MCINTGRE~MAGNDN,STDWELL,SWANSON+ (CHICAGO) 
DEVOE,MCINTGRE,MAGNON,STOW;LL÷ (CHICAGOI 
+MCINTYRE,STOWELL,TELEGDI,DEVOE÷ (CH{CAGOI 
KORENCHENKO,KOSTIN,MICELMACHER÷ (JINRI 
KORENCHENKO,KOSTIN,MICELMACHER+ (JINR) 
+HAGUE,ROTHBERG,SCHENCK+ (LBL÷WASH) 
R W WILLIAMS,D L WILLIAMS (WASHINGTON) 

CCHEN 73 J.PHYS.CHEM.REF,OATA 2, P.663, E.R.CDHE~eR.N.TAYLOR 

PAPERS NOT REFERRED TD iN DATA CARDS 

FISHER 51 PRL 3 349 FISHER,LEONTICDLUNOBY,MEUNIER,STPDOT (CERN) 
ASTBURY 60 ROCH CONF bO 542 ASTEURY,HATTERSLEY,HUSSAIN + (LIVERPOOL( 
DEVONS 60 PRL 5 330 DEVONS,GIDAL,LEOERMAN,SHARIRD (CDLUMBIA) 
LATHROP 60 NC 17 109 J LATHPOB,R A LUNDY,V L TELEGOI ÷ (EEl)  
LATHPOP 60 NO L7 114 J LATHROP,R A LUNDY,S PENMAN + (EFI)  
REITER 60 PRL 5 22 REITER,ROMANOWSKI,SUTTON ÷ (CARNEGIE) 
~ELEGDI bO ROCH CONF BO 713 V L TELEGOI (CERN) 
CHARPAK 61PRL 6 12B CHARPAKtPARLEY,GAPWIN,MULLER,SENS ÷ {CERN( 
HUTCHINS 61DRL ? 129 D P HUTCHINSON*J MENES + (COLUMBIA) 
SHAPIRO 62 PR 125 1022 G SHaPIRO,L M LEDERMAN (COLUMBIA( 
FAIRLEY 66 NC 4BA 281 EAIRLEY,BAILEY,BReWN,GIESCH + (CE~N) 
VDSSLER 69  NC 63A 423  C VOSSLER (FF I }  
RICH 72 RMP 44 250 A RICH,J C WESLEY (MICH) 

* t ~ l l l  I t * t f i = * ~  t ~ = ~ i t =  $ $ $ ~ = = * *  = = t = t * t t =  $ t t t t t i # $  ~ f ~ t * * ~ = t  t = t = = * ~ $  

F ~  8 CHARGED PION (1AO,JPG=O--) I = I  

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

B CHAQGED PIQN MASS (MEV) 

M 130.37 0.20 CROWE 5A CNTR - 
M I 39 .bB  0.1S BARKAS 56 EMUL + 
M S ( I 39 ,677 )  {O.OL3) SHAFER 67 CNTR - MESONIC ATOMS 6/68 
M B I139,SADi (O,OOB) BACKENSTe 71CNTR - MESONIC ATOMS 10/7[  
M S 139.666 0,0L3 SHAFER 72 CNTR - MESONIC ATOMS 1/73 
M B 130,569 0.008 BACKENSTO 73 CNTR - MESONIC ATOMS 1/73 
M S SHAFER 72 UPDATES SHAFERB7 WITH NEW ALPHA AND NEW CALIB. LINE ENFR, 1173 
M B BACKENSTOSS T3 OORRECTS BACK~NSTOSS 7| WITH NEW VACUUM POl. CALC, 1173 
M . . . . . . . . .  
M AVG 139.5682 0,0068 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)  
M FIT 130.5688 0.0064 FROM FIT (ERROR INCLUDES SCALE FACTOR DF I .O)  3/74~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B (P I÷ )  - (MU+) MASS DIFFERENCE IMEV) 

0 3A.O0 0,076 PARKAS $6 EMUL 
D 33 ,89  0 ,076  BARKAS B6 EMUL 
D 1A5 33 .88 I  0 . 035  HYMAN 67 HEEC ÷ K-HE 2 /7 t  
D 33.925 0.025 EOOTH 70 CNTR + MAGNETIC SPECT, 2/71 
O . . . . . . . . .  
O AVG 33,915 0,019 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O I  
D FIT 33,909 0,006 FROM FIT {ERROR INCLUDES SCALE FACTOR OF I .O )  32T4~ 
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Data Card Listings 
For notation, see key at front of Listings. 

8 ( (P I÷ )  - (P l - ) I IAVO. ,  MASS ~IFEERENCE (PERCENT) 

OM 0 .02  0 .05  AYRES 71CNTR 3171 

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

B CHARGED PION MEAN LIFE (UNITS IO**-9) 

T 25.6 O.S 0.5 GROWL 57 RVUE 
T 25.6 O*B O.B ANDERSON 60"CNTR 
T 8000  25.46 0 .32  0.32 ASHKIN 60  CNTR + 
T 26 .02  0.0~ ECKHAUSE 65  CNTR + 9166  
T 25.b 0 .3  BARDON 6b  CNTR b /bb  
T 25.9 0.3 DUNAITSEV 66 CNTR 6 /68  
T N (26 .40 )  [ 0 . 05 )  K INSEY bb CNTR + 6166  
T N SYSTEMATIC ERRORS IN EALIBR.IN THIS EXP.OISCUSSED BY NOROBERG 67 8267 
T 26 ,67  0.24 LOEKOWICZ 66  CNTR 9100 
T 26 .04  O°OS NORDBERG 6T CNTR + 8167  
T 26.02 O.O~ AYRES 71CNTR + -  3 / 7E  
T 20.09 0.08 DUNAETSEV 73 CNTR + 317~t 
T . . . . . . . . .  
T AVG 26.030 0 .023  0.023 AVERAGE (E~ROR iNCL. SCALF FACTOR OF E.O) 

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

8 ((P1÷) -- (P I - I I /AVG.~ MEAN LIFE DIFFERENCE (PERCENT 

DT N THIS QUANTITY IS A MEASURE OF CPT INVARIANCE IN W.I. 

07 0 .23  0 .40  LOBKOWICZ 66 CNTR SEE NOTE t q l86  
DT L ABOVE IS THE MOST CONSERVATIVE VALUE QUOTED BY AUTHORS 9106 
OT 0.~ 0 .7  BARDON 66 CNTR 7166 
DT -0o14 0 .29  PETRUKHIN 68 CNTR 8768 
OT 0 .055  Q. OTE AYRES 71CNTR 3 /71  
OT . . . . . . . . .  
0T AVG 0.053 0.068 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

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

8 CHARGED PION PARTIAL DECAY MODES 

DECAY MASSES 
PE CHAR. P ION INTO MU (MU-NEU|  EO5+ 0 
P2 CHAR. PIGN INTO E (E-NEU) . 5+  0 
P3 CHAR. PIOH INTO MU (MLF-NEU( GAMMA lOS+ O+ 0 
P4 CHAR. PION INTC RIO E (E -NEU}  E84÷ .8+ 0 
P5 CHAR. PION INTO E NEU GAMMA .5+ O+ 0 
P6 CHAR.  P ION INTO E NEU F+ E -  . 5+  O+ , 5+  . 5  

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

8 CHARGED PICN BRANCHING RATIOS 

R1 CHAR. PION INTO MU NEU GAMMA (UNITS i0"*--4l (P3 ) l lPL )  
~E 26 1.24 0 .25  CASTAGNOL 58 EMUL E[MU).LT.3.SB MV 

R2 CHAR. PION INTO E NEU (UNITS 10* * -4 )  (P2) I (P t )  
~2 [ . 21  0.07 ANOERSON 60  CNTR 
R2 L ,247  0.028 OI CAPUA 64  CNTR 
~B . . . . . . . . .  
~2 AVG E.242 0.026 AVERAGE (ERROR INCLUDES SCALE FACTOR O~ 1.0] 

R3 CHAR. PION INTO PIG E NEU (UNITS 10 " * -8 l  (PA l l (P1 )  
~3 0 52 ( 1 . 15 )  ( . 221  DEPOMMIE 63  CNTR + 2172 
R3 ~ 36 0 .97  0 .20  BARTLETT 64 OSPK + 
~3 0 38 l .OT  0.21 BACAST~W eB OSPK + 
R3 D 1 . 1 0  0.26 BERTRAM 65 OSPK + 6186 
a3 0 A3 1.1 0.2 OUNAITSEV 65 CNTR + Elba 
~3 332  E.O0 O.OB O.EO D~POMMIER 68 CNT~ ÷ 3•68 
R3 . . . . . . . . .  
R3 AVG E .023  0 .0@9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

0 OEPOMMIER 68 STATES THAT THE RESULT OF OEPOMMIER 63  IS AT LEAST 2•72 
O EO PERCENT TOO LARGE BECAUSE OF A SYSTEMATIC ERROR IN THE RIO 2172  
O DETECTION EFFICIENCY. THIS MAY BE TRUE OF ALL THE PREVIOUS 2172  
D MEASUREMENTS ACCORDING TO OEPOMMIER 68  AND V.SOERGEL~ PRIVATE 2 /72  
D COHMUNICATION, 1972 .  

R4 CHAR. PION INTO E NEU GAMMA (UNITS LO* t -B )  (PS ) / IP l l  
R4 1A3 3 .0  0 .5  DEPOMMI2 63 CNTR GAM KE 50 -90  MEV 6166  

~5 CHAR. PION INTO E NEU E+ E- (UNITS EO**-BI (P6 ) I (P l )  
R5 3 .A  OR LESS CL= .90  KORENCHEN 71 OSPK + 10171  

CRONE 54 PR 96 470 
BARKAS BB PR 101 778 
GROWL 87 NC 5 541 
CASTAGNO 58 PR 112 1779 

ANDERSON 60 PR 119 2050  
ASHKIN bO NC Ib 490 
DEPOMMII 63 PL B 61 
DEPOMMI2 63 PL 7 285  
RARTLETT 64  PR 1368  1482  
D) C~PUA 64 PR 1338  1333  

EACASTOW 65 PR LS9 B407 
BERTRAM 58 PR E39 B 017  
OUNAITSE 65 J=TP 20  58 
ECKHAUSE 68 aL 19 348  

BA=OON 66 PRL 16 775  
DUNAITSE 66 PL 23  283  
KENSFY 66  PR 144 1132  
LOBKOWIC 66 PRL 17 548  

HYMAN 67 PL 25R 376  
MG~OBERG 67  PL 248  594 
SHAFER 67 P~ 163 L451 

ALSO 65  PRC L4 923  

DEPOMMEE 68 NP 84 189 
PPTRUKHI 68  J INR-PE-BB62  
B~OTH 70 PL 32B 723 
AY~ES 7E OR 30 [ 0 5 1  

ALSO 67  oR 157  1288 
ALSO 68  PRL 21 2~1 
ALSO 69  UCRL-18369 
ALSO 6q PRL 23 L267  

REFEREHCES FOR CHARGED PION 

K M CROWE,R H PHILLIPS (LRL) 
W H BARKAS,W BIRNBAUM,F M SMITH (LRL) 
K M CRONE (STANFORD HEPLI  
C CASTAGNOLI,M MUCHNIK IROMA) 

H L ANOERSON,T FUJII,R H MILLER ÷ (EFT) 
ASHKIN,FAZZINI,FIOECARD,LIPMAN + [CERN) 
OEPOMMIER,HEINTZ=,RUBBIAtSOERGEL (CERN] 
P GEPOMMEER,HEINTZE,RUBBIA,SOERGEL (GERM) 
BARTLETT,DEVONS,MEYER,~OSEN (COLUMBIA) 
D) CAPUA,GARLAND,RONOROM, STRELZOFF (COLUI 

+GHESQUIERE,WEEGANO,LARSEN (LRL÷SLAC) 
BERTEAMtMEYER,CARRIGAN+ (MICH+CARNEGIE) 
OUNAITSEV,PETRUKHIN,PROKOSHKIN + (DU8NA) 
ECKHAUSE,HARRIS, SHULER÷ (WILLIAM AND MARYI 

BARDON,DORE,DGRFAN,KRIEGER + (COLUMBIA( 
÷KUTYIN,PROKOSHKIN,~ASUVAEVtSIMGNOV (DUBNAI 
KINSEY,LGBKOWICZ,~OROBERG (ROCHESTER UNIV) 
LOBKOWECZtMFLESSINOS,NAGASHIMA+ (ROCH+BNL) 

+LOKEN,PEWITT,DERRICK + (ANL+CARN+NWESI 
NORDBERG, LOBKOWICZ,BURMAN (ROCHESTER UNIV) 
ROBERT E.  SHAFER (LRL) 
SHAFE8,CROWE,JENKINS (LRL) 

OEPOMMIER,DUCLOS,HEINTZE,KLEINKNECHT÷(CERN) 
PETRUKHIN,RYKALIN,KHAZINS,CISEK (OUBNA) 
÷JOHNSON,WELLIAMStWORMALD (LIVe) 
+CORMACK,GREENBERG,KENNEY + ILRL~UCSB) 
AYRES,CALDWELL,GREENBERG,KENNEY,KURZ+ (LRL) 
AYRES,CORMACK,GREENBERG,KENNEY+ (LRL,UCSBI 
DAVID S AVRES (THESIS I  ( LRL )  
GREENBERG~AYRES,CORMACK~KENNEY+ ( LRL ,UCSB]  

Stable Particles 
"/T"", /1" 0 

EACKFNST 71 PL 36E 403  BACKENSTOSS,DANIEL ,KOCH+ ICERN,KARL .HE ID )  
ALSO 70  THESIS C .  VON OER MALSBURG (HEIOELBERG)  

K~RENCHE 7 [  SJNR [ 3  189 KOREMCHENKO,KOSTINtMICELMACHSR+ (JINR) 
SHAFER T2 PRIVATE COMM. R. SHAFERt L972 (HAL) 
BACKENST 73 PL 438 539 E&CKENSTOSS,OANIEL,KOEH+ (CEPN÷KARL÷MUNICH} 

ALSO T3 SUBMITTED TO NP L. TAUSCHER 
OUNAITSE 73 SJNP L6 292 OUNAITSEV,PROKOSHKIN,RAZUVAEV+ (SERP) 

PAPERS NOT REFERRED TO IN DATA CARDS 

MERRISON 62 AGVP i i  1 A W MERRISON (LIVERPOOLI 
SHAPIRO 62 PR I25 [ 022  G SHARIRO,L M LEDERMAN (COLUMBIA) 
CZIRR 63  pR 130 34E JOHN B CZIRR (LRL) 

F ~  9 NEUTRAL PIDN II35,JPG=O--) I=[  

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

9 (PI+-) - (RIO} MASS DIFFERFNCE (MEV) 

0 ( 5 . 37 )  ( [ . 0 )  PANOFSKY S[ CNTq - 
O 4 .50  0.31 CHINOWSKY 54 CNTR 
D 4.62 0.08 HADDOCK 59 CNTR - 
D 4.60 0 .04  HILLMAN 59 CNTR 
0 4 .55  0.07 CASSELS Sq CNTR 
O 4 .69  0 .07  SAMIOS 60  HBC 2 /72  
D 4 ,6056  0 ,0055  CZIRR 03 CNTR 
0 4 .59  0 .03  DETRUKHIN 63 CNTR - 
0 A .6034  0 .0052  VASILEVSK 66 CNTR - 9166  
D . . . . . . . . .  
D AVG 4.6043 0.0037 AVERAGE (ERROR INCLUDES SCALE FACTOR OF ).Of 

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

9 NEUTRAL PION MEAN LIFE (UNITS 10 '* -16)  

T N 76 (1o9) (0.5) (0.5) GLASSER 6[ EMUL 
T N 45  [2 .3 ]  (1.1) ( I .01 TIETGE 62 EMUL 
T N 88 (2 .8 )  (0.9) (0.9) KOLLER b3  EMUL SEE STAMER 66  
T 1.05 0.18 0.18 VON DAROE 63 CNTR 
T N 75 (E.7) I0 .5 )  SHWE 04 EMUL 
T 0,730 0 .105  BELLETT IN  65 CNTR 6166  
T K N 67 I ~ . 6 )  10 .6 )  (O .B )  EVANS 65  EMUL b lab  
T 232 X.O O.B STAUER 66  EMUL 8167 
T 0 .56  0 ,06  BELLETTIN 70 CNTR PRIM.E~F. ON NUC 7•70 
T 0.9 0.068 KRYSHKIN 70  CNTR PRIMAKOFF EFFECT | 2173  
T N OLD ~MULEION HEASUREMSNTS HOT USEO BECAUE E OF POSSIBLE SYSTEMATIC 
T K N SHIFT TO LARGER MEAN LIFE VALUES. 
T INCLUDES EVENTS OF KELLER 63. 8167 
T . . . . . . . . .  
T AVG 0.839 0.103 0.092 AVERAGE (ERR08 INCL. SCALE FACTOP OF 2.11 

(SEE IDEOGRAM BELOW I 

UE IGHTEO QUERQGE = 1 .19  * 0 , 14  

ERRDR $CQLEO BY  2 .1  

. . . . . . . . . . .  KRYSHKIN  70  CNTR 0 .9  

I . . . .  BELLETT IN  70  CNTR 9 .4  

I . . . . . . .  STRMER 66  EMUL 

/ ~ : B E L L E T T I N G S C N T R O . 8  . . . .  

J ~ F - " - - ~ ' U O N  DRRDE 63 CNTR 13.12'0 

I l l (CONLEU 
0 1 2 3 =0 .004 )  

NEUTRRL  P I  DECRY RATE(UNITS  10m~16SEC-11  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

g NEUTRAL PION PARTIAL DECAY MODES 

DECAY MASSES 
PI  PIO INTO 2GAMMA O+ 0 
P2 RIO INTO E+ E- GAMMA . 5+  . 5+  o 
P3 PIG INTO 4ELECTRONS .5+  .S+  . 5+  .S  
P4 PIO INTO 3 GAMMA o+ o+ o 
P5 PEG INTO 4 GAMMA O÷ O+ O+ 0 

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

9 NEUTRAL PlON BRANCHING RATIOS 

Rt PRO INTO (GAMMA E+ E-II(2GAMMAI (PERCENT] [P21 / (P l )  
RL ( I .L96)  THEORET. CALC. JOSEPH EO QUANTUM ELECT. 9/66 
R1 27 1 ,17  O.L5 BUDAGOV 60  HBC 
RE 3071  L.166 0.047 SAMIOS 6L HBC PI-P TO PIO N 
RE S SAMIOS VALUE USES RANOFSKY RATIO = 1.62 
R) . . . . . . . . .  
R) AVG |.166 0.045 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

R2 PIG INTO (3 GAMMA)I(2 GAMMA) (UNITS i01*-6)  (P4 I I IP l )  
R2 0 5 .0  OR LESS CL= .90  OUCLOS 65 CNTR 6166  
R2 5 .0  OR LESS CL= .90  KUTIN  65 CNTR 3 /68  

R3  RIO INTO (E+E÷E-E-)/(2 GAMMA) (UNITS 10"*-5) IP3 | / (P I )  
R3 (3 .471  THEORETICAL CAL. KROLL BB QUANTUM ELECT.  9166 
R3  146 3 .18  0 ,30  SAMIOS 62 HBC SEE NOTE N BELOW 6166  
R3 N ABOVE VALUE USES PANOFSKY PATIO = 1.62 

R4 RIO INTO (4 GAMMA)I(2 GAMMAI (UNITS lOm*-B) (BS)I(PLI 8173" 
R4 O 6 . t  OR LESS E l= .90  ABRAMS 73 ASPK 8 /73 *  

• * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * . * * * * * * *  * * * * * * * * *  * * * * * * * *  
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Stable Particlcs 
w O, 

Data Card Listings 
For notation, see key at front of Listings. 

FANOFSKV BE PR 81 565 
CHINOWSK 54 PR 93 58b 
KROLL 55 PR 98 [855  
CJSSELS 59 PPS 74 92 
HAOOOCK 59 PRL B 678 
HILLMAN 5g NC 14  887 

8UOAGOV 60 JETP l l  755 
JOSEFH 60 NC Lb 997 
SAMIOS 60 NC 18 [ 54  
GLASSER 6 l  PR 123 1014 
SAMIOS 6 [  FR 121 275 
SAM%OS 6Z FR 126 1 8 4 .  
TIETGE 62 PR [27  1324 

CZIRR bB PR 130 341 
KOLLER 63 NC 27 1405 

ALSO b6 STAMER 
PETRUKHI 6B SIENA CONF 208 
VON OARO 63 PL 4 E| 

SHWE 64 PR 1B68 [839  
BELLETT! b5 NC 80 A I139 
OUCLOS 05 PL 19 253 
EVANS 65 PR 139 B 982 
KUTT~ 65 JETP LETT 2 243 

STAME~ 66 PR [E [  [ 108  
VASILEVS 86 PL 23 281 
OELLETTI 70 NC 66A 243 
KPVSHKIN TO JETP 30 103T 
ABRAMS 73 FL 458 66 

REFERENCES FOR NEUTRAL PION 

W K H PANOFSKY.R t AAMOOT,J HADLEY ( IRL )  
w CHINOWSKY~J STEINBERGER (COLUMBIA) 
N KROLL ,w WAOA (COLUMBIA+NRL) 
CASSELStJONESeMURPHVtO.NEILL (LIVERPOOL) 
HADDOCKtABASHIANeCROWE,CZIRR (LRL)  
HILLMAN,NIOOELKOOP.YANAGATA~ZAVATTINIICERNI 

RUOAGOV,VIKTOReOZHELEPOV,ERMOLOV + ( J INR)  
0 W JOSEPH (EF I )  
N P SAMIOS (COLUMBIA) 
R G GLASSER,N SEEMaNeB STILLER (NRLI 
N P SANTOS (COLUNEIA+BNL) 
SAMIOS.PLANO.PRODELL + (COLUNDIAtDNLI 
J TIETGEtW PUESCHEL (MAX PLBNCK INST) 

JOHN B CZIRR (LRL)  
E L KOLLEReS TAYLOR~T HUETTER (STEVENS) 

V I PETRUKHIN,YU D PROKOBHKIN ( J INR I  
VON DAROEL,OEKKERS,MERNOO,VAN PUTTEN+ICERN] 

H SHWEtF M SMITH~W H BARKAS (LRL)  
BELLETTINI,BEMPORAO, BRACCINI+IPISA÷FIRENZE) 
OUCLOStFREYTAG,HEINTZE + (CERN+HEIOELBERGI 
D A EVANS (OXFORD) 
KUTIN,PETRUKHIN,PROKOSHKIN ( J INR)  

STANER~TAYLOR,KOLLER~HUETTER+ (STEVENS) 
VASILEVSKYvVISHNYJKOVtOUNAITSEV + (DUBNAI 
RELLETTINI,BENPORAO,LUBELSMEY+ (PISA+BONN) 
+STERL1GOV,USOV (TOMSK POLYTECH.INST.) 
+CARROLLtKYCIA,LI,NICHAELtMOCKETT + (BNL) 

* * *ee *  * * * * * * * * *  * I t * i t * i t  * t $ t t * t t $  t * * * * * t * t  * * t t * * * t t  t * t t * * e t t  e f t * t * * *  
* * * t i t  t , s t * t i t *  t t t * t t t t t  * $$ t t t t t t  $ t * t t t * $ t  * * *$$ * * * t  * t * * t t t t t  * $ t~ * * * *  

F ~  lO CHARGED K (M94eJP=O-)  I =1 /2  

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

10 CHARGED K MASS (MEV) 

M 493 .9  0 .2  CCHEN 87 RVUE + 
M A93 .7  0 .3  flARKAS b3 EMUL - 
M 493 .78  0 .17  GREINER 6S EMUL + V IA  TAU DECAY 7166 
M A {493 .8T )  ( 0 . | 9 )  KUNSELMAN 71CNTR - KAONIC ATOMS 10171 
M 493 .691  0 .040  DACKENSTO 78 CNTR -- KAONIC ATOMS 1 /75  
M A 495 .b6E  0 . [ 9  KUNSELHAN 74 CNTR KAONIC ATOHS B /74 *  
M A KUNSELN&N 74 UPDATES KUNSELHAN 71 WITH IMPROVED KAONIC ATOM CALC. 3 /7 , *  
M . . . . . . . . .  
M AVG 893 .702  0 .037  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.00 
M F IT  693 .707  0 .037  FROM F IT  (ERROR INCLUOES SCALE FACTOR OF l .O I  3 / 78~  

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

10 (K+) - (K - )  MASS DIFFERENCE (MEV) 

DM F I .SM -0 .032  0 .090  FORD 72 ASPK +-  
on F FOqO 72 USES M(P I+ ] -M(F I - )  = +28+ -70  KEV 

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

I0  CHRRGEO K MEAN L IFE  (UNITS I0"$--8) 

4172 
1 /73  

T CHAR. K MEAN L IFE 
T 0 I 0 . 951  ( 0 .3b )  ( 0 . 25 )  ILOFF 5b EMUL 
T 0 E2 ( [ . 601  lOeB) ( 0 . 3 )  EISENDERG 58 EMUL 
T [ . 21  0 .06  0 .06  8URROWES 39 CNTR 
T 0 33 (1 .381  (O .ZA I  ( 0 . 24 )  FREDEN 60 EMUL 
T 0 (I.2EI ( 0 . 22 )  ( 0 . 171BARKAS 8~ EMUL 
T 0 51 { 1 . 271  ( 0 .361  (0 .231BHOWMIK 61 ENUL 
T 283 1 .31  0 .00  0 .08  NOROIN 61HEC - 
T ( 1 . 26 )  (O.OY) NOROIN bl RVUE 
T 1 .231 0 .01 [  0 . 011BOYARSKI  62 CNTR + 
T 1 .2463  0 .0038  FITCH 65 CNTR + K AT PEST 6166 
T 1 .221 0 .0 | |  FORD 8T CNTR ÷ 8 /67  
T 1 .2272  0 .0086  LOBKOWICZ 69 CNTR + K IN PLIGHT 9 /66  
T 3N 1 .2380  0 .0016  OTT 71CNTR + STOPPING K 2 /71  
T 0 OlD EXPERIMENTS WITH LARGE ERRORS EXCLUDED FFOM AVERAGING 2171 
T . . . . . . . . .  
T AVG 1.2370 0.0032 0.0032 AVERAGE (ERROR INCL. SCALE FACTOR OF 2.4) 
T F IT  1 .2371 0 .0026  FROM F IT  (ERROR INCLUDES SCALE FACTOR OF 1 .9 )  

(SEE IDEOGRAM BELOW ) 

WEI6HTEO RUERR6E = 0 .8084  * 0 .0021  

ERROR SCRLED BY 2 .4  

I 

0 .70  0 .75  

CHISQ 

0 .4  

7 .3  • LnBKnUICZ  69  CNTR 

• FORD 67  CNTR 

• F ITCH 65  CNTR 3 .7  

.ODYRRSKI  62  CHTR 

HnRn IN  61 HBC 

BURROHES $9 CNTR 

11 .4  

0 .Be  0.05 0.90 0 .PS  
{CONLEU 

=0 .003 )  

CHAR6EO K DECRY R@TE (UH ITS  lOJmB SEC- t )  

10 ( ( K + )  - (K - ) ) /AVG. ,  MEAN L IFE DIFFERENCE (PERCENTI 

0T N THIS QUANTITY I S  A HEASURE OF OPT INVARIANCE IN W.I. 

OT O.A? O.BO FORD bT CNTR 
OT 0 .000  0 .078  LOBKOWICZ 69 CNTR 
DT . . . . . . . . .  
0T AVG 0o114 0,095 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.20 

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

[ 0  CHARGED K PARTIAL DECAY MODES 

DECAY HISSES 
El  CHAR. K INTO MU NEU K MU2 lOS+ 0 
P2 CHAR. K INTO PI  PIO K P I2  [39+ 134 
P3 CHAR. K INTO PI PI+ E l -  TAU IS9+ 139+ IS9  
P4 CHAR. K INTO P I  2PlO TAU PRIME 139+ 138+ 134 
R5 CHAR. K INTO MU PIO NEU K MU3 10S+ IS4+ o 
P6 CHAR. K INTO E RIO NEU K E3 .E+ [ 3 *+  0 
PO K+ INTO F [÷  P I -  E+ NEU K E+ 4 IE9+ 13g+ .E+ 0 
PB K+ INTO P l÷  P!+ E- NEU K E-  8 139+ 1E0+ .5+ 0 
P9 K+ INTO PI+ P I -  ~tJ+ NEU K+WU+ 4 139+ 139+ 105+ 0 
PIO K+ INTO PI+ PI+ NU- NEU K+MU- 4 139+ 139+ [05+ 0 
P l l  CHAR. K INTO E NEU M E2 .5+  0 
P I2  CHAR. K INTO MU NEU GAMMA K MU RAO 105÷ O+ 0 
FIB CHAR. K InTO Pl FIO OAMMA K Pl PAD 139+ 138+ 0 
P14 CHAR, K INTO Pl PI+ F I -  GAMMA TAU RaO 139+ 139+ [39+ 0 
Pl5  CHAR. K INTO PI E+ E-  Pl E E 139+ .5+ .5  
PEA CHAP. K INTO PI  MU÷ MU- PI MU MU 139+ 105+ 105 
PlY CHAR. K INTO Pl GAMMA GAWMA PI GAM GAM 139+ O+ O 
FIB CHAR. X INTO PIO NEU GAMMA Pl E NEU Gin 136+ .S+ O+ 0 
P l9  K- INTO PI+ ~ -  E -  P I+E -E -  [39+ .5+  .S 
P20 CHAR. K INTO Pl NEU NEU F[  NEU NEU 1E9+ O+ o 
PZl CHAR. K INTO E NEU GAMMA K E2 RAO .5+  O+ O 
P22 CHAR, K INTO Pl GAMMA K Pl  GAM 139+ 0 
P28 CHAR. M INTO PI  3GAMMA PI  3GAM 139+ O+ O+ 0 
P2* CHAP. X INTO PIO P IOE  NEU K E6 2PiO 134+ [34÷  .5+ 0 
P25 K+ INTO P I -  E+ NO+ PI-E+MO+ [39+ .5+ 105 
P26 K+ INTO PI+ E+ MU- FI+E+MU- 139+ .3+ 105 
PIT CHAR, K INTO MU NEU NED NEUBAR flU 3NEU 105+ O+ O+ o 
P28 CHAR. K INTO FIO MU NEU GAMMA PI MU NEU GaM 134+ 105+ O+ 0 

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

CHARGED K CONSTRAINED EIT 
OVERALL FIT OF MEAN L IFE ,  WIDTHS AND BEANCHIND 
RATIOS USES 55 DATA POINTS TO DETERMINE SIX 
QUANTITIES. OVERALL F IT  HAS CHISO=7T.T. MAIN 
CONTRIBUTION ( [ 3 . 3 )  COME5 FROM RIg  OF HAIOT 
71 (WE SEE NO REASON TO REJECT THIS EXPERIMENT 
AT THIS TIME) 

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

F I T T E D  P A R T I A L  D E C A Y  M O D E  B E A N C H I N G  F R A C T I O N S  

T h e  ~ t r i x  be low  is  d e r i v e d  f r o m  t h e  e r r o r  r r ~ t r i x  I n r  t h e  l i f t e d  p a r t i a l  d e c a y  m o d e  

b r a n c h i n g  f r a c t i o n s ,  PI"  a s  / o l l ows :  T h e  d i a g o n a l  e l e m e n t s  a r e  P i  ± 5 P  i,  w h e r e  

8 P  i = . . ~  w h ~ e  t h e  o £ f - d i a ~ o ~ t  e l e m e n t s  a r e  t h e  n o r ~ l i x e d  c o r r e l a t i o n  c o e f [ i -  

c i e n t s  ( B P i B P  j ) / ( E P  l -  6P j ) .  F o r  the d e i i n l t i o n s  of t h e  i n d i v i d u a l  P I '  s e e  t h e  l i s t i n g s  

a b o v e ;  o n l y  t h o l e  P i  a p p e a r i n g  i n  t h e  m a t r i x  a r e  a s s u m e d  in  t h e  f i t  to  be  n o n z e r o  and  

a r e  t h u s  c o n s t r a i n e d  to  a d d  to  E, 

P l  F2  F3  F4  P5  F6  
P [ . 6354+ - . 0019  
P 2 - . 79bE  . 2112+ - . 0017  
P B - . 1727  - . 0170  . 0559+ - . 0003  
P 8 - . 1826  .0614 .2053 . 0173~ - . 0005  
P 5 - . 21 [0  - . 2892  - . 1238  - . 3299  . 0320+ - . 0000  
P 6 - . 3011  - . 1254  .125T . 0157  .2273  . 0882+ - . 000E  

F I T T E D  P A E T ~ L  D E C A Y  M O D E  P A T E S  

T h e  ~ t r i x  be low  i s  t h e  b r a n c h i n g  f r a c t i o n  ~ t r i x  a b o v e ,  t r ~ s f o r m e d  l n t o  r a t e  

s p a c e ;  i .  e . ,  G I • F[ = r t o t M P 1 ,  i n  a p p r o p r i a t e  u n i t s .  In  a r ~ l o g y  to  t h e  m a t r i x  a b o v e ,  

the d i a J ( o ~ l  e lements  are G i ~ 6 G  i ,  where  6G i = ~ { ~ i 6 G i  ) ,  whLle the o £ f - d l a ~ o ~ l  

e l e m e n t s  a r e  t h e  n o r m a l i z e d  c o r r e l a t i o n  c o e f f i c i e n t s  ~MGi6Gj) / (6G t "  EGj).  N o t e  t h a t ,  

b e c a u s e  of  t h e  e r r o r  i n  r t o t a  I ,  t h e  e r r o r s  a n d  c o r r e l a t i o n s  h e r e  a r e  n o t  d i r e c t l y  d e r i v a b l e  

f r o m  t h o s e  a b o v e .  

G 1 G 2 0 3 G 4 G 5 G 6 
G 1 .E136÷ - . 0019  
G Z - .  4486 . 1707+ - . 0015  
0 3 - . 0986  . 0120  . 04S2+ - . 0002  
G 8 - . l l BT  . 0726  .207A • 0 [ 40+ - .  BOO8 
G 5 - . 12be  - . 2098  - . 1288  - . 0261  • 0258+ - . 0007  
G 6 - .  I A58 - . 0755  .1299 .0212  . 2367  • 0390+ - . 0004  

1 0  CHARGED K DECRY RATES 

WE CHAR. K INTO MU NEU (B ITS [0 * t6  SEC-[) (G[) 
WI 5L.2 0.8 FORD 67 CNTR +- 
WI . . . . . . . . .  
WI FIT 51.06 0,19 FROM FIT (ERROR INCLUDES SCALE FACTOR OF [ , 2 ]  

W2 CHAR. K INTO Pl PI÷ E l -  (UNITS [Ore6 SEC-II (G3I 
W2 F ( * . 896 )  ( 0 . 030 )  FORD 67 CNTR + -  SEE NOTE E 
W2 F 3.2M (6 .5291  (0 .0321  FORD 70 ASPK SEE NOTE F 
W2 4 .B11 0 .02 *  FORD 70 ASPK SEE NOTE F 
W2 F THE LAST IS  THE COMBINED RESULT OF FOOD 67 AND FORD 70 
W2 . . . . . . . . .  
W2 F IT  4 .E I6  0 .023  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1o [ )  

WO CHAR. K INTO (TAU) - (TAD PRIME} (UNITS tO t *6  BED- I )  
W8 (03 -041  
W3 "USED FOR DELTA I - [#2  TEST. 
W3 . . . . . . . . .  
W3 FIT B, [ IT  0 .039  FqOM FIT 

W8 CHAR, K INTO (HU FIO NEUI + (E FIO NEUI (UNITS 10..6 SEC-1) 
W4 (G5+Gb) 
WA USED FOR DELTA I - 1 /2  TEST. 
W4 . . . . . . . . .  
W4 FIT 6.486 0.092 FROM FIT 

8 /07  
12 /70  

8/o7 
11170 
11/70 



4 3  

Data Card Listings 
For notation, see key at front of Listings. 

IO ( ( K + ]  - IK - ) I IAVG, ,  DECAY RATE DIFFERENCE [PERCENT] 

O1 OIFFEOENCE I ~  K MU2 RATES ( (G I+ ] - IG I - ) I /GE  (PERCENT) 
OI -0.54 0.61 FORD 67 CNTR 8/67 

02 OIFFERENCE IN TAU RATES [ [G3÷ I - IG } - ) I IG3  (PERCENT) 
02 -0 .50  0 .90  FLETCHER 67 OSPK 8 /67  
D2 F { - 0 . 04 )  (0 .21 )  FORD 67 CNTR SEE NOTE F 8 /67  
92 F 3.2M (O . lO )  [ 0 . 16 }  FORD 70 ASPK SEE NOTE c 11170 
D2 F O.OO O.12 FORD 70 ASPK SEE NOTE F 11170 
D2 S 11/73+ ( - o . o2 )  (O. I b )  SMITH 73 ASPK +-  
02 F SECOND FOOD 70 VALUE 15 FIRST FORD 70 COMBINED WITH FORD 67. 
D2 S SMITH 73 VALUE OF 92 IS DERIVED FROM SMITH 73 VALUE OF 93.  11173* 
02 . . . . . . . . .  
02 AVO 0.07 0.12 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.O]  

03 OIFFERENEE IN TAU PRIME RATES ((GA+I-(GA-I)IAVERAGE (PERCENT) 
03 1802 - 1 . 1  I .B  HERZO 69 OSPK 5170 

O.OB 0 .58  SMITH 73 ASPK + -  11/73+ 03 
O3 . . . . . . . . .  
03 AVG - 0 . 03  0.55 AVERAGE (ERROR INCLUDES SCALE EACTOR OF 1.0) 

04 DIFFERENCE IN K PI2 RATES ( [G2+)- iG2-) ] /JVERAOE (PERCENT) 
06 0 ,8  1 .2  HERZO 69 OSPK 5 /70  

05 DIFFERENCE IN K Pl BAD RATES [ (GE3÷)- (GI3- I ) IAVPRAGE (PERCENT} 
05 26 O.O 26.0 EDWARDS 72 OSPK Pl KE 58 -90  MEV 8172 
05 4000 1.0 4.0 ABRAMS 73 ASPK +- Pl KE 51 -100  MEV 3176 .  
05 
05 AVG l .O 3.9  AVERAGE (ERROR INCLUDES SCALE RACTOR OF 1.01 

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

lO CHARGED K BRANCHING RATIOS 

R o OLD DATA EXCLUDED 

RI CHAR. K INTO (NU NEU)/TDTAL (UNITS 10++-2) iP l |  
RE 0 ( 58 .5 )  ( 3 . 05  DIRGE 56 EMUL + 
R1 0 (56 .9 )  ( 2 . 6 )  ALEXANDER 57 EMUL + 
RI 0 OLD EXPERIMENTS NOT INCLUDED IN AVERAGING 117[ 
~1 bZK 63.26 0.64 CHIANG 72 OSPK 1 .84  GEV/C K+ 9172 
RE 
RE FIT 63.5~ O,19 FROM LIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 

R2 CHAR. K INTO (Pl  PIO)ITOTAL (UNITS I 0 * * - 2 )  (P2) 
~2 O ( 27 .75  ( 2 . 7 }  BIRGE 56 ENUL + 
R2 O ( 23 .2 ;  (E .2 ]  ALEXANDER 57 EMUL + 
R2 O EARLIER EXPERIMENTS NOT AVERAGED 
R2 (21.Of  ( 0 . 6 )  CALLAHAN 65 HLBC SEE R17 
~2 ()1.6) (O.b]  TaILLING 65 RVUE 6160 
~2 16K 21 .18  0 .28  CHIANG 7Z OSPK + 1.86 GEV/C K+ 0172 
R2 
QZ PIT 21 .12  O.lT FROM FIT [ERROR INCLUDES SCALE FACTOR OF L,Ol 

R3 CHAR. K INTO (Pl  PI+ RI-I ITOTAL (UNITS 10++-2)  [P3) 
R3 o ( 5 . 6 l  ( 0 . 6 )  BIRGE 56 EMUL + 
~3 0 [ 6 . 8 )  ( 0 . 6 )  ALEXANDER 57 EMUL + 
R3 O (E.2)  10.35 TAYLOR $9 EMUL 
P3 O EARLIER EXPERIMENTS NOT AVERAGED 
a3 E,T 0.3 ROE 61HLBC + 9 /66  
R3 2332 5.56 0 .12  C~LLAHAN 66 HLBC ÷ 
~3 560 5.1 0,2 SHAKLEE b6 HLBC + 91bb 
R3 5.71 0.15 OE MARCO 6S H8C 6 /66  
~B ~N 6.0  O,N YOUNG 65 EMUL + b/b6 
R3 P 693 5.36 0.21 PANDOULAS 70 EMUL + 10/70 
R3 C 233O [5 .56 )  (O .20 }  CHIANG 72 OSPK 1 .84  GEV/C K÷ 9 /72  
R3 C THIS VALUE IS NOT INDEPENDENT OF CHIANG 72 R I ,R2 ,R6 ,RS ,  AND ~6 g /72  
R3 P INCLUDES EVENfS OF TAYLOR 59.  
RE 
R3 AVG 5.521 0.098 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1 .3 }  
R3 FIT 5.587 0.030 FPOM FIT (ERROR INCLUDES SCALE FACTOR OF I * I I  

(SEE IDEOGRAM EELOW I 

WEIGHTED f lUERAGE = 5 .$21  * 0 . 098  

ERROR SCALED BY 1 .3  

V a l u e s  a b o v e  o f  w e i g h t e d  a v e r a g e ,  
e r r o r ,  a n d  sca le  f a c t o r  a r e  f o r  t h e  
r e a d e r '  s c o n v e n i e n c e  only. T h e  
data w e r e  a c t u a l l y  processed by a 

c o n s t r a i n e d  f i t  p r o g r a m ,  w h i c h  
c a l c u l a t e s  i t s  o w n  v a l u e s  of  X, 5x ,  
a n d  s c a l e  f a c t o r ,  w h i c h  a r e  d i f f e r -  
e n t  f r o m  t h e  v a l u e s  s h o ~  h e r e .  

CHISQ 

• - ~  . . . . . . .  PANDDULAS 70  EMUL 0 .7  
/ 

I • "YOUNG 65  E r lUL  1 .4  
k 

- - - - ~ \  . . . . . . .  DE r lARCD 6 5  HBC 1 .6  
t 

. . . . . . . . .  SHAKLEE 64  HLOC 4 . 4  

. . . . . . . . . .  CALLAHAN 64  HLBC 0 .0  

~ " .ROE 61  HLBC 0 .4  

+ ~ 8 .6  

(CnNLEU 
4 .S  S . 0  S ,S  6 .0  6 .S  7 .0  =D . 127 )  

CHAR.K  TD (P I  P I+  P I - ) / TDTAL  (UN 1Dzm-2 }  

R6 CHAR. K INTO (P l  2BIDE/TOTAL (UNITS 10 .*-2)  (P4) 
R6 O ( 2 . 1 )  ( 0 . 5 ]  81RGE 56 EMUL + 
RN O (2 .2 )  ( 0 . 41  ALEXANDER 57 EMUL + 
R6 0 ( 1 . 5 ]  ( 0 . 2 )  TAYLOR 59 EMUL 
R6 0 EARLIER EXPERIMENTS NOT AVERAGED 
R4 1 .7  0 .2  ROE 61 HLBC + 
R6 108 1.8 0 .2  SHAKLEE 66 HLBC + 
R4 R 198 1.53 0.II PANDOULAS 70 EMUL + 
R4 1307 1,84 0.06 CHIANG 72 OSPK + 1.84 GEV/C K+ 
a6 P INCLUDES EVENTS OF TAYLOR 59.  
R4 . . . . . . . . .  
R6 AVG 1.767 0.071 AVERAGE (ERROR INCLUDES SCALE FACTOR OF E.4 l  
R4 F IT  1 .732  0 .065  FROM FIT }ERROR INCLUDES SCALE FACTOR OF 1.61 

{SEE IDEOGRAM BELOW ] 

11 /67  
11/67 
10 /70  
9 /72  

Stable Particles 
K ~ 

WEIGHTED RUERAGE = 1 . 7 6 7  * O.D? t  

ERROR SDQLED BY 1 .4  

1 .2  1 ,6  

V a l u e s  a b o v e  of  w e i g h t e d  a v e r a g e ,  
e r r o r ,  a n d  s c a l e  f a c t o r  a r e  f o r  t h e  
r e a d e r  ~ s c o n v e n i e n c e  o n l y .  T h e  
d a t a  w e r e  a c t u a l l y  p r o c e s s e d  b y  a 
c o n s t r a i n e d  f i t  p r o g r a m +  w h i c h  
c a l c u l a t e s  i t s  o w n  v a l u e s  of  ~ ,  6~, 
a n d  s c a l e  f a c t o r ,  w h i c h  a r e  d i f f e r -  
e n t  f r o m  t h e  v a l u e s  s h o w n  h e r e .  

CHISQ 

k . . . . .  CHIANG ?2  DSPK 

..... PANDDULAS ?0 EMUL 4.g 

.... SHAKLEE g4 HLBC 0.0 

~ '  '' "ROE 61  HLOC 0 .1  

g .3  

(CDNLEU 
2 .0  2 .4  =0 .1005  

CHAR.  K INTO {P I  2P IO) /TDTAL  (UN  1Dm=-25  

RE CHAR. K INTO (MU PID NEUI/TOTAL }UNITS 10 , * - 25  (PSI  
F5 0 [2.85 I f .DE DIRGE 56 EMUL ÷ 
R5 D (5 .9 )  ( I . 35  ALEXANDE a 57 EMUL + 
R5 D (2 ,8 l  (0.41 TAYLOR 59 EMUL + 
R5 0 EARLIER EXPERIMENTS NOT AVERAGED 
R5 2345 3,33 0 . [ 6  CHIANG 72 DSPK ÷ 1.84 GEVIC K+ 9172 
05 
R5 FIT 3.197 O .OBT  PROM PIT (ERROR INCLUDES SCALE FACTOR OF 1.75 

R6 CHAR, K INTO (E PlO NEUIITCTAL (UNITS ID* * -B )  IPb) 
06 0 (3 ,2 )  (1.31 BIRGE 56 EMUL ÷ 
R6 0 (5 ,1 )  (1.31 ALEXANOSR 57 EMUL + 
B6 0 E&RLIEQ EXPERIMENTS NOT AVERAGED 
R6 5.0 0.5 ROE BI HLBC + 11/67 
Rb 429 4.7 0.3 SHAKLEE 64 HLBC 11167 
~6 3516 4.86 0 l i 0  CHIANO 72 OSPK + 1.84 GEVIC K+ g/72 
~6 . . . . . . . . .  
R6 AVG 4.849 0.095 AVERAGE (ERROQ INCLUDES SCALE FACTOB OF 1.Ol 
R6 FIT 4.825 0 .054  EROM FIT (ERROR INCLUDES SCALE EACTOB OF 1.1) 

Q7 CHAR* K INTO (PI2 + MU3I/TOTAL (UNITS i0*+-25 (P2+PS) I I l b7  
g7 WE COMBINE THESE TWn MODES FOR EXPTS MEASURING THEM IN XENON 8C 
R7 BECAUSE OF DIFFICULTIES OF SEPARATING THEM THERE 
R7 23.4 1.1 ROE 61HLBC ÷ 11/67 
R7 806 20.8 0.9 SHaKLEE 64 HLBC 11/67 
R7 
B7 AVG 24.60 0.98 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4) 
R7 F IT  24.3E 0.17 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I .O )  

RB K+ INTO (P I~  PI+ E- NEU}/TOTAL (UNITS 10++-7) (P8) 
RB 20, DR LFSS CL=.95 BIRGE 65 FBC ÷ 8/6E 
R8 O 6.9 PR LESS CL=,95 ELY 69 HLBC ÷ 10/69 
R8 O 9,0 CR LESS CL=,95 SCHWEINBP 71 HLBC 9 /7 I  

R9 K+ INTO (PI+ P l -  MU÷ NEU)/TDTAL (UNITS 10 ' * - 5 }  (PO) 
R9 1 0 .77  0 .54  D*5O CLINE 65 FRC + 8 /66  

R10 K÷ INTO (PI+ PI+ MU- NEU)/TOTAL (UNITS 10"=-61 (PlO) 
RIO O 3.0 ~R LESS CL=.95 DIRGE 65 FEE + 8166 

O i l  CHAR. K INTO (E NEUIITOTAL (UNITS 10+*-5 ]  (P i t }  
A l l  160.0 OR LESS CL=.95 BCRREANI 66 HOE + 11/67 

8/67 R|E 6 R . I  l .B  1.3  80WEN 67 DSPK + 
A l l  BOWEN RESULT SHOULD BE CORRECTED TO 1 .9 }÷E .7 , - 1 . 2 }  BECAUSE DF 
RI I  K+ TO F÷ NEU GAMMA DECAYS BEFORE COMPARING WITH 8OTTERILL 67 R28 

RE2 CHAR. K INTO }PI  GAMMA GAMMAIITOTAL (UNITS 10"*-N}  
R12 (P175 
RI2 ALL VALUES GIVEN HERE ASSUME A PHASE SPACE PION ENERGY SPECTRUM 2/72 
q I2  -O . l  0 . 6  CHEN 68 OSPK + T (P l )  60 -90  M~V 9 /73 *  
RE2 O 0 .5  OR LESS CL=.OO KLEMS 71 CSPK + T(PIIDT I17 MEV 8/71 
R12 O 0.35 OR LESS CL=.gO LJUNG 73 HLBC + 6-132,116-127MEV 0173+ 

R13 CHAR. K INTO (P] PlO GAMMAIITOTAL (UNITS tO*~-A) (P I3 )  
R13 18 2 .2  0 .7  CLINE 86 FBC + P Ie  KE 55 -80  MEV 8166 
R13 O 1,9 OR LESS CL=.OD EMMERBON 69 OSPK PI÷ KE 55-80 MEV CO/b9 
P13 A2lOO 2 .71  0 .19  ABRAMS 72 ASPK +-  PI+ KE 55 -90  MEV 1/73  
RI ]  26 8- 6 D*E COWARDS 72 OSPK PI÷ KE BE-gO MEV 8 /72  
RE3 L ( I . 51  (1.11 (O.b) LJUNG 73 HLBC + PI+ KE 50-80 MEV 9/73* 
At3  L L [ 2 . 65  ( l .  SI ( [ . l }  LJUNG 73 HLBC PI+ RE 55 -90  MEV 9 /73=  
~13 17 6 .8  3 .7  2.1 LJUNG 73 HLBC + PI+ KE 55-~02MEV 9 /73= 
RIG L THE LJUNG 73 VALUES ARE NOT INDEPENDENT. 9 /73+  
R13 A ABRAMS 72 OBSERVES DIRECT EMISSION 8R. RATIO OF ( 1 . 56+ -0 .35 (e10 . * - 5  !175 
RE3 & +-0.5=10++-5 ADDNL, SYST, ERROP AND INNER BPEMSSTRAHLUNG BR. RATIO 1/73 
R13 A OP (2 .55+-0 .18 )~10++-4 .  WE QUOTE IHE SUM OF THESE BR. RATIOS, 1/73 
R13 . . . . . . . . .  
~13 AVERAGE MEANINGLESS (SCALE EACTOR = 1 .~ )  

RE4 CHAR. K INTO (P l  PI+ P l -  GAMMAIITOTAL (UNITS I0+ t -45  
R16 (P l6 )  
R16 1 .0  0.4  STAMER 65 EMUL ÷ ECAM GT IIMEV 8 /bb  

RE5 CHAR. K INTO (P I  E÷ E-E/TOTAL (UNITS 10"*-6) (P155 
R15 1 2.65 OR LESS CL=,90 CAMERINI 64 FBC ÷ B/66  
a15 ~ .6  OR LESS CL=.OO BISI  67 OBC + t 1 / 67  
R15 C (0 .6 ]  OR LESS CL|NEt 67 FBC + . 11 /67  
RIG C 0 .88  DR LESS CL=.9O CLINE2 67 FBC ÷ . 2176* 
R15 32.0  OR LESS ELf .DO BRIER 72 OSPK ÷- 9/72  
~ 1 5  1.53  DR LESS CLffi. OO CLARKE 73 ASPK + THREE TRACK EVTS 3174+ 
R15 O.2B OR LESS ELf.DO CLARKE 73 ASPK + TWO TBACK EVENTS 3/74*  
R15 C CLINE2 REPLACES CLINEI .  CLINEI IS NOT FDQ CL=.9D , E174* 

R16 CHAR, K INTO (Pl MU+ MU-I/TOTAL (UNITS [ 0 * * - 6 )  (F i b ]  
R16 3°0 OR LESS CL=.90 CAMERINI 65 FBC • 8/66 
QEB 2.6 OR LESS CL=.OO BISI  67 DBC + 11167 



Stable Particles 
K • 

R17 CHAR. K INTO (E PIO NEUI/(MU2+PI21 (UNITS IO$*-211P61/(PI÷P2) 
RL7 13~ 3,24 0.36 YOUNG 65 ENUL + . 8/66 
PL7 1045 3,96 0.15 GALLAHAN 65 FBC + g/66 
RET . . . . . . . . .  
RI7 AVO 3.84 0.27 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.9) 
R17 FIT 3*780 0.037 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.1) 

(SEE IDEOGRAM BELOW ) 

MEIGHTEO AUERQGE = 3 . D 4  ~= 0 . 2 ?  

ERROR SCALED BY 1 . 9  

2 .S  3 . 0  3 .S  4 . 0  4 .S  S . 0  

CHARGED K INT  n (E P IO  NEU) / (~U2+P I2 )  

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 
c a l c u l a t e s  i t s  own v a l u e s  of ~, 5x, 
and scale factor, which are differ- 
ent ~rom the values shown here. 

CHISQ 

- .  , C A L L A H A N  6 6  FBC 0 . 6  

. ~  .YOUHG 6S E~UL 3 .1  

3 ,B  

(CONLEU 
= 0 . 0 5 3 )  

RIB CHAR. K INTO (PI 2PIO)/TAU (P4)/ lP3) 
RIB 2027  0.303 D.000 BISI 65 H÷HL + . 8166 
R18 17 0.093 0°009 YOUNG 65 EMUL + 8 / 6 6  

R18 . . . . . . . . .  
RIB AVG 0.3037 0.0090 AVERAGE (ERROR INCLUBES SCALE FACTOR OF l*OI 
R18 FIT 0.3099 0.0079 aROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.31 

RIg CHAR* K INTO (MU PIG NEUIITAU (PS) / (P31 
R19 2845 0.632 O.OB5 BISI1 65 H÷HL • . 8/66 
RID 38 0.90 0.16 YOUNG 65 EMUL + 8/66 
Rig H 1505 (0.5103 (0.017) EICHTEN 68 HLBC + 11/68 

HAIDT 71HLBC ÷ 12/70 RI9 HISOS 0.503 0.019 
RI9 H HAIOT 7I IS A REANALYSIS OF EICHTEN be.  

R19 AVG 0.556 O.OB4 AVERAGE {ERROR INCLUDES SCALE EACTOR OF 3. B) 
R10 FIT 0.572 0.016 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.8) 

(SEE IDEOGRAM BELOW ) 

WEIGHTED AVERAGE = 0 . $ 3 6  ± O , O S 4  

ERROR SCALED BY 3 , 2  

V a l u e s  a b o v e  of  w e i g h t e d  a v e r a g e ,  
e r r o r ,  a n d  s c a l e  f a c t o r  a r e  f o r  t h e  
r e a d e r  I s c o n v e n i e n c e  o n l y ,  T h e  
data w e r e  a c t u a l l y  processed by a 
c o n s t r a i n e d  f i t  program, which 
c a l c u l a t e s  i t s  o w n  v a l u e s  of  x .  8~. 
and scale factor, which are differ- 
ent from the values shown here. 

. . . . . . . . . . .  H R I D T  71  HLDC 3 , 1  

/ ~ L /  ~ , ~ ~ - - - ~  YDUHG GS E , U L  
. . . . . . . . . .  BISII 6 5  H + H L  ? . S  

1 0 . S  

/ ' , - -  ' ( C D N L E U  
0 , 2  0 . 6  1 , 0  1 . 4  = 0 . 0 0 1 ]  

CHRRGED K I N T O  (MU PIO N E U ) / T R U  

RZO CHAR. K INTO (E P[O NEU]ITAU (P61/(P3) 
R20 230 O.gO 0.06 BO8REANI 6~ HBC + . 8166 
RBO 37 0.90 0.16 YOUNG 65 EMUL ÷ . 8166 
R20 854 0.94 0 .0~ BELLOTT2 67 HLBC 11167 
P20 H 6385 tO.8463 IO. OZ3) EICHTEN 68 HLBC ÷ 11/68 
~20 H6385 0.850 0.019 HAIDT 71HLf iC + 12/70 
RBO H HAIDT 7L IS A REANACYSIS OF EICHTEN 68. 
~20 . . . . . . . . .  
R20 AVG 0.858 0.018 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
RBO FIT 0.864 0.010 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.13 

R21 K÷ INT~ I P I t  P I -  E÷ N£UIITAU (UNITG 10* t - -6)  IPTI / (PEI  
Q21 69 6.7 1.5 BI~GE 6B FBC ÷ 8166 
RZL 269 5.83 0 .63 ELY 69 HLRC + 11168 
R21 500 7 .36 0 .68 BOURQUIN 71 ASPK 12/7L 
R21 106 7.0  0 .9  SCHWEINBE 71HLBC + 9/7L 
R21 . . . . . . . . .  
R21 AVG 6.66 0.40 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.O} 

R22 K+ INTO (P l+  P l -  MU÷ NEU)ITAU (UNITS l O * t - 4 I  I R a ) l i P 3 )  
R22 1 ( 2 . 5 l  APPROX GREINBR 64 EMUL ÷ 8/66 
R22 7 2.57 1.55 BISl 67 DOE + [ 1 / 6 7  
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o23 CHAR. K INTD (E PIO NEU(I INU2+PI2) (UNITS I O * * - 2 ) ( P 6 I / ( P I + P E )  
R23 1670 5.89 0.21 CESTER 66 OSPK + 8/67 
R23 5LID 6 . i 6  0.22 ESCHSTRUT 68 OSPK + 3166 
R23 . . . . . . . . .  
R23 AVG b*02 0.15 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.O( 
R23 LIT 5.699 0.369 FROM LIT (ERROR INCLUDES SCALE FACTOR OF 1.L( 

R24 CHAR. K INTO (aI PIO)IIMU NEU) IP2 I I (P I )  
R24 46517  0.327? 0.0065 AUERBACH 67 OSPK ÷ 1/74~ 
824 1600 0.305 0o018 ZELLER 60 ASFK + I0 /69  
P24 A AUERBAEH 67 CHANGED FROM .0253+-.0065. SEE COMMENT WITH RATIO R26.  I ITS* 
R84 . . . . . . . . .  
R24 AVG 0.3251 0.0073 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.2J 
R24 FIT 0.5524 0.0036 FROM FIT {ERROR INCLUDES SCALE FACTOR OF L.Ol 

R25 CHAR. K INTO (E PIO NEU)I(MU NEU) (P6 I / (P l )  
R2S A 295 0,0791 0.0056 AUERBACH 67 OSPK + 1 /74*  
RBS 060 .0775 .0033 BOTTERI1 68 ASPR + 5 1 6 8  
R25 561 0.069 0.006 GARLAND 68 CSPK + 61bB 
RB5 350 0.069 0.006 ZELLER 69 ASPK + 10/69 
R25 A AUERRACH 67 CHANGED FROM .0797+-.0054. SEE COMMENT WITH RATIO R26.  1178" 
R25 A THE VALUE .0785÷--.0025 GIVEN IN 6UERBACH 67 IS AN AVERAGE OF 3/74*  
R25 A AUERBACH 67 R25 AND CESTER 66 q23. 3 /7~*  
~23 . . . . . . . . .  
R25 AVG 0.0752 0.0026 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.03 
R25 FIT 0.07593 0.00093 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1I  

R26 CHAR. K INTO (MU PIO NEU)/(MU NEU) (P5 ) / IP l )  
R26 A 307 0.0486 0.0060 AUERBACM 67 OSPK + 1/74, 
R26 G A26 O,04BO 0.0057 GARLANO 68 DSPK + 1/74" 
RB6 260 0.054 0.009 ZELLER 69 ASPK + I016~ 
R26 A AUERBACH 67 CHANGED FROM .0602+-.0046 ACCORDING TO A REANALYSIS 8Y 1174" 
R26 A W. K. MC FARLANE. PRIVATE COMMUNICATION. THE REANALYSIS BRINGS THE i174* 
R26 A MU-SPECTRUM CALCULATION INTO AGREEMENT WITH GAILLA80 70 APPENDIX B. 1174, 
R26 G GARLAND 68 CHANGED FROM .055+-.004 IN AGREEMENT WITH MU-SPECTRUM 1174" 
R26 G CALCULATION OF GAILLARD 70 APPENDIX B. L.G.PONOROMt RRIV.COMM.(73) 1/74"  
ROb . . . . . . . . .  
~26 6VG 0.0488 0.0026 AVERAGE (ERROD INCLUDES SCALE FACTOR OF t .  Ol 
R2B FIT 0.0503 0.0014 FROM FIT [ERROR INCLUDES SCALE FACTOR OF 1 ,7 )  

R27 CHAR. K INTO (MU NEU)ITAU (P l ) I IP3 )  
~27 R 627 ( [ 0 . 3 8 )  (0.823 YOUNG 65 EMUL + 9166 
R27 R DELETED FPOM OVERALL FIT BECAUSE YOUNG 65 CONSTRAINS HIS RESULTS. 
R2T R TO ADO UP TO 1. ONLY YOUNG MEASURED MU2 DIRECTLY. 
R27 . . . . . . . . .  
R27 FIT 11.373 0.074 FROM FIT 

R28 CHAR. K INTO (E NEU)I(MU NEU) (UNITS 10"*-53 (P I1 ) / (P l I  
R28 10 1.g 0.7 0 .5  BCTTERILL 67 ASPK + L1/67 
R28 8 1.8 O.B 0.6 MACEK 69 ASPK + 4169 
RE8 !12 2.42 0.42 CLARK 72 OSPK + 1/73 
R28 . . . . . . . . .  
RBB AVG 2.£6 0.3L AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

R29 CHAR. K INTO (MU RIO NEU)I(E PIO NEU) (PSI/ IF6) 
~29 C1509 0.703 0.056 CALLAHA1 bb HLBC 6 1 6 8  
R29 560L 0.667 0.017 BOTTERIB 68 ASPK + 6/6B 
R29 H 1398 (0*604)  (0.0221 EICHTEN 68 HLBC 10/08 
R29 H (0 .B96}  (0 ,025 )  HAIDT 71HLBG + 12170 
820 03680  0.698 0o025 CHIANG 72 OSPK ÷ 1.84 GEVIC K+ 9172 

LUCAS2 73 HBC DALITZ  PRS ONLY I 1 / 7 3 .  R20 t 554 0.705 0.0b3 
R29 COMMENTS 
R29 C FROM CALLAHANI 66 WE USE ONLY THE MU31E3 RATIO AND DO NOT 
R20 C INCLUDE IN THE FIT THE RATIOS MU3/TAU AND E31TAU. SINCE THEY SHOW 
MEg H C LARGE DISAGREEMENTS WITH THE REST OF THE DATA. 
R29 HA[OT 71 IS A REANALYSIS OF LIGHTEN BB. 
R29 H D ONLY INDIVIDUAL RATIOS INCLUOEO IN FIT (SEE R19 AND RBOJ. 11/68 
R29 CHIANG 72 R29 IS STATISTICALLY INDEPENDENT OF CHIANG 72 R5 AND PA. 9/72 
R29 L LUCAS 73 GIVES N(MU3)=554÷-7.6PCT. N(E3I=786+-3.1PCT. WE DIVIDE. 111731 
R29 . . . . . . . . .  
R29 AVG 0.680 0.013 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,0)  
R2g FIT 0.663 0.018 FROM FIT (ERROR INCLUDES SCALE FACTOR OF t .7 )  

R30 CHAR. K INTO (RIO E NEU GAMMA)I(PIO E NEW) (UNITS 10**-23 
R30 ( P l B ) / l P b )  
R30 1.2 O,B BELLDTTI 67 HLBC + EGAM GT 30MEV 11/67 
R30 R 13 0.76 0.28 ROMANO 71HLBC EGAM GT IOMEV I0171 
R30 ~ (0.53l  (0.22I  ROMANO 71HLBC + EGAM GT 30 MEV 9173~ 
R30 L 16 0o68 0.20 LJUNG 73 HL8C + EGAM GT 30 MEV 9173" 
R30 l (0.22) (0.151 (O. tO) LJUNG 73 HLBC ÷ EGAM GT 30 MEV 9/73* 
R30 L FIRST LJUNG VALUE IS FOR COS(ELECT-GAMMA)L.T. 0.9. SECOND VALUE IS 9/73* 
R30 t FOR COSIELECT-GAMMA) 8ETW 0.6 AND 0.9 FOR COMPARISON WITH ROMAND. 9173" 
R30 R BOTH ROMANO VALUES ~RE FOR COS[ELECT-GAMMAI BETW 0.6 ANO 0.9. 9173, 
R30 R SECOND VALUE IS FOR COMPARISON WITH SECGNO LJUNG VALUE. 9173, 
R30 R WE USE LOWEST EGAM CUT FOR TABLE VALUE. SEE ~OMANO FOR FGAM DEPEND. 9/73* 
R30 . . . . . . . . .  
R30 AVERAGE MEANINGLESS (SCALE FACTOR = 1.0) 

R3L K- INTO [PI+ E- E-I/TOTAL (UNITS L O ~ - S I  (PI91 
R3I TEST OF LEPTON NUMBER CONSERVATION. 
R31 (1.5)  OR LESS CHANG 68 HBC 3/68 

R32 CHAR. K INTO (PI NEU NEUI/TOTAL (UNITS tO**-6) (P20) 
R32 C (1.6) CR LESS EL=.90 KLEMS 710SPK + T(PII 117-127MEV 3174" 
R32 C ( 0 , 0 4 )  OR tESS CL=*9O CABLE 73 CNTR ÷ T(OI)  b0--105 MEV 2/74# 
R3B C O,B6 OR LESS CL=.90 CABLE 73 CNTR • T(PII  60-127 ~EV 2/74* 
R32 L 0 57.0 OR LESS CL=.qO LJUNG 73 HLBC + 9173" 
R32 C KLEMS TI AND CABLE 73 ASSUME PI SPECTRUM SAME AS KE3 DECAY. 3/T5~ 
~32 C SECOND CABLE LIMIT COMBINES CABLE AND KLEMS DATA FOR VECTOR INT. 2/74* 
R02 L LJUNG 73 ASSUMES VECTOR INTERACTION. 9/73* 

R33 CHAR. K INTO IE NEU GAMMA)/TOT~L (UNITS 10~ -5 I  IP21) 
Q33 M ( 7 . 1 I  OR LESS MACEK 70 OSPK + P(E) 234 TD 247 12/70 
R33 M ABOVE IS MEASUREMENT 0c STRUCTUPE-OEPENOENT DECAY ONLY. 

R34 CHAR. K INTO (P l  GAMMA)ITOTAL (UNITS 1 0 " * - 6 )  (P22) 
R36 4 .0  OR LESS EL=.90 KLEMS Tl OSPK + 8/71 

R33 CHAR. K INTO ITA~) I (TAU PR1ME) IP3/PA) 
R35 USFD FOR DELTA I=1 /2  TEST. 
R35 . . . . . . . . .  
R35 FIT 3.226 0.082 FROM FIT 

REO CHAR, K INTO IPl  3GAMMA)ITOTAL (UNITS 10"*-4 l  {P23I 
R36 3.0 OR LESS CL=.90 KLEMS 710SPK ÷ T(P1) GT 117MEV 8171 

R37 K+ INT0 (PI+  PI+ E- NEUI / IP I+  a I -  E+ NEU) (PBI / (P71 2/72 
R37 0 0.013 OR LESS EL=.95 BOURQUIN 71ASPK 12 /7 i  

R3B CHAR. K INTO (PIO PIO E NEU)/KE3 IUNITS 1 0 * * - 4 ]  (P2431(P6) 
P38 0 37.0  OR LESS CL=.PO ROMANO 71HLBC + 12/71 
R38 2 3.8 5.0 Lo2 LJUNO 73 HLBC + 9173* 

R3g K+ INTO (P I -  E+ MU+I/TOTAL (UNITS 10**-8) IP25I 
R39 K- INTO (PI÷ E- MU-IITOTAL IS ALSO INCLUOEO HERE 
R39  2.8 OR LESS CL=*gO BEIER 7Z OSPK e- 9/72 
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R40 
R4O 
R4O 

R4! 

R41 

R42 
R42 

R~3 
R43 
R~3 
R43 . . . . . . . . .  
R43 ~IT 0.Z284 0.0033 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

R44 CHAR. K INTO (P I  2P IO I / (P I  P IO I  (P4 ) / (P2 )  
R44 t 574 0 .08 [  0 . 005  LUCAS2 73 HEC - DALITZ PRS ONLY 
g%4 t LUCAS 73 GIVES N(PI  2P lOJ=E74+ -5 .9  PCT, N (P I2 }=3564+ -3 , l  POT. 
R44 L WE QUOTE 0 .5 *N IP !  2P IO) /N (P I2 )  NHERE 0 .5  IS ~ECAUSE ONLY DALITZ 
R%4 L PAIR PIOIS WERE USED. 
R44 . . . . . . . . .  
R4~ F IT  O.O820 0.0022 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .E l  

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

K+ INTO (P I+  E+ MU-I /TOTAL (UNITS 10 . * - 8 )  1026) 
K-  INTO (P I -  E- MU+]/TOTAL IS ALSO INCLUDFD HERE 

[ . ~  OR LESS CL=.DO BRIER 72 OSPK ÷ -  9 / 72  

CHAR. K INTO (NU 3NEU)/TOTAL (UNITS 10.$-61 (PET) 
o 0 (5 .0 )  OR LESS CL=.90 PANG 73 CNTR + MU KE 60 -100  MEV l l / 73 .  
P PANG 73 ASSUMES MU SPECTRUM FROM NEU-NEU INTERACTION OF BARDIN TO. 3 /74 *  

CHAR. K INTO (PIO NU NEU GAN)/TOTALIUNITS 10 . * - 51 [P28 ]  9 /T3 *  
O 6 .1  OR LESS CL=.90 LJUNG 73 HLBC + EGAM DT 30 MEV 9 /T3 -  

CHAR. K INTO IE PIO NEU) / [P I  P13) (P6 I / IP2 I  
L 786 0 .221  0 .012  LUCAS2 73 HBC - DALITZ PRS ONLY [ 1 /7E~  
L LUCAS 73 GIVES N(E3I=T86+-3 .1PCT~ N (P I2 ]=356~+ -B .  IFCT.  WE D IV IDE .  11 /73 "  

11 /73"  
1 1 / 7 3 "  
l l / T 3 *  
11 /73"  

Note  on S lope  P a r a m e t e r  f o r  K-* 3= D e c a y s  

A s  w a s  d i s c u s s e d  i n  S e c t i o n  VI B . i  of the  t ex t ,  

f o r  the  3w d e c a y s  of the  K m e s o n s  we l i s t  t he  s l o p e  

p a r a m e t e r  " g "  w h i c h  is  de f ined ,  a s  in t ha t  s e c t i o n ,  b y  

2 
IMI z 1+g---z--- +h +j (sz-si) 

= ----2--- (I) 
m + \ m + m + 

w h e r e  

si = (-PK - -Pi )z = (n~ - mi)2 - ZrnKT i (2) 

i (3) s o =--~-~s I 2 2 2 2 
3 i = "3(ink + m i  + m z  ÷ m3)  

pK,_p i a r e  the  f o u r - v e c t o r s  f o r  the  K and  

the  i TM pion ,  and  the  i n d e x  3 r e f e r s  (4) 

to the  odd p ion ,  i, e, , the  t h i r d  p lon  

in the  d e c a y s  l i s t e d  be l ow .  

We r e f e r  to the  t h r e e  

T 

7,:~ K + 

T o 0 
K 2 

There i s  no 

posslble charged decays as I", TI, an, 

-~ ~O.iT O,iT ~ 

-~ Tr+lr'Tr 0 " 

strong evidence so far (but see 

F O R D  72 d i s c u s s i o n  be low )  t ha t  a s e c o n d  o r d e r  t e r r a i n  

( s 3 - s 0 )  i s  n e e d e d  in  Eq.  ( i ) ,  n o r  tha t  the t e r m i n ( S z - S  t )  

is  p r e s e n t .  A va lue  of j ~ 0 i n d i c a t e s  C P  v i o l a t i o n  a s  

wou ld  a v a l u e  of g f o r  ~'+ d i f f e r e n t  f r o m  tha t  f o r  7-. The 

C P  v i o l a t i o n  t e s t s  i n 7  d e c a y s  a r e  l i s t e d  a s  ( g + - ~ - )  
g a v e r a g e  

f o r  c h a r g e d  K and as  G ~ f o r  n e u t r a l  K ( see  Sec.  VI B.3b  

in the text}. 

As  f o r  the c o e f f i c i e n t  h, m o s t  of the  e x p e r i -  

m e n t e r s  h a v e  f i t t ed  t h e i r  da t a  w i t h  a s e c o n d  o r d e r  

t e r m ,  w h i c h  t u r n e d  out  to be  c o n s i s t e n t  w i t h  z e r o .  

We u s e  the  v a l u e  of  g o b t a i n e d  w h e n  the  s e c o n d  o r d e r  

t e r m  w a s  d r o p p e d  f r o m  the  fi t .  H E U S S E  70 h a v e  

s t u d i e d  the  Ko L - ~ ° = ° ~ r °  d e c a y  w h e r e  o n l y  a s e c o n d  o r -  

d e r  t e r m  cou ld  e x p l a i n  d e v i a t i o n  f r o m  u n i f o r m i t y  of  

Stable Particles 
K ~ 

t he  D a l i t z  p lo t .  T h e y  a l s o  get  r e s u l t s  c o n s i s t e n t  wi th  

a z e r o  c o e f f i c i e n t .  A L B R O W  70 have  s t u d i e d  

K~. =~ ~+~-~0 and  found  t h a t  the  f i t  to  t he  Da l i t z  p lo t  

i m p r o v e s  if s e c o n d  and  t h i r d  o r d e r  t e r m s  a r e  a d d e d  

(CL g o e s  f r o m  24% to 48%), bu t  t he  f i t  w i t h  no h i g h e r  

o r d e r s  i s  a p e r f e c t l y  a c c e p t a b l e  one (CL = 24%). 

F O K D  72 have  s t u d i e d  K ± =~ ~±lr~:~ ~- and  f ind  t h a t  the  

x 2 / D F  g o e s  f r o m  t . 38  to t . 2 0  f o r  D F = t 5 0  w h e n  the 

s e c o n d  o r d e r  and the C P  v i o l a t i o n  t e r m s  a r e  added.  

H o w e v e r ,  the a u t h o r s  s t a t e  tha t  s i n c e  t h e i r  C o u l o m b  

c o r r e c t i o n  i s  l a r g e r  t h a n  the e x p e r i m e n t a l  e r r o r s  and 

i s  not  we l l  known,  it  i s  d i f f i cu l t  to i n t e r p r e t  t h e s e  r e -  

s u l t s .  

In  the  l i t e r a t u r e  o t h e r  d e f i n i t i o n s  of s l o p e  p a r a m -  

e t e r s  h a v e  a p p e a r e d .  We h a v e  c o n v e r t e d  to the  de f i -  

n i t i o n  of g in  Eq .  (1) w h a t e v e r  e x p e r i m e n t a l  q u a n t i t y  

h a s  b e e n  r e p o r t e d .  We g ive  the  c o n v e r s i o n  to the  

d e f i n i t i o n  (1) f o r  two of the  m o s t  w i d e l y  u s e d  p a r a m e -  

t r i z a t i o n s  and  t a b u l a t e  the  c o n v e r s i o n  f a c t o r s  f o r  the  

r e a d e r '  s c o n v e n i e n c e .  

(a) F o r  a n a l y s i s  of c h a r g e d  K ' s  the  e x p r e s s i o n  o f t en  

u s e d  is :  

[M[ 2 = t + a Y 
I ] Y 

w i t h  

y = 
3T3-Q 

U - -  , Q : m K - E m  i , 

The  relevant formulae are: 

y 3 s3-s0 
2 ~ -  + A, wi th  A - - -  

m I -m 3 m3+m l 
Q (Z - ~ )  

and  

2 
- c  a 3 row+ 

g = ~ , w i th  c = -- ~ • 
y y z mKQ 

(b) F o r  the  a n a l y s i s  of K ° d e c a y  the  e x p r e s s i o n  o f t en  

u s e d  is :  

w i th  

m ~  
IMI Z = t + 2a t= - -  ~ -  (ZT 3 - T 3 m a x )  

m +  

Z 2 Z 
+ m 3 - 4mlz 

T3 max = 2rn K - m3 

The  r e l e v a n t  t r a n s f o r m a t i o n s  a r e  

s 3 - s  0 
T3 = - Z ~  + ~  ( t + n )  



Stable Particles 
K ~ 

a n d  

I g = 
m +  

F o r  t h e  r e a d e r '  s c o n v e n i e n c e  w e  g i v e  a t a b l e  

A ,  e a n d  c t ,  o f  n u m e r i c a l  values f o r  Q, T 3 m a x '  y 

obtained using the masses from our August 1970 

edition. The g values quoted in these Data Card 

Listings would not be changed if the current mass 

values were used, 

"Zat I Zn~ [~ Q(t+A) T 3 ] t + a t c t  , w i t h  c t = T - m a x  " 

Zk c c t Q T 3 m a x  y 
:h T 74 .96  4 8 . t 5  0 0 . 7 8 9 4  0 . 0 9 2 4  

IR- 
T 84.Z4 53.27 -0.0789 0.7025 -0.0778 

T ° 83.54 53.9Z 0.0798 0.7028 0.3176 

S o m e  K ° a u t h o r s  u s e  t h e  a b o v e  f o r m  o f  m a t r i x  

e l e m e n t :  

[M[ z = t + 2au-T~- (ZT3-T3max) , 
m~r+ 

b u t  define 
Z 

T3 max: = "3Q " 

The relevant transformation is then 

4~ K 
-2au with c = - -  QA = 0.ZZ7Z. 

g = l+ac ' u Z 
u u 3m+ 

Older K ° analyses were done using 

T 3 
IMI z = i + a vn%: 

The relevant transformation is then 

- C a 
v v g -- ~ 
V V 

with 

C 
V 

2 
m + 

= 

2 Zn~ 
= 0.0393 

a n d  d - Q (I  + A) = 0 . 0 6 0 4 .  
v 3 m  K 

4 6  
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IO CHARGED K ENERGY DEPENDENCE OF DALITZ PLOT 

RELATED TEXT SECTION VI B.I ,  APPENDIX I ,  AND MINI-nEVIEW ABOVE 

MATRIX ELEMENT SQUARED = 1 + G {S3-SO]/{MPI+**2I 

GT+ LINEAR ENERGY DEPENDENCE {G) FOR TAU DECAYS K+ INTO PIt PI+ Pl- 
OT÷ THESE EXPTS FIT M**2=I÷AY=Y. WE LIST O IN THE MAIN LISTING AND 
GT+ GIVE AY AT RIGHT. G=-L.B*AY*{MPI**211IHK*Q}. SEF NOTE ABOVE. 
GTeZ 5428  -0 .22  0 .024  ZINCHENKO 67 HBC + AY=U.28+ - . 03  lO /Og  
GT+ 9994  -0 .218  O.OEb EUTLE~ 6B HOE + AY=0 .277+ - .  020 10 /69  
GT+ G17898 {-0.196I (0.012) GRAUMAN TO HLBC AY=O.228÷-.030 8/70 
GT+Q 7BOK -0.2158 0.0028 FORD 72 ASPK * AY=0.2734"-.0035 4/72 
GT+ 39819 -0.201 0.008 HOFFMASTE 72 HLBC INCLUDES GRAUMAN I171 
GT÷ Q THIS VALUE OF AY IS FROM A QUADRATIC FIT WITH Y**E COEF=.OSO+-.OIO. # /72  
GT+ Q A LINEAR FIT IS OUOTEO ONLY COP THC. IR COMBINED K+ AND K- SAMPLE. 4 /72  
GT~ O IT GIVBS AY=0.2737+-.0032 . THE QUADRATIC FIT TO THE COMBINED 4172 
GT÷ Q SAMPLE GIVES AY=0.2752+-.0033 AND Y**2 COEFF=O.025÷-.OlO . 4172 
GT÷ Q {CHISQIDFI=I.BB FOR LINEAR FIT AND 1.20 FOR QUADRATIC FIT. liT3 
GT÷ G ~¢MULS. DATA ADDED - ALL EVENTS INCLUDED BY HOFFMASTER 72 II71 
GT* Z ALSO INCLUDES DBC EVENTS. 
GT+ . . . . . . . . .  
GT+ AVG -0.214~ 0.0045 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.7} 

(SEE IDEOGRAM BELOW ) 

WEIGHTED AUERAGE = - 0 . 2 1 4 4  ± 0 .004S 

ERROR SCALED BY 1 .7  

CHISQ 

I . . . . .  HBFF I ' IASTE  72  HLBC 2 ,8  

I~r~ . . . . . . . .  FORD ?2  RSPK 0 .3  

- -~ - -~ - -~____~  " . . . . . .  BUTLER 6B  HBC 

. . . . . .  ? HBC 
6 3 .1  

(CnNLEU 
- 0 , 2 S  -O .22 -O .1B - 0 . 1 4  = 0 . 0 B l )  

L I N .  ENERGY OEP. FnR K+ TO pT+ pT+ P I -  

GT- LINEAR ENERGY DEPENDENCF IGI FOR TAU DECAYS K- INTO Pl- P l -  PI+ 
GT- FOR DEFINITION OF AY SEE NOTE IN ABOVE SECTION GT÷. 
GT- F 1367  ( - 0o220 )  (O .035 I  FERRO-LUZ b l  HBC - AY=0 .28+ - . 045  10 /69  
GT-M 5778  -0 .190  0 .023  MOSCOSO 68 HBC AY=D.  Z ' ~2÷ - .  029  1 0 / 6 9  

GT- 50919 -0.194 0.007 ~AST 69 HBC - AY=0.247+-.O09 10169 
GT-Q ?50K -0 .2187  0 .0028  FORD 72 ASPK AY=O .2770+ -  . 003  S 4 /72  
GT- 81K -0.199 0.008 LUEASI 73 HAC - AY=0.253÷-.011 10172 
GT- O THIS VALUE OF AY IS FROM A QUADRATIC FIT WITH Y**2 COFF=.O20+-.OIO. 4172 
r-T- Q SEE ALSO THE NOTE Q IN THE GT+ SECTION ABOVE. #172 
GT- F NO qADIATIVE CORRECTIONS INCLUDED. 
GT- M ALSO INCLUDES OBC EVENTS. 
GT- . . . . . . . . .  
GT- AVG -0.2135 0.0066 AVERAGE (ERROR INCLUDES SCALE FACTOR OF Z.7I 

(SEE IDEOGRAM BELOW ) 

WEIGHTED AUERABE = - 0 . 2 1 3 S  ± O .0066 

ERROR SCALED BY 2 . ?  

CHISQ 

i ~ !  "LUCASE 73 HBC 3 . 3  

J r  . FORD ?2  RSPK 3 .S  

.MAST  69  HBC 7 .7  

-MDSCOSD SB  HBC 

j 14 ,S  
J J (COHLEU 

- 0 . 2 4  - 0 . 2 2  - 0 . 2 0  - O . I B  - 0 . 1 6  - 0 . 1 4  =O.OOl}  

L I N .  ENERGY DEP. FOR K-  TO P I -  P I -  P I+  

DG ( (GT+ I - (GT - ) I / ( (GT÷ ) * {GT- I I  IN  PERCENT 
DG A NON-ZERO VALUE FOR TH IS  OUANTITY IND ICATES CP V ICLAT ION 
OG B.2M -0.70 0.53 FORD 70 ASPK [liFO 

GTP LINEAR ENERGY DEPENDENCE (GI FOR TAU PRIME DECAY CHA.K INTO Pl PlOPIO 
GTP 1792 0 .48  0 .04  KALMUS 64 HLBC + 10169 
GTP 1874  0 .586  0 .098  B IS I  65 HLBC + ALSO HOE 10 /69  
GTP 4 0 6 8  0 . 5 1 6  0.020 DAVISDN 69 HLBC ALSO EMUL 10/69 
GTP 198 0 . 5 1 6  0.0?4 PANDOULAS 70 SMUt ÷ 13/70 
GTP AE365  O .&7  0 .06  AUBERT 72 HLBC 1 /73  
GTD 574 0.484 0.084 LUCAS2 T3 HBC - DALITZ PRS ~NLY 9173, 
GTP A WE GIVE LINEAR TERM OF HIGHER ORDER FIT. EQ.I OF APR.II.AUBERT 72. 1/73 
GTP . . . . . . . . .  
GTP aVG 0.522 0 . 0 2 0  AVERAGE IERRDR INCLUDES SCALE FACTOR OF 1.3) 

(SEE IDEOGRAM BELOW ) 
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Data Card Listings 
For notation, see key at front o/Listings. 

W E I 6 H T E D  I:lUERl:lGE = 0 . 5 2 2  * 0 . 0 2 0  
ERROR SCI:ILEO BY 1 . 3  

CHISQ 
. . . . . . . . . .  LUCflS2 ?3 HBC 0 . 2  

/ I ~  , . . . .  AUBERT ?2  HLBC 6 .1  
. . . . . . . . .  P R N D n U L A S  7 0  EMUL 0 . 0  

/ ~ ~ . . . . . . . . . .  DI:IUISB. 69 HLBC 0 . 1  
I / I ~ . . . . .  B I S I  65 HLBC 0 . 4  

. . . . .  , , .~s  ~,, su, c ~.~. 

( C D N L E U  
0 . 3  O.S 0,7  0 . 9  = 0 . 1 6 1 l  

L I N .  EHERBY D E P .  FOR K TD P I  P I O  P I O  

Note  on I~;3 and K;3 Form Factors 

The definitions of the parameters 6, k+, k_, 

Ifs/f+I and IfT/f+I can be found in Sec. VI B.2 of the 

text. Many approximations are usually made to ex- 

tract these or related parameters from the experi- 

mental data. 

I) Scalar and tensor currents: there is no 

evidence for scalar or tensor currents, so pure 

vector current is usually assumed. 

2) I m  ~ so  f a r  i s  c o n s i s t e n t  w i t h  0, a n d  t h i s  

i s  u s u a l l y  a s s u m e d  in  m o s t  of  t he  e x p e r i m e n t s .  

3) R a d i a t i v e  c o r r e c t i o n s  a r e  u s u a l l y  i n c l u d e d .  

F o r  c o r r e c t i o n s  s e e  G I N S B E R G  67,  70, 7 t ,  73 

( K t )  a n d  B E C H E R R A W Y  70, a n d  fo r  i n n e r  b r e t o n -  

s t r a h l u n g  d i f f i c u l t i e s ,  s e e  D O N A L D S O N  73 ( K t ) .  

I/[e3 E x p e r i m e n t s  

T h e  f t e r m  of  the  m a t r i x  e l e m e n t  a s s u m i n g  a 

p u r e  v e c t o r  c u r r e n t  ( E q .  2, t e x t  S e c .  VI B.Z) c a n b e  

n e g l e c t e d  f o r  K e 3  b e c a u s e  i t  i s  p r o p o r t i o n a l  to t he  

l e p t o n  m a s s .  T h e  f+ t e r m  i s  u s u a l l y  a s s u m e d  to be  

l i n e a r  i n  t = q  z = ( p K - p w )  2, the  s q u a r e  of  t h e  f o u r -  

m o m e n t u m  t r a n s f e r ,  i . e . ,  t h e  e f f e c t i v e  m a s s  of  t he  

e (L+E lepton pair. We quote the linear coefficient k+ 

on the data cards). There has been some suggestion 

of departure from linearity [CHIEN 71 (Ke°3) and 

Chounet, Gaillard, and Gaillardl--Review] but no 

compelling evidence. The k+ results are fairly con- 

sistent and the average values are 

K + e3' k+ = 0.0Z85 + 0.0043 

K 0 e3: k+=0.0257± 0.0043 (S=i.3) 

where the K ° e3 error has been multiplied by the scale 

factor 1.3 to compensate for inconsistencies (see 

ideogram in K~ section L + E ). 

Stable Particles 
K ~ 

_K 3 Experiments 

The matrix element for K 3 decay is more com- 

plicated than in Ke3 decay because the f_ term is 

present. Most experiments appear to be compatible 

with the assumption that f+ depends linearly on t 

and that f_ is constant. Only DALLY 72 (K°3) appears 
I 

to require k_~ 0 (by about 3 standard deviations). 

A single data bin at low qZ seems to be responsible. 

The effect is not observed in the high statistics ex- 

periment of DONALDSON 73 (also 0 K~3). 

k+, ~(0) Parametrization: The type and number of 

parameters used to express the matrix element vary 

from experiment to experiment. In order to facili- 

tate comparison between experiments, we take all 

experiments which are compatible with the above 

assumptions (f+ linear, f_ constant) and express 

their results in terms of the parameters k+ and ~(0), 

i. e. , with 

f + ( t )  = f + ( O ) ( t  + X+ Z ) ' 
m 

11" 

f_(t) f_C0) , +k+_~_).l 
~(t) = ~ = f.--i-~-,i 

I m 
Tr 

Our Data Card Lis t ings also contain the one-s tandard-  

deviation e r r o r s  AX+ and At(0 ) as well as the c o r r e l a -  

tion d6(0)/dk+, a l l  indicated on the e - i / 2  likelihood 

contour below. The cor re la t ions  are  given on the 

right side of the 6(0) data cards (sections XIA, XIC) 

and the k data cards (section L0). 
0 

D 

+1  • 

I • 

k + +  A X +  

S l o p e  

. /  
d~ (0) 
d k +  

XBL 743-  2 6 8 2  

k+, k Parametrization: Recent experiments, 
q 

e.g. DBBPSS 73 (preliminary, AIX) and 

0 have parametrized in DONALDSON 73 (both K 3) 

terms of the form factors f+ and f which are associ- 
0 

ated with vector and scalar exchange, respectively, 

to the lepton pair. f is related to f+ and f by 
s 

t 
f (t) = f+(t) + Z Z f_(t) • 
o mK_mw 



Stable Particles 

B o t h  D B B P S S  and  D O N A L D S O N  a s s u m e  l i n e a r  t d e -  

p e n d e n c e  g i v e n  b y  

f (t) = f (0) ( t  + )~ - ~ ) .  
o o o m 

U n l e s s  f (t) d i v e r g e s  a t  t = 0, f (0) m u s t  e q u a l  
- 0 

f+(0).  P r e l i m i n a r y  r e p o r t s  of  t h e  D O N A L D S O N  e t  a l .  

e x p e r i m e n t  i n d i c a t e d  s u c h  a p o s s i b i l i t y ,  b u t  w i t h  m o d i -  

f i e d  r a d i a t i v e  c o r r e c t i o n s ,  t h e y  o b t a i n  fo(0) / f+(0)  

= t . 0 6 ± 0 . 0 3 ,  and  o b t a i n  g o o d  f i t s  w h e n  t h e y  a s s u m e  

f (0) = f+(O). 
0 

With the assumption that f (0) = f+(0), the two 
0 

parametrizations, (k+, ~(0)) and (k+, k ) are equiv- 
0 

alent. The transformation from the first param- 

etrization to the second is given by 

x ° = x+ + a¢(O), 

~k 2 = (i + 2 a  d~(0) ) ~k~ + a 2 ~ 2 ,  
0 dk+ 

w h e r e  

dkQ = I + ad~(O ) 
dk+ dk+ ' 

2 2 2 
a = m T r / ( m K  - m ) • 

(k+, k ) c o r r e l a t i o n s  t e n d  to be  l e s s  s t r o n g  t h a n  
0 

(k+, 6(0))  c o r r e l a t i o n s .  H o w e v e r ,  a s  c a n  be  s e e n  by  

t he  l i k e l i h o o d  c o n t o u r s  i n  F i g s .  t a n d  2, c o r r e l a t i o n s  

c a n n o t  be  i g n o r e d ,  e v e n  i n  t h e  (k+, k 0) p a r a m e t r i z a -  

t i on .  

D a l i t z  p lo t  e x p e r i m e n t s  ( a b b r e v i a t e d  DR  on  t h e  

data cards) and pion spectrum experiments (PI) fre- 

quently give their results in one of the above forms, 

or the authors have supplied us with such results. 

The 6(0) results for these experiments are listed 

in section XIA. 

If the error (but not the value) is parenthesized, 

CARPENTER 66 and PEACH 73 (both K~3), the e. g. 2 
@ 

measurement is for a fixed value of k+ given in the 

footnotes. The same is true for k values (section 
0 

L0). Such values and their correlations with X+ give 

rise to the bands in Figs. I and 2. 

Unparenthesized values are associated with 

k+ (L+IV[) measurements and give rise to the error 

ellipses in Figs. i and 2. 

In some cases, we alter an error from its pub- 

lished value in order to obtain an error ellipse with 

a width which matches the error in 6(0) for fixed k+. 

These adjustments are noted in the ~(0) data card 

footnotes, e.g. , for CALLAHANI 66 and HAIDT 71 

(K + section XIA), where the published errors and 
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Data Card Listings 
For notation, see key at front of Listings. 

c o r r e l a t i o n  v i o l a t e  t he  c o n s t r a i n t  [ C k ~  [ < I on  t h e  

n o r m a l i z e d  c o r r e l a t i o n  c o e f f i c i e n t  Ck~ g i v e n  by  

A k +  d~(0)  
c ~  = ~ d×+ 

In s o m e  c a s e s ,  e . g . ,  A B B C t  73,  t he  p a r a m -  

e t r i z a t i o n  u s e d  i s  k+,  ~(0) ,  ~(t*},  w h e r e  t ' i s  t he  

w e i g h t e d  a v e r a g e  of t w i t h  w e i g h t i n g  a c c o r d i n g  to  

t h e  s e n s i t i v i t y  to 6. In  t h i s  c a s e  we do no t  u s e  ~(0). 

I t  i s  a b a d l y  d e t e r m i n e d  p a r a m e t e r  c o m p a r a b l e  to k 

o r  t h e  s l o p e  of  ~ (t). I n s t e a d ,  we u s e  

~(0)  = ~(t*) (I + x+t*), 

d~ (0) = d~ (t* / (t  + k+ t*)  + ~ (tin) t* ,  
dk+ dk+ 

w i t h  t h e i r  k+ = 0 .027  v a l u e s :  ~(6 .6)  = - 0 . 3 4 ± 0 . 2 0  

and  d ~ ( 6 . 6 ) / d k ÷  = - 14. We o b t a i n  

6(0) = (-0.40±0.24) - 19 (k+-0.027), 

or for  their  fitted X+ = 0.025±0.017 we get 

6(0) = - 0 . 3 6 ± 0 . 4 0 .  

B r a n c h i n g  r a t i o  e x p e r i m e n t s  c a n n o t  d e t e r m i n e  

k+ a n d  6(0) s i m u l t a n e o u s l y ,  b u t  s i m p l y  f i x  a r e l a t i o n -  

s h i p  b e t w e e n  t h e m ,  g i v e n  in  Sec .  VI B.2  of t he  t e x t .  

R e s u l t s  a r e  u s u a l l y  q u o t e d  a s  v a l u e s  of  6(0) a t  f i x e d  

k+. We l i s t  t h e s e  r e s u l t s  in  s e c t i o n X I B ,  b u t  we  do 

n o t  a v e r a g e  t h e m  b e c a u s e  t he  k+ v a l u e s  d i f f e r .  I n -  

s t e a d ,  we  u s e  o u r  f i t t e d  v a l u e  of F ( K  3 ) / F ( K e 3 )  w h i c h  

i n c l u d e s  t he  b r a n c h i n g  r a t i o s  f r o m  t h e s e  e x p e r i m e n t s .  

T h e  r e l a t i o n s  g i v e n  i n  t he  t e x t  a r e  t h e n  u s e d  to  d e -  

t e r m i n e  v a l u e s  of  ~(0) and  d ~ ( 0 ) / d k +  a t  k+ = 0 .03 .  

6(0) i s  g i v e n  a s  t he  F I T  v a l u e  a t  t he  end  of s e c t i o n  

XIB.  T h e  s c a l e  f a c t o r  i s  t he  a m o u n t  by  w h i c h  t h e  

e r r o r  h a s  b e e n  m u l t i p l i e d  in  o r d e r  to c o m p e n s a t e  f o r  

d i s c r e p a n c i e s  i n  t h e  b r a n c h i n g  r a t i o s .  

T h e  F I T  v a l u e  and  c o r r e l a t i o n  a r e  c o n v e r t e d  

to a k0 v a l u e  a t  k + = 0 . 0 3  a n d  a ( k + , k  0 ) c o r r e l a t i o n ,  

g i v e n  a s  the  K M U 3 / K E 3  v a l u e  in the  L0  s e c t i o n .  

P o l a r i z a t i o n  e x p e r i m e n t s  m e a s u r e  ( ~ ( t ) ) ,  t he  

w e i g h t e d  a v e r a g e  of ~(t) o v e r  the  t r a n g e  of  t he  e x -  

p e r i m e n t ,  w h e r e  the  w e i g h t i n g  a c c o u n t s  fo r  the  v a r i -  

a t i o n  w i t h  t of  t he  s e n s i t i v i t y  to ~(t).  F o r  s m a l l  k + 

and  a s s u m i n g  k = 0, we  h a v e  

6(o) = (¢(t)> (i ,)%<--L2-tz >), 
m 

-ff 

d~(0) t 
~. < ~(t) > < ----2- >. dk+ m ~  
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D a t a  Card Lis t ings  
For notation, see key at front of Listings. 

Stab le  Part ic les  
K-~ 

The  f i r s t  r e l a t i o n  s h o w s  tha t  we can  t r e a t  a l l  p o l a r i -  

z a t i on  m e a s u r e m e n t s  a s  m e a s u r e m e n t s  of 6(0) a s s u m -  

ing k+= 0. S ince  a l l  have  k+ =0, we can  a v e r a g e  

t h e m .  F r o m  the s e c o n d  r e l a t i o n ,  the c o r r e l a t i o n  

wi th  k+ can  be ob t a ined  if weo k n o w  < t / m Z >  w e i g h t e d b y  

~(t) sensitivity. The <t/m;> values from different 

experlrnents can also be averaged by weighting with 

the inverse square of the <~(t)> errors; see e.g. K + 

section XIC. 

We disregard those polarization measurements 

for which d~(0)/dk+ is not obtainable. Also we dis- 

regard MERLAN 73 because the signs of 6(0) and 

d~(0)/dk+ are opposite, whereas the above equation 

requires them to be the same (since t > 0). 

Comparison of Experiments: Figures i and Z 

show the likelihood contours in the (k+, k) plane for 

K+~3 and I~3 respectively. 

The K + Dalitz plot results (ellipses) shown are 
k3 

fairly consistent and appear to cluster between the 

K 3/Ke3result and the polarization results of 
2 BETTELS 68 and CUTTS 69. A X fit to all of the 

0.1 j , , _ _ . . ~  I I + I 

X o 0 

KIJEWSKI 69~ ." \ \ . , , ,~ '~"  / -  

ANK 

-0.1 / ~ 1 
1 I I I 

0 0.1 
X+ 

XBL 7 4 3 - 2 6 7 0  

-i/z 
Fig. i. One-standard-deviation (e ) likelihood 
contours in the (k+, k 0) plane for K;3. 

r e s u l t s  in F i g .  t y i e l d s  

dk 
K + • k = . 0 2 8 ± . 0 0 6  0 _ - .14  

ix3 ' + dk+ 
X o = - . 0 0 8 ± . 0 0 6  

× 2 / D F  = 3 3 / t 5  

w i t h  corresponding values 
d~(O) - i 4 .  6(0) = -.44±.II dk = 

2 
The  l a r g e s t  c o n t r i b u t o r s  to the X a r e  CHIANG 7Z 

wi th  t 0 . 5  and the p o l a r i z a t i o n  r e s u l t s ,  B E Y T E L S  68 

wi th  5.4 and C U T T S  69 wi th  4. Z. 

T h e  K ° ~  r e s u l t s  s h o w  l i t t le  c o n s i s t e n c y .  The  

o v e r a l l  X z is 59 fo r  9 d e g r e e s  of f r e e d o m  (the l o w e r  

D B B P S S  73 s o l u t i o n  w a s  not  i nc luded) .  

0.2 

0.1 

I ~  1 I I 

Xo 0 

-0.I 

-0.2 
0 0.I 

k+ 

XBL 743-2669  

F i g .  2. O n e - s t a n d a r d - d e v i a t i o n  (e " i / 2 )  l i k e l i h o o d  
c o n t o u r s  in  the  (k+, k 0) p l ane  fo r  K ° 

~3" 
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Stable Particles 
K ~ 

Data Card Listings 
For notation, see key at front of Listings. 

The DONALDSON 73 result 

k = .030± .003 + 

k = . 0 2 0 ± . 0 0 3  
0 

clearly dominates the statistics. Their k+ value is 

consLstent with the Ke3 value of k+, and with the 
pole approximation 

2 
mK~ 

f+(t)  = f+(o)  z 
mK~ -t 

Their f (t) ex£rapolates linearly to the Callan-Treiman 
0 

point. It is less than two standard deviations fromthe 

Kp.3/Ke3 result. 
The new polarization resul~ of SANDWEISS 73 

brings the polarization k a less negative value than 
0 

previous polarization results but is still three s£an- 

dard deviations below the DONALDSON value. 

Many of the changes in this section were stimu- 

lated hy the comments and criticism of L. M. Chounet, 

and hy the excellent reviews of Gaillard and Chounet ~ 

and Chounet, Gaillard, and Gaillard. 2 

Referenc es 

i. M. K. Gaillard and L. M. Chounet, K/3 Form Fac- 

tors, CEKN 70-14 (May i970), and Phys. Letters 

32B, 505 (1970). 

Z. L. M. Chounet, J. M. Gaillard, and M. K. Gail- 

lard, Physics Reports 4C____, 199 (197Z). 

tO CHARGED K FORM FACTORS 8 /67  

RELATED TEXT SECTION V I  B .2  AND MINI-REVIEW ABOVE. 

IN THE FORM FACTOR COMMENTS, THE FOLLOWING ABBREVIATIONS ARE USFD. 
F+ ANO F-  ARE FORM FACTORS FOR THE VECTOR MATRIX ELEMENT. 
F8 AND FT REFER TO THE SCALAR AND TENSOR TERM. 
FO = IF+ )  + (F - ) *T / (MK*=2 -MPI * *21  
L+,  L -  AND LO ARE THE LINEAR EXPANSION COEFFS. OF F+t F -  AND FO. 
L÷ REFERS TO THE KNOB VALUE EXCEPT IN THE KEB SECTIONS* 
OXI/OL IS THE CORRELATION BETWEEN X I IO I  AND L+ IN KNUB. 
DLOIDL+ IS THE CORRELATION BETWEEN LO AND L+ IN KMU3. 
T = NOMENTUM TRANSFER TO THE Pl IN UNITS OF MPh 
DP DALITZ PLOT ANALYSIS 
PI = Pl SPFCTRUN ANALYSIS 
MU = MU SPECTRUM ANALYSIS 
POL= MU POLARIZATION ANALYSIS 
BR = KNU31KEO BRANCHING RATIO ANALYSIS 
E = RDSITRON OR ELECTRON SPECTRUM ANALYSIS 
RC RADIATIVE CORRECTIONS 

XIA XIA = F- IF+ (DETERMINED FROM SPECTRA) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
XIA  76 (+1 .81  (O .b )  BROWN 62 XEBC + DP÷BRt L+-O 1 /74 "  
XIA 87 (+0 .7 )  ( 0 . 5 )  GIACONELL 64 ENUL + NU+8R RVUE, L+=O L I74 *  
X IA  J { - 0 . 081  (O .7 l  JENSEN 64 XE8C + OP+BRIKMU3,KE3) 1174.  
X IA  Z648 IO .O)  { I . l )  ( 0 . 9 i  CALLAHAI 66 FRBC + NUt L+=O. T UNKN 1 /74 "  
X IA  C 444 +0 .72  0 .93  CALLAHA1 b6 FPBC + P I ,  OX I IOL= - IT  l i T4 *  
X IA  78 ( - 0 . 5 )  ( 0 . 93  EISLER 68 HLBC ÷ PI ,L÷©O,NO DX/DL 1 /74 "  
X IA  K2041 -O .B  0 .8  KIJEWSNI 69 OSPK + P l ,  DX I /DL= -26  1174 .  
X IA  H3240 -1 .1  O.5b  HAIOT 71 HLGC + OPt OX I /DL= -29  1174 .  
XIA A4028 -0 .62  0 .28  ANKEN8RAN 72 ASPK + P l ,  OX I /OL= - I 2  L /74 .  
X IA  B3480 +0 .45  0 .28  OHEANG 72 OSPK + OPt OX I IOL= -LB  | I T4 *  
XIA D1897 -0 *36  0 .40  ABBCI 78 HLBC + DR, DX I /OL= -19  3 /74 "  
X IA  N 490 ( - 0 *8 )  ( 0 . 8 )  ARNOLD 75 HLBC ÷ OPt DXI /DL=*2O 1174* 
X IA  N6827 -0 .57  0 .24  MERLAN 74 ASPK + OPt OXI /OL= -9  0174 "  
X IA  J JENSEN 64 GIVES L~M=L+E=-.OZO+-.O2T.  DXI /OL UNKNOWN* INCLUDES 1/74= 
XIA J SHAKLEE 64 XIB(KMU31KEB). 1174 .  
XIR ~ CALLAHAN 66 TABLB 1 IP l  ANAL) GIVES DX I / 0L= ( . 72 - . 05 ) / ( 0 - . 04 I= -17 ,  1 / 74 "  
XIA ERROR RAISEO FROM .80 TO AGREE WITH DXIO-.3T FOR FIXED L÷. 1 /74 .  
X IA  K KIJEWSKI 69 F IG .  17 WAS USED TO OBTAIN DX l /DL  ANO ERRORS° 1 /74 .  
XIA H HA[OT 71 TAGLE 8 (DE ANAL) GIVES DX I /DL ' I - I . 1~OoS) / ( .OSO- .O29 |= -2R ,  1 /74"  
XIA  H ERROR RAISED FROM .SO TO AGREE WITH DXIO=.20  FOR FIXED L+ .  1 / 74 "  
X IA  A ANKENERANDT 72 F[Go 8 WAS USED TO OBTAIN OX I IDL .  1 / 74 ,  
X IA  8 CHIANG 72 F IG .  10 WAS USED TO OBTAIN DX l /DL .  1 / 74 .  
X IA  8 F IT  HAD L-=L+ BUT WOULD NOT CHANGE FOR L -=O.  LoPONORDMtPRIV.COMo74 1 /74 .  
X IA  D ABBC1 78 GIVES X I (T )= - . 34+ - *20 ,  DX I (T )1DL+= -14  FOR L+=.0871 T=6.6 . 3 / 74 *  
X IA  D NE CALCULATE ABOVE X I IO I  AND DX [ (O | /OL+  FOR THEIR L+= .025+ - . 017  . 0174 ,  
XIA N ARNOLD 78 FIG. 3 WAS USED TO 08TAIN XIA ANO OXI/DL. PRELIMINARY. 1 /74"  
XIA  M MERLAN 74 F ]G.S WAS U8EO TD 08TAIN DX l /OL .  3 / 74 *  
X IA  
X IA  AVG -0 .32  0 .B0  AVERAGE (ERROR INCLUDES SCALE FACTOR OF L .B I  

(BEE IOEOGRAN BELOW ) 

U E I 6 H T E O  A U E R A G E  = - 0 . 32  * 0 . 20  

ERROR SCRLED BY 1 ,5  

CHISQ 

. . . . . . . .  MERLAN 74  ASPK 1 .1  

~-~ . . . . . .  ABOC1  73  HLBC 0 .0  

. . . . .  CH IRN6  72  OSPK 7 .6  

' ' \  . . . . . .  RNKENBRRN 72  RSPK t . 1  

• " ~  . . . . .  HRZDT  ?1  HLBC 1 .9  

• "~" "K I JEWSKZ 69  DSPK 0 .0  

- - ~ L L R H R 1  66  F R O C  1 . 3  

13 .0  

- 3  - 1  1 3 (CONLEU 
=0 ,042 )  

XZ(O ]  = F- /F+  FROM SPECTRR 

XIB X IB  = F - /F+  (DETERMINED FROM KMUE/XESI . . . . . . . . . . . . . . . . . . . . . . . . . .  
X I8  THE KNU3/KE3 ORANCHING RATIO FIXES A RELATIONSHIP 8ETWEEN X I (O I  1 / 74 .  
X|B AND L+.  WE QUOTE THE AUTHORS X I (O )  ANO ASSOCIATED L+ 8UT DO NOT 1174.  
X ID AVERAGE 8ECAUSE THE L+ VALUES DIFFER. THE FIT RESULT RND SCRLE 1/74= 
X IB  FRCTOR ARE OBTAINED DIRECTLY FROM THE FITTED KNUB/KE3 RATIO [R29) E /74*  
XIB (SEE TEXT SEC. V[ B .2 I  WITH L+=O.O8. THE CORRELATION DX I /DL= - I I . 9  1174.  
X IB  - 0o17  O.T5 0 .99  SHAKLEE 64 XEBC * 8R, L+=O 1 /74 .  
X I8  +O*b 0 .5  B IS I  1 6S HBC + B~, L+=O 1 /74 *  
X |8  800 +0 .8  0 .6  CUTTS 65 DSPK + 8Rt L÷=O 1 /74 "  
XI8 636 +0.4 0.4 CALLAHAI bb FRBC + 8R, L+=O I174"  
XI8 306 ÷0.75 0.50 AUERGACH 87 OSPK + 8R, L÷=O I / 7~ *  
XIB B 8601 I -O .D8 )  (O . lS ]  80TTERIL2 68 ASPK + 8R ,L+= .023÷ - .O08  1 /74 .  
X IB  E 1898 ( - 0 . 60 )  ( 0 . 20 )  EICHTEN 68 HLBC * OR, SEE NOTE E 1/74= 
X I8  986 + l .O  0 .6  GARLAND 68 08PK ÷ BR~ L+=O 1174= 
X[B +0.91  0 .82  ZELLER 69 ASPM OR, L+= .023  1 /74 "  
X[B fi - 0 . 35  0 .22  BOTTERIL 70 OSEK + 8R t l += .045+ - . 015  t / 74 *  
X IB  E1505 -0 .81  0 .27  HAIOT 71HLBC + BR ,L+= .O28 ,F [G .8  1 /74 .  
X IB  E828 O.O 0 .15  CHIANG 72 OSPK + BR ,L÷= .O3 ,F IG . IO  1174= 
XIR E 8 80TTERIL 70 IS REEVALUATION OF BOTTERIL 2 68 WITH DIFFERENT L+. 1174. 
XIB EICHTEN 68 HAS L÷=.02S+-.008.  T=4, INDEP. OF L - .  REPL. BY HRIOT 71. 1174. 
XIB . . . . . . . . .  
XIB AVERAGF MEANINGLESS (SCALE FACTOR = 1.6)  
XIB F IT  -O.ZO 0 .18  FROM FIT  (ERROR INCLUDES SCALE FACTOR OF 1.7J 1/74= 

XIC XIC - F- IF+  (DETERMINED FROM MU POLARIZATION IN KMU3) . . . . . . . . . . . .  
XIC THE NU POLARIZATION IS A MEASURE OF X I lT ) .  NO ASSUMPTIONS ON L+- 
XIC NECESSARY, T (WEIGHTED BY SENSITIVITY TO XIO) SHOULD BE SPEC[FIED. 
XIC F08 MAD. CORR. TO MUON POLARIZATICN IN KMU3 SEE GINSBERG T l .  
XIC T 2100 (+1 .2 I  ( 2 . 4 )  ( 1 . 8 }  BORREANI 65 HL8C + POLARIZATION 8/b7 
XIC T 800 BTWN -6 .0  AND + I . 7  CUTTS 65 OSPK + LONG. POL. 1 / 74 .  
XIC T 397 ( - 1 . 4 )  ( 1 . 8 )  CALLAHA1 66 FRBC + TOTAL POL. 8/67 
XIC T 2950 ( - 0 . 7 )  ( 0 . 9 )  ( 3 . 3 )  CALLAHA1 bb FR8C LONG. POL. 8 / 67  
XIC 86000 -1 .0  0 .3  BETTELS 68 HL8C + TOTAL POL. T=4.9 1 /74 .  
XIC C3133 -0 .95  0.3 CUTTS 69 OSPK ÷ TOTAL POL. T=~.O 1174e 
XIC M 4OK ( - 0 . 64 )  (0 .271  WERLAN 74 ASRK + POL ,DX I /DL=+ | . 7  3174"  
XIC T 8 T VALUE NOT GIVEN. 
XIC 8ETTELS 68 DX I IDL=X I tT= - I .O*4 .9= -4 .9  . 
XIC N C CUTTS 69 T=4.O WAS CALCULATED FROM F IG .8 .  DX I /DL=X I *T= - . 95 *4= -8 .8  . 1 / 74 .  
XIC MERLAN 74 POL DXI /DL(F IG.5)  POSITIVE. WE DISREGARD THIS RESULT. 3176= 
x IC  . . . . . . . . .  
XIC AVG -0 .97  0 .21  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O )  
XIC AVERAGE FOR BETTBLS 68 AND CUTTS 69 HAS T=4.4S AND OX I /DL= -4 .35  . 1 /7R*  

IX I  INAGINARY PART OF x l  (TEST OF T REVERSAL) . . . . . . . . . . . . . . . . . . .  
|X !  2648 O.O 1 .0  CALLAHAI 66 FRBC + NU 1174= 
IX l  397 +1.6 1.5 CALLAHAI bb FREC ÷ TOTAL POL. 1174" 

1.4 0.5 CALLAHA[ 66 FRBC + LONG. POt. 1 /74"  IX l  2950 0 .5  
IX I  6000 -O . l  0 . 3  BETTELS 68 HLBC ÷ TOTAL POL. 1 / 74 .  
IX I  3L53 -0 .3  O.S 0 .6  CUTTS 69 OSPK + TOTAL POL. F10 .7  1 /74 "  
IX I  . . . . . . . . .  
IX I  AVG -0 .09  O.ZI AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

L+M LAMBDA + (LINEAR ENERGY DEPENDENCE OF F+ IN KMU8 DECAY) . . . . . . . . .  
L+N SEE ALSO THE CORRESPDNOING ENTRIES AND FOOTNOTES IN SECTIONS XIA,  
l+M x IC t  AND tO.  
L+M FOR RAD.COR. OF KMU3 OP SEE GINSBURG 70 AND 8ECHERRAWY TO. 3174. 
L+M 444 O.O 0 .05  CALLAHA1 66 FRBC ÷ PI 1 / 74 "  
L+M 2041 0 .009  0 .026  KIJEWSKI 69 OSPK + PI 1174= 
L+M 3240 0 .050  0 .018  HAIOT 71HLBC + OR 1174~ 
LtM A4025 0 .024  0 .019  ANKENBRAN 72 ASPK ÷ Pl 1 / 74 "  
L+M 3480 -0 .006  O.Ol5 CHIANG T20SPK + DP 1174" 
L+M 189T 0 .025  0 .017  ABBC[ 78 HLBC + DP 8174"  
L+M 490 ( 0 . 025 )  IO .030 )  ARNOLD 73 HLBC + OR, PRELIMINARY 1/74= 
L÷N 6527 0 .027  0 .019  MERLAN 74 ASPK + OP 3174" 
L÷N A ANKEN8RANOT 72 L+ FROM FIG.3  TO MATCH DXI IDL.  TEXT GIVES .024÷- .022 1174= 
L*M . . . . . . . . .  
L+M AVG 0*0200 0.0076 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)  

LO LANBDA O (LINEAR ENERGY DEPENDENCE OF FO IN KMU3 DECAYJ . . . . . . . . . .  
LO WHEREVER POSSIELE, WE HAVE CONVERTED THE ABOVE VALUES OF XI(O)  INTO 
LO VALUES OF LO USING THE ASSOCIATED L+M AND OXl/OL. 
LO W 444 +0 .088  0 .036  CALLAHAI 66 FRBC + P I ,OLO/DL+=-O.87  L174* 
LO L 6000 -0 .081  I 0 . 024 )  8BTT8LS 68 HLBC POL,DLO/DL÷=+.bO 1176= 
tO W 2041 -0 .031  0 .048  KIJEWSKI 89 DSPK + P I ,OLO/DL+= - I . LO  L174* 
LO L 3113 -0 .077  ( 0 .024 )  CUTTS 69 OSPK POL DLO/DL+=+.b9 L I 7 4 *  
LO w 3240 -0 .089  0 .029  HAIDT 71HL8C + DPtDLO/DL+=- lo34  I / TB*  
LOW 4025 -0 .028  0 .010  ANKENB8AN 72 ASPK + P l tOLO/DL+=+O.03 1 /74 .  
tO W 3480 +0 .030  0 .014  CHIANG 72 DSPK + OP,DLO/OL+=-0.2E 1 /74= 
LO D189T -0 .006  0 .022  AB8CI 78 HLBC OP,DLO/DL+=-O*SL 3174= 
LO 490 I -O*040 )  IO .040 )  ARNOLD T3 HLBC + DR, PRELIMINARY 1174"  
LO K652T +0.014 ( 0 . 012 )  KMUS/KE3 74 RVUE + BR,DLO/DL+=+O°OB 3174"  
LO M - 0 .019  0 .015  MERLAN T4 ASPK + DP,DLO/DL÷=+O.2T 3 /74 *  
LO W LO CALCULATED BY US FROM XlO, L+M, AND DXI /DL ,  1174" 
LO L LO VALUE IS FOR L+=O* CALCULATED BY US FROM XIO AND DX I /O t .  1/74= 
tO O A88C1 73 GIVES LO=+.O07÷-*OBO FOR L÷=.027 • WE USE THIS LO, OXIIDL 3/74*  
tO 0 (SEE SEC. X IA I  AND THEIR L+= .025÷ - . 01T  TO GET THE ABOVE LO,OLO/DL+. 3176"  
LO K KMU3/KB3 74 VALUE IS FOR L+=.OB AND CORRESPONDS TO X I8  FIT RESULT. 3 / 74 *  
LO M MBRLAN 74 LO AND OLO/OL+ WERE CALCULATED BY US FROM XIA ,  L+Mt AND 3174= 
LO M OXI/OL. THEIR F IG.6  GIVES LO=-O.025+-O*OI2 AND NO DLOIDL+. 3 /74*  
LO . . . . . . . . .  
tO  AVG -0 .004  0 .011  AVERAGB (ERROR INCLUDES SCALE FACTOR OF 1.6)  

(SEE IDEOGRAM BELOW ) 
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Data Card Listings 
For notation, see key at front of Listings. 

/ 
- 0 . 1  0 .0  0 .1  

LA I IBDAO (L IN .  EN .  DEP .  DF  FO IN KI1U3 )  

M E I A H T E D  A U E R A G E  = - 0 . 0 0 4  * 0 .011  

ERROR SCALED BY  1 .6  

~ ,  CHISQ 

I . . . . . . .  ~ERLRN ?4  ASPK 0 .9  

- - I ~ ' ~  . . . . . . .  ASSC1  ?3  HLBC 0 .2  
/ 

- - - ~  . . . . . . .  CH IAHG 72  OSPK 6 .1  
t 

. ~ . ~  . . . . . . .  ~NKENBRAN ?2  ASPK 2 .?  
t 

. . . .  ~ . . . .  ~ .H~OT  ?~  HLBC 1 .4  

• - -  ~ "  . . . . .  K~JENSK~  69  OSPK 0 .3  

ALLAHA1 66  FRBC 3 .0  

1 4 . ?  

' ~ '  ' [CONLEU 
0 .2  =0 .022 }  

L+E LAMBOA ÷ (LINEAR ENERGY OEOENOENCE OF F÷ IN KE3 DECAY) . . . . . . . . .  
L+E FOR RAO.CDR. OF KEB OP SEE GINSBURO 07 AND BECHERRAWY 70. 3174. 
L+E 217 +0.036 .045 BROWN 62 XEBC + PI,  NO RC 
L+E 407 -0.010 .029 JENSEN 04  XEBC + PI, NO RC B ib7  
L+E 230  -0 .04  . 05  BORREANI 64  HBC + E+, NO RC 8 /67  
L+E 854  0 .045  0 .017  0 .018  BELLOTT2 67 FBC DR, USES RC 11 /67  
L+E 1393 +0 .016  . 010  INLAY  67  OSPK ÷ DR, NO ~C 8 /67  
L÷E SE5 +0 .028  .O lB  . 014  KALMUS 67 FBC + E+ ,  P I~  NO RE 8 /67  
L+E 950 .08 .04 BOTTERILI 68  ASRK E+, USES RC • 6/68 
L+E 90 -0.02 0.08 0.12 EISLER 68 HLBC PT,  USES RC 6 /~8  
L÷E 1458  .O~S . 015  80TTERIL TO OSPK PI, USES RE I0 /69  
L+E 2707  0.027 0.010 STEINER 71HLBC + OR, USES RC k I / 7 1  
L+E 4017  0 .029  0.011 CHIANG 72 OSPK + DR, RC NEGLIGBLE 9 /72  
L+E A 0 .027  0 .008  ABBC2 73 HLBC + DP, NO RC 3 /74 *  
L*E A ABBCB STATE THAT RC OF GINSBERG 67  WOULD LOWER L*E BY 0 .002  BUT 3/74* 
L+E A THAT RC OF BECHERRAWV 70 OISAGREES WITH GTNSBERG 67. 3/74* 
L÷E . . . . . . . . .  
l+E AVG 0 .0285  0.0043 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O) 

FS FS/F÷ RATIO DF SCALAR TO F+ COUPLINGS FOR KE30ECAY(ABS .  VALUE{ .... 
FS • 18 OR LESS CL=.90 BELLOTT2 67 HLBC 10 /69  
FS .BO OR LESS EL=.95 KALMUS 07 HLBC * 10/00 
FS 0.23 OR LESS CL=.OD BCTTERIL1 68 ASPK 8 /66  
FS 2707 0.14 0.03 0.04 STETNER 71HLBC + L+,~S,FT,PHI FIT 2 /72  
ES 4017 0.13 OR LESS EL=.90 CH]ANG 72 OSPK 9/72 

E~ FT/F+ RATIO DF TENSOR TO F+ COUPLINGS FOR KE3 DECAY(ABS. VALUE) . . . .  
ET . $8  OR LESS CL=.O0 BELLOTT2 6T HLBC lO /b9  
FT 1.1 OR LESS CL= .9B  KALMUS 67 HLBC + 10/69 
FT D .58  OR LESS CL= .90  BDTTERILI 68 ASPK 8 / b b  
FT 2707 0.24 O.E6 0 . I 4  STEINER 71 HLBC * L+,FS,FT,PHI FIT 2/72 
FT 4017 0.75 DR LESS CL= .90  CHIANG 72 OSPK 9/72 

BI~GE 56 NC 4 834  
TLDFF 56 PR LO2 927  
ALEXANDE 57 NC ~ 478  
COHEN 57 FUND.CONS.PHYS.  
BISENBER 58 NC B 6 6 3  
BURROWES 59 PRL 2 117  
TAYLOR 59 PR 114  350  

FREOEN 60  PR 118 564 
BAaKAS 61PR 124  1209 
BHCWMIK b I  NC 20 857  
FERRD-LU 61NC 22 1 0 8 7  
NORDIN 61P~  123 2 1 0 6  
RCE 61PRL  7 346  
BOYARSKI 62 PR 128 2398  
BROWN 62 PRL B 450  
BARKAS 03 PRL ii 20  

BORREANI 64  PL 12 123  
CALLAHAN 64  P~ 136  B 1463 
CAMFRINI 64  P~L I 8  BIB  
CLINE 64  PBL 13 lO l  
GIACOMEL 64  NC 34 1134 
GREINBQ 64 R~L 13 284  
JENSEN 64  PR 1 3 6  BE431 
KALMUS b4 PRL [8 90 
SHAKLEE 64 PR 136 B ~423 

BIRGE 65  PR 139 B 1600  
BISI 65 NC 35 7o8  
BIB[ 1 65 PR 139 B 1068  
BORREANI 68 PR I40 81686  
CALLAHAN 65  PRC 13 129  
CAMERINI 65  NC 37 1795  
CL INE  65 PL 15 293  
CUTTS 65  PR 138 B969 

REFERENCES FOR CHARGED K 

B IRGE,PERKINS tPETERSON,STDRK,WHITEHEA ILRL )  
I LOFE ,GOLDHABER~LANNUTT I ,G ILBERT  + ( LRL )  
ALEXANDER,JOHNSTON,OCEALLAIGH [DUBLIN INST) 
÷CROWE,OUMOND (ATDMICS INTER.*LRL+CIT) 
EISENBERG,KOCH,LOHRMANN,NIKOLIC ÷ (BERN) 
BURROWES,CALDWELL~RISCH,HILL + (M IT )  
S TAYLOR,HARRIS,OREAP~LEE,BAUMEL [COLUMBIA) 

S C PREDEN,F C G)LBERT,R S WHITE {LRL) 
BARKAS,DYER,MASON,NORRIS,NICKOLS~SMIT ( LRL I  
B BHOWMIN,R C JAIN,P C MATHUR [DELHI UNIV) 
FERRO-LUZZI,MILLER,MURRAY,ROSENFELD+ {LRL) 
OAUL NO~OIN JR {LRL )  
ROE,SINCLAIR,BROWN,GLASER + {M)CH+LRL) 
BOYARSKI,LOH~NIEMELA,RITSON (NIT) 
BROWN,KAOYK,TRILLING,ROE* (LRL,MICH) 
W H BARKAS,J N OYER,H H HECKMAN (LRL) 

G BORREANI,G R[NAUDO,A WERBROUCK [TURIN) 
A CALLAHAN,R MARCH,R STARK [WISCONSIN) 
EAMER)NI,CLINE,FRY.POWELL (WISCONSINeLRL) 
D CL IME,  w F FRY (WISCONSIN I  
GIACDNELLItMONTI.QUARENI+ (BOLOGNA,MUNICH) 
O GREINER, W OSBORNE, W BARKAS ( LRL ]  
JENSFN,SHAKLEE,ROE~SINCLAIR (MICH) 
+KERNAN,OU,POWELL,DOWD ILRL,WISC) 
SHAKLEE,JENSEN,RDE,SINCLAIR (MTCHI 

BIRGE,ELY,GIDAL,CAMERINI~CLINE ÷ (LRL+WISCI 
BTSI,BORREANI,CESTER,FEQRARO ÷ (TORINO) 
80RREANI,MARZARI-CHIESA,RINAUDO÷ (TORINO)  
BDRREAN),GIDAL,RINAUDO,CAFORIO÷ (BAREeTORI) 
A CALLAHAN,D CLINE [WISCONSIN) 
+CLINE,GIOALtKALMUS,KERNAN (WISC+LRL) 
A CLINE,W F FRY [WISCONSIN) 
CUTTS,ELIOFF,STIENING (LRL) 

DE MARCO 65  PR l~O B 1430  DE MARDO, GROSSO,RINAUDO (TORINO÷CE~N) 
FITCH 65 PR 140 B 1088  FITCH,QUARLES,WILKINSIPRINCETON÷MT HOLYOKE) 
GREINER 65  ARNS IB  ~7  QUOTED BY BARKAS (LRL) 
STANER 65 PR 138 B 440 ST~MER~HUETTER,KOLLER,TAYLOR,GRAUMAN (STEV] 
TRILLING 05  UERL 16473  GEORGE H TRILLING ( LRL )  

UPDATED FROM 1965  ARGONNE CONF. ,  PAGE 5 .  
YOUNG 05  UCRL 16302  POH-SHIEN YOUNG (THESIS ,BERKELEY]  ( LRL ]  

ALSO 67  PR 156 1464  P-S YOUNG,K.Z.DSBORNE,W*H.BARKAS (LRL) 

CALLAHAI  66 PR 150 1153  CALLAHAN,CAMERINI÷(WISC,LRL,RIVERSIDE,BAR[) 
CALLAHAN 66  NO ~4A 90 A C CALLAHAN [WISCONSIN) 
CESTER 66 PL 2 I  343  CESTER,ESCHSTRUTH,DNBILL÷  IPR INCETON-PENN]  

ALSO 67 AUERBACH, FOOTNOTE I .  

Stable Particles 
K ~ 

AUERBACH 67  po 155 150S  
BELLOTT I  07  HEIDELBERG CONF 
8ELLOTT2 67 NC 52A 1287  

ALSO 66  PL 20 6~0  
BISI 67  PL 258 572 
BOTTERIL 67 PRL 19 982  

ALSO 68  ~OTT~RIL 
BOWEN 67 PR 154 1314 

CLINEI 67 HEIDELBERO CONF 
CLINE2 07 HERCEG NOV} TBL.~ 
FLETCHER 67 PRL 19 98 
FORD 67 PRL 18 1214 
INLAY 67 PR 160 120~ 
KALMUS 67  PR 159 1187  
EINCHENK 67 "UTGERSITHESIS) 

BETTELS 08 NC 5bA 1106 
ALSO 71HAIDT 

BOTTERIL 58 PR ITt 1402 
BOTTERI I  68 PR 174 1~61 
BOTTBR)2 68 PRL 21 76~  
BUTLER 68  UCRt-18420 
CHANG 68 PRL 20 SIO 

CHEN 68 PRL 20 78 
EICHTEN 68  PL 27fi 5B6 
EISLER 68 PR 169 lOgO 
ESCHSTRU 68  PR I b5  1487  
GARLAND 68 PR 167 1225 
MDSCOSO 68  THESIS 

CUTTS 69  PR 184 1380  
ALSO 68  PRL 20 955 

DAVISON 6g  ~R 180 [ 383  
ELY 69  PR E80 1819  
EMME~SDN 60  aRC 23 398  

HE~ZO 69 PR 186 1403 
KIJFWSKI 69  UCRL- IB43B  THESIS 
LOBKDWIC 69  PR 18S l bT6  

ALSO 66 PRL 17 548 
MACEK 69 PRL 22 32 
WAST 69  PR 183 1200  
ZELLER 69  mR 182 1420 

BOTT~RIL 70  PL 3 IR  328  
FORD 70 PRL 25 1370 
GRAUMAN 70 PR 01 1277  

ALSO 69  PRL 23 737  
MACEK 70  PR 01 1249  
PANOOULA 70  RR 02 120S 

BOURQUIN 71PL 368 615 
HA!DT 7L PR 03 | 0  

ALSO 69  PL 298 691 
KLEMS 71 PR 04  66  

ALSO 70  PRL 24 1086 
ALSO 70  PRL 25 473  

KUNSBLMA 71 PL 34B 485  
DTT 71PR DB 52 
ROMAND 71 PL 368 525  
SCHWEINB 71PL BbB 240 
STEINER 71PL  368 521 

ABRAMS 72 P~L 29 I l l B  
ANKENBRA 72 PRL 28 1472 
AUBERT 72 NC I2A 809 
BEIER 72 PRL 29 678  
CHIANG 72 PR 06 1254 

CLARK 72 PRL 20 1274 
EDWARDS 72 RR DS 2720  
FORD 72 PL EBB 335  
HDEFMAST 72 NP B36 1 

ABBCI 73 PL 478 182 
~BBC2 T3 PL 47B 185  
ABRAMS 73 PRL BO 500 
ARNOLD 73 SUBMITTED TO PR 
BACKENST 73 RL 438 431  
CABLE 73 RR D8 380T  
CLARKE 73 THESIS(UNPUBL.) 

LJUNG 73 PR D8 1B07 
ALSO 72 RRL 28 523 
ALSO 72 PRL 28 1287  
ALSO 69 PRL 23 326  

LUCASI 73 PR 08  719 
LUCAS2 73 PR OB 727  
PANG 73 PR DB 1989  

ALSO 72 PL 40B 699  
SMITH 73 NP BbO 411 
KMUBIKE3 74 THIS RBVIEW 
KUNSELMA 74 PR (TO BE PUBL.) 
MERLAN 74 PR D9 107 

+DDBBS,MANN,MCFARLANE,WHITE~ KPENN,P~IN) 
BELLOTTI,RULLIA )MILAN) 
BELLOTTItFIORINI,RULLIA (MILAN( 
BELLOTTI,F÷ORINI,PULL+A~ (MILAN) 
BISI,CESTER,CHIESA,VIGONE (TCRINO)  
BOTTERILL,BROWN,CORBETT,CULL[OAN ~ (OXFORD) 

BOWEN,MANN,MCFARLANE,HUGHES*IPENN-RRINC~TO) 

CLINE,HAGGERTY,SINGLETON,FBY÷ [WISCONSIN) 
D.CLINE,PgOC.INTL.SCH.DN FLEM.RA~T.PHYSICS 
FLETCHER,BEIER,EOWRADS,÷ (ILLINOIS) 
+LEMONICK,NAUENBERO,PIROUE (PRINCE÷ON) 
IMLAY,ESCHSTRUTH,FRANKLIN÷ (PRINCETON) 
KALMUS,KERNAN (LRL) 
ZINCHENKO (RUTGERS) 

AACHENIBARI-BERGEN-CERN-EP-NIJM~GEN-ORSAY÷ 

BOTTERILL,BROWN,CCRBETT,CULLIGAN÷ (UXFOPD) 
BOTTERILL,BROWN,CLEGO,CORBETT,÷ (OXFORD) 
BOTTERILL,BROWN,CLEGG,CORBETT ÷ )OXFORD) 
+BLAND.GOLOHABER,GDLOHABEP,HIRATA÷ (LRL} 
CH~NG,YODH,EH~LICH,PLANO÷(MAgYL~ND.RUTOEPS) 

CH~N,CUTTS,KIJEWSKI,STIENINO ÷ (LRL,~IT) 
&ACHEN-BARI-CERN-EP-ORSAy-PADDVA-VaL=NCIA 
EISLER,FUNG,MARATECK,MEYER,PLANO (RUTGERE) 
ESCHSTRUTH,FRANKLIN,HUGHES+IPQINCETDN,PENN) 
+TSIRIS,DEVONS,RDSEN÷ (CDLUMBIA,RUTG,WISC) 
M L MOSCOSO (UN IV  PARIS DRSAY( 

+STIENING,WIEGAND,DEUTSCH {LRL.MITI 
CUTTS,STIENING,WIEGAND,DEUTSCH {LRL,MIT) 
÷BACASTDW,BARKA$,EVANS,FUNG,PDRTER+ (UCR) 
ELY,GIOAL,HAGOPIAN,KALMUS÷ (LOUC+WISC÷IRL] 
EMmERSON,QUIRK (DXFOROI 

+BANNER,BFIER,BERTRAM,EDWAROS ÷ ( ILL) 
P K KIJEWSKI (LBL) 
÷~ELISSINDS,NAGASHIMA,TEWKSBURY+ (QOCH,BNL) 
LOBKOW[CZ,MEL[SSINOS,NAGASHIM* (ROCH÷BNL( 
MACEK,MANN,MC FARLANE,QDBERTS+(PENN,TEMPLE) 
eGERSHW)N,ALSTON-GARNJDST,BANGERTER+ (LPL) 
ZELLEP,HAGDOCKtHELLAND,RAHL+ (UCLA,LRL) 

+BROWN,CLEGG,CORBETT,CULLIGAN÷ (OXFI 
+RIRDUE,REMMEL,SMITH,SDUDER (PRIN) 
+KOLLER,TAYLOR,PANOOULAS+ {STEV ,SETO,LEHI )  
+KDLLER,TAYLOR,PANDOULAS÷ (STEV,SETO,L~HII 
+MANN,MC~ARLANE,RDBEqTS (PENN) 
÷TAYLDR,KDLLER,GRAUMAN ÷ iSTFV,SETO) 

÷BOYMOND,EXTERMANN,MARASCO÷ IGFVA,SACLI 
AACHEN+BARI+CERN+EP÷NIJMEGEN+ORSAV+PADOVA÷ 
÷(AACH,BARhCERN,EPDL,NIJM,ORSAy,PAOG,TOR[) 
+HILDEBRAND,STEININD (CHIC,LRL) 
KLEMS,HILDEBRAND,STEINING (LRL,CHICI 
KLEMS,HILDEBRAND,STIENING (LRL,CHIC} 

R. KUNSELMAN (WYOMINOI 
DTT,PRITCHAPO (LGQM) 
eRENTDN,AUBERT,BURBAN-LUTZ (~ARI,EERN,DRSA} 
AACHEN÷BELGIUM÷CERN+NIJMEOEN÷PAOOVA CCLLAB 
AACHEN÷BARI+CERN÷EPOL~ORSA÷NIJM÷PAOO+TORIN 

+CARRDLL,KYCIA,LI,MENCS,MICHAEL ~ (BNt) 
ANKENBRANDT,LARSEN+ (BNL+LASL+NAL~YALE) 
÷HEUSSE,PASCAUD,VIALLE÷ IORSA+BRUX+EPOL) 
+BUCHHOLZ,MANN,PARKER [PENNSYLVANIA) 
÷ROSEN,SHAPIRO,HANDLER,OLSEN+ (ROEH÷WISC} 

÷CDRK,ELIOFF,KERTH,MCREYNOLDS,NEWTON÷ ILBL) 
÷BEIER,BERTRAM,HERZO,KOESTER ÷ (ILL) 
+PlROUE,REMMEL,SMITH,SOUDER [PRINCETON) 
HOFFMASTER,KOLLER,TAYLOR÷ (STEV+SETO÷LEHI) 

AACHEN+BARI÷BRUSSEIS÷CERN COLLABORATION 
AACHEN÷BARI+BRUSSELS+CFRN COLLABORATION 
÷CARROLL,KYCIA,LI,MENES,MICHAEL + (BNL) 
C L ARNOLD, B P ROE, D SINCLAIR (MICH) 
BACKENSTOSS,BAMBERGER÷(CERN÷KARL+HEID÷STOH) 
+HILDEBRANO,PANO,STIENING (EF I÷LBL I  
O 8 CLARKE (WIBCONSINI 

D.LJUNG,O.CLINE (WISE} 
D.LJUNG (WISC) 
O.CLINE,O.LJUNG {WISE) 
CAMERINI,LJUNG,SHEAFF,CLINE (WISCI 
LUCAS,TAFT,WILLIS IY~LE} 
LUCAS,TAFT,WILLIS (YALE) 
+HILOEB~AND~CABLE,STEINING {EFI~ARIZ+LBLI 
CABLE,HILDEBRAND,PANG,STEINING (EFI÷LBL) 
+BOOTH,RENSHALL,JDNES÷ (GLAS+LIVP+OX~÷RHEL) 
CALCULATED BY US. SEE NOTES IN SEC. XlB, LO. 
R.NUNSELMAN {WYOM) 
+KASHA,WANOERER,ADAIR+ (YALE+BNL÷LAS1) 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS 

62 C~RN CONF 871 BLOCK,L~NOINA~A,MONARI (NWES÷BOLOONA) 

8RFNE 61NP 22 553 
BIRGE 68 PRL 11 35 
ADAIR 64 PC 12 67 
CABIBBO 64  PL 9 358 

ALSO 04 PL 11 360 
ALSO 65 PC 14 72 

CABIBBO 66 BERKELEY CON~ 38 
GINSBERG 67  PR L62  1570  
WILL IS  67  HEIDELBERG 273  
CRONIN 68  V IENNA CDNF 241 
HAIDT 2 69  PL 208  696  
BAROIN 70 PL 8E8 121 
BECHERRA 70 PR DL 1452 
FEARING 70  PR 03 542  
GAILLARO 70 C~RN 70-14 
OINSBERG 70 PR o r  229  
GINSBCRG 71R~  D4 2898 
CHDUNET 72 RL 4C [ 99  

PAPERS NOT REFERRED TD IN  DATA CARDS 

BRENE,EGARDT,QVIST (NDRDI 
BIRGE,ELYtGIOAL,CAMERINI + (LRL+W)SC+BARI) 
ADAIR,LEIPUNER (YALE,BNL} 
CABIBBO,MAKSYMOWICZ (CERNI 
CABIBBOtMAKSYMOWICZ (CERN) 
CABIBBO~MAKSYMDWICZ {CERNI 
CABIBBO (CERN) 
EDWARD S GINSBERG (U. MASS BOSTONI 
w J WILLIS -BAPPORTEUR TALK (YALEI 
RAPPORTEU~ TALK [PRINCETON) 
÷ (AACH,BARI,CERN,EPOt,NIJM,DRSA,PADO,TO~I) 
BARDIN,BILENKY,PONTECORVO (JINRI 
T.BECHERRAWV (ROCHI 
÷FISCHBACK,SMITH (STON÷BOHR) 
M K GAILLARD, L M CHOUNET (CERN÷ORSA) 
E S GINSBERG ( l i t  HAIFAI 
E S GINSB~RG (NIT) 
(PHYS. REPTS.)CHOUNET,2*GAILLARD(ORSA*CEPNI 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  



F ~  I t  NEUTRAL K (498 ,JP=O- I  I=1 /2  

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

11 NEUTRAL K MASS (NEVJ 

M 698.1 0 , 4  CHRISTENS 64 OSPK 
M 2223 497.44 0.33 HIM 65 HBC KB FROM PBAR P 6 /66  
M 4500 498.9 0.5 BALTAY 66 HBC KO FROM PBAR P 6/66 
M 497.44 0.50 FITCH 6T OSPK lllbT 
W 
M AVG 49T.BT 0.32 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 5 )  
M FIT 497.70 0.13 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.1) 3/7A* 

(SEE IDEOGRAM BELOW I 

U E I B H T E D  AUERAGE = 4 9 7 . 8 ?  i 0 . 3 2  

ERROR SCALED BY 1 . 6  

I / 
/ 
/ 

/ 
496 . g  4 9 7 . g  4 9 8  . S  

NEUTRAL  K MASS ( N E U )  

l l  (KB) - (K+-I MASS DIFFERENCE (MEV) 

D B.9 O.b ROSENFELD 59 HBC - 
D 5.6 t.I CRAWFORO 59 HBC + 
O 9 3.90 0.25 BURNSTEIN 65 HBC - 
D 7 3.Tl 0.35 KIM 65 HBC K- P TO gO N 
D 417 3.95 0 .2 l  HILL 68 OBC + K+O TO KOPP 
D . . . . . . . . .  

AVG 3.92 0.14 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I*01 
FIT 3.99 0.13 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l . i I  

REFERENCES FOR NEUTRAL K 

Q Values above of weighted average, 
error, and scale factor are for the 
reader' s convenience only. The 
data were actually processed by a 

• constrained f i t  program, w h i c h  
\ calculates i t s  own values of x, 5 x ,  
\ a n d  s c a l e  f a c t o r ,  w h i c h  a r e  d i f f e r -  

e n t  f r o m  t h e  v a l u e s  s h o w n  h e r e . c H I S  0 

. . . .  1 ~  . . . . .  F I T C H  6 7  OSPK - - ~  

. . . .  B A L T A Y  6 6  HBC 4 . 3  

. . . . . . .  ~ ' ' ' K IN  6 5  HBC 1 . 7  

I .... . \ . . C H R I S T E N S  64  DSPK 0 . 3  

' ' ~ ' - - :  [ C O N L E U  
4 9 9 . ~  S O 0 . g  = 0 , 0 7 2 )  

CRAWFORD 59 PRL 2 112 
ROSENFEL 59 PRL 2 110 
CHRISTEN 6~ PAL 13 138 
BURNSTEI 65 PR 138 B 895 
KIN 65 PR 160 B 1334 
BALTAY 66 PR 162 932 
FITCH 67 RR 164 1711 
HILL 6B PR 168 153~ 

CRAWFORD,CRESTI,GOOO,STEVENSON~TICHO (LRL) 
A H RDSENFELD,F SOLMITZ,R D TRIPP (LRLI 
CHRISTENSON,CRONIN,FITCH,TURLAY IRRINCETONI 
R A BURNSTEIN,H A RUBIN (MARYLAND) 
J K KIM,L KIRSCH,D M ILLER {COLUMBIAI 
BALTAY,SANOWEISS~STDNEHILL + (YALE+BNLI 
FITCH,ROTH,RUSS~VERNON (PRINCETON) 
HILL+ROBINSON,SAKITT~CANTER (BNL,DARNEGIE) 

6 /68  
3 E b B  

3174" 

I 

* * * * * *  * * * * * * * * .  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

12 KOS MEAN LIFE (UNITS 1 0 , * - 1 0  SECI 
T KOS MEAN LIFE 
V 0 90 ( 1 . 0 7 )  IO.13I  ( O . l B I  BOLDT 58 CC 
T 512 0.94 0.05 0 .05  CRAWFORO 59 HBC 
T O 63 ( 1 , 0 9 )  10.18} ( 0 . 1 5 )  BOWEN bO CC 
T 0 OLD EXPTS WITH LOW STATISTICS NOT INCLUDED IN AVERAGE. 6168 
T 378 0 .94 0.05 0 .05 BEQTANZA 62 HBC 
T 503 0.87 0,05 CHRETIEN 63 HLBC 
T 545 0*86 0 . 0 6  KREISLER 64 OS~K 
T O.Bb6 0 . B l 6  ALFF-STEI b~ osPg 9/bb 
T 572 0,90 0.06 0 .05  AUERBACH 66 OSPK 8E67 
T 4500 0.92 B.06 BALTAY 66 HBC b/bb 
T B (0 .906 ]  ( 0 . 024 )  BOTT-BODE 66 OSPK 9 /66  
T 5000 0.843 0.013 KIRECH 66 HBC b/b6 T 19994 0.856 0.008 DONALD 68 HBC 6 /68  
T H ZOOOO 0 . 8 7 2  B.009 HELL 68 OBC I I / 7 Z  
T H 50K 0,8958 0.0045 SKJEGGEST 72 HBC 1/73 
T F 2173 (0.8671 (0 .024 )  FACKLER TE OSPK E l l T 3 *  
T bN 0.8937 0.0048 GEWENIGER 74 ASRK 3 /74 "  
T H HILL 68 HAS BEEN CHANGED BY THE AUTHORS FROM THE PUBLISHED VALUE 11172 
T H (0.ebB+-O.OOg) BECAUSE OF A CORRECTION IN THE SHIFT DUE TO ETA+-. 11172 
T H SKJEGGESTAO 72 AND HILL 68 GIVE OETAILEO DISCUSSIONS OF SYSTENATICS 
T H ENCOUNTERED IN THIS TYPE OF EXPERIMENT. 
T 8 KOS MEAN LIFE NOT THE PRIMARY QUANTITY MEASURED IN THIS EXRT, 6/68 
T F FACKLER T3 DOES NOT INCLUDE SYSTEMATIC ERRORS. 11/73" 
T . . . . . . . . .  
T AVG 0.8862 0.0072 0.00T2 AVERAGE (ERROR INCL. SCALE FACTOR OF 2,6)  
T FIT O.BBO2 O.OObb FROM FIT (ERROR INCLUOES SCALE FACTOR OF 2.~) 

(SEE IDEOGRAM BELOW I 

5Z 

Data Card Listings 
F o r  notation, see key at front of Listings. 

U E I B H T E D  AUERABE = 1 . 1 2 0 4  t 0 . 0 0 9 1  

ERROR SCALED BY 2 . 6  

0 . 9 S  1 . 0 5  1 . 1 S  t . 2 5  1 . 3 5  

KOS DECAY RATE ( U N I T S  l O m m l O  S E C - I )  

Values above of weighted average ,  
e r r o r ,  and scale fac to r  a re  for  the 
reader' s convenience only. The 
data were actually processed by a 
constrained f i t  program, which 
cnlcnlates its own values of ~, 5~, 
and scale fac tor ,  which a r e  d~ffer- 
en t  £ rom the values s h o ~  he r e .  

C H I S g  

. . . . . . . . .  G E g E N I B E R  ?4  ASPK 2 . 5  

. . . . . . . . .  S K J E G B E S T  ?2  HBC 4 . 7  

. . . . . . .  H ILL  68 OBC 2 .4  

-~- . . . . . .  DONALD 6 8  HBC 1 3 . 3  

. . . . .  KTRSCH 6 6  HBC 1 0 . 0  

. . . . . . . . .  B A L T A Y  6 6  HDC 

. . . . . .  AUERDACH 66 DSPK 

I . . . . . . .  A L F F - S T E I  6 6  DSPK 1 . 5  

= . . . .  K R E I S L E R  6 4  DSPK 

" ~  . C H R E T I E H  6 3  HLBC 

~ i  . B E R T A N Z A  6 2  HBC 

• CRRUFDRD 5 9  HBC 

3 4 , 3  

( C D N L E U  
= 0 . 0 0 0 )  

IZ KOS PARTIAL DECAY MODES 

DECAY MASSES 
Pl KOS INTO PI÷ P I -  139+ 139 
P2 KBS INTO RIO RIO 134+ 134 
PB KOS INTO MU÷ MU- 105+ 105 
PA KOS INTO E+ E- .5+ .5  
P5 KOS INTO PI+ P I -  GAMMA i39+ 139+ B 
P6 KOS INTO GAMMA GAMMA O÷ 0 
P7 KOS INTO 3PIO 134+ 134+ 134 

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

12 KOS BRANCHING RATIOS 

R1 KBS INTO (P l+  RI- I /TOTAL ( P l )  
R1 0.68 0.04 CRAWFORD 59 HBC 
R1 B.70 B.OB COLUMBIA bB HBC 

(0.740} I0 .024l  ANDERSON 62 HBC R( U U 
RI 1648 0.686 B.011 DOYLE 69 HBC PI-P TO LAM.KO 2/71 
R[  U ANDERSON RESULT NOT PUBLISHED, EVENTS ADDED TO DOYLE SAMPLE 2/71 

Rt AVG 0.684 0 .0 [ I  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.OI 
R1 FIT 0.68T7 0.0026 FROM FIT )ERROR INCLUDES SCALE FACTOR OF 1,1) 

~2 KOS INTO (PlO PIOI/TOTAL IF2) 
RZ 0,27 O.11 CRAWFORO 59 HBC 
62 0.26 B.06 BAGLIN 60 HLBC 
62 0.30 0*035 BROWN 6l HLBC 
R2 1066 0.335 B.014 BROWN 63 HLBC 
R2 198 0.288 0.021 CHRETIEN 65 HLBC 
R2 . . . . . . . . .  
62 AVG 0.316 0.014 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3)  
R2 FIT 0.3123 0,0026 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.11 

(SEE IDEOGRAM BELOW I 

g E I B H T E D  AUERRBE = 0 . 3 1 6  * 0 . 0 1 4  

ERROR SCALED BY 1 . 3  

Stable Particles 

Values above of weighted average, 
errorp a n d  scale factor are for the 
r e a d e r '  s c o n v e n i e n c e  o n l y .  T h e  
data were actually processed by a 
constrained fit program, which 
calculates its own values of ~ 5x, 
and scale factor, which are differ- 
ent from the values shown here. 

. . . . . .  C H R E T I E H  6 3  HLBC 

. . . . . .  BROWN 6 3  HLBC 

. . . . . .  BROWN 6 1  HLBC 

~I 
BAGLIN 60 HLBC 

.CRANFDRD g 9  HBC 

o16 o~6 36 o45 o ; s  
gOB I N T O  ( P I O  P I O ) x T O T A L  

CHISQ 

I.B 

I.B 

0.2 

0.9 

4 .7  

( C O N L E U  
= 0 , 1 9 5 )  



53  

Data Card Listings 
For notation, see ke~ at front of Listings. 

R3 KOS INTO (El+ P I - ) I (P IO  PIO) (P l ) I (R2 )  
R3 N 267 (2.12) (0.17) BOZOKI 69 HLBC B/70 
R3 G 3016  (2 .28S )  ( 0 . 055 )  GCBBI 69  OSPK K+N TO KOP S /b9  
RS 3700  2 .10  0 .06  MORFIN 69 HLBC K÷N TO KOP 10 /69  
R3 O 7944  2 ,282  0 ,043  MOFFETT 70  OSPK K+N TO KOP 2 /72  
R3 8 6150  2 .22  0 .095  BALTAY 71 HBC K -P  TO KO +NEUTmALS 12 /71  
R3 A 3068  2 .22  0 .10  AL ITT I  72 HBC K+P TO P I+  P KO 6 /72  
~3 6380  2 .22  0 .08  MORSE 72 DEC K+N TO KOP 2 /72  
R3 N 701 2.10 0.11 NAGY 72 HLBC K+N TO KOR 1/73 
R3 4799  2 .16  O.OB H ILL  73 DBE K+D TD KO P P 9/73* 
R3 N NAGY 72 IS A FINAL RESULT WHICH INCLUDES BOZOKI 69. 11773*  
R3 G MOFFETT 70 IS A FINAL RESULT WHICH INCLUDES GOBBI 69 .  2 / 72  
R3 B THE O laECTLY  MEASURED QUANTITY IS  KS TO P I+P I - /ALL  KOBAR= .345÷ - .O05  12171  
R3 A THE DIRECTLY MEASURED QUANTITY IS KOS TO El÷ PI- IALL K0=.345+-.005 6/72 
R3 . . . . . . . . .  
R3 AVG 2.207 0.030 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1) 
R3 F IT  2.202 0.026 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I . I I  

94  (KOS INTO PI+ PI -  PlO, CP V IOLAT ING) / (KOL  INTO PI+ El -  PIO) 
84  TEST OF CP VIOLATION - SEE TEXT SECTION V( B*3A FOR DEFINITIONS 
RA CPT ASSUMED VALID - I I .E .  ~EIAI=O) - ONLY (IMA)**2 QUOTED HERE 
RA IB (3.8)  OR LESS CL=.go ANDERSON 65 HBC 10/B9 
R4 0 .45  OR LESS CL=.9O BEHR bb HLBC 8 /66  
R4 5S (1 .7 ]  OR LESS E l= .90  WEBBER 70  HBC 8 /70  
R4 C 71 0.8 OR LESS CL=.90 WEBBER 70 HBC 8/70 
R4 99 1.2 OR LESS CL=.gO CHO 71DBC A fT1  
R4 J 98 (1.0) OR LESS EL=.90 JAMES 71HBC blTI 
R4 jM SO (1.2]  OR LESS CL=.g5 MEISNER 71HBC CL=.9 NOT AVAIL. 2/71 
R4 180 O .bb  OR LESS EL= .90  JAMES 72 HBC 1 /73  
R4 99  1.2 OR LESS CL= .90  JONES 72 OSOK 10 /72  
R4 38A 0.12 OR LESS CL=.90 METCALF 72 ASPK 2174, 
R4 148 0.71 OR LESS C t= .90  MALLARY 7S OSPK RE IA )= - .OS÷- .17  8 /73 *  
R4 C THIS IS THE COMBINED RESULT OF ANDERSON 65 AND WEBBER 70 
R4 JM JAMES 72 IS A FINAL RESULT WHICH INCLUDES JAMES 71. 11/73, 
R4 THESE AUTHORS FIND REAL(A(= 2.75÷-.65. ABOVE VALUE AT RE(A)=O 2/71 

R5 KOS INTO (MU+ MU- ) /CHARGED (UN ITS  10,*-5) (R3 I / IP I )  
R5 lO .O  OR LESS CL= .90  BOTT-BOOE 67  OSPK 8 /b7  
R5 20.0 OR LESS CL= .90  BOHM 69  OSPK 2 /71  
R5 1.07 OR LESS CL=.gO HYAMS 69 OSPK I0 /69 
RS S 32 ,6  OR LESS CL= .90  STUTZKE 69  OSPK 5 /89  
R5 0.047 OR LESS CL=.90 GJESDAL 73 ASRK ?/73* 
R5 S VALUE CALCULATED BY US, USING 2.3 INSTEAD OF 1 EVENT, 90 PERC.CL 

R6 KOS INTO (PI+ P l -  GAMMA)/(PI÷ P I - }  (UN.IO**-3) [PS ) / (P1 )  
R6 27  NO RATIO GIVEN 5ELLOTT I  bb  HBC PG GT 50 MEV/C 10 /69  
R6 10 3 .3  1 ,2  WEBBER 70 HBC RG GT 50 MEV/C 10169 
R6 B 2 .8  0 ,6  BURGUN 73 HBC PG GT 50 MEV/C 11 /73 "  
R6 B BURGUN 73 ESTIMATES THAT DIRECT EMISSION CONTRIBUTION IS .3+- .6  ~ 11/73, 
RE . . . . . . . . .  
Rb AVO 2.90 0.54 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

R7 KOS INTO (E+ E - } /CHARGEO (UN ITS  lO*~-Bl (PA ) / {P l )  
R7 50.0 DR LESS CL=.90 BOHM 69  OSPK 2171 

RB KOS INTO 2 GAMMA/TOTAL (UNITS 10 . * - 31  (P6 )  
RE R 0 21 .0  DR LESS CL= .90  BANNER 69 OSPK 12 /?E  
R8 R 0 2 .2  DR LESS EL= .90  ~EPELL IN  710SRK 12 /71  
R8 R 0 0 .71  OR LESS CL= .90  BANNE~ 72 OSPK B /72  
R8 0 2 *0  OR LESS EL= .90  MORSE 72 DEC 2 /72  
R8 0 0.4 CR LESS CL=.go BARMIN2 73 HLBC 2/74* 
R8 R THESE LIMITS ARE FOB MAXINUM INTERFERENCE IN KS-NL TO 2 GAMMAS 12/71 

R9 [KOS INTO PI+ P l -  PIO, CP CONSERVINGI/IKOL INTO P i t  PI -  PIO# 
R9 384 0.42 OR LESS CL=.90 METCALF 72 ASPK II/72 

RIO (KOS INTO 3P IO ,CP  V IDLAT ING) / (KOL  INTO 3P IO ]  
~I0 SEE COMMENTS UNDER BRANCHING RATIO RA 
RIO 22 (1.2) OR LESS CL=.90 BARMIN1 73 HL8C 11/T3* 

****** ********* ********* ********* ********* ********* ********~ ******** 

REFERENCES FOR KOS 

BOLOT 58 PRL l 150 E BOLDT,D 0 CALOWELL~Y PAL (M IT )  
CRAWFORD 59 PRL 2 266  CRAWFORD,CRESTItDOUGLASS,GOOD,TIC~ + ( LRL )  

BAGLIN 60 NC 18 1043  BAGLIN~BLOCH,BRISSON~HENNESSV • (EPOL) 
BOWEN BO PR 119 2030  BOWEN,HARDY,REYNDLOS, SUN~MOORE÷ IPRIN÷8NL) 
COLUMBIA bO ROCH CONF 727  M SCHWARTZ + (COLUMBIA/ 

BROWN bl  NC [9  1155  8ROWNtBRYANT,BURNSTEIN,GLASER,KAOYK+ (MICHI 
~NOERSDN 82 CERN CONF 836 J A ANDERSON~F S CRAWFDRD + [LRL} 
BERTANZA b2 P~EPRINT D105 BERTANZA,CONNOLLY tCULWICK ,E ISLER + (BNL I  

UNPUBLISHED~ BUT RECERTIF IED  BY AUTHORS~ AUGUST 66. 

CHRETIEN 63 PR 131 2208  CHRETIEN+ (BRANDEIS+BROWN+HARVARD÷ MITI 
BROWN 63  PR 130  769 BROWN,KADYK,TRILLING~ROE + (LRL+MICHI 
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13 (KOL) - (KOS) MASS DIFFERENCE 
WE GIVE (KOL-KOS MASS DIFFERENCE I HEAR) IN UNITS OF 10"'10 SIC-1 

D T (2 .20 )  [ 0 . 3S )  F ITCH 61CNTR 
0 0.84 0.29 0.22 GOOD 61HLBC 
O T 1 .02  0 .23  CAMERINI 62 HLBC SEE NOTE C EELCN 8167 
O T C VALUE CHANGED FROM 1 .7  (SEE TABLE i OF CAMERINI  66 )  8 / 67  
D 0.55 0.24 AUBERT 65 HLBC b166 
O 0.28 0.38 0.26 BALDO-CEO 6S HLBC ASSUMES CP CDN~. 
O T A 0 .b4  0.12 CHRISTENS bS OSPK - b lbb  
D T A CHRISTENSqN 65  HAS BEEN CORRECTED FOR INTERFERENCE BY ~ITCH 65 FTNOT 1/71 
O (O .TOI  OR LESS F ITCH 65  OSPK CF.  MEISNER bb 7156 
D V 130 (O .Bg }  ( 0 . 15 )  VISHNEVSK 65  OSPK CU ANO AL REGFN 8167 
D V VISHNEVSKY 65 NOT CORRECTED EOR INTERFERENCE EFFECTS 3/88 
D 0.51~ 0.039 ALFF-STEI 66 OSPK 6/66 
O 84 0.42 0.24 0.86 BALOO-CFO 66  HLBC KO+N INTO HYPER. BIA? 
0 D T 8 ( 0 . 5311  (0 .027 )  BOTT-80DE 66 OSPK C REGEN 9 /66  

77 0.58 0.17 CAMERINI 66 HBE, OBC KOeN INTO HYPER B/67 
D N 72 (+ 0.64( (0.181 CANTER Bb DEC KO SCATTER IN 02 11/66 
D N ERROR IGNORES UNCERTAINTY OF PHASE SHIFTS. THESE EVENTS ARE IO/7I 
D N USED IN HILL 71. 
0 95 0*62 0.10 0.16 CHANG 66 HBE KO+P INTO HYP~R. B/El 
D O.Bl 0.17 FUJI( bb OSRK IRON REGENERATOR 9/68 
O 59 0 *74  0 .34  ME ISNERI  BB HEC SEE NOTE M1 61A6 
D MI + SIGN FAVORED MEISNER2 bb HBC glbb 
D 0 .38  0.16 JOVANDVIC 66 DSPK C~URANIUM REGEN* 11/66 
O T 136  • 0 . 64  0 .19  CANTER bT DEC KO÷D INTO HYPEn,  111b7 
O 0.65 0. I I  M[SCHKE 6T OSPK .11/67 
D 590  0 .59  0 .13  BALATZ bB OSPK AL REGENERATOR 3 /68  
D 0 .520  0 ,044  CARNEGIE 68  HBC CAP METHOD 3 /68  
D T ~O.ABT 0 .046  MELHOP 68  OSPK ST. STEEL REGEN b /b8  
0 B O.BAT 0.029 BOTT-BO0 69  OSPK C REGEN 1 /71  
0 8 90TT-BOD 89 IS A REEVALUATION OF EOTT-BOD 66  ! / 71  
D F 0.855 O.OZO FAISSNER 69  ASPK REGEN IN CU 10/68 
0 F ESTIMATED ADDITIONAL SYSTEMATIC UNCERTAINTY LESS THAN TWO PERCENT i171 
D 0 .542  0 .006  CULLEN 70  CNTR l / 7 I  
0 0.542 O.OO6 ARONSON 70 ASPK GAP METHOD 1/71 
O 0 .481  0 .052  0 .075  BALATS 710SPK 9 /71  
O 0 .534  0 .007  CARNEGIE 71 ASPK GAP METHOD 8171 
D TH 119 (+ 0.67) (0.14) HILL  71 DEC 10171 
O H THE PRIMARY RESULT OF THIS EXPERIMENT IS THAT OM IS POSITIVE. lO /T l  
o H THE MAGNITUDE MAY HAVE AN ADDITIONAL SYSTEMATIC ERROR OF ABOUT 0.12 10/71 
0 1757 0 .557  0 .038  FACKLER 73 OSPK I1173. 
o T A KOS MEAN LIFE OF 0.862 lO**-IO SEC HAS USEO IN CONVERTING THE 1/71 
O T MASS DIFFERENCE FROM UNITS OF INVERSE KOS MEAN ELVES TO ABSOLUTE 1 /71  
D T UNITS* VALUES NOT BEARING THIS FOOTNOTE EITHER WERE GIVEN IN 1171 
O T ABSOLUTE UNITS DR WERE CONVERTED USING THE AUTHORS e VALUE OF THE I171 
D T KOS MEAN L IFE .  1171 
D . . . . . . . . .  
D AVG 0.5403 0.0035 AVERAGE (ERROR INELUOES SCALE FACTOR OF 1.0) 

13 KOL MEAN LIFE (UNITS 10"*--8 SIC} 

T KOL MEAN L IFE  
T 34  B . |  B .2  2 .4  BARDON SB CNTR 
T ASSUMED OS=OQ AND DELTA I= i / 2  CRAWFDRO 59 HBC 
T 15 5.1 2.4 1.3 DARMDN 62 FBC 
T E.3 0.6 FUJI( 64 OSPK 
T 1700  6 .1  1 .5  1 .2  ASTBUBY3 65  CNTR 
T 5 .1S  0 .16  DEVL IN  67  CNTR 
T L [5.0) (0.5) LOWYS 67 HLBC 
T . ~  5 . 154  0 .044  VOSBURGH 72 CNTR 2171  
T L SUM OF PARTIAL DECAY RATES. 
T 
T AVO 5.188 0.042 0.042 AVERAGE (ERQOR INCL. SCALE FACTOR OF 1.0) 
T F IT  5 .179  0 ,040  FROM F IT  (ERROR INCLUDES SCALE FACTOR OF 1 ,01  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Stable Particles Data Card Listings 
For notation, see key at front of  Listings. 

13 KOL PARTIAL DECAY NODES 

DECAY MASSES 
Pl TAU 0 PRIME IB4÷ 134+ IB4 
P2 TAU O 139+ 139+ 134 
P3 KL MU3 189+ 105÷ 0 
P4 KL E3 139+ .5+ 0 
P5 KL Pl+ P l -  [39+ 139 
Pb KL 2XU 105+ 105 
P7 KL 23 .5+ .5 
P8 KL EMU .5+ 105 
P9 KL 2GAMMA O÷ 0 
PlO KL PI+-G 139÷ 139+ 0 
PII KL 2PIO 134+ 139 
PI2 KL E80AM 139÷ .5+ 0+ 0 
PI3 KL Pl 2GAMMA [34+ 0+ 0 
PIg KL 2EGAM .5+ .5÷ 0 

..................................................... ~ .............. 

NEUTRAL K CONSTRAINED FIT 
OVERALL FIT OF MEAN LIFE, WIDTHS AND BRANCHING 
RATIOS USES b5 DATA POINTS TO DETERMINE SIX 
QUANTITITES. OVERALL FIT HAS CHISQ-I02. 
THE LARGEST CONTRIBUTION TO THE CHISO COMES FROM 
MESSNER 78 (E5 .3 ) .  THIS EXPBRIMENT IS 
CONSISTENT WITH THE MOST RECENT ETA÷- RESULTS. 

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

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The ~trix below is derived from the error matrix for the fitted partial decay mode 

branching fractions, Pi' as Eollows: The diaKonal elements are Pl* 6P.,% w h e r e  

6 P  i = % ~ .  ~ w h i l e  t h e  o f f - d i a ~ o n a l  e l e m e n t s  a r e  t h e  n o r m a l i z e d  c o r r e l a t i o n  c o e f f i -  

c i e n t s  (Bp 6pj)/ 6P i , 8Pj). For the definitions of the individual Pl' see the Listings 

above; only those Pi appearinB in the matrix are assun%ed in the Eit to be nonzero and 

are thus constrained to add to I, 

P l P 2 P 3 P 4 P B P I t  
P 1 . 2 1 2 6 ÷ - . 0 0 6 [  
P 2 --.0616 .1194+-.0037 
P 3 - .  ~'TbO - . 2958  . 2751+- .0054  
P 4 - . 5712  - . 2 7 8 3  - . 2 4 9 5  . 8 q 0 2 ÷ - .  0058 
P 5 -. ig89 -.7035 .3295 .3233 .0018+-.0002 
P[1 .1357 1.0097 -.0791 -.0948 -.0348 .OOOW+-.0O02 

KOL INTO BPIO 
KOL INTO PI+ P [ -  PIe 
KOL INTO Pl MU NFUTRINO 
KOL INTO P I E  NEUTRINO 
KOL INTO PI+ P l -  
KOL INTO MU÷ MU- 
KOL INTO E+ E- 
KOL INTO E NU 
KOL INTO TWO GAMMAS 
KOL INTO PI÷ P(-  GAMMA 
KOL INTO PIO PIO 
KOL INTO Pl E NEU GAMMA 
KOL INTO PIG TWO GAMMAS 
KOL INTO E+ E- GAMMA 

F I T T E D  P A R T I A L  D E C A Y  M O D E  R A T E S  

T h e  ~ t r l x  b e l o w  i s  t h e  h r a n c h i n g  f r a c t i o n  m a t r i x  above, t r a n s f o r m e d  i n t o  r a t e  

space; i, e. ,  G i ~ i~ i = CtotalP i, in appropriate units. In analogy to the maEEix above, 

the dia~onal elements are G egg, where 60. = <%~;SO >, while the olf-dia~onal i z i i 
elen~ents are the nor~lized correlation coefficients . .(BG'8Oj)/(5G'I i " 6Gj). Note that) 

because of the error in Itota I, the errors and correlations here are not directly derivable 

f r o m  tho.e above. 

G l G 2 G 3 G 4 G 5 G11 
G 1 .0411+- .00 [8  
C 2 .0267 .0231+- .  0007 
G B - . 3010  - . 1858  .0581÷- .0011 
G 6 - . 3447  - . 1459  - .0688  .0758+- .0012 
G 5 -. 1694 -.6709 .3240 .~115 .000B+-. 0000 
GII .1447 .0034 -.O5BI -.O6BI - .OBI9  .0002+-.0000 

13 KOL DECAY RATES 

Wl KOL INTO PlO PIe PIO (UNITS 10"'6 SEC-I) (61) 
WI 59 5.22 1.08 0 .84  BEHR 66 HLBC ASSUMES CP B/bb 
Wl 
WI FIT 4.11 0.13 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

W2 KOL INTO PI÷ P I -  PO (UNITS 1 0 " ' 6  SEE-IT (G2) 
W2 18 3.20 0.77 ANDERSON 65 HBC Blbb 
W2 14 1.4 0.4  FRANZINI 65 HBC b/66 
W2 136 2.62 O.BB 0.27 BEHR 66 HLBE ASSUMES CP 8 /bb  
W2 58 2.20 0.85 WEBBER 70 HBC ASSUMES CP lO/71 
W2 99 2.71 0.28 CND 7[  OBC ASSUMES CP . 4171 
W2 J 98 ( 2 . 5 )  ( 0 . 3 )  JAMES 7 l  HBC ASSUMES CP 6171 
W2 50 2.12 O.B5 MBISNER 71 HBC ASSUMES CP 10/71 
W2 J 1SO 2.35 0*20 JAMES 72 HBC ASSUMES CP 1173 
W2 IN THE OVFRALL FIT THIS RATE IS WELL DETERMINED BY THE MEAN LIFE AN 
W2 THE BRANCHING RATIO R2° FOR THIS REASON THE DISCREPANCY BETWEEN THE 
W2 W2 MEASUREMENTS DOES NOT AFFECT THE SCALE FACTOR OF IHE OVERALL FIT 
W2 J JAMES 72 IS A FINAL MEASUREMENT AND INCLUDES JAMES 71. 11173* 
W2 . . . . . . . . .  
W2 AVG 2.36 0.15 AVERAGE (ERROR INCLUDES SCALE FACTOR OF E.S} 
W2 FIT 2.806 0.076 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2 .0 l  

(SEE IOEOORAM BELOW ) 

W3 KOL INTO P( P NEUTRINO (UNITS lO**b  SFC-I) (G4) 
W3 7.52 0.85 0.72 AUBERT 65 HLBC OS=DQ,CP ASSUMED B/b7  
W3 b20 7.81 0.56 CHAN 71HBC 2172 
W3 . . . . . . . . .  
W3 AVG 7.71 0.46 AVERAGE (ERROR INCLUDES SCALE FACTO~ OF i . 0 )  
W3 FIT 7.53 0 . [ 2  FROM LIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

W4 KOL INTO CHARGED (3-BODY) (UNITS 10# '6  SEC-I) (62+G3+G4} 
W4 98 [5.E 1.9 AUERBACH 66 OSPK 8/67 
W6 . . . . . . . . .  
W4 FIT 15.15 0.16 FROM FIT (ERROR INCLUOBS SCALE FACTOR OF I .O)  

W5 ROE INTO LEPTDNIC (KNU3+KEB) (UNITS lO~*6 SEC-E) (GB÷G4) 
W5 C O 109 9.85 1.15 ~*05 FRANZINI 65 HBC 2/72 
W5 335 ( 1 0 . 3 )  ( 0 . 8 )  HILL 67 OBC K+N TO KO P 8•67 
W5 O 393 11.6 0.9 CHO 70 DBC K+N TO KOP [ 0 / 7 0  

D 252 13.1 [ . 3  WEBBER 71 HBC K- P TO KOBAR N 2172 W5 
W5 O 410 12.4 0.7 BURGUN 72 HBC K+P TO KOPPI+ I173 
W5 D 126 8.47 1.69 MANN 72 HBC K- P TO KOBAR N 9172 
W5 C CHO TO INCLUDES EVENTS OF HILL 67 
W5 0 ASSUMES OS=DO RULE 
w5 . . . . . . . . .  
w5 aVG 11,60 0.65 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.58 
W5 FIT E2.85 0.16 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.28 

(SEE IDEOGRAM BELOW ) 

N E I G H T E D  RUERREE = 2 . 3 6  * 0 . 1 S  

ERROR SCQLEO BY 1 , 3  

Values above of weighted average, 
error, and scale f a c t o r  are for the 
reader' s convenience only. The 
data were  actually processed by a 
constrained f i t  program, which 
calculates its own values of ~, 6~, 
and scale factor, which are differ- 
ent from the values shown here. 

72 HBC 

71  HBC 

71  OBC 
7 0  HBC 

6 6  HLBC 

6 6  HBC 

6 5  H8C 

. . . . . . .  JRMES 

. . . . . .  HE ISNER 

. . . . . .  CHO 

¢ - - ~ - ' I  . . . . . .  HEOBER 
/ " - - I ' - -~  . . . . . .  BEHR 

. . . .  ~ ' "  . . . .  FRRNZINI 

J , ~ l  ERsON 

2 4 ~ 
KOL RRTE I N T O  P I +  P I -  P I O  1 1 0 1 ~ 6  S E C - I )  

CHISQ 

0 . 0  
O.S  

1 .6  

0 .2  

0 .9  

5 .7  

1 .4  

iO  . 3  

[CONLEU 
=0 .1121  

WEIEHTEO RUERRAE = 1 1 . 6 0  * 0 . 6 6  

/ 

I 0  

ERROR SCRLED BY I .S  

Values above of weighted average, 
error, ant ~ scale factor are for the 
r e a d e r  ) s c o n v e n i e n c e  only. T h e  
data were actually processed by a 
constrained fit program, which 
calculates its own values of x) 6~, 
and scale factor, which are differ- 
ent from the values shown here. 

- - - t -  

CHISQ 

. . . . .  r lRNN 72  HBC 3 . 4  
1 
~ . . . -  "BURBUN 72  HBC 1 . 3  

-at'- . .  "NEBBER 71  HBC 1 .3  

- \  . . . .  CHO 7 0  OBC 0 . 0  

• \ -  . . F R R N Z I N I  gS HBC 2 .S  

8 . 6  

, : ( C D N L E U  
1 4  18  = 0 . 0 7 2 1  

KOL RRTE INTO Kr lU3 + KE3 { iOmm6 SEC- i )  

Wb KOL INTO PI MU NEUTRINO UNITS 10**5 SBC-l l  [G3I 
W6 [9  6.59 1.26 [.OB LOWYS 67 HLBC 
W~ . . . . . . . . .  
W6 ~IT 5 .0 [  0.11 FROM LIT (ERROR INCLUOES SCALE FACTOR OF l . l )  

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

18 KOt BRANCHING RATIOS 

R1 KOL INTO (PIO RIO PIOI/CH&RGBD (PI ) / (P2+PB+P4)  
~ l  24 0 .24 O.OB ANIKINA 64 CC 6166 
R1 549 0.251 0.014 BUDAGOV 68 HLBC ORSAY MEASUR. I 0 / 68  
R[ 444 0.277 O.O2l BUOAGGV 68 HLBC EC. POLYTBC.MEAS lO/bB 
Pl 29 0.81 0.07 0.06 KULYUKINA 68 CC 2171 
RI . . . . . . . . .  
R1 AVO 0.260 O.Ol l  AVERAGE (ERROR INCLUDES 
RE FIT 0.2709 0.0099 FROM FIT (ERROR INCLUDES 

KOL INTO (PI÷ P l -  PIO)/CHARGEO 
59 0.185 0.038 ASTIE~ 61CC 
7g O,L5l  0.020 ADAIR 66 HBC 

0 .04  LUERS 64 HBC 75 0.L57 0.03 
66 0.15 0.03 O.O4 ASTBURYE 65 CC 

326 0.159 0.015 ASTBURY2 65 CC 
5bb O.17B O.OE7 GUIDONI 65 HBC 

1729 (0 . [ 46 )  (O.OO4) HOPKINS 65 HBC 
(26 0,162 O.OE5 HAWKINS bb HBC 

0.161 0.005 HOPKINS 67 HBC 
E40E O.16T Ol01b KULYUKINA bB CC 
1590 0.1605 0.0038 ALEXANDER 73 HBC 
8200 0.146 0.004 BRANDENBU 73 HBC 

558 0.159 0 .o i 0  EVANS 73 HLBC 

AVG 0.1564 0.0026 AVERAGE (BRRO~ INCLUDES 
FIT 0.1522 0.0048 FPOM FIT (ERROR INCLUDES 

(SEE IDEOGRAM BELOW I 

KOL INTO (P( MU NEUTRINO)/CHARDEO 
c 251 (0 .356 )  ( 0 .07 )  LUERS 64 HBC 
C 172 (0 .39)  (0 .08 )  (O. iO) ASTBURYI b5 CC 

330 (0 .335 }  (0 .055 )  KULYUKINA 6B CE 
THIS MODE NOT MEASURED INDEPBNDENTLY FROM R2 AND 

FIT 0.3506 0 . 0 0 6 [  FROM FIT 

KOL INTO (Pl  E NEUTRINOJ/CHARGED 
153 0.487 0.05 LUERS 64 HBC 
202 0.46 0.08 O.[O ~STBURYI &B CC 
500 0.498 0.052 KULYUKINA 68 CC 

0.488 0.033 AVERAGE (ERROR INCLUDES 
0.4972 0.0061 FROM FIT (FRROR INCLUDES 

SCALE FACTOR OF l .O }  
SCALE FACTOR OF 1.18 

(P2II IPB+PS+P4I 
B/66 
8/E6 
816~ 
8/66 
6166 
6/66 
6/66 
6166 
B/67 
2/71 
i 1 7 4 ~  
1274" 
1/73 

R2 
R2 
B2 
R2 
B2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 

R3 
~3 
R3 
R3 
RB 
R3 
R3 

R4 
R4 
R4 
R4 
R4 
R4 AVG 
R4 FIT 

SCALE FACTOR OF 1.28 
SCALE FACTOR OF 2.4} 

(PB)I(P2+PB+P4( 

7166 
2271 

R4 

(P4)I(P2+P3+P4) 

7166 
2/71 

SCALE FACTOR OF I.O) 
SCALE FACTOR OF 1.1) 
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Data Card Listings 
For notation, see key at front of Listings. 

WEI6HTED AUERA6E = 0.1564 * 0 .0026 
ERRDR SCALED BY 1 .2  

Values above of weighted average, 
error, and scale factor are for the 
reader' s convenience only. The 
data were ac t~ l ly  processed by a 
constrained fit program, which 
calculates its own values of ~, 6~, 
and scale factor, which are d i f fe r -  
ent from the values ~ h o ~  here. 

CHISQ 

- - ~  . . . . . . . . . .  EURNS 73  HLBC 0 .1  

- t - ' 1 \  I . . . . . . . . . .  BRRNOENOU 7 3  HBC ~ . ?  

-~-~" . . . . . . . . .  RLEXRNOER ?3  HBC 1 .2  

~ -  "~W----- . . . . . . . .  KULYUKIN f l  60 CC 0 .4  

I ~ ~ "  . . . . . . . . .  HOPKINS  6?  HBC 0 .B  

I - t~ ~ . . . . . . . .  HAWKINS  6 6  HOC 0 . 1  

I . t { . . . . . .  6 U I D O N T  6S HBC 1 . 6  

I - -  ~ . . . . . . . . .  f l S T B U R Y 2  6 S  CC 0 .0  

I ' / . . . . . . .  . ~ T ~ O R ~  ~ ~o  
I \ . . . . . .  L U E R S  ~,+ . o c  

- - V  . . . . . . . .  AORIR 64  HBC 0 . 1  

' " ~ ' ( C D N L E U  
0 .10  0 . 1 4  0 . 1 0  0 . 2 2  0 . 2 6  =0 .194 ]  

KOL I N T O  ( P I +  P I -  P I O ) / C H A R A E D  

RB KOL INTO (RE F NEU) I ( (P l  E NEUI+(PI MU NEU)I (O4)/(P3÷P4) 
R5 320 0.415 O.12O ASTIER 61 CC 
R5 . . . . . . . . .  
~5 ~IT 0.5865 0.0066 FROM FIT (ERROR INCLUOES SCALE FACTOR OF 1.o1 

~b KOL INTO {PI+ P l -  PIOI/TOTAL (P2) 
R6 
R6 . . . . . . . . .  
R6 FIT 0.1194 0.0037 FROM FIT 

R7 KOL INTO (LEPTON Pl NEUTRINO)/TOTOL (P3+P4) 
=T 
~7 . . . . . . . . .  
R7 PIT 0.6653 0.0089 FROM FIT 

R8 KOL INTO 12 GANMA)/TDTAL (UN. 10"*-41 (Pg) 
R8 C (1 .3 )  ( 0 . 6 )  CRIFGE8 66 OSPK 8/bb 
QB 32 8.7 2.2 TOOOROFF 67 OSPK REOL .  C~IEGEE66 11/68 
R8 K 33 (T.OI 11.6)  CRONIN I 67 OSPK 11/67 
RB 80 5.5 l . L  KUNZ 68 OSPK NORM.TO 3PI(C+N) E171 
RB 28 4.5 1.0 ENSTROM 71 DSPK KOL 1 .B-9  GEV/C 2172 
R8 R S.O ( l . O )  REPELLIN 710SRK L l /71  
R8 B 4,54 0.84 BANNER2 72 OSPK 8/72 
RB B THIS VALUE USES (EOO/E+- ) * *2= I .05+-O.14 .  IN GENERAL, SI3R8 = 8/72 
~8 E 14.324-0.55)*(10**-4)*{IE00/E+-)**21. 8/72 
R8 g ASSUMES REGEN AMPL IN COPPER AT 2GEV IS 22 MB. TO EVALUATE 11171 
R@ R FO~ A GIVEN REGEN AMPL AND ERROR, MULTIPLY BY (REGEN AMRL/22MB)**2 LI IT1 
R8 C CmIEGEE 66 REPLACED BY TODDROFF 67 11168 
R8 K CRONINI bT REPLACED BY KUNZ 68.  2/71 
~8 . . . . . . . . .  
R8 AVD 4.89 0.54 AVERAGE (EmROR INCLUDES SCALE FACTOR OF 2.01 

R9 KOL INTO [PI+ PI-)/CHAROEO (UNIT tO**-3) (PS)I(P2+P3+P4) 
~9 45 2.0 0.4 CHRISTENS 64 OSPK ETA +- = 1.94 
R9 $4 2.08 0.3S GALBRAITH 6B OSPK ETA +~ = 2.02 
RB 1,93 0.26 BASILE 66 OSPK ETA ~.86 . 9466 
R9 1.998 O.OeO 8DTT-BOOE 66 OSPK ETA +- = t .  DB5 9166 
oR M 4200 ( 2 .b0 )  (0.071 MESSNER 73 ASPK ETA +-- = 2.28 6/T3$ 
R9 M FROM SANE DATA AS R27 MESSNER 73.BUT WITH DIFFERENT NORMALIZATION. 6 /?8*  
R9 . . . . . . . . .  
R9 AND 1.992 0.073 AVERAGE (ERROR INCLUDES SCALE FACTOR OF L.O) 
R9 FIT 2.26 0.23 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 5.11 

RLO KOL INTO IRE MU NEU)/(PI E NEU) (P3 l l lPg )  
RIO 0.81 0.19 ADAIR 64 HBC 6/66 
RIO 0.82 O.iO OEBOUARO 67 OSPN 11/67 
~10 273 0.7 0.2 HAWKINS 67 HBC 8167 
RIO 0.81 0.08 HOPKINS 67 HBC 8167 
RiO 770 0.71 0.05 BUDAGOV b8 HLBC iO/b8 
RIO K (0 .67 )  (0 .18 )  KULYUKINA 6B CC . 3 /74*  
RIO B 569 40.71) (0.041 BEILLIERE 89 HLOC I0/69 
RIO 1309 (0 .648)  10.030} EVAN8 ~9 HLBC REPL. BY EVANS 73 1178 
RIO 3548 0.68 0.08 BASILE 70 OSOK 10/70 

BRANOENBU TB HBC RIO b70O 0.741 0.044 1/74" 
RIO 1309 0.062 0.030 EVANS 73 HLOC 1/73 
RIO K KULYUKINA 68 RIO IS NOT MEASURED INDEPENDENTLY FROM R2 AND R4. I / 7~ *  
~[O B BEILLIERE 09 IS A SCANNING EXPT USING SAME EXPOSURE AS DUOAGOV 68 
RIO . . . . . . . . .  
RIO AVG 0.705 0.022 AVERAGE [ERROR INCLUOES SCALE FACTOR OF l . I )  
RIO FIT 0.705 0.019 FROM FIT [ERROR INCLUDES SCALE FACTOR OF l .O )  

R I I  KOL INTO (MU+MU-I/CHARGEO (UNITS lO**-61 (PAI/(PZ+PB+P41 
mll IO0.0 OR LESS ANIKINA 65 CC 6/66 
Qll 250.0 OB LESS CL=.9O ALFF-STEI 66 OSPK 9/66 
RI t  2 .0  OR LESS EL=.90 BETT-8OOE 67 OSPK 8167 
RII 35.0 OR LESS CL=.90 FITCH 67 OSPK 3/68 

o12 KOL INTO (PI+ P l -  GAMMAIITOTAL (UNITS 10 " * -3 )  (PlOt 
RIO IS.O OR LESS ANIKINA 65 CC b/bb 
~12 O 5.0 OR LESS BELLOTTI 66 HLBC GAM KE 40-130 MV 8/67 
R12 1 3.0 OR LESS NEFKENS 66 OSPK GAM KE 120 MEV 6/66 
RI2 0.~ OR LESS CL=.90 THATCHER 68 OSPK GAM KE 20-170 MV 2171 

R13 KOL INTO (E+ E-J/CHARGED (UNITS 10**-61 (P7)/(P2+P3+P41 
R13 IO00.O OR LESS ANIKINA 65 CC 6/66 
RI3 200.0 OR LESS EL=.90 ALFF-STEI 66 DSPK 6/66 
ml3 23.0 OR LESS CL=.DO BOTT-BOOE 67 OSPK 8167 

RI4 KOL INTO (E MU)/CHAROED (UNITS 10**--4I  (PBI/(P2+P3+P4J 
~14 ID.O OR LESS ANIKINA 65 CC 6 / 6 b  
RE4 1.0 OR LESS CL=.90 CARPENTER 66 OSPK 8/bb 
RI4 0 . I  OR LESS CL=.90 8DTT-BOOE 87 OSPK 8/67 
R14 O.O8 OR LESS CL=.90 PITCH 67 08Pg 3/68 

Stable Particles 

RI5 KOL INTO (E+ PI- N E U I / ( E -  PI+ NEU{ 
ml5 0 97 ( 0 . 9 0 )  10,18) NEAGU 61CC 
RI5 O I f .O lD  (0 .16 l  LUERS 64 HBC 8166 
R15 0 894 10.981 (0 .023 )  KULYUKINA 66 CC 9166 
RI5 O 1089 ( l .O6 l  (0 .05)  VERHEY 66 OSPK 8/67 
RI5 O LOW PRECISION EXPTS NOT AVERAGED. FOR MORE PRFCISE VALUe, 
RIB 0 SEE SIBA2 (BSNNETT 70. MARX 701 

RIB KOL INTO (MU+ P I -  NEU)/(MU- RE÷ NEUJ 
R16 lN l .OOBl 0.0027 OORFAN 6T DSPK I l l bT  
q l 6  SEE ALSO SI8A2 AND S13AL IN THE CP VIOLATION SECTION 2171 

RIT KOL INTO (P(O PIO)/TOTAL (UNITS 10"*-3) (PILl 
~17 C 7 11.21 (1.51 11,21 CRIEGEE 66 OSPK 7166 
RLT C CRIEGEE EXPT NOT OESIDNED TO MEASURE 2 RIO DECAY MODE 
RI7 G 189 12.5) IO.B) 8AILLARD 69 OSPK EOO=3.6+-Oo6 $169 
~17 g LATEST ~ESULT OF THIS EXPERIMENT GIVEN 5Y FAISSNER 70 RL9 1/71 
RI7 . . . . . . . . .  
RI7 FIT 0.98 0.19 FROM FIT 

R18 KOL INTO 13P IO) / (P I+P I -P IO)  (P l I / (P2 )  
RIO 188 2.0 0.6 ALEKSANYA 64 FBC 9/66 
RIB 1010 1.80 0.[3  BUDAGOV 68 HLOC i 0 / 68  
RIB BOB (1 .65 )  (0 .07 )  BARMIN2 72 HLBC ERROR STAT. ONLY 3/74*  
R18 . . . . . . . . .  
RIB AVG 1.81 0.13 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O )  
RIB FIT 1.780 O.07B FROM FIT (ERROR INCLUOES SCALE FACTOR OF 1.2) 

Rig KOL INTO (2P IO) I {3P lO)  (UNITS 10* * -2 )  (P l I I / (P I ;  
RID C [09 ( l , B g )  (0 .31 )  CRONIN 1 67 OSPK ETAO0=4.9+-O.5 8/67 
RID C 11,361 (0 .18 )  CRON[N 2 67 OSRK ETAOO=3.DE+-O.3 11167 
RE9 C CRONIN2 IS FURTHER ANALYSIS OF CRONINI +NOW BOTH WITHDRAWN 11/60 
R19 NO EVENTS SEEN BARTLETT 68 OSPK SEE EOO BELOW I I / 6 B  
Rig 57 0.46 O . I I  BANNER 69 OSPK ET~OO=2.2+-0.3 2/72 
RID 183 1.31 0.31 C~NCE 69 OSPK ETAOO=8,7+-O.S 10/69 
Rig 29 0.37 0.08 BARMIN 70 HLBC ETAO0=2.02+-O.23 12/70 
RIg 80 0.32 0.15 BUDAGOV 70 HLBC ETAOO=I.9+-O.5 i0170 
R19 F 172 0,90 0.30 PAISSNER 70 OSOK ETAOO=3.2+-0.5 12/70 
RE9 P FAISSNE~ 70 CONTAINS SAME 2PIO EVENTS AS GAILLARD 69 RI7 
RIO . . . . . . . . .  
RID AVG 0.%39 0.098 AVERAGE (ERROR INCLUDES SCALE FACTOR DF l . T )  
RIg FIT 0.439 0.088 FROH FIT (ERROR INCLUDES SCALE FACTOR OF 1.5) 

(SEE IDEOGRAM BELOW I 

U E I G H T E D  AUERRAE = 0 . 4 3 9  ± 0 , 0 9 8  
E R R O R  SCALED BY 1 , ?  

Values  above of  weighted  a v e r a g e ,  
e r r o r ,  and s ca l e  f a c to r  a r e  for the 
r e a d e r  E s convenience  only. The 
da ta  were  a c t u a l l y  p r o c e s s e d  by a 
c o n s t r a i n e d  fit  p r o g r a m ,  which 
c a l c u l a t e s  i ts  own va lues  of x,  5~, 

| and s c a l e  f ac to r ,  which a r e  d i f fe r -  
ent  f rom the va lues  show~ h e r e .  

CNISQ 

I . . . . .  FATSSNER 70  OSPK 

• ~ . . . . . . . . . . .  BUOA6OU 70  HLBC 0 . 6  

I "F~"  I" . . . . . . . . . .  BRRMTH 70  HLBC 0 • ~ 

/ [ \ { ' "CENCE 6 9  OSPK ? . 9  

. . . . . . . . . .  BANNER 6 9  DSPK 0 . 0  

i 
(CONLEU 

- O . S  0 ,S  I .S  2 . S  = 0 . 0 2 0 )  

KOL I N T O  ( 2 P I O } / ( 3 P Z O )  ( l O m m - 2 }  

nEO KOL INTO (PI+ P [ - ) I (KE3  + KMUO) (UNITS 10.* -31  (PS)IJPB+P4) 
R20 309 2.51 0.23 DE BOUARD 6T DSPK B/68 
REO S2S 2.BS 0.19 FITCH 67 OSPK ETA+-=I .DI+-  .Oh b/68 
R20 . . . . . . . . .  
R2O AV8 2.41 0.15 AVFRAGE (ERROR INCLUDES SCALE FACTOR OF ( .Of  
RE0 FIT Z.b7 0.26 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 4 .7 )  

~21 KOL INTO (2GAMMA)/(3 PIOI (UNITS IO* * -O l  (P9 I / (P l )  
R21 16 B.5 0.7 ARNOLD 68 HLBC VACUUM DECAY 11168 
R21 $ BANNER 69 IS N~W EXPT. NOr TO BE CONF WITH R8 OF CRONINI 67 2/72 
R21 115 2.24 0.28 BANNER 69 OSPK 11/68 
P2I 28 2.13 0.~13 BARMEN 71 HLBC 8121 
R21 . . . . . . . . .  
~21 AVO 2.24 0.22 AVERAGE (ERROR INCLUDES SCALE F~CTOR OF L.O) 

No te  on  t he  I K t - ' ~  ~ .+~ . -  C o n t r o v e r s y  

T h e  K O ~ +  - ~ branching ratios (R22) given by 

CL~RK 71 and CARITHERS(I and 2) 73 are incom- 

patible. 

C A R I T t t E R S 2  7 3  u s e s  t h e  s a m e  b a s i c  s p e c t r o m -  

e t e r  a s  C A R I T H E R S I  ( t h r e e  X - Y  p r o p o r t i o n a l  c h a m -  

b e r s ,  h y d r o g e n  ~ e r e n k o v  f o r  e l e c t r o n s ,  a n d  m u o n  

c o u n t e r s )  w i t h  s e v e r a l  m o d i f i c a t i o n s :  a n  e x t r a  m u o n  

h o d o s e o p e  w a s  a d d e d  t o  i m p r o v e  b a c k g r o u n d  r e j e c t i o n ,  

s o m e  c o n c r e t e  w a s  m o v e d  f u r t h e r  d o w n s t r e a m  f r o m  

t h e  l a s t  c h a m b e r  t o  r e d u c e  b a c k s c a t t e r i n g ,  a n d  t h e  
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Stable Particles Data Card Listings 
For notation, see key at front of Listings. 

s p e c t r o m e t e r  m a g n e t  b e n d i n g  w a s  i n c r e a s e d  f r o m  

2 t 0 . 6  to 240 M e V / c  t r a n s v e r s e  m o m e n t u m  to i m p r o v e  

the  s e p a r a t i o n  b e t w e e n  the  s i g n a l  and the  b a c k g r o u n d  

p r o c e s s  KT U,---w~tv ~ ~ v O .  C A R I T H E R S ( t  and 2) f ind 

6 and 3 e v e n t s ,  r e s p e c t i v e l y ,  and  give  c o n s i s t e n t  

r a t e s  for K O -+ Ft l l j  - 

C L A R K  71 o b s e r v e  no e v e n t s  bu t  wou ld  e x p e c t  

a r o u n d  11 b a s e d  on the c o m b i n e d  C A R I T H E R S  73 r a t e .  

The  t h e o r e t i c a l  l o w e r  l i m i t  f o r  

F ( K  O-"  ~ + ~ - ) / r ( K  O-~ ~+~-)  b a s e d  on u n i t a r i t y  c o n -  

s i d e r a t i o n s  i s  3 × t 0  -6,  i in  a g r e e m e n t  w i t h  the 

CARITHERS(C and 2) 73 v a l u e :  (5 .8÷~)X10 - 6 -  and  c o n -  

s i d e r a b l y  above  the C L A R K  7t  u p p e r  l i m i t :  

< t . E X i 0  -6 (90% c o n f i d e n c e  l eve l ) .  

We know of no b a s i s  on w h i c h  to r e j e c t  e i t h e r  ex -  

p e r i m e n t .  We t h e r e f o r e  r a i s e  the  u p p e r  l i m i t  to  e n -  

c o m p a s s  the r e s u l t s  of b o t h  e x p e r i m e n t s  unt i l  the 

d i s c r e p a n c y  i s  r e s o l v e d .  T h e  90% c o n f i d e n c e  l eve l  

u p p e r  l i /n i t  f o r  the c o m b i n e d  C A R I T H E R S  r e s u l t  i s  

F ( K  0 - ~ + ~ - ) / F ( K  0 --,-~'+rr-) < 9X10 -6 o r  
L L 

r(K,, - ~ + ~ - ) I r - -  (KO-- all) < ~.6X~0 -B, where we have 
r (KUL ~n+~-)/F(KOL-- all) - -  - -  : 0 . 8 * 0 . Z ) ×  10 -3, our used 

1974 value. 

R e f e r e n c e  

1. C. Quigg and J. D. Jackson, UCRL-18487 (1968). 

R22 KOL INTO (NU+MU- I I (P I+P I - I  (UNITS I 0 * * - 5 )  (PO) I (P5 I  
RZ2 O l~ .O OR LESS CL=.go FOETH 69 ASPK 5/70 
R22 0 l .B  OR LESS EL=.90 DARRIULAT 70 ASPK I I 170  
R22 O O. IZ OR LESS CL=.90 CLARK 71 ASPK 6 IT (  
RZ2 C b (0 .07 )  (0o01]  ( 0 . 3 1 )  CARITHEI 73 ASPK 6/73e 
R22 C 3 [0.451 ( 0 .6 )  ( 0 . 3 )  CARITHEZ 73 ASPK 10173~ 
R22 C 9 0.58 0 .6  O.Z CARITHEZ 73 ASPK 10171* 
RZ2 C SECONO CARITHE2 VALUE IS COMBINED AVG OF THE TWO CARITMERS EXPTS IO/TE* 
R22 C ERRORS REPRESENT 90 PERCENT CON. LEVo I 5  PERCENT IN EACH TA IL ) .  10/731 

R23 KOL INTO IF+ E- I / ( P I + R I - I  (UNITS [ 0 $ * - 5 )  ( P T ] / ( P S }  
e23 0 10.0 OR LESS CL=.90 FOETH 69 ASPK 5170 
R23 0.10 OR LESS CL=.90 CLARK 71 ASPK b /T [  

R24 KOL INTO (E MU) / (P I÷P I - I  (UNITS 10*=-5)  (PB I / (PS I  
P24 o.1o OR LESS CL=.90 CLARK 71ASPK 6/71 

RZ5 KOL INTO (Pl E NEU GAM)IIKL E3) (UNITS I 0 .~ -2 )  ( R 1 2 ) / ( P 3 )  
R25 10 E,3 2 .0  PEACH 71HLBC GAM KE GT 15 MEV 6171 

a26 KOL INTO (PIO TWO GAMMAS)/(BPIO) (UNITS 10~ -3 )  (P IE ) / IP t )  
RZO 0 1.1 OR LESS CL=.90 BANNER A90SPK 2/72 

R27 KOL INTO ( a I ÷  P I - ) /TAU (UNITS 1 0 ~ - 2 )  (PS) / (PB)  0173. 
R27 6200 1.66 0.06 MESSNER 73 ASPK ETA ÷ -  = 2.23 6/73~ 
R27 . . . . . . . . .  
R27 FIT 1.69 0. L9 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 6 .2 )  

RZ8 KDL INTO (E+ E- GAMMA)/(EPIO) (UNITS 10~ t -4 )  ( P I 6 I / ( P I )  
R28 O 1.3 OR LESS CL=.90 BARMINI 72 HLBC 3/T6*  

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

13 KOL ENERGY DEPENDENCE OF DALITZ PLOT 

RELATED TEXT SECTION V l  B . I ,  APPENDIX I ,  AND MINI-REVIEW ON SLOPE 
PARAMETERS IN THE CHARGED K SECTION OF THE DATA CARD LISTINGS ABOVE 

MATRIX ELEMENT SQUARED = 1 + G ( S 3 - S O ) / { M P I ÷ * * B !  

GTO LINEAR ENERGY DEPFNDENCE (GI FOR TAU DECAYS KLONG INTO PI÷ P l -  PlO 
GTO 79 0.55 0.23 ADAIR 66 HBC AV=-7.6 +-  1.7 . 3171 
GTO TT 0.51 0 .20 LUERS 66 HBC AV=-7*B ÷ -  1.6 3171 
GTO 66 0.32 0.11 ASTBURYI 65 CC AV=--B*5 +-  1.5 3/TL 
GTO 310 0.51 0.09 ASTEURY2 65 CC AV=- (T .3  ~ .6  - , 8 )  31T1 
GTO 280 0.b4 O.L7 ANIKINA 66 CC AVE-T8°2 +.? - [ . 3 )  31TL 
GTO 126 0 .70 0.11 HAWKINS 66 HBC AVE-B°6 +-  0 .7  S/71 
GTO 1B50 0.649 0*044 HOPKINS bT HBC AT=-0.294 +-  *018 lO/b9  
GTO 1198 0.628 0.055 NEFKENS 67 OSPK AU=-0.204 + -  .025 3/71 
GTO 2646 0.400 0.065 BASILEZ 68 OSPK AT=-0*188 +-  .020 3471 
GTO 29000 O.bSl  O.OlZ ALBROW TO ASPK AyE-O.B62 ~-  .O1B 1171 
GTO B 36K O.BSB 0.016 BUCHANAN TO ASPK AU=-O.261 ÷ -  .007 3/71 
GTO 6400 0.056 0.05B SMITH 70 OSPK AT=-0.297 +-  *024 3/71 
GTO 180 0.50 0.11 JAMES 72 HBC 1/73 
GTO 148B 0.608 O.04B KRENZ 72 HLBC AT=-O.ZTT + -  .018 11/72 
GTO 384 0.688 O. OT4 METCALF 72 ASPK AT=-0.31 +-  .03 EI/TZ 
GTO 0.619 0.032 ALEXANOER TE HOG 1/74"  
GTO 3200 0.73 0.04 BRANDENBU 73 HBC 1 /7~*  

GTO B 
OTO B 
GTO B 
GTO B 
DTO 
GTO AVG 

BUCHANAN TO GIVES A=O.EST +- .OOB EOR A QUADRATIC FIT WITH 3171 
STATISTICAL ERRORS ONLY. THE A VALUE USED HFRE IS FOR A LINEAR 3•7[ 
FIT AND INGLUOEE SYSTEMATIC ERRORS. QUADRATIC FIT DOES NOT !173 
IMPROVE OH( SQUARED PROBABILITY. [ / 7 3  

0.610 O.OEI AVERAGE (ERROR INCLUDES SCALE FACTCR OF 2.b)  
(SEE IDEOGRAM BELOW 1 

WEZ6HTED RUERR6E = 0 . 6 1 0  i 0 . 0 2 1  

ERROR SCQLEO BY 2 .6  

J " JRnES  

. S M I T H  

[ . . . . . .  BUCHQNQN 

t t . . . . . .  ~LBRDI ,  I 

-~ - "  ' r  I l l  . . . . . .  BRSZ'E2 
- + -  "1'~ I l l  . . . . . .  .E~KeNs  

I ~ ~ . . . . . .  HOPKTNS 

I t Y ' U ' - -  ' "  . . ~ . K Z . 6  
" - - ~  • - . I : INTKTNR 

- ~ - 1 "  1 "  . . . . .  R S T B U R Y 2  

' " /  "~' " ~  . . . . .  A S T B U R Y 1  

/ ~ . ] .  I ~ . . . .  LUERS 

0 . 0  o . ,  o . ,  1 . ~  
TQU 0 SLOPE PI=IRRtlETER FDR KOL 

CHZSQ 

. . . .  BRRNDENBU ? 3  HBC 9 . 0  

R L E X R N D E R  7 3  HBC 0 , 1  

. . . . .  METCRLF 72  RSPK 1 . 1  

72  HLBC 0 . 0  

7 2  HBC 

7 0  0 6 P K  0 . 6  

7 0  ASPK 1 1 . 9  

?0  RSPK 1 1 . 6  

6 0  0 6 P K  2 1 . B  

6 7  0 6 P K  1 1 . 0  

6 7  HBC O . B  

66  HBC 

6 6  CC 

6 5  CC 1 , 2  

65  CC 

6 4  HBC 

6 4  HBC 

6 9 . 1  

(CONLEU 
= 0 . 0 0 0 )  

13 KOL FORM FACTORS 

RFLATEO TEXT SECTION V[ 8.2 AND MINI-PEVIEW ON FORM FACTORS 
IN THE CHARGED K SECTION OF THE OATA CARD LISTTNOE ABOVE. 

IN THE FORM FACTOR COMMENTS, THE FOLLOWING ABBREVIATIONS ARE USED. 
F÷ AND F- ARE PORM FACTORS FOR THE VECTOR MATRIX ELEMENT. 
FS AND F~T REFER TO THE SCALAR AND TENSOR TERM. 
FO = IF÷)  * (F - ) *T I IMK* *2 -MRI * *Z )  
L+, L- AND CO ARE THE LINEAR EXPANSION COEFFS. OF F÷, F- AND CO. 
L÷ REFERS TO THE KMU3 VALUE EXCEPT IN THE KEB SECTIONS. 
OXliDL IS THE CORRELATION BETWEEN XI(O)  AND L÷ IN KMU3, 
DLOIDL+ IS THE C~RRELATION BETWEEN 10 AND L÷ IN KMU3. 
T = MOMENTUM TRANSFER TO THE P( IN UNITS OF MPl. 
DP = DALITZ PLOT ANALYSIS 
Pl Pl SPECTRUM ANALYSIS 
NU = MU SPECTRUN ANALYSIS 
POL= MU POLARIZATION ANALYSIS 
ER = KMUBIKE3 BRANCHING RATIO ANALYSIS 
E POSITRON OR ELFCTRON SPECTRUM ANALYSIS 
RC = RADIATIVE CORRECTIONS 

XIA XIA F- /F+  (DETERMINED FROM SPECTRA) . . . . . . . . . . . . . . . . . . . . . . . . . .  
XIA L1341 +1.2 ( 0 . 8 )  CARPENTER bb OSPK OR, DXI IOL=- IB I174.  
XIA B 3140 ( - 3 . g )  ( 0 . 4 )  LABILE 70 OSPK DR, INDEP OF L÷ 1174* 
XIA C I6K ( -O.bB)  ( 0 .12 )  40.20) CHIEN 70 ASPK DR, DXIIDL=-26 I I 7 4 .  
XIA AOOE6 -1 .5  O.T ALBROW 72 ASPK DP, OXIlOL=-2B I174* 
XIA C 16K (+0.50)  (0 .61)  DALLY 72 ASPK DP, DXIIDL UNKN. 1 /74"  
XIA O B2K ( - 0 . 20 }  TO.El l  DBBPSS 13 WIRE DR, DE(IDLE-24 3176" 
XIA O BEK ( - 2 . 41 )  (0 .17 )  OBBPSS 73 WIRE DR, 0X I IOL=-9 .6  3174. 
x IA  [.6M +0.01 0 .04  DONALDSON 73 ASPK MU,INDEP OF L+,T [176.  
XIA PI385 - [ . O O  10.45|  PEACH 73 HLBC OP, DXI/OL=-ZO 1 / 7 6 .  
Eta Z L 3OK ( - 0 . 20 )  (0 .15 (  ZDANIS 73 WIRE DP, DXIIOL UNKN. 3174. 
XIA CARPENTER 00 XI(O)  IS EOR L+=O. DXIIDL IS ~RDM FIG. 9 .  L/76~ 
XIA B BASILE TO IS INCOMPATIBLE WITH ALL OTHER RESULTS. AUTHORS SUGGEST 1/74~ 
XIA B THAT EFFICIENCY ESTIMATES NIGHT BE RESPONSIBLE. I176.  
XIA A ALBROW 72 FIT HAS L -  FREE, GETS L -= - . 030÷ - . 060  OR LAM=÷ . IE+ . I 7 - . I 1 .  I176= 
XIA C CHIEN 70 ERRORS ARE STATISTICAL ONLY. DXI/DL FROM FIG. 6 .  [174.  
XIA C DALLY 72 IS A REANALYSIS OF CHIEN 70, THE DALLY 72 RESULT IE 1176" 
XIA C NOT COMPATIBLE WITH L--O.  IT CORRESPONDE TD LAMBDA=-O.BT~-O.IE. 1 /76 .  
XIA C THE NON-ZERO L-  VALUE AND THE RELATIVELY LARGE L÷ VALUE FOUND BY 1/76" 
XIA C OALLY 72 COME MAINLY FROM A SINGLE LOW T BIN (F IGS . I , 21 .  1174. 
XIA O THE (F÷ ,X I )  CORRELATION WAE IGNORED. 1174. 
XIA C WE ESTIMATE FROM FIG. Z THAT EIXING L-=O WOULD GIVE X I (O )= - I . 4÷ -O .3  I176"  
XIA C AND WOULD ADD IO TO OH( SQUARED. DXl/OL IS NOT GIVEN. 1174. 
XIA D DBBPSS 73 IS CALCULATEO BY US FROM L0, L+, AND DLOIOL~. THEY FIND 3 /76*  
XIA D TWO SOLUTIONS. THE FIRST HAS L÷=.046÷-.OOB IN AGREEMENT WITH KEE. 3 /74*  
XIA O PRELIMINARY. 3174" 
XIA P PEAGH 73 GIVES X10=- .95+- .65  FOR L+=L-=.025 • THE ABOVE VALUE IS 1/74" 
XIA P FOR L-=O. K.PEACH~ PRIVATE COMMUNICATION(19741. 1176" 
XIA Z ZOANIS 73 ASSUMFS (L+MI÷- IOL÷N)=(L~E)+-EI IDL+E)=.044÷- .012.  OXIIDL 3176" 
XIA Z IS NOT GIVEN SO WE CANGT OBTAIN THE XIA÷-OXIA VALUE ASSOCIATED WITH 3174" 
XIa Z THEIR MEASURED VALUE, L~N=.046÷-.030 • PRELIMINARY 31T4~ 
XIA . . . . . . . . .  
XIA AVG 0.005 0.040 AVERAGE (ERROR INCLUOES SCALE FACTOR DF I .O )  

XIB XIB = F - IF÷  (DETERMINED FROM KMUBIKEB) . . . . . . . . . . . . . . . . . . . . . . . . . . .  
XIB THE KNU3/KE3 BRANCHING RATIO FIXES A RELATIONSHIP BETWEEN XI D) 1 /74 .  
XIB AND L+. WE QUOTE THE AUTHORS XI{O)  AND ASSOC ATED L+ BUT DO NOT 1176. 
XIB AVERAGE BECAUSE THE L+ VALUES DIFFER. THE FIT RESULT AND SCALE I IT6 "  
XIB FACTOR ARE OBTAINED DIRECTLY FROM THE FITTED KMU3/KE3 RATIO (RIO) 1174" 
XIB (SEE TEXT SEC. Vl B.2) WITH L÷=O.O3. THE CORRELATION DX I IDL= - IO . I  I1741 
XIB 189 ÷ I . 1  1.1 ADAIR 66 HBC ER, L÷=O I174"  
XIB ÷0.66 0.9 1.3 LUERS 66 HBC BE, L+=O I176 .  
XIB ~0.2 O.B 1.2 KULYUKINA bB CC BR, L+60 . L174* 
XIB 5A9 +0.65 0.28 BEILLIERE 69 HLBC BR, L÷=O I174~ 
XIB E 1309 I - 0 . 22 )  (O.BO) EVANS 69 HLBC BR. L+=.02÷-.015 11765 
XIB 3568 - 0 . S  0.5 BASILE 70 OSPK BR, L÷=,02 1174" 
XIE 6700 0.5 0 .4  BRANDENBU 70 HBC BR.L+=.019÷-.013 [174* 
XIB EL30? - 0 . 0 8  O.BE EVANS 73 HLBC BR, L*=.OE L/74"  
XIB E EVANS 73 REPLACES EVANS 69. 1176" 
XIE . . . . . . . . .  
XIB AVERAGE MEANINGLESS (SCRLE FACTOR - 1 .0)  
XIB FIT ~0.16 0,1E FROM FIT (ERROR INCLUDES SCALE FACTOR OF I ,O)  11746 
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Data Card Listings 
For notation, see key at front of Listings. 

XIC XIC = F-/F+ (OETERMINED FROM MU POLARIZATION IN KMU3) . . . . . . . . . . . .  
XIC THE NU POLARIZATION IS A MEASURE OF X I (T I .  NO ASSUMPTIONS ON L÷- 
XIC NECESSARY, T (WEIGHTED RY SENSITIVITY TO XIO) SHOULD BE SPECIFIED. 
XIC FOR RAO. CORR. TO MUON POLAPIZATION IN KMU3. S~E GINSBERG 73. 2/72 
XIC T 2608 ( - 1 . 2 )  ( 0 . 5 )  AUERBACH 66 OSPK POLARIZATION 8167 
XIC T L 638 ( - 1 . 6 )  (0 ,51 ABRAMS 68 OSPK POLARIZATION 5/09 
XIC - 1 . 8 1  0.50 0 .Z6 LONGD 69 CNTR POL. T=B.3 1 / 7 ~  
XIC S2.2M -0.385 0.100 SANOWEISS 73 CNTR POL~DXIIDL=-b 1/76" 
XIC T L T VALUE NDT GIVEN. 1 /74 "  
XIE LONGO 69 T=3.3 CALC. FROM DXI/OL=-6.0 (TABLE I (  DIVIDED BY XI=- t *Ot  1174" 
x Ic  S SANOWFISS 73 IS FOR L÷=O AND T=O. 1/74"  
xIC . . . . . . . . .  
x Ic  AVG -0.40 0.37 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 3.61 

IX I  IMAGINAPY PART OF Xl (TEST OF T REVERSAL) . . . . . . . . . . . . . . . . . . .  
IX l  - 0 .2  0.6 ABRAMS 68 OSPK POLARIZATION 10/69 
IXI - 0 . 0 2  0.08 LONGO 69 CNTR POL. T=3.3 11169 
IX l  2.2N -0.060 0.065 SANDWEISS 73 CNTR POL. T=O 1174~ 
IX( . . . . . . . . .  
IX l  AVG -0.051 0.039 AVERAGE (ERROR INCLUDES SCSLE FACTOR OF ] . 0 )  

L÷M LAMBDA ÷ (LINEAD ENERGY DEPENDENCE OF F+ IN KHU3 DECAY( . . . . . . . . .  
L+M SEE ALSO THF CORRESPONDING ENTRIES AND NOTES IN SECTION XIA AND LO. 
L+N FOR BAD.COR. OF KMU3 DR SEE GINSBUPO 70 AND BECHEPRAWY TO. 31766 
L+M C 16K (0.07} (0.02) CHIEN 70 ASPK DP 1176" 
L+M A9086 0.08S 0.015 ALBROW 72 ASPK OP 1176" 
L+M C 16R ( 0 . 1 1 |  (0.041 DALLY 72 ASPK DP 1 /74"  
L+M 0 B2K (0 .046 }  (O.OOBI OBBPSS 73 WIRE DP 317~$ 
L+~ D 82K 10.0761 {0 .004 )  08BESS 73 WIRE DP 3174~ 
L~M 1.6M 0.030 0 .003 DONALOSON 73 ASPK DP 1 /7~*  
L+M 32K (0.046) (0.030) ZOANIS 73 WIRE OPt PRELIMINARV 317~* 
L+M C CHIEN TO 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+N C SEE NOTE IN SECTION XIA. [/74~ 
L+M O OBEPSS 73 GETS TWO SOLUTIONS. FIRST AGREES WITH L+E. PRELIMINARY. 3/76* 
L÷N . . . . . . . . .  
L+M ~VG 0.0321 0.0029 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O) 

LO LAMBOA 0 (LINEAR ~NERGY DEPENDENCE 0 ~ FO IN KMU3 DECAY( . . . . . . . . . .  
LO WHEREVER POSSIBLE~ WE HAVE CONVERTED THE ABOVE VALUES OF X] (OI  INTO 
LO VALUES OF LO USING THE ASSOCIATED L*M AND OXl/OL.  
LO L 1371 +0.10 ( 0 , 0 7 )  CARPENTER 66 OSPK DF,DLO/DL+=-O,54 1/746 
LO L - 0 . 1 5 0  (0 .043 )  (O*022)LONGO 69 CNTR POLtOLO/OL+=+.40 1/74~ 
tO 8 3160 ( - 0 . 3 3 3 )  (0.036) 8ASILE 70 OSPN DP,OLO/DL*=+I.  (174 .  
LO A 9086 -0.043 0.052 ALBROW 72 ASPK DP.DL010L+=-I.30 i174~ 
LO C 16K (-O.06T( (0.227) DALLY 72 ASPK DP.DlO/OL+ UNKN. I174~ 
LO R 5700 (+0 .06 )  (O.O~) BRANOENBU 73 HEC BRtL+= .019+- ,O [3  1/74~ 
LO D 82K (+0.026) (0.011] DBBPSS 73 WIRE OP.DLOlDL+=-I.06 317~ 
LO D 82K ( - 0 . 1 3 0 )  ( 0 . 016 )  DBBPSS 73 WIRE OP,OLO/OL+=+O,2O 3176" 
LO 1.6M ÷0.020 0.003 DONALDSON 73 ASPK DP.OLOlOL÷ UNKN. 1174~ 
tO P 1385 --O.ObO (O.O~B) PEACH 73 H L B C  DP,DLO/DL+=-O.71 1 /76"  
LO L 2 .2M - 0 . 0 3 3  (0 .009 )  SANDWEISS 73 CNTR POL~OL01OL+=÷*4~ 1174 ~ 
tO Z 32K (*0.032) (O.OtO) 2DAHIS 73 WIRE OP.DLOIDL÷ UNKN. 3174" 
LO K +0.044 ( O . O l 3 l  KMUB/KE3 76 EVUE BR,DLO/DL+=+O.I~ 3 /74 "  
LO L B LO VALUE IS FOR L+=O. CALCULATED BY US FROM XIO AND DXI10L. 1/745 
LO BASILE 70 LO IS FOR L+=O. CALCULATED BY US FROM XIA WITH DXIIDL=O. 1174= 
LO B BASILE 70 IS INCOMPATIBLE WITH ALL OTHER RESULTS. AUTHORS SUGGEST 1174= 
LO AB THAT EFFICIENCY ESTIMATES MIGHT BE RESPONSIBLE. 1174~ 
LO ALBRqW 72 LO IS CALCULATEO BY US FROM XIA.L+ AND DXIIOL. THEY GIVE 1174= 
LO A C L0=-.043+-.039 FOR L-=O. WE USE OUR LARGER CALCULATED ERROR. 1176~ 
LO DALLY 72 GIVES FO=I.20+-.~B. L0=-.080+-.272o LOPRIME=-.O06+-.045. 1/74~ 
LD C CUT WITH A DIFFERENT DEFINITION OF LO. OUR QUOTED LO IS HIS L01FO. I174= 
tO C WE CANNOT CALCULATE TRUE LO ERROR WITHOUT HIS (tO.FOB CORRELATIONS. I174, 
LO R C SEE ALSO NOTE C IN SECTION XIA. 1174" 
tO PEACH 73 ASSUMES L+=0.025. CALCULATED BY US FROM XIO AND DXIOIDL÷. 117~@ 
LO R BRANDENBUPG 73 TS INCLUDED IN THE KMU3/KE3 74 VALUE CALC. BY US. 3/74~ 
LO 0 DBBPSS 73 GETS TWO SOLUTIONS. FIRST AGREES WITH L+E. PRELIMINABY. S/74~ 
LO Z ZDANIS 73 ASSUMES (L+MI+-(DL+NI=IL÷EI+-2*(DL÷EI=.044+-.OL2o DLO/OL÷ 3/76*  
LO Z IS NOT GIVEN SO WE CANNOT OBTAIN THE LO+-DLO VALUE ASSOCIATED WITH 3/74~ 
LO Z THEIR M~ASUREO VALUE, L+M=.046+-o030 . PRELIMINARY 3 /76*  
LO K KMU3/KE3 T4 VALUE IS ~OR L÷=.03 AND CORRESPONDS TO XIB FIT RESULT. 3/74~ 
L0 . . . . . . . . .  
LO AVG 0.0198 0*0030 AVERAGE (ERROR INCLUOES SCALE FACTOR OF 1.0) 

L+E LAMBDA + (LINEAR ENERGY DEPENOENCE OF F+ IN KO E30ECAYI ~- . . . .  
C*E FOR RAD.COR. DF KE3 DP SEE OINSEURG 67 AND EECHEERAWY 70. 317~* 
L+E I03 +D.07 *O6 LUERS 6~ HBC DP* NO RC 
L+E 577 +0.15 .08 FISHER 65 OSPK OR, NO RC 8 / 6 7  
L+E 762 - 0 . 0 1  .02 FIRESTONE 67 HBC OP, NO RC 8/67 
L+F 531 +O.01 .015 KAOYK 67 HBC E , P I ,  NO RC 8/67 
L+E 2~0 +0.08 . [D .08 LOWYS 67 FBC PI.  USES RC 8/67 
L+E 100D 0.02 0.013 ARONSON 68 OSPN Pl Blbg 
L+E 4800  +0.023 0.012 BASILE 68 OSPK DP. NO RC 3/68 
L+E 42K 0.023 0.005 BISI 71 ASPK OR. USES RC 12/71 
L÷E 16K 0.05 0,01 CH[EN 71 ASPK DP, NO RC 6/71 
L+E 1910 0.022 0 ,014 NEUHOFER 72 ASPK PI ,  USES RC 1/73 
L+E 5600 0.045 0 .016 ALBROW 73 ASPK OR, USES RC 9 / 7 3 *  
L÷E 1871 0.019 0.013 BFANDENBU 73 HEC PI TRANSV., RC 1174" 
L+E Z 500K (0 .031 )  (0 .0025)  GJESOAL 73 OP 3/7~$ 
L÷E Z 26K (0.0441 (0.006) ZD~NIS 73 WIR~ DP~ USES RC 3 / 7 4 *  
L*E Z PRELIHINARY. 3/74e 
L÷E . . . . . . . . .  
L÷E AVG 0.0257 0.0043 AVERAGE (ERROR INCLUDES SCALE FACTOR DF 1.3) 

(SEF IDEOGRAM BELOW ( 

U E I A H T E D  RUERR6E = O . 0 2 S ?  * 0 . 0 0 4 3  

ERROR SCRLEO BY 1 . 3  C H I S ~  

. . . . . . . . . . .  BRRNOENBU 73  HBC 0 . 3  

. . . . . . . . . . .  RLBROg ? 3  RSPK 1 , 9  

. . . . . . . . . . .  NEUHOFER 72  RSPK 0 . 1  

. . . . . . . . . . .  CHZEN 7 1  RSPK S . 9  

. . . . . . . . . . .  S I S I  71  RSPK 0 . 3  

. . . . . . . . . . .  B R S Z L E  6 0  OSPK 0 . 1  

. . . . . . . . . . .  RROHSON 6 8  OSPK 0 . 2  
i . . . . .  L D ~ Y S  6 ?  FBC 

. . . . . . . . . . .  KRDYK 6 ?  HBC 1 , 1  

. . . . . . . . . . .  F I R E S T O N E  6 ?  HBC 3 , 2  

e F Z S H E R  6S DSPK 

. . . . . . .  LUERS 64  HBC 1 3 . 0  

(CDHLEU 
- 0 . 1  0 ' . 0  0 . 1  0 . 2  0 ' . 3  = 0 . 1 1 3 )  

LRMBDR+ FOR KE3  DECRY OF KOL 

Stable Particles 

FS FS/F+ RATIO OF SCALAR TO F+ COUPLINGS FOP KE3 DECAY(ABS. VALUE) . . . .  
FS 0,15 OR LESS EL=.68 KULYUK1NA 67 CC I O I b g  
FS 5600 0*19 OR LESS CL=.95 ALBROW 73 ASPK 9173= 

FT FT/F+ PATIO OF TENSOR TO ~+ COUPLINGS FOR KF3 OECAY(AES. VALUE) . . . .  
FT 1.0 OR LESS CL=.68 KULYUKINA 67 CC tOlb9 
FT EEOO 1.0 OR LESS CL=.DB ALEROW 73 ASFK g173* 

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

13 CP VIOLATION PAQAMETERS IN KOl DECAYS 

RELATED TEXT SECTION V( B.3 ANO MINI--R~VIFW BELOW 

. . . . . . . . . . . . . . . . . . . .  13 CHARGE ASYMMETRY IN TAU OECAYS . . . . . . . . . . . . . . . . . . . . . .  
TEXT SECTION VI B.3 B 

SEF SCRIEANO 70 FOR DEFINITION (HIS SIGMA÷-). A=[ FOR MAX ASVMMFTRY 
(Nit=2 = I+ SIG+- (21SORT(SO $ ( (T+ ) - (T - I ) /  TMAX) AS SERIBANO 70 

A DECAY ASyMMETRy PARAMETER FOR PI+ E l -  PIO (UNITS 10"$-2} 
A .3M 0.2 0.05 BLANPIEO 68 CNTR . A/70 
A 3M D.Z7 0.2 SCRIBANO 70 CNTR .12170 
A 6400 O.O00  0.050 SMITH 70 OSPK .10170 
A . . . . . . . . .  
A AVD 0.016 0.063 AVERAGE (EPROR INCLUDES SCALE FACTOR OF 1.3) 

(SEE IDEOGRAM BELOW ) 

M E Z 6 H T E D  RUERR6E = 0 . 0 1 6  * 0 . 0 6 3  

ERROR SCRLEO BY t . 3  

S M Z T H  ?0  OSPK 

• SCRZORNO ? 0  CNTR 

B L R N P Z E O  6 8  CNTR 

- 1  0 1 2 

DECRY RSYMMETRY FOR KOL I N T O  P Z +  P Z -  P I O  

C H I S Q  

0 . 1  

1 . 6  

1 . ?  

( C D N L E U  
= 0 , 1 9 0 )  

~3 CHARGE ASYMMETRY IN LEPTONID DECAYS IPERCENT( . . . . . .  
TEXT SECTION VI E.3 

SUCH ASYMMETRY VIOLATES CP . IT IS RELATED TO REAL(EPSILONJ. 

A| KOL INTO (MU+PI-NUI-(MU-PI+NUII (MU+PI~NUI+IMU-PI+NUI (PERCENT( 
A( 0 IM (0.403) (0.134I  DDRFAN 07 OSPK DERIVED F~OM RIG 11167 
A1D 1M 0,57 0 .17 PACIOTTI 69 DSPK 1173 
A( 7 .7M 0.278 0.051 PICCIONI 72 ASPK 1/73 
AL 4.1N 0.60 0.14 MCCARTHY 73 CNTR 6f73" 
AI 15M 0.323 0.026 GEWENIGI 74 &SPK 3 /74"  
A[ O PACIOTT[ 69 IS A REANALYSIS OF DORFAN 67 AND IS CORRECTED FOR 1/73 
AS O NU+ MU~ RANGE DIFFERENCE IN MC EARTHY 72. 1/73 
At . . . . . . . . .  
AI AVG 0°326 0.023 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

A2 KOL INTO ( E + P I - N U I - ( E - P I + N U I I ( E + P I - N U ) + ( E - P I ÷ N U )  (PERCENT) 
A2 8 [OM (0 .224 )  ( 0 . 036 )  BENNETT 6T CNTE 11/67 
A2 E 108 0.266 0.059 SAAL 69 CNTR I0/70 
A2 tOM 0.346 0.033 MARX 70 CNTR 10/70 
A2 600K 0.86 0.18 ASHFORD 72 ASPK 2/72 
A2 40M 0 , ~ l B  G,038 FITCH 73 ASPK ] 2 / 7 3 *  
A2 34N 0.368 0.017 GEWENIGI 76 ASPK 3/74* 
AB 8 SAAL 69 IS A REANALYSIS OF BENNETT 67 
A2 . . . . . . . . .  
A2 AVG 0.369 0.017 AVERAGE (ERROR INCLUDES SCALE FACTOR OF ] , 2 )  

AL KOL INTO l ( L÷ l - ( L - ] ) I l l L+ l+ (L - ) )  (COMBINED A( AND A2) (PERCENTI 
AL B IOM 0.266 0.009 SAAL 69 CNTR KE3 2 /71  
AL D 1N 0.97 0 .17 PACIOTTI 69 OSPK KMU3 1/73 
AL ION 0.~46 0,033 MARX 70 CNTR KE3 2/71 
AL 60OK 0.36 0.18 ASHFORO 72 ASPK KE3 2/T2 
AL 7.TM 0.278 O.OEI PlCCIDNI 72 ASPK KMU3 1/73 
AL 40N 0.818 0.038 FITCH 70 ASPK KE3 12/73"  
• L 4.LM 0.00 0 .16 MCCARTHY 73 CNTR KMU3 6/73*  
AL 33M 0,333 0.080 WILLIAMS 73 ASPK KMUB+KE3 12 /73 .  
AL IBM 0 . 3 2 3  0.026 GEWEN|G1 76 ASPK KNU3 3 /74*  
AL 34M 0,360 0.017 GENENIGt 74 ASPK KE3 3174" 
AL SEE FOOTNOTES IN SECTIONS AL AND A2 ABOVE, 1/78 
AL . . . . . . . . .  
AL AVG 0.363 0.012 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .1 (  

(SEE IDEOGRAM BELOW ) 



Stable Particles 

g E Z 6 H T E D  ~ U E R R 6 E  = 0 . 3 4 3  * 0 . 0 ¢ 2  
ERROR SCRLED BY 1 . 1  

CHZSQ 
. . . . . . . . . .  GEWENZ61 74  ~SPK 1 . ?  

. . . . . . . . . .  6 E ~ E N Z 6 1  ?4  ~SPK 0 . 6  

. . . . . . . . . .  g Z L L I R ~ S  7 3  QSPK 0 . 0  
I " ' M C C R R T H Y  7 3  CHTR 

. . . . . . . . . .  F I T C H  73  RSPK 0 , 4  

. . . . . . . . . .  P Z C C I O N I  7 2  RSPK 1 . 6  

. . . . . . .  ~SHFORD 7 2  QSPK 

. . . . . . . . .  ~QRX ? 0  CNTR 0 , 0  

' , . P Q C I O T T Z  6 9  DSPK 

. . . . . . . . .  S~RL 6 9  CNTR 2 . ?  

? . ~  

( C O N L E U  
0.0 0 . 2  0 . 4  0 . ' 6  O . B  1 . ' 0  = 0 . 3 1 6 1  

CH~R6E ~ S Y ~ E T R Y  FOR KOL I N T O  LEPTONS 

N o t e  on  K L - -  Z~ and  K S R e B e n e r a t i o n  

S o m e  e x p e r i m e n t s  o b t a i n  (h+_ (the p h a s e  of  ~l+_) 

u s i n g  K S , K L -* x+w- i n t e r f e r e n c e  b e h i n d  a r e g e n e r a -  

t o r .  In  t h e s e  i n t e r f e r e n c e  e x p e r i m e n t s  the  m e a s u r e d  

q u a n t i t y  i s  the  d i f f e r e n c e  of @+_ and the r e g e n e r a t i o n  

p h a s e  ¢h R ,  a s  s h o w n  in  the  e x p r e s s i o n  b e l o w .  A f t e r  

the  r e g e n e r a t o r ,  the  i n t e n s i t y  of  the  v+v" d e c a y s  in  

the f o r w a r d  d i r e c t i o n  i s  

I ( t ,p)  =S(p ) [ IR (p ) I  2 e - rSt  

+ I~+_ I z e-FLt+z lR(p)  I In+ I ( i)  

-(Ps+ rL)t/2 
X e c o s  ( A m t  +(hR(p)  - (h+_)] ,  

w he  re  : 

t i s  the  d e c a y  t i m e  in  the  K ° r e s t  f r a m e ,  

A m  = m L - m  S,  a n d r e  L ,  FL,  m S ,  F S a r e  the  m a s s e s  

and  d e c a y  r a t e s  of  the l o n g -  and s h o r t - l i v e d  K° ,  

~l+_ = I ~]+_ I e ~ + -  i s  the  r a t i o  o f  d e c a y  a m p l i t u d e s  

A (K L-~  w + ~ - ) / A ( K s  -" w+~r-), 

S(p) i s  p r o p o t i o n a l  to the  K L m o m e n t u m  s p e c t r u m ,  

and 

R(p)=  IR(p)  le  i@R(p) i s  the  t r a n s m i s s i o n - r e g e n e r a t e d  

K S a m p l i t u d e  ( r e l a t i v e  to the KL):  

[ f q ( P ) - f ' o ( P ) ]  ( I "e'~FSi(p)[1"2i~rn/F~'k FS[I" 2iAm/Fs] . RIp)= ~ N h i  P 

(2)-" 

w h e r e  

~(p) i s  the  t h i c k n e s s  of  r e g e n e r a t o r  m e a s u r e d  in  

u n i t s  of  the  m e a n  d e c a y  l e n g t h  of  K S , 

N i s  the  n u m b e r  of n u c l e i  p e r  c u b i c  c e n t i m e t e r ,  

A i s  the  K S m e a n  d e c a y  l e n g t h ,  and 
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f0 (p ) ,~0 (p )  a r e  the  f o r w a r d  s c a t t e r i n g  a m p l i t u d e  of  

K ° and ~o. 

F r o m  (t )  a b o v e  i t  i s  c l e a r  that  the  v a l u e  of ¢+_ i s  c o r -  

r e l a t e d  w i t h  the v a l u e  of  A m  and @R" U s u a l l y  A m  i s  a 

p a r a m e t e r  of the  f it  and  #R i s  d e t e r m i n e d  b y  s o m e  o t h e r  

m e a n s  ( o p t i c a l  m o d e l  c a l c u l a t i o n s ,  t i m e  d e p e n d e n c e  of 

the  c h a r g e  a s y m m e t r y  i n K e 3  d e c a y ,  e t c . ) .  

We l i s t  ~+_ and g i ve  in  c o m m e n t  c a r d s  both  the v a l u e  

of  ~It u s e d  by" the  a u t h o r s  and the  z~n  d e p e n d e n c e  of  

@+_. 
13 PAqAMETERS FOR KOL INTO 2El OECAY . . . . . . . . . . . . . . . . . .  

TEXT SECTION V I  B.3 

ETA+- = A(KL TO ~ I+P I - ) IA (KS  TO E I+P l - )  
ETAOO AiKL TO PlOPlO)/A(KS TD PlOPIO) 

THE FITTED VALUES OF ETA+- AND ETAOO GIVEN BELOW ARE DERIVED 
PRIMARILY FROM THE FITTED BRANCHING RATIOS FOR THE TWO PION DECAY 
MODES OF KOL AND KOS. FOR THE QUANTITIES MEASURED BY INDIVIDUAL 
EXPERIMENTS SEE THE KOL BRANCHING RATIOS R9 AND R2O IETA÷-) AND 
PiT AND R19 (ETAOO). FOR THE READER'S CONVIENENCE WE LIST THE 
DERIVED QUANTITIES ETA÷- ICALLED E+- BELOW} AND (ETAOOI**2 (CALLED 
EOS BELDWI, HOWEVER, THE $1T FOR ETA÷- AND ETAOO USES ONLY THOSE 
VALUES BELOW WHICH ARE INDEPENDENT OF BRANCHING RATID MEBSUREMENTS-- 
ETAOO OF CHOLLET 70 AND WOLFF 711 (ETAOOfETA+-I OF BANNERI 72 
AND HOLDER 72, AND FTa+- OF GEWENIGER2 74. 

EOS IETAOO)**2 = [AIKL TO 2PIO) IAIKS TO 2P IO I I * *2  (UNITS 10 " * -6 )  - - -  
EOS X O ( - 2 . I  (1 .Of  BARTLETT 68 OSPK I0160 
COS X 57 ( 4 . 9 )  ( I . 2 )  BANNER 69 OSPK 2 /7Z  
EOS x 1 3 3  (14 .1 )  ( 3 . 4 )  CENCE 69 OSPK 10/69 
EOB XF 180 (13 . )  ( 6 . I  GAILLARD 69 OSRK 10 /69  
EOS X 29 IA .OeI  ( 9 . 9 )  BARMIN 70 HLBC 12/70 
EOS X 30 (3 .61)  ( 1 . 9 )  BUDAGOV 70 HLBC IO170 
BOB C B.7 3.7 CHDLLET 70 DSPK CU REG.,4 GAMMAS 2•72 
EOS XF 172 (9 .q l  (3°4)  FAISSNER 70 DSPR 12170 
BOB C 56 7 .4  2.0 WOLFF 71 OSDK CU ~EG.,AGAMMAS 12/71 
EOS X SEE NOTE ABOVE REGARDING FITTED VALUES OF ETA+- ANE ETAO0. 
EOS C CP~)LLET TO GIVES ETaOO={1.23÷-O.24|tIBEGEN AMPL,2GEV/C CUI/IOODCMR B/7Z 
EOS C WOLFF 71 GIVES ETAOO=(k. IB~D,12)~(REGFN AMPL,BGEVIC CUI/IOOOOMB 2172 
EOS C WE COMPUTE BOTH FTAO0~*2 VALUES FOR (REGEN AMPL,ZGEV/C CUI=24~-BMB. 2/72 
EOS C THIS REGEN AMPL RESULTS FROM AVERAGING OVER FAISSNER 69, 2172 
COS C EXTRAPOLATED USING OPTICAL MODEL CALCULTIONS OF BOHM ET AL. 2172 
EOS C PL 2TB 594 (196BI AND THE DATA ~F EALATS 71. I~ROM H. EAISSNER, 2172 
EOS C PRIVATE CCMMUNICAT ION) 2/72 
EOS P FAISSNER 70 CONTAINS SAME 2PIO EVENTS AS GAILLA~D bO 
EOS . . . . . . . . .  
EOS AVG 7.7 1.8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O I  
COS FIT 5.06 0.40 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 . I )  3174'  
EOS THIS FIT VALUE CORRESPONDS TO ETAOO=2,25~O.09 3/74*  

E÷- ETA+- = A(KL TO P I+P I - ) /A (NS TD P I~P I - )  UNITS 10" * -3  . . . . . . . . . . . . .  
E+- X 45 (1 .9B)  CHRISTENS 64 OSPK 1h/69 
E+- X 54 ( 2 . 0 2 I  GALBRA[TH b5 OSPK 10169 
E+- X ( i . 8b )  BASILE 66 DSPK 10169 
E+- X {1 .935 )  BOTT-BDOE 66 OSPK 10169 
E+- x 525 (1,91) ( . 0 6 )  FITCH 67 OSPK 10/69 
B+-- 2.30 0.035 GEWENIG2 74 ASPK 3174.~ 
E+- X SEE NOTE ABOVE REGARDING FITTED VALUES OF ETA÷- AND ETADO. 
E+-  ° . . . . . . . .  
E+- FIT 2 . iT  O*OT FROM FIT (ERROR INCLUDES SCALE FACTOR OF 3,41 3/745 

RATIO OF ETAOO OVER ETA+- 
!24 1.03 O.O7 BANNERI 72 OSPK 8172 
IS7 1.00 0.06 HOLDER 72 ASPK 8172 

AVG 1.OLD 0.046 AVERAGE (ERmOR INCLUDES SCALE FACTOR OF l.OI 
FIT 1.038 0.038 FROM FIT (ERROR INCLUDFS SCALE FACTOR OF i*O) 3 /74*  

PHASE OF ETA +- (DEGREESI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DM IS (KOL-KOS MASS DIFFERENCE 1 HBAR) IN UNITS OF I 0 * * 1 0  SEC-I 2171 

SEE SECTION D OF KOL LISTINGS FOR LATEST VALUE 
WE HAVE ADDED THE MASS DEPENDENCE AND PRDPAGGTED THE ERROR IN DM 217~ 
USING DM=O.BBF8+-O.O033 FOR BENNETT 69, BDHN 69,  FAISSNER 69, 2 /71  
JENSEN 70, AND BALATS 71. THE APRIL 1972 DM{O.5402+-O,OOBBl WOULD 3172 
NOT MAKE A SIGNIFICANT CHANGE IN THE PHASE. 

ER 
BP 
Eg 
ER 
E~ 
ER 

F÷- 
F+- 
F+-- 
F+-- 
F+-- 
F+-- 
F+-- 
F+-- 
F+- 
F+-- 
F ÷ -  
F ÷ -  
E + -  
F ÷ -  
g + °  

P ÷ -  
F + -  
F * -  
E + -  
F + -  
p ÷ -  

F + -  

F ÷ -  
F ÷ -  
F ÷ -  
P * -  

F ÷ -  
F ÷ -  
F + -  
F * -  
F * -  
F + -  
F + -  
F * -  
F÷-- 
F ÷ -  
F÷-- 
F + -  

3172 
45.0 50.0 FITCH 65 DSPK BE REGEN 11/67 
30.0 45.0 FIPESTONE 66 HBC 11167 
70.0 21.0 BOTT-BDDE 67 OSPK C REGEN I I / 6 7  
2 5 * 0  35.0 MISCHKE 67 DSPK CU RBGEN 7168 

N C (51,01 (11.01 BENNETT2 68 CNTR CU REG. USES 8/68 
34.5 10.0 BENNETT 69 CNTR CU REGEN 2/71 

B R7,6 12 , i  BOH~ 69 OSPK VACUUM REGEN 2171 
F 46.2 7.4 FAISSNER 69 ASPK CU REGEN 2/71 
J 43.4 4,4 JENSEN 70 ASPK VACUUM REGEN 2 /7 I  
D 38,0 12,0 BALATS 71GSPK CU REGEN 9/71 
P 36.2 6,1 CARNEGIE 72 ASPK CU REGEN 1173 
G 49.3 2.1 GEWENIG2 74 ASPK VACUUM REGEN 3/7B* 

AVG 46.6 1.8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I . l )  
FIT 46.6 2.5 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .5 I  B274~ 

COMMENTS 
N BENNETT 69 IS A REEVALUATION DF BENNETT2 68. 11169 
C BENNET 69 USES MEASUREMENT OF [F+ - I - (PH IF )  OF AL~F-STEI bb 2171 
C BENNETT b9 F÷-= 3 4 . 9 ÷ - 1 0 . 0 ,  NOT INCLUDING ERROR IN OM 2/71 

DM DEPENDENCE OF BENNETT 69 IS BF*(DM-O.545) DEG. FR=-Ag.9+-5.4DEG. 2171 
BOHM 69 F+-=41+- I2 ,  NOT INCLUDING ERROR IN ON. 217 !  

B DM DEPENDENCE OF BOHM 69 IS 479*(DM-O,BZ6I DEG. 2171 
F FAISSNER e9 ERROR ENLARGED TO INCLUDE ERROR IN REGENERATOR PHASE, 11/69 
F FAISSNER 69 F÷-=49 ,3+-7 .4 ,  NOT INCLUDING ERROR IN DM. 2/71 
F DM DEPENDENCE DF FAISSNER 69 IS 20B*IOM-O.555} DEG, FR=-42.7+-BOEG. 2/71 
J JENSEN 70 P+-=42 .4+-4 .0 ,  NOT INCLUDING ERROR IN DM. 2171 
J DM DEPENDENCE OF JENSEN 70 IS 576$(DM-D.B381DEG. 2/71 
D BALATS 71F* -=3g+ - i 2 ,  NOT INCLUDING ERROR IN DM. FR=--A3+--~ DEG. 9171 
O DM DEPENDBNCE OF BALATS 71 IS 198*(0M-.564) OEG. 9171 
P CARNEGIE 72 INSENSITIVE TD ON, FR=-56°2+-5.2 DEG.. 1173 
G GEWENIGER2 74 F+-=49,6+-k.O NOT INCLUDING ERROR IN DM. 3/74*  
G DM DEPENDENCE OF GEWENIGER2 74 IS 565*(D~-0.540) DFG. 3/74*  
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FOO PHASE OF ETA O0 (OEGREES( . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FOO FIRST QUADRANT PREFERRED GOEBI 69 OSPK 11169 
FOO C S t .  SO. CHOLLET TO OSRK CU REG..4 GAHMAS I0170 
POD W $6 38.0  28.0 WOLFF T10SPK CU REG.,AGAMMAS 12171 
FO0 . . . . . . . . .  

POD AVG 43.3  19.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)  
FO0 FIT 49,I 13.2 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .0 }  3176~ 
FO0 C C~LLET 70 USES REGENERATOR PHAEE FR=-46 .B÷-4 .4  DEG. 1/7S 
FOB W WOLFF 71 USES REGENERATOR PHASE FR=-4G.2+-B.B DEG. 1/73 

DF PHASE DIFFERENCE FOO - F+- (DEGREES} . . . . . . . . . . . . . . . . . . . . . . . . .  
OF B T.b 18.0 8ARBIELLI 73 ASPK 7 /73*  
OF B INDEPENDENT OF REOENERATOR MECHANISm,DN,ANO LIFETIMES. 7173. 
DF FIT 2.5 13.2 FROM FIT (ERROR IHOLUDEG ECALE FACTOR OF L.OI 81766 

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

S u p e r w e a k  Mode l  P r e d i c t i o n s  fo r  @~+_ and #P~lo ° 

The s u p e r w e a k  m o d e l  of Wol fens te in ,  P h y s .  

L e t t e r s  1_33, 56Z (1964) p r e d i c t s  tha t  

a n d  

The KL-K~.°___ m a s s  d i f f e r e n c e ,  the K S l i f e t ime ,  

and I ~1+_1 given  in the Stable  P a r t i c l e  Table  r e s u l t  

in  the  p r e d i c t i o n s  tha t  

@+_ = ~00 = (43.76 =k O.Z8) ° 

and 

Re E = ( t . 5 6 7 ~ 0 . 0 5 t )  × CO - 3  

These can be compared with the experimental values 

#+_ = (46~ ±Z.5) ° 

dp00 = (49±13) ° 

Ree = (i.72±0. i0) X10 -3 

v/here ( has been computed from 6, the charge 

asyTrclnetry parameter for leptonic E L decays, and 

(Re x, In~ x), the  Z~S = -Z~Q amplitude, using Eq. (34) 

of the text. 

33 X - IDS=-OQ A~PLITUOE)I(OB=*OQ ARPLITL~EI 

RELATED TEXT SECTION Vl  B.4 

REX REAL PART OF X0.18 
REX C 152 0.06 0 .44  EALDO-CE 65 HLSC K÷ CHARGE EXCHNG 11167 
REX lRB 0.035 0.11 0 .13 RUPERT 65 HLEC K+ CHARGE EXCHNG 11/67 
REX F 109 - 0 . 0 8  0 .16 0 .28 FRANZINI 65 HBC PDAR P 11167 
REX 116 0.17 0.16 0.35 FELDMAN 67 OSPK PI-P TO KO LMEDA 11167 
REX N 335 ( 0 . 1 7 )  ( O . l O (  HILL 67 OBC K÷O YIELDS KOPP 11167 
REX D (O.OB) ( 0 . 0 3 (  DENNETTI 68 CNTR 7•68 
REX 121 0 .09 0 .07 0*09 JAMES 68 HBE FEAR P 5/69 
R~X 8 - 0 . 0 2 0  0.025 BENNETT 69 CNTR CHAR RSYm÷ CU RE 10/69 
REX 686 0.09 0 .16 0 .16  LITTENBER 69 OEPK N+N 70 KOP 4/69 
REX U N 215 0.12 0 .09 CHO 70 OBC K+O TO KOPP 10/70 
REX 222 ( 0 . 0 6 )  ( 0 . 0 7 (  (0 .O8I  BURGUN 71HBC K+P TO KOPPI+ 2•72 
REX 252 0.25 .07 .09 WEBBER 71HEC K-P TO KDAR N 10169 
REX U 610 O.O3 0 .06 0 .06  BURGUN 72 HBC R+F TO ~ODFI÷ 1178 
REX 126 0.26 0 .10  0 .14  MANN 72 HBG K-P TO KOBAR N 9172 
REX G 362 I - 0 . 1 3 )  (0 .113 NANTSCH 72 OSPK KE3 FROM KO LRB 2/72 
REX G 100 ( 0 . 0 4 )  (O.LO) (0.131GRAHRM T2 OSPK KmU3 FROM KO LmE 2/72 
REX G 442 -O.OB 0.09 GRAHRM 72 OSPK PI-P TO NO LMBOA 2/72 
REX 17S7 - 0 . 0 0 8  0.066 FADKLER 70 DSPK KEB FROM KO 9173,  
REX 1S67 - 0 . 0 3  0.07 HART 73 OSPK KE3 FROM KO LHB 2 1 7 ~  
REX 1079 - 0 . 0 7 0  0.036 NALLARY 70 OSFK KE3 FROM KO LN + 6173= 
REX C EALDO-EE 65 GIVES X AND THETA.CONVERTED BY US TO REX AND IMX. 11/07 
REX F FRANZINI 65 GIVES X AND THETA.FOR REX AND INX SEE $CHmIOT 67.  11167 
REX N CHO TO I S  ANALYSIS OF UNAMBIGUOUS EVENTS IN NEW DATA AND HILL 67. 
REX U BURGUN 72 I S  A FINAL RESULT WHICH INCLUDES BURGUN 7L.  [ l / 7 B ~  
REX B BENNETT 68 IS k REANALYSIS OF BENNETT1 68 
REX G SECOND GRAHAM 72 VALUE IS FIRST GRAHAM 72 VALUE COMBINED WITH 2172 
REX G MANTSCH 72.  2172 
REX . . . .  , . . . .  
REX AVG - 0 . 0 0 0  0.022 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.53 

(SEE 1OEOGRAR EEk~,6 I 

Stable Particles 

WEZ6HTEO RUERAGE = - 0 . 0 0 0  * 0 . 0 2 2  

ERROR SCALED BY # . .S  

. . . . . . . . . . . .  r l A L L A R Y  ? 3  

• HART 7 3  

• FRCKLER 7 3  

I . . . .  r tANN ?2 
• BURSUN 7 2  

• UEBBER 71  

• CHO ?O 

• L T T T E N B E R  6S 

. B E N N E T T  6 9  

• d A n e s  6 8  

F E L D N R N  6 ?  

. F R A N Z I N Z  65 

• B A L D D - C E  6 5  

- 0 . 4  0 . O  0 . 4  O~.B 

REAL pART OF X ( D E L T A  S = - D E L T A  Q AMP)  

C H I S Q  

OSPK 3 . 8  

DSPK 0 . 2  

OSPK 0 . 0  

OSPK 0 . 3  

HBC 4 . ?  

HOe 0 . 3  

HBC 9 . 8  

DEC t . B  

OSPK 0 . 4  

CNTR O . G  

HBC 1 . 3  

DSPK 

HBC 

HLBC 0 . 1  

HLBC 

2 3 . 1  

( C D N L E U  
= 0 . 0 t ? )  

IMX IMAGINARY PART OF x (ASSUMES R(RLI-M(RS) POSITIVE - -  SEE S130) 
IMX C 152 -0.44 0.32 0.19 BALOO-CE 65 HLBC K+ CHARGE EXCHNG 3•68 
IMX 196 -0.21 0.11 0.15 AUBERT 65 HLBC K+ CHARGE EXCHNG 31o8 
INX F 109 +0.26 0.¢0 0 .30 FRANZINI 65 HFC PEAR P 3/68 

FFLORAN 67 OSPK PI-P TO KO LMBDA 11167 INX II6 O.O 0,25 
IMX N 335 (-O.2O( ( 0 . 1 0 }  HILL 67 DEC K+O YIELDS KOPP 11/67 
ImX 121 +0.22 0.37 0 .29 JAMES 68 HBC PEAR P 5169 
IMX 68b - 0 . 1 1  0 .10 O . l l  LITTENBER 6R OEPK K+N TO KOP AI69 

CHD 70 DEC K+D TO KOPP 10/70 IMX U N 215 - 0 . 0 8  0.07 
I~X 222 (0.121 (O.OG( (O.ORI BUROUN 71 HEC R+P TO ~OgPI~ 2172 
IMX 252 0 .0  .08 WEEPER 71HBC K-P TO KBAR N 10169 
INN U RIO O.OT 0.06 0 .07 8URGUN 72 HBC N+P TO KORPI+ 1/73 
IMX 126 0.21 0.15 0 .12 NANN 72 HBC K-P TO KOBAR N 9/72 
IMX G E62 ( -O.OA) (0.16l MANTSCH 72 DSPK KE3 FROM KO LMB 2•72 
IMX G I00 (0.12) (0.171 (0.161 GRAHAM 72 OSPK KMU3 FROM KO LMB 2172 
IMX G ~62 0.05 0.13 GRAHAM 72 OSPK PI-P TO KO LMBOA 2172 
IMX 1757 - 0 . 0 1 7  0.060 FACKLER 73 DSPK KE3 FROM KO 9173, 
IMX 1367 0 .09 0 .07 HART 73 OSPK KEE FROM KO LMD 2174, 
IMX 1079 0.107 0.092 0 .074 mALLARY 73 OSRK KE3 FROM KO LM + 6 / 7 3 *  
IMX C EALOO-CE 65 GIVES X AND THETA.CONVERTED BY US TO REX ANO IRX. 11167 
IMX F FRANZINI 65 GIVES X ANO THETA.FDR REX AND IMX SEE SCHMIOT 67. l I /b7 
imx N FTNOT~ 10 OF HILL 67 SHOULD READ +0 .58 ,  NOT - 0 . 5 8  (PRIV.COMM.). 3/68 
IMX N CHO 70 IS ANALYSIS DF UNAMBIGUOUS EVENTS IN NEW DATA AND HILL bT. 
INX U BURGUN 72 IS A FINAL RESULT WHICH INCLUDES BURGUN 71. 11173* 
IMX G SECOND GRAHAM 72 VALUE IS FIRST ~RAHAM 72 VALUE COMBINED WITH 2172 
IMX G MANTSCH 12. 2172 
imx . . . . . . . . .  
IMX AVG 0.012 0 . 0 3 0  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2( 

(SEE IDEOGRAM BELOW ) 

W E I S H T E D  RUERRSE - 0 . 0 t 2  t 0 . 0 3 0  

ERROR SCALED BY 1 . 2  

. . . . . .  r l R L L A R Y  7 3  RSpK  

. . . . . .  HART 7 3  OSPK 

. . . . . .  FRCKLER 7 3  n S p K  

. . . .  GRAHAM 7 2  

. . . .  I1ANN ?2  

. . . .  BURAUN } '2 

. . . .  wEBBER 71 

. . . .  CHD ? 0  

. . . .  L Z T T E N B E R  69 
J R f l E S  6B 

. . . .  FELDMAN 6 ?  

F R A N Z Z N Z  6 5  

. . . .  RUPERT 6 5  

. . . . .  B A L D O - C E  6S 

-~.o -o.s o.o o'.5 ~.o 

z . A A .  ~ART OF X (OECTR S - - D E L T A  = ~ . e ,  

REFERENCES FOR KOL 

BARDON 58 A;1P B L56 M BARDON.K LANDEtL LEOERMAN (COLUMBIA+BNL) 
CRAWFORO 59 PRL 2 361 CRAWFOROtCRESTItBOUGLASS.GOOD + (LRL) 
ASTIER 61 AIX CONF I 227 aSTIERtBLASKOVICtRIVETtS1AUO + IEPOL) 
FITCH 61 NC 22 1160 V FITCHtP PIPOUE*R PERKINS (PRINCETON) 
GOOD 61 PR 126 1223 GOOD. MATSEN.MULLER.PICCIO. N *PDWELL + (LRL) 
NEAGU 61 PRL 6 552 NEAGU.OKONOV.PETRDVtROSANOVA~RUEAKOV (JINR) 

EAMERINI 62 PR 128 362 CAMERINItFRYtGAIOOS,BIRGE,ELY + (WISE+LRL) 
OARMON 62 PL 3 57 J OARHON.A ROUSSET.J SIX (EPOL) 

ADAIR 6/+ PL 12 bT R K AOAIRtL B LEIPUNER (YALE+BNL) 
ALEKSANY 66 DUENA 2 102 ALEKSANYAN,ALIKHANYANwVARTAZARYAN+ (EREVAN) 

ALSO 66 JETP 19 1019 ALBKSANYAN+ (LEBEDBV+MDS ENG PHYS+EREVAfl( 
ANIKINA 66 JETP 19 62 ANIKINA,ZHURAVLEVA÷ (GEDRG ACAO SGI+ DUBNA) 
CHRISTEN 66 PRL 13 138 CHRISTENSON.CRONINtFITCHeTURLAY (PRINCETON) 
FUJI I  66 OUBNA 2 166 FUJIItJOVANOVICH~TURKOT+ (BNL,MARYLANO,MIT) 
LUERE 66 PR L33 B LZ76 LUERStMITTRA,WILLIS~YAMAHO70 (BNtI 

CHZ#~ 
1 .3  
1 ,2  
0.2  

DSPK 0 . t  

HBC 2 . 1  

HBC 0 . 8  

HBC 0 . 0  

DBC 1 , ?  

OSPK 1 . 4  

HBC 

DSPK 0 . 0  

HBC 

HLBC 2 . 9  

HLBC 3 . ~  

1 5 . 0  

( C D N L E U  
= 0 . i 8 3 3  



Stable Particles 

ANIKINA 65 JINR P 2488 
ANDERSON 65 PRL 14  475 
&STRURYt 65 PL 16 80 

ALSO 65 HBLV.PH.AC°39 523 
ASTBURY2 65  FL 18 175  
ASTBURY3 65 PL EB 178 
AUBERT b5  PL 17 $9 

ALSO 67  LOWYS 
BALDO-CE 65 NC 38 68~ 

CHRISTEN 65  R~ 140 B 74 
FISHER 65  ANL 7130  88  
¢ ITCH b5  PRL 18 7B 
FPANZIN( 65  PR 140 E 127  
GALBRAIT b5 PRL 14 383 
GUIDON) 65 ARGONNE CONF 49 
HOPKINS b5 ARGONNE CONF b? 
VISHNEVS 65 PL 18 339 

ALPF-STE  66  PL 21 598 
ANIKINA 66  SJNP 2 339  
AUERBACH 66  PRL 17 980 
AUERBACH 66 PR 149  1052 

ALSO 6S PRL 14  192 
BALDO-CE 66  NC ~SA 783 
BASILE B6 BALATON CONF 

8EH~ bb PL 82 540 
BELLOTTI  66  NC 45A 737  
80TT-BOD bb PL 23 277  
CAMERINI 66  OR" 158 1148 
CANTER 66 PRL 17 942 
CARPENTE 66  PR 142 871 
CHANG 66 PL 23 782  

CRIEGBE 66  PAL 17 150  
FIRBSTON B6 PRL 16 556 
FIRESTDN b6 PRL 17 116 
FUJ I )  6b  PRL 13 253  

FUJII 66  IS TH8 CORRECTED 
HAWKINS 66  PL 21 238  

ALSO 67  PR I 56  1444  

JOVANOVI b6 ~RL 17 1075  
KULYUKIN 66  BERKELEY 25  
MPISNERI bb  PRL l b  278  
MEISNER2 66  PRL 17 492  
NEFKENS bb PL 19 TDb 
VERHEY 66 PRL 17 6B9 

BENNETT 67  PRL 19 993  
80TT-BOO 57  PL 248  194  
80TY-BOO 67  PL 24B 438  

ALSO 66 PL 20 212  
ALSO 66  PL 23 277  

CANTER 67  THESIS 
C~ONIN i b7  PRL 18 25 
CBONIN 2 67 PRINC CONF(11267 )  
OFEOUARD b7  NC 82A Oh8 

ALSO 6S PL 18 58 

DEVL IN  67  PRL 1B 54  
ALSO 68  PR 169 1045  

DORFAN 67  PRL 19 987  
FELOMAN 67 PR 155 1611 
FIRFSTON bT PRL 18 ITb 
F ITCH 67  PR 164  1711 
HAWKINS b7 PR 15b 1444 
HILL  67 PRL 19 668  

HOPKINS 67 PRL 19 188  
KADYK 67  PRL 19 897  
KULYUKIN 6T PREPRINT 
LOWYS ~7 PL 24R 75 
M[SCHKE 67 PRL IB  138  
NEFKENS 67  PR 157 1233 
T~00ROFF 67  THESIS 

ABRAMS 68  P~ 176 l b03  
A~NOLO 68 PL 285 56 
ARONSON b8  PqL 20 287  

ALSO B9 PR 175  1708  
8ALATZ 68  PL 268  320  
8APTLETT 68  PRL 21 518 

BBS ILE  68 PL 268 542  
BASILE2 68 PL 285 55 
BENNETT[ 68  ~L 275 244  
BENNETT2 68  PL 278  245  
BLANPI80 b8  P~L 21 1650  
BOOAGOV 68  NC 57A 1BE 

ALSO b8 PL 288  215 

CARNEGIE b8  PRINC TR44 THESIS 
JAMES 68  NP 88 865  

ALSO b8  PRL 81 257  
KULYUKIN 65  JETP 26  20  
KUNZ 6B THESIS (PU 4e) 
MELHOP 68  PR 172 1613  
THATCHER 68  PR 174  1674  

EANNER 69  PR 1BB 2033  
ALSO 68  PRL 2 l  1103 
ALSO 68  PRL 21 1107  

BBILLIER b9 PL 305 208 
BENNETT 60  PL 29B 817  
BOHM 69 NP ~9 605  

ALSO 68 P t  27B 821  

BOTT-EO0 b9  CE~N b9 -7  829  
CENCE 69  PRL 22 1210  
EVANS b9  PRL 23 487  
EAISSNER 69  PL 38B 204  
FOETH b9  PL 30B 282  

GAILLARD bONC 59A 453  
ALSO 67  PRL 18 20 

GOBEI 69  P~L 22 685  
L ITTDNB8 6q  P~L 22 654 
LONGO 69  PR 181 1808  
PACIOTTI 69  THESIS~UCRL 19446  
SAAL 69  THESIS 

ALDROW 70  PL 338 516  
~ONEON TO PRL 85 1057  
BARMIN 70  PL 33B 377  
BAS(LE  70  PR 02 78 

ANIKINA,VARDENOA,ZHURAVLEVA,KOTLYA÷ (DUBNA) 
ANDERSON,CRAWFORD~GOLBEN~STERN + {LRL+WISC) 
ASTBURY~FINOCCHIARO,BEUSCH + (CERN+ZURICH) 
M PEPIN 
ASTBURY,MICHELINI,BEUSCH + (CERNeZURICH] 
ASTBURY~MICHELINhBEUSCH ÷ (CERN+ZORICH) 
AUBERT,BEHR,CANAVAN,CHOUNET÷ (EPDL+ORSAY) 

BALDO-CEOLIN~CALIMANI,CIAMPOLILLO ÷ (PAOO) 

CHR(STENSON,CRONIN,FITCH,TURLAY (PRINCETON) 
FISHER,ABASHIAN,ABRAMS,CARRBNTER+ {ILL) 
FITCH,ROTH,~USS,VERNON (PRINCETON) 
FRANZINI,KIRSCH,PLANO ÷ (COLUMBIA+RUTGERS) 
GALBRAITH. MANNING,JONES + (AERE+BRIS+RHEL) 
+BAPNES,FOELSCHE,FERBEL~FIRESTO+ (BNL+YALE) 
H W K HOPKINS,BACON,E(SLER (VAND+RUTGERS} 
VISHNEVSKY,GALANINA,SEMENDV + ( [TEP}  

ALFF-STE(NBERGER~HEUER,RUBBIA + (CERN) 
ANIKINA, VAROENGA, ZHURAVLEVA+ (JINRI 
AUERBACH,MANN,MCFARLANE~SCIULLI (PENN) 
AUERSACH,DDBBS,LANDE,MANN,SCIULLI+ {PENN) 
+LANOE,MANN,SCIULLI,UTD,WHITE,YOUNG (PENNI 
BALDO-CEOLIN,CALIMANI,CIAMPOLILLO+ [PADUA) 
BASILE,CRONIN,THEVBNET + (SACLAYI 

+BR(SSON~BALDO-CBOLIN,AUBERT+ (PAOO~EPOL) 
BELLOTTI,FULLIA,BALOO-CEOLIN+ INILAN,PADUA) 
BOTT-BOOENHAUSEN,DE BOUARD, CASSEL÷ (CERN) 
CAMERINI,CLINE,ENGLISH,FISCH881N+WISCONSIN 
+CHO,ENGLEB,FISK,HILL + (CARNBGIE+BNL) 
CARPENTER~ABASHAN,ABRAMS,FISHER (ILLINOIS) 
CHANG,BASSANO,KIKUCHI~DDDD+ (SYRACUSE,BNLI 

+FOX,FRAUENFELDER,HANSDN,MOSCAT+ [ILLINOIS) 
~IRESTONE,KIM,LACH,SANDWEISS+ (YALE,BNL} 
FIRESTONF,KIM,LACH,SANDWEISS+ (YALE,BNL] 
FUJII,JOVANOVICH,TUPKOT,ZORN (BNL+MAqYLAND) 
VALUE GIVEN 8Y JOVANOVICH÷ 66 
C J B HAWKINS (VALE) 
C J B HAWKINS (YALE) 

JOVANOVICH,FUJII,TURKOT,ZORN +(BNL+UMD+MIT) 
KULYUKINA,MESTVIRISHVILI~NEAGU,PETR÷ (JINR) 
G w MEISNER,B 8 CRAWFORO~F CRAWFORD [LRL) 
G MEISNER,B CRAWFORO,F CPAWFDRD (LRL) 
NEFKENS,ABASHIAN,ABPAMS,CARPBNTER÷ (ILL) 
VERHEY~NEFNENS,ABASHIAN÷ (ILL) 

BENNETT,NYGREN,SAAL,8TEINBERGER +(COLUMBIA) 
80TT-BOOENHAUSEN,DEEOUARD~CASSEL + (CERN) 
BOTT-BOOENHAUSENtDEBDUARO,DEKKERS÷ (CERN) 
BOTT-BODENHAUSEN,OEBOUARD,CASSEL+ (CERN) 
BOTT-BOOENHAUSEN,OEBOUARD,CASSEL+ ICERN) 
J.M. CANTER (CARNEGIE) 
+KUNZtR ISK ,WHEELER (PRINCETON)  
÷KUNE~RISK,WHEELER (PRINCETON)  
OEBOUARO,OEKNBRS,JO~DAN~MERMOD ÷ [CERN) 
0E BOUARD~DEKKERS,SCHARFF÷ (CBRN÷ORSA÷MPIM) 

OEVLIN,SOLOMON,SHEPARO, BBALL÷ (PRIN+UMO) 
SAYBR,BEALL,OEVLIN,SHEPHARB÷ (UMD+RPA+PRIN)  
DDRFAN,ENSTROM,RAYMOND*SCHWARTE ÷(SLAC÷LRL) 
FELDMAN,FRANKEL,HIGHLANO,SLOAN )PENN) 
FIRESTONE,KIM,LACH,SANDWE(SS,+ (YALE,BNL) 
FITCH,BOTH,RUSS,VERNON (PRINCETON) 
C J B HAWKINS {YALE)  
HILL,LUERS,ROBINSDN,CANTER+ {ENL,CARN~GIE) 

HOPKINS,BACON,EISLER [BNL) 
KAOYK,CHAN,DRIJARDtOREN,SHELDON (LRL) 
KULYUKIN~÷MESTVIRISHVILI÷NEAGU + (JINRI 
LOWYS,AUBERT~CHOUNET,PASCAUD+ (EPOL tOPSA)  
MISCHKE,ABASH(AN,ABRAMSt (iLLINOIS) 
+ABASH(AN, ABRAMS,CABPBNTER,FISHER+ ((LLl 
JOHN A TODOROFF IILLINOISI 

+ABASHIAN, MISCHKE,NEFKENS,SMITH+ (ILLINOISI 
ARNOLO,BUDAGOV,CUNDY,AUBERT+ (CERN+ORSAY) 
S.H.ARONSON, K.W°CHEN (PRINCETON)  
S H ARONSDN, K W CHEN IPRINCETONI 
BALATZ~BEBEZIN,VISHNEVSKY,GALANINA+ ( I TEP I  
BARTLETT~EARNEGIE .F ITCH+  (PRINCETON)  

8ASILB,CRONIN~THEVENET,TURLAY+ (SACLAY) 
÷CRONIN .THEVENET ,TURLAY,ZYLBERAJCH+{SACLAY)  
BENNETT~NYGREN,STEINBERGER÷ (COLUMBIA+CERN) 
BENNETT.NYGREN,STEINBERGER+ (CQLUMB(A+CERNi  
BLANPIEO,LEV IT ,ENGDLS+  {CASE+HARV+NCGI) 
BUDAGOV,BURMEISTER,CUNDY÷ {CERN~ORSA,IPNP) 
+CUNOY,MYATT~NEZRICK+ (CERN,QRSA,EPOL] 

R.K.CARNEGIE (PgINCETON) 
F JAMES, H BRIAND ( IPNP ,CERNI  
HELLAND~LONGO~YOUNG (UCLA~HICHI 
KULYUKINA,MESTVIRISHVILI~NEAGU÷ (JINR) 
P F KUNZ (PRINCETON) 
MELHOP MURTY BOWLES,BURNETT÷ ( LA  JOLtA) 
THATCHER,ABASHIANtABRAMS,CARPENTER + ( lLLl 

+CRONIN,LIU,PILCHER (PRINCETON) 
BANNER~CRONIN,LIU,PILCHER lPRINCETDN) 
BANNER CRONIN,LIU,PILCHER (PRINCETON( 
BEILL IEPE ,BOUTANG,L IMON (EPOL)  
+NYGREN,SAAL,STEINBERGER÷ (COLU,BNLI 
+DARRIULAT,GROSSO,KAFTANOV÷ (CERN) 
BOHM,DARRIULAT,GROSSO,KAFTANOV (CERN) 

80TT-BOOENHAUSEN,OE B~UARDtCASSEL+ (CERN) 
CDNCE,JONES,PETERSON,STENGER+ (HAWAII,LRLI 
EVANS,GOLDEN,MUIR,PEACH+ (EDINBURGH~CERN) 
+FOETH,STAUDEtT ITTEL+  (AACH~CERN,TORI )  
+HOLDER~RADERMACHER + (AACHEN~CERN,TORINO) 

+GALBRAITH*HUSSRI,JANB~ (CEPN,RHEL ,AACHEN)  
+KRIBNBN,GALBRAITH~HUSSRI+ (CERN+RHELtAACH) 
+GREEN,HAKEL,MDFFETT,RO$EN~GOZ÷ (ROCH+RUTG) 
LITTENBERG,FIELD.PICCIONI~MEHLHOP+ ( ucso )  
M J LONGO,K K YOUNG, J A HELLAND (MICH,UCLA) 
M A PACIDTTI (LRL) 
H J SAAL (COLUMBIA) 

+ASTON,BARBER,BIRO~ELLISON + [MCHS+DARE) 
+EHRLICH, HOFER,JENSEN÷ IEF I , I LLC ,SLAC)  
+BARYLON*BORISOV,BYSHEVA÷ (I~EP,JINR) 
+C~ONIN,THEVENT,TURLAY,ZYLBERAJCH + (SACL)  

6O 

Data Card Listings 
For notation, see key at front of  Listings. 

BUCHANAN 70 PL 335 623 ÷DRICKEY,RUDNICK,SHEPARD+ (SLAC,JHU,UCLA) 
ALSO PRIVATE COMMUNICATION, B. COX, FEB. 71 

BUOAGOV 70 PR D2 815 ÷CUNDY,MYATT,NEZRICK+ (CERN, ORSA,EPOL) 
ALSO 68  PL 288 215 +CUNDY,MYATT,NEZRICK~ (CERN,ORSA,EPOL) 

CHIEN 78 PL 335 627 C-Y.CHIEN,COX,ETTLINGER • (JHU+SLAC÷UCLA) 
ALSO PRIVATE COMMUNICATION, Bo COX, FEB. 71. 

CHO 70 PR 01 B081 
ALSO b7 PRL 19 bbB 

CHOLLET 70 PL 315 658 
CULLEN 70  PL EBB 583 

DARRIULA 70  PL= 331  249  
F~(SSNER 78  NC 70A 57 
JENSEN 70  THESIS 

ALSO 69  PRL 23 615  
MARX 70 PL 328 219 

ALSO 70 THESIS,NEVIS 179 

SCaIBAND 78 PL 325 224 
SMITH 70  PL 325  133  
W88BER 78  PR DI 1967 

ALSO 69  UCRL 19226 THESIS 

8ALATS 71SJNP 13 58 
8ARMIN 71PL 358 684  
BISI 7 l  PL 36B 533  
8UPGUN 71LNC 2 llBq 
CAPNEGIE 71 PR 04 L 
CHAN 71 L8L-850 THESIS  
CHIDN 71 PL 35B 2A1 

ALSO 72 DALLY 

CHO 71 P= 03  1557 
CLARK 71PRL  26 1657  

ALSO 70 UCRL 19789-THESIS 
ALSO 71UCaL  28264-THESIS 

ENSTROM 71PR 04 2629 
ALSO 70  THESIS (SLAC 125) 

HILL 71PR 04  7 
JAMES 71PL  3S8 265  
MEISNER 7E PR 03  59 
PEACH T [  PL 358  351  

REPELL IN  71PL  368  60S 
WEEPER 71 PR 93  64  

ALSO b8  PRL 21 498 
ALSO 69  UCRL 19266 -THESIS  

WOLFF Tl PL 3bE 517 

ALBROW 72 NP 544  1 
ASHFORD 72 PL 888 47 
BANNERI 72 PRL 28 1597  
BANNER2 72  PRL 29 237  
BARMINI 72 SJNP 15 B36  
BAPMIN2 72 SJNP 15 B3B 
BURGUN 72 NP BSO I 9A  
CARNEGIE 72 PR 06  2388  

~ALLY 72 PL 415  b47  
ALSO TO CHIEN 
ALSO 71CHIEN  

GRAHAM 72 NC 9A 166 
HOLDER 78 PL 488 141 
JAMES 72 NP 8~9 1 
KDENZ 72 LNC 4 213  

MANN 72 PR D6 137  
MANTSCH 78 NC 9A 160 
METCALF 72 EL 40B 703  
NEUHOFER 72 PL 4IB 642 
PlCCIONI 72 PRL 29 1412  
VDSEURGH 72 PR Ob 1834  

ALSO 71 PRL 26 866  

ALBROW 73 NP 588 22 
ALEXANDE 73 NP Bb5 30I 
BARB)ELL 73 PL ~35 529 
BPANOEN8 73 PROB 1978  
CARITHE1 78 PRL 30 1336  
CAPITHE2  73 PRL 31 1025  
DBBPSS 73 KFKI-T3-46(BUDA) 
DOMALDSO 7S PRL 31 337  
EVANS 73 PR 07 36  

ALSO b9 PRL 23 427  

FACKLER 73 PRL 3 I  847  
FITCH 73 PRL 31 1524  

ALS~ 72 C00 -3072 -E3  
GJESOAL 78 2NO AIX CDNF 
HART 73 NP B66 ~17 
MALLORY 73 PR 07 1988 

ALSO 70  PRL 25 L214 

MCCARTHY 73 FR 07 687  
ALSO 72 PL 42B 291 
ALSO 71 THESIS  LBL -850  

MESSNER 7~ PRL 80 876  
PEACH 73 PL 480  441  
SANDWDIS 73 PRL 30  1002  
WILLIAMS 73 PRL 3L 182L 
ZDANIS 73 END AIX CONF. 

GEWENIGI 74 SUBMITTED TO PL 
ALSO 74 CERN INT. REPT° 

GEWENIG2 74  SUBMITTED TO PL 
KMU3/KE3 74  THIS PEVIEW 

ALEXANDE b2  PRL 9 b9  
JDVANOVI  63 8NL CONF 4E 
STERN b4  PRL 12 459  
BEHR 65  ARGONNE CONF 59 
MESTVIR I  68  J (NR P 2449  
TR ILL ING 65  UCRL 16473  

UPDATED FROM 1965  ARGONNE 
GINSBERG 67  PR 162 1578  

RUBBIA 67  PL 248 881 
ALSO I 66  PL 20 207  
ALSO 2 66 PL 21 598  
ALSO 8 66  PL 28 167  

SCHMIOT 67 NEVIS 160(THESIS) 
CRONIN 68 VIENNA CONF P°281 

+DRALLE,CANTER,ENGLERtF(SK÷ (CARN,BNL,CASE) 
H(LL,LUERS,ROBINSON,SAKITT ÷ (BNL,CAPN) 
+GAILLARO~JANE,RATCLIFFP,BEPELLIN + (CERN) 
÷DARRIULAT,DEUTSCH,FOETH + {AACH,CEBN,TORI) 

+FERRERO,G~OSSD,HOLDEP + (AACH,CERN,TORI) 
+REITHLER,THOME,OA(1LARD+ (AACH,CERN,RHEL) 
D.A. JENSEN (EFT} 
JENSEN,ARONSON,EHRLICH,FRYBERGER+ (EFT,ILL) 
÷NYGREN,PEOPLES,STEINBEROE+(COLU,HARV,CERN) 
JAY MARX (COLUMBIA} 

+MANNELLhFIERAZZIN(,MARX* (P(SA,COLU,HARV) 
+WANG,WHATLEY,ZORN,HORNBOSTEL (UMD,BNL] 
÷SOLMITZ,CRAWFORD,ALSTON-GARNJOST (LRI) 
8 R WEBBER (LRL{ 

+BEREZIN,VISHNEVSKIhGALANINA+ ( I TEP)  
+BARYLOV~VESEL~VSKY.DAVIDENKO÷ (ITEF) 
+DARRIULAT,FERRERO,RUBBIA÷ (AACH,CERN,TOR[) 
+LESQUOY,MULLER,PAUL(÷ (SACL+CERN+OSLO) 
÷CESTER,FITCH,STROVINK,SULAK {PRIM 
J.HIONG-SING CHAN (LBL) 
+COX,ETTLINGER,RESVANIS+ (JHU~SLAC,UCLA) 

+DRALLE,CANTBR,ENGtER,F(SK÷ (CARNTBNL,CASF) 
+ELIOFF,FIELD,FRISCH,JOHNSON,KERTH+ (LRLI 
ROLLAND JOHNSON (LRL) 
HENRY FRISCH (LRL) 
÷AKAV(A,COOMBES~DORFAN+ (ELAC~STAN{ 
J E ENSTROM (STAN~ORDI 

÷SAKITT,SKJEGGESTAD,CANTER÷ (BNL,CARN,CASE) 
+MONTANET,PAUL,PAULI÷ (CERN+SACL÷OSLO{ 
÷MANN,HERTZBACH,KOFLER + (MASA÷BNL+YALE} 
+EVANS,MUIR,BUDAGOV,HOPKINS+ (EDIN,CERN) 

+WOLFF,CHOLLET,GAILtARD,JANE+ (ORSA,CE~N) 
+SOLMITZ,CBAWFORD,ALSTON-GARNJOST (LRL) 
WEBBER,SOLHITZ,C~AWFCRD,ALSTONGAONJOST(L~L) 
B R WEEPER (LRL) 
+CHOLLET,BEPPLLIN,BAILLAR~+ (ORSA,CERNJ 

+ASTON,BARBER,B(RD,ELLISON+ (MCHSeOARE) 
÷BRDWN.MASEK,MAONG,M(LLEB,RUDERHANe (UCSO) 
+CR~NIN,HOFFHAN,KNAPP,SHOCHET (PRINCETON) 
+CRONIN,HOFFMAN,KNAFPoSHOCHET (PRINCETON) 
÷DAVIDENKO,DEMIDOV,DOLGOLENKO+ ((TEE) 
+BARYLOV,OAVIDENBOtDEMIDOV÷ (ITEP) 
÷LESQUOY,MULLEB,PAULI~+ (SACL+CERN÷OSLC) 
+CESTER,FITCH,STROVINK,SULAK (PRINCETONI 

÷[NNOCENTI,SEPPI,CHIBN,COX+ {SLAC÷JHU÷UCLA) 

+ABASHIAN,JONES,MANTSCH,ORR+ (ILL÷NBAS) 
÷RAOERMACHER,STAUDE+ (AACH+CERN+TORI) 
+MONTANEF,PAOL,SAETRB+ {CERN÷SACL÷OSLD[ 
÷HOPK{NS,EVANS,MUIR,PEACH (AACH+CERN+EDIH{ 

+KOFLEP,MEISNER,HERYZBACH÷ (MASA+BNL÷YALE) 
÷ABASHIAN,GPAHAM,JONES,ORR+ (ILL+NEAS) 
+NEUHOFER,NIBBERGALL÷ (CERN÷IPN+WIEN) 
÷NIEBERGALL,REBLER,STIER÷ (CERN+DRSA÷VIEN) 
+COOMBEStOONJLOSCN,DOPEAN,FRYEERGER+ (SLAC) 
+DEVLIN,ESTERLING,GOZ,BRYMAN + (RUTG,MASA) 
VOSBURGH,OEVLIN,ESIERLING,GOZ + (RUTO,MASA) 

+ASTON,BABBER~BIRO,ELLISDN÷ (MCHS÷OARE) 
ALEXANDER,BENARY,80PDWITZ,LANDE+{TELA+HEID) 
BARBIELLINI,OAPRIULA7tFA(NBERG÷ (CERN) 
8RANDENEURG,JOHNSON,LEITH,LOOS÷ (SL~C) 
÷MOOIS,NYGBEN,PUN,SCHWABTZ+ (COLU+CERN+NYU) 
CARITHERS,NYGREN*GOqOON+ (COLU+BNL÷CE~N) 

2ND.&IX(DUBNA÷BUDA÷BERL÷PRAG÷SERP÷SOFI COL.) 
DONALDSON,FRYBERGER,HITLIN,LId+ (SLAC÷UCSC) 
+MUIR,PEACH,BUDAGOV+ (EDINEURGH÷CERN) 
EVANS,GOLDEN,MUIR,PEACH+ (EOINBURGH÷CERN) 

+FRISCH,MARTIN,SMOOT,SOMPAYRAC {HIT) 
÷HEPP,JENSEN,STROVIHK,W¢BB (FRINCETON) 
R.C.WEBB {THESIS) (PRINCETON) 
÷KAMAEtPRESSER,STEFFEN, STEINBER÷(CERN+HEIO) 
÷HUTTCN,EIELD,SHARP,BtACKMORE÷ (CAVE+RHEL) 
÷BINNIE,DALLIVAN,GOMEZ,PECK,SC(ULLI + (CITI 
SCIULLI,GALLIVAN,BINNIE,GDMEZ + {CIT) 

÷BREWER,BUONITZ,BNTIS,GRAVEN,MILLER÷ (LBLl 
MCCARTHY,BREWER,BUDNITZ,ENTIS,GBAVEN+ (LBL) 
R.L.MCCARTHY (LBL) 
+MORSB,NAUENBERG,HITLIN + {COLO+SLAC÷UCSC) 
+BVANS,MUIR,HOPKINS,KRENZ (EDIN+CERN÷AACH) 
+SUNDERLAND,TURNER,WILLIS,KELLER (YALE÷ANL) 
+LARSEN,LEIPUNER,SAFP,SESSOMS÷ (BNL+YALB) 
+P~SVANIStPEVSNER~MADANSKY+ (JHU÷SLAC÷UCLA) 

GEWBNIGBR,GJESDAL,K~MAE,PREESER+(CERN+HEID) 
VERA LUTH (THESIS-INT. RBPT. 74-4l IHEID) 
GEWENIGER,GJESOAL,PRESSEB+ (CDRN÷HDIO)  
CALCULATED BY US. EEE NOTES IN SEC. XI8, LO. 

PAPERS NOT REFERRED TO IN DATA CARDS 

G ALEXANOBR,S ALMEIDA,F CRAWFORD (LRL) 
JOVANOVIC,FISCHER,BURRIS + (BNL+MARYLAND) 
ETERN,BINFORD,LIND,ANDERSON + (WISC+LRL) 
BEHR,ERISSON,BELLOTTI+ (EPOL,MILA,PADO) 
MESTV(RISHVILhNYAGU,PETROV,RUSAKOV+ (JINR) 
GEORGE H TRILLING ( LPL )  
CONF. ,  PAGE 115. 
EDWARD S GINSBERG IU* MASS 80STON) 

C.RUBBIAoJ.STEINBERGER (CERN+COLUI 
ALFF-STEINBERGER,HEUER,KLEINKNECHT÷ (CEPN) 
ALFF-STEINBERGER,HEUER,KLEINKNECHT÷ (CERN} 
C.RUBBIA,J.STEINBERGER (CERN+COLU) 
P. SCHMIOT (COLUMBIA) 
CRONIN.RAPPORTEURS T A L K  )PRINCETON) 
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Data Card Listings 
For notation, see key at front of  Listings. 

BECHERRE 7O PR 01 1652 T EECHERRAWY IROCH) 
GINSEERG 70 PR Ol 229 E S GINSBERG ( l I T  HAIFA) 
HEUSSE 7O LNC 3 469 +AUBERT,PASCAUD,VIALLE (ORSAY) 
GINSB~RO 73 RR 08 3887 E S GINSBERG, J SMITH (MIT+STON) 

16 ETA (569,JPG=O-+) Iffi0 

FOR C. BALTAY'S REVIEW 0¢ THE ETA MESON, SEE PROC. UNIV. OF PENN. 
CONf. 9N MESON SPECTROSCOPY (W.A.BENJAMIN. N.Y., 196B) 

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

14 ETA MASS (MEVI 

M 53 569.0 1.2 BASTIEN 62 HBC 
N 35 5 6 6 . 0  6 . 0  PICKUP 62 HEC 
M 91 5 4 8 . 0  1.0 ALFF 62 HBC 
N 549.3 2 .9  OELCOURT 63 CNTR 
M 168 569.0 O.T FOELSCHE 66 HEC 
M 325  552.0 3.0 KRAEMER 64 OBC 
M 548.2 0.65 FOSTER3 65 HBC 
M 250 555.0 2.0 JAMES 66  HBC 
M . . . . . . . . .  
N AVG 568.82 0.56 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6) 

(SEE IDEOGRAM BELOW ) 

7166 
6 / 6 6  

W E I 6 H T E D  R U E R R 6 E  = 5 4 8 . 8 2  * O . S 6  

ERRDR SCRLED BY 1 . 4  

1 " ' ' d R i E S  

. . . . .  F O S T E R 3  

s , o  s ,s  s~o s~s s~0 sis 
ETR MRSS ( n E U )  

C H Z S g  

6 6  HBC 9 . 6  
6 5  HBC 0 . 9  

6 4  DBC 1 . 1  

• F D E L S C H E  6 4  HBC 0 . 1  

. . . . . . . . .  DELCDURT 6 3  CNTR 0 , 0  
. . . . . . . . .  R L F F  6 2  HBC 0 . ?  

. . . . . . . . .  P I C K U P  6 2  HBC 

. . . . . . . . .  B R S T I E H  6 2  HBC 0 . 0  

$ 2 . 4  

I C D N L E U  
= O . O S 4 }  

16 ETA WIDTH (NEVI 

W 9L (10.0) OR LESS ALFF 62 HEC 
w 148 ( lO .O)  OR LESS FOELSCHE 66 HBC 
W 31 (L2.0) OR LESS JAMES 66 HBC 
w (6.0) OR LESS BALTAY 66 DBC 
W ( .9 )  OR LESS CL=.9S JONES 66 CNTR 

ALSO SEE ETA DECAY RATES (BELOW). 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . .  

14 ETA PARTIAL OECAY MODES 

Pl OECAY MASSES 
P2 O+ 0 
PB 136÷ 136+ 136 
P4 139+ 139÷ 136 
P5 139+ 139+ 0 
P6 136+ .5+ .5  
P7 139+ 139+ • 5+ .5  
P8 134+ O+ 0 
P9 .B÷ .S+ 0 
PLO 136+ 136+ 0 
P l l  139+ 139+ 136+ 0 
PlB 139+ 139+ O+ 0 
PIE 105÷ 105 
PI6 I05+ 105+ 0 
RI5 105+ 105+ 1)6 

139+ 139 

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

FITTED PARTIAL DECAY MODE BRANCH/NO FRACTION,r, 

T h e  m a t r i x  be low  is d e r i v e d  f r o m  t h e  e r r o r  ~ t r J x  Eor the f i t t e d  p a r t i a l  d e c a y  m o d e  

b r a n c h i n g  f r a c t i o n s ,  P i"  a e  fo l l ows :  T h e  d i a g o n a l  e l e m e n t l  a r e  P i  ~ 5P i ,  w h e r e  

6 P  i = ~ w h i l e  t h e  o f f - d i a g o n a l  e l e m e n t s  a r e  t h e  n o r m a l i z e d  c o r r e l a t i o n  c o e f f i -  

c i e n t s  ( S P i B p j ) / ( B p  i . 6P j ) .  F o r  t h e  d e f i n i t i o n s  of  t h e  i n d i v i d u a l  P i '  s e e  t h e  l i s t i n g s  

above; o n l y  those P i  a p p e a r i n g  i n  t h e  ~ t r i x  a r e  a s s u m e d  in  the f i t  t o  be  n o n z e r o  a n d  
a r e  t h u s  c o n l t r a i n e d  to  add  t o  I .  

P I P 2 P 3 R 6 P 7 
P 1 .3800+- .0098  
P 2 - . 2753  .3000+- .0107  
P 3 - . 3 3 7 8  - . 2 l O B  -2391+- .0056  
P 4 - . 2976  - .  1878 .8103 .0496+"  .0013 
P T -.6163 -. 5961 - . 0 9 6 2  -.0797 .0313+- .0111 

ETA INTO 2GAMMA 
ETA INTO 3RIO 
ETA INTO RE+ P l -  PIO 
ETA INTO PI÷ RI -  GAMMA 
ETA INTO E÷ E- RIO (VIOLATES C IN E .N . I . I  
ETA INTO E÷ E- RE+ RI -  
ETA INTO PIO 2GANNA 
ETA INTO E+ E- GAMMA 
ETA INTO 2PlO GAMMA (VIOLATES C) 
ETA INTO RI+ P l -  PlO GAMMA 
ETA INTO PI÷ P l -  2GAMMA 
ETA INTO NU+ NU- 
ETA INTO NU+ NU- GAMMA 
~7A INTO MU+ NU- RIO 
ETA INTO RI+ Pl -  

6166 
7166 
8 /67 

Stable Particles 

16 ETA DECAY RATES 

WI ETA INTO 2GANMA (UNITS KEVI (Gl l  
Wl ( 0 .93 )  ( 0 . 2 )  BEMPORAD 67 CNTR PRIMAKOFF EFFECT 11167 

N o t e  on E t a  W i d t h  

The  a b o v e  v a l u e  f o r  F a s s u m e s  t h a t  F /F+ 
¥y __¥~otal 

= 31.4~a However, the results of that experiment 
m a y  be  s t a t e d  m o r e  g e n e r a l l y  t h a n  i s  g i v e n  i n  t h e  

p a p e r ,  a s  F 

F X ~ = 0.380 ± 0 .083  k e V  
YY " t o t a l  

(private communication f rom C. Bemporad). Thus 
o u r  n e w  v a l u e  of  

__I~yy/l=t°ta I = 38.0 * 1.0% 

would give 

F = 1.00 • 0.Z2 keV 
¥Y 

and 

l"total = 2.63 q- 0.58 keV. 

See G. Benfatto, "Coherent Nuclear Photoproduc- 

tion of the *]-meson, " Nuovo Cimento 69A, 109 (1970) 

f o r  a c r i t i q u e  of  this t e c h n i q u e .  

I6  ETA BRANCHING RATIOS 

R1 ETA INTO NEUTRALS/CHARGED (RI+R2+P7)/(P3+RA) 
RI N IO ( 2 . 5 )  ( 1 . 0 )  PICKUP 62 HBC 
81 N 53 ( 3 . 2 0 )  ( [ . 2 b l  BASTIEN 62 HBC 
RI N ( 2 . 7 )  (O.E) SHAFER 62 HBC 
RI 2 .6  .9 BUSCHBECK 63 HBC 
81 N 280 ( 6 . 5 }  ( l . O )  JAMES 66 HBC 
81 N THESE EXPERIMENTS HAVE NOT BEEN USED IN COMPUTING THE AVERAGES 
R1 N AS THEY WERE UNABLE TO SEPARATE CLEARLY PARTIAL NODES (3 )  AND (4) 
Ol N FROM EACH OTHER. THE RP~ORTED VALUES THUS PROBABLY CONTAIN 
R1 N SORE (UNKNOWN) FRACTION OF NODE ( 6 ) .  
RI  2.66 0 .23 6ALTAYZ 67 DBC 
RI 
RE AVD 2.66 0.22 AVERAGE (ERROR INCLUDES SCALE FACTOR OF (.Of 
81 FIT 2.664 O.OBO FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

R2 ETA INTO 2GAMMA/CHARGED (P l ) / (PB+RA)  
B3 0.99 0.68 CRAWFORD 63 HBC 
R2 . . . . . . . . .  
R2 ~IT 1.316 0.053 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l . I )  

7166 
6 /66 

Note on ~] -* ~r ° ~/-/ 

The discrepancies between various measurements 

of branching ratios involving ~-~ ~r°~/~/ are displayed 

in the ideogram below, in which all relevant experi- 

ments have been converted to a common ratio, 

~°~/~//neutrals. Our branching ratio fit does not in- 

clude DIGIUGNO 66, FELDMAN 67 or the upper 

limit measurements. See page 43 of " Review of 

Particle Properties", .Physics Letters 39B I No. I 

(197Z) for more discussion. 
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Stable Particles Data Card Listings 
For notation, see key at front of Listings. 

~3 
R3 S 
R3 
R3 
R3 
R3 
R3 R 
~3 S 
RB E 
R3 
R8 
R3 
R? n 
R3 R 
"3 E 
R3 E 
R3 E 
R5 
R3 
R3 

~6 
R4 
R6 
R* 
~4 
R4 
R6 
R4 
R4 
R4 
R4 
RR 
R4 
R4 
P4 

R5 
R5 
R5 
~5 
R5 
R5 
~5 

R6 
R6 
R6 
R6 
R6 
R6 
R6 AVG 
R6 EIT 

WEIGHTED RUERRGE = 0 . 0 6 1  ± 0 . 0 3 1  

ERROR SCALED BY 2 . 3  

. . . . . . . . . . . . . .  S C H M I T T  ? 0  OSPK 

. . . . . . . . . . .  K A N D F S K Y  7 0  OSPK 

~--II' . . . . . . . . . . . . .  DEUDNS 7 0  OSPK 

I 1 " - + - -  . . . . . . . . . . .  COX 7 0  HBC 

/ -F~ .  . . . . . . . . . . . . .  BUTTRArl 70 OSPK 

- ~  . . . . . . . . . . . . .  JACQUET ~9 HLBC 

I ~ " ~  . . . . . . . .  FEL DMI:IN 6 7  DSPK 

- 7 ~  . . . . . . . . . . . . .  BRLTAY1 6 7  DEC 

/' I\ . . . . . . . . . . .  U A H L I G  6 6  OSPK 

/ I ~ . . . . .  GRUNHAUS 6 6  nSPK 

. . . .  D I G I U G N O  6 6  ONTR 

- 0 . 2  0 .0  0 .2  OL4 0 .6  0 :8  

ETA B .R ,  INTO {P IO  2GArIMA)/NEUTRALS 

C H I S Q  

0 . 9  

0 . 0  

2 . 3  

I ° G  

3 . 4  

0 . 6  

1 3 . 4  

O . B  

4 . 4  

1 9 , 0  

4 6 . 4  

[ C O N L E U  
=0 .000 )  

ETA INTO (FIG 20AMNA)INEUTRALE (PT) I (PI+P2+PT) 
10.375) ( 0 . 072 )  DIGIUONO 66 CNTR ERROR OOUBLED 6/66 

THE ERRORS OF OIGIUGNO+ bb HAVE EEEN INCREASED EY A FACTOR 
OF TWO, TO TAKE INTO ACCOUNT POSSIBLE SYSTEMATIC ERRORS, AS 
SUGGESTSO BY THE AUTHORS, 

• 27 . l O  GRUNHAUS 66 DSPK 8167 
( . 028 (  ( . 0 4 4 l  BUNIATOV 67 OSPK 11/67 
( . 244 )  ( . 0 5 l  FELDMAN 67 OSPK 8/67 

SEE THE NOTE ON ETA DECAY INTO NEUTRALS ABOVE, 
• 026 ,019 BUTTRAN 70 OSPK 12/70 
• 122 .052 .064 COX 70 HBC 6 /70  

( .07) OR LESE CL=.90 OEVONS 70 OSPR 12170 
16 .Ol6  .047 SCHMITT 70 OSPK 12/70 
SCHMITT 70 IS A REANALYSIS BUNIATOV 67 

(0.111 ( 0 . 0 3 )  ETRUGALSK 71HL8C 5171 
THIS MEASUREMENT HAL BEEN EXCLUOED BECAUSE THE ERROR APPEARS 2171 
TO 3E SERIOUSLY UNDERESTIMATED. 2/71 

AVG 0.042 0.023 AVERAGE (ERRD~ INCLUDES SCALE FACTOR OF 1.4) 
FIT 0.044 0,016 FROM FIT IERPDR INCLUDES SCALE FACTOR OF 1.2)  

CTA INTO (P I÷  P I -  GAMMA)I{PI+ P I -  RIO) {P4)/(P3) 
0.14 O.OB FOELSCHE 64 HBC 

M 24 (0.731 (0.25] PAUL( 64 08C 
M THIS EXPERIMENT HAS NOT BEEN INCLUDED IN THE AVERAGES SINCE IT IS 
M NOT CLEAR THAT THEIR CLASS B EVENTS ARE ACTUALLY FROM ETAS. 

0.30 O*Ob CRAWFORO 66 HEC 6166 
• 10 .10 KRAEMER 64 OBC 7/66 
,196 .041 FOSTER3 6S HBC 7166 
• 25 .035 LITCHFIFL 67 08C 8/67 

0.28 0 .04 BALTAY2 67 GBC 11/67 
7250 .201 .006 GORMLEY 70 ASPK 6/70 

IBK 0.209 0 .006 THALER 73 AEPK 6 /73*  

AVG 0.2074 0.0037 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .  I I  
FIT 0.2078 0.0033 FROM FIT (ERROR INCLUDEE ECALE FACTOR OF 1.0)  

ETA INTO (3PIO) + 213(PIO 2GAMNA)/ PI+Pl -P IO (P2+2/3P7) /P3 
0.83 0.32 CRAWFORO 63 HBC 7/66 
2 .0  1.0 ¢OELSCHE 64 HBC 7/66 
0.90 0 .24 FOSTER1 bS H8C 7 1 b b  

AVG 0.91 0.18 AVERAGE (ERROR INCLUDES SC&LE FACTOR OF 1.0)  
FIT 1,3~2 0.058 FROM FIT (ERRO R INCLUDES SCALE FACTOR OF ! . l )  

ETA INTO 3PIOI2GAMMA (P2 ) l (P l )  
( . 9 0 (  OR MORE CHRET1EN 62 PBC 

8ALTAY1 67 DEC 0,88 0.16 11/67 
l , l  0 .2 CENDE 6T OSPK 1/68 
0.7B 0 .09 DEVONS 70 OSPK 12170 

0.824 O,OBB AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2l  
0.79~ 0.039 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I , L )  

(SEE IDEOGRAM BELOW ) 

WEIGHTED f lUERAGE = 0 . 8 2 4  * 0 . 0 8 5  
ERROR SCRLED BY 1 . 2  

0 . 4  

••::OEVONS .CEHCE 

I . . . . . . .  B R L T R Y 1  

0 .8  I .'2 1.6 
ETR I N T O  ( 3 P I O ] / ( 2 6 R M n R )  

CHI"SQ 
7 0  DSPK 0 . ?  

6 7  OSPK 1 . 9  

6 7  DBC 0 , ~ .  

2 . 7  

( C D H L E U  
= 0 . 2 6 9 )  

R7 BTA INTO 2GAMMAIIPI+ Pl-- POI (RE)liP31 
RT 1.61 0.39 FOSTER1 65 HBC 
R7 601 1.72 .25 BAGLIN 69 HLBC 7/69 
R7 
R7 AVG 1.69 0.21 AVERAGE (ERROR INCLUOES SCALE FACTOR OF 1.0) 
R7 FIT 1.589 0,064 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I . I )  

RB ETA INTO NEUTRAL/(PI÷ PI -  PIOI (PI+P2+PTI I IP3)  
RB SO 3.b  0 .8  KRAEMER o4 D8C 
RB 3.8 I.i PAULI 64 DEC 7/66 
RB B.89 0.56 ALFF-STEI 66 HBC 8/bb 
RB 844 3.G 0 .6  FLATTE2 67 HBC 1/68 
R8 29 3.4 l . l  AGUILAR-B 72 HBC 11/72 
RB B 70 2.83 O.BO 8LOODWDRT 72 HBC 11178 
R8 B ERROR INCREASED FROM PUBLISHED VALUE 0.5 BY BLOODWDPTH, PRIV. COMM. 1173 
RB . . . . . . . . .  
R8 AVG 3.28 0.31 AVERAGE (ERROR INCLUDEE SCALE FACTOR OF l.O) 
QB FIT 2.97S 0.097 FRCM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)  

P9 ETA INTO (E+E-PIOII(PI÷PI-PlO) (UNITS I 0 " * - 2 )  ( P E ) / ( P 3 )  
RO 1 . I  OR LESS PRICE 65 HBC 
R9 0 0.77 DR LESS FOETER2 65 HBC 
R9 .42 OR LESS CL=,9O 8AOLIN1 67 HL8C 8/67 
R9 0 .16 OR LESS CL=.90 BILLING 67 HLBC 11167 

RIO ETA INTO [E+E-PI+PI-)/TOTAL {UNITE l O * * - 2 l  {P6) 
RIO ( 0 . 7 )  OR LESS RITTENBER 65 HBC 6/66 

Rl1 ETA INTO (E+E-PI+PI-)/(PI÷PI-GANMA) (PG)/(P4) 
R I I  I 0.026 0,026 GROSSMAN 66 HEC 6/66 

HI2 ETA INTO 2 GAMMA/NEUTRALS (PI)/[PI+PB+PT) 
RIZ S (0.616) (0,044) OlGIUGNO 66 CNTR ERROR DOUBLED 6166 
HI2 .4~ .07 GRUNHAUS 66 OSPK S/67 
Rt2 S (,579l ( . 0 5 8 )  FELOHAN 67 DSPK 8167 
RI2 E SEE THE NOTE ON ETA DECAY INTO NEUTRALS ABOVE, 
RI2 T ( 0 . 3 9 ]  ( 0 ,06 )  JONES 66 CNTR 8/67 
RI2 T THIS RESULT FROM COMBINING CROSS SECTIONS FROM TWO DIFFERENT EXPTS. 
R12 .59 .033 8UNIATOV 67 OSPK 11/67 
R12 ,535 .018 BUTTRAM TO OSPK 12/70 
HI2 .486 .036 COX 70 HBC 6170 
R12 0.57 0,09 STRUGALSK 71HLBC 5171 
R12 . . . . . . . . .  
RI2 AVG 0.535 0,018 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 
R12 FIT 0.534 0.013 FROM FIT (ERROR INCLUDES SCALE FACTOq OF 1.2) 

(SEE IDEOGRAM BELOW i 

WEIGHTED RUERR6E = 0 . 5 3 5  • 0 . 0 1 8  
ERROR SCRLED OY 1 . 3  

j _ _ ~ . .  " ' . S T R U G A L S K  ?1  HLBC 

• • "COX ? 0  HBC 
/ i -  ~ . . . . .  8UT,RRn 7oospK 

/ I ~ . . . .  8UNZRTOU 87 osPK 
S6 OSPK 

0 . 3  0 . 4  0 . 6  0 . 6  0 . 7  

ETR INTO ( 2  G R M M R } / N E U T R R L S  

CHISQ 
0 . 2  
1 . B  
O . O  

2 . 0  
1 . B  
6 . 6  

[ C O N L E U  
0 .8  = 0  . tOT )  

R13 ETA INTO 5RIOINEUTRALS (P2)I(PI+PZ+P7) 
RI3 S (0.209) (0.054) DIGIUGNO 66 CNTR ERROR OOUBLEO 5/bb 
R13 R (.29) ( . i 0 ]  GRUNHAUS 66 OSPK 8167 
RI3 S ( .1771 (.035) FELDNAN 67 OSPK 8167 
HI3 S SEE THE NOTE ON ETA DECAY INTO NEUTRALS ABOVE, 
RL3 .RE .033 BUNIATOV 67 OSPK I~167 
RI3 R REDUNDANT INFORMATION FROM THIS EXPERIMENT. 
RE3 Q (.439) 1,024) BUTTRAN TO OSPK 12/70 
RI3 .392 .042 COX 70 HBC 6 /70  
RIB 0.52 0.00 STRUGALSK 71 HLBC E/71 
R13 . . . . . . . . .  
HI3 AVO 0.397 0.028 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.0) 
HI3 FIT 0.422 0,015 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1l 

R16 ETA INTO RIO (Z GAMMA)/2GAMMA (P7) / (P l ]  
RI4 (.51 OR LEER EL=.90 WAHLIG 66 SRRK 7166 
~14 0,0 0.14 8ALTAV1 67 DBC 11/67 
HI4 P {0.051 ( 0 . 0 4 I  80NAMY 67 SPRK PRELIMINARY REEULT i i167 
RI4 . . . . . . . . .  
~14 FIT 0.082 0.030 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2) 

ETA INTO (E+E-PIOI/TOTAL (UNITS 10=* -2 )  [PSI 
(0.7) OR LESS RITTENB~R bE HOE 6/66 
(O.O8410R LESS CL=.90 BRZIN 68 08C 6/68 

ETA INTO 2GAMMAI(SPIO + PIO 2GAMMAI [P I ) / (P2+P71 
0.80 .25 8ACCI 63 CNTR 71bb 

FIT 1.147 0.060 FROH FIT (ERROR INCLUDES SCALE FACTOR OF 1.2) 

R15 

RIB 

R16 
RIG 
R16 
RIG 

PET 
HI7 
RIT 
R17 
HI7 
R1? 
R17 
~17 

HI8 
R18 
HI8 

ETA INTO (PI+PI-PIO OAMMA)I(PI+FI-PIOI (UNITS 10"*-2) 

17,0} OR LESS FLATTE 67 HBC (PIO(I(P3( 8167 
{0.9) OR LESS PRICE 67 HBC 8/67 
(1.b) OR LESS CL=.95 8ALTAY2 67 DBC 11167 
( 1 . 7 (  OR LESS CL=,90 ARNOLD 68 HLBC 9/68 

0 0 .24 oR LESS CL=.90 THALBR 73 ASPK 6173* 
0 0.0 O.LB LIMIT A8CVE RESTATED FOR AVERAGING 6/73* 

ETA INTO (P I+PI -  20AMMA)I(PI+PI-PIO) ( P l l ) l ( P 3 )  
(.O09)OR LEER PRICE 67 HBC 8167 
(,016)0R LESS CL=.95 BALTAY2 67 DBC 11167 
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Data Card Listings 
For notation, see key at front of Listings. 

RI9  ETA INTO BPIO / (P I+  PI -  RIO) (O2 I I (PS )  
RID 1 .3  . 4  BAGL INZ  67 HLBC 8 /67  
R ID  1 *47  O .20  0o17  BULLOCK 68  MLBC 9 /68  
RID 199 1 .50  . IB  . 29  BAGL IN  6 9  HLBC 7 /69  
~Iq . . . . . . . . .  
RIg AVG 1 .46  0 . I 3  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
RIg  F IT  1 .255  0 .058  FROM F IT  (ERROR INCLUDES SCALE FACTOR OF | . 1 )  

R2O ETA INTO 2GAMMAI ( (3P IO)+2 /B(P IO EGAMMAl l  (P l ) / (P2+2 /3PT)  
• 20  1 .10  O.B MULLER 63 DBC 7 /66  
R20 . . . . . . . . .  
R2O FIT I . IB4  0.058 FROM FIT (ERROR INCLUDES SCALE FACTOR OF | .2 )  

~21 FTA INTO NEUTRALS/TOTAL (P l+P2+PT)  
RZ I  .T9  . 08  BUNIATOV 67  OSPK 11 /67  
R21 [ bK  . 70B  . 008  BAS ILE  71CNTR MM SPECTROMETER 8 /71  
R2 I  . . . . .  

R2 I  AVG O.ZOB8 0.0080 AVERAGE (ERROR INCLUDES SEALE FACTOR OF Z .O)  
RBI FIT 0.7113 0 ,0067  FROM FIT (ERROR INCLUDES SCALE EACTOR OF 1 . | I  

~22 ETA INTO (RIO 2GAMMAI/TDTAL (PT) 
R2E .12 OR LESS Cl=.95 JACQUET 69 HLBC 6170 
R22 . . . . . . . . .  
R22 F IT  O ,03L  0 .011  FROM F IT  

R23 ETA INTO MU+MU-ITOTAL (UNITS ED i t - 5 )  IP l 2 )  
R23 0 2. OR LESS CL=.95 WEHMRNN 68  OSPK 4168  

R24 ETA INTO MU÷MU-P IO /TOTAL  (UN ITS  10 ,~ -4 )  IP IA )  
P24 5. OR LESS WEHMANN 68 OSPK 4168  

R25 FTA INTO MU+MU-12GAMMA (UNITS 10"*-5|  (P |Z ) / lP l )  
R2B B.g 2.2 HYAMS 69 OSPK 7/69 

R2b ETA INTO (PIO ZGAMMAII(BPIO + PlO 2GAMMA) (PT)IIPB÷P7) 
P26 N 0.1 0.3 KANOFSKY 70 OSPK 2/71 
R26 N WE HAVE CHANTED THE ~RRDR ON THIS EXPERIMENT FROM +0 .3 , - 0 . i  2171 
R26 N TO THE ABOVE +0.3 , -0 ,3  SINCE IT IS CLEAR FROM FIGURE T IN THE 2/71 
R2b N ARTICLE THAT A CENTRAL VALUE OF O.O IS ABOUT AS PROBABLE AS THE 2/71 
R26 N QUOTED VALUE OF 0.1.  2/71 
R26 . . . . . . . . .  
R26 FIT 0.094 0.032 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I *2 )  

R2T ETA INTO iRE+ P I - ) /TOTAL  (UN ITS  IO#* -2 )  (P15 )  6 / 73 *  
R27 0 ( 0 . 15 )  DR LESS THALER 73 ASOK CON. LEV. NOT GIVEN 6 /T3 *  

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

14 FTA C-NONCONSERVING DECAY PARAMETER 

RELATED TEXT SECTION V( C AND MINI-REVIEW BELOW 

A DECAY ASYMMETRY PARAMEVER FOR Ple P I -  PlO (UNITS lO~*-Bl 
A 1351 7.2 2.8 BALTAY 66  DBC 8 /66  
A 1300 5.8 3.4 CLFWY 66  HBC 81E6  
A 10665  (0 .3 )  ( t .O )  CNOPS 66 OSPK REPL BY MULLEP 69  8 /67  
A 705 - b * l  4 , 0  LARRIBE 66 HBC 8/67 
A G36800  (1 .5 )  ( . 5 )  GDRMLEY3 68  ASPK . 6 /68  
A 10709 . 3  1 . I  MULLER 69  OSPK 9 /69  
A 1138  - 1 . 4  3 .  CARPENTR 70  HEC 6 /70  
A 349  3 .2  5.4 OANBURG 70  08C 2 /71  
A L 220K  -0 .05  0 .22  LAyTER 72  ASPK 8 /72  
A L 165K 0.28 0 .26  JANEI  74 OSPK 3 /T4~  
A L ALSO REPORTS SEXTANT AND QUADRANT ASYMMETRIES. 8 /72  
A ~ GURMLEY3 68  ASYMMETRY PROBABLY DUE TO UNMEASURED (F  X B) SPK.  CH. 3 /74 *  
A ~ EFFECTS. NEW EXPTS. WITH (E X B) CONTROLS OONT DESERVE ASYMMETRY. 3/74* 
A . . . . . . . . .  
A AVG 0 . | 2  0o17 AVERAGE (EREOR INCLUOES SCALE FACTOR OF 1.0) 

ISEE IDEOGRAM BELOW ] 

WEIAHTED QUERRAE = 0 .12  • 0 . 1?  

ERROR SCRLEO BY  1 .0  

- iS  - 5  

. . . . . . . . .  JRNE% 

. . . . . . . . .  LRYTER 

' . . . .  DRNBURG 
. . . . . . . . .  CRRPENTR 

"~ULLER 

. . . . . . . . .  L f l R R I B E  
. . . .  CLP~Y  

' " - 'BRLTRY 

C H I S O  
74  DSPK 0 .4  

72  RSPK 0 .6  

7 0  OBC 
7 0  HBC 
6 9  QSPK 0 . 0  
6 6  HBC 
6 6  HBC 
6 6  DBC 

1 .0  

2S (CONLEU 
= 0 . 6 0 7 )  

ETQ INTO P I " ,P I -P IO  RSYNMETRY PRRRMETER 

B DECAY ASYMMETRY PARAMETER FOE PI+ P I -  GAMMA (UNITS 10**-2) 
B 33 - 2 .  17 .  CRRWFDRD 66  HBC 11166  
B -4 .  8 .  L ITCHF1EL  67  DOE 8 /67  
B N 1620  1 .5  2 .5  MULLER 69  OSPK 9 /69  
B N ABOVE EXPERIMENT IS SENSIT IVE  ONLY TO UPPER .4 OF GAMMA-PAY SPECTRUM 
B 7257  1 .22  1 .56  GDRMLEY 70  ASPK 6170 
E 36K 0 .5  0 .6  THALER 72 ASPK 8 /72  
8 35K 1 .2  O .b  JANE2 74 OSPK 3 /74~  
B . . . . . . . . .  
8 AVG 0 .88  0 .40  AVERAGE (ERROR INCLUDBS SCALE FAOTD~ OF L ,O )  

Stable Particles 

PEVSNER 

ALF~ 
BASTIFN 
CHEETIEN 
PICKUP 
SHAFER 

BACCI  
BUSCHBEC 
CRAWFORD 

ALSO 
DELCOURT 
MULLER 

FOELSCHE 
KPAEMER 
PAUL( 

FOSTER| 
FOSTEr2 
FOSTFR3 
PRICE 
RITTENBE 

ALFF-STF  
BALTAY 
ERAW~ORD 
DIGIUGNO 
GROSSMAN 
DRUNHRUS 
JAMES 
JONES 
WAHLIG 

BAGLINI 
BAGCIN2 
BALTAYI  
RALTAY2 
BEMPORAO 

ALSO 
BILLING 
BONAMY 
BUNIATOV 
CENCE 
FELDMAN 
FLATTE 
~LATTE2 
L ITCHF IE  
PRICE 

RRNOLD 
~Z IN  
BULLOCK 
WEHMANN 

BAGLIN 
ALSO 

HYAMS 
JACQUET 

BUTTRAM 
COX 
DEVONS 
GORMLEY 

ALSO 
KANOFSKY 
SCHMITT 

8ASILF 
STRUGALS 
AGUILAR- 
ELOODWO~ 
THALER 

61PRL  7 421 

62 PRL 9 322  
62 PRL 8 I IA  
62 PRL 9 127 
62 PRL 8 329  
6B CERN DONF 307  

6B PRL l l  37 
63 SIENA CONF l 166 
ES PRL ] 0  546  
66  ORL Lb 907  
63  PL 7 215  
63 S IENA CONF 99  

64  aR 13~ B 1138  
64  PR 136 B 496  
b4 PL 1S 3El 

65 P~ 138 B 652  
6B ATHENS 
bB THESIS 
65 PRL 15 123 
65 PRL 15 556 

66  PR 148 E072 
bb  PRL 16 1224  
66  PgL 16 333  
bb PQL Ib  767  
66  PR 140 9D3 
06  THES(S 
66  PR 142 896  
bb  PL 23 597  
66  PRL 17 221 

67 PL 248  637  
67  BAPS 12 567  
bT PRL 19 lJq5 
67  PRL 19 1408 
67  PL 25B 380 

REFERENCES FOR ETA 

PEVSNER,KRREMER,NUSSBAUM,QICHAQDSON + (JHU) 

ALFE,BERLEY,COLLEY,BRUGGEP ÷ (COLU*RUTGERSI 
BAST IEN ,BERGEtOAHL ,FERRO-LUZZ I  + ( LRL I  
CHRETIEN÷ (ERAN+BROWN+HARVARD+MIT÷PADOVA} 
E PICKUP,ROEINSON,SALANT (ENRC+BNLI  
J SHAFER,FEBRO-LUZZI,MURRAY + (UCE+LRL) 

BACChPENSOtSALVINI + (RDMA+FRAS) 
8USCHBECK-CZAPP,CDCPER ÷ (VIENNA,CERN,AMST) 
F S CRAWFDRD,LLOYD,FOWLER (LRL+OUKE} 

S CRAWFCRD,L LLOYO,E  FOWLER [LRL+DU~E)  
DELCOURT,LEFRANCOIS,PEREZ Y JDEflA+ (ORSAY) 
MULLER,PAUL( + (SACL+ROMA( 

H W FDELSCHE,H L KRAYBILL (YALE) 
KRAEMER,MADANSKY,FIELDS + (JHU÷NWES÷WOOD) 
E PAULI,A MULLER (SACLAYI 

FOSTERtPETERS,MEER,LOEFFLER + (NISC÷PURDUE} 
FDSTER,GOOD,MECR (WISCONSIN) 
M.C.EOSTER (WISCONSIN( 
L.R.PRICE,F.S.CRAWFORD (LRL) 
RITTENBERG,KALBFLEISEH (LRL+BNLI 

ALFF-STEINBFRGER,BERLEY÷ (COLUMBIA÷RUTGERSI 
÷FRANZINI,KIMtKIRSCH+(COLUMEIA+STONY BROOK) 
F.S.CRAWFORO,L.R.PRICE ILRL) 
OIGIUGNO,GIORGI,SILVESTRI÷ (NAPL,TQST,FQASI 
R GROSSMAN,L PRICE,F CRAWFORO (LRL) 
J.GRUNHAUS (COLUMBIA] 
P E JAMES,H L K~AYBILL (YALE÷BNL) 
JONEE,BINNIE,OUANE,HOREEY,MASON,(LDIC,RHELI 
WAHLIG~SHIBATA,MANNELLI (MIT÷PISA) 

BAGLIN,REZAGUET,DEGRANGE,÷ (E~OL+UCB] 
BAGL IN ,BEZAGUET,DEGRANGE,÷  {BPOL+UCE) 
BALTAYtFRANZINI,KIMtNEWMAN÷ (COLUeBRAN) 
BALTAY,FRANZINI,KIM,NEWMAN~ (COLU÷STON) 
BFMOORAD,BRACCINI,FOA,LUBELSmEY+[PISA,BONNI 

87 PL 258 435 
67 HEIDELBERG CONF. 
67 PL 258 560 
67 PRL 19 1393 
67  PRL ~B 868  
07  PRL 18 ~76  
6T PR 163 1441 
67  PL 248 4Bb 
67  PRL 18 1207  

68  PL 278  466  
68 PRL 20 898  
E8 PL 278 402  
6B PRL 20 788  

69 PL 29R 465  
70  NP B22 bb 
69  PL 298  ] 28  
69  NC 58 743  

70  PRL 85 1358  
70 PRL 24  534  
70  PR D I  1930  
70 PR 02 501 
70 NEVIS IBI(THESIS) 
?0 NC 88 413 
70 PL 32B 6B8 

71NC 3A 796  
7 t  NP 827  429  
72 PR D6 29 
72 NP 839  525  
73 PR D7 256g 

BILLING,BULLDCKtESTEN,OOVBN,÷ (LOUC,CXF) 
BDNAMY,SONDEREGGER (SACLAY) 
BUNIATOV~ZAVATTINI,DEINET~÷ (CERN+KARL) 
CENCE,PETEESON,STENGER,EHIU~ (HAWAII+L~L) 
FELDMANtFRAT I ,GLEESON,HALPEPN,~  (PENNI  
S.M.ELATTE (LRL) 
S.M.FLATTE AND C.G.WDHL (LRL) 
LITCMFIELO,RANGAN,SEGAR,SMITH+(RHEL+SACLAYI 
L.R.PRICE,F.S.CRAWFORD (LRL} 

÷aATY,BAGLIN,BINGHAM÷ (STRB+MADR÷EPOL÷UCB) 
BAZIN,GDSHAW,ZACHER,÷ (RqINCETDN,QUEENS) 
÷ESTEN,FLEMINGtGDVANtHENOEREON,DWEN+ (LOUCI 
WEHMANN,ENGELS,* (HARV+CASE*SLAC+CORN+MCGI) 

EAOLIN,BEZAGUET,+ (EPOL,UCfi,MADR,STRB) 
÷BEZAGUET,DEGRANGS,MUSEET ÷(EPDL,MADR,STRB) 
HYAMS,KOCH,POTTER,VON LINDERN,÷ (CERN,MPIM] 
JACQUET,NGUYEN-KHAC,HAATUFT+ (EPDt,BERG) 

÷KREISLER,MISEHKE (PRIN) 
COX,FORTNEY,OOLSON (DUKE( 
÷GRUNHAUS,KOZLOWSKI,NEMETHY ÷ {COLU,SYRAI 
GDRMLEY,HYMAN,LEE,NASH,PEOPLES* ICOLU÷BNL) 
MICHAEL GORMLEY (C~LUI 
A. KANOFSKY (LEHI} 
+BUNIATOV,ZAVATTINI,DEIN~T÷ (CERN,KARLI 

+BDLLINI,DALPIAZtFRABFTTI÷ (CERN,BGNA,STRR) 
÷CHUVILO,GEMESY,IVANOVSKAYA+ (JINR} 
AGUILAR-BENITBZ,CHUNG,EISNER,SAMIDS (BNLJ 
ELOODWORTHtJACKSON,PRENTICE,YDON (TORONTO( 
÷APPEL,KOTLFWSKI,LAYTER,LEE,STEIN (COLU) 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS 

BASTIEN 62 PRL 8 114 BASTIEN,BERGE,DAHL,FERRO-LUZZI,MILLER÷(LRLJ 
CAPMONY 62 PRL B I17 D CARMONY,A ROSENFELO,VAN DE WALLE (LRLI 
RDSENFffL 62 PRL 8 293 A ROSENEELD,D EARMONY,VAN DE WALLE {LRL} 

REFF~ENCES ON ETA ASYMMETRY PARAMETERS 

BALTAY bb  PRL L6 1224 
DNDPS 66  PL 22 546 
CRAWFORD 66  PRL 16 33B 
CLPWY 66 PR 149 10A4  
LARRIBE 66 PL 23 600 

BOWEN 67 PL 248 206 
LITCHFIE 67 PL 248 486 
GORMLEY8 68  PRL 21 402 
MULLER 69 THESIS 
CARPENT~ 70 PR D I  1303 
OANBURG 70  PR D2 2564  
LAYTER 72 PRL 29 316  
THALER 72 PRL 29 313 
JANEI  74 PL 48E 260  
JANE2 74 PL 488  265 

rP1  16 PROTON (938 , J=1 /2 )  I =1 /2  

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

16 PROTON MASS (MEV) 

M I938 .256 )  (O .OOB)  COHEN 65  RVUE 
M 1938.2592) (0.0052l TAYLOR 69 BVUE USING NEW EIH  
M 938 .2790  0 .0027  COHEN 73 ~VUE 

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

16 PROTON MEAN L IFE  (UN ITS  10 "~26  YRI  

T ( .OOO001)OR MORE GDLDHABE B~ TH 232 FISS.MODE INOEPEN 
T (O.OOE)OR MORE FLEROV 87 TH 232 ~ISS.MDDE INGEPEN 
T B ( I . 5 )  OR MORE 8ACKENSTO 60 CNTR 
T B ( 60 .0 )  OR MORE KROPP 68 CNTR 
T (200.0) OR MORE GURR bT CNTR PEP. ON DECAY MDOE 
T B KROPP AND BACKENSTOSS SENSITIVE TO PARTICULAR DECAY MODES OF RROT 

BALTAY,FRANZINI,KIM,K]RSCH+ ICOLU÷STCNI 
CNOPS,FINDCCHI&RS,LASSALLff,(CE~N,ETHZ,S~CL) 
F.S.CRAWFORDeL.R.PR(CE ( L~L )  
COLUMBIA,LRL,PURDUE,WISCONSIN,YALE 
LARRIBE,LEVEQUE,MULLER,PAULI,÷ (SACL+RHEL) 

BOWEN,CNOPS ,FINOCCHIARO,÷ KCERN+ETHZ÷SACLI 
LITCHFIBLD,EANUAN,SFGAP,BMITH÷(QHEL+SACLAY) 
GORMLEY,HYMAN,LEE,NASH,PEOPLES+ (COLU+BNLI  
ARMAND MULLER (STRB] 
CARPENTER,BINKLEY,EHAPMAN,COX,DAGAN* (DUKE}  
÷ABOLINS~DAHL,DAVIES,HOCH,KIRZ,+ ILRL) 
+APPEL ,KOTLEWSKI tLEE ,STE IN ,THALER (COLU) 
~APPEL ,KOTLEWSKI *LAYTER,LEE ,STE IN  (COLU]  
÷JONES~LIPMAN,OWEN,PENNEY÷ [RHEL÷LOWC÷SUSSI 
+JONES,LIPMAN,OWEN,PENNEY÷ (RHEL÷LOWC+SUSSI 

7166 
7/70 
3174 "  
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Stable Particles 
p, n, A 

Data Card Listings 
For notation, see key at front of Listings. 

16 PROTON MAGNET. MOMENT(E/2MP) 

MM ( 2 . 792763 ) ( . 000030 )  COHEN 65 RVUE 
MM ( 2 .T92782 l [ ° 000017 )  TAYLOR b9 ~VUE USING NEN EIH 7170 
MM 2*7928456 .0000011  COHEN 73 RVUE 3174"  

. . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

lb ANTIPROTDM MAGNETIC MOMENT (EI2MP) 

MMI - 2 . 83  O.iO FOX 72 11172 

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

[ 6  PROTON ELECTRIC DIPOLE MOMENT )UNITS 10 " * -23  E CM) 
NONZERO VALUE IMPLIES VIOLATION OF T AND P IN EM INTERACTION 

EDM IG 700. 900. HARRISON 59 MBR 10169 

REFERENCES FOR PBOTON 

GOLDHAEE 56 PR 96 1157 FNOTE2 GOLDHABER,F REINES÷ ILOS ALAMOS,8NLI 
FLEROV 57 SDV PHYS DOK 3 79 FLEROV,KLOCHKOVvSKOBKIN,TERENTEV )USSRI 
BACKENST 60 NC 16 749 BACKENSTOSS,FRAUFNFELOER,HVAMS ÷ (CERN) 
BUTTON 62 PR 127 1297 J BUTTON,B MAGLIC (LBL)  
COHEN 6S RMP 37 537 ÷DUMOND (N.AMERoAVIATION SCIENCE CENT. ,C IT )  
KROPP bB PR 137 8 740 W R KBDPR~F REINES )CASE INST TECHNOLOGY) 
GURB 67 PR IF8 1321  GURR,KROPP.REINFS,MEYER (CASE,JOHANNESBURG) 
HARRISON 69 PRL 22 1263  HARRISON,SANOABS,WRIGHT (CLARENDON OXFORO) 
TAYLOR 89 RMP 41 375 +PARKER.LANGENBERG (PRIN+UCI÷PENN) 
F~X 72 PRL 29 19~ FOX,8ARNES.EISENSTEIN+ (CARN+VPI+WILL÷WYDMI 
COHEN 73 J.PHYS.CHEM°REF.OATA 2. P.663. E.R°COHEN,B.N.TAYLOR 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * . * * * *  * * * * * * * * *  * * * * * * * *  

F ~  17 NEUTRON (939 , J= [ / 2 )  t =1 /2  

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

17 NEUTRON MASS (MEV) 

M T (939.5527) (0.0052) TAYLOR 69 RVUE USING NEW EIH 7•70 
M T 939.$731 0 .0027  COHEN 73 RVUE 3 /74 *  
M T THESE DBTBRMIMATIONS OF NEUTRON MASS NOT INDEPENDENT OF 7170 
M T NEUTRON-P~OTON MABS DIFFERENCE MEASUREMENTS BELOW. 7 /T0  

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

17 )NEUTRON) - )PROTON) MASS DIFFERENCE (HEY) 

D M (1.29344I(0.00007) MATTAUCH 65 PVUE 3171 
D 1 .293428  0 .000034  COHEN 74 RVUE 3 /74 "  
0 M WE HAVE CONVERTED MATTAUCH NEUTRON-HYDqOGEN MASS DIFFERENCE TO 3 /71  
D M NEUTRON-PROTON MASS DIFFERENCE USING CU~RENT VALUE OF ELECTRON MASS 3171 
D M AND A HYDROGEN BINDING ENERGY DF [3*6 EV. 3171 

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

17 NEUTRON MAGNETIC MOMENT IMAGNETONS,938.2 MEV) 

~M -1.913148 O.OOOObb COHEN 86 RVUB 7•66 

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

17 NEUTBON ELECTRIC DIPOLE MOMENT (UNITS 10$* -23  E OR) 
TEST OR CR OR T VIOLATION IN THE EM INTERACTION 

EOM (5 . )  OR LESS BAI~D 69 MBB INCLUDED IN DRESS73 10169 
EDM 0.32 0.75 DRESS 73 MBR .LT.10**-23 CL=.80 6173. 

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

1T NEUTRON MEAN L IFE )UNITS 10 " ' 3  SEC] 

THE MEASUREMENT OF THE NBUTRON NBAN LIFB BY SOSNDVSKII 59 HAS 
BEEN DISCARDED SINCE I .  IT DISAGREES WITH THE BETTER AND MORE 
RECENT RESULT OF CHRIBTENSEN 67 .  2 .  THE VALUE OF GA/GV DE- 
RIVED FROM THE NEW VALUE OF THE MEAN L IFE AGREES WELL WITH THE 
GAIGV VALUB OBTAINED FROM THE FREE NEUTRON DATA. 

T ( I .O l2 )  { 0 . 021 )  SOSNOVSRI 59 PILE SEE NOTE E 7 /68  
T ( 0 . 9351  (0 .014 )  CHRISTENS 67 PILE REPL BY CHRISTENS72 8168 
T 0 .918  0 .014  CHRISTENS 72 PILE 6•72 

E ERROg CHANGED RECAUSE ~RROR IN CROSS SECTION EOR NEUTRON ABSORPTION 
E IN GOLO HAS 8EEN REDUCED. 

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

IT NEUTRON BETA DECAY COUPLING CONSTANTS 

RELATED TEXT SECTION VI D . I  

AV GAIGV (SEE TEXT FOR SIGN CONVENTIONI 
AV C i - 1 . 250 ]  ( 0 . 044 )  CDNFORTO 67 RVUE SEE NOTE C BELOW 
AV 8P ( - 1 . 231  ( 0 .01 )  CHRISTENS 67 CNTR N DECAY FT VALUE I1168 
AV P ( - 1 . 22 )  ( 0 . 08 )  GRIGOREV 68 CNTR E-NEU ANG CORREL 10 /71  
AV P ( - 1 . 26 I  ( 0 . 02 )  CHRISTENS 70 CNTR PE.NEUT SPIN CORREL 10171 
AVEP ( - 1 . 27 )  ( 0 . 025 }  EROZOLIMS 71CNTR PE,NEUT SPIN CORREL 10171 
AVEP ( - 1 . 239 )  (O .O l l l  CHRISTENS 72 CNTR N DEC.÷ FT VALUE 1173 
AV P ( - 1 . 263 )  ) 0 *016 )  KROPF 73 RVUE N DECAY ALONE 1 /73  
AV P -1 .250  0 .009  KROPF 73 RVUE N DEC.+ FT VALUE 1173 
AV C CONFDRTO 67 COMBINES FREB NEUTRON DATA TO 1967. REPL. BY KROPF 73. I173 
AVE THESE EXPERIMENTS MEASURE THE ABSOLUTE VALUE OF GA/GV ONlY 10171 
AV P KROPF 73 VALUE OBTAINED BY FITTING ALL DATA THROUGH [972 .  1 /73  

P PHASE ANGLE OF GA RELATIVE TO GV (DEGREES) 
F C ( l i b * l )  { b *4 ]  CONFORTO 67 RVUE 11168 
F P ( 181 *B I  ( I .E l  EROZOLIMS TO CNTR POLAR. NEUTRON 10169 
F C p 181 . l  1.3 KPOPF 73 RVUE N OECAY 1173 
F CONFORTO 67 COMBINES FREE NEUTRON DATA TO 1967.  BEPL. BY K8OPF 73 .  1 /73  
E P KROPF 73 VALUE OBTAINED BY FITTING ALL DATA THROUGH [972 .  1 f73  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  . * * * * * * * *  * * * * * * * * *  * * * * * * * *  

:OHEN 56 PR 104 283 
SOSNOVSK 89 JETP 9 717 

MATTAUCH 65 NP 67 [ 
CHRISTEN 67 PL 268 1 l  
CONFDRTQ 67 ARAH 22 IB 
GRIGDRBV 68 SJNP 6 239 

BAIRD 69 PR 179 1285 
TAYLOR 69 RMP 41 375 
CHRIETEN 70 PR C1 1693 
EROZOLIM 70 SJNP 1~ 583 

ALSO PL 278 557 
EROZOLIM 71 JETPL [3  252 
CHRISTEN 
COHEN 
DRESS 
KROPP 

ALSO 
COHEN 

JACKSON 
CONEN 
8HALLA 

_N 

REFERENCES FOR NEUTRON 

V w COHEN, CORNGOLD, RAMSEY (8NL+HARVARO) 
SDSNOVSKIhSPIVAK,PROKOFEV + (IRE MOSCOW) 

+THIELE,W~PSTRA (MAX PLANCK INST.CHEM.] 
CHRISTENSEN.NIELSON,BAHNSPN,EROWN÷ (RISO) 
G. CDNFORTO (CERNI 
+GRISHINtVLAOIMIRSKII,NIKOLAFVSKII + (ITEP) 

÷MILLBR,D~ESS,RAMSEY IORNL,HARV) 
+PARKER,LANGENSERG (PRIN+UCI+PENN) 
CHRISTENSEN.KROHN,BINGD (ANL) 
EROZOLIMSKI,BONDARENKD, + INURE MOSCOW} 
EROZOLIMSKY,80NOARENKC + IKURC IN MOSCOW) 
EROZOLIMSKII,BONOARENK~ + (KUBC MOSCOW) 

72 PR 05 [628 CHRISTENSEN,NIELSON,OAHNSEN,BROWN÷ (RISO) 
73 J.FHYS.CHEM.REF.DRTA 2, P.b63~ E.RoCDHEN,B.N.TAVLOR 
73 PR 07 3147 DRESS,MILLEB,RAMSEY (ORNL+HARVI 
73 ZPHY TO BE PUBL. A KRGPF,H PAUL (LINZl 
70 NP AIS4 180 H PAUL (VIEW) 
74 PRIVATE COMM. E*R.COHEN(NORTH AMER. AVIATION SCI* CENTER) 

PAPERS NOT REPERRED TO IN DATA CAROS 

57 PR I06 517 JACKSON,IPEIMAN~WYLD (PRINCETON) 
65 RMP 37 537 ÷DUMDND (NoAMER.AVIATION SCIENCE CENT..CITI 
06 PL 19 691 C P 8HALLA (ALABAMA) 

, * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * , * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  , * * * * * * * *  * * * * * * * *  

18 LAM8DA (1115 , JP=1 /2÷ )  I=O 

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

18 LAMBOA MASS (HEY) 

M N SINCE OUR FINAL VALUES FOR THE SIGMA AND LAMBDA MASSES COME FROM 
M N DOING AN OVERALL FIT TO ALL MEASURED MASSES AND MaSS DIFFERENCES, 
M N WE HAVE USED THE UNCORRSLATED MEASUREMENTS FROM SCHMIOT 05 RATHER 
M N THAN THE ONES COMING FROM THE OVERALL FIT REPORTED IN THAT PAPER. 
M N SINCE THERE SEEMS TO BE NO CONVINCING ARGUMENT AS TO HHY ONE SHOULD 
M N IGNORE DATA USING RANGE MEASUREMENTS, WE HAVE INCLUDED HERE VALUES 
M N DEPENDING ON PROTON AND PION RANGES. THE SCHMIOT 65 MASSES HAVE 
M N BEEN REEVALUATED USING OUR APRIL 1973 PROTON AND CHARGED K ~ND Pl 
M N MASSES. P. SCHMIOT, PRIVATE COMMUNICATION, (197R}. 

M 1115.44 0.12 BHOWMIK 63 RVUE + SEE NOTE L BELOW 
M L ABOVE LAMBOA MASS HAS BEEN RAISED SS KBV TO ACCOUNT FOR 4b KEV 
M L INCREASE IN PROTON MASS AND 1 1 K E V  DECREASE IN CHARGED PION MASS. 
M S 638(1115.86) (0.09) BALTAY 05 HBC ERROR IS STATIS. b lbO  
M 408 1115 .65  0 .07  SCHMIDT 65 H8C SEE NOTE N 8 1 7 4 .  
M S 1147(1118.74) (0.04) CHIEN bb HBC 0.9 PBAR P 9/67 
M S 978(1118.69) (0.05) CHIEN 66 HBC 6.9 P8AR PANTIL 9167 
M 1115 .6  0 .~  LONDON 66 HBC b lbb  
M (1116.0i (0.2)  BADIER 6T HDC 2.4 PBAR P,LLBAR 8•67 
M 195 1118.39 0.12 NAYEUR 67 EMUL It/&7 
M B 1S24(I115.52) (0.0S) BOHM 70 EMUL 3172 
M 935 1115 .59  0 .08  HYMAN 72 HESC 11/71 
M 8 AVERAGE OF VERY INCONSISTENT DATA. ERROR STATISTICAL ONLY. AUTHORS 3 1 7 2  
M B OETECT SYSTFMATIC EFFECT OF ABOUT .15 MEV, WHICH THEY ATTRIBUTE 3172 
M B TO ERROR IN RANGB-ENEPGY RBLATICNS, IN RBGION BETA=0.6-OoT. S172 
M B THIS EFFECT. IF CONFIRMED, WOULD AFFECT VERY LITTLE THE VALUES OF 3172 
M B 8~WMICK 63 AND MAYEUR 67. 
M S ERROR PURELY STATISTICAL. 
M . . . . . . . . .  
M AVG 1115 .566  0.058 AVERAGE IBRROR INCLUDES SCALE FACTOR OF 1 .3 )  
M FIT 1115.599 0.048 FROM FIT (ERROR INCLUDES SCALE FACTOR DF 1.2) 3/74* 

(SPF IDEOGRAM BELOW I 

MEZGHTED RUERR6E = 1110 .S66  i D . 0 5 6  

ERROR SCRLED BY 1 .3  

V a l u e s  a b o v e  o f  w e i g h t e d  a v e r a g e ,  
e r r o r ,  a n d  s c a l e  f a c t o r  a r e  £ o r  t h e  
r e a d e r  ~ s c o n v e n i e n c e  o n l y .  T h e  
d a t a  w e r e  a c t u a l l y  p r o c e s s e d  b y  a 
c o n s t r a i n e d  f i t  p r o g r a m ,  w h i c h  
calculates its own values of ~, 6x, 
and scale factor, which are differ- 
ent from the values shova% here. 

CHISQ 

. . . . . . .  HYnRN 72  HEBC 

. . . . . . . .  r lQYEUR 67  E I IUL  2 .2  

LONDON 6(~ HBC 

. . . . .  SCHr lZnT  6 5  HBC 1 .4  

~.  . . . .  BHnWr I IK  63  RUUE 1 .1  

4 , B  

- (CnNLEU 
111  ¢: . 0  1115 .4  1115  .B  1116 .2  =0 .18B )  

LRr ' IBDR MRSS (MEU)  

[8  LAMDA - ANTILAMBOA MASS DIFFERENCE (MEV) 
DM O.OB 0.06 CHIEN 66 HBC 6.9 PBAR P 
DM 0 .29  0 .15  BADIER 67 HBC 2 .4  PBAR P 
DM . . . . . . . . .  
DM AVG 0.083 0.083 AVERAGE (ERROR INCLUDES SCALEEACTOR OF 1o5) 

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

9 /67  
8167  



6 5  

Data Card Listings 
For notation, see key at front of Listings. 

188 
82B 
140  
186  
799  

2239  
706  
794  

2260  
1378 

635  
2534  

916  
S 1147  
S 972 

2213 
585 

S 

AVG 2 .578  0,021 

2.63 0.21 0.21 80LOT 58 CC 
2 .72  0.18 0 .16  CRAWFORD 59 HBC 
2 .72  0 .29  0 .27  BDWEN 60  CC 
2 ,60  0 .28  0 .20  CHANG 62 HBC 
2 .69  0 ,11  O .11  HUMPHREY b2  HBC 
2 .36  0 .06  0.06 BLOCK 63 HEBC 
2.76 0.20 CHRETIEN b3 HLBC 
B°59  0 *09  HUBBARD 6A HOG 
2 .31  O.IO KREISLER 64 OSPK 
2.59 0 .07  SCHWARTZ 64  HBC 
2 .51  0 .16  8ALTAY 65  HBC 
2 .6  0.1 HILL 85 DSPK 
2 .35  0.09 BURAN 66 HLBC 

{2 .50 )  [ 0 . 14 )  CH[EN 66 HBC 
{ 2 , 70 )  (D .20 )  CH|EN 66  HBC 
2.452 0.056 0.054 ENGELMANN 66 HBC 
2.68 0.13 0.11 AUER8ACH 67  OSPX 
2.44 OoIB BADIER 67  HBC 
2.55 0.L5 BADIER bT HBC 

8342  2 *535  0 .035  GRIMM 68  HBC 
2600 2 .47  0.08 HEPP 68 H8C 
lOB9 2.39 0.10 DEMIDDV 70 HLBC 
4S72  2 .54  0 ,04  BALTAY 71HBC 
6582  2 ,69  0 .05  ALTHOFF2 73 OSPK 

36K 2 .62B  0 .020  POULARD 73 HBC 
ERROR PURELY STATISTICAL. 

0.021 AVERAGE {ERROR 
{SEE IDEOGRAM BELOW ) 

6166  

6/66 
6 .9  PBAR P 9 /67  
6.9  PBAR P,ANT I  9 / 67  

9166 
8 /67  

2 .4  PBAR P 6 /68  
2.4 PDAR PoANT IL  6168  

6 /68  
B168 

P l -P ,  3 . 86  GEV/C 12/70 
K-P  AT REST b171 
PI+N TO K+LAMBOA 2 /74=  
K-P,KMOM .4T02.3 9173 .  

INCL. SCALE FACTOR OF 1 .6 )  

WEIGHTED AUERA6E  = 0 . 3 8 ? 9  * 0 .0031  

ERROR SCALED BY  1 .5  

. . . . . . . . . .  PBULARD 73  HBC 
. . . . . . . . .  RLTHOFF2  7 3  OSPK 
. . . . . . . . .  BRLTAY 71  HBC 

. . . . .  DEMIOOU 70  HLBC 
. . . . . . .  HEPP 6B HBC 
. . . . . . .  OR iOn  6 8  HBC 

. . . . .  BRDIER  67  HBC 
. . . . .  BROIER 6 7  HBC 
. . . . .  RUERBRCH 6?  BSPK 
. . . . .  E N 6 E L M A N N  6 6  HBC 

. . . .  BURAN B6  HLBC 
. . . . .  H ILL  55  OSPK 
. . . . .  BRLTAY 55  HBC 
. . . . .  SCHWARTZ  

' ' -KRE ISLER 
. . . . .  HUBBARD 
. . . . .  CHRET IEH  
. . . . .  BLOCK 
. . . . .  HUMPHREY 

• ~ \ :  . . . .  ~HA.~ 
. . . .  BDWEH 

. . . .  ~ . . . .  CRAWFDRD 
. . . . . . .  BOLDT 

0 .30  D .3S  0 .40  0 .45  O .SO 0 .5S  

LRMBOR DECRY RATE ( U N I T S  l O m m l O  5EC- i )  

CH ISg  

5 .9  
5 , 4  
0 . 9  
3 .0  
1 .?  

0 .0  
O . B  
O . B  
4 .B  
S .3  
0 ,0  
0 .2  

54  HBO O .O  
64  05PK  5 .B  
$ 4  HBC O , O  
63  HLBC 0 .9  
63  HEBC 11 .1  
6 2  HBC 1 .1  
6 2  HBC 
6 0  CC 
SS HBC 0 . 9  
SB CC 

50 .5  

[ C D N L E U  
= 0 . 0 0 0 )  

18 (LAMBOA - ANTILAMBDA)/~VG., MEAN LIFE DIFFERENCE 

DT 0.044 0.085 BADIER 67 HBC 2.4 PBAR P 

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

18 LAMBDA MAGNETIC MOMENT (MAGNETONS,938 .26  MEV) 

~M -1 .5  0.5 COOL 62 DSPK 
MM O.O 0.6 KERNAN 63 CC 
MM 8553 -1 .39  0.72 ANDERSON 64  HBC 
MM 151 -0.5 0.28 CHARRIERE 65 BMUL 
NM 69 -0 .07  0.31 0.37 BARKOV 71EMUC PRELIM. RESULT 
MM 1300 -0 .66  0.07 DAHLJENSE 71EMUL NAG FIELD=2OOKG 
MM 3868  -0 .73  O.IB HILL 710SPK 
MN . . . . . . . . .  
M~ AVG -0 .672  0.061 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.0)  

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

l B  LAMBDA ELECTRIC DIPOLE MOMENT (UN ITS  10 . * -14  E OH) 
NONZERO VALUE IMPCIES  V IOLAT ION OF T AND P 

EOM 5 .0  OR LASS CL= .95  GIBSON 66 EHUL 
EDM B 1.0 OR LESS EL=.95 BARON[  71EMUL 
EDM B BARONI MEASURES ( - 5 . g+ -2 .9 )~10 , * - 15  E CM 

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

18 LAMBDA PARTIAL DECAY MODES 

DECAY MASSES 
PI tAMBOA INTO PROTON E l -  938+  139  
P2 LAMBDA INTO NEUTRON PIO 939+  134  
P3 LAMBDA INTO PRDTON ~U-  NEUTRINO 938+  105+ O 
P4 LAMBDA INTO PROTON E- NEUTRINO 938+ .5+ O 
P5 LAMBDA INTO PROTON E l -  GAMMA 938+ 139+ O 

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

18 LAMBOA BRANCHING RATIOS 

R1 LAMBDA INTO (P  P l - ) / I IP  P I - )+ (N  P lO ) )  [P I ) / IP I+P2 )  
RE 0 .627  0 .031  CRAWFORD 59 H8C 
R1 COLUMBIA bO HBC 
R1 U 
R1 903  
RI U 6736  
R1 
R I  
R l  
RI 
RI 

2/72 
6171 

10/71 

2 /72  
2 /72  
2172  

0.65 0.05 
(0 .685)  (0 .017)  ANDERSON 62  HBC 
0.643 O.O16 HUMPHREY 62 HBC 
0 .635  O. OO7 DOYLE 69  HBC PI-P TO taM° KO 2171 

4572  0 ,646  O.OO8 BALTAY 71HBC K -P  AT REST 6 /71  
U ANDERSON RESULT NOT PUBLISHED,  EVENTS ADDED TO DOYLE SAMPLE.  2 /71  

AVG 0 ,6399  0 °0049  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 °0 )  
F IT  0 .6419  0 .00~9  FROM F IT  {ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

Stable Particles 
A 

R2 LAM8DA INTO (N P IO) I ( (P  P I - )+ IN  RIO)) IPBI I (Pt+O21 
R2 0 .23  0 .09  E ISLER 57 HLBC 
RB 0.43 0.14 CRAWFORD 5g HOE 
R2 0.28 O.OB 8AGLIN 60 HLBC 
R2 0.35 O,O5 BROWN 63 HLBC 
RB 75 0.291 0.034 CHRETIEN 63 HLBC 
R2 . . . . . . . . .  
R2 AVG 0 .306  0 .0E5  AVERAGE [ERROR INCLUDES SCALE FACTOR OF l .O l  
R2 FIT 0.3581 0.0069 FROM FIT (E~OR INCLUDES SCALE F~CTO~ OF l .O)  

R3 LAMBDA INTO (P E- NEU]ITQTAL {UNITS 10 " * -3 )  (P4 I / (P I+P2 )  
R3 0 15 [ 2 . 0 )  ( 0 . 5 )  HUMPHREY 61RVUE 
R3 0 B [2 .9 ]  ( 1 . 5 I  { 1 . 2 )  AUBERT 62 FBC 
R3 N 150 (0 .82 ]  (0.121 FLY 63 ~BC K- AT REST 
R3 N 102 (0 .78)  (0 .12 )  (0 .13)  BAOLIN 64  FEC K-  AT 1.45 OFVIC 
~3 O 20 {1.55) (0.34) LIND 64 HeC 
R3 N 143 10 .8O l  (O .  O8) MALONEY 69  HOE i0169 
R3 N 8b [0.781 [O.Og) CANTER 71 HBC K-P AT REST 417I 
R3 N 218 [0*88)  (0 .10)  LINDQUIST 710SPK P[ -  P TO KO taM 2/72 
R3 N THESF VALUES HAVE BEEN CHANGED BY US INTO RATIOS T~ PROTON P [ - ,  3/72 
R3 N BECAUSE THAT IS THE DIRECTLY MEASURED QUANTITY. SEE R5 BELOW 3/72 
R3 0 LOW STATISTICS EXPERIMENTS. NOT AVERAGED 7 /70  

R4 LAMBOA INTO (P MU- NEU) /TOTAL  [UNITS 10#*-4)  {P3) / (P I+P2)  
R4 1 [ 0 . 2 )  OR MORE GOOD 62 HIE 
R4 1 (l.O] OR LESS ALSTON 63 HBC 
R4 E ( I . 0 )  OR LESS KERNAN 06 FBC 
RN BETWEEN 1.3 AND 6.0 LIND 64 HEC 
R4 3 S .3  0 .7  LIND 64 RVUE 1~BE 
R4 2 1.5 I . 2  RONNE 64 FBC 
R4 9 2.4 O.B CANTER1 7E HBC STOPPED K-P 7/71 
R4 14 1 .4  0 .5  BADGETTZ 72 HBC STOP K -  a /T2  
R4 . . . . . . . . .  
R4 AVG 1.57 0.3S AVERAGE (EPROR INCLUDES SCALE FACTOR OF l .O I  

~5 LAMBDA INTO [P E- NEU)I(P P I - ]  (UNITS 10** -3 )  (P4 ) I (P1 )  
65 150 1.23 0.20 FLY 63 FEC 2 /72  
E5 120 ! .17  O.IB BAGLIN B6 FBC 2 /72  
RS 163 1.2O 0 .12  MALONEY 69  HBC 2/72 
R5 1078 1.31 0.06 ALTHDFFE 71 OSPK 2/72 
R5 C 80 1.17 0.13 CANTER 71HBC K-P AT REST 3/72 
R5 C 218 1.32 0.15 LINDQUIST 710SPK PI-P TO KO LAM 3/72 
R5 C CALCULATED BY US FROM R3 ASSUMING THE AUTHORS USED (P PI - I / TDT=2 /3  3172 
R5 . . . . . . . . .  
E5 AVG 1.2o7 O.04A AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)  

Rb LAMBDA INTO (P  E l -  GAMMA)/(P E l - )  (UN ITS  10=*-3) (PS } / IP I )  1113 
~6 72 I . 32  0.22 BAGGETT3 72 HBC P I -  MDM LT 95 MEVIC 1/73 

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

18 LAMBDA DECAY PARAMETERS 

~ELATED TEXT SECTION VI  0 AND APPENDIX l i t  

A- ALPHA LAMBDA- (L~MBDA INTO P l -  PROTON) 
A- 1156 0.62 0.07 CRONIN 63 CNTR LAMBOA FROM PI-P 8167 
A-  (O ,bh31  (0 .022 )  EERGE 66 RVUE INCLUDES ABOVE 9166 
A- 10130 0.665 O.Ot7 OVERSETH 67 CSPK LAM80A FROM PI-P 8187 
A-  M 2B29 (0 .767 )  ( 0 . 0861  MERRILL  b8 HBC REPL BY DAUBER b8  bibs  
A- 3520  0.67 0.06 DAUBER 69 HBC FROM X[ DECAY 6168 
A- 10325 0.649 0.023 CLELANO 72 OSPK LAMBDA FRDM PI -D 5/72 
A- . . . . . . . . .  
A- AVG 0.647 O.Ol3 AVERAGE [ERROR INCLUDES SCALE FACTOR DF I .O )  

AO ALPHAO /ALPHA- FOP L~M80A [L INTO PIO NIL INTO E l -  P) 
AO 1.10 O.2T CORK 60 ENTR 
AO 0 4760 I *000 0.068 OLSEN 70 DSPK PI+N TO K+ LAMBDA 5/70 
AO . . . . . . . . .  
AO AVG 1.006 0.066 AVERAGE {ERROR INCLUDES SCALE ~ACFOR GF 1.0) 
AO O DONE EY COMPARING PROTON DISTR.WITH N DISTR. FPOM LAMBDA DECAY. 

F- PHI ANGLE (SIN(PHI)/COSIPHII=BETA/GANMA) [DEGQEESI 
F -  l 15b  13 .0  17 .0  ERONIN 68 OSPK LANBDA FROM PI-P 11167 
F-  10130  -B .O  6 .0  OVERSETH 67  DSPK LAMBDA FROM R I -P  11167  
F -  7377  ( - 9 , 2 )  ( 5 . 29  CLELAND 07  OS~K REPL BY CLELANO 72 5 /72  
F- 10325 -7 .0  4.5 CLELAND 72 OSPK LAMBDA FROM PI--P 5172 
F- . . . . . . . . .  
F-  AVG -6 .5  3 ,5  AVERAGE (ERROR INCLUDES SCALE FACTOR OE 1 ,0 )  

AV GAIOV FOR LAMBDA BETA DECAY (SEE TEXT SEE. VI  D . l  FOR SIGN CONV.} 
AV C 22 ( - 1 . 03 )  LIND 64 HBC 
AV C 102 (0.61 OR MORE BAGLIN 6S HLBC 
AV C BETH O. AND -1 .1  BARLOW 65 OSPK 
AV C 102 (0 .7 I  OR MORE CL=.g5 ELY 6S HLBC 
AV C EXPERIMENTS INCLUDED IN  CONFORTO 65 ,  RVUE 
AV - l . 14  0 .23  0 .33  CON~ORTO 65 RVUE 
AV M 148 -0 .72  O.14 0.19 MALONEY 69 HBC 
AV A LOTB {--O.b2) (O.O8) {0 .09 )  ALTHOFF2 7[  OSPK 
AV M 141 - 0 . 75  0.15 0.18 CANTER 71HBC 
AV L 173 ( - 0 . 32 )  ( 0 . i b i  CO.17) LINDQUIST 710SPK 
AV ML 173 ( - 0 . 68 )  ( 0 . 27 )  { 0 , 54 )  LINDOUIST 710SPK 
AV t 173  - 0 . 40  0.13 0.17 L INDQUIST  710SPK 
AV N 352 -0 .74  0 .09  0 .12  8AOGETTI 72 HBC 
AV A 817  -0.63 0 ,06  ALTHDFF I  73  OSPK 
AV A ALTHOFF1 7B INCLUDES OATA OF ALTHOFF2 71 .  USES 
AV A THREE SPIN ASSYMETRIESo 
AV M EXPT MEASURES ONLY THE ABSOLUTE VALUE OF A /V  
AV L LINDQUIST 71 GETS THREE VALUES. WE AVERAGE THE 
AV L ALL DATA. 
AV . . . . . . . . .  
AV AVG -0 ,658  0 .054  

~168 
NO SIGN GIVEN 1/71 

61B8  
ABS. VALUE 1/71 

61B8 
11 /87  
10169 

POLARIZSO LAMBDA 7 /7B*  
4171  

UP-DOWN ASYMMETRY 9/71 
E-NEU CORRELATION 9/71 
E-NEU ANO UP-DOWN 9/71 

STOP,K -  2/72 
POLARIZED LAMBDA 7 /73=  

PROT SPECTRUM AND 7173= 
7 /73 "  

ONE THAT USES ?Of71 
LO l7L  

AVERAGE (ERROR INCLUOES SCALE FACTOR OF 1.2) 
(SEE IDEOGRAM BELOW ] 



Stable Particles 
r.  + 

N E I 6 H T E D  R U E R A G E  • - 0 . 6 S B  * 0 . 0 6 4  

ERROR SCALED BY t . 2  

- 1  . ~  - 1 . 0  - 0  . ~  0 . 0  

G A / G U  FOR LQr lBOR BETA DECAY 

C H I S g  

. . . . . . .  f l L T H D F F 1  7 3  BBPK 0 . 2  

. . . . . . .  B f l B G E T T 1  7 2  HBC 0 . 6  

. . . .  L I N O O U I S T  71  DSPK 3 . 0  

~" . . . . . .  CANTER 71  HBC 0 . 3  

' ~ "  . . . . .  MRLONEY 6 9  H B C  0 . 1  

• :%:~" , . .CONFORTO 615 RUUE 3 . 0  

? . 2  

• ( C O N L E U  
0 . B  •O . 2 0 6 )  

* * * * * *  * * * * * = * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCEE FOR LAMEDA 

EISLER 57 NC 5 1700 
BOLDT 58 PRL 1 148 
CRAWFORD $9 PRL 2 266 

BAGLIN 60 NE 181043  
BOWEN 60 PR 119 2030 
CORK 60 PR 120 1000 
COLUMBIA 60 ROCH CONF 726 
HUMPHREV b l  PRL b 478 

ANDERSON b2 CERN CONF 832 
AUBERT 62 NC 25 479 
CHANG 62 THESIS DUKE 
COOL 62 PR 127 2223 
GOOD 6 2  PRL 9 5 1 8  
HUMPHREY 62 PR 127 1305 

ALSTDN 63 UCRL 10926 
BHDWMIK 63 NC 28 1694 
BLOCK 63 PR 130 766 
BROWN 63 PR 130 7 6 9  
CHRETIEN 63 PR 131 2208 
CPONIN 6 3  PR 129 1795 
ELY 63 PR 131 B6B 
KERNAN 6 3  PR 1 2 9  870 

ANDERSON 64 PRL 13 167 
BAGLIN b% NE 3 5 9 7 T  
HUBBARD 6% PR 135 B 180 
KERNAN b4 PP 133 B 1271 
KREISLER 64 PR 136 B 1074 
LIND 64 PR 155 B 1%83 
RONNE b4 PL 11 357 
SCHWARTZ 6~ UERL 11360 THESIS 

BAGLIN b5 NC 35 977 
BALTAY 65 PR 1%0 B 1027 
BA"LOW 65 PL 18 64 
CHAPRIER 65 PL 1S 66 

ALSO 66 NC 46A 205 
CONFORTO 6S EE INT HERZEGNOV[ 
ELY b5 PR 137 81302 
HILL 6S PAL 15 85 
SCHNIDT b5 PR 1%0 fl 1328 

BERGE b b  BERKELEY 4b 
8URAN 66 PL 20 318 
CHIEN 66 PR [52 117l  
ENGELMAN 6b NC 4SA 1038 
GIB50N 68 NC 45A RE2 
LONDON bb PR 1%3 1034 

AUERBACH 67 NC 4TA 19 
BADIER 67 PL 2SB 152 
CLELAND b 7  PL 268 45 
MAYEUR 67 U.LIBR.BRUX.BUL32 
OVERSETH 67 PRL 19 391 
GRIMM 68 NC B~A 187 
HEPP 68 ZPHYS 214 73 
MERRILL 68 PR lET 1202 

DAUBER 69 PR 179 1262 
DOYLE B9 UCRL 18139-THESIS 
MRLONEY 69 PRL 23 %25 
BDHN T0 NC TOA 38% 
OEMIDOV TO SJNP 10 681 
OLS~N TO PRL 24 843 

ALTHOFFI TI PL 378 531 
ALTHOFF2 71PL  3TB 538 
BALTAY I I  PR 04 670 
BARKOV 71JETPL 14 60 
BARON) TI LNC 2 [286 
CANTER 71 PAL 2b 868 

CAHTER1 71PRL 27 59 
DAHtJENS 71NC BA 1 
HILL 71 PR 0 4  1 9 7 9  

ALSO b5 RRL 15 BE 
L I N D Q U I S  71 ~RL 27 b12 

BAGGETT1 72 ZRHY 249 279 
BAGGETT2 72 ZPHY 252 362 
BAGGETT3 72 Pt 428 379 
CLELANO 72 NP 840 221 
HYMAN 72 PR 0S ~063 

BISLER,PLANO,SAMIOS,SGHHABTZ + (COLU+BNL) 
E BOLDT,D O CALOWELL,Y PAL (MITI 
CRAWFONDtCRESTI,DOUGLASS,GODD + (LRL) 

BAGLINtBLDCH,BRISSONtHENNESSY + (EPDL} 
80WEN,HARDY,REYNOLOS~SUN + (PRINCETON) 
CORK,KERTH,WENZEL,CRONIN+ (LRL+PRIN+BNLI 
M SCHWARTZ + (COLUMBIAI 
HUMPHREY,KIRZ,ROSENFELD,RHEE + (LRL+SYQA) 

ANDERSON, CRAWFORD,GOLDEN,LLOYD + (LRL} 
~UBERT,BRISSON,HENNESSY,SIX + (EPOL) 
CHUEN CHUEN CHANG (DUKE) 
COOL,HILL,MARSHALL + (BNL+NIT+NYU+ANLI 
N L GOOD,V G LIND [NISCONSIN) 
W E HUMPHREY,R R ROSS (LRL) 

ALSTON,KIRZ,NEUFELD~SOLMITZ,WOHLMUT (LRLI 
B BHOWMIKtO P GOYAL (DELHII 
8LOCK,GESSABOLI,RATTI+(NWES+BGNA÷SYRA+ORNLI 
BROWN,KADYK,TRILLIND,RDE + (LRL+NICHI 
CHRETIENtCROUCH÷ (BRAN+BROWN+HARVARD÷NIT) 
J W CRONIN~D E O V E P S E T H  (PRINCETONI 
ELY,GIOAL,KALNUS,OSWALO,POWELL + (LRL) 
KERNAN,NOVEY,WARSHAW,WATTENBERG (ANL÷ILL) 

J A ANOERSON,F S CRAWFORD (LRL) 
BAGLIN~BINGHAM+ (EPOL+GERN+LOUC+RHEL+EERGI 
HUBBARD,BERGE,KALBFLEISCN,SHAFER + (LRL) 
KERNAN,POWELLtSANDLER + (LRL+LOUC} 
M N KREISLER,O OVERSETH~J CRDNIN (PRINI 
LINO~BINFORDtGOODtSTERN (WISCONSIN) 
R O N N E +  (CCRN+EPOL+LOUC++UNIV.BERGEN) 
JOSEPH ADAM SCHNARTZ [LRL] 

8AGLIN + (EPOL,CERN,LOUC,RHEL,BERGENI 
BALTAY,SANDWEISS,CULWICK,KDPP + (YALE+BNL] 
J BARLQW,BLAIR,CONFORTO÷ (CERN÷RHEL+PENN) 
CHARRIERE,GIBSDN+ (EPOL+BNIS+GERN+NPIMI 
CHARRIERE,GIBSON + (EPOL,BRIS,CERN,NPIM} 
G CONPORTO (CEPN) 
ELYtGIOAL,KALNUS,POWELL + (LRL,LOUC) 
HIEL,LI,JENKINS,KYCIA,RUOERMAN (NIT,BNLI 
R SCHMIDT [COLUMBIA) 

BERGE,CABIBBO ((RVUEI LRL,CE~N) 
BURAN,EIVINDSON,SKJEGGESTAO,TOFTE + (OSLO) 
÷LACH,SANOWEISS,TAFT,YEHtOREN + (YALE+BNL) 
ENGELMANN~FILTHUTH~ALEXANDER+ (HEID,REHO) 
W M GIBSON,K GREEN (BRIS) 
LONDON,RAU,GOLDBERG, LIEHTMAN÷ (BNL,SYRA) 

AUERBACHtBOWEN~DOBBS,LANOE~NANNt (PENN) 
+BONNET,BRIANDETtSADOULET (EPOL) 
CLELAND,BIENLEIN,CONFORTO÷ (EERN+GEVA+LUNDI 
C.MAYEUR,E.TOMPA,J.WICKENS {BELG,LOUCI 
D E OVERSETHt R FROTH (MICH+PRIN) 
H.-J.GRIMM [HEIDELBERG) 
V.HEPP,H. SCHLEICH (HEIOELBEBGI 
NERRILL,SHAFER (LRL) 

+BERGE,HUBBARD,M~RRILL,NILLER (LRL) 
J*C. DOYLE (LRL) 
NALONEY,SECHI-ZORN (UNIV MARYLAND) 
+ KBECKER + (BERL÷BRUX+DUUC+LDUD+LOWC+WARS) 
+KIRILLOV-UGRYUMOV,PONOSDV,PROTASOV+ lITER) 
+PONOROM,HANOLER,LINON,SMITH + (WISC,MICH} 

+BROWN,FREYTAG,HEARD,HEINTZE + (CERNtHEIDI 
+BROWN~FREYTAG,HEARD,HEINTZE + (CERN,HEIDI 
+BRIDGEWATER~COOPEB,HABIBI÷ (EOLU+BING) 
+GUREVICHtMAKARINA,MARTEMYANOV+ (ITEP) 
G BARONI,S PETRERA,G RONANO (RDMAI 
+CDLE,LEE-FRANZINItLOVELESS + (STON+COLUI 

+COLE,LEE-FRANZINI,LOVELESS+ (STON+COLUI 
DAHL-JENSEN * (EERN+ANKA+LAUS÷NPIM÷RONA) 
+LI,JENKINStKYCIAtRUDERNAN (MIT,BNL) 
MILL,LI,JENKINS,KYCIA,RUDERMaN (MIT,BNL) 
LINOQUIST,SUNNER+ (EFI,WUSL,OSU,ANL) 

+BAGGETT,EISELE,FILTHUTH,FREHSE+ (HEIO) 
+BAGGETT,EISELE,FILTHUTH,FREHSE+ (HEID) 
+BAGGETT~EISELE,FILTHUTH,FREHSE,HEPP÷(HEIDI 
÷CONFORTO,EATON,GERBER+ (CERN÷GEVA+LUND| 
+BUNNELL,DEERICK,FIELDS~KATZ÷ (ANL+CARNI 
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ALTHOFFI 73 PL 438237 +BROWN,FREYTAGtHEARD,HEINTZE÷ ICERN+HEID) 
ALTF~)FF2 73 NP 8 6 6 2 9  +BRONN,FREYTAG,HEARD,HEINTZE+ (CERN+HEID) 
POULARD 73 PL 468 135 +GIVERNAUDtBORG (BALL} 

PAPERS NOT REFERRED TO IN DATA CARDS 

ARMENTER 62 CERN CONF 236 ARMENTEROS÷ (CERN+EPOL+LOIC+EIRM÷EEN-SACLAY) 
BALTAY 62 tERN CONF 233 BALTAY,FOWLER,SANDWEISS,CULWICK÷ (YALE+BNLI 
BERGE 63 THESIS (BERKELEYI J PETER BERGE (IRE) 

* * * * * *  * * * * * * * * *  * * * * * . * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  . * * * * * * * *  * * * * * * * * *  ~ * * * * * ~ .  

~ m ~  19 SIGMA+ (1189 ,JP=1 /2÷)  I l l  

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

19 SIGMA+ MASS (MEV) 

M 

M 
M 
M 
N 
M 
M 
M 
N 
M 
N 
M 

N SEE NOTE PRECEDING LAMBOA MASS LISTINGS 

144 1189.38 0.15 BRRKAS 63 EMUL ÷ SEE NOTE S BELOW 
58 1189.%8 0.22 BHOWMIK 64 EMUL + SEE NOTE S BELOW 

ABOVE SIGMA+ MASSES HAVE BEEN RAISEO 30 KFV TO ACCOUNT FOR 4b KEV 
INCREASE IN PROTON MASS AND 21KEV DECREASE IN PION MASS 

4208 1189.61 O.OB SEHMIDT 65 HBC SEE NOTE N 3/T%* 
1189.16 0.12 HYMAN 67 HEBC 6268 

E 60T 1189.33 0 .04 EOHN 72 EMUL 12ET3" 
B BOHM 72 UPOATSD WITH POG APR. 73 K- ,  P~- AND RIO MASSES. 12173* 

AVG 1189.371 O.ObO AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.8) 
FIT 1189.366 O.OE7 FROM PIT (ERROR INCLUDES SCALE FACTOR OF 1.8) 3/7%* 

(SEE IDEOGRAM BELOW ) 

W E I 6 H T E D  RUERRBE - 1 1 8 9 . 3 7 1  * 0 . 0 6 0  

ERROR SCALED BY 1 . 8  

V a l u e s  a b o v e  of  w e i g h t e d  a v e r a g e m  
e r r o r ,  a n d  s c a l e  f a c t o r  a r e  f o r  t h e  
r e a d e r  I s c o n v e n i e n c e  o n l y .  T h e  
d a t a  w e r e  ac tua l l y  p r o c e s s e d  b y  a 
c o n s t r a i n e d  f i t  p r o g r a m ,  w h i c h  
c a l c u l a t e s  i t s  o w n  values o~ ~ ,  B ~ .  
a n d  s c a l e  f a c t o r #  w h i c h  a r e  d i f f e r -  
e n t  from t h e  values shown h e r e .  

C H T E G  

......... 8 n H r l  7 2  E n U L  1.0 

. . . . . . . . .  H Y n R N  6 7  HEBC 3 . 1  

. . . .  S C H M I D T  6 6  HBC 8 . 9  

/ ~  . . . .  B H O U I I I K  E4 Er tUL 0 . 2  

T - -  " ~ B A R K A B  8 3  EI IUL 0.013.3 

(CONLEU 
1 l e e  • B 1 1 B 9  • 2 t 1 8 9 . 6  1 1 9 ( )  • 0 - 0  . O  t O )  

S I 6 t l f l +  f iRES ( M E U I  

19 SIGMA+ MEAN LIFE (UNITS 1 0 . * - 1 0 )  

T 
T 127 0.98 
T 4L 0.82 
T 117 0.85 
T 5% 0.80 
T 23 0.76 
T 49 0.75 
T 1 4 0  0.82 
T [92 0.749 
T 456 0.765 
T 203 0 .84 
T 181 0 .84 
T 900 0.76 
T C L300 0.83 
T S 125 ( 0 . 8 6 I  
T S 117 (I.IO) 
T 381 O.BO 
T 10664 0.803 
T ZOK 0.795 

GLASER 58 RVUE 
O.tO 0.12 PUSCHEL bO EMUL 
0.34 0.20 EVANS 60 EMUL 
0.14 0.11 FREDEN 60 EMUL 
O.lO 0.067 KAPLON 60 EMUL 
0.22 0 .16 CHIESA 6 l  ENUL 
0.13 0 .09 BERTHELOT 61HLBC 
0.10 0 .08 BARKAS 61EMUL 
O.OEb 0.052 GRAPD 62 HBC 
0.04 0.04 HUMPHREY 62 HBC 
0 . [2  O.OB BHOWMIK 64 EMUL 
0.09 BALTAY 65 HBC 
0,03 CARAYAN 65 HBC 
0.032 CHANG 66 HBC 

( 0 . 1 5 I  CH[EN 66 HBC 
(0 .24 )  CHIEN 66 HBC 

0.07 COOK 66 OSPK 
0.008 8ARLOUTAU 69 HBC 
O. OIO EISELE 70 HBC 

6/66 
b lab  
6 /66 

+ b .9  PEAR P 9767 
6 .9  PEAR P,ANTI 9/67 

7/66 
K-P . 4 - 1 . 2  GEV/C 11269 
K-P AT REST 2271 

T 526 0.83 0 .04  8AKKER 71DBC - K-N TO SIG+ 2 P l -  LO/Tl 
T C CHANG ERROR 0.018 RAISEO BY US. SEE 1970 EDIT{ON, AMP 42 ,123{ I970)  1173 
T S EBROR PURELY STATISTICAL 
T . . . . . . . . .  
T AVG 0.8004 0.0058 0.0057 AVERAGE (ERROR INCL. SCALE FACTOR OF I .O)  

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

19 SIGMA+ MAGNETIC MOMENT (MAGNETONS,938.26 MEVI 

MM 381 1.5 1.1 COOK 66 DSPK 7 2 6 6  
MN 52 3.3 1.5 KOTELCHUC b7 EMUL K-P AT 1.158EV/C 8167 
HM 51 3,0  [ .2  SULLIVAN 67 ENUL PHOTGPQDDUCTION 8267 
MM 69 3.5 1.2 COMBE 68 EMUL 10168 
MM 29333 2.1 1.0 MAST 08 HBC K-P AT . 4  GEV/C 6/68 
MM 055 2.67 0.97 ALLEY 710SPK 1.28 GEV/C Pl+P 10270 
NM Z651 2 .7  0.9 SAHA 73 HLEC K-P.25TO.55GEV/C b / 7 3 *  
MM . . . . . . . . .  
MN AVD 2.62 O.RL AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0)  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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19 SIGMA+ PARTIAL DECAY MODES 

DECAV MASSES 
P1 SIGMA+ INTO PROTON RIO 938+ L3N 
P2 SIGMA+ INTO NEUTRON P le  939+ 13G 
P3 SIGMA+ INTO NEUTRON PI+ GAMMA ~39+ 139+ D 
P4 SIGMA+ INTO LAMBDA E+ NEU I l l S+  .5+ 0 
P5 SIGMA+ INTO PROTON GAMMA 938+ 0 
Pb SIGMA+ INTO NEUTRON MU+ NEUTRINO 939+ 105+ 
P7 SIGMA+ INTO NEUTRON E+ NEUTRINO 939+ .5+ 
PB SIGMA+ INTO PROTON E+ E-  9B8+ .5+ .5 

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

19 SIGMA+ BRANDHING RATIOS 

RI SIGMA+ INTO tNEUTRON PI+IIINUCLEON P I I  (P2 } / (P I+P2 )  
R1 CO8 0 .490  0 .026  HUMPHREY 62 HBC 
RI 534 0 .46  0 .02  CHANG 66 HBC 6166 
R1 1331 0 ,488  0 .010  BARLOUTAU 69  HBC K-R . 4 -1 .2  GEVIC 111b9 
RI  537 0 .~84  0 ,015  TOVEE 71EMUL 12/71  
R1 . . . . . . . . .  
~1 AVG 0 .4835  0 .0073  AVERAGE (ERROR INCLUOES SCALE FACTOR OF 1 .0 )  

R2 SIGMA+ INTO (NEUT PI+  GAMI / (P I+N)  (UNITS IO~ -31  {P3 ) /P2 )  
R2 (1.8) ABOUT 8AZIN2 65 HBC FI+  LT 116 MEV/D B167 
R2 29 0 .27  0.05 ANG b9 HBC PI+  LT LlO MEV/C I I / b8  
R2 180 0 .93  0 .10  EBENHDH 73 H8C P[+ LT I 50  MEV/C 31745 
R2 . . . . . . . . .  
o2 AVERAGE MEANINGLFSS (SCALE FACTOR = 5 .9 }  

R3 SIGMA+ INTO (LAMBOA E+ NEUI/TOTAL (UNITS 10 , * - 51  (P4)  
R3 W 4 (3.3)  I I . 7 )  WILLIS 6N HBC STOP. K- 9/66 
R3 w EVENTS FROM THIS EXPERINENT,INCLUDED IN EISELEI b9 l l l b9  
R3 6 2.O 0 .8  BARASH 67 HBC STOP K- 8/67 
R3 5 1,6 0 .7  BALTAY 6q HBC STOP K-  11169 
R3 lO 2 .9  1 .0  E ISELEI  69 HBC STOP K-  10 /69  
RB 
P3 AVG 2.02 0.47 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O )  

R4 SIGMA+ INTO (P GAMMA)/(P RID) (UNITS [ 0~ * -2 ]  (PS I I {P1 }  
R4 1 (0.68) OR LESS CARRA~A 64 HBC 
R4 2~ 0 .37  0 .08  BAZIN 6S HBC 
R4 4 ( 0 . 171  QUARENI 65 EMUL 6166 
R4 4S 0 .21  0 .03  ANG 69 HBC STOP K-  10 /b9  
R4 SI 0oZ76 0o051 GERSHW1N 69  HBD 10 /69  
R4 . . . . . . . . .  
R4 AVG 0.248 0.038 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.41 

ISEE IDEOGRAM BELOW I 

0 . i  0 . 2  

WEI6HTEO RUERR6E = 0 .240  * 0 .035  

ERROR SCRLED BY 1 . 4  

. . . . . .  GERSHWIN 

" t : : : ; ; ~ N  

0 , '3 0 . '4 0 ,G 0 .6  

S IBMR+  ~NTO (P  GRMMR) / iP  PTO)  

CHISQ 

6 9  HOC 0 . 6  
6 9  HBC 1 ,0  

6S H e c  2 . 6  
4 , 1  

KCDNLEU 
=0 .126 }  

R8 SIGMA+ INTO (N E+ NFU) / (N  P I+ )  (UNITS lO t * -S I  (P711 (P2 I  
R5 E 0 16220 EFFECTIVE OENOM. COUPANT 64 HBC SBE NOTE E 11167 
RS E 0 2720 EFFECTIVE DENDM, MURPHY 64 HBC SEE NOTE E 11 /67  
RS E i 9690 EFFECTIVE OENOM, NAOENBERG 64 HBC SEE NOTE E 61b8 
R5 0 1324061EFFECTIVE DENOM* BIERMAN 68 HBC 6/68 
~S UA O IBO4OOIEFFECTIVE OENOM. EISELE2 69  HBC + STOP K- 6168 
R5 U 1 30000 EFPECTIVE DENOM. NORTON B8 HBC 11 /69  
R5 U 0 110200 EFFECTIVE DENOM. EEENHOH 70 HBC STOP K- 12170 
~5 U EFFECTIVE DENOM. CALCULATED BY US 
RB E EFFECTIVE OENOM, TAKEN FROM EISELE 67 I 1167  
RS A EISELE2 b9 REPLACED BY FBENHOH 70 
RS t 

O" . . . .  OR LESS" CL=.90 OUR R5 4 .0  " 2 .  AVERAGE USING ALL ABOVE 12170 
R5 NUMBER OF EVENTS INCREASEO TO N.O FOR 90PC CONFIOENCE LEVEL 2171 

gb SIGMA÷ INTO (N MU+ NEUI / (P I+N I  (UNITS IO* * -5 l  IPb I l (P2 )  
R6 1 (120)ANALYSED EVENTS GALTIERI 62 EMUL NO RATIO QUOTED 11/6T 
Rb R 0 10150 EFFECTIVE DEMON. COURANT 64 HBC SEE NOTE E 11 /67  
R6 E 0 1710 EFFECTIVE DENOM. NAUENBERG 64 HBC SEE NCTE E 11 /67  
R6 U 2 62000 EFFECTIVE DENOM. EISELE2 69 HBC 6 /68  
R6 0 33800 EFFECTIVE DENOM. 8AGGETT 69 HBC 11 /68  
R6 E EFFECTIVE OENOM. TAKEN FROM EISELE 67 11 /67  
R6 
R6 5*3 * "4Z9" *OR CESS* EL=.90 OUR AVERAGE USING ALL ABOVE 11109 
R6 NUMBER OF EVENTS INCREASED TO 5 .3  FOR 90PC CONFIDENCE LEVEL 2171 
R6 SEE NOTES ACCOMPANYING RS 

R7 (SIGMA+ INTO LEPTONSIIISIGNA- INTO LEPTONS) 
R7 0 0 .034  OR LESS BAGGETT 67 HOD 6 /68  
RT 1 0 .08  OR LESS NORTON 69 HBC 10 /69  
R7 
RT 6.7 O:O~B'OR LESS" CL=.90 OUR AVERAGE USING R5 AND R8 21T I  
R7 NUMBER OF EVENTS INCREASED TO 6 .TFOR 90PC CONFIDENCE LEVEL 2171 

RB SIGMA+ INTO (PROTON E+ E-)ITOTAL (UNITS 10#* -6 I  (P81 
R8 7.0 OR LESS 69 HOG STOP K-  ANG 10169 
gB A ANG 69 FOUND 3 E+E- EVENTS IN AGREEMENT WITH GAMMA CONVERSION OF 
R8 A PROTON GAMMA DEDAY -L IM IT  GIVEN HERE IS FOR NEUTRAL CURRENT 

Stable Particles 
y.+ 

n9 (SIGMA+ INTO N Woe NEU)ItSIOMA-- INTO N MU- NEUI 
R9 2 0 .06  0.045 0 .03  EISELE2 69 HBC +-  STOP K- I0169 
R9 
R9 5.3 0.095 OR LESS CL=,9O OUR AVERAGE USING R6 El71 
R9 NUMBER OF EVENTS INCREASED TO 5 .3  FOR 90PC CONFIDENCE LEVEL 2 /71  

RIO (SIGMA+ 1NTO N E÷ NEU)I(SIGNA- INTO N E- NEU) 
RIO E O (O.O3I DR LESS EL=.90 EISELE2 69 HBC +- STOP K- I 0 / 69  
RIO 0 0 .019  OR LESS CL=.90 EBENHOH 70 HBC STOP K- . / 2 /70  
RIO 0 0.12 DR LESS CL=.DS COLE T( HBE STOP N- 10171 
RIO 0 O .O IB  OR LESS CL=.DO SECHIZORN 73 HBE STOP K-tPDISSON B173~ 
RIO E EISELE2 REPLACED BY EBENHOH 70 
RIO , . . . . .  
RIO 4.0 "0.016"0R LESS DL=.90 OUR AVERAGE USING RS 2/71 
RIO NUMBER OF EVENTS INCREASED TO 4.0 FOR 90PC CONFIDENCE LEVEL 277i 

19 SIGMA+ DECAY PARAMETERS 

RELATED TEXT SECTION VI O AND APPENDIX I l l  

A+O ALPHA+IALRHAO FOR SIGMA+ (SIG+ TO PI+ N)I(SIG+ TO PlO PI 
A+O +0.04 O . I I  CORK bO CNTR SIG+ FROM Pl+P 
A+O (+0.20) ( 0 . 24 )  TRIPP 62 HBC + REPLAC.BY BA~GER 
A+O 0 3500 (- .014) (0.052] BANGERTER 66 HBC SIG+ FROM K-P 9/66 
A*O O 2600 (- .047) ( . 07 )  BERLEY 66 HBC + SIG+ FROM K-P 91b6 
A+O 0 OLD o~SULTS,HAVE BEEN REPLACED . SEE BELOW - 

A+ ALPHA SIGMA++ISIG+ TO PI+ N) 
A+ 35000 0 .069  0 ,017  BANGERTER 69 HBC K-P AT 400 MEV/C l l /Bg  
A+ 4 ID l  0 . 027  0 ,0~9  OERLEY 70 HBC 12170 
A+ . . . . . . . . .  
A+ AVG 0.066 0.016 AVERAGE (ERROR INCLUOFS SCALE FACTOR OF l .O) 

AO aLPHA SIGMAO IS(G+ INTO RIO PROTON) 
AO - 0 . 80  0.1B BEALL 62 CNTR 
AO (-0.90) (0.25) TRIPP 62 HBC REPLAC. 8Y BANGE 
AO 0 5200 ( -O ,DBb)  ( 0 . 072 }  BANGERTER 66 HBC K-D TG S[G+ P I -  7166 
AO 32000 -0 .999  0 .022  BANGERTER 69 HBC 10169 
AO H 133S -O*9O 0.05 0.02 HARRIS TO DSPK PI+P TD SIG+ K+ 5/70 
AO 16K -0.940 0 .068  BELLAMY 72 ASPK PI+P TO SIG+ K+ 11112 
AO L 12S9 -0 .945  0 .055  0 .042  I lPMAN 73 GSPK PI+P TO SIG + 7173"  
AO L DECAY PROTONS SCATTERED OFF ALUMINUM. 7 /73 *  
AO H DECAY PROTONS SC&TTEQEO OFF CARBON. 
AO . . . . . . . . .  
AO AVG -0.979 0 .016  AVERAGE (ERROR INCLUDES SCALE FACTOQ OF io0) 

Fe PHI+ ANGLE (EIG+ INTO N PI} SINIPHII/COSIPHII=BETA/GAMMA (DEGREE) 
F+ 0 370 (1BO.)  (SO.) 8ERLEY 66 HBC + NEUTRON RESCATT. 9166 
F+ 560 I43. 29.  BANGERTI 69 HBC 10169 
F+ C1054 184.  24. BERLEY TO HOE K-P AT 400 MEV/C i i / 69  
F+ C CHANGFD FROM 176 TO 184 TO AGREE WITH SIGN CONVENTION. 
F+ 
F+ ~VG ibT.3 20.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l . l )  

AG ALPHA SIGMAG (SIG+ INTO PROTON GAMMA) 
AG 61 -1.03 0.52 0.42 GERSHWIN b9 HBC K-P TO SIG PI 1 l l b9  

FO PHIO ANGLE [SIG+ INTO RIO PROTON) SIN(RHII/CCS(PHI)=BETAIGAMMA (DIG) 
FO H 22 ,0  90 .0  HARRIS TO OSPK PI÷P TO SIG+ K+ S/70 
FO L 12S9 3B.1 35 .7  37 .1  LIPMAN 73 OSPK PI+P TO SIG+K+ 7 /7B*  
FO L DECAY PROTON SCATTEREO OFF ALUMINUM. 7/73* 
FO H DECAY PROTONS SCATTERED OFP CARBON. 
FO . . . . . . . . .  
PO AVG 35.8 $3.7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF L.OI 

CORK bO 
EVANS 80 
FREDEN 60 
KaPLON 60 
PUSCHEL 60 

BARKAS 61 
BE~THELO bl  
CHIESA 61 

8EALL B2 
GRARD 62 
GALTIERI 62 
HUMPHREY 62 
TRIPP 62 

BARKAS 63 
ALSO b t  

BHOWMIK 64 
CARRARA 64 
COURANT 64 
MURPHY 64 
NAUENBER 64 
WILLIE 64 

BALTAY 65 
OAZIN 6S 
BAZIN2 6S 
CARAYAN 6S 
QUARENI 65 
SCHMIOT 6S 

BANGERTE 66 
BERLBY bb 
CHANG 66 

ALSO 65 
CHIBN 66 
COOK bb 

BAGGETT 67 
ALSO 6G 
ALSO 6O 

flARASH b7 
EISELE 67 
HYMAN 67 
KOTELCHU 6T 
SULLIVAN 67 

ALSO 6~ 

BIBRMAN 68 
COMBE 68 
MAST 68 

PR 120 1000 
NC IE 873 
NC 16 611 
AMP 9 IS9  
NP 20 254 

PR 124 1209 
NC 21 693 
NC 19 LL71 

PRL 8 75 
PR 127 b07 
PRL 9 26 
PR 127 1305 
PRL 9 66 

P~L 11 26 
UCRL 9450 

NP $3 22 
PL 12 72 
PR 136 B 1791 
RR 134 B 188 
PRL 12 679 
PRL L3 291 

PR i~O B 1027 
PRL 14 154 
PR 140 81388 
PR 13B fl 433 
NC 40 A 928 
DR 1NO B 1328 

PRL 17 495 
ORL 17 1071 

CORK,KERTH,WENZEL,C~ONIN,COOL(LRL+PRIN+BNL) 
BRIST+BRUSS+IAS-U.COL-DUBLIN+LON+MILAN+PAD 

FREDEN,H KORNBLUM,R WHITE (LRL) 
KRPLON,A MELISSINOS~YAMANOUCHI (ROCH) 

w PUSCHEL (MAX PLANCK INST) 

BARKAS~OYER,MASON,NICHOLS,SMITH (LRL) 
8ERTHELOT,DAUDINtGOUSSU + (SACLAY+ORSAYI 
CHIESA~QUASSIATI~RINAUDO (INFN-TURIN} 

BEALL,CORK,KEEFE,MURPHY,WBNZEL (LRLI  
F GRARDtG A SMITH (LRLI 
GAtTIERhBARKAS,HECKMAN,PATRICN,SMITH (LRL) 
W E HUMPHREY,R R ROSS (LRLI  
R D TRIPP,N B WATSDNtM FERRO--LUZZI (LRLI 

W H BARKAS,J N DYER,H H HECKMANN (LRL) 
JOHN DYER (THESIS, BERKELEYI (LRLI 

B 8HOWMIK,P JAIN,P MATHUR,LAKSHMI KOELHI) 
CARRARA,CRESTI,GRIGOLFTTO,PERUZZO÷ (PAODVAI 
COURANTeFILTHUTH+ (CERN+HEID+UMD+NRL+BNL) 
C THORNTON MURPHY (WISCONSIN) 
NAUENBERG,MARATECK,e (COLU+RUTG+PRINI 
WILLIS,COURANT,ENGELNAN+(BNL,CERN,HEID,UMDI 

BALTAY,SANDWEISS,CULWICK,KOPR + (YALE+BNL) 
BAZIN,BLUMENFELO,NAUENBERG + (PRIN+COLU) 
BAZIN,PLANO,SCHMIDT+ IPRIN,RUTD,COLU) 
CARAYANNOP~LOS,TAUTFEST,WILLMANN (PURDUE) 
QUARENI~CARTACCI + (BGNA,FIRZ,GENO,RARMA) 
P SCHMIDT (COLUMBIA) 

BANGERTER,GALTIERI,BBRGE,MURRAY+ ILRL)  
+HERZBACH,KDFLER~YAMAMOTO + (BNL+MASAeYALE) 

PR IS l  1061 CHUNG YUN CHANG (COLUMBIAI 
NEVIS 145 THESIS CHUNG YUN CHANG (COLUMBIA) 
PR 152 1171 +LACH,SANOWEISS,TAFT,YEH,OREN • (YALE+BNL} 
PRL 17 223 

PRL 19 1458 
VIENNA ABS. B74 
PRIVATE CONN. 

PRL 19 181 
ZPHYS 208 409 
PL 25 B 376 
PRL 18 1E66 
PRL 18 1163 
PRL 13 246 

PRL 20 145q 
NC 57A 54 
PRL 20 1312 

V COOK,EWART,MASEK,ORR,RLATNER IWASHINGTON} 

BAGGETTeDAY,GLASSBR,KEHOE,KNOP+ (MARYLANO) 
8AGGETT,KEHOF IMARYLANO) 
N. BAGGETT (MARYLAND) 

BARASHtDAY,GLASSER,KEHOE,KNOP + (MARYLAND) 
+ENGELMANN,FILTHUTHtFOLISH,HEPP+ (HE(O) 
+LOKEN,PEWITT,NGKENZIE,+ IANL+CARNeNWESl 
KOTELCMUCKtGOZA, SULLIVAN,ROSS (VANDERBILT) 
SULLIVAN,MCINTURFR,KDTELCHUCH (VANOERBILT) 
A D MDINTURFF,C E ROOS (VANDERBILT) 

BIERMAN,KOUNOSU,NAUENBERG ÷ (PRINCETONI 
DERN-BRISTOL-LAUSANNE-NUNICH-ROME-COLLABOR 
MAST,GERSHWIN,ALSTON-GARNJOST + (LRLI  
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Stable Particles 
T- +, Z -  

Data Card Listings 
For notation, see key at front of Listings. 

ANG 69  ZPHYS 228  151 +BBENHOH, E ISELE ,ENGELMANN,F ILTHUTH÷  )HE ID )  
BAGGETT 69  MDDP-TR-973  N V BAOGETT (THESIS )  )UMD) 
BALTAy 69  PRL 22 615 BALTAY,FRANZINI,NEWMAN,NORTON÷ (COLUtSTON)  
B~NGERTE 69 UCRL-19244 ROGER ODELL 8ANGERTEB (THESIS) (LRL) 
BANGERTI 69  PR iBT 1821  8ANGERTER,GARNJOST,GALTIERI,GERSHWIN~ (LRL) 
BARLOUTA 69  NP B14 1S3 BARLOUTAUD,BELLEFON,GRANET+(SACL+CERN+HEID)  
E ISELEE 69  ZPHYS 22 [  1 +ENGELMANN,F ILTHUTHtFOHL ISCHtHEPP+  )HE IO)  
E ISELE2  69  ZPHYS 221  601  ÷ENGELMANNtF ILTHUTH,  FOHL ISCH,HEPP÷  (HE ID )  
OERSHWIN 69  PR 1BB 2077  +ALSTON-GARNJOST~8ANGERTEB + ( LRL )  

ALSO UCRL 19266 THESIS LAWRENCE K GERSHHIN [ LRL I  
NORTON 69  NEVIS I TS  (THESIS) HERBERT NORTON (COLUMBIA) 

BERLEY 70 PR 01 2015 
EBENHOH 70 KIEV CONF 
EISELE 70 ZPHY 238 372 
HARRIS TO PqL 26  165  

ALLEY 71 PR 03 75 
BAKNER 71LNC i 37 
COLE 71 PR 04  631  
TDVEE 7 1 N P  833 693  
BELLAMY 72 PL 398 299  
BOHM 72 NP 848 1 

ALSO 73 I IHE -73 .2  NOV 

EBENHOH 73  ZPHY 264  413  
L IPMAN 73 PL 438  89 
SAHA 73 PR OT 3295  
SECHIZOR 73 PR 08  12 

GLASER 56 CERN CONF 270  

+YAMIN,HERTZBACH,KOFLER ÷ )BNL,MASA,YALE) 
+EISELE,ENGELMANN,FILTHUTH,FOHLISCH+ (HEIO) 
+F ILTHUTH,HEPP,PRESSER,ZECH (HE IDELBERG)  
+OVERSETH, PONDROM,DETTMANN (MICH,WISC) 

+BENBROOKtCOOKtGLASS,GREEN,HAGUE + )WASH) 
+ ,SABRE COLLAB.  )ZEEM+SACL+BGNA+REHO÷EPOE) 
+LEE-FRANZIN I , LOVELESS,BALTAY÷  )STDN,CGLUI  
LOUC,BELGRADEt8ERL,BRUX,DUBLIN,WARS COLLAR 
+ANDERSONICRAWFORO,OSMON+ (LOWC+RHEL÷SUSSl 
BERLIN+BELGRADE+BRUX+OUBLIN+LOUC+WARSAW 
BRUSSELS BULLETIN, SAME COLLABORATION 

÷EISELE,FILTHUTH,HEPR,tEITNER,THOUW* (HEID) 
+UTO,WALKER,MDNTGOMERY+ (RHEL+SUSS+LOWCI 
+FETKOVICH,HE INTZEEMAN,MELTZER + (EARN) 
B.SECHI-ZORN,G.SNOW )UMD) 

PAPERS NOT REFERRED TO IN DATA CARDS 

GLASER,GODO,MORRISON (MICH÷LRL) 

QUANTUM NUMBE~ DETERMINATIONS NOT REFERREO TD IN THE DATA CARDS 

TRIPP 62 PRL B 175 R TRIPP,M WATSDN,M FERRO-LUZZI (LRL) P 
ALFF 63  SIENA CONF 1ZOE ALFF,NAUENBERG,KIRSCH,÷ (COLU+RUTG÷BNL) 

ALSO 65 PR 137 B 1105  ALFF,GELFAND,BRUGGER,BERLEY+)COLU~RUTG+BNL)  
CDURANT 63 SIENA CONF 1 73  COURANT,FILTHUTH,BURNSTEIN,DAY÷ (CERN+UMD) 

F ~ l  EO SIENA- ( 1198 , JP=1 /2+ }  I =~  

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

20 SIGMA- MASS (MEV) 

M N SEE NOTE PRECEDING LAMBDA MASS LISTINGS 

M 3000 1197 .63  0.08 SCHMIDT 65 HBC SEE NOTE N 3176~ 
M 
M FIT 1197,3E 0.06 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)  S/T6~  

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

EO )S IGMA- )  - (S IGMA+ I  MASS DIFFERENCE )MEV) 

0 8T B.E5 0.60 BARKAS 63 EMUL - 
D 2500  8 .25  0 ,25  OOSCH 65  HBC 

86 7 .91  O .Z3  BOHM 72 EMUL 1 /73  D 
0 . . . . . . . . .  
o AVG 8.09 O . Ib  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)  
O FIT 7.99 0.08 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.21 3176" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . .  

20 (SIGMA-; - (LAMBDA) MASS DIFFERENCE (MEV) 

DL N SEE NOTE PPECEDING LAMBDA MASS LISTINGS. 

DL 81 .70  0 .19  BURNSTEIN 64  HBC 9 lOb  
DL 85 BL .80  0 .13  SCHMIDT 65 HBC SEE NOTE N 3 /74 "  
OL 2279  81 .64  0 .09  HEPR 68 HBC 8 /68  
Ot  . . . . . . . . .  
DL AVG 81.693 0 .069  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O )  
DL FIT 81.755 0.054 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)  3 /76*  

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

20 SIGMA- MEAN LIFE (UNITS 10*~-10) 

T 1 .67  0.60 0.28 BROWN 58 HLBC 
T [ . 89  0 .33  0 .25  E ISLER 58 HLBC 
T 45 1.85 0.32 0.17 CHIESA 61EMUL 
T 61 1.75 0.39 0,30 BARKAS bE EMUL 
T 1208  1 .88  0 .06  0 .06  HUMPHREY 62 HBC STOP. K -  
T C 326T  1 .666  0 .075  CHANG 66  NBC STOP, K -  6166  
T S 6 1  ) 2 . 08 )  ( 0 . 22 )  CHIEN 66  HBC - 6 . 9  PBAR P g l 67  
T S 64 (1 ,46 )  ) 0 . 3 [ )  CHIEN bb HBC b .9  PBAq P,ANT I  91bT 
T 506  1 .38  0 .07  6 /68  WHITESIOE 88 HBC STOP. K- 
T E0253  1 .672  0 .016  BARLOUTAU 69  HBC K -P  .~m l . 2  GEV/C 11 /69  
T , IN  1 .485  O,OZZ EISELE  TO HBC K -P  AT REST 2171 
T 1383  1 .4E  O.OB BAKKER TE OBC - K--N TO S IG-  2P I  10171  
T 1 .41  O .O9  0 .08  TOVEE 71 EMUL 12 /71  
T 2400  1 .663  O .03q  ROBERTSON 72 HBC K -P  , 2S  GEV/C 3 /T6 *  
T C CHANG ERPOR 0.018 RAISED BY US. SEE IgTO EDITION, RMP 42,123(L9T0] I173 
T S ERROR PURELY STAT IST ICAL .  
T . . . . . . . . .  
T AVG 1.682 0.017 O*OlT AVERAGE )ERROR INCL. SCALE FACTOR OF 1.5)  

(SEE IDEOGRAM BELOW ) 

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

20 EIGMA- HAGNET[C MOMENT (HAGNETONS,988.26 MEg} 

MM BTWN -1 .6  AND +O.B FOX 73 CNTR SIG-ATOM FINE ST 3174" 

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

0 .4  

S I@MR-  DECRY RRTE 

UE IAHTEO RUERRAE = 0 .6748  • 0 . 0 0 ? 6  
ERRnR SCRLEO BY $ .6  

 iiii i '' "° • TDUEE 71  EMUL  

• BRKKER ?1 OBC 
. . . . . . . .  EZSELE  ?0  HBC 
. . . . . . . .  BRRLOUTRU 6 9  HBC 
I . . . . . .  WHT IES I "OE  6 0  HBC 
. . . . . . . .  CHRNG 6 6  HBC 

• H U n P H R E Y  6 2  HBC 
' . . . . . . . .  BRRKRS 61  E f lUL  

~II 
' c "~EBR . E.u,. 

- ~ - - - J - - - ' - ~  " "~ .ET6LER 68  HLBC 

.BROUN 6 0  HLBC 

0 18 0 .8  1 mJo 

(UN IT6  10112 .0  SEE- l ]  

C H I A G  
0 .2  

0 .7  

1 . 4  
O . O  
0 .4  

1 .8  
? .S  

3 .0  

16 .1  

(CDNLEU 
=0 .034 )  

20 SIGMA- PARTIAL DECAY MODES 

DECAY MASSES 
Pl SIGMA- INTO NEUTRON P I -  939÷ 139 
P2 SIGMA- INTO NEUTRON P I -  GAMMA 939+ 139+ 0 
P3 SIGMA- INTD NEUTRON MU- NEUTRINO 939+ 105+ 0 
P4 SIGMA- INTO NEUTRON E- NEUTRINO 939+ .5+ 0 
PS SIGMA- INTO LANBDA E- NEUTRINO 1115+ .5+ 0 

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

20 SIGMA- BRANCHING RATIOS 

RI SIGMA- INTO IN NO- NEU)I(N P I - I  (UNITS I 0 ,~ -3 )  (P3 I / (P l )  
RE 22 0.66 0.15 COURANT 66 HBG 
R| 11 0.56 O.EO BAZIN 65 HBC FROM STOP. K- 6166 
RI  56 0 .63  0 ,09  BAGGETT 69  HBC STOP. K -  10 /69  
P) 72 0.43 0.06 ANG i 69 HBC STOP K- 10169 
e l  13 0.38 0.11 COLE 71 HBC STOP R-  10/71 
R1 
R1 AVG 0.667 0.063 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

R2 SIGMA- INTO (N E- NEU)I(N P I - )  (UNITS 10" * -3 )  (PA ) l (P l )  
R2 9 1.0 O*A 0 .3  MURPHY 66 HLBC 
R2 16 1.37 0.36 NAUENBERG 64 HBC 
R2 16 1.15 0 .6  MILLER 66 FBC 
R2 31 1.6 0.3 COURANT 64 HBC 
R2 180 l . l l  0 .09  81ERMAN 68 HBC 6 /68  
R2 A 331  (1 .02 )  ( 0 . 08 )  ANG 1 69 HBC - STOP K -  10169  
R2 601 1 .09  0 .06  EBENHOH 70  HRC STOP K -  . 12 /70  
R2 57 0 .97  0 .15  COLE 71HBC STOP K -  10171 
P2 655  1 ,05  0 .07  SECHIZORN 73 HBC STOP K -  8 /T3=  
R2 A ANG1 REPLACED BY EBENHOH 70. 2/71 
RE . . . . . . . . .  
R2 AVG 1.082 0.038 AVERAGE (ERROR INCLUDES SCALE FACTOR DF I *0 )  

R3 SIGMA- INTO (LAMBDA E- NEUII(N P I - !  (UNITS | 0 * * - 6 )  
RE (PS) / (P l )  
R3 11 0,75 ODES COURANT 66 HBC STOP. K- 
R3 35 0.64 0.12 BARASH 67 HEC STOP K- '8/67 
P3 81 0.69 0.12 EISELEI 69 HBC STOP K- 10/69 
R3 31 0.52 0.09 BALTAY 69 HBC STOP K- q/69 
R3 . . . . . . . . .  
R3 AVG 0.006 0.060 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

R4 SIGMA- INTO (N P I -  GAMMA)I(N P I - )  (UNITS 10 " * -3 }  (PZ I / (P1 )  
R4 (1.E)APPROXIM. BAZIN 65 HBC P l -  LT 166  MEV/C 8/67 
R4 23 0 .10  . 02  ANG 2 69  HBC P I -  LT 110 MEV/C 10169  
R4 292  O .~b  0 .06  EBENHOH 73 HBC PI+ LT lEO MEV/C 3 /7A*  
RA . . . . . . . . .  
R4 AVERAGE MEANINGLESS (SCALE FACTOR = B.7 l  

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

ZO SIGMA- DECAY PARAMETERS 

RELATED TEXT SECTION V I  D AND APPENDIX I I I  

A~ ALPHA SIGMA- 
A- ( -O. t61  (0 .21 )  TRIPP 62 HBC REPL.BY BANGERTE 
A- D 6SO0 ( - 0 , 010 )  )0 .063)  BANGERTER 66 HBC K-P TO SIG- PI+ 7166 
A- O 6068 ( - 0 .104 )  ( 0 . 04 l  BERLEY 67 HBC K-P TO SIG- PI+ 11167 
A-  51000  -0 .071  0 .012  BANGERTER 69  HBC 10169  
A -  B 5978  ( - 0 . 136 )  ( 0 . 036 )  BERLEY 70 HBC K-P AT 600  MEV/C 2 /7 t  
A- 60000 -0 .067  0.011 BOGERT 70 HBC K-P AT 400 MEV/C 12/70 
A-  0 OLO RESULTS. HAVE BEEN REPLACED.  
A -  B EERLEY 70  REPLACED BY BOOERT 70  2 /71  
A -  • . . . . . . . .  
A- AVG -0 .0688  0.0081 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)  

F- PHI ANGLE (SIN(PHI)ICDSIPHI)=BETAIOA~MA) (DEGREES) 
F- 0 1006 (+BE.) ( 30 . )  BERLEY 67 HBC K-P TO SIG- PI÷ 11167 
F-  1385 1 4 .  19 .  BANGERTI 69  HBC 10169  
F- CI092 + 5. E3. BERLEY 70 HBC NEUTRON RESCATT. I i / 69  
F- C CHANGED FROH -5 TO +S TO AGREE WITH SIGN CONVENTION 
F- • . . . . . . . .  
F- AVG 10.8 IA*b AVERAGE (ERROR INCLUDES SCALE FACTOR OF ) .Of  

AV GV/GA FOR SIGMA TO LAMBDA BETA DECAY (TEXT SEC V) D.1 FOR SIGN CDNV] 
AV PREDICTED TO BE ZERO BY CONSERVED VECTOR CURRENT THEORY 
AV FB 45  ( 0 .31 )  ( 0 . 30 )  BARASH 67  HBC 11167 
AV FS 51 ) 0 . 7 )  ( 0 . 4 )  BALTAY 69 HBC USING BIG+- 4169 
AV FS 81 (+0 .22 )  ( 0 . 281  E ISELEE  69 HBC 10168  
AV F S 186 0.37 0.20 FRANZINI 72 HBC USING SIG+- 1/73 
AV B BARASH 67 MEASURED ABSOLUTE VALUE. 
AV S SIGN CHANGED TO AGREE WITH OUR CONVENTION. 
AV F FRANZINI 72 INCLUDES EVENTS OF BARASH 67, EISELEI 69, BALTAY 69. I173 



6 9  

Data Card Listings 
For notation, see key at front  of  Listings. 

AVE GAIGV FOR SIGMA TO NEUTRON BETA DECAYITEXT SEC V[ 0 .1  FOR SIGN CONV) 
AVI 57 ( 0 , 05 )  ( 0 . 23 )  ( 0 . 32 l  GERSHWIN 68 HDC REPLACED BY GBR.69 6168 
AVI C 49 0 .23  0 .16  COLLERAIN 69 HBC NEUTRON SCATTER. 10169 
AVI  C 33 0 .37  O.2b 0 .19  EISELE2 69 HBC NEUTRON SCATTER, °10169  
AVI 61 +0.19 0.20 0.17 GERSHWIN 69 HBC POLARIZED SIGMAS 10169 
AV1 63 - 0 .33  0 .30  0 .85  BOGERT 70 HBC K-P AT 400 MEV/C 10 /70  
AV1 S -0 .20  0.28 EBENHOH 70 HBC E- SPECTRUM 3/72 
AV1 C 36 0 .29  0 .28  0 .29  BALTAY 72 HEC NEUTRON SCATTER 6172 
AV1 43 - 0 .4  0 .52  1 .5  ELLIS 72 ASPK POLARIZED SIGMAS 10/71 

(+O*lOI (O . l l )  ELLIS 72 RVUE SUM LIKEL.(+SOL) 10171 
(-0.27) (O.13) (0.17) ELLIS 72 RVUE SUM LIKEL.(-SOL) 10171 

COLLERAINE,EISELE,BALTAY MEASURE ABSOLUTE VALUE OF GA/GV. 6 /72  
GERSHWIN 69, BOGERT 70, EBBNHOH 70,  AND ELLIS 72 MEASURE THE SIGN. 
BUT NEITHER HAS A DEFINITE SIGN DETERMINATION. SINCE THE SIGN IS 

Avl 
AVl 
AVi C 
AVl 
ANt 
AVl UNDETERMINED THE AVERAGE OF THE SIX VALUES IS MEANINGLESS. 
ANt E ELLIS 72 HAS COMBINED THE MAXIMUM LIKELIHOODS OF COLLERAINE 89, 
ANt E EISELE2 69, G~RSHWIN 69, ELLIS 72, AND GETS TWO POSSIBLE VALUES. 
AV[ S SIGN CHANGED TO AGREE WITH OUR DONNE. INCLUDES BIERNAN b8 EVENTS. 
AVL . . . . . . . . .  
AVI AVERAGE MEANINOLESS (SCALE FACTOR = 1.0) 

BROWN 58 CERN CONF 270 
EISLER 58 NC SERIO 10 150 

BARKAS 61ER 124 1209 
CHIESA 61NC 19 1171 
HUHPHREY 6Z PR 127 1305 
TRIPE 62 PRL 9 66 

BARKAS 63 PRL 11 26 
BURNSTEI 64 PRL IB bb 
CDURANT 64 PR 136 B L79E 
MILLER 64 EL I I  262 
MURPHY 64 PR 134 B 188 
NAUENBER 64 PRL 12 679 

BAZIN b5 PR 140 B 1358 
O~SCH 65 PL 14 239 

ALSO bb PR 151 I081 
SCHMIOT 65 PR 140 B 1328 
BANGERTE 66 PRL 17 495 
CHANG 66 PR 151 1081 
CHIEN 66 OR 152 i171 

RARASH 67 PRL E9 iBl 
BERLFY 67 RRL 19 979 
BIERMAN 68 PRL 20 1459 
GERSHWIN bB P~L 20 1270 
HEPP 68 ZPHY 214 71 
WHITESIO 68 NC 54A 537 

ANG 1 69 ZPHY 223 103 
ANG Z &9 ZPHY 228 151 
BAGGBTT 69 PRL 23 249 
BALTAY 69 PRt 22 615 
BANGEBTE 69 UCRL-19244 
BANGERTI 69 PR 187 1821 

BARLDUTA 69 NP B14 153 
COLLERAI 69 PRL 23 IgB 
EISELEE 69 ZPHY 221 l 
EISELE2 69 ZPHY 223 487 
GERSHWIN 69 UCRL-1924b 

RERLEY TO PR D[ 2015 
BOGERT 70 PR 02 6 
EBENHOH ?O KIEV CDNF 
EISELE 70 ZPHY 238 372 

BARKER 71LNC 1 37 
C~LE 71PR D4 631 

ALSO 69 NEV IS - IT5  THESIS 
TOVEE T1 NP B33 493 
BALTAY 72 PR 05 1569 
BOHM 72 NP D4B l 
FLLIS 72 NP B39 77 
FRANZINI 72 PR Db Z4L7 
ROBERTSO 72 THESIS 
EBENHOH 73 ZPHY 264 413 
~OX 73 PRL 31 1084 
SECHIZOR 73 PR D8 12 

3 /72  
3112 
3 /72  

REFERENCES FOR SIGMA- 

BROWN 57 PR 108 1036 
NI~TO 68 RME 40 140 

BROWN,GLASER,GRAVES,PBRL,CRONIN + (MICH} 
EISLER,BASSI,CONVERSI+ (COLU,BNL,BGNA,PISA) 

BARKAS,DYER,MASON,NICKGLS,SMITH (LRL) 
A M CHIESA,B QUASSIATI,G RINAUDO (TURIN) 
W E HUMPHREY,R R ROSS (LRL) 
R D TRIPP,M WATSON,M FERR(~LUZZI (LRL) 

W H 8ARKAS,J N DYER,H H HECKMAN (LRL) 
BURNSTEIN,OAY,KEHOE,SECHI ZORN,SNOW (UMD) 
COURANT,FILTHUTH÷ (CERN+HEID+UMD+NRL+BNL) 
MILLER,STANNARD,BEZAGUET+ (LOUC,EPOL+BERG) 
C THORNTON MURPHY (WISCONSIN) 
NAUENBERGtSCHMIDT,MARATECK÷(COLU+RUTG+PRIN) 

BAZIN,PLAN~,SCHNIDT + IPRIN+RUTG+COLU) 
DOSCH,ENGELMANN,FILTHUTH,HEPP,KLUGE÷ IHEID) 
CHUNG YUN CHANG [COLUMBIAI 
P SCHMIDT (COLUMBIAI 
BANGERTE~,GALTIERItBERGE,MURRAY÷ (LRL) 
CHUNG YUN CHANG (COLUMBIA) 
+LACH~SANDWEISS,TAFT~YBH,OREN + (YALE+BNL) 

BARASH,DAY,GLASSER~KEHOE,KNOP ÷ (MARYLAND) 
BERLEY,HBRTZBACH,K~FLER ÷ (BNL,MASA,YALE) 
BIERMAN,KOUNOSU,NAUENBERG ÷ (PRINCETON) 
GERSHWIN,ALSTON-GARNJOST,BANGERTER÷ (LRL) 
V.HEPP,H. SCHLBICH (HEIDELBERG) 
H. WHITESIDE,J. GOLLUB [OBERLIN) 

ANG,EISELE,ENGELMANN,FILTHUTH + (HEID) 
+EBENHOR,EISELE,ENOELMANN,FILTNUTH÷ (HEID)  
BAGGETT,KEHOE,SNOW (UNIV MARYLAND) 
BALTAYtFRANZINI,NEHMANtNORTON+ (COLU,STON) 
ROGER OOELL BANGERTER (THESIS) [LRL)  
BANGERTER,GARNJOST,GALTIERI,DERSHW(N+ (LRL) 

BARLOUTAUO,BELLEFON,GRANBT+(SACLeCERN÷HEID) 
COLLERAINE,OAY~GLASSER,KNOP÷(UNIV MARYLAND) 
+ENGELNANN,FILTHUTH, FOHLISCH,HEPP÷ (HEIO) 
EISELE,ENGELMANN,FILTHUTH,FOHLISCH+ (HEIDI 
LAWRENCE KENNETH EERSHWIN (THESISI (LRL)  

+YAMIN,HBRTZRACH~KOFLER ÷ {BNLtMASA,YALE) 
+LUCAS,TAFT~WILLIS,BERLEY + (BNL,NASA,YALE) 
+EISELE,ENGELMANN,FILTHUTH,FOHLISCH÷ [HEID) 
+FILTHUTH,HEPP,PRESSER,ZECH (HEIDELBERG) 

+,SABRE COLLAB. (ZEBM÷SACL+BGNA+REHO÷EPOL) 
*LEE--FRANZINI,LOVELESS,BALTAY+ (STON,COLU) 
HERBERT NORTON (COLUMBIA) 
LOUC,BELGRAOE,BBRL,BRUX,DUBLIN~WARS COltAB 
+EEINMAN,FRANZINI~NEWMAN,YEH÷ (COLU+STON) 
BERLIN÷BELGRADE+BRUX+DUBLIN+LOUC+WARSAW 
OXF÷AERE+RHEL+LOGM+LYON÷NWBS÷ITEP COLLABOR 
COLUMBIA+HEIDELBERG÷MARYLAND+STONY BROOK 
R.M.ROBERTSON ( l I T }  
÷EISELE,FILTNUTH,HEPP,LEITNER,THOUW÷ (HEIO) 
+LAM,BARNES,EISENSTEIN+ (BNL+VPI+WILL÷WYOM) 
B.SECHI-ZORN,G.SNOW [UMO) 

PAPERS NOT REFERRED TO IN DATA CARDS 

J BROWN, D GLASER, M PEEL  (MICH+BNL) 
M NIETO (STON) 

~ l  21 SIGMAO (1193 , JP= l / 2+J  I - 1  

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

2! [SIGMA-[ - (S IGMAO)  MASS OIFFERENCE (MEN) 
Ol N SEE NOTE PRECEDING LAMBDA MASS L IST INGS.  

01 18 4.75 0 .1  BURNSTEIN 04 HBC 
DI 37 4 .87  0 .12  OOSCH 65 HBC 
Ol 12 5.01 0.12 SCHMIDT 65 HBC SEE NOTE N 3 /7~  
DL . . . . . . . . .  
D1 AVG 4.860 0.076 AVERAGE (ERROR INCLUDES SCALE FACTOR DF 1.2) 
01 FIT 4°874 0 .063  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 3176* 

[SEE IDEOGRAM BELOW ) 

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

21 (SIGMAOI - (LAMBDA) MASS DIFFERENCE (MEN) 

OL N SEE NOTE PRECEDING LAMBDA MASS LISTINGS. 

Ol 208 76 .63  0 .28  SCHMIDT b5 HBC SEE NOTE N b /68  
OL 
DL FIT  7b .88  0 ,08  FROM FIT (ERROR INCLUDES SCALE FACTOR OF Z.O) 3 /74e  

Stable Particles 
Z-,zo,.=- 

4 . 4  4 , 8  

W E I G H T E D  R U E R R 6 E  = 4 . B 6 0  * 0 . 0 ? 6  
ERROR SCRLED BY 1 . 2  

Values above o f  weighted average, 
error, and scale factor are for the 
reader I s convenience only, T h e  
data were actually processed by a 
constrained f~t prograrn~ which 
calculates its own values of ~ G~ 
and scale factor, which are d~fer- 
ent from the values shown here° 

I 

CHISQ 

• \ . , .SCHn IDT  6S  HBC I .G  

- - .  . \ .  OOSCH ss  HeC o . o  
• . ~ .OURNSTE~N 6 4  HOC i..~2 

(CDHLEU 
S . 2  g , 6  = 0 . 2 4 9 )  

{S IGMR- ) - {S I6MRO)  MASS OIFFERENCE 

21 SIGMAD MEAN LIFE (UNITS lO *e -14 )  

T (I.0) OR LESS DAVIS ¢2 EMUL 

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

21 SIGMAO PARTIAL DECAY MODES 

DECAY MASSES 
P{ SIGMAO INTO LAMBDA GAMMA ELIS+ O 
P2 SIGMAO INTO LAMBOA E+ E- 1115+ .5+  . 5  

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

21 SIGMAO BRANCHING RATIOS 

RI SIGMAO INTOILAMBOA E+ E-I/TOTAL (PZ ) / IP |+P2 )  
RE 10,005451 THEORET. CAL. FEINBERG 58 QUANTUM ELECT, 

REFERENCES FOR SIGMAO 

FEINBERG 58 PR 109 1019 
DAVIS 6Z PR 127 605 
BURNSTEI 64 EEL 13 66 
DOSCH 65 PL 14 239 
SCHMIDT 65 PR 140 B 1328 

G.FEINBERG (BNL) 
O DAVIS,R SETTI,M RAYMOND,G TOMASIN (EEl) 
BURNSTEIN,DAY,KEHOE,SEDHI ZORN,SNOW (UMD) 
OOSCHtENGELMANN,EILTHUTH,HEPP,KLUGE+ (HEID) 
P SCHMIOT [COLUMBIA) 

PAPERS NOT REEERREO TD IN OATA CARDS. 

COURANT,FILTW;UTHDFRANZIN)+ (CERN+UMD+NRL] 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS 

ALFF 65 PR 137 BllO5 ALFF,GELFAND,NAUENBERG÷ {COLUMBIA+RUTG+BNLIP 

F ~  22 x I -  { I 3 Z I , J P = l / 2  ) I =112  

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

22 XI -  MASS (MEN) 

M H 11 (1317 .0 )  ( 2 . 2 )  WANG 61HLBC 
M H 18 (1317 .9 )  ( 1 . 9 )  FOWLER b l  HLBC 
M H (OLD DATA AND LOW STATISTICS DROPPED ON SUGGESTION OF J R HUBBARD) 
M 517 1321 .4  0 .4  JAUNEAU b3 FOE 
M 62 1321.1  0 .65  SCHNEIDER 63 HBC 
M 241 1321 . l  0 *3  BADIER[ 64 HBC 
M ALL MASSES ABOVE WERE RAISED O.O9 MEN BECAUSE LAMBDA MASS RAISED 
M 149 1321o3 0.4 PJERROU b5 HBC 11167 
M 6 132L.GT 0 .52  CHIEN 66 HBC - 6.9 PEAR P 9 /67  
M 299 1321.4 i . i  LONDON 66 HOD b/bb 
M g G 195 1321 .87  0 .51  GOLDWASSE 70 HBC 5 .5  K-R 8•70 
M USES LAMBOA MASS OF I I I 5 . 589 -M(X I )  IS 1322.18 IF M(LAMBOA) IS 1115. 4168 
M 268 1321 ,12  0 .41  WILQUET 72 HLGC 1173 
M . . . . . . . . .  
M AVG 1321.31  O.Ib AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O) 
M FIT 1321o29 0.14 FROM ~IT  (ERROR INCLUDES SCALE FACTOR OF [.OJ 3174~ 

:I 
Ml S 
MI 

:I s 
:I . G  
M1 FIT  

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

EG IX I - )  - (ANTI-X}÷) MASS DIFFERENCE [MEV) 

DR 1.0 1.1 CHIBN 66 HEC 6.9 PBAR P 

- -~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

22 ANT [ -X I÷  MASS (MEV) 

1(1322.0) [1 .3)  BROWN 62 HBC ANTI-X}- 7/66 
S 1320o69 0.93 CHIBN bb HBC + 6.9 PBAR P,ANTI 9167 

12(1321.7) (0.6) SHEN 67 HEC ANTI-X}- 10/67 
34 E321.Z 0 .4  STONE 70 HBC 10/70  
35 1321 .6  0 ,8  VOTRUBA 72 HBC lO GEV/C K+ P 11172 
THE ERROR IS STATISTICAL ONLY 

l BBL .20  0 .33  AVERAGE {ERROR INCLUDES SCALE FACTOR OF L.O) 
1321.29 0.14 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 3174* 



Stable Particles 
- -  EO 

22 Xl -  MAGNETIC ROMENT (MAGNETONS,938.26 MEV) 

MM 2724  -O . l  2 . I  BINGHAM 70  DSPK - 1.8 GEV/C K-P 2171 
MM 1134 -2 .2  0.8 COO1 72  OSPK 1.8 GEV/C K-P I /7B 
MM . . . . . . . . .  
MN AVG -1 .93  O.7S AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O )  

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

22 X l -  MEAN LIFE (UNITS lO * * - lO )  

T H 1Z (3 .B}  (B .4 )  ( 1 . 23 )  WANG 61NLBC 
T H 18 41.28) (0 .41 }  40.25) FOWLER 61HLBC 
T N GOLD DATA AND LOW STATISTICS DROPPED ON SUGGESTION OF J R HUBBARD} 
T 517  1 .86  0 .15  0 .14  JAUNEAU 63 FEE 
T 62 1 .E5  0 .31  0 .31  SCHNEIDER 63 HBC 
T 3S6 (1 .77 }  40 .12 )  CARMONY 64 HBC R IP  BY PJERROU 65  
T 794  1 .60  0 .07  HUBBARD 64  HBC 
T Z4b 1.70 0.12 PJERROU 65 HBC 11/67 
T S 6 (1 .37)  (0 .51 }  CHIEN 66 HBC - 6 .0  PBAR P 9167  
T 299 l . BO  0.16 LONDON b~ HBC blbb 
T S (1 .67 ]  ( 0 . 07 )  BURGUN 68  HBC K -P  AT 1 .3 -1 .8  2171  
T 2610  1.61 6.04 OAUBER 69 HBC b ibs  
T S 2436  (1 .637 )  40 .050 )  COOL 72 OSPK 1 .74 -1 .87  GEV/C K -P  l l / TB*  
T 680  1.73 O.OB 0 .07  MAYEUR 72 HLBC 2.1GEV/C K-  1 /7B  
T 4B05  1 *63  0 .63  BALTAY 74  HBC 1 .7S  GEV/C K- 3 /74 *  
T S THE ERROR IS STATISTICAL ONLY 
T 
T AVG 1.652 0.623 0,022 AVERAGE (ERROR INCL. SCALE FACTOR OF t . l )  

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

22  ANT I -X I+  MEAN L IFE  (UNITS 10 , * - 10 }  

T I  $ 5 ( I . 51 )  ( 0 . 55 )  CHIEN 66  HBC • 6 . 0  PBAR P ,ANT I  9 / 67  
T1 S 12 ( 1 . 9 }  ( 0 . 7 l  ( 0 . 5 )  SHEN 67 HBC ANT I -X I -  10/bT 
TI 34  1.6 O.B STONE T6 HBC 10170 
TI  S B5 (1 .BE)  ( 0 . 35 }  40 .20 )  VOTRUBA 72 HBC lO  GEV/C K+ P 11 /72  
T I  S THE ERROR IS STATISTICAL ONLY 

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

22 X I -  PARTIAL DECAY MODES 

DECAY MASSES 
Pl  X l -  INTO LAMBDA P I -  1115÷  139 
P2 X l -  TNTO LAMBDA E-  NEUTRINO 1115+ .5+ 0 
P3 XI -  INTO NEUTRON P l -  9B0+ 139 
P4 X I -  INTO LAMBOA MU- NEUTRINO I I 15+  105+ 0 
P5 X l -  INTO SIGMAO F -  NPUTRINO 1192÷  .S+  0 
PB X l -  INTO SIGMAO NU- NEUTRINO 1102+ 105+ 0 
PT X l -  INTO NEUTRON F -  NEUTRINO 039+ .5÷ 0 

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

22 XI -  BRANCHING RATIOS 

R[ X l -  INTO (LAMBOA E- NEUII(LAMBDA P l - )  (UNITS 10 " * -3 )  
RI [P2 ) / (P I )  
R1 1 ( 15B }EFFECT IVE  DEflOM. CARMONY 63 HBC 11167  
R I O  (2bO}E~FECTIV~ DENDM. JAUNEAU 63 HBC I I / b7  
RI O (220}EPFECTIVF DENOM. BERGE 66  HBC 11167 
RI  1 ( 1551EFFECT IVE  OENOM. LONDON eb  HBC I t / b7  
R1 0 ( 71T IEFFECT IVE  OENON. TRIPPE 67  HBC I I / 6T  
R I  2 (19761EFFECTIVE DENOM. HUBBARD EB HBC b/b8 
g l  4 l . l S  0 .90  0 .55  HUBBARD 68 RVUE 
R1 HUBBARD 68 (RVUE) INCLUDES ALL ABOVE EVENTS 6/68 

R2 X I -  INTO (N~UTRDN PI-) I(LAMEDA P I - )  (UNITS 10 , * - 3 )  
RE (PB) / (P1 }  
R2 5.0 OR LESS FERRO-LUZ 63 HBC 6 /68  
R2 1 .1  OR LESS DAUBER 60  HBC 6 /68  

R3 XI -  INTO (LAMBDA MU- NEUTRINO) /TOTAL  (UNITS 10 " * -31  
R3 (P4I 
R3 12 .0  OR LESS BERGE 66  NBC 6 /68  
RE 1 .3  OR LESS DAUBER 69 HBC b /08  

R4 X l -  INTO (SIGMAO E- NEUTRINOI ITOTAL  (UNITS 10 , * - 3 )  
R4 (PS I  
R6 3 .0  OR LESS BERGE 66  HBC 6 /68  
R4 O.S OR LESS DAUBER 69  HBC 6108 

R5 X l -  INTO (SIGMAO MU- NEUTRINOI/TOTAL (P6 )  
R5 O. OOS OR LESS BINGE 86 MBC 7 /66  

R6 X I -  INTO (N E -  NEUTRINO) / ( LAMBDA P l - }  (P7 } / (PL )  
R6 0.61 OR LBSS CL= .90  BINGHAM bB RVU~ 9/66 

RT X l -  INTO (SIGNAO E-  NEU ÷ LAMBDA E-  NEU) /TOTAL  (10 " * -3 }  
R7 (P2+PS)  
R7 17 O .6e  0 .22  DUCLOS 710SPK SEE NOTE O I 01T1  
RT O THIS  EXPERIMENT CANNOT DISTINGUISH SIGMAO FROM LAMBOA. THE CABIBBO 
R7 D THEORY PREDICTS SIGMAO RATE ABOUT A FACTOR 6 SMALLER THAN THE 
R7 D LAMBOA. TO GET A VALUE FOR THE TABLE RT HAS BEEN AVERAGED WITH R1. 

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

22 X l -  DECAY PARAMETERS 

RELATPO TEXT SECTION Vl  D AND APPENDIX I I I  

A ALPHA XI -  
A 0 ( - 0 . 44 )  (O .12 )  JAUNEAU 63 FBC SEE NOTS D BELOW 6 /68  
A D b2 ( - 0 . 73 )  ( 0 . 2B )  SCHNEIDER 63  HOE SEE NOTE D BELOW 6 /68  
A 240  -0 .5  0 .68  BADIER I  64 HOE SEE NOTE O BELOW 6 /68  
A 356  - - 0 . 62  0 .13  CARMONY b4 HBC SEE NOTE D BELOW b lb8  
A 1004  -0 .365  0 .068  DIRGE 66  HBC SEE NOTE O BELOW 6 /68  
A L 364  - 0 .47  0 .13  LONDON 66  HBC SEE NOTE D BELOW b /b8  
A ( - 0 . 391 )  (0 .032)  BINGE 2 66  RVUE INCLUDES ALL ABOVE 9 /66  
A M 2S29  ( - 0 . 375 )  (O .  OE l )  MERRILL  6B HOD 6 /68  
A 2781  -0 .391  0 .045  DAUBER o9 HBC SEE NOTE A BELOW 
A 2724  -0 .383  O.OBS BINGHAM TO OSPK 10 /70  
A 820  -0 .42  0 .11  MAYEUR 72  HLBC 2 .10EV /C  K-- 1 / 73  
A ~B03 -0 .3T6  0 .038  BALTAY 74 HBC 1 .75  GEV/C K -  3 /T4 "  
A A USED ALPHA LAMBDA = 0 .647  ÷ -  O .OZO.  
A D ERRORS MULT IPL IED  BY 1 .1  DUE TO APPROXIMATIONS USED FOR X}  
A O POLARIZAT ION.  [SEE DAUBER 60  FOR DETAILEO D ISCUSSION}  6 /68  
A L LONDON bb  USES ALPHA-LAMBDA = 0 .62  
A M DATA OF MERRILL  68  INCLUDED IN  DAUBER 68 .  
A 0 OLD DATA NOT INCLUDED IN AVERAGE.  
A 
A AVG -0 .393  0 .023  AVERAGE (ERROR INCLUDES BCALE FACTOR OF 1 .0 }  

70 

Data Card Listings 
For notation, see key at front of Listings. 

F PHI ANGLE (SIN(PHIIICOS(PHII=BETAIGAMNA) (DEGREES} 
F 0 ( - 16 .0 )  ( 4B .O)  JAUNEAU 63  FBC SBE NOTE D BELOW 6•68 
F 0 62  ( 4B .0 }  ( 36 .0 )  SCHNEIDER 63  HBC SEE NOTE D BELOW b /6B  
F SSb $4.0 30 .6  CARNONY 04  HBC SEE NOTE D BELOW b /be  
F 1004  O. IS .  8ERGE 66 HBC SEE NOTE D BELOW 6168  
F L 564 O.O 20.4 LONDON 66 HBC SSE NOTE 0 BELOW 6/08 
F M 2E20  (9 .8 }  ( I 1 . 6 )  MERRILL 68  NBC 6168  
F 2781 - 14 .  11 ,  DAUBER 60 HBC SEE NOTE A BELOW 
F 2724 -2b.O BO.O BINGHAM 70 DSFK 10170 
F 6303  11 .0  9 .0  BALTAV 14 HBC l . T5  GEV/C K-  3174 "  
F A USED ALPHA LAMBDA = 0 .647  + -  0 . 020 .  
F D ERRORS MULTIPLIED BY 1 .2  DUE TD APPROXIMATIONS USED FOR XI 
F D POLARIZATION. (SEE DAUBER 68 FOR DETAILED DISCUSSIONI 
F L LONDON 66  USES ALPHA--LAMBOA = 0 .62  
F M DATA OF MERRILL 68  INCLUDED IN  DAUBER 68 .  
P 0 OLD DATA NOT INCLUDED IN AVERAGE. 
F . . . . . . . . .  
F AVG 1 .b  b .b  AVBRAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 

(SEE IDEOGRAM BELOW I 

M E I A H T E D  RUERAAE = 1 .6  * 6 . 6  
ERROR ECRLED BY t . 2  

. . . . . . . .BALTRY 

. . . . . . . .  B I N A H A n  

. . . . . . . .  DAUBER 
. . . . . . .  LONDON 

. . B E R A E  
nONY 

-,oo -~o o sG Ioo '~So 
PH~ ANALE FOR X X -  ( I N  D E A R I E S )  

CHISg  

74  HBC 1 .1  

?0  DSPK O .B  

6 9  HBC 2 . 0  
6 6  HBC 0 . 0  
( ;6  HBC 0 . 0  
6 ~, HBC 3 .1  

7 .0  

(CONLEU 
=0 .219 )  

FOWLER b l  PRL b 134  
WANG 61JETP  13 512 
BROWN 62 PAL B EE5 

CARMONY 63  PRL 10 381  
FERRO-LO 63  PR 130 1568  
JAUNEAU 63  S IENA CONF 4 

ALSO 63 PL 5 26( 
BCHNEIDE 63  PL 4 B6O 

CARMONY 
BADIERI 
HUBBARD 
BINGHAM 
PjERROU 
PJERROU 

BERGE 
BEPGE 2 
LONDON 
DHIEN 
SHEN 
TRIPPE 

BURGUN 
HUBBARD 
MBRRILL  

DAUBER 
BINGHAM 

REFERENCES FOR X I -  

FOWLER,BIRGE.EBERHAqD,ELY,GOOD,POWELL÷(LRL} 
K WANG.T WANG,VIRYASOV,TING,SOLOVEV÷ (JINRI 
BROWN,CULWICN,FOWLER,GAILLOUD + (BNL÷YBLE) 

CARMONY,PJERROU (UCLAI 
FERRO-LUZZ IDALSTONtROSENFELO,WOJCICKI  ( LRL )  
JAUNEAU÷ iEPDL÷CERN+LOUC÷RHEL~BERGEN) 
JAUNEAU~+ (EPCL ,CERN,LOUC,RHEL ,BERGEN)  
H SCHNEIDER (CERNI 

64  PAL 12 482  CARMONY,PJERRDU,SCHLEIN, SLATER,STCRK÷(UCLAI J 
64 DUBNA CONF I COB BAOIER~DEMOULIN,BARLOUTAUD+(EPOL~SACLtZEEM) 
64 PR 135 8 183 HUBBARD,BERGEtKALBFLEISCH,SHAFER + (LRL) 
65  PRSL 28B 202  H H BINGHAM (CERN) 
65  PAL 1~ 275  + SCHLEIN~SLATERtSMITHtSTDRK.TICHO IUCLA)  
6S THESIS G M PJERROU (UCLA)  

66  PR 147  g4S BERGE,EBERHARD,HUBBARO.NERRILL ÷ (LRL} 
66 BERKELEY CONF 46 BEQGE.CABIBBO (LRL,CERN(RVUE)I 
66 PR 143 1034  LONDON,RAUtGOLEBERG, LICHTNAN÷(BNL÷SYRACUSE) 
66  PR iS2 l i T1  +LACH,SANDWEISS.TAFT,YEH,OREN + (YALE÷BNL) 
b7 PL BB B 443 B.C.SHEN,A.FIRESTONE,G.GOLDHABER (UCB÷LRL) 
67  PR IV .  COMM. T .  TRIPPE IUCLA)  

68 NP B8 447  +MEYBR,PAULI,TALLINI, ÷ (SACL÷CDEF÷RHEL} 
68  PAL 20  465  HUBBARD,BERGE,DAUBER (LPL )  
68  PR 167  1202  NERRILL tSHAFER (LRL )J  

69  PR 179 I 272  +BERGEtHUBBARO~MEBRILL.MILLER (LRLIJ 
76 PR 01 3010 ÷COOK,HUMPHREY,SANDER,WILLIAMS÷ (UCSD.WASH) 

GOLDNASS 70  PR O( 1060  GOLOWASSERv SCHULTZ G ILL )  
STONE 70  PL 52B 5L5 +BERLINGHIERItBREMBE~G,COHEN,FBRBEL ÷IROCH) 

DUCLOS 7Z NP B32 493 +FREYTAG,HEINTZE,HEINZELMAN,JONES+ (CERNI 
COOL 72 PAL 29 1630  ÷GIACONELLI,JBNKINS,KYCIA,LEONTIC.LI+ (BNLI 
MAYEUR T2 NP B4T BB3 +VAN BINSTtWILQUET+ (BRUX+CERN+TUFT+LOUC) 
VOTRUBA ?Z NP B45 7T VOTRUBA~SAFOERtRATCLIFFE (BIRM÷BDIN) 
WILQUET 72 PL 428 372  ÷FL IAGINE .GUY.KN IGHT÷  (BRUX+CERN+TUFT+LOUC) 
BALTAY 76  PR D9 40 +BRIOGEWATER,COOPER,GERSHNIN÷ (COLU+B ING)J  

23 XIO (1314,JP=112 } I = I / 2  

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

B3 XIO MASS (MEV} 

M I IB I3 .4  I .B  PALMER 68 HBC 5 /68  
M 49  1315 .2  0 .92  WILGUET 72 HLBC I /TO  
M . . . . . . . . .  
M AVG 1314.83 0 .82  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  
M F IT  1314.90 O.SS FROM FIT (ERROR INCLUDES SCALE FACTOR OF ~.O) 3174. 

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



7 i  

Data Card Listings 
For notation, see key at front of Listings. 

23 ( x I - I  - ( x l o )  MASS DIFFERENCE (MEVI 

O 23 6 .8  1 ,6  JAUNEAU 63 FBC 
D 65 (6 . I )  ( 1 . 6 )  CARMONY 6A HBC REP BY PJERROU 65 
O 88 6 .1  0 .9  FJERROU 65 HBC 1~167 
D 29 6 .9  2 .2  LONDON 66 HBC b /66  
D . . . . . . . . .  
0 AVG 6.34 0.74 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  
0 FIT 6.40 O.5B FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)  3/T4* 

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

23 KID MEAN LIFE (UNITS 10* * -101  

T 24 3 .9  I . ~  0 . 80  JAUNEAU b3 FBC 
T 65 ( 3 . 5 )  I 1 . 0 )  { 0 . 8 )  CARMONY 64 HBC PEP BY PJERROU 65 
T t o t  2.5 O.~ 0 .3  HUBBARD 6A HBC 
T BO E.O 0 .5  PJERROU 65 HBC 11167 
T 360 3 .0T  0 .2Z  0 .20  OAUBER 69 HBC 6 /68  
T B 469 I2 .BBI  {0 .20 )  (O . [B )  BRIDGEWAT 72 HBC 1 .75  GEV/C K-P 1/73  
T N lET 2 .90  0 .32  0 .27  MAYEUR 72 HLBC 2 .1GEV/C  K-  [ 174 ,  
T B 652 2 .88  0 .21  0 .19  BALTAY 74 HBC 1 .75  GEV/C K- 3 / 7~ *  
T M MAYEUR 72 VALUE MODIFIED BY ERRATUM. 1 /74"  
T B BALTAY 74 INCLUDES BRIDGEWATER 72 .  3 /T~ *  
T . . . . . . . . .  
T AVG 2.96 0.12 0 .1 t  AVERAGE (ERROR INCL. SCALE FACTOR OF LoOI 

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

23 XIO PARTIAL DECAY MODES 

OECAY MASSES 
Pl XIO INTO LAMBDA PIO 1115+ [34 
P2 XIO INTO PROTON P l -  938+ [ 39  
P3 XIO INTO PROTON E-  NEU 938÷ .E÷ O 
P4 XIO 1NTO SIGMA+ E- NEU 1189+ °5+ O 
PB XlO INTO SIGMA- E+ NEU 1197÷ .E+ 0 
P6 XlO INTO SIGMA+ MU- NEUTRINO 1189+ 105÷ 0 
P7 XIO INTO SIGMA- MU+ NEUTRINO 1197+ LOS+ O 
PB XIO INTO PROTON NU- NEUTRINO 9384 105+ 0 

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

23 XIO BRANCHING RATIOS 

RI XIO INTO (PRO TON P I - I / ( LAMBOA PIO) (UNITS [O*~'~BI 
{P2 I / IP I )  

R[ 27 .0  OR LESS TICHO 63 HBC 6 /68  
RI 5.0 OR LESS HUBBARD 66 HBC b /bE 
R1 0.9 OR LESS DAUBER 69 HBC 6/68 

42 XIO INTO (PROTON E- NEUIIILAMBDA PlO} (UNITS 10"=-3)  
R2 IRE ) l i F t )  
R2 27 .0  OR LESS TICHO 63 HBC 6 /68  
R2 6.0 OR LESS HUBBARD 66 HBC 6/6B 
R2 1 .3  OR LESS DAUBER 69 HBE blbB 

R3 XIO INTO (SIGMA+ E- NEU)I(LAMBDA PlOT (UNITS 10 , * - 3 )  
R3 (PA ) / (P t )  
RB 13.0 OR LESS TICHO 63 HBC b/bE 
R3 7 .0  OR LESS HUBBARD 66 HBC 6 /68  
~3 l .E  OR LESS DAUBER 69 HBC 616B 

~ XIO INTO (SIGMA- E* NEU)/(LAMBDA RiO) (UNITS 10 " * -3 )  
R4 (PS I / IP t l  
R4 6 .0  DR LESS HUBBARD 66 HBC 6168 
~4 1 .5  OR LESS DAUBER 69 HBC 6 /68  

RS XIO INTO (SIGMA+ MU-- NEUI/TOTAL (UNITS 1O* * - ] )  (P6J 
P5 7 ,0  OR LESS HUBBARD 66 HBC 61bB 
R5 l , S  OR LESS DAUBER 69 HBC 6 /68  

R6 XIO INTO (SIGMA- MU+ NEUI/TOTAL (UNITS 10* * -3 )  IF7)  
R6 6 .0  OR LESS HUBBARO 66 HBE 6 /68  
Rb 1.5  OP LESS DAUBER 69 HBC 6 /6B 

R7 XIO INTO [PROTON MU- NEUI/TOTAL [UNITS 10 "= -3 )  (P8)  
RT 6 .0  OR LESS HUBBARD 66 HBC 6 /6B  
R7 1.3 OR LRSS DAUBER 69 HBC 6/68 

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

23 XIO DECAY PARAMETER 

RELATED TEXT SECTION VI 0 AND APPENDIX I l l  

A ALPHA Xl  O 
A -O .O9  0 .46  PJERROU 65 HBC SEE NOTE O BELOW 6 /68  
A [ 46  - 0 . [ 3  O.1T SERGE 66 HBC SEE NOTE 0 BELOW b /68  
A L 46 - 0 . 2  0 .4  LONDON 66 HBC SEE NOTE O BELOW 6 /68  
& M 490 ( - 0 . 331  { 0 .11 )  MERRILL 66 HBC SEE NOTE O BELOW 6168 
A A 739 -0 .43  0 .09  DAUBER 69 SEE NOTE A BELOW 
A B 440 ( -O .B2 )  (O .09 l  BRIDGEWAT 72 HBC 1 .75  GEV/C K-P 1/7B 
a t 30  -O .  B4 0 .27  MAYEUR 72 HLBC 2 .1GEV/C  K- l / T3  
A B 652 -0 .54  0 .10  BALTAY 74 HBC 1 ,75  GEV/C K-  3 / 7~ *  
A A USED ALPHA LAMBOA = 0 .647  ÷ -  0 . 020 ,  
A D ERRORS MULTIPLIED BY l o l  DUE TO APPROXIMATIONS USED FOR Xl 
A D POLARIZATION. [SEE DAUBER 69 EOR DETAILED OISCUSSIDNI 
A L LONDON B6 USES ALFHA-LAMBDA = 0.62 
A M MERRILL 66 REPLACED BY DAUBER 69 
A B BRIDGEWATER 72 ERROR PURELY STATISTICAL,  1173 
A B BALTAY 74 INCLUDES BRIDGEWATER T2. 3 / 74 .  
A . . . . . . . . .  
A AVG -0 .441  D*OTB  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3)  

{SEE IDEOGRAM BELOW ) 

Stable Particles 
,~o, fl- 

~EZ6HTED RUERRGE - - 0 . 44 t  * 0 . 078  

ERRBR $CRLED BY 1 .3  

. . . , - . . .BALT~Y  74  HBC 

. . . . . . . .  MRYEUR 72  HLBC 

. . . .  DAUBER 69  

. . . .  LONDON GG HBC 
• .BERNE 66  HBC 
" E E ~ ~ ~ ~ ~ 6 8  flBC 

- 1 . 8  - 1 . 0  -O .S  O .O  O .E  1 .0  

ALPHR FOR XZO 

CHISg  

1 .0  

2 .2  

0 . 0  
0 . 4  
3 , 4  

6 . S  
(CONLEU 

= 0 . 1 4 2 )  

F PHI ANGLE (SIN(PHI)/COS(PHII=BETA/GAMMA) (DEGREES) 
F [46 - 8 .  CO. BERGE 66 HBC SEE NOTE D BELOW 6/6~ 
F M 490 ( IO7.Ol  (A6.O) MERRILL 66 HBC SEE NOTE O BELOW 6/68 
F A 739 38o 19 .  DAUBER 69 HBC SEE NOTE A BELOW 
F B 460 ( I [ . 2 )  { [A .A )  BRIOGEWAT 72 HBC 1.75 GEVIC K-R 1/73 
F B 652 16 .0  1T.O BALTAY TA HBC I .TB  GEV/C K- 3 /TA*  
F A USED ALPHA LAMBDA = 0.647 +- 0 .020 .  
P O ERRORS MULTIPLIED BY 1.2 DUE TO APPROXIMATIONS USED FOR Xl 
F D POLARIZATION. ISEE DAUBER 69 FOR OETAILEO DISCUSSION) 
F M MERRILL 66 REPLACED BY DAUBER 69 
F B BRIDGEWATER 72 ERROR PURELY STATISTICAL. t lTZ 
F B BALTAy T4 INCLUDES BRIDGEWATER 72. 3/T4" 
F . . . . . . . . .  
F AVG 2O.T EL.7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF ( .Of  

REAERENCES FOR XIO 

ALVARBZ 59 PRL 2 215 ALVAREZ~EBERHARD,GOOD,GRAZIANO,TICHO+ (LRL) 
JAUNEAU 63 SIENA CONF [ [ JAUNEAU÷  (EPOL+CERN÷LOUC÷RHEL÷BERGENI 

ALSO 63 PL A 49 JAUNEAU÷ (EPOL+CERN+LOUD÷RHEL+BERGEN) 
TICHO 63 BNL CONF 410 HAROLO K TICHO (UCLA) 

CARMONY 64 PRL 12 482 CARMDNY,PUERROU,SCHLEIN,SLATERtSTORK+IUCLAI 
HUBBARD 64 PR I35 B [83 HUBBAROtBERGE,KALBFLEISCH,SHAFER • ILRL} 
PJEQROU bS PRL [ 4  275 ÷ SCHLEIN,SLATER,SMITH,STORK.TICHO IUCLA) 
PJFRRDU 65 THESIS G M PJERROU (UCLA) 

BERGE 66 PR 1AT 945 BERGEtEBERH~ROeHUBBARO,MERRILL * (LRLI  
HUBBARD 66 UCRL [ [B1G J RICHARD HUBBARD (THESIS,BERKELEY) (LRL} 
LONDON 66 PR 143 1034 LDNDDN,RAU,GOLOBERG, LICHTNAN+(BNL+SYRACUSEI 
MERRILL 66 BERKELEY CONF MERRILL,SHAFER,BERGE (LRL) 

ALSO 66 UCRL I 6455  DEANE MERRILL (THESIS, BERKELEY) (LRL]  

PALMER 68 PL 26B 323 RALMER,RADOJICIC,RAU,RICHAROSDN+ (BNL,SYRA} 
DAUBER 69 PR IT9 1262 +B~RGE,HUBBARD,MERRILL,MILLEq (LRL) 

ERIOGEWA T2 NEVIS I95(THESIS) ALBERT BRIDGEWATER (COLUMBIAI 
MAYEUR 72 NP B47 333 +VAN BINST,WILQUET+ (BRUX+CERN+TUET+LOUC) 

ALSO 73 NR B53 26B ERRATUM TO MAYEUR 72 
WILQUET 72 PL 42B 372 ÷FLIAGINE,GUY,KNIGHT+ (BRUX+CERN+TUFT~LDUCI 
BALTAY 74 RR 09 49 +BRIOGEWATER,COOPERtGERSHWIN+ {COLU+BINGIJ 

r ~ l  2~ OMEGA- ( 1675 , JP=3 /2+ )  I=O 
QUANTUM NUMBERS ASSIGNED FROM SU3 

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

24 OMEGA- MASS (MEVI 

M E F 1 (1615 . )  EISENBERG E4 EMUL 9 /73 *  
M 1 [ 672 .1  1.  FRY1 55 EMUL 9 /73 *  
M E 1 I bTO,6  ( [ . )  FRY2 EB EMUL 9 /73 *  
M I I6TE.0 8.0 ABRAMS 66 HBC INTO X I -  PIO 
M 3 [ 673 .3  [ .O  PALMER 68 HBC K-F ~ .bvE .  GEV/C l [ / b9  
M 3 t 67 I .B  0 .8  SCHULTZ 6B HBC K-P 5 .5  GEV/C I [ / 69  
M 5 167A.2  1 .6  SCOTTER 68 HBC K-P 6.  GEV/C [ l / 69  
M B h (1671 .9 )  ( 1 . 2 l  SFETH 69 HBC K--R 10 .  OEV/C [ 1 / 69  
N EB [3  1671 .43  0 ,78  ABCLV 73 HBC K-P tO.  GEV/C [ 2 / 73 "  
M EISENBERG 54 MASS CALCULATED FOR DECAY IN FLIGHT. ALVAREZ 73 HAS 9/73*  
M E SHOWN THAT THE OMEGA INTERACTED WITH AG NUCLEUS TO GIVE K- X( AG. 91T3~ 
M F BOTH FRY EVENTS IDENTIFIED AS OMEGA- BY ALVAREZ 73.  9173"  
M F FRY MASSES ASSUME DECAY TO LAMBOA K- AT REST. DECAY FROM ATOMIC 3/74*  
M ¢ ORBIT COULO DOPPLER SHIFT THE K-  ENERGY AND RESULTING OMEGA- MASS 3 /74 *  
M F BY SEVERAL NEV FOR FRY 2o THIS SHIFT IS NEGLIGIBLE FOR FRY l 3 /T~*  

3174 .  M F BECAUSE THE OMEGA DECAY IS APPROXIMATELY PERPENO[CULAR TO ITS 
M F ORBITAL VELOCITY* AS IS KNOWN BECAUSE THE LAMBDA STRIKES THE 3/T4~ 
M F NUCLEUS (L.ALVAREZ~ PRIVATE COMM. 1973 ) .  WE HAVE CALCULATED THE B/E~* 
M F ERROR ASSUMING THAT ORBITAL N IS 4 OR LARGER. 3174* 
M B ABCLV VALUE INCLUDES THE SPETH 69 EVENTS. 12/TB* 
M . . . . . . . . .  
M AVG I672 . [ 8  0.42 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 ]  

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

2A ANTI-OMEGA÷ MASS IMEVI 

MB [ 1673o [  1 . 0  FIRESTONE 71HBC 12 GEV/C K÷O 3 /71  



Stable Particles 
fl-, PARTICLE SEARCHES 

24 OMEGA- MEAN LIFE {UNITS IO*'~'-'lO SEC) 

T A 1 (1.63I ABRAMS 66 HBC 
T A 1 (O.T)  BARNES 1 64 HBC 
x A 1 (1 .6 I  BARNES 2 66 HBC 
T A 1 ( 1 . 85 ]  COLLEY 65 HBC 
T A [ (1.5) RICHARDSD 65 HBC 
T A 1 (0 .93 )  ABCLV COL 68 HBC 
T A 1 ( 2 . 6 )  ABELV COL 68 HBC 
T A I (1.6I ABCLV COL 68 HBC 
r A 1 (0.21) ABCLV COL 68 HBC 
T A l (1.201 SCHULTZ 68 HBC 
T A 1 ( 0 . 06 )  SCHULTZ 68 HBC 
T A 1 ( 0 . 63 )  SCHULTZ 6B HBG 
T A l ( 0 . 2B I  SEOTTER 68 HBC 
T A 1 ( 0 . 30 )  SCOTTER 68 HBC 
T A l (O .T l l  SCOTTER 68 HBC 
T A l ( 0 . 081  SCOTTER 68 HBC 
T A l ( 1 . 04 )  SCOTTER bE HBC 
T A l (2.38) SCOTTER 68 HBC 
T A ALLISON INCLUDES ALL ABOVE * 3 MORE BNL EVENTS, 
T 21 1.31 0 .37  0 .26  ALLISON 68 RVUE 
T 16 1 .39  O.&5 0 .31  ABCLV 73 HBC 
T 
T AVG 1.34 3 .28  0 .20  AVERAGE (ERROR 

UNPUBLISHED. 

N-P I0* GEVIC 

INCL. SCALE FACTOR OF 

24 OMEGA- PARTIAL DECAY MODES 

OECAY MASSES 
Pl OMEGA- INTO LAMBDA K- ILIS÷ 493 
P2 OMEGA- INTO XIO P I -  1314+ 139 
o3 OMEGA- INTO X l -  RiO 1321+ 134 

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

24 OMEGA- BRANCHING RATIOS 

RI OMEGA- INTO LAMBOA K- (P l )  
R1 F [ EVENT FRYI 55 EMUL 
el F L EVENT FRY2 55 EMUL 
RI F BOTH FRY EVENTS IDENTIFIED BY ALVAREZ TB. 
RI 2 EVENTS PALMER 68 HBC 
R I B  EVENTS SCHULTZ 68 HBC 
RI 5 EVENTS 1XI Pl  DECAY AMB.SCOTTER 68 HBC 
RI 13 EVENTS +2 AMBIG. WITH XI-ABCLV 73 HBC K-P 10. GEVIC 

R2 OMEGA- INTO XIO PI -  (P2 I  
82 I EVENTS ABRAMS 64 HBC 
82 4 EVENTS PALMER 68 HBC 
P2 B EVENTS SCOTTER 6B HBC 
82 3 EVENTS +1AMBIG.NITH SIG-ABCLV T3 HBC K~P [0.  GEVIC 

PB OMEGA- INTO X l -  RIO (P3) 
83 [ EVENT PALMER 68 HBC 
R3 i EVENT SCDTTER 68 HBC 
~3 I EVENT ABCLV 73 HBC K-P I0. GEVIC 

REFERENCES FOR OMEGA- 

EISENBER 56 PR 9b 5&l  
FRY1 55 PR 97 1189 
FRY2 55 NC 2 346 
ABRAMS 64 PPL 1E 670 
BARNES I 6& PRL 12 20& 
BARNES 2 64 PL 12 134 
COLLEY 65 Pt  19 152 
RICHARDS 65 BARS LO lib 
SAMIDS bE ARGONNE CDNF 189 

ABCLV CO 68 NUC PHYS 84 326 
ALLISON 68 PRIV. COMM. 
PALMER 68 PL 26B 323 
SEHULTZ 68 PR Lb8 1509 
SCOTTER 68 PL 268 674 
SPETH 69 PL 298 252 
FIRESTON T l  PRL 26 410 
ABCLV 73 NP Bb[ 102 
ALVAEEZ 73 PR 08 702 

Y EISENBERG (EORNELLI 
FRY,SCHNEPS,SWRMI (WISCI 
FRY,SCHNEPS,SWAMI (WISE) 
+ 8URNSTEIN~GLASSER ÷ (UMO÷NRL) 
V E 8ARNES,CONNOLLY, CRENNELL,CULWICK+ (BNL) 
V E BARNES,CONNOLLY,CRENNELL,CULWICK÷ (BNL! 
COLLEY,OOOD +(8IRM+GLAS÷LOIC+MPIM+OXF÷RHEL) 
RICHARDSON,BARNES,CRENNEL÷ (8NL÷SVRACUSEI 
N P SAMIOS ( (RVUEI  BNL) 

AACHENeBERLIN+CERN+LONOON [MP.COLLo+VIENNA 
JOHN ALLISON (LANCASTER) 
PALMER,RADOJICIC,RAU,RICHARDSON+ (BNL,SYRA) 
SCHULTZ+ (ILL,ARGONNE,NORTHWESTERN,WISE) 
SCOTTER+ (BIRM,GLASGOW,LDIC,MUNICH,OXF) 
SRETH+ (AACHEN,BERLIN,CERN,LOIC,VIEN) 
+GOLDHABER,LISSAUER,SHELOON,TRILLING [LRL) 
AACHEN÷BERLIN÷GLEN+LONDON÷VIENNA COLLABOR. 
LUIS W. ALVAREZ (LBLI 

PARTICLE SEARCHES 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Tlbb 
7166 
7166 
7166 
7166 
Ii167 
lll6T 
11167 
11167 
11/67 
1L167 
11/67 
6/6E 
6168 
6168 
6168 
6168 
6/68 
6168 
6•68 
12173* 

1.0) 

11 /73 *  
l l l 7B *  
11 /73 "  
11 /69  
11 /69  
11 /69  
12173* 

11169 
11169 
11169 
12173* 

11169 
11169 
12/73* 

Heavy Leptons 

T w o  t y p e s  o f  s e a r c h e s  f o r  h e a v y  l e p t o n s  h a v e  b e e n  

m a d e .  T h e  f i r s t  t y p e  u s e s  t h e  f a c t  t h a t  w e  c a n  c a l c u -  

l a t e  t h e  t r a n s i t i o n  r a t e  f o r  t h e  d e c a y  o f  a h e a v y  l e p t o n  

t o  s t a t e s  i n v o l v i n g  o t h e r  l e p t o n s ,  w i t h  o r  w i t h o u t  p i o n s .  

P r o d u c t i o n  m e c h a n i s m s  a r e  a l s o  c o n s i d e r e d  t o  b e  w e l l  

k n o w n ,  p r o c e e d i n g  v i a  t h e  e l e c t r o m a g n e t i c  i n t e r a c t i o n .  

B E R . N A R D I N I  73 a n d  B A R I S H  73 a r e  o f  t h i s  t y p e .  

T h e  s e c o n d  m e t h o d  ( B U S H N I N  73)  i s  t o  l o o k  f o r  

c h a r g e d ,  w e a k l y  i n t e r a c t i n g ,  l o n g - l i v e d  p a r t i c l e s .  

7Z 

Data Card Listings 
For notation, see key at front of Listings. 

+ 
Intermediate Bosons (W ° and ¢0) 

Experimentally, W bosons could be produced by 

hadrons, muons, or neutrinos. They can decay into 

leptons or into hadrons. At present, there is no posi- 

tive evidence for the existence of W bosons, although 

there have been several searches. We list upper 

limits on the mass and on production cross section. 

All gauge theories postulate, in addition to the 

vector boson W, at least one scalar boson (Higgs' 

scalar), 4~ °. The couplings of the Higgs' scalar are 

model-dependent, and limits on its mass depend on 

M W. We list these limits and add in comment cards 

the assumptions made. 

Quarks 

Three main techniques have been used in the ex- 

perimental search for quarks: accelerators, cosmic 

rays, and searches in stable matter. The most recent 

limits using each of these techniques are given in the 

Data Card Listings. Accelerator experiments generally 

measure quark production cross sections (we quote 

these in Section C) and differential cross sections (D). 

Cosmic ray experiments measure quark flux (Y), and 

searches in stable matter measure quark concentration 

(RHO). Some of the accelerator and cosmic ray exper- 

iments have looked for fractionally charged particles, 

and some have looked for high-mass, low-velocity 

particles. We give the fractional charge, mass ranges, 

velocity ranges, and other information in the notes on 

the right hand side of the card and below the data cards. 

Magnetic Monopoles 

Two main techniques have been used in the search 

for magnetic monopoles: accelerator and stable matter 

searches. 

In accelerator searches strong magnetic fields are 

used to extract magnetic monopoles trapped in beam 

dumps. Cross-section limits are calculated using the 

reaction pp -- pp MM. 

Searches in matter have been made on sediments 

at the bottom of the Atlantic Ocean (FLEISCHER 69) 

and at the bottom of the Pacific Ocean (KOLM 71). 

Both experiments used high magnetic fields in attempt- 

ing to extract monopoles from the matter. ROSS 73 

searched a lunar rock sample using an electromagnetic 

detector which measures a current change induced in 

a superconducting circuit when traversed by a nlagnet- 

ically charged object. 



73 

Data Card Listings 
For notation, see key at front of Listings. 

We list the cross-section limits from these exper- 

iments with the range of Dirac charges to which each 

e x p e r i m e n t  i s  s e n s i t i v e .  

J HEAVY LEPTON SEARCHES J 

w HEAVY LEPTON MASS LIMITS IOEV) 
M C 0 (2 .0 I  OR MORE CL=.9O BARISH 73 ASPX ÷ 50,145GEV NEU,NAL 2/7@* 
M O 0 IT.@) O~ MORE CL=.95 BEPNRRDIN 73 ASPK E÷E-, FRASCATI 2/74* 

D 0 [ [ . 0 )  OR MORE CL=.95 BERNARDIN 73 ASPK E÷E-, FRASCATI 217@* 
M B NONE BTWN 0.55 AND 4.5 BUSHNIN 73 CNTP 7OGEV R,SERPUKOV 2/?@* 
M E O (2 .4 )  OR MORE C t= .90  EICHTEN ?3 HLEC + 1-10 GEV NEU 317@* 
M 0 0 ( i . 5 )  OR MORE CL= .95  ORITO 7@ ASPK 4 -  tee-  FRASCATI 3/74. 
M C BARISH 73 LOOKED FOR DECAY TO (MU+ 2NEUTRINOSI. ASSUMES BR.FRAC.=.3 2/74* 
M O BERNARDINI 73 FIRST VALUE ASSUMES UNIVERSAL COUPLING TO ORDINARY 2/74* 
M D LEOTONS. SECOND VALUE ALSO ASSUMES COUPLING TO HADRONS. 2/74* 
M B BUSHNIN 73 MASSES ASSUME MEAN LIFE ABOVE . 7  AND 30* lO* * -R  RSPCTVLY. 2 /?4 *  
M B CALCULATED FROM CROSS SEC(CI BELOW AND BO GEV MUON PAIR PROD. O~TA. 2174* 
M P EICHTEN 73 LOOKED FOR HEAVY MUON DECAYING INTO E+ ENEU+MUNEU9 3 /76 *  
M E ASSUMED TO BE 15 PERCENT OF ALL DECAYS. 3 /74 *  
M 0 OR[TO 7@ LOOKED FOR H*H-  PAIRS GIVING MU-E PAIRS. MASS LIMIT REFERS 3/7@* 
M 0 TO HEAVY ELECTRON, HEAVY MOON OR HEAVY LEPTON WITH OWN L NUMBEP. 3 /7@*  
M O COUPLING TD HADRON ASSUMED FROM THEORETICAL MODELS. 3/7@* 

DIFFERENTIAL HEAVY LEPTON PRODUCTION CROSS SEC[ IO* * -3B  CM**ZISR-GEV) 
B 0 (@.01 OR LESS CL= .9O  BUSHNIN 73 CNTR 70  GEV P ,  SERPUKOV 217@* 

C B BUSHNIN 73 HEAVY LEPTON PATH TRAVERSES 400 GM/CM**2  ABSORBER. 2/74* 
C B DIFFERENTIAL CROSS-SECTION MEASURED AT P=30 GEVIC THETA= 2 MRAD. 3174 "  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR HEAVY LEPTON SEAaCHES 

BARISH 73 PRL 31 410  +BARTLETTtBUCHHOLZtHUMPHREY÷ (CIT÷NAL) 
BEPNARDI 73 NC 17A 383  +BOLLINI,BRUNINI+ {CERN+BGNA÷FRAS) 

ALSO 70 tNC 4 1156 ALLES-BORELL[,BERNARDINI,BOLLINI÷ (CERN) 
BUSHNIN 73 NP B58 476  +OUNAYTZEV,GOLOVKIN,KUBAR~VSKY + (SERP) 

ALSO 72 OL @2B 13b  GOLOVKIN,GRACHEV,SHODYREV + {SERPI  
EICHTEN 73 PL @EB 281 +DEDEN+(AACH+BELG+CERN÷EPDL+MILA+LALO+LOUCI 
OPITD 7@ PL @OB I65 ÷VISENTIN,CERADINI,CONVERS[ ÷ (FRAS+ROMA) 

****** ********* ********* ********* ********* ********* ********* ******** 
****** ********* ********* ********* ********* ********* ********* ******** 

I INTERMEDIATE BOSON SEARCHES l 

M W BOSOM MASS LIMITS (GEV) 
M B 0 ( i . 7 )  OR MORE Ct=.99 BERNAROIN 65 HYBR ÷ NEU N, CERN 2/7@* 
M B 0 (2.0) OR MORE CL=.9O BURNS be OSRK + NEU N, BNL 217@* 
M C O (3 .E l  OR MORE C t= .9O  BAP ISH  73  ASPK + W+ TO LEP+NEU=.2  2176 "  
M C 0 (4.5) OR MPRE CL=*90 BARISH 73 ASPK + we TO LEP+NEU=.5 2/7@* 
M C 0 (@.7) OR MORE CL=.90 BARISH 73 ASPK + We TO LEP+NEU= .8  2 /7@*  
M B LOOKED FOR INEU N) TO IN+ MU- N), w÷ TO IMU+ NEU~ E+ NEU. DR HORNS) 2/74* 
M C BAQISH ?3 LOOKED FOR (NEU N) TO IN+ MU- N), W+ TO (MU+ NEU) AT NAL. 2/74* 
M C RESULT GIVEN FOR THREE ASSUMED BR.ERACS. W+ TO [LEPTON NEU)IALL. 2176" 

C W BOSON PRODUCTION CgOSS SECTION (10"*-36 CMt*2I 
C A 0 Ib.O) OR LESS ANKENBRAN 71CNTR +- w TOJMU NEU)=I,0 2 /74 *  

A ANKENBRANDT 7L LOOKED FOP [P N)TOIW HADRONS), W TO (MU NEU) AT BNL. 2 /7@*  
A THIS ASSUMES BR OF W TO MU NEU IS I .  IN GENERAL THIS VALUE IS 21F@* 

C A 6 .0 /BR ,  WHERE BR=(W TO MU NEU)I(W TO ALL ) .  2 / 74 *  

S SCALAR ~OSON MASS LIMITS (GEV] 
S C 0 ( [0 .0 )  OR MORE CL=.90 CONVERSE 73 AEPK 0 E+E- FRASCATI 3/7@* 
S C CONVERSI 73 LOOKED FOR OED VIOLATION IN E+E- SCATTERING AT 2.8 GEV 3/?@* 
S C AND ASSUMED N BOSON MASS=CO GEV. FOR MW=[5 OEV, MS LIMIT= 6 .5  GEV 3/7@* 

****** ********* ********* ********* ********* ********* ******re, ******** 

REFEPENCES FOR INTERMEDIATE BOSON SEARCHES 

BERNARDI b5 NC 38 bOB +BIENLEIN.BOHM,OARDELtFAISSNER~ (CERN) 
BUaNS 65  PRL 15 @2 +GDULIANOS,HYMAN,LEDERMAN,LEE + )COLU÷BNLI 
ANKENBRA 71 PR D3 2582  ANKENBRANOTtLARSEN,LEIPUNER÷ (BNL+YALEI 
BARISH 73 PPL 31 180 +BARTLETTtEUCHHOLZ,HUMPHREY÷ (CIT+NALI 
CONVERSl 73 PL 46B 269 +D.ANGELO,GATTOtPADLUZZ I  (ROMEI 

****** ********* ********* ********* ********* ********. ********* *******, 
****** ********* ********* ********* ********* ********* ********* ******** 

Iowx SEARCHESI 

C QUARK PRODUCTION CROSS SECT. FROM ACCELERATOR EXPTS ( 10 . * - 34  CM**2I 
C A 0 (O .004 )OR LESS EL= .90  ANTIPOV 69  CNTR Q= -2 /3  M=O-SGEV 2 /74 .  

B 0 (3.0) OR LESS BOTT-BODE 72 CNTR Q=+-1/3 M=O-22GEV 2/74" 
B O ( 6 . 0 )  OR LESS BOTT-BODE 72  CNTR Q=+-2 /3  M=O-13GEV 2 /74 *  

C L 0 ( 0 . 1 )  OR LESS LEIPUNER 73 CNTR Q= 113 M=O-L2GEV 2 /74 *  
C L O (O . I )  OR LESS LEIPUNER 73  CNTR Q= 213  M=O- I2GEV 2 /76 "  

l 0 (5000 .0 )  OR LESS LEIPUNER 73  ENTP ~ /3  M=O-12GEV 2 /74 "  Q= 
A ANTIPOV 69 I S A SERPUKHOV 70 GEV/C P EXPT. MASS LIMIT FROM NN=NNQQ. 21T@* 

C B BOTT-BODENHAUSEN 72 IS  A CEPN ISR 26÷2b  GEV P+P EXPERIMENT.  217~*  
C L LE IPUNER 73 IS  AN NA t  300  GEV P EXPERIMENT.  2 /74 *  

O DIFFFRENTIAL QUARK PROO.CROSS SEE, ACCL .EXPTS . ( [O* * -36  CM**2/SR-GEV) 2/74* 
0 D 0 (1 ,5 )  OR LESS DORFAN 65 CNTR BE TARG M=3-TGEV 2/74= 
D D 0 ( 3 , 0 )  OR LESS OOmFAN 65  CNTR FE TARG M=3-TGEV 2172~ ' 
O 0 DORIAN 65 IS A 30 GEV/C P EXPERIMENT RT BNL. 2174" 

Stable Particles 
PARTICLE SEARCHES 

F QUARK FLUX FROM COSMIC RAY EXPERIMENTS IIO**oIOICN**2-SR-SEC) 2 /7@*  
F M 2 MCCUSKER 62  CC 0=2 /3  2 /7@*  
F C 0 (3.0)  OR LESS BJORNBOE 68 CNTR M=SGEV OR MORE 2/74* 
F O (220.0) OP LESS FRANZINI 68 CNTR V=.5-.DC M=ZGEV UP 2/74* 
F 0 ( 2@0 .0 )  DR LESS CL= .95  KASHA 68  OSPK V= .5 - .T5C  M=S-15GEV 2174 .  
F 0 [0.501 OR LESS CL=.DO FUKUSHIMA 69 CNTR Q ' I / 3  SEA LEVEL 2176" 
F 0 ( 7 . 5 )  OR LESS CL= .90  FUKUSHIMA 69  CNTR 0=2 /3  SEA LEVEL 2 /7@*  
F B 0 ( I . 0 )  DR LESS CL=.90 BOHM 72 CNTR Q=ll3 2174. 
F e O (~.0) OR LESS EL= .90  BOHM 72  CNTR 0=2 /3  2 /74 *  

M MC CUSKER 62 CLAIMS 2 CANDIDATES. LATER SIMILAR EXPTS. SEE NONE. 2/74* 
F C BJORNBOE 68 LOOKED FOR DELAYED PARTICLES AFTER AIP SHOWERS. 2174. 

B BOHM 72 IS  FLUX IN 10"'1@ TD E0"'15 EV AIR SHOWERS 217@* 

RHO QUARK CONCENTRATION IN  MATTER (QUARKS PER NUCLEON) 
RHO O 3 E-29 OR LESS CHUPKA 66 CNTR SEAWATER 
RHO 0 [ E -16  OR LESS GALLINARO 66 CNTR GRAPHITE 
RHO 0 @ E - l g  OR LESS STOVER 67  CNTR IRON 
RHO 0 I ~-20 OR LESS RANK 68 CNTR OIL 
qHO 0 E E-2@ DR LESS COOK 69 CNTR SEAWATER 
RHO 0 1 E~23 OR LESS COOK 69 CNTR ROCK SAMPLES 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOP QUARK SEAPCHES 

MCCUSKEP.CAIRNS (SYDNEY) 
÷EAOES,LEOERMAN,LEEtTING (COLU) 
+SCHIFFER,STEVENS (ANL )  
GALLINARO,MORPURGO (GENOI 
÷ MORAN,TRISCHKA (SYRAI 
+OAMGARDtHANSEN,CHATTERJEE÷ (BOHR÷BEPN) 
FPANZINI,SHULMAN (COLUI 
+STEFANSKI (BNL+YALEI 
D.M.RANK IWICH] 
÷KARPOV.KHROMOV,LANDSBERG,LAPSHIN÷ (SEPP)  
÷DEPASQUALItFRAUENFELDER.PEACOCK + ( ILL l  
FUKUSHIMA,KIFUNE~KONDD,XOSHIBA÷ (TOKYI 
+DIEMONT,FAISSNERtFASOLD,KRISOR+ (AACH)  
+CALOWELLtFABJAN,GPUHN,PEAK÷ (CERN+MPI~I 
+LARSEN, SESSOMS,SMITH.WILLIAMS÷ (BNL+YALE) 

PAPERS NOT REFERRED TO IN DATA CARDS 

+LANOSBEPG -REVIEW PAPER- (SERP) 

MCCUSKER 62 PRL 23 658  
DORFAN 65  PRL 14  999  
CHUPKA 66  PPL 17 60 
GALL [NAR bb  PL 23 b09  
STOVER 67  PR 16@ 1 5 9 9  
BJORNBDE B8 NC B53 241 
FRANZINI 68 PRL 21 [ 013  
KASHA 68 PR 172 1297  
RANK 68  PR 176 1635  
ANTIPOV 69 PL 2RE 2@E 
COOK 69  PR t 88  2092 
FUKUSHIM 69  PR 178 205B  
EOHM 72 PRL 28 326  
BOTT-~OO 72 PL @OB 693  
LEIPUNER 73  PPL 3I 1226  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * *= * * * * *  

2/74* 
2174 "  
2/74" 
217@* 
2/7@* 
217@* 

[ MAGNETIC MONOPOLE SEARCHES l 

MONOPOLE PPOD, CROSS SECTION - ACCELERATOR EXP. I10"*-43 CM**2)INUCL 
G 0 14.0) OR LESS CL=.R5 GUREVICH 72 EMUL M-O-5  GEV 3/74* 

C C 0 160.0) OP LESS CL=.95 CARRIGAN 73 CNTR Q=1/6-24 DIRAC CHAP 3174" 
C G GUREVICH 72 IS A SEPPUKHOV 70 GEVIC P EXP. MASS LIMIT EPOM PP=PPMM 3/74* 
C C CARRIGAN 73 IS NAL 300 GEV P EXP. MASS LIMIT 0-L2 GEV FROM PP=PPHM 3/?4* 

CS MONOPOLE PROD. CROSS SECTION - SEARCH IN MATTER {CM**2)/NUCLEON 
CS F O I E-42 OR LESS CL=.gO FLEISCHER 69 CNTR M=I GEV El74* 
CS F 0 I E-RO OR LESS CL=.9O FLEISCHER 69 CNTR M=IO GEV 3/74* 
CS F 0 S E -37  OR LESS CL= .gO  FLEISCHER 69  CNTR M=IOO GEV 3174 .  
CS F 0 2 E-29 OR LESS CL=.gg FLEISCHER 69 CNTR M-TO00 GEV B/74. 
CS F O [ E-29 DR LESS CL=.DO FLEISCHER 69 CNTR M-TOO00 GEV 3/?4* 
CS K 0 L E -42  OR LESS CL= .95  KOLM 71CNTR M=1 .5  GEV 3174~  
CS K 0 1 E -42  OR tESS CL= .D5  KOLM 7E CNTR M=[O GEV 3 /74 *  
CS K 0 I E-37 OR LESS CL=.95 KOLM 71CNTR M=|O0 GEV 3/74* 
CS K O 1 E -34  OR LESS CL= .95  KOLM 71CNTR M=IOOO GEV 3176 "  
CS K 0 [ E-31 OR lESS CL=.g5 KOLM 71CNTR M=1500 GEV 3/74* 
CS R O 1 E -43  OR LESS CL= .R5  ROSS 73 ELEC M=2 GBV 3174 "  
CS R 0 5 E-El OR LESS CL=.9S ROSS 73 ElEC M=[O GEV 5/74* 
CS R 0 5 E-38 OR LESS CL=.g5 Pass 73 ELEC MI IOO GEV 3/74. 
CS F FLEISCHER 69 LOOKED FOR MONOPOLES IN SEDIMENTS AT BOTTOM OP OCEAN 3/74* 
CS F DEPOSITED DURING THE LAST [6  MILLION YEARS. 0=60 OIRAC CHAR.OR LESS 3/74* 
CS K KOLM 7L TPIED TO EXTPACT MONOP. IN DEEP SEAWATER Q=.2-27 OIRAC CHAR 3/74* 
CE R ROSS 73 TRIED TO EXTRACT MONQP. IN LUNAP DUST Q=.@-36 DIRAC CHAP 3/?@* 
CS R OR LARGER CHAROES EXCEPT FOR G= N*36*GO. WITH N INTEGER. THEY ALSO 317B* 
CS R REPORT LIMIT OF FLUX IN LUNAR MATERIAL AS 1.7"I0"*-@ MONDP./GRAM. 3/7@* 

REEERENCES FOR MAGNETIC MONOPOLE SEARCHES 

FLEISCHE 6g PR 18@ 1393  FLEISCHER,HAPT,JACOBS+ IGESC+UNCS+GSCO} 
KDLM 7[ PE D@ 1285  +VILLA,ODIAN IMIT÷SLAC) 
GUREVICH 72 PL 38E E49 ÷KHAKIMOV~MARTEMIANOV÷ IKIAE~NOVO÷SERP) 

ALSO T2 JETP 3@ 917 BARKOV, GUREVICH,  (KIAE÷NOVO÷SERP) 
CARRIGAN 73 PR OB 37!7 +NEZRICKtSTPAUSS (NAL) 
ROSS 73 o~ De 698  +EBERHARO,ALVAREZtWATT ( LBL+SLACI  



Mesons 
, ,~, ,rr°, r/, e 

S=O MESON STATES 

8 CHARGED PION (140,JPG=O--)  I = L  

SEE STABLE PARTICLE DATA CARD LISTINGS 

F ~  9 NEUTRAL PION (135,JPG=O--) l = I  

SEE STABLE PARTICLE DATA CARD LISTINGS 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

~ l  14 ETA I5~9,JPG=O-* I  I=O 

SEE STABLE PARTICLE DATA CARD LISTINGS 

I ~  PI Pl S WAVEr CALLED ERSILON 

7 4  

Data Card Listings 
For notation, see key at front  o f  Listings. 

S - W a v e  Tr~ I n t e r a c t i o n s  in the  R e g i o n  280 - 1900 iVieV 

In  t h i s  no te ,  we d i s c u s s  i n f o r m a t i o n  on the i s o -  
0 

s c a l a r  w~r S wave  in t e r m s  of i t s  p h a s e  sh i f t  60 f r o m  

t h r e s h o l d  to 1900 MeV. 

The  t h r e s h o l d  b e h a v i o r  of e l a s t i c  ww s c a t t e r i n g  

i n v o l v e s  S and P w a v e s  w h i c h  c a n  be s u f f i c i e n t l y  we l l  

d e s c r i b e d  by the  s c a t t e r i n ~  l e n g t h s  a 0, att and a0 Z. In 

sp i t e  of m a n y  a t t e m p t s  ( see  P I L K U H N  73), t h e s e  p a -  

r a m e t e r s  c a n  s t i l l  not  be u n a m b i g u o u s l y  d e t e r m i n e d  

f r o m  p r e s e n t  e x p e r i m e n t a l  i n f o r m a t i o n  
0 Z 

( B A S D E V A N T  73). The p a r a m e t e r s  a 0 and a 0 a r e  

s t r o n g l y  c o r r e l a t e d  and m u s t  l ie  in  a n a r r o w  band  in  
0 2 0 

the  (a , a ) - p l a n e  (MORGANZ 70). T h u s  if  a i s  f ixed ,  0 , 0  0 
& 1 

a 0 and a t are d e t e r m i n e d  w i t h i n  sma l l  unce r ta i n t i es  

(BASDEVANT 7Z). H o w e v e r ,  a l l  one k n o w s  i s  a 
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HYAMS 7:5 
(See also OCHS 73) 

PROTOPOPESCU 73 (case|) 

PROTOPOPESCU 73 (case .3) 

I I 

( 4 ) , ( 5 ) , ( 6 )  
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Fig .  i .  P l o t s  of the  S - w a v e ,  I = 0  ~ p h a s e  sh i f t ,  a s  d e t e r m i n e d  by  s e v e r a l  e x p e r i m e n t s .  The  c u r v e s  a r e  f r o m  
B A S D E V A N T  73. S o l u t i o n s  (1), (Z), and  (3) a r e  S - w a v e  p h a s e  s h i f t s  o b t a i n e d  by  f i t t ing  the da ta  of BATON 70 
( the v a l u e s  u s e d  f o r  the  s c a t t e r i n g  l e n g t h  a r e  -0 .06 ,  0 . t 6 ,  and  0 .58,  r e s p e c t i v e l y ) .  S o l u t i o n s  (4), (5), and  (6) 
a r e  S - w a v e  p h a s e  s h i f t s  o b t a i n e d  b 7 f i t t ing  the  da t a  of  P K O T O P O P E S C U  7Z ( the v a l u e s  u s e d  fo r  the  s c a t t e r i n g  
l e n g t h  a r e - 0 . 0 5 ,  0 . t 6 ,  and 0.6,  r e s p e c t i v e l y ) .  
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Data Card Listings 
For notation, see key at front of Listings. 

1 .00 -  

.75- 

.50" 

.ZS" 

0 
-.501 -A[91 Oi "ZI5 "SlO 

r N E R G Y  (M,JV) 

. . . . . . . .  t , ,  

700  1000  1300  1 1900 
ENERGY ( M r  

:,rrr ELASTIC 500 AMPLITUDE 

1 .06-  

7 5  

- .SO 

m ( D 6 Z )  

, :, ~ ,  , , , , , , , , , , 
- . Z 5  0 ,Z5  .SO 7 0 0  1000 1300  1600  1990 

' [~ ' RE(D0Z) ENERGY (M ,v )  
700 
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~ 1600  

1 9 0 0  
ENERGY (MeV)  

Mesons 

l"o°Tm(F)~) • 

:t/t 
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E~ERGY (M~V) 
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( 
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1 0 0  - 
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RE(F13) 

I M ( F 1 3 )  
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1900  
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~ A m p l i t u d e s  f o r  w~ e l a s t i c  s c a t t e r i n g  in  t h e  SO0, P i t '  DOZ' and  F i 3  w a v e s  f r o m  OCHS 73  ( t h e s i s ) ,  p u b -  
n H Y A M S  7 3 .  T h e  da ta  p o i n t s  w i th  e r r o r  b a r s  a r e  the  r e s u l t s  of  the  e n e r g y - l n d e p e n d e n t  a n a l y s i s  of  

OCHS 73;  t h e  c u r v e s  and  A r g a n d  p l o t s  a r e  f r o m  the  e n e r g y - d e p e n d e n t  a n a l y s i s .  T h e  e n e r g y  d e p e n d e n c e  of e a c h  
a m p l i t u d e  i s  d i s p l a y e d  b y  p l o t t i n g  i t s  r e a l  and  i m a g i n a r y  p a r t s  v s .  e n e r g y ,  in  a l i g n m e n t  w i t h  t h e  c o r r e s p o n d i n g  
A r g a n d  p lo t .  In a d d i t i o n ,  a r r o w s  a r e  p l o t t e d  on  t h e  A r g a n d  p l o t s  w i t h  b a s e s  p o s i t i o n e d  at  e v e n  m u l t i p l e s  of  
50 M e V  a n d  a b a s e - t o - t i p  l e n g t h  of 5 M e V .  A r r o w s  o c c u r r i n g  at  m u l t i p l e s  of  200  M e V  a r e  w i d e r  than  the  r e s t ,  
a n d  a f e w  of  t h e s e  a r e  l a b e l e d  e x p l i c i t l y .  A l l  t h e  e n e r g y  a x e s  run  f r o m  6 0 0  to  i 9 0 0  M e V .  E s t a b l i s h e d  r e s o n a n c e s  
in these waves are the c and S*(993) in the S00 wave, the p(770) and p' (1600) in the Pll wave, the f(I270) and 
f' (1514) (which, however, has not been observed to decay into two pions) in the D0Z wave, and the g(~680) in the 
F i 3 w a v e .  



Mesons 
E 

(I  
r e g i o n  o f  f i n i t e  e x t e n t  w i t h i n  w h i c h  a 0 m u s t  l i e .  I t  i s  

t h e r e f o r e  n o t  e s t a b l i s h e d  w h e t h e r ,  e . g .  , t h e  W e i n b e r g  

p r e d i c t i o n s  a r e  s u p p o r t e d  b y  e x p e r i m e n t .  

N e a r  t h r e s h o l d  t h e  S w a v e  s h o w s  n o  r e s o n a n t  b e -  

h a v i o r .  T h e  s o - c a l l e d  A B C  a n d  D E F  e f f e c t s  

(BOOTH 63, HALL 69, BRODY 70, 72, BANAIGS 71, 

73) occur only on nuclear targets (d, H 3, He 3) and 

move when kinematic conditions change. Thus they 

must be kinematic effects (DUBAL 71, BRODY2 72, 

RISSER 73, AN/OS 73). 

The region of elastic ww scattering is known to ex- 

tend from threshold to about 990 MeV, near the KK 

threshold (BATON 70, CARROLL 72, PROTOPOPESCU 
0 73, HYAIVIS 73). Up to the p meson mass region, 60 

is (qualitatively) uniquely determined; it rises mono- 

tonically and reaches a value of 60 ° to 70 ° near 700 

MeV (SONDEREGGER 69, BATON 70, BAILLON 72, 

CARROLL 72, FRENKIEL 72, GAIDOS 7Z, 

PROTOPOPESCU 73, HYAI~S 73). 

In the mass region of 700 to 900 MeV, all energy- 

independent phase-shift analyses using the constraint 
0 U0 = I find two solutions (" up-down ambiguity" ). This 

ambiguity was resolved in favor of the "down" solu- 

tion by the observation of a very rapid decrease in the 

S-wave amplitude between 950 and 980 MeV (FLATTE 

72, GAIDOS 72, HYARCS 73, BINNIE 73). The size of 

the observed drop corresponds to a change from nearly 

the unitarity limit to zero, i. e. , to a phase-shift 

change from about 90 ° at 900 MeV to 180 ° . 

In accordance with this, energy-dependent phase- 

shift analyses (PROTOPOPESCU 73, HYAMS 73) using 

two-channel (irlr and KK) effective range parametriza- 

tion, find a (qualitatively) unique solution from 550 

MeV to 1900 MeV. After having reached 180 ° near the 
0 

KK threshold, inelasticity sets in and 60 continues to 

rise through 270 ° near t 200  IV[eV, reaching about 400 ° 

at 1900 MeV (HYAIVIS 73). (Note, however, that a two- 

channel analysis may no longer be adequate at the 

highest energies). 

Independent evidence for the correctness of this 
0 0 (" down" ) solution comes from experiments on w vr 

scattering (APEL 72, SKUJA 73, BRAUN 73). They 
0 0 

observe a wide w Ir enhancement at ~ 800 MeV which 

is much better described by the "down" solution than 

the "up" solution. Furthermore, indirect information 

from elastic ww scattering in the crossed channel 

(ELVEKJAER 72, NIELSEN 7Z) is compatible with the 

" down" but not with the " up" solution. 

0 is much t o o  com- It is clear that the behavior of 60 

76 

Data Card Listings 
For notation, see key at front  of  Listings. 

plicated to allow a description in terms of one or sev- 

eral Breit-Wigner resonances. We therefore list the 

positions of the poles of the T matrix, found by 

searching in the complex energy plane, using the best- 

fit parameters of the K-matrix or M-matrix. The best 

fit of PROTOPOPESCU 73 obtains two poles on the 

second sheet, the S~(993) and the e(600). The S~(993) 
0 

is connected with the rapid variation of 60 near the 

KK threshold discussed above, and is also responsible 

for the large KK I = 0 S-wave scattering length. The 

E(600) pole is very far from the real axis and there- 

fore much less certain; it is inferred from the large 

size and slow variation of the S-wave amplitude be- 

tween 600 and 900 MeV, but PROTOPOPESCU 73 can 

fit this behavior also without an E pole. HYAIVIS 73 

region". This includes the S~(993) and two new poles 

at energies (1049 + ZS0i) MeV and (1537 + 233i) IV[eV. 

in addition HYAIVIS 73 find 9 unspecified distant poles. 

Thus they confirm that the e(600) pole (or poles) is 

far from the real axis. This agrees also with 

BASDEVANT 72, who present a set of ~rw amplitudes 

consistent with crossing, unitarity, and analyticity 

and with the ww phase shifts up to ~i00 IVIeV; their 

amplitude has a very wide E (F > 650 IV~eV). 

We list the S X~ parameters separately under 

S-wave I = 0 KK interactions. 

For a recent review see BASDEVANT 73 and 

GRAYER 74. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

14 REAL PART OF POLE POSITION (MEV) 

N (650 ,0 )  OR LESS BASOEVANT 72 RVUE SHEET Z 1 /73  
N bbO.O [O0.O PROTOPOPE 73 HBC SHEET 7 .  PI+P 1,'74= 

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

14 NEGATIVE INAG. PART OF POLE POSITION (MEV) 
CORRESPONDS TO HALF WIDTH, NOT FULL WIDTH. 

WW ( 825 .0 )  OR MORE BASDEVANT 72 RVUE 1/73  
)ZO.O 70 .0  PROTOPOPE T3 HBC 7.  PI+ P 1 /74 "  

REFERENCES FOR EPSILON 

SAMIOS 62 PRL R [89  

BLOKHINT 63 JETP [ 7  80 
BOOTH 63 PR [82 2314 
KIRZ 68 PR t 30  2481 

BARISH 64 PB 135 B 416 
CRAWFORD 66 PRL [3  42 [  
OEL FABB b4 PRL 12 b74 
KALHUS 64 PBL [ 3  DD 

BATON 65 NC 36 1149 
EIRGE 65 PR 1SD B [ 600  
BROWN 65 CORAL GABLES 219 
DURANO 65 PRL 14 BED 

JACOBS 66 PRL 16 669 
KOPELMAN bb PL 22 | iS  
LOVELACE 66 PL 22 8 ]2  

ANOERSON 67 PRL [8  89 
CLEGG 67 PB 163 l eb4  
GORBETT 67 PR [56 145|  
GUTAy 67 PRL 18 I 4Z  
JOHNSON 67 PR |63 1407 
MALANUO 67 RRL 19 1056 
WALKER 67 RNP 39 695 
WALKER 67 PRL 18 680 

BANDER 68 PB 168 [ 679  
BISWAS 68 PL 27 B 513 
BRAUN 68 PBL 21 1275 
OUTTA-RO 68 PB 169 1357 

÷8ACHMAN.LEA+ (8NL+CUNY+COLU+KNTY) 

8LOKHINTSEVATGREIBINNIK.ZHUKOV + (OUBNA) 
+ ABASHIAN (LRL) 
+SCHWARTZ + TRIPP (LRL) 

BAR(SH, KURZtPEREZ-MENOEZ,SDLOMON (LRL] 
+GROSSNANtLLOYD,PRICE,FOWLER (LRLI  
OEL FABRO,GE PRETIS,JONES+ (FBASCATI} 
+KERNAN,PU,POWELL,DDWO (LRL+WISCONSIN( 

J.P.BATONt J.BEGNIER (SACLAY) 
+ELY+GIOAL+KALMUS+CAMER[NI÷ (LRL+WISCI 
BROWN÷FAIER (NORTHWESTERN) 
L. OURANO AND Y.T. CHIU (YALE) 

+SELOVE (LRL) 
+ALLEN,GOOOEN,MABSHALL + (COLORADO+IOWAI 
LOVELACE,HEINZ,OONNACHIE (CERN) 

÷FUKUI÷KESSLER÷ (CHIC+ANL+CNRC~NCGILL+LOQM) 
A.B,CLEGG (LANCASTER) 
+OAMERELL+MIDOLEMAS+NEWTON (OXF+RHEL] 
÷JOHNSON+LOEFFLER+NCILWAIN+ (PURDUE+LRLI 
+GUTAYtEISNERtKLEIN, PETERS,SAHNhYEN+(PUBD) 
E.NALAMUO ÷ P.E.SCNLEIN (UCLA) 
W.O.WALKER (WISCONSIN) 
+CABROLL,GARFINKEL,OH (WISCONSIN) 

+SHAW,FULCO (UC IRVINE+S.BARBARAI 
÷EASONtJOHNSON,KENNEY,POIRIER+ (NOAH) 
BRAUNtCLINEtSGHERER (WISCONSIN) 
B. DUTTA-ROYt l .R .  LAPIDUS (STEV) 
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EISENHAN 68 PRL 20  788 EISENHANDLER,MISTRY,MOSTEK + (CORNELL) 
cOSTER 68 NP B 6 107  ÷GAVILLET÷LABROSSE+MONTANET+ (CERN÷COEF) 
HYAMS 68  NP B7 l ÷KOCH,POTTER~. .VON L INDERNeLOREN(CERN+MPIM)  
JONES 68  PR 166 1405  +CALDWELL+ZACHAROV+HARTING+8LEULER+ (CERN) 
JOHNSON 68  PR I 76  165 [  ÷POIR IER ,B ISWA$ ,GUTAY÷  {NDAM÷PURO+SLAC) 
LOVELACE 68  PL E8 B 264  C .LOVELACE (CERN) 
MARATECK 68  PRL 21 1613  +HAGOPIAN,+  (PENN+LRL+COLO+PURO+TNTO÷WISC) 

BIZZARRI b9  NP BIA 169 (SEE  P.LEOI+FOSTER.GAVILLET.GHESQU[ERE+ (CERN+COEF) 
OAVISON 69 PR 180 1333  ÷BACASTOWtBARKAS,+ (UCR+UCBI 
DEINET 69 EL 30 B BS9 ÷MENZIONE,MULLER,STAUDENMAIERt+  (KARL+CERN)  
ELY 69  PR lEO 1319  ÷GIOAL tHAGOPIANt÷  (UCB÷LOUC÷NISC)  
FELOMAN 69  EEL 22 316  +FRATI tGLEESON,HALPERN~NUSSBAUMt÷  (PENN( 
GUTAY 69  NP B 12 31 ÷CARMONY,CSONKAtLOEFFLER,MEIERE (PUROUEI 
HALL 69 NP B 12 573  +MURPAY,RIODIFORD {BIRMINGHAM) 
HOPKINSO 69 NC 59 A IE l  J.HOPKINSON,R,G.ROBERTS (CERN) 
MALAMUD 69  ARGONNE CONF.P.9B E.MALAMUD. P.SCHLEIN (UCLA) 
MORGAN 69 NP B 10 261  D.MORGANtG.SHAW (RHEL I  

(CERN) ROBEPTS 69  PL E9 B 368  R .G .  ROBERTSt Eo WAGNER 
SCHARENE b9 ARGONNE CONF.3O6 SCHARENGUIVEL [PUROUE) 
SCHAREN2 69  PR 186 1387  SCHARENGUIVEL(PURO÷LRL÷CERN+COLO+PENN÷TNTO) 
SMITH 6R PRL 23 335  O.A.SMITHt R.J.MANNING (MSU+LRL) 
SONOEREG 89 SEE BASOEVANT 72 SONDEREGGER,BONAMY (SACL) 
STRUGALS 69  PL 29 B 518 ÷CHUVILO,FENYVES,÷ (WARS÷JINR+BUDA) 

ALSO 70  NP B 24  358  STRUGALSNI ,CHUVILO ,FENYVES,GEMESY~÷  (OUBNA) 
WAGNER 69 NC EA A IS9  F.NAGNER (CERN) 

BARTSCH 70 NP B 22 I +KEPPEL,DENSCHtMORRISON,+ (AACH÷BERL+CERN) 
BATON 70 PL 33 B BEE +LAURENS,REIGNIER (SACLAY} 
BRODY 70 PRL 24 948  +GROVES,VANBERG,MAGLIC÷(PENN÷RUTG+UPNJ+ANL)  
D IAZ  70 NP B 16 239  ÷GAVILLET ,LABROSSEtMONTANET÷  (CERN+CDEF) 
HYAMS 70  PH ILAO,CONE.P ,41  ÷SCHLEIN.BEUSCH,+(CERN+MPIM+ETHZ÷LOIC+HAWAI 
MAUNG TO PL 33 B 521 +MASEK,MILLER,RUOERMAN,VERNON,+ (UCSD+LRL) 
MORGAN[ 70 SPRINGER TRACTS MOD.PHYS. ,VOL .EB ,P . I .  MORGAN~PISUT(RHEL÷CEQNI 
MORGAN E 70 PR D 2 520 D.MORGAN,G.SHAW (RHEL) 
NIELSEN 70 NP B 22 525  +LYNG-PETERSEN,PIETARINEN (NORDITA) 
SCHARENG 70  NP B 22 16 SCHARENGUIVEL ,GUTAY,MILLER,÷  (PURD+PENN) 
OH 70 PR O 1 2494  +GARFINKELtMORSE)WALKER.PEENTICE(WISC+TNTD) 
SHIBATA TO PRL 28 1227  +FRISCH,WAHLIG (HIT) 

ALST~N-G 71 PL 3b  B 152 ALSTON-GARNJOST, BARBAR~GALTIERI.÷ (LBL) 
BANAIGS ~l, NP B 28  509  +BERGERtDUFLO.GOLDZAHL,COTTEREA+(SACL+CAEN] 
BEAUPRE 71 NP B 28  77  +DEUTSCHMANN,GRAESSLERt+ (AACH+BERL+CERNI  
SENSING[ 71PL 36 B I 34  BENSINGEReERWIN,THOMPSONtW.O.WALKER (WISCI 
DUBAL TI NP B $2 535 L.DUBAL,D.J.BROWN (CNRC+CARL] 
OUILLOU 71NC 5 A 659 LE GUILLOU.MOREL.NAVELET (CERN) 
GUTAy 71NP  BET 4R6 +SCHARENGUIVEL,FUCHS,GAIDOS.MILLERt+ (PURD) 
HAMILTON 71 SPRINGER TRACTS MOD.PHYS..VOL. 57,P.41 J.HAMILTON {NORDITA) 
KIM 71PR D 4 265 +BANDER (UCI] 
LYNG PET 7 l  PHYS.REP~TS 2 IBB  J ,LYNG PETERSEN {REVIEW(  (CERN) 

APEL 72 EL 41 B 542  +AUSLANOER,MULLER,BERTOLUOCI ,~  (KARL+P ISA I  
BA ILLON 72  PL 38  B 555  +CARNEGIE ,KLUGE,LE ITH ,LYNCH,RATCL IFF+ (SLAE)  
BASDEVAN 72 PL ~1B  178 BASDEVANT~FROGGATTEPETERSEN (CERN) 
BPODV I 72 PRL 28  1215  ÷GROVES,MAGLICH,NOREM,~  (PENN+RUTG+UPNJ) 
BROOV 2 72 PRL 28 I 217  H.BROOY (PENNSYLVANIA) 
CARROLL 72 PRL 28 318  +OIAMOND,FIREBAUGH,MATTHEWS,+ (WISC+TNTO) 
ELVEKJAE 72 NP B 43  445  F .ELVEKJAER (AARHUS)  
FLATTE 72 PL 38  B 2S2 +ALSTON-GARNJOST tBARBARO-GALT IER I ,  ( LBL )  
FRENKIEL  72 NP B 47  61 +GHESQUIEREoL ILLESTOL ,CHUNG,÷  (CDEF+CERN) 
GAIDOS 72 NP B 66  449 +MCILWAIN,THOMPSON,WILLMANN (PURDUE) 
PRASAD 72 PR O 6 3216 +BREHN (UN|V.OF MASSACHUSETTSI 
WHITEHEA 72 NP B 48 365  WHITEHEAD,AULD,÷ (AERE÷RHEL+SHMP+LOUC) 
WILLIAMS 72 PR O 6 3178  P.K.WILLIAMS (FSU) 
ZYLBERSZ 72 PL 38  B 457  ZYLBERSZTEJN,BASILE,BOURQUIN,+ (GEVA+SACL) 

ANJOS 73 NP B 67  37 +D.LEVY,A.SANTORO (SACLAY) 
BANAIGS1 73 PL 93 E 53B +COTTEREAU,FABBRI t+  (SACL÷CAEN+FRAS)  
BANAIGS2 73 NP B 67  1 +BERGERtGOLDZAHL,COTTEREAUt÷ (SACL+CAEN)  
BASOEVAN 73 AIX CONF.PAPER BASDEVANT~BONNIERe+ (PARIS Vl +GLAS÷NORO) 
BASDEVAN 73 AIX CONF.P.220 J.L.BASDEVANT RAPPORTEUR TALK (PARIS V I I  
BEIER 73 PRL 30 399  +BUCHHOLZ,MANN,FARKERtROBERTS (PENN) 
B INN IE  73 PRL 31 1534  +CARR,DEBENHAM,DUANE,GARBUTT,+  ( LO IC+SHMFI  
8RAUN 73  PR D 8 3794  +DoCLINE {NISC) 
HYAMS 73 NP B 64  134  +JONES,NEILHAMMER~BLUM,DIETE,÷ (CERN+MPIM) 

FOR OTHER RESULTS ON SAME EXPERIMENT SEE GRAYER 74 
OCHS 73 THESIS THESIS {MPIM) 
PILKUHN 73 NP B 65  4b0  +SCHMIOT,MARTIN,+ (KARL+CERN+LOUC÷NIJM) 
PROTOPOP 73 PR 0 7 1280  PROTOPOPESCU,GARNJOST tGALT IER I ,FLATTE+(LBL )  
RISSER 73 PL 43 B b8  T .R ISSER,H .OoSHUSTER (SACL)  
SKUJA 73  PRL 31 653  +WAHL IG tR ISSERtPR IPSTE INeNELSONI+  (LBL )  
V ILLET  73 PREPRINT ~DAV]O,AYEO,BAREYRE,BORGEEAUOw÷ (SACL)  

GRAYER 74  CERN PREPRINT +HYAMS,JONES,BLUM~DIETL  (CERN+MPIM) 

* * * * * *  * * * * * *= * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

9 RHO (770 ,  JPG = 1~+1 I=1  

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

9 RHO MASS (MEV)  

M WE NO LONGER LIST S-WAVE BREIT-W]GNER FITSv PBAR P DATA WITH HIGH 
M COMBINATORIAL BACKGROUND, AND INSIGNIFICANT OR DOUBTFUL DATA. 

M MIXED CHARGES 
M 240  (752 .0 )  AL ITT [  63 HBC -0  [ . 6  P I -P  
M 200 ( 755 .0 I  CHAOWICK 63 HBC +-0 0.0 PBAR P 

M CHARGED ONLY 
M ( 748 .0 )  KENNEY 62 HBC - 1 .2  P I -P  
M 130 (77E .0 )  GUIRAGOSS 6B HBC 3 .E  P I -P  
M R (TbO .O)  ( 9 . 0 )  CARMONY 64 HBC + B ,E  P [÷P ,TCUT  A 
M R {768 .0 }  ( 5 , 0 )  BL IEDEN 6S MMSP B -5  P I -  P 6 /66  
M R (765 .0 )  ( 5 . 0 )  ALFF -STE I  6b HRC + 2 -3  P I+  P 6 /66  
M R (760 .01  {5 *0 )  HAGOPIAN1 66 HBC - 3 . 0  P I -  P 6 /66  
M R (765 .0 )  ( 5 , 0 )  HAGOPIAN2 66  HBC - 2*14  P l - tTCUT12  9/67 
M R 277S  (TBB .5 )  ( [ 0 . 5 )  JACOBS 66  HBC 2 -3P I - IT  CUT 20  6 /68  
M R (758 .0 )  (CO,01  JAMES 66  HBC + 2 .1P I~ ,TCUT2 .5  8 /bb  
M Z R (749 ,01  (3.016 WEST 66 HSC - 2 . 1  P I -  P L0 /66  
M 900  767 ,  . E ISNER 67 HBC - 6 .2  P I - tT  CUTIO { / 73  
M R (768 .0 )  (B .O I  MILLER 67 HBC - 2 . 7  P I - ,T  CUT20 9 /66  
M R (773 .0 )  { 2 . 0 )  BATON 68 HBC 2 .8  P I - tT  CUTIS  7 /69  

1700  (782 . )  15 . )  M FOSTER 68 HBG ÷ -  PEAR P AT REST 1 /73  
M 9680  764 .3  1 .9  1 .8  P I$OT  68  RVUE L ,7 -3o2P I -gCT IO  6 /68  
M A 9650  (764 .3 )  ( 19 .B )  (B *3 }  P ISUT b8 RVUE 1 .7 -3o2P I - ,CT10  b /b8  
M A ERRORS ARE Z STD AND INCLUDE SYSTEMATIC UNCERTAINTIES FROM THEORY 
M x 1300  77? .0  5o0  REYNOLDS 69  HBC - 2 . 26  P I -  P 1 /73  
M X 6500  766 .  7 .  OYERLY 73 OSPK 5 .  P I -  P 2 /74 *  
M X SYSTEMATIC ERRORS AODEO CDRRESP. TO SPREAD OF D IFFERENT F ITS .  
M . . . . . . . . .  
M AVG 765 .9  2 .2  AVERAGE (ERROR INGLUDES SCALE FACTOR OF 1 .6 )  

Mesons 
p(Tvo) 

MO NEUTRAL ONLY 
MO 190 (750 .0 }  
MO R 300  (760 .0 )  
MO 160  (77B .0 )  
MO R 500  (770 .0 )  
MO R (TOO.O) 
MO R 1775.01 
MO R ( 770 .1  
MO R 4207  [ 758 .0 )  
MO R (76E .0 )  
MO R 1760.0) 
MO P 4000  (TbB . )  
MO R (768.0) 
MO e (761 .1  
MO R 1770 .0 )  
MO R ( 775 .01  
MO 1900  (776 .  l 
MO 2250  775 .0  
MO 13300  766.7 
MO B (754.0) 
MO X R 1768 .41  
MO 1700 772 .0  
MO X SYSTEMATIC 
MO C 759 .0  
MO P (765 .0 )  
MO CI26SO (760 .0 )  
MO C 14OK 767 .7  
MO 761 .0  
NO 1930 767 .0  
MO 24B0  770 .0  
MO B (775.4) 
MO 772 .S  
MO Z lt2OO 773.5 
MO 6800  704 .0  
MO P (775 . )  
MO H (778.) 
NO H FROM PHASE 
MO C 32000  775 .0  
MO 
MO 
MD 
MO 

(20.0) SAMIOS 62 HBC 
(IO.Ol ABOLINS 63 HBC 

GUIRAGOSS 68 HBC 
( 10 .0 )  GOLDHABER 64  HBC 

(5 ,0 )  ALFF -STE I  66  HOE 
(5 .01  HAGOPIANI  66  HBC 
(B . )  HAGOPIAN2 66 HBC 
( 7 . 51  JACOBS 66  HBC 
(8.0)  JAMES bb HBC 
(3 .0 )  WEST 66 HBC 
(5.0) ASBURY 2 67 CNT~ 
(E .O l  BACON 67 HEC 
(3 . )  HUWE 67 HBC 
(4.0)  MILLER 67 HBC 
( 2 , 0 )  ARMENISE 6B DEC 
(E . )  FOSTER 68 HBC 
3.0 HYAMS 68 OSPK 
2 .8  P ISUT 68  RVUE 

( 9 . 0 )  AUSLENOER 69 OSPK 
(2.4)  MALAMUD 69 RVUE 

5 ,0  REYNOLDS 69  HBC 

0 4 .7  P I -P  
O 3 .5  P I+P  
O0 3 .3  P l -P  

3.7 PI+P  
O0 2 -B  E l+  P 6 /66  

B.O P l -  P 6 /66  
O 2 .1  PI-,TCUT 12 2 /67  
0 2 - JP I -oT  CUT 20 6 /68  
O 2 .1  E l÷  P 6 /66  
0 2 .1  P I -  P 10166  
0 GAMMA + PB 1/73 
O 1 ,7  P I -P  9 /67  
O 2.4 PI -  P 7167 
0 2.7 PI - ,T  CUT2O 9 /66  
o 5 .1  P I~D  6 /68  
O PEAR P AT REST L /73  
011 .2  P l -  P . g l6B  
O 1 .7 -3 ,2P [ -  CT lO  1 /73  
O E+E-  COLt. BEAMS 2 /7  ~:.* 
O 2-6 P l -P  1 /78  
O 2 .26  E l -  P 1 /73  

ERRORS ADDED CORRESP. TO SPREAD OF DIFFERENT FITS. 
7.0 SCHAREN 69 HBC O 2-4 P[ -  R 1/73 

(IO.O) ALVENSLEB 70 CNTR O GAMMA A,TCUT.Ol 1/73 
BATON 70 HRC 0 E .8  P I -  P 1 /71  

1.9 BIGGS 70 CNTR OPHOTOPRODUCT I ON 1/7S 
5.0 BAILLON 72 ASPK O 15. P I -  P 1/73 
4 .0  BALLAM 72 HRC O 2.8 GAMMA P 1 /73  
4.0 BALLAM 7E HBC O 4.7 GAMMA P 1/73 

(7.S) BENANSAS 72 OSPK D E+E- COLL.BEAMS 2/74* 
5.9 BENAKSAS 72 RVUE O E÷E-  COLL.BEAMS 21749 
1.7 JACOBS 72 HBC O 2.8 P l -  P I173 
3.0 RATCLIFF 72 ASPK 0 15 .  Pl-P.TCUT.3. 2 /74 t  

( 5 . )  GLADDING 73 CNTR O 2,9-4.7 GAMMA P 2/74* 
(E , )  HYAMS TB ASPK O 17 PI-P,N PI+Pl- 1174. 

SHIFT ANALYSIS OF GRAYER 7A DATA.  
4 .0  PROTOPOPE 7B HBC O 7 .1  P I÷P~TCUT.6  2 /74 •  

( 777 .1 )  ( 0 . 5 )  RODS 73 RVUE O PHASE SHIFTS 2 /74 *  
77[ .  i .  GRAYER 74 ASPK 0 17 PI -P~N  PI+Pl- 2174" 

AVG 770.$2 0.91 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.41 
(SEE IDEOGRAM BELOW I 

&~EISHTED RUERR6E = 7?0 .32  * 0 .91  

ERROR SCRLEO BY  1 .4  

• • .GRAYER 

• • .PROTOpnpE  

I , • .RRTCLZFF  

• • . JRCDBS 

• • .BENRKSRS 

i ~  . . . . . .  BRLLNM . . . . . .  BRLt RM 
. . . . . .  BRZLLDN 

. . . . .  B ISGS 

. . . .  SCHRREH 

. . . .  REYNRLDS 

. . . .  P ISUT  

. . . .  YRMS 

7S0  760  770  780  790 

RHO 0 MASS (MEU)  

CHISQ 

74 QSPK O.S 

73 HBC 1 .4  

72 RSPK 4 .4  

?2  HBC 3 .S  

72 RUUE 0 . I  

?2  HBC 0 .0  

?2  HBC 0 .?  

72  RSPK 3 ,S  

70  CNTR 1 .9  

69  HBC 2 ,6  

69  HOC 0 .1  

6E  RUUE 1 .7  

6B  OSPK 2 .4  

22 .B  

(CDNLEU 
=0 .030 )  

M .......... NOTES ......... 

M 0 FROM POLE EXTRAPOLATION 
M R INCLUDED IN PISUT 68  RVUE 
M B INCLUDED IN BENAKSAS 72 REVUE VALUE 
M P FROM PHOTOPRODUCTION, MODEL DEPENDENT. 
M Z ERRORS INCREASED BY US.  SEE TYPED NOTE ON N*  MASS. 

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

9 (RHO0) - (RHO÷-) MASS DIFFERENCE (MEV) 

D 2 .4  2 .1  P ISUT  68 RVUE P l  N TO RHO N 

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

9 

W SEE NOTE ON RHO MASS ABOVE 

W MIXED CHARGES 
W 290 (I10.01 

W CHARGED ONLY 
w 130  (125 .0 )  GUIRAGOSS 63 HBC - 5 .B  P I -P  
W (90 .0 )  ( 10 .0 )  SACLAY 63 HBC + 2 .8  P I÷P  
w 98 (tOO.Of BONDAR 64 HBC - 4 . 1P I -P  
W R (77.0) (20.0) CARMONY 64 HBC. + S.5 PI÷R~TCUT 4 
W R ( [O0 .O)  ALFF -STE I  bb  HOG 2 -0  P I÷  P b /bb  
H R {127 .0 )  ( 5 . 0 )  BL IEDEN 66  MMSP - 3 -5  P I -  P 6 /66  
W R (150 .0 )  (BO .O l  HAGOPIAN1 66  HBC - 3 . 0  P I -  P b /b6  
W R (135 .0 I  ( 2O .D )  HAGOPIANE 66  HBC 2 . [ 4  P I - tTCUT12  9 /67  
W R 2778  (137 .1 )  ( 20 .0 )  JACOBS 66 HBC - 2 -3P I - tT  CUT 20 6 /68  
W R (147 .0 )  { 19 .0 )  JAMES 66  HBC + 2 .1P I+ ,TCUT2oB  8 /66  
W R (149 .0 )  ( 13 .0 )  WEST 68  HBO - 2 . 1P l -  P 10 /66  
H 900 146. 13, EISNER 67 HBC - 4.2 P I - IT  CUTIO 9/67 
w R (183.0) ( I 3 . 0 )  MILLER 67 HBC -- 2.7 PI - .T CUTEO 9/66 
W R (1B0 .0 )  ( 5 . 01  BATON b8 HBC - 2 .B  P l -  P 7 /69  
W 1700  (145 .0 )  ( [ 0 . 0 )  FOSTER 68 HBC + -  PBAR P AT REST 1 /73  
W 9650  [~7 .B  4 .0  B .9  P ISUT  68  RVUE - 1 . 7 -3 .2P I - ,CT10  6 /6B  
w x IBOO 154 .0  1B .0  REYNOLDS 69 HRC - 2 . 26  P I -  P I / 7B  
W X 6500  166. lZ .  BYERLY 73 OSPK 5. P l -  P 2174. 
W X SYSTEMATIC ERRORS ADOEO CORRESP, TO SPREAD OF DIFFERENT F ITS ,  
W . . . . . . . . .  
W AVG 147 .b  3 ,5  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  
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Mesons 
p(TVo) 

Data Card Listings 
For notation, see key at front of Listings. 

NO NFUTRAL ONLY 
WO 190 (150 .0 ]  ( 20 .0 (  SANTOS 62 HBC 0 6 .7  PI-P 
WO R 300 (90 .0 )  ( 10 .0 }  AOOLINS 63 HBC 0 3 .5  PI+P 
wo 160 (175 .0 )  GU[RAGOSS 63 HBC 0 3 .3  P I -P  
NO E 500 ( 130 .0 }  GOLDHABER 64 HBC 0 3 .7  P ie r  
NO R ( [ 00 .03  RLFF-STEI 66 HOD E 2-S PI+ P 6 /66  
WO R ( lEO.O)  I 10 .01  HAGOPIAN1 66 HBC 0 3 .0  E l -  P 6 / 6 6  
WO R (13E.O)  ( 20 .0 }  HRGOPIAN2 66 HBC 0 2 .16  PI -P,LOW T 9/6T 
wo R 4207 (122 .23  (15 .03  JAC08S 66 HDC 0 2m3P I - ,T  CUT 20 6 /68  
wo R (103 .0 )  ( 13 .0 )  JAMES 6b HBC 0 2 .1F I÷  P 6 /66  
wO R (173 .03  ( I 3 . 0 (  WEST 66 HBC 0 2 . [  P I -  P 10 /66  
wo P 6o00 (180 . )  ( 5 . 1  ASBURY 2 b7 CNTR 0 GAMMA + PB L /73  
wo R ( [ 48 .0 (  ( 8 . 0 )  BACON 67 HBC 0 1 .7  P I -P  9 /67  
WO R (152 . )  ( 1E . I  HUWE 67 HBC 0 2 .4  P I -  P 7 /67  
wo R (160 .03  ( 15 .03  MILLER 67 HBC o 2.7 PI - ,T  CUT20 9/66 
WO R (167.03 ( 6 . 0 ]  ARMENISE 68 DBC 0 E.1 PIeD 6/68 
wo 1900 (132 . )  [ 10 . )  FOSTER 68 H8C 0 F8AR P AT REST  I /T3  
WO Z 2250 I 65 .0  12 .0  HYANS 68 OSPN Ol l . 2  P I -  F • 1/73 
wo P (160 .03  ( IO .O(  LANZEROTT 68 CNTR 0 GANNA P I /T5  
wo E ( 103 .03  ( 20 .0 ]  AUSLENOER 69 OSPK 0 E+E- COLL.BEANS 2 /76~  
WO R ( 132 .01  ( 13 .0 )  MALANUD bO RVUE 0 2 -4  PI-P 1/73  
HO X 1700 135 .0  I 6 . 0  REYNOLDS 69 HEC 0 E .26  P I -  P 1/73 
wo X SYSTEMATIC ERRORS ADDED CORRESPo TO SPREAO OF D[FFEEENT F ITS ,  
HO C 119 .0  20 .0  SCHAREN 69 HRC 0 2 -4  P I -  P 1 /73  

ALVENSLEB 70 CNTR 0 GAMNA A,TCUT,01 1173 
EATON 70 HDC O 2 .8  P l -  P 1 /71  
BIGGS 7O CNTR OPHOTOFROOUCTION 1 /73  
BAILLON 72 ASPK 0 15.  P I -  P I /T3  
BRLLAN 72 HBC 0 6 .7  GAMMA P 1 /73  
BALLAN 72 HBC 0 2.8 GAMMA P 1 /73  
BENAKSAS T20SPK 0 E+E- COLL.8EAMS 2/T41 
8ENAKSAS T2 RVUE 0 E÷E- COLL.BEAMS 2 /74~  
JAC03S 72 HBC 0 2 .8  P I -  P 1 /73  
RATCLIFF 72 ASPK 0 15. F I -P ,TCUT .3 .  2 / 76 *  
GLADDING 73 CNTR 0 2 ,9 -6 .7  GAMMA P 2 /74 *  
HYAMS 73 ASPK 0 17 PI-P,N PI+P I -  1 / 76 "  

GRAYBR 76 OATA. 
PROTOPOPE 73 HBC 0 7 .1P I+P tTCUT ,6  Z/TR* 
RODS 73 RVUE 0 PHASE SHIFTS 2 /76 *  
GRAYER 76 ASPK 0 IE  P [ -P*N  P I+P l -  2 / 76 "  

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.63 
(SEE IOEOGRAN BELOW ) 

W0 P (160 .0 l  ( 5 . 0 (  
w0 C12630 (131 .0 }  
W0 160K 16b.1  2 .9  
wo C lOB.O 20 .0  
W0 Z 2630 155 .0  12 .0  
w0 Z 1930 165 .0  13 .0  
HO E ( 149 .b )  ( 23 .2 )  
wo 135 .8  15.1 
wo 11200 (178 .35 )  ( 2 . 5 (  
wo 6800 1S7.0  8 .0  
wo P (16T . )  ( 11 . )  
W0 H (152 . (  ( 2 . )  
WO H FROM PHASE SHIFT ANALYSIS OF 
WE C 32000 160.0 i 0 .0  
wo (150.3) ( I . 0 )  
W0 L61.  4. 
W0 . . . . . . . . .  
wo AVG 150 .4  2 .9  

UE IGHTED RUERR6E = t 50 .4  * 2 .9  

ERRDR SCRLED BY 1 .4  

- t -  . . . . .  GRRYER 74  RSPK 

. . . .  PROTOPDPE 73  HBC 

• RRTCLZFF  72  RSPK 

'BENRKSRS 72  RUUE 

• BRLLRM 72  HBC 

• BRLLRM 72  HBC 

I . . . . .  BA ILLON 72  RSPK 

'B I66S  70  CNTR 

• SCHRREN 69 HBC 

• REYNOLDS 69  HBC 

• HYRMS 6B  OSPK 

80  120  t 60  200  

RHO 0 MZDTN (nEU)  

CHZS(I 
7 . 0  
0 . 9  
0 . 7  
0 . 9  
0 . 2  
0 . 1  
4 , 5  
2 . 2  
2 . 5  
0 . 9  
0 . 2  

2 0 . 2  
(CONLEU 
= 0 . 0 2 B ]  

w . . . . . . . . . .  NOTES . . . . . . . . .  

w C FROM POLE EXTRAPOLATION 
W R INCLOOEO 1N PISUT 68 RVUE 
W B INCLUDED IN 8ENAKSAS 72 REVUE VALUE 
W P FROM PHOTOPRODUCTIONt MODEL DEPENDENT. 
w Z ERRORS INCREASED BY US, SEE TYPED NOTE ON K* MASS. 

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

9 RHO PARTIAL DECAY MODES 

DECAY MASSES 
Pl RHO INTO EPl 139+ 139 
P2 RHO INTO 6PI  139+ 139+ 139+ 139 
P3 RHO INTO PI GAMMA 139e 0 
P6 RHO INTO E+ E-  .5+ .5  
PE RHO INTO PI ETA (VIOLATES GI 139+ E68 
P6 EHO INTO NU+ MU- 105+ 1DE 
P7 RHO0 INTO P[+ P I -  RIO (VIOLATES G) 139+ 139+ 134 

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

9 EHO BRANCHING RATIOS 

81 RHO INTO 4P I /ZP I  (P2 I / (P I (  

RI RHO+- INTO (PI+-  Pl+ PI -  RIO) I (P ie - "  RIO) 
RI ( 0 . 026 )0R  LESS BLIEOEN 66 MMSP -- 3 -5  P I -  P 6 /66  
R1 (0 .01 )  OR LESS OEUTSCHMA b b  H8C ÷ 8 ,0  PI+ P O I b 6  
R1 (O.OO210R LESS FERBEL 66 HOC ~ PI+ -  P ABOVE 2 .5  E0/66  
RI 0 . 0035  0 .004  JAMES b b  HBC + 2.1  PI+P 1 1 1 6 6  

R1 RHO0 INTO (P I+  P I -  P I +  P l - )  / (P I÷  P I - )  
Rt ( 0 . 008 }08  LESS JAMES 66 HEC 0 2 .1P I÷P  6 /66  
RE ( 0 . 002 }OR LESS CHUNG 68 HBC 0 3 .2 ,6 .2  P I -P  7 /67  
RI  (O.O02(0R LESS CL=.90 HUSON b8 HLBC 0 [ 6 . 0  P I -  P 1171 
R[ ( 0 . 0013108  LESS CL=.90 GERMAN CO 69 MBC 0 2 .5 -5 .8  GAMMA P 10 /67  

R2 RHO INTO PI  GANMA/2PI (P3 ( / (P l (  
82 M (0 .02 )  OR LOSS LANZEROTT 65 CNTR GAMMA PIBBEMS) 11 /66  
82 (O.O03)OR LESS CL=.97 FIOECARO 66 OSPK - 10 /bb  
82 (O.OOTJOR LESS HUSON 66 HLBC - 1E P I -P8  6 /66  
R2 M (O.OOZ)OR LESS CL=.90  GERMAN CO 69 HBC 
82 N ONE PION EXCHANGE MODEL USED IN THIS ESTIMATION 

N o t e  o n  pO _.. e + e "  

E x t r a c t i o n  o f  a r a t i o  f o r  p ° -~ e + e Is" complicated 

by interference with coo decay. In photoproduction, 

yA -- e+e'A, there is substantial interference between 

the allowed (p0 co) -- e+e - decays. The interference 
+ - + - 

in the colliding-beam reaction e e -- w w is due to 

G parity violating mixing of the overlapping p0 and co 

resonances; it alters the results for the rate 

F(p ° -- e+e ") only by a small amount. Therefore we 

use at present, for the average, only the values from 
+ - + - 

the e e -~ w ~ experiments. 

R3 RHO INTO(E+ E - I / (P /+P I - )  [UNITS 10 " * -43  (PA I / (F I (  
83 P 94 ( 0 . 6E l  { 0 . [ 4 )  ASBURY 1 67 CNTR PHOTOPDODUCTION 9 /67  
83 P POSE(BEY LARGE RHO-OMEGA INTEEFEEENCE 
R3 H (0 .65 }  ( 1 . 1 )  ( 0 . 5 )  HERTZ8ACH 67 OSPK ASSUME SU(31,+MIXING. lO/66  
83 H NOT SEPARATEO FROM OMEGA DECAY. 
R3 A 33 ( 0 . 53 )  (O .11 (  ASTVACATU 68 OSPK ASSUHE SU(3 I÷MIX ING 6 /68  
83 A NOT SEPARATED FROM OMEGA DECAY. ERROR STATISTICAL ONLY. 
83 O.SO 0 . [ 0  AUSLENOEE 69 OSPK E+E- COLLID.BEAH 9 /68  
83 F (0.49) (0.121 (0.15) 81GGS TO CNTR PHOTOPROOUCTION 6170 
R3 F ASSUMING RHO WIDTH 140 MEV. ERROR STATISTICAL ONLY. 

0.41 0.05 BENAKSRS 72 OSPK E+E- CDLL.8EAMS 12172 83 
83 . . . . . . . . .  
83 AVG 0.628 0.065 AVERAGE (EEROR INCLUDES SCALE FACTOR OF 1.0l 

86 RHO INTO (P I  ETA I / I 2P l )  (PS ) I (P l l  
86 ( 0 . 033  OR LESS OEUTSCHNA 6 6  HBC + 8 .0  PI+ P 6 / 6 6  
84 (O.OOB)OR LESS FEREEL 66 HBC +- PI+- P ABOVE 2.5 l i166  

83 RHO INTO (MU+ MU-)I(PI+ PI - )  (UNITS 10**-63 (P6 ) l (P l (  
RE 
RE SEE NOTE UNDER RHO INTO E+E- ABOVE 
85 
RS H O.9T O.31 O.33 HYAMS 67 OSRR l I  P I -  L l  H 6 /67  
RE H HYANS MASS 8ESOL. IS 20 MEV. THE OMEGA REGION WAS EXCLUDED. 
RE E 0 .88  0 .16  0 .36  ROTHWELL 69 CNTR PHOTOPROOOCTICN • 4 / 70  
85 E POSSIBLY LARGE RHO-ONEGA INTERFERENCE LEADS US TO INCREASE 
RE R THE MINUS ERROR 
RE 0 .56  0 .18  WEHMANN 69 OSPK 12 P I -  ON C,FE 7 /69  
P5 W RESULT CONTAINS ( I I  +- IT) PER CENT CORRECTION USING SU(3) 
RE W FOR CENTRAL VALUE. THE ERROR ON THE CORRECTION TAKES ACCOUNT 
R3 w OF POSSIBLE 8HO-ONEGA INTERFERENCB AND THE UPPER L IM IT  AGREES 
85 W WITH THE UPPER L IM IT  OF (ONEGA INTO MU+ NU--) FROM THIS EXPTo 
R5 . . . . . . . . .  
RS AVG 0 .67  0 .12  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.03 

86 RHO 0 INTO(P (+  F I -  P IO I / (P I+  P I - }  {PT I / (P I )  
86 G (0.01( OR LESS CL=.84 ABRAMS 71HBC 0 3.7 Pl+ P 11/71 
R6 G MODEL DEPENDENT,ASSUMES I = 1 , 2 ,08  3 FOR THE 3PI SYSTEM L1/71  

* • * * * * *  * * * * * * * * *  * * * * * *  * *  * * * * * * * * *  * * * * * * * * *  * * * * * , * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR RHO 

ANDEFSON 61PRL  6 365 ANOERSON, BANG,BURKE*CAENONY,SCHMITZ (LRL) 
ERWIN 61PRL 6 628 A.R.tR.NARCH,W.D.WALKER,B.WEST (WISC) 
KENNFY 62 PR 126 736 V P KENNEY.W O SHEPHARD,C 0 GALL (KBNTUCKY) 
SAWIOS 6Z PRL 9 139 SAMIOS,8ACHMAN,LBA÷ (3NL+CUNY÷COLU+KNTY) 
XUONG 68 PR [28  1849 NGUYEN HUU XUONGvGEEALO R LYNCH (LRL) 

ABOLINS 63 PRL 11 381 ABOLINS,LANOER,MEHLHOP,NGUYENDYAGER (OLEO( 
AL ITT I  63 NC 29 515 ALITTI,EATON,ARNENISE+(SACL+ORSA+BARI+BGNA) 
CHADWICK 63 PRL i0 62 CHAOWICK,OAVIES,DERRICK,CRESTI + (OXF+PADO) 
GUIRAGOS 63 PRL ZI  85 ZAVEN GUIRAGOSSIAN (LRL) 
SACLAY 63 SIENA CONF 1 239 SACLAY+ORSAY+BARI + BOLOGNA- COLLABORATION 

BONOAR 66 NC 31 729 EONDARe (AACHEN+BIRM+DONNeDESY+LOIC+MPIMI 
CARMONY 66 OU3NA CONF I 486 CAEMONYtHOA~LANDER,NG.H.XUONG~YAGER (UCSDI 
GOLOHA8E 66 PRL 1 2  336 GOLOHABERt8ROWN,KADYK,SHEN+ (LRL+UCB) 

ALYEA 65 PL tE 8E ALYEA,CRITTENOEN,MARTIN,RHODF + ( INO IANAI  
ARNENISE 65 NC 37 361 SACLAY÷ORSAY÷BARIeBOLOGNA COLLABORATION 
BLIEOEN 65 PL 19 644 CERN MISSING MASS SPECTROMETER GROUP (CERN) 
CLARK bE PR 139 B 15S6 A CLARK,CHRISTENSON,CRONINtTURLAY(PRINCFTO) 
GUTAY 65 NC 39 38 l  GUTAY,LANNUTTI,TULI (FSU) 
LANZEROT 68 PRL 15 210 LANZEEOTTI,BLUMENTHAL,EHN*FAISSLER + [HARV) 
ZDANIS 65 PRL 16 721 ZDANIS,MADANSKY,KRAENER + (JHU+8NL) 

ACCBNSI 66 PL 20 587 ACCENSI,ALLES-BORELL[,FRENCH~FRISK+ (CERN} 
ALFF-STE 66 PR 145 1072 ALFF-STEINBERGER,BERLEY,BRUDGER÷(COLU÷RUTG] 
BALTAY 66 a8 165 [ 103  +FBANZINI,LUTJENStSEVERINS,TYCKO+(COLUMBIAI 
BLIEOEN 66 NC 63 71 CERN MISSING MASS SPECTROMETER GRGUP (CERN( 
CAMERIOG 66 RR [6b 996 CAMBRIDGE BUBBLE CHAMBER GROUP (MIT+HARV+) 
CASON 66 RE 168 128Z N M CASON (WISCONSIN) 
OEUTSCHM 66 PL ZO 82 OEUTSCHNANNvSTEINBERG + (AACH+BEELIN+ CERN} 
FER8EL 66 PL 21 11[  FERBEL (ROCHESTER) 
FIOECARO 66 PL 23 163 G+M FIDBCARO,J POIRIERtP SCHIAVON [CERN) 
HAGOPIAN166 PE 165 112B HAGOPIAN,SELOVE,ALITTI,EATON+ (PENN+SACLAY) 
HAGOPIAN266 PR 1E2 1183 HAGOPIANtPAN (PENNSYLVANIA~LRL-8ERKELE¥) 
HUSON 66 PL 20 91 HUSON,ALLA8OtDRIJARD,HENNESSY÷ (ORSAY+EPOLI 
JACOBS 66 UCRL-16877 L.D.JACOBS (LRL) 
JAMES bb PR 162 896 F E JANES,KRAYBILL (YALE+BROOKHAVEN) 
WEST 66 PR 149 1089  WEST,EOYD,ERWIN,NALKER (WISCONSIN( 

ALLES-BO 6T NC 50 A 776 ALLES-BORELLI~FRENCH,FRISK,+ (CERN+BONN) 
ASBUEY 1 67 PRL t 9  869 +BECKER+BERTRAN÷JOOS+JORDAN+ (OESY+COLU) 
ASBURY 2 67 PRL 19 EAE +BECKERe8ERTRAN+JOOD÷JOROAN+ (DESY+COLU) 
BACON 67 PR 157 1263  +FICKINGBR,HILL,HOPKINS,ROBINSON+ (8NL) 
BANNER 6T PL 25 B 300 ÷FAYOUX,HANELtZSENBERY,CHEZEe (SACLAY+CAEN) 
BARLOW 67 NC SOA 701 eLILLESTOL+MONTANET+ (CERN+COEF+IRADeLIVB( 
EATON 6T PL 25 B 619 J.BATON~G.LAURENS.J.REIGNIER {SACLAY) 

ALSO 67 NP B 3 349 J.BATON,G.LAURENS,J.REIGNIER (SACLAY) 
CLEAR b7 NC 49A 399 ÷JOHNSTON+COOPBR+MANNER+ (TNTO+ANL+WISC) 
DANYSZ 6T NC 31 A BOI DANYSZ+FRENCH+SIMAK (CERN) 
EISNER 67 PR 166 1699 +JOHNSON+KLEINePETEES+SAHNI÷YEN÷ (PURDUE( 
FRENCH 67 NO 52A 662 +KINSON+NCOONALO+PIDOIFORDe [CERN+BIRM) 
HERTZBAC 67 RR 185 1661 HERTZBACH,KRAENER,MADANSKI,ZOANIS÷IJHU+BNL) 

ALSO 65 ZDANIS 
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Data Card Listings 
For notation, see key at front of Listings. 

HOWE 67 PL 2~B 252 
HYANS 67 PL 248 b34 
MILLER 67 PR tEE E4Z3 
POIRIER bT PR 163 1462 

ABE COLL 68 NP 84 5D1 
ARMENISE 6B NC 54A 999 
ASTVACAT 68 PL 27 B 45 
BATqN 68 PP 176 1574 
BLPCHSCH 68 NC BB A tO45 

ALSO bT NC 52 A I848  
CHDNG 6B PR 16B 1491 
DONALD bB NP B 6 1T4 
FOSTER 68 NP B 6 lOT 
HUSON b8 PL 2BB 208 
HYAMS 68 NP B T L 
JONES 68 PR Lbb L4DS 
JOHNSON 6B PR 176 16EI 
KEY 68 PR Ib6 1430 
LAMSA 68 PR 166 139E 
LANZEROT 68 PR 166 1368 
MARATECK 68 PRL 21 1613 
FISUT 68 NP B 6 325 

AUGUST(I 69 PL EE B B08 
AUGOSTI2 b9 LNC 2 214 
AUSLENDE 69 SJNP 9 69 
GERMAN C 69 PR IBB 2060 
HAISSINS 69 ARGONNE CONE. 373 
JUHALA 69 PR 184 1461 
MALAMUD b9 ARGONNE CGNF.P.93 
~ILLER 69 PR 178 2D61 
MOTT b9 PR 177 1966 
REYNOLDS 69 PR i84 1424 
ROOS 69 NP E lO 563 
ROTHWELL 69 PRL 2B 1521 
SCHAREN bg ARGONNE CONF.BOb 
WEHWANN 69 PR 1TB 2095 

ALVENSLE 70 PRL 24 7E6 
BATON 70 PL 33 E 528 
BIGGS 7O P~L 24 1197 
BINGHAM 70 PR1 24 955 
GALLOWAY 7D PR D I 3077 

ABPAMS 71 PR D 4 E53 
BLOODWO~ 71NP B 35 1BE 
DEEBY 71PR D 3 635 

BAILLON 72 PL BB B 555 
BALLAM TE PR D 5 545 
RASBEVAN 72 PL 43 B LT~ 
BENAKSAS T2 PL 39 B 289 
DPIVER T2 NP D 3B 1 
EISENBER 72 ER 0 5 1B 
GRAYER 72 FHIL*CONF.PRDC. 9 
GRAYER 72 NF E BO 29 
JACOBS 72 PR D 6 1291 
~ATCLIFF 72 PL 38 B 345 
TAK~HASH 72 PR 0 6 1266 

EYEPLY 73 PR 0 7 637 
EHAPLESW 73 NP B 65 253 
GLADDING 73 PR D E B721 
HYANS 7E NP D 64 1S4 
P~OTOPOE TB PR 0 7 iZBO 
RDOS 73 PREPRINT 6 3  

GRAYER 7R NP 

÷MAEQDIT+OPPENHEIMER+SCHULTZ+WILSON ICOLUI 
+KOCH+PELLETT÷POTTER+VONLINDERN+(CERN+MPIM) 
MILLER,GUTAV~JOHN$ON~LOEFFLER + (PURDUE| 
+BISWAS,CASON,OERADOtRENNEY+ (NDAM+PENN) 

AACHEN+flERLIN+CERN COLLABORATION* 
+GHIDINI*FORINO+ (BARI+BGNA+FIRZ+ORSAY) 
ASTVACATUROV,AZIMOV,BALGIN+ (JINR+MOSCOWI 
J .Po BATON, G. LAURENS (SACLAYI 
BLECHSCHMEDT~DOWD~ELSNER,* IDESY+MCHSI 

S.U.CHUNG,O.I.DAHt~J.KIRZ,D.H.MILLER (LRL( 
eEDWAPDStFRDDESEN,BETTINI+ (LIVPtOSLD+PADDI 
+GAVILLET+LABROSSE+WDNTANET+ (CERN+CDEF) 
+LUBATTI,SIX,VEILLET,+ (DRSA+MILA+UCLA) 
+KOCH,POTTER,WILSON,VON LINDERN+(CERN+MPIM( 
+BLEULER,CALOWELL~ELSNER,HARTING+ (CERN( 
+POIRIER,BISWAS,GUTAY+ (NOAM+PURD+SLAEI 
+PRENTICE+COOPER+MANNER+ (TNTO+ANt+WISC) 
+CASON+BISWAS+DERADO+GROVES+ (NOTREDAMEI 
LANZEROTTItBLUMENTHAL,EHN,FAISSLER + (HARV) 
+HAGDPIAN.÷ (PENN+LRL+CDLO+PURO+TNTO+WISC) 
J.PISUT,M. RDOS {CERN} 

+BIZDT+BUON+HAISSINSKI+LALANNE+ (ORSAY) 
+LEFRANCDIS,LEHMANNtMARIN,+ (DRSAY) 
AUSLENDER~BUDKER,PANTUSOVA,FESTOV+ (NOVD) 
GERMAN BUBDLE CHAMBER COLL. (DESY) 
J.HAISSINSKI (ORSAY) 
+LEACDCK,RHODE,KDPELMAN,LIBBY,+ (ISU+COLO) 
E.~AL~MUO, P.SCHLEIN {UCLAI 
R.MILLER*LICHTMAN*WILLMANN [PURDUE) 
+AMMAR,UAVIS,KRDPAC,SLATE,DAGAN+ (NWES+ANL) 
+ALBRIGHT*BRAOLEY,BRUCKER*HARMS~ (FSU) 
M.ROOS~J*PISUT (CERN+BRATISLAVA) 
+CHASE,EAPLES,GETTNER,GLASS,WEINSTEI÷(NEAS) 
SCHARENGUIVEL (PURDUE# 
+ENGELS,WILSON,÷ (HARV+CASE+SLAC*CORN*MCGII 

ALVENSLEBEN*BECKER,BERTRAM,CHEN,CDHEN(DESY] 
+LAURENS,REIGNIER (SACLAY) 
*BRABEN,CLIFFT,GABATHULER,KITCHING+ (DARE) 
+FRETTER,NOFFEIT,EALLAM+ (LRL+SLAC+TDFT) 
+NOTT,ALYA,LEE,MARTIN~PRICKETT [IND) 

+BARNHAM,BUTLER,COYNE,GDLDHABER,HALL,+[LBL) 
BLDODWORTH,JACKSON,PRENTICE,YODN {TORONTO) 
+BISWAS,CASON,GROVES,JOHNSON,÷ (NOTRE DAME# 

+CARNEGIE,KLUGE,LEITH,LYNCH,RATCLIFF+(SLAC) 
+CHADWICKmBINGHAM,MILBURN,+ (SLACeLBL÷TUFT) 
BASOEVANT,FRGGGATT~PETERSEN ICERNI 
eCDSME,JEA~F-MARIE,JULLIAN,LAPLANCHE*+(ORSAI 
+MEINLOTH,HOHNE,HOFMANN,QATHJE,+IDESY+HAMB) 
EISENBERG*BALLAM,DAGAN*+ (REHO+SLAC+TELA) 
+HYaMS,JONES,SCHLEIN,ELUM,DIETL~ICERN+MPIM) 
+HY~MS,JONES,WEILHAMMER,BLUM,+ (CERN+MPIM) 
L.D.JACDBS {SACLAY) 
+BULOS~CARNEGIE,KLUGE~LEITH,LYNCH,+ ISLACI 
TAKAHASHI,BARISH,+ (TDHOePENN+NDAM+ANL) 

+ANTHONY,CDFFIN,MEANLEYtMEYER,R|CE,+ (MICH) 
CHARLESWORTH,EMMS,BELLte (RHEL+BIEM+DURH) 
+RUSEEL,TANNENBAUM,WEISS,THOMSON (HARV] 
÷JDNES,WEILHAMMER,BLUM,DIETL,÷ (CERN+MPIMI 
FROTOPOPESCU~GARNJOST,GALTIERI,FLATTE+ILBL~ 
M.RDOS (HELSINKI] 

G.GRAYER,HYAMS,BLUM,DIETL,+ (CEPN+MPIM) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

i i 

1 '(7B3) 1 1 OMEGA, . . . . . .  o. i - - ,  i:o 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L OMEGA MASS I~EVI 

M 64 (779.4) ( i . 41  ARMENTERO 62 HBC O°O PBAR P KLKI. 2174" 
M 800 (782 .03  ( l .O )  ALFF 62 HBC 2 .3 -2 .9  PI+P . 2174 ,  
M E4 (784 .D )  [ 1 .D I  A@MENTERO 63 HBC O.O PEAR P . 2 /74 *  
M 220 (781 .0 )  ( 2 . 03  KRAEMER 64 DBC 1 .2  PI+D • 2 / 74 *  
M tED 1785.63 l i . 2 )  MILLER O 68 HBC SEEN WITH K+K-  2/74* 

Z IT4*  666 ( 786 .01  I I . 0 I  3AMES 66 HSC 2 .L  RI+P 
M 2198 783.4 0.7 BALTAY 67 HBC D.D FBAR P 2/74* 
M 159 [ 779 .53  11 .9 )  BARASH 67 HBC O.D PBAR P K IK I .  2 / 74 *  
M ( 784 .8 )  ( 1 . 11  KEY 68 HBC 3 P l -P  . 2 / 74 *  
M 2400 752 .4  0 .5  BIZZARRI 69 HBC 0 PEAR P 9 /69  
M 750 784*1 1 .2  ABRAMOVIC TD HBC S.9  P [ -  P EIT~  
M 784.D O°T ATHFRTDN 7D HBC 3.6 PBAR P* 7 Pl .  2174* 

F I TB3 .Z I  ( l , 6 t  BtGGS TO CNTR PHOTOFROOUCTION Z /T4 *  
M F FROM OMEGA-RHO INTERFERENCE IN THE FI+PI-  MASS SPECTRUM 
M F ASSUMING OMEGA WIDTH 12 .6  MEV. 
M 260 (781.01 (2.D) CASON 70 HBC B.D PI-P*4Pl 2174" 
M 250 (784 . )  ( 1 , }  DANBURG 70 OBC I .E  P I+  D 2 /74 *  
M 500 ( 786 , )  ( 1 . )  DANBURG 7D DEC 1 .4  PI+ D 2 /74 *  
M 600 (786. I  (1 . )  DANBURG TO OBC 1.7 PI+ D 2/74* 
W SOD (706.I I I . I  OANBURG 7D DEC L.9 PI~ 0 E/7~*  
M 40D (TBS°} ( I . )  DANBURG 70 DEC 2 .1P I+  O 2/74* 
M 200 (7BE.) [ 2 . )  DANBURG TO DEC 2o3 PI+ D 2/74* 
M 248 783 .4  I .D EIZZARRI 71HBC O.O P PBAR K+K- 11171 
M 510 7B l .  O 0 .6  BIZZARRI Tl HBC D.O P PBAR K1KI 11171 
M C 4270 (784 .1 }  ( 0 . 3 )  CDYNE Tl  HBC 3 .7  Pl+ P l l / I 1  
M C FROM TOTAL SAMPLE OF COYNE 71* THEY OBSERVE AN IMPORTANT 
M C CORRELATION BETWEEN SIGMA OF EXP. RESOLUTION AND THE MEAS. MASS. 
M O 783.7 l,O COYNE 71HBC 3 .?  PI+ P 11/71 
M O FROM BEST-RESOLUTION SAMPLE OF CCYNE T l  11/71 
M 369 (784 .0 )  11.41 MATTHEWS 71DBC 6 .95  P I+  D • 2 / 74e  
M 418 782 .5  0 .8  AGDILAR 72 HBC 3 .9 ,4 .6  K- P 12 /72  
M 8 IODDO 782°4  0 .5  BINNIE 73 CNTR P I -P~  OMEGA N 1 /74 "  
M B OBSERVED BY THRESHOLD-CROSSING TECHNIQUE. MASS RESOL.~4.8 MEV FWHM 
M 
M . . . . . . . . .  
M AVG 78E.66  0 .B2  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .6 )  

(SEE IDEOGRAM BELOW ) 

Mesons 
p(??0), ~(783) 

UEIEHTEO RUERR6E - 782 .66  * 0 .32  

E R R O R  SCRLED BY 1 .4  

- - i -  

?79  7B1  ?83  

OMEER MASS (MEU)  

CHZSO 

. . . . . .  B INN IE  33 CNTR 0 .3  

-- • ~ .  . . . . .  AGUILRR 72 HBC 0 .0  

. . . .  CDYNE 71  HBC 1 .1  
1 

• . .  ~ . . . . .  BIZZRRRI  71  HBC 7 . 7  
- ' F - - - ' - -  . . . . .  B IZERRRI  71  HBC 0 .5  

~ . . . .RTHERTON 70  HBC 3 ,6  

~ - ~  . .RBRRMOUIC  70  HBC 1 .4  

. . . .  • ~ "  - .B IZZRRRI  69  HBC 0 .3  

- -~ . . ~ . .BALTRY 67  HBC 1 .1  

16 .1  

~ : ' (CDHLEU 
7BS  387  789  =0 .041 )  

1 OMEGA FULL WIDTH (MEVI 

w 84 9 ,0  3oD ARMENTERO 69 HBC D.O PBAR P 
w IB.R 2.0 MILLER D 63 HBC SEEN WITH K+ K- 
W 159 (12.33 (2.03 BARASH 67 HBC SEEN WITH K1 KI . b/bb 
W B 171 (5.83 (2.8}  BARASH 67 HBC O.O PEAR P,KI KI i1171 
W B UNFOLDED BY COYNE 71 11/71 
W 780 B.B 3.D ABRAMOV.IC 70 HEC 3.9 P I -  P 6/70 
W 11.2 2.7 ATHERT04~ 70 HBC 3.6 PEAR P* 7 Pl EIEO 
W 510 ID.B 1.4 BIZ~ARRI 71 HEC O.O P PEAR KIKI I l l 71  
W 248 12.8 3.0 BIZZARRI 71 HBC O.O P PEAR K+K- 11171 
w 4270 9 .5  I ,O  CDYNE 71 HBC 3 .7  PI+ P 11/71 
w 418 13 .3  2. AGUILAE 72 HEC 3 .9 .4 .6  K-  P 12172 
W 9.1  D*B EENAKSASI YE DSPK E+E- COLL.BEAMS 2/7E 
w E 940 7 .70  1.6E BROWN 72 MMS 2 .5  P I -  P.N MMS 12/72  
w E ERROR TAKES ACCOUNT OF SYSTEMATICS AODED LINEARLY 
W B IDDOO 10.2 D.6 BINNIE 78 CNTR PI-P, OMEGA N 1/74, 
W B OBSERVED BY THPESHOLD-CRDSSING TECHNIOUE. MASS RESDL.=4.B MEV FWHM 
W . . . . . . . . .  
W AVG 9.98 0.38 AVERAGE (ERROR INCLUDES SCALE FACTOR DE 1.0( 

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

I OMEGA PARTIAL DECAY MODES 

DECAY MASSES 
PI OMEGA INTO PI+ PI- PIO 139+ 139+ 134 
P2 OMEGA INTO PI+ P I -  (VIOLATES G) 139+ 139 
P3 OMEGA INTO PIO GAMMA (ONLY NEUTRAL INPUT TO FIT) 134+ O 
P4 OMEGA INTO PI+ P I -  GAMMA 139+ IE9+ O 
PB OMEGA INTO 2PIO GAMMA IB4 *  1Eq+ O 
PB OMEGA INTO ETA GAMMA 548+ 0 
P7 OMEGA INTO E+ E-  .S+ ,5 
P8 OMEGA INTO MU+ MU- 105+ 105 
P9 OMEGA INTO ETA PlO (VIOLATES C) 548+ 134 
P1D OMEGA INTO B GAMMA O+ D+ O 
P l I  OMEGA INTO PIO NU+ MU- 139+ 105+ IO5 

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

FITTED PARTIAI~ DECAY MODE BP~NCI-IING FI~CTIONS 

The ~tri~ beiow is derived fro~ the error ~trlx for the fitted partial decay mode 

branching fr~tction8, Pi' as follows: The diaKonai elements are Pie 6Pi, where 

6Pi = ~6P E P .~.i}, while the off -dia~onal elements are the norman malizeed• correlation coeffi- 

cients <6Pi6P j >/(6P i . 6Pj). For the definitions ol the individual Pi' see the listings 

above; only those Pi appearing in the ~trix are &sauteed in the fit ~o he nonzero and 

are thul constrained to add to t. 

P 1 P 2 P 3 
P 1 .B999+- .ODSb 
P 2 - . 5698  . O13O+-. 0027 
P 3 - .ET6O . ID2B  .DE72+-.OOAE 

1 OMEGA BRANCHING RATIOS 

R1 OMEGA INTO NEUTRAL/(P[+ P I -  P IO I  IP3+ . . . ) / (P l )  
R1 O. IT  0.04 ARNENTERD 63 HBC D.O PBAR P 
RI EO D.11 O.OZ BUSCHBECK 63 HEC I .E  K-P 
R1 35 O.DB 0.08 KRAEMER 64 DBC 1.2 Fled 
RI 65 D.LD 0.D4 ALFF-STEI  66 HBC ~ORR.BY SCHULTZICDL) 9 /66  
R1 850 D .134  0 °026  DIGIUGNG bb CNTR 1 .4  P I -P  9/66 
K1 348 D.09T O°O16 FLATTE 66 HBC 1 .8  K-P 9 /66  
R1 D.06 0 .05  0 .D2 JAMES 66 HBC 2 .1P I+P  6 /66  
R1 19 0 .10  0.0E BARASH 67 HEC D.O PBAR P 7 /67  
R| 4b D.15 D.D4 AGUIIAR T2 HBC B°9 *4 .b  K-  R 12172 
R1 
R1 AVG D*1065 0 .0088  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  
R1 F IT  0 .0969  0 .0057  FROM FIT  (ERROR INCLUDES SCALE FACTOR OE 1*11 



Mesons 
 (940) 

R2 OMEGA INTO (RE+ F I - { / (P I+  RE- PIO). SEE ALSO R15 (P21/{PI) 
R2 R (O .O l l )OR  MORE CL= .95  ABRAMDVIC 70  HBC B.9 PI -  P . 6 /70  
R2 R (O.OBS)OR LESS CL=.DS BIZZARRI TO DBC PBAR N AT REST 111T[ 
R2 (O .O19 )OR MORE CL= .95  CHAPMAN 70 HBC 1 .6 -2 .B  P PBAR 6 /7D  
R2 F ( ,O0210R  MORE CL= .90  FLATTE 70  HBC 1 .5  K -  F 8169  
P2 F FLATTE 70 SEES NO S IGNAL  AT 1.7, 2 .1 ,  2 . b  GEV /C .  

1/71 R2 (0.0026}0~ MORE CL=o84 HAGOP{AN TO HBC 2.3 P l -  P 
R2 (0.040)0R LESS CL= .84  HAGOFIAN TO HBC 2.B Pl -  P I / T }  
R2 R 0 .022  0.009 0 .01  ROOS 70  RVUE 61T0 
P2 R RODS 70 COMEINES ABRAMOVICH 70 ANO BIZZARRI 7O 
92 0 .028  0 .006  BEHPENO 71 ASPK PHOTOPRODUCT[ON I I / 71  
R2 S 0 .02 [  O .02B  0 .009  RATC l IFF  72 ASPK 15 .P l -  P ,N  2P I  12172  
R2 S SIGNIFICANT INTERFERENCE EFFECT OBSERVEO.NB OF OMEGA INTO BPl 12 /T2  
R2 S COMES FROM AN EXTRAPOLATION. 12172  
R2 (0.013) PUBNS 73 HDC .6 -1 . I  PBAR P 1174 "  
R2 . . . . . . . . .  
R2 AVG 0.0259 0.0049 AVERAGE {ERROR INCLUDES SCALE FACTOR OF I .O} 
R2 FIT 0 .0 [44  O.OOBL FROM FIT (ERBOR INCLUDES SCALE FACTOR OF 1.5) 

R3 OMEGA INTO (PlO GAMMA} f (PI+ PI -  RiO) (P3 ) / (F I )  
R3 (0.L25) (O.025)OE GRTR. BARMIN 64 PXBC 2.8 PI-P 
R3 0 . I 3  0.04 JACQUET 69  HLBC 10 /67  
R3 0.081 0 .020  BALDIN Tl HLBC 2 .9  P l t  P i i171 
R3 0 .109  0.025 BENAKSAS2 72 OSPK E+E-  COLt. BEAMS 2173 
R3 0.079 O.OlZ BINNIE 73 CNTR PI-P* OMEGA N 1174" 
RB . . . . . . . . .  
R3 AVG 0.0863 0.0093 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0) 
R3 F IT  0 ,0969  0 .0057  FROM F IT  {ERROR INCLUDES SGALE FACTOR OF 1 .1 l  

R4 OMEGA INTO {P I+  P l -  GANMA} / (P I+  P I -  P IO )  (P4 l / iP l )  
R4 (0 .05 }  OR LESS FLATTE 66  HBC 1 .8  K--P 9 /66  

R6 OMEGA INTO (HUt MU-II(PI+ E l -  PIO)(UNITS I0"~-3}  (P8 I / {P I )  
Rb ( I . 2 }  OR LESS GALTIERI 65  HBC 2.7 K-P 
R6 ( l . 7 )  OR LESS FLATTE 66  HBC 1 .8  K-P  9166  
R6 (0.2]  OR LESS WILSON 69 DSPK 12 PI -  OH C.FE 9/69 

R7 OMEGA INTO (BPIO GAMM}/(PIO GAMMA) (P5)l(P3} 
R7 (0 .1 )  OR LESS BARMIN 64  PXBC E .3 -2 .8  P I -P  
R7 (0 .45 )  ( 0 . 33 )  STRUGALSK 69  HLBC 2 ,34  P I+  N 8 /69  
R7 (0 .14 )  OR LESS BALDIN  TI HLEC 2 .9  Pie P I I / 71  
RT {0 .15 )  OR LESS CL= .90  BENAKSAS2 72  OSPK E+E-  COLL .  BEANS 2 /73  

P8 OMEGA INTO [ETA PlO + ETA GAMMA)/(FI+ PI -  RIO) (PD+PA)I{PI} 
RB [O .O IT )OR LESS FLATTE 66 HBC l .B  K-P 9/66 
R8 (O .045 )OR LESS CL= .95  JACQUET 69 HLBC 4 /70  

Rg OMEGA INTO [NEUTRALS) 1 {CHARGED}  (P3+ . . . ) I (P I+P2 . . . )  
R9 0 .124  0 .021  FELDNAN b7 OSPK 1.2 PI -  P 3 /67  
R9 . . . . . . . . .  
R9 FIT 0.0955 0.0086 FRO+I FIT {ERROR INCLUDES SCALE FACTOR OF l.O) 

RIO OMEGA INTO (2FED GAMMA)I(PI÷PI-PlO) (PS} l (P I )  
RIO (O .OB)  DR LESS CL= .95  JACOUET 69 HLBC 4 /70  

El i  OMEGA INTO (ETA GAMMA)I(PIO GAMMAI (Pb ) I {PB }  
S t1  { 0 . 58 )  (O .30 l  STRUGALSK 8 9  HLBC 2 .34  E l+  N 8 /69  
R t l  ( 0 . 40 )  OR LESS BALDIN  71 HLBC 2 .9  P I+  P I I / 7 I  
R I I  0 . 010  0 .045  APEL 72 OSRK 4 -8  E l -  F*N 3GAM 2 /78  
RIE {0.27) OB LESS CL=.DO BENAKSAS2 72  DSPK E+E-- COLL. BEAMS 2178 

RI2  OMEGA INTO (PIO MUt MU-) / TOTAL {UNITS LOt*-3) (P l I )  
E l 2  [ 2 . )  OR LESS WEHMANN 68  OSPK 12 RE- FE 8168 

RI3  OMEGA INTO {E+ E-l/TOTAL {UNITS 10"*-4}  (P7) 
R10 B 2 .  1 . 2  B INN IE  68  OSPK P I -P  NEAR THLD. 6 /b6  
RIB B MASS RESOLUTION OF BINNIE 65 IS ABOUT 15 MEV. 
RIB H {1.01 (1.7]  (0.75) HERTZBACH 67 OSPK ASSUME SU(BItMIX{NG.[Olb6 
R13 H NOT RESOLVED FROM RHO DECAY. 
R13 A 33 {0.65) {0.13) ASTVACATU 68 OSPK ASSUME SU(3)eMIXING 6 /68  
~IB A NOT RESOLVED FROM RHO DECAY.  ERROR STAT IST ICAL  ONLY.  
E l 3  0 .40  0.21 BOLL IN I I  bB CNTR 1 .TP I -P~NOTE Z 9 /68  
RIB Z MASS RESOLUTICN OF BOLLINI 1 IS +-10 MEV.H{S ERROR IS ÷-.15 
R13 Z WITHOUT PHO-OMEGA INTERFERENCE. COMPLETE INTERFERENCE WOULD 
R13 Z CHANGE VALUE BY + -35  PER CENT. THEREFORE WE INCREASED ERROR. 
R13 E (0 .76 }  { 0 . 14 }  AUOUSTI I  69 OSPK SEE NOTE E 2 /72  
g13  E FROM Et  E- COLLIDING BEAMS. ASSUMING OMEGA WIDTH 12 .2÷ -1 .3  NEV 4 /69  
R13 0.83 O. IO BENAKSAS1 72 CSPK E+E ~ COLL.BEAMS 2173 
RI3 . . . . . . . . .  
R13 AVG 0 .76  O.17 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.91 

R14 OMEGA INTO NEUTRALS / TOTAL (P3+ . . . ]  
RI4 0 .084  0 .015  BOLLINI 68 CNTR 2 .1  El -  P 6 /68  
R I4  0 .079  0 .019  DEINET 69 OSPK 1.5 PI -  P 9/69 
R14 0.075 0.025 BIZZARRI 71HBC 0.0 P PBAR l l l T l  
R14 42 0 .078  0 .018  BASILE 72 CNTR 1 .67  P l - -  P 2173  
RI4 . . . . . . . . .  
RI4 AVG O.OTBB 0.0092 AVERAGE {ERROR INCLUDES SCALE FACTOR OF l*O) 
RI4 F IT  0 ,0B72  0 .0046  FROM FIT {ERROB INCLUDES SCALE FACTOR OF 1 .0 )  

R I5  OMEGA INTO {PI PIl l (TOTAL). SEE ALSO R2 {P2) 
RI5  0 .032  0 .028  0 .019  AUGUSTI2  Bg OSPK E+E-  COLL.BEAMS 8 /69  
R15 (O .O03 IOR MORE CL= .95  GDLDHABER 69  HBC 3 .7 -4 .0  P I÷P  11169  
R [5  [O .01410R  MORE CL= .95  ALL ISON TO HBC 1 .3 -1 .7  PEAR P . 6 / 70  
R I5  O.OOBO 0 .0028  O .O022B IGGS 70  CNTR PHOTOPRODUCTION 6 /70  
RIS 0 .0122  0 .0030  ALVENSLEE 71CNTR PHOTOPRODUCTION 11 /71  
RIB 0*018 0.012 0.009 MOFFEIT 7 i  HBC 2 .8 ,4 .7  GAMMA P 11/71 
RIB  0 .036  0 .024  0 .018  BENAKSAS 72 OSPK E+E-  COIL.BEAMS 12172  
R15 . . . . . . . . .  
R[5 AVG 0.0102 0.0019 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0} 
R15 F IT  0 .0 [30  0 .0027  FROM F IT  }ERROR INCLUDES SCALE FACTOR DF 1 .5 )  

R16 OMEGA INTO {ETA GAMMA) f (ALL  NEUTRALS} (Pb } / (P3+ . . . )  
R16 (0 .241  OR LESS CL= .90  DEINET 69  OSPK 9 /69  
R I6  } 0 . 36 }  OR LESS CL= .90  DAK IN  72 DSPK L .4  P [ -  P ,N  MMO 12 /72  

R17 OMEGA INTO {2  PIO GAMMA) I (ALL NEUTRALS}  (PS } / {PB+ . , . )  
Q I7  ( 0 , I 9 }  OR LESS CL= .90  OEINET 69  OSPK 9 /69  
RE7 D {0.22} {0.0T) DAKIN T20SPK L.4 P I -  RtN MMO 12/72 
RI7  D SEE R18 

R18 OMEGA INTO {P IO  GAMMA) / CALL NEUTRALS) (P3 ) / )P3+ . . . I  
R IB  ( 0 .8 I }  OR MORE CL= .90  OEINET 69  DSPK 9169  
R I8  D ( 0 . 78 )  [ 0 .O7 )  DAK IN  72 OSPK 1 .4  Pl-- PIN  MMO 12172  
R I8  0 ERROR STAT IST ICAL  ONLY*AUTHOPS OBTATN GO00 F IT  ALSO ASSUMING IL /71  
R18 0 P IO  GAMMA AS THE ONLY NEUTRAL OSCAY. I I / T I  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR OMEGA 

MAGLIC 6 [  PRL 7 17B B MAGLIC tALVAREZtROSENFELO,STEVENSON (LRL I  
PEVSNER 61PRL 7 42I PEVSNERtKRAEMER.NUSSBAUM,RICHARO+|JHU~NWESI 
XUONG 61 PRL 7 32T NGUYEN HUU XUONG~GERALD R LYNCH (LRL I  

80 

Data Card Listings 
For notation, see key at front of Listings. 

ALFF 62 PRL 9 325 
ARMENTSR 62 CSRN GONF 90 

STEVENSD 62 ~R I25 687 

ARMENTER b3 SIENA CONF 1 296  
BARMIN 6B S IENA CONF 1 207  
RUSCHBEC 6B S IENA CONF 1 I 66  
GELFAND 63 PRL I I  436  
MURRAY 63 PL 7 B58 

BARMIN 64  JETP 18 1289  
KQAEMER 64 PR 136 B 696 

BINN{P 65  PL IE  348  
GALT IER I  65  PRL 14 279  

ALFF,BERLEY.COLLEYtGELFANO ÷ (COLU+RUTGERS) 
R ARNENTEROS,R BUODE • (CEEN÷CBEF+EPOL) 
STEVENSON~ALVAREZ~MAGLIC,ROSENFELD {LRL )  

ARMENTEROStEOWARDStJACCBSEN÷ (CERN*CDEF) 
BARMIN,DOLGDLENKO,KRESTNIKOV+ C ITER}  
BUSCHBECK,CZAPP÷ {VIENMA+CERN÷AMSTEROAM) 
GELFAND.MILLER~NUSSBAUM, RATAU÷ {COLU+RUTG) 
MURRAYtFERRDLUZZItHUWEtSHAFER,SOLMITZ+(LRLI 

BARMIN,DOLGOLENKD.KRESTNIKQV ÷ { I TEP)  
KRAEMER,MADANSKY,MEER+ (JHU+NWES+WODD) 

BINNIE,DUANE,JANE,W JONES+ (LOIC+MCHS) 
A BARBARO GALTIERI,R D TRIPP [LRL) 

MILLER 0 65 CU-2BT(NEVIS 131) DAVID C MILLER {THESIS} {COLUMBIA) 
INCLUDES DATA OF GELEAND 68 ABOVE 

ALFF-STE bb PR 145 1072  ALFE-STEINBERGER.BEMLEY,BRUGGER÷{CDLU÷BUTG} 
ZDANIS 68 PRL I4  T2I ZDANIStMAOANSKY,KRAEMER,HERTZBACH+{JHUeBNL] 

DIGIUGNO 66  NC 44A 1272 Dl GIUGNO.PERUZZItTROISEt (NAPL+FRAS+TRSTI 
FLATTE 6b  OR 145 lOSO +HUWE.MURRAYtBUTTON-SHAFFR*SOLNITZ+ {LRL) 
JAMES 66 PR 142 896  F E JAMES,KRAYBILL (YALE+BRODKHAVENI 

BALTAY 67  PRL LB 93 +FRANZINI,SEVERIENS,YEH*ZANELLG {COLUMBIA) 
BARASH b7  PR 156 1399  BARASH,KIRSCH.MILLER,TAN (COLUMBIAI 
FELDMAN 67 OR 159 1219  +FRATI,GLEESON,HALPERN,NUSSBAUM÷ (PENN) 
HERTZBAC 67 PR 155, 1461  HERTZBACH~KRAEMERtMADANSKI,ZDANIS+(JHU+BNLI 

ALSO 65 ZOANIS 

ASTVACAT 66 PL 27 B 45 ASTVACATUFOV,AZIMOV,BALDIN+ {JINR+MOSCOW) 
BOLLINI B8 NC 56 A E31 +BUHLER,DALPIAZ,MASSAM+ {CERN+BGNAtSTRB) 
BOLLINI[ 68 NC 57 A 404 +BUHLER,DALPIAZ*MASSAM÷ (CERN÷BGNA*STRB) 
KEY 68 PR t 66  ~430  +PRENTICE+COOPER+MANNER (TNTO+ANL+WISCI 
PISUT 68 NF B 6 325  J.P[SUT,M.ROOS (CERN) 
WEHMANN 68 PRL 20 748  +ENGELS+ (HARVARD+CASE+SLAC+CORNELLtMCGILL) 

AUGUSTI I  69  PL 28 B 513 +BENAKSAS,BUON,GRACCO,HAISSINSKI.t (BBSAY) 
AUGUSTI2 69 LNC 2 214 ÷LEFRANCDIS,LEHMANN,MARIN,÷ {ORSAY) 
BIZZARRI 69  NP B 14 169 +FOSTER,GAVILLET.MDNTANET.+ (CERN+CDEF) 
OANBURG 69 UCRL-19275 JEROME S. DANBURG. THESIS (L~L} 

ALSO OANBURG TO 
DEINET 69 PL 30 B 426  +MENZIONE.MULLER,EUNIATOV÷ (KARL+CLaN) 
ERWIN 69  NP B 9 364  tWALKER,GOSHAW,WEINBEPG {WISC+PRIN+VAND} 
GOLDHABE 69 PRL 23,1351 +BUTLER,COYNEtHALL,MACNAUGHTON,TRIL}NO(LRL) 
JACOUET 69  NC 63  A 743  ÷NGUYEN-KHAC,HAATUFT ,HALSTE INSL I {EPOL+BERG)  
MILLER 69  PR 178 2061  R.NILLEBtLICHTMANvWILLMANN (PURDUE) 
STRUGALS 59 PL 29  B 532  +CHUVILOtFENYVES,÷ {WARS+JINRtBUDA} 
WILSON 69  PRIVATE COMM. R{CHARD WILSON (SEE ALSO PR 178 2095|(HARV) 

ABRAMDVI 70 NP B 20 209 ABRAMOVICH,DLUMENFELD,BRUYANT,+ (CERN) 
BIZZARRI 70 PRL 25 1BB5 ÷CIAPETTI.DOREtGASPERDtGUIOONI,÷iROMA+SYPAI 
ALLISON 70 PRL 24 618 tCOOPER,FIELDS,RHINES (ANL) 
ATHERTON TO NP B 18 221 +BLAIR,CELNIKER,DOMINGO,FRENCH+ (CERN+IPN) 
BIGGS TO PRL 24  120 l  +CLIFFT,GABATHULER,KITCHING,RANO {DARE) 
CASON 70 FR D I 851 +ANDREWS.BISWAS,GROVES,HARRINGTON,+ (NDAM) 
CHAPMAN TO NP B 24  445 ÷DAVIDSDN.GEEEN,LYS,BOE,VANDEM VELOE {MICHI 
OANBURG 70  PR D 2 E564  +ABOL INS ,DAHL ,DAV IFS ,HOCH,K IFZ~MILLER+(LPL )  
FLATTE 70  PR D 1 1 STANLEY M. FLATTE (LRL )  
GOLDHABE 70 PHILA .CONF.P .59  GERSON GOLDHABER,PEVIEW iLPL) 
HAGOPIAN TO P~L 25 i05O S. AND V.HAGOPIAN,BOGART, SELOVE (FSUtPFNN) 
ROOS TO DNPL/R7 P.E73 PROC. DARESBURY STUDY WEEKEND NO I .  {CERN) 

ABRAMS 71PR D 4 653  ~BARNHAM,BUTLER,COYNE*GOLDHABER.HALL*+{LBL) 
ALVENSLE 71PRL  27  BB8 ALVENSLEBEN,BECKER~BUSZA,CHENtCOHEN, * {DESY)  
ANGELDW Tl SJNP 12 427 +GRANEN{TSKY~KANASIRSKY,KERATSCHEW,t (JINR) 
BALDIN 7 I  SJNP lB  758  ÷YERGAKOV,TREBUKHDVSKY~SHISHOV l I TER)  
BARDADIN 71 PR 0~  271 [  BARDADIN-DTWINDWSKA,HDFMDKL*MICHEJDAt(WAES) 
BEHREND 71 PRt  27 61 +LEE,NORDBERG,WEFMAN,+ (ROCH÷CORN+NAL) 
BIZZARRI 71 NP B 27 140 +MONTANET*NILSSDN,~ANOLAU,+ (CERN÷CDEF) 
BLOODWOR 71NP B 35  133 BL000WORTH,JACKSON,FRENTICEtYOON [TORONTO} 
CHAPMAN 71PR D B 38 +FORTNEY,FOWLER {DUKE) 
COYNE 71NP E 32 333  +BUTLER.FANG-LANDAU,MACNAUGHTON ( LRL }  
F IELDS 7i PRL 27 174R ÷COOPER~RHINES,ALL ISDN {ANL+OXF I  
MATTHEMS 7 l  PRL 26 400 +PRENTICE,YOONtCAEROLL,WALKEBt+ (TNTD÷WISC) 
MOEFEIT 71 NP B 29  349  +BINGHAM,FRETTER.BALLAMt(LRL+UCB+SLACtTUFTI 

AGUILAR 72 PR D 6 29 AGUILAR-BENITEZ,CHUNGtEISNER ,SAM{OS (BNL) 
APEL 72 PL 4 I  B 254  +AUSLANDEE.MULLER,BERTOLUCCh÷ (KARL+PISA} 
BASILE 72 PHIL.CONF.PROCI53 +BOLLINI,BROGLIN,DALPIAZ,FRADETTI,+ (CERNI  
BENAKSAS 72 PL 39 B GB9 +COSME,JEAN-MARIE.JULLIAN,LAPLANCHE,+(ORSA) 
BENAKSASET2 PL 42  B 507  +COSME,JEANIMARIE,JULLIAN,LAPLANCHE+{ORSAY| 
BENAKSAS2T2 PL 42 B 511 +COSME,JEAk~-MARIE,JULLIANtLAELANCHE+{ORSAY) 
BROWN 72 PL 42  B 117 +DOWNING,HOLLOWAY,HULD.BERNSTEIN+(ILLtILLC) 
OAKIN 72 PR D 6 232 [  +HAUSER,KREISLER,MISCHKE (PRINCETON) 
EISENBER 72 PR D 5 15 EISENBERG,BALLAM,OAGAN*÷ (REHO+SLAC+TELA) 
RATCtIFF 72 PL 38  B 348  +BULOS,CARNEGIE,KLUGE,LEITH,LYNCHt+ (SLAG} 

BINNIE 73 AIX CONF.PAPER ÷CARR,DEBENHAM.DUANF*GARBUTT,÷ ( LO IC tSHMP)  
BURNS 73 PR D 7 [B ID  +CONDON~KIM~MANDELKERN,PRICE,SCHULTZ (UCl) 

M.ROOS,J.ROUSKU (HELSINKI) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * *~ * *  * * * * * * * * *  * * * * * * * *  

I ~ l ~  66 M(940I 

EVIDENCE NOT COMPELLING.OMITTED FROM TABLE .  

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

66  M(940) MASS {MEN) 

M N SS 940.5 I .T  CHESHIRE 72 MMS 0 2.4 E l -  B,N MM 
M N NOT SEEN BY BINNIE 72 AT THRESHOLD. 
M N NOT SEEN BY BINNIE T~ AT 2 GEV/C 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

66 M(940) WIDTH {MEV) 

W N SS ( I 0 .4 )  OR LESS CL=.90 CHESHIRE 72 MMS 0 2.4 P I -  P,N MM 

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

66 M(940] BRANCHING PATIOS 

RL M(940} INTO (NEUTRAL)I{TWO-CHARGEII(FOUR-CHARGE) 
RE 0.12 0.86 0.02 CHESHIRE 72 MMS 0 2.4 El -  P,N MM 

12 /72  

2174 "  
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
u(940), u(953), n'( 58) 

REFERENCES FOR M1940 )  

CHESHIRE 72 ERE 28 520 +HOFFMAN,GARFINKEL,+ (IOWA+ANL~PURD) 
BINNIP 72 RL 39 B 275 +CAMILLERI,DUANE,GARBUTT,EURTON÷(LOIC+SHNR} 
BINNIE T4 PRL 32 392 +CAMILLERI,CARR,DEBENHAM,+ (LOIC+SHMP) 

I'°1 - ~ + ~ r -  
t_._t,7,po $o H (  . . . . . .  G= . 

WHILE MASS AND WIDTH ARE CONSISTENT WITH THOSE OF 
THE ETA RRIWE(958), THE (PI÷ PI -  GAMMA} DECAY ODES 

NOT SHOW A RHO0 SIGNAL, UNLIKE THE ETA PRIME. THIS IS TAKEN AS EVIDENCE 
FOR A NEW PARTICLE. WHILE THIS DIFFERENCE IN DALITZ PlOT DISTRIBUTIONS 
APPEARS SIGNIFICANT, IT STILL NEEDS FURTHER CONFIRHATION TO BE REGARDED 
AS WELL ESTABLISHED. POSSIBLY SEEN IN MRS . 

OMITTED FROM TABLE.  

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

59 M MASS (MEV]  

M 68 953.0 2.0 AGUILAR TO HBC 3.9-4.6K-B,P K-H l / T1  
M M (953.4) ( I . 5 l  (3.81 MAGLICH 71 MMS 3.B R O,HE3 XO 2/72 
M M MISSING MASS SPECTRUM SHOWED THIS PEAK AT 953.4 INSTEAD OF 
M M ~TA PRIME [958}.  PEAK LISTED UMBER M BECAUSE OF MASS 
M M COINCIDENCE. THE 1.5 MEV ERROR MAY BE UNDERESTIMATED BY 
M M A FACTOR OF 2 (SEE 8RODY 72, TABLE T i l l .  OBSERVED PEAK COULD 
M M THEN WELL CDRQESPOND TO ETA PRIME. 

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

59 M WIDTH (MEV)  

w 68 410.0) OR LESS CL=.95 AGUILAR 70  HBC 3.9-4.bK-P,P K-H 1171 
W M ( I 5 . }  OR LESS MAGLICH 71 MMS 3 .8  P D,HE3 xo 2172 

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

59 M PARTIAL DECAY MODES 

DECAY MASSES 
PI  M INTO RI÷ RI-  GAMMA 139+ 139+ 0 
P2 M INTO RHO0 GAMMA 770+ 0 
P3 M INTO PI+ PI -  ETA 139+ 139+ 548 
R4 M INTO RIO ETA 134+ 548  
P5 H INTO Pie P I -  PIO 139+ 139+ } .34 

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

$9 M BRANCHING RATIOS 

R[ M INTO (RHO0 GAMMAI/(ALL PI+ E l -  GAMMA} (P2 ) / IP I }  
RI 58 0.05 0.1 AGUILAR 70 HBC 3.9-4.6K-P,P K-N 1 /71  

R2 M INTO (El÷ E l -  GAMMA)/(PI+ P I -  ETA NEUTR.) [PI) I (P3N) 
R2 58 1 .2  0.3 AGUILAR 70 HBC 3.9~4.6K-P,P K-M I171 

R3 M INTO [PI+ E l -  PlO)ITOTAL (RE} 
R3 58 NOT OBSERVED AGUILAR 70  HBC 3.9-4.6K-R,P K-M 1/71 

R4 M INTO [R IO  ETA NEUTR.)/TOTAL [PAN) 
R4 5B NOT OBSERVED AGUILAR 70 HBC 3.9-4.6K-P,P K-M 1/71 

REFERENCES FOR M 

AGUILAR 70 PRL 25  E635  AGUILAR-BENITEZ,BASSANO,SAMIOS,BARNES+(BNL) 

M£GLICH ?I PRL 27 1479  +00STENS,BRODY,CVIJANOVICH tRUTG+PENN+UPNJI 
RDSNER Ti PRL 2b  933  J . L .ROSNER,E .W.COLGLAZ IER  (M INN+CIT }  

AGUILAR 72 PR O b 29 AGUILAR-BENITEZ,CHUNG,EISNER,SAMIOS (BNLI 
BROOY 72 UPR-3E.SUBMoTO PR +GROVES,NOREM,CVIJANOVICH,+(PENN+RUTG+URNJ} 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * + * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

,n,,Rsm, . . . . . . . . . . . . . . . .  G . . . . . . . .  

I " - - - ' 1  KNOWN ALSO AS XO 

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

2 ETA PRIME MASS (MEV)  

N D ONLY EXPERIMENTS G IV ING ERROR LESS THAN 3 MEV KEPT FOR AVERAGING 
M 85 4957 .0 }  
M K l eS8 .O)  41 .0 )  
M K KALBFLEISCH 64  SUPERSEOEO 
H 0 ( 957 .03  (S .O)  
M B 960.0 g.O 
M 0 T ( 955 .0 }  ( 10 .01  
M 0 1959 .01  43 .0 I  
N 0 ( 960 .0 }  ( 5 . 0 }  
M 957 .  i. 
M 956.0 2.0 
M 3415  9 S 6 . 1  1 . 1  
M 535 957 .4  1.4 
M 1414 958 .2  0 .5  
M 400  958 .  I .  
M 957 .46  0 .33  
H . . . . . . . . .  
N AVG 957.59 0.24 

12172  
DAUBER 64  HBC 1 .95  K-R 
KALBFLE IS  64  HBC 2 .7  K-R b /66  
BY RITTENDERG 69 
BAOIER 6S HBC 3.0 K-P 
TRILL ING 65 HBC 3 .65  P I+  P 9 /66  
COHN 66  DEC 3 . 3  PI+D 6 /66  
LONDON 66  HBC 2.2 K-P 6 /66  
MOTT 69  HBC 4 .  I - 5 . 5  K -  P 7 /69  
RITTENBER 69  HBC L .7 -E .T  K -  P 9 /69  
AGUILAR 70 HBC 3 .9 -4 .6K -P  1/71 
BASILEL  71CNTR 1 .b  El-  P,N XO 11 /71  
GAS ILEL  T [  CNTR 1 .6  P I - -  P ,N  XO I I / T I  
DANBURG 7B HBC 2og K-P+LAM XO 2 1 7 4 .  
JACOBS 73 HBC 2 .9  K -P ,LAM XO 1174*  
DUANE 74  HMS RI-  P,N  MM E/74 .  

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

E ETA PRIME WIDTH (MEV) 

w 85 (4 ,0 )  OR LESS DAUBER 64  HBC E .9S  K -P  
W K iT .O )  OR LESS KALBFLE IS  64  HBC 2 .7  K -P  6 /66  
W K KALBFLE [SCH 64  SUPERSEDED BY RITTENDERG 69  
w (30.0} OR LESS BADIER 65 HBC 3.0 K-P 
W l IE.O) OR LESS LONDON 66  HBC 2.2 K-P 6/66 
W ( IO . I  OR LESS RITTENBER 69  HBC 1 .7 -E .7  K -  P 
w (EO.O} OR LESS AGUILAR TO HBC 3oR--4.bK--R I l T l  

W 3415 (8 . )  OR LESS CL*.RO BASILEI 71CNTR 
W EIA (4.7) OR LESS CL=.9S OANBURG 73 HBC 
W (0.8)  OR tESS  CL=.R5 OUANE 74 MMS El -  P,N MM 

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

2 ETA PRIME PARTIAL  DECAY M~DES 

DECAY MASSES 
RE ETA PRIME INTO PI÷ P l -  ETA 139+  139+ 548 

P I (N }  ETAS DECAY INTO ALL NEUTRALS 
El(CA ETAS DECAY CHARGED 

P2 ETA PRIME INTO PlO PIO  ETA I14+ 134+ 548 
P2[N} ETAS DECAY INTO ALL NEUTRALS 
P2(C}  ETAS DECAY CHARGED 

P3 ETA PRIME INTO RI÷ E l -  GAMMA 13g+  139+ 0 
(INCLUDING RHO GAMMA[ 

P4 ETA PRIME INTO GAMMA GAMMA O+ 0 
P6 ETA PRIME INTO RHO0 GAWMA O+ 770  
PlO ETA PRIME INTO PI+ E l -  E+ E- 139+ 139+ . 5+  . 5  
PI I  ETA PRIME INTO 2 Pl 139+ I39 
PI2  ETA PRIME INTO 3 P I  139+ I39+ 134 
P13 BTA PRIME INTO 4 RI 139+ 139+ 139+ 139 
P14 ETA PRIME INTO 5 Pl 
P15 ETA PRIME INTO 6 P I  
P16 ETA PRIME INTO PIO E+ E-  )VIOLATES C IN 134~ .S+  . 5  

BORN APPRCX. )  
P l 7  ETA PRIME INTO ETA E+ E -  )V IOLATES C IN  548+ . 5+  . 5  

BORN APPROXo} 
P18 ETA PRIME INTO PIO RHO 0 )VIOLATES C) 

1.6 E l -  P,N XO I1/71 
2.2 K-P,LAM XO 2/74* 

1 /74 .  

134+ TTO 
PI9 ETA PRIME INTO PIO OMEGA )VIOLATES C[ 134+ TBZ 
P20 ETA PRIME INTO GAMMA OMEGA O+ 782 

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

FITTED PAKTIAL DECAY MODE BRANCHING FILACTION~ 

The  m a t r i x  b e l o w  i s  d e r i v e d  f r o m  the  e r r o r  ~ t r i x  f o r  t he  f i t t e d  p a r t i a l  d e c a y  m o d e  

branching fractions, Pi" as follows: The dia~onal elements are P.~6P., where 
1 z 

6P i = ~ i  > , ~vhile the oEE-dia~onal elements are the normalized correlation coeffi- 

cients <Ep 6pj>/(6p.z * • 6Pj), For the definitions DE the indlvidual l°.,l see the listings 

above; only those P. appear[n B in the ~trix are assumed in the Eit to be nonzero and i 
are th~s constrained to add to 1. 

P i P 2 R 3 R 4 
P I .4610+-.0230 
P 2 - . 4E l l  . 24~ .5+ - . 0Z07  
P 3 -. 5979 -.4059 .2741+-.0224 
P 4 .1185 -.1991 -.0788 o0196~-.0029 

2 E rA  PRIME BRANCHING RATIOS 

Note  on llt (958) B r a n c h i n g  F r a c t i o n s  

In our c a l c u l a t i o n  of  the  b r a n c h i n g  f r a c t i o n s  of  

the  ~w (958)  w e  a s s u m e  the  d e c a y  m e d e s  ~ T  ( i n c l u d i n g  

~w% °, 7i% of  the  ~t s h a v e  n e u t r a l  d e c a y s ) ,  9 ° y ,  

and y¥ .  

In the fit we do not use the constraint 

I% = F (hE-" ~ +  ~ - ) / F ( ~ - -  n~% °) = Z 

from I-spin conservation. The result of the fit is 

in agreement with it, 14 = ~.9 • O.Z. 

RE ETA PRIME INTO (P I+  P I -ETA  (NEUTRAL DEC. ) } /TOTAL  {P IN )  
R1 K 68  ) 0 . 36 [  (O .O5 )  KALBFLE2 64  HBC 2 .T  K -P  1D /66  
R1 K KALBFLEISCHg 64 SUPERSEOED BY RITTENBERG 60 
RE EBt 0.314 0.026 RITTENBER 69 HBC [ .T-g.T K-P 9169 
RE 
R1 FIT 0.328 0.016 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.4) 

R2 ETA PRIME INTO (El+ PI -  NEUTRALS) Z TOTAL (PIN+P2C) 
R2 33 0 .35  0 .06  BAOIER 65 HBC 3 .0  K-P  I 0 / 66  
R2 39 0.4 0 . I  LONDON 66 HBC 2*2 K-P I0/66 
R2 . . . . . . . . .  
R2 AVG 0 .363  0 .051  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 }  
R2 F IT  0 .399  0o014  FROM E IT  (ERROR INCLUDES 5CALE FACTOR OF 1 .73  

R3 ETA PRIME INTO (PI+ E l -  ETA (CHRGO.DECAY))ITOTAL (PIC} 
R3 K 44 (0.12) 40.021 KALBFtE2 64 HBC 2.7 K-R 10166 
R3 K KALBFLEISCH2 6R SUPERSEDED BY RITTENBERG 69 
R3 7 0.07 0.0R BAOIER 65 HBC 3.0 K-P 10/66 
R3 10 0 .1  0 .04  LONDON 66  HBC 2 .2  K -P  10 /66  
R3 107 0 .123  0 .014  RITTENBE~ 69  HBC 1 .T -2 .7  K -P  9 /69  
R3 . . . . . . . . .  
R3 AVG 0.116 0.013 AVERAGE )ERROR INCLUDES SCALE FACTOR OF 1.0) 
R3 FIT 0.13B5 O. OO6B FROM FIT )ERROR INCLUDES SCALE FACTOR OF 1.4) 

R4 ETA PRIME INTO (PI÷ El -  NEUTRALS (EXCLUDING (PZC] 
R4 PI+ PI + ETA (NEUTR.DEC.)}I / TOTAL 
R4 K 10 ( 0 . 053  ( 0 .043  KALBFLEZ 64  HBC 2 .T  K -R  10 /66  
R4 K KALBFLEISCH2 64 SUPERSEOEO BY RI~TENBBRG 69 
R4 42 0 .045  0 .029  RITTENBER 69  HBC 1 .7 -2 .7  K -P  9/6q 
R4 
R4 PIT O.OTOT 0.0060 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 . I )  

RE ETA PRIME INTO (NEUTRALS)  / TOTAL (P2N+P4}  
RS K 54  (O .2S i  ( 0 . 05 )  KALBFLB2 64  HBC 69  2 .7  K-R 10 /66  
R3 K KALBFLEISCH2 64 SUPERSEDED BY RITTENBERG 
R5 16 O.2A 0.17 BADIER 65 HBC 3.0 K-P 10/66 
R5 32 O.S 0 . |  LONDON 66  HBC 2 .2  K -P  10/66 
R5 IZ3  0 .189  0 .026  RITTENBER 69  HGC 1 .7 -2 .7  K -P  9 /69  
R5 535  0 .185  0 .021  BAS ILE I  71CNTR 1 .6  E l -  P .N  XO 11 /7 l  
R5 . . . . . . . . .  
RS AVG 0.190 0 .016  AVERAGE (ERROR INCLUDES SCALE FACTOP OF l ,Ol  
R3 FIT 0.193 0.014 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 
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Mcsons 
n (g58) 

Data Card Listings 
For notation, see key at front of Listings. 

R6 ETA PRIME INTO lPI+ El-  GAMMA [INCLUDING RHO GAMMAIIITOTAL 
R6 (P3I 
Rb K 62 ( 0 . 2 2 }  ( 0 .06 )  KALBFLE2 6~ HBC 2.7  K--P 10166 
R6 K KALRFLEISCH2 66 SUPERSEDEO BY RITTENBERG 69 
R6 3S ( 0 . $ 6 )  ( 0 . 0 9 )  BAOIER 65 HBC 3.0  K-P . I 0 / 6 6  
R6 20 0.2 0.1 LONOON 6'6 HBC 2.2 K-P 10/66 
Rb 298 0.329 0.033 RITTENEER 69 HBC 1 . 7 - 2 . 7  K-P 9 /69 
P6 
R6 AVG 0.316 0.030 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .2 )  
R6 FIT 0 .276 O.O22 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .6 )  

R7 ETA PRIME INTC (PI+ Pl-  GAMMA [INCLUDING RHO GAMNA))/(PI Pl ETA) 
R7 ( P E ) / ( P I + P 2 )  
R7 0.25 3.14 DAUBER 64 HOG 1.9S K-P 10/66 
R7 . . . . . . . . .  
R7 FIT 0.388 0 .044 FROM FIT (ERROR INCLUOES SCALE FACTOR DE 1 .6 )  

R8 ETA PRI~E INTO (PIO E+ E- l /TOTAL ( F i b }  
R8 (O.Ol3)OR LESS RITTENBER 65 HEC 2.7  K-P 10/66 

R9 ETA PRIME INTO (ETA E+ E~IITOTAL (PIT) 
R9 (O .O l l IDR  LESS RITTENEER 65 HBC 2.7  K-P 10/66 

RIO ETA PRIME INTO (PIO RHOO)/TOTAL (P lE I  
RIO ( 0 . 0 6 )  OR LESS RITTENBER b5 HBC 2.7  K-P 10/66 

R l l  ETA PRIME INTO (PIO OMEGA ÷ GAMMA OMEGAI/TOTAL (PID÷P2O) 
E l l  ( 0 . 0 8 )  OR LESS RITTENBER 65 HBC 2.7  K-P 10/66 

RI2 ET~ PRIME INTO l e t ÷  P I -  E+ E-I/TOTAL (P lO l  
R12 (O.OO6IOR LESS RITTENDER 65 HBC 2.7 K-P 10/66 

R13 ETA PRIME INTO (2 FIJlTOTAL ( P l l )  
RI3 (O.OTl OR LESS LONDON 66 HOD COMPILATION 10/66 

R16 ETA PRIME INTC (E E l l /TOTAL (P12) 
R16 (D.O7) OR LESS LONDON 66 HBC COMPILATION 10/66 

PIS ETA PRIME INTO (6 El l /TOTAL (P131 
RIB 10.01) DR LESS LONDON bb HBC COMPILATION 10/66 

R16 ETA PRIME INTO (6 El l /TOTAL (P lS I  
R16 ( O . O l )  OR tESS LONDON 6E HOD COMPILATION 10166 

RIB ETA PRIME INTO (RHO0 GAMMAI/(PI Pl ETA) ( P 6 I / ( E I ÷ P 2 )  
R18 0.31 0.1S DAVIS 68 HBC 5.S K- P 9168 
RI8 . . . . . . . . .  
RIB FIT 0.388 0.04~ FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.61 

El9 ETA PAINE INTO (Z GAMMAI/TOTAL IP~I 
PIN 5 0,050 0.030 0.030 BOLLINI 68 CNTR 1.9 E l -  P L2/72 

7 0 .126 0.075 BENSINGER 70 OBC 2.2  PI÷ O 12/72 E19 
R19 S 61 IO.O l? )  ( 0 . 0 0 4 )  BASILE2 71CNTR l . b  E l -  P,N XO 12/72 
P19 S SUPERSEDED BY DALPIAZ 72 
Rl9 El 0.020 O . O O R  0.006 HARVEY 7L OSPK 3.6S P I -  P,N XO 11/71 
R19 68 0.0171 0.00S3 OALPIAZ 72 CNTR 1.6 E l -  P,N XO 12/72 
R19 . . . . . . . . .  
RID AVG 0.0181 0.0030 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)  
a l e  FIT 0.0194 0.0029 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1 .0 )  

R2O ETA PRIME INTO (P I+P I - I /TOTAL IP11) 
R20 10.02) OR LESS RITTENBER 69 HBC 1 . 7 - 2 . 7  K-P 9169 
RED ( 0 . 0 8 )  OR LESS E l f . 9 5  DANBURG 73 HBC Z.2 R-P,LAM XO 2 /74*  

P21 ETA PRIME INTO (PI+PI-PIOI /TOTAL IP121 
P21 IO°OB) OR LESS RITTENBER 69 HEC 1 . 7 - 2 . 7  K-P 9 /69  
R21 Io .  oel OR LESS CL=.95 DANBURG 73 HBC 2.2  K-PtLAM XO 2 /74*  

R22 ETA PRIME INTO (PI+PI+PI-PI-I/TOTAL IP IE)  
R22 ( O . O l )  OR LESS RITTENBER 69 HBC 1 . 7 - 2 . T  K-P 9 /69  
R22 ( O . O l l  OR LESS CLffi.95 DANBURG 73 NBC 2.2 K-P,LAN XO 2 /74 "  

R23 ETA PRIME INTO (PI+PI+PI-PI-PIO)/TOTAL (P16) 
R23 (O .O l )  OR LESS RITTENBER 69 HBC 1 . 7 - 2 . 7  K-P 

R24 ETA PRIME INTO ( P l + P l + P I - P I -  NEUTRALS)ITOTAL ( P l b ÷ . . . l  
R26 ( O . O l }  OR LESS RITTENBER 69 HBC 1 . 7 - 2 . 7  K-P 9 /69  

R25 ETA PAINE INTO (RHO0 GAMN&)/(ALL PIe P I -  GAMMA) ( P 6 I / ( P B )  
R2B 0.96 0 .20 AGUILAR 70 HBC 3 .9 -6°bK-P  1171 
R2S E 673 1.15 0 . 1 0  OANBURG 73 HEC 2.2  K-P,LAM XO 2 /7~*  
RE5 E 673 (0 .9S )  OR MORE CL=.9S DANEURG 73 HEC 2.E K-P,LAN XO 2 /76~  
R25 E EQUIVALENT STATEMENTS 
R25 137 1.DE O.1E JACOES 73 MBC 2.9  K-PtLAM XO 1/74"  
R25 . . . . . . . . .  
R25 AVG 1.082 0 .077 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1 .0 )  

~26 ETA PRIME INTO IPlO PIO ETA INTO S PIOI/TOTAL (P2NI3PIO))  
R26 4 0.11 0 .06 BENSINGER 70 DEC 2.2  P le  D 1171 
R26 . . . . . . . . .  
REb FIT 0.0736 OoOObZ FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.11 

R27- ETA PRIME INTO ( P l +  P l -  GARMA)I(PIe E l -  ETAINEUTRAL DEC. l )  
R27 ( P E I / I P I N )  

6GUICAR 72 HOE B . 9 , 6 . 6  K- P 12/72 R27 0.56 0 .10 
R27 473 0.92 O.16 DANBURG 73 HDC 2.2  K-P,LAN go 2 /76 "  
R2T 192 1.11 O. I8  JACOBS 73 HBC 2.9  K-P,LAM XO 1 /74"  
R27 . . . . . . . . .  
R27 AVG 0 .76  0 .16 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 .2 )  
R27 FIT 0.836 o .oeq FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.8)  

ISEE IDPOGRAM BELOW ) 

P2E ETA PRIME INTO (2 GAMMA)/(PIO PIO ETA(NEUTRAL DEC.)}  
R28 ( P B ) / ( P 2 I N ) )  
R28 16 0 . 1 8 8  O.OBG REEL 72 OSPK 3.8 P I -  P,N XO 1/73 
R28 . . . . . . . . .  
R28 FIT 0.112 0 .021 FRON FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)  

WEIGHTED AUERAGE = 0 . 7 4  * 0 . 1 6  

E R R D R  SCRLED BY 2 . 2  

V a l u e s  a b o v e  o f  w e i g h t e d  a v e r a g e ,  
e r r o r ,  a n d  s c a l e  f a c t o r  a r e  f o r  t h e  
r e a d e r '  s c o n v e n i e n c e  o n l y .  T h e  
d a t a  w e r e  a c t u a l l y  p r o c e s s e d  by a 
c o n s t r a i n e d  f i t  p r o g r a m ,  w h i c h  
c a l c n l a t e s  i t s  o w n  v a l u e s  o f ~ ,  6~ ,  

a / ~ , a r d  s c a l e  f a c t o r ,  w h i c h  a r e  d i f f e r -  
e n t  f r o m  t h e  v a l u e s  shown h e r e .  

I \ ' ' ' O R C g B S  7 3  HEC 4 . 1  

I ~ "o~,~ " . O R H B U R 6  73  HBC 1 . 6  

I . . . . . . .  ' ~ . R 6 U Z L R R  7 2  HBC 4..._~1 

{ C D N L E U  
0 . 2  0 . 6  1 , 0  1 . 4  1 .B  = 0 . 0 0 7 )  

ETA P R I M E  TO ( P I + P I - 6 ~ M ) / ( P Z + P I - E T A { N ) )  

Note on the JP Assignment of ~I (958) 

From the Dalitz plot analyses of the U' -+ ~w~ and 
+ - 

D' -* ~ w ~ decays, and from the observation of a 

U' -" N~ decay mode, all assignments except 

J IDC 0 - + and Z - + = are e x c l u d e d .  T h e  D a l i t z  p lo t  

a n a l y s e s  f a v o r  s p i n  0 b u t  c a n n o t  r u l e  out  s p i n  Z. On  

t he  o t h e r  h a n d ,  the  o b s e r v a t i o n  of  K A L B F L E I S C H  73 

of a n  a n i s o t r o p y  i n  t h e  d e c a y s  of v e r y  f o r w a r d  p r o -  

d u c e d  ~' w o u l d  i m p l y  J = Z, i f  c o n f i r m e d ;  a l t h o u g h  

t h e  e f f e c t  i s  s e e n  i n  t h e  l a r g e s t  s i n g l e  d a t a  s a m p l e  

a v a i l a b l e  (the B N L - U n i v e r s i t y  of  M i c h i g a n  e x p e r i -  

m e n t  w i t h  ~ 1400 U' d e c a y s  f r o m  t h e  r e a c t i o n  

K-p -+ A~' at 2.2 GeV/c), its statistical significance 

is only ~3 standard deviations. 

. * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES POR ETA PRIME 

DAUBER 64 PRL |E  6A9 DAUBERtSLATER,SMITH, STORK,TICHO (UCLA)JP 
ALSO 66 DUBNA CONF 1 618 DAUBERtSLATEReL T SMITH,STORK.TICHO IUELAI 

GOLDBERG 66 PRL IE 566 eGUNOZIK~LICHTNAN,CONNOLLY,HART,÷(SYRA+ENL) 
GOLDBERG 6~ PRL IE 249 +GUNOZIK~LEITNERtCONNOLLY,HART,÷ (SYRA÷BNL) 
KALEFLE1 66 PRL 12 527 KALBFLEISCH,ALVAREZtBARBARO-GALTIERI,+(LRL)JP 
KRLBFLE2 6~ PRL 13 E69 G.R.KALEFLEISCH~O.DAHL,A.RITTENEERG (LRL)JP 

BADIER 65 PL 17 3E7 BADIEE,DEMO~JLIN, EARLOUTAUD+iEPOL+SACL+ZEEMI 
KIENZLE 6S EL 19 638 KIENZLE,MAGLIC,LEVRAT,LEFEBVPES + (CERNI 
RITTENBE 65 PRL IE 5E6 EITTENBERGtKALBFLEISCH (LRL+ENL) 
TRILLING 65 PL 19 627 ÷BROWN,GOLONABERS,KAOYKtSGANIO (LRL) 

COHN 66 PL Z1 $67 COHN,MCCULLOCH,BUGGeCONDG IORNL+TENNeUCND) 
LONDON 66 PR 1~3 1036 LDNDON,RAU,SAMIOStGOLDBERG + (BNL+SYRACUSEJIJP 
MARTIN 66 PL 22,352 NARTINtCRITTENOEN,SCHROEDER (INDIANA U) I 

BARBARO- 68 EEL 20 369 BARBARO-GALTIERI,MATISONtRITTENBERG+ (LRLII=O 
BARLOUTA 68 EL 26 B 674 BARIOUTAUOe (SRCLAY÷AMST~BGNA+RE~*EPOL)I=O 
BOLLINI 68 NC E8 A 289 +BUHLERtOALPIAZ,MASSAN+ (CERN+BGNAeSTRB) 
DAVIS 68 EL 27 B 532 +AMNAR,MOTT,DAGAN,DERRICK,FIELDS (NWES÷ANLI 

DUFEY b9 EL 29 0 bOS +GOBDItPOUCHONtCNOPSt+ (ETHZ+CERN÷SACL)IJP 
MOTT 69 PR 177 1966 eAMMAReOAVISeKROPACeSLATEeOAGAN+ (NWES÷ANL) 
RITTENEE 69 UCRL-IBE63 ALAN RITTENBERG (THESIS] (LRLII=O 

AGUILAR 70 PRL 2E 1 6 E S  AGUILAR-BENITEZ,BASSANO,SAMIOS,EARNES+(BNL) 
BENSINGE TO EL 33 8 505 BENSINGER,ERWIN,THOMPSON,W.O.WALKER (WISE) 

BARDAOIN 71 PR D6 2 7 1 1  BAROAOIN-OTWINOWSKAtHOFMOKL,MICHEJDA+(WARS) 
BASILE1 71NC 3 A 371 +SOLLINI,DALPIAZ,FRADETTIt*(CERN+BGNA+STRB) 
BASILE2 71 NP B 3E 29 +DOLLINI,OALPIAZ,FRABETTI,+(CERN+EGNA+STRBI 
HARVEY 71RRL 27 88S ÷MARQUIT,PETERSONtRHOADES,+ (MINN+M1CHI 
OGIEVETS 71 PL 20 B 69 OGIEVETSKY,TYDORtZASLAVSKY (DUBNAI 

AGUILAR 72 PRD 6 29 AGUILAR-BENITEZ,CHUNG,EISNER,SAMIOS (ENL) 
REEL 72 PL 40 E 680 +AUSLANOER,MULLER,BERTOLUCCI,+ (gARL+PISAI 
EINNIE 72 PL 39 B 275 +CAMILLERI,DUANE,GARDUTT,BURTDN+(LOIE÷SMMP) 
8LOODWOR 72 NP B 39 525 BLOODWORTH,JACKSCN,PRENTICE,YOON ITORONTD) 
OALPIAZ 72 RE 42 B 377 +FRABETTItMASSAMtNAVRRRIAgZICHICHI ICERNI 
RAOER 72 PR 0 6 30E9 +AEOLINS~DAHL~DANBURGtOAV1ES~HOCHt+ (LEE) 

OANBURG 73 PR 0 8 376~ +KALBFLEISCH,EORENSTEIN;CHAPMAN,÷(ENL÷MICH) JP 
JACOBS 73 PR 0 8 18 eCHANG,GAUTHXER,+ (DRAN+UMO÷SVRA+TUFT) JP 
KALBFLEI 73 PRL 31 333 KALBFLEISCHtCHAPRAN,+ (ENL+NICH÷LBLI JP 

OUANE 76 PRL 32 625 ÷BINNIE,CAMILLERItCARR,OEBENHAM+(LOIC+SHMPI 

• *****  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
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Data Card Listings 
For notation, see key at front of Listings. 

8 ( 9 7 0 )  ,6 OEL . . . . .  o . . . . . . . .  i 1.1 

-= ) . r / / r , . . .  

U n d e r  th i s  e n t r y ,  w e  l i s t  t h r e e  t y p e s  of  I = 1 

p e a k s  n e a r  K ~  t h r e s h o l d .  

t )  M i s s i n g - m a s s  p e a k s ,  s o m e  of  t h e m  c o n t r o v e r -  

s i a l .  

2) ~7~ decays, peaking slightly below KK threshold. 

This defines I G = I- and 5P = Normal. 

3) Threshold enhancements in the (K~) ~" system 

with I = I. The Q value is low and 3P therefore 

probably 0 +. 

In listing them together under a common entry 

we do not imply that they are necessarily all related, 

However, the K~ threshold enhancement may be due 

to a virtual bound state that could also be responsible 

for the ~7~ peaks (ASTIER 67). More complete 

studies of the mass dependence of the KK threshold 

effect, using coupled channel analysis, are needed to 

clarify this question, 

36 DELTA(970) MASS IMEV) 

M PEAKS SEEN IN MISS~NG MASS EKPERIMENTS 
R K 262 (962 .01  ( 5 . 0 ]  KIENZLE 65 MMS 
N K NOT SEEN BY BANNER1 67 ( I . 8  Pl- PI 
N 0 (966.0) (B.O) OOSTENS 66 NMS 
M 0 NOT SEEN BY BANNER2 67 AND ANDEREON 71 

975.0 6 .0  A80L INS 70 NM5 
N Z|B (962 .9 )  { 1 . 71  CHESHIRE 72 MR8 

M 
M 
M N NOT SEEN BY BINNIE 72 AT THRESHOLD. 
H N NOT SEEN BY B[NNIE 76 AT 2 GEV/C 

M ETA PI FINAL STATE ONLY. 
M S 30 980.0 10,0  AMMAN 68 HBC 
M S SEE ALSO AMMAN 70. 
M 10 (960*( APPROX. CHUNG S 68 HBC 
M 80 {978 .0 )  OEFOIX 68 H8C 
M 20 970 .0  15 .0  BARNES 69 HBC 
M 980 .  lO .  CAMPBELL 69 DEC 
N 15 {RED.O( (10.0) ~IttB~ 69 MBC 
M 21 948 .0  (7.O) BARDADIN 71HBC 
M [50  972 .  10.  DEFO[X 72 HBC 
N 67 1980 . (  CONFORTO 73 OSPK 
N 
N 

- 3 -5  P I -  P 9 /66  

+ 3 .8  PP TO 0 + MM 9 /66  

+ B .8 -6 .3  PP--D÷MM 1171 
0 2*A  P I -  P,N MH 12 /72  

÷- . 5 .SK - ,ETA  PI 2 / 73  

- 3.2 Pl-P 5 /70  
+ -  1 . 2  PB P,ETA OI 3169 

6-B K -P ,P I -ETA  9 /69  
+ -  2 . 7  PI÷ D 1 /73  

6.5 ~-NtEYA PS T/69 
÷ -  B P I+P,P  O0 Pl 2 /72  
+ -  0 . 7  PEAR P.7  Pl 1 /73  

6 .5  P I -P ,P  X-  1 / 76 .  

AVG 976.9 5.6 AVEEAGE (ERROR INCLUDES SCALE FACTOR OF l.O) 

N K KBAR ONLY, SEE THE TYPED NOTE ABOVE 
N 163([003.B) T.O+SYSTEMATIC RDSENFELB 65 RVUE +- . 8/66 
M SCAT. LENGTH 2 TO 6 FERMIS.BALTAY 06 HBC 3 .7  PBAR P B/b6  
M A 100{1016 . )  ( 10 . )  ASTIER 67 HBC +- O PBAE P . 7167 
M A ~C&TT.LENGTH ALBO F ITE ,  BEE BELOW 
M SCATT*LENGTH *2 .5  ÷ -1 .  FERMI ASTIER 67 HBC +-  0 -1 .2  PBAR P 7 /67  
M OR CNPLX, RE PART I -E ,3  F . . . . . . . . . . . . . . . . . . . . . . .  7 / 67  

11.8118 PART=.3F OR LESS . . . . . . . . . . . . . . . . . .  7167 
(O.A) {0.3) DUROC 72 HBC | . 2  PBAR P ,3P I2K  12172 B 

M B ABSOLUTE VALUE OF SCAT.LENGTH 12172 

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

36 DELTA{9TOI WIDTH (NEVI 

PEAKS SEEN IN MISSING MASS EXPERIMENTS 
S 262 {5 .0 I  OR LESS KIENZLE 05 MNS - S-5 P l -  P 9 /66  

OOSTENS 66 NRS ÷ 3.8 PP TO D ÷ MN 9166 
AEOLINS 70 NNS ÷ 3.8-6.3 FP--D÷MN 1/71 
CHESHIRE 72 MNS 0 2 .9  P I -  P~N MM 12172 

W S (10.0] OR LESS 
W 60 .0  16.0 tO.O 
W S 215 (5.9) OR LESS CL=.90  
g S SEE NOTES ON DELTA MASS ABOVE 

W ETA P( FINAL STATE ONLY 
W BO BO.O 30 .0  
W B0 ( 25 .0 )  
W 20 (50 .0 )  DR LESS 
W 90. 15.  
W IS 60 .0  30 .0  
W 21 31 .0  28 .0  
W 150 (30 . (  IS . )  
W AT (bo . )  150 . )  { 30 . )  

AHMAR 68 HBC +-  ) 5 .SK - ,ETA  PI  2 / 73  
DEFOIX 68 HBC + -  1 . 8  PB P,ETA PI  3 / 69  
BARNES 69 HBC - 4 -5  K -P ,P I -ETA  9 /b9  
CAMPBELL 69 DEC * -  2.7 PI+ O 1173 
MILLER 69 HBC - 6 . 5  K-N,ETA PI 2 / 76 *  
BAMDAOIN 71HBC ÷ -  8 P I *P *P  00 PI  • E /76 "  
DEFOIX 72 HBC O.T PRAR P,T Pl 2 /TA$ 
CONPORTO 73 OSPK 4.5 PI -P ,P  X-  1 / 76 .  

w . . . . . . . . .  
W AVG 6b .9  11.2 AVERAGE {ERROR INCLUOES SCALE FACTOR OF t . o )  

M K KBAR ONLY. SEE THE TYPED NOTE ABOVE 
W 193 (57 .0 )  13.O+SYSTENATIC ROSENFELD 65 RVUE ÷- 8 /66  
W A 108 IES . )  APPROX. ESTIER 67 HBC ~ -  SBE NOTE A ABOVE 9 /67  

36 OELTA(970) PARTIAL OECAY MODES 

DECAY MASSES 
Pl  DELTA(970) INTO ETA P{ B68÷ 10A 
P2 DELTA{970|  INTO 3 PI  
PS OELTAIgTO| INTO RHO P l  770÷ 186 
P6 S DELTA(970) INTO K KBAR 770*  136 
P6 S SEE THE TyPEO NOTE ABOVE 770*  136 

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

Mesons 
(~(970), H(990), S*(993) 

R1 
RI 

R10 CHARGED OELTA OF KIENZLE 65 INTO (1 CHARGEDI/(3 CR MORE CHARGED) 
RIO 1.S 0 .9  0 .7  KIENZLE 65 MHS - 3 -5  P l -  P 

~11 DELTA OF C~ESH[RE TZ ~HTO (NEUTBALIItTWO-CH~RGE)I(FDDR-CHAROEI 
811 ( 0 .10 )  10 .82 I  ( 0 . 08 )  CHESHIRE 72 MMS O 2*A P I -  P)N MM 

REFERENCES EOR DELTA 

TURKOT 63 SIENNA CONF l 661 +COLL INS,FUJ I I ,KEMP*  [BNL+PITTSBURGH) 

ARMENTER 65 PL 17 366 ARMENTERDS,EDWAROS, JACOBSEN + (CERN+CDEF) 
6ARASH 65 PR L,9 B 1659 +FRANZINI,KIRSCH,N(LLER,STE[NBERGER+ (COLUI 
KIENZLE 65 Pt  19 638 + NAGLIC,LEVRAT,LEFEBVRES + {BEEN] 
RPSENPEL 65 OXFORD CONF 58 A H ROSENFELD (LRL--RVUE( 

ALLEN D 66 Pt 22 563 ÷GP FISHERtG GOOCEN,L MARSHALL,SEARS (COLOIG=÷ 
BAtTAY 66 PR 162 8 932 +LACH,SANONEISS,TAFT,YEH, STONEHILL+ [YALE) 
FDCAECI bb PRL 17 890 * KISNZLE,LEVRAT,NAGL1E,MARTIN {CERNI 
OOSTENS 66 PL E2 708 +CHAVANON)CROZON,TOCQUEV[LLE (SACLAY,COEFI I= I  

ALLISON 67 PL 25B 619 +CRUZ* {OXF+MPIN+BIRM+~HEL+GLAS+LDIC) 
ASTIBR 67 PL 28 B 296 +MONTANET,BAUBILLIER,OUBOC*{COEF+CERN+IRAO) 

ASTIER 67 INCLUDES DATA O~ 8ARLOW 6T,CONFORTO 67,ARMENTEROS 65 .  
8AILLON 67 NC 3OA 390  +EDNAROS+O*ANOLAU*ASTIER+ (CERN+CDEF*IRAD) 
BANNER 1 67 Pt 28 B 300 +PAYOUX,HAMEL,ZSEMBERY,CHEZE÷ (SACLAY*CAEN) 
BANNER 2 67 PL 28 B 569 +CHEZE,HAMEL,MAREL,TEIGER+ {CDEF+SAEL( 
BARLOW 67 NC 50 A 701 +MONTANET.O,ANDLAU+ (CERN+COEF+IRAO÷LIVP) 
CONFORTO 67 NP 83 A69 CONFORTO,MARECHAL+ {CERN÷COEF+IPNP÷LIVP) 

AMMAR 68 PRL 21 1832 +OAVIS)KROPAC,OERR{CKtFIELOS*~ {NNES+ANL) 
CHUNG S 68 PR 165 1491 +O.DAHL, J* KIRZ, D.H.MILLER ILRL) 
OEFOIX 68 PL 28 B 253 +RIVET,SIAUO,CONFORTO+ {COEF+IPNPeCERN( 
OALTIERI 68 PRL ZO 369 8ARBAPO-GALTIERI,MATISON,RITTENBERG* (LRL) 
JUHALA 68 PL 27 8 257 +LEACOCKtRHODE,KOPELMAN,LIBBY+ ([OWA+COLO) 
SABRE CO 68 Pt 26 8 676 BARLOUTAUO÷ {SACL+AMST÷BGNA+REHO÷EPOL) 

BARNES 69 RRL 2' 610 *CHUNG,EISNER,BASSANO,GOLDBERO÷ (BNL+SYRA) 
CAMPBELL 69 PRL 22 1206 J.H.CAMPBELL)LICHTMAN)LOEFFLER,* (PURDUE( 
CRENNELL 69 PRL 82 1398 +KARSMON,KWAN WU LA I ,+  {BNt+NYU) 
JUHALA 69 PR LBA i66E ÷LEACOCKtRFK30~)KOPELNAN,LIBBY)~ IIBU+COLO( 
KRUSE 69 PR 177 195 I  KRUSE,LOOS,GOLDWASSER ( I LL INOIS (  

MILLER 69 Pt 29 B 2S5 O.H.MILLER,S.L.KRAMER,O.O.OARMONY,*(PURDUE) 
ALSO 69 PR IBE Z811 YEN,AMMANN,CARMONY,EL3NER,÷ (PURDUE) 

SCHROEOE 69 PR 186 2 0 8 1  SCHROEDER,KERNAN,FISHER,LIBBY,+ (ISU+COLO( 

ABOLINS 70 PRL 25 469 +GRAVEN,MECARTHY,G.SMITHtL.SMITH÷ (LRL+UCD) 
AMMAR 70 PRO 2 A30 *KROPACmDAVIS,DERRICK÷ (KANS+NWES÷ANL+WISC) 
COOPER 78 NP 8 E3 BOB +HANNEB,MUSGRAVE,POLLARD,VOYVODIC (ANt) 
YIOU 70 THESIS, A 666 TCHIU-PUNG YIOU (ORSAY) 

ANDERSON Tl PRL 26 108 ÷DIXIE,+ {CHIC÷ANL÷CARL*LASL+CNRC~NAGOYA) 
BARDAOIN 71FR 06 2711 BAROADIN-OTWINOWSKA,HOFMOKL,MICHEJDA+{WARS) 

BINNIE 72 PL 39 B 275 *CAMILLERhOUANE,GARBUTT,BURTON÷(LOIC+SHMP( 
CHESHIRE 72 PRL 28 520 *HOFFMAN,GARFINKELt÷ (IOWA+aNt+PUMP) 
OEFOIX 72 NP 8 6~ EZ5 +NASCIMENTO~BIZZARRI~ (COEF+CERNI 
DUROC TZ NP B 66 629 +GOLOBERG,NAKOWSKI,DONALD,+ (LPNP+LIVP) 
HOLLOWAY 72 PHILoCONF.PROC.133*HULD.KOETZ*KPUSE,BERNSTEIN,+ ( I LL+ ILLC)  

ATHERTON 73 PL 63 B 2A9 +FRANEK,FPENCH,GHIOINI ,HILPERTI*  {BERN( 
CONFDRTO 73 AIX EONF.PAPBR +KBY*÷ {TNTO+RHEL÷BNL÷LBL+ROCH+SLAC+WISC) 

BINNIE 76 PRL 32 392 +CAMILLERI,CARR,OEBENHAM,÷ (LOIC+SHMP) 

IHcgoo ) 3s H , 9 9 o , . G = . - ,  i-o 
i ~ , i  THE EVIDENCE OP BENSON 66 HAS DISAPPEARED ALTER 

RE-ANALYSIS (CHAUOHARY TO(. NO SIGNIFICANT 
OTHER EVIDENCE HAS BEEN PUBLIBHEO. 
OMITTEO FROM TABLE* 

• * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * *$ *$ * * * *  * * * * * * * * *  * * * * * * * * *  * *$ * * * * *  

REFERENCES FOR H 

8A~TSCH 69 PL 11 [ 67  AACHEN-ZEUTHEN-BIRM-BONN-HAMB-NUNCHEN COLt 
GOLOHABE 65 CORAL GABLES P ,76  G. OOLOHABER (LRL) 
BENSON 66 PRL 17 1236 +MARGUIT,ROE,SINCLAIR,VANDER VELDE {M ICHI I JP  
COHN 67 NP 81 57 +NC CULLOCH,BUGG,CONO0 {ORNL+UNIV.TENN) 
ROSENPEL 67 RMP 39 E,APPENOIX ROSENPELD,BARBABO-GALTIEBI+iLRL*CERN+YALEI 
ARRENISE 68 PL 2bB 336 +GHIDINI,~ORINO+ {BARI*BGNA+FIRZ+ORSAY) 
RAREARO- 68 PHILAD.CONF.P.137 A.BARBARO-GALTIEEI,P.$OOING (LRL) 
FUNG 68 PRL 21 67 ÷JACKSON+PU+BR£MAN÷GIDAL (U.C.RIVERS÷LRL( 
GOLOHABE 69 LUND CONF.P.271 G.GOLDHABER QUOTED BY B.MAGLIC (LRL) 
CHAUOHAR TO PR D 2 2110 8.CHAUDHARY,E.NARQUIT (MINNESOTA| 
GORDON 70 COO lIMB 179 THESIS,ILLINOIS I I kk l  
MICHAEL 72 PRL 28 147E W.RICHAEL,G.GIOAL (LBL] 

• $ *$ * *  * *$$ * * * * *  ) * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * *$ * * * * *  * * * * * * * * *  * * * * * * * *  

36 DELTA(970( BRANCHING RATIOS 

OELTA{970|  INTO (RHO P I ) / {ETA  P I )  (P3 ) / (PZ )  
{O .2B)  OR LESS CL=.78 AMMAR TO HBC + -  4 . 1 , 5 .5K - ,ETA  P{*  3 /70  

9 /66  

, 1 ' s " 9 9 3 "  3 B. {  . . . . . . . . . . . .  {=o 
WE ONLY L IST DETERNINATIONS OF POLE POSITION. 
FOR EAPLY WORK USING BREIT-HIGNE~ OP SCATTERING 
LENGTH PARARETRIZATION IN FITS TO THE (K KBAR( MASS 
SPECTRUM SEE REFERENCE SECTION AND OUR 1972 EDITION.  

U n d e r  t h i s  e n t r y  we  l i s t  p a r a m e t e r s  of t he  S* po le  

i n  the  i s o s c a l a r  S w a v e .  [ P o s s i b l e  e v i d e n c e  of  
# 

D - w a v e  ~rw i n t e r a c t i o n s  in  t h e  S r e g i o n  i s  l i s t e d  

separately under ~N(10B0)]- 

As noted under the entry E (" S-wave ~r Interac- 

tions" ), near the beginning of these Meson Data Card 
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Mesons 
S * ( 9 9 3 ) ,  ¢(1019) 

Data Card Listings 
For notation, see key at front of Listings. 

Listings, the S is associated with a very rapid drop 

i n  t h e  ~ S - w a v e  e l a s t i c i t y .  T h e  i n e l a s t i c  c h a n n e l  

r e s p o n s i b l e  for  this  d rop  is  ~ ~ KK, Thus the KK 

i s o s c a l a r  S - w a v e  s c a t t e r i n g  l e n g t h  c o m e s  out  v e r y  

l a r g e ,  and the r e a s o n  i s  t h e  s t r o n g  c o u p l i n g  of  the  

S*(993) to the KK s y s t e m .  

S REAL PART OF THE S* POLE POSITION (MEV) 

M H 970. 30. LEO. HOANG 69 OSPK 4.  PI-P,KS KS N 1173 
N H 9EO. 80.  00.  HOANG 69 OSPK 5. PI -P,KS KS N 1/73 
M H CALCULATEO FROM SCATTERING LENGTH FIT OF HOANG 69. 
M B ( 9 6 5 . )  BEUSCH 70 OSPK 4,6  PI-P • 1/73 
M B CALCULATED FROM SCATTERING LENGTH FIT OF BEUSCH 70. 
M (99B.O) BASOEVANT 72 RVUE SHEET 2 1173 
M 997. b .  PROTOPOPE 73 HBC SHEET 2 7.  P I +  P 1 1 7 4 .  
M S 987. 7. BINNIE 73 CNTR P I -  P,S* N 1 /74 "  
N S OBSERVED BY THRESHOLD-CROSSING TECHNIQUE. POSSIBLY IMPORTANT 
M S S-CHANNEL EFEECTS. 
M 1007, 20. HYANS 73 ASPK O 17 P I -P ,N  P l + P I -  1 /74 "  
M 
M AVG 993.2 4.4 AVERAGE (ERROR INCLUDES SCALE FACTOF OF 1.03 

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

3 NEGATIVE IMAG. PART OF THE S* POLE POSITION (HEY) 
CORRESPONDS TO HALF-WIDTH, NOT FULL WIDTH. 

W H 40. 40. 60. HOANG 69 OSPK 4. PI-P,KS KS N 1/73 
W H 30. 30, 70, HDANG 69 OSPK 5. PI-P,KS KS N 1/73 
w B (13.)  BEUSCH 70 OSPK 4,6 PI-P 1/73 
w ( 6 5 . 0 )  BASDEVANT 72 RVUE 1/73 
W P 27. B. PFDTOPOPE 73 HBC 7. PI+ P 1/74" 
W P ANOTHER SOLUTION HAS 52 NEV AND NO BPSILDN POLE. 
W S 24. 7. BINNIE 73 CNTR PI-  P,S* N 1/74" 
w 15. 5. HYAMS 73 ASPK O 17 PI-P,N PI+P I -  1 / 7 4 .  
W . . . . . . . . .  
w AVG 20.0 3.7 AVERAGE (EFROE INCLUDES SCALE FACTOR OF l .  OI 

REFERENCES FOR S* 

WANG 6 1 J E T P  13 323 WANG TSU-TSENG.VEKSLER,VRANA,+ (JINR) 
BIG! 62 CERN CONE 247 A BIGI,S BPANOT. R CAFRARA + (CERN) 
BINGHAM 62 CERN CONF 240 H H BINGHAM,M BLECH+ (EPOL+CERNI 
EPWIN 62 PRL 9 34 ERWIN,HOYER.MARCH,WALKER,WANGLER IWISC÷BNL) 
BALTAY 64 DUBNA CONE 1 409 BALTAYtLACH,CRENNELL,OFEN,SIUMP ÷(YALE÷BNL) 
BARMIN 64 DUBNA CDNF 1 433 BARMIN,DOLGOLENKCtYEROFEEV,KFESTNI÷ ( I IEP I  
CPENNELL 66 PRL !6 lOEB  CRENNELL,KALBFLEISCH,LAI,SCARR,SCHU+ (BNL) 
HESS 66 PRL 17 1109  +DAHL+HAROY+KIRZ+MILLER (LRL] 

BAPLOW 67 NC BOA 701 +LILLESTOL+MONTANET÷ (CERN÷CDEF+IRAO+LIVPI 
BEUSCH 67 PL 25 B 357 +FISCHER,GOBBI.ASTBURY+ (ETHZ÷CEFNI 
OAHL 67 PR lOB 1377 +HARDY+HESS+KIPZ+MILLER (LRL) 
ALITTI 68 PRL 21 1705  +BARNES,CPENNELL,FLAMINIO,GOLDBERGt÷ (BNLI 
LAI 68 RHILAD.CONF.P.B03 KWAN WU LAI (ENLI 
PHELAN 68 THESIS JAMES J. PHELAN IANL+ST.LOUIS UNIV) 

ALSO 68 PRL 21 316 HDANG.EARTLY,PHELAN,ROBERTS+(ANL÷CHIC+NDAM) 
AGUILAR- 69 Pt 29 B Z41 M.AGUILAR-BENITEZ,J.BARLDW,÷ (CERN+CDEF) 

~LSO 67 BJRtOW 
~LSO 69 NP B 14 IRS M.AGUILAR-BENITEZ,J.BARLOW,+ (CEFN+CDEF) 

HO~NG 69 NC 61A B2B T.F.HOANG (ANL) 
MOANG 69 PR 184 IB63 +EARTLY,PHELAN,ROBERTS,÷ (ANL+ILLCI 

BADIER 70 NP B 22 512 +BONNET,DREVILLON~BAUBILLIER,+ (EPOL+IPNPI 
BATON 70 PL 33 B 528 +LAURENS,BEIGNIER (SACLAYI 
BEUSCH 70 PHILA.CONF.P.185 W.BEUSCH (ETHZ+CERN) 
HYAWS 70 PHILA.CONF.P.41 +KOCH,BEUSCH,+ (CERN+MPIM+ETHZ+LOIC+HAWA( 

ALSO 70 NP B 22 189 HYAMS,KDCH,POTTERtVON LINDERNt÷ {CERN+MPIM) 
OH 70 PRD 1 E494  +GARFINKELcMORSE,WALKER,PRENTICE(WISC+TNTO) 
ALSTON-G 71PL 36 B 152 ALSTON-GARNJOST,BARBARO-GALTIERI,+ ( t e l )  

EASDEVAN 72 OL 4 1 B  178 BASOEVANTtFROGGATTtPETERSEN (CERNI 
DANERI 72 NC 9 A i +BORZATTA,GQUSSU,+ (GENO+MILA+SACL) 
DUBOC 72 NP B ~b 429 +GOLDBERG,MAKOWSKI,DONALDt+ (LPNP+LIVP) 
FLATTE 72 PL 38 B 232 +ALSTON-GARNJOST~BARBARO-GALTIERI,+ (LBL} 
GRAYER 72 PHIL.CONF.PROC. 5 +HYAMS,JONES.SCHLEINcBLUN~DIETL÷(CERN÷MPIM) 
WILLIAMS 72 PR 0 6 3178 O.K.WILLIAMS (FSUI 

BINNIE 73 PRL 31 1534 +C~RR,OEBENHAN,DUANEvGAREUTT~÷ (LOIC+SHMP) 
DIAMOND 73 aQ 0 7 IN77 +B INKLEY~+  (WISC+DUKE+COLO÷TNTO÷OH|OI 
FUJI/ 73 NC 13 A 311 Y.FUJIIIM.KATO (TOKYO) 
HYA~S 7S NP B 64 134 +JONES,WEILHAMMER,BLUM,DIETLt+ (CERN+MPIM) 

FOR OTHER RESULTS ON SAME EXPERIMENT SEE G~AYER 74 
OCHS 73 THESIS THESIS (MPIM) 
F~OTOPOP 73 PRD 7 1280 PROTOPOPESCU,GARNJOST,GALTIERI,FCATTE+(LBL) 
VILEST 73 aREPRINT  +DAVID,AYEO,BAREYRE,ODRGEEAUDt+ (SACL) 

GR~YEa 74 CERN FREPRINT +HYAMS,JONES,BLUM,DIETL (CERN+MPIM) 

1 ¢ { 1 0 1 9 3 1  . . . .  l . . . . . . . . . . . . . . .  

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

4 FHI MASS (MEVI 

M 1919.0 2.0 SCHLEIN 6B HBC 2.0 K-- F . 
1018.6 0 .5  MILLER D 65 HBC 0 .0  PEAR P 8 /66 

M 1 0 2 0 . 0  2.0 LONDON 66 HBC 2.2  K-P 6/66 
M 1021.5 0 .8  ABRAMS 67 HBC 4.2  K-- P 11/67 
M 1019. 3. BARLOW 67 HBC 1.2 PBAR P 11/bb 
M 1021.0 4 .0  DAHL 67 HBC 1-~ P I -  P 9 /66 
M 165 1022. 1.5 MOSTEK 68 OSPK 1.8 GAMMA + C b /be 
M IDIB.  0.5 0.3B HYAMS 70 DSPK ILo El-- P 6/T0 
M 1021.0 1.5 ALVENSLE 710SPK GAMMA*.C 1/7E 
M IOIR.? O.b DIBIANCA 71DBC 4.9S K- N 1/72 
M 410(101R.91 (O.3)  STOTTLENY 71HBC 2.9  K-P,Y K KBAR 11/71 
M 120 1019.6 0.3 AOUILAR 72 HBC 3 . 9 , 4 . b  K- P 12/72 
M 100 1o19.9 0 .4  AGUILAR 72 HBC 3 . 9 , 4 . 6  K- P 12f72 

M 87 1020.8 
M 131 1020.4 
M tO0 1020.3 
M 
N AVG 

1014  

PH I  MRSS ( M E U )  

O.E 
O.E 
0.4 

1019.69 O.Z8 
(SEE IDEOGRAM BEtOW( 

U E I 6 H T E D  RUERR@E = 1 0 1 9 . 6 9  * 0 . 2 8  

ERROR SCALED BY 1 . 9  

CHZSQ 

! ! . B R L L R ~  7 3  HBC 2 , 3  

"CRLLEY ? 2  HBC 2 .0  

"BRLRKZN 7 2  OSPK 1 , 9  

. . . . . . . .  R G U I L R R  7 2  HBC 0 . 3  

. . . . . . . . .  RBUZLRR 72  HBC 0 . 1  

. . . . . . . .  D T B I R N C R  ? 1  DBC 0 . 1  

- R L U E N S L E  71  DSPK O . B  

+ . . . . . . . . .  HYRMS 7D DSPK t S . B  

I . . . .  r lDSTEK 6B DSPK 2 . 4  

DRHL 6 7  HBC 

. . . . . .  BRRLOW 6? H B C  

. . . . . .  RBRRMS 6 7  HBC S . 1  

. . . . . . .  LONDON 6 6  HBC 

' . . . .  I I Z L L E R  D 6 5  HBC 4 . 7  

• ~ L ~ " ' "  S C H L E I N  6 3  HBC 

3 5  
101B 1 0 2 2  1 0 2 6  1 0 3 0  

(CnNLEU 
=O ,ODD)  

BALAKIN 72 OSPK E+ E-  COLL.BEANS 12/72 
CDLLEY 72 HBC IO.K*. P,K+ F FHI 12/72 
BALLAM 73 HBC 2.B - 9 .3  G P 1174~ 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.9I  

F I T T E D  P A R T I A L  D E C A Y  M O D E  B R A N C H I N G  F I ~ ¢ T I O N S  

T h e  ~ t r i x  be low  i s  d e r i v e d  f r o m  t h e  e r r o r  m a t r L x  fo r  t h e  f i t t e d  p a r t i a l  d e c a y  m o d e  

b r a n c h i n g  E r a c t i o n e ,  P i '  aa  fo l i nwa :  T h e  d i a ~ o n a l  e l e m e n t ,  a r e  P . ± 6 P . ,  w h e r e  z z 
8 P  i = o ~ whi le  t h e  o f f - d i a g o n a l  e l e m e n t s  a r e  t h e  n o r m a l i z e d  c o F r e l a t i o n  ¢oeEEio 

c i e n t e  <6P18Pj  > / ( S p  i . 6P j ) .  F o r  t he  d e f i n i t i o n s  of  t h e  i n d i v i d u a l  P i '  s e e  t h e  l i s t i n g s  

above ;  o n l y  thome P .  a p p e a r i n g  in  t h e  m a t r i x  a r e  a a s u m e d  in  t h e  fiL to  be  n o n z e r o  a n d  

a r e  t h u s  c o n s t r a i n e d  to  add  to t .  

P I P 2 P 3 P 4  
P 1 .4659+- .0252 
F 2 - .74B4  . S45E*.-.OZE5 
P 3 - .  4493 - . 1 0 4 7  .1580+- .015S 
P 4 - . 1 6 4 4  - .  1976 - . 1 6 8 7  . 0 3 0 4 " - , 0 1 0 7  

4 PHI BRANCHING RATIOS 

RI PHI (NTD (K+ K-I/TOTAL ( E l l  
Rt B 27 (0.26) (0.06) BAOIER 65 HOE 10/60 
RI 252 0.48 0 .04 LINDSEY 66 HBC 2.7  K-P 10166 
RI C (0.49B) (0.04~) BIZOT 70 OSFK E+ F- COLL.BEAMS 11171 
R1 C SUPERSEDED BY CHATELUS 71 
R/ 0.540 0.034 BALAKIN 710SPK E+ E- COLL.BEAM l l / 7 l  11/71 
R1 
R1 
R1 
Rl 

R2 
R2 
P2 
R2 
R2 
R2 
R2 

R3 
B3 
R3 
RB 

R5 
RS 
RS 
R5 
RB 
R5 
R5 

R6 
R6 
R6 
R6 

R7 
RT 
R? 
R7 
R7 
R7 
RT 

0.486 0.044 CHATELUS 7! OSFK E+ E- COLL.EEAMS 11171 

AVG 0.S07 0.022 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [.03 
EIT 0.466 0.02E FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.6) 

PHI INTO (KL KS)/TOTAL (P2I 
B 2E (0.231 (0.063 BADIER 65 HBG 10/66 

167 O.RO 0.04 LINDSEY 66 HEC 2.7 K-P 10166 
0.257 0,038 BALAKIN 71DSPK E+ E- COLL.BEAMS. 1173 

AVG 0.325 0.071 AVERAGE (ERROR INCLUDES SCALE FACTOR OF E.bi 
FIT 0.346 0.022 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.61 

PHI INTO (PI+ PI-- PIO ([NCL.RHO F//I/TOTAL (PB) 
30 0.12 O.OB LINOSEY 66 HBC 2.7 K-P .I0166 

FIT O.LS8 0.015 FROM EIT (ERROR INCLUDES SCALE FACTOR OF 1.23 

PHI INTO (KL KS) / (K  REAR) (PZ ) / IP I+P2 )  
10 0.40 0 . I 0  SCHLEIN 63 HBC 2.0 K-P L0/66 
B2 O.4B 0.07 BADIER 65 HBC 3,0  K-P 11167 

0.44 0.07 LONDON 66 HBC 2.2 K-P .10 /66  

SVG 0.448 0.044 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.03 
FIT 0.426 0.027 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.7l 

PHI INTO (El÷ P I I  PIO (INCL.RHO P I ) I I (K  KBAR) (P3II(PI+P2| 
0.30 O.15 LONDON bb HBC 2.2 K-P IO/Bb 

FIT 0.19S 0.023 FROM FIT (ERROR INCLUDES SCALE PACTDR OF 1.2) 

PHI INTO (P I *  P I -  PIO (INCL.RHO P I I ) I (KL  KS) (P3)I IF2)  
(O .B)  DR LESS BERLEY 65 MBC 2.9  PI*.P 10/66 

0.69 0.14 BIZOTI 70 OSPK E÷ E- COLL.BEAM I171 
0.47 O.Ob COSME 1 74 OSPK E+E- CDLL.BEAMS 2/74* 

AVG 0.504 0.080 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4) 
FIT 0.457 0.056 FROM FIT (ERROR INCLUDES SCALE FACTOR DE 1.2) 

R8 PHI INTO [PI+ P I - I I (K  KBAR( {SEE ALSO RIB) (PBII(PI+PZ) 
R8 (0.23 OR LESS LONDON bb HBC 2.2 K--P 10/66 

R9 PHI INTO (E÷ E-/ / (K÷ K-) (UNITS 10"*-4 l  (PSII(P1) 
R9 (SEE ALSO RtE] 
R9 40 6.1 t . 7  BECKER b8 CNTR GAMMA C 9168 

RIO PHI INTO (HU+ MU--I/TOTAL (UNITS L O * * - R I  (Phi 
RZO B.5 3.5 1.8 WEHMANN 68 OSPK 12 K- C 6/68 
FIO 2.34 l . O l  MDY 69 C N T E  PHOTOPROO. 11170 
RIO 2.17 0 .60 EARLES 70 CNTR 6.0  BREMSSTR. 11170 
RIO 2.69 Q.4b HAYES 71CNTR PHOTOPROD. .11 /71  
R10 . . . . . . .  
RIO AVG 2.50 O.B4" AVERAGE (ERROR INCLUDES SCALE FACTOR OF I ,O)  
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Data Card Listings 
For notation, see ke~y at front of  Listings. 

PHI INTO (ETA GAMMA)4TOTAL (PG) 
( 0 . 2 )  OR LESS BADIER 65 H8C 3.0  K-P 10/66 
(0.08) OR LESS LINOSEY 66 HBC 2 ,7  K-P 10/66 

27 0.073 0.019 BASILE 72 CNTR I . E  P I -  P 12/72 
25 0.026 0 .007 BENAKSAS2 72 OSPK E+E- COLL.BEANS . 2473 

0.032 0.015 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.3) 
0.030 0.011 FROM FIT (ERROR ]NCLUOES SCALE FACTOR OF I.B) 

(P9) 
65 HBC 2.7  K-P 2 /74*  
76 OSPK E+E- COLL.BEANS 247~* 

( P 1 3 ) / ( P l + P 2 )  
66 H8C 2o7 K-P L0466 

(PlO# 
66 HBC 2,7  K-P 10/66 

(P12) 
66 HBC 2.7  K-P 10466 

R11 
R11 
RII 

REI 
P l l  
RIL AVG 
RIL ~IT 

RI2 PHI INTO (PI÷ PI- GANNA)ITOTAL 
R12 (0,06) OR LESS LINOSEY 
R12 (O°O07)OR LESS CL=°90 COSME 1 

P13 PHI INTO (ETA NEUTRALSI/(K KBAR} 
R13 [0o15) OR LESS LINDSEY 

R16 PHI INTO )OMEGA GAMMA) / TOTAL 
RI6 ( 0 . 0 5 )  OR LESS LINOSEY 

©15 PHI INTO (RHO GAMMA} / TOTAL 
R15 (0°02) OR LESS LINDSEY 

R16 PHI INTO (E+ E-I/TOTAL (UNITS |0**-4(  {PSI 
Rib (SEE ALSO RD) 
R16 A E ( 6 . 6 )  ( 6 . 6 ]  (2 .81 ASTVACATU 6E OSPK 6 P I -  P 6 4 6 8  
Rl6 A ERROR OF ASTVACATUROV 68 OOES NOT INCLUDE SIGMA(PHIl UNCERTAINTY. b/b8 
R16 27 7.2 3.9 BINNIE 68 OSFK 1.B PI- P . 6/68 
RIG 9 6*I 2.6 BOLLINI 6 8  CNTR 1.9 Pl- P 9 /68  
R16 C ( 3 . ~ 5 )  ( 0 , 2 7 )  BIZOT 70 OSPK E÷ E- COLL.BEANS 11/71 
g16 C SUPERSEDED BY CHATELUS 71 11/71 
R15 
R16 

R16 
R16 AVG 

2.81 O.2S BALAKIN 71 OSPK E÷ E- CDLL.BEAN 11/71 
3.50 0.27 CHATELUS 71 OSPN E* E- COLL.EEAMS 11/71 
3 .3  0.3 CDSME 1 7#* OSPK E+E- CaLL.BEAMS 2 /76*  

3.19 0.21 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .~ I  
(SEE IDEOGRAM BELOW ] 

M E I G H T E D  RUERRBE : 3 , 1 9  * 0 . 2 1  

ERROR SCRLED BY 1 . 4  

C H I S Q  

. . . . . . . . . . .  cnSI~E 1 7 4  OSPK 0 . 1  

. . . . . . . . . . .  C H R T E L U S  7 t  DSPK 1 , 3  

. . . . . . . . . . .  B R L R K I N  7 1  OSPK 2 , 3  

' . . . . .  B n L L I N I  6 R CNTR 

t ' B I " N N I E  6 3  DSPK 

3 o 5  

- 2  2 6 t 0  1 4  ( C n N L E U  
= 0 . 1 8 2 )  

P H I  I N T O  E + E -  { U N I T S  ' l O m m - 4 )  

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

4 PHI WIDTH (MEV) 

W 3.5 I.O MILLER O 65 HBC 0.0 P8AR P . B/bb 
w 6 .0  ~ .0  LONDON 66 HBC 2.2  K-P 6 / 6 6  
W 1.8 3 .0  1.5 ABRAMS 67 H8C 4.  Z K- P 11467 
W 165 (6 ,B )  (3.0l ( 2 . 0 )  MOSTEK 68 OSRK 1.8 GAMMA • C 6168 
W IBO 4.2 0.9 AUGUSTIN 6 9  OSPK E÷ E-  COLL.EEAMS.12172 
W 6.09 0 .20 BIZOT 70 OSPK E+ E- COLL.BFAMS 12/72 
W 3.3  1.5 0.9 HYAMS 70 OSPK 11. Pl -  R 6170 
W ~.B7 0.~2 BALAKIN 71 OSPK E+ E- COLL.BEAM 11471 
W B.5 1°3 1.1 OIBIANEA T1 ode 6.93 K- N 1/72 
N 110 ( ~ . 5 )  ( 3 . 0 )  (6°0)  STOTTLENY 71 HBC 2.9  K-P•Y K KEAR 11171 
W 120 4 .6  1°0 0.8 AGU[LAR 72 HEC 3 .9~6 .6  K- P 12472 
N IO0 ~.T 1.3 1.0 AGUILAR 72 HBC 3.9,6.6 K- P 12172 
w 131 B.O 1.3 COLLEY 72 HBC lO.K+ P.K+ P PHI 12/72 
W 100 3 ,8  0 .9  8ALLAM 73 HEC 2.8  - 9.3 G P 117~* 
w 3.81 0 .37 COSME 2 75 OSPK E÷E- COLL.BEAMS 217~" 
W . . . . . . . . .  
w AVG 4.16 0.18 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [.O) 

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

6 PHI PARTIAL DECAY MODES 

DECAY MASSES 
Pl PHI INT{~ K+ K- 4e3+ 493 
P2 PHI INTO KL KS 697+ 4v97 
P3 PHI INTO Pie P I -  RIO (INCLUDING RHD PI )  139÷ 139+ 13~. 
P6 PHI INTO ETA GAMMA 368+ O 
PB PHI INTO E÷ E- .5+ .5  
P6 PHI INTO NO+ NU- 105" 105 
P7 PHI INTO RIO GAMMA 13~+ 0 

139+ 13 PB PHI INTO PI÷ El I (VIOLATES GI 9 
P9 PHI INTO PI+PI-GAMMA 139÷ 139+ 0 
PlO PHI INTO OMEGA GAMMA (VIOLATES C) 782+ 0 
P l l  PHI INTO ETA RIO (VIOLATES C) 568÷ 136 
R12 PHI INTO RHO GAMMA (VIOLATES C) TIDe 0 
RIB PHI INTO ETA NEUTRALS 
Pl6 PHI INTO 5P( 

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

R17 PHI INTO (RIO GAMNAI/(TOTAL} (PT) 
~17 ).O03510R LESS EEMPORAO 6Q CNTR ~.E GANNA N 7469 
RI7 7 (0 .002E)  (0*0012]  EENAKSAS2 72 OSPK E~E- COLL. BEAMS 2473 

RIB PHI INTO ( E l ÷  P I - ) I (TOTAL)  (UNITS 10" ~'-~{.) (PBI 
RIB (SEE ALSO RBI 
R1B (BOO.) OR LESS LINDSEY2 65 HBC 1 . 7 - 2 . 7  K-P 

Mesons 
¢(1019). M(1033) 

R18 ( 5 0 . )  OR LESS CL=.95 BIZOT2 70 OSPK E+ E- COLL.BEANS 11/71 
R18 (80.1  OR LESS CL=.DS BALARIN 710SPK E÷ E- DOLL.BEAN 1471 
RL8 (E.71 DR LESS EL=.95 ALVENSLE 72 OSPK GAMMA÷C 1/72 

RID PHI INTO (KL KS)/(K+ K--] (P2)4)Pl) 
RI9 166 0.8R 0 .10 AGUILAR 72 H8C 3 .9~6 .6  K- P 12472 
R19 125 1,15 0 , [ 5  COLLEY 72 HBC LO.K+ a,K+ P PHI 12472 
R19 . . . . . . . . .  
Rig AVG 0.97 0.12 AVERAGE [ERROR INCLUDES SCALE FACTOR OF I .~)  
R10 FIT 0.742 0.083 FROM FIE (ERROR INCLUDES SCALE FACTOR OF 1 .7 l  

R20 PHI INTO (PI+  El-  PIO(INCL.RHO PI}/IK+ K-I ( P 3 ) / ( P I )  
R20 34 0.28 O.OD AGUILAR 72 HBC 3.0~4.6 K- P 12172 
R20 . . . . . . . . .  
R20 FIT 0.339 0.0~5 FROM EIT (ERROR INCLUDES SCALE FACTOR OF 1.2) 

RE[ PHI INTO (ZR[+ ZRI-  P IO I / (K+  ~ - I  
~21 (0o021 OR LESS CL=O.R5 AGUILAR 72 HBC 3 .9~ .6  K- P .12/72 

REFERENCES FOR PHI 

BERTANZA 62 PRL 9 180 BEKTANZ&~BRISSQN~CONNOLLY~HART ÷ (BNL÷SYRAI 
GELFAND 63 PRL 11 63B GELFANO,NILLER,NUESBAUM.KIRSCH÷ (COLU+RUTGI , 

GELFAND 63 DATA INCLUDED IN MILLER 65 BELOW 
SCHLEIN 6~ PRL 10 368 SCHLEIN~SLATER,SMITH,STORK~TICHO (UCLA) 

RAOIER 6~ PL ~7 337 BAOIERtDEMCULIN,BARLOUTAUD+ (SACL+ZEEM} 
BERLEY ~ RR 139 B 1097 D EEQLEY,N GELFAND (ENL÷COLUMBIA) 
GALTIERI G5 PRL 1~ 279 A 8ARBARO G&LT(ERI~R 0 TEIPP (LRLI 

(LRL) LINDSEY 65 PRL 15 221 JAMES S LINDSEY,GFRALD A SMITH 
LINDSEY 6~ DATA INCLUDEO IN LINOSEY 36 BELOW 

LINOSEY2 65 UCRL 16526 JAMES S. LINDSEY (THESISI (LRI] 
MILLER D 65 EU-237(NEVIS 131( DAVID C MILLER (TMESISI (COLUMBIA{ 

GORY, L 6 6  PKL 17 501 
LINOSEY 66 PR I~T 913 
LINDSEYI 66 PL 20 93 

LINDSEY 1 66 DATA INCLUDED 
LONDON E6 PR 163 I034 

ABRAMS 67 MO TECH REP 720 
BARLOW 67 NC 50A TOl 
CHASE 67 PRL E8 710 
DAHL 67 PR 163 1377 
HERTZBAC 67 PR 155 1~61 
KHACHATU 67 PL 263 369 

ABRAMS 68 PR 175 1697 
ASTVAEAT 68 PL 27 B ~5 

~LSO 67 ERL [N 869 
PEEKER 68 PRL 21 150~ 
BINNIE 68 PL 278 106 
BOLLINI 6 8  NC 56 A 1171 
NCSTEK 68 PRL 20 1057 
WEHNANN bE PRL 20 7~8 

AU~STIN ~g Pl 28 8 517 
BALAKIN 69 (YAF 327 TRAMS 

ALSO 69 SIDOROV 
BEMPO~AO 69 PL 29 B 3B3 
NOY 6~ THESIS 
SCOTTER 69 NC 62 A 1057 
SIOOROV 69 LIVERPOOL SYNF.ON 

BALAKIN 70 PREPRINT 
EIZOT 70 PL 32 61b 

÷HAGERTY, BIZZARRI,CIAPETTI ÷ (SYRA+ROMAIJRG 
JAMES S LINOSEY, GERALD A SMITH (LgLI 
J.S.LINDSEYt G.A.SMITH [LRL) 

IN LINOSEY 66 ABOVE 
LONDON,RAU,SAMIOSeGOLDBE~G + (ENL+SYRACUSE) 

GERALD ABRAMS • THESIS (MARYLANDI 
÷LILLESTDLeMDNTANET+ (CERN+CDEF+[RAD+LIVP) 
R.C.CHASE,P.ROTHWELL,R.WEINS7EIN ICEA*NEAS( 
*HARDY÷HESS+KIRZ+MILLFR (LRL) 
HERTZBACH,NRAENER,MADANENI,ZDANIS÷(JHU+BNL) 
KHACHA7URYAN÷AZIROV+BALDIN÷EELOUSOV+IDUBNA) 

+GLASSER,KEHOE,SEEHI-ZORN,WOLSKY (MARYLAND) 
ASTVACATUROV•AZIMOV,BALDINe (JINR÷MOSCOW) 
AS8URY,BECKER~8ERTRA~TING÷ (OEGY÷COLUMBIA( 
÷BERTRAM,BINKLEY,JORDAN,KNASEL+ (OESY+MIT) 
+DUANE+FAPUQI+HORSEY÷ (LOIC÷RHEL} 
÷BUHLER,DALPIAZ,MASSAM+ (CE~N+BGNA÷STRB) 
÷EISENHANDLER•MCCLELLAN,MISTRY+ (CORNELL) 
+ENGELS* (H~RVARD+CASr+SLAC+CORNELL~MCGILL) 

÷BIZOT,8UON,OELCOURT~HAISEINSKI~÷ (ORSAYI 
+BUDKER.KO~SHUNOV,MISHNEV,SIDOROV+ (NOVO) 

+BRACCINI,CASTALOI,LUB¢LSMEYER,+(PISA÷BONN) 
KEN MIN MOY (NORTHEASTERN UNIVERSITYI 
+ERSKINE,PALER.÷ (BIRM*GLAS÷LOIC+MPIN÷OXF} 
FLECTRONS+PHOTONS,P.B27, SIDORDV (NOVa) 

+BUTLER,PAKHTUSOVA,SIOOROV,SKRINSKY,+(NOVO} 
+BUON,CHATELUS,JEANJEAN~LALANNE,+ (ORSA) 

ALSO 69 PEREZ-Y-JORBA, LIVERPODL SYMP.6q 
BIZOT1 70 PRIV.CONMo PEREZ-Y-JCRBA 
BIZOT2 70 LNC 6 I273 
EARLES TO PRL 25 1312 
HYAMB 70 NB 8 22 139 

ALVENSLE TI PRL 27 461 
E&LAKIN Tl  PL 34 B 328 
DIBIANCA T I  NP B 35 13 
CHATELUS 7t  LAL 12¢T(THESIS) 
HAYES 71 PR D 4 899 
STOTTLE~ 7E T H E S I S  

AGUILAR 72 PRO 6 29 
ALVFNSLE 72 PRL 28 66 
BALAKIN 72 PL 60 B ~31 
BASILE 72 NP E 44 6OS 
BENANSAS272 PL ~2 B 511 
COLLEY 72 NF 8 SO 1 

BALLAM 73 PR 0 7 3150 

COSME 7# PL 68 139 

(ORSA) 
+OELCOURT,JEANJEANvLALANNE,+ (ORSAYI 
÷FAISSLER,GETTNER,LUTZ,NOY~TANG,÷ (NEAR) 
÷KOCH,ROTT~R,V.LINOERN,LDRENZ,LOT~ENS(CERNI 

ALVENSLEBENtBECKER,EUSZA,CHEN,+ (MIT÷DESY) 
÷BUOKER,PAKHTUSOVA,$[OORDV~EKRINSNYt÷(NOVO) 
+EINSCHLAG,ENDORF,ENGLER,FISK,~ (CORN) 
Y.CHATELUS {STRASBOORG) 
+IMLAY,JOSEPH,KEIZER,STEIN (CORNI 
~.R.STDTTLE~YER (MARYLANO( 

AGUILAR-BENITEZ,CHUNG,EISNER,SANIOS (BNL) 
ALVENSLEBEN,BECKER,BIGGS,BINKLEY+(NIT+OESY) 
÷80KIN~PAKHTUSOVA,SIDOROV,+ (NOVDSIBIRSK) 
+DALPIAZ,FRABETTI,ZICHICHI*(CERN÷8GNA÷S7RBI 
+COSME,JEAN-NARIE,JULLIAN,LAFLANCHE+[ORSAYI 
÷303ES~RIDOIFOROtGRIFEI7HS,÷ (BIR~÷GLESI 

+CHAOWICKtEISENBERG,BINGHAH,÷ (SLAC+LBLI 

+JEAN-MARIEtJULLIAN~LAPLANCHE,÷ (ORSAY) 
+JEAN-NARIE,JULLIAN,LAPLANCHE,÷ (ORSAYI 

o33iI 
-~MM 67 .(10331 

EVIOENCE NOT COMPELLING.OMITTED FROM TABLE. 

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

67 M(1033) MASS (MEV) 

GARFINKEL 72 MMS" 0 2 .6  r l -  P,N MM 1174t  M N 260 1032.6 E.E 
M N NDT SEEN BY BINNIE 7"  AT 2 GEV/C. 

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

37 M(I083) WIDTH (MEV) 

W 260 16.2 6.E 7.5  GARFINKEL 72 NMS 0 2 .4  P I -  P~N MM 12472 

REFERENCES FOR M(1033) 

GARFIN~E 72 P~L 29 1~77 GARFIN~ELtHOFFMANtJACOD~Le+ {PURO~ANL~IOWAI 
BINNIE 76 PRL 32 E92 +CAMILLERI~CAR~,DEBENHAMt+ ILOIC+SHNP) 
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Mesons 
BI(1040), n.(I080)A1(1100 ) 

Data Card Listings 
For notation, see key at front of Listings. 

B,(10403 

48  81110401  IG= I+  

EVIDENCE NOT COMPELLING.  OMITTED FRON TABLE .  

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

~8 E l ( L060 l  MASS (MEVI  

M S (1040.) DEFOIX  73 HBC ÷- 0 .7  PBAR P ,7  P I  
M S SEEN IN DECAY OF A2 INTO BI E l .  NOT SEEN BY OIAZ 74. 

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

48 BI I IOAO}  WIDTH (MEV I  

w S (55 . )  OEFOIX 73 HBC ÷- 0 .7  PBAR P ,7  P [  

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

48  B l ( 1040 )  PARTIAL DECAY NODES 

DECAY MASSES 
P l  B1 ( lO40 )  INTO OMEGA P I  139+ 782  

REFERENCES FOR Bl(106OI 

DEFOIX 73 PL 43 B 141 ÷UOBRZYNSKI~ESPIGAT,NASCINENTO,+ (CDEPI 
OIAZ  74, RRL 32 2bO +OIBIANCAtFICKINGER,ANDERSON,+ (CASE+CARN) 

30 ET~ N (lOSO, JPO=N ÷l I=O J GREATER THAN [ l = l 

OMITTEO FROM TABLE 

) 
+ - 

Note on w w Peaks Called tIN(1080 ) 

T h e  t iN( t080)  i s  s e e n  i n  "rr'p ~ -~+ " ~r n 1::,redon~inant- 
ly at backward decay angles, cos 0 < -0.75. OH 70 

s t a t e  t h a t  t h i s  " b u m p  i s  a l m o s t  c e r t a i n l y  t h e  r e s u l t  

of P-D i n t e r f e r e n c e .  " 

Note that the selection made in some HBC experi- 

ments to r e d u c e  the  b a c k g r o u n d  u n d e r  the  r~N(t080) 

in  t h e  r e a c t i o n  ~ - p  -* ~+~r-n m a y  l e a d  to  a s a m p l e  o f  

events ambiguous with ~-p -" p~'~T% °. This is so 

b e c a u s e  s e l e c t i o n  on  s m a l l  m o m e n t u m  t r a n s f e r  to  t h e  

IT ~ system, together with large ~Tin~ou t scattering 

a n g l e ,  l e a d s  to  r a t h e r  high l a b  m o m e n t a  of  t h e  ~+, s o  

t h a t  i o n i z a t i o n  c a n n o t  be  u s e d  to  d i s c r i m i n a t e  b e t w e e n  

t h e  t w o  h y p o t h e s e s  ( B A T O N  70, f o o t n o t e ,  p.  5:>5; a n d  

p r i v a t e  communications f r o m  G. L a u r e n s ) .  

30 ETA N MASS (MEVI  

M 1060.0 15.0 MILLER 68 HEC 4 .0  E l -  P 9/68 
M 70 lOBS*O lO .O  NHITEHEAO 68  ASPK 3 .1 -3 .6  P I -P  10 /67  
M 1120 .0  lOO.O  4O.O OH 69  HBC 7 .P I -  P ,P I÷  O 9 /69  
M 1112 .0  16 .0  CLAYTON 70  HBC 2 .5  PBAR P ,4  P l  l l T l  
M (1080 .0 )  D IAZ  70  HBC O. PBAR P ,  4 P I  S /TO 
H lOTO.O 20 .0  REYNOLDS TO HBC 2 .2~ -2 .36  P l -  P l l T l  
M . . . . . . . . .  
M AVG 1083 .3  9 .8  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4) 

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

30 ETA N WIDTH (MBVI 

W (70 .0 )  OR LESS MILLER 68 HBC 4.0 PI -  P 9168 
W ( 25 .0 )  OR LESS NHITEHEAB 66 ASPK 3 .1 -3 .6  P I -P  10167  
W 150 .0  lOO.O  40 .0  OH 6q HBC T .P I -  P,PI+ D 9 /69  
N 180 .0 )  CLAYTON 70  HBC 2 .5  PEAR P .4  P I  I171 
w ( 8O .O I  DIAZ 70 HBC O. PEAR P, 4 PI S/TO 

8E .O  35 .0  REYNOLDS 70  HBC 2 .26 -2 .3b  P l - -  P 1 /71  W 
W . . . . . . . . .  
w AVG 98.0 31 ,3  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O )  

gEFERPNCES FOR ETA N 

MILLER 68  PRL 21 1~89  +GUTAY,JOHNSONtKENNEY÷ (PURDUE+NDAM~SLACI 
WHITEHEA 68  NC 53 A 817 CoWHITEHEAD 4 (AERE+SHMP+LOIC)  
OH 69 PRL 23 331 +WALKER.CRRROLL,FIREBAUGH,÷ IWISC*TNTO) 
BATON TO PL 33 B 528  ÷LAURENStZEIGNIER (SACLAY) 
CLAYTON TO NP B 22 85 ÷MASON.MUIRHERDtRIGOPOULOS,+  ( L IVP÷ATENJ  
O IAZ  TO NP B 16  239  ÷GAVILLET ,LABROSSE,NDNTANET ,÷  (CERN+CDEFI 
REYNOLDS 70  NP S 21 77  ÷ALBRIGHT.BRADLEY,+ (OHIO+FSU+MINN÷COLD) 
WHITEHER 72 NP B 48 365  WHITEHEAD,AULO,÷ (AERE+RHEL+SHMR÷LOUCI 
DIAMOND T) PRD 7 1977 ÷BINKLEY,÷ (WISC+OUKE÷COLO÷TNTO+OHID) 

The  A t ~ ~ b u m p  h a s  b e e n  m a i n l y  o b s e r v e d  i n  

t he  d i f f r a c t i o n - l i k e  p r o c e s s  wN ~ ('n-~w)N w i t h o u t  

q u a n t u m  n u m b e r  e x c h a n g e  and  a t  s m a l l  m o m e n t u m  

transfer. There are also observations of struc- 

ture i n  t he  A i m a s s  r e g i o n  in  r e a c t i o n s  w i t h  p r o d u c -  

t i o n  of a d d i t i o n a l  m e s o n s ,  i n  b a c k w a r d  p r o d u c t i o n  

f r o m  p i o n s ,  and  i n  p-p a n n i h i l a t i o n s  ( see  D a t a  C a r d  

L i  s t i n g  s ). 

The  d o m i n a n t  e f f e c t  i n  the  A t m a s s  r e g i o n  i s  a b r o a d  

JP= t+Vn " S - w a v e  e n h a n c e m e n t  s t a r t i n g  f r o m  p'rr t h r e  s h o l d ;  

i t  h a s  a m a x i m u m  a t  ~ t 1 0 0  MeV and  a w i d t h  of the  

order of 300 MeV. In partial-wave analyses of the 

t h r e e - p i o n  s y s t e m  (ASCOI.~ 7Z, A N T T P O V t  73),  one 

finds very little phase variation of the 5 p: I+(~ = 0) pw 

amplitude relative to various other ("background") 

a m p l i t u d e s .  T h o u g h  no t  c o m p l e t e l y  m o d e l - i n d e p e n -  

d e n t ,  t h e s e  r e s u l t s  s u g g e s t  t h a t  a t  m o s t  a s m a l l  p a r t  

of the  A t e n h a n c e m e n t  c o r r e s p o n d s  to  a 5P= t + r e s o -  

n a n c e .  In  f a c t  A S C O L I I  73 s h o w  t h a t  t he  o b s e r v e d  

b e h a v i o r  of t he  p a r t i a l  w a v e s  of the  ~rw s y s t e m  i s  

q u a l i t a t i v e l y  r e p r o d u c e d  b y  a R e g g e i z e d  p i o n  e x c h a n g e  

m o d e l  ( s o - c a U e d  D e c k  m o d e l ) .  C o m p l e t e  s o l u t i o n  of 

t he  A I p r o b l e m  will p r o b a b l y  c o m e  f r o m  p a r t i a l - w a v e  

a n a l y s e s  of the  3Tr s y s t e m  f r o m  n o n - d i f f r a c t i v e  r e a c -  

t i o n s .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10 A l  MASS (MEV) 

N PRODUCED BY El + 
M ( 1080 .0 )  AOERHDLZ 64  
M { 1OBO. ) APPROX. BOESEBECK 68 
M ( 10@0.OI ARMENISE TO 
M 
M PRODUCED BY Pl - 
M ( | 060 . )  ASCOt/ OS HBC -O 5 PI-P • 6/68 
N ( I 089 .0 )  (12 .0 }  BALLAM 68 HBC - 16.0 E l -  P 9/68 
M ( 1090 . l  APPROX. CHUNG ~8 HBC - 3.2,4.2 PI -P  2 /67  
M (1055 .01  ( 6 . 0 I  JUNKMANN 68 HBC - 16 .  P I -  P,  5P I  9 / 6g  
M S ( l l I q . ]  ( 30 . I  KEY 68 HBC - 3 P I -P  9 /68  
M S SHOULDER ON A2 ONLY 
M (1069.0) IT.Of CASO TO HBC - I I . 2P I -P  5/70 
M (1120.03 CRENNELL 70 HBC 6.  E l -  P,F Pl B/TO 
M T ( 1150 .  I ANT IPOV1  73 CNTR 25.,40. E l -  P 1/74~"  
M T MASS AND WIDTH SEEN TO DEPEND ON T, UNIQUE DET. IMPOSSIPLE 1174" 
M 
N PRODUCED BY PIONS,BACKWARDS SCATT.  
M [ 1115 .0 I  ( 20 .0 )  ANDERSON 69 MMS - 16  PI -  P,BACKW9 8/69 

BUHL 71 HBC 2.5 P I -  P .11171 N (1046 .  I ( 10 . )  
M 
M PRODUCED BY PEARS, SEE TYPED NOTE. 
M ( I 054 .  I ( 7 . )  OANYSZ 67 HBC '÷ -  3 ,E .6  PEAR P . ?/6T 
M (1042 . I  ( 21 . )  FPIDMAN 68 HBC + -  5 . 7  PEAR P 6 /68  
M A [ lOTb .  I 15 . )  ATHERTON 73 HBC + -  5 .T  PBAR P 1 /74 ,  
M A JP ANALYSIS GIVES SOME EVIDENCE FOR RHO Pl D-WAVE 1/73 
M 
M PRODUCED BY K - ,  SEE TYPED NOTE. 
M { 1111 . )  ( I 0 . )  ALLISON 67 HBC ÷ b K-P,LAM ÷5 Pl  l / 6B  
M ( l l l T . I  ( 30 . I  ALLISON 6T HBC + 6 K-P,LAM +4 P l  1/68 
M ( IO6O.)  ( 15 . )  JUHALA 67 HBC O 4.O-5 K-P,SBOOY l l bB  
M 
M PRODUCED BY K÷ .  SEE TYPED NOTE. 
M K÷ ( lUbO.O I  ( 2O .O ]  ALEXANDER bR HBC + 9 KeP 9 /69  
M BERLINGMI 69  HBC + 0 12.7 K+ P 9169 N+ ( I 030 .o }  ( 20 .0 )  
M K# FOR CONTRADICTORY EVIDENCE BEE RABIN 70 AND TYPED NOTE. 
N A 
M A AVERAGING NOT MEANINGFUL 

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

HBC 4 .0  PI+P 
HBC + 8 PI+ P 6168 
HBC O 9 P I+  N - -  At P 1/71 
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Data Card Listings 
For notation, see key at front of Listings. 

lO A1 WIDTH (MEV) 

H PRODUCED BY PIONS, RESONANCE INTERP. CONFUSED BY DECK EFFECT 
W 
H PRODUCED BY Pl + 
w ( 80 .0 )  ADERHDLZ b4  HBC A ,O  P I+P  
W (130 .  l APPRDX.  BOESEBECK 68  HBC + B P l+  P 6 /68  
W ( 50 .0 l  OR LESS ABNENISE 70 HEC 059  PI+ N - -  A1 P 1/71 
w F (300 .1  APPR{)X* RINAU{)O 71 HBC + . P I+P ,P  (3P l )÷  11 /71  
W F EOR JP=l+ {PHO PI) STATE 11/71 
W 
W PRODUCED BY PI - 
W ( 140 .0 ]  ( 31 .3 )  BALLAN 68 HBC - 16.0 P I -  P 9 /68  
w ( 125 . )  APPROX.  CHUNG 68 HBC 3 .2 ,4 °2  P I -P  2167  
w ( 77 .0 )  ( 17 .0 )  JUNKMANN 68  HBC - 16, E l -  P, 5P I  9 / 69  
N K I76 ,  l (A6 . I  KEY 6B HBC - 3 . { )  El -  P 11/67 
w K SHOULDER ON A2 ONLY 
W (99 .0 }  ( 13 .0 )  CASO TO HBC - IX *2R I -P  5 /70  
w T 1300 .  l ANT IPOV1  73  CNTR 25 . , 4 { ) .  P I -  P 1174 .  
N T MASS RNO WIDTH SEBN TO DEPEN{) ON T, UNIQUE {)ET. IMPOSSIBLE 1274" 
W 
W PRODUCED BY PIONS,BACKWARDS SCATT.  
W {98 .0 l  ( 43 .0 )  ( 20 . { ) )  ANDERSON 69 MMS - 16 P I -  P,BAEKW9 8169  
W 
W PRODUCED ~Y PEARS, SEE TYPED NOTE° 
w 133.) (19.)  DANYSZ b7 HBC + -  3 ,3 .b  PBAR P 7/67 
W (130.) APPROX. FPIOMAN 68 HBC +- 5 .7  PEAR P 6/68 
W A (36.1 (20. ]  (15.}  ATHERTON 73 HBC +- B.7 PBAR P 1/74" 
W A JP ANALYSIS GIVES SOME EVIDENCE FOR RHD P I  O-WAVE 1/73 
N 
W PRODUCED BY K-, SEE TYPED N{)TE. 
w ( 50 . )  (BO . )  ALLISON AT HEC • 6 K-P,LAM ÷4 PI 1 /68  
w (50 . )  ( 25 . )  ALL ISON 67  HEC 6 K -P ,LAM +5 P I  1168  
W (120 . )  ( 15 . )  JUHALA 67 HBC 0 4 .6 -5  K -P ,SBOOY 1 / 6 8  
W 
w PRODUCED BY K+ ,  SEE TYPED NOTE. 
w (16 { ) . 0 }  ( 20 .0 }  ALEXANDER 69  HBC + 9 K+P 9 /69  
w B (120.0) (30.0} BERLINGHI 69 HBC 12.7 K÷ P 8/69 
W K+ FOR CONTRADICTORY EVI{)ENCE SEE RABIN TO AN{) TYPED NOTE. 
W I 130 .0 )  ( 20 .0 }  BERLINGHI 69 HBC ÷ 0 12 .7  K+ P 9/b9 
W A 
W A AVERAGING NOT MEANINGFUL 

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

IO AI PARTIAL OECAY MO{)ES 

DECAY MASSES 
Pl R1 INTO RHO PI 770+ ] .39 
P2 A I  INTO KEAR K 493+  49T 
P3 A1 INTO ETA PI  548+  139 
P4 AI INTO ETA PRIME PI 957+  139  
P5 A1 INTO 3 Pl  139+ 139+ 139 

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

IO  A l  BRANCHING RATIOS 

RI A1 INTO (KBAR K ) / (RH{ )  PI) (P2 ) / (P l l  
R1 (0.0025({)R LESS DAHL 67 HOC - 4 .0  PI -  P . 10 /66  

• * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR AI 

BELLINI,FIORINI,HERZ,NEGRI,RATTI [NILAN) 

AACH+BERL+BIRM+8ONN+{)ESY+HAMBURG+LOIC+MPIM 
{)OLDHABER,BROWN,KRDYK,SHEN+ (L~L+UCB) 
LANOER,AOOLINS,CARNONY,HENDRICKS + (UCSO) JP 

+CRRM{)NY,LANOER,XUONG,YAGER (LA JOLLA)I=I 
ALITTI,BATON,{)ELER,CRUSSARD÷ (SACL+BGNA) 

+ORIJARD+HENNESSY+ IORSAY+MILAN~SACL÷UCB)  
OEUTSCHMANN,STEINBERG + IAACH÷BERLIN÷CERN) 
R I HESS (THESIS ,  BERKELEY( I LRL I  

+CRUZ÷ IOXF+MPIM+OIRM+RHEL+GLRS÷LOIC} 
+HAROY+HESS÷KIRZ+MILLER ILRL) 
DANYSZ÷FRENCH+SIMRK ICERN)  
+LEACOCK+RHO{)E+KOPELMAN~ ( IOWA+COL{) )  
+KRAYBILL+FORNAN+FERBEL IYALE÷ROCH}  JR 

+FORIND+{ )ARTACCI *  IDARI+OGNA+F IRZ+OBSAY)  
• CRAWLEY,KR{)SE,MORTARA,SCHAFER,+ IILLINOIS} 
+BRO{)Y,CHAOWICK,FRIES,GUIRAGOSSIAN+ (SLACIJP 
BOBSEBECK,OEUTS{)HMANN,+(AACHEN+BERLIN+CERN) 
+CONTE+C{)ROS÷OIAZ+ (GENOVA+HAMB+MILA+SACL) 
S.U.CHUNG,O.{)AHL,J.KIRZ,D.H.NILLBR (LRL) 
÷HOUGH,COHN,BUGG~ (ENL+ORNL+UCND+TENN+PENN) 
+MAURER,MIEHAL{)N,OU{)ET+ (HEID+STRASBOURG] 
+COCOON)+ {AACH+BERL+EONN+CERN÷WARS} 
+PRENTICE+COOPER+MANNER÷ (TNTO+ANL+WISC) 

G.ALEXANDER,A.FIRESTONE,G.GOLDHABE~ (LRL) 
+B INON+OIDDENS+DUTEIL+NLOVNING+ . . .  (CERN} 
+COLL INS ,+  [BNL+CARN) 
BERLINGHIERItFARBER,÷ (ROCH) 
+E{)WARDS,BURAN,BETTINI,÷ (LIVR+OSLO+PA{)OI 
+{)E MONTAIGNAC,MOBANDtSTRA{)HMAN+ (PARIS} 
+LBACOCK,RH{){)E,KOPELMAN,LIBBY,+ (ISU÷COL{)) 
+KINS{)N,SCARR,+ IONL+UCND+ORNL) 

+GHI{)INI,FORING,CARTRCCI,÷ (BARI+BGNA÷FIRZI 
+BRENNER. IDFFREDO,JOHNS{ )N .K IM+  (HARVARD} 
+CORDS,COSTA+ (GENO+{)ESY÷HAMD+MILA+$ACL)  

+KaRSHON,LA I ,SCARR.S IMS IBNL )  
+CHRO,JOHNSTON.PRENTICEtWALKER (TNTO÷HISC)  
{).Y=CHIEN (JOHNS HOPKINS}  
D.A.GARELICK,REVIEM (N{)RTHEASTERNI 
+ { )ALT IER I , { )ERENZO,FLATTE ,FR IEOMAN+ {LRL )  
+YOUNG {BNL}  

ILLINOIS+GENO+HAMB÷MIL+SACL+HARV÷TNTO+WISC 
÷8EUSCH,MEL ISS INOSt+  ICERN~ETHZ+LOIC+MILA)  
PARTICLE PHYSICS t  CALTECH 1971 (LRL }  
+CLINE,TERREL (WISCONSIN} 
+EZELL ,GA IOOS,WILLMANN IPURO}  ~P 
+B{)ECKMANN.M&JOR+(TORI+BONNeDURH÷NIJM+EP{)L)  J 

EELL IN I  63 NC 29 896  

AOE~HOLZ 64  PL 10 226  
GOLOHAEE 64  PRL 12 336  
LANDER 64  PRL 13 346  A 

ABOLINS 65 ATHENSIOHIO}CONF. 
AL ITT I  65  PL 15 69  

ALLARD 66  NC 466 737  
{)EUTSCHM 6 6  PL 20  82 
HESS 66 UCRL-16832  

ALL ISON 67  PL 25B 619  
DAHL 6T PR 163  1377  
DANY$Z 67  NC 51 ~ B01 
JUHALA 67  PRL 19 1335  
SLATTERY 67  NC 50A 377  

ARMENISE 68  PL 26  D 336  
ASCOLI  68  PRL 21 113  
BALLAM 68  PRL 21 934  
BOESEBEC 60  NP D 4 5{)1 
CASO b8  NC 54 A 983  
CHUNG 68  PR 165  1491 
CNOPS 68 PRL 21 1609  
FRIOMAN 68  PR 167  1268  
JUNKMANN 68  NP 38 471  
KEY 68  PR 166  1430  

ALEXANDE b9 OR 183 1168 
ALLABY 69  PL 29B 198  
ANDERSON 69  PRL 22 1390  
FERLINGH 69  PRL 23 42 
DONALD 6R NP 0 11 531 
FAYOLLE 69  NP D 13 40  
JUHALA 69  PR 186 1461 
KENYON 69  P~L 23 146  

ARMFNISE 70 LNC 4 199 
BRANOBNR 70  NP R I6  369  
CAS{) 70  LNC 3 TOT 

ALSO 68  CASO 
CRENNELL TO PRL 24  781 
CHIENI 70  TORONTO PREPRINT 
CHIEN2 70  JHU 7{)11 
GARELICK TO PHILAD.CONF.P°205 
RABIN TO PRL 24  925  
SHIH  70  BNL 14059 -REV  

ASCOLI  71 PRL 2e 929  
OEMPORA{) 71NP  B 33  397  
BERDER 71 PHENOMENOL{)GY IN 
BUHL 71 PREPRINT 
LAMSA 71 PREPRINT 
RIN~UD{) 71NC 5 A 239  

Mesons 
Al(lZOO), u(z15o), B(1235) 

BFRENYI 72 NP B 37  621  
BLOODNOR T2 NP B 46  402 
DIEBOLD 72 OATAV.CONF. 
LAMSA 72  NP 8 41 388  
MORSE 72 NP E 43 77  

ANT IPOV|  73 NP E 63  153  
ANTIPOV2 73 NP D 63  141 
ARNOLD 73 NC 17 A 393  
ASCOL} 1 73 PRL 31 795  
ASCOL} 2 73 Pa 0 8 3894  
ATHERTON 73 PL 43 B 249 
READ 73 NP B 64  B11 

+PRBNTICE,STEENBERG,  YO{)N,WALKER (TNTO+WISC) 
BLOODHORTH,JACKSON~PRENTICE,YOON (T{)RONTO) 
R.O IEBOLO RAPPORTEUR TALK (ANL I  
+EZELL ,GA IDOS.WILLMANN (PUFDUE) 
+{)H,WALKER,JOHNSTON,Y{)ON (WISC÷TNT{)) 

+ASCOLI,BUSNELLO,FOCACCI,* (CORN+SERE) JP 
+ASCOL|,BUSNELL{),FOCACCI,+ (CERN÷SERP) JP 
+ENGEL,ESCOUBE3,GEMESy,JA~OSSY,+(STRB+BUOA) 
+CHAPIN,CUTLERtHOLL{)WAY,KOESTBR,KRUSE+IILLI 
+JONES,NEINSTEIN,WYLD i ILL I  JR 
÷FRANEK,F~ENCH,GHIDINI,HILPE~T,÷ (CERN) 
B.J.READ (DESY) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

EVIDENCE NOT COMPELLING.OMITTED FROM TABLE.  

> 

68 M(11501 MASS (MEV) 

M 63 1148 .3  S ,3  JACOBEL 72 MM5 O 2.4 PI -  P,N MM 

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

68 M(1150) WIDTH (MEV) 

H 63 15.0 9.0 11.7 JACOBEL 72 NMS 0 2.4 Pl- PiN MM 

REFERENCES FOR M(1150 )  

JACOBEL 72 PRL 29 671  +GARFINKEL .H { )FFMAN.+  ( I { )WA+PURD+ANL}  

J A . z . s ( 1 1 ' 7 0 ) ,  . , 1.E, . . . . . . . . . .  , ,-1 I 
"~D3~ r  I TH IS  ENTRY L ISTS  REFERENCES TO PEAKS DF LOW STAT IST I -  

CAL SIGNIFICANCE IN THE 3 Pl  SYSTEM BETWEEN THE AI AND 
THE A2 .  OMITTED FROM TABLE. 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * .  * * * * * * * * *  * * * * * * * *  

REFERENCES FOF A 1 .5  

BUTTERW{) 67  HEIDELB.C{)NF.F.28 REVIEW TALK {)N MESONS AT HEIDELBERG CONF. 
CASON 67  PRL 18 880  +LAMSA,BISHAStOERA{){) GRDVES,+ (N{)TREDAMFI 
ASCOLI 68 PRL 21 113 +CRAWLEY,KRUSE,MCRTARA,SCHAFER,+ (ILLINOIS( 
{)ONALD 68 PL 26 B 327  +FROOESEN,BETT IN I ,+  ( L IVERP{ )OL ,OSL{ ) ,PAOUA#  
VON KROG 68 PL 273  253 +MIYASHITA,KOPELMAN,MARSHALL LIBBY (COL{ ) I  
JUNKMANN 68 NP 88 471 +COCCONI+ (AACH÷BERL+B{)NN+CERN+WARS) 
ARMENISE 69  LNC 2 501 +GHIDINI,FORINO,CARTACCI+ (BARI+BGNA÷FIRZ} 
GALLOWAY 70 PR D 1 3077  +MOTT,ALYBA,LEE,MARTIN,PRICKETT lIND} 
MORSE 72 NP B 43  TT +OH,WALKER,JOHNSTON,YCDN (WISC+TNTO) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  . * * * * * * * *  , * * * * * * * *  * * * * * * * * *  * * * * * * * *  

I )1  ,B(Z 35, 11 3 (1230,JRG-L..( i.I 
FOR A POSSIBLE JP=l- STATE IN THIS MASS REGION 
SEE ENTRY RHO PRIMEII250}. 

l I  B MASS (MEV) 

M 60 (1220 .0 }  ABCL INS  63 H0C ÷ 3 .S  P I+P  
M (1220 .0 l  GOLOHABER 65 HEC 3 .7  P [+ tP ( -P  
M 376  1200 ,  20 ,  BALTAY 67 H3C ~ -  0 . 0  PBAR P 2 /67  
M 25 (1230 . ]  ESTIMATED LEE 67  HBC - 3 . 6  P I -  o l / b8  
M 1259 .0  27 .0  BOESEBECK 88 HBC 8 . { )  E l+  P 10 /67  
M 1220 .  20 *  CHUNG 68  HBC - 3 . 2 . 6 .2  P I -  P 9 / b T  
M B 000 (1265 . )  ( LO . )  3 IZZARRI  6g HBC + 0 PEAR P 12 /72  
M B SUPBRSEDED BY FRENKIEL  72 
M 1240 .0  20 .0  ANDERSON 70 CNTR 0 E -18  GANMA P 11 /70  
M ~ ( 1265 .0 )  ( 17 *0 )  CASO 70 HBC - l l . 2P I -P  2 /73  
M 5{)PERSBOE{) BY AF IRE  73 
M (1272 .0 }  015 .0 )  CASON 70  HBC - E.O P I -P ,AP I  
M 1200 .0  ( 10o0 )  ER{)FEEV 7{) HBC 3 .25  E l -  P 1 /71  
M 1225 .0  22 .0  H{)NES 7{) HBC + 18 .5  E l÷  P 11170  
N 1236 .0  15 .0  HOOGLAND 70  DEC 3 .0  K -  D 2 /71  
M 1200 .0  15 .0  M IYASHITA  7{) HBC - 6 . 7  P I -F .AP I  
M P (1230 .1  ( lO . }  POLS 7{) HBC t 5 .  P i t  R 11 /71  
N P HANOORAHN EACKGROUN{).ERROR$ STAT IST ICAL  { )NLY.  11 /7L  
M 11228 . )  ( 5 . }  FRENRIEL 72 HBC + -  O. PBAR P l , 5  P)  12 /72  
M W F IT  REQUIRES AN ADDIT IONAL  JP= l -  RESONANCE 
N H AT 1256 MEV, WIDTH 129 MEV. 
M 0 1160  1243 .  6 °  OTT 72 HRC" + 7 .1P I+  P ,P  B+ 2173  
M O FROM FIT OF THE MASS SPECTRUM 

N A ($232 . )  ( 6 . }  OTT 72 HBC + T . I  P i t  P+P B+ 2 /73  
M A FROM F IT  {)F MASS SPECTR{)M AN{) MOMENTS D ISTRIBUT ION N [TH A STRONG 
M A INTERFERENCE WITH THE BACKGROUND° 
M 1233*  15 .  RFZAL 73 HEC ÷ 11 .7  P I+  P 2 / 7 3  
M 1268 .  16 .  AFZAL 73  HBC 11 .2  P l -  P 2 /73  
M . . . . . . . . .  
M AVG 1236 .8  5 .6  AVERAGE (ERROR INCLUDE3 SCALE FACTOR OF 1 .3 )  

(SEE IDE{)GRAM DELGN ) 



Mesons 
B(1~35), p'(1~50), f(l~?O) 

~EZ6HTED RUERRGE = 1236 .B  * 5 . 6  

E R R D R  SCRLED BY 1 ,3  

I . . . .  RFZ~L  

. . . . . . . .  RFZRL  

.OTT  

• ~ IYRSHZTR 70  H B C  

' HOO~LRND 70  D E C  

• HONES 70  H B C  

. . . . . .  R N D E R S D N  

• ~ "  . . . . .  CHUM6 SB H B C  

- ' ~  " ' ' BOESEBECK 6B  HBC 

• ~ ' ' ' B R L T R Y  6?  H B C  

0 MRSS (MEU) 

73  H B C  

73  HBC 

?2  H B C  

70  CNTR 

CH!SQ 

3 .B  

0 . 0  

t , 1  

6 , 0  

0 ,0  

0 .3  

0 .0  

0 ,7  

0 .7  

3 .4  

16 ,0  

(CONLEU 
=O.OS?)  

11 B WIDTH (MEV) 

W 60 108.0 20.0 AEOLINS 6~ HBC ÷ 3.5 PleF 
W (80.0l  GOLDHAEER 65 HBC 3.7 PI÷.PI-P 
W 376 1DO. 30 .  BALTAY 6T HBC + -  0 , 0  PEAR P 2 /67  
W 28 (180 . )  ESTIMATED LEE b7 HBG - 3.6 P l -  P 1160 
w 203 .  75 .  80ESEBECK 68 NEC + 8 .  P I+  P 11 /67  
W 180.  20 .  CHUNG 6B HBC - 3 . 2 , 4 .2  P l -  P 91~7 
W B 300 (8S.) (12.)  BIZZARRI 69 HBC +- O PBRR P 12/72 
w B SUPERSEOEO BY FRENRIEL 72 
w (1DO.O)  APPROX. ANDERSON 78 CNTR 0 5-18+GAMMA P 11170 
W C (150 .0 I  CASO TO HBC -- I 1 . 2P I -P  2 /73  
W C SUPERSEDED 8Y AFZAL 73 
W (122.0) (38.01 (2O.OI CASON 70 HEC - 8.0 PI-P,4PI 
W 100 .0  20 .0  EROFEEV 70 HBC 3 .25  P l -  P 1 /71  
W 78 .0  16 .0  46 .0  HONES 70 HBC + 18 .5  PI+ F 11 /70  
W 132 .0  20 .0  HOOGLAND 70 DBC - 3 . 0  K-  0 2 /71  
w 113 .0  44 .0  MIYASH]TA 70 HBC - 6 . 7  P I -P~4P I  
W P ( 1 2 0 . )  ( 2 0 . )  POLS 70 HBC + 8 .  P I +  P 11/T1 
W P HANODEAWN BACKGROUND.ERRORS STATISTICAL ONLY. 11/71  
w W ( I 88 . ]  ( IO . f  FRENKIEL 78 HBC +- O. PEAR P I .5  Pl 12/72 
W W SEE NOTE UNDFR THE MASS ABOVE. 
W 0 1163 13¢.  23 .  26.  OTT 72 HBC + 7 .1P I+  PiP B~ 2 /73  
W 0 FROM F IT  OF THE MASS SPECTRUM 
g A (15G . )  ( 2 l * )  ( lB . )  OTT 72 HBC + 7 .1  Pl+ P,P B+ 2173 
W A SEE NOTE UNDER THE MASS ABOVE. 
W 120.  SO. AFZAL T3 HBC ÷ 11 .7  P I÷  P 2 /73  
W 130.  CO, AFZAL T3 HBC - 11 .2  P l -  P 2 / 7 3  
W . . . . . . . . .  
w AVG l lB .~  8 .1  AVERAGE (ERROR INCLUDES SCALE FACTOR OF I ,O )  

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

11 B PARTIAL DEC~Y MODES 

DECAY MASSES 
P I  B INTO OMEGA+P( 782+ 139 
P2 8 INTO 2P Ie  EP I -  139+ 189+ 139+ 139 
P3 8 INTO N KEAR A93+ 493 
P4 B INTO Pl Pl 139÷ 139 
P5 B INTO PI PHI 134÷1019 
P6 B INTO ~TA PI (FORBIDDEN BY GI 548÷ 139 
PT E INTO K KBAE PI 493+ 493÷ 139 

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

I I  B BRANCHING RATIOS 

R10 DIS RATIO FOR B(12351 INTO OMFGA P l  
R10 
RIO 0 ,21  0 .07  CHUNG 73 HEC + 7 .1P I+P  1 /76 "  
RIO 0 .3  0 . l  CHALOUPKA 74 HBC 3 .9 -7 ,B  P I -P  I174" 
R1O . . . . . . . . .  
g10 AVG 0.240 0.057 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

RI B INTO (4PI|/(OMEGA PI I  (PZ I / (P I I  
RI (0 .5)  OR LESS ABOLINS 63 HBC + 3°5 PI+R 

R2 B INTO (K KBARII(OMEGA P l )  (P3 ) l IP l l  
R2 ( 0 *02 )  DR LESS DAHL 67 HBC - 1 . 6 -6 .2  P I -  P 10 /66  
R2 | 0 . 10 )  DR LESS CL=.90 BALTAY 67 HBC ~-- O.O PBAR P 2 /67  
R2 (O.OBI  OR LFSS EL=.95  BIZZARRI 69 HBC + -  0 PEAR P 9 /69  

P3 B INTO (P I  P I ) / (P l  OMEGA) (P4 l / (P l )  
R3 (0 .31  OR LESS ADERHOLZ 64 HBC 4 °0  PI÷P 7 /66  
R3 (0 .1S )  OR LESS CL=.90 OTT 72 HBC + 7 .1  PI+ P 12 /72  

R4 B INTO IF (PH I )  / (P I  OMEGA) IPB ) / (P1 )  
R4 (O.O1B)OR LESS OAHL 67 HEC 1 .6 -4 .2  P I -  P 10166 
R4 ( 0 . 0 6 1  OR LESS CL=.95  BIZZARRI 69 HBC +-" O PEAR P 9 /69  

R5 8 INTO (ETA P I )  / (P l  OMEGA) (Ph i l (P1 )  
R8 (0 *28 )  OR LESS EL=.90 BALTAY 67 HOE +-  0 . 0  PEAR P 2 / 6 7  

R8 Be-  INTO ( {K  KBAR)+- P IO}  I (P !  OMEGA) 
R6 (O.OB) OR LESS Ct=.9O BALTAY 67 HBC ÷ -  B.O PBAR P 2 /67  

R6 B+- INTO (KS KS P I÷ - )  I (P I  OMEGAI 
R6 (0 .021  OR LESS CL=.9O BALTAY bT HBC 4-- 0 . 0  PEA- P 2 /b7  

R6 B+- INTO (KS KL P I÷ - )  / (P I  ONEGAI 
R6 {O ,O6)  OR LESS CL=.9O BALTAY 67 HBC e -  O.O PBAR P 2 /87  

88 

Data Card Listings 
For notation, see key at front of Listings. 

ABDLINS 63 PRL 11 381 
BONDAR 63 PL 8 209 
ADERHOLZ 64 PL 10 240 
CARMONY b4 PRL 12 256 
GOLDHARE 6B PRL 1S 118 

BALTAY 67 PRL 18 93 
DAHL 67 PR 163 1377 
LEE 67 PR l eg  1156 
SLATTERY 67 NC 50A 377 

ASCOLI 68 PRL 20 1411 
BOESEBEC 68 NP fl 4 501 
CASO 68 NC 54 A 983 
CHUNG 68 PR L68 1491 
81ZZAPRI 60 NP B 14 180 

ANDERSON TO PRD 1 27 
CASO TO LNC 3 TOT 
CASON 70 PRD 1 851 
EROFEEV TO SJNP I IAEO 
HONES TO PRO 2 827 
HOOGLAND 70 PL 33 B b31 
MIYASHIT 70 PR 0 l 771 
PDLS 70 NP B 25 109 
WERB~OUC TO LNC ~ 1267 
DEVINE T( PRL 27 1614 

FRENKIEL 7~ NP E 67 61 
OTT 7~ LBL-1547 
SISTFRSO 72 NP B 48 493 

AFZAL 73 NCL 15 A 61 
ARMENISF 73 NC 17 A 707 
ARMEN(SE 73 LNC B 425 
ARNOLD 73 LNC b 707 
CASON 73 PRo  T 1971 
CASON I 7E NP B 64 14 
CHUNG T3 PL 47 8 B26 
COHEN T~ PRD 8 2B 

REFERENCES FOR B 

ABOLINSvLANDERtMEHLHOPtXUONGtYAGER (UCSD) 
BONOARtOODD+ (AACHEN+BIRM+HAMB+LOIC+MFIM) 
AACHEN÷BERLIN+EIRM + BONN+HAMBUR+LOIC÷MOIM 
CARMONY,LANDER,RINDFLEISCH~XUONG,YAGER(UCBI JP 
G GDLOHABER~S GOLDHABER,KADYK.SHEN (LRL) 

+SEVERIENS+YEH÷ZANELLO (COLU+BNLI 
+HARDY+HESS+KIRZ+MILLEF (LRL) 
+MDEBStROEtSINCLAIR,VANDERVELDE (MICH) 
+KRAYBILL+FDRMAN+FFRBEL (YALF+ROCHI 

÷CRAWLEY,MORTARA.SHAPIRO ( I LL )  JP 
80ESEBFCK,DEUTSCHMANN,+(AACHEN+BERLIN÷CERN) 
+CDNTE+CORDS+DIAZ÷ (GENOVA÷HAME+MILA+SACL) 
S.U.CHUNGtO.OAHL,J.KIRZ,O.H.MILLER (LRL) 
eFOSTERtGAVILLETtMONTANETt+ (CERN÷CDEF) 

+GUSTAVSDNtJOHNSDNt+ (SLAC*CIT+UCSB+NEAS) 
+CDNTEtTOMASINI,CORDS+(GENO+HAMB÷MILA+SACL) 
÷ANDREWStBIBWAS~GPOVFS,HARRINGTON~+ (NORM) 
+VETLITSKY~WLADIMIRSKY.GRIGDREV.÷ (ITEPl 
+CASON,BIBWAS,HELLANDtKENNEY,MCGAHAN+(NDAM) 
SABRE COLLABOR. (ZEEM+SACL+BGNA+REHD÷EPOLI 
MIYASHITA~VON KRCGHtKGPELMAN.LIBBY (COLOD 
÷80ECKMANN,CIRBA~* (BONN+OURH+EPOL÷TORII 
WERBROUCK.RINAUG~t+ (TORI÷NIJM+BONN÷LBL)JF 
+NOZLOWSKI~HOEWITZ,+ (COLU+SYRAt 

+GHESGUIERE,_ILL~STOL~CHUNG,÷ (CDEF*CERN)JP 
R.L.DTT THESIS (LBL)JF  
SISTERSDN~HARRISDN,HEYDAIJOHNSDN,+(HARVARO) 

+BASSLERv+ (DURH+GENO÷DESY÷HILA+SACLI JP 
+FORINOtCARTACCI.+ (FARI÷EGNa+FIRZI 
÷FORINO,CARTACCh+ (BARI+BGNA+FIRZI 
+ENGEL~FSEOUBES,KURTZ,LLORET,PATY,+ (STRB) 
+BISWAS~KENNEY,MADDEN,SANOER,SHEPHARD(NDAM) 
+MADDEN,BISHOP,EISWAS.KENNEY,+ (NOAH) 
+PRQTOPOPESCU,LYNCHtFLATTE,e (BNL+LBLeUCSC) JP 
+FEREEL,SLATTERy (ROCHESTER( 

CHALOUPK 74 PL CHALOUPKA,FERRANDO,ALITTI,÷ (CERN+SACL) JP 

, . . ,  tp, 125o t ....... (M,(I ........... i i-1 

EVIDENCE NOT comPELLING. OMITTFO FROM TABLE. 
FOR A REVIEW THROUGH 1972, SEE BRAMON 73 

f 

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

69 RHO PRIME(1250) MASS (MFV) 

M 1256. 10. FRENKIEL 72 HEC +- O.PBARP,OMEGA2PI 1174" 

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

69 RHO PRIME(1250) WIDTH (MEV) 

w 130. 20. FRENKIEL 72 HRC ~ 8.PBARP,ONEGA2PI 1/74. 

REFERENCES FOR RHO PRIME(12EO) 

ANDERSON 70 PRD I 27 +GUSTAVSON,JOHNSON,+ (SLAC+CIT+UCSB+NEAS) 
PODOLSKY 71 UCRL 20128 W*J,PODOLSKYtPH.O. THESIS (LBL) 
FRENKIEL 72 NP B ~7 61 +GHESQUIEREtLILLESTOL,CHUNG,+ (CDE~+CERNIJP 
WOLF 72 ITHACA N.Y* CONF. G.WOLF,P.213 (SLAC) 
BALLAM 73 SLAC-PUB-1364 +CHAOWICKtBINGHAM,FRETTER,+ (SLAC+L8L÷MPIM) 
BRAMON TS LNC B 659 A.BRAMDN (FRASCATI) 

S F (1278,JPG=2++)  l=O 
I I ~1  

I ~L1270)1  WENOL ..... LIS. EvE ...... ,SMEOV,L . . . .  .3 
WE AVERAGE ONLY THE MOST SIGNIFICANT 1173 
DETERMINATIONS OF MASS AND WIDTH. 1/73 

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

S F MASS (MEVI 

M (1250.01 (25.0} SELOVE 62 HBC 3.0 PI -  P 1/73 
M 1416 (1267 .0 )  ( 10 .0 )  JACOBB 66 HBC B-3 P I -P tT  CUT20 10167 
M 1276. 11. RAEIN 8T HRC 8.5 PI+ P 9/67 
M T 1960 1261. 5. ARMENISE b8 DBG 5.1FI+NtP PI+ - L/T5 
M T 360 |270. 10. AEMENISE 88 DEC B.L PI+N,P BID O 1/73 
M 1265.  8 .  BOESEBECK b8 HBC 8 P I÷  P O/b8 
M J 1260 .0  6 .0  JOHNSON 68 HBC 3 .T -6 .2  P l -  P 7 /69  
N J JOHNSON 68 INCLUDES BONDAM 68,  LEE 661DERADD 65 ,  EISNER 67 .  
M 1275 .0  13 .0  ARMENISE TO HBC 9 P I+  N - -  F P 1/71 
M 1278 .0  T.O ARMENISE 70 HBC 9 P I÷  N - -  MM P 1/71 
M bOO 1275 .0  10 .0  OH 70 HBC 1 .2b  P I -  P,P F 1#71 
M E (1273 .0 )  ( 6 . 01  STUNTEBEC 70 HEC 8 .P I - -P *B*4  P I *D  11/71 
M 5300 1ZT7.O 4 .0  FLATTE 71HBC 7 .0  P]+ P 8 /71  
M E 300 (1272 . )  KFNP 72 DEC 11 .7  P I+  N 12 /72  
N ZOOO 1261 .0  IO.O JAOOBS 72 HBC 2 .8  P I -  P 1 /73  
M bOO 1258 .0  10 .0  TAKAHASHI 72 HBC 8.  P [ -  P,N 2P( 1173 
N 1200 1274.  12.  WHITEHEAD 72 ASPK 3 .1 -3 .6  P l -  P * 2 /73  
M H ( L 2 7 9 . )  ( 3 . )  HYAMS 73 ASPK O 17 P I -P ,N  P I÷P I -  1 / 74 *  
M H FROM PHASE SHIFT ANALYSIS OF GRAYER 74 DATA. 
M iZS8 .  4 .  GRAYER 76 ASPK O 17 P [ -P ,N  P I+P I -  2174 .  
M 
M E EVIDENCE FOR A STRUCTURE CLAIMED 12172 
M T ERROR INCREAEED BY US. SEE TYPED NOTE ON K* MASS. 
M . . . . . . . . .  
M AVG 1267 .2  2 . 2  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .B )  

(SEE IDEDGRAN BELOW } 
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Data Card Listings 
For notation, see key at front of Listings. 

WEI6HTEO RUERREE - 1 2 6 7 . 2  • 2,2 
ERROR SCRLEO BY 1 . 2  

1 2 4 0  1 2 6 0  

F MRSS ( M E U ]  

•/• CHIS@ 

. . . . . . .  5RRYER 7 4  RSPK 6 , 3  

I ~ . . . .  W H I T E H E R D  7 2  RSPK 0 . 3  

• - . ~  . . . . . .  T R K R H ~ S H I  7 2  HBC 0 . 9  

- - ' ~  . . . . . .  JRCOBS 7 2  HBC 0 . 4  
- ~  . . . . . .  F L R T T E  71  HBC S . 9  

. . . .  OH 7 0  HBC 0 , 6  

. . . .  ~ R M E N I S E  7 0  HBC 0 . 7  

I ~ ' ' . R R M E N I S E  7 0  HBC 0 , 4  

-- " ,  ~ . . . . .  JOHNSON 6 8  HBC 0 . 0  

. . . .  ~ . . . .  OOESEBECK 8 0  HBC 0 . 1  

I ~ ' - ' - ,  ~ . . . .  R R M E H I S E  8 8  DEC 0 . I  

. . . . .  ~ . - . R R ~ E N I S E  6 8  OSC 1 . 6  

. . . .  6 7  HBC O j 6  
I " ~  1 6 . 8  

' I C D N L E U  
1 2 8 0  1 3 0 0  t 3 2 0  = O . 1 S S )  

5 F WIDTH (NEVI 

W (IO0.O) (25.0} SELOVE 62 HBC 3 .0  PI-P 
w 1416 ( 9 9 . 0 )  ( 1 0 , 0 )  JACOBS 66 HOE 2-3 P I -P ,T  CUTE0 10E67 
W 155. 17. RABIN b7 HBC 8.5 P i t  P 9167 
W T T 1960 216. 20. ABMENISE 68 DBC 5.1 PI+N,P El+ 0 -- 1/73 
W 360 (~BB°l  (40.1 ~RMENISE 68 DEC 5.1 PI+N,P RIO 1113 
W 128. 23. BOPSEBECK 68 HBC 8 PI~- P 6168 
W J 176.0 10.0 JOHNSON 68 HBC S . 7 - 4 .  E P I -  P 7169 
w J JOHNSCN b8 INCLUDES BONDAR b3, LEE b4, DERADO bS, EISNER 67.  
W 131.0 2S.O APNENISE 70 HBC 9 PI+ N - -  MM P 1/71 
w T 173,0 25.0 ARMENISE 70 HBC 9 PI+ N - ~  F P 2/74~ 
w T E 600 180.0 20.0 OH 70 HBC 1.26 PI- PtP F 2174~" 
W (196.0} (LB°Ol STUNTEEEC TO HBC B.PI-P,S.4 PI÷O 1 1 1 7 1  
w 5300 183.0 tS.O FLATTE 71 HBC 7.P I+P,DELTA÷÷F 1171 
W E 300 (143.) KEMP 72 OBC 11.7 PI+ N 12/72 
W 2000 [ 3 0 . 0  25.0 JACOBS 72 HBC 2.8 P I -  P 1/73 
w T 600 166,0 28.0 TAKAHASHI 72 HBC 8.  E l -  P,N 2PI 1/70 
W 1200 ( 2 1 7 . )  ( 2 4 . I  WHITEHEAD T2 ASPK 3 . 1 - 3 . 6  P I -  P l 2/73 
W H (202.) (6,)  HYAMS 73 ASPK 0 17 PI-P,N PI+Pl- l i T 4  e~ 
W H F¢~OM PHASE SHIFT ANALYSIS OF GP, AYER 74 OATA, 
w 192. 9. GRAYER 74 ASPK O 17 PI-P,N RI+PI- 2174, 
W 
w E EVIDENCE FOR A STRUCTUre CLAIMED 
W T ERROR INCREASFD BY US, SEE TYPED NOTE ON K@ MASS. 
W . . . . . . . . .  
w AVG 172.5 8 .4  AVERAGE (ERROR INCLUOES SCALE FACTOR OF 1.7)  

(SEE IDEOGRAM BELOW I 

14EI6HTEO RUERRBE = 1 7 2 . 5  * B , 4  

ERROR SCRLED BY 1 . 7  

C H Z S g  

. . . . . . .  6RRYER 7 4  RSPK 4 . 7  

~ ~  . . . . . .  TRKRHRSHZ 7 2  HBC 0 . 1  

. . . . . .  JRCOBS 7 2  HBC 2 . 9  

. . . . . .  F L R T T E  7 1  HBC O,S  

. . . . . .  OH 7 0  HBC 6 . 9  

. . . . . .  R R M E H I B E  7 0  HBC 0 . 0  

. . . . . .  RRMENISE 7 0  HSC 2 , B  
. . . . .  JOHNSON SO HEC 0 . 1  

• ..BOESEOECK SO HBC 3 . 7  

• ' R R M E N I S E  6 8  DEC 4 , 7  

. . . . . . . .  RRBIN 67 HBC 1 . ~  

( C D N L E U  
GO 150 2 5 0  3E0 = 0 . 0 0 2 )  

F WIOTH ( M E U I  

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

5 F PARTIAL DECAY MODES 

DECAY MASSES 
Pl F INTO Pl P} 139+ 139 
P2 F INTO 2El+ 2PI- 139+ 139÷ 139+ IS9 
P3 F INTO K KBAR 4RT+ 497 
P4 ; INTO K KEAR Pl 497÷ 497+ 139 
P5 F INTO ETA PI PI 848+ 139÷ 139 

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

5 F BRANCHING RATIOS 

R10 F PARTIAL WRVE ( I . E .  I = l ,  JP=2+) ANPLITUDF AT F RESONANCE 
R1D HE TABULATE X = 112 ( !  + ETA). THIS SHOULO BE Pl PI FRACTION 
RIO FOR PURE BW WITH NO SACKGP~(JND. 
RID 600 O.B 0.04 OH 70 HBC 01.26 El-  P,P F 1/71 
REO 2SO 0.85 O.OS BEAUP~E TI HSD OB PI+ PeOELTA÷+F 1771 
RIO O.B4 0,02 HYAME 73 ASPK 0 17 PI -P tN  P I ÷ P I -  1/74= 
RIO . . . . . . . . .  
~IO AVG 0.834 0,017 AVERAGE (ERROR INCLUDES SCALE FACTOR OF L,O) 

Mesons 
Kt27o) 

F INTO (2El+ 2PI-) I (El El l  (P2II(P1) 
ASCOLI 68 SUGGEST DECAY IS MAINLY RHD-RHO, 115 OF WHICH YIELD 2El+ 2Pl 

O,OB 0.06 B(~NOA~ 63 HBC 4 . 0  9 I -P  
00 0,04 0.05 CHUNG 65 HBC 3.2 PI-P 

CORRECTED BY O.DAHL 11/7I 
QI 50 0.07 0.04 AECOLI 68 HBC E El-  P 6/68 
~1 0.022 O. O4E 0.022 BAROAOIN 7 l  HBC 8. PI÷ P 2/72 
RI 0.047 0.013 DH 70 HBC l *Eb  E l -  P,P F 2/73 
R1 154 0.037 0,007 6NDEPSON 73 ~BC 6 .  PI+N,P FO 1174" 
~I (0 .0350( '~  LESS C.L,=.gO BOGG 73 DEC B. RI+N,P 80 11745 
R1 285 O.ObS 0.010 0.017 LCUIE 74 HBC 3.0 P I -  P 1/74 ~= 
RI . . . . . . . . .  
RI AVG 0.0439 0,0057 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.O} 

R2 F INT~ (K KB6RI / (PI  PI)  ( P 3 ) / ( P l l  
R2 DETERMINATION DIFFICULT BECAUSE PROXIMITY O~ A2 WHICH HAS SAME 
R2 NEUT~,~L (K ~BAR} MODES. S|HCE INTErFErENCE MAY BE C~NSTROCTI~E 
R2 OR DESTRUCTIVE, EVEN UOPER LIMITS ARE DUBIOUS, 
~2 SOME UPPER LIMITS IX OR LESS} HAVE BEEN PUNCHED AS (0 ÷-X} 
RE (0.00) (0.09) BARMIN 65 HLBC 2.8 El- 2/73 
~2 (O.O0} (0.16) WANGLEq 65 MBC 0.0  Pl-P 2170 
R2 PROBABLY SEEN BARLOW 67 HBC 1.2 PEAR P.-KIKI 11/66 
R2 (0 .047 ]  (0.012)+ SYST. BFUSCH 67 OSPK 5 , 7 , 1 2  PI-P . 9167 
P2 D 0.05 0.05 OA~L 6T HBC 1 . 6 - 4 . 2  E~- R LOlb6 
R2 0 CORRECTED BY O.DAHL 11171 
RE A [0,031) (O,OIZ} ADERHOLZ 69 HBC 8 PI+ P,K+K-PI- 8/69 
R2 A KeK- PEAK IS AT ABOUT 1260 M~V WHILE [KKBAR}+ PEAKS AT 1320. 
R2 A ALSO (CRDSSSPCTION~BRANCHING RATIO) FOR A2 IS SMALL. 
R2 ( 0 , 0 6 )  ( 0 . 0 2 }  OH ¥0 HBC 1.28 P I -  P,P F 1/78 
R2 L (O.OT) OR LESS CL=.95 AGUILAR TE HBC 3 . 9 , 4 . 6  K- P 12/72 
R2 L 0 .0  0 .04 LIMIT #~BDVS RESTATED FO~ AVERAGING 12/T2 
R2 L SMRLL (CROSS SECTION*BQ&NCHING RATIO) FOR A2 12172 
R2 0.13 O.OS BISWAS 72 HBC 18.5 El+- P 1/73 
R2 (0,02} OR LESS CL=,85 WHITEHEAD 72 ASPK 3, I -3 .b  PI -  P 12172 
R2 0.03 O. OE TOET 73 HBC 5 PI+P,P PI+ FO 1174" 
RE 
R2 AVG 0.036 0.025 AVERAGE (ERROR INCLUDES SCALE FACTOR DP 1 .5 )  

(SEE IDEOGRAM BELOW } 

U E I E H T E D  RUERgEE - 0 . 0 3 8  * 0 , 0 2 5  
ERROR SCRLED 8 Y  1 . S  

t C H I B R  
. . . . . . . . .  T [ }ET 7 3  HBC 0 . 1  

\ - ~ - - - i ~ "  " .BISURS 72 HBC 3 . ~  
• ~ T  RBOUE RESTR O.B 

4 . 4  

(CONLEU 
0 . 0  0 . 1  0 , 2  0 . 3  = 0 , t 0 9 )  - 0 . 1  

F I N T O  ( K  K B R R ) , ' [ P I  P I }  

R3 F INTO (KO K- PI÷ AND C.C,)/(PI El) (P~)I(Pl)  
P3 (0,07) OR LESS CL=.95 AGUILAR 72 HBC 3.9,4.6 K- P 

F4 ~ INTO (ETA PI P I I / ( P I  PI I  ( P S } / ( P I }  
~4 ( 0 . 1 9 )  OR LESS CL=,95 AGUILAR 72 HBC 3.9,4.6 K- P 

QErFRENCES FOR F 

SELOVE 62 PRL 9 272 
EONDAR 63 PL 5 153 
GUIRBGOS 63 PRL I1BS 
HAGOPIAN 63 PRL tO 533 
VEILLET 68 PRL 10 29 

AOERHOLZ 64 PL 10 240 
BRUYANT 64 PL 10 202 
LEE 64 PRL 12 342 
EODICKSO 66 PRL '|2 485 

BARMIN 65 SJNR I 230 
BARNIN 65 EJNP L 623 
CHUNG 68 PRL 15 325 
DERAO0 65 PRL 14 872 
GUI~AGOS 65 PAl I I  85 

12/72 

12172 

SELOVE,HAGOPIAN,ERODY,BAKER,LEBOY IPENN} 
BONDAR+ (AACHEN÷flIRM+BONN+DESY+LOIC+MPIM} 
Z*G.T. GUIRAGOSSIAN (LRL) 
v HAGOPIBN,W SELOVE (PENN} 
VEILLET,HENNEESY,BINGHAM,BLOCH+(EPOL+NILAN) 

ABCHEN~BERLIN~BERLIN~BONN~HAMBURG~LOIC~MPI IJ 
BRUYANT,GOLOBERG,HOLOER,FLEURY+ (CERN+EPOL) I 
LEE,ROE,SINCLAIR,VANOERVELOE (MICH) 
SODICKSON,WAHL(GtMANNELLI,FRISCH+ (MIT} I 

÷OOLGOLENKO,ELENSKY, EROFEEV+ (ITEP MOSCOW} JP 
+DOLGOLENKO+EROFEEV+KRESTNIKOV+ (ITEP NOSCJ 
CHUNG*DAHL,HARDY*HESS*JACOB$tKIRZ (LRL) 
DERADO,KENNEY,POIRIER*SHEPHARO (NOTRE DAME( 
Z G T GUIRAGOSSIAN (LRL} 

WANGLER 65 PR 137 B 4L4 T P WANGLER,A R ERWIN,W WALKER (WISCONSIN) 

ACCENSI 66 PL 20 537 
JACOBS bb UCRL-16877 
WAF~LIG 66 PR 147 941 

BARLOW 67 NC 30A 701 
EEUSCH 67 PL 2S B 351 
OAHL 67 PR 163 1077 
EISNER b7 PR 164 1699 
POTRIER 67 PR 1A3 I462 
RABTN b7 THESIS 

ARMENISE 68 NC 54 A 999 
ASCOt} 68 EEL 2 l  1TI2 
EOESEBEC 68 NP B 4 SOl 
POSTER 68 NP B 6 lOT 

ACCENSI,ALLES-BORELLI,FRENCH,FRISK+ (CERH} 
L,O.JACOBS,THESIS (LRLI 
+SHIBATAtGORDONeFRISCHtMANNELLI (MIT÷PISA} J 

+LILLESTOL÷MONTANET÷ ICERN+CDEF+IPAD÷LIVP} 
+FISCHER,GOBBItASTBURY+ (ETMZ+CERN) 
+HAROY÷HESS+KIRZ+MILLER (LRL) 
+JOHNEON+KLEIN+PETERS+SAHNI+YEN+ (PURDUE} 
+BIEWAStCASON,OFRADO,KENNEY+ (NDAM+PENNI 
R. RAB1N (RUTGERS) 

+FORINO+CARTACCI+ (EARI+BGNA+FIRENZE+ORSAY] 
G.ASCOLI,H.B.CRAWLEY,D.W.MORTARA,+ (ILL} 
BOESEBECK,DEUTSCHMANN,e(AACHEN÷BERLIN÷CERNI 
÷GAVILLET÷LABROSSE÷MONTANET+ (CERN÷CDEFI 

JCHNSON 68 PR 17b I051 +POIRIER,BISQAS,GUTAY+ (NOAM+PURO+SLAC} 
ALSO 63SON0~,  LEE 64, DE'ADO bS* BISNE~ BT 

LANSA 68 PR 16b 1395 ÷CASONeBISWAS+DERAD~eGROVESe (NOTREOAME) 
ALSO 6T POIRIER 

WHITEHEA 68 NC S3A 817 ÷NCEWEN,OTT,AITKEN+ (AERE+SHMPeLOUC) 



Mesons 
A (1310) 

ADEEHnLZ b9  NP B 11 25g 
AOUILAR- Bq PL 29 B 241 
A~MFNISE 69 LNC 2 501 
CASO 69 NC 62 A 7S5 
9~NALD 69 NP B 11 551 

~OUILAR 70 PRL 25 58 
A&~NISE 73  ENC 4 I99 
EADIFR 70  NP B 22 512 
OH 70 RR 0 I 2496 
STUNT~BE 70 Pt 32 B 391 

~A~nADIN  71 PR 04  2711  
BEAUPRE 7 l  NP B E8 77  
FALSER 71NP B 29 237  
~L~TTE 7I PL 34 R 55I 

AGUILAR 72 PR D b 29 
BISWAS 72 PR D 5 1564 

+BARTSCH,+ (AACH+BERL+CERN+JAGL+WARSI 
M.AGUIL6R-BENITEZ,J.BARLOWt÷ ICERN+CDEFI 
+GH[DINI,F~RiNOtCARTACCI÷ (BARI+BGNA÷FIRZI 
÷CONTE,B~NZ~÷ (GENP+DESY÷HAMB+MILA÷SACL) 
÷EDWARDS.BUaAN,BETTINI,+ (LIVP+OSLO÷PADO) 

AOUILA~-BENITEZ*BARNBS,BASSANO,÷ IBNL+SYRAI 
• GHIDINI,FDPING,CARTACEI,+ (BAEI+BGNA+PIPZI 
÷BDNNET,DREVILLDN,BAUEILLIER,+ (EPOL÷IPNPl 
+~AREINNEt,MORSE,WALKER,PRENTICE(WISC÷TNTOJ) 
STUNTEBECK.NENNEY,DEERY~BISWAS,CASDN+INDAM) 

BARDANIN-OTWINOWSKA,HOFMOKL~+ (WA~S) 
~DEUTSCHMANN,GRAESSLER,÷ (AAEH÷BERL+CERN) 
+DE ~INTO,BISWAS,EASON,OEERY,KENNEY~+(NOAMI 
+ALSTON-GARNJOST,BARBARO-GALTIERI,÷ { LBL )  

AGUILAR-BENITEZ,CHUNG,EISNEP,SAMIDS (BNL) 
+CASON,HARRINGTDN*KENNEY,SHEPHABD (NOAMI 

FCGLI 
GRAYER 
JACOBS T2 PR 0 6 1291 
KEMP 72 NC 8 A 611 
SCARROTT 72 LNC 3 2T1 
TAKAHASH 72 PR D 6 1266  
WHIT~HE~ T2 NP B 48 365 

=NDERBON 7E PRL 31 562 
BUGG 75 PR 0 7 3264 
EHARLESW 73 NR 5 65 25S 
HYAMS T3 NP B 64  134  
TOET 73 NP R 63  248  

GRAYE~ 74 NP 
LOUI~ 74  P t  

72 NC B A 670 FOGLI-MUEIACEIA,PICCIARELLI IEARII 
72 PH]L.CONF.PRCE. 5 +HY~MS,J~NES,SDHLEIN.BLUM,DIETL+ICERN÷MPIM} 

L .O .JACORS (SACLAY)  
+M&JOqDCONTRI,+ (DURH÷GENO+MILA+EPOL+LPNPl 
SCARROTT,KEMP IDURHAM) 
TAKAHASHI,BAR[SH,÷ {TOHO+PENN+NDAM+ANLI 
WHITEHEAD,AULD,÷ (AERE+RHELeSHMP+LOUC) 

+ENGLER,KPAEMER,TOAF,DIAZ,+ (CARN+CASEI  
+CONDO*HART,COHN,ENOORF,÷ [TENN+ORNL÷CINB) 
CHARLESWORTH,EMMS,EELL,÷ (RHEL+B[RM+DURH) 
+JONES,WEILHAMMER*BLUM,DIETL,+ (CEBN÷MPIM] 
+THUAN,MAJOR.RINAUOD,+(NIJM÷BDNN+DURH+TORI) 

G.GRAYER,HYAMStBLUM,DIETL,+ IEERN+MPIM) 
+aLITTI,GANDOIS,WALLET,+ (SACL+CEENI 

8 D ( 128S .JPG = + )  I =0 
E - -  - -  B 

I D ( 1 2 8 5 )  I , . . . . . . . . . . . .  . . . . . . . . . . . .  
I | 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M (1290.) APPROX* E~RLOW 67 HBC 
M 128E.O ~.0 DAHL 6? HBC 
q 1290. 7. D.ANOLAU 68 HBC 
M ( 1310 .0 )  DEFOIX  68 HBC 
M 1270.0 IO.O CAMPBELL 69 DEC 
M 1285 ,  7. LORSTAD 69 HEC 
M 1303 .0  B.O BARDADIN 71 HBC 
M 1285.0 6.0 BOESEBECK 71HBC 
M 150 [ 292 .  IO. DEFOIX 72 HBC 
M 180  1296 .  3 .  OUBOC 72 HBE 
M S 500(1280.) ( 3 . )  THUN 72 MMS 
M S S~EN IN THE MISSING MASS SPECTRUM 
M . . . . . . . . .  
M AVG 1286 .1  2 .2  

1.2 PEAR P,  4PFS 5167  
1.6-4.2 PI -  P 10 /66  

1.2 PBAR P, 5-6 PFS 626B  
1 .2  PB P,7 PI 3 /69  
2 .7  P I+  D 8/69 

O.T PB P ,  4 , 5 -BODY 9/69 
B PI+  P ,  P÷6P I  9/69 
l b .O  P I  P ,5  P l  6 / 71  
O . T  PEAR P ,7  PI 1173  
1 .2  PBAR P ,2gAP l  12 /72  
13.4 P I -  P 12 /72  

12/72 

AVEPAGE [ERROR INCLUDES SCALE FACTOR OF 1.1) 

8 B WIDTH INEV] 

W U R (35.0I  l iD.O) OAHL 67 HBC 1.6--4.2 PI-- P 11/?I 
w 46 .  20 .  D .ANDLAU 68 MBC 1 .2  PEAR P,  5 -6  PFS 2272  
w U UNFOLDED BY DOBRZYNSKI Tl 
W R (40 .0 )  DBFOIX  68 HBC 1 .2  PB P ,T  P l  11 /71  
w 30.0 15.0 CAMPBELL 69  OBC 2.7 PI+ D B/69  

LORSTAD 69 HBC 0.7 PB P, 4IS-BODY 11171 W R (6O.I (15.)  
W Q (44.0) { 24 .01  BARDAD]N 71HBE B PI+ P,  P÷6P I  l l / ? l  
w 10.0 10.0 BOESEBBCK 71HBC 16.0 PI P,5 Pl b /7 l  
w R 150 (28 .1  ( 5 . )  DE~OIX 72 HBC 0 .7  PBAR P,7  P 9  1 /73  
w R 180 (46 . I  (9 . )  DUBOC 72 HBC 1.2 PBAR P,2KWPI 12/72 
W S 500  (37 . I  IS . )  THUN 72 MMS 13 .4  P l -  P 12 /72  
w S SEEN IN THE MISSING MASS SPECTRUM 12 /72  
w R RFSOLUTION NOT UNFOLDED 11 /71  
w . . . . . . . . .  
w AVG 20.6 9.6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .3 I  

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

9 D PARTIAL  DECAY NODES 

DECAY MASSES 
~ I  D INTO K REAR P I  497÷  697+  134  
R2 D INTO PI  PI RHn 134+  134÷ 770  
P3 O INTO ETA P I  PI $48+ 134÷  134  
P4 O INTO DELTA P I  976÷  134  
P5 D INTO 2PI+ 2P I -  139+ 139e 139+ 139 

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

8 D BRANCHING RATIOS 

~I o INTO (P I  P l  RHO) I (K KBAR P I I  (PZ I I IP I )  
RL (2 .0 l  OR LESS DAHL 67 HBC CHARGED P l  ONLY 10 /66  
R I  O (4.0) OR LESS DONALD 69 HBC 1.2 PEAR Pt5P • o 
RI 0 THIS IS FOR (RHDO PI+  PI - - I I IK  KBAR PIOI 

R2 0 INTO (K  KBAR P I ) / (ETA  P l  P l )  (P I l l (P3 )  
D2 K R O . l bb  0 .055  OEEOIX b8  HBC 1 ,2  PDAR P 1173  
"2  R REVISED BY DEFOIX 72 
~E 0 .16  0 .08  CAMPBELL 69  DEC 2 .7  P I+  0 1 /73  
a2  K 0 .20  0 .08  OEFOIX 72 HEC 0 .7  REAR P ,7  P I  1 / 73  
R2 K K KBAP SYSTEM CHARACTERIZED BY THE I=1 THRESHOLD 
R2 K ENHANCEMENT [SEE UNDER DELTAI970)). 
• 2 . . . . . . . . .  
R2 AVG 0.173 0.039 AVERAGE (BRROR INCLUDES SCALE FACTOR OF 1 .O I  

~3 O I N T ~  (DELTA P I ) / IETA  P I  P I )  (P4 I / |P3 I  
R3 POSSIBLY SEEN AMMAR 70 HBC 4 .1 ,5 .5K - ,ETA  5 /T0  
RB POSSIBLY SEEN OTWINOWSK ?O HBC B El+ P, P÷6PI 9169 
R3 (0 ,8 )  ( 0 . 2 )  DEFOIX 72  HBC 0 .7  PEAR P ,7  P I  • 1 / 73  

~ 4  O INTO (ZPI + 2PI- IINCL. BHO PI  PI)) / (ETA El+ P I - )  
q4  IP5 ) / ( 2 / 3P31  
R4 50 (0.55] OR MORE BOESEBECK 71HBC lb .  PI+-- P.P 5P I  11/71 

9O 

Data Card Listings 
For notation, see key at front of Listings. 

O.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 68 OL 28 B 353  

CAMPBELL 69  PRL 22 1204  
DONALD 69  NP S 11 551 
LORSTAO 6 9  NP B 14 6 3  
OTWINOWS 69 EL 29 B 529 

AMMAR 70 PR D2 430  

BARDADIN 7 l  PR 04  2711  
BCESEBEC 71PL  34 B 6S9 
DOBRZYNS 71 PRIV.COMMUN. 
GOLDBERG 71LNC 1 627  

BERENYI 72 NP B 37 621  
CHAPMAN 72 NP B 42  1 
DEFDIX  72 NP B 44  12S 
OUBOC 72 NP E 46  428  
?HUN 72 PRL 28 1733  

REFERENCES FOR O 

÷BARLONtADANSON,+ ICDEFeCERN+IRAD+LIVP) 
+CHUNG,DAHL ,HESS.HARDY,K IRZ ,~  (LRL+UCE)  
÷MONTANETtO-&NDLAU+ (CERN+CDEF÷ IRAD+L IVP I  
+HAROY+HESSeKIRZ+MILLER (LRLII JP 
+ASTIER,BARLOW+ ICOEP+CERN+IRAD+LIVPII JP  
eaIVET,SIAUO,CONFCRTO+ [CDEF+IaNa+CERNI 

eL ICHTMAN,÷  (PURD) 
+EDWARDS,BURAN,BETTINI,+ (LIVP+OSLO÷PADGI 
B.LORSTAD,D.ANDLAU,ASTIER,÷ (CDEF+CERN} JP 
S.GTWINOWSKI (WARSAW) 

+KROPAC,DAVIS,DERRICK+ (KANS+NWES÷ANL+WISC) 

BARDADIN-OTWINOWSKA,HGFMOKL,MICHEJDA+(WARS) 
(AACH+BERL+BONNeCERN÷CRAC÷HEID+WARSI 

L.DDBRZYNSKI (CERN+CDEF) 
÷MAKOWSKI,TOUCHARD,DDNALD,÷ (IPN÷LIVPI JR 

+PRENTICE,STEENEERG,YOON,NALKER (TNTO+NISC I  
÷CHU~CH*LYStMURPHY,RINGtVANDER VELDE (MICH) 
÷NASGIMENTO, BIZZARRI,+ (CDEF+CERN) 
÷GOLDBERG,MAKOWSKI,DONALD,+ ( LPNP+L IVP)  
÷BLIEDEN,PINOCCHIARO,BOWEN,+ (STON+NEAS) 

1 (131o) 112 A2, . . . . . . .  G.2-, ,=1 

We list the A 2 as an ordinary Breit-Wigner 

resonance. For discussion of the reported splitting 

see our April 72 and April 73 editions. 

l Z  A2 MASS IMEVI, 3El MODE 

M (IE2O.O] ADERHDLZ 64 HBC 4.0 PI+P 
M 1335.0 lO.D GDLDHABER 64 HBC +- 3.7 El÷- P 
M 130(1310.01 FORINO 65 DEC + 0 4.S P I+D 10/66 
M E625  1290 .0  ( 5 . 01  LEFESVRES 65 MMSP 5 .6 .6 .0  P I -P  1 /73  
M 11300.0) 5EIOLITZ 65 DEC - 3.2 PI -D  6 /66  
M I L290 .O)  ( lO .O |  BARNES 66 HBC - 6 ,D  P I -P  2 /7S  
M 1310.0 [O.O BENSON 66 DBC O S.bS PI+D 6/66 
M 1060  1286 .  18 . )  LEVRAT 66  MMS - 6 -7  El -  P 1173  
M 4000  1307 .  l b .  CH IKOVANI  67  NMS T P l -  P B /6T  
M 260  I 311 .0  6 .0  ARMENISE 68  DBC O S .1  P I+D  9 /67  
M 120 1320. TO. BOESEEECK 68 HBC O E El+ P 6/68 
M O (1310 . I  I 20 . )  CHUNG 68  HBC - 2 . 7 -4 .5  P I -  P 5168  
N (E3Ot .O ]  [ 8 . 0 I  VON KRDGH 68 HBC 6 .7  P I -  P 9 /68  
M A (13DO.O) I4.01 JUNKMANN 88 HBC 16. PI -  P, 5PI I / IS  
M A ( I 299 .1  114 . )  LAMSA 68  HBC 8 P I -  P 1171 
M 0 ([295.0) (20.0) ANDERSON 69 MMS 16 PI-  P,BACKW9 8/69 
M A 241 (1209 .0 )  (12.0) ARMENISE 69 DE~ + 5 .1P I÷D ,3P I÷+ -  5/70 
M 1310 .0  14 .0  EISENBERG 89 HBC ÷ 4 .31S .3  GAMMA P 12 /69  
M L30S .  ( 3 . )  ASCOLI  70 HEC - 5 - 7 . 5  P l -  P 1 /71  
M 941  1306 .0  4 .0  ALSTON-GA TO HBC + 7 .0  P IeP ,3P I  P L /71  
M 2BO 1313 .0  7 .0  BOCKMANN 70  HBC 05 .  P I+P  5 /70  
M A 58111288 .0 )  ( 10 .0 )  CASO TO HBC - l l . 2P I -P ,P I  RHO 1 /73  
M 133S.0 E5.0 OIAZ 70 HEC ÷- O. PeAR P, 4 PI 5/70 
M D KI330.O) (15.0] GARFINKEL 70 OBC - 4.5 K-D,LAMBDA 1/71 
M (1274 .01  (Z2 .01  GORDON 70  DBC 0 4 .2  P I+  O . 1171  
M 360  130~ .0  4 .S  BARNHAM 71HBC + 3 .7  Pie P , ( 3 P I ) ~  11 /71  
M I0000 1307. 5. BINNIEI 71MMS - PI-P NEAR A2 THE 11/71 
M 5000 1309. 5. BINNIEI 71MMS - PI-P NEAR A2 THR 11/71 
M 28000  1299 .0  6 .0  BDWEN 71MMS 5 .  PI -  P l L / 7 L  

M 24000  1300. 6.0 BOWEN 71MMS + 5. El+ P E l / 71  
M 17000  1309 .0  4 .0  BOWEN 71MNS - 7 .  P l -  P 11 /71  
M 160 1307 .  7 .  BLOODWORT 72 HBC • 5 . 45  P I+  P ,P  EPI  1 / 73  
M P 1S15 .  5 .  ANT IPOVI  7S CNTR - 25 . , 40 .  P I -  P 1 /74 t  
M 1S80  1306 .  9 .  CHALOUPKA 73 HBC 3 .9  P I -  P ,P  A2 2E73  
M 
M 0 ONLY EXPERIMENTS G IV ING ERROR LESS THAN 20 MEV KEPT FOR AVERAGING 12 /72  
M D MAY BE DIFFERENT OBJECT,  ALTHOUGH JPE=2++ .  COMPARE CRENNELL 69 .  
N A ANALYSIS COMPLICATED BY NEARBY PEAK (A l . 5 I  AND/OR AI  
M P FROM A FIT TO JP=2+ RHO PI 
M . . . . . . . . .  
M AVG 1308.5 1 .6  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.11 

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

12 AZ MASS (MEVI, K KBAR MODE 

MK 80 (1317 .0 )  ( 3 . 01  BARLOW 61  HBC + -  1 . 2  PEAR P ,  KK . 2 / 72  
MK 60  1333 .0  13 .0  BARLDW 67 HBC 1 .2  PBAR Pe KK 9 /67  
MK N [1344 .0 }  ( 7 . )  ( 6 . )  BBUSGH 67 DSPK O 5 -12  P I -P ,K IK I  11171  
MK 130 1280 .0  12 ,0  CONFORTO 67 HBC + -  O. PBAR P IN KK.  9 /67  
MK 1317 .2  4.0 DAHL 67 HBC - 2 .7 -4 .5  P l -  P 8167  
MK N (1315 .T )  ( ] 0 . 81  DAHL 67  HBC O 2 .7 -4 .5  P l -  P 11 /T1  
MK N (1311 .0 )  ( 5 . 0 )  CRENNELL 68 HBC O 6 .0  P I -P ,K1K1  11 /71  
MK 12 (131S .0 )  ADERHOLZ 69  HBC + 8 P l+  P,K+KO 8 /B9  
N K  132 1301 .0  7 .0  ALSTON-GA ?O HEC ÷ 7 .0  P I÷P ,K+KS  P 1 /71  
MK 190  I 3 IB .O  7 .0  CRENNEL 71 HBC -- 4 . 5  P I -  P ,KSK-P  11 /71  
MK S 1S00  1319 .0  3 .0  GBAYER 71 ASPK 17 .2  P I -P tK -KS  P 2 /72  
MK 730  1313 .0  4 .0  FOLEY 72  CNTR - 20 .3  E l -  P tK -  KS 12 /72  
MK 
MK S N THE NEUTRAL MOOB CAN [NTERPERE WITH THE F MESON 
MK SYSTEMATIC ERROR IN MASS SCALE SUBTRACTED 
MR . . . . . . . . .  
MK AVG 1E15.0 3.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.7) 

(SEE IDEOGRAM BELOW ) 



9t  

Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
A e ( 1 3 1 0 )  

UEIAHTEO RUERRAE - 1 3 1 5 . 0  t 3 . 1  
ERROR SCRLED BY 1 . ?  

TT'/ CH~SR 
. . . . . .  FOLEY 72 CNTR 0 . 2  

I ~ . . . . . .  6RRYER 71 RSPK 1 . B  
J / ' ~  . . . . . .  CRENNEL 71 NBC 0 . 1  

- ~ t  1"1 . . . . . .  RLSTOH-eR 70 NOC 4 . 0  
/ ~ - t  . . . . .  DRHL S? HOC 0 , 3  

I ' J ' t ' ~ '  . . . .  COHFORTO S Z H S C  e . s  
l ~ 

• ~ R R L  DU S? HBC 1 . 9  
1 6 , 0  

(CDNLEU 
1 2 4 0  1 2 0 0  1 3 2 0  1 3 6 0  1 4 0 0  " 0 . 0 1 0 )  

R2 I IRSS ( r l E U I  i K KERR flOOE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . _ _  

12 A2 MASS (MEV)~ ETA PI MOOE 

N 189 1312.0 T.O ALSTON-GA 70 HBC + 7 .0  P I÷PtP l  ETA 1/71 
N 1300.0 20.0  CASO 70 HBC - 1 1 . 2 P I - P , P I  ETA 0170 
N 32 1300.0 8.  OZIERBA 70 HBC 8. E l -  Peel ETA 1170 
N 30 128E. 7. JOHNSTON 70 HBC - T .P I -P tP I -ETA  P 1/71 
N 1320. 20. ESPIGAT 72 HBC ÷ O.PBAR P,ETA 2RI 11/71 
N 1000 1023. 8. KEY 73 OSPK 6 . P I - P , P  PI-ETA 1/761 

M 6EOO(13EA,) (R . )  CONFORTO 7S OSPK 6 . P I - P , P  MN$- 1/T4~ 
N MISSING NASS WITH ENRICHEO NNS-ETA E l - ,  ETA : 2 GAMMA 

N . . . . . . . . .  
M AVG IBOE.B 5 .8  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .6 )  

(SEE IOEOGRAN BELON ) 

UEZGHTEO RUERRSE m 1 3 0 5 . 3  • E . 8  

ERROR SCRLED BY 1 . ( ;  

C H I S S  

. . . .  KEY 7 3  OSPK 4 . 9  

. . . .  ESPZBRT 7 2  HBC 0 , 5  

. . . .  J O H N S T O N  7 0  HBC S . 1  

~ - "  " . O Z I E R B R  7 0  HOC 0 . 4  

~"  • 'CRSO ? 0  HBC 0 . 1  

• ~ , , . ~ S T O H - S R  ? 0  NBC Q . ~  

t 3 , 0  
t l 

1241 1 2 0 0  1 3 2 0  1 3 6 0  1 4 ( ) 0  I CONLEU 
" 0 . 0 2 4 )  

R2 I IRSS ( N E U )  , ETR P I  t lDOE 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12 A2 NIOTH (NEV).  3Pl MODE 

( lOO.O) AOERHDLZ 66 HEC 4 .0  PI÷P 
90 .0  10.0 GOLOHABER 64 HBC ÷ -  3 .7  E l + -  P 

142S 9q .0  ( l E . O )  LEFEBVRES 65 HNSP - 6 . 0  PI -P 1173 
(140 .0 )  SEIOLITZ 65 DeC 3 .2  PI-O 6•66 

( 7 0 . 0 )  ( 1 0 . 0 )  BARNES 66 HBC - 6 .0  PI-P 2 /73 
100. 1E. eENSON 66 DRC 0 3 .6e PI÷D 1/67 

1060 98.  (5 .1  LEVRAT 66 NHS - 6 ,?  E l -  P 1173 
4000 90 .  15. CHIKOVANI 67 NNS 7 P I -  P 8167 

260 96 .0  16.0. ARNENISE 68 DRC 0 5.1 RI÷D 9 /67  
O0 120 ( 5 6 . )  ( 2 1 . )  EOESEBECK 68 HeC 0 8 PI÷ P 1/73 

( e o . )  ( 2 0 . )  CHUNG 68 HBC - 2 .7-4oB E l -  P E/68 
( 4 0 . 0 )  ( 2 6 . 0 )  VDN KROGH 68 HeC - 6 .7  P I -  P 9/68 

A ( 5 2 . 0 l  ( 1 6 . 0 )  JUNKNANN 68 HeC 16. El-- P. SPI 1/76 
90 .0  10.0 50.0  ANOERSON 69 NNS 16 P I -  P.eACKW% e/6R 

oAE 241 (164.0)  ( 2 0 . 0 l  ARNENISE 69 DBC + 5.1 P I÷O,3PI++-  5170 
[80.01 (S0 .0 )  EISENEERG 6R HgC ÷ A.3 ,E .B  GAMMA P 12/bR 

9A1 Tq.O 12.0 ALSTON-GA TO HBC + 7 .0  PI÷P,3PI  P 1171 
0 280 (TO.OI ( 2 9 . 0 )  BOCKNANN 70 HBC OE. PI+P 5/T0 
A EEl (135.01 ( 2 6 . 0 l  CASO 70 HBC - l l . 2 P l - P , P I  RHO 1173 
0 (RO.O) ( 2 0 . 0 )  DIAZ 70 HBC ÷ O. PB&R R, 4 P I  5/70 
D (8S .0 )  ( 8 8 . 0 )  GARFINKEL 70 Dec - 4.B K--OILAMeDA I ITL  

(215 .0 )  ( 2 2 . 0 )  GORDON 70 OeC 0 6 .2  E l ÷  D 1/71 
360 111.4 18.0 RARNHAM 71 HRC + 5 .7  E l÷  P , ( B P I ) ÷  11/71 

10000 (100* )  BINNIEI  T1 HNS - PI -P NEAR A2 THR 11/71 
5000 72 .  l b .  EINNIE1 71 NHS - PI-P NEAR A2 THR 11/71 

28000 10E.0 5 .0  80WEN 71 NNS 5.  E l -  P 11/71 
24000 9R.O 5 .0  BONEN 71 NNS + E. El+ P 11/71 
17OO0 100.0 5 .0  BDWEN ?1 HMS - 7.  P I -  R 11171 

12/72 
1 /74"  
2 l I B  

W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
N 
N 
W 
N 
N 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 0 160 17E.) ( 2 5 . )  BLOODHORT 72 HBC + 5.45 PI÷ P,P 3El 
w P 115. 15. ANTIPOVI 73 CNTR - 2 6 . , 6 0 .  E l -  P 
w 1680 99.  l B .  CHALO~)PKA 73 HBC - B.9 P I -  P,P A2 
N 
W 0 ONLY EXPERIMENTS GIVING ERROR LESS THAN 20 NEV KEPT FOR AVERAGING 
w E RAOKGRCXJND SUBTRACTION HODEL-OEPENOENT. 
W O MAY eE DIFFERENT OBJECT, ALTHOUGH JPC'2+÷.  COMPARE CRENNELL 69.  
H A ANALYSIS COMPLICATED BY NEARBY PEAK (AE.5)  AND/OR AI 
w P FROM i ; I T  TO JPI2÷ RHD Pl 
W . . . . . . . . .  
N AVG RR.T 2 .6  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

12172 
5 /70 

12 AZ NIDTH (NEV), K KBAR MODE 

NK 60 $6.0 28.0  EARLON 67 HEC +-  1.2 PeAR Pt KK 9/67 
HK 80 Sb.O 15.0 BARLOH 67 HAG + 1.2 PeAR P, KK 9/bT 
WK N (88° )  ( 2 6 . )  ( 2 2 . )  8~USCH 6 7  OSPK 0 S - t2  P I - P t K I K I  11/71 
WK 130 (90 .0 )  CONFORTO 67 HBC +-  O. REAR P IN KK 9/67 
WK 47. 18. DAHL E7 HBC -- 2 . 7 - 4 . 5  E l -  P 8/67 
NK N (80.$1 ( 3 6 . 5 )  DAHL 67 HBC 0 2 . 7 - 4 . 5  P l -  P 11/71 
NK N (21.01 ( 1 0 . 0 )  (b .O)  CR~¢HNELL 6E HBC 0 6 .0  P I - P , K I K I  11/T1 
WK 12 ( 6 4 . 0 }  ADERHOLZ 69 HEC + 8 El+ P,K+KO 8/69 
NK 132 90.0  24.0  ALSTON-GA 70 HEC + 7 .0  E[÷P,K+KS P 1/71 
NK 190 125.0 19.0 16.0 CRENNEL 71 HBC - 4 .5  P I -  P,KSK-P 11/71 
NK 1500 123.0 7.0 GRAYER 71 ASPK 17.2 PI -PtK-KS P 11/71 
WK 730 110.0 19.0 FOLEY 72 CNTR 20.8 E l -  P ,K-  KS 12/72 
RK N THE NEUTRAL MODE CAN INTERFERE WITH THE F MESON 
WR . . . . . . . . .  
WK AVG 104.2 12.1 AVERAGE IERROR INCLUDES SCALE FACTOR OF 2 . e l  

(SEE IDEOGRAM BELOW ) 

DE'rENTED RUERRAE = 1 0 4 . 2  t 1 2 . 1  
ERROR SCRLEO BY 2 . 3  

A 
CHZSS 

- -  . F O L E Y  72  CHTR 0 . 2  

. eRRYER ; '1  RePK 7 . 2  

• CREHNEL 71  HBC 1 . 4  

• R L S T n H - 6 R  70  HBC 0 . 3  

• DRHL 6 7  HBC 1 0 . 1  

• SRRLOU 6 7  HBC 1 0 . 3  

• BRRLOU 6 7  HBC 3 .  0 

3 2 . 6  

( C O H L E U  
0 E'o 100  1so  200  2s0  - 0 . 0 0 0 )  

R2 U I O T H  ( r l E U ) ~  K KSRR rlODE 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12 A2 WIDTH (MEV|, ETA PI  Mr]DE 

W 189 103.0 20.0  ALSTON-GA TO HeC ÷ 7 .0  PI+P,PI  ETA 1/71 
W (120 .0 )  CASO 70 HBC - t l . 2 P I - P t P I  ETA 5170 
N B2 ( 4 1 . 0 I  ( 2 0 . 0 )  l i b .  O) OZI;REA TO HEC - 8 .  P I -  P ,P l  ETA 11/70 
H T 80 ( 3 8 . 0 )  ( 3 0 . 0 )  JOHNSTON 70 HBC - 7 .P I -P ,P I -EVA P 1/73 
w 120. 30. ESPIGAT 72 HEC t O.PBAR PgETA 2El 11/71 
N 1000 108. 9,  KEY 73 OSPK - 6 , P I - P , P  PI-ETA 1174" 
W H 6200 ( 1 0 4 . )  (R . I  CONFDRTO 73 OSPK E .P I -P IP  NHS- 1 /74"  
w N MISSING MASS WITH ENRICHED MMS:ETA P l - ,  ETA - Z GAMMA 
W T ERROR INCPEASED BY US. SEE TYPED NOTE ON K* MASS. 
N . . . . . . . . .  
W AVG 108.1 ?.R AVERAGE (ERROR INCLUDES SCALE FACTOR 0F 1.01 

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

12 AZ PARTIAL DECAY NOOES 

DECAY MASSES 
Pl A2 INTO RHO PI 770+ 13R 
P2 A2 INTO K KBAR 493÷ 497 
P3 A2 INTO ETA RI 648+ 139 
PA A2 INTO OMEGA PI El 139+ 139+ 782 
PE S A2 INTO PI+ P I -  RIO ~XCL*RHD P l  109+ 139+ 134 
P6 S A2 INTO P(+ E l -  P I -  EXCL.RHO PI 189+ 139+ 139 
P7 S A2 INTO PI GAHHA 1 3 9 +  0 
PE S A2 INTO ETA PRIME Pl 957+ 18R 
P S SMALL, NOT USEO IN THE FIT 

F I T T E D  P A K T I A L  D E C A Y  M O D E  B R A N C H I N G  F P ~ A C T I O N S  

T h e  n ~ t r t x  b e l o w  i s  d e r i v e d  f r o m  t h e  e r r o r  m a t r i x  f o r  t h e  f i t t e d  p a r t i a l  d e c a y  m o d e  

b r a n c h i n g  f r a c t i o n s .  P i '  a s  f o l l o w s :  T h e  d i n s o n a l  e l e m e n t s  a r e  P . *  6 P . ,  w h e r e  
1 1 

6 P  i = . . ~  w h i l e  t h e  o H - d i a R o n a l  e l e m e n t s  a r e  t h e  n o r m a l i z e d  c o r r e l a t i o n  c o e f [ i -  

c i e n t s  (Ap.Apjz  } / ( 6 P . i  " 6 F j ) .  F o r  t h e  d e l e t i o n s  of  t h e  i n d i v l d u a l  P. , i  s e e  t h e  l i l t i n g s  

& b o r e ;  o n l y  t h o s e  P i  a p p e a r i n g  i n  t h e  ~ t r L ~  a r e  a s s u m e d  i n  t h e  Eft t o  b e  n o n z e r o  a n d  

a r e  t h u s  c o n s t r a i n e d  t o  a d d  t o  t .  

P 1 P 2 P 3 P 4  
P I .7155+- .0175  
P 2 - . 0 7 6 2  .OA6R+-. 0058 
P 3 - .3361  - . 1 0 8 3  .1518÷- .0120  
P 4 - . 7 6 9 9  - .  1802 - . 0 0 7 2  .0858+- .0177  

R 1 A2 INTO (K KBAR) / (RHO E l )  ( P 2 ) / ( P 1 }  
Rt {O.OB) OR LESS LANDER 64 HBC + 3.5 Pl÷P lO/bb 
RI N ( 0 . 1 3 )  ( 0 . 0 3 )  BEUSCH 67 OSPK 0 5,T~12 P I -+  9/67 
Rt N THE NEUTRAL MODE CAN INTERFERE WITH F, 
R1 11 O.Oe O.Ob 0 .00  ASCOL; be HEC - E PI-P 6/b8 
R1 0.054 0.022 CHUNG 68 HBC 3.2  P l -P  . 1/67 

DONALD 68 HeC + 1.2 PeAR P 2/72 RI ( 0 . 0 3 )  ( O . O l 2 l  
R1 S (0 .16 )  ( 0 . 0 5 )  eOCKMANN 70 HSC 0 B.O PI+P 2 /74*  
R1 S (0°07 |  ( 0 . 0 5 )  EOCKMANN TO HRC + E.O PI+P 2 /76*  
R1 S SUPERSEDED BY TOET 73 (SEE R8) 
R1 0.06 0.03 ABRANOVIC 70 HBC - 3 .93 E l -  P 1171 
R1 E ( 0 . 0 2 6 l  ( 0 . 006 )  OIAZ 70 HEC + O. PEAR P, 6 PI 11/71 
Rt E SUPERSEDED BY ESPIGAT 72 (SEE UNDER R2 AND RE) 11/71 



Mesons 
A (1310) 

R1 0.07 0.03 NEF 70 MMS - 7.0 P I -  P 6/70 
q l  )IS 0.097 0.018 ALSTON-GA 71HBC + 7.0 PI+ P 2/71 
Pl  50 0 ,056  0 .014  CHALOUPKA 73 HBC - 3 , 9  P l -  P,P A2 2 /73  
R1 
RI AVG 0 .0677  0.0089 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.03 
R) FIT 0.0685 0.0086 FROM FIT  (ERROR INCLUDES SCALE FACTOR OF 1.O| 

R2 A21NTD (ETA P I ) / (RHO Pl  ÷ K KBAR ÷ ETA P I )  (R3) / (PE+PE÷P3(  
R2 34 0 .15  0 .0A  BARNHAM 71H~C ÷ 3*7  PI+ P 11 /7 I  
R2 0 . I3  0 .04  ESP[GAT 72 HBC +- O.PBAR P, 11/TI 
R2 . . . . . . . . .  
92 AVG 0.140 0.028 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
R2 FIT 0.166 0.012 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .0 ]  

93 A2 INTO (ETA PI)o/2(RHO P l )  (P3 ) / (P1 )  
R3 OoS . ADERHOLZ 6A HBC 4,0 PI÷P 
R3 0.22 0.09 CONTE 67 HBC - 11.0 PI-P 8 /67  
R3 22 0.23 0.08 ASCOLI 68 HBC - 5 PI-P 6/68 
93 0.12 0.0E CHUNG 68 HBC - 3 . 2  P I -P  12 /66  
~3 [0.072)0R LESS DONALO 68 HBC + 1.2 PBAR P 6 /68  
R3 0.16 0 .L0  KEY 68 HBC - 3 P I -P  * l l / b7  
R3 D ( 0 . 18 (  ( 0 . 061  VETLITSKY 69 HBC 3 .3  P [ -  P 9 /68  
R3 0 .3  0.1S ABRAMOVIC 70 HBC 3 ,93  Pl-  P . 1/71 
~3 15 0.25 0.09 BOCKMANN 70 HBC + 0 S.0  RI+P 9 /69  
R3 0 .34  0 .17  0 .34  BOCKMANN 70 HBC E.O PI+ P 9 /69  
~3 0 39 10.183 (D.073 DZI~RBA 70 HBC - E. PI -  P 11/71 
R3 16T 0 .246  D.042 ALSTON-GA 71 HBC + 7 .0  PI+ P 2 /71  
R3 149 0 .211  0 .0A4  CHALOUPKA 73 HBC - B .9  P I -  P,P A2 2 /73  
R3 52 D.22 0*05  ANTIPOV 73 CNTR 40. PI-P,P A2- 1/T6" 
R3 . . . . . . . . .  
R3 &VG 0.221 0.021 AVERAGE (ERROR TNCLUDES SCALE FACTOR OF 1.0) 
R3 FIT 0.212 0.019 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.03 

R4 A2 INTO (ETA PRIME PT) I TOTAL (PB) 3 -  
RA (0 . I )  OR LESS CHUNG 68 HBC .2 PI-P 
RA S 0.02 DR LEBS CL=.97 BARNHAM 71HBC + 3.7 PI+ P . 2172 
R6 S 0.0 O.Ol  L IM IT  AEOVE RESTATED FDR AVERAGING 2 /72  

R5 92 INTO (ETA PRIME P[)/(RHO PI )  (P8 ) / [P l l  
R5 S 14 I 0 . 073  10 .03 )  ASCOLI 68 HBC - 5.0 PI-P 12/72 
RS S SUPERSEDED BY EISENSTEIN 73 
R5 0.04 0.03 0*04 BOCKMANN 70 HBC 0 S.O PI+ P 9/69 
RS D B (0 .183  ( 0 .09 )  DZIERBA 70 HBC - 8 .  P I -  P l l / T l  
R5 0 STRONGLY DEPENDENT ON BACKGROUND SUBTRACTION 11/71 
R5 (0.04) OR LESS ALSTON-GA 71HBC + 7.0 P[+ P 2/71 
E5 {O.011)DR LESS CL=.90 EISENSTE| 73 HBC 5 .P I -  P,P 6PI 1 /74 "  

96 A2 INTO (P I÷  P [ -  PIO) / IRHO P I }  IPS ) / (P1 )  
~6 ( 0 . 17 )  OR LESS BENSON 66 OBC 0 3.7  PI÷D 

RT A2 INTO (ETA P l ) / (K  KBAR) {P3 ( / (P2 )  
RT E (3 .0 )  OR LESS FOSTER 68 HBC -- PBAR PlPBA REGT IL /71  
R7 E SUPERSEDED BY ESPlGAT 72 (SEE UNDER R2 AND 983 I 1 /T1  
97 
R7 F IT  

R8 
RB 
98 
Q8 
R8 
RB 
R8 
98 
RE 
08 
98 

Rq 
R9 

3 .2A  0.50 FROM FIT 

A2 INTO (K KEARI/(qHO Pl + K KBAR + ETA Pl )  (P2II[PI+PZ+P3) 
17 0 .06  0 .03  BARNHAM 71 HBC + 3 .7  PI÷ P,KSK+P 11171 

A 10.020) (0.0063 ESPIGAT 72 HBC +- O.PBAR P, 2/72 
A NOT AVERAGED BECAUSE OF DISCREPANCY BETWEEN MASSES 
A FROM (K KBAR) AND (RHO PI )  MODES 

8 0.03 0.02 OAMERI 72 HBC - 11. P l -  P .12 /72  
( 0 . 05 )  (O.O2) TOET 73 HBC + 5. PI+ P,P K+ KO 2 /745  
(0 .091  ( 0 .04 )  TOET 73 HBC 0 5 .P IeP~P I÷P  K KS 2 /74 *  

AVG D.039 0 .017  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
F IT  0 .0513  0 ,0062  FROM FIT (ERROR INCLUDES SCALE EACTOR OF 1 ,0 )  

A2 INTO (PI+ P l -  P[-)/(RHO0 PI- )  (PAC)/(PlCJ 
(0.23) OR LESS EL=.90 ABRAMOVIC 70 HBC - 3.93 PI -  P I / T I  

a l l  A2 INTO (Pl GAMMA)/TOTAL (P7I 
RI I  R (O.OOB) (O.OOS) (O.OO3)EISENBERG 72 HBC PHOTOPRODUCTION 11171 
R l l  R PION EXCHANGE MODEL USED IN THIS ESTIMATION I i171 

R12 R2 INTO (OMEGA Pl PlI/IRHO Pl )  (P6 } I (P I )  
RIE D 0 ,19  0.08 DEFOIX 73 HBC 0 0.7 PEAR P,7 Pl  I116* 
RIZ O DECAYS TO BI(IO40) Pl ,  81 INTO OMEGA Pl . 
RI2 D ERROR INCREASE{) TO ACCOUNT FOR POSSIBLE SYST. ERRORS 
912 O OF COMPLICATED ANALYSIS. 
RI2 0.08 0.05 GARN30ST 72 HBC O 7.1 PI+ P 2/73 
R12 279 0 .10  0.05 CHALOUPKA 73 HBC - 3.9 P l -  P,P A2 2/73 
R12 60 O.ZB 0 .09  OIAZ 74 OBC O 6 .P I+N ,R I5P l IO  I L IA *  
R I2  K 140 0 .29  O*OB KARSHON 76 HBC O 4 .9  PI+P,DEL++A2 2 /74 *  
~12 K 60 0.09 0.03 KARSHON 7A HBC ÷ 4 .9  PI+P,R A2+ 2/76~ 
R12 K KARSHON 74 SUGGEST AN ADDITIONAL I=O STATE, STRONGLY COUPLED 
RI2 K TO OMEGA PI Pl COULD EXPLAIN DISCREPANCIES IN BRANCHING RATIOS 
RI2 K AND MASSES. 
RI2 . . . . . . . . .  
RI2 AVO 0.120 0.030 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .4 )  
R12 F IT  0 .120  0 .027  EROH F IT  (ERROR INCLUOES SCALE FACTOR OF 1 .3 )  

{SEE IDEOGRAM BELOW ) 
UEI6HTED RUERREE = 0 .120  i 0 .030  

ERROR SCRLEO BY 1 .4  

Values above  of w e i g h t e d  a v e r a g e ,  
error, and scale f a c t o r  are f o r  the 
r e a d e r '  s conven ience  only .  T h e  
data were actually processed by a 
c o n s t r a i n e d  f i t  p r o g r a m ,  w h i c h  

I calculates its o w n  values o f  x', 5x ,  
and scale £actor,  which are d~ffer- 

e n t  f r o m  t h e  values s h o w n  h e r e .  CH~[SQ 

. . . . . . . . . . .  KRRSHON 74 HOC 1 , 0  
~ - -  ,KRRSHON 74  HOC 4 , 5  

~ - ' ~ " "  'O IRZ  74 DEC 3 .2  

A~.. . . . . . . .  CHALOUPKR ?3 HBC 0 . 2  
• ~ • ~ . . . .  6RRNJDST 72  H O E  0 . 6  

I , . . ~ D Z X  73 HBC 10.20'~ 

' - (CONLEU 
-0 .1  0 . I  0 .3  0 .8  = 0 . 0 6 9 ]  

R2  INTO IONE6R P I  P I ) / IRHO pT )  

9? 

Data Card Listings 
For notation, see key at front of Listings. 

AOEPHOLZ 64 PL 10 248 
CHUNG 64 Pal 12 621 
GOLOHABE 66 OUBNA CONF Z 480 
LANDER 66 Pa l  13 346 

ABOLINS 68 ATHENSIOHIOICONF. 
AOERHOLZ 68 PR 188 B 897 
AL ITT I  68 PL 15 69 
CHUNG 65 Pa l  15 325 
FORINO bB PL [9  68 
LEFEBVRE 65 PL l q  434 
SEIDLITZ 65 Pal IS 217 

BARNES 66 ERE 16 41 
8ENSON 66 MICH C00-1112-4 

ALSO 66 PRL 16 I I 77  
EHRLICH 66 PR 1521194  
FERBEL 66 PL 21 1 l l  
LEVRAT 66 PL 22 714 

ARMENISE 67 PL 25B SE 
BALTAY 67 PL 25B 160 
BARLOW 67 NC 50A 70 I  
BARTSCH 6T PL EBB 48 
BEUSCH 67 PL 28 fl 35F 
CASON 67 PRL 18 880 

ALSO 6B LAMSA 
CH[KOVAN 67 PL 25fl 46 
CHUNG 67 PRL 18 [OO 

ALSO 66 UCRL-16E32 
COHN 67 NP BL BT 
CDNPORTO 67 NP B3 469 
CONTE 67 NC 51 A 175 
OAHL 67 PR [b3 1377 
OANYSZ 67 NC 51A  801 
SLATTERY 67 NC 50A 377 

ARMENISE 68 PL 268 336 
ASCOLI 68 PRL 20 132 l  
BALLAM 68 PRL 21 934 
BENZ 68 PL 28 B 233 
BOESEBEC 68 NP B 6 501 
CASO bB NC 54 A 983 
CHUNG 68 PR 165 1491 
CRENNELL 68 PRL 20 1318 
DONALD 68 PL 26 B 327 
FOSTER 68 NP B E 174 
PRIOMAN 68 PR 167 1268 
JUNKMSNN 68 NP BB 471 
KEY 6B PR l bb  1430 
LAMSA 68 PR 166 139B 
YON KROG 68 PL 27 B 253 

RDERHOLZ 69 NP 8 11 2S9 
AGUILAR 169 PL 29 B 62 
AGUILAR 269 PL 29 B 241 
ANDERSON 69 PRL 22 1390 
ARMENISE 69 LNC 2 501 
CHIKOVAN b9 
CRENNELL 69 
DONALD 69 
EISENBER 69 

ALSO 57 
VETLITSK 6q 

ABRAMOVI TO 
~LSTON-GA?O 
ASCOLI 70 
BASILE TO 
PRUDE 70 
BAUD2 70 
BAUD3 70 
BOCKMANN 70 
BUTLER 70 
CAROLL 70 
CASO 70 
DIAZ TO 
OZIERBA TO 

ALSO 68 
GARFINKE TO 
GORDON TO 
JOHNSTON 70 
KRUSE TO 
NEF 70 
SUTHERLA 70 

AGUILAR 71 
ALSTDN-GA71 
BARNHAM 72 
BEKETOV 71 
BINNIEI 71 
BINNIEZ 71 
BOWEN 7 [  
CRENNEL 71 
FARBER 71 
FOLEY "7E 
GRAVER 71 
LYNCH T1 
RINAUO0 7l 

ANKENBRA 72 
BERENYI 72 
BLOODWOR 72 
DAMERI 72 
DAMGAARO 72 
DIEBOLD 72 
EISENDER 72 
ESPIGAT 72 
FOLEY 72 
GARNJOST 72 
GETTNER 72 
KIENZLE 7E 
LASSILA 7Z 
MORSE 72 

AMMANN T3 
ANKEBRAN 73 
ANTIPOV ?3 
ANTIPOVI 73 
ANTIPOV2 73 
BLOODWOR 73 
CASON 73 
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(AACHEN+BERL÷BIRM÷EONN÷HAMB+LOIC+MPIN) 

ALITTI,BATON,DELER,CRUSSARO÷ (SACLAY÷BGNA) JR 
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NP B 63 178 +ASCOLI,BUSNELLO,FOCACCI,+ (CERN+SERPI JP 
NP B 63 E55 ÷ASCOLI,BUSNELLO,F~ACCI,÷ (CERN÷SERP) JP 
NP B 63 141 ÷ASCOLI,BUSNELLO,FOCACCI,÷ (CERN+SERP( JP 

A IX  CONE. PAPER BLOODNORTH,FRIDMAN,JACKSON,PATELt+ ( [PPC) 
NP E 66 16 ÷MAOOEN,BISHOPtBISWAS,KENNEY,÷ INDAMI 
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Data Card Listings Mesons 
For notation, see key at front o/Listings. A.~(1310). ~(1480), Xo(t4ao), Xz(1440),f'(1514 ) 

CHALOUPK 73 PL 4~  B 211 CHALOUPNA,DOBRZYNSKI,PERRANDO,LOSTY,÷(EERN} 
CONFORTO 73 PL 45 B 15@ ÷MOBLEY~KEY~PBRPOST,÷ (EFI÷NAL*TNTO+WISC) 
DEFOIX 73  PL 43  B 141 ~OOBRZYNSKI,ESPIGAT~NASCIMENTO,÷ (CDEF)  
EISENSTE 73 PRO 7 278  EISENSTEIN~SCHULTZ~ASCOLIeIOFFREOO~÷ ( ILL) 
NEY 73 PRL 30  505  ÷CONFDRTO~MOBLEY.÷ (TNTO+EF I+NAL+WISE)  
TOFT 73 NP B 63  248 ÷THUAN,MAJOR,RINAUDO~÷(N[JM+BDNN÷OURH+TDRII 

DIAL T ;  PRL 32 26{) ÷DIBIANCAtFICKINGER,ANDERSON.* (CASF+CARNI 
KARSHON 7~ PREP.WIS 74/2 PH *MIKENBERG,PTILUCK,EISENBBRG,RONA7,+ (REHO) 

* * * * * *  *R* *R*R* *  * * * * * * * * *  * * *RR* * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* *R* * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *R  RR* *R* * * *  * * * *MR* * *  * * * * * * * *  

'R'14~0" 6 E(, .......... ,,-o 

Sl BAILLON 67  FAVOR JR=O-. DAHL 67  FAVOR 1+ BUT 00 NOT 
EXCLUDE 2 -~  O-. LDRSTAD 69  FIND O-  OR 1+ .  

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

6 E MASS (MEV)  

M 1425 .  7 .  BA ILLON 67  MBC" 0 .  PBAR P 1E /66  
M 1420. 20. O&HL 67 HBC 1.6-4o2 PI- P 9/66 
M 1~23 .0  1O .0  FRENCH 67  HBC B -4  PBAR P 6 /67  
M 310 1420. 7. LORSTAD 69 HBC 0.7 PB P~ ~,5-BODV 9169 
M 170 1398 .  lO .  OEFOIX 72 HBC O .T  PBAR P ,7  P I  1 / 73  
M 280  1406 .  7 .  OUBOC 72 HBC 1 .2  PBAR P .ZK4P I  12 /72  
M 

M AVG 1615.5 4.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 

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

6 E WIDTH (MEV) 

W 80. I 0 .  BAILLON 67 HBC O. PBAR P 11166 
W 60 .0  20 .0  DAHL 67 HBC 1 ,6 - ; . 2  P I - -  P E0 /66  
w ~5 .  20 .  FaENCH 07 HBC 3 -4  PBAR P 6•67  
W 31{) 60 .  20 .  LORSTAD 69 HBC 0 .7  PB P t  4 ,S -BODY 9169  
w LTO 50 .  10. DBFOIX 72 HBC 0 .7  PBAR P ,7  P l  1 / 73  
w 28{) 50 °  12 .  OUBOC 72 HBC 1 .2  PBAR P ,2K4P I  12 /72  
W . . . . . . . . .  
w AVG 59.8 6.0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .1 )  

. . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . .  

b B PARTIAL DECAY MODES 

DECAY MASSES 
P[  E INTO K K~ ' ( 892 )  497+  892  
P2 E INTO K KBAR Pl 497÷  497+ 139  
P3 E INTO DI PI  RHO 134+ 134÷ 770  
P6 ¢ INTO DELTA P l  976+  139  
OS E INTO ETA Pl Pl  548+ 139+ 139  

. . . . . . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

R1 E INTO (KBAR K*(892) + C .C . I I (K  KBAR PIT 
R[ .SO .tO BAILLON 67 HBC 

R2 E INTO (PI Pl RHO) / (K KBAR PI I  
R2 (2 .0 )  OR LESS DAHL 67  HBC 

R3 E INTO (ETA 2 P I I I (K  KBAR PI) 
R3 f l .  SI  OR LESS CL= .D5  FOSTER 68  HBC 
B3 1 .5  0 .8  DEFOIX 72 HBC 

R~ E INTO (DELTA a I ) / (ETA  P I  P I )  
R6 0 .4  0.2 DEFOIX 72 HBC 

(P I ) t IP2 )  
O.O PBAR P 11166  

IP3 ) I IP2 I  
O 1 .6 -4 .2  P1 -  P . 10 /66  

(PE ) / (PB I  
- O.O PBAR P 9169 

0 .7  PBAR P L /73  

(P4 l / (PS )  
0.7 PBAR P .T  P I  1 /73  

REFERENCES FOR E 

~AILLON 67  NC 50A 393  
BARASH 67 PR 156 1399  
OAHL 67  PR 163 1377  

ALSO 65 PRL 16  lOT~  
FRENCH 67  NC 52A 438  

FOSTER 68  NP B B ET4 
f lETT IN I  69  NC 62 A 1038  
LORSTAD 69 NP 8 1~ 63 
OEVDNS 7 l  PRL 27  1614  

CHAPMAN 72 NP B 42 1 
DEFOIX 72 NP B ~4 I2S 
DUBDC 72 NP B 46  ~29  

+EDWAROS÷O.ANDLAU+RSTIER+ (CERN÷CDEF÷IRAD) 
BARASH,KIRSCH~MILLEB,TAN (COLUMBIA) 
+HARDY+HESS÷KIRZ+NILLER (LRL I I  JP  
M ILLER,CHUNG,DAHL ,HESS~HARDY,K IRZ+ (LRL÷UCBI  
÷KINSON+MCDONBLO+RIDDIFDRD÷ (CERN+BIRM) 

÷GAVILLET~LABR~SSE,NDNTANET t÷  [CERN+COEFI 
+CRESTItLIMENTANI~BERTAUZA~BIGI+IPADO÷PISA}IC 
B.LORSTADtO. ANDLAU,ASTIBR~+ (CDEF÷CERNI  JP  
+KOZLOWSKI,HORMITZ.+ {COLUeSYRA) 

+CHURCH, LYS,MURPHY,RING,VANDER VECDE (NICHI 
÷NASCIMENTO.BIZZARRI,+ (COEF÷CERNI 
+GOLDBERG~MRKDWSKI~OONALD,÷ ( LPNP÷L IVP)  

,iX0(1430) o * * * *  ***,,.,,, ****.,,**o I ********. . . . . . . . . . . . . .  * * * * * * * * t  * * * * * * * * * ) i iO  * * *$¢ *$ *$  * * t * * * *#  

I - K Cs,o p I . . . . . . . . . . .  C . . . . . .  I . . . . . . . . . . . . . . . . . . . .  
PEAKS SEEN IN  {KS KS) SPECTRA QUOTED UNDER 
X(1440) ( I = l )  AS WELL. 

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

29 x (1430 )  MASS (MEV)  

M . . . . . . .  RHOO RHDO MCDE . . . . . . .  
( 1410 .0 )  BETT IN I  66 DBC O O. PBAR N ,5  P l  2 / 74 *  

M (1435 .1  DEFOIX  73 HBC 0 O. PBAR P ,5  P l  2 / 74 *  

M . . . . . .  KS KS MODE . . . . . . .  
M B POSSIBLY SEEN ABRAMS 67  NBC A.25 K-  P 5 /67  
M B THE AUTHORS ASSOCIATE THE PEAK WITH THE F PR IME,  BUT BACKGROUND 
N B ESTIMATION IS DIFFICULT 
M 1412 .  23 ,  BARLOW 67  HBC 1 .2  PBAR P 5 /67  
M 1439 .0  5 .0  b .O  BEUSCH bT OSPK S ,7 ,12  P I -P  91b7  
M 

M AVG I~B7 .S  S .3  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . (~}  

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

29  X ( [ 430 )  WIDTH (MEV(-  

. . . . . . .  RHO0 RHOO MODE . . . . . . .  
I90.0) BETTINI 

I lO0. )  DEFOIX 

w 
w 66  OBC O O. PBAR N ,5  P I  2174 ,  
W 73 HBC O O.  PB~R P ,E  P I  B IT4 *  

w ....... KS KS ~ODE ......... 
w 100 .  70 .  BARLOW 67 HBC 1 .2  PBAR P 5 /67  
W 43.0 17.0 IB.O BEUSCH 67 OSPK S,7,1Z PI-P 9167 
W . . . . . . . . .  
W AVG 46.4 17.0 AVERAGE {ERROR INCLUDES SCALE FACTOR OF io0I  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * *R* * * * *R  *R ,R* * * * *  * * * * * * * *  

REFERENCES FDR X (1430 I  

BETTIN[ 66  NC 42A 695  +CRESTIeLIMENTANItLORIA,PERUZZO÷(PADO÷PISAI 
ABRAMS 67 PRL 18 6Z0 +KEHOEtGLASSERtSECHI-ZORN,WOLSKY (MARYLANDI 
BARLOW OT NC SO A 701 ÷MONTANET,D--ANDLAU÷ ICERN÷CDEF÷IRAD+LIVP] 
BEUSCH 67 PL 25 B 357 +FISCHER,GOBBI,ASTBU÷ (ETHZeCERN) 
DONALD 69 NP B iT 551 ÷EOWARDS,BURAN,BETTINI,÷ (LIVP÷CSLO*PADOI 
DEFOIX 73 AIX CON'.PAPER ÷ESPIGAT,+ (CDEF÷CERN) 

RR***R **R**RR** * * * *R* * * *  R * * * * * * * *  *RRR*R*** * * * * * * * * *  **R*RR*** ~ * * * * * * *  

A~.l&l~t~ | EVIDENCE NOT COMPELLING.OMITTED FROM ABLE. 
I ---- I PEAKS SEEN IN (KS KS) SPECTRA QUOTED UNDER 

X(1450) IT=O) AS WELL. 

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

38 X (1440 )  MASS (MFV I  

M B POSSIBLY SEEN ABFARS 67 HBC 4.25 K- P 5167 
M B THE AUTHORS ASSOCIATE THE PEAK WITH THE F PRIME, BUT BACKGROUND 
M B ESTIMATION IS DIFFICULT 
M 1412. 23. BARLOW 67 HBC 1.2 PBAR P 5 /67  
M 14BR.O B.O b.O BEUSCH b70SPN S~7,12 PI-R 9167 
M (142S.0) FOLEY 71CNTR - 20.3 PI -  P.K- KS 2171 
M (1406.) DEFOIX 73 HBC O 0.7 PBAP P,T P{ 1/74~ 
M . . . . . . . . .  
M AVG 1437 ,5  5 .3  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.O# 

-~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

38 X{14401 WIDTH (MEVI 

W 100. 70. BARLDW 67 HBC 1.2 PEAR P S167 
W 43 .0  17.0 I8 .0  BFUSCH 67  GSPK BtT, I2 PI-P 9/67 
W (ZO.O) OR LESS FOLEY 71CNTR - 20.3 PI -  P,K -  KS 217 l  
W (40.) DE~OIX 73 HBC 0 0.7 PBAR P,? Pl 1174" 
W . . . . . . . . .  
W AVG 40.4 17.0 AVERAGE (ERROR INCLUDES SCALE FACTOR OP 1.0) 

REFERENCES POR X(1440I 

ABRAMS 67 PRL 18 620  +KEHOE.GLASSER,SECHI-ZORN,WOLSKY (MARYLANDI 
BARLOW 67 NC 50 A 7OL ÷~ONTANET,D,ANDLAU+ {CERNeCDBF+IRAD+LIVP) 
BEUSCH 67  PL 25  B 357 +FISCHERtGOBBI~ASTBURY+ (ETHZ÷CERN) 
FOLEY 7I PRL 26 413  +LOVE,OZAKItPLATNER,LINDENBAUM,+ (BNL+CUNY) 
DE@OIX 73 PL 43  B 141 +DCBRZYNSKI,ESPIGAT,NASCIMENTO,+ (CDEF)  

* * * * *R  * * * * * * *R*  * * *~ * * * *R  *R*ReRR**  * *~ * * *R*R  RRR*R* * * *  * * * *RR* * *  * * * * *R* *  

I r ( 1 s 1 4 ) l  1 . . . .  I M B , . 1  . . . .  D . . . .  , i - o  
~ m 

13 F PRIME MASS (NEV I  

M 1%(1480.0) CRENNELL 66 HBC 6.0 PI -  P B/b6 
M B 5(1~60.) (10.]  ABRAMS 67 HBC 4.25 K- P 5167 
M B BACKGROUND ESTIMATION DIFFICULT. B167 
M 1515o0  T .0  ANNAM 67 HBC S.S  K -P  9167 
M S 70 {1513 .01  (7.0) BARNES 67 HBC 4 .61S .  K- P 12/72 
M S SUPERSEDED BY AGUILAR 72 
M 100 1519 .  7 .  AGUILAP 72 HBC 3 ,9 ,4 .B  K -  P 12 /72  
M ~6 1S14. 4 .  COLLEY 72 HBC IO .K÷  P 12172  
M 47 1521. 7. VIDEAU 72 HBC 4.K- P,L FPRIME 12172 
M 
M AVG I116.1 2.8 AVERAGE (ERROR ~NCLUOES SCALE FACTOR OF {.Of 

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

IS F PRIME WIDTH (MEV) 

W B 5 ( 53 . )  ( 1B . I  ABRAMS 67 HBC 4 .25  K -  P 5•67 
W B BACKGROUND ESTIMATION DIFFICULT. 5 /6T  
M 35 .0  25 .0  AMMAR 67  HBC ~ .5  K-P  9167  
w S TO (87.0) (IE.O} BARNES 67 HBC 4.61 5. K- P 12172 
W S SUPERSEDED BY AGUILAR 72  
w 100 69. 22. AGUILAR 72 HBC 3 .9 ,4 .b  K- P 12172 
W 46  ZB.  15 .  CDLLEY 72 HBC IO .K+  P 12 /72  
w E 47  40 .  ZO. V IOEAU 72 HBC 4 .K -  P ,L  FPRIME E2172  
W E ERROR INCREASED BY US.SEE TYPED NOTE ON K*  MASS. 12 /72  
w . . . . . . . . .  
w AVG 39.9 9.7 AVERAGE (ERROR INCLUDES SCALE FACTOR OP {.Of 

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

13 F PRIME PART IAL  DECAY MODES 

DBCAY MASSES 
Pl  F PRIME INTO P I+  P l -  139+ L39 
P2 F PRIME INTO K KBAR 497÷  497  
P3 F PRIME INTO K K* I892 )  693÷  892  
P4 F PRIME INTO ETA ETA 548+  BA8 
P5 F PRIME INTo  P l  Pl ETA 139÷ I39+ 548 
Pb F PRIME |NTO P l  K KBAR 139÷ 497+  497  
P7  F PRIME INTO P I÷  P I *  P I  ~ P l -  139+  139+ 139+ 159  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . - ~  . . . . . . . . . .  ' _____  

13 F PRIME BRANCHING RATIOS 

RI F PRIME INTO {PI+ P I - I / IK  KBARI (P I ) / (P2 I  
RL (0.21 OR LBSS CL= .AT  &NMAR 67  HBC S.S  K -P  9167 
R1 (0 .36 )  OR LESS CL - . 9S  AGUILAR 72 HBC 3 .9 ,4 .6 .  K -  P L2 /TZ  
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Mesons 
ff(1514), Ft(1540), p'(1600), Aa(1640 ) 

Data Card Listings 
For notation, see key at front of  Listings. 

rB F PRIME INTO (ETA ETAI/IK KBAR) (P,%I/IP21 
R3 (0.50) OR LESS BARNES 6T HBC 4 .6 ,  5.0 K- P lOl6T 

~4 F PRIME INTO (P I  PI  ETA I / (K  KBAR) (PS ) / (PE )  
R4 (0 .3 )  DR LESS CLffi.bT AMMAR 67 HBC IO /6T  
R4 A (0 .23 )  ( 0 . 13 )  BARNES 67 HBC 4 .6 ,  5 . 0  K -  P 10 /67  
R4 A SUPERSEDED BY AGUILAR 7 2  
R4 (0 .61 )  OR LESS CL=.95 AGUILAfl 72 HBC B.9, ,%.6 K-  P 12 /72  

R5 F PRIME INTO (P I  K NBAR ÷ K K* (BDE i I / (K  KBAR) (Pb÷PB I / (P2 I  
Q5 (0 .4 )  OR LESS CL=.bT AMMAR 67 HBC 10 /67  
R3 (0 .35 )  OR LESS CL=.95  AGUILAR 72 HBC 3 .9 ,4 .b  K-  P 12172 

R6 F PRIME INTO (PI+ PI÷ P l -  P I - I / (K  KBAR) (PTI/(P2) 
R6 (0 .32 l  OR LESS Ct : .93 AGUILAR 72 HBC 3.9 ,4 .6  K- P 12172 

. * * * * *  * * * ~ * ~ * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR E PRIME 

BAPNFS oB PRL 15 322 

CRENNELL 66 PRL 16 IDES 

ABRAMS 6 T  PRL 18 620 
AMMAR 67 PRL 19 lOT1 
BARNES 67 PRL 19 964 
AL ITT [  6 8  PRL 21 1705 

LORSTAD 69 NP B 16 6B 
SFUTTER 69 NC 62 A 1037 

AGUILAR 72 PRO 6 29 
COLLFY T2 NP B 50 L 
VIDEAU 72 PL ,%1B 213 

÷CULWICK,GUIDONI,KALBFLEISCH.GOZ~(BNL~SYRA) 

+ KALBFLEISCH,LAItSCARR,SCHUMANN + (BNL]I 

÷KEHDE,GLRSSEP,SECHI-ZORN,WOLSKY (MARYLAND) 
÷DAVIS,HWANG,DAGAN,DERRICK + (NWES+ANL} JP 
÷DORNAN,GOLDBERG,LEITNER ÷ (BNL÷SYRACUSE)ICJP 
+BARNES,CRENNELL,FLAMINIO,GOLOBERG,+ (BNL) 

B.LDRSTAO,O.ANOLAUIRSTIER,+ (CDEF+CERN) JP 
+FRSKINE,PALER,+ (BIRM÷GLAS+LOIC+MPIM÷DXF) 

AGUILAR-BENITEZ,CHUNG,EISNER,SAMIOS (BNL) 
+JOBES,RIDDIFORD,GRIFFITHS,÷ (BIRM÷GLASI 
+VIDEAU,RDUGE,BARRELET,DEBRION,÷(EPOL÷SRCL) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

I i JR.2-,1 . . . . . . . . .  

47 E l  MASS (MEVI 

M 10(1~90.0) (20.0) ADERMOLZ 69 HBC + 8 Pie P,KKBARPI.IL/69 
M |'~2 1540 .0  5 .0  AGUILAR 69 HBC O.TPBARP,KKBARPI 11 /69  
M 25(15,%3.0) ( 3 . 0 )  DUROC 71 HBC O 1 .1 -1 .2  PBAR P . 2/72 

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

'%7 F1 WIDTH (MEV) 

W 10 (8B .0 )  ( 39 .0 )  AUERHOLZ 69 HBC ÷ B PI+ P,KKBRRPI E~/69 
w 1/.2 40 .0  15.0 ADUILAR bg HBC O.7PBARP,KKBARPl 11 /69  
W 23 (16 .0 )  ( 10 .0 ]  DUBOC 71 HBC O [ . 1 -1 .2  PBAR P 2 /72  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . - . . -  

47 F1 PARTIAL DECAY MODES 

DECAY MASSES 
P l  FI INTO K KBAR Pl 134+ ~97+ ,%97 
P2 E1 INTO Ke(B92)  NBAR BRZ+ 497 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR FE 

ADERHOLZ 65 NP B 11 259 +BARTSCH,+  (AACH÷BERL+CERN÷CRAC+WARSl 
AGUILAR 65 PL Z9 B ST9 ~BARLQW,JACOES~O ANDLAU, ASTIER÷ (CERNeCOEF) 
AGUILAR 69 NR B 1,% 193 +BARLOW~JACODS,D ANDLAUtASTIER+ (CERN÷CDEF) 
DUBOC TL PL 3,% B 34B +GDLUBERG,MAKONSKI,TOUCHARD,* ( IPNP÷L IVP)  

CHAPMAN 72 NP B 42 1 ÷CHURCH,LYS,MURPHY,RIND,VANDER VELDE (MICH) 
DUROC 72 NP B 46 429 +GOLDBERG,MAKOWSKI,DONALD,÷ (LPNP+LIVP) 

. , * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

T h e  p '  w a s  f i r s t  s e e n  i n  

y ( r e a l  o r  v i r t u a l )  ~ p ,0  ..,. p0w+. ~-  

w i t h  t h e  ~ +  - w pair apparently in an S wave (BINGHAM 

7 Z ,  S I L V E S T R I N I  7 ? , D A V I E R  7 3 ) .  E v i d e n c e  f o r  a 

Z~ decay comes from phase-shift analysis of 

w-p -- w-w+n data (HYAMS 73). This evidence has 

been characterized as "plausible, though not yet 

c ~ m p e l l i n g  'l ( G R A Y E R  7 4 ) .  

The mass and w i d t h  values listed below are only 

indicative, because for such a broad peak they are ex- 

tremely dependent on the parametrization chosen 

(SMADJA 72, RODS 73). Note also that the mass de- 

pendence of the width will be strongly affected by the 

inelastic channels with their rather high thresholds. 

65 RHO PRIME MASS (MEV) 

M (1600.) APPROX. BARBARINO 72 OSPK 0 E÷ E- TO 4 PI |173 
M 400 14SO* 50. BINGHAM 72 HBC O 9 . )  GAM P,P 4Pl [B/T2 
M S 400 (1500 . )  SMADJA 72 HBC O 9 .3  DAM PiP 4Pl  12 /72  
M S LATER FITS GIVEN BY BINGHAM 72 
N N (IbZO.) IBO.) DAVIER 73 STRC O ~-18 G P,P 4Pl 1/76" 
M N FITTED VALUES DEPEND STRONGLY ON ASSUMED SHAPE OF RESONANCE. 
M N BACKGROUND AND PHASE SPACE 
M L590.  20. HYAMS 73 ASPK O 17 PI-P,N PIePl-  1174"  
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = B.Ol 

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

65 RHO PRIME WIDTH (MEV] 

w 400 650 .  100.  BINGHAM T2 HBC O 9.  B DAM P,P 4Pl  12 /72  
W (350 . )  APPROX. SILVESTRI 72 OSPK O E÷ E-  TO 6 PI 1 /73  
W S 600 (600 . )  SMADJA 72 HBC O 9 .3  CAM P,P API 12172 
N S EXPTL. FULL WIDTH AT HALF MAX. LATER FITS GIVEN BY BINGHAM TZ 
W N (BLO. )  ( 70 . )  DAVIER 73 STRC O 6 -18  G P,P 4Pl 1 / 74 "  
W N SEE NOTE N ABOVE 
W H I L80 . ]  ( 50 . }  HYAMS TB ASPK O IT  PI-P.N P I tP l -  1/74. 
W H QUESTIONABLE PARAMETRIZATTUN OF MASS-UEP. WIDTH 

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

65 RHD PRIME PARTIAL DECAY MOUES 

DECAY MASSES 
PI RHO PRIME INTO RHO PI Pl 139e 139+ TTO 
P2 NEUTRAL RHD PRIME INTO ALL 4 CHARGED Pl NODES 139+ 139+ 139+ 139 
P3 RHU PRIME INTO RHD RHO 7TO÷ 770 
P4 RHD PRIME INTO PI PI 139+ 139 
PB RHO PRIME INTO KBAR g 4 9 3 +  4 9 3  
P6 RHD PRIME INTO Pl DMEGA 139+ 782 
P7  RHO PRIME INTO P I +  P l -  P I O  PlO 1 3 9 +  139÷ t 3 6 +  13k 

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

65 RHD PRIME BRANCHING RATIOS 

Rt RHG PRIME INTO (RHO Pl÷ PI - ] I ( 4  El ,  ALL CHARGED) (PI)/KPE) 
RIS  DOMINANT BARBARINO T2 DSPK 0 EeE-  TO 4 Pl 1/T3 
R) S (.SOl BINGHAM 72 HBC 0 9.3 GAM P,P 4Pl 1/73 
RL S DOMINANT DIVIER TZ STRC O 4.5-18. G P,P4P[ 1/73 
R IS  THE Pl  Pl SYSTEM IS IN S WAVE I173 

R2 RHO PRIME INTO (RHD 0 RHO OJ/(RHO 0 PI~ P l - )  (PBJ/(Pl) 
R2 NONE (~ORBIDDEN BY IffiL)BINGHAM 72 HBC 0 9 .3  GAM P,P APl [ l i b  

RB RHO PRIME INTO (PI÷ PI - I / ( 4  P I ,  ALL CHARGED) (PAI l (P2) 
R3 (.Z) OR LESS E SIGMA BINGHAM T2 HBC 0 9.3 GAM P,P 2PI 1/73 
RB (O . I 41  OR LESS ESTIMATE DRVIER 73 STRC 0 6 -18  G P,P 4PI 1 / 74 "  

R4 RHO PRIME INTO (KBAR K ) / ( ¢  P l ,  ALL CHARGED) (P3 I / (PZ )  
R4 (.04] OR LESS 2 SIGMA BINGHAM T2 HBC 0 9.3 GRM P • 1/75 

R3 RHO PRIME INTO (P I+P I - ) /TOTAL  (PA) 
R5 0 .23  0 .03  HYAMS TB ASPK O 17 P I -P ,N  P I÷P I -  1 / 74 *  
R5 E (O.LB)  OR LESS EISENBEBG 73 HBC O 5 P ie  P,DELe+ZPI I / T4 *  
R5 E ESTIMATED USING ORE MODEL. 

g6 RHO PRIME INTO (PI÷ PI -  PlO P IO) I iAPI ,  ALL CHARGED) 
R6 (PT I / (P2 )  
R6 (E . )  OR LESS ESTIMATE DAVIER 73 STRC O 6 -18  G P,P 4PI 1 / 74 "  

• * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR RHO PRIME 

DAVIER 69 SLAG PUB 666 +DERADOt FRIES,  LIU, MOZLEY, ODIAN + (SLAE) G 

ALVENSLE 71PRL  26 273 ALVENSLEBEN,BECKER,BERTRAM,CHEN,÷IDESY÷MIT) G 
BRAUN T[ NP 830 213 ÷FRIDMAN, GERBER, GIVERNAUD,+ (STRASBOURB} G 
DULOS T l  PRL 26 149 ÷BUSZA,KEHOE,BENISTON,÷ (SLAC÷UMD÷IBM+LDL) G 
DAVIER 71 CORNELL CONF.PAP ÷DERADO,FRIES,LIU,MOZLEY~OOIAN,PARK,e(SLAC) 

BACCI TZ PL BBB 551 ÷PENSOtSALVINIvSTELLA,BALDINI-CE(ROMA+FRAS) JPC 
BARBARIN T2 LNC B 689 BARBARINO,CERAOINI,+ (FRAS+RONA+PAGO÷UMU)IGJP 
BARTOLI 72 OR D 6 2374 +FELICETTI,OGREN,+ (FRASeRONA+NAPL)IGJP 
BINGHAM 72 PL 4LB 63B +RABIN,RUSENFELD,SMADJA,YUST÷(LBL,UCB,SLAC)IGJP 
BRAMDN 72 LNC 3 693 +GRECO (THEORETICAL PAPER) (FRASCATI) 
DIEBOLD T2 BATAV.CONF. R.DIEBULD RAPPORTEUR TALK (ANL) 
El SENBER 72 PRO 5 15 EISENBERG,BALLAM,DAGAN,+ (REF~)+SLAC+TELAI 
NORTARA TE C00 -1195 -249  D.W.MORTARA ( I LL )  
SILVESTR TE BATAV.CONF. V .S ILVESTB IN I  RAPPORTEUR TALK (FRASCATII  
SNADJA TZ PHIt.CONF.PRUC34D +8INGHAN,FRETTER,BALLAM,CHADWICK÷(LBL+SLAC) 

CERADINI 73 PL 45 B 34 l  ÷CONVERSI,EKSTRAND,GRILLI,÷(ROMAeERAS+PAOO)IGJP 
DAVIER TB NO B 58 B1 ÷DERADO,FRIESeLIUtMOZLEY,ODIAN,PARKt+(SLAC) 
EISENBER TB PL 45 B 149 EISENDERG,KARSHON,MIKENBERG,PITLUCK,+(RE~) 
HYAMS 73 NP B 6A 134 +JUNES,WEILHRMMER,BLUM,DIETL,+ (CERN÷MPIN) 
KREUZER 7B PRD 8 14BL H*J.KREUZER,A.N.KRMAL (UNIV .  OF ALBERTA) 
PARK 7B NP B 58 45 J .C.H.PARK (MPIMI JP 
RODS ?B PREPRINT 65 M.ROUS (HELSINK[) 

GRAYER 74 NP G.GRAYER,HYAMS,BLUM,DIFTL,÷ (CERN+MPIM) 

• * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
• * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

i,. (le4O) i . . . . .  i . . . . . . . . . . . . . . .  

The A3(1640) is seen as a bump in the diffrac- 

tion-like process wN -- (~w~)N. The dominant effect 

is a ~ 300 MeV wide enhancement in the JR= 2- fw 

S-wave system, starting from fw threshold. Neither 

additional (narrower) structure in the 3Tr mass distri- 

bution, nor other decay modes, have been clearly 

established. There appears to be little variation of 
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Data Card Listings 
For notation, see key at front of Listings. 

the JP = 2- f~ phase in the A 3 mass region 

(ANTIIC'OV 73, ASCOLI 73). The situation thus re- 

sembles t h a t  of  t h e  A i w i t h  h o w e v e r  s o m e  a d d i t i o n a l  

c o m p l i c a t i o n s  : 

• T h e  A 3 r e g i o n  i s  n o t  w e l l  d e s c r i b e d  b y t h e  D e c k -  

l i k e  m o d e l  of  A S C O L I Z  73.  

• THOMPSON 74 have performed a partial-wave 

analysis of the w + + - ~r w system from 13 GeV/c 
+ + + - 

~r p -~ ~ ~r w p. They claim evidence for a rotation 

of the Z f~ S wave in the Argand diagram. 

• ANTIPOVI 73 observe some evidence for an en- 

hancement in the Z + f~ P wave with M~1.75 GeV, 

I ~ ~ 200 MeV. The relative phases are not incon- 

sistent with a resonance interpretation. 

34  AS MASS (MEVI 

30(1600.0) 
20 I 630 .0  

1630 .  

M FORINO 65  DBC 04.5 Pl* O 10166 
M 30.0 VETLITSKY 66 HBC - 4 .T  RI- P 
N 10. BALTAY 68  HBC + 7, 8 .5  P I+  P 6 /68  
M 1660 .0  16 .0  BARTSCH 68 HOC + 8 .  P I+  P ,BP I  P 8 /69  
M 1610 .  19 .  LAMSA 68  HEC - B .O P I -P ,  P I -F  11 /6T  
M 297  1673 .0  40 .0  ARMENISE 69  OBC + E . I  P I+D ,BP I++ -  S/70  
M ( 1680 . )  I 20 .0 )  CASO 69  HBC - 11P I -  P 5 /70  
M 1660 .0  20 .0  CASO 69 HBC I I  PI -P ,  P I -F  5 /70  
M 1645 .0  10 .0  DEENNELL 70 HBC 6. PI -  P ,F  P I  5 / 70  
N M I 1633 .01  I 12 .0 ]  MIYASHITA 70  HBC - 6*7  P I -P ,P I -F  1 /71  
M M BACKGROUND SUBTRACTION DIFFICULT. 
M (1672.0) BEKETQV 71HBC - B.45 P l -  P I I171 
M 160O.  50 .  PALER 71DBC + 13 .P I+  D ,D (3P I }+ . I I / 71  
M 260  1660 .  25 .  CASO 72 HDC + 11 .7  P I+  P 11 /71  
M F (1658.) ( 8 . )  HARRISON 72 HBC - 13.,20. PI -  P 11172 
M F F IT  ASSUNES AN ADDITIONAL PEAK AT 1830  MEV. 12 /72  
M F EVIDENCE FOR A SUBSTANTIAL OECAY INTO 3P I  CLAIMED 

SO. ANT IPOVI  73  CNTR - 25 . , 40 .  PI -  P 1174 "  M P 16S0 .  
M P 1660 .  10 .  ASCOLI  73 HBC - 5 . - 25 .P I -  P ,P  A3 1 /7~ *  
M P E 1600 .  10 .  THOMPSON 74 HBC 10°  P I+  P ,P  A3+ 2 /74 *  
N E EVIDENCE FOR A ROTATION 0~ THE PHASE CLAIMED. 
M P FROM A F IT  TO JP=2- -  F P I  
M . . . . . . . . .  
M AVG 1636 .9  7.1 AVERAGE {SRROR INCLUDES SCALE FACTOR OF 1.7] 

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

34  A3 WIDTH (NEV) 

W 20  l iD0 . )  VETL ITSKY 66 HBC - 4 . 7  P I -P  6 /66  
W M ITO . )  I 60 . )  BALTAY 68 HBC 7 ,  8 .S  P I+  P 6 /68  

11S.0 45 .0  W BARTSCH 68  NBC + B .  P I+  P ,3P l  P 8 /bR  
w M ( tO0 . )  { $0 . )  ( 30 . |  LANBA 68  HBC 8 .0  P I -P  P I -F  11 /67  
w A 297  (240 .0 )  150 .0 I  ARMENISE 69  OBC 5 .1P I+D~3P I++ -  5 / 70  
N A BACKGROUND SUBTRACTION MODEL-DEPENDENT. 5/70 
W l l BO . I  CASO 69 HEC - i i  P l -  P 6 /68  
w (150 .0 )  CASO 6g  HGC l l .O  P I -P ,P I -  F 6 /68  
W 1130 .O)  {BO .O)  CRENNELL 70 HBC 6 .  PI -  P,F  P I  . S/70  
w M ( 37 .0 I  ( 2& .O I  MIYASHITA TO HBC - b .7  P I -P ,P I -F  1 /71  
W M BACKGROUND SUBTRACTION DIFFICULT. 
W 1128 .0 )  BEKETOV 71HBC - 4 .BS  P I -  P 11 /71  
w 220 .  SO. PALER 71 DEC + I 3 .P I+  D ,D (3P I )+ . l l / T I  
W 3 200. TO 400. CASO 72 HBC + 11.7 PI+ P 1/72 
W J FROM PARTIAL-WAVE ANALYSlS,FOR JP=2 - IF  PII-STATE 
W 260 190. 100. CASO 72 HBC + 11.7 PI+ P I I171 
w F ISB.) (20. ]  ( l b . I  HARRISON 72 HBC - 13.,20. P l -  P 12/72 
w E F IT  ASSUMES AN ADDIT IONAL  PEAK AT 1830  MEV. L2 /72  
w F EVIDENCE F~R A SUBSTANTIAL DECAY INTO 3P I  CLA IMED 
N P 300 .  50 .  ANT IPOVI  73  CNTR - 25 . t 40 .  P l - -  P 1 /7~  
w P 270 .  60 .  ASCOLI 73 HBC S. -Z5 .P I -  P,P AS 1 /74 *  
W P E 310 .  40 .  THOMPSON 74  HBC + 13 .  P I+  P ,P  AS+ 2 /74 "  
W E EVIDENCE FOR A ROTATION OF THE PHASE CLAIMED. 
W P FROM A F IT  TO JP=E-  F P l  

W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR ffi 1o6 )  

34  A3 PARTIAL DECAY MODES 

DECAY MASSFS 
Pl A3 INTO B Pl 134÷ 13~+ 134 
P2 A3 INTO RHO Pl 13~+ 770 
P3 A3 INTO ETA P I  134+ $48 
P4 AB INTO B PI 
P5 A3 INTO K K* I892 )  497+  892  
P6 A3 INTO K KEAR P I  497+  497÷  134  
P7 A3 INTO K KBAR 497+  497  
P8 A3 INTO F R{  1270+  134  
P9 A3 INTO OMEGA P l  P l  782+  134+ 134  

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

R2 AS+ -  INTO (P I+ -  RHOOI / IALL  P I÷ -  P I+  P I - )  (P2C I / IP IC )  
R2 IO .B )  OR LESS BARTSCH 68  HBC + E.  P I+  P ,BP l  P 8 /69  
R2 (O .4 l  OR LESS FERBEL 68  RVUE + -  . 9 / 68  
R2 1 .1B I  OR LESS CL= .95  PALER 71 OBC + 13 °P++  D ,D IBP+ I+  l l / TL  

RS 
RB 
R3 
R3 
R3 
R3 
R3 
~3 
R3 
R3 
R3 

P5 
R5 
RS 
R5 

R6 
R6 
R6 

Mesons 
. (164o).  (1675) 

INTO lP I+-  FI I (ALL PI+- PI+ P l - )  IPB)I(PLC} 
(WITH F INTO PI+ P I - I  

INDICATION SEEN LUBATTI 66 HLBC 16 P l -  Li166 
(O .S9 )FOR JP=2 -  BARTSCH b8 HBC + 8 .  PI+  P~SRI P 8169 
(O .51 )FOR JR÷ l+  BARTSCH 68  HEC + 8 .  RE+ PtBP l  P B /69  
( 0 . 20 )FOR JR÷O-  BARTSCH 68  HBC + 8 .  P [+  P ,3P I  P 8 /69  
I 0 . 35 )  (O .EO)  BALTAV 68  HBC + 7 -6 .5  PE+P • 5 / 68  
CONSISTENT WITH 1.0 CASO 68 HBC - l I  P I -  P 6 /68  

( 0 . 76 )  { 0 . 241  { 0 .34 )  ARMENISE 69 DEC S . I  P I+D ,3P I++ -  5 / 70  
CONSISTENT WITH 1 .0  CRENNELL 70 HBC 6 .  P I -  P ,F  P l  . 5 / 70  
( °BE)  OR MORE CLf f i . gs  PALER T l  OBC + I 3 .P++  O tO(BP+)+  l l / T l  

A3~-- INTO (P l t -  ETA I / IALL  P I+ -  P I+  P l - )  (PB ) / (P lC )  
(ALL  ETA DECAYS) 

( 0 . 09 )  OR LESS BALTAV bE HBC + 7 -8 .5  P I+P  B /b8  
10 .10 )  OR LESS CRENNELL 70 HBC - 6. P l -  P ,F  PI E/TO 

AS+-  INTO (P I+ -  2P l+  2P I - ) / (ALL  P l t -  R I+  P l - )  (P4C I / (P1C I  
( 0 . i )  OR LESS BALTAY 68  HEC + 7,8.5 PI+  P 6168  
IO . lO I  OR LESS CRENNELL 70 HBC - 6 .  P+ -  P ,F  P+ 5 /70  

RB A3+ -  INTO (RHO P I ) / (P  P I )  ( P 2 I / I P 8 )  
R8 0 .03  0 .37  0 .03  CASO 69  HBC -- 11 P l -  P 5 /70  

~9  AS+ -  INTO (P I+ - -  P I +  PI - ( / {F  P I )  (P IC -PB) / (PE (  
R9 O.OB 0.47 0 . 0 6  CASO 69 HBC - 11 PI- P 5/7o 
R9 POSSIBLY SEEN HARRISON 72 HBC - 13.,20. P l -  P 12/72 

R10 AS÷-  INTO (UNCORREL.PI+- PI+  P I - I / (ALL  PI+-71 P I+  P l - ) 13+  
RIO M 1.05I OR LESS CL= .9E  PALER DBC . PI+O,D(3PII÷ l l l T l  
R10 M MODEL DEPENDENT P IT  11 /71  

• * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * , *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR A3 

FOBINO 6S PL IB 68 
FOCACCI 66 PRL 17 890 
LEVRAT 66 PL 22 714 
LUBATTI 66  THESIS  BERKELEY 
VETL ITSK  66  PL 21 ST9 
DANYSZ 67  NC 51 A 801 
DUBAL b7 NP 83 435 

ALSO 68  THESIS 1456  

BALTAY 6 8  PRL 20 887  
8ARTSCH 68  NP B T 341  
CASO 68  NC 54  ~ 983  
FERBEL 68 PHILA.CONF.ESE 
IOFrREO0 68  PRL 21 1212 
LAMSA 68  PR 166 1395  

ARMENISS 69  LNC 2 SOl 
EARNES 6 9  PRL 2 3  1 4 2  
CASD 69  LNC 2 437  

ALSO 68  CASO 

+GESSAROLI+ (BGNA+BARI+FIRZ+DRSA+SACL) 
CERN MISSING MASS SPECTROMETER GROUP (CERNI 
CERN MISSING MASS SPECTROMETER GROUP (CERNI 
H . J . LUEATT I  I LRL I I - 2 -  
VETL ITSKY,GUSZAVIN ,KL IGER,ZOLGANOV+  l I TER)  
OANYSZ+FRENCH+SIMAK (CEPNI 
CFRN MISSING MASS SPECTROMETER GROUP (CERN) 
L.OUfiAL (GENEVE) 

+KUNG+YEH+FERBEL+ (COLU+ROCH+RUTG+YALEI I= I  
+KEPPEL ,KEAUS,+  (AACH+BERL+CERN) JP 
+CONTE+COROS+DIAZ+ IGENCVA+HAMB+MILA+SACL) 
T.FERBEL IROCHESTER) 
+BRANOENEURG,BRENNER,EISENSTEIN+ (HARVARD) 
+CASON+EISWAS+OE~AOO+GROVES+ (NOTREDAMEI 

+GHIDINI,FORINO,CARTACCI÷ (BARI+BGNA+FIRZ) 
+CHUNG,EISNERtFLAMINIO,+ (BNL )  
+CONTE,TOMASINI,CANTORE+ (GENO+MILA÷SACL) 

BRANDENB 70 
CRENNELL 70 
CHIEN 70 
MIYASHIT TO 

8EKETDV ?i 
PALER 71 

ALEXANOE 72 
ARMENISE 72 
CASO 7E 
HARRISON 7 2  
SAtZEEBG 72 

ANTEPOVI T3 
ANTIPOVE 73 
ASCOLI 73  
ASCOLI 2 73 

THOMPSON T4 

NP B16 369 +BRENNER~IOFFRSDO,JOHNEON,KIM+ (HARVARD) 
PRL 24 7B I  +KARSHON,LAI,SCARR,SIMS (ENL) 
RHILAO.CONF.P.2TB C.Y.CHIENt REVIEW (JOHNS HORKINS) 
pR D i 7TI MIYAEHITA,VON KROGH,KOPELMAN,LIBBY (COLOI 

SJNP 4 765  JP 
PRL 26 1675  

NP B 4S 29 
LNC 4 201 
NP B 16 349 
PRL 28 7TS 
NP B 41 B97 

NP B 63 153 JR 
NP B 63  141 JP 
PR D T 669  JP 
PR O 8 3894  J P  

PRE 32 33 [  J P  

+SDNBKOWSKY.KDNOWALOV,KRUTSCHININe÷ ( ITEP)  
+BAOEWITZ,BARTON,MILLER,PAL~REY,TEBES(PURD) 

ALEXANDER,OAR-NIR,BENAFY,OAOAN,+ (TELA) 
+EORINO,CARTACCI.+ (8ARI+BGNA+FIDE} 
+MAODOCK.BASSLER+IDURH+GENO+OESY+MILA+SACL)  
+HEYDA,JOHNSON,KIMeLAW,NUELLER,+ (HARV)  
+HARRISON,HEYDA,JOHNSON,KIM,LAW,+ (HARV) 

+ASCOLI,BUSNELLO,FOCACCI,+ ICERN+SERPI  
+ASCDLI,BUSNELLO,FOCACCI,+ ICERN+SERP) 
INTERNAT. COLLABORATION ( I LL+ l  
+JONES,WEINSTEIN,WYLD ( ILL)  

+BADEWITZ,GAIOOS,MCILWAIN,PALER,+ IPURD) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

. . ~pO~rO  ~N~MEO~EGANAG~ ~57~ ~ PG= - )  I . . . . . . . . . . . . . .  11675 ) .  

This resonance overlaps in its 3~ mode with the 

A 3, b u t  i n  s o m e  e x p e r i m e n t s  o n e  c a n  e s t a b l i s h  t h e  

d e c a y  m o d e  p0.n-0, i .  eo I = 0.  M . A T H E W S  7t  s u g g e s t  

JP= Normal. The decays into 5~ and c0~r + " need 

further confirmation [,see also the e n t r y  X(1690)]. 

4S OMEGA(16TSI NABS |MEV) 

M L636 .0  20 .0  ARMEN1SE 68  DEC O B .1P I÷D  9168  
M 1670 .0  20 .0  KFNYDN 69 DEC 8 P I+  D ,BP l  2P B /b9  
M (16~0 .00 )  ARMENIBE TO DEC 9 .  P I+  D I / T I  
M G (1616 .D )  ( 30 .0 )  GORDON TO DEC 0 4 .2  P l t  O 1 /71  
M 100  1679 .0  l T .O  qATTHEWS 71HBC Ob .9B  P I  0 , 2P  BOI L /71  
M NOT CERTAIN IE OMEGA(16TS) OBSERVED IN THIS EXPERIMENT 
N GO 15011680.) (20 . I  BLOOOWORT 73 HBC 5.E PI+P,RI+PISPIIO 1174 "  
R F 800  1678 .  14 .  D IAL  74 08C 0 6 .P I+N ,P I3P I (O  I /TB*  
N F FROM (RHO P I )  MODE 
M Q 100 1660. 13. DIAL 74 DEC 0 6.PI÷N,P(ERI)O 1/T4e 
8 Q FROM (OMEGA Pl Pl) MODE 
M . . . . . . . . .  
M AVG 1666.3 7.2 AVERAGE iERRDR INCLUDES SCALE FACTOR OF 1.0) 

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



Mesons 
~(1675). g(1680) 

45 OMEGA(I67S) WIDTH (MEV) 

W 112 .0  60 .0  AEMENISE 66 OBC 0 5 ,1P I÷D  9 /68  
W [OO.O 40.0 KENYON 69 DEC B Pl+  D ,BPI  2P 8169 
w G (188 .0 )  (MT.OI GOROON ?O DEC O 4 .2  P I÷  0 [171  
H lOO 155 .0  20.0 MATTHEWS 71HBC 06.9S PI O,2P 3PI  1 /71  
w G NOT CERTAIN IF  OMEGA(I675) OBSERVEO IN THIS EXPERIMENT 
w G 150 ( ISO. )  (60*3  BLOODWORT 73 HBC 5.5 PI+P,PI+P(SPI)O 1 /74 .  
w F 500 167,  40 .  OIAZ 74 DEC 0 6 ,P I+N ,P (BP I IO  1174"  
w F FROM (RHO P l )  MODE 
w O lOO 122.  39 .  OIAZ 74 OBC O 6 .P I+N tP (SP I )O  1174* 
w O FROM (OMEGA PI PI )  MOOE 
W . . . . . . . . .  
W AVG 1A2.1 [ 4 . 6  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

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

45 OMEGA(JOY5) PARTIAL DECAY MODES 

OECAY MASSES 
PZ OMEGa(1675) INTO S Pl ( INCL. RHO P I )  I84+ 134• 134 
P2 OMEGAIIbTB) INTO 5 PI  ( INCL .  OMEGA P I ÷ P I - )  134+ 134+ 134+ 134 
P3 OMEGA[lbTS| INTO RHO PI 770 •  134 
P4 OMEGA(t675) INTO OMEGA PI+  P l -  782+ 1E4+ 134 
P5 OMEGA(L675) INTO B(1285)  PI 1287+ [ 34  

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

45 OMEGA(lb75) BRANCHING RATIOS 

R1 OMEGA(1675) INTO (5 P I ) I (B  P l )  (P2 ) l iP [ )  
RI (0 .10)  (0 .10 )  KENYON 69 DBC o 8 .  El + D . 8169 
• 1 200 0 .97  0 .28  OIAZ 74 DEC O 6 .P I+N ,P (SP I )O  1 /74 "  

R2 OMEGA(1675) INTO (RHO P l ) l ( 3  E l )  (PB ) l (P l )  
R2 G (0 .75 )  (O . l l l  GORDON 70 DEC O 4 .2  PI+ O 1171 
R2 lO0 (0 .TO)  OR MORE MATTHEWS 71HBC 0 6 .95  El  O,2P3PI  11 /71  
R2 G NOT CERTAIN IF  OMEGAII67S) OBSERVED IN THIS EXPERIMENT 

R3 OMEGA(E675) INTO (OMEEA PI+ PI - I / (RHO RIB (PM) / iP3 )  
R3 IOO O.4T 0 .1E OIAZ 74 OBC O b .P I÷N .P (5P I )O  1 /74 ,  

R4 OMEGA(1675) INTO (B(1235) PI I / (RHO FIB (P5 ) I iPB )  
R4 POSSIBLY SEEN DIAZ 74 DBC 0 6 .P I+N ,P (5P I )O  1174. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . .  

45 OMEGA([bTE) CROSS SECTIONS 

CS FOR A COMPILATION SEE MATTHEHS 71HBC 06.95 P[ O,2P 3PI 1/71 

• * * * * *  * * * $ * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOB OMEGA(I6TS) 

ARMENISE 68 PL 268 336 
KENYON 69 PRL 28 146 

ARMENISE 70 LNC 4 199 
GORDON 70 CO0 1195 179 

MATTHEWS 71PR D 3 2561 
MATTHEWI 71LNC I 361 

BLOOOWOR 78 AIX CONF. PAPER 
DIRE 74 PRL 32 260 

• GHIDINI.FOFINO+ (BARI÷BGNA +FIRZ +ORSAY) 
+KINSON,SCARR,+ (ENL+UCND÷ORNL) 

÷GHIOINI,FORINO,CARTACCI,* (BARI÷BGNA+FIRZ) 
THESIS,ILLINOIS ( I LL )  

+PRENTICE,YOON,C~RROLL,÷ (TNTO+WISC) 
+PRENTICE,YOON,CARROLL.+ (TNTOeWISC) 

BLOODWORTH.FRIOMAN,JACKSON,PATEL,÷ ( IPPC)  
+O[SIANCA.FICKINGER,ANDERSON,+ (CASEfCARN] 

* * * * * *  * * * * * * * * *  * * * * * * * * *  , . . * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * $ * * * *  * * * * * * * * *  * * * * * * * *  

Ig(lseo)l ,s 0( ....... G .... ) 1.I. 

This entry contains the 2~, 4~, ~, K~, and I{~T 

p e a k s  in  t h e  r e g i o n  of  t 7 0 0  M e V .  T h e  s p i n - p a r i t y  

d e t e r m i n a t i o n  a n d  t h e  m a s s  a n d  w i d t h  in  t h e  M e s o n  

T a b l e  c o m e  f r o m  t h e  2w m o d e .  A n  e l a s t i c i t y  of  26% 

i s  f o u n d  at  r e s o n a n c e  in  t h e  ~ e l a s t i c  p a r t i a l - w a v e  

a n a l y s i s  ( H Y A M S  73); t h i s  i s  c o n s i s t e n t  w i t h  t h e  a s -  

s u m p t i o n  t h a t  at  l e a s t  s o m e  of  t h e  e f f e c t s  l i s t e d  a r e  

due  to g d e c a y  i n t o  v a r i o u s  c h a n n e l s .  On t h e  o t h e r  

h a n d ,  s o m e  d i s c r e p a n c i e s  in  m a s s e s ,  w i d t h s ,  a n d  

b r a n c h i n g  r a t i o s  r e p o r t e d  i n d i c a t e  t h a t  t h e r e  m a y  be  

m o r e  t h a n  o n e  I G = t + m e s o n  i n  t h i s  r e g i o n  ( B A R N -  

H A M  70,  HOT.MES ?Z).  A l t h o u g h  w e  h a v e  c o l l e c t e d  

a l l  t h e  d a t a  h e r e  u n d e r  a c o m m o n  e n t r y ,  w e  do no t  

i m p l y  t h a t  t h e y  a r e  n e c e s s a r i l y  a l l  r e l a t e d .  

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

15 G MASS (MEVI 

M PI÷ P I -  MOOR 
M 
M 1700.0 IOO.O BELLINI 65 HLBC 
M I I 640 .O)  FDRINO 65 OBC 
M 1670.0 BO.O GOLOBERG 65 HBC 
M (16S3°1 ( 13 . )  ARMENISE 68 OBC 
M 1720.0 20.0 CRENNELL 68 HBC 
M (1655 .0 )  ( 10 .0 ]  JOHNSTON 68 HBC 
M ) 1750 .0 )  CASO b9 HBC 
M 1737 .0  23 .0  ARMENISE 70 OBC 
M 1687.  21 .  STUNTEBEC TO HOBC 

O 6 .L  P I -P  6•66 
0 4 .5  PI+D 6 /66  
O0 6 PI+O,  8 P I - F  

5 . [  P I÷  0" • 6168 
O b.O F I -  P 12168 
0 7 .0  E l -  P . 6168 
0 [ 1 .  P I -  P~N2PI B /60  
O 9 P I+  N 1171 

0 8.  P I -P .5 .4  PI+D 2172 
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Data Card Listings 
For notation, see key at front of Listings. 

M 1678. 12. MATTHEWG 71 ODC 0 7. PI÷ N 2•72 
M 1652. 18* MATTHEWS 71 HBC 0 7. P I -  P 2/72 
M G ( 1713 .1  ( 4 . )  HYAMS" 73 ASPK 0 17 PI-P,N P I+P I -  1/74<' 
M G FROM PHASE SHIFT ANALYSIS CF GRAYER 74 DATA. 
M 1693. B. GRAYER 74 ASPK 0 17 PI -P,N P lCPl -  2/74 • 
M . . . . . . . . .  
M AVG 1686 .5  B.6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ . 6 )  

(SEE IOEOGRAM BELOW ) 

UEI6 f lTED RUERR6E = 1686 .8  * 8 , 6  

ERROR SCRLED BY t . 6  

1SSO 

6 .QSS 

cHzso 

• MRTTHEWS ? l  HBC 7 . i  

• r lRTTHEUS 7 1  DEC 0 .5  

STUNTEBEC ?0  HDBC 0 . 0  
• RRMENISE ?0  OBC 4 , 8  
• CRENNELL  6 8  HBC 2 .B  

• 60LOBER6  85  HBC 0 .3  

• BELLTH T GE HLBC 

1 6 . 1  
ICONLEU 

1680  1?SO 1850  =0 .013 )  

{ I 1EU) ,  P I+  P I -  MaDE 

( 2P I )+ -  MODE 

1640.0 25 .0  CRENNELL $8 HBC - 6 . 0  P I -  P 12 /68  
(1600.)  BARISH 69 HBC 8 P I -  P 5/70 

122 lbBOoO 35 .0  BARTSCH 70 HEC ÷ B P I÷  P ,2  PI 5170 
(1652.0)  I 15 .0 ]  KFAHEB 70 HBE + 13 .1P I+  P,2Pl 11/70 

AVG 1643,4 20.3 AVFRAGE (ERROR INCLUDES SCALE FACTOR OF L.O) 

K KBAR + K KBAR Pl NODE 

( lbT5.1  EHRLICH 66 HBC + -  7 . 0  P I -P ,K  KERR 2172 
K ([YOO.J FRENCH 67 HBC O B,3o6  PEAR P 7167 
K DESERVED IN NEUTRAL(K* KERR) NODE (G-PARITY UNKNOWM) 
F (1740.)  FRENCH 67 HBC (KO K+-I  3-4 PEAR P 7167 
F SEE FIG. 0 OF FRENCH bT 

IS40.0  2O.O 25.0 CRENNELL 68 HBC +- 6 .0  PI-P,KSAR K 12168 
IB(E650.O) AOEBHOLZ 69 HBC + B PI+ P,K+KO 8169 

1690 .0  16 .0  ADERHDLZ 6P HBC + B PI+  P,KKBARPI 8 /69  

AVG 1678 .2  23 .6  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .8 )  

(MPI )+ -  MODE 

1720. 15. BALTAY 68 HBC • 7, 8 .5  PI+ P 6/68 
S ( IT [O . )  ( 23 . )  BISWAS 68 HBC 8. E l -  P 2172 
S SUPERSEDED BY CASON 73 1/76- 
J ( 1675 .0 l  ( 10 .0 )  JOHNSTON 68 HBC - T.O P I -  P 6 /68  
B ( [ 627 . l  ( 12 . )  (17.1 BARNHAM 70 HBC 10 K+ P,RHO PIPI  1/75 
B INCLUOED IN HOLMES 72 

144 1680 .0  40 .0  BARTSCH 70 HBC ÷ B PI÷  P .4  P( 4 /71  
90(1640.0) ( 20 ,O I  BARTSCH 70 HBC 8 PI+ P,A2 El  4171 

102 ) [ 689 .0 )  lEO.O) BARTSCH 70 HBC + 8 PI+ P,E RHO 4 /71  
1705.0 21.0 CASO TO HBC I [ .2P l -P ,RHD 2El 5 /70  

(ETO0.)  BALLAM 71HSC 16. P I -  P 2172 
300(1710.)  ARMENISE 72 HBC - 9 . I  P l -  P.P 4El 12172 

[ 630 .  15.  HOLMES 72 HBC ÷ lO . - [ 2 .  K+ P [ / 7S  
1687. 20. CASON 73 HBC - 8 . , 18 .5  P l -  P 1 /74 .  

F ( 1685 . )  ( 14 . )  CASON 73 HBC - 8 . , 18 .5  P I -  P 1 /74 "  
F FROM RHO- RHOO MOOR 

AVG 1682. [  18.6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.2)  

(MPl)O MODE 

R 80 1717.  7 .  OANYSZ 67 HBC OSEE NOTE R BELOW 5167 
R SEEN IN 2 .5 -3  PEAR P. 2P I+2P I - ,W ITH  0 ,1 ,2  P I+P l -  PAIRS IN RHO0 BAND 

M (17DO.O) MAURER 70 HBC 05 ,7  PEAR P,7  PI 2 /71  
M (1700 .0 )  BRAUN Tl  HBC 05 .7  PBAR P,7 PI  I l l 7 ,  
M SEEN IN 2 RHO0, NOT IN 4 PI OUTSIDE RHO SANDS, 

OMEGA Pl MODE 

1654. 24. B~RNHAM 70 HBC • lO K+ P,OMEGA Pl 6/70 
1630.S 11.0 CASD 70 HBC l l o2P l -P ,P l  OMEG 5 /70  

( [ 666 . )  ( 50 . )  CASON 73 HBC 8 . , 18 .5  P l -  P 1 /74 .  

AVG 1634o2 10.0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O I  

R PEAKS FROM MMS. (FOR OIFFICULTIES WITH MMS EXPT SEE A2 MINIREVIEW) 1/73  

NR1 (1632 . )  ( 15 . l  EOCACCI 66 MMS - 7--12 PI -P ,P  MMS 12172 
NR2 { 1700.) ( 15 . )  FOCACCI 6S MMS 7-E2 P I -P ,P  MMS 12172 
NRO ( [ 748 . )  ( 15 . )  FOCACCI bb MMS - 7--12 PI -P,P MME [2 /72  
N NOT SEEN BY BOWEN 72 

R (1700.0)  (47 .0 )  ANDERSON b9 MMS 16 P I -  P,BACKW Blb9 

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

[5  G WIDTH (MEV) 

W PI¢  E l -  MODE 
H 
W (MO.O) FORINO 65 DBC O 4.5 PI+O 6 /66  
W 180 .0  40 .0  GOLOBERG 65 HSC 0 6 PI•Oe B P I -P  
w EBB. 49. ARMENISE 68 DEC 0 5o1P I÷  D 6168 
W ZOO.O [O0.D CRENNELL 68 HSC 0 A.O P I -  P 12168 
W (8D.O) ( 20 .0 l  JOHNSTON 68 HBC 0 T.O P l -  P . 6168 
W i20O.OJ CASO 69 HBC 0 I f .  E l -  R,N2PI 8/69 
H 171.0 65.0 ARMENISE 70 DEC O 9 PI÷ O I171 
W 267. T2. 46. STUNTEBEC 70 HOBC 0 8. P I -P t5 .4  PI÷D 2172 
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Data Card Listings 
For notation, see ke3~ at front of  Listings. 

Mesons 
g(1680) 

W E56 .  36 .  MATTHEWS 71 DEC 0 7 .  PI+ N 2172  
W 73. 36. MATTHEWS 71HBC 0 7. P l -  P 2/72 
W G 1228.) ( IO* )  HYAMS 73 ASPK 0 17 PI -P,N PI÷P [ -  I17A* 
W G FROM PHASE SWIFT ANALYSIS OF GRAYER 74  DATA. 
w 200 .  18o GRATER 74 ASPK 0 17 P I -R ,N  P I+P I -  2 / 76 *  
W . . . . . . . . .  
w AVG 178 .2  I 7 . 0  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .3 )  

{SEE IDEOGRAM BELOW ) 

W 
w 
w 
w 
w 
w 
w 
w 

w 
w 
w 
W 
W 
W 
w 
w 
w 

w 
w 
w 
w 
w 
w 
w 
W 
w 
w 
w 
w 
w 
W 
w 
W 
W 
w 
w 
W 

w 
W 
W 
w 

w 
w 
w 
w 
w 

w 
W 
w NRI 
N NR2 
w MR3 

W N R 
W 

WEIEHTED RUERRGE = 178 .2  ± 17 ,0  

ERROR SCRLED BY  1 .3  

- 100  100  

G WIDTH (MEU) ,  P I+  P I -  MODE 

CHISQ 

. . . . . .  GRQYER 74  RSPK 1 .S  

. . . . . .  MRTTHEWS 71  HBC B ,S  

. . . . . .  MRTTHEWS 71  DBC 0 .4  

1 . , ,STUNTEBEC ?0  HDBC 2 .3  

. . . . . .  QRMENISE  ?0  DBC 0 .0  

. . . .  CREHHELL 6B  HBC 0 ,0  

. . . . .  QRMENISE 6B  DBC 0 .0  

. . . . .  GOLDBER6  68  HBC 0 .0  

12 .B  

' (CDNLEU 
300  $00  =0 .07B )  

200.0 100.0 
(200. )  
1BO.O 30.0 
(80 .0)  (32.01 

CRENNELL 68 HBC 
EARISH 69 HBC 
BARTSCH TO HBC 
KRAMER 70 HBC 

- 6 .0  P l -  P 12/68 
8 P I -  P SITO 

8 PI+ P,2 Pl 5 /70  
13 .1P I4  P,2RI 11170 

AVG I 81 .7  28 .7  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O l  

K KBAR + K KBAR Pl MODE 

P (120°)  APPROX. FRENCH 67 HBC (KO K+-] 3-4 PEAR R 11169 
F ABOVE VALUE ESTIMATED FROM FIG. 9 CF FRENCH 67  

79 .0  70 .0  25 ,0  CRENNELL 68 HBC + -  6 . 0  R I -P ,KGAR K 12 /68  
13 (lOO.O) ADERHDLZ 69 HBC + 8 PI+ P,K+KO 8/69 

I 12 .O  60 .0  ADERHOLZ 69 HBC + 8 P I+  P,KKBARPI 8 /6D  

AVG 91.7 87 .2  AVERAGE (ERROR INCLUDES SCALE FACTOR OF E.O) 

( 4P I l + -  MODE 

lO0 .  35 .  BALTAY 68  HBC + 7 ,  8.5 HI+  P 6168  
(162 . l  (SEo )  ( 40 . )  BISWAS 68 HBC - 8 .  P [ -  P 2 1 7 2  

SUPERSEDED BY CASON 73 1176. 
J ( gO .O I  ( 20 .0 )  JOHNSTON 68 HOD - 7 . 0  P l -  P b l b B  

J NOT SEPARATED FROM 2 Pl DECAY 
B (72.1 (29°)  ( 20 . )  EARNHAM 70 HBC + IO K+ P,RHO PIP} 1173 
B INCLUDED IN HOLMES 72 

CA4 135 .0  30 .0  8ARTSCH 70  HBC + B P I+  P ,4  P l  4 / 71  
90  ( 180 .0 )  ( 30 .0 )  BARTSCH 70  HBC 8 P I *  P .~2  P l  6171  

102 (L6O.O) (30 .0 )  BARTSCH 70 HBC + 8 Pl+ P,2 RHO 
( 160 .0 )  CASO 70  HBC - 11 .2P1 -P tRHO 2P l  5/70 

300  (200. )  ARMENISE 72 HBC 9 .1P I -  P,P 4PI 12172 
130 .  30 .  HOLMES 72 HEC + CO. -12 ,  K+ P 1 /73  
16D.  70 .  48 .  CASDN 73 HBC - 8 , 918 .5  P I -  P I I 7A*  

(125 . )  ( 83 . )  ( 35 . )  CASGN 78 HBC 8 . , 16 .5  P l -  P 1 /74 .  F 
~ROM RHD- RHOO MODE 

AVG 127.7 LT .3  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

( 4P l )O  MODE 

R 80 (~0 . )  (12.1 DANYSZ 67  HBC OSEE NOTE R BELOW. 5 /67  
R SEEN IN 2.5-3 PBAR P. 2PI+2PI~,WITH Otlt2 PI+P I -  PAIRS IN RHOO BAND 

OMEGA P I  MODE 

1B0 .  75 .  43 .  EARNHAM 70  HBC + 10 K+ P,OMEGA P I  6 r70  
(bO.O) CASO 70 HBC X I . 2P I -P ,R I  OMEG 5 /70  

(194 . )  (D4.)  ( 60 . )  CASON 73 HBC 8 . , 18 .5  P I -  P 1 /76"  

R PEAKS FROM MMS. IFOR DIFFICULTIES WITH MMS EXRT SEE A2 MINIREVIEW) 1173 

( 21 . )  OR LEES FOCAGCI 66 MMS - 7 -12  P l -P tP  MMS 12172  
(30 ° )  OR LESS FOCACCI 66  MMS 7 -12  P l -P tP  MMS 12172  
(38 . )  OR LESS FOCACCI 66  MMS -- 7-12 PI -P ,P  MMS 12172 

NOT SEEN BY BOWEN 72 
{195*0) ANDERSON 69  MMS - 16 P l -  P,BACKW 8 /69  

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

15 G PARTIAL DECAY MODES 

DECAY MASSES 
P l  G INTO PI Pl 13D+ 139 
P2 G , INTO 4 P l  E39+ 139+ 139+ 139 
P3 G INTO E RHO 770+ 7TO 
PA G INTO P} Pl RHO 139+ 139+ 770  
P5 G INTO R2 PI IBIO+ 139 
P6 G INTO ~ KBAR 697+  497  
P7 0 INTO OMEGA PI  139+  782  
P8 G INTO K KBAR Pl 497+ AD7+ I39 
PD 0 INTO PHI PI  ID le÷  139 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

15 G BRANCHING RATIOS 

R I  G INTO ( 2P I ) /TOTAL  (P I )  
R1 P ( 0 . 4 )  + 8 .  RI+ P BARTSCH 70  HBC 2 /72  

MATTHEWS 71 HOBC 0 7 .  PI+N tP I -P  2172  R I  P (0 .22 )  ( 0 . 04 l  
a I  R OPE MODEL USED IN THIS  EST IMAT ION 
R1 0 .26  0 .02  HYAMS 78 ASPK 0 [ 7  P I -P~N  P I+P I -  1174*  

R2 0 INTO (RI÷-- PIG) I (ALL P l+ -  PI+ P l -  PIO) (P I ) I (P2C)  
R2 D (0 .08 )  OR LESS 8ALTAY 68 HEC + 7-8 .5  P]÷ P 6/68 
R2 O USING DATA Of OEUTSCHMANN 65 ON PI÷R TO PI+ RIO P 6/68 
R2 0 .8  0 .2  JOHNSTON 68  HBC - 7 .  P l -  P 2 /72  
R2 0.8 O.IS BARTSCH TO HBC + 8.  PI+ P 21T2 
92 (0 .12 )  OR LESS BALLAW 7 l  HBC - 16. P I -  P • 2/72 
R2 (0 .2 )  OP LESS HOLMES 72 HBC * 10 . -12 .  K+ P 1 /73  
R2 0.35 O. L l  CASON T3 HBC - 8 . , 18 .5  P I -  P I174"  
R2 . . . . . . . . .  
R2 AVG O.S6 0.16 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 .0 )  

R3 G+-  INTO (2PI ) / I2RHO) (P l ) l ( ~3 )  
R3 S (0 .48 )  OR LESS 8ISWAS 68 HBC - 8. P I -  P 2/72 
R3 S SURFRSEDED BY CASON 73 1174" 

R4 G+-  INTO (K KBAR)/(2PI)  (P611(PI )  
R4 INDICATION SEEN EHRLICH 66 HBC +-0 7 .9  PI -  P 3 /67  
R4 INDICATION SEEN ABRAMS 67 HBC O A,25 K- P b/b7 
R4 0 .08  0 .08  0 .03  CRENNELL 68  HBC 6 .0  P I -  P 12 /68  
R4 0.08 0.03 BARTSCH 70 HBC + 8. PI+  P 1171 
R4 . . . . . . . . .  
R4 AVG 0.080 O .OE6  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O )  

RE G+- INTO (K KBAR R I I IK2P l )  (P8 ) / IP l )  
P5 0 . i 0  0 .03  BARTSCH 70  HBC + 8.  PI+ P 2/72 

Rb G+-  INTO (RHO 2P I ) / (ALL  4Pl )  (PR) I IP2 I  
R6 CONSISTENT WITH I .  CASO 68 HEC - i I  R I -  P 6/68 
R6 l *  0 . 15  ~ARTSCH TO HDC + B* H I+  P 2 /72  

0.88 0.15 EALLAM 71 HBC - 16. P I -  p 2172 R6 
R6 . . . . . . . . .  
R6 AVG 0.94 0.11 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

RT G+-  INTO [2RHO)/(ALL API) {P3 ) / (P2 )  
R7 SEEN OANYSZ 67 HEC 0 3-4 PBAR P 5/68 
R7 SEEN BALTAY 08 HBC ÷ 7 ,8 .5  H I÷  P b /be  
R7 S ( 0 . 63 )  OR MORE 8ISWAS 68 HEC - 8 .  P I -  P 2 /72  
RT S SUPERSEDED BY CASON 75 l i T4 *  
R7 SEEN JOHNSTON 68  HBC - 7 P I -P  8 1 6 8  

R7 0.7 0.15 BARTSCH 70 HBC + 8. PI+ P 2/72 
ARMENISE 72 HBC - 9 . 1P l -  P,P APl 12172 R7 (0 .92)  

R7 R (0 .78 )  IO.BS} CASON 73 HBC - 8 . , 18 .5  P I -  P 1174" 
~7 A ASSUMING (ALL 4PII=IRHO RHO) + )OMEGA P l )  

RE Ge-  INTO (2 ~HO)/(ALL RHO 2Pl)  (R3) / (R4)  
R8 O~4E 0.16 CASO 68 HBC - l l  P I -  P 6168 
R5 (0 .75 )  OR MORE BISWAS 68 HBC - 8. P I -  P 2/72 

R9 G+- INTO (P I+ -  A20) / (ALL 4P I l  
R9 (WITH A20 INTO (P I+  PI -  RIO)) 
~9 0.40 0.20 BALTAY 68 HBC + 7,8.5 PI+P blbE 
RD NOT SEEN JOHNSTON 68 HBC 7 P l -  P 6 /68  
R9 ( 0 . 6 )  lO.ZSl  BARTSCH 70 HBC ÷ 8. PI+ P 2/72 
R9 NOT SEEN CASON 73 HBC 8 . , 18 .5  P I -  P l / 7~  

RIO ~+ -  INTO (Pl  GMEGAIIfALL 4P I l  (PT I I (P2 )  
~ i0  )WITH OMEGA INTO(P}+ P I -  RIO)}  
RIO 0.25 O*iO BALTAY 68 HBC + 7-E.S PI+P 5168 
RID  . 25  0 .10  JOHNSTON 68  HBC 7 .0  P l -  P 6 /68  
RIO 0.12 0 .07  GALLAM 71PEC 16 .  P [ -  P 2/72 
RIO A (0.221 [ 0 . 08 l  CASON 73 HBC 8.,18,5 P[ -  P I174"  
RIO A ASSUMING (ALL 4PI)=(RHO RHO) + (OMEGA PK) 
RIO . . . . . . . . .  
RLO AVG B.184 0.050 AVERAGE (ERROR INCLUDES SCALE F~CTOR OF i .O )  

RI1  G+- INTO (PI  PHI ) / (ALL  4PI)  (PD) I (P2)  
RIE (0 .11 )  OR LESS BALTAY 68 HBC + 7 ,8 .5  PI+P blbB 

RI2 G+- INTO (P I+ -  2PI+ 2P l -  P IO) I (ALL P I+-  PI÷ P I -  RIO) 
RI2 lO.L5) DR LESS BALTAY 68 HBC + F,B.5 PI+ P 6/68 

R13 R FRACTION INTO ONE I THREE / FIVE OR MORE CHARGED TRACKS 
RI3 R/ ( 0 . 37 I I  (0 .59)1  0.04 FOCACCI 66 MMS - 7-12 a l -P ,P  MHS 2/72 
RI3  R2 (0 .42 )1  ( 0 . 56 ) /  O.Ol FOCACCI 66  MMS - 7 -12  P I -P ,P  MMS 2 /72  
R15 R3 IO . I411  (0 .80)1  0.08 FOCACCI 66 MMS - 7-12 P I -P tP  MMS 2/72 

REFERENCES FDR 0 

BELLINI 65 NC 40 A 948 EELLINI ,DI  CORATO,DUIHIO,FIORINI (MILANO) 
OEUTSCHM 65 PL 18 381 MoDEUTSCHMANN ET AL (AACHEN+EERLIN+CERN) 
FORINO B5 PL 19 65 
GOLDBERG 65 PL 17 B54 

EHRLICH 66  PR E52 I194 
FOCACCI 66 FRL 17 890 
LPVRAT 66 PL 22 714 
SEGUINOT 66 PL 19 712 

ABRAMS 67 PRL 18 620 
DANYSZ 67 PL 246 309 
OUBAL 67  NP 83 4?5  

ALSO b8 THESIS 1486 
FRENCH 67 NC 52A 442 

ARMENISE 68  NC 54 A 999 
BALTAY be  PRL 20 887  
BISWAS 68 PRL 21 50 
BOESEBEC 68 N ° B 4 E01 
CASO 68 NC 54 A g83  
CRENNELL 68 PL 28  B 13b 
JOHNSTON 68  PRL 20  1414  

AOERHOLZ 69  NP E LX 259  
ANOEgSON 69 PAL 22 t 390  
GARISH 69 PR 184 I 375  
CASO 69  NC 62  A 755 
VETL ITSK  69  SJNP D 4b l  

ARMENISE 70 LNC 4 199 
BARNHAM 70 PRL 24 1083  
BARTSCH 70 NP B 22 COg 
CASD TO LNC 3 707  
KRAMER 70  aRL 25 396  
MAURER 70 THESIS NO.5E8 
STUNTEBE 70  PL 32 B 39 I  

BALLAM 71PR O 3 2606  
BRAUN 71NP B 3O 213 
GRAYER 71PL  35 B 6 tO  
MATTHEWS 71NP B 331 

ARMENISE 72 LNC 4 205 
8OWEN 72 P~L 29  890  
CLAYTON 72 NP B 4T BL 
GRATER T2 RHIL.CONF.PRGC. 5 
HOLMES 72 PRO 6 33B6  

FORINO,GESSAROLI + IBOLOGNA+ORSAY+SACLAY) 
GOLDBERG+ (CERN+EPDL+OPSAY÷MILANO+CEA-SACLI 

R. EHRLICH,W.SELOVE,H.YUTA (PENNSYLVANIA) 
CERN MISSING MASS SPECTROMETER GROUP (CERN) 
CERN MISSING MASS SPECTROMETER GROUP (CERNJ 
CERN MISSING MASS SPECTROMETER GROUP (CERNI 

+EEHOE+GLASSER÷SECHI-ZORN+WOLSKY (MARYLAND) 
÷FRENCH+KINSON+SIMAK+ (CERN+LIVERPOOL) 
+FOCACCI+KIENZLE÷LECHANOINE+LEVRAT+ (CERNI 
L.DUBAL (GENEVE) 
+KINSON+MCDONALO+RIDDIFORO+ [CERN+BIRMI 

+FDRINO+CARTACCI÷(SARI+BGNA +FIRENZE+ORSAYII 
+KUNG+YEH÷FERBEL+ (COLU+POCH+RUTG+YALE)I=I 
+CASON,DZIERBA,GROVES,KENNEY,+ (NDAM) 
BOESEBECK,DEUTSOHMANN,+(AACHEN+BERLIN÷CERN) 
+CONTE÷CORDS÷DIAZ÷ (OENOVA+HAMB÷MILA+SACL) 
+KARSHON,LAI,SCARR,SKILLICDRN (BNL) 
÷PRENTICE,STEENBERG,YOON (TORONTD+WISCIIJP 

+BARTSCH,÷ (AACH+BERL+CERN+JAGL+WARSI 
+COLLINS~BLIEOEN+ (BNL+CARNI 
÷SELOVE,BISWAS,CASON,÷ (PENN÷NDAM+RODH) 
+CONTE.BBNZ .+  (GENO+DESY+HAMB÷MICA+SACL) 
÷GUZHAVINtKLIGER,KOLGANOV,LEBEDEV+ CITER) 

+GHIOINI,FORINO,CARTACCh+ (BARI+BGNA+FIRZ) 
+COLLEY,JOBES,KENYON,PATHAK,RIDDIFORD(BIRM) 
+KRAUS,TS~ NOS,GROTE,KOTZAN+(AACH+BERL+CERN) 
÷CONTEtTOMASINI,CORDS+(GENO+HAMB+MILA÷SACL) 
+BARTONtGUTAY,LICHTMAN,MILLER,+ (PURDUE) 
G.MRURER (STRASBOURG) 
STUNTEBECK,KENNEY,DEERY~BISWAS,CASON÷(NOAMI 

+CHADWICK,GUIRAGGSSIAN,JOHNSON,+ (SLACI 
÷FRIDMAN,GERBER,GIVERNAUD,KAHN,+ (STRB) 
÷HYAMS,JONES,SCHLEIN,BLUM,+ (CERN÷MPIMIJPB- 
+PRENTICE,YOON,CARROLL,÷ (TNTO+WISC)JP3- 

+FORINO,CARTACCIt+ (EARI+BGNA+FIRZl 
÷EARLES,FAISSLERtBLIEDEN,+ (NEAS+STONI  
+MASON,MUIRHEAD,RIGOPDULOS,+ (LIVP+PATRI 
+HYAMS,JONES,SCHLEIN,BLUMtDIETL+(CERN+NPIM) 
+FERBEL,SLATTERY,WERNER (ROCHI 



M e s o n s  

g(1680), X(1690). X-(1?95), S(1930). ~(1960) 

~PNOLO 73 LNC 6 707 +ENGEL,ESCOUEES,KURTZ,LLORETtPATY,+ (STRB) 
CASON 7B P~ D 7 1971 +BISWAS,KENNEY,NAOOEN,SANDER,SHEPHARD(NDAM) 
CASON I 73 NP B 64 I 6  +NAOOEN,DISHOPvBISWAStKENNEY,+ (NDAN( 
HYAMS 73 NP B 66 134 +JDNES,WEILHAMNER,BLUM,DIETL,+ (CERN÷MPIMI 
QOBERTSO 73 .R O T 2556 ROBERTSON,WALKER,DRVIS (DUKE+WISCI 

GRAYER 74 NP G.ORAYERtHYAMS,BLUMtOIETL,÷ (CERN+NPIM) 

J x ( l o o o ) J  
"~?TIT J 66 x( I69O) 

THIS ENTRY CONTAINS [OMEGA El  P I )  PEAKS AROUND 
1690 MEV. EVIOENCE NOT COMPELLING. OMITTED FRON TABLE, 

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

66 X (1690 ]  MASS (NEV) 

M N [1689.] ( IO. )  DANYSZ 67 HBC O 313°6  PEAR P 2/76~ 
M N NOT SEEN IN HIGH STATISTICS EXP. OF OREN 73 
M A 1670 .0  18 .0  YOST 68 HBC 04 .3  K-R,LNED°BPI  2 /76~  
M A 169E.0  20~0 BARNES 69 HBC 0 6 .6  K-P,ONEG2PI 2176 .  
N A NOT SEEN WITH THREE TIMES BIGGER STATISTICS IN K- P 6 .2  GEV/C 
M A (CHALOUPKA 76) 
M . . . . . . . . .  
M AVG 1681.2 13 .6  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

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

66 X(16901 WIDTH (MEV( 

W N (38 . )  ( 18 . )  DANYSZ 67 HBC O B .3 .6  PDAR P 1/7B 
w A 50 .0  IE .O YOST 68 HBC 06 .3  K-F ILNBO.SPI  1 /73  
M A 90 .  20.  BARNES 69 HBC O 6 .6  K-P,OMEGERI 1 /73  
W . . . . . . . . .  
W AVG 64 ,4  19 .2  AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1 .6 )  

REFERENCES FOR X (1690 )  

OANYSZ 67 NC S) A 801 OANYSZ÷FRENCH÷SIMAK (CERN) 
YOST 68 UMD T°qFPOPT86E +YODHtEINSCHLAG,DAY,GLASSER (UMD) 
BARNES 69 PRL 2E 142 +CHUNG,EISNER,FLAMINIO,+ (BNL) 
OPEN 73 ANL/HER 7551  +COOPERtFIELOS,RHINESoNHITNORE,+ (ANL÷OXF) 
CHALOUPK 7A RRIV. COMMUN. V*CHALOUPKA (CERN) 

I x - ( z 7 9 5 ) l  . . . .  , . . . . . . . . .  , , = i  
I - - I  SEEN AS 6 (PEAR N) ROUND STATE IN PBAR D ANNIHILATIONS 

AT REST. NEEDS FURTHER CONFIRMATION.OMITTED FROM TABLE. 

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

6E X- ( ITgS I  MASS (NEV) 

M O 1794.5 1 .6  GRAY 71 DEC - O.PBAR D 1 /72  
M O DECAYS TO FOUR OR MORE PIONS 

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

63 X - ( l i e5 )  WIDTHIMEVI 

W O (B . l  OR LESS EL=.95 GRAY T1 DEC - O.PEAR D 1 /72  
w O DECAYS TO FOUR OR MOR~ PIDNS. 

REFERENCES FOR X - (17951  

GRAY 71 ORL 26 1 4 9 I  +HAGER T,KALOGEROPOOLGS (SYRA) 
BOGDANOV 72 PRL 28 l& lB  BOGDANOVA,DALKAROV.SHAPIRO ( ITEP)  
GRAY 73 PRL 30 1091 *PAPADOPOULOU,KARRGEROPOULOS,÷ (ATEN÷SYRR) 

I s ( l O 3 o l l  
I P ' E G I O N  I s, .....  Eo. 

) 
T h i s  e n t r y  c o n t a i n s  t h e  s t r u c t u r e  o b s e r v e d  in  t h e  

s - c h a n n e l  NN" a n n i h i l a t i o n s ,  a s  w e l l  a s  v a r i o u s  p e a k s  

c l a i m e d  i n  t h i s  r e g i o n  b y  p r o d u c t i o n  e x p e r i m e n t s .  

N o t e  t h a t  p a r t  of  t h e  c r i t i c i s m  o f  a r e s o n a n t  i n t e r p r e -  

t a t i o n  o f  t h e  s t r u c t u r e  o b s e r v e d  in  pp b a c k w a r d  e l a s t i c  

s c a t t e r i n g  ( C L I N E  70, D ' A N D L A U  7t)  w a s  b a s e d  on 

t h e  a b s e n c e  o f  a b u m p  in  t h e  t o t a l  pp  c r o s s  s e c t i o n .  

S u c h  a b u m p  h a s  n o w b e e n  o b s e r v e d  b y  CAR.R.OLL 74 .  

In v i e w  of  t h e  past d i f f i c u l t i e s  w i t h  t h e  S r e g i o n ,  w e  

p r e f e r  to w a i t  f o r  f u r t h e r  c l a r i f i c a t i o n ,  b e f o r e  e n t e r -  

ing the S meson into the table of established resonances. 
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Data Card Listings 
For notation, see key at front of Listings. 

S] S MASS (MEVI 

M S CHANNEL NEAR N 
N C (1960 . )  ( 8 . (  CLIME TO HEC O °25 - . 76  PEAR P 2 /T2  
M C (193N . )  D~ANOLAU 71HBC 0 .3T-o6B REAR P 2 /72  
N B ( | 968 . )  BENVENUTI TI  HBC O .1  - . 8  PBAR P 2 /72  
M S 1932.  2 .  CARROLL 74 CNTR S CHRN°PBAR PrO l / TA*  
N 
M C FROM FIT  OF A SINGLE fin FORMULA TO THE PEAR P BACKWARD ELASTIC 
M C CROSS SECTION / COS(?METAl IN ( - . 9 . - 1 . 0 I  / .  SOME INDICATIONS 
M C OF AN ADDITIONAL STRUCTURE IN BOTH DATA. 
N C RESONANT INTERPRETATION QUESTIONED BY LYS TO AND BIZZARRI 72 • 
M 
N B SEEN AS A BUMP IN THE PEAR P - KS KL DROSS SECTION WITH JPC= I - - .  
M E EASED ON ONLY T1 EVENTS OF THIS REACTION. 
M E NOT SEEN BY CARSON 72 WITH 69 EVENTS. 12 /72  
M B BURNS TB FIND COMPARABLE C=÷1 AND C=-1 ABOVE TOO MEV/C L /76s  
M 
N S STATIST. SIGNIFICANT NARROW BUMP OBSERVED I f l  TOTAL PDAR P 
M S AND PBAR O CROSS-SECTIONS. ISOSPIN NOT KNOWN. 

M PEAKS FROM PRODUCTION EXPERIMENTS 
M N (1929 .0 )  ( 16 .01  CHIKOVANI 66 MMSP - 1Z .0  PI--P 12 l i e  
M N NOT SEEN BY BOWEN 73 .  
M 1900. 60.  BOESEBECK 68 HBC * 8 E l÷  PeEl+ RiO 6 /68  
M A 19TB,O 15 .0  CRSD 70 HBC - 11 .2P I -  PtNOTE C 5 /70  
M A SEEN IN RHO-- E l÷  P I -  (OMEGA AND ETA ANTISELECTED IN 6 PI  SYSTEM) 5 /70  
M 1975o0 12°0 KPANER TO HEC + ZB . I  PI÷ P ,2P l  . 11 /70  
N . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 1 .3 )  

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

31 S WIDTH (MEV) 

w S CHANNEL NEAR N 
W C JAq.  I ( 9 . )  CLINE TO HEC O °25 - .T6  PBAR P 2172 
W C (63 . )  O~ANDLAU T1HBC O .37 - °65  PEAR P 2 /?2  
W C SEE REMARKS UNDER MASS ABOVE 
W B (35 ° (  BENVENUTI 71HEC O .1  - . 8  PEAR P 2 /72  
W B SEE REMARKS UNDER MASS ABOVE 
W S 9* 6 .  3 .  CARROLL T6 CNTR S CHAN.EBRR PID I /TS~  
W S SEE NOTE S ABOVE° 

W PEAKS FROM PRODUCTION EXPERIMENTS 
W N (35 .0 )  OR LESS CHIKOVANI bb MMSP - 12.0 PI-P 12/72 
W N NOT SEEN BY BOWEN 73. 
W 216 .  105 .  BOESEBECK 68 HRC + 8 P I÷  P ,P I+  RIO 6 /68  
w A (BO.OI  CASO 70 HflC - 11 .2E I -  P,NOTE C S/TO 
w A SEEN IN RHO- Pl+ E l -  (OMEGA AND ETA ANTISELECTED IN 6 PI SYSTEM) 5 /70  
w (S2.O) OR LESS CL=.90 KRANER TO HBC + 13 .1P I÷  P,2P l  11/70 

. . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Bl  S PARTIAL DECAY MODES 

DECAY MASSES 
P l  S INTO PI÷  El -  1B9÷ 139 
P2 S INTO PBAR P 938÷ 938 

REFERENCES FOR S 

CHIKOVRN 66 EL 22 233 CERN MISSING MASS SPECTROMETER GROUP (DEAN) 
FOCACCI 66 PRL 1T 890 CERN MISSING MASS SPECTROMETER GROUP (CERN) 
BOESEEEC 68 NPE  6 501 BOESEBECK,OEUTSCHMANN,+(AACHENeEERLIN+CERN( 
CLINF 68 PRL 21 1268 ÷ENGLISH, REEDERvTERRELL*TWITTV (W(SCONSINi 

CASO TO LNC S TOT ÷CORDS,COSTA,+ (GEND,DESY,HANBmMILA,SACL) 
CLINE TO PREaRINT D.CLINE,J.ENGLISH,D.O.REEDER (HISC(J 
KRAMER TO PRL 25 396 +BARTONoGUTAYtLICHTNAN,NILLER,÷ (PURDUE) 
LYS TO PREPRINT J.LYS (NICH) 

BENVENUT TI  PRL 27 283 BENVENUTItCLINE.RUTZeREEDER,SCHERER (WISC) 
CLINE TL REVIEW O.CL |NE tTALK  AT ANL WORKSHOP JULY T1 (w I se )  
DeANDLAU 71 PREPRINT *AST IER ,PETRI ,+  (CDEF÷PISA] 
PINSKI  TI  PRL 27 1568 STEPHEN S. PINSKY (UTAH+ARGONNE( 

BIZZARRI 72 PR 0 6 160 +GUIDONI,MARZAND*CASTELLI,+ (ROMA+TRST) 
EPWEN 1 72 PRL 29 890 ÷EARLES,FAISSLER,DLIEOEN,+ (NEAS÷STON) 
CARSON 72 BAT.CONF.PAP.498 +BUTTON-SHAFEB,YANAMOTO,÷ (NASA÷TOKY) 
DIEBOLD TE BATAV.CDNF. R.DIEDOLD RAPPORTEUR TALK (ANL) 
WDHLNUT 72 BAT.CONF.RAP.2T5 +YEEtJOHNSDN,PETERS,STENGER (HAWAII) 

BOWEN T3 PRL 30 332 +EARLES,FAISSLE~,BLIEDEN,+ (NEAS+STON( 
BURNS 73 PRD 8 1286 ÷CDNDON,ODNAHUE,MANOELKERN.PRICE,+ (UCI} 
OONNACHI 73 LNC T 285 A.DONNACHIE,P°R°THONAS (MANCHESTER) 
KIENZLE 73 P~ D 7 0520 W.KIENZLE (CERN) 

CARROLL 7~ ERL $2 247 +CMIANGtKYCIA,LI,NAZUR,MICHAEL,+ IDNL) 

m m 

l a , , ( 1 9 e o ) l . ,  . I  ....... G- -, ,-, 
m m 

ON(TTED FROM TABLE. 

T h i s  e n t r y  c o n t a i n s  t h e  d i f f r a c t i v e - l i k e  3~  a n d  

5~ b u m p s  in  t h e  r e g i o n  of  t 9 0 0  M e V ,  a s  w e l l  a s  v a r i o u s  

p e a k s  n e a r b y .  N o t e  t h a t  e x i s t e n c e  of  a n  S - w a v e  g~ 
t h r e s h o l d  b u m p  ( a s  c o n t i n u a t i o n  to  A t a n d  A3) i s  no t  

u n e x p e c t e d .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6E A6 MASS (MEV) 

M (1900 . )  HUSON 66 HLBC - I 6 °P I -AeA  5PI 2 / 74 *  
M B 40 (1960 .1  ( 30 . )  BASTIEN 73 DEC 15°P I -D ,D  3Pl 2 / 74 *  
M E MARGINAL STATISTICAL SIGNIFICANCE. 

N VARIOUS PEAKS 
N K ( IBZO. )  [ 12 . )  FRENCH 6T HEC O B13 .6  PEAR R 7 /67  
M K OBSERVED IN (KS KO P lO . . . )  MODE (G-PARITY UNKNOWN( 
M 1829.  20 .  HARRISON 72 HRC - 13120 P I -P ,P  3El  2 /76~ 
. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings Mesons 
For no tation, see key at f ront  o f  L ~st~ngs. A~(1960),p(~-~lOO).T(~O0). p(~-~875), U(~360) 

A~ WIDTH (MEV) 

W B 60 ( 200 . )  BASTIEN 73 OBC-  15 .P l -O tO  3PI  21T~* 

W VARIOUS PEAKS 
W 12T. 69.  HARRISON 72 HEC - 18 ,20  P I -P~P 3PI  2 / 7~  
W K (CO.)  ( 20 . )  FRENCH 67 HBC O 3-~ PEAR P T /67  

REFERENCES FOR A6 

O~NYSZ 6T NC BIA 801 DANYSZ*FRENCHeSIMAK (CERN) 
FRENCH 67 NC BZA 642 ÷KINSONeNCDONALOeRIDDIFORO+ (CERNeBIRM) 
HUSON 68 PL 28 B 208 eLUBATT I ,BELL IN I ,B INGHAN,+  (DRSA+MILAeLBL) 
EFNPORAD 71NP B 3B 397 eDUFEY,COOLING,+ (CERN+ETHZeLDICeBILA) 
CLAYTON 72 NP B AT 8 I  +NASON~NUIRHEAD~RIGOPOULOS~+ (LIVPePATR) 
HARRISON 72 PRL 28 778 eHEYOA,JOHNSON,KIM,LAN,MUELLER,+ (HARV) 
BASTIEN 7B UPFSALA CONF. T3 +DUNN,HARRIStLUBATT1,BINGHAR,~ (SEATeUGBI 
OREN 73 ANL/HEP 73B1 eCOOPERtFIELOS,RHINES,WHITMDRE,~ (ANLeOXF) 

i;;;;oo;ii;22;}i:::;::::::i,___ o , . . . . . . . . . . . . . . . . . . . . . . . . . .  

, I ~ G I O N  , S N6 SUGGEST I . . . . . . . . . . . . . . . . . .  SIS OF 
l I DIFFERENTIAL CROSS-SECTIONS FOR FeAR P I  - - -  2P l .  

NOT SUPPORTED BY EHRLICH T2,EISENHANOLER 73 .  
OMITTED FROM TABLE. 

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

51 RHO (2100)  MASS (MEV) 

R 2086 .0  38 .0  ANDERSON 69 RMS -- 16 P I -  P,DACKW 8 /69  
S ( 2120 . )  NICHDLSON B9 CNTR 0 . 7 -2 .6  FB P ,2P I  l / ?6 *  

M S SEE ALSO NICHDLSON 73 
M 5B (2070 . }  TAKAHASHI 72 HBC 8 *  P I -  P+N 2PI  l / T3  

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

B1 RHO {21DO) WIDTH (MEV) 

w ( l eO .O)  ANDERSON &9 MMS -- 16 PI- PteACKW 8 / 6 9  
fl N ( 2~9 . l  NICHOLSON 69 CNTR O , 7 -2 .6  PB P ,2P I  9 / 69  
w N THE WIDTH INCLUDES RESOLUTION. 
W 50 l l 6O . )  TAKAH~SHI 72 HBC 8.  P l -  P,N 2PI  1 /73  

REFERENCES FOR RHDI210O) 

ANDERSON 69 PRL 22 1390 eCOLLINS,ELIEDENe (BNLeCARNI 
NICHOLSO 69 PRL 23 603 NICHOLSONtBARISH~OELORME,e (CITeROCHeBNL) 

EHRLICH 72 PAL 28 1167 eETKIN,GLOOIS~HUGHES,KONOO,LU~NORI,e (YALE( 
TAKAHASH 72 RE O b 1266 TAKAHASHI,BARISH,e (TDHOePENNeNOAMeANL) 
EISENHAN 73 PL 67 E B36 EISENHANDLER~e (LOQN+LIVPeOARE+RHEL) 
NICHOLSO T3 PRD T 2B72 NICHOLSONtOELORRE,CARRDLLte (CIT+ROCH+GNL) 

REGION THIS E . . . .  CONTAINS VARIOUS . . . .  S . . . .  2200 MEV. 
ONITTEO FROM TABLE. 
FOR REVIEWS SEE BERTANZA T2~ DIEBOLD 72 .  

32 T MASS (MEV) 

M S CHANNEL NeAR N 
M E 2190 .  18 .  ABRAMS 70 CNTR S CHANNEL NBAR N 1 /73  
N B SEEN AS BUMP IN I=1 STATE. SEE ALSO COOPER 68 .  
M E BRICMAN (69 )  SEES NO BUMP, SPIN LESS THAN 5 IS SO EXCLUDED 
M K (21RO.O) KALBFLEIS 69 HBC O S-CHANNEL PBARP T / b R  
M K SEEN IN PEAR P TO RHOO RHOO RiO.  IG= I - .  
M K NOT SEEN BY DONALD 7S. 
M 2193.  2 .  ALSPECTOR 73 CNTR S CHANNEL PBAR P. 1 /76~  
M S (Z l~ l . )  DONALD T3 HBC 0 S CHANNEL PBAR P 1 /76e  
M S SEEN IN FINAL STATE (OMEGA P ie  P I - )  
M . . . . . . . . .  
N AVG 2192 .9  2 .0  AVERAGE (ERROR INCLUOES SCALE FACTOR OF 1 .O I  

M PEAKS FROM PRODUCTION EXPERIMENTS 
M N (E ie5 .o )  ( 15 .0 )  CHIKOVANI 66 HNSP - 12 .0  P I -P  12172 
M N NOT SEEN BY BOWEN 73 .  
N 2207 .  13.  ALLES-BOR 67 HBC O B.T PeAR P 12166 
M A ALLES-BORELLI 6T SEE NEUTRAL MODE ONLY (P I+P I -P IO )  
M 2190 .0  10 .0  CLAYTON 67 HBC e -  2.SFBAR~A2eONEGA 10 /67  
M 2207 .0  22.O CASO 70 HBC - I I . 2P I -  P,NOTE C. B/TO 
M C SEEN IN RHO- PI+ P l -  (OMEGA RND ETA ANTISELECTEO IN • PI  SYSTENI B /70  
M 21B7.0  IO,O KRRNER 70 HBC • 13 .1  P le  P ,2P l  . 11 /70  
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 2 .0 )  

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

32 T WIOTH (NEV) 

R S CHANNEL NEAR N 
W B (6E . )  AERANS 67 CNTR S CHANNEL NBAR N 7 /6T  
W E SEE NOTE B UNDER T I22001  BASS ABOVE. 
W K EETNEEN 20 AND 80 HEV KALEFLEIS 69 HBC 0 S-CHANNEL PEARP 7 /69  
w 98 .  8 .  ALSPECTOB 7B CNTR S CHANNEL PEAR P 1 /7&~ 
W S I I& . )  OONALD 73 HBC 0 S CHANNEL PEAR P 1 /7~  
W S SEEN IN F INA l  STATE (OMEGA P ie  F I - I  

w PEAKS FRQM PRODUCTION EXPERIMENTS 
N N (18 .01  OR LESS CH[KOVRNI 66 NMSP - 12 .0  P I -P  8 / 6 6  
N 62 .  B2. ALLES-BOR 6T HBC 0 B .?  PEAR P I 2 / 66  
B ( ISO .O I  CASO 70  HBC - 11 .2P I -  PINOTE C. 5 / 70  
W C SEEN IN RHO- P Ie  P I -  (OMEGA AND ETA ANTISELECTED IN 6 F[  SYSTEM) 8 /70  
w 68 .0  22 .0  KRAMER 70 HBC • 13=1 P I÷  P~2PI 11 /70  
N . . . . . . . . .  
w AVERAGE MEANINGLESS (SCALE FACTOR • L *0 )  

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

32 SIGMA (RB) FOR FORMATION BY NUCLEON ANTIN~LEON 

CS A {5 .5 )  ABRAMS TO CNTR S CHANNEL NEAR N 1 /71  
CS A FOR I=1  NEAR N 
CS 2 .3  0 .13  0 .08  ALSPECTOR TB CNTR S CHANNEL PEAR P | / 7~ *  

CHIKOVAN 66 PL 22 233 
FOCACCI 66 PRL IT 890 

ALSO 69 CASO 
ABRAMS 67 PAL 18 1209 
ALLES-EO bT NC 50 ~ 776 
CLAYTON 67 HEIDBG.CDNF.P.ST 
COOPER bB PRL 28 10B9 

BRICMAN 69 PL 29 B ~51 
CASD B9 NC 62 A 755 
KALBFLEI 69 PL 29 E 2E9 
MONTANET 69 LUNO CONF.P.189 

RBRAMS TO PRD 1 1917 
CASO 70 LNC 3 TOT 

ALSO 69 CkSO 
KALBFLEI TO PHILAD.C~NF.P.BO9 
KRAMER TO PRL 25 396 

BACON T1 NP B 32 66 
FIELDS 71 PRL 27 17~9 
YOH T1PRL  26 R22 

ALEXANDE 72 NP B A5 2~ 
BERTANZA T2 CERN 72 -10  
EUGG 72 PR 0 6 30~7 
CLAYTON T2 NP B ~T 81 
DIEBOLO 72 BATAV.EONF. 
DONALD 72 PL ~O B 586 
RING MA 72 NP B 51TT  
WOHLMUT T2 BAT.CONF.P~P.271 

~LSPECTO 73 PRL 30 §11 
BACON 73 PRD 7 SET 
BETTINI 73 NC 15 ~ 563 
ROWEN 73 PRL 30 332 
DCNALO 73 NP B 61 333 
DONNACHI T3 LNC T 285 
KIENZLE 73 PRD T 3B2O 

REFERENCES FOR T 

CERN MISSING MASS SPECTRONETER GROUP (CERN} 
CERN MISSING MASS SPECTROMETER GROUP (CERN] 

eCOOL.GIACOMELLI~KYCIA,LEONTIC,L I ,+  (BNL) 
aLLES-BORELLI~FRENCH~FRISK~+ (CERNeBONN)G=- 
eMASON,MUIRHEADtFILIPFASe(LIVERRODL+ATHENS) 
eHYMAN,NANNER,MUSGRAVE,VOYVDOIC IANL) 

eFERRO-LUZZI,BIZARD,e (CERNeCAENeSACL) 
eCONTE,BENZ,e (GEND÷DESY+HAMBeNILAeSACL) 
G.KALEFLEISCH,R.STRAND,V.VRNDEREURG [BNL) 
L.MONTANET. RAPPORTEUR (CERN) 

+COOL,GIACOMELLI,KYCIA,LEONTIC,LI,+ (BNL) 
eCONT~,TOMASINI,CORDSe(GENO+HAMB~MILA+SACLI 

G.KALBFLEISCH AND O.MILLER REVUES (ENL) 
+BARTON,GUTAY,L[CHTMAN~MILLER,e (PURDUE) 

+BUTTERWORTH,MILLER,PHELAN.+ (RHEL+LIVFI  
÷COOPER,RHINEStALLISON (RNL+OXF) 
eBARISH*CAROLL,LCBKOVICZe {CITeBNL+ROCH) 

~LEXANDE~tBAR-NIR,BEVARY,DAGAN~e (TELA) 
L.BERTANZA REVIEW AT CHEXERES 72 (P ISA)  
+CONDO,HART,COHN~ENDORF,~ (TENNeORNLeCINC) 
+NASON~MUIRHEAO,~IGOPOULOS,e (L IVPePATR) 
R.DIEBOLO RAPPORTEUR TALK (ANL) 
+GALLETLY,EONAROStOE E ILLY ,e  IL IVPeLPNP)  
+EASTNAN,OH, PARKER,SMITH,SPRAFKA (MSU) 
eYEE~JOHNSON,PETERS,STENGER (HAWAI I )  

ALSP~CTOR,COHEN,CVIJ~NDVICH~e (RUTGeOPNJ) 
eBUTTERWORTH, IRHELeLIVF)  
eGARNJOST,EIGI ,e  (PADOeLBLePISReTORI) 
eEARLEStFAISSLEReBLIEDENee (NEASeSTONI 
eEONRROS,GIBEINS,BRIRNO,OUBOC,e ILIVPeLPNP) 
A.DONNACHIE,P.R.THOM~S (MANCHESTER) 
W.KIENZLE ICERNI 

P . E G I O N  NIOMDLS . . . .  SUGGEST I G ' I ' , ~  . . . . . .  O'  A N A L . .  OF 
DIFFERENTIAL CROSS-SECTIONS FOR PBAR F I  - -  2P I .  
NOT SUPPORTED 8Y EHRLICH 7Z~EISENHANDLER T3. 
OMITTED FROM TABLE. 

- .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

52 RHO(227B) MASS (MEV) 

M 2260 .0  18 .0  ANDERSON 69 MRS - 16 P l -  P,BACKW 8 /69  
M S (22q0 . )  NICHOLSON 69 CNTR O . 7 -2 .6  PB P tEPI  l / T¢ *  
R S SEE ALSO NICHOLSON T3. 

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

52 RH0(2275)  WIDTH (NEVI 

w (25 .0 )  DR LESS ANOERSON 69 MNS - 16 P [ -  R,BACKW 8/6R 
N N (16B . )  NICHOLSON 61 CNTR 0 .T -2 .6  PB P ,ZPI  9 / 69  
N N THE WIDTH INCLUOES RESOLUTION. 

REFERENCES FOR RHO(2275) 

ANDERSON 69 PRL 22 1390 +COLLINS,BLIEOEN+ (BNL÷CABN~ 
NICHOLSO 69 PRL 23 603 NICHOLSONvBARISHIDELORMEt+ (CITeROCHeBNL) 
ENRLICH 72 PRL 2B 1167 +ETKINtGLODIS,HUGHES,KONDO,LU~MORI~* (YALE( 
EISENHAN 73 PL 67 B Be6 EISENHANDLER,e (LDGMeLIVP+OAREeRHEL) 
NICHOLSO 73 PRO T Z572 NICHOLSON,DELORNE,CARROLL~+ (CIT+ROCHeBNL) 

R E G I O N  THIS ENTRY C . . . .  INS THE ERO,O BUMP OBSERVED 
IN THE S CHANNEL NeAR Nt AND VARIOUS OTHER PEAKS, 
MOSTLY C~TROVERSIAL.  OMITTED FROM TABLE. 
FOR REVIEN SEE ASTBURY 72 .  DIEBOLD 72.  

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

33 U(23~0}  NASS (REV) 

M S CHANNEL NEAR N 
M R IZBTO.'O) ( IO .O)  RING 69 HBC O S-CHANNEL FEARP | 1 / 7~  
M A R NOT CONFIRMEO IN EXTENSION OF THE EXP..SEE CHAPMAN 71 .  11 /71  
M 8350 .  10 .  ABRAMS TO CNTR S CHANNEL NeAR N 1 /73  
M A FOR I - 1  NBAR N 
R N (2360 .0 )  ( 25 .0 }  OH 70 HOBO -OPBAR(P ,N) ,K*KEPI  1 /73  
M N NO EVIOENCE FOR THIS RUMP SEEN IN THE FBAR P DATA OF CHAPMAN 71 1 /73  
M | I 23E9 . )  ( 2 . 1  ALSPECTOR T3 CNTR S CHANNEL PBAR P 1/TA~ 
M I ISOSPINS O AND I NOT SEPARATED 

M PEARS FROM PRODUCTION EXPERINENTS 
R M 12382 .0 )  ( 26 .01  CHIKOVANI 66 MRS - 12 .0  PI--P 12 /72  
M N NOT SEEN BY BOBEN 7B.  
N C (2326 .0 )  ( 20 .0 )  CLAYTON 67 HBC ~ -  2.SPBAR~A2+OMEGA 11 /69  
R C MAY BE DIFFERENT OBJECT. VALUE QUOTED IN HEIDELBERG FROG. OF 
R C 2380 e -  IO IS MISTAKE. . .  PRIV. CONN. FRDR NUIRHEAO. 
N 2370 .  17 .  ANDERSON 69 ASPK - 16 P I -  EKSCAT 11 /69  
N (2620 .0 )  (EE.O)  JOHNSON TO HBC 12 .0  P I -  P 1 /71  
M T3 (237~ . )  ( 6 . 1  ATHERTON 71HEC O 5 .7  PEAR P 2 /73  

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



Mesons 
U(2360), NN[=O(3375). x(Bsoo-36oo) 

i 0 0  

Data Card Listings 
For notation, see key at front of Listings. 

53 U12360) WIDTH IMEVI 

W S CHANNEL NBAq N 
w (140 . I  ABRAMS 67 CNTR S CHANNEL PBAR N I /TB 
W R (40.0)  OR LESS RING ~9 HBE O S-CHANNEL PBARP El/T1 
W R NOT CONFIRMED IN EXTENSION OF THE EXP..SEE CHAPMAN 71. i i 171  
W N 160 .0 )  DR LESS OH 70 HDBC -OPBARIP,N),KSK2PI 11171 
w N NO EVIDENCE FOR THIS DUMP SEEN IN THE PBAR P DATA OF CHAPMAN 71 11171 
w I (160. )  ( 18 . )  ( 8 . )  ALSPECTOR 73 CNTR S CHANNEL PBAR P 1174~ 
W I ISOSPINS O AND 1 NOT SEPARATED 

w P~AKS FROM PRODUCTION EXPERIMENTS 
W M (BO.OI OR LESS CHIKOVANI 66 MMS - tZ.O Pl -P  8•66 
W N NOT SEEN BY BDWEN 73. 
W (57.1 ANDERSON 69 ASFK - 16 P I -  BKSCAT 11169 
N [DO.O) OR LESS JOHNSON 70 HBC 12.0 P ~  P 1/71 
w 73 I 24 .  l OR LESS ATHERTON 71HBC O 5.7 PBAR P 2/73 

33 SIGMA IMB) FOR FORMATION BY NUCLEON ANTINUCLEON 

CS A ( 3 . 2 )  ABRAMS 70 CNTR S CHANNEL NBAR N 1/71 
CS A FOR I= I  NBAR N 
CS I ( 2 . 1 I  I 0 . 2 )  ( 0 . i )  ALSPECTOR 73 CNTR S CHANNEL PBAR P L174* 
CS I 15OSPlNS 0 AND I NOT SEPARATED 

REFERENCES FOR U(2B~O) 

CHIKOVAN 66 PL 22 2~3 
FDCACCI 60 PRL t 7 890 

ABRAMS 67 PRL [8  1209 
CLAYTON 67 HEIOBG.CDNF.P.5T 

ALSO 71PRIV.CORM. 

ANDERSON 69 PRL 22 1390 
BRICMAN 69 PL 29 B 451 
CASD 69 LNC B 707 
RINGI b9 MICH PREPRINT 
RING 69 

ABRAMS 70 PRO 1 1917 
JOHNSON 70 UH $11 77 70 
LYS 70 PREPRINT 
OH 70 PRL 24 12B7 
SMITH 70 PREPRINT 

ATHERTON 71 CERN PHYS.71-1B 
CHAPMAN Tl  PR 04 1275 
~IELOS 71 PRL 27 L749 
YOH 71PRL 26 922 

ASTBURY 72 CERN 72-10 
DIEBOLD 72 BATAV.CONF. 
DONALD 72 8AT.CDNF.PAP.2b5 
EASTMAN 72 NP B 51 29 
RING MA 72 NP B 51 77 
W~HLMUT 72 BAT.CONF.PAP.27B 

ALSP~CTO 73 PRL 30 511 
BOWEN 7B ~RL 30 332 
DONNACHI 73 LNC 7 285 
KIENZLE 73 PRO 7 3520 

CERN MISSING MASS SPECTROMETER GROUP (CERNI 
CERN MISSING MASS SPECTROMETER GROUP ICERNI 

÷CDOLIGIACOMELLI.KYCIA,LEONTIC,LI,+ |BNLI 
+MASONtMUIRHEAD.FILIPPAS+ILIVERPOOL+ATHENSl 
W.NUIRHEAD (L IVRI  

+BLESER,BIRNBAUM,EDELSTEIN,+ (BNL+CARN) 
+FERRD-LUZZI,BIZARO.+ (CERN+CAEN÷SACL) 
+CONTE,BBNZ,+ (GENO+DESY+HAMB+MILA+SACL) 
+CHAFMAN,CI~JRCH, LYS,MURRHY,VANDERVELDIMICH) 
JOINT PREPRINT COMBINES RINGI ANO OH 70 

+CDOL,GIACOMELLI,KYCIA.LEONTIC,tI,+ (ANt i  
÷PETERS,STENGER,YEE (HAWAIII  
J.LYS (MICHI 
+PARKER,EASTMAN,SMITH,SPRAFKA~MA {MSU) 
G.A.SMITH [MSUI 

+CEtNIKIER~CLAYTCN,FRANEK,ERENCH.+ (CERN) 
+GREEN,LYS,MURPHY,RING,+ (MICH) 
+COOPFR.RHINES,ALLISON IANL÷OXF) 
÷BARISH,CAROLt,LDBKOVICZ+ ICIT÷BNL+RDCH) 

A.ASTBURY REVIEW AT CHEXBRES 72 (RHELI 
R.DIEBOLD RAPPORTEUR TALK (ANLI 
INTEPNAT.COLLABORAT[ON (L IVF+I  
+MING MA,OH,PARKER,SMITH,SPRAF~A (NSU) 
+EASTMAN,OH,PARKER,SMITH~BPRAFKA IMSU) 
+YEE.JOHNSON,FETERS,STENGER [HAWAII) 

ALSPECTOR~COHEN,CVIJANOVICH,+ (RUTG*UPNJ] 
+EARLES,FAISSLER,BLIEDEN~+ (NEAS+STONI 
A.DONNACHIE,P.R.THOMAB (MANCHESTERI 
W.KIENZLE (CERNI 

* * * * * *  * * * * * * * * *  * * * * * * * * =  * * $ * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

, . . ,  I ~ i = o ( 2 3 ' ; ' 5 )  I . . . . . . .  (2 . . . . . .  G= i i . o  

EVIDENCE FOR RESDNANCE PRELIMINARY. 
OMITTED FROM TABLE. 

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

41 N NBAR{23751 MASS 

M 2370. l B .  ABRAMS 70 CNTR S CHANNEL NBAR N I171 
M I (235R.)  ( 2 . )  ALSPECTOR 73 CNYR S CHANNEL PAIR P [174"  
M I ISOSFINS O AND 1 NOT SEPARATED 

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

41 N NBARIBBTB) WIDTH 

W ( tBO. l  ABRAMS 70 CNTR S CHANNEL NBAR N I171 
W I ( | 6 5 . 1  ( lB . )  (B . )  ALSPECTOR 73 CNTR S CHANNEL RBAR P 11745 
W I ISDSPINS O AND 1 NOT SEPARATED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

41 N NBAR1237BI SIGMA IRBI FOR FORMATION BN 

CS ( 2 . 5 l  ABRAMS 70 CNTR 1/71 
CS I I 2 . 1 I  I 0 . 2 ]  [O . l l  ALSPECTDR 73 CNTR S CHANNEL PDAR P 1 /74 .  
CS I ISOSPINS O AND I NOT SEPARATED 

RE'~ERENCES FOR N NBAR I237BI 

BRICRAN 69 PL 29 B 451 +FERRO-LUZZI,BIZARD,+ (CERN+CAEN+SACL) 
ABRAMS 70 PRD t 1917 +COOL,GIACOMELLI,KYCIA,LEONTIC,LI.* IBNL) 
EASTMAN 72 NP B 51 29 +MIND MA,OH,RARKER,SNITHISRRAFKA IMSUI 
MING MA 72 NP B 5~ 77 +EASTMAN.OH,PARKER~SMITH,SPRAFKA IMBUE 
ALSPECTO 73 PRL 30 B I I  AtSPECTOR,COHEN,CVIJANOVICH,÷ IRUTG+UPNJI 

Ix(  oo-a oo) i,6 x, . . . . .  3 . . . .  
THIS ENTRY CONTAINS VARIOUS HIGH MASS 

NON-STRANGE PEAKS. OMITTED FROM TABLE. 

The high mass region is covered nearly con- 

tinuously by evidence for peaks of various widths and 

decay modes (see figure). A s  a satisfactory grouping 

i n to  p a r t i c l e s  i s  n o t  y e t  p o s s i b l e ,  we  l i s t  a l l  t h e  Y = 0 

b u m p s  w i t h  M > 2400  M e V  t o g e t h e r  by  i n c r e a s i n g  

m a s s .  No te  t h a t A N T I P O V  72 (~ -p  -* p M M -  a t  25 a n d  

40 G e V / c )  s e e  no  n a r r o w  b u m p s .  

i I ' I 

ALEXANDER 72 (4"rr+4:,r -)  
BAUD 70 (MM-) 
BAUD 70 (M M-) ,c-, 
ALEXANDER 72 {5"rr+3"rF) , o , 
ALEXANDER 72 (4"rr+4-n --') 
BAUD 70 (M M-) o 

--.---.7P(~'n'-F-"',T-I' o , ALEXANDER 
B A U D  7 0  ( M M )  

B A U D  7 0  ( M M - )  

-o-  Y O S T  71 ( 7  -rr ) +  

o B A U D  6 9  ( M  M - )  

SABAU 71 (KK'rr'n-) + 
,-o-, BAUD 69 (M M-) 

~ - - o - - ~  CASO 70 (p-s"r+'rr - )  
,-o--, BAUD 69 (M M-) 
~o - -  ATHERTON 71 (KK-rr Tr) ° 

ANDERSON 6? (MIM-) 
~ i i J I i i i i ~ i 

2,5 3,0 5,5 
M ± W2 (GeV) 

Masses and v~dths of reported enhancements v~th 
Y = 0, M > 2400 IVIeV. (--O-- indicates that upper limit 
o n l y  w a s  r e p o r t e d  f o r  t h e  w i d t h .  ) 

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

46 XI2500-36001 MASSES AND WIDTHS (MEVI 

M 2500.O 32.0 ANOERSDN 69 MMS - 16 R I -  P,BACKW9 8169 
W (87.01 ANDERSON 69 MM5 16 P I -  P,BAC~W9 8169 

M 66 26 [B .  7. ATH£RTON 71HBC O 5.T PBAR P 2 l IB  
w bb { 9 0 . )  OR LESS ATHERTON 7 1 H B C  0 5.7 FBAR P 2/73 

M 550 2620. 20.  BAUD b9 MRS - 8 . - 10 .  P I -  P 9/b9 
w 550 85. BO. BAUD 69 MMS B . - lO .  P I -  P 9169 

M 2676.0 27.0 CASO 70 HBC - 1L .2P l -  RtNOTB C 5170 
w (150 .0 }  CASO 70 HBC - 1 1 . 2 F I -  P,NOTE C 5/70 
W C SEEN 1N RHO- PI+ P I -  (OMEGA AND ETA ANTISELECTEB IN 4 Pl SYSTEM) 5/70 

M 640 2BOO. 20. BAUD 69 MMS - B . - lO .  P I -  P 9169 
W 640 ~6. I0. BAUD 69 MRS B.-1B.  F I -  P 9169 

M C 15 2820. iO. SABAU 71HBC + B. PI+ P 11171 
w C [5  SO. 10. SABAU 71HBC + B. PI÷ P 11171 
W C SE~N IN (K KBAR P| PIT+ MASS DISTRIBUTION 1117E 

R BBO B880. 20. BAUD 69 wMS - 8 . -10 .  PI -  P 9169 
w 230 I 15 . )  OR LESS BAUD 69 MRS 8 . - I 0 .  PI- P 9169 

M Y 43 3O[B. 5. YOST 71HBC + [ 1 . P I +  P,RIBPI )+  11171 
W Y 4B (40. I OR LESS YDST ?t HBC * it.PI+ P,P(BGII B171 
W Y ~,3 S.D. EFFECT • DECAY TDT FIONS II171 

R 3OBS.D 20.0 BAUD 70 MMS - 10.5-13 P I -  P EITO 
W (25.01 APPROX. BAUD 70 MRS - 10.5-13 P I -  7 

M 3075.0 20.0 BAUD 70 MMS - 10.5-13 RE- P B/70 
W (25 .0 )  APPROX. BAUD 70 MRS I0 .5 -13  P l -  P 5•70 

M 0 3080. 20. ALEXANDER 72 HBC 0 6.94 PBAR P 1173 
W O 2DO. 70. ALEXANDER 72 HBC 0 6.94 PBAR P 1173 

O DECAYS TD 3PI+ 3PI -  

M 31#S.O 20.0 BAUD 70 MMS - 10.5--15 PI -  P 5170 
W ( IO.Ol  OR LESS BAUD 70 MRS IO.B-E5 P I -  P 5170 

M O 3370. 10. ALEXANDER 72 HBC O 6.9% PBAR P 1173 
w D IBO. 40. ALEXANDER 72 HBC O b.94 PBAR P I170 

D DECAYS TO 4RE+ 4PE- 

R D 3390. 20. ALEXANDER 72 HBC 0 6.94 PBAR P I173 
W O 220. 10o. ALEXANDER 72 HBC 0 6.94 PBAR P 1173 

O DECAYS TO 3RE+ 3P l -  

R 3475.0 20.0 BAUD 70 MMS - 14-15.5 P I -  P 5•70 
w IBO.O) APPROX. BAUD 70 RMS 14-15.B P l -  P B/70 

M 3535.0 20.0 BAUD 70 MMS - 14-15.5 PI -  P 5/70 
w I 30 .D I  APPROX. BAUD 70 MMS 14 - IB .5  P I -  P 5•70 

R O 3600. 20. ALEXANDER 72 HBC O 6.94 PBAR P 1173 
w D 140. 20.  ALEXANDER 72 HBC O 6.94 FBAR P 1/73 

O OBCAYS TO 4PI+ 4PI -  

REFERENCES FOR X|2SOO-BbOO) 

ANDERSON 69 PRL 22 1390 +COLLINS,+ (BNL+CARNI 
BAUD 69 PL 308 IZR CERN BOSON SFEOT~DMETER GROUP ICERN) 
ALEXANDE 70 PRL 25 63 +BAR-NIR,DAGAN,GIDAL,GRUNHAUS+ ITEL-AVIV) 
BAUD 70 PL 3 1 B  549 CERN BOSON SPECTROMETER GROUP (CERN} 
CASO 70 LNC 5 707 +CONTEITOMASINI,CDROS+IGENO+HAMB+NILA+SACEI 
ATHERTON 71 CERN PHYS.71-IB ÷CELNIKIEg,CLAYTON.FRANEK.FRENCH,+ (CERN) 
SABAU 71LNC I E14 +URETSKY IBUCH÷ANLI 
YDST 7I  PRD 3 642 +MORRIS,ALBRIGHT,RRUCKER,LANNUTTI (FSU) 
ALEXANOE 72 NP B 40 29 ALEXANDER,BAR-NIR,BEVARY,DAGAN,÷ (TELA) 



1 0 i  

Data Card Listings 
For notation, see key at front of Listings. 

S=+I MESON STATES 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * , , * * * * * *  

F ~  I 0  CHARGED K (4941JP=O- )  I=i/2 

SEE STABLE PARTICLE DATA CARD LISTINGS 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

F ~  I1  NEUTRAL K (498 , JP=O- I  T=1/2 

SEE STA8LE PARTICLE DATA CARD LISTINGS 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

IC(B92)I ....... . . . . . .  ) . . . .  2 
1 1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

15 K * (892 )  MASS (MEV) 

ONLY. THIS IS WHAT APPEARS ON MESON TABLE 
898.0 5.O CHADWICK 63 HBC 
891.0 l.O WOJCICKI 66 HBC 
889.5 2,5 ADELMAN 65 HBC 
895 .0  3 ,0  GELSEMA 55 H8C 
895. 3,  EOBSE 67 HBC 
891. 2, DE BaEEE 67 HBC 
892,5 2.5 DE EAERE 67 HBC 
898. 4. SALLSTROM 67 HBC 
883.  5. SALLSTROM 67 HBC 
890.  3 .  8ARLOW E7 HBC 
889.  3. BARTON 67 HBC 
896.0 5.0 CONFDRTO 67 HBC 
893. 4. ADEEHOLZ 68 HBC 
891 .  4.  FICENEC1 68 HBC 
887. 3 .  FICENECI 88 HBC 
890 .5  5 .0  FICENEC2 68 HBC 
892 .0  3 .0  FICENEC2 68 HBC 
896 .0  A.O SCHWEINGR 68 HBC 
892.0 2 .0  SCHWEINGR 68 HBC 
884 .0  5,0 KANG 58 H8C 
891.0 2.0 CEENNELL 69 DEC 
892,0 3 ,0  ERWIN 69 HBC 

(896 , )  ( i . 1  FRIEOMAN 69 HBC 
(892. )  ( 2 . )  FRIEDMAN 69 HEC 
I892 . )  ( 1 . I  PRIEDMAN 69 HBC 
(892.) ( l . I  FRIEDMAN 69 HBC 
895. 2 LIND 69 HBC 
892 .2  1 .5  AGUILAR1 71HBC 
894.3 1.1 CLARK 73 HBC 

M CHARGED 
M 
M 38T0 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
X 
M 
M 
M 
M 
M 
M 
M 
M 2886 
M 728 
M 3229 
M 1027 
M 

M 4 4 0 4  

M 1300 

M AVG 892.15 0.48 AVERAGE (ERROR INCLUDES 

M NEUTRAL ONLY. BUT WE DONT USE THIS FOP MASS DIFF. - 
M TO 897 .0  10 .0  CDLLEY 61 HBC 
M 2.0 KR AEMER 63 HBC 200 892 .0  
M 150 (885 .0 )  SMITH 63 HSC 
M 899.  4 .  EARLOW 67 HBC 
M 897. 4 .  8ARLDW 67 HBC 
N 889.0 E.O CONFORTO 67 HBC 
M 894 .7  1 .3  DAUBER 67 HBC 
M 892.0 4.0 GEORGE 67 HBC 
M 893. 3. DE WIT 68 DEC 
M F 895. 4. FICENECI 68 HBC 
M F 901 .  6 .  ~ICENEC2 68 HBC 
M F FICENEC ERROR RAISED SEE TYPED NOTE 
M 890 .0  6 .0  SCHWEINGP 68 HEC 
M 903 .0  A.O SCHWEINGR 68 HEC 
M 899 ,0  5 .0  KANG 68 HEC 
M 10700 893 .7  2 ,0  DAVIS 69 HBC 
M D 2000 890 .0  1.2S ToOE BAERE 69 HBC 
M 0 ERRORS ENLARGED BY US GAMMA/SORT(N). 
M 4000 895.0 1 .0  HABER 70 DEC 
M 2936 897 .9  0 .8  AGUILAR1 71 HBC 
M 5362 898 .0  0 .5  AOUILAR[ 71 HEC 
M D ITOO 898 ,6  1 ,3  8UCHNEE 72 DEC 
M 3186 896 .0  1.0 LEWIS 73 HBC 
M C (894 .0 )  ( 1 . 3 )  LINGLIN 75 HEC O 2-13  K+P ,K+P I -  
M C EROM POLE EXTRAPOLATION. USING WORLD K+P OST 
M . . . . . . . . .  
M AVG 896.51 0 .60  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,91 

{SEE IDEOGRAM BELOW ) 

UE IGHTED RUERRGE = 896 .11  i 0 .60  

ERROR SCRLED BY 1 .9  

~ " . . . . . . . .  LEN IS  73  HBC 
I? t -  . . . . . . . .  6UCHHER 72 D6D 
I ~ . . . . . . . .  RGUILRR1 71 HAD 
I ~  . . . . . . . .  AGUILAR1  ?l HBC 

+ l i  t . . . . . . . .  HRBER ?O DeC 
~ -  • ' " l i  t ........ DE BRERE 69 H6C 

I t  t . . . . . . . .  DRUIS  69  HBC 
- ~  . . . . . .  KRNG 66  HBC 

I l l  I . .  "SCHUEINBR 6 B  H6C 
- ~  . . . . . . . .  SCHUEISGR S6  HBC 

,, ~ - ' - ~  . . . .  F ICENEC2  58  HBC 
- ~  . . . . . . . .  F ICENEC1  68  HBC 
- - -+ - / - I "  . . . . . . . . .  DE . zT  SB OSC 

- - - + - J - -  ~" . . . . . . . . .  GEORGE 6 7  H6C 
/ '+ -J  . . . . . . . . .  . 'DAU6ER 67 HBC 

• J . . . . . . . . . .  COMFORT{ ]  (~7 HBC 
/ - - +  . . . . . . . .  8ARLDU 67  HAD 

/ e - , . ;  ~ . . . . . .  6AR / r lN  67  HBC 

l ~ , I  . . . . . . . . .  KRREf lER  63  HBC 

J ,  I' % ~ _ ~  COLLEY 62  HBC 

920  BBO 890  900  910  

NEUTRAL  Km(892 )  MASS (NEU)  

+ 1 .5  K+P 
- 1 .7  K-P 
- 1 .5  K-P 6 /68  

1 ,5K -R  
+ 2 .3  K÷P 7 /67  

3 .5  K+P (KO P I+ )  7 / 67  
+ 3 .5  K÷P (K+ PIO)  7 /67  
+ 3.  K+ P (KO PI÷) 7 /67  
+ 3 .  K+ P (K+ PIOI  7 / 67  
+ -  1.2 PBAR P 2/72 
+- 1 ,2  PEAR P 11/66 
~-  O. PEAR P 9 /67  

- 10 K-  P 6168 
- 1,3  K-P (K-PIOI 9/67 
- 1.3 K-P (KOEI - I  9/67 

2.T K- P(K -P IO)  2 /69  
- 2 . 7  K-  P (KOPI - )  Z/69 

6 .1K -P  9 /67  
-- 5 .5  K--P 9 /67  

4 .6  K-  P 7 /69  
3 .9  K-N (KOPI - (  7169 

+ 3.5 K+ P 9 /69  
- 2 . 1  N-P (3BDYI 2 /72  
- 2 . 45  KrP (380YI  2172 

2.6 K-P (OBDYI 2 /72  
- 2 . 7  K-P (3EDY) 2 /72  

+ 9.  K+ P 9169 
- 3.9~4.6 K- P 11171 

3 .3  K-P.P P I -  KO 2174"  

SCALE FACTOR OF l .  EI 

SEE TYPED NOTE 
OE.OPI -P  
0 2 .3  K+P 
O2 ,3P I -P  
O 1 .2  PEAR P 11 /66  
O 1,2  PEAR P 11166 

9 /67  O O. PEAR P 
O 2 .0  K- P I 2166  
O 5.0 K+ P 11187 
0 3 .  K -  O 9169 o ~ :~  K - P ,  . . . . .  , . . . . .  
O K-P (K -P I+ I  11 /69  

O 6 .1K - -P  9 /bT  
O 3 .5  K-P 9 /67  
O A.6 K- P 7169 
O 12.  K+ P 9 /69  

5 ,0  K+ P 9169 
SE TYPED NOTE. 

O 3. K-N 5 /70  
O 3.9,A.6 K- P 11171 
0 3,9,6.6 K- P 11/TI 

O 4 .6  K÷ N,K+ PI-P 12172 
O 2 .1 -2 .7  K+P 2 /7A*  

1176* 

CH ISO 

0 .3  
2 .1  
6 . 8  

3 .0  
2 .3  

27 .2  
2 .D  

2 .6  
0 .0  
1 .3  
0 .1  
1 .4  
1 .3  
1 .9  

O .O  
0 .4  
5 .1  

B9  .B  

(CONLEU 
=D ,OOO!  

Mesons 
I~, K °,  K*(892) 

N o t e  on K*(892) M a s s e s  a n d  M ~ s s  D i f f e r e n c e s  

(I) I m p o s s i b l y  s m a l l  e r r o r s  a r e  r e p o r t e d  by  s o m e  

e x p e r i m e n t s .  W e  u s e  s i m p l e  " r e a l i s t i c "  t e s t s  f o r  t h e  

minimum errors on the determination of mass and 

width from a sample of N events: 

6rnin(m ) : v7-1-1~ , 6min(l~ ) = 4 • 

( F o r  d e t a i l e d  d i s c u s s i o n  s e e  t h e  A p r i l  t c ) 7 f  e d i t i o n  o f  

t h i s  n o t e ) .  W e  h a v e  i n c r e a s e d  s o m e  u n r e a l i s t i c  e r r o r s  

a n d  s c a l e d  u p  s o m e  e r r o r s  t h a t  a r e  i n c o n s i s t e n t .  

( 2 )  T h e r e  a r e  two  m o r e  d i f f i c u l t i e s  in  m e a s u r i n g  a 

m a s s  d i f f e r e n c e  m(K *0) - m ( K  ~+) of ~ 7 MeV w h e n  the 

h a l f - w i d t h  F / 2  of the  K* is  Z5 MeV; 

(a) The  two c h a r g e s  of K ~ have  d i f f e r e n t  t o p o l o -  

g i e s ;  t h i s  i n t r o d u c e s  d i f f e r e n c e s  in  the  m e a s u r i n g  

and  f i t t ing  of the  e v e n t s ,  w h i c h  can  a l s o  p r o d u c e  

m a s s  s h i f t s .  

(h) I n t e r f e r e n c e s  b e t w e e n  the  r e s o n a n t  a m p l i t u d e  

and  b a c k g r o u n d  can  in g e n e r a l  sh i f t  the  p e a k  in 

t he  m a s s  s p e c t r u m  b y  s o m e  f r a c t i o n  of F / 2 .  

18 K*(OI - K, I+ - )  MaSS DIFF. (MEV) 

0 330 b .3  6 ,0  BARASH 67 HEC 0 PBAq P 8 /67  
DD 1600 6.5 5.0 F,CENEC1 68 HBC 1.3  K- P 2/69 

1600 9 .5  5,0 FICENEC2 68 H8C 2 .7  K- P 2/69 
D 7338 5,7 1.7 AGUItAR1 71 HBC -O 3.9,4.6 K- P II171 
D . . . . . . . . .  
D AVG 6.1 1.5 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.0)  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . .  

18 K*[E92I WIDTH (MEV) 

w CHARGED ONLY. THIS IS WHAT APPEARS 
W A6.O 8.0 
W 3870 66.0 3.0 
W 51.0 3.0 
W 47 .0  4 .0  
W 50 .0  15 .0  
w 50.  5 .  
W 53.  8. 
w EB. IO.  
W 67 ,  1,0. 
W 99 .  7. 
w 
W 

4 3 .  9. 
5E. 7. 

W 38.  7 .  
W R e .  16.  
W 64 .  13.  
W 41 ,0  8 .0  
W 47.0 4.0 
W 57 .0  13.0 
W 68 .0  9.0 
W 52 .0  8 .0  
W (27 .0 I  I 8 . 0 )  
w ( 53 . ]  ( 3 . )  
w ( 49 .1  ( 4 , )  
N ( 4 6 . ]  ( 2 . I  
w ( 6 9 . )  1 3 , )  
w 50.  7. 
w 4604 54 ,3  2 .6  
W 1300 68 .2  2 .8  
W . . . . . . . . .  
w AVG 69.8 l.l 

w NEUTRAL ONLY. 
N 70 60 .0  10 .0  
w 200 50 .0  5 .0  
W 53 .  13. 
w 34. E. 
w 66 .  4 ,  
W 58 .  8 .  
w 52.  12.  
w 50 .0  8 .0  
W 48 .0  8 .0  
w 51.0 11.0 
W BE.O 11 .0  
W 10700 51 .2  1 .6  

ON MESON TABLE 
CHADWICK 68 HBC ÷ 1.5 K+P 
WOJCICKI 64 HOD - 1.7 K-P 
AOELMAN 65 HBC - 1 .B K-P 6 /66  
FERRO-LUZ 65 H8C + 3 .0  K+P 
GELSEMA 65 HBC - 1.5 K-P 
BCMSE 67 HBC + 2.3 K+P 7/67 
DE BAERE 67 HBC + 3 .5  K+P (K+ PIO) 7167 
SALLSTROM 67 HBC + 3, K* P (KO P l t l  7 /67 
SALLSTROM 67 HEC + 5. K+ P (K÷ PIOI  1/67 
8ARLOW 67 HBC ÷ -  1 . 2  PBRR P 11 /66  
BaRLOW 67 HBC ÷- 1.2 PEAR P I I / 66  
8ARLOW 67 HBC ÷ -  1.2 PEAR P 11/66 
ADERHDLZ 68 H8C - lO K-- P 6168 
FICENECI 68 Hgc 1 .3  K-P (K -R IO)  9 /67  
FICENEC1 68 HEC - 1.E K-P (KOPI - I  9 /67  
SCHWEING~ 68 HBC - 4 , 1K -P  9167 
SCHWEINGR 68 HBC - 5.5 K-P 9/67 
FICENEC2 68 HEC 2 ,7  K-  P (K -P lO )  2 /69  
FICENEC2 68 HBC - 2 . 7  K-  P (KOPI - I  2169 
KANG 68 HEC - 6 .6  K- P 7169 

(B .O)  ERWIN 69 HBC + 3 .5  K+ P . 9 /69  
FRIEDMAN 69 HBC 2 .1  K-P (3BDYI 2 /72  
FRIEDMAN 69 HBC - 2.45 K-P (3BOY) 2 /72  
FRIEDMAN 69 HBC - 2 . 6  K-P (OBDY) 2 /72  
FRIEDMAN 69 HBC - 2 . 7  K-P (3BOY) 2 /72  
LIND 69 HEC * 9 .  K~ P E/70 

2 .3  ADUILAR1 ?L HEC - 3 . 9 . 9 .6  K- P 11171 
CLARK 73 HBC - 3 . 3  K-P.P P I -  KO 2174 ,  

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

CCLLEY 62 HBC 
KRAEMER be HBC 
BARLOW 67 HOE 
BARLDW 67 HEC 
DAUBER 67 HBC 
DE WIT 68 DEC 
FICENEC[ 68 HEC 
FICENEC2 68 HBC 
KANG 68 HBC 
SCHWEINGR 68 HBC 
SCHWEINGR 68 HBC 
DAVIS 69 NBC 

W O 2000 58 .0  5 .0  8E BAERE 69 HBC 
W O ERRORS ENLRRGED BY US TO A*GANNA/SQRTIN).  
g 4000 BA.O 3 .0  HABER 70 DEC 
W 2936 55 .8  A .2  3 .6  AGUILARI 71HBC 
W 5362 48 .5  2 .2  AGUILAEI  71HBC 
W D 1700 51 .6  5 .0  BUCHNER 72 D8C 
w 3186 A6.O E.O LEWIS 73 HBC 
w C ( 66 .5 I  ( 1 . 5 )  LINGLIN 73 HDC 
W C FROM POLE EXTRAPOLATION. USING WORLD K+P DST 
W . . . . . . . . .  
W AVG 50 .6  1 .1  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.21 

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

OZ .OP I -P  
0 2.B K+P 
O 1 .2  PBAR P 11166 
O [ . 2  PBAR P 11 /66  
O 2 .0  K-  P 12 /66  
O 3.  K-  D 9 /b9  
8 1 .3  K-P (K-RE+) 9 /67  
0 2 .7  K- P IK -P I+ )  2 / 69  
0 6 .6  K -  P 7 / 6 9  
O 5 ,5  K-P 9 /67  
8 4 .1K -R  9 /67  
O 12, K+ P 9 /69  

5 .0  K*  P 9169 
SE TYPED NOTE, 

O E. K-N S/TO 
3 . 9 1 6 . 6  K -  P 11/T1 
3 * 9 1 6 , 6  K -  P 11/71  

O 6 .6  K÷ N,K÷ P I -P  12 /72  
0 2o l - 2o7  K*P Z /74 *  
0 2 -13  K÷P~K+PI-  1 /76= 



Mcsons 

18 K$IB921 PARTIAL DECRY MODES 

DECAY MASSES 
Pl K* (892I  INTO K PI 493÷ 139 
P2 K* I892)  INTO K PI PI A93÷ 139+ 139 
P3 K~{892)+ INTO K÷ GAMMA 693÷ 0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . .  

18 K~(892( 6RANCHING RATIOS 

RI KeIBg2) INTO (K PI P I I / I K  P l )  ( P 2 ) / I P l )  
RI O (O.OO2)OR LESS MOJCICKI2 b@ HRC - 1.7 K-P 

R2 K~(892]÷  INTO (K÷ GAMMA)/TOTAL (UNITS 1Ore-31 (P3( 
R2 I I ° b )  OR LESS Ct= .95  8EMPORRO 72 CNTR + 10 . -16 .  K÷ R,COH 

ALSTON 6 l  PRL 6 3 0 0  
ALEXANOE 62 PRL 8 ~ 7  
COLLEY 62 CERN CONF 315 

CHADWICK 63 Pt 6 309 
GOLDHABE 63 ATHENS CONF 92 
KRAEMER 63 ATHENS CONF 130 
SMITH 63 PRL 1O 138 

HOJCICKI 64 RR 135 8 986 

AOELM~N 65 ATHENS 527 
FERRO-LU bS NC 3b 1101 
FERRO-LU 65 NC 39 617 
GELSEMA 6fl THESIS 
WANGLER 65 PR 137 E @16 

EARASH 67 PR 156 1399 
8RRLOH 67 NC 50 A 701 
EOMSE 67 ER 158 1298 
CONFORTO 67 NP 83 @69 
ORU3ER 67 PR 153 1603 
DE RAERE 67 NC 5 1 A  ¢01 
FEENCH bT NC ~2A 492 
GEORGE 67 NC 49A 9 
S~LLSTRO bT NC ¢9~ 348 

AOERHOLZ b8 NP E 5 567 
DE NIT 68 THESIS 
FICENECt 68 PR 169 103~ 
FICENEC2 68 FR 175 1725 
K~NG 68 PR 176 1587 
SEHHEING b8 PR 16b 1317 

CRENNELL 69 RRL 22 487 
DAVIS 69 PRt 23 1071 
DE 8AERE b9 NO b l  A 397 
E~NIN 69 NP 8 9 36~ 
FRIEDMAN 69 UCRL-I8860 
JUHALR 69 PR 189 1@61 
LIND 69 NP B 16 1 

ATHERTON 70 NP B 16 Rib 
DE EAERE 70 CERN FHYS 70 9~ 
HABER 70 NP B 17 289 

AGUILAR 71PRL 36 %66 
AGUILAEI 7 [  PRO % 2583 
BARNHAM 71NP B Z8 171 
DUCHNER 71NP B 29 381 
CORDS 71 PR D ~ 197@ 
MERCER Tl  NP R32 381 
Y U T A  71PRL 26 1502 

~BRAMOVI T2 NP B 39 189 
8INGHAM 72 N~ S @1 | 
8EMPORAD 72 NP B 51 1 
BRUNET 72 NF B 37 1[% 
8UCHNER 72 HP 8 65 333 
CHARRIER 72 NR 8 51 3~T 
CRENNELL TZ ~R D 6 1220 
DEUTSCHM 72 NP B 36 373 
ENGELMAN 73 PRO 5 2162 
ROUGE 72 NP R 46 29 
TIEOKE 72 NP B 39 596 

BERTHON 73 NP 8 63 56 
CLAgK 73 NP 8 56 932 
LEWIS 73 NP B 60 283 
LINGLIN 73 NP B 55 408 
WRLUCH 73 PR D 8 2837 

REFERENCES FOR K$(892) 

ALSTON,RLVAREZ,EEERHARO,GODO,GRRZIANO+ILRL( 
ALEXANDER,KALAFLEISEHtMILLER,G SMITH {LRLI 
D COLLEY,N GELFANO + (COLUMBIA+RUTGERS| 

CHAONICKtCRENNELL,DAVIES,BETT[NI*(DXF+PRDDI 
SULAMITH GOLDHABER ( t E L l  
R KRAEMER t MRDANSKY + (JOHNS HOPKINS) 
SMITH, SCNHARTZ,MILLER,KALBFLEISCH,HUF÷(LRL( 

STANLEY G HOJCICKI (LRL( 

STUART LEE AOELMAN (CRVENDISH) 
FERRO-LUZZI,GEORGE,HENRItJONGEJANS ICERNI 
FERRO-LUZZI,GEORGE,GOLDSCHMIOT-CLER÷ (CERN) 
E.S.GELSEMA ISEE ALSO PL 10 361)(ANSTEROAM) 
WANGLER,ERHINtHALKER (HISCONSIH) 

8ARRSHtKIRSCH,MILLERtTAN (COLUMEIA) 
• MONTRNET,O'ANOLAU÷ {CERN+CDEF÷IR&O+LIVP) 
+80RENSTEIN*COLE÷GILLESPIE÷ (JOHN HOPKINS) 
+MARECHAL,MONTANET÷CERN~COEF÷IPN+LIVERPOOL 
÷SEHLEIN,SLATERtTICHO IUCLA) 
÷GOEOSCHMIDT-CLERMONT,HENRI÷ IBRUX+CERN| 
+KINSON÷HCOONALD*RIDOIFORD+ {CERN÷BIRM) 
÷GOLOSCHNIOT-CLERNONT÷HENRI+ (CERNeBRUX) 
SALLSTROM+DTTER÷EKSPOHG (STOCKHOLMI 

÷DEUTSCHMANN÷ (AACH+DERL÷EERN÷LOIC+VIENNR) 
S. DE HIT (AMSTERDAM) 
÷HULSIZER+SHANSOM÷TROHER ( I L L )  
FICENEC, GORDON, TROHER ( ILL INOIS}  
Y.HoKANG IIOWAI 
SCHHEINGRUBER,DERRICK,FIELDS+ IANL+NWES) 

÷KAREHQN,LAI,ONEALLtSEARR IBNL] 
+DERENZO.FLATTEtALSTOH, LYNCH,SOLMITZ ILRLI 
+GOLOSCHMIDT-CLERHONT,HENRI,+ (BELG÷CERN) 
÷NALKER,GOSHRN,HEINDERG (HISC÷FRIN+VAND) 
J.FRIEOHAH,PH.D° THESIS (LRLI 
+LEACOCK, RHODE,KORELHRN,LIBBY,÷ (ISU÷EOLO) 
+ALEXANDER,FIRESTONE,FU,GOLDHABER (LRL) 

÷FRRNEK,FRENCH,FRISK,EEONAR÷ (CERN+PRAG) 
+DEEAISIEUX~DE HOLF,OUFOUR,÷ (BELG+CERN( 
+SHAPIRA,ALEXANDER÷ (REHO÷SACL÷EGNA+EPOLI 

+BARNES,8ASSRNO,EISNER,KINSON,SAHIOS IBNLI 
÷EISNER,KINSON (~NLI 
÷COLLEY,JODES,GRIFFITHS,HUGHES,+IBIRM÷GLAS) 
+OEHM, GOEBEL,GDLDSCHMIDT,+ (MPIM÷CERN÷BELGJ 
÷CARMONY,ERMIN,MEIERE,÷ (PURO+UCD+IUPU] 
÷RNT|CH,CALLAHAN,CHIEN,COX,÷ (JOHN HOPKINS( 
÷DERRICK,ENGELNANN,MOSGRRVE (ANL÷EFII 

ABRAROVICH,CHALOUPKA,CHUNG,HILPERT,+ (CERNI 
+ (INTERNATIONAL K+ COLLABORATION) 
÷8EUSCH,FREUDENREIGH~÷ (CERN+ETHZ÷LOIC| 
÷DANYSZ,GOLOSACK,÷ (CDEF÷SACL÷LOIC+LOMCI 
÷DEHM,CHRRRIERE,CGRNETt+ (MPIM÷CERN*BRUX( 
CHARRIERE,DRIJARO,OE BRERE,+ (CERN÷EELG( 
÷GOROON,KHAN-HU LA[,SGARR IBNLI 
OEUTSCHMANN,÷ (ABCLV COLLABORATION( 
ENGELMRNNtMUSGRAVE,FORMANt÷ IANL÷EFI) 
÷VIOEAU,VOLTE,OE ORION,÷ IEROL÷SACL) 
÷GRIJNS,HEINENtOE GROOT.÷ (NIJM+ZEEM) 

÷HONTANET,PAUL,BERTRANET,÷ (CERN+SACL) 
+LYONSIRAOOJICIC (OXFORD) 
+ALLEN,JACOBS~DANYSZ,BORG,÷ILOWC+LOIC+CDEFI 
O.LINGLIN (CERN( 
÷FLRTTE,FRIEDMAN I tBL )  

K Pl S WAVE, CALLED KAPPA(750-1700 HEY) 19 

S-Wave KIT Interactions in the Re~ion 750 - 1700 MeV 

K~ interactions in the l(J P) = I/2(0 +) wave can be 
I 

described by the elastic phase shift 50 from the Kw 

threshold (~630 MeV) up to at least li00 MeV (BING- 

HAM 72). The first inelastic S-wave thresholds are 

KITWIT and K~}, neither of which is known to be impor- 

tant b e l o w  1 4 0 0  M e V .  A p a r t  f r o m  the  i n e l a s t i c  t h r e s -  

h o l d s ,  the  S - w a v e  lrw and  Klr i n t e r a c t i o n s  a r e  r e m i -  

n i s c e n t  of  e a c h  o t h e r .  

I02 

Data Card Listings 
For notation, see key at / font  of I.,istings. 

I I ' I ' , i l  i ' i 

6 0 " L  ° BINGHAM 72 
I"Up"solution • MERCER 71 ', = 

. . . .  YUTA 71 ', - + -  
I t  | rulea om oy ~, and-I-FIRESTONE72 , 
u ~ MATISON 72 -;MAT3SON 72 -4--  

i , = BAKER 7 ~ - ~ -  

/ ;  

80 o * I 1 ~ , '_ 
# 

! 

9o-t +i 

" 0 .8 .~-~"~-, 1.0 1.2 I A  1.6 
K'~:r,' l  MKlr ( G e V / c 2 )  

XBL 743-2678 

S-wave K~ phase shift. ~ "up-down" ambiguity 
occurs at the mass of K~'(89Z), K~<(14Z0),..., which 
can .~e, resolved by precise measurement of ~T(KIT). 
At K (89Z), the "up" solution was ruled out by MAT- 
ISON 7Z; earlier "up" solutions are plotted only to 
show historical progress. 

All phase-shift solutions (MERCER 71, YUTA 71, 

B I N G H A M  7Z, F I R E S T O N E  7 t ,  7g ,  M A T I S O N 7 Z ,  

BAKER 73, GALTIERI 73) share the follov~ng intrin- 

sic a m b i g u i t i e s :  

t)  T h e  s t a n d a r d  m o d u l o  i 8 0  ° a m b i g u i t y .  

2) If one  a m p l i t u d e  i s  d o m i n a n t  [the P w a v e  n e a r  

K*(892)ortheDwavenearK~(1420)], then the ob- 

served S-P or S-D interference can be explain 

by two ambiguous S-wave solutions, known as 'Up" 

and "down". For an illustration see our 1972 

e d i t i o n .  

T h e  r e s u l t i n g  ' U p - d o w n "  a m b i g u i t y  of the  S - w a v e  

p h a s e  sh i f t  in  the  K ~ ( 8 9 2 )  r e g i o n  ( B I N G H A M  72) w a s  

r e s t r i c t e d  b y  an  a n a l y s i s  of  iZ  G e V / c  K+p-*K+Ir  "A++ 

(MATISON 72, GALTIERI 73) to only two points at 890 

and 900 MeV, where the P wave goes through 90% The 

tk~p" solution is therefore excluded, except for a possi- 

bility of a very narrow (I ~< 7 MeV) S-wave resonance. 

Moreover, CHUNG 7Z imposes positivity on physical 

region KIT moments, and finds a narrow resonance 

most unlikely. 

FIRESTONE 71 and 7Z and YUTA 73 have contin- 

ued K~ partial-wave analysis up to 1700 MeV. They 
I 

find that 80 crosses 90 ° near 1300 MeV, and indeed 

shows the "up-down" ambiguity near the K$(1420). 
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Data Card Listings 
For notation, see key at front of Listings. 

M e a n w h i l e  s e v e r a l  g r o u p s  h a v e  a t t e m p t e d  to  c l a r i f y  

th e  s i t u a t i o n  a r o u n d  1 3 0 0  M e V .  C O R D S  72,  F K A T I  

7Z, and  R O U G E  7Z g i v e  s o m e  s u p p o r t  to  the  r e s o n a n t  

S - w a v e  i n t e r p r e t a t i o n  of F I R E S T O N E  7 t .  T h e  o t h e r  

groups (AGUILAK 72, BUCHNER 72, CRENNELL 7Z, 

ENGELMANN 7Z, BAKER 73) agree that the S wave 

is important but not necessarily resonant. In analogy 

with the w~ case, where a possible c pole is located 

several hundred MeV below the observed w0w 0 peak 

and quite far from the real axis, the 1300 bump could 

also be caused by a quite distant g pole. 

TRIPPE 88  

CRFNNELL 69  
OOOD 69  
~LDBERG 69  
SCHLEIN 69  

FIRESTON 71 
MERCER 7 t  
YUTA 71 

AGUILAR 72  
GINGHAM 72  
BUCHNER 72 
CHUNG 72 
CRENNELL 72 
DIEBOLD 72 
ENGELMAN 72 
EIRESTON 72 
FRET( 72 
ROUGE 72 
MATISON 72 

BAKER 73 
CORDS 73 
GALT IER I  7B 

REFERENCES FOR KAPPA 

PL 28  B 203  ÷CHIENtNALAMUO,MELLEMA,SCHLEINt+ (UGLA)  

PRL 22 687  +KARSHON,LA I ,O .NEALL ,SCARR {BNL I  
PR 177 1994  +JOLDERSNA,PALMER,SANIOS  lEN t )  
PL 30 8 636  SAGRE COLLABOR. (SACL+AMST+BGNA+REHO+EPOL| 
ARGONNE CONF. 666  R.SCHLEIN (UCLA I  

PRL 26 1660  A .F IRESTONEtG .GOLDHABER.D .L ISSAUER (LRL )  
NP 832  381  +ANTICH,CALLAHAN~CHIENtEOXt+ (JOHN HOPKINS) 
PRL 26 1502  +DERRICK,ENGELNANN,MUSGRAVE (ANL•EF I |  

FRO 6 11 AGUILAR-BENITEZ tCHUNG,E ISNER [BNL )  
NP B 61 1 + ( INTERNAT IONAL  K÷ COLLABORATION)  
NP D 65  333  ÷DEHM,CHARRIEREtCORNET,+ (MPIH+CERN÷BRUX}  
PRL 29 1570  +E ISNERtAGUILAR-BENITEZ  (8NL )  
PRO 6 1220  +GORDONtKWAN-W( I LA I ,SCARR {6NL )  

8ATAV .CONF.  R .D IEEOLD RAPPORTEUR TALK (ANL )  
PRO 5 2162  ENGELMANN,MUSGRRVE,FORNAN,÷ (ANL+EF I )  
PRD 5 2188  +GOLDHABER, L ISSAUERt  TR ILL ING (LBL }PWA 
~R O b 2361  +HALPERN~HARGIS ,SNAPEtCARNRHANe+IPENN÷C1NC(  
NP B 66  29  +V IOEAUtVOLTEeDE DR(ON,+  (EPOL+SACL)  
LBL 1537  (THESIS )  REVISED VERSION WILL  GO TO PHYS.REV.  LBL 

[C /HER/73 /12  +BANNERJEE~CAHPBELL ,HALL t ISLAN,+ ILO IC÷LOWC)  
NP B 56 109 +CARMONY,LANDER~MEIEREI+  (PURD+UCO+IUPU)  

PREP,LBL  1772 +MAT ISON,GARNJOST ,FLATTE ,FR IEOMAN,+  (LE t )  
LINGLIN 73 NP 0 55 608 D.LINGLIN (CERN) 
YUTA 73 NP R 52 70 +ENGELMANN,NUSGPAVE.FORMAN.÷ (ANL÷EFI) 

Jo REGION, K~(1240-1400)I 
28  O REGION I=112  

T h e  m a i n  e f f e c t  in  the  Q r e g i o n  i s  a b r o a d  b u m p  

in the  K~Tw s p e c t r u m  b e t w e e n  t 2 0 0  a n d  t 4 0 0  M e V ,  i . e . ,  

not  far  a b o v e  K*(89Z)w t h r e s h o l d ,  p r o d u c e d  b y  K b e a m s  

w i t h o u t  c h a r g e  e x c h a n g e  ( for  i t s  a b s e n c e  in  c h a r g e  e x -  

c h a n g e ,  s e e  W E R N E R  73) .  In p a r t i c u l a r ,  i t  h a s  b e e n  

o b s e r v e d  in  c o h e r e n t  K+d i n t e r a c t i o n s  ( F I R E S T O N E  

7Z) and  in  c o h e r e n t  i n t e r a c t i o n s  on  h e a v y  n u c l e i  ( B I N G -  

H A M  73) .  T h e  d o m i n a n t  3 p a s s i g n m e n t  t h r o u g h o u t  the  

w h o l e  r e g i o n  i s  t + and  I = t / 2 .  

T h e  f o l l o w i n g  p o i n t s  a r e  r e l e v a n t  to  the  r a t h e r  

c o m p l e x  s i t u a t i o n  in  the  Q r e g i o n :  

• T h e  b r o a d  Q p e a k  d o e s  no t  h a v e  s i m p l e  B r e i t - W i g n e r  

s h a p e .  It  c a n  be  f i t t e d  at a l l  e n e r g i e s  b y  a s u p e r p o s i t i o n  

of two  B r e i t - W i g n e r  a m p l i t u d e s  ( F I R E S T O N E  70,  B A R N -  

H A M  7 t ,  B O W L E R  71,  B A R L O U T A U D  73) .  

• A l t h o u g h  e v i d e n c e  for  n a r r o w e r  s t a t e s  in  the  Q 

r e g i o n  h a s  b e e n  r e p o r t e d  f r o m  n o n - d i f f r a c t i v e  r e a c -  

t i o n s  (w'p ,  pp) ,  t h e s e  h a v e  not  b e e n  c l e a r l y  i d e n t i f i e d  

w i t h  the  t w o  B r e i t - W i g n e r  a m p l i t u d e s .  

Mesons 
r ,  Q 

• D E U T S C H ~ N N  74 h a v e  p e T f o r m e d  a p a r t i a l - w a v e  

a n a l y s i s  of  the  K~w s y s t e m  f r o m  K - p - ~  K ' w ' w + p  at t 0  

and  t 6  G e V / c .  T h e y  c l a i m  that  m o r e  than  one  J P  s t a t e  

i s  r e q u i r e d  to  d e s c r i b e  the  Q [ a n d L ( t 7 7 0 ) ]  e n h a n c e -  

m e n t s .  

• T h e  Q b u m p  w a s  o b s e r v e d  w i t h  a s i m i l a r  s h a p e  in  

the  b a c k w a r d  d i r e c t i o n  by  F I R E S T O N E t  72.  

• In a d d i t i o n  to the  d o m i n a n t  m o d e s  K * ~  and  Kp,  

t h e r e  i s  s o m e  e v i d e n c e  for  a K ~  m o d e ,  w i t h  the  ~ 

or  the  K~ s y s t e m  in an  S w a v e .  ( A L E X A N D E R  69,  

B A R N H A M  7 t ,  D A V I S  72,  B A R L O U T A U D  73,  D E U T S C H -  

M A N N  74) .  

• Analyses of the interference between the K*~ and 

Kp modes show the relative magnitude and relative 

phase of the two amplitudes varying with Kww mass. 

This is suggestive of the presence of two JP = J+ 

resonances coming possibly from a mixing between 

the strange members of the jPC= i++(,,A1,~ and 

I + -(13) nonets (GOLDHABER 67, BARNHAM 71, 

BOWLER 71, GARFINKEL 71, FIRESTONE 7Z, 

BOWLER 74). 

2E G REGION MASS (MEV( 

N PRODUCED BY BEAMS OTHER THAN K MESONS 
w IZA2 .O  9 .0  lO .O  RSTIER 69  HBC O PGAR P . 9169  
M A THIS IS THE C MESON. 
M 4511300 . l  CRENNEEL 67  HBC O 6 H I -  P ,LK2P I  7167  
M 40 (1300 . )  CRENNELL 72 HBC 0 A .SP I - -P ,LKBF I  12 /72  

M PRODUCED BY K BEAMS 
N 12 (1320 .0 )  I 25 .0 (  ALMEIDA  65  HBC + 3 -5  K+ P 12172  
M C (1230 .0 )  ( 15 .0 )  BASSOMPIE 67  HBC + 5 .  K+ P 11167  
N C B5 (1280 .0 (  ( lO .O I  DASSONPIE 67  HBC • S .  K÷ P 11167  
M C (1320 .0 )  ( 15 .0 )  8ASSOMPIE BT HBC ÷ 5 .  K+ P 11167  
H C SPL IT  THE Q REGION INTO 3 BUMPS 
N (1270 . )  APPROX.  DE BAERE 67  HBC + 3 .5  K÷ P 7167  
H 1335 .0  6 .0  EARTSEH B8 HDC [0 .  K-PwK NP l  * 9169  
M (13D0 . )  APPROX. 8AREARO 69  HBC • 12 .K+  P (K  2P I I  9#69  
M 45  1301 .0  [ 0 . 0  BISHOP 69  HflC • 3 . 5  K •F IK *  P I |  9 / 69  
N 2 [  1300 .0  [O .O  ERWIN 69 HEC 0 3 .5  K+P(K*  P l l  9169  
N [ 2 8 1 .  T ,  FRIEDMAN 69 HBC - 2 . 6~2 .7  K -  P 915N 
M 1 3 0 0 . 0  I O . O  ABRAMS 70  HBC • 2 . 5 -3 .2  K÷ P 11170  
H 1280 .  20 ,  FARBER 70  HEC • 12 ,7  K+ P , 6170  
M (1325 .0 )  DENEGRI 71 DEC - 12 .6  K -O tK  2P I  D 5 /71  
M 1296 .  5 .  8ARLOUTAU 73  HBC 16 .3  K- -P IP  K -ZP I  2 / 76 "  
M 1 2 8 3 ,  b *  BARLOUTAU 73  HBC - 16 .3  K -P ,P  KO2RI 2 /7R*  
M 1315 .  T.  BINGHAN 73  HLBC - 5 . 5 -12 .7  COH K -A  2 /74$  
M 1260 .  10 .  LEWIS 73  HBC • 2 . [ - 2 . 7  K •  P l l TA*  
M F ( 1260 . )  ( f t . )  LEWIS T3 HBC + 2 .1 -2 .7  Ke P t / 76 *  
M ~ EROH NON--PERIPHERAL EVENTS (T  GT 0 .8 )  
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 2 .9 )  

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

28  O LOW (QA)  MASS (MEV)  

ML F FROM EXPERIMENTS SPL ITT ING Q REGION INTO TWO PEAKS 
ML 
ML (1280 . )  SHEN 66  NEE + O 6 .6  KeP iS  BODY 12172  
ML 1260 .0  10 .0  ALEXANDER 69  HBC 9 .0  K+ P 12172  
ML 1240 .0  5 .0  BARNHAM TO HGC • 10 .0  K+P tK  2P I  12172  
ML 1263 .  8 .  GARF INKE t  71 DEC • 9 .  K+ O 12 /72  
NL 1228 .  14 .  ANOERSON 72 DEC - 7 . 3  K -  O 12172  
NL (1260 . (  DAV IS  72  HBC 12 .  K+ P 12 /72  
Mt  1230 .  12 .  FIRESTONE 72 OBC + 12 .  K÷ D 2 /73  
ML . . . . . . . . .  
ML AVERAGE MEANINGLESS (SCALE FACTOR = 1 .1 |  

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

28  G HIGH (O8 )  MASS IMEV)  

MH F FROM EXPERIMENTS SPLITTING O REGION INTO TWO PEAKS 
RH 
MH 70  1320 .O  [O .O  SHEN 66  HBC + 4 .6  K+ P [ 2122  
NH 1380 .0  20 .0  RLEXRNDER 69  HBC 9.0 K÷ P 12 /72  
MH 1620 .0  B .O BARNHAM 70  HBC + lO .O  K+P tK  2P I  12172  
MN 1366 .  8 .  GARFINKEL 71 OBC • R .  K+ D 12172  
NH 1616 .  [S .  ANDERSON 72  DEC - 7 . 3  K -  D 12172  
MH (1620 .  I DAV IS  72 HBC ÷ 12 .  K+ P 12 /72  
MH 1368 .  18 .  F IRESTONE 72 DEC ÷ 12 .  K+ D 2 /73  
MH . . . . . . . . .  
NH AVERAGE MEANINGLESS (SCALE FACTOR = 6 .9 )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of Listings. 

28 O REGION WIDTH (MEV) 

W PRODUCED BY BEAMS OTHER THAN K MESONS 
w 127 .0  7 .0  28 .0  AST IER 69 HfiC 0 PEAR P . 9 / 69  
w 45 (60. )  CRENNELL 67 HBC 0 6 P]-  P 7167 
W 40  (60.(  CRENNELL 72 HBC O 4.5PI-PtLK2PI 12 /72  

w PRODUCED BY K BEAMS 
W 12 (60 .0 )  ( 20o0 )  ALMEIOA 68 HBC + 3 -S  K+P 12 /72  
w C ( 60 .0 )  (20.0) BAS$OMPIE 67 HBC ÷ 5. K+ P IL l6? 
W C 35 (80.0) (20.0( EASSOMPIE 67 HBC + S. K+ P [ l / h i  
W C (GO.O) (20.0} BASSOMPIE 67 HBC + 5. K+ P 11/67 
W C SPLIT THE Q REGION INTO 3 BUMP~ 
W (200.) APPROX, DE EAERE 67 HBC + 3 .5  K+ P 7/67 
w 196 ,0  16.0 BARTSEH 68 HBC 10 .  K- P,K NPI  . 9/6R 
W B 250 .  APPROX. BARBARO b9  HBC + [ 2 .K+  P (K  2P I )  0169  
w E NO BACKGROUNO SUBTRACTION. 
w 45 ~O.O LO.O B ISHOP 69  HBC + O E .S  K+P(K~ E l )  9 / 68  
W 21 40 ,0  [S .O  ERNIN 69 HBC 3 .5  K+P(K~  P l#  R /69  

FRIEDMAN 6D HBC - 2 . 6 *2 .7  K -  P 9 /69  w 51 .  22. 
W 8O.O 20.0 ABRAMS 70 HBC + 2.S-3.2 K+ P [ [ / 70  
W 180 .  28. FARBER ?O HBC + 12 .7  K+ P • 6/70 
W ( l eO .O(  OENEGRI 710BC - 12 .b  K -O ,K  2Pl D 5/71 
W 326. [7 .  BARLOUTAU 73 HBC 16.3 K-P~P K-2PI 2/74* 
w 266 .  21 .  BARLOUTAU 73 HBC - 14 .3  K -P ,P  KO2PI  2 /7 "~ '  
w 130 .  70 .  LEWIS 73 HDC + 2 .1 -2 .7  K+ P [ 174 .  
W F (47 . )  ( 18 . )  LEWIS 73 HEC 2 .1 -2 .T  K+ P 1 /74~  
W F FROM NON-PERIPHERAL EVENTS (T GT O.B) 
W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR - 5 .9 )  

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

28 Q LOW (QA) WIDTH (NEV) 

WL F FROM EXPERIMENTS SPL ITT ING Q REGION INTO TWO PEAKS 
WL 
WL [ 00 .0  20 .0  SHEN 66  HBC + O 4 .6  K+P*5  BODY [ 2 / 72  
WL 40.0 [ 0 . 0  ALEXANDER 69 HBC g .O  K+ P 12172  
WL [ IO .O  15 .0  BARNHAN 70 HBC ÷ lO .O  K+P ,K  2P [  12 /72  
WL 70 .  26 .  18 .  GARFINKEL 71DBC + 9 .  N+ D 12 /72  
WL l i t .  33. ANDERSON 72 OBC - 7.3 K-  O 12 /72  
WL (120.( DAVIS 72 HBC + 12. K+ P 12/72 

188 .  E l .  F IRESTONE 72 DBC ÷ 12.  K+ O 2 /73  WL 
WL . . . . . . . . .  
WL AVERAGE MEANINGLESS (SCALE FACTOR ffi 3 .1 (  

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

28 O HIGH (DE) WIDTH (NOV) 

WH E FROM EXPERIMENTS SPLITTING G REGION INTO TWO PEAKS 
WH 
WH 70  80 .0  20 .0  SHEN 66  HEC ÷ 4 .6  K+P 12172  
WH 120.0 20.0 ALEXANDER 69 HBC 9.0 K+ P 12/72 
WH L20 .  O I 5 . 0  BARNHAN ?O HBC + 10 .0  K+P ,K  ZP I  [ 2172  
WH ( 60 . )  OR LESS GARFINKEL  71 DEE + 9 .  K÷ O 12172  
WH 89 .  24 .  ANDERSON 72 DBC - 7 . 3  K -  D 12 /72  
WH { 8O . I  DAVIS 72 HBC + 12 .  K÷ P 12 /72  
WH 241 ,  CO. FIRESTONE 72 DEC + 12 .  K+ O 2 /78  
WH . . . . . . . . .  
WH AVERAGE MEANINGLESS (SCALE FACTOR = 2 .3 )  

. . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

28 Q REGION PARTIAL DECAY MODES 

DECAY MASSES 
PI  O REGION INTO K*(892) PI 892÷  139  
P2 O REGION INTO K RHO 497+  770  
P3 G REGION INTO K P I  497+  E39 
P4 G REGION INTO K ETA 497+  548  
P5 0 REGION INTO K ONEGA 697+  782  
P6 O REGION INTO K P I  P I  497+  139÷  139  

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

28  G REGION BRANCHING RATIOS 

PRODUCED EY BEAMS OTHER THAN K MESONS 
R1 O REGION INTO (K RHO) /TOTAL  (UN ITS  OF 10=* -2 (  (P2 )  
R I  73 .0  [ 0 . 0  ARNENTERO 64  HBC 0 .0  PBAR P 6 /66  
R I  DOMINANT CRENNELL 72  HBC O 4 .  EP I -PeLK2P I  12 /72  

R2 Q REGION INTO (K~ PII/TOTAL (UNITS OF 10~-2 )  (P[)  
R2 25.0 10 .0  ARMENTERO 64  HBC O.O PEAR P b i b6  

RB O REGION INTO IK÷  E l - )  / (K+O R IO+  E l - )  
R3 (O .E (  OR LESS CL=.PO CRENNELL 67  HBC 0 b ,O  P I -P  7167  

R4 Q REGION INTO (KO P I+  E l -  PIO) / (K+O PIO÷ PI - )  
R4 (O . i (  DR LESS CL= .90  CRENNELL 67  HBC O 6 .0  P I -P  7 /67  

PRODUCED BY K BEAMS 
R I O  O REGION INTO (K  E l i  / (K * (892 )  P IT  (P3 I / (P I I  
RIO ( 0 . 8 )  OR LESS SHEN 66  HBC 4 .6  K+P~ 8 BODY [1 /67  
R IO  O REG)ON INTO K* (892 (  E l  AND K RHO (OVERLAPPING BANDS) (P I+P  
~ lO  7o ( 1 . o )  SHEN 66 HBC + 4 .6  K+P 8 /66  

E l l  G REGION INTO (K  OMEGA) / (K * (BGB)  P I (  (PB ( / (PL )  
R I1  ( 0 . 1 )  OR LESS SHEN 66  HBC + 4 .6  K+R 10 /66  

R I 2  G REGION INTO (K  P | )  / (K~ (892 )  P I (  (P3 ) / (P1 )  
R |Z  ( 0 . 30 ]  OR LESS SHEN bb  HBC + 4 .6  K+P [O /bb  

RIB Q REGION INTO K*(892) P) AND K RHO (OVERLAPPING EANOS( 
RIB  (P [÷P2 (  
~13  200  11 .0 )  BERL INGHI  67  NEE + 12 .7  K+ P 7 /67  

R14 Q REGION INTO (K P I (  / TOTAL (P3 )  
R 1 4  ( 0 . 02 ]  OR LESS BER l INGHI  67 HBC + [ 2 . ?  K+ P [ 1 / 67  
~L4  (0.02]  OR LESS CL=.95 BARTSCH 68 HBC - 10 .0  K- P 

R13 Q REGION INTO IK  ETAI  / TOTAL + (P4 (12  
P |S  (0.02) OR LESS BERLINGHI 67  H8C o7 K+ P [ I / 67  

R16 0 REGION INTO (K  OMEGA( / TOTAL + (PS ( [2  
RE6 [0.02} OR LESS fiERL(NGHI 67 H8C • 7 K+ P [ I / 67  
R16 12 O.D1 ' 0 . 005  BARTSCH 68 HBC - [ 0 . 0  K -  P 9 /68  

R 1 T  0 REGION INTO IK  RHO) / (K * (892 )  P I )  (P2 ( / (R1 )  
R [7  0 .9 I  0 . 25  BERL INGHI  67  HBC + 12 .T  K+ P 11 /67  
R IT  70 I  0 . 4  0 .1  BARTSCH 68  HEC - LO.O K -  P 9 /68  
RI? . . . . . . . . .  
R17 AVG 0 .47  0 .18  AVERAGE (ERROR INCLUOES SCALE FACTOR OF 1 .9 )  

R18 G REGION INTO (K PI) / (K*(892) El) (PBI / (P l (  
RIB  (O .211  OR LESS DE BAERE 67  HEC + 3 .5  K+ P 

R ID  Q REGION INTO (K  P I  P I ]  / TOTAL [Ph i  
R |9  201 0 .22  , 0 . 08  BARTSCH 68 HBC - IO .O  K -  P 
R19 S POSSIBLY SEEN ALEXANOER 69 HBC 9 .0  K+ P 
R[? S P~SSIBLY SEEN DAVIS 72 HEC ÷ [2 .  K÷ P 
R19 S WITH THE (El El)  SYSTEM IN S-WAVE 

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

REEERENCES FOE Q REGION 

PRODUCED EY BEAMS OTHER THAN K MESONS 

AEMENTER 6B OUBNA CONE i 577 ARMENTRROS,EDWAROS,O-ANDLAU + (CERN÷COEFI 
ALSO 64  DUBNA CONE 1 6 [7  R ARMENTEROS |RAPPORTEUR) 
ALSO bb PR 14E LOg8 BARASH,K(RSCH,MILLER,TAN (COLUMBIA] 

CRENNELL 67 PRL 19 44  ÷KALBFLEIECH,LAI,SCARR,SCHUMANN (BNL)( 
ASTIER b9  NP B 10 65 ÷MARECHAL,MONTANET,+ (COEF+CERN+ IPNP÷L IVP I | JR  
BE?TIN) 68 NC 62  A 1038  ÷CRESTI,LIMENTANI,BERTAUZA,BIGI+(RAOO+PISA)( 

PROOUCEO BY K BEAMS 

ALNEIDA b8 PL I 6  184 ALMEIOA,ATHERTON*BYER,DORNAN,FORSGN÷ (CAVE}  

SHFN 66 PRL l? 726 +BUTTERWORTHtFU,GOLDHABERS,TRILLING (LRL) 
ALSO 66 (PRIVATE COMMUN)GERSON GOLDHABER (LRL) 

BASSOMPI 67  PL 268  30  BASSOMPIERRE,GOLDSCHMIDT÷ (CERN÷BRUX÷BIRM) IJP 
EERLINGH 67  PRL IB  lOB7  BERLINGMIERI+FARBER÷FERBEL÷FORMAN (ROCHI(JP 
DE 8AERE 67 NC 49A 374 +DEBA(SIEUX÷FAST+FILIPPAS÷ (CERN÷BRUX) 

ALSO PRIVATE COMMUNICATION BY E. JONGEJANS 
GOLDHABE 67  PRL 19 976  

BAETSCH 68  NP B8 9 
BONER bE DRL 20 1519  
OENEORI 68  RRL 20 1194  

ALSO 70  ANTICH 

ALEXANDE 69 NP B 13 SO3 
ANOREWS 69  PRL 22 731  
EARBARO 69  PRL 2E [ 207  
BISHOP 69  NP 8 9 403  
CHIEN 69  PL 29B 433  
CHUNG 69  PR 182  1443  
COLLEY 69  NC A 50 518 
ERWIN 69 NP 8 9 364 
FRIEDMAN E9 UCRL-IBB6O 
WERNER 69 PR I88 EO23 

ABRAMS 70 PR O 1 2433  
ANTICH 7D NP S ZO 201 
BARNHAM 70 NP B 25 4G 
BOWLER 70  PL 31 E 318 
FARBER 70 PR O 1 78  
FIRESTON 70 RHILAD.CONF.P.229 

BARNHAM ?E NP E25 49 
BOWLER 71 BOLOGNA CONF.PROC 
OENEGRI 71 NP B 28 I3 
FORMAN 7| PR D 3 2610 
GARFINKE T[ PRL 26 1505 
SLATTERY 71 UR-873-332(PREP) 

ANDERSON 72 PE D 6 I823 
81NGHAN 72 NP E 48 589 
BRANDENB 72 NP B 48 397 
BRANOENE 72 PRL 28  932  
CRENNELL 7E PR 0 6 1220 
DAVIS  72 PR D 5 2688  
F IRESTONI?2  NP B 47  348  
r IRESTON 72 PR O S EO5 
FRATI ?2 PR O 6 2361 
HAATUFT 72 NR B 48  78 

BARLOUTA 73 NP B 59 074  
BINGHAM 73 NP B 52 31 
DE JONGH 73 NP B 58 110  
JONES 73 NP B $2 383 
LEWIS 73 NP B 60 283 
WERNER 73 PR O T 1275  

BOWLER 74  SUBM. TD NP B 
OEUTSEHM 74  PL B 

G.GOLDHABER (LBL( 

+COCCON(,+ (AACH+BERL+CERN+LOIC÷VIEN) 
+BORENSTEIN ,CALLAHAN,COLE ,COX,+  (JOHNHOPK) I +  
÷CALLAHAN÷ETTLINGER+GILLESPIE÷ (JDHNHOPK) 1+ 

G.ALEXANOER,FIRESTONE,GOLDHABER,÷ (LRL) 
+LACHtLUOLAM,SANDWEISS,BEEGER,÷ (YALE÷LRL) 
BARBARO--GALTIERI,OAVIS,FLATTE,+ (LRL) 
+GOSHAW,ERWIN,WALKER (WISC( 
÷MALAMUD,MELLEMA,RUDNTCK,SCHLEIN+ (UCLA) 
÷EISNER+BALI+LUERS (BNL) 
÷EASTWOOO,÷ (BIRM+GLAS÷LDIC+MP(N÷OXF+RHEL) 
+WALKER,GOSHAW,WEINBERG (WISC+PRIN+VAND( 
J.FRIFDMAN,PH.D. THESIS (LRL) 
÷AMMAR,DAVIS,KROPAC,YARGER,CHO,÷ INWES+ANL) 1÷ 

÷EISENSTEIN,KIN,NARSHALL,D-HALLORAN,+ (ILL) 
÷CARSON,CHIEN~COX,DENEGRI,ETTLINGER,+ (JHU) I÷ 
+COtLEY,GRIFEITHS,ALPER,÷ (BIRM÷GLAS+CXE] l÷  
M.G.EOWLER (OXFORD( 
+FERBEL,SLATTERY,YUTA (ROCH) I+ 
A.  FIRESTONE REVIEW ( LRL I  

+COLLEYtGRIFFITHS,ALREE, + (EIRM÷GLAS÷OXF( 
M.G.BOWLER INTRODUCTORY TALK  (OXFORD] 
÷ANTICH*CALLAHAN,CARSON,CHIEN,COX,+ ( JHU)  I ÷  
÷GELFANO,LEARY,NOSER, SEIDL,WOLFSON (EFI) 
GARFINKEL,HOLLAND,CARMDNY,LANDER+(RURD+UCD) t÷ 
P.SLATTERY,A REVIEW OF STRANGE MESONS(ROCH) 

+FRANKLIN,GOOOEN,KOPELMAN~LIBBY,TAN (CGLO) 
+EISENSTEIN,GRARD,HERGUET~÷ (CERN÷BRUX) 
BRANOENBURG, BRODY,JOHNSON,LEITH,LOOS+(SLAC) 
BRANDENBURG,JONNSON,LEITH,LOOStLUSTE+(SLAC( 
+GORDONtKWAN-WU LAI,SCARR (BNL) 
÷ALSTON,BAEBARO,FLATTE,FRIEDMAN,LYNCH+(LBL) 
A.FIRESTONE (C(T) 
FIRESTONE,GOLDHABER,LISSAUER,TRILLING (LBLI 
+HALPERN,HARGIS,SNAPE,CARNAHAN,+(RENN+CINC) 
+ARNOLD, HAGUENAUER,+ (BERG+STRB+EPDL÷MAOR) 

+DREVILLON,SHAH,÷ [SACL+EPOL÷RHEL) JP 
÷FARWEL,+ (LEL÷ORSAY+BNL+SACLAY~MILAN) JR 
÷CORNET,CHARRIERE,+ (BRUX+MONS+CERN+MPIM) 
G.T.JONES [CERN( JP 
+ALLEN,JACOBS,DANYSZ,BORG,+(LOWC+LOIC÷COEF) 
÷SLATTERY,FERBEL (ROCHESTER) 

+OAINTON*KADDOURAtAITCHISON [OXFORD] JP 
OEUTSCHMANN,+ (AACH+BERL+CERN+LOIC+VIEN) JP 

I L / 66  

9 /68  
2 /73  
1 /73  
1 /73  

 I,_.142o., .... ( . . . . . . . .  2 ( i  . . . .  

JR = 3 -  IS  UNL IKELY  CUT NOT YET COMPLETELY RULED OUT.  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 

22 K* (L420 )  MASS (MEV) 

M 
M 

M 
N 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

M 
M 
M 
M 
M 
M 
M 

FOR DIFFICULTIES IN MEASUR(NG MASS DIFFERENCE, SEE TYRED NOTE 
UNDER K* (892 )  

CHARGED ONLY,  WITH F INAL  STATE K Pl  
1640 .  24 .0  40 .  DE BAERE 67  HBC 
1423 .  21 .  ADERHOL2 68  HEC 
1601 .0  20 .0  SCHNEINGE 68  HBC 
14ET .O  9 .0  SCNWEINGR 68 HBC 
[425°0  ] 5 . 0  BISHOP 69  HBC 
1416o0  10 .0  CRENNELL 69  ODC 
1414 .  11 .  L IND  69 HBC 
1430 .  10 .  ABRAMS TO HBC 

1400  1420 .0  3 .1  AGUILARI 71 HBC 
200  1425 .  b .  BARNHAM 71 HBC 

C 130 (1418 . )  (6 . )  CLARK 73 HEC 
C CLARK 73  00  NOT SEE THE K* (1420 (  AT 3 .13  GEV/C 

+ B.E K+P ]K+ RIO( lO/66 
- 10 K -  P (K  P I ]  6168 
- 4 . L  K-- P ( K  E l (  2 / 7 2  
- S .S  K -  P (K  P I ]  9 / e7  

+ 3 .5  K+ P 9 /69  
- S . 9  K - N  ( K G P ( - )  ? / A e  

÷ R .  K+ P(KO P (+ (  0169  
+ 2 .5 -3 .2  K+P tK2P(  11 /70  

- 3 . 9 , 4 .6  K -  P l L / ? I  
+ K+ P,NO P I+  P 1 /72  
- 3 °3  K -P ,P  E l -  KO 2 /74 *  

AVG 1421 .3  2 .3  AVERAGE IERROR INCLUDES SCALE FACTOR OF t .O I  

CHARGEO ONLY* WITH OTHER F INAL  STATES 
[400°0  2D .0  BAOIEE 65  HBC - 3 .  K -  P (K *P I (  10 /66  

EO 1840 .0  E0 .0  OUBAL 68  MMS - 11 .5  K -  P 6 /68  
B 2AO [396 .  6 .  BASSDNRIE E9 HBC 5 K÷P (K 2P I (  . 1116e  

(1611 . (  ( 7 . )  FRIEDMAN 6g HEC - 2 . 7  K -P  {K  2E l l  E /72  

AVG 1399 .7  8 .2  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .3 (  
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Data Card Listings 
For notation, see key at front  of  Listings. 

M CHARGED AND NEUTRAL 
M 1404.0 15.0 FOCA8DI 65 HBC -0 8. K- P (K PI) 10/66 
M I390.0 30,0  SHEN 66 HBC + 0 4.6 K÷ P (K P l ]  10/66 
M 1430.0 10,0 SHEN 66 HBC + 0 4 ,6  K+ P (K*PIJ 10/66 
M 1423.0 7.0 BASSAND 67 HBC - 0  4.6,  5.0  K- P 10167 
M 1420.0 10.0 GOLOHABER 67 HBC 9.0  K+ PIK 2Pl) 10/67 
M . . . . . . . . .  
M AVG 1621.2 4 .7  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

M NEUTRAL ONLY 
M (1446.0 )  (7.9) DAHL 67 HBE O 4. P I -  P (KPI) 2/74~ 
M 1425.0 15.0 KANG 68 HBC O 4 ,6  K- P 7/69 
M 1405.0 18.0 SCHNEINGR 68 HBC O 4 ,1  K- P (K P [ )  9167 
M 1397.0 19.0 SCHWEINGR 68 H3C O 5.B K- P (K Pl)  9/67 
M B 420 IG22. B. BASSOMPIE 69 HBC 0 B K+P (K Pl I  11/69 
M E BASSOMP. ERRORS ENLARGED BY US TO GAMMA/SQRT(NI. SEE K *  TYPED NOTE. 11/69 
M 2200 1621.1 2 .6  DAVIS 69 HOE O 12. K+ P(K÷PI - )  9 /69 
M 1800 1419.1 B.7 AGUILAR1 71 HBC O 3 . 9 , 4 . 6  K- P 11/71 
M 600 1416. 6. CORDS 71 DeC 0 N. K+ N,K+ Pl -  P 2/72 
M 1100 1427. 3. BUCHNER 72 08C O 4 .6  K+ N,K+ PI-P 12/72 
M ~ I I 420 . I )  (4.3) LINGLIN 73 HEC 0 2-13 K+P,K+Pl- 1/74. 
M FROM POLF EXTRAPOLATION, USING WORLD K+P DST 
M . . . . . . . . .  
M AVG 1421.8 1.7 AVERAGE IERRDR INCLUDES SCALE FACTOR OF 1.1) 

ISEE IDEOGRAM 8ELOW ) 

M E I G H T E D  RUERRBE = 1 4 2 1 . B  * 1 . 7  

ERRDR SCQLEO BY 1 . 1  

~ ,  . . . . .  BUCHNER ?2  DBC 

. . . . .  CORDS 7 1  DDC 

. . . . .  Q G U I L A R 1  7 1  HBC 

. . . . .  O R U I S  6 9  HBC 

. . . . .  B Q S S D M P I E  6 9  HBC 

. . . .  S C H M E I N 6 R  6 8  HBC 

• SCHWEINGR 6 8  HBC 

' ' '  8 HBC 

1 3 6 0  1 4 0 0  1 4 4 0  1 4 8 0  

NEUTRRL  K l ( 1 4 2 0 )  MRSS ( f l E U )  

C H I S O  

3 . 0  

0 , 9  

O l 8  

0 . 1  

O , O  

4 , S  

(CONLEU 
=O , 3 3 8 )  

22 K*(14201 WIDTH (MEV) 

CHARGED ONLY, WITH FINAL STATE K P( 
ITS. ST, ROERHDLZ 68 HBC - lO K- P (K PI )  6168 
I10.O 25,0  BISHOP 69 HBC + 3 .5  K+ P 9 /69 
96,  18. LIND 69 HBE + 9,  K+ P 5 /70 
BO*O 2 0 , 0  ABRAMS TO HBC + 2 .5 - '3 .2  K+PtK2PI 11/70 

1400 94 .7  15,1 12.5 AGUILAR1 71HBC - 3 . 9+4 .6  K- P 11/71 
200 LIB.  20. BARNHAM Tl  HBC ÷ K÷ P*KO PI÷ P 1/72 

C 130 (42 . I  (12.) CLARK 73 HBC - 3.3 K--P+R P l -  KO 2174" 
C CLARK 76 O0 NOT SEF THE K*I IAZO) RT 3 .16 GEV/C 

AVD 99.1 8 . I  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.Ol  

CHARGED ONLYt WITH OTHER FINAL STATES 
lOB,O 80.0 8AOIER 65 H8C - 3 .0  K-P 6/66 

8ASSOMPIE 69 HEC + 5 K+P IK 2PI) L l l 6 9  
FRIEDMAN 69 H8C - 2,T K-P (K 2Pl )  2/?2 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)  

w 
N 
W 
W 
W 
W 
W 
W 
W 
W 
w 

W 
W 
W B 240 I I 0 .  25. 
W (43,1 (13.) 
W . . . . . . . . .  
W AVG 108.0 19.2 

W CHARGED AND NFUTRAL 
N 92 .0  14.0 FOCARDI 65 HBC 
W TB.O 25.0 SHEN 66 HDC 
W 65.0  20.0 8ASSANO 67 HBC 
N 80.0  20,0  GDLDHABER 67 HBC 
w 107.o 2O.O SCHWEINGR 68 HBC 
W . . . . . . . . .  
W AVG 85.9  8.4 AVERAGE (ERROR INCLUDES 

N N~UTRAL ONLY 
W (61.Of (24.0) DAHL 67 HBC 
w 116.0 17.0 KANG 68 HBC 
W 8 420 LIO. 2L. BASSOMPIE 69 HBC 
W B ERRORS ENLARDED BY US TO 4*GAMMAISGRTINI. 
W 2200 101. lO.  DAVIS 69 MBC 
w 1800 116.6 10.3 I 5 . f i  AGUILAR1 71HBC 
w 600 164. 22. CORDS 7I  DBC 
w 8 l i D 0  109. 12. BUCHNER 72 DBC 
W C (61.0) (14.01 LINGLIN 73 HBC 
N C FROM POLE EXTRAPOLATION, USING WORLD K÷P OST 

-O 3 .0  K- P IK PI }  
+ 04.6 K÷ P 8166 

-O 4 . 6 ,  5 .0  K- P 1016T 
9 ,0  K+ P(K 2P l )  10167 

- 0 4 . 1 + B . B  K-P 9 /67 

SCALE FACTOR OF 1 .0 )  

0 3 , 8 - 4 . 2  P I -  P 2/74$ 
O 6 .6  K- P 7 /69 
O B K÷P (K PI )  11/69 

SEE K~ TYPED NOTE. 
O 12. K÷ P (K P| )  9 /69  
O 3 . 9 , 4 , 6  K- P 11/71 

O 9 .  K+ N~K+ P I -  P 2/72 
O 4 .6  K+ N+K÷ PI-P 12/72 
O 2-13 K+P,K+PI-  1 / T ~  

W . . . . . . . . .  
W AVG I11.1 5.7  AVERAGE (ERROR INCLUDES SCALe FACTOR OF 1.0)  

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

22 K~(1420) PARTIAL DECAY MODES 

DECAY MASSES 
Pl  K*(1420)  INTO K PI 493+ 139 
P2 K* (1420}  INTO K* (892 ]  Pl 892+ 169 
P3 K*(14EO) INTO K RHO 493+ 770 
P6 K * ( | 4 2 0 )  INTO,K OMEGA 496+ 782 
P5 K*(1420|  INTO K ETA 493+ $48 

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

Mesons 
z+(14 0) 

FITTED PARTIAL DECAY MODE BRANCHING FR~CTIONS 

The ~trix below is derived from the error ~trix for the Eitted partial decay mode 

branching fractions. I)1. a a  f o l l o w s :  The diagonal elements are P, ± 5P., where 

6P i = ~ while the o~-dia~onal elements are the normalized correIation coeffi- 

cients ~6PiGP j)/(6P i . 6Pj). For the definitions DE the individual Pi' Bee the listings 

above; oni¥ those P. appearing in the ~trix are &ssumed in the Eit to be nonzero and z 
are thus constrained to add to E. 

P ' l  P 2 P 3 P 4 P 5 
P 1 ,5495÷- .02T4 
P 2 - . 2293  .2945+- .024T 
P 3 - . 3 9 5 0  - . 3 9 2 5  .0923+-.02G1 
P 4 -.2443 - .  2458 - . 1182  • 0440+- ,  0166 
P B - , 4 0 9 7  - . 2 4 4 2  - . 0787  - . 0502  .0197+- ,  0200 

22 K*(IR2O) BRANCHING RATIOS 

R1 K*(14201 INTO (K Pl) /TOTAL ( p l )  3 
RI R (0.37) (O.1N) BADIER 65 HBC . 0 K-P 
RI  R 8ASSANO 67 HBC - 4 . 6 ,  8 .0  K- P 
RI 
R1 
RI 
RL 
RI 

R2 
m2 
R2 
02 
R2 

RB 
R3 
R3 
R3 
R3 

R4 
R4 
R+ 
R4 

R5 
~S 
R5 
RB 
R5 

Rb 
~6 
n6 
R6 
R6 
R6 
R6 
R6 
06 
R6 
R6 
R8 
~6 

RT 
RT 
R7 
RT 
R7 
R7 
R7 
R7 

R8 
R8 
RE 
R8 
RB 
R8 
R8 
RB 
RB 
~E 

R9 
R9 
R9 
R9 
R9 

RIO 
RIO 
RIO 
RIO 

R11 

RI I  
R l l  

R12 
R[2 
R12 
Rt2 
R12 

R 
R 
R 

(0.39) (0.11) 
R WE CANNOT USF THIS STATISTICALLY REDUNDANT RATIO. AUTHORS 
R OBTAIN IT MERELY BY SUBTRACTING FROM UNITY THEIR 
R MEASUREMENTS OF OTHER RATIOS. 

FIT 0.550 0.027 FROM FIT 

6/66 
I0167 

K*(1420) INTO (K*(892) Pl) / TOTAL (P2) 
Q (.41) (0.14] BADIER 65 HBC 3.0 K-P 6166 
Q ( 0 . 4 7 )  (0.101 BASSANO 67 NEE - 6 . 6 ,  5.0 K- P 10/67 

FIT 0 .295 0.025 FROM FIT 

K* (1480)  INTO (K RHO)/TOTAL (pB)3 ,  D 
O (0.141 (O.OS) BADIER 68 Hec K-P b/66 
O (0.14) (O. lO) BASSRNO 67 HBC 0 4.6,  B.O K- P 10167 

FIT 0,092 0 .024 FROM FIT 

K=(1420l INTO (K OMEGA)/TOTAL (PAl 
O.OT O.OG BADIER 68 HBC 3.0  K-P 6/66 

FIT 0.044 O. OiT FROM FIT (ERROR INCLUDES SOALE FACTOR OF 1.0) 

K$(IG20) INTO (K ETA)/TDTAL (PSI 
0.02 0.02 BAOIER 65 HBC 3.0 K-P 6/66 

(O.OESIOR LESS BASSOMPIE 69 HEC B.O K÷ R 9168 

EIT 0.020 0°020 FROM EIT (ERROR INCLUDES SCALE FACTOR OF I.O) 

K={1420) INTO (K=(892) PI I  / (K PI)  ( P 2 i / ( P I )  
6 0 .33 0.38 CHUNG 65 HBC + O 3 . 9 - 4 . 2  P l -  P 8166 

0.65 O,EO SHEN 66 HBC O N* PRODUCED 10160 
Q ( 0 . 6 3 )  ( 0 . 2 0 )  SHEN 66 HBC + NO N* PRODUCED 10/66 

0.52 0.12 SCHWEINGR 68 HBC O 4 .1+5 .5  K- P 10167 
B (0.9(  (0.2(  8ASSOMPIE 69 HBC + O S K+R 11T8 
B SUPERSEDED BY CHARRIERE 72 
Q 84 ( 0 . 9 3 )  ( 0 . 1 1 )  BISHOP 6N HBC 0.5  K+ P 9 /69 

0.47 9.08 AGUILARI 71HEC 3.9 ,4 .6  K- P I I171 
0.78 O.IS CHARRIERE 72 HBC 0 5. K+ P,K P 3Pl 1173 

AVG 0.537 O .OB8  AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.O) 
FIT 0.536 0.057 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 

K*(1420)  INTO (K OMEGA) I N P( ( P 4 ) I ( P l l  
(0J081 0 R LESS SHEN 66 HBC 4.6 K+P 8/66 
(0.2)  OR LESS EASSOMP[E 69 HBE ÷ S K÷ P 9169 

O.I3  0 .07 BRSSOMPIE 69 HBC O 5 K+ P 9 /89 
0.05 0.04 AGUILAR1 71 HBC 3.9-A.b K- P 11/71 

AVG O.OTO 0.036 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.O) 
FIT 0.080 0.031 FROM FIT (ERROR INCLUDES SCALE FACTOR OF (.Of 

Kt I1420 I  INTO (K RHO) / (K P1) ( P B I / ( P l )  
( 0 . 0 9 )  OR LESS CHUNG 65 HBC ÷ 0439 -452KP I -P  P 8/66 
0.26 O.16 SCHNEINGR 68 HBC 0 • ~+ • 5 - 10167 

(0*2) OR LESS BASSOMPIE 69 HBC ÷ 5 K÷ P 9169 
(0.3)  OR LESS BASSOMPIE 69 HBC O B K÷ P 9/69 

D 15 ( O . l l )  (0.061 BISHOP 69 HBC 3,E K+ P 9 /69 
O. I6 0.06 AGUILAR1 71 HBC 3 , 9 , A . 6  K- P 11171 

AVG 0.169 0.068 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
FIT 0.168 0.048 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0} 

K*(1420(  INTO (K RHO( I (K* (892)  PI)  (PB I / (PE I  
( 0 . $ 9 )  OR LESS BA$SDMPIE 67 HBC + 5. K÷ P 9167 
( 0 . 4 0 )  OR LESS EL=.90 FIELD 67 HBC - 3,8 K- P 6 /67 

FIT 0.015 0.095 FROM EIT 

K*(14201 INTO (K OMEGA) / ( K * i 8 9 8 I  P I )  (P4 ( I (P2 (  
0 IO . lO }  (0 .0A)  FIELO 67 HBC - 3 .8  K- P 6 /87 

FIT 0.149 0.061 FROM FIT 

K*(14EO) INTO [K ETA) / (K* (892)  P l )  
0 (O*OT) ( 0 . 0 4 )  FIELD 67 HBC 

FIT " "oZo;T" " G.~+G FROM EIT 

Z*l1420) INT0 (K ETA} I (K Pl] 
(0.02) OR LESS BISHOP 69 HBC 
( 0 . 0 4 )  OR LESS CL-.gB AGUILAR1 71HBC 

0.036 0 .037 FROM FIT 

( P S i / I F 2 )  
- S.8 K- P 6 /67 

I P 5 I / ( P I )  
3 .5  K+ P 9169 
3 . 9 - A . b  K- P 11171 

FOLLOWING SUGGESTION EY AGUILAR TO, WE DO NOT MAKE USE OF MEASURE- 
MENTS WHERe THE IK PI P l }  BACKGROUND SUBTRACTION IS DIFFICULT DUE 

q TO THE NEARBY 0 REGION. 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

~EFERENCES FOR K*(1620)  

BAOIER 65 RL 1 9 6 1 2  BADIERtOEMDULINgGDLD8ERG÷(EPOL÷SACL÷ZEEMANI 
CHUNG 65 PRL 15 325 ÷DAHL+HARDY,HESS+JACDBS,KIRZeMILLER (LRL) 
FOCARO| 65 PL 16 Be1 FOCAROI,MINGUZZI RANZI,SEPRA÷(BOLOGNA÷SACL) 



Mesons 
K*(1410), I~(1660), KN(I?60 ), L(1770) 

I06 

Data Card Listings 
For notation, see key at front of Listings. 

66 PRL 17 726 +BUTTERNORTH,FU,GOLDHABERStTRILLING (Lf lL) 
66 (PRIVATE CONNUNIGERSON GOLON&BER (LRL( 

67 PRL 19 968 +GOLOBERG,GOZtBARNES,LEITNER÷(BNL÷SYRACUSE) 
67 PL 26R SO BASSONPIERREtGOLDSCHNIOT÷ (CERNeBRUXeDIRW)IJP 
67 RRL 19 6A ÷KALBFLEISCH,L&I,SC&RRtSCHUNANN (BNLI 
67 PR 163 1377 +HAROY÷HFSS÷KIRZ÷MILLER (LRLI 
65 PRL 16 601 HAROY~CHUNG*DAHL~HESS~KIRZ~NILLER (LRL) 
67 NC 5E A 601 +GOLOSCHNIDT-CLERNONT,HENRI+ (BRUX+CERNI 
67 EL 268 6BB +HENORICKS+PICCIDNI÷YAGER (LAJOLLA( 
07 RRL 19 9T2 G.GOLOHAEER,FIRESTONEtSHEN (LRL) 

68 NP B S $67 +OEUTSCHNANN÷ IAACH+DERL+CERN+LOIC+VIENNA) 
66 RL 22 357 BARTSCH~DEUTSCHMRNN, NORR[SON* (ABCL(|C)V) 
68 PRL 21 18A2 ÷CALLAHANtCARSON,COX~DENEGRI~+ (JHU| 
6B THESIS 1456 L.DUBAL (GENEVE) 
60 RR l i b  1587 Y.N.KANG (IOWA) 
68 PR 166 1317 SCH~EINGRUBER~DERRIDK~FIELDS÷ (ANL÷NNES) 
67 THESIS F.L.SCH~EINGRUBER (NORTHMESTERN,EVANSTON) 

69 BASSOMPIERE~GOLOSCHNIDT-CLERM.+ (CERN+BRUX) JR 
69 +GOSHAMtERMIN~ALKER (NISC) 
69 +KRRSHON,LAIeONEALLeSCARR (DNL} 
69 ÷OERENZO~FLATTE,ALSTON,LYNCH,SOLMITZ (LRL) 
69 ÷GOLDSCHNIOT-CLE RNONT,HENR I,÷ (BELGeCERN) 
67 J.FRIEONAN,PH°O. THESIS (LRLI 
69 +ALEXANDER,FIRESTONE,FU,GOLDHAEER (LRL] JP 

TO ÷EISENSTEIN,KIH,NARSH&LL,OINALLOR&Ne~ ( I L L |  
70 AGUILAR-BFNITEZ,BASSANO,EISNERt+ (BNL÷PUROI 
70 ASTIER RAPPDRTEURS TALK (BIRN+GLAS*DXF| 

71 +EISNER~KINSON (BNL| 
71 ÷COLLEY~JOBEStGR|FFITHS~HUGHES,÷(B|RR+GLAS| 
71 ÷CARMONY~ERNIN~MEIERE,÷ (PURD+UCO+IUPU) 
TI ~.SLATTERY,A REVIEN OF STRANGE NESONS(ROCH) 

72 +DEHN,CHARRIEREeCORNET~+ (NPIN+CERN÷DRUXI 
72 CHRRRIERE,DRIJARO~DE EAERE~÷ (CERN+BELGI 
72 +GOROON~KNAN-WU LAI,SCARR (BNL) 
72 OEUTSCHNANN,+ (ABCLV COLLABORATION) 
72 BNGELNRNN~MUSGRAVE~FORNAN~•  (RNL+EFII 
72 ÷HALPERN,HARGIS,SNAPE,CARNAHRN,÷(PENN÷CINCI 
72 +VIDERU,VOLTE~D~ ERION~÷ (EPOL÷SACL) 
72 +GRIJNS.HEINEN,OE G R O O T , +  (N[JN+ZEENI 

+LYONS~RADOJICIO (OKFORO) 
÷CORNET,CHARRIERE,÷ (BRUX÷MONS+CERNeNPIM) 
D.LINGLIN (CERNI 
+FLATTE,FRIEONAN (LBL| 

SHEN 
ALSO 

BASSANO 
BASSONRT 
CRENNELL 
OAHL 

ALSO 
DE BAERE 
FIELD 
GOLDHABE 

ADERHOLZ 
ALSO 

ANTICH 
OUBAL 
KANG 
SCHWEING 

ALSO 

BASSONP! NP BID 1DR 
BISHOP NP B 9 603 
CRENNELL PRL 22 4BT 
DAVIS PRL 23 1071 
DE BRERE NC bI  A 397 
ERIEDNAN UCRL-18E60 
LIND NP B 16 1 

ABRAMS PRD I 2633 
AGUILAR RRL 25 1362 
BIRNINGH KIEV CONF. 

AGUILAR1 PRO 6 2583 
BARNHAN NP E 28 171 
CORDS PRO 6 1976 
SLATTERY UR-DT5-332(PREP) 

DUCHNER NP B 6S 3S3 
CHARRIER NP B 51 317 
CRENNELL PRD 6 1220 
DEUTSCHN NP R 36 373 
ENGELNAN PRD 5 2162 
FRAT[ PRO 6 2361 
ROUGE NP B 66 29 
TIEEKE NP B 39 $96 

CLARK 73 NR B 56 6S2 
DE JONGH T3 NP B B8 110 
LINGLIN 73 NP B 55 608 
WALUCH 73 PRO B 2807 

27 *N  1166o  . . . .  ) , . 1 / 2  

EVIDENCE NOT COMPELL|NGv OMITTED FROM TADLE 

27 KN(IbbOI MASS {MEV} 

M (1660 .0 )  CRRMONY 67 HBC - So8 K-PtONEGA K 11167 
M 1660.0 10.0 JOBES 67 HBC ÷ 5.  K÷ P 11/6~ 
M J CLAIMED BY JOBES IN (K P I ) ,  (K~(892I  P I ) ,  AND (K* I1A20)  P l )  
N J NODES. K PI DUNP INTERFERES MOSTLY WITH OELTAI1236). 
M ( 1660 . }  CHRRRIERE 72 HBC 0 5. K÷ PeK P DR( 1/73 

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

27 KN(1660) WIDTH (M~V) 

w 60.0  20 .0  JOEES 6 T  NEE + 5.  K+ P 11/67 
N ( 6 0 . I  CHARRIERE 72 HEC O 5. K÷ P,K R 3Pl 1/75 

. . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

27 KN(1660) PARTIAL OECAY MODES 

DECAY MASSES 
PI KNIE660I INTO K PI 693÷ 139 
P2 KN(lbbOl INTO K Pl RI 69S÷ 100+ IB~ 
P3 KN(16601 INTO K*(8921 P! 892÷ 109 
PA KN(1660) INTO K * ( 1 6 2 0 1 P I  1621+ 139 

REFERENCES FOR KN(1660) 

CAPNONY 67 PRL 18 bED O.CARNDNY~T.HENORICKStL.LANDER (LA JOLLA) 
JOBES bT PL 2bB 6 9  ÷BASSONPIERRE,DE BAERE + (BIR~+CERN+DRUX) 
CHARRIER T2 NP D BI 31T CHARRIERE~ORIJARDtOE EAEREte (CERN÷BELG| 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * *  * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * e e * * *  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * e * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

I . . I  ~ 1  
i ~ . ~ 1 7 6 0 ) 1  6o KN , ,T6O.R- , 

NEEDS FURTHER OONFIRNATION.DNITTED FROM THE TABLE. 
CARNONY T1 FAVORS JR=B-* AGUILAR 70 NEEDS J G T  O. 

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

60 KNIIT6O) MASS (MEVI 

N C 76(1753.1 ( I 2 . 1  CARNONY 71 DBC oOT 9".3 K+ N 11171 
M 6S( 1760.1 AGUILAR TB HBC K-P~N K+ PI-- 1/74~ 

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

60 KNI I760)  NIOTH (MEV| 

N C 76 (60.1  ( 2 0 . )  CARNONY 71DBC O 9 .  K+ N 11/71 
N C DISRGREERENT BETWEEN THE FIT AND DATA ON BOTH SLOES OF THE SIGNAL 11/71 
N 6S (BO.I  OR LESS AGUILAR 73 HBC 0 T.3 K-P,N K÷ P I -  1/T4~ 

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

60 KNIIT601 PARTIAL DECAY NODES 

DECAY MASSES 
P1 KN(1T60} (NTO K PI 693÷ 139 
P2 KN(1T60) INTO K~(872) PI 892+ 1S9 
PS KN(1760I INTO K RHO 49S+ 7TO 
R4 RN(1T6D( INTO K*(1420)  PI 1421+ 1S9 
PS KN(1760) INTO K P[ PI 693• 139+ 139 

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

60 KN(1T6Ol BRANCHING RATIOS 

R1 KN(IT60)  INTO (K P I ) / ( K # ( B 9 2 )  Pl + K R H O )  (P1) / (P2+PS)  
RI ES (0.601 ( O . l O ]  CARNONY 71 ODE O 9.  K+ N 11/71 
RI S STATIST. CDMPRTIBLE WITH THE WEAK K PI PI SIGNAL OF AGUILAR 73. 1176" 

R2 KN(IT60) INTO ( K t ( 8 9 2 1 P I ) / ( K  Pl  P I )  ( P 2 ) / ( P B )  
R2 E ( 0 . 4 0 )  ( 0 . 1 1 )  CARNONY 71 DEC O 9 .  K÷ N 11171 

R3 KN(1760I INTO (K RHO)/(K P| P l )  (P31/ (PS)  
R3 E ( 0 . 6 0 )  ( 0 . 2 0 )  EARNONY 71 DEC 0 9.  K+ N 11171 

R6 KN(IT60)  INTO (K* (89EI  PI + K RHOJ/(K PI P I )  (PZ+PSt/ (PS) 
R 4  E (1 .1  (0 .12 )  CARMONY , l  DEC 0 9 .  K÷ N 11/71 

RE KN(IT60) INTO (K* (1620)  P I ) I ( K  PI P I I  (REI / IRB)  
RB E (0 .061 DR LESS CARNONY Tl  DEC 0 9.  K÷ N 11/71 
RS E DIFFICULT BACKGROUND SUBTRACTION . ERRORS STATISTICAL ONLY . 11/71 

REFERENCES FOR KN(1T60( 

CARNONY 71PRL 27 1160 +CDROStCLOPPtERNININEIEREv+ (PURO+OOO÷IUPU) 
AGUILAR 73 PRL 30 672 +CHUNG, EISNER,PROTOPOPESCU,SANIOS,+ (BNL) 

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

2O L MASS (MEV( 

20 (1780 . )  BERLINGHI 67 HEC ÷ 12.7 K÷P 7/67 
( lT60 .O)  (1S.01 JOBES 67 HEC + 5.  K÷ P 1173 

M B (178S.0 ]  ( 1 2 . 0 )  BARTSCH 68 HBC 10.0 K- P I I / T I  
N B INCLUDED IN BARTSCH TO 11171 
N 174S.0 20.0  AGUILAR 70 HER - 4 .6  K- P 6 /70 
N 1780.0 15.0 BRRTSCH 70 HBC 10.1 K- P 1/71 
N (1T6O.O) (15.01 LUDLAH TO HBC - 12.6 K- P 1/73 
R X IT6B.O 60 .0  COLLEY 71HBC ÷ IO.K÷P~K 2 R I  1/73 
N X SYSTEMATIC ERRORS AOOED CORRESP. TO SPRERD OF DIFFERENT FITS, 
N (1760 .0 )  OFNEGRI 710BC - 12.6 K-OtK 2PI D 5/71 
N 1767. 6. BLIEDEN T2 NNS 1 1 . - 1 6 .  K- P 12/72 
N P 30b 1730. 20. FIRESTONE 72 OBC ÷ 12. K+ D 1/73 
N P PROP~JCEO IN CONJUNCTION WITH D* 
M . . . . . . . . .  
N AVG 1766.6 6 .7  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.31 

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

2S L NIOTH (MEV) 

N 20 (BO.)  BERLINGHI bT HBC + IZ .7  K+P 7/67 
N ( 6 0 . 0 )  (2O.OI JOBES 67 HBC • S. K+ P 1/73 
N B (127 .0 )  ( 6 3 . 0 )  BARTSCH 60 HBC lO.O K- P 11/71 
w B INCLUDED IN BARTSCH 70 11/T1 
w IOO.O SO.O AGUILAR TO HBC - 6 . b  K- P 6 /70 
W 138.0 40 .0  BARTSCH TO HBC 10.1 K- P 1/71 

(SO.O) ( 6 0 . 0 )  120.01 LUOLAM 70 HRC - 12.b K- P 1/73 
X 90.  70. COLLEY 71HBC + IO.K+P,K 2PI 1/T3 

W X SYSTENATIC ERRORS ADDED CORRESP. TO SPREAO OF DIFFERENT FITS. 
W (1SO.O) DENEGRI 71 ODD -- 12.6 K-DtK 2Pl D S/71 
W lO0.  26. BLIEDEN 72 NNS - 1 1 . - 1 6 .  K- P 12/72 
w P 306 210. 30. FIRESTONE 72 DEC + 12. K÷ 0 12172 
w P PRODUCED IN CONJUNCTION NITH O* 
W . . . . . . . . .  
N AVG 137.7 26.2 AVERRGE (ERROR INCLUDES SCALE FRCTOR OF 1 .5 )  

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

23 l PARTIAL DECAY NDOES 

DECAY MASSES 
Pl  L INTO K RI Pl 697÷ 13A+ ISA 
P2 L INTO K*(1420)  PI 134+1621 
P3 L INTO g Pl Pl Pl 6R7+ 136+ 136+ 136 
P6 L INTO K~(892) Pl 892+ I06 
RS L INTO K*1892) RHO 892+ TTO 
R6 L INTO K* (892 )  OMEGA 892• 782 
PT L INTO K$(892) PI Pl  892+ 136+ 136 

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

2S L BRANCHING RATIOS 

RI L INTO ( K * ( 1 6 2 0 1 P l l  / (K PI Pl ) ( P 2 I / I P I )  
RI LARGE DENEGRI 68 DEC - E2.6 K- 0 I /T1  
RI ( 1 . 0 )  BARBRRO 69 HEC ÷ 12.0 K÷ P 1/71 
RI 0 .2  0.2 AGUILAR 70 HBC - A.6 K-- P 1171 
RI LESS THAN l .O  BARTSCH TO HBC - 10.1 K- P 1/71 
RI LESS THAN 1.O COLLEY 71HBC 10. K+ P 11/71 
RI P CONSISTENT MITH I .  FIRESTONE 72 OBC + 12* K÷ O 12172 
RE P PRODUCED IN CONJUNCTION WITH O* 12/72 
RI R LESS THAN I .O  SEEMS TO BE ESTABL|SHEO. 
RI R FOR DISCUSSION OF THE EXPERINENTAL EVIDENCE ON OTHER DECAY l l / T1  
R1 R MODES SEE HUGHES 71,SLATTERY 71 • 11/71 

REFERENCES FOR L(1770) 

BARTSCH 6A PL 22 3BT +DEUTSCHNANN,÷ (AACH+BERL÷CERN÷LOIC+VIEN) 
BERLINGH 67 PRL 18 1087 BERLINGHIERI÷FARBER+FERBEL+FDRNAN÷ (ROCH)I 
JOBES 67 PL 2bB 69 ÷BASSONPIERRE,OE BAERE + (DIRN+CERNeBRUK) 
DENEGRI 68 PRL 20 1 1 9 6  +CALLAHANeETTLINGER+GILLESPIE~ (JHUI 
DARTSCH 68 NP 08 9 +COCCONI,÷ (AACH÷BERL÷CERNeLOIC+V|ENI 



t 0 7  

Data Card Listings Mesons 
For notation, see key at front of Listings. L(1770). IC~(1850). K*(2200), K'(2800), EXOTICS 

~NORENS 69 ERL 22 TSt 
BRRBAEO 69 PRL 22 120T 
COLLEY 69 NC A 59 519 

AGUILAR TO EEL 25 56 
BARTSCH TO EL 33 B 18b 
CHIEN TO PHILA.CONF.P .27E 
LUOLRN TO PR 0 2 1266 

COLLEY T l  f i r  B 26 71 
OENEGRI 71NP  B 28 13 
HUGHES 71 BOLOGNA CONF.PPOC 
SLATTERY 71 UR-BTS-332(EREPI 

ANOERSON 7~ PRO 6 1823 
9LIEDEN 72 EL 39 B bb8 
CHRRRIER 72 NP B 51 317 
FIRESTON 72 PRO 5 505 

BARLOUTA 73 NP B 59 876 
BINGHAM T3 NE B 52 6L 

+LACH,Lt~LAN,SANOWEI SS,BERGER,÷ (YALE÷LRL) 
BARBARO-GALTIER|eDAVIS,FLATTE,+ (LRL)  
÷EASTWOOD.÷ IBIRN+GLAS÷LOIC÷NPIN÷OXE÷RHEL) 

AGUILAR-BENITEZ,BABNEStBASSANO~CHUNG,÷IBNL) 
÷OEUTSCHMANN,÷ (AACH÷BERL÷CERN÷LOIC÷VIEN) 
C .Y .CHIEN (jOHNS HOPKINSI 
+SANOWEISS~SLAUGHTER (YALE) 

+JOBES~KENYON.PATHRK,HUGHES,+ (BIRH÷GLAS) 
+ANTICH,CALLAHAN~CAESON~CHIEN~COX~+ (JHU) 
I.S.HUGHES~TALK AT BOLOGNA CONE. (GLASGOW) 
P.SLATTERY,A REVIEN OF STRANGE MESONS(ROCH] 

÷FRANKLIN~GODOEN,KOPELMAN,LIBEYtTAN ICOLOI 
÷FINOCCHI&RO,EONEN.EARLES,÷ ISTON+NE&S) 
CHARRIERE,ORIJAROeOE B&ERE~+ (CERN÷BELGI 
FIRESTONE,GOLOHABER,LISSAUEReTRILLING (LBL I  

+OREVILLON~SHAH,÷ (SACL÷EPOL÷RHELI 
÷F&PWEL,÷ (LBL÷ORSAY+BNL÷SACLRY÷NILRN) 

DEUTSCHM T6 EL B OEUTSCHMANN,÷ (AACH+BERL+CERNeLOIC÷VIEN) JP 

* * s * * *  s sssss~*s  * * * * * * * * *  * * * * * * * s *  s sssso * * *  * * ss *s * * *  * s * s * * * * *  s ss * * ss *  
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Note  on N ' s  and  A ' s :  I. D e t e r m i n a t i o n  of R e s o n a n c e  
Parameters 

A. Spread in Values of Resonance Parameters 

Values of masses, widths, and branching ratios 

are obtained mainly from phase-shift analyses. In 

production experiments, in fact, it is seldom clear 

which of the many states at similar masses is being 

observed. In addition to a few complete phase-shift 

analyses, we have other analyses, done by using some- 

what incomplete data, by various different groups, but 

we are quite far from having reliable masses and 

w i d t h s  derived therefrom. 

T h e r e  a r e  e s s e n t i a l l y  two  p r o b l e m s  i n  o b t a i n i n g  

r e l i a b l e  r e s o n a n c e  p a r a m e t e r s .  F i r s t  t h e r e  i s  o f t e n  

d i s a g r e e m e n t  a s  to  j u s t  w h a t  the  v a l u e s  of the  p h a s e  

s h i f t s  0 ] ' s  and  6 ' s )  a r e .  T h i s  p r o b l e m  i s  o b v i o u s l y  

r e l a t e d  to  t he  q u a l i t y  and  q u a n t i t y  of t he  d a t a  and  to  

the  p r o c e d u r e s  u s e d  to d e t e r m i n e  o r  c h o o s e  the  p h a s e  

s h i f t s .  S e c o n d l y ,  e v e n  i f  s m o o t h  c u r v e s  w e r e  a v a i l -  

a b l e  f o r  the  p h a s e  s h i f t s ,  t h e r e  w o u l d  s t i l l  be  s o m e  

a m b i g u i t y  i n  d e c i d i n g  w h a t  the  r e s o n a n t  p a r a m e t e r s  

a r e .  We m i g h t  h o p e  t h a t  s o m e  s o r t  of e n e r g y - d e p e n d -  

e n t  f i t  to  the  s m o o t h  p h a s e  s h i f t s  w o u l d  y i e l d  u n i q u e  

p a r a m e t e r s .  U n f o r t u n a t e l y ,  h o w e v e r ,  a s u f f i c i e n t l y  

c l e v e r  c o m b i n a t i o n  of b a c k g r o u n d  and/oar  r e s o n a n c e s  

c o u l d  f i t  the  p h a s e  s h i f t s ,  s a t i s f y  e l a s t i c  u n i t a r i t y ,  

and  s t i l l  y i e l d  the  w r o n g  p a r a m e t e r s .  (See I. B. and  

I . G .  b e l o w .  ) 

We l i s t  the  v a l u e s  of M, 1-" and  x q u o t e d  by  the  

v a r i o u s  a u t h o r s  w i t h  a c o m m e n t  on the  m e t h o d  u s e d  

to  d e r i v e  s u c h  p a r a m e t e r s .  We n o w  d i s c u s s  b r i e f l y  

the  d i f f e r e n t  m e t h o d s  u s e d ,  A Y E D  74 a n a l y z e  t h e i r  

p h a s e - s h i f t  r e s u l t s  w i t h  an  e n e r g y - d e p e n d e n t  b a c k -  

g r o u n d  and  B r e i t - W i g n e r  a m p l i t u d e s .  B A R E Y R E  68 

u s e s  two  m e t h o d s :  i )  c r o s s - s e c t i o n  m e t h o d  -- t he  

e n e r g y  w h e r e  the  t o t a l  c r o s s  s e c t i o n  i s  m a x i m u m ;  

2) s p e e d  m e t h o d  -- the  e n e r g y  w h e r e  the  s p e e d  of 

v a r i a t i o n  of the  a m p l i t u d e  i n  the  A r g a n d  p l o t  i s  m a x i -  

m u m .  GERN, as well as ALMEHED 72, usually 

associate a resonance with simultaneous clear struc- 

ture in ~ and 6. The Glasgow group (DAVIES 70) 

uses Breit-Wigner parametrization; their solutions 

A and B differ in the starting values of the minimiza- 

tion (GERN I solution was used for solution B). Only 

the parameters from solution A are included in the 

listings. For some states no parameters have been 

quoted by the authors. 

At the beginning of the Data Card Listings for N's 

and Z~ s, we pre sent a table giving our evaluation of the N 

and  A r e  s o n a n c e  s b a s e d  on i n f o r m a t i o n  c o n t a i n e d  in  the  

L i s t i n g s .  I n t h e  T a b l e  of P a r t i c l e  P r o p e r t i e s ,  we  d o n o r  

q u o t e  v a l u e s  and  e r r o r s  f o r  p a r a m e t e r s ,  bu t  o n l y  g i v e  

r a n g e s  f o r  m a s s e s  and  w i d t h s  i n  o r d e r  to  e m p h a s i z e  t h a t  

i n  s o m e  c a s e s  t h e s e  p a r a m e t e r s  a r e  q u i t e  p o o r l y d e t e r -  

m i n e d .  
B. N o t e  on S p e e d  P l o t s  

In  the  d i s c u s s i o n  w h i c h  f o l l o w s ,  we u s e  the  t e r m  

" s p e e d  p l o t "  to  i n d i c a t e  a p l o t  s h o w i n g  the  v a r i a t i o n  

w i t h  c . m .  e n e r g y  E of the  d e r i v a t i v e  I d T / d E I  of a 

p a r t i a l - w a v e  a m p l i t u d e  T. (See s e c t i o n  IV. A of the  

m a i n  t e x t . )  In  p r i n c i p l e  s u c h  p l o t s  a r e  a v e r y  s e n s i -  

t i v e  and  u s e f u l  m e a n s  of s e a r c h i n g  fo r  a r e s o n a n c e .  

A r a p i d  i n c r e a s e  i n  s p e e d  f o l l o w e d  by  a r a p i d  d e -  

c r e a s e  i s  c e r t a i n l y  a good  i n d i c a t i o n  of the  p r e s e n c e  

of a r e s o n a n c e .  In  p r a c t i c e  t h e s e  p l o t s  m u s t  be  

i u d i c i o u s l y  u s e d  b e c a u s e :  

t )  T h e  v a l u e s  of d T / d E  a r e  s e n s i t i v e  to v a r i a t i o n s  

i n  T. It  i s  d i f f i c u l t  e n o u g h  to  d e t e r m i n e  T ( E ) ;  f i n d i n g  

i t s  d e r i v a t i v e  i s  n e c e s s a r i l y  m o r e  d i f f i c u l t .  

2) O n c e  the  s p e e d  p l o t  t e l l s  us  t h a t  a r e s o n a n c e  

i s  p r e s e n t ,  the  d e t e r m i n a t i o n  of p r e c i s e  p a r a m e t e r s  

f r o m  s u c h  a p l o t  r e q u i r e s  a d d i t i o n a l  c o n s i d e r a t i o n s :  

a) the  m a x i m u m  of the  s p e e d  i s  not  n e c e s s a r i l y  

a t  the  r e s o n a n c e  m a s s ,  

b)  the  w i d t h  c a n n o t  s i m p l y  be  o b t a i n e d  b y  the  

r e l a t i o n  I dT/dE[E=M=Zx/F. 

Consider for example the P33 partial-wave am- 

plitude in w-N scattering. Since its elasticity (x) is 

one, we have 

F ( E ) / Z  ( t )  
T(E) = M-E - iF(E)/2" 

If we let F' (E) = dF/dE, then we find that 

" Speed" = I dT Z 1+(M-E)r'/r (z) 
~-~I = p I+4(M_E)Z/F2" 

To estimate where Eq. (2) is maximum, we let 

E = IV[ + 6 and find that for small 6, 

d dT 16 (~ 6) 
~-E [ TE T = - ~-~ + + ~ (52)" (3) 

Since all reasonable parametrizations of I-'(E) agree 

that F' >_ 0, we may conclude that the " speed" will 

have its maximum value at an energy about 1"1"/8 

less than the resonant value, E = ]VI. 

This effect is illustrated in Fig. l.i, which is 

taken from UCRL-20030 ~N. i For the P33 partial 

wave, the GERN experimental and GERN Kirsopp 

s o l u t i o n s  i n d i c a t e  the  i n s t a b i l i t y  of l d T / d E I  i n  the  
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region of a resonance (the other solutions are 

" smooth" by the nature of the analysis), In addition, 

each of the plots, quite consistently, gives 

g/i" = 16 GeV -I at a resonant mass of ~1236 MeV. 

This corresponds to a width at resonance of ~125MeV. 

The speed, however, peaks some 10 to 15 MeV lower 

in mass and at a value of ~ 18.5 GeV -I. Hence, were 

we to estimate the mass and width of the 33-reso- 

nance from the maximum speed, we would get 

M = t Z g 0  M e V  a n d  1" = t 0 8  M e V .  

1090 ]300  1600 1900 2200 ~00  

E (MeV) 

P33CERN TNEORETICAL F I T .  

A 

t 2 3 6  

100o 13¢0 1aoo 1;c9 22¢0 
E (MeV) 

'> 12 1;~ 
. . . . .  i 2 3 6  • . . . .  1236 

m ° m 0 
10~0 13@1) I@CO lg~O P.a00 2t501) 10@0 130g 1609 lg t~  2900 2500 

E (MeV) E (MeV) 

~e__a 1 Speed plots as computed from four solutions 
in Ref. I. E is the c.m. energy. 

C .  C o m m e n t s  o n  t h e  M a s s  a n d  W i d t h  o f  & { t Z 3 Z )  

I n  p r e v i o u s  e d i t i o n s  z '  3 w e  p r e s e n t e d  e x h a u s t i v e  

s t u d i e s  o f  t h e  r e s o n a n c e  p a r a m e t e r s  f o r  t h e  A ( t Z 3 2 ) .  

We concluded 3 that if any parameters are " unique" 

they are those given by the pole position. 

On the basis of that study we have entered the 

pole position in both the Table and the Data Card 

Listings. We remind the reader of our conclusions. 

I) Over a reasonable energy interval on the real 

axis, al_ll parametrizations of the amplitude are equally 

good provided: 

a) they fit the data, 

Baryons 
N°s and A's 

b) they are unitary and have sensible 

threshold behavior (e.g. , 
5~ ~ qZ~+il. 

2) For good fits to the same data, the resonance 

mass and width on the real axis depend upon the pa- 

rametrization used (background +BW, different 

BW's, etc. ). Indeed, we found that the fitted mass 

parameter ranged from 1230 to 1235 MeV, and the 

width from 109 to 124 MeV. Clearly, it is meaning- 

less for us to average masses and widths corre- 

sponding to either different parametrizations or 

significantly different sets of data. 

3) For good fits to the same data, the pole 

position is essentially independent of the parametri- 

zation. 

An analysis of the A(IZ32) pole position which in 

principle seems more general has been made by 

NOGOVA 73. It is unfortunate, however, that these 

authors did not use the same phase shift "data" as 

in ref. 2 and 3. 

D. Availability of Partial-Wave Analyses and Data 

All the solutions mentioned in this note, including 

AYED 74 and ALMEHED 72, are available on tape 

from the Particle Data Group. This tape is essenti- 

ally an updated version of the one corresponding to the 

compilation of ref. i. In addition, a tape of the ex- 

tensive input data used by ALMEHED 724 and a 

booklet of enlarged reproductions of all the baryon 

Argandplots (N,A,Z $, and Y#) shown in the following 

pages are available from the Particle Data Group, 

LBL, Berkeley. 

References for Section I 

I. D. J. Herndon, A. Barbaro-Galtieri, A. H. 

Rosenfeld, UCRL-20030 wN (Feb. 1970). 

2. Particle Data Group, Rev. Mod. Phys. 4_~_3, $114 

(i971). 
3. Particle Data Group, Phys. Left. 39B, 103 (1972). 

4. C. Lovelace eL al. , LBL-63 (April 1973). 

Note on N's and A's: II. ~N -* IrN,~]N,K>~ 

The most recent available IrN-~ wN amplitudes 

are from the analysis of the Saclay group, AYED 74. 

These are shown in Figs. II.i-II.6. The analysis 

included the recent Berkeley i and Saclay z charge ex- 

change data as well as the precise w±p differential 

cross-section measurements in the A(iZ3Z) region 

(180 _< PLAB -< 408 MeV/c) by Bussey eL al. 3 These 
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F ig .  I I . t .  A m p l i t u d e s  f o r  I = 3 / 2  wN e l a s t i c  s c a t t e r i n g  in the J = t / Z  and J = 3 / 2  w a v e s  f r o m  AYED 73. The  
e n e r g y - ~ p e n d e n c e  of e a c h  a m p l i t u d e  i s  d i s p l a y e d  by  p lo t t i ng  i t s  r e a l  and i m a g i n a r y  p a r t s  vs .  e n e r g y ,  in  a l i g n -  
m e n t  w i t h  the c o r r e s p o n d i n g  A r g a n d  p lo t .  In  add i t i on ,  a r r o w s  a r e  p l o t t e d  on the A r g a n d  p l o t s  w i th  b a s e s  p o -  
s i t i o n e d  at  e v e n  m u l t i p l e s  of 50 MeV and a b a s e - t o - t i p  l e n g t h  of 5 MeV. All  the e n e r g y  a x e s  r u n  f r o m  e l a s t i c  
t h r e s h o l d  to 2500 N~eV. E s t a b l i s h e d  r e s o n a n c e s  in t h e s e  w a v e s  a r e  the A( t650 ) ,  A ( t 9 t 0 ) ,  A(tZ3Z),  and A(1670) 
in  the  $ 3 t ,  P 3 t ,  P33 ,  and D33 w a v e s ,  r e s p e c t i v e l y ;  t h e s e  a r e  i n d i c a t e d  on the above  A r g a n d  p l o t s .  See the Da ta  
C a r d  L i s t i n g s  and the  a c c o m p a n y i n g  m i n i - r e v i e w  f o r  o t h e r  p o s s i b l e  r e s o n a n c e s  in the $31 and P33 w a v e s .  
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Data Card Listings 
For notation, see key at front of Listings.~ 

Baryons 
N's a n d  A's 
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Fig. II.Z. Amplitudes for I = I/2 wN elastic scattering in the J = I/Z and J = 3/2 waves from AYED 73. The 
energy dependence of each amplitude is displayed by plotting its real and imaginary parts vs. energy, in align- 
ment with the corresponding Argand plot. In addition, arrows are plotted on the Argand plots with bases po- 
sltioned at even multiples of 50 MeV and a base-to-tip length of 5 IV[eV. All the energy axes run from elastic 
threshold to 2000 MeV. Established resonances in these waves are the N(1535) and N(1700) in the $II wave, the 
N(1470) and N(1780) in the Pll wave, the N(1860) in the P13 wave, and the N(1520) in the Di3 wave; these are 
indicated on the above Argand plots. The P11 wave also contains the nucleon pole, 138 MeV below threshold. 
See the Data Card Listings and the accompanying mini-review for other possible resonances in the Sll, P11' 
and DI3 waves. 
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Data Card Listings 
For notation, see key at front of  Listings. 
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Fig. 11.3. Amplitudes for I = 3/Z wN elastic scattering in the 3 = 5/2 and I = 7/Z waves from AYED 73. The 
energy dependence of each amplitude is displayed by plotting its real and imaginary parts vs. energy, in align- 
ment with the corresponding Argand plot. In addition, arrows are plotted on the Argand plots with bases po- 
sitioned at even multiples of 50 IVleV and a base-to-tip length of 5 MeV. All the energy axes run from elastic 
threshold to 1500 MeV. Established resonances in these waves are the Z~(1890) and Z~(1950) in the F35 and F37 
waves, respectively; these are indicaied on the above Argand plots. See the Data Card Listings for another 
possible resonance in the D35 wave. 
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Data Card Listings 
For notation, see key at front o f  Listings. 

Baryons 
N's and A's 
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Fig. 11.4. Amplitudes for I = i/2 ~N elastic scattering in the J = 5/2 and J = 7/2 waves from AYED 73. The 
energy ~-ependence of each amplitude is displayed by plotting its real and imaginary parts vs. energy, in align- 
ment with the corresponding Argand plot. In addition, arrows are plotted on the Argand plots with bases po- 
sitioned at even multiples of 50 MeV and a base-to-tip length of 5 MeV. All the energy axes run from elastic 
threshold to 2500 IVieV. Established resonances in these waves are the N(i670), N(1688), and N(2190) in the DI5, 
FI5, and GI7 waves, respectively; these are indicated on the above Argand plots. See the Data Card Listings 
and the accompanying mini-review for other possible resonances in the Dls, Fis, and FiT waves. 
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N's and A's 

i l 4  

Data Card Listings 
For notation, see key at front of Listings. 
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F i g .  / / . 5 .  A m p l i t u d e s  f o r  I = 3 /Z  wN e l a s t i c  s c a t t e r i n g  {n the  J = 9 /Z  and  J = i i / Z  w a v e s  f r o m  A Y E D  73. T h e  
e n e r g y  ~ - e p e n d e n c e  of e a c h  a m p l i t u d e  i s  d i s p l a y e d  b y  p l o t t i n g  i t s  r e a l  and  i m a g i n a r y  p a r t s  v s .  e n e r g y ,  i n  a l i g n -  
m e n t  w i t h  the  c o r r e s p o n d i n g  A r g a n d  p l o t .  i n  a d d i t i o n ,  a r r o w s  a r e  p l o t t e d  on the  A r g a n d  p l o t s  w i t h  b a s e s  p o -  
s i t i o n e d  a t  e v e n  m u l t i p l e s  of 50 MeV and  a b a s e - t o - t i p  l e n g t h  of 5 MeV. A l l  e n e r g y  a x e s  r u n  f r o m  i 5 0 0  to  2500 
ik4eV. T h e  o n l y  e s t a b l i s h e d  r e s o n a n c e  i n  t h e s e  w a v e s  i s  the  A(Z4Z0) i n  t h e  H 3 i i  w a v e ;  i t  i s  i n d i c a t e d  on the  
a b o v e  H3 i i  A r g a n d  p lo t .  See  the  D a t a  C a r d  L i s t i n g s  and  the  a c c o m p a n y i n g  m i n i - r e v i e w  f o r  a n o t h e r  p o s s i b l e  
r e s o n a n c e  i n  the  G39  w a v e .  
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Data Card Listings 
For notation, see ken at front of Listings. 

Baryons 
N's and  A's 
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~ e  A m p l i t u d e s  f o r  I = t / 2  ~N e l a s t i c  s c a t t e r i n g  in the J = 9//2 and J = t t / / 2  w a v e s  f r o m  AYED 73. The  
p e n d e n c e  of e a c h  a m p l i t u d e  i s  d i s p l a y e d  by  p lo t t i ng  i t s  r e a l  and i m a g i n a r y  p a r t s  v s .  e n e r g y ,  in a l i g n -  

m e n t  w i t h  the c o r r e s p o n d i n g  A r g a n d  p lo t .  In a d d i t i o n ,  a r r o w s  a r e  p lo t t e d  on the A r g a n d  p l o t s  w i t h  b a s e s  p o -  
s i t i o n e d  at  e v e n  m u l t i p l e s  of 50 MeV and  a b a s e - t o - t i p  l e n g t h  of 5 MeV. All the e n e r g y  a x e s  r u n  f r o m  t500  to 
2500 MeV. The  only  e s t a b l i s h e d  r e s o n a n c e  in  t h e s e  w a v e s  i s  the  N(2220)  in  the H t 9 . w a v e ;  i t  i s  i n d i c a t e d  on the 
above  H i 9  A r g a n d  plot .  See the D a t a  C a r d  L i s t i n g s  and the a c c o m p a n y i n g  m i n i - r e w e w  f o r  a n o t h e r  p o s s i b l e  
r e s o n a n c e  in the G t 9  w a v e .  



Baryons 
N's and h's 

d a t a  a r e  so  good ,  i n  f a c t ,  t h a t  an  e x t e n s i v e  t r e a t -  

m e n t  of C o u l o m b  e f f e c t s  i s  n e c e s s a r y  f o r  a p r o p e r  

d e s c r i p t i o n  i n  t e r m s  of p a r t i a l  w a v e s .  T h i s  h a s  b e e n  

d o n e  by  C A R T E R  73 who  o b t a i n ,  i n  the  p r o c e s s ,  

r a t h e r  p r e c i s e  v a l u e s  f o r  the  A ( i 2 3 2 )  e l e c t r o m a g n e t i c  

m a s s  s p l i t t i n g  s. 

The  f i g u r e  c a p t i o n s  s u m m a r i z e  the  k n o w n  r e s o -  

n a n c e s  i n  the  v a r i o u s  p a r t i a l  w a v e s .  We r e s t r i c t  

o u r  d i s c u s s i o n  h e r e  to m e n t i o n i n g  the  p o s s i b l e  n e w  

e f f e c t s  s e e n  i n  r e c e n t  a n a l y s e s .  A l l  r e s o n a n c e  p a -  

r a m e t e r s  q u o t e d  u n d e r  A Y E D  74 d e r i v e  f r o m  e n e r g y -  

d e p e n d e n t  f i t s  ( B r e i t - W i g n e r  w i t h  b a c k g r o u n d )  to the  

p a r t i a l - w a v e  a m p l i t u d e s  w h i c h  w e r e  d e t e r m i n e d  i n  

an  e s s e n t i a l l y  e n e r g y - i n d e p e n d e n t  a n a l y s i s .  

S~'t :  In  F i g .  I I . t ,  the  e n e r g y - d e p e n d e n t  f i t  of 

A Y E D  74 s u g g e s t s  t h a t  the  b r o a d  s t r u c t u r e  a r o u n d  

2000 MeV i s  a s s o c i a t e d  w i t h  a s e c o n d  r e s o n a n c e  w i t h  

M = 2001 MeV, F r o  t = 307 MeV, Xel = 0 .08.  

T h e r e  i s  s o m e  a d d i t i o n a l  e v i d e n c e  f o r  s u c h  an  e f f e c t  

f r o m  L A N G B E I N  73, an  e n e r g y - i n d e p e n d e n t  a n a l y s i s  

of K E  a s s o c i a t e d  p r o d u c t i o n .  

P3'3: S i m i l a r l y  the  s m a l l  d i p  i n  the  i m a g i n a r y  

p a r t  of P 3 3  and the  z e r o  i n  the  r e a l  p a r t  a r o u n d  

t 9 0 0  MeV a r e  i n t e r p r e t e d  i n  the  e n e r g y - d e p e n d e n t  f i t  

a s  a s e c o n d  P33  r e s o n a n c e ,  

M = 1904 MeV, F t o  t = 204 MeV, Xel = 0 . t 9 .  

In t h i s  c a s e  L A N G B E I N  73 g i v e  c o n f i r m i n g  e v i d e n c e  

i n  o n l y  one  of t h e i r  two  s o l u t i o n s  f o r  ~N -* K E .  No te  

t h a t  A L M E H E D  72 (" C E R N "  ) found  two  e f f e c t s ,  one 

a t  ~ I 6 8 0 M e V  and  a n o t h e r  a t  ~ 2 t 5 0  MeV. 

P 3 t :  T h e  P 3 t  r e s o n a n c e  m a s s  q u o t e d  b y  

A Y E D  74 (M = t 7 8 6  MeV) i s  c o n s i d e r a b l y  l o w e r  t h a n  

i n  p r e v i o u s  a n a l y s e s  ( e x c e p t  A Y E D  70) w h i c h  f ind  M 

in the region i900 to 1950 MeV; LANGBEIN 73 would 

prefer this higher mass. 

TWl Sil : In Fig. II.2 are shown the low spin 1=i/2 

waves of AYED 74. They associate the broad effect 

at ~ 2300 MeV with a third SII resonance: 

M = 2283 MeV, l~to t = 310 MeV, Xel = 0.14. 

LANGBEIN 73 find, perhaps, asimilar effect at 

1900 MeV; their analysis, however, extends only 

to 2137 MeV. 

116 

Data Card Listings 
For notation, see key at front of Listings. 

i Pli: AYED 74 claim the "Roper" to be split: 

Pli I Ml°w = 14i3 MeV, Fro t = 187 MeV, Xel = 0.55; 

[ M h i g h  = t 5 3 2  MeV, I ' t o t  = 89 1MeV, x e l = 0 -  t~'. 

W h i l e  s u c h  a s p l i t t i n g  m i g h t  be  a n a t u r a l  e x p l a n a t i o n  

f o r  the  r e l a t i v e l y  low m a s s  and b r o a d  w i d t h  of the  

" R o p e r "  a s  s e e n  in  p r o d u c t i o n  e x p e r i m e n t s ,  the  

e v i d e n c e  i n  F i g .  I I .2  - e s p e c i a l l y  the  p r o j e c t i o n s -  

s e e m s  o n l y  t e n t a t i v e .  C o n s i d e r a b l y  m o r e  d a t a  a r e  

n e e d e d  to  s u b s t a n t i a t e  s u c h  s m a l l  e f f e c t s .  The  n e w  

Saclay ~n data and partial-wave analysis of 

LEMOIGNE 73 are not inconsistent with the parameters 

of the high mass state. However, it is possible that 

this splitting could be explained by simultaneously 

fitting the elastic and ~n data, taking proper account 

of the ~]n threshold at 1490 MeV. 

D~'3: A somewhat larger effect in this wave at 

~ 1700 MeV is identified by AYED 74 as a second Di3 

resonance: 

M = 1710 MeV, Fto t = i00 MeV, Xel= 0.09. 

The projections reveal a shoulder in the imaginary 

part and a small dip in the real part. A similar effect 

exists in ALMEHED 72, but was not claimed as a 

resonance. One solution of LANGBEIN 73 shows 

evidence for a DI3 effect around 1790 MeV. Recent 

pion photoproduction analyses and the LBL-SLAC 

wwN analysis have also sound evidence for this state 

(see Ill and IV below). 

DI3 : Along with ALMEHED 72, AYED 74 find 

evidence for a DI3 state at ~ 2000 MeV: 

M = 2029 MeV, Fto t = I16 MeV, Xel = 0.I0. 

The evidence in the projections seems even less than 

for the effect at 1700 MeV. LANGBEIN 73 find no 

evidence in the K 5q channel. 

D~'5: The rapid decrease in the real part of this 

amplitude around 2100 MeV (see Fig. II.4) is associated 

with a second DI5 resonance by AYED 74: 

M = 2100 MeV, Fro t = 220 MeV, Xel = 0.08. 

These parameters are in reasonable agreement with 

those of ALMEHED 72. 

lw FI5 : The broad shoulder in the real part and dip 

in the imaginary part are identified with a second FI5 
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resonance by AYED 74: 

M = 1989 MeV, l~to t = 179 MeV, Xel = 0.08. 

ALIVIEI-IED 72 find an effect at ~ Z200 MeV; this, how- 

ever, is near the maximum energy of their analysis. 

Higher Waves. Besides confirming the already 

accepted PI 3 il and Hig, AYED 74 present evidence 

for two additional states in the 2200 MeV region: 

G39: IV[ = 2174 MeV, Fro t = 205 kdeV, Xel = 0.04; 

Gig: M = 2133 Mev, Fto t = 193 MeV, Xel = 0.I0. 

The G39 effect in Fig. IL5 is not too convincing. 

Notice that ALMEHED 72 claimed a P33 resonance 

in this same region; see A(2160) for further possi- 

bilities in this mass region. In contrast, the evi- 

dence for Gig, Fig. II.6, looks quite good; note, 

in particular, the behavior of the real part projection 

in the region 1900 - Z500 MeV. 

References for Section II 

i. J. E. Nelson et al., Phys. Lett. 47B, 281 (1973). 

2. J. Feltesse et al. , Saclay preprint (to be pub- 

lished). 

3. P. J. Bussey et al., Nucl. Phys. BZ6, 588 

(1971). 

Mote on N' s and &' s: III. The N~ Channel 

A. Current Status of N~w Partial-Wave Analyses 

In the isobar model, the amplitude for the re- 

action ~N -~ N'~ is written 

JILL' JILL' 

T = ~ ITz~w (E) BwA(EIrN)XAxw 

JILL'~ JILL' JILL' JILL'[ 

+ T o N ( E ) B % ( E w w ) X o N  + T N ( E ) B W c ( E w ~ ) X c N  S" 

In  t h i s  e x p r e s s i o n  t he  B W ' s  d e n o t e  e i t h e r  a p p r o p r i a t e  

B r e i t - W i g n e r s  o r  t he  c o r r e s p o n d i n g  t w o - b o d y  a m p l i -  

t ude .  T h e  f u n c t i o n s  X c o n t a i n  a l l  t he  a n g u l a r  i n f o r -  

m a t i o n ;  t h e s e  a r e  w e l l - d e f i n e d  f u n c t i o n s  d e p e n d i n g  

o n l y  on w h i c h  i s o b a r s  a r e  u s e d  i n  the  m o d e l .  T h e  
T J I L L '  p a r t i a l - w a v e  a m p l i t u d e s ,  AT , e t c .  , m a y  be  i n -  

d i c a t e d  by  

Aw, LL'zI2j PN, LL'zIZj eN, LL'21Zj 

where L is the incoming (wN) angular momentum, 

and L' is the outgoing angular momentum between 

the isobar [p,E( =ww I=0, S wave),A] and the re- 

maining hadron (Nor w); as usual I and I are the 

Baryons 
N's and A's 

isospin and total spirt (Y= ~+ S"= E' +~), respec- 

tively. Often the p has a subscript i or 3 which de- 

notes twice the pN total spin. It should be noted that 

one  a s s u m e s  t he  p a r t i a l - w a v e  a m p l i t u d e s  d e p e n d  

o n l y  on  the  c . m .  e n e r g y  E and  no t  on  the  d i p a r t i c l e  

s u b e n e r g i e s ,  E w a n d  EwN. 

At the Purdue Conference on baryon resonances, 

it was observed that the phases of the LBL-SLAC i 

Aw isobar amplitudes were inconsistent with pre- 

dictions Z deriving from the IVielosh transformation 

between constituent and current quarks (current- 

quark scheme). As the same predictions follow 
2 

from l-broken SU(6) W, the LBL-SLAC group was 

encouraged (by D. Faiman) to investigate the possi- 

bility of another solution consistent with these sym- 

metry schemes. 

In general one might hope that the output of 

partial-wave analyses could be used to discriminate 

among competing theories. In this case, however, 

there were at least two rather obvious reasons why 

the LBL-SLAC solution might not be unique: 

i. The c.m. energy range covered by the analy- 

sis was 1300~ E ~ Z000 MeV. Unfortunately 

the data available for this analysis were in- 

complete in that a gap existed in the interval 
i 

i550 S E S 1650. Thus the Purdue solution, 

in particular the relative resonance phases, 

depended on a particular choice of continua- 

tion through this gap. 

Z. In the initial stages of the analysis some 60 

partial waves (iZ0 parameters) were con- 

sidered as candidates for making important 

contributions to the Nww cross sections. In 

order to make the analysis at all feasible, 

this set had to be decreased to a more man- 

ageable number through a combination of 

statistical (e. g. , neglect of waves with mag- 

nitude S 0.1 in preliminary analyses) and 

physical (e. g. , D15(1670) believed to have 

50~0 decay mode into N~w) considerations. 

Of course, one can never be sure that waves 

discarded in this manner are truly unimpor- 

tant. 

With these problems in mind a new solution was 

found which included (i. e. , did not set to zero) four 

small waves required by f-broken SU(6) W. This 

solution 4 is shown in Fig. fill. The arrowheads on 

these plots are spaced every 20 MeV, the last one 

being at 1940 IVIeV for each wave. The points not 
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P:~l 

'f ~ J'f 0'~,+o 
-+ -m , * 

.............. D53~ 

r , , , ' + ,  , - - ~  , : > r ,  , , ; r.,,,+,+~ , ~ , , ,  L ~ , ,  ~ , ' + + ~ r  . 

- +  +1  ~ -, -1 , 

?!, 

. . . . . . . . . . .  F 3 5  . . . . . . . . . . . .  

;k .9, /];~ 

S 

° ~ ° a /  

i 1 4 1 0 ~ . . . ~ / 1 7  3 0  

D ~  
. . . . . . . . . . .  - I o  . . . . . . .  , ~  

* , '~" • ~,~ 1 7 1 0  

k ,~ Ak ,+" A 
1 5 2 0  / ,~\.0+..o;%/l,k+~ . . . 0 . / t  ,~+"~ .. 0P,./! 

L ' ~ L J _  r . , - ,~  , . , ~--m.-~. , . Z , . ~ t . , .pt.9. x . Z . . . .  } 
• * • - ,  Q • +4 - i  • + 

+ / /  \ ,  

\ / '~ 
~N,SPI I / /  i 

• , o , + 

1 7 0 0  \ 

!~\ .pp / ~  

-, , + = 

, ~ . ~ D i " ~  

:V 13 '1 
FI5 ~ 

Fi~. III. l. An alternate solution of the LBL-SLAC isobar analysis of wN -+ Nw~. See the text for notation. The 
sign in the upper left-hand corner of each plot indicates how to transform from the sign conventions of this group 
to that of the "baryon-first" convention. (See main text, Sec. IV.B.) 
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connected by straight lines indicate t h e  energy gap in 

t h e  d a t a  a v a i l a b l e  f o r  t he  a n a l y s i s .  T h e  n u m b e r s  

( i 6 2 0 ,  t 7 3 0 ,  e t c . )  a r e  t h e  r e s o n a n c e  m a s s e s  f o u n d  

by  A Y E D  74 ( s e e  Sec .  II a b o v e ) .  T h e  n e w  w a v e s  a r e  

s o  l a b e l e d ;  n o t i c e  t h a t  t h e y  a r e  s t i l l  f a i r l y  s m a l l  in  

m a g n i t u d e .  
i 

If we c o m p a r e  t h i s  s o l u t i o n  to t he  o ld  o n e ,  we 

f i nd  t h a t  t he  P 3 3 '  D 3 3 '  F 3 5 '  F 3 7 '  P l 3 '  D i 5 '  and  

F i 5  w a v e s  h a v e  n o t  b e e n  s i g n i f i c a n t l y  a l t e r e d  i n  

s t r u c t u r e ,  bu t  h a v e  a l l  b e e n  r o t a t e d  by  - i 80" .  In  

c o n t r a s t ,  S 3 i ,  P 3 i '  S i l '  P i i  ' a n d  D i 3  h a v e  u n d e r -  

g o n e  c o n s i d e r a b l e  c h a n g e  i n  b o t h  s t r u c t u r e  a n d  p h a s e .  

In  a s e n s e  t h i s  i s  no t  s u r p r i s i n g  s i n c e  t h e s e  w a v e s  

( e x c e p t  f o r  P 3 t  w h i c h  w a s  s m a l l  to b e g i n  w i t h )  a l l  

c o n t a i n  r e s o n a n c e s  w h i c h  a r e  e i t h e r  i n ,  o r  o v e r l a p ,  

the region of the gap (1550 < E < 1650): A(1650) S3i, 

N ( i 5 3 5 )  S t i ,  N ( i 4 7 0 )  P i i '  a n d  N ( i 5 2 0 )  D i 3 .  

w i t h  r e g a r d  to  s y m m e t r y  s c h e m e s ,  we  c a n  

b r i e f l y  s u m m a r i z e  3 '  6 t he  s i t u a t i o n  a s  f o l l o w s :  

1. A~r: B o t h  f - b r o k e n  SU(6)  W and  t h e  c u r r e n t -  

q u a r k  s c h e m e  c a n  a c c o m m o d a t e  t he  r e s o -  

n a n c e  s i g n s  g i v e n  b y  t h i s  s o l u t i o n .  T h e  

q u a r k  m o d e l  m a k e s  p r e d i c t i o n s  t h a t  a g r e e  

w i t h  t h i s  s o l u t i o n  w i t h  t he  e x c e p t i o n  of 

An F P i 5 ( i 6 8 8 )  and  An F F 1 5 ( i 6 8 8  ) w h i c h  a r e  

p r e d i c t e d  to h a v e  t he  s a m e  s i g n .  

2. pN:  T h e  c u r r e n t - q u a r k  m o d e l  m a k e s  no  p r e -  

d i c t i o n s  here without an additional assump- 

tion such as vector meson dominance; the 

consequences of such an assumption have not 

yet been investigated. Both ~-broken SU(6)W 

and the quark model can make predictions 

for this mode. There may be some disagree- 

ment between the predictions of the quark 

model and the signs of resonance coupling 

found in the LBL-SLAC analysis. However, 

as discussed in Sec. C below, the results of 

this solution for pN may be less reliable with 

increasing energy. 

For an excellent introduction to these symmetry 

schemes, we recommend the comparison of 
6 

M. Kugler. 

B. Resonance Parameters 

In Table lll. i we show estimates 4 of resonance 

parameters associated with the amplitudes of this 

analysis. They were obtained in two ways. Those 

labeled " A" were found from the amplitudes shown 

in Fig. lll. i and from the elastic amplitudes of 

AYED 74. Those labeled "K" were found from the 
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s m o o t h  c o u p l e d - c h a n n e l  K - m a t r i x  f i t t e d  a m p l i t u d e  s 

of  L o n g a c r e .  5 In  b o t h  m e t h o d s ,  t h e  p a r a m e t e r s  

d e r i v e  f r o m  s i m p l e  " r u l e r  a n d  c o m p a s s "  e s t i m a t e s  

of t he  r e s o n a n c e  p a r a m e t e r s  f r o m  t h e  c o r r e s p o n d i n g  

A r g a n d  p l o t s .  F o r  e x a m p l e ,  we h a v e  i n  t h e  ALW 

c o l u m n  f o r  t h e  F P i 5  w a v e  

= d i a m e t e r  of  r e s o n a n c e  
~]Xel XAL~ [ - 0 . 2 5  " c i r c l e " .  

T h e  s i g n  i n d i c a t e s  w h e t h e r ,  i g n o r i n g  b a c k g r o u n d  

e f f e c t s ,  t h e  r e s o n a n c e  c i r c l e s  t e n d  to  p o i n t  up  (+) o r  

d o w n  (-) .  Of c o u r s e ,  t h e  o v e r a l l  p h a s e  of t h e s e  a m p -  

l i t u d e s  c a n n o t  be  f o u n d  f r o m  the  NITW d a t a  a l o n e ;  t h e  

o r i e n t a t i o n  of t he  A r g a n d  a m p l i t u d e s  i n  F i g .  III. t w a s  

d e t e r m i n e d  w i t h  t he  a d d i t i o n a l  c o n s t r a i n t s  of  u n i t a r i t y  

a n d  c o n t i n u i t y  in  e n e r g y .  5 F o r  a l t e r n a t i v e  r e s o n a n c e  

p a r a m e t e r s  a s  w e l l  a s  t h e  c o m p l e x  e n e r g y  p o l e s  c o r -  

r e s p o n d i n g  to t h e s e  r e s o n a n c e s ,  we r e f e r  t he  r e a d e r  

to Re f .  5. 

T h e  two  s e t s  of  v a l u e s  in  T a b l e  III. l g i v e  u s ,  

p e r h a p s ,  s o m e  f e e l i n g  fo r  t he  u n c e r t a i n t y  i n  e s t i -  

m a t i n g  t h e s e  p a r a m e t e r s .  In  m o s t  i n s t a n c e s  t h e  

a g r e e m e n t  i n  b o t h  m a g n i t u d e s  a n d  r e s o n a n c e  p h a s e s  

i s  s a t i s f a c t o r y .  N o t i c e ,  h o w e v e r ,  t h a t  t h e r e  a r e  d i s -  

a g r e e m e n t s  i n  s i g n s  f o r  s o m e  of t h e  S i l ( i 7 0 0 ) ,  

P i i ( i 4 7 0 ) ,  and  P i i ( i 7 8 0 )  c o u p l i n g s .  As  t h e s e  a r e  a l l  

c o m p a r a t i v e l y  s m a l l  e f f e c t s ,  we h a v e  s o m e  m e a s u r e  

of  t h e  s p r e a d  i n  r e s o n a n c e  p a r a m e t e r s  w h i c h  m a y  be  

a s s o c i a t e d  w i t h  t h e s e  a m p l i t u d e s .  S o m e  c o m m e n t s  on  

p o s s i b l e  b i a s e s  in  t he  i s o b a r  m o d e l  i t s e l f  a r e  g i v e n  

i n  Sec .  C b e l o w .  

S o m e  i n f o r m a t i o n  on  i s o b a r  c o u p l i n g s  f r o m  o t h e r  

a n a l y s e s  i s  a v a i l a b l e .  M E H T A N I  72,  a n a l y z i n g  d a t a  

on  t h e  An c h a n n e l  i n  t h e  r e g i o n  i g Z 0  <-- E --< Z090 MeV,  

f i n d  

An FF35(1890): 9XelXA~ = 0.19--0.Z3 

A~ FF37(1950): ~XelX~ = 0.37--0.48. 

These couplings are in fair agreement with the LBL- 

SLAC results. Note, however, that MEHTANI 7Z 

find no evidence for pN coupling (see Sec. C below) 

to  t h e s e  s t a t e s .  

D I E M  70 a n a l y z i n g  d a t a  o v e r l a p p i n g  t he  g a p  

r e g i . J n  ( i 5 5 0 S  E < i 6 5 0 )  f ind  c o u p l i n g s  s i m i l a r  i n  

magnitude for Pii(i470) to pN and Di3(1520) to A~ 

(total) and ~N. However, their couplings for Sii(i5Z0) 

are typically a factor of 3 greater than those estimated 

by LBL-SLAC. 
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T a b l e  I I L t .  E s t i m a t e s  o f  r e s o n a n c e  p a r a m e t e r s  f r o m  i s o b a r  a m p l i t u d e s .  A / K  i n d i c a t e  two  m e t h o d s  of e s t i m a -  
t i o n  ( s ee  t ex t ) .  In  c o l u m n s  l a b e l e d  Xel, Z~L~) e t c . ,  one  f i n d s  the  c o u p l i n g  (x,J-~'~) and  p a r t i a l  w id th  f o r  bo th  
m e t h o d s .  B l a n k  e n t r i e s  i n d i c a t e  e i t h e r  no c o u p l i n g  due to q u a n t u m  n u m b e r  c o n s i d e r a t i o n s ,  o r  t h a t  the  a m p l i t u d e  
w a s  s e t  to  z e r o .  

M(MeV) riot (MeV] 

1520 75 Sit / / 

15t0 t00 

1675 150 si t  / / 

t660 t30 

1625 160 s31 / / 

1600 150 

1415 180 PII / / 

1390 200 

1730 165 PII / / 

t7t0 75 

t695 t t5  P13 / / 

1720 t50 

Xel Z~Tr AL,,r p3 N PiN eN ~x  i 

~K ~K ~K ~K A~K ~K A~K ~ ........ 

N'~ SDtt SStt SPtl 
.34 0.0 +.t2 +.t0 

4 t  

.20 ÷.o6 +.o9 ~+.09 / 
20 2 4 4 .30 

Nv SDII SSII SPII 

.54 +.16 -.23 +.23 .79 

5.25 / +'I 6 .69 .45 +.i5 
58 6 18 

N= SD3t SS3t 
.32 +.40 -.t8 .92 

.40 +.40 -' 1.00 
60 60 30 

N'~ PPl t  PPII PSll 

.54 +.30 0.0 -.18 .77 

.55 +.37 +.23 
t t0  50 20 1.00 

N~ PPI~ PPII PSI1 

.17 -.13 -.3Z +.t8 1.05 
28 99 31 FI5 

.20 +.20 
1.00 15 t5 15 30 

Nlr PPl3 

.14 4.35 1.02 
/ I  ~ / r35 
.ZO! 
30 [ 120 1.00 

N = PP3~ 

.19 -.36 
P33 1900 205 39 140 

/ / / / 
1640 300 .10 -.3 

30 270 

.87 

/ F37 

1.00 

M(MeV) l~tot(MeV: Xel 5LW 

Nw DSt3 
.56 -.27 

1525 120 67 16 
/ / / / 
1520 150 .60 -.24 

90 15 

NTr DSt3 
.09 -.t5 

1710 100 9 25 
/ / / / 
1710 300 .I0 -.16 

30 75 

NTr DS33 
.17 -.2~ 

1725 190 32 70 
/ / / / 
1680 240 .z0 -.24 

48 72 i 

Nv DDt5 
.41 ' ÷.45 

t660 t45 59 72 
/ / / / 
1660 150 .45 +.50 

67 83 

N~r FP15 
.59 -.Z6 

1680 125 74 14 
/ / / / 
1670 130 .59 -.25 

78 13 

NIT FF35 
.14 -.12 

1870 255 36 26 
/ / / / 
1830 220 .18 -.20 

40 48 

Nw FF37 
.41 -.25 

1930 235 96 36 
/ / / / 
1925 240 .40 -.32 

96 60 

5L, "~ ~3 N p i n  cN Ex i 

DDI, PSi3 D~3 
-.24 4.32 0.0 .98 
12 22 0.0 

/ /  / /  
-.3( 4.24 -.17 i .00 
Z- ~ 15 7 

DDt~ DSt3 hl~3 
~.IC 0.0 ~.20 .89 
11 0.0 44 

/ /  / /  
+.14 - .07 +.20 

6C t5 12(3 1.00! 
I 
iDD3:DS33 
0.0 +.20 .77 0.0 45 

/ /  / 
- , t (  +.30 
I~ 108 1.00 

r ~ 5 ~ r ~ 5  
0.0 - .27 
0.0 15 

/ /  
+.O8 -.30 

1 t9 

FP35 
+.28 
143 
/ 
+.33 
132 

FF37 
+.18 
19 

/i 
+.24 
36 

.9O 

/ 

1.00 

FD15 
- .28 .95 
16 

/ /  
- .30 

t9 t .00 

.8o 

/ 

1.0 

.64 

/ 

.80 

C. B i a s e s  

We now d i s c u s s  two p o s s i b l e  b i a s e s  w h i c h  could  

a f fec t  the  r e s u l t s  of  the L B L - S L A C  a n a l y s i s :  

i )  the n e g l e c t  of h i g h e r  p a r t i a l  w a v e s ;  

Z) the a s s u m p t i o n  tha t  the  p a r t i a l - w a v e  a m p l i t u d e s  
_ JILL' TA= , etc. ) are independent of the diparticle 

subenergie s. 

A UCR-LBL collaboration has made 7 an extensive 

analysis of the reaction ~+p-~Ir0w+p in the region 

18Z0_< E <~ 2090 MeV. As noted above, they too 

found that A++w0production was well described by 

A(1950) formation in the FF37 wave. At the same 

time, however, they found from the p+ density matrix 

that p+p production could be quite well described by 

one p ion  e x c h a n g e .  T h e i r  r e s u l t s  i nd i ca t e  tha t  the 

i n c l u s i o n  of h i g h e r  p a r t i a l  w a v e s ,  a s s o c i a t e d  w i th  one 

p ion  e x c h a n g e ,  could  s u b s t a n t i a l l y  a f f ec t  bo th  the 

s t r e n g t h  and the p h a s e s  of the pN and eN c o u p l i n g s  

found  by the  L B L - S L A C  a n a l y s i s ,  in s h o r t ,  one m u s t  

be c a u t i o u s  in a c c e p t i n g  t h e s e  c o u p l i n g s  a b o v e - 1 8 0 0  

MeV. 

R e c e n t l y ,  s e v e r a l  a u t h o r s  8 ' 9 ' t 0  h a v e  e m p h a s i z e d  

tha t  the as  s u m p t i o n  tha t  the p a r t i a l - w a v e  a m p l i t u d e  s 
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a r e  i n d e p e n d e n t  of the d i p a r t i c l e  s u b e n e r g i e s  m a y  be 

too s e v e r e  an a p p r o x i m a t i o n .  Indeed ,  it i s  known  
9, 10 bo th  f r o m  p o t e n t i a l  t h e o r y ,  in  the  c o n t e x t  of the 

F a d d e e v  e q u a t i o n s ,  and a l s o  f r o m  c o n s i d e r a t i o n s  of 

t h r e e - b o d y  u n i t a r i t y  8' t0  tha t  th i s  d e p e n d e n c e  on s u b -  

e n e r g i e s  cou ld  be qu i te  s t r o n g .  The  p h y s i c a l  c o n s e -  

q u e n c e s  of a s u b e n e r g y  d e p e n d e n c e  a r e  r e a d i l y  a p p r e -  

c i a t ed .  As  it s t a n d s ,  the  i s o b a r  m o d e l  s p e c i f i e s  h o w  

i s o b a r s ,  c o n t r i b u t i n g  to the s a m e  1, J P  p a r t i a i  w a v e ,  

i n t e r f e r e  in p h a s e  a c r o s s  the Da l i t z  plot .  S ince  t h i s  

s p e c i f i c a t i o n  i s  in  p r i n c i p l e  i n c o r r e c t ,  it i s  c o n -  

c e i v a b l e  t ha t  the p h a s e s  s h o w n  in F ig .  I I L t  a r e  a l s o  

i n c o r r e c t .  

The p h e n o m e n o l o g i c a l  c o n s e q u e n c e  of t h e s e  c o n -  

s i d e r a t i o n s  i s  t ha t  the p a r t i a l - w a v e  a m p l i t u d e s  shou i d  

b e c o m e  

J I L L '  J I L L '  
T A ~  ( E ) - -  TA~ ( E , E  N ), 

w i t h  s i m i l a r  r e p l a c e m e n t s  f o r  the pN and cN a m p l i -  

t u d e s .  C l e a r l y ,  s u c h  a f o r m u l a t i o n  of the  i s o b a r  

m o d e l  is  i m p r a c t i c a l  s i m p l y  b e c a u s e  t h e r e  w o u l d  be  

m a n y  p a r a m e t e r s  to be d e t e r m i n e d  f o r  on ly  one 

p a r t i a l  wave .  S o m e  s i m p l e  a p p r o x i m a t i o n s  f o r  
JILL' 

TAIr (E, ETrN), etc., are given in Refs. 8 and 10. It 

remains, however, an open question as to just how 

important the subenergy dependence is. 
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Note  on N's  and  &'s: IV. P h o t o n  C o u p l i n g s  

(R. L. C r a w f o r d  and  R. G. M o o r h o u s e ,  G l a s g o w  Univ.) 

P h o t o n  c o u p l i n g s  can be s t ud i ed  in r e a c t i o n s  like 
g¢ 

yN ~ N ~ N ,  KA, KN, ~ r A . . .  

A p a r t i a l - w a v e  a n a l y s i s  of t h e s e  f o r m a t i o n  p r o c e s s e s  

is the s t a n d a r d  t e c h n i q u e  to d e t e r m i n e  the coup l i ng  

s t r e n g t h s  g(N*N~).  Up to now a l m o s t  a l l  r e s u l t s  a r e  

d e r i v e d  f r o m  a n a l y s i s  of p ion  p h o t o p r o d u c t i o n .  In the 

fo l l owing  we t h e r e f o r e  ou t l ine  the f o r m u l a t i o n  of p ion  

p h o t o p r o d u c t i o n  and  de f ine  the c o n v e n t i o n s  in w h i c h  

r e s u l t s  wi l l  be quo ted .  

The  p r o c e s s  ~/N-*N* ~ N  f o r  a s p e c i f i c  i n t e r m e d i -  

a te  r e s o n a n c e  can  be  s y m b o l i c a l l y  d e s c r i b e d  a s  

TrN tHTr IN "I') < N* ]Hy [yN} . 

The  f i r s t  t e r m  is  m e a s u r e d  in s t r o n g  i n t e r a c t i o n s ,  

e . g .  by p a r t i a l - w a v e  a n a l y s i s  of ~rN e l a s t i c  s c a t t e r -  

ing.  A c o m m o n  f e a t u r e  of  a l m o s t  a l l  a n a l y s e s  of 

p ion  p h o t o p r o d u c t i o n  is a s t r o n g  r e l i a n c e  on the k n o w -  

l edge  of r e s o n a n c e  p a r a m e t e r s  f r o m  ~rN p h a s e - s h i f t  

a n a l y s e s .  V e r y  few a t t e m p t s  a r e  m a d e  to d e t e r m i n e  

new ~rN r e s o n a n c e  p a r a m e t e r s ,  p a r t l y  b e c a u s e  of l ack  

of p r e c i s e  e n o u g h  da ta ,  p a r t l y  b e c a u s e  p h o t o p r o d u c t i o n  

is c o m p l i c a t e d  by the f ac t  tha t  the pho ton  h a s  sp in  

s t a t e s  ±t  and  can  r e a c t  a s  an  i s o s c a l a r  o r  i s o v e c t o r .  

C o n s e q u e n t l y  in g e n e r a l ,  s e v e r a l  c o u p l i n g s  f o r  

N * ~ N N  (2 fo r  A, 4 fo r  N) have  to be d e t e r m i n e d .  

I s o s p i n  D e c o m p o s i t i o n  

If we u s e  the c o n v e n t i o n a l  f r a m e w o r k  f o r  the i s o -  

s p i n  d e c o m p o s i t i o n ,  w i t h o u t  an  i s o t e n s o r  c o m p o n e n t ,  

the r e a c t i o n s  l ead ing  to the f o u r  p o s s i b l e  f ina l  c h a r g e  

s t a t e s  a r e  d e s c r i b e d  by t h r e e  i s o s p i n  a m p l i t u d e s .  

One s e t  of t h e s e  c o n s i s t s  of the a m p l i t u d e s  A/', AP, and 

An, w h i c h  a r e  r e s p e c t i v e l y  the a m p l i t u d e s  fo r  the r e a c -  

t ion to p r o c e e d  by  an  I = 3 / 2  s t a t e ,  an  I = i / 2  s t a t e  w i th  

c h a r g e  =+t ,  and  an  I = 1 / 2  s t a t e  w i th  c h a r g e  = 0: 

C 3 / 2 A  A C 1 / 2 A P ,  
A ( ' f p - - ~ N )  = lrN + 7rN 

3 /2  A _ 1 / 2  . n  (1) 
A(, /n--~rN) = CTr N A + G r N A , 

The  C - G  c o e f f i c i e n t s ,  C I fo r  the coup l i ng  to a s p e -  
~N 

cif ic  ~N s t a t e  a r e  g i v e n  e x p l i c i t l y  by 

A ( N p ~ I r + n )  = - t " ~ / 3  A A - %/2/3A p, 

A ( ' f p - - l r ° p )  = ~ :  A A - ~ ' 3 A  p, 

A ( , / n - - ~ - p )  = t 4 ~ / 3  A zx - ~ 2 / 3 A  n, 

A(~/n--lr°n) = 2N/-~/3 A 2x + N/T~A n. (2) 

Walker'siamplitudes A V3, A Vland A S for the pro- 

duction of an isospin eigenstate by the isovector and 
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isoscalar parts of the electromagnetic current are 

given by 

Av3= .4' 
A Vt  = I/2(A n - AP),  (3A) 

A S = :/2(An +AP). 

The alternative formalism using the amplitudes A (0), 

A(I! andA (3) is related to Walker's by 

A (o) = ~ A s ,  

A(1) = 47 A vf, (3B) 

/3) : ~4777/3 Avs 

Partial Waves 

The S-matrix element for pion photoproduction 

(yN i -*~rN2) is written in the form 

Sfi= i(2w) 5 64(pf-Pi)W(ktoEiE2)- I/2A (4) 

where Pf and Pi are the total 4-momenta in the final 

and initial state, k, to, El , and Eg denote the c.m. 

energies of photon, pion, initial and final nucleon, 

and W is the total c.m. energy. 

For a partial-wave analysis it is convenient to 

decompose A into helicity amplitudes z. Choosing the 

x-z plane as the scattering plane, the z-axis along 

the photon direction, and 0 as the c.m. scattering 

angle between photon and pion, we define helicity 

amplitudes Alxy(W,8 ) (ignoring isospin labels). Here 

Ix and k denote the total final and initial helicities, 

bt=k - kZ, k=k .kl. Since k =q-1 and kl, =±I/2, 
Y Y 2 

we have a set of 8 helicity amplitudes. Because of 

parity conservation 2 only 4 are independent, which we 

choose by fixing ky = +I. We thus consider A±I/2 ' I/2 

and A±I/2 ' 3/Z" They are normalized such that the 

differential cross section is given by 

d(7 1 12. 
k,~ 

2 Each of these is expanded in the usual way 

A~k(W,  O) = ~ (2j + 1) A~),.(W ) dt~.t(8) (5) 
J 

in to  partial w a v e  amplitudes A~x(W ) of t o t a l  angular 

momentum j (but mixed parity) and the Wigner rota- 

tion functions. 

We define amplitudes of definite parity by 

C[+(W) =~[AJl/2k(W)+A{I/2k(W)] (6) 

 I-q/2 <W,-Ait/2x<w,l 
w h e r e  k= 112 , 312 . The superscripts #± r e f e r  in the 

usual notation to states with pion orbital angular mo- 

mentum J and total angular momentum j =l ±I/2. 

Unitarity of the S-matrix imposes a phase con- 

dition on the C amplitudes known as Watson's theo- 

rem. It states that in the elastic region the phase of 

each C~k ± is equal to the scattering phase of the cor- 

responding ~N partial wave. 

Since we are interested in intermediate reso- 

nances, we approximate the energy dependence of 

Ct:e(W) by a Breit-Wigner form with background 

s k. q 2 2 
W -mR-iWr 

+ background (7) 

w h e r e  s i s  the s ign  of the a m p l i t u d e ,  m R the  r e s o -  

n a n c e  energy, and k, q the c.m. momenta in the initial, 

final states. In the following discussion of resonance 

couplings we use the notation A for the imaginary part 

of the resonance contribution to an amplitude A(W) 

e v a l u a t e d  a t  r e s o n a n c e  (W'=mR) ;  thus  

C k = ik.q.r ~ 

A dominant feature in pion photoproductlon is 

the Born approximation which contains the nucleon 

pole in the s- and u-channel and the pion pole in the 

t-channel. It reproduces, e.g. , the experimentally 

observed forward peak in charged pion photoproduc- 

tion. In partial-wave analyses the sign factor s is 

well determined relative to the Born t~d]pms.: 

Introducing helicity amplitudes A i for the decay 

N*(j p) -*(yN) k (where jP labels spin and parity of the 

N*), we can calculate the radiative width F k 3 
Y 

y,k k 2 mN I ~t p 
Y = ~ m R ~ (A )2 (9) 

where in N is the nucleon mass. Introducing this ex- 

pression into Eq. (8) we find 

c x : 2 . ( i o )  

We quote results of partial-wave analyses in terms of 

the amplitudes - -  ~P in uni t s  Of GeV-I/z. 

The total radiative width I" and the correspond- 

ing  c o n t r i b u t i o n  U of  the p a r t i a l  w a v e s  C to the 

to ta l  c r o s s  s e c t i o n  a r e  g i v e n  by 

~ . P  . . P  _ 3Zz r x k z mN Z 
F k - k = - 3 / 2  y = ~- m R 

.P m N F "'P 2 
-- (C~rN) 2 m R  ~ {A J / 2 ) 2  } .  ( t2)  
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The Hebb-Walker.l~ a m p l i t u d e s 1 '  A J ± '  Bg±' a r e  

r e l a t e d  to the A( b y  

- I k mN F ;4/2 p 

= I CI ~" ' 

: * m R  r-- T 

xI 16 1 I/z I -'P/ 
(Zj-1)(Zj+3) C~rN~3.2 " 

(44) 

We see from (2), (7), (8), and (9) that, apart from the 

f a c t o r  [ t 6 / ( 2 j - t ) ( Z j + 3 ) ]  t / Z  t h e s e  a r e  j u s t  t h e  i m a g -  

i n a r y  p a r t  of  t he  r e s o n a n c e  p a r t  of  t h e  a m p l i t u d e  (Z) 

a t  r e s o n a n c e .  C o n s e q u e n t l y  theY.l~re  m o r e  d i r e c t l y  

r e l a t e d  to e x p e r i m e n t  t h a n  t h e  A) k , w h i c h  i n c o r p o r a t e  

a n  a d d i t i o n a l  u n c e r t a i n t y  of  t he  p a r t i a l  w i d t h  

F ( N *  -~ ~rN). 

M e t h o d s  of  P a r t i a l - W a v e  A n a l a y s i s  

(a) S i m p l e  i s o b a r  m o d e l :  In  t h i s  m e t h o d  t he  

p a r t i a l - w a v e  a m p l i t u d e s  a r e  f o r m u l a t e d  a s  in (7) 

( o r  s i m i l a r l y ) ,  w i t h  t he  r e s o n a n c e ,  o r  r e s o n a n c e s ,  

p a r t  b u i l t  u s i n g  k n o w l e d g e  of  m R ,  IV, a n d  F ( N  ~ w N )  

f r o m  wN e l a s t i c  p a r t i a l - w a v e  a n a l y s i s ;  the  p a r a m -  

e t r i z a t i o n  of  the  b a c k g r o u n d  i s  a u t h o r - d e p e n d e n t ,  a s  

i n d e e d  i s  t he  d e t a i l e d  f o r m  of  t he  r e s o n a n c e  t e r m ,  

b u t  t he  b a c k g r o u n d  i s  g e n e r a l l y  a s s u m e d  to v a r y  m o r e  

s l o w l y  t h a n  the  r e s o n a n c e s .  W h e n  the  p a r t i a l  w a v e s  

of  Eq .  (7) h a v e  b e e n  c o m b i n e d  to f o r m  the  a n g u l a r -  

d e p e n d e n t  a m p l i t u d e  of Eq .  (5), t h e  B o r n  a m p l i t u d e s  

g i v e n  by  t he  E e y n m a n  d i a g r a m s  of  F i g .  I V . t  m u s t  be  

a d d e d .  ( A l t e r n a t i v e l y ,  t h e s e  B o r n  a m p l i t u d e s  m a y  

p r e v i o u s l y  h a v e  b e e n  p r o j e c t e d  in to  p a r t i a l  w a v e s  a n d  

i n c l u d e d  in  t he  b a c k g r o u n d  t e r m s  of  E q .  (7). 

A s  i n d i c a t e d  in  F i g .  I V . i ,  t h e  p h o t o n  c o u p l e s  to 

t he  n u c l e o n  t h r o u g h  b o t h  t he  e l e c t r i c  c h a r g e ,  e ,  a n d  

t he  a n o m a l o u s  m o m e n t ,  ~.  T h e  m i n i m u m  g a u g e -  

i n v a r i a n t  f o r m  w h i c h  i n c l u d e s  t he  p i o n  po l e  i s  g i v e n  

y T y y 

N N N N e//.,. -N 
(a) (b) (c) 

Fig. IV.1. Feynman diagrams for the Born terms in 
pion photoproduction. The couplings of the photon to 
the pion and nucleon are indicated, e representing a 
coupling via charge, and ~ a coupling via anomalous 
moment. 
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by the pion pole term plus the nucleon pole terms 

with electric charge interaction only; we can refer to 

these as the electric Born terms. Generally, only 

the electric Born terms are included explicitly, be- 

cause they reproduce the forward peak for charged 

photoproduction, and the magnetic terms can be as- 

sumed included in the real parts of background and 

resonances in Eq. (7). However this certainly raises 

problems of principle since some of the electric 

Born terms might also be subsumed in the background 

and resonances. 

The best values of the resonance couplings, 

Fk(N *-*'~N), and background parameters are found 
2 

as those which give minimum X for all data within 

the energy range, in the usual manner for DPWA. 

(b) Fixed-t dispersion relations (FTDR): The 

difficulties of principle with the Born approximation 

in the simple isobar model are among the reasons 

which have led to the use of FTDR: 

ReAl* t):B  t) 

" { } + fds '~  fmA~±'°)ls"t)+~iImA~'°)ls"t) (t5) 
(M N- +mw)- s' -s s' -u 

(+'°)(s,t) (i= 1,2,3,4), for the invariant amplitudes A i 

where B!±'°)(s,t) are the Born amplitudes 4 of 

Fig. IV.I (~i = ~2 = ~4 = I, ~3 = -l; +, 0 denote 

+ - 0p 
yp -~ w n, yn -~ Ir p, yp -- w , respectively). 

A[±'°)(s,t)" can be expressed in terms of the helicity 
4 

amplitudes, and vice-versa, by standard formulae. 

B~±'°)(s,t)" includes both the electric Born and the 

anomalous magnetic moment terms, and no ambiguity 

arises as in the simple isobar model, because all the 

real part (including the "resonant" real part)is 

manufactured by the unique prescription (45). 

The ImA!±'°)(s,t) are constructed using the 
I 

imaginary part only of Eq. (7), or alternative formu- 

lae; 4 the Re A~ ±'°)" is,t) are constructed from (45); 

and minimization of %2 to find the unknown para- 

meters of (7) is done as usual in DPWA. 

A second advantage of FTDR over the simple iso- 

bar model is that ima$inary parts appear to be reso- 

nance dominated I' 4 (though not resonance saturated), 

and this is not true of the real part; the FTDR method 

only parametrizes the imaginary parts, and the 

smaller influence therein of the background terms of 

Eq. (7) is helpful. This advantage is diminished by 

the need, apparent from Eq. (45), to parametrize 
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I m  A! +'  0 ) ( s , t )  o u t s i d e  the e n e r g y  r e g i o n  of da ta  f i t -  

t ing,  thus  e f f e c t i v e l y  add ing  e x t r a  b a c k g r o u n d  p a r a m -  

e t e r s .  A n o t h e r ,  a n d i n p r i n e i p l e  m o r e  s e r i o u s ,  d i s a d v a n -  

t age  i s  tha t  I m A ~  ±," 0 ) ( s , , t ) i n  Eq.  (15) i s  r e q u i r e d  to be 

known  fo r  t o u t s i d e  the p h y s i c a l  r a n g e  c o r r e s p o n d i n g  

to s ' ;  f o r m a l l y  indeed  t h e s e  u n p h y s i c a l  a m p l i t u d e s  a r e  

g iven  t h r o u g h  the p a r t i a l - w a v e  s e r i e s  (5), and t h i s  i s  

how the  m e t h o d  c a l c u l a t e s  t h e m .  Whi le  the c o n v e r -  

g e n c e  of (5) i s  not  p r o v e d  f o r  i m p o r t a n t  p a r t s  of the 

u n p h y s i c a l  r e g i o n ,  D e v e n i s h ,  Ly th ,  and  R ank i n  5 have  

s u r m i s e d  on the b a s i s  of the M a n d e l s t a m  r e p r e s e n t s -  

[ ion  tha t  the m e t h o d  is  good up to - t  < l ( G e V / c )  2 in 
4- 

~v and  - t  i Â . 5 ( G e V / c )  2 in ~0 p h o t o p r o d u c t i o n .  

The  use  of F T D R  in p ion  p h o t o p r o d u c t i o n  h a s  a 
6 l o n g e r  h i s t o r y  in the f i r s t  r e s o n a n c e  r e g i o n ,  w h e r e  

t h e i r  r o l e  w a s  e n v i s a g e d  a s  l a r g e l y  p r e d i c t i v e  o r  

s y n t h e t i c ;  the i n d e p e n d e n t l y  m o t i v a t e d  e x t e n s i o n ,  by 

the B e r k e l e y  4'7 and  L a n c a s t e r  9 b a s e d  g r o u p s ,  to a 

l a r g e r  e n e r g y  r e g i o n  a i s o  c h a n g e d  t h e i r  r o l e  to a l -  

m o s t  p u r e l y  a n a l y t i c .  

D e f i n i t i o n s  of  R e s o n a n c e  P a r a m e t e r s  and  E r r o r s  

F r o m  a n a l y s e s  w h i c h  u s e  a f o r m  l ike tha t  of 

Eq .  (7), t h e r e  a r e  r e p o r t e d  in the Da ta  C a r d  L i s t i n g s  

and  T a b l e  I V . t ,  pho ton i c  r e s o n a n c e  c o u p l i n g s  w h i c h  

a r e  o b t a i n e d  t h r o u g h  Eq .  (9) f r o m  a B r e i t - W i g n e r  

p a r t i a l  wid th ;  the  F T D R  m e t h o d  u s e s  only  the [ m a g i -  

n a r y  p a r t  of Eq .  (7). The  F T D R  m e t h o d  of M O O R -  

H O U S E I  73 ,7  MOORHOUSE2  7 3 , 4  and  KNIES 738 

u s e s  a K - m a t r i x  a n s a t z  f o r  the i m a g i n a r y  p a r t ;  in  

t h o s e  c a s e s  it is  the c o r r e s p o n d i n g  K - m a t r i x  pole  

q u a n t i t y  tha t  is  r e p o r t e d .  ( R e g r e t t a b l y  no a u t h o r s  

g ive  a l s o  p a r t i a l  w i d t h s  c o r r e s p o n d i n g  to T - m a t r i x  

r e s i d u e s . )  

If no e r r o r s  a r e  a s s i g n e d ,  the  a u t h o r s  have  g iven  

a un ique  r e s u l t  w i t h o u t  quo t ing  an  e r r o r .  M O O R -  

H O U S E t  73, 7 MOORHOUSE2  73, 4 and  KNIES 738 

quo te  a s  e r r o r  the s p r e a d  a r o u n d  a c e n t r a i  va lue  of 

a n u m b e r  of s o l u t i o n s .  D E V E N I S H  739 e s t i m a t e  a 

"real error" for each parameter of a given solution, 

corresponding to a i% increase of "best-possible 

>(2,,; the quoted final value is the mean of the result- 

ing extreme values over 3 solutions, with final errors 

corresponding to the spread of these values allowing 

for individual "real errors. " 

The variation between the central values of 

various papers is generally greater than the quoted 

error of an individual paper, and this is reflected in 

the rather large errors given in the Table below. 

Table IV. i Photon resonance couplings. 

State k 

Helicity couplings Helicity couplings 

Analyse s average (1) Quarks (2) 

(GeV)-t/2Xt0-3 (GeV)-t/2Xt0-3 (GeV)-t/ZXt0-3 (GeV)-t/Z×t0-3 

P'tl t/2 -76±20 40±45 27 -t8 

D'I3 i/2 -8±18 -76±13 -34 -31 
3/2 t774-t5 -124±t0  109 -109 

t Stl t/2 58±25 -42±13 t56 -t08 

D'15 i/2 22±i0 -294-38 0 38 
3/2 25±12 -53±30 0 -53 

'' I/2 -I±15 21±15 -i0 30 FI5 
3/Z 1264-24 -154-15 60 0 

" 1/2 36±30 -27±40 0 30 SII 

" i/2 -60±60 -i0±!00 0 -i0 DI3 
3/2 40±40 -30 4-80 0 -40 

" t/2 22±t0  274-15 -40 10 P t l  

' 3~ -134-30 70±70 100 -30 
P13 -4±30 40 4-60 -30 0 

~A ~V3 ~A ~.V3 
A k = A N A k = 

-259±5 -187 

s h t/2 57±3~ 4v 

D33 1/2 644-28 88 
3/2 834-50 84 

P;3 1/2 1o4-3o 23 
3/2 20 4- 50 39 

F35 1/2 444- 30 -20 
3/2 -254-20 -90 

P3i t/~ -10 4- 20 -30 

F37 I/2 -644-12 -50 
3/Z -88±15 -7O 

(I) Average of the available couplings from MOORHOUSEI 
73, MOORHOUSE2 73, DEVENISH 73, KNIES 73, METCALF 
74, and CRAWFORD 73; for the F35 , P31' and F37 only 
KNIES 73 and METCALF 74 are used. The errors glvenare 
an estimate, generally giving the spread of the results from 
the different authors. 

(2) The naive, I -excitation, quark model is used in the 4- 
dimensional oscillator form of Feynman, Kislinger, and 
Ravndal. The non-relatlvistic quark model with recoil 
gives generally very similar results. 
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R e c e n t  P a r t i a l - W a v e  A n a l y s e s  

(a) S i m p l e  i s o b a r  m o d e l :  P r e v i o u s  a n a l y s e s  t ' t 0 - 1 2  

had  c o n s i d e r a b l y  l e s s  da ta  a v a i l a b l e  and  a r e  not  i n -  

c luded  in the Da ta  C a r d  L i s t i n g s .  

M E T C A L F  7414 u s e s  the m e t h o d s  of W a l k e r  I to 

a n a l y z e  da ta  ( ' fp - -  ~r+n, w0p; ~n -- I t -p)  f r o m  the t s t  

t h r o u g h  the 4 th r e s o n a n c e  r e g i o n .  T h u s  the p a r t i a l -  

w a v e  a m p l i t u d e s  a r e  p a r a m e t r i z e d  a s  i n E q .  (7), w i th  

the b a c k g r o u n d  t aken  to be  an  i n d e p e n d e n t  n u m b e r  a t  

each energy fitted, and the electric Born terms are 

added. 

(b) Fixed-t dispersion relations: MOORHOUSEI 

73, 7 MOORHOUSE2 73, 4 analyze data (yp IT + --~ n, 

~0p; "fn -- w-p) from the i st through the 3 rd resonance 

region (1160 <Ec.m. < 1780 MeV), parametrizing 

the imaginary parts of the (T-matrix) helicity partial- 

wave amplitudes A!.K(W ) of (5) via 3-channel K-matrix 

(r) (r)/'E(r) E" f~rmulae, roughly Kij = G r ~/i "fj /~ - ); 

(i,j = 1,2,3; i = ~N, 2 = inelastic hadron channel, 

= ,/N); ~r)" ~r)" E(r) are previously determined 3 

from fits to vN elastic partial-wave amplitudes. The 

E (r) may be resonance poles or background poles, 
~r) 2 

"f are the parameters to be determined by X 

minimization, and when E (r) is a resonance pole 

(~r))2-- oc Fk(N,:, _ yN). MOORHOUSEI 737 is the 

average of 7 solutions with the quoted error giving 

the spread of those solutions; xZ/data-point for the 

solutions ranges from 9.7 (with 52 variable para- 

meters) to 5.7 (with 75). In MOORHOUSE2 734 the 

same group present the average for 3 solutions with 

x2/data-point between 4.0 (56) and 3.0 (74); again the 

quoted error is the spread, but the authors remark 

that the sample of 3 solutions is too small to give a 

realistic error. KNIES 738 uses the same method, 

with additional recent polarization data, from the ist 
th 

through the 4 re sonance region (i 160 < Ee.m<. 1995 MeV); 

their 4 solutions have x2/data-point varying from 

3.48 to 4.66. Of these 3 analyses only that of 

KNIES 738 actually fits data in the energy region of 

the A(f950) F37 --the other determinations being 

through the low-energy real-part tail of the A(1950) 

--so the KNIES738 result on A(1950) is most reliable. 

DEVENISH 739 analyze data from the i st through 

the 3 rd resonance region and parametrize the imagi- 

nary parts as Breit-Wigner formulae without back- 

ground, except that in the case of S-wave IT °, a non- 

resonant background is allowed. The fixed-t disper- 

sion integral is cut off at -1.9 GeV c.m. energy but 

in some fits a real-part background of the form 

Baryons 
N's a n d  A's 

(a+bt) or (a+bt)X(s -u) is added for, respectively, 

crossing-even or odd amplitudes, in order to allow 

for contributions above 2 GeV. The quoted results 

are formed in the manner described in the previous 

section from 3 solutions having x2/data-point of 

10.5 (37), 3.0 (68), and 4.7 (68); the first and third 

of these solutions use a modified X 2 in which the dif- 

ferent types of charge and polarization data have 

equal weight. 

CRAWFORD 7415 is an FTDR analysis from the 

i st through the 3 rd resonance region with one solution 

having lZ/data-point 5.1 (68). 

(c) Energy-independent analyses: A number of 
16-19 

groups have made energy-independent analyses 

for photon laboratory energies < 450 MeV. Deviations 

of D and higher waves from the Born approximation 

are found to be small, and full use is made of Watson's 

theorem to give the complex phases of the partial 

waves and thus to reduce the number of free para- 

meters. Discrepancies have been reported between 

the results of these analyses and the partial waves 

obtained from FTDR containing only A(1232); some 

of these appear to persist for the FTDR analyses of 
20 (b) above. 

An average of the analyse s of (a) and (b) above i s given 

in the Table. We see a quantitative determination of 

the larger couplings of the prominent resonances 

A(1232) P33' N(15Z0) Dr3, N(1688) FIS, A(1950) F37 , 

and qualitative and sign determinations in most other 

cases. 

Electroproduction in the Resonance Region 

At present, any attempt to get quantitative in- 

formation about the partial waves for pion electro- 

production restricts us mainly to the first resonance 

region and in particular to the analysis of coincidence 

measurements of Tr ° ' 21, 22, 24-27 The in- proauction. 

formation which can be obtained is the virtual photon 

mass squared, q2 dependence of the magnetic 

coupling to the P33 resonance, and the ratios of the 

electric and scalar multipoles to the magnetic multi- 

pole. 

The experimental data do no permit a complete 

partial-wave analysis, but the dominance of M(~2- 

allows the evaluation of IMp+ I' Re(EI+M~+)/]MI+I , 
Re(SI+M~+)/IMI+I 2 - _  , where these are in terms and 

of the multipoles for ~0 production. Due to the large 

size of ~(3) relative to the other partial waves and -'~I+ 

because the P33 multipoles are purely imaginary at 

the resonance, these can be taken to be Im M (3) 
i+' 



Baryons 
N's and A's 

E ~ ? / M ~ ? ,  a n d S ~ ? / M ~ ?  a t  t he  r e s o n a n c e .  

T h e  qZ d e p e n d e n c e  of M {3) i s  e x p r e s s e d  in the  
1+ 

f o r m  f a c t o r  G~4(qZ)2 t  

c (q 2) = ' 

where ~ and ~ are respectively the center-of-mass 

three-momenta of the pion and the virtual photon. 

The behavior of G~A relative to the nucleon form 

factors is best shown by normalizing it to G~(0) = 3 

and the nucleon dipole GD(q g ) = (i + q Z / 0 . 7 1 ) - Z .  T h e  

r e s u l t s  of  t h e s e  a n a l y s e s  a r e  s h o w n  in  F i g .  IV.2 .  

A l s o  s h o w n  a r e  t he  r e s u l t s  f r o m  the  s i n g l e - a r m  
23 

m e a s u r e m e n t s  of  B o r t e l  e t  a l .  a n d  f r o m  d i r e c t  

e v a l u a t i o n  of M(3:-- in  a n  a n a l y s i s ,  28 u s i n g  f i x e d - t  

d i s p e r s i o n  r e l a t i o n s ,  of  t he  d i f f e r e n t i a l  c r o s s - s e c t i o n  

d a t a  of  Re f .  22.  It i s  c l e a r l y  e s t a b l i s h e d  t h a t  

G~=~(q 2) d e c r e a s e s  f a s t e r  t h a n  t he  n u c l e o n  d i p o l e .  
(3) and (3) The measurements of the ratios of E I+ S I+ 

(3) (Figs. IV.3a and IV.3b) are all consistent to M I +  

w i t h  t h e s e  b e i n g  s m a l l .  H o w e v e r ,  St+(3) i s  e s t a b l i s h e d  

a s  b e i n g  n o n - z e r o  a n d  i s  a p p a r e n t l y  n e g a t i v e  w i t h  a 

v a l u e  a b o u t  10% of t h a t  f o r  (3) T h i s  i s  a s m a l l  M t + "  
v i o l a t i o n  of the  q u a r k  m o d e l  s e l e c t i o n  r u l e  29 w h i c h  

p r e d i c t s  t h a t  t he  s c a l a r  e x c i t a t i o n  of t he  P 33  s h o u l d  
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have zero coupling. 

The knowledge of electroproduction in the second 

and third resonance region is at present limited by 

the lack of experimental data. The electroproduction 

of the N(1535) $11 resonance has been examined in 
r 3 0 - 3 1  p r o d u c t i o n .  ' O n l y  the  t o t a l  c r o s s  s e c t i o n  h a s  

b e e n  m e a s u r e d ,  b u t  i t  i s  f o u n d  t h a t  the  f o r m  f a c t o r  
2 f a l l s  m u c h  m o r e  s l o w l y  w i t h  q t h a n  the  n u c l e o n  d i -  

po l e .  T h e  m a i n  i n t e r e s t  in t h i s  r e g i o n  is  in the  

c o u p l i n g s  fo r  t he  D t 3  a n d  F t 5  r e s o n a n c e s  to d e t e r -  

m i n e  w h e t h e r  t h e r e  i s  a p p r e c i a b l e  s c a l a r  e x c i t a t i o n  

a n d  w h e t h e r  the  h e l i c i t y l / ~  a m p l i t u d e s  b e c o m e  i r n -  
2 . 

p o r t a n t  a s  q i n c r e a s e s  a s  r e q u i r e d  by  t h e  h a r m o n i c  

o s c i l l a t o r  q u a r k  m o d e l .  T h e  s i t u a t i o n  is  no t  y e t  c l e a r ,  

a n d  i t  a p p e a r s  p o s s i b l e  a t  p r e s e n t  to h a v e  e i t h e r  

s i g n i f i c a n t  s c a l a r  o r  h e l i c i t y  l/g e f f e c t s ?  2 '  20 

I n f o r m a t i o n  in t h i s  E d i t i o n  

T h e  B a r y o n  T a b l e  c o n t a i n s  the  b r a n c h i n g  f r a c t i o n s  

1 - ' ? / r  f o r  12 r e s o n a n c e s .  

The  D a t a  C a r d  L i s t i n g s  c o n t a i n  the  p h o t o n  
~ . p  

r e s o n a n c e  c o u p l i n g  (Ai  fo r  p, n a n d  A) r e s u l t s  of  

t he  a n a l y s e s  by :  M o o r h o u s e  a n d  O b e r l a c k  7 ( M O O R -  

H O U S E t  73); M o o r h o u s e ,  O b e r l a c k  a n d  R o s e n f e l d  4 

M O O R H O U S E 2  73); K n i e s ,  M o o r h o u s e  a n d  O b e r l a c k  8 

KNIES 73); D e v e n i s h ,  L y t h  a n d  R a n k i n  9 ( D E V E N I S H  

1.4 

1-2 

1-0 

0.8 

0-6 

4e 

} { 

o Ref. 21 

x Ref. 2 2  

• Ref. 23  

[] Ref. 24 

• Ref. 25  

• Ref. 26  

• Ref. 27 

O Ref. 28  

I I I I I I 
0"5 1"0 1"5 

M 
F i g .  IV.2 .  T h e  ZMt232) m a g n e t i c  f o r m  f a c t o r  G (qZ) n o r m a l i z e d  to GM(0)  

GD(q 2) = (I + q Z / 0 . 7 1 ) - 2 .  

I I I I 

2-0 qa iGeV//c)2 2 .5  

= 3 and  t he  n u c l e o n  d i p o l e  f o r m  f a c t o r  
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Baryons 
N's a n d  A's 

Re (E,.M*,.))//[M,.I = 

0.2 

0.1 

-0-I 

- 0.2 

x Ref. 21 

• Ref. 25 

~1, Ref. 26 

• Ref. 27 

1"0 
t o.5 Iq'l 

t (GeV/clt 

. t 
Re (%.M.)/IM,. I 

0-2 - 

0'1 

I 

o l  

-0"2 

{•(*) / M  (3) - , + / . .  ~. ) O Ref. 28 

• Ref. 25 

41, Ref. 26 

". Ref. 27 
iG.v/c  

lq'l 
! ! ! 

* 2 
Fig. IV.3. The ratios Re(El+ MI+)/IMI+I and Re(St+ IMp+)/llV[l+ I z for n0 electroproduction at the Zi(123Z) 

73). These are, as of February 1974, the only published 

analyses to analyze all three principal photoreactions 

('yp ~ IT+n, 1T0p; "~n ~ IT-p) over a considerable energy 

range since that of Walker (1969). I' 12 A new analysis 

using the methods of Walker I has been carried out by 

Metcalf and Walker 14 and has been added to the Data 

Card Listings as METCALF 74, replacing the prelimi- 

nary results last year listed as WALKER 73. Another 
15 

recent analysis over a considerable energy range 

is CRAWFORD 74. Single-energy analyses over the 

first resonance region only 16' 17 are in agreement 

for the P33 amplitude at resonance with the above 

continuous-energy analyses; the resonance coupling 

is not quoted by these authors. 

The average of the listed results along with an 

estimate of the error from the spread of all the results 

is given in Table IV.l; we give results from a naive 

(~-excitation) quark model for comparison. 

R e f e r e n c e s  for  Sec t ion  IV 

t .  R . L .  W a l k e r ,  P h y s .  Rev .  t82 ,  t729  ( t969) .  

Z. M. J a c o b  a n d G .  C . W i c k ,  Ann.  P h y s .  7, 404 (1959). 

3. L.A. CopIey, G.Karl,and E. Obryk, Nucl. Phys. 
BI3, 303 (1969). 

4. R.G. Moorhouse, H. Oberlack, and A.H.Rosenfeld, 
LBL-1590 (1973). 

5. R.C.E.Devenish, D.H. Lyth, and W.A.Rankin, 
DaresburyReport DNPL/PI09 (1972). 

6. 

7. 

8° 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

F . A .  B e r e n d s ,  A . D o n n a c h i e ,  and D . L .  W e a v e r ,  
Nuc l .  P h y s .  B4, 1 ( t967) ,  and  B4, 54 ( t967);  
J . E n g e l s ,  A . M [ i l l e n s i e f e n ,  and W. Schmid t ,  P h y s .  
Key. 175, 1951 (1968). 

R . G .  M o o r h o u s e  and  H. O b e r l a c k ,  P h y s .  L e t t e r s  
4 3 B ,  44 ( t973);  R . G . M o o r h o u s e ,  P r o c .  of the  XVI 
I n t e r n a t i o n a l  Conf.  on High  E n e r g y  P h y s i c s ,  Vol. 
I, p a g e s  t 8 0 - t 8 3  (ed i ted  J .  D. J a c k s o n  and  A . R o b e r t s ,  
N a t i ona l  A c c e l e r a t o r  L a b o r a t o r y ,  B a t a v i a ,  t973) .  

G . K n i e s ,  R . G .  M o o r h o u s e ,  and  H. O b e r l a c k ,  
LBL-Z410 (1973). 

R. C. E.  D e v e n i s h ,  D .H.  Ly th ,  and W. A. Rank in ,  
P h y s .  L e t t e r s  47B, 53 ( t973) .  T h e s e  a u t h o r s  
m a d e  v a r i o u s  va lua b l e  e x p l o r a t o r y  i n v e s t i g a t i o n s  
of f i x e d - t  d i s p e r s i o n  r e l a t i o n s :  re f .  R . C . E .  
D e v e n i s h ,  W . J .  L e i g h ,  D .H .  Ly th ,  and  W. A. Rank in ,  
Nuovo C i m .  tA ,  t55  ( t 9 7 t )  a n d R e f .  5. But  t h e s e  
l a t t e r  w e r e  b-~'sed on p r e v i o u s  s i m p l e  i s o b a r  mode l  
p a r t i a l - w a v e  a n a l y s i s  r e s u l t s  and  did not d e t e r m i n e  
the  r e s o n a n c e  p a r a m e t e r s  or  p a r t i a l  w-'~'~ves i n d e -  
p e n d e n t l y  by a X 2 o p t i m i z a t i o n  loop.  

y.C.Chau, N. Dombey, and R.G. Moorhouse, Phys. 
Rev. 16___~3, 1632 (1967). 

R . G .  M o o r h o u s e  and  W . A .  Rank in ,  Nucl .  P h y s .  
B23, t81 ( t970) .  

R.  L.  W a l k e r ,  P r o c .  of the  D a r e s b u r y  Conf .  on 
E l e c t r o n  and P h o t o n  I n t e r a c t i o n s  at  High E n e r g y  
(ed i ted  D. B r a b e n ,  D a r e s b u r y  L a b o r a t o r y ,  1969). 

Y. Hemmi, et.al., Phys. Letters 43B, 79 (1973). 

W.J. Metcalf and R.L. Walker, Cal. Tech. Report 
CALT-68-425 (1974). 

R.L. Crawford, see G. vonGehlen, rapporteur's 
talk at Bonn Conference, 1973 (to be published 1974) 
and Glasgow University preprint, 1974. 
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For notation, see key at front of Listings. 

16. P. Noelle, W. Pfeil, and D.Schwela, Nucl. Phys. 
BZ6, 461 (1971); W. Pfeil and D.Schwela, Nucl. 
Phys. B45, 379 (197Z). 

17. F . A .  B e r e n d s  and D . L .  Weave r ,  Nucl .  P h y s .  B30, 
575 (1971). 

18. Yu.M. Aleksandrov, V.F. Grushin, E.M. Leiken, 
andA. Ya.1%otvain, Nucl. Phys. BZ5, 589 (1972). 

t9 .  S. Suzuki, S. Kurokawa,  and K . K o n d o ,  Tokyo  p r e -  
print (1973). 

Z0. G. v o n G e h l e n ,  r a p p o r t e u r ' s  ta lk  at Bonn C o n f e r e n c e ,  
t 9 7 3 ,  (to be  pub l i shed) .  

21.  W . W .  A s h ,  K. B e r k e l m a n ,  C.A. Lichtenstein, A. 
R o m a n a u s k o s ,  and 1%. H. S i e m a n ,  P h y s .  L e t t e r s  
24B, 165 (1967). 

22. C. M i s t r e t t a ,  J . A .  Appel ,  R . J .  Budni tz ,  L . C a r r o l ,  
J. Chen,  R. Dunning, M. Goi te in ,  K. Hanson,  D .C .  
Imr ie ,  and R. W i l s o n ,  P h y s .  Rev.  t84 ,  1487 ( t969).  

23. W. Ba r t e l ,  B. Dudelzak,  H. K r e h b i e l ,  3. McEl roy ,  
U. M e y e r - B e r k h o u t ,  W. Schmid t ,  V. Walther ,  and 
G. Weber, Phys. Letters 28B, 148 ( t968) .  

24.  S. G o l s t e r ,  G . H a r t w i g ,  H. Kle in ,  J. M o r i t z ,  K . H .  
Schmidt ,  D. Wegener ,  and W. S c h m i d t - P a r z e f a l l ,  
P h y s .  R e v .  D5,  5 i 9  (1972) .  

25. R. Siddle, B. Dickinson, M. Ibbotson, R. Lawson, 
H. E. Montgomery, V. P. R. Nuthakki, O.T. Turner, 
W. 5,Shuttleworth, A. Sofair, 1%. D. Hellings, 5. 
Allison, A.B. Clegg, F. Foster, G.Hughes, P.S. 
Kummer, and J. Fannon, Nucl. Phys. B35, 93 (~971). 

26. 3. C . A l d e r ,  F . W  B r a s s e ,  E .  C h a z e l a s ,  W. F e h r e n -  
bach ,  W. F l a u g e r ,  K . H .  F r a n k ,  E . G a n s s e n a u g e ,  J .  
G a y l e r ,  V . K o r b e l ,  3. May, and M. Merkwi t z ,  Nucl.  
Phys. B46, 573 (1972). 

27. K. B E t z n e r ,  U. B e c k ,  K . H .  B e c k s ,  J. D r e e s ,  G. 
Knop, H. K o l a n o s k i ,  M. L e e n e n ,  K. M o s e r ,  Ch. 
N i e t z e l ,  E .  Schl~Jsser ,  a n d H .  E . S t i e r ,  Bonn U n i v e r -  
s i t y  preprint (1973)  and contributed paper no. 21 
to the Bonn Conference (1973). 

28. R . L . C r a w f o r d ,  Nucl .  P h y s .  BZ8, 573 (1971). 

29. C. B e c c h i  and G. Morpurgo ,  P h y s .  L e t t e r s  1_~7, 352 
(t965). 

30. P . S .  K u m m e r ,  E .  A s h b u r n e r ,  F.  F o s t e r ,  G. Hughes,  
R.  S iddle ,  5.  A l l i s o n ,  B.  D i c k i n s o n ,  E .  E v a n g e l i d e s ,  
M. Ibbotson,  R . S .  Lawson, R . S .  Meaburn ,  H . E .  
M o n t g o m e r y ,  and W. 5.  Shut t l eworth ,  D a r e s b u r y  
L a b o r a t o r y  R e p o r t  D N P L / P 1 4 7  ( i 9 7 2 ) .  

3 t .  J.C.Alder, F . W .  B r a s s e ,  W. FehrenBach, E.  
G a n s s e n a u g e ,  3. G a y l e r ,  V. K o r b e l ,  W. K r e c h l o k ,  
J.  May,  and M. M e r k w i t z ,  DESY p r e p r i n t  {1973) .  

32.  1%.Meaburn, E . E v a n g e l i d e s ,  J.  A l l i s o n ,  B.  D i c k i n -  
son ,  M. Ibbotson ,  1%. L a w s o n ,  H . E .  M o n t g o m e r y ,  
D. B a x t e r ,  F.  F o s t e r ,  G. H u g h e s ,  D . H .  Lyth ,  and 
1%. C. E. Devenish, Daresbury Laboratory Report 
DNPL/P184; 1%. C. E. Devenish and D. H. Lyth, 
contributed paper no. 24 to the Bonn Conference 
(1973). 

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 IN - -  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

OVERALL TOTAL#  OTHER 
PARTICLE L I J  STATUS CR.S. Pl N ETA N KLAM K SIG Pl DE GAM N CHANN. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

N ( 9 4 0 1  P l l  * * * *  
N * ( 1 4 7 0 I  P t l  * * * *  * * * *  
N * I I B Z O I  D13 * * * *  * * * *  * * * *  * 
N*IIBES) S11 * * * *  * * * *  * * *  
N * ( 1 6 7 0 )  D15 **** *** **** 

N * ( 1 6 8 8 I  E l 5  * * * *  * * *  * * * *  * * 
N*(1700) S l l  * * * *  * * * *  * * * *  
N * ( 1 7 0 0 )  0 1 3  ** ** * 

N t I I T 8 0 )  E l i  * * *  * * *  * * *  
N * ( 1 8 1 0 )  P l 3  * * *  * * *  * * *  
N * ( £ 9 9 0 )  F I T  ** ** * * 

N * ( 2 0 O O I  F I B  * * * 
N * I 2 0 4 0 )  D13 ** ** * * 

N*(2100) 511 * * 
N * ( 2 1 0 0 I  D I 5  * * 

N*I2LDO) GI7 *** *** *** * 

N*(2220l HI9 *** *** *** 

N * ( Z 6 B O )  *** *** * 

N * ( B O B O )  * * *  * * *  * 
N * ( 3 2 4 5 )  * 
N * ( 3 6 9 0 )  * 

N * ( 3 7 5 5 I  * * 

* * *  * *  EPS N 
* * *  * * *  RHD N 

* * *  RH0 N 

* * *  * *  RHO N 
* *  EPS N 

* * * EPE N 
* * *  * EPS N 

* ~HO N 

0 E I 1 2 3 2 )  P33 * * * *  * * * *  * * * *  E 0 * * * *  
D E ( 1 6 5 0 1  $31 * * * *  * *  * * * *  * *  * *  EH0 N 
O E ( 1 6 T O )  D33 * * *  * * *  * * *  R * *  * 
D E ( 1 6 9 0 )  P33 ~ * B I * *  * 
O E ( | B 9 0 )  F35 * *  * * * *  * * * EHO N 
D E I Z D O O I  $31 * * * * 
O E ( l q E O )  P31 * * *  * * * *  O O * * * BWO N 
O E I L g B O I  F37  * * * *  * * *  * * * *  * * *  * RHO N 
O E ( 1 9 b O I  DE5 * *  * * E N * * 
D E ( 2 1 6 0 )  * * * 

H311  * * *  * * *  * * *  F 0 
• * *  * * *  * *  

• * *  * * *  * R 

0 E ( 2 4 2 0 I  
D E ( 2 8 5 0 )  
D E I B E 3 0 I  

* * * *  GOOD, CLEAR, AND UNMISTAKABLE. 
* * *  GOOD, BUT IN NEED OF CLARIFICATION OR NOT ABSOLUTELY CERTAIN. 

* *  NEEDS CONFIRMATION. 
* WEAK. 
# ATTRIBUTED TO THE STATE CLOSEST TO WHERE THE CROSS SECTION PEAKS. 

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

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * , ,  , * * * * * * * ,  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * , * * * *  * * * * * * * *  

S=O I= l /e  NUCLEON STARES IN) 
* * * * , ,  
* * * * * *  

rn 
* * * * * *  
* * * * * *  

N 
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * ,  * * * * * * * * *  * * * * * * * * ,  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * , , ,  

I . ( z 4 7 o ) 1  . . . .  * * o  . . . .  . . . . .  
MASS AND WIDTH ARE BEST OETERNINEO FROM P A R T I A L  WAVE 
ANALYSES.  WE L I S T  PRODUCTION EXPERIMENTS SEPARATELY - -  
SEE BELOW. 

AYED T6 CLAIM TWO Pig STATES IN THE £500 MEV REGION. 
WE T E N T A T I V E L Y  L I S T  BOTH HERE.  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . .  

6t  N * I / 2 I I 470 )  MASS (MEVI 

N ( L 3 T O . O )  GRANOSEN bS EVUE PHASE-SHIFT ANAL 9 / 6 6  
M ( 1 3 8 0 . 0 )  ROPER 65  RVUE P H A S E - S H I F T  ANAL 9 / 6 6  
M l ( [ 4 7 0 . 0 )  EAREYRE bB RVUE P H A S E ° S H I F T  ANAL 1 L / A T  
M X WHERE CROSS SECTION I S  GREATEST - EYEBALL F I T  
M 3 ( [ 4 6 6 . 0 )  DONNACHI 68 RVUE P H A S E - S H I F T  ANAL 6 l b B  
N 6 ( I 4 6 1 . 0 )  AYED TO IPWA 1 / 7 1  
N 6 FROM ENER.  DEP.  F I T  OF ARGAND DIAGRAM 
M 4 (1462.0)  DAVIES 70 RVUE P-S ANAL SOL A 8169 
M 7 ( [ 4 T O . I  ALMEHED T2 IPWA 2 / 7 2  
M Z ( 1 4 1 3 . )  AYEO 7 4  IPWA 2 t 7 4 "  
M 2 ( 1 5 3 2 . )  AYEO 74  IPWA 2 1 7 4 "  
M 2 AVEO T4 FIND 2 DIFFERENT P | [  RESONANCES IN THIS gEG[ON IN CONTRAST B/T~* 
M 2 TO ALL PREVIOUS PWAS. WE L I S T  BOTH TOGETHER HERE U N T I L  THE 2 1 7 4 "  
M 2 S I T U A T I O N  I S  FURTHER C L A R I F I E D .  2 / 7 4 "  

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

* * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

16 PROTON ( 9 3 8 1  J = l l 2 1  I = X F 2  

SEE STABLE PART ICLE  DATA CARD L I S T I N G S  

* * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

17 NEUTRON I 9 3 9 t  J = l / 2 I  I = 1 / 2  

SEE STABLE PARTICLE OATA CARO L I S T I N G S  
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Data Card Listings 
For notation, see key at front of Listings. 

61 N*1 /2 (1470 )  WIDTH IMEV) 

W 1 (255.0 ]  BAREYRE 68 RVUE 11167  
w 3 121l .O) DONNACHI 68 RVUE b /b8  
W 6 (166.G) AYEO 70  IPWA I171 
W 6 (391. )  DAVIES  TO RVUE P-S ANAL SOL A 8/69 
w 7 ( 220 . )  ALMEHEO 72 [PWA 2 /72  
W 2 ( I 87 . )  ISMALLER MASS) AYED 74  IPWA 2 /74*  
W 2 189 . )  ILARGER MASS) AYED 76  IPWA 2176 "  

SEE THE NOTEB ACCOMPANYING THE MASSES QUOTED. 

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

61 N* l /211470]  REAL PART GF POLE POSITION (MEV) 1 /76~  
PEE (137S. ]  15.)  LEE 73 PIT TO ALMEHED72 1/76"  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . .  

6L N ' I / 2 (16701  IMAG PART OF POLE POSITION (MEV) 1 / 7 6 "  
IME ( 108 . )  ( 5 . )  LEE 73 FIT TO ALMEHE072 1 / 7 6 "  

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

61 N ' l / 2116701  ABSOLUTE VALUE OF POLE RESIDUE (MEV) 1 /76 "  
ABS (76.1 ( 3 . )  LEE 73  PIT TO ALMEHED72 1 /76 "  

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

6 t  N -1 /2 (1470 )  PHASE OF POLE RESIDUE IRADIANSI 1 /74 ,  
PH ( - 1o6 )  LEE 73 F IT  TO ALMEHEOTB 1 /76 .  

. . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

61 N '1 /2 ( I 670 )  PARTIAL DECAY MODES 

DECAY MASSES 
P[ N*112(1670) INTO Pl N 139+ 938 
P2 N'112(1670 l  INTO N EPSILON 938+ 700 
P3 N*1 /2 (1670 )  INTO N '3 /2 [1232 )  Pl 1232+  139  
P4 N*1 /2 (16701  INTO N Pl  P l  938+ 139+ 139 
P5 N* I /E [167B)  INTO GAMMA N O+ 938 
P6 N$1 /2 (1470 )  INTO N RHO 938+ 770  
P7 N*1 /2 (1470 I  INTO GAM Pt  HELICITY=I/3 O+ 938 
P8 N* I /Z (1670 )  INTO DAN N, HELICITY=I/2 O+ 93g  
P9 N t l / 2 (167D)  INTO ETA N 939+ 548 

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

61 N * 1 / 2 [ 1 6 7 0 }  BRANCHING RATIOS 

Pl N~112(1670) INTO (PI  NIITOTAL (P t )  
RI  i ( 0 . 68 )  BAREYRE b8 RVUE [ l / b?  
~1 3 ( 0 . 65B )  DONNACH1 68  RVUE 6 /68  
RI  6 [ 0 . 566 )  AYED 70 IPWA i / ? l  
RI 6 ( 0 . 69 ]  DAVIES 70  RVUE P-S ANAL SOL i 8169 
RI A I 0 . 67 )  ( 0 . 18 ]  SAXON 70 HBC AT 1400 MEV 6E70 
RI B (0 .58 }  {O .Oq )  SAXON 70  HBC b lTO  
RI 7 2 /72  (0 .68 )  ALMEHEO 72 IPWA 
R1 2 (.549){SMALLER MASS( AYED 74 IPWA 2176" 
RI 2 (*I23){LARGER MASS) AYED 76 IPWA 2 /76 *  
R1 A A AND B CORRESPOND TO THE 2 BEST SOLUTIONS. ANALYSIS IS DONE DN THRE 
R1 B BODY DECAYS, ASSUMING ONLY P l ,  P2 AND P3 DECAYS PRESENT. 

SFE THE NOTES ACCOMPANYING THE MASSES QUDTFD. 

R2 N '1 /211670 )  INTO IN  EPS ILON} /TOTAL  [P2 }  
R2 DOMINANT INELASTIC DECAY THURNAUER 68 RVUE - I f / b7  
R2 DOMINANT INELASTIC DECAY NAMYSLOWS 66 RVUE - 11 /67  

11167  R2 DOMINANT INELASTIC DECAY ROSENFELD 67 RVUE - 
R2 DOMINANT INELASTIC DECAY MORGAN 68 RVUE ISOBAR MODEL 6 /68  
R2 O IO . I b ]  DIEM 70  IPWA 3 BODY ANALYSIS 1/71 
R2 D ASSUMING RI= 0 . 6 1  
R2 A (0 .30 )  (0 .20 )  SAXON 70 HBC 6 1 7 0  
R2 B (0 .20 )  (0 .12 )  SAXON 70  HBC b /70  
R2 A AND B CORRESPOND TO THE 2 BEST SOLUTIONS, SEE NOTE IN R I .  

R3 N*1/2(1670) INTO (N *3 /2112321  PIT/TOTAL (P3) 
R3 D (0 .17 I  DIEM TO IPWA B BODY ANALYSIS 1171 
R3 O ASSUMING RI= 0.61 
R3 A {0 .03 )  (0 .20 )  SAXON 70  HBC 6170 
R3 8 ( 0 . 22 )  (O . IZ )  SAXON 70  HBC 6 /70  
R3 A AND B CORRESPOND TO THE 2 BEST SOLUTIONS, SEE NOTE IN RI. 
R3 R (~ .20]  MAKAROV 7L IPWA 0 P l -  P TO Pl PIN 3/72 
R3 R ASSUMES RI=O.6. MAXIMUM CM ENERGY ANALYZED WAS 1R35 MEV. 

R4 N*1 /B [1670 )  INTO (GAMMA N) I IP I  N)  (PS I / IP I )  
R6 F STRONG INDICATION ROSS) 73 DEC O GAMN TO P I -P  . 2/73 
R6 F OISAGREES WITH OTHER DATA 2 /73  

R5 N*I /Z(14TO] INTO IN RHO (/TOTAL (P6 )  
R5 O {O.OTl DIEM 70 IPWA 3 BODY ANALYSIS 1/71 
~5 D ASSUMING RI= 0.61 

R6 N*1 /2 (1670 )  INTO (GAMMA N)ITOTAL (PS )  
R6 E [ . 0006 ]  MICKENS 71 THEORETICAL EST. lO /? l  
Rb E TOTAL WIDTH TAKEN AS 250  MEV. 

R7 NTI12(1470) FROM P) N INTO ETA N SQRTIP I#P9 )  2 / 76 *  
R7 (+ .23)  LEMOTGNE 73 OPWA 16BE TO L685  MEV 2176~  

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

b l  N~112 (1470 }  PHOTON DECAY AMPL(GEV* * - I I Z I  

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI -  
REVIEW PRECEDING THE BARYON LISTINGS. 

A I  N*112 (1670 )  INTO DAM P, HELICITY=II2 (GEV* * - I / 2 )  
A I  . 022  DEVENISH 73  OPWA 
A I  
A1 
A I  
At  
A1 
A1 
A1 
A t  AVG 

- . 096  Pl N PHOTO PROD 2 /74 *  
(-.OBO) HFMMI 73 + FWO PIG PHTOPRO0 2 /76*  

- . 066  . 013  KN IES  73 OPWA Pl  N PHOTO PROD 2174~  
- . 055  . 028  MOORHOU1 73  OPWA PIN  PHOTO-PROO 2 /73  
- . 087  . 002  MOORHOU2 73 OPWA P) N PHOTO-PROD 2 /T4 *  

( - . 079 )  CRAWFORD 74 DPWA Pl N PHOTO PROD 2 /76~  
- . 070  .023 METCALF 74  OPWA P I N  PFRBT~PROD 2 /76 "  

-0 .0863  0.0031 AVBRAGE (ERROR INCLUDES SCALE FACTOR OF 1 .6 )  

Baryons 
N(1470) 

A2 N*1 /2 (1670 )  INTO GAM N, HELICITY=I/2 (OEV* * - I I 2 )  
A2 . 089  . 0S6  DEVENISH 73 DPWA P l  N PHOTO PROD 2176 "  
A2 . 000  . 013  XNIES 73 DPWA P l  N PHOTO PROD 2176 ,  
A2 + .OO2 . 025  MOORHOUI 73 DPWA Pl N PHOTO-PROD 2 f73  
A2 . 033  . 013  MDORHOU2 73 DPWA P l  N PHOTO-PROD 2 /74 *  
A2 ( .071)  CRAWFORD 76 OPWA P) N PHOTO PROD 2176. 
A2 °063  . 035  METCALP 76 OPWA Pl N PHOTO-PROD 2 /74 t  
A2  . . . . . . . . .  
A2 AVG 0.0180 0.0098 AVERAGE (ERROR INCLUDES SCALE FACTOR DF 1 .2 ]  

BRANDSEN 65 PR 139 B1566 
ROPER b5 pa 138 BleD 
THUPNAUE 65 PPL 14 985 

NAMYSLOW 66 PR 157 1328 

ROSENFEL 67  IRVINE CONF 

BAREYRE 68  PR l b5  1731 
DONNACH1 68 PL 268 I61 

ALSO 88 VIENNA 139 
ALSO 68 THFS(S 

MORGAN 88 PR 1E6 1731 

AYEO 70 KIEV  CON~ 
DAVIES 70 NP 821 359 
DIEM 70 KIEV CONF. 
SAXON 70  PR DB 1790 

MAKAROV 71 SJNP 13 BID 
MICKENS 7 I  LNC I 707 

ALMEHED 72 NP BAO IB? 
DEVENISH 73 PL 478 BB 
HEMMI 73 PL 63E 79  
KNIES 73 LBL-2610 
LEE 73 PRL 31 lOZ9  
LEMOIGNE 73 PURDUE CONF. G3 
MOORHOUI 73 PL 43E 46 
MOORHOU2 73 LBL-IBgO 
R~SS[  73 NC 13A 50 

ALSO 71LNC 2 1 1 8 3  

REPERENCFS FOR N* l /Z (1470 )  

÷ODONNELL, MOORHOUSE (DURHAM, RHELIIJP 
LO ROPER,RM WRIGHT,BT PELD [LRL-LVMR,MIT)IJP 
P G THURN~UER (ROCH) 

NAMYBLOWSKI,RAZMI,ROBERTS ISTAN,EDIN,LDIC) 

A H ROSENCELD, P SODING ILgL) 

P BAREYRE, C 8RIDMAN, G VILLET (SACLAY)IJP 
A OONNACHIE, P G KIPSOPP, C LOVELACE ICERN)IJP 
DONNACHiE RAPPORTEUR.S TALK (GLAS) 
R G KIRSDPP IEO IN )  
D MORGAN {RHEL I  

R AYED,P 8AREYRE, G VILLST (SACL)IJP 
A DAVIES (G/AS) 
* SMADJA, CHAVANCN, DELBR, OOLBEAU+ ISACL) 
SAXON, MULVEY, CHINOWSKY IOXF,LRL) 

,GASILOVA,NELYUBIN,++ ( IDFFE  INST)IJP 
R E MICKENS (FISK} 

+LOVELACE (LUND,RUTG)IJP 
DEVENISH,RANKIN,LYTH (LOUC+BONN+LANC}IJP 
HEMMI,INAGAKI+ (KYOEO+BAGA+NLJ+TOKY)IJa 
KNIES,NDORHOUSE,OBERLACK (LBL÷GLAS)IJP 
LEE,SHAW (UCI÷ROYAL HDLLOWAY COLLEGEIIJP 
*GRANET,MARTY,AYED,BAREYRE,BORGEAUD,+(SACL}IJP 
MDDRHOUSEt OBESLACK (GLAS÷LBLIIJP 
MOORHOUSE,OBERLACK,ROSENPELD IGLAS+LBLIIJP 
+P[AZZA,SUSINNO,~ (RDMA,FRAS,NAPL,PAVIAIIJP 
CARBONAPA,FIOPE,+ (NAPL,FRAStPAVIA,ROMAIIJP 

AYED 7A P~IVATE COMMCTN. AYEO,BARFYRE (SACLIIJP 
ALSO 73 AIX CONFERENCE AYED,BAREYRE (SACLIIJP 

CRAWFORD 74 GLAS. PREPBINT R L CRAWPORO (GLAS)  
ALSO 78 BONN CONFERENCE R L CRAWFDRO (GLAS} 

METCALF 74 CALT-BB-428 W J METCALF, R L WALKER (CIT) 

PARERS NDT REFERRED TO IN DATA CARDS. 

BAREYRE 64  PL B 137  +BRICMAN,VALLADAS,VILLET, + (SACLAY,CAEN) IJ 
8AREYRE 85 PL 18 342 +BRICMANt STIRLING, VILLET (SACLAY)IJP 
DALITZ 65 PL 16 159 R H DALITZ, R G MDORHOUSE (OXF,RHEL) 
JOHNSON 67 UCRL-17683 THESIS C H JOHNSON (LRL} 
OONNACHI 69  NP IOB R33 A DONNACHIE, g KIRSOPP (GLAS÷EDIN) 
AYED 70 PL 318 398 +BAREYRE,VILLET (SACLAY) 
BERARDO 70 PRL 84 619 +HADDOCK,NEFKENS,..,PARSONS÷.. [UCLA+LRL) 
AVED 72 BATAVIA CONF R AYED,P BABEYBE, Y LEMOIGNE (SACL) 

THE FOLLOWING ARE THEORETICAL PAPERS CONCERNING THE NtIZZ(16701 - -  
RESNICK 66 PR 150 1292 L RESNICK INIELS BOHR) 
SCHWARZ 86 PR 182 1325 J H SCHWARZ (LRL) 
BALL 67 PR 155 1785 JS BALL, GL SHAW, DY WONG (UCLA,UCI,UCBD) 
GOLOBERG 67 PR 156 1558 H GOLOBERG (CORNELL) 

1470 ~ REGION - PRODUCTION gXPRRI~ 

91 N* I /B (1870 ,  JP= I )=El2 

THE BUMP SEEN IN PRODUCTION EXPSRIMENTS AT LOW INVARIAN 
MASS MOST LIKELY CORRESPONDS TO THE P l l  (SEE ABOVE) 
RESONANT STATE, IF ANY. THE HBC EXPERIMENTS SRE 
ENHANCEMENTS MAINLY IN THE P P) Pl MASS PLOT. FOR ZERO 
CHARGE EXCHANGE, SUCH FINAL STATES ARE KNOWN TO HAVE 

LARGE DECK-TYPE BACKGROUND. THIS FACT COMPLICATES THE INTERPRETATION 
OF THIS BUMP AS A RESONANCE. 

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

91 N*I1211470( MASS (MEV((PROD.EXP.) 

M (1400. )  APPROX COCCONI 84 CNTR + PP 3 .6 -12  GEV/C 
M (1425. )  APRROX ADELM&N 65 HBC K-P 1.65 GEV/C 7/86 
M 11430.) APPROX ANKENBRAN 65 CNTR • PP 7 .1GEVIC 7166 
M ([ADO.) APPROX BELLFTTIN 65 SPRK PP,D IO-Bb GEV/C 71bb 
M ( I 405 . )  I l b . l  ANDERSON 66 SPRK + PP, 6-30 GEVIC 7/86 
M (1610. )  ( 15 . )  BLAIR 66 CNT* + PP 2 .8 -7 .9  GEV/C 71bb 
M (1400 . )  ( 30 . )  FOLEY 67 CNTR P l+ -  P AND PP E l / 6?  
M I I 4SO, )  ( 17 . )  ALMEIDA 68 HBC + PP-P2P I  , IOGEV/C  IO/b9 
M (1420. )  APPROX BELL 68 HBC P I÷ -  P, 6 GEVIC 6/68 
M i lAOO* )  APPROX LAMSA 68 HBC P I -P  , B GEV/C 6 /68  
M S 175(1466.)  ( 11 . ]  SHAPIRA 68 DBC INTO PPI,PN 7 .0  10169 
M S (1390 . )  ( 20 . }  TAN 68 HBC PP TO P lP t  6 , 1  10 /69  
M 120 (1643 . )  ( 18 . )  RHODE 69 HBC PP 22  GEV/C 10 /69  
M (1410 . l  ( 13 . i  ANDERSON 70 MMS - P I -  P TC P I -  MMB 2171 
M (1430 .1  I 20 . (  f iALLAM 71HBC P I+ -P  AT 16GEV ZZTZ 
M 11#60 . )  BEKETOV 71HBC P I -  P 4 .68GEVZC 3 /72  
M (1661 . )  ( lO . I  BOESEBEC 71 RVU8 PP ,P [ -P ,K -P  PROD 3 /72  
M 12011662 .0 )  ( b .O )  120 /80  MA 71HBC + P P TO P N P I  10171 
M 1660. TO 1510. MORSE 71HBC +O P I -P ,  7 GEV/C 3172 
M (1510.O) (20 .0 )  MORSE 71HBC + P I -P ,  25 GEV/C 3/72 
M (L625*)  ( 28 . )  RUSHBROOKE?I HBC + PP TO P2PI 16DEV Z/72 
M (1411.0)  (LO.O) EDELSTEIN 72 MMS PP 6 TO 30 GEV 1/78 
M 64 (1610 .0 )  ( 33 .0 )  GAGE 7Z 0 PO 5.9GEVIC 12/72 
M (1664 .0 l  I T .O )  45 /45  KARSHON 72 DBC + PD- -PDBPI  7 GEV 1B /72  
M (1660 . I  l l 5 . )  RONAT 72 HBC PI+P TO 3Pl P 2/73 
M S 7AN 88, SHAPIRA 68, AND GAGE 72 ARE ONLY PRODUCTION EXPERIMENTS TO 
M S SEE PPI DECAY. HOWEVER THE EFFECT OF SHAPIRA 68 ,  WITH MUCH IMPROVE 
M S DATA, HAS ALMST DISAPPEARED (YEBUTIELI 72) .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . .  



Baryons 
 (14'70), N(15 0) 

91 N.1 /2 (14708  WIDTH (MEV) (PRO0. EXP.)  

w ( 100 . )  BELL 68 HBC P I÷ -  PANO PP b /68  
w S 175 ( [ 98 .1  ( 40 * )  SHAPIRA 6E DEC 10 /69  
N S TAN L0 /69  (IBO.} ( 60 .1  68 HBC + 
W 1ZO ( lO0 . )  (1~*1  RHODE 69 HBC PP 22 GEV/C I 0 / 69  
W ( 210 .1  I 15 .1  RNOERSON 7O MMS - PI -  P TO E l -  MMS 2/T1 
w ( I 50 . )  ( 40 . )  BALLAM T1 HBC +- PI~P  AT 16GEV 2 /72  
W ( 100 . )  BEKETOV 71 HBC ~ P PI+ P I -  MASS 3 /72  
W (60 . ]  120 . )  BOESEBEC 71RVUE PP ,P I -P ,K -P  PROD 3 /72  
W T 120 (54 .01  ( 12 .01  120 /80  N~ 71 HBC P P TDP  N PI o10 /71  
W T NARRDN WIDTH SUGGESTS THIS IS N~T THE USUAL N* (14701o  10 /71  
w 80 .  TO 120.  MORSE T1 HBC + PI -P~ T GEV/C 8 /T2  
w 1100 .0 )  ( 30 .01  MORSE 71HBC + PI -P~ 2B GEV/C 3 /72  
w (125 . )  125 . }  RUSHBR00KE71 HBC + PP TO PZPI 16GEV 2 /72  
w ( 188 .0 )  " (E8 .01  EDELSTEIN T2 MMS + PP 6 TO 30  GEV 1/?B 
w ( 212 .0 )  I b2 .01  GAGE T2 08C 0 PD 5.9GEV/C 1Z/72  
w (126 .0 )  ( 20 .0 )  KARSHON 72 08C + PO--PD2PI 7 GEV 12/T2 
w (100 . )  ( 30 . )  RONAT TE HEC PI+P TO BPl P 2 /7S  

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

91 N.1 /2114701  PARTIAL DECAY MODES (PROD. EXPo) 

OECAY MASSES 
P1 N '1 /2 (1670 )  INTO P( N 139+ 938 
P2  N* I / 2 (16TO)  INTO N P IP I I J t I =O)  938+ 139+ 139 
P3 N51 /2 (14708  INTO N*B /2112E2)  P) 1232+ 189 
F6 N*1 /2 (14TO)  INTO N PI PI 988+ 139+ 139 
P5 N51/2(1R708 INTO GAMMA N O+ 938 
P6 N ,1 /2 (1470 }  INTO N RHO 938+ 770 

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

91 N5 [ / 2 (1470 )  BRANCHING RATIOS (PROD. EXP. )  

RI  N .1 /2 (16708  INTO IP I  NI /TOTAL IP1 }  
R[ I .B6 )  TAN 68 HBC PP TO PIF~ 6 .1  10 /69  

RZ N*1 /2 (14701  INTO (N53 /2 (12821  P / l / TOTAL  (P3 I  
R2 PROBABLY SEEN JESPERSEN 6B HBC PP 22 BEV/C 11 /68  
R2 PROBABLY SEEN LAMSA 6G HBC P I -P  8 BEV/C 11 /68  

R3 N*1 /2 (16TOI  INTO IN P IP I ( J , I -O ) ( /TOTAL  (P2)  
R3 MAIN DECAY MOOE MORSE 71HBC + P I -P  7 ,25  GEV/C 3 /72  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * 5 * * * *  * * * * * * * *  

REFEF~NCES FOR N* l / 2 (14701  (PROD. EXP.)  

COCOON( 64 PL 8 134 
ADELMAN 65 PRL 16 1068 
ANKENBRA 65 NC 35 1052 
BELLETTI 65 PL 18 167 
ANOERSON 66 PRL 16 655 
BLAIR 66 EFt  17 789 

FOLEY bT PRL 19 397 
ALMEIDA 68 PR 176 1638 
BELL 6B PRLEO 1 6 4  

JESPERSE 68 PRL 21 I 868  
LANSA 68 PR 166 1395 
SHAPIRA 68 PRL 31 1838 
TAN 68 PL 288 195 
RHODE 69 PR 187 1866 
ANDERSON TO PRL 25 699 

BALLAM T l  PR 04 1946 
BEKETOV Tl  SJNP 13 605 
BOESEBEC 71NP 838 44B 
MA 71PRL  26 S3E 
MORSE T1PR 04 18S 
RUS~BROO 71PR 06 3273 

EDELSTEI 72 PROB 1073 
GAGE 72 NP B46 21 
KARSHON 72 NP 837 871 
QONAT 7E NP B3B 20 
YEKUTIEL 72 NP 860 77 

GELLERT 66 PRL I 7  884 
ALBERI 68 PR 176 1631 
WALKER 68 PRL 20 133 
CLEGG 69 NP B13 222 
ALEXANDE 73 NP E52 221 
ANSORGE 78 NP B63 9S 

+LILLETHUN,SCANLON.STAHLBRANOT, + (CERNI 
S L AOELMAN (CAMBRIOGE(CERNI) 
ANKENBRANDT,CLYDEeCORK,KEEFEtKERTH+ (LRLI  
8ELLETTINI.COCCONIvDIODENS + (CERN) 
+BLESEReCOLLINS,FUJII,+ (BNLtCARN) 
• TAYLDR~CHAPNRN,+ (HARWELL,QUEENNARYtRHEL) 

+JONEStLINDENBAUM,LOVE.OZAKI+ (BNL) 
+ROSHBROOKE,SCHARENGUIVEL+ (CAVE,OESYI 
+CRENNELL,HOUGH,KARSHONtLAI+ (BNLtCUNY] 
JESPERSEN,KANGtKERNAN+ IIOWA STATE) 
+CASONtBISWAStDERADO,GROVES,+ (NOTRE OAMEI 
+BENARYeEISENBERGtRONAT,YAFFE+ IREh~D) 
TAN~PERLtMARTIN~VHINOWSKU + (SLAC+LRL+UCII  
FHOOEe LEACOCK, KERNANt JESPERSENe+ ( ISU)  
+BLESERwBLIEDENtCOLLINS++ (BNLmCARN) 

+CHADWICK~GUIRAGOSSIANtJOHNSONt++ (SLAC) I 
tZOMBKOVSKIIIKONOVALDV,KRUCHININt++ I ITEPI IJ  
BOESEBEEK,GR6ESSLER,KRAUS,+++ (ABBCHLV| I 
+COLTON (MSU+LBLII 
+OH,WALKER)CARROLL,LYNCH + (WISCeTNTOIIJ 
RUSHBROOKE,WILLIANS+EAREFORD++ ICAVEtLOIC)  IJ  

EDELSTEIN,CARRIGAN.HIEN,MCMAHONt+(CARN~BNL) 
W GAGE,E COLTON,W CHINOWSKI (LBL) 
+YEKUTIELI tYAFFE,SHAPIRA.RONAT,+ (REHO) I 
+EISENBERG,LYONS,SHAPIRA,TOAFF+ (MEHO) 
YEKUTIELIeYAFFEtSHAPIRAtRONAT + (RELIC)) 

PAPERS NOT REFERRED TO IN DRTA CARDS 

+SWITHvWOJCIOKItCOLTONISCHLEIN ÷ ILRL~UOLA) 
÷AE~ELtBUDNITZtCHEN,DUNNING~GDITEIN+ IHARVI 
+THOMPSONtROBERTSON,OHtLEEeHARTUNGt+ (WISE) 
CLEGG (LANCI 
ALEXANDERvBENARY+(TEL-AVIV÷HEIDELBERG÷DESY) 
ANSORGEvMADENINEALE.RUSHBROOKE (CAVE( 

* * * * * 5  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
. . . . . . . . . . . . .  

I - I THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLZSHED. 

62  N*1 /2 (15208  MASS (NEVI 

( 15E0 .0 )  BRANOSEN 6B RVUE PHASE-SHIFT ANAL 9 /66  
(1536 .08  ROPER 68 RVUE PHASE-SHIFT ANAL , 9 / 66  

1 [ 1S IO .O)  BAREYRE 68 RVUE PHASE-SHIFT ANAL 11 /67  
1 WHERE CROSS SECTION 1S GREATEST - EYEBALL F IT  
8 ( 1541*0 )  DONNACHI 68 RVHE PHASE-SHIFT ANAL 6 /68  
6 I 1523 .0 )  AYEO 70 IPWA 1/71  
6 FROM ENER. DEF. F IT  OF ARGANO DIAGRAM 
4 11512.08 DAVIES 70 RVUE P-S ANAL SOL A 8 /09  
7 ( 1820 . )  ALMEHEO 72 IPWA 2 /72  

I LS25 . )  AYED 76 IPWA 2 /T6 "  

M 
M 
M 
M 
M 

M 
M 
M 
M 

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

62 N .1 /2 (1520 )  WIDTH (MEV) 

W 1 ( 125 .01  BAREYRE 68 RVUE 
w 3 (149 .08  DONNAOH1 68 RVUE 
w 6 ( 131 .O I  AYEO TO IPWA 
W 4 1106,01 DAVIES 70 RVUE P-S ANAL SOL A 
N 7 ( 120 . )  ALMEHED 72 lENA 
w ( 122 .1  AYED 76 IPWA 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

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

11 /67  
6168 
1 /71  

2 /72  
2174 "  

130 

Data Card Listings 
For notation, see key at front of Listings. 

62 N*112 (1520 )  PARTIAL DECAY MODES 

Pt N .112 (15208  INTO P IN  
P2 N*1 /2 (15208  INTO N=S I2 (1232 )  PI  
R3 N*1 /2 (1820 )  INTO N Pl P( 
F4 N t I / Z ( IEEO)+  INTO NEUTRON P l+  
P5 N .1 /211520 )+  INTO PROTON PI+  P l -  
P6 N$1 /2 (1520 )  INTO N ETA 
P7 N51 /2 ( IEZO)  INTO N EPSILON 
P8 N51 /2 (1520 )  INTO N RHD 
P9 N .112 (1520 I  INTO GAM P, HEL IC ITY= I / 2  
PlO N '1 /2 (15201  INTO GAMPt  HEL IC ITY=3 /2  
P I1  N.t IE( IS20)  INTO GAM N, HEL IE ITY= I / 2  
PC2 N '112 (15208  INTO GAM Nt HEtlCITY=81Z 

DECAY MASSES 
139+ 938 

1232+ 139 
988+ 159+ 189 
9E9+ 1B9 
938+ 139+ 139 
93G+ 568 
938+ TO0 
988+ 770 

O÷ 9B8 
O÷ 938 
O+ 989 
O+ 939 

62 N,112115208 BRANCHING RATIOS 

RI N* I / 2 (1BZO)  INTO [P I  N)/TOTAL (P l )  
R1 I (O.B4)  BAREYRE B8 RVUE 11 /67  
R1 3 (O.BOgl  DONN&CH1 68 RVUE 6 /68  
R1 6 {O.E9S) AYED TO IPWA 1/T1 
R1 4 ( 0 . 65 )  DAVIES TO RVUE P-S ANAL SOL A 8 /69  
R1 7 (O.EB) ALMEHED 72 IPWA 2172 
R1 I .SSB}  AYEO 74 IPNA 2174"  
RI  SEE THE NOTES ACCOMPANYING THE MASSES QUOTED* 
R1 
RI  ALMOST THE ENTIRE INELASTICITY IS IN N El Pl (ONLY N ETA COULD COMPETE, 
R1 AND IT DOESNTI. THE N P l  P( SEEMS TO BE MAINLY N*B /2 (12321  P i t  IN BOTH 
RI S AND D WAVES. 

R2 N .1 /2115201  INTO IN .3 /2 (1232 I  E l l / TOTAL  (PHI  
R2 0.20 0.05 KIRZ 66 HBC O ASSUMING RI=O.T2 9/66 
RE DOMINANT INEL DECAY OLSSON Ob RVUE Pl P TO P( Pl N E166 
R2 O (0.60) DIEM TO IPWA 3 BODY ANALYSIS 1/71 
R2 D ASSUMING R]= 0.5 

R3 N '1 /2 (1520 )  INTO IN*3 /Z I12E2 )  P I I I (N  PI  P I )  IP2 ) / (PB )  
R3 LARGE THURNAUER 68 RVUE - 11 /67  
RB LARGE NAMYSLOWS 66 RVUE - 11167 
RB LARGE ROBERTS 67 RVUE - 11167 
R3 LARGE ROSENFELD 67 RVUE 11 /61  
RB LARGE MORGAN 68 RVUE ISOBRR MODEL 6 /68  

R4 N '1 /2 (1520 )  INTO (N EPSILON)/TOTAL IPT)  
R4 PRDBABLY PRESENT MORGAN 68 RVUE ISOBAR MODEL 6 /68  
R6 D (0.02) DIEM 70 IFWA E BODY ANALYSIS 1/71 
R4 O ASSUMING HI= 0.5 

R5 N= I / 2 (1520 I  INTO (N ETA)/TOTAL IF6 )  
RB 0 {O.OOG) APPROX DAVIES 67 RVUE 11 /67  
R5 DAVIES 6T GIVES SEVERAL VALUES DEPENDING ON INPUT OATA. ALL ARE SMALL 
RE B (0 .014 ]  BDTKE 69 MPWA T POLE+ RESDN. 10 /69  
RE B (O.OOS) [ 0 . 001 |  DEANS 69 MPWA T POLE+ RESON. 5 /70  
R5 B (O.O02)OR 0 .004  CARRERAS 70 MPWA T POLE+ RESON. B /70  
RE B PARAHETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 
RE SEEN LEMOIGNE 73 DPWA 1488 TO 1685 MEV 2 /74S 

R6 N* l /E (1520 )  INTO IN RHO (/TOTAL [PB} 
R6 D (O.OT} DIEM TO IPWA B BODY ANALYSIS 1/71 
R6 D ASSUMING RI = O.S 

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

62 N t l lE (1520 )  PHOTON DECAY AMPL IGEVt * - I / 2 )  

FOR DEFINITION DF GAMMA-NUCLEON DECAY AMPLITUDES, SEE M IN I -  
REVIEW PRECEDING THE BARYON L ISTINGS.  

A1 N~112(1520 ]  INTO GAM P. HEL IC ITY= I / 2  (GEV=* - I / 2 )  
A1 .010  .022  OEVENISH 73 OPWA P IN  PHOTO PROD 2 /74 "  
A1 ( - . 026 )  HEWN( " 78 + FWD RIO PHTDPBOO 3 /74 *  
A I  - . 019  " .008  NNIES 73 OPWA P IN  PHOTO PROD 2/TAe 
A t  - . 026  .O IL  MODRHOU1 73 DPWR P IN  PHOTO--PROD 2173 
AX .DO0 . 006  MDORHOU2 73 OPWA Pl  N PHOTO-PROD 2 /76 *  
A1 ( - °004 )  CRAWFORO TA DPWA P IN  PHOTO PROD 2 /74~  
A1 - . 006  .006  WETCALF 74 OFWA P IN  PHOTO-EGO0 2/T6~ 
A1 . . . . . . . . .  
A( AVG -0.0072 O.OOA3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 

A2 N*1 /2 (1520 )  INTO GAMPt HEL IC ITY '3 /2  [GEV* * - I / 2 )  
A2 .180  *017  DEVENISH 73 OPWA P IN  PHOTO PROD 2 /74=  
A2 .169  .012  KNIES 73 DPWA Pl N PHOTO PROD 2 /7A*  
A2 + .194  .081 MOORHOU1 73 DPWA P IN  PHOTO-PROD 2 /73  
AZ . 174  *006 MDORHOU2 TB DPWA Pl N PHOTO-PROD 2 /T4 *  
A2 ( . 1818  CRAWFORD 74 DPWA P IN  PHOTO PROD 2 /76 *  
AE ÷ .165  .011 METCALF T4 DFWA P IN  PHOTO-PROD 2174 .  
A2 . . . . . . . . .  
A2 AVG 0 .1726  0 .0046  AVERAGE (ERROR INCLUOES SCALE FACTOR OF 1.01 

AS N*1 /2 (1820 I  INTO GAH N, HEL IC ITY= I / 2  (GEV$$-1 /28  
AB - .OTB .087  DEVENISH 73 OPWA Pl N PHOTO PROD 2 /745  
A3 - .OTT .G05 KNIES 73 DPWA P IN  PHOTO PROD 2 /14 .  
A3 - . 085  . 014  MOORHOU1 73 OPWA El N PHOTO-PROD 2 /73  
AE - .OR8 .007  MOORHOU2 TE DPWA P IN  PHI(TO-PROD 2 /745  
AE ( - . 062 )  CRAWFORD 76 OPWA P( N PHOTO PROD 2 /74 *  
A3 --.Obb .OLO METCALF 74 DPNA Pl N PHOTO-PROD 2 /74 *  
A3 . . . . . . . . .  
AS AVG -0 °0790  0 .0040  AVERAGE (ERROR INCLUOES SCALE FACTOR OF 1.11 

A4 N5112(1520)  INTO GAM Nt HELICITY=8/Z  (GEVSe- I / 2 )  
A4 - . 126  .028  OEVENISH TB OPWA P IN  PHOTO PROD 2174"  
A6 - . 120  *010  KNIES TB DPWA El N pHOTO PROD 2 /T4 -  
A4 - . 124  *013 WOORHOU1 73 DPWA P) N PHOTO-PRO0 2 /T3  
A6 - . 119  . 025  MODRHOU2 T8 DPWA El N PHOTO-PROD 2/TAe 
A4 ( - . 1EB I  CRANFDRO 74 DPWA Pl N PHOTO PROD 21745 
A6 - . l i b  . 013  METCALF 76 DPWA P( N PHOTO-PROD 2 /765  
A6 . . . . . . . . .  
A4 AVG -0 .1207  0 .0066  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

REFERENCES FOR N*112 (1520 )  

SEE'A PREVIOUS EDITION (PMP 87,  683 ,  19688 FOR EARLIER REFERENCES. 

BRANDSEN 65 PR 139 B156b +000NNELL, MDORHOUSE IDURHAWe RHEL)IJP 
ROPER 68 PR 138 8190 LD ROPER,RM WRIGHT.BT FELD (LRL-LVMR,NIT)IJP 
THURNAUE 65 FRL 16 985 P G THURNAUER (ROCMI 

KIR2 66 PRIVATE CONN J KIRZ (LRL) 
NUMBER EXTRACTED FROM DATA DISCUSSED IN KIRZ 63 .  Z 6E. 

NAMYSLOW 66 PR 15T 1828 NAMYSLOWSKI,RAZNI,ROBERTS (STANtEOINtLOICI  



t 3 t  

Data Card Listings 
For notation, see key at front of Listings. 

OLSSON 66 PR 145 IS09  

DAV)ES 67 NC 52A 1112 
ROBERTS 67 PREPRINT 
ROSENFEL 6T IRVINE CONF 

BAREYRE 68 PR 165 1731 
OONNACHI 61 PL 26B 16 [  

ALSO 68 VIENNA 139 
ALSO 68 THESIS 

MORGAN 68 RR 166 1731 

BOTNE 89 RR 180 16 IT  
OE&NS bR PR 18S 1197 

AYED TO K)EV CONF 
CARRERAS TO NP 168 35 
DAVIES 70 NP 821 359 
OIEM TO K|EV CONF. 

ALMEHFD 72 NP 660 157 
DEVENISH 73 PL 67B 53 
HEMMI 7S PL 63B 79 
KNIES 73 LEL -2610  
LEMOIGNE T3 PURDUE CONF. 93 
MOORHOUI T3 PL 6BB 66 
MOORHOU2 73 LRL-ISDO 

AYEO 14 PqIVATE COMMCTN. 
ALSO 73 ATX CONFERENCE 

CRAWFORD T6 GLAS. PRERRINT 
ALSO T3 BONN CONFERENCE 

NETCALF T4 CALT-68-625  

KIRZ 63 PR 130 2481 
RAREYRE b5 PL 18 342 
CROUCH 65 OESY CONF I )  21 

M G OLSSONt 0 B YODH (WISC,UMO) 

A T DAVIES,  R G MOORHOUSE (GLASGOW, RHELI 
R G ROBERTS (DURHAM) 
A H ROSENFELD. P SODING ILRL)  

P BAREYRE, C BRICMANt G VILLET (SACLAY) IJP  
A OONNACHIEt R G KIRSORP, C LOVELACE (CERN)IJP 
DONNACH[E RAPPORTEUR.S TALK (GLAS) 
R G K1RSOPP IEDIN(  
D MOFGAN IRHEL) 

J C BOTKE (UCSO) 
S DEANS, J WOOTEN (UNIV $ FLORIDA) 

R AYED~P BAREYRE, G V1LLET (SACL) I JP  
B CARRERASt A OONNACHIE " (DARE,MCHSJ 
A DAVIES IGLAS) 
+ SMAOJA. CHAVANON, DELER. DOLOEAU÷ ISACL) 

÷LOVELACE (LUNDtRUTG)|JP 
OEVENISH*RANKIN*LYTH (LOUC÷BONN+LANC)(JP 
HEMMI, INAOAKIe (KYOTO+SAGA+NLJ+TOKV(IJP 
KNIES,MOORHOUSEtDEERLACK (LB I÷G IAS) I JP  
+GRANET,MARTYtAYEDtEAREYREtEORGEAUDt+(SACLIIJP 
MOORHOUSE, OBERLACK (GLAS÷LBL I I JP  
MOORHOUSE,OBERLACK,ROSENFELD {GLAS÷LBL) IJP  

AYEOtBAREYRE (S&CL) I JP  
AYEO,BAREYRE (SACL) I JP  
R L CRAWFORO (GLAS) 
R L CRAWFORD (GLAS) 
w J METCALF, R L WALKER (CIT) 

PAPERS NOT REFERREO TO IN OATA CARDS. 

J K IRZ ,  J SCHWARTZ~ R 0 TRIPP (LRL) 
÷ BRICNANt STIRLING, VILLET {SACLAY)IJP 
÷ (BROWNtCEA,HARVARD,MIT,PADOVA,WE[ZMANN) 

OERADO 6S ATHENS CONF 264 ÷KENNEY,LAMSA, + (NOTRE DAME,KENTUCKY) 
MERLO 66 P ROY SOD 289 489 J P MERLO, G VALIADAS {SACLAY( 

THE ABOVE PAPERS OISCUSS INELASTIC CHANNELS NEAR THE REONANCE. 
JOHNSON 67 UCRL-17683 THESIS C H JOHNSON (LRL) 
OEANS 69 PRL I7T  2620 S R DEANS (UNIV S FLORIOAI 
DONNACHI 69 NP I00 433 A OONNACHIE* R K|RSOPP (GLAS~EDIN) 
AYFO TO PL 31B 598 +BAREYRE+VILLET (SACLAY) 

* * * * * *  * * . * * * . , * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

iN( s3s) I . . . .  1 / 2 (15SS ,  JP=Z /2 - ) I - 1 / 2  

THE EXISTENCE OF THIS RESONANCE IS NELL ESTABLISHEOo 
IT IS STRONGLY ASSOCIATED WITH THE ETA N CHANNEL. 

63 N* I / 2 ( IB35 )  MASS IMEV) 

M (1519 .0 )  HENDRY 6S RVUE ETA N + S I I  P( N 9 /66  
M (LSTO.O) MICHAEL 86 RVUE FITS BAREYRE $1|  7 / 66  
M N ( ISE7 .O)  DR 156S.0  UCHIYANA- 66 RVUE FITS N ETA DATA 9 /66  
M N FITTING GIVES TWO SOLUTIONS, PROBLEMS MATCHING P IP  PHASE SHIFT 
N 1 ( 1535 .0 )  BAREYRE 60 RVUE PHASE-SHIFT ANAL 11 /67  
M L WHERE CROSS SECTION IS GREATEST - EYEBALL F IT  
M 3 ( 1591 .0 )  OONNACH1 68 RVUE PHASE-SHIFT ANAL 6 /68  
N (153S .0 )  { 10 .0 )  DELCOURT 69 CNTR PHOTOPROOUCT. 8 /69  
M 6 (1S34 .0 )  AYED 70 IPWA l / T1  
M 6 FROM ENER. OEP. F IT  OF ARGANO DIAGRAM 
M A ( |S02 .0 )  DAVIES TO RVUE P-S ANAL SOL A 8 / 6 9  
M 7 (1500 . (  ALMEHED 72 IPWA 2 /72  
M 2 ( 15S1 . )  HICKS TB MPWA GAM P-ETA P 9 /73 *  
M 2 ONLY STATES FROM TABLE V I I  OF HICKSTB ARE INCLUOEO IN L IST INGS*  9173~ 
M 2 M ANO W ARE FROM SOLUTION C2,BR=SQRT(GIIN WITH G FROM TABLE V I I .  9173" 
M I IE2O. )  AYEO 74 IPWA 2176~ 

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

63 N* I /Z ( IE35 )  WIDTH (MEV) 

W ( I 30 .01  HENORY 65 RVUE 9 /66  
N ( 130 .0 )  MICHAEL 66 RVUE 7 /66  
W N (1S6 .0 )  OR 164 .0  UCHIYAMA- 66 RVUE SEE NOTE ON MASS 9 /68  
W 1 (1E5 .0 )  BAREYRE 68 RVUE 11 /67  
W 3 (268 .0 )  APPROX OONNACH1 68 RVUE 6 /68  
w ( 120 .0 )  OELCOURT 6 9  CNTR PHOTOPROOUCT. 8 /69  
W 6 ( 96 .01  AYEO TO IPWA 1 /71  
W 6 ( 36 .04  DAVIES TO RVUE P-S ANAL SOL A 8 /69  
w 7 (50o ]  ALMEHEO T2 IPWA 2 /72  
N 2 (134 . )  HICRS 73 MPWA DAM P-ETA P R/T3÷ 
W ( . 080 )  AYED 74 IPWA 2 /76~  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

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

63 N~1 /2 ( I 835 )  PARTIAL DECAY MODES 

DECAY MASSES 
PI N *1 /2 (1535 )  INTO Pl N 139÷ 938 
R2 Ne I / 2 (1585 )  INTO N ETA 939+ 548 
P3 N=LI2 (1SBB)  INTO N P l  P l  938+ 139+ 139 
P6 N* I / 2 (1SBS)  INTO N EPSILON 938+ TO0 
P5 N$L I2 (15351  INTO N1312(1232)  PI 1232÷ I3R 
P6 N=1/211S351 INTO N RHO 9 3 8 ÷  TTO 
P7 N .1 /2 (1535 )  INTO GAM P, HEL IC ITY= I /Z  O÷ 9 3 8  
P8 N=1 /2 (1585 )  INTO GAM N~ HEL IC ITY- I / 2  O÷ 9S9 

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

63 N .1 /2 (1535 )  BRANCHING RATIOS 

R1 N=1 /2 (15S5 )  INTO (P I  N)/TOTAL (P l )  
R1 (0 .69 )  HENDRY 6B RVUE 9 /66  
R1 (0 .32 )  MICHAEL 66 RVUE 9 /66  
Rt N ( 0 .71 )  OR 0 .20  UCHIYANA- 66 RVUE SEE NOTE ON MASS 9 /&6  
RI  (O .B I )  OR 0 .43  DAVIES 67 RVUE PIP TO N ETA~BeC 11 /67  
R1 S (0 *696 )  DONNACH1 68 RVUE 6 / b 8  
RI ( 0 . 33 )  DELCOURT 67 CNTR 8 /69  
R1 6 ( 0 *397 )  AYEO TO IPWA ~ /71  
R1 6 10 .36 )  OAVIES 70 RVUE P-S ANAL SOL A B /69  
P l  7 ( 0 . 251  ALMEHED 72 IPWA 2172 
R I  ( . 36 )  AYED 74 IPWA 2/T4S 

Baryons 
N(1520), N(1535) 

R2 N* |12 (153S)  INTO (N ETA)/TOTAL (P2)  
R2 OONINANT INEL DECAY HENORY 65 RVUE g /66  
R2 (0 .68 (  MICHAEL 66 RVUE 9 /66  

UCHIYAMA- 66 RVUE SEE NOTE ON MASS 9 /66  ~2 N ( 0 . 29 )  OR 0 .71  
R2 (0 .6? )  OR 0 .65  DAVIES 67 RVUE PIP TO N ETAtB,C 11 /67  
R2 B (0 .4 )  ( 0 . 1 )  DEANS 69 HPWA T ROLE~ RESON. 5 /70  
R2 (0 .66 )  DELCOURT 69 MPWA 8/6R 
R2 B (O .Ag )  OR 0 .6R6 CARRERAS TO MPWA T POLE÷ MESON. 5 /70  
R2 B PARANETRIZATION USEO COULD BE IN DANGER OF DOUBLE COUNTING 
R2 THE VALUES OF P2 LISTED ABOVE ARE INCONPATIELE WITH THE RESULTS 
R2 OF DIEM ET AL. (TO) 

R3 N*1 /2 (153S)  INTO (N t3 /2 (12321  P I ) /TOTAL (P5)  
RS O (O.OT) OIEM TO IPWA 3 BODY ANALYSIS 1/71 
R3 0 ASSUMING RI=  0 .36  

R6 N~1 /2 ( I 835 )  INTO (N EPSILDNI/TOTAL (PA) ' 
R4 0 (0 .26 )  DIEM 70 IPWA 3 BODY ANALYSIS 1 /11  
R6 O ASSUMING RI= O.S4 

RS N .1 /2 ( IS35 )  INTO (N RHO )/TOTAL (PA) 
R5 0 (0.20) DIEM TO IRWA 3 BODY ANALYSIS 1171 
RS D ASSUMING RI= 0 .34  

R6 N* l l 2 (1SBS)  INTO OAMNA PROTON/TOTAL (P7)  917E* 
R6 5 *0062 °00 [6  DEANS 72 NPWA P ETA PHOTOFRO0. 9273" 
R6 5 BR=IDEANS72 RAOIATIVE WIDTHII(NOMINAL FULL NIDTH=IO0 MEV) RI7S* 
RB 5 THE HICKS73 ENTRY UNDER R7 IS A MORE RECENT RESULT BY SAME GROUP. 9173*  

R7 N= I / 2 ( IS3S)  FROM GAMMA PROTON TO ETA PROTON SORTIRZtPT) RIMS* 
RT 2 ( . 0366 )  HICKS 73 MPWA GAM P-ETA P 9 /73 *  

R@ Ne l / 2 (L53S)  FROM P) N INTO ETA N SOPT(PI*P2)  2 /76~  
R8 [÷ .63 )  LEMOIGNE 7S DPWA 1608 TO 1685 MEV 2 /76 *  

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

03 N '1 /2( IS35 l  PHOTON OECAY AMPL(GEV*= - I / 2 (  

FOR DEFINIT ION OF GAMMA-NUCLEON DECAV AMPLITUDES, SEE M IN I -  
REVIEW PRECEDING THE BARYON L ISTINGS.  

A1 N=1 /2 (15S5)  INTO GAM P, HEL IC ITY= I / 2  (GEV=* - I / 21  
A1 .042  .023  OEYENISH 73 OPWA Pl  N PHOTO PROD 2/T6~ 
A I  ( .D IS )  HEMMI 73 + FWD PIO PHTOPROO 2 /F4=  
A I  *056 .020  KNIES 73 DPWA P IN  PHOTO PROO 2 /76 *  
A1 ÷*055  . 020  MOORHOUI 73 OPWA P IN  PHOTO-PROD 2 /T3  
A1 *036 .002  MOORHOU2 78 OPWA P IN  PHOTO--PROD 2 /76 .  
A I  ( . 095 ]  CRAWFORD T60PWA Pl N PHOTO PROD 2 /T65  

÷ .068  .01S METCALF TA OPWA El N PHOTO-PROD 2174 "  A I  
AX . . . . . . . . .  
A l  AVG 0.0370 0.0060 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.11 

A2 N*1 /2 (1535 )  INTO GAM N, HEL IC ITY= I / 2  (GEV* * - I / 2 )  
A2 - *026  .029  DEVENISH 73 OPWA P[ N PHOTO PRO0 2174"  
A2 - . 052  *005 KNIES 73 ORWA P! N PHOTO PROD 2176~ 
A2 - .OAB .021 MOORHOUI 73 OPWA P IN  PHOTO'-PROD 2 /73  
A2 - . 027  . 009  NOORHOU2 73 DPWA P IN  PHOTO-PROD 2 /76 *  
A2 ( - .OR7)  CRAWFORO 76 DPWA P IN  PHOTO PROD 2 /74=  
A2 - .DE1  .021 METCALF 76 OPWA P) N PHOTO-PROD 2/T4= 
A2 . . . . . . . . .  
A2 AVG -O.06bO 0 .00S9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .6 )  

REFERENCES FOR N* I / 2 ( IESS)  

HENORY 65 PL 10 [ 71  A W HENDRY, R G MOORHOUSE {RHEL) 
REVIEWS EARLY PHASE-SHEFT--ANALYSIS RESULTS AND P I -  P TO ETA N 
EXPERIMENTS. WE TAKE NUMBEPS FROM THB SOLUTION USING BRANDSBN 65 .  

MICHAEL 66 PL 21 93 C MICHAEL (OXF) 
UCHIYAMA 66 PR 169 1220 F UCHIYAMA-CAMPflELL, R K LOGAN [ ) LLHJR  
OAVIES 67 NC 52A 1112 A T DAVIES, R G MOORHOUSE (GLASGDW,RHEL) 

BAREYRE 68 DR 165 17S1 P BAPEYRE, O BRICMAN, G VILLET ISACLAY) IJP  
OONNACH1 68 PL 268 161 A DONNACHIE, R G KIRSOPP, C LOVELACE (CERNI IJP 

ALSO 68 VIENNA 139 OONNACHIE RAPPORTEUR.S TALK (GLAS) 
ALSO 68 THESIS R G KIRSOPP (EOIN) 

DEANS be PR 18S 1797 S DEANS, J WOOTEN (UNIV S FLORIDA) 
OELCOURT 69 PL 2RB 75 OELCOURT,LEFRANCOIS,PEREZ-Y-JORBA,+ (ORSA) 

AYEO 70 KIEV CONF R AYEO,P BAREYREI G VILLET (SACL) I JP  
CARRERAS TO NR lbB 35 B CARRERAS, A OONNACHIE (OARE,NCHS) 
DAVIES TO NP B21 3S9 A DAVIES (GLAS) 
DIEM 70 KIEV CONF. + SNAOJA, CHAVANON, OELER, DOLBEAU+ ISACL) 

ALMEHED 72 NP 860 lEE +LOVELACE (LUND,RUTG)IJP 
DEANS 72 PN 3 217 +JACOBS. LYONS, HICKS (U S FL TAMPA~CARN) 
OEVENISH 73 PL 67B 53 DEVENISH, RANKIN,LYTH (LOUC+BONNeLANC)IJP 
HENMI 73 PL A3B 79 HENMI , INAGAKI~  (KYOTO÷SAGA+NLJ+TOKY)IJP 
HICKS TS PRD 7 261& +DEANStJACOBS,LYONS+ (CARNeDRNL+SOUTH FLA . ) I JP  
KNIES 73 LBL-2610  KNIES,MOOPHOUSE,OBERLACK (LBL+GLAS)IJP 
LEMOIGNE 73 PUROUE CONF. 93 +GRANET,MARTY,AYEO,BAREYRE,BORGEAUO,+(SACLIIJP 
MOORHOUI 73 PL 43B 44 MOORHOUSEI  OBERLACK (GLAS÷LBL) IJP 
NOORHOU2 73 LBL-1590  NOORHOUSE,OOERLACKgROSENFELO (GLAS÷LBL) IJP 

AYED 74 PRIVATE COMMCTN. AYEOtBAREYRE (SACL I I JP  
ALSO 73 A IX  CONFERENCE AYEO,BAREYRE (SACL I I JP  

CPAWFORO 74 GLAS. PREPRINT R L CRAWFORD (GLAS) 
ALSO TB BONN CONFERENCE R l CRAWFORO IDEAS) 

NETCALF TA CALT-68 -425  W J METCALFt R L WALKER (C IT )  

PAPERS NOT REFERRED TO IN OATA CARDS. 

BAREYRE 60 PL t8 342 + BRICMANt STIRLINGt V ILLET  (SACLAY)IJP 
BRANOEEN 65 PR 139 B1566 +ODONNELL, MOORHDUSE (OIJRHAMt RHELI IJP 

BASIS OF NUMBERS WE QUOTE FROM HENORY 65 .  
JOHNSON 67 UCRL- I?68B THESIS C H JOHNSON (LRL) 
LOVELAOE 67 HEIDELBERG C. 79 C LOVELACE (CERN) IJP 
OONNACHI 69 NR 100 435 A DONNACHIEt R KIRSOPP (GLAS+EOIN) 
AYEO 70 PL 310 $98 +BAREYRE÷VILLET (SACLAY) 

THE FOLLOWING ARTICLES DEAL WITH THE REACTIONS P I -  P TO ETA N 
AND GAMMA P TO ETA P NEAR THRESHOLD. THE DATA AND THE THEORETICAL 
ARTICLES ARE USEFUL IN UNDERSTANDING THE BEHAVIOR OF THE S11 AMPLI-  
TUDE AS OETERMINEO IN P IP  PHASE-SHIFT ANALYSES. FURTHER REFERENCES 
MAY BE FOUND IN THEM. 

MAINLY EXPERIMENTAL - -  
BULOS 66 RRL 13 486 (BPOWN,BRANOEIS, HARVARD*NIT*PA[~OVA) I 
BACCI 66 NC 65A 983 +PENSOtSALVINI,MENCUCCINI,+ (ROMA*FRASCATIIIJP 
JONES 66 PL 23 597 ÷BINNIE.OUANE,HORSEYtMASON,+ (LOIC.RHEL]  
RICHARDS 66 RRL [6  1221 +CHIU,EANDItHELNHOLZ,KENMEY,+ (LRLvHAWAI I I  I J  
PREROST 67 PRL te  82 R PREPOSTI O LUNOQUIST, O QUINN (STANFORO) 
BLOOM 68 PRL 21 1100 +HEUSCH, PRESCOTT, ROCHESTER (C IT (  



Baryons 
N(1535). N(1670) 

BULOS 69 PR 187 1827  +LANOU.BORDNER,BASTIEN+(BOST+HARV÷MIT÷PENN) 
HEUGCH 70  PRL 2S 1361 +PRESCOTT,ROCHESTER,WINSTEIN (C IT )  

MAINLY THEORETICAL - -  
BALL 66 PR 149  l ID1  J S BALL  [UCLA)  
DOBSON 66  PR 146 1022  P N DOBSON (HAWAII) 
MINAMI 66 PR 147 [ 123  S MINANI (OSAKA)  
DEANS 6T PR 16[ 1466 S R DBANS, W G HOLLADAY {VANOERBILT) 
LOGAN 6T OR lEE 1634  R K LOGAN, F UCHIYAMA-CAMPBELL ( I LL )  
NENCUCCI 6T NC 4BA 579 C NENCUCCINI, A REALE (FRASCATI) 
NINAMI 67 PR 162 [ 6 1 9  S NINAMI (OSAKA} 
MOSS 67  PR [83 1785  T A MOSS (LSU I  
DEANS 68 PR 105 1880 S R DEANS, W G HOLLADAY (VANDERBILTI 
PAL 68  PR 167 1350  E K PAL (NPL NEW DELHI I  
BALL 69  PR [ 77  2257 +GANG÷SHAW (UCLA+UCI) 
LBFIEVRE 70 NC 66A 349 +LERUSTE (CDEF) 

1620 MEV REGION - PRODUCTION E~(PER]M~tTS 

8 N*1 /2 (1520 ,  JP= ) I = I / 2  

THIS INFORMATION REFERS TO EITHER THE 013 OR THE S i t  
STATE SEEN AT THIS MASS. FOR SPIN-PARITY ANALYSIS OF 
THIS MASS REGION, SEE JDHNSTAD T2 .  

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

B N*IIBIEBBO) MASS (MEV) (PROD. EXP.) 

M 1507.0 6.0 A-BORELLI 67 HBC o PBAR P B.7 GEV 10/7 [  
M [503.  6 .  ANDERSON 70 MNS - P I -  P TO PI -  MME 2171 
H ESOO.O [O.O AMALDI 7 l  CNTR P P AT 24 GEV IO /T l  
M [B12.0 2 .0  ELLIS 71CNTR MMS PP B.? GEV/C IO /T l  
M 1501 .0  5 .7  EOELSTEIN 72 NNS + PP 0 TD 30 GEV [173  
M 1 [ 1500 . )  OH 72 DEC D PI-N TO P l -P l -P  2 /73  
M 1 DETERMINE J=3 /2 ,016  PROBABLE 2/73 

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

B N*E /2 (1520 )  WIDTH (NEV)  [PROD. EXP . )  

w 55 .0  15 .0  A -BORELL I  67 HBC OPBAR P 5 .T  GEV 10171  
N 120. 10. ANDERSON 70 MMS - P I -  P TO P I -  MMS 2 /71  
w 118.0 20.0 ANALDI Tl  CNTR P P AT 24  GEV lO IT l  
N 88.0 B.O ELLIS 71CNTR MM$ PP B.7 GEVIC lOITL 
g 140.0 43 .0  EOELSTBIN 72 NNS + PP 6 TO OO GEV 1173 

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

B N*E/B(1BED) PARTIAL DECAY MODES (PROD. EXP.) 

DECAY MASSES 
P l  N* l / 2 (1520 )  INTO PIN  139+ 938  
P2 N~ l / 2 {15201  INTO N '3 /2 (1232 )  P l  1232+  139 
P9 N* I /B (1B2O]  INTO N Pl Pl  938+  [ 39+  L39 
P4 N'1 /2 (1520)+  INTO NEUTRON PI+ 939÷  139 
P5 N* l /B ( IBZO}+  INTO PROTON P [+  PI -  938+  139+ 139  
P6 N '1 /2 (1520 )  INTO N ETA 930+  548  
P7 N*1 /2 (1520 )  INTO N P lP l i J , I =O)  639+ 139+ 139 
PB N* [12 ( [BBO)  INTO N RHO 938+ 770  

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

B N*112(1620) BRANCHING RATIOS (PROD. EXP.) 

RE N*I12[L52D) INTO (N PIE/TOTAL (P [ I  
RS N*(15ZOI INTO (N PIT/TOTAL PRODUCTION EXPERIMENTS 
R |  O.T8 0.24 BASSOMRIE 67 HBC + K+P TO K* N* 11168 

R2 N* I12 ( [ 520 )  INTO (NEUTRON P I+ ) / IP  Pl+ P I - )  (P4 ) I (P5 )  
R2 0 .77  O .4B  ALEXANDER 67 HBC + PP 5 .5  BEV/C 9 /66  

R3 N* I /B ( IBBOI  INTO (N PIJ I [N  PI P I ]  (P I ) / (P3 )  
R3 1.25 0 .44  0.71 A-BORELLI 67 HBC O PEAR P 5.7 BEVIC 9/06 

R4 N*[12(1520) INTO [N*3 /2 (1232 )  PI I I (N  PI PI )  (P2 ) / (P3 )  
R4 O.O0 0 .09  A -BORELL I  67  HBC 9166  

PB N*112(1520I INTO [N Pl Pl)/TOTAL (P3) 
R5 (O .O8 )  DR LESS BASSONPIB 67 HBC + K+P TO K*  N* E1 /68  

R6 N*L /2 ( [ 520 )  INTO IN  BTA I ITDTAL  (P6I 
P6 0.22 0 .14  BASSOMPIE 07  HBC + K+P TO K*  N*  11108  

q7 N*1 /2 (1520 )  INTO (P I  N ) / [P I  N ' 312112321 )  [P I ) / (P2 I  
~7 ( 0 . 42 I  DR LESS LEE 67  HBC P I -P  3 .6  GEV/C 11 /67  

REFERENCES FOR N* I / 2 (1520 )  [PROD.  EXP . )  

A-BORELL 67 NC 47 232 
ALEXANOE 67 PR [5~ 1284 
BASSOMPI 67 PL 25E ~40 
LEE 67  PR [ 59  1156  

ANDERSON 70 PRL 2B b90  
AMALDI  T i  PL 348  435  
BLL IS  71PRL  27 442 

EDELSTEI 72 PR DB 1073 
JOHNSTAD 72 NP B42 588  
OH T2 PL 428  497  

ALLES-BORELLI,FRENCH,FRISK,MICHEJDA {CERNI  
ALEXANDER,BENARY.CZAPBK.+  {WEIZMANN(CERNII 
BASSOMPIERRE, + [CERN,BRUXELLESI 
+MOEBS,ROE,SINCLAIR.VANDBP VELDE (MICHI 

+BLBSER,BLIEDEN,COLLINS++ [BNL,CARN) 
+BIANCASTELLI,BOSIO,+ ( I  SANITA ROMA+CERN} 
+MAOLIOH, NOREM,SANNES.$1LVERMAN IRUTGI  

EDELSTEIN,CARRIGAN,HIEN,MCMAHONv+(CARN+BNL] 
+MOLLERUD+...+JACOBSEN(BDHR,HELS,OSLO,STOH)IJP 
+FUNG,KERNAN,POE,SCHALK,SNEN [UCRIIJP 

132 

Data Card Listings 
For notation, see key at front of Listings. 

r - ~  
' . ' t 6 7 o "  . . . .  ,/El[BiD . . . . .  1 2 - , , . [ 1 2 . . ' " 1 5 '  

THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHE.D 

64 H* [ / 2 [ 1070 )  MASS (MEVI 

M (1650.0)  APPROX BRANDSEN 65 RVUE PHASE-SHIFT ANAL 7166 
M 1 (1BED.Of BAREYRE 68 RVUE PHASE-SHIFT ANAL [1167 
M 1 WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 
M 3 DONNACH1 (1678.0)  68 RVUE PHASE-SHIFT ANAL b168 
M (1674.0)  DUKE 68 CNTR Pl-P EL + POL 6168 
M 6 (1675.01 AYED 70 IPWA 1/71 
M 6 FROM ENER. DBP. FIT OF ARGAND DIAGRAM 
M 4 (1669.D) DAVIES 70 RVUB P-S ANAL SOL A 8169 

7 ( [ 689 . I  ALMBHBD 72 IPWA 2172 
M (1660. )  AYED 74 IPWA 2174" 

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

b4  H*L /2 (1670 )  WIDTH (MEV) 

W 1 (EBB.DE 8AREYRE 08 RVUB 11167 
w 3 ( 173 .0 l  DONNACH1 68  RVUE 6168 
W 6 (14B.Ol AYED TO IPWA 1/71 
W 4 ( l i B .O ]  DAVIES 70 RVUE SOt A AND B BIB9 
w 7 ( 150 . )  ALMEHEO 72 IPWA 2 /72  
w (140 . (  AYED 74  IPWA 2 /74 *  

SEE THE NOTES ACCDMPANYING THE MASSES QUOTED. 

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

04 N* l /2(10TO) PARTIAL DECAY MODES 

DECAY MABSES 
P l  N* [ / 2 (1670 )  INTO P IN  139+ 938  
P2 N*[12(16701 INTO N ETA 939+ 548 
o3 N*LI2(1670I  INTO LAMBDA K l l IS+  4~7 
P4 N* I I 2116?O)  INTO N*~12(1232) PI 1232+  139 
P5 N*I12(1670]  INTO N Pl Pl 938+ 1"9+ 139 

O+ 9~8  P6 N ' t / 2 (1670 )  INTO CAM P, HELICITY=[/B 
P7 N* [ /B ( [ 670 }  INTO CAM P, HBLICITY=312 O+ 938 
PB N*[12(1670|  INTO CAM N, HELICITY=|/2 O+ 909 
P9 N* I / 2 (1670 )  INTO GAM N, HELICITY=O/2 O+ 939  

64 N* [ / 2 (1670 I  BRANCHING RATIOS 

RI  N '112 (1670 )  INTO (P I  N)ITOTAL (P [ )  
PE L (0 .41 )  BARPYRE 68 RVUE LL/O7 
RI 0 (0 .39 [ }  DONHACHI 68 RVUE 6/68 
R[ 6 (0 .B92 )  BYED TO I'PWA i / T1  
R[ 4 [O.SO) DAVIES 70 RVUE P-S ANAL SOL R 8/69 
RI  T ( 0 , 45 )  ALMEHED 72 IPWA 2/72 
RI  ( . 4 IB )  AYBO T4 IPWA 2 /74 "  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

~2 N* l / 2 (1670 )  INTO (N ETAI /TOTAL  [P2 (  
RE (O.OE) OR LESS TRIPR 67 RVUE 8 /67  
R2 B (O ,O i8 )  BDTKE 69  MoNA T POLE + RESON. 10 /69  

DEANS 69 MPWA T POLE + BESON. 5 /70  R2 B (O.OO6) (O.OO4) 
RB B [O .OOb IOR 0 .0 [2  CARRERAS 70 MPWA T POLE + RESON. 5 /TO 
RB B PARAMETRIZATIDN USED COULD BE IN DANGER OF DOUBLE COUNTING 

RB N '1 /2 (1670 )  INTO [LAMBDA Ki/TDTAL (P3 )  
R3 (O .OE)  OR LESS TRIPP 67 RVUE E I b 7  
~3 B (O.OOI DR LESS RUSH 68 MPHA T POLE + MESON. 8169 
R3 B PARAMBTRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 
R3 TO.DO) DR LESS CL=.b3 WAGNER 7 [  IPWA PI-P TO K LAMB 1/71 

R4 N*I12(1670]  INTO (H *B /Z I [Z3B )  P I I / TOTAL  IP4 )  
R4 E [2600  0 .63  0 .1  BRODY 7 [  HBC P I -P - -ZP l  N,PWA 6 /70  
R4 ¢ ASSUMES ELASTIC BRANCHING RATIO 0 .42+ -0 .04  

SEF NOTE PRECEO[NG THE N*1 /2 ( [ 688 )  INELASTIC DECAY MODE MEASUREMENTS. 

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

64  N~1 /2 (16TOI  PHOTON DECAY ARPL(GFV*= - [ /E I  

FOR DEF IN IT ION OF GAMMA-NUCLEON DECAY AMPLITUDES.  SEE M IN I -  
REVIEW PRECEDING THE BARYON LISTINGS. 

A[ N*1/2(16TO] INTO CAM R, HELICITY=[/2 (GEV~* - I I 2 I  
AE .OCT .OBO DEVENISH 73 DPWA Pl N PHOTO PROD 2174" 
A I  (oO2Bi HEMNI 73 + FWD PlO RHTOPRDD 2/74*  
A[ .OrB .014 KNIES 73 DPWA P IN  PHOTO PROD 2/T4" 
AE +.011 .Ol2 NOORHOUL 73 OPWA P[ N PHOT~PROD 2/73 
A[  . 019  *DOT MODBHOU2 73 DPWA P IN  PHOTO--PRO0 2174 "  
A[ (*054# CRAWFORO 74 DPWA Pl N PHOTO PROD 2174" 
A[ + .0 [0  .DIE METCALF 74 DPWA Pl N PHOT{}-PROD 2174" 
AE . . . . . . . . .  
A[ AVG 0.0157 0.0050 AVERAGE (ERROR INCLUDES SCALE FACTOR OF L.O) 

A2 N* I / 2 I I 6701  INTO CAN P, HELICITY=OIB (GEV* * - [ / 2 }  
A2 . 036  . 030  DEVENISH 7B DPWA P[  N PHOTO PROD 2174 ,  
A2 .014 .ODE KNIES 73 DPWA Pl N PHOTO PROD 2 /14 .  
A2 + .02 [  .OZO MDORHOUE 73 DPWR P l  N PHOTO-PROD 2 /73  
A2 .016 *002 MOORHOU2 73 OPWA P[ N PHOTO-PROD 2174" 
A2 ( .024)  CRAWFOBD 74 DPWA Pl N PHOTO PROD 2174" 
A2 +.042 .024 METCALF 74 DPWA P[ N PHDTO-PROD 2174" 
A2 . . . . . . . . .  
A2 AVG 0.0162 0.0019 AVERAGE (ERROR INCLUDES SCALE FACTOR OF E.O) 



i 3 3  

Data Card Listings 
For notation, see key at front of Listings. 

A3 N '1 /2 (1670 )  INTO GAM N, HELICITY=112 (GEV* * - I / 21  
A3 - .D60  , 062  OEVENISH 73 DPWA P IN  PHOTO PROD E /7%*  
A3 - . 045  .006 KNIES T3 DPWA Pl N PHOTO PROD 2 /74 .  
A3 +.010 .040 MOORHOUI 73  OEWA P IN  PHOTO--PROD 2 /73  
A3 - .O IT  .004 MOORHOUB 73 DPWA Pl N PHOTO-PRO0 2 /74 *  
A3 I - . 0671  CRAWFORO 7% DPWA Pl N PHOTO PRO0 2/7%* 
A3 .006 .DIE METCALF 7R DPWA PIN  PHOTO-PRO0 2 /T4 *  
A3 . . . . . . . . .  
A5 AVO -0 .0235  O.OOq3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 .9 )  

A4 N* I / 2 (16705  INTO GAM N,  HEL IC [TY=B /2  (GEV* * - I / 21  
A4 - . 072  .022 DEVENISH 73 DPWA P IN  PHOTO PROD 2/7%* 
A4 - . 071  .030 KNIES  75 DPWA P [N  PHOTO PROD 2 /7%*  
A4 - . 035  .01% MOORHOUI 73 OPWA PIN PHOTO-PRO0 2 /73  
E4 -.0%9 .00% NOORHOU2 73 OPWA Pl  N PHOTO--PROD 2/7%* 
~4 (- .08%) CRANFORO 7~ DEWA P[ N PHOTO PROD 2fT%* 

- .OO9  AR *029 METCALF 74 OPWA P IN  PHOTO-PROD 2/7%* 
A4 . . . . . . . . .  
A4 AVG -0 .0%83  0 .0038  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.05 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR N* I / 2 ( I 6TO)  

BRANOSEN 65 EL 19 %20 +OOONNELL. MOORHOUSE (DURHAM, RHEL) I JP  
TRIPE 67  NP E3 10 + LE ITH ,  + (LRL,SLAC,CEEN,HEID~SACLAYI 

BAREYRE 68 PR 165 1731 P BAREYRE, C 8RICMAN, G VILLET (SACLAY)IJP 
OONNACHI bB PL 265 16I A DONNACHIE, R G K[RSOPP C LOVELACE (CERN JP 

OONNACHIE RAPPORTEUR.S TALK ALSO 6E VIENNA 139  COLAS) 
ALSO b8 THESIS  R G K[PSOPP (EDINI 

DUKE 6E PR 166  I445  +JONES,KEMP,MURPHY,THRESHER, + (RHEL,DXF)IjP 
INSIGHTFUL OUAIITATIVE ARGUMENTS CONCERNING EXISTENCE AND I JP .  

RUSH 68  PR 173 1776  J E RUSH IUNIV ALABAMAI 

BOTKE 69  PR 185 1%17 J C BOTKE (UCSB) 
DEANS 69 PR 185 1797 S DEANS, J NOOTEN (UNIV S FLORIOAI 

AYED 70 KI~V CONF R AYEO,P EAREYRE, G VILLET (SACL)IJP 
CARRERAS TO NP IbB 35 B CARRERAS, A OONNACHIE (DARE,MCHS)  
DAVIES 70 NP B2I 359 A DAVIES (GLAS) 

BROOY 7I  PL 34B 665 +CASHMORE+..+HERNDON~.. ISLAC÷LRL) 
WAONER 71 NP 525 %iI  F WAGNER, C LOVELACE (CERN} 

ALMEHED 72 NP B%O 157 +LOVELACE (LUNDtRUTG)IJP 
DEVENISH 73 PL 475 53 DEVENISH, RANK[N,LYTH (LDUC÷BDNN÷LANC)IJP 
HEMMI 73 PL %3E 79  HEMMI,INAGAKI÷ (KYOTO+SAGA+NLJ+TOKY) I JP  
KNIES 73 LEL -2410  KNIES,MOORHOUSE.OBERLACK (LBL+GLASIIJP 
MOORHOUI 73 PL %35 R% MOORHDUSE, OBERLADK IGLAS+LBL|IJP 
MOORHOU2 7B LBL -1EDO MOORHOUSE,OBERLACK,ROSENFELD (GLAS+LBL)IJP 

AYEO 74  PRIVATE COMMCTN. AYED.BAREVRE (SACL)IJP 
ALSO 73 AIX CONFERENCE AYEO,BAREYRE (SACLIIJP 

CRAWFOBD 74 OLAS. PREPRINT R L CRAWFORD (GLAS) 
ALSO 73 BONN CONFERENCE R L CRAWFORD (GLAS) 

METCALF 7% CALT-6B-42E W J METCALFt R L WALKER (CIT} 

PAPERS NOT REFERRED TO IN OATA CARDS. 

BAREYRE bS PL 18 3%2 + BRICMAN, STIRLING, VILLET  (SACLAVIIJP 
DUKE 65 PRL IE  %68 +JONES,KEMP.MURPHY,PRENTICE ,  ÷ (RHEL ,OXF) I JP  
JOHNSON 6T UCRL-17683 THESIS C H JOHNSON (CELl 
DEANS 69  PRL 177 2623  S R DEANS IUNIV S FLORIDA) 
OONNACHI 69 NP lOB 433  A OONNACHIE, R K IRSOPP (GLAS+EDTNI  
AYED TO PL 315 598 +BAREYRE+VILLET (SACLAY) 

I N r 1 6 8 8 ~  I . . . . . . .  " . . . .  JP= 512+ )  .... 2 IF~eJ 
THE EXISTENCE OF TH IS  RESONANCE ISWELLESTABL ISHED.  

65 N*I12(16885 MASS (NEV) 

M l lbBO.O) BEANDSEN bE RVUE PHASE SHIFT ANAL 7 /6b  
M 1 (1690 .05  BAREYRE 68  RVUE PHASE-SHIFT  ANAL 11 /6T  
M 1 WHERE CROSS SECTION IS GREATEST - EYEBALL F IT  
M B [1687 .0 )  OONNACHI 68 RVUE PHASE-SHIFT ANAL 6/68 
M (1682 .0 )  DUKE 68 CNTR P I -P  EL + POL 6 /68  
M 6 I l b82 .O )  AYED 70 IPWA I /T I  
M 6 FROM ENER. DEP. FIT OF ARGAND DIAGRAM 
M % ( [ bBS .0 )  DAV IES  70  RVUE P -S  ANAL SOL A 8109  
M 7 116BB . I  ALMEHEO 72 IPNA 2 /72  
M ( 1680o )  AYEO 7% IPNA 2 /74~  

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

65  N .112116885  WIDTH (MEVI  

w 1 (110 ,0 )  BAREYRE 68  RUDE 11 /67  
w 3 (177 .0 )  OONNACHI 68 RVUE b /b8  
w 6 ( 109 .0 )  AYED 70  IPWA 1171 
W % (10%.0 )  DAV IES  70 RVUE P -S  ANAL SOL A 8 /69  
W 7 ( l%O. I  ALMEHED 72 IPWA 2 /72  
W (126. l AYED 74  IPHA 2 /74=  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

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

b5 N* I /B (1688 )  PART IAL  DECAY MODES 

DECAY MASSES 
PI N '1 /2 (1688 )  INTO P IN  IB9÷ 938  
P2 N* l / 2 (1688 )  INTO N ETA 9B9+ 5%8 
P3 N~1 /2 (1688 l  INTO LAMBOA K 1115÷ %97 
P4 N* l /B (1688 (  INTO N tB /Z I18B2 )  P l  1232÷  139 
P5 N* I IZ I I 6BB I  INTO N PI PI 938+ L39+ 139 

O÷ 938  P6 N* I / 2 (L688 )  INTO GAM P,  HEL IC ITY= I / 2  
P7 N*L /2 (LABB |  INTO GAM P,  HEL IC ITY=3 /2  O+ 938  
P8 N*1 /211680 }  INTO GAM N,  HEL IC ITY= I / 2  O+ 939  
Pg N '1 /2 (1688 I  INTO DAM N, HEL IC ITY=B /2  O+ 9B9 
PlO N*1 /2 (1688 )  INTO N EPSILON 938÷  700  
P I I  N *1 /211688 )  INTO N RHO 958+  TTO 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . __  - - . - - ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Baryons 
H(1670), N(1688) 

6S N*LI2116BBI BRANCHING RATIOS 

g I  N * I / 2 I I 6BB)  INTO (P I  N ) /TOTAL  (P l }  
R1 I (0.641 BAREYRE 68 RVUE 11/b7 
RI 3 I0 .5605 OONNACHI 68  EVUE 6 /68  
R1 6 ( 0 . 5955  AYED 70 IPWA 1/71 
RI  4 (0.541 DAVIES 70 RVUE SOL A AND B 8 /69  
RI 7 (0 .65 )  ALMEHED 72 IPWA 2/72 
R1 (°593)  AYED 7% IPWA 21T4* 

EEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

MORE INFORMATION ON THE INELASTIC DECAY MODES OF THE 1690 MEV 
BUMP, AS SEEN IN PROOUCTION EXPERIMENTS, MAY BE FOUND BELOW 

R2 N*112(1658) INTO IN  ETA)ITOTAL (P2) 
R2 (O.OISIOR LESS TRIPP 67 RVUE 8167 
R2 B (0 .0004 I  BOTKE 69 MPWA T POLE + RESON. 10/69 
R2 8 IO.OBBl (O.O02I DEANS 69 MPWA T POLE + RESON. 5/70 
R2 B (O.OO08)DR .DOT CARRERAS 70 MPWA T POLE + RESON. 5/70 
R8 B PARAMEYRIZATION USED COULD EE IN DANGER OF DOUBLE COUNTING 

R3 N* I /Z ( I bBB I  INTO IN  ETA) / (P I  N)  (P2 ) / (P l }  
R3 (O.0271CR LESS HEUSCH 66 RVUE + PlOD ETA PHOTO 9 /66  

R4 N* l / 2 (1688 )  INTO (LAMBDA R)ITOTAL (P3 )  
RR (O .OO)  OR LEES TR IPE  67 RVUE 8 /67  
R% B IO.O01)OR LESS RUSH 68 MPWA T POLE + RESON. S/70 
R4 D PARAMET~IZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 
R4 (O.O0[)OR LESS CL=oO3 WAGNER T[ IPNA PI-P TO N LAME 1/71 

R5 N*1 /2 (1688 l  INTO iN *E /2 (12B2 )  P I ) /TOTAL  (P%) 
R5 E 12600 (0o13l  (0.041 SGLN.A BRODY 7I  HBC P I -P- -BPI  N/EWA 6170 
RE E 12600 (0 .39 }  (O. IO)  SOLN.B BRODY 71 HBC P I -P - -2P I  NIPWA B/TO 
RE E ASSUMES ELASTIC BRANCHING RATIO 0 .b2÷-0 .06  

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

68 N~I12(|6881 PHOTON DECAY AMPL(GEV**- I /BI  

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI -  
REVIEW PRECEDING THE BARYON LISTINGS. 

A l  N* [ / 2 ( I bBB I  INTO GAM P~ HEL IC ITY= I / 2  (GEV$* - [ 12 I  
At .015 .083 OEVENISH 75 OPWA Pl N PHOTO PROD 2174" 
A1 I - .OOB)  HEMMI 73  ÷ FWD P IO  PHTOPROD 217%* 
Al  - . 016  .014 KNIES 73 DPWA P IN  PHOTO PROD 2/74*  
i l  - . 008  .004 MOORHOUI 73 DPWA Pl N PHOTO-PROD 2/75 
A1 - - . 014  . 003  NOORHOU2 73 OPWA P l  N PHOTO-PROD Z /T4 *  
At (.0091 CRAWFORO T4 DPWA P[ N PHOTO PROD 2/74*  
A1 -.ODD .O l I  METCALF 7% OPWA P IN  PHOTO-PROD 2/741 
At . . . . . . . . .  
A1 AUG -O.Ol15 0.0023 AVERAGE (ERROR INCLUDES SCALE FACTOR OE 1.0) 

A2 N* I lB(16B8)  INTO GAM P, HELICITY=B/2 (GEV* * - I I 2 )  
A2 *146  . 031  OEVENISH 73 DPWA Pl N PHOTO PROD 2 /74 *  
A2 .097 .007 KNIES 73 DPNA P IN  PHOTO PROD 2/74* 
A2 +. lO0 .012 MDORHOUI 73 DPNA Pl N PHOTO-PgOD 2/73 
A2 . 147  . 006  MOORHOU2 73 DPWA P IN  PHOTO-PROD 2 /74 .  
A2 ( . 1585  CRAWFORO T% OPWA P IN  PHOTO PRO0 E /74 .  
A2 .129 .016 METCALF 74 DPWA P IN  PHOTO-PROD 2/7%* 
A2 . . . . . . . . .  
A2 AUG 0.123 0.01% AVERAGE (ERROR INCLUDES SCALE FACTOR OF 3 .3 )  

A3 N* I I 2 ( IABB)  INTO GAM N, HELICITY=II2 IGEV** - [ 12 )  
A3 o055  . 049  DEVENISH 73 DPWA P IN  PHOTO PROD 2 /74 *  
A3 . 023  .DO5  KN IES  73 DPWA P IN  PHOTO PRCD 2 /7%*  
A3 +.017 .014 MOORHOUI TB DPWA P IN  PHOTO-PROD 2/73 
A3 . 023  . 003  MDORHOU2 73 OPWA P IN  PHOTO-PROD 2174 .  
A3 (.0%4) CRAWFORO 74 DPWA P IN  PHOTO PROD 2/7%* 
A3 .008 .018 METCALF 74 OPNA Pl N PHOTO-PROD 2/74*  
A3 . . . . . . . . .  
A3 AUG 0.0225 0.0025 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O }  

A4 N* I IZ(16885 INTO GAM N, HELICITY=312 {GEV* * - I l Z I  
A4 - . 018  . 039  OEVENISH 73  OPWA P IN  PHOTO PROD 2 /7%*  
A4 . 001  .O lD  KN IES  73 DPWA P l  N PHOTO PROD 2 /74 "  
A4 - . 005  . 018  MOORHOUI 73 OPWA P IN  PHOTO-PROD 2 /75  
A4 - -*O%l .OOA MOORHOU2 TS DEWA E I  N PHOTO-PROD 217%= 
A4 ( - . 02%(  DRAWFORD 74 DPWA El N PHOTO PROD 2/74*  
A4 . 00  .OSO. METCALF 74  DPWA P IN  PHOTO-PRO0 2 /7%*  
A4 . . . . . . . . .  
A% AUG -0 .0367  O.OOTB AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.1)  

REFERENCES FOR N*I I2116885 

SEE A PREVIOUS EDITION (RMP 3T, 633, 19651 FOR EARLIER REFERENCES. 

ERANDSEN 65 PL 19 420 +ODONNELL.  MOORHDUSE (OURHAMt RHEEIIJP 
HEUSCH 66 PRL 17 iO i9  C A HEUSCH, C Y PRESCOTT, R F DASHEN IC IT )  
TP IPP  67  NP 53 lO  + LEITH, + (LRL,SLAC.CERN,HEID,SACLAY) 

BAREYRE b8 PR lbB 1751 P BAREYRE, C BRICMAN, G VILLET (SACLAY)IJP 
OONNACH1 6fl PL 265 161 A DONNACHIE, R G KIRSOPP, C LOVELACE (CERNIIJP 

ALSO bB V IENNA 139  OONNACHIE RAPPORTEUR.S TALK IGLAS)  
ALEO 68  THESIS R G KIRSOPP (ED IN )  

DUKE 65  PR 166  1448  +JONES,KEMP.NURPHYDTHRESHER. ÷ (RHEL ,OXF) I JP  
RUSH 65 PR 173 1776  J E RUSH (UNIV ALABAMA) 

BOTKE b9  PR lEO 1417  J C 80TKE (UCSB)  
DEANS 69  PR 185  1797  S DEANS, J WOOTEN (UN IV  S FLORIOAI  

AYED 70 KIEV CONF R AYED,P EAREYRE, 0 VILLET (SACL)IJP 
CARRERAS 70 NP I 6B  3E 8 CARRERAS, A DONNACHIE IOARE.MCHS)  
DAVIES  70  NP BZ I  3B9 A DAV IES  (GLAS)  

DROOY TI PL 3%E BED +CASHMORE+..÷HERNOON÷.. (SLAC+LRLI 
WAGNER 71 NP B25 %11 F WAGNER, C LOVELACE (CERN) 

ALMEHEO 72 NP 5%0 191  +LOVEL&CE (LUND,RUTGI I JP  
OEVENISH 75  PL 4TO 53  DEVENISHtRANKIN ,LYTH (LOUC+BONN+LANC) IJP  
MENMI 73 PL %BB 79  HEMNI*INAGAKI÷ (KYOTO+SAGA+NLJ+TOKY) I JP  
KNIES TB LBL -2410  KNIEStMOORHOUSE.OBERLACK (LBL+GLASIIJP 
NOORHOU1 7B PL %35 44  NOORHOUSE, OEERLACK (GLASeLBL ) I JP  
NOORHOU2 73 LEE-L890 HOORHOUSE.OBERLACK,ROSENFELD (GLAS+LBL)IJP 

AYEO 74  PRIVATE CONNCTN. AYEOtBAREYRE (SACLHJP  
ALSO 75 A IX  CONFERENCE AYED~BAREYRE (SACL) I JP  

CRAWFORO T% GLAS. PREPRINT E L CRAWFORO (OLAS)  
ALSO 73 BONN CONFERENCE R L CRAHFORD (GLAS) 

NETCALF 7% CALT-b8 -%25  W J NETCALE,  R L WALKER (C IT )  



Baryons 
 I(1688) N ( t ? O 0 )  

t 3 4  

Data Card Listings 
For notation, see key at front of Listings. 

PAPERS NOT REFERRED TO IN DATA CAROS, 

CROUCH 68 DESY CONF I )  2E + (BRDWNtCEAtHARVARDIMITtPADOVA,WEIZMANN) 
OERAO0 6E ATHENS CONF 266 ÷KENNEY,LANSAt + (NOTRE OAME~KENTUCKY) 
DUKE 65 PRL 15 668 ÷JONEStKEMPtHURPHYtPRENTICE~ ÷ (RHELtOXF) IJP  
MERLO 66 P ROY SOC 289 689 J P MERLOt G VALLADAS (SACLAY) 
ROBERTS 6T PREPRINT K G ROBERTS (DURHAH) 
CANNER 68 PR l bb  136T ÷DETOEUFtFAYOUXtHANELt ÷ (SACLAY~CAEN) 

THE ABOVE PAPERS OISCUSS INELASTIO CHANNELS NEAR THE BUMP. 
BAKEYRE 65 PL E8 $62 ÷ BRICNANt STIRLINGt VILLET (SACLAYIIJP 
OE|NS 69 PBL 177 2623 S R DEANS (UN[V S FLORIDA) 
DONNACHI 69 NP lOB B33 A OONNACHIE~ R KIRSOPP (GLAS÷EDIN)  
AYED 70 PL 31B 598 +BAREYRE+VILLET (SACLAY) 

7 :  ....... i':77::i:i;1:21:i'i17 ", . ............. 
I . ( t v O O ) l  THE EX,STENCE . . . .  'S RES . . . .  CE IS WELL ES . . . .  )SHED. 

66 N* I I 211700 )  MASS (MEV) 

M (1695 .0 )  BRANOSEN 65 RVUE PHASE-SHIFT ANAL 9 /66  
M ( [ 7DO.O)  MICHAEL 66 RVUE FITS BAREYRE SLI  T166 
H l (17lO.O) BAREYRE 68 RVUE PHASE-SHIFT ANAL 11 /67  
M 1 WHERE CROSS SECTION IS GREATEST - EYEBALL F IT  
M 3 ( I T lO .O)  DONNACH[ 68 RVUE PHASE-SHIFT ANAL 8 /68  
M (L IDS .O)  l iD .O )  ORITO 69 RVUE K LAMEDA PS ANAL BI69  
M 6 116Bg .o )  AYEO TO IPWA 1/71  
M 6 FROM ENER. OEP. F IT  OF ARGAND DIAGRAM 
M 4 (1766 .0 )  DAVIES 70 RVUE P-S ANAL SOL A 8 /6B  
M (E678 .0 (  SCHORSCH TO OPWA KLAM PHOTOPRO. [ 0 / 7 [  
M A ( l b B S . O )  WAGNER 711PWA P l -P  TO K LAMB 1171 
H A THERE ARE 3 SIMILAR SOLUTIONS 
M 7 (1670 . I  ALNEHED 72 IPWA 2 /72  

HICKS 73 MPWA GAH P-ETA P 9 /73 *  M 2 ( 1 6 9 9 . )  
M 2 ONLY STATES FROM TABLE V I I  OF HICKS73 ARE INCLUDED IN L IST INGS.  9 /73 .  
H 2 M AND W ARE FROM SOLUTION CBtBR=SQRT(G)/W WITH G FROM TABLE V I I .  91T3 ,  
M 1 ( tBbO. )  LANGBEIN 73 IPHA PI N-K SIG.SCL 2 9 ITS*  
M 1 $11 AMPLITUDE LARGE BUT NOT RESONANT IN SOLUTION 1 OF LANGBEIN73 9173 "  
M ( 1672 . )  AYED 74 IPWA 2 /76 *  

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

6b N ,1 /2 (17001  WIDTH (MEV) 

w (260oB) MICHAEL 66 RVUE T/66  
W l ( 260 .0 )  BAREYRE 68 RVUE l l / bT  
w 3 ( 300 .0 )  DONNACH1 68 RVUE 8 /69  
W ( L06 .0 )  ( 15 .0 )  ORITO 69 RVUE 8 /69  
w 6 1166 .0 )  AYEO 70 IPNA l / T [  
W 6 ( 606 .01  OAVIES 70 RVUE P-S ANAL SOL A 8 /69  
W 6 SOL B GIVES 121MEV 2 /73  
W ( 99 .0 )  SCHORSCH 70 DPWA KLAM PHOTOPRO. 10 /7 [  
W A (IIO.O)OR(1RO.O) WAGNER 71 IPWA PI-P TO K LAMB 1/7E 
N 7 (E20 . )  ALHEHED 72 IPWA Z /72  
W 2 (195 . )  HICKS 73 HPWA GAN P-ETA P 9/73* 
W I (200.) LANGBEIN 73 IPWA PI N-K SIGtSOL 2 9/73* 
W ( [ 79 . )  AYED 76 IPWA 2 /76 *  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED, 

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

66 N* I / 2 (17OO)  PARTIAL DECAY MODES 

DECAY MASSES 
139÷ 938 
939+ fiB8 

1115+ BR? 
O+ 938 
O+ 939 

938+ 139+ 139 
938+ 7DO 

P| N* I / 2 I LTOO)  INTO P) N 
P2 N*II2(tTOO) INTO N ETA 
P3 N '1 /2 (1700 )  INTO LAMBDA K 
P6 N= I /Z ( ITDOI  INTO GAM Pt HELIC[TV=I/2 
P5 N* I IZ I I 7001  INTO DAM Nt HEL IC ITY- [ /Z  
P6 N '1 /2 (1700 )  INTO N P) P) 
PT N* I /21E7OO)  INTO N EPSILON 
PB N* I / 2 I ITOO)  INTO N RHO 938÷ TTO 
P9 N*L /2 (17OO)  INTO K SIGMA 693÷E189 

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

66 N* I / 2 (1700 )  BRANCHING RATIOS 

~1 N .1 /2 (1700 }  INTO (P l  NI /TOTAL (P l )  
~l ( l .O I  APPROX MICHAEL 66 RVUE 7160 
RI 3 ( 0 . 791  DONNACHI 6B RVUE B/69  
RE b ( 0 . 6~21  AYEO TO IPWA | / 71  
RE ~ ( 0 . 561  DAVIES 70 RVUE P-S ANAL SOL A B /69  
RE T (O .S)  ALMEHEO 72 IPWA 2 /72  
RI  ( .BEE)  AYED 76 IPWA 2 /76 *  

R2 N* l I 2 (17OO)  INTO (LAMBDA K ) * (P I  N) /TOTAL**E (P3*P l l  
RZ 0 .039  0 .019  OBITO 69 RVUE 8169 
RE A (0 .043 )0R  O.OB4 WAGNER 71 IPWA P I -P  TO K LAHB l / T [  

R3 N~1 /2 )1700 )  INTO (LANBOA KI/TOTAL (P3)  
RB B (0 .028 ]  APPROX. RUSH 68 MPWA T POLE ÷RESON.  8 /69  
R3 B PARAMETRIZATION USEO COULD BE IN DANGER OF DOUBLE OOUNTING 

R6 N* [ / 8 (17OOI  INTO (N ETA)/TOTAL (P2 )  
~6 B ( 0 .013 )  BOTKE 69 MPWA T POLE ÷ MESON. '10 /69 
R6 B (0 .03 )  [O.O2)  DEANS 69 MPWA T POLE +RESON. 8 /69  
R6 C (0.19) OR 0 .27  CARRERAS TO MPWA T POLE + MESON. 5/70 
R4 B PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 
R~ C CARRERAS 70 USES REGGE POLES • RESONANCES= VALUES SUSPICIOUSLY LARG 

RB N* I / 2 IZTOO)  FROM GAMMA PROTON TO K LAMBOA SQRT(P3*PA| 9 / 73 *  
R8 (O.OOE)OR LESS ORITO2 69 CNTR KLAM PHOTOPRD 10 /71  
R5 (O.OOT2) SCHORSCH 70 OPWA KLAM PHOTOPRO. 10 /71  
R8 (.OO6O) DEANS 72 HPWA GAM P-K LHtSOL D 9 /7B*  

R6 N* I / 2 (ETOO)  FRDM GAMMA PROTON TO ETA PROTON SQRTIP2*PE) 917B* 
R6 2 ( . 0101 )  HICKS T3 MPWA GAM P--ETA P 9 /73 ,  

R7 N '1 /2 (1¥00 )  FROM P I N  TO K SIGNA SORTIPI*Pg)  9 / 7B*  
RT 1 ( . 11 }  LANGEEIN 73 [PWA P l  N--K SIG,SDL 2 9173 "  

66 N* I / 2117001  PHOTON DECAY AMPL(GEV* * - [ / 2 )  

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI- 
REVIEW PRECEDING THE BARYON LISTINGS. 

AI  N* I / 2 ( I 7OO)  INTO GAM Pv HEL IC ITY= [ / 2  (GEV* * - I / 2 )  
AE ,026  .033  DEVENISH 73 DPWA Pl N PHOTO PROD 2 /T4 "  
A [  . 058  .018  KNIES 73 DPWA P IN  PHOTO PROD 2 /76 *  
A[  + . 066  .062  MOOKHOU1 73 OPWA P IN  PHOTO-PRO0 2 /73  
A I  . 056  .DO5 MOORHOU2 73 DPWA Pl  N PHOTO-PROD 217~v(' 
A1 (.DO3) CBAWFORD 76 OPWA P IN  PHOTO PRO0 2 /74 *  
AI e.O12 .015  METCALF 76 DPWA P IN  PHOTO-PROD 2 /76 *  
AE . . . . . . . . .  
At AVG 0.0500 O.OO86 AVERAGE (ERROR INCLUDES SCALE FACTOR DF ~ 9) 

A2 N* l l Z ( [ 70O)  INTO GAM N, HEL IC ITY= I / 2  (GEV* * - I / 2 )  
A2 .010  .063  OEVENISH 73 DPWA P IN  PHOTO PROD 2 /76 "  
A8 - . 015  .035  KNIES 73 DPWA P) N PHOTO PROD 2 /76 "  
A2 - . 072  .066  MODRHOUI 73 DPWA Pl N Pt'~TO-PROO 2 /73  
A2 - . 027  .009  MOOPHOU2 73 DPWA Pl N PHOTO-PRO0 2 /T6 ,  
A2 ( .DO5) CRAWFORD TB OPWA P( N PHOTO PROD E I76 "  

- .O I9  .022  METCALF 76 DPWA P IN  PHOTO-PROD 2/T6= A2 
A2 . . . . . . . . .  
AZ AVG -O.024T O.OO79 AVERAGE (ERROR INCLUDES SCALE FACTOR OF t.O) 

REFERENCES FOR N*1 /2 (1700 )  

BRANDSEN 6B PL 19 620 +000NNELLt  MDDRHOUSE (DURHAM. RHEL)IJP 

MICHAEL 66 PL 21 93 C MICHAEL (OXF) 

5AREYRE 68 PR 165 1731 P EAREYRE, C BRICNAN, G VILLET (SACLAY)IJP 
DONNAOHE 68 PL 26B 161 A DONNACHIE, R G KIRSOPP, C LOVELACE (CERN)IJP 

ALSO 68 VIENNA 139 DONNACHIE RAPPORTEUR.S TALK (GLAS) 
ALSO 68 THESIS R G KIRSDPP IEDIN)  

RUSH 68 PP 173 1776 J E MUSH (UN[V ALABAMA) 

EOTKE 69 PR 180 16 IT  J C EOTKE (UCSBI 
DEANS 69 PR 183 1T97 S DEANSt J MOLTEN (UNIV S FLORIDA) 
OKITO 69 LNC E 936 S ORITD,S SASAKI (TOKYO'-OSAKA] 
ORIT02 69 INS J 113 S OR[TO (THESIS) (TOKYO) 

AYED 70 KIEV CONF R AYEO,P RAREYRE, G VILLET (SACL)IJP 
CARRERAS 70 NP 16B 3B B CARRERAS, ~ OONNACHIE (DAREtMCHS| 
DAVIES 70 NP B21 389 A DAVIES (GLAS) 
SCHORSCH TO NP B28 179 +TIETGE,WEILNBOEEK (MPIM) 

WAGNER 71NP B28 411 F WAGNER, C LOVELACE (CERN) 

ALMEHEO 72 NP 5~0 1E7 ÷LOVELACE (LUNOtRUTO)IJP 
DEANS 72 PRO b 1906 DEANS,JACDBSt LYONS,MONTGOMERY (SOUTH FLA.IIJP 
OEVENISH 73 PL 4TB 53 DEVENISHtRANKIN,LYTH (LOUCeBDNN+LANC)IJP 
HICKS 73 PRO T 26|6 +DEANS,JACDBStLYDNS+ (EARN+ORNL+SOUTH FLA.))JR 
KNIES 73 LBL-2~ [O KNIES,MOORHOUSEtOBERLACK (LBL÷GLAS)IJP 
LANGBEIN 73 NP B53 251 LANGEEIN,WAGNER [MUNICHIIJP 
MOORHOU1 73 PL 43B 66 MOORHOUSEt DBERLACK IGLAS÷LBLIIJP 
MOORHOU2 73 LBL-1590 HODRHOUSE,DBERLACKtROSENFELD (GLAS+LBLI [JF  

AVEO 74 PRIVATE COMMCTN. AYED,BAREYRE (SACL) I JP  
ALSO 73 A IX  CONFERENCE AYED,BAREYRE (SACL I [ JP  

CRAWFDRO 74 GLAS. PREPRINT R L CRAWFORD (GLAS( 
ALSO 73 BONN CONFERENCE R L CRAWPDRO (GLAS) 

METCALF 76 CALT-68 -425  w J METCALF, R L WALKER (CIT) 

PAPERS NOT RE~ERREO TO IN DATA CARDS. 

BAREYRE 6B PL 18 3~2 + BRICMANt STIRLING, V ILLET  ISACLAYIIJP 
JOHNSON b? UCRL-17683 THESIS C H JOHNSON (LRL) 
DEANS 69 PR 177 2623 S R DEANS (UNIV S FLORIDA) 
OONNACH[ 69 NP IOE 433 A DONNACHIE, R KIRSOPR (GLAS÷EDIN) 
AYED 70 PL 31B E9B ÷BAREYRE+VILLET {SACLAY) 

I " - - - - 1  

INqToo l . . . .  E . . . .  TOO . . . . . . . .  ,,=1,2 I D ' I s l  
i ~ , ,  | A NEWt PRELIMINARY ENERGY DEPENDENT ANALYSIS BY AYED 72 

INDICATES THE PRESENCE OF THIS STATE. AYEO 76 
DEFINITELY REQUIRE THIS STATE. IN ADDITION AN ISOBAR 
MODEL ANALYSIS EY HERNDON 72 SHOWS EVIDENCE FOR 

THIS STATE IN THE SIGMA N AND DELTA RE CHANNELS. THERE IS ADDITIONAL 
EVIDENCE FROM K SIGMA ASSOCIATED PRODUCTION AND PI N, K LAMBDA 
PHOTOPBODUCTION. SEE THE N* MINI REVIEW. 

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

18 N IL /Z (1700 )  HASS (MEV) 

M 3 (lTBO.) OONNACH2 6B RVUf  PHAS.SHIFT-CERNI 10 /69  
H 3 (1680 . )  KIRSOPR 68 RVUE PHASE SHIFT ANAL 10/69 
M 3 WHERE MAX. ABSORPTION IS -DONNACH1. Z tKIBSOPP EYEBALL FIT CERN E E0/69 
M A (1780 .0 )  WAGNER 7E IPWA P I -P  TO K LAMB E/71 

A 013 RESONATES ONLY IN ONE OUT OF 3 POSSIBLE SOL. M 
M (1670 . )  DEANS 72 MPWA GAM P-K LM. SOLO 9 /73 .  
M 1 ( I 790 . )  LANGBEIN 75 IPWA Pl N-K SIGtSOL I 9 /73=  
M l NOT SEEN IN SOLUTION 2 OF LANGBEIN73 9 /73 .  
M ( t T lO . )  AYED 74 IPWA 2 /T4 "  

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

18 N* I / 2 (1TOO)  WIDTH (MEV) 

W (90.(  DEANS 72 MPWA GAM P-K LM.SOL D 9/T3" 
W 1 (120.] LANGBEIN 73 IPWA PI N-K SIG,SOL [ 9 / 73 *  
W ( lOO. i  AYEO 74 IPWA 2 /76 *  

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

18 N*E /2 { [TOO)  PARTIAL DECAY MODES 

DECAY MASSES 
PI N*L /Z ( ITOO)  INTO Pl N 139+ 938 
P2 N* I /E IETOOI  INTO LAMBOA K 1E15÷ 697 
P3 f l ~ l / 2 ( ITOO)  INTO DAM PtHELIC ITY=B/2  O+ 958 
P6 N= I IZ I ITOO)  INTO GAH P tHEL IC ITY= l l 2  O÷ 938 
P5 N* I / 2 ( ITOO)  INTO GAM N tHEL IC ITY=B/2  0÷ 939 
P6 N* [ /211TOO)  INTO GAM N ,HEL IC ITY= I / 2  O÷ 939 
P7 N* [ / 2 (1TOO)  INTO K SIGMA 493÷1169 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of Listings. 

18 N' l /2 (1700)  BRANCHING mATIOS 

R1 N* I / 2 (E700 )  FRqM GAMMA PROTON TO K LAMBDA SQRT( (PB÷P4}SF2 )  9/735 
QI ( . 00771  DEANS 72  MPWA GAH P -K  LM+SOL D 9 /735  

~2 N*11211700) FROM Pl N TO K SIGMA SORT(P lSPT)  9 /735  
R2 l ( , 10 )  LANGB~IN  73 IPWA P I  N-K  G IG ,SOL  1 g /73~  

R3 N$1 /2 (E7DO)  INTO Pl N/TDT~L  (P l (  
q? (.089) AYED 74 IPWA 2/745 

18 N* l / 2 (17DOI  PHOTON DECAY AMPL(GEVS*-I/21 

POP DEFINITION OF GAMMA-NUCLEON OECAY AMPLITUDES, SEE MINI- 
REVIEW PPECEDIhG THE BAQYON LISTINGS. 

A1 N*I/211700) INTO DAM P, HEL IC ITY= I / 2  (0EV5*-1/2) 
~1 - , 103  , 130  DEVENISH 73 OPWA P[N PHOTO P~OD 2 /74~  
A I  - - . 01S  . 340  KNIFS 73 DPWA F ]N  PHOTO PRO0 2 /74 *  
A1 ( . 023 )  NOORHOU2 73 OPWA P/  N PHOTO PROD 2 /741  

. 0  *034  METCALF 74  OPWA P IN  PHOTO-PROD 2 /74 *  A1 
a !  . . . . . . . . .  
A1 AVG -0.010 0.02S AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

A2 N '1 /2 (1700 )  INTO GAM P, HFLICITY=3/2 (CEV* * - I / 2 }  
A2 . 055  . 063  DEVENISH 73 DPWA PIN PHOTO PROD 2 /74=  
A2 .030 .040 KNIES 73 DPHA P/  N PPK]TO PPDD 2/74* 
A2 ( . 0351  NOORHOU2 73 OPWA P IN  PHOTO PROD 2 /74~  
A2 .0 .029 METCALF 7A OPWA P/ N PHOTO-PRO0 2 /74e  
A2 . . . . . . . . .  
A2 AVG O.O iS  0.022 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

A3 N '1 /2 (1700 )  INTO GAM N, HEL[CITY=I12 (GEV* * - I / 2 )  
A3 . 013  . 222  OEVENISH 73 OPWA Pl  N PHOTO PROD Z /74=  
~3 - . 036  *040  KNIES 73 DPWA PIN PHOTO PROD 21745  
A3 ( - . 015 )  MOORHOU2 73 OPWA Pl N PHOTO PROD 2 /745  

.0 .034 METC ALF 74 OPWA Pl N PHOTO--PROD 21745 A3 
A3 . . . . . . . . .  
A3 AVG -0.015 0.026 AVERAGE (EPROR INCLUDES SCALE FACTOR OF E.O) 

A4 N'1/211700) INTO DAM N+ HEL ]C ITY=3 /2  (GEV*~-I/21 
~4 - . 088  . 0B7  OEVENISH 73 OPWA P IN  PHOTO PROD 2 /741  
A4 . 034  .024 KNIES 73 DPWA Pl N PHOTO PRO0 2 /74~  
A4 ( . 028 )  MOORHOU2 73 DPNA P /  N OHOTO PROD 2 /74 *  

• 0 . 044  METCALF 7B OPWA F/ N PHOTO-P~O0 2/74= A4 
A4 . . . . . . . . .  
A4 AVG 0.013 0.020 AVERAGE (EBROR INCLUDES SCALE FACTOR OF 1.0) 

• * * *5 *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * *5 *5 * * *  * * * * * * * *5  *55 * *5 * *  

RF~ERENCES FOR N'1/2(1700) 

OONNACH2 bO VIENNA 139 DONNACHIE RAPPORTEURoS TALK (GLAS(  
KIRSOPP 68 THESIS  R G KIRSOPP (EO IN I  
WAGNER 71 NP 325 4E1 F WAGNERt C LOVFLACE (CERNJ 
OFANS 72 PRO b 1906  DEANS,JACOBSt LYONS,MONTGORFRY (SOUTH FLA . I I JP  
OEVENISH 73 PL 47B 53 OEVEN[SH,RANKIN,LYTH (LOUC+BONN+LANC#IJF 
KNIES 73 LRL-2410 KNIES,HOORHOUSE.OBERLACK { LBL÷GLAS) I JP  
LANGBEIN 73 NP B53 251 LANGREIN.WAGNER (MUNICH)IJP 
~OPRH~U3 73 LRL-1590 MOORHOUSEtOBERLACK,ROSENFELD [GLAS÷L6L)IJP 
AYEO 74 PRIVATE COMNCTN. AYCD,BAREYRE (SACL(IJP 

ALSO 73 AIX CONFEqENCE AYEO,BAREYRE (SACL) I JF  
METCALF 74 CALT-~8 -4E5  W J METCALF, R L WALKER (CITI 

PAPERS NOT REFERRFD TO IN DATA CARDS. 

HFRNOON 72 LBL 1065  ÷...ROSENFELO...÷CASHHERE*... (LBL,SLAC) 

• 5 * * * *  * * * * * * * * *  * 55 * * * * *5  * * * * * * *5 *  * * *5 * * * * *  * * *5 *5 *5 *  * * * * * *55 *  5 *555*5 *  
• 5 * * * *  * * * * * * *5 *  * * * * * * * * *  * * * * * * * * *  5 * * *5 *5 * *  5 *555*5 *5  * *5 * * * * * *  * * * * * *55  

1700  M]~V REGION - PRODUC'NON ~ ( ] P E ~ d ~ ' I ' S  

20 N*1 /2 (17DO,  JF=  ) 1=1 /2  

PART IAL  WAVE ANALYSIS REQUIRES AT LEAST FOUR I= i12 $TAT 
IN  THE lb70 TO 1780 REGION (DEBt FIEf $11+ P l l (  AND AT 
L~AST ONE I=312  STATE 10331 .  OBV IOUSLY ,  D IFFERENT EXPE 
IMFNTS ARE SEEING DIFFERENT STATES AND OFTEN IT IS NOT 

CLEAR WHAT ISOSPIN STATE IS BEING OBSERVED. NO EFFORT WAS MADE 
TO SEPARATE THESE EXPERIMENTS ACCORDING TO J ° t  SINCE NONE OF THE 
REPORTED JP IS FIRMLY ESTABLISHED. WE LIST ALL THE INFORMATION HEREt 
BUT WE HAVE NOT USED IT IN THE BARYON TABLE. 

~OR SPIN-PAQITY ANALYSIS OF THIS MASS REGION, SEE JOHNSTAD 72 AND 
LAMSA 72 .  

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

20  N*1/2(1700) MASS (MEV) (PROD. EXP. )  

( 169S .0 )  ( 9 . 0 )  A -BORELL I  67  HBC ÷ PEAR P 5 .7  BEV/C 8 /67  
M (1734 .0 )  ( 21 .0 )  ALMEIDA 68  HBC + PP 10 BEV /C  9 /69  
M {1730 .0 )  ( 18 .0 )  GALLOWAY 68  HBC F I -P  6 GEV/C 8 /69  
M 1 I 1712 .0 )  ( 6 . 0 )  BARNES 69  HBC K -P  TO K -P  2P I  7 / 70  
M A (1667 .0 )  I F .D )  BENVENUTI 69 OBC 0 a I -D  2 .23  GEV 5 /70  
M B 190 (E693 .1  ( IS . I  RHODE 69  HBC FF 22 GEV/C 10169  
M (1691.1 ( 4 . )  ANDERSON 70 MMS - P l -  P TO PI -  NNS 2171 
M 177 (1710 . )  ( 10 . )  C IRBA  TO HBC ÷ P I÷  P TO P+3P I  2 / 71  
M 4011763 . )  ( 25 . )  COOPER 70  HBC + LAMB. K PRO0.  2171 
M 505(1730.0) ( i $ . 0 )  CRENNEtL 70  HBC + P I -P tP I÷P  6 GEV 1 /71  
M BO(171O, I  KUZNETSOV TO HLBC - LAMB.  K PROD. 2 /71  
M A (ET I9 .0 }  ( 6 . 0 )  WILLMANN 70  HER + P I÷P  13 .  GEV 5 /70  
M (1694 .0 )  ( 8 . 0 )  AMALDI  71 CNTR P P AT 24  GEV 10 /71  
M 11730 .1  ( 20 . )  BALLAM 71 HBC + -  P I+ -P  AT 16GEV 2 /72  
M (1700* )  BEKETOV 7L HBC + P t l  P 4 .65GEVIC  3 /72  
. ( 1711 . )  ( 10 . )  ROESEBEC 71RVUE PP ,P I -P ,K -P  PROD 3 /72  
m ( 1672 .0 )  14 .01  ELL IS  71 CNTP BNS PP 3 .7  GEV/C 10171  

BO(16BO,O)  110 .0 )  8O /12O NA 71HBC + P P TO P N F /  10 /71  
M (1700 .0 )  ( 10 .0 )  MORSE 71HBC + P I -P  25  GEV/C 3 /72  
M 1670 .  T~ 1730 .  MORSE 71 HBC ÷O P I -P  7 GEVIC B /72  

( 1720 . )  ( 20 . I  RUSHBROOKE71 HBC ÷ PP TO PZPI  16GEV 2 /72  
M ( I b90 .B |  ( ~ . 5 )  EDELSTEIN 72 MMS + PP 6 TO BO GEV 1 /7B  
M ( 1668 ,0 I  I t 9 . 0 )  24 /45  KARSHON 72 DEC + PD- -POZP[  7 GEV 12 /72  
M C (17L5 .01  ( $ . 0 )  LAMSA 72 HBC ÷ PImP 8T018  GEV 1 /73  
M 2 ( 1660 . }  115 .  OH 72 OBE 0 P I -N  TO P I -P I -P  2 /73  
M (1720 .  l ( 15 . )  PONAT 72  HBC P [÷P  TO 3P I  F 2 /73  
M C ANALYS/S  GIVES JP = B /2+  
M 32 DETERMINE J=5 /21F15  PROBABLE 2 /73  
N JP IS PROBABLY 512÷ 
M E I JP  CONSISTENT WITH S1111700) OR FLI117E0) IN FORMATION 
M A J CONSISTENT WITH 5/2 OR 7/2 

W 
W 
W 
W 1 
W A 
W B 

Baryons 
N(I?O0) 

( 7O .O I  ( 20 .0 )  A -BORELL I  67 
( 160 .  OI (ST .0 I  ALMEIDA  68  

133 .01  115 .0 )  GALLOWAY 68 
(TO ,O)  ( 15 .0 )  BARNES b9 
( 105 .0 )  (16.0l  BENV~NUT( 69 

190  (23E . )  (SO . I  ~HOOE 69  
1130 . )  ( 10 .1  ANDERSON 70 

177 ( bb . )  (2b.) CIRCA 70  
(102 . )  ( 40 . )  COOPER TO 

505  (130.0) 130 .0 )  CRENNELL 70  
60 ( 220 ,1  KUZNETSOV 70  

(63 .0 )  ( 12 .0 )  WILLMANN 70 
1152.01 115.0) AHALDI 71 
(120.] (SO.) BALLAM 71 

(S? , )  115 , )  BOESEBEC 71 
(102.0) (9.0) ELL IS  71 

80 194 ,0 )  120 .0 )  60 /120  MA 7I 
( 70 . )  (20.) ~DRSE 71 

TO. TO 120. MORSE 71 
( 120 . l  ( 40 . )  RUSHBROOKE71 
(133 .0 )  ( 26 .0 )  ECELSTEIN 72 
( 168 .0 }  ( 64 .0 )  KARSHDN 72 

(BO.O I  APPROX. LAMSA 72 
112B . )  140 .  OH 72 

(60. ]  140.) RONAT 72 HBC 
SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

HBC 9 /69  
HBC + 9 /69  
HBC 0 /69  
HBC K -P  TO K -P  2P|  7 / 70  
OEC 0 S /70  
HBC PP 22 GEV/C 10169  
MNS - PI-  P TO P I -  NMS 2171 
HBC ÷ P I÷  P AT 5 GEVIC 2 /71  
HBC + P l+P .  5 . 5  GEV/C 2 /71  
HBC + 1171 
HLBC - P [ -P ,  4 GEV/C 2 /71  
HBC 5 /70  
CNTR P P AT 24 GEV 10171  
HBC ÷ -  P I÷ -P  AT 16GEV 2 /72  
RVUE PP+P I -P tK -P  PROD B/T2  
CNTR RNS PP 3 .7  GEV/C 10171  
HBC + P P TO P N P I  10171 
HBC ÷ PI -P  25 GEVIC 3 /72  
HBC +0 P I -P  7 GEV/C 3 /72  
HBC ÷ PP TO PZPl  16GEV 2 /72  
MMS + PP b TO 30  GEV 1 /73  
DEC ÷ PO- -PO2P l  T GEV 12172  
HBC P l  P 18 .S  GEVIC 12 /72  
DBC O P I -N  TO P I -P l -P  2173  

P I+P  TO 3P I  P 2 /73  

20 N*l/211700) PARTIAL DECAY nODES {P~O0. EXP.) 

DECAY MASSES 
Pt  N ' 1 /2 (1700 )  INTO P IN  139÷  938  
P2 N* I / 2 (1700 I  INTO N P l  P I  938÷  139÷ 139 
P3 Ne l / 3 (1700 )  INTO N '3 /211232 )  PI 1232÷  1B9 
P6 N*t l2(1700l+ INTO NEUTRON PI÷ 939+ 139 
PS N '112 (1700 )+  INTO P~OTON PI+  PI- 938+  139+  139 
P6 N51 /2 (1700 )+  tNTO N*3 /211E32 )÷÷  P I -  1232~  139 
P7 N$112 (1700 )  INTO N ETA 939+  548  
PB N*112 (17001  INTO LANBDA K 111S÷ 497  

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

20 N*1 /2 (1700 )  BRANCHING RATIOS (PPOD.  EXP . )  

R I  

~2 

R3 

R4 
R4 
R4 

R4 A 
R4 

R5 

BB 
R6 

m7 

BE 
RO 

:88, 

N.112117001  INTO (P I  N I / IP [  N .3 /2 (1232 ) )  (P I I / (PB )  
( 0 . 77 )  OR LESS LEE 6T HEC 0 PI-P 3.b GEV/C 11 /67  
( 9 . 0 (  OR MORF BENVENUTI 69  DEC B /70  

N .1 /2 (1700 )  INTO (N ETA I / IN  P I  + N P l  P l )  IPT I / (P I+PE)  
(O.OES)OR LESS KRAENER 64  DEC + PI+D  1.2 
(O.042)OR LESS CL=.BS A-BORELLI 67  HBC ÷ PBAR P 5.7 BEV/C 9169 

N*1 /2 (1700 |  INTO {LAMBDA K I / (P  PI+ P l - )  (P8 ) / (PS )  
(O .03410R  LESS ALEXANDER 67 HBE + PP 3 ,5  BEV/C 11 /67  
10 .07 )  OR LESS CL= .BS  C IRBA  70  HBC P I+P  AT 5 GEV/C 2171  

N . l / 2 (17001  INTO {LANBDA K ) / (N  Pl  + N P /  P l )  (P8 ) / (P I+PE)  
(O.013)OR LESS CL=.95 A-RORELLI 67  HEC ÷ 8 /67  

SEEN CHINOWSKY 68  HBC PP TO K+ Y N b /b8  
LIMITS D,OES TO 0.11 BARNES 69  HBC K--P TO K -P  2P I  7 / 70  

2S 0 .025  0 .00S  CRENNELL 70  HRC + 1 /71  
LESS THAN 0 .025  WILLNANN 70  HBC P I+P  TO 3P [  P 6 /70  

23  SEEN, CONS, WITH J=1 /2  BORSF 71HBC 0 P l -P  7 GEV/C 3 /72  

N '1 /211700 )  INTO IN  P l ) / (N  P l  F l )  (P l l I fP2 )  
( 1 . 26 )  OR LESS CL= .BB  A -BORELL I  67  HBC ÷ 8 /67  

0 .02S  0 .13  CRENNELL 70  HBC + 1 /71  

N* I / 2 (17001  INTO (NSB /E (1232 }  O I l / IN  P I  P I I  (PB ) / IP2 )  
NO FVIDENCE A -EOPELL I  67  HBC + 8 /67  

SEE MERLD 66 FOm A REVIPW. 

N51 /2 (17001  INTO (NEUTRON PI+)I(O PIT  P l - )  (P4 ) / (PS )  
0 .67  0 .40  ALEXANDER 67  HBC ÷ PF 5 .B  BEV /C  11167  
0 .67  0 .25  A -BORELL I  67  HBC PEAR P 5 .5  GEV/C 7 /70  

AVG 0 .53  0 .21  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .01  

N=L /2 [1TOO)  INTO 1N*3 /2 (1232 )++  P I - ) / iP  P I÷  P I - I  {P6 ) / [P5 )  
0 . 74  0 ,14  ALEXANDER B7 HBC + PP 5 .5  BEV /C  11167  
[ .O  0 .3  ALMEIDA  68  HBC PP LO BEV/C 9 /66  

(O*B31  KAYAS bB HEC PP 8 .1EEV /C  11 /68  
1 LESS THAN 0 .15  BARNES 69  HBC K-P TO K -P  2P I  7 / 70  

(O.EO) OR LESS CL=.BS CIRBA 70 HBC PI+P AT S GEV/C 2171 
CRENNELL TO HBC NO EVIDENCE + 1171 

(2 .3 }  ( 1 . 6 )  WILLMANN TO HBC P ImP TO 3P I  P 6 /70  
11.0) OR MORE CL= .BS  BEKETOV 71HBC + DEL (1232 I÷÷  P l -  3 / 72  

0 .75  0 .75  BOESEBEC 71RVUE PP ,P [ -P ,K -P  PROD 3 /72  
0 .35  0 .20  RUSHBROOKETI HBC + po TO P2P I  [6GEV 2172 
0 .6E  0 .15  LAHSA 72 HBC F I  P 18 .5  GEV/C 12472  

R8 . . . . . . . . .  
RB AVD 0 .66  0 .10  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .2 )  

R9 N t112 (1700 )  INTO (S IG  K I / ( LAMB K)  PRO0. EXP.  
R9 LESS THAN .20  COOPER 70 HBC ÷ P loP ,  3 . 5  GEV/C 

SEE THE NOTES AECOHPANYING THF MASSES QUOTED 

e* * *= .  * * * * * * *e ,  * * * * * * * * *  * * * * * , 5 * *  * * . 5 . . 5 . ,  5 * * * * * * * *  * * * * * * , , 5  . , , , * * * *  

REFERENCES FOR N*Z /2 ( t 7001  (DRDD.  EXP .1  

KRAENER 64  PR 136 B496  ÷NAOANSKY,÷  ( J  HOPKIN$,NWESTERNtNOOO$TDEK) I 
ALEXANDE 67  PR 156 1284  ALEXANDERtEENARY,CZAPEK,÷  (WEIZNANN(CEAN) I  
A-BORELL 67 NC 47 232  ALLES-BORELL1 ,FRENCH,FR ISK ,M ICHEJOA (CERN) 
LEE 67 PR 1S9 E156  ÷MOEBSeROE.SINCLAIReVANOER VELDE (MICH) 

AtNE IOA  68  PR 174  1638  +RUSHBROOKE. ÷ (CAVEtDESY(CERN) )  
CHINOMSK 68 FR 163  1466  CH INUNSKY,K INSEY,KLE |N I  + ( LRLeGLAC}  
GALLOWAY 68  PL 27B 250  GALLOWAYtALYEAtCRITTENOENtPRICKETT t÷  ( INOI  
KAYAS 68  NP 35 [ 69  ÷GUYADERtSENEtY IG tJ tAL ITT Ie+  (ORSAY,SACLAY)  

BARNES 69  PRL 23 13E6  +BASSANO+CHUNG+EISNER÷FLAMINTO+KINSON (BNL I I J  
BENVENUT 69  PR 187 1852  8ENVENUTI ,  MAROUIT,  O=PENHEIMER (H INN+COLO)  
RHOOE 69  P~ 187 1844  RHOOEt LEACOCKt KEPNAN, JESPERSEN,÷  I ISU)  

ANDERSON 70  PRL 251699  +BLESER,BL IFOEN,COLL INS+÷  (B f l L tCARN)  
C IRBA  TO NP 823 ,533  ÷VANOERHAGEN÷ (EPOL tOURHtN IJMt  TORI tBONN)  
COOPER 70  NP 323 ,603  +NANNERtMUSGRAVE,POLLARO,VOYVODIC {ANL )  
CRENNELL 70  PRL 23 187  + L A I +  LOUIE t  SCARP, S InS  IENL I  
KUZNETSOVTO SJNP 10 .332  +HELNIKOVtRYLTSEVA,CHADRAA,BAL INTP  ( J INR)  
WILLNANN TO PRL 24 1260  ÷LAMSAtGA IOOS,EZELL  (PURO) I J  



Baryons 
N(1700), N(1780). N(1810) 

AMALOI 71PL  34B 455 
BALLAM 71 PR D4 1946  
8EKETOV 71SJNP 13 605 
BOESEBEC 71 NP 833 ~45 
FLL IS  71 PRL 27 442 
MA 71PRL  26 333  
~DRSE 71 PR 04  ~3B 
RUSHBROO 71PR 04  3273  

CDELSTEI  72  PR D5 1073  
JOHNSTAD 72 NP 842  588  
KARSHDN 72 NP 837  371 
LAMSA 7B NP B37 364  
DH 72 PL 428 497 
RDNAT 72 NP B38 20  

+BIANCASIELLI.BOSIO,+ ( I  SANITA ROMA+CERN) 
+CHADWICK,GUIRAGDSSIAN,JOHNSON,++ (SLAC) I 
,ZOMBKOVSKII,KONOVALOV,KRUCHININ,÷+ ( ITEP l I J  
BOESEBECK,GRAESSLER,K~AUS,+++ (ABBCHLV) I 
+MAGLICH, NOREM,SANNES,SILVERMAN (RUTGI 
+COLTCN (MSU+LBL]I 
+OH,WALKERtCARROLL,LYNCH + IWISC+TNTO)I 
RUSHBRDOKE.WILLIAMS+~AREFORD++ (CAVE,LOIC) IJ 

EDELSTEIN,CARRIGAN~HIEN,MCMAHON,+(CARN+BNt) 
+MOLLERUD+...+JaCOBSEN(BOHR.HELS,OSLO,STOH} IJP 
+YEKUTIELI,YAFFE,SHAPIRA,RDNAT,+ (REHOI  
+WILLMANN+..+GO,BISWAS+... (PURD,NDAMI JP 
+FUNG,KERNAN,POE,SCHALK.SHEN (UCPIIJP 
+EISENBERG,LYDNS,SHAPIRA,TOAFF+ [REHO) 

PAPERS NOT REFERRED TD IN DATA CARDS. 

MERLO 66 P ROY SOC 289  489  J P MERLE, G VALLADAS (SACLAVI 

I N ( l " m o ) l  ,4 N.112,178 . . . . . . .  2.)  i=11  
l I THE EXISTENCE OF THIS RESONANCE IS WELt ESTABLISHED. 

14 N1112(~7805 MASS (MEVI 

M 3 (1751.01 DONNACHI 68 RVUE PHASE-SHIFT ANAL 8169 
N ( I 640 .0 )  { 70 .0 I  ORITO 69 RVUE K LAMBDA PS ANAL 8169 
M (1700.05 ORIT02  69  CNTR K LAM PHOTOPRO I 0 / 71  
M 6 { 1645 .0 )  AYED 70  IPWA 1 /71  
M 6 FROM ENER. DEP. FIT OF ARGAND DIAGRAM 
M 4 (1770.05 DAVIES 70 RVUE P-S ANAL SOL A 8109 
M (IBOD.0} SCHORSCH 70 DPWA K LAM PHOTOPRO. LOFT[ 
M A (1685.0}OR(ITAD.O) WAGNER 71 IPWA PI-P TO K LAMB 1171 
M A THERE ARS 3 SIMILAR SOLUTIONS 
MT  ( 1720 . )  ALMEHED 72 IPWA 2 /72  
M 2 (1728. )  HICKS 73 MPWA GAM P-ETA P 9173" 
M 2 ONLY STATES FROM TABLE V I I  OF HICKS13 ARE INCLUDED IN LISTINGS. 9178* 
M 2 M AND W ARE FROM SOLUTION C2,8R=SORT(GI/W WITH G FROM TABLE V I I .  9173" 
M (1780 . I  LANGQEIN 73 IPWA Pl N-K SIG,SOL I 9173" 
M (1780 . I  LANGBEIN 73 IPWA Pl N-K SIG,SDL 2 9173 .  
M (1729.I AYEO 74  IPWA B174* 

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

14 N* I /2 ( ITBO)  WIDTH {MEV) 

W 3 (327 ,0 )  DONNACH1 68 RVUE 8 /69  
w ( 310 .05  ( 50 .0 ]  ORITO 69  RVUE 8 /69  
w (210.OI ORITO2 69 CNTR K LAM PHOTOPRD 10171 
W b (50 .0)  AYED TO IPWA I171 
w 4 ( 445 .0 I  DAV IES  70  RVUE SOL A B /69  
W (280.05 SCHORSCH 70 DPWA R CAM PHOTOPRO. 10171 
w A (160 .O )DRI220 .O}  WAGNER 71 IPWA P I -P  TO K LAMB 1171 
w 7 [ 160 . )  ALMEHED 72 IPWA 2 /72  
w 2 ( 203 . }  H ICKS 73 MPWA GAM P -ETA  P 9173 .  
w ( 130 . )  LANGBEIN 73 IPWA Pl N-K SIG,SDL 1 9173" 
W (130. )  LANGBEIN 73 IPWA Pl N-K SIG,SOL 2 9 /73 .  
w ( 217 . )  AYED 74 IPWA 2174. 

SEE TH~ NOTES ACCOMPANYING THE MASSES QUOTED. 

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

I 4  N* I /2 ( ITBO)  PARTIAL DECAY MODES 

DECAY MASSES 
Pl N*112 (1780 )  INTO P) N 139+ 938 
P2 N'112(1780) INTO LAMBDA K ILLS+ 497 
PB N*112 (1780 )  INTO N ETA 939+  548  
P4 N*I12117801 INTO GAM P* HELICITy=I /2  O+ 936 
P5 N*112117805 INTO GAM N, HELICITY=I/2 O+ 939 
P6 N*~ /2 (1780 )  INTO N P I  Pl 938+  139+ 139  
P7 N*1 /2 (17801  INTO N EPSILON 938+  700 
PB N '1 /2 (1780 )  INTO N ~HO 938+  Y70 
P9 N'112(17805 INTO K SIGMA 493+1189 

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

14 N* I12 (1780 I  BRANCHING RATIOS 

R[ N'112(1780) INTO IP l  NI/TOTAL (P1) 
Pl 3 {0 .321  DONNACHI 68 RVUE B /b9  
R1 6 (0 .149)  AVED 70 IRWA l l T l  
RI 4 ( 0 . 45 )  DAV IES  7o  RVUE SOL A B I69  
R1 7 ( 0 . 2 )  ALMEHEO 72 IPWA 2•72 
RI ( . L88 )  AYEO 74 IPWA 2 /74 .  

R2 N*112 (17805  INTO (LAMBDA K ) * {P l  N)ITOTAL**2 (P2 *P l )  
~2 0 .004  0 .003  ORITO 89 BVUE 8 /69  
R2 A (O.0255DR 0.043 WAGNER 71 IPWA PI-P TO K LAMB 1171 

R3 N '1 /2 (1780 )  INTO {LAM8DA K I /TOTAL  (P2 )  
R3 B (O.O03)TO 0.065 RUSH 68 MPWA T POLE + RESON. Blb9 
RB B PARAMETRIEATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

R4 N* l /Z (1780 I  INTO IN  ~TA) /TOTAL  (P3 )  
R4 B (0 ,195  BOTKE 69  MPWA T POLE + RESON. 10169  
R4 B (0 .09 )  [O .OB)  DEANS 69  MPWA T POLE + RESON° A lTO 
P4 B (O .01550R  0 .085  CAR8ERAS 70 MPWA T POLE + RESON. 5 /70  
R4 B PARAMETRIZATIDN USED COULD BE IN  DANGE~ OF DOUBLE COUNTING 

R5 N*112 (1780 )  FROM GAMMA PROTON TO K LAMBOA SQBT(P2*P4 }  9173 "  
R5 (0 ,0027 )  OR IT02  69  ENTR K LAM PHOTDPRO 10 /71  
R5 ( 0 . 00885  SCHORSCH 70  DPWA K LAM PHOTOPRO, 10171  
RS 1.0104) OEANS 72 MPWA GAM P-K LM,SOL D 9 /73*  

R6 N*~ IE (17805  FROM GAMMA PROTON TO ETA PROTON SQRT(PB*P4 )  9173~  
a6  2 ( ,DOTS)  H ICKS 73  MPWA GAM P-ETA P 8 /73 *  

97  N*1 /2 (17805  F~OM PIN  TO K SIGMA SQRTIP I *Pg l  9 / 73 *  
R7 ( . l l )  LANGBEIN 73 IPWA PI N--K S IG ,SOL  I 9173 .  
R7 ( . 145  LANGBEIN 73 IPWA P I  N--K S IG tSOL  2 9173 "  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  _ . . . . . . . . . . . . . . . . . . . . . . . . . .  

t36 

Data Card Listings 
For notation, see key at front of Listings. 

14 N*I12(17801 PHOTON DECAY AMPL(GEV**-I/21 

FOR DEFINITION DF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI -  
REVIEW PRECEDING THE BARYON LISTINOS. 

A1 N.112(17805 INTO GAM P. H¢LICITY=I I2  (01V~-1125 
at .022 .057 DEVENISH 73 OPWA P IN  PHOTO PROD 2174" 
AT . 022  .015 KNIFS 73 OPWA P) N PHOTO PRO0 2174 "  
AI +.026 .028 MDORHOUI 73 DPWA P IN  PHOTO-PROD 2173 
AI .016 .02S MDDRHOU2 73 DPWA P) N PHOTO-PROD 2 /74 '  

- . 068  .024 METCALF 74 OPWA P IN  PHOTO-PROD 2 /74~  A )  
A l  . . . . . . . . .  
A1 AVG 0.005 0.017 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.7) 

A2 N$L12(1780) INTO GAM N, HELICITY=t/2 (GEV=#- I I2)  
A2 - . 028  .067 OEVENISH 73 OPWA P IN  PHOTO PRDO 2174. 
A2 *027 .015 KNIES 73 OPWA P IN  PHOTO PROD 217A~ 
A2 +.027 .022 MOOBHDUI 73 DPWA Pl N PHOTO-PROD 2 /73  
A2 .057 .022 MOORHOU2 73 DPWA Pl N PHOTO-PROD 2174. 
A2 .048 .045 METC~LF 74 DPWA P IN  PHOTO-PROD 2174. 
A2 . . . . . . . . .  
a2 AVG 0 .033  0.010 AVERAGE (ERROR INCLUDES SCALE FACTOR OF i .O )  

REFERENCES FOB N*I12(17805 

DDNNACH1 68 PL 268 161 
ALSO 68 VIENNa I39 
ALSO bB THESIS 

RUSH 68 PR 173 1776  

BOTKE 69  PR IBO I417  
DEANS 69  PR ! 85  1797  
ORITO 69 LNC l 936 
ORIT02 69 INS J I IB  

AYEO 70 K1EV D~NF 
CARRERAS 70  NP LbB 85  
DAVIES 70 NP 821 359 
SCHORSCH 70  NP 825 179 

WAGNER 71NP 925 41t 

ALMEHED 72 NP B40 157  
DESNS 72 PaD 6 1906  
DEVENlSH 73 PL 47B 53 
HICKS 73 PRO 7 2614 
KNIES  73 LBt-2410 
LANGBEIN 73 NP BSB 251 
MOORHOUI 73 PL 439  44  

a DONNACHIE, R G KIRSOPP, C LOVELACE (CERNIIJP 
DONNACHIE RAPPDRTEUR.S TALK (GLAS) 

G KIRSDPP (EDIN) 
J ~ RUSH (UN ]V  ALABAMAI 

J C BOTKE 
S DEANS, J WODTEN 
S ORITOtS SASAKI 
S ORITO (THESISI 

R AY~D,P 8AREYRE, G VILLFT 
B CARRERAS, A DONNACHIE 
A DAVIES 
+TIETGE,WEILNBOECK 

F WAGNER, C LDVELACE (CERN) 

+LOVELACE (LUNO,RUTG)IJP 
DEANS.JACOBS, LYONS,MONTGOMERY (SOUTH FLA. ) IJP 
DEVENISH,RANKIN,LYTH (LOUC+BONN+LANCIIJP 
+DEANS,JAEOBS,LYONS+ (CAqN+OPNL+SOUTH PLA. ) IJP 
KNIES,MOORHDUSE.OBERLACK (LBL+GLAS)IJP 
LANGBEIN,WAGNER (MUNICH) I JP  
MOORHOUSE, OBERLACK (GLAS+LBLIIJP 

(UCSB] 
(UNIV S FLORIDA) 

(TOKYO-OSAKA) 
ITOKYOl 

(SACLIIJP 
(DARE,MCHS) 

(GLASI 
IMPIM) 

MDORHOU2 75 L8L -1590  MDORHOUSE.OBERLACK,RDSENFELD (GLAS*LBL)IJP 
AYED 7~ PRIVATE COMMCTN* AYEO,BAREYRE (SACL)IJP 

ALSO 73 A]X CONFERENCE AYED,BAREYRE {SACL)IJP 
METCALF 74 CALT-68-425 W J METCALF, R L WALKER (CIT) 

PAPERS NOT REFERRED TO IN DATA CARDS. 

DEANS 69 PR 177 2623 S R DEANS (UNIV S FLORIDA) 
DONNACHI 69  NP 108 438 A DDNNACHIE, R K IRSOPP (GLAS+EDIN) 
AYED 70 PL 31B 598  +BAREYRE÷VItLET (SACLAY) 

IN(181o) I . . . .  1,2( ................ 12 
THE EXISTENCE OF THIS RESONANCE IS WELL _STABLISHEO. 

15 N*I I211BIO)  MASS (MEV) 

M ) (1860.05 OONNACH1 68 RVUE PHASE-SHIFT ANAL b lb8 
M X 51860.05 APPROX LEA 69  CNTR PI-P ELASTIC 8169 
M X SEE AtSO APLIN 71 
M b (1766 .05  AYED 70  IPHA 1 /71  
M 6 PROM ENER. OEP. FIT OF ARGANO DIAGRAM 
M 4 (1844.05 DAVIES 70 RVUE P-S ANAL SOL A 8169 

WAGNER 71 IPWA Pl-P TO K LAMB 11TI M A (1800.05 
M A P13 RESONATES ONLY IN ONE OUT OF 3 POSSIBLE SOLUTIONS 
M 7 ( IB50 . )  ALMEHED 72 IPWA 2172 
M 1 (1833o) HICKS 75 MPWA GAM P--ETA P 9 /73*  
M I ONLY STATES FROM TABLE V I I  OF HICKS73 ~RE INCLUDED IN LISTINGS. 9175" 
M I M AND W ARE FROM SOLUTION C2,BR=SORT(GIIW WITH G FROM TABLE V I I .  9173" 
M (1696. )  AYED 74  IPWA 2174 "  

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

15 N*112(1810) WIDTH (MEVI 

W 3 (296.00)  D~NNAEHI 68 RVUE 
W b (182.05 AYED 70 IPWA 
W 4 (~49.05 DAVIES TO RVUE SOL A 
W 4 SOL B GIVES 307 MEV 
W A (220.0)  WAGNER 71 IPWA Pl-P TO K LAMB 
w (300 ,1  ALMEHED 71 72 IPWA 
W (250. )  HICKS 73 MPHA GAM P-ETA P 
W ( 117 .1  AYED 74  IPWA 

SEE THE NOTES ACCOMPANYING THE MASSES OUDTED 

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

15 N* I I 2 ( tB IO )  PART IAL  DECAY MODES 

DECAY MASSES 
P) N* I / 2 (18101  INTO Pl  N 139+ 938  
P2 N '112 {18105  INTO LAMBDA K 1115+  497  
P) N= I I 2 ( IB IO I  INTO N ETA g3D+ S4B 
P4 N*112 (1810 )  INTO N P I  P I  938+  139+ 139  
P5 N* [12 ( IB lO I  INTO GAM P tHEL IC ITY=3 /2  O+ 938  
Pb N*1 /2 (1810 )  INTO GAM P ,HEL IC ITY= I /Z  O+ 958  
P7 N*1 /2 {16105  INTO DAM N ,HEL IC ITY=3 /2  O+ 989  
P8 N*112(18101 INTO GAM N,HELICITY=II2 O+ 939 

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

8169  
IITt 
8 /69  
2173  
117I 
2172 
9175 "  
2174*  
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Data Card Listings 
For notation, see key at front of Listings. 

15 N '1 /2 (18101  BRANCHING RATIOS 

R] N*1/2(18105 INTO (PI N(1TOTAL (PE I  
RI 3 ( 0 . 2 I }  DONNACHI 68 RVUE 8169  
RI 6 (0.149) AYEO TO IPWA i171 
~1 4 (O.4O} DAVIES  70 RVUE SOL A 8 /69  
RI 7 (0 .25 }  ALMEHED T2 IPWA 2 /72  
RI (145.} AVEO 74  IPWA 2 /74 .  

R2 N* I / 2 (18 IO I  INTO (LAMBOA K} /TDTAL  (P2 ]  
R2 B (O.OI~)T9 0.16 RUSH 68 MPWA T POLE + RESON. 8 /69  
R2 B PAaAWETRIZATION USED COULD BE IN DANGER G~ DOUELE COUNTING 

R3 N'112(1810I INTO (N ETAI/TOTAL (P3# 
R3 B (0 .0364 )  BCTKE 69  MPWA T POLE ÷ RESDN. L0 /69  
R3 5 (0.003) (0.003) DEANS 69 MPWA T POLE ÷ RESON. 5/70 
R3 B (0.03050R 0*094  CARRERAS TO MPWA T POLE ÷ RESON. 5 /70  
R3 B PARAMETRIZATION USeD COULD BE IN OANGER OP DOUBLE COUNTING 

~4  N* I /2 [ IB IO ]  INTO [LAMBOA K ) * (P l  ME /TOTAL* *2  (P2 *P1 )  
R4 A ( 0 . 015 )  NAGNER 71 IPNA PI-P T9 K LAME 1/71 

~8 N'1/2(1810) FROM GAMMA PROTON TO K LAMBDA SORT( {P5+P6 ]~P2 )  9/73* 
R5 (.0O82} DEANS 72 MPWA GAM P-K LM,SOL 0 g/73* 

Rb N*L/2(18105 FROM GAMMA PROTON TO ETA PROTON SQRT((P5+P61*P3} 9/73* 
R6 1 (.0052) HICKS 73 MPWA GAM P-ETA P 9/73* 

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

15 N#I/2(1810} PHOTON DECAY AMPL(GEV**-I/2) 

FOR DEFINITION OF GAMMA-UUCLEON DECAY AMPLITUDES, SEE MINI- 
REVIEW PRECEDING ~HE BARYON LISTINGS. 

N'1/2(18105 INTO GAM P, HELICITy=l/2 (GEV**- I /2)  
- .022 . 094  OEVENISH 73 9PWA Pl N PHOTO PROD AT 

A~ - .004 .032 
At .D .D28 
At . . . . . . . . .  
At AVG -0.002 0.019 

A2 N*I /E( IEIO)  INTO GAM P, 
A2 - .001 . 106  
AE - .006 . 030  
A2 .O .022 
A2 . . . . . . . . .  
A2 AVG -O.OO2 0 .017  

A8 N*I12(I8101 I~TO GAM N, 
A8 . 132  . L73  
A3 .DI~ . 0 1 4  
A3 .0 .O5O 
A3 . . . . . . . . .  
A3 AVG 0.014 0.013 

A4 N~I12[18105 INTO GAM N, 
A4 .OBO .133  
A~ -.008 . 025  
AA . 0  . 044  
AA . . . . . . . . .  
AA AVG - 0 . 00~  0.021 

2174. 
KNIES 73 OPWA P IN  PHOTO PROD 2274*  
MFTCALE 7~ OPWA Pl N PHOTO-PROD 2174 "  

AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O l  

HELICITY=3/2 (GEV* * - I /E )  
OEVENISH 73 DPNA P IN  PHOTO PROO 2174~  
NNIES 73 DPWA Pl N PHOTO PROD 2 /74 *  
METCALF T4 DPWA PIN  PHOTO-PROD 2174" 

AVERAGE (EnRDR INCLUDES SCALE FACTO~ OF I.O) 

HELICITY=II2 (GEV**- I /2)  
DEVENISH 73 DPWA Pl N PHOTO PROD 2174" 
EMIRS 73 OPWA Pl N PHOTO PROD 2174" 
METCALF 74 DPWA Pl N PHOTO-PROD 2/TA* 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O]  

HELICITY=312 (GEV* * - I / 21  
OEVENISH 73 DPWA Pl N PHOTO PROD 2/?A~ 
KNIES  78 OPWA P IN  PHOTO PROD 2 /7A*  
METCALF 74 OPWA PIN  PHOTO-PROD 2 /74 .  

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

REFERENCES FOR N * I / 2 1 1 8 1 0 1  

DCNNACH1 68 PL 26~ 161 
ALSO 68 VIENNA 1~9 
ALSO 68 THESIS 

oUSH 68 PR 178 1776  

BOTKE 69  PR 180 1417  
DEANS b9 PR IB5  ITg? 
LEA 69  PL 298  SB4 

AYEO 70 KIEV CONF 
CAPBERAS 70 NP l ED  35 
OAVIES 70  NP 821 359  

W~GNER 71NR ~25 4LI 

ALMEHEO 72 NP 840 157  
DEANS 72 PRD 6 1906 
OEVENISH 73 PL 478  58 
H ICKS T3 PRO 7 2814  

A 00NNACHIE, R G KIRSOPP, C LOVELACE (CERNHJP 
DONNACHIE RAPPORTEUR.S TALK (GLAS) 
R G KIRSOPP (EDINI 
J E RUSH (UNIV ALABAMA} 

J C BOTKE IUCSB) 
S DEANS, J WOOTEN {UNIV S FLORIDA) 
LEA,OAOES,WARD,COWAN~÷ [RHEL,BRISTOL,DARE) 

R AYED,P 8AREYRE, G VILLET (SACL)IJP 
B CARRERAS~ A DONNACHIE (OARE,MCHS} 
A DAVIES (GLAS} 

F WAGNER, C LOVELACE (CERN] 

+LOVELACE (LUNO~RUTG} I JP  
DEANS,JACOBS~ LYONS~MONTGOMERY (SOUTH FLA.I IJP 
DEVENISH,~ANKIN,LYTH (LDUC+BONN+LANC}IJP 
+DEANS,JACOBS,LYONS+ (CARN÷OBNL+SOUTH FLA . I I JP  

KNIES 75 LBL -2 t * ]  O KN I ES, MOOEHOU S E, OBERLACK (LEL+GLAS) I JP 
AYEO 74 PRIVATE COMMCTN. AYED,BAREYRE (SACLiIJP 

ALSO T3 AIX CONPERENCE AYSD,EAREYRE (SACL)IJP 
METCALP 74 CALT-68-425 W J METCALF, R L WALKER [CIT) 

PAPERS NOT REFERRED TO IN DATA CARDS. 

DEANS 69 PR 177 2623 S R DEANS IUNIV S FLORIDA} 
DONNACHI 69 NP lOB 433 A DONNACHIE, P K IRSOPP (GLAS+EDIN} 

AYEO 70 PL 3 IB  598  ÷BAREYRE,VILLET (SACLAY}  
APLIN 71 uP B32 253 +COWANtGIBSON~GILMDRE++ (RHEL,BRISTOL) 

I N 0 9 9 o )  I . . . . . . .  , . . . . . . . .  T . . . . . . . . .  
THE MOST RECENT P IN  PARTIAL WAVE ANALYSIS, AYEO 74, 
FINDS EVIDENCE FOE THIS STATE. THERE IS ALSO SOME 
INDICATION IN THE K SIGMA CHANNEL, LANGBEIN 73. 

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

17 N'1/2(19905 MASS (MEV) 

M 3 (1983 .05  DONNACHI 68 RVUE PHASE-SHIFT  ANAL 
M E (1D95 . )  KIRSOPP bB RVUE PHASE SHIFT ANAL 101(>9 

WHERE MAX. ABSORPTION IS -DONNAOHI, 2 ,KIRSORP EYEBALL FIT CERN L 10169 M 5 
M X (E000 .0 )  APPROX LEA 69 CNTR PI-P ELASTIC 8269  
M X SEE ALSO APL IN  T1 
M 7 ( 2ODD. )  ALMEHEO 72 IPWA Z /72  
M 1 (1970 . }  H ICKS 73 MPWA GAM P-ETA P 91T3= 
M 1 ONLY STATES FROM TABLE V I I  OF HICKST3 ARE INCLUDED IN LISTINGS. 9/73~ = 
M I M AND W ARE FROM SOLUTION C2,BR=SQRT(G)/W WITH G ~ROM TABLE VI I .  9273  • 
M 1 ( 1960o }  LANGBEIN 73 1PWA P I  N -K  S IG~SOL i 8 / 73~  
M 1 NOT SEEN IN SOLUTION 2 OF LANGBEIN73 9173" 
M (2049 . )  AYEO 7~. IPWA Z lT4~  = 

Baryons 
N(1810), N(1990), N(@000) 

W 3 (225.05 
W 3 ( 280 . )  
W ? IEO0.l 
W ~ I 300 .1  
W (E7O.} 
W I 1 1 9 . )  

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

17 N.112(19905 PArTIal DECAY MODES 

DECAY MASSES 
PI  N*I12(1990} INTO Pl N 139+  93B 
P2 N~I/2(1990) INTO N PI Pl 938÷ 139e 139 
P3 N '1 /2 (1990 )  INTO N ETA 939+  548 
P4 N*1 /2 (19905  INTO LAMBDA K 1 1 1 5 +  A97 
P5 N*112(19905 INTO GAM P,HPLICITY=312 O+ 938 
P6 N.112(1990) INTO GAM P,HELICITY=112 0+ 938 
P7 N '1 /2 (1990 )  INTO GAM N,HELICITY=3/B O+ 939 
P8 U$L /2 ( I gDO)  INTO GAM N,HELICITY=I/2 O+ 939  
P9 N.112(1990l INTO K SIGMA 493+1189 

N*I/2(19905 WIOTH (MEV) 

DONNACHI bB RVUE 8269  
KIRSOPP 68 RVUE PHASE SHIFT ANAL 10169 

2 /72  ALMEHEO 72 IPWA 
HICKS T3 MPWA GAM P-ETA P 9 /73~  
LANGBEIN 73 IPNA PI N-K SIG,SOL i 9173 "  
AYED 74  IPWA 2174. 

17 N*112119905  BRANCHING RATIOS 

P1 N.LIE(19901 INTO (Pl Ni/TOTAL (P I ]  
81 8 ( . 09 }  KIRSDPP bE RVUE PHASE SHIFT ANAL 10269 
RL 7 (0.155 ALMEHED 72 IPWA 2/7E 
R1 (.0645 AYED 74  IPWA 217A* 

R2 N*112 (19901  INTO (N ETA}/TOTAL (P3 )  
R2 B [ 0 . 02 l  (0.021 DEANS 69  MPWA T ROLE + RESDN. 5/TO 
R2 B PARAMETRIZATION USFD COULD BE IN DANGER OF DOUELE COUNTING 

R3 N '112 (19905  FROM GAMMA PROTON TO K LAMBOA SQRT(IP5+PbI*P4} 9273*  
R3 .0034 DEANS 72 MPWA GAM P-K LM,SDL D 9/73" 

R4 N* I /2 ( I990}  FROM GAMMA PROTON TO ETA PROTON SQRT[IP5+P6I=PB} 9173" 
R4 1 ( . 00451  HICKS 73 MPWA GAM P-ETA P 9 /73 *  

R5 N'I12(19905 FRg~ P[ N TO K SIGMA SQRT(PI*PD) 9170 "  
R5 I 1 .061  LANGB~IN 73 IPWA PI N-K SIG,SOL I 9 /73 *  

OCNNACH1 68 "L 268 161 
KI~SOPP bB THESIS 

DEANS b9 PR 185 1797  
LEA 69  PL 29B 584  

ALMEHEO 72 NP 840  157  
DEANS 72 PRO 6 1906  
HICKS T~ PRO 7 2614 

A DONNACHIE, R G KIPSOPP, C LOVELACE (CERN)IJP 
G KIRSOPP (EDINI 

S DEANS, J WOOTEN (UNIV S FLORIDA) 
LEA,OAOES.NARD,EOWAN,÷ (RHEL,BRISTOL,OARE) 

,LOVELACE IRUTG} I JP  
OEANS.JACOBS,  LYCNS,MONTOOMEPY (SOUTH FLA . ) I JP  
+DEANS,JACOBS,LYONS+ (CARN+ORNL÷SOUTH FLA.IIJP 

LANGBEIN 73 NP B5E 251 LANGBEIN,HAGNER (MUNICH)}JR 
AYED 74 PRIVATE COMMCTN. AYED,BAREYRE ISACL)IJP 

ALSO 73 AIX CONFERENCE AYEO,BAREYRE (SACL)IJP 

PAPERS NOT REFERRED TO IN  DATA CARDS. 

DEANS b9 PR 177 2b2E S R DEANS {UNIV S FLORIDA) 
AYEO 70 PL 318 598 +B~REYRE,VILLET (SACLAY) 
APLIN 71 UP BE2 253 +COWAN,GIESOU,GILMCRE++ (RMEL,BRISTOI) 

IN(eooo)l . . . . . . . . . . . . . . . . . . . .  ) . . . . .  
THE MOST RECENT Pl N PARTIAL WAVE ANALYSIS, AYED 7~, 
FINDS EVIOFNCE FOR THIS STATE. THERE IS ALSO SOME 
INDICATION IN THE K SIGMA CHANNEL, LANGBEIN 75. 

06  N~ I /E {200O)  MASS (MEV)  

M T (2175o) ALMEHED 72 IPWA 2/72 
M (1930.) DEANS T2 MPNA GAM P-K LH,SOL 0 9173" 
M I (1970o) LANGBEIN 73 IPWA PI N-K SIG,SOL 2 91751 
M I UOT SE~N IN 50LUTIEN t OF LANGBEIN73 9173~ 
M ( 1989 . }  AYED 74  IPWA 2 /74 *  

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

06  N'112(20005 WIDTH (MEV} 

W 7 ( I 80 .1  ALMEHED 72 IPWA 2272 
W (112.) DEANS 72 MPWA GAM P-K LM,SOL D 9273* 
W 1 (170. l  LANGBEIN 73 IPWA Pl N-K SIG,SOL 2 9/73" 
W (179 . )  AYED 74  IPWA E/74 *  

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

OE N'112(2000) PARTIAL DECAY MODES 

DECAY MASSES 
P1 N*[12{2OO01 INTO Pl N 139+ 938 
P2 N*112(2000) INTO LAMBOA K I l l 5+  497 
P3 N*L/2(2O00) INTO GAM P,HELICITY=3/2 O÷ 9 3 8  
P4 N~ I /B (2000 )  INTO GAM PcHEL IC ITY=112  O÷ 938  
P5 N .  1 / 2 (2000 }  INTO GAM N tHEL IC ITY=8 /2  0+ 9 3 9  
P6 N*II2(2000) INTO GAM N,HELICITY=I/2 0* 9 3 9  
P7 N*I/2(20005 INTO K SIGMA 498+1189 

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

Ob N'112(20005 BRANCHING RATIOS 

Rt N'122(2000) INTO (Pl N)/TOTAL (Pl)  
RI 7 (0 .25 )  ALMEHEO 72 IPWA 2 /72  
R1 ( . 08#  AYED 74 IPWA 2 /74 *  

R2 N.I/212000) FROM GAMMA PROTON TO K LAMBOA SQRT((P3*P4(*P21 9173" 
R2 (.0022) DEANS 72 MPWA GAM P-K LM,SOL D 9173" 

R3 N '112 (2000 )  FROM Pl  N TO K SIGMA SQRT(P I *P? )  9473* 
R3 1 (.051 LANGBEIN 73 IPWA Pl N-K SIG,SOL 2 9173. 
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Baryons 
N(2000), N(2040). N(ZlO0), N(2190) 

Data Card Listings 
For notation, see key at front of Listings. 

REFERENCES FOR N* I / 212000 I  

ALHEHED 72 NF B40 157 rLOVELACE IRUTG)IJP 
~SEANS 72 PRO 6 1906  DEANS.JACDBSt LYONStNDNTGONERY (SOUTH FLA°IIJP 
L~NOBEIN 73 NP ES3 251 LANGBEINtWAGNER (NUNICHIIJR 
AYEO T4 PRIVATE COMMCTN. AYEO,BABEYRE (SACL I I JP  

ALSO 73 AIX CONFERENCE AYEDtEAREYRE (SACLIIJP 

L 2 

THIS STATE IS NOW SEEN BY THE SACLAY GRDUPt AYED 74. 

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

16 N*112 (2040 }  MASS (MEV] 

N 3 ( 2057 .0 )  DONNACH1 AB RVUE PHASE-SHIFT ANAL A16B 
M 3 (2030.} DDNNACH2 68 RVUE PHAS°SHIFT-CERNL 10169 
N 3 ( 2040 . )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 1OLEO 
N 3 WHERE MAX. ABSORPTION IS -DONNACH1, 2 ,KIRSOFP EYEBALL F IT  CERN I 10169 
N X (2030 .0 )  APPROX LEA 6 <) CNTR P l -P  ELASTIC 8 /69  
N x SEE ALSO APLIN 7L 
N T { 2075 .  I ALMEHED 72 IPWA 2 /72  
N 1 ( 2090 . )  HICKS 73 MPWA GAN P-ETA P 9173 "  
M ] C4WLy STATES FROM TABLE V l l  OF HICKS73 ARE INDLUDEO |N LISTINGS. 9/73~, 
M 1 M AND W ARE FROM SOLUTION C2,BR=SORT(GI/W WITH G FROM TABLE V I I .  9173 .  
M ( 2029 .  ] AYED 7A IPWA 2174~ 

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

16 N*112 (2040 I  WIDTH (NEVI 

N (293 .0 )  OONNACH1 b8 RVUE 8 /B9 
W 3 ( 290 . )  DONNACH2 68 RVUE PHAS,SHIFT*CERNI 10169 
W 3 ( 240 . )  KIKSOPP b8 RVUE PHASE SHIFT ANAL LOIb9 

7 ( 150* ) 2 / 72  ALMEHED 72 IPWA 
W 1 (226 . )  HICKS 73 MPWA GAM P-ETA P 9173 .  
W I LL6 . }  AYED 74 IPWA 2174 "  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

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

16 N*112 (2040 I  PARTIAL DECAY MODES 

DECAY MASSES 
Pl  N .1 /2 (2040 )  INTO P IN  139+ 93B 
P2 N~1 /2 (2060 I  INTO N PI  PI 938+ 139÷ 139 
P3 N*I12(2040) INTO N ETA 93q+ 548 
PA N*L/212O401 INTO LAMBOA K L115÷ 497 
PB N*112 (2040 )  INTO GAM PvHEL IC ITy=S /2  O÷ 938 
DA N~E /2 (2040 )  INTO GAM P~HEL IC ITY= I / 2  O÷ 938 
F7 N=LIZ(ZO60J INTO GAM N ,HEL IC ITy=312  O÷ 939 
P8 N ' I / 2 (20401  INTO DAN N .HEL IC ITY= I / 2  0+ 939 

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

16 N (1 /2 (2040 )  BRANCHING ~ATIDS 

RX N 'L /L IE040 )  INTO IP I  NI /TOTAL (E l l  
R1 3 ( °26 )  OONNACH2 68 RVUE PHAS.SNIFT-OERNI 10169 
N1 S ( *15 }  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10 /b9  
R1 7 ( 0 . 3 )  ALMEHED 72 IPWA 2172 
RI ( .100I  AYEO 74 IPWA 217A* 

~2 N*L /2 (2040 )  INTO (N ETAI/TOTAL IF3 )  
RE B (O.) OR 0 .009  CARRERAS 70 NPWA T POLE + RFSON. S /70  
R2 E PARANETRIZATION USED COULD BE IN DANGER DF DOUBLE COUNTING 

R3 N+1 /2 (2040 )  FROM GAMMA PROTON TO K LANBDA SQRT((PS÷P6)¢PA) 9173* 
R~ ( , 00701  OEANS 72 NPWA GAN P-K LNtSOL O 9 /73( "  

R4 N*1 /2 (20401  FROM GAMMA PROTON TO ETA PROTON SORT((PS+PB)$PS) 9 /73 *  
R6 1 ( ° 0037 )  H~CKS 73 MPNA GAM P-ETA P 9173+ 

REFERENCES FOR N*L /2 (2OAO]  

ODNNACHI 68 PL 26B 161 
DDNNACH2 60 VIENNA 1B9 
NIRSOPF A8 THESES 

LEA 69 PL 29B 584 

CARRFRAS 70 NP LAB SS 

ALNEHEO 72 NP eAO 157 
DEANS 72 PRO 6 1906 
HICKS 73 PRD 7 2614 
aYEO 74 PRIVATE COMMCTN° 

ALSO 73 AIX CONFERENCE 

DONNACHI A9 NP lOB 633 
AYED 70 PL 31B E98 
APLIN T I  NP BE2 253 

A OONNACHIE. R G KIRSOPP, C LOVELACE (CERNI I JP  
DDNNACHIE RAPPO~TRUR,S TALK (GLASI 
R G KIRSOpP IEDIN)  

LEA,OAOEStHARD,CDWAN~÷ (RHEL,BRISTOL,OARE) 

B CARRERASt A DONNACHIE {DARE,NCHS) 

+LOVELADE (LUND~RUTGIIJP 
OEANS,JACOBS, LYONS.MONTGOMERY (SOUTH FLA . I I JP  
+OEANS,JACOBS~LY~NS+ (CARN+ORNL+SOUTH FLA . I I JP  
AYED,BAREYRE (SACL) I JP  
AYEO,EAEEYRE (SACL I I JP  

PAPERS NOT REFERRED TO IN DATA CARDS. 

A DONNADHIE, R KIRSOPP (GLAS+EDIN) 
÷BAREYRE,VILLET (SACLAYI 
÷COWAN,GIBSDN,GILNORE÷+ (KHEL,BRISTOLI 

* * * * * +  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

1 /  

NOW ALSO SEEN BY SACLAY, AYED 74 .  

04 N .1 /212100 I  MASS (MEV) 

M ( 2070 . )  ROYCHOUD 7 1 0 P W A  
M 7 #2100 , )  ALNEHED 72 IPWA 
N ( 2283 . )  AYED 74 IPWA 

. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . .  

317Z 
2172 
2174 "  

04 N )X /2 (2LOOI  WIOTH (MEV) 

N T ( 200 . )  ALMEHEO 72 IPWA 
N ( 310 . )  AYED 7A IFWA 

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

04 N '1 /2 (2100 )  PARTIAL DECAY MODES 

DECAY MASSES 
P l  N * L / 2 ( 2 I O O )  I N T O  PIN  1 3 9 *  9 3 8  

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

OA N * 1 / 2 ( 2 1 0 0 )  B R A N C H I N G  R A T I O S  

RI Ne l / 2 (2 !O01  INTO (E l  NI /TOTAL (E l )  
R1 7 (0o5 )  ALMEHED 72 leNA 
R1 ( . 141  AYED 74 IPWA 

REFERENCES FOR N+ I / 2 (2 IOOI  

RDYCHOUD 71NP B27 ZZS R K ROYCHDUDHURY,E H BRANSDEN (DURHIIJP 
ALMEHED 72 NP 840 l e t  +LDVELACE (LUND,RUTGIIJP 
AYED 74 PRIVATE CONMCTN. AYEOtEAREYRE (SACL I I JP  

ALSQ 73 AIX CONFERENCE AYED,BAREYRE (SACL)IJP 

* * * + * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

IN(aZO0)I . . . . .  ...... , .... . I D ; , I  
| B 

NOW ALSO SEEN BY SACLAY, AYED 74. 

2 /72  
2174"  

2172 
2 /7~ *  

05 N*1 /2 (2100 }  MASS (MEV( 

N 7 ( 2100 , )  ALMEHED 72 IPWA Z I72  
N • ( 2100° )  AYED TB 1PWA 2174"  

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

05 N* I /Z [2LOO]  WIDTH IMEVI 

w 7 (1EO,}  ALMEHED 72 IPWA 2172 
w ( 220 . )  AYEO 74 IPWA 2174"  

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

05 N.112(2100) PARTIAL DECAY NODES 

DECAY MASSES 
P l  N * I / 2 (2 IO0 )  INTO P IN  I39+  938 

05 N~1 /2 (2L001  BRANCHING RATIOS 

R1 N*1 /2 (2100 )  INTO (P I  NI ITOTAL (E l i  
R I  7 ( 0 °2 )  ALMEHED 72 IPWA 2 /72  
RI (.08) AYEO 74 IPWA 2176* 

REFERENCES FOR N*L I2 (ZLOOI  

ALMFHEO 72 NP EBO 157 ÷LOVELACE (LUNDtRUTGIIJP 
AVEO TA PRIVATE COMMCTN. AYEOtBAREYRE (SACLIIJR 

ALSO 73 AIX CONFERENCE AYBD,BARSY~E ISACL I I JP  

****** ********* ********* ********* ********+ ********* ********* ******+, 

i.(Ez o) I ..... ,.,.,,o ........ I I=l/E 
ROYCHOUDHURY 71 FIND SOME INDICATION DF P11 AND F17 IN 
THIS EEGION.BNANSOEN 71 AL SO FIND P I I , F IS ,AND G19 RESO- 
NANT NEAR THIS NASS. 

71 N '1 /2 (2190 )  MASS (MEVI 

N ( z I go .o I  OIDOENS 63 CNTR PI~  P TOTAL 
M [ZZLO.OI  HOHLER 64 RVUE DATA ÷ OISP REL 
N (2190 .0 )  APPRDX YOKDSANA 66 CNTR PIn  P DSIG + POL 7 l ob  
N 3 ( 2265°0 )  DDNNACHL b8 RVUE PHASE-SHIFT ANAL 6168 
N (ZOOO.Ol APEROX LEA 69 CNTR P I -P  ELASTIC 8169 
M 2180 .  25 .  ANDERSON 70 NMS . P I -  P TO E l -  NMS E/71 
N 6 I 2158 .0 )  AYEO TO IPWA 1171 
M 6 FROM ENERo DEF. F IT  DF ARGANO DIAGRAN 
N (2260o0)  HULL TO NPWA SMALL ANGLE P I -P  1171 
N ANALDI 71CNTR P P AT 26 GEV 10171 IE160 .0 )  IEO.OI  
M (2 tbO . )  BRANSDEN 710PNA 3172 
N 12200 . I  ROYCHDUD 71 DPWA 3 /72  
N 7 ( 222E . ]  ALMEHED 72 IPWA 2 /72  
R (E190 . )  OTT 72 NPNA 0 P I -P  BKNO ELSTC 2173 
M 1 ( 2208o i  HICKS T3 NPNA GAM P-ETA P 9 /75 *  
N 1 ONLY STATES FROM TABLE V I I  OF HICKS73 ARE INCLUDED IN L ISTINGS°  9173 "  
M I NANO W ARE FROM SOLUTION CEtER=SQRT(G)IW WITH G FROM TABLE V I I .  9173~ 
M (21¢ I . l  AYED TA IPNA 2 / 7 4 .  
M 2 12133 . l  AYED 7A IBWA 2174+ 
N 2 TH IS  IS A G19 RESONANCE LISTED HERE UNTIL CONFIRMED. 2174" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . .  



i39 

Data Card Listings 
For notation, see key at front of Listings. 

71 N t l / 2 (21901  WIDTH (HEY) 

w (2DO.O) DIDDENS 63 CNTR 
W (ZOO.O) HOHLER 64 RVUE 7•66 
N (EEO.Ol APPROX YOKDSAWA 66 CNTR T/66  
W B (Eg8 .B I  DONNACHL 68 RVUE G/6B 
w 275 .  TO. ANDERSON 70 MMS -- P I -  P TO P I -  MMS 2 /71  
w 6 (325 .0 I  AYED 70 IPWA 1/T1 
W [Z39.O] HULL TO MPNA SMALL ANGLE PI-P 1171 
W T 1 ( IBO . )  ALMEHED 72 IPWA 2172 
W (193 . I  HICKS 73 MPNA GAM P-ETA P 9 /73 *  
W ( 243 . ;  AYED 74 IRWA 2174"  
W 2 ( 193 . )  AYEO 74 IPNA 2 /74 .  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

71 N* l / 2 (2 t?O)  PARTIAL DECAY NODES 

DECAY MASSES 
139+ 938 

1115÷1765 
938+ 139+ 139 

O+ 938 

El  N *L /2 (2190 I  INTO El N 
P2 N* l l Z (219O l  INTO LAMBDA K 
P3 N* I /Z (E lgO)  INTO N El Pl 
P4 N*112 (2190 )  INTO GAM P ,HEL IC ITY=3 /2  
P5 N '112 (2190 )  INTO GAM P,HEL IC ITY= I / 2  O+ 938 
P6 N~ l / 2 (2190 }  INTO GAM N,HELICITY=SI2 O÷ 939 
P7 N .1 /2 (2190 )  INTO GAM N ,HEL IC ITY= I I 2  O+ 939 
P8 N '112 (2190 I  INTO ETA N 548÷ 938 

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

7L N '1 /2 (2190 )  BRANCHING RATIOS 

~1 N .1 /2 (2190 )  INTO (E l  N)/TOTAL (E l )  
R1 (0.3) APPROX DIDDENS 63 CNTR 7•66 
R1 {O .S I  APPROX YOKOSAWA 66 CNTR 7166 
R1 3 I 0 . 349 )  DONNACH1 68 RVUE 6168 
Q1 6 (O . ISO)  AYED TO IPWA 1171 
q l  (O.OD) HULL 70 MPWA SMALL ANGLE P I -P  1 /71  
91 7 {O .S5 |  ALMEHED 72 IPWA 2172 
RI ( . 25 }  OTT 72 MPWA 0 P I -P  8KNO ELSTC 2 /73  
RI ( . 161 )  AYED 74 IPWA 2 /74 *  
RI 2 r .O951 AYED 74 IPWA 2174"  

R2 N*~ /Z (219OI  FROM GAMMA PROTON TO K LAMBDA SQRT(IP4+PSISPE) 9173 .  
R2 (.0161) DEANS 72 MPWA GAM P-K LM.SOL D 9173 .  

R3 N '112 {21C0 )  FROM GAMMA PROTON TO ETA PROTON SQRT(IP4+PE)*PDI  9173"  
R3 (.OLgSI HICKS 73 MPWA GAM P-ETA P 9173 ,  

REEERENCES FOR N* I / 2 (Z19D)  

OIDOENS 63 PRL 10 262 +JENKINS,  NYCIA, RILEY (BNL) I 
HOHLER 64 EL 12 149 G HOHLER, J GIESECKE (KARLSRUHE) [ 
YOKOSAWA 66 PRL 16 714 +SUWA,HILL,ESTERLING, BOOTH (ANL,CHIC) JP 

DONNACHt 68 PL Z6B 161 A DONNACHIE, R G KIRSOPP, C LOVELACE (CERN) IJP 
ALSO bB VIENNA 139 OONNACHIE RAPPOgTEUR.S TALK (GLAS) 
ALSO 68 THESIS R G K[RSOPP (EDIN)  

LEA 69 PL 296 684 LEA,DADES,WARO,COWAN,• (BHEL,GRISTOL,DARE) 

ANDERSON TO RRL 25 ,699  •BLESER,BLIEDEN,COLLINS++ (BNLtCARN) 
AYED 70 KIEV CONe R AYED,P BAREYRE, G VILLET (SACL I I JP  
HULL TO PR D2 1783 J HULL, R LEACOCK ( ]SU)  

ANALOI 71PL  34B 43S ÷BIANCASTELLI,BOSIO,• I [  SANITA ROMA+CERNJ 
flRANSOEN 71NP BZb S i t  ,OGDEN {DURHI IJP 

ALSO 70 NP B16 461 ROYCHOUDHURY,PERRIN,DRANSDEN (DURHI [JP 
ROYCHOUO 71 NP B27 125 R K ROYCHOUDHURY,B H ERANSDEN (OURH)IJP 

ALMEHEO 72 NP B40 157 *LOVELACE (LUND,RUTGI IJP 
DEANS 72 POD 6 1906 DEANS.JACDBS, LYONS,MONTGOMERY [SOUTH FLA . ) I JP  
OTT 72 PL 428 133 +TRISCHUN,VAVRA,RICHARDS,÷ IMCGItSTLO, IOWA)IJP 

ALSO 72 MCGILL THESIS J.VAVRA (MCGI) JR 
HICKS 73 PRO 7 2614 +OEANS,JACDES,LYONS+ {CARN+ORNL+SDUTH FLA . ) [ JR  
AYED 74 PRIVATE COMMCTN. AYEDtBAREYRE (SACL)ZJP 

ALSO 73 AIX CONFERENCE AYEO,EAREYRE (SACL)IJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

AYED TO PL 316 598 •BAREYRE,VILLET {SACLAY) 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN DATA CARDS. 

BA~GER 66 PRL 16 913 v 8ARGER, D CLINE {WISCI P 
CARROLL 66 PRL L6 288 ÷CORBETT,DAMERELL,MIDOLEMAS, • (RHEL,OXF)U-L 
CARROLL 66 PRL 17 1274 +CDRDETT,OANERELLtMIODLEMAS, + (RHEL,OXF)J -L  

ERRATUM CHANGING THE RATHER WEAK OETERMINATION OF J -L  TO •1 { 2 . )  
KORNANYO 66 PRL 16 709 KORMANYOS,KRISCH.OFALLON, • (MICH,ANL)  P 
BUSZA 67 NC S2A 351 ÷DAVIS,DUFF,HEYMANN. • (LOUC.WESTFIELDi 

I . ( 2 2 2 o )  I . . . . . . . . . . . . . . . . . .  12**2211112227*J]1217*II121 . . . . . . . . . . . . . . . . . . . . . . . .  
• THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHED. 

-- ................................................................ 

90 N*1 /2 (2220 }  MASS (MEV) 

M ( 2200 . )  APPROX. BUSZA 67 OSPK LEG, POLYN,&NAL. 2 /71  
w 6 (2221 .01  AYED TO 1PWA 1/71 
M 6 FROM ENER. DEE. FIT OF ARGAND DIAGRAM 
M (2245 .0 I  HULL 70 MPWA SMALL ANGLE P I -P  1 /71  
M (2249 . )  AYED 74 IPWA 2174= 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . .  

90 N* I /Z I222D)  WIDTH (MEV) 

W 6 ( 2B8 .0 )  AYED 70 IPWA 1 /71  
W ( 329 .0 )  HULL TO MPWA SMALL ANGLE P I -P  1 /71  
w ( 347 . )  AYEO 74 IEWA 217A* 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . .  

Baryons 
N(2190), N(3220), N(2650) 

90 N* I / 2 (Z2EO)  PARTIAL DECAY MODES 

DECAY MASSES 
P[ N ' 112 (22201  INTO RI N 139÷ 968 
P2 N* l / 2 (2220 I  INTO N ETA 939+ 548 

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

90 N*II2(22201 BRANCHING AATIOS 

R1 N*1 /2 (2220 )  INTO (E l  NI /TOTAL (E l i  
RI  6 ( 0 . 140 )  AYEO 70 IPWA I171 
R1 (O.lS) HULL 70 MPWA SMALL ANGLE PI -P  i17[  
RI (.204) AYED 74 IPWA 2174"  

REPERENCES FOR N*I/2(2220) 

~USZA bT NC 52A 331 +DAVIS,DUFF,HEYMANN,NINMON + (LOUC+LOWC) 
AYED 70 KIEV CONF R AYEO.P BAREYRE. G VILLET (SACLIIJP 
HULL 70 PR 02 1783 J HULL, R LEACOCK ( ISU I  
AYED 74 PRIVATE COMMCTN. AYEO,BAREYRE (SACL)TJP 

ALSO 73 AIX CONFERENC~ AYEO,BAREYRE (SACL)IJP 

PAPERS NOT REFEREO TO IN DATA CARDS 

AYFD 70 PL 31B 598 +BaREYRE,VILLET (SACLAY) 

] . ( 2 e 5 0 )  I . . . . .  12, ,1.112 ........ 0 . . . . . . . . . . .  s 

BUMPS i . . . . . . . . . . . . . . . . . . . . . .  1 . . . . . . . . . . .  [ 2400 I  TO BE 

I POSSIBLE RESONANCES. BRANSDEN 71 FIND THE POSSIBLE 
RESONANT CANDIDATES $1L I2520 )  AND HIE(ESEO). 

72 N*XI2(2650) MASS (MEV) (PRO0. EXP.[ 

M [2700 .0 )  ALVAREZ 64 CNTR Pl PHOTDPROD 
M (E660 ,O I  HOHLER 64 RVUE DATA + D[SP REL 
M [ 2600 .0 I  APPROX WAHL[G 64 OSPK O P I -P  CH EX 
M (2633 .0 }  BARGER 66 F IT  TOTAL + CH EX l l l 6T  
M 26~9.0 10.0 CITRON 66 CNTR PI+- R TOTAL T166 

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

72 N* I / 2 (2b5O)  WIDTH (MEV) (PROD. EXP.)  

W (EO0.O) ALVAREZ 64 CNTR 
w (ZOO.O) HOHLER 64 RVUE 7 /66  
W (425 .0 )  BARBER 66 F IT  TOTAL + CH EX l l / b7  
W BDO.O 20.0 CITRON 66 CNTR 7166 

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

72 N*1 /2 (2650 )  PARTIAL DECAY MODES (PROD. EXP.I 

DECAY MASSES 
Pl  N$ t /Z (26501  INTO Pl N 1B9+ 9B8 
P2 N '112 (2650 )  INTO LAMBOA K 1115+ 497  
PB N=112(2650} INTO N Pl Pl 9B8+ 139+ E39 

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

72 N* I / 2 (2bSO)  BRANCHING RATIOS [PROD. EXP. )  

RI  N * l / 2 (E650 )  INTO [P I  HI/TOTAL (P l )  
R1 ONLY ( J+ l / 2 ) * (  PI N/TOTAL) MEASURED FOR THIS STATE 
RI 8 (0.456) (0.018) BARGER 66 RVUE TOTAL + CH EXC. 11/67 

0 .436  0 .028  CITRON 66 CNTR TOTAL C~OSS-SECo 11167 R1 
R1 B {0 .30 )  BARGER 67 RVUE USES KDRMANYOS67 11167 
RI  D USES REGGE AMP.+FESON. TO CALCULATE D IF .  CROSS SECTIONS AT 180 DEGqE 
RI B FOR CRITICISM OE THIS METHOD, SEE OOLEN 68 .  
RI O (0 .241  DIKMEN bT RVUE USES KOPNANYDSB6 11 /67  
RI O USFS ONLY RESONANCES TO CALCULATE DIF. CROSS SECTIONS AT 180 DEGREES 
RI [O.D6) KORMANYOS bT CNTR PI-P AT 180 DEG. 11167 

REEERENCES FOR N* l / 2 (26EO)  (PROD. EXP. I  

ALVAREZ 64 PRL 12 TlO +BAR-YAM,KERN,LUCKEY.DSBORNE, + (MIT,CEA) 
HOHLER 64 PL 12 149 G HOHLER, J GIESECKE (KARLSRUHE) I 
WAHLIG 64 PRL 13 10B +MANNELLI,SODICKSONtFACKLER,WARD, + (MIT) 
BARGER 66 PR 1B1 112E V BARGER, M OLSSON (WISC) 
CITRON 66 PR 164 1101  +GALBRAITH,KYCIAtLEONTIC,PHILLIPS, + (BNL) I 
BARGER 67 PR 155 1792 V BARGER, O CLINE (WISE) P 
DIKMEN 67 PRL 18 798 F N DIKMEN (MICH) 
KORMANYO 6T PR 164 1661 KORMANYOS, KRISCH, OFALLON, + (MICH,ANL) P 

PAPERS NOT REFERRED TO IN DATA CARDS. 

DAACKE 67 NC SIA 761 J BAACKE, M YVERT (KARLSBUHE,ORSAY)J-L 
OOLEN ,68  PR 166 1768 R DOLEN, D HORN, C SCHMIO (C IT )  
WAHLIG 68 PR 168 1515 M A NAHLIG, [ MANNELLI (MIT,PISA) 

FINAL VERSION OF DATA USED IN WAHLIG 64. IN CONFUNCTION WITH 
CITRON 66 TOTAL CROSS SECTIONS, THIS CHARGE EXCHANGE DATA GIVES 
COMPLEX ELASTIC SCATTERING AMELITUDE AT 0 DEGREES. 

RRANSOEN 7L NP BZb E11 ,OGDEN (OURHIIJP 
ALSO TO NP B16 461 BOYCHOUDHURY,PERRIN, BRANSDEN (DURH)IJP 

ROYCHOUD 71NP B27 125 R K ROYCHOUOHURY,B H BRANSDEN (DURHI IJP 



t 4 0  

Baryons Data Card Listings 
N ( 3 0 3 0 ) .  N ~ ( 3 Z 4 5 ) ,  N ( 3 6 9 0 ) .  N ~ ( 3 7 5 5 ) ,  t X ( t 2 3 2 )  For notation, see key at front of Listings. 

IN(3030) i B T , . ~  S . . . . .  ,2,3o . . . . . .  ( i~ [ ,  . . . . . . . . . . . . . . . .  IMENTS 

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

73 N*I/213030) MASS (MEV) (PRO0. EXP.) 

M (3080.0) HOHLBR 64 RVUE DATA * OISP EEL 7/66 
M (3030.0) CITRON 66 CNTR Pl+- P TOTAL 7/66 

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

73 N*1 /2 (3030 }  WIDTH (MEV( (PRO0. ~xP.} 

w ( 400 .0 )  CITRON 66  CNTR 7166 

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

7B N*ll2(BO30I PARTIAL DECAY MODES (PROD. EXP . )  

DECAY MASSES 
PI N*I/2(3030) INTO P I N  139+ 938  
P2 N*I/213030I INTO N P l  Pl 9BB+ 139+ ~B9 

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

73 N* [ / 2 (B030 )  BRANCHING RATIOS (PROD.  EXP . )  

R1 N*I/2{3OBOI INTO (PI NIITOTAL (Pl)  
ONLY (J+1/2)* [  PI NITOTALI MEASURED FOR THIS STATE RI 

~i 8 (0.088) TO.OlD) BARGE~ b6  RVUE TOTAL + CH EXC. [1167 
RI ( o . 04B I  CITBON 66 CNTR TOTAL EROS.SEE. 11167  

BARGER 07 CNTR USES KORMANYOSb6 11/67 R/ B ( 0 . L21  R 
R[  B USES REGGE AMP.+RESON. TO CALCULATE OIF. CROSS SECTIONS AT 1BO DEG E 
R1 B FOR CRITICISM OF THIS  METHOD, SEE DOLEN 68 .  
RI D (0.016) DIKMEN 67 RVUB USES KORMANYOS67 11167 
R[ 0 USES ONLY RESONANCES TO CALCULATE DIF. CROSS SECTIONS AT ~80 DEGREES 

RE~ERENCBS FOR N* I / 2 IBOBO)  (PROD. EXP . I  

HOHLER ~4 PL 12 [ 4 9  
BARGER 66 PR 151 1123 
CITRON 66 PR [44  1101 
BaRGER 67 PR 155 [ 792  
DIKMEN 07 PRL £8 798 

K~RMANYO 67 PR 164 [661 
OOL~N 68 P~ L66 1768 

G HOHLER, J OIESECKE (KARLSRUHE) I 
V BARGBR, M OLSSON IWlSC) 
÷GALBRAITH,KYEIA,LEONTIC,PHIILIPS, + (BNL) I 
V BARGER~ O CLINF (WISC) P 

N DIKMEN (MICH) 

PAPERS NOT REFERRED TO IN DATA CARDS 

KORMANYOS, KRISCH, CFALLON, + INICH,ANL) P 
R DOLEN, O HORN, C SCHMIO (CIT) 

N?(3245) . . . . . . . . . . . .  CT,ON EXOER, . . . . .  12 (32  

B ~ T ~ S  EXISTENCE NOT CONCLUSIVELY ESTABLISHED. I-SPIN 
NOT DFTBRMINED~ BUT THE NARROW WIDTH PRECLUDES 
IDENTIFICATION WITH THE N'3/2(32301. 
OMITTED FROM TABLE. 

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

74 N* / 2132~51  MASS (MEV) (PRO0.  EXO, )  

M 3245.0 lO.O KORMANYOS 67 CNTR PI-P 180 DEG EL 

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

74 N* / 2 (3245 )  WIDTH IM~V)  IPROD.  EXP . (  

w (35.0I  OR LFSS KORMANYOS ~7 CNTR 

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

74  N* / 2 (3245 )  PARTIAl OECAY MCOPS (PROD. EXP.) 

DECAY MASSES 
Pl  N*  / 2 (5245 )  INTO Pl N 139+ 9BB 

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

7~ N= / 2132~5 I  ERAFCHING RATIOS (PROD. EXP.) 

R[ N* /2(3245) INTO (Pl NIITOTAL (Pl) 
~1 J IS NOT KNOWN. FOLLOWING IS  ( J+ I /E I * (P I  N) /TOTAL  
R/ (O.37I KORMANVOS 67 CNTR 

****** ********* ********* ********* ********* *****~**~ ********* ******** 

REFERENCES FO~ N* /2(3245I (PROD. EX6.I 

KORMANYO 67 PR 164 1661  KORMANYOS, KRISCH, OFALLON, + (MICH,ANLI P 

****** ********* ********* ********* ,~******* *~******* ********* *******~ 
****** ********* ********* ********* ********* ********* *******,* ***~**** 

l N(36 0) I TB ..... , ....... ' ......... U ................ 

B U M P S  t , BO . . . . . . . . . . .  I . . . . . . . . . . .  S . . . . . . .  C . . . . . .  
I CATED STATE IN + SEVEN PISI,  SO AS EVIDENCE FOR 

A NEW RESONANCE IT IS NOT CONCLUSIVE. NOT INCLUDED 
IN TABLE. 

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

75 N*112 (3690 I  MASS (MEV( (PROD. EXP.} 

M 3090.0 [O.O BARTKE 07 HBC + PI+P 8 PRONGS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

75 N~I/213690| WIDTH (MEV) (PROD. EXP.) 

W 50.0 30.0 5~RT~E 87 ~5C ÷ BIBT 

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

75 N~1 f2 |36~0 I  PARTIAL DECAY MODES ID~OD. EXP.I 

DECAY MASSES 
Pl N*I12(3690) INTO N + 7 PIS 

REFERENCES FOP N*IIBI3690) (PROD. EXP.) 

BARTKE 67  PL 246 I [ 8  +CZYZEWSKI,DANYSZ,~ (CRACOW,ORSAY} I 

IN,13755) I . . . . . .  (3755 . . . .  ) FROOUC . . . . . . . . .  I . . . . .  

I IBUMPS , s . . . . . . . .  I . . . .  , . . . . . . . . . . . .  i . . . . . .  s .... 8.~ BFV/C PI+ P TO PI+ P P PBAR EVENTS. AS EVIDENCE 
FOQ a NEW ~ESONANCE IT IS NOT CONCLUSIVE. OMITTED 
E~OM TABLE. 

f 

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

76 N* /2(3755) MASS (MEV) (PROD. EXP.} 

3755.0 B.O EHRLICH ~8 HBC ÷ PI+ P ~ PEAR 6166 

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

76  N*  12137551  WIDTH IMEVI (PROD. EXP.I 

W ~O.O 20.0 EHRLICH 68 HBC ÷ 6 /68  

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

76 N~ 12(37551 PARTIAL DECAY MOOES (PROD. EXP.) 

DECAY MASSES 
Pl N* 12137551 INTO PI+ P P PEAR 139+ 938÷ 938÷ 938 

RE~E~ENCES FOR N* 12(3755I (PROD. EXP.) 

EHRLICH 68 PRL 20 bBb R EHRLICH,R J PLANC,J B WHITTAKER (RUTGB~SI 

S=0 I=3/@ NUCLEON STATES (A) 

I A ( m a z ) l  . . . . . . .  i .......... ..... FE '] 
| | CAPTER 71 REPORT NEW RRFCISE CROSS SECTION MEASURE- 

MENTS ~OR Pl+P,Pl -p AND CHARGE EXCHANGE. THEIR ANALYSIS 
COMBIN~S TOTAL CROSS SECTION DATA WITH THE PHASE SHIFTS 
~F DONN~EHIE 68 IUSED FOR THE BACK&~OUND U~DER THE P33( 

THE CHARGE EXCHANG~ DATA WERE NOT USED. 
OLSON 65 HAS DONE A SIMILAR ANALYSIS ON ELDER DATA, USING ROPER 05 

PHASE SHIRTS WITH A FREE OVERALL NORMALIZATION. 
IN  ADDIT ION TO DA~A USED IN CARTER 7Y, NEW, ACOURAXE DIFFERENTIAL  

CROSS SRCTION DATA ARE USED BY C~RTER 73 TO DETERMINE THE N*312(1232) 
P~RAMETERB. 

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

33 N'3/2(1232) MASS (MEV) 

M {125~.) ROPER 65 DPWA ÷+0 ~HASE SHIFT AN. 
M 11235 . )  ALMEHED 7E IPWA 2•72 
M 3 (12~3.3) - ( -  12~[.7) CHFNG 73 FIT CARTER 71 2/7~* 
M 3 THE TWO ENTR~ES ARE FROM TWO DIFFERENT PARAMETRIZATIONS OF THE 2/74* 

3 RESONANCE OONTR~BDTUIDN xO THE P33 PHASE SHIFT. 2 /TM 
M (L230.4) TSCHANG 73 ~17 CARTER71 P33 1179" 
M 11234.| AYEO 74 IPWA 2/74* 

M÷÷ 1~36.0 0.55 OLSSON 68 9VDE ~+ TOTAL-SIGMA DATA 
~÷÷ 2 IZ3I.O 1.5 CA~TE~ 71MPWA e+ PI+R BIG. TOTAL 1/74. 
M÷÷ 1 1231.1 .2 CARTER 73 IPWA +*  PIN  88-510 MEV 9/73* 
M++ I EXPERIMENTAL QUANTITY-SEE CARTER73 FOR COULOMB BARRIE~ CORRECTIONS 9/73* 
M÷÷ 2 EXPEPI MENTAL ~UANTIT~-SEE CARTE~I FOR COULOMB ~AR~IER CORRECTIONS I17~* 
M÷÷ . . . . . . . . .  
M++ AVERAGE M~ANINGIESS (SCALE EACTOP = 8.4) 

~0 1255.~5 0,65 OLSSDN 65 RVUE 0 
MO 1232.9 0.6 CARTER 71 MPWA 0 PI-P BIG. TOTAL 1/71 
MO . . . . . . . . .  
MO AVERAGE MEANINGLESS (SCALE FACTOR = 4.0) 

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

33 N~3/2(1232! WIDTH IMEV) 

W (120.) BOPB~ 65 DPWA *+0  PHASE SHIFT AN. 
w ([29.) ALMEHED 72 IRWA 2/72 
w 3 (152 .2 ) - ( -  I45 .8 I  CHENG 73 PIT CARTER 71 2/79* 
W IL20 ,1  TSCHANG TB F IT  CASTEgTL PB3 117~  
w I120.)  AYED 74 IOWA 2/74* 
W+~ 120 .0  2 .0  DLSSON 65 RVUE ++ 
w÷+ 2 i 11 . [  1.8 CARTER 7[ MOWA ++ PI+P BIG. TOTAL 1/74. 
w~÷ l [[L.5 .~ CARTE5 73  IPWA ÷~ P [  N BB-BLO MEV 9 /73~  
w++ . . . . . . . . .  
w*+ AVERAGE MEANINGLESS (SCALE FACTOR = i .  OI 

wo L[9.6 2.~ OLSSDN ~5 PVUE 0 
NO 114.7 3.0 CARTER Tl MPWA O PI-P SIG TOT. l / T I  
WO . . . . . . . . .  
WO AVERAGE MEANINGLESS ISCAtE FACTOR = 1.3) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of Listings. 

33 INTO) - (N*+÷I MASS DIFFERSNOE (MEV) 

O R 2 ( 0 . 453  (0 .85)  OLSSON 65 RVUE 
D 1,5 1.9 CARTER 71 MPWA ++ PI+-R SIG. TOTAL 1774* 
0 1 1.4 .4  CARTER 73 IOWA P IN  8B-310 MEV 9173~ 
O R REDONOANT WITH DATA IN MASS LISTING. 
D . . . . . . . . .  
o AVG 1.40 0.39 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

33 (N*OI- (N*+~)  WIDTH DIFFERENC~ (MEV) 9/73* 

WD 2 6 .5  2.2 CARTER 71 MPWA ++ P I + - P  51G. TOTAL 1 /74"  
WO 1 10.3 1.3 CARTER 73 IOWA Pl N 88-310 MEV 9173 "  
WD . . . . . . . . .  
WD AVG 9.3 ! . 7  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.51 

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

33 N'3/2(12323 REAL PART OF POLE POSITION(MEV) 

mEE (1214 . )  MICHAEL 67 F IT  OLSSON 65 2 /74 *  
REE ( 1211 . )  BALL 72 2 /73  
REE 3 P 1211.6 0 .7  POG 72 FIT DELTA 33  2 /73  
REE ( 1210 .7 ) - ( -  1210 .71  CHENG 73 F IT  CARTER 71 2 /74=  
R=E 1214.5 10, NOGOVA 73 FIT ALMEHED72 2174* 
REE P ERROR EST. FROM FITS WITH SOMEWHAT VARYING ASSUMPTIONS 
REE . . . . . . . . .  
QEE.AVG 1211.61 0.70 AVERAGE IERROR INCLUOES SCALE FACTOR OF 1.01 

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

33 N*3 /2 (1232 )  IMAG PART OF POLE POSITION(MEVI 

IME (52 . )  MICHAEL ~7 F IT  OLSSON 65 2 /74*  
IME (50 . )  BALL 72 2 /73  
[ME 3P 49 .8  I .S  ROG 72 F IT  DELTA 33 2 /73  
IME (50 .71 - ( -  50 .6 )  CHENG 73 F IT  CARTER 71 2 /74 *  
]ME 48 .b  5. NOGDVA 73 F IT  ALMEHSD72 2 /74 "  
IME . . . . . . . . .  
IME AVE 40 .4  1.7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)  

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

33 N.312(12323 ABSOLUTE VALUE OF POLE RESIDUE (MEV) 

ADS 153 .1  BALL 73 FIT DELTA 33 9 /73 *  

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

33 N*312[12323 PHASE OF POLE RESIDUE (RAOIANS) 

PH ( - . 811  BALL 73 F IT  DELTA 33  9 /73 *  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . .  

33 N=3 /2 (1232 )  PART IAL  DECAY MODES 

DECAy MASSES 
P l  N .312 (12323  INTO N P I  938+  139  
P2 N'812(12323 INTO N GAMMA 938+  0 
P3 N'312(1232) INTO N PI Pl  938+  139+ 139 
P4 N '312 (1232 l  INTO GAM NUCLEON, HELICITY=II2 O+ 938  
P5 N*312(12351 INTO GAM NUCLFON, H~LICITY=312 O+ 938 

33 N*3 /2 (1232 )  BRANCHING RATIOS 

~I N.3/2(12321 INTO IN  GAMMA)I(N PI I  (PERCENT) (P2 i / iP1 )  
R1 0 .55  0,02 OALITZ Ob RVUE 7 /08  
R1 0 . 5 3  0.025 8ERENDS 71 IPWA PHOTOPROO. ANAL* 10/71 

n i  AVG 0.542 0.016 AVERAGE (EPROR INCLUDES SCALE FACTOR DE 1.OI 

92 N '3 /2 (123230  INTO IN Pl)/TGTAL (PIT 
R2 2 ( .Pg l  CARTER 71 NPWA ++ P I÷ -P  SIG. TOTAL 1 /74 .  
Q2 (1 . l  AY50  74  IPWA 2 /74 *  

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

33 N '3 /2 (12821  PHOTON DECAY AMPL(GEV* * - I / 2 )  

FOR DEFINITION OF GAMMA-NUCL50N DECAY AMPLITUDES,  SEE MINI -  
REVIEW PRECEDING THE BAPYON LISTINGS. 

~1 N '3 /2 (1232 )  INTO GAH NUCLEON, HELICITY=I/2 IGEV* * - I / 2 )  
A1 - , 144  , 014  DEVENISH 73 OPWA P IN  PHOTO PROD 2 /74 *  
i l  - . 138  . 004  KN1ES 73 DPWA P IN  PHOTO PROD 2174 "  
Al  - . 142  . 006  MOORHOU1 73 DPWA P IN  PHOTO-PROD 2 /73  
Al - . 142  *OOI MOORHOU2 73 DPWA P IN  PHOTO-PROD 2174" 
A1 ( - . 1403  CRAWFORD 74 OPWA P IN  PHOTO PROD 2174 .  
A1 -,140 .006 MSTOALF 74  DFWA P IN  PHOTO-PROD 2174*  
A I  . . . . . . . . .  
AI AVG -0 .14174  0.00094 ~VERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

A2 N'312(1232) INTO GAM NUCLEON, HELICITY=3/2 (GEV* * - I / 2 )  
A2 -.262 . 015  OEVENISH 73 OPWA Pl N PHOTO PROD 2 /74 *  
A2 - . 253  , 002  KN IES  73 OPWA P IN  PHOTO PRO0 2 /74=  
A2 - . 239  .DE6  MOORHOUI 73 DPWA Pl N PHOTO-PROD 2 /73  
A2 - . 2Q l  . 001  MOORHOU2 73 DPWA P IN  pHOTO-PROD 2 /74 *  
A2 1 - . 263 )  ORAWFORO 74 DPWA P IN  PHOTO PRO0 2 /74 .  
A2 - . 254  . 007  NETCALF 74  DPWA P IN  PHOTO-PROD 2 /74 *  
A2 . . . . . . . . .  
A2 AVG -0.2593 0.0032 AVSRAGE (ERROR INCLUDES SCALE FACTOR OF 3 .6 )  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * ,  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR N '3 /2112341  

OLSSGN 65  PRL 14 118 H G OLSSON (WISCI 
ROPER 65 PR 138 8190  L O ROPER, R M WRIGHT,  8 T FELD (LRL+MIT I I JP  

DALITZ bb PR 14b 1180  OALITZ,SUTHERLAND (OXFORD) 
CONTAINS REPERENEES TO EARLIER WORK ON DFLTA PHOTOPROOUCTION. 

MICHAEL 67 P~ 156  1677 MICHAEL (RHEL I I JP  
DEPENDS 71N  p 550  575  +WEAVER (CEA,MITtTUFT) 
CARTER 71 NP B2b 445 +WILLIAMS, BUOG, BUSSEY, DANCE (CAVE,RHEL)  

ALMENEO 72 NP 540 157 +LOVELACE (LUND,RUTGIIJP 
BALL 72 PRL Z8 1143  +CAMPBELL,LEE~SHAW (UTAH,BOISE ,UCI I  

Baryons 
A(12323, A(1650) 

PrO 72 PL 895 TO3 
BALL 73 PRO 7 2789 
CARTER 73 NP 858 378 
CHENG 73 PRD 7 8249 
DEVENISH 73 PL B7B 53 
KN IES  73 LBL -24 [O  
MOORHOUI 73 PL 438  44  
NOORHOU2 73 LBl-1590 
NOGOVA 73 NP 561 4B5 

ALSO 73 NP 561 438 
ALSO 73 NB B65 544 

TSCHANG 75 NP BS9 445 

AYED 74  PRIVATE CDMMETN. 
ALSO 13 AIX CONFERFNC5 

CRAWFOPO 74 OLAS. PREPRINT 
ALSO 73 BONN CONFSRENCE 

METEALF 7R CALT-b8 -425  

DONNACHI 68 PL 268 161 
FONOA 73 PRO 8 353  

SOOING,BARTELS~+ (OESY+LBL+BRAN+CERN+HSLS)IJP 
BALL,LEE,SHAW (UTAH+UCI)IJP 
CARTER,BUOG,CART~R (CAVENOISH*OUEEN MARY)IJP 
CHENG,LIC~TENBERG [ IND) IJP  
OEVENISH,RANKIN,LYTH (LOUC+BONN+LANCIIJP 
KNIES,MOORHCUSE,DBERLACK (LBL+GLASIIJP 
MOORHOUSE~ OB~RLACK (GLAS÷LBLIIJP 
MOORHOUSE,OBERLACK,RDSENFELO (GLAS+LBLIIJP 
NOGOVPtPISUT(IP SLOVAK AC*3 SC[,COMENIUS U I I JP  
NOGOVA.PISUT+IIP SLOVK ACAO SCI,COMENIUS U) IJP 
NOGOVA,PISUT+(IP SLOVK ACAO SCI,EDMFNIUS UI I JP  
TSCHANG,PARKINSON (FLDR+GAINESVILLEIIJP 

AYFD,BAREYRE (SACL)IJP 
AYSD,BAREYRE (SACLIIJP 
R L CRAWFORD (GLAS) 
R L CRAWEORD (GLAS) 
W J METCALF, R L WALKER (CIT) 

PAPERS NDT R=FERRED TO IN DATA CARDS. 

DONNACHIE,LOVELACE,KIRSODP |CERN) 
FONDA,GHIRAROI,SHAW [ICTP,TRIESTE+TRST)IJP 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

1232 MEV REGION - PRODUCTION XPERI~ENTS 

81 N '3 /2 (1232 ,  JP=3 /2+ I  I =8 /2  

81 N '3 /2 (1832 I  MASS (MSV) (PROD. EXP.) 

N 1217. 8. 
N 1227.0 7.0 
M . . . . . . . . .  
M AVG 1222.7 5.3 

{ 1232 .0 )  ( 6 , 0 )  M++ 
M++ (1236.03 
M*+ ( 1233 .4 )  ( 4 . 41  
M++ (1224.83 (Z.O) 
M++ 1236.0 2.0 
M++ 1226 .0  2.0 
M++ 1222 .0  3 .0  
M++ 1226.0 2.0 
M++ . . . . . . . . .  
M++ AVG 1228.4 2 .9  
M- (1241.33 [ 5 . 13  
M- 1239.0 5.0 

ANDERSON 70 MMS - P I -  P TO P I -  MMS 2171 
5LL15 71CNTR MHS PP 3.7 GEV/C lO /T I  

~VERAGE (ERROR INCLUDES SCALE FACTOQ OF 1.03 
PE=RO-LUZ 05  HBC ++ K+P TO NO P P I+  
DEANS 66 RVUE ++ P(+P TOTAL 718b 
GIOAL 06 DEC 0 O TO NN(NN) Pl 7 /50  
HABER ?O 08C K-O TO 4 POD(P)  7 /70  
EOLTON 72 HBC ++ PP TO P I+PN 7GEV 1 /73  
COLTON 72 HBC ++ TO PI+PI-PP L173 
C~LTON 72 HBC ++ TO PI+PI-PIOPP I173 
C~LTON 72 HBC ++ TO PI+PI -P l -PN L/73 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 .7 )  
GIOAL 66 OBC - 7166 
COLTON 72 HBC - T0 PI+PI -P l -PN 1/73 

81 IN * - )  - IN*++) MASS DIFFERENCE (MEV) (PROD. EXP.) 

O 7.9 6.8 GIDAL 66 DEC 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . .  

81 N '3 /2 (1232}  WIDTH (MEV) IPPOD. EXP.) 

w 115. 5. 
w 105.0 7.0 
w . . . . . . . . .  
w AVG 111.b 4 , 7  
w++ (125.0)  ( 30 .0 ]  
W++ (121.0)  
W++ ( 124 .01  [ 14 .O l  
w++ (120 .01  (B .O )  
W++ II5.0 6.0 

L27 .0  5 .0  W++ 
W++ 122.0 9.0 
w++ 106.o 7 .0  
w++ . . . . . . . . .  

l l 8 , 8  4 , 7  w++ AVE 
W- (149.00 ( 18 .0 ]  
W- 237.0 22.0 

ANDERSON ?O MMS - Pl-- P TD P l -  MMS 2/71 
ELLIS 71 CNTR MMS PR 3.7 GEVIC 10171 

AVSWAGE (SRROR INCLUDES SCALE FACTOR OE ] . 23  
FERRO-LUZ 65 HBC ++ 
DEANS 66 RVUE ++ 7160  
GIDAL 66  OBC ++ 7 /66  
HABER 70  DBCC K-D TO 4 EOO(P) 7 /70  
COLTON 72 HBC ++ PP TO PI+PN 7GEV 1173 
COLTDN 72 HBC ++ TO PI+PI-PP 1/73 
COLTDN 72 HBC ++ TO P I+P I -P IOPP  1 /73  
CDLTON 72 HBE ++ TO PI+P l -P l -PN 1 /73  

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ,5 )  
GIOAL 6b DEC - 7/66 
COTTON 72 HBC TO P I+P I -P I -PN  1 /73  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * *= * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

RE~ERENCES FOR N*3/2(12323 (PROD. EXP.) 

FERPE-LU 65 NC 36 1101 
DEANS 66 PREPRINT 
GIDAL 66 PR [4 t  1261 

ANOEQSON 70  PRL 25 bD9 
HABER 70 NP 178 289  
ELL IS  71PRL  27 442  
COTTON 72 PR 08 95  

FERRO-LUZZI,D5ORDE, + (CERN) 
S R DEANS, W G HDLLAOAY (VANDERBILT) 
G OIOAL, A KERNAN, S KIN (LRL) 

+ELESER,BLIEOEN,EGLLINS++ (BNL,CARN) 
÷SHAP[RA,MERRILLtMONARI++ (SABRE CELL) 
+MAGLICH, NGREM,SANNES,SILVEPMAN (RUTG) 
E COLTON, A KIRSCHBAUM (LBLI 

PAPERS NOT REFERRED TO IN DATA CARD5 

ALSXANDER,BENARY+(TEL-AVIV+HEIDELBERG+OESY) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

I A ( l e s o ) l  B2 . . . . .  , . . . . . . . . . . . .  i . . . . .  IS ll 
i - r |  

THE EXISTENCE O~ THIS RESONANCE IS WELL ESTABLISHED. 

82 N*3 /2 { [ 650 )  MASS (MEV) 

M (1648 .0 )  112 .0 )  OEVL IN  65  CNTR P [+ -  P TOTAL 
H l ( [ bB5 .O)  BAREYRE 08 RVUE PHASE-SH |FT  ANAL 11 /07  
M I WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 
M 3 (1685 .0 )  DONNACHI 08  RVUE PHASE-SHIFT  ANAL 6 /68  
M 6 ( 16 t4 .  O) AYEO 70  IPWA 1 /71  
M 6 ENER. DEP. PIT OF ARGAND DIAGRAM 
M 4 (1617.0)  DAVIES 70 RVUE P-S ANAL SOL A 8/69 
M 7 ( 1620 . I  ALMEHED 72 IOWA 2172 
M I I 623 . )  AYEO 7~ IPNA 2/72*  

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



t 4 2  

Baryons 
A(z65o), A(zA?o), A(z69o) 

Data Card Listings 
For notation, see key at front of  Listings. 

82  N .3 /2 (1650 l  WIDTH (MEV) 

W 1 (2DO.O)  BAREYRE 68 RVUE 
W 3 ( 177 .0 )  OONNACH1 68 RVUE 
W 6 ( 162 .0 l  AYED 70  IPWA 
W 6 (161.0) DAVIES 70 RVUE P-S ANAL SOL A 
W 7 (160 .  I ALMEHED 72 1PWA 
w ( 161 . )  AYED 74  IPWA 
W SEE THE NOTES ACCOMPANYING THE MASSES OUOTED. 

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

82 N53 /2 (1650 )  PAqT IAL  DECAY NODES 

DECAY MASSES 
P l  N *3 /2 (1650 )  INTO P IN  1E9+ 938  
P2 N*3 /2 (16S0 }  INTO N P I  PI 938+  139÷ 139 
P3 N'312(1650) INTO GAM NUCLEON, HELICITY=I/2 O+ 938 
P4 N$3 /E [1650 )  INTO N53 /2 (1232 )  F (  L232÷  109  
P5 N53 /2 (1650 )  INTO N RHO 938+  770  

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

82 N*312(1050) BRANCHING RAT10S 

RE N '3 /2 (1650 )  INTO {P I  N ) ITOTAL  (P I )  
R/ 3 (0.28A) DONNACH1 68  RVUE 
Rl b (0 .S17 )  AYEO 70  IPNA 
RI  6 ( 0 . 28 )  DAVIES 70 RVUE P-S ANAL SOL A 
P I  7 ( 0 . 35 )  ALMEHED 72 IPNA 
RE ( . 315 )  AYED 76  IPWA 

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

82  N '312 (1650 )  PHOTON DECAY AMPL(GEV**-I/2) 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI- 
REVIEW PRECEDING THE BARYON LISTINGS. 

AI N '3 /2 (1650 )  INTO GAM NUCLEON, HEL IC ITY= I / 2  (GEV* * - [ / 2 )  
A I  , 006  . 033  DEVENISH 73 DPWA PIN PHOTO PROD 
A1 ( . 1 IS ]  HENMI 73 + FWO P IG  PHTOPROO 
A I  *033  . 015  KNTES 73 DPWA P IN  PHOTO PROD 
A1 +°090  . 076  MOORHOU1 73 OPWA Pl N PHQTO'PRO0 
il . 078  *066  MOORHOU2 73 OFWA El N PHOTO-PROD 
A t  (.030] CRAWPORD 76 DPWA P IN  PHOTO PROO 

• IOB *03B METCALF 74 DPWA P IN  PHOTO-PNOD At 
AT . . . . . . . . .  
A1 AVG O.OBO O .OE6  AVERAGE (ERROR INCLUDES SCALE FACTOR OF I . I |  

5 * * 5 5 *  . 5 . * * * * * *  * * * * * * * * *  * * 5 * * * * * 5  5 . * . 5 . * * *  * * * * * * * * *  * * * * * * * 5 5  * 5 * * * * 5 *  

REFERENCES FOR N*E /2 (1650 }  

DEVL IN  65 PRL 14 1031  T J OEVL IN~J  SOLONON,G EERTSCH (PRINCETON)  I 

BAREYRE 68 PR 16B 1731 P EAREYRE, C ERICMANI D VILLET [SACLAY)IJP 
OnNNACHI 68  PL 2bB 1bE A DONNACHIE, R G KIRSOPP, C LDVELACE (CERNIIJP 

ALSO 68 V IENNA 13g  DONNAEHIE I~APPORTEUR'S TALK IGLAS)  
ALSO 68  THESIS R G RTRSOPP (EDEN) 

AYED 70 KIEV CONF R AYED,P BAREYRE, G VILLET (SACL)IJP 
DAVIES 70 NP 521 359  A DAVIES (GLAS) 

ALMEHED 72 NP BAD 157  +LOVELACE (LUND,RUTG) I JP  
OEVENISH 73 PL 67E $3 DEVENISH,RANKIN,LYTH (LDUC+BONN+LANE)IJP 
HFMMI 73 PL 43B 79 HEMMI , INAGAKI+  (KYOTO÷SAGA+NLJeTOKYIIJP 
KNIES 73 LBL-2610 KNI ES, MOOR HOUSE, OBERL ACK (LBL+GLAS) IJP 
MOORHOUI 73  PL 63B 66  MOORHOUEE, OBERLACK (GLAS+LBL)IJP 
NOORHOU2 73 LBL -1590  NOORHOUSE,OBERLACK,ROSENFELD (GLAS÷LBL)IJP 

AYED 76  PRIVATE CONMCTN. AYPO,BAREYRE (SACLIIJP 
ALSO 73  AIX CONFERENCE AYED,BAREYRE (SACLIIJP 

CEAWFORD 74 GLAS. PREPRINT R L CRAWFOMO (GLAS)  
ALSO 73  BONN CONFERENCE R L DRAWFORD {GLAS) 

METCALF 7A CALT-A8 -625  W J METCALF,  P L WALKER [C IT )  

PAPEPS NOT REFERFED TO IN DATA CARDS. 

CA~RUTHE 60 P~L 6 303  P CARRUTHERS (CORNELLI  I 
DEVL IN  62 PR 125  bOO T J DEVL IN ,  B J MOYER, V PEREZ-MENDEZ (LRL )  I 
HELLAND 66  PR 136 81062  +DEVLIN,HAGGE,LONGO, MOYER,WOO0 [LRL( I 
BAREYRE bB PL 18 362 ÷ BqICMAN, STIRLINGt VILLET (SACLAY)IJP 
JOHNSON 67 UCRL-17683 THESIS C H JOHNSON (LRL) 
OONNACHI 69 NP lOB 633  A DONNACHIE, R KIRSOPP (GLAS+EDIN) 
AYED 70 PL 31B 598  +BAREYRE,VILLET (SACLAY) 
BOWLER 70 NP 17B 331 ÷CASHNORE [U ,  OXFORD) 

5 * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * 5  * * 5 * 5 * 5 * *  5 * * * * * * * *  5 * 5 * * * * * *  * *$ * * * * *  

::::::::::::::::::::::::: • * *  5 5 * 5 .  * S * * *  * * * * * * * *  

I )1 3 
THE EXISTENCE OF TH IS  RESONANDE IS WELL ESTABLISHED. 

11 /b7  
6168  
l i T1  
8 /69  
2172  
2176 "  

6 / 68  
1 /71  
8 /69  
2 /72  
2176 "  

2 / 7A*  
2176= 
2 /745  
2 /73  
2176 "  
E /76 "  
2 / 7A*  

10 N*312(IbTO) MASS (MEV) 

M 0 ( 1691 .0 I  ODNNACH1 bB RVUE PHASE-SHIFT  ANAL 8/b9 
M 6 (1722 .0 (  AYEO 70  IPWA 1 /71  
N B ENER. DEF. FIT OF ARGAND DIAGRAM 
M 6 ( 1669 .0 )  DAV IES  70  RVUE P-S ANAL SOL A 8169  
M 7 ( 1TO0 . }  ALMEHED 72 IPWA Z /72  
M (1723 . )  AYEO 76 IPNA 2 /765  

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

lO  N*3 /2 ( t b70 )  WIDTH (MEV)  

W S (269 .0 I  DONNACH1 68  RVUE B /B9  
W b ( 258 .0 )  AYEO 70  IOWA 1 /71  
W 6 ( 188 .0 ]  OAV IES  70  RVUE SOL A 8169  
W 7 ( 2bO* )  ALMEHED 72 IPWA 2 /72  

( 192 . )  AYEO 76  IPWA 2 /76 *  
w SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

- -~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

[O N*312 (16TO)  PARTTAL OECAY MDDES 

DECAY MASSES 
P [  N *0 /2 (56701  |NTO Pl  N [ 39+  BOB 
P2 N~3 /2 (1670 )  INTO N P ]  P l  938+  109+ 139  
P3 N '3 /2 (1670 )  INTO K SIGMA 493+1589  
MA N '312 (1670 )  INTO DAM NUCLEON. HEL IC ITY= I / 2  O÷ 938  
P5 N '312 (1670 )  INTO GAM NUCLEUN~ HEL IC (TY=3 /2  O÷ 938  
P6 N*3 /2 (1670 )  INTO N53 /2 ( [ 232 )  P(  1232÷  E39 

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

10 N*3 /2 (1670 }  BRANCH(NG RATIOS 

R1 N~3 /2 (1670 )  INTO (P I  N I /TOTAL  [P l )  
R1 3 ( 0 . 16 )  DONNACH1 68  RVUE 8 /69  
R1 6 ( 0 . 217 )  AYEO 70  IPW& 1 /71  
R I  4 ( 0o12 )  DAV(SS 70  ~VUE SOL A 8169 
R1 7 ( 0 . 16 )  ALMEHED 72 IPWA Z /72  
R I  ( . 166 )  AYEO 76  IPWA 2 f74 ,  

R2 N '3 /2 (1670 )  INTO (K S (DHAI /TOTAL  (P3 )  
R2 i (.OOOO2)OR LESS EEUERBACH 70 OVUE P IP  TO K+ SIG+ 7/70 
R2 I ASSUNE MASS, WIDTH, X(ELAST) OF DONNACHIE BE 
R2 1 MODEL USED NAY DOUBLE COUNT. 

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

10 N ,312 (1670 )  PHOTON DECAY AMPL(GEV55-[/2) 

FOR DEFINITIDN DF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI-- 
REVIEW PRECEDING THE BARYON LISTINGS. 

AI  N ,3 /2 (1670 I  INTO GAN NUCLEON, HSL IC ITY= I / 2  (GEV* *~ I / 2 )  
A t  . 036  . 052  DEVENISH 73  DPWA P IN  PHOTO PROD 2 /74 *  
A I  . 078  *009  KNIES 73 DPWA P l  N PHOTO PROD 2 /76 *  
A1 + ,068  . 042  NOORHOU1 73 OPWA P l  N PHOTO-PRO0 2173  
A t  . 041  . 028  MOORHOU2 73 OPNA P IN  PHOTO-PROD 2 /745  
A1 ( .OFT)  CEANFOEO 74 OPWA P IN  PHOTO PROD 2 /7A5  
A I  . 0  . 068  METCALF 76 DPWA P IN  PHOTO-PROD 2176 "  
A1 . . . . . . . . .  
At AVG 0.0712 0.0086 AVERAGE (ERROR INCLUOES SCALE FACTOR OF 1.0) 

A2 N=0 /2 (1670 }  INTO GAM NUCLEON, HEL IC ITY=3 /2  (GEV*5 -1 /2 )  
A2 . 1 [ 0  . 039  DEVENISH 70 OPWA P IN  PHOTO PROD 2 /765  
42 .OTO .009  KN(ES 70 DPNA P IN  PHOTO PROD 2 /74 *  
A2 + ,022  *OB2 MOORHOUI 73 OPWA P IN  PHOTO-PROD 2 /70  
A2 .O2L  .O20  MOORHOU2 70 OPWA Pl  N PHOTO-PROD 2176 "  
A2 ( *L30 )  CFAWFORO 76  OPWA P l  N PHOTO PROD 2174 .  
A2 .0 .061 METCALF 76 DPWA Pl N PHOTO-PROD 2/765 
A2 . . . . . . . . .  
A2 AVG 0,061 0.012 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5) 

REFERENCES EDR N '3 /211670 I  

DONNACHI 68 PL 26B 161 A DONNACHIE, R G KIRSOPP, C LOVELACE (CERN)(JP 
ALSO B8 VIENNA 139 OONNACHIS RAPPORTEUReS TALK (GLAS)  
ALSO 68 THFS IS  R D KIRSOPP (EOIN)  

AYED 70 KIEV CONF R AYEO,P EAREYRE, G VILLET (SACLIIJP 
DAVIES 70 NP B21 359 A DAVIES (GLAS] 
FEUERBAC 70  NP 16B 85  FEUERBACHER+HDLLAOAY (VANDEROILT |  

ALMEHEO 72 NP BAO IS7  +LOVELACE (LUND,RUTG) [ JP  
DEVENISH 73 PL A7B 53 DEVENISH~EANKIN tLYTH (LDUC+BONN+LANC) I JP  
KNIES 73 LBL-2610 KNIEStMOOEHOUSE,OBERLACK (IBL+GLAS)IJP 
NOORHOUI 73  PL 63E 66 MOORHOUSE, OBERLACK (GLAS+LBLIIJP 
MOORHOU2 73 tBL -1590  MOOPHGUSE~DBERLACK,ROSENFELD (GLAS÷LEL I I JP  

AYED 76 PRIVATE COMMCTN. AYED,EAREYRE (SACL I ( JP  
ALSO 73 AIX CONFERENCE AYEDtBAREYRE (SACLIIJP 

CRAWFORD 74 GLAS.  PREPRINT R L CRAWFORD (GLAS) 
ALSO 73 BONN CONFERENCE R L ERAWFORD (GLAS) 

METCALF 76 CALT-68-AE5 W J NETCALF, R L WALKER (CIT) 

PAPERS NOT ~EFERRED TO IN DATA CARDS. 

DONNACHI 69 NP IOB 633  A OONNACHIS, R K(RSOPP (GLAS+EDINI 
AYEO 70  PL 31B $98  +BAREYRE,VILLET (SACLAY) 
BOWLER 70 NP t i e  00 l  +CASHMDRE (U. OXFORD) 

............. 
3 = 

THE ENERGY OEPSNOENT F ITS  OF AYED 73 AND 74 TO THE ARGA 
DIAGRAM IND ICATE  RESONANCE SONSWHERE IN  THE 1800 -2000  M 
REGION. THE OTHER GROUPS, WHICH USE MAXIMUM ABSORPTION 

AS A CRITERION, PLACE THE MASS AT ABOUT 1700 MEV, THERE MAY BE SOME 
WEAK COUPLIND TO OAMMA N. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

19 N*312(I6gO) MASS IMEVI 

M 3 ( i bgO . )  OONNACH2 bE RVUE PHAS.SH IFT -CERNI  10169 
M 3 ( [690. )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
M 3 WHERE MAX. ABSORPTION IS -DONNACHI, 2 ,KIRSOPP EYEBALL F IT  CERN I [0169 
M 6 ( lBO I .O I  AYEO 70 IPWA 1171 
M 6 ENEP. DEF. FIT OF ARGAND DIAGRAM 
N 7 ( l bBO, )  ALNEHED 72 IPWA 2 /72  
M ( I go6 . )  AYED 7A IPWA 21745  

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

19 N '3 /2 (1690 )  WIDTH IMEV)  

W 3 ( 281 . I  DONNACH2 68  RVUE PHAS.SHIFT -CERN1  10 /69  
W 0 ( 260 . )  K IRSOPP 6D MVUE PHASE SHIFT  ANAL 10469  
w 6 (598 .0 )  AYED 70  IBWA 1 /71  
W 7 (220 . )  ALMEHED 72 IPWA 2 /72  
w (2OA.I AYED T4 IPWA 2/74* 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of Listings. 

19 N*312 I lTgo )  PARTIAL DECAY MODES 

DECAY MASSES 
Pl  N .312 l l 690 )  INTO P l  N 139+ 938  
02 N*3 /2 [1690 }  INTO K SIGMA 493+1189  

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

I9 N'3/2(1690) BRANCHING RATIOS 

QI N*3 /2 (1690 )  INTO IP I  N I /TOTAL  (P l )  
R I  3 ( . lO )  DONNACH2 68 RVUE PHAS.SHIFT-CERNI 10 /69  
R! 3 I.OBI KIRSOPP 68 RVUE PHASE SHIFT ANAL 10169  
~1 b ( 0 . 13S )  AYED 70  IPWA L IT1  
PI ? TO.l) ALMEHED 72  IPWA 2172  
q l  ( . 194 )  AYED 74  IPWA 2174 "  

R2 N '3 /211690 )  INTO (K  S ]GMAI /TOTAL  IP2 l  
P2 1 I .O00021CR LESS FEUEPBACH 70 RVUE Pl  P TO K+ SIG+ T /TO 
R2 L ASSUME MASS, WIOTH. X(EtAST) OF OONNACHIE 68  
R2 I MODEL USED MAY DOUBLE COUNT. 

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

19 N '3 /211690 )  PHOTON DECAY AMPL(GEV* * - I / 2 )  

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI- 
OEVIEW PPECEOING THE BARYON LISTINGS. 

N '312 (1690 )  INTO GAM NUCLEON, HELICITY=I/2 (GEV**-I /2) At  
A l  .O lb  . 055  DEVENISH 73 DPWA P IN  PHOTO PROD 2174 .  
A l  . 003  . 015  KNIES 73 OPWA P IN  PHOTO PROD 2 /74 .  
Al .0 .038 METCALF 74  DPWA Pl N PHOTO~PRO0 2174* 
A1 . . . . . . . . .  
Al AVG 0.003 0.014 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

A2 N*E/2(1690) INTO GAM NUCLEON, HELICITY=3/2 IGEV*~ I / 2 I  
A2 . 074  . 064  DEVENISH 73 DPHA Pl N PHOTO PROD 2174 "  
A2 - . 034  .022 KNIES 73 DPWA P IN  PHOTO PROD 2174" 
A2 . 0  . 033  METCALP 74 DPWA P I N  PHOTO-PROD 2176 .  
A2 . . . . . . . . .  
A2 AVG -O.Otb 0 .021  AVERAGE IERRDR INCLUDES SCALE ~ACTOR OF 1 .2 )  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR N'312(1690) 

DDNNACH2 68 VIENNA 189 DONNACHIE RAPPORTEUR.S TALK (GLAS) 
KIRSOPP 68  THESIS R G K1RSOPP (EDIN) 

AYED 70 KIEV CONF R AYED,P BAREYRE, G VILLET (SACL)IJP 
FEUEPBAC 70 NP 168 85 FEUERBACHER÷HDLtADAY IVANOEREILT) 

ALMEHED 72 NP B40 I 5T  +LOVELACE (LUND,RUTG) I JP  
OEVENISH 73 PL 478 53 OEVENISH, RANKIN,LVTH (LOUC+EONN+LANC)IJP 

KNIES,NOORHOUSE,OBEPLADK KNIES 73 LBL-2410 (LBL+GLASIIJP 
AYED 74 PRIVATE CDMMCTN. AYED,BAREYRE (SACLIIJP 

ALSO 73  A lX  CONFERENCE aYEO,BAREYRF (SACL) I JP  
METCALF 74  CALT-68 -429  H J METDALF, R L WALKER IC IT I  

PAPERS NOT REFERRED T~ IN DATA CARDS. 

AYEO 70  PL 3 IB  598  +BAREYRE,V ILLET  (SACLAY}  
BOWLER 70 NR 17B 331 +CASHMORE IUo  OXFORD) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

i;i;;;;; (:::: :::::::.:::::::: 
* * * * * * * *  

3 

THE EXISTENCE OF THIS RESONANCE IS HELL ESTABLISHED. 

11 N .3 /2 (1890 I  MASS IMEVI 

M 3 I 1913 .0 |  OGNNACHI 68 RVUE PHASE-SHIFT ANAL 8169 
M b ( 1837.0) AYEO 70 IPWA I171 
M 6 FROM ENER. DEP, FIT OF ARGAND OIAGRAN 
M 4 (1841 .0 )  DAV IES  70  PVUE P-S ANAL SOL A 8169  
M T (187S . )  ALMEHED 72  IPWA 2 /T2  
M 1 1890  TO 198b  NEHTANI 72 OPWA PleP TO P I+P IOP  9 /73 *  
M (1890.) LANGBEIN 73  IPWA Pl N-K SIG ,SOL  1 9173 .  
M (1890.) LANGBEIN 73 IPWA Pl N-K SIG,SOL 2 9178* 
M (1869.) AYED 74 TPWA 2174" 

I I  N*312(1890) WIOTH IMEVI 

w 3 ( 350°0 )  DONNACHI b8 RVUE 8 /69  
w 6 ( 198 .0 )  AYEO 70 IPWA 1171 
H 4 (136.0I DAVIES 70  RVUE SOL A B ib9  
w 7 ( 250° I  ALMEHED 72  IPWA 2172  
W 1 273  TO 322 MEHTANI 72 DPHA P l+P  TO P I+P IOP  917B*  
H ( I 8O . I  LANGBEIN TB IPWA PI N-K SIG,SOL 1 9173 "  
W [ 140 . )  LANGBEIN 73  IPWA PI  N -K  SIG,SOL 2 9 /78 *  
H ( 255 .1  AYEO T4 IPWA 21745 

SEE NOTES ACCOMPANYING MASSES QUOTED AS FOR N* I / 211910 )  

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

11 N'3/2(1890) PARTIAL DECAY MODES 

DECAY MASSES 
Pl  N*3 /E I IBO01  INTO Pl N 139+ 938  
P2 N .312 (1890 I  INTO N P !  P I  938+  I 89÷  1 3 9  
P3 N .312 (1890 I  INTO K SIGMA 493÷1189  
P4 N*B /2 ( IBOOI  INTO N .3 /2 (1232 )  P I  1232÷  139 
P5 N '312 (18901  INTO GAM NUCLEON, HELICITY=II2 O+ 9B8 
P6 N .3 /2 (1890 )  INTO GAM NUCLEON. HEL IC ITY=3 /2  O÷ 9B8 
P7 N*B12 (18901  INTO N RHO 938÷  770  

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

Baryons 
A(1690), A(1890)A(tgo0) 

11 N*3 /2 (1890 )  BRANCHING PATIOS 

R1 N '3 /2 (1890 )  INTO (P I  N I /TOTAL  (P I )  
R1 3 10.16) OONNACHI bB PVUE 8169 
Rl 6 (0.167l AYED 70 IPWA 1/71 
R1 4 ( 0 .EO l  DAV IES  70 RVUE SOL A 8 /69  
R1 7 I 0 . 18 l  ALMEHEO 72 IRWA 2 /72  
R1 ( * 164 )  AYPD 76 IPWA Z/74" 

P2 N'31211890) INTO (K  SIGMAI/TOTAL (P3) 
P2 1 (O.OOB)OR LESS FEUERBAEH 70 RVUE Pl P TO K+ S IS+  7/70 
R2 1 ASSUME MASS, WIDTH, XIELAST)  OF DONNACHIE 68 
Q2 I MODEL USED MAY DOUBLE COUNT. 

P3 N*3 /211890 )  INTO (SIGMA K)*(PI  NI/TOTAL**2 (P3~P l l  
R~ (.OOI610R LESS KALMUS TO OPWA PI+P TO K+ SIG* L / I t  

R4 N '3 /2 (1890 )  FRO M Pl N TO N.312(12321Pl SQRT(PlSP~) 
Q4 1 . 19  TO . 23  MEHTAN] 72 DPWA P l÷P  TO R I+P IDP  9 /73$  
P4 1 MOSTLY F WAVP DECAY 9 /73 "  

R5 N '8 /2 (1890 )  FROM Pl N TO K SISMA SDRTIP I *P3 )  9173 .  
R5 (.08) LANGBEIN 73 IPWA PI N-K SIS,SOL I 9/73* 
RE (.Oh) LANGBEIN 73 IPWA Pl N-K SIS,SOL 2 9/73* 

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

11 N*3/2(IB9O) PHOTON DECAY AMPLIGEV**-I/2) 

FOR DEFINITION OF DAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI- 
~©VIEW PRECEDING THE BARYON LISTINGS. 

AT N.312(1890) INTP GAM NUCLEON, HELICITY=II2 (G~V**- I /2}  
At  .042 .016 KNIES 73 DPWA Pl N PHOTO PROD 2/74" 
Al +.O4T .067 METE ALF 74 OPWA P IN  PHOT~PRCO 2174. 
A1 . . . . . . . . .  
At AVG 0.042 0.016 AVEPAGF (ERROR INCLUDES SCALE FACTOR OF l .  Ol 

~2 N*312(1890) INTO GAM NUCLEON, HELICITY=312 (GEV**-[12) 
A2 - . 022  . 020  KNIES 73 DRWA P IN  PHOTO PROD 2 /T4 *  

- .028 .06b METCALF 74 DPWA P IN  PHOTO-PROD 2174" A2 
A2 . . . . . . . . .  
A2 AVG -0.023 0.019 AVRRAGE (ERROR INCLUDES SCALE FACTOR OF 1.0I  

eEFF~ENCES FOR N'3/2(1890l 

DONNACH1 b8 PL 2bB I b l  A DDNNACHIE, R G KIRSOPP, C LOVELACE (CERN)IJR 
ALSO 68 VIENNA [39 00NNACHIE P&PPORTEUR'S TALK (GLASP 
ALSO 68  THESIS R G KIRSOPP IED IN I  

AYED TO KIEV CONE R AYED,P BAREYRE, G VILLET (SACL)IJP 
DAVIES 70 NP 821 359  A DAVIES (GLAS) 
FEUERBAC 70 NP 168 89  FEUERBACHER+HDLLAOAY (VANDERBILT) 
KALMUS 70 PP 02 LEE4 G KALNUS, G BORREANI, J LOUIE (LRL) 

ALMEHEO 72 NP B4D 157  +LOVELACE (LUNDtRUTGI I JP  
MEHTANI 72 PRL 29 1634  +FUNG, KERNAN, SCHALK,  + (UCR +LBL I  
KNIES 73 LBL-2410 KNIEStMOORHOUSE,OBEPLACK (LBL+GLASIIJP 
LANGEEIN 73 NP 853 251 LANGBEIN.WAGNER (MUNICM)IJP 
AYEO 74 PRIVATE COMMCTN. AYEO,BAREYRE (SACLIIJP 

ALSO 73 AIX CONFERENCE AYEO,BAREYPE (SACLIIJP 
METCALF 74 CALT-68-425 W J NETCALF. R L WALKER (CITI 

PAPEPS NOT REFERRED TD IN DATA CAQDS. 

AYEO 70 PL 31~ 598 ÷BAREYRE+VILLET (SACLAY) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * . I * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

. . . . . . . . . . . . . . .  12"'.i;11 ::::: : i , , , ( 1 9 o o l  I 3 l  . . . .  91T , 
THIS EFFECT IS SEEN IN TWO CHANNELS. > 
30 N'3/2119001 MASS (MEVI 9173. 

M (L920.) LANGBEIN 73 IPWA PI N-K SIG,SDL I 917)* 
M (18T0.) LANGBEIN 73 IPWA p I  N-K SIG tSOL  2 9/73* 
M (2001.] AYEO 74 IPWA 2174. 

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

BO N*B /2 I I 900 )  WIDTH (NEV)  9 /73 *  

w "140.) LANGBEIN 73 IPWA PI N-K SIG,SDL I 9173. 
W (160.} LANGBEIN 73 IPWA PI N-K SIG,SOL 2 91T3* 
W 1307.) AYED 74 IPWA 2174. 

30 N*3 /2 (1900 I  PARTIAL DECAY MODES 9 /73 *  

DECAY MASSES 
~1 N'312(1900] INTO PIN  139+ 938 
P2 N '312 (1900 )  INTO K SIGMA 493÷I189 

30 N.3/2(1900) BRANCHING PATIOS 9/73* 

w] N .3 /2 (19001  FROM P t  N TO K SIGMA SQRTIP I *PE)  9173. 
PI I +11 }  Pl N-K SIG,SOL l 9173. 
R1 ( . 12 )  P I  N-K  S IG ,SDL  2 9 /73 *  

R2 Ne3/2(1900) INTO PI  N/TOTAL (Pl)  
R2 ( .OTb )  PYED 7~ IPWA 2 /74 *  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES POP N '3 /2 (1900 I  

LANGBEIN 73 NP BB3 251  LANGBEIN.HAGNER (MUNICHI I JP  
AYED T4 PR IVATE  COMMCTN. AY=D,BAREVRE (SACL I I JR  

ALSO 73 A IX  CONFEPENCE AYEO,BAREYRE (SACL I I JP  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  



Baryons 
A(1910), a(lg50) 

144 

Data Card Listings 
For notation, see key at front of Listings. 

I A ( 1 9 1 o ) 1  . . . . . . .  ( . . . . . . . .  i , ,+ ,  . . . . .  
THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHED. 

12 N*312(I91OJ MASS (MEVI 

M 3 (1934.0) OONNACHI 68 RVUE PHASE-SHIFT ANAL 8109 
M 6 ( 1783 .0 )  AYEO 70  IPWA 1 /71  
M 6 FROM ENER. DEE. FIT OF ARGANO DIAGRAM 
M 4 (1914 .0 )  DAVIES 70 RVUE P-S ANAL SOL A 8 /69  
M 7 ItDO0.) ALMEHED 72 IPWA 2 /72  
M (1980.) LANGBEIN 73 IPWA PI N--K SIG,SOL i 9173~ 
w ( 1950 . )  LANGBEIN 73  IPWA PI N-K  SIGtSOL Z 9 /78 *  
M ( 1786 . l  AYEO 74  IPWA 2174 "  

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

12 N*3 /2 ( I gLO)  WIDTH (MEV) 

w B (339 ,0 )  DCNNACH] 68  RVUE 8 /69  
w 6 (308.0) AYEO 70 IPWA 1 /71  
w 4 (290.) DAVIES 70  RVUE SOL A 8169 
W 7 (200o l  ALMEHBO 72 IPWA 2 /72  
w ( IDO . )  LANGBE(N 73 IPWA Pl N-K  SIG,SOL i 9 / 73 *  
W ( lTD.) LANGBEIN 73 [PWA Pl N-K SIG ,SOL  2 9/73* 
W ( 222 . )  AYED 74  IPWA 2 /79 *  

SEE NOTES ACCOMPANYING MASSES QUOTED 

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

IB  N*312(I9[OI PARTIAL DECAY MODES 

DECAY MASSES 
PI N*3/2([9101 INTO Pl N 189+  938 
P2 N*3/2(IDID) INTO N Pl PI 938+ 139+ 139 
P3 N '3 /2 ( I 910 )  INTO K SIGMA 493+1189  
P4 N*3 /2 ( l gLO)  INTO N '3 /2 (1232 )  P I  1232+  139  
P5 N*3 /2 (19101  INT0  CAM NUCLEON, HELICITY=L/2 0+ 938  
P6 N ,3 /2 (1910 )  INTO N RHD 938+  T70 

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

12 N*312(IglO) BRANCHING RATIOS 

RI  N*3 /2 (19 [0 )  INTO (P l  N I /TOTAL  (P I )  
R( 3 (0 °30 )  DCNNACHI 68  PVUB 8169  
RI b ( 0 , 128 )  AYED 70 IRWA L171 
RI  4 (O . I 8 )  DAVIES 70 RVUE SOL A 8169 
RI 7 (0 .33 I  ALMEHED 72 IPWA 2 /72  
PI ( . IE81  AYEO 74 (PWA 2 /74 *  

R2 N*312 (1910 )  INTO (K SIGNAl/TOTal (P3 l  
Q2 I (O .OOBIOR LESS FEUERBAEH ~0 PVUE P l  P TO K+ S IG+  7 /70  
82 I ASSUME MASS( WIDTH, X(ELASTI OF OONNACHIE 68 
82 I MODEL USED MAY DOUBLE COUNT. 

83 N1312(1920) FROM Pl N TO K SIGMA SQRT(PL*PB) 9173= 
83 (.11) LANGBEIN 73 IPWA RE N-KSIG,SOL i 9 /73 *  
R3 ( . 151  LANDBEIN 73 IPWA PI N-K BIG(SOL 2 9 /73 *  

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

12 N*3 /2 (1910 )  PHOTON DECAY AMPL IGEV* * - I / 21  

FOR DEF IN IT ION OF GAMMA-NUCLEON OBCAY AMPLITUDES* SEE M IN I -  ' 
REVIEW P~ECEOING THE BARYON LISTINGS. 

Al N~3 /2 (19101  INTO GAM NUCLEON, HEL IC ITY= I / 2  (GEV* * - I / 2 |  
AT .OlD .812 KNIES 73 CPWA RI N PHOTO PROD 2174= 
A1 - . 082  . 065  METCALF 74  DPWA P IN  PHOTG-PRDD 2174 "  
A I  . . . . . . . . .  
AT AVG 0.009 O.Ol2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O I  

REFERENCES FOR N*3 /2 ( I 910 )  

DONNACHI 68 PL 26B 16E A OONNACHIE, R G KIRSOPP, C LDVELACE (CERN)IJP 
ALSO 68  V IENNA 139 DONNACHIE RARaORTBUR'S TALK (GLASI 
ALSO 68 THESES R G KIRSOPP (COIN) 

AYED 70 KIEV CONF R AYEO,P 8AREYRE, G VILLET (SACLIIJP 
DAVIES 70 NP B21 359  A DAV IES  (GLAS)  
PEUERBAC 70 NP 16B 85  PEUERBACHER+H~LLADAY (VANDERBILT ]  

ALMEHED 72 NP 840 157  +LOVELACE (LUNO,RUTG) I JP  
KNIES 73 LRL -2410  KNIES,MOORHOUSE,OBEBLACK (LBL+GLAS) I JP  
LANGBEIN 73 NP 853  251  LANGBEIN,WAGNER (MUNICH)IJP 
AYED 74 PRIVATE COMMCTN. AYED,BAREYRE (SACL)IJP 

ALSO 73 AIX CONFERENCE AYED.BAREYRE (SACLIIJP 
METCALF 74 CALT-68 -42B  W J METCALF, R L WALKED (E IT )  

PAPERS NOT REFERRED TO IN DATA CARDS. 

CARYANN 05  PR I 38  6433  CARAYANNOPOULOS, TAUTFESTtWILLMANN (PUPD) 
A PARTIAL WAVE ANALYSIS OF P I÷P  TO SIGMA+ K+ 

AYED 70 PL 31B 598  +BAREYRE+VILLBT (SACIAYI 

I,,( Dso)l . . . . . . . . . . . . . . . . . . . . . . . .  12 
THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHED. 

83 N '3 /2 ( I 950 )  MASS (MEV)  

M (1920 .01  DUKE 65  CNTR P I -P  EL + POL 6 /68  
M (IBBO.O) APPROX YOKOSAWA 66 CNTR PI-  P OSIG + POL 7/66 
M 1 (197B .0 )  BAREYRE 68  RVUE PHASE-SHIFT  ANAL 11 /67  
M I WHERE CROSS SBETI~N IS GREATEST - EYE8ALL F IT  
M B (L946 .0 )  DONNACHI 68  RVUE PHASE-SHIFT  ANAL 6 /68  

M 6 11931.0) AYED TO IPWA 
M 6 FROM ENER. DEP. FIT OF ARGAND DIAGRAM 
M 4 ( 1935 ,0 )  DAVIES 70 RVUE 
M 11950 .01  ( 30 .0 l  KALMUS 70  OPWA 
M (1930.l  ROYCHOUD 71DPWA 
M 7 11925.1 ALMEHED 72 IPWA 
M 2 1920 TO 1952 MEHTANI 72 MPWA 
M ( 1928 . )  AYED 74  IPWA 

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

83  N '3 /2 [1950 )  WIDTH (MEVI 

W [ LTO ,O I  DUKE 65 CNTR 
N ( 200 .01  APPqOX YCKOSAWA 66  CNTR 
w I [IBO*O) 8AREYRE 68 RVUE 
W 3 (221.D) OONNACHL 08 RVUE 
W 6 (197.0) AYEO 70  IPWA 
W 4 (22L .O I  DAVIES 70 RVUE 
W (300.0) (60.01 KALMUS 70 DPWA 
W ? (200.) ALMEHED 72 IPWA 
W 2 234  TO 2~9  MEHTANI 72 MPWA 
W (237.I  AYEO 74  IPNA 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

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

BB N*312[lgEO) PARTIal DECAY MODES 

DECAY MASSES 
PI  N*3 /2 ( I 950 )  INTO PIN  139+ 938  
P2 N .3 /2 (1950 )  INTO SIGMA K [ iBD+  493  
P3 N*S12(1950I INTO N'312(1232( P( 1232+ 139 
P4 N '3 /2 ( I 950 )  INTO Y= l ( L385 )  K L384+  493  
RE N*3 /2 (LDSOI  INTO N '3 /2 (1232 )  RHO 1232+  770 
Pb N*BI2(18501 INTO NEUTRON PI+  El+ 989+ 139+ 139 
P7 N'312(1950) INTO N'312(1232) PI PI (NOT RHOI E232+ 139+ 138 
P8 N*312(1950] INTO GAM NUCLEON, HELICITY=I/2 O+ 938 
a9 N*312(1980I INTO GAM NUCLEON, HELICITY=3/2 O+ 938 
RiO  N '3 /2 (1950 }  INTO N CHO 938+  770  

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

83 N'312(1950) BRANCHING RATIOS 

RE N=312(E950) INTO (al  N)ITOTAL (El)  
R1 (0 ,4 [ I  DUKE 6E CNTR VERY ENERGY OEP 7 /66  
RE (0 .4 )  APPROX YOKOSANA bb CNTR 7 /bb  
R I  1 (0.87) 8AREYRE 88 ~VUE 11/67 
P l  3 ( 0 . 380 ]  DONNACH1 08 RVUE bib8 
RI 6 {0.496] AYEO 70 |PNA 1/71 
R! 4 (0.81) DAVIES  70 RVUE SOL A 8109  
RI 7 (O.Ai ALMEHED 72 IPWA 2/72 
RL (.408) AYED 74 IPWA 2176. 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

82 N*312(I950I INTO (SIGMA K)*(PI N)ITOTAL**2 (PZ=P1) 
RZ SEEN BDRREANI 68 HBC PI+P 1.35-1.68 10 /69  
R2 I {0.009) (0.008) FEUEREACM 70 RVUE Pl P TO K+ BIG+ 7170 
82 I ASSUME MASS, WIDTH, X(ELASTI OF DOWN,CHIC 68 
82 I MODEL USED M~Y DOUBLE COUNT. 
82 0.0081 0.0013 KALMUS 70 DPWA PI+P TO K+ BIG+ 1171 

83 N.312(1950) FROM Pl ~ TO N*312(1232I Pl SGRT(P I *P3 I  
R3 2 , 37  TO .48 MEHTANI 72 MPWA PI+P TO El+PlOP 9178~  
R8 2 MOSTLY F WAVE DECAY 9 /73 *  

84 N'312(1950) EROM Pl N TO SIGMA K SQRTIPI*PZ) 9173" 
86 (.041 LANGBEIN 73 IPWA PI N-K SIG,SOL I 9/73* 
84 (.OE) LANGBEIN 73 IPWA Pl N-K SIGtSOL 2 9 /73 *  

MORE INFORMATION ON INELASTIC DECAY MODES ~F BUMPS, SEEN IN PRODUCTION 
EXPERIMENTS ABOUND LDBO MEV, MAY BB FnUND IN THE NEXT ENTRy 

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

83  N*312(IgsoI PHOTON DECAY AMPLIGEV**-IIB) 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI- 
REVIEW PRECEDING THE BARYON LISTINGS. 

AL N '3 /2 [1950 i  INTO GAM NUCLEON, HELICITY= 1/2 (GEV* * - - I / 2 )  
AL - . ~70  . 012  KNIES 78 DPWA P IN  PHOTO PROD 2 /74 *  
AT (- .080) MOOR HDUB 78 DPWA P IN  PHOT~PRED 2/74* 
AL - * 059  . 029  WETEALF 74  OPW~ P IN  PHOTO-PROD 2174* 
A[ . . . . . . . . .  
AL AVG -0°068 O.OI l  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

A2 N*312(19BO) INTO GAM NUCLEON, HELICITY=3/2 (GEV**-I /2) 
A2 - . 078  . 010  KNIES 73 OPWA PIN  PHOTO PROD 2 /74 *  
A2 (-.18Ol MOORHDU2 73 DPWA PIN  PHOTO-PROD 2/74* 
A2 -.093 .024 MFTCALF 74  DPWA P( N PHOTO-PROD 2 /74 ,  
A2 . . . . . . . . .  
A2 AVG -0 .0802  O.O09B AVERAGE (ERROR INELUOES SCALE FACTOR OF I .O I  

REFERENCES FOR N*3 /2 ( I 9501  

DUKE 65 PRL 15 468  +JONES,KEMP,MURPHY,PRENTICF, + (RHEL,OXF)IJP 
YOKDSAWA 60 PRL 16 7[4 +SUWA, HILL~ ESTERLING, BOOTH (ANL,CHIE)IJP 

BAREYRE 68 PR LOB 173[ P 8AREYRE, C BRICMAN, G V ILLET  (SACLAY)IJP 
BORREANI 68  UCRL 18390  80RREANIvKALMUS {LRL) 
DONNACHE 68 PL 268 Ib |  A OONNACHIE, R G KIRSOPP, C LOVELACE (CERN)IJP 

ALSO 68 VIENNA 139 DONNACHIE RAPPORTEUR'S TALK (GLASI 
ALSO 68 THESIS R G KIRSOPP (EDIN) 

AYED 70 KIEV CONF R AYED,P BAREYPE, G VILLET (SAELIIJP 
DAVIES 70 NP 821 359 A DAVIES (GLAS)  
~EUERBAC 70 NP 166 88 FEUERBACHER+HOLLADAY (VANDERBILT) 
KALMUS 70 PR D2 L824  G KALMUS, G BORREANI ,  J LOUIE (LRL )  

ROYCHOUO 71NP 827 ]25 R K ROYCHOUDHURY,B H BBANSOEN (DURHIIJP 

ALMEHED 72 NP 84O 157  +LOVELACE [LUND,RUTGI I JP  
MEHTANI 78 PAL E9 1 6 3 4  +FUNG, KERNANt SCHALK,  + (UCR +L8L ]  
KNIBS 73 L81-2410 KNIEStMOORHOUSE,OBERLACK (L8L+BLASJIJP 
LANGBEIN 73 NP B53 251  LANGBEIN,WAGNBR (MUNICH)IJP 

MOORHOUSE,OBERLACK,ROSENFELO IGLAS+LBLIIJP MOORHOU2 73 LBL -1590  
AYED 74  PRIVATE COMMCTN. AYEOt8AREYRB (SAEL ) I JP  

ALSO 73 AIX CONFERENCE AYEO,BAREYRE [SACLIIJP 
METCALF 74 C&LT-68-425 W J METCALF, R L WALKER (CITE 

L /7L  

P-S ANAL SOL A 8169 
PI+P TO K+ BIG+ i17 I  

3/72 
2/72 

PI+P  TO P I+P IOP  9173 .  
2 / 74=  

7/66 
7/66 

1116T 
6168 
t171 

SOL A 8/69 
PI+P TO K+ SIG+ L/71 

2172 
P I+P  TO P I+P IOP  9 /73=  

2174. 



t45 

Data Card Listings 
For notation, see key at front of  Listings. 

PAPERS NOT REFERRED TO IN DATA CARDS. 

HOHLER 0 3  NP 40 470 G HDHLER, G EBEL (KARLSRUHEI I 
LAYSON 63  NC 2 7  7 2 ~  w M LAYSDN (CERN) I J  
AUVIL 64 NO 33  4 7 3  P AUVIL, C LOVELACE (LOICI IJP  
HFLLAND 64 PR 134 81062 +DEVLIN,HADGE,LONGO,MOYER,WOOD (LRL) I J  
HCHLER 64 PL 12  149 G II~HLER, J GIESECKE (KAPLSRUHE) I 
MOLLADAY 6 5  PR 1 3 9  B 1 3 4 8  w (; H O L L A O A Y  ( V A N D E R B I L T )  
JOHNSON 67 UCRL-17683 THESIS C 4 JOHNSON ILRL) 
DONNACHI 69 NR rOB 433 A OONNACHIE, R KIRSOPF (GLAS÷EDIN) 
AYEO 70 PL 31B 598 ~BAQEYRE+VILLET (SAOLAY) 

IA(196o) I --'] 
> 

13 N*312(IOgD) MASS (MEV} 

M 3 (EgS~.O) DONNACH1 68 RVUE PHASE=SHIFT ANAL 6168 
M 3 (1970. )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
M X ( [ g 5 O . O )  AoPPOX LEA 6 9  CNTR P I - P  ELASTIC 8 / 6 9  
M X SEE ALSO APLIN 7 0  
M 3 WHERE MAX. ABSORPTION IS -DONNACHE, 2 ,K(RSOPP EYEBALL FIT CERN I 10168 
M 7 (2200. )  ALMEHED 72 IPWA 2 / 7 2  
M 1 ( t g6O . i  LANGBEIN 73 IOWA Pl N-K BIG.SOL 2 9/73~ 
M I NOT SEEN IN SOLUTION 1 DE L A N G B E I N 7 3  9 / 7 3 ~  

(1889. )  AYED 74  IPWA 2174" 

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

13 N'312119603 WIDTH (MEV) 

W 3 ( 3 1 1 , 0 0 )  DONNACH1 bB RVUE 8 / b 9  
w 3 (~OO.) KIRSOPP 68 PVUE PHASE SHIFT ANAL 10189 
W 7 ( 600 . ]  ALMEHED 7 2  IPWA 2 / 7 2  
w I ( 1 5 0 , 1  LANOBEIN 7 3  IOWA PI N-K SIG~SOL 2 9 1 7 3 =  
w ( IZ I . }  AYED 7 4  (PWA 2 / 7 4 *  

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

13  N ' 3 / 2 ( 1 9 6 0 )  P A R T I A L  DECAY MODES 

DECAY MASSES 
Pl N * 3 / 2 ( 1 9 6 0 3  INTO P l  N 1 3 9 +  9 3 8  
P2 N~312(1960) INTO K S(BMA 493+1189 

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

13 N = 3 / 2 ( 1 9 6 0 3  BRANCHING RATIOS 

R I  N*3/2(1960)  INTO (P l  N) /  TOTAL (P l l  
R1 3 1.1543 ODNNACHI bB RVUE PHASE SHIFT ANA. 1 0 1 6 9  
RI 3 (.123 KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
RI 7 (0 .25 )  ALMEHED ?2 IOWA 2/72 
R! (.0813 AYED 7 4  IPWA 2/74= 

R2 N$312(1960I INTO (K SIGMAI/TOTAL (P2) 
R2 1 (O.Ot3) (O.01) FEUERBACH 70 RVUE Pl P TO K+ SIG4 7 / 7 0  
;2  I ASSUME MASS. WIDTH, XIFLAST) OF O~NNACHIE 68 
K2 1 MODEL USED MAY DOUBLE COUNT. 

R3 N * 3 / 2 ( 1 9 0 0 I  FROM Pl N TO K SIGMA SQRT(PItPZ) 9173" 
P3 1 (.OR) LANGBEIN 73 IPWA PI N-K BIG,SOL 2 9173" 

~EFERENCES FOR N'3/2(19603 

DONNACHI 68 PL 268 1 6 1  A DONNACHIE, R G KIRSOPP, C LDVELACE (CERN)IJP 
KIgSOPP 6 8  THESIS R G KIRSOPP [EOIN) 

LEA ~ 9  PL 298 564 LEA,DADES,WARD,COWAN,* (RHEL,BRISTOL,DARE) 

F~UERBAC 70 NP [ 6 B  8 5  FEUERBACHER+HOLLADAY (VANOERBILT) 

~LMFHED 7 2  NP BAD 1 5 7  + L O V E L A C E  ( L U N D . R U T G ) I J O  
L~NGREIN 7 3  NP q 5 3  2 5 1  LANGBEIN,WAGNER (MUNICHIIJP 
AYED 74 PRIVATE COMMCTN. AYED,BAREYRE (SACL)IJO 

ALSO 7 3  AIX CONFERENCE AYEO,BAREYRE ISACLIIJP 

PAPERS NOT PEFEQRED TO IN DATA CARDS. 

DONNACHI 59 NP 108 4 3 3  A DONNACHIE, R KIRSDPP (GLAS+EDIN) 
AYED 70 PL 31B 5 9 8  +BAREYRE+VILLET I S A C L A Y I  
APLIN 71 NR E32 2 5 3  +COWAN,GIBSON~GILMORE++ (RHEL,BR[STDL) 

1960 MEV ~ I O N  - PRODUCTION ./LND ~TOTAL KXP'TS 
7 0  N * 3 / 2 ( I 9 5 0 ,  J P =  I I = 3 / 2  

7 0  N * 3 / 2 ( l g B D )  MASS ( M E V I  (PROD. EXP.) 

M 11922.03 APPROX COOL 56 CNTR PI÷ P TOTAL 7166 
M ( 1 9 1 2 . 0 l  {15 .0 )  BRISSON 6 1 C N T R  P I +  P T O T A L  7 / 6 6  
M (19DO.Of ( 9 . 0 )  DEVLIN 6 5  CNTR PI+ P TOTAL 
M N (2080.O) (12.D) YOON 6 7  HBC + 5 BEV/C PI-P 8167 
w N THIS BUMP IS NOT SEEN BY CHUNO 68 AT 5.2 GEVIC 
M ( 1 8 6 0 . 0 I  C D L T O N  72  HBC ++ PP TO P I ÷ P N  7GEV 1 1 7 3  

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

70 N*312{1950) WIDTH IMEV) (PROD. EXP. )  

w ( 2 5 6 . 0 3  ( 3 9 . 0 )  O E V L I N  6 5  C N T R  
W 40.0 2 0 . 0  YOON 67 HBC + 8 / 6 7  
W ( 1 8 0 . 0 )  COLTON 7 2  HBC PP TO PI÷PN 7GEV 1 / 7 3  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . .  

Baryons 
A(1950), A(1960), A(gt60) 

TO N * 3 / 2 ( l g S O )  PARTIAL DECAY MODES (PRO0. EXP.) 

DECAY MASSES 
Pt N ' 3 / 2 ( 1 9 5 0 )  I N T O  P I N  1 3 9 +  9 3 8  
P2 N.312(1950) INTO SIGMA K 1189÷ A93 
P3 N'3 /2 {1950)  INTO N~312(1232} Pl 1232+ 139 
P4 N = 3 / 2 ( l g S O )  I N T O  Y = ( ( 1 3 B B I  K 1 5 8 4 +  4 9 3  
P5  N ~ 3 / 2 ( 1 9 5 0 )  I N T O  N ' 3 / 2 ( 1 2 3 2 l  RHO 1 2 3 2 +  7 7 0  
P6 N ' 3 1 2 ( 1 9 5 0 )  I N T O  N E U T R O N  P I +  P I +  9 3 9 +  1 3 9 +  1 3 9  
P7 N ' 3 / 2 ( 1 9 5 0 )  I N T O  N = 3 / 2 ( 1 2 3 2 )  P l  P I  ( N O T  RHO)  1 2 3 2 +  1 5 9 +  1 3 9  

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

TO N'312(1950) BRANCHING RATIOS (PROD. EXP*) 

RX N * 3 / 2 ( L 9 5 0 3  I N T O  ( P I  N I / T O T A L  ( P 1 )  
RI (0.573 ( 0 , 1 2 )  O~VLIN 65 CNTR 

R2 N'312(1950 l  INTO (SIGMA K I I IP I  N) (PZ ) / (P I )  
R2 0.059 0.024 CHINOWSKY 6 8  HBC ++ PP TO P SIG K 11168 

R3 N*312(IqBOl INTO N'312(1232) PI Pl (NOT RHO) APT) 
R3 S~EN CHINOWSKY EB HBC ++ PP TO (P 3Pl}  N I I 168  
R3 SEEN BOGOILD TO HBC PP TO N3PIINTRLI 6 / 7 0  

R4 N 312(19503 INTO (Pl  N)/(N=312(12323 P I ]  (P l ) I IPS I  
R4 ( 0 . 5 5 )  OR LESS LEE 6 7  HBC P I - P  3.63 BEV/C 1 1 1 6 7  

R5  N~312(1950} I N T O  i (P l  NI~INEUTRON PI÷ PI+)) ITOTAL**2 
Q5 I P I * R 6 I  
R5 0.05 0 . 0 1 3  GALLOWAY 68 RVUE + +  PI÷P TO N 2RE+ 6168 

R6 N'31211950I INTO (Y* I (13853 K I / IP I  N) IP4 I I IP I ]  
~6 0 , 0 3 5  0.015 CHINOWSKY 68 HBC ++ PP TD P LAM K Pl 1 1 1 6 8  

Q7 N~312119501 INTO 1N-3/2(1232) RHO)/(PI N)  (PB I / (P l }  
Q7 (0 .45 }  APPROX CHINOWSKY 68 HEC +÷ PP TO (P OPT) N 11/68 
Q7 THIS INCLUDES CORgECTIDN FOR UNSEEN OECA~ ( ISPIN F~CTOR 5 /B ) .  

R8 N*312(1950) I N T O  lN$312(1232) RHOIITOTAL lOS) 
~ 8  SEEN YCON e 7  HEC + PP 8 / 6 7  
RE NOT SEEN BOOGILD 70 HBC TO N3PI(NTRL) 6/70 

COOL SO P~ 103 1092 
E~ISSON 61NC 19 210 
DEVLIN 65 PRL 14 103I 
LEE 6 7  P~ 1 5 9  115b 
YODN 57  PL 24B 307 

CHINOWSK 6B  ° R  !71 1421 
CHUNO 6 8  PR 1 6 5  1 4 9 1  
GALLOWAY 6 8  PL 26R 334 
BDGOILD TO NP 616 503 
CCLTON 72 PR n6 95 

QECERENCES FOR N~312(1950) (PROD. EXR.I 

R COOL, O RICCIDNI, D CLARK (BNL) I 
+O~TOFUF,FALK-VAIRANT,VAN ROSSUM,+ (SACLAYI I 
T J DEVLIN,J SOLCMON,O BFPTSCH (PRINCETOn,) I 
÷MOEBS,ROE,SINCLBIR,VANDER VELDE (MICH) 
+BERENYI,KEY,PRENTICE, + (TORDNTO,WISC) 

CHINOWSKY,CONDON,KINSEY,KLEIN,+ (LRL,SLAC) 
S u CHUNO.DAHL,KIRZ,MILLER (LRL) 
K F GALLOWAY (INDIANA) I 
÷KO~FA-AHC+JACDBSEN+ (BCHR+ HELS~OSLO+STOHI 
E COLTON, A KIRSCHBAUM (LFL) 

IA(21eo)l ..... 2, ..... , ..... 
i B 

SEVERAL ANALYSES HaVE FOUND EVIOENCE FOR A RESONANCE 
NEAR THIS MASS IN THE P33 pAPTIAL WIVE, AND UNLESS 
STATED OTHERWISE, ALL DATA CAgDS BELOW APPLY TO THIS 
WAVE. IN ADDITION, ROYCHDUDHURY 71 FIND POSSIBLE 

EVIDENC~ FOR o31, D33, AND 035 RESONANCES IN THIS MASS REGION. IN A 
SIMILAR ANALYSIS BPANSOEN 71 FOUND SOME EVIDENCE FOR $31, D33, AND 035 
~ESONANCES IN THIS REGION. VDN SCHLIPPE 72 SOOOEST A G59. 

THE MOST PECEET Pl N ANALYSIS FINDS A G39 RESONANCE IN THIS MASS 
REGION. THE EFFECT SEEN IN K SIG PROD. IS 100 MEV LOWER IN MASS. 

9 N ~ 3 1 2 ( 2 1 6 D }  PASS (MEVI 

M 3 12160.) KIRSOPP 68 RVUF PHASE SHIFT ANAL 10/69 
M 12120.1 ROYCHOUD 710PWA 3172 
M 71 12150.) ALMEHED 72 IOWA 2/72 

11980.1 LANGBEIN 73 IPWA Pl N-K SIG,SOL I 9 / 73 '  
M i NOT SFEN IN SOLUTION 2 OF LANOBEIN?3 9173" 
M ~ 12174.1 AYED 74 IOWA 2/74*  
M AYED 74 RESULT IS A G39 RESCHANCE. 2/74*  

9 N'3/2121601 WIDTH (MEVI 

W 3 1260.) KIRSOPP 68 RVUE PHASE SHIFT ANAL 10169 
W 7 ( 2 0 0 . )  ALMEMED 7 2  IOWA 2 1 7 2  
W 1 1190.1 LANGBEIN 73 IPWA PI N-K SIG,SDL I 91TB* 
W 2 1205.1 AYEO 74 IPWA 2174" 

q N'3/2121601 PARTIAl DECAY MODES 

DECAY MASSES 
P l  N , 3 / 2 1 2 1 6 0 1  I N T O  P I N  1 3 9 +  9 3 8  
P2 N.3/2121603 INTO K SIGMA 4 9 3 . 1 1 8 9  

9 N'312121601 BRANCHING RATIOS 

~1  N - 8 / 2 1 2 1 6 0 1  I N T O  ID I  N I / T O T A L  ( P [ )  
RI 3 1 , 2 5 1  KIRSDPP 68 PVUE PHASE SHIFT ANAL I 0 / 69  
~1  7 1 0 . 3 1  ALMEHED 7 2  IOWA 2 1 7 2  
R I  2 1 . 0 4 5 1  AYED 7 4  IPWA 2 / 7 4 *  

R2 N'3/2121~01 FROM P IN  TO K SIGMA SQRTIPI*PBI 9173" 
P2 E ( . O R I  LANGBEIN 73  IPWA PI  N-K BIG.SOL [ 9 1 7 3 *  

**=*** ********* ********* ********* ********* ********* ********* ******** 
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Baryons 
A( 850) 

Data Card Listings 
For notation, see key at front of Listings. 

REFERENCES FOR N.312[21601 

KIRSOPP 68 THESIS R 0 KIRSORP (EOINI 

ROYCHOUO 71 NP D27 125 R K ROYCHOUDHURYt8 H BEANSDEN (DURHIIJP 

ALMEHED 72 NP 640 157 +LOVELACE ( LUND,RUTG) I JP  
LANGBEIN 73 NP B53 251 LANGBEIN,NAGNER (MUNIEHII JP  
AYEO 74 PRIVATE COMMCTN. AYEOtBAREYRE (SACL) I JP  

ALSO 73 AtX CONFEOENCE AYEO,BAREYRE [SACLIIJP 

PAPERS MOT REFER~EO TO IN DATA CARDS. 

DONNACHI 69 NP 10B 433  a DONNACHIE,R KIRSOPP (GLAS+EO|N)  
BaANSOEN 71 N~ 82b  511 ,OGDEN (OUPHIIJP 

ALSO 70 NP B16 461  ~OYCHOUDHURY,PERRIN,BRANSDEN (DURHI I JP  
YON SCHL 72 LNC 4 767  YON SCHLIPPE (LOWCIIJP . 

BOTH RGYC ................. SOEN IN ~ ID~ .A. ;~SBS~&B~ 
RESONANT EZS IN THIS MASS REGION. [ I DEN 
71 F IND A RESONANT P33 AT 2600  MEV. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . .  

84 N.312(2420) NASS (MEV) 

M 6 ( 2312 .0 )  AYED 7D IPWA l l T l  
M 6 FROM ENER. DEE. FIT OF ARGAND DIAGRAM 
M ( 2400 .  ) BRANSDEN T l  DPWA 3 /72  
M (2400 . )  RCYEHOUD 71 DPWA 3 /72  
M (ER4O. ]  OTT 72 MPWA O PI-P BKWO ELSTC 2/73 
M [ 2392 .  ) AYEO 74  IPWA 2174 "  

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

84 N '3 /2 (2420 I  WIDTH (MEVI  

W 6 [ 347 .0 )  AYED 70 IPWA 1/71 
w ( 289 . )  AYED 74 IPWA 2174 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . .  

84  N '31212420 )  PART IAL  OECAY MODES 

DECAY MASSES 
P I  N~3 /2 (24~ .01  INTO P l  N 139+ <)38 
P2 N*3 /2 [2420 )  INTO SIGNA K 1187+ 493  

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

84  N*3 /2 (2420 )  BRANCHING RATIOS 

RI N*812 (24EOI  INTO (P l  N ) /TOTAL  (P I )  
R I  b ( 0 . 113 }  AYED 70  IPWA 1171 
R|  T [ . 4 )  OTT 72 MPWA 0 PI -P  DKWD ELSTC 2 /71  
~i ( . ! 09 )  AYED 74  IPWA 2174" 

REFERENCES FOR N .3 /2 (2420 )  

AYEO TO KIEV CONF R AYEO~P DAREYRF, G VILLET (SAELIIJP 

8RANSOEN 71 NP B26 511 ,OGOEN (DURHI I JP  
ALSO 70  NP B[6 46 I  ROYCHDUDHURY,PERRIN,BRANSDEN (OURH)IJP 

aOYCHOUD 71 NP 827 125  R K ROYCHOUDHURY,B H ERANSOEN [OURH) IJP 
OTT 72 PL 426 133 +TRISCHUK,VAVPA,RICHARDS~* (MCGI,STLO,[OWA)IJP 

aLSO 72 MCOILL THESIS J .  VAVRA (NCGI) JP 
AYED 74 PRIVATE CDMMCTN. AYEOtBAREYR~ (SACL} I JP  

ALSO 73 AIX CONFERENCE AYEO,BAREYRE (SACL) I JP  

PAPERS NOT REFERRED TO IN OATA CARDS* 

BELLANY 6T PRL Ig 476  +EUCKLEY,DOBINSON, + (WESTFIELD,LOUC) JP 

AYED 70 PL 31B 598 eEAREYRE+VILLET (SACLAY) 

P.420 ~ REGION - PRODUCT[0N AND UTOTA L EXPPFS 
69 N=3 /2 (242D ,  JP= ) I =3 /2  PRODUCTION EXPERIMENTS 

69  N*31212R20 )  MASS (MEV l  (PROD. EXP . )  

M [ 2360 .0 )  DIOOENS 63 CNTR P I+  P TOTAL 
M (ZSZO.O)  ( 4O .O)  ALVAREZ b4 CNTR PI  PHOTOPROD 7166  
N { 2440 .0 )  HOHLER 64  RVUE DATA • D ISP  REL 
M {24DO.O| APPROX WAHLIG 64 OSPK O PI-P CH EX 
M B 12452 .0 )  8ARGER 66  RVUE TOTAL ÷ CH EX 11 /67  
M B USES REGGE AMP.÷RESON. TO CALCULATE O[F*  CR05S SECTIONS AT 180 OEGRE 
M B FOR CRITICISM OF THIS METHOD, SEE OOLEN 68. 
M 2423 .0  IO .O  CITRON 66  CNTR P I *  P TOTAL 7 /66  

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

69 N~3 /2 (2420 )  WIDTH (MEVI  (PRO0.  EXP . )  

w (ZOO.O)  OIODENS 63  CNTR 
M [245 .0 [  HOHLER 64  RVUE 7 /66  
w E (278 .0 I  BARGER 66  RVUE TOTAL ÷ CH EX $1167  
W 310 .0  20.0 CITRON 6G CNTR 7166  

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

69 N '3 /2 (2420 )  PART IAL  OECAY NODES (PROD.  EXP . |  

DECAY MASSES 
P I  N ' 3 / 2 (24201  INTO P I N  139+ 908  
P2 N .3 /2 [2420 I  INTO SIGMA K 1LET÷ 493  
P3 N*3 /2 (24201  INTO N.3 /2 (1232 )  Pl 1232+  I 69  
P4 N*3 /2 (26201  INTO NEUTRON P I÷  El÷ 939+  LB9÷  139  

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

69  N'3/2(2420) BRANCHING RATIOS (PROD. EXP. I  

RI N'312(24201 INTO (RI N)/TOTAL (E l i  
R1 (O .O6T)  A~PROX DIDDENS 63 ENTR ASSUMING J= l l / 2  7 / 66  
RI 0 . 1 1 3  O.OO3b CITRON 66  CNTE ASSUMING J=11 /2  7 /66  
R I  B [ 0 . 12 )  BARGEE ET P IT  ASSUMING J= l l / 2  11 /67  
RI O (0.~63) OIKMEN 67  F IT  ASSUMING J=1112 11/67 
RI O USES ONLY RESONANCES TO CALCULATF OIF. CROSS SECTIONS AT 180 OEGPEES 
RI [O.O61 KORMANYOS 67 CNTR ASSUMING J= l l / Z  11E67  

R2 N=3/2(2RBOI INTO [P[ N)*(NEUTRON P i t  PI÷)/)TOTaL**Z) 
aE (Pl~P4) 
R2 0.019S O.OO4B GALLOWAY 68  qVUE 6 /68  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

DEFERENCES FOR N '3 /2124201  [PROD.  EXP . I  

DIODFNS 63 PRL IO 262 * JENKINE ,  KYCIB, RILEY (BNL) I 
ALVAR~Z 64 PRL 12 7[0 •BAR-YAM,KERNtLUCKEY,OSBORNE, + (MIT,CEA) 
HOHL~R 64 EL 12 [ 49  G HOHLSR, J GIESECKE (KARLSRUHE) I 
WBHLIG 64 RQL 13 I03 +MANNELLI.SODICKSON,FACKLER,WARD, • (MITT 
BARGER 66 PR 151 [123 V BAPGER, M OLSSDN (HISC) 
CITRON 66 PR 146 [101 +GALBR&ITH,KYCIa,LEONTIC,PHILLIPS, * (BNEI I 

BARGER 67  PR 155 [ 792  V BARGER, O CL INE  (WISC)  P 
DINMEN 67 PRL 28 798 F N OIKMEN IM|CHI 
KORMANYO 67 PR 164 1661  KORMANYOS, KRISEH, DFALLONt + (MICH,ANLI P 
GALLOWAY 68 EL 266 334 K F GALLOWAY (INDIANA) [ 

PAPERS NOT REFERRED TO IN DATA CARDS. 

BAACKE OT NC SEA Tb l  J BaACKE, M YVERT  (KARLSEUHE,ORSAYIJ-L 
DOBROWOE 67 PL EBB 203 OORROWOLSKI,GUSKOV,LIKHACHEV, + (DUBNA) P 
DOLEN 68 PR 166 1768 P DOLEN, O HORN, C SCHMID (CIT) 
WAHLIG 68 PR 168 151S M A WAHLIG, I MANNELLI [MIT,PlSA) 

FINAL VERSION OF DATA USEO IN WAHLIG hR. IN CONJUNCTION WiTH 
CITRON 66 TOTAL CROSS SECTIONS, THIS CHARGE EXCHANGE DATA GIVES 
COMPLEX ELASTIC SEATTEPING AMPLITUDE AT 0 DEGREES. 

BUMPS 

85 N*312128SD)  MASS (MEVI  (PROD.  EXP . }  

M (2B/O.O) HOHLER b4 RVUE DATA ÷ OISP REL 
M (27DO.Of APPROX WAHLIG 64 OSPK O PI-P CH Ex 
M (2850 .O)  8AROAOIN 66 HBC •+  N*  TO P + 3 P IS  7 /66  
M 2850 .0  12 .0  CITRON 66  CNTR E l+  P TOTAL 7 /66  

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

85  N*3E2 [2BSOI  WIOTH (MEV) (PRCD.  EXP . I  

w ( ISOoO)  BARDADIN 66  HBC ++ 7166  
w 4OO.O 40.0 CITRON 66 CNTP 7166 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8S N~312 (EBSO)  PART IAL  DECAY MODES [PROD.  EXP . )  

DECAY MASSES 
P l  N *3 /2 (28SO)  INTO P(  N 139÷  938  
P2 N '312 (2850 )  INTO P P/ P/  Pl 938÷ [ 39+  139+ 139  
P3 N '3 /2 (2850 )  INTO N Pl  PI 938+  139+ 139 

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

85 N '3 /2 (2850 )  BRANCHING RATIOS (PROD.  EXP . )  

RI N.31212850 )  INTO (P I  N I /TOTAL  (P l )  
RI ONLV ( J+ I I 2 ) * (  PI N/TOTAL) NEASURED FOR THIS STATE 
MI B (0.216) (0.0161 8ARGER 66 RVUE TOTAL + CH EXC. 11/67 
RI 0.261 O.O4B CITRON 66 CNTq TOTAL CROSS,SEC.  11167 
RI E (0.40} BARGER 67 ~VUE USES KORMANYOSB6 [ I / 67  
RS 8 USES REGGE AMP.+RESON. TO CALCULATE O IF .  CROSS SECTIONS AT 180 DEGME 
RI B FOR CRITICISM OF THIS METHOD, SEE DOLEN 68. 
R[ C )0.49) DIKMEN 67  RVUE USES KORMANYOSB? 11167 
RI C USES ONLY RESONANCES TO CALCULATE OIF. CROSS SECTIONS AT IBO DEGREES 
R1 (0 .39 )  OOBRDWOLS 67 CNTR PI÷P AT 180 OEG 
RI (o.  IO) KORMANYOS 67 CNTR PI-P AT [80 DEG. IL/~T 
g l  0 [ 0 . 06 )  OR LESS CL= .RS  HALOORSE 72 HBC PP 19 GEV/C 12 /72  
R [  O UPPER L IM IT  ON ELAST IC ITY .ALSO F IND  J=9 /2  OR MORE. 

REFERENCES FOR N*3 /E (2B50 )  [PROD.  EXP . I  

HOHLER 64  PL 12 1R9 G HOHLER, J GIESEEKE (KARLSRUHE) I 
WAHLIO 64 PRL 13 103 +MANNELLI,SOOICKSON,FACKLER,WARD, + (MITi 
8ARDADIN 66  BL 21 357  BAROADIN--OTWINOWSKA,DANYSZ, ÷ (WARSAW) 
BARGER 66  PR 151 1123  V BARGER, M OtSSON (WISC) 
CITRON 66 PR 144 1101  ÷GALBRAITH*KYCIA,LEONTIC,PHILLIPS, * (BNL) I 

BARGER bT PR (55 1792 V BARGER, O CLINE (WISCI P 
OIKMEN 67 ~RL 18 798 F N OIKMEN (MIEN) 
OOBROWOL b7  PL 248  203  OOBROWOLSKI ,GUSKOV,L IKHBCHEV,  • (OUBNA) P 
KORMANYO 6T PM I64 [661 KORMANYOS, KRISCH, OFALLON, ÷ [MICH,ANL) P 
HALOORSE TE NO IDA 466  HALOORSEN,JACOBSEN [OSLO)  I J  

PAPEqS NOT RE~ERRED TO IN  DATA CARDS. 

BAACKE 67 NC 51A 761 J BAACKE,  M YVERT (KAMLSRUHE,ORSAY)J -L  
OOLEN 68 PR I66  1768  R DOt(N, O HORN, C SCHMID (C IT )  
WAHLIG 6B P~ 168 1515 M A WAMLIG, I MANNELLI (NITtPISA) 

FINAL VERSION OF DATA USEO IN WAHLIG 6R. IN CONJUNCTION WITH 
CITRON 66 TOTAL CROSS SECTIONS. THIS CHARGE EXCHANGE DATA GIVES 
COMPLEX ELASTIC SCATTEPING AMPLITUDE AT O DEGREES. 



i 4 7  

Data Card Listings 
For notation, see ke N at front o]:tisHngs. 

BUMPS 

86 N .312132301  MASS (MEV)  (P~00 .  EXP . )  

M (3230.0} CITRON 66  CNTR RE+ P TOTAL 7 /66  

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

8b N* '312 (3230 )  WIDTH IMEV) (PROD. EXP.I 

W (440.0) CITRON bb CNTR 7166 

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

86  N '~3 /2 (32301  PARTIAL DECAY MCOES (PROD.  EXP . )  

DECAY MASSES 
P l  N *S /Z (3230 )  INTO Pl f l  139+ 938  
P2 N< '3 /2 [3230 )  INTO N P I  P I  938+ 139+ 139  

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

86 N .3 /2 (3230 I  BRANCHING RATIOS 

Rl  N*3 /Z (3230 I  INTO (P I  N ) /TOTAL  IP1 )  
c l  ONLY ( J+ l / 2 l * ' I  Pl N/TOTAL)  MEASURED FOR THIS STATE 
RI B (O .OB)  (0.01) BARGER 66 RVUE TOTAL + CH EXC. 11 /67  
P l  [ 0 , 06 )  CITRON 66  CNTR TOTAL CROS. SEC. 1L /67  
R1 B (0 ,03 )  TO 0.1 BARGER 67 CNTR USES KORMANYOS66 11/67 
RE B USES REGGE AMP.+RESON.  TO CALCULATE OIF. CROSS SECTIONS AT 180 OEGRE 
F2 E FOR CRITICISM OF TH IS  METHOD, SEE D~LEN 68 .  
P l  O ( 0 . 25 )  DIKM~N b7  RVUE USES KORMANYOSb7 11167  
R1 O USES ONLY RESONANCES TO C~LCULATE OIF. CROSS SECTIONS AT IBO DEGREES 

~E¢ERENCES FOR N .3 /2 (3230 )  (PROD. EXP.) 

RAROER 66 PR I S t  1123 
CITRON 66 PB 144 t LOL  
BARGER 67 PR 155 1792  
OIKM~N bT PRL 18 7q8  
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Note on the S=+t Baryon System 

M o d e l s  b a s e d  on s t a t e s  of t h r e e  q u a r k s  h a v e  b e e n  

s u c c e s s f u l  in the d e s c r i p t i o n  of  the s p e c t r u m  and d e -  

cay  of the known baryon resonances. Three quarks 

can not produce S=+I baryon resonances (Z*'s), and 

Baryons 
A(3@30), EXOTIC NUCLEONS, Z*'s 

t h i s  h a s  p r o b a b l y  b e e n  the p r i m a r y  m o t i v a t i o n  f o r  the 

g r e a t  a m o u n t  of e x p e r i m e n t a l  e f f o r t  tha t  h a s  gone in to  

S=+t  b a r y o n  p h y s i c s  b e l o w  ~ 2 GeV/c  d u r i n g  the l a s t  

several years. In addition, the S=+i system offers 

an opportunity to study single and double pion produc- 

tion in a small number of rather distinct quasi-two- 

body channels (K~, K'N, and K*Zk ). Recent develop- 

ments in the field are summarized below. 

I=l System 

The most recent K+p total cross-section data is 

from BNL (CARROLL 73; 0.41 to 1.06 GeV/c) and 

Arizona-Michigan (BOWEN 73; 0.57 to 1.16 GeV/c). 

Neither measurement exhibits the dip of approximately 

1.5 mb at 0.7 GeV/c reported by BUGG 68 and 

BOWEN 70. Recent differential elastic cross-section 

measurements (including extensions and final results 

of previously reported results) have come from 

Bologna-Glasgow-Rome-Trieste (BGRT 73; 0.14 to 

0.73 GeV/c), Birrningham-RHEL (ADAMS 73; 0.43 to 

0.94 GeV/c), Bristol-RHEL-Aarhus-Southampton 

(CHARLES 73; 0.7 to 1.9 GeV/c), Maryland-ANL 

(ABE 73; 0.86 to Z. IX GeV/c), and UCL-RHEL 

(BARBER 73; 1.37 to 2.26 GeV/c). Below 750 MeV/c 

(where the inelastic cross section is less than 0.1 rob) 

the total elastic cross sections from the first three 

above experiments also fail to exhibit the dip seen in 

earlier total cross-section experiments. Coulomb 

interference effects are observed by BGRT 73 and 

ADAMS 73; both confirm the early conclusion of 

GOLDHABER 62 that the low energy S-wave interaction 

is repulsive. New high-statistics data on single and 

double pion production in K+p scattering has been re- 

ported by CERN-Saelay (BERTHONI 73; 1.21, l.zg, 

1.38, and 1.69 GeV/c). The I=l total and partial cross 

sections are shown as dashed lines in Fig. i. 

The most recent partial-wave analyses of the 

elastic channel have been performed by ADAMS 73 

and CUTKOSKY 73. Both analyses used recent high- 

statistics cross-section data and the high partial 

waves calculated from two and three pion exchange 

by ALCOCK 73. The energy-dependent ADAMS 73 

analysis included data at energies up to 1.5 GeV/c, 

but was aimed primarily at determining the ampli- 

tudes below 1.0 GeV/c. Below about 0.5 GeV/c a 

zero-effective-range scattering-length parametriza- 

tion was used for S and P waves with D and F waves 

set to zero; at higher energies the ~3 and 6 param- 

eters of the S, P, D, and F waves were taken to be 

polynomials in c.m. momentum. Waves with I _> 4 
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F i g .  1. K N  t o t a l  a n d  p a r t i a l  c r o s s  s e c t i o n s .  S u b -  
s c r i p t s  i n d i c a t e  i s o s p i n ;  I = t (I = 0) c r o s s  s e c t i o n s  
a r e  i n d i c a t e d  b y  d a s h e d  ( s o l i d )  c u r v e s .  T h e  t o t a l  
c r o s s - s e c t i o n  c u r v e s  a r e  f r o m  C A R R O L L  73, w h o  u s e  
t h e i r  r e c e n t  d a t a  a n d  t h a t  of  B O W E N  73 a s  w e l l  a s  
o l d e r  d a t a .  T h e  e l a s t i c  I = i c u r v e  i s  h a n d  d r a w n  
t h r o u g h  n e w  a n d  o l d  e l a s t i c  d a t a .  T h e  i n e l a s t i c  I = i 
c u r v e s  a r e  t a k e n  f r o m  L O K E N  72.  T h e  i n e l a s t i c  I = 0 
c u r v e s  a r e  t a k e n  f r o m  G I A C O M E L L I  72 ,  a n d  t h e  
e l a s t i c  I = 0 c u r v e  i s  o b t a i n e d  b y  s u b t r a c t i n g  t h e s e  
f r o m  t h e  I = 0 t o t a l  c r o s s - s e c t i o n  c u r v e  of  
C A R R O L L  73.  
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(b) Energy dependence of the isospln 0 and 
isospin I cross sections for the reaction 
KN -~ K@N (HIRATA 70). 
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were set to the values calculated by ALCOCK 73. 
2 

The best X values obtained were about 2250 for 1600 

degrees of freedom of which an estimated 300 comes 

from inconsistent data. Two solutions were found; 

they are essentially identical below i GeV/c but differ 

significantly at higher energies. The CUTKOSKY 73 

analysis included data from 0.8 to 2.5 GeV/c. The 

ACE parametrization (see MILLER 7Z) was used 

along with contributions from exchange-degenerate 

A+~ and p+A Z exchange. Imaginary parts of the 

ALCOCK 73 high partial waves were included as part 

of the data set in the fitting. An iterative fitting pro- 

cedure was followed in which energy-independent 

fitting was alternated with energy smoothing using a 

parametrization based on partial-wave dispersion 

relations. Typical X 2 per degree of freedom 

(xZ/NDF) values were 1.0 to i.i. Neither of the 

above analyses found evidence for the existence of a 
@ 

Z . 

Results of these two analyses are shown in Figs. 

3 and 4. Solution 2 of ADAMS 73 is plotted below 

1.0 GeV/c with errors I on real and imaginary parts 

ranging from 390 to 5090 for the various waves. The 

data set used for the results plotted included the pre- 

liminary BGRT 73 data mentioned above. This solu- 

tion agrees qualitatively with CUTKOSKY 73 at higher 

energies; solution i disagrees. The results z of 

CUTKOSKY 73 are plotted from 0.8 to 2.5 GeV/c. 

Previous analyses using less data (particularly cross- 

section data) have found a wide range of solutions, 

some of which disagree with ADAMS 73 and 

CUTKOSKY 73. The most likely candidate for an 

I=I Z* has been in the PI3 wave around 1900 MeV. 

For comparison we show results for this wave from 

a number of previous analyses in Fig. 5. 

An energy-independent multi-channel partial- 

wave analysis of the I=i PIN, KZ~, and I<*N channels 

at 1.21, 1.29, 1.38, and 1.69 GeV/c has been per- 

formed by BERTHON2 73. It was not possible to draw 

any firm conclusions about the K*N channel or to dis- 

criminate between results of other analyses of the 

elastic channel alone. Results on the KA channel 

indicate four comparably large waves: SDII , PPI3' 

DDI5, and (at the higher energies) FFI7. This is in 

contrast to earlier analyses (e. g. , GRIFFITH 72) 

which found this channel to be dominated by the PPI3 

Baryons 
Z*'S 

wave over most of the i.0 to 1.5 GeV/c region. 

BERTHON2 73 find (like GRIFFITH 7Z) no indication 

in the KA channel of rapid phase variations signaling 

possible resonant effects. 

1=0 System 

The experiments of CARROLL 73 and BOWEN 73 

(see above) measured K+d total cross sections in the 

same energy ranges as their K+p measurements. 

These experiments agree rather well with each other 

and with older data except that the CARROLL 73 cross 

sections are systematically higher than those of 

BOWEN 70 (0.36 to 0.72 GeV/c). Unfolded I=0 cross 

sections, new and old, are shown in Fig. 2(a); the 

disagreement between CARROLL 73 and BOWEN 73 

at low energies is primarily due to differences in the 

unfolding procedure. The I=0 cross section unfolded 

from the new K+p and K+d data rises to a plateau in 

the 0.7 to 0.9 GeV/c region and has a hump of about 

3 mb in the 0.9 to 1.3 GeV/c region. Older data had 

indicated a hump of comparable size in the plateau 

region. As shown in Figs. i and 2(b), the plateau is 

associated with a broad peak in the elastic cross 

section while the hump is associated with a rising 

K N cross section. 

Partial-wave analyses of the I=0 elastic channel 

have been reported by GIACOMELLI2 73 and 

AARON 73. GIACOMELL12 73 fit data in the 0.38 

to 1.51 GeV/c region, including new K+n differential 

cross-section data of the BGRT collaboration 

(GIACOMELLII 73; 0.64 to 1.51 GeV/c). Three types 

of partial-wave analysis (all with S, P, and D waves 

only) were used to analyse these data: an energy- 

dependent analysis (ED) using the parametrization of 

LEA 68 and l=i partial waves from previous solutions 

of GIACOMELLI 70, ALBROW 71, and LOVELACE 

71; an energy-independent analysis (El-I) which 

included K+p data and determined both the I=0 and 

I=i partial waves; and an energy-independent analysis 

(EI-2) in which the I=I partial waves were fixed at the 

values of ALBROW 71's solution N" In analyses 

EI-I and EI-2 several variants of the LOVELAGE 71 

shortest-path technique were used to link solutions 

at different energies. The solutions found by these 

different methods fell into three main families de- 

noted A, C, and D, the best xZ/NDF values being 
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parts vs. energy, in alignment with the corresponding Argand plot. In addition, arrows are plotted on the Argand 
plots with bases positioned at even multiples of I00 MeV and a base-to-tip length of 20 MeV. All the energy axes 
run from elastic threshold to 2500 MeV. 



151 

Data Card Listings 
For notation, see key at /ront o/  Listings. 

Baryons 
Z*'s 

. 1 0  - . 0 5  
I e 

-...- 

. 2 0  

. 1 5  

J 
.OS ,I0 

I J 
RZ(nlS) 

- 1 5 0 0  

1 8 0 0  

2 1 0 0  

. 2 0  ~ 

.15- 

.10-  

. 0 5 -  

0 
.10  

J 
eZ(rlV) 

~ 4 0 0  

ENERGY (Me'r) 

I 

- . 1 0  - . 0 8  0 . 0 5  1 5 0 0  

1 S 0 0 - -  

1 8 0 0  !~"~- + 

+ 

2 1 0 0  +% 

+ 

÷ 

2 4 0 0  

ENERGY (MOW) 

[M(DIS) 

#t 
+÷ {" 'l " v  

1 5 0 0  1 8 0 0  2 1 0 0  2 4 0 0  

ENERGY (MeV) 

KN ELASTIC DI5 AMPLITUDE 

6 
$, ; : :,-_". , , , , , 

1 8 0 0  2 1 0 0  2 4 0 0  
ENERGY (NOV)  

IM(FI?) 

- . 1 0  - , 0 5  0 
I I 

+ 
+* 

÷ 
÷ 

++ 
-t 

._+__ 

. 2 ~  ,M(rlO) 

t 

KN ELASTIC F17 AMPLITUDE 

.15" 

.10- 

.05 ~ 

/ 0 
. 0 5  . 1 0  

i i 
R Z ( r 1 5 )  

- 1 5 0 0  

- 1 8 0 0  

+##÷ ÷ 

+÷ ÷ 

1 5 0 0  1 8 0 0  2 1 0 0  2 4 0 0  

ENERGY (MeV) 

2 1 0 0  

KN ELASTIC F15 AMPLITUDE 

2 4 0 0  

ENERGY (MeV) 

l , , , , ' ? * ~i ~4 +J , i , J 

.20"- |M (G17 )  

.15- 

.10-  

,06- 

0 

KN ELASTIC GI7 AMPLITUDE 

- , 1 0  - . 0 5  O .05 . I S  1500  lEO0  2 1 0 0  Z 4 0 0  
I I I I R~G17) ENERGY (XeV) 

- l S O S  

1 8 0 0  

2 1 0 0  

Z 4 0 0  
i 

E~ERGY (Mev) 

F i  T . 4 .  A m p l i t u d e s  f o r  I = t K N  e l a s t i c  s c a t t e r i n g  i n  t h e  5 = 5 / 2  a n d  5 = 7 / 2  w a v e s  f r o m  A D A M S  73  ( + )  a n d  
, C U T K O S K Y  73  ( ~ ). T h e  e n e r g y  d e p e n d e n c e  o f  e a c h  a m p l i t u d e  i s  d i s p l a y e d  b y  p l o t t i n g  i t s  r e a l  a n d  i m a g i n a r y  
p a r t s  v s .  e n e r g y ,  i n  a l i g n m e n t  w i t h  t h e  c o r r e s p o n d i n g  A r g a n d  p l o t .  I n  a d d i t i o n ,  a r r o w s  a r e  p l o t t e d  o n  t h e  A r g a n d  
p l o t s  w i t h  b a s e s  p o s i t i o n e d  a t  e v e n  m u l t i p l e s  o f  i 0 0  M e V  a n d  a b a s e - t o U t i p  l e n g t h  o f  Z0 M e V .  A l l  t h e  e n e r g y  a x e s  
r u n  f r o m  e l a s t i c  t h r e s h o l d  t o  Z 5 0 0  M e V .  



Baryons 
Z*'s 

LO.4 Sol. I 

"~3 

t 57~,,,,,,712i 

-o.i ~o,97 

0.1 0.2 

(MILLER 72) 

15Z 

Data Card Listings 
For notation, see key at front o f  Listings. 

182 

1.89 

I 
-0.! 

Sol. rl 
"031~ ~ l Z !  

• 0.I 1097 

0 0.I 0,2 03 

(BARBER 70) 

.5 ~- 2 . 0  

1~. 1.5 

1.2 

, O, L 
0 .5 

3_1_1.45 ( R E B K A  70) 

1"89~~1 .22  

0 . 3  

(LOVELACE 71) 

~ L  \ ' ' ~ ~  

0 0.5 

e----eSo I. IA 
o---o Sol. IB 

( AYED 70) 
~'~ ~.3 
},~ H ----Backgroood 
p_.'~-Y~l 7 1 8  -f-'t'~ 5 

~-%b+'i ~'2r 
,I I ~" |....~ / 

~tO ~ 

.3 

-0.25 

(ALBROW 71) 
Sol. 7" 

0 0.25 

1.71 ,~.4 

-.2 -.I 0 .I .2 

70) 

GeV I¢ P13 Amplitude 
. ~  .1.38 I 32 

J[-'-]-4'--[-~5,2, (GIACOMELLI 70) 
~ITI.-~ ].13 

0.97 

0.52 7 3 ~  "81 '~'~(¢'- 

0.1 0.2 q Ref 0!3 

F i g . . 5 '  A r g a n d  p l o t s  f o r  t he  P t 3  p a r t i a l  w a v e  a s  o b t a i n e d  i n  p a r t i a l - w a v e  a n a l y s e s  p e r f o r m e d  b y  the  a u t h o r s  
i n d i c a t e d .  ( C A R R E R A S - t  70 p l o t t e d  by  u s  f r o m  ",1, 6. ) 



153 

Data Card Listings 
For notation, see key at, front of Listings. 

Baryons 
Z*'S 

E 

1.0 

0.5 

0.5 

0.5 

A eGm C 8GRT D BGRT 

L 

$Ir2 

- /  

/ 

-0.5 

- D3/~3/,/., 
1500,, 

I . , , I 

0.0 0.5 

= - -  

1500 S~t2 

, , , I I , , ~ ~ , , I 

. 1 1 o o  / - -  _ 

\ \ 
/ 

0.0 0.5 
Re fl 

1 5 0 0  

I , , , ' > ~ L  

-0.5 

S112 
1 5 0 0  

500/ 

-1500 1 

-0.5 0.0 0.5 

Fig. 6. Amplitudes for I = 0 KN elastic scattering from GIACOMELLI2 73. The energy dependence of the ampli- 
tudes is indicated by tick marks at even multiples of 100 MeV. These are results of the energy-dependent analysis 
exemplifying the three main classes of solutions found in the complete analysis. 

1.4-1.9, 1.6-1.7, and 1.5-1.8, respectively. Ex- 

amples of each class from an ED analysis using the 

I=l partial waves of GIACOMELLI 70 are shown in 

Fig. 6. Some criteria for choice between these solu- 

tions are offered by comparison with particular fea- 

tures of the data. The single existing measurement 

of K+n -~ K% polarization (RAY 69; 0.60 GeV/c) is 

consistent with classes C and D only. The I=0 total 

cross sections of CARROLL 73 and BOWEN 73 were 

not included in the fitting, but comparison is made 

with CARROLL 73 and the data are found to be con- 

sistent with class D only. LONDON 73 has calcul- 

ated KLP -* KsP amplitudes by combining the best 

(i.e. , lowest X 2) energy-dependent solution from 

each of GIACOMELLI2 73's classes with existing 

I=I KN and KN solutions and compared the results 

with l{Lp--~ KsP cross-section data. He finds that 

the class D solution is preferred. No conclusive 

evidence for Z~"s emerges from the analysis of 

GIACOMELLI2 73; the most likely candidate is the 

class D P01 wave, but GIACOMELLI2 73 point out 

that the resonance interpretation is questionable for 

some of the class D solutions and for all of the class 

C solutions. A Breit-IArigner plus quadratic back- 
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Data Card Listings 
For notation, see key at front of Listings. 

g r o u n d  f i t  to the c l a s s  D P 0 i  w a v e  y i e l d s  the  f o l l o w i n g  

p a r a m e t e r s :  M=1740 MeV, 1"=300 MeV, x = 0.85.  

AARON 73 fit K+n -* K0p differential cross-sec- 

tion data and I=0 total cross-section data (not in- 

cluding CARROLL 73 and BOWEN 73) in the range 

0.64 to 1.58 GeV/c using the results of earlier analyses 

for the I=i channel. The analysis is a model-de- 

pendent one including all waves through G09 with the 

6 parameters parametrized as polynomials in c.m. 

momentum and the ~l parameters taken from AARON 71; 

these are calculated from a model in which all in- 

elasticity in the I=0 KN channel is due to K N produc- 

tion via one pion exchange. Chi-squared values of 

about 560 for 353 degrees of freedom are obtained, 

and three types of solutions are found. However only 

two solutions (A and B) are consistent with the CEX 

polarization data of RAY 69, and both show counter- 

clockwise loops in the D03 wave and corresponding 

peaks in the speed plots. AARON 73 interpret this 

as a resonance of mass 1830 MeV and width i00 MeV. 

The S01 (P01) wave is found to show weaker indica- 

tions of resonance behavior in solution A (B) only. 

Production Experiments 

There are no new developments in production ex- 

periments, and the observation of ERNE 70 that pre- 

sent upper limits for Z Xc production are not small still 

holds. Cross-section l i m i t s  for the production of 

broad ZX¢'s are comparable to the observed N ~ and yX~ 

production cross sections. 

Figures 

I t  has been necessary to reduce the Argand p lo ts  

in Figs. 3 and 4 somewhat excessively because of 

space limitations. A booklet of reproductions and 

enlargements of all of the Argand plots in the Baryon 

mlni-reviews is available on request from the 

Particle Data Group, LBL, Berkeley. 

References 
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See the Data Card Listings for other references. 

S = l  I=0 EXOTIC STATES (Zo) 

i Z o ( Z T e o ) l , ,  , . o ,  . . . . . . . .  
SEE THE MINI-REVIEW PRECEDING THIS LISTING. 

WILSON 72 AND GIACOMELLI2 73 FIND SOME SOLUTIONS 
WITH RESONANT-LIKE BEHAVIOR IN THE P81 PARTIAL WAVE. 
THE EFFECT SEEN THE THE 1=8 TOTAL CROSS SECTIONS,  
IF A RESONANCE* MUST HAVE SPIN=l/Z, BECAUSE THE 
INELASTIC CROSS SECTION IS VERY SMALL AND THE TOTAL 
CROSS SECTION IS  ABOUT 4 *P I /K - *2 .  

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

95  Z *O I lTDO l  MASS (MEVI 

M 1780.0 lO.O COOL 70 CNTR + K+P.  O TOTAL 1/71 
M 0 SEEN DOWELL 70 CNTR K+P,O TOTAL 7 /70  
M D SEE ALSO DISCUSSION OF LYNCH 70  T /TO 
N W (lEO0.) WILSON 72 PWA K+N POt WAVE 3 /72  
M W ESTIMATE OF PARAMETERS FROM 8W ÷ GUADRATIC BACKGROUND FIT TO POl. 8/72 
M 1 (ZTBO.I CARROLL 73 CNTR KN I=O TCS,FIT 1 9 /73 *  
M 1 ( 1825 . )  CARROLL 73 CNTR KN I=O  TCS ,F IT  2 9 /73~  
q I FIT I=FIT OF SINGLE L=l BW+BACKGRCUNO TO I=O TCS FROM .6-1.1 GEV/C 9 /73e  
N 1 ; I T  B=F IT  OF L= l  AND L=2  BNS TO SAME OATAtSE~ ZO(1865 )  FOR L=2  PART 9 /73~  
M ( 1168 . )  GIACOMEZ 73 PWA .38 -1 .51GEV/C  1 /74 *  

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

95  Z *0 (17801  WIDTH (MEV)  

w (565.0] COOL 70 CNTR + K+P, O TOTAL 1/71 
W W (300.) WILSON 7Z PWA K+N POI HAVE 3172 
W 1 (600.) CARROLL 73 CNTR KN I=8 TCS,FIT I 9 /73 *  
w 1 I 845 . }  CARROLL 73 CNTR KN I=O TCS ,E IT  2 9 /78 *  
w ( 380 . )  GIACOME2 73 PNA . 38 -1 .51GEV/C  1 /76 .  

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

95 Z *O(1780 )  PARTIAL DECAY MODES 

DECAY MASSES 
Pl Z*O I IT88 )  INTO K N 493+  939  

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

95  Z *O( lTBO)  BRANCHING RATIOS 

R1 Z tO I l ?80 }  INTO (K  ME/TOTAL (P IE  
R I  ( 0 . 95 )  CODL TO CNTR + K÷P ,  O TOTAL l / T l  
R I  W ( 0 . 85 }  WILSON 72 RWA K÷N POl WAVE 3 /72  
R I  1 ( . 75 )  CAR©OLL 73 CNTR IF  J= I / 2 ,F IT  I 9173 "  
R I  1 ( . 91 )  CARROLL 73 GNTR IF  J= I /Z tF IT  2 9 /73 "  
R I  ( .BE )  GIACOME2 73 RWA .38 -1 .51GEV/C  1176. 

REFERENCES FOR Z*O(17801  

COOL 70  DUKE CONF 67  
ALSO be PL 308  564  
ALSO 70  PR 91 1887  

DDWELL 70  DUKE 53 
WILSON 72 NP 842  648  
CARROLL 73 PL 658  531 
GIACOME2 73 SU~MTD TO NP 

LYNCH TO DUKE 9 
H IRATA 71NP  R30 157  
ROWEN TB PR OT 22 

R L COOL (BNLI 
ABRAMS,COOL,GIACDMELLhKYCIA,LI + (8NL) 
COGL,GIACOMELLItKYCIA,LEONTIC,LI ÷ (8NL) 
J.D. DOWELL (BIRN) 
eGRIFFITHS~HIRATA ÷ (8GNA+GLAS~ROMA÷TRSTI 
+KYCIA,LI,MICHAEL,MOCK~TT,RAHN+ (BNLII 
GIACOMELLI ,+  (RGNA÷GLAS+ROMA÷TRSTIIJR 

PAPERS NOT REFEQRED TD IN  DATA CARDS 

G LYNCH (nEVIENER OF C~.SEC. DATA) (tELl 
÷GOLDHABER,HALL,SEEGER,THEILLING,WCHL (LBLIIJP 
+JENKINS,KALBACH,PETERSEN + (ARIZ+MICH) 

EXPERIMENTS MAINLY ABOUT ELASTIC  CHANNELS - -  
GOLDHABE 62 PRL 9 135 GOLDHABER,CHINONSKY,GOLDHABER+ (LRL+UCLA) I JP  
• AY 69  PR 183 1183  RAY ,BURR[S .F ISK .KRAEMER.H ILL+  +CARN÷BNL 
ARMITAGE 72 NAL PAPER 391 +ASTON*DUERDOTNtELL ISON,  + (MCHS÷DARE) 
GTACCNE1 7B NP B62 437  G IACOMELL I  + IBGNA+GLAS+RONA+TRSTI 
GIACOME1 TE NR EBb 34b  GIACOMELL I ,÷  IBGNA+GLAS÷ROMA+TRST) 

ALSO T3 BGNA PET. 68 -73 /6  GIACOMELLItGRIFITHSt+ IBGNA÷GLAS+ROMA÷TRST] 
LONDON ?EENL  PREPRT. 18670  LONDON (BNL I I JP  

EXPERIMENTS MAINLY ABOUT INELASTIC CHANNELS - -  
GIACOMEL 72 NO B37 577 GIACOMELLI + (BGNA+GLAS+ROMAtTRST) 

i Z o ( Z , s s ) l  . . . . . . . . . . . . . . . .  ,_, ,.8 THIS  EFFECT IS  STRONGLY ASSOCIATED WITH THE K= N 
THRESHOLD. SEE H IRATA 68  AND 78 .  WILSON T2 AND 
G IACOMELL I2  73 REPORT PART IAL  WAVE ANALYSES.  
AARON 73  CLAIMS A RESONANCE IN  A MODEL OEPENOENT 
PWA. SEE ALSO Z*O I1T8O) .  

96  Z ' 0 (1865 )  MASS {MEV]  

M ( 1860 .0 I  K lE .O )  CARTER 67  THBO D ISPERSION REL.  8 / 67  
M (ERb8*O)  I [O .O I  COOL TO CNTR K+P,  0 TOTAL 8 /67  
N (EBEO. )  AARON 73 MPWA ]=0  KN . 6 -1 .6G /C  9 /78 *  
M 1 ( | 8#0 . )  CARROLL 78  CNTR KN I=O  TES ,F IT  Z 9173 .  
N 1 FKTZ=F IT  OF L= l  AND L=Z 8WS TO l=O  ICE  FROM .6 -1 .1GEV/C .  9 / 73 *  
M E SFE ZOI lT80J  FOR F IT  I AND L=1 PART OF F ]T  2 .  9 / 73 "  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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9 6  Z*O( I86E )  WTDTH [MEV) 

w (200 .0 )  (SO.O) CARTER 67 THEO 8 /B? 
w ( 160 .0 )  ( 30 .0 )  COOL 70 CNTR 8 /67  
W ( lO0 .1  AARON 73 MPWA I -O  KN . 6 -1 .6G /C  9/TSe 
w l ( 7B . )  CARROLL 7B CNTR KN I -O  TCS.FIT 2 9 /73 *  

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

96 Z *011B651RAPT [AL  DECAY MODES 

DECAY MASSES 
Pl  ZeO(18bB) INTO K N ~9B+ 939 
P2 Z*O(1B6S) INTO N K* (B92 )  938+ 892 

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

96 Z *0 [1865 )  BRANCHING RATIOS 

RI  Z *0 (1865 )  INTO (K N)/TOTAL (P1)  
R1 ( . 155 )  ) . 025 )  CARTER 6T THEO IF J=3 /2  9 /T3 *  
~ l  ( . l IB )  ( . 025 )  COOL 7B CNTR IF  J=3 /2  9 /73 *  
R( I ) . 085 )  CARROLL TB CNTR IF J=E /2~F IT  2 9 /73 *  

R2 Z *0 (1865 )  INTO N K* )8921  [P2)  
R2 MAIN INELASTIC OECAY HIRATA 6B HBC 11/6B 

CARTER 67 PRL 18 BO1 
HIRATA 68 RRL 21 tA85  
COOL 70 PR Ol 1887 

ALSO 66 PRL 17 102 
ALSO 69 PL 3OF 56B 

AARON 73 PRO 7 1~0 l  
CARROLL 7B PL ABE 531 

HIRATA TO OURE A29 
AARON 7 t  PRL 26 607 
H IRATA- I  71NP  B3B A45 
GIAEOMEL 72 NP B3T 577 
WILSON 7B NP B~2 4A5 

REEERENCES FOR Z*O(186E(  

A A CARTER (CAVENOISHI 
HIRATA~ WCHL~ GOLOHABER~ TRILLING (LRL) 
CDOLeGIACON~LLI~KYEIA,LEONTIC~LI ÷ (BNLI  
÷GIACOMELLI~KYCIA~LEONTIC~LhLUNDGYt+ (DNL) )  
ABBANS,COOL,GIACOMELLI~KYCIA,L) + (BNLI 
AARONeRICH~HOGAN~SRIVASTAVA (LASL÷NEAS) IJP 
+KYCIA,LI~NICHAEL,MOCKETTtRAHM+ (BNL)I 

PAPERS NOT REFERRED TO IN DATA CARDS 

+GOLOHABERtSEEGER,TRILLING+WOHL (LRL) 
÷AMADOeSILBAR (NEAS,PENN,LASL) IJP  
+GOLOHAEER,HALL,SEEGER~TRILLING,WOHL (LBL) 
GIACONELLI + (BGNA+GLAS÷RONA+TRST) 
+GRIFFITHS,HIRATA + (BGNA+GLAS÷ROMA+TRST) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * *  * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

S=1 I=1 EXOTIC STATES (Zz) 
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

iz,(z oo) iRT ,.1. ............ ,,=, 
THIS EFFECT I S  STRONGLY ASSOCIATED WITH THE K-DELTA 
THRESHOLD. SEE THE MINIREVIEW PRECEDING Z*O(1TBO) ) 

97 Z*1119001 MASS )NEV) 

M 1 ( 1932 .0 )  AYEO TO IPWA P I3 ,SOL .1  
M 1 )1899 .0 )  AYED TO IRHA P1B,SOL. I I 

I (2030.0| AYED TO IPWA SII,SOL.III 
M I THREE SOLNS IN OROEP OF DECREASING SIGNIFICANOE. THOUGH AYEO TO 
M 1 DIVE PARAMETERS,THEY CONCLUDE RESONANT INTERPRETATION DOUBTFUL. 
M 2 11830 . )  BARNETT TO IPWA PI3 ,  SOLN I l l  
M 2 RESONANCE SIGNAL BARELY ABOVE BACKGROUND DUE TO THE LARGE ERRORS 
M G IN THE AMPLITUDES RESULTING FROM THE ANALYSIS 
M 1900 .0  | 0 . 0  COOL TO CNTR ÷+ K+P TOTAL 
M (1680.) ALBROW 71 IRWA ++ SOL. GAMMA 
M K (1890o )  RATD 71 IPWA SOL I (F IT  BWI 
M K (20AO. )  KATO 71 IPWA SOL I I I F IT  BWI 
M K KATO T[  ESTIMATE RESONANCE PARAMETERS - -  UPDATED PHASE SHIFTS 
M K PUBLISHED IN MILLER 72 .  

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

97 Z * l ( 1900 )  WIDTH (MEV) 

W 1 (B20.O)  AYED 70 IPWA K+P 
N 1 (397 .0 )  AYED TO IPWA K÷P 
W 1 (557 .0 )  AYED 70 IPWA K+P 
W 2 (120 . )  BARNETT 70 IPWA PI3,SOLN I I l  
N )2AO.O) COOL 70 CNTR ++ K÷P TOTAL 
W ( I gO . )  ALBROW 7 l  IPWA +÷ SOL. GAMMA 
W K (ZBO.)  KATO 71 IPWA SOL IIFIT BWI 
W X (260 . )  KATO 71 IPWA SOL I I i F IT  BWI 

SEE THE NOTES ACCOMPANYING MASSES QUOTED. 

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

97 Z *1 (1900 )  PARTIAL DECAY MODES 

DECAY MASSES 
P l  Z * l (  1900| INTO K 'N  69B÷ 938 
P2 Z *1 (19D0 }  INTO N*3 /2 (12B2 )  K 1232+ 693 

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

97 Ze=111900) BRANCHING RATIOS 

6 /70  
6 /70  
6170 

9 /73 *  

L /71  
10 /71  
10 /71  
10 /71  

3 /72  
3 /72  

6 /70  
6 /70  
6 /T0  
9 /73 *  
l l T l  

10 /7 l  
10 /71  
10171 

RI Z*I(1900) INTO (K NIITOTAL (P I |  
~1 ( 0 . 10 )  OR LESS CARTER 67 THEO DISPERSION REL. 8167 
R1 1 ) 0 . 16 )  AYED TO IPWA 6 /T0  
R1 l IO .  ZO) AYEO 70 IPWA 6270 
R1 I (0=17)  AYED 70 IPWA 6 /70  
RI  2 ) . 12 (  BARNETT 70 IPWA PIB,SOLN IT (  9173 "  
R1 (0 .12 )  (ASSUMING J=3 /2 )  COOL 70 CNTR ÷÷ K+P TOTAL 1/T1 
~1 )O* IB )  ALBRON 71 IPWA ++ SOL. GAMMA 10 /71  
RI K ( 0 . 22 )  KATO 71 IPWA SOL I (F IT  DW) 10171  
R] K ( 0 .2T I  KATO 71 IPWA SOL IT (F IT  BN) 10171 

SEE NOTES ACCOMPANYING THE MASSES QUOTED. 

R2 2 "1 {1900 )  INTO K N~B/2 (1232 )  {PB) 
R2 MAIN INELASTIC DECAY BLAND 67 HBC ÷+ 8 /67  
R2 NO EVIOENCE~ SPEED HAS MINIM.  GRIFFITHS 72 HBC K÷P . 9 - l .B  GEVIC 3 /72  

Baryons 
zo(zaee), zt(t9oo), zt( zeo) 

BLAND 67 PRL 18 I077 
CARTER 67 PRL 18 8OI 

AYEO 70 PL BZB 40~ 
BARNETT 70  u MO,RPT 10-101 

ALSO TO OUKE ~B  
COOl 70 PR O( 1B87 

ALSO 66 PRL 1T 102 

ALBRDW 71NP B30 273 
ALSO TO DUKE 375 

KATO TI  H.E.PHEN.eMORIONO 
ALSO TO DUKE 367 
ALSO TO PRL 26 b l 5  

GRIFFITH 72 NP B3B 305 
MILLER 72 NP BBT ~01 

REFERENCES FOR Z . I l l 900 )  

÷BOWLER,BROWN~G+S GOLOHABER,SEEGER~÷ (LRL) 
A A CARTER (CAVENDISH) 

+BAREYREt FELTESSE, VILLET (SACLAYI I JP  
BARNETT,GOLOMAN,LAASANEN,STEINBERG (UHO)IJP 
BARNETT,GOLDMAN~LAASANEN,STEINBERG (UMD)IJP 
+GIACOMELLh KYCIA, LEONTIC, LI,  + [BNL) I 
COOL,GIACOMELLI,KYCIA~LEONTIC,LI + (BNLI 

+ANDERSON,ALMEHEO,...,UOO,WAGNER (CEPN)IJP 
ERNE,SENS,WAGNER (CERNI IJP 
+KOEHLER,.*.,YOROSAWA÷BURLESON (ANL~NWESIIJP 
A. YOKOSAWA (ANL) I JP  
KATO,KOEHLER,NOVEY,YOKOSAWA+ (ANL,NMES)IJP 

+HIRATA,HUGHES + (BGNA+GLAS+ROMA÷TRST) 
+NOVEY~YOKOSAWA,CUTKOSKY + (ANL+CaRN÷NWFS)IJP 

PAPERS NOT REFEEREO TO IN Z* I  OAT~ CARDS 

TOTAL-CROSS-SECTION EXPERIMENTS - - -  
BOGG b8 PR 168 1 6 6 6  +GILMOrE,KNIGHT, + (RHEL,BIRN,CAVE) I 
EOWEN 70 PR D2 2599 +CALDWELL, DIKMEN, JENKINS, KALBACHt+(ARIZ) I 
BOWEN 73 PR OT 22 +JENKINS,KALBAEH,PETERSEN + (ARIZ+NICHI  
CARROLL 73 8NL PREPRINT ÷KYCIA,LIDMIEHAEL,MOCKETT (BNL) 

A K-MATRIX ANALYSIS OF SOME OF THE EARLY K÷P DATA - - -  
HITE 67 THESIS G E HITE )ILLINOIS) 

THEORETICAL AND MODEL OEPENO¢NT ANALYSES 
CARRERAS TO NP B19 3A9 B CARPERAS* A OONNACHIE (DARESBURYt NCHS) 
ALCOCK 73 NP 856 1973 ALCOCK,COTTINGHAM (BRIS)IJP 

EXPERIMENTS MAINLY ABCUT INELASTIC CHANNELS - - -  
BLAND B8 UCRL-IB131 THESIS ~ W BLAND (LRL) 
BLAND 69 NP B13 595 +BOWLER, BROWNt RAOYKt GOLDHABER, + (LRL) 
BLANO 70 NP B18 537 +BOWLERt BROWNt GOLOHABER, (LRL) 

BLAND 69 AND BLAND 70 REPLACE BLAND 67 AND BLAND 68 .  
HIRATA~I TI NP B33 ~45 +GOLDHABER~HALL,SEEGER,TRILLINGtWOHL (LBL)  
BRUNET 72 NP B3T 114 BRUNET,NARJOUX,OANYSZ+(COEF+SACL+LOIC+LOWC) 
GRIFFITH 72 NP B38 S65 ÷HIRATA,HUGHESvJACOBS+(BGNA,OLAS,RONAtTRSTIIJP 
LOKEN 72 PR 06 B366 +BARISH, GOMEZ,DAVIES,SCHLEINt÷ )CIT,UCLA) 
BERTHON[ 73 NP B63 54 BERTHON,~ONTANET,PAUL~SAETRE÷ )CPRN÷SACL) 
BERTHON2 73 AIX CONFERENCE BERTHON,MONTANET,PAUL,SAETRE+ (CERN÷SACL)IJP 
LEWIS TB NP B6D 283 LEWIS~ALLEN~JACOBS,DANYSZ+ (LOWO÷LOIC+COEF) 

THE MAIN ELJSTIC SCATTERING AND POLARIZATION EXPERIMENTS - -  
CARROLL 68 PRL 21 1282 +FISCHER, LUNDDY, PH ILL IPS ,  ÷ (BNL~ROCH) 
ANOERS-I 69 PL 288 611 ANDERSSON~ DAUM, ERNE~ LAGNAUX~ + )CERNi 
ANGERS-2 69 PL 30B 56 
ASBURY 69 PRL 23 19A 
BLAND 69 PL 29B 618 
BARBER TO PL 32B 21A 
GIAEOMEL TO NO 820 B01 
HALL 70 DUKE ~35 
REBKA 70 PRL 2~ 160 
AOANS 71 PR 0~ 2637 
BARNETT 71PL  3~B 655 
EHRLICH T[ PAL 26 EBB 
WHITNORE 71 RR DB 1092 
ADAMS 72 NAL PAPER $26 
CHARLES 7B PL AOE 289 

ALSO 72 HAL PAPER 28E 
OANYSZ 72 NP BA2 29 
ABE 7B UMO PPT. T4-O2E 
ADAMS 73 NP BB6 $6 
BARBER 73 NP B6l 12B 
BARNETT 73 PgD 8 2751 
BGRT 73 PURDUE CONF. 
CHARLES 73 PURDUE CONF. IT9 

PHASE SHIFT ANALYSES 
CARRERA1 TO NP 82B 525 

ALSO 70 DUKE A~7 
LEA 7 l  NP B26 ; IB  
LOVELACE 71NP B28 1~1 
CUTKOSKY 72 NAL PAPER 210 
EHRLICH 72 NAL PAPER 44T 
MARTIN T2 PREPRINT 
CUTKOSKY TB PURDUE CONF. IT5 

EARLIER ANALYSES THAT 00 
LEA 68 PR 16B 1770 
MARTIN 68 PRL 21 12B6 
CUTKOSKY TO OR 01B547  

LATEST REVIEW TALKS 
LEVISETT 69 LUND CONF B61 
GOLOHABE TO DUKE 407 
DOWELL 72 NAL REVIEW 
LOVELAEE T2 NAL PEVIEH 
OOWELL 73 PURDUE CONF. 157 

ANOERSSON, DAUNt EPNE, LAGNAUX, ÷ (CERNI 
+DOWELL, KATO, LUNOGUIST, NOVEY, +(ANL,UMD) 
R W BLANDt G GOLOHABER, D H TRILLING (LRL] 
+BROOME, DUFF, HEYMANN, IMRIE,+ ILOUC*RHEL)IJP 
GIACOMELLh GRIFFITHS,(BGNA,GLAS,ROMA,TRST)IJP 
+BLANO,GOLDHABER,TRILLING (LRL}  
+ROTHBERGe ETKINS, GLODISt ÷ (YALE) I JP  
+OAVIEStODNELL,GRAYER,HATTERS+ (BIRM*RHEL] 
÷LAASANEN~BTEINBERG ÷ (UMD+ANL+NWES+NAL) 
tETKIN,GLGDIS,HUGHES,KDNOO,LUtMORI÷ (YALE( 
÷ABRAME,EISENSTEIN,KIN,OHALLORAN,+ ) I LL )  
+COX,DAVIES*DOWELL,GRAYER + (BIRM*RHEL) 
÷COWAN,EDWARDS,GIBSON,+ (BRIS,RHEL,SHNP) 
CHARLEStCOWAN,EOWARDS + (BRIS+RHEL+SHMP) 
+PENNEY,STEWART,THOMPSON,+ (LOIC.CDEFtLOWCI 
ABE~BARNETT,GOLOMAN~LAASANEN,+ )UMDeANL) 
AOAMS,DOX,DAVIEStOONELL,+ (BIRM+RHEL)IJP 
BARBER,BROOME,BUSZA,OAVIES,OU~F+(LOUC÷RHEL) 
BARNETT,LAASANENtKOEHLER+(UMO÷ANL÷NWES÷NALI 

/BGNA+GLAS+ROMA+TRST 
CHARLEStEOWAROSt+ (SHMP÷AARH+RHEL÷BBISI 

B EARRERAS, A DONNACHIE (DARE) IJP 
+DONNACHIEtKIRSOPR (DARE÷MCHS÷ EDINI 
+MARTIN,THOMPSON (RHELtLOLK~)TJP 
÷WAGNER (GERNIIJP 
+HICKS~KELLY.SHIH,JOHNSON (EARN+ILL+AWL) 
÷ETKINtGLDDISeHUGHES,LU,PATTON ÷ )YALE) 
B.R.MARTIN, C.E.MILLER (LOUC) 
CUTKOSKY,HICKS,KELLY.+ (CARN+IIT÷ANLIIJP . 

NOT INCLUDE RECENT POLARIZATION DATA - -  
LEAr MARTIN, OBOES (RHEL,BNLICEPN) 

R MARTIN )BNL) 
E CUTKOSKY. B B DEO (CARNEGIE-MELLON) I 

i t 

I I B U M P S  A SMALL BUMP IN TOTAL CROSS SECTION AT 
PR=I .8  GEV/C 

) 
9B Z t1 (21501  MASS (MEVI 

M 2150 .  20 .  ABRAMS TO CNTR +÷ K+P TOTAL 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . .  

93 Z *1 )2150 )  WIDTH (MEg) 

W (IT5.) ABRAMS TO CNTR + K+P TOTAL 

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

9B Z *1 (2150 )  PARTIAL DECAY MODES 

DECAY MASSES 
P1 Z,1121501 INTO K N 693+ e38 

R LEVI SETTI (RAPPORTEUR) (CHICAGO) 
G.GOLOHABER )REVIEWER) {LRL) 
OEVIEW TALR IN BARYON SESSION (BIRM) 
RAPPORTEUR'S TALK (RUTGI 
DOWELL iBIRNI 



Baryons 
Z ~ ( 2 1 5 0 ) ,  Zt(ZS00), A's and Z's 

9E Z* i (2150 )  BRANCHING RATIOS 

R1 Z~I(2ISO) INTO (K NI/TOTAL (P l }  
RI J IS NOT KNOWN, THE FOLLOWING IS ( J+ l / 2 ) *P l  
M1 {0 .04 )  ABRAMS TO CNTR + K+P TOTAL i0 /T1 

REFERENCES FOR Z* I ( 2 / 50 )  

AEPAMS 70 PR DI 1917  +COOI,GIACOMELLI,KYCIA,LEONTIC,LI + (BNL I  
ALSO 67 PRL 19 257  ABRAMS,COOL ,G IACOMELL I ,KYCIA ,LEONTIC÷  (ENL)  

I z (zBoo) I . . . . .  , . . . . . . . . . . . .  

BUMPS [ O K = ~ . ~  . . . . . .  oE~,cB . . . . . . . . . . . . . . .  SECT, . . . .  

> 

94 Z * I ( 2500 )  MASS (MEV) 

M 2500. 20. ABRAMS 70 CNTR ++ K+P TOTAL i0/71 

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

94 Z '1 (2500 )  WIDTH (MEVI 

W [160 . )  ABRAMS 70 CNTR ++ K+P TOTAL 10171 

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

94 Z*l(2SOO) PARTIAL DECAY MODES 

DECAY MASSES 
Pl Z~I(2530) INT0 K N 493+ 938 

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

94 Z* l ( 2500 )  BRANCHING RATIOS 

RI Z* l ( 25001  INTO (K  N}/TOTAL [P l )  
RI  J IS NOT KNOWN, THE ~OLLOWING IS (J+I/2)*Pl 
Rl (0 .03 )  ABRAMS 7D CNTR ++ K+P TOTAL 10/71 

REFERENCES FOR Z* l [ 2SOO}  

ABPAMS 70 PM DI [917 +COOL,GIACOMELLI,KYCIA,LEONTIC,LI + (BNL) 
aLSO 67 PRL lg  257 AB~AMS,COOL,GIACCMPLLI,KYCIA,LEONTIC÷ (BNL) 

Z, CROSS SECTION ~ S  

SEE MINIREVI~W PRECEDING Z*O 

CS UNITS MICROBARNS 
CS LESS THAN 50. BASSOMPIE 68 ~BC K+P TO Z*+ PI+ 1 0 / 6 9  
CS A LESS THAN .2 +.3 - . i  ANDERSON b9 ASPK + PI-P TO K-Z*+ [O/b9 
CS A ABOVE LIMIT ~OR M=I.2 TO 1.4 GEV - CL= 99 P.O. 
CS B LESS THAN | . 4  +1.9 - . 5  ANDERSON 69 ASPK + PI-P TO K-Z*+ 10/69 
CS 8 ABOVE LIMIT FOR M=I.5 TO 2.5 GEV 

RE~ERSNCES FOR Z* I  CROSS SECTION LIMITS 

BASSOMPI 68 Pt 278 468 BASSOMPIERRE, + {CERN,BRUXELLES]  
ANDERSON bq  DL 298 136 +BLESER, BLIEDEN, COLLINS, + (BNL,DARNEGIE) 

PAPERS NOT REFERRED TO IN DATA CARDS 

TYSDN b7 PPL Ig 255  +G~EENBERG,HUGHES,LU,MINEHART,MORI, (YALE) 
MORI 68 PL 288 152 +GREENBERG,HUGHFS,LU,ROTHBERG, + (YALE) 
MORT b9 PR 185 1b87 +G~5PNBERG, HUGH~S, LU, MINEHART, + (YALE) 

MORT 6g REPLACES TYSON b7 AND M~ I  68. 

# 
Note on Y ' s 

The number of known or suspected Y states has 

increased considerably in the last few years, fol- 

lowing closely a similar increase in the number of 

N'states. $ust as the recently discovered N #'s are 

only weakly coupled to the wN --~ wN reaction, so also 

are the recently discovered Y#'s only weakly coupled 

to  the  K--N "-~ KN, KN "* An,  and  KN--* ~ w  r e a c t i o n s .  

F o r  t h i s  r e a s o n  the  n e w e r  Y ' s  a r e  m o r e  d i f f i c u l t  to  

u n c o v e r ;  i n  i n v a r i a n t  m a s s  d i s t r i b u t i o n s  t h e y  u s u a l l y  

a p p e a r  a s  s m a l l  p e a k s  o r  m a k e  no a p p e a r a n c e  a t  a l l .  

R a t h e r  w h e n  the  Z - b o d y  r e a c t i o n s  a r e  p a r t i a l - w a v e  
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Data Card Listings 
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a n a l y z e d ,  s o m e  of the  a m p l i t u d e s  a r e  found  to t r a v e r s e  

r e s o n a n c e - l i k e  c o u n t e r c l o c k w i s e  c i r c l e s .  The  r e -  

s u l t s  of p a r t i a l - w a v e  a n a l y s i s  g i v e  J P  i n f o r m a t i o n ,  

w h e r e a s  a p e a k  s e e n  i n  an  i n v a r i a n t  m a s s  d i s t r i b u t i o n  

o r  a t o t a l  c r o s s  s e c t i o n  o f t e n  c a n n o t  be a n a l y z e d  fo r  

i t s  q u a n t u m  n u m b e r s .  We w i l l  k e e p  i n f o r m a t i o n  

c o m i n g  f r o m  f o r m a t i o n  e x p e r i m e n t s  and  f r o m  p r o d u c -  

t i o n  e x p e r i m e n t s  s e p a r a t e  w h e n e v e r  n e c e s s a r y .  

P r o d u c t i o n  E x p e r i m e n t s  

T h e s e  t y p e s  of e x p e r i m e n t s  a r e  o f t e n  d i f f i c u l t  to  

a n a l y z e .  I n f o r m a t i o n  on I =  0 s t a t e s  i s  p o s s i b l e  o n l y  

w h e n  t h e r e  i s  no  I = t  s t a t e  a t  s i m i l a r  m a s s .  The  

m a i n  c o n t r o v e r s i e s  a t  the  p r e s e n t  t i m e  c o n c e r n  

r e s o n a n c e s  i n  the  i 6 0 0  to t 7 0 0  MeV r e g i o n .  See  the  

mini-reviews on ~ (1620 ) and on ~ (i 670 ) in these listings. 

The situation has not changed significantly during the last 

fewyears. For a good review, one can still refer to 
I 

Miller 70. 

Formation Experiments 

Partial-wave analyses have been performed on 

KN, Aw, ~w, and -~K, plus some quasi-Z-body chan- 

nels. Given the present accuracy of the data it is not 

possible to perform a completely energy-independent 

analysis, that is, solve for the partial-wave ampli- 

tudes at each energy in a model-independent way. 

Three recent analyses have attempted a multi- 

channel approach using data on the three Z-body re- 

actions KN, An, and ~w, a fictitious channel some- 

times being introduced to account for the global effect 

of the remaining final states. The latter have large 

cross sections, so the present multi-channel analyses 

do not really impose any more stringent unitarity con- 

straints than those already contained in the single- 

channel fits. However, there is an advantage in the 

determination of resonance parameters (masses, 

widths, and branching fractions) since they are fit 

simultaneously to data in all three channels. 

a) LANGBEIN 72 (LW) performed s i n g l e - e n e r g y  fits 

at 40 momenta between 436 and 1226 MeV/c. The 

partial waves at each energy were expressed in a 

form that automatically satisfies the unitarity equa- 

tion: 

I m T ~ N  --> t T ~ N  I 2 + ]Tz~ 12 + I T A ~ I  Z . 

T h i s  w o r k  i s  the  n e a r e s t  a p p r o x i m a t i o n  to an  e n e r g y -  

i n d e p e n d e n t  p a r t i a l - w a v e  a n a l y s i s  e x i s t i n g  f o r  the  

S = - t  s y s t e m .  H o w e v e r ,  the  p a r t i a l  w a v e s  c o r r e s -  
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pond ing  to the D 0 3 ( t 6 9 0 ) ,  D t 5 ( 1 7 6 5  ), F 0 5 ( i 8 t 5 ) ,  and 

F I 7 ( Z 0 3 0 )  r e s o n a n c e s  w e r e  c o n s t r a i n e d  to h a v e  B r e i t -  

W i g n e r  f o r m s  in  the r a n g e  I E - M  RI < F ,  w i th  p a r a m -  

e t e r s  n e a r  the e x p e c t e d  v a l u e s .  A p p r o x i m a t e l y  90 

a c c e p t a b l e  s i n g l e - e n e r g y  f i t s  p e r  e n e r g y  w e r e  g e n -  

e r a t e d  and w e r e  u s e d  in  s h o r t e s t - p a t h  s e a r c h e s  o v e r  

two r e g i o n s ,  1536 to i700  MeV and t700  to i900  MeV. 

S e v e r a l  c a n d i d a t e s  f o r  a c c e p t a b l e  s h o r t e s t  p a t h s  

w e r e  g e n e r a t e d ,  and a p r e f e r r e d  p a t h w a s  c h o s e n  by  

r e j e c t i n g  t h o s e  tha t  f a i l ed  to r e p r o d u c e  k n o w n  r e s o -  

n a n c e  b e h a v i o r .  R e s o n a n c e s  in  t h i s  s o l u t i o n  w e r e  

i d e n t i f i e d  by  l o o p s  in A r g a n d  d i a g r a m s  c o r r e l a t e d  

w i t h  p e a k s  in the ~_ 3 - b o d y  f ina l  s t a t e  c r o s s  s e c t i o n .  

R e s o n a n c e  p a r a m e t e r s  w e r e  t h e n  e x t r a c t e d  by  f i t t ing  

BW's  w i t h  b o t h  m u l t i p l i c a t i v e  and add i t ive  b a c k g r o u n d .  

O u r  c o n c l u s i o n  abou t  t h i s  w o r k  i s  tha t  the a m p l i -  

t u d e s  w h i c h  w e r e  no t  s p e c i f i c a l l y  c h o s e n  to be  r e s o n a n t  

( s o m e t i m e s  e v e n  t h o s e ,  a s  in the c a s e  D t 5 ( 1 7 6 5  ) ~ A w )  

s h o w  an e r r a t i c  b e h a v i o r  w h i c h  c a n n o t  be j u s t i f i e d  

s impl .y  by  the f l u c t u a t i o n  of the da ta .  T h i s  m a y  be  due 

to j u m p i n g  b e t w e e n  d i f f e r e n t  a m b i g u o u s  s o l u t i o n s  at 

d i f f e r e n t  e a e r g i e s  ( s ee  the d i s c u s s i o n  of I P W A  in  the 

m a i n  text ) .  A r g a n d  d i a g r a m s  of the e l a s t i c  and 

KN --* ~w p a r t i a l - w a v e  a m p l i t u d e s  f r o m  th i s  a n a l y s i s  

a r e  s h o w n  in F i g s .  t - t 0 .  

b) KIM 7i  (K) fi t  da t a  f r o m  t h r e s h o l d  to 1226 M e V / c  

u s i n g  the R o s s  and Shaw 2 e f f e c t i v e - r a n g e  e x p a n s i o n  

of the i n v e r s e  m u l t i - c h a n n e l  K - m a t r i x .  The  d a t a  in  

e a c h  of s e v e n  e n e r g y  i n t e r v a l s  b o u n d e d  by  0, 534, 

658, 806, 916, i022, ii17, and 1226 MeV/c, were 

fit with a constant effective-range matrix. Only the 

FI5 (1915) was fixed to a BW form, all other waves 

included being parametrized by the K-matrix form- 

alism. Resonances were identified by a method in- 

volving the appearance of loops in the Argand dia- 

gram, peaks in the speed plot, and poles of the K- 

matrix, the exact procedure not being reported. The 

parameters used to describe the K-matrix elements 

are not given .  

c} The  l a t e s t  p u b l i s h e d  a n a l y s i s  i s  L E A  73 (LMMO).  

It i s  a m u l t i - c h a n n e l  e n e r g y - d e p e n d e n t  p a r t i a l - w a v e  

a n a l y s i s  w i th  p a r a m e t r i z e d  K - m a t r i x  e l e m e n t s .  The  

m o m e n t u m  r a n g e  c o v e r e d  i s  440 to t t 9 0  MeV/c  and 

99 p a r a m e t e r s  w e r e  u s e d  in  the fit .  E s t a b l i s h e d  

r e s o n a n c e s  w e r e  c o n s t r a i n e d  to h a v e  p a r a m e t e r s  n e a r  

t h e i r  g e n e r a l l y  a c c e p t e d  v a l u e s  t a k e n  f r o m  a p r e v i o u s  

ed i t i on  of t h e s e  t a b l e s  ( for  t h i s  r e a s o n  we do no t  l i s t  

the r e s u l t s  of L E A  73 f o r  t h e s e  r e s o n a n c e s  in the f o l -  

l owing  d a t a  c a r d s ) .  New r e s o n a n c e s  a r e  i d e n t i f i e d  

u s i n g  p o l e s  of the K - m a t r i x .  As  w i th  KIM 7 t ,  the 

p r o c e d u r e  u s e d  to get  the r e s o n a n c e  p a r a m e t e r s  i s  

no t  d e s c r i b e d  and the v a l u e s  of the f i t t ed  K - m a t r i x  

e l e m e n t s  a r e  no t  g iven .  A r g a n d  d i a g r a m s  of the p a r -  

t i a l - w a v e  a m p l i t u d e s  f r o m  th i s  a n a l y s i s  a r e  g i v e n  in 

Figs. i-10. 

In the previous energy-dependent analyses which 

used simple parametrizations of the partial waves, 

the presence of a resonance was based on the good- 

ness of fit for a non-resonant parametrization as 

compared to the fit for a BW form alone or a BW 

form plus smooth background. In the more recent 

approaches of KIM 71 and LEA 73 the procedure used 

is different. The K-matrix parametrization can ac- 

commodate either resonant or non-resonant behavior; 

the presence or absence of particular resonances de- 

pends on the particular values of the K-matrix pa- 

rameters obtained in the fit. No explicit comparison 

of the results with alternative parametrizations is 

made. 

In the momentum range 400 to 1200 MeV/c the 

latest analysis fitting the 3 channels separately is 

still that of ARMENTEROS 70 (CH), a brief descrip- 

tion of which can be found in the previous edition of 

this compilation. This analysis uses just as much 

data as the multi-channel analyses described above, 

and imposes a degree of energy smoothing intermed- 

iate between that of LEA 73 and LANGBEIN 72. 

In Table I we list the poorly established reso- 

nances (i. e. , t h o s e  w i t h  only  one o r  two s t a r s  in 

T a b l e  I I  be low)  in  the S o r  P w a v e  c l a i m e d  by at  l e a s t  

one of the f o u r  a n a l y s e s  m e n t i o n e d  above .  

Table I. Compar ison of recent Y* claims.  Notation is 
mass (MeV)/width (MeV)/strongest two-body channel; 
CH = CERN-Heidelberg, K = Kim, LW = Langbein and Wagner, 
LMMO = Lea et el. 

Wave CH K LW LMMO 

S01 

P01 
f1750/70/~ 

P0t [ t800 /30I~N 

P03 

S i i  

SII 1730/80/Aw 

fi5oo-16oo/5o~ 
Pti [tSSO/3O/~N 
PI3 

~vs0/40/~N 

isv0/50/? 

ivss/3s~N 

t620/40/A= 

1790/50/KN 

i670/S0/~ 

i830/70/KN 

t6zo/6o/? 

tVS0/iZ0/~N 

tS50/tZS/~N 

1630/65/Zw 

1790/I00/~N 

i840 / i20 /KN 

i 868/324/KN 

16zilszlz= 
18981ZZ21~N 
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",60 -.25 
I I 

1700 

ENERGY (MeY) 

.50 -.26 .Ze 
i I 

1500  

|?O0 

1000 

zximcY (mev) 

I .O0"  ~(SI I )  

' ' 1 , b o  ' ~ , ~ o  .16 .50 1600 
' ] m s ' t )  ' z.z~Gy (~,v) 

KN ELASTIC SII AMPLITUDE 

-.Z5 0 ,~5 
I I 

1500 

l?OO 

EXI~GY (~,Y) 

-.ZS~ 

. 26  
I 

1700 / 

1000 

|R|RG¥ (MeV) 

- . 60  - . 2S  
I I 

1600  

.I 

" 01  I I I I I 
1600 1700 1000 

-,25 .25 50 

1500 

" ~ , o o  

~W~RG (M,v) 

-.26 .Z6 
mI(Sl t) ' 

I000 

÷ 

1700 

~_ 1000 

ZRICJ¢¥ (IdlY) 

i,bo 
II "" ~1 *7,oo ,1**t** I 

'''*i.t #*' 1000 

KN~IrA SII AMPLITUDE 

KN~vZ S 1 1  A M P L I T U D E  

fo r  L A N G B E I N  7Z w h e r e  on ly  the b a s e  i s  shown) .  
The  r e s u l t s  of two d i f f e r e n t  a n a l y s e s  a r e  s h o w n  f o r  
e a c h  c h a n n e l ;  the e n e r g y  a x e s  fo r  the  two a n a l y s e s  
a r e  a l i g n e d  fo r  e a s e  of c o m p a r i s o n .  Al l  the e n e r g y  
a x e s  r u n  f r o m  e l a s t i c  t h r e s h o l d  to 2000 MeV. The  
u p p e r  A r g a n d  p l o t  f o r  e a c h  c h a n n e l  i s  f r o m  L E A  73. 
The  l o w e r  p l o t  i s  f r o m  L A N G B E I N  72 f o r  the e l a s t i c  
and  ~ ,  c h a n n e l s ,  and f r o m  VAN HORN 72 fo r  the  =A 
c h a n n e l .  The  s i g n s  of the ;rE a m p l i t u d e s  f r o m  
L A N G B E I N  72 h a v e  a l l  b e e n  c h a n g e d  i n  o r d e r  to a g r e e  
w i t h  the c o n v e n t i o n  of L E A  73. The  a m p l i t u d e s  s h o w n  
f o r  VAN HORN 72 w e r e  o b t a i n e d  by  a v e r a g i n g  t h r e e  
e n e r g y - d e p e n d e n t  f i t s  (h is  f i t s  H , K , R )  and a s s i g n i n g  
e r r o r  b a r s  t h a t  c o v e r  the  r a n g e  of t h e s e  t h r e e  f i t s .  
The  on ly  e s t a b l i s h e d  r e s o n a n c e  i n  t h i s  w a v e  i s  the 
:~(1750); see the accompanying mini-review and the 
Data Card Listings for other possible resonances in 
the Sil wave. 

Fi~. i. Amplitudes for "~N scattering in the Sll 
partial wave. The energy dependence of each ampli- 
tude 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 even multiples 
of 25 MeV and a base-to-tip length of 5 MeV (except 
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Fig. Z. Amplitudes for KN scattering in the PII 
partial wave. The energy dependence of each ampli- 
tude 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 even multiples 
of 25 MeV and a base-to-tip length of 5 MeV (except 
for LANGBEIN 72 where only the base is shown}. 
The results of two different analyses are shown for 
each channel; the energy axes for the two analyses 
are aligned for ease of comparison. All the energy 
axes run from elastic threshold to 2000 MeV. The 
upper Argand plot for each channel is from LEA 73. 
The lower plot is from LANGBEIN 72 for the elastic 
and *r~ channels, and from VAN HORN 72 for the ~A 
channel. The signs of the ~:~ amplitudes from 
LANGBEIN 72 have all been changed in order to agree 
with the convention of LEA 73. The amplitudes shown 
for VAN HORN 72 were obtained by averaging three 
energy-dependent fits (his fits H,K,R) and assigning 
error bars that cover the range of these three fits. 
This wave contains the ~ pole but no established 
resonances; see the accompanying mini-review and 
the Data Card Listings for possible resonances in the 
PII wave. 
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T h e  o n l y  e s t a b l i s h e d  r e s o n a n c e  in  t h i s  w a v e  i s  t h e  
~ ( 1 3 8 5 )  w h i c h  l i e s  b e l o w  e l a s t i c  t h r e s h o l d  a n d  d o e s  
n o t  a p p e a r  h e r e ;  s e e  t h e  a c c o m p a n y i n g  m i n i - r e v i e w  
a n d  t h e  D a t a  C a r d  L i s t i n g s  f o r  o t h e r  p o s s i b l e  r e s o -  
n a n c e s  in the Pi3 wave. 

Fi T. 3. Amplitudes for KN scattering in the Pi3 
partial wave. The energy dependence of each ampli- 
tude 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 even multiples 
of 25 MeV and a base-to-Lip length of 5 MeV (except 
for LANGBEIN 72 where only the base is shown). 
The results of two different analyses are shown for 
each channel; the energy axes for the two analyses 
are aligned for ease of comparison. All the energy 
axes run from elastic threshold to 2000 MeV. The 
upper Argand plot for each channel is from LEA 73. 
The lower plot is from LANGBEIN 72 for the elastic 
and w~ channels, and from VAN HORN 72 for the wA 
channel. The signs of the Tr:~ amplitudes from 
LANGBEIN 72 have all been changed in order to agree 
with the convention of LEA 73. The amplitudes shown 
for VAN HORN 72 were obtained by averaging three 
energy-dependent fits (his fits H,I<,R) and assigning 
error bars that cover the range of these three fits. 
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Baryons 
A's and Z's 
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F i g .  4 .  A m p l i t u d e s  f o r  K N  s c a t t e r i n g  i n  t h e  D I 3  
p a r t i a l  w a v e .  T h e  e n e r g y  d e p e n d e n c e  o f  e a c h  a m p l i -  
t u d e  i s  d i s p l a y e d  b y  p l o t t i n g  i t s  r e a l  a n d  i m a g i n a r y  
p a r t s  v s .  e n e r g y ,  i n  a l i g n m e n t  w i t h  t h e  c o r r e s p o n d i n g  
A r g a n d  p l o t .  In  a d d i t i o n ,  a r r o w s  a r e  p l o t t e d  o n  t h e  
A r g a n d  p l o t s  w i t h  b a s e s  p o s i t i o n e d  a t  e v e n  m u l t i p l e s  
of  25  MeV a n d  a b a s e - t o - L i p  l e n g t h  of  5 M e ¥  ( e x c e p t  
f o r  L A N G B E I N  72  w h e r e  o n l y  t h e  b a s e  i s  s h o w n ) .  
T h e  r e s u l t s  o f  t w o  d i f f e r e n t  a n a l y s e s  a r e  s h o w n  f o r  
e a c h  c h a n n e l ;  t h e  e n e r g y  a x e s  f o r  t h e  t w o  a n a l y s e s  
a r e  a l i g n e d  f o r  e a s e  of  c o m p a r i s o n .  A l l  t h e  e n e r g y  
a x e s  r u n  f r o m  e l a s t i c  t h r e s h o l d  to  2 0 0 0  M e V .  T h e  
u p p e r  A r g a n d  p l o t  f o r  e a c h  c h a n n e l  i s  f r o m  L E A  73 .  
T h e  l o w e r  p l o t  i s  f r o m  L A N G B E I N  72 f o r  t h e  e l a s t i c  
a n d  TrG c h a n n e l s ,  a n d  f r o m  V A N  H O R N  72  f o r  t h e  ~rA 
c h a n n e l .  T h e  s i g n s  of  t h e  wG a m p l i t u d e s  f r o m  
L A N G B E I N  72  h a v e  a l l  b e e n  c h a n g e d  i n  o r d e r  t o  a g r e e  
w i t h  t h e  c o n v e n t i o n  of  L E A  73.  T h e  a m p l i t u d e s  s h o w n  
f o r  V A N  H O R N  7Z w e r e  o b t a i n e d  b y  a v e r a g i n g  t h r e e  
e n e r g y - d e p e n d e n t  f i t s  ( h i s  f i t s  H , K , R )  a n d  a s s i g n i n g  
e r r o r  b a r s  t h a t  c o v e r  t h e  r a n g e  o f  t h e s e  t h r e e  f i t s .  
E s t a b l i s h e d  r e s o n a n c e s  i n  t h e  D t 3  w a v e  a r e  t h e  
~ ( t 6 7 0 )  a n d  t h e  G ( i 9 4 0 ) .  
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w i t h  t h e  c o n v e n t i o n  o f  L E A  73 .  T h e  a m p l i t u d e s  s h o w n  
f o r  V A N  H O R N  72  w e r e  o b t a i n e d  b y  a v e r a g i n g  t h r e e  
e n e r g y - d e p e n d e n t  f i t s  ( h i s  f i t s  H , K , R )  a n d  a s s i g n i n g  
e r r o r  b a r s  t h a t  c o v e r  t h e  r a n g e  o f  t h e s e  t h r e e  f i t s .  
T h e  o n l y  e s t a b l i s h e d  r e s o n a n c e  i n  t h e  D t 5  w a v e  i s  t h e  
E ( t 7 6 5 ) .  

f o r  L A N G B E I N  72  w h e r e  o n l y  t h e  b a s e  i s  s h o w n ) .  
T h e  r e s u l t s  o f  t w o  d i f f e r e n t  a n a l y s e s  a r e  s h o w n  f o r  
e a c h  c h a n n e l ;  t h e  e n e r g y  a x e s  f o r  t h e  t w o  a n a l y s e s  
a r e  a l i g n e d  f o r  e a s e  o f  c o m p a r i s o n .  A l l  t h e  e n e r g y  
a x e s  r u n  f r o m  e l a s t i c  t h r e s h o l d  t o  2 0 0 0  M e V .  T h e  
u p p e r  A r g a n d  p l o t  f o r  e a c h  c h a n n e l  i s  f r o m  L E A  73 .  
T h e  l o w e r  p l o t  i s  f r o m  L A N G B E I N  72 f o r  t h e  e l a s t i c  
a n d  7rE c h a n n e l s ,  a n d  f r o m  V A N  H O R N  72  f o r  t h e  ~ A  
c h a n n e l .  T h e  s i g n s  o f  t h e  TrE a m p l i t u d e s  f r o m  
L A N G B E I N  72  h a v e  a l l  b e e n  c h a n g e d  i n  o r d e r  t o  a g r e e  

Fig. 5. Amplitudes for F~N scattering in the DI5 
partial wave. The energy dependence of each ampli- 
tude 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 even multiples 
of 25 MeV and a base-to-tip length of 5 MeV (except 
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A's and Z's 
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A m p l i t u d e s  fo r  KN s c a t t e r i n g  in  the  F t 5  
p a r t i a l  w a v e .  The  e n e r g y  d e p e n d e n c e  of e a c h  a m p l i -  
tude  i s  d i s p l a y e d  by p l o t t i n g  i t s  r e a l  and  i m a g i n a r y  
p a r t s  v s .  e n e r g y ,  i n  a l i g n m e n t  w i t h  the c o r r e s p o n d i n g  
A r g a n d  p lo t .  In a d d i t i o n ,  a r r o w s  a r e  p l o t t e d  on the 
A r g a n d  p l o t s  w i t h  b a s e s  p o s i t i o n e d  a t  e v e n  m u l t i p l e s  
of 25 MeV and a b a s e - t o - t i p  l e n g t h  of 5 MeV ( e x c e p t  
fo r  L A N G B E I N  72 w h e r e  on ly  the  b a s e  i s  shown}.  
The  r e s u l t s  of two d i f f e r e n t  a n a l y s e s  a r e  s h o w n  f o r  
e a c h  c h a n n e l ;  the  e n e r g y  a x e s  f o r  the  two a n a l y s e s  
a r e  a l i g n e d  fo r  e a s e  of c o m p a r i s o n .  Al l  the e n e r g y  
a x e s  r u n  f r o m  e l a s t i c  t h r e s h o l d  to 2000 MeV. The  
u p p e r  A r g a n d  p l o t  f o r  e a c h  c h a n n e l  i s  f r o m  L E A  73. 
The  l o w e r  p l o t  i s  f r o m  L A N G B E I N  72 f o r  the e l a s t i c  
and  ~ ,  c h a n n e l s ,  and f r o m  VAN HORN 72 f o r  the  ~A 
c h a n n e l .  The  s i g n s  of the  ~ a m p l i t u d e s  f r o m  
L A N G B E I N  72 h a v e  a l l  b e e n  c h a n g e d  in  o r d e r  to a g r e e  
w i t h  the c o n v e n t i o n  of L E A  73. The  a m p l i t u d e s  s h o w n  
f o r  VAN HORN 72 w e r e  o b t a i n e d  by  a v e r a g i n g  t h r e e  
e n e r g y - d e p e n d e n t  f i t s  (h is  f i t s  H, K, R) and  a s s i g n i n g  
e r r o r  b a r s  t h a t  c o v e r  the  r a n g e  of t h e s e  t h r e e  f i t s .  
The  o n l y  e s t a b l i s h e d  r e s o n a n c e  i n  t h i s  w a v e  i s  the  
Z ( t 9 t 5 ) ;  s e e  the D a t a  C a r d  L i s t i n g s  f o r  o t h e r  p o s s i b l e  
r e s o n a n c e s  i n  the F t 5  w a v e .  
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Fig. 7. Amplitudes for KN scattering in the FI7 
partial wave. The energy dependence of each ampli- 
tude 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 even multiples 
of Z5 MeV and a base-to-tip length of 5 MeV (except 
for LANGBEIN 7Z where only the base is shown). 
All the energy axes run from 1700 to ZZ00 MeV. The 
amplitudes shown are from LANGBEIN 72 for the 
elastic and n~ channels, and from VAN HORN 72 
for the wA channel. The signs of the w~ amplitudes 
from LANGBEIN 72 have all been changed in order 
to agree with the convention of LEA 73. The ampli- 
tudes shown for VAN HORN 72 were obtained by 
averaging three energy-dependent fits (his fits 
H,K,R) and assigning error bars that cover the range 
of these three fits. The only established resonance 
in the FiT wave is the ~(Z030). 
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Arrlplitudes for Kl'q scattering in the S01 and P0i partial waves. The energy dependence of each ampli- 
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 pdsitioned at even multiples of Z5 MeV and 
a base-to-tip length of 5 MeV (except for LANGBEIN 72 where only the base is shown). The results of two dif- 
ferent analyses are shown for each channel: the energy axes for the two analyses are aligned for ease of com- 
parison. All the energy axes run from elastic threshold to 2000 MeV. The upper Argand plot for each amplitude 
is from LEA 73; the lower plot is from LANGBEIN 72. The signs of the wE amplitudes from LANGBEIN 72 
have all been changed in order to agree with the convention of LEA 73. Established resonances in the S01 wave 
a r e  t h e  A ( t 4 0 5 )  ( w h i c h  l i e s  b e l o w  e l a s t i c  t h r e s h o l d  a n d  d o e s  n o t  a p p e a r  h e r e )  a n d  t h e  A ( t 6 7 0 ) ;  t h e  !D0t w a v e  
c o n t a i n s  t h e  A p o l e  b u t  n o  e s t a b l i s h e d  r e s o n a n c e s .  S e e  t h e  a c c o m p a n y i n g  m i n i - r e v i e w  a n d  t h e  D a t a  C a r d  
L i s t i n g s  f o r  o t h e r  p o s s i b l e  r e s o n a n c e s  i n  t h e  S 0 t  a n d  P 0 t  w a v e s .  
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A m p l i t u d e s  f o r  KN s c a t t e r i n g  in  t h e P 0 3  and D03 p a r t i a l  w a v e s .  The  e n e r g y  d e p e n d e n c e  of e a c h  a m p l i -  
d i s p l a y e d  by  p l o t t i n g  i t s  r e a l  and  i m a g i n a r y  p a r t s  v s .  e n e r g y ,  i n  a l i g n m e n t  w i t h  the c o r r e s p o n d i n g  A r g a n d  

p lo t .  In  a d d i t i o n ,  a r r o w s  a r e  p l o t t e d  on the A r g a n d  p l o t s  w i t h  b a s e s  t~os i t ioned  at  e v e n  m u l t i p l e s  of 25 MeV and 
a b a s e - t o - t i p  l e n g t h  of 5 MeV ( e x c e p t  f o r  L A N G B E I N  7Z w h e r e  on ly  the b a s e  i s  shown) .  The  r e s u l t s  of two d i f -  
f e r e n t  a n a l y s e s  a r e  s h o w n  f o r  e a c h  c h a n n e l ;  the  e n e r g y  a x e s  fo r  the two a n a l y s e s  a r e  a l i g n e d  fo r  e a s e  of c o m -  
p a r i s o n .  A l l  the e n e r g y  a x e s  r u n  f r o m  e l a s t i c  t h r e s h o l d  to  Z000 MeV. The  u p p e r  A r g a n d  p l o t  f o r  e a c h  a m p l i t u d e  
i s  f r o m  L E A  73; the l o w e r  p l o t  i s  f r o m  L A N G B E I N  72. The  s i g n s  of the  w~ a m p l i t u d e s  f r o m  L A N G B E I N  72 
h a v e  a l l  b e e n  c h a n g e d  in  o r d e r  to a g r e e  w i t h  the  c o n v e n t i o n  of L E A  73. E s t a b l i s h e d  r e s o n a n c e s  i n  the  D03 w a v e  
a r e  the  A ( t 5 2 0 )  and  the  A ( t 6 9 0 ) ;  t h e r e  a r e  no e s t a b l i s h e d  r e s o n a n c e s  i n  the  i~03 w a v e .  See the  a c c o m p a n y i n g  
m l n l - r e v i e w  and the  D a t a  C a r d  L i s t i n g s  f o r  o t h e r  p o s s i b l e  r e s o n a n c e s  i n  the P03  and D03 w a v e s .  
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KN~vZ F05 AMPLITUDE: 

A m p l i t u d e s  f o r  ~ N  s c a t t e r i n g  in  the  D05 and F 0 5 P a r t i a l  w a v e s .  The  e n e r g y  d e p e n d e n c e  of e a c h  a m p l i -  
d i s p l a y e d  by  p l o t t i n g  i t s  r e a l  and  i m a g i n a r y  p a r t s  v s .  e n e r g y ,  i n  a l i g n m e n t  w i t h  the c o r r e s p o n d i n g  A r g a n d  

p lo t .  In  a d d i t i o n ,  a r r o w s  a r e  p l o t t e d  on the A r g a n d  p l o t s  w i t h  b a s e s  p o s i t i o n e d  a t  e v e n  m u l t i p l e s  of 25 h4eV and 
a b a s e - t o - L i p  l e n g t h  of 5 MeV ( e x c e p t  f o r  L A N G B E I N  72 w h e r e  on ly  the b a s e  i s  shown) .  The  r e s u l t s  of two d i f -  
f e r e n t  a n a l y s e s  a r e  s h o w n  f o r  e a c h  c h a n n e l ;  the  e n e r g y  a x e s  f o r  the  two a n a l y s e s  a r e  a l i g n e d  fo r  e a s e  of c o m -  
p a r i s o n .  Al l  the  e n e r g y  a x e s  r u n  f r o m  e l a s t i c  t h r e s h o l d  to  2000 MeV. The  u p p e r  A r g a n d  p l o t  fo r  e a c h  a m p l i t u d e  
i s  f r o m  L E A  73; the l o w e r  p l o t  i s  f r o m  L A N G B E I N  7Z. The  s i g n s  of the  wE a m p l i t u d e s  f r o m  L A N G B E I N  72 
h a v e  a l l  b e e n  c h a n g e d  i n  o r d e r  to a g r e e  w i t h  the c o n v e n t i o n  of L E A  73. E s t a b l i s h e d  r e s o n a n c e s  i n  t h e s e  w a v e s  
a r e  the  A(1830)  i n  the  D05 w a v e  and the  A ( t 8 t 5 )  i n  the  F05  w a v e .  



Baryons 
A's a n d  Z's 

T h e r e  a r e  f e w e r  a n a l y s e s  w h i c h  e x t e n d  a b o v e  

t 2 0 0  M e V / c ;  a l l  of  t h e m  a r e  of t h e  s i n g l e - c h a n n e l  

e n e r g y - d e p e n d e n t  t y p e .  

A n e w  m e t h o d  to  c o m p a r e  d i f f e r e n t  p a r t i a l - w a v e  

a n a l y s e s  i s  one  i n v o l v i n g  the  p r o p e r t i e s  of t he  

"Barrelet zeroes". 3'4 Using a particular set of N 

partial waves, this technique can be used to generate 

all the 2N-I other sets corresponding exactly to the 

same cross section and polarization as the original 

set: VAN HORN 72 has done an energy-dependent fit 

of the /i~r channel Legendre coefficients over the en- 

ergy range 1537-2215 MeV. Using the Barrelet 

method, he has generated the ambiguous solutions 

corresponding to his best fit. Seven of them pre- 

serve the established resonances D13(1670 ), 

D15(1765), F15(1915), and F17(Z030). The couplings 

of these resonances to the lln channel are sometimes 

very different in the "ambiguous solutions" from 

their generally accepted values. Also new resonance 

structures appear in all the waves, particularly in 

the lower spins. This analysis is instructive in so 

far as demonstrating that there could be an entire 

constellation of other possible resonances beyond 

those which appear at the primitive stage of the an- 

alysis. However, one should keep in mind that these 

possible resonances do not necessarily correspond to 

a simple or even plausible parametrization of the 

amplitude s. 

The values we have listed on the data cards cor- 

respond to the average of the 20 best original fits of 

this analysis (all containing the established, plus a 

few probable, resonances). 

Figures 

Argand plots of 13 S=-I partial waves are shown 

in Figs. I-I0. The analyses shown were picked 

largely for illustrative purposes rather than on the 

basis of our judgment of their quality; as discussed 

above there are a number of analyses extant and no 

clear choice of the "best" ones is possible. We show 

LE$t 735 and LANGBEIN 72 to allow comparison of a 

highly smoothed analysis with an unsmoothed 

shortest-path analysis. These analyses used essenti- 

ally the same data. VAN HORN 72 is shown as one of 

the few analyses that extends beyond 1200 MeV/c. It 

has been necessary to reduce the f igures somewhat 

excessively because of space l imitations. A booklet 

of larger  versions of all the Argand plots in the 

Baryon mini-reviews is available on request from the 

Particle Data Group, LBL, Berkeley. 
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Data Card Listings 
For notation, see key at front o/Listings. 

E r r o r s  o n  M a s s e s  a n d  W i d t h s  

O f t e n  t h e  q u o t e d  e r r o r s  a r e  o n l y  s t a t i s t i c a l ,  b u t  

t he  v a l u e s  of  m a s s e s  a n d  w i d t h s  c a n  c h a n g e  w e l l  a b o v e  

t h e s e  e r r o r s  w h e n  a n e w  p a r a m e t r i z a t i o n  i s  u s e d .  

F o r  t h i s  r e a s o n  w e  r e p o r t  t h e  v a l u e s  of M,  F ,  a n d  x i 

o b t a i n e d  b y  d i f f e r e n t  a u t h o r s  e v e n  i f  t h e y  a n a l y z e  the  

s a m e  d a t a .  T h e  s p r e a d  o f  t h e s e  m a s s e s  a n d  w i d t h s  

i s  c e r t a i n l y  a b e t t e r  e s t i m a t e  o f  t he  u n c e r t a i n t i e s  t h a n  

t h e  s t a t i s t i c a l  e r r o r s .  S o m e t i m e s  t h e  e r r o r s  q u o t e d  

a r e  o b t a i n e d  b y  t h e  i n s p e c t i o n  of v a r i o u s  f i t s  d o n e  

w i t h  d i f f e r e n t  h y p o t h e s e s  ( s e e ,  f o r  e x a m p l e ,  

B E R T H O N  70 ,  G A L T I E R I  70 a n d  V A N  H O R N  72) .  F o r  

t w o  s t a t e s ,  A ( 1 8 2 0 )  a n d  Z ( t 7 6 5 ) ,  t h e r e  a r e  e n o u g h  

d a t a  a v a i l a b l e  to  p e r f o r m  a n  o v e r a l l  f i t  of  t h e  v a r i o u s  

x i of  t he  t y p e  d i s c u s s e d  i n  t he  m a i n  t e x t  ( s e c t i o n  V,C).  

i n  t h i s  c a s e  w e  a r e  f o r c e d  to  u s e  t h e  e r r o r s ,  h o w e v e r  

s m a l l  t h e y  m a y  b e ,  b u t  w e  w a r n  the  r e a d e r  t h a t  t he  f i n a l  

e r r o r s  a r e  n o t  to  be  t a k e n  s e r i o u s l y .  

In  c o n c l u s i o n ,  w e  c h o o s e  n o t  to  g i v e  e r r o r s  o n  

m a s s e s  a n d  t o t a l  w i d t h s  d e t e r m i n e d  i n  p a r t i a l - w a v e  

a n a l y s e s ,  b u t ,  w h e n e v e r  n e c e s s a r y ,  to  s h o w  a r a n g e  

o f  v a l u e s .  As  f o r  t h e  b r a n c h i n g  r a t i o s ,  we  u s e  t h e  

e r r o r s  w h e n  n e e d e d  to  p e r f o r m  a n  o v e r a l l  f i t ,  b u t  

w e  c a u t i o n  the  r e a d e r .  

C o n c l u s i o n s  

T a b l e  II  i s  a n  a t t e m p t  to  e v a l u a t e  t h e  s t a t u s  of  

t h e  v a r i o u s  Y * ' s .  T h e  e v a l u a t i o n s  a r e  of c o u r s e  

p a r t l y  s u b j e c t i v e .  A b l a n k  i n d i c a t e s  t h a t  t h e r e  i s  no 

c o r r e s p o n d i n g  e v i d e n c e  a t  a l l .  T h i s  m a y  m e a n  e i t h e r  

t h a t  t h e  r e l e v a n t  c o u p l i n g s  a r e  s m a l l  o r  t h a t  t h e  r e s o -  

n a n c e  d o e s  n o t  r e a l l y  e x i s t .  T h e  B a r y o n  T a b l e  i n -  

c l u d e s  o n l y  t h e  w e l l - e s t a b l i s h e d  r e s o n a n c e s .  I t  

s e e m s  c l e a r ,  h o w e v e r ,  t h a t  w h e r e a s  a n y  p a r t i c u l a r  

o n e  o f  t h e  q u e s t i o n a b l e  r e s o n a n c e s  m a y  d i s a p p e a r  

w i t h  the  n e x t  a n a l y s i s ,  t h e r e  a r e  p r o b a b l y  m a n y  n e w  

r e s o n a n c e s  u n d e r l y i n g  t h o s e  a l r e a d y  e s t a b l i s h e d .  
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Data Card Listings 
For notation, see key at front of Listings. 

TABLE I I .  STATUS OF Y* RESDNANCES 
THnSF WITH AN OVEral l  STATUS OF * * *  OR * * * *  ARE INCLUDED IN TH~ MAIN BARYON 
TABLE. THE OTHEQE AWAIT CONFIRMATION. 

STATUS AS SEEN IN - -  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

OVERALL TOTAL~ 
PARTICLE L I J  STATUE CR. SEC. KBAR N LAM Pl SIG PI OTHER CHANNELS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~_ 

LAMI IL ISJ  o01 * * * *  WEAK TO N Pl 
L~MI I330 )  OEAO 
LAM(1605 )  S01 * * * *  * * * *  F * * * *  
LAMILS20} 003  * * * *  * * * *  * * * *  0 * * * *  LAM2PI,LAM DAM 
LAMII6701 S01 **** **** **** LAM ETA 

LAM(175oILAM(Ib90) 003p01 ****** **** ******* e I ****,, LAM2PI,SIG2Pl 

L A M I I B I 5 i  FO5 **** **** **** D **** S I G ( 1 3 8 5 I  P l  
L A M ( I B B 0 )  ~ 0 5  * * *  * * *  D * * * *  

LAM{iB6O) P O 3  ** ** *** E * 

LAX( IS?0 )  S01 * *  * *  N * 

LAM(2013 }  003 F D LAM OMG 
LAM(2020) FO7 ** * * 

LAM(2LOOI  GO? * * * *  * * * *  * * * *  R * * *  X I  K+LAM OMG 
LAM{21tO) * * B * LAM OMG 
LAM(2350 )  **** **** **** I 

LAMIESBS)  *** *** * O 

SIG( I !?O)  P l l  **** WEAK TO N Pl 
SIG(I3BS) r i B  * * * *  * * * *  * * * *  

~ IG(1660 )  RE DEAD 
SIG(16801PE * * * * 

SIG116201S l l  * *  * *  * 
SIG(1620 )  PL1 * *  * *  * *  * *  

RIG( t620 )  PE ** * * LAM 2 -P l  
S IG (16701D13  * * * *  * *  * * *  * * * *  * * * *  SEVERAL OTHERS 
S I G ( 1 6 7 0 1  RE * *  * *  * *  * *  SEVERAL OTHERS 
$10(16901PE ** * * ** * LAM 2-Pl  
SIG(17501 E l i  *** ** ** * SIG ETA 
S IG( I?6B )  D15 **** * * * *  **** **** *** SEVERAL OTHERS 
S IG( !8601P I3  * * * *  * 
S I G ( 1 8 8 0 1  PI1 * *  * *  * *  

$1G( [915 )  FE5 * * * *  * * *  * * *  * * * *  * * *  
SIG{19601 0 1 3  * * *  * * * *  * *  

SIGi2030I  S I 1  * * 
SIG(2O30) FIT **** **** **** **** ** XI K 
SIG(2070) F15 * * 

SIG(20BO) P I 3  * *  * *  

SIG(2100) GI7 * *  * *  * *  

SIG(22501 **** **** * * * 

SIG12655) *** *** * 

SIG(2620 )  * * *  * * *  * 

SIG(3OOOI  ** * * 

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

• * * *  GOD0, CLEAR, AND UNMISTAKABLE. 
• * *  GOOD, BUT IN NEED OF CLARIFICATION CR NOT ABSOLUTELY CERTAIN. 

• * NEEDS CDNFI~MATION. 
• WEAK. 

ATTRIBUTED TO THE STATE CLOSEST TO WHERE THE CROSS SECTION PEAKS. 

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

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

S=-1 I=0 HYPERON STATES (A) 
****** ********* ********* ,******** ,*******, **,****** ********* ******** 

****** ********* ********* ********* ********* ********* ********* ******** 

F ~  IB LAMBDA ( I L lS .UP= l IB+ (  I=O 

SEE STABLE PARTICLE DATA CARD LISTINGS 

* * * * * *  * * * * * * * , ,  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * .  * * * * * * * * *  * * * * * * * *  

B U M P S  SEE ~HE MINI-REVUE AT THE START DE THE Y* LISTINGS. 

A PEAK IS SEEN NEAR 1330 HEY IN THE L~MBDA GAMMA SPEC- 
TRUM IN THREE Pl-- PROPANE EXPERIMENTS (YUNG-CHANG 66, 
8UBELEV 67, AND BOZOKI 6B I .  IN THE FIRST TWO, THIS 

WAS TAKEN AS INDIRECT RVIDENCE FOR THE Y*OII6701D~CAYING TO LAMBDA 
ETA, WITH THE ETA DECAYING TO TWO GAMMAS. IN THE THIRD EXPERIMENT 
THIS INTERPRETATION HAS BEEN RULED CUT. BOZOKI 68 MENTION THE ROSS - 
BILITY OF THERE BEING A Y*0113301 WITH A NARROW WIDTH (<25 MEVI, 
BUT DEFER SERIOUS CONSIDERATION OF IT UNTIL THERE l S  MORE DATA.  

SHOULD SUCH A RESONANCE EXIST, IT SHOULD BE SEEN IN P l -  P TO KO ÷ 
(MISSING MASSJ. 9AHL 67 FOUND NO EVIDENCE FOP IT .  

A SPARCH FOR ~ NEW Y*O NEAR THE LAMBnA OR SIGMA MASS WAS MADE BY 
TAN 69. NONE WAS FOUND. 

ANOTHER SEARCH BY MAYEUR TO RBVEALED NO EVIDENCE FOR THIS STATE. 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCEE FOR Y*OILBSO( (PROD. EXP.? 

Y-CHANG 64 OUBNA CONE I 615 YUNG-CHANG. IN ,  KLADNITSKAYA, + IDUBNAI 
9UBELEV 67 PL 2 6 8  266  +CHADRAA, CHUVILO. + (JINR,BUCHAREST,CERNI 
DAHL 67  PR 163 1377  OAHLe HARDY, HESS, K IRZ ,  MILLER (LRL )  
BOZOKI 68 PL 28B 360  +FENYVES,  GEMESY, + (BUOAPEST,OUBNA)  
TAN 6 9  PRL 23 101 T H TAN ISLAC)  
MAYEUR 70 PL 33B 661 ÷VAN fiINST,WILQUET÷÷+ (BRUX.CERNITUET) 

****** ********* ********* ********* ********* ********* ********* ******** 

****** ********* ********* ********* ********* ********* ********* ******** 

Baryons 
A's and Z's, A, A(1330), A(1405) 

37 Y*0(1605, JP= l lB - }  I=O F ~  
PRODUCTION EXPERIMENTS 

I A ( - o s ) l  ,His . . . . . . . . . . . . . . . . . . . . .  IE  . . . . . . .  E V I  . . . . . . . . . .  
STATE IN THE KBAR-N SYSVEM FOUND IN THE ANALYSIS OF LOW 
ENERGY K-R INTERACTION. WE LIST SUCH EXPEl|MINTS SEPA- 
RATELY B~LOW. WE USE ONLY PRODUCTION EXPERIMENTS FOR 
AVERAGING OF MASSES AND WIDTHS. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . .  

37 Y*O(160S) MASS IMEV) (°ROD. EXP.) 

M 11605.01 ALSTON 61HEC K-P 1.15 BEV/C 
11610.01 ALEXANDER 62 HBC PI-P 2 .1REV/C 
11405.01 ALSTDN 62 HBC K-P 1 .2 - . 5  BEVIC 

M (13B2.0P 18.01 ENGLER 6S HOBC P l -P ,  PI+O 1.68 7/66 
M 1400.0 26.0 MUSG~AVE 65 HBC PBA~ P 3-# BEV/C 7166 
M 67  1400.0 B.O BIRMINDHA 66 HBC K-P 3°5 9/67 
M 120 I405 .0  ~.O GALTIERI 6B DBC K-D 2. L-2.7BEVIC b168 
M . . . . . . . . .  
M AVG IAOB.6 3.5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF ?*Of 

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

37  Y*0116051 WIDTH (MEV) (PROD. EXP.) 

W (20*01 &LSTON 61 HBC 7 /66  
w 35.0 S.O ALEXANDER 62 HBC 
W 150.01 ALSTON 62 ~BC 
W 189.01 120.01 ENOLER 65 HDBC 7166  
W 60.0 20.0 MU~GRAVE 65 HBC 7166 
W 67 50.0 lO.D BIRMINGHA 66 HBC K-R 3.5 9167 
W 120 35.0 B.O GALTIERI 68 DBC K--D 2.1-2.TBEV/C 6/66 
w 
w AVG 38 .1  3 .9  AVERAGE (ERRGg INCLUDES SCALE FACTOR OF L.O) 

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

37  Y*OIIAOB) PAOTIAL  DECAY MODES (PROD* ~XP . )  

DECAY MASSES 
Pl YtO(1605I ~NTD SIGMA PI 1197+  139 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

RE~ERENCES FOR Y*O(14051 (PRO0. EXP.I 

ALSTON b t  PRL b 698  +ALVAREZ.EPERHARO,OOOD,GgAZIANO, + (LRL) I 
ALEXANDE 62 PRL B 667  ALEXANDER,KALRFLEISCH,MILLER,SMITH (LRL) I 
ALSTON 62 DEQN CDNF 311 +ALVAREZ,gEgRO-LUZZI.ROSENFELO, + (LRL) I 
ENGLER 65  P4L 15 226  +~ISK,KRAEMER,MELTZER,WESTGARD,+ (OARN,BNL) IJ  
MUSGRAVE 65 NC 35 735  +PETMEZAS,+ (BIRM+CERN,EPOL,LDIC,SACLAY) 

BIRMINGH 66  PR iSE 1168 BIRWINGHAM,GLASGCW,LOIC, OXFORD.RUTHERFORD 
GALTIER[ bB PRL 21 573 8AOBARC-G~LTIERI,CHAOWICK + (LQL,SLAC) 

****** ********* ********* ********* ********* ********* ********* ******** 

****** ********* ********* ********* ********* ********* ********* ******** 

1406 MEV REGIONI EXTRAPOLATIONS BELOW THRESHOLD 

SEE NOTE IN Y*O(1605I PQODUCTION EXPERIMENTS -THE DIF- 
FICULTIES IN EXTRAPOLATING FROM THE PHYSICAL REGION TD 
THE RESONANCE LOCATION ARE DISCUESED BY OALITZ 67. 

THE QUESTION ON WHETHER Y'116051 IE A KBaR-N BOUND 
STATE OR A COD POLE (D~LITZ 701H~S BEEN INVESTIGATED BY CLINE 71. 
MARTIN 71, GALTIERI 72, AND DOBSON 72. THE LAST TWO PAPERS CONCLUDE 
THAT THE DATA CANNOT TELL THE DIFFFRENCE. 

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

26 Y*O{1605 )  MASS (MEV) 

M 1610.7 (1.01 KIN 65 HBC O-EFF-RANOE FIT ?Ebb 
M 1609.6 11.71 SAKITT 65 HBC O-EFE~RANGE FIT 7166 

DATA OF SAKITT ARE USED IN FIT BY KITTEL. H 
M 1607o5  (1*2)  KITTEL  66 HBC 3-EFE-RANGE FIT 7166  
M 1403.0 (3.01 KIN 67 HBC K MATRIX FITIKPI  8167 
M 1616.0 16.01 MARTIN 6q HBC CONST. K MATRIX 101b9 
M (1621.01 MARTIN 70 RVUE CONST. g MATRIX 6170 
M ~ 11406 .1  CHAD 73 DPWA (>-RNG. FIT.SOL B 9 /73 *  
M SEE ALSO THE ACCOMPANYING RAPER OF THOMAS7B. 9E73. 

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

26 Y*0116051 WIDTH (MEV) 

W 37*0  13.21 KIN 65 HBC 7 /66  
w 28 .2  16.11 SAKITT 65 HBC 7166  
w 36 .1  16 .11  K |TTEL  66  HBC 7•66 
W 50.0 15.01 KIM 67  HBO K MATRIX FITIKP) 8/67 
W 29.0 16.01 MARTIN 69  HBC CONST° K MATRIX 10 /69  
w 120.01 NARTIN 70  RVUE COMET. K MATRIX b /7O  
W 1 (BB . )  CHAD 73 DPWA O--RNG. F IT .SOL  B 9173 .  
w I ASYMMETRIC RESONANCE SHAPE,W/2=AE MEV BELOW RESONANCE,16 MEV ABOVE. 9173. 

****** ********* ********* ********* ********* ********* ********* ******** 

REFERENCES FDR Y*0(16051 iFRDM EXTRAPOLATIONS) 

KIN 65 PRL 14 29 
SAKITT 65 PR 139 6719 
KITTEL 66 PL 21 369 
RIM 67 PRL ! 9  1076 

MARTIN 69  PR 183 1352  
MARTIN 70 NP B16 479 

OHAO 73 NP BSb 66 
ALSO 7B NP B56 IS  

ABRAMS 65 PR 139 6656 
DONALD 66 PL 22 T[1 
KADYK 66 PRL 17 599 

J K KIM (COLUMBIA)?JR 
+OAY,QLASSER.SEEMAN,FRIEDMAN, * {UMD.LRL)IJP 
W KITTEL, G OTTER, I WACEK (VIENNAIIJP 
J KIN (YALE)UP 
B R MARTIN, M SAKITT (LDUC+BNL) 
A O MARTIN, G G ROSS (DURHAMIIJP 
CHAO,KRAEMEB,THOMAS*MAPTIN (RHEL÷EARN+LOUC)IJP 
THOMAS,ENGLER,FISK,KRAEMER ICARNIIJ 

PAPERS NOT REFERRED TD IN DATA CARDS 

G S ABRAMS, B SECMI-ZORN IUMDIIJP 
+ EDWARDS, LYS, NISARt MOORE (LIVERPODLI 
• OPEN, G÷S GOLDHABFR, TRILLING (LRL] IJP 

F IT  SOLUTIONS G IV ING AN I~O S l  12 RESONANCE. I  
ABRAMS 65 ,  KAOYK 66 ,  AND DONALD 66  SUPPORT THOSE EFFECT IVE-RANGE-  

DALITZ 67 PR 153 1617 DALITZ, WONG. RAJASEKARAN (OXFORD,BOMBAY} 



Baryons 
A(1405), A(15 0)A(1670) 

OALITZ 70 DUKE--HR 70 OE R D DALITZ (OXF) 
CLINE 71 PRL 26 1199 0 CLINE,R LAUNANN,J MAPP IWISCI 
MARTIN ?l PL 358 62 A D MARTIN,B R MARTIN,ROSS IDURH+LOUC+RHELJ 
DOBSON 72 PR 06 3256 P N DODSON,R MCELHANEY IHAWA) 
GALTIERI 72 LEt 555 A.BARBARC--GALTIERI (LBL) 
SHAW 73 PURDUE CONF. 617 SHAW (UCIJIJP 

38 Y*011520 ,  JR=3 /2 - )  I=O ID~)3I 
,,, ,I,,,,1520;, .... uc ............. io ...... IMENTS AGREE QUITE WELL 
I I WITH ERCH OTHER .THEREFDEE. THEY HAVE NOT BEEN SEPARATE 

FOR THIS PARTICLE 
A POSSIBLE EXCEPTION TO ABOVE IS THE tam PI  Pl 

MODE. BOTH CHAN 72 AND MAST 73 (FORMATION) AGREE 
THAT IT IS PRFODMINANTLY Y$1 (1383 )  E l .  HOWEVER. 
THEY DISAGREE BY A FACTOR OF 2 AS TO THE CONTRIBUTION 
OF Y*O( IS20 )  TO THE OVERALL taM El PI CROSS SECTION, 
BURKHAPOT 71 (PRODUCTION), WITH MUCH LESS STATISTICS, 
FIND A MUCH LOWER BRANCHING RATIO. 

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

38 Y*0 (1520 )  MASS (NEV) 

M 163 1517 .2  3 .0  GALTIERI bS OBC K-O 1 .51BEV/C  
M 1519 .6  2 .0  WATSON 63 HBC K-P ALL CHANNELS 
M 29 IS20 .0  6 .0  ALNEIDA 66 HBC K-P 1 .63  8EV/C 
M (1511 .0 )  ( 15 .0 )  NUSGRAVE 6S HBC PBAR P 3 -6  BEV/C 7 /66  
N B0(1510.0) (E.O) BIRNINGHA 66 HEC K-P B.S 9/67 
M B 1517 .2  1 .2  BURKHAROT 69 HBC K-P . 8 -1 .2  GEV/C 10 /69  
M B QUOTED ERROR INCREASED TO ACCOUNT FOR OISAGREENENT BETWEEN 
M 8 TWO MEASUREMENTS D~NE BY SAME AUTHORS (K-P AND SIGMA P l l  
M (1519 , )  KIN 71 DPWA K-MATRIX ANAL. 3/TE 
M . . . . . . . . .  
M AVG 1517 .83  0 .95  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

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

38 YeOI15201 WIDTH (MSV) 

W 16.6 2 .0  WATSON 63 HBC 
w (19.01 {19.0) MUSGRAVE 65 HBC 7 /66  
w 30 (80 *0 )  ( 10 .0 )  BIRHINOHA bb HBC K-P 3 .5  9 / 6 7  
w ) 18 .0 (  DR LffSS 9 /66  DAHt 67 HBC 
W 1N.7 1 .8  BURKHARDT 69 HBC K-P . 8 -1 .2  GEV/C 10 /69  
W ( 16 . )  KIM 71DPWA K-MATRIX ANAL. 3 /71  
H . . . . . . . . .  
H AVG 15 .5  1 .3  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

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

3B Y~O(1520)  OARTIAL DECAY MODES 

DECAY MASSES 
P I  Y *0 (1520 )  INTO KOAR N 697+ 939 
P2 Y*O(LS20)  INTO SIGMA Pl L197+ 139 
P3 Y~O(1S20) INTC LAN80A P) Pl 1113+ LED+ 139 
P6 Y*0 ( ' 1520 )  (NTO LAM80A GAMMA I l lS+  0 
P5 Y*0 (1520 )  INTO SIGMAO GAMMA 1192+ 0 
P6 Y*O |1520 )  INTO SIGMA Pl PI 1197+ 139+ 139 
P7 Y*0 (1820 )  (NTD (Y * l I I 3851+P [ )  1386+ 139 
P8 Y*0 (1520 |  INTO Y '1 (13851  Pl INTO tAMBOA FT PI  11 IS+ L39+ 139 

NOTE THAT P8/P7 IS  THE BRANCHING FRACTION FOR Y '1 (1385 )  INTO tM P( 9 / 73 *  

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

F I T T E D  P A R T I A L  D E C A Y  M O D E  B R A N C H I N G  F R A C T I O N S  

T h e  m a t r i x  be low  i i  d e r i v e d  f r o m  t h e  e r r o r  r r ~ t r i x  Eor t h e  f i ~ e d  p a r t i a l  d e c a y  m o d e  

b r a n c h i n B  f rRc t i ° ns '  P i '  a s  fo l low=:  T h e  diaBonal e l emen t l  a r e  P i  • EPi, where  

Bp i = - - - - ( 6~ ,  wh~e t h e  o ~ - d l a ~ o n a I  e I e m e n t s  a r e  t h e  n o r m a l i z e d  c o r r e l a t i o n  

c ~ e n t l  ( ~ P i E ~ j  ~ / ( 6 P  i .  6~ j ) .  F o r  t h e  d e f i n i t i o n s  of  t h e  9 ~ i i v l d u a l  P t '  s e e  t h e  l i e t i nGs  

a b o v e ;  o ~ y  t h o s e  P i  a p p e a r i n g  in  t h e  m a t r i ~  a r e  a s s u m e d  in  t h e  Eit to  b e  nor,  z e r o  ~nd  

a r e  t h u l  conetraL~ed [o  a d d  to ~. 

P l  P2  F3  P6  P5  P6  
E l . 450U+- .0088  
P 2 - . 7868  . 9120+ - . 0092  
P 3 - . 2187  - . 3605  . 1006+ - . 0056  
P 6 - . 068O - .O639  - . 0325  , 0080+ - , 0016  
P 5 - . I 717  - . 1616  - . 0822  - *0095  . 0199+ - . 0035  
P 6 - . 0270  - . 0254  - . 0128  - .OO1E - . 0038  . 0087+ - . 0006  

38  Y'*0(1520)  BRANCHING RATIOS 

DI 
RI 
RI 

RI  
RI  

RZ 

R3 
P3 
R3 
R3 
R3 
RE 
RB 

Ye0(1320) INTO ISIGNA PI)I(KBAE N) (P21/ IPI )  
1.72 .78 MUSGRAVE 65 HBC 8/67 
0 ,96  0 ,20  DAHL bT HBC P I -P  1 .6 -6  GEV/C 9 /66  
0 .73  O . l l  DAUBER 67 H8C K-P AT 2.GEV/C 8 /67  
1 ,06  . 16  SCHEUER 08 DEC 0 K-N 3 GEV/C 10 /69  
0 .82  0 .08  BURKHARDT 69 HBC K-P .B -L .2  GEVIC 10/69 

AVG 0 ,851  0.064 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.11 
FIT 0 ,914  0 .036  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .1 (  

Y *0 (1520 )  INTO (LAMBDA El  P I ) / (KBAR N) (P31 / (P l )  
0 , 17  0 .05  DAHt 67 HBC P I -P  1o6 -6  GEV/C 9 /66  
0 .21  0 .18  DAUBER 67 HBC K-P AT 2.GEV/C 8 /67  

. 19  . 06  SCHEUER 68 DBE 0 K-N 3 GEV/C 80 /69  
0 .22  0 .03  8URKHAROT 69 HEC K-P . 8 -1 .2  GEV/E 10 /69  

10.2) KIN 71 OOWA K-MATRIX ANAL. 3 /71  

AVG 0 ,202  0 .021  AVERAGE (ERROR INCLUDES SCALE FACTOR OF E.O) 
B IT  0 ,223  0 .016  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

YtO(1E2O) INTO (SIGMA PI I / I LAMBDA El  P I )  (P2 l / (P31  
6 .5  1 .0  ARMENTERD 65 HBC 7 /66  
3 .3  1 .1  BIRMINOHA 66 HBC K-P 3 .E  9#67 
3 .9  1 .0  UHLIG bT HBC K-P ,~1 .0  8EV/C 9166 

AVG 3 .96  0 .89  AVERAGE (ERROR INCLUOES SCALE FACTOR OF X,OJ 
F IT  6 .10  0*27  FROM FIT  (ERROR INCLUDES'SCALE FACTOR OF E*O] 

170 

Data Card Listings 
For notation, see key at front of Listings. 

R6 Y~0(1520| INTO (LAMBDA GAMMA)/TOTAL (PERCFNT) (P6)  
R6 238 O.EO 0 .16  MAST 68 flBC 0 USING ELAST=*E5 11 /68  
R4 . . . . . . . . .  
06 FIT 0.80 0.16 FROM FIT (ERROR INCLUDES SCALE FACTOR DF 1.0I  

R5 Y*0 (1520 )  INTO (SIGNAO GAMNA)/TOTAL (PERCENT) (PSI  
RS S E*O .35  MAST 68 HBC SEE NOTE S 10169 
R5 S RATIOS CALCULATED FROM RA, ASSUNING SUIB). NEEDED TO CONSTRAIN 
RE S ALL THE YtO(LB2D) BRANCHING RATIOS TO 88 UNITY. 
R3 . . . . . . . . .  
R5 FIT  1,99 0.35 ~RDN F IT  (ERROR INCLUDES SCALE FACTOR OF 1.0) 

R6 Y*0 (1520 )  INTO (KBAR NI/TOTAL (E l )  
R6 0.29 O.OS WATSON 63 HBC K-P ALL CHANNELS 10/71 
R6 .667  ,018  GALTIERI b8 H8C K-  P . 28 - .A5  G/C 10 /69  
R6 0 .47  0 .03  COLLEY 71 OBC K-N 1.S GEV PROD 10/78  
R6 (0.65) KIN 710BWA K-MATRIX ANAL. B/71 
R6 . . . . . . . . .  
R6 AVG 0 .4S9  0 .0S3  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 .3 )  
P6 FIT 0.6508 0.0088 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

RT YtOIE5201 INTC (SIGMA P l ) /TOTAL  (P2)  
R7 0 .55  O*Og WATSON 83 HBE K-P ALL CHANNELS 10/71 
R7 0 .6E8 .017  GALTIER( 69 HBC 0 K-P . 28 - . 658FV /C  b/69 
~7 0 .63  O.OB CDLLEY 71 DBC K-N 1 .5  GEV PROD LO/TL 
R7 (0.66) KIN 71DPWA K-MATRIX ANAL. 3/71 
RE . . . . . . . . .  
R7 AVG 0.626 0.013 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
R7 FIT 0.6120 0.0092 PROM FIT (ERROR INCLUOES SCALE FACTOR OF 1 .1 )  

R8 Y*0 (1520 )  INTO (SIGMA Pl P I ) /TDTAL  (P6)  
R8 ,01o  .0015  GALTIERI 69 HBC 0 R-P . 28 - . 65GEV/C  10 /69  
RB 2 .0085  .OOOb MAST2 73 MaWR K-P TO 2PI  SIG 9 /73 *  
R8 2 BASED ON ASSUMED ELASTICITY OF .66  9 /73~  
RB . . . . . . . . .  
R8 AVG 0.00871 0 .00036  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 }  
R8 FIT 0 .00870  0 .00036  FROM FIT  (ERROR (NCLUOES SCALE FACTOR OF 1 .0 i  

R9 Y t0 (1520 )  TO Y*1 (1365 (  PI  TD LM PI  RI /LM El E l  (P8 i / (PB I  9 / 73 "  
R9 MORE THAN O. IO CLIME 69 DBC K-O TO 2El LAR N 9 /69  
R9 8 0 .39  O . IO  EU8KHARDT T~ HBC LAM. BPI PROO. 3 /71  
R9 C ( I . 0 )  CHAN 72 IPWA K-P TO LAM 2El 2/73 
R9 N 0 .82  0 .10  MAST 73 IPWA K-R TO 2E l  tAM 12/72  
RQ 8 CENTRAL BIN)1516-L526} GIVES ,76~ .10  - -  OTHER BINS LOWER BY 2-SSIG 
R9 C ONLY THE Y* ( I 385 ]DSO3  SEERS TO CONTRIBUTE 
R9 N BOTH Y*(1SBS)DS03 AND SIGMA (E l  P I IOP03  CONTRIBUTE 
R9 
R9 AVER,G(REAN(NGLESS'(SCALE'' ' '" " "  F,CTOR = 3 . 0 )  

RIO Y*O(L520)  ~NTD (Y *1 (1385 )  RT)/TOTAL (P7)  
RIO 0 .061  0 .005  CHAN 72 H8C K-P TO tAM 2El 3171 

RI1 Y~O(L520} INTO (LAMBOA Pl P l I /TDTAL  (P3)  
~ |1  0 .10  0.02 COLLEY 71 DEC K-N 1.S GEV PROD 10171 
RI1 1 .11 .01  MAST 73 (PWA K--P TO 2PI  LAM 9/73= 
Rl l  1 BASED ON ASSUMED ELASTICITY OF . 46+ / - . 02  9 /73 *  
NI l  . . . . . . . . .  
NI l  AVG 0.1080 0.0089 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
R I I  FIT 0. I006 O.OOSR FROM FIT (ERRCR INCLUDES SCALE FACTOR OF 1.0} 

REFERENCES FOR Y*O(13201 

GALTIERI 63 EL 6 296 
WATSON 63 PR 181 2268 
ALMEIOA 66 PL 9 206 
ARNENTER 65 PL 19 338 
MUSGRAVE 65 NC 3S 735 

EIRNINGH 66 PR 1S2 1168 
DAHL 67 PR 163 I 877  
DAUBER 67 PL 268 525 
UHLIG 6T PR 133 1668 
MAST 68 PRL 21 17 [5  
SCHEUER bB NP BB SOB 

BURKHARO b9 NP 816 106 
CLINE 69 LNC 2 607 
GALTIERI 69 LUND 852 

ALSO 70 DUKE 05 

BURKHAROT71NP 827 66 
COLLEY EL NP BB1 61 
KIN 71PRL  27 356 

ALSD 70 DURE 161 

CHAN 72 PRL 28 256 
MAST 73 PR 07 5 
MAST2 73 PRO T 3212 

A BARBA8D-GALTIERI,A HUSSAIN,RO TRIPE (LRL) 
M B WATSON, M FERRO-LUZZI, R D TRIPP (LPL)IJP 
S P ALMEIDA, 0 R LYNCH (CERN) 
ARMENTEROS,F-LUEZI, + (CERN,HEID,SACLAY) 
+PETMEZAS,+ (BIRM,CERNtEPOL,LO|C,SACLAY) 

BIRMINGHAH~GLASGDW,I.C., OXFORD,RUTHERFORD 
DAHL,HAROY,HESS,XIRZ~NILLER (LRL) 
+NALAMUO,SCHLEIN,StATER,STORK (UCLA} 
+CHARLTDN,CONOON,GLASSER,YODHD+ (UMDtNRL) 
NAST,ALSTDN,BANGERTER,GALTIERI+ (LRL) 
SABRE COLLRR. (SACL+AMST+BGNA+REHO÷EPDLI 

+FILTHUTH+KLUGE+.. (HEID+E~I+CERN+SAELAY) 
+LAUNANN+MAPP (WISE( 
8ARBARO-GALTIERI,BANGERTER~MAST,TRIPP {LRL) 
R 0 TRIER (LRL) 

+FILTHUTHtKLUOE.OBERLACK+÷ (HEIO+CERN+SACLI 
+COX,EASTHOODtFRY+.. (BIRM+EDIN+GLAS+LOIC) 
J K KIN (HARVI I JR  
J .  K. KIN (HARV)IJP 

+BUT.-SHAFER,HERTZBACH,KOFLER++ {NASA.YALE} 
+ALSTON-GARNJOST,BANGERTER,+... {LRL I  I JP  
+BANGERTER,ALSTON-GARNJOST,÷ ( LBL I I JP  

PAPERS NOT REFERRED TO IN DATA CARDS 

+VANIN,KOFLER.MANN~MEISNER+ (ENL.MASA.YALE) IJP 

I A ( a 8 7 o ) l  . . . . .  , , o  . . . . .  SEE THE MINI-REVUE AT THE START OF THE Y= LISTINGS. 

THIS RESONANCE IS WELL ESTABLISHEO* 
(SEE THE NOTE FOR THE Y*0 (1330 ) ( .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . - - .  

40 Y *O l l b70 l  MASS INEVI  

N N (1666*O)D8(L6TE.O)  BERLEY e8 HBC 0 K-P TO LAM ETA 7/bb 
M M THE FIRST VALUE ASSUHES THE BRANCHING RATIO INTO LANBBA ETA IS  
M SHAtLt  THE SECOND THAT IT ~ IS LARGE. BECAUSE THE RESONANCE IS  NEAR 
M THE LANBOA ETA THRESHOLD, THE BRANCHING RATIO AFFECTS THE HOMENTUH 
M DEPENDENCE OF THE TOTAL WIDTH, AND THUS ALSO THE RESONANCE PARA- 
M METERS OBTAINED BY FITTING TO THE DATA. 
N N (1663 .0J  (B*O) ABNENT-1 68 HBC 0 ELASTIC, CH EXCH 11 /68  
H N (1678 .0J  (Z .O ]  ARMENT-2 68 HBC 0 K-P TO SIGMA El  11 /68  
N A 1674 .0  I 3 . 0 |  ARNENT-3 69 HBC O NULTICHANNEL 9 /69  
M N 1662 ,0  (B .O(  ARMENT-~ 69 HBC 0 ELAST,CH*EXCoEO 9 /69  
N N 1680 .0  ( 1 . 0 )  ARMENT-6 69 HBC 0 K-P TD SIG P( .ED 9 /69  



t 7 i  

Data Card Listings 
For notation, see key at front of Listings. 

M |674o0 8ERLEY 69 HBC 0 K-P TO SIGMA P I  6 /70  
M 1683 .0  ( 5 . 01  GALTIERI 70 HRC 0 S|G PI,EDPWA 7 /70  
M 1670.  KIN 71DPNA K-MATRIX ANAL. 3 / 71  
M 16A0.0 (60.0) LANGBEIN 72 IPWA MUUTICHANNEL .12172 
M 1672.  ( l . )  HART 73 OPWA EL+CXt .7 - . 8GEV/C  2 /7~ *  
M A THE MULTICHANNEL ANALYSIS INCLUDES ELASTIC ANO SIGMA PI . 10169 
M N THE APPARENT DISCREPANCY BETWEEN THFSE RESULTS IS PROBAOLY NOT 
M SERIOUS. THE ERRORS GIVEN ARE JUST STATISTICAL.  THE SYSTEMATIC 
M ERRORS THAT RESULT FROM THE RESTRICTIVE RARAMETRIZATION FORCED ON 
M THE PARTIAL-NAVE AMPLITUDES ARE NOT INCLUDED, AND CAN BE LARGE, 

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

40 Y*O(1670)  WIOTH (MEV] 

w M N ( 22 .0 )0R(15 .0 )  8ERLEY 6E HBC 0 SEE NOTE M ABOVE 7163 
W ( 26 .0 ]  ( 8 . 01  A~MENT-L 68 HBC 0 SEE NOTE N ABOVE 11168 
w N (26 .0 )  ( 5 . 0 )  ARNENT-2 63 HBC 0 11 /63  
w A Z3 .0  (3.0) ARMENT-3 69 HBC 0 9/69 
w N 38 .0  ( 15 .0 )  ARMENT-A 69 HBC 0 ELAST,CH EXC,EO 9 /69  
w N 55 .0  ( 5 . 0 )  ARNENT-6 69 HBC 0 K-P TC SIG P I .ED 9 /69  
w 51 .0  BERLEY 69 HBC 0 K-P TO SZGMA R I  6 /70  
N 25 .0  ( 5 . 0 )  GALTIERI  70 HBC 0 SIG PI,EDPWA 7 /70  
w 55 .  K IN 7 I  OPWA K-MATRIX ANAL. 3 /71  
N R5.0  ( 20 .0 )  LANGBEIN 72 IPWA NULTICHANNEL 12 /72  
W 19 .  ( 2 . 1  HART 73 DPNA EL÷CX, .7 - . 8GEV/C  2 /76 *  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTEO 

40 Y*O(1670) PARTIAL DECAY MODES 

DECAY MASSES 
PI  Y *O( I670 )  INTO KBAR N A97÷ 939 
P2 Y*O( [bTO)  INTO LAMBDA ETA 1115+ 543 
P3 Y*O(1670)  INTO SIGMA P (  I 189+  139 

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

~0 Y*0 (1670 )  BRANCHING RATIOS 

RI  Y *0 (1670 )  INTO (KBAR N)/7OTAL (P I I  
RI P (O . IA )  (O.OAI  ARNENT-t 68 HBC 0 OLD DATA L l / b8  
RI  0 . 17  ARNENT-3 6D HBC 0 9 /69  
RI  P 0 .16  ( 0 . 06 |  AEMENT-A 69 HBC 0 NEW DATA 9 /69  
RE A (0 .39 )  (O.OE) CONFORTO 71HBC 0 K-P,ELAST,CEX 6170 
RE 0 .28  KIN 71DPNA K-MATRIX ANAL. 3 /71  
RI  0 . 35  ( 0 . 061  LANGBEIN 72 IRMA MUL7ICHANNEL 12 /72  
RI  • 36 ( . 03 )  HART 73 DPHA EL+CX, .T - .8GEV/C  2 /76 *  
Rt A ~FFEC7 BELOW REGION ANALYZEO. VALUE OF .18  ODES NOT 
R( A AFFECT F IT  OR VALUES OF OTHER PARAMETERS. 
RI P THIS IS THE DIAMETER OF THE CIRCLE IN THE ARGAND PLOT. IT IS 
RI SUPERIMPOSED ON A LA'GE BACKGROUND. 

~2 Y *0 (1670 )  FROM KBAR N 70 LAMBDA ETA SQRT(Pl~P2) 
R2 M (0 *20 )  OR 0 .2S  BERLEY 6S HBC 0 SEE NOTE N ABOVE 7166 
~2 (0 .26 )  ARMENT-3 69 HBC 0 9169 
R2 (0 .26 )  K IN 71DPWA K-MATRIX ANAL. 3 /71  

SEE THE NOTES ACCOWPAhVING MASSES QUOTEO 

R5 Y*0(1670) FROM KBAR N TO SIGMA PI SQRT(PL*P3I 
R3 ( -O .BE)  ( 0 . 06 l  ARNENT-2 68 HBC 0 OLD OATA 
R3 - -0 .27  ARNENT-3 69 HBC 0 9169 
~3 - 0 .30  (O.O31 ARNENT-6 69 HBC 0 NEW DATA 9169 
R3 -0 .27  BERLEY 69 HBC 0 K-P TO SIGMA PI 6 / 70  
R3 -0 .29  10 .03 )  GALTIERI  70 HBC 0 SIG PI,EOPWA 7 /70  
~5 - 0 . 30  KIN 71DPWA K-MATRIX ANAL, 3 /?1  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FO~ Y*0 (1670 )  

EEPLEY 65 RRL 15 B~L ÷CONNOLLY, HART, BAUN, STONEHILL, + ( 8NL I I JP  
ARHENT-I 68 NP 38 LRS ARMENTEROS, BAILLON, + (CERN,HEIDEL,SACLAY) IJP 
ARMENT-2 68 NP 08 223 ARMENTEROS, BAILLON, ÷ (CERN,HEIOEL,SACLAY) IJP 

ARMENT--B 69 LUND PAPER 229 A~NENTEROS, BAILLGN, + (CERN~HEIOELeSACLAY)IJP 
VALUES ARE QUOTED IN LEVI  SETTI 69 .  

ARNENT-A 69 NP El6 91 
EERLEY 69 PL 3OR A30 
OALTIERI 70 DUKE 173 
fONFORTO 71NP 83~ ~1 
~ IN  T[  PRL 27 S S 6  

ALSO 70 DUKE Ib l  
ANGEEIN 72 NP 047 R77 

4ART 73 PURDUE CONF. 311 

~IRMINGH 66 PR 152 1148 
LEVISETT 69 LUNG 339 

ARHENTERDSt EAILLON, + (CEPN,HEIDEL,SACLAY(IJP 
÷ HART, RAHHt WILLIS, YANAN070 (BNL I I JP  
A. BARBARO GALT[ERI (LRLIIJP 
+LEVI SETTI ,LASINSKh.OBEPLACK+~ (EF I+HEID)  I JR 
J K K IN (HARVI I JP  
J .  K. KIN (HARV) I JP  
+WAGNER (MPINIIJP 
+RICE,BACASTON,FUNG,+ (TENN+UCR+MASA+BUFF)IJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

(BIRNINGHAN,GLASGOW~LOIC,OXFORD,RUTHERFD) 
R LEVI SETTI (RAPPORT(UP) (CHICAGO) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

. . . . . . . . . . . . . . . . . .  l (169o) I i : * i : i i : i l T : : : i : 2 ; * T : : s ~ E .  THEO MINI-REVUE= AT THE START . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ *  LISTINGS 

THIS RESONANCE IS WELL ESTABLISHEO. 

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

55 Y*0 (1690 )  MASS (NEV) 

M (1696 .01  ( 3 . 0 )  ARNENT~I 68 HBC 0 ELASTIC, CH EXCH L1168 
M (1681 .0 )  ( 2 . 0 )  ARNENT-3 68 HBC O K-P 70 SIGMA Pl  11 /68  
M 1681.  ( 8 . )  EARYLEY 68 DEC O K-P At~O K-O DATA 11 /68  
M 1695 .0  ( 6 . 0 )  BUGG 63 CNTR 0 K -P ,  0 TOTAL 7 /68  
M N A (1697 .0 l  ( 2 . 0 )  CDNFORTO 68 HBC 0 ELASTIC, CH EXCH 11168 
M 1691.0 ( 2 . 01  ARMENT-6 69 HBC O ELAStCH EXC.ED 9 /69  
N A IbBB*O (2 .0 )  ARMENT-A 69 HBC O K-P TO SIG P I .EO 9 /69  
M 1689 .0  RERLEY 69 NBC 0 K-P TO SIGMA PI  6170 
M 1701 .0  ( 4 . 0 )  BERTANZA 69 HBC 0 ELASTIC, CH EXCH 9 /69  

Baryons 
 ( ooo) 

N 1680.0 IS.O) GALTIER[ 70 HBC 0 SIG PI,EOPWA 7170 
M 1688 .0  ( 3 . 0 )  CONFORTO 71 HBC O K-R,ELAST,CEX 6 /70  
M 1690. KIN 710PWA K-MATRIX ANAL. 3171 
M 1680 .0  ( 20 .0 )  LANGBEIN 72 IPNA MULTICHANNEL 12172 
M 1BB~. ( 5 . )  HART 73 OPWA EL+CX, .T - .BGEV/C 2176"  
M N THE Y=O(16gO) IS AT THE EDGE OF THE ENERGY REGION ANALYZED BY 
M N CONFOqTO. THE SAME DATA AS WELL AS OTHERS EXTENDING TO LOWER 
M N A ENERGIES AaE INCLUDED IN ARNENTEROS I .  
N ANALYSIS INCLUDES OLD AND NEW DATA OF CHS COLLAR. .45-.8 GEV/C 10169 
M A THE aPPARENT DISCREPANCY BETWEEN THE SIGMA PI AND OTHER RESULTS IS 
M A PROBABLY NOT SERIOUS. THE ERRORS GIVEN ARE JUST STATISTICAL. THE 
N A SYSTEMATIC ERRORS THAT RESULT FROM THE RESTRICTIVE PARAMETRIZATIDN 
M A OF THE PARTIAL~W~VE AMPLITUDES ARE NOT INCLUDED, AND CAN EE LARGE. 

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

55 Y*O( l b90 )  WIDTH (NEV) 

W ( 35 .0 (  ( 7 . 0 I  APMENT-[ 68 HBC 0 0L00ATA  11 /68  
w ( 85 .0 )  ( 7 . 0 )  ARMENT-3 68 HBE 0 OLD OATA 11168 
W 48 .  I IE . )  BARTLEY 68 OBC 0 K-P ANO K-D OATA L I l bB  
w 40 .0  ( 7 .O l  BUGG 68 CNTR 0 7 /68  
W M A ( 27 .0 )  (E.Ol CONFORTD 68 HBC 0 SEE NOTE M ABOVE 11168 
W 31 .D (7 .0 )  ARMENT-4 60 HBC 0 ELAS,CH EXC.ED 9160 
w A 72.0 (6.0I ARMENT-4 69 HBC 0 K-P TD SIG Pl EO 9/69 
W $7.0 EERLEY 69 HBC 0 K-P TO SIGMA P( 6173 
W 28 .0  18 .0 ]  RERTANZA 39 HBC 0 9 /69  
w 85 .0  ( lO .O }  GALTIERI 70 HBC 0 SIG PI,EDPWA 7 /70  
w 64 .0  ( 5 . 0 )  CONFORTO 71HBC 0 K-P,ELAST,CEX 6 /70  
w ES* K IN 710PWA K-MATRIX ANAL. B /7 I  
w 60.0 (lO.O) LANGBEIN 72 IPWA MULTICHANNEL 12172 
W 86 .  ( 9 . )  HART 73 OPWA EL÷CX, .T - .BGEV/C 2 /74 "  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

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

$5 Y*0 (1690 l  PARTIAL DECAY MODES 

DECAY MASSES 
P[ Y*O( lb �O|  INTO KBAR N 492+ 939 
P2 Y 'O (1690 )  TNTO SIGMA Pl 1189+ 139 
RE Y*0 (1690 )  INTO LANBOA Pl P( 1115+ 139+ 139 
P~ V$0 (1690 )  INTO SIGMA PI  PI 1189+ 159+ 130 
P5 Y~0 (1690 l  INTO Y*1 (1385 )  PI  158~+ 139 

. . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SS Y*0 (1690 )  BRANCHING RATIOS 

THE SUN OF ALL THE QUOTED BRANCHING RATIOS IS  MORE THAN 1 .0 .  THE 
TWO-BODY RATIOS ARE FROM PARTIAL WAVE ANALYSES, AND THUS PROBABLY ARE 
MORE RELIABLE THAN THE THREE-BODY RATIOS, WHICH ARE DETERMINED FROM 
RUMPS IN CROSS SECTIONS. OF THE LATTER, THE SIGMA PI Pl EUMR LOOKS 
MORE SIGNIFICANT (THE ERROR GIVEN FOR THE EAHBDA P[ PI RATIO LOOKS UN- 
REASONABLY SMALL(. HARDLY ANY OF THE SIGMA PI Pl DECAY CAN BE VIA 
Y ' I ( [385) ,  FOR THEN NINE TIMES AS MUCH LAMBDA P( Pl DECAY WOULD BE 
REQUIRED. 

R1 

RI M 

:I 
R1 N 
R1 
I t l  
R1 
R1  N 
R1 

R2  

~ 3  B 

Y*O(16901 INTO (KBAR N)ITOTAL (Pl( 
(0.18) 40.00) ARMENT-I 68 HEC 0 11/63 
( 0 . 23 )  BUGG 68 CNTR 0 ASSUMING J=E/2 7 /68  
( 0 . 22 )  ( 0 . 03 )  CONFDRTO 68 HBC 0 SEE NOTE N AEOVE I ] /BB  
O.~B IO .O2 l  ARMENT-A 69 HBC 0 NEW DATA 9169 
0 .28  (O,OR) BERTANZA 69 HBC 0 9 /69  

( 0 . 56 )  ( 0 . 02 )  CDNFDRTO 71HRC 0 K-P,ELAST,CEX 6170 
0.22 KIN 71DPWA K-MATRIX ANAL. 3 /71  

LANGBEIN 72 IPWA MULTICHANNEL 12 /72  0 .15  ( 0 . 05 )  
.26  ( . 01 )  HART 7B OPWA EL+CX, .7 - .BGEV/C 217A* 

EFFECT IS 6T END OF REGION ANALYZEO. THIS COULD AFFECT VALUE OF X [ .  
FROM ALL ABOVE WE ESTIMATE X=O.20 3 /72  

Y*O(1B9D) FROM KBAR N TO SIGMA PI SORT(PLOP2) 
( - 0 . 33 )  ( 0 . 02 }  ARMENT-3 68 HBC 0 OLD DATA 11 /68  
- 0 . 36  ( 0 . 02 )  ARMENT-¢ 60 HBC 0 NEW DATA 9 /69  
-O .E?  EERLEY 69 HEC 0 K-P TO SIGMA PI b/TO 
-0 .31  40 .03 )  GALTIER[ 70 HBC 0 SIG PI.EOPWA T/TO 
-0.40 RIM 71DPNA K-MATRIX ANAL. 3171 

0.26 (0.07) LANGBEIN 72 [PWA MULTICHANNEL 12/72 

Y~O(1690) FROM KBAR N TD LAMEDA PI PI SORT(El*P3) 
( 0 . 251  ( 0 .02 )  BARTLEY 68 HOBC 0 LAM 2P l  CROS SEC 11168 

ONLY CROSS-SECTION DATA USED. ENHANCEMENT NOT SEEN BY PREVOST 71,  3 /72  

Y *0 (1690 l  FROM KBAR N TO SIGMA Pl  P l  SQRT(PI*PBI 
(0.21) ARHENT-2 68 HOBO 0 K-N TO SIG P( Pl  11168 

REFERENCES FOR Y*0(1600( 

ARNFNT-I Be NP 38 195 
ARMENT-2 68 NP EB 216 
ARNENT-3 60 NP 68 223 
BARTLEY 68 ERE 21 1111 
BUGG 68 PR 168 1666 

ALSO 67 PEt 18 62 
CONFORTO BB NP 88 265 

APNENT-4 69 NP B14 91 
BERLEY 69 PL BOB 630 
8ERTANZA 69 PR 177 2036 

GAL71ERI 70 DUKE 173 
CONFORTO 71NP BS4 ~1 
KIN 71PRL  27 356 

ALSO 70 qUKE 161 
LANGBEIN 72 NP 8~7 677 
HART 75 PURDUE CONF. 311 

ARMENTEROS, BAILLDN, + (CERN,HEIDEL,SACLAYI IJP 
ARNENTEROS, BAILLDN, ÷ (CERN,HEIOEL,SACLAY) I 
ARMENTEROSt EAILLONt + (CERN,HEIOEE.SACLAYI IJP 
+CHU,ODND,GREENE,+ (TUETS,FSU,BRANOE1S) I 
÷GILMORE, KNIGHT. ÷ (BIRMICAVE,RHEL) ( 
DAVIES,OOWELL,+ (BIRM,CAVE,RHEL) I 
+HARNSEN, LAS INSK I ,  + (CHICAGO,HEIDEL) IJP 

ARMENTEROSt BAIL tON,  • (CERN.HE[OEL,SACLAYI IJR 
+ HART, RANM, WILLISt YAHAM070 (8NLJIJP 
÷BIGhCARRARA,CASALI, + (PISA,BNL,YALEJIJP 

A. EARBARO GALTIERI (LRL)IJP 
+LEVI SETTI,LASINSKI..DBERLACK++ (EFItHEID)IJP 
J K KIN (HARVIIJP 
J .  K. KIM (HARVIIJP 
+WAGNER (NP IM I I JP  
÷RICE,BACASTOW,FUNG,+ (TENN+UCR+MASA+BUFFIIJP 

PAOERS NOT REFERRED TO IN DATA CARDS 

+ CHS COLLABOPATION (CERN+HEIO+SACLI 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
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Baryons 
i(zys0),  (zBzs) 

Data Card Listings 
For notation, see key at front of Listings. 

1 (175o) I 7 Y*O(1 . . . .  JP= I / 2+ I  '=0 F ~  

SEE THE MINI'REVIEW AT THE START OF THB Y= LISTINGS. 

THE EVIDENCE FOR THIS STATE IS SOMEWHAT CONFUSED. I t  
WAS FIRST SUGGESTED IN A PARTIAL WAVE ANALYSIS OF KBAR 
N DATA 6Y THE BEHAVIOR OF THE POl AMPLITUDE WHEN IT 

WAS PAGAMETRIZED AS A TWO-STRAIGHT-LINE 6ACKG60UND. WHEN IT WAS RE- 
PARAMETRIZED AS A RESONANCE SUPFRIMPOSEO ON A ONE-STRAIGHT-LINE BACK- 
GROUND, A BRDAO RESONANCE RESULTEO (ARMBNTEROS 885. A REANALYSIS OF 
ESSENTIALLY THE SAME DATA, BUT THIS TIME WITH THE P01 AMPLITUDE UNCON- 
STRAINED, SUGGESTED A MUCH NARROWER RESONANCE AT HIGHER ENERGY (ARMEN- 
TEROS 70 ] .  

A WIDER AND MORE ELASTIC POI RESONANCE AT ABOUT THE SAME MASS IS 
SUGGES7ED BY THE ANALYSIS OF BAILEY 69. THIS USES CONSIDERABLY LESS 
DATA VHAN THE ARMENTEROS ANALYSES. FOR THIS ~EASON WE 00 NOT QUOTE ANY 
PARaMETErS PDR THE OTHER PARTIAL WAVES OBTAINED IN THIS ANALYSIS. 

APMENT~RDS 70, GALTIERI 70, AND KIM T[ PRESENT EVIDENCE FOR A 
POE STATE IN THE SIGMA Pl CHANNEL. IN ADDITION THE ANALVSES OE KIM Yl 
AND LANGBEIN 72 INDICATE A SECOND PCSSlgLE P01 STATE.WE TENTATIVELY 
LIST THESE EFFECTS TOGETHER. 

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

77 Y*O(1750 I  MASS [MEV) 

M 0 (1765.0)  ARMENTBRO 68 HBC O ELASTIC, CH EXCH 1 1 7 6 6  
M (1760 .0 )  BAILEY 69 DPWA 0 ELASTIC, CM EXCH 1 0 / 7 0  

( 1800 .0 )  ARMENTERO 70 H6C 0 ELASTIC, CH EX 6 /70  
M ARMENTERD 70 HBC O SIGMA PI I 1750 .0 )  6 / 70  
M N (1690.0)  ( lO .OI  GALTIERI 70 HGC 0 SIG PI,EDPNA 7/70 
M N ERROR STATIST* ONLY- NO ERROR DUE TO PARTICULAR P.W.ANAL. INCLUDED 1171 
M (E755. I  KIM 71 OPWA K-MATRIX ANAL. B /7 I  
M I ( 1570 . )  KIM 71 OPWA K-MATRIX ANAL. B171 
M A 1620 .0  (10 .0 )  LANGGEIN 72 IPWA MUtT ICHANNE L 12172 
M B 17B0.0 (20 .0 )  LANGBEIN 72 (PWA MULT (CHANNEL 12/72 
M A AND 6 CORRESPOND TO 2 DIFFERENT RESONANCES IN POl 
M i POSSIBLE EFFECT IN SIGMA PI AND KBAR N CHANNELS. 
M 0 qLO ANALYSIS, USING OLD DATA. 

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

77 Y*0 (1750 )  WIDTH (MEV) 

w ( 167 .01  ARMENTERO 66 HBC 0 
W (300.0}  BAILEY 69 DPWA 0 ELASTIC, CH EXCH 10/70 
W 130.0} ARMENTERD 70 HBC 0 BLASTIC, CH EX 6/70 
W I7O.O)  ARMENTERO TO HBC 0 SIGMA PI 6 /70  
w N 122.01 GALTIERI 70 HBC 0 SIG PI,EDPWA 7 /70  
w ( 35 . }  RIM 71 OPWA K-MATRIX ANAL. 3771 
W I [ 50 . )  KIM 7I  OPWA K-MATRIX ANAL. 3/71 
W A 60 .0  ( iO.Ol  LANGBE IN 72 IPWA MULT ICHANNEL 12172 
w B 120.0 ( i 0 . 0 )  LANGGEIN 72 IPWA MULT ICHANNBL 12172 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

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

77 Y*0[~_7505 PARTIAL DECAY MDOES 

DECAY MASSES 
P1 Y*011"7501 INTO KBAR N 897+ RBD 
PB Y*0117501 INTO SIGMA Pl I197+ 139 

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

R1 
RI 
~1 (0 .86)  
P[ 10.155 AgMENTERO 70 DPWA 
81 ( 0 .30 )  KIN 7 l  DPNA 
RI A 0.25 10.151 LANGGEIN 72 IPWA 
PI B 0.86 10.051 LANGGEIN 72 IPWA 

RB Y*OI17SO) FROM KBAR N INTO SIGMA Pl 
~2 1 .0 .20 )  ARMENTERO 70 DRWA 
E2 N I -0 .181  10.031 GALTIERI 70 OPWA 
R2 10.171 KIM 71 DPNA 
82 A 0.28 10.091 LANGGEIN 72 IPWA 
82 B O.Ol OR LESS LANGBEIN 72 IPWA 

SE~ THE NOTES ACCDMPANYIND MASSES QUOTEO 

REFERENCES FOR Y 'O I l 750 ]  

ARMENTER 68 NP 66 [95 ARMENTE608,  6AILLDN, + (CERN,HEIDEL,SACLAYllJP 
BAILEY 6q THESIS UCRL-50617 DAVID SAAL BAILEY (LRL LIVERMOREIIJP 
ARMENTER TO DUKE CON~ 123 ARMENTERDS, 8AILLON, * [CORN, HEIDELIIJP 
GALTIERI 70 DUKE CONF 178 A BARBARO-GALTIERI ( LRL I I JP  
NIM 71PRL  27 356 J N KIM (HARVI I JP  

ALSO 70 OUXE 161 J.K. KIM (HARVIIJP 
LANGBEIN 72 NP 867 477 +WAGNER [MP IM I I JP  

• ***** ********* ********* ********* ********* ********* ********* ******** 
• ****, ********* ********* ********* ********* ********* ********* ******** 

11(1B15) I . . . . . . . . . . . . . . . . . . . . . .  F F ~  
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 00 NOT CALCULATE WEIGHTED AVERAGES FOR 
MASS AND WIDTH. 

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

89 Y*O I IB IS )  MASS (MEV) 

Y*OI17505 INTO (KBAR NI/TOTAL (P ! )  
IO.GI AmMENTERO 68 OPWA 0 ELASTIC, CH EXCH 11/68 

BAILEY 6g DPWA 0 ELASTIC, CH EXCH 10/70 
0 ELASTIC, CH BXCH i 0 / 70  

K-MATRIX ANAL, 3271 
MULTICHANNEL 12/72 
MULTICHANNEL 12/72  

SQRT(PI*P2) 
0 K-P TO SIGMA P I  6 / 70  
O N-P TO SIGMA Pl 7 /70  

K--MATRIX ANAL. B/71 
MULTICHANNEL 12/72  
MULTICHANNEL 12/72  

M N 181B.0 12.01 ARMENT--I 67 HBC O K-P TO SIGMA PI 8 /87 
M N 1616.0 (6 .O l  BELL 67 HODE 0 K-N TO SIGMA PI 11/67 
M N 1817.0 ( 2 . 0 ]  ARMENT-3 68 HBC 0 ELASTIC, CH EXCH 11/68 
M N 1619.0 ( 6 . 0 )  6UGG 68 CNTR 0 R-P, O TOTAL 6/68 
M N 1825 .0  ( I .O ]  BRICMAN 70 CNTR O TOTAL AND CH EX 6 /70  
M N 1819.0 ( i . 0 )  BRICMANI 70 DPNA SIGTOT.ELAS,CMEX 1471 
M 1BBO.O 110.05 COOL 70 CNTR K-P, O TOTAL 10/70 
M 1820.0 (10 .0 )  GALTIERI 70 OPWA 0 K-P TO SIGMA PI 7170 
M N 1618 .0  12 .0 )  CONFORTO 71 DPWA O ELASTIC, CH EXCH 6 /70  
M 1810. KIN 710PWA K-MATRIX ANAL. 3171 
M N 1823 .0  ( 3 . 01  KANE 72 DPWA 0 R-P TO El GIG 10171 
M N 1818 .0  ( 3 . 01  LANGBEIN 72 IPWA MULTICHANNEL 12 /72  
M N ER60R STATIST. ONLY~ NO ERROR DUE TO PARTICULAR P.W.ANAL,  INCLUDED 1471 

39 Y *O(1815 I  WIDTH (MEV) 

W 67°0 (15 .0 )  ARMENT-1 67 HBC 0 8 /67  
W 68.0  112.05 BELL 67 HDBC 0 11/07 
W N 71.0 ( 6 . 0 )  ARMENT-B 68 HBC 0 ELASTIC* CH EXCH 11/68 
W N 75.0 IT.O( BUGG 68 CNTR 0 K-P, D TOTAL 6 /66  
W N B0.0  16 .0 I  6~ICNAN 70 CNTR 0 TOTAL AND CH FX 6 /70  
W N 79.0 ( 3 . 0 )  BRICMANI 70 OPWA SIGTOT,ELAS,CHEX 1/71 
w iO0.O COOL 70 CNTR K-P,  D TOTAL 10 /70  
w lO0.O (20.OJ GALTIERI 70 DPWA 0 K-P TO SIGMA PI 7/70 
W N 90.0 (D.OI CONFORTO 71 DPWA 0 ELASTIC, CH EXCH b/TO 
W 70. KIM 71 OPWA K-MATRIX ANAL. 3 / 7 l  
W N 106.0 (16 .0 )  KANE 72 OPWA O K-P TO Pl SIG 10/71 
W N 70.0 ( 5 . 0 )  LANGGEIN 72 IPWA MULTICHANNEL 12/78 

SEE TH~ NOTES ACCOMPANYING MASSES QUOTED 

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

B9 Y*O( IB IS I  PARTIAL DECAY MODES 

DECAY MASSES 
Pl  Y*0 (18161  INTO KBAR N 497+ 9B9 
P2 Y*O( IB [5 )  INTO SIGMA Pl I189+ I89 
P3 Y*O [ [B15 i  INTO Y '111385 )  Pl lSB&+ IB9 
P6 Y*0(1818i  INT0 SIGMA P loT  1192+ 1B9+ 139 
P5 Y*011815) INT0 ETA LAMBDA 566+I I15  

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

FITTED PARTIAL DECAY MODE BP~NCHING FI~CTIONS 

T h e  ~ t r i x  b e l o w  i s  d e r i v e d  f r o m  t h e  e r r o r  m a t r i x  f o r  t h e  f i t t e d  p a r t i a l  d e c a y  m o d e  

b r a n c h i n g  f r a c t i o n s ,  P l '  a s  f o l l o w s ;  T h e  d i a ~ o n a l  e l e ~ e n t e  a r e  P i i 6 P i ,  w h e r e  

5 P .  = - "  1 r ~  w h i l e  t h e  o E E - d i a ~ o n a l  e l e m e n t s  a r e  t h e  n o r m a l i z e d  c o r r e l a t i o n  c o e f f i -  

c i e n t s  <6Pi6P j }/(bP i • 6Pj). For the definitions oE the individual Pi' eee the limtings 

above; o~y those Pi appearing in the n~Erix are assumed in the fit to be nonzero and 

are thus constrained to add to f. 

Pt  P?  P3  P6  P5  
P 1 , 6050+ - . 0263  
P 2 - . 5645  . 1136÷ - . 0086  
P 3 .0000 - .OOOO .2000+- .0500 
P 4 - .B697 .0826 - °g150 . 0660÷ - . 0566  
P 5 - . 072 l  .0392 0.0005 - .1293  .0152+-.0085 

39 Y*0(16155 BRANCHING RATIOS 

81 
RI 

82 
DE 
~2 
R2 

R2 
R2 
R2 
R2 

R3 
RB 
R3 
R3 

K 
R5 
R5 
R5 
R5 

ERRORS QUOTED BY EXPERIMENTERS DO NOT INCLUDE UNCERTAINTY DUE 
TO PARAMETRIZATION USED IN THE P.W*A. THEY SHOULD BE INCREASED. 

Y*O(E815) INTO (KBAR N)/TDTAL (P i )  
0.62 0.02 ARMENT-3 68 HBC 0 ELASTIC, CH EXCH l i lGB  

(0 .72)  BUGG 68 CNTR 0 K-P, O TOTAL 6168 
0 ,65  B.OB BRICMAN 70 CN¢6 0 TOTAL ANO CH EX 6 /70  
0.56 0.02 EBICMANI 70 DPWA SIGTOT,ELAS,CHEX E/71 

(O.B) COOL 70 CNTR K--P, 0 TOTAL 10170 
0.68 0.01 DONPORTO TI DPWA 0 ELASTIC, CH EXEH 6/70 

(0 .52 )  KIM 71DPWA K-MATRIX ANAL. 317[ 
0 .47  0 .02  LANGGEIN 72 IPWA MULTICHANNEL 12472 

AVO O.b08 0.027 AVERAGE (ERROR INCLUDES SCALE FACTOR OF B.85 
FIT O.6OS 0.024 FROM FIT (ERROR INCLUDES SCALE FACTOR 0~ 5.45 

Y*0(18155 FROM KBAR N INTO SIGMA Pl SQRT(Pl*P2} 
0.27 0.01 ARMENT-I 67 DPWA 0 K-P TO SIGMA Pl 8/67 
0.2B 0.02B BELL 67 DPWA 0 K-P TO SIGMA P] 11/67 

- 0 . 26  0.03 GALTIERI 70 DPWA O K-P TO SIGMA Pl 7/70 
(0.265 KIM 71DPWA K-MATRIX ANAL. 3/71 
- 0 .266  0.027 KANE 72 DPWA 0 K-P TO PI SIG 10171 

0 .85  0.08 LANGBEIN 72 IPWA MULTICHANNEL 12/72  

AVG MOO 0 ,86S4  O.O081 AVERAGE (ERROR INCLUDES SCALE FACTOR DF i o0 )  
FIT 0 ,2626  0 .008 I  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .GI  

Y*O(18151 FROM KBAR N INTO Y ' IT (B85 )  Pl SQRT(PI*P3] 
A (0 .5 )  ( 0 . 05 )  ARMENT-2 67 HBC 0 K-P TO LAM P+ P+ 

FIT 0.368 D.044 FROM FIT 

Y*0118155 INTO (Y*1 (13855  RIB/TOTAL (P3) 
0.20 0.05 BIRGE 05 HBD O K-P TD LAM Pl PI 7766 

FIT 0.200 0.050 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

Y*O(IB15I  INTO (SIGMA Pl Pl)ITOTAL (R4] 
P NO OLEAR SIGNAL ARMBNT-6 68 HDBC 0 K-N TO SIG PI Pl 11168 
P THERE IS A SUGGESTION OF A BUMP, BNOUGH TO 6E CONSISTENT WITH 

WHAT IS EXPECTEO FROM SIGMA Pi DECAY OF THE Y*I(13855 - -  ~BOUT O.OZ. 

FIT 0.066 0.055 FROM FIT 

Y*O([815I  FROM KGAR N TO ETA LAMBDA SQRT(PI*PS) D/73" 
- . 096  .060 .020 RADER 78 MPWA 9173~ 

PIT 0.090 0.087 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l .O)  

* * * * * *  * * * * * * * * *  * *= * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES F~R Y*O(E8155 

61RGE 68 ATHENS CONF 296 +ELY,KALMUS,KERNAN,LOUIE,SAHOURIA, + (LRL)IJP 
ARMENT-1 67 PL 246 198 ARMENTEROS, F LUZZI, ÷ (CERN,HEIDEL,SACLAYIIJP 
ARMENT-2 67 ZEIT PHYE 202 486 ARMENTEGOS, F LUZZI, ICERN,HEIOEL.SACLAYIIJP 
BELL 67 PRL 19 936 P B DELL (LRL ) I JP  
ARMFNT-3 68 NP 88 ID5 ARMENTEROS, 6AILLONt + (CEGN,HBIDEL,SACLAY)IJP 
ARMENT-@ 68 NP 88 216 ARMENTEROS, BAILLON, + (CPRN,HEIDEL,SACLAY] I 
6UGG bB P6 168 [466 +GILMORE,  KNIGHT, ÷ (RHEL+BIRM+CAVFJ I 

BRICMAN 70 PL 816 152 +FERRO LUZZI, PERREAU,÷ (CERN,CAEN,SACLAYI 
6RICNANI 70 PL 33B 511 +FERRO-LUZZI,LAGNAUX (CORN) 
COOL 70 PR 01 1887 +GIACOMELLI, KYDIA, LEONTIC, IT ,  + (BNL) I 
GALTIERI 70 DUKE CONF i73 A BARBARO-GAITIERI (LRLI IJP 

DONFORTO 71NP 684 61 +LEVI SETTI,LASINSKI..DBERLACK÷+ (EFI+HEID)IJP 
KIM 7 [  PRL 87 356 J K KIM (HARV)IJP 

ALSO 70 OUKE t61 J .K .  KIM (HARV)IJP 

KANE 72 PR D5 1883 D F KANE (LBL ) I JP  
LANGBEIN 72 NP 847 477 +WAGNER (MPIMIIJP 
RADER 73 NC I6A 178 +BARLOUTAUD,+ (SACL+HEID+CERN÷RHEL+CDEFI 
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Data Card Listings 
For notation, see key at front of Listings. 

PAPERS NOT REFERRED TO IN DATA CARDS 

THE FDLLDWINO PAR=PS ARE NOW DF ONLY HISTORICAL INTEREST - -  

CHAMBERL 62 PR t25 16g6 EHAMBERLAIN.CROWE,KEEFE,KFRT~, + {LRL) I 
GALTIERI 63 PL 6 296 A BARBAPO-GALTIEQI,A HUSSAIN,RD TBIPP (LRL) I J  
SD~ICKSO 64 PR 133 8757 SOOICKSON,MANNELLI,PRIECH,WAHLIG (MITIBNL)) J 
HOLLEY 65 UCRL-16274 THESIS W R HOLLEY (LRL) J 
BI~MINGH bb PR 152 114B BI~MINGHAM,GLASGOW, I .C . ,  OXFORD,RUTHERFORD 
COOL 66 P~L 16 1228 ~GIACOWELLI,KYCIA,LEONTIC,LUNDBY + (BNLI I  
DELPAND 66 PRL 17 1224 ÷HARMSEN,LEVI-SETTI,PREDAZZI÷ (EFI.ANL) 
ARMENTER 67 NP 83 592 ARMENTEROS,FERRO-LUZZI+ (CEPN,HEID,SACLAYIIJP 
CONFORTO 68 NP BB 265 +HABMS~N. LASINSKI. + (CHICAGO,HEIDELIIJP 
LASINSKI 68 P~ IB3 1792 L ASINSK[, LEVI SETTh  FREDAZZI [CHICAGO I JP 
PREVOST 71 A~STERDAM CONF + CHS COLLAEORATION (CERN÷HEIO+SACLI 

* * * * * *  * * * * * * * * *  * * * * = * * * *  * * * * * * * * *  = * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

I, m m J ~ , J q  

I D y l l  . 5B Y 'O I l 830 ,  JP=522 - )  I =0  IDOl 
~ ' 1 8 3 0 '  ~ . . . . . . . . . . . . . .  ' . . . . . . . . . . . . . . . . . . . .  ,ST INGS°  

THE BEST EVIDENCE FOP THIS RESONANCE COMES FROM THE 
SIGMA Pl CHANNEL° IT APPEARS TO BE WELL ESTABLISHED° 

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

58 Y*OIIB30) MASS (MEVI 

M N 1827.0 ( 3 . 0 l  ~RMENTERO 67 HBC O K-P TD SIGMA Pl 8167 
M N 1837.0 I 11 .0 )  BELL 67 HBC O K-P TO SIGMA PI 11167 
M N 1807.0 {10 .0 )  ARMENTERD 68 HBC 0 ELASTIC, EH EXCH 11168 
M 1840.0 ( 15 .0 I  GALTIERI 70 OPWA O K-P TO SIGMA Pl 7170 
M N 1831 .0  ( 5 . 0 )  CONFORTO 71 DPWA 0 ELASTIC, CH EXCH 6 /70  
M 1830. RIM 71 DPWA K-MATRIX ANAL. 3/71 
M K (1720 . )  KIM 71 DPWA K-MATRIX ANAL. 3 /71  
M 1832 .D  (S .O )  KANE 72 OPWA o K -P  TO P I  S IG 10171 
M 1810.0 DiD.Of LANGBEIN 72 IPWA MULTICHANNEL 12/72 
M K POSSIBLE ~FPECT ~AINLY IN SIGMA E l .  NOT CLEAR IF  UNCORRELATED 
M K WITH THE 1830  EFFECT 
M N PRRqg STATIST. ONLY- ND ERROR DUE TO PARTIDULAR P.W.ANAL. INCLUDED 1 /71  

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

56 Y~0 (1830 )  WIDTH IMEV}  

W 75.0 ( g .  OI  ARMENTER9 67 HBE 0 K-P TO SIGMA Pl  8/67 
W 74.0 ( i8 .OJ BELL 67 HBC O K-P TO SIGMA PI 8167 
w 123 .0  ( 32 .0 )  ARMENTER~ 68 HBC 0 ELAST IC ,  CH EXCH 11168  
w 150.0 (30 .0)  GALTIERI 70 OPWA 0 K-P TO SIGMA Pl 7•70 
W 104.0 ( 35 .0 l  CONFORTO 71 OPWA 0 ELASTIC, CH EXCH 6•70 
W BO. KIN 71DPWA K-MATRIX ANAL. 3 /71  
W K ( 20 . )  KIM 71 DPWA K-MATRIX ANAL. 3171  
w BB.O (10 .0 )  KANE 72 DPWA O K -P  TD P l  S IG  10171 
N bO.O (20°0)  LANGBEIN 72 IOWA MULTICHANNEL 12172 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . .  

56 YmO(IB3O) PARTIAL DECAY MODES 

DECAY MASSES 
R1 Y*O(1830 )  INTO KBAR N 497÷  939  
P2 Y*O(~830 I  INTO SIGMA Pl 1180÷  139  
P3 Y '0 (1830 )  INTO Y*1 (1385 ]  P l  1384+  1 3 9  
P4 V*O(1B30} INTO ETA LAMBDA 548+1115  

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

R I  
RI  
R I  
R1 
R1 
R I  

RB 
R2 
R2 
R2 
R2 
R2 
~2 

R3 
R3 

~EFEOENCES FOR Y*OI IB30 }  

ARMENTER 67 PL 248 198 ARMENTEROS, F-LUZZI, + ICERN,HEIDEL,SBCLAY)IJP 
BELL 67 PRL 19 936 R B BELL (LRL)IJP 
ARMENTER 68  NP B8 195 ARMENTERDS, BAILLON* + (CERN,HEIDEL,SACLAY)IJP 
CDNFORTO 68 NP BB 205 +HARMSEN, LASINSKI, + (EHICAGO,HEIDEL)IJP 

IS SUPERSEDED BY CONFOPTO 71. 

Y*O(1B30I INTO (KBAR NIITOTAL (E l l  
0.09 (0°01)  ARMENTERO 68 HBC 0 ELASTIC, CH EXCH 11168 
0.03 (0.02~ BRICMANE 70 DRWA SIGTOT,ELAS,CHEX 1/71 
0.05 (0 .02 )  CONFORTO 71 DPWA O ELASTIC, CH EXCH 6170  

(0 .24 )  KIN 71 DPWA K-MATRIX  ANAL. 3171 
O.IO (0 .03 )  LANGBEIN 72 IPNA MULTICHANNEL 12172 

Y*OI IB3O l  FROM KBAR N INTO SIOMA Pl SQRT(PI=P2) 
0.15 TO.G2) ARMENTERO 67  OPWA 0 K-P TO SIGMA Pl 8187 
0.19 I 0 . 01 )  BELL 67 DPWA 0 K-R TO SIGMA Pl 11167 

-O . i b  (0 .03 )  GALTIE~I 70 DPWA O K-P TO SIGMA Pl 7170 
0 .15  KIM 71 DPWA K-MATRIX ANAL. 3 /71  

-0 .138  (0o018) KANE 72 DPWA O K-P  TO E l  SIG 10171  
0.27 (0 .07 )  LANGBEIN 72 IOWA MULTICHANNEL I2172 

Y*O(1B3O)  FROM KBAR N TO ETA LAMBDA SORT(PI*P4] 9173 "  
-.044 .020 RADER 73 MPWA 9173 "  

BRIEMAN1 70  PL 338  511 , +FER~O-LUZZI,LAGNAUX (CERN) 
GALTIERI 70 DUKE CONE 178 A BARBARO-GALTIERI ( LRL I I JP  

EONFORTO 71NP 834  41 +LEVI SETTI~LASINSKI..OBERLACK*+ IEFI÷HEID) IJP 
KIN 71 PRL 27 356  J K K IM  (HARV) I JP  

ALSO 70 DUKE 161 Jo K° K IM  (HARV) I JP  
KANE 72 PR 05  1583  0 ¢ KANE {LBL ) I JP  
LANGBEIN 72 NP 847 477 +WAGNER [MPIMIIJP 
RADER 73 NC 1BA 178  ÷BARIOUTAUD,+  (SACL+HEIO+CEBN+RHEL÷CDEFI  

PAPERS NOT REFERRED TO IN DATA CARDS 

PREVOST 71 AMSTERDAM CONF ÷ CHS COLLABORATION (CERN+HEID+SACLI 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * = * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

Baryons 
A(1Be0), A(ZB 0) 

1 .(1 6o) I . . . . .  ' 1  . . . . . . . . . . .  ) l 'O  F P ~  

THE JR=3 /2+  ASSIGNMENT IS CONSISTENT WITH ALL 
AVAILABLE DATA (INCLUDING POLARIZATIDN) AND RECENT 
~AeTIAL WAVE ANALYSES° THE DOMINANT INELASTIC 
~ODES REMAIN UNKNOWN. 

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

60 Y*OIIBBO} MASS (MEV) 

M A POT 1864.0 2.0 ARMENTERD 68 OWPA 0 ELASTIC, CH EXCH 11/68 
M N 1870 .0  5.0 BUGG 68  CNTR O K-P TOTAL 7 /68  
M A FO7 1877.0 b.O BRICMSN 70 CNTR 0 TOTAL AND CH EX 6170 
M PO3 1870.0 B.O BRICMAN1 TO DPWA 0 SIDTOT,ELAS,CHEX 1171 
M N P03 1883.0 I 0 . 0  CONFDRTO 71DPWA O ELASTIC, CH EXCH 6170 
M 1 P03 1710. KIM 71 OPWA K-MATrIX ANAL. 3171 

1850.0 (20°0) L~NGBEIN 72 IPWA MULTICHANNEL 12/72 
M 2 (1868. )  LEA 73 DPWA MULTICHNL K-MTRX 9173. 
M A THESE TWO ANALYSES DAVE THE FO7 ASSIGNMENT, THEY HAVE TO BE 1171 
M A N DISC~ROED IN VIEW OF CCNFORTO 70 AND BRICMANI 70 
M DUE TO PARTICULAR PARAMETERIZATICN UEEO,ERROR CAN BE LARGE 1/71 
M 1 POSSIBLE EPFECT MAINLY IN SIGMA P l .  WE TENTATIVELY LIST IT HERE. 
M 2 ONLY UNCONSTRAINED STATES FROM TABLE I OF LEAF3 ARE IN LISTINGS. 9173" 

60 Y*O(IBBO) WIDTH (MEV) 

W A N F07 39.0 7.0 ARMENTERO 68 DWPA 
w 40 .0  10 .0  BUGG 68  ENTR 
w A FO7 24.0 15.0 BRICMAN 70 CNTR 
W P03 37 .0  10.0 ERICMAN[ 70 DPWA 
W I N P03 BO.O 20.0 CPNFORTC 71DFWA 
W P03 20. KIM 71DPWA 

125o0 (20°0) LANGBEIN 72 IOWA W 
W 2 (323.8)  LEA 73 DPWA MULTICHNL K-MTRX 9173. 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

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

bO Y*0(1860) PARTIAL DECAY MODES 

DECAY MASSES 
~i Y*O(1B60 }  INTO KBAR N R97+ 939  
PB Y=0(1860) INTO SIGMA Pl 1189+ 139 

BO Y*0(1860) BRANCHING RATIOS 

0 ELASTIC, CH EXCH 11168 
0 K--P TOTAL 7168 
0 TOTAL AND CH EX 6/70 
0 SIGTOT,ELAS,CHEX 1171 
O ELASTIC, CH EXCH 6 /70  

K-MATRIX ANAL. 3 /7L  
MULTICHANNEL 12/72 

RI Y*0(1860) INTO (KBAR N)ITOTAL (P I )  
RI A CO7 0.12 0.02 ARMENTERO b8 HBC O ELASTIC, OH EXCH 11/68 
RE ( J+ I I 2JP l  = 0.40 BUGG 68 CNTR 0 7168 
RI A FO7 O.O7 0.02 B~ICMAN 70 CNTR 0 TOTAL AND CH EX b170 
Bl P03 0.14 0.02 BRICMANI 70 OPWA O SIGTOT,ELAS,CHEX I171 
81 N P03 0.25 0.03 CONFORTO 71DPWA 0 ELASTIC, CH EXCH ~170 
R1 0 .37  ( 0 . 05 I  LANGBEIN 72 IPWA MULTICHANNEL 12172 
R1 2 ( . 32 )  LEA 73 OPWA MULFICHNL K-MTRX g173* 

SEE THE NOTPS ACCOMPANYING MASSES QUOTED 

Q2 Y*O I IBBO l  INTO SIGMA PI  (P2 I  
~2 P PROBABLY SEEN GALTIERI 68 DBC 0 K-N TO SIG Pl Pl 11168 
RB 0.03 OR LESS LAN~BEIN 72 IOWA MULTICHANNEL 12272 
R2 P POSSIBLY THIS BUMP SEEN AT 1840+-I0 MEV WITH A WIDTH OF 35+-10 MEV 
R2 IS THE Y*0(1830) ,  WHICH O~CaYS STDONGLY TO SIGMA P I .  HOWEVER THE 
R2 NARROW WIDTH HERE ARGUES FOR ITS BEING THE Y*O(IBBD].  

n3 YmO(1860) FROM KBAR N TO SIGMA Pl SORT(El*P2) 9273*  
R3 2 (+ .15 )  LEA 78 DPWA MULTICHNL K-MTRX 9173 .  

RECERENEES FPR Y*O(I8601 

ARNENTERG68 NP 88 l q5  
BUG~ 68  PR 168 i~66 
GALTIEBI 68 P~L 21 573 

BRICMAN 70  PL 3LE 152 
BPICMANI 70  PL 338  511 
CDNFORTO 71 NP 834  41 
KIM 71 PRL 27 35b  

ALSO 70  DUKE 161 
LANGBEIN 72 NP 847 477 
LEA 73 NP 856 77 

ARMENTEROS, BAILLON, + (CERN.HEIDEL,SACLAY)IJP 
+GILMORE, KNIGHT, + (RHEL,BIRM.CAVE) I 
BARBARO-GALTIERI, MATISON. + ILRL,SLAC) 

+FEPBO LUZZ I ,  PEnBEAU,÷  (CERN,CAEN.SAELAYI 
+FERRO-LUZZI,LAGNAUX (CERN) 
+LEVI SETTI,LASINSKI..CBERLACK++ (EFI+HEIDI IJP 
J K KIM (HARVIIJP 
J .  K. KIM (HARV)IJP 
+WAGNER (MPIM)IJP 
÷MARTIN,MODRHOUSE+ (RHEL÷LOUC+GLAS+AARHUSIIJP 

PAPERS NOT RE~ERRED TD IN DATA CARDS 

ARMENTER 67 NP 83 592 ARMENTEROS, F-LUZZI. ÷ (CERN,HEIDEL.SACLAYIIJP 
REPLACED BY ARMENTEROS 68 AND CONFDRTO 68. 

CDNFORTO 68 NP 88 265 ÷HARMSEN, LASINSKI, + (CHICAGD,HEIDELIIJP 
SUPERSEDED BY CONFDRTO 71. 

LEVISETT 6B LUNO 339 R.LEVI SETTI (RaPPDRTEUR) (EFT) 
ALBROW 71 NP 820 A13 +ANDERSON,BOSNJAKOVIC.DAUM,ERNZ,+ (CERN) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

I A ( 1 8 7 o ] 1  . . . . . . . . .  o . . . .  112-, ,=o 
| @ | THE SOl AMPLITUDE SHOWS A SECOND RESDNANOE BEHAVIOR AT 

ABOUT t 800  MEV IN 3 ANALYSES. THE ELASTICITY OF 
KIM 71 IS SURPRISINGLY LARGE* 

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

3b  Y*O(18701 MASS (MEV) 

M (1872.0)  (10 .0 )  BRICMAN 70 DPWA TOT, ELAS,  DHEX 1171 
M (1780 .  I K IM  71 DPWA K -WATRIX  ANAL.  3171  
M IB30.O (20.Of LANGBEIN 72 IOWA MULTICHANNEL 12/72 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . .  



Baryons 
,t(187o), A(2ozo), A(2ozo), A(2too) 

36  Y*0 (1870 )  WIDTH (MEV) 

w ( i 00 .0 )  (20 .0)  BRICMAN 70 OEWA TOT~ ELASI  CHEX 1171 
W [ 40 . )  KIM 71 DPWA K-MATRIX ANAL.  B /71  
w 70.0 ( IS .01  LANGEEIN 72 IPWA MULTICHANNEL 12 /72  

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

36  Y *0 (1870 )  PART IAL  DECAY MODES 

DECAY MASSES 
Pl Y*O{ IBTO)  INTO KB&R N 497+  939  
P2 Y¢0 (18701  INTO SIGMA Pl  1197÷ 139 

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

3b  Y*0(1870) BRANCHING RATIOS 

R1 Y*O I IB70 )  INTO (KBAR N) /TOTAL  (P l )  
RL (O. IB)  ( 0 . 021  BPlCMAN 70 CPWA TOT, ELAS, CHEX 1171 
R1 (0 .80 )  KIM 71DPWA K-MATRIX ANAL. 3171 
RI 0 .30  ( 0 . 15 )  LANGBEIN 72 lENA MULTIEHANNEL 12172  

R2 Y~O[1870 )  FROM KEAR N TO SIGMA PI SQRT(P l tR2 )  
R2 (0 .24)  KIN 71DPWA K--MATRIX ANAL.  3171  

REFERENCES FOR Y*0(1870) 
BRIEMAN 70 PL 330 511 C BRICMAN, M EERRO-LUZZI, J P LAGNAUX(CERN)IJE 
KIN 71 PAL 27 356  J ~ KIN (HARV)IJP 

ALSO 70  DUKE 301  J .  K ,  K IN  (HARV) I JP  
LANGBEIN 72 NP B47 477  +WAGNER IMPIM) IJP 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  • 
I 0 ZO =B 

I - I SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

SUCH A RESONANCE IS  SUGGESTED BY ONLY TWO 
PARTIAL-WAVE ANALYSES AOFOSS THIS REGION. UNTIL THERE 
IS MORE EVIDENCE, WE OMIT THIS STATE FROM THE MAIN 
BARYON TABLE.  

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

89  Y*0(2010) MASS IMEV) 

M ( 20LO.O I  (30 .0)  GALTIERI 70 DPWA 0 K -P  TO SIGMA P l  7 / 70  
M 1 1935. TO 1971. BRANOSTE 72 DPWA 0 K-P TO LAN. ONG. i174*  
M I 1951. TO 2034 .  ERANDSTE 72 DPWA 0 K-P TO LAM. OMG. 1174. 
M I DEFINITE CLASSIFICATION OF THESE TWO STATES IS NOT POSSIBLE AT 1 /74 .  
M I PRESENT,BOTH ARE LISTED HERE AWAITING FURTHER EVIDENCE. PARAMETERS 1 /74 t  
M 1 QUOTED ARE RANGES FROM THREE BEST FITStTHE LOWER(HIGHER) MASS STATE 1 /74 "  
M 1 PROBABLY HAS J .LE .312 (5 /2 ] .  1 /74 .  

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

89 Y*O(20 [O )  WIDTH (MEV) 

W (130 .01  (SO .O)  GALT IER I  70  OPWA 0 K -P  TO SIGMA P I  7 / 70  
w 1 180 .  TD 740 .  (LWR. MASS( BRANOSTE 7E DPWA 0 K-P  TD tAM. OMG. 1 /74~  
w 1 73. TO 154. (HGR. MASS) BRANOSTE 72 OPWA O K-P TO LAM. OMG. 1174" 

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

8q  YtOIE010) PARTIAL DECAY MODES 

DECAY MASSES 
Pl Y*0(2010) INTO KEAR N 497+  9E9 
P2 Y*O(2010I INTO S[GNA Pl 1197+  139 
P3 Y~O[2O IO I  INTO LAMBDA OMEGA 1115+  782  

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

89 Y *O(20101  BRANCHING RATIOS 

PI  YWO(20101 FROM KBAR N TO SIGMA PI SQRTIP I~P2 )  
R1 ( - 0 . 20 )  ( 0 . 04 }  GALT IER I  70  DPWA 0 K-P  TO SIGMA PI 7 /70  

P2 Y*O [2010 )  FROM KEAR N INTO LAMBOA OMEGA SQRTIP ISP3 )  
RE I ( . 17 l  TD .25 (LNR.) EBANDSTE 72 DPWA 0 K-P TO LAM. OMG. 1/74" 
g2 1 ( * 04 )  TO .15 IHGR.) BRANDSTE 72 DPWA 0 K-P  TO LAB. ONG. 1174" 

QEFERENCES FOR Y*O(2010 )  

GALTIERI 70  DUKE CONF 173 A BARBARO-GALTIERI ( LRL I I JP  
BEANDSTE 72 NP 839  13 ERANOSTETTER,BUTTEgWDPTH,+ (PHEL÷CDEF+SACLI  

I A . ( 2 o 2 o )  I . . . . . . . . . . . .  s . . . . . . . . . . . . . . . . .  S . . . . . . . . . . . . . . .  
• • D IFFERENT ENERGIES IN  TWO CHANNELS, HOMEVERt L ITCHF IELD  

71NGTE THAT THE NEED FOR THIS  STATE IN  THEIR ANALYSIS  
RESTS SOLELY ON A POSSIBLY INCONSISTENT POLARIZATION 
MEASUREMENT AT 1 ,784  GEVIC. 

....... - ............................................................ 

E7 Y$0 (2020 )  MASS (MEV)  

M [2020.01 (20.01 GALT IER I  70 OPWA 0 K -P  TO SIGMA P I  7170 
M ( 2100 . )  ( 30 , I  L ITCHF IE  71 DPWA K -P  TO KBAR N 10 /71  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ - -  

27 Y*0[20201 WIDTH [MEV) 

W (160.0)  (30.01 GALT!ERI TO DPWA 0 K-P TO SIGMA PI 7170 
w (120 . )  ( 30 . )  L ITCHF IE  71DPWA K-P  TO KBAR N 10/71 

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

1 7 4  

Data Card Listings 
For notation, see key at front of Listings. 

27  Y tO(2020 )  PART IAL  DECAY MODES 

DECAY MASSES 
Pl  Y=0 {2020 |  INTO KBAR N Bg7+  939  
P2 Y*O(202O) INTO SIGMA Pl 1197+ 139 

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

27  Y*0 (2020 )  BRANCHING RATIOS 

RE Y*0 (2020 )  INTO (KBAR N) /TDTAL  (E l )  
RI ( 0 .05 )  (0 .02)  LITCHFIE 710PWA K-P TO KBAR N 10171 

R2 Y*0(20201 FROM KEAR N TO SIGMA PI SQRTIPI*P2] 
~2 ( -0 .151 (0 .02(  GALTIERI 70 OPWA 0 K-P TO SIGMA P) 7170 

REFERENCES FOR Y*OI2020) 

GALTIERI TO DUKE CONF 173 A BARBGRO-GALTIE~[ (LRL)IJP 
LITCH~IE 71NP B30 125 LITCHFIELO,...+LESGUOY,÷.. (RHEL+COEF+SACL)IJP 

iA(Etoo) I 0 0 0  . . . . .  /E-) i=o F ~  
SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

THIS ENTRY ONLY INCLUOES RESULTS FRUM PARTIAL-WAVE 
ANALYSES. PARAMETERS OF PEAKS SEEN IN CROSS-SECTIONS 
ANO INVAQIANT-MASS DISTRIBUTIONS AROUND 2100 MEV AEE 

GIVEN IN THE NEXT ENTRY. EVENTUALLY THE PARTIAL-WAVE ANALYSES SHOULD 
GIVE THE BEST RESUL7S, AS THEY ISOLATE THE G07 WAVE. THIS SUPERIORITY 
IS ,  HOWEVER, PROBABLY NOT YET ATTAINED, AND WE RELY ON BOTH ENTRIES 
FOR PARAMETERS GIVEN IN THE MAIN BARYON TABLE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 

41 Y*0(2100) MASS (MEVI 

M { 2120 .0 )  WOHL 66  HBC K -P  CH EX 7•66 
M A (2080 .0 )  ( 10 .0 )  BURGUN EB OEWA 0 K -P  TO X l  K 10 /69  
M L (2130.0}  (20 .0 )  BEQTHDN1 70 OPWA 0 K-P TO SIGMA PI 10170 
M 2110.0 (20 .0 )  GALTIERI 70  DPWA 0 K-P TO SIGMA PI 7•70 
M 2100. ( 15 . )  LITCHFIE 71 DPWA K-P  TO KEAR N 10171 
M L 2110 .0  130 ,01  LITCHPIE 710PWA K-P TO SIG PI 10171  
N 1 E I I E .  TO RIB4 .  BRANOSTE 72 DPWA 0 K -P  TO LAM. OMG. 1 /74 .  
N 2092.0 (12 .0 l  K~NE 72 DEW& O K-P TO Pl SIG 10171 
M A BURGUN 68  SEE A RESONANCE-LIKE EFFECT IN THIS REGION IN THE 
M mEACTION K-~ TO Xl  K. HOWEVERt AS THEY POINT OUT, IT IS NOT CLEAR 
M WHETHER I T  IS MAINLY THE GOT Y*O(2100} OR INSTEAD A SO FAR OTHERWISE 
M UNDESERVED RESONANEE WITH A SPIN LESS THAN Tl2 .  
M L L ITCHF IELD  71 IS AN UPDATE OF BERTHON[ 70  3172 
M I PARAMETERS QUOTED ARE RANGES FROM THREE BEST FITS. I ITR* 

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

41 Y*OI2100) WIDTH (MEV) 

W ( 145 .0 )  WDHL 66 HBC 7•66 
W A ( 80 ,0 ]  ( 10 .01  BURGUN 68 DPWA 0 K--P TG Xl K | 0 / 69  
w 140.0 (15.01 BERTHON1 70 EPNA 0 K-P TO SIGMA PI I0170 
W 60.0 (25 .0 )  GALTIERI 70 OPWA 0 K-P TO SIGMA PI 71TO 
W B ( tTO. )  TO 300. . LITCHFIE 710PWA K-P TO KBAR N 10171 
W B LARGER VALUE CORRESPONDS TO PURE B.W. LOWER VALUE , TO B.W. + ECKGED 
W L 140.0 (50.01 (30 .0 )  LITCHFIE 71 DPWA K-P TO SIO Pl 10171 
W I 208. TO 229. BRANDSTE 72 DPWA 0 K-P TO LAM. OMG. 1174" 
W 144.0 (26 .0}  KANE 72 DPWA O K-P TO Pl SIG 10171 

SEE THE ~JOTES ACCOMPANYING MASSES QUqTED 

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

41 Y'O(2100) PARTIAL DECAY MDOES 

DECAY MASSES 
g l  Y=0 (2100 ]  INTO KBAR N R97+ 9E9 
P2 Y$0 (2100 ]  INTO SIGMA Pl  1197+  139  
P3 Y*O I2100 )  INTO Xl  K 1321+  497 
P4 Y*O(2$OO)  INTO LAMBDA OMEGA 1115+  782 
PE Y*0 (2100 )  INTO ETA LAMBDA 548+1115 

R1 Y*O(EIOO) INTO (KBAR N)ITOTAL 
RE (0 .25 )  WOHL 
R[  O (0 .33 )  OAUN 
RI 0 .30  . 03  L ITCHPIE  
R) D OAUM 68  ASSUMES I J+ l l 2 ) *X  VALUE SEEN IN 

R2 Y*0(21001 FROM KBAR N INTO SIGMA Pl  
R2 L (+0 .16 )  ( 0 . 02 )  EERTHON1 
R2 ÷0 .06  ( 0 , 00 )  GALT IER I  
R2 L 0.16 (0 .05 )  LITCHFIE 
R2 +0 .096  (0 .037 )  KANE 

R3 Y*O(21001 FROM KBAM N 70 XI  K 
R3 (0.051 TRIPE 
P3 B (O.Og) {0 .01 )  BURGUN 
RB (0.0031 MULLER 
03 0.030 O.OiB LITCHFIE 
R] B BURGUN 6E UPDATED BY LITCHFIELD 71. WHO 

RE Y*O(21001 ~RON KBAR N INTO LAMBDA DMEOA 
R~ 1 , 05  TO .11 BRANOSTE 

(E l l  
E6 HBC 7166 
68 CNTR K-P ELA,POL,SIGT 7170 
71BPWA K~P TO KBAR N . lO fT )  
TOTAL CROSS SECTION. 

SQRTIP I *PZ )  
70 DPWA 0 K-P TO SIGMA PI I0170 
70 DPWa 0 K-P TO SIGMA PI 7170 
71CPWA K-P TO SIG PI 10171 
72 DPWA 0 K-P TO Pl SIG 10171 

SQRTIP l tPB )  
67 RVUE o K-P  TO X I  K 8 /67  
68 DPWA 0 K-P TO X) K 10/69 
69  OPNA 0 7/70 
71DPWA K -P  TO X [  K 3172  
TAKES SOLUTION C OF BURGUN 3/72 

SQRTIP I *P&)  
72 DPWA o K -P  TO LAM. OMG. 1 /74 "  

R5 Y*O{21001  FROM KBAR N TO ETA LAMBOA SGRTIP I *P5 )  
R5 - .OBO .020  RADER 73 MPWA 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

REFERENCES POR Y*0(2100) 

WOHL 66 DRL 17 107 C 0 WOHL, F T SOLMITZ, M L STEVENSON (LRLPIJP 
TRIPE 67 NP 03 10 + LEITH, + (LRL,SLAC,CERN,HEIDEL,SACLAY) 
BURGUN 68 NP BB @47 +MEYER,PAULh + (SACLAY,COLFRANCE,RHELI 
DAUM 68 NP 87 19 +ERNE, LAGNAUX. SENS, STEUER, UO0 (CERN)JE 

CONFIRMS THE SPIN-PARITY ASSIGNMENT. 
MULLER 69 7HESIS*UCRL 19372 R A MULLER (LRL) 

9 /73 "  
R /73 "  
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Data Card Listings 
For notation, see key at front of Listings. 

8ERTHONI 70 NP 626 417  *VRANA~ BUTTERNORTH. * (CDEF, RHEL, SACLAYIIJP 
GALTIERI 70 DUKE EONF 173 A BAREARO-GALTIERI ( LRL I I JP  
LITCHEIF T I  NP BBO 125  LITCHFIELD~.°.+L~S~UOY~+o. (RHEL+CDEF+SACL) I JP  
BRANDSTE 72 NB BOg 13 BRANDSTETTER+ . . . +TALL IN I  (RHEL ,CDEF ,SACL)  I JP  
~ANE 72 PR 05  ISB3  D F K~NE (LBL ) I JP  
RADER 73 NC ibA 178 +EARLOUTAUD,+ (SACL+HEIO+CERN÷RHEL+COEF) 

I . . . .  o,,, . . . . . . . .  o r  DI ,I 
BERTHDNI 70 FIND EITHER F05 OR 005 POSSIBLE IN 

THE SIG a I  CHANNEL. WITH FOE SLIGHTLY PREFERPED. 
IN THE KEAR N CHANNEL, LITCHFIELD 71 (SAME GROUP) 
F NO ONLY 005 .  AS USUAL THE STATIST  CS ARE MUCH 
BE~TER IN THE ELASTIC CHANNEL.  

ALTHOUGH KANE 72  F INDS AN F05  EFFECT~ THE UNUSUALLY BROAD 
WIDTH MAY INVALIDATE A RESONANT INTERPRETATION.  

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

35  V=O(2110) MASS (MEV) 

M (2110.) 110.1 BERTHONL 70 DPWA - K- P TO BIG Pl I171 
M (21~0 ,1  ( 40 . }  L ITCHF IE  T1DPWA K -P  TO KBAR N 10171  
M A (2141 .0 )  ( 6 , 0 )  KANE 72 OPWA 0 K -P  TO P)  SIG 10 /71  
M A RESONANCE OUTSIDE RANGE OF DATA. 

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

35 Y~0 (2110 )  WIDTH (MEVI 

W 1185 . l  ( 30 . )  BERTHON1 ?D DPWA - K -  P TO SIG Pl  1 / 71  
w (120.) (~0.) LITCHFIE 710PWA K-P TO KBAR N 10/71 
w A (504.0) ( I 0 . 0 )  BANE 72 DPWA 0 K-P TO PI  SIG 10 /71  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ - - _  ~ . . . . . . .  

35 Y *O(2110 )  PARTIAL DECAY MODES 

DECAY MASSES 
RI  Y=0 (2110 )  INTO NEAR N ~97÷  939 
P2 Y*O(2110 )  INTO SIGMA PI 1197+  139 
P3 Y*OI21lO) INTO LAMBDa OMEGA 1115+  782  

05 Y *O(Z I IO )  BRANCHING RATIOS 

RI Y=012110) FROM KBAR N T~3 SIGMA PI SQRTIPI*P2) 
R1 (+.17) (.03) BERTHON1 70 OPHA - K- P TO SIG Pl I171 
RI A (+0.156) (0.01~) KANE 72 OPWA 0 K-P TO PI SIG 10171 

R2 Y~0(2110) INTO (KBA~ N)ITOTAL (El)  
P2 (O.IA) (0.04) LITCHFIE 71 DPWA K-P TO KBAR N i0171 

REFERENCES FOR Y*O(2110 )  

B~RTHONI TO N~ 626  617 +VRANA,BUTTERWOaTH,+ (CDE¢,RHEL.SACLAY)IJP 
LITCHFIE 7I  NP BOO 121 LITCHFIELD~.°.÷LESGUDY,+.. (RHEL+CDEF+SACLIIJP 
KANE 72 pR 05 1583 0 F KANE (LBL)IJP 

2100 u r V  REGION - PRODUCTION EXPERIMENTS 

25  Y*O(2LOO. JP= ) 1=0 

S~=E THE MINI-REVIEW AT THE START DR THE Y* LISTINGS. 

SEE THE NOTE 70 THE GO7 Y*O(2100), WHICH PRECEDES THIS 
ENTRY+ HEgE WE L IST  ONLY PARAMETERS OF PEAKS IN  CROSS 
SECTIONS AND INVARIANT-NASS OISTRIBUTIONS. THE CROSS- 

SECTION PEAKS ARE AT LEAST DOMINANTLY ASSOCIATED WITH THE Y*O(2IO0)~ 
BUT MAY CONTAIN A SMALL CONTRIBUTION FROM THE SUGGESTED BUT NOT ESTAB- 
L ISHED OTHER RESDNANCES IN THIS REGION. 

2S Y=0(21001 MASS (MEV) (PRO0. EXP.) 

M (ZOgT .O)  [ 6 . 0 )  BOOK 6S HBC BRAE P 5 .7  BEVIC 7 /66  
M 2100 .0  ( 7 .O l  BUOG (}8 CNT~ K -P ,  D TOTAL 011}8 
M 2121 .0  ( 5 . 0 )  BRICMAN 70  CNTR 0 TOTAL AND CH EX 6170 
M 2E07 .0  110 .0 )  COOL 70 CNTR K-P~ D TOTAL IO lTO  
M (2135 .0 )  ( 20 °0 )  LU 70 CNTR 0 GAMMA P TO K+ Y~' 1 / 7 ] .  

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

25  Y "O [2100 I  WIDTH (MEV]  (PROD. EXP . )  

W (24 .0 )  ( 14 .0 ]  12~ .0 )  BOOK 65  HEC INTO KBAR N (P I )  7 / 66  
W 140 .0  ( 15 .0 )  BUGG 68  CNTR 6•68  
w 167o0 (15.0) BRICMAN 70 CNTR 0 TOTAL AND CH EX 6170 
w 185 .0  COOL 70  CNTR K -P ,  0 TOTAL 10170  
w (~0.0) LU 70 CNTR 0 GAMMA P TO K+ Y~ 1171 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

25  Y*0 (2100 )  PART IAL  DECAY MODE5 (PROD. EXP . )  

DECAY MASSES 
Pl Y=OIZ IOO)  INTO KBAR N 497+  939 
P2 V*O(2100 )  INTO REAR N Pl  497( -  03~,~. 139  
PO Y*O(21OOI INTO LAMBDA ETA 1115+  5 6 8  
P,% veo (21OO)  INTO LAMBDA OMEGA 1115÷  782  

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

25 Y=O(2100I BRANCHING RATIOS (PROD. EXP.) 

R1 Y~O(21OO)  INTO [BEAR N) /TDTAL  (P I )  
~1 THESE VALUES OF ELASTICITIES ASSUME J=7 /2  - -  
R/  0 .305  BUGG 68 CNTR 6 /68  
R I  0 . 24  ( 0 . 021  B~ICMAN 70 CNTR 0 TOTAL AND CH EX 6 /T0  
RI O.N COOL 70  CNTR K-P, O TOTAL 10170 

R2 Y*O(21DO)  INTO KEAR N Pl  (P2 )  
~2 SEEN BOOK 6S HBC 

Baryons 
,t( too), z ( zto), A( 350).  (2585) 

RO V*O(2IO0) FROM KBAR N INTO LAMEDA ETA SQRT(PI*P3) 
R3 (0 .091  0~ LESS FLATTE 2 o7  HBC 0 K -P  TO LAM ETA 6 /68  

R~ Y*O(2100) INTO (LAMBDA OMEGAIITOTAL (P4 l  
~ ( 0 , 1 )  OR LESS FLATTE I 67  HBC 0 K--~ TO LAM OMEGA 816T  

REFERENCES FOR Y$OIZIOOI (PROD. EXP.) 

BOOK 65  PC 17 166  
PLATTE 1 67  PR 155  1517  
FLATTE 2 67  PR 163 14~1 
BUGG 68 PR 168 1~b6 

RRICMAN 70 PL 016 152 
COOL 70 PR D I  I 887  
LU 70 PR OZ 1846  

COOL 66  PRL 16 1228  
SUPERSEDED BY COOL 70 .  

+COOPER,FRENCH,KINSON, + (CERN,SACLAY} 
S M FLATTE [LRLI 
S M PLATTE, C G WOHL (LRL) 
+GILMORE,KNIGHT, ÷ (RHEL,BIRM.CAVE) [ 

• FEP~O LUZZI. PERREAU,~  (CERN,CAEN,SACLAY) 
+GIACOMELLI. KYCIA, LEONTTC, L I .  + (BNL! I 
÷GREENBERG, HUGHES~ MINENART, MORI~+ (YALE(  

PARERS NOT REFERRED TO IN DATA CARDS 

+GIACDMELLI,KYCIA~LEONTIC,LI,LUNDBY,~ (BNL) | 

* * * * *=  * * * * * * * * *  * * * *= * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

BUMPS . . . . .  B . . . . . . . . . . . . .  D . . . . . . . . . . . . . . . . . . . .  s . . . . .  
LASINSKI 71 SUGGESTS THREE STATES IN THIS REGION 
USING A PDMERON + aEE~NANCFS MODEL. 

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

~2 YBO(20501 MASS (MEVI (PROD. ~XP.) 

M 23#0 .0  17 .0 )  BUGG 68 CNTR K -P ,  D TOTAL 6 /68  
M 2358.0 16.01 BRICMAN 70 CNTR 0 TOTAL AND CH EX 61T0 
M 23~4.0 115.01 COOL 70 CNTR K-P, D TOTAL 10170 
M 12360*01 120.0l LU 70 CNTR 0 GAMMA P TO K+ Y* 1171 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . .  

~2 Y=0123501 WIDTH (4EVA (PROD. EXP.) 

w E40o0  120 .01  BUGG 68 CNTR K -P ,  D TOTAL 6168  
w 326°0 130.01 BRICMAN 70 CNTR 0 TOTAL AND CH EX 6170 
W 1190 ,0 )  COOL 70  ENTR K -P ,  D TOTAL lO /TO  
w I55.01 LU 70 CNTR 0 GAMMA P TO K+ Y* 1171 

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

42 Y*OIE3SO) OARTIAL DECAY MODES (PROD. EXU.) 

DECAY MASSES 
RE Y~O(~SSO)  INTO KBAR N 497+ 939  

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

42  Y *0123501  BRANCHING RATIOS (PESO,  EXP . I  

R I  Y *O(2B50 )  INTO (KBAP N) /TDTAL  (E l l  
RI J IS NOT KNOWN. THE FOLLOWING IS ( J+ I / 2 I *P I .  
RI  ( 0 . 571  BUGG 68 CNTR K -P ,  0 TOTAL 6168  
RI 1.1 0.25 BaICMAN 70 CNTR 0 TOTAL AND CH EX 6170 
RI  ( I +O)  C~OL 70 CNTR K -P ,  0 TOTAL 10170  

BUGG 68 PR l b8  E~6b 
DAUM 68 NP BT I9  
BRICMAN 70 PL 316 152 
COOL TO PR o l  1887  
LU 70 Pe 02  1846  

COOL 66  PRL 18 1228 
SUPERSEDED BY COOL 70. 

LASINSKI 71NP B29 E25 

REFERENCES FOR Y*012350) (PROD. EXP+) 

+GILMORE,KNIGHT, + (EHEL,BIRM,CAVE) I 
+ERNE, LAGNAUX. SENS. STEUER, UDO (CERNIJP 
*FERRD LUZZl, PERREaU.+ (CERN,CAEN,SACLAYI 
*GIACDMELLI, KYCIA, LEDNTIC, L I ,  ÷ (BNL) I 
+GRFENBEqG. HUGHES, MINEMART, MORT,+ (YALEI 

PAPERS NOT REFERRED IN DATA CARDS 
~GIACOMELLI,KYCIA,LEONTIC,LI,LUNDBY,÷ (BNL) I 

T ~ LASINSKI (EFI)IJP 

B U M P S  SEE THE MINI-REVIEW AT THE START OP THE Y* LISTINGS. 

) 
T Y*0125851  MASS (MEV)  (PROD. EXP . )  

M 258S .0  45 .0  ABRAMS 70 CNTR K -P ,  D TOTAL 10 /70  
M (2530 .0 )  ( 2S*O)  LU 70  CNTR 0 GAMMA P TO K+ y t  1 / 71  

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

7 Y~0 (2565 ]  WIDTH (MEV) (PaOD.  EXP . )  

W (BOO.O) ABRAMS 70 CNTR K-P, 0 TOTAL 10/70 
w (150 .0 )  LU 70  CNTR 0 GAMMA P TO K+ Y*  l i T |  

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

7 Y *O(2SB5 )  PART IAL  DECAY MODES (PROO, EXP , )  

DECAY MASSES 
Pl Y~012585I INTO KBAR N 697÷ 93q 

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

7 Y*O(2585 )  BRANCHING RATIOS (PROD. EXP . I  

RI Y~0 (8585 )  INTO IKBAE NIITOTAL IP I )  
R] J IS NOT KNOWN. THE FOLLOWING IS {J+t l2 l~P|*  
R( 11.01 ABRAMS TO CNTR K-B~ D TOTAL lOITO 
RI C (0.12) (0.12) BRICMAN TO CNTR TOTAL AND CH EX i0/70 
R( C RESONANCE AT END OF REGION ANALYZED - -  NO CLEAR SIGNAL. 
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Baryons 
A(2s85), z + z -  z °. r.(t38s) 

Data Card Listings 
For notation, see key at front of Listings. 

REFERENCES FOR Y.0125858 (PROD. EXP.) 

ABDAMS 70 PR ID 1917 *COOL, GIACDMELLI, KYCIA, LEONTIC, ÷ (BNL} I 
BRICMAN 70 PL BIB 152 +FERRO LUZZI, PERREAU,÷ (CERN,CAEN,SACLAY) 
LU 7 0  PR D2 1840  +GREENBERG, HUGHES, MINEHART, MORI,÷ (YALE) 

PAPERS NOT REFER,CO TO IN DATA CARDS 

COOL 66 PRL 16 1288 ÷GIAEOMELLI,KYCIA,LEONTIC,LUNDBY + (BNL)I 

* * * * * *  * * * * * * * * *  * * . * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

S=-1 I=1 EYPERON STATES (E) 
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  . , , * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

F ~  19 SIGMA+ (1189, JR= l /Z+ }  I= l  

SEE STABLE PARTICLE DATA CARD LISTINGS 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

F ~  20 SIGMA- I [ 1 9 8 ,  JP= I /2+ )  I l l  

SEE STABLE PARTICLE DATA CARD LISTINGS 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

21 SIGMAO (1193, JP=ll2+) I=1 

SEE STABLE PARTICLE DATA CARD LISTINGS 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * = * * * * * *  * * * * * * * *  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * , * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

 (zaBs) I . . . . .  , . . . . . . . . .  18÷,I.1  
I FOR DISCUSSION OF INCONSISTENCY OF ERRORS AND OUR 

MODIFICATIONS, SEE NOTE ON K*(892) 

FOR THE TABLES WE USE ONLY THE UNSTARRED DATA, WHICH 
ATTEMPTS TO OBTAIN THE SEPARATE CHARGE-STATE MASSES AN 
WIDTHS. SEE HOWEVER THE IDEOGRAMS INSERTED IN LISTING 

THESE INDICATE SERIOUS SYSTEMATICS, PERHAPS ARISING FROM INTERFERENCE E 
FECTS THAT CHANGE WITH PRODUCTION MECHANISM AND BEAM MOMENTUM. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

43 Y*[(IBBS) MASS IMEV) 

M 141(1384.0) ALSTDN 60 HBC +- K-P [ .as  8EVIC 
M ( t 3 8 5 . 0 )  BERGE 61 HOE +-  K-P . 4 - . 8 5  BEV/C 
M 38(1384.08 MARTIN b l  HBC +0 K2O P .98 BEV/C 
M (1392.0 )  ( 7 . 0 )  COLLEY 6 2  HLBC -O E l -  PAP 2.  BEV/C 
M (1BE9.01 ( 8 . 0 )  BALTAY 65 HBC ÷ -  PBAR P 3 .7  BEVIC 7/bb 
M (1892.0) ( [0 .0 )  MUSGRAVE 65 HOE +-OPBAR P 3-4  BEV/C 7166 
M 1380. 5. AMMANN 73 DEC K-N 4.5GEVIC 9 /7) *  
MO [06([381.08 (4.0) CURTIS 63 GSDK 0 PI-P 1.5 BEVIC 
MO 330 1385.[ 2.0 THOMAS 73 HBC PI-P TO PIOKOLM 9173" 

M+ E ~54 1376.0 3 .9  ELY 61 HLBC + K-P 1 . 1 [  BEV/C 
M+ E ERROR OF 3.0 ENLARGED TO 3.9 BY US,BECAUSE LT STATIST.ERR. 10169 
M+ [70 1375.0 3 .9  COOPER 64 HBC + K-P 1.45 BEVIC 
M+ 859 [ 3 8 [ , 0  1.6 HUWE 64 HBC + K-P 1,22 BEV/C 
M+ 750 1382.0 1.0 ARMENTERO bB HBC K-P . 9 - I . 2  BEVIC 
M÷ S 250 1382.6 2 . l  SMITH 65 HBC + K-P 1.95 BEV/C 9 /66 
M+ S 250 1384.3 1.9 SMITH 65 HBC + K--P 1.8 BEV/G 9/66 
M+ S ERROR OF [ . 4  ENLARGED TO 2 . I  BY US,BECAUSE < BTATIST.ER. 10/69 
M+ S ERROR OF l . l  ENLARGED TO 1.9 BY US,BECAUSE < STATIST.ER. 10169 
M+ B 40 1383.0 4 .0  BIRMINGHA 66 HBC + K-P 3.5 9107 
M+ B ERROR OF 2.0 ENLARGED TO 4.0 BY US,BECAUSE < STATIST.ERR. 10169 
M +  1378.0 5.0 LONOON 66 HBC + K-P 2.24 BEV/C 7/66 
M+ 1260 1384.4 1.0 SIEGEL 6 7  HBC + K--P AT 2 .1GEVIC 10169 
M+ 1390.0 6.0 AGUILAR 70 HBC + K--P 4 GEVISIG°PI 5170 
M+ 1384.8 2.0 ATHERTON 71HBC LAMP[+ + C.C. 10171 
M+ 2300 1383.5 .85 HABIBI 73 HBC K-P TO 2El LAM 9 1 7 3 "  

M÷ . . . . . . . . .  
M+ AVG 1383.0[ 0.56 AVERAGE (ERBOR INCLUDES SCALE FACTOR OF 1.2) 

(SEE IDEOGRAM BELOW ) 

WEIGHTED QUERAAE = 13B3 .01  ± O.SS 

ERROR SCALED BY 1 .2  

CHISQ 

.HABIBI 2 3  HBC 0 .3  

I 
.ATHERTDN 71  HBC O.B 

.RGUILAR ?O HBC 

. S I E G E L  67  HBC 1 , 9  

.LONDON 6 6  HBC 

. B I R M I H G H A  6 6  HBC O . O  

- S M I T H  6 8  HBC O.S 

.SMITH 65 HDC 0 ,0  

.ARMEHTERO 6 5  HBC 1 . 0  

.HUUE 6 4  HBC 1 , 6  

.COOPER 6 4  HBC 4 . 2  

-ELY  6 1  HLBC 3 . 2  

1 3 . 6  

[CONLEU 
1365  1388  1405  142S =01137 )  

Y m 1 ( 1 3 8 8 ) +  MASS ( M E U )  

M- 93 1382.0 3.0  DAHL 61 OBC ~ K-D 0.45 BEV/C 
M- E 224 1376.0 4.4  ELY 61 HLBC 

ERROR OF 3.0 ENLARGED TO 4.4 BY US,BECAUSE < STATIST.ERR° 10/69 M -  E 

M" 200 1392.0 6.Z COOPER 64 HBC - 
M- lOEb 1885.3 1.5 HUWE 64 HBC - 
M- [380 1384.0 l.O ARMENTERG 65 HBC 
M- S 120 139115 B.b SMITH 65 HBC - K-P l . B  BEVIC 9/bb 
M- S EB 1399.B 4.0 SMITH 65 HEC K-P 1.95 BEV/C 9/66 
M- S ERROR OF 1.8 ENLARGED TO 2.6 BY US,BECAUSE < STATIST.ER. lO/b9 
M- S ERROR OF 1.4 ENLARGED TO 4.0 BY US,BECAUSE < STATIST.ER. 10169 
M- 1389.0 Q.O LONDON 66 HBC - 7166 
M- 370 1390.7 2.0 SIEGEL 67 HBC K-P AT 2 . l  GEV/C 10169 
M- lgOO 1890.7 1.2 HABIBI 78 HBC K-P TO 2El LAM 9173~ 
M- 722 1387.1 [ .3  THOMAS 73 HBC PI-P TO PI-K+LM 9173. 
M- . . . . . . . . .  
M- ~VG 1387.1 1.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.4} 

(SEE IDEOGRAM BELOW ) 

UEIGHTED AUERABE = 13B? .C  * 1 . 3  

ERROR SCALED BY 2 .4  

_ . _ _ . ~ . ~ ~  . . . . . . . .  THOMAS 73  HBC 

. . . . . . .  HABIBI 73 HBC 

. . . . .  S I E G E L  G? HBC 

. . . . .  LONDON 66 HBC 

I " "SMITH 6S HBC 

. . . . .  SMITH 6 8  HBC 

. . . . .  ARMENTERO 65 HBC 

. . . . .  HUUE 6 4  HBC 

. . . . .  COOPER 64 HBC 

. . . . .  ELY 61  HLBC 

. . . . . .  1 DBC 

13SS 1388 

Ym1(13BS) -  MASS (MEU] 

CHISQ 

O.O 

9 .1  

3 ,3  

I 0 . I  

2 . 9  

9 .S  

1 .4  

6 .3  

2 .9  

48 .S 

(CONLEV 
1405 1428 =O. OOO ) 

43 ( Y * - )  - IV*+)  MASS DIFFERENCE (MEV) 

0 R IO.O) (4.21 ELY 61HLBC +- K-R 1 .11BEVIC 8 /bb  
0 R ( [ 7 , }  ( 7 . }  COOPER 54 HBC [0169 
0 R 14.31 (2.2) HUWE 64 HBC +- K-P 1.22 BEVIC 81bb 
D R (2 .O l  (1.58 ARMENTERO 65 HBC +- K-P . 9 - 1 . 2  BEV/C 8/66 
0 R ( 7 . 2 )  (2.18 SMITH 65 HBC + -  N-P 1.8 BEV/C 9166 
0 R (17.2I  (2.0) SMITH 65 HBC +- K-P 1,95 BEVIC 9/66 
0 R (11.08 (9.0) LONDON 66 HBC K-P 2.24 BEV/C 8/66 
0 9.0 b.O LONDON 66 HBC ÷- LAMBOA 3 P/ EVTS 71bb 
0 P (6.3)  [2.0) SIEGEL 67 HRO N-P AT 2 . l  GEV/C 10169 
D R (7.28 (1.4)  HABIBI TB HBC K-R TO 2El LAM 9/73* 
D R REDUNDANT WITH DATA IN MASS LISTING. 

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

4 3  Y * I I I B B S )  WIDTH (MEVI 

W (64.0) ALSTON bO HBC +- 
W (40.08 BERGE 61HBC 
W lEO.Of OR LESS MARTIN b[ HBC +0 
W (DO.O) (tO.O) COLLEY 62 HLBC -0 
W (30.01 (9.0) CURTIS 63 OEPK 0 
W (26 .0 )  IS.O) BALTAY 65 HBC ÷- 7/66 
W (88.0l  (9.08 MUSORAVE 6 B  HBC ÷-0 7/b6 
W 6 [ ,  lO.  AMMANN 73 DEC K-N 4.SGEV/C 9173, 
WD 330 39.8 6.1 THOMAS 73 HBC Pl-P TO PIOKOLM 9173. 

W+ 48.0 8.0 ELY 61 HLBC + 
W+ Sl.O IO.O COOPER 64 HBC + 
w+ 46.5 3.0 HUWE 64 HBC + 
w+ 32.0 3.0 ARMENTERD b5 HBC + 
w+ BO.3 8.1 SMITH 65 HBC + K-R 1.8 BEVIC 9/66 
W+ BB. l  3.8 SMITH 65 HBC + K-P ~.95 BEVIC 9/6b 
W÷ 40 25.0 6.0 BIRMINGHA 66 HBC + K-P 8.5 9/67 
W÷ 1260 36.0 3.0 SIEGEL 6 7  HBC K-P AT 2*i GEV/C 10169 
w+ BE. 12.0 AGUILAR 70 HBC + K-P 4 GEV/SIG.Pl 5170 
W+ T 40 20. 4. ATHERTON 71HBC LAM AT+ + C.C. 10171 
W+ T FIT B.W. + PHASE SPACF BCKGRD 
W+ ~ 40 35. 5. ATHERTON 71HBC LAM P I +  + E.G. 10171 
w+ 2300 38.3 2.6 HABIBI 73 HBC K--P TO 2PI LAM 9173" 
w+ R FIT BoW. AND NO 8CKGRD 
W* . . . . . . . . .  
W+ 6VG 35.1 2.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.0) 

(SEE IDEOGRAM BELOW ) 
W- (40.0) DAHL 61 DBC - 
W- 66.0  10.0 ELY bI HLBC 
W- 88.0 ID.O COOPER 64 HOD - 
W-- 62.0 7.0 HUWE 64 HBC - 
W- 38.D 3.0 A~MENTERD 65 HBC - 
w- 29.2 5.7 SMITH 65 HBC - K-P [*DO BEV/C 9/66 
W- 17.1 4.4 SMITH 65 HBC - K-P [ .95 BEVIC 9166 
W- 870 31.0 4.0 SIEGEL 67 HBC K-P AT 2 . [  GEV/C 10/69 
w- 1900 51.9 2.5 HABIBI 73 HBC K-P TO 2El LAM 9173= 
W- 722 48 .~  4.0 THOMAS 73 HBC PI-P TO PI-KOLM 9 /T3"  
W -  . . . . . . . . .  
W- AVG 42.5 4.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 3.5l  

(SEE IOEOGRAM BELOW I 
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Data Card Listings 
For notation, see key at front of Listings. 

WEIGHTED AUERAGE = 3 5 . 1  ± 2 . 3  

ERROR SCALED BY 2 . 0  

~ I I I I I I I I I I I I . N A B I 5 1  7 3  HBC 

.ATHERTDH 71 HBC 

i .............. A T H E R T O N  7 1  HBC . A B U I L ~ R  ? 0  HBC 

• 81RMINGHA GS HBC 

- S M I T H  6 5  HBC 

'SMITH 6S HBC 

• A R M E N T E R D  65 HBC 

• H U U E  6 4  HOD 

• COOPER 6 4  HBC 

.ELY 61 HLBC 

40 BO 

Y ~ I [ i 3 B 5 ) +  W I D T H  (MEW) 

C H I S Q  

1 . 5  

O.O 

1 4 , 2  

0 . 1  

2 .B  

0 . 3  

2 . 4  

1 . 0  

14 .S  

2 . 5  

2 . 6  

4 2 . 0  

12O [CDNLEU 
=O.OOO) 

W E I G H T E D  A V E R A G E  = 4 2 . 5  ± 4 . 9  

ERROR S C A L E D  BY 3 . S  

. . . . . . . . . .  THOMAS 

. . . . . . . . . .  H A B I B I  

. . . . . . . . . .  S I E G E L  

+ . . . . . . . . . . .  S M I T H  

. . . . . . . . . .  S M I T H  

. . . . . . . . .  A R M E H T E R O  6 S  H B C  

. . . . . . .  HUWE 6 4  HBC 

/ I ~ . .  ---+----. "COOPER 6 4  HBC 

40 BO 120 

Y m I ( i 3 B S ) -  WIDTH (MEU) 

C H I S A  

7 3  HBC 2 . 0  

7 3  HBC 1 4 . 1  

6 7  HBC 8 . 3  

5 5  HBC 3 3 . 4  

6 5  HBC 5 . 5  

2 . 3  
? , ?  

2 0 , ?  

5 , 5  

9 9 . 4  

( E O N L E U  
=O .ODD} 

43 Y * 1 ( 1 3 8 5 )  PARTIAL DECAY MOOES 

DECAY MASSES 
PI Y * I I I B B E )  INTO LAMBDA PI II15~ 139 
P2 Y'1(1385) INTO SIGMA PI II97+ 139 
P3 Y*I(IBB5) INTO LAMBDA GAMMA 1~15+ 0 

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

43 Y * I ( 1 3 8 5 )  BRANCHING RATIOS 

RI Y*III385) INTO (SIGMA PI)/(LAMBDA El l  (PBl l (Pl )  
RI 10.04) (0.04) BASTIEN b~ HBC +- 
RI (0.04) DR LESS ALSTON 62 HBC +-O 
RI O,Og 0 . 0 4  HUWE 64 HBC ÷- 
R1 0 .163  0 .035  ARMENTERO 65 HBC +- 7166 
R1 0.08 0.06 LONDON 66 HBC + 7 / 6 6  
RI 0 . 1 3  0 . 0 ~  PAN be HBC PI* P - K Y P I  12/72 
RI 0 . 1 3  0 . 0 4  COLLEY 71 DEC K-N 1 . 5  GEV PROD 10 /71  
RI .18 . 0 4  MAST2 73 MPWA K-P TO 2PI  SIG 9173"  
R( , i0  .05 THOMAS 73 HBC PI-P TO Rl K V 9173" 

RI AVG O.13Z 0.016 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l , O I  
(SEE IDEOGRAM BELOW I 

Baryons 
Ig(1385), £(1440) 

WEIGHTED AUERAGE = 0 . 1 3 2  ± 0 . 0 1 6  

ERROR SEALED BY 1 . 0  

-0.05 0 .0S 

• T H O M A S  7 3  HBC 

. M A S T 2  7 3  MPWA 

. . . . . . . .  C O L L E Y  7 1  DBC 

• P E N  G9 HBC 

' L O N D O N  6 6  HBC 

.ARMEHTERO GS HBC 

.HUge 64 HDC 

.15 0 . 2 5  0 . ' 3 S  

YmI(13BS) INTO [SIGMA PI]/(LAMBOA PI) 

C H I S Q  

0 . 4  

l . S  

0 . 0  

O . O  

0 . 7  

0 . 8  

1 . 1  

4 . S  

( C O H L E U  
=O . 5 1 0 ]  

R2 Y.1(1385) IN~n LAMBOA GAMMA (P3)  
RB l (0.17) (0.17) NEISNER 72 HBC I EVENT ONLY 

****** ********* ********* ********* ********* ********* ********* ******** 

REFERENCES FOR Y'1(1385) 

ALSTON 60 PRL 5 520 
BASTIEN bl PRL b 702 
SERGE 61PRL 6 557 
DAHI 61RRL 6 I42 
ELY 61 aRL T 461 
MARTIN 6 [  PRL 6 283 

ALSTON 62 CERN CONE 311 
C~LL~Y 62 PR 128 1930 
CURTIS 63 PR 132 1771 
COOPER 64 PL B 365 
HUge 64 UCRL-I[291 THESIS 

ALSO 69 PR 180 1824 

ARMENTEP 65 PL 1E 75 
BALTAY 65 PR 140 BI027 
NUSGRAVE 65 NC 35 735 
SMITH 65 THESIS (UOLA) 

BIRMINGH 6b PR 152 t14B 
LONDON bb PR 143 I03~ 
SIEGEL 67 UCRL 18041 THESIS 
PAN b9 RRL 23 80B 
AGUILAR TO RRL 25 58 
ATHERTON 7 1 N P  B29 477 
COLLEY T l  NP BBL 6 [  
MEISNE~ 72 NC 12A b2 
AMMANN 73 PRO 7 1345 
MAST2 73 PRO T 3212 

ALSO 73 PAD T 5 
HABIBI 73 NEVIS Egg(THESIS) 

ALSO 73 PURD73, P~. 387 
THOMAS 73 NP B56 [5  

÷ALVAREZ,EBERHARD,GOOD,GRAZIANOt ÷ (LRL) I 
P BASTIEN,M FERRD-LUZZI,A H ROSENFELD (LRL) 
+BASTIEN,DAHL,FFgRO-LUZZI,KIRZ, + ItRL) 
+HORWITZ,MILLERtMURRAY,WHITE (LRLI  
÷~UNG,GIDAL,RAN,POWELL~WH1TR (LRL) J 
+LEIPUNER,CHINOWSKYtSHIVELYt + (BNL,YALE) 

+ALVAREZ~FER~O-LUZZI,ROSENFELDt ÷ (LRLI  
÷GELFANO, NAUENBERG, ÷ (COLUMBIAtRUTGERS) JP 
÷COFFIN,MEYER,TERWILLIGER (MICH( J 
÷FILTHUTH,FRIOMAN,MALAMUO, + (CERN,AMST( 
D 0 HUWE (IRL) JP 
D D HUWE (LRL} 

ARMENTEROS, ÷ {CERN,HEIDEL,SAGLAYI 
+SANDWEISS,TAFT,CULWIGK,KOPP, + (YALE,BNL) 
÷PETMEZAS,÷ (BIRM,CERN,EPOL,LCIC,SAGLAY) 
L T SMITH (UCLA) 

BIRMINGHAM,GLASGOW,I.C., OXFORDYRUTHERFO~D 
+aAU,SAMIOS,YAMAMOTO,GOLDBEgG,~ (BNL,SYRA) J 
D M SIEGEL (LRL) 
+FORMAN (PENN) l 
+B~RNEE, BASSANO, CHUNG~ EISNER,÷(BNL,SYRAI 
÷CELNIKIER,CLAYTCNtFRENCH,FRISK,÷ (CERN) 
*COX,EASTWOOD,FRY÷.. (BIRM÷EDIN÷GLAS+LOIC) 
G MEISNER (U NC GREENSBDRO+LBL) 
+CARMDNY,GARFINKEL,GUTAY,+ (PURDeIUPU) 
+BANGERTER,ALSTON-GARNJDST,+ (LBL)IJP 
MAST,BANGERTER,ALSTON-GARNJOSTt+ (LBL)IJP 
M.HABIBI (COLUMBIA) 
BALTAY,BRIOGEWATER,COOPER,+ (COLUNBIA÷BING) 
THOMAS,ENGLER,FISK,KRAEMER (CARNIIJ 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN DATA CARDS. 

MALAMUD 64 PL [0 145 E MALAMUD, P E SCHLEIN (CERN,UCLA) JP 
SHARER 64 PR 134 B1372 J B SHAFER, D 0 HUWE (LRL) JR 

B U M P S  SEE TH~ MINI-REVUE AT THE START OF THE Y* LISTINGS. 

CLINE 68 FIND A NARROW PEAK AT 1440 MEV (JUST ABOVE 
THE KBAR N THRESHOLD( IN THE LA~BOA Pl INVARIANT MASS 
FOR K- D TO LAMBDA El- P EVENTS. THEY DISCUSS ALTER- 

NATE INTERPRETATIONS - -  THAT IT IS A RESONANCE OR A KINEMATIC EFFECT. 
IN CLINE bB THE K- BEAM MOMENTUM IS 0.4 GEV/C. IN A STUDY OF THE SAME 
REACTION WITH A MOMENTUM OF 1.1GEVIC, ALEXA~IGER 69 FIND NO PEAK. IN 
ADDITION, THEY ARE ABLE TO EXPLAIN THE RESULTS OF BOTH EXPERIMENTS 
WITHOUT INVOKING A NEW RESONANCE. A REANALYSIS OF THE CLINE 68 
OAT~ MADE BY GUNNEL 70 SHOW AGREEMENT DR THE DATA WITH THE 
ALEXANDER b9 INTERPERTATION. 

~E~ERENCES FOR Y * 1 ( 1 4 4 0 l  (PROD. FXP.I 

CLINE be PRL 21 1372 D CLINE, R LAUMANN, J MAPP (WISCONSIN) I 
ALEXANOE 69 PRL 22 483 ALEXANDER, HALL, JEW, * [LRL,RIVERSIDE) 
BUNNELL TO LNC 3 224 ÷CLINE,LAUMANN,MAPP + (NWES+WISC÷ANL) 



B a r y o n s  
z ( 1 4 4 o ) .  Z(1480). Z(1620) 

]z (14Bo)  l . . . . .  ,1. . . . . .  ( i .  .... UOTiO. E ......... S 
B U M P S  SEE THE MINI-REVUE AT THE START OF THE Y* L IST INGS.  

PEAKS ARE SEEN IN LANEDA P( AND SIGMA Pl SPECTRA IN 
THE REACTION RI+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. ME SUGGESTS A POS- 
SIBLE ALTERNATE ~XPLANATION IN TERMS CF A REFLECTION OF N* t /Z ( IET0 }  
DECAY TO LAMDDA K. HOWEVER, SUCH AN EXPLANATION FOR THE K*  SIGMA* RIO 
CHANNEL SEEMS UNLIKELY (SEE PAN 701 IN TERMS OF KNOWN N~3 /2 (16901  
OECAY INTO SIGMA K. IN ADDITION SUCH REFLECTIONS WOULD ALSO HAVE 
TO ACCOUNT FOR THE OSCILLATION OF THE Y POLARIZATION IN THE IABO 
MASS R~GION. 
HANSON TL, WITH FEWER DATA THAN PAN 70, CAN NE]THER CONFIRM NOR 

DENY THE EXISTENCS OF THIS STATE. 

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

23 Y* I ( LA80 )  MASS (MEV( (PROD. EXP.( 

M 1%79. 10 .  PAN TO HBE * PI+P TO K RI LAM 3 /71  
M 1%b5. 15.  PAN TO HBC * PI+P TO K PI  SIG 3 /71  
M 1685.  10. CLINE 73 MPWA K-- D TO LM P l -  P 91731 
M . . . . . . . . .  
M AVERAGE M~ANINGLESS (SCALE FACTOR = 1o0) 

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

23 Y* I ( 1480 )  WIDTH (MEV( (PROD. EXP.) 

W 31. 15. PAN 70 HBC + PI~P TO K Pl LAM 5171 
W 30. 20. PAN TO HBC * PI+P TO K PI SIG 3171 
W 40. 20. CLINE 73 MPWA K- D TO LM P l -  P 9173. 
W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR - I .O (  

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

23 Y~I(IASO) PARTIAL DECAY MODES (PROD. EXP.)  

DECAY MASSES 
Pl  Y * I I I 4BO)  INTO KMAR N 497+ 939 
P2 Y*L (16801  INTO LAMBOA PI 1115+ 139 
P3 Y* I ( 14801  INTO SIGMA PI 1189+ 139 

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

23 Y * I ( I ~80 )  BRANCHING RATIOS (PROD. EXP.)  

RI  Y$1 (1480 )  INTO (SIGMA PI ) / ( LAMBOA P I )  {PB ) / (P2 )  
R1 0 .82  0 .51  PAN TO HBC + 3 /71  

R2 Y$111480}  INTO (PROTON KOBAR)/(LANEDA P I I  (P l ) / (PZ ]  
Q2 0 .36  0 .2E  PAN TO HBE + 3 /71  

~3 Y¢ I ( IABO l  INTO KBAR N (P l )  9 / 735  
R3 SMALL CLINE 73 MPWA K-  0 TO LM P1- P 9 /T3 "  

REFERENCES FOR Y*1(16801 (PROD. EXP.(  

~AN TO PR D2, 49 +PORMAN,KO,HAGOPIANISELOVE (PENN( 
CLINE T3 tMC 6 SOS CLIME,LAUMANN,MAPP (WISCONSIN(1JR 

PAPERS NOT REFERRED TO IN DATA CARDS 

YU-L I  RA 69 RPL 23 806 YU-L I  PAN, F L FDRMAN (PENN) I 
YU-L !  PA 69 PRL ZB 808 YU- t l  PANt F t FORMAN (PENN) I 
MILLER TO DUKE 229 D H MILLER (REVIEW TALK) IPURDUE) 
HANSON 71 RR D% 1296 .KALMUStLOUIE (LBL) I 

Note on 2;(16203 

T h i s  s t a t e  w a s  f i r s t  s u g g e s t e d  by  the B N L - C C N Y  

collaboration (CRENNELL 68) who presented evidence 

for it in the reaction K-n -* ~,(16Z01±w~cw - with 

~( i6Z0)  ± decaying into A~ ±. Since then there have 

been conflicting reports about this state. 

Total Cross-Section Experiment 

A new measurement of the K-p and K-d total cross 

sections in the 0.4 to i.i GeV/c range has been reported 
i 

by  the B N L  g r o u p .  A c l e a r  b u m p  abou t  40 l~ieV wide  

and 3 -4  m b  h i g h  ( c o r r e s p o n d i n g  to ( J + l / Z )  x ~ 0 . i )  i s  

s e e n  at  a c . m .  e n e r g y  of i590  MeV in  the  I = i K - N  

cross section. 

F o r m a t i o n  E x p e r i m e n t s  

T h e r e  i s  e v i d e n c e  f r o m  s e v e r a l  p a r t i a l - w a v e  

t 7 8  

D a t a  C a r d  L i s t i n g s  

For notation, see key at front of Listings. 

a n a l y s e s  f o r  one o r  two f a i r l y  n a r r o w  s t a t e s  w i t h i n  

~ 50 MeV of the e f f ec t  s e e n  in  p r o d u c t i o n .  

A R M E N T E R O S  70 s a w  a p o s s i b l e  50 MeV ef fec t  

in  P i i  in  the ~ c h a n n e l  only.  

In m u l t i - c h a n n e l  a n a l y s e s ,  KIM 7i  found two n a r -  

r o w  r e s o n a n c e s  in  S l i  and P i i ;  L A N G B E I N  72 h a s  

s e e n  only  the S t i  and L E A  73 only  the P t l  s t a t e .  

Note  h o w e v e r  tha t  the b r a n c h i n g  r a t i o s  in to  K N ,  ~ ~r, 

and AT of the r e s o n a n c e s  found  by L A N G B E I N  72 o r  

L E A  75 a r e  not  the s a m c  as  t h o s e  o b s e r v e d  by  

K I N  7 t .  

VAN HORN 7Z, in the Aw c h a n n e l ,  found a n a r -  

r o w  S l i  and a v e r y b r o a d  P l i  r e s o n a n c e .  A n a r r o w  

P i i  s t a t e  i s  r e p o r t e d  by  HART 73 in  p r e l i m i n a r y  r e -  

s u l t s  f r o m  an  a n a l y s i s  of the ~ N  channe l .  

P r o d u c t i o n  E x p e r i m e n t s  

A good  r e v i e w  of the p r o d u c t i o n  e x p e r i m e n t s  h a s  

b e e n  g iven  by  M I L L E R  70. H e r e  the e v i d e n c e  

i s  on ly  in  the AT c h a n n e l .  The  B N L - C C N Y  c o l -  

l a b o r a t i o n ,  w i t h  i n c r e a s e d  da ta ,  C R E N N E L L  69, 

s t i l l  c l a i m  the e f f ec t  in  the AT c h a n n e l  (no e v i d e n c e  

s e e n  in  KN o r  KNw). SABRE 70 s t ud i ed  the s a m e  r e -  

a c t i o n  at  3.0 GeV/c  w i t h  c o m p a r a b l e  s t a t i s t i c s  and do 

no t  s ee  any  e v i d e n c e  f o r  it  in  the AT c h a n n e l ;  on the 

c o n t r a r y ,  t hey  b e l i e v e  it  to be a s p u r i o u s  peak  r e -  

s u l t i n g  f r o m  m i s i d e n t i f i e d  ~0 f r o m  the p r o d u c t i o n  of 

~.(i670) d e c a y i n g  in to  ~°w+.  C R E N N E L L  69 give 

c o u n t e r  a r g u m e n t s  to s h o w  tha t  th i s  i s  not  the c a s e  in 

t h e i r  d a t a  and the c o n t r o v e r s y  g o e s  on. AMMANN 70 

s t ud i ed  the  s a m e  r e a c t i o n  at 4.5 GeV/c  and r e p o r t  a 

s t a t e  at  i640  MeV, a g a i n  d e c a y i n g  only  in to  AT (no 

e v i d e n c e  s e e n  in ~w or  KN c h a n n e l s ) .  The  c l o s e n e s s  

of t h i s  m a s s  to i670  MeV i s  s u g g e s t i v e  t ha t  th i s  e f f ec t  

m a y  be  r e l a t e d  to w h a t  g o e s  on in  t ha t  r e g i o n  ( see  d i s -  

c u s s i o n  be low) .  

In c o n c l u s i o n ,  f o r  Z ( i620 )  we  have  to w a i t  f o r  

m o r e  da t a  and f o r  a c o m p l e t e  u n d e r s t a n d i n g  of the e n -  

t i r e  m a s s  r e g i o n  i600  to i700  MeV. The  h o p e  i s  tha t  

the d e t e r m i n a t i o n  of q u a n t u m  n u m b e r s  f o r  e a c h  of 

t h e s e  e f f e c t s  f o r  e a c h  d e c a y  m o d e  m a y  e v e n t u a l l y  

c l a r i f y  the s i t u a t i o n .  

R e f e r e n c e s  

i .  K. K. Li in B a r y o n  R e s o n a n c e s - 7 3  ( P u r d u e ,  i 973) ,  

pg.  Z83; A. S. C a r r o l l ,  e t  al.  in  P a r t i c l e s  and 

F i e l d s - i 9 7 3 ,  ed. H. H. B i n g h a m ,  et a l . ,  

( B e r k e l e y ,  1973),  pg.  208. 
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Data Card Listings 
For notation, see key at front of Listings. 

I 32 Y .1 (1620 ,  J R - I / 2 - }  I = l  
THE $11 STATE AT 1697 NEV REFORTED BY VANHORN T2 |S 
INTERMEDIATE IN MASS BETWEEN THE SIGMA(LbZO) AND 
SIGMA(17BO}. WE TENTATIVELY LIST IT UNDER SIGMAIITBO). 

32 Y * l ( l b 2 0 )  MASS (MEV} 

M (1620 . )  XIR T[ OPWA K-MATRIX ANAL. 3/71 
M 1630.0 ( 1 0 . 0 )  LANOBEIN 72 IPWA MULTICHANNEL [ 2 / 7 2  

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

32 Y@1[1620) WIDTH (MEV) 

w l a D . )  KIN 71DPWA K-MATRIX ANAL. 3/71 
W 65.0  ( 2 0 . 0 }  LANGBEIN 72 IPWA MULTICMANNEL 12172 

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

32 Y*I(1620) PARTIAL DECAY MODES 

DECAY MASSES 
Pl V@1(1620) INTO KBAR N 697+ 939 
P2 Y* [ (16201  INTO SIGMA Pl 1197+ 139 
P3 Y * l ( l b 2 0 }  INTO LAMBDA Pl 1115÷ 13# 

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

32 Y .1 (1620}  BRANCHING RATIOS 

RI Ytl(1620} INTO KBAR N (PI) 
RI (O.OE} KIN 710PWA R--MATRIX ANAL, 3/71 
RI A 0.05 OR LESS WONG 710PWA K-+P--LAR+PI 10171 
Rt 0.22 ( 0 . 0 2 )  LANGBEIN 72 IPWA MULTICHANNEL 12/72 
RI A K-MATRIX PIT[NEGLECTS 3-BODY CHANNELS} REQUIRES NO RESONANCE 10/71 

R2 Y=I ( IbZO)  FROM KBAR N TO SIGMA PI SQRT(PI*P2} 
R2 ( 0 . 0 8 )  RIM Tl OPWA K-MATRIX ANAL. 3171 
R2 0 .60 ( 0 . 0 6 }  LANGBEIN 72 IPWA MULTICHANNEL [ 2 / 7 2  

RS Y@1(1620) FROM KERR N TO LAMEDA P1 SQRT(PI*P3} 
R3 ( 0 . 1 5 )  KIN 71 DPWA K-MATRIX ANAL, 3/T1 

REFERENCES FOR V * l ( l b 2 O )  

KIN 71PRL 27 356 J K KIN {HARV}IJP 
ALSO 70 DUKE 161 J . K .  KIN (HARV)EJP 

WDNO Tl NC 2A 353 N S WONG (YALEI1JP 
LANOBEIN 72 NP B47 477 +WAGNER (MPIM}[JP 

PARERS NOT REFERRED TO IN DATA CARDS 

VANHORN T2 LBL-ESTO(THESES) 1LBL IJP 

IZtZ6~O)l s . . . .  E MINI-REVUE AT THE S . . . .  OF T . . . . .  ISTINGS. 

THE PARTIAL--WAVE ANALYSIS OF K- N TO SIOMA Pl BY 
ARMENTOROS 73 SUGGEST SUCH A RESONANCE. NOW 
FOUND ALSO IN SOME, CUT NOT ALL, MORE RECENT 
ANALYSES. 

79 Y@I(lbZO} MASS (MEV) 

M 1500o - -  lbOO. ARMENTERO 70 HOBC -O K-N TO SIGMA PI 6170 
N ( 1 6 7 0 . )  KIN 710PWA R-MATRIX ANAL. 3/71 
N IbbB* ( . 2 5 )  VANHORN 72 DPWA 0 K- P TO LAW RIO 2/73 
M 2 ( 1621 . )  LEA 73 DPRA MULTICHNL K-RTRX 9173@ 
M 2 ONLY UNCONSTRAINED STATES FROM TABLE 1 OF LEA73 ARE IN LISTINGS* 9/T3@ 
M 1658. (4.) HART 73 OPWA EL+CXI.T-.BGEV/C 2174.  

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

79 Y@1(1620} WIDTH (MEV} 

W ( 5 0 . 0 )  ARMENTERO TO HDBC -O K-N TO SIGMA Pl 6 /70 
W (SO, )  KIM 71DPWA K-MATRIX ANAL. S/71 
W 230, (165.) (bO. I  VANHORN 72 OPWA O K- P TO LAM PlO 2173 
w 2 ( 5 1 . 8 }  LEA 73 DPWA RULTICHNL K--NTRX 91735 
N 40.  feD*}  HART 73 DPWA ELeCX..T-.BGEV/C 2/74~ 

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

T9 Y .1 (1620)  PARTIAL DECAY MODES 

DECAY MASSES 
PI Y*111620) INTO KBAR N 697÷ 939 
P2 Y*L(16EO) INTO SIGMA P) 1197+ 139 
P3 Y=1(1620) INTO LAMBDA PI 111S+ 139 

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

79 Y * [ ( 1 6 2 0 )  BRANCHING RATIOS 

RI V@l(1620) FROM KBAR N TO SIGMA Pl SORT(PlUME} 
ARMENTERO TO HOBC - 0  K-N TO SIGMA PI b/TO R1 I+O.2)  

RL ( 0 . 2 4 )  KIM 71 DPWA K-MATRIX ANAL. 3171 
R1 Z ( - . 2 1 }  LEA 73 DPWA MULTICHNL K-MTRX 9/73~ 

RE Y .1 (1620)  INTO KBAR N ( P [ }  
R2 ( 0 . 1 4 )  KIN 71DPWA K-MATRIX ANAL. 3/71 
P2 2 ( . 1 0 ]  LEA 73 DPWA MULTICHNL K-NTRX 9/T3~ 
R2 .11 ( . 0 2 }  HART 73 DPWA EL+CX,. I - .8GEV/C 217.~ 

R3 Y .1 (1620)  FROM KBAR N TO LAMBOA RE SQRTIPISP3I 
RS }0 .0 )  K IN  T l  OPWA K-MATRIX ANAL. 2 /73 
R3 .12 ( .121 ( . 0 6 ]  VANHORN 72 DPWA 0 K -  P TO LAM PlO 2 /7S  
R3 2 ( + . 0 7 )  LEA T3 OPWA MULTICHNL K-MTRX 9 /73*  

Baryons 
 .(1620), Z(1670) 

REFERENCES FOR Y.1(1620}  

ARNENTER TO DUKE I23 ARNENTEROSt  EAILLON, + (CERNtHEIOEL}IJP 
KIN 71 PRL 2T 356 J K KIN (HARV)IJM 

ALSO 70 DUKE 161 J . K .  KIN (HAFV}IJP 
VANHORN 72 LBL-[3TO(THESIS) R.J.VANHORN (LEL} [JP 
HART T3 PURDUE CONF. 311 +RICE~EACASTOW,EUNG,+ (TENN÷UCR+MASAeBUFF)IJP 
LEA 73 NP R56 7T +MART1N.MOORHOUSE+ (RHEL÷LOUC+GLAS*AARHUS}IJP 

1620 u ~ - V  REGION - P R O D U C T I O N  E X P ~  
?B Y*1 (1620 ,  JP= J I = l  

SEE THE MINI-REVUE AT THE START OF THE Y* LISTINGS. 

THIS RESONANCE NEEDS CONFIRMATION, THE RESULTS OF 
CRPNNELL 69 AT 3.9 GEV/C ARE NOT CONFIRMED BY THE SABRE 

COLLAEORATION AT 3 .0  OEV/C (SABRE 70 ) .  HOWEVER (N AN EXPERIMENT AT 
6,S GEV/C, AMNANN TO SEE A PEAK AT 1642 MEV WHICH ON THE BASIS OF 
BRANCHING RATIOS THEY 00 NOT ASSOCIATE WITH THE Y ' 1 [ 1 6 7 0 ) .  SEE MILLER 
TO FOR A REVIEW OF THESE CONFLICTS. 

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

78 Y@l( lbEOI MASS (MEV} (PROD. EXP.) 

M N (1616 ,0 )  ( 8 . 0 ]  CRENNELL 68 DEC +- K-O S.9 BEV/C 11/68 
M N EVENTS OF CRENNELL 68 ARE IN THE LARGER SAMPLE OF CRENNELL 69.  
M 20 1618,0 3 .0  BLUMENFEL 69 HBC + KO LONG ÷ PROTON 9/69 
M 1619.0 8.0 CRENNELL 69 DEC ~ -  K-N TO LAW 3 PI 9 /69 
M E662.0 12.0 AMMANN 70 DEC K-N 4 .5  GEV/C 9/T3e 
M . . . . . . . . .  
M AVO 1619.6 3.8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .6 }  

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

78 Y.1 (1620)  WIDTH (MEV) (PROD. EXP.} 

W N (66 .0 )  ( 1 6 . 0 )  CRENNELL 68 DEC ÷ -  SEE NOTE N ABOVE 11/68 
W 20 30 .0  10.0 BLUNENFEL 69 HBC + 9 /69  

72.0  22.0  IB.0  CRENNELL 69 OBC +-  9169 
E8.0 24.0  AMMANN 70 DRC K-N 4 .5  GEV/C 9/T3e 

W . . . . . . . . .  
W AVO 61.3 12.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,5) 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

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

78 Y .1 (1620)  PARTIAL DECAY MODES (PROD. EXP.) 

OECAY MASSES 
Pl Y * I ( [ b 2 O [  INTO KBAR N AgT~ 939 
P2 Y * I ( 1 6 2 0 )  INTO LAMBOA PI EELS+ 1S9 
P3 Y@1(1620] INTO Y.1(138SI  PI IE86÷ 139 
P6 Y@1(1620} INTO LAMSOA P) Pl 1118~ 139+ 139 
F8 Y$1(1620) INTO SIGMA PI 119T+ 139 
P6 Y '1 (1620)  INTO Y*O(1405) P( 1405÷ 139 

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

78 Y * l ( l b E O )  BRANCHING RATIOS (PROD. EXP.) 

RI Y*I(1620) INTO (LARRDA Pl PI}I(LAMBDA Pl} (PA)l(P3} 
RI 16 (2,S} APPROX BLUNENFEL 69 H8C + 

R2 Y@1(1620) INTO (KBAP NI/(LAMBOA E l }  ( P l ) / { P 2 }  
R2 (0.01 { O . l }  CRENNELL 68 DeC + 
R2 0 .4  0 .4  AMMANN 70 DEC K-P 6 .§  OEV/C 6 /70  

R3 Y@1(1620] INTO LAMBDA P) IF2}  
R3 LARGE CRENNELL 68 OBC ÷ -  11/68 

R4 Y * I ( l b E O )  INTO (Y t l ( 1EBS)  PI)I(LAMBDA P l }  ( P E } / ( P 2 }  
R4 ( 0 . 2 }  ( O . l l  CRENNELL 68 08C +- 11/B8 
R6 (0.3) ~ LESS CL=.9S AMMANN 70 DEC K-P ~.S OEVIC B170 

R5 Y~I(Eb20)  INTO (SIGMA PI}I(LARBOA PI)  (PS) / (PE)  
RS ( I .1 ) (98  PC UPRPR LIMIT} AMMANN TO DEC K-N 4.S GEV/C 9173@ 

R6 Y@I(|B2OJ INTO (Y*O(IAOS) PI}I(LAMBOA P l }  ( R 6 | / ( P 2 I  
R6 O.T 0 .4  AMMANN 70 DEC K-P 6.S 6EVIC blTO 

REFERENCES FOR Y.1(1620)  (FRCD. EXP.} 

CP ENNELL 68 PRL 21 648 ÷DELANEYt FLANINIO, KARSHON~ + {BNLtCUNY} I 
8LUMENFE bB PL 298 SB BLUMENFELO~ KALBFLEISCH (ENL) I 
CRENNELL 69 LUND PAPER 183 ÷KARSHON, LAh ONEIL* SCARR~ ÷ (BNL~CUNY) I 

RESULTS ARE QUOTED IN LEVI SETTI 69. 

AMMANN 70 PRL 24 $27 + OARFINKEL~ CARMONY, OUTAY,+ (PUROUE.INDI 
ALSO 73 PRO 7 1348 AMMANNtCARMONYtGARFINKELt (PURO+IUPU} 

PAPERS NOT REFERRED TO IN DATA CARDS 

ARMENTER 68 NP 88 183 ARNENTEROStBRILLDN + (CERN÷HEIO+SACL} 
LEVISETT 69 LUNO CONF R LEVI SETTI (RAPPORTEUR| EFINS 
TREPP 69 UCRL 19361 R O TRIPP (LRL) 
ARMENTER TO DUKE 123 ARMENTEROStEAILLON + (CERN÷HEIO+SACL) 
MILLPR 70 DUKP 229 D H KILLER (REVIEW TALK) (PURDUE} 
SABRE 70 NP 81e 201 SABRE COLLAB, ISADL,AMSTtBONA,REHO,EFDL} 

* @ * * * *  * * @ * * * * * *  @***@*@** ****@@@** *@*** * *@*  * * * * * ~ * * @  *** *@**@* * * * * * @ * *  
*@***= ********* *******@* ********* ********@ ****@*@** @*****@** *@****** 

Note on 23(1670) 

Formation Experiments 

Formation experiments show the presence of only 

one I = i state in this energy region with major decay 

modes intoKN (7-i0%), Aw (I0-15%), Z~ (30-50%), 



Baryons 
)':.(1670) 

7,ww (5-15%), and some Aww (the experimental situa- 

tion here is unclear). Its quantum numbers are 

JP = 3/Z-. 

Production Experiments 

Production experiments are more confused. 

When determined, the most likely quantum numbers 

are also 3/2- [for ~w and A(1405)w]. The measured 

branching ratio R = ~w/~,ww changes with the mo- 

mentum transfer to the proton. This was first ob- 

served by EBERHARD 69 who suggested the existence 

of Z YI with the same mass and quantum numbers; 

one object with a large ~ww [ mainly A(1405)~] decay 

mode produced peripherally, and another one with a 

large ~,w decay mode produced at larger angles. This 

observation has been confirmed by AGUILAR- 

BENITEZ 70. This problem has been recently re- 

viewed by EBERHARD 73, where some preliminary 

information on new experiments is also given. 
The other difficulty comes from the different 

Aw/~w branching ratios reported by the various ex- 

periments. Those experiments done with K beams 

below 2 GeV/c (HUWE 64 and BUTTON-SHAFER 68) 

report values for the A_w/~vr ratio in agreement with 
formation experiments; the others report a higher 

A~/~nT ratio. Therefore, the possibility of a third 

Yi state, referred to as ~(1690) in the Data Card 

Listings, with a large Aw/~,~ branching ratio still 

exists. This large branching ratio is the main justi- 

fication for this hypothesis and needs confirmation. 

It relies on the separation between K-p-- A~+~ - and 

K-p -- ~0 ~+~- which is experimentally difficult at 

high energy. These problems are reviewed by 

MILLER 70. (See also the mini-review on ~(16Z0). ) 

44  Y*1 (1670 ,  JP=8 /2 - )  I = l  I E 

1~ . (1670~1  sE.~ . . . . . . . . .  EVOE . . . . .  ST,BT OF THE Y"  L I S T I N G S .  

/ 

I • " 1  SEE NOTE ABOVE 

W~LL ESTAELISHED RESONANCE. IT HAS BEEN SEEN IN BOTH 
FORMATION AND PRODUCTION EXPERIMENTS. HOWEVER THE 
BRANCHING RATIOS OBTAINED BY THESE TWO METHODS SHOW 
LARGE INCONSISTENCIES .  

SEE LISTING OF PRODUCTION EXPERIMENTS BELOW 

AS FOR THE QUANTUM NUMBERS, THE ANALYSES OF LAMEDA Pl CHANNEL I IN  
FORMATION EXP . )  AS WELL AS THE SIGMA P l  CHANNEL AGREE ON JP=3 /E - .  

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

44 Y* [ ( IETOI  MASS (MEV) 

M 1860 .0  BERLEY 66  HBC 0 K -P  TO LAM P lO  7•66 
M 166E .  ( 5 . 1  APMBNTER 68 HBC O K -P  ELAS .+CH.EX  11168  
M (1661 .0 )  ( 2 . 0 )  ARHENTE2 68  HBC 0 K -P  TO SIGMA P l  11168  
M 1680 .  ARMENTE4 69  DEC K-N TO S IG-  RiO 12 /68  
M 1663 .0  ( 2 . 0 I  ARMENT-5 69  HBE O K -P  TO S IGMPI  EO 9169  
M 1672 .0  BERLEY 69  HEC K -P  TO S[G P l  8 / 70  

A~MENTER TO HflC O K-P  TO LAM.PI El  5•70 M 1660 .  
M 1681 .0  ( 3 . 0 l  BRUCKER TO DEC - K -N  TO B IG  ZP I  10171  
M 1662 .0  (S .0 )  GALT IER I  70  HBC O S IG  P I ,EDPWA 7•70 
M 1665. ( tO . I  OALTIERI 70 HBC O LAM. P I ,  EOPWA 7 /70  
N 1676 .  ( 2 . I  BUDGEN 71 DPWA LAM P IO ,CHS DATA lO lT I  
M 1670 .  K IN  T l  DPWA K -MATRIX  ANAL .  3 / 71  
M 1678 .0  ( IS .O I  LANGBEIN 72 IPWA MULTICHANNEL 12172  
N 1659 .  ( 12 .1  ( 5 . 1  VANHORN 72  DPWA O K -  P TO LRM P lO  2173  

180 

Data Card Listings 
For notation, see key at front of Listings. 

44 Y* I ( IATOI  WIDTH (MEV) 

W 60 .0  BERLEY 64  HBO 0 T766 
w 56. l i b . )  ARMENTER 68 HBC O K-P ELAS.+CH.EX I i i 68  
W (44.0)  (4.01 ARMENTE2 68 HBC O K-P TO SIGMA PI 11168 
W 47.0 ARMENTE4 69 DBC K-N TO SIG- RIO 12/68 
W 49.0 ( 4 . 0 )  ARMENT-5 69 HEC O K-P TO SIGMPI ED 9 /69  

BERLEY 69  HEC 5170  H 34.0 
W SO. ARMENTER 70  HBC 0 K -P  TO LAMB.P I  5 / 70  
W 30.0 l iD .O)  BPUCKER 70 DEC - K-N TO SIG 2Pl 10171 
W 48.0 iS.O) GALTIERI 70 HBC O SIG PI,EDPWA 1170 
W 50. ( 10 . I  GALTIERI 70 HBC O LAM. P I ,  EDPWA 7170 
W 59 .  ( 4 . 5 )  EUDGEN 71DPWA LAM P lO 10 /71  
W 40 .  KIM 71DPWA K-MATRIX ANAL. 3171 
W 05.0 (20 .0 )  LANOBEIN 72 IPWA MULTICHANNEL 12172 
W 32. (11 . )  VANHORN TE OPWA O K- P TO LAM PIO 2173 

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

44  Y'1{1670)  PARTIAL DECAY MODES 

DECAY MASSES 
P l  Y * I I IATO)  INTO KBAR N 497+  939  
P2 Y* l I I b70 I  INTO LAHEDA Pl I I IS÷  139 
P3 Y* l ( 1670 }  INTO SIGMA PI  1197+  139  
PA Y* l I I 670 )  INTO LAM8OA P I  P l  l l IB+  [ 39+  139  
P5 Y'1(1670)  INTO SIGMA Pl Pl 1197+  139+ 139 
P6 Y* l I I 670 I  INTO Y* l ( 138B)  P I  1384+  139  
P7 Y* t [ [ 670 )  INTO Y$0 (1405 )  PI 1405 .  139 

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

44 Y * t ( I b7O l  BRANCHING RATIOS 

RI Y * t I [ 6701  INTO (KBAR NIITOT~L (P I I  
R[ (0 .09)  (0 .02 )  ARMENTE8 68 HEC 9169 
Pl 0.08 (0 .02 )  ARMENT-5 69 HEC O ELAS. +CH.EX. EO 9/69 
81 O.O? KIM 71DPWA K-MATRIX ANAL. 3/71 
RI O. IO  (O.O3l LANGEEIN 72 IPWA MULTICHANNEL 12/72 
RI  NO T SEEN HART 73 DPWA EL+CX, .T - . 8GEV/C  2174 "  

e2 Y * l l l bTO)  INTO [LAMBOA Pl PI I ITDTAL  (P41 
P2 (O . I I )  OR LESS ARMENTE3 68 HBC K-P (Pl=.Og) 9169 

83 Y* I ( I bTO)  INTO (SIGMA Pl PI)ITOTAL (PC}  
83 A ( 0 .16 )  OR LESS APMENTE3 68  HBC K-P AND O-P l= ,09  11168  
83 A PATIO ONLY FOR [SIGBPI) SYSTEM IN I= l ,  WHICH CANNOT BE Y '1(1385]  11/68 

86  Y* I ( l b70 )  INTO (Y *O i I 4OS)  P I I / TOTAL  (P71 
84 (0 .06)  OR LESS ARMENTE3 68 HEC K-P AND D-P[=.O9 11/68 

RB Y* I ( L670 )  PROM KBAR N TO LAMEDA P[  SQ~T(PI*PZ) 
RB +0 ,1  ARMENTER 70HBC K-P TO LAME Pl 5/70 
85  +0 .D9  (0 .02 )  GALTIERI 70 HBC 0 LAM. P l ,  EOPWA T/TO 
85 o165 (.DE) BUDGEN 71DPWA LAM PIO 10/71 
88 0 .08  KIN 710PWA K-MATRIX ANAL. 3171 
P5 0.13 (0 .03)  LANDBEIN 72 IPWA MULTICHANNEL 12/72 
P5 +.09 ( .O i l  VANHORN 72 DPWA O K- P TO LAM PIO 2/73 

86 Y*EIEBTO) :ROM KBAR N TO SIGMA Pl SORTIPI*P3I 
R6 (+0o2 l )  (0.011 ARMENTE2 68 HEC O OLD DATA 11168  
86 +0 .19  APMENTE4 69  DEC 9/19 
86 +0.20 (O.01I  A~MENT-5 69 HBC 0 NEW DATA 9169 
R6 +0 .18  BERLEY 69  HEC 5 /70  
Rb +0.18 IO*ObI DALTIERI 70 HBC O SIG PI,EDPWA 7170 
86 0.18 KIM 71DPWA K-MATRIX ANAL. 3171 
Rb 0.23 (0 .05 )  LANGBEIN 72 IPWA MULTICHANNEE 12172 

87 Y * I ( 1670 )  FROM KERR N TO Y* I ( 1385 I  PI SQPT(PI*PA) 
R7 S IO . I 7 ]  I 0 . 02 )  SIMS 68 DBE - LAM 2Pl CROS.SEC I0171 
87 S SIMS 68 USES ONLY CROSS-SECT. DATA. RESULT USED AS UPPER LIMIT ONLY 3/72 

88 Y$1 (1670 )  INTO (Y *O I I 405 )P I ) * IKBAR N I /TOTAL* *2  (P7 *P I )  
RE (0 ,03 )  OR LESS BERLEY 69  HEC O K -P  . b - . 82  BEV/C 5 /70  
RE B 0.007 I0 .002 )  ERUCKER 70 DBC - K-N TO SIG 2Pl 10171 
RE B ASSUMING Y tO I I 405 I  PI  CROSS SECTION EUMP DUE SDLEY TO 312- RESDN. 10171 

R9 Y'1(1670)  INTO (Y *O(1605 )  P I I / (Y * l ( 1385 )  P l l  [PT ) / (P6 )  
89 O.2E (0 .08)  ERUCKER 70 DEC - K-N TO SIG 2PI I0171 

* * * * * *  * * * * * * * * *  , * * * * * * * *  * * * * * * * * ,  * * * * * * * * *  , * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR Y*1 (1670 )  

BERLEY 64  DUSNA CONF I 565 +CONNOLLYtHART,RAHM,STONEHILL, + (ENLIIJP 

APMFNTER 68 NP 18 195 ARMENTERDS,EAILLON + (CEPN+HEIO~SACLAY)IJP 
ARMENTE1 61  NP BE 183 ARNENTE~OS,BAILLON + (CERN*HEID+SACLAY)IJP 
ARMENTE2 68 NP EB 223 ARMENTEROS÷BAILLON + (CERN+HEID*SACLAYIIJR 
ARMENTE3 68 PL 288 521 ARMENTEROS,BAILLON + (CERN+HEID+SACLAYII 
SIMS 68 PRL 21 1413 SIMS,ALERIGHT,BARTLEYtMEER+ (FSU,TUFT,BRANI 

ARMENTE6 69 NP BID 459 ARMENTERDS,BAILLDN.MINTEN + (CERN+SACLAY) J 
A~MENT-5 69 NR 114 g l  ARMENTERDS, BAILLON, + (CERN,HEIDEL,SJCLAY)IJP 
BEgLEY 69  PL 301 430  BERLEY,HART,RAHM.WILLIS*YAMAMOTO (BNL) 

ARMENTER 70  DUKE 123 ARMENTEROS, BAILLDN, + [CERN,HEID) 
BRUCKER TO DUKE 155 ÷HARRISON,SIMS,ALBRIOHT,CHRNOLER++ (FSU)I 
GALTIERI 70 DUKE 173 A. 8ARBARO DALTIERI (LRLI IJP 
BUOGEN 71 LNC B 85  D EUDGEN (DURHI I JP  
KIN 71PRL 27 386  J K KIM (HARVI I JP  

ALSO 70 DUKE 161 J .K .  KIM (HARV)IJP 
LANGEEIN 72 NP B47 477  +WAGNER (MPIM)IJP 
VANHORN 72  LBL-13TOITHESIS) A.J.VANHORN [LBL I I JP  
HART 73 PURDUE CONF. 311 +RICE,BACASTOW.FUNG,+ (TENN+UCR+MASA+BUFF)IJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

BAST IEN I  63 PRL 10 188  P L EAST IEN ,  J P BERGE (LRL )  I J  
REPLACED BY BASTIEN 2 ,  BUT SIMILAR AND MORE READILY AVAILABLE. 

EASTIEN2  63 UCRL- IO779  THESIS  P L 8AST IEN  I LRL )  I J  
T-ZAOEH 63  PRL 11 670  TAHER-ZADEH,  PRDWSE,SCHLE IN ,SLATER,+  (UCLA)  JP 

SEE NOTE FOLLOWING SCHLEIN 66 .  
SCHLEIN 66 UOLA-IOlb P.E .  SCHLEIN. T .G .  TRIPPE (UCLA)  JP 

REANALYSES DATA OF TAHER-ZADEH 63  , BASTIEN 63  AND ALL PUBLISHED 
LAMEDA PI  CROSS SECTION DATA IN THE L IGHT  OF THE NOW KNOWN 
Y*1117651  . REVERSES THE MODEL-DEPENDENT CONCLUSION OF TANER-  
ZAOEH ON THE PREFERRED JP ASSIGNMENT (FROM E 2+  TO 3 ( 2 - ) . )  

SMART 66 PRL 17 856  W M SMART.A KERNAN,G E KALNUS,R P ELY (LRL ) I JP  
ARMENTER 67 NP 13 $92 ARMENTERDS,FERRO-LUZZI+ (CERNtHEID~SACLAY) 
PREVOST 71 AMSTERDAM CONF + CH8 COLLABORATION (CERN÷HEID+SACL) 



t 8 t  

Data Card Listings 
For notation, see key at front of Listings. 

1870  ~--V ]~GION - I~ODUCrlON AND mrOTXt. EXP'TS 

51 Y .1 (1670 ,  JP= ) 1= I  PRODUCTION EXPERIMENTS 

SEE NOTE PRECEDING Y* I ( 1670 )  
PRO8A8LY THERE ARE TWO STATES AT SAME MASS WITH SAME 
QUANTUM NUMBERS, ONE OECAVING INTO SIGMA Pl  AND LAMBDA 
PI, THE OTHER INTO Y*0(14051 E l .  BRANCHING RATIOS NOT 
DISENTANGLED YET, WE LIST THEM TOGETHER FOR NOW. 

51 Y*111670) MASS (MEV) (PROD. EXP. I  

M ( 1685 .0 )  ALEXANDER 62 HBC - 0  R I -P  2 -2 °2  8EV/C 
N 1660.0 IO.O ALVAREZ 63 HBC + K-P 1.51 8EV/C 
M (1668 ,0 )  ( 8 . 0 )  BUGG ~8 CNTR K .P ,  O TOTAL C,S 
M P 701166t. I I g . I  PRIRER 68 HBC * K-R 6 .6 -5 .  GEVIC 7 /6B  
M P SEE BARNES 69 FOR NEW ANALYSIS OF DATA (3 TIMES MORE DATA) 10169 
M 1670.0 6.0 AGUILAR 70 HBC SIG.PI K-P 6 GEV 5170 
M 1668o0 10.0 AGUILAR 70 HBE SIG.2PI K-P 6GEV 5170 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR ffi i .O) 

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

51 Y* l (1670I  M~SS (MEV} (PROD. EXP.) 

W 165 .0 )  ALEXANDER 02 HBC - 0  
W BO.O 10*0 ALVAREZ 63 HBC 
w (30 .O I  ( I 5 . 0 I  BUGG 08 CNTR Ll lbb 
w P 70 (60 . )  120 . t  PRIMER 68 HBC + K--P 6°6- -8 .  GEV/C 7 /68  
w SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 
W 110.0 L2.0 AGUILAR 70 HBC SIG.PI K-P ~ GEV 5170 
W 1B5.0  ~0 .0  50 .0  AG~ILAR TO HBO S IG .2P1K-P  6GEV 5170 
W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = 3 .4 l  

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

51 Y * I ( 1670 )  PARTIAL DECAY MODES (PROD. EXP.)  

DECAY MASSES 
Pl Y ' 1 (1670 )  INTO KBAR N 497+ 939 
P2 Y* I I I 670 |  INTO LAM8OA PI  I 115+  139 
P8 Y* l i 16701  INTO SIGMA P l  11gT* 18g 
P4 Y* IK I6701  INTO LAHBDA Pl  Pl L I 18+  139+ L3g 
P8 Y*[(1670) INTO SIGMA P( El I19T÷ 189÷ 135 
P6 Y* l ( L670 )  INTO Y ' I ( 1388 )  PI 1384÷ I 39  
P7 Y*1 (1670 )  INTO Y*0 (1608 )  Pl 1608+ 139 

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

51 Y*[( Ib7O] BRANCHING RATIOS (PROD. EXP.) 

R1 Y*I(1670} INTO (KBAP N)IISIGMA PI) (P l ) / IP3 I  
R1 0 (O . lD I  OR LESS ALVAREZ 68 HBC + K-P L .L5  BEV/C 
R1 (0 .5 )+ -  . 25  OR MORE SMITH 63 HBC -O 
R1 (O*b)  OR LESS LONDON 66 HBC ÷0 K-P 2 .25  6EV/C 7166 
R1 (0 .025 )  BUGG 68 CNTR ASSUNING J=342 11 /66  
RI 0 10 .2~ )  OR LESS PRIMER 08 HEC ÷ K-P 6 .b -8 .  GEV/C T /b8  
RI  ( 0 , 26 ]  OR LESS BARNES 69 HEC ÷ K--P 3 .9 -5  GEV/C 10 /69  
~I IO .2 I  OR tESS AGUILAR 70 HBC 5 /70  

R2 Y* I ( I 6TO)  INTO (LAHB,P I ) / IS IG  P I I  (PZ I / (PB )  
R2 LEO 11.2O)  ALVAREZ 63 HBC ÷ K-R L .15  BEV/C 
R2 11.2) SMITH 68 H8C -O 
R2 0.15 O*OT HUWE 06 HBC ÷ 

R2 0 .6  OR LESS LONDON 66 H8C + K-P 2 .25  BEV/C 7166 
R2 33 0 .11  0 .06  BUTTON-S 68 HSC ÷ K-P AT 1 ,7  GEVIC lO Ib9  
~2 P 0 ( 0 . )  PRIMER 68 HBC ÷ K-P 3 .9 -8  GEV/C 10169 
R2 P PRIMER 68 ASSUMEO THIS DECAY TO EE ALL Y* (1690 ) -  SEE OARNES 69 FOR 
R2 P N~W INTERPRATATION OF DATA. (3  TIMES MORE DATA) - 
• 2 0 . 65  0.15 BARNES 69 HBC + K-P 3 .9 -5  GEV/C 10169 
R2 . . . . . . . . .  
R2 AVERAGE MEANINGLESS (SCALE FACTOR ffi 1 .8 )  

R3 Y* l ( 1670 )  INTO [LAMB. El  R I I / IS IG  E l l  (P6 I / (P31  
RB 90 ( 0 °56 I  ALVAREZ 68 HBC ÷ K-P 1 .15  8EVIC 
R3 (0.17) SMITH 6B HBC - 0  
R3 (0 .6 )  OR LESS LCNOON 66 HBC • K-P AT 2 .25  BEV/C 7 /66  

R6 Y*1 (1670 I  INTO [SIGMA PI  P I I I IS IG  E l i  (P5 ) / IP31  
R4 180 (0 .50 )  ALVAREZ b3 HBC ÷ K-P 1 .15  8EV/C 

R5 Y* l I [ 6701  INTO IY *O(16O5 I  PI I / (S IG  PI) lET(l iPS) 
R5 50 B, 1 , 6  LONDON 66 HEC ÷ K-P 2 .28  BEV/C 7166 
R5 P 17 ( 0 . 58 )  ( 0 . 20 )  PRIMER 68 H8C + K-P 6 .6 -8 .  GEV/C 7 /68  

R6 Y* l I [670)  INTO (SIGMA PI)/ISIGNA P I  PIT (RB)/IP5} 
Rb ,6 OR LESS BI~MINDHA bb HBO ÷ K-P A7 0 .5  GEV/C 11/o7 
R6 0 .38  0 ,15  LONDON 66 HBC * K-P 2 . 2 5  GEV/C 7 /66  
R6 A BETWEEN 2 .5  AND 0.24 EBERHARO 69 HBC K-P AT 2.6 GEV/C 9 /69  

A DEPENDING ON THE PRODUCTION ANGLE 

R7 Y* l ( I bTO]  INTO (Y *O I IE08 )  P I ) / (S IGMA P I  PI )  (P7 ) I (PS I  
R7 O.gO O. [D 0 . [ 6  EEERHARD 65 HBC + K-P 2 .65  8EV/C T / 6 6  

R8 Y*L I IBTO)  INTO (Y *O l lB08 I  P I ) I (Y *L I I 385 )  P I )  (PT ) / (P6 )  
R8 IO .8 l  OR LESS EBERHARD 68 HBC + K-P 2°65 BEV/C T166 

R9 Y* l ( 1670 )  INTO (LANBOA P l  P I ] I IS IGMA PI  P I t  (P~ ) I (PS I  
R9 0 .35  0 .2  BIRMINGHA 66 HBC • K-P AT 3.5 GEV/C 11 /67  

RIO Y* l ( l b70 ]  INTO (LAMEDA P[)I(SIGMA P l  PI )  (P2 ) / (PB }  
RIO ( . 2 )  OR LESS BIRMINGHA 66 HBC ÷ K-P AT 3o5 GEV/C 11/67 

~11 Y*1 (16701  INtO ILAMBDA P l l / I LAMBDA P1 + S1G P l )  [P2 ) / [P2+PS)  
R l l  ( 0 . 6 )  OR LESS AOUILAR 70 H8C 5 /70  

• * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

5 I  Y.1(1670) QUANTUN NUMBER DETERMINATION (PROD. EXP.) 

Q1 JPffi312÷ LEVEQUE 65 HBC INTO Y* (1608 )+P I  11 /68  
Q8 JP=312-  EBERHARD 07 H8C ÷ INTO Y* (1605 )  R( I L / 6 8  
Q& 600 JP=8 /2 -  8UTTDN-SH 68 HBC ÷ -  I N T O S I G Z E R O + P I  1 3 / 6 8  

Baryons 
Z(le O) 

REFERENCES FOR Y.I11670) (PROD. EXP. I  

ALEXANOE ~2 CERN CONF 320 ALEXANDER.BADGES ,~ALBFLEISOH,MStLER,+ |LRL)  I 
ALVAREZ 68 PRL 10 186 +ALSTON.FERRO-LUZZI,HUWE, + (LRL) I 
SMITH 63 ATHENS CONF 07 G A SMITH (LRLI 
HUWE 66 PR 180 1824 (1969 )  0 0 HUWE (LRL) 
EBERHARO 65 PRL 14 666 +SHIVELY,ROSS,SIEGAL,FICENEC, ÷ (LRL,ILL) I 

BIRNINGH 66 PR 15~ 1168 
LONOON 06 PR 163 1086 
8UGG 68 PR 168 1466 
8UTTON-S 68 P~L 21 1123 
PRIMER 68 PRL 20 610 

BARNES 69 BNL [ 3823  
EEERHARO 69 PRL 22 200 
AGUILAR 70 PRL 25 58 

LEVEQUE 65 PL 18 69 
LEE 66 PRL 1T 65 
EBERHARO 67 PR 103 1466 
EEERHA~O T8 PURDUE CONF. 267 

BIRMINGHAM,GLASGOW,I.C.Y OXFORD,RUTHERFORD 
÷RAU,SAMIOS,YAN&MOTO,GOLDEERD,÷ (ENL,SVRA) IJ 
÷GILNORE,KNIGHT,DAVIES+ 18IRM,CAVE.RHEL}I 
J BUTTON SHAFER iMASA+LRL) JP 
÷GOLDBERG,JAEGER,8ARNES,DORNAN + (SYRA,BNL) 

÷CHUNG, EISNER,FLAM[NIO÷ (BNL,SYEA) 
÷FRIEDNAN,PEIPSTEIN,ROSS (LRLI 
+BARNES, BASSANO, CHUNG, EISNER,÷IBNL,SYRA) 

PAPERS NOT REFERRED TO IN DATA CARDS 

+ (SACLAV,EPDL.GLASGDW,LOIC~OXF,RHEL) JR 
Y Y LEE, D D REFDER, R W HARTUNO {WISE) JR 
+ERIPSTEIN,SHIVELY,KRUSE,SWANSON (LRL,ILL)IJR 
EBERHARD (LBLIIJP 

IZ(1690) I 58 Y .1 (  1690 . . . .  ] I . . . . . . . . . . . . . . . . .  I . . . . .  

I J B ~ S  SEE THE MINI~REVUE AT THE START OF THE Y~ L IST INGS.  

SEE NOTE PRECEDING Y . l ( 1670 )  L ISTINGS,  SEEN IN PRO. 
EXPERINENTS ONLY, MAIN DECAY NODE IS LANBDA Ph  

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

50 Y t l ( I 690 }  MASS (MEV))PROD. EXP.) 

M 30(1715.0) (12.0) CDLLEY 67 H8C + K-P 6 GEVIC 8/67 
M PN 60(1696.0} 12~.0) PRIMER 68 H8C ÷ K-R 6.6-5 GEVIC 7/68 
M (L70O.O) (6.0) SIMS 68 HBC - K-N TO LAM R( P( [ I168 
N 6611682 .0 )  12 .0 ]  BLUMENFEL 69 HBC + KO LONG ÷ PEOTON 9 /69  
M (1700.0I (20.0) NOTT 69 HBC + K-P 5.5 GEV/C 9109 
M P SEE Y*111670) LIS~ING-AGU]LAR TO WITH THREE TIMES THE DATA OF 
M PN PRIMER 68 SHOW THAT THEY HAVE NO EVIDENCE FOR Y~(1690) 
M THIS ANALYSIS, WHICH IS OIFFICULT AND REQUIRES SEVERAL ASSUMPTIONS 
M AND SHOWS NO UNAMBIGUCCJS Y ' I (1690 l  SIGNAL, SUGGESTS JP=5/2+. SUCH A 
M Y* WOULD LEAD ALL PREVIOUSLY KNOWN Y~ TRAJECTORIES. 

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

58 Y* l ( I b90 )  WIDTH (MEVI (PROD. EXP. I  

w 80 ( lO0 .O)  ( 35 .0 )  COLLEY 67 HBC + 8167 
w bO (LOS.O) (35.01 PRIMER 68 ~8C + T168 
W N (62.0) [1~.0) SIMS 68 HBC SEE NOTE N ABOVE 11/68 

46 (25.0) (|O.O) 8LUMENFEL 09 HBC + 9169 W 
W ( ISO.O)  ( 25 .0 )  MDTT 69 HBC ÷ 9 /89  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

-_~ . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

58 Y t I ( L6901  MARTIAL DECAY MODES (PROD. EXP. I  

DECAY MASSES 
P( Y=I(16901 iNTO KBAR N 697. g39 
P2 Y ' l ( 1690 }  INTO LAMBDA P( l t l f i +  139 
P8 Y~1(1690)  INTO SIGMA PI liD?+ ~39 
P6 Y*H1690 )  INTO Y*1 (1385 I  ~I  1386÷ 139 
P5 Y*I( I6901 INTO LANROA P( Pl (INCLUDING P4) i i l 5+  139+ 139 

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

58 Y*I(1690) BRANCHING RATIOS (PROD. EXP.) 

R1 Y* [ ( [ 690 )  INTO [KBAP NI/(LAM8DA El) (P I ) / (PZ I  
RE 18 0.4 0.25 COLLEY 67 HBC ÷ 6/30 EVENTS 8167 
~1 10 .2 )  OR LESS MOTT 69 HBC + 9 /69  

R8 Y=1(1690)  INTO (SIGMA PI ) / ( LAM8OA P I I  (PS ) I IP2 )  
R2 0 .3  0 .3  COLLEY 67 HBC + 6 /30  EVENTS 8 /67  
R2 (0 .6 )  OR LESS CL=.BO MOTT 69 HEC + 9169 

R3 Y~1(1690)  INTO (Y~I(1385J PIII(LANBDA El)69 (P4} l IP2)  
R3 (0 .5 ]  OR LESS MOTT HEC ÷ 9 /69  

R4 Y= l ( 1690 )  INTO (LAMEDA PI  P I I / ( LAMBDA E l ) 67  (P511 (P2 )  
R6 0.5 0.2~ COLLEY HBC + 15/30 EVENTS 8167 
R4 Z.O O.b BLUMENFEL 69 HBC + 31 /1~  EVENTS 9169 
R6 . . . . . . . . .  
R4 AVG 0.72 0.53 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.3) 

R5 Y~ l ( 1690 )  INTO (Y ' 1 (1385 )  P l ) / ( LAMBDA PI  E l i  (P4 ) / (PS I  
R5 SMALL COLLEY 67 HRO + 6167 
R5 LARGE SIMS 68 HBC - K-N TO L2PI  11 /68  

REFERENCES FOR Y* I I 16~O)  (PRDO. EXP.)  

COLLEY 07 PL BED 489 
DERRICK 67 PRL 18 266 

RERLACED BY MOTT 69. 
PRIMER 68 PRL 20 610 
SINS BE PRL 21 1613 

8LUMENFE 69 PL 298 58 
MOTT 69 PR 177 1966 

(BIRM,GLAS,LOIC,NUNICH,OXFDRD,RHEL) I 
+FIELDS* LDKEN, AMMAR, (ARGONNE,NDRTHWEST) I 

+GOLOBERG, JAEGER, BARNES, ÷ (SYRACUSE,BNLI I 
+ALBRIGHT, ÷ (ESU,TUFTS.BRANOEIS) I 

B J 8LUMENFELD, G R NAL8FLEISCH (8NLI I 
+ANMAR, DAVISe KROPAC, ÷(NORTHWESTtARGONNE| [ 

PAPERS NOT REFERRED TO IN DATA CARDS 

AGUILAR-8ENITEZ,BARNES,BASSANO+ (8NL+SYRAI 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  



Baryons 
2;(1750), 2:(1765) 

i 8 2  

Data Card Listings 
For notation, see key at front of Listings. 

i z ( 1 7 5 o )  I o7 Y ' 1 ( 1 7 S 0 ,  JP'I'2-)Ill ~ 
SEE THE MINI-REVIEW AT THE START OF THE Y= LISTINGS. 

THERE IS NOW EVIDENCE IN THREE CHANNELS EOR AN $11 RE- 
SONANCE NEAR THIS ENERGY. INTERPRETATION OF THE SIGMA 
ETA THRESHOLD BUMP ON ITS OWN MERITS IS NOT CONCLUSIVE 

(CLINE 67) - -  MORE DaTA ARE NEEDED. OUT BY ANALOGY WITH THE SIMILAR 
N ETA AND LAMBOA ETA THRESHOLD EFFECTS, WHICH ARE ALMOST CERTAINLY RE- 
SONANCES, IT SEFMS VERY LIKELY THAT THIS TOO IS A RESONANCE. SEE THE 
RAPPORTEUR TALKE OF FERRO LUZZI 66 AND NEYER 67 FOR DISCUSSIONS* 

IN THE ENEPGY-INOEPENDENT PARTIAL WAVE ANALYSIS OF K- N TO LAMBDA 
PI ,  THE S l l  AMPLITUDE APPEARS TO RESONATE (ARMENTEROS 69 I .  IN 1968 IT 
APPEAREO TO RESONATE NEAI~ 1650 MEV (ARMENTEROS 68 ) ,  &NO MAS LISTED 
HEREIN AS A SFPARATE STATE. NOW IT HAS MOVED CLOSE ENOUGH TO THE 
OTHER EFFECTS TO 3E TENTATIVELY LISTED WITH THEN, BUT THE SIZE OF THE 
CHANGE IN THE MaSS SHOULO BE A HEALTHY WARNING THAT THE PARAMETERS 
GIVEN FOR RESONANCES IN LOWER PARTIAL HAVES FPOM SUCH ANALYSES ARE 
~;UGJECT TO LARGE CHANGE. (ARMENTERGS 70, FROM WHICH THE RESONANCE 
PARAMETERS ARE QUOTED, IS A SLIGHT UPDATING OF ARNENTEROS 69 . (  

THERE IS WEAKER EVIDENCE FOR THIS I~ESDNANCE IN AN ENERGY--DEPENDENT 
PARTIAL-WAVE ANALYSIS 06 ELESTIC AND CHARGE-EXCHANGE SCATTERING |CON- 
FORTO 71 ) .  

KIM Tl IN A MULTICHANNEL ANALYSIS FINDS A SURPRISINGLY LARGE 
ELASTICITY [ . 8 ) .  AND SMALLER AMPLITUDE IN THE LAMDDA Pl CHANNEL. 

VANHORN 72 FINDS A STATE SOMEWHAT BELOW THE SIGMA ETA THRESHOLD IN 
AN ANALYSIS OF THE LAMED& Pl CHANNEL. 

USING NfW DATA. JONES 76 FINDS A SIGMA ETA COUPLING OF 0 . 2 3 .  

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

57 Y~I ( ITSO) MASS (MEV) 

N NEAR SIGMA ETA THRESHOLD CLINE 67 DEC - K-N TO SIGMA ETA 9/66 
M ABOUT 1750.0 MEYER 67 RVUE 9f69 

ARMENTERG 70 HDOC -O K-N TO LANBDA PI  b/TO M ABOUT 1730,0 
M (1757.0 )  [ 1 0 . 0 I  CONF(3RTO 7E OPWA 0 ELASTIGt CH EXCH 6170 
M (1790 . )  KIN 71 DEW& K-NATMIX ANAL. 3/71 
M (1790 .0 )  ( I S . O )  LANGBEIN 72 IPWA NULT ICHANNEL 12/T2 
M (1697 . )  ( 2 0 . )  ( 1 0 . )  VANHORN 72 DPWA 0 K- P TO LAM PIO 2/73 
M 1 ( ITbO. )  ( 5 . )  JONES 76 O FIT SIGO ETA CS 117~r~ 
M I S-WAVE BH FIT TO THRSHLO C.S.t NO DKGND. ERRORS STATISTICAL ONLY llTAe 

- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

57 Y~'1(1730) WIDTH (NEV) 

W ABOUT SO.O MEYER 67 RVUE 9169 
W ABOUT EO*O ARNENTERE 70 HDBC -O K-N TO LAMDOA P l  6170 
w ( 5 5 . 0 )  ( l O . O l  CONFORTO 71 OPWA O ELASTIC. CH EXCH 6/70 
N ( 5 0 . )  KIN 71 DPMA K-MATRIX ANAL. 3/71 
W (lOO.O) (20 .0 )  LANGBEIN 72 IPWA MUL T ICHANNEL 12173 
w ( 6 6 . )  ( 1 4 . )  ( 1 2 . )  VANHORN 72 DPWA 0 K- P TO LAW PlO 2/78 
w l ( 9 2 . )  ( 7 . )  JONES 76 0 FIT SIG+ETA CS 1176~ 

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

57 Y~1(1750I PARTIAL DECAY MODES 

DECAY MASSES 
Pl Y* I (1T5Ol  INTO KBAR N 697+ 939 
P2 Y e l l  17S0) INTO SIGMA ETA 1197+ SA8 
P3 Y* I (1TED)  INTO LAMBDA PI 1115+ 136 
P4 Y* I ( ITEOI  INTO SIGMA P( 1197+ 139 

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

57 " Y * l ( I 7 5 0 )  BRANCHING RATIOS 

RI Y~1(17S0) 1NTO (KBAR N)/TOTAL ( P l )  
RI ( 0 . 1 2 )  (O.GS) CONFORTO T l  DPWA O ELASTIC, CH EX~H 6 /70  
R1 ( 0 . 8 )  KIM 71 DPWA K-MATRIX ANAL. 3/71 
RI ( 0 . ~ 5 I  (0.05) LANGBE IN 72 IPWA NULT ICHANNEL 12/72 

R2 Y*1(1750)  '~EOM KBAR N INTO SIGN& ETA SQRT(PL=P2) 
R2 SEEN CLINE 69 DEC - THRESHOLD BUMP 9169 
~2 1 ( . 2 3 )  ( . 0 1 )  JONES T¢ O FIT SIC+ETA CS 1176~ 

q3 Y* I (E750 )  FROP KBAR N INTO LANBDA PI SQRTIPL=P3( 
~3 ( - 0 . 2 5 )  ARNENTERO 70 IPWA - 0  K-N TO LAMBDA P l  6/70 
R3 )0 .09 )  NIM T l  OPNA K-MATRIX ANAL. S/TL 
R3 (0.30) 10.05) LANGBEIN 72 IPWA NULT ICHANNEL 12/72 
RE ( - . 1 1 )  ( . 0 4 }  VANHORN 72 OPWA O K- P TO LAW PID 2/71 

R6 Yel(17BO) FROM KBAR N TO SIGMA P l  SQRTIPI~PA) 
R6 ( 0 . 1 6 )  KIN 71 OPWA K--MATRIX ANAL. 3/71 
q4 IO.13]  ( 0 . 0 3 )  LANGBEIN 72 [ P W A  MULTI CHANNEL 12/72 

REFERENCES FOR Y*1(1700)  

OLIN& 67 PL 2BE ~I OLIN&, OLSSON , (NISCONSINIIJP 
MEYER 67 HFIOELBERG C 117 J MEYER (RAPPORTEUR) ISACLAY)IJP 
ArZqENTER 73 OUKE 123 ARMENTEROS,  BAILLQN. + (CERN,HEIDELIIJP 
CONFORTO 71 NP BB6 61 +LEVI SETTItLABINSKI..OBERLACK++ (EFI+HEIDI IJP 
KIM 71 P?-L 27 356 J X KIN IHARV)IJP 

ALSO 70 DUKE 161 J . K .  KIN (HARVIIJP 
LANGEEIN 72 NP 847 677 +WAGNER (NPINI IJP 
VANHORN 72 LRL-IB7O( THEE I S) A.J.VANHORN (LBLI IJP 
JONES T6 U* CHICAGO THESIS JONES (U.  CHICAGOIIJP 

PAPERS NOT REEERRED TO IN DATA CARDS 

FERRO-LU 66 tiE,KELLY CONF 180 M FERRO LUZZI (RAPPORTEUE) (CEMN) 
APMENTER 08 NP 08 181 ARMENTEROSt  8AILLON, ÷ (CEMN,HEIDEL,SACLAYIIJP 
APMENTER be LUND CONF PAPE R ARMENTERDS~ BAILLON~ + (CERN~HEIDELtSACLAYIIJP 
HARRISON 70 FSU-HEP 70 3 I H.C* HARRISON (THESIS) (FLU) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * e * * *  * * * , * * e , ,  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* *  * * *  

4S Y*1 (1765 ,  JP=5/2-1 I = L F ~  1 

I z ( 1 7 8 5 ) 1  sE . . . . .  . . . . .  VIEW AT THE S . . . .  OF THE Y *  LISTINGS. 

65 Y * I ( I 7 6 E )  MASS (NEV) 

M 1T6E.O 10.0 GALTIERI 63 DEC O K-D 1.51 8EV/C 
M 17S5.0 10.0 ARNENTER 6S HBC 0 K-P TO Y$1S20 PI 7/66 
N 1760.0 10.0 BELL 1 66 DBC - K-N TO Y~IS2D PI 7/66 
M N 1768.0 2.0 ARMENT-1 68 OPWA 0 ELASTIC, CH FXCH 11/68 
M N 17b8.0 6°0 8UGG 68 CNTR K-P, O TOTAL 11/66 
M 1775.0 7 .0  SMART 68 RVUE -0  K-N TO LAMBDA PI  7/68 
M f770 .0  IO.O COOL TO CNTR 
M 1765.0 10.0 GALTIERI 70 DPWA 
M N 1770.0 3.0 CCNFORTD 7E OPWA 
M I I TBS . I  NIM TL OPWA 
M 17S8.7 E.R EARLETTA 72 DPWA 
M 1765.0 R.O KANE 72 DPHA 
M N 1770.0 B.O LANGBEIN 72 IPWA 
M ITTA. 10. VANHOPN 72 OPWA 
M N ERROR STATIST. ONLY- NO ERROR DUE TO PARTICULAR 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 1.OI 

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

~S Y*1(1765)  WIDTH (NEV) 

K-P, O TOTAL lO/?O 
O K-P TO LAMDDA PI 7/70 
0 ELASTIC, CH EXCH b/TO 

K-NATRIX ANAL. 3171 
O KPPI 0 .8 - I .2GEV 12/72 
O K-P TO P I  SIG 10/71 

MULTICHANNEL 12/72 
O K- P TO LAM PIO 2170 
P.W.ANAL. INCLUDED 1/71 

W 6O.O lO.O GALTIERI 63 DBC O 
W 70.0 20.0 BfLL 2 66 OBC - 7166 
w 128,0 8.0 ARMENT-I b8 DPNA O ELAETIC, CH EXCH Ll lb8 
H l lO.O 7.0 8UGG 68 CNTR K-P,D TOTAL 7/A8 
W 166.0 R.O SMART 68 RVUE -O 7168 
w (100 .0 )  COOL TO CNTR N-Pt  0 TOTAL 10/70 
w 115.0 10.0 GALTIERI TO DPHA O K-P TO LAMED& Pl 7170 
N 1B2.0 10.0 CONFORTO 71 OPWA 0 ELASTIC, CH EXCH 6/70 
W (100 . )  KIN 71DDWA K-MATRIX ANAL. 3 / 7 l  
w 107.2 10.9 BARLETTA 72 DPWA 0 LAM(IS20)PI OH. 12/72 
H 120.0 38.0 KANE 72 OPNA 0 K-P TO PI SIG 10/71 
W 123.0 10.0 LANGBEIN 72 I R M A  MULTICHANNEL 12/72 
W 166. l B .  VANHORN 72 DPWA 0 K- P TO LAW PIO 2/73 
W . . . . . . . . .  
W AVG 116.0 7.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 . 5 )  

(SEE IDEOGRAM BELOW ) 

WEIGHTED AUERAGE = 116 .0  ± 7.9 
ERROR SCALED BY 2 .5  

CHIRR 

• UAHHDRH ? 2  DPWA 2 . B  

. . . .  LAHGBEIH 72 IPWfl 0 .S  

• KRNE 72  OPWR 

• B R R L E T T R  7 2  DPWA 0 . 7  

• COHFORTO 71 DPWR 2 .6  

• G A L T I E R I  7 0  DPWR 0 . 0  

• SMART 6B RUUE 11 .1  

• BUGG 6B CHTR 0 . 7  

• R R M E H T - 1  6B OPWR 2 , 2  

' . B E L L  2 6 6  DBC S,3  

(COHLEU 
go I0o Iso 200 2so =o.ooo~ 

Y m 1 ( 1 7 6 B )  WIDTH ( M E U )  

. ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

45 Y t l (ET6S(  PARTIAL DECAY MODES 

DECAY MASSES 
Pl Y,1(176S)  INTO KBAR N 697+ 939 
P2 Y*1(1765)  INTO LANDOR PI 1115+ 13A 
PE Y * l ( 1 7 6 5 )  INTO Y*O(1B2O) PI 1018+ 139 
P6 Y11(1765) INTO Y*1{1385)  P[ 1386~ 139 
P5 Y*1(1765)  INTO SIGMA PI 1197+ 139 
P6 Y$1(176S) INTO SIGMA ETA 1197+ $68 
P7 Y * 1 N T 6 5 )  INTO SIGMA PI Pl 11R7÷ 139+ 139 

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

~ ITTED PARTIAL DECAY MODE BS.ANCHING PI~kCTIONS 

T h e  r n A t r ~  b e l o w  I s  d e r i v e d  E r o m  t h e  e r r o r  r n a t r ~  f o r  t h e  f i t t e d  p a r t l a l  d e c a y  m o d e  

b r a n c h i n g  f r a c t i o n s .  P i '  a s  f o l l o w s :  T h e  d i a ~ o n a l  e l e m e n t s  a r e  P i ~ G P l  , w h e r e  

6 P  i = . . ~  w h ~ e  t h e  o ~ - d i & ~ o n & 1  e l e m e n t l  a r e  t h e  n o r r l ~ l l z e d  c o r r e l a t i o n  c o e l f l -  

c i e n t s  ~GPIBP j ) / ( E P  i . 6 P j ) .  F o r  t h e  d e £ L u l t i o n s  DE t h e  m d l v i d u & 1  P l  0 s e e  t h e  l i s t i n B i  

a b o v e ;  o ~ y  t h o s e  P i  a p p e a r i n g  ~ t h e  ~ t r ~  a r e  a l s u r r ~ d  ~ t h e  Ei t  t o  b e  n o n z e r o  a n d  

a r e  t h u s  c o n s t r a i n e d  t o  a d d  t o  I .  

Pt  P 2  P B  P 4  P S  P 6  
P 1 .6113+- .0169 
P 2 .1061 ,1320+- .0168 
P 3 .0887 ,0372 .1S66÷- .0328 
P 4 .1129 .0117 .OLD0 .1028+o.0375 
P S - . 1192  - . 0 1 2 6  - .O lO6  - . 0 1 3 5  .0118+- .0040 
P 6 - . 6 3 1 0  - . 1 6 5 6  - . 6 0 2 5  - . 6 8 1 3  - . 0 1 6 5  .1853+- .0585 

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



i 8 3  

Data Card Listings 
For notation, see key at front of Listings. 

45 V*1 ( IT65 )  BRANCHING RATIOS 

ERRORS QUOTEO BY EXPERIMENTERS 00 NOT INCLUDE UNCERTAINTY DUE 
TO PARAMETR[ZATION USED IN THE P .N .A .  THEY SHOULD BE INCREaSEO. 

R1 Y$1 (1765 )  INTO (KBaR NI ITOTaL (P l )  
RI 10 .6 )  GALTIERI 63 HBC 0 K-P RVUE 
R1 0 .58  0 .09  UHLIG 67 HBC 0 9 /66  
RI O.~B 0 .01  ARMENT-I bB OPMA 0 ELASTIC[ CH EXCH 11 /68  
R I  ( 0 . 37 )  8UGG 68 CNTR 11 /66  
R1 0 .36  0 .02  8RICMAN1 70 DPWA SIGTOTtELAS.CHEX 1 /71  
RI  (O .A)  COOL 70 CNTR K-P*  0 TOTAL [OITO 
RI 0 .86  0 .02  CONFORTO 710PWA 0 ELASTIC, CH EXCH b/TO 
RI ( 0 . 42 )  KIN 7 [  OPNA K-MATRIX ANAL. 3 / 71  
RL 0 .39  O.Ol LANGBEIN 72 IPWA MULTICHANNEL 12172 
R[ . . . . . . . . .  
RE AVG 0 .409  0 .021  AVERAGE (ERROR INCLUOES SCALE FACTOR OF 3 .3 )  
g l  F IT  O .61 l  0 . 017  FROM FIT  (ERROR INDLUOES SCALE FACTOR OF 2 .7 )  

(SEE IDEOGRAM BELOW ) 

WEIAHTED RUERR6E = 0 ,409  * 0 . 02 t  

ERROR SCRLEO BY 3 .3  

t . 
0 .2  0 .4  

Y I I ( I ?6S )  INTO 

Values  above  of we igh ted  a v e r a g e ,  
e r ro r~  and s c a l e  f a c to r  a r e  for  the  
r eade r  e s conven ience  on l y .  The  
da ta  w e r e  act~mlly p rocessed  by a 
c o n s t r a i n e d  f i t  p rog ram~ which  
c a l c u l a t e s  i t s  own va lue s  of x, 6x, 
and s c a l e  f a c t o r ,  which  a r e  d l£ fe r -  
ent  f r o m  the  va lue s  shown h e r e .  

CHISQ 

. . . . . . . .  LRNGBEIN  72  IPUR 3 .5  

. . . . . . . .  CONFORTD 71  DPNR 5 .9  

. . . . . . . .  BRICMRNi 70  DPWg 5 .9  

. . . . . . . .  RRMENT- i  BB DPWR ~? .1  

= UHL I6  67  HBC 

3 2 . 4  

(CONLEU 
0 . 6  O.  ~B =0 .0001  

(KBRR N ] /TQTRL  

R2 
R2 

R2 
R2 
R2 
R2 
R2 

R3 

a3 
R3 
R3 

RA 
RA 

R5 
RS 
~5 
R5 

R5 

:I 
R7 
R7 

R8 
R8 

RD 
119 
R9 
R9 

Y '1 (1765 )  FROM KBAR N INTO LaNBDA PI  SQRTIPI *P2)  
- 0 . 266  0 .017  SMART 68 OPWA -0  K-N TO LAHBOA Pl  7 / 68  
- 0 . 22  0 .03  GALTIERI 70 DPWA 0 K--P TO LAMBOA Pl  7 / 70  
( 0 . 30 l  KIN 71 DPWA K-MATRIX ANAL. 3 /71  

0 .15  O.OA LANGBEIN 72 ipwa MULTICHANNEL 12 /72  
- . 28  . 06  .OR VANHORN 72 DPWA 0 K-  P TO LAM PIO 2 /73  

AVG MOO 0 .245  0 .022  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,71 
F IT  0 .233  0 .016  FROM FIT  {ERROR INCLUDES SCALE FACTOR OF 1 .S)  

Y *1 (1765 )  FROM KBAR N INTO Y*O(1B20)  P| SQRT(PI*P3) 
0 . 27  0 .03  ARMENTERO 68 HE~C 0 K-F TO Y* IS20  P I  9 / 66  
0 .31  0 .02  8ARLETTA 72 OPWA 0 K-P TO Y*[SEO Pl  1ELI2  

AVG 0 .298  0 .018  AVERAGE (ERROR INCLUOES SCALE FACTOR OF 1 .1 )  
F IT  0 .2SA 0 .028  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2 .1 }  

Y * l ( 176S)  FROM KERR N INTO Y* I ( 138E)  Pl SQRT(PlePA) 
A ( 0 . 26 )  ( 0 . 03 I  ARMENT-2 67 HBC 0 K-P TD LAM PI PI  8 / 67  

10 .32 (  (O.Ob)  SIMS 68 00C - K-N TO LAM Pl  PI  I 1 / b8  
SIMS 68 USES ONLY CROSS-SECT. DATA. RESULT USED AS UPPER L IM IT  ONLY 3 /72  

F IT  0 .206  0 .088  FROM ~ IT  

Y .1 (1765 )  FROM KBAR N INTO SIGMA PI  SQRT(PL*PE) 
O.OT 0 .02  ARMENTERO 67 OPNA 0 K-P TO SIGMA PI 8167 

+0 .06  0 .03  OALTIERI 70 DPWA 0 K-P TO SIGMA P I  7170 
(0 .09 )  KIR 710PWA K-MATRIX ANAL. 3 /71  
÷0 .076  0 .017  KANE 72 DPWA 0 K-P TO PI  SIG 10171 

0 .09  OR LESS LANGBEIN 72 IPWA NULTICHANNEL 12 /72  

AVO 0 .070  0 .012  AVERAGE (ERROR INCLUDES SCALE FACTOR OF t .O )  
F IT  0 .070  0 .012  FROM FIT  tERROR INCLUDES SCALE FACTOR OF 1 .0 )  

Y .1 (1765 )  INTO (LANBOA FIII(KBAR N) IP2 l / (PL )  
0 . 33  0 .05  UHLIG 67 HBC 0 K -P~ .9  GEVIC 9/bb 

FIT  0 .321  0 .062  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .B )  

Y * I ( 1TAS(  INTO (V *O( [SZOIP I I / (KEAR N) (P3 ) / (P l l  
0 . 28  0 .05  UHLIG b7 HEC 0 K -P , . 9  GEV/C 9 /bb  

F IT  0 .38 l  0 . 080  FROM F IT  (ERROR INCLUDES SCALE FACTOR OF 2 .1 (  

Y t I ( 1765 I  INTO (Y * l ( 138S(P [ ) / (KBAR N) (PA l / (P t )  
0 . 25  0 .09  UHLIG 67 HBC 0 K -P , . 9  GEV/C 9166 

F IT  0 .280  0 .091  FROM FIT  (ERROR INCLUDES SCALE FACTOR OF | . 0 )  

Ye l ( 1765 )  INTO (SIGMA El P l ) /TOTAL  (PT) 
P ( 0 . 1 2 )  ARMENT-2 68 HDBC -0  K-N TO SIG Pl P l  11168 
P FOR ABOUT B/A OF THIS,  THE SIGMA F ]  SYSTEM HAS I -O  ANO IS ALMOST 
P ENTIRELY Y$0 (1S20 ) .  FOR THE OTHER L/A~ 7HE SIGMA F( HAS ] - 1 .  THIS 
P IS A80UT WHAT IS EXFECTED FROM THE KNOWN RATE Y*1 (1768 (  TO Y$ [ (L38S)  
P Pl, AS SEEN IN LAMBOA PI PI. 

Baryons 
)'(1765), ~(1840), I:(1880) 

REFERENCES FOR Y '1 ( [ 765 )  

GALTIERI 63 PL 6 296 A EaRBARO--GALTIERI~A HUSSAIN,RD TRIPP (LRL ) I J  
ARNENTER bE PL 10 338 ARMENTEROS, • (CERN, HEIDEL8ERG,SACLAYIIJP 
BELL 1 66 PRL 16 203 R 8 BELL. R N BIRGE, Y-L PAN, R T PU (LRL I I JP  
BELL 2 66 UCRL- Ib93b  THESIS R B BELL (LRL I I JP  
ARNENTER 67 PL 260 198 ARMENTEROS,FERRO-LUZZI+ (CERN~HEID,SaCLAYIIP 
ARMENT-2 67 ZEIT .PHYS.202 486 ARNENTEROS,FERRO-LUZZI+ (CFRN.HEID,SACLAY) 
UHLIG 67 Pq 158 1~68 +CHARLTON,CONDGN,GLASSER,YODH,+ (UNOtNRLI 

ARNENT-1 b8 NR 08 |gB 
ARNENT-2 68 NE 88 216 
EUGG 68 PR t b8  [ 66b  
SIMS 68 PRL 21 1~13 
SMART b8 PR 109 1330 

OalCMaN1 70 PL 338 511 
COOL TO ER 01 1887 
GaLTIERI  70 OUKE CONF 1TB 

CONFDRTO 71NP 836 41 
KIP 71PRL  27 356 

ALSO TO DUKE 161 

BARLETTA 72 NP B40 65 
KANE 72 PR 05 1583 
LANGBEIN 72 NP 067 477 
VANHORN 72 LBL~1370(THESISI  

ARNENTEROS, EAILLON. + (CERN,HEIDEL,SACLAYIIJP 
aRNENTEROS, 8AILLON, • (CERN,HEIDEL,SACLAY) I 
• GILNCRE,KNIGHT,OAVIES+ (8IRM,CAVE,RHELII 
SIMS,ALBRIGHT,BARTLEY,MEER÷ (ESU,TUFT,BRAN| 
W M SMART (LRLIIJP 

+FERRO-LUZZI,LAGNAUX (CERNI 
+GIaCOMELLI, KYCIA, LEONTIC, LI, ÷ (8NL) I 
i BARBARO-GALTIERI (LRL)IJP 

÷LEVI SETTI,LASINSKI..OBERLACK+÷ (EFI+HEID)IJP 
J K KIN (HARV)IJR 
J. K. KIN IHaRV)IJP 

W.A, 8ARLETTa (EF I )  I JP  
D F KANE (LBL ) I JP  
+WAGNER (MFIM)IJP 
a.J.VANHORN (LBL ) I JR  

PAPERS NOT REFERRED TO IN OATA CAROS 

FENSTER 66 FRL 17 861 +GELFANO,HAaMSEN,L-SETTI,÷ (CH IC*ANL(CERN) ) I JP  
- -  FENSTER 66 IS SUPERSEDED BY 8aRLETTa 72 

CONFORTO 68 NP 88 265 ÷HARMSEN. LAS INSK I t  + (CHICAGO,HEIOEL) IJP 
SUPERSEDED 8Y CONFORTD 71 .  

HARRISON 70 FSU-HEP 70 3 1 W.C. HARRISON (THES1SI (FSU) 
PREVOST 71 AMSTERDAM CONF + CHS COLLABORATION (EERN+HE|O~SACL) 

i z ( a 8 4 o )  I . . . . .  , ..... SEE THE MINI-REVIEWS PRECEDING THE Y~O*S. 

FOR THE TIME BE(NG, WE LIST THESE TWO CLAIMS 
TOGETHER. 

0 1  Y* I ( 1880 )  MASS (MEV) 

M 1840 .0  ( 10 .0 )  LANGBEIN 72 IRMA NULTICHANNEL 12 /72  
M 1925.  ( 200 . )  VANHORN 72 OPWA 0 K-  P TO LAM RIO 2 /73  

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

O1 Y* I ( 18401WIOTH (MEVI 

W 120 .0  ( 10 .0 |  LANGBFIN 72 IPWA MULTICHANNEL 12172 
N 65 .  ( 50 . )  ( 20 . )  VANHORN 72 DFWA O K-- P TO LAM RIO 2 /73  

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

O1 Y*1 (1860 (  PSRTIAL DECAY MODES 

DECAY MASSES 
RI Y~1 (1860 )  INTO KOAR N 497+ 939 
P2 Y ' 1 (1860 )  INTO SIGMA Pl 1197+ 139 
P3 Y* l ( 18ADI  INTO LAMEDA PI  1115+ 134 

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

01 Y*1 (18AO)  8RANCHING RATIOS 

RI Y .1 (1840 )  INTO (KBAR NI/TOTAL IF1 )  
R1 0 .87  ( 0 . 13 )  LANGBEIN 72 IPWA MULTICHANNEL 12/72  

R2 Y~ I (L8601  FROM KBAR N INTO EIGMA Pl SQRT(PI*P2I  
R2 0 . [ 5  ( 0 . 06 )  LANGBEIN 72 IRMA MULTICHANNEL 12 /72  

R3 Y~ I (1BAOI  FROM KEAR N INTO LAMBOA P l  SORT(P[*PB) 
R3 0 .20  ( 0 . 06 )  LANGBEIN 72 IPWA MULTICHANNEL 12/72  
R3 ÷.Oh ( . 06 )  VANHORN 72 OPNA 0 K-  P TO LAM RIO 2 /73  

REFERENCES FOR Y ,1 (1860 )  

LANGBE[N TZ NP 847 677 ÷WAGNER (MP IM) I JP  
VANHORN 72 L8L-13TOITHES1S) A.J.VANHORN (L8L ) I JP  

. . . . . . . . . . . . . . . .  , , , ,  "2:"2:111121"i. ..ii:i'i:i" . . . . . . . . . . . . . . . . . . . . . . . . .  
=  IBBOsl E . . . . . .  INI-REV,E . . . . . .  S . . . . . . . . . . . .  ISTINOS. 
I m 

SUCH A RESONANCE IS SUGGESTED BY SOME BUT NOT ALL 
PARTIAL-WAVE ANALYSES ACROSS THIS REGION. UNTIL THERE 
(S MORE EVIDENCE, WE OMIT THIS STATE FROM THE RAIN 
BARYON TABLE. 

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

67 Y .1 (1880 i  MASS (MEVl 

M 1882 .0  60 .0  SMART 68 OPWA -0  K-  N TO LAN Pl 7168 
M (1850 .0 )  BAILEY 69 DPNA 0 ELASTIC, CH EXCH [O/TO 
N ABOUT 1850 .0  ARMENYERO 70 IPNA -0  ELASTIC, CH EXCH 6 /70  
N 19S0.0  50 .0  GALTIERI 70 DPWA -0  K -  N TO LAM Pl 7170 
M 1920 .0  30 .0  L ITCHFIEL 70 DPWA -0  K-  N TO LAM PI 6170 
N (1772 .01  KANE 72 OPWA K-P TO SIGMA P| 1 /73  
M 1985.  BO. VaNHORN 72 DPWA 0 K -  P TO LAN PIO Z /73  
M 2 ( 1898 . )  LEA 73 OPWA MULTICHNL K-MTRX 9 /73 *  
M 2 ONLY UNCONSTRAINED STATES FROM TABLE 1 OF LEA73 ARE IN L ISTINGS.  9173~ 
M 
M aVG 1925 .6  19 .9  AVERAGE tERROR INCLUDES SCALE FACTOR OF I .O )  



Baryons 
T(1880), T(1915) 

67 Y*1 (1880 )  WIDTH (MET)  

w 222 .0  150 .0  SMART 68  DPWA -0  K -  N TO LAM P I  7168  
w (200.0)  BAILEY  69  DPWA 0 ELASTIC, CH EXCH 10/70 
W ABOUT 30 .0  ARMENTERO ?0 IPWA -0  ELASTIC, CH EXCH 6170 
W 200*0 50.0 GALTIBR| 70 OPWA -0 K- N TO LAM P) 7/70 
W 170.0 60.0 LITCHFIEL 70 DPWA -0  K-  N TO LAM Pl b/TO 
W (80.0}  KANE 72 DPWA K-P TO SIGMA P) 1173 
W 220o 160. VANHORN 72 OPWA 0 K- P TO LAM PIO 2173 
w 2 ( 222 .2 )  LEA 73 OPWA MULTICHNL K-MTRX 9173 ,  
W 
W AVG 185.0 29o9 AVERAGE }ERROR INCLUDES SCALE FACTOR OF 1o0) 

67  Y* I ( IBBO)  PARTIAL DECAY MODES 

DECAY MASSES 
PI  Y~ l ( 1B80 )  INTO KBAR N 497+  939  
P2 Y*1 (1880 )  INTO LAMBDA PI  I I 15+  134  
P3 Y , l ( 1880 )  INTO SIGMA Pl I IgT+ 130 

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

67 Y* I ( IBBO) BRANCHING RATIOS 

R1 Y* I ( IB80J  INTO (KBAR N) /TOTAL  (P l )  
R I  (0.221 BAILEY 69  DPWA O ELASTIC, CH EXCH 10170  
R1 (0 .20 )  ARMENTERO 70 IPWA -O ELAST IC ,  CH EXCH 6 /70  
R1 2 ( . 31 )  LEA 73 OPWA MULTICHNL K-MTRX 9 /73~  

R2 Y* l (1880 )  FROM KBAR N INTO LAMBDA PI SQRT(PI$P2) 
R2 -0 .1 l  0 . 03  SMART 68  DPWA -O K -  N TO LAM Pl  7168  
R2 -0 .09  0 *04  GALT IER I  70 OPWA -O K -  N TO LAM P I  7 / 70  
R2 -O.L4 0.03 LITCHFIEL 70 DPWA -O K- N TO LAM PI 6170 
R2 + .05  . 07  . 02  VANHORN 72  DFWA O K -  P TO LAM P IO  2 /73  
R2 2 ( - , 3O l  LEA 73 OPNA MULTICHNL K-MTRX 9 /73*  
R2 . . . . . . . . .  
R2 AVG HOD 0.107 0.017 AVERAGE (ERROR INCLUDES SCALE FACTOR DF [ .O )  

~3 Y*L (18BOI  FROM KBAR N TO SIGMA Pl  SQRT(P I~PJ I  9 / 73=  
P3 ( - . I 08 )  KANE 72 DPWA K-P TO SIGMA Pl 917B*  
Q3 2 NOT SEEN LEA 73 DPWA MULTICHNL K-MTRX o /73e  

REFERENCES FOR Y '1 (18801  

SMART 68 PR 16R 1330  w M SMART (LRLI IJP 
BAILEY 69 THESIS UCRL-50617  DAVID SAAL BAILEY ( LRL  LIVERMOREIIJP 
ARMENTER 70 DUKE CONE 123 ARMENTEROS, BAILLON, + (CERN, HEIDBLIIJP 
GALTIERI TO DUKE CONF 173 A BARBARO-GALTIERI (LRLI IJP 
LITCHFIE 70 NP 822 269 P J LITCHFIELD [RUTHERFORDIIJP 
KANE 72 RR 05 1583 D F KANE [LBL) 
VANHORN 72 LBL-L370(THESIS) A.J.VANHDRN (LBL) IJP 
LEA 73 NP B5b 77 +MARTIN,MDDRHOUSE* (RHEL+LOUC+GLAS*AARHUSIIJP 

46  Y* I ( 1915 ,  JP=512+) I =11F~ I  

Jz(191Bll . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' - - - - 1  S,  

THIS RESONANCE WAS FIRST SEEN IN THE TOTAL-CROSS-SEC-  
T ION MEASUREMENTS OF COOL 66. IN THIS ENTRY, HDWEVER, 
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 SECTIONS AND INVARIANT-MASS DISTRIBUTIONS. WE MAKE THIS 
SEPARATION BECAUSE ONLY THE PARTIAL-WAVE ANALYSES ISOLATE THE FIE WAVE 
(OR AT LEAST ATTEMPT TO - -  THE SIGNAL IS WEAK). THIS MASS REGION IS 
COMPLICATED AND POORLY UNDERSTOOD AND THE PEAKS MAY CONTAIN MORE THAN 
JUST THE Y* I ( l g lS ) .  SEE ALSO THE NOTE TO THE NEXT ENTRY. 

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

~6  Y.1(19151 MASS (MEV}  

M 1002.0 I I . 0  SMART 68  DPWA -O K-N TO LAMBDA Pl 7/68 
M 1910.0 20.0 BERTHON TO DPWA 0 K-P TO LAMBDA P l  7170 
M 1900.0 15.0 BERTHONI ?O DPWA 0 K-P TO SIGMA Pl 10170 
M N 1936.0 {3 .0 )  BPICMANI 70  DPWA SIGTOT,ELAS,CHEX 1/71 
M 1903 .0  lO .O  COX 70  DPWA - K~N TD LAMBGA P I  6 / 70  
M 1905 .0  30 .0  GALT IER1  70  OPWA O K -P  TO LAMBDA P I  7 / 70  
M 1895 .0  10 .0  L ITEHF IEL  70  DPWA -O K-N TO LAMBDA P I  6 / 70  
M B (1985o01 (21°0)  ISLAM 71DPWA KN--PI -SIG *12 /72  
H B DISCREPANCY DUB POSSIBLY TO INSUFFICIENT STATISTICS 
M 1910. 15. LITCHFIE 71DPWA K-R TO KBAR N 10/71 
M 1925.0 8.0 KANE 72 DPWA 0 K--P TO Pl SIG 10171 
M 1920 .  . 15  °20  VANHORN 72 DPWA O K -  P TO LAM PIG 2 /73  
M N ERROR STATIST. ONLY- NO ERROR DUE TO PARTICULAR P.W.ANAL. INCLUDED I171 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = l .O )  

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

~6 Yt I ( 1911 )  WIDTH (MEV) 

W ~ (SO.Of ( 20 .0 )  ARMENTERI 67 DPWA O ELAST IC ,  CH EXCH 11167 
W 52.0 25.0 SMART 68 DPWA --0 R-N TO LAMBOA P) 7/68 
W 60.0 20.0 BEPTHON 70 DPWA 0 K-P TO LAMBDA P) 7/70 
w 75 .0  20 .0  BERTHON1 7O DPWA 0 K-R TD SIGMA P I  10 /70  
w 135 .0  I 2 . 0  BRICMANI 70 DPWA SIGTOT,ELAS,CHEX 1 /71  
w 77 .0  27 .O  COX 70  DPWA - K -N  TO LAMBDA P l  blTD 
W 70 .0  20 .0  GALT IER I  70  DPWA 0 K -P  TO LAMBOA P)  717D 
W 70 .0  1S .0  L ITCHF IEL  70  DPWA -0  K-N TO LAMBDA P [  ' 6 / 70  
W B ( 150 .0 )  ( 80 .0 )  ISLAM 710PWA KN- -P I -S IG  12172 
W TO. 15 ,  LITCHFIE 71DPWA K-P  TO KBAR N I 0 / 7 [  
w 1R6 .0  22.0 KANE T2 OPWA 0 K -P  TO Pl SIG 10 /71  
w 102 .  18 .  VANHORN 72 DPWA 0 K -  P TO LAM PIO  2173  
w A LACK OF DATA PREVENTS FROM DETERMINING UNAMB. THIS AMPLITUDE 11167 
W 
W AVERAGE MEANINGLESS (SCALE FACTOR = 1.9)  

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

• 6 Y * l ( 19 IS )  PART IAL  DECAY MODES 

OECAY MASSES 
Pl Y , I ( 1915 )  INTO KBAR N 697+ 939 
P2 Y* I { 19 IS )  INTO LAMBOA P l  1115+ 139 
P3 Y* I [ 1915 )  INTO SIGMA P) 1197+ 139 

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

184 

Data Card Listings 
For notation, see key at front of Listings. 

66 Y* l ( 1915 )  BRANCHING RATIOS 

R1 Y ' I ( 1915 )  INTO (KBAR N) /TDTAL  (P l )  
RI A (0 .12)  ( . 01 )  ARMENTERI 67 DPWA 0 ELASTIC. CH EXCH 11167 
RI  O.iE (0 .02 )  BRICMAN| 70 DPWA SIGTOT,ELAS,CHEX I171 
R1 0.11 {0 .03)  CONFORTO 71 DPWA 0 ELASTIC, CH EXCH 6/70 
RE 0.15 TO.OR) LITCHF)E 71DPWA K-P TO KBAR N 10171 

R2 Y* I ( I ? I 5 )  FROM KBAR N INTO LAMBOA PI  SQRT(P I *P2 )  
R2 -O .D8  (0 .02 )  SMART 68 DPWA -0  K-N TO LAHBDA PI 7 /68  
R2 -O . I  ( 0 . 02 )  EERTHON 70 DPWA 0 K -P  TO 1AMEDA P I  7170  
R2 -0°09  (0°02)  COX 70 OPNA - K-N T0 LAMBDA P[ b/70 
R2 -O . l l  ( 0 .03 )  GALTIERI 70 DPWA 0 K-P TO LAMEDA Pl  7170 
~2 - 0 .07  (O.OI5)  LITCHFIEL 70 DPWA -O K-N TO LAMBDA PI 6170 
R2 - . 09  .02 VANHORN 72 DPWA 0 K- P TO LAM PlO 2178 

~3 Y* I ( I 915 )  FROM KBAR N INTO SIGMA Pl SQRT(P I *PE)  
R3 A (O.O0) ( 0 . 01 )  ARMENTERD 67 DPWA O K-P  TO SIGMA Pl 11 /67  
R3 --0.13 (O.03l  BERTHONI TO DPWA 0 K-P TO SIGMA Pl lO /TO  
R3 -0 .06  (0 .03 )  GALTIERI 70 DPWA 0 K-P TO SIGMA P l  7/70 
R3 B (0 .06 )  (O.O2l ISLAM 710PWA KN--PI-SIG 12/72 
R3 -0 .137  (O ,O IE )  KANE 7Z DPWA O K-P  TO P I  S IG 10 /71  

REFERENCES FOR Y ' I ( 1915 )  

ARMENTER 67 PL 148 198 ARMBNTEROS,FERRO-1UZZI+ (CERN,HEID,SACLAY) 
ARMENTE1 67 NP 83 592 ARMENTEROS.FERRD-LUZZ)+ (CERN,HEIO,SACLAY1 
SMART 68 PR 169 IB3O W M SMART (LRLI IJP 

BERTHON 70 NP 820 476 +RANGANt VRANA, +(COL FRANCE, RHEL, SACLAYIIJP 
BBRTHON[ 70 NP 824 417 +VRANA, BUTTERWORTH, + (CDEF, RHEL, SACLAY)IJ 
BRICMAN1 TO PL EBB 511 ÷FERRD-LUZZhLAONAUX (CERN) 
COX 70 NP 819 61 +ISLAM, COLLEY, + (81RM,EDIN,GLAS,LOICIIJP 
GALTIERI TO DUKE CONF 1TB A BARBARO-GALTIERI (LRL)IJP 
LITCHFIE TO NP 822 269 P J LITCHFIELD (RUTHERFORD)IJP 

CONFORTO 71NP R34 41 +LEVI SETTI,LASINSKI..OBERLACK++ (EF[*HEID) IJP 
ISLAM T I  PJSIR 14 BO5 +COX,COLLEY,HEATHCOTE tBIRM) IJP 

PAKISTAN J .  SET. IND. P=S. 
LITCHFIE T1NP BEO 125 LITCHFIELD,...+LESQUDY.+.. (RHEL+COEF+SACLJ)JP 
KANE 72 PR D5 1583  D F KANE (LBL ) I JP  
VANHORN 72 LEL-13TO(THESIS) A.J.VANHORN (LB I ) I JP  

PAPERS NOT REFERRED TD IN DATA CARDS 

SMART 66 PRL 17 556 W M SMART,A KERNAN,G E KALMUS,R P ELY (LRL)IJP 
SUPERSEDED BY SMART 68. 

CONFORTO 68 NP 88 265 +HARMSEN, LASINSKIt + (CHICAGO. HEIDEL) 
SUPERSEDED BY CGNFORTO 71. 

= 

1 9 1 5  MEV REGION - PRODUCTION AND O'TOT. ~ EXP'TS 
29 Y'1 (1915 ,  JP= ) I = l  

SEE THF MINI-REVIEW AT THE START OF THE Y~ LISTINGS. 

SEE THE NOTES TD THE Y~I(1715) AND Y*L(1060) ,  WHICH 
IMMEDIATELY PRECEDE AND FOLLOW THIS ENTRY. HERE WE 
LIST ONLY PARAMETERS OP PEAKS SEEN IN CROSS SECTIONS 

AND INVARIANT-MASS DISTRIBUTIONS. THE CROSS-SECTION PEAKS ARE ALMOST 
CERTAINLY ASSOCIATED WITH THE FI5 Y~1{1915) SEEN IN PARTIAL-WAVE 
ANALYSES. THE INVARIANT-MASS PEAKS SEEM MORE LIKELY TO BE ASSOCIATED 
WITH THE NOT-COMPLETELY-ESTABLISHED WITH THE 013 Y~(1950).  

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

29 Y* I ( 1915 )  MASS (MBV) (PROD. EXP.) 

M CROSS-SECTION PEAKS - -  
M 1905.0 5.0 BUGG 68 CNTR K-P. D TOTAL 11/66 
M 1906.0 6.0 BRICMAN 70 CNTR O TOTAL AND CH EX 6/70 
M 1912.0 iO.O CODE 70 CNTR K-P, O TOTAL I0170 
M INVARIANT-MASS-DISTRIBUTION PEAKS - -  
M (1962.0)  (g.O) BDCK 65 HBC PBAR P 5.7 BEV/C 
M 1040 .0  11 .0  AGUILAR 70  HBC + 3 .9 -4 .6  GEV/C K -  5 / 70  
M ELASTIC DCS - -  2/73 
M I 1931. 9 .  DADO 72 HBC 0 K-P  ELSTC DCS . 2/73 
M I G7 INDICATED BY LEGENDRE CDEPFS.,Gg NOT RULED OUT. 2173 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 1.9)  

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

29 Y* I (1915 )  WIDTH (MEV} (PROD.  EXP . )  

w CROSS-SECTION PEAKS - -  
w 6O.O lO .O  BUGG 68 CNTR l l l bb  
w 50.0 12.0 BRICMAN TO CNTR 0 TOTAL AND CH EX 6/70 
w (30 ,0 )  COOL 70 CNTR K -P ,  D TOTAL 10170  

INVARIANT-MASS-DISTRIBUTION PEAKS - -  W 
W (36.0)  (20 .0 )  (36 .0 )  BOCK 65 HBC 
W 90.0  20.0 AGUILAR TO HBC * 3 . 9 -6 .6  GEVIC K- 5/70 
W ELASTIC DCS - -  2 / 73  
w 1 70. I ~ .  DAD0 72 HBC 0 K-P ELSTC DCS 2 /73  
W 
W AVERAGE'MEANINGLESS*(SCALE''''°°" FACTOR = 1 .1 )  

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

29 Y* I (L915)  PARTIAL DECAY MODES (ORDO. EXP.) 

DECAY MASSES 
PI Y$111915) INTO KBAR N 697+ 939 
P2 Y* I ( 1915 )  INTO LAMBDA P l  1115+ 134 
PS Y~I(1915) INTO SIGMA Pl 1197+ 139 

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

29 Y=I(1015) BRANCHING RATIOS IPROO.  EXP . )  

R1 Y '1 (1915 )  INTO (KBAR N} /TOTAL  (P I )  
R I  THESE VALUES OF ELAST IC IT IES  ASSUME J=5 /2  - -  

RI O.O6 8UGG 68 CNTR ASSUMING J=512 6/68 
RI O.OT 0.02 BRICMAN 70 CNTR 0 TOTAL AND CH EX 6/70 
R1 0.07 CeOL 70 CNTR K--P, O TOTAL 10/70 
RI 1 THIS ELASTICITY ASSUMES J=7 /2  2 /73  
R |  l . 62  . 08  DADD 72 HBC O K -P  ELSTC DCS 2 /73  
R1 . . . . . . . . .  
RI AVG 0 . I 0  0.13 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 6.7)  



i 8 5  

Data Card Listings 
For notation, see key at front of Listings. 

R2 Y '1 (1915 }  INTO (KBAR NI/ISIGNA RE) (P t I / (P3 )  
R2 (.BIT DR LESS BARNES 69 HBC + I STAN. DEV. 10/69 

RB Y* I i I 915 )  INTO ILAMEDA PI)I(SIGNA PIT (P2 | / (P3 |  
83 {.28) OR LESS BARNES 69 HBC + I STAN. DEV. fOlD9 

REFERENCES FOR Y '1 (19151  (PROD. EXP. I  

SOCK 65 PL 17 166 ÷COOFERtFRENCH,KINSONv + (OERN,SAOLAV) I 
COOL 66 PRL 16 1228  ÷GIACOMELLI,KYCIA,LEONTIC,LI~LUNOBY,+ [BNL) I 

SUPERSEDED BY COOL TO* 
BUGG 68 PR IbB IAbb  +GILMORE~KNIGHT,DAVIE$+ (BIRM,CAVE,RHEL)I 
BARNES 69 FRL 22 479 ÷FLANINIO,NONTANET,SA~10S ÷ 18NL÷SYRA| 

ADUILAR 70 PRL 25 58 AGUILAR-EENITEZ, BARNES, + (ENL*SYRAJ 
BPICMAN 70 PL BIB 152 +FERRO LUZZI, pERREAU,÷ (CEBN,CAENtSACLAY| 
E~OL TO PR 01 1887 ÷GIACONELLI,  ~VOIA, L~ONTIC~ L I ,  ÷ I 8NL I  1 
DADO 72 PRL 29 1695  +BIRMAN,GOLDBERG,WEISS (HAIF)JP 

PAPERS NOT REPERREO TO IN DATA CARDS 

+GOLOBERG,JAEGER,BARNES,DORNAN ÷ (SYRA,BNL) PRIMER 68 PRL 20 610 
SUPEgSEDE9 BY BARNES 69 AND AGUILAR-BENITEZ 70 .  

t t t t t ~  t ~ t t ~ t~ t  t = t t t t t t ~  t = t t t t t t t  t ~ t t t t t t ~  i t = t i t t l E  =s tu t tE r=  t t t t t t t t  
*~$$=~ ~=*== t= t  t = t t t t t t *  = ~ = = = $ t ¢ =  $ 1 1 ~ i t t * =  t . * t , t i t s  i t = i t s = t *  t ~ t = ~ t t t  

98 V* l l 1940 ,  JF=3 /2 - I  I=IID~.~I 
[Z(1940) [ sE . . . . .  IN I -REV IE  . . . . . .  STAR' . . . . . . . .  ISTINGS* 
| I 

SUCH A R~SONANCE IS SOGGESTED BY SONE BUT NOT ~LL 
~ARTIAL-WAVE ANALYSES IN THIS ~EGION. THIS 
EFFECT IS PERHAPS ASSOCIATED WITH THE BUMPS SEEN 
IN PRODUCTION EXPERIMENTS NEAR THIS MASS. SEE 
~H~ P~ECFDING ENTRY. 

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

98 Y*II19~D) MASS I ~EV I  

M 1940.O EO.O GALTIERI 70 OPWA K- N TO LAN P( 7170 
N 1940.0 60.0 GALTIERI 70 DPWA K-P TO SIGMA PI 7170 
M 19~0 .0  3O.O L1TCHFIEL TO OPWA K-  N TO LAM Pl  7 /T0  
M 198'~.0 (E .O)  KANE 72 DPNA 0 K-P TO PI  SIG ID /T I  
N 1949. 40. 60. VANHORN 72 DPNA 0 K- P TO LAN PIG 2/75 
M 2 ( 1865 . J  LEA 7B OPWA NULTICHNL K-NTRX 9 /75 *  
M 2 ONLY UNDDNSTRAINED SXATES FROM TABLE 1 OF LEAT3 ARE IN LISTINGS. 9/73* 
N . . . . . . . .  
M AVG I941.A I9 .9  AVERAGE tERROR INCLUDES SCALE FACTOR OF I .O|  

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

98 Y*I(19~O) WIDTH (NEV| 

w 2OO*O BO.O GALTEE~I 70 DEW& ~-  N 70 LAR RI 7/TO 
W 200.0 50.0 GALTIERI TO DPWA K-P TO SIGMA PI 7/70 
W 280oD 4O.O LITCHFIEL TO DPWA K- N TO LAN P( 7170 
w 208 .0  ( 22 .01  KANE 72 OPWA 0 K-P TO PI  SIG lO /T l  
W 160* TO. t o .  VANHORN 72 OFWA O K -  P TO LAR PlO 2 /T3  
W 2 [ 108 .9 ]  LEA TB DPWA MULTICHNL K-MTRX 9 /73 *  
W . . . . . . . . .  
W AVG 220.9 26.7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I . I )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

98 Y*III9401 PARTIAL DECAY MODES 

DECAY NASSES 
PI Y*I(L940) INTO KBAR N 657+ 939 
P2 V*I(1940( INTO LANBDA P I  111B+ 139 
P3 Y~I(L940) INTO SIGMA ~1 119T+ ~09 

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

98 Y*I(194D) 8RANDHING RATIOS 

RI Y$I(1940| FROM KBAR N INTO LAMBDA P( SQRT(PI*P2) 
R1 -0 .12  0 ,06  GALTIERI TO DPWA K-  N TD LAN PI  7 / 70  
q l  -O* IN  0 .03  L ITCHFIEL 70 DPWA K-  N TO LAN Pl  7 / 70  
RI  - . 05  . 03  , 02  VANHORN 7Z OPNA O K--P TO LAM RiO 2 /7B 
RI 2 [- .111 LEA 7S DPWA MULTICHNL K-MTRX 9173~ 

~% AVG ~OD O.O~B O.03O AVERAOE tERROR INCL~ES SCBLE FACTOR I~  1 .7 )  

~2 Y*I(19401 FROM KBAR N INTO SIGMA Pl SQRT(PI*PBI 
82 - 0 . 12  0 ,03  GALTIERI  70 DPWA K-P TO SIGMA PI  7170 
R2 -0 .093  tO.D061 ~NE 72 DPWA O ~ -F  TO Pl SIG lOITt  
R2 2 NOT SEEN LEA 73 DPWA MULTICHNL K-NTRX 9 /73 *  

RB Y.1 (1940 )  INTO KBAR N (P l l  9 /73 "  
R~ 2 1.211 LEA T3 OFWA RULTICHNL ~-NT~X 9173*  

* * * * * *  * * * * * * * * *  * * * * * * * * *  . * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * = *  * * * * * * * *  

R~FER~NCES FOR Yt l I I~NO| 

GALTIERI 70 DUKE CONF 173 A BARBARO-GBLTIERI (LRLIIJP 
LITCHFIB 70 NP 822 269 P J LITCHFIELD (RUTHERFORD)IJP 
NAME 72 PR DB ~583 D F KANE IL~L I I JP  
VANHORN T2 LBL-1370(THESIS)  A.J,VANHORN (LEL I I JP  
LFA 7~ NP BE6 7T +MARTIN~NDORHOUSE+ (RHEL+LOUC÷GLAS+AARHUSIIJP 

* * *  * * * * * * * *  

> 
02 Y ' l ( 20001  MASS INEVI 

M 2006,  60 .  VANHONN 72 DPWA 0 K-P TD LAN PIO 2 /T3  

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

O2 Y,l(20001 WIDTH (MEV| 

W 116.  40*  VANHORN 72 DPWA 0 K-P TO LAN FIO 2173 

Baryons 
z(19zs), z(z94o), z( ooo), z( o3o) 

O~ Y*112000)  PARTIAL DECAY NODES 

DECAY NASSES 
Pl  Y * l ( 2000 I  INTO KBAR N 49E÷ 939 
P2 Y* I IZDOOI  INTO LAMBDA Pl 1115+ 136 

OB Y*I(2OOOJ BQANCHING RATIOS 

R[ Y ' I (2000(  FROM KBAR N INTO LAMBDA Pl SQRTIPI*PZ) 
R1 .OT .02  .01  VANHDRN 72 DRWA 0 K-P TO LAM PlO 2 /75  

REFERENCES FOR Y*I(2ODD) 

VANHORN 72 LBL-IBTD[THESISI A.J.VANHORN (LBLIIJP 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

67 Y*lI2O3O~ JP=7 /2÷ )  I = l  IFl,tl 
I I ~ I | ~ 0 3 0 )  i s . . . .  F N( . . . .  EVIL . . . . . .  ST . . . . . . .  E . . . .  STINGS. 

THIS ENTRY ONLY INCLUDES RESULTS PROM PARTIAL-WAVE 
ANALYSES. PARAMETERS OF PEAKS SEEN IN CROSS-SECTIONS 
AND INVARIANT-NASS DISTRIBUTIONS AROUND 2030 MEV ARE 

GIVEN IN THE NEXT ENTRY. EVENTUALLY THE PARTIAL-WAVE ANALYSES SHOULD 
GIVE THE BEST RESULTS, AS THEY ISOLBTE THE F17 WAVE. THIS SUPERIORITY 
IS, HOWEVER, PROBABLY NOT YET ATTAINEDt AND WE RELY ON BOTH ENTRIES 
POR PARAMETERS GIVEN IN THE MAIN BARYON TABLE. 

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

47 Y~1(2030) MASS (MEV) 

N IBOBO.O) (DO.O) WOHL 66 HEC O K-P TO LAN PlO 7/66 
M 2052.0 6.0 SMART 68 CPWA -- K-N TO LAMBOA Pl 6/68 
M 2OBO.O lO.O BERTHON 70 DPWA O K-P TO LAMBDA Pl 7 / 70  
N 2O3B.O lO*O BERTHONI TO DaNA 0 K-P TO SIGMA Pl 10/70 
M 2027.0 6.B COX TO DPWA - K-N TO LAMBDA PI 6/70 
M 2OtO.O 15 .0  GALTIERI TO DPWA O K-P TO LAMBDA PI 7 / 70  
w 2000.0 20.0 GALTIERI TO OPNA O K-P TO SIGMA PI 7/70 
M 2022.0 6.0 LITCHFIEL 70 DPWA -0 K-N TO LAMflOa Pl 6/70 
M 2025. 15. LITCHFIE 71DPWA K-P TO KBAR N 10171 
M 2034.0 16.0 KANE 72 DPNA O K-P TO Pl SIG 10171 
M 2042. 11. VANHORN 72 DPWA O K-P TO LAM PIO 2/7S 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = l .O|  

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

67 Y=I(2OBOI WIDTH (MEVI 

W (ITO.O) NOHL 66 HBC O 7166 
W 160 .0  I6 .0  SMART 68 OFWA - K--N TO LAMBDA Pl 6/68 
w 165 .0  B0.0 IB .O  BERTHON 70 DPWA 0 K-P TO LANBDA PI l / TO  
W IBO.O 20.0 BERTHONI 70 DPWA 0 K-P TO SIGMA P( lO/TO 
W 158 .0  16 .0  COX 70 OPN& -- K-N TO LANBDA PI 6 /70  
w I IB.O 15.0 GALTIERI 70 DPWA O K-P TO LAMBDA PI T/tO 
W iOO.O 40.0 GALTIERI 70 DPWA 0 K-P TO SIGMA Pl 7/70 
W 170.0 15.0 LITCHFIEL 70 OPWA -0 K-N TO LAMBDA P( 6/TO 
W 200.  BO. L ITCHFIE 71 DPWA K-P TO KBAR N IO /71  
w 118,0 12.0 KANE 72 DPWA 0 K-P TO PI SIG lOITl 
M ITS .  IB .  V~NHORN 72 OPWA O K-P TD CAN PIO 2 /75  
W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = 1.61 

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

47 Y*I(2OBO) PARTIAL DEEAY MODES 

DECAY MASSES 
Pl  Y *1 (2030 )  INTO KEAR N ~97+ 939 
P2 Y~I(2OBOI INTO LAMBDA PI 1115, 134 
P3 Y*I(2030) INTO SIGMA Pl 1197÷ 139 
P4 Y$1(2030)  INTO XI K IBBI+ 697 

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

67 Y~ l IE030 )  BRANCHING RATIOS 

81 Y*I(2O3O| INTO (KBAR N)/TOTAL IP t )  
RI IO .2S )  WOHL 6b HBC O K - P  CH EX 7 /bb  
81 D (O .1 I I  DAUM 68 CNTR K-P ELA,POL,SIGT 7/TO 

CAMPBELL 7I DBC - K- NEUTRON ELAST 1/71 81 0.17 0.06 
R1 0 .18  0 .02  LITCHFIE 71 DPWA K-P TO KBAR N . lO /T1  
RI D DAUN 68 ASSUMES ( J÷ I / 2 I *P I  VALUE SEEN IN TOTAL CROSS SECTION. 
81 
81 AVG O.ITB OoOIB  AVERAGE tERROR INCLUDES SCALE FACTOR OF l .O) 

82 Y*I(2030} PROM KBAR N INTO LAMBDA P( SQRT(PlePB] 
R2 (0 ,20 )  WOHL 66 HBC O K-P TO LAMBDA P l  7166 
82 +0.21  O.Ol  SMART bE DPWA - K-N TO LAMBDA Pl b iD8  
82 +0 .2  0 .02  BERTHON 70 DPWA O K-P TO LAMEDA Pl  7 /70  
R2 ÷0.19 O.Ol COX 70 DPWA - K-N TO LANBDA P( 6/70 

÷0 .16  0.03 GALTIERI 70 DPWA O K-P TO LANBDA P( l/TO 82 
R2 ~0 .20  0 .008  L ITEHFIEL TO OPWA -O K-N TO LANBOA PI b /7O 

.20 .Or VANHORN 72 DPWA O K-P TO LAM PlO 217S R2 
R2 . . . . . . . . .  
R2 AVERAGE MEANINGLESS (SCALE FACTOR = 1 .0 }  

RB Y* l ( 2030 I  FROM KBAR N INTO SIGMA PI SQRT(Pl#PB| 
R3 L ( -O.O91 (O.O2)  BERTHONI TO DPWA O K-P TO SIGMA PI 10 /70  
R3 -0 .052  O.OlD GALTIERI TO DPWA O K-P TO SIGMA PI 7 / 70  
R3 -O . IO  0 .03  LITCHFIE 710PWA K-P TO SIG Pl 3 / 72  
R3 L LITCHFIELD 71 IS AN UPDATE OF BERTHONI 70 B/72 
R3 -0.086 0 ,014  KANE TB DPWA 0 K-P TO PI  SIG 10/71  
RB . . . . . . . . .  
83 AVERAGE MEANINGLESS (SCALE FACTOR = 1 .6 )  

~4 Y *1 (2030 )  PROM KBAR N INTO Xl KTRIP P SQRT iP I tPA I  
R4 (O*OB) DR LESS 67 RVUE 0 K-P TO X( K 8 /67  
R4 (O.OS) OR LESS BURGUN bB DPWA O K-P TO Xl  K 10 /69  
84 (O,02B|  MULLER 69 DPWA O T/7O 



Baryons 
Z(3030), T.( 080), T.( 100) 

~86 

Data Card Listings 
For notation, see key at front of Listings. 

REFERENCES FOR Y* I i 20SO)  

WOHL 66  PRL 17 lOT C G WOHL* P T SOLM1TZt M t STEVENSON (LRL ) I JP  
TRIPP 67 NP BE 10 + LE ITH t  + ( LRLvSLAC,CERNtHE [DEL ,SACLAY)  
BURGUN 68  NP 08  447 ~MEYER,PAULI,TALLINI + (SACL+CDEF÷RHEL)  
DRUM 6B NP 07 19 +ERNE,LAGNAUX~SENS,STEUER,UO0 (CERN)JP  

CONFIRMS THE SP IN -PARITY  ASSIGNMENT.  
SMART 68 PR 16q 1306  w M SMART (LRL)IJP 
MULLER 69  THESIS ,UCRL  19372  ~ A MULLER (LEt)  

BERTHON 70  NP 020 476  +RRNGAN, VRANA~ +(COL FRANCE~ RHEL.  SACLAYI I JP  
BERTHON1 TO NP 024  A t7  +VRANA,  BUTTERWORTHe + (CDEF .  RHEL,  SACLAYI I JP  
COX 70 NP Gl9 6L +ISLAM, COLLEY, + (BIRN, EOIN,GLAS,LGIC)IJP 
GALTIERI TO DUKE CBNF 170 A BARBARO-GALTIERI I tR t ) I JP  
L ITCHF IE  TO NP 022  269  P J L ITCHF IELD  (RUTHERFORDI I JP  

CAMPBELL 7 I  NP 825  75  +NORTONt NEGUS, GOYAL. MILLER (GLAS~ LO IC ) I JP  
L ITCHF IE  T1 NP B30 125  L ITCHF IELD , . . . +LESOUOY,+ . .  (PHEL*CDEF+SACL ] I JP  
KANE 72 PR 0S 1S8S 0 F KANE (LBL I I JP  
VANH(] RN 72 LBL-IS70(THES I S I A.J.VAN~RN (LBLI I JR 

2030 ~ 9~GION - PRODUCTION AND O'TOTAL EXpMI'S 

28 Y * 1 ( 2 0 5 0 ,  JP= ) I=1  

SEE THE MIN I -REV IEW AT THE STRRT OF THE Y*  L IST INGS.  

SEE THE NOTE TO THE F IT  Y~ l (ZOEO) t  WHICH PRECEDES THIS  
ENTRY. HERE WE L IST  ONLY PARAMETERS OF PERKS IN  CROSS 
SECTIONS AND INVARIANT-NASS DISTRIBUTIONS. THE CROSS- 

SPCTION PEAKS ARE AT LEAST DOMINANTLY ASSOCIATED WITH THE Y=1 (20301 ,  
BUT MRY CONTAIN R SMRLL CONTRIBUTION FROM THE SUGGESTED BUT NOT ESTAB- 
LISHED OTHER RESONANCES IN THIS  REGION. 

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

28 Y~ 'E (20BOI  MASS (HEY) (PROD,  EXP . )  

M (2022 .0 )  ( 20 .0 )  BLANPIED  65  CNTR 0 GAMMA P TO K+ Y*  
M 2020 .0  7 .0  BUGG 68  CNTR K -P ,  0 TOTAL 6 /68  
M 20~9.0 6 .0  BRICMRN 70 CNTR 0 TOTAL AND CH EX 6170 
M 202S .0  IO .O  COOL 70  CNTR K-P~ O TOTAL 10 /70  
M (2025 .0 )  ( 20 .0 )  LU 70  CNTR O GRMMA P TO K+ Y*  t / T t  
M 
N AVERRGE MEANINGLESS [SCALE FACTOR = Z .8 ]  

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

28 Y*I(EOSOI MIDTH (MEV| (PROD. EXP.) 

w (120 .0 )  lEO .O)  BLANPIED  60  CNTR O 
W 1EO.O 10 .0  BUGG 68  CNTR 6 /68  
w 126 .0  11 .0  BRICMAN 70  CNTR 0 TOTAL AND CH EX 6 /70  
W l bS .O  COOL 70  CNTR K -P ,  D TOTAL 10 /70  
W (00 .0 }  LU 70 CNTR O GAMMA P TO K+ Y*  1171 
W 
w AVERAGE MEANINGLESS (SCALE FACTOR = 1.0) 

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

28  Y~1 [2030 )  PART IAL  DECAY MODES (PRIED. EXP . )  

DECAY MASSES 
P l  Y * I I 2OEOI  INTO KBAR N /+OT÷ DOg 
P2 Ye l IZOBO]  INTO KBAR N P l  497+  939+  139  

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

28 Y* I I 20301  BRANCHING RATIOS (PROD. EXP.I 

R1 Y~1 (2030 (  INTO (KBAR N) /TOTRL  (E l i  
R I  THESE VALUES OF ELAST IC IT IES  ASSUME J=712  - -  
E l  0 , 131  BUGG 68  CNTR 6168  
R1 0 .27  (O .O2 )  BRICWAN 70 CNTR O TOTAL AND CH EX 6 /70  
~1 0 .12  COOL 70  CNTR K -P ,  O TOTAL 10 /T0  

R2 Ye I (203O)  INTO KERR N P I  (PE )  
R2 SEEN BOCK HBC 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

RE~:ERENCES FOR Y*L I20BO(  (PROD. EXP . I  

B tRNPIEO 6S PRL 1~ 741  +GREBNBERG~HUGHES.KITCHINGeLU~÷ (YALE(CEA( (  
COOL 66  PRL 16 1228 ÷GIACOMELLItKYCIR,LEONTIC,L[,LUNOBY,÷ (BNL) I 

SUPERSEDED BY COOL 70. 
BUGG 68 PR 168 1466 +GILBORE,KNIGMT, + (RHEL,GIRM,CAVE) I 

BRICMAN 70  Pt 31E IB2  +FERRD LUZZ I t  PEPREAU,+ ICEPN,CAEN,SACLAYI 
COOL TO PR 01 1887 +GIRCOMELLI, KYCIA, LEONTIC, E l ,  + (BNL) I 
LU 70  PR 02 1846  +GREENBERG, HUGHES, MINEHART,  NOE l ,÷  (YALE ]  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * *  * * * * * * * * *  

1 :( o7o)1 . . . . .  ,2 . . . . . . . . . . .  ] ,.1F  
THIS  STATE HAS BEEN SUGGESTED BY ONLY ONE PART IAL  
NAVE ANALYSIS  ACROSS TH IS  REGION. I T  NEEDS CONFIRMATION 
THE RESONANCE PROPOSED BY KANE IS TOO BROAD TO 
BE USED AS EV IDENCE.  

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

3/* Y *1 (2070 )  MASS (MEVI  

M (2070 .1  ( 10 . )  BERTHON1 70  OPNR - K -  P TO S IG  P l  1 / 71  
N ( 2057 .0 )  KANE 72 OPWA K -P  TO SIGMA P(  1 / 73  

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

3~ Y* I ( 2OTO)  WIDTH {MEV)  

W (l=eO.) (2O. I  BERTHON1 70 OPNA - K- P TO SIG  PI 1171 
W ( 906 .0 )  KANE 72 DPWR K-P TO SIGMA P( Z/73 

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

34 Y* | ( 2O7O)  PRRTIAL  DECAY MODES 

DECAY NASSES 
P I  Y * [ I 2070 )  INTO KBAR N ¢97+  9S9 
P2 Y*1 (2070 )  INTO SIGMA P l  119T*  1BE 

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

3 "  Y * [ (ZOTO)  BRANCHING RATIOS 

RL Y$1 (2070 )  FROM KBAR N TO SIGMA SORT(E l#P2 )  
R I  ( ÷ . L2 )  ( .O2 l  EERTHON1 70  OPWA - K -  P TO 5TO E l  1 / 71  
R t  ( * 0 . 104 )  KANE 72 OPWA K -P  TO SIGMA P I  1 / 73  

REFERENCES FOR Y* I ( 2OTO)  

BERTHONL 70  NP 826  A17  +VRANA,DUTTERNDPTH~÷ (CDEF ,RHEL tSACLAY | I JP  
KANR 72 PR OB 158E 0 F KANE (LBL )  

/ . E8 Y * I ( 2OSO,  JR=B /2÷ )  I = l  

' " "" i t oso) ....... , ........................... s ...... 

SUCH A RESONANCE IS  SUGGESTED BY SOME BUT NOT ALL 
PRRTIAL-WAVE ANALYSES ACROSS THIS  REGION.  UNT IL  THERE 
IS  MORE EVIOENCEt  WE OMIT THIS STATE PROM THE MAIN  
BARYON TRBLE.  

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

88 Y~ I (208O)  MASS (MEVI  

N (2082 .01  (A .O )  COX 70  DPNA - K -  N TO tAN  P I  B /70  
M (2OTO.O ]  (SO .O)  L ITCHF IEL  70  DPMA -o  K -  N TO tAM P(  6 / 70  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . .  

88 Y$1 (2080 l  WIDTH (MEV) 

M (87 .0 }  ( 20 .0 )  COX 70 OPWA - K -  N TO LAM PI  6 / 70  
M ( 250 .0 )  ( 60 .0 )  LITCHFIEL 70  DPWA -0  K -  N TO tAM P I  8 / 70  

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

BB Y= I (2O8O l  PART IAL  DECAY NODES 

DECAY MASSES 
P l  Ye1 (2080 )  INTO KBAR N 497+  939  
P2 Y* I IE08O)  INTO LAMBDR P l  1115+  139 

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

88 Y* I ( 2080 )  BRANCHING RATIOS 

R I  Y * I IEO8OI  FROM KBRR N TO LAMBOA P I  SORT(P lOP2(  
RI I - 0 . 16 )  (0 .03)  COX 70 CPWA - K- N TO LAM P( 6/70 
RI  ( -O .OO|  (O .OE)  L ITCHF IEL  70 DPNR -0 K-  N T0 LAN P I  6 / 70  

EEFEREflCEE FOR Y t l (E080 I  

EPX 70  NP 819 61 + ISLAM,  COLLEY,  + (BIRM,EDIN,GLAS,LOIC)IJP 
L ITCHF IE  70  NP 822  209  P J L ITCHF IELO (RUTHERFDROI I JP  

26  Y t I ( 2100 ,  JP=7 /2 - )  i=[IGx,,/l 
', ,',z,21oo,, SEETHENI I .... IE ..... E E ........ E Y'LISTINGS. 
R m 

SUCH A RESONANCE IS SUGGESTED BY SOME BUT NOT ALL 
PAPTIRL-WAVE ANALYSES ACROSS THIS REGION. UNTIL THERE 
IS MORE EVIDENCE, WE OMIT THIS STATE FRON THE MAIN 
BARYON TABLE.  

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

26  Y=I(2[OO) MASS [NEV( 

M (2060 .01  (20 .0)  GRLTIERI 70  DPWA 0 K -R  TO LAMGDA Pl 7 /70  
M {ZL2O.O l  (SO .O ]  GRLT IER I  TO DPNR O K -P  TO SIGMA P I  7 / 70  

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

26  Y .1 (21001WIOTH (HEY} 

w (TO .O)  (BO .O)  GALT IER I  70  OPWA 0 K -P  TO LAMBOR P l  7 / 70  
W ( 135 .0 I  (BO .O)  OALT IER I  TO OPWA O K-P  TO SIGMA Pl  7170 

26 Yet(21001PRPTIAL DECRY MODES 

DECAY MASSES 
PI Y~ l IZ IOO]  INTO KBAR N 69T+  939  
P2 Y~ I {2100 )  INTO LAMBDA P l  1115+  IBA  
P3 Yt l (Z lOO)  INTO SIGMA P( l l 9T+  I 39  

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

26  YSL (210O)  BRANCHING RATIOS 

R1 YeHZ IOO]  FROM KBAR N TO LAMBDA P [  SQRT(P I~P2 )  
R I  ( -O .OT I  ( 0 . 02 )  GALT IER I  70 OPWA 0 K-P  TO LAMBOA P l  7 / 70  

R2 Y* I IZ IO01  FROM KBAR N TO SIGMA P l  SGRT IP I=P3 I  
R2 (+O . IS )  ( 0 . 02 )  GALT IER I  70  BPMA O K -P  TO SIGMA PI  7 / 70  

* * * * * *  * * * * * * * * *  * * * * * * * , .  * * * * . , , , ,  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  , * * * * * * ,  

REPERENCES FOR Y* l (E IOO#  

GALT IER I  70  DUKE CONF 170  A BARBRRO-GALT IERI  ( LRL I I JP  
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D a t a  C a r d  L i s t i n g s  
For notation, see key at front o[ Listings. 

B a r y o n s  
z(225o) ,  r(26 o)r(3ooo) 

M 
M 
M 

M 
M . 
M 
M 
M 
M 
M 

I ~ . . ( ~ 5 0 )  j J . . . .  I ( 2 2 5 0 .  J P -  ' I ' t  PRO . . . .  ION EXEEMIMENTS 

SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

" " - - ' - -  | B U ~ " ~ S  . . . . . . . . .  SHI . . . . . . . .  S I S  RESULTS . . . .  O0 . . . . .  0 
| WARRANT SEPARATING THEM FRCM THE PRODUCTION AND CROSS- 

SECTION EXPERIMENTS.  IN AN ANALYSIS  OF ELAST IC  AND 
POLARIZAT ION OATAv DRUM 68  COULD NOT EXCLUOE ANY 

POSSIB IL ITY  FROM JR= E l2+ -  TO JP= 11 /2+ -  FOR TH IS  STATE.  8RICMAN 70  
SUGGESTS 7 /2 - ,  VANHORNT2 CLAIMS 5 /2÷ .  

LAS INSK I  T1 SUGGESTS TWO RESONANCES IN  TH IS  REGION USING A POMEROM 
+ RESONANCES MODEL. 

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

48  Y* I IZ250 }  MASS IMEV)  [PROD. EXP . )  

[ 224B°0 )  BLANRIEO 65 CNTR GAMMA P TO N÷ Y*  
( 2299 .0 }  ( 6 . 0 )  SOCK 6B HBC PEAR P 5 ,T  BEV/C 

22B0o0  7 .0  BUGG b8 CNTR K -P ,  D TOTAL h168  
2280 .  14 .0  ~GUILAR TO HBC + K-  3 .9 -4 .6  GEV/C S /70  
2237 .0  I I .O  . BRICMAN TO CNTR 0 TOTAL AND CH EX . b /TO  
2255 .0  10 .0  COOL TO CNTR K -P ,  O TOTAL 10#70  

(2250.0)  120 .0 }  LU TO CNTR 0 GAMMA P TO K+ Y* l / T I  
V 2251 .  30 .  20 .  VANHORN 72  OPWA O K -P  TO LAN P ID  2173  
V VANHORN72 VALUE FROM A OPMA THAT FINDS JP=S /2÷o  

B (2290 . )  ( 2b . )  BELLEFON 73 OPNA P3 OR 05  WAVE 2174 "  
D (2215 . }  ( 20 . )  BELLEFON 73 OPWA G9 OR Hl l  NAVE 2 /T4 "  
B EVIDENCE FOR 2 EESONANCES IN THIS LAMEDA Pl OPWA BITAIW 

AVERAGE MEANINGLESS (SCALE FACTOR = 1 .2 )  

48  Y .1 (2250 l  WIOTH (MEV} (PRO0 .  EXP . I  

w 1150 .0 }  BLANPIEO 65 CNTR GAMMA P TO K÷ Y*  
W (21.0}  [ I T .O f  (21o0} BOOK 6B HBC PEAR P 5.7 GEV/C 
w 230 .0  20 .0  BUGG 68  CNTR K -P ,  O TOTAL 6 /68  
W IOO.O 20.0 AGUILAR 70 HBC + K-  3 .D-4 .6  GEVIC 51TO 
W 164.0 50.0 BRICMAN 70 CNTR 0 TOTAL AND CH EX 61TO 
W (170 .0 )  COOL TO CNTR K -P [  D TOTAL lO /TO  
W (125 .0 }  LU TO CNTR 0 GAMMA P TO K+ Y*  1 /71  
M BV 192 .  CO. VANHORN 72  DPWA 0 K -P  TO LAM RIO E /T3  
W [ 150 . }  (CO. )  BELLEFGM 7B DPWA PS OR 05  WAVE 2174 .  
w B ( IO0 . )  ( 20 .  I BELLEFON 73  OPWA G9 OR H I (  WAVE 2 /74 *  
W . . . . . . . . .  
M AVG Ib9 .5  3B .4  AVERAGE IERRO~ INCLUDES SCALE FACTOR OF 2 .7 )  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

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

48 Y*[122SO) PARTIAL DECAY MODES (PROD. EXP.} 

DECAY MASSES 
PL Y*1 (2250 l  INTO KBAR N 497*  939  
E2 Y ' 1 (22S0 ]  INTO LAMED# P}  1115+  134  
PE Ytl(22SO) INTO SIGMA P I  llgT+ IB9 
P4 Y*I I22BO) INTO KBAR N Pl 497+ 9E9+ 139 

- - -~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

48  Y* l (E250 )  BRANCHING RATIOS (PROD. EXP . }  

R1 Y* I IEZSO)  INTO (KBAR NJ /TOTAL  (E l }  
RI J IS NOT KNOWN. THE FOLLOWING }S I J+ I /Z )~P lo  
R I  ( 0 .AT )  BUGG 6B CNTR 6 /68  
R1 (O .16J  IO . tE )  EEICMAN 70  CNTR 0 TOTAL AND CH EX b /TO 
R I  ( 0 . 42 )  COOL 70  CNTR K -P ,  O TOTAL 10 /70  

R2 Y*1 {22BO}  FROM KBAR N TO LAMED# Pl  SQRT IPL*P2 }  
R2 THE FOLLOWING ASSUMES JPwD/2 - .  OAT# INSUF .  FOR OETERM. TH IS  AMP. 
R2 ( - 0 . [ 81  GALT IER I  70  ORWA K~P TO LANDOA P I  10 /70  
PB B v - . 16  .OB VANHORN 72  DPNA 0 K -P  TO LAM P}O 2 /73  
RE (÷*2E) I .OB)  BELLEFON 73 OPWA P3 OR 05  WAVE 2 /74 *  
RE B ( - .CO}  ( . 021  EELLEFON 73 DPWA G9 OR H I I  WAVE 2 /76 *  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

R3 Y* I ( 22SO)  FROM KBAR N TO SIGMA P I  SQRT(P I tPE )  
R3 THE FOLLOWING ASSUMES JR=9 /2 - .  DATA INSUF .  FOR DETERMo TH IS  ARE* 
RS ( tO .O7 )  GALT IER I  70  DPMA K -P  TO SIGMA P I  10 /70  

R4 Y*112250 )  INTO (KBAR N I / IS IGMA E l )  (P l ) / (P3 )  
R4 (0 .18 )  OR LESS BARNES 69  HOE ÷ I STAN OEV L IM IT  10 /69  

R5 Y* I ( 22BO)  INTO ILAMBOA P I ) I [S IGMA E l )  (PZ } / (PB }  
R5 (0 .18 )  OR LESS BARNES 69 HBC + I STAN DEV LIMIT |0 /69  

REFERENCES FOR Y * 1 ( 2 2 5 D )  {PROD. EXP.}  

BLANP lED 65  PRL 14 74 [  ÷GREENBERG,HUGHES,K ITCHINO,  + (YALE(LEA) )  
SOCK 6E PL 17 166  +COOPER,F~ENCH,K INSON,  + (CERN,SACLAYI  
BUGG 68  PR 168  1466  +G ILMORE,KNIGHT ,  + (RHEL ,B IRM,CAVE)  I 
BARNES 69  PRL 22 47q  ÷FLAMINIO,MONTANETtSAMIOS + (BNL÷SYMA)  

AGUILAR TO PRL 25 B8 AGUILAR-BEN|TEZ, BARNES, + (BNL tSVRA)  
BRICMAN TO PL 31B 152  ÷FERRO LUZZ I ,  PERREAU,÷  (CERN,CAEN,SACLAY)  
COOL TO PR O) 18E7 +GIACDMELLh KYCIA t  LEONTIC, L I ,  + IBNL} I 
GALT IBR I  TO DUKE CONF 173 A BARGARO-GALT IER I  I LRL I I JP  
LU 70  PR 02  1846  +GREBNBERG, HUGHES, R INEHART[  MORE,+ (YALE}  
VANHORN 72 LBL -13TO(THESIS }  A . J .VANHORN (LDL I I JP  
BELLEFON 73 PURDUE CONF. 293  OE DELLEFON,BERTHON,ERUNET+ (CDEF+SACL) I JP  

PAPERS NOT REFERRED TO IN  DATA CARDS 

COOL 66  PRL 16 1228  ÷G IACOMELL I ,KYCIA+LEONTIC ,L I t LUNOBY,+  (BNL}  I 
SUPEREDEO BY COOL TO, 

DAUBER 66  EL 23 EB4 ÷SCHLEIN, SLATEM,  STORK, TICHO [UCLA ILRL ] )  J 
SUGGESTS J~912  RESONANT BEHAVIOR IN  S IGMA-  E l÷ ,  BUT APPEARS 

[NDONSISTENT WITH PARAMETERS OF COOL 66 .  
DAUM bB NP BT 19 +ERNE, LAGNAUX, SENS. STEUER, UDO (CERNIJP  
LAS INSK I  Tl  NP B29 I 25  T A LAS INSK I  IEF I I I JP  

1 ( 455) I s . . . .  12,5B . . . .  } ,  . . . . . . .  c ............... 
B U M P S  SEE THE MIN I -REV IEW AT THE START OF THE Y*  L IST INGS.  

THERE IS  ALSO SOME SLIGHT EVIDENCE FOR Y* STATES IN  
THIS MASS REGION FROM THE REACTION GAMMA + P TO K+ + MISSING MASS - -  
SEE GREENBERG 68. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . .  

53 Y'112455} MASS (MEV} (PROD. EXP.| 

M 26SS .O  7.0 EUGO 68 CNTR K--P, D TOTAL 6 /68  
M 245B.0 lO .O  ABRAMS ?O CNTR N-P, O TOTAL 10/70 
M . . . . . . . . .  
M AVO 24S5.0 5.7 AVERAGE IER~OR INCLUDES SCALE FACTOR DF 1.0) 

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

53 Y * I [ 2655 l  WIDTH (MEV} (PRO0,  EXP.} 

W 100.0 20.0 BUGD 68 CNTR 6/6B 
W [ ~O .O  ABRAMS 70 CNTR K-P, D TOTAL [O /TO  

-~ -  . . . . . . . . . . . . . . . . . . . . .  L . . . . . . . . . . .  ~ . . . . . . . . . . .  ~ . . . . . . . . . .  - . . . . . . .  

53 Y * l ( 24SE I  PARTIAL DECAY MODES (PEOOo EXPo} 

DECAY MASSES 
P l  Y * I IEAB5 )  INTO KERR N 697+  939  

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

$3 Y *112455 (  BRANCHING RATIOS IPROD.  EXP . (  

R1 Y ' 1 (245S}  INTO (KERR N I /TOTAL  (E l }  
R I  J IS NOT KNOWN. THE FOLLOWING IS  ( J+ I / 2 ) *P I .  
RI TO.El 

0 .39  
BUGG bE CNTR b /b8  
ABRAMS TO CNTR K -P ,  D TDTAL lOlTO 
REICM&N ?O CNTR 0 TOTAL AND CH EX 6/70 

RI 
~E C IO .O5 }  ( o . o5 }  
RE C FIT DF TOTAL CROSS SECTION GIVEN BY ERICHAN 70 IS POOR IN 
R( C THIS REGION. 

REFERENCES FOR Y*I(2~SEI (PROD. EXP.) 

8UGG 68  PR 168 1466  +G ILMORE,KNIGHT ,  + (RHEL,BIRMtCAVE) I 
ABRAMS TO PR IO I g lT  ÷COOL, GIACOMELLI, KYCIA, LEONTIC, + IBNL) I 
BRICMAN TO PL 3EB 152 +FERRO LUZZI, PERREAU,+ (CERN,CAEN.SACLAY) 

PAPERS NOT REFERRED TO IN DATA CARDS 
ABRAMS ~T PRL 19 bT8 +COOL,GIACOMELLI,KYCIA,LEONTIC,LI, + (BNL} 

SUPERSEDED BY ABRAMS 70 .  
OREENEER 68  PRL 20 22 l  GREENBERG, HUGHES, LU ,  MINEHART,  ÷ (YALE)  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * s *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

B U M P S  SEE THE MINI-REVIEW AT THE STAET OF THE Y* LISTINGS. 

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

54 Y*I (2b2O) MASS IMEV) (PRO0. EXP.) 

M 2b20.O 15.0 ABRAMS 70 CNTR K-P ,  O TOTAL IDITO 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  _ . . . . . . . . . . . . . . . .  

$4 Y=1 (2620 }  WIDTH (MEVI  (PROD. EXP . )  

W (17SoOI  ABRAMS TO CNTR K -P ,  0 TOTAL 10 /70  

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

E4 Y* I ( 2820 }  PARTIAL DECAY MODES (PROD. EXP. I  

DECAY MASSES 
Pl  Y * l IEbEO)  INTO KBAR N A97÷  939  

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

54 Y* l (2b2O} BRANCHING RATIOS (PROD. EXP.) 

RE Y*1126201  INTO (KEAR N) /TOTAL  (E l )  
R) J IS NOT KNOWN. THE FOLLOWING IS ( J+ I / 2 I *P l .  
AI I 0 . 32 }  ABRAMS 70 CNTR K-E, O TOTAL 10/70 
RI O.Bb 0.12 BRICMAN 70  CNTR 0 TOTAL AND CH EX 6/70 

* * * * * *  * * * * * * * * *  * * = * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR Y .112620 )  IRROD.  EXP . }  

ABRAMS 67 PRL 19 678 +COOL,GIACOMELLItKYCIAwLEONTIC,L}, + (BNL] 
SUPERSEDED BY ABE#MS 70. 

ABRAMS 70 PR IO 1917 +COOL, GIACOMELLI, KYCIA, LEONTIC, + (BNL} I 
BRICMAN 70 PL 3 lB  152  +FERMD LUZZ I ,  PERREAU,÷  (CERN,CAEN,SACLAY| 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * = *  
* * * * * *  * * * * * * * * *  * * * * * * *= *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

i+ooo  I . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ::::::::::::::::::::::::::::::::::::::::::::::::: 
SPECTRA AND }N MISSING MASS OF NEUTRALS RECOILING 
AGAINST KO. EVIDENCE NOT CONCLUSIVE.  OMITTED FROM 
TABLE.  

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

B9 Y= I (3000 I  MASS (MEVI {PROD. EXP . )  

M (3000 .0 }  EHRLICH 66  HBC 0 PI -P  7 .91  BEV/C 9166  



Baryons 
E(3000), EXOTIC HYPERONS, E-, E O, ~(1530) 

~88 

Data Card Listings 
For notation, see ke~ at.front of Listings. 

59 Y*II30001 PARTIAL DECAY MODES (PROD. EXP.I 

DECAY MASSES 
P l  Y * i ( 300O}  INTO KBAR N 497~ 939 
P2 Y*I(3OOO] INTO LAMBOA PI ILLS÷  139 

REFERENCES FOR Y* I i 30OO(  (PROD. EXP.}  

EHRLICH 66 PR 152 1194 R EHRLICH, N SELOVE~ H YUTA (PENNiBNL})  I 

****** ********* ********* ********* ********* ********* ********* *,****** 

EXOTIC HYPERON CROSS SECTION 

THIS IS NOT A COMPLETE LIST. HE TABULATE 
ONLY F~D~ tgTO ON. 

CS UNITS MICROBARNS 
CS G (20o} OR LESS GALTIERI 68 DBC K-N TO SG-PI-RIO 7/70 
CS G ABOVE LIMIT FOR MASS < 2 . 1 5  GEV AND GAMMA < bOMEV- (2.1GEV/C K-) 7/70 
CS A [ 4Oo l  OR LESS GALTIERI 68 DBC - -  K-N TO SG-PI-PIO 7170 
CS A ABOVE LIMIT FOR MASS < 2.3 GEV AND GAMMA < 120 MEV- (2.7 GEV/C K-) 7170 

REFERENCES FOR EXOTIC HYPERONS 

GALTIERI 68 PRL 21 573 A.BARBARC-GALTIERI,CHADWICK + (LRL+SLAE) 

Resonances 

The ~ resonance situation has long been and 

will probably long remain unsettled. This is be- 

cause t) t h e y  c a n  o n l y  be  p r o d u c e d  as  par t  of a 

f inal  s t a t e ,  N-+p  ~ *  + o t h e r s ,  and Z) they  a r e  so  

p r o d u c e d  with v e r y  s m a l l  c r o s s  s e c t i o n s  ( <50 ~b). 

Thus the numbers of events available are small, 

and the a n a l y s i s  i s  m o r e  c o m p l i c a t e d  than if d i r e c t  

formation were possible. Only the ~ ( t530) is 
really well established. There are at least two 

states in the 1800-2000 MeV region and there are 

indications of several more above Z000 1~eV, but 

the situation is very unclear. We are forced to 

g r o u p  t o g e t h e r  r a t h e r  d i s p a r a t e  o b s e r v a t i o n s  a n d  

a w a i t  n e w  r e s u l t s .  F i g u r e s  i n  t h e  l i s t i n g s  p o i n t  

out disagreements among various experiments. 

The table following this note gives our evaluation of 

t h e  s t a t u s  o f  t h e  -~ r e s o n a n c e s ,  b a s e d  o n  t h e  m e a -  

g e r  d a t a  a v a i l a b l e  a t  t h i s  t i m e .  

STATUS OF XI* RESONANCES 
THOSE WITH AN OVERALL STATUS DF *** OR **** ARE INCLUDED IN THE MAIN BARYON 
TABLE. THE OTHERS AWAIT CONFIRMATION. 

STATUS AS SEEN IN - -  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

OVERALL 
PARTICLE t I J  STATUS X(  P l  LAMK SIG K Xl  WW PI  OTHER CHANNELS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

X I ( 13201  P l l  *~ ' * *  WEAK TO tAN PI  
Xl11530I PI3 **** **** 
XI {1630 )  * *  * *  
x I 11820 }  *** *** *** ** *** 
x I I 19401 *** *** *** 
x112030) *t~ ~,* ** 3-BODY DECAYS 
X I I 2250 I  * 3-BODY DECAYS 
XI  (2500)  * *  $~ ~ 3-BODY DECAYS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . . . . . . . . . .  

• ~'~,~, GOOD, CLEAR, AND UNMISTAKABLE, 
$$~ GO00, B~T IN NEED OF CLARIFICA'~ION OR NO7 ABSOLUTELY CERTAIN. 
• $ NEEDS CONFIRMATION. 
• WEAK. 

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

S=-2  I=1/2 HYPERON STATES (Z) 
= t * * * * *  t = * * * * * t=  t $ t * t~ t * t  t * $  t * *h *  t= t t * * t t *  t * t * $ t= * *  ~ * t t t t = * *  t t *= t * t t  

22 X l -  (13211 JR= l / 2  } I =1 /2  

SEE STABLE PARTICLE DATA CARD LISTINGS 

F ~  23 xIo t1314, JP=ll2 I I=112 

SEE STABLE PARTICLE DATA CARD LISTINGS 

I " " " I  

60 X I . 1 / 2 (1530 ,  JP=3 /2+ }  I= i /2 IP131 
i - - i 

1 2 ( 1 5 3 o ) I  TH is THE . . . . . . . . . . . . . . . .  STABLISHED XI . . . . .  
QUANTUM NUMBERS 3/2+ ARE FAVORED BY THE DATA. 

WE DO NOT USE DETERMINATIONS OF THE MASS AND THE WIDTH OF THIS 
STATE UNLESS THEY ~RE ACCOMPANIED BY SOME DISCUSSION DF SYSTEMATICS 
AND RESOLUTION. 

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

49 xI*112(IE30) 

M 55 |1529 ,0 )  15.O)  
M (1532 .O}  ( 2 . 0 }  
M -  38 1335 .7  3 .2  
N-* 334 1536o7 1.1 
M- 185 1536 ,2  1.6 
N- 1535*3 2 ,0  
M-  • . . . . . . . .  
~_ 69G 1535 .8  1.5 

FIT 1535o05 0 .62  
NO 76 1528 .7  1 . t  
MO 59 1531 .4  0 .8  
NO 1262 1532 .0  0 .4  
MO 326 1531°3 0 .6  
MO 286 1532 ,3  0.7 
MO 1533 .0  L.O 
MO . . . . . . . . .  
MO AVO 1531*72 0 ,39  
MO F IT  1531 .66  0 .35  

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

MASS (MEV} 

FJERROU 62 HBD -0  K-P 1 .B  GEV/C 
BAOIER 64 HBC -0 K-R 3 GEV/C 
LONDON 66 HBC - K-P 2 ,24  GEV/C 7 /66  
BALTAY 75 HBC K-P 1 .75  GEV 1 /73  
KIRSCH 72 HBC - K-P 2,87GEV/C 2 /75  
ROSS2 73 Xl KBAR El (El) 2176" 

AVERAGE IER~DR INCLUDES SCALE FACTOR OF 1.0I 
FROM FIT  (ERROR INCLUOES SCALE FACTOR OF 1 .0 }  

LONDON 66 HBC 0 K-P 2 .24  GEV/C 7 /60  
BAOIER 72 HBC 0 K-R AT 3oOSGEV/C 10171 
BALTAY 72 HBD 0 K-P 1 ,75  GEV 1/73  
BORENSTEI 72 HBC 0 K-F 2.2GEV/C 2/72 
KIRSCH 72 HBC 0 K-P 2.87GEV/C 2 /72  
ROSS2 73 x l  KBAR PI |E l i  2 /7~ *  

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1o5} 
FROM FIT (ERROR INCLUDES SCALE FACTOR OR 1.3} 

40 |x1=-I - (XI~O) MASS DIFFERENCE tREY) 

O 5 .7  3 ,0  PJERROU 65 HBC -0  t . 8 -1 .95  GEV/C 7 /66  
D R (7 .0 )  ( 4 . 0 I  LONDON 66 HBC -0  2 .24  GEV/C 7 /66  
D 2 .0  3 .2  MERRILL 66 HBC -0  1 .7 -2 .7  GEV/C 7 /66  
D 2.7 I*0 BALTAY 72 HBC -0 K-P 1.75 GEV 1173 
0 R (3 .9 }  I t .E l  KIRSCH 72 ~;BC -0  K -  P 2 .8  GEV/C 2 /72  
O . . . . . . . . .  
O AVG 2°52 0.91 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [.O) 
D FIT 3,41 0.61 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.Of 

49 X I * l / 2 (1530 )  WIDTH IMEVI 

wo 7 .0  2 .0  SCHLEIN 63 HBC 0 l ,B ,  1 .95  GEV/C 
WO T.O 7 ,0  SERGE 66 HBC 0 l .S -1 ,7  GEV/C 7166 
WO 8 ,5  3 .5  LONDON 66 HBC O 2 .24  GEV/C 7 /66  
NO 11 .0  2 .0  BAOIER 72 HBC 0 K-P AT 3.95GEV/C 10/71 
WO 9 .0  0 .7  BALTAY 72 HBC O K-P 1 .75  GEV 1 /73  
wo 8o6 1 .4  BORENSTEI 72 HBC 0 X I -  PI+ MODE 2 /72  
NO 11.0 l ,B RIRSCH 75 HBC 0 XI- El+ 2172 
wo 9.1 2.4 ROSS2 73 XI KBAR Pl (E l l  2176" 
WD . . . . . . . . .  
NO AVO 9.07 0°52 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.O) 

(SEE IDEOGRAM BELOW ) 

WEIBHTED RUERRBE = 9 .07  ± 0 ,$2  

ERROR SCALED BY i .O  

• ROSS2  73  

~ . .  .K IRSCH ?2  HBC 

. . . . . . .  BOREHSTEI  ?2  HBC 

. . . . .  BALTAY  ?2  HBC 

. . . . .  BAD IER  72  HBC 

. . . . .  LONDON 66  HBC 

. . . .  BERGE 66  HBC 

. . . . .  CHLE IN  63  HBC 

S I 0  IS  20 

XIm l / 2 (1530 )O  WIDTH (MEU)  

.CHISQ 

0 . 0  

1 . 2  

0 . 2  

0 . 0  

0 . 9  

0 . 0  

i , i  

3 , 4  

(CONLEU 
=O.?SS) 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
x ( Z O D O ) ,  - : ( = = B o ) .  n -  

i ' "  "lZt o3o) i oB x i .1 , . .3o  . . . .  I I=112 
| ) 

68 X1.1/2120301 MASS (MEV) 

M 62 2030.0 10.0 ALITTI 69 HBC - K-P 3 . 9 - 5  BEV/C 9 /69 
M 40 2058.0 IT.O EARTSEH 69 HBC K-P IOGEVIC 9 /69  

7. BOSS1 73 SIGMA KBAR 2/76~ M 1 5  2019. 

M AVERAGE MEANINGLESS )SCALE FACTOR = 1 .5 )  

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

6B X I * l l Z I Z O 3 0 l  WIDTH (MEN) 

w ~B.O ~O.O ZO.O AL[TTI 69 ~ C  - 
M ET.O 30.0  EARTSCH 69 HBC 
W lE 33° 1T. ROSSI TS SIGMA KBAR 
W 
W AVERAGE MEANINGLESS (SCALE FACTOR - 1.0) 

6B X I * I / 2 1 2 D 3 0 )  PARTIAL O~CAY MODES 

OECAY MASSES 
R1 X I * I I 2 ( 2 0 3 0 )  INTO XI Pl 1321+ 139 
P2 x l ~ l l 2 ( 2 0 E O )  INTO L~MBOA KBAR 1115+ 697 
P3 x I ~ l / 2 ( Z 0 3 0 )  INTO SIGMA KERR 1 1 9 7 +  691 
R 4  X1*112(2030I INTO X I ' 1 / 2 ( 1 5 3 0 1 R I  1533* 139 
P5 x I t l / 2 ( E 0 3 0 )  INTO LAMBOA (OR SIGNAl KBAR PI 1115+ 497+ 139 

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

68 X I *112(2030)  BRANCHING RATIOS 

RI XI~L/EI2030) INTO IXI RIll(MODES Pl TO P~I IP11/(P1+PEeP3÷P~l 
BI ( 0 . 3 0 )  OR LESS ALITTI 69 HBC - 1STD DEV LIMIT 

R2 X I * l / 2 ( 2 0 3 O l  INTO (L~M KBAR)/(MOOES PI TO PSI (PE)/(GI+PZ+PB+R4) 
R2 0.25 0 .15 ALITTI 09 HBC - 

93 X I~1 /2 (2030)  INTO (GIG KBARI/IMOOES Pl TO PSI [P3I / [P I+P2+P3+P4)  
~B 0 .75  O*ZO ALITTI 69 HBC - 

94 
~6 

9169 
9 /69  
2 /76*  

9 /69  

9169 

9t69 

X I ~ I / 2 ( 2 0 3 0 )  INTO ( X l t  PII/(MOOES P l  THRU PBI (P4I I lPI+PE÷P3+P~) 
( 0 . 1 5 )  O~ LffSS ALITTI 69 HBC - 1STO DEN LIMIT 9 /69  

95 XI~1 /2 (2030)  INTO LAMBDA (OR SIGNAl KBAB @I (PET 
RE SEEN BARTSCH 69 HEC 9169 

REFEaENCES FOR XI '11212030)  

ALITTI 69 PAL 22 79 ÷BARNES.FLANINIO.METZGER, ÷ IBNL,SYRACUSS) I 
BARTSCH 69 RL 28B 439 + (AACHEN, BERLIN, CERN, LGIC, VIENNA} 
~OSEt 73 PURDUE CONE. 3~5 ROEE,LLOYO,RAOOJIOIG (OXFORO) 

I-'(2: 50 1 E2 x, .112, ,o.  , 
THE EVIDENCE FOR THIS STATE IS WSAK. BARTSCH 69 SEE 
A BUMP OF NOT MUCH STATISTICAL SIGNIFICANCE IN LAMBOA- 
KERR-PIt SIGMA-KBAR-PI~ AND X I - P I - P I  MASS SPECTRA° 
GOLOWASSER 70 SEE A NARROWER BUMP IN XI -P I -P l  AT A 
HIGHER MASS, PERHAPS THEY ARE THE SAME STATEt PERHAPS 
THEY AR~ NOT. 

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

22 X I ~ I I 2 ( 2 2 5 0 )  MASS (MSVl 

q 35 2246°0 52.0 BARTSCH 69 HBC K-P 10 GEV/C 9 /69  
M 18 2295.0 15.0 GOLDWASSE 70 HBC - K-P 5.B GEV/C 10/70 
N . . . . . . . . .  
M AVERAGE MEANINGLESS {SCALE FACTOR = 1.0) 

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

22 X1*1 /2 (2250 )  WIDTH IMEV) 

1~0.0 BO.O BARTSCH 69 HSD 9/69 
w LESS THAN 30.0  GOLOMASSE TO HBC - K-P 5 .5  GEVIC 10170 

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

22 X l e l / 2 ( 2 2 5 0 )  PARTIAL DECAY MODES 

OEC~Y MASSES 
PI X I . 1 / 2 ( 2 2 5 0 )  INTO X) Pl PI 1321+ 139+ 139 
P2 X I ~ l l E ( 2 2 5 0 )  INTO LAMBDA KERR RI lllE+ 697÷ 139 
P3 X I~ l /2 (2ZSOI  INTO SIGMA KBAR PI 1197+ 497+ 139 

BE~E~SHCEB FOR XI*klE(ZEBOI 

BARTSCH 69 PL 2BE 639 + (AACHENe BERLIN, CEBN, LOIC, VIENNA) 
GOLOWASS TO PR 10 1960 E L GOLDWASSER~ R F SCHULTZ ) ILLINOIS)  

1 

I Z ( 2 5 0 o )  l . . . . . . .  , 2 , °  . . . . .  i io,/2 
I -- - I  IT IS QUITS POSSIBLE THAT THE REASON THE EXPERIMENTS 

DISAGREE ABOUT THE MASS AND WIDTH IS THAT THEY ABE 
SEEING OIFFSQSNT XI tSo FOR NOW, HOWEVER÷ HE GROUP 

THEM TOGETHEr. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . . . . . . . . . . .  ~ . . . .  

99 X1.1/2(2500) MASS (MEN) 

M 30 2430.0 20.0  ALITTI 69 HBC - g-P 4 .6 -S  GEV/C 9 1 6 9  
NB 2BO0°O 10.0  BARTSC~ 69 HBC -0  K-P 10 GEVIC 9 1 6 9  

M . . . . . . . . .  
M AVERAGE MEANINGLESS )SCALE FACTOR = 3.1) 

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

99 NI*I/2(2500) WIDTH (NEV) 

N 150.0 60.0 4D,O ALITTI 69 HBC - 9 /69 
H 59.0 27.0 BARTSCH 69 HBC -O 9/69 
W . . . . . . . . .  
g )VER&GS MEANINGLESS (SCALE FACTOR = 1 .6 )  

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

99 XI* I /2(EEOO) PARTIAL DECAY MEOSS 

DECAY MASSES 
Pt x I * l / Z ( 2 E O O )  INTO XI Pl 1321+ 139 
P2 X I * l IE IZSO0)  INTO LAMBDA KERR 1113+ 497 
R3 XI~112(2500) INTO SIGMA KB&R tLgT+ 497 
R6 XI~IIEI2B~OI INTO XI*II211530I PI 1533+ 139 
RE XI*112(25001 INTO LAMBDA {OR SIGMA) KBAR PI 1115+ 697+ 139 
P6 XI*112{2500I  INTO XI Pl Pl 1321+ 139+ 139 

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

99 X I * t12(25001  BRANCHING RATIOS 

RI X I * l / 2 | 2 5 0 0 )  INTO (X l  PI)IIMOOES Pl THRU PB) (P l l / IP l÷PE+P3+PB)  
91 {O.E) OR LESS ALITTI 69 HEC 1 STO DEV LIMIT 9 /69 

92 X I * I / 2 ( 2 5 0 0 1  INTO (LAM KBABI/IMOOES P! THRU PSI (PZI I (EI+P2÷P3~P~I 
92 0 .5  O°E ALITTI 69 HEC - 9/69 

R3 Xlt11ZIZEOO) INTO (GIG ~5E~I/IMOOES Pl  T~RU P4) IPBIl(P1+P2÷Pi+P4i 
R3 O,E 0°2 ALITT[ 69 HBC - 9/69 

B4 XI .112(2500)  INTO I x I =  PII/IMODES Pl THEU P6) (P&I/(PI+PE+P3+R6) 
R6 (0o2) OR LESS ALITTI 69 HBC 1STD DEN LIMIT 9/69 

RE X [ . 1 / 2 ( 2 5 0 0 I  INTO (LAMBOA lOB SIGMA) KBAR PI)/TOTAL 
RB IRE) 
R5 SEEN BARTSCH 69 HBC -O 9/69 

R6 X1~112(2500) INTO (XI PI PIIITOTAL (Ph i  
R6 SEEN BARTSCH 69 HBC -0  9169 

~EFERENCES FOR X I * 1 / 2 ( 2 5 0 0 )  

AL1TTI 69 aRL 22 79 ÷BARNES,FLAMINIO~METZGEB, + (BNL~SYRACUSE) I 
BARTSCH 69 EL.EBB 639 ÷ (AACHEN÷ BERLIN, CERN, LOIC, VIENNA) 

F ~  24 OMEGA-(I675, JR-3 /2+)  I=O 

SEE STABLE PARTICLE DATA CARD LISTINGS 

t t t t = t  t t t e t t ~ t $  t t ~ = t t t t t  ~ = t t t ~ $ t $  t t = t t t t t $  ~ t ~ t t $ $ $ $  ~ t t t t $ t t t  t ~ t t t t $ $  
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A p p e n d i x  I 

T E S T  O F  a I = t / Z  R U L E  F O R  K D E C A Y S  

The  q u a n t i t i e s  of i n t e r e s t  f o r  m a k i n g  t e s t s  of 

t h e o r e t i c a l  p r e d i c t i o n s  r e g a r d i n g  the  a I = t / 2  r u l e  f o r  

K d e c a y  a r e  u s u a l l y  p a r t i a l  d e c a y  r a t e s  f o r  s i n g l e  

c h a n n e l s  o r  s p e c i a l  s u m s  of c h a n n e l s .  It  i s  not  p o s -  

s i b l e  to  c o m p u t e  the  e r r o r s  on  s u m s ,  d i f f e r e n c e s ,  and  

r a t i o s  of  p a r t i a l  d e c a y  r a t e s  f r o m  the  i n f o r m a t i o n  

g i v e n  in the  T a b l e  of S t ab l e  P a r t i c l e s  b e c a u s e  of the  

p r e s e n c e  of o f f - d i a g o n a l  t e r m s  in t he  e r r o r  m a t r i x .  

F o r  t h i s  r e a s o n  we g ive  s o m e  of  t h e s e  q u a n t i t i e s  in 

T a b l e  I. T h r o u g h o u t  t h i s  A p p e n d i x ,  i t a l i c s  a r e  u s e d  

to  i n d i c a t e  t h a t  a q u a n t i t y  h a s  c h a n g e d  by  m o r e  t h a n  

one  (old) s t a n d a r d  d e v i a t i o n  s i n c e  o u r  p r e v i o u s  e d i -  

t i on ,  and  S g i v e s  the  s c a l e  f a c t o r  i n c l u d e d  in  the  

quo t ed  e r r o r  b e c a u s e  of i n c o n s i s t e n c i e s  in  the  da t a  

( s ee  f o o t n o t e  at  end  of  S t ab l e  P a r t i c l e  T a b l e  f o r  d e f i -  

n i t i on  of S). 

T a b l e  I.  (000) o r  (+-0)  r e f e r  to the s i g n  of the p i o n s  

in to  w h i c h  the K L d e c a y s .  

F + =F +F 
KI 3 K + K + e3 I~3 

F + / FK+ 
Klx3 e3 

F + /F 

K T K + T t 

F =F 
0 K 0 

K! 3 e3 

U o / FKO 
K~3 e3 

[" = 

K°(000) / r K ° ( + _ 0 )  

+ FK0 = 
M3 

= 0.705±.019 

= (6. 4 8 6 ± .  092)X t06 s e c  -1 

= 0 . 6 6 3 ± .  018 S=1 .7  

= 3. 2 2 6 + . 0 8 2  

(12.85+-.16)XI06 s e c  " t  S = t . Z  

I. 780±. 078 S=I. 2 

t .  L e p t o n i c  d e c a y  r a t e s  

The 1 ~ r a t e s  a r e  u s e f u l  in t e s t i n g  the 
KI 3 

l e p t o n i c  A I  = i / 2  r u l e  in  the  w a y  s u g g e s t e d  by  
t 

T r i l l i n g .  The  p r e d i c t i o n s  a r e  

F / ZF + = i.0iZ, a phase-space 
K~ 3 K~ 3 

2 
factor, and 

r o /r o = r  + i r K +  . 
KFt3 e 3 p.3 e 3 

From Table I, 

F o / / 2 1 ~ K +  = 0"991+0"019 
Kl 3 ~3 

These results seem to show a less than Zg dis- 

agreement with the predictions, but the errors should 

be regarded with caution in view of the internal dis- 

agreements in the data. (Note the ideograms in the 

data listing for the charged K meson. ) 

Z. T h r e e - p i o n  d e c a y s  
3 We f o l l o w  h e r e  the  t e s t s  done  by  M a s t  et a l .  , 

b a s e d  on the  g e n e r a l a n a l y s i s  of K d e c a y s  s u g g e s t e d  

by Zemach. 4 Both decay rates (F) and slopes (g, 

the energy dependence of the Dalitz plot distributions) 

are used. The Al = I/X rule predicts that the follow- 

ing test quantities are all equal to zero: 

z r°(ooo) -o) _~,  
Test 1 = ~ ¢1 

F + rKoc+_o / t K T _ , 
T e s t  3 =~ qb 3 ¢2 J 

t 
T e s t  4 = ~ gK; ,  

T e s t  5 = gK o (+-0)  

+ gK + , 
T 

f 

The  ~i a r e  p h a s e - s p a c e  f a c t o r s  w h i c h  have  b e e n  

c a l c u l a t e d  a s  d e s c r i b e d  in M a s t  et  al .  3 by  u s e  of a 

r e l a t i v i s t i c  f o r m u l a t i o n  and the  m a s s e s  and s l o p e s  

from our 1973 edition. The factors labeled UDP are 

the relative areas of the Dalitz 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: 

Method 

UDP NUDP CNUDP 

4#1(000) = 1.489 1.489 1.444 

~2(+-0) = 1.2Z1 1.294 1.279 

~3(++-)  = 1.000 t . 000  t . 000  

4~4(+ 00 ) = 1.247 1.183 1.147 

For convenience, we repeat the slope parameters 

tabulated in the Stable Particle Table. They are as 

follow s : 



gK+ = -0. 214± 0. 005 S=i. 7 

T 

g = -0.214± 0.007 S=Z. 7 
K 
T 

g~:~= = -0. 214± 0. 004 
T 

gK+ ' = 0. 522 ± 0. 020 S=I. 3 

= 0.610 ± 0.021 S=2.6 
gK ° (+-0) 

A d i f f e r e n c e  in  t he  T + and  T- s l o p e s  w o u l d  be  an  

i n d i c a t i o n  of C P  v i o l a t i o n  in  t h i s  d e c a y .  S ince  no 

d i f f e r e n c e  i s  o b s e r v e d  a t  t h i s  t i m e ,  we a v e r a g e  

the  t w o  and  u s e  t h i s  v a l u e  in  T e s t  4. 

We u s e  the  C N U D P  f a c t o r s  and  the  r a t e s  and  

s l o p e s  r e p o r t e d  h e r e  to  c o m p u t e  the  f ive  t e s t  q u a n t i -  

t i e s  w h i c h  the  AI=i/2 r u l e  p r e d i c t s  to  be z e r o .  The  

r e s u l t s  are: 

Test i = 0.051 ± 0.046 

Test Z = -0.075 ± 0. 024 

Test 3 = 0.251 ± 0.038 

Test 4 = 0. 047 ± 0. 01l 

Test 5 = 0. 135 ± 0. 024 

The  t h r e e - p i o n  f i n a l  s t a t e  c a n  be  in  i s o s p i n  

states I = i, Z, 3. Tests I and Z test the existence 

of isospin I = 3 in the final state. Since the rate 

tests (Tests i, Z, and 3) could differ from zero by 

as much as 0. i owing to the mass differences and 

the occurrence of big slopes 5, 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 AI = 3/Z part 

of the l=i amplitude relative to the &I = I/Z part. 

Both tests indicate the presence of &I = 3/2. 
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A p p e n d i x  1I 

A. SU(3) C L A S S I F I C A T I O N  O F  
BAR YON RESONANCES 

There are a few rnultiplets that have been 

studied and we report here the results. 

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 f'ound, how- 

ever, that the members of the octet of Stable 

Baryons lie within 20% of their mean mass; 

therefore a symmetry breaking interaction 

has been introduced by GELL-MANN 62 and 

OKUBO 62 independently. In addition, for the 

isospin-0 vector mesons (¢0 and ~) an addi- 

tional symmetry-breaking interaction has been intro- 

duced (SAKURAI 62) to take care of octet-singlet 

mixing. The relevant formulae for masses and 

decay rates are given below. 

Mass Formulae 

Broken SU(3) gives: 

D e c u p l e t  A - E  = E - ~ " =  ~ ' - f~  GMO (t)  

O c t e t  2 ( N +  ~) = 3A + E GMO (2) 

A - M 8 Mix ing  
O c t e t -  s in20  = - -  (3) 
S ing l e t  A - A'  ang le f  
m i x i n g  

M8 2(N+ ~) - Z = 3 GMO (4) 

Here GMO stands for the Gell-Mann-Okubo formula; 

the par t ic le  symbo l ind i ca t e s  i ts  mass .  The formu- 

lae would be the same if squared m a s s e s  were used. 

For the nonet case,  A is the "most ly-octe t"  par t ic le ,  

A' is  the "mos t ly - s ing le t "  part icle .  

Decay Rates 

In terms of a relativistically invariant matrix 

element T, the decay rate for two-body decay of a 

resonance of mass M R is 

[TI2R2 
r ~ - - - -  (5) 

M R 

where R 2= k/M R is the two-body phase space factor. 

Since the numerator is an invariant, and since F must 

t r a n s f o r m  as  l / E ,  we i n t r o d u c e  the  d e n o m i n a t o r  i /M R 

( s e e  F E Y N M A N  62). 

F o r  m e s o n  d e c a y s  ( s e e  be low)  the  r a t e s  a r e  

c a l c u l a t e d  a c c o r d i n g  to Eq.  (5); for  b a r y o n  r e s o n a n c e  

d e c a y s  in to  t / 2  + b a r y o n s  and  0-  m e s o n s ,  one  nex t  

t a k e s  in to  a c c o u n t  the  fac t  t h a t  s p i n  s u m s  in I T [ 2  in -  

t r o d u c e  a n o t h e r  f a c t o r  M R , c a n c e l l i n g  the  t /M R . We 

a r e  t h e n  lef t  w i t h  



ITIZk 
F = ~ M N, for baryons (5'5 

I TlZk Z 
= - -  M N, for mesons (5"5 

MR 
2 

The powers of the nucleon mass M N or M N have been 

i n t r o d u c e d  so  t h a t  we c a n  t r e a t  I Tm a s  d i m e n s i o n l e s s .  

I TI 2 c o n t a i n s  c e n t r i f u g a l  b a r r i e r  f a c t o r s ,  

w h i c h  we  c a l l  B~. We t h e n  h a v e  

M N 
SingletDecuplet } F = (cg5ZBz(k) -~-k (6) 

M N 
Octet F = (CDgD+cFgF5ZB~(k)  - - - ~ - k  (7) 

O c t e t -  A = G 8 c o s  0 + G t s i n 0  
S i n g l e t  { ( 35 
mixing A' = - G 8 s i n  @ + Gicos O 

w i t h  G 8 = c D g  D + c F g  F (,~) 
G t = c t g  t .  

H e r e  c i a r e  t h e  SU(3)  c o e f f i c i e n t s  w i t h  t h e  

s i g n  c o n v e n t i o n  a d o p t e d  i n  t h i s  a r t i c l e  [ s e e  

no te  p r e c e d i n g  t he  t a b l e  o f  SU(3)  i s o s c a l a r  

i a c t o r s  a n d  F i g .  Z in  t he  t e x t ] .  M N i s  t he  

nucleon mass, M R is the resonance mass for 

which ris calculated, k is the center-of-mass 

momentum for the channel being considered, 

gi are the relevant couplings. For the case of 

singlet-octet mixing, formula (8) has to be 

used in conjunction with (65 and (7). G 8 and 

G t r e p r e s e n t  t h e  c o u p l i n g s  fo r  t h e  m u l t i p l e t ,  

a n d  A a n d  A '  r e p r e s e n t  t h e  c o u p l i n g s  fo r  t he  

p h y s i c a l  s t a t e s .  

i s  

T h e  r e l a t i o n  b e t w e e n  g D '  g F '  a n d  t h e  p a r a m e t e r  

-I 

a :  [ t  + ~ g F  ] ( t0 )  
3 gD 

E x a c t  SU(3)  p r e d i c t s  t h a t  t h e  c o u p l i n g s  gi  

f o r  a l l  t h e  m e m b e r s  o f  a m u l t i p l e t  a r e  t he  

s a m e ;  h o w e v e r ,  s i n c e  t h e  s y m m e t r y  i s  b r o k e n  

fo r  t he  m a s s e s ,  i t  i s  p r o b a b l y  b r o k e n  fo r  t h e  

w i d t h s .  I n  t he  c a s e  o f  t h e  3 /Z  + d e c u p l e t ,  fo r  

b r o k e n  SU(3)  a s u m  r u l e  h a s  b e e n  d e r i v e d  by  

B E C C H I  64 and by G U P T A  64 independently. 

It relates the gi for the members of the decup- 

let by the relation 

2 ( A + ~ )  = 3 E * ( A ~ r )  + E* (E~r), ( t t )  

where E*(A~) is the coupling for the E(13855 

-*AIr decay and ~ )  is the coupling for the 

decay ~(1385) -~, 

t 94  

A s  m e n t i o n e d  i n  t he  t e x t  (Sec .  IV B) t he  

d e t e r m i n a t i o n  o f  t h e  r e l a t i v e  s i g n s  o f  r e s o n a n t  

a m p l i t u d e s  c a n  be u s e f u l  in  m a k i n g  a n  SU(3) 

a s s i g n m e n t  of  r e s o n a n c e s .  In  f a c t  the  r e s o n a n t  

a m p l i t u d e  T c: x % ~ .  cc G G. w h e r e  the  s u b s c r i p t  e 1 e 1 
e re fe rs  to the elast ic channel and the Ge, G i 

are the couplings of Eqs. (65 through (9). As-  

sv.n~ing that a l l  gi are posi t ive, the sign of the 

G i are dependent upon the sign of  the Clebsh- 

Gordon coeff ic ients c~. Once a sign convention 

is adopted (we use the LE'v'I-SETTI 69 conven- 

tion, see Fig. Z in the text) and the sign for  a 

state (I = 15 and a A state (I = O) of known 

SU(3) a s s i g n m e n t  h a v e  b e e n ' c h o s e n  fo r  r e f e r - -  

e n c e ,  t h e  s i g n s  o f  a l l  t h e  o t h e r  a m p l i t u d e s  c a n  

be u s e f u l  in  d e t e r m i n i n g  m u l t i p l e t  a s s i g n -  

m e n t s .  F o r  e x a c t  SU(3)  a l l  t h e  d e c a y s  of  m e m -  

b e r s  o f  a d e c u p l e t  h a v e  t he  s a m e  s i g n .  F o r  

o c t e t s  t h e  r e l a t i v e  s i g n  d e p e n d s  u p o n  t h e  v a l u e  

o f  g D / g F  a n d  t he  m i x i n g  a n g l e ,  a s  s e e n  f r o m  

E q s .  (7) t h r o u g h  (9). 

F i t s  to  t h e  D a t a  

F i t s  o f  b a r y o n  d e c a y  r a t e s  w i t h i n  SU(35 

c a n  be found ,  a m o n g  o t h e r s ,  i n  T R I P P  68 a n d  

69,  L E V I  S E T T I  69,  SAMIOS 70 a n d  P L A N E  70.  

T h e  m o s t  r e c e n t  f i t s  w e r e  m a d e  b y  B A R B A R O -  

G A L T I E R I  72 a n d  SAMIOS 73. 
I n  f i t t i n g  t h e  d a t a  a c h o i c e  f o r  B~ h a s  to 

be m a d e .  P L A N E  70 t r i e d  two  f o r m s  fo r  BZ: 

(a) T h e  f o r m  B~ = ( k r ) 2 ~ D ~ ( k r ) ,  r b e i n g  

the radius of interaction and D~ the polynom- 

ials in kr given by BLATT-WEISSKOPF 52. 

Usually r is taken to be I fermi (TRIPP 68). 

(b) The form B~ = k 2~. 

H o w e v e r ,  f o r  t h e i r  f i n a l  r e s u l t s  t h e y  u s e d  

f o r m  (b). A d i s c u s s i o n  of  t h e  d i f f e r e n c e s  

a m o n g  t h e s e  two  f o r m s  c a n  be found  in  

B A R B A R O - G A L T I E R I  7 t .  I t  t u r n s  ou t  t h a t  

no t  o n l y  t he  v a l u e s  of  t he  c o u p l i n g s ,  gi  ~depend 

u p o n  t he  f o r m  u s e d  fo r  B~, bu t  a l s o  t he  v a l u e  

o b t a i n e d  fo r  t he  m i x i n g  a n g l e .  F o r  t he  3 / 2 -  

s i n g l e t ,  A ( t 5 Z 0 ) ,  a n d  i s o s p i n - 0  m e m b e r  o f  t he  

o c t e t ,  A ( i 6 9 0 ) ,  t he  m i x i n g  a n g l e s  o b t a i n e d  i n  

t h e  two  c a s e s  a r e  

+1.4, " +3.6, ° 
Oa = (- 16-1_1.3} , Ob = (-27.5 _3.4} , 

in disagreement by a few standard deviations. 

I t  t u r n s  o u t  t h a t  i f  a r a d i u s  o f  i n t e r a c t i o n  of  

r = 0 . i 5  f e r m i  i s  u s e d  fo r  f o r m  (a), t h e  two  

v a l u e s  o f  0 a g r e e .  T h i s  v a l u e  o f  r d o e s  no t  

f i t  r e s o n a n c e  s h a p e s  w h e n  u s e d  in  t h e  B r e i t -  

W i g n e r  r e s o n a n t  f o r m .  

SAMIOS 73 u s e d  f o r m ( b )  f o r  B~. 



T ab le  I i s  a s u m m a r y  of t he  f i t s  m a d e  by 

B A R B A R O - G A L T I E R I  72 u s i n g  the  b a r r i e r  f a c t o r  

f o r m  Ca) and  e x a c t  SU(3}. A few c o m m e n t s  fol low.  

- None t  ( B a r y o n  - E t a  R e s o n a n c e s )  

F o r  t h i s  none t  Eq. (7) was  m u l t i p l i e d  by  the  

f a c t o r  

w h e r e  M B is  the  d e c a y  b a r y o n  and h~ R-  I~ B = 

564 MeV i s  the d i f f e r e n c e  of the m e a n  t / 2 -  and  

i / 2  + b a r y o n  oc te t  m a s s e s .  T h i s  k i n e m a t i c  

f a c t o r  c o m e s  f r o m  P C A C  a r g u m e n t s  ( i . e .  , the  

a s s u m p t i o n  t h a t  a x i a l  v e c t o r  c u r r e n t  r e m a i n s  

an  oc t e t  in  p r e s e n c e  of s y m m e t r y  b r e a k i n g ) a n d  

it  was  a d v o c a t e d  by G r a h a m  e t  al .  {GRAHAM 

67). Fo r  the  1 /2 -  none t  it  h a s  b e e n  u s e d  in  t h i s  

f o r m  f i r s t  by C-e l l -Mann  et al .  ( G E L L - M A N N  

68). 

3 + 
D e c u p l e t  

The  a g r e e m e n t  a m o n g  the  coup l i ng  c o n s t a n t s  

o b t a i n e d  fo r  the  fo u r  r a t e s  i n  t h i s  d e e u p l e t  i s  v e r y  

bad.  T h e  f i t  m a d e  u s i n g  f o r m  (b) f o r  B~ h a s  X2=50 

fo r  3 D e g r e e s  of F r e e d o m ;  the  one m a d e  wi th  f o r m  

Ca) f o r  B~ h a s  X2=24 /3DF.  The  b r o k e n S U ( 3 )  r e l a -  

t i on  Cii),  h o w e v e r ,  i s  v e r y  wel l  s a t i s f i e d .  
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B. SU(3) C L A S S I F I C A T I O N  OF MESON 
RES ONANC ES 

Al l  of the  d i s c u s s i o n  above  a p p l i e s ,  e x c e p t  

t ha t  fo r  B o s o n s  the  GMO f o r m u l a  is  u s u a l l y  app l i ed  to 

the  s q u a r e  of the  m a s s e s ,  a s  o p p o s e d  to the  f i r s t  

p o w e r  fo r  f e r m i o n s .  T h u s  fo r  e x a m p l e ,  Eq. (E) b e -  

c o m e s  

4 ~  : 3;1 + ~. (2,)  
The  s y m b o l  I~ was  introduced by  G l a s h o w  and  Socolow t 

fo r  the  s q u a r e  of the  K m a s s ,  e tc .  

B e c a u s e  of the  d i f f e r e n c e  b e t w e e n  Eqs .  (5 ' )  

and (5"), there is also an extra factor of (MN/M R) in 

Eqs. C6) and {7). The three established nonets C0-, 

i-, 2 +) and their mixing angles are listed at the 

bottom of the Meson table. 

F o o t n o t e s  and  R e f e r e n c e s  

t T h e  f o r m u l a  h a s  been c a l c u l a t e d  f r o m  a n a l o g y  wl th  

the  f o r m u l a  fo r  m i x i n g  of m e s o n  s t a t e s ,  f i r s t  put  in  

t h i s  f o r m  by  S. L. G l a s h o w  and  R. H. Socolow,  P h y s .  

Rev .  L e t t e r s  15__, 329 ( t966).  F o r  the  b a r y o n  f o r m u l a  

s e e  A. B a r b a r o - G a l t i e r i ,  P h e n o m e n o l o g y  of R e s o -  

n a n c e s  and  P a r t i c l e  S u p e r m u l t i p l e t s .  U C R L - i 7 0 5 4  

(1966). 
~Th i s  i s  a n  u p d a t e d  v e r s i o n  of the  f i t s  by  F l a m i n i o  e t  

a l . ,  BNL r e p o r t  14572. 

A. B a r b a r o - G a l t i e r i ,  L a w r e n c e  B e r k e l e y  L a b o r a -  

t o r y  L B L - 5 5 5 ,  l e c t u r e s  g ive n  a t  the  t 9 7 t  E r i c e  School  

on S u b n u c l e a r  P h y s i c s  (to be p u b l i s h e d  by A c a d e m i c  

P r e s s ) .  

Tab le  I. SU(3) b a r y o n  m u l t i p l e t s  wi th  two o r  m o r e  known m e m b e r s .  V a l u e s  of e and  cr [de f ined  by Eqs .  (8) and  
~ [ - ' ~ e  the r e s u l t s  of  f i t s  m a d e  to a l l  the m e a s u r e d  two-body  d e c a y  r a t e s  of e a c h  m u l t i p l e t  by B A R B A R O -  
GALTIER-I 72 (BG72) and  SAMIOS 73 (SGM73).  

J P  Oc te t  m e m b e r  s a S ing le t  

t / 2 -  N(1535) A( i670)  ~(1750)  [ '~(t825)]  A(1405) 

3 / 2 "  N(1520) A( t690)  ~ ( i 6 7 0 )  [~( 18157] A( i520)  

5/2  - N( 16707 A( t830)  Z ( t765)  

5/2. + N(t688) A ( t 8 i 5 )  ~ ( t 9 i 5 )  

D e c u p l e t  m e m b e r  s c 

BG72 

O(deg) b a 

8~3 1.2 ~.I 

-23±4 .34±.0? 

1.13±.05 

.62~.04 

g i 0  

3/2 + A(1232) Z(1385) ~(1530) ~- 1.78 -2.Z9 X a= 50/3DF 

7/z + ~(1950) z(z030) 

SGM73 

0(deg) b a 

d d 

-26±3 .28±.15 

1.16±.01 

.46±.005 

a m a s s e s  in  p a r e n t h e s e s  a r e  the n o m i n a l  m a s s e s  u s e d  i n  the  B a r y o n  T a b l e .  The  ~ m e m b e r s  h a v e  m a s s e s  a s  
c a l c u l a t e d  by u s i n g  f o r m u l a e  ( i )  and  (2) wi th  the m i x i n g  ang le  e d e r i v e d  f r o m  the d e c a y  w id th s .  

b s e e  tex t  for  a d i s c u s s i o n  of the 3 / 2 "  m i x i n g  a n g l e .  

CCoupl ing  c o n s t a n t s  f r o m  B A R B A R O - G A L T I E R I  72. 

d F o r  the J P= i / Z -  oc t e t  the  v a l u e s  of SAMIOS 73 a r e  not  quo ted  h e r e ,  b e c a u s e  for  A( i405)  the coup l ing  to KN 
was  not  i n c l u d e d  in  the  fit  and  the s t a t e  was  a s s u m e d  to coup le  only  to ~ r .  
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Appendix Ill 

TEST OF Al:I/2 RULE FOR HYPERON DECAYS 

O. E .  O v e r s e t h  
U n i v e r s i t y  of  M i c h i g a n  

1. N o n l e p t o n i c  D e c a y  A m p l i t u d e s  

In  t h i s  e d i t i o n  we  a g a i n  u s e  the  n e w  c o n v e n t i o n  f o r  

t he  a m p l i t u d e s  A a n d  B a d o p t e d  l a s t  y e a r .  S o m e  

t h e o r i s t s  h a v e  s u g g e s t e d  t h a t  d i m e n s i o n l e s s  a m p l i t u d e s  

a r e  m o r e  u s e f u l  to t h e m  t h a n  t he  o n e s  a p p e a r i n g  in  t he  

l i t e r a t u r e .  B e r g e ( 1 9 6 6 )  u s e d  a c o n v e n t i o n  w i t h  A a n d  
-i,21 _ . 

B in units of sec . 5amlos (1965) used a conven- 

tion which gave A and B in units of (MeV-see) -I/2. 
/ 

Following is the convention suggested by 3ackson 

(1973), which gives dimensionless A and B. 

T h e  e f f e c t i v e  L a g r a n g i a n  d e n s i t y  f o r  n o n l e p t o n i c  

h y p e r o n  d e c a y s  (B t -  B z + lr) c a n  be  w r i t t e n  

~ e £ f  Z - -  = G~c [ c2(A+By 5) ¢i]~, 

w h e r e  G = t 0  - 5  m - 2  i s  a c o u p l i n g  c o n s t a n t  c h a r a c t e r -  
P 

i s t i c  o f  f i r s t - o r d e r  w e a k  d e c a y s ,  Mc i s  t he  c h a r g e d  

p i o n  m a s s ,  a n d  A and  B a r e  d i m e n s i o n l e s s  c o m p l e x  

n u m b e r s  g i v i n g  t h e  r e l a t i v e  a m p l i t u d e s  of  t h e  p a r i t y -  

v i o l a t i n g  a n d  p a r i t y - c o n s e r v i n g  d e c a y s ,  r e s p e c t i v e l y .  

T h e  m a t r i x  y_ i s  to  be  t a k e n  in  t h e  P a u l i  f o r m ,  
0 - I  b 

Y5 = ( -I 0 )" The invariant amplitude for the decay 

is 

= G b t c [ U ( p ) ( A + B Y 5 ) u ( P ) ] ,  

w h e r e  P i s  t h e  4 - m o m e n t u m  of  t h e  d e c a y i n g  h y p e r o n  of  

m a s s  M,  a n d  p i s  t h e  4 - m o m e n t u m  of  t h e  b a r y o n  d e c a y  

p r o d u c t  of  m a s s  m .  W i t h  t h e  n o r m a l i z a t i o n  c o n v e n t i o n ,  

u i u  i = 2 m i ,  t h e  P a u l i  f o r m  of  t h e  m a t r i x  e l e m e n t  in  t h e  

r e s t  f r a m e  of  t h e  d e c a y i n g  h y p e r o n  i s  

2 Z~-MM(E-ml B~ .q IXl >, Dr-- G~e<× z I~/ZM(E+ml A+ 

w h e r e  E i s  t h e  t o t a l  e n e r g y  of  t h e  f i n a l  b a r y o n  a n d  ~t i s  

a u n i t  v e c t o r  in  t h e  d i r e c t i o n  of  m o t i o n  of t h e  f i n a l  

b a r y o n .  C o m p a r i s o n  w i t h  Sec .  VI  D s h o w s  t h a t  the  

amplitudes s and p defined there are proportional to 

A and B: 

i = 7 (M- 2 B =[Em~--B m) z ~Z A 
o \Z+m/A __ (M+mlZ 

Here ~ is the mass of the pion entering the decay. The 

parameters a,~,y can therefore be expressed interms 

of A and B, rather than s and p, if desired. 

The decay rate for BI~ B z+ ~is 
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F = T  G2~c4 q~I-(M+m);~-bt?']'A'2+ r ( M - m ) 2 - ~ ; ~ ] ' B ~ ~  IV12 L M z J ' 

where q is the c.m. momentum of the decay prod- 

ucts. For reference, the dimensionless constant in 

e x p r e s s i o n  h a s  the  v a l u e  (G%c4/8~r)= 1 . 9 4 8 8 X i 0  -15 .  t h i s  

T a b l e  I s u m m a r i z e s  the  a m p l i t u d e s  A and B f o r  the  

n o n l e p t o n i c  d e c a y s  of the  A,  ~ ,  and ~ h y p e r o n s .  T h e s e  

a m p l i t u d e s  h a v e  been  c a l c u l a t e d  by u s i n g  the  e x p e r -  

i m e n t a l  da ta  f o r  m e a n  l i v e s ,  b r a n c h i n g  r a t i o s ,  and the  

d e c a y  a s y m m e t r y  a g i v e n  in the  S tab le  P a r t i c l e  T a b l e  

of t h i s  r e v i e w .  T i m e - r e v e r s a l  i n v a r i a n c e  is  a s s u m e d  

2. Tests of the AI=i/2 Rule 

(a) A Decay 

For A decay the AI = I/2 rule predicts that F0/F 

= 0.50 and ~0 = ~ - In order to determine the magni- 

tude of possible AI = 3/Z amplitudes present we write 

the linear expressions [Overseth and Pakvasa (1969)] 

for the AI = 3/2 A- and B-wave amplitudes in terms of 

A~, where A~ is the measured value of ¢~0/~_ minus the 

predicted value, and in terms of AI ~ similarly defined. 

Evaluating these we find 

A~ = - 1.53 (A3/Ai) + 1.60 (B3/BI), 

AF= 1.83 (A3/AI) + 0.26 (B3/BI). 

and  f i n a l - s t a t e  i n t e r a c t i o n s  a r e  n e g l e c t e d ,  so  A a n d B a r e  H e r e  the AI = 3 /2  a m p l i t u d e s  a r e  e x p r e s s e d  r e l a t i v e  to 

t a k e n  to be r e l a t i v e l y  r e a l .  The  s u b s c r i p t  on the  

h y p e r o n  r e f e r s  to the  s i g n  of the  d e c a y i n g  p ion .  The  

s t a t i s t i c a l  c o r r e l a t i o n  c o e f f i c i e n t  

CAB di > 

i s  a l s o  g iven .  The  a b s o l u t e  s i g n s  of A and B h a v e  bee  

a s s i g n e d ,  u s i n g  the  f o l l o w i n g  c o n v e n t i o n .  TakingA(A°_) 

a s  p o s i t i v e ,  the  o t h e r  S - w a v e  d e c a y  a m p l i t u d e s  a r e  

c h o s e n  to g ive  a n  a p p r o x i m a t e  fi t  to  t he  t r i a n g u l a r  

r e l a t i o n s h i p s  

Q2-A(Z +) +A(Z +) = A(Z-) and ~]3A(~,o +) +A(A_ °) = 2A(~-). 

The  s i g n s  of t he  B a m p l i t u d e s  r e l a t i v e  to  t h o s e  of  t h e  

c o r r e s p o n d i n g  A a m p l i t u d e s  a r e  d e t e r m i n e d  by the  

sign of the appropriate a decay parameter. 

T a b l e  I 

M -~ m +~ A B CAB 

A ° --~ p + ~- 1.48±0.01 i0.17±0.24 -0.272 

A ° --* n + ~o -1 .08: t :0 .02  - 7 . 2 8 ± 0 . 5 8  -0 .744  
o 

+ Tr + ~+ ~ n + 0.06±0.02 19.05g=0.16 0.003 

~+ _~ p + no 1.48±0.05 -1Z.04±0.59 0.919 
@ 

- -~ n + ~- i.93±0.0i -0.65±0.08 -0.024 

_~o ~ A + T ° 1.53±0.03 -5.90±i. Ii 0.347 
o 

.~- -- A + ~- 2.04±0.02 -6.73±0.41 0.237 

the AI = 1 /2  a m p l i t u d e s .  The  n u m e r i c a l  v a l u e s  of the 

c o e f f i c i e n t s  d e p e n d  on the r a t i o  B / A .  The  u n c e r t a i n t i e s  

in the c o e f f i c i e n t s  a r e  s m a l l  c o m p a r e d  to the  u n c e r -  

t a i n t i e s  in Aot and  Z~I ~. F i n a l - s t a t e  ~ - N  i n t e r a c -  

t i ons  h a v e  b e e n  i nc luded  in t h e s e  r e l a t i o n s  bu t  h a v e  a 

v e r y  s m a l l  e f fec t .  F r o m  the S tab le  P a r t i c l e  T a b l e ,  

A~ = 0 . 0 0 6 ± 0 . 0 6 6 ,  A F  = 0 . 0 5 8 ± 0 . 0 i Z ,  

and h e n c e  

( A 3 / A t )  = 0 . 0 2 7 ± 0 . 0 0 8  

and 

(B3/B I) = 0.030+0.037. 

The possible 3% AI = 3/2 A-wave amplitude is due to the 

d i s a g r e e m e n t  of d e c a y  r a t e s  w i t h  p r e d i c t i o n .  At t h i s  

l e v e l  the r e s u l t s  a r e  s e n s i t i v e  to e l e c t r o m a g n e t i c  c o r -  

r e c t i o n s .  H o w e v e r ,  in A d e c a y  the p h a s e  s p a c e  c o r -  

r e c t i o n  and the o t h e r  r a d i a t i v e  c o r r e c t i o n s  a p p e a r  to be 

abou t  e q u a l  in m a g n i t u d e  and h a v e  o p p o s i t e  s i g n s  

[ B e l a v i n  and N a r o d e t s k y  ( t968) ,  and I n t e m a n n  ( t973) ]  , 

and h e n c e  c a n c e l  e a c h  o t h e r  in the  c o r r e c t i o n  to the d e -  

cay  r a t e s .  

( b ) ~  D e c a y  

The  a n a l y s i s  f o r  ~ d e c a y  is  v e r y  s i m i l a r  to t ha t  fox' 

A d e c a y .  If the  AI = i / 2  r u l e  i s  va l id ,  F 0 ( - ~° ) /F  ( ~ - )  

= 0.50 and a0 = a  . F o r  th i s  c a s e  the e x p r e s s i o n s  

l i n e a r  in  AI = 3 / 2  A-  and B - w a v e  a m p l i t u d e s  a r e  

[ O v e r s e t h  and P a k v a s a  ( i969) ]  

Aa = 1.38 (A3/AI) - 1.38 (B3/BI), 

Zil ~= - 1.44(A3/AI) - 0.06(B3/BI). 

From the Stable Particle Table, 

Au = 0.1Z±0.21, AF= 0.058~-0.024, 

and we find 

(A3/AI) = - 0 . 0 3 5 ± 0 . 0 t 7  

and 

(B3/BI)_ = - 0.12±0.15. 



(c) ~. Decay 

The traditional test of the AI = I/2 rule in ~, decay 

is that the amplitudes satisfy the relationship 

Z + + ~ - Z - = 0. Graphically this is equivalent 

to closing the ~, triangle When the amplitudes are 

plotted on A, B axes. Including Z~I >- 3/Z amplitudes 

in ~, decay analysis, the 'f ~. triangle" relationship be- 

come s 

Q-~A~ + A+-A_ = - A3+-~515 A 5, 

where A 3, A 5 are AI = 3/2, 5/g amplitudes, respec- 

tively. There is a similar equation for the B ampli- 

tudes. From Table I, 

4-ZAo + A +  - A = 0 . 2 2 : e 0 . 0 9  

a n d Q ' 2 B o  + B + -  B = 2 . 7  ~ - t . t  

If we neglect the Z~I = 5/2 amplitudes and assume all 

a m p l i t u d e s  to  be  r e a l  w e  c a n  s o l v e  f o r  p o s s i b l e  AI= 

3 /Z  a m p l i t u d e s .  The  r e s u l t  i s  

A 3 
- -  = - 0 . 0 6 0 + 0 . 0 Z 6  
A 

a n d  

B 3 
- -  = - 0 . 0 7 4 ± 0 . 0 5 0 .  
B+ 

T h u s  f o r  h y p e r o n  d e c a y ,  p r e s e n t  e x p e r i m e n t a l  d a t a  

limit AT = 3/Z amplitudes to less than about 5%. 
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3. The Lee-Sugawara Relation 

From Table I the Lee-Sugawara [Lee (1964) and 

Sugawara (1964)] relation ~ +  + A 0 - 2 .~-= 0 is 
0 

satisfied to -0.04+0.12 for the A amplitudes, and to 

2.8:h2.1 for the B amplitudes. 
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