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I. Introduction, credits, consultants 

This review is an updating through December 1977 

of our previous review of particle properties (Particle 

Data Group, 1976 and 1977). As in previous editions, 

we have attempted to make the text as complete and 

self-contained as possible, 

As usual, the results of our compilation are pre- 

sented in two sections, the Tables of Particle Proper- 

ties and the Data Card Listings." " • The Tables summarize 

the properties of only those particles whose existence 

is in our judgment experimentally well founded and 

which have a large probability of standing the test of 

time. This is a conservative judgment, and surely some 

genuine resonances are (temporarily) omitted (see 

section V below). 

The Data Card Listings give up-to-date information, 

with references, on all reported particles, whether 

considered well established or not. The Listings also 

contain mini-reviews on questions of interest. 

A history of the Particle Data Group, with a discus- 

sion of procedures and problems, has been given by 

Rosenfeld (1975) and a short survey of the history of 

some of the constants we compile can be found in 

Appendix IV. 

We have maintained it. this review the new statis- 

tical procedure introducdd in the previous one, i.e. we 

give simultaneously in the Listings the old (labeled 

"AVG") and new (labeled "STUDENT") average 

values and errors. Details may be found in section VII. 

A pocket-sized data booklet, containing the Tables 

and a reprint of the figures and formulae from the 

first part of the review, is available on request. For 

North and South America, Australia, and the Far East, 

write to Technical Information Division, Lawrence 

Berkeley Laboratory, Berkeley, CA 94720, USA. For 

all other areas, write to CERN Scientific Information 

Service, CH-1211 Geneva 23, Switzerland. 

As usual, we wish to emphasize that we compile 

the experimental results of others. It is inappropriate 

to give us the credit for their countless hours of effort. 

We urge that references be given directly to the origi- 

nal data, and we provide complete references in the 

Data Card Listings for that purpose. 

The responsibilities for the various sections can be 

broken down as follows: 

(1) Stable particles: N. Barash-Schmidt and T.G. 

Trippe. 

(2) Meson resonances: D. Dionisi, M. Mazzucato, 

L. Montanet, and M. Roos. 
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(3) Baryon resonances: C. Bricman, R.L. Crawford, 

C.P. Home, R.L. Kelly, and M.J. Losty. 

(4) General, including text: All authors. 

Consultants: To overcome unavoidable gaps in our 

coverage, both intellectual and geographical, we have 

solicited the help of  consultants: 

U. Amaldi (CERN), 

V.E. Barnes (Purdue University), 

K. Crowe (Lawrence Berkeley Laboratory), 

J. Engler (CERN), 

G. Feldman (SLAC), 

F. Foster (University of Lancester), 

G. Goldhaber (Lawrence Berkeley Laboratory), 

R. Hagstrom (Lawrence Berkeley Laboratory), 

F. M6nnig (CERN), 

R.G. Moorhouse (University of  Glasgow), 

O.E. Overseth (University of  Michigan), 

S.I. Parker (Lawrence Berkeley Laboratory), 

M. Perl (SLAC), 

B.N. Taylor (U.S. National Bureau of  Standards). 

The usefulness of  this conrpilation depends in large 

part on the interaction between the users and the 

authors and consultants. We appreciate comments, 

criticisms, and suggestions for improvements of all 

stages of data retrieval, processing, and presentation. 

II. Selection of data 

All particles are considered to fall into one of  the 

three groups: 

(1) Stable particles, inmmne to decay via the strong 

interaction, including the 7/and the photon and the 

leptons. 

(2) Meson resonances. 

(3) Baryon resonances. 

The charmed, charmonium, and other new flavor 

particles have been merged into these groups. 

These groups are maintained within the two main 

parts of  the compilation: 

(1) Tables of Particle Properties. 

(2) Data Card Listings. 

The Data Card Listings contain the original infor- 

mation (data, references, etc.), weighted averages, 

comments, and "mini-reviews". Immediately preceding 

the Data Card Listings is an illustrative key thereto. We 

attempt to give complete Data Card Listings up to our 
closing data (January 1, 1978) for all journals listed in 

the Illustrative Key. We also include preprints and un- 

published conference reports that have come to our 

attention, but make no claim to completeness. 

Roughly 40% of  our encoded results, those set off 

in parentheses, are not used for averaging. The reason- 

ing is then often given in a footnote below the data. 

If the reason is not given, it is one of  the following: 

The result was presented with no error stated. 

The result comes from a preprint or conference 

report. It is our experience that such results (and par- 

ticularly the errors) often change before final publica- 

tion. Accordingly we keep these new results in paren- 

theses until they are published (or explicitly verified 

to us by the authors). 

It involves some assumptions that we do not wish 

to incorporate. 

It is of  poor quality, e.g. bad signal-to-noise ratio. 

It is inconsistent with other results, e.g. because of  

different methods employed, rendering averaging 

meaningless. 

It is not independent of other results, e.g. it is a 

result from one of  several partial-wave analyses all us- 

ing the same data, again rendering averaging meaning- 

less. 

When the data for a particle have received special 

treatment or present special problems, this is noted in 

a mini-review in the Data Card Listings. 

The Tables of Particle Properties represent the out- 

put of weighted averages and some critical judgment. 

The extent to which "blind" averaging has been tem- 

pered with judgment is explained in footnotes to the 

Tables. In general, however, the footnotes are less 

complete than is the collection of  notes and mini- 

reviews in the Data Card Listings. The reader is thus 

encouraged to familiarize himself with the Data Card 

Listings and, ultimately, with the original references. 

II1. Nomenclature  

A. Quantum numbers 

The symbols IG(J P) C represent: 

I = isospin, 

G = G parity, 

J = spin, 

P = space parity, 
C = charge conjugation parity. 

n l  
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1. Mesons. The charge conjugation operator Cturns 

particle into antiparticle and has eigenvalues +1 only 

for neutral states; so it is useful to define an extension 

G which has eigenvalues for charged states too. This is 

usually * a defined by 

G = C exp(iTr/y). (1) 

A neutral nonstrange, noncharmed state is an eigen- 

state of  exp(inly) 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 n 0, Chas  the eigenvalue +1, and since 

I =  1, G = - 1 .  For a charged pion, there are no eigen- 

values corresponding to C and to the isospin rotation, 

but eqs. (1) and (2) still give G = - 1 .  

Consider a meson as a bound state of  f e r m i o n -  

antifermion, e.g. ~q, 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 as in eq. (2)) is 

c n : ( - 1 )  ~+s  . ( 3 )  

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

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

The parity is 

P =  - ( - 1 )  t . (5) 

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

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

so all singlets (1S 0, 1P l, ...) have CnP = - 1 ,  and all 

triplets (3 S1 ' ...) have CnP = + 1. For proofs o f  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. A 2 -+ KK), it turns out that 

some signs cancel, and eqs. (3) and (4) (not  eq. (5)!) 

apply unchanged. Of course, the mesons are often 

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

spinless, so S is zero, but the equations are more gen- 

eral. Eqs. (3) and (4) can be considered as selection 

rules forbidding many decays. 

We now use eqs. (3) and (4) to introduce the con- 

cept o f  "Abnormal-C" mesons, i.e. mesons that cannot 

be composed o f~q .  For  this, it is sufficient to con- 

sider the SU(3) subgroup of  the full unitary group of  

flavors, containing the u, d, and s quarks in a ( 3 )  re- 

presentation. 

This triplet of  quarks is of  course defined to have 

isospin and hypercharge properties such that ~q can 

combine (according to the SU(3) relations (3} ® {3} 

= {8} • {1 ))  so as to form only octets and singlets. 

The non-observation of  "exot ic"  mesons (i.e., mesons 

in larger SU(3) representations, or mesons requiring at 

least a q~q~ structure) is of  course a direct consequence 

of the naive quark model. States coupling directly to 

p ro ton -an t ip ro ton  channels (e.g., S,T,U, see Montanet 

(1977) and the Listings) are sometimes interpreted as 

"baryonium",  requiring qqqq structure, but  this inter- 

pretation is model-dependent,  and no manifestly exot- 

ic mesons have been found. It is slightly less obvious 

that even some octets are forbidden by the model, 

namely those with (JP)C n = (0-+) - ,  ( 1 - ) + ,  (2+) --, .... 

Such states are not observed, and this is an additional 

success of  the naive quark model classification scheme. 

In what follows, do not confuse "Abnonna l -C"  

with "Normal"  or "Abnormal"  JP, both o f  which are 

allowed by the quark model. The series JP = 0 +, l - ,  

2 +, ... is called Normal because P = ( - 1 ) J  as for nor- 

mal spherical harmonics, and JP = 0 - ,  1 + , ... is called 

Abnormal. 

The top part of  table 1 shows all the low angular 

momentum states that can be formed from -~q. Note 

that half of  the JP states can be formed by both a 

triplet and a singlet ~q 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 ~q 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 ~q model there is no way 

to form a state with a JP of 3Po, 2 (i.e. JP = Normal) 

and with CnP = - l .  As mentioned,  such octets have 

not shown up. With the help of  table 1 one can also 

see that the special state 1S o, CnP = +1, cannot be 

formed, so has Abnormal C. 

2. General remarks. Well-established quantum num- 

bers are underlined in the Tables of Particle Properties 

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

-qq State (JP) _ CP Strange Charmed 
C___P_P CP Normt~al or IG(jP)Cn Exan~les partners partners 

+ abnormal (I=½) (I=½) 

NORMAL-C STATES THAT CAN' COME FROM ~q MODEL 
+ - + ~ ~' 

' IS~ (0-)^- IO (0) , K D(1870) 
__~_ . . . . . . . . . . . . . . .  .2_ . . . . . . . . . .  b_-_~_0-_)+_ . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3St  \ (1- )N + I t + ( 1 - )  - t ° - ( t - ) -  ~,¢,J/~(3100)¢,p, '~'(3685)K*(892) D*(2010) 

o-(i+)_ 1P 1 
. . . . . . . . .  , : : : : : :  . . . . . . . .  > _ . _  . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . .  , ~ .  ] o+(o+>+ ~,~,,~(~> 
% ' ° % )  ,.-,o+. 

, .+ .  , \ I 'o+(C)+ O 
3P i ~ 1  )A + ~ ._, .+,. ^ QI 

l ~ ta+~a+ )+ ~i 
+ 0 (Z)+ f , f '  -'- 

3Pz (Z)N + k i-(2+)+ A2 K"(1430) 

, " ................ ~ . . . . . . . . . . . . . . . .  ~ % 1  . . . . . .  % ( ~ f  . . . . . . . . . . . . . . . . . . . . . .  3D t (I)N k same as b ! 

(Z-)A +k~ 1 0+(2 )-~ Reg~e recturrence of the 
3Dz ~ l l  (2-)- l  Abnorma]_-C state (JP)C n : (0-)- 

l - 0-(3-)- " 3D 3 60(]_670) )N + ~ 1+(3_)_~0 g T K (1.780) (3 

+ ~ 3F Z 

3F3 

I 3F 4 

~_~> . . . . . . . . . . . .  !'_[)~:___ 

(Z+)N + 

(3+)A + 

(4+)N + 

0-'(3+)_ 
1+(3 + ) - ........... -. ..................................... 

h same as PZ 

0+(3+)+ 
1-(3+)+ 
0+(4+)+ h,U 
1-(4+)+ 

Abnormal C 

states 

Have no qq 

model 

ABNORMAL-C STATES THAT CANNOT COME FROM qq MODEL 

- I o- (o - )  - 

(-0- -)A-q . . . . . . . .  ]~- + ~-0- =-}-: . . . . . . . . . . .  All except 

+( i=)+ JP 0- 
1 -( I-)+ = (i-) N- 

(0+)N = 

{2+)N = 

(3-) N- 

o - ( o + ) _  

t+(O+)_ 
o-(z+)_ 

i+(2+)_ 

o+(3")+ 
C ( 3 " ) +  

are 

JP = normal, 

CP = - i  
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(except for stable particles, where most  of  the quan- 

tum numbers  are established). We have used flimsy 

evidence to guess many  of  the remaining ones, and we 

have indicated with "?"  ones (in the Baryon Table) 

for which there is almost no evidence. 

As is customary,  we define antiparticles as the re- 

sult of  operat ing with CPT on particles, so both share 

the same spins, masses, and mean lives. Whenever 

there is a particularly interest ing 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 n u m b e r  B (= 0 for mesons), its 

isospin 1, its strangeness S and charm C, and, for a 

non-strange,  non-charmed meson,  its G parity. 

The name convent ions  for mesons are given in the 

first part of  table 2. 

To crowd even more informat ion  onto  the symbol,  

Table 2 
Particle name conventions. 

Name I S C 

Mesons 
n 0 0 0 
co or ~ a) 0 0 0 
p 1 0 0 
n 1 0 0 

K +, K ° 1/2 +1 0 
K-, ~o 1/2 -1 0 
D +, D o 1/2 0 +1 
D-, D o 1/2 0 -1 
F + 0 +1 +1 
F- 0 -1  -1  

Baryons 
N 1/2 0 0 
A 3/2 0 0 
Zo,  Z 1 0, 1 +1 0 
A 0 --1 0 

1 -1 0 
1/2 - 2  0 

£2 0 - 3  0 
A c 0 0 i 
~c 1 0 1 

G 

+ 

+ 

a) Since 1973, we have used the symbol co for those I G = 0- 
mesons that decay mainly into 37r [w(783), co(1670)]; we 
reserve the symbol 0 for 0(1020) and possible future higher- 
mass I G = 0- mesons that decay mainly into KK. 

we sometimes add a subscript giving JP. I f  JP is no t  

known,  bu t  must  be "Normal"  (0 +, 1 - ,  2 + . . . .  ), e.g. 

because Kn decays are seen, we use the subscript N. If  

such modes are not seen (and are no t  otherwise for- 

bidden),  we guess that it is because JP is " Abnorm a l " ,  

and we use the subscript A. 

For some pairs of  mesons with supposedly identical 

quan tum numbers ,  we also use primes; e.g. 77, ~ ' ;  f, f ' .  

For baryons no a t tempt  has been made to attach a 

subscript about  J and P. The name convent ions  are 

given in the second part of  table 2. For stable baryons 

of each I and S we use the symbol  s tanding alone; for 

resonances, the mass is in parentheses (i.e. N(1688),  

A(1405),  ~(1755) ,  etc.). The JP assignments are re- 
1 . 3 5 .  

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

also by the symbols  P l t ,  D13, F15, which refer to the 

zrp or Kp partial-wave anqplitude in which the resonant  

state occurs (the first subscript refers to the isospin 

state: 2 X l for N and A and just  I for Z, A, and ~2). 

When two or more baryons  have identical quan tum 

numbers  we warn the reader by adding primes to the 

spectroscopic symbol  as explained in foo tnote  (a) of  

the Baryon Table. 

IV. Conventions  and parameters for strong interact ions 

A. Partial-wave amplitudes and resonance parameters 

The vast majori ty of  in format ion  concerning baryon 

resonances comes in the form of partial-wave analyses. 

In addit ion data concerning meson resonances (TrTr, 

K~, ~Tr~) are, with increasing frequency,  being sub- 

jected to partial-wave analyses. We thus find it natural  

to in t roduce the resonance parameters which we com- 

pile in terms of  a Bre i t -Wigner  approx imat ion  for the 

partial-wave ampli tude.  

In general the elastic ampli tude for a given angular 

m o m e n t u m  l may be wri t ten as 

exp(2i6)  - 1 (1) 
TI 1 = 2i ' 

where ~ is the absorpt ion parameter  (0 ~< r/~< 1) and 

6, as the phase shift. The subscripts 11 on T denote 

scattering from channel  l to channel  1 (e.g. ~ r  -+ ~ 

or KA( -+ Yd(). 

In fig. 1 we show an Argand plot of  the elastic par- 

tial wave ampli tude T 11. It illustrates geometrically 

how the real parameters r? and 6 are related to the 

vi 
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1 

1 
- ½  

l i nT  I m T  

i 

R e T  ½ '/2 0 N e T  '/2 

(a) (b) 

Fig. l. Argand plots for the elastic partial wave amplitude T11. 
The outer circles are the unitarity bound (r/= 1). The inner 
circles correspond to the Breit-Wigner approximation of eq. 
(2) for (a) xl = Pl/F = 0.75 and (b) xl = 0.4. Note: e = 
2(M- E)/I', 

real and imaginary parts of T l 1" Many examples of 

such Argand plots may be found in the Baryon Data 

Card Listings 

Consider the so-called non-relativistic Brei t -Wigner  

approximation for T 11 : 

TI1 = ½ F I / ( M -  E -  ~-iP), (2) 

where E is the c.m. energy of  invariant mass, Pl and 

P are the elastic and total widths, and M is the reso- 

nance mass. Eq. (2) is, of  course, not the only possible 

description of  a resonant amplitude; but  it suffices to 

illustrate the properties of  partial-wave amplitudes 

which we associate with resonance behavior in the ab- 

sence of  any background in the same partial wave (see, 

e.g., the rrN D15 and F15 waves in the Baryon Data 

Card Listings). Usually the widths contain barrier- 

penetration factors which can vary rapidly with energy. 

Near threshold, Pl  (E) should start up as q21+l (also 

true for the inelastic width P~). Various E dependences 

are then used for P l ,  mostly of  the form 

(qR)  21+1 

F 1 (E) c~ const + ... + (qR)  2l ; (3) 

see Jackson (1964), Pigfit and Roos (1968), and 

Barbaro-Galtieri (1968). 

The BW approximation to the amplitude for an in- 

elastic process leading from channel 1 to channel t3 

(n'Tr ~ KK or KN ~ 2;7r, for example) is 

=  (rtr )tl21(M - - ~-ip) 
= (XlX~) 1/2 [½F/(M - E - ~ir)], (4) 

where 

N 

r =G rdr ,  (s) 
1 

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

(Note that in the Data Card Listings we use the symbol 

P~ to denote x~.) The channel cross section ot~ for the 

reaction 1 -+/3, for spin 0 - s p i n  1/2 scattering, is 

a id  = 47rX2(J + ½)lTla[ 2 , (6) 

where J =  1-+ ~. 

The important  features of eq. (4) which character- 

ize resonant behavior in the Argand diagram ([m T 1 t3 

versus Re TI~3) are: 

energy variation given by circles with diameter 

(XlXi3) 1/2 and maximum amplitude at E = M of 

T~nfi ax = i(X lX~) 1/2 ; (7) 

a maximum in the speed near resonance, given ap- 

proximately by 

2(xtx~)l/2 
"Speed"(res) = I d T l y d E I E =  M - P(E) ' (8) 

for slowly varying I'(E). These features may be related 

to the r/, 6 representation of  T l l .  Thus when E = M, 

6 is either 90 ° (x 1 > 5) or 0 ° (x 1 < ~-) and r /dips to 

its minimum value. 

These simple properties can be used to judge the 

presence or absence of  resonance behavior in an 

Argand plot,  but do not necessarily constitute the 

criteria we use (see section V). It must also be kept in 

mind that eqs. (2) and (4) are only approximations to 

the " t rue"  amplitude. The simple picture given above 

can be distorted by various effects: 

the presence of "background" in the same partial 

wave as the resonance, 

two resonances in the same partial wave overlapping 

in energy, 

the resonant energy M being close to an inelastic 

channel treshold, in which case a K-matrix-like param- 

etrization is more appropriate,  

the speed of  the resonance being very slow so that 

the resonance is very broad, and the Brei t -Wigner  

formula a bad approximation.  

vii 
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SU(3) RELATIVE SIGN OF RESONANT AMPLITUDES 

TRE s ~ a (G~v. • G v ~ v . , ) / ( M - E - i  r/z) 

l,c~ {8} lel l~I 181 i,oi !'I 
T(1385) A (1670)  A(1690) ^([815) A(i830) ~:{2030) A(2100) 

PI5 SOl DO3 F05 {905 FIT GO7 
• x x x x 

\ I ~ / / i ~ /- i I I \ "" 1- I / 

• X X X 
SOl DO3 DI3 S IP D 15 

A(1405) A(1520) 1~(r6701 ~" (1750) :E N765) 

t't )'1 I~l {8} lei 
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Fig. 2. Plot adapted from Levi-Setti (1969) showing the sign convention adopted here for the N~r and An amplitudes. Once the 
signs of one I = 0 and one I = 1 amplitude are fixed, the others can be measured relative to these two. Arrows here indicate signs 
predicted by SU(3); × marks indicate the observed phases; • indicates phase chosen according to sign convention described in text. 
The N(1915) predictions have been changed from Levi-Setti's original figure. 

B. SU( 3) sign conventions for A and Z resonances 

Consider the partial width Ft3 of  a resonance de- 

caying into the channel/3. We can always define a 

coupling constant such that 

F~ c~ G~ . 

In this case the inelastic amplitude in the Bre i t -  

Wigner approximation,  eq. (4) will go as 

TI n o: G 1 G / ( M _  E - -~ir'), 

where G 1 is the coupling constant for the elastic 

channel. In the context  of  exact SU(3) symmetry the 

relative signs of  the product  G1G ~ for different reso- 

nances are often useful as a consistency check on 

SU(3) assignment of  A and Z resonances. See appen- 

dix II for further details. 

In the Data Card Listings for A and E resonances, 

we tabulate measured values for (XlXfs) 1/2 <x G1Gfj. 

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 Factor s presented 

in this review. Thus the signs multiplying the Breit-- 

Wigner amplitudes for g~N -+ E(1385) -+ Evr, A¢r and 

KN -+ A(1405) -+ Evr 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-indepen- 

dent partial-wave analyses (IPWA), energy-dependent 

partial-wave analyses (DPWA), and model-dependent 

partial-wave analyses (MPWA), in increasing order of  

the number of  explicit supplementary hypotheses 

that are used to extract the amplitudes from experi- 

mental data. 

In an IPWA, data at different energies are analyzed 

separately. Usually each partial wave included in the 

fit is allowed to vary freely (subject to unitarity con- 

straints) over some large region, and waves whose an- 

gular momenta are above some cutoff  value are as- 

sumed to be negligible. The sharp cutoff  in angular 

momentum resolves continuum ambiguities in the 

solution (such as the overall phase ambiguity),  but  

there remains a finite number of  indistinguishable 

"bes t"  solutions (i.e., solutions corresponding to iden- 

tical physical observables) which have been codified 

by Barrelet (1972). In addition, there are generally 

some nearby solutions (and their associated Barrelet 

ambiguities) which have chi-squared values close to 

the minimum one. 

At the end of  the analysis a choice is made among 

these many solutions, usually on the basis of energy 
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continuity.  A popular criterion for making this choice 

is the shortest path technique in which the total 

"length" of the preferred solution is chosen to be a 

minimum. The definition of  " length" used here is not  

universal but is usually closely related to the total 

geometrical length of the lines representing the various 

partial-wave amplitudes in Argand plots (see the 

Baryon section of the Data Card Listings for examples 

of Argand plots). Various other criteria which are also 

used in some analyses are, e.g., matching with known 

solutions at low energies, the presence of  known reso- 

nances in the final results, and limited inelasticity in 

high partial waves. 

In a DPWA, data at different energies are fit simul- 

taneously by using an energy dependent parametriza- 

tion of  the partial-wave amplitudes. The parametriza- 

tion is usually chosen to include both resonances and 

nonresonant background of  some sort and an at tempt 

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 continui ty 

helps to resolve the ambiguities that plague IPWA and 

eases the problems associated with resonance parame- 

ter extraction. The price one pays for these advantages 

lies in the danger of  systematic error in the amplitudes 

and poor fits to the data if the parametrization is 

poorly chosen or insufficiently flexible. 

An MPWA also uses an energy-dependent param- 

etrization, but one based on explicit model-dependent 

theoretical assumptions such as Regge exchanges. This 

technique is usually applied to reactions where the 

data are incomplete. There is, of course, no sharp dis- 

t inction between DPWA and MPWA, and a well chosen 

MPWA parametrization may actually be less biased 

than a model-independent but poorly chosen DPWA 

parametrization. 

19. Produc t ion  o f  resonances 

Hereby, we mean the observation of statistically 

significant peaks in invariant mass plots or, loosely, 

in integrated cross sections. Many meson resonances 

are of this type.  We expect most of  these peaks to be 

associated with Brei t-Wigner behavior in appropriate 

Argand plots; thus the p meson peak in 7rTr mass plots 

is firmly related to the I = 1, l -= 1 nn  phase shift pas- 

sing through 90 ° . 

From mass plots we can determine M, P, and the 

approximate branching ratios 

x~lx~ = r ~ / r ~ ,  (9) 

In the case of  total cross sections, the peak above 

background gives us, using the optical theorem, the 

product (J + 1 g )Xe : 

1 ot° t (E  = M) = 4rrX2(J + ~)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 tbe 

past; hence, we strive to have the Data Card Listings 

serve as an archive for all substantial claims for reso- 

nances. 

For the Tables of Particle Properties, on the other 

hand, we wish to be more conservative and to include 

only those peaks or resonances which we feel have a 

large chance of survival. An arrow (-+) at the left of 

the Tables of  Particle Properties indicates that a ques- 

tionable candidate has been omit ted from the Table, 

but that it can be found in the corresponding part of  

the Data Card Listings. One's betting odds for survival 

are of course subjective;therefore no precise criteria 

can be defined. Very slow speeds (e and K) make it 

quite difficult to decide what is a resonance and what 

is not. For more detailed discussions, see the mini- 

reviews in the Listings. In what follows we shall at- 

tempt to specify some guide lines. 

(a) When energy-independent partial-wave analyses 

are available (mostly for N*'s), approximate Breit 

Wigner behavior of  the amplitude appears to us to be 

the most satisfactory test for a resonance. We can 

check that the Argand plot follows roughly a left- 

hand circle, and that the "speed" of the amplitude 

also shows a maximum near the resonance energy; 

further, there should be data well above the resonance 

showing that the speed again decreases. Indeed proper 

behavior of the partial-wave amplitude could accredit 

a resonance even if its elasticity is too small to make a 

noticeable peak in the cross section. 
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Of course even if Argand plots are available, it may 

still be a matter of  opinion as to what behavior consti- 

tutes a resonance. Such an example is the Z0(1780) 

state seen in KN total cross-section experiments and 

in partial-wave analysis. The recent partial-wave anal- 

yses of  Giacomelli (I 974) and Martin (1975) find pre- 

ferred solutions which exhibit a resonance-like loop in 

the P01 wave near 1740 MeV. However, Giacomelli 
et al. and Martin point out that, despite the resonant- 

like appearance of the loop, the evidence for resonant 

energy dependence is inconclusive. Thus we omit the 

Z0(1780 ) from the Baryon Table. A similar quandary 

has existed for some time concerning the Z 1 (1900), 

and it too has been omitted from the Tables. 

(b) When there are insufficient data to perform 

energy-independent analyses, one often resorts to 

energy-dependent partial-wave analyses (mostly for 

Y*'s). In this case Breit-Wigner behavior is an input. 

We therefore require that resonance solutions be 

found by several different analyses, preferably in dif- 

ferent channels (KN -+ KN, nY., etc.), before putting 

the claim in the table. 

(c) Partial-wave analyses of three-body final states 

0rN -+ rrrrN) are now available. While these analyses 

are based on the isobar model (nN -+ pN, hA, etc.) 

and are subject to theoretical objections o f  varying 

importance, they provide increasingly reliable infor- 

mation on inelastic decay modes of  otherwise estab- 

lished resonances. 

(d) Most mesons, ~* peaks, and high mass N* and 

Y* peaks fall into a category for which no partial- 

wave analyses exist. In general we accept such peaks 

if they are experimentally reliable, of  high statistical 

significance or if they are observed in several different 

production processes. 

(e) A special category of "diffractive mesons" con- 

sists of  statistically significant peaks like A1, A 3 or Q, 

which are not far above the pn, fTr, or K*rr thresholds. 

The question of  a resonance interpretation for these 

states is complicated, because the behavior near thresh- 

old in these channels may be described by the Deck 

effect. Modern partial-wave analyses can shed con- 

siderable light on these problems. Results are also be- 

coming available from experiments designed to look 

for these mesons in channels where the Deck effect is 

minimized (baryon exchange processes, for example). 

See the mini-reviews for details. 

Thus, we enter into the tables of  Particle Properties 

only states for which there is experimentally convinc- 

ing evidence, and we expect that most of  these will be 

confirmed as resonances. 

VI. Conventions and parameters for weak and electro- 

magnetic decays 

A. Muon-decay parameters 

The/a-decay parameters describe the momentum 

spectrum (p and r/), the asymmetry (~ and 6), and the 

helicity (h) of  the electron in the process tt* -+ e +- + 

v + b-. Assuming a local and lepton-conserving interac- 

tion, the matrix element may be written as 

.~ (~-I r/I,u),:Vl r;(c,. + cfr5)lv), 
l 

where the summation is taken over i = S, V, T, A, P. 

Using the definitions and sign conventions of  Kinoshita 

and Sirlin (1957), we have for the momentum parame- 

ters 

O = [3g2A + 3g 2 + 6g2T]/D, 

r7 = [g2 _ g2 + 2g2 _ 2g2v]/D , 

for the asymmetry parameters: 

6gsg p cos ~bSp -- 8gAg V cos q~AV + 1492 cos ~TT 

~ -  D ' 

= [ - - 6 g a g  V COS CAV + 692 COS C T T I / D ~  , 

and for the parameter describing the helicity of  the 

electron: 

2gsg P cos q~sp - 8gAgv cos CAV -- 692T cos CTT 
h -  

D 

Here 

D = g2 + g2 + 492 = 692 + 4 g 2 ,  

g2 = iq12 + IC~[2 , 

and 

cos = Re (q - *C;  +c;c;). 
The quantities gi are defined to be real non-negative 

numbers, and the Oi/are phase angles between the i- 

type and j-type interactions. Under the assumption of  

two-component neutrinos C; = - q  and C] = -C/ ,  the 

S, P, and T terms vanish, and OAr is the phase angle 
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between C A and C V in the complex plane. 

By using the above equations and the experimental 

determinations of  p, r/, ~, 6, and h, limits can be placed 

on gs/gv, gA/gV, gT/gV, gP/gV, and 0AV- 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 only the upper end 

of  the spectrum where p and 77 are highly correlated, 

so they can only report p for r / ~  0 and r~ for p ~ 3. 

The values for p and r/we use here were obtained by 

combining measurements of  both upper and lower 

ends of  the spectrum and turn out to be nearly uncor- 

related. 

Note also that the radiative corrections are unam- 

biguous only when gs = gT = gP = 0. The same limits 

on gA/g V and ~bAV are obtained, however, as when 

gs,  gT, and gp are left free. 
Current values for the asymmetry parameters as 

well as IgA/gvl and q~AV are given in the Addendum 

to the Stable Particle Table. In addition, upper limits 

on [gs/gvl, [gT/gVI and [gp/gvl are given in the/1 
section of  the Stable Particle Data Card Listings. 

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

for the odd pion. 

The coefficient g is a measure of the slope in the 

variable s 3 (or T3) of the Dalitz plot,  while h and k 

measure the quadratic dependence on s 3 and (s 2 s 1), 

respectively. The coefficient j is related to the asym- 

metry 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 ~--, and similarly for h and k. 

At present there is no compelling experimental evi- 

dence for the h, k, or/" term (for upper limits on the 

/ term, see section B3(b) below). Thus we stop the 

above expansion at the first term and list only g. Since 

different experiments use different forms for IMI 2, in 

order to compare the experiments we have converted 

to g whatever coefficients have been measured. See 

the mini-review in the K + section of the Stable Particle 

Data Card Listings for details on this point.  The results 

are given in the Addendum to the Stable Particle Table 

and in the K ~ and KI0 sections of the Stable Particle 

Data Card Listings. 

Relations among r -+ , ~-'+, and 70 are predicted by 

the &l  = ½ rule. See appendix 1 for these relations and 

a discussion of this rule. 

B. K-decay parameters 
1. Dalitz plot for K -~ 37r decays. The small devia- 

tion from uniformity of  the Dalitz plot for the 3~ 

decay of the K meson is usually described by a "slope 

parameter" (Dalitz, 1956). For the r and r '  decays of 

the charged K's, and the r 0 decay mode of  the K O, 

we parametrize the Dalitz plot distribution by the ex- 

pression 

s3 _ s0 s0 ]2 +h(  s3_ 
IMI 2 ~ 1 + g--m2 

m 2 +  ! 
Tr + 

+fS2-Sl (S 3 $1'~2 
+ k  + (1) 

m 2 \ m 2 ] . . . .  
71 + ~+ 

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

efficients g, h,/, and k dimensionless, and 

si=(P K -Pi )  2 = ( m  K - mi)2 - 2 m K T  i , i = 1 ,2 ,3 ,  

1 G S i 1 2 m 2 .I_ D12). = = ~ ( m  K + m 2 + So ~ . 
l 

Here the Pi are 4-vectors, m i and T i are the mass find 

2. Form factors in K~3 leptonic decays. Assuming 

that only the vector current contributes to these de- 

cays, we write the matrix element as 

M ~ f+(t) [(PK + P~)u K~"/u(1 + 75)uv] 

+f_( t ) [m~(1  + 3,5)u~] , (2) 

where PK and PTr are the four momenta of K and n 

mesons; m R is the lepton mass; f+ and f _  are dimen- 

sionless form factors which can depend only on t = 

(PK -- p . ) 2 ,  the square of  the four-momentum trans- 

fer to the leptons, f+ and f _  are relatively real if time 

reversal invariance holds for these decays. K# 3 experi- 

ments measure f+ and f _ ,  while Ke3 experiments are 

sensitive only to f+ because the presence of the lepton 

mass makes the f _  term negligible. 

(a) Ku3 experiments. Analyses of Ku3 data fre- 

quently assume a linear dependence of f+ and f _  on t, 

i.e. 

f+(t) = :~(0)[1 + X, ( t / m 2 ) ]  . (3) 

Most Ku3 data are adequately described by eq. (3) for 

f+ and a constant f _  (i.e. X = 0). There are two 
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equivalent parametrizations commonly used in these 

analyses: 

(1) L+, ~(0)parametrization. Analyses of  K u 3 data 

often introduce the ratio of  the two form factors 

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

The Ku3 decay distribution is then described by the 

two parameters ?q. and ~(0) (assuming time reversal 

invariance and )t_ = 0). These parameters can be deter- 

mined by three different methods: 

Method  A. By studying the Dalitz plot or the pion 

spectrum of K u 3 decay. The Dalitz plot density is 

(see, e.g. Chounet et al., 1972): 

p(E~, E.) ~ fz( t ) [A + B~(t) + C~(t) 2 ] ,  

where 

= ~ , , , +  2,1~, Eu ) ,  A rnK(2EuE v - mKL~r ) rn~ztZ~r - 

2( ~ ,  
B = m E v ~E~) , 

1 2,-, 
C = ~rrt#lZ n , 

2 2 m 2 + m n - m u 

E'~ = E~ nax - ETr - 2m K -- ETr . 

Here ETr , Eu, and E v are respectively the pion, muon, 

and neutrino energies in the kaon center of  mass. The 

density p is fit to the data to determine the values of  

X+, ~(0), and their correlation. 

Method  B. By measuring the Ku3/Ke3 branching 
ratio and comparing it with the theoretical ratio (see, 

e.g., Fearing et al., 1970) as given in terms of X + and 

~(0), assuming ~ e universality: 

E(K~3)/P(Ke3 ) = 0.6457 + 1.4l 15X+ + 0.1264~(0) 

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

P( K03 )/F(K03) = 0.6452 + 1.3162 X+ + 0.1246 ~(0) 

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

This cannot determine X+ and ~(0) simultaneously but 

simply fixes a relationship between them. 

Method  C. By measuring the muon polarization in 

Ku3 decay. In the rest frame of  the K, the/~ is ex- 

pected to be polarized in the direction A with P = 

A l I A  l, where A is given (Cabibbo and Maksymowicz, 

1964)  by 

A : a 1 ( ~ ) p .  

- a2(O {-~u ImK  - E ,  + P ~ ' P ~  (E~ - rnu)]+ P~} 
]pu] 2 

+ m K Im ~(t)(pn Xp~) . 

If time-reversal invariance holds, ~ is real, and thus 

there is no polarization perpendicular to the K-decay 

plane. Polarization experiments measure the weighted 

average of  ~(t) over the t range of  the experiment, 

where the weighting accounts for the variation with t 

of the sensitivity to ~(t). 

(2) 3,+, X 0 parametrization. Some of  the more 

recent K~, 3 analyses have parametrized in terms of  the 

form factors f+ and fo which are associated with vec- 

tor and scalar exchange respectively to the lepton pair. 

f0 is related to f+ and f_  by 

fo ( t )  : f+(t)  + [t/(m 2 - m 2 ) ] f _  (t) . 

Here f0(0) must equal J+(0) unlessf  (t) diverges at 

t = 0. The earlier assumption that f+ is linear in t and 

f_  is constant leads t o f o  linear in t: 

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

With the assumption that f0(0) = f+(0), the two 

parametrizations, (?q_, ~(0)) and (?~., k0) are equivalent 

as long as correlation information is retained. (X+, XO) 

correlations tend to be less strong than ( ~ ,  ~(0)) cor- 

relations. 

The experimental results for ~(0) and its correlation 

with )t+ are listed in the K-* and K O sections of  the 

Stable Particle Data Card Listings in subsection XIA, 

XIB, or XIC depending on whether method A, B or C 

discussed above was used. The corresponding values of 

k + are listed in subsection L + M. 

Because current experiments tend to use the (X+,)tO) 

parametrization, we have added a subsection L0 for )t o 

results. Wherever possible we have converted ~(0) re- 

sults into )t0 results and vice versa. 

(b) Ke3 experiments.  Analysis of Ke3 data is simpler 

than that of  Ku3 because the second term of the 

matrix element assuming a pure vector current (eq. (2) 

above) can be neglected. Here f+ is usually assumed to 

be linear in t, and the linear coefficient X+ of eq. (3) is 

determined. 

If  we remove the assumption of  a pure vector cur- 

rent, then the matrix element for the decay, in addi- 

tion to the terms in eq. (2), would contain 
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+ 2mK(fS~(1  + 75)uv 

+ (2fT/mK)(PK)x(P~)ugQ Oxu(1 + 75)uu , 

where fs  is the scalar form factor, and fT is the tensor 

form factor. In the case of  the Ke3 decays where the 

f _  term can be neglected, experiments have yielded 

limits on Ifs/f+l and IfT/f+l- 

The Ke3 results for X+, Ifs/f+l and IfT/f+l are 
listed in the subsections L + M, FS, and FT respec- 

tively of the K ± and K O sections of  the Stable Particle 

Data Card Listings. 

See also the Note on K~3 and K03 Form Factors in 

the K +- section of  the Stable Particle Data Card Lis- 
0 

tings for additional discussion of  the Ku3 parameters, 

correlations, and conversion between parametrization 

and also for a comparison of  the experimental results. 

3. CP violation in K 0 decays. We list parameters for 

four different reactions in which CP can be tested (for 

details, see Okun and Rubbia (1967), Steinberger 

(1969), and Wolfenstein (1969)). 

(a) K S -+ rr+~r-n 0. The quantity measured here is 

the ratio of  amplitudes 

As(K S ~ 7r+lr-Tr0)/AL(KL -+ rt+rr-lr O) ~ x  + iy . (4) 

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

ent, then x can be neglected and CP violation would 

be observed as a nonzeroy .  We give the result for eq. 

(4) in the K O section of the Stable Particle Table and 

under Branching Ratio R4 in the KS 0 section of  the 

Stable Particle Data Card Listings. Our procedure is 

to assume that x = 0, and to list ( A s / A L )  2 in the form 

of a branching ratio. 

(b) Charge asymmetry in K L ~ 37r decays. As men- 

tioned above, the presence of a term in (s 2 - sl)  in 

expression (1) describing the Dalitz plot distribution 

for r -+ , r 0 decays of  K mesons would be an indication 

of  CP violation. Rather than listing values of  the 

(s 2 - Sl) coefficient] in eq. (1), we choose to list (r_+ 
from the equivalent expression 

IM[2 cc 1 + o+(2/X/~-)(T+ - T )/T~ m a x  

+ (CP nonviolating terms),  (5) 

where T+ are the kinetic energies of  the charged pions. 

We have momentarily abandoned the form involving 

the Mandelstam variables s i in favor of  eq. (5) because 

the latter has been consistently used by experimenters 

searching for CP violation. We list o+ among the CP- 

violating parameters at the back of  the K O section of  

the Stable Particle Data Card Listings. Note that only 

upper limits have been reported for this quantity. 

(c) Asymmetry  in the K L -+ n+£+-v decays. The 
quantity measured and compiled here is 

[ ' (K L ~ r r - ~ + v ) -  F(K L -+ rr+~-v) 
6 =  

V(K L -+ 7r-~+u) + P(K L ~ 7r+~-u) 

This asymmetry violates CP invariance. If CPT is good, 

for a pure K0L beam, 6 can be written as 

6 = 2 [ 0  - I x [ 2 ) / ( l l  - x l 2 ) ]  Re e ,  

where x is the AS = AQ-violating parameter defined in 

section B4, and e is the parameter of  the expansion 

IK L)= [(1 + e ) l K ) -  (1 - e) l K)] / [2(1 + [e12)] 1/2, 

(6a) 

[K S ) = [(1 + e)lK) + (1 - e)lK)]/[2(1 + lel2)] 1/2. 

(6b) 

We give 5 in the Addendum to the Stable Particle 

Table. In addition, in the K 0 CP-violation section of  

the Stable Particle Data Card Listings, we list 5 sepa- 

rately for K O -+ 7rpv and K O -+ 7re v. 

(d) K L -+ 27r decay. The relevant parameters are 

~7÷ = A(K L -+ 7r+Tr-)/A(Ks ~ zr +Tr-) 

= It/+_ ] exp(i~+_) ,  

~00 = A(KL -+ 7r07r0)/A(Ks -+ 7r07r0) 

= Ir~001 exp(i~00), 

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

e' = ~ix/'2[exp i(62 - 60)1 Im(A2 /Ao) .  

Here, A i and 6 i are the amplitude and phase of  7rTr 

scattering at the K mass, defined by 

(1= 0IT] K) = exp(i60)A o , 

(I = 2IT[ K) = exp(i6z)A 2 . 

Wu and Yang (1964)have derived the relationships 

% _ = e + e ' ,  r/oo=e-2e'. 
We give "O+_, 700, 4+_,  and ~b00 in the Addendum 

to the Stable Particle Table. The phases are measured 

directly, whereas the magnitudes r/+_ and r/00 are 

derived parameters. We use, as far as we can, the 
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directly measured quantities as input and calculate 

r/+ and r/00 from the values given by our constrained 

fits. Therefore, if one looks at the Data Card Listings, 

most  of  the Ir/I measurements appear in the form of  

branching ratios, with appropriate comments.  We then 

give the values of  r~+_ and [r/00[ 2 in a separate list at 

the end of  the CP-violating parameters section of  the 

K 0 section of  the Stable Particle Data Card Listings. 

4. A S  = ZxQ rule in K 0 decays .  The relative amount  

of  AS 4= AQ component  present is measured by the 

parameter x,  defined as 

x = A(F~ 0 -> n - ~ + u ) / A ( K  0 -+ n -~+u)  . 

We list R e ( x }  and I r a (x}  for both Ke3 and Ku3 at 

the end of  the Stable Particle Data Card Listings and 

give values in the Addendum to the Stable Particle 

Table. 

C rT-decay parameters  

1. C-violation in ~?-decays. As a test of  possible C- 

violation in electromagnetic interactions, a number of 

experiments have looked for possible charge asym- 

metries in the decays r~ ~ n + n - n  0 and r~ -+ n+n-7 .  

We list the following parameters. 

(a) The left-right asymmetry 

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

where N (+) means the number of  events with the n (+) 

energy greater than the n(+) energy in the 7/rest frame. 

(b) The sextant asymmetry 

N 1 + N  3 + N 5 - N 2 - N 4 - N 6 

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

for the decay r/-+ n + n - n  0. The numbers refer to the 

sextants of  the Dalitz plot (see, for example, Layter 

(1972)). A s is sensitive to an I = 0 C-violating asym- 

metry. 

(c) The quadrant asymmetry Aq, defined in a sim- 

ilar way as A s, but with each sector of  the Dalitz plot 

now containing n/2 rather than n/3 radians. Aq is 

sensitive to an I = 2 C-violating final state. 

(d) The d-wave contribution to the C-violating am- 

plitude in the decay r? ~ n + n - %  Theuppe r  limit for 

this contribution is measured by the parameter/3, 

defined by 

d N / d [ c o s  O I ~x sin20(1 + ~J cos20) ,  

where 0 is the angle between the n + and the 7 in the 

di-pion center of  mass. A term proport ional  to cos20 

could also be due to p- and f-wave interference. 

We list A for the decay modes r~ -+ n+n T M  n 0 and 

r / ~  7r+n-7, A s a n d A q  for the decay r~ -+ ~ + n - n  O, 

and p for the decay ~ --> n+n- 'y  in the 7? section of the 

Stable Particle Data Card Listings. 

2. Dali tz  p l o t  f o r  r / ~  n+n-Tr 0. The Dalitz plot for 

the decay ~ -+ ~r+n-n O may be fit by the distribution 

I M ( x , y ) ]  2 ~ 1  + ay + by  2 + ex  + d x  2 + e x y  . 

Here, 

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

T+, i v ,  T O are the kinetic energies of  the n +, n - ,  and 

n 0 in the r/rest  system, and Q= m n - mTr. - mTr- - 

mno. The coefficient of  the term linear in x is sensitive 

to C-violation due to an 1 = 0 or I = 2 final state. We 

list papers presenting determinations of  the parameters 

a, b, c, and d in the r /section of  the Stable Particle 

Data Card Listings. However, we do not tabulate val- 

ues of these parameters because the assumptions made 

by different authors are not compatible and do not 

allow comparison of the numerical values. 

3. Dali tz  p l o t  f o r  ~ --> zr+n-% The Dalitz plot for 

the decay 7? -+ n+n-3, may be fit to the expression 

]M]2 ec 1 + 2o~z , 

where 

3 Ei - _ 
2 mn /)max z = ~ . =  - 3 m ~  3mn 2 

Here E i is the energy of the ith pion in the ~ rest 

frame, and p is the distance to the center of  the Dalitz 

plot. We list the parameter a in the rt section of the 

Stable Particle Data Card Listings. 

D. Baryon-decay  parameters  

1. A / V  ratio f o r  baryon  lep ton ic  decays.  Consider 

the decay 

B i ~ B f + ~ + u .  

Assuming V, A theory,  neglecting " induced" scalar, 

" induced" pseudoscalar, and axial weak-magnetism 

terms, and neglecting the q2 dependence of  the form 
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factors, the baryon part of the matrix element for 

these decays may be written (Goldberger and Treiman, 

1958) as 

(Bf 13~h(gv gA')'5) + (gw/mBi)°XVqvlBi)  , 

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 "y matrices. The ratio gA/gV may 

be written as 

gA/gV = [gA/gV[ exp(i~b) , 

where ~ is 0 + n 7r if time reversal holds (see Jackson 

et al., 1957). 

Experiments on the leptonic decays of baryons 

other than the neutron have generally assumed q5 to 

be either 0 or 7r, and have thus measured the magni- 

tude and sign o fgA/g  V. In studying neutron beta 
decay, however, experiments have been sensitive 

enough to measure ~ more precisely, and we include 

the phase angle in our Listings for this case. It is con- 

sistent with time reversal invariance, and by using the 

above definition of  the matrix element with the Pauli 

representations, the value o fgA/g  V in neutron beta 

decay is negative, 

Due to statistical limitation the weak magnetism 

form factor gw 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 pro- 

vides a measure of the absolute value o fgA/g  v (for 

relevant formulas, see, e.g., Albright, 1959). 

(b) The u p - d o w n  asymmetry of the lepton from 

polarized 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 f g a / g  v with its sign (for relevant 
formulas, see, e.g., Bender, 1968). 

(d) The polarization of  the decay baryon, from 

polarized or unpolarized initial baryon, also provides 

gA/gV with its sign (for fornmlas, see, e.g., Willis and 
Thompson, 1968). 

(e) The presence of  a term proportional to 

aB i " (Pe)< Pv),  

where the initial baryon is polarized or 

~S t - ' ( p e X p v ) ,  

where the polarization of the decay baryon is ob- 

served provides a measure of  the deviation of  ~b from 

0 or 7r, and is thus a test of time reversal invariance 

(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. 

All the coupling constants and decay rates for 

baryon leptonic decays are related by Cabibbo's 

theory (Cabibbo, 1964). A recent fit to this theory 

has been done by Roos (1974). 

2. Asymmetry  parameters in nonleptonic hyperon 

decays. The transition matrix for the hyperon decay 

may be written as 

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

where s and p are the parity-changing and the parity 

conserving amplitudes, respectively; n 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 

= 2 Re(s*p)/(lsl 2 + Ip]2) ,  

13 = 2 Im(s*p)/(lsl 2 + Ipl2)., 

T= (Is12 _ Ipl2)/(lsl2 + }p}2). 

With the transition matrix (7), the angular distribu- 

tion of  the decay baryon, in the hyperon rest system, 

is of  the form 

l = l + o~Py . q , 

where Py = (YlcrlY) is the hyperon polarization. 

In the notation of Lee and Yang (1957) the polar- 

ization PB of  the decay baryon is 42 

(o~ + P y .  q)q + 13(Py X q) + 7q X (Py X q) 

PB = 1 + s P y  • q 

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

¢2 Note that Lee and Yang (1957) contains a misprint. The 

minus sign in the definition of ~3 should be replaced by a 2. 

In addition, our unit vector q is the direction of the baryon, 

whereas their unit vector p is the direction of the pion. 
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the hyperon rest system in which q and Py  are defined. 

Note that e~ is the helicity of  the decay baryon for un- 

polarized hyperons. 

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

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

It is then convenient to describe hyperon nonleptonic 

decays in terms of  the two independent parameters 

and the angle ~b defined by 

/3 = (1 - a2)1/2 sin ~b, 

3' = (l  -- Or2) 1/2 COS q~ , 

which has a more nearly gaussian distribution than/3 

or 3'- Evidently 

1 1 
- ~ n  ~< (~ ~< ~Tr for 7 > 0 ,  

1 
+~lr ~<~ ~<arr for 3 ' < 0 .  

In discussing time-reversal invariance, the quantity 

of  interest is A, defined by 

c~= 21sl[pl cos £x/(Is[ 2 + Ipl2) , 

= - 2 l s f l p l  sin dx/(lsl 2 + Ip[ 2) ; 

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

ly 

1 1 
-~rr  ~< A ~<~rr for a > 0 ,  

1 ~<A 3 +~rr ~<~n for c ~ < 0 .  

Under the assumption of  time-reversal invariance, the 

angle/x must satisfy the relation 

A = 8 s -- 5p , 

modulo 7r, where ~5 s and ~p are the p i o n - b a r y o n  scat- 

tering phase shifts at the appropriate energy and for 

the appropriate isospin state. For A decay, assuming 
I 

the validity of  the [dxl[ = 5 rule, 

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

In the Stable Particle Data Card Listings we give a and 

q~ for each decay since they are the most closely related 

to the experiments and are essentially uncorrelated. 

Whenever necessary we have changed the signs of  the 

reported values, so as to agree with our conventions. 

+a This value for 6 s - 6p is derived from the phase-shift anal- 
yses by Ayed (1976). The error is our estimation of tile 
uncertainty allowing for possible correlations. 

In the Stable Particle Table we give a, ~b, and A with 

errors; and for convenience we also give the central 

value of  % without an error. 

VII. Statistical procedures 

We divide this discussion on obtaining averages and 

errors into two sections: 

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

B. the constrained case. 

In what follows, the term "error"  means one 

standard deviation (1 o); that is, for central value ~ and 

error 8~, the range Y -+ 62 constitutes a 68.3% confi- 

dence interval. 

A. Unconstrained averaging 

We first describe the standard procedure we have 

used for several years to determine averages and errors. 

We then discuss a second method,  which we feel offers 

a less conservative, and possibly more accurate, esti- 

mate of  errors. 

1. Standard procedure - gaussian distribution with 

scale factor.  We begin by assuming that measurements 

of  a given quantity obey a gaussian distribution, and 

thus we calculate a weighted average and error 

(1) 
W i= [1/(5Xi)2] , 

where x i and 6x i are the value and error, respectively, 

reported by the ith experiment,  and the sums run over 

Nexper iments .  We also calculate X 2 and compare it 

with its expectat ion value o f N  - 1. 

If X2/(N - 1) is less than or equal to 1, and there 

are no known problems with the data, we accept the 

above results. 

If X 2 / ( N  - 1) is ridiculously large, or if there is 

prior knowledge of  extremely large inconsistencies 

between experiments,  we may choose not  to average 

the data at all. Alternatively, we may quote the calcu- 

lated average, but then give an educated guess as to 

the error; such a guess is generally a quite conservative 

estimate designed to take into account known prob- 

lems with the data. 

Finally, if × 2 [ ( N -  1) is greater than 1, but not to 
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such a large extent, we still average the data, but then 

try to make up for this fact in two ways: 

(i) We plot an ideogram to guide the reader in de- 

ciding which data might be rejected before selected 

averages are made. An example of such an ideogram 

is given in fig. 3 below. Each experiment appearing in 

the plot is represented by a gaussian with central value 

xi, error 5xi, and area proportional to 1/Sx i. The 

choice of area is a somewhat arbitrary one; it is based 

on the assumption that an experimenter will work to 

reduce his (or her) systematic errors until they are 

slightly smaller (but seldom much smaller) than the 

statistical errors. Thus, as a bubble chamber physicist 

gets more events, he (or she) will use them both to 

reduce the statistical errors and to study the biases. 

Our confidence that a significant systematic error has 

not been made in a given experiment, as compared 

with other contradictory experiments, then tends to 

go up as 1/Sx i. 

But why not assign a weight 1/5x2i, as is done when 

computing a weighted average? We feel that this is 

equivalent to assuming that large systematic errors are 

WEIGHTED ~UER~GE = 1 0 4 . 2  ± 1 2 . 1  

ERROR SCQLED BY 2 . 3  

. . . . .  FOLEY 72 CNTR 

. . . .  GR~YER 71 ~SPK 

. . . .  CRENNEL 71 HBC 

. . . .  ~LSTON-G~ 70 HBC 

. . . .  O~HL G7 HBC 

.... BARLDW 67 HBC 

. . . . . .  G7 HBC 

EO 100 ISO 200 2SO 

~2 WIDTH (MEU)~ K KB~R MODE 

CHISQ 

0 . 2  

7.2 

1.4 

0.3 

1 0 . 1  

1 0 , 3  

3 , 0  

32.G 

[CDNLEU 
= 0 . 0 0 0 1  

Fig. 3. Ideogram of measurements of the A 2 width, as deter- 
mined from the KK mode. The vertical line indicates the posi- 
tion of the weighted average, while the horizontal bar atop the 
line gives the error in the average after scaling by the SCALE 
factor. Only those experiments indicated by + error flags 
were precise enough to be accepted in the calculation of the 
SCALE factor; the column on the tar right gives the x 2 con- 
tribution of each of these experiments. Occasionally, less pre- 
cise experiments are included in the calculation of the weighted 
average, but not SCALE; they have ± error flags. 

as infrequent as large statistical fluctuations, and that 

this is unrealistic. 

We emphasize the difference between least-squares 

averaging (where the weighting factor is the inverse 

square of the error) and the ideograms prepared for 

visual display. The former arithmetic is of course best 

if one has statistically distributed input, and yields a 

narrow gaussian distribution centered at the weighted 

mean. The ideogram (often multipeaked and certainly 

not gaussian) is based on the opposite hypothesis that 

some of the input is systematically in error. The idea 

behind least-squares averaging is that experiments 1, 

2, 3, etc., are all valid (so we should multiply their 

probabilities). Our ideograms are based on the assump- 

tion that 1 or 2 or 3, etc., is valid, "hedged" with 

1/Sx i betting odds; we then add their probabilities. 

Both approaches cannot simultaneously be right; we 

leave it to the reader to choose. A glance at the ideo- 

gram will show, however, that the discrepancy is often 

not severe for reasonably distributed input. 

(ii) The second way in which we try to take ac- 

count of X 2 / ( N -  1) being greater than 1 is to scale up 

our quoted error 5E in eq. (1) by a factor 

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

Our reasoning is as follows. Since we do not know 

which one or more of the experiments are wrong, we 

assume that all experimentalists underestimated their 

errors by the same scale factor (2). If we scale up all 

input errors by this factor, X 2 returns to N - 1, and 

of course the output error scales up by the same factor 

If all the experiments have errors of about the same 

size, the above (straightforward) procedure for calcu- 

lating SCALE is carried out. If, however, we are to 

combine experiments with widely varying errors, we 

must modify the procedure slightly. This is because it 

is the more precise experiments that most influence 

not only the average value 2, but also the error 5Y. 

Now, on the average, the low-precision experiments 

each contribute about unity to both the numerator 

and the denominator of SCALE, hence the X 2 contri- 

bution of the sensitive experiments is diluted, i,e., 

reduced. Therefore, we evaluate SCALE by using only 

experiments for which the errors are not much greater 

than those of the more precise experiments. Explicitly, 

to calculate SCALE we use only the most sensitive ex- 

periments, i.e., those with errors less than 50, where 

the ceiling 60 is (arbitrarily) chosen to be 
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80 = 3N1/282,. 

Here 8~-is the unscaled error of  the mean of  all the 

experiments. Note that if each experiment had the 

same error 8xi, then 82, would be 8xi/N1/2, so each 

individual experiment would be well under the ceiling 

on SCALE. 

This scaling approach has the property that if 

there are two values with comparable errors separated 

by much more than their stated errors (with or with- 

out a number of  other experiments of  lower accuracy), 

the error on the mean value 82- is increased so that it 

is approximately half the interval between the two 

discrepant values. 

We wish to emphasize the fact that our scaling 

procedures for errors in no way affect central values. 

In addition, if one wishes to recover the unscaled 

error 62,, one need only divide the given error by the 

SCALE factor for that error. 

2. A second procedure Student's distribution. 

The second method of  averaging data, described in 

detail in Roos et al. (1975), relies upon an empirical 

determination of  the distribution of  the residuals for 

the ensemble of  data appearing in the Review. The 

residual for the ith measurement of a quantity with 

average value Y is defined as 

h i = ( x  i - -  2 , ) / 8 X  i . 

Roos et al. select several different subsamples of  the 

data, and show that the residuals for each subsample 

have approximately the same properties; in particular, 

their first few even moments are similar. Since the dis- 

tributions have longer tails than a gaussian, the authors 

choose to represent them by a distribution function 

having such a property, namely the Student distribu- 

tion 

Sn(h/c)=K[ 1 ~h-/nc )~2 ] -(n+l)/2 + . (3) 

Here K is a normalization constant, and n and c are 

parameters which the authors then fit to the com- 

bined sample of  data. The resulting empirical distri- 

bution is 

S10(h/1.11)=0.351 [1 + ( h / I ' l l ) 2 ]  -11/2 
10 . (4) 

Note that the shape of  Slo is somewhere between that 

o f a  gaussian (=S~) and that o f a  Breit-Wigner (=S1). 
The proposed method of  averaging the data for a 

given quantity then consists of  finding the value of 2, 

which maximizes the log-likelihood function 

,og - -  log 1,10 [ 
X i 2 il .  

• t ~ 1 j '  (s) 

the sum here is again taken over all N measurements 

o fx .  The error 82 is determined by finding the varia- 

tion in 2 needed to decrease the log-likelihood by 1/2: 

log £({xi}J2,) log£({xi}12- + 62) = 1 . (6) 

3. Comparison of  procedures. Both of  the proce- 

dures described above adopt a partially empirical ap- 

proach to the proNem that measured values for the 

quantities tabulated in this Review do not exhibit the 

gaussian behavior naively expected. (This problem, it 

should be noted, persists even when careful attempts 

are made to resolve difficulties and inconsistencies in 

the data prior to averaging.) 

The first approach operates on a quantity-by- 

quantity basis and adjusts the error in each case so 

that no scaled X 2 / ( N -  1) is greater than 1. This is ob- 

viously rather conservative, since even if the data 

obeyed a gaussian distribution, about half of  the 

quantities would be expected to have X2/(N -- 1) > 1. 

The second approach, on the other hand, assumes 

that (provided we first eliminate quantities with ob- 

vious, known problems) all quantities have the same 

theoretical distribution function, namely the fairly 

long-tailed S 1 o(h/1.11 ). With tl~s supposition, if a 

particular quantity has a large X 2, it is assumed to be 

just a happenstance, occasioned by a random fluctua- 

tion into the long tails, and no special scaling for this 

quantity is done. This procedure thus results in gen- 

erally smaller, or less conservative, error estimates for 

quantities having X2/(N 1) > I.  (However, it should 

be noted that, because of  the overall scale of  1.11 ap- 

pearing in the empirical Student's distribution, the 

errors for quantities with X 2 / ( N -  1) ~< 1 are actually 

increased by about 10%.) Table 3 shows some com- 

parisons of  sample results from the two procedures, 

using data from the 1974 edition of the Review. Shifts 

in both 2 and 62- can be observed, especially where 

SCALE > 1. 

Since the new procedure is a significant departure 

from the past, we have repeated the previously adopted 

xviii 



Volume 75B PHYSICS LETTERS 24 April 1978 

Table 3 
Comparison of procedures (data from 1974 edition). 

Particle property Pure Standard method: Proposed method: 
gaussian gaussian + scale factor Student's distribution 
X±SY. x+-6.~ 

X +- 62 SCALE 

pO mass (MeV) 770.32 -+ 0.65 770.32 +- 0.91 1.4 770.37 ± 0.82 
rf mass (MeV) 957.59 ± 0.24 957.59 ± 0.24 1.0 957.58 +- 0.28 

mass (MeV) 1019.69 +- 0.15 1019.69 ± 0.28 1.9 1019.83 + 0.20 
K*(1420) mass(MeV) 1421.3 ±2.3 1421.3 -+2.3 1.0 1421.3 -+2.6 
K~ mean life (10 -Ss) 5.158 -+ 0.042 5.158 ± 0.042 1.0 5.158 -+0.046 
Z + mean life (10 -1° s) 0.8004 ± 0.0058 0.8004 ± 0.0058 1.0 0.8004 +- 0.0064 
"2- mean life (10-1° s) 1.482 ±0.011 1.482 ±0.017 1,5 1.479 -+0.013 
K + -* rr+lr+zr - (%) 5.521 -+ 0.075 5.521 -+ 0.098 1,3 5.533 -+ 0.089 
A ~ pTr- (%) 63.99 ± 0.49 63.99 ~+ 0.49 1,0 63.98 +- 0.55 

approach:  in the Data Card Listings we give the aver- 

age-and-error for each quant i ty  calculated both  ways; 

the standard way is labelled at the lef t  wi th  the code 

" A V G " ,  while the second way is labelled " S T U D E N T " .  

In the Tables o f  Particle Properties,  we cont inue  to use 

the standard procedure  - gaussian with SCALE factor.  

As in the past, a SCALE factor  greater than 1 is indi- 

cated by the appearance of  "S  = ..." next  to the value 

and error.  

We heart i ly invite your  comment s  on the Student ' s  

distr ibution method .  They will assist us in deciding on 

procedures for future editions.  

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

rate measurements  are analyzed by the compu te r  

program AHR.  This program makes a s imultaneous 

least-squares fit to all the data, and outputs  the partial- 

decay fractions Pi, width F, partial widths Pi, and 

their error  matrix.  

The original version o f  A H R  was wr i t ten  by J. Peter  

Berge. It is documented  separately,  and we wish here 

only to give the simplest  nontrivial  example  that  per- 

mits us to c o m m e n t  on the error matr ix  and the scale 

factor.  

Assume that  a state has only three partial-decay 

fractions,  PI,P2, and P3 (Y~Pi = 1), which have been 

measured in four  different  ratios, R1, ..., R4 ,  where,  

e.g., R 1 = P1/P2, R 2 = P1/P3, etc. ¢ 4 Fur ther  assume 

+4 We can handle any R of the form R = E eqPi]~ BiP/, 
where c~ i and 13 i are constants, usually 1 or 0. 

that  each ratio has been measured by N exper iments  

(we designate each exper iment  with a subscript x ,  e.g., 

RI  x ) '  Then A H R  finds the best values o f  P1,/),9, and 

P3 by nainimizing X 2 , namely 

~ ~ ( R r x  Rr(PI'P2'P3))2 (7) 
X 2 

r=l  L x = l  8Rrx 

In addi t ion to the f i t ted values Pi, the program cal- 

culates an error matr ix  (SPi6P/). We tabulate the diag- 

onal e lements  6~- = (6)5i6Pi)1/2 (except  that  some 

errors are scaled according to eq. (2) as discussed 

below).  In the listings we give the comple te  error 

matr ix;  we also calculate the f i t ted  value o f  each ratio, 

for comparison with the input  data, and list it be low 

the relevant input ,  along with  a simple unconstra ined 

average o f  the same input.  

Two further  comment s  on the example  above. 

(1) There was no connec t ion  be tween  measure- 

ments of  the wid th  and the branching ratios. But of ten  

we also have in format ion  o n  partial widths  F i as well 

as total  width  F. In this case A H R  must  in t roduce  P 

as a paranaeter into the fit, along with  the relations 

Pi = FPi ,  E F i = P. When appropria te ,  we tabulate the 

Pi along with  the Pi, and give error matrices in the 

listings. 

(2) Note  that  we do not allow for correlat ions 

be tween  input  data. We do try to pick those ratios 

and widths which are as independent  and as close to 

the original data as possible. 

In asvrnmetric errors, we use a con t inuous  funct ion  

of  8(P)  + and 8 ( P ) -  in the fit t ing. When no errors are 
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reported, we merely list the data for inspection. 

Hyperon-deeay parameters. The program AHR 

handles any type of  input, a, q5, A, 3, or % according 

to the definitions of  section VI. If  for a particular 

hyperon decay there are data for more than two of  

the decay parameters, they are analyzed by using the 

constraint 

~2+32+~=1. 

Inconsistent constrained data. According to our 

simple example, which led to eq. (7), the double sum 

for X 2 is summed over experiments x = 1 to N, leaving 

a single sum over ratios 

x 2 -- I 3  
r 

Even before fitting, some of  the X 2 may be too large. 

But if we scaled them before fitting, then the scaling 

would move the central value, contrary to our policy. 

So we do not scale until after the first fit; then, know- 

ing the fitted ×r 2 and its expectation value (X 2) we 

form SCALE factors (just as before), i.e., 

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

and if any (SCALE)r is greater than 1, all N of  the 

measurements of  that particular ratio are equally 

penalized by having their errors increased by SCALE. 

Program AHR then recycles on all the data, those 

with errors unchanged as well as those with errors in- 

creased. We then get new values, 8fit.' for the errors in 

the partial decay modes. 

Because of  the constraint (~'Pi = 1) some SCALE 

factors may still be greater than 1 even after this 

second pass. If this is so, the whole procedure (i.e., 

increasing errors by the new SCALE factors and re- 

cycling through AHR) is repeated. 

At the end of  AHR's final pass we have two mea- 

sures of  the errors for the ffi" One is, of  course, the 

8ffi', i.e., the errors in the final fitted values ffi' which 

include the effects of  scaling the input errors. The 

other measure of  the errors is (fi- - fi ') ,  i.e., the shift 
in the central values of  the ith mode between the first 

(unscaled) fit and the final (scaled) fit. In practice we 

find that on the average these two measures of  the 

uncertainty are about equal. Rather than selecting 

just one or the other, our tabulated errors are given 

by the combination 

(6ffi)tab = [Sfii '2 + (Pi - P i  ' )2]1 /2  , 

where fi. is the fitted value of  the ith partial-decay 

mode before scaling, fi.' is its value after scaling, and 

gift" is the error in if/'. The SCALE factors we finally 

list in such cases are defined by 

(SCALE)/= (6fi.)t ab /6 f i . .  

However, in line with our policy of  not letting SCALE 

affect the central values, we give the values o f f i  ob- 

tained from the original (unscaled) fits. (The differen- 

ces between the Pi calculated with either the scaled or 

the unscaled errors are, of  course, always within the 

tabulated errors, (6fi-)ta b .) 
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TABLES OF PARTICLE PROPERTIES 
April 1978 

N. Barash-Schmidt, A. Barbaro-Galtieri, C. Bricman, R. L. Crawford, 

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

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

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

(Closing date for data: Jan. i, 1978) 

Stable Particle Table 
F o r  a d d i t i o n a l  p a r a n ~ e t e r s ,  s e e  A d d e n d u n ~  to  t h i s  t a b l e .  

~2mmtitt'c~ m it,dies / .n 'c  cha.k, c3 by  more than m ' ' v l J '  ~t,md,mt Jcvtaticm <im~ ll,ril 1976. 

Particle IG(JP)c: Mass Mean Life 
(MeV) (sec) 
Mass 2 c r Mode 

(GeV) 2 (crn) 

-y 0,1(1-)- 0(<6xi0 -22) stable stable 

- I 0(<0. 00006) s t a b l e  stable /Je J-T 
(>3x 108mue(MeV)) 

e J=~-  0 . 5 1 1 0 0 3 4  s t a b l e  s t a b l e  
+ . 0 0 0 0 0 1 4  ( > 5 x l O 2 t y )  

i,/t.L J=-~- 0 ( < 0 . 5 7 )  s t a b l e  s t a b l e  
( > 1 . 3 x l O 4 m v  (MeV)) 

Partial decay mode 

Fraction b 
p or 

Pmax c 

(MeV/c) 

-9 

- d --% 

J=z-~ L 1 0 5 . 6 5 9 4 6  2 .  1 9 7 1 3 4 x l 0  - 6  e - ~ ,  
±.  0 0 0 2 4  *.  0 0 0 0 7 7  e - ~ u  7 

m2= 0.01116392 c7"=6. 5868x 104 e-yy 
rap-ran±= -33,9074 e-e+e - 

±.0012 e-7 _ 
e-Pep ~ 

( 98 6 )% 
~( 114 *0.4 )% 
( <4 )xlO -6 
( <I~9 )x10 -9 
( <3.6 )xtO -9 
( <25 )~ 

53 
53 
53 
53 
53 
53 

T J=~/ t807 # - ~ v  ( 17.5 ±1.7 )% 
±20 e-~u ( 17.9 ±2.8 )% 

m 2= 3.27 

900 
903 

1T d: 

n 0 

~+ d 

I - (0-)  1 3 9 . 5 6 6 9  2.6030xi0 -8 ~%v 
±.0012 *.0023 e+v 

m2=0.0194789 c~=780.4 ~+vy 
(T+-r-)/¥= e + v ~  o 

(0.05±0.07)% e + v y  

(test of CPT) e+ve+e - 

tO0 % 
( 1.267,0.023)xi0 -4 

e( 1.24,0.25)xi0-4 
( 1.02±0.07)xi0 -8 

e( 2.15±0.50)x10-8 
( <5 )×1o -9 

I-(0-)+ 134.9626 0.828xi0 -16 77 ( 
*.0039 ±.057 5=1.8" 7e+e - ( 

m 2 =  0 . 0 1 8 2 1 4 9  c T = 2 . 5 x I O  - 6  77Y ( 
m n ± - m . o =  4 . 6 0 4 3  e + e - e + e  - g(  

* . 0 0 3 7  YYY7 ( 
e+e - ( 

30 
70 
30 
5 

70 
70 

98.85±0.05)% 67 
1.15*0.05)% 67 

<5 )xtO -6 67 
3.32 )xlO -5 67 

<6 )xl0 -5 67 
<2 )x10 -6 67 

~7 0+(0-)+ 548.8 
*0.6 

5=i . 4 "  
mZ= 0.3012 

r=(0.85,0.12)key i 
Neutral decays I ~X7 
( 7 1 . 0 * 0 . 7 ) %  3~ U 

S=I. 1" 7r+~-Tr 0 

f n'+n-7 
e+e-7 
e+e-~O 
~T+?I - 

C h a r g e d  decays e+e-n+n - 
( 2 9 . 0 . 0 . 7 ) %  n + n - n O 7  

S=1 . 1" n '+n-y7  + - ju /~ 
,u +ju-rr 0 

e+e - 

I 3 8 . 0  * t . O  )% 3 = l . 2 "  
h 3 . 1  + 1 . 1  )% S = 1 . 2 "  

2 9 . 9  +1 .1  )% S = 1 . 1 "  
23.6 *0.6 )% S=1.1" 
4.89±0.13)% 5 = 1 . 1  = 
0.50,0.12)7o 

< 4  )x lO - 5  
<0.15 )% 
0.I  ±0.I )% 

<6 )xlO -4 
<o.  2 )% 
2.2 *0.8 )xlO -5 

<5 )x tO - 4  
<3 )xiO -4 

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



Particle 

Stable 
IG(JP)Cn a Mass 

(MeV) 

Mass2 

(GeV) 2 

K -J: ~z(o- )  ~93.668 
,0.018 

m 2= 0.;34371 

m K , - m K o = - 4 . 0 1  
±0.13 

S = I . I *  

K 0 ~-~- (0-) 497.67 

~vO ±0 .13  
S=1 .1"  

m ~ =0 .24768  

I~S +(o-) 

I~L +(o-) 

Particle 
Mean life 

(sec) 

cT 

(crn) 

I . ;3371xi0 -8 
± .0026  S=1.9"  

c r = 3 7 0 . 9  
( r+-r- ) /T= 

( . 1 1 * . 0 9 ) %  
(test of CPT) 

S=1.2"  

Table 

Mode 

K÷# 

7r+Tr 0 

Tr+~r +~r - 
~r+~rO~rO 
~+un .0 

e+i/~i 0 
p.+u)' e( 
e+urrOn -0 

e+~,~r+w - 
e-~r +~r + 
p,+U~[+~i - 
~-~+~+ 

e+u 
e+u). . e( 
Tr+nO 7 I,e ( 
~r+~r+r,-7 e( 
~u+u~IOy 
e+u~-O), 
e+e-~ + 
e+e+, - 
/j+/z-~r + 
rr+77, 

u+79,7 

n-+~, 
e+/**n T 
e-/~+~r + 
~+uu-ff 
p.+ue+e - 
/~-ue+e + 
e+ue+e - 

(cont'd) 
Partial decay . ,ode 

Fraction b 

6 3 . 5 0 ± 0 . 1 6 ) 2  
;31.16*0.15)% 

5 . 5 9 * 0 , 0 3 ) %  S=1.1"  
1 .73*0.05)% S=1 .3"  
3 .20*0 .09)% 5=1 .7"  
4 . 8 2 ± 0 . 0 5 ) 2  S=I .  1" 
5.8 ±~ .$  )x lO -3  
1 8 +~.4 ixlO--5 

<5 ,xl0 -7 
0 . 9  * 0 . 4  ~xlO -5  

<3.0 xlO -6 
1.54±0.09 xtO -5 
1.62±0.471xt0 -5 
2.75±0.16 ×10 -4 
1 .0  ± 0 . 4  x l O  -4  

e( <6 x l O  -5  
e( 3 . 7  Z l . 4  ×10 -4  

( ;3.6 ±0.5 x l 0  -7 
( <1 x tO  8 
( <2.4 x l O  -6  

e( <3.5 x tO  -5  
e( <3.0 x l O  -4  

< 0 , 6  x t O  -6  
<4 x tO  -6  
<7 x t O  -9  
<5 x tO  -9  
<6 W×tO -6  
I t  ±3 tx l0  -7  
<2.0 I×10 -8 

;3 ~ tx lO -7  

50% KShor t, 50% KLong 

0.89;33x10 - t 0 /  
±.00;32 
cr=;3 .675 

71+n "- ( 6 8 . 6 1  - I~ 1" 
?r O~rO ( 3 1 . 3 9 , 0 . ; 3 4  5=I.  

/~ +/~ - ( < 3 . 2  ) x tO  -?  
e+e - ( <3.4 ) x lO  -4  
n.+~r-7 e( 1 . 8 5 . 0 .  lO )x tO  -3  
TX ( <0 .4  ) x tO  -3  

5 . 1 8 3 x 1 0  -8  
±.040 
cr=1554 

m K - m  K = 0.5349xI010~ sec - t  
L s ±0.00;32 

TrO~OTr 0 
n.+n.-n.O 

?TIp.~U 

nev7 

W+TT-- 
nOnO 
~+lT-y 

frO77 

9"7 
e~ 

~+/~-~r 0 

e+e - 

e+e-y 
rr+Tr-e+e - 
~O~r*e~ ~, 

( ;31.5 * 0 . 7  )% S=1 .3 "  
( 1 ;3 .39*0.18)% S=1.;3" 

k( ;37.0 * 0 . 5  )% 5:1.1" 
I 38.8 *0.5 )Z S = l . t *  

k..e 1.3 *0.8 )2 
J( O. ;303,0. 005)% 
( 0.094*0.018)% S:[ .5" 

e( 6.0 *2.0 )xlO -5 
<;3.4 ) x l O  - 4  

4 . 9  ± 0 . 5  ) x lO  -4  
<2.0 ) x l 0  -9  
9.1 ±1.8 ) x tO  -9  

< 7 . 8  ) x iO  -6  
<5.7 )xtO -5 
<;3.0 ) x tO  -9  
<;3.8 ) x tO  -5  
< 8 . 8  )x 10 -6  
<2.2 ) x i 0  -3  

p or 

Pmax c 

(MeV/c) 

236 
;305 
125 
133 
215 
228 
?36 
;307 
203 
;303 
151 
151 
;347 
;347 
205 
125 
215 
2;38 
;3;37 
2;37 
17;3 
2;37 
;3;37 
2;37 
227 
;314 
;314 
236 
236 
236 
247 

206 
209 
;3;35 
;349 
;306 
249 

139 
133 
216 
2;39 
2;39 
;306 
;309 
;306 
231 
249 
;338 
;325 
;3;35 
177 
249 
;349 
;306 
;307 

D + 

D o 

z-~-(O-) t" 1868.3 z 
*0.9 

m 2= 3.491 
mDi-mDo= 5.0 

± 0 . 8  

~(o-) f i 863.31 
±0.9 

m 2= 3.47;3 

FIDO~DO-~K+~-I<O 
F(DO_~K~ ) . 16 

K-w+rt + ( 3.9 ±1.0 )~ 
KO,r " ( 1.5 ±0.6 )Z 
e~=anythingm( 9 . 8  ±1 .4  )~ 
~+~r÷~ - ( < 0 . 3 1  )Z 
7*+K÷K - ( < 0 . 6  )% 
K+*r%r - ( <0.  ;30 )% 

D°_~ a 

K - x  + ( 1 .8  * 0 . 5  
K-Tr%r 0 ( t2  ±6 
K - t r + , + n  - ( 3 . 5  * 0 . 9  
KOTr 0 ( <6 

KO~+w - ( 4.4 *l.t 
e±anythlng /7]( 9.8 ±1.4 
,+~'- ( <0. 13 
K+K - ( < 0 . 1 3  

)~ 
)~ 
)R 
)R 
)r, 
)R 
)~ 
)~ 

845 
86;3 
934 
908 
743 
845 

860 
843 
81;3 
860 
84 ! 
93;3 
921 
790 



Particle 

Stable Particle 
IG(JPlCn ~ Mass Mean life 

(MeV) (sec) 

Mass2 c • 

(GeV) 2 (cm) 

Table (cont'd) 
Partial decay mode 

Mode Fraction b 

p or 

Pmax c 

(MeV/e) 

P 

n 

{ (Z  ~-+) 938.2796 stable (>2x 1030y) 
±0.0027 

m ~= 0.880369 

I ~(z/-+)  939.5731 918±14 
± 0 . 0 0 2 7  c r = 2 , 7 5 x l O  13 

m~= 0.882798 
mp-mn=-1.29343 

±0.00004 

pe-v 100 % 1 

A 0 ( t + )  1 1 1 5 . 6 0  2 . 6 3 e x l O  - I  0 

± 0 . 0 5  * . 0 2 0  5 = 1 . 6 "  
5=1.2" c~=7.89 

m ~= [.2446 
mA-mze= -76.87 

±0.08 

pn- ( 64.2 0.5 )% 100 
nn 0 ( 35.8 ± )% 104 
pe-v ( 8.07±0.28)xi0 -4 163 
p~-u ( 1 . 5 7 ± 0 . 3 5 ) × 1 0  -4  131 
p~-~  e( 0 , 8 5 ± 0 . 1 4 ) x 1 0 - 3  100 

E + 1(2!-+) 1189 .37  0 . 8 0 2 × 1 0  -10  
± 0 . 0 6  ±. 005 

S = 1 . 8 "  cT=2.40 
m ~= 1.4146 

m ~ + - m ~ - =  - 7 . 9 8  ~ , : .  
±. 08 F(Y-.~,/-n v ) -  ' 04 

5 = 1 . 2 "  

~ 0  1(~ -+)  l t 9 2 , 4 7  
10.08 

m2= 1 . 4 2 2 0  

'~.-- I ( l + )  1197 .35  
± 0 . 0 6  

m ~= 1 .4336  

mi :o-m~:-= - 4 . 8 8  
±. 06 

pn 0 ( 5 1 . 6  )Z 189 
n .  + ( 4 8 . 4  ±0 .7  )% 185 
P7 ( 1 . 2 4 ± 0 . 1 8 ) x i 0  -3  S = 1 . 4 "  225 
nn+7 e( 0.93±0.i0)x10-3 185 
Ae+v ( 2.02±0.47)xI0 -5 71 
n#+v ( < 3 . 0  ) x lO  -5  202 
ne+v ( < 0 . 5  ) x l 0  -5  224 
pe+e - ( <7 )x10 -6  225 

5 . 8 x 1 0  - 2 0  A7 100 Z 74 
± 1 . 3  Ae+e - g( 5 . 4 5  )x l0  -3  74 
C T = I . 7 x l 0  -9  A~7 ( <3 )% 74 

1.483xi0 - I0 nn- I00 % 193 
±.015 5=1.4" ne-v ( 1.08±0.04)xi0 -3 230 
cT=4.45 n#-v ( 0.45±0.04)x10 -3 210 

Ae-v ( 0.60±0.06)xi0 -4 79 
n # - y  e( 4 . 6  ± 0 . 6  )x l0  -4  193 

.-o I ~_+n ~-(Z ) 1114.9  2 , 9 0 x 1 0  - l O  
± 0 . 6  ± .  1 0  

m 2= 1 .7290 CT=8.69 

m _ . - o - m z - : - 6 , 4  
± . 6  

I _ L  + n -"~--- Z-(2 ) 1121 ,32  1 . 6 5 4 x 1 0  - 1 0  
±0. 13 ±.021 

m ~= 1 , 7459 CT=4. 96 

Air 0 

% 
Z -f 

p e - v  
E+e-v 
E-e+v 
Y+#-v  
';'-/~ +v 

p # - v  

A~- 
Ae-v 
EOe-v 

rlfr- 
n e - v  
n,u-v 
Z-  7 
pn ' -n -  
p~-e-v 
prt  ~ v 

EO e-u 

100 % 135 
0 . 5  ± 0 . 5  )% 184 

< 7  )% 1 1 7  

<3 .6  )x 10 -5  299 
<1 .3  ) x lO  -3  323 
< 1 .  I ) x 1 0  - 3  120 
< 0 . 9  )x 10 -3  112 

<1 .1  )×i0 -3 64 
< 0 . 9  ) x l 0  -3  49 
< 1 . 3  )×10 -3  309 

100 % 
. o( 0 . 6 9 ± 0 . 1 8 ) x 1 0 - 3  

<0 .5  ) x l 0  -3  
3 , 5  ± 3 . 5  ) x l 0  -4  

< 0 . 8  ) x l 0  -3  
< 1  . 1 ) x l 0  -3  
< 3 . 2  ) x l 0  -3  
<1 .5  )% 
<1 .2  ) x l 0  -3  
<4 ) x t 0  -4  
<4 ) x l 0  -4  
<4 ) x lO  -4  
<Z .3  )x l0  -4  

139 
190 
123 
163 

70 
303 
327 
313 
1 1 8  

223 
304 
250 

6 

~'~-- 0 ( 3 + )  n 1672.2±.4 1. t + 0 ' 4 x l 0  -t0p_0.33=2.5* --=-nO-0~r- t 1.00% 290293 

m 2= 2. 7963 or=3 AK- 211 
--> 



ADD END t//Vl T O  

Stable Particle Table 
Magnet ic  m o m e n t  eh ] 

e 1.001 159 652 41 >me ~ 
±.000 000 000 20 ~ Decay p a r a m e t e r s  q 

e 1i 
,-lg 1.001 165 922 ~)rn~c P = 0.752±0.003 ~ = - O. 12 ±0.21 

±.000 000 009 ~ = 0.972±0.013 6 = 0.755±0.009 h = 1.00±0.13 
+0 33 I g a / g v l = 0 ' 8 6 - O i l l  ¢ = 180°± 15" 

Mode Left-right asymmetry Sextant asymmetry Quadrant asymmetry ,/ 
n + n - n  0 ( 0.12±. 17)% (0.19±0.16)% (-0.17±0.17)~ 
n + n - )  , ( 0.88±.40)% fl=0.047±0.06~ 

I ~ +  Mode Pa r t i a l  r a te  (sec - i )  

t lv  (5t .33±0. lT)x 106 S= 1.2* 
nn 0 (17.10±0.13)x106 f<= 1. I* 
rrTr+n - ( 4.52±0.02,)x 106 ,'=1.1 
rrnOn 0 ( 1.40±0.04)x 106 3=1.3" 
t~n0v ( 2.58±0.07)x 106 ,<= 1.7" 
enOv ( 3.90±0.04)xI 06 3 = I . i *  

K~ n+n- s( 0.7689±.0033)xi010 
n0n0 s( 0.3517±.0029)x1010 S = l . l *  

K .  0 7rOnOn 0 ( 4.14 ±O.15)xtO 6 S=1.3" 
L n + n - n  0 ( 2.39 ±D.04)x106 S=1.2" 

n~v ( 5.21 ±O. tO)xlO 6 ~ = i . i *  
rrev . ( 7.49 ±0 .1 l )x l06  ~=1.1" 
n + n -  j , s (  3.£1 ±O.10)xl04 
nOnO s(  1.81 ±O.35)x104 5=1.5" 

Slope p a r a m e t e r s  for  K -* 3n r 

K+-+n+Tt+~ - g=-0.215±.004 5=1.5 '  
K-~T-n- r r  + g=-0.214±.007 S=L~.7* 
K±~nOnOn ± g= 0.561±.021 S=1.7" 
K0-*Tr+n-Tr 0 g= 0.670~.014 5=1.6" 

See Data Card List ings 
for quadratic coeff ic ients .  

i h~= 0.029±.004 I ~ =  0.0300±.0018 S=1.2 '  
K;3 x~= 00~0±.000~=1.5 ~ K~3 x~=0.034 ±.006 s=25 "  

h~= -0.003±.007 S=1.5 * h~= 0.020 ±.007 S=2.5 * 

See Data Card Listings for  ~, fs, and ft '  

CP v i o l a t i o n  p a r a m e t e r s  t , s , j  
10+_1=(2.274±.022)x10 -3 Ir?ool:(2.32±.O9)xlO-3 S : 1 . 1 "  
¢~+_=(45.0± 1.2) ° $00=(48± 13) ° 
I~7+_o12<0.12 1000012<0.28 6=(0.330±.012)x10 -2 

AS = -AO 
Re x=0.009±.020 5=1.4" [m x = -0.004±.026 S=I . I*  

M a g n e t i c  
m o m e n t  

(eFt/2mpC) 

2.7928456 
P ±.0000011 

-1.91304211 
n ±.00000088 

-0.606 
A ±.034 

~+ 
2.83 
± .25 

Y~'-- - 1 . 4 8  
±.37 

=0 

-- - 1 .85  
~, ± .75  

Decay paramete rs  u 
Measured Derived 

~(degree) 7 A(deRree) 
gA/gV gv/gA 

pe -v  -1.253±0.007 
6=(180.20±0.19) ° 

[7 ~+4"0~° p n -  0.642±0.013 ( -6 .5±3.5)  ° 0.76 ~ " - 4 . 1 /  
nn 0 0.646±0.044 
per  -0 .62±0.05 S=1.2" 

pn 0 , -0 .978±0.016 (36±34) ° 0.17 (187±6) ° 

[ ~ + 1 3 2 ~  ° nn + +0.072±0.015 (167±20) ° -0 .97  ~ - ' ~ - I 1  J 
• n~+0.52 5=1.1" PY - ~ ' ~ - 0 . 4 2  

+12 o 
n n -  -0.069±0.008 (10± 15) ° 0.98 (249_115) 
n e - v  ±(0.385~=0.070) S=2.3" 
Ae-v 0.24±0.23 S= 1.3" 

A'n "0 -0 ,44±0,08  (21±12) ° 0.84 ( 2 1 6 + ~ 3 )  ° 
S= 1.3" 

An- -0.392±0.021 (2±6) ° 0.92 (185±13) ° 
S=1.I* 

n ==+0.36 
- -  AK- - u . v u _ 0 . 3 0  



Stable Particle Table (cont'd) 

-~ I n d i c a t e s  a n  e n t r y  in t h e  S t a b l e  P a r t i c l e  D a t a  Card  L i s t i n g s  n o t  e n t e r e d  in t h e  S t a b l e  P a r t i c l e  

T a b l e .  We do not r e g a r d  t h e s e  a s  e s t a b l i s h e d  p a r t i c l e s .  

*S = S c a l e  f a c t o r  = ~ ,  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 s h o u l d  be  ~ 1. I f  S > 1, we h a v e  

e n l a r g e d  t h e  e r r o r  of  t h e  m e a n ~  6x-; i . e . ,  6x- -~ Sdx .  Th i s  c o n v e n t i o n  is s t i l l  i n a d e q u a t e ,  s i n c e  if  S 

>>  1 t h e  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 ,  a n d  t h e r e f o r e  t h e  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 greater than Sdx. See text, and ideograms in Stable Particle Data Card Listings, 

a .  T h e  b a r y o n  n u m b e r  B, s t r a n g e n e s s  S, a n d  c h a r m  C of  t h e  h a d r o n s  w h i c h  a p p e a r  in t h e  t a b l e s  a r e  

a s  fo l lows:  

Mesons (B=0) S C Baryons (B=I) S C 

7r,r~ 0 0 p,n 0 0 

K+,K 0 +i 0 A,E - I  0 

K-,K 0 - i  0 .Z -3 0 

D+,D 0 0 +I D- -3 0 

D-,D 0 0 - i  

b. Quoted upper limits correspond to a 907o confidence level. 

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

have, 
d. For simplicity, decay mode charge states are written for the particle shown. For antiparticle 

m o d e s  a l l  particles m u s t  be  c h a r g e  c o n j u g a t e d .  

e .  S e e  S t a b l e  P a r t i c l e  D a t a  Card  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 t h i s  m e a s u r e m e n t .  

f. Quantum numbers  shown are favored but  not yet established. See Data Card Listings. 

g .  T h e o r e t i c a l  v a l u e ;  s e e  a l so  S t a b l e  P a r t i c l e  D a t a  Card  L i s t i n g s .  

h .  See  n o t e  in  S t a b l e  P a r t i c l e  D a t a  C a r d  L i s t i n g s .  

i .  T h e  d i r e c t  e m i s s i o n  b r a n c h l n g  f r a c t i o n  is ( 1 . 5 6 ± . 3 5 ) x 1 0  - 5 .  

j .  T h e  ~(K 0) a n d  In+- I  a v e r a g e s  ( a n d  t h e  r e l a t e d  K ° -~ ,~+~t- b r a n c h i n g  f r a c t i o n  a n d  r a t e  a v e r a g e s )  

c o n t a i n  o n l y  p o s t - 1 9 7 1  r e s u l t s .  T h e  p r e - 1 9 7 1  a v e r a g e s  w e r e  [n+-I  = ( 1 . 9 5 ± 0 . 0 3 ) x 1 0  - 3  a n d  T(K~s ) = 

( 0 . 8 6 2 ± 0 . 0 0 6 ) x 1 0  - 1 0  s e c .  See  n o t e s  on  In+_l a n d  T(K 0) d i s c r e p a n c i e s  in S t a b l e  P a r t i c l e  D a t a  C a r d  

L i s t i n g s .  
k .  T h e  b r a n c h i n g  f r a c t i o n  f o r  K 0 -~lteu i n c l u d e s  t h e  r a d i a t i v e  e v e n t s  KL 0 ~ ,Tev 7.  

Z. E r r o r  d o e s  n o t  i n c l u d e  0 .13% u n c e r t a i n t y  in t h e  a b s o l u t e  SPEAR e n e r g y  c a l i b r a t i o n .  A s s u m e s  

m # = 3 0 9 5  MeV. 

r n .  T h i s  is  a w e i g h t e d  a v e r a g e  of  D* a n d  D O b r a n c h i n g  f r a c t i o n s  w i t h  u n d e t e r m i n e d  w e i g h t i n g .  

P f o r  E a n d  JP f o r  n -  n o t  y e 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 .  

A s s u m e s  r a t e  fo r  - - -  -* E 0 e - u  s m a l l  c o m p a r e d  w i t h  - - -  4 A e - u .  
i I 41+0.i5Xxt0 -t0 Warning. This is an average of two incompatible results: AI3CLV collaboration ~ . _0.24 / 

.... nd ACNO collaboration (0.75+O0'~)x10 -t0 .... S .... te in Data Card Listings. 

q" JRA/gvJ d e f i n e d  by g2 = ICAIZ+IC,AI 2, 'g~= ICvla+IC.vl2, a n d  r<~lrllu)<~lri(Cl+C'l~5)lu); 
d e f i n e d  b y  c o s  ~ = -Re (C~C 'v+C 'AC~) /gAg  v [ f o r  m o r e  d e t a i l s ,  s e e  t e x t  S e c t i o n  VI A]. 

r .  T h e  d e f i n i t i o n  of  t h e  s l o p e  p a r a m e t e r  of  t h e  Da l i t z  p lo t  is as  fo l lows  [ s e e  a l so  t e x t  S e c t i o n  VI B . I ] :  
s3-s  0 

s .  T h e  K ° ~Tt~t a n d  K~ - ~  r a t e s  ( a n d  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  a n d  do n o t  
0 0 i n c l u d e  r e s u l t s  of  KL-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 .  T h e  177+_1 a n d  [r/00J v a l u e s  g i v e n  in  t h e  

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  t h e  JT~+_J a n d  Jr/00 j 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 .  

t. T h e  d e f i n i t i o n  f o r  t h e  CP v i o l a t i o n  p a r a m e t e r s  is  a s  fo l lows  [ s e e  a l so  t e x t  S e c t i o n  VI B .3 ] :  

A(KOL ~+.-) A(K~ ~ ~%0) 
n + -  = In+- Ie  i~'+- = A(Ko ,-, ~r+n_) noo = Inoo) el¢°° = A(K 0 -,, n O . n O )  

r(K0_~L+)_r(KL0_,L-) r(K~n+n-xo)cP ~iol. r(K0.,~0nono)cP v,ol. 

6 =  r(KOL_~t.)+r(K0.,/_ ) , In+_ol z= r(Ko_~+ _ o ) , lnoool 2= r(Ko_~o.o~o ) 

u .  T h e  d e f i n i t i o n  of  t h e s e  q u a n t i t e s  is a s  fo l lows  [ f o r  m o r e  d e t a i l s  on  s i g n  c o n v e n t i o n ,  s e e  t e x t  

S e c t i o n  VI B]: 

21sllplcos~ ~ = ~ s i n ¢  g a / g v  d e f i n e d  by (Bt[yx(gv-gAYb)JBi)  
a isl2+~pl 2 

-2 [ sHp]s inA 7 = lx/r~-a'Ja2cos~ t~ d e f i n e d  by gA/gV = ]gA/gv] ei6 
fl - isl2+lplZ 

n .  

o .  

p .  



Meson Table 
Apri l  1978 

In addition to the entr ies in the Meson Table, the Meson Data Card List ings contain a l l  
substantial claims for  meson resonances. See Contents of Meson Data Card List ings below. 

Quantities in italics are new or have changed by more than one (old) standard deviation since April 1976. 

Namm Part ia l  decay mode 

Full 
Mass Width 

H 
~---~ estab, 

( - - - /  (M--I (~eVl [Upper limits are Zo (~)1 IN-V/c/ 

+ 
~- i-(0-)+ 139.57 0.0 0.019479 
n ° 134.96 7.95 eV 0.018215 

±.55 eV 

See Stable Particle Table 

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

o(77o) 1+(1-)- 776~ 155~ 0 .602 ~ = 100 362 
±3 s ±3 s ±.120 my 0 .024 ±.007 375 

e+e - 0 .0043±.0005 (d) 388 
O+~ - 0.0067±.0012 (d) 373 
qy seen ¶ 194 

H and F from neutral mode. For upper limits, see footnote (e) 

~(783) 0-(i-)- 782.6 10.i 0.612 ~+~-w0 89.9±0.6 S=1.2 * 327 
±0.3 ±.3 ±.008 ~+~- 1.3±0.3 S=1.5" 366 

S=1.3" ~0y 8.8±0.5 380 
e+e - 0.0076±.0017 S=1.9 * 391 
oY seen ¶ 199 
For upper limits, see footnote (f) 

n'(958) 0+(0-)+ ¶ 957.6 < i 0.917 n~ 66.2±1.7 231 
±0.3 <.001 0°y 29.8±1.7 S=I.I* 165 

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

6(980) i-(0+)+ 980~ h) 50 (h) 0.960 nz seen 
i59 ±10 § ±.049 KK seen ¶ 

318 

* q S ( .80)  0+(0+)+ 980(- c)§ 40.  ( c ) §  0 .960  KK s e e n  ¶ 
+-10 ~ ±10 s ±.039 ~ seen 

See note on ~ and KK S wave ¶ . 
+ 

470 

¢(1020) 0-(I-)- 1019.6 4.1 1.040 K+K - 48.6±1.2 
±0.2 ±.2 ±.004 KLK S 35.1±1.2 

S:I.5" ~+~-~o (incl. On) 14.7±0.? 

nx 1.6±0.2 
~oy 0.14±0.05 
e+e - .031±.001 
u+u - .025±.003 
For upper limits, see footnote (i) 

S=I. 3* 
S=I. 5" 
S=1.2" 

S=I.I* 

128 
iii 
462 
362 
501 
510 
499 

AI(IIO0 ) i-(i+)+ ~ ii00 ¶ ~ 300 ¶ 1.21 
±.33 

+ 

p~ ~ 100 249 

B(1235) i+(i+) - 1231. 128. 1.52 ~n only mode seen 
±10 s ±I0 ~ ±.16 [D/S amplitude ratio = .29±.05] 

For upper limits, see footnote (j) 
+ 

347 

f(1270) 0+(2+)+ 1271. 180. 1.62 ~ 80.3±0.3 
±59 ±209 ±.23 2w+2~ - 2.8±0.3 

KK 3.1±0.4 
n+~-2~ ° seen 
For upper limits, see footnote (Z) 

S= I.i* 
S= 1.3" 

620 
557 
395 
560 

D(1285) 0+(i+)+ 1282. 25 1.64 KK~ seen 
- -  -- ±59 ±10 § ±.03 q ~  seen 

T[6~ seen] 
2~+2~ - (prob. p0~+~-) seen 

301 
481 
238 
563 

~(1300) 0+(0+)+ ~ 1300 200-400 ~ seen 
KK seen 

See note on ~ and KK S wave ¶ . 



Meson Table (cont'd) 
Name Par t i a l  decay mode 

F:B 
I G ( j P ) c .  Mass w i d t h  M 2 

- -+FM (a) ~ Fraction (~_ OOjX (b) 
+ I rl I P )----le,tmb. (Me~) (Me%) (GeV) % [Upper  l i m i t s  a r e  l o  (%)] (MEW/(=) 

~ ( 1 3 1 0 )  1-(2+)+ 1312~ 102. 1.72 px 70.3±2.1 411 
±5 s ±5 ~ ±.13 n~ 14.4±0.9 531 

~ 10.6±2.5 356 
KK 4.7±0.5 430 
~'~ <i 281 
~y 0.45±0.11 649 

E(1420) 0+(A )+ 1416. 60 2.01 KK~ seen 421 
±10 ~ ±20 § ±.08 tEK*K + K*K seen]  130 

~ seen 564 
i[6~ possibly seen]  349 

Not a well established resonance. 

f ' ( 1 S 1 5 )  0+(2+)+ 1516~ 65 2.30 KK dominant  572 
" ±10 s ±10 § ±.i0 ~ seen  745 

For upper  l i m i t s ,  see f o o t n o t e  (k) 
+ 

p'(1600) i + ( i - )  - ~ 16004 ~ ~00 ¶ 2.56 
±.48 

4~ 75§±10 § 738 
tEp~+~ - seen with ~+~- in S-wave] 572 

~ 25§±10 § 788 

A~(1640) i-(2-)+ ~ 1640 ~ 300 2.69 
±.49 

Not a well established resonance. ¶ 

f~ dominant 304 

m(1670) 0 - ( 3 - ) -  1668. 160_ 2.78 pn seen 645 
±10 ~ ±15 § ±.27 3z p o s s i b l y  seen 806 

5~ possibly seen 740 
~ possibly seen] 615 

g(1680) ¶ 1+(3-) - 1688. 
±20 g 

~P, M and F from the 2~ mode. 

180. 2.85  2~ 24±5 § 832 
±30 ~ ±.30 4~ (incl. ~O,PO,A2~,m~) large 786 

KK small 682 
KR~ (incl. K'K) small 623 

~(1935) ¶ 1935. # 3.74 NN dominant 236 
J < 4 ±2 s ±4 § ±.02 

h(2040) 0+(4+)+ 2040 193 4 .16 ~ seen 1010 
±20 ±80 ±.39 KK seen 890 

T(2190) ¶ 1+(3-) - 2182_ 150 § 4.80 Niq dominant 

±I0 ~ ±50 § ±.33 ~ seen 

~(2350) ¶ 0+(4+) + 2350 § ~ 200 § 5.52 NN dominant 

±25 § ±.47 ~ seen ÷ 

564 
1086 

707 
1167 

*(3100) 0-(I-)- 3097±2 0.067±0.012 9.598 
or J ±.000 

e+e - 7±1 1549 
~+~- 7±1 IS45 
hadrons 86±2 

%[2¢%-)~ ° 3.7±0.5 1496 
3(~+z-)~ 0 2.9±0.7 1433 
~÷~-~°K+K- 1.2±0.3 1369 
p~ 1.1±0.2 1448 
4(~+~-)~ ° 0.9±0.3 1345 
K~(890) K*~1430) 0.67±0.26 1007 
KrC 0.61±0.08 1373 - + _ 
pp~+~  O. 41±0.08 1108 
2(~ 7-) 0.4±0.1 1517 
3 ( ~ - )  0.4±0.2 1466 
pn~ 0.38±0.08 1174 
2(~+~-)K*K - 0.31±0.13 1320 
K°K+-~ -+ 0.26±0.07 1440 
¢~+~- 0.21±0.09 1365 
pp 0 .21±0.02  1232 
p ~  0.19±0.04 948 
@_KK 0.18±0.08 1176 
AA 0.18±0.08 1075 
p~+~-~o  0.II±0.04 1033 
p~O 0.10±0.02 1175 
@n 0.10±0.06] 1320 

tEyq' 0.25±0.06 1401 
y f  0.20±0.07 1288 
yX(2830)~3y 0.14±0.04] 256 

For smaller branching ratios, upper limits, and reso- 
nance subchannels of the above modes, see listing.¶ 



Name 

~(je]c. 
I-----! estab. 

8 

Meson Table 

Full 
Mass Width M~, 
M r +rM a) 

(HEY) (MeV] iGeV] 2 

(cont'd) 
Part ial  decay mode 

Fraction (%) ~21 [b] 
[Upper l i m i t s  a re  lo  (%)] ( ~ V / ¢  1 

X(3415) 0+(0+)+ 3413±5 11.649 2(~+~ -) (incl.~p) 4.4±0.8 1678 
~+~-K+K-(incl. ~KK*) 3.7±1.0 1579 
YJ/~(3100) 3.3+1.0 300 
3(~+g -) 1.9±0.7 1632 
~+~- 1.0±0.3 1701 
K+K - 1.0±0.3 1634 
pp~+~- 0.5±0.2 1319 

P or 0+(A)+ 
×~351o) 

JP = 1 + preferred. 

3508±4 12.306 yJ/~(3100) 2 3 . 4 ± 0 . 8  S = 2 . 4 "  388 
3(~+~ -) 2 . 4 ± 0 . 8  1682 
2 (v+~- ) ( inc l .  ~gD) 1 . 5 ± 0 . 6  1727 
~+~-K÷K - (incl. ~K](*)0.9±0.4 1632 
~+~-p~ 0.14±0.11 1381 

×(3555) 0+(N)+ 3554±8 12.631 

JP = 2 + preferred. 

7J/ t (3100]  16±3 S = 1 . 3 "  427 
~+~-K+K - ( i n c l .  ~KK*) 2.0±0.6 1655 
3(~+~ - ) I.I±0.7 1706 
~+~- and K+K - 0 . 2 9 ± 0 . 1 5  

~+~-p~ 0 , 2 9 ± 0 . 1 4  1408 
2(~+~ - ) ( i n c l .  Tr~O) 0.23±0.06 1750 

~(3685) 0-(i-)- 3686±3 0.228±0.056 13.587 
±.001 

m~(3688 ) -m~(3100 ) : 888.6±0.8 

e+e - 0.9±0.1 1842 
V+V - 0.8±0.2 1839 
hadrons 98.1±0.3 

tEa/, ~+~- 33±3] 474 

%[j/~ ~0~0 17±2] 478 

f~Sl~ n 4.2±0.7] 189 

f[2(~+~-)~ ° 0.4±0.2] 1798 

'~+~-K+K - 0.14±0.04] 1725 

t[2(~+~ -) 0.08±0.02] 1816 

%EY × (3415) 7±2] 261 

t[y X(3510) 7±2] 172 

tEy X(3555) 7±23 128 

@(3770) (i)- 3772 28 14.228 
±6 ±5 ±.106 

e+e - 0.0013±0.0002 1885 
DD dominant 184 

(4415) (i-)- 4414±7 33±10 19.483 e+e - 
±.146 hadrons 

0.0013±0.0003 2207 
dominant 

T(9500) (i-)- ~ 9500 90.25 

Seen split into two peaks m~ = 9410±13, m2=i0060±30. 
Additional structure may be present ¶ . 

~[ seen 4750 
e e 8sen 4750 

~ 112(0-) 493.67 
K ° 497.67 0.244 See Stable Particle Table 

0.248 

K*(892) 1/2(1-) 892.2 49.5 0.796 K~ 
±0.4 ±1.5 ±.044 K~ 

K7 
M and F from charged mode; m ° - m ± = 4.1±0.6 MeV. 

i00 
< 0.2 

0.15_+0.07 

288 
216 
309 

QI(1280) 1/2(1 +) ~ 1280 ~ 128 1.64 K~ 
±.19 

t[Kp 

Existence of a second [esonance, Q2(1400), ~ %[K*~ 
decaying mainly into K ~, not well established". K~ 

dominant 

large] 

possibly seen] 

possibly seen 

501 

62 

307 

K(1400) 1/2(0 +) 1400-1450 200-300 
¶ 

See note on K~ S wave . 

K~ seen 

K*(1430) 1/2(2 + ) 1434~ 100! 2.06 Kv 
±53 ±10 s ±.14 K*~ 

K*~v 
Kp 
K~ 
Kn 

4 9 . 1 + 1 . 6  

27.0+-2.2 

11.2+-2.5 

6.6_+1.5 
3.7+1.6 
2.5+2.5 

623 
424 
374 
327 
320 
492 



9 

Meson Table (cont'd) 
Name Partial decay mode 
_ ~  Full 

IG(jPIC n Mass Width  M 2 
- ± F H  [a) Mode  Fraction (g) Pm=x (b] 
+ q p w---.,estab. (He%) (Ne%) (GeV] z [Upper l imits are lo (%31 (I~V/¢) 

L(1770) I/2(A ) 1765. 140. 3.11 K~ dominant 788 
-- ±i0 ~ ±50 ~ ±.25 K~ 757 seen ¶ 

t[K* (1430)7 and other  subreact ions ] 
Not a well es tabl ished resonance ¶. 

K*(1780) ¶ 1/2(3-) 1784 135~ 3.19 Kz~ Zarge 798 
±10 § ±40 ~ ±.24 %[Kp 2arge] 619 

t[K*x Z~ge] 660 
§ 817 K~ 18±5 

D ÷ i/2(0-) 1868.3 3.491 See Stable Particle Table 
D o 1863.3 3.472 

D*+(2010) 1/2(1-) 2008.6 <2.0 4.034 D% + 60±18 
±I.0 D%°/ 

D+y f 40±15 mD*+ - mD0 = 145.3±0.5 MeV 

D*°(2010) 1/2(1-) 2006 < 5 4.024 D°~ ° 55±15 

±1.5 D°7 45±15 

39 
37 

135 

45 
138 

Contents of Meson Data Card Listings 

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

entry IG(jP)Cn entry IG(jP)Cn entry 

1-(0-)+ 

n o+(o-) + 

p (770) 1+(1-) - 

m (783) 0 - (1 - ) -  

* M (940-953) 

n'  (958) 0+(0-)+ 

s (980) 1-(o+)+ 

S* (980) 0+(0+)+ 

H (990) 

¢ (lO2O) o-(1-)- 
* M (1033-1040) 

+ qN(1080) 0+( N 3" 

AI(II003 1-(1+3 + 

÷ M (1150-1170) 

B (1235) i+(I+) - 

+ p'(1250) i+(i-) - 

f (1270) 0+(2+)+ 

D (128s) 0+(A )÷ 

¢ (1300) 0+(0+)÷ 

IG(JP)Cn 

A2(1310 ) 1-(2+)+ 

E (1420) 0+(A )+ 

+ X ( 1 4 1 0 - 1 4 4 0 )  

f '(1515) 0+(2+3+ 

+ F z(1540) 1 (A)  

0'(1600) 1+(1-) - 

As(1640) i - (2 - )+  

(1670) 0-(3-)- 

g (1680) 1+(3-) - 

+ X (1690) 

~A~(1900) 1- 

+ X (1900) 1-(4+)+ 

e+e-(ll00-3100) 

+ X (2830) 

(3100) or J 0-(I-)- 

X (3415) 0+(0+)+ 

+ x (3455) 

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

X (3555) 0+(N 3 + 

(3685) 0 - (1 - ) -  

(3770) (1- 3 - 

+ ,  (4030) (1-)-  

, (4415) (1-)-  

T (9500) (1-)-  

Strange (IS[ =1, C=0) 

entry I (JP) 

K 1/2(0-) 

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

Q1(12803 1/2(1 + ) 

+ Q2(1400) 1/2(1 +) 

÷ K'(1400) 1/2(0-) 

< (1400) 1/2(0 +) 

K*(1430) 1/2(2 +) 

+ KN(1700) 1/2 

L (1770) 1/2(A ) 

K*(1780) 1/2(3-) 

+ K*(2200) 

+ I (2600) 

s (1935) 1 

h (2040) 0+(4+)+ 

T (21903 1+(3-3 - 

U (2350) 0+(4+)+ 

lqN(2360) 1 

~,!(1400-36003 

X (1900-3600) 

+ T (100603 ( 1 ) -  Charmed (IcI = l) 

D (18703 1/2(0-3 

D*(20103 1/2(1-3 

+ F (2030) 

+ F*(2140) 

÷ 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. All the entries in the Listings can be found in the Table of 
Contents of Meson Data Card Listings. 

¶ See Meson Data Card Listings. 

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

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

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

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

(d) The e+e - branching ratio is from e+e - ~ ~+~- experiments only. The up interference is then due 
to up mixing only, and is expected to be small. See note in Meson Data Card Listings. The 
p+p- branching ratio is compiled from 3 experiments; each possibly with substantial uO inter- 
ference. The error reflects this uncertainty; see notes in Meson Data Card Listings. If eP 
universality holds, F(p ° ~ p+~-) = F(O ° + e+e -) × 0.99785. 

(e) 5npirical limits on fractions for other decay modes of p(770) are ~n < 0.8%, ~+~+~-~- < 0.15%, 
~ + ~ - ~ 0  < 0.2%. 

( f )  F ~ p i r i c a l  l i m i t s  on f r a c t i o n s  fo r  o ther  decay modes of  u(783) are  ~+~-T < 8%, ~0~0~ < i%, 
+ n e u t r a l ( s )  < 1.8%, ~+p- < 0.02%, ~op+p- < 0.2%. 

+ - < o + - 0 (g) Empirical limits on fractions for other decay modes of n'(958): ~ ~ 2~, ~ # ~ < 5%, 
~+~+~-~- < 1%, ~+~+~-~-~0 < 1%, 6~ < 1%, ~+n-e+e - < 0.6%, n°e+e- < 1.3%, ne+e - < 1.1%, 
~opo < 4%. 

(h) The mass and width are from the n~ mode only. If the KK channel is strongly coupled, the width 
may be 300 MeV or more. 

(it F~pirical limits on fractions for othei decay modes of 0(1020) are ~+~- < 0.03%, ~+~-¥ < 0.7%, 
~y < 5%, py < 2%, 2")T+2'ff-~ ° < I%. 

(j) F~pirical limits on fractions for other decay modes of B(1238): ~ < 15%, KK < 2%, 4~ < 50%, 
0~ < 1.5%, n~ < 25%, (~jQ~0 < 8%, KsK S ~z < 2%, KSK L ~ < 6%. 

(k) Empirical limits on fractions for other decay modes of f'(1515) are qh < 50%, 
n~ < 30%, KK~ + K*K < 35%, 2~+2~ - < 32%. 

(g) Empirical limits on fractions for other decay modes of f(1270) are ~ < i%, KOK-~ + + c.c. < 1%, 
~ < 2%. 

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

(JP) C n 

(0-)+ 

(i-)- 

(2+)+ 

Nonet members @lin. @quadr. 

~, K, n; ~l -24 ± 1 ° -ii ± 1 ° 

O, K*, ~; u 38 ± 1 ° 40 ± 1 ° 

A2, K*(1430), f'; f 24 ± 2 ° 26 ± 2 ° 
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Baryon Table 
April 1978 

The following short list gives the status of all the Baryon States in the Data Card Listings. In addition 

to the status, the name, the nominal mass, and the quantum numbers (where known) are shown. States with 

three- or four-star status are included in the main Baryon Table; the others have been omitted because the 

evidence for the existence of the effect and/or for its interpretation as a resonance is open to consider- 

able question. 

N(939) PII **** A(1232) P33 **** A(III5) P01 **** Z(I193) PII **** Z(1317) PII **** 

N(1470) Pll **** A(1550) P31 * A(1330) Dead Z(1385) P13 **** Z(1530) PI3 **** 

N(1520) DI3 **** &(1650) S31 **** A(1405) S01 **** E(1480) * E(1630) ** 

N(1535) Sll **** A(1670) D33 *** A(1520) D03 **** Z(1580) DI3 ** E(1820) 13 *** 

N(1540) P13 * A(1690) P33 *** A(1600) p01 ** Z(1620) Sll ** ~(1940) ** 

N(1670) DI5 **** A(1890) F35 **** A(1670) s01 **** ~(1660) Pll *** Z(2030) 1 *** 
N(1688) FI5 **** A(1900) S31 * A(1690) D03 **** Z(1670) DI3 **** Z(2120) * 

N(1700) SII **** a(1910) P31 **** A(1800) p01 ** ~(1670) ** Z(2250) * 

N(1700) DI3 *** A(1950) F37 **** A(1800) G09 * Z(1690) ** ~(2500) ** 
N(1780) Pll *** A(1960) D35 *** A(1815) F05 **** Z(1750) SII *** 

N(1810) P13 *** &(2160) *** A(1830) D05 **** Z(1765) DI5 **** Q(1672) P03 **** 

N(1990) FI7 ** A(2420)H311 *** A(1860) P03 *** Z(1770) pll * 

N(2000) FI5 ** &(2850) *** A(1870) S01 *** Z(1840) P13 * Ac(2260 ) * 
N(2040) DI3 ** &(3230) *** A(2010) ** Z(1880) PII ** 
N(21O0) SII * A(2020) F07 * ~(1915) FI5 ***~ ~ (2430) * 

c 
N(2100) DI5 ** A(2100) G07 **** Z(1940) DI3 *** 

N(2190) GI7 *** Z0(1780) P01 * A(2110) F05 *** Z(2000) Sll * 
N(2200) GI9 *** Z0(1865) D03 * A(2325) D03 * Z(2030) FI7 **** Dibaryons 

N(2220) HI9 *** Zl(1900) PI3* A(2350) **** Z(2070) FI5 * S = 0 * 

N(2650)II ii *** ZI(2150) * A(2585) *** Z(2080) P13 ** S = -i * 
N(3030) *** ZI(2500) * Z(2100) GI7 * S = -2 * 

N(3245) * ~(2250) **** 

N(3690) * ~(2455) *** 

N(3755) * Z(2620) *** 
Z(3O00) ** 

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

** Needs confirmation. 

* Weak. 

[See notes on N's and a's, Z*'s, A's and Z's, ~*'s, and dibaryons at the beginning of those sections in 

the Baryon Data Card Listings; also see notes on individual resonances in the Baryon Data Card Listings.] 

Particle a I (jP)a a or K beam b Mass Full M 2 Partial decay mode f 

-- estab, p (GeV/c) M c Width p or d 
beam 2 (MeV) Fo ±FM b Mode Fraction o Pmax 

= 4n~ (~) (MeV) (GeV2) % (MeV/c) 

p 1/2(1/2 + ) 938.3 0.880 
See Stable Particle Table 

n 939.6 0.883 

N(1470) g + 1/2(1/2 )P{l P = 0.66 1390 to 180 to 2.16 N~ ~60 420 

d = 27.8 1470 240 ±0.29 ND 3 ~18 d 
(200) N~ ~25 368 

[Ne ~ 7] e d 
[a~ ~23] e 177 
[Np ~ 7] e d 

N(1520) g i/2(3/2-)D'13 p=0.74 1510 to ii0 to 2.31 N~ ~55 456 
= 23.5 1530 150 +0.19 N~ ~45 410 

(125) [Ne < 5] e d 
[Np ~19] e d 
[aTr ~ 2 3 ]  e 228 

N~ < i d 

N(1535) ~ I/2(i/2-)sii'~ p = 0.76 1500 to 50 to 2.36 N~ ~30 467 
O = 22.5 1545 150 ±0.15 N~ ~65 182 

(i00) N~ ~ 5 422 
[Np ~ 3] e d 
[N£ 2] e d 

[A~ i] e 243 



Particle a I (jP)a 

--estab. 
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Baryon Table (cont'd) 
Partial decay mode f 

or K beam b Mass Full M 2 

p_ (GeV/c) M ~ Width o p or d 
beam 2 (MeV) FO ±FM b Mode Fraction Pmax 

o = 4ZX (mb) (MeV) (GeV2) % (MeV/c) 

N(1670) ~ i/2(5/2-)D:5x p = 1.00 1650 to 145 to 2.79 N~ ~45 560 
O = 15.6 1685 170 ±0.26 Nnn ~55 525 

(155) [A~ ~47] ~ 360 
[Np ~ 5] e d 
~K < 0.3 200 
N~ < 0.5 368 

n + , 
N(1688) ~ 1/2(5/2 )FI5 p=l.03 1670 to 120 to 2.85 N~ ~60 572 

= 14.9 1690 145 ±0.24 NZZ ~40 538 
(140) [NE ~15] ~ 340 

[NO ~131 ~ d 
[~z ~12] ~ 375 

N~ < 0.3 388 

N(1700) g I/2(1/2-)S[i p = 1.05 1660 to I00 to 2.89 NT ~55 580 
= 14.3 1700 200 ±0.26 NTT ~30 547 

(150) [NE <10] e 355 

[Np 7-21] ~ d 
[An 4-15] ~ 385 
AK ~i0 250 
~K 2-7 109 

N(1700) @ I/2(3/2-)D[3 p = 1.05 1660 to 80 to 2.89 N~ ~i0 580 
= 14.3 1710 120 h ±0.20 N~X ~90 547 

(120) [NE <40] e 355 
[Np < 5] e d 

[A~ 15-40] ~ 385 
~I< ~ 1 250 

+ ,, 
N(1780) 1/2(1/2 )PII P = 1.20 1650 tO i00 to 3.17 N~ ~20 633 

= 12.2 1750 180 ±0.28 Brffz >50 ~ 603 
(160) [Ne 15-40]~ 440 

[Np 40-65] e 249 
[AT 10-20] 448 
AK < 5 353 

~K ~10. 267 
N~ 2-20 Z 476 

+ ,, 
N(1810) 1/2(3/2 )P13 p = 1.26 1650 to i00 to 3.28 Nn ~20 652 

= i1.5 1750 300 ±0.36 NTZ ~70 624 
(200) [N~ ~20]~ 468 

[Np 45-70] e = 297 
[AT ~20] 471 

AK 1-4 386 
ZK ~ 2 307 
N~ < 5 503 

N(2190) 1/2(7/2-)G17 p = 2.07 2140 to 150 to 4.80 Nn 15-35 888 
= 6.21 2250 300 ±0.55 

(250) 

N(2200) I/2(9/2-)G19 p = 2.10 2130 to 200 to 4.84 N~ ~i0 894 
= 6.12 2270 300 ±0.55 

(250) 

N(2220) E I/2(9/2+)H19 p = 2.14 2200 to 250 to 4.93 N~ ~20 905 
O = 5.97 2250 350 ±0.67 

(300) 

I/2(II/2--)II''JI_L p = 3.26 2580 to ~400 7.02 N~ ~5 1154 N(2650) 
= 3.67 2700 (400) ±1.06 

N(3030) 1/2( ? ) p = 4.41 ~3030 ~400 9.18 N~ (J + i/2)x 1366 
-- ~ = 2.62 (400) ±1.21 <0.i k 
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Baryon Table (cont'd) 

I (jP)a ~ or K beam b Mass Full M 2 

Width -- estab, p (GeV/c) M o FO ±FM b 
beam (MeV) (GeV 2 ) 

O = 4~ 2 (mb) (MeV) 

Partial decay mode f 

p or d 
Mode Fraction o Pmax 

% 
(MeV/c) 

~(1232) g 3/2(3/2+)P~3"j p = 0.30 1230 to ii0 to 1.52 
O = 94.3 1234 120 ±0.14 

(115) 

A(++) Pole position: / M - iF/2 = (1211.0 ± 0.8) - i(49.9 ± 0.6) 

A(O) Pole position: / M - iF/2 (1210.9 ± 1.0) - i(53.1 ± 1.0) 

N~ ~99.4 227 
N~+~ - ~ 0 80 

A(1650) g 3/2(i/2-)S~l'j p = 0.96 1600 to 120 to 2.72 N~ ~32 547 
O = 16.4 1695 200 ±0.23 N~n ~65 511 

(140) [ND I0-25] e d 
[A~ ~50] e 344 

A(1670) g 3/2(3/2 )D33 p = 1.00 1620 to 190 to 2.79 N~ ~15 560 
a = 15.6 1720 240 ±0.33 N~ ~85 525 

(200) [Np <40] e d 
[AT 45-60] e 361 

A(1690) g 
+ . 

3/2(3/2 )P33 P = 1.03 1650 to 150 to 2.86 N~ 10-20 573 
= 14.9 1900 m 350 ±0.42 N~n ~80 540 

(250) [Np i0-20] e d 
[AT >45] e 377 

A(189O) g 
+ 

3/2(5/2 )F35 p = 1.42 1860 to 150 to 3.57 N~ ~15 704 
= 9.88 1910 300 ±0.47 N~Z ~80 677 

(250) [NQ ~60] e 403 
[AT 10-30] e 531 
ZK < 3 400 

A(1910) g 3/2(i/2+)P~'i'~ p = 1.46 1780 to 200 to 3.65 N~ 15-25 716 
a = 9.54 1960 280 ±0.42 N~ >40 691 

(220) [NQ ~40] e 429 
[AT small] e 545 

~K 2-20 420 

A(1950) g 
+ 

3/2(7/2 )F37 p = 1.54 1910 to 200 to 3.80 NX ~40 741 
O = 8.90 1950 280 ±0.47 NW~ >25 716 

(240) [NQ ~i0] ~ 471 
[AT ~20] e 574 

~K < 1 460 

A(1960) g 3/2(5/2-)D35 p = 1.56 1890 to i00 to 3.84 N~ 7-15 748 
O = 8.75 1950 300 ±0.39 ~K < i0 469 

(2OO) 

A(2160) ~ 3/2(?-) p = 2.00 2150 to 160 tO 4.67 N~ (J + 1/2)X 870 
- -  O = 6.46 2240 440 ±0.65 =0.4 - 1.4 k 

(300) 

A(2420) g 3/2(11/2+)H311 p= 2.64 2380 to 300 to 5.86 N~ 10-15 1023 
= 4.68 2450 500 ±0.73 

(300) 

A(2850) 3/2(?+) p = 3.85 2800 to ~400 8.12 N~ (J + i/2)x 1266 
= 3.05 2900 (400) ±1.14 ~0.25 k 

A(3230) 3/2( ? ) p = 5.08 3200 to ~440 10.43 NT (J + i/2)x 1475 
= 2.25 3350 (440) ±1.42 ~0.05 k 

Z* Evidence for states with strangeness +l is inconclusive. 
See the Baryon Data Card Listings for data and discussion. 
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Particle ~ I (jP)a 

--estab. 

Baryon Table (cont'd) 

or K beam b Mass Full M 2 
Width 

p (GeV/c) M e F~ ±FM b 
beam (MeV) (GeV 2 ) 
= 4~ 2 (mb) (MeV) 

Partial decay mode ~ 
p or 

Mode Fraction e Pmax 
% 

(SeV/c) 

^ 0(1/2 + ) ii15.6 1.245 See Stable Particle Table 

A(1405) 0(i/2-)s01 Below K-p 1405 40 -+ I0 o 1.97 Z~ i00 142 
threshold ±5 o (40) -+0.06 

p = 0. 389 1520 16 -+ 2 o 2.31 NK 46 -+ 1 234 
0(3/2-) D 3 ~ = 84.5 -+2 o (16) ±0.02 ~ 42 -+ 1 258 

A(1520) 

A~ i0 -+ 1 250 
~ 0.9 ± 0.i 140 

A(1670) O(1/2-)S01 p = 0.74 1660 to 20 to 2.79 N~ 15-25 410 
O = 28.5 1680 60 -+0.07 ~ 15-35 64 

(40) Z~ 20-60 393 

= 0.78 1690 40 to 2.86 NK 20-30 429 
A(1690) 0(3/2-) D 3 P ~ = 26.1 ±i0 o 80 -+0.i0 Z~ 20-40 409 

(60) A~ ~25 415 
Z~ ~20 352 

A(1815) 0(5/2+)F~su P = 1.05 1820 70 to 3.29 NK 55-65 542 
= 16.7 -+5 o 90 -+0.15 Z~ 5-15 508 

(80) Z(1385)~ 5-10 362 

A(1830) 0(5/2-)D05 p = 1.09 1810 to 60 to 3.35 NK <i0 554 
= 15.8 1830 ii0 -+0.17 ~ 35-75 519 

(95) ~(1385)~ >15 375 

A(1860) 0(3/2+)Pi3u p = 1.14 1850 to 60 to 3.46 NK 15-40 576 
= 14.7 1920 200 -+0.19 Z~ 3-10 534 

(i00) 

A(1870) 0(i/2-)s~ p = 1.16 1700 to 2oo to 3.50 ~ 20-60 582 
= 14.2 1850 400 -+0.56 ~ seen 542 

(300) 

A(2100) 0(7/2-)G07 p = 1.68 2080 to i00 to 4.41 NK ~30 748 
G = 8.68 2120 300 -+0.53 Zn ~5 699 

(250) A~ <3 617 
EK <3 483 

<8 443 

A(2110) 0(5/2+)F~5u P = 1.70 2050 to 150 to 4.45 NK 5-25 756 
= 8.48 2150 300 -+0.42 Z~ <40 709 

(2OO) 

A(2350) 0(9/2 +) p = 2.29 2340 to i00 to 5.52 NK ~12 913 
- -  o = 5.85 2420 250 ±0.28 Z~ 410 865 

(120) 

A(2585) 0( ? ) p = 2.91 ~2585 ~300 6.68 NK (J+i/2)x 1058 
-- ~ = 4.37 (300) -+0.78 ~i.0 ~ 

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

+ 
Z(1385) 1 3/2 )PI3 Below K-p (+)1382.3~0.4 (+)35-+2 1.92 An 88-+2 208 

threshold S=1.6 p S=2.2P -+0.05 ~w 12-+2 117 
(-)1387.5-+0.6 (-)40-+2 

S=I.0 p S=1.9 P 
(0)1382.0-+2.5 (35) 

S = 1.6 p 
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Baryon Table (cont'd) 

Particle a I (jP)a n or K beam b Mass Full M 2 Partial decay mode / 

-- estab. Pbeam (GeV/c) M ~ Width p or d Fc ±FM b Mode Fraction c Pmax 

O = 4nX 2 (mb) (MeV) (MeV) (GeV2) % (MeV/c) 

E(1660) q I(I/2+)PII p = 0.72 1580 to 30 to 2.76 NK <30 402 
g = 30.1 1690 200 ±0.17 Zn seen 383 

(i00) An seen 440 

Z(1670) I(3/2-)D[3 p= 0.74 1675 o 35 to 2.79 NK 5-15 410 
O = 28.5 ±i0 70 ±0.08 Zn 20-60 387 

(50) ~ <20 447 

Z(1750) I(I/2-)S~I~ p = 0.91 1730 to 50 to 3.06 NK 10-40 483 
= 20.7 1820 160 ±0.13 An 5-20 507 

(75) ~n <8 450 
E~ 15-55 54 

~(1765) 1(5/2-)D15 p = 0.94 1774 105 to 3.12 NK ~41 496 
g = 19.6 ±7 o 135 ±0.21 AZ ~14 518 

(120) A(1520)n ~19 187 

Z(1385)~ ~ 9 315 
Z~ ~ 1 461 

Z(1915) g l(5/2+)F~5x p = 1.25 1905 to 70 to 3.67 NK 5-15 612 
= 13.0 1930 160 ±0.19 AT 10-20 619 

(i00) ~n seen 568 

Z (1940) q I(3/2-)D~" p = 1.32 1890 to i00 to 3.76 NK <20 678 
O = 12.0 1960 300 ±0.43 A~ seen 680 

~220) ~ seen 589 
A(1520)~ seen 370 

+ 
Z(2030) g 1(7/2 )FI7 p = 1.52 2020 to 120 to 4.12 NK ~20 7O0 

g = 9.93 2040 200 ±0.37 An ~20 700 

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

A(1520)n 5-20 429 
~(1385)~ 12 530 

~(2250) q i( ? )~ p = 2.04 2200 to 50 to 5.06 NK <i0 849 
-- O = 6.76 2300 150 ±0.22 AT[ seen 841 

(i00) ~n seen 801 

Z(2455) l( ? ) p = 2.57 ~2455 ~120 6.O3 NK (J + i/2[x 979 
- -  O = 5.09 (120) ±0.29 ~0.2 ~ 

Z(2620) i( ? ) p = 2.95 ~2600 ~200 6.86 NK (J + i/2~x 1064 
- -  o = 4.30 (200) ±0.52 ~0.3 ~ 

Z 1/2(1/2+) (0) 1314.9 1.729 See Stable Particle Table 
(-)1321.3 1.746 

1/2(3/2+)P13 (0)1531.8±0.3 (0)9.]~0.5 2.34 H (1530) 
S = 1.3 P ±0.02 

(-)1535.0±0.6 (-)10.1±1.9 
+ (i0) 

~ i00 144 

+15 o 
E(1820) 1/2(3/2 ) 1823 20_10 3.31 AK -45 396 

±6 ° - -  ±0.04 ~(15_30~ ~45 234 
(20) ~K ~i0 306 

~n small 413 

o 
~(2030) 8 1/2( ? ) 2o24 16~i~ 4.12 ~ -80 524 

-- ±6 o ±0.03 AK ~20 587 

(16) E~ small 573 
~(1530)n small 418 

0(3/2 + ) 1672.2 2.796 See Stable Particle Table 
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Baryon Table (cont'd) 

+ For convenience all Baryon States for which information exists in the Baryon Data Card Listings are 
listed at the beginning of the Baryon Table. States with only a one or two star (*) rating in that 
list have been omitted from the main 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. 1 [such as N(1470)~ contain a nominal mass which is primarily 
for purposes of identification. See Col. 4 for actual mass values. The convention for using primes 
in the spectroscopic notation for the quantun numbers in Col. 2 (such as PII ) is as follows: no prime 
is attached when the Data Card Listings include only one resonance in the given partial wave; when 
there is more than one resonance the first has been designated with a prime, the second with a doable 
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. See footnote a. of the Stable Particle Table for 
the strangeness quantum numbers of the baryons; in addition to the names listed there, we also use N 
and A for S = 0 baryons, and Z* for S = +i baryons. 

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

c. For masses, widths, and branching fractions of most baryons we report here a range instead of an 
average. Averages are appropriate if each result is based on independent measurements, but inapprop- 
riate where the spread in parameters arises because different models or procedures have been applied 

to a common set of data. The ranges given in the Table are generally chosen to be conservatively 
large. See the Data Card Listings for the individual values obtained in specific analyses. A single 

value with an approximation sign (~) indicates that there is not enough data to give a meaningful 
interval. A nominal 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 given the momentum, p, of the decay products in the decaying baryon 
rest frame. For decay modes into >3 particles we give the maximum momentum, Pmax, that any of the 
particles in the final state can have in this frame. The momenta are calculated using the nominal 

mass (see a. above) of the decaying baryon, and of any isobars in the final state. Some decays which 
would be energetically forbidden for the nominal masses actually occur because of the finite widths 
of the decaying baryon and/or isobars in the final state. In these cases, the decay momentum is 
omitted from Col. 9 and replaced with a reference to this footnote. 

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

f. Many of the branching fractions in the Table are extracted from significantly more accurate results 
on x~x'type couplings obtained in partial-wave analyses. The original x%/~ V values are given in 
the Baryon Data Card Listings. For information on radiative decays of N's and ~'s, 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 experi- 
ment results see the Baryon Data Card Listings. 

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

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

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

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

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

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

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

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

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

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

r. Recent partial-wave analyses of the College de France-Saclay group find evidence for a 5/2- and a 
9/2- ~ resonance at this mass. See the Baryon Data Card Listings. 

s. This state is now considered to be firmly established even though the quantum numbers and decay 
rates are not sufficiently well known. 
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PHYSICAL AND NUMERICAL CONSTANTS* 

PHYSICAL CONSTANTS 

U n c e r t ,  ( p p m )  
N A . . . . . . . .  6 , 022  045(31)x1023 m o l e  - I  . . . . . . . . . . . . . . . . . . . . . . .  5,1 

V m . . . . . .  = 22413 ,83(70)  c m  3 m o l e  -1  = m o l a r  v o l u m e  of  ideal  gas  a t  STP 31 

c . . . . . . . . .  2 ,997  924 58(1 .2 )x1010  c m  s e c  - I  . . . . . . . . . . . . . . . . . . .  0 ,004 

e . . . . . . . . .  4 . 8 0 3 2 4 2 ( 1 4 ) x 1 0  - t 0 e s u  = 1.602 1 8 9 2 ( 4 6 ) x 1 0  -19  c o u l o m b  . . 2,9;  2 ,9  

i MeV . . . . .  = 1,602 189 2 ( 4 6 ) x i 0  - 6  e r g  . . . . . . . . . . . . . . . . . . . . . . . .  2 .9  

l=i=h/27r . . . .  6 ,582  1 7 3 ( 1 7 ) x i 0  -22  MeV s e c  = 1,054 588 7(57)x10  -27  e r g  s e c  2,6; 5 .4  

h c  . . . . . . . .  1 ,973 2 8 5 8 ( 5 1 ) x 1 0  - i t  MeV c m  = 197,32858(51)  MeV f e r m i  . . . 2.5; 2 ,6  

= 0 ,624  007 8(16)  GeV m b  I / 2  . . . . . . . . . . . . . . . . . . . . . .  2 .6  

a . . . . . . . .  = e2 / l~c  = 1 / 1 3 7 . 0 3 6 0 4 ( 1 1 )  . . . . . . . . . . . . . . . . . . . . . . .  0 .62  

kBol tzrnann -- 1 ,380 6 6 2 ( 4 4 ) x i 0  -16  e r g  ° K - I  . . . . . . . . . . . . . . . . . . . .  32 

= 8 , 6 1 7 3 5 ( 2 8 ) x i 0  -11 MeV ° K - I  = I e V / 1 1 6 0 4 , 5 0 ( 3 6 )  °K . . . . .  32; 31 

m e . . . . . .  = 0 ,511 003 4(14) MeV = 9 ,109  5 3 4 ( 4 7 ) x i 0  -28  g . . . . . . . . . . .  2,8;  5,1 

m p  . . . . . .  -- 938 ,2796(27)  MeV -- 1836 ,15152(70)  m e = 6 .722  776(65)  m~r± . 2,8;  0,36;  9 ,7  

= 1,007 276 470(11)  a m u  . . . . . . . . . . . . . . . . . . . . . . . . . .  0,011 

i a i n u  . . . .  = 1 / 1 2  m c i  2 = 931 ,5016(26)  MeV . . . . . . . . . . . . . . . . . . . .  2 ,8  

m d . . . . . . .  1875.6280(53)  MeV . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 ,8  

r e . . . . . . .  = e 2 / m e C  2 = 2 ,817  938 0(70)  f e r m i  (1 f e r m i  = 10 -13  c m )  . . . . .  2 ,5  

X e . . . . . . . .  ~ / m e C  -- re  a - t  = 3 ,861 590 5 ( 6 4 ) x i 0  -11 c m  . . . . . . . . . . . .  1,6 

a~Bohr  . . . . .  l=i2/mee2 = re  a - 2  = 0 ,529  177 06(44)  A (1 ]k = 10 - 8  c m )  . . . . .  0 ,82  

~rThomso n . . = ( S / 3 ) n r e  2 = 0 .665  244 8 ( 3 3 ) b a r n  (1 b a r n  = 10 -24  c m  2) . . . . .  4 .9  

/~Bohr . . . . .  = e l f / 2 m e C  = 0 .578  837 85(95)x10  -14  MeV g a u s s  -1  . . . . . . . . .  1.6 

~N . . . . . . .  = e l f / 2 m p C  = 3 .152 451 5(53)x10 - l a  MeV g a u s s  -1  . . . . . . . . . .  1.7 

~ p / / ~ B o h r  . . = 0 .001 521 032 209(16)  . . . . . . . . . . . . . . . . . . . . . . . . .  0 .011 

1/2tnceyclotron e / 2 m e C  = 8 .794  024(25)x106  r a d  s e c  -1  g a u s s  -1  . . . . . . . . .  2 .8  

1 / 2 ~ P y c l o t r o  n e / 2 m p C  4 .789  378(14)x103 r a d  s e c  - t  g a u s s  - t  . . . . . . . . .  2 .8  

H y d r o g e n - l i k e  a t o m  ( n o n r e l a t i v i s t i c ,  ~ = r e d u c e d  m a s s ) :  

v ze2 ]~ 2 _ ~uz2e4 n2~i2 

~ ) r m s  = nFic ;  En = ~ v  2(n~i )2 ,  a n - /aze 2 

R~ = m e e 4 / 2 ~ i  2 = m e c 2 a 2 / 2  = 13.605 804(36)  eV ( R y d b e r g )  . . . . . . . . . . . . .  2 .6  

m e c a 2 / 2 h  109 737 .3177(83)  c m  -1  . . . . . . . . . . . . . . . .  0 .075  

pc  = 0 .3  Hp (MeV, k i l o g a u s s ,  c m )  

1 y e a r  ( s i d e r e a l )  . . . . . . .  365 .256  d a y s  = 3 .1558x107  s e c  (~TtxlO 7 s e c )  

d e n s i t y  of  d r y  a i r  . . . . . . .  1 .204 m g  c m  - 3  (a t  20°C, 760 r a m )  

a c c e l e r a t i o n  by  g r a v i t y  . . = 980 .62  c m  s e c  - 2  ( s e a  level ,  45 ° ) 

g r a v i t a t i o n a l  c o n s t a n t  . . . .  6 . 6 7 2 0 ( 4 1 ) x 1 0 - 8  c m  3 g - 1  s e c - ~  . . . . . . . . .  615 

1 c a l o r i e  ( t h e r m o c h e m i c a l )  = 4 .184  j o u l e s  

I a t m o s p h e r e  . . . . . . . . .  1 .01325 b a r  (1 b a r  = 106 d y n e s  c m  - 2 )  

1 eV p e r  p a r t i c l e  . . . . . . .  11604.50(36)  °K ( f r o m  E = kT) . . . . . . . . . .  31 

= 3 ,141 5 9 2 7  

e = 2 ,718  281 8 

In2  = 0 ,693  147 2 

log102 = 0 ,301 0 3 0 0  

*Rev i s ed  April  1978 b y  B a r r y  N, T ay l o r ,  

NUMERICAL CONSTANTS 

1 r a d  = 57 .295  779 5 d e g  ~ = 1 .772 453 85 

1 / e  = 0 .367  879 4 x]2  = 1.414 213 6 

In10  = 2 .302  585 1 ~ = 1.732 050 8 

lOgl0e = 0 .434  2 9 4 5  ~ = 3 .162  2 7 7 7  

Or ig ina l l y  p r e p a r e d  b y  S t a n l e y  J. B r o d s k y ,  b a s e d  m a i n l y  on  t h e  "1973 
L e a s t - S q u a r e s  A d j u s t m e n t  of  t h e  F u n d a m e n t a l  C o n s t a n t s , "  b y  E. R. C o h e n  a n d  B. N. Ta y lo r ,  J. P h y s .  C h e m .  Ref .  
D a t a  .~, 663 (1973) .  The  f i g u r e s  in p a r e n t h e s e s  c o r r e s p o n d  to  t h e  o n e - s t a n d a r d - d e v i a t i o n  u n c e r t a i n t y  in t h e  

l a s t  d ig i t s  of  t h e  m a i n  n u m b e r .  The  e q u i v a l e n t  u n c e r t a i n t y  in p a r t s  p e r  m i l l i on  ( p p m )  is g i v e n  in t h e  l a s t  
c o l u m n .  Note  t h a t  t h e  u n c e r t a i n t i e s  of  t h e  o u t p u t  v a l u e s  of  a l e a s t - s q u a r e s  a d j u s t m e n t  a r e  in g e n e r a l  
c o r r e l a t e d ,  a n d  t h e  g e n e r a l  law of  e r r o r  p r o p a g a t i o n  m u s t  be  u s e d  in c a l c u l a t i n g  a d d i t i o n a l  q u a n t i t i e s .  

T h e  s e t  of  c o n s t a n t s  r e s u l t i n g  f r o m  t h e  1973 a d j u s t m e n t  of  C o h e n  a n d  T a y l o r  h a s  b e e n  r e c o m m e n d e d  f o r  
i n t e r n a t i o n a l  u s e  b y  CODATA ( C o m m i t t e e  on  D a t a  f o r  S c i e n c e  a n d  T e c h n o l o g y ) ,  a n d  is t h e  m o s t  u p - t o - d a t e ,  

g e n e r a l l y  a c c e p t e d  s e t  c u r r e n t l y  a v a i l a b l e .  H o w e v e r ,  s i n c e  t h e  p u b l i c a t i o n  of  t h e  1973 a d j u s t m e n t ,  a n u m b e r  o f  
n e w  e x p e r i m e n t s  h a v e  b e e n  c o m p l e t e d ,  y i e Jd ing  i m p r o v e d  v a l u e s  f o r  s o m e  of  t h e  c o n s t a n t s :  N A -- 
6 . 0 2 2  097 8(63)×1023 m o l e  -1  (1 .04  p p m ) ;  a -1  -- 137.035 987(29)  (0 .21  p p m )  [ o b t a i n e d  u s i n g  t h e  J o s e p h s o n  e f f e c t ] ;  
a n d  R~ -- 109 7 3 7 . 3 1 4 3 ( 1 0 ) c m  - 1  (0 .009  p p m ) .  [See  A t o m i c  M a s s e s  a n d  F u n d a m e n t a l  C o n s t a n t s  5, Ed. b y  J. H. 
S a n d e r s  a n d  A. H. W a p s t r a ,  P l e n u m  P u b .  Co. ,  (1976) . ]  B u t  it  m u s t  be  r e a l i z e d  t h a t ,  s i n c e  t h e  o u t p u t  v a l u e s  o f  a 
l e a s t - s q u a r e s  a d j u s t m e n t  a r e  r e l a t e d  in a c o m p l e x  w a y  a n d  a c h a n g e  in t h e  m e a s u r e d  v a l u e  of  o n e  c o n s t a n t  
u s u a l l y  l e a d s  t o  c o r r e s p o n d i n g  c h a n g e s  in t h e  a d j u s t e d  v a l u e s  of  o t h e r s ,  o n e  m u s t  be  c a u t i o u s  in c a r r y i n g  o u t  

c a l c u l a t i o n s  u s i n g  b o t h  t h e  o u t p u t  v a l u e s  f r o m  t h e  1973 a d j u s t m e n t  a n d  t h e  r e s u l t s  o f  m o r e  r e c e n t  
e x p e r i m e n t s .  A n e w  a d j u s t m e n t  is p l a n n e d  f o r  c o m p l e t i o n  in 1980. 
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C L E B S C H - G O R D A N  C O E F F I C I E N T S ,  S P H E R I C A L  

Note: A "f- is  to be understood over  eve ry  coefficient; e. g . .  for -8 /15 read -~]8/15. 

1/2 x 1/2 
i ; lh  +lli 

I+t12 - +2 t / 2  111 t l  
I-i12 + '3211/2-I/+I I 

l - i f ' - I14  II 

I x ~  312 l/z 
13131/21 I *i /2  +l /Z 

! + 1 - 1 / 2  1/3 2/3 3/2 1/~ 
+1/2 2 / 3 - 1 / 3 - 1 / 2 - 1 / ~  

I o - 1 / 2  2 / 3  1/" 3/2 
~ 2  1/3 -~/! -3/~ 

2 x 1 ~  I - I - i /2  

Y 10 = "J~'-~ c°s  {? 2 

Y11 = I ~ s in0  e i¢) 

Y20 = ~ c°s2O-  ~/I  

yzl = _ _ ~ 5  sin{? cosO 

Y22 = ¢ J 1~5~5 s ing0 e ' 

H A R M O N I C S ,  A N D  d F U N C T I O N S  

1 Notation: M M 

i m  rn 
1 

3 2 
+1 +1 
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1 
+1 

urn,0 =4 Z-g77i- x~ e 

dJm,,m = (- l )m-m'dJm, m, = dJ_rn,_m, 3 / !3  X 3 / 2 ~ I ~  I 

" x " ' ~  i - ~  I /2 312 I I I +2 +2 I 
z o / l t l  ~ 4 ~  1 + 3 / 2  +t/21 t12 t fg l  

1+2 +3/27 '; ]+~5~ +;5~1 / +1/~+3/~ 1 t /2 .  t/~1 
- • . I + 3 / g - t / 2  

: 5:1 ¢5: +:5:+;5:1 
- -  I 3 2 - t / 2 1  1/7 t6/35 2 / 5 I  " 

_ I ~ I  1+t t/21 4/7 C 3 8 - 2 / 5 1  7/z 5/2 3/2 t /2 
~ 2 1 ; I - a ~  I o 3/~ 1 2/+ .8 /35 1/513~/2 31/~ 31/++ 31/2 
• 23--'g"~-I33 +31 I + 2 - 3 / : ' I  t/35 6/35 2/5 2/5 

. . . . . . . . . . . .  1+t - i / 2 / t z / 3 5  5/t4 0 -3/10 
I t V !  lY,_ ~ 1/,_~1 4 ~ z I I 0 f / 2 / t 8 / 3 5  -3/35 -1/5 t/5 
+'+~ ' " ~ L  72 : z  1-1 3/21 4/35.2+/+0 2#5 .1/io 

i . ~  u i./+-13 t/+ +// 1 + t - 3 / 2  
I +~_ _~ I_4/,.7. o - 3 / y l  4 3 2 t I o - I / 2  

oz  ~/,4_v2 z/7 +t +i +t +t I-1 1/2 
I + ~ t 0  3/7 t /5 i 1-2 3/2 
I31 0 13/7 < s  - < i 4 - 3 / ~ 0  

3./2 I + cos0 0 3/7 -1/5 - t / t 4  3/t0 4 3 2 l 
3 2 3 2 = 2 c°s'z 1/14-3/I0 3/7 -I/5 0 0 0 0 

,_ _ I ~2 1 + 2 - 2  1/70 C10 2/7 2/5 
~ ~  I +cosO ~- |+ t  - t  8/35 2/5 1/t4 -1/10 
5/2,1/2 --  2 .... 2 - 2 , 2  \ ~2 ] Io o 18/35 0 -2/7 0 

• " I+i 1 813532/5 t t t 4  t / lO 
3/2 .~-~-+o~O o ,2 13~o+.o .  + i - 2  2 t /70-1 /10  2/7 -2/5 

3/2 t - c o s 0  . 0 
3/2, -3/2 : - - - T ~  ~m~ 

3/2 3cosO-t 0 
#2, t/2 - 2 cosg  

3/2 3cos0+l O 
i/z, -t/2 : -  2 s m ~  

d22,0 = ~/~ sin20 dl,12 = t+~osO(gcosO_t ) 

d 2 t -cos0 . ~ 2 2.-1 =-- 2 stnt~ dt, 0 =-- sin0 cos0 

2 2 I -@os 0(2 cos0+t) 
d2,_2 : d t , . l  = 

(jlj z m t m z ljlj Z J M) 

J - i t  - J2  . 
= ( - t )  (J21 t rn 2 m I I j g j t  J M 

t/2 0 1/2 . 0 
at/2, i/2 . . . .  ~ at/z, -t/2 = - - s i n g  

3 2 t I I+ + . . . . .  I . t  t + c o s 0  1 _ s i n { ?  

t /5  t/2 3/1ol  ' ~2 
3/5 o -2 /5 I 3 2 1 o I 
t/5-t/2 3/to I o o o o I ~ tcose 

1+3/2 -3 /2 / t /20 1/4 9/20 1/41 %-1 = 
131/2 - t / 2  /9/20 1/4 - t /20  - t / 41  
| - t / 2 + t / 2  / 9 / 2 0 - 1 / 4 - t / 2 0  t /41  3 2 t I t 
i-3/2 +3/2/t/2o _t/4 9/20-1/41 _t -1 -1 I do.o . . . . .  

• . | + t / 2  - 3 / 2  I 1/5 t/2 3 / t01~ 
E~ .54~2 3G2 !/2 I I - t 1 2  -112 13/8 o -2/5 

j -v= - v =  - v =  -1/L | | - 3 / 2  +t/2 1 t /5 -~/2 3/t0 I - 2  -21 

[ ~  t /# Y~ 72ol a-,/2 _3/~ 11/2 t/21 31 
I;~5;; -;t;; - ;+ ;5;01 ;/2 5/2 3/2n ,_3/2 .t/2 11{2 -1/21-3 I 
/ t /35 -6/35 2/5 -2/5 I-3/2 -3/2 -3/21 | - 3 /2  -3/2 / t |  

I 0 - 3 / 2  / 2/7 t8/35 t / 5 I  
0 I-1 -1/2 / 4/7 - t /35 -2/51 v/2 5/21 

__2_0 [ 2  t/2 /t/~-t6/35 2/51 -5/2 -5/21 
1/5 1-I -3/2 / 4/7 3/71 7/2 i 

- t / 5  I -2  - t / 2 |  3/7 -4 /7 | -7 /2  I 
1/5 ~ • ~ • 

- t /5  4 3 2 t 1-2 -3/Zl  t | 
t /5 - t  - t  -i -1 • 

t / t 4  3/t0 3/7 t /5  
) - t  3/7 t/~ - t / t 4  -3 / t0  ~ ~ 
t 0 3/7 - t / 5  -1/14 3/t0 4 3 2 
, t 1114-31to 317 -1t5 -2 -2 -2 

I o-2 3/t4 t /2 2/7 
- t - t  4/7 0 -3/v 
-2 0 3/14 2/v - t / 2  

do, 0 = cos20 - 

ign convention is that of Wigner (Group Theory ,  Academic  P r e s s ,  New York,  1959), a l so  used by Condon and Short ley (The Theory of 
Ltornic Spec t ra ,  Cambr idge  Univ. P r e s s ,  New York,  1953/, Rose {Elementary  Theory of Angular  Momentum,  Wiley,  New York,  1957), 
nd Cohen (Tables  of the Clebsch-Gordan  Coeff icients  North Amer i can  Rockwell  Science Cen te r ,  Thousand Oaks,  Cal i f .  , 1974}. The 
igns and numbers  in the cu r r en t  tables  have been calcula ted by computer  p r o g r a m s  wr i t t en  independently by Cohen and at  LBL.  (Table 
xtended Apri l  1974.) 
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S U ( 3 )  I S O S C A L A R  F A C T O R S  

Adapted from J. J. de Swart, Key. Mod. Phys. 35, 9 t 6  (1963) 

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

181 ® 181 = 1271 • llOl • {10"1 • 18}, • 18}, $ I l l .  

v~ 
8X8 , , 

? / ; ,  ~ ¥ = 2  ' 
zl~J=o~ / \ ,  ~ a negat ive c o e f f i c i e n t ,  

",~--~k--~4(---¥ - i  t + + - 
Are' kx / / N.  I %/-5110 3x/~/lO 1/2 

~- ~ " /  - 2 "  ,* EK [ --~5/10 -3x/_5f10 112 
. . . .  Nrl [ 3,C~5/10 -,,~/5/10 112 

M u l t i p l i c i t y  of 27; A~3~/5 / .10 -x/5/10 -1/2 

o = i ,  × : 2 , A = 3  

Five s i n g l e - c o e f f i c i e n t  tab les are omi t ted.  

i .e, (NK]IO*) = -1. 

A - " - ' ~  Y - 0  1 - 0  

N]~ 
~K 
Ev 
An 

-1 /2  ) 
1/2 
1/2 
I/2 

 i,o o l,, -112 V~/o2 
- Jro/2o 

- v ~ 1 4  o 

Y - -I 1 - 3/2 

" - V ~ n o  - 3 v ~ / l O  1/2 11 =-~ I v ~ / 2  - 
~ 1  ~ / 1 0  3,v'~/10 1/2 I]2] 

3 , /5 /10  - C ~ / m  1/2 - 1/21 

I)-- Y - 1 

The one involving a 110"~ has 
The others, involving t27}  and 

I-3/2 ~ { 1 0 } ,  are a l l  +1 

tO 

N-q 
~K 
E~ 
E~ 
A~ 

r = o  l = 1  E 

z+~ ~D ar  fo io* 

0 0 , /6 /3  x/6/6 x/6/6 
%/30 / lO ~ f ~  0 1/2 1/2 
Q"~/10 0 -1 /2  -1 /2  

The phase factor ~1 = =1:1, 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 ~2~tl 
instead of ~i~ 2. 

t lol ® Igl - 1351 • 1271 • IlOl • IS). 

• Four s ing le  c o e f f i c i e n t  tab les are omi t ted;  only the t271 i s - 1 ;  the three wi th  135 )a re  4-1. 

L 

Y - 1  1=~Iz N 
~ zj 

-2v3/5 

V = l  i - 3 / z  A 

-~/~ _ ,/~_j 

: Y = 0  I - o A  > v = 0  1 = 1  7. 

E ~ ]  --  ~ : 5 5  - "~/2V~/6 -3"~/10,/30110 V~/30 - V ~ / 1 5  

... w ~ / 1 5  
8x,o . .  :,~ ~:~ ~ /~o-~ /3  2v'3O/:5 

1 :  _ ~_,~,2, 2, , v -  -1 I=11z  ~ . 

) - 0 114 - 7 v ~ / 2 0  v ~ / 4  -- 15 
8 3/4 3 2 / 2 0  -- v ~ / 4  

eK x/~/4 -3vqO/ 20  - 1/2 

~\ "/ -3" I =," - - 2  l = o 9,- 

M u l t i p l i c i t y  of 35; t + 

• . ~ ,  x - 2 V~12 

Y - 0  1 = 2  

1/2 / 2  

) Y -  - 1  1 -  3/2 

.~j  ~:~  - ~ : ~  I 

) Y -  - 2  I - 1  

YP " I 
, 1/2 ] 
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P R O B A B I L I T Y  A N D  S T A T I S T I C S  

A. PROBABILITY DISTRIBUTIONS AND CONFIDENCE LEVELS 

We give here properties of the three probability d i s t r i b u t i o n s  
r n 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  (o r  

Gaussian), Chi-squared, and Poisson. We warn the reader that 
there is no universal convention for the term " confidence level" 

as used by physicists; thus, explicit definitions are given for 
each distribution, and we have attempted to choose definitions 
that correspond to common usage. It is explained below how 
confidence levels for all three distributions can be extracted 
from the following figure. 

× 2  C o n f i d e n c e  Level  vs. X 2 f o r  n D Degrees  o f  F r e e d o m  

_J  

0 

> 
@1 

-- i  

0 ¢ -  

. - -  

0 

I 2 3 4 5 6 8 10 20 30 40 50 60 80100 
1.0 

0.6 
0.4 

0.2 = \ \ \ xl II1  
. k I ~ L i l i ~ Z F X \  \ \ \ ~[II I IFF 

0.06 , - - - ~  . . . . . . . . . . .  

0.04 " I Ix~ ', N',~- 
l l l '~ l lr~l lx  \ \ k ' \  ,II~III',', II I I I l ] [ [  

| ;i;I 

' , , \ \  \ \  ll] 

\ \  \ I  llll 

o.o, i \ \  
0.02 i ~ l l , ~  \ 

o.o, 

0.006 - = 
0.004 

0 . 0 0 3  

0.002 

0 .00  I 

0.0006 - ~ "  ~ ~ ' ..... 
0.0004 _-CL~.J27r S, exp ( - - -~ )dx :~ . - \  ~, ~, " ~ ~ i1~11 [ ~r''l~]] 

IIIIIII 0'0002~-- with Y= 2~/-~X 2 -  I I ] l l l , l ] [ [ I ]  

0.0001 r / [ 11 l l i l i l i l i l l l l  \ , \  \ tll[llltl] 

i 2 3 4 5 6 8 10 20 30 40 50 60 80100 

x :p (or x 2 x Ioo f o r - - - -  ) 

A.i. Normal Distribution 

The normal distribution with mean ~ and standard deviation (7 
(variance gZ) is: 

P(x)dx = i---i---- e-(X'~)2/2ff2dx. (t) 

4-f~(7 

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

CL = 2 [ dx P ( x )  (2) 
+6 

-2o- -0. 0 o- 20- 

[ The small figure in Eq, (2) is drawn with 5 = Z(7.] CL is given 
by the ordinate of the nr~ = i curve in the figure at X 2= (6/if) Z. 
The confidence level foK6 = Ig is 31.7%; 2or, 4.6%; 3g, 0.3%. 
The central confidence interval, i-CL, (which is also some- 
times called confidence level) for 8 - ig is 68,3%; 2cr, 95,4%; 
3(7, 99.7%. The odds against exceeding 6, (I-CL)/CL, for 
8 = 1(7 are 2.15:1; 2G, 21:l; 3(7, 370:1; 4(7, 16,000:t; 5(7, 
1,700,000:i. Relations between ~ and other measures of the 
width: probable error (CL = 0.5 deviation) = 0.67(7; mean ab- 
solute deviation = 0.80(7; RivIS deviation = (7; half width at half 
maximum = i. I 8 (7. 

A.2. Ghi-s~luared Distribution 

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

i (×2)h- f  e-X 2/2dx g (X2 ~ 0), (3) 2 2 
Pno (X )  dx = 2hF (h) 

where h (for r, half" ) = nD/2. The mean and variance are n D 
and Zn , respectively. In evaluating Eq. (3) one n~av use, 
Stirlin~E~s approximation: F(h) = (h-i)! = 2.507 e -h hlh-i/Z)× 
(i + 0.0833/h) which is accurate to ± 0.1%0 for all hE i/Z. The 
confidence level associated with a given value of n D and an ob- 
served value of X 2 is the probability of chi-squared exceeding 
t he  o b s e r v e d  v a l u e ,  i ,  e .  , [ ~ 

Pn o 

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

X2 
0 5 10 [5 

[ The small figure in Eq. (4) is drawn with n D = 5 and GL = i0%0. ] 
CL is plotted as a function of X 2 for several values of n D in the 
above figure. For large n D, X 2 becomes normally distributed 
about n D. Thus, 

Yf : (X g - n D ) /  2 ~ n  D (5) 

becomes normally distributed with unit standard deviation, A 
better approximation, due to Fisher, i is that X , not X Z, becomes 
normally distributed, specifically 

Yz = ~ - Va'D-~ (6J 
approaches normality with unit standard deviation. For small 
CZ's in particular, YZ is much more accurate than Yl" Thus, 
for n D = 50 and X 2 = 80, the true CL = 0.45%0, but Yl is 3.0 cor- 
responding to a CL of 0.13% , while Y2 is Z.7 corresponding to a 
CL of 0 . 3 5 % ,  
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A.3.  P o i s s o n  D i s t r i b u t i o n  

Th e  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  Y~ i s :  

-(n) (n)n 
Ffi  ( n ) - e  n] (n = 0 , 1 , Z , - . . )  . (7) 

The  v a r i a n c e  i s  e q u a l  to the m e a n .  C o n f i d e n c e  l e v e l s  f o r  P o i s s o n  
d i s t r i b u t i o n s  a r e  u s u a l l y  d e f i n e d  in  t e r m s  of q u a n t i t i e s  c a l l e d  
" u p p e r  l i m i t s "  as  f o l l o w s :  The  c o n f i d e n c e  l e v e l  a s s o c i a t e d  w i t h  
a g i v e n  u p p e r  l i m i t  N and an o b s e r v e d  v a l u e  n O of n i s  the p r o b a -  
b i l i t y  t ha t  n > n O i f  ~ - N, i. e. , 

C L  = 2 PN(n)  
n=n0+l  

n o I-CL 

n=0 PN(n) 

is I 
r 

0 

CL 

{8) 

r , , I I ] . n 

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  = 9 0 % . ]  
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-?NL. i s  g i v e n  by the  o r d i n a t e  of the  
n D = 2(n0+l ) curve at X ~ : . Thus, 90% confidence level up- 
per limits for n O = 0, i, and 2 are given by half the X g value cor- 
responding to an ordinate of 0.I on the n D = g,4, and 6 curves, 
respectively; the values are N = 2.3, 3.9, and 5.3. 

Tables of confidence levels for all three of these distributions, 
the relation between Poisson and chi-squared confidence levels, 
and numerous other useful tables and relations may be found in 
Ref. Z. 

B. STATISTICS 

We consider here the situation in which one is presented with N 
independent data, Yn :hUn' and it is desired to make some 
inference about the " true" value of the quantity represented by 
these data. For this purpose we interpret each datum Yn as a 
single sample point drawn randomly (and independently of the 
other data) from a distribution having mean ~n (which we wish to 
estimate) and variance u Z. (Identification of the true [/n with the 

• . n . . . .  
(/n datum is an approximation whlch may become serlously Inac- 
curate when u n is an appreciable fraction of Yn' ) Some methods 
of estimation commonly used in high energy physics are given 
below; see Ref. 3 for numerous applications. Section B.I. deals 
with the case in which all ~n are the same, e. g. , several differ- 
ent measurements of the same quantity; Sec. B.Z. deals with the 
case in which ~n = ~'(Xn), where x n represents some set of inde- 
pendent variables, e. g. , cross-section measurements at various 
values of energy and angle, x n -(E n, On}" 

B.I. Single Mean and Variance Estimates 

(i) If the Yn represent a set of values all supposedly drawn from 
a single distribution with l~lean y and variance (;2 (i. e. , the U n are 
all the same, but their common value is unknown) then 

l 
~Te = N ~n Yn and (9) 

(2 i 2 
e = ~ ~n (Yn - Ye ) {I0) 

are unbiased estimates of ~ and 0 "2. Z The variance of ~ is u /N. 
If the parent distribution is normal and N is large, the veariance of 
U~ is 2 9 4 / N .  

(Z) If the  Y-n a l l  h a v e  the c o m m o n  v a l u e  ~ and the  g n  a r e  known,  
t hen  the w e i g h t e d  a v e r a g e  

l 
~e = w ~n WnYn'  { t l )  

w h e r e  w = I /U 2 and w = E w  n, i s  an a p p r o p r i a t e  u n b i a s e d  e s t i -  
• n . . . . . . . .  

m a t e  of y-re. T h i s  c n m c e  of w e l g h h n g  f a c t o r s  i n  Eq.  (11) n n n l m l 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  t / 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) = Ni a i f i ( x )  to i n d e p e n d e n t  
d a t a  Yn ± (Tn at  p o i n t s  x n ( e . g . ,  a L e g e n d r e  f i t  i n  w h i c h  the  fi  a r e  
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 following estimates of the parameters at: 
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= . ~ yn/UZn (12 ) ae, i 3 ,n  Vi j  fj(Xn) 

H e r e  V i s  the c o v a r i a n c e  m a t r i x  of the f i t t e d  p a r a m e t e r s  

Vi j  = (ae,  i _ ~ e , i  ) (ae,  j - ~ e , j )  , (13) 

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

- i  
(V )ij = ~n fi (Xn)fj (Xnl/UZn " (14) 

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

x, Ye =Eae, ifi (x)' is: 

_ z (15) (Ye - Ye ) = ~ V i j f i ( x ) f j ( x )  " 
13 

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

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

b e : (S I Sxy - S x S ) /D ,  
Y 

w h e r e  

S 1 , S x, Sy, Sxx, Sxy = ~ (l, x n, Yn' xZn' Xn Yn)/UZn ' (f7) 

S 2 D = S I Sxx - x " 

The covariance matrix of the fitted parameters is: 

vaa Vab\ I (" Sx× -Sx' 
\Vab Vbb/= 5kCSx si ) (18) 

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

2 

(Ye - ~-e )2 i St ISX ) 
= gt + -fi- - s - 7  {19)  

C. ERROR 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  
errors, e.g. , in a Monte Carlo program. Let {y} be a set of 
random variables with means (~} and covariance matrix V. 
Then the mean and variance of a function of these variables are 
approximately (to second order in ~y-~} ): 

i ~ V ( a2f  ~ (20) 
f'-~ f((Y}) + g ..... \0ym0-------~n}{y } 

/ 8f ) (at) Bz= 
/a--Cm ) / ~ f  , i\-gy n ( f -  ~n 

V m n - - ' f Y )  : {r}  {Y}= (Y-} 

E . g . ,  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 a s i n g l e  v a r i a b l e  
w i th  m e a n  ~" and v a r i a n c e  cr Z a r e :  

1 F= f(V) + zuzf"(F) , (22) 

(f _ ~)2 = aZf,(y)2 . (23) 

Note that these equations will usually be applied by substituting 
some measured quantities, (~} say, for the true means, (~}. If, 
as is often the case, ~n - ~n is of order Nr'-~Tnn , then there is no 
point in keeping the second order terms in Eq. (20) or (22) since 
the substitution itself introduces first order errors. 
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( 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 ,  eds .  , 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 ,  1%4. R o o s ,  and 
B .  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 ,  1971) .  

R e v i s e d  and  e x p a n d e d  A p r i l  1974. 
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RELATIVISTIC KINEMATICS*  

DEFINITIONS AND GENERAL FORMULAE 

I. NOTATION 

We define any 4-vector p by its components: 

where 

{p~ ~ E i the energy 
p E (p0,p) with ÷ 

(PII,PI) = 3-vector of 
magnitude P, 

(Ill 

PH 5 the longitudinal momentum along a beam direction 

~i the transverse momentum (2 components, along 2 
axes perpendicular to the beam); 

then lab (E lab 1 +lab 
PII ab PI ) ' P = , , (I-~ 

pCm (ECm cm ~cm 
= ' PII ' PI ) (II] 

The 4-vector scalar products are defined by 

A • B = A0B 0 - A'B (I-4) 

l a b  cm pCm z 
So that plab P = p • = m (1-5) 

II. GENERAL INVARIANT DEFINITIONS AND RELATED FORMULAE 

For any 2 particles i and j, the most commonly used 
invariants are defined as follows: 

sij ~ m~j " (pi+Pj) 2 = ml+m;+2(EiE j -~i-~j) . (II-l) 

Using the function S(x,y,z) lalso called .\(x,y,z)], defined by 

h(x,y,z) E x2+y2+z ;" - 2xy- 2yz-2zx 

= l X I (V~ + ~) 2 ] [ X l (~ I ~ ) 2 ] ' ( I I I 2 ) 

we have the re]ations: 

All. i'~i ~}IE .p:yl~.~fo~i6 j Z ~ e S t  f'r'~ff:~ (P = 0), the longi- 
3-- + 

tudinal axis being alonq Pi' 

p(j) sij - i - j ~A(sij'mi'mj) 0 ; (II-6 
i : 2 ~  2m ' 

3 

( I  ~ , = - P .  ), the longitudinal axis being along Pi' 
--3--1-- 

3 ] , 0 ; (II-ll) 
p(i ij) = sij +mi -mj ~/l(si ,mi,m.) 

2 ~qTR- 
13 

• mj p(ij ) 

p ])(i % / s ,  . thus, (II-13) 

13 

A.3. .4i~>S:7:~!~o~S: L,.gd'P~! ' ~'~O<!S fnUOP07~<~ sij-- 

E sij - E mi+m[23 const. (i,j = 1,2,3) (II-14) 

i<j i 

with m2123 = (Pl +P2+P3 )2 m X ' 

ii) in ~ &~,:<~Oq:: ~:'~O< ] ' : :z '  t.kI: 4-hoc]~ d~o<zJ, X -* 1 + 2 + 3 + 4{ 

E sij = 25 m~+m~ .... const. (i,j = 1,2,3,4) (II-15) 

i<j i 

w~th m ~  : (p~+p~+p +p )~ : m x - 

B. T~i~ f~ZOc~fCln~ momc:~t.~'n ~ns~:~ 8q~Y~e~ between particles 
i and k is 

2 2 2 + + 

tik E (pi-Pk) : mi+mk-2(EiE k - Pi'Pk) . (II-16) 

PARTICULAR CASES AND ASYMPTOTIC VALUES (~) 

III. VERY HIGH ENERGY PHYSICS: 
ASYMPTOTIC FORMULAE 

S ~ 2(EaEb - Pa " Pb ) (III-l) 

If @ is the s{ppfni:,, of the angle between 
the two beams, (and if we assume E i " Pi ), then: 

e @2 
s ~ 4 P a P  b COS z K ~ 4 P a P b  (1  - ~ -  + . . .  } 

( i i i - 2 )  

B.  ;H :. ~ t'<Ee ~ 77: ~i 

b i 2 t  r ' ~ S t  

s : Sab = m2+ mb+ 2mb Elaba ~ 2mbEi ab 
(III-3) 

and 
s 

P i n c  2m b ( I I I - 4 )  

and 

and 

s = Sab = (ECma + EbCm) 2 ~ 4(p~m) r (III-5) 

pCm pCm ~ v~ 
a = b 2 (III-6) 

I +< m b 

= +%ima mb 
P b  ~ 2 ~ S - -  ' W/~-S P i n c '  " 
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~lication to the reaction a+b ÷ c+d: 

1. ffenerag formugae ~n the (ab} c.<u s~stem, 

~min ~(%°]1 ~m 
t = tac = tbd = ac - 4PaP c sin <~-/j 

min 
- 2 ]cm 

with t~: x ~ [(E a - Ecf (PaT PC) {II-20) 

(min/max refer to the minimum/maximum of I t I ) 

min m 2 m 2 2+m2 2 
and t max [ a-__c-rob d ] [ ~s+m2-<l 2 m2 

ac [ 2%/~ J - [ ~ ~ s  / - a 

w h i c h ,  a f t e r  e x p a n s i o n  i n  powers  o f  ( l / s ) ,  g i v e s  

min ( m ; -  m c 2 ) ( 4 -  rod) 
tac = _ s 

(m 2 + %-2 m 2c -md) (m2am b2 _ mc2md ) 
[1\ 

+ 0 7) s 2 

In a similar way, defining Uad = (pa-Pd)2 , one finds 

I min . 2/Oad~ ] cm 
u -: Uad - tad = the = ad - 4PaP d szn \~--]j 

with min min 
Uad = tad 

A general relation between the invariants is 

s+t+u = m ~ + ~ + m 2 + 2 
a c md " 

IV. RELATIONS BETWEEN THE (j) PARTICLE AND (ij) PARTICLE 
REST FRAMES: LOP~ENTZ T~ANSFORMATION 

The general Lorentz transformation has the matrix form 

\ Pl 0 Pl / (IV-l) 

If we define, in any frame, the quantity: P+ = E + PII' 

~- Pi / = \ i 0 (T+D) 0 0 P Pi) , (IV-3, 

-# 2 z 
7g n : sij + m~ - m: + A{sij 'mi'mj)-- = e ¥<ij (IV-4) 

2m 
3 ~3 

~ A ( S  i . ,m~ m~) P ? )  
3 ' 3 I~1 = l~l  = t a n h  : 2 = (IV-5)  

~ -  ~ i j  s i j + m j - m  ~ E ?  ) +m.  
3 

= 1 = sij + m~ - m{ E (j) + m. 
_ = i = i 3 (IV-6) 

"{ g l  - ~2 c o s h  ~ i j  2 m . s ~ - - . .  

2 2 p!j) 
~A(sij'mi'mj) 1 (IV-7) FI = IBIT = sinh <ij 2mj~ 

The spatial part of the matrix in Eq. (IV-l) above can be 
written with the classical vector form 

÷~.~ 
5(ij) =5(j)+ U(~_]__ E(j) > 

A convenient way to write the latter expression is 

(IV-9) 

_ +[E (ij) +E (j) ] ~{lj) 
(IV-10) 

2. Partfch~ar c a s e  

I n  t h e  c . m . :  d t  = 2PaP c d ( c o S S a c ) -  

i )  m a = m c ,  r ~  ~ md: 

m2( 2 m2 2 
tmin a mb- d ) 

ao 2 
s 

2 2 2 2 
mill (ma - m d) (m b - m c ) 

Uad ~ _ 
s 

(II-24) 

(II-25) 

ii) For elastic scattering 
(a+b * a'+b'), 

t min = 0, 
aa' 

and taa, = _4p 2 sin2(~> 

dtaa , = 2P~ d(cOS@aa,) ; (II-26) 

also # i n  
abl S (II-271 

At high energy: 

~ sg777~ ~ W~] 7 
e %i3 ~ ~J---- and £ ~ Zn 13 

mj ~ij mj 

~ij is called the boost Darameter of the Lorentz 
transformation that connects the particle ij 
rest frame to the particle j rest frame. 

AppZioation 

i. 9"0 reaction a(beam) + b(target ) 

The transformation from the lab frame into the 
c.m. frame is given by: 

lab 
Ea + mb Pinc 

with 

= -. pt 

z%Vs 
{Iv-ll) 

2. 7'h~ Lope~ tz tPa}~sfe~m o? cn~ij v~c:tor 

oec'toP P2 = (E2,P2), iYi+O t}l~{ P2 r~st j'Pat~?e -- 

where P2 = (m2'0)' and Pl = (E'l'5'l) may be 

calculated using: 

E 2 "~ 
7 : -- and ~ = 22 

m 2 m 2 

E'~ : %-~.~: h~2-PI'P2 
m 2 

~2 E1 + E1 _ + ~ EI+E' 1 

' (IV-12) 
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RELATIVISTIC KINEMATICS (Cont'd) 

V. RAPIDITY VARIABLE: DEFINITION AND KINEMATIC RFLATIONS 

Definition: in any system, for a particle of energy E and 
longitudinal momentum PII ' the rapidity is defined by 

(V-l) 

2 2 ~ with the transverse mass m i E (m + PI ) " 

From the last of the two equations above, one gets 

P+ = m i e y (V-2) 

P_ = m 1 e -y (V-3) 

I E = m I cosh y (v-4) 
so that 

I PII = m I sinh y - (V-5) 

A. Relations between the rapidities of diffarsnt frames: 

v (ij] y(J) (v-7) 
= - - ~ij 

B. 

In the lab frame, 

lab lab lab 
Pa = (m a cosh  Ya , m a s i n h  Ya , O) 

lab 
Pb = (~b' 0, 0) 

lab lab lab 
PC = (mlc cosh Yc , mlc sinh Yc ' Pic ) 

Application to a reaction a + b ÷ c + d (or a + b ÷ c + X): 

for particle d or X). 

cm cm 
Ya ' ma s i n h  Ya ' O) 

cm cm 
Yb ' mb sinh Yb ' 0) 

cm cm 
Yc , mlc sinh Yc ' Plc ) 

for particle d or X). 

(and a similar formula 

In the c.m. frame, 

cm 
Pa = (m a c o s h  

cm 
Pb = (m b c o s h  

cm 
Pc = (mic cosh  

(and a s i m i l a r  f o r m u l a  

l a b  -1 a b 
= cosh ~ m m - - - -  Ya amb 

1Q~ + m 2 -  mb) 
cm cosh- - -  

Ya = 2m a Vsf~ - 

. . . .  /s + m ~ -  m2a' ~ 

s+m 2 -m d 
cm c o s h -  1 ~ 

and 

(v-8) 

(v-9) 

lab ~ 9,n-~ (V-10) 
at large s ~ Ya mam b 

cm ~ ~n~SS (V-If) 
at large s ~ Ya m a 

cm ~_~n ~ (V-12) 
at large 6 Yb m b 

at large s ~ ycm ~ Zn ~s (V-13) mi~ 
2 (or m X) <<s m d 

With < ~ ~n-- 
V7 
% 

, one gets, at large s: 

lab s 

Yc ~ Zn mbml ~ 
(V-14) 

Iplab ab 1 
lab + P~ 6 

y ~ ½ Zn ~ -~n(tan 
plab lab ] 2) 

- Pll / 

The mamimum rapidity Eap for the reaction a + b + c + d 
-at large s is: 

i) for the incoming particles (a,b): 

lab cm cm s 
Yab = Ya = Ya - Yb ~ Zn mamb (V-15) 

ii) for the outgoing particles (c,d): 

lab lab cm cm s 
Ycd = Yc - Yd = Yc - Yd ~ in m m 

Ic l d ( v _ 1 6 )  

Application to reaction a + b + i + 2 ... + N, with the N 
outgoing particles being ordered by increasing rapidity 

i. The maxim!im rapidit~ between the outgoing 
particles has an approximate value 

s 
YlN ~ in mll ml~ (V-17) 

2. The rapidity gap (yi-Yj)between the rapiditie! 
y and y of particles i and j respectively l 3 ' ' 
is related to the invariant mass squared of 
particles i and j 

+ + 
sij = m~+m~ + 2mli ° mij cosh(y i - yj) - 2Pii" Plj ' 

(V-IS) 
_ 2 - m~ ~ 

Yi- Yj = c°sh-i sij mi J + 2pli " Plj (V-19) 

2miimlj 

The rapidity gap between either o~ the extreme 

particles (i or N) and its adjacent neighbor 

[2 or (N - i) respectively] is, on a statistical 
basis, and in first approximation 

s 
ly I - Y21 ~ Zn 7 , (V-20) 

and 

lyN_ 1 - yNl ~ gn~ , (v-21) 

M 1 (M N) being the missing mass with respect to 
particle 1 (N) in the reaction a + b + 1 + MI 

(a + b + N + MN). 

4. The rapidity gap Yal between the incoming 
particle a and the outgoing particle closest 

to a, i, is related to the transverse momentum 

tal = (Pa - Pl )z: 

t -m 2 - \ 
-i/ al a ml 

Ya - Yl = cosh \ ~ 2mam I ) (V-23) 
1 
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RELATIVISTIC KINEMATICS (Cont'd) 

VI. INCLUSIVE REACTIONS AND SCALING VARIABLES : 
DEFINITIONS AND KINEMATIC RELATIONS 

A. Scaling Variable: Definitions 

• For the inclusive reaction a + b ÷ c + X 

i) Feynman ' s definition: 

cm cm 
x : PII /Pmax (VI-3) 

%~(s m 2 m 2 . ) 
where pCm = ~ ' c' X,mln 

max (VI-4) 2~ 

is the center-of-mass momentum of particle c and the light- 

est possible particle(s) mx,mi n which, consistent with 
conservation laws, could recoil against particle c. 

2 which becomes useful at A relationship between x and m x 
high energy [ see (VI-6)] derives from 

m2x : (Pa Pb s + mc2 - 2Pc (Pa + + - pc )2 : • Pb ) 

2) An alternative definition: 

cm cm 
x' = PII /PIlmax (VI-7) 

cm pCm 2 2 
with Pr[max :V I max) - Pl 

• For electro- and photoproduction (o~ protons): 

Bjorken' s definition: 

2~pv 
w = ---- _q2 

~ = e-e' = the difference between the 
incident and the outgoing energies 

= where mp proton mass 

q2 = momentum transfer squared . 

(NOTE: uj-i is sometimes also called x.) 

• For neutrino interactions: 

For the inclusive reaction V + b ~ c + X , 

q2 = (Pv - Pc )2 

= Pb" g/~ 

If X is a system of hadrons 

Scaling variables: 

x = -q2/2~ 0 ~ x ~ 1 

Y = ~/Pv " Pb 0 ~ y ~ 1 

Note: ~ is sometimes written 

= Pb " q ' leading to the replacement 

~ ~ ~ throughout . 

• At high energy, 

cm ~ ~sf~- and ~ 2p~m-- (VI-5) 
Pmax 2 x ~ss 

The relation between x and y is trivial: 

p~m 2ml 

x ~ 2 ~ss ~ f~ssinh yCm (VI-8) 

and, for y also large: 

cm x~ss 
y ~ ~n 

m I 

m 2 _ m 2 m 2 
X c  x 

x=l- ~ l - - -  
s s 

(VI-9) 

(VI-6) 

(for m R >> m~). 

For PI fixed as s ÷ ~ 
cm 

2ell 
x ' ~ ~ x . 

In the lab, with c a lepton of negligible mass, 

@ the neutrino÷c scattering angle: 

2~v ~< _q2 ~ 2E~E c sin 2 (6/2) ~< 2~E~ 

= E V - E c = E x - ~ ~ E V ; 

w : J q2÷2~v+ i 

2EgE c sin 2 (@/2) 

x ~(Ex_~ ) 

E x -~ 

Y E 
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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 )  

B. For the inclusive reaction a+ b -~ c + X, t,he inpatient d'~.fe_~ential oross ssction E(d3o/dpc 3) may be 
written in the following forms using various expressions of the phase space volume d3Pc/Ec (and omitting 
the subscript c): 

Longitudinal variable Transverse variable Corresponding invariant 
of paxticle c of particle c (differential) cross section E(d3u/dp 3) 

plab @lab Elab d3u (VI-10) 
(plab) 2 dplabd~lab 

E d2U Pll P± 1[ (averaged over azimuth) (vI-ll) 
dPil dP; 

cm d'o _.c. d'o ( ..... gad) 
x Pi pCm " I[ dxdP I 1[\/S- dxdP; over azimuth 

max (vI-12) 

1 ( ..... gad .... ) 
Y PI (or m I ) ~ dydP; ~ dydm I azimuth 

mx = (Pa + Pb - Pc )2 t = (Pa - Pc )2 

(VI-13) 

A%/~s, mZa, m ~ ) d2(~ 

dm~dt 
(averaged over azimuth) (VI-14) 

See Denyse M. Chew, "Relativistic Kinematics," LBL-3815 (1975), for details and references. 

Revised April 1978. 

L O R E N T Z  I N V A R I A N T  P H A S E  S P A C E  F O R M U L A E  

For a system of n particles with overall four-momentum p and final four momenta Pl'''" ' Pn [ Pi = (El' ~i )]' 

_Lorentz I_nvariant Phase Space is given by 

d 3 
d LIPS(s;pi,''', pn ) = (Z~) 4 64(p - ~ pi } i--i--- ~ ~i {i) 

(2~) 3n i=i 2E i 

I ~ m l  cm 
= d e  i . (z) For Z-body: dLIPS(s,Pl,p Z} (~)Z 64(p'Pl-P2 )d4p 4~ss 

- -  i i 64(p-pl-pz-P3)d4p ~ dsizdsz3dadcos~dT, (3) For 3-body: dLIPS(s,pi,pZ,p3) = (2~) 5 

where ~, ~, and -~ are Euler angles. 

For a + b -- n particl .... X -- n particles, in g ..... 1 li> - If>, 
I 2 

O-if = - ~  J l vi~if ] d L I P S ( s ; P l , . . .  ,pn)  , (4) 

or I 2 d LiPS(4; .- pn), (5) 
qf: ~ ] I ~ifl p~," , 

pb)2 - m Z 2 where ~6if is an invariant matrix element. F is M~ller' s invariant flux factor, 9 -2 = (Pa " amb . If a 

is b .... b, target (P-b lab= 0), then F = l~laba ]rob = ]~Cma I Q~s" 

~'or e las t i c  sca t te r i ng  in  c. m., r~cml = I ~ m  I, and <Zm a~d 14) ~e~d 

d~ I ~ l  2 d~ I ~ ]2 
- -  = or -- = {6) 

d~ (8w)Zs dt Z 
64~I~mI s 

The n o r m a l i z a t i o n  is  s u c h  t h a t  the o p t i c a l  t h e o r e m  r e a d s  

I m  ~lt=o : z l i ~ 2 m l  ~ s  °"tot , {7) 

The choice of Eq. (I) implies a particular normalization of any spinors that may occur in ~. The advantage 
i i 

of this normalization is that it greatly simplifies the structure of c/~ by putting factors such as (gn) 3 ZE 

into the phase space where they really belong. In addition, the labels, i, f, refer to specific spin [helicity) 

states, so that the usual "average and sum" rule is implicit. 
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PARTICLE DETECTORS, ABSORBERS, AND RANGES* 

A. DETECTOR pARAMETERS 

In this section we give various parameters for common detectors. 
The quoted numbers represent at best an order of magnitude, and 
are useful only for preliminary design. A more detailed intro- 
duction to detectors can be found in "A Consumer's Guide to 
Particle Detectors," by D. J. Miller, Rutherford Lab Report 
RL-76-072, July 1976. 

A.I Scintil~ators[ Photon yield ~ i~/i00 eV in plastic 
scintillator and ~ iy/25 aV in NaI. 1,2 

A.2 ~erenkov: 3 Half-angle 0 c of cone aperture in terms of 
velocity ~ and index of refraction n: 

@c = arc cos ~n 2 1 - . 

/r- 
2 

Threshold velocity: 8 t = l/n; Yt = i/%/i-8t " 

Therefore, ~ty t = i/~2~+~ 2 , where ~ = n-l. Values of ~ for 
various commonly used gases are given as a function of pressure 
and wavelength in Ref. 4; for values at atmospheric pressure, 
see the Table of Atomic and Nuclear Properties following. 

Number of photons N per cm: 

82n~ 2~ dV = ~ 8 2-2 - 2z d~ 

8t~ t 

sin2@c/Cm (visible spectrum) . 50O 

A.3 Photon Collection: In addition to the photon yield, one 
should take into account the light collection efficiency 
(~ 10% for typical l-cm-thick scintillator)~ attenuation 
length (~i to 4 m for typical scintillatoreU), and quantum 
efficiency of the photomultiplier cathode (~ 25%). 

A.4 Bubble, Streamer, Wire Chambers: 

Resolution Dead 
Chamber Type Accuracy (rms) Time Time 

Bubble ± 75~ ~ 1 ms ~i/20 s a 

Streamer ±300~ ~ 2 ~s ~i00 ms 

Optical spark ±200~ b ~ 2 ~s ~ i0 ms 

Magnetostrictive 
Spark ±500~ ~ 2 Hs ~ i0 ms 

Proportional ~±300~ O'~ ~50 ns ~200 ns 

Drift ±50 to 300~ ~ 2 nse ~100 ns 

~Multiple pulsing time. 
60~ for high pressure. 

o . 
~300~ is for 1 mm pitch. 
--Delay line cathode readout can give ±150~ 
parallel to anode wire. 
8For two chambers. 

A.5 Shower Detectors: Typical energy resolutions (FWHM) for 
incident electron in the 1 GeV range, E in GeV. For a fixed 
number of radiation lengths, FWHM in the last three detectors 
would be expected to be proportional to /t for t (= plate 
thickness) >_ 0.2 radiation lengths. 6 

7 2% 
NaI (20 red. lengths): El/4 

8 i0 - 12% 
Lead Glass (14 red. lengths) : 

vW 

6 16% 
Lead-Liquid Argon (15.75 red. lengths) : 

(42 cells: lead, 2 mm liquid argon, ~/~ 
lead-Gl0, 2 mm liquid argon) 

Lead-Scintillator Sandwich (14 rad. lengths) :9 22% 
(35 cells: 2 mm lead, 

12.7 ntm scintillator) 

i0 40% 
Proportional Wire Shower Chamber (17 red. lengths): 

(36 cells: 0.474 red. length type-metal+Al, ~- 
9.5 mm 80% Ar- 20% CH 4 gas) 

A.6 Proportional Chamber Wire Instability: The limit on the 
voltage V for a wire tension T is given by II 

s T  1 / 2  
v < 

ZC 

where s, £, and C are the wire spacing, length, and capacitance 
per unit length._ An approximation to C for chamber half-gap t 
and wire diameter d (good for s < t) gives 12 

59Tl/2[t s (s)] V ~ ~ + ~In 

where V is in kV, and T is in grams. 

B. COSMIC RAY FLUXES 

The fluxes of particles of different types depend on the lati- 
tude, their energy, and the conditions of measurement. Some 
typical sea-level values 13 are given below: 

I v flux per unit solid angle about vertical 
direction crossing unit horizontal area 

Jl perpendicular component of total flux crossing 
unit horizontal area from above 

J2 total flux crossing unit horizontal area 

Total Hard Soft 
Intensity Component Component 

I v i.i x 10 - 2  0 . 8  x 10 - 2  0 . 3  x 10 - 2  cm - 2  s e c  - 1  s t e r a d  - 1  

Jl 1.8 x i0 -2 1.3 x I0 -2 0.5 x 10 -2 cm -2 sec -I 

J2 2.4 x 10 - 2  1 . 7  x 10 - 2  0 . 7  x 10 - 2  cm - 2  s e c  - 1  

Very approximately, about 75% of all particles at sea-level are 
penetrating, and are muons. The absolute flux of protons5at -2 
sea-level, in a momentum range 700-1100 MeV/c, is 1.5x10 cm 
sec -I sterad -I, or ~0.1% of all particles. 



28 

PARTICLE DETECTORS, ABSORBERS, AND RANGES 

C. PASSAGE OF PARTICLES THROUGH MATTER 

C.I Energy Loss Rates for Heavy Charged Projectiles: A heavy 
projectile (much more massive than an electron) of charge Zproje, 
moving at speed ~c (~ >> 1/137) through a slowing medium, 
dissipates energy principally via interactions with the elec- 
trons of the medium. The mean rate of such energy loss per 
unit path length x may be written as: 14 

dE)p D Pmed Zmed ( ~ )  2 

(d~ r o j Ame d 

r /2m ~,2f32c2 \ ] 
-~- Z~e d 

where D = 4ZNAr2me c2 = 0.3070 MeV cm2/g (see Physical and 
Numerical Constants Table). 

Here Zme d and Ame d are the charge and mass numbers of the 
medium and Pmed is the mass density of the medium; I, 6, C, and 

are phenomenological functions. Frequently, the values of 6, 
C, and 9 are negligibly small; the parameter I characterizes 
the binding of the electrons of the medium. AS a rule of thumb, 
we may estimate I for an idealized medium as I ~ 16 (Zmed)0"9 eV 
when Zmed>l. For realistic media the value of I will vary at 
the 10% level from this estimate; for H2, I= 20.0 eV. We may 
approximately treat media which are chemical mixtures or 
compounds by computing 

dE N dE 

d~x ~ ~i (dXX)n 

with (dE/dx) n appropriate to the n th chemical constituent 
(using Qm(n)d as the partial ° ~5 density) 

The function ~ represents the density effect upon the energy 
loss rate; it is non-negligible only for highly relativistic 
projectiles in dense media. 16 For ultra-relativistic p~ojec- 
tiles, ~ approaches £ny2+ constant, where the value of the 
constant depends upon the density of the medium and its chemical 
composition. 

The function C represents shell corrections to the energy loss 
rate. 14 These effects are non-negligible only for projectiles 
with speeds not much faster than the speeds of the fastest 
electrons bound in the medium. 

The function ~ represents corrections due to higher-order 
electrodynamics 17 These effects become important when IZpro./81 

• 3 
is comparable to 137. For relativistic unit-charge projectiles, 
l~J is of the order of 1%; positively charged projectiles lose 
energy more rapidly than do their charge conjugates. 17'18 

(dE/dx) ro' falls rapidly with ~ until reaching a minimum around 
9 ~ 3 8 = 0. o (almost independent of medium), followed by a slow rise. 

Because of the density effect, the quantity in square brackets 
approaches Zny + constant for large y. 

The value (dE/dX)proj~X is the mea____~ntotal energy loss via inter- 
actions with elec%rons of the medium in a layer of thickness ~x. 
For any finite ~x, Poisson fluctuations can cause the actual 
energy loss to deviate from the mean. For thin layers, the 
distribution is broad and skewed, being peaked below (dE/dx)~x, 
and having a long tail toward large energy losses. 19 Only for 
a very thick layer [(dE/dx) 6x >> 2me8272c 2] will the distribution 
of energy losses become nearly Gaussian. The large fluctuations 
of the total energy loss rate from the mean are due to a small 
number of collisions with large energy transfers. The fluctua- 
tions are greatly reduced for the so-called restricted energy 
loss rate, described in section C.3. 

(Cont'd) 

C.2 Energetic Knock-On Electrons: For a spinless point-charge 
projectile, the production of high energy (kinetic energy T >> I) 
electrons is given by (neglecting the spin of the electron): 

dN = ~D (Zmedh i~|2/z\ k ) 1 
dTdx \Ame d / Pmed T--~ 

for I << T ~ Tma x 

2m ~2~ 2c2 
e 

l+2y ~ + 
pro3 

where ~roj is the mass of the projectile and all other 
quantities are as in section C.I. This formula does not differ 
significantly from the precise result, incorporating spin 
effects, for any projectile (including e +) in the restricted 
range I << T << T - more accurate formulae are available for 

max' 20 21 
various projectiles. ' Our formula is inaccurate for T 
close to I; for 2I ~ T ~ 10I, the I/T 2 dependence above becomes 

T -~ with 3 ~ ~ ~ 5. 22 

C.3 Rates of Restricted Energy Loss for Charged Projectiles: 
The variability of energy loss for heavy projectiles is due 
primarily to the variability in the production of energetic 
knock-on electrons. Bremsstrahlung and pair production 
processes make this variability even greater for electrons 
than for heavy particles as projectiles (see, e.g., the figure 
"Fractional Energy Loss for e + and e- in Lead"). If an instru- 
ment is capable of isolating these high-energy-loss interactions 
then it is appropriate to consider the rate of energy loss 
excluding them, i.e., a restricted energy loss rate. The mean 
energy loss rate via all collisions which have energy transfer 
T such that T ~ Ema x << Tma x is: 14 

dE D ZmedPmed Z . 2 

(dxx~ E 2 Ame d ( 7 )  
max 

× [~n <i--~----~ >Emax Tmax - ~2 _ ~ - Zmed2C ] 

Notice the overall factor of 1/2. 

The density effect causes the restricted energy loss rate to 
approach a constant, the Fermi plateau value, for the fastest 
projectiles. 

C.4 Multiple Coulomb Scatterin@ through Small Angles: As a 
charged particle traverses a medium it is deflected via many 
independent small-angle Coulomb scatterings. The bulk of this 
deflection is due to scattering from the nuclei in the medium. 
An estimate for the net deflection in the absence of large- 
angle scatters is: 23 

0rms 15 MeV/c ~_~ (radians) 
= (i + e)Zproj p~ ~LR plane 

where erT~ne is the standard deviation of the distribution of 
net de~ection angles projected onto any plane, p is the 
projectile momentum, ~c is its speed, ~x is the thickness of 
the medium, L R is the radiation length for the medium (see the 
Table of Atomic and Nuclear Properties of Materials), and Iel 
is usually less than 0.i. This formula applies only when 

@~ne << i. 
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There is a definite possibility that some single large-angle 
scatter will deflect the projectile by much more than @r~ne. 

• P 
These large-angle scatters are not included in the above 
s ' rms e tlmate for @plane; they lead to broad tails on the distri- 

bution of the actual deflection angles. The actual distribu- 
tion is approximately< rms a G .... . ian with standard deviation ~ne~ 

~rmsf°r @p~ane ~ @p±ane" ,whlle it falls as a power for @plane ~ 
~plane" 

Other quantities are sometimes used to describe the amount of 
multiple Coulomb scattering. The non-projected scattering 
angle @ is distributed with: 

8rms = ~ ~rms 
plane 

while auxiliary quantities ~plane' Yplane, and Splan e (see 
the figure) obey: 

and 

rms = 1 @rms 
~plane %/~ plane 

rms 1 ~x @rms 
Yplane ~ plane 

rms 1 ~x @rrms 
Splane ~ plane 

I , 8x ~I 

~ ~plane 

\ 
XBL 782 -  307 

All the quantitative estimates in this section apply only in 
sma rms the limit of ll.@plan e and in the absence of large-angle 

scatters. 

C.5 Electron Range in Lead, Copper, Carbon, and Hydrogen: 
See figure following. 

C.6 Fractional Energy Loss for Electrons and Positrons in 
Lead: See figure following. 

C.7 Contributions to Photon Cross Section in Lead: See figure 
following. 

C.8 Photon Mass Attenuation Coefficients, Energy Deposition: 
See figure following. 

D. ATOMIC AND NUCLEAR PROPERTIES OF MATTER 

See Table following. 

*Prepared April 1974 by Sherwood Parker and Bernard Sadoulet. 
Revised April 1978 by Sherwood Parker and Ray Hagstrom. 
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PARTICLE DETECTORS, ABSORBERS, AND RANGES (Cont'd) 

Mean Range and Energy Loss in Lead, Copper, Aluminum, and Carbon 
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Mean range and energy loss due to ionization for the indicated particles in Pb, with scaling to Cu, AI, and 
C indicated, using Bethe-Bloch equation (Section C.I above) with corrections. Calculated using program of 
Hans Bichsel (UCRL-I7538), with density correction added (Hans Bichsel, private communication). See also 
Joseph F. Janni [Air Force Weapons Laboratory Technical Report No. AFWL-TR-65-150 (1966)]. The average 
ionization potentials (I) assumed were: Pb (820 eV), Cu (320 eV), AI (166 eV), and C(77.5 eV). Figure indicates 
total path length; observed range may be smaller (by ~ ~%- 2% in heavy elements) due to multiple scattering, 
primarily from small energy-loss collisions with nuclei. The functional forms have not been experimentally 
verified to better than roughly ±1%. For higher energies refer to discussion by Cobb ["A Study of Some Electro- 
magnetic Interactions of High Velocity Particles with Matter," University of Oxford Report HEP/T/55 (1973)] 
and by Turner ~'Penetration of Charged Particles i n  Matter: A Symposium", National Academy of Sciences, 
Washington D.C. (1970), p. 48]. Scaling to other beam particles is, to a good approximation, described by the 
expression on the next page. 
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PARTICLE DETECTORS, ABSORBERS, AND RANGES 

Mean Range and Energy Loss in Liquid Hydrogen 
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Range and energy loss in liquid hydrogen bubble chamber, based on Bethe-Bloch equation (Section C.I above), 

using an average ionization potential for H 2 of I = 20.0 eV, which is an approximate average of the experi- 
mental result of Garbincius and Hyman [Phys. Rev. A2, 1834 (1970)] and the theoretical result of Ford and 
Browne [Phys. Rev. A7, 418 (1973)]. Bubble chamber conditions are chosen to be those of Garbincius and 
Hyman: parahydrogen---of density = 0.0625 g/cm 3 (note: range ~ 1/density), with vapor-pressure 60.8 ib/in 2 
(absolute) and temperature 26.2°K. The functional dependence of the Bethe-Bloch equation is not experi- 
mentally verified to better than about ±1% over large momentum ranges. It should be noted that the number 
of bubbles per cm of a track in a bubble chamber is nearly proportional to I/B 2 , not dE/dx. For the linear 
portions of the range curves, R ~ p3.6. Scaling law for particles of other mass or charge (except electrons): 

for a given medium, the range R b of any beam particle with mass Mb, charge Zb, and momentum Pb is given in 
terms of the range R a of any other particle with mass M a, charge z a, and momentum Pa = PbMa/Mb (i.e., 
having the same velocity) by the expression: 

(~'~b'Pb) L Z~b~Z~ ] ~°(~a'~a'Pa= Pb"Z~) " 
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P A R T I C L E  D E T E C T O R S ,  ABSORBERS,  A N D  R A N G E S  (Cont'd) 

Mean Electron Range in Lead, Copper, Carbon, and Liquid Hydrogen 
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M e a n  r a n g e  of e l e c t r o n s  in the  c o n t i n u o u s - s l o w i n g - d o w n  a p p r o x i m a t i o n ,  t a k i n g  in to  a c c o u n t  e n e r g y  l o s s  
by  c o l l i s i o n s  w i t h  a t o m i c  e l e c t r o n s  and by  b r e m s s t r a h l u n g ;  s t r o n g  f l u c t u a t i o n s  a r e  to be e x p e c t e d  fo r  i n d i v i d u a l  
t r a c k s .  T h i s  r a n g e  i s  the  t o t a l  p a t h  l e n g t h ;  the  p r a c t i c a l  r a n g e  i s  s h o r t e r  b e c a u s e  of  m u l t i p l e  C o u l o m b  s c a t -  
t e r i n g ,  w h i c h  b e c o m e s  i n c r e a s i n g l y  i m p o r t a n t  a s  the  e l e c t r o n  s l o w s  d o w n .  E . g . ,  fo r  a f a s t  e l e c t r o n  the  r m s  
p r o j e c t e d  a n g l e  due to  m u l t i p l e  C o u l o m b  s c a t t e r i n g  r e a c h e s  1 r a d i a n  by  the  t i m e  the  e l e c t r o n  h a s  s l o w e d  to 
0 .4  MeV in h y d r o g e n ,  1.5 MeV in c a r b o n ,  9 MeV in c o p p e r ,  and  24 MeV (off s c a l e )  in l e a d .  The  " c r i t i c a l  
e n e r g y "  ( a b o v e  w h i c h  the  e n e r g y  l o s s  due to b r e m s s t r a h l u n g  e x c e e d s  t h a t  due  to i o n i z a t i o n ,  and  s h o w e r i n g  
b e c o m e s  i m p o r t a n t )  i s  400 MeV fo r  h y d r o g e n ,  100 MeV for  c a r b o n ,  25 MeV fo r  c o p p e r ,  and  10 MeV fo r  l e a d .  
The  m e a n  p o s i t r o n  r a n g e  m a y  d i f f e r  f r o m  the  m e a n  e l e c t r o n  r a n g e  by  s e v e r a l  p e r c e n t .  See  B e r g e r  and  
S e l t z e r ,  NASA S P - 3 0 1 2  (1964) and  S P - 3 0 3 6 ,  and  P .  T r o w e r ,  U C R L - Z 4 2 6 ,  V o l .  III R e v .  (1966) .  1-10 keV 
r a n g e  w a s  o b t a i n e d  by  l i n e a r  e x t r a p o l a t i o n .  

Fractional Energy Loss for e + and e- in Lead 
p ~\[~==HI I = l l l l [ l l  I I I=ll=~ 

ionization 

"~ 1.0 Electrons~,~"~ Positrons 
L~ o.,5 "; 

"~1"~ 0.5 

--!W er (e-) 

0 ~ 0 0 5  

I0 I00 I000 

E (MeV) XgL 743-zooz 

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  in  l e a d  as  
a f u n c t i o n  of 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  
the  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.Z55 MeV, and  
a s  M o l l e r  (Bhabha)  s c a t t e r i n g  w h e n  i t  i s  above .  

Contributions to Photon Cross Section in Lead 

o.71 - , , , , , , , , ,  , , , , , , , ~ i ~ - - o . , o  

~ %  0.5 o.oo 

0.3 0.04 v 
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XBL 743- 2668 

Photon cross section in lead in inverse radiation 
lengths as a function of photon energy. The intensity 
of photons can be expressed as I = Ioexp(-(Tx), where 
(~ is read above and x is the path length in radiation 
lengths. See also figure following. 

T h e s e  f i g u r e s  a r e  a d a p t e d  f r o m  F i g .  3.2 a nd  F i g .  3.3 f r o m  M e s s e l  and  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  fo r  L e a d ,  C o p p e r  and  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 ,  1970.  M e s s e l  and  C r a w f o r d  u s e  
L r (Pb)  = 5.82 g / c m  ~ , bu t  we  h a v e  m o d i f i e d  the  ~ i g u r e s  to  r e f l e c t  the  v a l u e  g i v e n  in  t he  T a b l e  of A t o m i c  and  
N u c l e a r  P r o p e r t i e s  of M a t e r i a l s  ( f o l l o w i n g ) ,  n a m e l y  L r ( P b )  = 6.4 g / c m  2. The  d e v e l o p m e n t  of e l e c t r o n -  
p h o t o n  c a s c a d e s  i s  a p p r o x i m a t e l y  i n d e p e n d e n t  of a b s o r b e r  w h e n  the  r e s u l t s  a r e  e x p r e s s e d  in  t e r m s  of i n v e r s e  
r a d i a t i o n  l e n g t h s  (i. e.  , s c a l e s  on l e f t  of p l o t s ) .  
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Photon Mass Attenuation Coefficients, Energy Deposition 
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The photon mass attenuation coefficient for various absorbers as a function of photon energy (solid curves). 
For a homogeneous medium of density p, the intensity I remaining after traversal of thickness t is given 
by I = I O exp (-~t). The accuracy is a few percent. Interpolation to other Z should be done in the cross 
section O = (~/p) M/N A cm2/atom, where M is the atomic weight of the absorber material and N A is Avogadro's 

number. For a chemical compound or mixture, use (~/P)eff ~ ~ wi(~/P)i' accurate to a few percent, where w i 
is the proportion by weight of the i th constituent. The dashed curve is the mass energy- 

absorption coefficient, giving ~/p multiplied by the fraction of photon energy deposited in a small volume 

(assumed large enough to contain the ranges of most secondary electrons) about the interaction. This 
fraction is smaller than 1.0 because such processes as Compton scattering and electron bremsstrahlung imply 
radiation of some of the energy away from the immediate area. From J. H. Hubbell, NSRDS-NBS 29(1969). 
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PARTICLE DETECTORS, ABSORBERS, AND RANGES 

Atomic and Nuclear Properties of Materials* 
A Nuclea r  Nuc lea r  col l i s ion Absorp t ion  d E / d x  m i n  c Radia t ion  l~ng th  

c r o s s  l e n g t h  Lcoll .b l e n g t h  ~b Lrad 

[ba rn s ]  [ g / c m  21 [ c m ]  [ cm]  c m  [ g / c m  21 [ c m ]  

(Cont'd) 

Densi t~  e R e f r a c t i v e  
[ g / c m  ~] i n d e x  n; e 

0 is for  gas 0 is (n-1)x t06 
[ g / t ]  fo r  g a s  

0 . 0 7 0 8  t 1.  112  
H 2 1 1 . 0 1  0 . 0 3 9  4 3 . 0  6 0 7  7 9 0  4 . 1 2  0 . 2 9 2  6 3 . 0 5  8 9 0  ( ( 0 . 0 9 0 )  ( 1 4 0 )  

D 2 1 2 . 0 1  0 . 0 7 4  4 5 . 1  2 7 3  3 4 2  2 . 0 7  0 . 3 4 2  1 2 6 . 1  7 6 4  0 . 1 6 3  1 . 1 2 8  

 o125 
He 2 4 . 0 0  0 . 1 3 4  4 9 . 6  3 9 7  4 7 8  1 . 9 4  0 . 2 4 3  9 4 . 3 2  7 5 5  ( ( 0 . 1 7 8 )  

Li 3 6 . 9 4  0 . 2 1 5  5 3 . 6  1 0 0 . 4  1 2 0 . 6  1 . 6 5  0 . 8 8 1  8 2 . 7 6  155 0 . 5 3 4  - 
Be 4 9 . 0 1  0 . 2 7 0  5 5 . 4  3 0 . 0  3 6 . 7  1 , 6 1  2 . 9 7  6 5 . 1 9  3 5 . 3  1 . 8 4 8  - 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C 6 12 01 0 3 4 0  58  7 ~ 3 7  8 49  9 1 78  ==2 76 42  70  ==27 5 ==1 55  f 

t 0 . 808  t 1 .205  N 2 7 1 4 . 0 1  0 .  3 9 0  5 9 . 7  7 3 . 8  9 9 . 4  1 . 8 2  1 . 4 7  3 7 . 9 9  4 7 . 0  ( 1 . 2 5 )  ( 3 0 0 )  

t1207 Ne 10 2 0 . 1 8  0 . 5 2 0  6 4 . 4  5 3 . 7  7 4 . 9  1 . 7 3  2 . 0 8  2 8 . 9 4  2 4 . 0  ( 0 . 9 0 )  

Ai 13 2 6 . 9 8  0 . 6 5 0  6 8 . 9  2 5 . 5  3 7 . 2  1 . 6 2  4 . 3 7  2 4 . 0 1  8 . 9  2 . 7 0  - 

l 1233(283) 18 3 9 . 9 5  0 . 8 9 0  7 4 . 5  5 3 . 2  8 0 . 9  1 . 5 1  2 . 1 1  1 9 . 5 5  1 4 . 0  ". 

Fe 26  5 5 . 8 5  1 . 1 6 0  7 9 . 9  1 0 . 2  1 7 . 1  1 . 4 8  1 1 . 6  1 3 . 8 4  1 . 7 6  7 . 8 7  
Cu 29  6 3 . 5 4  1 . 2 7 0  8 3 . 1  9 . 3  1 4 . 8  1 . 4 4  1 2 . 9  1 2 . 6 6  1 . 4 3  8 . 9 6  
Sn 50  1 1 8 . 6 9  2 . 0 4 0  9 6 . 6  1 3 . 2  2 2 . 8  1 . 2 8  9 . 4  8 . 8 2  1 . 2 1  ? . 3 1  
W 74  1 8 3 . 8 5  2 . 8 1 0  1 0 8 . 6  5 . 6  1 0 . 3  1 . 1 7  2 2 . 6  6 . 7 6  0 . 3 5  1 9 . 3  - 
Pb 82  2 0 7 . 1 9  3 . 0 8 0  1 1 1 . 7  9 . 8  1 8 . 5  1 . 1 3  1 2 . 8  6 . 3 7  0 . 5 6  1 1 . 3 5  - 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

U 92  2 3 8 . 0 3  3 . 3 8 0  1 1 6 . 9  ==6.2 1 2 . 0  1 . 0 9  ==20.7  6 . 0 0  ==0.32 ==18 .95  - 

o. 001205g~ 1. 000273g 
Air 6 0 , 2  5 0 0 0 0  g 6 7 5 0 0  g 1 . 8 2  0 . 0 0 2 2  g 3 6 . 2 0  3 0 0 5 0  g ( ( 1 . 2 9 )  ( ( 2 9 3 )  

H20 58.3 58.3 78.8 2.03 2.03 36.08 36.1 1.00 1 .33  
H 2 (bubble chamber 26°K) h 4 3 . 0  ==683 887 4 .12  m0.26 63 .05  ==1000 ==0.063 h 1 .112  

. . . . .  _ %  . . . . .  _ ' %  . . . .  _E _E'____LEE ' . . . .  . . . . . .  _.o_ ,__L,o_ . . . . . .  

H - N e  m i x t u r e  (50  mole  p e r c e n t ) i 6 2 . 9  1 5 4 . 5  2 1 5  1 . 8 4  0 . 7 5  2 9 . 7 0  7 3 . 0  0 . 4 0 7  1 . 0 9 2  
o.41J | 1.2sj 

Propane(C3Hs  5 5 0  134 176 2 2 8  0 9 8  453  l t l  ( ( 2 0 )  
f==1.501 

Freon 13B1 (CP3Br)J 7 4 . 3  ==49.5 73 .5  1 .52 ==2.3 16 .53  ==11 (8 .71 )  ( ( 750 )  

I l ford  emulsion 88 .1  23 .1  3 6 . 7  1 .44  5 .49  11.02 2 . 9 4  3 . 8 1 5  - 
NaI 9 1 . 9  2 5 . 0  4 1 . 3  1 . 3 2  4 . 8 4  9 . 4 9  2 . 5 9  3 . 6 7  1 . 7 7 5  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

LIF 6 1 . 1  2 3 . 1  3 0 . 7  1 . 6 9  4 . 4 6  3 9 . 2 5  1 4 . 9  2 . 6 4  1 . 3 9 4  
Polyethylene (CH2) 55 .7  ==59.6 7 8 . 4  2 . 0 9  ==1.95 44 .78  = = 4 8  0 . 9 2 - 0 . 9 5  
Mylar (C5H402)  5 8 . 5  4 2 . 1  5 6 . 1  1 . 9 1  2 . 6 5  3 9 . 9 5  2 B . 7  1 . 3 9  - 
Polystyrene, sc int i l la tor  (CH) k 57 .0  55 .2  6 8 . 5  1 .97 2 .03  43 .8  4 2 . 9  1 .032 1 .581 
Luci te ,  P lex lg las  (C5H802)  5 7 . 7  ==48.9  6 5 . 0  1 . 9 7  ==2.32 4 0 . 5 5  ==34.5  1 . 1 6 - 1 . 2 0  ==1.49  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S p a r k  or  p ropo r t i ona l  c h a m b e r  / O. 05~, O. 0 3 ~  - O. 0 7 3  2 . 7 ~  O. 0 4 6  - 
Sh ie ld ing  c o n c r e t e  m 6 5 . 5  2 6 . 2  3 6 . 8  1 . 7 0  4 . 2 5  2 6 . 7  1 0 . 7  2 . 5  - 
C02 n 6 0 . 4  3 3 8 0 0  4 6 0 0 0  1 . 8 2  0 . 0 0 3 3  3 6 . 2  2 0 2 1 0  ( 1 . 7 9 )  n ( 4 1 0 )  n 
F reon  12 (CC/2P2)n  6 8 . 1  1 3 8 0 0  2 0 2 0 0  1 . 6 4  0 . 0 0 8 1  2 3 . 7  4 8 1 0  ( 4 . 9 3 )  n ( 1 0 8 0 )  n 

Freon  13 (CC=F3)n 6 6 . 0  1 5 0 0 0  2 1 4 0 0  1 . 7 0  0 . 0 0 7 2  2 7 . 1 5  6 3 8 0  ( 4 . 2 6 )  n ( 7 2 0 )  n 
Silica Aerogel ° 6 2 . 3  ==311 430 1 .82  ==0.36 30 ~ulS0 0 . 1 - 0 , 3  1 . 0 + 0 , 2 5 p  

*) Table  r e v i s e d  April  1978 by J. Engler  and  F. Monnig. For de t a i l s  and  r e f e r e n c e s ,  s e e  CERN NP I n t e r n a I  Repor t  7 4 - 1 .  

a) (r of  n e u t r o n s  (== ~ of p ro tons )  a t  20 GeV f r o m  L a n d o l t - R o r n s t e l n ,  New Se r i e s  I ,  Vol. 5. Energy  d e p e n d e n c e  for  all nuc le i  == 1 / 2  
p e r c e n t / G e V  ( f r o m  5 - 2 5  GeV). 

b) Lcoll - A/(N.0').  In  t h e  a b s o r p t l 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  is s u b t r a c t e d .  
c) For a m [ n i m u m - i o n l z i n g ,  s l n g l y - c h a r g e d  p a r t i c l e  in t he  m a t e r i a l .  P r o m  W.H. B a r k a s  and  M.J. B e r g e r ,  Tables  of E n e r n v  Losses  and  Rannes  

of  H e a w  CharEed P a r t i c l e s ,  NASA-SP-3013 (1964). 

d) F r o m  Y.S. Tsai ,  Rev. Mod. Phys .  46 ,  815 (1974). 
e) Values  for  so l ids ,  o r  t he  llquld p h a s e  a t  boi l ing po in t ,  e x c e p t  w h e r e  no ted .  Values  in p a r e n t h e s e s  for  g a s e o u s  p h a s e  STP (O°C, I a r m . ) ,  

e x c e p t  w h e r e  no t ed .  
f) Densl ty  v a r i a b l e .  
g) Gas a t  20°C. 
h) Dens i ty  m a y  v a r y  abou t  ±3~,  d e p e n d i n g  on o p e r a t i n g  cond i t ions .  
i) Values  for  typ ica l  wor k ing  cond i t i on  wi th  H 2 t a r g e t :  50 mole  p e r c e n t ,  29°K, 7 a r m .  
| )  Values  for  typ ica l  c h a m b e r  w o r k i n g  cond i t ions :  P r o p a n e  ~ 57°C, 8 - 1 0  a t m .  F reon  1381 ~ 28°C, 8 - 1 0  a t m .  
k) Typica l  s c in t i l l a to r ;  e . g .  PILOT B and  NE 102A h a v e  an  a t o m i c  r a t i o  H /C  = 1.10. 
L) Values  for  t yp ica l  c o n s t r u c t i o n :  2 l a y e r s  50 /~m Cu/Be  w i r e s ,  8 m m  g a p ,  6 0 g  a r g o n ,  4 0 g  [ sobu tane  or  C02; 2 l a y e r s  5 0 / J m  Myla r /Ac la r  

/oils.  
m)  S t a n d a r d  s h i e l d i n g  blocks=~ typ ica l  c o m p o s i t i o n  02  52~,  Si 32 .5~ ,  Ca 6~ ,  Na 1 .5~,  Fe 2~ ,  Ai 4~  p lus  r e i n f o r c i n g  i ron  b a r s .  A t t e n u a t i o n  

l e n g t h  I - 115 i 5 g / c m  ~, a lso  va l id  for  e a r t h  ( typ ica l  p = 2.15) f r o m  CERN-LRL-RHEL Shie ld ing  e x p .  UCRL 17841 (1968).  
n) Used  in C e r e n k o v  c o u n t e r s ,  v a l u e  a t  26°C and  I a t m .  I nd i ce s  of  r e f r a c t i o n  f r o m  E.R. Hayes ,  R.A. S c h l u t e r ,  and  A. T a m o s a l t i s ,  A N t - 6 9 1 6  

(1964). 
o) n(SlO a) + 2n(HaO) u s e d  In (~erenkov c o u n t e r s ,  p - d e n s i t y  in g / c m  3. F r o m  M. Cant in  eL a l . ,  Nucl.  I n s t r .  Meth.  118,  177 (1974).  
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E L E C T R O M A G N E T I C  R E L A T I O N S  

M a x w e l l '  s Equations 

CGS (statcoul., 
Quantity statamp., sec cm -~ 

P o t e n t i a l s :  

Fields: 

Materials: 

Force: 

Maxwell: 

V = G q 
c h a r g e s  -~- '  

~ = 2  s 1" 
c currents r 

c : speed of light 
in vacuum 

: - v v ,  B : V X A  

= ~E, B: btH 

~ -  ~ = 4~p  , 

f a~ 
~'X~2 = - 7  at  ' 

V . B : 0 ,  

M K S A  ( c o u l . ,  a m p . ,  ohm) 

V 4 = e  0 c h a r g e s  ' 

currents T ; 

l 
¢0 = ~ I 0 -9 MKSA, 

~t 0 = 4v 10 -7 MKSA 

: q ( E  + ~ ' X B )  

~ - D =  p,  

a t  ' 

~' .~  ~ o, 

V × H  = j + T C  

I n t e g r a l  F o r m s  { M K S A )  

i. Gauss' theorem: 

dS 

2. Anapere' s law: 

7 

/ 
surface 

f ~.  dF:  
P 

~ . ~  dS :  f p& dV 
v o l u m e  

(p = charge/volume) 

f T . ~ d S  
surface 

(%* = s u r f a c e  c u r r e n t  d e n s i t y )  

I m p e d a n c e s :  _ A l t e r n a t i n g  C u r r e n t s  (MIKSA) 

O h m ' s  l a w :  V : Z I ,  V : Vo e i w t  

I .  I m p e d a n c e  of  s e l f - i n d u c t a n c e  o f  i n d u c t a n c e  L : Z = i c o L  

l 
g .  I m p e d a n c e  o f  a c a p a c i t o r  o f  c a p a c i t a n c e  C : Z = iwC 

3 .  I m p e d a n c e  o f  a f l a t  c o n d u c t o r  o f  w i d t h  w a t  h i g h  f r e q u e n c y :  

{1+ i ) p  
Z : w8  ; 

~ t . 7 X 1 0 - 8 ~ g n ~  f o r  C u  
p = r e s i s t i v i t y  Z . 8 X t 0 - 8 Q m  f o r  AI  

8 = e f f e c t i v e  s k i n  d e p t h  

= J p ~ 6 . 6  c m  f o r  C u  ,q v~ ~ )  

C a p a c i t a n c e  C a n d  I n d u c t a n c e  L p e r  U n i t  L e n g t h  ( M K S A )  

t .  F o r  f l a t  p l a t e s  o f  w i d t h  w ,  s e p a r a t e d  b y  d<< w : 

( w  d 
C =  T ; L = b t ~ -  " 

For coax cable of interior and exterior radii r I and rz: 

2~c bt 
C = ~  ; L = ~ ~ntrg/rl) ; 

6 = dielectric constant {Z to 6 for plastics 
to 8 for porcelain, glasses 

b* = n~agnetic susceptibility 

Transmission Lines {No Loss) {MKSA) 

V e l o c i t y  = 1 / % r " ~  = i / x '  7 

I m p e d a n c e  = ~ L'-~7"C- 

L ,  C a r e  i n d u c t a n c e  a n d  c a p a c i t a n c e  p e r  u n i t  l e n g t h  

Synchrotron Radiation (CGS) 

Energy loss/revolution = 4~ e 2 ~3 4 3 p ' P = orbit radius. 

For electrons (~ ~ i), AE (MeV) = 0.0885 [E(GeV)]4/p(meter). 
rev. 

Critical frequency: ~c = 3-f 3 c/p 

See J.D. Jackson, Classical Electrodvnamics 2nd Ed. , John 
Wiley & Sons, New York, 1975, for more formulae and detail~ 
(Prepared April f974; revised April f976. ) 

R A D I O A C T I V I T Y  A N D  R A D I A T I O N  P R O T E C T I O N  

Unit of activity = Curie: 
f Ci = 3.7X i0 I0 disintegrations/sec 

Unit of exposure dose for x and ~ radiation = Roentgen: 
f R = I esu/cnl 3 = 87.8 erg/g (5.49X 107 MeVTg) of air 

Unit of absorbed dose - tad: 
i rad= t00 erg/g (6.25>~ f07 MeV/g) in any material 

Unit of dose equivalent (for protection) - rem: 
rems (Roentgen equivalents for man) = reds X QF, 

where QF (quality factor) depends upon the type of radiation 
and other factors. For y rays and HE protons, QF ~ f; for 
thermal neutrons, QF = 3; for fast neutrons, QF ranges up 
to 10; and for ~ particles and heavy ions, QF ranges up to Z0. 
Maximum permissible occupational dose for the whole body: 

5 rem/year (or ~ 100 millirern/week) 
Fluxes {per cm 2) to liberate J red in carbon: 

3.5 X 107 minimum ionizing singly charged particles 
1.0 X 109 photons of I MeV energy 

(These fluxes are correct to within a factor of 2 for all 
materials. ) 
Natural background: IZ0 to 130 millirem/year ,~ 

.... ic radiation (charged particles + neut .... ) ~25~ 
cosmic radiation {¥ rays) ~ 25 > 
radiation from rocks and air (y rays) ~731 

Cosmic ray background in counters: ~ i/rnin/cmg/ster 
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C.M. ENERGY AND MOMENTUM VS. BEAM MOMENTUM 

EcmdEcm = mpdTbeam = mpVbeamdPbeam '~ mpdPbeam 

PSEAM . . . . .  C,M. ENERGY . . . . . . .  MOMENTUM IN C.M. - -  

(MEV/C) (MEV| |NEV/C) 

YP ~p Kp pp  YP ~p Kp pp 
ep ep  

0 939 1078 1432  1877 0 0 0 0 
20 958 1079 1432 1877 20 17 13 I0 
40 977 1083 1433 1877 38 35 26 20 
60 996 1089 1434 1877 56 52 39 30 
80 1015 1096 1436 1878 74 68 52 48 

T(p I )  : PBEAM - 59 MEV 

100 1033 1105 1439 1879 91 85 65 50 
120 1051 1116 1441 1880 107 101 78 60 
140 1069 1127 1445 1882 123 117 91 70 
160 1087 1139 1449 1883 138 132 104 80 
180 II04 1152 1453 1885 153 147 116 90 

T(P I )  = PBEAM - 92 MEV 

200 1121 1165 1457 188T 167 161 129 99 
220 1137 1178 1462 1889 182 175 l&l 109 
240 [154 1192 1468 1892 195 189 153 119 
260 I170 1206 1474 1894 209 202 166  129 
280 1186 1219 1480 1897 222 215 178 138 

T(P l )  = PBEAM - 107 MEV 

300 1201 1233 1486 1900 234 228 189 148 
320 1217 1 2 4 1  1493 1903 247 241  201 158 
340 1232 1261 1500 1906 2E9 253 213 167 
360 1247 1274 1507 1910 271 265 224 177 
380 1262 1288 1514 1913 282 277 235 186 

T[PI) = PBEAM - 115 MEV 
400 1277 1302 [522 1917 294 288 247 196 
420 1292 1315 1530 1921 305 300 258 205 
440 130£ 1329 1538 1925 316 311 268 214 
460 1320 1342 1546 1929 327 322 2T9 224 
480 1335 1356 1554 1933 337 332 290 233 

T(Pl) = PSEAM - 120 MEV 
500 1349 1369 1563 1938 348 343 300 242 

520 1362 1382 1572 1945 0E8 353 310 251 
540 1376 1395 1580 1947 368 363 321 260 
560 1390 1408 1589 1952 378 373 531 269 
580 1403 1421 1598 1957 388 383 341 278 

T(Pl) = P8EAM - [23 MEV 
600 1416 1434 1607 1962 397 393 350 287 
620 1430 1446 1616 1967 407 402 360 296 
640 1443 1459 1625 1973 416 412 370 304 
660 1456 1472 1634 1978 425 421 379 313 
680 1468 1484 1644 1984 434 430 388 322 

T(P I }  = P8EAM - 125 MEV 

700 1481 1495 1653 1989 448 439 397 330 
720 1494 1509 1662 1995  452 4 4 8  406 339 
740 [506 1521 1671 2001 461 457 415 347 
760 1519 1533 1681 2007 470 465 424 355 
780 1531 1545 1690 2013 478 474 433 364 

T(P I )  = PSEAM - 127 MEV 

800 1543 1557 1699 2019 486 482 &42 372 
820 1555 1569 1709 2025 495 490 450 380 
840 1567 1580 1718 2031 503 499 459 388 
860 1579 1592 1728 2037 511 507 467 396 
880 1591 1604 1737 2043 519 515 475 404 

T(P I )  = PBEAM - 129 MEV 

900 1603 1615 1747 2049 527 523 483 412 
920 I615 1627 1756 2056 535 531 492 420 
940 1626 1638 1765 2062 542 538 500 428 
960 1638 1649 1775 2069 550 546  508 405 
980 1649 1661 1784 2075 558 554 515 443 

T(PI) = PBEAM - 130 MEV 
1000 1660 1672 1794 2082 565 561 523 451 
1020 1672 1683 1803 2088 573 569 531 458 
1040 1683 1694 1812 2095 580 576 538 466 
1060 1694 1705 1822 2102 587 583 546 4T3 
1080 1705 1716 1831 2108 594 591 553 481 

T(P I )  = PBEAM - 131 MEV 

1100 1716 1726 1840 2115 601 598 561 488 
1120 1727 1737 1850 2122 609 605 568 495 
1140 1738 1748 1859 2129 616  612  575 502 
1160 1748 1758 1868 2135 622 619 583 510 
1180 1759 1769 1877 2142 629 626 590 517 

T ( P I )  = P B E A M  - 131 MEV 
1200 I770 1780 1887 2149 636 633 597 524 
1220 1780 1790 1896 2156 643 639 604 531 
1240 1791 1800 190E 2163 650 646 611 538 
1260 1801 1811 1914  2170 656 653 618 545 
1280 1812 1821 1923 2177 663 660 624 552 

T|P1} = P8EAM - 132 MEV 
1300 1822 1831 1932 2184 669 666 631 559 
1320 1832 1841 1941 2191 676 673 638 565 
1340 1843 1851 1950 2198 682 679 645 572 
1360 1853 1862 1959 2205 689 685 651  579 
1380 1863 1872 1968 2212 6 9 5  692 658 585 

T ( P I )  = PBEAM - 133 MEV 
1400 1873 1881 1977 2219 701 698 664 592 

1420 1883 1891 1986 2226 708 704 671 599 

1440 1893 1901 1995 2233 714 711 677 605 
1460 1903 1911 2004 2240 720 717 684 612 
1480 1912 1921 2013 2247 726 723 690 618 

T(P I )  = PBEAM - 138  MEV 

PBEAM . . . . .  C.M. ENERGY . . . . . . .  MOMENTUM IN C .W. - -  

(MEV/C] (MEV| (MEV/C) 

YP l~p Kp pp ~P 
ep ep ~P Kp pp 

1500 1922 1930 2022 2254 732 729 696 624 
1520 1932 1940 2031 2261 738 735 702 631 
1540 1942 1950 2039 2268 744 741 709 637 
1560 1951 1959 2048 2275 750 747 715 643 
1580 1961 1969 2057 2282 756 753 721 650 

T(P I }  = PBEAM - 133 MEV 

1600 1970 1978 2065 2289 762 759 727 656 
1620 1980 1988 2074 2296 768 765 733 662 
1640 1989 1997 2083 2304 773 770 739 668 
1660 1999 2006 2091 2311 779 776 745 674 
1680 2008 2016 2100 2318 785 782 751 680 

T[PI) = PBEAM - 134 MEV 
1700 2018 2025 2109 2325 791 788 756 686 
1720 2027 2034 2117 2332 796 793 762 692 
1740 2036 2043 2126 2339 802 799 768 698 

1760 2045 2053 2134 2346 80T 805 774 704 
1780 2054 2062 2143 2553 813 810 779 710 

T(P I )  = PBEAM - 134 MEV 
1800 2064 2071 2151 2360 818 816 785 716 
1820 2073 2080 2159 2367 824 821 791 721 

1840 2082 2089 2168 2374 829 827 796 72T 
1860 2091 2098 2176 2381 835 832 802 733 
1880 2100 2107 2184 2388 840 837 808 739 

T(PI )  = PBEAM - 134 MEV 

1900 2108 2115 2193 2395 845 843 813 744 
1920 2117 2124 2201 2402 851 848 818 750 
1940 2126 2133 2209 2409 856 853 824 756 
1960 2135 2142 2217 2416 861 859 829 761 
1980 2144 2150 2226 2423 867 864 835 767 

T [P I )  = PBEAM - 135 MEV 

2000 2153 2159 2234 2430 872 869 840 772 
2020 2161 2168 2242 2437 877 874 845 778 
2040 2170 2176 2250 2444 882 879 851 783 
2060 2179 2185 2258 2451 887 885 856 789 
2080 2187 2194 2266 2458 892 890 861 794 

T ( P I )  = PBEA4 - 135 MEV 

2100 2196 2202 2274 2465 897 895 866 799 
2120 2204 2211 2282 2472 902 900 872 805 
2140 2213 2219 2290 2479 907 905 877 810 
2160 2221 2227 2298 2486 912 910 882 815 
2180 Z230 2236 2306 2493 917 q15 887 821 

T(P[ )  = PBEAM - 135 MEV 

2200 2238 2244 231~ 2500 922 920 892 826 
2220 2246 2253 2322 2507 927 925 897 831 
2240 2255 2261 Z330 2514 932 930 902 836 
2260 2263 2269 2338 2520 937 934 907 841 
2280 2271 2277 2346 2527 942 939 912 846 

T ( P I )  = P8EAM - 135 MEV 
2300 2280 2286 2353 2534 947 944 917 852 
2320 2288 2294 2361 2541 951 949 922 857 

2340 2296 2302 2369 2548 956 954 927 862 
2360 2304 2310 2377 2555 961 959 932 867 
2380 2312 2318 2384 2561 966 963 937 872 

T(P I ]  = PBEAM - 135 MEV 

2400 2320 2326 2392 2568 970 968 941 877 
2420 2328 2334 2400 2575 975 973 946 882 
2440 2336 2342 2407 2582 980 977 951 887 
2460 2344 2350 2415 2589 984 982 956 892 
2480 Z352 2358 2423 2595 989 987 960 897 

T(P I )  = PBEAM - 136 MEV 

2500 2360 2366 2430 2602 9 9 4  991 965 901 
2520 Z368 2374 2438 2609 998 996 970 906 
2540 2376 2382 2445 2616 1003 1001 975 911 
2560 2384 2390 2453 2622 1007 1005 979 916 
2580 2392 2398 2460 2629  1012 1010 984 921 

T(P I ]  = PBEAM - [36 MEV 
2600 g400 2405 2468 2636 1017 1014 988 926 
2620 2408 2413 24T5 2643 1021 1019 993 930 
2640 Z415 2421 2483 2649 1025 1023 998 938 
2660 2423 2429 2490 2656 1030 1028 1002 940 
2680 2431 2436 2498 2663 1034 1032 1007 944 

T(Pl) = PSEAM - 136 MEV 
2T00 2439 2444 2505 2669 1039 1037 1011 949 
2720 2446 2452 2512 2676 1043 1041 1016 954 
2740 2454 2459 2520 2682 1048 1045 1020 958 
2760 2462 2467 2527 2689 10E2 1050 1025 963 
2780 Z469 2474 2534 2696 1056 1054 1029 968 

T(P I ]  = PSEAM - 136 MEV 

2800 2477 2482 2542 2702 1061 1058 1034 972 
2820 2484 2490 2549 2709 1865 1063 1038 977 
2840 2492 2497 2556 2715 1069 1067 1042 981 
2860 2499 2505 2563 2722 1074 1071 1047 986 
2888 2507 2512 2570 2728 1078 1076 1051 990 

T(PI] = M8EAM - 136 MEV 
2900 2514 2520 2578 273E 1082 1080 1056 995 
2 9 2 0  2522 2527 2585 2742 1086 1084 1060 999 
2940 2529 2534  2592 2748 1091 1088 1 0 6 4  1004 
2960 2537 2542 2599 2755 1095 1093 I069 I008 
2980 2544 2549 2606 2761 1099 1097 1073 1013  

T ( P I )  = PBEAM - 136 MEV 

PBEAM - - -C .M .  ENERGY . . . .  MOMENTUM IN C.M.- 

( GEV/C ) [ GEV} ( GEV/C ) 

YP YP 
ep  Kp pp ep Kp pp 
~p ~p 

3.0 2 .56  2.61 2.77 I , I 0  1.08 1.02 

3.2 2.63 2 .68  2 .83  1.14 1.12 1.06 

3.4 2 .70  2 .75  2 .89  1.18 1.16 I . I 0  

3.6 2.77 2.82 2.96 1.22 1.20 1.14 
3,8 2 .83  2,88 3 .02  1.26 1,24 1.18 

T IP l )  = P8EAM - .137 GEV 

4.0 2.90 2.95 3.08 1 . 2 9  1,27 1.22 
4.2  2 .96  3,01 3 .14  1.33 1.31 1.26 

4 ,4  3.03 3.07 3 .19  1.36 1,34 1.29 

4.6 3 .09  3.13 3.25 1.40 1.38 1.33 

4 , 8  3 . 1 5  3 . 1 9  3 . 3 1  1 . 4 3  1 , 4 1  1 . 3 6  
T(P I )  = PBEAM - .138 GEV 

5 . 0  3 . 2 1  3 . 2 5  3 , 3 6  1 . 4 6  1 . 4 4  1 . 4 0  
5.5 3.35 3.39 3.50 1.54 1.52 1.48 
6.0 3.49 3.52 3 . 6 3  1.61 1.60 I,55 
6.5 3.62 3.65 3.75 1.69 1.67 1,63 
7°0 3 .75  3 .78  3 .87  1.75 1.74 1.70 

T IP l )  = PBEAM - .138 GEV 

7.5 3.87 3,90 3.99 1,82 1.80 1.76 
8.0 3.99 4.02 4.11 1.88 1,87 1,88 
8,5 4.11 4 .14  4 .22  1.94 1.93 1,89 

9.0 4.22 4.25 4.33 2.00 1.99 1,95 
9 , 5  4.33 4.36 4.44 2.06 2.05 2.01 

T(P l )  = PBEAM - ,139 GEV 

1 0 . 0  4,43 4.46 4.54 2 . 1 2  2 , 1 0  2 . 0 7  
II*0 4.64 4,67 4.74 2.22 2.21 2.18 
1 2 . 0  4 . 8 4  4 . 8 6  4 . 9 8  2 . 3 3  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 . 3 0  2.52 2,51 2,48 

T(PI) : PBEAM - .I89 GEV 
15*0 5 . 3 9  5.41 5.47 2.61 2.60 2.57 
16.0 5,56 5.58 5.64 2,70  2.69 2.66 
17,0 5,73 5.75 5.81 2.79 2.78 2.75 
1 8 . 0  5,89  5.91 5.97 2 ,87  2 .86  2 .83  

19.0 6.05 6.07 6.12 2.95 2.94 2.91 
T(P I )  = P8EAM - .139 GEV 

20 ,0  6 .20  6.22 6 .27  3.03 3,02 2.99 

22.0 6.49 6.51 6,56 3.18 3.17 3 . 1 4  
24*0 6.78 6,79 6.84 3,32 3.31 3.29 
26*0 7 , 0 5  7.07 7.11 3.4b 3.45 3.43 
28.0  7.31 7.33 7.37 3.59 3.59 5,56 

T IP I )  = P8EAM - .139 GEV 
30,0 7,56 7.58 7.62 3,72 3.7[ 3.69 
32.0 7.81 7.82 7.86 3.85 3.84 3.82 
34~0 8.04 8.06 8.10 3,97 3+96 3.94 
36o0 8.27 8.29 8.33 4.08 4.08 4.06 
38.0 8.50 8.51 8.55 4.20 4.19 4.17 

T(P[ )  = PBEAM - ,139 OEV 
40,0 8.72 8.73 8.77 4.31 4.30 4,28 
42,0 8.93 8,94 8.98 4.41 4.41 4,39 
44,0 9.14 9.15 9.18 4.52 4,51 4,50 
46,0 9.34 9.35 9.39 4.62 4,62 4.60 
48.0 9,54 9,55 9.58 4.72 4,72 4.70 

T(P I I  = PBEAM - .139 GEV 

50.0 9.73 9.74 9.78 4.82 4,81 4.80 
55.0 10.20 10.21 10.25 5.06 5.05 5.04 
60o0 10.68 10.60 10.69 5.28 5.28 5.26 
65.0 11.08 II.I0 11.12 5.50 5.50 5.48 
70.0 11.50 11.51 11.54 5.71 5.71 5.69 

T(P I }  = PBEAM - .139 GEV 

75.0 11.90 11.91 11,94 5.91 5.91 5.89 
80.0 12,29 12.30 12.32 6.11 6.10 6.09 
85.0 12.67 12.67 12.70 6.30 6.29 6.28 
90.0 13o03 13.04 13.06 6.48 6.48 6.46 
98.0 1 3 . 3 9  1 3 , 3 9  1 3 , 4 2  6.66 6.65 6.64 

T(P I |  = PBEAM - ,139 GEV 

I00.0 13,73 13.74 13.76 6.83 6.88 6.82 
2 0 0 . 0  19.40 19,40 19.42 9.67 9.67 9.66 
300.0 23.75 23.T5 23.76 11.85 11.85 11.84 
4 0 0 . 0  27.41 27.42 27.43 13.69 13.69 13.68 
500.0 30.65 30.65 30.66 15.81 15.31 15.30 

T(P I )  = PSEAM - .140 GEV 

600.0 33.57 33.57 33.58 16.77 16.77 16.76 
700.0 36.26 36.26 36.27 18.12 18.11 18.11 
800.0 38.76 38.76 38.77 19.37 19.37 19.36 
900.0 41.II 4 1 . 1 1  41.12 20.54 20.54 20.54 

I000.0 43.33 43.33 45.34 21.65 21.65 21.65 
T ( P I )  = PBEAM - .140 GEV 

1100,0 45.44 45.45 45,45 22.71 22.71 22.71 

1200.0 47,46 47 .47  47,47 23.72 23.72 23.72 
1300.0 49,40 49.40 49.41 24.69 24,69 24.69 
1400.0 51.26 51.27 51.27 25.62 25,62 25.62 
1500.0 58.0O 53.07 58.07 26.52 26.52 26.52 

T ( P [ )  = PBEAM - ,140 OEV 

1600.0 54.80 54.81 54.81 27.39 27 .39  27.39 
1700,0 56.49 56.49 56*50 2 8 , 2 4  2 8 , 2 4  2 8 , 2 3  
800.0 58.13 58.13 58.13 29.06 29.05 29.05 

1 9 0 0 . 0  59.72 59.72 59.73 29.85 29.88 29.85 
2000.0 61.27 61.27 61.28 30.65 30.63 30.62 

T { P I )  = PBEAM - . 1 4 0  GEV 
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PERIODIC TABLE OF THE ELEMENTS 

IA IIA 

6.94 9.0122 

11 12 
Na Mg 

22.9898 24.305 

19 20 
K Ca 

39.10 40.08 

37 38 
Rb Sr 

85.47 87.62 

55 56 
Cs Ba 

132.905 137.34 

1.008 

IIIB IVB VB VIB VIIB c - - -  VIII  -----~ IB l iB  

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 
Mo 

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 

76 
Os 

190.2 

27 
Co 

58.9332 

45 
Rh 

102.906 

77 
Ir 

192.22 

28 
Ni 

58.71 

46 
Pd 

106.4 

78 
Pt 

195.09 

29 
Cu 

63.55 

47 
Ag 

107.868 

79 
Au 

196.967 

30 
Zn 

65.38 

48 
Cd 

112.41 

80 
Hg 

200.59 

I l IA IVA VA VIA VIIA 

5 
B 

10.81 

13 
AI 

26.98h ~ 

31 
Ga 

69.72 

49 
In 

114.82 

81 
TI 

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 

121.75 

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 

18.9984 

17 
CI 

35.453 

35 
Br 

79.904 

53 
I 

126.9045 

85 
At 

(210) 

2 
He 

4.0026 

10 
Ne 

20.17 

18 
Ar 

39.948 

36 
Kr 

83.80 

54 
Xe 

131.30 

86 
Rn 

(222) 

"1" ,;:.J '°t" ,::, La Ce Pr Nd Pm Sm 
138.91 140.12 144.24 (145) 

Ac Th Pa ~-~ Pu Np 
(227) 232.038 231.036 238.03 (244) 

Eu Gd Tb Dy Ho Er T m  Yb Lu 
151.96 157.25 162.50 167.26 168.934 173.04 174.97 

t I I h i  
9 8  99 100 ,01 I02 ,03 

Es Fm Md No 
(243) (247) (247) (251) (254) (257) (258) (259) (260) 

Numbers in parentheses are mass numbers  of most stable isotope of that element. Adapted from the 

Handbook o f  Cbemistry and Pbysics, 58tb Ed., 1977 1978. (Particle Data Group update, April 1978.) 

Rare earths 
(Lanthanide 

series) 

Actinide series 

CROSS SECTION PLOTS 
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Ec.m. ( G e V )  

SPEAR data on the ratio R of the cross section for e+e - 
annihilation into hadrons to that for annihilation into muon 
pairs. Reproduced, with permission, from W. Chinowsky, 
Ann. Rev. Nucl. Sci. 27, 393 (1977). 
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DESY measurements of the ratio R of the cross section for 
e+e - annihilation into hadrons to that for annihilation int 
muon pairs. From G. Knies, "Results from PLUTO," DESY 77/7 
(1977). 
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CROSS SECTION PLOTS (Cont'd) 
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yp total cross section versus photon energy (top scale) and 
photon-plus-nucleon total center-of-mass energy (lower scale). 
Courtesy Gething M. Lewis, Glasgow. 

yd total cross section versus photon energy (top scale) and 
photon-plus-single-nucleon total center-of-mass energy (lower 
scale). Courtesy Gething M. Lewis, Glasgow. 
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yp total cross section versus photon energy (lower scale) and total center-of-mass energy (upper scale). 
Courtesy Roland M. Egloff, Fermilab. 
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C R O S S  S E C T I O N  P L O T S  ( C o n t ' d )  
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Muon neutrino and antineutrino charged-current cross section 
as a function of total energy, with linear fits to early 
Gargamelle data superimposed. Triangles from B. C. Barish 
et al., Phys. Re~. Lett. 3~, 1595 {1977); circles from P. C. 
Bosetti et al., Phys. Lett. 70B, 273 (1977); squares from 
D. H. Perkins, Rep. Prog. Phys. 40, 409 (1977). 
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CROSS SECTION PLOTS (Cont'd) 
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K - p  and 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  by Li  et  a l . ,  P r o c .  t973  
Purdue Conf. on Baryon Resonances, The solid curve passes through 
the Brookhaven data. 
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Data Group, I~-d (>3 GeV/e). The new BNL data below t GeV/c are 
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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 ' d )  
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Compilation of recent K+p and K+d total c r o s s -  
section measurements. References can be found 
in the Baryon Data Card Listings. 
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Total cross-section for isospin zero KN system. 
Unfolding of the BUGG 68 and BOWEN 70 and 73 
dat~ was done by G. R. Lynch (as in Proc. of 1970 
Duke Conference). Tables of ~O were provided 
by the BNL authors. Lynch and BNL use the 
same method of unfolding; the BOWEN 73 unfolded 
distribution is obtained by a different method (see 
plot in Z @ minl-revlew in the Baryon Data Card 
Listings). 
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some points at higher energies added since original compilation. 
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compilation. 
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Total and elastic pp cross-section data compiled by U Amaldi, CERN. 
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pp, pp, w-p, ~+p, K'p, and K+p total cross sections versus pn, np, pn, l<-n, and K+n total cross sections versus s(~ ZrnpPla b) , as 
s(~ 2mpPlab), as compiled by U. Amaldi. CERN. compiled by G. Giacornelli, CERN. 
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DATA CARD LISTINGS 

Illustrative Key 
Particle n a m e ,  and quantum 

n u m b e r s  (if known).  

Particle code (for internal 
I use only). 

~eneral comments on 
particle. 

of q u an t i 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 ;  wid th  of hori- / ~  
zontal bar on top is error 
(scaled) in average. 

. . . .  f p a r t i c l e  as it i ~ I ~ '  ~ ~ ' ~ t ~  i ~ / X x  MESON ( [ 2 0 0 , J P G =  - )  I = l ~  

app . . . .  lntable, r\\l ~A~"~'vW '\'I_~/ORIOINALLY EALLED X×~' -- 
. . . .  . indlc tes t h l s  p . t l c l e  O M I T T E D  . O M  TAOLE 
omitted from table. |~ 

2 (  / 
.................................................................... 

Quantity tabulated below. 7~ /XX( 12001 MASS (MEVV 4Abbreviated reference for 
• / this result; full reference 

I given below. 
Code for quantity tabulated ] ~7 ~ 11. /MERRILL 66/HBC 0 3.2 K-P 7/66 

(M=mass. W=wldth, e~c.) ~ M ~l19Z,_~/ (16.) LYNCH 67 HBC +- 2.7 RI-P 62E7 (Measurement technique 
M ] L/ / LYNCH DATA HAS QUESTIONABLE BACKGROdND SUBTRACTION - -  4 (see abbreviations on 

9 / ' ~ /  / l~.9g. ~ T./ ~IERCE ~ 7~7~-~-  92,,8 / ~extpa~e) 
~,bol .... dt°keYt°getberL-': /~ / . o ~ O 2  / E~NNER ~9 H,C 0 ,.2 RI+p 92~9 

data card and related [ M/S / 80 1210. ~ SMITH 70 4MS Z~3.5 Pl-P 2/76" 

............. A', V I Et J hargo(s ofpartiole 
-- SUPERSEDES EA IER RESULT ~ 

/ M /AVG 1206.9 / 5.1 " AVERAGE (ERROR INCLUDES SCALE FACTOR O~ 1.0) | detected. 
N u m b e r  of even t s  above 

Measured values (paren- (1200) WIDTH (MEV) ~ R e a c t i o n  producing particle. 

th .... iodicatevoIue / MERRILL B ....... nts. 
not used in average~?. W / 50. tO. PIERCE 68 ASPK + 2. I K-P 9268 (Date this result punched 

i Error in measured value ~ W / 70. 40. FENNER 69 HBC 0 4 . ~  PI+P _9/69 ] (asterisk indicates result 
(- field blank if error (60.) OR tESS SMITH 70 M~S - B. 5 PI~P /z/TB~/ 1 added or changed since 
syrnl~netric; parentheses ° • • • • • • • • 
on error onl]cindicate AVERAGE tERROR INCLUDES SCALE FACTOR O F ~  

I / (SEE IDEOGRAM BELOW ) 
data not used i ...... ge | / ~ , ~ S c a l e  factor > t indicates 
due to problems with 
error e s t i m a t i o n ) .  J inconsistent data. 

NEIGHTED ~UER~BE = 3S.4 ± 6.0 
, ~  ERROR SCALED BY 1.3 

J 
ldeogram to  display incon- 

I sistent data; curve is sum Average vaiue (End error) 
~/ of Gaussians. one for 
$ 

each experiment (area of 
/ J O a u s s i a n  = i / e r r o r ;  

/ / ~  width of Gaussian = 
/ ~  ~ :h error). 

Value and error for each l 
experiment. 

(C~NLEU 
2{3 20 60 tOO t~0 =o ~79~ 
Xxci2OO) ~IOTH fMEU} 

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

74 XX(1200) PARTIAL DECAY MODES 

DECAY MASSES 
L ~  xx(~200) INTO 3PI/  

2 XX(1200) INTO K KBAR #93+ 493 

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

7# XX(L200) BRANCHING RATIOS 

/R I  XX{1200) INTO 3PI/FOTAL~ (E l l  
Branching ratio (labeled ~/ R1 .66 .02 MERRILL 66 HBC 0 3.2 K-P 7/66 

by [ Pl t (.68) (.03) LYNCH 67 HBC +- 2.T PI-P 6/67 
RJ" RI L LYNCH DATA HAS QUESTIONABLE BACKGROUND SUBTRACTION 

R1 . . . . . . . . .  
R1 FIT /0.675 0.012/ FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.3) 

"Contribution of experiment 
to X z (if no entry present, 
experiment not used in 
calculating X Z or scale 
factor because of large 
error). 

i Representative masses of 
139÷ ~9+ 13 ~J decay products (~sed fo r  

c a l c u l a t i n g  l a s t  c o l u m n  of 
P a r t i c l e  P r o p e r t y  Table~)  

Partial decay mode 
(labeled by Pi)" 

R2 (1200)  INTO KKBAR/TOTAL (P2) 

i ..... 1 ~ ~  ~ o~ ~,ERCE Va (a d e or) of quantity . . 68 ASPK + 2. i K-P 9268 

measured, as determined | /A~9~9 = IT . ~ . . . . . ._ SCALE FACTOR OF 1.3) J Branching ratio Rj in terms 
from constrained fit (uslng~(/R2 FIT /0.325 0.012/ FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) of partial decay mode 

J ~  f actions Pl above all measured branchin ~ 
1 

~ i o s  for this article~ XX(I200) INTO KKBAR/3PI 
P )" . 5 0  .03 FENNER g9 HBC 0 4 . 2  PI+P 9269 

i i  ~ .~I  . og  SMITH "~O MMS - 3.5 PI-P 2176, 

P3 F A V T G ~  . . . . . . . . .  R3 AVG 0.468 0.0#3 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.8) 
~4BO 0.026/ FROM FIT (EREOR INCLUDES SCALE FACTOR OF 1.3} 

~ - -  Au tho r  Is 1 

References listed by year. l REFERENCES FOR XX ( 1200| 
Quantum number determin&- then author. ~ -- 

/MERRILL 6~6/PRL 16 143 A. MERRILL ~ ITORINO÷CERN)ZI~]~-~ I Lions in this reference 
Abbreviated reference form / LYNCH 67 PR IF5 510 B. LYNCH ~ /  |BNL) 

used on data cards above. F PIERCE 68 PL 27B 230 /N. PIERCE/ (tat) |Institution(s) of author(s) 
FENNER 69 NC 61B 372 D. FENNER. B. BEANE (NYSE~AMEX) (see abbreviations on 

J . . . . .  I. report, preprlnt. I SMITH ~ 0 ~  J. SMITH / { bLAb I/ { next page). 
etc. (see abbreviations ~ 
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Illustrative Key (cont'd) 

Abbreviations 

Journals 

APAH Acta Phys. Acad. Hungarica 
ADVP Advances in Physics 
ANP Annals of Physics 
ARNS Annual Review of Nuclear Science 
BAPS Bulletin of the Amer. Phys. Soc. 
CJP Canadian Journal of Physics 
JAP Journal of Applied Physics 
JETP English Transl. of Soviet Physics JETP 
JETPL Letters of Soviet Physics JETP 
JPA Journal of Physics A 
JPG Journal of Physics G 
JPSJ Journal of the Phys. Soc. of Japan 
LNC Letters to Nuovo Cimento 
NC Nuovo cimento 
NIM Nuclear Instruments and Methods 
NP Nuclear Physics 
PL Physics Letters 
PN Particles and Nuclei 
PPSL Proc. of the Phys. SOCo of London 
PR Physical Review 
pRAM Pramana 
pRL Physical Review Letters 
PRSE Proc. of the Royal Soc. of Edinburgh 
PRSL Proc. of the Royal Soc. of London 
PTP Progress of Theoretical Physics 
RMP Reviews of Modern Physics 
RRP Revue Romaine de Physique 
SJNP Soviet Journal of Nuclear Physics 
SPU Soviet Physics - Uspekhi 
ZNAT Zeitschrift fur Naturforschung 
ZPHY Zeitschrift fur Physik 

Conferences 

Conferences are referred to by the location in which 
they were held (e.g., DUBNA, BOULDER, LUND, etc.). 

Measurement techniques 

ASPK Automatic spark chambers 
CC Cloud chamber 
CNTR Counters 
DASP DESY double-arm spectrometer 
DBC Deuterium bubble chamber 
DPWA Energy-dependent PWA 
ELEC Electronic combination 
EMUL Emulsions 
FEC Freon bubble chamber 
FRAB ADONE BBGroup detector 
FRAG ADONE ~ Group detector 
FRAM ADONE MEA Group detector 
HBC Hydrogen bubble chamber 
HEBC Helium bubble chamber 
HLBC Heavy liquid bubble chamber 
HYBR Hybrid: BC + electronics 
IPWA Energy-independent PWA 
MMS Missing mass spectrometer 
MPWA Model-dependent PWA 
NEUL Neuland large-angle ~ spectrometer 
OMEG CERN OMEGA spectrometer 
OSPK Optical spark chamber 
PBC Propane bubble chamber 
PLAS Plastic detector 
PLUT DESY PLUTO detector 
PWA Partial-wave analysis 
RVUE Review of previous data 
SMAG SPEAR magnetic detector 
SPEC Spectrometer 
SPRK Spark chamber 
STRC Streamer chamber 
WIRE Wire chamber 
XEBC Xenon bubble chamber 

Institutions 

AACH TBCHNISCNE UNIV. AACHEN AACHEN, GERMANY 
AARH AARHUS UNIV. AARHUS, DENMARK 
ADBL AOELPHI UNIV. GARDEN CITY, N. Y. ,  USA 
AERE ATOMIC ENERGY RES. ESTAB. HARWELL, BEKKS., ENGLAND 

ALBA STATE UNIV. OF NEW YORK AT ALBANY ALBANY, N. V.,  USA 
ALBE ALBERTA UNIV., NRC EDMONTON, CANADA 
AMST UNIV. OF AMSTERDAM AMSTERDAM, NETHERLANDS 
ANKA MIDDLE EAST TECHNICAL UNIV. ANKARA, TURKEY 
ANL ARGONNE NATIONAL LAB. ARGONNE, ILL . ,  USA 
ARIZ UNIV. OF ARIZONA TUCSON, ARIZ., USA 
ATEN NUCLEAR RES. CENTRE DEMOKRITDS ATHENS, GREECE 
ATHU UNIV. OF ATHENS ATHENS, GREECE 
AOCK UNIV. OF AUCKLAND AUCKLAND, NEW ZEALAND 
BARE UNIV. DE BARCELONA BARCELONA, SPAIN 
BARI UNIV. DI BARI BARI, ITALY 
BART BARTOL RESEARCH FOUNDATION SWARTHMORE, PA., USA 
BELG INST. INTERUNIV. DES SCI. NUC. BRUXBLLES, BELGIUM 
BERG UNIV. OF BERGEN BERGEN, NORWAY 
BERL INST. HOCHENERGIEPHYS. OAW ZEUTHEN/BERLIN, DDR 
BERN UNIV. BERN BERN, SWITZERLAND 
BGNA UNIV. Ol BOLOGNA BOLOGNA, ITALY 
BING STATE UNIV. OF NEW YORK AT BINGHAMTON BINGHAMTON, N. Y., USA 
BIRM BIRMINGHAM UNIV. BIRMINGHAM, ENGLAND 
BNL BRODKHAVEN NATIONAL LAB. UPTON, L . I . ,  N. Y.,  USA 
BDHR NIELS BOHR INSTITUTE COPENHAGEN, DENMARK 
BOIS BOISE STATE UNIV. BOISE, IDAHO, USA 
BENN UNIV. BONN BONN, GERMANY 
BORD UNIV. DE BORDEAUX BORDEAUX, FRANCE 
BDST BOSTON UNIV. BOSTON, MASS., USA 
BRAN BRANDEIS UNIV. WALTHAM, MASS., USA 
BRCO UNIV. OF BRITISH COLUMBIA VANCOUVER~ CANADA 
BRIS H .H .  WILLS PHYS. LAB., U. OF BRISTOL BRISTOL, ENGLAND 
BROW BROWN UNIV. PROVIDENCE, R. I . ,  USA 
BRUX UNIV. LIBRE DE BRUXELLES BRUXELLES, BELGIUM 
BUCH BUCHAREST STATE UNIV. BUCHAREST, ROMANIA 
BUDA CENTRAL RESEARCH INSTITUTE OF PHYSICS BUDAPEST, HUNGARY 
BUFF STATE UNIV. OF NEW YORK AT BUFFALO BUFFALO, N° Y.,  USA 
CAEN LAB- DE PHYS. CORPUSCULAIRE CAEN, FRANCE 
CANB AUSTRALIAN NATIONAL UNIV. CANBERRA, AUSTRALIA 
CARL CARLETON UNIV. OTTAWA, CANADA 
CARN CARNEGIE-MELLON UNIV. PITTSBURGH, PA., USA 
CASE CASE WESTERN RESERVE UNIV. CLEVELAND, OHIO, USA 

CAVE 
CCAC 
CDEF 
CEA 
CENG 
CERN 
CHIC 
CINC 
OFT 
CNRC 
COLD 
COLU 
CORN 
Cosu 
CRAC 
CUNY 
CURl 
DARE 
DART 
DESY 
DORT 

DUKE 
DURH 
OUUC 
EDIN 
EFI 
EPOL 
ETHZ 
FIRZ 
FISK 
FLOR 
ENAL 
FDM 
FRAS 
FRAS 
FREI 
FSU 
GENO 
GESC 
GEVA 
GLAS 
GRAZ 

CAVENDISH LAB., CAMBRIDGE UNIV. CAMBRIDGE, ENGLAND 
COMMUNITY COLLEGE OF ALLEGHENY COUNTY PITTSBURGH, PENN., USA 
COLLEGE DE FRANCE PARIS, FRANCE 
CAMBRIDGE ELECTRON ACCEL. 
DEN, GRENOBLE 
EUROPEAN ORG. FOR NUC. RES* 
UNIV. OF CHICAGO 
UNIV. OF CINCINNATI 
CALIF. INSTITUTE OF TECHNOLOGY 
CANADIAN NATIONAL RESEARCH COUNCIL 
UNIV. OF COLORADO 
COLUMBIA UNIV. 
CORNELL UNIV. 
COLORADO STATE UNIV. 
INST. FOR NUCLEAR RESEARCH 
CITY UNIV. OF NEW YORK 
LABORATOIRE JOLIOT-CURIE 
DARESBURY NUC. PHYS. LAB. 
DARTMOUTH COLLEGE 
DEUTSCHES ELBKTRONEN-SYNCH. 
UNIV. DORTMUND 

DUKE UNIV. 
UNIV. OF DURHAM 

CAMBRIDGE, MASS., USA 
GRENOBLE, FRANCE 
GENEVA, SWITZERLAND 
CHICAGO, ILL . ,  USA 
CINCINNATI, OHIO, USA 
PASADENA, CALIF., USA 
OTTAWA, CANADA 
BOULDER, COLD., USA 
NEW YORK, N. Y., USA 
ITHACA~ @. Y.,  USA 
FORT COLLINS, COLD., USA 
CRACOW, POLAND 
NEW YORK, N. Y.,  USA 

PARIS, FRANCE 
DARESBURY, ENGLAND 
HANOVER, N. H . ,  USA 
HAMBURG, GERMANY 
DORTMUND, GERMANY 
DURHAM, N. C., USA 
DURHAM, ENGLAND 

UNIVERSITY COLLEGE DUBLIN, IRELAND 
UNIV. OF EDINBURGH EDINBURGH, SCOTLAND 
ENRICO FERMI INST. FOR NUCL. STUDIES CHICAGO, ILL . ,  USA 
ECOLE PDLYTECHNIQUE PARIS, FRANCE 
SWISS FEDERAL INST. OF TECHNOLOGY ZURICH, SWITZERLAND 
UNIV. OF FIRENZB FIRENZE, ITALY 
FISK UNIV. NASHVILLE, TENN., USA 
UNIV. OF FLORIDA GAINSVILLE, FLA., USA 
FERMI NATIONAL ACCELERATOR LAB. BATAVIA, ILL . ,  USA 
FOUND. FOR FUNDAMENTAL RES. ON MATTER UTRECHT, NETHERLANDS 
LAB. NAZIONALI DEL SIN£ROTRONE FRASCATI, ITALY 
LAB. NAZIONALI DEL C.N.E.N. FRASCATI, ITALY 
UNIV. OF FREIBURG FREIBURG, GERMANY 
FLORIDA STATE UNIV. TALLAHASSEE, FLA., USA 
UNIV. DI GENOVA GENOVA, ITALY 
GENERAL ELECTRIC BES. AND OEV. CENTER SCHENECTADY, N. Y.,  USA 
UNIV. DE GENEVE GENEVA, SWITZERLAND 
UNIV. OF GLASGOW GLASGOW, SCOTLAND 
UNIV. GRAZ GRAZ, AUSTRIA 
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Illustrative Key 

Abbreviations (cont'd) 

Institutions (cont'd) 

bKEN INST. OES SOl. NUL., UNIV. DE GRENOBLE GRENOBLE, ~kANCE 
GSCO GEELLGICAL SURVEY OF CANADA OTTAWA, CANADA 
HAIF TECHNION - I S R A E L  INST. OF TECHNOLOGY H A I F A ,  ISFAEL 
HAMB UNIV. HAMBURG HAMBURG, GERMANY 
HARV HARVARD UNIV. CAMBRIDGE, MASS., USA 
HAWA UNIV. OF HAWAII H O N D L U L U t  HAWAII, USA 
H E I D  UNIV. HEIDELBERG HEIDELBERG, GERMANY 
H E L S  HELSINGIN YLIOPISTO HELSINKI, FINLAND 
HOUS UNIV. OF HOUSTON HOUSTON, TEXAS, USA 

IBM I N T E R N A T I O N A L  BUSINESS MACHINES PALO ALTO, CALIF. ,  USA 

l I T  ILLINOIS INST. OF TECH. CHICAGO, I LL . ,  USA 
ILL UNIV. OF ILLINOIS URBANA, I LL . ,  USA 
ILLC UNIV. OF ILLINOIS AT CHICAGO CHICAGO, I LL . ,  USA 
I t lG  INST. LAUE-LANGEVIN GRENOBLE, FRANCE 
IND UNIV. DF INDIANA BLOCMINGTEN, IND.,  USA 

INNS PHYS.  INST. ,  UNIV. INNSBRUCK INNSBRUCK, AUSTRIA 
IOVA UNIV. OF IOWA IOWA OITY, I~WA, USA 
IPN INST. DE PHYS. NUCLEAIRE URSAY, F~ANCE 
IPNP INSTITUT DE PHYSIQUE NUCLEAIBE PARIS, FRANCE 
IPPC INST. FOE PAFTICLE PHYSICS OF CANADA MONTREAL, CANADA 
IRAD INSTITUTE DU RADIUM PARIS, FRANCE 
ISU IOWA STATE UNIV. AMES, IOWA, USA 
ITEP INST. FOR TEOR. ANO EXP. PHYS. MOSCOW, JSSR 
IuPu INDIANA U. - PURDUE U. AT INDIANAPOLIS INDIANAPOLIS, IND.,  USA 
JAGL JAGELLCNIAN U N I V .  CRACOW, POLAND 
JHU JOHNS HOPKINS U N I V .  BALTIMORE, N O . ,  USA 
JINR JOINT INS I .  FOR NUCL. RESEARCH DUBNA, USSR 
RAMS UNIV. OF KANSAS LAWRENCE, KANSAS, USA 
KARL TECHNISCHE UNIV. KARLSROHF KARLSPUHE, GERMANY 
KEK NAT. LAB FOR HIGH ENERGY PHYS., JAPAN TSUKUBA-GUN, JAPAN 
KENT KENT UNIV. AT CANTEBURY, K E N T  C A N T E B U R Y ,  ENGLAND 
KIAE KURCHATOV INST. OF ATOMIC ENERGY MOSCOW, USSR 
KIEV PHYSICAL-TECHNICAL INST. KIEV, USER 
KNTY UNIV. OF KENIUCKY LEXINGTON, KY., USA 
KCNA KDNAN U N I V .  KOBE,  JAPAN 
KENS B.P .  KCNSTANTINOV INST. OF NUCL. PHYS. USSR 
LAtE LINEAR ACCELERATOR LAB, ORSAY ORSAY, FRANCE 
LANC LANCASTER UNIV. LANCASTER, ENGLAND 
LASL  u.C. LOS ALAMOS SCIENTIFIC LAB. LOS ALAMOS, N, M., USA 
LAUS UNIV. OF LAUSANNE LAUSANNE, SWITZPROAND 

L B L  u .C .  LAWRFNCE BERKELEY LAB. BERKELEY, CALIF. ,  USA 
LCGT LAB. D, CGSMO-GEOFISICA GEL CNR TORINO, ITALY 
L E B D  LEBEDEV PHYSICS INST. MOSCOW, USSR 
LEED U N I V .  OF LEEDS LEEDS, ENGLAND 
L E H I  LEHIGH UNIV. B E T H L E H E M ,  PA., USA 
t R I O  INST. LOkENTZ LEIDEN, NETHERLANDS 
LENT INST. OF NUCL. PHYS., USSR ACAD. SCI. LENINGRAD, USSR 
LINZ L I N E  INSTITUT FUR PHYSIK, K E P L E R  HOCH. LINZ, AUSTRIA 
LIVP LIVERPOOL U N I V .  LIVERPOOL, ENGLAND 
L L L  LAWRENCE LIVERMORE LAB. LIVERMORE, CALIF. ,  USA 
LOIC IMPERIAL C O t .  OF SCI.  AND TECH. LONDON, ENGLAND 
LOQM QUEEN MARY COLLEGE L O N D O N ,  ENGLAND 
LOUC UNIVERSITY COLLEGE LONDON, ENGLAND 
LDWC WESTFIELD COLLEGE L O N D O N ,  ENGLAND 

L P N P  LAB. DE PHYS. NUCL. ET HAUTES ENERGIES PARIS, FRANCE 
LPTP LAB. OF PHYS. THEGN. ET HAUTES ENERGIES PARIS, FRANCE 
LRL U .C .  LAWRENCE BERKELEY L A B .  BERKELEY, CALIF. ,  USA 
LSU LOUISIANA STATE UNIV. BATON ROUGE, CA., USA 
LUND UNIV. I LUND L U N O ,  SWEDEN 
MADR JUNTA DE ENERGIA NUCLEAR MADRID, SPAIN 
MADU UNIV. AUTGNCME DE MADRID MADRID, SPAIN 
MANH MANHATTAN COLLEGE NEW YORK, N. Y. ,  USA 
MAN, UNIV. OF MANITOBA WINNIPEG, CANADA 
MANE UNIV. MAINZ MAINZ, GERMANY 
NASA UNIV. OF MASSACHUSETTS AMHERST, MASS., USA 
MASB UNIV. OF MASSACHUSETTS B O S T O N ,  MASS.~ USA 
MEG, MCGILL UNIV. MONTREAL, CANADA 
MCHS UNIV. MANCHESTER M A N C H E S T E R t  ENGLAND 

MELB UNIV. OF MELBOURNE PARKVILLE, AUSTRALIA 
MHCO MOUNT H O L Y [ K E  COLL. SOUTH HADLEY, MASS., USA 
MICH UNIV. OF ~]CHIGAN ANN ARBOR, MICH., USA 
MICA UNIV. DI  MILANO MILANO, I T A L y  

MINN UNIV. OF MINNESOTA MINNEAPOLIS, MINN., USA 
MIDH MIAMI UNIV. OXFORD, OHIO, USA 
NIT MASSACHUSETTS I N S J .  OF TFCHNOLOGY CAMBRIDGE, MASS., USA 
MODE ISTITUTO OI FISICA DELLA UNIVERSITA MCDENA, ITALY 
MONP UNIV. DE MONTPELLIER M O N T p E L L I E h  FRANCE 

MCNS UNIV. DE L'ETAT, MONS NONE, BELGIUM 
MENT UNIV. DE MCNTGEAL MONTREAL, CANADA 
MOSU MOSCOW STATE UNIV. MOSCOW, USSR 
MPEI  MOSCOW PHYS. ENG. INST. MOSCOW, USER 
M P I H  MAX-PLANCK-INST. FUR PHYS.-ASTROPHYS. HEIDELBERG, GERMANY 
MPIM MAX-PLANCK-INST. FUR PHYS.-ASTROPHYS. MUNICH, GPRMANY 
MSNA INS. DI FISICA DELL UNIV. MESSINA, ITALY 
MSU MICHIGAN STATE UNIV. EAST LANSING, MICH., USA 
MTHO MT. HOLYOKE COLLEGE SOUTH H A D L E Y ,  MASS., USA 
MULH CENTRE UNIV. DU HAUT-RHIN MULHOUSE, FRANCE 
MUNC UNIV. OF M U N I C H  M U N I C H ,  GERMANY 
MURA MIDWESTERN UNIV. RESEARCH ASSOC.  STROUGHTON, WISC., USA 
NAGO NAGOYA UNIV. NAGOYA, JAPAN 
NAPL UNIV. OI NAPOLI NAPOLI, ITALy 
NASA NASA, GODDARO SPACE FLIGHT CENTER GREENBELT, MD., USA 
NOAM UNIV. OF NOTRE DAME NOTRE DAMF, IND., USA 
NEAS NORTHEASTERN UNIV. BOSTON, MASS., USA 
NEUC UNIV. DE NEUCHATEL NEUCHATEL, SWITZERLAND 
NEVI N E V I S  LAB. IRVINGTON-CN-HUDSON, N.Y., USA 
NIJM R.K. UNIV. NIJMEGEN NIJMEGFN, NETHERLANDS 
NIU N O R T H E R N  I LL INL IS  UNIV. DE K A L B ,  I LL . ,  USA 
fiORD NORDISK INS. FOR IEOR. ATOMFyS. COPENHAGEN, DENMARK 
NDVO INST. OF NUCL. PHYS. NOVOSIBIRSK, USER 
NPOL N O R T H E R N  POLYTECHNIC LONDON, ENGLAND 
NRL NAVAL RESEARCH LABORATORY WASHINGTON, D.C., USA 
NWES NORTHWESTERN UNIV. EVANSTON, I LL . ,  USA 

(cont'd) 

N~U NEW YOrK UNIV. ~[W YL~, N. Y., USA 
E'HIO OHIO UNIV. ATHENS. OHIO, USA 
JREG UNIV. CF OREGCN E U G E N E ,  ORE., USA 
O~NL OAK RIDGE NAIIONAL LAB. CAK RIDGE, TENN., USA 
ORSA UNIV. DE PARISI FAG. DES SOl. DRSAY, FRANCE 
OSAK OSAKA UNIV. OSAKA, JAPAN 
DSKC OSAKA CITY UNIV. OSAKA, JAPAN 
OSLO OSLO UNIV. OSLG, NORWAy 
OSU OHIO STATE UNIV. COLUMBUS, OHIO, USA 
OTIA UNIV. OF OTTAWA OTTAWA, CANADA 
OXF OXFORD UNIV. OXFORD, ENGLAND 
PAOC UNIV. DI PADOVA PADOVA, ITALY 
PATR UNIV. OF PATPAS PATRAS, GREECE 
PAVI UNIV. D, PAVIA PAVIA, ITALY 
PENN UNIV. OF PENNSYLVANIA PHILADELPHIA, PA.,  USA 
PlEA UNIV. Dl PISA PISA, ITALY 
PITT UNIV. OF PIITSBURGH PITTSBURGH, PA., USA 
PPA PRINCETON-PENN. PROTON ACCEL. PRINCFTON, N. J . ,  USA 
PRAG INSTITUTE OF PHYSICS, CSAV PRAGUE, CZECHOSLOVAKIA 
PRIN PRINCETON UNIV. PRINCETON, N. J . ,  USA 
PUBD PURDUE UNIV. LAFAYETTE, IND., USA 
REHO WEIZMANN INST. OF SCh REHOVOTH, ISRAEL 
RHEL RUTHERFORD HIGH ENERGY LAB. CHILTGN, DID. ,  BERKS.I ENGLAND 
RISO RESEARCH ESTAB. BISG RGSKILDE, DENMARK 
ENOS ROYAL MILITARY COLLEGE OF SCIENCE SHRIVENHAM, ENGLAND 
KOCH UNIV. OF ROCHESTER ROCHESTER, N. Y . ,  USA 
~OCK ROCKEFELLER UNIV. NEW YORK, N. Y. ,  USA 
BONA UNIV. DI  BONA ROMA, ITALY 
ROSE ROSE POLYTECHNIC INST. TEPRE HAUTE, IND., USA 
KUTG RUTGERS UNIV. NEW BRUNSWICK, N. J , ,  USA 
SAUL CNTR. D, ETUDES NUC. SACLAY GIF-SUR-YVETTE, FRANCE 
SAGA SAGA UNIV. SAGA, JAPAN 
SANI IST. SUPER,ORE O, SANITA RBMA, ITALY 
SBER SAN BERNARD[NO STATE COLLEGE SAN BERNAEDINO, CALIF. ,  USA 
SEAT SEATTLE PACIFIC CELLEGE SEATTLE, WASH., USA 
SEIB RESEARCH CENTER SEIBERSDORF VIENNA, AUSTRIA 
SERP INST. OF HIGH EN. PHYS. SPRPUKOV, USSR 
SETO SCION HALL UNIV. SOUTH ORANGE, N. J . ,  USA 
SFLA UNIV. OF SOUTH FLORIDA TAMPA, FLA.,  USA 
SHEF UNIV. OF SHEFFIELD SHEFFIELDI ENGLAND 
SHMP UNIV. OF SOUTHAMPTON SOUTHAMPTON, ENGLAND 
SIEG GESAMTHOOHSCHULE SIEGEN HUTTENTAL, GERMANY 
SLAC STANFORD LINEAR ACCEL. CENTER STANFORD, CALIF. ,  USA 
SMAS SOUTHEASTERN MASSACHUSETTS UNIV. NORTH DARTMOUTH, MASS., USA 
SOFT BULGARIAN ACAD. OF SCI.  SOFIA, BULGARIA 
S T A N  STANFORD UNIV. STANFORD, CALIF. ,  USA 
STEV STEVENS INST. OF TECH. HOBOKEN, N.  J . ,  USA 
STLO ST. LOUIS UNIV. ST. LOUIS, MO., USA 
SIGH STOCKHOLM UNIV. STOCKHOLM, SWEDEN 
STON STATE UNIV. OF NEW YORK AT STONYBRDOK STONYBROOK, L . I . ,  N. Y . ,  USA 
STRB CENTRF DES RES. NUCLEAIRES STRASBOURG, FRANCE 
SUSS UNIV. OF SUSSEX FALMER, BRIGHTON, ENGLAND 
SYRA SYRACUSE UNIV. SYRACUSE, N. Y . ,  USA 
TATA TATA INST. OF FUNDAMENTAL RESEARCH BOMBAY, INDIA 
TELA UNIV. OF TEL-AVIV TEL-AVIV, ISRAEL 
TEMP TEMPLE UNIV. PHILADELPHIA, PA.,  USA 
TENN UNIV. OF TENNESSEE KNOXVILLE, TENN., USA 
TEXA UNIV. OF TEXAS AUSTIN, TEXAS, USA 
TMSK NUCL .  PHYS. INST., TOMSK POLYTECH INST. TOMSK, USS~ 
INTO UNIV. OF TORONTO TORONTO, CANADA 
TOHO TOHOKU U N I V .  S E N D A l ,  JAPAN 
TORY UNIV. OF TOKYO TOKYO, JAPAN 
TORT UNIV. D, TORINO TORING, ITALY 
TRIU TRIUMF, UNIV. OF BRITISH COLUMBIA VANCOUVER, CANADA 
TRST UNIV. O I  T R I E S T E  TRIESTE, ITALY 
TUFT TUFTS U N I V .  MEDFORD, MASS., USA 
TWAS WASEDA UNIV. TOKYO, JARAN 
UBEL UNIV. OF BELGRADE BELGRADE, YUGOSLAVIA 
UCB UNIV. OF CALIF. AT BERKELEY BERKELEY, CALIF.*  USA 

UCO UNIV. OF CALIF. AT DAVIS DAVIS, CALIF. ,  USA 
UCI UNIV. OF CALIF. AT IRVINE IRVINE, CAL[F. ,  USA 
UCLA UNIV. OF CALIF. AT LOS ANGELES LOS ANGELES, CALIF. ,  USA 
UCND UNION CARBIDE NUCLEAR DIVISION OAK RIDGE. TENN., USA 
UCR UNIV. OF CALIF. AT RIVERSIDE RIVERSIDE, CALIF. ,  USA 
UOSB UNIV. OF CALIF. AT SANTA BARBARA SANTA BARBARA, CALIF. ,  USA 
UCSC UNIV. OF CALIF. AT SANTA CRUZ SANTA CBU~, CALIF. ,  USA 
UOSD UNIV. OF CALIF. AT SAN DIEGO LA JDLLA, CALIF. ,  USA 
UND UNIV. OF MARYLAND COLLEGE PARK, NO., USA 
UNCS UNION COLL. SCHENECTADY, N. Y . ,  USA 
U P N J  UPSALA COLLEGE EAST ORANGE, N. J . ,  USA 
UPPS GUSIAF WERNER INST[TUTE UPPSALA, SWEDEN 
UTAH UNIV. OF UTAH SALT LAKE CITY, UTAH, USA 
UTRE UNIV. OF UTRECHT UTRECHT, NETHERLANDS 
VAND VANDERBILT UNIV. NASHVILLE, TENN., USA 
VICT UNIV. OF VICTORIA VICTORIA~ CANADA 
VIEN INST. FOR HIGH EN. PHYS., A. A .S .  VIENNA, AUSTRIA 
VILL SWISS INST. OF NUCLEAR RESEARCH VILLIGEN, SWITZERLAND 
VIRG UNIV. OF VIRGINIA CHARLOTTESVILLE, VA. ,  USA 
VPI VIRGINIA POLYTECHNIC INST. BLACKSBURG, VA.,  USA 
WARS UNIV. OF WARSAW WARSAW, POLAND 
WASH UNIV. OF WASHINGTON SEATTLE, WASH., USA 
WIEN UNIV. WIEN WIEN, AUSTRIA 

WILL COLLEGE OF WILLIAM AND MARY WILLIAMSBURG, VA.,  USA 
WISC UNIV. OF WISCONSIN MADISON, RISE.,  USA 
WOOD WOODSTOCK COLLEGE WOODSTOCK, NO., USA 
WUPG GESAMEHOCHSCHULE WUPPERTAL WUPPERTAL GERMANY 
WUPP UNIV. WUPPERTAL WUPPERTAL, GERMANY 
WUSL WASHINGTON UNIV. ST. LOUIS, MO., USA 
WYOM UNIV. OF WYOMING LARAMIE, WYOMING, USA 
YALE YALE UNIV. NEW HAVEN, CONN., USA 
ZEEM ZEEMAN LAB., UNIV. OF AMSTERDAM AMSTERDAM, NETHERLANDS 
ZURI UNIV. ZURICH ZURICH, SWITZERLAND 
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0 GAMMAIO,J=I) 

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

0 GAMMA MASS ( IN UNITS OF [ 0 " * - 21MEV)  

M P (6.} OR LESS PATEL 65 SATELLITE DATA 10169 
M 6. OR LESS GINTSBURG 6~ SATELLITE DATA .I0/69 
M 2.3 OR LESS GOLDHABER 68 SATELLITE DATA 10/69 

F 40.06I  OR LESS FRANREN 71 LOW FREQ RES CIR 3172 
TO. OR LESS WILLIAMS 7 I  CNTR TESTS GAUSS LAW 3/71 

M (4 .E- I3 IMEV OR LESS  LOWENTHAL 73  GENL RELATIVITY 8177 .  
M 0 .73  OR LESS HOLLWEG 74 ALFVEN WAVES 7 /7~  
M 0.6 OR LESS CL=.gD7 DAVIS 75 JUPITER MAGFIELD 1178" 
M F INVALID MEASUREMENT. SEE CRITICISM IN KROLL 71 AND GOLDHABER 71. 8178" 

REFERENCES FOR GAMMA 

GINISBUR B4 SOV. ASTR.AJ7 536 M. A. GINTSBURG (ACAD SChUSSR) 
PATEL 65 PL 1~ 105 v . L .  PAFEL {DURHAM{ 
GOLD, ABE 68 PRL 21 567 A. GOLDHABER,M. NIETD (STONY BROOK) 
FRANKEN 7 [  PRL 26  I15 P A FRANKEN, G w AMPULSKI (MICH] 
WILLIAMS 71 PRL 26 721 +FAILER,HILL (WESLEYAN) 

LCWENTHA 73 PR DB 2549 D.G.LOWENTHAL {UCI]  
HDLLWEG 74 PRL 32 9 6 1  J V HOLLWEG (NATL CENTER FOR ATMOS RESRCH| 
DAVIS 75 PRL 35 I~02 +GOLOHABER,N IETO (C[T+STON+LASLI 

PAPERS NOT REFERRED TO IN  DATA CARDS 

GOLDHABE 71 RMP ~3 277  A S GOLDHABER, M M NIETD {STON+BOHR+OCSB) 
KROLL 71 PR I  26  1395 N M KROLL (SLAC)  
BYRNE 77 ASI .SP.SCI .46 I15 J .C .BYRNE ( lO IC l  

F ~  i E-NEUTRINOIO,J=I/2| 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I E-NEUTRINO MASS (KEV I  

M (0.251 DR LESS LANGER 52 CNTR ANTI-NEUT.(TRITIUM) 
R I 0 . 5 0 {  OR LESS HAMILTON 53 CNTR ANTI-NEUT.(TRITIUM|. I / /73 
M ( 0 . 55 I  ( 0 . 281  FRIEDMAN 58  CNTR ANTI-NEUT.(TRITIUM} 
M 4.1 OR LESS CL=.67 BECK 68 CNTR NEUTRINO(SODIUM 221 iI173 
M D 0 .5  OR LESS CL=.90 DARIS 69  CNTR ANTI-NEUT.(TRITIUM) L i l T3  
M 0.32 DR LESS CL= .9O  SALGO BQ CNTR ANTI-NEUT.ITRITIUM) 11 /73  
M 0 .06  OR LESS CL=.90 BERGKVIS 72 CNT ANTI-NEUT.(TRITIUM{ 11 /73  
M (O=OOB]DR LESS COWSIK 72  THEOR.LIM.FROM COSMOLOGY 3 / l ~  
M 0.086 OR LESS CL=.90 RODE 72 CNTR ANTI-NEUT.(TRITIUM) 11173 
M D OARIS  69 VALUE .075KEVICL=.G7} DISAGREES WITH F IG.6 .  WE USE F IG .6 .  I I / 73  

M C 450. OR LESS CL=.DO CLARK 74  ASPK RE3 DECAY 11175  
M C LOWEST LIMIT FROM STRANGENESS CHANGING DECAY. I I / 75  

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

I (E-NEUTRINO) - (E-ANTINEUTRINOI MASS DIFF .  [KEV) 

DM 450 .  DR LESS CL=.90 CLARK T4 ASPK KE3 DECAY 11175 

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

I E-NEUTRINO HEAN LIFE/MASS {UNITS SEC/EV) 

T R 3 .  E 2 OR MORE REINES 74 CNTR ANTI-NEUTRINO 3•78* 
T R REINES 7~ LOOKED FOR E-ANTINEUTRINO OF NON-ZERO MASS DECAYING TO 3 /78*  
T R A NEUTRAL OF LESSER MASS ÷ GAMMA. USED LIQUID SCINT. DETECTOR NEAR 3 /78"  
T R FISSION REACTOR. FINDS LAB LIFETIME 6.17 SEC OR MORE. ABOVE VALUE 3178" 
I R OF MEAN LIPE/MASS ASSUMES AVG. EFFECTIVE NEUTRINO ENERGY OF 0.2MEV* 3 /78*  

LANGER 52 PR 88 889 
HAMILTON 53 PR 92 1521 
FRIEDMAN 58 PR 109 2214 
BECK 68 ZPHY 216 229 
DARTS 69 NP A138 545 
SALGO 69 NP AI3B 417 

BERGKVIS 72 NP B39 317  
CDWSIK 72 PRL 29 6Bg 
RODE 72 LNC 5 139  
CLARK 74 PR 09 533 
REINES 74 PRL 5Z 180 

ALSO 78 PRIVATE COMM. 

REFERENCES FOR E-NEUTRINO 

L M LANGER,R J O MOFFAT I [NDIANAI 
O HAMILTCN,W P ALFORD,L GROSS (PRINCETON) 
LEWIS FRIEDMAN,LINCOLN G SMITH (BHLI  
E BECR,H DANIEL (MPIH] 
R DARIS,C ST-PIERRE (LAVAL-QUEBEC) 
R C SALGO,H H STAUB IZURICH) 

KARL-ERIK BERGKVIST (UNIV SIDCNHOLM) 
R CDWSIK,J ME CLELLANO (UCBI 
B RODE,H DANIEL (NUNICH+MPIH) 
+ELIOFF,FRISCH,JOHNSON,KERTH,SHEN+ ( lBL )  
+SOBEL,GURR (UCI) 
v .  BARNES [PURD) 

r ~  8 ELECTRONIO .5 , J= I / 2 )  

5 ELECTRON MASS (MEV) 

M 1.51100611.000021 COHEN 65 RVUE 
M 1.51100411.00000161 TAYLOR 69 RVUE US ING NEW EIH 
M .5110034 .0000014 COHEN 73  RVUE 

3 ELECTRON MEAN LIFE (UNITS 10 " ' 21YR)  

T 2.0 OR MORE MOE 65 CNTR 
T S 5.3 OR MORE STEINBERG 75 CNTR 
r s STEINBERG 75 SENSITIVE TO ALL DECAY MODES IN WHICH DECAY PARTICLES 
T S ESCAPE FROM DETECTOR WITHOUT DEPOSITING ENERGY. TEST OF CHARGE 
T S CONSERVATION. 

7 /70  
3 /7~  

b/66 
2176  
2176 
2176  
2 /76  
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Data Card Listings 
For notation, see key at front of Listings. 

3 ELECTRON MAGNETIC MOMENT(E/2ME) 

MM SEE RICH 72 FOR A REVIEW OF THEORY AND EXPERIMENTS. 3/74 
MM (LOOL16001 + - (2~ I~ I0~ -7  SCHUPR 61 CNTR - 
MM (1 .001159682 |  + - ( 27 )=10*= -9  WILKINSON 63  CNTR - 8/66 
MM ( l,OOll6B) + - (22 )~ i 0 "~ -6  RICH 8 6  CNTR + POSITRON 8/66 
MM R (1.001159557) + - (B0 )~ I0 *~ -9  RICH 68 CNTR - 6 1 6 8  
MM (I.OOIISQB389}+-(31}~IO*~-10TAYLOR 69 RVUE . 2171 
MM (I.00115964~) + - (7 )~  lO~ -g  WESLEY 70  CNTR 6170  
MN ( L .OOt [596E77 }+ - I 35 ]# lO=~ - lOWESLEY 71CNTR - 2172  
MM ( ) . 00L ib03 )  +-(12]*I0"~-7 GILLELAND 72 CNTR + 2/72 
MM (I.OOII596567)+-{35)~IO~-lOCGHEN 73  RVUE 3174  
M~ (1.001159667) + - (24 ) *10~* -9  WALLS 73 CNTR - BOLOMETRIC TECHN l I / 77~  
MM I .OOI ISR65241+- (20)* IO~- [ IVANDYCK 77  CNTR S INGLE ELECTRON 12177~ 
MM R RICH 68 IS REEVALUATION OF WILKINSON 63. 

DMM (E+ ANOMALOUS MAG MOM)- (E- ANOMALDOS HAG MOMI/AVG UNITS I 0 " : - 5  
DMM 1.0 OR LESS CL=.D5 SEREBNYAK 77 CNTR 6177~ 

REFERENCES FOR ELECTRON 

SCHUPP 61 PR 121 i A A SCHUPP,R W PIOO,H R CRANE iMICH) 
WILKINSO 63 PR 130 852 O T WILKINSDN,H R CRANE (MICH) 
COHEN 65 RMP 37 537 CCHEN,DUMOND (N.A.AVIATIDN SCI.CENTER÷CIT) 
HOE 65 PR I40 B 992 M K MOE,P REINES (CASE INST TECHNOLOGY) 

RICH 66 PRL I7  271 A R ICH,  H R CRANE IMICH) 
RICH 68 PRL 20 967 A RICH (MICH) 
TAYLOR 69 RMP 41 375  +PARKER*LANGENBERG iPRIN+UCI+PENN) 
WESLEY 70 PRL 24 1320 J c WESLEY,A.RICH (MICHI 
WESLEY 71PR A4 1341 J C WESLEY,A RICH IMICH) 
GILLELAN 72 PR A5 38  J GILLELAND,A RICH (MICH) 
RICH 72 RMP ~-~ 250 A RICH,J C WESLEY (MICH) 

COHEN 73 J.PHYS.CHEM.REE.OATA 2, P.663, E.R.COHEN,B.N.TAYLDR 
WALLS 73 PRL 31 975 F.L.WALLS,T.S.STEIN (WASH) 
STEINBER 75 PR D12 2582 STEINBERG,KWIATKOWSKI,MAENHAUT,WALL (UMD) 
SEREDNYA 77 PL 6BB 102 SEREDNYAKOV,SIDOROV,SKRINSKY+ INOVO) 
VANDYCK 77 PRL 38 310 +SCHWINBERG~DEHMELT {WASH) 

F ~  2 MU--NEUTRI NO(O,J=I/2) 

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

2 NO-NEUTRINO MASS (MEV) 

M 3.5 OR LESS BARKAS 56 EMUL 
M 4 .0  OR LESS DUDZIAK 59  CNTR 
M 3 .6  OR LESS FEINBERG 63  RVUE 7/bb 
M 3.0 OR LESS ALLCDCK 65 RVUE 7/66 

2.5 OR LESS BARDON 85 ASPK M 

M 2.8 OR LESS CL=.O0 SHAFER 65 CNTR 5171 
M 1 . 6  OR LESS CL=.DG BOOTH 67  CNTR 3 / 6 8  
M 2.2 OR LESS CL=.9O HYMAN 67 HEBC O. K-  HE I I 167  
M B M ( i . 2 )  OR LESS CL= ,90  BACKENSTO 71 CNTR M~2=-1 .28+-1 .24  IO IT l  
N S L.15 OR LESS CL=.90 SHRUM 7[ CNTR M* .2= - [ . 55+ - I . [ 4  12171 

(B EV) OR LESS COWSIK 72 THEOR.LIN.PROM COSMOLOGY 317~ 
B M 1.15 OR LESS CL=.90 BACKENSTO 73 CNTR M*~2=-0.29+-0.90 1/73 

M 0.65 OR LESS CL=.9O CLARK 7~  ASPK KMU3 DECAY 7 /74  
M DM (1 .0 )  OR LESS CL= .O  DAUM 76 SPEC M~*2=  0 .23+-0 .54  1/76 
M D 0 ,57  OR LESS CL= ,90  DAUM 78  SREC M**2=  0 ,13+ -0 .14  3178~  
M M WE CALCULATE UPPER LIMIT AT CL=.90 FROM M**2. 1/76 
M B BACKENSTOSS 78 REPLACES BACKENSTOSS 71 AND USES THEIR NEW P I -  MASS. [173 
M S SHRUM 71  USES SHAFER 67 E l -  MASS VALUE AND CRANE 71 MU MASS VALUE. I173 
N D DAUM 78  REPLACES OAUN 76 .  EVALUATED USING M(P I I=139 .SB fS÷ -O .O013  3 /78~  
M D AND MIMU)= IO5 .65968~ -O .00088 .  R .  FROSCHt PRIVATE COMM. 3178  # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 {MU-NEUTRINO} - (MU-ANTINEUTRINOI MASS DIFF. (MEV) 

ON 0.~5 OR LESS CL=.go CLARK 74  ASPK KMU3 DECAY l [175  

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

2 MU-NEUTRIND MEAN LIFE/MASS (UNITS SEC/EVI 

T B 0 3.  E-3 OR MORE CL=.90 BELLGTTI 76 HLBC NEU~ CERN GARGAMELL l i FO*  
I B 1 1.31-2 OR MORE CL=.90 BELLGTTI 76  HLBC ANTINEU, CERN GARG 1/78*  
T B O 2.2E-3 OR MORE CL=.90 BARNES 77 DBC NEU, ANL I2FT. LlTB~ 
T C (1 .  EITI OR MORE COWSIK 77 RVUE ASTROPHYSICS I 2 / 77 "  
T B THESE EXPERIMENTS LOOK FOR NEU(MU) - ->  NEU(E) GAMMA. I I7B~ 
T C COWSIK 77 REFERS TO RADIAFIVE DECAY OF EITHER NEUE DR NEUMU. 12 /77~  

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

2 M U-NEUTRINO VELOCITY-C; ABS(I V-Of/C) {UNITS 10~ -~ )  
EXPECTED TO BE ZERO FOR MASSLESS NEUTRINO 

v 77 2.0 OR LESS CL=.D9 ALSPECTOR 76 SPEC >50GEV NEU, K DECAY 1/78= 
V 26  4 .0  OR LESS CL=.O9 ALSPECTOR 76 SPEC <50GEV NEU, PI DCAy l iFO*  

BARKAS 56 PR 101 ??B 
OUOZIAK 59 PR I [ ~  336 
FEINBERG 63 ARNS I3  431 
ALLCDCK 65 PPSL 85  875  
BARDON 65 PRL 1~ 44g 

SHAFER 65 PRL L4 923  
BOOTH 67 PL 26B 39  
HYMAN 67 PL 25B 376 
BACNENST 71 PL 3bB 403  
SHRUM 7 [  P l  37B 114 
COWSIK 72 PRL 29 669  
BACRENST 73  PL 43B 539  

CLARK 74 PR D9 533 
ALSPECTO 76 PRl  36  837  
BELLOTTI  7b LNC | 7  553  
DAUM 76 PL 60B  380 
BARNES 77 PRL 38 1049 
COWSIK 77 PRL 39  784  
DAUM 78 PL - TO BE POOL. 

REFERENCES FDR MU-NEUTRINO 

H BARKAS,W BIRNBAUM,F M SMITH (LRL} 
F DUDZIAK,R SAGANE,J VEDDER (LRL) 

G FEINBERG, L M CEDERMAN (COLUMBIA) 
G R ALLCOCK (LIVERPCOL) 
BARDON,NbRTON,PEOPLES + (COLU+STDNY BROOK] 

R E SHAFER.CROWE,JENKINS (LR1) 
BOOTH, JGHNSON,WILLIAMS,WORMACD ILIVEREOOL) 
÷LOKEN, PEWITTtMCKENZ[E÷ (ANL+CARN÷NWES) 
BACKENSTGSS,DANIEL, KOCH÷ (CERN,KARL,HEIOI 
E V SHRUM,K 0 H Z IOCK IUNIV OF VIRGINIA) 
R COWSIK,J MC CLELLANO IUCB} 
BACKENSTOSS,DANIEL,KOCH+ (CERN+KARL+MUNICH) 

÷ELIOFF,FRISCH,JDHNSON,KERTH,SHEN ÷ ILBLl  
ALSPECTOR ÷ (BNL+PURD+CIT÷FNAL÷ROCKI 
+CAVALLI,FIDRINI,ROLLIER (MILA) 
+DUBAL,EATON,FROSCH,MCCULLOCH÷ (VILL÷ETHZ) 
+CARMONY,DAUWE~FERNANDEZ + IPURD+ANL) 
R. COWSIK IMPIM) 
÷EATON, FROSCH~HIRSCHMANN~MC CULLOCH÷ (V ILL I  
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Data Card Listings 
For notation, see key at front of  Listings. 

Stable Particles 

F ~  4 MUCNIIOB.J=I/2) 

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

4 MOON MASS (MEV)  

[ I 05 .B591  (0 .002 )  FEINBERG 63  RVUE 
1105.6599I (0.0014) TAYLOR 09 RVUE USING NEW EIH 7/70 

M C (105.6597) (0.0005) CRANE 71CNTR INCLUDED IN COHEN73 1/73 
M 0 [L05 .6594 I  (0.0004} CROWE 72 CNTR INCLUDED IN COHEN73 2/7Z 
M 105 .65948  0 .00035  COHEN 73  RVUE 

CASPERSON 77 CNTR + 
5174  

M A 105.65945 0 .00033  12/77~ 
M C CRANE 71 GIVES MU/ME=Z06 .76878 (85 ) .  WE USE ME=.SIlOO41(16)MEV. 1/73 
M D CROWE 72 GIVES MUINE=206.7682[5) AND USES ME=.SILOO41(I6)MEV. 1173 
M A CASPERSON 77 GIVES MUIME=206.76859IZBI.WE USE ME=.SIIOO34[L4)NEVo [2 /77~  

AVG 10;.~5;46 "0:00024 AVERAGE )ERROR INCLUDES SCALE FACTOR OF 1.01 
M STUOENTI05.65946 0.00020 AVERAGE USING SIUDENTIO(HII.11) - -  SEE MAIN TEXT 
M FIT 105 .65946  0.00024 FROM FIT )ERROR INCLUDES SCALE FACTOR OF [ .OI 2/78* 

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

4 NUON MEAN LIFE (UNITS io~*-BI  

2.198 0.001 0 .0O l  FARLEY 62  CNTR 
2.203 0.004 LUNDY 62 CNER CONLEV=.DB 11/67 

T 2.202 0,003 0.003 ECKHAUSE 63 CNTR 
T 2 . I 97  0 .005  0 .002  MEYER 63 CNTR + 
T 2.198 0.002 0.002 MEYER 63 CNTR - 7 /66  
T W (2.20026I(0.00081) WILLIAMS 72  CNTR Z /76  
T 2 .1973  0 .0003  DUCLOS 73  CNTR + I I 7 6  
T 2 .19711  0.00008 BALANDIN 74  CNTR + I /TO  
T W WILLIAMS 72 MEAN LIFE MEASUREMENT WAS NOT THE PRIMARY PURPOSE OF 1176 
T W THEIR EXPERIMENT AND DISAGREES STRONGLY WITH LATER EXPTS. NOT AVGD. l iT6 
T . . . . . . . . .  
T AVG 2.197134 0.000077 0.000077 AVERAGE (ERROR INCL. SCALE FACTOR OF i .  OI 
T STUDENT 2.197133 0.000084 0.000084 AVG BY STUOENTIO(H/I.II) ~- SEE MAIN TEXT 

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

4 MU+IHU- MEAN LIFE RATIO 

0T L.O00 0.001 MEYER 63 CNTR MEAN LIFE MU*/MU- 7/66 

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

4 MUON ANOMALOUS MAGN. MOMENT (IO~*-6~E/I2*HU MASS() 

NM SEE RICH 72 AND COMBLEY 74 EOR A REVIEW OF THEORY AND EXPERIMENTS. 
NM (I162.0) (5.0)  CHARPAK 62 CNTR * 
NM B (1165.75) (0.71) BAILEY 68  CNTR + STOR. RINGS 5/69 
MR B (1166.25I (0 .24 )  BAILEY 68 CNTR - STOR. RINGS 5 /69  
NM B ERRORS STATISTICAL* VALUES COMBINED TO GIVE MU+- VALUE BELOW 5/69 
~N I [66 .16 0.31 BAILEY 6B CNTR +- STOR. RINGS 5/69 
MM 1060. 67. HENRY 69  CNTR + IlTT* 
MR A ILI05.805) (0.027) BAILEY 75 CNTR + STORAGE RING 11/75 
NM A I165.922 0.009 BAILEY 77  CNTR +-  STORAGE R ING 11177*  
MR A BAILEY 77 INCLUDES RESULTS OF BAILEY 75. I I / 77 ,  
MN . . . . . . . . .  
NN AVO II65.9222 0.0090 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ - 0 )  
NN STUDENT|T65.9222 0 ,0097  AVERAGE USING STUDENTIO(H / I . [ I )  - -  SEE MAIN TEXT 

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

MU~N TO PROTON MAGNETIC MOMENT RATIO 

MMR THIS RATIO IS USED TO OBTAIN PRECISE VALUES OF THE MUON MASS. 3/72 
NNR SEE CRONE 72 .  3/7Z 

(3.1805( (.0022) COFFIN 58 CNTR + SPIN RESONANCE 2/72 MMR 
MMR (3 . ]830I  (oOOIL) LUNDY 58 CNTR + PRECESSION STR08 2/72 
NMR 13.176I (o013 |  LUNDY 58 CNTR - PRECESSION STROB Z172 
MNR (3 .18341  [.0002) GARWIN 60  CNTR + PRECESSION PHASE 2172 
MNR ( 3 . 16336 I  (.000071 BINGHAM 63  CNTR + PRECESSION STROB 2 /72  
MMR (3.1POOl (.0004l BINGHAN 63 CNTR - PRECESSION STROB 2/72 
MMR (3.183381 (.00004) HUTCHINS 63 CNTR + PRECESSION PHASE 2/72 
MMR D (3 . I 83351 ) ( , 000016 )  EHRLICH 69  CNTR HFS SPLITTING 2 /72  
MNR C (3*183314I(.0000341 THOHPSON 6~ CNTR HFS SPLITTING 2/7Z 
NMR (3.183330)(.000044] HUTCHINS 70 CNTR + PRECESSION PHASE 2/72 
NMR H t3 .183347 I i .OOOOOg l  HAGUE TO CNTR + PRECESSION PHASE 2/72 
MNR C |3.183336)(.0000131 CRANE 71CNTR HFS SPLITTING 2/72 
NMR D (3 .183349 ) ( , 000015 )  OEVOE 71CNTR HFS SPLITTING 1 /73  
NNR F (3.180326I(.000013) FAVART 7l CNTR HFS SPLITTING 2/T2 
MMR N 13.1833467(.00000821 CROWE 72 CNTR + PRECESSION PHASE 2/72 
MNR R THE RESULTS THROUGH 1972 ARE INCLUDED IN COHEN 73. 3/74 
MMR R 3 .1833402  . 0000072  COHEN 73  RVUE B /74  
MMR 3.1833299 °0000025 CASPERSON 75 CNTR 2 /76  
NMR 3.1833403 .0000044 CASPERSON 77 CNTR + HFS SPLITTING 12177* 
HMR C CRANE 71 SUPERSEDES THOMPSON 69 .  THIS IS NOT A DIRECT MEASUREMENT. 1 /73  
MMR H CROWE 72 SUPERSEDES HAGUE 7O.  
MMR F FAVARI 71 ASSUMES A ZERO VALUE FOR THE PROTON POLARIZABILITY. 1/73 
MMR 00EVOE 7I  SUPERCEOES EHRLICH 69 .  TH IS  IS NOT A DIRECT MEASUREMENT. 1 /73  
NMR 0 WE GIVE A NEW VALUE WHICH CONTAINS A THEORETICAL CORRECTION OF [ /73 
NMR 0 -7 .8+ -2 .3  PRM. AS DISCUSSEO IN FOOTNOTE 35A  OF CROWE 72. 1/73 
NMR . . . . . . . . .  
NMR AVG 3o18333310.0000004 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6) 
NMR STUOENTB.18333300.O000027 AVERAGE USING STUOENTlO(H/1o11I - -  SEE MAIN TEXT 

(SEE IDEOGRAM BELOW ) 

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

4 NUON PARTIAL DECAY MODES 

DFCAY MASSES 
P( MUDN INTO E ANT((E-NEU) (MU-NEU) .5+ O÷ 0 
P2 MUDN INTO E 2GAMMA . 5+  0÷ 0 
P3 MUON INTO 3ELECTRONS .5+  . 5+  . 5  

NUON INTO E GAMMA .5+ o P4 
P5 MUON INTO E [E -NEU)  ANTI(ML~NEU) .5+ O+ 0 
P6 MUON INTO E ANTI(E-NEUI {MO-NEU) GAMMA .5+ O+ O+ 0 

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

4 MUON BRANCHING RATIOS 

R( MUON INTO E+2GAMMA (IN UNITS OF I 0 , * - 5 )  (P21 f (P I )  
RZ 1 .6  OR LESS CL=*?O FRANKELI  63  OSPK + 
R IP  0.4 OR LESS CL=oDO POUTISSDU 74  CNTR + 12/75 
R IP  PQUT[SSOU 74 LIMIT APPLIES TO SUM OF ALL NEUTRINOIESS MU+ OECAYS. 1/76 

UEIGHTEO QUERnGE = 3 . i 833331  ± 0 .0000034  

ERROR SCOLED BY 1 .G 

CHISQ 

~ 
~ I ' ' ' ' C A S P E R S O N  77  CNTR 2 .7  

. . . . . . . .  ~ ' - 'COSPERSDN 75  CNTR 1 ,6  

• .l ~ 73  RUUE 5.31'0 

(CDNLEU 
3 , iB33  3 .1033  3 .1~33  3 .1033  3 .1034  = 0 , 0 2 1 )  

MUON TO PROTON MQGNETIC MOMENT RRTIO 

R2 MUON INTOoBE5 TIN UNITS OF I0"* -71 (P3)/ (P[)  
R2 F . OR LESS CL=.90 PARKER 62 CN7R 
R2 F 1.3 OR LESS CL=.90 ALIKHANOV 62 OSPK 

R2 F 1.5 OR LESS CL=.90 FRANKEL2 63 CNTR 
R2 E 1.2 OR LESS CL=.90 OABAEV 63  OSPK 
RZ K 0.062 OR LESS CL=.90 KORENCH2 7 [  OSPK 2/72 
RZ K O .O lq  OR LESS CL~ .90  KORENCHEN 70  SEER ÷ 6777*  
R2 F FOUR ABOVE EXPERIMENTS EVALUATED UPPER lIMITS ASSUNING A SECOND 

R2 F ORDER V-A NEUTRINO LOOP DIAGRAM. LIMITS NOT SIGNIFICANTLY CHANGED 
R2 F BY ASSUMING A CONSTANT MATRIX ELEMENT. 
R2 K THESE EXPERIMENTS ASSUME A CONSTANT MATRIX ELEMENT. 10/77" 

R3 MUON INTO E+GAMMA (IN UNITS OF 10"*-8) IP4 I I (P I I  
R3 4.3 OR LESS CL=.gO FRANKELI 63 OSPK 
R3 2.2 OR LESS CL=.gO PARKER 64 OSRK 
R3 2.9 OR LESS CL=.90 KORENCHI 710SPK + IO/Ti 
R3 0.36 OR LESS CL=,90 OEPOMMIER 77 CNTR + I217T* 

R4 MUON+ INTO IE+  {E -ANT INEU)  (MU-NEUI )  (PS I / (P I )  
R4 FORBIDDEN BY ADDITIVE CDNSEKVATIVATION LAW FOR MUON NUMEER. 
R4 BULTIPLICAIIVE LAW PREDICTS R4=0.5 
R4 0.25 OR LESS CL=.90 EICHTEN 73 HLBC + ii/75 

R5 HUON INTO E ANTIIE-NEU} (MU-NEUI GAMMA IP61/(PI}  1/78" 
R5 27 EVENTS SEEN ASHKIN 59 CNTR 1/78* 
R5 1.4E-2 0.4E-2 CRITTENDE 6L CNTR T(GAM) OT LO NEV 1/78" 
R5 3.3E-3 1.3E-3 CRITTENOE 61 CNTR TIGAMI OT 20 MEV 1/78" 
R5 062 EVENTS SEEN BOGART 67 CNTR T(GAN( GT IN.B MEV 1/78" 

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

4 MUON DECAY PARAMETERS 

RELATED TEXT SECTION V( A 

RHG RHQ PARAMETER (V--A THEORY PREDICTS R~=O.?51 
RHO C I0.741) (0.027) OUOZIAK 59 CNTR + 20-53 MEV E+ [0769  
RHO P9213  0 .745  0 .025  PLANO 60  HBC + WHOLE SPECTRUM i0 /69  
RHO P TWO PARAMETER FIT TO RH6 ANO ETA. 
RHO C 2276  I0.7511 (0.834) BLOCK 62 HEBC - WHOLE SPECTRUM i0169 
RHO D (0.64I  (0.04) BARLOW 64 CNTR - WHOLE SPECERUM 10/69 
RNO O 10.66[) (0.0161 BARLOW 64 CNTR ÷ NHOLE SPECTRUM 10/69 
RHO D (0.807) (0.035) PONTECORV E4 CC - 10/69 
RHO 0 RESULTS IN DOUBT. 10/69 
RHO C 800K  (0 .7503 )  10 .0026 )  PEOPLES 66  ASPR + 20 -53  MEV E+ [ 0169  
RHO C 280K  (0 .160 )  ( 0 . 009 )  SHERWOOD 67  ASPK + 25 -53  NEV E+ 10169  
RNO C I70K ( 0 . 76Z l  I0 .008~ FRYBERGER 60  ASPN + Z5 -53  NEV E+ 10/69 
RHO C ETA CONSTRAINEO =0. THESE VALUES INCORPORATED INTO A TWO PARAMETER 
RHO C FIT TO RHO AND ETA OY DERENZO 69. 
RHO 0.7518 0.0026 DERENZC 69 RVUE 10169 
R~O . . . . . . . . .  
RHO AVG 0.73t7 O.OOZ6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0l 
RHO STUDENT 0.7517 0.00Z8 AVERAGE USING STUOENTIO(H/I.II) - -  SEE MAIN TEXT 

ETA ETA PARAMETER (V-A THEORY PREDICTS ETA=O) 
ETA P 9213  I - 2 . 0 I  ( 0 . 9 I  PIANO 60  HOC • WHOLE SPECTRUM 10 /69  
EIA P TWO PARAMETER FIT TO RHO AND ETA- PLANO bO DISCOUNIS VALUE FOR ETA I0/69 
ETA C 800K (O .OB)  (O.S) PEOPLES 66 ASPK + 20-53 MEV E÷ 10/69 
E IA  C 2BOK ( -O ,T I  ( 0 . 6 l  SHERWOOD 6T ASPK ÷ 25- -53  MEV E~ 10 /69  
ETA C I70K ( -0 .7)  (O.B) FRYBERGER 68 ASPK + 25-53 MEV E+ [0169  
ETA C RHO CONSTRAINED =0.75. 
ETA 6346  -0.12 0.21 DERENZO 69  HBC + 1 .6 -6 .8  MEV E+ [0/69 

IS( XSI PARAMETER IV-A THEORY PREDICTS XSl=I) 
IS( 9K 0.97 0.05 BAROON 59 CNTR BROMQFORM TARGET 10/69 
IS( 8354 0.93 0.06 PIANO 60 HOC ÷ 8.8 KGAUSS I0/69 
IS( A (0.903) (0.027] ALI-ZADE 6[  EMUL 27 KGAUSS I0/69 
XSI A DEPOLARIZATION BY MEDIUM NOT KNOWN SUFFICIENTLY WELL. 
IS( G 66K (0.975) (0 .030 )  GUREVICH 64 EMUL 140 KGAUSS I0169 
XSI 0 .975  0.014 GUREVIRH 67  EMUL [0 /69  
XSI 0 GUREVICH 67  SUPERSEOES GUREVICH 64 i0/09 
XSI . . . . . . . . .  
XSl AVG 0.972 0.013 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.O) 
XSI STUDENT 0.973 0.0[4 AVERAGE USING SEUDENTIOIH/1.EII - -  SEE MAIN TEXT 

DEE DELTA PARAMETER (V -A  THEORY PREDICES DELTA=O.75) 
DEL 8354 0.78 0.05 PIANO 60 HBC + WHOLE SPECTRUM 10 /69  
OEL 0 ,782  0,031 KRUGER 61 [ 0 / 69  
DEL 490K  0.752 0=009 ERYBERGER 68 ASPK + 25-53 MEV E÷ CO/69 
DEL VOSSLER 69 HAS MEASURED THE ASYMMETRY BELOW 10 MEV 1]169 
DEL . . . . . . . . .  
DEL AVG 0.7551 0 .0085  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  
DEC STUDENT 0.7550 0.0094 AVERAGE USING STUOENTIO(HII.II) - -  SEE MAIN TEXT 
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Data Card Listings 
For notation, see hey at front of  Listings. 

HEL HELICITY OF DECAY ELECTBON. 
HEr {V-A THEORY PREDICTS HFLICITY=+-I FOR E÷-, RESPECTIVELY) 
HEL WE HAVE FLIPPED THE SIGN FOR E- SO OUR PROGRAMS CAN AVERAGE 
HEL O (0.28) (0.16) DICK 63 CNTR + ANNIHILATION I0/69 
HELD IN DOUBT- POSITRONS POSSIBLY DEPOLARIZED IN BE MODERATOR. 
HEL 1.05 0.30 BUHLER 63 CNTR + ANNIHILATION 10/69 
HEL 0.94 0.38 BLOOM 64 CNTR + BREMS TRANSMISS 10169 
HEL 1.04 0.18 OUCLOS 64 CNTR + BHABHA SCATT 10/69 
HEL 29K 0.89 0.28 SCHWARIZ 67 OSPK - MGLLER SCATT 10/69 
HEL . . . . . . . . .  
HEL AVG l.DO 0.13 AVERAGE (ERROR INCLUDES SCALE FACTOR OF i.O) 
HEL STUDENF l.O0 0.14 AVERAGE USING STUDENTIO(H/I.I1} -- SEE MAIN TEXT 

GS SCALAR C~UPLING CENSTANI IN MUON DECAY (IN UNITS OF GV) 
GS 0.33 DR LESS OERENZO 69 RVUE 10/69 

GA AXIAL VECTOR COUPLING CONSTANT IN MUON DECAY (IN UNITS OF GV) 
GA 0.86 0.33 0.1/ DERENZO 69 RVUE 10/69 

FAV PHASE BETWEEN VECTOR AND AXIAL VECTOR COUPLINGS (OEGREES) 
FAV IBO. 15. DERENZD 69 RVUE iO/bg 

GT TENSOR COUPLING CCNSTANT IN MUDN DECAY (IN UNITS OF GV) 
GT 0.28 ~R LESS DERENZO 69 RVUE 10/69 

GP PSEUBOSCALAR COUPLING CONSTANT IN MUON DECAY (IN UNITS OF GV| 
GP 0.33 DR LESS DERENZC 69 RVUE I0/69 

COFFIN 
LUNOY 
ASHKIN 
BARDON 
DUOZIAK 
GARWIN 
PLANO 

ALI-ZAD£ 
CRITTEND 
KRUGER 
ALIKHANO 
BLOCK 
CHARPAK 
FARLEY 

LUNDY 
PARKER 
BABAEV 
BINGHAM 
BUHLER 
DICK 

ECKHAUSE 
FEINBERG 
FRANKELE 
FRANKEL2 
HUTCHINS 
MEYER 

BARLGW 
BLOOM 
DUCLGS 
GUREVICH 
P[NTECOR 
PARKER 

PEOPLES 
BDGART 
GUREVICH 
SCHWARTZ 
SHERWOOD 
BAILEY 

ALSO 
FRYBERGE 

DERENZO 
EHRLICH 
HENRY 
TAYLOR 
THOMPSON 
HAGUE 
HUTCHINS 

CRANE 
OEVOE 

ALSO 
FAVABT 
KORENCHI 
KORENCH2 

GROWL 
WILLIAMS 
COHEN 
DUCLDS 
EIC HTEN 

BALANDIN 
POUTISSO 
BAILEY 
CASPERSO 
KORENCHB 

BAILEYoR 

CASPERSO 
DEPOMMIE 

FISMER 59 
ASIBURY 60 
DEV[NS 60 
LATHROP 60 
LATHRDP 60 
REITER 60 
TELEGD/ 60 

CHARPAK 6[ PRL 6 128 
HUTCHINS 61PRL 7 129 
SHAPIRO 62 PR 125 1022 
FA[RLEY 66 NO 45A 28t 

REFERENCES FOR MUON 

58 PR EO9 973 *GARWIN~RENMAN,LEDERMAN~SACHS (COLUMBIA] 
58 PRL 1 38 ÷SENS,SWANSON,TELEGDI,YOVANOVITCH (CHICAGO) 
59 NC I~ 1266  ÷FAZZINI,FIDECARO,LIPMAH,MERRISON + (CERN) 
59 PRL 2 56 M BARD~N, D BERLEY, l LEPERMAN (COLUMBIA) 
59 PR 114 336 W DUDZIAK,R SAGANE, d VEDDER (LRL) 
60 ER l i b  271 OARWIN,HUTEHINSON,PENMAN,SHAPIRO (COLUMBIA) 
60 PR 119 1400 R J PLANO (COLUMBIA) 

61 JETP 13 313 ALI-ZADE,GUREVICH,NIKOLSKI (USSR) 
61 PR 121 1823  CRITIENDEN,WALKER,BALLAM (MSU÷MICH) 
61 UCRL-9322 (UNPUB) H KRUGER (LRL) 
62 CERN GONF 423 A I ALIKHANOV,A BABAEV + (17EP MOSCOW) 
62 NC 23  I I 14  BLOCK,FIORINI,KIKUEHI÷(DUKE,BOLOGNA,MILANO) 
62 PL 1 I6  G CHARPAK,F J M FARLEY,R L GARWIN + (CERN] 
62 CERN CDNF 415 FARLEY,MASSAM,MULLER,ZICHICHI (CERN) 

62 PR 125 1686 RICHARD A LUNDY (EFT) 
62 NO 23 485 S PARKER,S PENMAN [EFI) 
63 JETP 16 1397 BABAEV,BALATS,KAFTANOV,LANDSBERG + (ITEPI 
63 NC 27 1352  G.MCD.BINGBAM (LRL} 
63 PL 7 368  +CABIBBD,FIDECARO,MASSAM,MULLER+ (CERN) 
63 PL 7 150 DICK,FEUVRAIS,SPIGHEI (CERN) 

63 PR 132 422 M ECKHAUSE,T A FILIPPAS ÷ ICARNEGIE) 
63 ARNS 13 431 GERALD FEINBERG, L M LEDERMAN (COLUMBIA) 
63 NC 27 894 S FRANKEL,W FRATI,J HALPERN + )PENNI 
63 PR I30 35I S FRANKEL,W FRATI,J HALPERN + )PENN) 
63 PR 131 135I HUTCHINSON,MENES,PAFLACH,SHAPIRO (COLUMBIA) 
63 PR 132 2693 S L MEYER,ANDERSON,BLESER,LEDERMAM+ (COLU) 

64 PPS B4 230  +BOOTH,CARROL,CDURT,DAVIES,EDWARDS÷ ( t IVP l  
6~ PL 8 87 ÷DICK~FEUVRAIS,HENRY,MACQ,SPIGHEL (CERN) 
64 PL 9 62  ÷HE INTZE ,DE  RUJULA,SDERGEL (OERN) 
6~ PL II 185 GUREVIEH,MAKARIYNA+ (KURCHATOV,MOSCOWI 
64 OUBNA C&NF  PDNTECDRVG,SULYABV (MOSCOW) 
64 PR 133B 768 S PARKER,H L ANDERSGN,C KEY (EFT) 

66 NEVIS-I~7 (UNPUBI J PEOPLES (COLUMBIA) 
67 PR 156 1405  ÷DICAPUA,NENETHY~SIRELZOFF (COLU) 
6T IAE  1297  GUREVICH,MAKARIYNA,MISHAKOVA÷ (KURCHATOVI 
67  RR 162 1306 D M SCHWARTZ (EFT) 
bY PR [56 1475 B A SHERWOOD (EFT) 
6B PL 288 287 ÷BARTL,VON BOCHMANN,BRDWN,FARLEY÷ (CERN) 
T2 NC 9A 369 +BARTL,VDN BOCHMANN,BRDWN,FARLEY+ (CERN) 
68 PR 166 1379 D FRYBERGER (EFT) 

69 PR iB l  1854 S DERENZO (EFT) 
69 PRL 23 513 +HDFER,MAGNQN,STOWELL,SWANSON+ (CHICAGO) 
69 NC 63A 995 +SCHRANK,SWANSON (STAN+UCSB+UCSD) 
69 RMP 41 375 ÷PARKER~LANGENBERG (PRIN*UCI+PENN) 
69 PRL 22 163 +AMATO,CRANE,HUGNES,MOBLEY÷ (YALEI 
70 PRL 25 62B +ROTHBERO,SCHENCK,WILLIAMS+ (WASH+LRL) 
70 PRL 24  1254  HUTCHINSON,LARSDN,SCHOEN,SOBER,÷ (PPA) 

71 PRL 27 474  +CASPERSON,ERANE,EGAN,HUGHES+ (YALE) 
71 pRL 25 1779{OR) +MCINTGRE,MAGNON,STOWELL,SWANSON+ (CHICAGO) 
TI PRL 26 21~ DEVOE,MCINTGRE,MAGNON,STONELL+ (CHICAGOI 
Tl PRL 27 1336 +MCINTYRE,STOWELL,TELEGDI,DEVOE÷ (CHICAGO) 
71 SJNP 13 190 KORENCHENKO,KDSTIN,MICELMACHER+ (JINR) 
71 SJNP 13 728 KORENCHENKO,KDSTIN, MICELMACHER+ (JINR) 

72 PR D5 2145  +HAGUE,ROTHBERG,SCHENCK+ (LBL÷WASH) 
72 PR D6 737 R W WILLIAMS,D L WILLIAMS (WASHINGTON) 
73 J.PHYS.GHEM.REF.DATA 2, P.663, E.R.COHEN~B.N.TAYLOR 
73 PL 47B 491 eMAGNON,PICARD (SACL) 
73 PL 468 281 +DEDEN+(AACH÷BELG+CERN÷EPOL+MILA+LALO÷LDUC) 

74 JETP 40 BIT +GREBENYOK,ZINOV,KONIN,PONOMAREV (JINR) 
74 NP BOO 221 POUTISSOU,FELAWKA,INGRAM • {MORT+BRED) 
75 Pt 55B 420 +BORER+(CERN÷DARE÷BERN÷SHEF~MANZ÷RMCS+BIRMt 
75 PL 59B 397 CASPERSON,CRANE+ (YALE÷LASL+HEID+BERN+WYOMI 
76 JETP 43 1 KORENCHENKD,KOSTIN,MITSELMAKHER+ (JINR) 

77 PL 67B 225 +BORER+(CERN*DARE+BERN+SHEF÷MANZ*RMCS÷BIRMI 
7T PL 68B 191 ÷BORER÷/CERN÷DARE÷BERN*SHEF+MANZ+RMCS+BIRM 
77 PRL 38 956 CASPERSON,CRANE+ (BERN*HEIDeLASL~WYOM+YALE) 
TT PRL 39 1113 DEPOMMIEB,MARTIN÷(MONT~BRCD~TRIU+VICI+MELB) 

PAPERS NOT REFERRED TO IN DATA CARDS 

PRL 3 349 FISHER,LEONTIO,LUNDBY,MEUNIER,STROOT (CERN) 
ROCH CONF 60 542 ASTBURY,HATTERSLEY,HUSSAIN + {LIVERPOOL) 
PRL 5 330 DEVONS,GIDAL,LEDERMAN,SHAPIRO {COLUMBIA) 
NC 17 109 J LATHROP,R A LUNDY,V L TELEGDI + (EFT) 
NC 17 114 J LATHROP,R A LUNDY,S PENMAN + (EFI) 
PRL 5 22 REITER,ROMANOWSKI,SUTTON + ICARNEGIE) 
ROCH CONF 60 713 V L TELEGDI (CERN) 

CHARPAK,FARLEY,GARWIN,MULLER,SENS ÷ (CERNI 
D P HUTCHINS~N,J MENES + (COLUMBIA] 
G SHAPIRO,L M LEDERMAN (COLUMBIA) 
FAIRLEY,BAILEY,BBOWN,GIESCH ÷ (CERN) 

VUSSLER 60 NC 63A 423 C VOSSLER (EFT) 
RICH 72 RMP 4~ 250 A RICH,J C WESLEY (NIGH) 
CGMBLEY 74 PRPL 14 1 F.COMBLEY,E.PICASSO (CERN) 

T±(1800) Heavy Lepton 

Since the discovery of anomalous e~ events 
+ - 

(PERL 75) i n  e e c o l l i s i o n s ,  t h e  e v i d e n c e  f o r  t h e  

existence of a new heavy lepton has steadily mounted. 

The evidence comes primarily from anomalous two- 
+~ +~ +~ 

c h a r g e d - p r o n g  l e p t o n i c  e v e n t s  ( e - ~  , e - x  , p - x  ) 
+ - 

produced in e e annihilation. The production cross 

section and lepton momentum spectrum in these events 

is consistent with the h y p o t h e s i s  o f  p a i r  p r o d u c t i o n  

and l e p t o n i c  d e c a y  o f  a c h a r g e d  l e p t o n  w i t h  m a s s  

around 1800 to 1900 MeV. The events cannot be 

e x p l a i n e d  by  c h a r m  p r o d u c t i o n ,  a n d  no o t h e r  v i a b l e  

hypothesis has been forthcoming. We refer the 

reader to the excellent reviews of FLUGGE 77 and 

PERL 77 ( s e e  T ± r e f e r e n c e  s e c t i o n )  f o r  d i s c u s s i o n s  

of this evidence. 

We now treat the T ± as an established particle 

and enter it into the Stable Particle Table along 

with the e and ~. 

In the Data Card Listings below we list the 

p u b l i s h e d  m e a s u r e m e n t s  o f  T ± p r o p e r t i e s  a s  w e l l  a s  

those of its associated neutrino VT' assumed to 

exist if the • is a sequential lepton. 

For information about searches for heavy 

l e p t o n s  o f  o t h e r  t y p e s ,  s e e  t h e  P a r t i c l e  S e a r c h e s  

section at the end of the Stable Particle Data 

Card L i s t i n g s .  

D 36 TAU NEUTRINO 

NOT YET ESTABLISHED. 
OMITTED FROM TABLE. 

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

~6 TAU NEUTRINO MASS (MEV) 

M P I~4 600. OR LESS CL=.95 PERL 77 SNAG E+E-3.~7.BGEV ECM 12/77= 
740.  OR LESS CL=.gO BRANDELIK T8 DASP ASSUMES V-A DECAY 3178" M 

M (540.) OR LESS EL=.90 BRANDELIN 78 OASP ASSUMES V+A DECAY 3/T8* 
M P RERL 77 IS  E÷E- TO TAU* TAU- EXPT. VALUE QUOTED ASSUMES V-A DECAY 12177" 
M P AND TAU MASS=I90O MEV. I21TT~ 

REFERENCES FOR TAU NEUTRINO 

PERL 77 PL 70B 4B1 +FELDMAN,ABRAMS,ALAM,BOYARSKI* (SLAC+LBL) 
BRANDELI 78 PL 738 109 BRANDELIK + (AACH+DESY÷HAMB÷MPIM*TOKY) 

35 TAU+-(IBOO,J=I/2) HEAVY LEPTON 

E+E- - ->  TAU÷TAU- CROSS SECTION THRESHOLD BEHAVIOR 
AND MAGNITUDE CONSISTENT WIT~ POINTLIKE SPIN 1/2 
DIRAC PARTICLE. BRANDELIK 78 RULES OUT POINTLIKE 
SPIN 0 OR SPIN I PA~T]£LE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of  Listings. 

Stable Particles 
T ±, I"[ ± 

3 5  TAU MASS (MEV) 

M P 64(1800.)  (200 . )  PERL 7 5  SMAG INCL. IN PERL 7 7  2/78*  
M B 220 i1910. )  ( 30 . )  BURMESTI 77 PLUT ASSUMES V-A DECAY 12/77"  
M 8 220(1790.)  lTO*I BURMESTI 77 PLUT ASSUMES V÷A DECAY 12/7T* 
M P 14~I1900.)  ( I 00 . )  PERL 7 7  SMAG E+E- 3.8-T.8GEV ECM 12/77~ 
M 1807. 20. BRANOELIK 78 DASP E+E- 3 . I -5 .2GEV ECM 3/78*  
M B BURMESTER 77 MASS VALUE ARE FROM EVENTS CONTAINING MU~- PLU8 ONE 12177* 
M B OTHER PRONG, ORIGINATING FROM E+ E- - - >  IAU+ TAU--. THE MASS 12/77' 
M B VALUES COME FROM A FIT TO THE SHAPE AND ECM OEPENOENCE OF THE 12/77= 
M B MU+- SPECTRA, ASSUMING THAT THE TAU S P I N  IS 118 AND ITS ASSOC 12 /77 .  

~ NEUTRINO HAS M=O. 1 2 / 7 7 '  
PERt 77 VALUE COMES FROM E+ E- TD E*- MU-+ AND NO OTHER DETECTED 12/77= 

M P PARTICLES. ASSUMES V-A COUPLING AND ZERO MASS FOR ASSOC NEUTRINO. 1 2 / 7 7 "  

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

35 TAU PARTIAL DECAY MODES 

DECAY MASSES 
P[ TAU+- INTO MU÷- N E U ( M U I  NEUiTAU) 1 0 5 +  D+ O 
P2 TAU+- INTO E+- NEU(E) NEUiTAU) ,5~ O+ 0 
P3 TAU+- INTO E + -  GAMMA(S) .5÷ 0 
P4 T A U + -  INTO MU+- GAMMA(S) 105+ o 

P5 FAU+- INTO E+~ CHARGED PARTICLES 
P6  TAU+- INTO MU+- CHARGED PARTICLES 
P1 T A U t -  I N T O  HADRON+- NEUTRALS 1 3 9 +  o 

TAU+- INTO 3 NADRONS+- NEUTRALS 139+ 139+ [39+ 0 P8 
P9 T A U + -  INTO NEU(TAU) RHOO P I+ -  O÷ 776+ 139 
P I O  T A U + -  INTO K + -  NEUTRALS 4 9 3 ÷  0 
PI9 T A U + -  INTO UNMEASURED MODES (1 .  - MEAS.MODE8) 

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

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The z~atri~c betow is derived from the error nlatrlx [or the fitted partial decay mode 

branching fractions, Pi' as follows: The dla~onal elements are Pi± 6P where 

6P i = ~<CPI6Pl}, while the oIf-dia~onal e en~ents are the normalized correlation coeIil. 

cients <6PiOpj}/(6P i - ~pj). For the definitions of the individual Pi' see the listings 

above; only those Pi appearing in the ~atrix are assumed in the fit to be nonzero and 

a~e thu~ const~ained to ad~ to I. 

P 1 P 2 P 7 P 8 P i g  

P [ . 1 7 5 4 + - . 0 1 7 3  
P 2 - . 0 1 0 2  . 1 7 9 3 ÷ - . 0 2 8 4  

; g X ~ . . . . . . . . . . . . .  . . o .  .3800+-.1100 
PIg -.[1~2 -.1891 -.638I - . 7 3 7 3  *.035+-.1~92 

3 5  TAU BRANCHING RAIIOS 

R I  TAU+- -  I N T O  IMP+- NEU(MUI N E U I T A U I I / T O T A L  i P  I )  
RI 220 O. I5  0.03 BURMESTI 77 PLUT ASSUMES V-A DECAY 12177" 
R1 220 (O . I 9 )  (O.O~I BURMESTI 77 PLUT ASSUMES V+A DECAY 12177~ 
R I  0 . 1 7 5  0 . 0 4 0  P E R L  7 7  SMAG E + E -  TO MU+-- X - +  I 2 / 7 7 "  
RI 0 . 2 2  O . E O  0 . 0 7  CAVALLISF 7 7  SPEC E+E- TO MU÷- X-+ 1 1 7 8 "  
R I  . . . . . . . . .  
RI AVG 0.164 0.023 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O )  
R[ STUDENT 0.163 0.025 AVERAGE USING STUDENT1OiHl[.11) - -  SEE MAIN TEXT 
RI  PIT 0.175 0.017 FROM FIT (ERROR INCLUDES SCALE FACTOR OF [ .O)  

R2 TAU+- INTO IC+- NEU(L) NEU[TAU))/TOTAL SQRT(PL*P2) 
R2 WHERE L MEANS E OR MU. EQUALITY OF E AND MU MODES IS ASSUMED. 
R2 P I05 0.17 0.06 0.03 PERL 76 SMAG 3 /77*  
R2 B 1 4 4  0 . 1 8 6  0 . 0 3 0  PERL 7 7  SMAG 1 2 / 7 7 =  
R2 B 21 0 .224  0 .055  BARBARO-G 77 SMAG 11/77= 
R2 B B I3  0 . |82  O.O3I BRANDELIK 78 DASP ASSUMES V-A DECAY 3/78~ 
R2 13 (0 .206)  (0 .036 I  BRANOELIK 78 DASP ASSUMES V+A DECAY 3 /78*  
R[ B NE HAVE COMBINED STATISTICAL AND SYSTEMATIC ERRORS QUA~ATICALLY, 3178" 
R2 P ASSUMES V-A COUPLING, TAU MASS=I.8 GEV, TAU NEUTRINO MASS=O, 
R2 B ASSUMES V-A COUPLING, TAU MASS=L.9 GEV, TAU NEUTRINO MASS=O. 
R2 . . . . . . . . .  
R2 AVG 0 .186  0 .018  AVERAGE )ERROR INCLUDES SCALE FACTOR OF l .O l  
R2 STODENT 0 . L 8 6  0.020 AVERAGE USING STUDENTIOiHI I . I [ )  - -  SEE MAIN TEXT 
R2 FIT 0 . I 77  0 . 0 1 6  FROM FIT (ERROR INCLUDES SCALE FAOTOR OF I .O )  

R3 TAU÷- INIO E~  NEUiEI NEUiTAU)IMU+- NEUIMU) NEU(TAUI(P8I I (P I }  
R3 PREDICTED TO BE 1 PeR SEQUENTIAL L E P T O N ,  2 FOR PARAELECTRON, 
R3 AND 1 1 8  FOR PARAMUON. 
R3 2L 0.  g2 0.37 BURMEST2 77 PLUT ASSUMES V-A DECAY 12177= 
R3 21 (0.671 (0 .28 )  BURMEST2 71 PLOT ASSUMES V + A  DECAY 12277* 
R3 LB 0.92 0.32 BRANDELIK 78 DASP E + E -  3.1-5.2GEV ECM 3178= 
R3 
R3 AVG " "0.92"" " " "'0.24" AVERAGE (ERROR INCLUDES SCALE FACTOR OF i .O }  
R3 STUDENT 0.92 0.26 AVERAGE USING STUDENTIO(HI I . I I )  - -  SEE MAIN TEXT 
R3 FIT 1.02 0.19 FROM FIT ( E R R O R  iNCLUDES SCALE FACTOR OF l .O ]  

R4 TAU÷- I N T O ( E + -  GAMMAISI + M U + -  GAMMAiSI)/IOIAG ( P 3 + P 4 1  

R4 B 0 . [ 2  OR LESS e l= .90  BURMEST2 77 PLOT E+E- ~-5 GEV ECM I2 /77= 
R4 B ASSUMES SANE MU,E HeM. SPEC. AS [MU E + NOTHING D E T E C T E D ) .  12177= 

R5 T A U + -  INTO(E+- CHARGED PRONG + MU+- CHARGED PRONG)/TOTAL iRE+Phi 
R5 B O.O~ OR LESS C L = . 9 0  BURMEST2 77 P L U T  E+E- 4-5 GEV ECM 12/77~ 
R5 B ASSUMES SAME MU,E MOM. S P E C .  AS (MU E + NOTHINO DETECTED). 12177* 

R6 T A U + -  INTO ( H A D R O N + -  NEUTRALSII(TOTAL) ( P 7 )  i [ / 7 7 "  
R6 1 9  0 .45  0 . 1 9  BARBARD-G 7 7  SHAG 1 [ / 7 7 =  

R6 0 .29  O . I I  BRANDELIK 78 DASP ASSUMES V - A  DECAY 3178~ 
R6 (0 .21)  ( 0 . 1 o )  BRANDELIK 78 DASP ASSUMES V+A DECAY 3 /78*  
R6 . . . . . . . . .  
R6 AVG 0.330 0.095 AVERAGE IERROR INCLUDES SCALE FACTOR OF [ .O f  
R6 STUDENT 0.33 0.10 AVERAGE USING STUOENTIOIHI I . I I )  - -  SEE MAIN TEXT 
R6 FIT 0 . 3 3 0  0 . 0 9 5  FROM FIT (ERROR INCLUDES SCALE FACTOR OF L,O) 

R7 TAU+- INTO (K÷- NEUTRALSI/TOTAL (PIO) 
R7 B SMALL BRANDELIK 77 OASP 3.6-5.2ECM E+8- i178= 
R7 B BRANOELIK 77 FINDS 0 .07+-0 .06  R+- PER EVT IN E+E- - ->  E+- PRONG-÷. 1178" 

R8 TAU+- INTO ( 3  HADRONS+- NEUTRALSI/TOTAL iPO] 
R8 0.35 O . [ I  BRANDELIK 78 DASP ASSUMES V-A DECAY 3/78~ 
R8 1 0 . 3 8 )  (O. I I )  BRANDELIK 78 DASP ASSUMES V+A DECAY 3 / 7 8 *  
R8 . . . . . . . . .  

R8 FIT 0.35 O . I [  FROM FIT [ERROR I N C L U D E S  SCALE FACTOR OF I .O )  

R9 T A U + -  INTO (NEU RHO0 P I+ - ) * (E~  NEU NEU) i P g l * i P 2 )  

R9 A 0 . 0 0 8 3  0 . 0 0 3 3  A L E X A N D E R  7 8  PLUT E + E -  4 - 5  GEV ECM 3 1 7 8 "  

R9 A THIS IS AVG. DF TH31R TWO VALUESiTBL i }  WITH 3OPCT SYST, ERR. INCl .  

R I O  TAU+- INTO ALL UNMEASURED MODES / TOTAL (RID) 
RIO THIS IS JUST = I . - ISUM OF ALL MEASURED MODESI FROM FIT 
RIO . . . . . . . . .  
RIO FIT - 0 . 0 3  0 . 1 5  FROM FIT 

PE8L 75  PRL 3 5  1 4 8 9  
PERL 76 PL O3B 4 & 6  
BARBARO- 77 PRL 39 1 0 8 8  

BRANDELI 77 PL 708 125 
BURMEST1 77 EL 688 297 
BURNESI2 77 PL 686 30I  
CAVALLI8 77 LNC 20 337 
PERL 77  PL 7 0 8  4 8 7  
A L E X A N O £  78  PL 7 3 5  ~9 
BRANDBLI 78  PL 738 [DO 

REFERENCES FOR TAU([BOO) HEAVY LEPTON 

+ABRAMS,BOYARSKI,BREIDENBACH + (LBL+SLAC) 
+FELDMAN,A8RAM8,ACAM,BDYARSKI ÷ (SLAC~LBLI 
BARBARO-OALTIER[÷ {LBL÷NWES÷StAC+HAWA) 
BRANDELIR + iAACH+DESY+HAMB+MPIM+TORY) 
BURMESTER,C8IEGEE + (DESY÷HAM8+SIEG+WUPO) 
BURMESTER,CBIEGEE + (OESY+HAMB+SIEG+WUPG) 
CAVALLI-SFORZA,GOGOI + (PAVI÷PRIN+UMDI 
+FELDMAN,ABRAMS,ALAM,BOYABSRI÷ (SLAC+LBL) 
ALEXANDER,CRIEGEE÷ (08SY÷AACH+SIEG÷WUP0) 
BRANDELIK + IAACH÷DESY+NAMB+MPIM+TOKY)P 

PERL2 T7  HAMBURG SYMR. ALSO ISSUED AS SLAC-PUB-2022, M.PERL (SLAC) 
FLUOGE 77 MESON CONE.BOSTON ALSO ISSUED AS DESY 7?-35,  G.FCUGGE IOESY) 

8 CHARGED PIONIl#O,JPG=O--) I=1 

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

8 CHARGED PION MASS (MEV) 

1 3 9 . 3 7  0.20 CRDWE 54 CNTR - 
139.68 0.15 BARKAS 56 EMUL 

M S [ I 3g .577 )  (0 .013)  SHAFER 67 CNTR - MESONIC ATOMS 6/68 
M 8 (139.5491 (0.008)  OACKENSTO 7 1 C N T R  ~ MESONIC ATOMS 10/71 
M S [39 .566 0.013 SHAPER 72 CNTR - MESONIC ATOMS I173 
M B [39 .569 0.008 BACKENSTO 73 CNTR MESONIC ATOMS 1/73 
M [39.571 O.OIO BRANDADDO 7 6  CNTR - MESONIC ATOMS 1/78"  
M [39.5686 0.0020 CARTER 76 CNTR - MESONIC ATOMS &/77 = 
M DR 139.5667 0.0024 MARUSHENK 76 CNTR - MESONIC ATOMS 12/77= 
M i l39 .56521 (O.DOI9) DAUM 78 SREC + PIe - ->  MU+ NEU 2/78 • 
M S SHAFER 72 UPDATES SHAFER67 WITH NEW ALPHA AND NEW CALl8. LINE ENER. 1173 
M B BACKENSTDSS 73 CORRECTS BACKENSIOSS 71 WITH NEW VACUUM POL. CALC. 1/73 
M M THIS MARUSHENKG 76 VALUE USED AT AUTNORS REQUEST BECAUSE IT USES 3/78~ 
M M ACCEPTED SET OF CALIBRATION GAMMA ENERGIES. ERROR INCREASED FROM 3/78= 

M .DOT7 TO INCLUDE QED CALC. ERROR OF ,DO(1 (12 PPM). 3/78= 
O DAUM 78 VALUE DEPENDS ON ASSUMED MU+ MASS M[MU)=I05. b5948+-.O0035 . 2 /78*  

M D ENTERS OUR FIT ViA PI-MU MASS DIFF. BELOW WHICH I8  INDEP. OF MIMU). 2178~ 
M . . . . . . . . .  
M AVG 13g.5679 0.0015 AVERAGE IERRDR INCLUDES SCALE FACTOR OF i .O )  
M STUDENT 139.5679 0.0016 AVERAGE USING STUDENTIOIH/ I . I I )  - -  SEE MAIN TEXT 
M FIT I39 .5669 0.0012 FROM FIT (ERROR I N C L U D E S  SCALE FACTOR OF 1.0) 2 /78*  

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

8 IP I+ )  - IMU*) MASS DIFFERENCE (MEV) 

D 3~.00 0 . 0 7 6  BARKAS 5 6  EMUL 
D 33.89 0.076 BARKAS 56 8MUL 
D 1 4 5  3 3 . 8 8 1  0 . 0 3 5  HYMAN 6 7  HEBC + K--HE 2 / 7 1  

0 33.925 0.025 BOOTH 70 CNTR MAGNETIC SPECT. 2/71 
D 33.9057 O.OOI9 DAUM 78 SPEC SEE NOTE 0 ABOVE 2 /78*  
D . . . . . . . . .  
D AVG 33.9058 0.0019 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ .O )  
D STUDENT 33.9058 0.0020 AVERAGE USING STUDENTIO(H/I . I I )  - -  SEE MAIN TEXT 
D FIT 33.9O74 0.0012 FROM FIT )ERROR INCLUDES SCALE FACTOR OF 1.0) 2278~ 

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

8 { {P I+ )  - (P I - ) ) IAVO. ,  MASS DIFFERENCE (PERCENT) 

OM 0.02 0.05 AYRES 7 I  CNTR 3/71 

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

8 CHARGED PION MEAN LIFE (UNITS I 0 " * - 9 ]  

T 25.6 0.5 0.5 CROWE 57 RVUE 
T 2 5 . 6  0.8 0 , 8  ANDERSON 6 0  CNTR 
T 8000 25.46 0.32 0.32 ASHK|N 60 CNT8 + 
T 2 6 . 0 8  0 . 0 4  ECKHAUSE 6 5  C N T R  • 9 / 6 6  

T 25.6 0.3 BARDON 66 CNTR 6166 
I 25.9 0 . 3  OUNATTSEV 66 CNTR 6 / 6 8  
T N ( 2 6 . 4 0 ]  (0 .08 )  KINSEY 66 CNTR + 6166 
T N SYSTEMATIC ERRORS IN CALIBR.IN IH IS  EXP,DISCUSSEO BY NORDBERG 67 8/67 
T 26.67 0.24 LOBKOWICZ 6 6  CNTR 9/66 

26.04 0.05 NORDBERG 67 CNTR + 8/67 
26.02 0.04 AYRES 7 1 C N T R  3/7I 

T 26.09 0.08 DUNAITSEV 73 CNTR + 3/74 
T 
I AVG 26.030 0.023 0.023 AVERAGE (ERROR INCL. SCALE FACTOR OF I .O )  
F STUDENT 26,088 0.025 0,025 AVG BY STUDENTIO(HII . I [ )  - -  SEE MAIN TEXT 

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

B ( IP I÷ )  - IP I - ] ) IAVG. ,  MEAN LIFE DIFF. (PERCENTI 

DT N THIS QUANTIIY IS A MEASURE OF OPT INVARIANCE IN W. I .  

DT 0.23 0.40 LOOKOWICZ 6 6  ONTR SEE NOTE l g / 6 6  
DT L ABOVE IS THE MOST CONSE8VAT[VE VALUE QUOTED 8Y AUTHORS g166 
D I  0 . 4  0 . 7  BARDON 6 6  C N T R  7 / 6 6  

0T -0.I4 0.29 PETRUKHIN 6 8  C N T R  8/68 
DT 0.055 O . O T I  AYRES 7 1 C N T 8  3 / 7 1  
DT . . . . . . . . .  
DT AVQ 0.053 0.068 AVERAGE [ERROR INCLUDES SCALE FACTOR OF l .O )  
DT STUDENT 0,053 0.073 AVERAGE USING STUDENTIO(H/E.II) - -  SEE MAIN TEXT 

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

8 CHARGED PIDN PARTIAL DECAY MODES 

DECAY MASSES 
PI  CHAR. PION INTO MU iMU-NEU) 105+ 0 
P2 CHAR. PION INTO E ( E - N E U )  .5+ 0 
P3 CHAR. PION INTO MU I M U - N E U )  GAMMA I05+ 0÷ 0 
P4 CHAR. PION I N T O  RIO E IE-NEU) 134+ .5÷ 0 
P5 CHAR. PION INTO E NEU GAMMA .5+ O÷ O 
P6 CHAR. PION INTO 8 NEU E÷ E- .5÷ O+ . 5 .  .5  

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



Stable Particles 
7T + ,  7T 0 

5O 

Data Card Listings 
For notation, see key at front of  Listings. 

8 CHARGED PION B~ANCHING RATIOS 

RI CHAR* PION INTO MU NEU GAMMA (UNITS 10"*-41 (P3) / (P I ]  
RI 26 1.24 0.25 CASTAGNOL 58 ENUL E(MU].LT.3.3B MV 

R2 CHAR. PION INTO E NEU [UNITS I0~*-4] (P2)/(P1) 
R2 1.21 0.07 ANDERSON 60 CNTR 
R2 D ( I . 247 ]  (O.O2BI E I  CAPUA 64  CNTR 11/75 
R2 D 1 .274  0.024 BRYMAN 75 RVUE 9/75 
R2 D BRYMAN 75 IS A REGALE. OF DICAPUA 64  EXPT USING LATEST PI LIFETIME. 9 /75  
BZ . . . . . . . . .  
R2 AUG 1.267 0.02~ AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.O) 
R2 STUDENT 1 .2BB  0.025 AVERAGE USING STUDENTIO{H/I.II) - -  SEE MAIN TEXT 

R3 CHAB. PION INTO PIO E NEU IUNITS lO**-B] (PA] / IP I )  
R3 D 52 [ i .151 { .22]  DEPOMMI1 63  CNTR + 2/72 
R3 D 36 0 .97  0.20 BARTLEIT 64  OSPK + 
R3 D 38 1 . 0 7  0 .21  OACAS70W 65 OSPK + 
R3 O 1.10 0.26 BERTRAM 65 OSPK + 6/68 
R3 D 43 I.i 0.2 OUNAITSEV 65 CNTR + 7/68 
R3 332 1.00 0.08 0 ,10  OEPOMMIEB 68 CNTR + 3/68 

R5 . . . . . . . . .  
83 AUG 1.023 0.069 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O l  
R3 STUDENT 1.023 0.074 AVERAGE USING STUOENTIO(H/I.III -- SEE MAIN TEXT 

D DEPOMMIER 68 STATES THAT THE RESULT OF DEPOMMIER 63 IS AT LEAST 2/72 
O IO PERCENT TOO LARGE BECAUSE OF A SYSTEMATIC ERROR IN THE PIO 2/72 
D DETECTION EFFICIENCY. THIS MAY BE TRUE OF ALL THE PREVIOUS 2/72 
D MEASUREMENTS ACCORDING TO DEPOMMIER 68 ANO V.SOERGEL, PRIVATE 2/72 
0 COMMUNICATION, 1972, 

R4 CHAR. PION INTO E NEU GAMMA [UNITS IO**-B] (PSI/IPE) 
R4 E 143 2.15 0.5 OEPOMMI2 63 CNTR + GAM KE 50-90 MEV 12/77. 
R4 E DEPOMMIER 63 VALUE IS CORRECTED FOR THE LATEST VALUE OF THE PIO I2 /77"  
R4 E L IFET IME (0.828+-0.057 E- IG ) .  SEE FOOTNOTE 10 OF DEPOMMIER 77 .  12 /77 .  

R5 CHAR. PION INTO E NEU E+ E- ]UNITS 10* * -8 )  (P6]I [P1) 
R5 3.4 OR LESS CL=.9O KORE~HEN 710SPK + 10/71 
R5 0 .48  OR LESS CL=.90 KORENCHEN 76 SPEC + 117B*  

REFERENCES FOR CHARGED PION 

CRONE 54 PR 96 470 K M CROWE,R H PHILLIPS (tRL) 
BARRAS 56 PR I01 778 W H BARKAS,W BIRNBAUM,F M SMITH (LRL] 
CRONE 57 NE 5 541 K M CRONE (STANFORD HEPLI 
CASTAGNQ SB PR 112 1779 

ANDEBSON 60 PR 119 2050 

ASHKIN 60 NC 51616 490 
DEPBMMI1 63 PL 
DEPOMMI2 85 PL 7 285 

ALSO 77 PRL 39 I l l 3  
BARTLETT 64  PR 1365 1452  
Dl CAPUA 64 PR 1338 1533 

BACASTOW 85 PR 139 B~O7 
EERTRAM 65 PR 139 B 617  
DUNAITSE 65 JETP 20 58 
ECKHAUSE 65 PL 19 348 

BARDDN 86 PRt 16 775 
DUNAITSE 66 PL 23  283 
KINSEV 66 PR 144 1132 
LOBKEWIC 66 PRL 17 548 

HYMAN 6T PL 25B 376 
NORDBERG 87 PL 24B 594  
SHAFER 67 PR 163 1451 

ALSO 65 ERL 14 923 

DEPOMMIE 68 NP 84 189 
PETRUKHI 66 J INR-P I -3882  
BOO7H TO PL 32B 723 
AYRES 71PR 3D 1051 

ALSO 67 PR 157 1288 
ALSO 6B PRL 21 281 
ALSO 69 UCRL-18369 
ALSO 69  PBL 23 1267 

BACKENST 71PL  36B 403  
ALSO 70 THESIS 

KORENCHE 71 SJNP I3 189 
SHAPER 72 PRIVATE COMM. 
EACKENST 73 PL 43B 539 

ALSO 73 SUBMITTED TO NP 
DUNAITSE 73 SJNP 16 292  

BRYMAN 75 PR 011 I337 
BRANDADD 76 2NAT 31A IlSO 
CARTER 76 PRL 37  1380  
KORENCHE 76 JETP 44  35  
MARUSHEN 7B JETPL 23 72 

ALSO 76 PR IVATE  CORM. 
ALSE 7B PRIVATE COMM. 

OAUM 78 PL - TO BE PUBL. 

MERRISDN 62 ADVP 11 1 
SHAPIRO 62 PR 125 1022 
CZIRR 60 PR 130 341 

C CASTAGNOLI,M MUCHNIK (ROMA) 

H L ANOERSON,T FUJII,R H M ILLER + (EF I ]  
ASHRIN,FAZZINI,FIDECARO,LIPMD~N + (CERN) 
OEPOMM[ER~HEINTZE,BUBBIA,SDERGEL (CERN) 
p OEPOMMIERpHEINTZE,RUBBIAtSDERGEL (CERN] 
DEPOMMIER,MARTIN+IMONT+BRCO÷TRIU÷VICT÷MELB) 
BARTLETT,OEVONS~MEYER,ROSEN (COLUMBIA] 
D| CAPUA,GARLAND,PONDROM,STRELZOFF (COLU) 

+GHESGUIERE,WIEGAND~LARSEN (tRL+SLAC) 
BERTRAM,MEYER,CARRIGAN+ (RICH+CARNEGIE) 
DUNAITSEV,PETRUKHIN,PRDKOSHKIN ÷ (DUBNA) 
ECKHAUSE,HARRIS,SHULER+ (WILLIAM AND MARY) 

BARDON,DCRE,DORFAN, KRIEGER ÷ ICOLUMBIAI 
+KUTYIN,PROKOSHKIN,RASUVAEV,SIMONOV (DUBNA] 
KIHSEY,LDBKOWICZ,NDRDBERG [ROCHESTER UNIV) 
LDBKDWICZ,MELISSINOS,NAGASHIMA+ IBOCH*BNL] 

÷LOKEN,PEWITT,DERRICK + (ANL~CARN+NWESI 
NORCBERG,LOBKOWICZ,BURMAN {ROCHESTER UNIVI 
ROBERT E. SHAFER (LRLI 
SHAFER,CROWE,JENKINS ILRL) 

DEPOMMIER,DUCLOS,HEINTZE,KLEINKNECHT+(CERN) 
PETRUKHIN,RYKALIN,KHAZINS,CISEK (DUBNAI 
+JOHNSON,WILLIAMS,WORMALO (LIVP] 
+CORMACR,GREENBERG, KENNEY + (LRRsUCSB) 
AYRES,CALOWELL,GREENBERG,KENNEY,KURZ÷ {LRLI 
AYRES,CORMACK,GREENBERG,KENNEY+ (LRL,UCSB) 
DAVID S AYRES (THESIS) (LRL} 
GREENBERG,AYRES,CDRMACK,KENNEY÷ (LRL,UCSBI 

BACKENSTOSS,DAN{ER, KOCH+ (CERN,KARL,HEID) 
C. VON DEB MALSBURG (HEIDELBERG] 
KORENCHENKO,KOSTIN, MICELMACHER÷ (JINR) 
R. SHAFER, 1972 (FNAL) 
BACKENSTOSS,DANIEL,KDCH+ (CERN+KARL+MUNICH) 

I .  TAUSCHER 
OUNAITSEV,PROKOSHKIN,RAZUVAEV+ (SERP) 

+PICCIDTTO (UNIV OF VICTORIA) 
BRANDAO O~DLIVERA,DANIEL,VON EGIDY+ IMUNC] 
+OIXIT,SUNDARESAN+ (CARL+CNRC+CHIC+DITI 
KORENCHENROtKOSTIN, MITSELMAKHER÷ IJINR} 
MARUSHENMO, MEZENTSEV,PETRUNIN÷ ( LEN I I  
R. SHAPER (FNAL] 
A. I .  SMIRNOV (LENII 
+EATON,FROSCH,HIRSCHMANN,MC CULLOCH+ {VILLI  

PAPERS NOT REFERRED TO IN DAIA CARDS 

A w MERRISON (LIVERPOOL[ 
G SHAPIRB,L M LEOERMAN (COLUMBIA) 
JOHN B CZIRR (LRL) 

F ~  9 NEUTRAL PION(135tJPG=O--I I = I  

9 (PI+- ]  - (PIOI MASS DIFFERENCE (MEV) 

D (5.37) ( I .O )  PANOFSKY 51CNTR - 
P 4.50 0.31 CHINOWSKY 54 CNTB 
D 4.62 0.05 HADDOCK 59 CNTR - 
D 4 .60  0 .04  H ILLMAN 50  CNTR 
D 4.55 O.O7 CASSELS 59 CNTB 
D 4.69 0 .07  SAMIOS 60 HBC 2 /72  
O 4 .6056  0 .0055  CZIRR 63 CNTR 
D 4.59 0.03 PETRUKHIN 63 CNTR - 
D 4 .6034  0.0052 VASILEVSK 66 CNTR - 9166  

D . . . . . . . . .  
o AUG 4 .6043  0 .0037  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0] 
D STUDENT 4 .6043  0.0040 AVERAGE USING STUDENTIO(HII.II) - -  SEE MAIN TEXT 

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

9 NEUTRAL PION MEAN LIFE (UNITS lO* * - I b ]  

T N 76 ( 1 . ~  (0.5~ ]0 .5 )  GLASSEB 61EMUL 
t n 45  (2.3] (I.I) ( l .OJ  TIETGE 62 EMUL 
T N 88 (2.81 10.9} (0 .9}  ROLLER 83 EMUL SEE STAMER 66 
T 1.05 O.IB 0.18 VON DARDE 83 CNTR 
T N 75 ( I . 7 )  (0.51 SHWE 64 EMUL 
T 0 .730  0 .105  BELLETT IN  65  CNTR ~ /66  
T N 67  {1 .6 )  (0.6)  (O.5I EVANS 65 EMUL 8 /66  
T K 232 l .O 0.5 STARER 66 EMUL 8/67 
T 0.56 0 .06  BELLETTIN 70  CNTR PRIM.EFF. ON NUC 7 /70  

0.9 O.OTB KRVSHKIN 70 CNTR PRIMAKOPP EFFECT 12/70 
B N 0.82 0.04 8ROWMAN 74 CNTR PRIMAKOFF EFFECT 7/75 

T OLD EMULSION MEASUREMENTS NOT USED BECAUSE OF POSSIBLE SYSTEMATIC 
T K N SHIFT TO LARGER MEAN LIFE VALUES. 
T INCLUDES EVENTS OF KOLLER 63 .  8 / 67  
T B BROWMAN GIVES PIO WIDTH=E.O2+-.42EV. MEAN LIFE IS HBAR/WIDTH. 11/75 
T . . . . . . . . .  
T AVE 0.828 0.057 0.053 AVERAGE [ERROR INCL. SCALE FACTOR OF 1.8) 
T STUDENT 0.835 0.038 0.035 AUG BY STUDENTtO[H/1.III - -  SEE MAIN TEXT 

(SEE IDEOGRAM BELOW I 

WEIGHTED AUERAGE = 1 .207  ± 0 ,080  

ERROR SCALED BY 1 .8  

CHISQ 

• BROWMAN 74 CNTR 0.0 

'KRYSHKIH 70 CNTR 1 .3  

-BELLETTZN 70 CNTR B .9  

.STARER GG EMUL 

,BELLETTIN GS CNTR 0.7 

,UDN OAROE G3  CNTR 2 .3  

13 .2  

(CBNLEU 

=D .010 )  

NEUTRAL  P I  DECAY RATE(UNITS  1DmmlGSEC-1 )  

9 NEUTRAL PION PARTIAL DECAY MODES 

DECAY MASSES 

Pl PIO INTO 2GAMMA O* 0 
P2 PIO INTO E÷ E- G~MMA .5 -  .5+ O 
P3 P lO  INTO 4ELECTRONS .5+  . 5+  . 5+  .S  
P4 PIO INTO 3 GAMMA 0+ O+ 0 
P5 PIO INTO 4 GAMMA O÷ O* 0+ O 
P6 P IO INTO E* E- . 5+  .5 

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

9 NEUTRAL PION BRANCHING RATIOS 

R1 PlO INTO (GAMMA E+ E-IIIZGAMMAI (PERCENT) (P2 I /KP I I  
RI ( 1 . 196 I  THEORET. GALE. JOSEPH 60 QUANTUM ELECT. 9/66 
B1 27 1.17 0.18 BUDAGOV 60 HBC 
R I  3071  1 .166  0 .047  SAMIOS 61  HBC P l -P  TO P IO  N 

RI S SANTOS VALUE USES PANOFSKY RAIIO = 1.88 
R1 . . . . . . . . .  
R1 AUG 1.166 0.045 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O l  
Bl STUDENT 1.166 0.048 AVERAGE USING STUDENTIO(HII.II] - -  SEE MAIN TEXT 

R2 PlO INTO (3 GAMMA]/(2 GAMMA) (UNITS I 0 . * - 6 ]  [PA) / IP I )  
R2 0 5.0 OR LESS CL=.90 DUCLOS 65 CNTR 6/66 
R2 5 .0  OR LESS CL= .90  KUTIN 65  CNTR 3168 

R3 PIO INTO (E+EeE-E-I/12 GAMMA[ [UNITS I 0 * * - 5 I  (P3II(PI) 
R3 146 3.18 0.30 SARIOS 62  HBC SEE NOTE N BELOW 6266 
R3 3 .28  THEOBET. GALE. MIYAZAKI 73 QUANTUM ELECT. 2 /76  
R3 N ABOVE VALUE USES PANOFSKY RAT IO  = 1 ,62  

R4 PIO INTO (4  GAMMA)I(2 GAMMA] [UNITS 10"*-5I  (PB l / IP l )  8/73 
R4 O 6 .1  OR LESS EL=.90 ABRAMS 73 ASPK 8 /73  

R5 P IO INTO (E+  E - I /TOTAL  IUNIIS 10 " * -6 )  (PB I / IP I )  12 /75  
R5 D 2 .0  DR LESS CL=.90 DAVIES 74 RVUE E2 /75  
R5 D DAVIES 74 EXTRACTS THIS INFORMATION FROM BLOCH 75 K+ EXPERIMENT. 12/75 

REFERENCES FOR NEUTRAL PION 

PANOFSK Y 51 PR 81 565  W K H PANOFSKY,R L AAMOOT~J HADLEY (LRL I 
CHINOWSK 54 PB 93  586 W CHINOWSKYtJ STEINBERGER (COLUMEIAI 
CASSELS 59 PPS 74  02 CASSELS ,JONES,MURPHY,O .NE ILL  ( L IVERPOOL)  
HADDOCK 59 PRL 3 478  HADDOCK,ABASHIAN,CROWE*CZIBR (LRL I  
HILLWAN 59 NC 14 887 HILLMAN,MIDDELKOOP,YAMAGATA,ZAVATTINI(CERNI 

BUDAGDV 60 JETP 11 755  BUDAGOV,VIKTOR,DZHELEPOV,ERHOLDV + ( J INR I  
JOSEPH 60 NC 16 997  O W JOSEPH IEF I '  
SANIOS 60 NC 18 154  N P SANTOS (COLUMBIA) 
GLASSER 61PR 123 1014 R G GLASSER,N SEEMAN,B STILLER (NRL) 
SAMIOS 61PR L21 275 N P SAMIOS ICOLUMBIA+BNLI 
SAMIOS 62 PR 126 1844 SAMIOS,PLANO,PROBELL + (COLUMBIA+BNL ]  
TIETGE 62 PR 127 1324 J T IETGEIW PUESCHEL (MAX PLANCK INSTI 

CZIRR 63 PR 130  34I JOHN B CZIRR (LRL] 
KOLLER 63 NC 27 1405 E L KOLLER,S TAYLOR,T HUETTER (STEVENS[ 

ALSO 66  STARER 
PETRUKHI 63 SIENA CONF 208 V I PETRUKHINtYU D PROKOSHKIN (JINR) 
VON DARD 63 PL 4 51 VCN DARDEL,DERKERS,MERMOD~VAN PUTTEN÷(CERN) 

SHWE 64 PR 136B 1839 H SHWE,F M SMITH,W H BARKAS (LRL) 
BELLETT I  65 NC 40 A 1159  BELLETTINI,BEMPORAD,BRACCINI+(PISA*FIRENZE} 
DUCLCS 65 PL t 9  253  DUCLOS,FREYTAG, HEINTZE + (CERN÷HEIBELBEBG] 
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Data Card Listings 
For notation, see key at front of  Listings. 

Stable Particles 
7 r  0 , 

EVANS 65 PR L39 B 982 O A EVANS (OXFORD) 
KUTIN 65 JETP LETT 2 Z43 KUTIN,PETRUKHIN, PRONOSHKIN {J INR) 

SEAMER bb PR I51 1108 STAMERfTAYLORvKOLLERtHUETTER+ ISTEVENS) 
VASILEVS 66 PL 23 281 VASILEVSKY~VISHNYAKGV,DUNAITSEV + (DUBNAI 
BELLETII 70 NC 66A 243 BELLETTINI,BEMPORAD,LUBELSMEY÷ (PISA+BONN) 
KRYSHKIN 70 dEEP BO I037 +STERLIGOV,USOV ITOMSK POLYEECH.INSI.) 

ABRAMS 73 PL 45B 66 +CARRDLL,KYCIA,LI,MICHAEL,MDCKETT * (BNL) 
MIYAZAKI 73 PR 08 2051 T.MIYAZAKI,E.TAKASUGI iTGKYI 
BROWMAN 74 PRI 33 1400 +DEWIRE,GITTELMAN,HANSON* (CORN+BING) 
DAVIES 74 NC 24A 324 +GUY,ZIA [BIRM+RHEL+SHMPI 

I4 EIAI549,JPG=O-+I I=0 

FOR C. BALTAY'S REVIEW OF IHE ETA MESON, SEE PRDC. UNIV. OF PENN. 
CONF. ON MESON SPECTROSCOPY (W.A.BENJAMIN, N.Y. ,  1968) 

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

14 EIA MASS (MEVI 

M 53 549.0 1.2 BASTIEN 62 HBC 
M 35 546.0 4.0 PICKUP 62 HBC 
M 91 540.0 1.0 ALFE 62 HBC 
M 549.3 2,9 OELCOURT 6 3  CNTR 
M 148 549.0 0.7 FOELSCHE 64 HBC 
M 325 55Z.0 3.0 KRAEMER 64 DBC 
M 548.2 0.65 FOSTERB 65 HBC 
M 250 555.0 2.0 JAMES 66 HOE 
M ......... 
M AVG 548.82 
M STUDENT 548.72 

7/66 
6/66 

0.56 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 4 i  
0.44 AVERAGE USING STUDENTIOIH/ I . I I )  - -  SEE MAIN TEXT 
(SEE IDEOGRAM BELOW ) 

WEIGHTED ~UERQGE = S4B .B2  ± O .SG 

ERROR SCALED BY 1 .4  

/ 
540 S45 

I .,.JQME$ 
. . . . . . . . . .  F O S T E R 3  

I . . . . .  KRQEMER 

. . . . . . . . . .  FDELSCNE 

. . . . . . . . .  DELCDURT 

. . . . . . . . .  QLFF 

. . . . . . . . .  P I C K U P  

. . . . . . . . .  8~STIEH 

5 g O  5 ~ 5  g 6 0  5 6 g  

ETQ MQSS {HEU) 

CHZSQ 

6 6  HBC 9.6 

6S HBC 0 . 9  

6 4  DBC 1.1 

6 4  HBC 0 . 1  

6 3  CNTR 0 . 0  

6 2  HBC 0.7 

6 2  HBC 

62  HBC 0 , 0  

1 2 . 4  

( C D N L E U  
= 0 . 0 5 4 )  

I~ ETA WIDTH 

W ETA WIDTH DETERMINED FROM MASS SPECTRUM (UNITS MEV] 
W 91 [ IO.O) OR LESS ALFF 62 HOE 
W 148 I IO,OI  OR tESS FOELSCHE 64 HBC 
w 31 I I 2 .O )  OR tESS JAMES 66 HBC 
W 14.01 OR LESS BALTAY 66 OBC 
w (.9] OR LESS ELf .g5  JONES 66 CNTR 

W ETA WIDTH DETE&MINED FROM DECAY RATE IUNITS KEV) 
W THIS IS THE PARTIAL DECAY RATE IW l I  FOR THE MODE [ETA INTO 2GAMMA) 
W DIVIDED BY THE FITTED BRANCHING FRACTION (PIT FOR THAI MODE. 
w . . . . . . . . .  
W FIT 0.85 0.12 FROM FIT 

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

14 ETA PARTIAL DECAY MODES 

Pl EIA INTO 2GAMMA 
pg ETA INTO BPIO 
PB ETA INTO PI+ P I -  PIO 
P4 ETA INTO Pl + Pl- GAMMA 
P5 ETA INTO E+ E- PIO (VIOLATES C IN E .M . I . I  
P6 ETA INTO E+ E- PI+ P I -  
P7 ETA INTO RIO 2GAMMA 
P8 ETA INTO E+ E- GAMMA 
P9 ETA INTO 2RiO GAMMA (VIOLATES C} 
PlO ETA INTO PI÷ RI- PIO GAMMA 
P l l  ETA INTO PI+ P I -  2GAMMA 
Pl2 EIA INTO MU+ MU- 
RIB ETA INTO MU+ ML~ GAMMA 
PI4 ETA INTO MU+ NU- PIO 
P15 ETA INTO PIe P l -  
Plb ETA INTO E+ E- 

DECAY MASSES 
O+ 0 

13~÷ 134+ 134 
139+ 139+ 134 
139÷ 13g+ 0 
134+ .5+ .5 
IB�+ IB�+ .5+ .5 
134÷ O+ 0 
.S+ .5÷ 0 

134+ I34+ 
139+ 139+ 13 ÷ 0 
139+ 139+ O+ o 
1o5+ 105  
105+ I05+ o 
105+ 105+ 13~ 

. 5 +  

6/66 
7/66 
8/67 

F I T T E D  P A R T I A L  D E C A Y  MODE B R A N C H I N G  F R A C T I O N S  

The  m a t r i x  b e l o w  i s  d e r i v e d  I r o : n  the  e r r o r  m a t r i x  for  t he  f i t t e d  p a r t i a l  d e c a y  *node 

branching fractions. Pi' as follows: The aiagonal elements are Pi • 6P i, where 
6P i = % ~ _  * while the off-dlagonal eleznents are the nor~nalized correlation coeffi- 

cients <GPi6P j )/(GP i • 6Pj). For the definitions of the individual Pi' see the listings 

above; ol~y those P i appearing in the n,atrix are assumed in the fit to be nonzero and 

are thus constrained to add to I. 

.BTgPO÷l.O098._ p z p 3 p 4 p 7 p s 
P 1 
P 2 -.269I .2990+--. 0106 
P B --.3224 -.2353 .2358+-.0056 
P 4 -.2866 -.2095 .82Gl .0489+-.0013 
P T -.4271 -.5T8[ -.0959 -.0801 • 0314+-.0109 
P 8 -.0434 -. 0826 -. 049~ -.0501 -.0036 .0050+-.0012 

FITTED PARTIAL DECAY MODE RATES 

The ~atrix below is the branching fraction n~atrlx above, transformed into rate 

space; i. e.. G i ~ ['i FtotalPi. in appropriate units. In analogy to the ~natr[x above, 

the dia~onai elenlent~ are Gi~ 6G i, where 5G i - %~i~), while the off-diagonal 

elements are the normalized correlation coefficlents {~OiGGj)/{80 i - 6Gj). Note that. 

because of the error in ~total' the errors and correlations here are not directly derivable 

from those above. 

O I 82 G3 G4 G 7 G 8 
G I .3240+-.0460 
O 2 .0386 .2550+-.0385 
G 3 .9689 .9513 .20II+-.0294 
G 4 .9646 .94TI 1.0097 .0417÷-. 006 [ 

.5178 .5082 .5233 .5199 -2818 .0043+-.0012 

Note on Conflicting Results for ~ ÷ yy Decay Rate 

The BROWMAN 74 result for F~ is three standard 

deviations below the earlier BEMPORAD 67 result. 

This is because the BEMPORAD 67 analysis finds a 

negligible strong-production amplitude and attri- 

butes all of their observed ~ photoproduction cross 

section to Coulomb production. BROWMAN 74, on the 

other hand, find that the strong-production contri- 

bution to the cross section is significant, especi- 

ally at lower energies, and that the Coulomb con- 

tribution is smaller, resulting in a smaller value 

of ryy. 

The ~ photoproduction data of BROWMAN 74 were 

taken at incident V-ray energies of 5.8, 9.0, and 

11.45 GeV on beryllium, aluminum, copper, silver, 

and uranium targets, while the BEMPORAD 67 data were 

taken at 4.0 and 5.5 GeV on lead, silver, and zinc. 

The higher energies, higher statistics, better 

angular resolution, and larger range of atomic 

weights of the BROWMAN 74 experiment result in a 

more reliable separation of the Coulomb amplitude 

from the strong-production amplitude. In addition, 

the bad approximation mentioned in BROWMAN 74 foot- 

note 4 was present in the theoretical work utilized 

by BEMPORAD 67 and this may account for some of the 

discrepancy. 

Browman et al. state that the BROWMAN 74 result 

is compatible with the BEMPORAD 67 data, although 

the agreement is not as good as that given by the 
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Data Card Listings 
For notation, see key at front  o f  Listings. 

BEMPORAD 67 fit to these data. On the other hand, 

the BEMPORAD 67 result appears to be incompatible 

with the 9 GeV data (especially uranium) shown in 

Fig. 2 of BROWMAN 74. 

We quote the BROWMAN 74 result. 

14 ETA DECAY RATES 

WI ETA INTO 2GAMMA (UNITS KEV) (G I }  
WI B El,DO) 10.22) BEMPORAO 67 CNTR PRIMAKOFF EFFECT 11/75 
W[ 0,324 0.046 BROWMAN 74 ENTR PRIMAKOFF EFFECT 7/74 
WI 8 BEMPDRAD 67 GIVES WI=1 .21~ .26  KEV ASSUMI 6G THAT 611EOTAL=O.314. 11/75 
WI 8 BEMPCRAD PRIVATE COMMUNICATION GIVES MORE GENERAL RESULT AS 11 /75  
Wl B WI*WLITOTAL=.B80+-.083. WE EVALUATE THIS USING WIITOTAL=.38+-.Ol. I 1 / 75  
Wl B NOT INCLUDED IN AVERAGE BECAUSE THe UNCERTIANTY RESULTING FROM THE 2/76 
61 6 SEPARATION OF THE COULOMB AND NUCLEAR AMPLITUDES HAS APPARENTLY 2 / 7 6  

Wl B BEEN UNDERESTIMATED. SEE NOTE ON DISCREPANCY ABOVE. 2176 

Wl . . . . . . . . .  
W1 F I I  0.324 0.046 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I .O)  

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

14 ETA BRANCHING RATIOS 

R/ ETA INTO NEUTRALS/CHARGED {PI÷P2*P7)/(P3+P4÷P8) 
RL H 10 { 2 , 5 )  El.O) PICKUP 62  HBC 
RI N 53  (3 .20 )  { 1 . 2 6 (  BASTIEN 62  HBC 
RI N I 2 . 7 )  (0 .8 )  SHAFER 62  HBC 
RI 2 .6  .9 BUSCHBECK 63 HBC 7/66 
RI N 280 ( 4 .5 )  { i . 0 )  JAMES 66 HBC 6/66 
RI N THESE EXPERIMENTS HAVE NOT BEEN USED IN COMPUTING THE AVERAGES 
RL N AS THEY WERE UNABLE TO SEPARATE CLEARLY PARTIAL MODES (B} ANO {41 
E l  N FROM EACH OTHER. THE REPORTED VALUES THUS PROBABLY CONTAIN 
RL N SOME (UNKNOWN) FRACTION OF MODE (4 I .  
RI 2 .B4  0.23 BALTAY2 67  DBC 11 /67  

RL . . . . . . . . .  
RI AVG 2.64 0.22 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O )  
RI STUDENT 2.64 0,24 AVERAGE USING STUDENTIOIHII, IL) - -  SEE MAIN TEXT 
Rt FIT 2.452 0.08L FROM FIT (ERROR INCLUDES SCALE FACTOR OF / . I f  

R2 ETA INTO 2GAMMA/CHARGED (PlJ/{P3+P4+P8) 
RZ 0.99 0.48 CRAWFORD 63  HBC 
RB . . . . . . . . .  
R2 FIT l .B l l  0.053 FBOM FIT (ERROR INCLUDES SCALE FACTOR OF L .1 )  

Note on Q + ~°yT 

The discrepancies between various measure- 

ments of branching ratios involving Q + x0~ are 

displayed in the ideogram below, in which all rel- 

evant experiments have been converted to a com- 

mon ratio, ~°yy/neutrals. Our branching ratio fit 

does not include DIGIUGNO 66, FELDMAN 6~ or the 

upper limit measurements. See page 43 of "Review 

of Particle Properties", Physics Letters 39B, 

No. 1 (1972) for more discussion. 

WEIGHTED QUERAGE = O .OG i  ± 0 .03 i  

ERROR SCALED BY  2 ,3  

- 0 . 2  0 .0  

ETA B ,R .  INTO [P IO  2GAMMA) /NEUTRALS  

V a l u e s  a b o v e  o f  w e i g h t e d  a v e r a g e ,  
e r r o r ,  a n d  s c a l e  f a c t o r  a r e  f o r  t h e  
reader r s convenience only. The 
d a t a  were a c t ~ 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 s 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  ~ ,  5~,  
a n d  s c a l e  f a c t o r ,  w h i c h  a r e  d i f f e r -  
e n t  f r o n a  t h e  v a l u e s  s h o ~  h e r e ,  CHISQ 

. . . . . . . . . . . . .  SCHMITT  70  OSPK 0 .9  

. . . . . . . . . . . .  KANOFSKY 70 OSPK 0.0 

. . . . . . . . . . . . . .  DEUONS 70 OSPK 2 .3  

+ . . . . . . . . . . .  CDX  70  HBC 1 ,6  

. . . . . . . . . . . . .  BUTTRAM 70 OSPK 3 ,4  

. . . . . . . . . . . . .  JAEQUET G9  HLBC o ,g  

- - + - -  . . . . . . . .  FELDMAN 67  OSPK : } . 3 . 4  

. . . . . . . . . . . . .  BALTAY1  67  OBC O .m  

. . . . . . . . . . .  WRHL IG  66  OSPK 

~ " ' ' - -  k _~+__ .__ .  : . . . .  GRUNHRUS gG OSPK 4 .4  

• D I G I U G N O  6G CNTR 19 .0  

4G ,4  

, , : : [CONLEU 
0 .2  0 . 4  0 . 6  O .B  =0 .000 )  

R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 

R4 
R4 
R4 
R4 
R4 
R4 
R4 
R4 
R4 
R4 
R4 
R4 
R4 
R4 
R4 
R4 

R5 
R5 
R5 2.0 l.O 
R5 0 .90  0 . 2 4  
R5 . . . . . . . . .  
R5 AVG 0 .91  0 .19  
R5 STUDENT O,9L  0.20 
R5 FIT I .B57 0.057 

R6 ETA INTO 3PIO/2GAMMA 
R6 ( . 9O l  OR MORE 
R6 0.88 0 . / 6  
R6 l . I  0.2 
R6 0.78 O,O@ 
R6 . . . . . . . . .  
R6 AVG 0.824 O.OB5 
R5 STUDENT 0 ,82L  0 .085  
R6 FIT 0.787 0.009 

R7 
R7 
67 
R7 
R7 
R7 
R7 

R8 
R8 
RB 
R8 
R8 
RB 
R8 
R8 
RB 
RB 
R8 
R8 
RB 

R9 
R9 
R9 
R9 
R9 
R9 

ETA INTO IPIO 2GAMMA)/NEUTRALS (P7)I(PI÷P2÷PT) 
S (0 .375)  (0.072) DIGIUGNO 6B CNTR ERROR DOUBLED 6166 

THE ERRORS OF DIGIUGNO+ b6 HAVE BEEN INCREASED BY A FACTOR 
OF TWC, TD TAKE INTO ACCOUNT POSSIBLE SYSTEMATIC ERRORS, AS 
SUGGESTED BY THE AUTHORS. 

• 27 , lO  GRUNHAUS 66 OSPK 8/67 
R ( .028)  ( . 044 I  BUNIATOV 67 OSPK 11167 
S ( .2GO) ( . 05 ]  FELDMAN 67 DSPK 8/67 
S SEE IHE NOTE ON EIA DECAY INTO NEUTRALS ABOVE. 

.026 .OI9 BUITRAM 70 OSPK 12/70 

. I 22  . 052  , 044  COX 70  HBC 6 1 7 0  

( . 07 )  OR LESS CL=,90 OEVDNS 70  OSPK 12170 
B 16 ,OL6  .047 SEHMITT 70 OSPK 12/70 
R SCHMITT 70 IS A REANALYSIS BUNIATOV 67 

E (O . I I )  (0 .03)  STRUGALSK ? I  HLBC 5 / l I  
E THIS MEASUREMENT HAS BEEN EXCLUDED BECAUSE THE ERROR APPEARS 2 /7 [  
E TO BE SERIOUSLY UNDERESTIMATED. 2/71 

AVG 0.042 0.023 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4}  
STUDENT 0.03g O.OI9 AVERAGE USING STODENTIO(H/I°LL} - -  SEE MAIN TEXT 
FIT 0.044 O.Ol5 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1,2) 

ETA INTO (P I÷  P I -  GAMMA)/(PI÷ P I -  PIO] (P4 I / (PS)  
0 ,14 O.O8 FOELSCHE 64 HBC 

M 24 (0o73( (0 .25)  PAOLI 64 DOE 
M THIS EXPERIMENT HAS NOT BEEN INCLUDED IN THE AVERAGES SINCE IT IS 
M NOT CLEAR THAT THEIR CLASS B EVENTS ARE ACTUALLY FROM LEAS. 

0.30 0.06 CRANFORD 66 HOE 6/66 
• i 0  , 1o  KRAEMER 64 DBC 7/66 
.L9b .0~1 FOSTER3 B$ HBC 7186 
• 25 ,035  LITCHFIEL 67  ODE 8167 

0.28 0.04 BALTA¥2 67 DBC 11167 
7250 .201 .006 GORMLEY 70 ASPK 8/70 
LBK 0.209 0.004 THALER 73 ASPK 6173 

AVG 0.2074 0.0087 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I . l )  
STUDENT 0.2074 0.0037 AVERAGE USING STUDENTIO(HI I . I I ]  - -  SEE MAIN TEXT 
FIT 0.2075 0 .0033  FROM FIT (ERROR INCLUDES SCALE FACTOR OF ] ,O f  

ETA INTO (3RIOT * 213{PIO 3GAMMA)/ PI+PI -PIO (PBe2/BP7(/P3 
0.83 0 .32  CRAWFORO 63  HBC 7 /66  

FOELSCHE B4 HOE 7166 
FOSTERI 65 HBC 7 /66  

AVERAGE (ERROR INCLUDES SCALE FACTOR OF L.O) 
AVERAGE USING STUDENTIO(H/L.LI) - -  SEE MAIN TEXT 

FROM F I I  (ERROR INCLUDES SCALE FACTOR OF L.B) 

(P2 I / (PL )  
CHRETIEN 62 PBC 
BALTAYI 67  OBC L l / 6T  
CENCE 67  OSPK L /68  
OEVONS 70 OSPK I2 /70  

AVERAGE (ERROR INCLUOES SCALE FACTOR OF 1.2) 
AVERAGE USING STUOENTIO(HIt.LI) - -  SEE MAIN TEXT 

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1,L(  
(SEE IDEOGRAM BELOW I 

WEIGHTED QUERABE = 0 .824  ± 0 .0B5  

ERROR SCALED BY 1 .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  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  a c t u a l l y  p r o c e s s e d  b y  a 

c o n s t r a i n e d  f i t  p r o g r a m ,  w h i c h  

c a l c u l a t e s  i t s  o w n  v a l u e s  o f  ~ ,  5 x ,  

a n d  s c a l e  f a c t o r ,  w h i c h  a r e  d ~ £ e r -  

ent from the values shown here. 

CHISQ 

. . . . . . . . .  OEUONS 70 OSPK 0.7 

• . .CENCE 67  OSPK 1 ,9  

I . . . .  ~ - -BALTAYI  G? DBC O . i  

2 . ?  

' • (CONLEU 
0 .4  0 .8  1 .2  1 , g  : 0  . 2g9 ]  

ETQ INTO ( 3P IO ] / ( 28AMMA}  

ETA INTO 2GAMMAI(PI+ P I -  PO} (P I ) I (P3 I  
1 ,61  0 .39  FDSTERL 65 HBC 

401 1 .72  . 25  BAGLIN 60  HLBC 7 / b 9  

AVG 1,69 0.21 AVERAGE (ERROR INCLUDES SCALE FACTOR OF L .O I  
STUDENT E .69  0.23 AVERAGE USING STUDENTIO(H/L.ItI  - -  SEE MAIN TEXT 
FIT 1.611 O, C6B FROM FIT (ERROR INCLUDES SCALE FACTOR OF I . I )  

ETA INTO NEUTRAL/(PIe P I -  P/Of (PE+P2+P7I/(PB( 
50 3.6 O.B KRAEMER 64  DBC 

3.8 1.1 PAULI 64 DBC 7166 
2 .89  0 .56  ALFF~STEI 66  HBC 9 /66  

244 3 ,6  0 .6  FLATTE2 61  HBC 1/68 
29 3 .4  1.1 AGUILAR-B 72  HBC 11172 

B 70  2 .83  0.80 BLOOBWORT 72 HBC i t / T2  
74 2 .54  L .B9  KENDALL 74  OSPK 12175  

B ERROR INCREASED FROM PUBLISHED VALUE 0,5 BY BLOODWORTH, PRIV. COMM. 1173 

AVG 3.26 0.30 AVERAGE {ERROR INCLUDES SCALE FACTOR OF I .O )  
STUDENT 3.26 0,33 AVERAGE USING STUDENTIOIH/L.LI) -~ SEE MAIN TEXT 
FIT 3.01 0.10 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l .E )  

ETA INTO (E+E-P IO I / iP I+P I -P IO I  (UNITS TO**-4) {PS]I(P3} 
110. OR LESS PRICE 65 HBC 

0 77. OR LESS FOSTER2 65 HBC 
42. OR LESS CL=,9O BAGLINI 67  HLBC 8•67 

o 16 .  OR LESS CL=.90 B ILL ING 67 HLBC 11167  
i°9 OR LESS CL= ,9O  JANEE 75 OSPK 12175 
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Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 

RIO ETA INIO (E *E -P I÷P I - I / IOTAL  (UNITS [O**-2) (PET 
RIO (0 .7 )  OR LESS RITTENBER 65  HBC 6/66 

R I I  ETA INTO (E÷E--PI÷PI--)/IPI÷PI-GAMMA) (P61/(P41 
R l l l  0*026 0.026 GRDSSMAN 66  HBC 6/66 

R[2 ETA INTO 2 GAMMA/NEUTRALS (P l ) / (P I÷P2*PT)  
R12 S (0.4t6) (O .O44 )  DIGIUGNO 66 ONTR ERROR DOUBLED 6/66 
R[2 .44 .07 GRUNHAUS 66 OSPK 8/67 
RI2  E ( *579 )  1 , 0521  FELDMAN 67  OSPK 8 /67  
R12 S SEE ThE NOTE ON ETA DECAY INTG NEUTRALS ABOVE. 
R12 T (0.391 10.063 JONES 66 CNTR 8/67 
RI2 T THIS RESULT FROM COMBINING CROSS SECTIONS FROM TWO DIFFERENT EXPTS. 
R12 .59 .033 BUNIAIOV 67 OSPK 11/67 
RIB .538 *018 BUTTRAM 7O OSPK 12/70 
R [2  . 486  . 036  COX 70  H8C 6 /70  
R[2 0.57 O*Og STRUGALSK 7[ HLBO 5/7[ 
RI2 [13 0.60 0.[4 KENDALL 74  OSPK 12/75 
Rt2 . . . . . . . . .  
R12 AVG 0.535 0.018 AVERAGE (ERROR INCLUDES SCALE ~ACTOR OF 1.3) 
RIB STUDENT 0.535 O.OI6 AVERAGE USING STUDENTIO(HII . [ [ )  - -  SEE MAIN TEXT 
RI2 FIT 0.535 0.013 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .2}  

(SEE IDEOGRAM BELOW ) 

WEIGHTED AUERAGE = O.S3g  ± 0 . 018  

ERROR SCRLED BY 1 .3  

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  fo r  t h e  
r e a d e r  = s c o n v e n i e n c e  o n l y .  The 
data were actually processed hy a 
constrained fit program, which 
calculates its own values of x, 6~, 
and scale factor, which are differ- 
ent from the values shown here. 

' KENDALL  74  OSPK 

. . . . . .  COX 70  HBC 1 .9  

. . . . . . . . .  BUTTRRM ?0  OSPK D ,O  

/ T - - ~ :  . . . . .  B U N I A T n U  67  OSPK 2 .8  

. . . . . . . . . .  GRUNHAUS 66  OSPK & .B  

' ( CONLEU 
0 .3 0 .5 0.7 0.9 =0.157) 

ETA INTO (2  GAMMA) /NEUTRALS  

RL3 E T A  INTO 3PIO/NEUIRALS (PB)IIPI+PB+PT) 
RI3 S (O.BOD) (0 .054|  DIGIUGNO 66 CNTR ERROR DOUBLED }156 
R 1 3  R (.293 ( . IO l  GRUNHAUS 66 OSPK 8/67 
R13 S (.1773 (.0351 FELDMAN 67  OSPK 8167  
R[3 S SEE THE NOTE ON ETA DECAY INTO NEUTRALS ABOVE. 
R13 .4 [  .033 BUNIAFOV 67 OSPK 11/57 
RI3 R REDUNDANT INFORMATION FROM THIS EXPERIMENT. 
R [3  R ( .639}  1.0251 BUTTRAM 70 OSPK I2170 
R13 .392 .042 COX 70 HBC 6170 
R [3  0 .32  0 .09  STRUGALSK 71 HLBC 5/71 
R I3  75  0 .40  0 .14  KENDALL 74  OSPK 12 /75  
RI3 . . . . . . . . .  
R I 3  AVG 0.397 0.025 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [.0) 
R[3 STUDENT 0.397 0 .027  AVERAGE USING STUDENT[O(H/1.ZII - -  SEE MAIN TEXT 
RI3 FIT 0.421 O. O t4  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .1 )  

R[4 ETA INTO PIO I2  GAMMAII2GAMMA (PT I I IP I )  
R14 ( . 51  OR •ESS CL=.90 WAHLIG 66 SPRK 7 /66  
R [4  O.O 0 .16 BALTAY[ 67  OBC 11 /67  
RI4 P IO.051 IO .O6 )  80NAMY 67 SPRK PRELIMINARY RESULT I i / 67  
R I4  . . . . . . . . .  
RIB  FIT 0.083 D.080 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .2 ]  

R[5 ETA INTO (E÷E--P[OI/TOTAL (UNITS I 0 " * - 2 (  (P51 
R[5 0 .7  OR LESS RITTENBER 65 HBC 6/66 
RI5  0.086 OR LESS Ct=.90 BAZIN BB OBC 6/68 
R I5  0 0 .016  OR LESS CL= .90  MARTYNOV 76  HLBC 6 /775  

RI6 ETA INTO 2GAMMA/(3PIO ÷ PIO 2GAMMA) (PLI I IP2+PTI  
RI6 0.80 .25  BACCI 63  CNTR 7/66 
RIG . . . . . . . . .  
RIB FIT [ . 150  D.060 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I .B )  

R17 ETA INTO (P I@I -P IO  GAMMAI/(PI+PI-PIOI (UNITS 10"*-23 

R I7  67  HBC IP IO I / IP8 )  
RI7 7.0 OR LESS FLATTE 8/67 
R I7  0.9 OR LESS PRICE 67  HOE 8/67 
E l7  [ . 6  OR tESS CL=.95 BALTAY2 67  DBC [1167  
RE7 [ . 7  OR LESS Cl=.90 ARNOLD 68 H•BC 9 /68  
RI7 T O 0.2~ OR LESS CL=.DO THALER 73 ASPK 6/73 
R[7 T 0 O.O 0.15 LIMIT ABOVE RESTATED FOR AVERAGING 6/73 

RIB ETA INTO (P I *P I -  2GAMMAII IPI+PI-PIO) ( P I I I / I P 3 1  
RIB .DOg OR LESS PRICE 67  HBC 8167 
RIB .016  OR LESS EL= .95  BALTAY2 67  DBC [1 /67  

RI9 ETA INTO 3P IO I IP I~  P I - -  PIOI IP2 ) / (P3 )  
RI 'g 1.3 .4 BAG• [NB 67 HLBG 8 /67  
R[9 [ . 67  0.20 0 . [ 7  BULLOCR 68  HLBC g /68  
R19 [99 1.50 .13 .29 BAGLI N 69 HLBC 7/69 
R19 . . . . . . . . .  
RID AVG 1.46 D.13 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
Rig STUDENT 1.46 0.14 AVERAGE USING STUDENT[OIH/ I . I I I  - -  SEE MAIN TEXT 
Rlg FIT 1.268 0.060 FROM FIT (ERROR INCLUDES SCALE FACTOR DE I . [ )  

R2O ETA INTO 2GAMMAI(I3PIOI+213iPIO 2GAMMA) )  (P [ I I IPB+213PTI  
R20 1.10 0.5 MULLER 63 DBC 7166 
R20 . . . . . . . . .  
R20 FIT 1.137 0.058 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.23 

R21 ETA INTO NEUTRALS/TOTAL IPI÷P2+PT) 
R2 [  . 79  . 08  BUN[ ATOV 67  OSPK I [ / 67  
R21 IOK .705 .008 BASILE 71 CNTR MM SPECTROMETER 8171 

R21 . . . . . . . . .  
R2 [  AVG 0.7058 0.0080 AVFOAGE (ERROR INCLUDES SCALE FACTOR OF 1.o} 
R2 I  STUDENT 0.7058 0.0086 AVERAGE USING STUDENTIOIH/ I . I t l  - -  SEE MAIN TEXT 
R21 FIT 0.7103 0.0068 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l . I I  

R22 
£22  
R22 
R22 

k23  
R23 

R24 
R24 

R25 
K25 

R26 
R26 
R26 
R26 
R26 
R26 
826  
R26 

R27 
R27 

R2E 
R2E 
R2E 
R2B 
R28 

R29 
R29 
RBO 

ETA INTO IPIO BGAMMA)/TOTAL {PT) 
. [ 2  DR LESS CL=.g5 JACQUET 69 HLBC 6170 

FIT 0.031 0.011 FROM FIT 

ETA INTO MU+MU-/TCTAL (UNITS [0"*-53 IP121 
O 2. OR LESS CL=.D5 WEHMANN 68 OSPK 4168 

ETA INTO MU+MU-PIO/TOTAL (UNITS i0 " *~4 )  (P I l l  
5. OR LESS WEHMANN 68  OSPK 4168 

E IA  INTO MU÷MU-12GAMMA (UNITS  10 " * -5 )  (P I2 ) / IP l )  
5 .9  2 .2  HYAMS 69  OEPK 7 /69  

ETA INTO IPIO 2GAMMAI/13PIO + P [o  2GAMMA)  IPT l / lP2÷PTI  
N 0 . [  0.3 KANOFSKY 70 OSPK 2 /7 I  
N WE HAVE CHANGED THE ERROR ON THIS EXPERIMENT FROM ~0 .3 . - 0 . [  2/71 
N TO THE ABOVE +0 .3 . - 0 . 3  SINCE IT IS CLEAR FROM FIGURE 7 IN THE 2171 
N ARTICLE THAT A CENTRAL VALUE OF 0.0 IS ABOUT AS PROBABLE AS THE 2 /7 I  
N QUOTED VALUE DE 0 .1 .  2/71 

FIT 0.095 0.032 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2) 

ETA INTO (P Ie  PI- I ITOTAL IUNITS [ 0# * -2 l  {P l5 )  6/73 
0 0 . I 8  OR LESS THALER 73 ASFK CON. LEV. NOT GIVEN 6/73 

ETA INTO {E÷E-GAMMA)/(PI+PI-PIO) IUNITS (0 , * - 2 )  {P B I / (P3)  
J 80 2.1 0.5 JANE2 75 OSPK 2 /76  
J VALUE CHANGEO BY ERRATUM. 2/76 

FIT 2.11 0.50 FROM FIT (ERROR INCLUDES SCALE FACTOR OF [ .03  

ETA INTO (E+ E-l/TOTAL (UNITS [0"~-63 (PIE) 
3 .  OR LESS C•=.90 DAVIES 74 RVUE 2/?8*  

DAVIES 74 EXTRA£1S THIS INFORMATION FROM ESTEN 67. 2 /?8*  

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

14 ETA C-NONOONSERVING DECAY PARAMETERS 

RELAIEO IEXT SEClION V[ C . I  

A I  LEFT-R IGHT ASYMMETRY PARAMETER FOR P I+  P I -  PIO IUN ITS  IO~* -2 )  
A t  1351  7 .2  2 .8  BALTAY 36  08C E /66  
A1 1300  5 .8  3 .~  CLPWY 66  HBC 8 /66  
AT 10665 (0.33 ( l .O )  CNOPS 66 OSPK REPL BY MULLER 69 8167 
AT 705 -B . I  4 .0  •AROIEE 66 HBC 8/67 
AI 036800 I 1 .B I  {.51 GORMLEY3 68 ASPK . 6 /68 
A1 [0709  . 3  I . [  MULLER 69  OSRK 9 /69  
AI  [ [ 38  - [ . 4  3. CARPENTR 70 HBC 6170 
AI  349  3.2 5.4 DANBURG 70 DBC 2/71 
AI 220K -0 .05  0.22 LAYTER 72 ASPK 6/72 
At I65K 0.28 0.26 JANE[ 74 OSPK 3/74 
AT G GORM•EY3 68 ASYMMETRY PROBABLY DUE TO UNMEASURED IE X B) SPK. CH. 3/74 
AT G EFFECTS. NEW EXPTS. WITH (E X B) CONTROLS DONT OBSERVE ASYMMETRY. 3/74 
AT . . . . . . . . .  
AT AVG 0.12 0.17 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O )  
A[ STUDENT O . [ I  0.19 AVERAGE USING STUDENTID(H/I.113 - -  SEE MAIN TEXT 

A2 LEFT-RIGHT ASYMMETRY PARAMETER FOR P]+ P I -  GAMMA (UNIIS I 0 , * - 2 }  
A2 33 - 2 .  I 7 .  CRANFORD 56 HBC 11/66 
A2 -4 .  B. LITCHFIEL 67  DBC B /67  
A2 N 1620 1.5 E.5 MULLER 6~ OSPK 9/69 
A2 7257 1.22 1.56 GORMLEY 70 ASPK 6170 
A2 36K 0.5 0.6 THA•ER 72 ASPK 8/72 
A2 35K 1.2 0.6 JANE2 74 OSPK 3/74 
A2 N MULLER 69 IS SENSITIVE ONLY TO UPPER .4 OF GAMMA-RAY SPECTRUM. 
A2 . . . . . . . . .  
A2 AVG 0.88 0.R0 AVERAGE IERROR INCLUDES SCALE FACTOR OF [ . 0 }  
A2 STUDENT 0.88 0.45 AVERAGE USING STUOENT[O{H/I.[1) - -  SEE MAIN TEXT 

AS SEXTANT ASYMMETRY PARAMETER FOR PI÷ P I -  PIO IUNITS i 0 * * - 2J  
AS [300 6.8 3 .3  CLPWY 66  HBC [2175 
AS 705  -2 .4  4 .0  LARRIBE 66  HBO I2 /75  
AS 87K 0 .5  0 .5  GORMLEY3 68  WIRE 12 /75  
AS 220K 0 .1o  0.22 LAYTER 72  ASPK I2 /75  

JANE[  74  OSPK 12 /75  AS 165K 0.20 0.28 
AS . . . . . . . . .  
AS AVG 0.19 0 . [ 6  AVERAGE (ERROR INCLUDES SCALE FACTOR OE I .O }  
AS STUDENT 0 . [ 9  O*L7 AVERAGE USING STUOENTIO(H/I. [ [}  - -  SEE MAIN FEXT 

AQ QUADRANT ASYMMETRY PARAMETER FOR PI+ P I -  PIO (UNITS IO=*-BI  
AO 220K -0 .07  0.22 LAYTER 72 ASPK 12/75 
AQ 165K -0 .30  0 .25  JANE[  74  OSPK 12 /75  
AQ . . . . . . . . .  
AQ AVG -0 .17  0.17 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ .O )  
AQ STUDENT -0 .17  O. I8  AVERAGE USING STUOENItO(H/ I . I [ )  - -  SEE MAIN TEXT 

BET BETA ECR ETA 70 PI+ P I -  GAMMA. SENSITIVE TO D-WAVE CONTRIBUTION. 
BET DN/DCOS IHETA = SIN*T2 THETA * (1 + BETA * COS**Z THETA) [B/78 
BET 7250 -0 .060  0.065 GORM•EY 70 WIRE 12/75 
BET • 0.12 0.06 THALER 72 ASPK 12/75 
BET 35K 0 .11  0 . [ 1  JANEB 74  OSPK 12 /75  
BET L AUTHORS OONT BELIEVE THIS TO INDICATE D-WAVE BECAUSE DEPENDENCE OF 12 /75  
BET • BETA ON GAMMA ENERGY INCONSISTENT WITH THEOR. PREDICTION. 12/75 
BET • COS**2 DEPENDENCE MAY ALSO COME FROM P AND F-WAVE INTERFERENCE. I2 /75  
BET . . . . . . . . .  
EET AVG 0.047 0.062 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ . 5 )  
EET STUDENT 0.O53 0.O53 AVERAGE USING STUDENTIO(H/I . I [ )  - -  SEE MAIN TEXT 

16 ENERGY DEPENDENCE OF ETA DALITZ PLOT 

DP RELATED TEXT SECTION Vl C.2 
DP THE FOLLOWING EXPTS FIT TO ONE OR MORE DF THE COEFFICIENTS 
OP A,B,C,D,  OR E FOR ETA TO P I t  P [ -  PIO 
DP MATRIX ELEMENT*¢2=[ ÷ A*Y + B*(Y**2)  ÷ C*X ÷ D ' IX * *2 )  ÷ E*X*Y 

I300  SEE TEXT SEC Vl 6 .2  DP CLPWY 6O HBC 12/75 
OP 705 SEE TEXT SEE Vl C .2  •ARRIBE 66 HBC 12175 
DP 7170 SEE TEXT SEC Vl C.2 CNOPS 68 OSPK 12/75 
OP 37K SEE IEXT SEE V[ C.E GORMLEY3 68 WIRE [2 /?5  
OP 526 SEE TEXT SEC VI  C.2 BAGLIN 69  HLBC [2175 
OP [ [ 38  SEE TEXI SEC V[ C.2 CARPENTR 70 HBC 12/75 
DP 349 SEE TEXT SEC V[ C.2 DANBURO 70 DBC 12175 
DP 7250 SEE TEXT SEC VI C.2 GORMLEY 70 WIRE 12/75 
DP 220K EEE TEXT SEC Vl C.2 LAYTER 72 AEPK [2 /75  
DP BIK SEE TEXT SEC v[ C.2 LAYTER 73 ASPK 12/75 

AO ALPHA PARAMETER FOR ETA TO 3 PIO 
AO MATRIX ELEMENT **2 = 1 + 2*ALPHA*Z ISEE TEXT SEC VI E.33 12/75 
AO L92 -0.32 0.37 BAGLIN 70 HLBC 12 /75  
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Data Card Listings 
For notation, see key at front of  Listings. 

PEVSNEP 61PRL 7 ~21 

ALFF 62 PRL 9 322 
BASTIEN 62 PRL 8 114  
CHRETIEN 62 PRL q I 2T  
PICKUP 62 PRL 8 329  
SHAFER 62 CERN CONF 307  

BACCI 63  PRL 11 37 
BUSCHBEC 63 SIENA CONF I 166 
CRAWFORO 63 PRL IO 545 

ALSC 66 PRL 16 90T 
DELCOURT 63 PL I El5 
MULLER 63 SIENA CONP 99 

FOELSCHE 64 PR 134 B 1138 
KRAEMER 64 PR 136 8 496  
PAULI 64 PL 13 351 

FOSTER[ 65 PR 138 B 652 
FOSTER2 65 ATHENS 
FOS/ER~ 65 THESIS 
PRICE 65 PRL 15 123 
RITTENEF 65 PRL 18 586 

ALFF-STE 66 PR 145 1072 
BALTAY 66 PRL 16 1224 
CLPWY 66 PR 149 1044 
CNOPS 66 PL 22 546 
CRAWFORO 66 PRL 16 333 

DIGIOGNO 66 PRL 16 767 
GROSSMAN 6b PR 146 993 
GRUNHAUS 66 THESIS 
JAMES 66 PR 142 896 
JONES 66 PL 23 5gT 
LARRIBE 66 PL 23 600 
WAHLIG 66 PRL IT 221 

BAGLINI BT 
BAGLIN2 67  
8ALTAY1 67 
BALTAY2 B7 
8ENPORAD 67 

ALSO 

BILLING 67 
BONAMY 67  
BOWEN 67 
EU~]ATDV 67 

CENCE 67 
FELOMAN 67 
FLATIE 67 
FLATTE2 67  
LITCHFIE 67 
PRICE 67  

ARNOLD ~8 
BAZIN 68 
BULLOCK 68 
GORNLEY3 68 
NEHMANN 6E 

BAGLIN 69  
ALSO TO 

HYAMS 6D 
JACOUET 69  
MULLER 69  

BAGLIN TO 
BUTTRAM 70 
CARPFNTR TO 
COX 70  

OANBURG 70 
OEVONS 70  
GOFHLEY 70 

ALSO TO 
KANOFSKY TO 
SCHMITT 70 

BASILE 71  
STPUGALS TI 
AGUILAR-  72 
BLOODWOR 72 
LAYTER 72 
THALFR 72 

LAYTER 73 
THALER 73 
BROWMAN 74 
DAVIES 74 

ALSO 67 
JANEI  74 
JANE2 74 
KENDALL 74  

JANE[ 
JANE2 

ALSO 
MARTYNOV 

REFERENCES FOR ETA 

PEVSNER,KRAEMER,NUSSBAUM,RICHARDSON + (JHU) 

ALFF,EERLEY~CDLLFY,BRUGGER + (COLU+RUTGERS) 
BASTIEN,BERGE,DAHL,FERRO-LUZZI + ILRL) 
CHRFTIEN+ (BRAN÷BROWN+HARVARD+MIT÷PADOVA) 
E PICKUP,ROBINSON,SALANT (CNRC+BNL) 
J SHAFER,FERRO-LUZZI~MURRAY ÷ (UCB+LRLI 

BACCI,PFNSO~SALVINI + (ROMA+FRAS) 
BUSCHBECK-CZAPP~COOPER + (VIENNA,CERN,AHST) 
F S CRAWFOR~,LLOYD~FOWLER (LRL+DUKE) 
F S CRAWFORD,L LLCYD,E FOWLER (LRL+DUKE) 
OELCOURT,LEFRANCOIS,PEREZ Y JOREA+ (ORSAYI 
MOLLER,PAUL~ + {SACL~RDMAI 

H w FOELSCHE,H L KRAYBILL (YALE| 
KRAEMER,MADANSRY,FIELDS + (JHU+NWESeWDOO) 
E PAULI,A MULLER (SACLAY) 

~OSTER,PEEEPS,MEER,LOEFFLER + {WISC+PURDUEI 
FOSTER,GOOD,MEER (WISCONSINI 
H.C.FOSTER INISCONSIN] 
L.R.PRICE,P.S*CRAWFORD (LRL| 
RITTENBFRG, RALBFLEISCH ILRL+BNL) 

ALFF-STEINBERGER,BERLEY+ (COLUMBIA+RUTGERS) 
+FRANZ[NI,KIM,KIRSCH+IC~LUMBIA+STONY BROOK) 
COLUMBIA,LRL,PURDUF,WISCONSIN~YALE 
CNOPS,FINOCCHIARS,LASSALLE,ICERN,ETHZ,SACL) 
F.S.CRAWFORD,L.R.PRICE (LRLI 

DIGIUGNO,GIORGhSILVESTRI+ (NAPL,TRST,FRAS) 
R GROSSMAN,L PRICE,F CRAWFCRD (LRL)  
J.GRUNHAUS (COLUMBIA) 
F E JAMES,H l KRAYBILL (yALE+BNL I  
JCNES,B[NNIE,OUANE,HORSEY~MASON,(LOIC,RHEL} 
LARRIBE*LEVEQUE,MULLER,PAULI,+ (SACL+RHEL) 
WAHLIG,SHIBATA,MANNELLI IMIT+PISA) 

PL 248 637  BAGLIN,EEZAGUET,DEGRANGE,+ (EPOL+UCBI  
BAPS 12 BE7 BAGLIN,BEZAGUET,DEGRANGE,÷ (EPOL+UCB] 
PRL 19 1495 BALTAY,FRANZINI,KIM~NEWMAN+ (COLU+BRAN) 
PRL 19 1498 BALTAY,FRANZINI,KIM,NEWMAN+ ICOLU+STON) 
PL 258 380  8FMPORAD,BRACCINI,FOA, LUBELSMEY+(PISA~BONN) 
PRIVATE COMMUNICATION 

PL 258 435  BILLING,BULLOCK,ESTEN,GOVAN,+ (LDUC,OXF I  
HEIDELBERG CONF. BONAHY~SONDEREGGER (SACLAYI 
PL Z4B 200 BOWEN,CNOPS ,FINOCCHIARO,+ (CERN+FTHZ+SACL) 
PL 25B 860 BUNIATOV,ZAVATTINI,DFINET,+ (CERN+KARLI 

PRL 19 1393 CENCE,PETERSON,STENGER,CHIU+ (HAWAII+LRL) 
PEL 18 868 FELOMAN,FRATI,GLEFSON,HALPERN,÷ (PENN) 
PRL 18 976  S .M.FLAITE (LRL) 
PR 163 1441 SoM.PLATTE AND C.G.WOHL (LRL I  
PL 246 486  LITCHFIELD,RANGAN,SEGAR~SMITH~IRHEL+SACLAY) 
PRL tB 1207  L.R.PRICE,F.S.CRAWFORD (LRL) 

PL 27B 466  +PATY,BRGLIN,BINGHAM+ ISTRB+MAOR+EPOL+UCB) 
PRL 20  895 BAZIN,GOSHAW,ZACHER,+ (PRINCETON,QUEENS) 
PL 2TB 402 +ESTEN,FLEMING,GOVAN,HENDERSON,DWEN+ (LOUC) 
PRL 21 402 GORHLEY,HYMAN,LEE,NASH,PEOPLES+ {COLU+BNL]  
PRL 20 748  NEHMANN,ENGELS,+ (HARV+CASE+SLAC+CORN+MCGI) 

PL 29B 445 BAGLIN,BEZAGUET,÷ IEPOL,UCB,MADR~STRB) 
NP B22 6B +BEZAGUET,DEGRANGE,MUSSET +(EPOL,MADR,SIRB) 
PL 298 128 HYAMS,KOCH,PO/TER,VON L [NOERN,+  (CERN,MPIM) 
NC 58 743 JACQUET,NGUYEN-KHAC,HAATUFT+ (EPOL,BERG} 

THESIS ARMAND MULLER (STRE) 

NP 822 66 +BEZAGUET,OEGRANGE,NUSS~T+ (EPOL~MADR+STRB) 
PRL 25 135E +KREISLER,MISCHRE {PRINT 
PR 01 1303  CARPENTER~BINKLEY,CHAPMAN~COX,DAGAN+ (DUKE) 
PRL 24 534 COX,FORTNEY~GOtSON (DUKE) 

PR 02 2564  +ABOLINS,DAHL,DAVIES,HOCH,KIR2,+ [LRLI 
PR D1 1936  +GRUNHAUS~KOZLOWSKI,NFMETHY + (CDLU~SYRA) 
PR DE 501 GORMLEY,MYMAN~LEE,NASH~PEOPLES+ (COLU+BNL] 
NEVIS 1811THESIS) MICHAEL GORMLEY (COLUI 
NC 68 ~13 A. KANOFSKY (LEHI) 
PL 328  638  +BUNIATOV,ZAVATTINI,DEINET+ (CERN,RAREI 

NC 3A 796  +BOLLINI,DALPIAZ,FRABFTTI+ ICERN,BGNA,STRB) 
NP B27 429 +CHUVILO,GEMESY,IVANOVSKAYA+ (JINR) 
PR D6 29 AGUILAR-BENITEZ,CHUNG,EISNER,SAMIOS (BNLI 
NP B39 525 BLOODWORTH,JACKSON, PRENTICE,YOON (TORONTO) 
PRL 29 316  +APPEL ,KOTLEWSKI ,LEE ,STE IN ,THALER (COLUI  
PRL 29  ~13  +APPEL,KOTLEWSKI,LAYTER~LFE~STFIN (COLU) 

PR 07 2565  +APPEL,ROTLEWSKI,LEE,STEIN~THALER (COLU) 
PR O7 2569  +APPEL,KOTLEWSKI,LAYTFR,LFF,STEIN ICOtU)  
PRL 32 1067  +DEWIRE,GITTELMAN~MANSON~LDH + (CORN+BING) 
NC 24A 324  +GUY,ZIA (BIRM~RHEL+SHMP) 
PL 24B 115 ESTEN,GOVAN,NNIGHT,MILLER,TOVEY+ (LOUC÷OXF) 
PL 488 260  +JONES,LIPHAN,OWEN, PENN~Y÷ (RHEL+LOWC+SUSS) 
PL 486 265 +JONES,LIPMAN,OWEN, PENNEY+ (RHEL+LOWC*SUSS) 
NC 2LA 387 +LANOU,MASSIMO,SHAPIRO + (BROW+BARI+MIT) 

75 PL 598 99 +GRANNIS,JONES,LIPMAN,OWEN + (RHEL+LOWC) 
75 PL 598 103 +GRANNIS,JONES,LIPMAN~DWEN + (RHEL+LOWC) 
76 PL {TO BE PUBL.) ERRATUM, M.R.JANF, PRIVATE COMMUNICATION. 
Tb SJNP 23  48  +SALTYKDV,TARASOV,UZHINSKII IJINR) 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS 

BASTIEN 62 PRL 8 114  EASTIEN,BERGE,OAHL,FERRO-LUZZI,MILLER+(LRLI 
CARMONY 62 PRL 8 117 D CARMDNY,A ROSENFELD,VAN DE WALLF (LRLI 
ROSENFEL 62 PRL 8 293 A ROSENFELD~D CARMONY,VAN DE WALLE (LRL) 

I0  CHARGED KI494,JP=D-) I = I /Z  

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

10 CHARGED K MASS (MEV) 

M 493.9 0 .2  COHEN ST RVUE + 
M 493.7 0.3 BARKAS 63 EMUL 
M 493.78 0.17 GREINFR 65  EMUL + VIA TAU DECAY 7 /66  
M A (493 .87 )  (0.19) KUNSELMAN 7 l CNTR RAONIC ATOMS 10/71 
M 493.691 0.040 BACKENSIO 73 CNFR - KAJNIC ATOMS 1/73 

A 693.662 O.L@ KUNSELNAN 74 CNTR KA~NIC ATOMS 3/74 
493.687 0.020 CHENG 75 CNTR - KAONIC AFOMS 6 / T l ~  

M A KUNSELNAN 74 UPDATES KUNSELMAN 71 WITH IMPROVED KAONIC ATOM CALC. 3/74 
M . . . . . . . . .  
M AVG 493.667 0.018 AVERAGE (ERROR INCLUDES SCALE PACFGR OF 1.D) 
M STUDENT 493 .667  0.020 AVERAGE USING STUOENTIO[HIl.11) - -  SEE MAIN TEXT 
M FIT 493.668 0.018 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l.O) 2/78* 

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

10 (K+) - (R -J  MASS DIFFERENCE (MEV) 

DM F L .SM -0.032 0.090 FORD 72 ASPK +- 4172 
OM F FORD 72 USES M{PI+I-M(PI-) = +28+-70 KEV. 1/73 

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

10 CHARGED K MEAN LIFE {UNITS I0"~-8)  

I CHAR. K MEAN L IFE  
T O [ 0 . 95 )  { 0 . 36 )  ( 0 . 25 )  ILOFF 56  EMUL 
T 0 52 ( i .6O] [0.3) (0.3)  EISENBERG 58 EMUL 
T 1.21 0.06 0.06 BURROWES 59 CNTR 
T 0 33  (1 .38 )  [ 0 . 2~ )  ( 0 . 24 )  FREDEN 60  EHUL 
T O (1.25) (0.22] (0.1T) BARKAS 61ENUL 
T 0 51 ( L . 27 I  ( 0 . 361  10 .231BHOWMIK  61EMUL  
E 293 1 .31  0 .08  0.08 NORDIN 61  NBC - 

(I.24} (0.07I  NORDIN 6E RVUE - 
1 . 231  0.011 0.011ROYARSKI 62  CNER + 

T 1.2443 0.0038 FITCH 65 CNTR + K AT REST 6/66 
T E.221 0.011 FORD 67 CNTR +- 8 /67  

1 .2272  0 .0036  LOBKONICZ 69 CNTR + K IN FLIGHT 9 /66  
3M 1 .2380  0 .0016  OTT 71CNTR * STOPPING K 2 /71  

T 0 OLD EXPERIMENTS WITH LARGE ERRORS EXCLUDED FROM AVERAGING 2E71 
T . . . . . . . . .  
T AVG 1.2370 0.0032 0.0032 AVERAGE (ERROR INCL. SCALE FACTOR OF 2.AT 

STUDENT 1.2374 0.0016 0.0016 AVG BY STUDENTIO(H/I.II) - -  SEE MAIN IEXT 
FIT 1.2371 0.0026 FROM PIT (ERROR INCLUDES SCALE FACTOR OF 1.9} 

[SEE IDEOGRAM BELOW ) 

WEIGHTED AVERAGE = O,BOB4 * 0.0021 

ERROR SCALED BY 2.4 

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 ~ 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  £it 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  ~ ,  5~, 
a n d  s c a l e  f a c t o r ,  w h i c h  a r e  d i f f e r -  
e n t  f r o m  t h e  ~alues s h o v ~ h e r e .  

CHISQ 

. . . . . . . .  DTT  71  CNTR 0 ,4  

F . . . . . . .  LOBKOWICZ  69  CNTR 7 .3  

. . . . . .  FORD 67  CNTR 

. . . . . . . .  F ITCH 6S  CHTR 3 ,?  

~IIII 
~OYARSKI ~ E C N T R  

i NORDIN 61 HBC 

BURRDWES $9 CNTR 

1 1 . 4  

0.70 o.~s eo o.as o.~o o.~s (CONLEU 
=0 .003 )  

CHARGED K DECAY RATE  (UN ITS  IOmmB SEC- i )  

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

1o { (K+ )  - (K - I I /AVG. ,  MEAN L IFE  DIFFERENCE IPERCENTI  

DT N THIS QUANTITY IS A MEASURE OF OPT INVARIANCE IN W.l. 

OT 0 .47  0 .30  FORD 67  CNTR 8 /6T  
OT 0 ,090  0 .078  LOBKOWICZ 69 CNTR 12 /70  

OT . . . . . . . . .  
DT AUG 0.114 0 .093  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 
DT STUDENT 0.112 0.083 AVERAGE USING STUOENTIOIH/1.II] - -  SEE MAIN TEXT 

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

10 CHARGED K PARTIAL DECAY MODES 

DECAY MASSES 
Pl CHAP. K INTO MU NEU K MU2 I05+ o 
P2 CHAR. K INTO Pl  PIO K P IE  139+ 134  
P3 CHAR. K INTO Pl PI+ P I -  TAU 189+ 139+ 139 
P4 CHAR. K INTO Pl 2P]O TAU PRIME 139+ 134+ 134 
P5 CHAR. K INTO MU PIO NEU K MU3 105+ 139+  0 

P7 K*  INTO P I+  P I - -  E+ NEU 4 139÷ 139 .  . + o 
P8 K+ INTO P I+  P I+  E -  NEU K E -  4 139+ 137 "  . 5+  0 
P9 K* INTO Pl~ PI -  MU+ NEU K+MU+ 4 139. L39+ 105+ O 
PIO K+ INTO PI+ Pl+ HU- NEU K+MU- 4 139+ 139÷ 105+ 0 
Pl l  CHAR. K INTO E NEU K 12 .5+  0 
Pl2 CHAR. K INTO HU NEU GAMMA K MU RAD 105+ O+ 0 
PI3 CHAR. K INTO PI PIG GAMMA K PI RAD 139- 13A+ 0 
P14 CHAR. K INTO P( Pie P I -  GAMMA TAU RAD 139+ 139+ 139+ 0 
P15 CHAP. K INTO P( E+ E- P IE  E 139+ .5+ .5 
PIE CHAR. K INTO Pl MU+ MU- PI MU MU 139+ 105+ 105 
PIT CHAR. K INTO PI  GAMMA GAMMA P( GAN GAM 139+ O* 0 
PIE CHAR. K INTO PIO E NEU GAMMA P IE  NEU GAM 134+ .5+ O+ O 

RID  K+ -  INTO P I -+  E * -  E+ -  P I -+E+ -E+ -  139+ .B  + . 5  
PZO CHAP. K INTO PI NEU NEU PI NEU NEU 139+ O+ 0 
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Data Card Listings 
For notation, see key at front of  Listings. 

Stable Particles 
K ± 

P2I CHAR. K INTO E NEU GAMMA K E2 RAG .5+ O+ 0 
PBB CHAR. K INTO P( GAMMA K PI GAM 139+ 0 
R23 CHAR. K INTO P( 3GAMNA P( 3GAM IBF+ O+ D+ 0 
P24 CHAR. K INTO P IO  P IO  E NEU K E4 2P IO  136+ 134+ . 5+  O 
P25 Ke INTO P I -  E+ MU+ P I -EeMU+  139¢  . 5+  105  
P26 K+ INTO P I+  E+ MU- P I+E+MU-  139+ .So  105 
P27 CHAR. K INTO MU NEU NEU NEUBAR MU 3NELL 105+ O+ O+ o 
P2B CHAR. K INTO PIO MU NEU GAMMA PI MU NEU GAM 136+ 105+ De O 
P29 K*  INTO E l+  MUe E -  P I+MU+E-  139+ lOSe  . 5  
P30 CHAR. K INTO MU NEU Ee E- MU NEU E+E- 105+ O+ .5+ .5  
P3 I  K+ -  INTO MU--+ NEU E+-  E¢-- MU-+ NEU 2E+ -  105+ O+ , 5+  . 5  
P32 CHAR. K INTO NEU E E E NEU 31 O+ .5+ .5e .B 

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

CHARGED K CDNSERAINED FIT 
OVERALL FIT OF MEAN LIFEt WIDTHS AND BRANCHING 
RATIOS USES 59 DAIA POINIS TO DETERMINE SIX 
QUANTITIES. OVERALL FIT HAS CHISQ=78.O. MAIN 
CONTRIBUTION (13 .2 )  COMES FROM R19 DF HA IDT  
71 (WE SEE NO REASON TO REJECT THIS EXPERIMENT 
AT THIS TIME) 

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

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The ~trlx below is derived from the error matrix for the fitted partial decay mode 

branching fractions, P.  as follows: The dia~onal elements are P. • BP., where i I 
6P i = . . ~  while the oEf-dia~onal elements are the normalized correlation coeffi- 

cients . . ~6 p.Spj >i/(SP.I " EPJ.j For the definitions DE the individual P,I see the listings 

above; only those Pi appearing in the ~trix are assumed in the Eit to be nonzero and 

are thus constrained to add to I .  

P 1 P 2 P 3 P 4 P 5 P 6 
P I . 6350+ - .D016  
P Z - .T381  .Z l lC+ - .OO15  ~ - . i ~ i 9  -.03B3 .os59+-.o0o3 

-.IB19 .0349 .2039 • 0173+-.0005 
P 5 - . 2725  - . 2321  - . 1179  - . 3B30  . 0320~ .0009  
P 6 - . 3388  - . 1386  . 150 l  . 0258  . 212B  • 0682+ - . 0005  

FITTED PAl%TIAL DECAY MODE RATES 

The ~trix below is the branching fraction ~trlx above, transformed into rate 

8p~ce; , Gi m F1 : l~otal ID''• in appropriate units. In analogy to the matrix above, e. 

the dia~onal elements are G,~CG,, where BG. = ~ > ,  while the ofl-dia~onM z z I 
elements are the nor~lized correlation coefficients <bGiEOj}/(CG i" SGj), Note that, 

because of the error in rtotal, Ehe errors and correlations here are not directly derivable 

from tho~e above. 

G 1 G 8 G B G 4 G 5 G 6 

G I . 5133+ - . 0017  
G 2 - . 3275  . 1710 " - . 0013  
G 3 -. 0991 - . 0024  . 0452+ - . 0002  
G 4 - ~  lOT6  . 0488  . 2062  . 0160+ - *  0006  
G 5 - .  1623  - .  19TT - .  1229 - . 3193  . 0258+ - . 0007  
G 6 - . 1551  - . 0803  . 1533  .031L .2196  . 0390+ - .  0004  

3 /78=  
B /78~  
3 /78=  

IO CHARGED K DECAY RATES 

Wl CHAR. K INTO MU NEU )UNITS 10 " ' 6  SEC-I) [G l )  
WI 51.2 0.8 FORD 67 CNTR +- 8167 

Wl . . . . . . . . .  
WI FIT 51.33 0.17 FROM F IT  )ERROR INCLUDES SCALE FACTOR OF 1 .2 ]  

W2 CHAR. K INTO P( RI+ F I -  )UNITS I 0 " *6  SEC-I) (G3) 
gB F (4 .~96)  (0 .030 )  FORD 67 CNTR +- SEE NOTE F 8/67 
W2 F 3.2N (4.5291 (0.032) FORD 70 ASPK SEE NOTE F 11/70 
N2 4 .511  0 ,D24  FORD 70  ASPK SEE NOTE E 11 /70  
W2 F THE LAST IS THE COMBINED RESULT OF FORD 67 AND FORD 70 

N2 . . . . . . . . .  
W2 FIT 4.51T 0.023 FROM FIT (ERROR INCLUDES SCALE FACTOR OF [,1] 

W3 CHAR. K INTO (/AU) - (TAU PRIME) (UNITS I0~$6 SEC-I) 
W3 (G3 -G4 )  
W3 USED FOR DELTA I = 112 TEST.  

W3 . . . . . . . . .  
W3 FIT 3.117 0.039 FROM FIT 

W~ CHAR. K INTO )NU PIO NEU) + (E PIO NEU) )UNITS I 0 , #6  SEC-I) 
W4 (G5+GCI  

W6 USED FOR DELTA I = 112 TEST. 
WA . . . . . . . . .  
W4 F IT  6.484 0 .089  FROM FIT 

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

10 ( (K * )  - IK - ) ) IAVG. .  DECAY RATE DIFFERENCE (PERCENT) 

D1 DIFFERENCE IN K MU2 RATES ) [G le ) - iG l - ) ) IG I  (PERCENT) 
DI -0.54 0.41 FORD 67  CNTR 8/67 

02 DIFFERENCE IN TAU RATES ( (G3+ ) - IG3 - ) ) /G3  (PERCENT) 
D2 -0.50 0 .90  FLETCHER 6T OSPK 8 /67  
D2 F ( - 0 . 04 )  (O .B I I  FORD 67 CNTR SEE NOTE F 8 /67  
02 F 3 .2M |D . IO I  { 0 . 14 I  FORD 70  ASPK SEE NOTE F I i / 70  
D2 F S 0.08 O . lZ  FORD TO ASPK SEE NOTE F l l / 70  
D2 ( - 0 . 02 )  [ 0 . 16 }  SMITH 73  ASPK +- 11173  
OB F SECOND FORD TO VALUE IS FIRST FORD 70 GOMBINED WITH FORD 67. 
D2 S SMITH 73 VALUE OF D2 IS DERIVED FROM SMITH 73 VALUE OF D3. 11173 
OB . . . . . . . . .  
D2 AVG 0.07 0.12 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O )  
OB STUDENT O.OT O.13 AVERAGE USING STUDENTIO(HI I . I I I  - -  SEE MAIN TEXT 

D3 DIFFERENCE IN TAU PRIME RATES { (GA+I- IGA-I I IAVERAGE (PERCENT) 
D3 1802  - I . 1  1 .8  HERZO 69 OSPK 5 /70  
D3 0 .08  0 .58  SMITH 73 ASPK + -  11173  

D8 . . . . . . . . .  
D3 AVG -0=03  0.55 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0)  
03 STUOENF - 0 . 03  0.60 AVERAGE USING STUOENTIO(HI I . I I ]  - -  SEE MAIN TEXT 

D4 DIFFERENCE IN K P I2  RATES ( IG2e)-(GZ-I) IAVERAGE (PERCENTI 
D4 O.B 1 .2  HERZO 65  OSPK 5 /70  

DB 
05 
DB 
D5 
05 . . . . . . . . .  
D5 AVG 0.9 3.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O )  
D5 STUDENT 0 .9  3.5 AVERAGE USING STUDENTIO(HII . [ I }  - -  SEE MAIN IEXT 

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

10 CHARGED K BRANCHING RATIOS 

R 0 OLD DATA EXCLUDED 

R[ CHAP. K INTO IMU NEU)/TOTAL )UNITS IOt*-BI (PIT 
R[ 0 ( 58 .5 ]  ( 3 . 0 )  DIRGE 56 EMUL + 
RL 0 ( 56 .91  ( 2 . 61  ALEXANDER 57  EMUL + 
RI D OLD EXPERIMEHTS NOT INCLUDED IN AVERAGING I / 7 I  
RI 62K 63.26 0.44 CHIANG 72 OSPK + 1.86 GEVIE K+ 917Z 

R( . . . . . . . . .  
RI FIT 63.50 0.16 FREM FIT IERROR INCLUDES SCALE FACTOR OF 1.0)  

R2 CHAR. K INTO (PI  PIO}ITOIAL (UNITS 10" * -2 )  (P2 )  
R2 0 (27.7) (2.7l BIRGE 56 ENUL + 
R2 O (23 .2 )  ( 2 . 2 )  ALEXANDER 57 EMUL + 
R2 0 EARLIER EXPERIMENTS NOT AVERAGED 
R2 (2 I .O )  ( 0 . 6 l  CALLAHAN 65 HLBC SEE RI7 
R2 (21.61 (D .C I  TP ILL1NG 65 RVUE 6/66 
R2 16K 21 . I 8  0.28 CHIANG 7E OBPK ÷ I.B6 GEV/C Ke 9 /72  

R2 . . . . . . . . .  
R2 FIT 2 [ .16  0.15 FROM FIT (ERROR INCLUDES SCALE FACTOR DF [ . 0 )  

R3 CHAR. K INTO (E l  P I+  PI-) ITOTAL )UNITS [ 0 * * - 2 )  (P3 )  
R3 O (5 .6 )  ( 0 . 4 l  DIRGE 56 EMUL + 
R3 O (6 .8 )  ( 0 . 4 )  ALEXANDER 57  EMUL + 
R3 0 ) 5 . 2 )  (0 .3 |  TAYLOR 59  EMUL + 
R3 D EARLIER EXPERIMENTS NOT AVERAGED 
RB 5 ,7  0 .3  ROE 61  HLBC + 9 /66  
R3 2332  5 .54  0 .12  CALLAHAN 64  HLBC + 
R3 540  5.[ 0.2 SHARLEE 64 HLBC + 9/66 
R3 S.71 0.15 DE MARCO 65 HBC 6166 
R3 44. 6 . 0  0 .4  YOUNG 65  EMUL + 6 /66  
R3 P b93  5 .34  0 .2 [  PANOOULAS 70  EMUL + 10170  
R3 C 2330 (S.Sb} (O.BO) CHIANG 72 OSPK I .B6  GEV/C Ke 9/7B 
R3 C THIS VALUE IS NOT INDEPENDENT OF CHIANG 72 RI .R2.RA.R5.  AND RE 9/72 
R3 P INCLUCES EVENTS OF TAYLOR 59. 
R3 . . . . . . . . .  
R3 AVG S.521 O .OgB  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3)  
RB STUDENT 5.533 0.089 AVERAGE USING STUDENTIOIH/I.111 - -  SEE MAIN TEXT 
R3 FIT 5.588 0.0B0 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

(SEE IDEOGRAM BELOW ) 

UE IGHTED QUERRBE = 5 .$21  ± O 098  

ERROR $CQLED BY 1 .3  

V a l u e s  a b o v e  o f  weighted 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  the 

reader' s convenience only. The 
data were acEually 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. 

CHISQ 

• . ~  . . . . . . .  PQNDDULQS ?0  EMUL  0 .?  

I . . ynuNc -  6 5  Ef lUL  1 ,4  

- - - ~ \  . . . . . . .  DE M~RCD 65  HBC l . g  

• . " \  . . . . . .  SHQKLEE 64  HLBC 4 ,4  

. . . .  \ . . . . . .  CALLAHAN 64  HLBC O.O 

- ~ k .  . . . .  ROE 61  HLBC 0.4 

(CONLEU 
4 ,5 S , 0  S ,S 6 ,O 6 .S ? .O = 0 . 1 2 7 )  

CHQR.K TO [P I  P I+  P I - ) / TOTQL  (UN iOmm-2 )  

DIFFEkENCE IN K El  RAD RATES ( (G13+}- IGI3-) I /AVERAGE IPEECENT) 
26 O.O 24.0 EDWARDS 72  OSPK P( KE 58 -90  MEV 8 /72  

4000 I .O  4.0 ABRAMS 73 ASPK +- PI RE 51-100 MEV 3/76 
2461 0.8 5.8 SMITH 76 WIRE  P I+ -KE  55-90 MEV i I / 76 ,  

R4 CHAR. K INTO (El  2PIOIITOTAL (UNITS I 0 " * - 2 )  (PA) 
R4 0 (2.11 ( 0 . 5 )  BIRGE B6 EMUL + 
R4 0 ( 2 . 2 ]  ( 0 . 4 )  ALEXANDER 57 EMUL • 
R4 0 I I . 5 )  ( 0 . 2 )  TAYLOR 59 EMUL ÷ 
R4 0 EARLIER EXPERIMENTS NOT AVERAGED 
R4 1 ,7  0 .8  ROE 61HLBC + [ I / 67  
R4 108 1.8 0.2 SHAKLEE 64 HLBC 11167 
R4 P 198 1 .53  0 .11  PANDOULAS 70  EMUL + 10 /70  
R4 [307 1.84 0.06 CHIANG 72 OSPK ÷ I .B4  GEV/C K+ 9/72 
R4 P INCLUDES EVENTS OF TAYLOR 59 .  
R4 . . . . . . . . .  
R4 AVG 1.767 0.071 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ . 4 }  
R4 STUDENT 1.778 0.068 AVERAGE USING STUDENTIO(HI I . I t }  - -  SEE MAIN TEXT 
R4 FIT 1.7S2 0.065 FROM FIT (ERROR INCLUDES SCALE FACTOR OF | . 3 )  

(SEE IDEOGRAM BELOW ) 

R5 CHAR. K INTO (MU PIO NEU)ITOTAL (UNITS LO**-2)  IPS) 
R5 O (B.B} I f .O f  BIRGE 56  EMUL + 
R8 0 ( 5 . 9 I  ( 1 . 31  ALEXANDER 57  EMUL + 
RB O IB .8 l  10 .4 )  TAYLOR 89  EMUL 
R8 o EARLIER EXPERIMENTS NOT AVERAGED 
R5 2345  3 .33  0.16 CHIANG 78 OSPK + 1.84 GEVIC K+ 9/72 
RB . . . . . . . . .  
R5 FIT 3.197 0.086 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I .T I  

R6 CHAR. K INTD (E PIO NEU)ITOTAL (UNITS 10 " * -2 )  (P61 
R6 D (3 .2 l  I t . 3 )  BIRGE 56  EMUL + 
R6 O (5.E)  ( 1 . 3 )  ALEXANDER 57  EMUL + 
R6 O EARLIER EXPERIMENTS NOT AVERAGED 
R6 5 ,0  0 .5  FOE 61HLBC + 11 /67  
R6 429  4 .7  0 .3  SHAKLEE 66 HLBC 11 /67  

DHIANG 72 OSPK 1.84 GEV/C Ke 9/72 RB 3516  4.86 O.lO 
R6 . . . . . . . . .  
R6 AVG 4.849 0.093 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
R6 STUDENT 4.85 0 . [ 0  AVERAGE USING STUDENTIO(HlI.11) - -  SEE MAIN TEXT 
R6 FIT 6.824 0.052 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .1 l  



Stable 
K + 

Particles 

56 

Data Card Listings 
For notation, see key at front of  Listings. 

WEIGHTED AUERAGE = 1 . 7 ( ; 7  ± 0 .071  

ERROR SCgLED BY  1.4 

--+-- 

1 .2  1 .(; 

CHAR, K INTO [PI 2P IO) /TOTAL  [UN 10m~-2) 

Values above of weighted average, 
error, and scale factor are for the 

reader I s convenience only. The 
data were actually processed by a 

constrained fit program, which 
calculates fts own values of xj 6x, 
and scale factor, which are differ- 

ent from the values shown here. 

CHISO 

..... CHTAN5  72  OSPK 1.S 

. . . . .  PANDOULAS ?0  EMUL  4 . 6  

. . . .  SHAKLEE 6 4  HLBC 0 .0  

. . . .  61  HLBC 0 .1  

E ; . 3  

(CONLEU 
2 .0 2 .4  =0  . 100 ]  

R7 CHAR. K INTO (P I2  + MU311TOTAL {UNITS lO** -2 )  (P2+P5) 11/67 
R7 WE COMBINE IHESE TW~ MODES FOR EXPTS MEASURING THEM IN XENDN BC 
R7 BECAUSE OF DIFFICULTIES OF SEPARATING THEM THERE 
RT 23.4 ] . ]  ROE 6 I  HLBC ÷ 11/67 
R7 886 25.4 0.9 SHAKLEE 64 HLBC + I [ / 67  
R7 
R7 AVG 24.60 0.98 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I . i I  
R7 STUDENT 24.6E 0.83 AVERAGE USING STUOENFIOIH/1.II} - -  SEE MAIN TEXE 
R7 FIT 24.36 0.15 FROM FIT IERROR INCLUDES SCALE FACTOR OF I . l l  

R8 K+ INTO (PI+ Pl+ E ~- NEUI/TOTAL (UNITS I 0 " * - 71  (P8) 
R8 20. OR LESS CL=.95 DIRGE 68 FBC + 8/66 
R8 0 6.9 OR LESS 6L=.95 E lY  69 HLBC + 10/69 
R8 o 9 .0  OR LESS CL=.�B SCHWEINBE 7I HLBC 9 /71  

R9 K+ INTO (P l t  P l -  NO+ NEUI/TOTAL (UNITS I0.#-51 (P9) 
R9 I 0.77 0.54 0.50 CL INE  65  FBC + 8/66 

RlO K+ INTO IP l+  PI+ NU- NEUI/TOTAL (UNITS 10"*-6I IP IO )  
RIO 0 3.0 OR LESS 61=.95 BIRGE 65 FBC + 8166 

Rll CHAR. K INTO (E NEUI/TOTAL {UNITS lO**-51 (P i l l  
R I I  160.0 OR LESS CL=.95 80RREANI 64 HBC + I I I 6T  
RII 4 2.1  1.8 1.3 BOWEN 67 OSPK + 8/67 
RII BOWEN RESULT SHOULD Be CDRRECTEO TO 1.9l+1.7,-1.2) BECAUSE OF 
RI I  K+ TO E+ NEU GAMMA DECAYS BEFORE COMPARING WITH 80TTERILL 67 R28 

RI2 CHAR. K INTO (P I  GAMMA GAMMA)/TOTAI (UNITS I0 .~ -41  
R12 (PIT) 
RE2 ALL VALUES GIVEN HERE ASSUME A PHASE SPACE PION ENERGY SPECTRUM 2172 
RI2 -O.l 0.6 CHEN 68 OSPK + TIPI) 60-90 MEV 9173 
RI2 o 0.5 OR LESS CL=.90 KLEMS 7 I  OSPK + F (P I IG I  I I 7  MEV B/7 I  
RI2 o 0.35 OR LESS CL= .90  LJUNG 73  HLBC + 6-102,III-127MEV 9173 
R12 O -0 .42  0.52 ABRAMS 77 SPEE + T IP I I LT  92 MEV 12177*  

R13 CHAR. K INTO (PI  RIO GAMMA)ITOTAL (UNITS E0**-4)  (P l3 )  
RL3 o 18 ( 2 . 2 )  (0.71 CLINE 64  FBC + PI+ KE 55-80 MEV 8166 
R [3  0 1.9 OR LESS CL=.90 EMMERSON 69 OSPK P I+  KE 55--80 MEV 10/69 
RI3 M 0 1.0 OR LESS MALTSEV TO HLBC + P l+  KE LT 55 MEV 12/75 
RI3 A2IO0 2.71 0.19 ABRAMS 72 ASPK +- PI+ KE 55-90 MEV I173 
E l3  O 24 ( 2 . # l  10.8) EDWARDS 72 OSPK P l+  KE 58-90 MEV 8/72 
RI3 L (1.5) (l.I) (0.6) LJUNG 73 HLBC + Pl+ KE 55-80 MEV 9/73 
R13 L (2 .6 )  ( 1 . 5 I  ( } . l )  LJUNG 73 HLBC PI+ KE 5E-90 MEV 9/73 
R I30L  17 { 6 . 8 )  ( 3 . 7 )  lB . I I  LJUNG 73 HLBC + PI+ KE 55-102MEV 9/73 
RI3 2461 2.87 0.32 SMITH 76 WIRE +- PI~-KE 55-90 MEV 11176" 
RI3 6 ONLY HIGH STATISTICS EXPERIMENTS ARE AVERAGED. 3 /78 *  
Rl3 M MALTSEV 70 SELECTS LEW PI+ ENERGY TO ENHANCE DIRECT EMISSION CONTR. 1/76 

RI3 L THE LJUNG T3 VALUES ARE NOT INDEPENDENT. 9/73 
R I3  A ABRAMS 72 OBSERVES DIRECT EMISSION BR. RATIO OF (1 .56+ -0 .35 l * I 0 * * - 5  1 /73  
RI3 A +-0.5"10"*-5 ADDNL. SYST. ERROR AND INNER BREMSSTRAHLUNG DR. RATIO 1 /73  
RI3 A CF I 2 . 55~0 .18 ) , 10 , * - 4 .  WE QUOIE THE SUM OF THESE DR= RATIOS. 1/73 
RI3 . . . . . . . . .  
RI3 AVG 2.75 0.16 AVERAGE {ERROR INCLUDES SCALE FACTOR OF I .O I  
RI3 STUDENT 2.75 0.E8 AVERAGE USING STUDENTIO(H11.II) - -  SEE MAIN TEXT 

R[4 CHAR. K INTO (P I  p i t  P I -  GAMMAI/TCTAL (UNIIS 10"*-41 
RI4 IP I4 )  
RL4 I.O 0.4 STAMER 65 EMUL + EGAM GT IIMEV 8 /66  

R I5  CHAR. K INTO (PI  E+ E-I/TOTAL (UNITS IO**-6) (P l5 }  
RI5 l 2.45 OR LESS EL=.90 CAMERINI 64 FBC + 8/66 
RI5 4.4 OR LESS CL=.90 BIGI 67 DBC + I I / 67  
RI5 C (0.41 OR LESS CLINEI 67 FBC + .11167 
Rl5 C 0.88 OR LESS CL=.90 CL INE2  67  FBC + . 2174 
RI5 32.0 OR LESS EL=.90 DETER 72  OSPK + -  9172 
RI5 1.7 OR LESS CL=.90 CENCE 74 ASPK ÷ THREE TRACK EVTS 10/74 
R15 0 .27  OR LESS EL=.90 CENCE 74  ASPK TWO TRACK EVENTS 10 /74  
RIG c CLINE2 REPLACES CLINEI .  CLINEI IS NOT FOR CL=.90 . 2/74 

RI6 CHAR. K INTO IP I  MU÷ MU-}/TOTAL (UNITS 10"*-61 (P tb I  
RI6 3 .0  OR LESS CL=.90 CAMERINI 65 FBC + 8166 
R16 2 .4  OR LESS CL=.90 81SI 67 DBC + 11/67 

R[7 CHAR. K INTO (PI PIOI/TAU (P21/(P3) 
RI7 134 3 .24  0.34 YOUNG 65 EMUL + . 8/66 
RIT 1045 3.96 0.85 CALLAHAN 66 FBC ÷ 9/66 
RI7 . . . . . . . . .  
RI7 AVG 3 .84  0.27 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .9 )  
R17 STUDENT 3.86 0.16 AVERAGE USING STUDENTIO(HII.}}) - -  SEE MAIN TEXT 
RI7 FIT 3.787 0.034 FROM FIT {ERROR INCLUDES SCALE FA~TOR OF I . I )  

RIB CHAR* K INTO (PI  2PIOIITAU IP I I / IP3 )  
R18 2027 0 .303  0.009 BIS I  65  H+HL + . 8/66 
RIB 17 0.393 0.099 YOUNG 65 EMUL + 8/66 
RIB  . . . . . . . . .  
RIB AVG 0.303T 0.0090 AVERAGE (ERROR INCLUDES SCALE FACTOR DF 1.o} 
R18 STUDENT 0.3037 0.0097 AVERAGE USING STUOENTIO(H/I.E1} - -  SEE MAIN TEXT 
RIB FIT 0.3100 O.O079 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 

RI9 CHAR. K INTO IMU PIO NEUI/TAU (PGI/(P31 
RI9 2145 0.638 0.035 BlSl  t 65 H÷HL ÷ • 8168 
R I~  38 0.90 0,16 YOUNG 65 EMUL + 8166 
819 H 1505 IO.5IO) [ 0 . 0171  EICHTEN 68  HLBC + 11168 
RIg H1505  0 .E03  0 .019  HA IOT  71HLBC + 12/70 
RI9 H HAIDT 71 IS A REANALYSIS  OF EICHTEN 68 .  
RI9 . . . . . . . . .  
RI9 AVG 0.536 0.054 AVERAGE IERRUR INCLUDES SCALE FACTOR OF 3 .2 )  
R19 STUDENT 0.52? O.025 AVERAGE USING STUDENTIO(H/I.11) - -  SEE MAIN TEXT 
RI9 FIT 0.572 0o016 FROM FIE IERRDR INCLUDES SCALE FACTOR OF 1.8) 

(SEE IDEOGRA~ BELOW I 

0.2 

CHARGED K 

WEIGHTED AUERQGE = 0 .539  ± 0 .054  

ERRDR SCRLED BY 3 .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  
reader' s convenience only. The 

data were actually proccssed by a 
constrained fit program, which 
calculates its own values of x, 6x, 

and scale factor, which are differ- 
ent fron~ the values shown here. 

I +!~ HAIOT 

YOUNG 

• BISI 1 

0 ,6 1 .0  

INTO (MU PIO NEU)/TQU 

CHISQ 

71 HLBC 3.1 

65 EMUL 

gs  H+HL ?.S 

10,5 

' ICONLEU 
1 .4  =0 .001 )  

R20 CHAR. K INTO (E PIO NEU(/7AU IP6J/(P31 
R20 230 0.90 0.06 BORREANI 64 HBC ÷ . 8/66 
R20 37 0.90 0.16 YOUNG 65 EMUL ÷ 8/66 
R20 854 0.94 0.09 BELLOTT2 67 HLBC 11/67 
R20 H 4385 (O.846) (0 .021)  EICHTEN 68 HLBC + 11168 
R20 H4385  0 .850  0 .019  HA10T 71HLBC ÷ 12 /70  
R20 2827 0.856 0.040 BRAUN 75 HtBC + I2 /75  
R20 H HAIDT 71 IS A REANALYSIS OF EICHTEN 68. 
R20 . . . . . . . . .  
R20 AVG 0.858 0.016 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O )  
R20 STUDENT 0.858 0.018 AVERAGE USING STUDENTIOIH/1.11) - -  SEE MAIN TEXT 
R2O FIT 0.8833 0.0098 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.1) 

R21 K÷ INTO IP I+  P I -  E + NEU)ITAU {UNITS I0~-4( IPT) / (P3)  
R2I 69 6.7 1.5 DIRGE 65 FBC + 8/66 
R21 269 5.83 0.83 ELY 89 HLBC + II168 
R2 I  500  7 .36  0 .68  80URQUIN 71ASPK 12 /7 I  
R2I I06 7.O 0.9 SCHWEINBE 7I HLBC + 9/7I 
RBI 30K 7 .2 I  0.32 ROSSELET 77 SPEC ÷ 11/77" 
R21 . . . . . . . . .  
R21 AVG 6 .98  0 .26 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0}  
R21 STUOENT 7.0R 0.29 AVERAGE USING STUDENTIO(HIl.11] - -  SEE MAIN TEXT 

R22 K+ INTO {PI+ P I -  MU+ NEUI/TAU (UNITS I0 , * - 4 )  (PQ) I (P3I  
R22 1 ( 2 . 5 )  ARPROX GREINER 64  EMUL ÷ 8/66 
R22 7 2.57 1.55 81SI 67 DBC ÷ II167 

R23 CHAR. K INTO (B PIO NEU)/(MU2+PI2I {UNITS EO** -2 ) (P6) / (P I+P2(  
R23 1679 5.89 0.21 CESTER 66 OSPK + 8 /67  
R23 WBIIO 6.16 0.22 ESCHSTRUT 68 OSPK + 3/68 
R28 5.92 0.64 WEISSENBE 76 SPEC + I /FB*  
R23 W VALUE CALCULATED FROM WEISSENB£RG 7B KE3, KMU2. KPI2 VALUES 1/78# 
R23 W TO ELIMINATE DEPENDENCE DN OUR 1974 TAU AND TAU-PRIME FRACTIONS. 1 /78"  
R23 . . . . . . . . .  
RB3 AVG 6 .01  0.15 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I*O) 
R23 STUDENT 6.01 0.17 AVERAGE USING STUDENIIO(H/I.11) - -  SEE MAIN TEXT 
R23 FIT 5.698 0.06? FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)  

R24 CHAR. K INTO (PI  PIO)/(MU NEU] (P21 / IP I I  
824  A4517  0 .3277  0 .0065  AUERBACH 67  OSPK + I / T4  
R24 1600  0 .305  0 .018  ZELLER 69  ASPK + 10 /69  
R24 W 25K {0 .328)  40.005) WEISSENBE 74  STRC ÷ 7/74 
R84 W 0.3355 0.0057 WEISSENBE 76  SPEC + I /TO* 
R24 A AUERBACH 67 CHANGED FROM .3253+- .0065.  SEE COMMENT WITH RATIO R26. 1/74 
R24 W WEISSENBERG 76 REVISES WEISSENBERG 74. 1 /78"  
R84 . . . . . . . . .  
R24 AVG 0.3307 0.0051 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .Z I  
R24 SIUDENT 0.3307 0.0048 AVERAGE USING STUOENTIOIHIE.II] - -  SEE MAIN TEXT 
R24 FIT 0.3332 O. 0030 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l .  Ol 

R25 CHAR. K INTO (E RIO NEUII(MU NEU) (P6 I I IP I )  
R25 A 295 0.0791 0.0054 AUERBACH 67 OSPK + I174 
R25 960  . 0775  . 0033  BOTTERI }  68  ASPK + 5 /68  
R25 56 I  0.069 0.006 GARLAND 68 OSPK + 4 /68  
RZ5 350 0,089 0.006 ZELLER 69 ASPK * 10/69 
R25 A AUERBACH 67 CHANGED FROM .0797+ - . 0054 .  SEE COMMENI WITH RATIO R26. 1 /74  
R25 A THE VALUE .0783~ .0025  GIVEN IN AUERBACH 67 IS AN AVERAGE OF 3/74 
R25 A AUERBACH 67 R25 AND £ESIER 66 R23. 3/74 
R25 . . . . . . . . .  
R25 AVG 0.0752 0.0024 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0)  
R25 STUDENT 0.0753 0.0027 AVERAGE USING STUDENTIO(HII . I [ )  -- SEE MAIN TEXT 
R25 F IT  0 .07597  0 .0009 [  FROM F IT  (ERROR INCLUDES SCALE FACTOR OF I . l )  

R26 CHAR. K INTO (MU P IO  NEU]/IMU NEUI (P5( / (P1)  
R25 A 307 0.0486 0.0040 AUERBAEH 67 OSPK + 1/74 
R26 G 424 0.0480 0.0037 GARLAND 68 OSPK + 1/74 
R26 2AD 0.054 0.009 ZELLER 69 ASPK + iO/b9 
R26 A AUERBACH 67 CHANGED FROM .0602+-.0048 BY ERRATUM WHICH BRINGS THE E/Tb 
R26 A MU-SPECTRUR CALCULATION INTO AGREEMENT WITH GAILLARO 70 APPENDIX B. 1/74 
R26 G GARLAND 68 CHANGED FROM *055+-.004 IN AGREEMENT WITH MU-SPECTRUM 1174 
R26 G CALCULATION OF GAILLARD 70 APPENDIX B. 1.G. PONDROM, PRIV.COMM.(73) 1/74 
R26 . . . . . . . . .  
R26 AVG 0.0488 0.0026 AVERAGE (ERROB INCLUDES SCALE FACTOR OF l .O )  
RZ6 STUDENT 0.048? 0.0028 AVERAGE USING STUDENTLOIH/I. I l l  - -  SEE MAIN tEXT 
R26 FIT 0.0503 O.OOI4 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.7)  
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Data Card Listings 
For notation, see key at front of  Listings. 

Stable Particles 
K ± 

R27 CHAR. B INTO (MU NEU)ITAU (PC] t IP3)  
R27 R 427 I i 0 . 38 I  I 0 . 82 )  YOUNG 65 EMUL + 9166 
R27 R DELETED FROM OVERALL FIT BECAUSE YOUNG 65 CONSTRAINS HIS RESULTS. 
R27 R TO ADD UP TO I .  CNLY YOUNG MEASURED MU2 DIRECTLY. 
R27 . . . . . . . . .  
R27 FIT 11.364 0.072 FROM FIT 

R28 CHAR. K INTO (E NEU)/(MU NEUI (UNITS i 0~ * -5 )  (P [ I I / (P I )  
R28 TO [ . 9  0 .7  0.5 BOTTERILL 67 ASPK ÷ [ [ / 67  
RZB 8 1.8 O.B 0.6 MACEK 69 ASPK + 4/69 
RB8 112 2.42 0.42 CLARK 7 2  OSPK ÷ [173 
R28 534 2,37 0.[7 HEARD2 75 SPEC ÷ [[/75 
B28 404 2.5i 0.[5 HEINTZE 76 SPEC ÷ 2/75 
R28 . . . . . . . . .  
R2B AVG 2.42 O . I [  AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ .O l  
R2B STUDENT 2.42 O. IZ AVERAGE USING STUOENTIO(HII. [ t )  - -  SEE MAIN TEXT 

R29 CHAR. K INTO IMU PIO NEU)IIE PIO NEU} (PE l f (P6)  
R29 C[509 0.703 0.056 CALLAHAi b6 HLBC 6/68 
R29 5601 0.667 O.Ol7 BOTTERI2 68 ASPK + 6/68 
R29 H [398 (0 .604)  (0 .022)  EICHTEN 6 8  HLBC 10/68 
R29 H (0.5961 (0.025)  HAIDT 71HLBC + 12/70 
R29 03480 0.698 0.025 CH[ANG 72 OSPK ÷ Z.84 GEVIC K÷ 9/72 
R29 i 554 0.705 0.063 LUCAS2  7 3  HBC DALITZ PRS O N L Y  [ [ / 7 3  
R29 B 1585 (0 .608)  (0 .014)  BRAUN 75 HLBC + 1/76 

WEISSENBE 76 SPEC R29 0.b7 0 . 1 2  1 / 7 8 .  
R29 E (0 .670 I  (0.014) HEINTZE 77 5PEC ÷ 12177* 
R29 COMMENTS 
R29 C FROM CALLAHANI 66 WE USE ONLY THE MU3/E3 RATIO AND 00 NOT 
R29 C INCLUDE IN THE FIT THE RATIOS MU31TAU AND E31IAU. SINCE THEY SHOW 
R29 C LARGE DISAGREEMENTS WITH THE REST OF THE DATA. 
R29 H HAIDT 7[ IS A REANALYSIS OF E I C H T E N  68. 
R29 H O N L Y  INDIVIOUAL RATIOS [NCLUDED IN FIT (SEE RIO AND RBOI. 11/68 
R29 D CHIANG 72 R29 IS STATISTICALLY INDEPENDENT OF CHIANG 7 2  R5 AND B6. 9 / 7 2  

R29 B L LUCAS 73 GIVES N(MU3)=55k÷-7.bPCT, NIE31=T86+-3.IPCT. WE DIVIDE. [ I 173  
R29 BRAUN 75 VALUE IS FROM FORM FACTOR F IT .  ASSUMES MU-E UNIVERSALITY. 1/76 
R29 E HEINTZE 77 VALUE FROM FIT T0 LAMBDAO. ASSUMES MU-E UNIVERSALITY. [2 /77  ~ 
R29 . . . . . . . . .  
R29 AVG 0.679 0.013 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ . 0 )  
R29 STUDENT 0.679 0 .0 [5  AVERAGE USING STUDENT10(HII . l [ )  - -  SEE MAIN TEXT 
R29 FIT 0.663 0 .0 [8  FROM FIT IERRDR INCLUDES SCALE FACTOR OF 1 .7 I  

R30 CHAR. K INTO (P[O E NEU GAMMA)/(PIO E NEUI (UNITS 10" * -2 )  
R30 ( P 1 B I / ( P 6 I  
R30 1.2 0.8 BELLOTTI 6 7  HLBC ÷ EGAM GT 3OMEV i [ / 67  
R 3 0  R R 13  0.76 0.28 ROMAN~ 7 L  HLBC EGAM GT IOMEV [0/71 
R30 [ 0 . 53 )  (0 .22 ]  ROMANO 71HLBC ÷ EGAM GT 30 MEV 9/73 
R30 LL 16 0.~8 0.20 LJUNG 73 HLBC ÷ EGAM GT 30 MEV 9/73 
R30 (0 .22)  10 . [ 5 )  ( 0 .10 }  LJUND 73 NLBC ÷ EGAM GT 30 MEV 9/73 
R30 L FIRST LJUNG VALUE IS FOR COSIELECT-GAMMA]C.T. 0 .9 ,  SECOND VALUE IS 9173 
R30 l FOR COSIELECT-GAMMAI BETW 0 .6  AND 0.9 FOR COMPARISON WITH ROMANO. 9173 
R3D R BOTH ROMANO VALUES ARE FOR COS(ELECT-GAMMA( BETW 0 .6  AND 0 .9 .  9/73 
R30 R SECOND VALUE IS FOR COMPARISON WITH SECOND LJUNG VALUE. 9/73 
R30 R WE USE LOWEST EGAM CUT FOR TABLE VALUE. SEE ROMANO FOR EGAM DEPEND. 9/73 
R30 . . . . . . . . .  
R3O AVERAGE MEANINGLESS (SCALE FACTOR = l .O I  

R3[ K- INTO IP I÷  E- E-I/TOTAL (UNITS 10"*-51 ( P [ g l  
R3[ TEST OF LEPTON NUMBER CONSERVATION. 
R31  1.5 OR LESS CHANG 68 NBC -- 3168 

R32 CHAR. ~ INTO IP I  NEU NEUI/TOTAL IUNITS 10=*-6) (P20) 
R32 C ( [ . 4 )  OR LESS CL=.90 KLEMS 71 OSPK ÷ T IP I )  l I7-127MEV 317~ 
R32 C C (0 .94 )  OR LESS CL=.90 CABLE 73 ONTR + T Ip I I  60-105 MEV 2/74 
R32 0.56 OR LESS CL=.90 CABLE 73 ONTR ÷ TIPT) 60-127 MEV 217& 
R32 L o 57.0 OR LESS CL=.90 LJUNG 7 3  HLB£ ÷ 9173 
R32 C SLIMS 7 1  AND CABLE 7 3  ASSUME P[ SPECTRUM SAME AS KE3 DECAY. 3/74 
KS2 C SECOND CABLE LIMIT COMBINES CABLE AND KLEMS DATA FOR VECTOR INT. 2/79 
R32 L LJUNO 73 ASSUMES VECTOR INTERACTION. 9173 

R33 CHAR. K INTO (E NEU GAMMAI/TOTAL (UNITS [ 0 " * - 5 )  (PBL) 
R 3 3  M 7.[ OR L E S S  MACEK TO OSPK ÷ PIE) 2 3 A  TO 247 12/T0 
R 3 3  M ABOVE IS MEASUREMENT DF STRUCTURE-DEPENDENT DECAY ONLY. 

R34 CHAR. K INIO (PI  GANMA)/TDIAL (UNITS I 0 . * - 6 }  IP22) 
R34 4.0 OR LESS CL=.OO KLEMS 7 [  OSPK + BlTI  

R35 CHAR. K INTO ( IAU) / ITAU PRIMEI (P3/PR) 
R35 USED FOR DELTA I= i12  TEST. 
R 3 5  . . . . . . . . .  
R35 FIT 3.226 0.082 FROM FIT 

R 3 6  C H A R .  K INTO I P ]  3GAMMAIITOTAL (UNITS 10**--~I (P23) 
R 3 6  3.0 OR LESS CL:.90 KLEMS 710SPK ÷ TIP()  GT [|TMEV 817[ 

R37 K÷ INTO (P I÷  PI÷ E- NEU)/(PI÷ P l -  E+ NEUI (UNITS I 0 " * - 41  iP8 ) I (PT I  
R37 0 130. OR LESS CL:.95 BOURQUIN 71 ASPK BIT6* 
R37 3 3.6 OR LESS Ct=.95 BLOOH 76 SPEC 8176. 

R38 CHAR. K INTO (PIO P[O E NEUI/KE3 (ON(IS [ 0 "~ -4 )  IP24 ) I fP6 )  
R3B O 37.0 OR LESS CL=.90 ROMANS 71 HLBC + 12171 
RSB 2 3.8 5.0 1.2 LJUNG 73 HLBC ÷ 9/73 

R39 K÷ INTO IP [ -  E÷ MU+I/TOTAL (UNITS 10"*-81 (P25) 
R39 R- I NID (PI÷ E-- MU-D/TOTAL IS ALSO INCLUDED HERE 
K39 2.8 OK LESS CL=.90 BEIER 72 DSPK +- 9/72 

RRO K+ INTO IP I÷  E* MU-IITOTAL (UNITS } O * * - B )  IP261 
R40 K- INTO (P I -  E- MU÷IITOTAL IS ALSO INCLUDED HERE 
R~O 1.~ ~R LESS CL=.OO BEIER 72 OSPK +- 9 / 7 2  

R ~ [  CHAR. K INTO (MU 3NEUIITOTAL (UNITS 10 . * - 6 }  (PZ7) 
RR[ P o 6 .0  OR L E S S  CL=.90 PANG 73 CNTR ÷ I [ / 73  
R41 P PANG 73 ASSUMES MU SPECTRUM FROM NEU-NEU INTERACTION OF BARDIN 70. 3/74 

R42 CHAR. K INTO (PIO MU NEU GAMIITOTALIUNITS [0 " * -5 ) (P281  9/73 
R~2 0 6 . l  OR LESS CL=.90 LJUNO 73 HLBC ÷ EOAM GT 30 MEV 9173 

R43 C~AB. K INTO (E PIO NEU)I(Pl  P[Ol IP6 ) / IP2 )  
R43 L 786 0 .28 [  0 . 0 [ 2  LUCAS2 73 HBC - DALITZ PKS ONLY 1 1 / 7 3  

RA3 L LUCAS 7 3  GIVES NIE3I=786+-3. IPCT, N(PIZI=3564÷-3. [PCT.  WE D I V I D E ,  1 [ /73  
R~3 . . . . . . . . .  
RQ3 FIT 0.2280 0 .003!  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.13 

MR# CHAR. K INTO IP I  2PZOI I IP I  P I O I  IPR I I IPZ l  
R44 L 574 0.081 0.005 LUCAS2 73 HBC - DALITZ PBS ONLY 11173 
R~4 t L~AS 7 3  GIVES N( Pl 2PI0)=574÷-5 .9  POT, N (P I2 )=3564÷-3 . l  PET. I i 173  
R 4 4  L WE QUQIE O.5*NIPI  2P IO) IN(P I2 )  WHERE 0.5 IS BECAUSE ONLY DALITZ L 1 / 7 3  
R 4 4  L PAlS PIO'S WERE USED. 1 1 / 7 3  
R~ . . . . . . . . .  
RR~ FIT 0.0819 0.0022 FFOM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 

RW5 CHAR. K INTO(MU NEU OAMMAI/TOTAL (UNITS IO* * -3 l  lP[2J 7/74 
RRB [2 5.B 3.5 WEISSENBE 74 5TRC ÷ E-OAMMA GT 9 MEV 7/T4 

R46 CHAR. K INTO (PI E+ E-)/IPIt Pl- E NEU) (UNITS [0"*-3) (PI5I/IP7) 
R46 B 41 7.0 [.3 BLOCH 75 EPIC + 11/75 
R46 B BLCCH 75 QUOTES THIS RESULT MULTIPLIED BY OUR 1974 KE4 B~.FRAC. 11/75 

R47 CHAR. K INTO {E NEU GAM)IIE NEUI (PZ I I / {P I I I  
R47 H 56 [ . 05  0.25 0.30 HEARDI 75 SPEC + P I E }  236 TO 247 11/75 
R 4 7  H ABOVE IS SENSITIVE ONLY TO STRUCTURE DECAY TERM. 11/75 

R48 K÷ INTO (P I÷ -MU-÷E+ ] / IP I÷P I -E  NEUI (UNITS 10 " * -4 I  (P25+P26)/ IPTI 11/76" 
R48 0 0 1.9 OR LESS CL=.90 DIAMANTBE 76 SPEC + 11/76* 
RAB O OIAMANTBE 7 6  QUOIES THIS RESULT TIMES OUR 1975 RE4 BR. RATIO. 11/76# 

R49 K+ INTO (PI+ MU+ E - ) / [P I+P I -  E NEU) (UNITS [ 0 " * - 4 )  (P29 ) I IPT)  11/76" 
R~9 D 0 1.3 OR LESS CL: .90 DIAMANTBE 76 SPEC + 11/76 '  
R49 0 DIAMANTBE 76 QUOTES THIS RESULT TIMES BUR [975 KE4 BR RATIO. [ 1 / 76 '  

RSO CHAR. K INTO {MU NEU E+E-)/ (PI÷PI-ENEU) (UNITS I 0 . # -3 I  (P30 ) / IP / ]  [ I / 76 "  
R50 0 [4  (3.31 CO.g) DIAMANTBE 76 SPEC + M(EE) GT |~0 [ I / 76 "  
RSO 0 14  27. 8. OIAMANTBE 76 SP~C EXTRAPOLATED BR [ I / 76 "  
R50 D DIAMAKTBE 76 QUOTES THESE RESULTS TIMES OUR 1975 KE4 ER pATIO. 11/76" 
R50 0 THE SECOND OIAMANTBE 76 VALUE IS THE FIRST VALUE EXTRAPOLATED TO 0 11/76" 
RSO D TO INCLUDE LOW MASS E PAIRS. 11176~ 

R51 K÷ INTO(PI -+E+-E+- ) / IP I+P[ -E  NEU) UNITS(IO#*-4) (PlOT/lET) 11/76"  
R51 0 0 2.5 OR LESS CL=.90 OIAMANTBE 7 6  SPEC • I i / 76 *  

1 1 1 7 6 *  R5L  O O I A M A N T B E  7 6  QUOTES T H I S  R E S U L T  T I M E S  OUR 1 9 7 5  BR R A T I O .  

R52 K÷- [NTO(MU--+ NEU E+- E * - I I IP I÷P I -£  NEUIIUNITS I 0 " * - 3 )  (P3L) / iPT I  1 t / 7 6 ~  
R52 D 0 0.5 OR LESS CL=.90 OIAMANTBE 76 SPEC + i [ 176 '  
R52 D DIAMABIBE 76 QUOTES THIS RESULT TIMES OUR 1975 RE4 BR RATIO. 11/76" 

R53 K÷ INTO INEU E÷ E+ E - i l i P I÷P I -  E NEU) (UNITS 10" * -2 )  (P32) / (R?I  [ 1 /76 *  
R53 4 0.5~ 0.5~ 0.27 DIAMANTBE 7b SPEC ÷ 11/76" 
R53 0 OIAMANIBE 76 QUOTES THIS RESULT TIMES OUR 1975 RE4 BR RATIO. 1 [ / 76 "  

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

Note on Slope Parameter f o r  K ÷ 3~ Decays 

As was discussed in Section VI B.I of the 

t e x t ,  f o r  t h e  3g  d e c a y s  o f  t h e  K m e s o n s  we l i s t  

the slope parameter "g" which is defined, as in 

that s e c t i o n ,  b y  

Is3- s 0) Is3- s012 
IMI 2 = 1 + g m ~  + h 

\ % / 

is sf Is2 Sl) + k - -  + (i) 

+ j m 2 "'" , ~+ \ m + / 

where 

2 
Si = (PK-Pi)2 = (m K-m i) - 2mKT i (2) 

1 r 1 2 2 2 2 
S o = ]L S i = ~ (mK+ml+m2+m 3) (3) 

P-K' P-i are the four-vectors for the K and the 

i th pion, and the index 3 refers (4) 

to the odd pion, i.e., the third pion in 

the decays listed below. 

We refer to the three possible charged decays as 

T, T', and T O : 

± ± ± ± ~ 
T K + ~ ?T 1T 

T '± K ± ÷ ITOz01T ± 

+ - 0 T o K ° + ~ ~ 
L 

The measurements of g vary considerably beyond 

the authors' quoted errors as can be seen in the 

ideograms associated with the GT+, GT-, and GTP 

K ± subsections of the Data Card Listings and the 



Stable Particles 
K ± 

GT0 subsection of the ~ Listings. Appendix I 

discusses tests of the AI = 1/2 rule utilizing these 

slopes. 

There is no indication of a CP-violating 

0 decay as measured by the asymmetry asymmetry in K L 

parameter a± (equivalent to j) given in subsection 

0 Listings. A of the K L 

The high-statistics T°-decay experiment of 

MESSNER 74 finds significant non-zero quadratic 

coefficients h and k. CHO 77, a lower-statistics 

T o experiment, obtains results in agreement with 

MESSNER 74 but can also obtain good fits with a 

linear term (g) only. The correlation between the 

linear and quadratic coefficients changes the CHO 

77 from 0.629 + 0.017 (linear fit) to 0.681+ 
gT0 - 

0.024 (quadratic fit). Another recent experiment, 

PEACH 77, does not observe this correlation and is 

in agreement only with the linear fit of CHO 77. 

Because the quadratic terms are required by 

MESSNER 74, we now include only those T o experiments 

in the average for which we have quadratic (g,h,k) 

fit information. 

There is some evidence for a non-zero k 
± 

coefficient from T experiments. FORD 72 (I.5M 

K ± g±n±gg events) have studied + and find that the 

X2/DF goes from 1.38 to 1.20 for DF ~ 150 when the 

second order and CP-violation terms are added. 

However, the authors state that since their Coulomb 

correction is larger than the experimental errors 

and is not well known, it is difficult to interpret 

these results. DEVAUX 77 also finds a non-zero k. 

However, these experiments do not find a strong 

correlation between g and the second order coef- 

ficients. We continue compiling the linear coef- 

ficient g. 

Parametrizations 

In the literature other definitions of slope 

parameters have appeared. We have converted to the 

definition of g in Eq. (i) whatever experimental 

quantity has been reported. We give the conversion 

to the definition (i) for the most widely used 

parametrizations and tabulate the conversion 

factors for the reader's convenience. 

58 

Data Card Listings 
For notation, see key at front of Listings. 

a) For analysis of charged K's the expression 

often used is: 

with 

IM I = 1 + a Y 
2 

Y 

3T 3 - Q 

Y e ' e =m K - Is i 

The relevant formulae are: 

3 s3 - So 
Y + A 

2 mKQ 

with 

mlQ m3 (2 m3~ml > 

and 

[ a -Cy Y 

g 1 + ayA 

m 2 
3 ~+ 

with c = -- 
y 2 ~Q 

b) For the analysis of K 0 decay the expression 

often used is: 

m 
K 

IMI 2 = 1 + 2a t T (2T3-T3max) 
mTi + 

with 

m2 +K m3 - 4m12 

T3max = 2m K - m 3 

The relevant transformations are 

s 3 - s O 
T 3 + ~ (i + A) 

2m K J 

and 

-2a t 

g 1 + atc t ' 

with 

2m 

ct = 2 K [2 Q(I+A) - T3max ] 
m~+ 

c) Other K 0 authors use the same form of 

matrix element as given in b) above, but define 

2 
T3max = ~ Q 
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Stable Particles 
K ± 

The relevant transformation is then 

- 2 a  
U 

l+a c 
U U 

45< 
, with c - QA . 

u 3m2+ 

d) Older K 0 analyses were done using 

T 3 
IMI 2 = 1 + a -- 

The relevant transformation is then 

-eva v 

g l+d a 
V V 

, with 

m 2 

Tr+  

Cv 2 4  

and 

d = Q (i + A) 
v 3m 

K 

For the reader's convenience we give a table 

of numerical values for Q, T3max, A, Cy, and c t, 

obtained using the masses from the current edition. 

± ,± TO T T 

Q 75.00 84.21 83.60 

T3max 48.10 53.22 53.91 

A 0.0 -0.0789 0.0798 

c 0.7891 0.7028 0.7023 
Y 

c t 0.0963 -0.0768 0.3204 

c 0.0 -0.2247 0.2272 
u 

c 0.0400 0.0400 0.0393 
v 

d 0.0506 0.0524 0.0605 
V 

References 

K_+ 0 See the reference sections of the and K L Data 

Card L i s t i n g s .  

10 CHARGED K ENERGY DEPENDENCE OF DALITZ PLOT 

RELATEO TEXT SECTION vI B.I, APPENDIX I ,  AND MINI-REVIEW ABOVE 

MATRIX ELEMENT SQUARED = 1 + G [SB-SO)IIMPI+**2) 

Of÷ LINEAR ENERGY DEPENDENCE (G) FOR fAU DECAYS K+ INTO PI÷ P]+ Pl -  
OT+ THESE EXPTS FIT Mt*2=I+AYtY. WE LIST G IN THE MAIN LISTING AND 
GT+ GIVE AY AT RIGHT. G=-I.5*AY*iMPI**2}I IMK*QI. SEE NOTE ABOVE. 
GT+ZL 8428 ( - 0 . 2 2 )  ( 0 . 0 2 4 )  Z1NCHENKO 67 HBC + AY=O.28+-.OB [ 0 / 6 9  
GT÷ l 9~94 (-0.218) (O.OlbI BUTLER 68 HOE + AY=O.2T7+- ,020 10/69 

GRAUMAN 70 NLBC AY=O.Z2B+-. OBO 8•70 GT÷ G17898 (--0.196( ( 0 , 0 1 2 ]  
QT÷Q TBOK - 0 . 2 1 5 8  0 .0088  FORD 72 ASPK + AY=0 .2734+ - .0035  4 / 7 2  
GT÷ 39819 - 0 . 2 O l  0 .008  HGFFMASTE 72 HLBC + INCLUDES GRAUMAN 1/71  
GI÷ 225K - 0 . 2 2 2  O.OOb4 DEVAUX 77 SPEC + AY=0 .2822+- .0077  flEET* 
GT~ l EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 3 / 7 8 *  
8T+ Z ALSO INCLUDES DBC EVENTS 
GT* 0 EMULS. DATA ADDED - ALL EVENTS INCLUDED BY HOFF~ASTER 72 l / I t  
GT* Q THIS VALUE OF AY IS FROM A QUADRATIC FIT WITH Y#*2 COEF=.OBO+-.OIO. 4/72 
GT+ 0 A LINEAR FIT IS QUOTED CNLY FOR THEIR COMBINEO K+ AND K- SAMPLE. 4 / 7 2  
GT+ 0 IT GIVES AY=0 .2737+- .0032  . THE QUADRATIC PIT TO THE COMBINED 4/72 
GT+ O SAMPLE GIVES AY=O.2782÷-.OO33 AND Y**2 COEFE=O.O28+-.OtO . 4 /72  
GT* Q (CHISOIDFI=L.38 FOR LINEAR FIT AND 1.20 FOR QUADRATIC FIT. 1/73 
GT+ ......... 
GT+ AVG -0.2153 0 .0036  AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .G l  
GT÷ STUDENT -0.2155 O.OO2l AVERAGE USING STUDENTIO(H/t.ll} -- SEE MAIN TEXT 

(SEE IDEOGRAM BELOW ) 

WEIGHTED AUERAGE = -0 .2 iS3  ± 0 .0036  

ERROR SCALED BY i ,E  

. . . . . . . . .  D E U Q U X  7 7  £ P E C  

• - . H O F F M A S T E  ? 2  H L B C  

. . . . . .  D 7 2  A S P K  

- 0 . 2 4  - 0 . 2 2  - 0 . 2 0  - O . 1 B  

LIN, ENERGY D E P .  FOR K+ TO p I +  P I +  PI- 

C H I S O  

1 . 1  

3 . 2  

O . O  

4 . 3  

( C O N L E U  
= 0 . 1 1 5 )  

GT- LINEAR ENERGY DEPENDENCE (GI FOR TAW DECAYS K- INTO PI- PI -  P I t  
GT- FOR DEFINITION OF AY SEE NOTE IN ABOVE SECTION GT+. 
Gf- F 1347 (-8.220J (0.085) FERRO-LUZ Oi HBC - AY=O.28÷-.045 I0/69 
GT-ML 5778 I-D.190) (0.023) MOSCOSD 68 HBC - AY=0.842+-.029 I 0 / 6 9  

GT- 80919  -0 . I 94  0.007 MAST 69 HBC - AY=0.247÷-.009 10/69 

GT-Q 750K - 0 . 2 l O T  0 .0028 FORD T2 ASPK - AY=O.Z77O+-.OO3B 4172 
GT- 8IK - 0 . I 9 9  0 .008  LUCASI 73 HBC AYff iO.2BB+-.OtI  I 0 / 7 2  
Gf- F NO RADIATIVE CORRECTIENS INCLUDED. 
GT- L EXPERIMENES WITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 3/78* 
GI- M ALSO INCLUDES DBC EVENTS. 
GT- G IHIS VALUE OF AY IS FROM A QUADRATIC FIT WITH Y**2 COEF=.O20+-.OIO. 4/72 
GT- Q SEE ALSO THE NOTE Q IN THE GT+ SECTION ABOVE. 4/72 

GT- . . . . . . . . .  
GT- AVG -0.2137 0.0067 AVERAGE (ERROR INCLUDES SCALD FACTOR OF 2.7) 
Gf- STUDENT -0.2147 0.0037 AVERAGE USING STUDENTIOIH/I.Ill - -  SEE MAIN TEXT 

(SEE IDEOGRAM BELOW ) 

WEIGHTED AUERABE = - 0 .2137  * O.OO6? 

ERROR SCALED BY 2 .7  

. . . .  L U C A S I  7 3  HBC 

t ~ / /  ~ - . . F O R D  72 QSPK 

j - . M A S T  6 9  NBC V , i ~ , 

- 0 . 24  - 0 . 22  - 0 . 20  -O . IB  -O . IG  

L IN .  ENERGY OEP. FOR K -  TO P I -  P I -  P I+  

C H I S Q  

3 . 4  

3 . t  

7 .9  

1 4  . S  

( C O N L E U  
= O . O O l ]  

DG ((GT+I- (GT-I I / I IGT+I+IGT-)}  IN PERCENT 
DG A NON-ZERO VALUE FOR THIS QUANTITY INDICATES OP VIOLATION 
DG B.2M -O.TO 0.83 FORD 70 ASPK I1170 

GTP LINEAR ENERGY DEPENDENCE {G) FOR TAU PRIME DECAY CHA.K INTO PI PIOPIO 
GEE 1792 O.~B O.O4 RALMU8 64 HLBC + 10169 
GfP 1874  0.586 0.098 GIST 65 HLBC + ALSO HBC 10/69 
GTP 4048  0.516 0.020 DAVISDN 69 HLBC { ALSO EMUL 10169 
GTP 198 0.516 0.074 PANDOULAS TO EMUL 10/70 
GTP A1365 0.67 0.06 AUBERT 78 HLBC 1173 
GTP 574 0.484 0.084 LUCAS2 73 HBC DAL ITZ  PRS ONLY 9/73 
GIP 5635  0.608 0.021 SHEAFF 75 HLBC + 2/76 
GTP S Z T K  O.5IO 0.060 SMITH 75 WIRE + 12/75 
GTP 83863 0 .648  0 . 0 3 6  BRAUN 76 HLBC + 1 L / 7 7 ,  
GTP LEAb39 (0.806) (0.220) BERTRAND 76 EMUL 18/77" 
GTP A WE GIVE LINEAR TERM OF HIGHER ORDER FIT. EQ.I OF APP.II,AUBERT T2. 1/73 
GIP S SMITH 75 MEASURES QUADRATIC COEFFICIENT HfO.OOP+-O.D40. t2/75 
GTP B BRAUN 76 GIVES C=.324÷-.018 FOR LINEAR MATX.ELEM. FIT. ABOVE G=2*C. t I / 17 *  
GTP L E WE GIVE LINEAR TERM OF HIGHER ORDER FIE. t2177) 
GTP EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 3/78* 
DIP 
GTP AVG 0.561 O. O21 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.7) 
GTP STUDENT 0.889 0.020 AVERAGE USING STUDENTIO(H/I.II) - -  SEE WAIN TEXT 

(SEE IDEOGRAM BELOW ) 



Stable Particles 
K • 

WEIGHTED AVERAGE = O.S61 ± 0 . 0 2 i  

ERROR SCALED BY I . ?  

I . . . . .  BRAUN 76 HLBC 

,SHEAFF ?S HLBC 

. L U C A S 2  73  HBC 

. A U B E R T  ?2  HLBC 

• P A N D O U L A S  ? 0  EMUL 

• D A U I S O N  69 HLBC 

• B I S I  6 5  HLBC 

• KRLMUS 64 HLBC 

, "--.,. 

0 . 3  O . S  0 . ' 7  0 . ' 9  

LIN. E N E R G Y  D E P .  FOR K TO P I  P I O  P I O  

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

± 0 
Note on K£3 and K~3 Form Factors 

Definitions of the parameters t+, ~(0), t0, 
I fs/f+l and I f c f+ l  a n d  a general discussion of the 

methods of analysis are given in Section VI B.2 of 

the text. 

This note describes the contents of the Data 

Card Listings for the two K 3 parametrizations, 

(i+, ~(0)) and (~+, ~0), which were discussed in 

the text. Problems related to our data entries for 

individual experiments are discussed and a compari- 

son of results is given. 

CHISQ 
S.9 
0.? 
3.9 
0.B 
3.3 
0.4 
5.0 
0.i 
4.1 

24 .i 
[CDNLEU 
=0.002) 

K 3 Experiments 

The matrix element for K~3 decay, assuming a 

pure vector current, is given by Eq. (2) in Section 

VI B.2 of the text. Most experiments appear to be 

compatible with the assumption that f+ depends 

linearly on t and that f is constant. Only DALLY 

(K;3) appears to require I_ ~ 0 (by 72 about three 
2 

standard deviations). A single data bin at low q 

seems to be responsible. The effect is not observed 

in the high-statistics experiment of DONALDSON2 74 
0 

(also K 3). 

_14, ~(0) Parametrization: I+ data from K 3 

decay are entered into the K ± K ° sections of and L 

the Data Card Listings in subsection L+M. The 

corresponding ~(0) values are entered in subsection 

XIA, XIB, or XIC, depending on whether Method A, B, 

or C, discussed below and in the text, was used. 

The data cards contain the values, one-standard- 

deviation errors al and a~(0), as well as the + 

correlation d~(0)/d1+, all indicated on the e -I/2 

6O 

Data Card Listings 
For notation, see key at front of  Listings. 

likelihood contour below. The correlations are 

given on the right side of the ~(0) data cards. 

+1  
Slope 

vo 

[ = I 
x++  A X+ 

d~ (0)  

d X +  

--~+'~0 Parametrization: This parametriza- 

tion is used in recent K 3 analyses. To facilitate 

comparison between experiments, we convert earlier 

experiments from the (I+,~(0)) parametrization to 

(I+,~ 0) whenever possible (i.e., when I+ and ~(0) 

values, errors, and correlations are given). The 

transformation between these parametrizations is: 

10 = I+ + at(0) , 

dE(0) a1~ a2a~ 2 
AI~ = (i + 2ad--~---) + , 

+ 

dl 
o _ i + a d~(O) 

dl+ dl+ ' 

2 2 2 
where a = m /(m K-m ). The 10 value, the one- 

standard-deviation error At0, and the correlation 

d10/dl + are given in subsection L0 of the data 

cards. 

We also convert (I+,I o ) results into the (I+, 

~(0)) parametrization whenever possible so that 

subsection L0 is essentially equivalent to the three 

subsections XIA, XIB, and XIC. 

Individual analyses have used a variety of 

parametrizations. Problems arise when trying to 

express their results in terms of the parametri- 

zations used here. The discussion of these problems 

is divided into three sections corresponding to the 

three methods of analyses discussed in the text. 

Method A: Dalitz plot analyses and pion 

spectrum analyses usually determine I+ and ~(0) 

(or 10 ) values, errors, and correlation. Such 

measurements are entered in the L+M, XIA, and L0 

subsections. They give rise to the error ellipses 
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Stable Particles 
K ± 

shown in Figs. 1 and 2. These are approximations 

to likelihood contours. 

Some analyses of this type fix l+ and determine 

~(0) e.g. CARPENTER 66 and PEACH 73 (both K°_). , , ~j 

We enter ~(0) and d~(0)/dl+ in the XIA section and 

give the fixed l+ value in the data card footnote. 

The ~(0) error is parenthesized because it does not 

include the uncertainty in the value of I . These + 

results, transformed to ~ measurements, give rise 
0 

to bands in Fig. 2. These bands are also approxi- 

mations to the likelihood contours. The actual 

likelihood bands would not be straight. 

In some cases, we alter an error from its 

published value in order to obtain an error ellipse 

with a width which matches the error in ~(0) for 

fixed ~+. These adjustments are noted in the ~(0) 

data card footnotes, e.g., for CALLAHANI 66 and 

HAIDT 71 (K + subsection XIA), where the published 

errors and correlation violate the constraint 

IC~[  < 1 on the normalized correlation coefficient 

C~ given by 

0.1 

k o 0 

-0.1 

XBL 762-2298 

0 0. I 
k+ 

Fig. i. One-standard-deviation (e-ll 2) likelihood 
contours in the (l+,10) plane for K3. 

A~+ d~(0) 
CI~ A~ dl 

+ 

In some cases, e.g., BRAUN1 73, the parametri- 

zation used is ~ , ~(0), ~(t*), where t* is the + 
weighted average of t with weightin@ according to 

the sensitivity to ~. In this case we do not use 

~(0). It is a badly determined parameter comparable 

to ~ or the slope of ~(t). Instead, we use 

~(0) = ~(t*)(i + l+t*) , 

d~(0) d~ (t*) * 
dl dl+ (i + l+t ) + ~(t*)t* 

+ 

0.2 

O l 

k 0 0 

-0.1 

-0.2 

XBL762 2297 

0 0. I 
k+ 

Fig. 2. One-standard-deviation (e -I/2) likelihood 
contours in the (l+,l) plane for K 0 

0 ~3" 



Stable Particles 
K • 

With the BRAUN1 73 values, ~+ = 0.027, E(6.6) = 

-0.34 ± 0.20, and d~(6.6)/dl = -14, we obtain + 

~(0) = (-0.40± 0.24) - 19(I+ - 0.027) ; 

or for their fitted ~ = 0.025 ± 0.017, we get + 

E(0) = -0.36 ± 0.40. 

Method B: Branching ratio experiments cannot 

determine I+ and ~(0) simultaneously, but simply 

fix a relationship between them, given in Section 

VI B.2 of the text. Results are usually quoted as 

values of ~(0) at fixed ~ . We list these results + 

in subsection XIB, but we do not average them 

because the ~ values differ. Instead, we compute + 

a combined result by using the relations in the 
+ + 

text and our fitted values of F(K~3)/F(K~3)~= and 

F(K~3)/F(KI3),_ which include the branching ratios 

from these experiments. The branching ratios from 

our current edition and the results for ~(0) and 10 

evaluated at I+ = 0.030 are 

+ 

F(K 3)/F(Ke3) 0.663 ± .018(S=1.7) 0.695 ±.017 

~(0) -0.20 ± .15 (S=1.7) +0.08 ± .13 

d~ (0)/d~+ -ii.9 -i0.3 

+0.014 ±.012(S=1.7) +0.037 ±.011 
0 

dl0/dl + +0.04 +0.12 

The scale factor S is the amount by which the error 

has been multiplied in order to compensate for 

discrepancies in the branching ratios. These ~0 

results give rise to the K 3/Ke3 bands in Figs. 1 

and 2. 

Method C: Polarization experiments measure 

(~(t)) , the weighted average of ~(t) over the t 

range of the experiment, where the weighting 

accounts for the variation with t of the sensi- 

tivity to ~(t). Such measurements are entered in 

subsection XIC. 

To reinterpret these results in the (I+,E(O)) 

parametrization, we recognize that I+ = 0 corre- 

sponds to ~(t) constant (always assuming ~ = O) so 

that 

~(o),[~+=o ~ <E(t)> . 
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The correlation with I+ is given by the following 

relations (valid for small I+) : 

~(0) ~ (E(t)> (i + X+<~>) , 

d~(O) ~ (E(t))<m~> 
dl+ 

< t/m 2) is the average value of t weighted by where 

the sensitivity to ~(t). These results, transform- 

ed to ~0 and d~0/d~ + values, are entered in sub- 

section L0 and give rise to bands in Figs. 1 and 2. 

In Figs. 1 and 2, we disregard those polari- 

zation measurements for which dE(O)/d~+ is not 

obtainable. Also we disregard MERLAN 73 because 

the signs of ~(0) and dE(0)/dl + are opposite, 

whereas the above equation requires them to be the 

same (since t> 0). 

Comparison of K 3 Experiments: Figures 1 and 

2 show the likelihood contours in the (~+,~0) plane 

+ K ° respectively. forK~ and ~3 

e K~3 Dalitz plot results (ellipses) shown 

are fairly consistent and appear to cluster between 

the K 3/Ke3 result and the polarization results of 

BETTELS 68 and CUTTS 69. The K~3 results are much 

less consistent with a small cluster appearing in 

the neighborhood of the DONALDSON2 74 result. 

X 2 fits to the results shown in Fig. 1 and 

Fig. 2 yield the following values for ~+ and 10 . 

The corresponding values of ~(0) are also given. 

+ K 0 
K~3 ~3 

1 +0.034 ± .006* + 

10 +0.020 ± .007* 

dl0/dl + -0.24 

X2/DF 72/12 

S* 2.5 

E(O) -0.35 ± .14" i0.16 ± .ii* 

dE (0)/dl+ -14. -15. 

+0.026 + .008" 

-0.003 + .007" 

-0.15 

40/19 

1.5 

*All errors have been increased by the scale 
factor S = (X2/DF) ½ to take into account the 
discrepancies between measurements. 
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Data Card Listings 
For notation, see key at front  o/List ings.  

Stable Particles 
K ± 

In view of the large X2/DF of these fits, 

especially K ° ~3' the fit results should be taken 

with a grain of salt. The largest contributors to 
2 + 

X in the K 3 case are CHIANG 72 with 8.1, and 

the polarization results, BETTELS 68 with 6.8 and 

CUTTS 69 with 5.5. In the K ° ~3 case the largest 

contributors are the polarization results of 

SANDWEISS 73 with 17, LONGO 69 with 14, and CLARK 

77 with 12, and the Dalitz plot results of ALBROW 

72 with ii, ALBRECHT 74 with 7.3, and PEACH 73 with 

5.3. All other X 2 values were less than 4. 

The DONALDSON2 74 result 

= 0.030 ± 0.003 + 

= 0.019 ± 0.004 
0 

clearly dominates the statistics in the K 0 U3 case. 

The ~+ value is consistent with the Ke3 value of 

~+, and with the pole approximation 

f+(t) = f+(0) 2 
INK*- t 

Their f0(t) extrapolates linearly to the Callan- 

Treiman point. It is less than two standard 

deviations from the K 3/Ke3 result. 

__Ke3 Experiments 

The f term of the matrix element [Eq. (2) text 

Section VI B.2] can be neglected for Ke3 because 

it is proportional to the lepton mass. The f+ term 

2 p ) 2 ,  
is usually assumed to be linear in t=q = (PK- 

the square of the four-momentum transfer, i.e., 

the effective mass of the lepton pair. We quote 

the linear coefficient le (L+E on the data cards) + 

There has been some suggestion of departure from 

linearity [CHIEN 71 (K[3)~ and Chounet, Gaillard, 

and Gaillard I -- Review] but no compelling evidence. 

The l+ results are fairly consistent and the 

average values are 

+ 
Ke3: l+ = 0.0285 ± 0.0043 

K ° - l+ 0.0300 + 0.0018 IS= 1.2) 
e3" = - 

where the K ° e3 error has been multiplied by the 

scale factor 1.2 to compensate for inconsistencies 

(see ideogram in K ° section L+E) 
L 

See also the excellent reviews of Gaillard and 

1 2 
Chounet, Chounet, Gaillard, and Gaillard, 

3 
Pondrom. 

References 

and 

i. M.K. Gaillard and L. M. Chounet, "Ki3 Form 

Factors," CERN 70-14 (May 1970), and Phys. 

Letters 32__~B, 505 (1970) .  

2. L.M. Chounet, J. M. Gaillard, and M. K. Galliard, 

Physics Reports 4C, 199 (1972). 

3. L.G. Pondrom, "Weak Decay Processes," Prec. 

P a r t i c l e s  and F i e l d s  1976, BNL, Oc t .  6 - 8 ,  1976. 
[D CHARGED K FORM FACFDRS 8/67 

RELATED TEXT SECTION VI  B.2 AND MINI-REVIEW ABOVE. 

IN THE FORM FACTOR COMMENTS, THE FOLLOWING ABBREVIATIONS ARE USED. 
F+ AND F- ARE FOAM FACTORS FOR THE VECTOR MATRIX ELEMENT. 
FS AND FT REFER TO THE SCALAR AND TENSOR TERM, 
FO = IF+( ÷ (F - I *F / (MK* *2 -MP I * *B ]  
L+, L- AND LD ARE THE LINEAR EXPANSION COEFFS. OF E+, F- AND FO. 
L÷ REFERS TO THE KMU3 VALUE EXCEPT IN THE KE3 SECTIONS. 
DXI/DL IS THE CORRELATION BETWEEN IT(OF AND L÷ IN KMUB. 
DLO/DL÷ IS THE CORRELATION BETWEEN tO AND L÷ IN KMUB. 
T = M6MENTUM TRANSFER TO THE PI IN UNITS OF MF[~*2. 
DP = OALITZ PLOT ANALYSIS 
PI PI SPECTRUM ANALYSIS 
MU = NU SPECTRUM ANALYSIS 
POL= NU POLARIZATION ANALYSIS 
BR = KMUBZKE3 BRANCHING RATIO ANALYSIS 
E = POSITRON OR ELECTRON SPECTRUM ANALYSIS 
RC RADIATIVE CORRECTIONS 

XIA XIA = F--/F+ (DETEBMINED FROM SPECTRAl . . . . . . . . . . . . . . . . . . . . . . . . . . .  

XIA 76 (+ l .  Bl (D .6 I  BROWN 62 XEBC + DP+BR, L+=O 1/74 
XIA 87 I * 0 . 7 (  CO.B} GIAGOMELL 64 ENUL MU+BR RVUE, L+=D 1/74 
X I A  J ( - 0 . D 8 )  ( 0 . 7 )  JENSEN 6 4  XEBC + O P + B R ( K M U B , K E B I  L / 7 4  

XIA Z648 IO.o)  ( I . l }  ( 0 . 9 )  C A L L A H A I  b6 FRBC MU, t÷=o.  T UNKN 1/74 
XIA C 444 ~D.7B 0.93 CALLAHAI 66 FRBC P I ,  bX I IOL= - l l  1/74 
XIA 78 ( - 0 . 5 )  ( 0 . 9 )  EISLER 68 HLBC * PI,L÷=O,NO OX/DL I /T#  
XIA KB04I -D .5  O.B KIJEWSKI 69 DSPK P l ,  DXI/DL=-26 1/74 
XIA H3240 - l . l  0.56 HAIDT 71 HLBC + DP, OXIIDL=-29 1/74 
XIA A4D25 -0 .62  D.28 ANKENBRAN 72 ASPK P I ,  OXI/DL=-L2 1/74 
XIA B3480 ÷0.45 0.28 CHIANG 7Z OSPK DR, OXI IOL=- [5  t / 74  
XIA 01897 40.36 0.4D BRAUNI 73 HLBC + DP, DXIIDL=-19 3174 
XIA N 49O -0 .8  D.B ARNOLD 74 HLBC + OF, DXIIDL=-ZD t i / 75  
XIA M6527  -0 .57  D.2# MERLAN 74 ASPK DP, OXIIDL= -9 3/74 
XIA J JFNSEN 64 GIVES L÷M=L÷E=-.02D÷-.027. DXI/DL UNKNOWN. INCLUDES 1/74 
XIA J SHAKLEE 64 XIB(KMUB/KE31. 1/74 
XIA C CALLAHAN 66 TABLE I (P l  ANAL( GIVES DXIZDL=( .T2- .D5 I / (O- .OA)=-17 ,  1/7R 
XIA C ERROR RAISED FROM .80 ID AGREE WITH DXIO=.37 FUR FIXED L+. 1174 
XIA K KIJEWSKI 69 ~IG. 17 WAS USED TO OBTAIN OXI/DL AND ERRORS. 1/74 
XIA H HAIDT 71 TABLE B IDP ANAL( GIVES O X l / O L = ( - l . 1 + O . B ) / (  .050- .0293~-29 ,  1/74 
XIA H ERROR RAISED FROM .SO TO AGREE WITH OXID=.20 F6R FIXED t+ .  1/74 
XIA A ANKENBRANOT 72 FIG. 3 WAS USED TO OBTAIN DXI/DL. I174 
XIA B CHIANG 7Z FIG. iO WAS USED TO OBTAIN DXI/DL. 1/74 
XIA B FIT HAD L - ' L+  BUT WOULD NOT CHANGE FOR L-=O. L.PONDROM,PRIV.CUM.74 I174 
XIA D BRAUNI 73 GIVES X I (T )= - . 34+ - . 20 ,  DXI IT) IOL÷=-14 FOR L+=.027, T~6.6. 317# 
XIA D WE CALCULATE ABOVE XI (O[  AND DXI(O) IDL*  FOR THEIR L÷=.DBB÷-.OI7 . 3 /74 
XIA N ARNOLD 74 FIG. 4 WAS USED TO OBTAIN XIA AND DXI/OL. l i 175  
XIA M MERLAN 74 FIG.5 WAS USED TO OBTAIN DXI /DL.  3174 
XIA . . . . . . . . .  
XIA FIT OISCUSSED IN NOTE DR KL3 FORM FACTORS ABOVE. 

XIB XIB = F - IF+  (DETERMINED FROM KMUBIKEB) . . . . . . . . . . . . . . . . . . . . . . . .  
XIB THE KMUBIKE3 BRANCHING RATIO FIXES A RELATIONSHIP BETWEEN X l (OI  [174 
XIB AND L÷. WE QUOTE THE AUTHORS X[(O) AND ASSOCIATED L÷ BUT DO NOT I174 
XIB AVERAGE BECAUSE THE L÷ VALUES DIFFER. THE FIT RESULT AND SCALE I174 
XIB FACTOR GIVEN IN THE ABOVE NOTE ON KL3 FORM FACTORS ARE NOT OBTAINED 2/76 
XIB FROM THESE X[B VALUES. INSTEAD THEY ARE OBTAINED DIRECTLY FROM THE 2/76 
XIB FITTED KMUB/KE3 RATIO (R293. Z176 
X I B  - 0 . 1 7  0 . 7 5  0 . 9 9  SHAKLEE 6 4  XEBC + B R ,  L + = O  1 / 7 4  

XIB +D.0 D.S BISI 1 &B HBC ÷ BR, L÷=O I174 
XIB 5DD ÷D.8 0.6 CUTTS 65 OSPK + BR, L*=O I174 
XIB 636 ÷D.4 D.4 CALLAHAI 66 FRBC • BR, L+=D L/74 
X I B  306 +D.TB 0.50 AUERBA6H 67 OSPK BR, L÷=D l i T4  
XIB B 5601 ( -D .08)  (D . IB }  BOTTERIL2 68 ASPK BR,L÷=.023÷-.OO8 [ / 74  
XIB E IBgB ( - 0 . 60 )  (0 .20)  EICHIEN 68 HLBC ÷ BE, SEE NOTE E I l l 4  
XIB ~86 + l .O D.6 GARLAND 6,8 BSPK + OR. L+=O I17# 
X I B  + 0 . 9 1  0 . 8 2  Z E L L E R  6 9  ASPK + B R ,  L ÷ = . 0 2 3  [ / 7 / ¢  

XIB B -0.35 0.22 BOTTERIL 70 OSPK BR,L÷=. 045+-. D[5 1/74 
XIB E1505 -0 .81  D*27 HAIDT 71 HLBC + BR,L÷=*O2B,FIG.8 1/74 
XIB 5825 0.0 O . t5  CHIANG 72 OSPK BR,L+=.DB,F IG.  IO 1174 
XIB H 55K -0 .12  0.12 HEINTZE 77 CNTR BR,L+=.D29 3/78* 
XIB E B BOTTERIL 70 IS REEVALUATION DF BOTTERIL 2 68 WITH DIFFERENT L+. I174 
XIB ETCHTEN 68 HAS L+=.D23+-.ODB. T=4, INDEP. OF L-*  REPL. BY HAIDT 71. 1/7# 
XIB H CALCULATED BY US FROM LO AND L+ GIVER BELOW. 3178~ 
XIB . . . . . . . . .  
XIB FIT DISCUSSED I N  NOTE ON K L 3  FORM FACTORS ABOVE. 

XlE XIC = F-/F+ (DEIERM[NED FROM MU POLARIZATION IN KMU31 . . . . . . . . . . . .  
XIC THE MU POLARIZATION IS A MEASURE OF X [ (T ) .  NO ASSUMPTIONS ON L+- 
XIC NECESSARY, T (WEIGHTED BY SENSITIVITY TO XlO) SHOULD BE SPECIFIED. 
XIC IN Le , x I IO I  PARAMETERIZATIDN THIS IS XI (O)  FOR l~=O. DXI IDL=XI*T.  
XIC FOR RAD. CORR. T~ MUON POLARIZATION IN KMUB SEE GINSBERG 71. 
XIC T 2100 [÷ I . 2 )  ( 2 . 4 I  ( I . 8 }  BORREANI 65 HLBC ÷ POLARIZATION 8•67 
XIC I BOD BTWN -4 .0  AND + I . 7  CUTTS 65 OSPK + LONG. POL. [174 
XIC T 397 ( - 1 . 4 )  ( I . 83  CALLAHAI 66 FRBG + TOTAL POL. 8167 
XIC T 2950 ( - 0 . 7 )  ( 0 . 9 )  (3*Bl  CALLAHAI 66 FRB£  LONG. POE. 8167 
XIC 86000 - I .O  0.3 BETTELS 68 HLBC TOTAL POL. T=4.9 [ / 74  
XIC C3133 -D.95  0.3 CUTTS 69 OSPK + TOTAL POL. [=4.D L174 
XIC M 40K 1-0.64)  1D.27] MERLAN 74 ASPK ~ PDL*DXI/DL=+L7 3/74 
XlC D/585 -0 .25  1.2D BRAUN 75 HLBC POL. T=4.2 [ l l b  
XIC I T VALUE NOT GIVEN. 
XIC B BEITELS 68 BXI IDL=X I *T= - I .O*4 .9= -4 .9  . 
XIC  ME CUTTS 69 T=4.0 WAS CALCULATED FROM FIG. B. DX] IDL=XI~ 'T=- .gB~4=-3 .B  • I174 
XIC MERLAN 7@ POLARIZATION RESULT IF IG.B}  NOT POSSIBLE. SEE DISCUSSION I176 

L 1 7 6  
1 1 7 6  

XIC M OF POLARIZATION EXPERIMENTS IN NOTE ON KL3 FORM FACTORS ABOVE. 
XIG D BRAUN 75 DXI IDL=XI *T=- .2B*4 .2= - [ .O  . 
XIC . . . . . . . . .  
XIC FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS ABOVE. 



Stable Particles 
K i 

IX l  IMAGINARY PART OF Xl (TEST OF T REVERSAL) . . . . . . . . . . . . . . . . . . .  

IX I  26A8 D.O I.O C A L L A H A I  6 b  FRBC + MU 1/74 
IX I  397 +1.6 1.3 CALLAHAI 6 6  FRBC ÷ TOTAL P C L .  1/74 
IX I  2950 0.5 1.4 0.5 CAILAHAI 6 6  FRBC ÷ LONG. POL. 1/74 
IX l  6000 -0 .1  0.3 BETTELS 68 HL8C  TOTAL P O L .  1/74 
IX I  3133 -0 .3  0.3 O.A CUTTS 69 OSPK + TOTAL POL. FIG.7 1/74 
IX)  . . . . . . . . .  
IX )  AVG -0 .09  0.21 AVERAGE IERRDR INCLUDES SCALE FACTOR OF l .O )  
IX l  STUDENT -0.i0 0.23 AVERAGE USING STUDENTIO(HII . I I )  -- SEE MAIN TEXT 

L+M LAMBDA + [LINEAR ENERGY DEPENDENCE OF F+ IN KMU3 DECAY] . . . . . . . . .  
L÷M SEE ALSG THE CORRESPONDING ENIRIES AND FOOTNOTES IN SECTIONS XIA, 
L+M XIC, AND LO. 
l+M FOR RAD.COR. OF KMU3 DP SEE GINSBURG 70 AND BECHERRAWY 70. 3 /74 
L+M 4 4 4  o . o  0 . 0 5  G A L L A H A I  6 6  FRBC ÷ Pl 1 / 7 4  

KIJEWSKI 6 9  DSPK PI  1/74 L+M 208I  0.009 0.026 
L+M 3240 0 . 0 5 0  0.018 HAIDT 7 I  HLBC + DP 1 / 7 4  

ANKENBRAN T2 ASPK ÷ PI 1/74 L+M A4025 O.O24 0.019 
L+M 3480 - 0 .006  0.015 CHIANG 72 OSPK + DP 1/74 
L+M 1 8 9 7  0.085 0.017 BRAUNI 73 HLBC + OP 3174 
L+M 490 0.025 0 . 0 3 0  ARNOLD 7A HLBC + DP 7/74 
L+M ~527 0.027 0.019 MERLAN 7 4  ASPK + DP 3 1 7 4  

L÷M A ANKENBRANDT 72 L+ FRCM FIG.3 TO MATCH DXI/DL.  TEXT GIVES .024+-.022 1/74 
L÷M . . . . . . . . .  
L+N FIT DISCUSSED IN NCTE ON KL3 FORM FACTORS ABOVE. 

LO LAMBDA 0 (LINEAR ENERGY DEPENDENCE OF FO IN KMU3 DECAY) . . . . . . . . . .  
LO WHEREVER POSSIBLE, WE HAVE CONVERTED THE ABOVE VALUES DF XI(O) INTO 
LO VALUES OF LO USING THE ASSOCIATED LeN AND DXI /DL.  
L O W  4 4 4  +0.058 0 . 0 3 6  CALLAHAI 6 6  FRBC + PI,DLOlDL+=-0.3? 1/74 
LO L 6 0 0 0  -0 .063  (O.OBA) BETTELS 68 HLBC + POL,DL01DI÷=+.60 1174 
L O w  2041 -O. O31 0.845 K[JEWSKI 69 OSPK + PI ,OLOIDL+=- I . IO 1/74 
LO L 3 1 3 3  - 0 .056  |0 .024)  C U T T S  69 OSPK POL,DLOIDL÷=+.69 1/74 
LOW 3240 -0 .039  0.029 HAIOT 7 I  HLBG ÷ DP,DL010L÷=-l .34 I / T4  
LOW 4025 -0 .026  0.013 ANKENBRAN 72 ASPK + PI,DLOIDL+=+O.03 1/74 
LOW 3 4 8 0  + 0 . 0 3 0  O. OI4 CHIANG 72 OSPK + DP,OLOIDL+=-O.2I 1/74 
LO D1897 -O*OOB 0 . 0 2 0  BRAUNI 7 3  HLBC + D P , D L O / D L + = - 0 . 5 3  1 / 7 6  
LO 450 -0 .040  O.O~O ARNOLD 7A HLBC ÷ DP,DLO/DL+=-0.62 7/74 
LO B ( -0 .017)  10.011} BRAUN 74 HLBC KNU3/KE3 VS. T I I / 75  
L 0  M 6527 - 0 . 0 1 9  0 . 0 1 5  MERLAN 74 ASPK + DP,OLOIOL+=÷0.27 3174 
LO L 1588 +O.OOB 0.097 BRAUN 75 HLBC + POL,DLOIDl÷=+.92 1176 
LO H 5 5 K  + 0 . 0 1 9  ( O . O l O )  H E I N T Z E  7 7  SPEC + B R , D L O l D L + = ÷ O . 0 3  1 2 / 7 7 ~  
LOW LO CALCULATEO BY US FROM XIO, L+M, AND DXI/DL.  1 1 7 4  
tO L LO VALUE IS FOR L+=O.O3 CALCULATED BY US FROM XIO AND DXI/D1. 1174 
LO 0 THIS VALUE AND ERROR ARE TAKEN FROM BRAUN 75 BUT CORRESPOND TO THE 1 / 7 6  

LO D BRAUN( 73 L+M RESULT. DLOIDL÷ IS FROM BRAUN1 7 3  OXI/DL IN XIA ABV. 1/76 
LO E BRAUN 74 IS A COMBINED KMU3-KE3 RESULT. IT IS NOT INDEPENDENT DF 11/75 
CO B 8RAUNI 73 (KMU3) AND BRAUN2 7 3  (KE3I FORM FACTOR RESULTS. [ I / 75  
LO M MERLAN 74 LO AND CLO/DL+ WERE CALCULATED BY US FROM XIA,  L+M, AND 3/74 
LO M DXIIOL. THEIR FIG.6 GIVES LO=-O.025*-O.O[2 AND NO DLO/DL÷. 3 /74 
LO H H E I N T Z E  7 7  USES L+=0.029÷-0.003.  DLD/DL÷ ESTIMATED BY US. [2177~ 
LO . • 
LO FIT DISCUSSED'IN NOTE ON KL3  FORM FACTORS ABOVE. 

L+E LAMBCA + [LINEAR ENERGY DEPENDENCE OF F+ IN KE3 DECAY) . . . . . . . . .  
L+E FOR RAD.COR. OF KE3  DP SEE GINSBURG 6 7  AND BECHERRAWY 70. 3/78 
L+E 217 +0.036 .045 BROWN 6 2  XEBC + P I ,  NO RC 
L ÷ E  4 0 7  - C . 0 1 0  . 0 2 9  JENSEN 6 A  XEBC + P [ ,  NG RC 8 / 6 7  
L+E 230 -0.04 .05 BORREANI 64 HBC + E ~ ,  NO RE 8/67 
L + E  854 0.045 0.017 0.018 BELLOTT2 67 FBC ÷ DP, USES RC 11/67 
L+E 1 3 9 3  ÷ 0 . 0 1 6  .016 IMLAY 67 OSPK DR, NO RC 8167 
L+E 515 +O.O28 . 0 1 3  . D 1 4  KALMUS 6 7  FBC E+, PI, NO RC 8/67 
L+E 9 6 0  .08 .04 BOTTERIL1 68 ASPK + E + ,  USES RC . b/B8 
L+E 90 -O.O2 O.08 0.12 EISLER 68 HLBC P I ,  USES RC b / B 8  

L+E 145B .045 .015 BOTTERIL 70 OSPK P[, USES RC 10/69 
L÷E 2707 0.027 O. O I O  S T E [ N E R  7 1  HLBC ÷ DP, USES RC 1 1 / 7 1  
L+E 4 0 1 7  0.029 O . O l I  CHIANG 7 2  OSPK DP, RC N E G L I G B L E  9 / 7 8  

L+E EA 0.027 0.008 BRAUN2 7 3  HLBC + DP, NC RC 3/74 
L+E (0.025)  (O.O07) BRAUN 7~ HEBC KMU3/KE3 V S .  T 1 1 / 7 5  

L+E A BRAUN2 73 STATES T H A T  RC DF OINSBERG 6 7  WOULD LOWER L+E BY .002 BUT 3174 
L+E A THAT ~C OF BECHERRAWY DISAGREES ANB WOULD RAISE L÷E BY .005 • 1276 
L÷E B BRAUN 74 IS A COMBINED KMUB-KE3 RESULT. IT IS NOT INDEPENDENT DF I1 /T5 
L~E B BRAUN1 7 3  (KMUB) AND BRAUN2 7 3  (KE3) FORM FACTOR RESULTS. 11/75 
L÷E . . . . . . . . .  
L+E AVG 0 . 0 2 8 5  0 . O 0 4 3  AVERAGE [ERROR INCLUDES SCALE FACTOR OF l . O )  
L+E STUDENT 0.0284 0.0047 AVERAGE USING STUDENTIO(H/1.I1} - -  SEE MAIN TEXT 

FS FS/F÷ RATIO OF SCALAR TO F+ COUPLINGS FOR KE3 DECAY(ABS. VALUEI . . . .  
FS . 1 8  DR LESS CL=.90 BELLDTT2 57 HLBC i 0 / 69  
FS .3O OR LESS CL=.95 KALMUS 67 HLBC + I 0 / 6 9  
FS D . 2 3  OR LESS CL=*90 BOTTERIL1 68 ASPK 8 / 6 6  

FS 2 7 0 7  0 . 1 4  0*03 O.G4 STEINER 7 1  HLBC + L÷,FS,FT,PHI FIT 2/72 
FS 4017 0.13 OR LESS CL=.O0 CHIANG 7 2  OSPK + 9/72 
FS 2 8 2 7  0.00 O.iO BRAUN 7 5  HLBC 1 2 / 7 5  
FS . . . . . . . . .  
FS AVG 0 . I 25  0.044 AVERAGE (ERROR [NCLUOES SCALE FACTOR OF [ . 3 }  
FS STUDENT 0.L26 0.G37 AVERAGE USING STUOENTIO(H/I.11) - -  SEE MAIN TEXT 

FT FT/F+ RATIO OF TENSOR TO F÷  COUPLINGS FOR KE3 DECAY(ABS. VALUE) . . . .  
FT .58 OR LESS CL=oDO BELLOTT2 67 HLBC i0/69 
FT l . |  OR LESS C L = . g 5  KALMUS 6 7  HLBC ÷ 1 0 / 6 9  

FT 0.58 OR LESS CL=*90 BOTTERIL1 6 8  ASPK 8 / 6 6  
FT 2 7 0 7  0.24 0.18 0.L4 STEINER 71 HLBC + L+,FS,FT,PHI FIT 2/72 
FT  4 0 1 7  0.75 OB LESS CL=.DO CHIANG 7 2  OSPK + 9 / 7 2  
FT 2 8 2 7  0.O7 0,37 BRAUN 75  HLBC + I2/75 
FT . . . . . . . . .  
FT  AVG 0.22 0 . [ 4  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.o)  
FT STUDENT 0.22 0.15 AVERAGE USING STUDENTlO(H/l.11) - -  SEE MAIN TEXT 

FTM FT/F÷ RATIO OF TENSOR TO F+ COUPLINGS FOR KMU3 DECAY . . . . . . . . . . . .  
FTM 1585 0.02 0.12 BRAUN 75 HLBC 1/76 

KE4 KE4 DECAY FORM FACTORS ARE GIVEN IN THE FOLLOWING PAPERS 
KE4 BASILE 7 1  ASPK ÷ 11/75 
KE4 BEIER 7 3  OSPK + -  11 /75  
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BOYARSKI 62 PR 128 2 3 9 8  BOYARSKI,LOH*NIEMELA,RITSON (NIT) 

64 

Data Card Listings 
For notation, see key at front of  Listings. 

BBDWN 62 PRL B 450 
BARKAS 63 PRL I I  26 

BORREANI 84 PL 12 I23 
CALLAHBN 64 PP 136 B 1~63 
CAMERINI 6 4  PRL 13 3 1 6  

CLINE 64 PRL I3  IO I  
GIACOMEL 6 ~  NC 3 4  1134 
GREINER 6 4  PRL 13 284 
JENSEN 64 PR 1 3 6  B1431 
KALMUS 64 PBL 13 99 
SHAKLEE 6 4  PR 1 3 6  B 1 4 2 3  

BI&GE 65 PR I39 B 1600 
BISI  68 NC 3 5  768 
BIB) 1 65 PR 139 a 1068 
BORREANI 65  PR 140 B l b B 6  
C A L L A H A N  65  PRL 15 1 2 9  

EAMERINI 6 5  NC 3 7  1795 
CLINE 65 PL 15 293  
CUTTS 6 5  PR 1 3 8  B 9 6 9  

DE PARER 6 5  PR I 4 0  B 1 4 3 0  

FITCH 65  PP 14o B 108B 
GREINER 65 ARNS 15 6 7  
STAMER 65 PR 138 B 440 
TRILLING 65  UCRL 1 6 4 7 3  

U P D A T E D  FROM 1965 ARGONNE 
YOUNG 65 UCRL 16362 

ALSO 67 PR 156 1464 

CALLAHAI 6 6  PR 1 5 0  1 1 5 3  
CALLAHAN 6 6  NO 44A 90  
CESTER 66  PL 21 3 A 3  

BRDWN,KAOYK,TRILLING,ROE÷ (LRL,MICH) 
W H BARKAS,J N DYER,H H HECKMAN (LRL) 

G BORREANI,G RINAUDD,A WERBROUCK [TURIN) 

A CALLAHAN,R MARCH,R STARK (WISEDNSIN) 
CAMERINI,CLINE,PRY,POWELL (WISCDNSIN÷LRL) 
D CLINE, W F FRY (WISCONSIN( 
GIACOMELL1,MONTI,QUAREN[÷ (BOLOGNA,MUNICH) 
O GREINER, W OSBORNE, W BARKAS (LRL) 
JENSEN,SHAKLEE,BOE,SINCIAIR (MICH) 
+KERNAN,PU,POWELL,DDWD (LRL,HISC) 
SHAKLEE,JENSEN,ROE,SINCLAIR [MICHI 

BIRGE,ELY,GIDAL,CAMERINI,CIINE + (LRL÷WISCI 
BIS[,BORREANI,CESTER,FERRARD ÷ ITORINOI 
BORREANI,MARZARI-CHIESA,RINAUDO+ (TORINO) 
BORREANI,GIDAL,BINAUDO,CAFORIO÷ (BARI,TORI) 
A CALLAHAN,D CLIME (WISCDNSINI 
+CLINE,GIDAL,KALMUS,KERNAN IWISC+LRLI 
A CLINE,W F FRY [WISCONSIN) 
CUTTS,ELIOFF,STIENING (LRL) 

DE MARCO,GROSSO,R[NAUDO (TORINO+CERN) 
FITCH,QUARLFS,NILKINSJPRINCETBN+MT HOLYOKE) 
QUOTED BY BABKAS (LRL) 
STAMER,HUETTER,KOLLER,TAYLOR,GRAUMAN (STEV) 
GEORGE H TRILLING (1RL) 
CENF., PAGE 5. 
POH-SHIEN YOUNG (THESIS,BERKELEY) (LRL) 
P-S YOUNG,W.Z.OSBORNE,W.H.BARKAS (LRL) 

CALLAHAN,CAMERINI+IWISC,LRL,RIVERSIDE,BARI) 
A C CALLAHAN )WISCONSIN] 
CESTER,ESCHSTRUTH,BNEILL+ (PRINCETON-PENNI 

ALSO 6 7  AUERBACH, FO(~TNOTE I .  

AUERBACH 67 PR 155 1505 eDOBBS,MANN,MCFARLANE,WHITE+ (PENN,PRIN) 
ALSO 74 PR 09 3216 ERRATUM 

BELLOTTI 67 ~EIDELBERG CCNF BELLOTTI,PULLIA (MILAN) 
BELIOTT2 67 NC 52A 1287 

ALSO 86 PL 20 690 
BIS) 67 PL 258 572 

BOTTERIL 67 PRL 19 ~82 
ALSO 88 BCTTERIL 

BOWEN 67 PR 184 1314 
CLIME1 67 HEIDELBERG CONF 
CLINE2 67 hERCEG NOV) TBL.4 

FLETCHER 67 PRt 19 98 
FORD 6 7  PRL  18  I 2 1 4  

INLAY 6 7  PR 180 I203 
KALMUS 87 PR 159 1187 
ZINCHENK 67 RUTGERS(THESIS} 

BETTELS 6 8  NC 56A 1106 
ALSO 71 HAIDT 

B O T T E R I L  8 8  PR 171 1402 
BOTTERII 6B PR 1 7 4  1 6 6 [  

8 0 T T E R I 2  8 8  PRL 2I 7 6 6  

BUTLER 6 8  U C R L - 1 8 4 2 0  
CHANG BB PRL 20 5 1 0  

CHEN 6 8  PRL BO 73 
E I C H T E N  6 8  PL 2 7 6  5 8 6  
EISLER 68 PR 1 6 9  1090 
ESCHSTRU 68 PR 1 6 5  [487 
GARLAND 6 8  PR 1 6 7  1 2 2 5  
MOSCOSO 68 THESIS 

CUTTS 6~  PR 1 8 4  13BO 

ALSO 6 8  PRL 2 0  9 5 5  

OAVISON 6 9  PR [ 8 0  1 3 3 3  

ELY 6 9  PR [ 8 0  1 3 1 9  
EMMERSDN 6 9  PRL 2 3  3 9 3  

HERZO 6 9  PR 1 8 6  I 4 0 3  

KIJEWSKI 6 9  U C R L - 1 8 4 3 3  THESIS 
LOBKOWIC 6 9  PR I85 I 6 7 6  

ALSO 6 6  PRL 17 5 4 8  
PACER 6 9  PRL 2 2  3 2  
MAST 8 9  PR 1 8 3  1 2 0 0  

ZELLER 6 9  PB 182 1420 

BOTTERIL 70 PL 318 325 
FORD 7 0  PRL 25 1 3 7 0  

GRAUMAN 7 0  PB D1 1 2 7 7  
ALSO 6 9  PRL 23  7 3 7  

NACEK 70 PR D1 1249 
MAtTSEV 70 SJNP I O  678 
PANDOULA 70 PR D2 1205  

BASILE 7 1 P L  B6B 6 [ 9  
BOURQUIN 71 PL 386 615 
HAIDT 71 PR 03  IO 

A L S O  69 PL 29B 6 9 [  
KLEMS 7 1 P R  0 4  6 6  

ALSO 70 PRL 24 I O B 6  
ALSO 7 0  PRL 25 4 7 3  

KUNSELMA 7i  PL 348 485  
OTE 71 PR D3 5 2  
RCMANO 71PL  3 6 B  5 2 5  

SCHWEINB 7 I  PL 3 6 B  2 4 6  
STEINER 71PL  3 8 B  5 2 1  

ABRAMS 7 2  PRL 2 9  1 1 1 8  
ANKENBRA 7 2  PRL 28 I472 
AUBEBT 72  NC 12A 5 0 g  
BEIEB 72  PRL 29 678 
CHIANG 72 PR D8 1254 

CLARK 72  PRL 2 9  1274 
EDBARBS 72 PR 0 5  2720 
FORD 72  PL 3 8 B  3 3 5  
HOFFMASE 7 2  NP B 3 6  1 

ABRAMS 73 PBL 3 0  5 0 0  

BACKENST 73 PL 438 43l  
BEIER 73  PRL 3 0  3 9 9  
BRAUN1 73 PL 4 7 B  I 8 2  

ALSO 75  BRAUN 
BRAUN2 73  PL 4 7 B  185 

ALSO 7 5  BRAUN 
CABLE 73 PR DB 3807 

8ELLDTTI,FIORINI,PULLIA IM[LAN( 
8ELLOTTI,FIORINI,PULLIA÷ [MILAN) 
BISI,CESTER,CHIESA,VIGONE (TDRINO) 

BOTTERILL,BROWN,CORBETT,CULLIGAN + (OXFORDI 

BOWEN,MANN,MCFARLANE,HUGHES÷(PENN-PRINCETO) 
CLINE,HAGGERTY,SINGLETON,FRY÷ (WISCONSIN) 
D.CLINE,PRDC.INTL.SCH.ON ELEM.PART.PHYSICS 

FLETCHER,BEIER,EDWRADS,+ ( ILL INOIS)  
÷LEMONICK,NAUENBERG,PIROUE [PRINCETON) 
IMLAY~ESCHSTRUTH,FRANKLIN+ (PRINCETON) 
KALMUS,KERNAN (LRL) 
ZINCHENKD (RUTGERS) 

AACHEN-BARI-BERGEN-CERN-EP-NIJMEGEN--ORSAY+ 

BOTTERILL,BROWN,CLEGG,CORBETT * (OXFORD) 
BOTTERILL,BROWNtCLEGG~CORBETT (OXFORD) 
BOTTERILL,BROWN,CLEGG,CORDETT + (OXFORD1 
+BLAND,GOLDHABER,GOLDHABER,HIRATA+ [ L R L )  
CHANG,YODH, EHRLIGH, PLANO+(MARYLAND,RUTGERS] 

CHEN,CUTTS,KIJEWBKI,STIENING + ILRL,MIT) 
AACHEN-BARI-CERN-EP-ORSAY-PADOVA-VALENCIA 
EISLER,FUNG,MARATECK,MEYER,PLANO (RUTGERS) 
ESCHSTRUTH,FRANKLIN,HUGHES+(PRINCETON,PENNI 
+TSIPIS,DEVONS,ROSEN+ (COLUMBIA,RUTG,WISCI 
M L MOSCOSO (UNIV PARIS ORSAYI 

+STIENING,WIEGAND,DEUTSCM (LRL,MIT) 
CUTTS,STIENING,WIEGAND,OEUTSCH ILRL,MIT) 
+BACASTOW,BARKAS,EVANS,FUNG,PORTER÷ (UCR) 
EIY,GIDAL,HAGOPIAN,KALMUS+ (LOUC+WISG÷LRL) 
EMMERSON,OUIRK (OXFORD) 

• BANNER,BEIER*BERTRAM,EDWARDS ÷ ( I L l )  
P K KIJEWSKI (LBLl 
+MELISSINOS,NAGASHIMA,TEWKSBURY+ (ROCH,BNL) 
LOBKOWICZ,MELISSINDS,NAGASHIM+ (ROCHeBNI( 
NACEK,MANN,MC FARLANE,ROBERTS+(PENN,TEMPLEI 
÷GERSHWIN,ALSTON-GARNJOST,BANGERTEE+ (LRLI 
ZELLER,HADDDCK,HELLAND,PAHL+ (UCLA,LRLI 

+BROWN,CIEGG,CORBETT.CULLIGAN+ (OXF) 
÷PIBGUE,REMMEL,SMITH, SOUDER (PRIN) 
+KDLLER,TAYLOR,PANDOULAS÷ ISTBV,SETO,LEHI) 
+KDLLER,TAYLOR,PANDOULAS+ (SIEV,SETO,LEHI) 
+MANN,MCFARLANE,ROBERTS (PENN) 
÷PESTOVAtSDLODOVNIKOVA,FADEEV + (JINR) 
÷TAYLOR,KOLLER,GRAUMAN + ISTEV,SETO) 

• BREHIN,DIAMANT-BERGER,KUNZ+ (SACL+GEVA) 
+BOYMOND,EXTERMANN, MARASCO+ (GEVA,SACLI 
AAOHEN+BARI÷OERN*EP ÷NIJMEGEN+ORSAY÷PADOVA÷ 
+(AACH,BARI,CERN,EPOL,NIJM,ORSAY,PAOD, TOR[) 
÷HILDEBRAND,STIENING (CHIC,LRL) 
KLEMS,HILDEBRAND,STIENING (LRL,CHIC] 
KLEMS,HILDEBRAND,STIENING (LRL,CHIC) 

R. KUNSELMAN (WYOMING) 
OTT,PRITCHARO (LOOM) 
+RENTON,AUBERT,BURBAN-LUTZ (BARI,CERN,ORSA) 
AACHEN÷BELGIUM+CERN÷NIJMEGEN÷PADOVA COLLAB 
AACHEN÷BARI+CERN÷EPCL*ORSA+NIJM+PADO÷TORIN 

• CARROLL,KYCIA,LI,MENES,MICHAEL + (BNL) 
ANKENBRANDT,LARSEN÷ (BNI+LASL+ENAL+YALEI 
÷HEUSSE,PASCAUD,VIALLE+ (ORSA÷BRUX÷EPGL) 
+BUCHHOLZ,MANN,PARKER [PENNSYLVANIA) 
+RGSEN,SHAPIRD,HANDLER,OLSEN+ (ROCH~WISC) 

÷CORK,ELIOFF,KERTH,MCREYNOLDG,NEWTDN+ (LB l )  
+BEIER,BERTRAM,HERZO,KOBSTER ÷ ( I LL )  
÷PIROUE,REMMEL,SMITH,SOUDBR (PRINCETON( 
HOF~MASTER,KOILER,TAYLOR+ (STEV÷SETO*LEHIJ 

+CARROLL,KYCIA,LI,MENES,MICHAEL * (BNL) 
BACKENSTOSS,BAMBERGER+(CERN+KARL+HEID*STOHJ 
÷BUCHHOLZ,MANN,PARKER,ROBERTS [PENNI 
AACHEN+BARI÷BRUSSELS÷CERN COLLABORATION 

AACHEN÷BARI+BRUSSELS+CERN COLLABORATION 

+HILDEBRAND,PANG,STIENING (EFI÷LBL) 
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Data Card Listings 
For notat ion,  see ke N at f ron t  o /Lis t ings .  

LJUNG 73 RR D8 1307 
ALSO 72 ERL 28 523 
AlSO 72 PRL 28 1287 
ALSO 69 PRL 23 326  

LUCASI  73 PR 08  719 
LUCAS2 73 PR D8 727  
PANG ?3 PB 08 i~89 

ALSO 72 PL 408 699 
SMITH 73 NP B60 411 

ARNOLD 74 PR D9 1221 
BRAUN 74 PL 51B 393 
CENCE 74 PR DIO 776 

ALSO 73  THESIS (UNPUBL.) 
RUNSELMA 74 PR C9 2469 
MERLAN 74 PB 09 107 
WEISSENB 74 PL 4BB ~74 

8LOCH 75 PL 5BB 201 
BRAUN 75 NP B89 210 
CHENG 75 NP A254 381 
HEARD( 75 PL 55B 32~  
HEARD2 75 P l  550  327  
SHEAFF 75 PR 012  2570 
SMITH 75 NP Bg l  45  

BERTRANC TB NP B l lA  387  
BLOCH 7B PL 60B 393 
BRAUN 76 LNC 17 52I 
DIAMANTB 76 PL 620  485 
NEINTZE  76 PL BOB 302 
SMITH 76 NP BL09 173 
WEISSENB 76 NP B l I 5  55 

ABRAMS 77  P~ OlB 22 
OEVAUX 77 NP 8 t26  I i  
HEINTZE 77 PL 70B 482  
ROSSELET 77 PR DIS 574  

QUANTUM NUMBER 

BLOCK 62  CERN CONF 37 I  

BRENE b l  NP 22 553  
BIRGE 63 PRL El 35 
ADAIR 64 PL 12 67 
CABIBOO 64  PL 9 352  

ALSO 64 PI  I t  360 
ALSO 65  PC I 4  72 

CABIBBO 66 BERKELEY CONE 33  
GINSBERG 67 PR 162  1570  
WILLIS 67 HEIDELBERG 273 
CRONIN 68 VIENNA CONE 241 
HAIOT 2 69  PC B9B 696 

BARDIN 70 PL 326 121 
BECHERRA 70 PB DI 1452 
FEARING TO PR D3 542 
GA ILLARO 70 CERN 70-14 
GINSBERG 70  PR D I  229 

GINSBERG T l  PR 06 2893  
CHOUNET 72 E l  40 199 

D.LJUNG,O.CLINE (WLSE) 
D.LJUNG (WISCI 
D.CLINE,D.LJUNG (WISC) 
CAMERINI,LJUNG,SHEAFF,CLINE {wIse)  
LUCAS,IAFT,WILLIS (YALE( 
LUCAS,TAFT,WILLIS (YALE(  
+HILDEBRAND,CABLE,STIENING (EF|+ARIZ÷LBL) 
CABLE,HILDEBRAND,PANG,STIENING {EFI÷LBt)  
÷BOOTH,RENSHALL,JDNES* (GLAS+LIVP+OXF÷RHEL) 

C L ARNOLD,B P ROE,D SINCLAIR [N ICH)  
*CORNELSSEN,MARTYN + [AACH÷BARI÷BRUX+CERN) 
+HARRIS,JONES,MORGADO + (HAWA+LBL*WISC) 
D B CLARKE (WISCI 
R.KUNSELMAN (WYOM) 
+KASHA.WANDERER,ADAIR* (YALE÷BNL+LASL} 
WEISSENBERG,EGOROV,MINERVINA + (ITEP+LEBO) 

+BRENIN,BUNCE,DEVAUX÷ (SACL+GEVA) 
÷CORNELSSEN,MARTYN÷ (AACH+BARI*BRUX÷CERN} 
÷ASANO,CHEN,DUGAN,HU,WU,HUGHESe (COLU+YALE) 
+HEINTZE,HEINZELMANN+ ICERN+HEID) 
÷HEINTZE,HEINZELMANN+ (CERN÷NEID) 
M. SHEAFF (WISC) 
+BOOTH,RENSHAIL,JONES~ (GLAS~LIVP+OXF÷RHEL) 

+SACTON ÷ IBRUX+UBEL÷DUUC+LCUC+WARSI 
+BUNCE,OEVAUX~DIAMANT-BERGER÷ (GEVA+SACL) 
+MARTYN,ERRIQUEZ + (AACH+BARI÷BELG+CERN) 
DIAMANT-BERGER,BLOCH,DEVAUX ÷ ISACL÷GEVA) 
÷HEINZELMANN, IGO-KEMENES,MUNDHENKE÷ (NEID) 
÷6007H,RENSHALL,JDNES÷ (GLAS÷LIVP÷OXF÷RHEL) 
WEISSENBERG,EGOROV,MINERVINA÷ (ITEP+LEBD) 

+CARROLL,KYCIA,LI,MICHAEL,MOCRETI ÷ (BNL) 
+BLOCH,DIAMANT-BERGER,MAILLARD÷ (SAEL÷GEVA) 
+HEINZELMANN, IGO-KEMENES,~ (HEID+CERN] 
+EXIERMANN,FISCHER,GUISAN * (GEVA÷SACL) 

DETERMINATIONS NOT REFERRED TO IN  THE DATA CARDS 

BLOCK,LENDINARA,NONARI (NWES+BOIDGNA) 

PAPERS NOT REFERRED T0 IN DATA CARDS 

BRENE,EGARDT,QVISF (NORD) 
BIRGE,ELY,GIOAL,CAMERINI * (LRL÷WISB+BARI] 
ADAIR,LEIPUNER IYALE,BNL) 
CABIBB~,MAKSYMOWICZ ICERN} 
CABIBBO,MAKSYMOWICZ ICERN) 
CABIBBO,MAKSYMOWICZ (CERN) 

£ABIBBO (CERN] 
EDWARD S GINSBERG (U. MASS BOSTON) 
W J WILLIS -RAPPDRTEUR TALK (YALE) 
RAPPORTEUR TALK IPRINCETON) 
+ (AACH,BARI,CERN,EPOL,NIJM,ORSA,PADO,TORI) 

BARDIN,BILENKY,PONTECORVD IJ INR) 
T.BECHERRAWY IROCH) 
+FISCHBACK,SMITH {STDN÷BOHR) 
M K GAILLARD, L M CHOUNET (CERN+DRSAI 
E S GINSBERG ( l i T  HAIFAI 

E S GINSBERG (MITI 
(PHYS. REPTS.ICHOUNET,Z*GAILLAROiDRSA÷CERN) 

****** *~******* ********* ********* *****~*** ********* ******~** ~******* 

~ ' ~  I I  NEUTRAL KI498,JP=O-) I=112 

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

I I  NEUTRAL K MASS IMEV) 

M ~98 . I  0 .4  CHRISTENS 64  OSPK 
M 2223 ~97.44 0.33 KIM 65 HBC KO FROM PBAR P 
M 4500 498.9 0.5 BALTAY 66 HBC KO FROM ROAR P 
M AgT.4A 0.50 FITCH 67 OSPK 
M . . . . . . . . .  
M AVG 497 .87  0.32 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5) 
M STUDENT 497.83 
M FIT 497 .67  

6166 
6166 

11167 

0 . 2 6  AVERAGE USING STUOENTIO(H/I.IEI - -  SEE MAIN TEXT 
0 . I 3  FROM FIT (ERROR INCLUDES SCALE FACTOR OF I . t }  2178" 
(SEE IDEOGRAM BELOW ) 

WEIGHTED AUERAGE = 4 9 7 . B 7  * 0 , 3 2  

ERROR SCALED BY 1 .S  

Values above o f  weighted average, 
error, and scale factor are for the 
reader' s convenience only. The 
data were actually processed by a 
constrained flt program, which 
calculates its own values of x, 5x, 
and scale factor, which are differ- 
ent from the values shoran here. 

CHISQ 

. . . . . . . . . .  F ITCH G? OSPK 0 .7  

I . . . .  BALTAY  66  HBC 4 .3  

. . . . . . . . . . . .  K IN  G~ NBC i . ?  

I . . . . . . . . .  CHRISTENS 04  OSPK 0 .3  

7 .0  

(CONLEU 
49G.S 497L .S 49B.S 499.S SO0.S =0.072) 

NEUTRAL K rIASS (MEU) 

Stable Particles 
K ±, K °, K~ 

I i  (ROT - (K+-) MASS DIFFERENCE (MEV) 

D 3 .9  0 .6  ROSENFELD 59 HBC - 
D 5.4 1 . I  CRAWFORD 59 HBC ÷ 
D 9 3.90 0.25 5URNSTEIN 65 HBC - 
0 T 3 .71  0 .35  KIM 65  HBC - K -  P TO KO N 6 /68  
0 417 3.95 0 .2 I  HILL 68 DBC K+D TO KOPP 3/68 
0 . . . . . . . . .  
D AVG 3.92 0.14 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O )  
O STUDENT 3.91 0.15 AVERAGE USING STUDENTIO(HI I . I I I  - -  SEE MAIN TEXT 
0 FIT 4.01 0 . I 3  FROM FIT (ERROR INCLUDES SCALE FACTOR OF ( . I T  2 /78*  

~EFERENCES FOR NEUTBAL K 

CRAWFORD 59 PRL 2 112 CRAWFORD,CRESTI,GOCD,STEVENSON,TICHO (LRL) 
ROSENFEL 59 PRL 2 110 A H ROSENFELD,F SOLMITZ,R D TRIPP (LRt)  
CHRISTEN 64 PAL 13 I38 CHRISTENSON,CRONIN, FITCH,TURLAY lPRINCETONI  
BURNSTEI 65 PR 138 B 895 R A BURNSTEIN,H A RUBIN (MARYLAND) 
KIM 65 PR 140 B 1334 J K K IM, t  KIRSCH,O MILLER (COLUMBIA) 

5ALTAY 65 PR 142 932 BALTAY,SANDWEISS,STONEHILL * IYALE~BNL) 
FITCH 67 PR [64  1T i t  FITCH,ROTH,RUSS,VERNON (BR(NCEIONI 
H ILL  68  PR 168 1534  H ILL ,ROBINSON,SAK I IT ,CANTER lONE,CARNEGIE )  

12 SHORT-L IVED NEUTRAL K (~98 ,  JP=O- )  I : 112  

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

0 Mean Life Note on the K S 

From 1968 until 1972 our average value for the 

K ° m e a n  l i f e  w a s  ( 0 . 8 6 2  + 0 . 0 0 6 )  x 10 - 1 0  s e c o n d .  
S 

Since then several high-precision experiments have 

obtained results compatible with each other which 

average ( 0 . 8 9 2 3  ± 0 . 0 0 2 2 )  x 10 - 1 0  s e c o n d .  T h i s  i s  

about five standard deviations above the previous 

average. The o r i g i n  o f  t h i s  d i s c r e p a n c y  i s  n o t  

known. The discrepancy is displayed graphically in 

the i d e o g r a m  b e l o w  w h i c h  c o n t a i n s  a l l  e x p e r i m e n t s ,  

old and new. 

Since the newer e x p e r i m e n t s  a r e  i n  p r i n c i p l e  

s u p e r i o r  -- t h a t  i s ,  t h e y  h a v e  h i g h e r  s t a t i s t i c s ,  

better a c c e p t a n c e ,  a n d  e a s i e r  t r i g g e r  c o n d i t i o n s  -- 

we have chosen to average them separately from the 

older experiments as is seen in the Data Card 

L i s t i n g s  b e l o w .  I n  t h e  S t a b l e  P a r t i c l e  T a b l e ,  

we q u o t e  t h e  new v a l u e ,  b u t  g i v e  t h e  o l d  v a l u e  i n  

a w a r n i n g  f o o t n o t e .  

12 KOS MEAN LIFE (UNITS 10" * -10  SECT 

KOS MEAN LIFE (PRE-[971 EXPERIMENTS} 
0 90 (1 .07)  (O.L3} IQ . I 3 I  BOLO7 58 CC 

T BIB 0.94 0.05 0.05 CRAWFORD 59 HBC 
T 0 63 ( I . 09 ]  (0 .18)  (0 .15 ]  BOWEN 60 CC 
T 6 OLD EXPTS WITH LOW STATISTICS NOT INCLUDED IN AVERAGE. 6/68 
T 378  0 .94  0 .05  0 .05  BERTANZA 62  HBC 

CHRETTEN 63  HLBC T 503 0.87 0.05 
T 545 0.86 0.04 KREISLER 64 OSRK 
T 0.866 O.OIB ALFF-STEI 66 OSPK 9166 
I 572 0,90 0.06 0.05 AUERBACH 66 OSRR 8187 
I 4500 0.92 0.04 BALTAY 66 MBC 6/66 
T B (0 .904)  (0 .024]  BOTT-BDOE 66 OSPK 9/66 
7 5000 0.843 0.013 KIRSCH 66 HBC B/b6 
T 19994 0,856 O.OOB D~NALD 68  HBC 6/68 
T H 20000 0,872 0.009 HILL 68 DBC 11172 

T ......... 
T AVG 0.8641 0.0065 0.0065 AVERAGE {ERROR INCL. SCALE FACTOR OE 1.3) 
T STUDENT 0.8642 0.0060 0.0059 AVG BY STUDENTIOIH/ I . I I )  - -  SEE MAIN TEXT 

(SEE IDEOGRAM BELOW ) 

T KOS MEAN LIFE [POST-t971 EXPERIMENTSI 
I IHESE VALUES ARE USED TO DETERMINE THE STABLE PARTICLE TABLE 
T VALUES OF THE KOS MEAN LIFE ANO RATES. 

H BOA 0.8958 0.0045 SKJEGGEST 72 HBC I173 
F 2173 (0 .867)  (0 .024)  FACKLER 73 OSPK 11173 

I 6M 0.8937 0.0048 GENENIGER 74 ASPK 3/74 
T C 0.8913 0.0032 CARITHERS 75 SPEC 7/?5 

26K 0 .881  0 .009  ARONSON 76  SPEC 11176*  

T AVG 0.8923 0.0022 0.0022 AVERAGE (ERROR INCL .  SCALE FACTOR OF 1.01 
T STUDENT 0.8924 D.0025 0.0024 AVG BY STUDENTIOIHIt. I I )  -- SEE MAIN TEXT 
I FIT 0.8923 0.0022 FROM PIT (ERROR INCLUDES SCALE FACTOR OF I .O l  

(SEE IDEOGRAM BELOW ) 
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Data Card Listings 
For notation, see key at front of  Listings. 

COMMENTS 
T H HILL 68 HAS BEEN CHANGED BY THE AUTHORS FROM THE PUBLISHED VALUE 11/72 
• H (O.Bb5+-O.OO9} BECAUSE OF A CORREC•ION IN THE SHIFT DUE TO ETA+-.  11172 
T H SKJEGGESTAD 72 AN~ HILL 68 GIVE DETAILED DISCUSSIONS GF SYSTEMATICS 
T H B ENCOUNTERED [N THIS TYPE OF EXPERIMENT. 
• KOS MEAN LIFE NOT TEE PRIMARY QUANTITY MEASUPFD IN THIS EXPTo 6/68 
T C F FACKLER 73 DOES NOT INCLUDE SYSTEMATIC EREORS. I1/73 
T CARITHERS 75 VALUE IS FOR KOL-KOS MASS DIFFERENCE 0M=.53~8+-.0021. i i / 75  
T C THE DM DEPENDENCE OF THE TOTAL DECAY RA•E (INVERSE MEAN LIFE) IS I [175 
T C GAMMA(KOS)=((I.E22+-.OO4(+.IB~(DM-o5348(1DM)~IO**lO /SEC. ii/75 
T C VALUE WUULD NO• CHANGE WITH CUR CURRENT DN=.5349+-.0022. 2/76 

WEIGHTED AUERRGE = 1 . 1 2 6 1  ± 0 . 0 0 5 9  

ERROR SCRLED BY 2 . 3  

C H I S Q  

0 . 6  

1 . 1  

1 . 4  

3 . 1  

3 . 0  

1 4 , 9  

1 0  .B 

~-- . . . . . . . . .  RRONSON 76 SPEC 

. . . . . . . . . .  C A R I T H E R S  ?S SPEC 

. . . . . . . . . .  GEUENTGER 74 RSPK 

. . . . . . . . . .  SKJEGGEST 72  HBC 

--4-- . . . . . . . .  HILL 6B DEC 

--I-- . . . . . . .  OONRLO 6B HBC 

I . . . . .  K I R S C H  6 6  HBC 

I . . . . . . . . . .  B A L T R Y  ES HBC 

• QUERBQCH 6G OSPK 

I . . . . . . .  R L F F - S T E I  6E OSPK 1 . B  

. . . .  KREISLER 64 OSPK 

. . . .  CHRETIEH 63 HLBC 

l ~ "  • . • - : : . 8 E R T R N Z R  62 HBC 

J 3 6 . 7  

- -  {COHLEU 
1 .0  1.1 1 .2  I J3 =0 .000 }  

KOS DECAY RATE (UNITS lOmmlO ~EC-1 )  

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

12 KDS PARTIAL DECAY MODES 

DECAY MASSES 
PL KOS INTO PI+ P I -  139+ 169 
P2 KOS INTO PIO PIO 134+ 134 
P3 KOS INTO MU+ MU- 105+ I05 
P4 KOS INTO E+ E -  .5+ .5 
P5 KOS INTO El+ PI -  GAMMA 139+ 139+ 0 
P6 KOS INTO GAMMA GAMMA O+ 0 
P7 KOS INTO 3PIO 134+ 134+ 136 

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

12 KOS BRANCHING RATIOS 

RI KOS INTO (PI+  PI-)ITOTAL (PI( 
P.I 0.68 0.04 CRAWFDRD 59 HBC 
~i O,•O 0.08 COLUMBIA 60 HBC 
~I U u (0.7407 (0.024) ANDERSON 62 HBC 
~l 3447 0.6•0 0.010 DOYLE 69 HBC PI-  P T0 LAW KO 1/76 
I1 u ANDERSON RESULT NO• PUBLISHED, EVENTS ADDED •O DOYLE SAMPLE 2171 

I I  AVG 0.6710 0.0096 AVERAGE [ERROR INCLUDES SCALE FACTOR OF I .O( 
~I STUDENT 0 .6 • I  0.010 AVERAGE USING ST00ENTIO{H/I.[l) - -  SEE MAIN TEXT 
~I FIT 0.6861 0.0024 FROM FIT (ERROR INCLUDES SCALE FACTOR OE 1.1) 

(2 KOS INTO (PIO PIOi/TOTAL (P2) 
~2 0.27 0. I1 CRAWFORD 5B HBC 

EAGLIN 60 HLBC ~2 0.26 0.06 
~2 0 .30 0.03S BROWN 61HLBC 
L2 1066 0.335 O.OE4 BROWN 63 HLBC 
~2 198 0.288 0.021 CH~ETIEN 63 HLBC 
~2 . . . . . . . . .  
[2 AVG 0.316 0.014 AVERAGE [ERROR INCLUDES SCALE FACTOR DE [ . 5 )  
~2 STUDENT 0.316 0.014 AVERAGE USING STUDENTIOIH/1.11) - -  SEE MAIN TEXT 
{2 FIT 0.3139 0.0024 FROM F I •  [ERROR INCLUDES SCALE FACTOR OF I .E )  

(SEE IDEOGRAM BELOW ) 

U E I G H T E D  RUERREE = 0 , 3 1 6  ± 0 1 0 1 4  

ERROR SCALED BY 1 . 3  

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  t 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 if  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 ,  6x,  
a n d  s c a l e  f a c t o r ,  w h l 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 .  

S ~  . . . . . . . .  CHRETZEH 

. . . . . .  BROUN 

. . . . . .  BROUH 

• " ~! : " B R E L I N  

"ERAUFORO 

O . l S  o . 2 1  o.~s o.is 
KOS I N T O  (P~O P I O ) / T O T A L  

CHISQ 

63 HLBC 1 .B  

63 HLBC I .B  

G1 HLBC 0 , 2  

GO HLBC 0 ,~  

s g  HBC 

4 . ?  

(COHLEU 
0 . 5 S  = 0  . £ 9 S ~  

R3 KOS INTO (PI+ P I - ) I {P IO  PIOI (El ( l IP21 
R3 N 267 (2.12) 10.11) EOZOKI 69 HLBC S/70 
R3 G 30L6  (2.285( (0°055) COBB( 69 OSPK K÷N TC KOP 5169 
R3 3700 2.10 0.06 MORFIN 69 HLBC K~N TO KOP 10/69 
R3 G 7844 2.282 0.043 MOFFE•T 70 OSPK K+N TO MOP 2/72 
R3 B 6150 2.22 0.095 BALTAY 71HBC K-P TO KO +NEUTRALS 12/71 
R3 A 306E 2.22 0.10 ALITTI 72 HBC K+P TO PI+ P KB 6/72 
R3 6380 2.22 0.08 MORSE 72 DEC K+N TO KOP 2/72 
RB N •OL 2.10 O.Ll NAGY 72 HLBC K+N TD KOP 1173 
R3 4799 2.16 O.D8 HILL 73 DBC K+D TO KO P P 9/73 
RS 16R 2 . I69  0.096 CUWELL 74 OSPK P I -  P TO LAM KO 7/75 
R3 1615 2*IT O.O9 EVERHAR• 76 WIRE PI- P TO LAM KO 11176, 
R3 N NAGY 72 (S A FINAL RESULT WHICH INCLUDES B020K( 69. 11 / •3  
R3 G MUFFETT •O IS A FINAL RESULT WHICH INCLUDES GOBEI 69. 2172 
R3 B THE DIRECTLY MEASURED QUANTITY IS KS TO PI+PI-IALL KOBAR=.345+-.005 12171 
R3 A ThE DIRECTLY MEASURED QUANT(•Y IS KOS TO PI+ PI-/ALL K0=.345÷- .005 6172 
R3 . . . . . . . . .  
R3 AVG 2.197 0.026 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.O) 
R3 STUDENT 2.192 0.031 AVERAGE USING STUDENTIOIH/I.III - -  SEE MAIN TEXT 
R3 FIT 2.186 0.025 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l . l l  

R4 (KOS INTO El+ PI -  PlO. CP VIOLATINGI/(KOL INTO PI+ PI-  PIO) 
R4 TEST CF CP VIOLATION - SEE TEXT SECTION V( BIBA FOR DEFINITIONS 
R4 CPT ASSUMED VALID - ( I .E .  RE(A)=OI - GNLY (IMA)**2 QUOTED HERE 
R4 IB ( 3 . 8 I  OR LESS EL=.90 ANDERSON 61 HBC 10269 
R4 0.65 OR LESS CL=.PO BEHR 66 HLBC 8/66 
R4 53 (1.7) OR LESS EL=.90 WEBBER •0 HBC B/TO 
R4 C • I  O.B OR LESS CL=.9O WEBBER 70 HBC 8170 
R6 99 1.2 DR LESS CL=.90 CHO • I  DBC 61•1 
R4 J 98 ( I . 0 )  OR LESS CL=.PD JAMES •1HBC 62•1 
R4 M 50 { I . 2 I  OR LESS CL=.95 MEISNER • I  HBC EL=.9 NO• AVAIL. 2171 
R4 J 180 0.66 OR LESS CL=.PO JAMES 72 HBC 1/73 
R8 99 1.2 OR LESS EL=.90 JONES 72 OSPK L0172 
R4 386 0.12 OR LESS CL=.9O METCALF 72 ASPK 2/74 
R4 148 O.7L OR LESS CL=.9O MALLARY 73 OSPK RE(A(=-.OE+-.17 8/73 
R4 192 1.2 OR LESS CL=.PO BALDOCEOL •5 HLBC 12/75 
R4 C THIS IS •HE COMBINED RESULT OF ANDERSON 65 AND WEBBER 70 
R4 J JAMES 72 IS A FINAL RESULT WH/CH INCLUDES JAMES 7 I .  I I / • B  
R4 M THESE AUTHORS FIND REAL(A)= 2*75+-.61, ABOVE VALUE AT RE(A)=O 2 / • I  

R5 KOS INTO [MU+ MU-J/CHARGED (UNITS IO**-5) ( P 3 ) / [ P 1 )  
RS 10.0 DR LESS EL=.90 BOTT-BODE 67 OSPK 8/67 
RB 20.0 OR LESS CL=.90 BDHM 69 OSPK 2171 
R5 L.07 DR LESS CL=.9O HYAMS 69 OSPK 10/69 
R5 S B2.6 OR LESS CL=.90 STUTZKE 69 OSPK 5/69 
R5 0.067 OR LESS CL=.9O GJESOAL 73 ASPK •2 •3  
R5 S VALUE CALCULATED BY US, USING 2.3 INSTEAD OP I EVENT. 90 PERC.CL 

R6 KOS INTO (PI+ E l -  GAMMA(/(P(+ P I - ]  (UN.IO**-31 (P5 I / (P I )  
R6 27 NO RATI~ GIVEN BELLOTTI 66 HEC PG GT 50 MEV/C 10169 
R6 10 3.3  1.2 WEBBER 70 HBC PG BT 50 MEV/C LO/69 
R6 B 2.8 0.6 BURGUN 73 HBC PG GT SO MEV/C 11/73 
R6 C 29 I3 .0 )  (0 .6)  BOBISU• 76 HLBC PG GT 40 MEV/C 12/75 
R6 T 2.68 0.15 TAUREG 76 SPEC PG GT 50 MEV/C 6 /77*  
R6 B BURGUN •3 ESTIMATES •HAT DIRECT EMISSION CON•RIBUTION IS .3+- .6  . 11/73 
R6 C BDBISU• •4 NOT INCLUDED IN AVERAGE BECAUSE P[GAMMA} CUT DIFFERS. 1/76 
R6 C ESTIMATES DIRECT EMISSION CONTRIBUTION TO BE 0.5 OR LESS, CL=.95. I 1 •6  
R6 T IAUREG 76 FIND DIRECT EMISSION CONTRIB LT .06,CL=.90. 6177" 
R6 . . . . . . . . .  
R6 AVG 2.70 0 .14 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O)  
R6 S•UDENT 2.70 0.16 AVERAGE USING STUDENTIOIH/1.II) - -  SEE MAIN TEXT 

R1 KOS INTD (E+ E-)ICHARGED (UNITS 10"*-5( (P4 I I (P I ]  
R7 50.0 OR LESS CL=.90 BOHM 69 OSPK 2 / •1  

R8 KOS INTO 2 GAMHA/TDTAL [UNITS 10.~-3] (PAl 
RE R 0 21.0 OR LESS CL=.PO BANNER 69 OSPK 1217L 
RE R 0 2.2 OR LESS CL=.9O REEELLIN •L OSPK 121•1 
R8 R 0 0.71 OB LESS CL=.90 BANNER •20SPK 8 /72  
R8 0 2 .0  OR LESS CL=.90 MORSE •2 DBC 2/72 
R8 0 0 .6  OR LESS CL=*9O BARMIN2 73 HLBC 2 / •6  
R8 R THESE LIMITS ARE FOR MAXIMUM INTERFERENCE IN KS-KL T0 2 GAMMAS 12171 

R9 (KOS INTO PI+ P I -  EIO. CP CONSERVINGII{KOL INTO PI÷ P I -  PIOl 
R9 386 O.&2 OR LESS CL=.9O METCALF 72 ASPK 111•2 

RIO (KOS INTO 3PIO,CP VIOLA•ING)IIKOL INTO 3PIO( 
RLO SEE COMMENTS UNDER BRANCHING RATIO R4 
RIO 22 L.2 OR LESS CL=.9O BARMINI 73 HLBC 11/73 
RIO G 0.28 OR LESS CL=.90 GJESOAL 76 SPEC 11/75 
RIO G GJESDAL 74 USES KZPIt KMU3 AND RE3 DECAY BESULTS AND UNITARITY. 11/•5 
RIO G CALCULATES ABSIETAO007=.26+-.20. WE CONVERT TO CL=.9O UPPER LIMIT. IE2•5 

REFERENCES FOR KOS 

BOLDT 58 PRL i 150 E BOLDT,D 0 CALDWELL,Y PAL (MITT 
CRAWFOED 59 PRL 2 266 CRAWFORD,CRESTI.DOUGLAS$,GOOD,TICHO + {LRL) 

BAGLIN 60 NC 18 1063 BAGLIN,BLOCH,BRISSON,HENNESSY + (EPOL( 
BOWEN 60 PR 119 2030 BOWEN,HAROY,REYNOLDS,SUN,MOORE÷ (PRIN+BNL) 
COLUMBIA 60 ROCH CONF •27 M SCHWARTZ + (COLUMBIA) 

BROWN 61NE 19 I I 55  BROWN,BRYANT.BURNSTEIN.GLASER, KADYK+ (MIGHT 
ANDERSON 62 CERN CONF 836 J A ANDERSON,F S CRAWFORD + (LRL) 
BERTANZA 62 PREPRINT D I D O  BERTANZA,CDNNOLLY,CULWICK,EISLER + (BNL) 

UNPUBLISHED, BUT RECERTIFIED BY AUTHORS, AUGUST 66. 

CHRETIEN 63 PR 15l 2208 
BROWN 63 ER tOO 769 
KREISLER 64 PR I66 B 1074 
ANDERSON 65 PRL 14 6•5 

ALFE-STE 66 PL 21 595 
AUERBACH 66 PR 149 1012 

ALSO 66 AUERBACH 
BALTAY 66 PR 142 932 
BEHR 66 PL 22 140 
BELLOTT[ 66 NE 45A •B• 
BOTT-BOD 66 PL 23 2•7 
KIRSCH 66 PW I47 9S9 

BO••-BGD 67 PL 246 194 
DONALD 68 PL 27B 58 
HILL 68 PR 1• I  1418 

BANNER 69 PR 188 2033 
BOHM 69 THESIS 
BOZOKI 69 PL BOB 698 
DOYLE 69 UCRL 18139-THESIS 
GOBBI 69 PRL 22 682 
HYAMS 69 PL 298 521 
MORFIN 69 PRL 23 660 
STUTZKE 69 PR 1•7 2009 

CHRETIEN+ (BRANDEIS+BROWN+HARVARD+ MITT 
BROWN.KADYK.•RILLING.ROE + (LRL+MICH) 
N KREISLER.D OVERSETH.J CRONIN (PRENEETON) 
+CRAWFOR,GOLOEN, STERN,BINEORD + (LRL+WISCI 

ALFF-STEINBERGER.HEUEReKLEINMNEEHT + (EERNI 
AUEREACH,DOBBStLANDE. MANN,SC1ULLI+ (PENN( 

BALTAYtSANDWEISStST~NEH[LL + (YALE+BNL) 
BEHR,BRESSON,PE•IAU+ (EPUL.MILAtPADO,ORSA¥) 
+PULL(A,BALDC-CEDLIN + (MILAN+pADUA( 
EOTT-BODENHAUSEN,DE BOUARD + (CERNI 
L KIRSCHsP SCHM[DT (COLUMBIA) 

BOTT-BOOENHAUSENtDE BOUARO,CASSEL+ (CERN) 
OGNALD,EDWAROStNISAR+ (LIVP,CERN,IPNP~CDEFI 
HILL,ROBINSON.SAKITT + (BNL,CARNEG[E) 

+CRONIN,LIU,EILCHER [PRINCETON( 
A. BOHM (AAEH( 
+FENYVES,GOMBDSI,NAGY,SURANYI+ (EUDAPES•) 
J.C. DOYLE (LNL) 
GDBBI,GREEN,HAREL.MOFFE••,ROSEN+(ROCHESTERI 
+KOCH,PUITER,VON LINDERN, LORENZ+ CERN(MPIN) 
MORFIN,SINCLAIR (MICH) 
+ABASHIAN,JONES.MAN•SCHIORR,SMI•H(ILLINOIS) 
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Data Card Listings 
For notation, see key at front of  Listings. 

Stable Particles 
°, o 

MOFFERT 70 BAPS 15 512 +GOBBI,GREEN,HAKEL,ROSEN (R~CHESTER) 
WEBBER 70 PR D1 198T  +SOLMITZ,CRAWFORD,ALSTON-GARNJDST (LRL) 

ALSO 69 UCBL 19226 THESIS B R WEBBER (LBL] 

BALTAY 7 l  PRL 29 1678 
ALSO T1 NEVIS-IBT THESIS 

CMD TI  PR O3 1557 
JAMES T1 PL 35B 265 
MEISNER 7L PB D3 59 
REPELLIN 71 PL 368  603 

ALITTI 72 PL 39B 568 
BANNER 72 PRL 29  237  
JAMES 72 NP Bdg l 
JONES T2 NC 9A 151 

MEICALF T2 PL 408 7O3 
MORSE 72 PRL 28  3B8 
NAGY 72 NP B47 94 

ALSO 6 9  PL 308 498 
SKJEGGES 72 NE B48 343 

BARMINL 73 PL 46B 465 
8ARMIN2 73 PL ~7B ~63 
BUBGUN T3 PL ~68 ~81 
FACKLER 73 BRL 81 847 
GJESDAL T3 PL 448 217 
H ILL  73 PR D8 1290  
MALLARY 73 PR D7 1953 

BDB]SUT 7A LNC 11 646  
COWELL 74 PR D lO 20B3 
GEWENIGE 74  PL 48B 487  
GJESDAL 74 PL 52B 119 

BALOOCEO 78 ND 28A 6B8 
DARITHER 75 PRL 34  1844 
ARONSON 76 NC 32A 236 
EVERHART 76 PR 014  661 
TAUREG 76 P1 65B 92 

BIBGE 80  ROCH CONF 601  
HULLER 60  PRL ~ 418 
FITCH 6 l  NC 22  l l 60  
GODD 61 PR 124  1223 

CRAWFORD 62 CERN CONF 827  
AUERBACN 65 PRL 14 192 
TRILLINO 65  UCRL I 6473  

tBRIOGEWATER,CDOPER,GERSHWIN,HABIBI÷ (COLUI 
WILLIAM A. COOPER (COLUMBIA) 
+DRALLE,CANTER,ENGLER,FISK+ (CARN+BNL+CASEI 
+MDNTANET,PAUL,PAULI÷ [CERN+SACL+OSLOI 
+MANN,HERTZBACH,KOFLEB + IMASA+BNL÷YALEI 
+WOLFF ,CHDLLET ,GA ILLARO,JANE+  (ORSA+CERN) 

J ALITTI,E LESGUOY,A MUllER ISACLAY) 
+£RONIN,HOFFNAN,KNAPP,SHOCHET (PRINCETON) 
+MDNTANET,PAUL,SAETRE+ (CERN+SACL+OSLO) 
+ABASHIAN,GRAHAM,MANTSCH,DRR,8MITH+ [ I LL I  

+NEUHOFER,NIEBERGAtL+ (CERN+IPN+WIEN) 
+NAUENBERG,BIERMAN,SAGER+ ICOLO+PBIN+UMD} 
+TELBISZ,VESZTERGOMBI (BUDAPEST) 
BOZOKI,RENYVES,GOMBOSI,NAGY+ (BUDAPESTI 
SKJEGGESIAD,JAMES,MDNEANET÷IOSLO+CERN÷SADL) 

+BARYLOV,CAV[OENKD, DEMIOOV+ I ITEP)  
+BARYLOV,DAVIDENRD, DEMIDOV* ITEPI 
+BERTRANET,LESQUOy, MULLER,PAULI+ISACL+CERN) 
+FRISCH,MARTIN,SMODT,SOMPAYRAC (M]T) 
+PRESSER,STEFFEN,STEIN8ERGER+ [CERN+HEID I  
+SAKITT~SAMIOS,BURBIS,ENCLER+ (BNL+CARNI 
+BINNIE,GALLIVAN,GOMEZ,PECK,SCIULLI+ IDIT) 

+HUZITA,MATTIDLI,PUGLI ERIN (PADOI 
+LEE-FRANZINI,0RCUTT,FRANZINI + ISTON+DOLU) 
GEWENIGER,GJESDAL,PRESSER+ ICERN+HEID) 
+PRESSER,STEFFEN,STSINBERGER ÷ (CERN+HEID) 

BALDO-CECLIN,BOBISUT,CALIMANI+ IPAOO+WISCI 
DARITHERS,MODIS,NYGREN,PUN + ICOLU+NYU) 
+MCINTYRE,ROEHRIG + IWIS£+EFItUCSD+ILLC) 
+KRgUS,LANDE,LDNG,LOWENSTEIN + (PENN) 
+ZECH,DYDAK,NAVARRIA+ IHEID+CERN+DORT) 

PAPERS NOT REFERRED TO IN  DATA CARDS 

R W BIRGE,P P ELY + (LRL+WISCONSINJ 
Mt¢LER,BIRGE,FOWLER,GODD,PICCIONI+(LBt+BNL) 
V FITCHtP PIROUEtR PERKINS (PRIN+LASLI 
GOOD,MATSEN,MUILER,PICCIDNI + (LRLI 

F S CRAWFORD ILRLI 
AUERBACH,LANDE,MANN,SCIULLI,UTO + (PENN) 
GEORGE H TRILLING (LRL) 

UPDATED FROM 1965 ARGONNE C~NF., PAGE 115. 

F ~  I ]  LONG-LIVED NEUTRAL K(49B, JR=O- )  I = I / 2  

. . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I d  IKOL) - (KOS) MASS DIFFERENCE 
WE GIVE (KOL-K05 MASS DIFFERENCE I HBARI IN UNITS OF I O * * 1 0  SEC-I 

D TX 12.201 10.35) FITCH 61CNTR 
D X IO .Bd l  40 .29 )  (O .22 )GDOD 61HLBC 
D TXC 41 .023  (0 .23 l  CAMERINI 62  HLBC 8 /6T  
D TX (0 .55 I  {O ,2A )  AUBBRT 65  HLBC 6 /66  

X IO .261  10 .38 l  ( 0 . 26 )8ALOO-CEO 65  HLBC ASSUMES CP CONS. 
TXA (0 .6~ )  ( 0 . 121  CHRISTENS 65  OSPK 6 /66  

O TX (0 .70 I  DR LESS F ITCH 65 OSPK CF .  MEISNER 66  7 /66  
V 130 (0.89i  (0.13} VISHNEVSK 65 QSPK CU AND AL REGEN 8/67 
X (0 .5143  40 .0391  ALFF-STEI 66  OSPK 6 /66  

0 X 84  10 .42 )  ( 0 . 241  ( 0 ,361BALDO-EEO 66  HLBC KO+N INTO HYPER, 8167 
O B (0 .531 I  ( 0 . 027 )  BOTT-BODE 66  OSPK C REGEN 9 /66  
0 TX 77 (0.581 (0 .17I  CAMERINI 66 HBC, DEC KO+N INTO HYPER 8/87 
D N 72 1+0 .641  (O .  IB )  CANTER 66  DEC NO SCATTER IN 02 I I / 66  
D x 95 (0.62) (0 . I03 (0.16) CHANG 66  HBC KO+P INTO HYPER. 8167 
D X (O.BI) 10.17) FUJII 86  OSPK IRON REGENERAIDR 9 /66  
O x 89  (O .14 l  I 0 . 3~ )  ME ISNERI  86  HBC 8 /66  

MEISNER2 66 HBC 9/B6 + SIGN FAVORED 
x (0.38| (0.163 JDVANDVIC 86  OSPK C+URAN[UM REGEN. 11188 

D TX 136 (+0 .64 i  10 .19 )  CANTER 87  DBC KO+O INTO HYPER. 11 /67  
0 X IO.851 CO,I l l  M]SCHKE 67 OSPK .U /67  

X 590  (0 .59 I  ( 0 . 13 I  BALATZ 68 OSPK AL REGENERATOR 3 /68  
X ( 0 .520 )  ( 0 . 044 )  CARNEGIE 68 HBC OAP METHOD 3168  

D IX  (+0.4873 (0.0461 MELHOP 68 OSPK ST.STEEL REGEN 6/68 
D BX (0 .5471  (0.024] BOTT-BODE 69  OSBK C REGEN 1 /71  
D FX (0 .5551  (0 .020 )  FA ISSNER 69  ASPK REGEN IN  CU 10 /69  

0 .542  0.006 CULLEN 70 CNTR I / 7 l  
R I0 ,542I  (0.0063 ARONSON 70 ASPK GAP METHOD 1/71 

O X (0.481] (O.OB21 (O.075)BALATS Tl OSPK 9/71 
D R [ 0 . 5343  (0 .0071  CARNEGIE T1ASPK GAP METHOD 8 /71  
D TH I19 [+0.671 TO.141 HILL  71DBC i0171 
D S L757  (0 .5571  (0 .038 ]  FACKLER 73  OSPK U /73  
O 0 .5340  0 .0030  GEWENIG3 74  SPEC GAP METHOD 11/75 
O 0.5334 0.0040 GJESDAL 74  SPED CHG ASYMMETRY l i lTS  
D . . . . . . . . .  

AVG 0.5349 0.0022 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.O) 
STUDENT 0.5348 0.0025 AVERAGE USING STUDENTIOIHII.ll) -- SEE MAIN TEXT 

COMMENTS 
D X NO ATTEMPT HAS BEEN MADE TO CORRECT OLDER EXPERIMENTS WITH LARGE 11/75 
D x ERRORS FOR IHE SUBSEQUENT CHANGES IN THE KOS MEAN LIFE OR IN ETA+-. 2/76 
D T A KOS MEAN LIFE 0f 0.B62 10"*-10 SEC WAS USED IN CONVERTING THE 1/71 
D T MASS DIFFERENCE FROM UNITS OF INVERSE ROS MEAN LIVES TO ABSOLUTE l l T l  
o T UNITS.  VALUES NOT BEARING THIS FOOTNOTE EITHER WERE GIVEN IN I/T1 
D T ABSOLUTE UNITS OR WERE CONVERTED USING THE AUTHORS' VALUE DF THE 1/71 

T KOS MEAN L IFE ,  1/71 
C CAHERINI 62  VALUE CHANGED FROM 1.7 (SEE TABLE I OF CAMERINI 66) 8/67 

D A CHRISTENSON 65 CORRECIED ~OR INTERFERENCE BY FITCH 65 FOOTNOTE. 1171 
O v VISHNEVSKY 65 NOT CORRECTED FOR INTER~EBE NCE EFFECTS. 3/68 
O N CANTER 66 ERROR IGNORES UNCERTAINTY OF PHASE SH IFTS .  THESE EVENTS 10 /71  
D N ARE USED IN HILL 71 .  I0/71 
D B BOTT-BODENHAUSEN 69  IS A REEVALUATION DF 8DTT-BODENHAUSEN 86 .  1/71 
D F FAISSNER 69  HAS ADDNL, SYSTEMATIC ERROR LESS THAN TWO PERCENT. 1 /71  
O R ARONSON 70 AND CARNEGIE TI USE KOS MEAN LIFE=.862+-.O08 E-lO SEC. Li175 

R WE HAVE NOT ATTEMPTED TO ADJUST THESE VALUES FOR THE SUBSEQUENT 2/76 
R CHANGE IN THE KOS MEAN LIFE OR IN ETA+-. 2 /76  

D H HILL 71 PRIMARY RESULT IS THAT DM IS POSITIVE. TO/If 
0 H THE MAGNITUDE MAY HAVE AN ADDITIONAl SYSTEMATIC ERRDR DF ABOUT 0.12 I0171 
D S NOT AVERAGED BECAUSE ERROR IS LARGE AND SYSTEMATICS NOT DISCUSSED, 2/76 

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

T 
T 
l 

T 
T 
T 
T 
T L 
T 2/71 

I l 
T AVG 5,158 0.042 0.042 AVERAGE (ERROR INCL. SCALE FACTOR OF 1 .01  
T STUDENT 5.158 0.046 0.045 AVG BY STUDENTIOIH/I.[[) - -  SEE MAIN TEXT 
I FIT 5.183 0.040 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I .O l  

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

13 KOL MEAN LIFE (UNITS 10"*-8 SiC) 

KOL NEAN LIFE 
34 8,1 3.2 2.4 BARDON 58 CNTR 
ASSUMED DE=DO AND DELTA 1:112 CRAWFOBO 59 HEC 
15 5 . 1  2.4 1.3 DARMON 62 FBC 

S.3 0.6 FUJII 64 OSPK 
1700 6.1 1.5 1.2 ASTBURY3 65 CNTR 

5.15 0 . I 4  DEVLIN 67 CNTB 
15.03 (0.5( LOWYS 67 HLBC 

.4M 5.154 0.044 VOSBURGH 72 CNTR 
SUM DF PARTIAL DECAY RATES. 

DELAY MASSES 
P{ KOI INTD 3PIO TAU 0 PRIME 134+ 154+ [34 
P2 KOL INTO Pl+ P I -  PIO TAU 0 139+ 139+ 134 
P3 KOL INTO Pl MU NEUTRINO KL MU3 139+ i05+ 0 
P4 KOL INTO Pl E NEUTRINO KL E8 139+ .5+ 0 
P5 KOL INTO PI+ P I -  KL PI+ P l -  139+ 139 
P6 KOL INIO MU+ MU- KL 2MU 105+ 105 
P7 KOL INTO E+ E- KL 2E .5+ .5 
PB KOL INTO E MU KL EMU .51  105 
P9 KOL INTO TWO GAMMAS KL 2GANMA O+ 0 
PIO KOL INTO PI+ PI -  GAMMA EL PI+-G 139+ 139+ 0 
Pl l  KOL INTO PIO PlO KL 2PIG 134+ 134 
RI2 KOL INTO P IE  NEU GAMMA KI EBGAM I39+ .5+ Ot 0 
PI3 KOL INTO PIO TWO GAMMAS KL PI2GAMMA 134+ O+ 0 
PI4 KOL INTO E+ E- GAMMA KL 2EGAM .5+ .5+ 0 
P15 KOL INIO MU+ MU- GAMMA KL 2MUGAM 105+ I05+ 0 
Pi6 KOL INTO MU+ MU-- PIO KI 2MUPIO 105+ I05+ 184 
PIT KOL INTO PI+ P I -  E÷ E- KL 2PI2E 139+ 139÷ .5+ .5 
P18 KOL INTO PIO P I t -  B-+ NEU KL 2PIENEU 134+ 139+ .51 0 
P19 KOL INTO IPl MU ATOM) NEU KL [PIMU)NEU 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . .  

NEUTBAL K CONSTRAINED FIT 
OVERALL FIT OF MEAN LIFE, WIDTHS AND BRANCHING 
RATIOS USES 64 DATA POINTS TO DETERMINE SIX 
QUANTITIES. OVERALL F I I  HAS CHI-SQUARED=69,8 

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

F I T T E D  P A R T I A L  D E C A Y  MODE B R A N C H I N G  FB.ACTIONS 

The  m a t r i x  b e l o w  i s  d e r i v e d  f r o m  the  e r r o r  m a t r i x  f o r  t he  f i t t e d  p a r t i a l  d e c a y  m o d e  

branching fractions, Pi' as follows: The diagonal elements are l°i± 8P i, where 

6P i = ~ ,  while the off-diagonal elements are the normalized correlation coeffi- 

cients <6Pi6pj>/(6p i • 6Pj)m FOr the definitions of the individual Pi' see the listings 

above; only those Pi appearing in the matrix are assumed in the fit to be nonzero and 

are thus constrained to add to I. 

P 1 P 2 P 8 P 4 P 5 P l l  
P 1 .2147+-,0073 
P 2 -. 5340 .1239+-.0018 
P 3 -. 570B .1869 • 2701+-.0048 
P 4 -.6TII .22L2 -. 1788 .3884+-.005A 
P 5 - . 3861  .4867 .[379 .IB2T .0020+-.O001 
PIT .1719 -.1061 -.1115 -.1312 -.0665 .0009+-. 0002 

FITTED PARTIAL DECAY MODE RATES 

The m a t r J ~  below is the branching fraction matrix above, transformed into rate 

apace; i.e.. G i ~ F I = FtotalPi, inappropriate units. In analogy to the ~trixabove, 

the diaso~l elements are G i~ 6~i, where 6G i = ~ > ,  while the DEE-diagonal 

elements are the normalized correlation coefEiclents <EGi6Gj>/(EG i ' 6Gj). Note that, 

heeauae of the error in Itota 1, the errors and correlations here are not directly derivable 

fronl those above. 

3 /78 *  
8/78* 

G I G 2 G 3 G 4 G 5 G I I  
G I . 0G14+ - . 0015  
G 2 - . 3285  . 0239+ - . 0004  
G 3 -.8816 .2970 .0521+-.0010 
G 4 - .  4277  .3439 -.O02E .0749+-.0011 
G 5 -. 2206 .5284 .2112 .2440 .0004+-. DO00 
GI I  , 1814  -.0706 -.0798 -,0896 -.0471 ,DO02+-. O00O 

13 KOL DECAY RATES 

W] KOL INTO PIO P ID  P IO  (UN ITS  10 " ' 6  SEC- [ I  (G l l  
W[ 54  5 .22  1 .03  0 .84  BEHR 66  HLBC ASSUMES CP 8 /66  
WI 
Mi FIT 4.14 0.15 FROM FIT [EBROR INCLUDES SCALE FACTOR OF 1.3} 

N2 KOL INTO PI+ P I -  PO (UNITS I0"$6 SEC-I) (G23 
N2 18 3 .26  0177  ANDERSON 65  HBC 8 /66  
W2 14 1.4 0.4 FRANZINI 65  HBC 6186 
N2 136 2.62 0.28 0.27 BEHR 66 HLBC ASSUMES CP 8/66 
N2 53 2,20 0.35 WEBBER TO HBC ASSUMES CP IO/TI 
N2 99 2.71 0.28 CHD 71DBE ASSUMES CP . 4/71 
N2 J 9B 12.53 (0o3I JAMES 71 H8D ASSUMES CP 6171  
N2 50 2.12 0.33 MEISNER 71HBC ASSUMES CP 10/71 
W2 J 180 2.35 0.20 JAMES 72 HBC ASSUMES CP 1/73 
W2 192 2.32 0.18 0.15 BALDOCEOL 75 HLBC ASSUMES CP 1/76 

IN THE OVERALL FIT THIS RATE IS WELL DETERMINED BY THE MEAN LIFE AN N2 
W2 THE BGANCHING RATIO R2. FOR THIS REASDN THE DISCREPANCY BETWEEN THE 
W2 W2 MEASUREMENTS DOES NOT AFFECT THE SCALE FACTOR OF THE OVERALL FIT 
W2 J JAMES 72 IS A FINAL MEASUREMENT AND INCLUDES JAMES 71. I I / 73  
W2 . . . . . . . . .  
W2 AVG 2.34 O. I i  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.23 
NE STUDENT 2.35 0. I0  AVERAGE USING 8IUDENTIO(H/I. I I)  - -  SEE MAIN TEXT 
W2 FIT 2.391 0.038 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.21 

[SEE IDEOGRAM BELOW ) 



Stable 
Ko 

Particles 

68 

Data Card Listings 
For notation, see key at:front of  Listings. 

WEIGHTED AUERAGE = 2 .34  ~ 0 .11  

ERROR SCALED BY 1 .2  

Values above of weighted average, 
error, and scale factor are for the 
readerfs convenience only. The 
data were actually processed by a 
constrained fit program, w h i c h  

c a l c u l a t e s  i t s  o w n  values of ~ ,  6x, 
and scale factor, which are differ- 
ent from the values shown here. 

. . . . . . . .  BALDOCEOL ?S HLBC ~ . JAMES 72 HBC 

- M E I S N E R  71 HSC 

• CHO 71 08C 

WEBBER 70 HBC 

BEHR 66 HLBC 

• FRANZINI 6S HBC 

-ANDERSON GS NBC 

4 6 
KOL RATE I N T O  PZ+ P I -  P I O  ( 1 0 ~ i S  G E C - I I  

C H I S Q  

0 . 0  

0 . 0  

D . 4  

1 . ?  

0 . 2  

1 . 0  

S . S  

8 ,9  

(CDNLEU 
= O . t ? ? l  

W3 ROt INTO El E NEUTRINO [UNITS 10"'6 SEE-11 (G4) 
W3 7.52 O.85 0 . / 2  AUBERT 65 HLBC DS=DO,CP ASSUMED 8/67 
W3 620  7 .B t  0.56 CHAN 71 HBC 2/72 
W3 . . . . . . . . .  
W3 AVG 7 .7 I  0 .46 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O )  
w3 STUDENE 7.71 0.49 AVERAGE USING STUDENTIO(HI I . I I I  - -  SEE MAIN TEXT 
W3 FIT ?.49 0 .1 [  FROM FIT [ERROR INCLUDES SCALE FACTOR OF I . [ )  

W4 K0t INTO CHARGED (3-BDDYI [UNITS 10 " ' 6  SEC-[I (G2+G3+04) 
W4 98 15.1 1.9 AUERBACH 66 0SPK 8/67 
W4 . . . . . . . . .  
W4 FIT 15.09 0.17 FROM FIT (ERROR INCLUOES SCALE FACTOR OF l . I I  

W5 COL INTO LEPTONIC (KMUg+KE3] {UNITS [0#=6 SEE-I) [G3+64} 
W5 O 109 9.85 1 . 1 5  1 . 0 5  FRANZINI 6 5  HBC 2/72 
w5 C 335 ( l O . 3 l  ( 0 . 8 )  HILL 67 OBC K+N TD NO P 8/67 
WS D 393 11.6 0.9 CHO 70 DBC K+N TO K0P 10170 
W5 D 252 13.I [.3 WEBBER 7[ HBC K- P TO KOBAR N 2/72 
W5 D 410 12.4 0.7 BURGUN 72 HOE K÷P TO KOPPI÷ 1/73 
W5 C D 126 8.47 1.69 MANN 72 HBC K-- P TO KOBAR N 9172 
W5 COO 70 INCLUDES EVENTS OF HILL 67 
W5 O ASSUMES DE=DO RULE 
WE . . . . . . . . .  
W5 AVG 1 1 . 6 0  0.65 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.5) 
W5 STUDENT 11.66 0.54 AVERAGE USING STUDENTIO(H/I . I I )  - -  SEE MAIN TEXT 
W5 F [ I  12.70 0.15 FROM FIT [ERROR INCLUDES SCALE FACTOR OF I . I )  

(SEE IOEOGRAM BELOW ) 

WEIGHTED AVERAGE = 1 1 . 6 0  • 0 , 6 S  

ERROR SCALED BY 1 . S  

Values above of weighted average, 
error, and scale factor are for the 
reader z s convenience only. The 
data were actually processed by a 
constrained fit program, w h i c h  

c a l c u l a t e s  its o w n  values of ~ 6~ 
and scale factor, which are d~fer- 
ent from the values shown here. 

. . . . . .  MANN ?2 HBC 

. . . .  BURGUN 72 HBC 

• . . W E B B E R  71 HBC 

• - , C H D  70  DBC 

,Q.~RANZINI ss HOC 

16 1; la 
KOL RATE I N T O  KMU3 + KEg {1DmmS S E C - I }  

CHISQ 

3 . 4  

1 . 3  

1 . 3  

D . D  

2 . 5  

B . S  

I C n N L E U  
=0 . D ? 2 )  

W6 COL INTO P) MU NEUTRINO UNITS 1 0 " ' 6  SEE-If  IG3) 
W6 19 4.54 1.24 1.08 LOWYS 67 HLBC 
W6 . . . . . . . . .  
W6 FIT 5.2L1 0. i00 FROM FIT [ERROR INCLUDES SCALE FACTOR OF i . i I  

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

[3  COL BRANCHING RATIOS 

RI KOL INTO (P[O PIO PIOIICHARGED (P I I I IP2+P3÷P4)  
RI 2~ 0124 0.08 ANIKINA 64 CC 6/86 
RI 549 0.251 0°014 8UDAGOV 68 HLEC ORSAY MEASUR. I0 /88  
RI 444 0.277 0.021 BUDAGOV 68 HLBC EC, PDLYTEC.MEAS I0 /68  
R[ 29 0131 0.07 0.06 KULYUKINA 68 CC 2/71 
RI . . . . . . . . .  
RI AVG 0.260 O . O l l  AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0) 
RI STUDENT 0.280 0.013 AVERAGE USING STUDENTIO(H/1.[1) - -  SEE MAIN TEXT 
RI FIT 0.274 0.012 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.3) 

R2 
R2 
R2 79 O . 1 5 I  0 . 0 2 0  
R2 75 0 . 1 5 7  0 . 0 3  
R2 66  0 . 1 5  0 . 0 5  
R2 326 0.I59 0.015 
R2 566 0.178 0.017 
R2 1729 (0°144) I0.004I 
R2 126 0.I62 0.015 
R2 Ol l 6 l  0.005 
R2 1402 0.I67 0.016 
R2 1590 0.1605 0.0038 
R2 3200 0.146 0.004 
R2 558 0.I59 O.OiO 
R2 6 4 9 9  0 . [ 6 3  0.003 
R2 . . . . . . . . .  
R2 AVG 0.1587 0.0024 
R2 STUDENT 0.1600 0.0022 
R2 FIT 0.1584 

KOL INTO (Pl+ PI -  PIOIICHARGED 
59 0.185 0.038 ASTIER 6I CC 

(P21/(P2÷P3+Pg) 

8/66 
ADAIR 64 HBC 8/66 

0.04 LUERS 64 HBC B166 
0.04 ASTBURY1 65 CC 8/66 

ASTBURY2 65 CC 6/66 
GUIOONI 65 HEC 6/66 
HOPKINS 65 HBC SEE HOPKINS 67 6/66 
HAWKINS 66 HBC 6/66 
HOPKINS 67 HBC 8/67 
KULYUKINA 68 EC 2171 
ALEXANDER 73 HBC 1/74 
BRANDENBU 73 HOE 1/74 
EVANS 73 HLBC 1/75 
CHO 77 HBC 11177* 

AVERAGE [ERROR INCLUDES SCALE FACTOR DE 1 .3 l  
AVERAGE USING STUDENT10(H/L.[1J - -  SEE MAIN TEXT 

0.0020 FROM FIT {ERROR INCLUDES SCALE FACTOR OF [ . 2 )  
ISLE IDEOGRAM BELOW ) 

WEIGHTED AUERAGE = D . IS87  ± 0 .0024  

ERROR SCALED BY 1 . 3  

+ .  

I . . . . . .  6UIDONI 

. . . . . . . . . .  A S T B U R Y 2  

"AGTBURY1 

"LUCRE 

- A D A I R  

, A S T I E R  

0 . 1 0  0 . 1 4  0 . 1 8  0 . 2 2  D , 2 6  

KOL I N T O  ( P I +  P I -  P I D ) / C H A R G E D  

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 ,  and  s c a l e  f a c t o r  a r e  f o r  t he  
r e a d e r '  s c o n v e n i e n c e  on ly .  The  
d a t a  w e r e  a c t u a l l y  p r o c e s s e d  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  own v a l u e s  of ~, 6~, 
and scale factor, which are differ- 
ent from the values shown here. 

CHISQ 

. . . . . . . . . .  CHO 77 HBC 2 . 0  

. . . . . . . . . .  EUANS 73  HLBC 0 . 0  

. . . . . . . . . .  BRANOENBU 73  HBC 1 0 . 1  

. . . . . . . . . .  ALEXANDER 73  HBC 0 . 2  

. . . . . . .  K U L Y U K . I N A  SB CC 0 . 3  

. . . . . . . . . .  H O P K I N S  S? HOE 0 . 2  

. . . . . . . . .  HAWKINS SS HBC 0 ,0  

6S HBC 1 . 3  

6 5  CC 0 l 0 

6S CC 

04 HBC 

6 4  HBC 

GC CE 

1 4 . 2  

{CDNLEU 
= 0 . D 7 7 )  

R3 . . . . . . . . .  
R3 FIT 0.3452 0.0051 FROM FIT 

R4 COL INTO (El E NEUTRINO)ICHARGEO (PgII(P2¢Pg÷Pg) 
R4 24 0.46 0 . 1 t  NEAGU b t  CC 2/76 
R4 153 0.487 0.05 LUERS 84 HBC 
R4 202 0.46 0.08 0 . [ 0  ASTBURYI 65 CC 7/66 
R4 500 C.408 0.052 KULYUKINA 08 CC 2/71 
R4 . . . . . . . . .  
R4 AVG 0.485 0.032 AVERAGE {ERROR INCLUDES SCALE FACTOR OF [ .01  
R4 STUDENT 0°485 0.034 AVERAGE USING STUDENTIO(H/ [ . I [ I  - -  SEE MAIN TEXT 
R4 FIT 0°4964 0 .005[  FROM FIT {ERROR INCLUDES SCALE FACTOR OF [ .O)  

B5 KOL INTO (E l  E NEUI / I (P I  E NEUI+IPI MU NEUII IPg | l (P3*Pg I  
R5 320 0 .4 [5  0.120 ASTIER bE CC 
RE . . . . . . . . .  
R5 FIT 0.5898 0.0059 FROM FIT [ERROR INCLUDES SCALE FACTOR OF { . 0 )  

R6 COL INTO IP I *  P I -  PIOI ITOIAL (P2) 
R6 
R6 . . . . . . . . .  
R6 FIT 0.1239 0.0018 FROM F I I  

R7 KOL INTO [LEPTON PI NEUTRINO)/TOTAL (Pg+P4) 
R7 
R7 . . . . . . . . .  
R7 FIT 0.6584 0.0066 FROM FIT 

R8 COL INTO (2 GAMHA)/TOTAL (UN. 10"*~4) IPRI 
R8 C ( [ . 3 )  ( 0 . 6 ]  CRIEGEE 66 OSPK 8/66 
R8 32 6°7 2.2 TDDOROFF 67 OSPR REPL. CRIEGEE66 11168 
R8 K 33 ( 7 . 4 l  { 1 . 6 )  ERONIN [ 67 OSPK 11/67 
RB 90 5.5 ] . [  RUNZ 68 OSPK NORM.TO 3PIIC+N) 2 / 7 [  
R8 23 4.5 I .O  ENSTROM 7 [  OSPK KOL [ . 5 -9  GEV/C 2/72 
R8 R 5.0 ( hO)  REPELLIN 710SPK [ [ / 71  
R8 B 4.54 0.84 BANNER2 72 OSPK 8/72 
R8 B THIS VALUE USES (EOOIE+-)*@2=[.05÷-O.14. IN GENERAL, $13R8 = 8/72 
R8 D I g . 32+ -O .55 I * ( IO* * -g l~ ( (EOO/E+ - ) * *21 .  8/72 
R8 R ASSUMES REGEN AMPL IN COPPER AT 2GEV IS 22 MB. TO EVALUATE 11/71 
R8 R FOR A GIVEN REGEN AMPL AND ERROR, MULTIPLY BY (REGEN AMPLI22MB)**2 i [171 
R8 C CRIEGEE 66 REPLACED BY TDOORDFF 67 I [ / 6 8  
R8 K CRONINI 67 REPLACED BY KUNZ 68. 2/71 
R8 . . . . . . . . .  
R8 AVG 4.89 0.54 AVERAGE {ERROR INCLUDES SCALE FACTOR OF L.OI 
R8 STUDENT 4.88 0.59 AVERAGE USING STUDENTIOIHI I . [ l l  - -  SEE MAIN TEXT 

R9 KOL INTO (PI+ PI-IICHARGED {UNIT [ 0 " * - 3 I  {PSII IP2+P3÷PgI 
R9 0 ~5 ( 2 . 0 )  ( 0 . 4 )  CHRISTENS 64 OSPK ETA ÷-  = l . gS+-O .20  2/76 
R9 O 54 ( 2 . 0 8 )  ( 0 . 3 5 )  GALBRAITH 65 OSPK ETA ~ = [ . 9 g + - O . [ 6  2/T6 
R9 o { I . 9S I  (0°26) BASILE 66 OSPK ETA ~ = 1o92+-0.13.  2176 
R9 O I1*993)  (0°080) BOlE-BODE 66 OSPK ETA +-  = 1 .95+-0 .04  2176 
R9 M 4200 I 2 . 60 )  (0 .07 )  MESSNER 73 ASPR ETA +- = 2 .23+-0 .05  6173 
R9 G OLD EXPERIMENIS EXCLUDED FROM FIT .  SEE SUBSECTION E÷-- BELOW FOR 2176 
R9 0 AVERAGE ETA+- OF THESE EXPERIMENTS AND FOR NOTE ON DISCREPANCY. 2/76 
R9 M FROM SAME DATA AS R27 MESSNER 73,BUT WITH DIFFERENT NORMALIZATION. 6/73 
R9 . . . . . . . . .  
R9 FIT 2.589 0.060 FROM FIE 

R3 KOL INTO (PI MU NEUTRIND)/CHARGED IPgl / IP2~P3÷Pg)  
R3 C 251 I0 .856 }  (0 .071 LUERS 64 HBC 
R3 C L72 ( 0 . 3 9 )  ( 0 . 0 8 ]  (O.LO} ASTBURY[ 65 EC 7•66 
R3 C 330 (0 .335 ]  {0 .055)  KULYUKINA 68 CC 2 / 7 I  
R3 C THIS MODE NOT MEASURED INDEPENDENTLY FROM R2 AND R4 



6 9  

Data Card Listings 
For notation, see key at front of  Listings. 

Stable Particles 
Ko 

RIO KDL INTO iP I  MU NEUI/ (PI  E NEUI (P31 / (P4 )  
RIO 0 .81  0.19 ADAIR 64  HBC 6/66 
RIO 0.82 0 . [ 0  DEBOUARD 67 OSPK 11/67 
RIO 273 0 .7  0.2 HAWKINS 67  HBC 8 /67  
RIO 0.81 0.08 HOPKINS 67  HBC 8 /67  
RIO 770 0.71 0 .05  BUOAGOV 68 HLBC 10168 
RIO K (0 .67)  (0 .13 )  KULYUKINA 68 LC . 3174 
RIO B 569 (0 .71 {  TO.D4) BEILLIERE 69 HLBC 10/69 
RIO IBOg {O.6481 (0 .030)  EVANS 69  HLBC REPL. BY EVANS 73 1/73 
RIO 3548  0 .68 0.08 BASILF 7D OSPK IO/7O 
RIO 6700 0.741 0.044 BRANOENBU 73  HBC I174 
RIO 1309 0.662 O.O30 EVANS 73  HLBC 1/73 
RIO IOK 0.662 0.037 WILLIAMS 74 ASPK I0 /74  
RIO K KULYUKINA 68 RIO IS NOT MEASURED INDEPENDENTLY FROM R2 AND R4 .  1 / 74  
RIO B BEILLIERE 69 IS A SCANNING EXPT USING SAME EXPOSURE AS BUDAGDV 68 

RIO . . . . . . . . .  
RIO AVG 0.695 0.019 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1}  
RIO STUDENT 0.695 0.021 AVERAGE USING STUDENTIO(H/I.1I) -- SEE MAIN TEXT 
RIO FIT 0.695 0.017 FROM FIT (ERROR INCLUDES SCALE FACTOR OF L.O) 

R l l  KOL [NTG (MU+ML~)/OHARGED (UNITS [0~ * -6 }  {PE)/(P2+P3*P4) 
RE( IO0.D GR LESS AN[KINA 65 CC 6 /66  
R I [  280.0 OR LESS CL=.EO ALFF-STEI 66  OSPK 9 /66  
R I [  2 . 0  OR LESS CL: .90 BOTT-BODE 67 OSPK 8 /67  
R I [  35.0 OR LESS CU=.9O FITCH 67 OSPK 3/68 

RI2 KOL INTO {PI+ P I -  GAMMA)/TOTAL (UNITS 10=*-3) (PIO) 
RI2 IE.O OR LESS ANIKINA 65 RE 6/66 
RI2  o 5.0 OR tESS BELLDTTI  66 HLBC GAM KE 40-130 MV 8/67 
RI2 i 3.0 OR LESS NEFKENS 66 OSPK GAM KE 120 MEV 6/66 
RI2 0.4 OR LESS CL=.gO THATCHER 68 OSPK GAM RE 20-170 MV 21TI 
R12 3 .2  OR LESS CL=.9O BOBISUT 74 HLBC GAM KE GT 40 MEV 12175 
El2 D 24 0.062 0.021 DONALDSI 74 SPED 10/74 
RI2 0.46 OR LESS CL=.EO WOO 74 SPEC 12 /75  
R]2 B USES KOL TO PI+PI -P lOIALL KOL DECAYS : 0.126 I0 /74  

R I3  KOL INTO (E÷  E-I/CHARGED (UNITS 10~ -6 I  (P7)/(P2*P3~P~J 
g13  lOOO.O OR LESS ANIKINA 65 CC 6 /66  
R IB  200.0 OR LESS CL=.90 ALFF-STEI 66  DSPK 6 /66  
R I3  23.0 DR LESS CL=.EO BDTT-BODE 67  OSPK 8 /67  

RI4 KOL INTO (E MU)ICHARGED {UNITS I0~* -4 )  (PB)I(PZ÷P3÷P4) 
RI4 IO.O DR LESS ANIKINA 65 CC 6/66 
RE4 1 .o  OR LESS CL=.gO CARPENTER 66  OSPK 8 /66  
RI4 O.I DR LESS CL=.90 BOTT-BODE 67 OSPK 8/67 
R I4  0.08 OR LESS CL=.90 FITCH 67 DSPK 3/68 

R15 KOL INTO IE+ P I -  NBU) I IE-  P I *  NEU) 
RE5 D 97 (0°90{  (O . iB ]  NEAGU 61 CC 
R15 0 I [ .O i I  ( 0 . I 6 )  LUCKS 64 HBC 8/86 
R15 O Bg4 (O .9g }  ( 0 . 023 )  KULYUKINA 66  CC 9 /66  
RIB D [E39  ( l . 06 l  I 0 . 05 )  VERHEY 66  OSPK 8/67 
RE5 0 LOW PRECISION EXPIS NOT AVERAGED. FOR MORE PRECISE VALUE, 
RI5  0 SEE 513A2 IBENNETT 70 ,  MARX 70]  

ROB KOL INTO (MU+ P I -  NEUII(MU- RI+ NEUI 
R IB  IM I.O08I O.OO27 OORFAN 67  OSPK 11/67 
RIB SEE ALSO S[3A2 AND SI3AL IN THE CP VIOLATION SECTION 2/71 

RI? KOL INTO (PIO PIO|ITOIAL (UNITS TO*t--31 (P l I )  
RI7  C 7 ( i . 2 l  ( I . 51  ( l . 2 l  CRIEGEE 66 OSPK 7166 
RIT C CRIEGEE EXPT NOT DESIGNED TO MEASURE 2 PlO DECAY MODE 
RI7 G IB9  I 2 . 5 {  TO.B) GAILLARD 69 OSPK ED0=3 .6+ -0 .6  5/69 
RIT G LATEST RESULT OF THIS EXPERIMENT GIVEN BY FAISSNER 70 R I9  1 / 7 I  
R17 . . . . . . . . .  
RI7 FIT 0 .94  O .1B  FROM FIT 

RE8 KOL INTO ( 3P IO) / (P I *P I -P IO }  (P I ) / IP2 )  
RIB [BB 2.0 0.6 ALEKSANYA 64 FBE 9/66 
RI8 [OlD I .BO O.13 BUDAGGV 68  HLBC IO/EB 
RIB 883 [ [ . bE )  10.07{ BARNIN2 72  HLBC ERROR STAT. ONLY 3 /74  
R18 . . . . . . . . .  
RI8 AVG 1.81 0.13 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O )  
RIB STUDENT I .B I  0 .14  AVERAGE USING STUDENTIO{HI I . l l )  - -  SEE MAIN TEXT 
ROB FIT 1.733 0.076 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 

RID KOL INTO (BPIO) I (3PIO)  (UNITS IOn#-21 (PE I I / (P1 )  

Rig C 1 0 9  (L .8g)  {0 .31 )  CRONIN L 87  OSPK ETAO0=4.9+-0.5 8 /67  
RID C (1 .36)  (O. IB ]  CRONIN 2 67 QSPK ETAOOf3.g2+-0.3 11/67 
Rig C CRONIN2 IS  FURTHER ANALYSIS DF CRONINI .NOW BOTH WITHDRAWN ii/68 
RIg NO EVENTS SEEN BARTLETT 88 OSPK SEE EOO BELOW I I / 6B  
R19 57 0 .46  O . l l  BANNER 69  OSPK ETAO0=2 .2+ -0 .3  2 /72  

R Ig  R 133 I L . 311  ( 0 .31 I  CENOE 69  OSPK ETAO0=3 .7+ -O .5  10 /69  
RIg 29 0.37 0.08 BARNIN 70 HLBC ETAO0=2.02+-O.2B 12/70 
RID 30 0.32 0.15 BUOAGOV 70 HLBC ETAOO=I.D*-O.5 fOlIO 

RIg  F I 72  0 .90  0 .30  FAISSNER 70  OSPK ETAOO=3.2*-O.5 12 /70  
RL9 R I 50  1 .21  0 .30  REY 76  OSPK ETAOO=3 .B+ -O .5  8 /76#  
RIg F FAISSNER 70 CONTAINS SAME 8PIO EVENTS AS GAILLARD 69 RI7 
RI9 R CENCE 6g EVENTS ARE INCLUBED IN ROY 76. 1/77= 
RIg . . . . . . . . .  
R19 AVG 0.437 0.092 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.6)  
R Ig  STUDENT 0 .425  0 .085  AVERAGE USING STUDENTIO{HI[.I[{ - -  SEE ~AIN TEXT 
RI?  FIT 0 .437  0.083 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.5)  

(SEE IDEOGRAM BELOW ) 

R2O KOL INTO (P[+ P I - - I I IKE3  + KMU31 (UNITS [0~$-3}  (PEII(P3+P41 
R2O 0 309  {2 .5 I {  ( 0 . 23~  DEBOUARD 67  OSPK EFA~=2 .00+ -o .og  2 /76  
R20 0 525  (2 .351  (O . IE )  FITCH 67  OSPK ETA+-= [ . 94 * -O .OB  2 /76  
R20 2703  3 .04  0 .14 DEVOE 77  SPEC ETA~=2 .25 * -O .05  L I / 77~  
R20 O OLD EXPERIMENTS EXCLUDED FROM FIT.  SEE SUBSECTION E+- BELOW FOR 2/76 
R2~ 0 AVERAGE ETA+- OF THESE EXPERIMENIS AND FOR NOTE ON DISCREPANCY. Z/76 
R20 . . . . . . . . .  
R20 FIT 3.076 0.075 FROM FIT (ERRDR INCLUDES SCALE FACTOR OF 1.0)  

R21 KBL INTO (2GAMMA[I(3 PIOI (UNITS 10~ -3 )  (PE) I (P1)  
R2I 16 2.5 0.7 ARNOLD 68  HLBC VACUUM DECAY 1L168 
R21 $ BANNER 69 IS NEW EXPT. NOT TO BE CONF WITH RB OF CRONINI 67 2/72 
R21 l EE  2.24 0.28 BANNER 69 OSPK 11/68 
R21 28 2.13 0.43 BARMIN 71 HLBC 8/71 
R21 . . . . . . . . .  
R21 AVG 2.24 0.22 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 }  
R21 STUDENT 2.24 0.24 AVERAGE USING STUDENTEO(H/I.LI) - -  SEE MAIN TEXT 

-0 .g 

KOL INTO 

WEIGHTED AUERA6E  = 0 .437  ± 0 .092  

ERROR SCALED BY 1 ,6  

Values above of weighted average, 
error, and scale factor are for the 
reader' s convenience only. The 
data were actually processed by a 
constrained fit program, which 
calculates its own values of x, 5~, 
and scale factor, which are differ- 
ent from the values shown here. 

I REY 

f I ~ - -  . . . . .  ~ A ~ S S . E R  

I I 1 . . . . . . . . . .  B U D A G . U  

I -+I "\ .......... , A R ~ I .  
. . . . . . . . . .  NER / 

0 . g  1" .5  

( 2P IO ] /  ( 3P IO)  ( 1 0 ~ - 2 )  

CHISQ 

7g  OSPK g ,6  

70  OSPK 2 .4  

70  HLBC o .g  

70  HLBO 0 .7  

G9  DSPK 0,0 

10 ,4  

(CDNLEU 
2 .S  =O .03S)  

R22 KOL INTO (MU*MU-W(PI+PI-)  {UNITS [0 ,~-61 (PE) I {PE)  
R22 0 14O. OR LESS CL=.80 FDETH 69 SPEC EFF.DENLM.= 16000 5/70 
R22 0 18. OR LESS CL=.EO DARRIULAT 70 SPEC EFF.OENOM.= I28000 i t / 70  
R22 A 0 ( i . 53 {  OR LESS CL=.EO CLARK 71 SPEC EFF. OENOM.(1500000) 2/76 
822 C 6 6.7 6.1 3.1 CARITHE[ 78 SPEC EFF.DENOM.: 893000 2/76 
R22 C 3 4.5 6. 3 .  LARITHE2 73 SPEB EFF.DENOM. = 667000 2/76 
R22 C 9 {5.81 ( 4 . )  ( 2 . )  CARITHE2 73 SPEC EFF. DENOM.{I560000) 2/76 
R22 F 3 4.2 5 . I  2 .6  FUKUSHIMA 76 SPEC EFF.DENOM.= 7[9000 2/76 
R22 16 4.2 1 .4  0.9 SHOCHET 77  SPEC EFF.DENOM.=OB2OOO0 8/77~ 
R22 A CLARK 71 LIMIT RAISEB FROM 1.2 E-06 BY FIELD 74 REANALYSIS. 2/76 
R22 A NOT IN AGREEMENT WITH THREE SUBSEQUENT EXPTS. SO NOT AVERAGED. 2/76 
R22 C CARITHERS ERRORS ARE AT CL=90 PERCENT. SECOND CARITHERS2 VALUE IS 2/76 
R22 C AVERAGE OF CARITHERSI 73 VALUE AND FIRST CARITHERS2 73 VALUE. 2/76 
R82 F FUKUSHIMA 76 ERRORS ARE AT CL=EO PERCENT. 2/76 
R22 8177~ 
R22 THE CBMBINED RESULT BEL3W IS THE OBSERVED NUMBER OF EVENTS 8/77*  
R22 (2B+-E.B) DIVIDED BY THE SUM DF THE EFFECTIVE DENOMINAIORS FOR 8 /71"  
R22 EACH DF THE UNPARENTHESIZED RESULTS ABOVE. INDIVIDUAL EFFECTIVE 8 /77 ,  
R22 DENOMINATORS ABOVE INCLUDE THE PI+PI-1MU+MU- RELATIVE ACCEPTANCES. 8/77*  
R22 . . . . . . . . .  
R22 28 4.5 0.9 COMBINED (EL=.68} EFF.DENOM.=6240000 8/77*  

R23 KOL INEO (E+ E- ) / (P I÷P I - I  (UNIFS 10 " * -5 )  IPT ) I IP5 )  
R23 O IO.O OR LESS CL=.90 FOETH 69 ASPK 5/70 
R23 O.IO OR LESS CL=.90 CLARK 7 I  ASPK b /7 t  

R24 KOL INTO (E MUI / (P I+P I - I  (UNITS i01" -51 (PB) I (PE)  
R2q O.iO OR LESS CL=.go CLARK 71 ASPK 6/71 

R25 KOL INTO (P IE  NEU GAMI/(KL E3) (UNITS 10" * -2 ]  (P12{ / (P3 |  
R2S TO 3.3 2.0 PEACH 71 HLBC GAM KE GT IS MEV 6/71 

R26 KOL INTO (PIO IWG GAMMAS{I(3PIO) (UNITS TO**-3) (P13 ) I (P [ ]  
R26 O 1.1 DR LESS CL=.gO BANNER 69  OSPK 2172 

R27 KOL INTO (PI+ P I - ) I IAU  (UNITS I 0 "¢ -2 )  (P5 ) I IP2 )  6/73 
R27 4200 1.64 0.04 MESSNER 73 ASPK ETA +- = 2.23 8/73 
R27 . . . . . . . . .  
R27 FIT 1 ,635  0.036 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I .O )  

R28 KOL INTO IE+ E- GAMMA)/I3PIOI (UNITS IO*~-4 I  (P I4 ) / (P1 )  
ROB 0 1.3 OR LESS CL=.90 BARMINI 72 HLBC 3/74 

R29 KOL INTO (MU+ NU- GAMMAI/TOTAL (UNITS I 0 ,= -6 )  (P[5) I 2 / 75  
RZ9 D 7 .8 [  OR LESS CL=.90 DONALBS3 74 SPEC 8/77~ 
R2g D USES KOL TD PI+PI -PIO/ALL KOL DECAYS = 0.126 6/77# 

R3O KOL INTO (MU÷ MU- PIO)ITOTAL (UNITS I 0 , # -51  (PIE) 12/75 
R30 D 5 .66  OR LESS OL=.go DONALDS3 74  SPEC 6 /77~  
R3O D USES KOL TO P I *P I -P IO /ALL  ROL DECAYS = 0.126 8/TT~ 

R3I KOL INTO (PI+PI -E+E-{  /TOTAL (UNITS ¢01~-6{ (P171 12/75 
R31 30. OR LESS ANIKINA 73 STRC 3 /78 *  
R3 I  D 8 .B i  OR LESS LL=.gO DONALDSON 76  SPEC 8 /77*  
R3I D USES KOL 70 PI+PI-PIO/ALL KOL DECAYS = 0. L26 6/77*  

R32 KOt INEO (PIO P I÷ -  E-+ NEU)/TOTAL (UNITS i011-3 )  (PIBJ 12/75 
R32 D 2.2 OR LESS CL=.90 DONALDS3 74 SPED 8 /77*  
R32 D USES KOL TO PI+PI-PIO/ALL KOL DECAYS = 0 . I 26  6 /77*  

R33 KOL INTO (PI MU ATL~} NEU/TOTAL iUNITS I 0 "~ -7 )  (PLg) 6 /77*  
R33 ] 8  SEEN COOMBES 76  WIRE 6 /T7~  

................................................................ 
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Data Card Listings 
For notation, see key at front of  Listings. 

13 KOL ENERGY DEPENDENCE OF DALITZ PLOT 

RELATED TEXT SECTION VI B . I ,  APPENOIX I ,  AND MINI-REVIEW ON SLOPE 
PARAMETERS IN THE CHARGED K SECTION OF THE DATA CARD LISTINGS ABOVE 

MATRIV ELEMENT 5QUAREO = i + G~U + H~U~2 + K*V~#2 
WHERE U=(S3-SO)/(MPI~21 AND V=(SI-S21/(MPI÷~Z) 

GTO LINEAR COEFFICIENT G FOR KL - ->  P i t  PI -  PlO MATRIX ELEMENT SQUARED 
GTO Q 79 (0.55) (0.23) ADAIR 64 HBC AV=-7*6 +- 1.7 
GTO Q 77 (0 .5 [ )  (0.20) LUERS 64 HBC AV=-7*3 +- 1.6 

317I 
3/71 

GIG Q 66  (0.321 (O.131 ASTBURYL 65 CC AV=-B.B * -  L.5 3/71 
GTO Q 3 1 0  ( 0 . 5 I )  IO.OB) AS?BURY2 65  CC AV=-(7.3 +.6 -.81 3 /71  
0T0 Q 280 (0.6R( (0.17) ANIKINA 66  CC AV=-(B.2 ÷.9 -1 .3)  3/71 
GTO Q 126 (0.70) (0.12) HAWKINS 66  HEC AV=-8.6 ~ 0.7 3/71 
GTO Q 1350 (0.8481 (0.044) HOPKINS 67 HBC AT=-0o294 +- .018 IO/&9 
GTO Q t 1 9 8  (0.428) 10.055) NEFKENS ~7 DSPK AU=-0.204 + -  .025 3 /71  
GTO Q 2446 (0.400} I0.045) 8ASILE2 68  OSPK AT=-O,IB8 +- .020 3 /7 [  
GTD 029000 (0.651) (D.012) ALBROW 70 ASPK AY=-O.B62 +- .015 [/71 
GTO QB 38K (0.5931 (0.022) BUCHANAN 70  SPEC AU=-0.278 + -  .OLO 2/76 
GTO 0 4 4 0 0  (0.656) (0.058) SMITH 70 OSPK AT=-0.297 +- ,024 3 /71  
GTO Q 180 (0 .50 )  ( 0 . I I )  JAMES 72 HBC 1/73 
GTO Q 1486 (0.6081 (0.043} KRENZ 72  HLBC AT=-0,277 +- .018 11/72 
GTO Q 384 (0*688) (0.074) METCALF 72 ASPK AT=-O.31 +- *O3 1L/72 
GTO Q I0.612) (0.032) ALEXANDER 73 HBC 2/76 
GTO Q 3200 ( 0 . 731  (0.041 BRANDENBU 73 HBC 1/74 
GTO QC 20K (0.8191 (0.027) BISI 74 ASPK AT=-0,282 +- .01[  I0/74 
GTC Q (0.6~B) (0.026) HILL 74 STRC PRELIMINARY 3 /78~  
GIO 5DBK 0.677 0.010 MESSNER 74 ASPK AY=-0o917+-.013 7 /75  
GTO Q 192 (0.69) 40.07) BALDOCEOL 75  HLEC 12 /75  
GTO 0 56K (D.EgO)  IO.02ZI BUCHANAN 75 SPEC AU=-0.277 ~ .OLO 7178 
GTO H6499 0.681 0.024 CHO 77 HBC 11 /77~  
GTO 47O9  O.620 0.025 PEACH 77 HBC 11/77~ 
GTO Q QUADRATIC DEPENDECE REQUIRED BY RECENT EXPERIMENTS (SEE SECTIONS 
GTO Q HTO AND KTO BELOW. CORRELATIONS PREVENT US FROM AVERAGING RESULTS 
030 Q OF FITS NO1 INCLUDING G, H, AND R TERMS. 
GTO B BUCHANAN 70 RESULT REVISED BY BUCHANAN T5 TO INCLUDE RADIATIVE COM. 2/76 
GTO B AND TC USF MORE RELIABLE KL MOM.SPECT. OF 2ND EXPT . (HAO SAME BEAM). 2/76 
GTO C BISI 74 VALUE COMES FROM QUADRATIC F IT  WITH QUAD. TERM CONSISTENT 11/75 
GTO C WITH ZERO. GTO ERROR IS THUS LARGER THAN IF LINEAR FIT WERE USED. I[Z?5 
GIO . . . . . . . . .  
GTO AVG 0.870 0.014 AVERAGE (ERROR INCLUDES SCALE FACTOR DF 1.61 
GTO STUDENT 0o6716  O.OiO0 AVERAGE USING STUDENTIO(H/1.1I) - -  SEE MAIN TEXT 

(SEE IOEOGRAM BELOW ) 

WE IGHTED AUERAGE = 0 .6?0  ± 0 .014  

ERROR SCALED BY  1 .6  

O .SS  0 ,60  O .GS  0 .70  0 .75  O .BO 

TAU 0 SLOPE PQRQMETER FOR KOL  

CHISQ 

"PEACH 77 HBC 4 .7  

. . . .  CHO 77 HBC 0 ,2  

SNER 74 ASPK O.S 

S.4 

(CONLEU 

=0.0GG) 

HTO QUADRATIC CGEFF. H FOR KL - ->  PI+ PI -  RIO MATRIX ELEMENT SQUARED 
HTO 509K  0.079 0.007 MESSNER 74 ASPK 3178~ 

CHO 77  HBC 3 /78 *  HTO 64~9  0.095 0.032 
HTO 4708  O.04B  0.036 PEACH 77 HBC 3178~ 

HTO . . . . . . . . .  
HTO AVG 0.0786 0.0087 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O) 
HTO STUGENT 0.078? 0.0073 AVERAGE USING STUDENTLO(HXI.II} - -  SEE MAIN TEXT 

KTO QUADRATIC COEFF. K FOR KL - ->  PI+ Pl -  PlO MATRIX ELEMENT SQUARED 
KTC 509K 0 .0097  0 .0018  MESSNER 74  ASPK 3 /78~  
KTO 6499  0.024 O.OLO CHO 77  HBC 3 /78 *  
KTO 4709  -O .OO8  0.012 PEACH 77 HBC ~178* 

~TO . . . . . . . . .  
KTO AVG 0.0098 0.0018 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
RIO STUDENT 0.0098 0.0019 AVERAGE USING STUDENTLO(H/I-II) - -  SEE MAIN TEXT 

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

13 KOL FORM FACTORS 

RELATED TEXT SECTION V{ B.2 AND MINI-REVIEW ON FORH FACTORS 
IN THE CHABGED K SECTION OF THE DATA CARD LISTINGS ABOVE. 

IN THE FORM FACTOR COMMENTS, THE FOLLOWING ABBREVIATIONS ARE USEG. 
F÷ AND F- ARE FORM FACTORS FOR THE VECTOR MATRIX ELEMENT. 

FS AND FT REFER TO THE SCALAR AND TENSOR TERM. 
FO = (F~) + (F -)~T/(MK=~2-MPI~2) F 
L+, L- AND LO ARE THE LINEAR EXPANSION COEFFS. OF F÷, - AND DO. 
L÷ REFGRS TO THE KMU3 VALUE EXCEPT IN THE KE3 SECTIONS. 
DXI/OL IS THE CORRELATION BETWEEN XI(OI AND L* IN KMUB. 
OLO/DL+ IS THE CORRELATION BETWEEN LO AND ~ IN KMU3. 
T = MOMENTUM TRANSFER TO THE PI IN  UNITS MPI=$2. 
DP = OALITZ PLOT ANALYSIS 
PI = PI SPECTRUM ANALYSIS 
MU MU SPECTRUM ANALYSIS 
POt = NU POLARIZATION ANALYSIS 
BR = KMU3/~E3 BRANCHING RAT IO  ~NALYSIG 
E = POSITRON OR ELECTRON SPECTRUM ANALYSIS 
RC = RADIATIVE CORRECTIONS 

XIA  × IA  = F - /F+  (OETERMINED FRCM SPECTRAl . . . . . . . . . . . . . . . . . . . . . . . . . .  
XIR LL341  ÷L.2 I0 .8 }  CARPENTEB 66 OSPK UP, OXI/OL~-18 1/74 
XIA B 3t40 ( -3 .q)  I 0 .4 )  BASILE 70 DSPK DP, INDEP OF L+ [/74 
XIA C 16K (-0.68) (0o12) (0.20) CHIEN 70 ASPK DP, DXI/DL=-26 1/74 
XIA Ag086 -1.5 0.7 ALBROW 72 ASPK DR, DXI/DL=-2B t/74 
XIA C 16K (+0.50} {0.61) DALLY 72 ASPK UP, DXI/DL UNKN. 1/74 
XIA P IBB5  -$.00 (0.48) PE~CH 7 3  HLBC UP, OXl/OL=-20 1174 
XIA D B2K -O°26 0.2I  ALBRECHT 74 WIRE UP, DXI/DL=-24 I I / 75  
XIA D E2K ( - 2 . 4 [ )  40.17) ALBRECHT 74 WIRE DR, DXI/DL=-9.4 I I /75 
XIA EI.6M -O.L l  0.07 QONALOS2 74 SPEC OP, DXI/OL=-I7 11/T5 
X IA  F 32K -0.25 0.22 BUCHANAN 75 SPED DR, GXIIDL=-5.9 2/76 

XIA BL CARPENTER 66 XI(O) IS FOR L+=O. DXI/DL 15 FROM FIG. q. I /7~  
XIA BASILE ?O IS INC0MPATIBLE WITH ALL OTHER RESULTS. AUTHORS SUGGEST 1/74 
XIA B A THAT EFFICIENCY ESTIMATES MIGHT BE RESPONSIBLE. 1/74 
XIA ALBROW 72 FIT HAS L- PREE, GETS L-=-.030+-.060 OR LAM=+.15+.IT-.11. 1/74 
XIA C CHIEN 70 ERRORS ARE STATISTICAL ONLY. DXI/DL FROM FIG.4. 1/74 
XIA C DALLY 72 IS A REANALYSIS OF CHIEN 70. THE DALLY 72 RESULT IS 1/74 

XIA C NOT COMPATIBLE WITH ASSUMPTION L-=O SO NOT INCLUDED IN OUR FIT. 2/76 
XIA C THE NON-ZERO L- VALUE AND THE RELATIVELY LARGE L÷ VALUE FOUND BY 1/74 
XIA C DALLY 72 COME MAINLY FROM A SINGLELOW T BIN (FIGS.1,B). 1/74 
XIA C THE (E~,XI I  CORRELATION ~AS IGNOREO. C/74 
XIA C WE ESTIMATE FROM FIG. 2 THAT FIXING L--O WOULD GIVE XI (O) : - I .4÷-O.3  1/74 
XIA ~ AND WOULD ADO TO TO CHI SQUAREO. DXI/OL IS NOT GIVEN. 1/74 
XIA ALBRECHT 74 IS CALCULATED BY US FROM LOt L+ AND DLO/DL÷. THEY FIND [ I / 75  
XIA D Two SOLUTIONS. [HE FIRST HAS L+=.046+-.008 IN AGREEMENT WITH KEB. 3/74 
XIA P PEACH 73 GIVES X]0=-.95*-.45 FOR L+=L-=.025 • THE ABOVE VALUE IS I / 7~  
XIA FOR L-=O. K.PEACH, PRIVATE COMMUNICATION(1974). 1/74 
XIA ~ I I / 75  DONACDSON2 74 GIVES X I= - . I I ~ . 02  NOT INCLUDING SYSTEMATICS. ABOVE 
XIA E ERROR AND DXIIOL WERE CALCULATED BY US FROM LO AND L+ ERRORS (WHICH IT / /5  
XIA E INCLUDE SYSTEMATICS) AND OLO/DL÷. 11/75 
XIA F BUCHANAN 75 IS CALCULATED BY US FROM LO, L÷ AND DLO/DL+ BECAUSE 2/76 
XIA F THEIR APPENDIX A VALUE -.20÷-22 ASSUMES XI(T) CONSTANT, I .E .  L- :L÷.  2176 

XIA 
XIA FIT DISCUSSED IN ~OTE ON KL5 FORM FACTORS IN K+- SECTION OF DATA CARDS. 

XIB XIB = F-IF÷ (DETERMINED FROM KMU3XKE3) . . . . . . . . . . . . . . . . . . . . . . . .  
XIB THE KMU3XKE3 BRANCHING RATIO FIXES A RELATIONSHIP BE ~EEN XIIO) 1174 
XIB AND L+. WE QUOTE THE AUTHORS XI(O) AND ASSOCIATED L÷ BUT DO NOT IX74 
XIB AVERAGE BECAUSE THE L÷ VALUES DIFFER. THE FIT RESULT AND SCALE I174 
X[B FACTOR GIVEN IN THE NOTE GN KL3 FORM FRCTORS IN THE K÷-  SECTION OF ZIT6 
XiB IHE DATA CARDS ARE NOT OBTAINED FROM THESE XIB VALUES. INSTEAD B/7b 
XIE THEY ARE OBTAINED DIRECTLY FROH THE FITTED KMU3/KE3 RATIO (RIO). 2/76 
XIB 389 ÷I .L  I . l  ADAIR 64  HBC BR. L+=O 1 /74  
XIB *0.86 0.9 1.3 LUCRE 64 HBC BRt L*=O 1/74 
XIB "0.2 0.8 I .B  RULYUKINA 6B CC BR, L÷=O . 1174  
X1B 569  +0 .45  0 .28  BE ILL IERE  69  HLBC BR,  L+=O 1 /74  
R IB  E 1309 ( -O .2Z )  ( 0 . 30 )  EVANS 69  HLBC BR, L+ : . 02÷ - . 015  1 /74  
X[E 3548  -0.5 0.5 BAS[LE 70 OSPK BRe L+=.OZ t / 74  
XIB 6700 0.5 0.4 BRANDENBU 73 HBC BR,L+=.OIg~-.015 I174 
XIB E[BO9 -0.08 0.25 EVANS 73 HLBC BR, L+=.02 1/74 
XIB E EVANS 73 REPLACES EVANS 69. 1/74 

XIB . . . . .  
XI8 FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN R÷- SECTION OF DATA CARDS. 

XIC XIC = F-/F+ (DETERMINED EROM MU POLARIZATION IN KMU3] . . . . . . . . . . . .  
X IC  THE MU POLARIZATION IS A MEASURE OF X I (T) .  NO ASSUMPTIONS ON L÷- 
XlC NECESSARY, T (WEIGHTED BY SENSITIVITY TO XIO) SHOULD BE SPECIFIED. 
XIC IN L÷,XI(Ol PARAMETERIZATION THIS IS Xl(O) FOR L÷=O. OXI/DL=XI*T. 
XIC FOR MAD. CORR. TO MUON POLARIZATION [N KRUB, SEE GINSBERG 73 .  2172 
XIC T 2608 ( - i . 2 )  (0.5)  AUERBACH 66 OSPK POLARIZATION 8/67 
XIC T 038 ( - [ .61  (0.5) ABRAMS 68 DSPK PDLARIZATION 5/69 
XIC L - I . 81  0.50 0 .26  LONGO 69 CNTR POL. T=5.3 1/74 
XIC $2 .2M -0.385 0.105 SANDNEISS 73 CNTR POL,DXI/DL=--6 1/74 
XIC H2OTK +0.178 0.105 CLARK 77 SPED PDL.OXIIDL=+.B8 11177~ 
XIC T I VALUE NOT G IVEN.  l l T~  
xIC L LONGO 69 T=3.3 CALC. FROM DXI/DL=-6.0 (TABLE I )  DIVIDED BY XI=- I .81  1174 

XIC S SANDNEISS 78 IS FOR L+=O AND T=O. 1174 
XIC H CLARK 77 T=÷3 .80 ,  DXI/DL=XIIT)*T=.[78*3.BO=+.BB • 11177~  
x ic  . . . . . . . .  
XIC FIT DISCUSSED IN NOTE ON KLB FORM FACTORS IN K÷- SECTION OF DATA CARDS. 

IX{ IMAGINARY PART OF Xl (TEST OF T REVERSAL} . . . . . . . . . . . . . . . . .  
IX I  - 0 . 2  0.6 ABRAMS fib OSPK POLARIZAT ION tO/89 
IXI  -0 .02  0.08 LONGO 69  CNTR POL. T=3 .3  II/R9 
IX I  2 . 2M  -O .ObO 0.045 SANOWEISS 73 CNTR POL, T=O 1174 
IX{  C207K 0.35 0.30 CLARK 77 SPED POL, T=O 11177* 
IX I  C CLARK T? VALUE HAS ADDITIONAL XIO DEPENDENCE +0.21=RE(XIO). II177~ 

IX I  . . . . . . . . .  
IX{ AVG -0.044 0.039 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.O) 
IX l  STUDENT -0.045 0.042 AVERAGE USING STUDENTIO(H/[.ll) - -  SEE MAIN TEXT 

L÷H LAMBDA + (LINEAR ENERGY DEPENDENCE OF F÷ IN KMU3 DECAY( . . . . . . . . .  
L÷M SEE ALSO THE CORRESPONDING ENTRIES AND NOTES IN SECTION XIA AND LO. 

L÷M FOR RAD.COR. OF KMU3 DP SEE GINSBURG 70 AND BECHERRAWY 70. 3/74 

LeM C 16K (O .OT I  ( 0 . 024  CHIEN 70  ASPK DP 1174  
L+M 49086  0.085 0.015 ALBROW 72 ASPK DP I /T6  
L+M C 16K (O .LL I  (O .041  DALLY 72  RSPK DP 1174  
L+M D 82K 0.046 O.OOB ALBRECHT 74  WIRE DP I t / T5  
L÷M D B2R ( 0 , 076 )  ( 0 . 004 ]  ALBRECHT 74  WIRE OP 11 /75  
L+M loGM 0.030 0.003 DONALOS2 74  SPEC OP 10 /74  
L+M B2K 0 .046  0 .030  BUCHANAN 75  SPEC DP 9 /75  
L÷M E GHIEN 70 VALUE AND £RROR H~VE BEEN CHANGEO FROM 0.08 * -  D.OL LO 317[ 
L+M C INCLUDE SYSTEMATIC EFFECTS. DALLY 72 IS A REANALYSIS OF CHIEN 70. 3/71 

L÷M C O SEE NOTE IN SECTION XIA. I174  
L+M ALBRECHT 74 FINOS TWO SOLUTIONS. THE FIRST AGREES WITH KE3. 11 /75  
L*M . . . . . . . . .  
L÷M FIT DISCUSSED IN  MOlE CN KL~ FORM FACTORS IN  %÷-  SECTION O~ DATA CARDS. 

LO LAMBDA 0 (LINEAR ENERGY DEPENDENCE OF FO IN  KMU3 DECAY) . . . . . . . . . .  
LO WHEREVER POSSIBLE, WE HAVE CONVERTED THE ABOVE VALUES OF Xl(O) INTO 
LO VALUES OF tO USING THE ASSOCIATED L+M AND OxI/OL. 
LO L 137L + 0 . 0 8  ( 0 . 071  CARPENTER 66  OSPK OP ,OLO/DL+= -O .54  1 /74  
LO L -O , tAO  (0 .043 )  (O .022 )LONGO 69  CNTR POLeDLO/OL+=÷ .49  1 /74  
LO A B 3140  4 -0 .333 )  (C. OB4] BASILE 70 OSPK OP ,DLO/DL+=+ I .  1 / 74  
LO 9086  -0 .043  0 .052  ALBROW 72  ASPR DP ,DLOEOL÷=- l . 39  1 /74  
tO  C 16K 4 -0 .0671  i 0 . 227 )  DALLY T2 ASPK DP,DLOXOL+ UNKN. 1 /74  
LO R 6700 {÷0.06) (0.03) BRANOENBU 73 HBC BRtL÷=.OLG÷-.013 1/74 
LOP 1885  -0 .060  (0.038) pEACH 73 HLBC DP,DLOIDL+=-O.71 I174 
LO L 2 . 2M  -0.0[B (O.OO?) SANOWEISS 73  CNTR POL.DLO/DL+=+.49 1174 
LO D B2K +0.024 0.011 ALBRECHT 74  WIRE DP,OLO/DL*=-I.06 I I / 75  
LO D B2K (-O.LBOI (0.014t ALBRECHT 74 WIRE OP,OLO/OL+=+O.2Q t t / 75  
LO E 1 .6M +0.0L9 0.004 OONALDS2 74 SPED DP,DLO/DL+=-O.47 10/74 
LO F 32K +0.025 0.019 BUCHANAN 7E SPED DP,OLOIOL÷=+O.5 2/76 
LO L 207K  ÷0 .047  (0 .009 )  CLARK 77  SPED PDL ,DLO/DL*= I . 06  I l l 77÷  
LO L LO VALUE IS FOR L+=0*03 CALCULATED BY US FROM XIO AND DXIIDL. 1/74 
LO B BASILE 70 LO IS FOR L+=O. CALCULATED BY US FROM X[A WITH OXI/DL=O. L174 
LO ~ BASILE 70 IS INCOMPATIBLE WIIH ALL OTHER RESULTS. AUTHORS SUGGEST I17~ 
LO THAT EFFICIENCY ESTIMATES MIGHT BE RESPONSIBLE. 1 /74  
LO A ALBRDW 72 LO IS CALCULATED BY US FROM XIA.L÷ AND DXIIDL. THEY G(VE 1/74 
LO A C L0=-.043~-.039 FOR L-=O. WE USE DUN LARGER CALCULATED ERROR. 1/74 
LO DALLY 72 G IVES  FO= I . 20÷ - .BB t  L0= - . 080 * - . 272 ,  LOPRINE=- .DOb* - .O~B ,  L IT4  
LO ~ BUT WITH A DIFFERENT DEFINITION OF LO. OUR QUOTED LO IS HIS LO/FO. 1/74 
LO WE CANNOT CALCULATE IRUE LO ERROR WITHOUT HIS (LO,FO) CORRELATIONS. 1174 
tO  c SEE ALSO NOTE C IN  SECTION XIA. 1/74 
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Stable Particles 
Ko 

LOP PEACH 73 ASSUMES L÷=O.025. CALCULATED BY US FROM XIO AND OXIOlOl+. 1/74 
LO R FIT FOR LO DOES NOT INCLUDE THIS VALUE BUT INSTEAD INCLUDES THE 2/76 
CO R KMU3/KE3 RESULT FROM THIS EXPERIMENT. 2 / 7 6  
lO 0 ALBRECHT 74 FINDS TWO SOLUTIONS. THE FIRST HAS L+=.046+- .008 IN I i / 75  
LO D AGREEMENT WITH KEB. OLOIDL+ OBTAINED FROM FIG.2C. l i / 7 5  
LO E DONALDSON2 74 OlO/Ot+ OBTAINED FROM FIG. LB. 11175 
LO F BUCHANAN 75 VALUE IS FROM THEIR APPENDIX A AND USES ONLY KMU3 DATA. 2176 
LO F DLO/OL+ WAS OBTAINED BY PRIVATE COMMUNICATION~ C.BUCHANAN, 1976. 2/76 
LO . . . . . . . . .  
LO PIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN K+- SECTION OF DATA CARDS. 

L+E LAMBCA + (LINEAR ENERGY DEPENDENCE OF F+ IN KO 13 DECAY} . . . . . .  
L~E FOR RAD.COR. OF RE5 DP SEE GINSBURG 67 AND BECHERRAWY 70. 
L+E I53 +0.07 .06 LUERS 64 HBC OP, NO RE 

FISHER 65 OSPK OP, NO RC L+E 577 +0.15 .08 
L+E 762 -0.01 .02 
L+E 531 +O.Ol .015 
L+E 240 +0.08 . I 0  .08 
L+E fOOD 0.02 O.Ot3 
L+E 4800 +0.023 0.0[2 
L+E 42K 0.023 0.005 
I+E 16K 0.05 O.Ol 
L+E 1910 0.022 0.0[4 
L+E 5600 0.0#5 0 . 0 [ 4  
L+E [ 87 [  0.019 0.013 
L+E 2171 0.040 0.012 
L+E 25K 0.0270 0.0028 
L+E 24K 0.044 0.006 
L+E 48K 0.032 0.0042 
L+E 500K 0.0312 0.0025 
C*E . . . . . . . . .  
l+B AVG O.OBO0 0.00[8 AVERAGE 

3/74 

8•67 
FIRESTONE 67 HBC OP, NO RC 8267 
KAOYK 67 HBC E,P I ,  NO RC 8/67 
LOWYE 67 FBC P ] ,  USES RC 8167 
ARONSON 68 OSPK P( 5269 
6ASILE 68 OSPK oP, NO RE 3•68 
GIST  71ASPK OP, USES RE 12/71 
CHIEN 71 ASPK DP. NO BC 6171 
NEUHOFER 72 ASPK PI, USES RE 1/73 
ALBROW 73 ASPK DR, USES RC 9173 
BRANOENBU 73 HBC PI TRANSV., RC 1174 
WANG 74 OSPK DP, USES RC 2174 
BLUMENTHA 75 SPEC DP 7•75 
BUCHANAN 75 SPEC OP, USES RC 7•75 
BIRULEV 76 SPED DR, USES RC I/TB~ 
GJESDAL 76 SPEC DR, USES RC 1/77~ 

(ERROR INCLUDES SCALE FACTOR OF 1.28 
L+E STUDENT 0.0298 O.OOlT AVERAGE USING STUOENTIO(HII.1EI -- SEE MAIN TEXT 

(SEE IDEOGRAM BELOW ) 

WEIGHTED AUERAGE = 0.0300 • 0 . 0 0 1 B  

ERROR SCALED BY 1.2 

J 
0 . 0  - 0 . 1  

LAMBDA+ FOR RE3 DECAY OF KOL 

CHISQ 

. . . . . . . . . . . . .  GJESDAL 76 SPEC 0 .2  

• B IRULEU 76  SPEC 0 .2  

+ . . . . . . . . . . . .  BUCHANAN 7S SPEC 5.4 

. . . . . . . . . . . . .  BLUMENTHA 78 SPEC 1 .2  

4 . . . . . . . . . . . . .  WANG 74 OSPK 0 . 7  

. . . . . . . . . . . .  BRANDEHDU 7 3  HBC 0 . ?  

f -  . . . . . . . . . . .  ALBRO&4 73  ASPK 1 . 1  

. . . . . . . . . . . .  NEUHOFER 72 ASPK 0 .3  

+ . . . . . . . . . . .  CHTEN 71  ASPK 4 . 0  

-BAS ILE  GB OSPK 0 .3  

-ARDNSDN 68 OSPK 0 . 6  

-LDWYS 67 FBC 

"KAOYK 6 7  HBC 1 . B  

• F IRESTONE 67 HBC 

' F I S H E R  SS OSPK 

-LUERS 6 4  HBC 
+ 

0 . 1  0.2 0 ' . 3  1B . 6  
( CONLEU 
=D .0998 

FS FS/F+ RATIO OF SCALAR TO F+ COUPLINGS FOR KE3 OECAYIABS. VALUE) . . . .  
FS 0.15 OR LESS CL=.C8 KULYUKINA 67 CC I0169 
FS 5600 0.19 OR LESS CL=.95 ALBROW 73 ASPN 9173 
FS 25K 0.04 OR LESS CL=.68 BLUMENTHA 75 SPED 7•75 
FS 48K 0.07 OR LESS BIRULEV 76 SPEE CL NOT GIVEN 1 / 7 8 .  

FT FT/F+ RATIO OF TENSOR TO F+ COUPLINGS FOR KE3 OECAYIABS. VALUEI . . . .  
FT 1.0 OR LESS CL=.68 KULYUKINA 67 CC 10/69 
FT 5600 1.0 OR LESS CL=.95 ALBROW 73 ASPK 9/73 
FT 25K 0.23 OR LESS CL=.68 BLUMENTHA 75 SPED 7/75 
FT 48K 0.34 OR LESS BIRULBV 76 SPEC El  NOT GIVEN 1 /78"  

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

13 CP VIOLATION PARAMETERS IN KOL DECAYS 

RELATED TEXT SECTION V( B.3 AND MINI-REVIEW BELOW 

- - - - -  13 CHARGE ASYMMETRY IN TAU DECAYS . . . . . . . . . . . . . . . . . . . . .  
TEXE SECTION V( B.3 B 

SEE SCRIBANG 70 FOR DEFINITION (HIS SIGMA*-) .  A=I FOR MAX ASYMMETRY 
(M)**2 = I +  SIG+- (21SQRT{3) * ( IT+ I - IT - l ) /  TMAX) AS SCRIBANO 70 

A DECAY ASYMMETRY PARAMETER FOR PI+ P I -  RIO (UNITS 10"*-2) 
A .BM 0.2 0.95 BLANPIED 68 CNTR . 4 /70 
A 3M 0.27 0.2 SCRIBANO 70 CNTR .L2170 
A 4400 0.000 0.050 SMITH 70 OSPK .10/70 
A . . . . . . . . .  

AVG 0.016 0.063 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3( 
STUDENT 0.0[5 0.053 AVERAGE USING STUDENTIO(HII.1I} - -  SEE MAIN TEXT 

(SEE IDEOGRAM BELOW ( 

~3 CHARGE ASYMMETRY IN LEPTONIC DECAYS (PERCENTI . . . . . .  
TEXT SECTION V( B.8 

SUCH ASYMMETRY VIOLATES CP • IT IS RELATED TO REAL(EPSILON). 

AI KOL INTO (MU+PI-NU)-IMU-PI+NUI/IMU+PI-NU)÷IMU-PI÷NU) (PERCENT) 
AI O IM (0 ,403 I  (0 .184 )  DORFAN 67 OSPR OERIVEO FROM R16 11/67 
AI o IM 0.57 0.17 PACIOITI 69 OSPK 1173 
AI  7.7M 0.278 0.051 PICCIONI 72 ASPK 1173 
A[ 4.1M 0.60 0 . [ 4  MCCARTHY 73 CNTB 6/73 
AI 15M 0.313 0.029 GEWENIG~ 74 ASPK 7/7~ 
AID  PACIOTTI 69 IS A REANALYEIS OF OORFAN 67 AND IS CORRECTED FOR i /T3  
A[D  MU+ MU-- RANGE DIFFERENCE IN MCCARTHY 72. I173 

AI  . . . . . . . . .  
A( AVG 0 .3 [9  0.038 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.58 
AT STUDENT 0.B16 0.027 AVERAGE USING STUDENTEOIHII.11| - -  SEE MAIN TEXT 

(SEE IDEOGRAM BELOW ( 

WEIGHTED QUERAGE = 0 .016  ± 0 .063  

ERROR SCALED BY 1 .3  

'SMITH  

- S C R I B A N D  

BLANPIED 

-1 O 1 2 

OECAY ASYMMETRY FOR KOL INTO PI+ PI- PIO 

C H I S Q  

70  OSRK 0 , 1  

70  CNTR 1 . 6  

SB CNTR 

1 . 7  

(CONLEU 
= 0 . t 9 0 )  

WEIGHTED AUERAGE = 0 . 3 1 9  * O . 0 3 B  

ERROR SCALED BY 1 . S  

l 
O .0  0 .2  

CHARGE ASYMMETRY FOR KL - ->  MU P (  HU 

C H I S O  

. . . . . . . . . . .  GEWENIG I  74 ASPK O . O  

I M C C A R T H Y  7 3  CNTR 4 . 0  

. . . . . . . . . . .  P I C C I D N I  72  ASPK 0 . 6  

~ I D T T I  6 9  DSPK 

4 , 7  

' ~ ' : ( C D N L E U  
0 . 4  0 . 6  O . B  1 , 0  = 0 . 0 9 4 )  

A2 ROL INTO (E+PI -NUI- IE-RI÷NU) I (E÷PI -NU)+(E-PI+NUI  IPERCENT) 
A2 B TOM I0 .224 I  (0 ,036)  BENNETT 67 ENTR 11/67 
A2 B IOM 0.246 0,059 SAAL 69 CNTR I0 /70  
A2 IOM 0.546 0.088 MARX 70 CNTR 10/70 
A2 600K 0.86 0.18 AEHFORD T2 ASPK 2172 
A2 40M 0 .0 [8  0.038 FITCH 73 ASPK [2 /70  
A2 34M 0.341 0.018 GEWBNIGI 74 ASPK 7/74 
A2 B SAAL 69 IS A REANALYSIS OF BENNETT 67 

A2 . . . . . . . . .  
A2 AVG 0.333 0. C[4 AVERAGE (ERROR INCLUDES SCALE FACTOR Or 1.0)  
A[ STUDENT 0.354 O.Olb AVERAGE USING STUDENTIOIH/ I . I I )  - -  SEE MAIN TEXT 

AL KOL INTO ( ( L+ I - ( L - I ) l ( ( L+ )+ IL - ) )  (COMBINED AI  AND A2) [PERCENTI 
AL 0 lOM 0.246 0.059 SAAL 69 CNTR KEG 2/71 
AL 0 3M 0.57 0.17 PACIOTTI 69 OSPK KMU3 I175 
AL IOM 0.846 0.033 MARX 70 CNTR KE3 2/71 
AL COOK 0.36 O.IB ASHFORD 72 ASPK RE3 2/72 

At 7.7M 0.278 O.05I PICCIONI 72 ASPK KMU3 1/73 
AL 40M 0.318 0.038 FITCH 73 ASPK KE3 12/73 
AL G.[M 0.60 0.14 MCCARTHY 78 CNTR KMU3 6/73 
AL 33M 0.333 0.050 WILLIAMS 73 ASPK KMU3+KE3 12/73 
At 15M 0 . 3 [ 3  0.029 GEWENIG[ 74 ASPK KMU3 7/74 
AL 34M 0 . 3 4 [  0.018 GEWENIG[ 74 ASPK RE5 7174 
AL SEE FOOTNOTES IN SECTIONS A[ AND A2 ABOVE. 1173 
At 
AL AVO 0.330 0.012 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,0}  
AL STUDENT 0.350 0.013 AVERAGE USING STUDENTIO(HI I . I I I  - -  SEE ~AIN TEXT 

. . . . . . . . . . . . . . . . . . .  13 PARAMETERS FOR KOL INTO 2PI DECAY . . . . . . . . . . . . . . . . . .  
TEXT SECTION Vl 6.3 D 

ETA÷- = A(KL TO P I+P I - } /A (KS TO P I+P I - )  
EEAO0 A(KL TO PIOPIOI/AIKS TO PIOP[O} 

Note on In+_ I 

There is a very large discrepancy between old 

and new results for I~+_I, the ratio of amplitudes 

A(K~ ÷ ~+~-)/A(K~ ~ ~+~-). The average of the older 

l~+_r results of CHRISTENSON 64, GALBRAITH 65, 

BASILE 66, BOTT-BODENHAUSEN 66, DE BOUARD 67, and 
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Data Card Listings 
For notation, see key at front o/Listings. 

FITCH 67 (see subsections R9, R20, R27, and E+- of 

0 Data Card Listings) is the K L 

Xl0 -3 II]+_I = (1 .95+0 .03 )  

with very good consistency. 

The more recent results of MESSNER 73, GEWEN- 

IGER2 74, and DEVOE 77 are in good agreement with 

each other but do not agree with the average of 

the older results. The three recent results, when 

adjusted for the current values of the K°S and KL0 

mean lives and current normalizing branching 

fractions, give an average value of 

In+_l = (2.273+0.023) x10-3 , 

which is eleven standard deviations above the 

previous average. 

The origin of the discrepancy between old and 

new results is not known. The effect of the change 

0 section 0 life value (see note in K S in the K S mean 

of the Stable Particle Data Card Listings) is 

insufficient to explain it, raising In+_l by only 

about 2%. 

Since the newer experiments are in principle 

superior (higher statistics, better acceptance, 

easier trigger conditions), we have chosen to 

average them separately from the earlier experiments 

as is seen in the E+- subsection of the Data Card 

Listings below. 

The entry referenced as GKL/GKS 71 is the 

average of all seven experiments before 1971. This 

average is determined from the branching ratios 

quoted for these experiments in subsections R9 and 

R20 above. It was quoted by us as the I~+_l value 

in our 1971 edition. The average and fit values at 

the end of the E+- subsection below do not include 

the pre-1971 In+_I results. 

The fitted values in the EOS, E+-, and ER sub- 

sections below are the result of a fit to the 

unparenthesized values of l~001, ITi+_J' and 

ln00/n÷ I in these subsections. We quote the 

fitted values of IQ+_[ and In00 I in the Addendum to 

the Stable Particle Table but warn in a footnote 

that they exclude pre-1971 Iq+_l results. 

THE FITTED VALUES OF ETA+- AND ETAO0 GIVEN BELOW ARE THE RESULTS 
OF A FIT TO ETA*-, ETAO0 AND ETAOO/ETA÷- RESULTS. THE VALUES LISTED 
BELDW WHICH ARE NOT PARENTHESIZED ENTER THE FIT AS SHOWN. THE 
VALUES WHICH ARE PARENTHESIZED AND BEAR THE FOOTNOTE X DO NOT ENTER 
THE FIT AS SHOWN, THESE EXPERIMENTS GIVE BRANCHING RATIOS AND ENTER 
THE FIT VIA THE QUANTITY ACTUALLY MEASURED - -  BRANCHING RATIOS 
RD, R2O AND R27 (ETA+-) AND RE? AND B19 (ETAOOJ. THESE BRANCHING 
RATIOS ARE COMBINED WITH CURRENT NORMALIZATIONS AND CURRENT KL AND KS 
MEAN LIVES TO OBTAIN PI PI RATES. THE ETA~- AND ETAOO VALUES OBTAINEO 
FROM THESE RATES ARE ENTERED BELOW WITH THE NAME 'GKL/GKS'. 

EOS (ETAOO)**2 = (A(KL T0 2PIO)IA(KS TO 2P IO l ] * *2  IUNITS i 0 . * - 6 )  - - -  
EOS x O ( - 2 , )  ( 7 . 0 }  BARTLETT 68 OSPK 10/69 
EOS X 57 ( 4 . 9 )  ( 1 . 2 )  BANNER 69 OSPK 2172 
EOS XR I33 (14.1)  ( 3 . 4 l  CENCE 69 OSPK 10169 
EOS XF IBO (13 . )  (4 .1  GAILLARD 69 OSPK 10/89 
EOS X 29 (4.081 ( 0 ,9 )  BARMIN 70 HLBC 12/70 
EOS X 30 (3 .61)  ( 1 . 9 )  BUOAGGV 70 HLBC 10/70 
EOS C 8.7 3.7 CHGLLET 70 OSPK CU REG.,4 GAMMAS 2172 
EOS XF 172 (9 .g )  ( 3 . 4 )  FAISSNER 70 DSPK 12/70 
EOS C 56 7.4 2.0 WOLFF 71 OSPR CU REG.,4GAMMAS 12171 
COS XR 150 (14.1)  ( 3 . 4 )  REY 76 OSPK 8/76*  
EOS X 5 , I  1.0 GKLIGKS 78 RVUE BR SCALE FACTOR=I.5 2178" 
EOS X SEE NOTE ABOVE REGARDING FIITED VALUES OF ETA*- AND ETAO0. 
EOS R CENCE 69 EVENTS ARE INCLUDED IN REY 76. 1 /77"  
COS F FAISSNER 70 CONTAINS SAME 2PIE EVENTS AS GAILLARD 69 
COS C CHGLLET 70 GIVES ETAOO=(I.23+-O.24)*(REGEN AMPL,2GEV/C CU)/IOOOOMB 2172 
EOS C WELFF 71 GIVES ETAOO=II.13+-O.I2I*IREGEN AMPL,2GEV/C CUIIIOOOOMB 2172 
EOS C WE CEMPUTE BOTH ETAO0**2 VALUES FOR (REGEN AMPL,2GEVIC EUI=24+-2MB. 2172 
EOS C THIS REGEN AMPL RESULTS FROM AVERAGING OVER FAISSNER 89, 2172 
EOS C EXTRAPGLATEO USING OPTICAL MODEL CALCULTIONS OF BOHM ET AL. 2/72 
COS C PL 27B 594 (1968} AND THE DATA OF BALATS 71. (FROM H. FAISSNER, 2172 
EOS C PRIVATE COMMUNICATIONI 2172 
EOS F FAISSNER 70 CONTAINS SAME 2PlO EVENTS AS GAILLARD 69 
COS . . . . . . . . .  
EOS AUG 5.73 0.87 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
EOS STUDENT 5.72 0.99 AVERAGE USING STUDENTLO(H/I.11I - -  SEE MAIN TEXT 
COS FIT 5.~0 0.43 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l .  I I  2 /78*  
EOO THIS FIT VALUE CORRESPONDS TO ETA00=2.324+-0.092 2178" 

E+- ETA+- = AIKL TO P I *P I - I /A (KS  TO P I *P l - )  UNITS 10" * -3  . . . . . . . . . . . .  
E÷- X 45 ( I . 95 )  (0 .20)  CHRISTENS 64 OSPK 2/76 
E+- x 54 ( 1 , 99 I  (O. I6J GALBRAITH 65 OSPK 2176 

E+- X (1 .92)  (0o13) BASILE 66 OSPK 2/76 
E+- X (1 .95)  (O.O41 BOTT-BOOE 66 DSPK 2/76 
E+- X (2.0Ol TO.09) OEBOUARD 67 OSPK 2176 
E*- X (1 .94)  (O.O8) FITCH 67 OSPK 2176 
E+- AX (1 .95 ]  ( 0 .03 }  GKL/GKS 71 RVUE EXPTS.  BEFORE 71 2176 
E+- A AVERAGE OF ABOVE EXPTS. EXCLUDED FROM FIT .  SEE TYPED NOTE ABOVE. 2176 
E÷- X #200 (2 .23 ]  (0 .05 )  MESSNER 73 ASPK 11175 
E~  2.30 0.035 GEWENIG2 74 ASPK 317~ 
E+- X 2703 (2.25) ( 0 .05 )  DEVOE 77 SPED 11177* 
E+- xX 2.254 0.029 GKLIGKS 78 RVUE BR EXP. AFTER 71 2178" 
E+- SEE NOTE ABOVE REGARDING FITTED VALUES OF ETA+- AND ETAOO. 
E*- • . . . . . . . .  
E÷- AUG 2.273 0.023 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l ,O )  
E+- STUDENT 2.273 0.025 AVERAGE USING S IUDENTIO(H/ I . I I )  - -  SEE MAIN TEXT 
E~- FIT 2.274 0.022 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I .O )  2178" 

(SEE IDEOGRAM BELOW 1 

WEIGHTEO AUERACE = 2 .147  ± 0 .0S9  

ERROR SCALED BY 3 .0  

V a l u e s  a b o v e  of weighted 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 l s  convenience o~y, The 
data were actually processed by a 
constrained f i t  program, which 
calculates its own values oI~ b~, 
and scale factor, which are differ- 
ent from the values sho~here. 

CHISQ 

-DEUDE 72 SPEC 4.2 

-BEWENIG2 74 ASPK 19.0 

-MESSNER 7 3  ASPK 2.7 

F ITCH 67 OSPK S . ?  

• DEBDUARD 67 DSPK 2 . ?  

, B O T T - B O O E  G6 OSPK 2 4 . 4  

BASILE  SG OSPK 3 . 1  

.GALBRRITH  GS DSPK i .O  

- C H R I S T E N S  S4 OSPK 

6 3 . 7  

' ~ 2.J8 (CONLEU 
1 . 6  2.0 .4 =0 .000 )  

ASS ( E T A ÷ - )  ( U N I T S  l O ~ m - 3 }  

ER RATIO OF ETAO0 OVER ETA+- 
ER 12~ 1.03 0.07 BANNERI 72 OSPK 8/72 
ER 167 1.00 0.06 HOLDER 72 ASPK 8•72 
ER . . . . . . . . .  
ER AUG 1.013 0.046 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O )  
ER STUDENT 1.013 0.049 AVERAGE USING STUDENTIO(HI I . I I )  - -  SEE MAIN TEXT 
ER FIT 1.022 0.040 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I . I )  2/78= 

F+- PHASE OF ETA +- (DEGREES) . . . . . . . . . . . . . . . . . . . . . . . .  
F+- THE DEPENDENCE OF THE PHASE ON THE KOL-KOG MASS DIFFERENCE 
~ IS GIVEN FOR EACH EXPERIMENT IN THE COMMENTS BELOW, WHERE OM IS 

(MASS DIFF./HEAR) IN UNITS IO*~IO SEC-L. WE HAVE EVALUATED THESE 
F÷- MASS DEPENDENCES USING OUR APRIL 1978 VALUE, DM=0.53#9+-0.0022 
F+- TO OBTAIN THE VALUES AND AVERAGE QUOTED BELOW. WE ALSO GIVE THE 
F÷- REGENERATOR PHASE FB IN THE COMMENTS BELOW, 
F+- o ( 45 .0 )  (50.01 FITCH 65 OSPK BE REGEN 11/67 
F+- o (30.0I (45.0I FIRESTONE 66 HBC 11267 
F~  0 (70.0)  ( 2 1 . 0 )  BOTT-BODE 67 OSPK C REGEN 11/67 
F+- D (2B.OI (35 .0 }  MISCHKE 67 OSPK CU REGEN 7168 
F*-  G CLD EXPERIMENTS WITH LARGE ERRORS NOT INCLUOED IN AVERAGE* 2176 
F*-  N C (51,0)  ( I t .O )  BENNETT2 68 CNTR CU REG. USES 8168 
F+- 34.2 lO.O BENNETT 69 CNTR CU REGEN 2171 
F+- B 45,5 12.0 BOHM 69 DSPK VACUUM REGEN 2 /7 I  
F+-- F 45.2 7.4  FAISSNER 69 ASPK CU REGEN 2171 
F* -  J 40.6 4,2  JENSEN 70 ASPK VACUUM REGEN 2171  
F+- D 37.2 12.0 8ALATS 710SPK CU REGEN 9171 
F÷-- P 36.2 6.1 CARNEGIE 72 ASPK CU REGEN 1/73 
F+- G 46.5 1.6 GEWENIG2 74 ASPK VACUUM REGEN 3/76 
~ H 45.5 2.8 £ARITHERS 75 SPEC C REGEN 7 /75  

F+- AUG 45.0 1.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 I  
F÷- STUDENT 45.1 1.4 AVERAGE USING STUOENTIO(HII . l t )  - -  SEE MAIN TEXT 
F÷- FIT A5.O 1.2 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 2 /78*  

COMMENTS 
F+- N BENNETT 69 IS A REEVALUATION OF BENNETT2 68. 11/69 
F+- C BENNETT 89 USES MEASUREMENT OF (F~ - I - IPH IF )  OF ALFF-STEINBERGER 66. 2/71 
F~  C BENNETT 69 F+-= (34 .9~ I0 .0 )÷  69*IOM-.5~5) DEG. FR=-49.9+-5.4 DEG. 2/71 
F t -  B BOHM 69 F~ -= (41 .O~ IZ .O I+479* IDM- .526 )  DEG. 2/71 
F+- F FAISSNER 69 ERROR ENLARGED TO INCLUDE ERROR IN REGENERATOR PHASE. 11169 
F+- F FAISGNER 69 F+-=(AQ.3÷-7.A)+205~(DM-.555) DEG. FR=-42.7+-5.0 OEG. 2/71 
F+- J JENSEN 70 F~= (42 .4~4 .O)÷576# (DM- .538 ]  DEG. 2/71 
F+- D BALATS 71 F+-=(39 .0÷- I2 .01÷ IDB$IDM- .944)  DEG. FR=-AB.O÷-4.0 DEG. 9171 
F+- P CARNEGIE 72 F ~  IS INSENSITIVE TO DM. FR=-56.2+-5.2 DEG. 1173 
F+- G GEWENIG2 74 F*-=(49.A+-I*OI+565~IDM-.540) DEG. 3174 

F+- H CARITHER 75 F~= (45 .S~2 .B I+Z24* (DM- .5348 )  OEG. FR=-40.9+-2.6 DEG. 11/75 
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Data Card Listings 
For notation, see key at front o/Listings. 

Stable Particles 
Ko 

FO0 PHASE OF ETA O0 (DEGREES)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FDO FIRST CUADRANT PREFERRED GOBB[ 69 OSPK 11/69 
FOG C 51.0 30 .0  CHOLLET 70 OSPK CU REG..4 GAMMAS I0170 
FO0 W 56 38.0 25.0 WOLFF 710SPK CU REG.,4 GAMMAS 12/71 
FOO C CHOLLET 70 USES REGENERATOR PHASE FR=-46.5÷-4.4 DEG. I173  
FO0 W WOLFF 71 USES REGENERATOR PHASE FR=-48.2+-3.5 DEG. 1/73 
FO0 
FOO AVG 43.3 19.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)  
FO0 STUDENT 43.3 20.7 AVERAGE USING STUDENTIO(HII . I [ )  - -  SEE MAIN TEXT 
FO0 FIT 48.3 13.2 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.02 2 /78*  

DF PHASE DIFFERENCE FO0 - F÷- (DEGREES) . . . . . . . . . . . . . . . . . . . . . . . . . .  
OF E 7.6 18.0 BARBIELL[ 73 ASPK 7/73 
OF B INDEPENDENT OF REGENERATOR MECHANISM,OH.AND LIFETIMES. 7/73 
DF . . . . . . . . .  
DF FIT 3.3 15 .1  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 2 /78*  

Superweak Model Predictions for "~n+_ and ReD 

The superweak model of Wolfenstein, Phys. 

Letters 13, 562 (1964) predicts that 

1/2Am~s~ 
~+- : ~00 : tan-~--~) 

and 

ReE = ,FI+_I I1 +/2~TS--)21-1/2 

0 _K 0 These expressions and the values of the K L S 

mass difference AM = (0.5349-+ 0.0022) x i010~ sec -I, 

the K ° S mean life T S = (0.8923-+ 0.0022)× i0 -I0 sec, 

and the magnitude of the K ° + ~+~-/K ° + ~+~- ampli- 
L S_3 

tude ratio ID+_l = (2.274-+0.022) x i0 , all from 

the current edition, result in the predictions that 

~+- ~o0 = (43.67 -+ 0.14) ° 

and 

Ree (1.645-+ 0.016) x 10 -3 

These can be compared with the experimental values 

~+_ (45.0 -+ 1.2) ° 

~00 (48.3-+ 13.2) ° 

Ree = (1.621+0.088) Xl0 -3 , 

where ReE has been computed using the relation 

Re6 = ~- 1 - I x l  2 

and our current values of the charge asymmetry 

parameter for leptonic K ° decay ~ = (0.330- + 0.012)% 
L 

and the AS=-AQ amplitude (Rex, Imx) = (0.009- + 

O. 020, -0. 004 -+ O. 026) . 

The superweak predictions are in good agree- 

ment with the data. 

The values of YS and n+_ I have undergone major 

revision in the past few years (see notes on these 

parameters in the K 0 and 0 sections of the Data S KL 

Card Listings). We have utilized only the post- 

1971 experimental values of these parameters and 

have made necessary changes in the related param- 

eters AM and ~+_ (see footnotes in the related 

data card subsections D and F+- above). 

13 X = (DS=-DQ AMPLITUDEJ/(OS=÷DO AMPLITUDE) 

RELATED TEXT SECTION Vl B.4 

REX REAL PART OF Xo . i 8  
REX C 152 0.06 O.4A BALDO-CE 65 HLBC K~ CHARGE EXEHNG 11/67 
REX lq6 O.OBS O.ll D.13 AUBERT 65 HLBC K* CHARGE EXCHNG ii/67 
REX F 109 - 0 . 0 8  0.16 0.28 FRANZINI 65 HOE PEAR P 11/67 
REX I16 0.17 O.16 0 . 3 5  EELDMAN 67 OSPK PI-P T0 KO LMBDA 11167 
REX N 335 (0 .17 )  (O. iO l  HILL 67 DBC K~D YIELDS ROPE l l l b7  
REX 8 lO.O3) ( 0 . 0 3 )  BENNETT1 6B ENTR 7/08 
REX 121 O.Og 0 . 0 7  0.09 JAMES 68 HBC PBAR P 5/b9 
REX B ~O.O20 0.025 BENNETT 69 CNTR CHAR ASYM+ CU RE 10/69 
REX 686 0.09 0 . I 4  O . i b  LITTENBER b90SPK K+N TO KOP 4/69 
REX N 215 0.12 0.09 CHO 70 DEC K+D TO KOPP /O/7O 
REX U 222 [0 .04 )  I 0 . 07 )  lB .08 )  BURGUN 71HBC K+p TO KOPPI+ 2/72 
REX 252 0.25 .07 .09 WEBBER 71HBC K~P TO KBAR N 10169 
REX U 410 O.OB 0.06 0.06 BURGUN 72 HBC K*P TO KOPPI+ 1/73 
REX 126 0.26 O.IO 0.14 MANN 72 HBD K--P TO KOBAR N 9/72 
REX 0 342 ( - 0 . 13 )  (O . l l )  MANTSCH 72 OSPK KE3 FROM KO LMB 2/72 
REX G IO0 (0 .04)  (O . IO I  (0 .13 )  GRAHAM 72 OSPK KNU3 FROM KO LMB 2/72 
REX G 442 -0 .05  0.09 GRAHAM 72 OSPK PI-P TO KO LMBDA 2/72 
REX 1757 -O.OO8 0.044 FACKLER 73 OSPK KE3 FROM KO 9/73 
REX 1367 -D.OB 0.07 HART 73 OSPK KE3 FROM KO LMB 2/74 
REX 1079 -O.O70 0.036 MALLARY 73 DSPK KE3 FROM KO LM + 6/73 
REX 4724 0.04 0 .03  NIEBERGA 74 ASPK KfP TO KOPPI* 7/74 
REX TB O.lO 0.18 0.19 SMITH 75 WIRE PI-P FD KO LMBDA 8176* 
REX C BALDD-CE 65 GIVES x AND THETA.CONVERTED BY US TD REX AND IMX. l l / b7  
REX F FRANZINI 65 GIVES x AND THETA.FOR REX AND IMX SEE SCHMIDT 67. 11187 
REX N U CHO 7D IS ANALYSIS OF UNAMBIGUOUS EVENTS IN NEW DATA AND HILL 67. 10/70 
REX BURGUN 72 IS A FINAL RESULT WHICH INCLUDES BURGUN 71. I [ / 73  
REX E BENNETT 69 IS A REANALYSIS OF BENNETTI 68. 10/69  
REX G SECOND GRAHAM 72 VALUE IS FIRST GRAHAM 72 VALUE COMBINED WITH 2/72 
REX O MANTSCH 72. 2/72 
REX . . . . . . . . .  
REX AVG 0.009 0.020 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4) 
REX STUDENT O .OOB O.OIT AVERAGE USING STUOENIIO(H/I.11) - -  SEE MAIN TEXT 

(SEE IDEOGRAM BELOW ; 

WEIGHTED Q U E R f l G E  = 0 . 0 0 9  i 0 . 0 2 0  

ERROR SCALED BY 1 .4  

. . . . . .  S~ ITH  7 5  WIRE 

. . . . . .  N I E B E R G Q  7 4  A S P K  

~ ' ~ ' "  . . . . . . . . . .  M R L L R R Y  7 3  D S P K  

- - ~  . . . . . . . . . .  H A R T  7 3  OSPK 

/ - - ~  . . . . . . . . . . .  F A C K L E R  7 3  D S P K  

. . . . . . . . . . .  6RAHAM 7 2  O S P K  

I I I  I . . . .  " A N N  7 2  HBC 

I - - ~ ' -  . . . . . . . . . .  B U R G U N  7 2  HBC 

/ I I " 1  . . . . .  WEBBER 7 1  HBC 

~--F-f--- . . . . . .  L ITTENBER 09  DSPK 

~ - -~  . . . . . . .  JAMES 08  HBC 

~ - . - F E L D M Q N  G? DSPK 

~ " ~  . . . . . . .  FRANZIN I  65  HBC 

/ ~ - I ~ "  " ' ~  . . . . .  A U B E R T  GS H L B E  

. . . .  B A L D O - C E  6 5  H L B C  

- 0 . 4  0 .0  0 .4  O .B  

REAL PART OF X {DELTR S = -DELTO Q AMP) 

CHISQ 

I.I 

4.8 

0.3 

0.1 

0.4 

4.4 

0.I 

9.I 

1.5 

0.3 

1.3 

1.0 

0 .0  

2 4  .G 

( C B N L E U  
=0 .017 )  

IMX IMAGINARY PART OF X iASSUMES MIKLI-M(KS) POSITIVE - -  SEE $13D) 
IMX C E52 -0 .44  0.32 0.19 BALDO--DE 65 HLBC K÷ CHARGE EXCHNG 3/68 
IMX 196 -O. Bl O . l l  0 .15 AUBERT 65 HLBC K+ CHARGE EXDHNG B/68 
IMX F 109 +0.24 0.40 0.30 FRANZINI 65 HBC PBAR P 3168 
IMX I t 6  O.O 0.25 FELDMAN 67 OSPR PI-R TO KO LMBDA 11/67 

IMX N 335 ( - 0 . 20 )  (0.101 HILL 67 OBC K~D Y[EEDS KOPP 11/67 
IHX 121 +0.22 O.BT 0.29 JAMES 68 HBC PEAR P 5/69 
IMX 68b -O . l l  O.IO O . l l  LITTENBER 69 OSPK K~N TO KOP 4/69 
IMX N 215 -O.BB 0.07 CHO 70 DBC K~D TO KOPP 10/70 
IMX U 222 (0 .12 I  (O.OBI I 0 . 09 )  BURGUN 71HBC K*P TO KOPPI÷ 2/72 
IMX 252 O.O .08 WEBBER 71HBC K-P TO KBAR N 10/69 
IMX U 410 O.O7 0.06 0.07 BURGUN 72 HBC K~P TO KOPPI÷ 1/73 
IMX 126 0.21 0.15 0.12 MANN 72 HBC K-P TO KOBAR N 9172 
IMX G 342 I -O.O4) TO.t6) MANTSCH 72 OSPK KE3 FROM KO LMB 2/72 
IMX O tO0 (0.121 (0 .17 )  I0.161 GRAHAM 72 OSPK KNU3 FROM KO tMB 2/72 
IMX G 442 0.05 0.13 GRAHAM 72 OSPK PI-P TO KO LMBDA 2/72 
IMX 1757 - 0 . 0 1 7  0 .060  FACKLER 73 OSPK KE3 FROM KD 9 /73  
IMX 1361 0.09 0.07 HART 73 OSPK KE3 FROM KO LMB 2/74 
IMX I079 0.107 O.092 0.074 MALLARY 73 OSPK KB3 FROM KO LM • 6/73 
IMX 4724 -0 .06  0.05 NIEBERGA 74 ASPK K*R TO KOPP[÷ 7/74 
IMX 79 --0.10 0.16 0.19 SMITH 75 WIRE PI-P TO KO LMBDA 8/76*  
IMX C BALDO-CE 65 GIVES X AND THETA.EONVERTED BY US TO REX AND IHX. 11/67 
IMX F FRANZINI 85 GIVES x AND 7HETA.FOR REX AND IMX SEE SCHMIDT 67. 11/67 
IMX N FTNGTE IB OF HILL 67 SHOULD READ ÷0.58.  NOT -0 .58  (PRIV.COMM.). 3168 
IMX N CHO 70 IS ANALYSIS OF UNAMBIGUOUS EVENTS IN NEW DATA AND HILL 67. 10170 
IMX U BURGUN 72 IS A FINAL RESULT WHICH INCLUDES BURGUN 71. 11/73 
IMX G SECOND GRAHAM 72 VALUE IS FIRST GRAHAM 72 VALUE COMBINED WITH 2172 
[HX G MANTSCH 72. 2/72 
IMX . . . . . . . . .  
IMX AVG -0 .00~  0.026 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l . I )  
IMX STUDENT -0 .005 0.027 AVERAGE USING STUDENTIDIHI I . I I I  - -  SEE MAIN TEXT 



Stable Particles 
Ko 

BARDON 58 ANP 5 156 
CRAWFORO 59 PRL 2 361 
ASTIER 61 AlL CONF 1 227 
F ITCH 51NC 22 1160  
GCOD 61PR 124 1223  
NEAGU 6 1 P R L  6 552 

ALSO 61JETP  13 1138  

CARERINI 62 PR 128 352 
DARHON 62 PL 3 57 

ADA IR  6~ PL 12 67  
ALEKSANY 6~ OUBNA 2 102 

ALSC 64 JETP 19 1019  
ANIKINA 64  JETP 19 42 
CHRISTEN 6~ PRL 13 138 
FUJII B4 OUBNA 2 146 
LUERS 6~ PR 133  B 1276  

ANIKINA 65 JINR P 2488 
ANDERSON 65 PEt I4 475 
ASTBURYI 65  PL 16 80 

ALSO 65 HELV.PH.AC.09 523 
ASTBURY2 65 PL 18 175 
ASIBURY3 65 PC XB 178  

AUSERT 65 PL 17 59  
ALSO 67 LOWYS 

BALDO-CE 65 NC 38 684  
CHRISTEN 65  PR 140 8 74 
FISHER 65 ANL 7135 83 
FITCH 65 PRL [5 73 

FRANZIN I  85 PR 140  B 127  
GALBRAIT 65 PRL 14 383  
GUIDON( 65 ARGONNE CONE 49 
HOPKINS 65 ARGONNE CONF 67 
VISHNEVS 65 PL iB 339 

ALFF-STE 66  PL 21 595 
AN IK INA  66 5JNP 2 339  
AUERBACH 66  PRL 17  980  
AUERBACH 66  PR 149 I052 

ALSO 85 PRL 14  192 
BALDO-CE 66 NC ~5A 735  
BAS1LE 66  BALATCN CCNF 

BEHR 86 PL 22 SAO 
BELLOTII 66 NC 45A 737 
BOTT-BOD 66 PL 23 277  
CANERINI 66 PR 150  1148  
CANTER 66 PRL 17 9~2 
CARPENTE 66 PR [42  871  
CHANG 66 PL 23 702  

CRIEGEE 66  PEt 17 150 
FIRESTON 68 PRL 16  556 
FIRESTON 66 PRL 17 116 
FUJ I I  66 PRL 13 253  

FUJ I ]  66 IS THE CORRECTED 
HAWKINS b6 PL 21 238 

ALS0 67 PR 156 1444  

JOVANOVI 66 PRL IT  1075  
KULYUKIN 66  BERKELEY 28 
MEISNER1 66  PRL 16 278  
MEISNEB2 66 PRL 17 492 
NEFKEN5 66  PL 19 706 
VERHEY 66  PRL 17  669  

BENNETT 87  PRL [ 9  993  
80TT-BO0  67 PL 5~8  194 
BOTT-B08 67  PL 2~B 438  

ALSO 66  PL 20 212  
ALSO 66 PL 23 277  

CANTER 67  THESIS 

CRONIN 1 67  PRL lB 25  
CRONIN 2 67 PRINC CONF( l l / 07 ]  
DEBOUARO 67 NC 52A 662  

ALSO 65 P t  15 56 
OEVLIN 67 PRL 18 54 

ALSO 68 PR 169 1045 

OORFAN 67  PEt  19 987  
FELDHAN 67 PR L55  1611 
FIRESTON 67 PRL lB 176 
FITCH 67  PR 16A 1711 
HAWKINS 67 PR 1B6 I~44 
HILL 67 PPL 19 668  

HOPKINS 67 PRL 19 185  
KAOYK 67 PRL 19 597  
KULYUKIN 67 PREPRINT 
LOWYS 67  PL 24B 75 
MISCHKE 67 PRL 18 138  
NEFKENS 6T PR 157 1233  
TODOROFF 67 THESIS 

ABRAMS 68  PR 176  1603 
ARNOLD 6B PL 288  56 
ARONSDN 68 PRL 20 287  

ALSO 69 PR 175 1708  
8ALATZ 68 PL 26B 320  
BARTLETT 68 PRL 21 558 

8AS ILE  68 P t  26B  5~2 
BASILE2 68 PL 288 58  
BENNETTI 68  PL 278 244 
BENNETT2 68 PL 278  2~8 
BLANPIEO 6B PRL 21 1650 
5UDAGOV 68 NO 57A IB2 

ALSO 68 PL 288 215  

CARNEGIE 68 PRINC I844 THESIS 
JAMES OB NP B8 385 

ALSO 68 PRL 21 257  
KULYUKIN 60 JETP 26  20  
KUNZ 68  THESIS (PU 46 )  
MELHCP 68 PR 172 1613 
THATCHER 66 PR 174  1674  

BANNER 69 PR IBB Z033 
ALSO 68  PRL 21 1103 
ALSO 68 PRL 21 1107  

REFERENCES FOR NOt 

M BASDDN,K LANDE,t LEDERMAN (COLUMBIA+BNL} 
CRAWFORD,CRESTI,DOUGLASS,GOOD + [LRLI 
ASTIER,BLASKOV[C,RIVET,SIAUD + (EPOL) 
V FITCH,P PIROUE,R PERKINS ]PRINCETON} 
GOOD,MATSEN,MULLER,PICCIENI,POHELL + (LRLI 
NEAGU,OKONOV,PETROV,ROSANOVA~RUSAKOV KJINR) 
NYAGU,OKONOV,PETROV,ROZANOVA,RUSAKOV (JINR] 

CAMERINI,FRY,GAIDOS,BIRGE,ELY * (WISC+LRL) 
J DARMON,A ROUSSET,J SIX (EPOL) 

R K AOAIR,L B LEIPUBER (YALE+BNL} 
ALEKSANYAN,ALIKHANYAN,VARTAEARYAN+ (EREVANI 
ALEKSANYAN+ (LEBEDEV+MOS ENG PHYS*EREVAN} 
ANIKINA,ZHURAVLEVA+ (GEORG ACAO SCI+ DUBNA] 
CHRISTENSON,CRONIN,FITCH,IURLAY (RRINCEION) 
FUJIItJOVANOVICH,TURKOT+ (BNL,MARYLAND,MIT( 
LUERS~MITTRA~WILLIS,YAMAMOTO (BNL }  

ANIKINAtVARDENGA,ZHURAVLEVA,KOTLYA+ (DUBNA) 
ANDERSGN,CRAWFORD,GOLOEN,STERN + (LRL+WISC) 
ASIBURY,FINOCCHIARO,BEUSCH + iCERN+ZURICH) 
M PEPIN 
ASIBURY,MICHELINItBEUSCH + (CERN+ZURICH) 
ASTBURY,HIEHELINI,BEUSEH • (GERN+ZURICH) 

AUBERT,BEHRtCANAVAN,CHOUNET+ (EPCL+ORSAY) 

BALDO-CEOLIN~CALIMANI,EIAMPOLICLO + (PADD)  
CHRISTENSON,GRONIN,FITCHITURLAY IPRINCETON} 
FISHER,ABASHIAN,ABRAMStCARPENTER+ (ILL) 
FITCH,MOTH,RUSS,VERNON (PRINCETON)  

FRANZ[NI,KIRSEH,PLANO + (COLUMBIA+ROTGERS) 
GALBRAITH,MANNING,JGNES + [AERE+BRIS+RHEL}  
+BARNES,FDELSCHE~FERBEL,FIRESTO+ (BNL+YALE) 
H W K H~PKINS,BACON,EISLER (VAND+RUTGERS( 
VISHNEVSKY,GALANINA,SEMENOV + I [TEP)  

ALFF-STEINBERGERtHEUERIRUBBIA + (CERN} 
ANIKINA, VARDENGA, ZHURAVLEVA+ (JINR) 
AUERBACH,MANN,MCFARLANE~SCIULLI (PENN) 
AUERBACH,DOBBS,LANDE,MANNtSCIULLI+ (PENNI 
+LANDE,MANN,SCIULLI,UTOtWHITE,YDUNG (PENNI  
BALOO-CEOLIN,CALIMANI~CIAMPOLILLO+ (PADUA}  
BASILEtCRONIN~THEVENET ÷ (SACLAV) 

+BRISSON,BALDD-CEOLINtAUBERT+ (PADO,EPOL} 
BELLOTT I ,PULL IA ,BALOO-CEOL IN+  (MILAN,PADUA( 
BOTT-BODENHAUSEN,DE BOUARD, CASSEL+ (CERNJ 
CAMERINI,CLINE,ENGLISH~EISCHBEIN+WISCONSIN 
+CHO,ENGLER,FISK,HILL + (CARNEGIE+BNL) 
CARPENTER,ABASHAN,ABRAMS,FISHFR (ILLINOIS] 
CHANG,BASSANO,KIKUCHI,DODD+ (SYRACUSE,BNL)  

+FOX,FRAUENFELDER,HANSON,MOSCAT+ [ILLINOIS( 
FIRESTONE,KIM,LACH~SANDWEISS+ [YALE,BNLI 
FIRESTONE,KIM, CACH, SANDWEISS+ (YALE,BNL] 
FUJII,JOVANOVICH,TURKOT,ZORN (BNL+MARYLAND) 
VALUE GIVEN BY JOVANOVICH+ 66 
C J B HAWKINS (YALE] 
C J B HAWKINS (YALE( 

JOVANOVICH,FUJII~TURKOT,ZGRN +(BNL+UMD+MIT} 
KULYUKINA,MESTVIRISHVILI,NEAGU,PETR+ (JINRI 
G W HEISNER,B B CRAWFORD,F CRAWFORD (LRCl 
G MEISNER,B ORAWFORB,F CRAWFORD (LRL) 
NEFKENS,ABASHIAN,ABRAMS~EARPENTER+ (ILL) 
VERHEY,NEFKENS,ABASHIAN+ TILL( 

BENNETI,NYGREN~SAAL,STEINBERGER +(COLUMBIA) 
BDFT-BDDENHAUSEN~DEBOUARD,CASSEL + (CERN( 
BOIT-BODENHAUSEN,DEBOUARD,BENKERS+ (CERN} 
BOTT-BOOENHAUSEN,DEBOUARD,CASSEL+ (CERN) 
BOTT-BODENHAUSEN,OEBOUARD,CASSEL+ ICERN) 
J.M. CANTER (CARNEGIE( 

+KUNZ,RISK,WHEELER [PRINCETON} 
+KUN2,RISK,WHEELER IPRINCETDN) 
DEBOUARD,DEKKERS,JORDAN,MERMOD + (CERN) 
8E BOUARO,OEKKERS,SCHARFF~ (CERN+ORSA+MPIM} 
DEVLIN~SOLOMON,SHEPARD~BEALL+ (PRIN+UMD} 
SAYER~BEACL~DEVLIN,SHEPHARO+ (UMD+PPA+PRINI 

OORFAN,ENSTROM,RAYMOND~SCHWARIZ +(SLAC+LRLI 
FELOMAN,FRANKEL,HIGHLAND~SLOAN (PENNI 
FIRESTONE,KIM,LACH, SANDWEISS~+ (YALE,BNLI 
FITCH,ROTH,RUSS,VERNON [PRINCETON) 
C J B HAWKINS (YALE} 
HILL~LUERS,ROBINSON~CANTER+ (BNL tCABNEGIE )  

HOPKINS,BACON,EISLER [8NL} 
KADYK,CHAN,DRIJARO~OREN,SHELDON [LRLI 
KULYUKINA+MESTVIRISHVILI+NEAGU + (JINR) 
LOWYS,AUBERT~CHDUNEF~PASCAUD+ (EPOL,ORSA} 
MISCHKEeABASHIAN,ABRAMS+ (ILLINOIS} 
+ABA5HIAN,ABRAMS,CARPENTER,~ISHER+ (ILLI 
JOHN A TODOROFF (ILLINOIS] 

÷ABASHIAN,MISCHKE,NEFKENS,SMITH+ (ILLINOIS) 
ARNOLD,BUDAGDV,CUNDY,AUBERT+ [CERN+ORSAY} 
S.H.ARONSON, K.W.CHEN (PRINCETON} 
S H ARONSON~ K W EHEN (PRINCETON) 
8ALATZ,BERE21N,VISHNEVSKY,GALANINA+ (ITEP) 
BARTLETT,CARNEGIE,FITCH+ (PRINCETON} 

BASILE,CRONIN, THEVENET,TURLAV+ (SACLAY) 
+CRONIN,THEVENET~TURLAY,ZYLBERAJCH+(SACLAY} 
BENNETT,NYGREN,STEINBERGER÷ (COLUNB[A÷CERN} 
BENNETT,NYGREN,STEINBERGER÷ (COLUMBIA+CERN) 
BLANPIED,LEVIT,ENGELS+ (CASE+HARV+MCGI) 
BUDAGOV,BURMEISTER, CUNDY+ (EERN,ORSA,IPNP} 
+CUNDY,MYATT,NEZRICK+ (CERN,ORSA,EPOC) 

R.K.CARNEGIE (PRINCETON) 
F JAMES, H BRIAND IIPNP,CERN) 
HELLAND,LONGO,YOUNG (UCLA,MICH] 
KULYUKINA,MESTVIRISHVILI,NEAGU+ (JINR} 
P E KUNZ (PRINCETON} 
MELHOP MURTY 50WLES,BURNETT+ (LA JOLLA) 
THATCHER,ABASHIAN,ABRAMS,CARPENTER + (ILL} 

+CRON[N,LIU,PILCHER )PRINCETON) 
BANNER,CRONIN,LIU,PILCHER (PRINCETON) 
BANNER CRONIN,LIU,PILCHER (PRINCETON( 
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Data Card Listings 
For notation, see key at front of  Listings. 

BE(LLIER 69 PL 30B 202 
BENNETT 69 PL 298 317  
BOHM 69 NP 89 605 

ALSO 68 PL 27B 321  

BOTT-BO0 69 CERN 69 -7  329  
CENCE 69 PRL 82 1210 
EVANS 69  PRL 23 427  
FAISSNER 69 PL 308  204  
FOETH 60 PL 30B 252 

GAILLARD 69 NO 59A 453 
ALSO 67 PRL 18 20  

GOBBI 69 PRL 22 585 
LITTENSE 69  PRL 22 654 
LONGC 69  PR 181 1508 
PAOIOTTI 69  THESIS ,UCRL  19446  
SAAL 69 THESIS 

ALBROW 70  PL 33B 516 
ARONSON 70 PRL 25  1057 
BAEMIN 70 PL 33B 377  
BASILE 70 PR D2 T8 
BUCHANAN 70 PC 33B 628 

BEILLIERE,BDUTANG,LIMCN [EPOLI 
+NYGREN,SAAL,STEINBERGER+ (COLU,BNL} 
+DARRIULAT,GRCSSO,KAFTANOV+ (CERN} 
BCHM,ORRRIULAT,GROSSO,KAFTANOV (CERN} 

BOIT-BODENHAUSEN,DE BOUARD,EASSEL+ (CEBN) 
CENCE,JONES,PETERSON,STENGER+ (HAWAI[,LRL] 
EVANS,GOLDEN,MUIR,PEACH+ (EDINBURGHtCERN] 
+FOETH,STAUDE,TITTEL÷ (AACH,CERN, TORI} 
+HOLDER,RADERMACHER + (AACHEN,CERN,TORINO) 

+GALBRAITH~HUSSRI~JANE+ [CERN~RHEL,AACHEN( 
+KRIENEN,GALBRAIIH, HUSSRI+ (CERN+RHEL+AACH] 
+GREEN,HAKEL,MOFFETT,ROSEN,GOZ+ (ROCH+RUTG( 
LIITENBERG,FIELD,PICCICNI,MEHLHOP÷ (UCSD) 
M J LONGO,K K YOUNG,J A HELLAND (MICH,UCLA} 
M A PACIOTT] ( LRL }  
H J SAAL [COLUMBIA} 

tASTON,BARBER,BIRDtELLISON + (MCMS÷DARE} 
+EHRLICH~HQFER,JENSEN÷ (EFI,ILLC,SLAC} 
+BARYLON,BORISOV,BYSHEVA+ ([TEP,JINRJ 
+CRONIN, THEVENT,IURLAY,ZYLSERAJCH + (SACL} 
+DRICKEY,RUDNICK,SHEPARD+ (SLAC,JHU,UCLA) 

ALSO PRIVATE COMMUNICATION, B. COX, FEB. 71 

BUOAGOV 70 PR D2 815  +CUNOYrMYATT,NEZRICK+ (CERNv ORSA,EPOt l  
ALSC 58 PL 288 215 +CUNDY,MYATT,NEZRICK+ (CERN,ORSAtEPOL] 

CHIEN TO PL 338 687 C-Y.CHIEN,COX,ETTLINGER * (JHU+SLAC+UCLA) 
ALSO PRIVATE COMMUNICATION, B. COX, FEB° 71. 

CHO 70 PR 01 5031 
ALSO 6T PRO I9 668 

CHCLLET TO PL BIB  658 
EULLEN 70 PL 328 523 
DARRIULA TO PL 338 249 
FAISSNER TO NC ?OA 5T 
JENSEN 70 THESIS 

ALSO 69 PRL 23 615  

MARX 70  PC 328  219  
ALSO 70 THESIS,NEVIS I79 

SCRIBANO 70  PL 32B 224 
SMIIH 70  PC 32B 133 
WEBBER 70 PR D1 1967 

ALSO 69 UCRL I9226 THESIS 

BALATS 71 SJNP 13 53 
BARMIN 71 PL 35B 504 
B I S I  7 1 P L  36B 533 
BURGUN 71LNC 2 1169  
CARNEGIE 71PR 04 I 
CHAN 7 [  LBt-350 THESIS 

CHIEN 71PL  35B 261 
ALSO 72 OALLY 

CHO T I  PR D3 1557  
CLARK 71PRL  26  E56T 

ALSE 70  UCRL 19TOg-THESIS  
ALSO 71UCRL  20264 -THESIS  
ALSO 74 SLAC-PUB-1498  

ENSTROM 71 PR 04 2629 
ALSO 70  THESIS (SLAC 125) 

MILL 71PR D4 7 
JAMES 71PL  358  285  
HEISNER 71PR DB 59 
PEACH 7 I  PL 3SB 351  

REPELL IN  71 PL 06B 600  
WEBBER 71PR D3 64  

ALSO 68  PRL 2 I  498  
ALSO 89 UCRL 19266-THESIS 

WOLFE 71 PL 3GB 517  

ALBROW 72 NP B~4 1 
ASHFORO 72  PL 38B 4T 
BANNERI 72 PRL 28  1597  
BANNER2 72 PRL 29 237  
BARMIN I  72 SJNP 15 636  
BARMIN2 72  SJNP 15 638 
BURGUN 72 NP 850  194  
CARNEGIE 72 PR D6 2335  

DALLY 72  PL 418  647  
ALSO 70  CHIEN 
ALSO 71CHIEN 

GRAHAM 72 NC 9A 166  
HOLDEB 72 PL 408 141 
JAMES 72 NP B49 t 
KRENZ 72  LNC 4 213  

MANN T2 PR D6 137  
MANTSCH 72 NC 9A 16D 
METCALF 72 PL 408 703 
NEUHOFER T2 PL 41B 642  
PICCIONI 72 PRL 29 1412 

ALSO 74 PR 09 2 9 3 9  
VOSBURGH 72 PR 06  1854  

ALSO 71PRL  26  866  

ALBROM 70 NP 858  22 
ALEXANDE 73 NP B65 301 
ANIKINA 73 P1-7539  COM*JINB 
BARBIELL  73 PL 43B 529  
BRANDENB 73 PR D8 1978  
CARITHEI  73 PRL 30  1336 
CARITHE2 7S PRL 31 1025 
EVANS 73 PR 07  36  

ALSO 69  PRL 23 427  

FACKLER 73 PRL 31 B4T 
FITCH 73 PRL 31 1524  

ALSO 72 C00-3072-15 
HART 73 NP 866 317 
MALLARY 73 PR DT 1953 

ALSO TO PRL 25 I ZL4  

MCCARTHY 73  PR D7 687  
ALSO 72 Pt ~2B 29[ 
ALSO 71 THESIS  LBL -550  

MESSNER 73 PRL 30  876  
PEACH 73 PL 408 441 
SANOWEIS 73 PRL 30 1002 
WILLIAMS 73 PRL 31 152I 

ALBRECHT 74 PL 4BB 393 

+DRALLE,CANTER,ENGLER,EISK+ (CARN,BNL,CASE} 
HILL,LUERS,ROBINSON,5AKITT + (BNL,CARN) 

+GAILLARD,JANE,RATCLIFFE,REPELLIN + [CERNI 
+DARRIULAT,DEUTSCH, FOETH + (AACH,CERNtTORI) 
+FERRERO,GROSSO,HOLDER + [AACH,CERN,TORIJ 
+REITHLER,THOME,GAILLARD+ {AACH,CERN,RHELI 
D.A .  JENSEN (EFT )  
JENSEN, ARONSONtEHRLICH,FRYBERGER+ [EFT(ILL} 

+NYGREN,PEOPLES,STEINBERGE+ICOLU,HARVtCERN| 
JAY MARX (COLUMBIA) 
+MANNELLI,PIERAZZINI,MARX+ (PISA,COLU,HARV] 
+RANG,WHATLEY,ZORN,HORNBOSTEL (UMD,BNL) 
+SOLMITZ,CRAWFORO,ALSTON-GARNJOST ( LRL }  
B R WEBBER (LRL} 

+BEREZIN,VISHNEVSNII,GALANINA÷ ( } IEP }  
+BARYLOV,VESELOVSKY,DAVIOENKO÷ ( ITEP}  
+OARRIULAT,FERRERO,RUBBIA+ (AACH,CERN~TORI) 
+LESQUOY,MULLER,PAULI+ (SACL+CERN+DSLO) 
+CESTER,FITCH,STROV[NKtSULAK (PRIN( 
J.HIONG-SING CHAN {LBLI 

+COX,ETTLINGER,RESVANIS+ IJHU,SLAC,UCLA} 

+DRALLE,CANTER,ENGLER,FISK+ (CARN,BNL,CASEI 
+ELIDFF,FIELD,FRISGH,JOHNSON,KERIH+ iLRL) 
ROLLAND JOHNSON (LR[) 
HENRY FRISCH ( LRL }  
R.C.FIELD (SLAC)  

+AKAVIA,COOMBES, DORFAN÷ (SLAC,STAN} 
J E ENSTROM (STANFO~OI 
+SAKITT,SKJEGGESTADtCANTER+ (BNL ,CARN,CASEI  
+MONTANET,PAUL,PAULI+ ICERN+SACL+OSLO) 
+MANN,HERTZSACH,KOFLER + [MASA+BNL+YALEI 
+EVANS,MUIR,BUDAGOV,HOPKINS+ (EDIN,CERN) 

+WOLFF,CHOLLET,GAILLARO,JANE+ (ORSA,CERNI 
+SOLMIT Z,CRAWFORD,ALSTON-GARNJOST (LEt) 
WEBBER,SOLMITZ,CRAWFORO,ALSTONGARNJOST(LRL} 
B R WEBBER (LRL} 
+CHOLLET*REPELLIN,GAILLARD+ (ORSA,CERN) 

+ASTON~BARBER,BIRD,ELLISON+ (NCHS+DARE) 
+BROWN,MASEK,MAUNGtMILLER,RUDERMAN* {UCSDI 
+CRONIN,HOFFMAN,NNAPP,SHOCHET (PRINCETON) 
+CRONIN,HOFFMAN,KNAPP,SHOCHET (PRINGETON} 
+OAVIDENKO, OEMIDOV,DOLGOLENKO+ (ITEP) 
+BARYLOV,DAVIDENKO,OEMIDOV+ ( I TEP ]  
+LESQUOY,MULLER,PAUL I ,+  (SACL+CERN+OSLO) 
+EESTER,F ITCHfSTROV[NK ,SULAK (PRINCETON}  

+INNOCENFI,SEPPI,CHIEN,COX+ (SLAC+JHU+UCLA) 

+ASASH1AN,JONES,MANTSCH,ORR÷ ( I LL+NEAS)  
+RAOERMACHER,STAUOE+ (AACH+CERN÷TORI }  
+MONTANET,PAUL ISAEfRE+  (CERN+SACL+OSLO} 
+HOPKINS ,EVANS,MUIR ,PEACH (AACH+CERN+EDIN}  

+KOFLER~MEISNER,HERTZBACH+ (MASA+BNL+YALE)  
+ABASHIAN,GRAHAR,  JONES,ORR÷ ( I LLeNEAS)  
+NEUHOFERtNIEBERGACL+ (CERN+[PN+WIEN)  
+NIEBERGALL~REGLER,STIER+ (CERN+ORSA+VIEN} 
+COOMBES,DONALDSON, DORFAN,FRYBERGER+ (SLAC} 
PIECIONI,DONALDSON + (SLAC+UOSC+COLOI 
+DEVLIN,ESTERLING,GOZ,BRYMAN + (RUTG,MASA) 
VOSBURGH,OEVLIN,ESTERLING,GOZ + (RUTG,MASA) 

+ASTONtBARBER,BIRD, ELLISON+ (MCHS+DARE) 
ALEXANDER,BENARY,BOROWITZILANDE+(TELA+HEID) 
+BALASHOV,BANNIK + (JINR) 
BARBIELLINItDARRIULAT,FAINBERG+ (CERN} 
BRANDENBURG,JOHNSON,LEITH,LOOS+ (SLACJ 
÷MOOIS,NYGREN,PUN,SCHWARTZ+ (COLU*CERN+NYU) 

• CARITHERS,NYGREN,GORDON+ (COLU+BNL+CERN} 
÷HUIR,PEAEH,BUOAGOV+ (EDINBURGH+CERN) 
EVANS,GOLDEN,MUIR,PEACH+ (EDINBURGH+CERN) 

+FRISEH,MARTIN~SMOOT,SOMPAYRAC (MIT) 
+HEPP,JENSEN,STROVINK,WEBB (PRINCETON) 
R.C.WEBB (THESIS} ]PRINCETON] 
+HUTTON,F[ELO,SHARP,BLACKMORE+ (CAVE+RHELI  
+BINNIE,GALLIVAN,GOMEZ,PECK,SCEULL] + (CITI 
SCIULLI,GALLIVAN,BINNIE,GOMEZ + (CIT) 

+BREWER,BUDNITZ,ENT[S,GRAVEN,MILLER+ (LBL) 
MCCARIHY,BRENER,BUDNITZ,ENTIS,GRAVEN+ (LBL) 
R.L .MCCARTHY (LBL )  
+MORSE~NAUENBERG,HITLIN + (COLO+SLAC÷UCSC) 
+EVANS,MUIR,HOPKINS,KRENZ (EDIN+CERN+AACHI 
+SUNDERLAND,TURNER,WILLIS,KELLER (YALE+ANL} 
+LARSEN,LEIPUNERtSAPP,SESSOMS+ (ONE+YALE) 

DUBNA*BERLIN+BUDAPEST÷PRAGUE*SERPUKH+SOFIA 
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Data Card Listings 
For notation, see key at front of  Listings. 

SIS) 74 PL 50B 504 
BOBISUT 74 LNC LI 646 
OONALDSX 74 PRL 35 554 

ALSO 74 DONALDSON 3 
ALSO 76 DONALDSON 

DONALDS2 74 PR 09 2960  
ALSO 73 PRL 31 537 

DONALDSS 74 SLAC IB4-THEBIS 
ALSO 76 DONALDSON 

GEWENIGZ 74 PL 48B 483 
ALSO 74 CERN INT. REPT. 

GEWENIG2 74 PL 48B 487 
ALSO 74 PL B~B I I 9  

GEWENIG3 74 PL 52B I08 
GJESDAL 74 PL 52B 113 

HILL 74 ITEM INT.CDNF.HEP 
MESSNER 74 PRL 33 1458  
NIEBERGA 74 PL 49B LOB 
WANG 74 PR 09 540 
WILLIAMS 74 PRL 33 240  
WOO 74 LNC 10 3B 

BALOOCEO 75 NC 25A 688 
BLUMENTH T5 PRL 3#  I b4  
BUCHANAN 75 PR DII  457  
CARITHER 75 PRL 34  1244 
SMITH 75 UCSD THESIS-UNPUB 

BIRULEV 76 SJNP 24. I78 
COOMBES 76 PRL 37 249 
DONALDSO 7b PR D14 2839  

ALSC 7# SLAC EB4-THESIS 
FUKUSHIM 76 PRL 36 3#8 
GJESOAL 76 NP BIO9 118 
REY 76 PR 013  I 161  

ALSO 69 CENCE 

CHO 77  PR D15 587  
CLARK 77 PR D I5  553  

ALSO 75 LBL -4275  THESIS  
OEVOE 77  PR D16 565 
PEACH 77  NP B iZ7  399 
SHOCHET 77 PRL 39 59 

ALEXANDE 62 PRL 9 69 
JOVANOVI 63 BNL CONF 4B 
STERN 64  PRL t 2  ~B9 
BEHR bE ARGONNE CDNF 59  
MESTVIRI 65 JINR P 2449 
TRILLING 65 UCRL 16475 

UPDATED FROM I965  ARGONNE 

GINSBERG 67  PR 162 1570  
RUBBIA 67 PL 24B 531  

ALSO 1 66  PL 20  207  
ALSO 2 66  PL 21 595  
ALSO 3 66  PL 23 167  

SCHMIDT 67 NEVIS  160(THESIG} 

CRONIN 68 VIENNA CONF P.2B1 
BECHERRA TO PR DI 145Z 

BISI,FERRERO (TORT) 
+HUZITA,MATTIOLI,PUGLIERIN (PADO) 
DCNALDSON,HITLIN,KFNNELLY,KIRKBY * ISLACI 

OENALDSON,FRYBERGER,HITLIN,LIU+ (SLAO÷UCSCI 
DONALDSON,FRYBERGER,HITLIN,LIU+ (SLAC÷UCSC) 
GREGORY J. DONALDSON (SLAO} 

GEWENIGER,GJESDAL,KAMAE,PRESSER÷ICERN+HEIOI 
VERA LUTH (THESIS-INT. REPT. 74-4] (HEIO) 
GEWENIGER,GJESDAL,PRESSER ÷ (CERN÷HEIDI 
GJESDAL,PRESSER,STEFFEN ÷ (CERN÷HEID) 
GEWENIGER,GUESDAL,PRESSER + ICERN~HEIO I  
*PRESSER,KAMAE,STEFFEN+ (CERN+HEID) 

+SAKITT,GNAPE,STEVENS,PARK+ (BNL÷SLAC÷SBER) 
÷FRANKLIN,MORSE,NAUENBERG+ (CDLD÷SLAC~UCSC) 
NIFBERGALL,REGLER,STIER + (CERN÷ORSA+VIENI 
+SMITH,WHATLEY,ZORN,HDRNBOSTEL (UMD+BNL) 
+LARSEN,LEIPUNER, SAPP,SESSDMS ÷ (BNL*YAEE) 
÷BUCHANAN,PEPPER (UCLA) 

BALOO-CEOLIN,BOBISUT,CALIMANI÷ (PADO÷WISC} 
BLUMENIHAL,FRANKEL,NAGY ÷ IPENN÷CHIC÷TEMPI 
4DRICKEY,PEPPER,RUONICK ÷ (UCLA÷SLAO÷JHU} 
CARITHERS,MODIS,NYGREN,PUN ÷ ICOLU+NYU) 
JAMES G. SMITH {UCSD) 

÷VESTERGOMBI,VDVENKO,VOTRUBA,GENCHEV÷IJINR) 
÷FLEXER,HALL,KENNELLY,KIRKBY ÷ (STAN÷NYU) 
DONALDSDN,HITLIN,KENNELLY,KIRKBY,LIU÷ISLAC) 
GREGORY J. DONALDSON (SLAO) 
FUKUSHIMA,JENSEN,SURKO,THALER÷ (PRIN+MASA) 
÷KAMAE,PRESSER,STEFFEN + (CERN+HEID) 
÷CENCE,JONES,PARKER ÷ (NDAM÷HAWA+LBL) 

eDERRICKeLISSAUERtMILLER,ENGLER÷ (ANL*CARN) 
+FIELD,HOLLEY,JOHNSON,KERTH,SAB,SHEN [LBL) 
GILBERT SHEN (LBL) 
+CRONIN,FRISCH,GROSSO-PILCHER÷ (EFI*ANL) 
+CAMERON + (BGNA+EOIN÷GLAS*PISA÷RHEL) 
+LINSAY,GROSSO-PILCHER,FRISCH + (EFI÷ANL) 

PAPERS NOT REFERRED TO IN DATA CARDS 

G ALEXANDER,S ALMEIDA,F CRAWFORD (LRL) 
JOVANOVIC,FISCHER,BURRIS + IBNL÷MARYLAND) 

STERNeBINFORD,LIND,ANOERSON + (WISC÷LRL) 
BEHR,BRISSON,BELLOTTI* (EPOL,MILA,PADO) 
NESTVIRISHVILI,NYAGU,PETROV,RUSAKOV÷ (JINR) 
GEORGE H TRILLING (LRL) 
CONF., PAGE I15. 

EDWARD S GINSBERG {U. MASS BOSTON) 
C.RUBBIA,J.STEINBERGER (CERN+COLU) 
ALFE-STEINBERGER,HEUER,KLEINKNECHT+ ICERN) 
ALFF-STFINBERGER,HEUER,KLE]NKNEEHT+ (CERN) 
C.RUBBIA~J.STEINBERGER (CFRN+COLU) 
P .  SCHMIOT (COLUMBIA) 

CRGNIN, RAPPORIEURS TALK 
T BECHERRAWY 

{PRINCETON) 
(ROCHI 

GINSBERG TO PR D[ 229 E S GINSBERG ( l I T  HAIFA) 
HEUSSE TO LNC 3 4#9 +AUBERT,PASCAUD,VIALLE (ORSAY) 
GINSBERG 73 PR OB 3887 E S GINSBERG~ J SMITH IMIT÷STON) 
KLEINKNE 76 ARNS 26 1 K. KLEINKNECHT (DDRT) 

Charmed Particles 

Since this is the first full edition of the 

Review to contain charmed particles, we need to 

describe the placement of the charmed particle 

information within the Data Card Listings. As 

always, the Listings are divided into three groups 

according to particle type: 

i) Stable Particles, immune to decay via 

the strong interaction; 

2) Meson Resonances; 

3) Baryon Resonances. 

The charmed particle listings are fit into this 

scheme as follows: 

D,F + Stable Particles following K 

A + ÷ Stable Particles following ~- 
c 

Charm Searches + Stable Particles at end 

D*, F* + Mesons following strange mesons 

Ec ÷ Baryons following strange baryons . 

Stable Particles 
K ° CHARMED PARTICLES L, 

In the Charm Searches section we give negative 

search results, as well as positive results such 

as emulsion tracks which can be interpreted as 

charm but cannot be classified as one of the 

particles named above. 

There are many excellent reviews of charm. 

A few which give a theoretical overview are listed 

in references 1 and 2. Reference 3 is a thorough 

recent experimental review. Others, related to 

specific particles or searches, are listed in the 

appropriate reference sections below. 

Charm is described by the standard GIM model 4 

with four spin-i/2, fractionally-charged, baryon 

number B = 1/3 quarks with quantum number assign- 

ments as follows: 

Quark Q I3 S C 

u 2/3 1/2 0 0 

d -i/3 -1/2 0 0 

s -1/3 0 -i 0 

c 2/3 0 0 1 

where the charge is related to the third component 

of the isospin, baryon number, strangeness, and 

charm by 

Q = 1 3 + ½(B+S+C) 

The conventional model for describing the 

weak interactions involving these quarks and 

leptons is a Weinberg-Salam theory 5 with left- 

handed weak isodoublets 

lie> I:> I:> 
and right-handed weak isosinglets. Here 

d' = d cos0 + s sin@ 

s' = s cos@ - d sin8 , 

where 8 is the Cabibbo mixing angle (sin2@ ~ 0.055). 

Then, following Jackson's (Ref. i) shorthand nota- 

tion, the weak interaction has a current-current 

structure 

G 
J J% with J = JC + JN ' H 

w V~- 

where the charged and neutral currents are 

= ~e e + %~ + ~ (d cos@ + s sin@) JC 

+ c (s cos@ - d sin@) 



Stable Particles 
CHARMED PARTICLES, CHARMED D's 

JN = ~eVe + ~V - ee - H~ + uu + cc - dd - ss 

ignoring the Lorentz group structure. Thus only 

the charged current has terms which change charm, 

and the Cabibbo-favored transition is to a strange 

quark (c÷s), giving AC=AS. 

The particles entering the charmed particle 

listings are believed to have the following quark 

composition: 

D+,D *+ ~ c 

D°,D *0 ÷ c 

F+,F *+ ÷ c 

A~,E c ÷ cud 

The lowest lying states, D, F, and A c, should 

decay weakly. The Cabibbo-favored transition 

(c ÷ s) then leads to the expectation that D final 

states contain K, that F final states contain KK 

or are non-strange, and that A + final states 
c 

contain A, E, or pK. 
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Data Card Listings 
For notation, see key at front of  Listings. 

D ± D o (1863), (1868), and D*(2010) 

Note that D and D* are used throughout this 

review to mean the apparently charmed states at 

~1865 MeV and ~2010 MeV, respectively, and should 

not be confused with the uncharmed D(1285) meson. 

There is very strong evidence for the charm 

interpretation of the narrow K~, K2~, K3w states 
+ - 

observed in e e collisions at SPEAR. In agreement 
1-3 

with the expectations for charmed mesons, the 

following are observed (see data cards and refer- 

ences in the D and D* Data Card Listings): 

a) The D state appears to be produced only 

in association with equal (~1870 MeV) or 

higher mass states. Electromagnetic 

production of charm via a massive virtual 

photon would produce charm-anticharm pairs. 

b) The D + decays via the exotic charge mode 
-++ ++- 

K ~ ~ and not K ~ ~ . A charmed charge- 

plus (cd) meson decays weakly to an 

uncharmed negative strangeness state as 

expected for ac = AS. 

c) The observed decay modes of the D are 

cabibbo-favored (strange). The Cabibbo- 

suppressed modes (c + d, AS = 0) are not 

observed within present statistics. 

d) An excited state appears at ~2010 MeV 

in agreement with mass predictions. 4 

e) The masses suggest that the D states and 

D* states are isospin multiplets. There 

are two distinct neutral states as is known 

from the D~D 0 mixing studies (see D O 

branching ratio R9 section), suggesting 

the isodoublet structure (D+,D 0) and 

(D-,D 0) as expected for charmed nonstrange 

mesons (cd, cu) and (cd, cu). 

f) Parity violation indicates that the ground 

state decays weakly. Charm conservation 

prevents strong decay. 

g) Semileptonic decay modes are observed 

as would be expected from elementary 
+ 

processes such as c + se ~e- 

The published data and references are listed 

D ± D O in the and sections below and in the D*(2010) 

sections of the Meson Data Card Listings. These 

data are summarized in the Tables at the beginning 
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Data Card Listings 
For notation, see ke3~ at front of Listings. 

Stable Particles 
CHARMED D ' s  D ± D O 

of this report. For a thorough recent review of 

the data see reference 5. 
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31  CHARGEO 0( 1868, JR=O-) I= I12  

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

31 CHARGED D MASS (MEV~ 

N L 50 (1876 . )  (15.1 PERUZZI  76  SMAG +-  K+ -P I÷ -P I÷ -  1177 .  
M tp  I IBTA . I  (5 .1  GOLDHABER 77 SNAG +-  DO,D+ RECOIL SPC 12 /77 '~  
M 1888 .3  0 .9  PERUZZI  77  SHAG ÷ -  E÷E-  3 .77GEV ECM 12177#  
M L (EE74 . )  (E l . )  PICCOLO 77  SHAG E+E-4 .03 .~ .41ECM 1/78=~ 
M L VALUES WITH LARGE ERRORS NOT AVERAGED. 
M P ERROR DOES NOT INCLUDE 0.13 PERCENT UNCERTIANTY IN THE ABSOLUTE 3 /78 *  
M P SPEAR ENERGY CALIBRATION. USES M(PSI)=30g5 MEV. 3178# 

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

31 (D÷- I  - COOl MASS DIFPERENCE (MEV) 

DR P 5 .0  0 ,8  PERUZZI 77  SHAG ~ E+E-  3 .77GEV ECM 3 /78~  
DR P NOT INOEPENDENT OF PERUZZI 77 D÷- AND DO MASSES. 3 /78*  

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

31 CHARGED D WIDIH FROM MASS SPECTRUM IMEV} 

W P 50 90. OR LESS CL=.DO PERUZZI 76 SMAG ÷-  K -÷P I+ -P I+ -  1/77~ 
WW P 7 .  OR LESS PERUZZI  77  SMAG E+E- 3 .TTGEV ECM 3178 "  

P PERUZZI WIDTHS ARE CONSISTENT WITH THEIR EXPERIMENTAL RESOLUTION. 1177. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~_ - -  

31 EVIDENCE FOR WEAK DECAY OF 0 

WK 70 wiss T~ I/T7* 
WK WISS 7G,  USING A SAMPLE OF ABOUT TO D+- - ->  K-+ P I+ -  P I * -  I / T7 *  

EVENTS WHICH INCLUDE IHE PERUZZI 76 EVENIS~ FINDS THAT THIS FINAL 1177. WK 
WK ~TATE IS INCOMPATIgLE WITH NATURAL SPIN AND PARITY. THE NATURAL I /T7~ 
WK SPIN PARITY FINAL STATE IN DO - ->  K- PI+ IGOLOHABER 76l INDICATES [177 .  
WR PARIIY VIOLATION IN THE D+- AND DO DECAYS IF BOTH ARE MEMBERS OF I /TT*  
WK THE SAME IBOMULTIPLET AS SUGGESTED BY THEIR SIMILAR MASSES. 1177~ 
RK THIS SUGGESTS A WEAK DECAY AND CONSEQUENTLY A NARROW WIDTH OF ORDER 1 /77"  
WK EO~*13  SEC- [  OR IO* * -8  REV. 1177*  

31  CHARGED D PARTIAL DECAY MODES 

PI 01-- INTO K-÷ PI+-  P I t -  
P2 0+- INTO KO P I+ -  
PB D+- INTO P I+ -  PI+ P I -  
P~ O* -  INTO P I¢ - -  K+ K -  
P5 D* -  INTO K~ PI *  P I -  
R6 D~  INTO E÷ -  NUE 
P7 0~  INTO E+-- ANYTHING 

DECAY MASSE S 
493÷ 139+ 139 
497÷ 139 
139+ 139+ 139 
139+ 4 9 3 ~  493  
493+ I 39÷  139 

• 5÷ O 
• 5÷ 0 

31 CHARGED D BRANCHING RATIOS 

RI Of- INTO (K-+ P I÷-  PI*--I/TOTAL (P l l  
R I  E5 0 °039  O .O lO  PERUZZI  77  SMAG E÷E= 3 .77GEV ECM 12 /77~  

R2 0÷- INTO |KO PI t - I /TOTAL (PZ )  
R2 17  O.DEE 0 .006  PERUZZl  77  SHAG E+E-  3 .77GEV ECM 12177*  

R3 D+- INTO IKO P I+ - I I IK -+  P I÷ -  P I~ )  (Pg ) / (P I ]  
R3 P .45 OR LESS CL=.9O PICCOLO 77 SMAG *- E.E- 4.03GEV ECM 12/77.  
R3 P OBTAINED FRDH SIGMA~BR VALUES OF TABLE I .  12177*  

R4 DP INTO (PI~-- PIe PI -SICK-+ P I+ -P I+ - I  (PS I I (P I )  
R4 P .08 OR LESS CL~.90 PICCOLO 77 SMAG ~ E+E ~ 4.03GEV ECM 12/77" 
R4 P OBTAINED PROM SIGMA=DR VALUES OF TABLE I .  12177* 

R5 0+- INTO (PI  ÷-  K+ K - ) I IK~ *  P I~  P I÷ - )  (PA I I [P l l  
R5 P .15 OR LESS CL~.90 PICCOLO 77 SMAG +- E+E- 4.03GEV ECH 12/77 = 
R5 P OBTAINED FROM SIGMA~BR VALUES OF TABLE I .  12177= 

R6 0÷- INTO (K+- P I t  P I - I / IK -÷  P I÷-  P I+ - )  (PS) / (P1}  
R6 P .05 OR LESS CL=.DO PICCOLO 77 SNAG +- E+E- 4.03GEV ECM I2/77~ 
R6 P OBTAINED FROM SIGMA*BR VALUES OF TABLE I .  I 2 / 77 .  

R7 (0÷-  INTa E+- NUE(/(D÷- TO E+- ANYTHING ÷ DO TO E÷- ANYTHING) 12/77" 
R7 0.10 OR LESS CL=.PO BRANOELIK 77 DASP E+E- 3.99-A.OB GEV 12/77" 

R8 D+- AND 00 INTO (E÷- ANYTHINGI/(TDTAL D+- AND DOI IPT }  1/78, 
R8 0.16 0.03 BRANOELIK 77  DASP E+E- 3 .99 -4 .08  GEV I178*  
R8 0.072 0.028 FELLER 78 SMAG E÷E- 3.712 GEV ELM 2 /?8*  
R8 O . I i  0.02 BACINO 78 SPEC E÷E-  3.772 GEV EEM 3 /78 *  
RE . . . . . . . . .  
R8 AVG 0.098 0.014 AVERAGE (ERROR INCLUDES SCALE FACTOR OF i .O ]  
R8 STUDENT 0.098 0.016 AVERAGE USING SIUDENT10(HIl.111 - -  SEE MAIN TEXT 

GOLDHABE 76 PRL 37 255 
PERUZZI 76 RRL 37 569 
WISS Tb PRL 37 1531 
BRANOELI 77 PL 708 387 
GDLDHABE 77 PL 698 803 
PERUZZI 77 PRL 39 I3O[ 
PICCOLO 77 PL 708  260  
BACINO 78 PRL 40 671 

FELLER 78 PRL ~O 279  

GOLDHABER,PIERRE,ABRAMS,ALAM+ (LBL+SLAC} 
÷PICCOLO,FELDMAN,NGUYEN,WISS÷ (SLA6~LBL) 
+GOLDHABER,ABRAMS,ALAM,BOYARSKI÷ ILBL÷SLAC) 
BRANDELIK ÷ (AACH÷DESY÷HAMB÷MP[M÷TOKY) 
GOLOHABER,WISS,ABRAMS,ALAM ÷ (LBL÷SLAC) 
+PIECOLO,FELDMAN÷ (SLAC*LBL+NWES+HAWA) 
+PERUZZI,LUTHtNGUYEN,WISS,ABRAMS÷(SLAC~LBL) 
+BAUMGARTEN,EIRKWOOD ÷ (SLAC+UCLA+UCI) 

÷LITKE,MAOARAS,RONAN÷ (LBL÷SLAC÷NWES÷HAWA} 

32  NEUTRAL DI I863,JP=O-)  I= i12  

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

32 NEUTRAL D MASS {MEV) 

M L 239(1865.)  ( 15 . I  GDLDHABER 76 SMAG CHGD K P[ AND K 3Pl 1/77~ 
M 1863. 3 .  GOLDHABER 77 SMAG DO,D÷  RECOIL SPC 12/77-  

P 1863oS 0.9 PERUZZI 77 SNAG E÷E- 3.TlGEV EEM 12177~ 
L (1868. }  E l i . )  PICCOLO 77 SHAG ÷-  E+E-4.O3,4.41EEM I /TO* 

M L VALUES WITH LARGE ERRORS NOT AVERAGED. 
M P ERROR DOES NOT INCLUDE 0.13 PERCENT UNCERTIANTY IN THE ABSOLUTE 3 /78*  
M P SPEAR ENERGY CALIBRATION. USES MIPSI}=3095 MEV. 3 /78e  

AVG 1863.28 0.86 AVERAGE (ERROR INCLUDES SCALE FACFOR DF 1.01 
M STUOENT1863.28 0.93 AVERAGE USING STUDENTIO(H/E.II} - -  SEE HAIN TEXT 

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

32 NEUTRAL g WIDTH FROM MASS SPECTRUM (MEV} 

W 254 40. OR LESS GOLDHABER 76 SNAG CHGO K PI AND K 3PI i177"  
W 30 2.0 DR LESS EL=.90 FELOMAN 77 SMAG D=÷ 70 DO PI+ 8 /77*  
W WIDTHS ARE CONSISTENT WITH EXPERIMENTAL RESOLUTION. SEE NOTE ON 3177~ 
W WEAK DECAY IN CHARGED O SECTION &DOVE. 3 /77~  

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

DECAY MASSES 
P1 00 INTO K- PI÷ 493÷ 139 
PB 00 INTO K- PI+ PI+ P I -  493÷ I89+ 139+ 139 
P3 00 INTO KO PI÷ P I -  497+ 159+ 139 
P4 DO INTO KO PI+ P ] -  P]÷ P l -  497+ 189+ 189+ I39÷ 
P5 00 INTO P I -  Pl+ 139÷ 139 
PG DO INTO K+ P l -  (VIA DOBAR) 493÷ 139 
PT DO INTO K+ K-- 493+ 493 
PB DO INTO K- PI÷ PIO 493÷ 139+ 134 
P9 00 INTO KO PIO 497+ 134 
PIO 00 INIO E÷- ANYTHING .5÷ .5 
PIP DO INTO UNMEASURE~ MODES ( I .  - MEAS.MODES) 

DOBAR MODES ARE CHARGE CONJUGATES OF ABOVE MODES 

B I T T E D  P A R T I A L  D E C A Y  MODE DI~ANCHLNG F R A C T I O N S  

The  ~ t r i x  b e l o w  i s  d e r i v e d  f r o m  the  e r r o r  m a t r i x  f o r  t he  f i t t e d  p a r t i a l  d e c a y  m o d e  

b r a n c h i n g  £ r a c t i o n s ,  P i '  a s  f o l l o w s :  The  d i a g o n a l  e l e m e n t s  a r e  P I ± E P i  , w h e r e  

6P  i = . . ~  w h i l e  t he  o f f -d i a~on&l  e l e n ~ e n t s  a r e  the  no rn~a l imed  c o r r e l a t i o n  c ~ e f f i -  

eients <5 PiBpj>/(Ep i . 6Pj}. For the defin(tiona of the individual Pi' seethe listings 

~bove; oT~lythose P( appearing in the ~trix are assumed in the fit to be nonzero and 

are thus constrained to add to I, 

.01E~+~.0o49~- P g P 3 P E P19 
P I 
P 2 . 5052  . 0350+ - . 0092  
P 3 .2891 .08BE .0438+-.0Eli 
P 8 O. .1200÷-.OBOO 
P19 ~ :1791  ~ :EB73  - . 2E28  - . 9597  . 7B28 . - . 0628  

32  NEUTRAL D BRANCHING RATIOS 

R1 00  INTO [K -  P I+ I /TOTAL  [PZ )  
R [  180  0 .O22  0 .0O6  PEEUZZI 77  SHAG E+E-  3 .77GEV ECM 12 /77 .  
R1 . . . . . . . . .  
El FIT 0.0184 0.0049 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 

R2 DO INTO (K-  P I *  PI+ PI- I /TOTAL (P2) 
R2 44 0.032 0.011 PERUZZI 77 SHAG E+E- 3.77GEV ECM [2177.  
E2 . . . . . . . . .  
R2 FIT 0.0350 0.0092 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 

RS 00 INTO (KO PI÷ PI-- I / IOTAL (P3 )  
R3 28 0.040 0.015 PERUZZI 77 SHAG E+E- 3.77GEV ECM 12/77~ 
R3 . . . . . . . . .  
R3 FIT 0.044 O.OI I  FROM FIT tERROR INCLUDES SCALE FACTOR OF [ . 0 |  

R4 DO INTO IX -  PI+ PI+ P l - ) / IK -  PI+)  (P2 ) / (P I }  
R4 P 2L4  2.2 0.8 PICCOLO 77  SMAG E÷E-4.O3,A.41ECM 12 /77 *  
R4 P THIS CHANNEL DOMINATED BY K-- PI÷ RHO0 I85+-15 PERCENT). I2177= 
R4 P K~ PI÷ P I -  AND K- A2+ CONSISTENT WITH O, K* RHO0 FRAC IS O.L÷-O. I  . 12/77" 
R4 . . . . . . . . .  
R4 FIT i . 9 I  0.59 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)  

R5 00 INTO (KO PI÷ P I - ) I (K -  PI÷)  (P3 ) / IP1 )  
RE l l 6  2 .8  1.0 PICCOLO 77 SMAG E÷E-4.0B,4.AIECM 12/77# 
R5 . . . . . . . . .  
R5 FIT 2.39 0.74 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I .O )  



Stable Particles 
D O , CHARMED F's,  F ±, p, n 

Rb CO INFC IPI-  PI+I/(K- PI+) (p5I / (P l ]  
RB 0.07 DR LESS 6L=.9O PICCOLO 77 SNAG E*E- 6.03 GEVECM 12177* 

R7 DO INTO (K+ K- I / tK -  Pl+) IPT I I (P1 )  
RT 0.07 OR LESS CL=.90 PICCOLO 77 SMAG E+E- 4.03GEV ECM 12/77~ 

RB DO 1NTC [KO P i t  Pl- PI+ pI-)ITOTAL (PA) 
RB POSSIBLY SEEN KNAPP 76 SPFC PHOTOPRODUCTION 3177" 

R9 DO INTO (K+ PI -  V IA  DOBARII(K P l )  (pS)I(PI+PS) 
R9 THIS IS THE DO-OOBAR MIXING LIMIT 
R9 0.[6 OR LESS CL=.?O FBLDMAN 77 SMAG D~+ TO DO PI+ 3177. 
R9 0.I8 OR LESS CL=.DO GOLDHABER 77 SMAG 12/77= 

RID DO INTO (~- Pl+  PIDIITGTAL (p8 |  
RIO 7 0.I2 0.OB SCHARRE 78 SMAG E+E- 3.77 GEV 1/78" 

BIB . . . . . . . . .  
RIO FIT O. i2O 0 . 0 6 0  FROM FIT (ERROR INCLUDES SCALE FACTOR OF I.O) 

R I I  DO INTO (KO PIO)/TOTAL (PB} 
Rl l  0.06 OR LESS CL=*~D 5CHARRE 78 SNAG E+E- B.7T GEV 117B~ 

R[2 DO INTO ALL UNMEASURED MODES I TOTAL (p19) 
RIE THIS IS JUST I.-(SUM OF ALL MEASURED MOOESI FROM PIT 

R12 . . . . . . . . .  
RI2 FIT 0 .783  0 .063  FROM FIT 

REFERENCES FOR NEUTRAL D 

GOLEHAEE 76 PRL 37 255 GOLDHABE~PIERRE,ABRAMS,ALA~+ (LBL~SLAG) 
KNAPP 76 BNL CONF. B.KNAPP (COLU) 
FELDMAN 77 PRL 38 13 [3  +PERUZZI,PICCOLO,ABBAMS,ALAN + (SLAC+LBL) 
G~LCHABE 77 PL 69B 503 GOLDHABER,WISS,ABRAMS,ALAM ~ (LBL+SLAC) 
PEBUZZI 77 FRL 39 [3O[ +P]CCOLO~FELDMAN+ (SLAC+LBL+NWES+HAWAI 
PICCOLO T7 PL 7OB 260 +PERUZZIfLUTH,NGUYEN,WISS,ABRAMS+(SLAC+LBL) 
SCHARRE 78 PRL ~0 74 +BARBARO-GALTIERI + [SLAC+LBL+NWES+HAWA) 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS 

NGUYEN 77 PRL 39 26Z +WISSvABRAHS~ALAM,BOYARSKI+ [LBL+SLAC)J 

+ 

F - ( 2 0 3 0 )  and  F *-+(2140) 

The only published evidence for the existence 

of the charmed-strange F meson states comes from 
+ - 

BRANDELIK 77. They observe events in e e colli- 

sions at 4.4 GeV each having a low energy photon, 

two other photons with a yy mass in the q region, 

and a c h a r g e d  p i o n .  They f i n d  f o u r  e v e n t s  w i t h  

negligible background which fit the hypothesis 

+ - + - F* e e -~ FF* or e e ÷ F'F*, ÷F~, F+~, and 

~+~y with consistent F and F* masses. These data 

are entered into the Data Card Listings below and 
+ 

in the F*-(2140) section of the Meson Data Card 

L i s t i n g s ,  b u t  a w a i t  c o n f i r m a t i o n  b e f o r e  e n t r y  i n t o  

the Tables. 

F ~  36 F+-IBQBO,JP = ) 

NEEDS CONFIRMATION. 
CMITTED FROM TABLE- 

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

36 F+-(203O) MASS [MEV) 

M 4 2030.  60 .  BRANDELIK 77 DASP + -  E+E- ECM=BGEV 12 /77 "  

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

36 F+-(2O3O) PARTIAL DECAY MODES 

DECAY MASSES 
139+ 548 Pl F+- INTO PI+- ETA 

REFERENCES FOR F+-(2O3O) 

BRANOELI 77 PL 70B 132 BRANDELIK + (AACH+OESY+HAMB+MPIM+TOKY) 

pgOTON(qBB. J= t / 2  ] 1=112 16 

. . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

16 PROTON MASS (MEV] 

[938.256) iO.OOB) COHEN 65  RVUE 7 /66  
( 938 .2592 )  10 .0052 I  TAYLOR 69 RVUE USING NEW E/H 7/70 

M 938.B796 0 .0027  COHEN 73 RVUE 3 /7~  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of  Listings. 

16 PROTCN MEAN L IFE  (UNITS 1 0 ~ $ 2 6  YR) 

T (.OOOOOIIOR MORE GOLDHABE 54 TH Z32 FISS.MGDE INOEPEN 
T [O.OO210R MORE FLEROV 57 TH 232 FISS.MODE INDEPEN 
T B ( [ .E)  DR MORE BACKENSTO 60 CNTR 
T B (60.0) OR MORE KRGPP 6 5  CNTR 
T (200.0) OR MORE GURR 67 CNTR DEF. ON DECAY MODE 
T (1300.0) OR MORE BERGAMASC 74 CNTR I Z / 7 5  
T B E BOOOO.O OR MORE REINES 7A CNTR 12175 
T XROPP AND BACKENSTOSS SENSITIVE TO PARTICULAR DECAY MODES OF PROTON 
T R REINES 74 LOOKS AT DECAY CHAINS ENDING IN MUON DECAY. I2/75 

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

16 PROTON MAGNET. MOMENT(EI2MP) 

MM [2.79276] (.00002) COHEN 65 RVUE 
MM (2.792782I(.000017) TAYLOR 69 RVUE USING NEW EIH 7170 
MR 2 .7928456  .0000011 COHEN 73 RVUE 3 /74  

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

16 ANTIPROION MAGNETIC MOMENT (E/2MP) 

MMl 0 (-1o8) (1.2) BUTTON 62 CNTR 
fiR1 R ( - 2 . f iB (  TO.lOt FOX 7B CNTR [ [ 175  
MM1C R -2.819 O.OBb ROBERTS 7# CNIR 7175 
MR[ OLD EXPERIMENT WITH LARGE ERROR. NOT AVERAGED* 
MMI R ROBERTS 74 IS REANALYSIS OF FOX 72 DATA. REPLACES OLD FOX VALUE. 7/75 

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

Ib PROTON ELECTRIC DIPOLE MOMENT (UNITS [ 0 " * - 23  E CM} 
NONZERO VALUE IMPLIES VIOLATION OF F AND P IN EM INTERACTION 

EDM [G 700.  900 .  HARRISON 69 MBR 10169 
EDM BLOOD. OR LESS KHRIPLOVI 76 I178" 

REFERENCES FOR pROTON 

GOLDHABE 54 PR 96 1[57 FNOTE2 GGLDHABERtF REINES+ (LOS ALAMOStBNLI 
FLEROV 57 SOY PHYS DOK 3 79 FLEROV,KLOCHKOV,SKOBKINeTERENTEV (USSR) 
BACKENST 60 NC 16 769 BACKENSTGSS~FRAUENFELDER,HYANS + (GERM) 
BUTTCN 62 PR 127 [297 J 8UTTONtB NAGLIC (LBL) 
COHEN 65 RMP 37 537 +DUMOND IN.AMEN.AVIATION 5CIENCD C~NT . ,C IT )  
KROPP 65 PR 137 B 760 W R KROPPvF REINES (CASE INST TECHNOLOGY) 
GURR 67 PR 158 1 3 2 1  GURR~KROPP,REINES,MEYER (CASEIJDHANNBSBURG( 

HARRISON 60 PRL 22 1263 HARRISON,SANDARSIWRIGHT (CLARENDON OXFORD) 
TAYLOR 69 RNP 61 375 +PARKEReLANGENBERG (PRIN+UCI+PENN) 
FOX 7E PRL 2B 193 +BARNES,EISBNSYEIN+IBNL+CARN+VPI+WILL+WYONI 
COHEN 73 J.PHYS.CHEM.REF=DATA 21P.66B~ E.R.COHENtB.N.TAYLOR 

BERGAMAS 74 LNC I t  636 BERGANASCO,PICCHI (TORI+FRAS) 
REINES 76 PRL 32 693 +CROUCH (UCI+CASEI 
ROBERTS 76 PRL 33 I IB l  +COX, ECKHAUSE+ (WILL+VPI+CARN+WYON+CIT+BNLI 

ALSO 7B PR 012 I 2 3 E  ROBERTS,COX + [NILL+VPI+CARN+WYON~CITtBNL) 
KHRIFLOV 76 JETP 64 25 I.B.KHRIPLOVICH (NUC.PHYS.INST.,SIBERIA) 

QUANIOM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS 

KALOGER~ 76 PRL 37 1037 ~ALDGERQPOULOStCHIU~SUOARSHAN (SYRA+TEKA|P 
FRANKLIN 77 PR D16 910 JERROLD FRANKLIN (HA IF )P  

17 NEUTRON(q39,J= [ /2 )  1 = 1 1 2  

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

17 NEUTRON MASS (MEVI 

M T [939.BE27) (0.0052) TAYLOR 69 RVUE USING NEW EIH 7170 
M T 939 .573 I  0 . 0027  COHEN 7B RVUE 3 /76  

THESE DETERMINATIONS OF NEUTRON MASS NOT INDEPENDENT OF 7 /70  T 
T NEUTRON-PROTON MASS DIFFERENCE MEASUREMENTS BELOW. 7•70 

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

I7 (NEUTRON) - (PROTONI MASS DIFFERENCE (MEV) 

O M (1 .29364 I (0 .00007 I  MATTAUCH 65 RVUE 3 /71  
0 1 .293629  0 .000036  COHEN 73 RVUE 3 /76  

M WE HAVE CONVERTED MATTAUCH NEUTRON-HYDROGEN MASS DIFFERENCE TO 317[ 
M NEUTRON-PROTON MASS DIFFERENCE USING CURRENT VALUE OF ELECTRON MASS 3171 

O M AND A HYDROGEN BINDING ENERGY OF 13.6 EV. 3171 

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

17 NEUTRON MAGNETIC MOMENT (MAGNETONS.9BB.2 MEV} 

MM (-I.913168 O.OOOObb) COHEN 56 RVUE 7•66 
MR -1 .913062110.OOOOOOB8 GREENE 77 3178 .  

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

[ 7  NEUTRON ELECTRIC DIPOLE MOMENT (UNITS lO~ -B3  E CM) 
TEST OF CP OR T VIOLATION IN THE EM INTERACTION 

EDM M [ - 20 . )  I 30 .1  MILLER 67 MRS [ / 7B~  
EDM +2~.  39 .  3HULL 67 CNTR 1 /78 .  
BOB M (30 . )  OR LESS DRESS 68 MRS ABSOLUTE VALUE 1/7B$ 
EDM (5.) OR LESS BAIRD 69 MRS INCLUDED IN DRESS73 1 0 / 6 9  
EDM -- 2 .  39 .  APOSTOLES 70 MRS 1178"  
EDM 0 .32  0 .75  DRESS 73 MRS .LT .  IO*# -B3  CL=.80 6173 
EOM O 0 .0~  0 .15  DRESS 77 MRS 6 /77~  
EDM M DRESS 68 INCLUDES DATA OF MILLER 67. 1/78. 
EON D THE DRESS 77 RESULT IS  EQUIV TO EDM < 3 E-26 (CL=.9O) 6•77* 

EDM . . . . . . . . .  
EDM AVG 0 .05  0.E5 AVERAGE (ERROR INCLUDFS SCALE FACTOR OF [ .O )  
EOM STUDENT 0 .05  0 . [ 6  AVERAGE USING STUDENTLO(H I I . I [ I  - -  SEE MAIN TEXT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of Listings. 

I7  NEUTRON MEAN LIFE (UNITS 1 0 . . 3  SECT 

THE MEASUREMENT OF THE NEUTRON MEAN LIFE BY SOSNOVSKII 59 HAS 
BEEN DISCARDED SINCE 1 .  IT DISAGREES WITH THE BETTER AND MORE 
RECENT RESULT OF CHRISTENSEN 67 .  2. THE VALUE OF GA/GV DE- 
RIVED FROM THE NEW VALUE OF THE MEAN LIFE AGREES WELL WITH THE 
GAIGV VALUE OBTAINED FROM THE FREE NEUTRON DATA. 

T I I .O I2 )  10 .021 )  SESNOVSKI 59 PILE SEE NOTE E 7 /68  
T (0,935| (0 .0141  CHRISTENS 67 PILE REPL BY CHRISTENSTE 3/68 
T 0 .918  0 .019  CHRISTENS 72 PILE 6 /72  

E ERROR CHANGED BECAUSE ERROR IN CROSS SECTION FOR NEUTRON ABSORPTION 
E IN GOLD HAS BEEN REDUCED. 

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

17 NEUTRON BETA DECAY PARAMETERS 

RELATED TEXT SECTION VI Dol 

AV GA/GV (SEE TEXT FUR SIGN CONVENTION) 
AV C I--I°250) I0.044| CONFORTU 67 RVUE SEE NOTE C BELOW 
AV EP ( - I . 23 )  (0.01) CHRISTENS 67 CNTR N DECAY FT VALUE 11/68 
AV P ( - 1 . 221  ( 0 .08 )  GRIGBREV 68 CNTR E-NEU ANG CORREL IOI71 
AV P I - l . 261  ( 0 . 02 )  CHRISTENS 70 CNTR PE,NEUT SPIN CORREL iO/Tl 
AV EP I - I . 271  (0.025) EROZOLIMS Y1ENTR PE,NEUT SPIN CORREL 10171 
AV EP (-1.239) (O.OIl)  CHRISTENS 72 CNTR N DEC.+ FT VALUE 1/73 
AV P I-1.2631 (O°Ol61 KROPF 73 RVUE N DECAy ALONE 1/73 
AV P -1.250 0 .009  KROPF 73 RVUE N DEC.+ FT VALUE 1 /73  
AVE  -1 .250  0 .036  OOBROZEMS 75 CNIR E-NEU ANG CORREL. 12 /75  
AV K -1 .253  O.02L KROHN 75 CNTR PEeNEUE SPIN CORREL 1177"  
AV -1 .263  0 ,015  EROZOLINS 77 CNTR PEtNEUT SPIN COMPEL 1178. 
AV E CONFORTO 67 COMBINES FREE NEUTRON DATA TO 1967. REPLo BY KROPF 73. 1173 
AVE THESE EXPERIMENTS MEASURE THE ABSOLUTE VALUE OF GAIGV ONLY tO/7t 
AV P KROPF 73 VALUE OBTAINED BY FITTING ALL DATA THROUGH 1972° 1 /73  
AV K KROHN 75 PAPER GIVES -1.258+-.015 INCLUDING EVENTS OF CHRISTENS 70. 1/78. 
AV K THE VALUE OLd]TED ABOVE IS DERIVED FROM HIS A,BASEO ON NEW EXPT ONLY 1177= 
AV . . . . . .  . . .  
AV AVG -1 .2333  0.0071 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
AV STUDENT -1.2532 0.0077 AVERAGE USING STUDENTIOIHII.1L) - -  SEE MAIN TEXT 

PHASE ANGLE OF GA RELATIVE TO GV (DEGREES) 
P I175.1 ( I 0 . )  8URGY 60 CNTR POLAR, NEUTRONS 6177" 
P I 198 . )  I 27 . ]  CLARK 60 CNTR POLAR, NEUTRONS 6 /77 *  F 

F C I 176 ,1 )  ( 6 . 4 )  CONFORTO 67 RVUE 11 /68  
F F PP I 181 .3 )  11 .3 )  EROZOLINS 70 CNTR POLAR. NEUTRON 10169 

181 .1  1 .3  KROPF 73 RVUE N DECAY 1173 
F 180o35 0 .43  EROZOLINS 74 CHTR POLAR, NEUTRUNS 6 /77 *  
F 180 .14  0 ,22  STEINBERG 74 CNTR POLAR, NEUTRONS 6177 "  
F C CONFORTO 6T COMBINES FREE NEUTRON DATA TO 196T, REEL. BY KROPF 73. 1173 
F P KROPE 73 VALUE OBTAINED BY FITTING ALL DATA THROUGH 1972o 1/73 
E . . . . . . . . .  
F AVG 180.20 0.19 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0] 
F STUDENT 180o20 O°ZI  AVERAGE USING 5TUOENTIO IH / I . l l l  - -  SEE MAIN TEXT 

D1 THREE-VECTOR CORRELATION COEFFICIENT 7 /76 .  
01 01 NEASURES CONPONENT OF NEUTRON SPIN PERPENDICULAR T0 THE DECAY 7 /76 *  
01 PLANE IN BETA DECAY, SHOULD BE ZERO [F T-INVAR|ANCE NOT 7/76* 
GI  VIOLATED, SEE TEXT SEC V I  D. 7 / 76 *  
G1 -0 ,01  .OR EROZOLIMS 70 CNTR POLAR. NEUTRON5 7 /76 *  
O} -0.0027 .0033  EROZOLIM5 74 CNTR POLAR. NEUTRONS 7/76* 
Gl -OoOOl l  . 0017  STEINBERG 74 CNTR POLAR. NEUTRONS 7 /76 *  

OI . . . . . . . . .  
D1 AVG -0.0016 0.0015 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.O) 
DI STUDENT -0.0016 0.0016 AVERAGE USING STUDENT10(H/I.tl) - -  SEE MAIN TEXT 

COHEN 86 PR 104 283 
SOSNOVSK 59 JETP 9 7 t7  
@URGY 60 PR 120 1829 
CLARK 60 CJP 38 693 

NATTAUCH 65 NP 67 1 
CHRISTEN 67 PL 268 11 
CONFORTO 67 APAH 22 15 
MILLER 67 PRL 19 381 
SHULL 67 PRL 19 389 
DRESS 68 PR I70  1200 
GRIGOREV 68 SJNP 6 239 

BAIRD 69 PR 179 1285 
TAYLOR 69 RMP 41 375 
APOSTDLE 70 RRP 15 343 
CHRISTEN 70 PR CI 1693 
EROZOLIM 70 SJNP I t  583 

ALSO PL 270 857 

ERGZOLIM 71JETPL  13 282 
CHRISTEN 72 PR D5 1628 

REFERENCES FOR NEUTRON 

V W CUHEN~ CORNGOLD, RAMSEY (BNL+HARVARDI 
SOSNOVSKII,SPIVAK,PROKUFEV + (IAE NOSCOWI 
+KROHN,NOVEY,RINGO IANL+CHICI 
+ROBSON 

+THIELEtWAPSTRA (MAX PLANCK INST.CHEN.) 
CHRISTENSEN,NIELSON,BAHNSEN,BRUWN+ IRISO) 
G. CONFORTO (CERNI 
+DRESS,BAIRD*RANSEY IORNL+HARV) 
C.G.SHULL~ R.NATHANS IMIT+BNL) 
+BAIRD,MILLERtRAMSEY IORNL+HARV) 
+GRISHIN,VLADINIRSKII,NIKOLAEVSKI[ + ( ITEP)  

+MILLER,DRESS,RANSEY (ORNLtHARV) 

+PARKER,LANGENBERG (PRIN+UCI+PENN) 
APOSTOLESCU,IONESCU*IONESCU-BUJOR + IBUCH) 
CHRISTENSEN,RROHN~RINGO (ANLI  
EROZOLINSKI,BONDARENRD, + (KURC MOSCOW) 
EROZOLIMSKY,8OHDARENKO ÷ (KURC IN MOSCOW} 

EROZOLINSKII,EONOARENKO + (KUEC MOSCOW) 
CHRISTENSEN,NIELSON~BAHNSENtBROWN+ (RISOI 

COHEN 73 J°PHYS.CHEN°REF.DATA 2, P.663, E.R.COHEN,B.N,TAYLOR 
DRESS 73 PR D7 3147 ORESS~MILLER~RAM5EY (ORNL+HARV) 
KROPF 73 ZPHY TO BE PUSL. A KROPFtH PAUL (L INT)  

ALSO TO NP A154 160 H PAUL [V IEN I  

EROZOLIM 74 JETPL 20 345 
STEINBER T6 PRL 33 41 

ALSO 76 PR D13 2469 
(~08ROZEN 75 PR OR1 510 
KROHN 75 PL 55B 175 
DRESS 77 PR D15 9 
EROZOL]M 77 JETPL 23 663 
GREENE 77 PL 71B 297 

JACKSON 57 PR 106 517 
COHEN 65 RNP 37 537 
BHALLA 66 PL 19 691 

EROZOLIMSKII,MOSTOVOI,FEDUNIN,FRANK+ 
STEINBERG,LIAUD,VIGNON,HUGHES (YALE+GRENI 
SIEINBERO,LIAUD,VIGNON,HUOHES (YALE+GRENI 
DDBROZEMSKY,KERSCHBAUMtMORAW,PAUL + (SEIBI 
KROHN,RINGG (ANL) 
+MILLER,PENOLEBURY,PERRIN+ IORNL+GRENtHARV) 
EROZOLIMSKII,FRANK,ROSTOVDI~ (RURC MOSCOW) 
+RAMSEY,HAMPE* ICENG+ILLG+SUSS+ORNL+CENO) 

PAPERS NOT REFERRED TO IN DATA CARDS 

JACKSON,TREIMANtWYLU IPRINCEIONI 
+DUMOND {N.AMER. AVIATION SCIENCE CENT.,C IT} 
C P 5HALLA (ALABAMA) 

* * * * * *  * $ * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * ***  

Stable Particles 
n,  A 

18 LANBDA( I l l 5 , JP= I / 2+ I  I=O 

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

18 LAMBDA MASS IMEV) 

N SINCE OUR FINAL VALUES FOR THE SIGMA AND LAMBDA MASSES COME FROM 
N DOING AN OVERALL FIT TO ALL MEASURED MASSES AND MASS DIFFERENCES, 

M N WE HAVE USED THE UNCORRELATED MEASUREMENTS FROM SCHMIDT 65 RATHER 
H N THAN THE ONES COMING FROM THE OVERALL FIT REPORTED 1N THAT pAPER. 

N SINCE THERE SEEMS TO BE NO CONVINCING ARGUMENT AS TO WHY ONE SHOULD 
N IGNDRE DATA USING RANGE MEASUREMENTS, WE HAVE INCLUDED HERE VALUES 

M N DEPENDING ON PROTON AND PION RANGES. THE SCHMIDT 65 MASSES HAVE 
M N BEEN REEVALUATED USING OUR APRIL 1973 PRUTON AND CHARGED K AND Pl 
M N MASSES, P. SCHMIDT, PRIVATE COMMUNICATION, I I 974 ) .  

N 1118.44 0.12 EH~WMIK 63 RVUE + SEE NOTE L BELOW 
M L ABOVE LAMBDA MASS HAS BEEN RAISED 35 KEV TO ACCOUNT FOR 46 KEV 
N L INCREASE IN PROTON MASS AND I I  KEV DECREASE IN CHARGED PIDN MASS. 
N S 635(1115.86) (0.09) BALTAY 65 HBC ERROR IS STATIS, 6 /66  

488 1 1 1 5 . 6 5  0.07 SCHMIDT 65 HBC SEE NOTE N 3174 
S i147(1118.74) (0.04) CHIEN 66 HBC 6.9 PBAR P 9/67 

M S 972( I I15.69)  TO.US) CHIEN 66 HBC 6.9 PBAR PANTIL 9/67 
1115.0 0.4 LONDON 66 HBC 6166 

I1116.0) (0.21 BADIER 67 HBC 2,4 PBAR P,LLBAR 8 /67  
195 1115 .39  0.12 NAYEUR 67 ENUL 11 /67  

B 152411115.52) (0.031 BOHM 70 ENUL 3172 
M 935 I I IS .5g  0.08 HYMAN 72 HEBC ii171 
N B AVERAGE OF VERY INCONSISTENT DATA. ERROR STATISTICAL ONLy. AUTHORS 3/72 
M B DETECT SYSTEMATIC EFFECT OF ABOUT .15 MEV, WHICH THEY ATTRIBUTE 3/72 
N B TO ERROR IN RANGE--ENERGY RELATIONS, IN REGION BETA=O.6-O.E. 3172 
M B THIS EFEECT, IF CONFIRMED, WOULD AEFECT VERY LITTLE EHE VALUES OF 3/72 
H B BHOWMICK 63 AND MAYEUR 67. 
N S ERROR PURELY GTATISTICAL. 
M . . . . . . . . .  
M AVG I115.566 0.056 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 
M STUDENTIII5,568 0.053 AVERAGE USING STUDENTIO(H/I.II) -~ SEE MAIN TEXT 
M FIT 11LEo600 0.048 FROM FIT (ERROR INCLUDES SCALE EACTUR OF 1.2) 2/78* 

(SEE IDEDGRAN BELOW } 

WEISHTED AVERAGE = 1118 .$66  * 0 . 056  

ERROR SCALED BY 1 .3  

/ 
Values above of weighted average, 
error, and scale factor are for the 

reader I s convenience only, T h e  

d a t a  w e r e  a c t u a l l y  p r o c e s s e d  b y  a 

c o n s t r a i n e d  f i t  p r o g r a m ,  w h i c h  

c a l c u l a t e s  i t s  o w n  v a l u e s  o f  x ,  6 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 a  h e r e .  

CHISQ 

. . . . . .  HYMAN 72  HEBC O~  

...... MAYEUR G7 E t lUL  2 .2  

LONDON 66  HBC 

. . . . .  SCHrllDT 65  HBC 1 .4  

. . . .  BHOLJMIK 63 RUUE 1 .1  

;T6 

DN 
ON 

DM . . . . . . . . .  
DM AVG 0.083 0.083 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.51 
ON STUDENT 0.080 0,063 AVERAGE USING STUDENTIO(HII*[I) - -  SEE MAIN TEXT 

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

(CDNLEU 
I 118  .D 1115l .  4 1118 .8  1116 .2  

=O . lOB)  

LAMBDA MASS (MEU)  

18 LANDA - ANTILAMBOA MASS DIFFERENCE (MEV) 
0.05 0 .06  CHIEN 66 HBC 6.9 PBAR P 9167 
0 .29  OGlE BADIER 67 HOE 2 .4  PEAR P 8167 

T 0 lOB 
T D 825 

I 8 - o  186 
T E 799 
T 0 2239 
T 0 706 

I °o'94 
8260 

T 0 Z378 
T O 635 
T ~ 8584 
T 9L6 
T S i147 
T S G72 
T G 2213 
T 0 588 
T 0 
T 0 
T 0 8342 
I g . . . .  

I059 
T o 4572 
T D 6882 
T 
T 
T 
T 
T 
T 
T 
T 

18 LANBDA MEAN LIFE (UNITS iO**- lO) 

12.63) IO .2 l )  (0.21) BOLDT 58 CC 
(2.72] (0.16I (O. t6 I  CRAWFBRD 59 HBC 
12 .78 )  ( 0 . 291  (0 .271BOWEN 60 CC 
|2.60) (0.28) (0.20] CHANG 62 HBC 
12.691 IO . l l l  (O . l l l  HUMPHREY 62 HBC 
{2 .36 )  ( 0 . 06 )  ( 0 . 06 )  BLOCK 63 HEBC 
I2 .76 l  ( 0 . 20 I  CHRETIEN 63 HLBC 
(2 °59 )  ( 0 . 09 |  HUBBARD 64 HSC 
12 .30 )  (o. I0 )  KREISLER 66  OSPK 
12.59I TO.071 SCHWARTZ 64 HBC 
12 .51 )  ( 0 . 16 )  BALTAY 65 HBC 
12 .6 )  (0*11 HILL 65 OSPK 
(2,351 TO.09) BURAN 66 HLBC 
(2 .50 )  ( 0 . [ 4 |  CH|EN 66 HBC 
12 .70 )  ) 0 . 20 )  CHIEN 66 HBC 
I2.452) I0.056) IO.054)ENGELMANN 66 HBC 
(2.68) (0*13) {O . l l )  AUERBACH 67 OSPK 
(2.44I  (0 . I51 BAOIER 67 HBC 
(2.58| (0.15) 8AOIER 67 HBC 
I2 .838 )  ( 0 . 035 )  GRIMM 68 HBC 6168 
(Z .~T I  ( 0 . 08 )  HEPP 68 HBC 8168 
I 2 . 391  IO . lO }  DEMIDOV 70 HLBC P I -P ,  3 . 86  GEV/E 12 /70  
(2.541 (0.04) BALTAY 7I  HBC K-E AT REST 6/71 
12.69I IO.O5) ALTHOFF2 73 OSPK PI+N TO K+LAMBDA 2/74 

36K 2,626 0.020 POULARD 73 HBC K-P,RNOM .4T02.3 9173 
34K 2 ,611  0 .020  CLAYTON 75 HBC K-P,KNOM .96 -1 .4  1 /77 "  
53K 2.69 0°08 ZECH 77 SPEC NEUTRAL HYP* BEAM 12/77" 

0 OLD LOWER STATISTICS EXPERIMENTS NOT INCLUDED IN AVERAGE. 1/78" 
S ERROR PURELY STATISTICAL. 

AVG 2°632 0.020 0.020 AVERAGE (ERROR INCL. SCALE FACTOR OF 1,6) 
STUDENT 2.630 0.015 0.015 AVG BY STUDENTIO(HII.II) - -  SEE MAIN TEXT 

(SEE IDEOGRAM BELOW ) 

6 1 6 6  

6 / 6 6  
6 .9  PBAR P 9 /67  
6 .9  POAR P,ANTI  9 / 67  

9 /66  
8 / 6 7  

2 .4  PBAR P 6 /68  
2.4 PBAR PTANTIL 6/68 



Stable Particles 
A 

8O 

Data Card Listings 
For notation, see hey at front of  Listings. 

O .3GS 0 . 375  

LAMBDA DECAY RATE 

WEI6HTED AUERAGE = 0 . 3 7 9 9  • 0 .0029  

ERRBR SCALED BY  1 .G  

I 

"ZECH 7 ?  SPEC 

. . . .  CLAYTON 7S  HBE  

LULARD 73  HBC 

0 .3BS  0 .39S  

(UN ITS  i 0~10  SEC-1 )  

CHISQ 

1 . 1  

0 , 1  

(CnNLEU 

=O . 0 7 9 }  

IB  (LAMBDA - ANTILAMBDA}/AVG.. MEAN LIFE DIFFERENCE 

DT 0.044 0.085 BAOIER 67  HBC 2.4 PEAR P 

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

LAMBDA MAGNETIC MOMENT (MAGNETONS.938.26 MEV} 

COOL 62 OSPK 
KERNAN 63  CC 
ANDERSON 64  HOE 

CHARRIERE 65  EMUL 
(0 .37 )  BARKOV 7 ]  EMUL PRELIM. RESULT 

DAHLJENSE 71EMUL MAG F]ELD=2OOKO 
HILL 710SPK 
BAKKOV 72 EMUL INCLUDES BARKOV 71 
BUNCE 76  SPEE 
HELLER 77  SPEC 

AVERAGE (ERROR INCLUDES SCALE FACTOR DF 1.0) 
AVERAGE USING STUDENTIO(HI1.11) - -  SEE MAIN TEXT 

]8  

MM -I.S 0.5 
MM O.O 0.6 
MM 8553 -1.39 0 .72  

MM 151 -0.5 0.28 
MM 49  [ - 0 . 67 )  ( 0 . 31 )  217B 
MM L30O -0 .66  0 .07  B/TI  
MM 386E  - 0 . 73  O.IB 10171 
MM 57  -0 .65  0 .28  3178 "  
NM 1.2M - 0 . 57  0.05 1 /78 "  
MM 350K -0 .5~  0.07 1 /78 ,  
MM . . . . . . . . .  
MM AVG -0 .606  0 .034  
MM STUDENT -0.60S 0 .038  

18 LAMBDA ELECTRIC DIPOLE MOMENT (UNITS 10"*-14 E CM] 
NONZERO VALUE IMPLIES VIOLATION OF T AND P 

EON 5.0 OR LESS EL=.95 GIBSON 66  EMUL 2/72 
EOM B l .O  OR LESS CL= .95  BARONI cMTI EMUL 2/72 
EDM B BARUNI MEASURES ( - 5 .9+ -2 .9 I~10 "~ -1S  E 2172 

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

18 LAMBDA PARTIAL DECAY MODES 

DECAY MASSES 
P l  LAMEOA INTO PROTON E l -  938+ 139 
P2 LAMBOA INTO NEUTRON PIO 939÷  134  
P3 LAMBDA INTO PROTON MU- NEUTRINO 938*  105+ 0 
P~ LAMBEA INTO PROTON E- NEUTRINO 938+ .5+ O 
P5 LAMBDA INTO PROTON P I -  GAMMA 93B+ ] 39+  O 

18 LAMBOA BRANCHING RATIOS 

R[ LAMBDA INTO IP P I - I I ( (P  P I - I + (N  PIO)I  (P l I / (P I+P2 )  
RI 0 .627  0.031 CRAWFORD 59 HBC 
RI 0.65 0.05 COLUMBIA 60 HBC 
R[ U (0 .685}  (0 .017)  ANDERSON 62 HBC 
RI  903  0 .643  O .O l6  HUMPHREY 62  HBC 
R1U 6736 0.635 0.007 DOYLE 69 HBC PI -P  TO LAW. KO 2/71 
E l  4572  0 .646  0.008 BALTAY 71HBC K -P  AT REST E /T l  
RI U ANDERSON RESULT NOT PUBLISHEO. EVENTS ADDED TO DOYLE SAMPLE. 2171 
R1 . . . . . . . . .  
R1 AVG 0.6399 0.O049 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)  
RI STUDENT 0 .6396  0 .0055  AVERAGE USING STUDENTIOIH/I.11} - -  SEE MAIN TEXT 
R( F IT  0.6419 0.0049 FROM FIT IERROR INCLUDES SCALE FACTOR OF l .O )  

R2 LAMD~A INTO (N P IO) / ( (P  P I - )+ (N  PIO)) (P2 ) / (P I+P2 )  
R2 0 .23  0 .09  EISLER 57  HLBC 
R2 0.43 0.14 CRAWFDRD 59 HDC 
R2 0.28 0.08 BAGLIN 60 HLBC 
R2 0.35 0.05 BROWN 63 HLBC 
R2 75 0.291 0.034 CHRETIEN 68 HLBC 
R2 . . . . . . . . .  
R2 AUG 0 .304  0.025 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
R2 STUDENT 0 .304  0.028 AVERAGE USING STUDENTICIHI I * I I I  -- SEE MAIN TEXT 
R2 F IT  0 .358 I  0 . 0049  FROM F IT  (ERROR INCLUDES SCALE FACTOR OF ] .O )  

R3 LAMBEA INTO (P E-  NEUI/TOTAL (UNITS IO* * -3 )  (P4 ) I IP I+P2 )  
R3 O 15 I 2 . 0 )  (O.E) HUMPHREY 6 ]  RVUE 
R3 o 8 (2 .9 l  ( 1 . 5 l  [ 1 . 2 )  AUBERT 62  FBC 
R3 N 150 10.82l  (0.121 ELY 63  FBC K- AT REST 
R3 N 102 (0.781 TO. IL l  [O.13I  BAGLIN 64  FBC K- AT L .45  GEVIC 
R3 E 20 11.55) (0 .34)  LIND 64 HBC 
R3 N 143 (O.BOI (0.081 MALONEY 69 HBC 10/69 
R3 N 86 ( 0 . 78 I  (O.O9) CANTER 71HBC K-P AT REST ~/71 
R3 N 218 TO.BE( (D . iO I  LINDQU]ST 71 OSPK P I -  P TO KO LAM 2/72 
R3 N THESE VALUES HAVE BEEN CHANGED BY US INTO RATIOS TO PROTON PI  ~ ,  3/72 
R3 N BECAUSE THAT IS THE OIRECTLY MEASURED QUANTITY. SEE R5 BELOW 3/72 
R3 0 LOW STATISTICS EXPERIMENTS. NET AVERAGED 7 /70  

R4 LAMBDA INTO (P MU- NEU(/TOTAL (UNITS lO* * -A I  (P311(P]+P2) 
84 i ( 0 . 2 l  OR MORE GOOD 62 HBC 
R4 i I I .O I  OR LESS ALSTON 63 HBC 
R4 2 I f .O )  DR LESS KERNAN 64 FBC 
R4 BETWEEN 1.3 AND 6 .0  LIND 64 HBC 
R4 3 1.3 0.7 LIND 64 RVUE 7/66 
R4 2 1.S 1.2 RONNE 64 FBL 
R4 9 2 .4  O.B CANTER] 71HBE STOPPED K-P 7/71 
R4 14 1.4 0.5 BAGGETT2 72 HDC STOP K- 8172 
R4 . . . . . . . . .  
R4 AVG 1 .57  0.35 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.Of 
R4 STUDENT 1 .56  0.08 AVERAGE USING STUDENTIO[H/1.II) - -  SEE MAIN TEXT 

R5 LAMBDA INTO (P E- NEUI/(P P I - )  (UNITS 10**-31 (PA ) I (P I )  
R5 150 [ . 23  0.20 ELY 6S FBC 2172 
R5 120 1 .17  O.IB BAGLIN 6A FBC 2/72 
R5 143 1.2O 0.12 MALONEY 69  HBC 2172 
E5 IDlE 1.31 O.Ob ALTHOFFI 710SPK 2•72 
R5 C 86 ( . I T  0.13 CANTER 71HBE K-P AT REST 3172  
R5 LC 218 (1 .32 )  (O. lS}  LINDQUIST 710SPK PI-P TD KO LAM 3172 
R5 L 544 ] . 23  O . I I  LINDQUIST 77 SPEC PI -P  TO KO LAM 12177" 
R5 C CALCULATED BY US FROM R3 ASSUMING THE AUTHORS USED (P PI-I /TOT=213 3/72 
RE L LINOGUIST 77 INCLUDES DATA OF LINDQUIST 71. 12177" 
R5 . . . . . . . . .  
KS AUG 1.2S7 0.043 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .D )  
RE STUDENT 1.256 0.048 AVERAGE USING STUDENTIO(HII*I ])  - -  SEE MAIN TEXT 

R6 LAMBDA INTO (P P I -  GAMMA}lIP P I - ]  (UNIIS I 0 " * - 3 )  (P511 IP I I  I173 
R6 72 1.32 0.22 EAGGETT3 72 HBC P I -  MCM LT 95 MEVIC 1175 

1 8  LAMBCA DECAY PARAMETERS 

RELATED TEXT SECTION VI D AND APPENDIX l i T  

A- ALPHA LAMBOA- (LAPEDA INTO P I -  PROTON) 
A- 1156 0.62 O.O7 CRONIN 63 CNTR LAMBDA FROM PI-P 8167 
A- (0 .663 I  (0 .022]  SERGE 66  RVUE INCLUDES ABOVE 9 / 6 6  
A- 10130 D.64S 0.017 OVERSETH 67 OSPK LAMBDA FROM Pl-P 8167 
A- M 2529  (0 .747)  (0 .086)  MERRILL 68 HBC REEL BY DAUBER 68 6168 
A- 3520 0.67 0.06 DAUBER 69 HBE FROM X( DECAY 0 /68  
A -  10325 0.649 0.023 CLELAND 72 ESPK LAMEDA FROM PI-P 5/72 
A- 8500 0.584 0.046 ASTBURY 75 SPEC LANBDA FROM PI-P 2178* 
A- . . . . . . . . .  
A- AUG 0.642 O.Ol3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF i . 0 }  
A- STUDENT 0.642 O.OI4 AVERAGE USING STUDENTIO(HII.1II  - -  SEE MAIN TEXT 

AO ALPHAD /ALPHA- FOR LAMBDA (L INTO PIO NIL INTO P I -  P) 
AO 1.10 0.27 CORK 60 CNTR 
AO 0 4760 l.OOO 0.068 OLSEN 70 OSPK PI*N TO N+ LAMBDA 5170 
AO . . . . . . . .  
AO AUG " l .  O06 0 .066  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 |  
AO STUDENT 1.006 0.071 AVERAGE USING STUDENTIOIHI I . l l )  - -  SEE MAIN TEXT 
AO D DONE BY COMPARING PROTON DISTR.NITH N DISTR. FROM LAMBOA DECAY. 

~ PHI ANGLE [SIN(PHI)ICOSIPHII=BETAIGAMMA) (DEGREES) 
1156 13.0 17.0 CRONIN 63 DSPK LAMBDA FROM PI-P I I 167  

F- lOt30 - 8 . 0  6.0 OVERSETH 67 OSPK LAMBDA FROM PI-P 11167 
F- 7877 ( - 9 . 2 )  (5 .2 }  CLELAND 67  OSPK NEPL BY ELELAND 72 5172  
F -  IO3E5  -7 .0  4 .5  CLELANO 72  OSPK LAMBDA FROM P I -P  5/72  
F -  • . . . . . . . .  
F- AVG -6 .5  3.5 AVERAGE (ERROR INCLUOES SCALE FACTOR OF l .O l  
F- STUDENT --6.6 3.8 AVERAGE USING STUDENTIOIH/ I . I I I  - -  SEE MAIN TEXT 

AV GAIGV FOR LAMBDA BETA EECAY (SEE TEXT SEC. VI  D* I  FOR SIGN CONV.) 
AV C 22  l - I .D3 )  L IND  64  HBC 6 /68  
AV C 102 (0 .6 )  OR MORE EAGLIN 65 HLBC NO SIGN GIVEN 1/71 
AV C BETW O. AND -1 .1  BARLOW 65 OSPK 6168 
AV C 102 (OUT( OR MORE CL=.D5 ELY 65 HLBC ABE. VALUE 1171 
AV C EXPERIMENTS INCLUDED IN CONFORTO 65. RVUE 6168 
AV -1 .14  0.23 0.33 CONFORTD 65 RVUE 11/67 

AV M A 148 -0 .72  0.14 
AV I 0 7 8  ( -0 ,62)  (O,OBI 
AV N L 141 -0 °75  0 .15 
AN E73 I - 0 . 4o )  (0 . I 3 )  
AV M 352 -0 .74  0 .09  
AV A @17 -0 .63  0 .06  
AV 405 -0 .47  0.09 
AV L 441 -O .SB  0.09 
AV 
AV 
AV 
AV 

0 .19 MALONEY 69 HBC IDLED 
(O.ODI ALTHOFF2 710SPK POLARIZED LAMBDA 7173  
0 .18 CANTER 71HBC 4171  

(O . iT I  LINDQUIST 710SPK E-NEU AND UP-DOWN 9/TE 
0 . 1 2  BAGGETTI 72  HBC STOP*K-  2172  

ALTHOFF1 73 OSPK POLARIZED LAMBDA 7 /73  
BUBNETT 76  SPEC E -NEU AND SPIN  2178~ 

O. I I  LINDQUIST 77  SPEC POL LAMBDA. 3 ASYNN 12177=  
A ALTHUPF1 73 INCLUDES DATA OF ALTHOFF2 71 .  USES PROT SPECTRUM AND 7173  

NA THREE SPIN ASYMMETRIES. 7173 
EXPT MEASURES ONLY THE ABSOLUTE VALUE OF A /V  7173  

L L INDQUIST  77  INCLUDES DATA OF LINOQU1ST 71. 12/77@ 
AV . . . . . . . . .  
AV AUG -0 .622  0.048 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .B I  
AV STUDENT -0 .624  0°045 AVERAGE USING STUOENTIO IH / I . I L I  - -  SEE MAIN TEXT 

(SEE IDEOGRAM BELOW ) 

WEIGHTED AUERREE = - 0 .622  ± 0 . 0 4 8  

ERRDR SCALED BY 1 .2  

-1  .S  - 1  .D  - 0  .S 

GA /BU  FOR LRMBOA BETA DECRY 

CHISQ 

. . . . .  L INOQUIST  2 7  SPEE O ,B  

. . . .  BURNETT  ?G  SPEC 2 .B  

. . . .  QLTHDFF1  7 3  DSPK 0 .0  

. . . .  BAGGETT1  72  HBC 1 .3  

~ 'CANTER 71  HBC O.G 

• NALDNEY G9  HBC 0 .4  

-CONFORTO GS RUUE 3 .4  

9 .4  

0~0  O .S  ICONLEU 
=O. IS4 )  
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Data Card Listings 
For notation, see key at front of  Listings. 

Stable Particles 
A, l + 

EISLER 57 NG 5 1700 
BOLOT 58 PRL 1 148 
CRAWFORO 59 PRL 2 26b 

BAGLIN 60 NC 18 1043 
BOWEN 60  PR 119 2030 
CORK BO PR 120 1 0 0 o  
COLUMBIA 60 KOCH CONE 726 
HUMPHREY 61PRL 6 ~78  

ANDERSON 62 CERN CGNF 832 
AUBERT 62 NC 25 479 
CHANG 62 THESIS DUKE 
COOL bE PR 127 2223  
GOOD 62 PRL 9 518  
HUMPHREY 62 PR 127 1305 

ALSTCN 63 UCRL 10926  
BHOWMIK 63 NC 28 1494 
BLOCK 63 PR 130  766  
BROWN 63 PR 130 769 
CHRETIEN 63 PR 131 2208  
CRONIN 63 PR 120 1795 
ELY 63 PR 131 868  
KFRNAN 63 PR 129 070  

ANDERSON 64 PRL 13 167 
BAGLIN 64  NC 35  977  
HUBBARD 64 PR 135 B [83  
KERNAN 64 PR 133 B 1271 
KREISLER 64  PR 136  B 1074  
LIND 64 PR 135 B 1483 
RGNNE 64 PL 1~ 317  
SCHWARTZ 64  UCRL 11360 THESIS  

BAGLIN 65 NC 35  977 
BALTAY 65  PR 1~0  B 1027 
BARLOW 65 RE IB  64 
GHA~IER 65 ~ 15 66 

ALSO 66 ~6A 205 
OONF~RTO 65 EC INT HERBEONOVI 
ELY 65 PR IB7  B1902  
H ILL  6B PRL 15 85 
SCHMIOT 65 PR [~0  B 1328 

BERGE 66 BERKELEY 46 
BURAN 66 PL 20 318  
CHIEN 66 PR I52 [ IT1  
ENGEL~AN 66 NC 45A 1038 
GIBSON 66 NC ~BA 882 
LONDGN 66 PR IA3  1034 

AUERBACH 67 NC ~7A 19 
DADIER b7 PL 25B 152 
CLELAND 67 PL 26B ~5 
MAYBUR 67 U.LIBR.BRUX.BUL32 
OVERSETH 67 PRL 19 391 
GRIMM 68 NC 54~ 187  
HEPP 68 ZPHYS 214  71 
MERRILL 68  PR 167  1202 

OAUBER 69 PR 179  1262  
DOYLE 69 UCRL 18189-THESIS 
MALGNEY 69 PRL 23 425 
BOHM 70 NC 70A  384  
BEMIOOV 70 SJNP tO 681 
OLSEN 70 PRL 24 843 

ALTHOFF1 71 PL 373  531 
ALTHOFF2 71 PL B7B 535 
BALTAY 71PR 04  670  
BARKOV 71 JETPL 14 60  
BARDNI 71LNC 2 1256 
CANTER 71 PRL 26 868  

CANTER1 71PRL  27 59 
DAHLJENS 71NC 3A 1 
HILL 71 PR 04 1979 

ALSO 85 PRL 15 BS 
LINDQUIS 71 PRL 27 612 

BAGGEIT1 T2 ZPHY 249 279 
BAGGETT2 72 ZRHY 252  362  
BAGGEIT3 72 P t  42B 379  
BARKOV 72 JETPL 16 I04 
CLELANO 72 NP BNO 221 
HYMAN 72 PR D5 1063 

ALTHOFF1 73 PL 43B 237  
ALTHOFF2 73 NP 866 29  
ROULARO 73 PL 463  135 

ASTBURY 75 NP B99 30  
CLAYTON 75 NP B95 130 
BUNCE T6 PRL 36 1113 
BURNET7 76 NC 34A 14 
HELLER 77 PL 688 480 
LINDOUIS 77  PR 016 2104 

ALSO 76 JPG 2 L211 
ZECH 77 NR B124  413  

ARMENTER 62 BERN CONE 23b 
BALTAY 62 CERN CONP 233 
BERGE 63 THESIS (BERKELEY) 

REFERENCES FOR LAMBDA 

E~SLER,PLANO,SAM]OS,SCHWARTZ + (COLU+BNLI 
E BOLDT,D o CAtDWELL,Y PAL (NIT} 
CRAWFDRD,CRESThDOUGLASS,GODD + (LRLI 

BAGLIN,BLOCH,BRISSON,HENNESSY + (EPOL) 
BOWEN,HAROY,REYNOIDS,SUN + (PRINCETON) 
CORK,KERTH, WENZEL,CR~NIN+ (LRLfPRIN+BNL) 
M SCHWARTZ + (COLUMBIA) 
HUMPHREY~KIRZ,ROSENFELO,RHEE + (LRL+SYRA) 

ANDERSON,CRAWFORD,GOLDEN,LLOYD + (LRL) 
AUBERT~BRISSON,HENNESSY,SIX + (EROL) 
CHUEN CHUEN CHANG IOUKE)  
COOL,HILL,MARSHALL + (BNL÷MIT+NYU*ANL) 
M L GO00,V G LIND IWISCONSIN} 
w E HUMPHREY,R R R~SS (LRL} 

ALSTON.KIRZ,NEUFELD,SOLMITZ,WOHLMUT ILRL) 
B BHOWMIK,D P GOYAL (DELHI( 
BLOCK,GESSAROLI,RATTI+(NWES+BGNA+SYRA+ORNLI 
BROWN,KAOYK,TRILLING,RGE + (LRL+MICH) 
CHRETIEN,CROUCH+ (BRAN+BRDWN+HARVARD+MIT) 
J W CRONIN,O E OVERSETH (PRINCETON) 
ELY ,G IOAL ,KALMUS,OSNALO,PONELL  + ( LRL )  
KERNAN,NOVEY,WARSHAW,WATTENBERG (ANL+ILL) 

J A ANDERSON,F S DRAWFORD (LRL) 
BAGLIN,BINGHAM+ (EPOL÷CERN+LOUC+RHEL+BERG) 
HUBBARD,BERGE,RALBPLEISCH,SHAFER + (LRL} 
RERNAN,POWELL,SANDLER + (LRL+LDUC) 
M N KREISLER~D OVERSETH,J CRONIN IPRIN) 
LINO,BINFORD,GOOD,STERN (WISCONSIN) 
PONNE+ (CERN+EPOL+LGUC++UNIV.BERGEN) 
JOSEPH ADAM SCHWARTZ (LRL) 

BAGLIN + IEPDL,CERN,LOUC,RHEL,BERGENI 
BALTAY,SANDWEISB,CULWICK,K~pP + (YALE+BNL) 
J BARLOW,BLAIR,CONFORTO+ (CERN+RHEL+PENN) 
CHARRIERE,GIBSON+ (EPOL+BRIS+CERN+MPIM) 
CHARRIERE,GIBSON + (EPOL,BRIS,CERN,MRIMI 
G C~NFORTO ICERNI 
ELY,GIOAL,KALMUS,POWELL + (LRL,LOUC) 
HILL,L),JENKINS,KYCIA,RUOERMAN (MIT,BNL} 
P SCHMIDT (COLUMBIA) 

BERGE,CABIBBO ((RVUE) LRL,CERNI 
BURAN,EIVINDSON,SKJEGGESTAD,TOFTE + (OSLO) 
+LACH,SANDWEISS,TAFT,YEH,OREN + (YALE+BNL~ 
ENGELMANN,FILTHUTH~AIEXANDER+ (HEID~REHO) 
W M GIBSON,K GREEN IBRIS) 
LDNDDN,RAU~GOLOBERG,LICHTMAN+ IBNL,SYRAI 

AUERBACH,BOWEN,DDBBS,LANDE,MANN+ (PENN) 
+BONNET,BRIANDET,SADOULET (EPOLI 
CLELAND,BIENLEIN,CONFORTD+ (CERN+GEVA+LUND) 
C.MAYEUR,E.TOMPA*J.WICKENS (BELG,LOUC) 
o E OVERSETH, R E ROTH (MICH+PRIN) 
H.-J.ORIMM (HEIDELBERG) 
V.HERP,H. SCHLEICH (HEIDELBERG) 
MERRILL,SHAPER (LRL) 

+BERGE,NUBBARD,MERRILL,MILCER ILRL) 
J .C .  DOYLE (LRL )  
MALONEY,SECHI-ZORN (UNIV MARYLAND) 
+ KRECKER + (BERL+BRUX+DUUC+LUUC+LOWC+WARSI 
+KIRILLOV-UGRYUMOV,PONDSOV~PROTASOV+ (ITEPI 
+PONOROM,HANOLER,LIMON,SMIYH + (WISC,MICH) 

+BRDWN,FREYTAG~HEARD,HEINTZE + (CERN,HEID) 
+@ROWN,FREYTAG,HEARD,HEINTZE (BERN,HELD) 
+BRIOGEWATER,COOPER,HABIBI+ (COLU+BINGI 
+GUREVICH,MAKARINA,MARTEMYANOV+ ( ITEP)  
G BARONI.S PETRERA,G ROMRNO (ROMA) 
+CDLE,LEE-FRANZINI,LOVELESS + (STON+COLU) 

+COLE.LEE-FRANZINI,LDVELESS+ (STON+COLU) 
DAHL-JENSEN + (CERN+RNKA+LAUS+MPIM+ROMAI 
*LI,JENKINS,KYCIA,RUOERMAN IMIT,BNt) 
HILL,LI,JENKINS,KYCIA,RUDERMAN IMIT,BNL) 
LINDQUIST,SUMNER+ (EFI,WUSL,QSU,ANL) 

+BAGGETT,EISELE,FILTHUTH,FREHSE÷ (HELD, 
+BAGGETT,EISELE,FILTHUTH,FREHSE+ (HEIDI 
+BAGGETT,EISELE,FILTHUTH,FREHSE~HEPP+(HEID) 
+GUREVICH,MAKARINA,MARTENYANOV + (ITEP) 
+CONFORTO,EATON~GERBER+ (CERN+GEVA+LUND) 
+BUNNELL,OERRICKtFIELDS,KATZ+ (ANL+CARN) 

+BROWN,FREYTAG,HEARD,HEINTZE* ICERN+HEIDI 
+BROWN,FREYTAG,HEARO,HEINTZE+ (BERN+HElD}  
+GIVERNAUD,BDRG (SACL) 

+GALLIVAN,JAFAR + (LOIC+CERN+ETHZ+SACL) 
+BACON,BUTTERWORTH. WATERS+ (LOIC+RHEL) 
+HANDLER,MARCH,MARTIN + IWISC+MICH+RUTG) 
+INNES,MASEK,MAUNG,MILLER,RUDERNAN+ (UCSCI  
+OVERSETH,BUNCE,OYDAR + (MICH+WISC+HEID) 
LINOQUIST,SWALLOW,SUMNER + (EFI+OSU+ANLI 
LINDQUIST,SWALLOW,SUMNER+IEFI+WUSL+OSU+ANL( 
+OYDAK,NAVARRIA+ (SIEG+CERN+DORT+HEID) 

PAPERS NOT REFERRED IO IN DATA CARDS 

ARMENTEROS+ (CERN+EPOL+LDIC+BIRM+CEN-SACLAYI 
BALTAY,FOWLER,SANDWEISS,CULWICK+ (YALE+BNL) 
J PETER BERGE (LRL) 

* * ~ * * e  * * * * * * * * *  ~ * * * * * * * *  *~ * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

19 S IGMA+( I189 , JP :1 /2$1  I= I  

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

19 SIGMA+ MASS (MEV} 

M N SEE NOTE PRECEDING LAMBOA MASS LISTINGS 

M 144  1189 .38  0 .15  BARKAS 63  EMUL + SEE NCTE S 6ELCW 
M BB 1189.48 0.22 BHOWMIK 64 EMUL SEE NOTE S BELOW 
M S ABOVE SIGMA+ MASSES HAVE BEEN RAISED 90 KEY TO ACCOUNT FOR 46 KEY 
M S INCPEASE IN  PROTON MASS AND 21 KEY DECREASE IN  P|ON MASS 
M 4205 1189.61 0.08 SCHMIDT 65  HDC SEE NOTE N 
M HYMAN 67 HEBC 1189.16 0.12 
M B GOT 1189.33 O.CA BOHM 72 EMUL 
M B BOHM 72 UROATED k i tH POG APR. 7B K-, PI -  ANO RIO MASSES. 
M . . . . . . . . .  
M AVG 1189.B?I D.060 AVERAGE (ERROB INCLUDES SCALE FACTOR OF l .B)  
M STUDENT1189.B54 
M FIT 1189.366 

3174 
8168 

12173 
IB178 

0.041 AVERAGE USING STUDENTIO(H/I.II) -- SEE MAIN IFXT 
0.057 FROM FIT (ERROR INCLUDES SBALF FACTOR OF i .B)  2/78* 
ISEE IDEOGRAM BELOW ) 

WEIGHTED AUERAGE = I IB9 .3? I  ± D .060  

ERROR SCALED BY 1 .B  

Values above of weighted average, 
error) and scale factor are for the 
reader' s convenience only. The 

data were &ctually processed by a 
constrained fit program, which 
calculates its own values of ~, 5~, 
and scale factor, which are differ- 
ent from the values shown here. 

L ~  CHISQ 

.......... BOHM 72 EMUL 1.0 

. . . . . . . . . . .  HYMAN G7 HEBC 3.1 

.... SCHMIDT GS HBC 8.@ 

. . . .  BHOWMIK 64 EMUL 0 .2  

ARKAS G3 EMUL 0 .0  

i 3 . 3  

(CONLEU 
l lBB .B  1189 .2  I IBS .6  1190 .0  =0 .010J  

SIGMA+ MASS (MEU) 

...... ~ ........................................................ 

19 S IGMA*  MEAN LIFE (UN ITS  10 " * - IO I  

T GLASER 58  RVUE 
T 127 0 .98  0.16 0.12 PUSCHEL 60 EMUL 
T 41 0.82 0.34 0.20 EVANS 60 EMUL 
T I17 0.85 0.14 0 . I I  FREDEN 60 EMUL 
T 54 0 .B0  0 .10  0 .067  KAPLON 60  EMUL 
t 23 0.76 0.22 0.14 CHIESA 61 ENUL 
T 49 0.75 O.IB 0.09 BERTHELOT 61HLBC 
T 140 0 .82  0. I0  0.08 BARKAS 61EMUL 
T 192 0 .749  0.056 0.052 GRARD 62 HBC 
T 456 0.765 0.04 0.04 HUMPHREY 62 HBC 
T 203  0.84 0.12 0 .08  BHOWMIK 64  EMUL 
T [Rl 0.84 0.09 EALTAY 65  HBC 6166 
T 900 0 .76  0.03 CARAYAN 05 HBC 6166  
T C 1300 0.83 0.032 CHANG 66 HBC b266 

I S 125 (O .BG(  (0.153 CHIEN 66  HBC + 6 .9  PBAR P 9267 
T S 117 ( i . 10 I  (0.24) CHIEN 66 HBC 6.9 POAR P,ANTI 9/67 
T 3B1 0.80 0.07 COOK 66 OSRK 7/66 
T 10664  0 .803  0.008 BARLOUTAU 69 HBC K-P .4-1.2 GEV/C 11/69 
I 20K 0.795 O.OlO EISELE 70 HBC K~P AT REST 2/71 
T 52b 0.83 0.04 BARKER 71 DBC - K--N TO SIG+ 2PI- 10/71 
T 5719  0.807 0.013 CONFORTO 76 HBC K-P 1 -1 .4  GEV/C 11/77- 
T C CHANG ERROR 0.018 RAISED BY US. SEE 1970 EO[T[ON, RMP 42,123(1g703 1/73 
T S ERROR PURELY STATISTICAL 
T . . . . . . . . .  
T AVG 0.8015 0 .0053  0.0052 AVERAGE (ERROR INCL. SCALE FACTOR OF l .O) 
T STUDENT 0.8015 0.0058 0.0057 AVG BY STUDENTIO(H/I.lt) - -  SEE MAIN TEXT 

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

19 SIGMA+ MAGNETIC MOMENT IMAGNETDNS,988.26 MEV) 

MM 381 1.5 1 .1  COOK 66 OSPK 7/66 
MM SZ 3.5 1.5 KQTELCHUC 67 EMUL K-P AT 1.158EV/C 8/b7 
MM 51 3.0 1.2 SULLIVAN 67 EMUL PHOTGPRODUCTION 8/67 
MM 69 3.5 1.2 COMBE 66 EMUL 10168 
MM 29333 2 . i  i.O MAST 68 HBC K-P  AT .4 GEV/C 6/68 
MM 955 2 .67  0.97 ALLEY 71 OSPN 1.28 GEVIC PI÷P 10170  
MM 2651  2.7 0.9 SAHA 73 HLBC K-P .25TO.EBGEV/C  6/73 
~M 8508 2.95 0.31 BOGLE 77 HBC K-P .46 GEV/C 12/77* 
MM . . . . . . . . .  
MM AVG 2.83 0.25 AVERAGE IERROR INCLUDES SCALE FACTOR OF l.OJ 
MM STUDENT 2.84 0.27 AVERAGE USING STUDENTIO(H21.111 - -  SEE MAIN TEXT 

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

19 SIGMA+ PARTIAL DECAY MODES 

DECAY MASSES 
P l  SIGMA* INTO PROTON PlO 938* 134 
P2 SIGMA+ JNTO NEUTRON P1+ 9 3 9 +  139 
P3 SIGMA+ INTO NEUTRON P I+  GAMMA 939+ 139+ 0 
P~ SIGMA+ INTO LAMBOA E+ NEU 1115. .5+ 0 
P5 SIGMA+ INTO PROTON GAMMA 938+ 0 
P6 SIGMA+ INTO NEUTRON MU+ NEUTRINO 939+ 105+ 0 
P7 SIGMA+ INTO NEUTRON E+ NEUTRINO 939+ .5+ 0 
PB SIGMA+ INTO PROTON E+ E- 993+ . 5+  . 5  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of  Listings. 

19 SIGMA+ BRANCHING RATIOS 

RI SIGMA+ INTO )NEUTRON PI+I/(NUCLEON PI) (PZ)I(PI+PB) 
R1 308 0 .490  0 .024  HUMPHREY 6B HBC 
R1 B84 0,46 0.02 CHANG 66 HBC 6 /66  
RI 1331 0,488 O.OlO BARLOUTAU 69 HBC K--P .4--1.2 GEVIC 11/69 
R1 $87 0 ,484  0 .015  TOVEE 71EMUL 12/71 
R1 . . . . . . . . .  
RI AVG 0,4835 0.0078 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
RI STUDENT 0.4838 0.0081 AVERAGE USING STUDENE10(H11.11) - -  SEE MAIN TEXT 

R2 SIGMA+ INTO {NEUT PI+ GAM)/IPI+N} (UNITS lO**-OI (P3IIPBI 
R2 I t .B )  ABOUT BAZINB 65 HBC PI+  LT 116 MEV/C 8/67 
R2 28 0 ,27  O.OB ANG 69 HBC PI+  LT 110 MEV/C 1[/68 
82 180 0,93 0.10 EBENHOH 78 HBC PI+ LT 180 MEV/C 3/74 

R3 SIGMA+ INTO (LAMBCA E+ NEU1/TOTAL (UNITS 10 " * -B )  (P4) 
R3 W 4 (3 .~I  (1.7) WILLlS 64 HBC STOP. K- 8/66 
R3 W EVENTS FROM THIS EXPERIMENT,INCLUDED IN EISELE1 69 11 /69  
R3 6 2.G 0.8 BARASH 67 HBC STOP K-  8/67 
R3 B 1 .6  0 .7  BALTAY 69 HBC STOP K- 11 /89  
E3 TO 2.9 1.O EISELE1 69 HBC STOP K- 10 /69  

R3 . . . . . . . . .  
R8 AVG 2 .02  0 .47  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O )  
R3 STUDENT 2 ,01  0.52 AVERAGE USING STUDENTIO(H/I.IE) - -  SEE MAIN TEXT 

R4 SIGMA+ INTO (P GAMMA)/(P PIO} (UNITS lOf t -B}  (P5) / (P I )  
R4 l (0o06810R LESS CARRARA 64 HBC 
R4 E4 0 .~7  0.O8 BABIN 68 HBC 
R4 4 (D, ITI  QOARENI 6B EMUL 6 /66  
R4 48 0.21 0,03 AND B9 HOC STOP K- IO/&9 
R4 ~l 0,E76 0o0B1 GERSHWIN 69 HBC IO/B9 

R4 . . . . . . . . .  
R4 AVG 0.240 0 .035  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1=4J 
R4 8TUDENT O.239 O. O3O AVERAGE USING STUOENT10(H/I.11} - -  SEE MAIN TEXT 

(SEE IOEOGRAN BELOW ) 

gE~CHTED AUER~CE = 0 .240  ± 0 .03S  

ERROR SCALED BY 1 . 4  

j ...... , iiiiiiiii  °IH 
0 .1  0 .2  0 .3  0 .4  O .S  0 .6  

S IGMR+ INTO IP  6R ;1MR) / IP  pTO)  

CH ISQ 

69  HBC 0 ,5  

69  HBC 1 .0  

65  HBC 2 .6  

4 . 1  

(CONLEU 

=O .126 )  

R5 SIGMA* INTO IN E+ NEUIIIN PI+} (UNITS IO**-Sl (PTII(PZ} 
R5 EO O (E6220IEFFECTIVE DENCM. COURANT 64 HBC SEE NOTE E 1 t / 67  
R5 EO 0 (ETEOIEFFECTIVE OENOM. MURPHY 64 HBC SEE NOTE E 11167 
R5 EO 1 (9690IEFFECTIVE DENOM. NAUENBERG 64 HBC SBE NOTE E 6 /68  
85 0 O {32406)EFFECTIVE 8ENOM. BIERMAN 6B HOC 6 /68  
R5 UA O (BO400}EFEECTIVE DENOM. EISELE2 69 HBC + STOP K-  6168  
R5 UO 1 (3OOOOIEFFECTIVE OENOM. NORTON 69 HBC 11 /69  
R5 O OLDER LOWER STATISTICS EXPTS. ~T  INCLUOEO IN AVERAGE. B/76 
R~ U 0 105000 EFFECTIVE DENON. SECHIZORN 73 HBC STOP K- 2 / 76  

[ / 76  R5 U A 0 1E1000 EFFECTIVE DENON. EOENHOH 74 HBC STOP K-  
R5 U EFFECTIVE OENON. CALCULATED BY US 
R5 E EFFECTIVE DENOM. TAKEN FROM EISELE 67 11 /67  
8~ A EISELE2 69 REPLACED BY BY EBENHGH 74. 1/76 
R5 . . . . . . . .  
R5 1.1" OR LESS CL=o90 OUR AVERAGE {2.3 EVTSII(EFFoDNON.SUM) 2/76 
R5 NUMBER OF EVENTS INCREASED TO 2.3 FOR 9OPC CONFIDENCE LEVEL 2/76 

R6 SIGMA+ INTO IN NU÷ NEU)I(PI+NI (UNITS lO* * -5 l  (P6 I I IP2 )  
R6 1 (IZOIANALYSEO EVENTS GALTIERI 62 ENUL NO RATIO QUOTED 11 /67  
RB E O 18150  EFFECTIVE DENON. COURANT 6~ HBC SEE NOTE E 11 /67  
R6 E 0 1710 EFFECTIVE DENOM. NAUENBERG 64 HBC SBE NOTE E 11 /67  
R6 U 2 62000 EFFECTIVE DENOM. EISELE2 69 HBC 6 /68  
R6 o 33800  EFFECTIVE DENDN. BAGGETT 69 HBC 11168  
R6 E EFFECTIVE OENOM. TAKEN FROM EISELE 67 11 /67  
R6 U EFFECTIVE OENDM° CALCULATED BY US 
R6 
R6 " °622" °OR LESS" CL=.9O OUR AVERAGE 16.7 EVTS)IIEFF.DNOM.SUN) BI76  
R6 NUMBER OF EVENTS INCREASED TO 6 .7  FOR 90PC OONFIOENCE LEVEL 2 /76  

RT (SIGMA+ INTO LEPTONSII(SIGMA- INTO LEPTONSI 
R7 0 0 .034  OR LESS BAGGETT 67 HBC 6 /68  
R7 1 0 .08  OR LESS NORTON 69 HBC 10 /69  
87 . . . . . . . . .  
R7 0 .043  DR LESS CL=.90 OUR AVERAGE USING R5 AND R6 2 /76  

R8 SIGMA* INTO (PROTON E+ E- I /TOTAL (UNITS lO~ ' l ' - 6 l  (PSI  
R8 T.O OR LESS ANG 69 HBC STOP K-  10169 
R8 A ANG 69 FOUND 3 E+E- EVENTS IN AGREEMENT WITH GAMMA CONVERSION OF 
R8 A PROTON GAMMA DECAY -LIMIT GIVEN HERE IS FOR NEUTRAL CURRENT 

R9 (SIGMA+ INTO N MU+ NEU)I(SIGMA- INTO N MU- NEU] 
R9 2 0 .06  0 .045  0 .03  EISELE2 69 HBC ÷ -  STOP K- 10 /69  
R9 
R9 " "0~12 "OR £ESS" OL=.90 OUR AVERAGE USING R6 B171 

RIO (SIGMA* INTO N E+ NEU1/(SIGMA- INTO N E- NEU} 
RIO E 0 (0.03I  DR LESS CL=.80 EISELE2 69 HBE +- STOP K- 10 /69  
RIO O 0 (0.12) OR LESS CL=.95 COLE 71HBC STOP K- 10171 
RID C LONER STATISTICS EXPERIMENT NOT INCLUDED IN AVERAGE 2/76 
RIO 0 O .O lB  OR LESS CL=.90 SECHIZORN 73 HBC STOP K-,POISSON 8/78 
RIG E 0 0.019 OR LESS CL=.90  EBENHOH 74 HBC +- STOP K- 12/75 
RID E EISELE2 69 REPLACED BY EBENHOH 7~. 12/75 
RIO . . . . . . . . .  
RIO 0.009 OR LESS CL=.OO OUR AVERAGE USING R5 B/76 

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

19 SIGMA* DECAY PARAMETERS 

RELATED TEXT SECTION V) D AND APPENDIX I l l  

A+O ALRHA+IALPHAO FOR SIGMA+ {SIG+ TO PI+ N)IISIG+ TO PIO PI 

A+O +0.04 O.11 CORK 60 CNTR SIG+ FROM PI+P 
A+O (+0.20) (0.84) TRIPP 62 HBC + REPLAC.BY BANGEE 
A+O O 3800  (- .016) (0.052| BANGERTER 66 HBC SIG+ FROM K-P 9/66 
A+O 0 2600  (-.O4T) ( .07) BERLEY 66 HBC + SIG+ FROM K-P 9/66 
AeO 20K -0.106 0.028 REUCROFT 77 HBC 6177" 
A+O O OLD RESULTS, HAVE BEEN REPLACED. SEE BELOW - 
A+O . . . . . . . . .  
A÷O AVG -0.095 0.034 AVERAGE )ERROR INCLUDES SCALE FACTOR OF 1,31 
A+O STUDENT -0.096 0.030 AVERAGE USING STUOENTIO(H11.11) - -  SEE MAIN TEXT 
A*O FIT -0.07~ 0.015 FROM FIT (ERROR INCLUDES SCALE FACTOR OF [ , t ]  8178. 

A+ ALPHA+ FOR SIGMA+ (SIG+ TO PI+ NI 
A+ 35000  0.069 0.017 BANGERTER 69 HBC K-P AT 400 MEV/C 11169 
A+ 410 l  0 . 057  0.0~9 BERLEY 70 HBC 12 /70  
A+ . . . . . . . . .  
~ AVG 0°066  O .O16  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

STUDENT 0.066 0.017 AVERAGE USING STUDENTIO(H11.tl) - -  SEE MAIN TEXT 
A* FIT 0.072 O.Ol5 FROM FIT )ERROR INCLUDES SCALE FACTOR OF t-O] 8/78* 

AO ALPHAO FOR SIGMA+ (SIG+ INTO PIO PROTON] 
AO -O.80 0.16 BEALL 62 CNTR 
AO ( -0 .90 I  (0.25) TRIPP 62 HBC REPLAC. BY BANGE 
AO 0 5200 (-0.986) (O.OT2) BANGERTER 66 HBC K-P TO SIG+ P I -  7/66 
AD 32000  -0.999 0.022 BANGERTER 69 HBC I0/69 
AO H 1338  -0.98 0.0B 0.02 HARRIS 70 OSPK PI+P TO SIG+ K+ B/TO 
AO ICK -0.940 0.045 BELLAMY 72 ASPK PI+P TO SIG+ K+ 1117B 
AO L IZB8 -0 .945  0 .055  0 .042  LIPHAN 73 OSPK PI+P TO SIG + 7 /73  
AO L DECAY PROTONS SCATTEREO OFE ALUMINUM. 7/73 
AO H DECAY PROTONS SCATTERED OFF CARBON. 
AD 
AO AVG -0.979 0.016 AVERAGE )ERROR INCLUDES SCALE FACTOR OF l.O) 
AO STUDENT -0*979 0 .018  AVERAGE USING STUDENTIO(HIl.11} - -  SEE MAIN TEXT 
AO FIT -0.978 0.0[6 FROM FIT (ERROR 1NCLUDES SCALE FACTOR OF 1.0l 3178" 

F+ PHI+ ANGLE (SIG+ INTO N P l J  SIN(PHII/CDS(PHII=BETA/GAMMA (DEGREE) 
F+ 0 370 ( 180 . }  ( 3O . l  BERLEY 66 HBC + NEUTRON RESCATT. 9 /66  
F+ 560 143. 29. 8ANGERTI 69 HBC 10169 

~ * CIOB6 184. 24. BERLEY 70 HBC K-P AT 400 MEVIC 11/69 
÷ C CHANGED FROM 176 TO 184 TO AGREE WITH SIGN CONVENTION. 

F+ 
F+ AVG 167 .3  20.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1) 
F+ STUDENT 167.B 21.2 AVERAGE USING STUDENTIO(H / I , [ I ]  - -  SEE MAIN TEXT 

AG ALPHAG FOR SIGMA+ (SIG+ INTO PROTON GAMMA} 
AG 61 - i . 03  0 .5B 0.42 GERSHWIN 69 HBC K-P TO SIG P) 11169 

FO PHIO ANGLE ($1G+ INTO PIO PROTON} SIN(PH1}/COS(PHI)=DETAIGAMMA (OEG) 
FO H 22.0 90 .0  HARRIS 70 OSPK PI÷P TO SIG~ K+ B/70 
FO L 1289 3B . l  35 .7  37 . [  LIPRAN 73 OSPK PI+P TO SIG÷K÷ 7 /73  
FO L OECAY PROTON SCATTERED OFF ALUMINUM. 71T8 
FO H DECAY PROTONS SCATTERED OFF CARBON. 
ED . . . .  o . . . .  
FO AVG 85.8 33.7 AVERAGE IERROR INCLUDES SCALE FACTOR OF l .O I  
FO STUDENT 35 .8  36 .3  AVERAGE USING S IUDENTIO(H / I . I 1 ]  - -  SEE MAIN TEXT 

REFERENCES FOR SIGMA+ 

CORK 60 PR 1B0 1000 CORK, KERTH,WENZEL,CRONIN,COOL(LRL+PRIN+BNLI 
EVANS 60 NC 15 873 BRIST+BRUSS÷IAS-U.COL-DUBLIN*LON+MILAN*PAD 
FREOEN 60 NC 16 6 I t  S FREOEN,H KORNBLUN,R WHITE (LRL) 
KAPLgN 60 ANP 9 139 M KAPLON,A MELISSINOS,YAMANOUCHI (ROCH] 
PUSCHEL 60 NF 20 254 W PUSGHEL (MAX PLANCK INST) 

BARKAS 61PR 124 1209 BARKAS.DYER.MASON,NICHOLS,SNITH (LRL) 
BEREHELO 6E NC 2l 693 8ERTHELOT,DAUOIN.GOUSSU + (SACLAY+ORSAY) 
CHIESA 61NC 19 1171 CHIESA, QUASSIATItRINAUDO (INFN-TURIN) 

BEALL 62 PRL 8 75 BEALL,CORK,KEEFE,NURPHY.WENZEL (LKL)  
GRARO 62 PR 127 607 F GRARD,G A SMITH (LRL I  
GALTIERI 62 PRL 9 26 GALTIERI,BARKAS,HECKMAN,PATRICK,SMITH (LRL)  
HUMPHREY 62 PR 127 1308 W E HUMPHREY.R R RUSS (LRL I  
TRIPP 62 PRL 9 66 R O TRIPPER B WATSON,N FERRO-EUZZI (LRL) 

BARKAS 63 PRL E1 26 W H BARKAS,J N DYER,H H HECKMANN ILRL) 
ALSO 61UCRL 94B0 JOHN DYER (THESIS, BERKELEY} (LRL} 

BHOWMIK 64 NP 53 22 B BHOWNIK,P JA IN ,P  MATHUR,LAKSHMI )DELHI) 
CARRARA 64 PL 12 72 CARRARA,CRESTI,GRIGOLETTO, FERUZZO+ (PADOVA3 
COURANT 64 PR 136 B 1791  CDURANT.FILTHUTH+ (CERN+HEID+UMD+NRL+BNL) 
MURPHY 64 PR 134 B 188 (WISCONSIN} C THORNTON MURPHY 
NAUENBER 64 PRL 12 679 NAUENBERG,MARATECK,+ (COLU+RUTG+PRIN| 
WILLIS 64 PRL 13 291 WILLIS,COURANT,ENGELNAN+IBNL,CERN,HEIO,UMDI 

BALTAY 65 PR 140 B 1027 BALTAY.SANDWEISStCULWICK,KGPP + (YALE+BNLI 
BAZIN 65 PRL E4 IB4 BAZIN,BLUMENFELD,NAUENBERG + (PRIN+COLU) 
BAZIN2 65 PR 140 B1358  BAZIN,PLANO.SCHNIDT+ (PRINtRUTG.COLU) 
CARAYAN 6S PR L38 B 433 CARAYANNOPOULDS,TAUTFEST,WILLNANN (PURDUE) 
QUARENI 65 NC 40 A 928 QUARENI,CARTACCI + (BGNA.FIRZ.GENO,PARMA) 
SCHNIDT 65 PR 140 B 1828 P SCHMIDT (COLUMBIAI 

BANGERTE 66 PRL L7 495 BANGERTER,GALTIERI,BERGE,MURRAY+ (LRL} 
BERLEY 66 PRL 17 1071 +HERZBACH,KOFLER,YAMAMOTO + (BNL+MASA+YALEI 
CHANG 66 PR 151 lOB1 CHUNG YUN CHANG ICOLUNBIA) 

ALSO 68 NEVIS 145 THESIS CHUNG YUN CHANG (COLUMOIAI 
CHIEN 66 PR 152 1171  +LACH.SANDWEISS.TAFT,YEH,OREN + (YALE+BNL) 
COOK 66 PRL 17 223 V CODK,EWART,MASEK,ORR,PLATNER (WASHINGTON) 

BAGGETT 67 PRL 19 1458  BAGGETT.DAY,GLASSER,KEHOE,KNCP* (MARYLAND) 
ALSO 68 VIENNA ADS. 37~ BAGGEET,KEHOE )MARYLAND) 
ALSO B8 PRIVATE COMN. N. BAGGETT IMARYLAND} 

BARASH 67 PRL 19 181 BARASH,DAY,GLASSER,KEHOE,KNOP + (MARYLAND) 
EISELE 67 ZPHYS 205 409 +ENGELOANN. FILTHUTH.FOLISH,HEPP÷ (HEID) 
HYMAN 67 PL 2B B 376 +LOKEN,PEWITT,MCKENZIE~+ (ANL+CARN+NWES) 
KOTELCHU 67 PRL IB 1166  KOTELCHUCK.GOZA,SULLIVAN,ROSS (VANDERBILT) 
SULLIVAN BT PRL IB 1163 SULLIVAN,MCINTURFF,KOTELCHUCH (VANDERC[LT) 

ALSO 6~ PRL 13 246 A D MCINTURFF,G E ROOS [VANDERBILTI 
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Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
Z +, ~-  

BIE~MAN 68 
COMBE 68 
MAST 68 

AND 69 
BAGGETT 69 
BALTAY 60 
BANGERTE 69 
BANGERTI 69 

BARLOUIA 69 
EISELEI 69 
RISE/E2 69 
GEkSHWIN 69 

ALSO 
NORTON 69 

BEPLEY 70 
EISELE TO 
HARRIS 70 

ALLEY TL 
BAKKER 71 
COLE 7t 
TOVEE ?I 
BELLAMY 72 
80HM 72 

ALSO 73 

EBENHOH 73 
LIPMAN 73 
SAHA 73 
SECHIZB~ 73 

EBENHOH 74 
CCNFORTO 76 
OOBLE 77 
REUCROFT 77 

PRL 20 1459 BIERMAN,KOUNOSU,NAUENBERG + (PRINCETON] 
NC 57A 54 CERN~BRISTOE-LAUSANNE-MUN}CH-RQME-COLLABOB 
PRL 20 1312 MAS1,GERSHWIN,ALSTON-GABNUOST + (LRL] 

ZPHYS 228 151 +EBENHDH,EISELE,ENGELMANN,FItTHUTH+ (HEID]  
MDDP-TR-973 N V EAGOEIT (THESIS} (UMD} 
PRL 22 bib BALTAY,FRANZINI,NEWNAN,NORTON+ (COLU,STON) 
U C R L - I g 2 4 4  ROGER 00ELL BANGERTER (THESIS) (LRL) 
P~ 187 1821 BANGERTER,GARNJDST,GALTIERI,GERSHWIN+ [LRL) 

NP B14 155 EARLOUTAUO,BELLEFON,GRANET+ISACL÷CERN~HEID) 
ZPHYS 22I [ +ENGELMANN,FILTHUTH,FOHLISCH,HEPP+ IHEIO} 
ZPHYS 221 401 +ENGELNANN,FILTHUTH,FOHLISCH,HEPP÷ (HEID) 
PR iBB 2077 +ALSTON-GARNJOST,BANGERTER + ILRL) 
UCRL 19206 THESIS LAWRENCE K GERSHWIN (LRL) 
NEVIS 175 (THESIS) HERBERT NORTON (COLUMBIA) 

PR Ol 201B 
ZPHY 238 372 
PRL 24 165 

PR 03 70 

LNC l 37 
PR 04 631 
NP B33 4N3 
PL 398 299 
NR B68 1 
] I H E - 7 3 . B  NOV 

ZPHY 264 413 
PL 438 89 
PR 07 3295 
PR 08 12 

ZPHY 266 867 
NP E l05  189 
PL 67B 683  
PR 015 5 

+YAMIN,HERTZBACH,KOFLER + [BNL,MASA*YALE) 
+FILTHUTH,HEPP,PRESSER,ZECH 4HEIDELBERG) 
+OVERSEIH,PONDROM,OETTMANN (MICH,WISC) 

+DENBROOK,COOK,GLASS,GREEN,HAGUE + (BASH} 

+,SABRE COLLAB. (ZEEM+SACL+BGNA+REHG*EPOL} 
+LEE-FRANZINI,LOVELESS,BALIAY+ (S70N,COLU] 
LDUC,BELGRAOE,BERL,BRUX,DUBLIN,WARS CO[LAB 
+ANDERSGN,CRAWFORB,OSMON+ (LOWC+RHEL+SUSS) 
BERLIN+BEEGRADE+BRUX+DUBLIN+LOUC+WARSAW 
BRUSSELS BULLETIN, SAME COLLABDRATION 

+EISELE,FILTHUTH,HEPP,LEITNER,THOUW+ (HEIDJ 
+UTO,WALKER,MONTGOMERY+ (RHEL+SUSS+LOWC] 
+FET~OVICH,HEINTZELMAN,MEtTZER + [EARN} 
B.SECHI-ZORN,G.SNOW (UMO) 

*EISELE,ENGELMANN,FILTHUTH,HEPP ÷ (HEIDI 
÷GDPAL,KALMUS,LITCHFIELD,ROSS ÷ (RHEL÷LDICI 
+GOTTSTEIN,HANSL,HERYNEK* (MPIM*BOHR+VANOI 
+RODS,WATERS,WFBSTER,HANSL + (VAND+MPIM) 

PAPERS NOT REFERRED TO IN DATA CARDS 

GLASER 58 CERN CONF 270 GLASER,GOOD,MORRISON (MICH~LRLI 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS 

TRIPE 62 ERL 8 175 R TRIPP,M WATSON,M FERRO-LUZZI (LRLI P 
ALFF 63 SIENA CO~F I 205 ALFF,NAUENBERG,KIRSCH,+ (COLU+RUTG~BNL) 

ALSO 65 PR [37  B [105 ALFF,GELFAND,BRUGGER,BERLEY÷(COLU÷RUTG+BNL) 
COURANT 63 SIENA CONF l 73 CDURANTeFILTHUTH,BURNSTEIN,DAY÷ {CERNeUMD} 

F ~  20 SIGMA-(IIDB,JP=112÷) I = l  

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

20 SIGMA- MASS (MEV} 

M N SEE NOTE PRECEDING LAMBDA MASS LISTINGS 

M 0000 1197.43 O. E8 SCBMIOT 65 HOE SEE NOTE N 3/74 
M 
M FIT 1197.35 0 . 0 6  FROM FIT )ERROR INCLUDES SCALE FACTO~ DF 1.01 2/78=  

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

20 (SIGMA-) - (SIGMA+~ MASS OIFEERENCE IMEV) 

D 87 8.25 0.60 6ARKAS 63 EMUL - 
D Z500 8.25 0.25 OOSCH 65 HBC 
O 86 7.91 0 .23  BONM 72 EMUL 1/73 
D . . . . . . . . .  
D AVG 8.09 0.16 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.0) 
D SIUDENT 8 . 1 0  0 . [ 8  AVERAGE USING STUDENTIO(H/[.I|] -- SEE MAIN TEXT 
D FIT 7.98 0.08 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2] 2/78~ 

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

20 ISIGMA-I ~ [LAMBBA) MASS DIFFERENCE [MEV) 

OL N SEE NOTE PRECEDING LAMBOA MASS LISTINGS. 

DL El.TO 0.19 BURNSTEIN 64 HBC 9/66 
OL 85 81.80 0.13 SCHMIDT 65 HBC SEE NOTE N 3 / 7 4  

DL 2279 81.64 0.09 HEPP 68 HBC 8 / 6 8  

DL . . . . . . . . .  
OL AVO 8 1 . 6 9 3  O°OG9 AVERAGE )ERROR INCLUDES SCALE FACTOR OF l . O }  
DL STUDENT 81.692 0 .077  AVERAGE USING STUDENTIO(H/I.11) - -  SEE MAIN TEXT 
DL FIT El.TOO 0.056 FROM F) T IERROR INELUDES SCALE FACTOR OF I.O} 2/78 ~ 

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

T 1.67 
T l .B9 
T 45 1.35 
T 41 1.75 
T 1208 1.58 
T C 3267 1.666 
I S 61 (2.08) 
T S 6 4  I1.A6) 
T 506  I . B 8  

T 10255 1 .472  
T .IM 1.485 
T ISBB 1.42 
T 1 . 4 l  
X 2400 1.463 
T 8 6 3 7  1.49 
T C CHANG ERROR 
T 
T 
T 
T 

20 SIGMA- MEAN LIFE IUNITS lO*~-IO) 

0.40 0.28 BROWN 58 HLBE 
0.33 0 , 2 5  EISLER 58 HLBC 
0.30 O.17 CHIESA 6 [  EMUL 
0.39 0.30 BARKAS 6 [  EMUL 
0.06 0.06 HUMPHREY 62 HBC STOP. K- 
0.075 CHANG 66 HBC STOP. K- G/66 

(0.22) CHIEN 66 HBC - 6 . 9  PBAR P 9167 
(0.31) CHIEN 66 HBC + 6.9 PEAR P,ANTI 9/67 
0.07 WHITESIDE 68 HBC STOP. K- 6 / 6 8  
0.016 5ARLOUTAU 69 HBC K-P .4-1.2 GEV/C [1/69 
0.022 EISELE 70 HBC K-P AT REST 2171 
O.OB BAKKER 71 DEC - K--N TO SIG- 2El iOIT1 
0.09 O.OB TOVEE 71EMUL 12/71 
0 .039  ROBERTSON 72 HBC K-P .25 GEV/C 3174 
0 .03  CONFORTO 76 HBC K-P 1-1.4 GEV/C 11/77~ 

0.018 RAISED BY US. SEE Ig70 EDITION, RMP 42,120[I9701 1/73 
S ERROR PURELY STATISTICAL. 

AVG 1.683 0.015 0.014 AVERAGE [ERROR INCL. SCALE FACTOR OF 1 . 4 )  
STUDENT 1.481 0.012 0.0L2 AVG BY STUDENTIOKHI[.I1) - -  SEE MAIN TEXT 

[SEE IDEOGRAM BELOW ) 

~ ~  "CHANG 

' H U M P H R E Y  

' - - . . . . . .  B Q R K f l S  

L - C H I E S R  

i l l  E~ 'ER 
- B R O W N  

O .4 0 .~ 0 l B I .0  

WEIGHTED AUERQGE = 0 .6742  ± 0 .0066  

ERROR SCRLED BY 1 .4  

L CHISO 

'CONFORTO 76 HSC Ol 0 

R D B E R T S D N  7 2  HBC 0 . 3  

T D U E E  ? l  EMUL 0 . 7  

.BQKKER 7 1  DBC 1 .6  

. . . . . . . .  E I S E L E  7 0  HBC 0 . 0  

. . . . . . . .  B R R L O U T A U  6 9  HBC 0 , 5  

I . . . . . .  WHITE6IOE 60 HBC 1 . 9  

6 6  H B C  7 , S  

62 HBC 2 . 9  

6 1  EMUL 

6 1  EMUL 

5 8  H L B C  

EB HLBC 

1 5 . 2  

I C O N L E U  
=O.OSS) 

20 SIGMA- DECAY PARAMETERS 

RELATED TEXT SECTION Vl D AND APPENDIX l i t  

A- ALPHA SIGMA- 
A- (-0.161 ( B . 2 [ I  TRIPP 62 HIE REPL.BY BANGERIE 
A-- 0 6500 (-O.OIO) 1D.043)  BANGERTER 66 HBC K-P TO BIG- RE+ 7/66 
A- E 6068 1-0. [04) I0.04) BERLEY 67 HBC K-P TO SIG- El÷ 1[167 
~ 51000 - 0 . 0 7 1  0 .012  BANGERTER 69 HBC 10169 

B 5978 I - 0 . 1 3 4 |  (0.C341 BERLEY 70 HBC K-P AT 400 MEV/C 217 !  
A- 60000  -O .D6T  O.Oll BDGERT TO HBC K-P AT 400 MEV/O 12170 
A- 0 ~LD RESULTS. HAVE BEEN REPLACED. 
A- B BERLEY 7Q REPLACED BY BOGERT 70 2 /71  
A- . . . . . . . . .  
A- AVG ~0.0688 0.0081 AVERAGE (ERROR 1NCLUOES SCALE FACTOR OF I.O) 
A- STUDENT -0.0688 0.0087 AVERAGE USING STUDENTIO(H/[.t[} - -  SEE MAIN TEXT 

F- PHI ANGLE (SINIPHI)ICOS(PHII=BETAIGAMMAI (DEGREES) 
F- 0 IOOG (+22.) (30.} BERLEY 67 HBC R-P T0 SIG- PI+ i [ / 67  
F- I3BS [4 .  19. BANGERTI 69 HBC 10169 
F- CL092 + 5. 23. BERLEY 70 HBC NEUTRON RESCATT. 11169 
F- C CHANGED FROM -5 TO ÷5 TO AGREE WITH SIGN CONVENTION 
~: . . . . . . . . .  

AVG i0 .3  [ ~ . 6  AVERAGE (ERROR INCLUDES SCALE FACTOR OF [.01 
F- STUDENT 10-4 I5 .8  AVERAGE USING STUDENTIO(H/I.II} - -  SEE MAIN TEXT 

SIGMA- DECRY RATE (UNITS IOmx IO  SEC- I )  

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

20 SIGMA- MAGNEIIE MOMENT (MAGNETONS,g38.26 ~EV) 

MM R R BTWN -1 .6  AND ÷O.B FOX 73 ENTR BIG-ATOM FINE ST 3/74 
MM - I . 48  0.37 ROBERTS 74 CNTR BIG-ATOM FINE ST 12/75 
MM R ROBERTS 74 INCLUDES OATA FROM FOX 73. 12/75 

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

20 SIGMA- PARTIAL DECAY NODES 

DECAY MASSES 

P1 SIGMA- INTO NEUTRON PI -  939÷ 139 
P2 SIGMA- INTO NEUTRON P I -  GAMMA 939+ 139÷ O 
PS S IGMA-  INTO NEUTRON MU- NEUTRINO 939+ IOB÷ 0 
P4 SIGMA- INTO NEUTRON E- NEUTRINO 939+ .5÷ 0 
P5 SIGMA- INTO LAMBDA E- NEUTRINO 1115+ .5÷ 0 

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

20 SIGMA- BRANCHING RATIOS 

RI S IGMA-  INTO IN MU- NEU)/IN P I - I  (UNITS 10"*-31 (P3 I / IP I }  
R1 22 0.66 0.15 COURANT 64 HBO 
R1 11 0.56 0.20 BAZIN 65 HBC FROM STOP. K- 6/66 
RE 56 0.43 0.09 BAGGETT 69 HBC STOP. K- 10169 
RI 72 0.43 O.C6 ANG E 69 HBC STOP K- 10169 
RI 13 0.38 O . [ l  COLE 7[  HBC STOP K- 10/7[ 
RL . . . . . . . . .  
R1 AVG 0.447 0.043 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.Of 
R1 STUDENT 0.445 0.047 AVERAGE USING STUDENTIO(H/I.II) - -  SEE MAIN TEXT 

R2 SIGMA- INTO IN E- NEUI/(N P I - I  (UNITS iO** -3 I  (P4 I / (P I }  
R2 g i .O 0.4 0.3 MURPHY 64 HLBC 
R2 £6 1 .37  0 . 3 4  NAUENBERG 64 HBC 
R2 E6 1.15 0.4 MILLER 64 FBC 
R2 31 i.A 0.3 COURANT 64 HSC 
R2 lEO I .E [  0.09 BIERMAN 68 HBC 6 / 6 8  
R2 A 331 [ i .021 I0.081 ANG i 69 HBC - STOP K- I0 /69 
R2 57 0 . 9 7  0 . [ 5  COLE 71 HOE STOP K-  10/T1 
R2 455 1.05 0.07 SECHIZQRN 73 HBC STOP K- 8/73 
R2 A 601 ).OR 0.06 EBENHOH 74 HBC STOP K- I176 
R2 A ANG i 69 REPLACED BY EBENHOH 74. [ /76 
R2 . . . . . . . . .  
R2 AVG 1.082 0.038 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [.O) 
R2 STUDENT 1.082 0.041 AVERAGE USING STUDENTIO(H/I.[[) - -  SEE MAIN TEXT 

R3 SIGMA- INTO (LAMBDA E- NEU)I(N P I - )  (UNITS IO~*-AI 
R3 ( P S ) / ( P l )  
R3 11 0.75 0.28 COURANT 64 HBC STOP. K- 
R3 35 0.64 0.12 BARASH 67 MBC STOP K~ 8/67 
R3 31 0.69 O.12 EISELEI 69 HBC STOP K- 10/69 
R3 31 0 . 5 2  0 , 0 9  BALTAY 69 NBC STOP R- 6 / 6 9  
R3 . . . . . . . . .  
R3 AVG 0.604 0.060 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O I  
R3 STUDENT 0.605 O .O6g  AVERAGE USING STUOENTIO[HII.II) - -  SEE MAIN TEXT 

R4 SIGMA- INTO (N P I -  GAMMAIIIN P I - }  (UNITS I 0 " * - 3 )  (P2 I I (P I ]  
R4 (I.I)APPROXIM. BAZIN 65 HBC PI -  tT 166 MEVIC 8/67 
R6 23 0.10 .02 ANG 2 69 HBC P[I iT 110 MEVIO 10169 
R4 292 0.~6 0.06 EBENHOH 73 HBC El÷ LT 150 MEV/6 3/74 

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



Stable Particles 
I ;- ,  Z ° 

84 

Data Card Listings 
For notation, see key at front of  Listings. 

AV GV/GA FOR SIGMA T6 LAMBDA 8ETA DECAY ]TEXT SEE Vl O. l  FUR SIGN CONY1 
AV PREDICTED TO BE ZERO BY CONSERVED VECTOR CURRENT THEORY 
AV FB 45 (0.31] (0.30) BARA SH 67 HBC Ll/67 
AV FS 51 1 0 , 7 )  (O .4J  BALTAY 69  HBC USING SIG~ 4 /69  
AV F FS S 81 (+0,221 (0.28) E ISELE1  69 HBC 10/68 
AN 186 0.37 0.20 ERANZINI 72 HBC USING BIG+- 1/73 
AV T 55 -0 .17  0.35 TANENBAUM 75 SPEC 12/75 
AV B BARAS~ 67  MEASUREO ABSOLUTE VALUE. 

AV F S SIGN CHANGED TO AGREE WITH OUR CONVENTION. 
AV FRANZINI  72 INCLUDES EVENTS OF BARASH 67, EISELEI 69, BALTAY 89. 1/73 
AV T RE QUOTE TANENBAUM 75 WHICH ASSUMES CVC WK MAC TERM. t176 
AV . . . . . . . . .  
AV AVG 0.24 0.23 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.31 
AV STUDENT 0.24 0.20 AVERAGE USING STUDENTIO(H/I.11) - -  SEE MAIN TEXT 

AV1 GA/GV FOR SIGMA TO NEUTRON BEEA DECAY(TEXT SEC VI D.I  FOR SIGN CONV) 
AVI 57 (0.05) (0°23) (0.32) GERSHWIN 68 HBC REPLACED BY GER.69 6/88 
AVI 61 ÷0.19 0.20 0.17 GERSHWIN 69 HBC POLARIZED SIGMAS 10/69 
AVI 63 -0.38 0.30 0.85 BOGERT 70  HBC K-P AT 400 MEV/C 10/70 
AVI 43 -0°4 0.52 1.5 ELLIS 72 ASPK POLARIZED SIGMAS 10/71 
AVI E (+O.10J (O. l I )  ELLIS 72 RVUE SUM LIKEL.(+SGL} 10271 
AVI E ] -0.27} 10.18) (0.17) ELLIS 72 RVUE SUM LIKEL.I-SOL) 10/71 
AVI E ELLIS 72 HAS COMBINED THE MAXIMUM LIKELIHOODS OF COLLERAINE 69, 3/72 
AVI E EISELE2 69, GERSHWIN 69, ELLIS 72, AND GETS TWO POSSIBLE VALUES. 3/72 
AVl . . . . . . . . .  
AVE AVG 0 ,13  0.17 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 l  
AVI STUDENT 0.13 0.19 AVERAGE USING STUDENTIO(H/I.II) - -  SEE MAIN TEXT 

AV2 ABSOLUTE VALUE OF GA/GV FOR SIGMA TO NEUTRON BETA DECAY 
AV2 49 0.23 0.16 CDLLERAIN 69 HBC NEUTRON SCATTER 10/69 
AVE 33 0.37 0.26 0.19 EISELE2 69 HBC NEUTRON SCATTER .10/69 
AVE 36 0 .29  0.28 0.29 8ALTAY 72  HBC NEUTRON SCATTER 6272 
AV2 3507  0 .435  0 .035  TANENBAU 74 ASPK 10 /74  
AV2 519 0.17 0.07 0.09 DECAMP 77 ELEC H.E.HYPERON BEAM 11/77" 
AV2 . . . . . . . . .  
AVZ AVG O.385 0.070 AVERAGE tERROR INCLUDES SCALE FACTOR OF 2 .8 l  
AVE STUDENT 0.396 0.041 AVERAGE USING STUOENTIO(H/I.II} - -  SEE MAIN TEXT 

(SEE IDEOGRAM BELOW } 

WEIGHTED AUERAGE = 0 .38~  ± 0 .070  

ERROR SCALED BY 2 .3  

CHISQ 

t , .  . . . . . . .  DECAMP 77 ELEC 7 .2  

.TRNENBRU 74 ASPK 2 .1  

. . . . .  B ;~LTRY ?2  HBC 

• . -~ .  • . • • "CDLLERAIN  69  HBC 0 .9  

I 0 . 2  

" : ' (CDNLEU 
-0 .2  0 .2  0 .6  1 .0  =0 .006 )  

ABS(G~ /GU)  FOR S IGMA TD  N BETA  DECAY 

REFERENCES FOR SIGMA- 

BROWN 58 CERN CONE 270 
EISLER 58 NC SERXO IO 150 

BARKAS 61PB I24 1209 
CHIESA b l  NC 19 1171 
HUMPHREY 62  PR 127  1305  
TRIPP 62 PRL 9 66 

BARKAS 83  PRL 11 26  
BURNSTEI 64 PRL I3 66 
COURANT 84 PR 136  B 1791 
MILLER 64  PL I1  262  
MURPHY 64 PR 1 8 4  B 188 
NAUENBER 64 PRL 12 679 

BAZIN 65  PR l~O B 1358 
OOSCH 65 PL 1# 239 

ALSO 66  PR t e l  lOB l  
SCHMIDT 65 PR l~O B 1328 
BANGERTE 66 PRL 17 495 
CHANG 66 PR IB1  lOB l  
EHIEN 66  PR 1 5 2  [171 

BARASH 67 PRL 19 181 
BERLEY 67  PRL 19  979 
BIERMAN 68 PRL ZO 1459  
GERSHWIN 88 PRL 20 1270  
HEPP 6B ZPHY 21~ 71 
WHITESIO 68 NC 54A 537  

ANG I 69 ZPHY 223 [03 
ANG 2 69  ZPHY 228  IB l  
BAGBETT 89  PRL 2 3  249 
BALTAY 69  PRL Z2 615  
BANGERTE 69 UCRL-19244  
BANGERTI 69  PR 187 L821 

BARLOUTA 69  NP 814  153 
COLLERAI 69  PRL 23 198 
EISELE I  69  ZPHY 221 I 
EISEL~2 69  ZPHY 223 487  
GERSHWIN 69 UCRL-19246 

BERLEY 70  PR D I  2015  
BOGERT 70 PR 02 6 
EISELE 70 ZPHY 238 372 

BROWN,OLASER,GRAVES,PERL,CRONIN + (MICHI 
EISLER,BASSI,CONVERSI÷ (COLU,BNL,BONA,PISA) 

BARKAS,OYER,MASON,NICKOLS,SMITH (LRL) 
A M CHIESA,B QUAS$1ATI,G RINAUOO (TURIN[ 

~ HUMPHREY,R R ROSS ILRL) 
TRIPPvM WATSON, M FERRO-LUZZI (LRL) 

W H BARKAStJ N DYER,H H HECKMAN ILRL] 
BURNSTEIN,DAY,KEHGE,SECHI ZORN~SNOW (UMD) 
COURANT,FILTHUTH* (CERN+HEID+UND+NRL÷BNL) 
MILLER,STANNARD, BEZAGUET÷ (LQUC~EPOL+BERG) 
C THORNTON MURPHY ]WISCONSIN) 
NAUENBERG.SCHMIDT,MARATECK*(COLU*RUTG÷PRINI 

BAZINePLANOISCHMIDT ÷ IPRINeRUTG+COLU) 
OOSCH,ENGELMANN,FILTHUTH,HEPP,KLUGEe [HELD) 
CHUNG YUN CHANG (COLUMBIA) 
P SCHMIOT (COLUMBIA) 
BANGERTER,GALIIERI,BERGE,MURRAY÷ (LRL) 
CHUNG YUN CHANG (COLUMBIA] 
+LACH,SANDWEISS,TAFT,YEH,OREN ÷ (YALE+BNL) 

BARASH,DAY,GLASSER,KEHOE,KNOP + IMARYLANOI 
BERLEY,HERTZBACHtKOFLER ÷ (BNL,MASA,YALEI 
BIERMAN,KOUNOSU,NAUENBERG ÷ (PRINCETON) 
GERSHWIN,ALSTON-GARNJOST,BANGERTER÷ (LRLI 
V.HEPP,H. SCHLEICH ]HEIDELBERG) 
H.  WHITESIDE,J. GOLLUB IOBERLINI 

ANG,EISELE~ENGELMANN,FILTHUTH + IHEID) 

+EBENHOR,EISELE,ENGELMANN,FILTHUTH+ (HEID) 
BAGGETT~KEHOE,SNOW (UNIV MARYLAND) 
BALTAY,FRANZINI,NEWMAN,NORTON+ (COLU,STON) 
ROGER ODELL BANGERTER (THESIS )  ( LRL }  
BANGERIER~GARNJOST, GALTIEBI,OERSHWIN÷ (LRL} 

8ARLOUTAUD,BELLEFDN,GRANET÷ISACL+CERN÷HEID) 
COLLERAINE,DAY,GLASSER,KNOP+(UNIV MARYLAND) 
*ENGELMANN,FILIHUTH,FOHLISCH,HEPP+ (HEID) 
EISELE,ENGELMANN,~ILTHUTH,FOHLISCH* }HE ID )  
LAWRENCE KENNETH GERSHWIN (THESIS} (LRL] 

+YAMIN,HERTZBACH,KOFLER + (BNL,MASA,YALE) 
~LUCAS,TAET,WILtIS,BERLEY + (BNL,MASA,YALE) 
+FILTHUTH,HEPPtPRESSER,ZECH (HEIDELBERG} 

BARKER 71LNC I 3 7  +,SABRE CDLLAB. (ZEEM+SACL÷OGNA÷EEHO÷EPOL) 
COLE 71PR D4 631 *LEE-FRANZINI,LCVELESS,BALTAY+ (STON,COLUI 

ALSO 6 0  N E V I S - 1 7 B  THESIS HERBERT NORTON ]COLUMBIA) 
TOVEE 71NP B33 ~95 CCUC,OELGRAD£*BERL,BRUX,DUBLIN,WARS COLLAB 

8ALIAY 72 PROS 1569 
BOHM 72 NP B48 I 
ELLIS 72 NP 839 77 
FRANZ IN I  72 PR D8 2417  
RGBERTSE 72 THESIS 

EBENHOH 73 ZPHY 264 413 
FOX 73 PRL 31 I084 
SECHIZOR 73 PR DB 12 
EBENhOH 74 /PHY 266 367 
ROBERTS 74 POL 32 I265 

ALSO 74 PRL 33 122 
ALS6 75 PR 012 1232 

TANENBAU 74 ERL SB 175 
ALSO 75 TANENBAUM 

TANENBAU 75 PR DE2 iB?I 
CCNFOBTO 76 NP B105  IB9 
DECAMP 77 EL 66B 295  

BROWN 57 pR 108 IO3b 
NIETC 68 RMP 40 IkO 

*FEINMAN,FRANZINI,NEWMAN,YEH÷ (COLU+STONI 
BEkLIN+BELGRADE+BRUX+DUBLIN*LOUC*WARSAW 
UXF+AERE+RHEL*LOQM+LYON*NWES+ITEP COLLABOR 
COLUMBIA÷HEIDELBERG+MARYLAND÷STONY BROOK 
R.M.ROBERESON ( l I T )  

+EISELE,FILTHUTH,HEPPILEITNER,THOUW÷ IHE IO)  
+LAM,BARNES,EISENSTEIN÷ (ENL+VPI+WILL÷WYOM} 
B.SECHI-ZORNeG.SNOW (OMO} 
+EISELE,ENGELMANN,FILTHUTH,HEPP • (HEIOI 
WILL÷VPI÷CARN+WYOM+CIT COLLABORATION 
ERRATUM TO ROBERTS 74 
ROBERTS,COX * (WILL÷VPI+CARN+WYOM+CIT+BNL] 
TANENBAUM,HUNGERBUEHLER + IYALE+FNAL+BNL] 

TANENBAUM,HUNGERBUEHLER * (YALE÷FNAL+BNLJ 
÷8OPAL,KALMUS,LITCHFIELO,ROSS • (RHEL+LOIC) 
+BADIER,BLANO,CHOLLET, GAILCARD+ (LALO+EPOL) 

PAPERS NOT REFERRED TO IN DATA CAROS 

J BROWN, D GLASER, M PERL  (MICH+BNL) 
M NIETO {STOMA 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

F ~  21 SIGMAOIlI93,JP=I/2+l I = I  

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

2 1  (SIGMA-)-  (SIGMAOI MASS DIFFERENCE (MEVI  
01 N SEE NOTE PRECEDING LAMBDA MASS LISTINGS. 

OI  iB 4.75 O.I  BURNSTEIN 64 HBC 
DE 37  4.87 0.12 DCSCH 65 HBC 
OI 12 5 . 0 1  0.12 SCMMIDT 65 HBC SEE NOTE N 
D1 . . . . . . . .  
Ol AVO " 4.860 0.076 
Ol STUDENT 4.860 0.077 
Dl FIT 4.882 

3 /74  

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 
AVERAGE USING STUDENIIO(H/I.1[I - -  SEE MAIN TEXT 

0.063 FROM FIT ]ERROR INCLUDES SCALE FACTOR OF I .D} 2278" 
(SEE IDEOGRAM BELOW ) 

WEIGHTED AUERAGE = 4 .860  ± O.OYg 

ERROR SCALED BY i . 2  

4 .4  4 .8  

V a l u e s  a b o v e  o f  w e i g h t e d  a v e r a g e ,  

e r r o r ,  a n d  s c a l e  f a c t o r  a r e  f o r  t h e  

r e a d e r '  s c o n v e n i e n c e  o n l y ,  T h e  

d a t a  w e r e  a c t u a l l y  p r o c e s s e d  b y  a 

c o n s t r a i n e d  f i t  p r o g r a m ,  w h ~ h  

calculates its own values of x, 6~ 
and scale factor, which are differ- 
ent from the values shown here. 

.~. CHISQ 

*SCHMIDT GS HBC ~ . 6  

• -.DOSCH gs HOE 0 .0  

I ' ~ " IBURNSTEIN  G4 HBC 1 .2  

, ~ , ,EO.LEO 
g . 2  ~ . g  = 0 . 2 4 9 i  

fS IGMR- ) - IS IGMAD)  MASS D IFFERENCE 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

21 ISIGMAOI - ILAMBOAI MASS DIFFERENCE (MEVI 

DL N SEE NOTE PRECEDING LAMBDA MASS LISTINGS. 

OL 208 76.63 0.28 SCHMIDT 65 HBC SEE NOTE N 6/68 
DL ID9 76.23 0.55 COLAS 75 HLBC LAMBOA-GAMMA DEC 12/75 
DE . . . . . . . . .  
DL AVG 76.55 0.25 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
DL STUDENT 76.55 0.27 AVERAGE USING STUDENTIOIH/I.LI) - -  SEE MAIN TEXT 
DL FIT 76.87 0.08 FROM FIT ]ERROR INCLUDES SCALE FACTOR OF 1.01 2278* 

21 SIGMAO MEAN LIFE ]UNITS 10"*-19) 6 /77 *  

T IE-14 OR LESS) DAVIS 62 EMUL 6/77* 
T 0.58 O*IB DYOAK 77 SPEC PRIMAKOFF EFFECT 6277" 

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

Zl SIGNAO PARTIAL DECAY MODES 

DECAY MASSES 
OI SIGMAO INTO LAMBDA GAMMA I I15÷ 0 
P2 SlGMAO INTO LAMBDA E+ E-  I l l S÷  . 5+  , 5  
P3 SIGMAO INTO LAMBDA GAMMA GAMMA 1115* O÷ 0 

21 SIGMAO BRANCHING RATIOS 

R[ SIGMAO INTDILAMEDA E+ E-l/TOTAL (PZI/ IPI+P2I 
RI 10.00545) THEORET. CAL. FEINBER8 58 QUANTUM EtECT. 9266 

RZ SIGMAO INTO (LAMBDA GAMMA GAMMA)I(LAM80A GAMMA} (P31/(PI) I2/75 
RZ 0.03 OR LESS CL=.90 COLAS 75 HLBC I2/75 



8 5  

Data Card Listings 
For notation, see key at front of  Listings. 

Stable Particles 
Z o, ~ -  

REFERENCES FOR SIGMAO 

FEINBERO 5 8  PR 100 I010 G.FEINBERG (BNL} 
DAVIS 62 PR 127 605 D DAV[S,R SETTI,~ RAYMOND,G TDMASIN (EF I I  
BUGNSTEI 64 PRL [3 86 BURNSTEIN,DAY,KEHOE,SECHI ZORN,SNOW (UMD) 
DCSCH 65 PE [ 4  2 3 9  OOSCH~ENGELMANN,FILTHUTH,HEPP,KLUGE~ (HEID) 
SCHMIDT 65 PG 140 E 1328 P SCHMIOT (COLUMBIA) 

C~LAS 75 NP BqI 253 +FARWELL,FERRER,SIX IOGSA) 
OYDAK 77  NP 8118 1 +NAVARRIA,OVERSETH, STEEFEN+{CERN*OORT÷HEID} 

PAPERS NOT REFERRED TO I N  DATA CARDS. 

COURANT 63 PGL 10 ~09 CDURANT,FILTHUTH,FRANZINI+ (CERN~UMD~NRLI 

QUANTUM NUMBER OETEBMINATIONS NOT REFERRED TO IN THE DATA CARDS 

ALFF 65 PB 1 3 7  GII05 ALFF,GELFAND,NAUENBERG+ (COLUMBIAepUTG÷BNLIE 

F ~  22 X I - ( 1321 , JP= I / 2  ) I=1 /2  

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

2 2  x l -  MASS ( M E V I  

M H l l ( 1317 .O I  ( 2 . 2 )  WANG 61HLBC 
M H 1 8 ( I 3 1 7 . 9 ]  ( 1 . 9 )  FOWLER 61HLBC 
M H tOLD DATA AND LOW STATISTICS DRGPPED ON SUGGESTION OF J R HUBBARD} 
M 5 1 7  1321.4 0.4 JAUNEAU 63 FBC 
M 62 1321.i 0.65 SCHNEIDER 63 HBC 
M 241 1321.1 0.3 BA01EG1 b 4  HBC 
M ALL MASSES ABOVE WERE RAISED 0.09 MEV BECAUSE LAMGDA MASS RAISED 
M 149 1 3 2 1 . 3  0.4 PJERRDU 65 HBC 11167 
M B 1321.67 0.52 CHIEN 60 HOE - 6 . 9  PBAR P 9/07 
M 29g [ 3 2 1 . 4  I.I LONDON 6 6  HBC 6 / 6 G  
M G 195 1321.87 0.51 GOLOWASSE 70 HBC 5.5 K-P 8170 
M G USES LAMBOA MASS OF I I I 5 , 58 -M(X I )  IS 1322.18 IF M(LAMBDA)=II [5.84 8/70 
M 268 1321.12 D.41 WILQUET 72 HLBC I173 
M 632 1321.46 0.34 DIBIANCA 75 DBC ~.9 GEVIC R - O  1 / 7 7 *  

M . . . . . . . . .  
M AVG 1321.34 0.14 AVERAGE tERROR I N C L U D E S  SCALE FACTOR OF l .O )  
M STUOENTI321.3A 0 . 1 6  AVERAGE USING STUDENTIO(HII.IL) - -  SEE MAIN T E X T  
M FIT I321.32 D . I3  FROM FIT (ERROR INCLUDES SCALE FACTOR OF I .O )  2 /78*  

THE FIT ASSUMES Xl AND ANTI-XJ MASSES EQUAL. 

22 ANTI-X(÷ MASS (MEV) 

M( 1 ( 1 3 2 2 . 0 I  ( i . 3 l  BROWN 62 HBC ANT I -X I -  7/66 
MI 5 1320.69 0.93 CHIEN 66 HBC + B . 9  PGAR P,ANTI 9287 
MI S 1 2 ( 1 3 2 1 . 7 l  ( 0 . 6 I  SHEN 6 7  HBC ANTI -X ( -  1 0 / 6 7  
MI 34 1321.2 0.4 STONE 70 HBC 10/70 
MI 3 5  1321.6 0.8 VOTRUBA 72 HBC t O  GEVIC K+ P 11/72 
MI S THE ERROR IS STATISTICAL ONLY 
N1 . . . . . . . . .  
MI AVG 1321.20 0 .33  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O I  
M( STUDENTI321.20 0 . 3 6  AVERAGE USING STUDENTlO(H/I.11| - -  SEE MAIN TEXT 
Mt FIT I321.32 0.13 FROM FIT ( E R G O R I I N C L U D E S  SCALE FACTOR OF 1.0 |  2178* 

I~E FIT ASSUMES X( AND ANTI-Xl  MASSES EQUAL. 

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

22 (X I - I  - (ANTI-XI+J MASS DIFFERENCE (MEVi 

DM 1.0 1 . [  CHIEN 66 HBC 6.9 PBAR P 9167 

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

22 X I -  MAGNETIC MOMENT ( M A G N E T O N S , 9 3 8 . 2 6  MEV) 

MM 2724 - -0 . I  2.1 GINGHAM 70 OSPK - 1.8 GEVIC K-P 2171 
MM 2436 - 2 . 1  O.B COOL 74 DSPK 1.8 GEVIC K-P 10/74 
MM . . . . . . . . .  
MM AVG -1.85 0.75 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.O) 
MM STUDENT -1.86 0.82 AVERAGE USING STUOENTIO(H/1.II) -- SEE MAIN TEXT 

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

22 XI -  MEAN LIFE (UNITS l O ~ - t O )  

T H I i  ( 3 . 5 )  ( 3 . 4 )  ( I . 2 3 1  WANG 6 1  HLBC 
T H ]B 41o28) (0 .41 |  (0 .25 )  FOWLER 61 HLBC 
T H (OLD DATA AND LOW STATISTICS DROPPED ON SUGGESTION OF J R HUBBARD} 
T 5 1 7  1.86 0.15 0.14 JAUNEAU 6 3  FBC 
T ~2 1.58 O.SL 0.31 SCHNEIDER 63 HBC 
T 356 (1 .77)  ( 0 . 12 I  CARMONY 64 HOE REP BY PJERROU 65 
T 7 9 4  1 . 6 9  O . O 7  HUBBARD 6 4  HBC 
T 2 4 6  1 . 7 0  0 . 1 2  PJERGOU 6 5  HBC t I / 6 7  

T S 6 (1 .37)  (0 .51 )  CHIEN 66 HBC - 6 .9  PBAR P 9/67 
2 0 9  1.80 0 . 1 6  LONDON 6 6  HBC 6 / 6 0  

S {1 .67 |  lO.OT) BURGUN 58 HOE K-P AT 1.3-1.8 217I 
T 2610 1 . 6 1  0 . 0 4  DAUBER 6 9  HBC 6 1 6 8  
T 6 8 0  1 . 7 3  0 . 0 8  0 . 0 7  MAYEUR 7 2  HLBC 2 . 1 G E V / C  K- 1 / 7 3  

T 4303 1.63 0.03 BALTAY 74 HEC 1.75 GEVIC K -  3174 
S 2 4 3 6  I 1 . 6 3 7 )  (O.O50) COOL 74 DSPK - 1.8 GEVIC K-P IOlTA 

L . 6 7  0.08 DIBIANCA 7 5  DOE ~.9 GEVIC K-D 1177' 
T S TNG ERROR IS STATISTICAL ONLY 
T . . . . . . . . .  

T AVG 1.658 0.021 0.020 AVERAGE tERROR INCL. SCALE FACTOR OF l .  OI  
T STUDENT 1.653 0.024 0 . 0 2 3  AVG BY STUDENTLOIHII. I I)  -- SEE MAIN TEXT 

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

22 ANTI-X(÷ MEAN LIFE (UNITS 10 * * - I 0 )  

TI S 5 (1 .51 I  I 0 . 55 )  CHIEN 6 6  HOE + a.9 PBAR P.ANTI 9167 
T1 S 12  (1.9) { 0 . 7 )  ( 0 . 5 )  SHEN 67 HBC ANTI -X( -  10/67 

10170 T I  3 4  1 . 6  0 . 3  STONE 7 0  HOE 
T I  S 35 (1.551 (0 .35 }  (0.201VOTRUBA 72 HBC l O  GEVIC K+ P 11/72 
TI S THE ERROR IS STATISTICAL ONLY 

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

22 XI -  PARTIAL DECAY MODES 

DECAY MASSES 

P l  x I -  I N T O  LAMGOA P 1 -  I l l S +  1 3 9  
P2 x l -  INTO LAMBOA E- NEUTRINO 1115+ .5+ o 
P3 X I -  I N T D  N E U T R O N  P I -  939* 1 3 9  

P4 X I -  1NTO LAMGOA MU- NEUTRINO 1115+ 105 + 0 
1192+ .5+ O P5 X I -  INTO SIGMAO E- NEUTRINO 

P6 X I -  INIO SIGMAO MU- NEUTRINO 1192+ lOS÷ 0 
P7 X l -  INTO NEUTRON E- NEUTRINO q39+ .5+ O 
PB X I -  INTO NEUTREN MU- NEUTRINO 939÷ 105+ 0 
P9 XI- INTO SIGMA- GAMMA I 1 0 7  + o 

P l O  XI -  INTO PROTON P I -  P I -  938+ L39÷ 1 3 9  
P l I  x I -  I N T O  PROTON P I -  E- NEUTBINO 9 3 8 +  139+ .5÷ 0 
P12  X I -  I N T O  PROTON P I -  M U -  N E U T R I N U  9 3 B +  1 3 0 +  105+ 0 

P l 3  x I -  I N T O  XlO E -  NEUTRINO 1 3 1 4 +  . 5 +  o 

21 X I -  BRANCHING RATIOS 

RE X I -  INTO (LAMBDA E- NEUI/(LAMBDA P l - )  (UNITS 10" * -3 )  
R1 ( P 2 ) I [ P 1 )  
RE I 155 EFFECTIVE OENOM. CARMONY 68 HGC 11/67 
R1 O 260 EFFECTIVE DENOM. JAUNEAU 6 3  HBC 1[167 
RI O 220 EFFECTIVE OENOM. BERGE 66 HBE 11167 
RE 1 158 EFFECTIVE DENOM. LONDON 66 HBC 11/67 
RI 0 717 EFFECTIVE DENOM. TRIPPE 67 HOD E[167 
Rt 2 1976 EFFECTIVE OENOM. HUBBARD 68 HBC 6/68 
R1 H 4 ( I . 15 I  (0 .90)  (0.551 HUBBARD 68 RVUE 6/68 
R[ H HUBBARD 68 IRVUE) INCLUDES ALL ABOVE EVENTS 6/68 
R1 1 4150 EFFECTIVE DENOM. YEH 74 HBC 7/75 
RI . . . . . . . . .  
Rt AVG 0.7 0 . 3  OUR AVERAGE USING ALL THE ABOVE 2176 

R2 X I -  INTO (NEUTRON PI-I/(LAMBOA P I - I  (UNITS 10 * t - 3 )  
R2 (PS} I (P1)  
R2 5.0 OR LESS FERRO-LUZ 63 HBC 6/6B 
R2 1.1 DR LESS DAUBER 69 HBE 6/68 
R2 0 3.0 OR LESS CL=.90 YEH 74 HBC 760 EFF.DENOM. 7/75 

R3 X l -  INTO (LAMBOA MU- NEUTRINO|/TDTAL (UNITS 10"*-31 
R3 (P4I 
R3 12.0 OR LESS GERGE 66 HBC 6168 
R3 1 . 3  OR LESS DAUBER 6 9  HBC 6 / 0 8  
R3 1 0.35 0.35 YEH 74 HBC 2G59 EFF.DENOM. 7/75 

R4 XI-- INTO (S[GMAO E- NEUTRINUI/TOTAL (UNITS I 0 " * - 31  
R4 (PBl 
R4 3.0 DR LESS GERGE 66 HBC 6/68 
R4 0.5 OR LESS DAUBER 69 HBC 6/60 
R~ 0 0.B3 DR LESS CL=.90 YEH 74 HBC 4363 ERF.DENOM. 7•75 

R5 x1-  INTO (SIGO MU- NEU)/(LAM P I - )  (UNITS 10=*-3) {P6 ) / (P l )  
R5 5 .0  OR LESS BERGE 66 HOE 7166 
R5 O 0.78 OR LESS CL=.90 YEH 74 HBE 3026 EFF.OENON. 7•75 

R6 X I -  INTO (N E- NEU)/(LAMBDA P I - |  (UNITS 10~ -3 )  (PT I / (PL}  
P6 IO.O DR LESS CL=.90 BINGHAM 65 RVUE 9160 
R6 0 3 . 2  OR LESS E l = . 9 0  YEH 7 4  HBC 7 1 5  E F F . D E N O M .  7 / 7 5  

G7 X l -  INTO (SIGMAO E- NEU + LAMBDA E -  NEU)ITDTAL (10"~-3)  
R7 { P Z + P S I  
R7 17 0 * 6 8  0.22 OUCLOS 710SPK SEE NOTE D 1 0 / 7 1  
R7 o THIS EXPERIMENT CANNOT DISTINGUISH SIGMAO FROM LAMBDA. THE CABIBBO 
R7 D THEORY PREDICTS SIGMAO RAIL ABOUT A FACTOR 6 SMALLER THAN THE 
R7 D LAMBDA. TO GET A VALUE FOR THE TABLE R7 HAS BEEN AVERAGED WITH RE. 

R8 X I -  INTO (N MU- NEUII(LAMBDA P I - )  (UNITS 10~*-31 (PB } / (P l )  
RB O 15.3 OR LESS CL=.90 YEH 74 HBC 150 EFF.DENOM. 11175 

R9 X I -  INTO (SIGMA- GAMMAI/ILAM P I - I  (UNITS TO==-41 (PQI / (P [ )  
R9 0 11.5 OR LESS O L = . 9 0  YEH 74 HBO 2000 EFF.DENON. 11/75 

RIO XI-- INTO (P P I -  PI- ) I ILAMBDA P I - I  (UNITS 101*-4)  (PXO) I (P l l  
REO 0 3.7 OR LESS EL=.90 YEH 74 HBC 6200 EEF.DENOM. 11/75 

R11 X I -  INTO (P P I -  E- NEUIIILAM P I - I  (UNITS tO*~-4)  {P t I I I (P1 )  
Gt I  O 3.7 OR LESS CL=.90 ¥EH 74 HBC 6200 EFF.DENOM. 11/75 

R12 X I -  INTO [P P I -  MU- NEUJI(LAM P I - I  (UNITS I0=~-4)  (P tZ ) I (P t i  
RI2 0 3 .7  OR LESS CL=.90 YEH 74 HBC 6200 EFF.DENOM. 11175 

R l 3  XI -  INTO ( X i O  E -  NEU}IILAM P I - )  (UNITS 10" * -3 ]  I P 1 3 I / I P l I  
R13 O 2.3 OG LESS CL=.90 YEH 74 HBC lOUD EEF.OENOM. 11175 

22 XI~ DECAY PARAMETERS 

RELATED TEXI SECTION VI  D AND APPENDIX E l i  

A ALPHA X I -  
A D ( - 0 . 44 )  [ 0 .12 )  
A 0 62 ( -0 .731 (0 .23 )  
A 240 -0 .5  O.3B 
A 3 5 6  -0 .62  0 . 1 3  

A 1004 -0 .305  0.068 
L 3 6 4  - O . A 7  0 . 1 3  

( - 0 .391 )  (0 .032)  
A M 2529 ( -0 .375)  40.051) 
A 2781 -0 .391 0.045 
A 2724 -0.383 0.065 
A 8 2 0  - 0 . 4 2  0 . 1 1  
A 4 3 0 3  - 0 . 3 7 6  0 . 0 3 8  
A 2 4 3 6  - 0 . 39  0 . 0 5  

JAUNEAU 63 FBC SEE NOIE D BELOW 8/68 
SCHNEIDER 63 HBC SEE NOTE D BELOW 8/68 
BADIER1 64 HBC SEE NOTE D BELOW 6168 
EARMONY 64 HBC SEE NOTE D BELOW 6168 

BERGE 66 HBC SEE NOTE D BELOW 6168 
LONDON 66 HBC SEE NOTE D BELOW 6168 
8ERGE 2 66 RVUE INCLUDES ALL ABOVE 9/66 
MERRILL 68 HBC 6/68 
DAUBER 69 HOG SEE NOTE A BELOW 

BINGHAM 70 OSPR tO/ lO 
MAYEUG 72 HLBC 2.1 GEV/C K- I173 
BALTAY 74 HBC 1.75 GEVID K- 3/74 
COOL 74 OSPK - 1.8 GEVIC K-P 10/74 

B ~14 -0 .40  0 . I 9  DIBIANCA 75 ODE 4 .9  GEVIC K-D [177"  
D OLD DATA NOT INCLUDED IN AVERAGE. 
D ERRORS MULTIPLIED BY 1.1 DUE TO APPROXIMATIONS USED FOR XI 
D POLAGIZATION. (SEE DAUBER 69 FOR DETAILED DISCUSSION) 6/68 

L M LONDEN 66 USES ALPHA-LAMBDA = 0.62 
DATA OF MERRILL 68 INCLUDED IN DAUBER 68. 

A USED ALPHA LAMBDA = 0.647 +- 0 .020.  
B DIBIANCA 75 USES ALPHA LAMGDA = 0 .647.  1 / 77 '  

AVG -0 .302 0.021 AVERAGE (ERROR INCLUDES SCALE FACTOR OF E.OI 
STUDENT -0.3gE 0.023 AVERAGE USING STUOENTIO(N/1.1EI - -  SEE MAIN TEXT 



Stable Particles 

F PHI AhGLE (SIN(PHI)/COS(PHII=BETAZGANMAI IOEGREES) 
F 0 i - t 6 . 01  (45 .0 )  JAUNEAU 6 3  FBC SEE NOTE 0 BELOW 6/b8 
F o 62 (45.01 (36 .0)  SCHNEIDER 63 HBC SEE NOTE D BELOW 6168 
F 356 $4.0 30.0 CARMONY 6R HBC S~E NOTE O BELOW 6168 
F 1004 O. 12. BERGE 66 HBC SEE NOTE D BELOW 6168 
F L 364 o.0 20.4 LONDON 66 HBC SEE NOTE D BELOW 6/68 
E M 2529 (D.B) (11.6 |  MERRIll 68 HBC 6/68 

2 7 8 1  - 14 .  I T .  DAUBER 69 HBC SEE NOTE A BELOW 
2 7 2 4  - 26 .0  30.0 GINGHAM 7 0  OSPK 10/70 

F 4 3 0 3  I 1 . 0  9.0 BALTAY 74 HBC 1 . 7 5  GEV/C K -  3 / 7 4  

F 2436 5.0 16.0 COOL 74 OSPK - 1.8 GEV/C K-P I0 /74  
0 OLD OATA NOT INCLUDED IN AVERAGE. 
D ERRORS MULTIPLIED BY 1 . 2  DUE TO APPROXIMATIONS USED FOR XI 

F D RBLARIZATION. (SEE DAUBER 68 FOR DETAILED DISCUSSION) 
F L M LONDON 66 USES ALPHA-LAMBDA = 0.62 
F DATA OF MERRILL 68 INCLUDED IN DAUBER 08. 
F l USED ALPHA LANBBA = 0.647 +- 0.020.  
E . . . . . . . . .  

F ADO 2.0 5 . 7  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l . I )  

F STUOENT 2.0 6.2 AVERAGE USING STUDENTIO(HII . I I )  - -  SEE MAIN TEXT 
(SEE IDEOGRAM BELOW I 

UEIGHTED AUERAGE = 2 .0  ± S .7  

ERROR SCALED BY l . i  

. . . . . . . .  B T N G  

. . . . . . . .  D A U B  

CHISQ 

74  OSPK 0 .0  

. . . . . . . .  BALTAY  74  HBC 1 . O  

. . . . . . . .  GINGHAM 70  OSPK 0 .9  

. . . . . . .  D A U B E R  6 8  H B C  2 . 1  

. . . . . . .  L O N D O N  GG HBC O.O 

G G  H B C  0 . 0  

• .CARMONY 6 4  H B C  3 . 0  

7 .1  

(CDNLEU 
ISO = 0  . 3 1 5 )  - IO0  -SO 0 SO iO0  

PH I  ANGLE FOR X I -  ( IN  DEGREES} 

R E F E R E N C E S  FOR X [ -  

FOHLER,BIRGE,EBERHARD,EIY,GCOD,POWELL+ILRL) 
K WANG,T WANG,VIRYASOV,TING,SOLOVEV+ (JINR) 
BROWN,CULWICK, FOWLER,GAILLOUD ÷ (BNL÷YALE) 

CARMBNYtPJERROU (UCLAI 
FERRO-LUZZI,ALSTON,ROSENFELD,WOJCICKI (LRL) 
J A U N E A U ÷  (EPOL+CERN+LOUC+RHEL÷BERGEN) 
JAUNEAU,+ (EPOL,CERN,LOUC,RHELtBERGEN) 
H SCHNEIDER [BERN) 

6 4  PRL 12 6BE CARMONY,PJERROU,SCHLEIN,SLATER,STORK+(UCLA) J 
6 4  DUBNA CONF 1 5 9 3  BADIER,DBMOULIN,BARLOUTAUD+(EPOL,SACL,ZEEN) 
6 4  PR 1 3 5  B I B 3  HUBBARD,BERGE,KALBFLEISCH,SHAFER + (LRL) 
65 PRSL 285 202 H H BINGHAM {CERN) 
6 5  PRL I 4  275 + SCHLEIN,SLATERtSMITHISTORK,TICHO (UCLA) 
6 5  THESIS G M PJERBOU I U C L A )  

6 6  PR 1 6 7  9 4 5  BERGE,EBERHARO,HUBBAROIMERRILL ÷ ( L R L )  
66 BERKELEY CONE 4 6  BERGE,CABIBBO (LRL,CERN(RVUFI} 

FCWLER 61PRL 6 134 
WANG 61JETP 13 51Z 
BROWN 62 PBL 8 255 

CABMBNY 63 PRL 10 381 
F E R R O - L U  6 3  PR 130  I 5 6 8  

J A U N E A U  6 3  S I E N A  CONF 4 

ALSB 6 3  P t  5 26I 
S O H N E I D E  63  PL 4 3 6 0  

CARMONY 
BAD( ERI  
HUBBARD 
BING~AM 
PJERROU 
FJERRGU 

BERGE 
BERGE 2 
LONOCN 6 6  PR 1 4 3  1 0 3 4  

CHIEN 6 6  PR I B 2  L lT l  
SHEN 6 7  PL 25 B 4 4 3  
T R I P R E  6 7  PRIV. COMM. 

BURGUN 6B NP BB 4 4 7  

HUBBARD 6 8  PRL 2 0  4 6 5  
MERRILL 6 8  PR I67 1 2 0 2  

DAUBER 6 9  PR I T 9  1 2 7 2  

G I N G H A M  7 0  PR D I  3 0 1 0  

GOLOWASS TO PR Dl 1 9 6 0  
STONE 7 0  PL B2B 515 

DUCLOS 7 I  NP B 3 2  4 9 3  
MAYEUR 72 NP BAT 333 
VOTRUBA 72 NP BAG T7 
WIEQUET T2 PL 420 372 

BALTAY 74 PR 09 49 
COOL 7 4  PR 0 1 0  7 9 2  

ALSO TB PRL 29 1630 
YEH T 4  PB OlO 3 5 4 5  

DIBIANCA 75  NP B 9 8  137 

LONOON,RAU,GOLDBERG,LICHTMAN÷(BNL÷SYRACUSE) 
+LACH,SANDWEISS,TAFT,YEH,DREN + (YALE+BNLI 
B.C.SHEN,A.FIRESTONE,G.GOLDHABER (UCB+LRLI 
T. TRIPPE {OCtAl 

+NEYERtPAULI,TALLINIt + ( S A C L + C D E F ÷ R H E L )  

HUBBARO*BERGE,DAUBER (LRL) 
MERRILL,SHAFER (LRLIJ 

÷BERGE,HUBBARO,MERRILL,MILtER (LRLIJ 
+COOKtHUMPHREY,SANOER,WILL[AMS+ (UCSD, WASH) 
GOLDWASSER, SCHULTE ( I LL )  
+BERIINGHIERI,BROMBERG,COHEN,FERBEL +(ROCHI 

+FREYTAG,HEINTZE,HEINZELMAN,JDNES+ ICERNI 
•VAN BINST,WILQUET÷ (BRUX÷OERN+TUFT÷LOUC) 
VOTRUBA,SAFDER,RATCLIFFE (BIRM+EDIN) 
• FLIAGINE,GUY,KNIGHT÷ (BRUX÷CERN+TUFT÷LOUC) 

+BRIDGEWATER,COOPER,GERSHWIN÷ (COLU÷BINGIJ 
• GIACUMELLI,JENKINS,KYCIA,LEONTICILI÷ (BNL) 
COOL,GIACDMELLI,JENKINS,KYCIA,LEONTIC÷(BN•) 
÷GAIGALAS,SMITH, ZENDLE,BALIAY ÷ iBING*COLU) 
F.A.DIBIANCA, R.J.ENDORF (CARN) 

r ~  2 3  XIO I1314 , JP= I I 2  1 I=Ii2 

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

23 xIO MASS IMEV] 

M I 1 3 L 3 . 4  1.8 PALMER 6 8  HBC 3 / 6 8  

M 4~ 1315.2 0.92 W I L Q U E T  72 ULBC I173 

M . . . . . . . . .  
M AVG 1314.83 0.82 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ . 0 )  
M SIUDENTI314.84 0.91 AVERAGE USING STUDENTIO(H/I . I I )  - -  SEE MAIN TEXT 
M FIT I314.91 0.55 FROM FIT (ERROR INCLUDES SCALE FACTOR OF ( .Of  2/78= 

. . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of  Listings. 

23 IX ( - )  - (XIO) MASS DIFFERENCE (MEV) 

D 23 6.8 l . b  JAUNEAU 63 EBB 
D 45 ( 6 . 1 )  (1.61 LARMONY 64 HBC REP BY PJERROU 65 
D 88  6.I 0.9 PJERROU 65 HBC LIlB7 
D 29 6 .9  2.2 LONDON 66 HBC 6/66 
D . . . . . . . . .  

D AVG 6.34 0.74 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
D STUDENT 6.34 O.BO AVERAGE USING STUDENTIO(H/I . I I )  - -  SEE MAIN TEXT 
O FIT 6.41 0.55 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I .O )  2178 ~ 

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

2 3  XIO MEAN LIFE (UNITS IO=~-IOI 

T 24 3.9 L.~ O.BO JAUNEAU 63 FBC 
T 45 ( 3 . 5 )  ( I .O )  (O.B) CARMONY 6 4  HBC REP BY PJERROU 65 

lOI 2.5 0.4 0.3 HUBBARD 64 HBC 
BO 3 . 0  0 . 5  P J E R B O U  6 5  HEC I t  267 

T 3 6 0  3.07 0.22 0.20 DAUBER 6 9  HBC 6/68 
T B 4 6 9  (2 .85)  (0 .20 }  (0 .18 ]  BRIDGEWAT 72 HBC 1.75 GEVIC K-P [ / 73  
T M 157 2.90 0.32 0.27 MAYEUR 72 HLBC 2.1GEV/C K- I174 
T B 652 2 . 8 8  0 . 2 1  0.19 BALTAY 7 4  HBC 1.75 GEV/C K- 3 / 7 4  
T Z 6300 2.77 0.16 ZECH 77 SPEC ~EUTRAL HYP. BEAM t i l T7 *  
T M MAYEUR 72 VALUE MODIFIED BY ERRATUM. I 1 7 4  
T B BALTAY 7~  INCLUDES BRIDGEWATER 7 2 .  3/74 
T Z ZECH 77 VALUE IS FOR LAMBDA LIFETIME=2*69E-IO. FOR LAM LIFETIME I2/77~ 
T Z OIFFERENT FROM THIS, TAUXIO=I2.TT-ITAULAMBDA-2.691)E-IO. 12/77.  
T . . . . . . . . .  
T AVG 2.903 0.099 0.093 AVERAGE (ERROR INCL. SCALE FACTOR OF I .O l  
T STUDENT 2.90 0 . [ I  O.IO AVG BY STUDENTIO(H/I . I I )  - -  SEE MAIN TEXT 

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

DECAY MASSES 
PI XIO INTO LAMBOA PlO I i 15÷  134 
B2 XIO INTO PROTON P I -  938+ I39 

9 3 8 *  . 5 ÷  0 P3 xIB INTO PROTON E- NEU 
P4 XIO INTO SIGMA÷ E- NEU I iR9 *  .5÷ o 

P5 XIO INTO SIGMA- E+ NEU IIOT+ .5+ O 
P6 XIO INTO SIGMA÷ MU- NEUTRINO I I 89+  105+ 0 
P7 XIO INTO SIGMA- MU+ NEUTRINO 1197÷ I05÷ O 
PB XIO INTO PROTON MU- NEUTRINO 938+ I05+ o 
P9 XIO INTO LAMBDA GAMMA 1115+ 0 
PIO XIO INTO SIGMAO GAMMA I t?B÷ o 

23 XIO BRANCHING RATIOS 

RI XIO INTO (PROTON PI-I /(LAMBOA PlOT IUNITS IOmm-5) (P2 ) / (P I I  
RI 2700. OR LESS TICHO 63 HBC 6/68 
RI 500. OR LESS HUBBARD 6 6  HBC 6 1 6 8  
RE 90. OR LESS DAUBER 69 HBC 6/68 
RI D 180. OR LESS CL=.?O YEH T4 HBC I300 EFF.OENOM. [ I / 75  
RI 3 .6  OR LESS CL=.9O GEWENIGER 75 SPED I I / 75  

R2 XIO INTO IRROTON E -  NEU)/(•AMBDA PIO) (UNITS i0~* -3 )  

R2 6 3  HBC (P3 I / (P I }  
R2 27 .0  OR LESS TICHO 6/68 
R2 6 .0  OR LESS HUBBARD 6 6  HBO 6 / 6 8  
R2 1.3 OR LESS DAUBER 69 HBC 6 /6B  
R2 O 3.4 OR LESS EL=.90 YEH 74 HBC 670 EFF.DENQM. I i / 75  

R3 XIO INTO (SIGMA+ E- NEUII(LAMBDA PIO) (UNITS IO~ -3 |  
R3 (PA I / (P I )  
R3 1 3 . 0  OR L E S S  T1CHO 6 3  HBC 6 / 6 B  

R3 7.0 OR LESS HUBBARD 66 HBC 6168 
R3 1.5 OR LESS DAUBER 69 HBC 6168 
R3 0 1.1 OR LESS Ct=.90 YEH 74 HBC 2100 EFF.DENDM. I I / 75  

R4 XIO INTO (SIGMA- E* NEUI/(LAMBDA PIOl (UNITS I 0 "~ -3 )  
R4 (PS I I IP I )  
R4 6 .0  OR LESS HUBBARD 66 HBC 6Z60 
R4 1.5 OR L E S S  DAUBER 69 HBC 6/68 
R4 0 0.9 OR LESS CI=.90 YEH 74 HBC 2500 EFF.DENOM. 11275 

R5 XIO INTO (SIGMA÷ MU ~ NEUI/TOTA• (UNITS 10" * -3 )  (P6) 
R5 7.0 OR LESS HUBBARD 6 6  HBC ~ / 6 B  
R5 L.5 DR LESS DAUBER 69 HBC 6/68 
R5 0 1.1 OR LESS EL=.90 YEH 74 HBC 210O EFF.DENOM. 11/75 

Rb XIO INTO (SIGMA- HUe NEUI/TOTAL (UNI IS 10~ -3 )  (P7) 
R6 6.0 DR LESS HUBBARD 66 HBC 6/68 
R6 1.5 OR LESS DAUBER 6g HBC 6/68 
R6 o o . 9  OR L E S S  CL=.90 YEH 7 4  HBC 2500 EFF.DENON. l i l T 5  

B7 XIO INTO (PROTON MU- NEU)/TDTAL (UNITS 10* * -3 )  (P8) 
R7 6 .0  OR LESS HUBBARD 66 HBC 6168 
R7 1 . 3  OR L E S S  DAUBER 6 9  HBC 6 1 6 8  
R7 0 3 . 5  OR L E S S  C L = . 9 0  YEN 7 4  HBC 6 6 4  E F F . O E N O N .  1 1 2 7 5  

R8 XIO INIG (LAMBDA GAMMA|Z(LAM RIO) (UNITS I0~=-3)  (Pg ) / (P I )  
RB I 5. 5. YEH 74 HBC 200 EFF.DENOM. Ii175 

R9 XIO INTO (SIGMAO GANMA)IIEAM RIO) (UNITS 10~*-2) (P IO l / IP l I  
R9 O- I  6.5 OR LESS CL=.90 YEH 74 HBC 60 EFF.OENOM. I I 175  

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

2 3  XIO DECAY PARAMETER 

RELATED TEXT SECTION V ID  AND APPENDIX I I I  

A ALPHA X( 0 

A - 0 . 07  0.46 PJBRROU 65 HBC SEE NOTE O BELOW 6 2 6 8  
A 1 4 6  - 0 . I 3  O.IT BERBE 6 6  HBC SEE NOTE O BELOW b /6B  
A • 4 6  - 0 . 2  0 .4 LONDON 6 6  HBC SEE NOTE 0 BELOW 6/68 
A M 4 9 0  ( - 0 . 33 )  [o .  I I )  MERRILL 66 HBC SEE NOTE D BELOW 6168 
A A 739 -0 .43  0.09 DAUBER 69 SEE NOTE A BELOW 

B 440 I - 0 . 52 )  (0 .09)  BRIDGEWAT 72 HBB 1,75 GEV/C K-P 1/73 
130 -0 .84  0.27 MAYEUR 72 HLBC 2 ,1DEV/C K- 1/73 

BALTAY 7 4  HBC 1 . 7 5  GEV/C K- 3/T4 A B 652 -0.54 0 . 1 0  
A A USED ALPHA LAMBOA = 0.647 + -  0.020.  
A C ERRORS MULTIPLIED BY l . L  DUE TO APPROXIMATIONS USED FOR x I  
A 0 POLARIZATION. (SEE DAUBER 69 FOR DETAILED DISCUBSIDNI 
A • L INDEN 66 USES ALPHA-LAMBDA = 0.62 
A M MERRILL 6 6  REPLACED BY DAUBER 6 9  
A B BRIDGEWATER 72 ERROR PURELY STATISIICAL. 1/73 
A B BALTAY 7 4  INCLUDES BRIDGEWATER 72. 3 / 7 4  
A . . . . . . . . .  
A AVG -0 .441 0.078 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3)  
A STUDENT -0 .445  0.069 AVERAGE USING STUOENTIOIH/ I . I I }  - -  SEE MAIN TEXT 

(SEE IDEOGRAM BELOW ) 
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Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
v o  C~- 

p 

WEIGHTED QUERQGE = -0 .441  ± 0 . 0 7 8  

ERROR SCRLED BY 1 . 3  

CHISQ 
. . . . . . . .  B Q L T Q Y  7 4  H B C  1 . 0  

- ~  I ~ . . . . . . . .  NaYEUR 72 HL,~C 2 . 2  

I d - ' V  . . . . . .  O.UBER 69 o .o  
/ ~ . . . .  LDNOOH s6 H,C o . ,  

/ I - ~  . . . . .  BERGE 66 .BE 3 . ,  

• ~ 6 5  HBC 6 .9  

(CONLEU 
- 1 . 5  -1 .0 -0  .S 0 . 0  0 .S 1 .0  =0 . t 4 2 )  

~LPHA FOR X IO  

F PHI ANGLE ( ST N( PHI I/COS ( PHI (=BETA/GAMMA) ( D E G R E E S )  

F 146 --8. 30. BERGE 66 HBC SEE NOTE O BELOW 6168 
F M 490 ( l O T . 0 1  ( ~ 6 . 0 1  M E R R I L L  6 6  HBC SEE N O T E  O BELOW b / 6 8  
F A 739 38. |9 .  DAUBER 69 HBC SEE NOTE A BELOW 
F B 440 [ i t . 2 ]  ( 1 ~ . 4 . )  BRIDGEHAT 72 HOE 1.75 GEV/C K - P  1/73 
F B 652 16.0 [7.0 BALTAY 7 4  HBC 1.75 GEVI£ K- 3174 
E A USED ALPHA LAMBDA = 0.6W7 +- O.OBO. 
F D ERRDRS MULTIPLIED BY 1.2 DUE TO APPROXIMATIONS USED FOR X( 
F D POLARIZATION. (SEE DAUBER 6O FOR DETAILED DISCUSSION) 
F M M E R R I L L  66 REPLACED BY OAUBER 69 
F 8 BRIDGEWATER 7 z  ERROR PURELY STATISTICAL. 1173 
F B B A L T A Y  7 4  INCLUDES BRIDGEWATER 72. 3 / 7 4  
E . . . . . . . . .  
F AVG 20.7 i t . 7  AVERAGE [ERROR INCLUDES SCALE FACTOR OF l .O )  
F STUDENT 20.6 1 3 . 2  AVERAGE USING STUDENTLO(HII.II) - -  SEE MAIN TEXT 

• * * * ~ *  * * * * * * * * *  * * * * * * * ~ *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FO ~ XIO 

ALVAREZ 59 PRL 2 215 ALVAREZ,EBERHARD~GO{30~GRAZIANO,TICHO+ (LRL) 
JAUNEAU 63  SIENA CONF [ 1 JAUNEAU+  (EROleCERN÷LOUC+RHEL÷BERGEN) 

ALSO 63 PL 4 @9 JAUNEAU+ (EPOL+CERN+LOUC+RHEL+BERGENI 
TICHO 6 3  BNL CONE 4.10 HAROLD K TICHO (UCLA) 

CARMCNY 6 ~  PRL 12 ~ 8 2  CARMONY,PJERROU, SCHLEIN,SLATER,STORK÷JUCLA) 
HUBBARD 6 ~ PR 135 B IB3 HUBBARD,BERGE,KALBFLEISCH, SHAFER ÷ (LRL) 
PJERROU 65 Pal 14 275 + SCHLEIN,SLATER,SMITH,SIORK,TICHD (UCLA) 
PJERR(DU 65 THESIS G M PJERROU (UCLA} 

BERGE 66 PR 1 4 7  945 BERGE,EBERHARD,HUBBARD~MERRILL ÷ (LRL) 
HUBBARD 66 UCRL 1 1 5 1 0  J RICHARD HUBBARD (THESIS,BERKELEY) (LRL) 
LONDCN 66 PR l~.3 1034 LONDON,RAU,GOLDBERG,EICHTMAN÷(BNL÷SYRAEUSEI 
MERRILL 66 BERKELEY C£NF MERRILL, SHAF ER,BERGE (LRL) 

ALSO 6 6  UCRL 1 0 4 5 5  DEANE MERRILL (THESIS, BERKELEY) (LRL) 

PALMER OB PL 2 0 B  323 PALMER,RAOOJIDIC,RAU,RICHARDSON+ (BNL,SYRA) 
DAUBER 69 PR I 7 9  I262 +BERGE,HUBBARD,MERRILL,MILLER (LRL) 

BRIDOEWA 72 NEVIS LOB(THESIS) ALBER7 BRIDGEWATER (COLUMBIA) 
MAYEUR 72 NP B~7 333 +VAN BINST,WILQUET÷ (BRUX+CERN+IUFIeLDUCI 

ALS6 73 NP B 5 3  268 ERRATUM TO MAYEUR 7 2  

WILQUET 72 PL 428 372 +FLIAGINEtGUY,KNIGHE+ (BRUX÷CERN+TUFT÷LOUB} 

BALTAY 7/*. PR 0 9  4 9  +BRIDGEWATER,COOPER,GERSHWIN÷ (COLU÷BINGIJ 
YEH 7 ~  PR DID 354 .5  +GAIGALAS,SMITH,ZENDLE,BALTAY + (BING+COLU) 
GEWENIGE 7 5  PL 570 193 GEWENIGER,GJESDAL,PRESSER ÷ (CERN+HEID] 
ZECH 17 NR 6124 ~ 413 ÷DYDAK,NAVARRIA÷ ISIEG+CERN÷OORI÷HEID) 

24 OMEGA-( [675, JR=3/2÷) I=O 
QUANTUM NUMBERS ASSIGNED FROM SU3 

SPIN I12 EXCLUDED BY DEUTSDHMANN 77 

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

24 OMEGA- MASS (MEV) 

M E 1 ( 1 6 1 5 . l  E I S E N B E R G  54. EMUL 9 / 7 3  
M F I 1672.1 I. FRYL 55 EMUL 9173 
M F E I670.6 ( t . )  FRYB 5E EMUL 9/73 
M t I673.0 8.0 ABRAMS 64 HBC INTO X I -  RIO 
M 3 1673.3 t.O PALMER BB HBC K--P 4.b,5. GEVIC II/69 
M 3 I671.8 O.8 SCHULTZ 68 HBC K-P 5.5 GEVIC it169 
M 5 1674.2 1.6 SCDTTER 68 HOD K - P  6. GEV/C ti169 
M B 6(1671.9) (1.2) SPEIH S9 HBC K-P tO. GEVIC ]I169 
M B 13 1671.43 0.78 ABCLV 7 3  HBC K-P [D. GEV/C 12173 
M D 4. I673.4 1.7 DIBIANCA 75 DBC 4.9 GEVIC K-D 1 / 7 7 ,  
M E EISENBERG 5~ MASS CALCULATED FOR DECAY IN FLIGHT. ALVAREE 73 HAS 9173 
M E SHOWN THAT THE OMEGA INTERACTED WITH AG NUCLEUS TQ GIVE K- x I  AG. 9173 
M F BOTH FRY EVENTS IDENTIFIED AS OMEGA- BY ALVAREZ 73. 9/73 
M F FRY MASSES ASSUME DECAY EO LAMBDA K- AT BEST. DECAY FROM ATOMIC 3174 
M F ORBIT COULD OOPPLER SHIFT THE K- ENERGY AND RESULTING OMEGA- MASS 3/74 
M F BY SEVERAL MEV FOR FRY 2. THIS SHIFT IS NEGLIGIBLE FOR FRY ] 3 /74 
M F BECAUSE THE OMEGA DECAY IS APPROXIMATELY PERPENDICULAR TO ITS 3174 
M F ORBITAL VELOCITY, AS IS KNOWN BECAUSE THE LAMBDA STRIKES THE 3/74 
M F NUCLEUS (L.ALVAREZ, PRIVATE COMM. 1973).  WE HAVE CALCULATED THE 3/74 
M F ERROR ASSUMING THAT ORBITAL N IS 4 OR LARGER. 3/74 
M B ABCLV VALUE INCLUDES THE SPETH 69 EVENTS. [2 /73  
M D DIBIANCA 75 GIVES MASS FOR EACH EVENT. WE QUOTE AVERAGE. t / 77 *  
M . . . . . . . . .  
M AVG 1672.25 0 .4 t  AVERAGE )ERROR INCLUDES SCALE FACTOR OF t .O )  
M STUDENTI672.24 0.47 AVERAGE USING STUDENTIO(HI I . t l }  - -  SEE MAIN TEXT 

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

24 ANTI-OMEGA+ MASS IMEVI 

MB t 1673.I 1.0 FIRESTONE 71 HBE 12 GEV/C K+D 

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

~- Mean Life 

There are now two large-statistics measurements 

of the ~- mean life: 

il 15) i0-i0 +0. x sec (DEUTSCHMANN77) T~- = .41 -0.24 

T~- (0.75 +O.14)x i0 -I0 = -0.ii sec (ACNO 78) 

Neither result is published as of this writing, but 

both are considered final by their authors. The 

DEUTSCHMANN 77 (ABCLV collaboration) result is from 

i01 events of the inclusive reaction K-p ÷ ~- + any- 

thing at i0 and 16 GeV/c, where the ~ decays into 

_0 - z - % o "  
AK-, n ~ , or The ACNO 78 result is from 39 

events of the exclusive reactions K-p ÷ ~-K+K ° and 

K-p + ~-K+K+Z - at 4.2 GeV/c, where the ~- is 

observed in the same decay channels. 

The ACNO 78 value is only about half as large 

as (i.e., about two and a half standard deviations 

below) the DEUTSCHMANN 77 value. The explanation 

of this discrepancy is not known. Contamination 

from Z- decays would increase T~_ and would pose 

more of a problem for the inclusive events of 

DEUTSCHMANN 77 than for the exclusive-production, 

constrained events of ACNO 78. DEUTSCHMANN 77 

include an additional ~8% systematic error in their 

negative error to account for possible ~ and/or 

contamination. 

Our 1976 average was based on the lifetimes of 

individual events listed below and on 16 ABCLV 73 

events. We now exclude the individual events from 

our average because of possible systematic errors. 

The ABCLV 73 events are included in the DEUTSCHMANN 

77 result. We then average the DEUTSCHMANN 77 and 

ACNO 78 values and multiply the errors by a scale 

factor S = 2.5 to account for the discrepancy. In 

the Tables we quote the average value 

I +0.4> i0-i0 = x sec S = 2.5 T~- .i -0.3 

and warn of the discrepancy in a footnote. 



Stable Particles 
Q-, CHARMED BARYONS 

24 OMEGA- MEAN LIFE IUNITS lO**-IO SECl 

T I (l.631 ABRAMS 64 HEC 7/66 
T 1 (0.7l BARNES I 64 HBC 7/66 
T 1 II.4) BARNES 2 64 HBC 7/66 
T [ (1.85) 60LLEY 65 HBC 7/66 
T l (1.5I RICHABDSO 65 HBC 7/66 
T I (I.EO) SCHULTZ 68 HBC 11/67 
T i I0.06I SCHULTZ 68 HBC 11/67 
T i (0.63) SCHULTZ 68 HBC 11/67 

i 10.251 SCOTTER 68  HbC 6/68 
I (O.~OI SCOTTER 6E NED 6 / 6 8  

T i 10.71) SCOTTER 68 HBC 6/68 
T i (0.08I SCOTTER 68 HBC 6/68 
I 1 i~.o,I BCOTTER 6B .BC  6 / 6 ~  

12.38) SCOTTER 68 HEC 6/68 
T 0 16 l i .391 (0.45) (0.311 ABCLV 73 HB6 K-P TO. GEV/C 12173 
T 1 10.135) DIEIANCA 75 DBC 4.9 GFV/C K-D I177* 
T 1 (0.482) OIBIANCA 75 DBC 4.9 GEVIC K-D 1/77" 
T I (0.702) DIBIANCA 75 DBC 4.9 GEVIC K-O I177" 
T l (0.228I DIBIANCA 75 DEC ~.9 GEV/C K-D 1/77" 

T D I01 1.41 0.15 0.24 OEUTSCHMA 77 HBC i0,16 GEV/C K- P 2/78* 
T 39 0.75 0.14 O . l l  ACNO 78 HBC 4.2 GEVIC K- P 2/78* 
T E DEUTSCHMAN 77 INCLUDES EVENTS OF ABCLV 73. 2/78* 
T 
T AVG 1.1 0.~ 0.3 AVG (ERAOB INCL. SCALE FACTOR OF 2.BI 2178 "  

. _  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

24 DMEGA- PARTIAL DECAY MODES 

DECAY MASSES 
P l  OMEGA- INTO LAMBDA K-  1115÷ 493 
P2 OMEGA- INTO XIO PI-  L3l~+ 139 
P3 EMEGA- ~NTO XI -  PIO |321÷ 134 

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

24 ~MEGA- BEANCHING RATIOS 

RI OMEGA- INTO LAMBDA K- {P l )  
R I  F I EVENT FRY1 55 EMUL 11173  
RI F i EVENT FRY2 7355 EMUL 11 /73  
RI F BOTH FEY EVENTS IDENTIFIED BY ALVAREZ . 11/73 
RE 2 EVENTS PALMER 68 HBC 11 /69  
R1 3 EVENTS SCHULTZ 68 HBC 11/69 
RI 5 EVENTS I XI PI DECAY AMBoSEOTTEB 68 HBC 11/69 
RI 13 EVENTS +2 AMBIG. WITH XI-ABCLV 73 HBC K-P i0 .  GEVIC 12173 
Rl B EVENTS DIBIANCA 75 DEE #.9 GEV/C K-D 1 /77 '  

R2 OMEGA- INTO XIO P I -  (PZi 
R2 5 EVENTS PALMER 68  HBC LI169 
R2 3 EVENTS SCSTTER 68 HBC 1L/69 
R2 3 EVENTS ÷ I  AMBIG.WITH SIG-ABCLV ?3 HBC K-B i0 .  GEV/C 12173 
R2 2 FVENTS DIBIANCA 75 DEC 4 .9  GEV/C K-D 1177 "  

R3 OMEGA- INTO X I -  PIO (PSI 
R3 1 EVENT ABRAMS 64 HBC 11/69 
R3 l EVENT PALMER 68  HB~ 11/69 
R3 l EVENT SCOTTER bB HBC 11169 
R3 l EVENT ABCLV 73 HBC K-P i0 .  GEV/C 12/73 

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

24  OMEGA- DECAY PARAMETERS 

RELATED SECTION VI D IN TEXT 

AL ALPHA FOR OMEGA- TO K -  LAMBOA 
AL L5 -0.66 0.36 0.30 K OCHER 74  I0/7~ 

REFERENCES FOR OMEGA- 

EISENBER 54 PR ~6 541 Y EISENBERG (CORNELLI 
FRY[ 55 PR 91 I IB9  EB¥,SCHNBPS,SWAMI (WISCI 
FRY2 55 NC 2 346  FRY,SCHNEPS,SWAMI (WISC} 

ABRAMS 64 PRL 13 670 • BURNSTEIN,GLASSER + IUMD÷NRLI 
BARNES I 66 PRL 12 204 V E BARNES,CDNNOLLY,CRENNELL,CU£WICK÷ (BNL) 
BARNES 2 64 PL 12 134 V E BARNES,CONNOLLY,CRENNELL,CULWICK+ (BNLI 
COLLEY 65 PL 19 152 CDLLEY,ODDD +(BIRM÷GLAS~LO[C+MPIM+OXF÷RHEL) 
RICHARDS 65 EARS 10 I [ 5  RICHARDSON,BARNES,CBENNEL+ (BNL÷SYRACUSE) 
SAMIOS 65 ARGONNE CONP 189 N P SAMIOS ((RVU~) BNL) 

PALMER 68 PL 266 323 BALMER,RADOJICIC,RAU,RICHARDSDN+ (BNL,SyRA) 
SCHULTZ 68 PR 168 iB09 SCHULTZ+ (ILL,ABGONNE,NORTBWESTERN,WISC) 
SCOTTER 68 PL 265 474 SCOTTER+ IBIRM,GLASGCW,LOIC,MUNI6H,OXF) 
SPETH 69 PL EBB 252 SPETH+ (AACHEN,BERLIN,CERN,LOIC,VIEN) 

FIBESTON 71 PRL 26 410 +GOLDHABEB,LISSAUER,SHELDON,TRILLING (LRL) 
ABCLV 73 NP 661 102 AACHEN÷BEBLIN+CERNeLONODN÷VIENNA CGLCABOR. 
ALVAREZ 73 PR D8 702 LUIS W. ALVAREZ (LB£) 
KOCHER 74  PL BIB 193 KDCHER,WERNHARD (INNS÷VIENI 
OlBIANCA 75 NP 698 137 F.A.OIBIANCA~ R.J.ENOORE (CARNI 
DEUTSCHM T7 CERN/EPIPHTT2GREV DEUTSCHMANNt(AACH+BERL÷CERNtINNS+LOIG+VIEN] 
ACNO T8 PRIVATE COMM. B.JONGEJANS (CERN÷ZEEM÷NIJM*OXF COLLAB.) 

A+(2260) and Zc(2430) 
--C 

There is some evidence for the existence of 

these charmed baryons, although the evidence is 

weak compared with that for the charmed D states. 

The data on the A + are summarized in the section 
c 

below while the data on the ~ (2430) are summarized 
C 

in the Baryon Data Card Listings. 
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The evidence is quite consistent with the 

charmed baryon picture. 1'2 A single event, identi- 

fied with high probability as ~p ÷ ~-A~+~+~+~ - 

observed at BNL (CAZZOLI 75) has As = -i and AQ = +i 

for the hadrons. For this event, rate arguments 

indicate a AS=-AQ strength comparable to AS=AQ. 

For noncharmed particles, no AS = -AQ semileptonic 

processes have been observed, and limits on such 

rates are a few percent of AS=AQ rates. With 

charm, such events are expected at rates comparable 

to AS=AQ rates. Production can occur via the 

Cabibbo-suppressed transition vd ~ ~-c (~Q = +i, 

AS = 0), while the Cabibbo-favored nonleptonic decay 

involves the transition c÷sud (AQ= 0, AS=-l) 

resulting in AQ= +i, As=-i as observed. Thus 

Charm provides a natural explanation for this 

event. The (A4~) ++ mass and one of the (A3z) + mass 

combinations are in good agreement with charm 

predictions 3 for the lowest lying charmed baryon 

states with charge +2 and +i and JP = 1/2 + , the 

E; +(2430) and the A;(2260). 

CAZZOLI 75 state that the most likely alterna- 

tive to charm for this event is associated production 
0 

of a missing K L with a probability of ~ 3 × 10-5o 

We adopt the names A and E used by CAZZOLI 75. 
c c 

The name ~ or Z indicates the isospin (u,d quark) 

structure, while the subscript c indicates that 

the strange quark in an uncharmed A or ~ has been 

replaced by a charmed quark giving c(ud)I=0 for A +c 

and c(ud) for ~ . Alternative names to A and 
I=l c c c 

are C O and CI, used e.g. in Ref. 1 and Ref. 2. 

Additional charmed baryon evidence comes from 

Fermilab photoproduction data (KNAPP 76) on the 

reaction 

y + Be ÷ ~ + pions 

-- -- -- + 

A narrow peak is observed in A~ ~ ~ at 2.26 GeV 

and not in AX+x+~ -. A higher mass (~2.5 GeV) peak 

in (A4~) 0 is seen to cascade into this state. Their 

results are consistent with being 

~c (2430, = 1/2 +) 

~ ( 2 2 6 0 ) ~  + 
~0 (2480, JP 3/2 + ) I 

\ C  

I A--~-~-~ + 

in striking agreement with the CAZZOLI 75 event. 
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Stable Particles 
CHARMED BARYONS, A~ 

Uncharmed ~ states are known to exist 4 in the 

neighborhood of the observed states. However, the 
-- -- -- Jr 

narrow width of the An ~ ~ peak and the absence 

of the opposite-charge state tend to favor the 

charm interpretation. One disturbing feature of 

the KNAPP 76 data which is contrary to charm 

expectations is the absence of a signal in the 

AIT+TT+~ - state. 

BARISH 77 in an ANL deuterium exposure find 

one neutrino dilepton candidate, which they 

identify as 

~ d + ~-P~+~-~°e+~e (ns) ' 

where the 0 is inferred from the observation of 

a single converted photon, and the neutrino and 

spectator neutron are not seen. This event has a 

possible, but highly speculative, interpretation as 

a semileptonic decay of a charmed baryon: 

÷ ~-~++(2430)(n ) ~ d 
C S 

I + - 0 Jr 
~p~ ~ ~ e V 

e 

or 

+ - 0--0 + 

~pITW ~Ke~ 
e 

where the ~0 escaped detection. With the second 

interpretation and the charm expectation that 

Z;+(2430)- ÷ A+~ +, they speculate that they may have 
C 

observed the semileptonic decay 

A + + p~-~0~0e+ 
C e 

This interpretation would require that 

mass(~; +)- > 2439 MeV and mass(A;)- > 2248 MeV, limits 

consistent within errors with the CAZZOLI 75 mass 

values. It would also require a fairly unlikely 

spectator neutron momentum of 260 MeV. Other 

interpretations exist for this event including a 

lighter mass, ~2 GeV charmed baryon or a background 

non-dilepton event. 
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2. B.W. Lee, C. Quigg, and J. L. Rosner, Phys. 

Rev. DI5, 157 (1977). 
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sections of the Baryon Data Card Listings. 

See also the reference section in the A+(2260) Data 
c 

Card Listings below. 

33 LAMBDA/C+IB260,JP= ; 

NEEDS CONFIRMATION. 
. ~  OMITTED FROM TABLE. 

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

33 LAMBDA/C+ MASS (MEV) 

M C I 2260. 20. CAZZOLI 75 HBC + LAMBDA 2PI+ P l -  3 /77*  
M S I ( 2360 . )  (SgO.) SUGIMOTO 75 EMUL INTO SIGMA PIO 3/77*  
M S i IB230* )  ( 560 . ]  SUGIMOTO 75 EMUL INTO SIGMA ETAO 3/77*  
M K 60 226O. (TO.} KNAPP 76 SPEC - ANTILAM 2P I -  Pl+ 3 /77*  
M B C l I ZZ48 . I  OR MORE BARISH 77 OBC MODE P4 BELOW 3/77*  

CAZZOL[ 75 IS BNL EXPT. SEES (NEUTRINO P - ->  MU- LAMBDA 3PI+ P I - )  3/77~ 
c EVENT WITH M(LAMBDA 4PIi=B42b+-lBMEV. LARGE OS=-O0 RATE {SAME AS 3 /77 *  

M C DS=DQI SUGGESTS CHARM. DERUJDLA 75 PREDICTS E STATES NEAR EHIS 3 /77 .  
M C MASS WHICH DECAY STRONGLY BY PI+ EMISSION (MASS DIFF I60 AND 220MEV 3 /T7.  

C FOR THE TWO SIATESI TO THE LOWEST MASS CHARMED BARYON. THE THREE 3 /77*  
C POSSIBLE PI+ EMISSION MASS DIFFS FOR FHIS EVT ARE 338*-12,  327+-12 3 /77 .  

M C AND 166+-ISMEV. WE USE THE LATTER FOR THE ABOVE QUOTED MASS. 3 /77*  
M S SUGIMOTO 75 VALUES ASSUME DECAY FRAEM IDENTIFICATION AS SIGMA+-. 3/77~ 
M S K VALUES TAKEN FROM GAISSER 76 TABLE 3.  VERY SPECULATIVE INTERP. 3 /77*  

KNAPP 7B IS FNAL WIDE BAND PHOTON BEAM ON BE TARG. THEY SEE PEAK IN 3/77~ 
K ANTILAM BPI -  P I+  BUT NOT IN ANTILAM ZP I+  P I - .  THEY ALSO SEE AN 3 /77*  

M K ANTILAM 2PI+ 2P I -  STATE AT 2.5GEV CASCADING VIA P I -  EMISSION TO 3 /77 *  
M K THE 2.26 GEV STATE. 3 /77*  
M E BABISH 77 IS ANL EXPT. SEES ONE DILEPTON EVENT WHICH IS CONSISTENT 3177" 
M B WITH NEU P - - >  MU-- SIGMA/C++, SIGMA/C++ - ->  LAMBOA/C~ PI+ AND 3 /77 "  
M B LAMBDA/C+ - ->  P P I -  PIO KOBAR E+ NEU. THIS INTERPRETATION GIVES 3 /77*  
M B ABOVE MASS L IMIT .  IT IS A VERY SPECULATIVE INTERPRETATION. 3 /77*  

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

33 LANBOA/C+ MEAN L IFE  (UNITS [ 0 " * - 12  SEC] 
T S I ( 4 . 5 I  SUGIMOTO 75 EMUI INTO SIGMA PIO 3•77* 

S 1 (0 .68)  SUGIMOTO 75  EMUL INTO SIGMA ETAO 3 /77 *  
S SUGIMOTO 75 VACUES ASSUME DECAY TRACK IDENT IF ICAT ION AS S IGMA+- .  3 / 77~  

T S VALUES TAKEN FROM GAISSER 76 TABLE 3. VERY SPECULATIVE. 3177#  

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

33 LAMBBAIC÷  WIDTH FROM MASS SPECTRUM 

R C 60 75. OR LESS KNAPP 76 SPEC - ANTILAM 2P I -  PI+ 3 /77*  
C KNAPP 76 MEASURES WIDTH 4O÷-20MEV CONSISTENT WITH THEIR EXPT 3 /77"  
C RESOLUTION (BOMEV} FOR A ZERO WIDTH STATE. 3 /77 *  

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

33  LAMBDA/C+ PARTIAL DECAY MODES 

DECAY MASSES 
PI LAMBDAIC+ INTO LAMBOA PI+ PI+ P I -  i l l S+  13g+ 139+ I39  
P2 LAMBOA/C+ INTO SIGMA+ PIO l IB9+ IB4 
P3 LAMBDA/C+ INTO SIGMA*  ETA I I 89+  548 
P4 LAMBDAIC+ INTO P P I -  PIO KO E+ NED 

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

N NCTE ON VERY TENTATIVE MODES P2, P3, AND P4 3 /77 *  
N THESE MOOES ARE VERY TENTATIVE. P2 AND P3 ARE FROM SUGIMOTO 75 3 /77*  
N (SEE GAISSER 76 REVIEW) AND P4 IS FROM BARISH 77. EACH IS FROM A 3/77= 
N SINGLE EVENT. SEE DETAILS IN TYPED REVIEW ABOVE. 3 /77*  

DERUJULA 
GAISSER 
LEE 

REFERENCES FOR LAMBOA/C+ 

75 PRL 34 II25 +CNOPS,CONNOLY,LDUTTIT,MURTIGH+ (BNL )  
75 PTP 53 1540 eSATO,SAITO (TWAS~TOKY) 
76 PRL 37  882  +LEE ,LEUNG,SMITH  + (COLU+HAWA+ILL+FNAL)  
77 PR 015 I +DERRICK,OOMBEEK,MUSGRAVE ÷ (ANL+PURD) 

THEORY AND REVIEW 

75 PR DI2 147 +GEORGItGLASHOW (HARVI 
76 PR DI4 3153  T .K .GA ISSER,F .HALZEN (EART+WISCI  
77 PR D[5 157 +QUIGG,ROSNER (FNAL) 

CAZZOLI  
SUGIMOTO 
MNAPP 
BARISH 



Stable Particles 
HEAVY LEPTON SEARCHES 

I HEAVY LEPTON SEARCHES I 
_+ 

Data on the T (1800) heavy lepton are listed 

in a separate section above, following the e and 

listings. 

The following section contains information on 

searches for heavy leptons of other types and 
f + - 

searches for the T in collisions other than e e . 

Several types of heavy leptons (that is, 

non-strongly-interacting fermions other than e 

and ~) have been proposed. In the Data Card List- 

ings we distinguish four types. 1'2 Each has a 

corresponding antiparticle with opposite charge 

and lepton number. For convenience we omit writing 

the antiparticles in the following descriptions. 

The four types are: 

Sequential Leptons (L-,~L! - . Such a pair 

is assumed to have its own separately strictly 

conserved lepton number n L = +i. This means that 

the radiative decays 

L- e-y 
I are forbidden , 

÷ 

L- ÷ W-y ! 

while the weak decays (assuming m L_ sufficiently 

massive) 

L- +~ e-V 
L e 

L- ÷ V L ~-~--~ are allowed 

L- + V hadrons 
L 

There could be an increasing mass sequence of such 

pairs. It is frequently assumed that the neutrinos 

are massless. 

Decay rates are assumed calculable from conven- 

tional weak interactions theory. For L- mass 

between 1 and 3 GeV, the branching fraction to each 

of the two leptonic modes should be roughly 10% to 

20%. For L- mass above 1 GeV, the mean life should 

be -< 10 -12 sec, too short to be observed in a track 

chamber. 1 

Paraleptons (E+,E 0) a n d ( M + , M  0 ) .  T h e s e  p a i r s  

have the same lepton numbers as the opposite-charge 

ordinary leptons, i.e., e- and ~-, respectively. 

Radiative decays are again forbidden and decays 

9O 

Data Card Listings 
For notation, see key at front of  Listings. 

similar to those allowed for L- are allowed here; 

e.g., 
+ + 

M ÷~ e ~ 
e 

+ + 
or M + V ~ V 

However, the lightest member is not stable as is 

the case for sequential leptons, so that bizarre 

decay schemes such as (assuming mE0 < mE+) 

+ E 0 E ÷ ~+~ 

I - +  ~ e  e ~ 
e 

are allowed. 

Heavy leptons of this type (and/or a neutral 

intermediate boson Z 0) are desired in unified gauge 

theories of weak and electromagnetic interactions 

to cancel unphysical high energy behavior in such 

+ - + - 3 
processes as e e + W W . 

Ortholeptons (F- and N-). These have the same 

lepton numbers as e and H , respectively. They 

may or may not have associated neutral leptons. 

Radiative decays are allowed in addition to weak 

modes similam to those of sequential leptons. The 

radiative mode can dominate or can be relatively 

unimportant depending on the model. 4 Decays such 

as 
F ÷ e + hadrons 

are also allowed. 

Long-Lived Penetrating Particles. Heavy 

leptons could have long mean lives under certain 

circumstances. For example, if m L > mL_, then L , 

the sequential lepton, is completely stable since 

its lepton number is conserved. 

Experimental Results. The results are summar- 

ized in the Data Card Listings below. Mass limits 

for all types are listed together in subsection M. 

T ± Mass  i n f o r m a t i o n  on  t h e  (1800)  i s  no  l o n g e r  

i n c l u d e d  h e r e  b u t  h a ~  b e e n  moved  i n t o  t h e  new 
+ 

T - ( 1 8 0 0 )  s e c t i o n .  

The Listings also contain cross-section upper 

limits reported as results of unsuccessful searches. 

We no longer list cross sections for anomalous e~ 
+ - 

events in e e collisions. These cross sections 
+ - + - 

are consistent with coming from e e ÷ T T where 
+ 

the T-(1800) is assumed to be a spin-i/2 Dirac 

point particle with a mass about 1800 MeV. 
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PROPERTIES OF THE TAU+-(1800) HEAVY LEPTON AND ITS ASSOBIATED 
NEUTRINO ARE LISIED SEPARATELY ABOVE FOLLOWING THE E AND MU 
LISTINGS. THE FOLLOWING SECTION CONTAINS [NFORMATIGN ON SEARCHES 
FOR HEAVY LEPTONS OF OTHER TYPES AND SEARCHES FOR TAU+- IN 
COLLISIONS OTHER THAN E÷E-. WE LIST MASS l IMITS AND CROSS SECTION 
UPPER LIMITS REPORTED AS NEGATIVE SEARCH RESULTS. WE NO LONGER 
LIST CROSS S E C T [ O N E  FGR THE ESTABLISHED PROCESS E~ E -  - - - ~  TAU+ TAU- 
AS WAS DONE IN  OUR [ 9 7 7  SUPPLEMENT. 

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

M ~EAVY LEPTON MASS LIMITS IGEV) 
M H 0 1.o OR MORE BEHRENO 65 SPEC - ORTHGELECTRDN(F) 6 / 7 7 ~  
M T NONE BETWEEN .12 AND .57 BETOURNE 65 SPEC - ORTHCELECTRDN(F} 6/77# 

u NONE EETWEEN .3 ANO .7 BUDN[TZ 66 SPEC - BRTHOELECTRONIF) 
R NONE BETWEEN .2 AND .92 BARNA 68 CNTR LONG-LIVED 
R NONE BETWEEN .97 AND 1 . 0 3  BARNA 6 8  CNTR ~ LONG-LIVED 
Y NONE BETWEEN . I  AND 1.3 BOLEY 68 SPEC DRTHOELEETNONIF) 
L NONE BETWEEN .E AND =6 LIBERMAN 69 OSPK - DRTHOMUDNIN) 
w . ~ 9 0  OR MORE ROTHE 69 RVUE 
I NONE BETWEEN .26 AND 1.32 LICHTENST 70 SPEC - ORTHOELECTRON(F} 
M 20 ( .~24)  ( .013)  (.O02)RAMM 70 HLBC O ORTHOMUON(N) 
M 22 ( . 4 3 1 )  ( . O O R )  RAMM T l  HLBC - ORTHDMUONiN} 
S O O.[  OR MORE ANSORGE 76 HBC - LONG-LIVED 
B 0 0.6 OR MORE BACCI 73 ELEC ÷- ORTHGELECTRON(F) 
B O 2.2 DR MORE BARE/ 73 ELEC ORTHOELECTRONIF) 
C O 2.0 OR MORE CL=.OO PARISH 73 ASPK + PARAMUON (MI 
D 0 1.4 OR MORE EL=.95 EERNARDIN 7 3  ASPK +-  ANY NON-RAD T Y P E  
O 0 1.0 OR MORE EL=.95 BERNAROIN 7~ ASPK ANY NON-RAG TYPE 
N NCNE BETWEEN 0.55 AND 4.E EUSHNIN 7 3  CNTR L O N G - L I V E D  

E 0 2.4 OR MORE CL=.90 EICHTEN 73 HLBG ÷ PARAMUON (M) 
J 7.8 OR MORE CL=*95 HANSON 73 WIRE  ORTHOELECTRON(F) 
A [ . 8  OR MORE CL=.90 ASRATYAN 74 HLBC ÷- ORTHOMUON IN/  
F 8.4 OR MORE CL=.90 BARISH 74 SPEC + PARAMUON { M I  
G NONE BETWEEN 0 AND 2.0 G[TTLESON 7 4  SPEC ORTHOMUON IN} 
o 0 I . [ 5  OR MORE CL=.g5 ORITO 74 ASPK ANY NON-RAG TYPE 
K hONE BETWEEN 0.25 AND 2*3 BACCI 77 SPEC ORTHOELECTRON(F) 
P 1.2 OR MORE MEYER 7 7  SMAG 0 NEUTRAL 

5 / 7 7 *  

G / 7 7 .  

6 / 7 7 *  
5 / 7 7 *  
B / 7 7 *  

B / 7 7 *  

6 / 7 7 *  
6 / 7 7 .  
6 / 7 7 #  

6 / 7 7 #  
1 / 7 6  
1 1 7 6  
~ 1 7 4  
B / 7 ~  
2/74 
2/74 
3 / 7 4  

6 / 7 7 ~  
I i 1 7 5  

7/74 
12177~ 
1 1 / 7 5  
1 2 / 7 7 ~  
12/77. 

COMMENTS 3 / 7 7 *  
LIMITS APPLY CNLY TO HEAVY L E P T O N  TYPE GIVEN IN COMMENT AT RIGHT ON 3 1 7 7 =  
DATA CARD. SEE REVIEW ABOVE FOR DESCRIPTION OF TYPES, 3 / 7 7 =  
IN COMMENTS BELOW; ALL BEAMS ARE MU TYPE NEUTRINO DR ANTINEUTRINO. 3/77~ 
L,E,M,F,N STAND FOR SEQUENTIAL IEPTON,PARA-ELECTRON,PARA-MUON~ 3 / 7 7 =  
CRTHO-ELEGTRON,ORTH~MUON RESPECTIVLY. 3 / 7 7 *  

H BEHREND 6S IS DEEY EXPT. LOOKS FOR E P-->F P, F- -> E GAMMA, 6/77= 
H THIS MASS LIMIT CORRESPONDS TO A LIMIT ON LAMBDA#~2 OF 6,25#10=~-~. 6 /77=  

BETOURNE 65 IS OBSAY EXPT. LOOKS EOR E P -->F P,  MASS OF . I 2  6 / 7 7 *  
CORRESPONDS TO COUPLING CONSTANT LAMBDA=*2 GT . 0 0 1 6 ,  MASS OF .17 6/77~ 

T TO LANBDA~2 GT .22 ,  6/77~ 
U BUDNITZ 66 IS CEA ENPT. LOOKS FOR E P-->B P. 6/?7# 
R BARNA 68 IS SLAC PHOTGPRODUCTION EXPT. 6 /77*  
Y BOLEY 68 IS OEA E X P T .  LOOKS FOR E P-->F P. MASS OF . 1  CORRESPONDS 6 1 7 7  • 

Y TO COUPLING CONSTANT LAMBOA=*2 GT 3 ~ [ 0 ~ - 4 ,  MASS LIMIT GF 1.3 TO 6177" 
Y LAMBBA*~2 GT .01 .  6 1 7 7 ~  
L LIBERMAN 6 9  IS A BNL EXPT MEASURING MUON BREMSSTRAHLUNG. 6177~ 
W RDTHE 69 EXAMINES PREVIOUS DATA ON MU PAIR PROD AND PI AND K DECAYS 6/77= 
I LIEHTENSTEIN 7 0  IS CORNELL EXPT MEASURING E BREMSSTRAHLUNG. 6177~ 
I MASS LIMIT DEPENDS ON COUPLING CONSTANT. FIRST VALUE ABOVE IS FOR 6177~ 

LANBDA**2 GT , 1 7 ,  SECEND IS FOR LAMBDA**2 GT .42 .  6 / 7 7 =  

M RAMM 70 FINDS PEAK IN MU Pl COMBINED MASS PRODUCED BY NEUTRINO 6 /77*  
M INTERACTIONS. HE ALSO CLAIMS EVIDENCE FOR THIS I N  RDMU3 DECAYS IN 6/77*  
M HBC WHERE P I  MU COMBINED MASS PEAKS IN SAME REGION. CLARK 7 2  FINDS 6 1 T 7 *  
M NG EVIDENCE FOR Pl HU PEAK IN HIGH STATISTICS KOL3 EXPT. 6177~ 

M RAMM 71 SEES PEAK IN MU GAMMA COMBINED MASS PRODUCED BY NEUTRINOS. 6/??= 
S ANSORGE 73 LOOKS FOR ELECTRON PAIR PROD AND ELECTRON-LIKE BREMSS. 6/77= 
B BACCI 73 IS FRASCATI E+E- EXPT. LOOKS FOR F ----> E GAMMA. 1176 
B MASS LIMIT DEPENDS ON COUPLING CONSTANT LAMBDA FOR THIS DECAY. 1/76 
B F]RSI VALUE ABOVE IS FOR LAMBDA==2 GT 9=[0==-5,  2ND IS FOR 1/76 

LAMBDA~2 OT 1 0 * * - 3 ,  1 / 7 6  
BARISH 73 IS FNAL 50,145 GEV NEU EXPT. LOOKS FOR (NEU NUCLEON - ->  3/?7= 

C M+ ANYTHING). ASSUMES (M+ - ->  MU+ NEU NEU] WITH BR=.3. 3 1 7 7  = 

D BERNAROINI 73 IS FRASCATI E÷E- EXPT. FIRST VALUE ASSUMES UNIVERSAL 2 1 7 4  
D COUPLING TO ORDINARy LEPTONS. SEOOND VALUE ALSO ASSUMES COUPLING 2174 

TO H A D R O N S .  2 1 7 4  
B U S H N 1 N  7 3  IS  SERPUKOV 7 0  GEV P E X P T .  MASSES ASSUME MEAN L I F E  ABOVE 2 / 7 4  

N 7E--10 AND 31-8 RESPECTIVELY. CALCULATED FROM CROSS SECIDC BELOW) 2/74 
N AND 3 0  GEV MUON PAIR PRODUCTION DATA. 2/74 
E EICHTEN 73 IS CERN I-IOGEV NEU EXpT. LOOKS FOR M+ PRODUCED IN 2176 
E NEU N U L L  --> M+ HADRONS ASSUMING 15 PERCENT DECAy TO E÷ NEU NEU. 2/76 
J HANSON 7 3  LOOK FOR D E V I A T I O N S  FROM QEO IN  E+ E -  - - > 2  GAMMA,  T H E Y  6 / 7 7 "  
J MEASURE THE PRODUCT OF THE F MASS # THE COUPLING CONSTANT LAMRDA, 6177 = 
J WHICH IS THE VALUE QUOTED ABOVE. 6 1 7 7 =  

ASRATYAN 7 4  USES EICHTEN 73  DATA ON NEU NULL - - >  E -  HADRONS AND 2 / 7 6  
ANTINEU NULL - ->  E+ HAORONS TO SET LIMITS ON ORTHOMUON PRODUCTION. 2 1 7 6  

F BARISH 7~ IS FNAL 50,135 GEV NEU EXPT. LOOKS FOR (NEU NUCLEON --> 7174 
F ~+ ANYTHING/. ASSUMES IM÷ -->MU* NEU NEUI WITH BR=.3. 7174 

GITTLESON 7 4  IS MU P - ->  P ORTHOMUON SEARCH. COUPLING CONSTANT 1 2 / 7 7  # 
LAMEDA**2 IS <.01 FOE MASS UP TO . 7  GEV, LIMIT ON LAMBOA**2 RISES [ 2 1 7 7 #  

G TO <*I FOR MASS OF 2.0 GEV. 1 2 1 7 7 #  

o ORITO 74 LOOKED FOE H+H- PAIRS GIVING MU-E PAIRS. MASS LIMIT REFERS 3274 
0 T~ ANY NON-RADIATIVE TYPE HEAVY LEPTON; L ,  E, M, F, N. 3 / 7 4  
0 COUPLING TO HADRON ASSUMED EROM THEORETICAL MODELS, 3174 

Stable Particles 
L PTOY 

M K BALL/ 7 7  IS SAME TYPE AS BALE( 73. LOWER MASS LIMIT CORNESPONDS TO 12 /77 '  
M K LAMBDA#=2 LIMIT OF 4~i0=~-5,  UPPER VALUE IS FOR LAMBOA~2 LIMIT OF 12/77# 
M K 1.5"10"*-3, 1 2 / 7 7  • 
M P MEYER 77 LOOKS FOR NARROW NEUTRAL RESONANCE IN(E PI)ANDIMU El )  1 2 / 7 7 "  
M P C ~ A N N E L S  PRO~UGED EY E+E- AT 6.8 GEV (ECM), ASEUNED TO EE DECAY 12/77.  
M P PRODUCT OF THE TAU. SEE SECTION NE BELOW. 

NEU HEAVY LEPTON EVIDENGE INEUTRINO NUCLEON} 
NEU SEE ALSO SECT[EN 'Y' IN 'CHARMED HAORON SEARCHES' AND 
NEU SECTION = T '  IN ' O T H E R  NEW PARTICLE SEARCHES = , 
NED B 6 T~IMUON EVENTS EENVENUI 7 7  NEUL 5/6NEU, 1/ONEUBAR 1/76*  
NEU B 10 MU* MU-, 3 M U -  MU- EVENTS BENVENU2 77 NEUL 1/78"  
NEU B BENVENUT1 77 IS FNAL EXPT. TRIMUON EVENTS CAN BE EXPLAINED BY PROD 7/77 = 
NEU B DE A NEW HEAVY LEPTON -->MU- NEUBA~ NEW LIGHTER LEPTON - ->  MU+ MU- 7/77*  
NEU B NEUTRINO. SEE ALSO EENVENUT2 7 7 ,  ALBRIGHT 7 7  AND BARGER 7 7  FOR 7 / 7 7 "  
NEU B FURTHER ANALYSIS. HEAVIER LEPTON HAS M=7 ( +3 , - i )  GEV, LIGHTER DAB 7 / 7 7  $ 

NEU B M=3.5 (+ I .5 . - - .~ )  GEV. 7 / 7 7  = 
NEU E BENVENUT2 77 IS FNAL EXPT WHICH ANALYSES THE OIMUON EVENTS THAT ARE 7177~ 
NEU E UNLIKELY TO COME FROM CHARM PRODUCTION BECAUSE OF MUON MOMENTA. 7/77~ 
NEU E THEY MAY BE EXPLAINED BY SAME CASCADE DECAY PROCESS AS TR[MUDN 7/77# 
NEU E E V E N T S .  7 / 7 7 *  

DC HEAVY LEPTEN PRODUCTION DIFF. CROSS SEE. (P NUCLEON) (CM**ZlSR-GEV) 
DC G o 1,61-37 QR LESS CL=.90 GOLOVRIN 72 CNTR- ?OGEV P, SERPUKHGV [ / 76  
DE B 0 4 ,  E-38 OR LESS CL=.OD BUSHNIN 73 CNTR- ?OGEV P, SERPUKHOV 2/74 
OC G MASS RANGE [ TO A.5 GEV,THETA=O,P=25 GEV/C. 1176 
DC B BUSHNIN 73 HEAVY LEPTON PATH TRAVERSES 6 8 0 0  GM/CM=*2 ABSORBER. 2/74 
DC B DIFFERENTIAL CROSS-SECTION MEASURED AT P=30 GEVIC THETA= 2 MRAO. 3/74 

IC INVARIANI HEAVY LEPTON P~OD, CROSS SEG. (P NUCLEON) (CM~=2/GEV~=2} 
IC S 0 5,41-39 OR LESS CL=.OG CRONIN 74 SPEC - M=I-6,B GEV [176 
ICE  O 6.4E-35 OR LESS CL=.90 BINTINGER 75 SPEC ÷-  M=I-5 GEV 2/76 
IC S CRONIN 74 IS AN FNAL 300 GEV P CU EXPT. LOOKED FOR LONG LIVED 2 / 7 6  

IC S PENETRATENG PARTICLES. ABOVE LIMIT ASSUMES STABLE. MULTIPLY IT EY 2/76 
IC S EXPI[.22E-B#MITAUI FOR MASS M(GEV) AND LIFETIME TAU(SEC). LIMIT 2/76 
IC S OBTAINED AT THETA(LABI = 77 MEAD, PT = 2.38 GEV/C. 4/?7= 
IC B BINTINGER 75 IS A 3O--300 GEV P C EXPT. LOOKED FOR LONG LIVED 2/76 
[C B PENETRATING PARTICLES. ABOVE LIMIT ASSUMES STABLE, MULTIPLY IT EY 2/76 
IC B EXP(3.SE-8=MITAU/P) FOR MASS M(GEVI, LIFETIME TAU(SECI, MDM.PIGEVI. 2/76 
IC B OBTAINED AT THETA(LABI = 9[  MRAD, PT = I - 2 . 25  GEV/C. A177* 

CN NEUTRAL HEAVY LEPTON PRODUCTION GROSB SECTIGN (CM~2) 
CN K B 5 I t .  E-37 OR MORE) RR[SHNASW 75 CNTR tO-  M=2-5 GEV 2176 
ON 0 BENVENUTI 75 SPEC O 2/76 
CN K KRISHNASWAMY 75 IS NDLAR GOLD MINE COSMIC RAY EXPT. TYPICAL EVENT 2/76 
CN K HAS VERTEX IN AIR 70 CM FROM WALL WITH THREE OBSERVED CHARGED 2/76 
GN K IRACKS. AUTHORS SUGGEST NEU+ROCK GIVES NEW PARTICLE WITH MEAN LIFE 2/76 
CN K IOE-9 SEE OR LONGER. DE RUJULA 75 GIVES ANOTHER INTERPRETATION. Z/7b  

CN K R SEE ALSO RAJASEKARAN 7 5 .  8 1 7 6 =  
CN BENVENOTI 75 1S AN FNAL EXPERIMENT WHICH ROUGHLY SIMULATES THE 2/76 
CN B KR[SHNASWAMY 75 EXPT. BUT APPARENELY CONTRADICTS IT,  FINDING NO 2/76 
CN B EVENTS. SENSITIVE TO DECAYS OF NEUTRAL PENETRATING PARTICLES 3/77# 
CN B PRODUCED BY THE PRIMARY PROTONS OR BY SECONDARY NEUTRINO 3/77# 
CN B INTERACTIONS IN THE I KM. NEUTRINO BEAM EARTH SHIELD. 3 /77 • 

N EVIDENCE FOR NEUTRAL HEAVY LEPTON PRODUCED IN NEUTRINO INTERATIGN$ 12/77~ 
N B 1 SEEN BARANOV 77 HLBC O SERPUKHOV 12177* 
N B BARANOV EVENT INTERPRETED AS NEU N - - >  P 2PIO NEUTRAL H.LEPTON WITH 12/77.  
N B H , L E P T O N  - - >  MU- E÷ NFU. MASS=I.4~2.B GEV, TAU=6~[O~*-IE SEE. 12177* 
N B EVENT ALSO HAS A POSSIBLE CHARMED PARTICLE INTERPRETATION. [ 2 /77*  

MM UNEXPLAINED MISSING NEUTRAL (HEAVY LEPTON?) MOMENTUM /TOTAL MOMENTUM 
MM E 0.05 0.03 E L L I O T  77 GALO l /7B~ 
MM E ELLIOT 77 IS SLAC 10.5 GEV P[÷ P - ->  P NPI+- NEUTRALS. FINDS THAT I f?B# 
MM E NEUTRAL SPECTRUM CAN BE EXPLAINED BY GAMMA, KO, LAMBDA, NEUTRON. 1/78= 

CP NEUTRAL HEAVY LEPTZN PROD. CROSS SEE. (PROTON NUCLEON) (CM==E) 
EP F 0 i .  E-29 OR LESS FAISSNER 76 HLBC O 1/77$ 
CP F FAISSNER 76 LIMIT ASSUMES STABLE NEUTRAL WEAKLY INTERACTING LEPTON* [ / 77 *  
CE F ALSO RULES OUT DE RUJULA 75 INTERP, OF 5 KRISHNASWAMY 75 EVENTS AS [ /?7e  
CP E (P N U C L E O N  - - >  L*  X, L* - - >  LO x) UNLESS L+ MASS IS ABOVE 3 GEV. 1177. 

NE N E U T R A L  HEAVY L E P T O N  P R O D ,  CROSS S E C T I O N  I E +  E - I  I C M * * B I  1 2 / 7 7 =  
NE M 4 .51-36  OR LESS CL=.90 MEYER 77 SMAG E÷E- 6.D GEV IECMI 12/77* 
NE N MEYER 77 EXPT LOOKS EOR NARROW NEUTRAL RESONANCE IN E-P/ AND MU-PI 12/77* 
NE H CHANNELS. VALUE GIVEN IS FOR MASS OP ,5 GEV, AND IS PRODUCT OF ES~ 11/77~ 
NE H BRITAU--> NEW NEUTRAL LEPTONI~BR(NEUTRAL LEPTON--> E OR MU P I ) ,  IF  12177~ 
NE M MASS OF NEUTRAL LEPTON IS 1.5 GEV, LIMIT BECOMES 2.EE-36. SEE S25M. 12/77~ 

REFERENCES FOR HEAVY LEPTON SEARCHES 

BEHREND 6 5  PBL 15  9 0 0  ÷BRASSE,ENGLER,GANSSAUGE÷ (OESY~RARL) 
BETOURNE ~5 PL 17 70 ÷NGUYEN NGOE~PEREZ Y JORBA÷ (DRSA] 

÷DUNNING,GOITEIN,RAMSEY,WALKER,WILSON(HARV) BUDNITZ 6 6  PR I 4 [  1 3 1 3  
BARNA 6 8  PR I 7 3  t391 +COX,MARTIN,PERL,TAN~TONER,ZIPF~(SLAC~STAN) 
BOLEY 6 8  PR [ 6 7  1 2 7 5  ÷ELIAS,FRIEDMAN,HARTMANN~KENOALL÷ (MIT*CEAI 

69 NCL [ IS BERNARDINI,FELICETTI* (FRAS+NAPL+ROMA) 
6 9  PRL  22 6 6 3  +HOFFMAN~ENGELS,IMRIE*(HARV÷CASE*MCGI÷SLAC) 
69 NP BIO 241 K.W,ROTHE,A.M.WOLSKY (PENNI 
70 PR D[ BB5 LICHTENSTEIN,ASH,BERKELMAN,HARTILL÷ (CORNI 
70 NATURE 227 1323 C.A.RAMM ICERN) 
72 NATURE 237 388 CLARK,ELIOEF,FIELD,FRISCH,JOHNSON* (LBL) 

7 1 N A T . P H . S C . 2 3 0  1 4 5  C.A,RAMM (CERN) 
72 PL 42B [36 ÷GRACHEV,KH~OYREV,KUBAROVSKY+ (SERP) 
73 PR D7 26 ÷BAKER,KRZESINSKI,NEALE,RUSHBROONE+ (CAVE) 
73 PL 446 5 3 0  

BERNARD] 
LIBERMAN 
ROTHE 
LICHTENS 
RAMM 

ALSO 

RAMM 
GOLOVK[N 
ANSORGE 
BAECI 
BARISH 

BERNARD/ 
ALSG 

EUSHNIN 
ALSO 

EICHTEN 
HANSON 

ASRA7YAN 
BARISH 
CRONIN 
GITTLESO 
ORITO 

BENVENUT 
BINIINGE 
BACCl 
KRISHNAS 

ALSO 
ALSO 

FAISSNEP 
BARANOV 
E E N V E N U [  

ALSO 
ALSO 

73  PRL 3 1  4 [ 0  

7 3  NC [ 7 A  3 6 3  
7 0  LNG 4 [ 1 5 6  
7 3  NP 6 5 8  4 7 6  

72  PL #26 X 3 6  

7 3  PL 4 6 B  2 8 ]  
73  NCL 7 5 8 7  

7 4  PL 4 9 D  4 6 8  

7 4  PRL 32  1 3 8 7  

7 4  PR 0 1 0  3 0 9 3  
7 4  PR O l D  1 3 7 9  
7 4  PL 4 8 6  1 6 5  

75  PRL 3 5  [ 4 8 6  
75  PRL 3 4  9BB 
77 PL 7 [ B  2 2 7  

75  PL 576 IO5 
75 PRL 3 5  B2B 

71  PRAMANA 5 7 8  

76  PL 6DE 4 0 1  
77  PL 7 0 6  2 6 ?  

77  PRL 3 8  1 1 1 0  
7 7  PRL 3 6  I 1 8 7  
7 7  PRL 3 8  i190 

+PARIShPENSD,SALVINI,STELLA÷ (RDMA÷FRAS) 
+BARTLETT,BUCH~LZ,HUMPHREY÷ (CIT+FNAL] 

BERNARDINI*BOLLINI,BRUNINI÷IGERN+BGNA÷FRAS) 
ALLES-BORELLI,BERNAROINI,BOLLINI+ (CERN) 
+OUNAYTZEV~GOLOVKIN,KUBAROVSKY + (SERP) 
GOLOVKIN,GRACHEV,SHODYREV + (SERP) 
+DEDEN+IAACH~BELG*CERN÷EPOL+MILA~LALO÷LOUCI 
÷LEONO,NEWNAN,LAW,LITKE+iMIT+HARV*CEA÷HATFI 

÷GERSHTEIN,KAFTANOV,KUBANTZEV,LAPIN+ (SERP) 
÷BARTLETT,BUCHHOLZ, MERRITT ÷ (CIT*FNAL} 
+FRISCH,SHOCHET,BOYMOND,MERMOD * (EFI+PRIN) 
GITTLESON,NIRK÷ (HARV÷RGCH÷COLU+FNALJ 
+VISENTIN,CEBAOINI,CONVERSI + (FRAS÷ROMA) 

BENVENUTI,CLINE,FORD+ IHARV+PENN÷W[SC+ENAL) 
BINTINGER,EURRY+ (EFI÷HARV+PENN÷WISCI 
+DEZDRZI,PENSO,STELLA+ (ROMAeFRAS) 
KRISHNASWAMY,MENON÷ (BOMBAY÷OSAKA) 
DE RUJULA,GEDRGI,GLASHCW (HARVI 
RAJASEKARAN,SARMA (TATA) 

÷HASERT*(AACH+BELG+CERN*EPOL+MILA÷OXF÷LOUC} 
÷VOLKOV,GERSHTEIN,IVANILOV ÷ ISERP] 
BENVENUTItCLINE÷ IFNALeHARV+PENN+RUTG+WISCI 
ALERIGHT,SMITH,VERMASEREN (FNALeGTON} 
8ARGEK,GOTTSCHALK+ (WISG+ZARAGOZA÷RHEL) 
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BENVENU2 77 PRL 38  1183  BENVENUEI,CLINE+ (FNAL÷HARV+PENN+RUTG÷WISC) 

CAVALLIS 77 LNC 20 337  CAVALLI-SFORZA,GOGGI + [PAVI+PRIN+UMD) 
ELL IOT  77 PR DIS 1851 +FORTNEY,GOSHAW,LAMSA,LODS+ IDURE÷ALBA] 
MEYER 77 P t  7OB 469 +NGUYEN,ABRAM$tALAM÷ (SLAC+LBL+NWES+HAWA) 

I INW.R ,.DaT . I 

w BOSON MASS LIMITS (GEVI 
B 0 1.7 OR MORE CL=.99  BERNARDIN 65 HYBR + NEU N, CERN 2/74 

M B 0 2.0 OR MORE CL=.90 BURNS 65 OSPK + NEU N, BNL 2174 
M C 0 3.8 OR MORE El=.90 BARISH 73  ASPK W+ TO LEP+NEU=,2 2174 
M C O 4.5 OR MORE CL=.90 BARISH 73 ASPK + W+ TC LEP+NEU=.B 2174 

C 0 4.7 OR MORE EL=.90 BARISH 73 ASPK W÷ TO LEP+NEU=.B 2 /74  
E 0 5.0 OR MORE CL=.95 BERGESON 73 ELEC [176 

M U 0 NONE WITH MASS I0-20 GEV 8USSER 74 WIRE +-0 P-P,52.7 GEV CM 8276* 
M A 0 NONE WITH MASS 5.E-B.5 GEV ABRAMOV 77 CNTR ÷- 12177* 

A ABRAMOV TT IS 70 GEV R-CU EXPT AT SERR LOOKING AT DIRECT MUONS OF 12277* 
A HIGH TRANSVERSE MOM, RESULT IS NOOEL DEPENDENT. 12177*  

M B LOOKED FOR (NED N) TO (W+ MU- N), we TO (MU+ NEU, E÷ NEU, OR HORNS) 2174 
M C BARISH 73 LOOKED FOR (NEU N) TO (W+ MU- N), N÷ TO (NU+ NEU) AT NAL. 2174 

M C RESULT GIVEN FOR THREE ASSUMEO BR.FRACS. w+ TO (LEPTON NEUIIALL. 2174 
E BERGESDN 73 LOCKED AT ENERGY DISTR OF NEU-INDUCEO MUON FLUX UNDER- I176 

GROUNO. SCALE [NVARIANCE OF THE INELASTIC STRUCT FN ASSUMEO. 1176 
M BUGGER 74 IS CERN ISR EXPT. LOOKED FOR ELECTRONS OF LARGE B176" 
M U TRANSVERSE MOMENTUM. RESULT QUOTED ABOVE IS MOOEL DEPENDENT. 8/76* 

W BOSON PRODUCTION CROSS SECTION (10 "~ -36  CM**2 I  
A 0 6 .0  OR LESS ANKENBRAN 71 CNTR + -  w TO(flU NEU)=I.O 2/74 

C A ANKENBRANDT 71 LOOKED FOR (P NITO(W HADRONS), W TO (flU NEU) AT BNL. 2174 
C A THIS ASSUMES BR OF W TO MU NEU IS 1- IN GENERAL THIS VALUE IS 2114 
C A 6 .0 /BR ,  WHERE BR=(W TO MU NEUI/(W TO ALL). 2 /74  

S SCALAR BOSDN MASS LIMITS (GEV) 
S C 0 10,0 OR MORE CL=.90 CONVERSI 73 ASPK 0 E+E- FRASCATI 3174 

C CONVERS! 73 LOOKED FOR QED VIOLATION IN E÷E- SCATTERING AT 2.8 GEV 3274 
C AND ASSUMED W 8OSON MASS=IO GEV. FOR MW=15 GEV, MS LIMIT= 6.5 GEV 3174 

REFERENCES FOR INTERMEDIATE BDSON SEARCHES 

BERNARD( 65 NC 38 60B BERNAROINI,BIENLEIN,BOHM,OAROEL,÷ (CERN) 
BURNS 65 PRL 15 ~2 +GOULIANOS,HYMAN,LEDERMAN,LEE + ICOLU÷BNL) 
ANKENBRA 7L RR D3 2582  ANKENBRANDTeLARSEN, LEIRUNER÷ [BNL+YALE) 

BARISH 73 PRL 31LBO +BARTLETT,BUCHHOLZ,HUMPHREY+ (CITeFNAL) 
BERGESON 73 PRL 31 66 +6ASSIOAY,HENDRICKS {UTAH) 
CONVERSI 73 PL ~6B 269 +O'ANGELD,GATTO,PAOLUZI (ROMA) 
BUSSER 74 PL 4BB 37~ +CAMILLERI,DI LELLA + (CERN+COLU÷ROCK) 
ABRAMOV 77 SJNP 25 41 ÷ANISIMOVA,BONDARENKO,GRIOASOV + (SERPI 

I Ou K sr Rc. .s I 
SEARCHES FOR INTEGRALLY CHARGED QUARKS APPEAR ALONG WITH OTHER 
SIMILAR SEARCHES IN  'OTHER NEW PARTICLE SEARCHES' SECTION BELOW. 

Since the last edition, there has been a claim 

(I~.RUE 77)  t h a t  c h a r g e s  o f  ± 1 / 3  w e r e  d e t e c t e d  o n  

niobium beads heat-treated on a tungsten substrate 

u s i n g  a m a g n e t i c  l e v i t o m e t e r .  No n o n - i n t e g r a l  

charges were found on niobium beads heat-treated 

on a n i o b i u m  s u b s t r a t e .  U s i n g  a M i l l i k a n  a p p a r a t u s ,  

BLAND 77 found no non-integral charges on tungsten 

particles, but the sensitivity of LARUE 77 is so 

much greater than BLAND 77 that these experiments 

may not be inconsistent. Thus, there is still no 

confirmed evidence for the existence of free quarks. 

The best searches for quarks in cosmic rays 

yield upper limits on the flux of quarks of about 

-ii -2 -i -i 
i0 cm ster sec Cross-section upper 

limits established from p r o t o n  a c c e l e r a t o r  e x p e r i -  

m e n t s  and calculations based on production models I 

i m p l y  t h a t  f r e e  q u a r k s  h a v e  a m a s s  g r e a t e r  t h a n  

about 5 GeV. Mass limits from photon and electron 

beam searches are slightly lower, but more reliable, 

d e p e n d i n g  o n l y  o n  t h e  QED c a l c u l a t i o n s  f o r  q u a r k  

pair production. Limits on free quark concentra- 

tions in stable matter vary enormously depending on 

the source of matter and the technique. 

We group quark searches by experimental tech- 

nique -- proton accelerators, electron accelerators, 

cosmic rays, and stable matter, proton accelerator 

experiments generally measure quark production 

cross sections (we quote these in section C), 

differential cross-section ratios (section AF), 

or differential cross sections (sections IC and D). 

Searches with photon or electron beams may measure 

differential cross sections (section G) and set 

limits on the quark mass (section M). Cosmic ray 

experiments measure quark flux (section F), and 

searches in stable matter measure quark concentra- 

tion (section RHO). Most of the accelerator and 

cosmic ray experiments have searched for fraction- 

ally charged particles, but some have searched for 

massive stable particles which would have low 

velocity. The latter searches are usually sensi- 

tive to a range of charges and may appear in the 

section below on Other New Particle Searches. 

We have relied heavily on the recent review 

of L. W. Jones 2 for data prior to April 1977. 

References 

i. T.K. Gaisser and F. Halzen, Phys. Rev. DI__~I, 

3157 (1975). 

2. L.W. Jones, Rev. Mod. Phys. 69, 717 (1977). 

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

C QUARK PRODUCTION CROSS SECT. FROM PROTON ACCELERATOR EXPTS, (CM**2) 
G O 2,0E-34 OR LESS EL=.90 B[NGHAM 64 HBC Q= - [ 13  M=.5-2.0GEV 3177" 
CC 0 ° I.OE-34 OR LESS CL=.90  BINGHAM 64 HLBC Q= -213 M=.E-2.SGEV 3/771 

2.0E-33 OR LESS BLUN 64  HBC Q= - I /S  M=O-2.SGEV 3177" 
C Z 0 g.SE-36 OR LESS HAGOPIAN 64 HBC Q= +113 M=,B-2.BGEV 3277* 
C 0 1.0E-34 OR LESS 
C 0 ~ .0E -34  OR LESS 

O0 1.0E-33 OR LESS 
C W 2 ,0E -35  OR LESS 
C Y 0 3 ,2E -39  OR LESS 
C y O E .5E -38  OR LESS 
~ Y ~ . . . . . . . . . . . .  s 

y 1,0E-35 OR LESS 
C A 0 4.0E-37 OR LESS 
C A o 3 .0E -39  OR LESS 
C A O 3 ,0E -37  OR LESS 

~ o . . . . . . . . . . . .  s 
3 .0E -34  OR LESS 

C B 0 6 .0E -3~ -  OR LESS 
C P 0 1.0E-32 OR LESS 

P o 1.0E-32 OR LESS 
o OR LESS c~ L o i . . . . . .  1.0E-35 OR LESS C 

E L 0 S.OE-3] OR LESS 
C N o 5.0E-39 DR LESS 
C N 0 5*OE-BB OR LESS 

LEIRUNER 64 ONTR Q= - I 13  M=O-2.OGEV 3177" 
MORRISON 64 HBC Q= -113 M=.5-2.SGEV 3177" 
MORRISON 64 HEC Q= -213 M=.S-2.SGEV 3177" 
FRANZINI 65 CNTR Q= -213  M=O-2.5GEV 3177" 

EL=.90 ALLABY 69  ENTR Q= - I13  M=2GEV 1176 
EL=.90 ALtABY 69  CNTR Q= -213 M=2GEV I176 
CL=,go ALLABY 69 CNTR Q= +113 M=2GEV 1176 
CL=.go ALLABY 69 CNTR Q= +2 /3  M=2GEV 1 /76  
CL= .90  ANT IPOV!  69  CNTR Q= -2 /3  f l=O-BOEV 2 /74  
EL=,90 ANTIPOVB 69  CNTR Q= -1 /3  M=4.5-5GEV 1176 
EL=.90 ANTIPOV2 69 CNTR O= -2 /3  M=Z-5GEV 1/76 
CL=.90  ANTIPOV 71ENTR Q= -413 M=4GEV IITB 

BOTT-BOOE 72 CNTR G=+- I / 3  M=O-Z2GEV 2 /74  
BOIT-BOOE 72 CNTR Q=+-213 M=O-I3GEV 2174 

C L = . 9 0  ALPER 73 SREC Q= 213 N=4-24  GEV 1 /76  
CL= ,90  ALPER 75  SPEC Q= 413  M=4-24 GEV 1176 

LEIPUNER 73 CNTR Q= 113 M=O-I2GEV 2174 
LEIPUNER 73 CNTR G = 2/3 M=O-12GEV B/7~ 
LEIPUNER 73  CNTR Q= 4 /3  M=O-L2GEV 2 /74  

CL=,90 NASH 74 CNTR Q= - i 13  M=4- 9GEV 2/77" 
CL=.90 NASH 74 CNTR Q= -2 /3  M=~-IlGEV 2177" 

C F 0 4.0E-35 OR LESS CL=.9O EABJAN 75 CNTR Q: 1/3 M=O--BO GEV 1/77~ 
C F 0 8.0E-35 OR LESS Ct=.90 FABJAN 75 CNTR Q: 213 M:O-20 OEV 1/77* 
C Z HAGOPIAN 64 CROSS SECTION INFERRED FROM FLUX DATA. 3177~ 

W FRANZINI 65 CROSS SECTION INFERREO FROM FLUX DAFA. 3177" 
ALLABY 69 IS A CERN 27 GEV P+BE EXPT. STUOIES MASSES O-2.7GEV I176 

C y ASSUMING NN=NNQQ. CROSS SECTIONS ASSUME ISOTROPIC PRO0. IN CM. I l l 6  
C Y CROSS SECTIONS AT 2GEV ARE GIVEN HERE, SEE FIG.g FOR MASS DEPEN. 1/76 

& ANTIPOV1 69 IS A SERPUKF~V TO GEV R EXRT. MASS LIMIT FROM NN=NNQQ. 2/74 

A ANTIPOV[ 69 ANO ANTIPOV2 69 ARE SERPUKHOV 70GEV P EXPTS. ANTIPOV2 1/76 
C A GIVES RESULTS FOR M=2-5GEV ASSUMING NN-->NNQQ, HADRONIC OR LEPTONIC 1176 
C A QUARKS. WE QUOTE FYPICAL VALUES. 1/76 
C V ANTIPOV T1 IS A SERRUKHOV 70 GEV P+AL EXPT. STUDIES DIQUARK MASSES [176 

V 1.9-4.4GEV. WE SHOW 4GEV VALUE. SEE THEIR FIG,2 FOR MASS DEPEN. 1/76 
B BOTT-BDDENHAUSEN 72 IS A CERN [SR BB÷26 GEV P*P EXPERIMENT. Z/74 

C P ALPER 73 IS CERN ISR 26+26 GEV P+P EXPT. ASSUMES ISOTROPIC C.M. 1/76 
C P PRODUCTION. SENSITIVE TO ANY Q>213. I176 
E L LEIPUNER 73 IS AN NAt 300 GEV P EXPERIMENT, 2174 
C N NASH 74 IS FNAL EXPT USING 200 AND 300 GEV PROTONS. SEE FIG 2,PG861 2177" 

N FOR OTHER MASS VALUES AND VARIOUS PRODUCTION MECHANISMS. 21775 
FABJAN 75 IS CERN ISR P+P EXPI AT ECM=53 GEV. INCLUDES RESULTS i177" 

C F OF BOTT-BODE 72 EXPT. 1177" 
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Stable Particles 
QUARK S E A R C H E S  

AF 
A~ F 
AF B 

AF B 
AF E 
AE B 

A~ 
AF 

IC 
IC 
IL 
iC 
IC 
IC 
IC 

0 
D 
D 
D 
D 
o 
D 
D 
0 

0 
G 
0 
O 
D 
D 
D 
O 
0 
0 

O 
B 

D 
D 

B 

0 
0 
0 

OG 
OG 
OG 

M 
M 

M 
M 

M 
M 

M 

M 
M 
M 

M 
M 
M 
M 
M 

M 

M G 

F 

E 

F 
F 
F 

F 
F 

V 
F 
F 
F 
F 
F 
F 
F 
E 
F 
F Q 
F 
F 
F 
F O 
F R 
E R 
F R 
F Y 
F 
F 
F 

F 
F 

Z 
F F 

M F 

F 
E 
F U 
E 
F 
F 
F 
E 

QUAR~ PRUDUCtILN FLUX (ELUX QUARKS / FLUX CHABGFD pARtlCLESI 
o o . o  6 . 0 E - [ O  F A B J A N  7 5  C N T R  M = 0 - 2 0  GEV z / t s *  

o 1.78E-9 OR LESS CL=.90 BASILE 77 SPEC Q= + [ / 3  M=O-26GEV t / 78 "  
0 1 .051-9 OR LESS CL=.90 BASILE 77 SPEC ~- - 1 / 3  M-O-26GEV 1 /78-  

EABJAN 75 REPORTS BOTH FLUX AND CROSS SECTION [ A 6 O V E )  
BAS[LE 77 IS A CERN-ISR EXP AT ECM=62.2 GEV COVERING PT uP T0 10EV 2 /78*  

B EASILE 7 7  FIND ONE QUARK CANOIDATE bETH M .LT . . 169  GEV. 2/78# 
B THEY DO NOT CLAIM THIS AS A QUARK. 2/78*  

QUARK INVARIANT PROD. CRGSS SECT. FROH PROTON ACCEL. (CM**2/GEV**21 
T 0 5 .11-39 DR LESS CL=.90 ANTREASYA 7 7  SPEC Q= * [ / 3  M=0-6.3 GEV 11/77"  
T 0 B.SE-39 GK LESS CL=.90 ANTREASYA 77 SPEC Q= -I/3 P=0-6.3 GEV L1177. 
[ 0 1.31-39 OR LESS CL=.90 ANTREASYA 7 7  SPEC Q= ÷2/3 M=O-8 GEV 11177* 
T 0 2.21-39 OR LESS Ct=.90 ANTREASYA 77 SPEC C= -2 /3  M=O-8 GEV 1 1 / 7 7 .  
T ANTREASYAN 7 7  LOOKS FOR HIGH TRANSVERSE MOM QUARKS IN 400 GEV P-CU 1 1 / 7 7 "  

T INTERACTIONS AT FNAL. 11/77~ 

~UARK PRO0. D I F F .  CROSS SECo FROm PROTON ACCL. EXPTS. ICM**2/SR-GEVI 
D 0 1.51-36 OR LESS DORFAN 65 C N T ~  BE TARO M = 3 - 7 S F V  E/74 
D o 3.0£-36 OR LESS 0 0 K F A N  65 CNTR FE TARO M=3-TGEV 2/74 
Y 0 7.21-3~ OR LESS CL=.90 ALLABY 6~ CNTR Q=- i /3  THETA= 0 MR 1/76 
Y o 5,2E-38 QR LESS CL=.90 ALLABY 6~ CNTR Q=-2/3 THETA=6.5MR 1/76 
Y 0 2.6E-3B OR LESS CL=.90 ALLABY 6~ CNTR Q=+i13 T H E T A = 4 4  MR EI7~ 
Y 0 ] . 3 E - 3 5  OR LESS CL=.90 ALLABY 6 9  CNTR Q-+2/3 T H E T A = 4 4  MR 1/76 
A 0 7.0E-3B CR LESS CL=.90 ANT[ROVB 6 9  CNTR Q=-[/3 M=O-50EV 1/76 
A o 4.01-38 OR LESS CL=.90 ANTIBOVE 69 O N T R  Q=-2/3 M=O-2.SGEV 1/76 
V 0 1.6E-36 OR LESS CL=.90 ANTIROV 71 CNTR Q=-4/3 THETA=IT M~ [ / 7 6  
v D 3.81-36 OR LESS CL=.90 ANTIPOV 7E CNTR Q=--4/3 T H E T A = 4 7  MR 1/76 
N 0 5*61-36 OR LESS CL=.90 MASH 74 CNTR Q=- I /3  ~/77* 
N o 5.0E-35 OR LESS CL=.go NASH 74 CNTR Q=-2/3 ~ GT E.76 2/77* 
N 0 8.5E-35 OR L£SS CL=.gO NASH 74 CNTR Q=-2/3 M LT  1.76 2/77* 
L 0 1.6E-33 OR LESS CL=.90 ALBRGW 75 SPEC Q=÷-4/3 M=5-20 GEV [/77* 
J Q 5.DE-B4 OR LESS CL=.90 JOVANOVIC 75 CNTR Q=i/3 N=7-1S GEV 2/76 
J 0 2.0E-34 CR LESS CL=.90 JOVANOVIC 7S C N T R  Q=i/3 M=|5-26 QEV IE/75 
J o 1 . 3 E - 3 4  OR LESS CL=.90 JOVANOV[C 75 CNTR Q=2/3 M=10-26 GEV 11/75 
J 0 8.QE-35 OR LESS CL=.90 JOVANOVIC 75 CNTR Q=A/3 M=[0-26 GEV tl/75 
B 0 3.~E-36 OR LESS CL=.O0 BALOIN 7B CNTR Q=-2/3 M=[ .4-6 GEV 1 / 7 7 "  

B 0 2.0E-36 OR LESS CL=.90 BALDIN 76 CNTR Q=-4/3 M=2.7-12GEV 1 /77"  
D OORFAN 65 IS A 3O GEV/C P EXPERIMENT AT BNL. V~.18- .995 2/74 
Y SEE FOOTNOTE Y IN SUBSECTION C ABOVE. 2/76 
A SEE FOOTNOTE A IN SUBSECTION C ABOVE. B/76 
V FIRST ANTIPOV 71 VALUE IS FQR M=I .9 -2 .3 ,2 .T -4 .AGEV,  SECONO IS FOR IX76 
v M=2.3-2.TGEV. SEE ALSO NOTE V IN SECTION C ABOVE, L/76 
N NASH 74 IS FNAL EXPT USING 200 AND 300 GEV PROTONS. VALUES ARE FOB 2/77* 

A IMRAD LAB PROD. ANGLE AND OUTGOING MOMENTUM AT MAX OF FOUR BODY 2/77* 
PHASE SPACE FOR QUARK-PAIR P R O 0 .  SEE TABLE I PG. 860 FGR OTHER 2/77*  

N LIMITS. 2/77* 
L ALBROW 75 IS A CERN ISR EXPT ~TTH ECM=53 GEV. THETA=40 MR. SEE 1/77 # 
L FIG. 5 FOR MASS RANGES UP TO 2 5  G E V .  1 / 7 7 .  

JGVANQVICH 75 FIG*4 COVERS RANGES Q=i13 T 0  2 AND M=3 TO 26 GEV. ii/75 
THIS IS A CERN ISR 2 6 + 2 6 ,  2 2 + 2 2  GEV P+P EXPERIMENT. 2 / T 6  

B BALDIN 76  IS A 7 0  GEV SERP EXP. VALUES ARE PEB AL NUCLEUS AT 1/77" 
B THETA=Oo ASSUMES STABLE PARTICLE INTERACTING WITH MATTER IN SAME [ / 7 T *  
B MANNER AS ANTIPROTON. 1 / 7 7 "  

QUARK PRO0. DIFF. CROSS SEC. FROM PHOTOPRO0. (CM#*2/SR-EQU[V.QUANTA) 
G 5 . 0 E - 3 5  OR LESS CL=.90 BATIK 74 CNTR THETA=I.2,T D E G .  1 1 / 7 6 '  
G GAtIK 74 IS 2O GEVIMAXI GAMMA CU EXPT. USING SLAC 20 GEV SPTRMETER. i [ / 76 '  

LIMIT CN QUARK MASS FROM ELECTRON ACCELERATORS {GEV/C~*2) 
*LEP QUARK INDICATES LEETONIC QUARK 
~STR QUARK INDICATES STRONG QUARK 

. 8 5  UR MORE C L = . 9 9  BATHOW 6 7  CNTR Q = I / 3  *LEP QUARK 3 / 7 7 ~  

.00 OR MORE CL=o99 BATHQW 6 7  CNTR Q=2/3 * L E P  QUARK 3/77* 

.70 OR MORE CL=.90 FOSS 67 CNTR O=I/B *LEP QUARK 3 / 7 7  ~ 

.BA OR MORE CL=.90 FOSS 67 CNTR Q=2/3 *LEP QUARK 3/77~ 
I.O OR MQRE BELLAMY 68 C N T R  Q=I/3 *LER QUARK 3/77* 
1.5 OR MORE BELLAMY 6 8  CNTR Q = 2 / 3  * L E P  QUARK 3 / 7 7 ~  
O.5 OR MORE BELLAMY 68 CNTR Q=i/3 *STR  QUARK 3 / ? ? $  

.75 OR MORE BELLAMY 68 C N T R  Q=2/3 ~ S T R  QUARK 3 / 7 7 *  
G 3.6 OR MORE CL=.90 G A L I K  74 CNTR Q=l/3 *STR QUAPK 7/76~ 
G A.5 OR MBRE CL=.?O GALIK 74 CNTR Q=2/3 ~STR QUARK ?/?6# 
G 1.4 OR MORE CL=.90 GAt[K 74 CNTR Q=I/3 * IEP QUARK T/76* 
G 1 . 8  OR MORE CL=.90 GALIK 74 CNTR 0 = 2 / 3  * L E P  QUARK 7/76*  
G FIRST TWO MASS LIMITS ARE FOR STRONGLY INTERACTING QUARKS,INFERRED 7 / 7 6 ~  
G FROM CROSS-SEC LIMITS USING DRELL MOOEL. LAST TWO ARE FUR LEPTONIC 7/76~ 

QUARKS. EXPT USES PHOTOPROOUCTION ON COPPER. 7/76* 

QUARK FlUX FROM COSMIC RAY EXPERIMENTS (NUMBER/CM**2-SR-SEEI 
*TD IN  THE RIGHT HAND COLUMNS INDICATES A SEARCH FOR MASSIVE 

QUARKS USING TIME DELAY AFTER AIR SHOWERS, SENSITIVE TO A RANGE 
OF CHARGES 

*AS IN THE RIGHT HANO COLUMNS 
ALL SEARCHES ARE AT SEA LEVEL 

0 1.6E-8 OR LESS CL=.gQ 
2 . 0 E - 7  OR LESS CL=.90 SUNYAR 6 4  
B . 7 E - 9  OR LESS CL=.90 DELISE 65 

o I.BE-8 OR LESS CL=.90 UELISE G5 
o 5.0E-8 OR L E S S  CL=.�B MASSAM 6 5  

O I.AE-IO OR LESS BARTON 6 6  
O I .BE-9  OR LESS CL=.90 BUHLER-BR 66 
o 1.41-9 OR LESS CL=.gO BUHLER~BR 66 
0 2 .61-9  UR LESS KASNA 66 
0 2.1E-9 OR tESS KASNA 66 
O 4,51-I0 OR LESS CL=.90 LAMB 66 
o 1.6E-9 ~R LESS CL=.go LAMB 66 
0 1.AE-IO OR LESS BARTON 67 
o 1.6E-7 OR LESS BUHLER-I 67 

4 .5E - I 0  OR LESS CL=.90 BUHtER-2 67 
1.7E-10 OR LESS BUHLER-2 6 7  

O L . T E - E O  OR LESS C L = . 9 0  GOMEZ 6 7  
0 3.4E-[0 OR LESS CL=.90 GOMEZ 67 
o 2 . 0 1 - 9  OR LESS CL=.90 KASUA 67 
o 3 . O E - l O  DR LESS BJORNBOE 6 8  
O I . S E - [ O  OR t E S S  C L = . 9 0  B R I A T O R E  68 
o I . S E - I O  OR LESS C L = . 9 0  BRIATORE 68 
0 B.TE-8 OR LESS CL=.90 BRIATORE 68 
0 2.21-8 OR LESS FRANZINI 6 8  
0 & o 6 E - E I  DR LESS C L = . 9 5  G A R M I R E  6 8  
o B .BE- i l  CR LESS CL=.95 GARMIRE 6 8  
o 3.11-10 OR LESS Ct=.90 HANAYAMA 68 
o 2 . 4 E - 8  OR L E S S  CL=.g5 KASHA[ 6 8  

I .ZE- [O OR LESS CL=.gO KASHA2 68 
1.3E-IO OR L E S S  CL=.90 KASHA3 68 

O 5.0E-11 OR L E S S  C A I R N S  69 
o 5 . 0 E - 1 |  OR LESS CL=.BO EUKUSHIMA 6 9  

7 . 5 E - [ O  OR L E S S  C L = . 9 0  FUKOSHIMR 6~ 
EVENT CLAIMED MCCUSKER 69 

0 5.OE-IO OR LESS BOSIA 7 0  

0 2.5E-I0 OR LESS BOSIA 7 0  

[ EVENT CLAIMED CHU 7 0  
0 1 . 9 E - 9  OR LESS CL=.90 FAISSNER 7 0  
0 9.8E-11 OR LESS CL=.90 KBIOER 70 
0 1.61-E0 OR LESS C L = . 9 0  KRTDER 70 
o 1 . 3 E - t O  DR L E S S  C L = . 9 0  C H I N  

0 5 .71 - [ 1  OR LESS CL=.90 CHIN 

INDICATES A SEARCH I N  AIR SHOWERS 
UNLESS OTHERWISE INDICATED 
BOWER 6 4  CNTR Q = - I / 3  ALT=2050M 3177" 

CNTR Q=113 3/77*  
CNTR Q=I/3 ALT=2750M 3 /?7*  
C N T R  Q = 2 / 3  A L T = 2 7 S G M  3 / 7 7 *  
CNTR Q = 2 / 3  3/77 # 
C N T R  Q = 2 1 3  3/77*  
CNTR Q: l13 ALE=  RSOM 3 1 7 7 "  
CNTR Q=213 ALT= 450M 3 / 7 7 *  
C N T R  Q = t / 3  3 1 7 7 "  
CNTR Q = 2 / 3  3 / 7 7 *  

C N T R  Q=II3 3 / T T ~  
CNTR Q=213 3177~ 
CNTR Q=213 3 / 7 7 *  

CNTR Q=413 ALT= ~50M 3177~ 
CNTR Q=I/3 ALT= 450M 3 1 7 7 #  
C N T R  Q = 2 1 3  A L T =  450M 3 / 7 7 *  
CNTR Q = 1 / 3  3/77 # 
CNTR Q = 2 / 3  3/77*  
CNTR Q = 2 / 3  3 / 7 7 *  

CNTR M=SGEV OR MORE *TO 2 / 7 4  
C N T R  Q = I / 3  5 / 7 6 *  
C N T R  Q = 2 / 3  5 / 7 8 *  
CNTR Q = 4 / 3  B / 7 6 -  

C N T R  V=.5-.9C M=2GEV UP 2/74 
CNTR 0=I13 3 / 7 7 ~  
CNTR 0=213 3/77m 
CNTR Q : l / 3  3/77m 
OSPK V=.S-.75C M=B-15GEV 2/74 
CNTR Q = 2 / 3  3177" 
CNTR Q=RI3 3 / 7 7 ~  

CC Q=2/3 3 / 7 7  ~ 
CNTR Q=II3 2174 
CNTR Q=213 2 / 7 4  
CC Q = 2 1 3  *AS 2 / 7 4  
CNTR Q=I/3 ALT=3500M 1 /78 .  
CNTR Q = 2 1 3  ALT=350OM 1178" 
HLBC *AS 5176" 
CNTR q = I / 3  3 / 7 7 *  
ONTO D = ~ / 3  ALT:750M 3/77 # 
C N T R  Q : 2 / 3  ALT=T50M 3/77* 

71 CNTR Q=El3 3/77* 
71 CNT~ 0 = I / 3  ALT=2770M 3177, 

F 0 3 . 0 E - I O  OR L E S S  C L = . g O  L L ~ R K  7 1 C C  Q = I / 3  * A S  3 1 7 7 m  
f O 3 . 0 E - I f  GR L E S S  C L = . g O  L L A k K  7 1 C C  Q = 2 / 3  * A S  3 / 7 7 *  

F 0 E . O F - I O  DR t E S S  C L = . 9 0  H A Z E N  7 [  CC D : I / 3 , 2 / 3  * A S  E/77" 
F 0 4 . I E - I O  DR LESS BEUCHAMP 7 2  C N T R  Q = 4 / 3  A L T = 2 7 5 O M  3 / 7 7 m  

F 0 I . O E - I O  OR L E S S  E L = . 9 0  BOHM 7 2  CNTR Q = I / 3  * A S  2 / 7 4  
F O I.OE-IO OR LESS CL=.�O SOHM 72 CNTR Q=2/3 *AS 2/74 
E o 8 . 3 E - I I  OR LESS C L = . 9 0  COX 7 2  ELEE Q = I / 3  A L T : 2 7 5 D M  3 / 7 7 *  

F 0 9 . 6 E - 1 l  OP LESS C t = . 9 3  COX 7 2  ELEC Q = 2 / 3  A L T = 2 T 5 O M  3 / 7 7 *  

O 2 . 2 E - 1 0  OR LESS C L : . 9 0  CROUCH 7 2  C N T R  Q = 2 / 3  3177h 
x O 3 . O E - 8  OR LESS DRRDO 7 2  * T D  3 / 7 7 "  

E O 4.0E-D OR tESS CL=.95 EVANS 72 EC Q=I/3 *AS 1 /77"  
E 0 1.51-9 OR LESS TONWAR 72 CNTR M.GT.IOGEV *TO 3/77* 
F O 8 . O E - I I  OR t E S S  ASHTON 7 3  CNTR 0 = i / 3  *AS  3 / 7 7 *  
F H 0 1.71-8 OR LESS CL=.90 HICKS 73 CNTB Q : I I 3  [/76 
F H O 1 . 7 E - 8  OR LESS C L = . 9 0  HICKS 73 CNTR Q = 2 / 3  1 / 7 6  
F O I .OE-7 OR LESS CL=.BO CLARK 74 CC Q=i/6 mAS 1/77= 
F 0 7.OE-IO GR LESS CL=.90 CLARK 7 4  CC Q=i/4 *AS I1775 
F C 8.OE--II  OR LESS CL=.90 CLARK 7 4  CC Q=[13 #AS 1 / 7 7 "  
F 0 2.01-11 OR LESS CL=.BO CLAPK 74 CC Q=2/3 *AS 1177' 
F K O 3.0E-tO OR tESS CL=.95 KIFUNE 74 CNTR O=i l3 7/76 $ 
F 0 1 .2E - I I  OR L E S S  CL=.90 HAZEN 75 CC O=I/3 *AS 7/76*  
F o 7 .OE- i l  GR LESS Ok=.90 KRISOR 75 CNTR Q=I I3  3177~ 
F 0 5.0E- IT DR LESS CL=.QO KRISOR 75 CNTR Q=2/3 GAMMA = TO 3/77*  
F O I .SE - IO  OR LESS CL=.BD KRISOR 75 CNTR Q=213 GAMMA GTIOOO 3 1 7 T *  
F O i .QE-9 OR LESS BRIATORE 7 6  ELEC *TD I /T7 *  
F V BARTON 66 HAD 220000 G/CM**2 EXTRA SHIELDING 3/77*  
F W BARTON 67 HAD 6000 G/CM*#2 EXTRA SHIELDING 3 / 7 7  # 
F O BUHLER-I 67 AND BUHLER-2 67 HAD 760 G/CM**2 EXTRA SHIELOING 3/77* 
F C BJORNBOE 68 -TWO EXPERIMENTS HAVING I650 AND 3bOO GICM*$2 SHIELDING DIET* 
F R BRIATLRE B8 SEARCHES FOR LEPTONIO QUARKS WITH 6300 G/CM2 SHIELDING 3177'  
F Z R BRIAIORE £B GIVES ( [ . [ ~ I . 8 )E - [O  FOR Q=413 • RE CONV. TG CL=.90 3177" 

CAIRNS 69 OBSERVED R POSSIBLE QUARK CANDIDATES 3177" 
Y FRANZINI b 8  MEASURES VELOCITY DIRECTLY BY TOF 3177" 

F ME FOKUSHIMA 69 DOES NOT RULE OUT QUARKS HEAVIER THAN 10 OEV. 7176" 
F MC CUSKER 69 CLAIMS i CANDIDATE. LATER SIMILAR EXPTS. SEE NONE. 2/74 

51765 U Q=213 IF MASS LT 6.5 GEV, Q:EI3 IF MASS = 8 GEV. 
U COULD BE AN EARLY-TIME NORMALLY CHARGED COSMIC RAY. SEE ALLISON 70. 2/77* 

F X DAROG 72 HAD 7000 O/CM#*2 EXTRA SHIELDING 3177 ~ 
F H HICKS 73 LOOKED AT LARGE ZENITH ANGLES, THUS USING THE ATMOSPHERE 1/76 
F H AS AN EXTENDED FILTER FOR HAORONIC QUARKS. THEIR SEARCH PUTS AN i / 76  
F H UPPER LIMIT ON LEBTONIC QUARK FLUX I N  COSMIC RAYS. i176 
F K KIFUNE 74 LOOKED AT LARGE ZENITH ANGLES. FROM THEIR FLUX LIMIT,THEY 7/76~ 
F K LET A LEWER LIMIT QN QUARK MASS QF 20 GEV. 7/76~ 

RHO CUARK CONCENTRATIEN IN MATTER {QUARKS PERsNUCLE~N)9 
RHO S O 1.0E-22 OR LESS HILLAS 3177~ 
RHO R O I.OE-lO OR LESS BENNETT 66 SOLAR SPECTRUM 3177" 
RHO 0 | .0F-17 OR tESS CHUPKA 66 METURITES 3 / 7 7 ~  

RHO 0 I .OE- I6  OR LESS GALLINARO 66 GRAPHITE tEVITOMETER . 3 /77*  
RHO 0 4.0E-19 OR LESS STOVER 67 IRON LEVITOMETER 2/74 
RHO O 1.0E-17 OR LESS BRAGINSKI 68 GRAPHITE LEVITOMETER 0 /77*  
RHO O 1.0E-20 OR LESS RANK 68 CIL DROPS 3/77* 
RHO T 0 I.OE-18 OR LESS RANK 6 8  SEA WATER 3 / 7 7 ~  

RHO T 0 I .DE - IT  OR LESS RANK 68 SEA SALT, ETC. 3 /77"  
RHO T 0 I .OE- IB  OR LESS RANK 68 LAKE WATER 3177 • 
RHO V 0 1.0E-24 OR LESS COOK 69 SEAWATER 2174 
RHO V 0 1.0E-23 OR LESS COOK 6 9  ROCK SAMPLES 2174 
RHO V O I.OE-Z3 OR LESS COOK 69 LAVA 3177m 
RHO V 0 B . O E - 2 3  OR L E S S  COOK 69 L I M E S T O N E  3 / 7 7 ~  
RHO O i .OE-15 OR L E S S  ELBERT 7 0  ION SPECTROMETER 3/77* 
RHO O 5.0E-19 OR LESS MORPURGU 70 GRAPHITE LEVITOMETER 0177~ 
RHO Z O 1 . 0 E - 2 1  OR L E S S  STEVENS 7 6  DEEP OCEAN S E D I M E N T  3 / 7 7 *  

RHO Z 0 1.01-22 DR LESS STEVENS 7 6  LUNAR SOIL 3 / 7 7 *  
RHO B o 3.OE-E8 OR LESS BLAND 77 TUNGSTEN BEADS 8177t 
RHO 0 3.0E-21 OR LESS GALLINARO 77 IRON LEVITOMETER 7/77* 
RHO L i EVENT Q:+0 .337 . - .009  LARUE 77 NIOBIUM-TUNGSTEN LEVITOM 7/77* 
RHO L i EVENT 0=-0.33L+- .070 LARUE 77 NIOBIUM-TUNGSTEN LEVITOM 7 /77*  
RHO S HILLAS 59 WAS INSENSITIVE TO QUARKS ACCORDING TO SUNYAR 64. 
RHO R BENNETT 66 LIMIT INFERRED BY JONES 76. 

3 1 7 7 "  
3177" 

RHO T RANK 6 8  USES U.V. SPECTROSCOPY. 3 /77*  
RHO V COCK 6 9  USES MOLECULAR BEAMS.  3/77* 
RHO Z STEVENS 76 USES AN ION SPECTROMETER. 3177* 
RHO B BLAND 77 IS A MILLIKAN OIL-DROP TYPE EXPT USING TUNSIEN PARTICLES. 817?* 
RHO B NO FRACTIONAL CHARGE WAS FOUND ON A TOTAL SAMPLE OF 3.07E-7 GRAMS BITE m 
RHO L LARUE 77 SEES RESIDUAL CHARGE LISTED ABOVE TRANSFERRED TO A 7/771 
RHD L NIOBIUM BALL FROM A IUNGSTEN SUESTRATE, CORRESPONDING TO A DENSITY 
RHO L OF [ . E - 2 3 .  

REFERENCES FOR QUARK SEARCHES 

H[LLAS 59 NATURE 184 Bg2 HILLAS,CRANSHAW (AERE) 

BINGHAM 6 4  Pt 9 201 +DiCKINSON,DIEBOLD,KOCH,LEITH+ (CERN*EPOL) 
BLUM 64 PRL 13 353A +BRANDT,COCCONI,CZYZEWSKI,DANYSZ+ (CERN) 
BBWEN 64 PRL 13 728 BDWEN,DELISE,KALBACH,MORTARA {ARIZ) 
H A G O P I A N  6 4  PRL 13  2 8 0  + S E L O V E , E N R L I C H ,  L E B O Y , L A N Z A , R A H M + I P E N N ÷ B N L I  

L E I P U N E R  64 PRL 12 4 2 3  LEIPUNER,CHU,LARSEN,ADAIR I B N L * Y A L E I  

MORRISON 64 PL 9 199 MORRISON (C£RN) 
SUNYAR 64 PR 136B L157 SUNYARtSCHWARZSCHILO~CONNORS IBNLI 

DELISE 65 PR 1 4 0 B  4 5 8  O E L I S E , B O W E N  (ARIZI  
DORFAN 65 PRL 14 999 +EADES,LEOERMAN,LEE,TINO (COLU} 
FRANZINI 65 PRL I~  196 +LEONTIC,RAHM,SAMIOS,SCHWARTZ IBNL+COLUI 
MASSAM 65 NC 40A 589 MASSAM,MULLER,ZICHICHI (CERN) 

BARTON 66 PL 2i  360 BARTON,STDCKEL (NPOL} 
BENNETT 66 PRL [?  E196  W.R.BENNETT (YALE) 
BUHLER-B 66 NC 45A 520 BUHLER-BROGLIN,FQRTUNATO,MASSAM+ {CERN) 
CHUPKA 66 PRL I7 6 0  CHUPKA,SCNIFFER,STEVENS (ANL} 
GALLINAR 6 6  PL 2 3  6 0 9  ( G E N O I  GALLINARO,MORPURGO 
KASHA 6 6  PR 150 I [ 40  KASHA,LEIPUNER,ABAIR IBNL+YALE) 
LAMB 66 PRL 1 7  I 0 6 8  LANB,LUNDY,NOVEY,YOVANOVITCH (ANt l  

BARTON 67 PRSL 9 0  8 7  BARTON I N P O L I  
BATHOW 6 7  PL 25B 1 6 3  BATHOW,FREYTAG,SCHULZ,TESCH (DESY) 
BUHLER-I 67 NO 49A 209 BUHLER-BROGLIN,FORTUNATO,MASSAN+ (CERNI 
BUHLER-2 67 NC 51A BB7 BUHLER-BROGLINtDALPIAZ,MASSAM,ZICHICH(CERN) 
FOSS 6 7  El 2BB E66  +GARELICk,HOMMA,LOBAR,OSBORNE,UGLUM (NIT) 
GOMEZ 67 PRL 1 8  1022 +KGBRAK,MOLINE,MULLINS,ORTH,VANPUTTEN÷ICIT) 
KASHA 67 PR 154 1263 ÷LEIPUNER,WANGLER,ALSPECTOR,ADAIR(BNL*YALE) 
STOVER 67 PR [64 I599 +MORAN.TRISCHKA (SYRA) 

BELLAMY 68 PR 1 6 6  1 3 9 1  +HCFSTADEER,LAKIN,PERL,TONER (STAN+SLAC) 
BJORNBOE 68 NC B53 2~! +OAMGARD,HANSEN.CHATTERJEE+ (BOHR~BERN) 
BRAGINSK 68 JETP 27 51 BRAGINSKII,ZELDOVICH,MARTYNOV (MGSU) 
BRIATORE 6 8  NC 5 7 A  8 5 0  +CASTAGNOLI,BOLLINI,MASSAM+ (TORI÷CERN) 
FRANZINI 68 PRL 21 IOl3 FRANZ[NI,SHULMAN ICOLUI 
GARMIRE 68 PR 1 6 6  1 2 8 0  GARMIRE,LEONG,SREEKANTAN IMIT) 

HANAYAMA 6 8  CJP 46 S 7 3 4  +HARA,HIGASHI,KI/AMURA,MIONO+ (OSAK) 
KASHAi 68  Pk I72 1297 +STEFANSKI {BNL+YALEI 
KASHA2 68 PRL 20 217 KASHA,LARSEN,LEIPUNER,ADAIR (ONE+YALE) 
KASHA3  6 8  CJP 4 b  $730 kASHA,LARSEN,LEIPUNER,ADAIR IBNL+YALE) 
RANK BB PR 176 1635 D .M.RANK (MICH) 



Stable Particles 
MAGNETIC MONOPOLE, CHARM SEARCHES 
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Data Card Listings 
For notation, see key at front of  Listings. 

ALLABY 69 NC 64A 75 
ANTIPOVI 69 PL 29B 245 
ANTIPOV2 69 PL 30B 576 
CAIRNS 69 PR 186  1394 
COOK 69 PR 18E 2092  
FUKUSHI~ 69 PR 178 2058 
MCCUSKER 69 PRL 23 658 

fiESTA 70 NC 66A 167 
EHU 70 PRL 24  917 

ALSO 70 PBL 25 5S0 
ELBERT 7O NP 820  217  
FAISSNER 70 PRL 24  1357  
KBIDER 70 PR DI  835  
MDBPUROD 70 NIM 79 95 

ANTIPDV 71 NP B27 374  
CHIN  7 I  NE 2A 419 
CLARK 71 PRL 27 51 
HAZEN 71PRL  26  SB2 

BEUCHAMP 72 PR 06  12L1 
BOHM 72 PRL 28 326  
BOTT-BOB 72 PL 4OB 693 
COX 72 PR D6 I 203  
CROUCH 72 PR D5 2667  
DARDO 72 NC 9A 319  
EVANS 72 PRSE A70  143  
TCNRAR 72  JPA 5 569  

ALPEB 73 PL 46B 265 
ASHT~N 73 JPA 6 5T7 
HICKS 73 NC 14A 65 
LEIPUNER 73 PBL 31 1226 

CLARK 74 PR DI0 2721  
GAL1K 74  PR 09  1856  
KIFUNE 74  JPSJ 36  629  
NASH 74 PRL 32 B58 

ALBROW T5 NP B97:89 
FABJAN 75 NP B101 349 
HAZEN 75 NP B95 189 
JOVANOVI 75 Pk 56B 105 
KRISOR 75 NC 27A 132 

BALDIN 76 SJNP 22 264 

BBIATORE 76 NC 3 IA  553 
STEVENS 76 PR 014  716 

ANTREASY 7T PRL 39 513  
BAS ILE  7T NE 4OA ~ l  

BLAND 77 PRL 39  369  
GALLINAR 77 PRL 38 125B 
LARUE 77 PRL 38  IO l l  

ZAITSEV 72 SJNP IS B56 
JONES 76 RMP 69 7 IT  

+BIANCHI~I,OIDBENS,DOBINSDN,HARTUNG+ (CERNI 
÷KARPDV,KHRGMOV,LANDSBERG,LARSHIN÷ (SERE) 
+BGLOTDV,DEVISHEV,DEVISHEVA,(SAKOV+ (SERE) 
+MCCKUSKER,PEAK,WDDLCOTT (SYDNEY) 
*DEPASQUALI,FRAUENFELDER,PEACOCK ÷ ( ILL l  
FUKUSHIMA,KIFUNE,KONDO~KDSHIBA÷ (TOKYI 
MCEUSKER,CAIRNS ISYDNEYI 

G.BOSIA,L.BRIATORE (TORII 
CHU,KIM,BEAM,KWAK (OSU+RDSE÷KANS) 
ALLISON,DERRICK,HUNT,SIMPSON,VOYVOBIC (ANL) 
+ERWIN,HERB,NIELSEN,PETRILAK,WEINBERG(WISC) 
+HDLDER,KRISDR,MASDN,SAWAF,OMBACH (AACH) 
KRIDER,EOWEN~KALBACH (ARIZ) 
MORPURGD,GALLINARO, PALMIERI (GENG) 

÷KACHANOVtKUTJIN,LANDSRERG,LEBEDEV ÷ (SERP) 
CHIN,HANAYAMA,HARA,BIGASBI,TSUJI (OSAK]  
÷ERNST,FINN,GRIFFIN,HANSEN,SMITH÷ (LLL+LBL )  
W.E.HAZEN (MICHI 

BEUCHAMP,BOWEN,COX,KALEAEH IARI2) 
÷DIEMONT,FAISSNER,FASOLD,KRISDR+ (AACHI 
BGTT-BOOENHAUSEN,CALDWELL÷ (CERN+MPIM)  
OOX,3E~HAMP~BOWEN, KALBACH (ARIZI 
CRDUCH,MORI,SMITH (CASE) 
DARDO,NAVARRA, PENENGO.SITTE (TORT) 
÷FANGEY,MUIR,WATSON (EDIN÷LEEDI 
TONWAR,NARANAN~SREEKANTAN (TATA) 

[CERN+LIVP+LUND+BOHR+RHEL÷STOH+BERG~LOUC) 
ASHTON~COOPER, PA~VARESH,SALEH (DURHI 
+FLINT,STANDIL {MAN}) 
+LARSEN,SESSOMS~SMITN,BILLIAMS÷ (BNL+YALE) 

+FINN,HANSEN,SMITH (LLL )  
+JOROAN,RICHTER, SEPPhSIEMANN ÷ (SLAE+FNAL) 
+HIEDA,KUROKAWA,TSUNEMOTO,KIMURA+(TOKY÷KEK) 
+YAMANOUCHI,NEASE,SCULLI (FNAL÷CORN÷NYU) 

+BARBER,EENZ*(CERN÷DARE+FOM÷LANC÷MCHS+UTREI 
+GRUHN,PEAK,SAULI,CALDWELL÷ (CERNeMPIM) 
+H~DSON,WINTERSTEIN,GREEN~KASS+ (MICH+LEED) 
JOVANOVICH÷ (MANI+AACH÷CERN+GENO÷HARV+TORI) 
KRISOR (AACHI 

+VERTOGRABOV,VISHNEVSKIhGRISHKEVICH÷IJINR) 

*DARDO,PIAZZOLI,MANNOCCHI÷ (LCGT+FRAS÷FRE[) 
+SCHIFFER, CHUPKA [ANL) 

ANTREASYAN,COCCONI,CRONIN,FRISCH+(EFI÷PRINI 
+CARA RDMEO,CIFARELLI,GIUSTI+ (BERN+BONA) 

+BOCOBO,EUBANK,ROYER (SAN FOAM STATE) 
GALLINARO,MARINELLI,MORPUBGO (REND) 
+FAIRBANK,HEBARD (SIAM) 

REVIEW ARTICLES 

÷LANDSBERG (SERPI 
L.W.JONES (MICHI 

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

~DNOPOLE PROD. CROSS SECTION - ACCELERATOR EXP .  (CM~*2)/NUCLEON 
A O i E -40  OR LESS CL= .95  AMALDI 63 EMUL M=O TO 3 GEV 12 /75  

C A O 5 E-41 OR LESS CL=.95 AMAlOl 63 EMUL M=O TO 3.4 GEV 12/75 
PURCELL 63  CNTR M=O TO 3 GEV 12/75 C P o 2 E-4O OR LESS 

C G O 4 E -43  OR LESS CL= .P5  GUREVIEH 72  EMUL M :O-5  GEV 3174  
( C O 6 E-42 DR LESS CL=.95 CARBIGAN 73 CNTR Q=116-24 DIRAC CHAR 3/74 
C M 0 5 E-42 OR LESS EL=.95 CARRIGAN 74 CNTR Q=II3O TO 24 12/75 
C B o 2.7E-30 OR LESS BURKE 75 ASPK 1/78~ 
C N 0 I E-39  OR LESS EL= .95  CARRIGAN F5 HLBC NEU ENERGY=I.O 1 /76  
C N 0 4 E -3B  OR LESS CL= .95  CARRIGAN 75  HLBC NEU ENEROY=5.O 1 /76  

c N o I E-37 OR LESS CL=.95 CARRIGAN 75 HLBC NEU ENERGY:B.O 1/76 
C E O 5 E-44  DR LESS CL=.95 EBERHARD 75 CNTR M=O TO L2 GEV 11/75 

I 0 2 E -36  OR LESS CL= .95  GIACOMELL 75  PLAS M=O TD 20 GEV 2176  
AMALDI 63 USES 28 GEV PROT BEAM AT BERN PS. FIRST RESULT IS FOR 12/75 

C PROTON TARGET, SECOND IS FOR NUCLEON TARGET INSIDE NUCLEUS. 12275 
C P PURCELL 63  LOOKS FOR M(]NDPDLES PRODUCED BV 30  GBV PRDT AT THE AGS.  12 /7B  
C G GUREVICH 72 IS A SERPUKHOV TO GEV/C P EXP. MASS LIMIT FROM PP=PPMM 3/74 
C C CABRIGAN 73 IS NAL 300 GEV P EXP. MASS LIMIT 0-12 GEV FROM PP=PPMM 3/74 

CARRIGAN 74 IS NAL 400 GEV EXP. MASS LIMIT 0-13.7 GEV/MONOPDLE. IZIT5 M 
N CARRIGAN 75 REEXAMINES OLD BERN NEUTRINO EXPTS IN HLBC. NEU ENERGY IIT6 

C N GIVEN AT RIGHT REPRESENTS NEUTRINO THRESHOLD ENERGY. 1 /76  
C N THESE VALUES ARE IN UNITS CM*mZINUCLEUS. 1176 

E EBERHARD 75 USED NAL TARGETS - 300 GEV AND 400 GEV P ON ALUMINUM. 2176 
Q=I-7 DIRAC CHGS. USED SAME FYPE OF DETECTOR AS ROSS 73. 2/76 

C I GIACOMELLI T5 IS GERN ISR EXP., M=O-30 GEV, Q=0.4-2.5 DIRAC CHGS. 2176 
C B BURKE 73 EXPI  LOOKS FOR MULTIPHOTON EVENTS FROM ANNIHILATION OF I ITB~  
C B MONOPOLE PAIR. 300 GEV NEUTRON BEAM AT FNAL. 1/78" 

CS MONOPELE PBDD. CROSS SECTION - SEARCH IN MATTER (CM*~2)INUCLEON 
CS G 0 5 E -38  DR LESS GDTO 63  EMUL M=I  GEV 
ES G O 5 E-36 OR LESS GOTD 63 EMUL M=lO GEV 
CS G o 5 E-33 DR LESS GOTO 63  EMUL M:10O GEV 
CS O 3 E-4D OR LESS CL=.g5 PETUKHDV 63 CNTR METEORITE 
CS C O I E-3B Og LESS CL=.9O CARITHERS 66 ELEC M=2 CEV 
CS C O 7 E-37 OR LESS CL= .90  CARITHERS 66 ELEC M=IO GEV 
CS C 0 I E~35 DR LESS CL=.90 CARITHERS 66  ELEC M=25 GEV 
CS F 0 5 E-43 OR LESS CL=.PO FLEISCH1 69 CNTR M=l GEV 
CS F O 2 E-4O OR LESS EL=.90 FLEISCHI 69 CNTR M:IO GEV 
CS F 0 3 E-37 OR LESS EL=.90 FLEISCHI 69  CNTR M=tOO GEV 
CS F O 5 E-34 OR LESS CL=.PO FLEISCHI 69 BNTR M=LOO0 GEV 
CS E O I E-29 OR LESS CL=.9O FLEISCH: 65 ENTR M=IOOOO GEV 
CS K 0 l E-42 OR LESS CL=.95 KOLM 71CNTR M=I.5 GEV 
CS K 0 1 E-42 OR LESS CL=.95 KOLM 71 CNTR M=IO GEV 
CS K O I E-37 DR LESS EL=.95 KOLM 71CNTR M=IOO GEV 
CS K 0 L E-34 OR LESS CL=.P5 KDLM 71CNTR M=IOOO GEV 
CS K 0 1E -3 I  OR LESS CL= .9S  KOLM 71CNTR M=[SOO GEV 
CS R O I E-43  BR LESS CL=.B5 ROSS 73 ELEC M=2 GEV 
CS R 0 5 E-41 OR LESS EL= .95  ROSS 73  ELEC M=IO GEV 
CS R O 5 E-3B DR LESS CL=.95 ROSS 73  ELEC M=lO0 GEV 
CS G GOTO 63 EXAMINES MAGNETITE ROCK IN THE ADIRONDACK MOUNTAINS. 
CS C CARITHERS 66 LIMITS ABOVE ARE FOR NUCLEON-NUCLEON INTERACTIONS. 
CS C LIMITS FOR PHOTONUCLEEN PRODUCTION ARE I0 .~3  TIMES LARGER. 
CS F FLEISCHER 69 LOOKED FOR MONOPDLES IN SEDIMENTS AT BOTTOM OF OCEAN 
CS F DEPOSITED DURING THE LAST 16 MILLION YEARS. Q=60 DIRAC CHAR.OR LESS 
CS K KOLM 7[ FRIED TO DETECT MONOP. IN DEEP SEAWATER Q=.2-27 DIRAC CHAR. 
CS R ROSS 73 TRIED TO DETECI MONOP. IN LUNAR DUST Q=.4-36 DIRAC CHAR 
CS R DR LARGER CHARGES EXCEPT FOR G= N¢36¢GO, WITH N INTEGER. THEY ALSO 
CS R REPORT LIMIT OE DENSITY IN LUNAR MATERIAL AS 1 .7 "10~-4  MDNOP.IGM. 

12 /75  
12 /75  
12 /75  
12 /75  
12 /75  
12 /75  
12 /75  

2176  
2 /76  
2/76 
2 /76  
2276  
3174  
3174  
3 /74  
3 /T4  
3174  
3 / 7 4  
3 /74  
3 /74  

t217S 
I 2 / 75  
12 /75  

3 1 7 4  
3274 
2176 
2/76 
3 /74  
2176 

E MDNOPOLE FLUX IN COSMIC RAYS (NUMBER/CM**2-SEC-SR) 
F 0 I F-13 OR LESS DDTO 63 EMUL KF TO I0 " ' 4  GFV 12/75 
F O 5 E-15 OR tESS CL= ,90  CARITHERS 66 ELEC 12/75 
F F 0 3 E-19 OR LESS CL=.90 FLEISCH2 69 SCAN KE TO 10"'10 GEV J2/75 
F 0 2 E - IB  OR LESS KOLM 7 :  CNTR KE TO [0 " ' 5  OEV 12 /75  
F pRO 5 E-19 OR LESS CL:.95 ROSS 73 ELEC KE TO 10" '4 GEV L2/75 
F 1 ( 1E - I 3 I  PRICE 75 E4UL M GT 200 GEV (2175 
F F FLEISCHER 2 69 LCGKEO FOR MONOPOLE TRACKS LEFT IN CBSIDIAN AND MICA |2/75 
F F OVER GEOLOGICAL TIMES. 12/75 
F R ROSS 73 INCLUDES DATA OF EBERHARD 71 PAPER. L2175 
F P THE PRICE 75 EVENT COULD BE EXPLAINED AS DUE TO A FRAGMENTING HEAVY 11/76" 
F P NUCLEUS. SEE ALVAREZ 75, FLEISCHER 75, FRIEDLANDER IS,AND ROSS 76. [ [ / 76 .  
F P SEE EBERHARD 75 FOR DISCUSSION OF CONFLICT WITH OTHER EXPERIMENTS. 12/75 
F P NUT CONSIDERED CONVINCING EVIDENCE FOR THE EXISTENCE OF MDNOPDLES. 12275 
F P HAGSIRDM 77 GIVES A REINTERPRETATION AS A HEAVY ANTINUCLEUS. 3/77* 

D MCNOPDLE DENSITY IN MATTER (NUMBER/LITER) 
D S O 1.6E-~ OR LESS SCHATTEN 70 ELEC MOON 4177. 
D C O 4.4E-5 OR LESS EL=.95 CARRIGAN 76 CNTR AIR (/77* 
0 C o 1 .BE-3  OR LESS CL=.95 CARRIOAN 76 CNTR SEA WATER 1/77" 
D S SCHAITEN 70 EXAMINED SATELITE DATA FUR PERTURBAT(ONS IN THE LUNAR 4/77" 
D S MAGNETIC WAKE. LIMIT IS FOR THE DIFFERENCE IN NUMBERS OF NORTH AND 4/77" 

~ SOUTH MONOPOLES. 4177 "  
CARRIGAN 76 IS SENSITIVE TO MONOPGLES WITH DIRAC CHARGE O=I/b TO 24 1/77. 

D E AND MASS AS LARGE AS (7500 GEV)*Q. 1/77. 

REFERENCES FOR MAGNETIC MDNOPOLE SEARCHES 

AMALDI 63 NC 2E 773 
GOTO 63 PR 132 387 
PETUKHOV 63 NP 49 87 
PURCELL 63 PR IB9 2326 
CARITHER 66 PR 149 1070 

FLEISCHI 69 PR 184 1393 
ALSO 70 JAP 41 958 

FLEISEH2 69  PR 184  1398  
ALSO TO JAP ~1 958 

SCHATTEN 70 PR Ol 2245 
KDLN 7L PR D4 IZB5 

GUREVICH 72 PL 3BB 549 
ALSC 70 PL 3IB 394 
ALSC 72 JETP 34 9L7 

EARR:GAN 73 PR D8 3717  
ROSS 73 PB D8 698  

ALSO 7: PR D4 3260  
CARRIGAN 74 PR DL0 3867 

BURKE 75 PL 60B 113 
CARRIGAN 75 NP BPI 279  

ALSO 71PR D3 56 
EBERHARD 75 PR DII  3099 
GIACOMEL 75 NC 2BA 21 

PRICE 75 PRL 35 487 
ALSO 75 LBL-4260 
ALSO 75 LEL-4289 
ALSU 75 PRL 35 1412 
ALSO 75 PRL 35  1167  
AlSE 76 LBL-4665 
ALSO TT PRL 38 729 

CARRIGAN 76 PR D13 [823 

÷BARDN( ,MANFREDIN I ,BRADNER÷(BOMA*UCSD÷CEBNI  
+KOLM,FORD (TOKYfM(T÷BBANJ 
+YAKIMENKO {LEBD) 
÷COLLINS,FUJII,HORNBOSTEL,TURKOT (HARV÷BNL) 
CARITHERS,STEFANSKI,ADAIR (YALE) 

FLEISCHER,HART,JACOBS+ (GESC+UNCS÷GSCO] 
FLE|SCHER,HART,JACDBS,PRICE,SCHWART2+IGESC) 
FEEISCHER,PRICE,WOODS (GESE( 
FLEISCHER~HARI,JACOBS,PRICE,SCHWARTZ÷(GESC) 
SCHATTEN (NASA) 
÷VILLA,DDIAN (MIT~SLAC) 

+KHAKIMOVeMARTEMIANGV+ (KIAE+NOVD+SERPI 
GUREVICH,KHAKIMOV ÷ (K(AE÷NOVO÷SERP) 
BARKDVt GUREVICH,  (KIAE*NGVO÷SERP) 
+NEZRICK,STRAUSS (FNAL) 
÷EBERHARD~ALVAREZ,WATT (LBL÷SLAC) 
EBERHARD,RDSS,ALVAREZ,WATT (LBL÷SLAC) 
+NEZRICK,STRAUSS (FNAL) 

+GUSTAFSON,JONBS,LONGO (MICH) 
+NEZRICK (FNAL) 
CARRIGAN,NEZRICK (FNALI 
÷RGSS,TAYLOR,ALVAREZ,GBERLACK (LBL÷MpIWI 
GIACOMELLI,RDGSI~ (BGNA+CERN+SACL*ROMA) 

÷SHIRK,OSBDRNE,PINSKY (UCB+HOUSTON) 
LUIS ALVAREZ (LBLI 
PHILIPPE EBERHARD (LBLI 
P.L. FLEISCHER,R.M.WALKER (GESC+WUSL) 
M.W. FRIEDLANDER (WUSL] 
RONALD ROSS (LBL) 
RAY HAGSTROM (LELI 

+NEZRICK,STRAUSS (FNALI 

Data on specific charmed states are listed in 

separate sections in the appropriate places in the 

Data Card Listings: D, F, and A -- Stable Particles; 
C 

D*, F* -- Mesons; Z -- Baryons. 
c 

Evidence for charm not directly relatable to 

a given state is listed in this section. Neutrino- 

induced dilepton events are summarized. Short-lived 

tracks in emulsions are also dealt with, as are 

cross-section upper limits for charm searches. 

Direct lepton production in pN collisions is 

summarized in the Other New Particle Searches 

section below rather than in this section, because 

recent results favor other interpretations than 

charm. Tri-muon production in neutrino interac- 

tions is also summarized in that section. 

Neutrino-induced Dilepton Events 

Many neutrino experiments have now observed 

dilepton events. These data are summarized in sub- 

sections Y and V0. Bubble chamber experiments have 
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Data Card Listings 
For notation, see key at front  o/List ings.  

Stable Particles 
CHARM SEARCHES 

-- + 

observed neutrino-induced ~ e events associated 

with strange particle production in the reaction 

~N ÷ ~-e+K°(or A) + anything . 

Dilepton events have no conventional explana- 

tion. Production of charmed hadrons, heavy leptons, 

and intermediate bosons have been proposed as 

potential explanations. Production of charmed 

particles (C) in neutrino interactions would be 

expected to give rise to such events via the 

mechanism 

M N + ~ C + hadrons 

~ £+~ + hadrons , 

where the Cabibbo-favored transition would predict 

a strange particle among the hadrons. Thus the 

appearance of neutrino-induced dimuon events, 
- + 
e events, and associated strange particles can 

be understood via the charm mechanism. 

Short-lived Tracks in Emulsions 

The mean life of a weakly decaying charmed 

meson or baryon of mass M (in GeV) is expected to 
1 

be in the range 

T = (10  - 1 1  t o  10 -13  s e c )  x 1/M 5 

with a corresponding mean path length for lab 

momentum p (in GeV/c) of 

Z = pcT = (ip to i00~) x p 
M 

Thus even at Fermilab energies, these would be hard 

to see as tracks in bubble chambers, so emulsion is 

used. We list data for these experiments in sub- 

sections CC and EM below. 

Charm Searches 

We list cross-section upper limits for the 

many unsuccessful charm searches. In cases where 

limits are given for many channels and mass ranges, 

we list only a range or a few likely channels and 

indicate in the comments cards the extent and 

location of the tables of data included in the 

paper. 

References 

i. M.K. Gaillard, B. W. Lee, and J. L. Rosner, 

Rev. Mod. Phys. 47, 277 (1975). 

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

PROPERTIES DF THE CHARMED D, D*, F, F*,  LAMBDAIC÷, AND SIGMA/C+ 
STATES ARE LISTED IN SEPARATE SECTIONS. 
THE FOLLOWING SECTION CONTAINS INFORMATION ON SEARCHES FOE 
OTHER CHAFMED PARTICLE STATES AND SEARCHES FOR THE ABOVE STATES 
IN NEW COLLISIZN PROCESSES. THESE SEARCH RESULTS ARE USUALLY 
LISTED AS CROSS SECTION UPPER LIMITS. WE NO CONGER LIST CROSS 
SECTIONS FOR ESTABLISHED PROCESSES LIKE E÷ E- - - >  0 DBAR AS WAS 
DONE IN OUR 1977 SUPPLEMENT. 

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

CE CHARMED BARYON PRODUCTION IN (E+ E-]  COLLISIONS 
CE I PICCOLO 77 SMAG IZ78* 
CE I PICCOLO 77 LOOK AT INCLUSIVE PBAR AND LAMBDA PROD IN 3 .7 -7 .6  GEVFCM I /TO* 
CE I E+E- AT SLAC. FINDS SHARP RISE IN CS BETW 4.4 AND 5 GEV. EVIDENCE 1178" 
CE I FOR PROD OF CHARMED BARYON IN THAT REGION. 1178" 

CG CHARMED HADRON PRODUCTION CROSS SEC (GAMMA NUCLEON) (CM**2) 
CG K 60 EVENTS KNAPP 76 SPEC LAMBDABAR P I -P I -P I+  2177" 
CG Q 0 1.1E-31 OR LESS CL=.9B QUINN 76  HBC B~+ M- 9177 "  
CO D O 1.2E-31 OR LESS CL=.95 QUINN 76 HBC B÷ HO 9177" 
CG K KNAPP 76 SEES A PEAK AT M=2.Z6+-O.OI GEVIC**2. WIDTH IS 40+-20 MEV, 2/77m 
CO K CONSISTENT WITH ZERO WIDTH STATE (RESBLUTION=BO MEV). NO PEAK SEEN 2177'  
CG K IN LARBDABAR PI+ PI+ P I - .  THEY ALSO SEE A LAMBDABAR 14PI)O PEAK AT 2177# 
CG K 2.5 GEV CASCADING DOWN TG THE PEAK AT 2 .26 .  EXPT USED WIDE-BAND 2 /?7*  
CG K PHOTON BEAM AT FNAL. 2 /77*  
CO Q QUINN TB USED A 9 .3  GEV PHOTON BEAM AT SLAB. SEE TABLES I AND 3 FOR 2 /77*  
CG Q INDIVIDUAL CHANNELS. ABOVE LIMITS ARE FOR ALE CHANNELS WITH ONE OR 2/??*  
CG Q NO MISSING NEUTRALS. 2 /77*  

CPI CHARMED HADRON PRODUCTION CROSS SECTION IP I  NUCLEON( (CM**2) 
CPI B 0 1.5 TO 3.7 E-30 OR LESS  BALTAY 75 HBC 15 OEV PI+P 7 /?6*  
CPI B 0 0.2 TO 35 E-30 OR LESS  BALTAY 75 HBC IS GEV PI+P 7176" 
CPI P 8. E-33 OR LESS CL=.90 APEL 76 ASPK 40 GEVIC P I -  1 /78"  
CPI U 0 0.5 TO LE E-DO OR LESS BUNNELL 76 STRC EL=.97 1/77"  

CEI C O I .  TO 8. E-51 OR LESS  CESTER 76 SPEC 15 GEV/C P l -  2177" 
CPI G O 4 .  TO 8.  E-B2 OR LESS  GHIDINI 76 SPEC 19 OEV/C P( P 2 /77"  
OPT H 0 4.  E-DO OR LESS CL: .95 HAGOPIAN 76 DBC SHORE LIVED 2-5GEV 2176 
CPI H i 7 .  E-B( OR LESS CL=.95 HAGOPIAN 76 DBC LONG LIVED 1.9-ZGEV 2/76 
OPT H 0 3. E-3I  OR LESS CL: .95 HAGOPIAN 76 DBC LONG L IVED[ - I . 9 , 2 -5  2176 
CPI A o 3.8E-31 OR LESS CL:.9S BLANAR 77 SPEC 200 GEV/C PI+ %177* 
CPI S .028 OR LESS CL=,90 BRANSON 77 SPEC P I *  SEE NOTE S 7177" 
CPI S .041 OR LESS CL=.90 BRANSON 77 SPEC P I -  SEE NOTE S 7177" 
OPT D Z.6E-30 OR LESS CL=.95 GODDARD 77 HBC OOBAR C+÷ 1178. 
CPI J 0 5.7E-34 OR LESS JONCKHEER 77 STRC 225 GEV/C P ] -  I 178 .  
CPI E 7.E-DO ~-20.E~30 CESTER 78 SPEC 10.5 GEV/C P ] -  N I /TO* 
Cpl B BALTAY 75 SENSITIVE TO CHARMED PARTICLES WITH M=I.5 TO 4 .0  GEV AND 7/76. 
CPI B TAU LT 10~*-Et WHICH THEN DECAY INTO STRANGE PARTICLES. 7176 m 
OPT B THE FIRST VALUE ABOVE IS FOR ASSOC PROD OF CHARMED PARTICLES. 7176. 
CPl B SEE HIS TABLE i FOR SPECIFIC DECAY MODES. THE SECOND RANGE OF 7176. 
CPI B VALUES IS FOR INCLUSIVE PROD OF CHARMED MESONS AND BARYONS WITH 7176. 
CPI B CHARGES -2 TO +2. SEE HIS TABLE 2 FOR SPECIFIC DECAY MODES. 7176. 
OPT P APEL 76 I S SERP EXPT. LOOKS FOR P I -  P - ->  DO ADO N, 00 - ->  KO RIO. f lED*  
OPT u BUNNELL 76 IS A SLAB 15.5 PI+P EXPT. ALL POSSIBLE 2 TO 5-BODY MASS 1177. 
BPI U CCMBINATIENS WERE STUDIED FOR NARROW RESONANCES PRODUCED IN COINC I177" 
OPT U WITH SINGLE MUONS. MASS RANGE STUDIED WAS UP TO 3.1 GEV. SEE TABLE I 177 .  
CP[ U i ON PG 87 FOR DETAILED RESULTS OF INDIVIDUAL CHANNELS. 1 /77 .  
CPI C CESTBR 76 LOCKS AT MASS RANGE 1.8 TO 2.5 GEV. SEE TABLE 1 FOB 2177. 
CPI C INDIVIDUAL CHANNELS. VALUES GIVEN ARE CROSS-SECINUCLEON ON CARBON. 2177. 
OPT G GHIOINI 76 LOOKEO FOR CHARMED MESONS OF MASS GT 1.5 GEV AND BARYONS 2177. 
CPI G OF MASS GT 2 .0  GEV. LIMITS ARE CL=.9S. LIMITS FOR MOST CHANNELS LIE 2177. 
CPI G IN THE ABOVE RANGE. SEE TABLE 2 FOR INDIVIDUAL CHANNELS. 2177. 
OPT H HAGDPIAN 76 IS A SLAB I5GEV PI+ D BXPT. ALL POSSIBLE TWO AND THREE 2276 
EPI H BODY MASS COMBINATIONS WERE STUDIED FOR NARROW RESONANCES WITH MASS B/76 
~Pl H 1.5-SGEV FOR MESONS AND Z-SGEV FOR BARYONS. INDIVIDUAL LIMITS FOR Z176 
OPT H TWO AND THREE BODY DECAY FROM MANY REACTIONS ARE GIVEN. 2176 
OPT H VEES WERE STUDIED FOB THE POSSIBILITY OF A NEW LONG LIVED (MEAN 2176 
EPI H LIFE IE-11 SEC. OR MORE) NEUTRAL PARTICLE. ONE CANDIDATE WITH MASS 2176 
OPT H 1.9-2 GEV WAS FOUND. SECOND LONG LIVED LIMIT FOR M=I -1 .9 ,  2~5 GEV. 2176 
CPI A BLANAR 77 IS FNAL EXPT. LIMIT IS FOR CS*BR TO MUONS. ASSUMBS ~177" 
OPT A OIFFRACTIVE CHARMED 2GEV MESON PAIR PRODUCTION. OTHER LIMITS FOR 4 /77 "  
OPT A P[ AND P BEAMS GIVEN IN TABLE E. ~177" 
CPI S BRANSOH 77 MEASURES (PI NUC - ->J  C CBARII (PI  NUC - ->J  ANYTHING) 7177" 
OPT S WITH J,C,  AND CBAR ALL DECAYING TO MUONS. FNAL EXPT. FIRST VALUE 7177. 
OPl S ABOVE IS FOR 225 GEV/C PI+ BEAM. SECOND IS FOR 225 GEV/G P I -  BEAM. 7 /77 .  
OPi  O GODDARO 77 IS  A SLAB P I+  P EXPT AT 4 .51GEV ELM. [ 178 ,  
OPT J JCNCKHBERE 77 LOOKS FOR CORRELATION BETW VOS AND PROMPT MOONS TO [178 = 
OPI J SIGNAL DECAY OF CHARMED PARTICLE. I / 7B*  
OPT E CESTER 78 IS BNL EXPT. LOONS FOR P I -  N-->O*~ X. Dr-  - - >  DOBAR PI , IZ78*  
CPI DOBAR-->K÷ P I - .  1 /78 "  

CP CHARMED HADRON PRODUCTION CROSS SECTION (P NUCLEON) {CM**2) 
CP A O I .  E-33 OR LESS AUBERT 75 SPEC PI÷ K- 2176  
CP A O A,  E-35  OR LESS AUBERT 75  SPEC K+ P [ -  2 / 76  
c~  A o I .E -B  . . . .  ESS . . . .  RT 75SREC . . . . . . . .  
CP A O 8. E-33 OR LESS AUBERT 75 SPEC PI+ P I -  2176 
CP A 0 7 .  E-33 OR LESS AUBERT 75 SPED PK-  2176  
CP A 0 2 .  B-33 OR LESS AUBEKT 75 SPEC K+ PBAR 2176 
CP A 0 4 ,  E-32 OR LESS AUBERT 75 SPEC P P I -  2•76 
CP A O 2.  E-35 OR LESS AUBERT 75 SPBC PI+ PBAR 2•76 
CP H 0 5.  TO 20. E-BD OR LESS AAHLIN 76 HBC BARYGN,M LT 2GEV 2177" 
CP H 0 I S .  TO IOO.E-BO OR LESS AAHLIN 76 HBC BAEYON,M 2-3 GEV 2177" 
CP H 0 TO. TO 35. E-SO OR LESS AAHLIN 76 HBC MESON, M [ - 2  GEV 2177* 
CP L 0.05 TO E.35E-27 ALBROW 76 SPEC 1176" 
CP B 0 2 .  E-30  OR LESS BINTINGER 76  SPEC M=2 GEV/C~*2  1 /77 *  
CP B 0 5 .  E-32 OR LESS BINTINGER 76 SPEC M=6 GEV/C~*Z i 177 "  
CP C O 9 .  E-BO OK LESS CL=.95 ALDER 77 SPEC DO - ->  K- PI+ [2177"  
CP C O 8 .  E-3O OR LESS Ct=.95 ALDER 77 SPED DOBAR--> K+ P l -  L21TT* 
CP S .04 OR LESS CL=.90 BRANSGN 77 SPEC SEE NOTE S BELOW 7177. 
CP D O 3 .6E -31  OR LESS CL= .95  O ITZLER 77  SPEC DO - ->  K -  P I *  1 / 78 *  
CP D 0 2 .9B -3 I  OR LESS BE=.95 DITZLER 77 SPEC DOBAR - ->  K+ P I -  I 178 .  
CP A AUBERT 75 IS  A BNL 3O GEV EXPT. LOOKS FOR p BE - - >  JPRIME ANYTHING 2176 
CP A WHERE JPRIME DECAYED VIA THE CHANNEL SHOWN. ABOVE VALUES ARE 2176 
CP A ~OR M=2.ESBEV AND ASSUME A WIDTH SMALL COMPARED TO THE RESOLUTION. 2176 
CP A UPPER LIMITS ARE ALSO GIVEN FOR THE ABOVE CHANNELS AND P PBAB FOR 2176 
CP A M=3.1 AND 5.7 GEV. THOSE LIMITS RANGE FROM 7£-36 TO 4E- -33 .  2•76 
CP A NA E7 SAYS AUBERT 75 LIMITS SHOULD BE AN ORDER OF HAG. LARGER. 2177" 
CP H AAHLIN 76 IS A Ig  GEVIC P-P EXPT AT BERN. VALUES GIVEN ARE CL=.g75. 2177" 
CP H SEE TABLE 28, PG ~79 FOR INDIVIDUAL LAMBDA lOP KS) +PIONS CHANNELS. 2177" 
CP L ALBROW 76 IS ISR EXPT, ECM=53GEV. SEE THEIR TABLE 2B.PG 377 FOR I178"  
CP L INDIVIDUAL MESON AND BARYON CHANNELS. EXAMINES MASS RANGE 2-4 GEV. 1178" 
CP B BINTINGER 76 IS CROSS-SEC TIMES BR INTO K- PI+.  WE SHOW TWO VALUES 1177. 
CP B FROM THEIR FIG.4 WHICH COVERS MASS RANGE E.7-4 GEV. SIMILAR LIMITS t177"  
CP B ARE GIVEN FOR K+ P l -  AND PI+ P l -  CHANNELS. LIMITS ARE PROPORTIONAL I 177 .  
CP B TO CS*BB FOR J/PSI INTO MU+ MU-, TAKEN=IONB FOR ABOVE VALUES. I177" 
CP C ALDER 77  IS  CBRN- ISB  EXPT AT ELM=53 GEV. I 2 / 77 "  
CP S BRANSON 77 MEASURES (P NUC - ->J  C £BARII (P NUC - ->J  ANYTHING) WITH 7177. 
CP S d.C,  AND CBAR ALL OECAYING TO MUONS.FNAL EXPT USING 225 GEVlC BEAM. 7Z77* 
CP o DITZLER 77 IS FNAL 4OOGEV P EXPT. ABOVE LIMITS ARE FOR 1178 "  
CP O BRIK PII*DSIGMAIDY AT YICM)=-O.4. 1178" 



Stable Particles 
CHA~M SEARCHES 

96 

Data Card Listings 
For notation, see key at front of  Listings. 

CN CHARMEG HAORON PROOUCIIOB CROSS SECTION (N NUCLEON) (CM**2) 
CN B 0 1.9E-51 OR LESS BLESER 78 SPED K+PI-, M=1.8 GEV 2/77~ 
CN B 0 1.DE-31 OR LESS BLESEK 78 SPEC K÷PI~, M=2.5 GFV B/77* 
CN B 0 1 .0E -31  OR LESS BLESER 75 SPEC K-  P , M=2 .5  GEV 2/77* 
CN H 0 2.5E-29 OR LESS CL=.g75 WARD 75 HBC KS PI+ P]-  1/77" 
CN A 0 6. E-32 OR LESS ADOLINS 76 SPEC Pie P] -  1 /77 "  
CN A o 7 *  E -32  OR LESS ABOLINS 76  SPEC PBAR P 1/77" 
CN A o 4. E -32  OR LESS ABOLINS 76 SPEC K-  PI+ 1/77. 
CN A 0 6. E-32 OR LESS ABOLINS 76 SPEC K- P 1/77" 
CN G 0--2 SEE C~MMENT G BELOW 8INKLEY 76  SPEC 1 /77 .  
CN B BLESER 75 USES NEUTRONS UP 70 30O GEV/C, BE TARGET. EXAMINES MASS B/77* 
CN B RANGE UP TO 3.5 FOR KPI, UP TD 4.0 FOR KP. VALUES ARE CROSS-SEC/NUC 2/77* 
CN W WARD 75 IS N-P EXPT WITH MOM UP TO 2~ OEV/C. THIS VALUE IS FOR MASS 1/77" 
CN W RANGE 1.5-2.8 GEV. SEE TABLE I PG 31 FOR UPPER LIMITS ON C++,C+, 1/77" 
CN W CO,D+,DO, D- DECAYS INTO VARIOUS F[NALSTATES IN  MASS RANGE 1 .5 -50EV .  1/77. 
CN W UPPER LIMIT FOR SEEING DECAY DF CHGO CHARMED PARTICLE INTO VD FOR I /7T*  
CN W TAU GT 10"*-11 SEE GIVEN AS 1.D*EXPIT) FOR VO =LAMBDA OR SIGMA, AND 1/77. 
CN W 3.0*EXP(T) FOR VO=KO. HERE, T=lO*-11/TAU, CS G]VDN IN MICRDBARNS* 1/77. 
CN A ABOLINS 76 IS FNAL EXPT. USES NEUTRONS UP TO 300 GEV/C ON BE TANG. 1177. 
CN A TYPICAL VALUES ABDVE ARE FOR N=3.0 GEV. SEE FIG 4 FOR MASS RANGE I/TT* 
CN A 2-~ GEV. ODSERVES PBSSIBLE K- PI+ ENHANCEMENT AT 2.29÷-.08 GEV. 1/77" 
CN G BINKEEY 76 MEASURES BRIC TO MU + OTHERS)*R WHERE R IS THE RATIO OF t / 77 .  
CN G THE CROSS-SEC FOR PRODUCING THE J/PSI TOGETHER WITH A C-CBAR PA IR  t/77~ 
CN G TO THE 70TAL CROSS-SEC FOR PRODUCING THE J/psi  AT THIS ENERGY. THE 1/77. 
CN G EXPT WAS A 300 GEVIC FNAL RUN, AND SAW 2 TRI-MUON EVENTS. THIS GAVE 1/77. 
CN G A .90  OL UPPER LIMIT OF .OO3 FOR THE MEASURED QUANTITY DESCRIBED [ /77*  
CN G ABOVE. [ / 77 *  

CAP CHARMED HADRON PRODUCTION CROSS SECTION (PBAR NUCLEON) (CM**2) 
CAP C 0 5. E-29 OR LESS CL=.95 CARLSSON T5 HDC PBAR P ANYTHING 
CAP C 0 3. E-29 OR LESS EL=.95 CARLSSON 75 HBC PBAR P P I+  P I -  

2177" 
2177" 

CAP E 0 .B TO 4.4 E-3O OR LESS OESTER 76 SPED 12.4 TO 15 GEV/C 2/77* 
CAP C CARLSSDN 75 IS A 9GEV PBAR P CERN EXPT. LIMITS ARE FOR P PBAR PEAK 2/77* 
CAP C [N CHANNELS INDICATED. K KBAR CHANNELS CHECKED BUT NO LIMITS GIVEN. 2/77= 
CAP E CESIER 76 LOOKS AT MASS RANGE 1.8 TO 2.5 GEV. SEE TABLE I FOR 2/77~ 
CAP E INDIVIDUAL CHANNELS. VALUES GIVEN ARE CROSS-SECINUCLEON ON CARBON. 2/T7~ 

Y CHARMED HADRON EVIDENCE IN NEUTRINO NUCLEON - ->  2 LEPTONS ANYTHING 
Y GEE ALSO SECTION 'NEU' IN 'HEAVY LEPTON SEARCHES t AND 
V SECTION 'T '  IN 'OTHER NEW PARTICLE SEARCHES'. 

B 14MU+MU- OMU-ML~- OMU+MU+ BENVENU1 78 SPEC PREDOM. NEU BEAM 2/76 
D 51MU+MU- TMU-NU-  3MU+MU+ BENVENU3 75  SPEC 617  NEU BEAM 2176 

Y D 5NU+MU- OM~J-MU- 2MU+MU+ BENVENU5 7D SPEC 9/IOANTINEU BEAM 2/76 
Y 4MU+MU- 4 OTHER MU PAIRS BANISH 76 SPED NEU BEAM 7 /76 "  
Y S 32  DIMUON EVENTS ASRATYAN 77 SPED NEU BEAM 1 /78 "  
Y A 4MU÷E-  6MU-E+ BALLAGH 77  HLBC .55  NEUBAR, . 45  NEU 12 /77 "  
Y L D1 EVENTS ML~E+ BALTAY 77 HLBC PREOOM. NEU BEAM 8177" 
Y K 1 EVENT MU-E+ BARISH 7T DOE NEU BEAM 3/77~ 
Y R 67 MU MU BARISH2 77 SPEC FNAL 45-205GEV NEU 1/78" 
Y R 28 NO MU BARISH2 77 SPED FNAL 45-205 ANTINEU 1/78" 
Y L BLETZACKE 77  RVUE 1 /78 .  
v 0 17 EVENTS MU-E+ BOSDTTI 77 HYBR 7177 "  
y O I I  NU-E+ DEOEN T7 HLBC 12177* 

1 /78 *  Y H I8 NO-E+ HAIDT 77  HLBC 
H 257MU+MU- HOLDER TT SPED INCIDENT NEU 12177* 
B 58MU+MU- HOLDER 77  SPED INCIDENT ANEU 12177~ 

Y H 49  MU-NU- HOLDER2 77 SPEC NEU BEAM 12/77. 
Y H 9 MUeMUe HGLDBR2 77 SPEC NEUBAR BEAM I2177" 

B BENVENUTI 75 ARE FNAL NEUTRINO NUCLEON EXPERIMENTS WHICH LOOKED FOR 2/76 
B TWO OR MORE NUDNS IN THE FINAL STATE. NO TRIMUON EVENTS WERE SEEN. 2/76 

Y 8 AUTHORS STATE THAT THESE OIMUON EVENTS REQUIRE THE EXISTENCE OF ONE 2/76 
Y B OR MORE NEW PARTICLES WITH M=2-~GEV AND TAU=IO=*-IOSEC. OR LESS. 2/76 
Y 8 BENVENUTI4  75 SHOW THAT THE OBSERVED PROPERTIES OF THESE EVENTS 217b 
v B O0 NOT AGREE WITH HYPOTHESES OF HEAVY LEPTON OR INTERMEDIATE VECTOR 8/76 
Y B BOSON. THEY SUGGEST A HADRON (Y) WITH A NEW QUANTUM NUMBER. 2 /76  
Y S ASRATYAN 77 IS SERPt~KHOV EXPT. FINDS R=(DIMUONEISINGLE MUON EVENTS) 1/78" 
Y S GT (A .2+- I .T IE-3  FOR NEU BEAM AND LT .011  FOR NEUBAR 8RAM. 1/78" 

A BALLAGH 77 IS AN FNAL EXPT. MEASURES (NEUMU N-->MU- E~ X)I(ACL NUMU 12177~ 
A C.C.)=( .36+o23-. [31.10.*-2 AND (NEUMUBAR ~P-->MU* E-- XI I (ALL NUMUBAR 18177* 

Y A COC.1= ( . 18+ . I 4 - . 08 ) * I 0 , * - 2 .  RATIO OF ANTINEU TO NEU FRACTIONS (S 12177* 
Y A (0 .45+0 .D -0 .3 ) .  
Y L BALTAY 77 IS FNAL EXPT IN NEON-H2 MIXTURD. THEY SEE I8 ASSOCIATED 8/77* 
Y L VEES, GIVING 1.6÷-.8)  NEUTRAL STRANGE PARTICLES PER EVENT. 8 /77 *  
Y K BARISH 77 EVENT COULD BE NEU P TO MU+ B+e. SEE CHARMED BARYON NOTE 3/77* 
Y K AND LAMBDAICe SECTION ABOVE. 31IT* 
Y R BARISH2 77  FINDS OIMUDN TO SINGLE MUDN RATE CDNSISTENT WITH CHARM. 1 /78 *  
Y L BLETZACKER 77 EXPLAINS TRIMUON AND LIKE SIGN OIMUON PROD AS ASSOC 12177* 
Y L PROD OF CHARM. 12/77. 
Y O BOSDTTI 77  IS FNAL 15-FT CHAMBER EXPT. SEES 11 VEES ASSOC WITH 7 /77 *  
Y O THESE EVENTS. KO MULTIPLICITY IS E .84  (+oB3 , - . 53 )  PER EVDNT. 7177 "  
Y D OEDEN 77 IS CERN WIDE BAND EXPT, EMAX=2 GEV.II+-5 EVENTS ABOVE A 12177* 
Y D BACKGROUND OF 6 EVENTS. 12/77. 
Y H HAIDT 77 1S SAME EXPT AS VONKROGH 76 LISTED UNDER S29VO. MEASURES 1178* 
Y H (NEUMU N-->MU--E+X)/INEUMU N-->MU-X)=(.63e-*21)E-2 FOR TIE+)>.8 GEV. I ITB* 
Y H THESE EVENTS HAVE AN AVERAGE DE 2 .0~0 .6  KO PER EVENT. I/7B~ 

HOLDER 7 7  (S CERN NARROW-BAND BEAM EXPT IN WHICH ALL MOMENTA ARE 12177* H 
H MEASURED.ENERGY BPECTRA,ANG.CORRELATIDNS,PT DISTRIBUTIONS ALL IN 12/77" 

Y H AGREEMENT WITH PROD AND DECAY OF CHARMED PARTICLE. 12177* 
Y H HOLDER2 77 IS 2OGGEV NARROW BAND EXPT. AFTER BACKGROUND SUBTRACTION 12/77" 
Y H THE RATE OF LIKE-SIGN DIMUON EVENTS TO CHARGED CURRENT EVENTS IS 12/7T* 
Y H 13+--2)'10"*-4. MAY COME FROM ASSOC PROD OF CHARM-ANTICHARM PAIR. 12/77" 

VO CHARMEO HAORON EVIDENCE IN NEUTRINO NUCLEON - ->  MU- E+ vo ANYTHING 
VO WHERE THE VO IS A KOS OR A LAMBOA 

vo g I . . . . . . . . . . . . . . . . . . . .  
VO EVENT BLIETSCHA 76 HLBC 2 /76  
VO V 4 EVENTS VONKROGH 76  HLBC 2 /76  
vo  E 0 EVENTS BERGE 77 HLBC ANTINEU BEAM 3 /77 *  
vo D 3 EVENIS ODDEN 77 HLBC 12 /77 "  
VO B THE DEDEN 78 AND BLIETSCHAU 76 EVENIB ARE FROM CEDN 2176 
VO B GARGAMDLLE NEUTRINO EXPOSURES. THE MASSES OF THE Ee VO SYSTE½ FOR 2 /76  
vo B THE TWO EVENTS ARE 1.24, to91 GEV FOR LAMBDA OR 0.65, l .E7 FOR KO. 2/76 
VO V THE VCN KDOGH 76 EVENTS ARE FROM AN FNAL ID F] NEON BUBBLE CHAMBER 2/T6 
VO V EXPOSURE. ALL FOUR E+ EVENTS FOUND HAVE ASSOCIATED KOS. 2176 
VO E BERGE 77 USED FNAL 15 FT CHAMBER FILLED WITH H-NEON. SAW TWD 3/77* 
VO E POSSIBLE MU E EVENTS, CDNMENSURAIE WITH PREDICTED BACKGDOUNO, 3 /77 *  
VO E NEITHER WITH ASSOCIATED VO* 3 /T7 "  
VO D DEDEN 7T EVENTS INCLUDE THOSE OE OEBEN 75 AND BLEITSCHAU 76. I2 /77 "  

R1 CHARMED HADDON BRANCHING RATIO INTO (MU NEU ANYTHING)/TOTAL 
R1 B 8 A FEW PERCENT BENVBNU2 75 SPEC FNAL NEUTRINO NU 2/76 

R[ H 315 APPRDX 0.15 HOLDER T7 SPEC 12/77~ 
R1 A 0 .19  OR LESS 8AUM 77 12 /77 "  
R [  D 3 . 15  . 18  . 07  DEDEN 77  HLBC 1 /78 "  

R1 
R1 

R1 
R1 
R1 

R1 
R I  
R1 

R1 

B BENVENUTI2 75 LOOKS AT ANTINEUTRINO NUCLEON - ->  MUON HADRONS. SEES 2 /76  
B EXCESS EVENTS A~VE INCIDENT ENERGY 30 GEV. COMPARES 8ENVENUTI1 75 2/76 

DIMUDN EVENTS WITH EXCESS EVENTS TO GET BRANCHING RATIO. 2 /76  
HOLDER 77 VALUE IS FROM N~U AND ANEU INDUCED D(MUON EVENTS OF 12177* 

H OPPOSITE SIGN. SEE SEC. Y LISTING ABOVE. BR CALCULATED USING EFF 12177 ~ 
H BASED ON DECAY OF D+{I850) TO KO MU+ NED. 12177*  

BAUM 77 PUTS UPPER LIMIT ON E*- MU-+ PROD AT ISR. INFERS BR ABOVE [2177" 
FROM THIS, ASSUMING THAT ALL DIRECT ELECTRONS COME FROM THE D.  12177*  

D DEOEN 77 IS FOR CHARMED BARYON - ->  LAMDDA LEPTON* NEU ANYTHING. 1178" 
D SEES 3 NEU N - -> MU- E+ VO X EVENTS AND EXCESS OF 42+-20 NEU N - -> 1/78" 
D MU- LAMBDA X EVENTS OVER EXPECTED ASSOC. PROD.* SUGGESTS CHOW.BAR. 1 /78~  

R2 CHARMED HAORON (ASSOC. VOJ BRANCHING RATIO INTO SFMILEPTON(CS/ALL 
R2 B 2 O* l  DR MORE BLIETSCHA 76 HLBC M=2.E-4 GEV E/TO 
R2 B THIS B~.RATIO AND MASS ARE REQD. BY OBSERVED RATE AND CHARM SCHEME. 2/76 

R3 CHARMER HADRON BRANCHING RATIO INTO IE NEU ANYTHINGI 12/77~ 
R3 B 0.11 0.03 BRANDELB 77  SPED E+E-  4-5.2 GEVIECM} I2 /77"  
R3 B 0.16 O.OB BRANDEL2 77 SPED E+E- 4-5.2 GEV(ECM) 12/77~ 
R3 B FIRST BRANDEL~R 77 VALUE USES INCLUSIVE ELECTRDN EVENTS. SFCOND 12/77~ 
R3 D VALUE(ERROR STAT ONLYI  USES EVENTS WITH A SECOND ELECTRON. t2 /77 *  

CC CHAPMEC HADRDN EVIDENCE IN COSMIC RAYS 
CC N i EVENT NIU 71EMUL  9/76* 
CC N NIU ?l DEIECTS CHGD PARTICLE DECAYING INTO HAnRDN+PIO. MASS=1.78GEV 9/76~ 
CC N AND TAU=2.2 E-14 1F SECONDARY IS P(ON. MASS=2.95 GEV AND TAU=3.6 9 /76 *  
CC N E-14 IF IT IS PROTON. POSSIBLE EVIDENCE OF PAIR PRODUCT(ON. 9/76* 
CC T 8 EVENTS TASARA 73 EMUL 9/76~ 
CC T SAME TYPE AS NIU EVENT. TAU BETN l .B AND IT5  E-13. 9 /76 "  
OC S i EVENT SUGIMOTO 78 EMUL 1/77. 
CC S SAME TYPE AS NIU EVENT. TWO SUCH PARTICLES PRODUCED TOGETHER. 1177 "  
CC S TAUI=6.E-13, DECAYS TO CHARGED PRONG + ETA. TAUB=4.E-I2, DECAYS TO E177~ 
CC S CHARGED PRONG • PIO. MASSES OF BOTH PARTICLES ARE ABOUT 2.0 OEV IF L177" 
CC S DECAY PRONG IS PROTON, 1.7 IF DECAY PRONG IS KADN, AND 1.55 411[ 1/77" 
CC S DECAY PRONG IS PI .  COMBINED MASS OT THE TWO NEW PARTICLES = • GEV I177" 
CC S OR 3 .8  GEV ASSUMING THE DECAY PRONGS TO BE KAONS OR P(ONS I177" 
CC S RESPECTIVELY. CONSISTENT WITH LAMBDAIC+ LAMBDABARIC-.SEE GAISSER 76 1 /77 .  

EM CHARMED HADRCN CROSS SEC. IN MISC. EMUL. EXPTS, WHERE LIFETIME SEEN 3/77~ 
EM J I EVENT JA IN  75 EMUL TAD APROX. 1DE-13  2 /77~  
EM K 2 EVENTS KOMAR 75 EMUL TAU .LT .  E-IS #177 "  
EM B 1 EVENT BURHOP 76  EMUL TAU APPROX E -13  3 /77~  
EM C 0 1.5E-30 OR LESS EL=.90 COREMANS 76 EMUL TAU E-12 TO E-l# 3/77= 
EM Z O 7.E-30 OR LESS CL=.90  BOZZOL[ 77 300,400 GEV P-NUCL I lTB* 
EM M 0 0.0016 OR LESS CL=.90 MUNORA 77 EMUL +-  TAU E-12 TU E-14 2/78* 
EM J JAIN 75 [S A FNAL 300 GEV PROTON EXPT. EVENT SHOWS DECAY OF NEUTRAL 2/77* 
EN d INTO HAORDN-E-NEU, TAKING PLACE .019 CM FROM THE PROD VERTEX. MAY 2177" 
EM J BE LEPTONIC DECAY OF CHARMED PARTICLE. 2 /77 *  
EM K KOMAD 7fi IS FNAL 200 GEV/C PROTON EXPT. SEE 2 EVENTS WITH SINGLE 4/77* 
EM K ELECTRON EMITTED FROM NEAR INTERACTION. 4/77" 
EM B BURHOP 76 EXPT DONE AT FERMILAB HIGH ENERGY NEUTRINO BEAM. USED A 3177" 
EM B COMDINATION OF EMULSION AND SPARK CHAMBERS. THEY SEE A PARTICLE 3177~  
EM B WITH TAU=ABOUT 6 E-13 SEE DECAYING TO VO • 3 CHGD TRACKS. OECAY 3/77* 
EM 8 MODE APPEARS DIFFERENT FRD~ PREVIOUSLY OBSERVED MODES OF CHARMED 3177" 
EM B HAORON DECAYS. 3 (77 *  
EM C DOREMANS 76 USED 300 GEV/C PROTONS, AND LOOKED FOR ABOVE LIFETIMES. 3/?7* 
EM Z BOZZOLI 77 IS FNAL EXPT LOOKING FOE ASSOC PROD OF CHARMED PARIICLES 1178* 
EM Z WITH TAU=3E--15 TO 3E-13 SECONDS AND MASS lT 4.5 GEV. 1/78* 
EM M MUNDRA 77 IS FNAL 40DGEV P EXRT. ABOVE VALUE IS RATIO 70 PI~- PROD. 1/18* 

NIU 71 PTP ~6 1644 
TASAKA 73 PTP 50 18T9 

AUBERT 78 PDL BS 416 
ALSD 77 PRL 38  172 

BALTAY 75 PBL 34  1118 
BENVENUI 75 PRC 34 419 
8ENVENU2 75 PRL 34 597 

ALSO 74 PBL 33 98# 

BENVENU3 78 PRL 35 1199 

BENVENU4 75 PRL 35  1203 
DENVENU5 78 PRL 35 1249 
BLESER 75 FRL 35 76 
CARLSSON 75 NR B99 451  
DEOEN 75 PL 588  361 

JAIN 75 RRL 34  1B38 
ROMAN 78 JETPL 21 239 

ALSO 76 SJNP 24 275 
SUGIMOTO 75 PTP 53 1540 
WARD 7B NP BXOl B9 

AAHL IN  76 NP B I07  476  
ABOLINS 76 PRL 37  4 [7  
ALBROW 7A NP Bl14 365  
APEL 76 SJNP 24  807 
BANISH 76 PDL 86  939  
B INKLEY 76 PRL 37 578  

BINTINGE 76 PRL 37 732 
BLIETSCH 7& PL BOB 207 
BUNNECL 76 PRL 3T 85 
BURHOP 7D PL 656 299 
CESTER 76 PRL 37  1278 

COREMANS 76 PL 6BB 480  
GHIDENI 76 NP BLLL 18D 
HAGOPIAN 76  PRL 36  296  
XNAPP 76  PRL 37  882 
QU1NN 76 PD D14 2887  
VONKDDGH 76 PRL 36 710  

ALOER 77 PL 668  401  
ASRATYAN 77 PL 71B 439  
8ALLAGH 77 PEL 39 1650 
DALTAY 77 PRL 89 62 
BANISH 77 PR DIS Z 
BARISH2 77  PRL 39 981 
BAUM 77 PL A86  279  

BERGE 77  PRL 36  266  
BLANAR 77 PRL 38  192 
BLETZACK 77  PRL 38 I241 
BGSETT( 77 PRL 38 1248  
B02ZOLI  77 LNC 19 32 
BRANDEL2 77 PL TOB 387 

BRANSON 77 PRL 3D 880 
DEDEN 77 PL 676  474 
D(TZLER 77 PL 718  451  
GOODARO 77 PR 018 2730  
HAIDT 77 JPG 3 [ 

HOLDER 77 PL 698 371 
HOLDEB2 77  PL 7OB 396  
JONCKHFE 77 PR 016  2073  

ALSo 76 PL 648  22t 
MUNDRA 77 LNC 18 554 
PICCOLO 77  PRL 39  1503 
CESTFR 78 PRL 40 I 39  
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BENVENUTI,CLINE,FORD+ (HARV,PENN,WISC,FNALI 
BENVENUTI,OLINE,FORD+ (HADV,PENN,W(SC,FNALI 
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(AADH÷DRUX+CERN÷EPOL+MILA÷ORSA+LOUC( 

P. L. JAIN, B. GIRARD (DUFF) 
+ODLOVA,TRETYAKOVA,CHERNYAYSKll (LEBD) 
KOMAR,ORLDVA,TRETYAKOVA,CHERNYAVSK(I ILEBDI 
÷SATD,SA(TO (TWAS*TOKYI 
+ANSORGE,EARTER,MOUNT,NEALE÷ (CAVE) 

+ALPGARD,ANOERSEN,BERGVATN+(OSLO÷SIOH+HELS) 
+CARDIMONA,MATTHEWSqSIDWELL÷ (MSU+OSU+CADL) 
CERN+DARE+FOM+LANC+IIVP÷MCHS+RHEL+UTR÷LOND 
÷BERTOLUCCI,VIKTOROV,VINCELLI* (SERP+CERNI 
÷BARTLETT,BODEK,BROWN,BUCHHOLZ * ICIT+FNAL) 
+GAINES,PEDPLES,KNAPP* IFNAL+COLU+HAWA+ILLI 

BINTINGER,IUNOY,AKERLOF+ (FNALeMICH*PURDI 
(AACH+BRUXeCERN+EPOL+M(LA*ORBA+LOU¢] 

+CHENG,OELPAPA,DORFAN,DOUNGVAN+ (UCSC+SLACI 
(LOUC+FNALeBELG÷DUUC÷CERN÷LOICeROMA÷STRBe} 

+FITCH.KADEL,WEBB,WHITTAKER + (PRINeBNL] 

+DACTON+ (DELG÷DUUC÷LOUCeRDNAeSTRB+WARS) 
eNAVACHtDOWELL,KENYON+ (OMEGA GRDUPSI 
+W)LKINS,WINO,HAGOPIAN,ALBRIGHTe (FSU+BRANI 
+LEE,LEUNG,SMITH + (COLU+HAWAe(LL+FNAL) 
D. J. QUINN, R. H. MILBURN ITUFTS) 
+FRY,CAMERINI,CLINE+ (WISC+LBL+EERN+HAWA) 

+BLOCK+ (AACH÷UCR+CERNeHARV÷LAUS÷MUNC+NWESI 
+EPSTEIN,GRIGORIEV,KALGANOV + (ITEP+SERP) 
+BINGHAM,BOSETT1,FREITER÷ (LBL+HAWA+WASH) 
÷HIBBS,HYLTON,KALELKAR,DRANCE • (COLU+BNLI 
+DERRICK,DOMBECK,MUSGRAVE + IANL+PURD} 
eBARTLETT,BDDEK,BROWN • (CIT+FNAL+RDCK) 
+BLDCK,BOHM÷ (AACH÷UCReCERNeHARV÷MUNC+NWES} 

+DIBIANDA,EMANS ÷ (FNAL+SERPeITEP+AICH) 
÷BOYER,FAISSLER,GARELICK,GETTNED • INEAS( 
BLETZACKER,NIEH,SDNI (SION+UCSBI 
÷GALTIERI,LYNCH ÷ (LBL+CERN+HAWA+WISC) 
eCAMPANINI,CAP(LUPPI,GESSAROLI+ (BGNA+FIRZI 
BRANDEL(K • IAACH÷DESY÷HAMBeMPIM+TDKY) 

+SANDERS,SM(TH,THALER,ANDERSON+ (PRIN+EFI) 
+ (AACH+BELG+CERN+EPOL+MILA÷LALO+LOUC) 
÷FINLEY,JOHNSON,LOEFFLER + (PUROeMIDH÷FNALI 
+GILBERT,KEY,GORODN,LAI ITNTDeBNL) 

(BERKELEY+CERNeHAWAII+WISCONSINI 

+KNOBLOCH,MAY+ (CERN+OORT+HEIO÷SACL+BGNA) 
+KNOBLODH,MAY+ (CERN+DORT~HEID÷SACL+BGNAI 
JONCKHEERE,CGOK,DSORNA + IWASH+LALO÷UCD) 
COOK,CSORNA,HOLMGRENe (WASH+LALO+UCD) 
+PUTT,STUTELEY,YOCK (AUCK) 
epBRuzzI,LUKE,LUTH÷ (SLACeLBL+NWES+HAWAI 
• FITCH,KADEL,WEBB,WHITTAKER + (PRIN+BNLI 
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Data Card Listings 
For notation, see key at front of  Listings. 

REVIEWS REFERRED TO IN DATA CARDS 

GAISSER 76 PR DI4 3153  T.K.GAISSER,F.HALZEN (OART÷h[SC) 

J0THER STABLE PARTICLE SEARCHES I 

We collect here those searches which do not 

fit neatly into one of the above search categories. 

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

T TRIMUOB PRODUCTION IN NEUTRINO NUCLEON INTERACTIONS 
T SEE ALSO SECTICN 'NEU' IN *HEAVY LEPTON SEARCHES' ARD 
T SECTION 'Y '  IN 'CHARMED HADRON SEARCHES'. 
T R 2 EVENTS ML~- MU MU BARISH 77 SPEC NEU BEAM ? /77 .  
T R BARISH 77 EVENTS CONTAIN FAST MU- AND 2 ADDITIONAL MUONS WITH LOW 7177. 
T R ENGERY IN DIMUCN REST FRAME. SLOW MUONS COULD COME FROM EITHER ?/77~ 
T R VIRTUAL PHOTON OR VECTOR MESON OR FROM ASSUC PROD OF CHARMED 7177~  
T R PARTICLES WHICH OECAY LEPTONICALLY. 7177 .  
T E 6 SEEN BENVENUTI 77  NEUL 516NEU,I I6NEUBAR 12177*  
T E BENVENUTI 77 IS FNAL EXPT. CAN BE EXPLAINEO BY PROD OF NEW HEAVY 12177* 
T E LEPTON - ->  MU- NEUBAR NEW LIGHTER LEPTON - - >  MU+ MU- NEU. 12 /77~  
T L ELETZACKE 77  RVUE I2 /77 .  
T t BLETZACKER 77 EXPLAINS TRIMUON AND LIKE SIGN DIMUON PROD AS ASSOC 12/77.  
T L PROD OF CHARM. 12177*  
T H 3 SEEN HOLDER 77  SPEC 12177* 
T H HOLDER 77 EVENTS ARE MU--MU-M+ AND MU-MU+MU+ WITH NEU BEAM, AND 12/77.  
T H MU+MU-MU- WITH NEUBAR BEAM. RATE RELATIVF TO CHARGED CURRENT EVENTS 12177* 
T H IS 4 "10 " * -5 .  12177* 

MU OI- AND TRI-MUCN PRODUCTION IN MU NUCLEON INTERACTIONS 
MU C I1 TRIMUON EVENTS CHANG 77  SPEC 12177* 
MU C 32 OIMUON EVENTS CHANG 77  SPEE 12177* 
MU C CHANG 77 DIMUON RATE IS GT 5 "E0 . * - 4  THAT CF INCLUSIVE MUON RATE. I2 /77 .  
MU C CROSS SECTION UNCORRECTED FOR ACCEPTANCE IS 0 "10 " * -36  CM**21NUCLEON 12 /77 .  

LEP DIRECT LEPTON PRODUCTION IN PROTON NUCLEON INTERACTIONS 
LEP THESE LEPTONS DO NOT RESULT FR~M PlO, ETA OR KNOWN WEAK OECAYS. 
LEP CANDIDATES FOR PARENTS QF DIRECT LEPTONS INCLUDE VIRTUAL MASSIVE 
LEP PHOTONS, HIGH PT VECTOR MESONS, INIERMEO[ATE BOSONS, CHARMED 
LEE PARTICLES AND HEAVY LEPTONS. 
LEP A APPEL2 74 OPEC FNAL 300GEV P+BE 5177" 
LEP A APPEL2 74 OBSERVE DIRECT ELECTRON AND MUON SIGNALS 10" * -4  TIMES THE 3177 "  
LEP A PlO YIELD FOR PPERP RANGE 1 .9 -4  GEV. ELECTRON SOURCE LIFETIME LESS 3177" 
LEP A THAN (10"# -9  SEC)~(PARENT MASS/GEVI. SUGGESTS LIGHT VEC.MES.IPHI). 3 /7?*  
LEP 8 BOYMOND 74  SPEC FNAL 3OOGEV P+CU,W 3177" 
LEE 8 BOYMOND 74  SEE DIRECT MUCN SIGNAL O.BE-4 TIMES THE PION YIELD FOB 3 /77~  
LEP B PT RANGE 1.5-5.AGEV. SUGGEST STRONGLY INTERACTING, SHORT LIFETIME 3177" 
LEO B SOURCE. RHO AND PHI ARE POSSIBLE SOURCES. 5 /77 *  
LEP U 8USSER 74 SPOC CERNISR 26+26GEV PP 3177 .  
LEP U BUSSES 74 SEE DIRECT ELECTRON SIGNAL 10 " * -4  TIMES PION YIELD FOR 3177" 
LEP 0 PT RANGE 1.6-4.7GEV. CANT BE PHI ALONE SINCE PHI TO K+K- NOT SEEN. 3177" 
LEP t LEDERMAN 75  RVUE 3 /77 *  
LEP L LEDERMAN 75 DISCUSSES ABOVE EXPTS AND RECENT UNPUBLISHED RESULTS. 5177. 
LEE L SUGGESTS NEW LIGHT(E-5 PION MASSES) VECTOR MESON WEAKLY DECAYING. 3177 .  
LEP R ABRAMOV 76 CNTR 35-70 GEV P+BE,CU 3/77= 
LEP R ABRAMOV 78 SEE OIRECT MUON SIGNAL (6 .7+ - . 9 )E -5  TIMES P/ON YIELD FOB 5 /7?*  
LEE R PT RANGE E .9 -3 .1  GEV. RATIO MUelMU- = [ . 2 .  RATIO MU+IP[* INCREASES 3177. 
LEP R WITH INCREASING PROTON ENERGY. INDICATING DECAY OF HEAVY PARTICLE 3177. 
LEP R WITH TAU 1T [ 0 " * - [ 1  SEE. 3/77*  
LEP N ANISIMOVA 76 ELEC TO GEV PROT ON CU 3 /77 *  
LEE N ANISIMGVA 76 MEASURES LONG. POLARIZ. OF DIRECT MUONS WITH PT=2 -2.8 5177" 
LEP N GEVIC. FIND POL.=-0 .85+-0 .3a .  THIS WOULD INDICATE THAT MUONS COME 3/T7* 
LEP N FROM PARTICLE DECAYING VIA WK INTERACTIONS. OPPOSITE RESULT IS 3 /77 *  
LEP N SEEN AT 400 GEV (LAUTERBACH T6, LEIPUNER 76I AND 20GEVIGRANNAN 77) .  1 / 7 0 "  
LEP M ABRAMOV2 76  CNTR 70 GEV P-CU 1/60 
LEP M ABRAMOV2 76 FINDS POLAREZ.OF PROMPT MUONS TO BE CLOSE TO THAT OF 1178" 
LEP M MUONS FROM DECAY OF PIONS AND KAONS. I / T B *  
LEE K KASHA 76 CNTR FNAL 400GEV P*NUCL 3 /77*  
LEP K KASHA 76 FIND THAT MUON PAIR PRODUCTION CAN ACCOUNT FOR MOST OF THE 3 /77*  
LEP K DIRECT MUONS INDICATING ELECTROMAGNETIC PRODUCTION MECHANISM. 317T~  
LEE T LAUTERBAB 76  CNTR FNAL 400GEV P+CU 3/77~ 
LEE T LAUTERBACH 76 MEASURES lONG. POLARIZ. OF HIGH PT DIRECT MUONS TO BE 3 /77*  
1EP T P=-O.06+-O.16 (RESULT GIVEN IN GRANNAN 771 AS EXPECTED FOR 1 /78"  
LEP T ELECTROMAGNETIC PROCESS. NOT WEAK DECAY. 1 /70 .  
LEP E 1E l  PUNER 76  3 /77 *  
LEP E LEIPUNER 7B MEASURES tSNG. POLARIZ. OF FORWARD DIRECT MUONS TO BE 3 /77 *  
LEP E P= -O .O0+ -O . IO  AS EXPECTED FOR ELECTROMAGNETIC PROCESSt NOT WK. DEC. 5/77*  
LEP S ORANSON 77 SPEC 200 GEV/C PROT + FE 3177" 
LEP S OBANSON 77 FINDS MU/PI RATIO= 3.E-5 FOR PT LESS THAN E GEV/C. 3 /77 *  
L£P S ALSO FINDS THAT 0 .7÷ -0 .2  OF ALL PROMPT MUS ARE PRODUCED IN PAIRS. 3177~  
LEP M BAUM 77  SPEC 12177" 
LEP M BAUM 77 MEASURES RATIO OF OIREC7 IE  MU) EVENTS TO DIRECT E EVENTS. 12/77~ 
LEP M FINDS NO E+- MU-+ SIGNAl AFTER BACKGROUND SUBTRACTION. IF ALL 12/77* 
LEP M DIRECT ELECTRONS COME F~OM D DECAY, THEN THTS LEADS TO UPPER LIMIT 12177. 
LEP M OF .E9  FOR D- ->  K MU NEU BRANCHING RATIO. 12 /77 .  
LEP G GRANNAN 77  CNTR BNL 28 .5  GEV PROT 12 /77 "  
LEP G GRANNAN 77 MEASURES LONG. POLARIZ. OF HIGH PT DIRECT MUONS TO BE 12/77~ 
LEP G P=-0.15+-0.18 AS EXPECTED FOR ELECTROMAGNETIC PROCESS,NOT WK.OEC. 1 2 / 7 7 .  
LEP G TRANSV. POLARIZ. MEASURED TO BE O.05+-O.O5. 12/77. 

LP I  AkOMOLOUS DIRECT LEPTCN PROD IN P IP  [NTERATIONS 
LPI BUNNELL 78 SIRC 16 GEV P I+ .P I -  P 1 /78 .  
LPI OUNNELL 78 10 SLAC EXPT. SEES EXCESS OF DIMUON EVENTS IN MASS 1 /78 .  
LP I  REGION 400 -bOO MEV NOT EXPLAINABLE 5Y ORDINARY MEANS. 1 /78"  

EC1 CHARMBNIUM-LIKE STATES - INTEG. CROSS SECTION * B.R. ICM**2-MEV} 
ICL B 0 1.3E-50 OR LESS CL=.90 BOYARSKI 75  SMAG 4 /7T*  
ICL A o 9 .0E -31  OR LESS BARBIELLI 76 CNTR M=2.5-5 GEV ~177. 
[OL C 0 0 .51-31 OR LESS CL=.90 BACCI 76 CNTR M=2.5-3 GEV 4 /77*  
ICL  E 0 9 .0E -3 I  OR LESS ESPOSITO 76 CNTR M=2.5-3 GEV 4177" 
ICL N 10.E-30 OR LESS CL=ogO BENSINGER 77 SPEC LAMBDA LAMBOABAR 1 /78"  
ICL N E8.E-30 OR LESS CL=.90 BENSINGER 77  SPEC KO K* (890 )0  1 /78 .  
ICL N 2 .E -30  OR LESS CL=.90 BENSINGER 77  SPEC KS KL 1 /78 "  
ICE B BOYAROKI 75 IS A SPEAR EXPT= LIMIT IS FOR ECM=3.2-5.9 GEV. 4/TT* 
ICL 8 EXCLUSIVE OF THE PS I (3700 ] .  LIMIT RANGES FROM 1.1 TO 1.7 E-30. 4 /77 *  
ICL B FOR A WIOTH OE IO MEV. FROM E+E- HADRONS. 4 /77*  
ICL A 8ARBIELLINI 76 IS AN ADONE E+ E- EXPI. CROSS SECT. CONVERTED FROM 4 /77"  
ICL A RATIO TO E+E-  - - >  J/PSI CROSS SECT. 4 /77*  
]CL C BACCI 76  IS AN ABONB E+ E- EXPTo 4177 "  
ICL E ESPOS[TO Tb IS AN ADONE E+ E- EXPT. CROSS SECT. CONVERTED FROM 4 /77 *  
ICL E RATIO TB E~E-  - ->  J /PS I  CROSS SECT. 4 /77 *  
ICL N BENSTkGER ?T IS A PBAR P FGRMATION EXPT COVERING ECM=2.99-3.[4 GEV. I /TB*  

Stable Particles 
OTHER STABLE PARTICLE SEARCHES 

CL CHAEMCNIUM-LIKE STATES CEOSS-SECTION * B.0. {CM**2) 
CL A 0 1.0E-34 CR LESS APEL 75 CNTR M=2-5 GEV 4177. 
CL E EARTLY 76 CNTR SHOULDER AT 6 GEV 4177. 

CL H 12 5.21-36 (2.01-(6 HOMI 76 CNTR PEAK AT 6 GEV 4/77* 
EL H 0 2.0E-$6 OR LESS HGM2 76 CNTR 6177. 
CL T O 2.01-33 OR LESS IHEODOSIO 70 CNTR M=1.2-3.5 GEV 4 /77*  
CL S 0 ASCHMAN 77 CNTR E+E- 6GEV REGION 1/78"  
CL A APEL 75 IS A 40 GEV P I -  P EXP. SENSITIVE TO MULTI-GAMMAS. DOES NOT 4177. 
EL A SEE J/PSI  OR PSI(37001. 4177- 
CL E EARTLEY 76 IS A SO0 GEV P NUCLEUS EXPT. STRUCTURE AT 6 GEV IS AT 4177" 
C1 E MOST 5 PER CENT OF THE J/PSI CROSS SECT. DOESN'T SEE THE PSI(3700) .  4177. 
CL H HOMI 76 AND HOM2 76 ARE FRO~ A 400 GEV P NUCLEUS EXPT. CROSS SECTS. ~ /77 .  
CL H ARE FOR THE 6 OEV MASS REGION. WHERE AN ENHANCEMENT IS REPORTED IN 4177" 
EL H E÷E-IHGMI 76) BUT NOT IN MU+MU-(HOM2 76} .  E+E- BUMP MAY EE A ~ /77 .  
CL H STATISTICAL FLUCTUATION. 4177" 
CL T THEODOSIOU 76 IS A CBBNELL GAMMA BE EXPT., WITH MAX. ENERGY OF 4177" 
CL T I1  GEV, LOOKING FOR ELECTRONS ANDIGR GAMMAS. CROSS SECTION IS 4177" 
CL T CENVERTED FROM DIFF. C.S. GIVEN AS 130EXP(3T} NE/GEV2 EXPECTED FOR 4 /17 "  
CL T THE O- CHARM-ANTICHABM STATE 4 /77*  
CL S ASCHMAN 77 IS SIAC SPEAR EXPT. LOOKS FOR PEAKS IN E+E- - ->  HAORONS 1/70"  
CL E AND - ->  E+E- NEAR 6GEV. FINDS GAMMA<2OOEV FOR HADRON OR E+E- DECAY. 1178" 

CH MEAVY PARTICLE PROBUCTION CROSS SECTION (EM**2) 
CH L 0 I .  E-St OR LESS LEIPONER 73 CNTR +- M=S-I I  GEV 5/76*  
CH L LEIPUNER 73 IS AN NAL BOO OEV P EXPT. WOULD HAVE DETECTED PARTICLES 4 /76*  
CH l WITH LIFETIME GREATER THAN 200 NSEC. 4 /76*  

CS HEAVY PARTICLE PRODUCTION CROSS-SECTION ICM**21NUCLEON) 
CS G 0 2.0E-35 OR LESS GUSTAFSGN 76 CNTR 0 TAU GT 10"* -?  1 /77"  
CS G GOSTAESON 76 IS A 300 GEV FNAL EXPT LOOKING FOR HEAVY (M GT 2 GEVI 1 /77"  
CS G LONGLIVED NEUTRAL HADRONS IN THE M4 NEUTRAL BEAM. THE ABOVE TYPICAL I177"  
CS G VALUE IS FOR M=3 GEV AND ASSUMES AN INTERACTION CROSS SECTION OF I177*  
CS G I NO. VALUES AS A FUNCTION OF MASS AND INTERACTION CROSS SECTION 1177" 
CS G ARE GIVEN IN FIG. 2. I177"  

D HEAVY PARTICLE PRODUCTION DIFFERENTIAL CROSS SECTION (CM**2/SR-GEV) 
D D 0 1.5E-36 OR LESS OOBFAN 65 CNTR BE TARGET M=5-TGEV 5/76~ 
D D 0 3.0E-36 OR LESS DORFAN 65 CNTR FE TARGET M=3-TGEV 5 /76"  
D 0 2 .41-30 OR LESS CL=.90 BINON 6g  CNTR Q=-- M : [ - I . 8  GEV 3 /77*  
O S 0 2.4E-35 OR LESS CL=.90 ANTIPOVI 71 CNTR Q=- M= I . 2 -E .7 ,2 . I - 4  3177" 
D T 0 E.2E-55 OR LESS CL=.90 ANTIPDV2 71 CNTR Q=- M=2.2-2.8 3177~ 

L O 5.8E-34 OR LESS CL=.90 ALPER 73 SPEC +- M=E.5-24 GEV 5 /76*  
A O l .  E-31 OR LESS C1=.90 APPEL[ 74 CNTR +- M=~.2-T.2 GEV 2/76 

D W 0 2 .21-33 OR LESS CL=.DO ALOROW 75 SPEC Q=~ l  M=4-15 GEV 1 /77 .  
D W O I . IE -33  OR LESS CL=.9O ALBROW 75 SPEC Q=~2 M=b-27 GEV 1177" 
D J 0 8 .  E-55 OR LESS EL=.90 JOVANOVIC 75 CNTR +- M=15-26 GEV 2/78 
0 J O 1.5E-34 OR LESS CL=.90 JOVANOVIC 75 CNTR G=+-2, M=3-10 GEV 2/76 
D J 0 6. E-35 OR LESS CL=.90 JBVANOVIC 75 CNTR Q=+-2, M=IO-26 GEV 2/T6 
D 0 O 2.6E-36 DR LESS Cl=.90 BALDIN 76 CNTR Q=-T. M=2.1-9.4 GEV I1771 
D D DDRFAN 65 IS A 30 GEVIC P EXPT AT ONL. UNITS ARE PER GEV MOMENTUM 5/?6*  
O B PEB NUCLEUS. 5 /76 *  
D S ANTIPOVE 71 LIMIT INFERRED FROM FLUX RATIO. 70 GEV P EXPERIMENT. 3177" 
O T ANTIPOV2 71 IS FROM SAME 70 GEV P EXP. AS ANTIPDV1 71 AND BINON 69. 3 /?7*  
D L ALPER 73 IS BERN ISR 26+26 GEV P+P EXPT. P>.9 GEV, .2< BETA <.6S.  5176= 
D A APPEL1 74 IS NAL 300 GEV P+W EXPERIMENT. STUDIES FORWARD PRODUCTION 2/76 
0 A OF HEAVY IUP TO 24 GEV) CHARGED PARTICLES WITH MOMENTA 24-200GEVI-) 2176 
D A AND 40-150GEV (eCHO}. ABOVE TYPICAL VALUE IS FOR 75 GEV AND IS 51T6* 
D A PER GEV MOMENTUM PER NUCLEON. 0/76* 
O W ALBROW 75 IS  A BERN ISR EXPT WITH ECM=53 GEV. THETA=4O MR. SEE 1177" 

W FIG. 5 FOR MASS RANGES UP TO 35 GEV. 1177" 
J JOVANOVICH 75 IS A BERN ISR 26+26 AND I5+[5  GEV pep EXPERIMENT. 2/76 

D J FIG.4 COVERS RANGES Q=123 TO 2 ANO M=3 TO 26 GEV. 2176 
B J VALUE IS PER GEV MOMENTUM. 5 /76*  

B 8ALDIN 7b IS A 70 GEV SERP EXP. VALUE IS PER AL NUCLEUS AT 1177 .  
B THETA=O. FOR OTHER CHARGES IN RANGE -0 .5  TO -3 .0 ,  CL=.90 LIMIT IS 1177* 

O 0 (2.6E-36)/ABS(CHARGE) FOR MASS RANGE 12.1 TD 9.AGEV)*ABSICHARGE). 1177~ 
D B ASSUMES STABLE PARTICLE INTERACTING WITH MATTER AS DO ANTIPROTONS. 1177* 

CA CROSS-SEC FOR PRO C AND CAPT OF LONG-LIVED MASSIVE PARTICLES (CM**2) 
CA F O . 1 -91 -36  OR LESS ERANKEL 74 CNTR TAU=E TO IOOO HRS 7 /76*  
CA R 0 I.4-91-36 OR LESS FRANKEL 75 CNTR IAU=50 MS TO 10 HRS 2177* 
CA A 0 2-20E-34 OR LESS ALERSEEI 76  ELEC TAU=IOO MS TO [ DAY ~ /77 "  
CA F A O .Z-8E--34 OR LESS ALEKSEE2 7B ELEC TAU=5 MS T0 B EyDAY 3 /77*  
CA FBANKEI 74 LOOKS FOR PARTICLES PRODUCED IN THICK AL TARGETS 1 /76"  
CA F 300-400 GEVIC PROTONS. 7/76* 
CA R FRANKEI 75 IS EXTENSION OF FRANKEL 74 .  2 /77 "  
CA A ALEKSEEV(E*2I 76 ARE 61-70 GEV P SERP EXPT. CS IS PER P8 NUCLEUS. 3/77~ 

F HEAVY PARTICLE FLUX IN COSMIC RAYS (NUMBER/CM~*2-SEC-SR) 
F 0 3 .0E - tO  OR LESS OJORNBOE 68  CNTR M ABOVE 5 GEV 4 /77*  
F 0 5 .0E -E I  OR LESS CL= .90  JONES 67  ELEC M=5 TO 15 GEV 3177 "  
F 0 3.0E-8 OR LESS DAROO 72 CNTR 4 /77*  
F O 1 .51-9  OR LESS TONWAR 72 CNTR M GT I0  GEV 4177 "  
F Y 5 6 .  E -g  OR MORE YOCK 74  CNTR M GT 6 GEV 1 /76  
F 0 T .  E-IO OR LESS CL=.90 YOCK 75  ELEC +- Q GT 7 OR LT -7E  9 /76 *  
F 0 1 .0E~9  OR LESS 8RIATORE 76  ELEC 4177~  
F Y YOCK 74  EVENTS COULD BE TRITONS. liT6 

C LIGHT (OETWEEN MU AND E MASSESI PARTICLE MASS(UNITS-ELEOTRON MASSES] 
C O NONE BETWEEN 6 AND 25 8ELOUSOV 60  CNTR SPINOR.TAU>L E-8 5176" 
C NONE BETWEEN 2 AND 25 GORBUNOV 6O CC SPINOR.TAU>I E-9 5(76*  
C NONE BETWEEN 5 AND 175 COWARO 6 3  CNTR SPINOR,TAU>22 E-IO 5/76* 
C 0 NONE BETWEEN 5 AND 175 COWARD 63 CNTR SCALAR,TAU>68 E-TO 5 /76*  
c D o NONE BETWEEN 2 AND E3 BLAGOV 70 CNTR SPINOR,TAU>2E-IOSEC 2178 
C O 0 NONE BETWEEN 2 AND 10.6 OLAGOV 75 CNTR SCALAR,TAU>2E-EOSEC 2176 
C 0 BLAGOV 75 BOUNDS ON LIFETIME DEPEND ON MASS AND IMPROVE AS MASS 4 /77 *  
C 0 BEOREASES, AT 2 GEV THE EXPERIMENT IS  SENSIT IVE  TO TAU>3E-1 I  SEC 4 /T7=  
C D FOR SPINOR, TAU>SE-II SEC FOR SCALAR. 4 /77 *  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR OTHER NEW PARTICLE SEARCHES 

BELOUSOV BO JETP 11 I[43 +RUSAKOV,TAMM,CERENKOV {LEBOI 
GGRBUNOV 60 JETP 11 51 +SPIRIOONOV,CERENKOV ( LEBO)  
COWARD 63 PR 151 E782  +GITTELMAN,LYNCH,RITSON ISTAN) 
DORFAN 65 PRL 14 999 +EAOES,LEOERMAN,LEE,TING ICOLU) 

(MICH~WISC+LBL+UCLA*MINN+COSU+COLO+MURA) JONES 67  PR 164 1504 

OJCRNOOE 68 NC BE3 24~ +OAMGARO*HANSEN,CHA¥TERGEE÷ (BOHR+BERN) 
BINON b9 PL 3DO 510 OUTE|L,KACHANOV,KHROMOV,KUTYIN+ {SERPI 

ANTIPOVI 71 P1 34B 164 +OENISOV,OONSKOV.GORIN,KACHANOV÷ (SERE) 
ANTI P~V2 71 NP B31 235 +OENISOV,DONSKOV,GORIN,KACHANBV+ (SERPI 
DARDO 72 NC QA 319  DARDO.NAVARRA,PENENGO,SITTE (TORT) 
TCNWAR 12 JPA S 569 TONWAR,NARANAN,SREERANTAN (TATA) 
ALPER 73 PL 468 265  [CERN+LIVP+LUND÷BOHR+RHEL+STOH+BERG+LOUC) 
LEIPUNER 73 EEL 3 I  1226 +LARSEN,SESSOMS.SMITH,WILLIANO+ (ONE+YALE} 

APPEL[ 74 PBL 32 428 ÷BOURQUIN,GAINES,LEDERMAN,PAAR+ IBOLU+FNAL} 
APPEL2 74 PRL 33 722 +BOURQUIN,GAINES.HOM,LEDERMAN+ (COLU+FNALI 
BOYMOND 74 PRL 33 lIB ÷MERMOD.PIROUE,SUMNER,CRONIN+ (PRIM+EFT) 
OUSSER 74 PL 536 212 +CAMILLERI,DItELLA+ (CERN+COLU+ROCK÷SACL) 
FRANKEL 74 PR D9 1930 +FRATI,RESVANIS,YANG,NEZRICK (PENN+FNAL] 
YOCK 74 NP 876 I70 P.C.M.YOCK (UNIV OF AUCKLAND) 



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

OTHER STABLE PARTICLE SEARCHES 

ALBROW 75 NP B97 189 
APEL 75 PL 56B 190 
BOYARSK! 75 PRL 3~ 762 
BLAGOV 75 YAD.F|Z. 21,300 

FRANKEL 75 9R DI2 2561 
JOVANOVI 75 PL 56B I05 
LEDERMAN 75 PRL 35 1543 
YOCK 75 NP EBb 216 

ABRAMOV 76 P t  b4B 365  
ABRAMOV2 7 6  SJNP 24 511 
ALEKSEE[  76 SJNP 22 531 
ALEKSEE2 76 SJNP 23  633 
ANISIMOV 7 6  PL 65B 85 
BACC[ 76 PL 56B 190 

BALDIN 76 SJNP 22 264 
BARBIELL 76 PC 64B 359  
BRIATORE 7 6  NC 3 I A  553 
EARTLY 7b PRL 36 1355 
ESPOSITO 76 P t  64B 362 
GUSTAFSO 76 PRL 37  474 

+BARBER,EENZ+(CERN÷DARE÷FOM÷LANC+MCHS÷UERE} 
÷AUGENSTEIN,BERTOLUCCI,DONSKOV,+(SERP+CERNI 
÷BREIDENBACH,BULOS, FELDMAN+ (SLAC+LBLI 
÷KOMAR,MURASHOVA,SYREISHCHIKOVA+ (LEBDI  

÷FRAT[,RESVANIS,YANG+NEZRICK (PENN+FNAL) 
JOVANOVICH÷ (MANI÷AACH÷CERN+GENO÷HARV+TORI) 
÷WHITE (COLUJ 
p.C.M. YOCK (UNIV OF AUCKLAND+SLAC) 

+SULYAEV,BGNDARENKO,DOERETSOV ÷ (SERPeMPEI) 
+ALEEV,ANISIMOVA,BONDARENKO + [SERP] 
ALEKSEEV,ZAITSEV+KALININA,KRUGLOV+ (JINR) 
ALEKSEEV,ZAIISEV,KALININA,KRUGLOV+ (JINR) 
ANISIMOVA,BONDARENKO,GOVOROV + [SERP*MPEI] 
+BIDOLI,PENSO~STELLA,÷ (ROMA+FRAS) 

÷VERTDGRADOV,VIEHNEVSKII,GRISHREVICH+(JINR) 
BARBIELLINI,N[COLETTI+(FRAS÷NAPL+PISA÷ROMA) 
+DARDO,PIAZZGLI,MANNOCCHI* (LCGT+FRAS*FREI] 
÷GIACOMELLI,RRETZL (FNAL+BGNA÷MPIM) 
÷FELICETTI,MARINI,+ (ERASeROMA+PADO÷NAPL) 
GUSTAFSON,AYRE,JONES,LONGO,MURTHY (MICH) 

98 

Data Card Listings 
For notation, see key at front of  Listings. 

HOME 76 PRL 36 1236 
HOMZ 76 PkL 37 t374 
KASRA 76 PRL 36 [007 
LAUTERBA 16 R~L B7 1436 
LEIPU,~ER 76 PRL 36 101[ 
THE~DOSI 76 RRL 37 12b 

ASCHMAN 77 PRL 39 124 
BARISHZ 77 PRL 38 577 
6AUM 77 PL 688 279 
BENVENUI 77 PRL 38 l i fO  
BLETZACK 77 PRL 38 1241 
BENSINOE 77 NP BE19 77 

BRANSON 77 PRL 38 457  
CHANG 77 PRL 519 
GRANNAN 77 PL 69B 125 
HOLDER 77 PL 70B 393 

+LEDERMAN,PARR,SNYOER* (COLU~FNAL*STON) 
÷LEDERMAN,PAAR,SNYDER,+ (CGLU+FNAL*STONI 
+KELLOGG,LAUTERBACH,ADAIR+ (YALE+BNL+FNAL) 
LAUTEREACH,ADAIR,CARTER,GRANNAN* (YALE+BNL) 
+LARSEN,ADAIR,CARTER+ (BNL~YALE÷FNAL) 
THEODOSIOU,GITTELMAN,HANSON,LARSGN+ (CORN) 

+COYNE,GREOM+ (PRIN+PAVI~UMD~UCSD÷SLAC} 
÷BARTLETT,BOOER,BROWN + {CIT÷FNAL~ROCK) 
÷BLOCK,BOHW÷ (AACH÷UCR~CERN÷HARVeMUNC÷NWES) 
BE~VENUTItCLINE+ (FNAL÷HARV÷PENN÷RUTG÷WISC) 
BLETZACKER,NIEH,SONI (STON÷UCSB) 

(BRAN÷BNL÷CARN+CINC+CUNY+MASA+PENN+SMAS +) 

+SANDERS,SMIIH,THALER,ANDERSON~ (PRIN+EFI) 
+CHEN,VAN GINNEKEN (MSU+FNAL) 
+ADAIR,KASHA,KELLOGG,LAUTERBACH÷ (YALE÷BNL) 
÷KNOBLOCH,MAY+ (CERN+DORT~HEID+SACL~BGNA) 

BUNNELL 78 PRL 40  [ 36  +DUONG-VAN,KOGAN + (SLAC+VANDeUCSC÷MIT |  

* * * * * *  * * * + + * + + +  + * + * * + * * *  + + + * * * * * *  * * * * * * * * +  + * * * * * + + +  * * * + * * o * *  + * + * * * * *  
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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 of  Listings. 

S=O, C=O MESON STATES 

F ~  8 EHARGED PIGNIE40,JPG=O--I I= I  

SEE STABLE PARTICLE DATA CARD LISTINGS 

F ~  9 NEUTRAL PIGNII35,JPG=O--) I = l  

SEE STABLE PARTICLE DATA CARD LISTINGS 

14 ETA( 549, JPG=O-÷) I=O 

SEE STABLE PARTICLE DATA CARD LISTINGS 

~ m 

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

Note on the p0 Mass and Width 

Because of the large width of the p meson, 

determinations of the resonance parameters are 

beset with many difficulties. In physical-region 

fits, it is well known that the p line shape does 

not correspond to a relativistic Breit-Wigner 

function with a P-wave width, but it requires one 

further shape parameter (PISUT 68). The same 

remark applies to the energy dependence of the 
1 

phase shift 61" Different ways of introducing the 

shape parameter lead to systematic differences, in 

addition to the systematic errors due to different 

ways of accounting for the background in physical- 

region fits, or due to different ways of projecting 

out the partial waves for phase-shift analysis. 

We consider phase-shift analyses more reliable 

than physical-region fits. In the table below we 

have collected the most reliable information on the 

p0 mass and width. The spread of values essentially 

reflects the order of magnitude of the systematic 

errors. We choose to recommend only a central 

value and a spread. 

M e s o n s  

77 i ,  ~T O, ~, p(770) 

M(O 0) F(p °) References 

(MeV) (MeV) 

773 ± 1.7 not reliable 

778 ± 2 152 ± 2 

775 ± 4 160 ± l0 

770 ± 9 143 ± 13 

776.3 ± 0.4 154.5 ± 1.0 

770.2+0.9 150.3± 2.7 

JACOBS 72 analysis of 
BATON 70 phase shifts 

HYAMS 73 phase shifts 

PROTOPOPESCU 73 phase 
shifts 

ESTABROOKS 74 analysis 
of HYAMS 73 phase shifts 

RODS 75 analysis of 
BATON 70, HYAMS 73, and 

PROTOPOPESCU 73 phase 
shifts 

Weighted mean of good 

physical-region fits 

776 _+ 3 155 -+ 3 "Educated guess" 

9 RHO MASS (MEV) 

M WE NO LONGER LIST S-WAVE BREIT-WIGNER FITS, BBAR P DATA WITH HIGH 
M COMBINATORIAL BACKGROUND, AND INSIGNIFICANT OR DOUBTFUL DATA. 
M SEE ALSO THE MINI-REVIEW ABOVE. 

M MIXEO CHARGES 
M 240 (752.0) ALITT[ 63  HBC -0 1.6 PI-P 

M 290 1755.0) CHADWICK 63 NBC +-O O.O PEAR P 

M CHARGED CNLY 
M (748 .0 )  KENNEY 62  88C - 
R t30  ( 775 .0 )  GUIRAGOSS 63 HBC 
M R I760.O) Ig,O) CARMONY 64  HBC + 

R ( 768 .0 l  { 5 . 8 )  BL IEOEN 65  MMSP - 
R (765 .0 )  IS.O) ALFF-STEI 6B HEC 

M R (760 ,0 }  (5.0) HAGOPIANI 66  HBC l 

HAGOPIAN2 66  HBC M R i 7 6 5 . 0 )  ( 5 . 0 )  
M R 2775 (753°5) (10.5) JACOBS 66 HBC - 
M R (75B .  0) ( tO .O)  JAMES 66  H8C 
M R (749.0) (3.0) WEST 66 HBC l 

M Z 980 767. 6, EISNER 67 HBC - 
M R (768.0l (5.0) MILLER 67  HBC - 
M R 1773 .0 ]  ( 2 , 01  BATON 68  HEC - 
M 1700 (782,I ~5.) FOSTER 68 HBC +- 
M 9650  764 .3  1 .9  1 ,8  9 ISUT  68  RVUE - 1 , 7 -3 .2P I - ,CT [0  6 /68  
M A 9680 (764.3) ( I 9 .2 )  (3.3) PISUT 68  RVUE I .T-3.2PI- ,CTlO 6168 
M A ERRORS ARE 2 STO AND INCLUDE SYSTEMATIC UNCERIAINTIES FROM THEORY 
M X 1300  777 .0  5 .0  REYNOLDS 69  HBC - 2 , 26  P I -  P 1 /73  
M X 6500 766* 7 . BYERLY 73  OSPK 5° P I -  P 2174 
M . . . . . . . . .  
M AVG 765.9 2.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4) 
M STUOEN[ 765.8 E.9 AVERAGE USING STUDENIIOIHII. I I)  -- SEE MAIN TEXT 

(SEE IDEOGRAM 8ELQW I 

I , Z  PI-P 
3.3 PI-P 
3.5 PI÷P,TCUT 4 
5-5 PI-  P 6166 
2-3 PI+ P 6166 
3.0 Pl- P 6 /66  
2 . t 4  P I - .TCUT ]2  9167 
2-3PI-,T CUT 20 6168 
2.1 BI÷,TCUT2.5 8466 
2 . t  P I -  P 10166  
4 .2  P [ - ,T  CUTtO 1 /73  
2 .7  P I - ,T  CUT20 9 /66  
2 ,8  P I - ,T  CUTE3 7 /69  
PEAR P AT REST L / 7 3  

WEIGHTED AUERAGE = 765 .9  i 2 . 2  

ERROR SCALED BY  & .4  

~ EHISQ 
. . . .  BYERLY  ?3  RSPK 0 .0  

\ ---" ,, ABe , . B  
• . 

67  HBC 0 .0  

S .?  

• (CONLEU 
?~0  ?GO 7 7 0  ?BO 790  =0  , $27 ]  

CHARGED RHO MASS [MEU)  



Mesons 
p(77o) 

MO NEUTRAL ENLY 
MO 190 1750.0) 12D.0) 
MO R 300 (760.0} (lO.O} 
MO 160 I775.0) 
MO R 500 ( 7 7 0 . 0 l  [ lO.OI 
MO R (750.01 IS.Of 
MO R (775,0~ ( 5 . 0 l  
NO R [ 770 .1  (B.) 
MO R 4207 1758.0) 17.5I 
MO R I 7 6 5 . 0 I  [B ,OI  
MO R (760.0) (3.0)  
MD P 4000 [765 .1  15.0) 
MO R (768.0} [2.01 
MO R [ 7 6 L . )  [ 8 . )  
MO R (770.0) ( 4 . 0 )  

MO R ( 7 7 5 . 0 l  12 .Ol  
NO 1900 1776.) (B.} 
MO 2250 775.0 3.0 
MO 13300 766 .7  2 . 8  
MO B ( 7 5 4 . 0 I  (9.0) 
MO R (768.4) ( 2 , 8 I  
MO X 1700 772.0 5.0 
MO C 759 .0  7 .0  
MO P (765 .01  (10 ,01  
MO C12630 ( 7 6 0 . 0 ]  
MO 140K 767 .7  1.9 
MO C 7 6 1 . 0  5.0 
MO 1930 767.0 4 .0  
MO 2~30 770.0 4.0 
MO B (775.4# (7.3) 
MO 772.3 5 .9  
MO Z I I 2 0 0  7 7 3 . 5  1.7 
MO 6BOO 764o0 3.0 
MO P (775.1 ( 5 . }  
HO H [77B . )  ( 2 . ]  
MO C 32000 7 7 5 . 0  4.O 
MO 4100 767.  4. 
MO H ( 7 7 0 . I  1 9 . )  

HO 771. I .  
MO D 1776 .3 )  ( 0 . 4 )  
MO (767 .61  13.01 

SAMIOS 62 HBC 0 4 . 7  PI-P 
ABOLINS 63 HBC 0 3 . 5  PI+P 
GUIRAGOSS 63 HBC 0 3 .3  PI-P 
GOLDHABER 64 HBC 0 3.7 PI÷P 
ALFF-STEI 66 HBC 0 2-3 PI+ P 6/66 
HAGOPIANI 66 HEC 0 3 ,0  El-  P 6/66 
HAGOPIAN2 66 HBC O 2 . [  PI-,TCUT 12 2/67 
JACOBS 66 HBC o 2-3PI-,T CUT 20 6/68 
JAMES 66 HBC 0 2.1 PI+ P 6/66 
WEST 6G HEC 0 2 .1P I -  P 10/66 
ASBURY 2 67 CNTR 0 GAMMA + P8 1/73 
BACON 67 HBC 0 Io7 P l - P  9/67 
HUWE 67 HBC o 2°4 PI-  P 7 /67  
MILLER 67 HBC 0 2 .7  PI- .T CUT2O 9/66 
ARMENISE 68 OBC 0 5 . I  PI+D 6168 
FOSTER 68 HBC o PEAR P AT REST 1/73 
HYAMS 68 OSPK 011°2 P l -  P . 9/68 
PISUT 68 RVUE O 1.7-3.2PI-.CTIO 1/73 
AUSEENDER 69 OSPR o E+E- DOLL.BEAMS 2 / 7 4  
MALAMUD 69 RVUE o 2-4 PI-P 1/73  
REYNOLDS 69 HBC o 2.26 P I -  P 1/73 
SCHAREN 69 HOE 0 2-4 El -  P 1/73 
ALVENSLE8 70 CNTE O GAMMA A.TCUT.OI 1/73 
BATON 70 HBC 0 2.8 E l -  P i171 
BIGGS TO CNTR OPHOTOPROOUCTION 1/73 
BAILLON 72 ASPR 0 15. P I -  P 1 /73  
BAELAM 72 HBE O 2.8 GAMMA B 1/73 
BALLAM 72 HBC 0 4 . 7  GAMMA P 1/73  
BENAKSAS 72 OSPR o E+E- COLt. BEAMS 2/74 
BENAKSAS 72 RVUE 0 E+E- COLE.BEAMS 2 / 7 4  
JACDBS 72 HBC O 2.8 El -  P 1/73 
RATCLIFF 72 ASPK 0 15. PI-P,IEUT.3. E/74 
GLADDING 73 CNTR 0 2.9-4.7 GAMMA P 2174 
HYAMS 73 ASPK 017 PI-P,N PI+PI- 1/74 
PROTOPDPE 73 HBC O 7.1PI*P,TCUT.4 2/74 
ENGLER 74 DBC O 6.  PI+N,PI+PI-p I2175 
ESTABRGOK 74 RVUE 0 17 PI-PtPI+P]-N 12175 
GRAYER 74 ASPK O i l  PI-P,N PI+PI- 2 / 7 4  
ROOS 75 RVUE OPHASE SHIFTS 12/75 
BARTALUCC 77 CNTR OBREMS.E+E-P 12/77. 

MO x ( 7 6 9 . 0 I  1 3 . 0 I  WICRLUND 77 ASPR 03,4,6 PI~PN 1 2 / 7 7 "  
MO . . . . . . . . .  
MO AVG 770.23 0.88 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 3 ]  
NO STUDENT 770.25 0.82 AVERAGE USING STUOENTIO(HII.II) --- SEE MAIN TEXT 

(SEE IDEOGRAM BELOW I 

W E I S H T E D  A U E R A S E  = 7 7 0 . 2 3  ± D . B B  

E R R O R  S C A L E D  BY 1 . 3  

CHISQ 

. . . .  GRAYER 74 RSPK O.G 

. . . .  EN6LER 7 4  DBC 0 .7  

I ~ , ~ R D T O P D P E  73 HBC 1 . 4  

ATCL IFF  7 2  ASPK 4 .3  

- JACOBS 7 2  HBC 3 . 7  

B E N A K S A S  7 2  R U U E  0 . 1  

- ' ' B A L L A M  72 HBC 0 .0  

. . . .  B A L L A M  7 2  HBC 0 . 7  

- . - B A I L L D N  72 R S P K  3 . 4  

- -B IGGS 70 CNTR i .B  

SCHAREN G9 HBC 2.G 

REYNOLDS G9 HBC 0 .1  

P ISUT  G8 RUUE l .G  

~ G B  D S P K  2 . S  

2 3 . S  

( C O N L E U  
7SO 760 7 7 0  7 0 0  790 =0 .037 )  

N E U T R A L  RHO MASS (MEU] 

M ...... NOTES . . . . . . . .  

M B INCLUDED IN BENAKSAS 72 REVUE VALUE 
M C FROM POLE EXTRAPOLATION 
M D I~EUOES BATON TO,HYAMS ?3,PROTOPOPESCU 73 
M H FROM PHASE SHIFT ANALYSIS OF GRAYER 74 DATA. 
M P FROM PHOTOPROOUDTICN, MODEL DEPENDENT. 
M R INCLUDED IN PISUT 68 RVUE 
M X SYS7EMATIC ERRORS ADDED CORRESP. TO SPREAD OF OIFFERENT FITS. 
M Z MASS ERRORS BNLARGED BY US TO WIDTHISQRT(NI,SEE K* TYPED NOTE 

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

9 (RHOOI - [RHO+-) MASS DIFFERENCE (MEV) 

D 2.4 2.1 PISUT 68 RVUE P IN  TO RHO N 6168 

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

9 RHO WIDTH (MEV) 

W WE NO LONGER LIST S-WAVE BREIT-WIGNER FITS, PBAR P DATA WITH HIGH 
W COMBINATORIAL BACKGROUND, AND INSIGNIFICANT OR DOUBTFUL DATA. 
W SEE FURTHER MINI-REVIEW ABOVE. 

w MIXED CHARGES 
W 290 ( l lO.Ol  CHADWICK 63 HBC +-0 0.0 PBAR P 

i00 

Data Card Listings 
For notation, see key at front of  Listings. 

w CHARGED ONLY 
W 130 (125.0( 
W (90.01 110.01 

98 1 [80 ,01  
R I 7 7 . 0 I  [2O.OI 

w R (lOO.O) 
W R I127.0) (5.0) 
w R ( 1 5 o . o I  ( 2 0 . 0 )  
w R (135.01 (20.0) 
w R 2775 ( 1 3 7 . 1 )  (20.01 
w R ( 1 4 7 . 0 )  (19.0) 
w R (149 .01  ( 1 8 . 0 )  
w 900 1 4 6 .  13. 
w R { 1 5 3 . 0 I  ( 1 3 . 0 I  
w R (150.0) (5.0) 
W 1700 (145 .01  ( tO.o) 
w 9650 147.3 ~.0 
W x 1300 L 5 4 . 0  1 3 . 0  
w x 6500 146. 12. 

GUIRAGOSS 63 HOE - 3.B BI-P 
SACLAY 63 HBC + 2.B PI÷P 
BCNOAR 64 HBC - 4 .1P I -P  
CARMONY 64 HBC + 3.S EI+P,TCUT 4 
ALFF-STEI 66 HBC + 2-3 PI+ P 6166 
BLIEDEN 66 MMSP - 3-5 El -  P 6/66 
HAGDPIAN1 66 HBC - 3 . 0  P I -  P 6 /66  
HAGDPIAN2 66 HBC 2.14 PI-,TCUT[2 9/67 
JACOBS 66 HBO 2-3PI-,T CUT 20 6168 
JAMES 66 HBC + 2.1 PI+,TCUT2.5 8/66 
WEST 66 HBC - 2.1PI- P 10166 
EISNER 67 HBC - 8.2 PI-,T EUTIG 9/67 
MILLER 67 HBC 2 .7  PI- ,T CUT20 9166 
BATON 68 HBC - 2.B P I -  P 7/69 
FOSTER 68 HBC PEAR P AT REST 1/73  

3 .9  PISUT 68 RVUE - L.7-3.2PI-,DTIO 6/68 
REYNOLDS 6g HBC - 2.26 P I -  P 1173 
BYERLY 73 OSPK -- 5. P I -  P 217# 

w . . . . . . . . .  
w AVG 147.6 3.5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
W STUDENT 147.6 3 . 7  AVERAGE USING STUOENTIOIH/I.II) - -  SEE MAIN TEXT 

WO NEUTRAL ONLY 
WO 190 (150.0) I20.0) 
wo R 300 (90.0] ( I0.01 
WO 160 (175.Ol 
WO R 500 (130.01 
WO R ( 1 o o . o l  
WO R (120.01 (10.01 

NO R (135 .01  (2O.OI 
WO R 4207 (122.2] (15.01 
WO R (I03.01 113.01 
wo R (173.01 I i 3 .O)  
WO P 4000 (130.) (5 . )  
WO R (148.0) IB.O} 
WO R { I B 2 . I  ( 15 . )  
wo R (160.0} (15.0) 
WO R ( 1 6 7 . 0 I  ( 6 .01  
wo 1900 ( 1 3 2 , )  ( 1 0 o i  
wo Z 2250 145.0 12.0 
WO P (160.0) l iD.Of 
WO B {I05.01 (20.0) 

WO X R (132.0I (13.0) 
WO ]TO0 135.0 16.0 
wo c 119.0 20.0 
wo P ( l # O . O I  (5 .01  
wo C12630 I131.0) 
WO 140K 146.1 2.9 
WO C I08.0 20.0 
wo Z 2430 155.0 12.0  
WO Z 1930 1 4 5 . 0  13 .0  
wo B {149,6I (23.21 
wo 1 3 5 . 8  1 5 . 1  
wo 11200 ( 1 7 8 . 3 5 )  42 ,5 )  
wo 6800 157.0 8 .0  
wo P (147.) (11.) 
WO H (152.) (2 . )  
WO C 32000 160.0 lO.O 
WO 4 1 0 0  1 4 6 ,  14, 
WO H ( 1 4 3 . )  I 1 8 , )  
wo 161. 4. 
wo O ( 1 5 4 , 5 )  I 1 .o )  
NO (150.9) (3 .O)  
wo x (152.0I [ 9 . 0 )  

SAMXOS 62 HBC 0 4 . 7  PI-P 
ABOLINS 63 HBC O 3.B PI+P 
GUIRAGOSS 63 HBC 0 3 .3  PI-P 
GOLOHABER 64 HEC o 3 . 7  PI+P 
ALFF-STEI 66 H8C 0 2-3 PI+ P 6/6b 
HAGOBIANt 66 HBC 0 3.B El -  P 6166 
HAGOPIAN2 66 HBC O 2. [4  PI-P,LOW T 9/67 
JACOBS 66 HBC O 2-3PI-,T CUT 2O 6/68 
JAMES 66 HBC 0 2 .1P I+  P 6/66 

WEST 66 HBC 0 2 .1P I -  P 10/66 
ASBURY 2 67 ONTR 0 GAMMA ÷ PB 1/73 
BACON 67 HBC O 1.7 PI-P 9/67 
HUWE 67 HBC 0 B.~ El-  P 7/67 
MILLER 67 HBC O 2.7 PI - ,T CUT20 9/66 
ARMENISE 68 OBC o 5.1PI+D 6/68 
FOSTER 68 HBC 0 PBAR E AT REST 1/73  
HYAMS 68 OSPK 011.2 P I -  P • 1/73 
LANZEROTT 68 CNTR 0 GAMMA P 1/73 
AUSLENDER 69 OSPK O E÷E- DOLL.BEAMS 2174 
MALAMUD 69 RVUE 0 2-4 P[-P 1/73 
REYNOLDS 69 HBC 0 2.26 RI- P L/73  
SCHAREN 69 HBC O 2-4 PI -  P 1/73 
ALVENSLEB 70 CNTR 0 GAMMA A,TCUT.OI 1/73 
BATON 70 HBC O 2.B E l -  P 1/71 
BIGGS 70 CNTR OPHOTOPRODUCTION 1/73 
BAILLON 72 ASPK O 15, El-  P 1/73 
BALLAM 72 HBC 0 4.7 GAMMA P 1/73 
BALLAM 72 HBC 0 2.8 GAMMA P 1/73 
BENAKSAS 72 OSPK 0 E÷E- DOLL.BEANS 2/74 
EENAKSAS 72 RVUE 0 E+E- COLL.8EAMS 2/74 
JACOBS 72 HBC 0 2.8 P I -  P 1/73 
RATCLIFF 72 ASPK 0 15. PI-P,TCUT.3. 2/74 
GLADDING 73 CNTR 0 2 . 9 - 4 . 7  GAMMA P 2 / 7 4  
HYAMS 73 ASPK 017 PI-P,N PI+PI- 1/74 
PROTOPOPE 73 HBC O 7.1PI+P,TCUT.4 2/74 
ENGLER 74 DBC o 6. PI+N,PI+PI-P 12/75 
ESTABROOK 74 RVUE o 17 P ~ - P , P [ ÷ P I - N  12175 
GRAYER 74 ASPK 017 PI-P,N PI+PI- 2114 
ROOS 75 RVUE OPHASE SHIFTS 12175 
BARTACUCC 77 CN7R OBREMS,E÷E-P 1 2 / 7 7 ,  
WICKLUND 77 ASPK 03,4,6 PI+-PN 12177* 

WO . . . . . . . . .  
WO AVG I50.3 2.7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF ( . IT  
WO STUDENT 149.4 2.8 AVERAGE USING STUDENTIO(HII.II) - -  SEE MAIN TEXT 

(SEE IDEOGRAM BELOW I 

WEIGHTED AUERAGE = IS0 .3  ± 2 .7  

ERROR SCALEO BY C .4  

DHISQ 

+ . . . . .  GRAYER 7 4  ASPK 7 . 1  

-ENGLER 74 OBC 0 .1  

-PROTDPOPE 73 HBC 0 .9  

RATCLTFF 72 QSPK 0.7 

,BENQKSAS 7 2  RUUE 0 .9  

• 8ALLAM 72 NBC 0 .2  

• BALLAM 72 HBC 0 .2  

-BAILLON 7 2  ASPK 4.S 

• B I G G S  70 CNTR 2 . 1  

-SCHAREN 69 HBC 2 .S  

-REYNOLDS G9 HBC 0 . 9  

- H Y A r l S  GB OSPK 0 . 2  

20.3 

( C D N L E U  
BO 120 160  200 =0 .042 )  

NEUTRAL RHO WIDTH (MEU) 

w - ....... NOTES ......... 

W B INCLUDED IN BENAKSAS 72 REVUE VALUE 
w C FROM POLE EXTRAPOLATION 
W 0 INCLUDES BATON 70,HYAMS ?3,PROTDPOPESCU 73 

H FROM PHASE SHIFT ANALYSIS OF GRAYER 74 DATA. 
P FROM PHOTOPRODUCTION, MODEL DEPENDENT. 

w R INCLUDED IN PISUT 68 RVUE 
W X SYSTEMATIC ERRORS ADDED CORRESP. TO SPREAD OF DIFFERENT FITS. 
W Z WIDTH ERRORS ENLARGED BY US TO 4*WIDTHISQRT(N).SEE K* TYPED NOTE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see ke~ at front of  Listings. 

Mesons 
p(??o) 

9 RHO PARTIAL DECAY MODES 

DECAY MASSES 
PI RHO INTO 2Pl 139+ 139 
P2 RHO INTO 4P I  13g+ IB9+  139+ 139 
P3 RHO INTO Pl GAMMA 139+ 0 
P4 RHD INTO E+ E -  . 5+  . 5  
P5 RHO INTO 1:,[ ETA (VIOLATES G) 139+ 548 
P6 RHO INTO MU+ MU- Los+ 105 
1:,7 RHO INTO PI~  P I -  PIO (VIOLATES G) 139+ 139+ 13~, 
1:'8 RHO INTO ETA GAMMA 548+ 0 

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

9 RHO BRANCHING RATIOS 

RI  RHO INTO 41:'I121:,I (P2 ) / lP I )  

RI RHO+- INTO IP I+ -  PI+ P I -  1:,10( / (PI+- PlO} 
RI (O,0261OR LESS BLIEDEN 66 MMSP - 3-5 PI-  P 6/66 
R( (O.OI) OB LESS DEUTSCHMA 66 HOG B.O P I÷  P 6166 
R( (0.002)0R LESS FERBEL 66  HBC P l+ -  1:, ABOVE 2.5 10 /66  
RI 0.0035 0.004 JAMES 66  HBC 2 . i  P[+P 11/66 

RI RHOO INTO (RID 1:,I- B i t  Pl--) I (PC+ P I - I  
RI (O,OOBIOR LESS JAMES 66 HBC o 2.1 PI+P 6 /66  
R I  (O.OOB)OR LESS CHUNG 68  HBC 0 3.2,~.2 PI-P 7 /67  
RI (O,O02)OR LESS CL=,DO HUSON 68 HLBC 0 16.0 1:,I- P I 17 i  
RI IO,O0151OR LESS CL= .90  GERMAN CO 69 HBC o 2 .5 -5 .8  GAMMA P 10167 

R2 RHO INTO P I  GAMMA/2Pl (UNITS 10**-3) (1 : , 31 / (P l )  
R2 M (20.) OR LESS LANZERGTT 65  CNTR GAMMA P(BREMS) 11166 
R2 {5.)  DR LESS CL=.97 FIOECARO 66 QSPK -- 10/66 
R2 (7 . )  OR LESS HUSON 66 HLBC - I 5  PI-RB 6 /66  
R2 M (2.) OR LESS CL=.90 GERMAN CO 69  HBC 
R2 C 0.2~ 0.07 GOBBI 7~ OSPK - 23. PI-AtPI-PIOA 12/75 
R2 C OOBBI 74 QUOTES THE PARTIAL WIDTH EOR RHO- INTO Pl-  GAMMA 
R2 C AS (35  +- 10) KEV 
R2 M ONE PION EXCHANGE MODEL USED IN  THIS ESTIMATION 

+ -- + -- 

Note on the e e and H H Decays 

E x t r a c t i o n  o f  a r a t i o  f o r  po ÷ e + e  - i s  c o m p l i -  

c a t e d  by interference with co decay. In photoproduc- 

+ - 
t i o n ,  ~A + e e A ,  t h e r e  i s  s u b s t a n t i a l  i n t e r f e r e n c e  

between the allowed (p0,~) ÷ e+e - decays. The 

+ - 
i n t e r f e r e n c e  i n  t h e  c o l l i d i n g - b e a m  r e a c t i o n  e e + 

+ - 
~ is due to G-parity-violating mixing of the 

o v e r l a p p i n g  p0 a n d  cO r e s o n a n c e s ;  i t  a l t e r s  t h e  

results for the rate F(p° + e+e -) only by a small 

amount. T h e r e f o r e  a t  p r e s e n t  we  a v e r a g e  o n l y  t h e  
+ - + - 

values from the e e ÷ ~ ~ experiments. 

The same comment a p p l i e s  t o  t h e  d e c a y  p0 ÷ 11+~ - .  

R3 RHO INTOIE+  E - ) I IP I+P I - )  (UNITS I0 .* -41 (1 : , 4 } / {P l )  
R3 
R3 SEE MINI--REVIEW ABOVE. 
R3 
R3 1:, g~ (0.65) (O,14} ASBURY i 67 CNTR RHOTDPRODUCTIDN R/67 
R3 1:, POSSIBLY LARGE RHO-OMEGA INTERFERENCE 
R3 H (0.65) (1.1) (0.5}  HERTZBACH 67 DSBK ASSUME SU(3)+MIXING.IO/66 
R3 H NOT SEPARATED FROM OMEGA DECAY, 
R3 A 33 (0.53( ( o . i I )  ASTVACAIU 68 DS1:,K ASSUME SU(3 I+H [X ING 6/68 
R3 A NOT SEPARATED FROM OMEGA DECAY. ERROR STATISTICAL ONLY. 
R3 0,50 O.lO AUSLENDER 69 OSPK E+E-- COLLID.BEAM 9/68 
R3 F (0.~9) (0.12) (0.~5) BIOGS 70 CNTR PHOTOPRDDUCTION 6/70 
R3 F ASSUMING RHO WIDTH I~*o MEV, ERROR STATISTICAL ONLY. 
R3 O.~L 0,05 BENAKSAS 72 OSPK E'E- COLL.BEAMS I2/72 
R3 . . . . . . . . .  
R3 AVO 0.~28 0.045 AVERAOE (ERROR INCLUDES SCALE FACTOR OF I .O) 
R3 STUDENT 0.~88 0.049 AVERAGE USING SIUDENTIO(HIl.11) - -  SEE MAIN TEXT 

R4 RHO INTO (P I  ETA)I(BPI) (P5 ) / ( 1 : , 1 }  
R~ (0 .03 )  OR LESS OEUTSCHMA 66 HRC + B.O P [+  P 6 /66  
R~ (O.0OB)OR LESS FERBEL 66  HBC +- RI÷- P ABOVE 2.5 11 /66  

R5 RHO INTO GNU+ MU-I I (PI÷ P I - )  (UNITS 10**-41 (1:,6}I(PI} 
R5 
R5 SEE MINI-REVIEW ABOVE. 
R5 
R5 H 0.97 0.31 0,33 HYAMS 67 DSPK I I  P( ~ L( H 6161 
R5 H HYANS MASS RESOL. IS ZO MEV. THE OMEGA REGION WAS EXCLUDED. 
R5 R 0.82 0.16 0.36 ROTHWELL 69 CNTR RHDTOPRDDUCTION , 4170 
R5 R POSSIBLY LARGE RHO-OMEGA INTERFERENCE LEADS US TO INCREASE 
R5 R EHE MINUS ERROR 
R5 0,56 0.15 WEHMANN 69 OS1:'K iZ Pl- ON C,FE 7 /69  
R5 W RESULT CONTAINS 411 e -  11)  PER CENT CORRECTION USING SU(3 )  
R5 W FOR CENTRAL VALUE. THE ERROR ON THE CORRECTION TAKES ACCOUNT 
R5 W OF POSSIBLE RHO-DMEGA INTERFERENCE AND THE URPER LIMIT AGREES 
R5 W WITH THE UPPER LIMIT OF (OMEGA INTO MU+ MU-} FROM THIS EXPT. 
R5 . . . . . . . . .  
R5 AVG 0.67 0.12 AVERAGE (ERROR INCLUDES SCALE FACTOR OF (.Of 
R5 STUDENT 0.67 0 , I ~  AVERAGE USING STUDENTIO(HII.III - -  SEE MAIN TEXT 

R6 RhO INTO (PI+ PI -  PlO)I (PI+ PI--} (P71/(PI) 
86 0 (0.0L) OR LESS CL=.B4 ABRAMS TI  HSC 0 3 .7  PI+ P l l / T I  
R6 G MODEL DEPENDENT,ASSUMES I = 1,2~OR 3 FOR THE 3P [  SYSTEM 11/71 

R7 RHO INTO (ETA GANMA)/TOTAL (UNITS 10.*-4}  (lP8) 
R7 A 43*6) (0.9}  ANDREWS 77 CNTR 0 6 .7 - I 0  GAMMA CU 1Z /77~  
R7 A SOLUEION CORRESPONDING TO CONSTRUCEIVE OMEGA--RHO INTERFERENCE 
R7 A THE QUARK MODEL PREDICTS A RELATIVE DECAY PHASE OF ZERO. 
R7 B (5,~) l h l )  ANDREWS 77 CNTR 0 6.7-L0 G~MMA CU [2/7?* 
R7 B SOLUTION CORRESP£NDING TO DESTRUCTIVE OMEGA-RHO [NTEREERENCE 

ANDERSON 61 PRL 6 365 
ERWIN 61 PRL 6 628 
RENNEY 62 PR 126 736 
SAMIDS 62 PRL 9 139 
XUCNG 62 PR 128 18~9 

ABOLINS 63 PRL 11 381 
ALITT[ 63  NO 29 515 
CHADWICK 63 PRL IO 62 
GUIRAGDS 63 PkL 11 85 
SACLAY 63 SIENA CONF 1 239  

BONDAR 64 NC 31 729  
CARMONY 64 OUENA CONF 1 4B6 
GOLDHABE 64  PRL 12 33b  

ALYEA 65 PL IS 82 
AEMENISE 65 NC 37 36i 
5LIEOEN 65 PL 19 944 
CLARK 65 PR 139 B 1556 
OUTAY 65 NC 39 381 
LANZERGT ~5 PRL 15 210 
ZOANIS 65 PRL 14 721  

ACCBNSI 66 PL 20 557 
ALFF-STE 66 PR 1~5 1072 
BALTAY 66 PR 145 1103 
BLIEOEN 66  NC 43 7 t  
CAMBRIDG 66 PR L@6 ~94  
CASCN 66 RR 148 1282 
OE~TSCHM 66 PL 20  B2 
FERBEL 66 PL 21 111 
FIOECARC 66 1:,L 23 163 
HAGOPIANI66 PR I~5 1128 
HAGOPIAN266 1:,R 152 I183 
HUSON 66 PL 20 9 l  
JACOSS 66 UCRL-16877  
JAMES 66 PR 1~2 896 
WESI 66 PR i~9 1089 

ALLES-86 67 NC 50 A 776 
ASBURY 1 67 PRL Ig 869 
ASBURY 2 67 PRL [9  865  
BACON 67 PR 157  1263 
BANNER 67 PL 28 B 300 
BAELDW 67 NC 50A 701 
BATON 67 PL 25 B ~L9 

ALSQ 67 NP B 3 3~9  
CLEAR 67  NC 49A 399  
OANYSZ 67 NC 51A  801  
EISNER 67 PR 16~ 1699 
FRENCH 67 NC 52A 442 
HERTZBAC 67 PR 155 1~61 

ALSO 6E ZDANIS 
HUWE 67 PL 248 252 
HYAMS 67 PL 24B 634  
MILLER 67 PR 153 1~23 
POIRIER 67 PR L63  1~62 

ABE CELL 68 NP B# BOI 
ARMENISE 68 NC 5~A 999  
ASTVACAT 6B RL 27 5 ~E 
BATON 68 PR I76 1S74  
DLECHSCH 6B NC 53 A 10~5 

ALSO 67 NC 52 A 13~8 
CHUNG 68 PR [65 1~91 
DONALD 68 NP B 6 17~ 
FOSTER 68 NP B 6 lOT 
HUSON 68 PL 288 208 
HYAMS 68 NP B ? 1 
JONES 68  PR 166 1405 
JOHNSON 68 PR 176 1651 
KEY 68 PR 166 1~30 
LAMSA 68  PR [ 66  E395 
LANZEROT 68  PR 166  1365 
MARATECK 68 PRL 21 1613 
RISUT 68 NP B 6 325 

AUGUSTII 69  PL 28 B 508  
AUGUSTI2 69  LNC 2 214 
AUSLENDE 69 SJNP 9 69  
GERMAN C 69  1:'R 188  2060  
HAISSINS 69  ARGONNB CONF. 373  
JUHALA 69 PR 184 1461  
MALAMUD 6q ARGQNNE CDNF.P.9B 
MILLER 69 RR 178 2061 
MOTT 69 PR 177 1966 
REYNOLDS 69 PR IB4 1~2~ 
RODS 69 NP B lO  563  
ROTHWELL 69  PRL E3 152I 
SCHAREN 69 ARGONNE CONF*306 
WEHMANN 6g PR [78 2095 

ALVENSLE ?O PRL 29 786 
BATON 70 PL 33 B 528 
BIGGS 70 PRL 24 1197  
BINGHAM 70 PRL 29 955  
GALLOWAY 70 PRO I 3077  

ABRAMS 71PR D ~ 653 
BLCDDWOR T I  NP B 35 133  
DECRY T [  PR D 3 635  

BAILLON 72 PL 38  B 555  
BALLAM 72 PRO 5 5~B 
BASOEVAN 72 PL ~1B  178  
8ENAKSAS 72 PL 39 B 289 
DRIVER 72 NP E 38 1 
EISENBER 72 PRO 5 15 
GRAYER 72 PHIL.CCNF.PROC. 5 
GRAYER 72 NP B 50  29 
JACOBS 72 PR D 6 1291 
RATCLIFF 72 P l  B8 B 3~5  
TAKAHASH T2 PRO 6 1266 

BYERLY 73 PR D 7 637  
CHARLESW 73 NP B 65 253 
GLADDING 73 PRO 8 3721  
HYAMS 73 NP B 64  134 
PRCTCPOP 73 PR D 7 1280 

CARROLL 74  PRO tO 1~30  
ENGLER 7~ PR D lO  2070  
ESTABRO0 74  NP B 79  3O I  
COBOl 7# PRL 33 1450  

REFERENCES FDR RHO 

ANDERSON,BANG,BURKE,CARMONY,SCHMITZ (LRLI 
A.R.,R.MARCHtW.D.WALKER,E.WEST (WISC) 
V P KENNEY,W D SHEPHARO,C D GALL (KENTUCKY} 
SAMIOS,BACHMAN,LEA+ (BNL+CUNY÷COLU*KNTY) 
NGUYEN HUU XUONO,GERALD R LYNCH (tRL) 

ABOLINS,LANDER,MEHLhOP,NGUYEN,YAOEA (UCSO) 
ALITTI,BATON,ARMENISE+ISACL+GRSA+BARI+BGNA) 
CHADWIEK,DAVIES,OERRICKtCREST( ÷ (DXF÷PABC) 
ZAVEN GUIRAGOSSIAN (LRL) 
SACtAY+ORSAY~BARI ÷ BOLOGNA- COLLABORATION 

80NDAR÷ (AACHEN÷BIRM÷BONN~OESY÷LOICfMPIM) 
CARNONY,HOA,LANDER,NG.H.XUDNG,YAGFR IUCSB} 
GOLOHABER,BRDWNtKADYK,SHEN÷ (LRL+UCB) 

ALYEA,CRITTENOEN,MARTIN,RHODE + IINOIANA) 
SACLAY+ORSAYfBARI+BOLOGNA COLLABORATION 
CERN MISSING MASS SPECTROMETER GROUP (CERN) 
A CLARK,CHRISEENSON,CRONINtTURLAY(PRINCETO) 
GUTAY,LANNUTTI,TULI (FSUI 
LANZEROTTI,BLUMENTHAL,EHN,FAISSLER + (HARV} 
ZDANIS,MADANSKY,KRAEMER + (JHU+BNt) 

ACCENSI,ALLES-BDRELLhFRENEH,FRISK÷ (CERN) 
AlPF-STEINBERGER,BERLEY,BRUGGER+(COLU÷RUTG) 
+PRANZINI,LUTJENS,SEVERINS,TYCKO+ICOLUMBIA) 
CERN MISSING MASS SPECTROMETER GROUP [tERN] 
CAMBRIDGE BUBBLE CHAMBER GROUP (MIT+HARV÷} 
N M CASON (WISCONSIN) 
DEUTSCHMANN,STEINBERG ÷ (AACH+BERLIN+ tERN) 
FERBEL (RDCHESIER) 
G÷M EIOECARO,J 9OIRIER,P SCHIAVON (CERN] 
HAGOPIAN~SELOVE,ALITTI,BATON÷ (PENNeSACLAY) 
HAGOPIAN,PAN (PENNSYLVANIA~LRL-BERKELEYI 
HUSON,ALLARD,DRIJARBtHENNESSY÷ (ORSAY÷EPOt) 
L.D.JACOBS (LRL} 
F E JAMES,KRAYBILL (YALE+BROOKHAVEN) 
WESI~BDYD,ERWIN,WAtKER (WISCONSIN) 

ALLES-BOPELLI,FRENCH,FRISK,÷ (KERN+BONN) 
+BECKER÷BERTRAM÷JOOS÷JOROAN÷ (DESY÷COLU) 
÷BECKER÷BERTRAN÷JOO$+JOROAN÷ (DESY+CDLU) 
+FICRINGER,HILL,HORKINS,ROBINSCN÷ IBNL) 
+FAYOUX,HAMEL,ZSEMBERY,CHEZE+ (SACLAY+CAEN) 
÷LILLESTOL+MONTANET+ (CERN+CDEF÷IRAD+LIVP} 
J.BATGN,G.LRURENS,J.REIGNIER ISACLAY) 
J.BATDN,G.LAURENS,J.REIGNIER [SACLAY] 
+JOHNSTON+EDOPER+MANNER÷ (TNTO+ANL+WISC) 
DANYSZ÷FRENCH+SIMAK ICERN) 
+JOHNSON÷KLEIN+RETERS÷SAHNI+YENI (PURDUEI 
÷KINSON~MCDDNALD÷RIDDIFORD÷ ICERN+BINMI 
HERTZBACH,KRAEMER,MAOANSKI,ZDANIS÷[JHU÷BNL) 

+MARQUITfOPPENHEIMER÷SCHULTZ*WILSON (COLU) 
÷KOCH+PELLETT+POTTER+VONLINDERN÷(CERN÷MPIM( 
MILLER,GUTAy~JDHNSON,LOEFFLER ÷ (PURDUEI 
+BISWAS,CASON,DERADD,KENNEY* (NOAM÷PENN( 

AACHEN+BERL[N÷CERN COLLABORATION* 
÷GHIDINhFORINO÷ {BARI+BGNA+FIRZ~ORSAY) 
ASTVACATUROV,AZIMOV,BALDIN÷ (JINR÷MDSCOWI 
J .P,  BATON, G. LAURENS (SACLAYI 
BLECHSCHMIDT,DOWD,ELSNER,÷ (DESY+MCHS) 

S.U.CHUNG,O.I,DAHL,J.KIRZ,D.H.MILLER (LRLI 
÷EDWARDS,FRODESENtBETTINI+ (LIVP+OSLD÷PADO) 
• GAVILLET+LABRDSSB+NDNTANET+ (CERN~CDEF) 
+LUBATTI,SIXtVEILLET,* (ORSA~HILA+UCLA( 
÷KOCH,POTTER,WILSDN,VON LINDERN+(CERN÷MPIM) 
÷BLEULER,CALDWELL,ELSNER,HARTING÷ (CERN) 
÷POIRIER,BISWAS,OUTAY+ (NDAM+EURD÷SLAC} 
÷PRENTICE÷COOPER~MANNER÷ (TNTU+ANL*WISC) 
÷CASON+BISWAS÷DERADO÷GROVES* INOTREDAME) 
LANZEROTTI,BLUMENTHALtEHN,FRISSLER ÷ IHARVI 
÷HAGOPIAN,+ IPENN+LRL÷COLO÷PURD÷TNTO+WISC) 
J.PISUI,M.ROOS (BERN) 

÷BIZOT÷BUDN÷HAISSINSKI÷LALANNE+ (ORSAYI 
÷LEPRANCOIS,LEHMANN,MAR[N,+ (ORSAY} 
AUSLENDER,BUDKER, PANTUSOVA,PESTOV÷ (NOVO( 
GERMAN BUBBLE CHAMBER COLL. IOESY) 
J.HAISSINSKI (ORSAY( 
+LEACOCK,RHODE,KCPELMAN,LIBBY,+ IISU+COLDI 
E.NALAMUD, P.SCHLEIN IUCLA} 
R.MILLER,LICHEMAN,WILLMANN (PURDUE} 
+AMMAR,DAVIS,KROPAC,SLATE,DAGAN+ (NWES+ANLI 
• ALBRIGHT,BRADLEY,BRUCKER,HARMS÷ IFSU) 
H .kOOS,J .P ISUT ICERN+BRATISLAVA) 
+CHASE,EARLES,GETTNER,GLASS,WEINSIEI+[NEAS) 
SCHARENGUIVEL (PURDUE) 
+ENGELS,WILSON,÷ (HARV+CASE~SLAC÷CDRN÷MCOI) 

ALVENSLEBENtBECKER, BERTRAM,CHEN,COHENIDESY) 
+LAURENS,REIGNIER ISACLAY) 
+BRABEN,CLIFFE,GABATHULER,KITCHING+ (DARE) 
+FRETTEBtMOFFEIT,BALLAM+ (LRL+SLAC+TUFT) 
÷MOTT,ALYAtLEE,MARTIN, PRICKETT (IND) 

+BARNHAM,BUTLER,COYNE,OOLDHABER,HALL,+(LBL} 
BLOODWORTH,JACKBON,PRENTICE*YOON (TORONTO} 
• BISWAS,CASON,GROVES,JOHNSON,+ (NOTRE DAME) 

+CARNEGIE,KLUGE,LEITH,LYNCH,RATCLIFF÷(SLAC} 
+CHADWICK*BINGHAM,MILBURN,* (SLACeLBL÷EUFT) 
BASDEVANE,FROOGAETtPETERSEN (CERN) 
+CDSME,JEAN-MARIE,JULLIAN,LAPLANCHE,÷IORSA} 
÷HEINLOTH,HOHNE~H~MANN,RATHJE,÷IDESY*HAMB) 
EISENBERG,BALLAM,OAGAN~÷ IREHO+SLAC+TELA) 
÷HYAMS,JDNES~SCHLEIN,BLUMtOIETL+ICERN~MPIM) 
÷HYAMS,JONES,WEILHAMMER,BLUM,÷ ICERN+MPIM) 
L.D.JACOBS (SACLAY) 
+BULOStCARNEGIE,KLUGE,LEITH,LYNCH,÷ (SLAC) 

TAKAHASHhBARISH,÷ (TDHDePENNeNDAM÷ANLI  

+ANTHONYvCOFFINtMEANLEY,MEYERvRICE,~ (MICH( 
CHARLESWORTH,EMMS,BELLt~ (RHEL+BIRM+BURHI 
÷RUSSEL,TANNENBAUM,WEISS,THDMSON IHARV) 
+JDNES,WEIIHAMMER,BLOM,DIETI,+ (CERN+MPIM) 
PRDTDPOPESCU,OARNJOSI,OALTIERI,FLAITE+(LBL) 

+MATTHEWS,HALRER÷ (SLAC+DURE+WISC÷TNEO) 
÷KRAENER,TOAFF,WE[SSER,BIAZ+ (CARN+CASE) 
P.ESTABROONS,A,D.MARTIN (DURHI 
÷~OSEN,SCOTT,SHAPIRO+ (NWES÷ROCH÷CARNI 



Mesons 
o(??o),  (783) 

GRAYER 74 NP B 7 5  1 8 9  G.GRAYER,HYAMS,BLUM,DIETL,+ (CERN+MPIM) 
HABER 74 PR 010 1387 +HOOOUS,HULSIZER,RISTIAKOWSKY,LEVY÷ IMITI  
NOFDBERG 74 PL 51 8 106 +ABRAMSON,ANDREWS,HARVEY,+ (CCRN÷ROCHI 
SPITAL 74 PR 0 9 126 R.SPITAL,D.R.YENNIE (CORNI 

RODS 75 NP B 97 I E B  M.ROOS {HELS) 

ANDREWS 77 PRL 38 198 +FUKUSHIMA,HARVEY,LOBKGWICZ,MAY,÷ (ROCH) 
EARTALUC 77 DESY 77 /56  BARTALUCCI,BERTOLUCDI,÷ (OESY÷FRAS) 
WICKLUND 77 ANL-HEP-PR-77-S8 +AYRES,DIEBOLD,GREENE,KRAMER,PAWLICKI (ANL I  

I ( aa) l . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 OMEGA MASS (MEVI 

M 6# (77"~.61 (1.41 ARMENIERO 62 HBC O.O PBAR P K IK I .  2174 
M 800 4782.0) ) I .O I  ALFF 62 HBC 2 .3 -2 .9  PI+P . 2/74 
M 34 (784.01 [ 1 . 0 )  ARMENTERO 63  HBC 0.0 PEAR P • 2 /74 
M 220 (781.0}  12.0) gRAEMER 64  DEC 1.2 P I+D  . 2/74 

170  (785 .6 I  11.2) MILLER D 65 HBC SEEN hITH K÷K-  . 2/74 
666 4788.01 ( I .O )  JAMES 66 HBC 2.1 P I+P  . 2/74 

M R 2198 1783.41 ( 0 . 7 }  BALTAY 67 HBC O.O PBAR P 2/74 
M 155 I779 .5 )  (1.51 BARASH 87 HBC o.O PBAR P K IK [ .  2/74 
M (784 .8 I  l l . l )  KEY 68 HBC 3 P I -P  . 2/74 
M 2400 782.m 0.5 BIZZARRI 69 HBC 0 PBAR P 9/69 
M 780 784.1 1.2 ABRAMDVIC 70 HBC 3.9 P I -  P 2/74 
M R 1784.01 ( 0 . 7 )  ATHERTON 70 HBC 3.6 PBAR P, 7 P l .  2/74 
M F 1783 .2 )  ( 1 . 6 )  BIGGS 70 CNTR PHOTOPRODUCT I ON 2/74 
M F FROM OMEGA-RHO INTERFERENCE IN THE P I *P I -  MASS SPECTRUM 
M F ASSUMING OMEGA WIDTH [2 .6  MEV. 
M 260 (781.01 ( 2 . 0 }  CASON 70 HBC 8.0 P I -P ,~P I  2/74 
M 250 (784.1 ( i . )  DANBURG 70 08C 1.2 PI+ D 2 /7#  
M 500 1786.) 41.)  OANBURG 70 DEC 1.4 Pl÷ D 2 /74 
M 600 (784.1 ( I . )  DANBURG 70 DEC 1.7 PI+ D 2174 
M 500 (786. )  ( I . )  DANBURG 70  OBC 1.9 PI+ 0 2/74 
M 400 (785 . I  (l.) DANBURG 70 DEC 2.1 PI+ D 2 /74  
M 200  (78S.)  (2.1 DANBURG 70  DBC B.3 PI÷ 0 2/74 

248 783.4 l .O  BIZZARRI 71 HBC O.O P PBAR K+K- 11/71 
510 781.0 0.6 BIZZARRI T1 HBE 0.0 P PBAR KIK1 11/71 

M C 4270 1784.1) ( 0 . 3 )  COYNE 71 HBC 3 .7  PI÷ P 11 /7 l  
N C FROM IOIAL SAMPLE OF COYNE 71. THEY OBSERVE AN [MPORTANI 
M C CORRELATION BETWEEN SIGMA OF EXP. RESOLUTION AND THE MEAS. MASS. 
M D 783.7 1.0 COYNE 71 HBC 3 .7  PI+ P 11/71 
M O FROM BEST-RESOLUTION SAMPLE OF CDYNE 71 i i / 71  
M 369 (784.01 (L.41 MATTHEWS 71 DEC 6.95 PI+ D . 2174 
MM 418 782.5 0.8 AGUILAR 72  HBO 3 .9 ,~ .6  K- P 12 /72  

SR 4800 (782.0}  (O.B) OREN 74 HBC 2.3 PEAR P,SPl 12175 
M S ERROR INCLUDES 0.5 M~V MASS SCALE ERROR 
M B 7000 782.4 0.5 KEYNE 76  ENTR P I -P ,  OMEGA N 12/75 
M 33260 783.0 0.5 RODS 77 RVUE 0 -3 .6  PEAR P 12/75 
M 8 OBSERVED BY IHRESHOLD-CROBSING TECHNIQUE. MASS RESOI.=4.8 MEV FWHM 
M R INCLUDED IN ROOS 77 RVUE. 
M 2100  783 .5  0 .8  GESSAROLI 77  HBC 11 PI-P,OMEGA PI  12 /77 ,  
M 

M . . . . . . . . .  
M AVG 782°59 0.28 AVERAGE (ERRDR INCLUDES SCALE FACTOR OF 1 . 3 l  
M STUDENT 782.66 0.26 AVERAGE USING STUDENTIO(H/t. I [)  - -  SEE MAIN TEXT 

[SEE IDEOGRAM BELOW ) 

~E IGHTED QUERABE = ?B2 .59  ± 0 .2B  

ERROR SCALED BY  1 .3  

CHISQ 

..... GESSAROLI 77 HBC 1.3 

[ ] - ~ - - ~  • . . . . . .  ROOS 77 RUUE 0 .7  

[ - - - ~  " "~" . . . . . .  KEYNE 76  CNTR 0 . I  

' ~ '  . . . . . .  AGUTLAR 72  HBC 0 .0  

. . . .  , ,  

. . . .  B IZZARRT 71  HSC 7 ,0  

/ /  ~ . . . .  B IZZARRI  71  HOt  0 .7  

/ I - - - ~ - - - "  .AeRnMOUZC WO HeC i.S 
• ' '  9 HBC 0 . I  

6, 12 .  B 

(CONLEU 
7 7 9  7 8 1  7 8 3  7BS 7 8 7  789  =O. 120  ) 

~MEGA MASS (MEU}  

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

[ OMEGA FULL WIDIH (MEVI 

W 34 9 .0  3 .0 ARMENTERO 63 HBC 0.0 PEAR P 
W 13.~ 2.0 MILLER D 65 HBC SEEN WITH K+ K-- 
W 155 412.3( ( 2 . 0 }  BARASH 67  HBC SEEN WITH KI  KI  . (>166 
W B 171 ( 5 . 8 )  (2.81 8ARASH 67 HOD o.o PBAR P,K1 K1 11 /71  
W B UNFOLDED BY COYNE 71 l l / 71  
w 750  8 .8  3 .O  ABRAMOVID 7O HBC 3 .9  P I -  P B /70  
W 11.2 2 .7  ATHERTON 70 HBC 3.6 PEAR P, 7 P( 5/70 
W 510 10.3 L.4 BIZZARRI 71  HBC 0.0 P PBAR ElK1 I I / 71  
W 248 12.8 3.O BIZBARRI 71 HBC 0.0 P PBAR g+K- l l / 71  
w 4270  9 .5  1 .0  COYNE 71 HBC 3 .7  P [+  P 11 /71  
w 418 13.3 2. AGUILAR 72 HBC 3.9,4,6 K- P 12/78 
w 9ol  0 .8  BENAKSASI 72 OSPK E÷E-  DOLL.BEAMS Z/73 
W 10.5 L.8 BORENSTEI 72  HBC 2.18 K-P 7 /77 *  
w E 94O 7.70 1.65 BROWN 72 MMS 2.5 P I -  P ,N  MMS 12/72 
W E ERROR TAKES ACCOUNT DF SYSTEMATICS ADOED LINEARLY 
W B 20000 TO.B2 0.43 KEYNE 76 CNTR P [ -P ,  OMEGA N 12/75 
W B OBSERVED BY THRESHOLD-CROSSING TECHNIQUE. MASS RESOL.=#.8 MEV FWHM 
N 2100 9.~ 2.5 GESSAROLI 77  HBC Il PI-P~OMEGA P] I 2 / 77 ,  

W . . . . . . . . .  
W AVG 10.06 0.31 AVERAGE (ERROR INCLUDES SCALE FACTOR DF l .O )  
W STUDENT i 0 . 06  0.35 AVERAGE USING STUDENT10(H/].11) - -  SEE MAIN TEXT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of  Listings. 

DECAY MASSES 
P1 OMEGA INTO P[÷ P I -  PlO 139÷ 139+ 13# 
P2 OMEGA INTO Pl+ P l -  (VIOLATES G) 139+ 139 
P3 OMEGA INTO RIO GAMMA 134+ 0 
P4 OMEGA INTO PI+ P I -  GAMMA 139- 139+ 0 
P5 OMEGA INTO 2PlO GAMMA 134+ 134+ 0 
R6 OMEGA INTO ETA GAMMA 548+ 0 
P7 GMFGA INTO E+ E- .5+ .5 
P8 OMEGA INTO MU+ MU- 105+ 105 
P9 OMEGA INTO ETA PIO (VIOLATES C} 548+ 134 
R I 0  OMEGA INTO 3 GAMMA O+ O÷ 0 
P l l  OMEGA INTO PIO MU+ MU- 134. I05+ I0  

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  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  m a t r i x  Eor 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 a g o n a l  e l e m e n t s  a r e  P i l l  6 P  w h e r e  

6 P  i = *V ~ r ~ , E P i  } w h i l e  ~he o f f - U 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 l 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  @ P i 6 P j  } / ( B P  i . 5 P j ) .  F o r  t h e  d e f i n i t i o n s  of t h e  i n d i v i d u a l  P i '  s e e  t h e  l i s t i n g s  

~ b o v e ;  o n l g  t h o s e  P a p p e a r i n g  i n  t h e  m a t r i x  a r e  a s s u m e d  in  t h e  f i t  to  be  n o n z e r o  a n d  1 

a r e  t h u s  c o n s t r a i n e d  t o  adU to  1.  

P i P 2 P 3 
P I .8987+-.0058 
P 2 -.5582 .0130+-.0027 
P 3 -.872B .0824 .0884+-.004& 

I OMEGA BRANCHING RATIOS 

RI OMEGA INTO NEUTRAL/(P[÷ P I -  PIO) (P3+ . . . I / (P I )  
RI 0 .17 0.04 ARMENTERO 63 HBC O.O PEAR P 
R( 20 O . I I  0.02 BUSCHBECK 63 HBC 1.5 K--R 
R( 85 0.08 0.03 KRAEMER 64 DEC 1.2 PI+D 
RL 65 g . lO  0.04 ALFF-STEI 66 HBC CORR. BY SCHULTZICOL) 9/66 
RI 850 0.134 O.DBb DIGIUGNO 66 CNTR 1.4 PI-P 9/66 
R1 548 0.097 0.016 FLATTE 66 HBC 1.8 K-P 9/66 
RI 0.06 0.05 0.02 JAMES 66  HBB 2 .1P I *P  6/66 
Rt 19 0.10 0.03 BARASH 87 HBC O.O PBAR P 7161 

46 0.15 0.04 AGUILAR 72 HBC 5.914.6  K- P 12/72 RI 
R1 . . . . . . . . .  
R1 AVG 0.1065 0°0088 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1 .o}  
RI STUDENT 0.106 0.010 AVERAGE USING STUDENTlO(H11.111 - -  SEE MAIN TEXT 
R1 FIT 0.0983 0.0057 FROM FIT )ERROR INCLUDES SCALE FACTOR OF l .O }  

R2 OMEGA INTO (Pl+ P I - ) / (P I÷  P I -  R IO) .  SEE ALSO RL5 (P211(PI)  
R2 R (O.011(DR MORE CL=.85 ABRAMOVIC 70 HBC 3.9 P I -  P . 6 /70  
R2 R (O.035(OR LESS CL=.95 8IZZARRI 70 DBC PBAR N AT REST 11/71 
R2 (O.OIg)DR MORE CL=.95 CHAPMAN 70 HBC 1 .6 -2 .2  R PEAR 6/70 
R2 F (.O02)OR MORE CL=.90 FEATTE TO HBC 1.5 K- P 8/69 
R2 F FLATTE 70 SEES NO SIGNAL AT 1 .7 ,  2.1~ 2.6 GEV/C. 
R2 (O.OO26|OR MORE CL=.B4 HAGOPIAN lO  HBC 2.3 P l -  P 1171 
R2 (O.040)OR LESS CL: .84 HAGOPIAN 70 HBC 2.3 P I -  P 1/71 
R2 B 0.022 0.B09 0.01 RODS 70 RVUE 8/70 
R2 R RDOS TO CDMBINES ABRAMOVICH 70 AND 81ZZARRI 70 
R2 O.OB8 0.006 BEHREND 71ASRK PHOTOPRODUCTIDN 11/71 
R2 S 0.021 0.028 O.OO9 RATCLIFF 72 ASPK 15 .P I -  P,N 2PI L2/72 
R2 S SIGNIFICANT INTERFERENCE EFFECT OBSERVEO.NB OF OMEGA INTO 3P[ 12/72 
R2 S COMES FROM AN EXTRAPOLATION. 12/72 
R2 (O.OIISIOR MORE BURNS 73 HBC .6 - i . i  PBAR P [2 /75  
R2 (O.024IOR MORE 6L=0*95  LYONS 77 HBC 3-4 K-P,LAM OMEG 12/77" 

R2 . . . . . . . . .  
R2 AVG 0.0259 0.0049 AVERAGE )ERROR INCLUDES SCALE FACTOR OF 1.0) 
R2 STUDENT 0.0259 0.0053 AVERAGE USING STUDENTIO(H/[. [ [)  - -  SEE MAIN TEXT 
R2 FIT 0.0144 0.0031 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.51 

R3 OMEGA INTO (PIG GAMMA) / ( P I ÷  PI -  RIO) (Pg I / IR [ )  
R3 (0 .125)  (0.025}0R GRIM* BARMIN 64 PXBC 2.8 RI-P 
R3 0.13 0 .04  JACQUET 69  HIBC 10/67 
R3 0.081 0.020 BALDIN 71HLBC 2.9 Pl+ P i I / T I  
R3 O.IOg 0.025 BENAKSAS2 72 OSPK E÷E- COLL.BEAMS 2/73 
R5 0.084 0.013 KEYNE 76 CNTR P I -P ,  OMEGA N 12/75 

R3 . . . . . . . . .  
R3 AVG 0.0898 0.0097 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
R3 STUDENT 0.090 O.OlL AVERAGE USING STUDENTEO(H/I.I]] - -  SEE MAIN TEXT 
R8 FIT 0.0983 0.0057 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 

R4 OMEGA INTO IPI+ RI -  GAMMAI/(PI+ P I -  PIO) (P4 I / (P I }  
R4 (0 .05 I  OR LESS CL=.90 FLATTE 66 HBC 1.8 K-P 9166 
R4 (.066)DR LESS CL=.9O KALBFLEI 75 HBC 2.2 K- P,GAMMA + 12/75 

R6 OMEGA INTO qMU+ MU-) / (P I÷  P I -  PIO)(UNI IS 10 " * -3 )  (PB ) / (P I )  

R6 (1 .2 )  OR LESS GALTIERI 65 HBC 2.7 K-P 
R6 (1.T)  OR LESS CL=.74 FLATTE 66 HOD ] . 8  K-P 9/66 
Rb 40.2) OR LESS WILSON 69 OSPK 12 P I -  ON C,FE 9/69 

R7 OMEGA INTO (2PlO GAMM)/IPIO GAMMA) (P5 ) I (Pg l  
R? I 0 . 1 )  DR LESS BARMIN 64 PXBC 1 .3 -2 .8  PI-P 
R7 (0 .45)  (0.331 STRUGALSK A9 HLBC 2.34 PI÷ N 8/69 
97 )0 .14)  OR LESS BALDIN 71HLBC 2.9 PI+ P 11/71 
R7 (0 .15 )  OR LESS CL=.90 BENAKSAS2 72 OSPK E+E - COLL. BEAMS 2/73 
R7 (O . I 8 (  OR LESS EL=0.95 KEYNE 76 CNTR PI-P,OMEGA N 7177' 

R8 OMEGA INTO (ETA RIO ÷ ETA GAMMA)/(PI+ P [ -  PIO) IPO+P6) / IP I I  
RB (O.OI7)OR LESS CL=.90 FLATTE 68  HBC 1 .8  K-P 9/66 
R8 (0.045)0R LESS CL=.95 JACQUET 69 HLBC 4/70 

R9 OMEGA INTO (NEUTRALS) / )CHARGED)  (PB+ . . . I / (P I+PB. . . I  
R9 0.124 0.021 FELDMAN 67 OSPK 1.2 P l -  P 3/67 
R9 . . . . . . . . .  
R9 FIT 0.0969 0.0056 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

RIO OMEGA INTO 12PID GAMMA)/(PI÷PI-PIO) )P5 ) / (P I }  
RIO (0.081 OR LESS CL=.95 JACQUET 69  HLBC 4170 

RI1 OMEGA INTO (ETA GAMMA}/(PIO GAMMA) (P6 ) / (Pg I  
R I I  (0 .58)  (0 .30 }  STRUGALSK 69  HLB6 2.34 PI+ N 8/69 
Rl l  (0 .40 }  OR LESS BALDIN 71HLBO 2.9 PI+ P l I / T l  
R I I  0.010 O.O&5 APEL 72 OSPK 4-8 P I -  P,N 3GAM 2 /73  
~ i I  40.27) OR LESS CL=.80 BENAKSAS2 72 OSPK E÷E- COLL. BEAMS 2/73 

Rl2 OMEGA INTO (P[O MU+ MU-I / [OTAL (UNITS lO* * -3 }  (P l l )  
RI2 ( 2 . )  DR LESS WEHMANN 68 OSPK 12 P I -  FE 6/68 
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Data Card Listings 
For notation, see ke7 at front of  Listings. 

~13 OMEGA INTO IE~ E-)ITGTAL [UNITS ID**-R) (PT] 
R I3  3 2 .  1 . 2  B INN IE  68  GSPK P I -P  NEAR THLO. 6 /66  
R[3 5 MASS RESOLUTION OF B INN IE  68 IS ABOUT [5  MEV. 
k I3  H ( I . 0 )  (1.7) (0.75) HERTZBACH 67  OSPK ASSUME SU(3)+MIXING.IO/66 
R13 h NOT RESOLVED FROM RHO DECAY. 
RI3 A B3 (0.65l (0 .13 )  ASTVAOATU 68 OSPK ASSUME SU(JI+MIXINO 6/68 
R13 A NOT RESOLVED FROM RHO DECAY, ERROR STATISTICAL ONLY. 
R13 O.~O 0.21 BOLLINII 68 CNTR I.TPI-P,NOTE Z 9/68 
RI3 Z MASS RESC.LUTION OF BOLLINI l IS  +-10 MEV.HIS ERROR IS +-.15 
RI3 Z WI IHOUT RHC-OMFGA INTERFERENCE,  CO~PLETE INTERFERENCE WOULD 
RI3 Z CHANGE VALUE BY +-35 PER CENT. THEREFORE WE INCREASED ERROR. 
kI3 E } 0 .75 )  10.1~) AUGUSTII 69 ~SPK SEE NOTE E 2172 
R[3 E FROM E+ E- COLLIOING BEAMS, ASSUMING OMEGA WIDTH 12.2*-1.B MEV #169 

0.83 0 . I0  BENAKSASI 72 OSPK E+E- COLL.BEAMS 2/73 RI3 
R 13 ......... 
R[3 AVG 0.76 0.17 AVERAGE (ERROR INCLUDES SCALE FACTOR DE 1.9) 
RI3 STUDENT 0 .77  o . [ I  AVERAGE USING STUOENTIOIH/I. [ I )  - -  SEE M~I~ TEXT 

RI~ CMEGA INTO ~EUTRALS / TOTAL }PJ+ . . . I  
RL4 O.OB~ 0.015 BOLLINI 68  CNTE 2 . [  P l -  P 6168  
Rl4 0.079 0.019 DFINBT 69 OSPK 1.5 PI-  P 9/69 
RI~ 0.075 0.025 BIZZARR[ 71HEC o.o g PBAR I L /T I  
R14 42 0 .073  0.018 BASILE 72 CNTR 1.67 PI -  P 2173  

R[4 AVG 0.0788 0.0092 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.0) 
RI4 STUDENT 0.0788 0.0098 AVERAGE USING STUDENTLO(HII.ll) - -  SEE MAIN TEXT 
RI4 FIT 0 .0884  0.0066 F~OM FIT (ERROR INCLUDES SCALE FACTOR OF I .OJ  

RIB OMEGA INTO (PI PI) /(TLTALI.  SEE ALSO R2 }P2) 
0.038 0.C28 0.01~ AUGUST)2 69 OSPK E+E- COOL.BEAMS 8 /~9  R IB  

R IB  }0.003}OR MORE 6L=.95 GDLDHABER 69 HBC 3.7-4.D PI+P 11/69 
PIE (O.OIAIDR MERE CL=.95 ALLISON 70 HBC 1 .3 - I . 7  PBAE P . 6/70 
R15 O.OOBO 0 .0028  O.O082BIGGS 70  CNTR PHOTOPRODUCTION 6/70 
R15 0.0122 0.0030 ALVENSLEB T[ CNTR PHOTCPRODUCTION i [ / 71  
RIB 0.013 0.012 0.009 MOFFEIT 7I  HBC E.8,4.? GAMMA P [[171 
RIB 0 .036  0 .024  O .O lB  BENAKSAS 72 OSPK E+E- COL / ,BE~MS 12 /72  
R[5 (O.O05)OR MERE CL=O.95 BRANDENBU 76 ASPK IJ .K-P,PI+P[ -  7/77~ 

R[5 (O.O09)OR MORE CL=O.95 HOLMGREN 77 HB£ 4.2 K-P,PI+P[- 7177~ 
RI5 (O.O08}OR MORE CL=O.95 WICKLUND 77 ASPK 3,4,6 PI~-PN 12177*  

RI5 ......... 
RIS  AVG 0.0102 0.001~ AVERAGE (ERROR INCLUDES SCALE FACTOR OF [.O} 
RIB STUDENT 0.0[02 0.OO22 AVERAGE USING STUDENTIO(H/I.[I) - -  SEE MAIN TEXT 
RI5 FIT 0.0[30 0.0C27 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.5) 

R ib  OMEOA INTO (ETA GAMMA) / IALL NEUTRALS) (P6) / [P3÷. .o)  
R[6 (0.2~) OR LESS CL=.gO DEINET 69 OSPK 9/69 
Rl6 (0 .361  OR tESS CL=.90  OAKIN 72 OSPK L.4 P I -  P,N MMO 12/72 

R17 OMEGA [~IO (2 PlO GAMMA) / (ALL NEUTRALSI (PE) / (P3÷. . . )  
R[E (0.[91 OR LESS CC=.90 OEINET 69  OSPK 9/69 
RI7 D (0.22) (0.07) OAKIN 72 QSPK [ . 4  PT- P,N MMO 12/72 
R17 C SEE R IB  

RI8 OMEGA INTO (PIO GAMMA) / (ALt NEUTRALSI (PJ ) / (PJ÷ . . . )  
RIB [0 .8 [ )  OR M~RE EL=.90 DEINET 69 QSPK 9/69  
RIB D (0.78) (O.O7) DAKIN 72 OSPK 1.4 PI -  P,N MMO 12/72 
R18 D ERROR STATISTICAL CNLY.AUTHCRS OBTAIN GOOD FIT ALSO ASSUMING I I / 71  
R[8 D PIO GAMMA AS THE ONLY NEUTRAL DECAY. I I / 71  

R19 OMEGA INTO IETA GAMMA)/7OTAL (UNITS [o *~ -~ )  (P6 )  
R19 A [3.O) (2.5) ( I . 8 )  ANOR£WS 77 ONTR 0 G.7-[O GAMMA CU 12/77, 
R19 A SOLUTION CORRESPCNDING TO CONSTRUCTIVE OMEGA-RHO INTERFERENCE 
RIP A THE QUARK MODEL PREDICTS A RELATIVE DECAY PHASE OE ZERO 
R[9 8 (29.0) }7.0) ANDREWS 77 CNTR o 6o7-10 GAMMA CU 12/77" 
R[9 B SOLUTION CORRBSPONDINO TO DESTRUCTIVE OMEGA-RHO INTERFERBNCE 

MAGLIC 61PRL 7 [ 7B  
PBVSNER 61PRL 7 421 
XUONG 61 PRL 7 327 

ALFF 62 PRL 9 32S 
ARMENTER 62 GERN CONE 90 
STEVENSD 62 BR [25 687 

ARMENTER b3 SIENA CONE I 296 
BARMIN 63 SIENA CONF 1 207  
BUSCHBEC 63 S IENA CONF [ 166 
GELFANO 63 PRL I [  436 
MURRAY 63 PL 7 358  

BARMIN 6~ JETP [B  I 289  
KRAEMER 6~ PR 136 B ~96 

BINNIE 6B RL [B B4B 
GALTIERI 68 PRL [~  279  

B MAGLIC,ALVAREZ,ROSENFELD,STEVENSDN (LRt) 
PEVBNER,KRAEMER,NUSSBAUM,RICHARD÷(JHU+NWES) 
NGUYEN HUU XUONG,GERALD R LYNCH (LRL) 

ALFF,BERLEY,COLLEY,GECEAND + (COLU+RUTGERS) 
B ARMENTEROS,R BUDDE + (CERN+CDEF+EPOL) 
STEVENSON,ALVAREZ,MAGCIC,ROSENFELD (LRL) 

ARMENTEROS,EDWARDS,JACOBSEN÷ (CERN*COEFI  
BARMIN,DOLGOLENKO,KRESTNIKOV+ [ITEP) 
BUSCHBECK,CZAPP+ [VIENNA+CERN+AMSTERDAM) 
GELFAND,MILLER,NUSSBAUM,RATAU+ {CDLU+RUTG) 
MURRAY,FERROLUZZI,HUWE,SHAFER,SOLMITZ+(LRL) 

BARMIN,DOLGOLENKO,KRESTNIKOV + {ITEP] 
KRAEMER,MADANSKY,MEER+ [JHU+NWES÷WDOD) 

BINNIE,DUANE,JANE,W JONES+ (LOIO+MCHSI 
A BARBARO GALTIERI,R O TRIPP (LRL) 

MILLER 0 bB DU-237}NEVIS 131) DAVID C MILLER (THESlSl }COLUMBIA) 
INCLUDES DATA OF GELFANO 63 ABOVE 

ALFF-STE 66 PR [ 45  1072 ALFF-STEINBERGER,BERLEY,BRUGGER÷(CDLU*RUTG) 
ZOANIS 65 PRL [4  721 ZDANIS,MADANSKY,KRAEMER,HERTZBACH+(JHU÷BNL} 

OIGIUGNC 66 NC ~4A 1~72 Ol GIUGNO, PEROZZI,TRDISE+ INAPL+FRAS+TRST) 
FLATTE 6b PR 145 1050 +HUWE,MURRAY,BUTTON-SHAFER~SOLMITZ+ (LRL I  
JAMES 66 PR IR2 896 F E JAMES,KRAYBILL (YALEIBROOKHAVEN) 

BALTAY 67  PRL [ 8  93 +FRANZIN I ,SEVERIENS~YEH,ZANELLO [COLUMBIA)  
BARASH 67 PR IB6  1399 BARASH,KIRSCH, MILLER,TAN }COLUMBIA] 
FELDMAN 67 PR 159 1219  +FRATI,GLEESON,HALPERN,NUSSBAUM+ (PENN) 
HERT2BAC 67 PR [55, l~6I  HERTZBACH,RRAEMER,MADANSRI,ZOANIS÷IJ~U+BNL) 

ALSO 65 ZOANIS 

ASTVACAT 68 PL 27  B 4B ASTVAGATUROV,AZIMDV,BALDIN÷ (JINR*MOSCOW) 
BOLLINI 68 NC 56 A BJI +BUHLER,DALPIAZ,MASSAM* (CERN~BGNA+STRB} 
BOLLINI[ 68  NC 57 A 404  +BUHLER,D~LPIAZ.MASBAM+ ICERN+BGNA+STRBI 
KEY 68 PR 166 I~30 +PRENTICE+COOPER÷MANNER (TNTO+ANL+WISC) 
PISUT 6B NP B 6 325  J.PISUT,M.ROOS (CERN) 
WBHMANN 68 PRL 20 7~8 ÷ENGELS÷ (HARVARDeCASE+SLAC÷CORNELL+MCGILt) 

AUGUST)1 69 PL 28 B 513 +BENAKSAS,BUON,GRACCO,HAISSINSKI,+ (ORSAY) 
AUGUST)2 69 LNC 2 214  +LEFRANCOIS,LEHMANN,MARIN,+ (ORSAY) 
BIZZARRI 69 NP B 14 16~ +FOSTER,OAVILLET,MONTANET,+ (CERN+CDEF} 
DANBURG 69 UCRL-192?B JEROME S. DANBURG, THESIS (LRLI 

ALSO ~ANBORG ?0 
DEINET 69 PL 30 B 4B6 +MENZIONE,MULLER,BUN}ATOV+ (KARL+CERN) 
ER~IN 69 NP B 9 364 +WALKER,GOSHAW,WE[NBERG (WISC+PRIN+VAND) 
GOLOHABE 69 PRL 23,135[ +BUTLER,COYNE,HALL,MACNAUG~TON,TRILINGILRL] 
JACOUET 6G NC 63 A 7~3 +NGUYEN-KHAC,HAATUFT,HALSTEINSLI(EROL+BERG) 
MILLER 69 PR 178 2061 R.MILLER,LICHTMAN,WILLMANN [PURDUE) 
STPUGALS 69 PL 29  B B32 +CHUVILO,FENYVES,+ [WARS+JINR÷BUDA) 
WILSON 69 PRIVATE COMM. RICHARD WILSON (SEE ALSO PR 178 2095)}HARVI 
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BIZZARRI 70 RRL 25 138E 
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BIGGS 70 PRL 2~ 1201 
CASDN 70 PR D [ 85[ 
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OANBURO TO PR O 2 256~ 
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AGUILAR 72 PR 0 6 E9 
APEL 72 PC 4[ B 234  
BASILE ?2 PMIL.CONE.PROC153 
EENAKSAS 72 PL 39  B 2B9 
BENAKSASI7B PL 42 B BO7 
BENAKSAB272 PL ~2 B 51[ 
BROWN 72 Pt ~2 B I [ 7  
. . . . . . . . .  g ~ . . . .  
EISENBER 72 PR IB  
RATCLIFF 72 PL BB B 345 
BOFERSIE 72 PR D B 1559 

BINNIE 73 ER D 8 27B9 
BURNS 7B PRO 7 1310 

ESTABRO0 7~ NP B Bl 70 

GREGORIO 74 NC 20  A ~37 
KRAMER 74 PRL BB 505 
OREN 7~ NP B 71 IS9 

EMMS 75 NP B98 I 
KALBFLEI 7B PRO [1 987 
ROOS 75 NP 8 97  165  

KEYNE 76 PR D IR  28  
ALSO 73 BINNIE 

BRANDENB 76 NP B lO~ 413 

ANDREWS 77 PRL 38 198 
GESSAROL 77 NP B I 2b  382  
HOLMGREN 77 PL 66  B 191 
LYONS 77 NP B 125  207  

ABRAMOVICH,BLUMENFELO,BRUYANT,~ {CERN] 
~CIAPEITI,ODRE,GASPERO,GUIOO~I,¢(~OMA¢SYRAI 
+C~OPER,FIELOS,RHI~ES }ANt) 
+BLAIR,CELNIKER,OOMINGS,FRENCH+ (CERN÷IPN) 
+CLIFFT,GABATHULER,KITCHING,RAND {DAREI 
+ANDREWS,BISWAS,GRDVES,HARRINOTON,÷ (NDAM) 
÷DAVIOSON,GREEN,LYS,ROE,VANDER VELDB (MICHI 
+ABDLINS,OAHL,OAVIES,HOCH,KIRZ,MILLER~(LRL) 
STANLEY M. FLATTE (LRL) 
GERSON GOLDMABER,REVIEW }LRL) 
S. AND V.HAGOPIAN,8OGA~T,SELOVE [FSU+PENN} 
PROC. OARESBURY STUDY WEEKEND NO 1. (CERN) 

÷EARNHAM,OUTLEK~COYNE,GOLDHABER,HALL,+(LBL) 
ALVENSLEBEN,BECKER,BUSZA,CHEN,COHEN,+(DESY) 
+GRANEN[TSKY,KANASIRS~Y,RERATSCHEW~+ (J INR)  
+YEROAROV,TEEBUKHOVSKY,SHISHOV (ITEP) 
BARDADIN-OIWINOWSKA,HOFMOKt,MICHBJDA+IWARS) 
+LEE,NOROBERG,WEHMAN,+ (ROCH+CORN~FNAL} 
÷MONTANET,NILSSON,D-ANDLAU,* (CERN÷CDEF) 
BLOODWORTH,JACKSON,PRENTICE,YOON (TORONTOI 
+FORTNEY,FQWLER }OUK~I 
*BUTLER,FANG-LANDAU,MACNAUGHTON (LRL] 
+COORER,RHINES,ALLISON (ANL+OXFI 
÷PRENTICE,YOON,CARRCLL,WALKER,+ }TNTO÷WISC) 
÷BINGHAM,FRETTER,BALLAM÷ILRL+UCB÷SLAC*TUFT) 

AGUILAR-BENITEZ,CHUNG,EISNER,SAMIOS [BNL) 
+AUSLANDER,MULLER,BERTOLUCCI,~ (KARL~PISA) 
*BOLLINI,BROGLIN,DALPIAZ,FRABETTI,÷ ICERNI  
+COSME,JEAN-MARIE,JOLLIAN,LAPLANCHE,÷(ORSA) 
+COSME,JEAN-MARIE,JULLIAN~LAPLANCHE+(ORSAY} 
+COSME,JEAN-MARIE,JULLIAN,LAPLANCHE~(ORSAY) 
÷DOWNING,HOLLOWAY,HULO,BERNSTEIN÷(ILL÷ILLC) 
+HAUSER,KRE[SLER~MISCMKE (P~ INCETON)  
EISENBEEG,BALLAM~DAGAN~÷ IREHO*SLAC+TELA)  
÷BULOS~CARNEGIE,KLUGE,LEITH,LYNCH,+ (SLAC) 
BORENSTEIN,DANBURG,KALBFLEISCH,+ (BNL+MICHI 

+CARR,DEBENHAM,DUANE,GARBUTT,* (LOIC+SHMP) 
+CQNOON,KIM,MANOELKERN, PRICE, SCHULTZ }UCI) 

ESIABROOKS,HYAMS,JONES,BLUM, (CERN+MPIM) 
M.A.OREGORIO ()CTP-TRIBSTE) 
+AYRES,DIEBOLD,GREENE,PAWLIOKI+ (ANL) 
+COOPER,FIEtDS,RHINEB,ALLISON+ }ANL*OXF) 

÷KINSON,STACEY,BELL,DALE+ (BIRM+DURH+RHEL] 
KALBFLEISCH,STRAND, CHAPMAN (BNL+MICH[ 
M.ROOS IHELS)  

+BINNIE,CARR,DEBENHAM,GARBUTT~+ (LOIC÷SHMP) 

BRANDENBURG,CARNEGIE~CASHMORE,DAVIER+}SLAC} 

+FUKUSHIMA,HARVEY,LOBROWICZ,MAY,÷ }ROCH) 
GESSARGLI,+ (BGNA+FIRZ+GENO~MILA+OXF+PAVI) 
÷JONGEJANS,ENGBLEN,+ (EERN÷AMST÷NIJM÷OXE) 
+COOPER,CLARK }OXF) 

RODS 77 LNO I9  R[9 M.ROOS (HEtSINKTI 
WICKLUND 77 ANL-HEP~PR-77-S8 +AYRBS,DIEBOLD,GREENE~KRAMER,PAWLICKI (ANL) 

THE CLAIM EOR A NARROW RESONANDE AT 9#D MEV BY 
CHESHIRB 72 HAS NOT BEEN CONFIRMED BY BINNIE 72, 
74, GRAYER 74, BUTTRAM 78. OMITTED FROM TABLE. 
THE CLAIM FOR A RESONANCE M[PE3) IN THE PI÷ PI -  
GAMMA CHANNEL (AGUILAR 70) HAS NDT BEEN 
CORFIRMEO. OMITTED FROM TABLE. 
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Note on the JP Assignment of q' (958) 

From t h e  D a l i t z  p l o t  a n a l y s e s  o f  t h e  B ~ g g ~  

and ~' ~ ~+~-y decays and from the observation of 

an ~ '  ÷ y y  d e c a y  m o d e ,  a l l  a s s i g n m e n t s  e x c e p t  j P C  = 

0 -+ and 2 -+ are excluded. The Dalitz plot analyses 

f a v o r  s p i n  0 ,  b u t  c a n n o t  r u l e  o u t  s p i n  2 .  The  

i n d i c a t i o n  o f  a n i s o t r o p y  i n  t h e  d e c a y  o f  v e r y  

f o r w a r d - p r o d u c e d  ~ '  (K~LBFLEISCH 73)  h a s  n o t  b e e n  

confirmed by BALTAY 74 or CERRADA 77, thus again 

f a v o r i n g  s p i n  0 ,  b u t  s t i l l  n o t  r u l i n g  o u t  s p i n  2 

(LEDNECKY 77). 
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TWO recent analyses, however, seem to have 

finally established the spin 0 assignment of the ~'. 

CERRADA 77 perform a partial-wave analysis of 

the nzz system produced in the reaction K-p ÷ q'i, 

taking into account the Q' and A joint decay 

angular correlations. They conclude that JP is 

unambiguously 0- (see also DELAGUILA 77). 

ROUSSARIE 77 analyze a large sample of events 

from the reaction z-p ÷ q'n at beam momenta just 

above threshold. They verify that the Q' is 

produced in a relative S-wave state, and thus the 

Adair condition is satisfied by their total sample 

of some 1800 events. The decay angular distribution 

of the Q' is consistent with isotropy, and thus 

ROUSSARIE 77 conclude that the spin cannot be 2. 

2 ETA PRIME MASS (NEV} 

M 0 CNLY EXPERIMENTS GIVING ERROR LESS THAN 2 MEV KEPT FOR AVERAGING 12/'75 
M 85 ( $57 .01  DAUBER 64  HBC 1 .95  K-P  
M K (GS8 .O I  ( 1 . 0 )  KALBFLE I  64  HBC 2 .7  K -P  6 /66  

K KALBFLEISCH 64  SUPERSEDED BY RITTENEERG 69 
6 I957.01 I3 .01 BAGIER 65 HBC 3 .0K -P  

M O 8 1960.0) (2.01 TRILLING 65 HBC 3.65 PIe P 12/75 
M C 7 (955,01 ( lO .OI  COHN 66 DBC 3 .3  PIeD 6166 
M 0 (959.0) (3.0) LONDON 66 HBC 2.2 K-P 6/66 
M D 1960.01 IE.O) MOTT 6D HBG 4.I-E.E K- P T/GD 
M 95T. [ .  RITTENBER 69 HBC I.T-2.7 K- P 9/69 
M 0 (056.0)  ( 2 . 0 )  AGUILAR 70 HOE 3.9-4 .EK-P 12/75 
N 3415 956.1 1.1 OASILEI 7 1 C N T R  1.6 P I -  P,N XO i i / 7 I  

535 957.4 1.4 BASILE1 71CNTR 1.6 P I -  P,N XO 11 /71  
1414 958.2 0.5 DANBURG 75 HBC 2.2 K-P,LAM XO 2/74 

M 400 958. I .  JACOBS 7 3  HBC 2.9 K-P,LAM XO 1174 
M 957.46 0 .33  DUANE 74 MMS P I -  P ,N MM 1/74 

M . . . . . . . . .  
AVG 957.57 0.25 AVERAGE (ERROR INCLUDES SCALE FACTOR OF t .O )  
STUDENT 957.57 0.28 AVERAGE USING STUDENTIO(H/I . I I )  - -  SEE MAIN TEXT 

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

2 ETA PRIME WIDTH (MEVJ 

w 85 (4.0) OR LESS DAUBER 64 HBC 1.95 K-P 
w 3415 (B . )  OR LESS CL=.DO BASILEI ? I  CNTR 1.6 P I -  P ,N  xo I l l T l  

514 ( 4 . 7 )  OR LESS CL=.DS DANBURG 73 HBC 2.2 K-P,LAM XO 2/74 
( 0 . 8 ]  OR LESS EL=.95 OUANE 74  MMS P I -  P,N MM 1/74 

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

2 ETA PRIME PARTIAL DECAY MODES 

DECAY MASSES 

P[ ETA PRIME INTO PI+ P I -  ETA 139+ 139e 548 
P l lN I  ETAS OECAY INTO ALL NEUTRALS 
P I IC)  ETAS DECAY CHARGED 

P2 ETA PRIME INTO PIO PIO ETA 134+ 134+ 548 
PZ IN )  ETAS DECAY INTO ALL NEUTRALS 
P2 (C}  ETAS DECAY CHARGED 

P3 ETA PRIPE INTO PI+ P [ -  GAMMA 139÷  139÷ 0 
)INCLUDING RHO GAMMAI 

PW ETA PRIME INTO GAMMA GAMMA De 0 
P5 ETA PRIME INTO OMEGA GAMMA O+ 783  
P6 ETA PRIME INTO RHOO GAMMA ~* 776 
PlO ETA PRIME INTO PI+ P l -  E+ E- 13 + I39÷  .5÷ .5 
Pll ETA PRIME INTO 2 PI  139+ 139 
Pig ETA PRIME INTO 3 P/ 139+ 139+ i34 
P I 3  ETA PRIME INTO 4 P/ 139+ 139+  1 3 9 e  139  

PI4 ETA PRIME INTO 5 Pl  
P[5 ETA PRIME INTO 6 P/ 
P16 ETA PRIME INTO PIO E÷ E- )VIOLATES C IN 13#e . 5+  .5 

BORN APPROX.) 
P IT  ETA PRIME INTO ETA E+ E- )V IOLATES C IN 54D+ .5+ .5  

BORN APPROX. )  
Pl8 ETA PRIME INTO PIO RHO o (VIOLATES CI 134÷ 776  
P [9  ETA PRIME INTO PIO OMEGA (VIOLATES C) 1BAe 783 

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

FITTED PAETD%L DECAY MODE BRANCHING FRACTIONS 

The matrk belo~ is derived from the error matr~ for the fitted partial decay mode 

branching fractions, Pi' as follows: The diagonal elements are P'~ ze '6P"  where 

6P i = ~ while the off-dla~onal elements are the normalized correlation Coeffi- 

cients @PiSPj )/(6P I . EPj). For the definitions of the individual Pi' see the listings 

above; o~y those P. appearlmg in the matrix are assumed in the fit to he nonzero and 

a r e  t h u s  c o n s t r a i n e d  to  a d d  to 1. 

P[ P2  P3  P4  P5  
P 1 . 4262+ - . 0168  
P B - . 5B25  . 2358+ - .O lB5  
P 3 --.3544 -.5209 .2976+-.0167 

.IOE5 -.1676 -.1440 -.0235 
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2 ETA PhlMF BkANLHING RATIL}S 

Note on n' (958) Branching Fractions 

In our calculation of the branching fractions 

of the q' (958), we use the decay modes qffff (includ- 

ing q~0z0), p0~, and yy. It is assumed that the 

rate ~ ÷ neutrals is 71.1%. 

In the fit we do not use the constraint 

R = F(Q'+ nz+~ -) / F(~' ~ q~0~0) 2 

from I-spin conservation. The result of the fit 

is in agreement with it: R = 1.8 ± 0.2. 

R1 
RI 
g t  
R[ 
R1 
R1 

R2 
R2 
R2 
RB 
R2 
R2 
RE 

R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 

R4 
R4 
R4 
R4 
R4 
R4 
R4 

R5 
R5 
RS 

R5 
RS 
RE 
RS 
R5 
RE 
RE 
R5 

B6 
R6 
R6 
R6 
R6 
R6 
RG 
R6 
R6 
R6 
R6 

RT 
RT 
R7 
R7 
R7 
R7 
R7 
RT 

R8 
R8 

R9 
R9 

RIO 
RED 

R I [  
R I I  
R l l  
R I I  

RIg 
RL2 

R13 
RIB 

RI4 
RI4 

R15 
RIE 

ETA PRIME INTO {PI+ PI-ETA (NEUTRAL DEC.))ITOTAL (PIN) 
K 6E (0 .36 )  lO .05 I  KALBFLE2 64  HBC 2 .T  K-P  I 0 / 66  
K KALBPLE2 64  SUPERSEDED BY RITTENBERG 69 

281 0.314 0.026 RITTENBER 69 HBC 1 .7 -2 .7  K-P 9 / 6 9  

FIT 0.309 0.012 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l .O I  

ETA PRIME INTO iPT+ P I -  NEUTRALS) I TOTAL (PINePBC) 
33 0.35 0.06 BAOIER 65 HBC 3.0 K-P 10/66 
B9 0 .4  O . I  LONDON 66  HBC 2 .2  K-P  10 /66  

AVG 0.363 0.051 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O )  
STUDENT 0.363 0.056 AVERAGE USING STUDENTIOIH/ I . t I )  - -  SEE MAIN TEXT 
FIT 0.379 0.010 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

ETA PRIME INTO (PIe P(-  ETA (CHRGO.OECAY))/TOTAL (PIE) 
K 44 [ 0 . 12 I  (0 .02)  KALBFLE2 69 HBC 2 .7  K-P I0 /66  
K NALDFLE2 64  SUPERSEDED BY RITTENBERG 69  

7 0.07 0.04 BADIER 65 HBC B.0 K-P 10/66 
10 0 .1  0 .04  LONDON 66  HBC 2 .2  K -P  10 /66  

107  O . I g3  0 .014  RITTENDER 69  HBC 1 .7 -2 .7  K -P  9 /69  

AVG O . I IG  0.013 AVERAGE [ERROR INCLUDES SCALE FACTOR OF [ .O f  
STUDENT 0 .1 [6  0 ,014  AVERAGE USING STUDENTIO[H/I.( [)  - -  SEE MAIN TEXT 
FIT 0o1258 0.0050 FROM PIT (ERROR INCLUDES SCALE FACTOR OF 1 .0 ]  

ETA PRIME INTO (P I *  P l -  NEUTRALS (EXCLUDING (PZC) 
PIe P I -  ETA (NEOTR.DEO.1)) / TOTAL 

K 10 10 .051  (0 .04 I  KALBFLE2 64  HBC 2 .7  K -P  I 0 / 66  
K RALBFLE2 64  SUPEESEDEO BY RITTENBERG 69  

42 0.045 0.029 RITTENBER 69  HBC 1 .7 -2 .7  K-P 9169 

FIT 0.0696 O.OOB7 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

ETA PRIME INTO (NEUTRALS) / TOTAL [PEN+PAl 
K 54 ( 0 . 25 I  (0 .05 )  KALBFLEB 64 HBC 2 .7  K-P 10166 
K KALBFLEB 64  SUPERSEDED BY RITTENBERG 69  

I 6  0 . 24  0 .17  BAD1ER 65  HBC 3 .0  K -P  [ 0 / 66  
32 0 .3  0 .1  LONDON 66  HBC 2 .2  K -P  10 /66  

123 0 . I 89  0.026 RITTENBER 69 HBC 1 .7 -2 .7  K-P 9/69 
535  0 . i 85  0.022 BASILEI 71CNTR 1 .6  P I -  P,N xo  11 /71  

AVG 0 .190  0 .016  AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O ]  
STUOENI 0.190 0.018 AVERAGE USING STUOENTIOIH/I. ILI  - -  SEE MAIN TEXT 
F IT  O . t 9 I  0 . 0 [ 4  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .0)  

ETA PRIME INTO [PI+ P l -  GAMMA (INCLUDING RHO GAMMA)l/TOTAL 

(P3 )  
R 42 (0.221 (0.041 KALOFLE2 64 HBC 2.7 K-P 10/66 
K KALBFLE2 64  SUPERSEDED BY RITTENBERG 69  

35 IO .g4 )  (O.09) BADIER 65  HBC 3 .0  K -P  .E0 /66  
20  0 .2  O . l  LONDON 66  HBC 2 .2  K -P  I 0 / 66  

298 0 ,329  0.033 RIETENBER 6D HBC 1 .7 -2 .7  K-P 9 / 6 9  

AVG 0 .316  0 .038  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ,2 )  
STUDENT 0 .317  0.035 AVERAGE USING STUDENTIO(H/I . I I ]  - -  SEE MAIN TEXT 
FIT 0.304 O.OI7 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l . I )  

ETA PRIME INTO (PI+ P I -  GAMMA (INCLUDING RHO GAMMAII/(PI P/ ETA) 
(P3 ) / (P I+P2 )  

0 . 25  0 .14  DAUBER 64  HBC 1 .95  K -P  10 /66  
0 .31  0 ,15  DAV IS  68 HBC 5.5 K-  P 9 /68  

AVG 0.28 0 . I 0  AVERAGE (ERROR INCLUDES SCALE FACTOR OF / .O f  
STUDENT 0 .28  O . i l  AVERAGE USING STUOENTIOIHXI.II) - -  SEE MAIN TEXT 
FIT 0.450 0.036 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l .  El 

ETA PRIME INTO (PIO E+ E-I/TOTAL (Pl61 
(0.OlD)OR LESS RITTENBER 65 HBC 2.T K-P 10/66 

ETA PRIME INTO (ETA Ee E-)ITOTAL IPt71 
IO.0111DR LESS RITTENBER 65 HBC 2.T K-P 10/66 

ETA PRIME INTO IPIO RHOOIITOTAL (P181 
(0.041 OR LESS RITTENBER 65 HBC 2 . l  K-P [0166 

ETA PRIME INTO(GAMMA OMEGAI/TOTAL (PS I  
R (0 .08)  OR LESS RITTENBER 65 HGC 2.? K-P 10166 
R INCLUDES PIO OMEGA 

I .OBI  OR LESS EL=.90 KALBFLEI 75 HBC 2.2 K- P~GAMMA + 12175 

ETA PRIME INTO IP I+  P l -  E÷ E-)ITDTAL IPlO) 
(O.OOGIOR LESS RITTENBER 65 HBC g.T K-P 10/66 

ETA PRIME INTO (2 PI ) / IOTAL )P i l l  
IO.OTI OR LESS LONDON 66 HBC COMPILATION 10/66 

ETA PRIME INTO 13 PIIITOTAL (PI2)  
IO.OT) OR LESS LONDON 66 HBC COMPILATION 10166 

ETA PRIME INTO (4 PIIITOTAL IP lB )  
IO .O l l  OR LESS LONDON 66 HBC COMPILATION 10166 
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RI6 ETA PRIME INTO (6 PI[/TOTAL (P15) 
R[6 (O.OI) OR LESS LONDON 66 HBC COMPILATION [D/66 

R17 ETA PRIME INTO [OMEGA GAMMA(/(PI÷PI-ETA NEUTRALS)(PB)/{PIN~ 
RI7  68 0.068 0.013 ZANEINO 77 ASPK 8.6 P I -P  IZ/ IT~ 
RE7 . . . . . . . . .  
RI7 FIT O.OCB 0.013 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 

RIB ETA PRIME INTO (2  GAMMAIITDTAL [P4 (  
R19 5 0 . 0 5 5  0 . 0 3 6  0 . 0 3 0  BOLLINI 6B ENTR E . 9  PI-  P 12172 
RI9 7 0.126 O.OTB B8NSINGER 70 DBC 2.8 El÷ D 12178 
Rig Bl O .O~O 0.088 O.OO6 HARVEY 710SPK ~.65 El -  P~N xo 11171 
RIB 68 0.0171 0.0033 DALPIAZ 72 CNTR 1.6 E l -  P,N XO [2172 
RI9 .OBB .007 DUANE 74 MMS PI-P,N MM i2/75 

g19  . . . . . . . . .  
R19 AVG 0.0192 0.0027 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.Ol 
RIB STUDENT 0.0191 0.0031 AVERAGE USING STUDENTIO(HII.I1) - -  SEE MA(N TEXT 
R19 FIT 0.0202 0.0027 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 

RBO ETA PRIME INTO {PI+PI-I / IOTAL (Pl1[ 
R2O 10.023 OR LESS RIFTENBER 69 HBC 1.7-2.7 K-P 9169 
R20 (O.OB) OR LESS EL=.95 DANBURG 73 HBC 2.2 K-P,LAM XO 2176 

R21 ETA PRIME INTO (PI÷PI-PIOIITOTAL ( P 1 2 (  
RSI  (0.0E( OR LESS RITTENBER 69 HBC 1.7-2.7 K-P 9•69 
R2E (0 .09 (  OR LESS CL= .95  OANBURG 73  HBC 2 .2  K-P,LAM XO B/74  

R22 ETA P~IME INTO (RI+PI÷PI-P(-I/TOTAL (P13( 
R22 (O.OE) OR LESS RITTENBER 69 HBC 1.7-2.7 K-P 9/69 

R22 (O.OI( OR LESS CL= .95  OANBURG T3 HBC 2.2 K-P,LAM XO 2 /76  

R23 ETA PRIME INTO IPI÷PI+PI-PI-PIO(ITOFAL (P I4 (  
R23 (O.OII OR LESS RITTENBER 6 9  HBC 1 .7 -2 .7  K-P  

R24 EFA PRIME INTO (PI+PI+PI-PI-  NEUTRALS)ITOTAL (P IP+ . . . )  
R24 ( o . o i (  OR LESS RITTENBER 69  HBC 1.7-2.7 K-P 9169  

R2B ETA PRIME INTO (RHO0 GAMMA(/(ALL El+ El -  GAMMA( (P6[ l (P3) 
R25 0.96 0 .20  AGUILAR 70  HBC 3.9-6.6K-P L/7I 
R25 E 473 1.15 O.ZO OANBURG 73 HBC 2 .2  K-P,LAM XO 2/76 
R25 E 473  (0 .95 ]  OR MORE CL= .9S  DANBURG 73  HBC 2 .2  K~P.LAM XD 2 /T4  
R25 E EQUIVALENT STATEMENTS 
R25 137 i .O I  0.15 JACOBS T3 HBC 2.9 K-PtLAM XO i17~ 
R25 615  (1 . )  ROUSSARIE 77  DSPK 1 .4  PI-P ETAPR N l / 7B*  
R25 . . . . . . . . .  
R25 AVG 1 .082  0.077 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
R25 STUDENT 1.082 0 . 0 8 6  AVERAGE USING STODENTLO(H/I.[I~ - -  SEE MAIN TEXT 

R26 ETA PRIME INTO (PIE RIO ETA INTO 3 PIOIITOTAL (P2N(3PIO[[ 
R26 6 O . [ I  0.06 BENSINGER 70 OBC 2.2 P I+  D i 17 I  
R26 . . . . . . . . .  
R26 FIT 0 .0T22  0.0059 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 

R27 ETA PRIME [NIO (PI+ P I -  GAMMA[I(PI* P I -  ETA(NEUTRAL DEC.I( 
R27 (P3 ) / (P IN )  
R27 K (0 .54 )  (O . IO (  AGUILAR 72  HBC 3 .9 .6 .6  K -  P 12172  
R27 K NOT AVERAGED DUE TO COMPLICATION WITH M(D53).SEE KALBFLEI 7R .  
RZT 473  0 .92  0 .16  DANBURG 73  HBC B .2  K -P ,LAM XO B /T~  
R27 198 1 . I 1  0 , 18  JACOBS 73  HBC 2 .9  K~P,LAM xo  [ / 7~  
R27 P 2603 (1.18( (0.20[ ROUSSARIE 77 DSPK 1.4 P I -P ,ETAPR N 12177* 
R27 ~ PRELIMINARY RESULT 
R27 . . . . . . . . .  
R2T AVG 0.99 0.11 AVERAGE (ERROR INCLUDES SCALF FACTOR OF 1.0) 
R2T STUDENT 0 .99  0 ,12  AVERAGE USING STUDENTIO(HII.III - -  SEE MAIN TEXT 
R27 F IT  0 .982  0 °078  FROM F IT  (ERROR INCLUDES SCALE FACTOR OF l .O )  

R28 ETA PRIME INTO (2 GAMMAII(PIO RIO ETA(NEUTRAL DEC.D} 
R28 (PA I / (PB (N I (  
R28 E6 0.188 O. OBB APEL 78  OSPR 3.B P I -  P~N XO 1173 
R28 . . . . . . . . .  
R2B F IT  0.118 0.019 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 

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

2 ETA PRIME C-NONCONSERVINO DECAY PARAMETER 

RELATED TEXT SECTION Vl C 

A DECAY ASYMMETRY PARAMETER FOR PI+  PI~ GAMMA 
A 152 . 07  . 08  RITTENBE 6B HBC 8 .1 -2 .7  K-P  12 /7B  

103 . 00  .10 KALBFLE I  75  HBC 2.2 K-P  12 /7B  
295 - .060 .078 GRIGORIA 7B STRC 2 .1P I -P  Iz/7B 

A SP 615  ( - .OOB[  ( .OF3 }  ROUSSARIE TT OSPR 1 .R  P I -P  ETAPR N 1 /78 *  
A S SIGN OF ASYMMETRY PARAMETER CHANGED BY US TD CONFORM WITH 
A S DEFINITION IN TEXT SECTION VI C 
t P PRELIMINARY RESULT 
A . . . . . . . . .  
A AVG -0 .001  O.0~9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  
A STUDENT -0.001 O.OB6 AVERAGE USING SIUDENTIO(HII.113 - -  SEE MAIN TEXT 

REFERENCES FOR ETA PRIME 

DAUBER 66 PRL 13 469 
ALSE 66 OUBNA CONF i 418 

GOLDBERG 66 PRL IB 566 
GOLDBERG 64  PRL 13 249 
KALBFLE I  64 PRL 12 EB7 
KALBFLE2 6~ PRL E3 349  

BADIER 65  PL I T  337  
K [ENZLE  65 PL 19 638  
RITTENBE B5 FRL I 5  5S6 
TR ILL ING 6B PL 19 4Z7  

COHN 66 PL 2L  347  
LDNDCN 66 PR 143 I 036  
MARTIN 66 PL 22 ,352  

BARBARD- 68 PRL 20  3~9  
BARLOUFA 68 PL 26 B 6T6 
BOLLIN[ 68 NC B8 A 289 
OAVIS 68 PL 27 B 532  

DUFEV 69 PL 29 B 60B 
MOTT 60  PR [T7  1966  
RITFENBE 69 UCRL-18863 

AGUILAR 70  PRL 8B E63B 
BENSINGE 70 PL 33  B BOB 

BAROADIN 7 I  PR D6 2711 
BASILE1  71 NC 3 A 371  
BASILE2 71NE B 33 29 
HARVEY 71PRL B7 BE5 
OGIEVETS 71PL  35  B 6 9  

OAUBER,SLATER,SMITH,STORK,TIEHO (UCLA IJP  
OAUBER,SLATER,L T SMITH,STORK,TICHO (UCLAI 
+GUNDZIK,LICHTMAN,CONNOLLY,HART,÷(SYRA+BNLI 
+GUNOZIK,LEITNER,CONNOLLV,HART,÷ (SYRA÷BNLI 
KALBFLEISCH,ALVAREZ,BARBARO-GALTIERI,+(LELIJP 
G.R.KALBFLEISCH,O.OAHL,A.RIFTENBERG (LRL IJP  

BADIFR,DEMOULIN, BARLGOTAU0+(FFOL+SACL+AMST) 
KIENZLE,MAGLIC,LEVRAT,LEFEBVREB ÷ (CERN) 
R ITTENBERG,KALBFLE ISCH (LRL÷BNL[ 
+BROWN,GOLOHABERS~KAOYK,SCANIO (LRL( 

COHN,MCCULLOCH,BUGG,CONDO (ORNL+TENN+UCND( 
LONDON,RAU,SAMIOS,GOLDBERG + (BNL~SYRACUBE)IJP 
MARTIN,CRITTENDEN,SCHROEOER (INOIANA U)I 

BARBARO-GALTIERhMATISON,RITIENBERG+ (LRL)I=O 
BARLDUTAUD~ ISACLAY+AMST+BGNA+REHO+EPOL)I=O 
÷BUflLER,DALPIAZ,MASBAM÷ (CERN÷BGNA+STRB) 
+AMMAR,MOTT,OAGAN,DERRICK,FIELDS [NWES+ANLI 

+GOBBI,PDUCHON,CNOPS,+ (ETHZ÷CERN÷SACL[IJP 
÷AMMAR,OAVIS,KROPAC,SLATE,DAGAN+ (NWES+ANL( 
ALAN RITTENBERG (THESIS) (LRL(I=O 

AGUILAR-BENITEZ,BASSANO,SAMIOS,BARNES÷(BNL} 
BENSINGER~ERWIN,THOMPSON,W.O.WALKEB (WISE) 

BARDADIN-OTWINOWSKA,HOFMOKL,MICHEJOA+(WARS) 
+BOLLINI,DALPIAZ,FRABETTI,+(EERN+BGNA+STRB( 
+BOLLINI,DALPIAZ,FRABETTI,÷(CERN*RGNA+STRB) 
+MAROUIT,PETERSON,RHOAOES,+ (MINN+MICH[ 
OGIEVETSKY,TYBDR,ZASLAVSKY (OUBNA) 

Mesons 
 (980) 

AGUILAR T2 PR D B 29 
APEL 72 PL 40 B 680 
BINNIE 72 PL B9 E 875 
BLCOOWOR 7B NP B 39 525 
DALPIAZ 72 PL 42 B 377 
RADER 72 PR D 6 8059  

DANEURG 73 PR D 8 ST44 
JAC08S 7B PR D 8 18 
RALBFLE I  73 PRL 3 I  333  

BALTAY 74 PR 09  899~  
DUANE 76 PRL 32 42S 
GAULT 74 NC 24  A 2B£ 
KALBFLEI 76 P~ 010 916 

GRIGORIA 7B NP B91 232  
KALBFLE1 7E PR O i l  987  

CERRADA 77 NP B 126 189 
DELAGUIL TT PR DI6 28B5 
GESSAROL T7 NP B 126 382  

AGUILAR-EENITEZ,CHUNG,EISNER,SAM(OS (BNLI 
+AUSLANDER,MULLER,BERTCLUCCI,+ (KARL+PISA) 
÷CAM(LLERI,DUANE,GAREUTT,BURTON+(LDIC+SHMP) 
BLOODWORTH,JACKSDN,PRENTICE,YOON (TORONTO) 
+FRABETTI,MASSAM,NAVARRIA,ZICH[CHI (CERN( 
÷A8OLINS,DAHL,OANBURG,DAVIES,HOCH,+ [LBL[ 

+KALBFLEISCH,BORENSTEIN,CHAPMAN,+(BNL+MICH) JP 
+EHANG,GAUTHIER,+ {8RAN+UMD*SYRA+TUFT) JP 
KALB~LEISCH,CHAPMAN,+ [BNL+M(CH+LBL) JP 

+COHEN,CSOENA,HABIBI,KALELKAR,÷ (CGLU+BING) JP 
+BINNIE,CAM[LLEEI,CARR,DEBENHAM+(LCIC+EHAP) 
+JONES,SCADRON,THEWS (DURH+L~[C÷ARIZ) 
G.R.RALBFLEISEH (BNL) 

ORIGORIAN,LADAGE,MELLEMA,RUDNICK,+ (UCLA) 
KALBFLEISCH,STRAND,CHAPMAN (BNL÷MICH) 

+WAGNER~BLOCKZ(JL,+ {EERN+AMST+NIJM+OXF) JP 
F.OEL AGUILA AND M.G.DONCEL (BARCELONA[ JP 
GESSAROLI,+ (BGNA+FIRZ+GENO÷MILA+OXF+PAVI( 

LEBNICKY 77 E2--EO521,E2,23 R.LEDNICKY (JINR) JP 
ROUSSARI 77 PREPRINT +ERNWEIN,FELTESSE,BORGEAUDtROUSSARIE+(SACLI JP 

ALSO 77 BUDAPEST CONF. HEM(NGWAY REVIEW TALK {CERN) 
ZANFINC 77 PRL 38 930 ÷ERDCKMAN,OANKOWYCH,+ (CARL+MCGI~OHIO+TNTO) 

I ( ao)l . . . . . . . . . . . . . . . . . . . . . . .  

Observations of missing mass peaks in the 960 

MeV mass region are mostly controversial and are 

therefore not listed here. Under this entry, we 

list two types of I= 1 peaks near the KK threshold: 

i) n~ decays, peaking slightly below the 

KK threshold. This defines I G = i- and 

JP = normal. 

2) A KK threshold enhancement with I = i. 

This association is justified by the remark 

(ASTIER 67) that the KK threshold enhancement may 

be due to a virtual bound state also coupled to the 

~ system. In a coupled-channel analysis of the 

most significant data, MORGAN 75 and FLATTE 77 show 

that the resonance width of the 8(980) may be much 

larger than the apparent width observed in the ~ 

channel (see, however, IRVING 77). 

The low Q-value of the KK threshold enhance- 

ment and the decay distributions of the ~ system 

favor JP = 0 +. Additional argument (LIPKIN 69) 

comes from the absence of a p~ decay mode 

(GRASSLER 77). 

36 OELTA(980( MASS (MEV( 

M ETA PI FINAL STATE ENLY. 
M S 30  $80.0 i0 .0  
M S SEE ALSO AMMAR 70. 
M XO (960.( APPROX. 
M 80 (B IB .O )  
M 20  970°0  IB .O  
M 980 .  10 .  
M 1S ( 980 .0 (  ( 10 .0 (  
M 21 ( 948 .0 l  ( 7 . 0 I  
M ESO 972 .  lO .  
M 47 lBBO.} 
M C TO 989.0 10.0 
M C W 20 (988.0( (9.0) 

AMMAR 6B HBC +- ,5.BK-,ETA PI B/73 

CHUNG S 6B HBC ~ B.2 PI-P 5/70 
DEFOIX 6B HBE 1.2 PB P,EFA Pl 11277* 
BARNES 69  HBC - 6-5 K=P,PI-ETA 9/69 
CAMPBELL 69  DBC 2 .7  P [ *  D 1 /73  
MILLER 69 HBC - 4.5 K-NeETA P[ 7169 
RARDADIN l I  HBC +- B PI+P,P DO P( 11177* 
DEFOIX 72 HBC 0.7 PEAR P,7 PI 1/73 
CONFORTO 7B OSPK - 4.5 PI-P,P X- 1/74 
WELLS 75 HBC 3 . I - 6  K-P,ETA R[ I I177"  
WELLS 75 HBC 3° [ -6  K-P ,ETA  PI 11 /77 "  

M C SYSFEMAFIC ERROB 6 MEV DUE FO ENERGY CALIBRATION ADDED 
M W WEAK EVIDENCE ONLY FOR DELTA+ PRODUCTION 
M BO 981.0 6.0 GAY 76 HBC - 4.2 K-P,ETA PI 11/77" 
M J 80 (974.0( (9.0) GAY 76 HBC 4.2 K-P,ETA Pl 11177* 
M J USING A TWO CHANNEL RESONANCE PARAMETRIZATION, WITH THE COUPLING 
M J CONSTANT RATIO (ETA P I I / (K  KBAR) FIXED AT SU(3) VALUE OF 2/3.  
M 977.0 7.D GRASSLER 77 HBC ~ 16 PI-~P,ETA Pl 11177~ 
M . . . . . . . . .  
M AVG 979.3 3.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.03 
M STUDENT 979.2 3 .6  AVERAGE USING STUOENTIO(H/1.1EI - -  SEE MAIN TEXT 

M K KBAR ONLY, SEE THE TYPED NOTE ABOVE 
M 143(1003.33 7.D÷SYSTEMATIC ROSENFELD 65 RVUE +~ . B166 
M 100(1016.) ( i 0 . )  ASTIER 67 HBC +- 0 PEAR P 12/T7~ 

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



Mesons 
6(980), S*(980) 

D6 DELTA(DBOI WIDTH (MEV) 

W ETA PI F I N A L  S T A T E  ONLY 
W 30 8O.O 30.0 AMMAB 6 8  HEC ÷ -  ~E.5K-,ETA Pl 2 1 7 3  
w BO (25 .0)  DEFOIX 6 8  HBC +- 1 . 2  PE P , E T A  P( 1 1 / 7 7  ~ 
w 2 0  (50.0)  OR LESS BARNES 69 HBC 4 - 5  K-P,PI-ETA 11177 • 
W 40. 1 5 .  CAMPBELL 6 9  DEC +- 2 . 7  PI+ D 1 / 7 3  
w 15 6 0 . 0  30.0 MILLER 69 HBC 4,5 K-N,ETA PI 2 1 7 4  

w 21 3 I .O  28.0 BARDAOIN 71 HBC +- B PI÷P,P 00 Ol . 2/74 
W 150 (30 . )  { 5 . )  DEFOIX 72 HBC O.? PEAR P,7 Pl 2 / 7 4  
W 47 COO.) ( 50 . )  ( 30 . )  CONFORTO 73 OSPK - 4 .5  PI -P,P X- 1174 
W 70 (16.0)  (25 .0)  ( I 6 °0 )  WELLS 75 HBC - 3 . I - 6  K-P,ETA P( 
w w 20 (5 .0 )  (11 .0 )  { 5 . 0 I  WELLS 75 HBC 3 .1 -6  K-P,ETA PI 
W W HEAK EVIDENCE £NLY FOR DELTA* PRODUCTION. 
W E BO TO 300 FLATTE 76 RVUE - 4 .2  K-P,ETA P( i 1177 '  
W F USING A TWO CHANNEL RESONANCE PARAMETRIZATIDN OF DAY 7 6  DATA. 
W N 5 5 . 0  15.0 GAY 76 HBC - 4°2 K-P ETA PI I1177" 

N THE ERROR IN THE PAPER IS WRONGLY QUOTED AT ONE POINT 
J ( 7 2 . 0 I  ( 5 1 . 0 )  GAY T 6  HBC -- 4 . 2  K - ~  ETA P I  1 1 1 7 7 *  

w J SEE NOTE J ABOVE . 
w 4 4 * 0  22.0 GRASSLER 77 HBC - 16 PI-+P,ETA PI i I / 77~  
W . . . . . . . . .  

AVG 49.0 8.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)  
STUDENT 48.9 9.2 AVERAGE USING STUDENTIOIH/ I . I I )  - -  SEE MAIN TEXT 

W K KBAR ONLY, SEE IHE TYPED NOTE ABOVE 
N 1A3 (57.0)  13.0+SYSTEMATIC ROSENFELD 65 RVUE +- 5 / B 6  
w 100 (25 . )  APPROX, ASTIER 67 HBC ~- SEE NOTE A ABOVE 9/87 
W M (120 . }  APPROX, MORGAN T5 RVUE 1,2 PEAR P 12/75 
W M FROM COUPLED CHANNEL FIT TO DUBOC 72  D A T A  

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

3 6  D E L T A ( 9 8 0 )  PARTIAL DECAY MODES 

DECAY MASSES 
PI DELTA[BED( INTO ETA PI 548+ 134  
P2 DELTA(g80) I N T O  RHO PI  7 7 6 +  13A 
P3 DELTA(D80) INTO K KBAR 4 9 7 +  ~ 9 7  

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

3 6  DELTA(DE0} BRANCHING RATIOS 

RI DELTA(gBO) INTO (RHO P I I I IETA  P I )  (P2 I / IP I )  
RI (0 .25 |  OR L E S S  EL=.70 AMMAR 70 HOC +- 4 . I ,5 .5K- - ,ETA P I .  S/TO 

R2 DELTA(980) INTO (K  KBARII(ETA PI )  (P3 I I IP I )  
R2 k ( 0 * 2 5 l  ( O . O B I  D E F O I X  7 2  HBC + -  0 . 7  PBAB P I I 1 7 7 ~  
R2 L FROM THE DECAY OF 0(1285) .  
R2 SEEN GAY 7 6  HOE - 4.2 K-P ETA PI IL /77~ 

• * * * * *  * * * * * * * * *  * * * * * * * * *  , * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

R E F E R E N C E S  FOR D E L T A ( g B o }  

T U R K D T  63 SIENNA CONF 1 6 6 I  +COLLINS,EUJIhKEMP+ (BNL÷PITTSBURGHI 

ARMENTER 65 PL 17 344 ARMENTEROS,EDWARDS, JACOBSEN + ICERN÷CDEFI 
BARASH 6 5  PR 1 3 9  B 1 6 5 9  ÷FRANZINI,KIRSCH,MILLER,STEINBERGER÷ (COLUI 
KIENZLE 65 PL 19 4 3 8  + MAGLIC,LEVRAT,LEFEBVRES • (CERN) 
ROSENEEL 65 OXFORD CCNF 58 A H ROSENFELD ILRL--RVUE) 

ALLEN D 66 PL 22 543 +GP FISHER,G GOODEN,L MARSHALL,SEARS (COLD)G=÷ 
BALTAY 66 PR 1 ~ 2  B 932 +LACH,SANDWEISS,TAFTtYEHISTONEHILL+ (YALE) 
FOCACCI 66  PRL 17 B90 ÷ KIENZLE,LEVRAT,MAGLIC,MARTIN (CERN) 
ODSIENS B6 EL 22 708 +CHAVANON,CROZON,TDCQUEVILLE (SACLAY.CDEF)I=I 

ALLISON 6 7  PL 258 619 ÷CRUZ+ (OXF*MPIM÷BIRM+RHELeGLAS+LOIC) 
ASTIER 67 PL 25 B 294 ÷MDNFANET,BAUBILLIER,DUBOD+(COEF+CERN+IRAD) 

ASTIER 67 INCLUDES DATA OF BARLOW 6T,CONFORTO 6TtARMENTEROS 6S. 
BAILLDN 67 NC 50A 398 +EDWARDS+D-ANDLAU÷ASTIER~ (CERN÷CDEF÷IRADI 
BANNER 1 b 7  PL 25 B 3 0 0  +FAYDUX,HAMEL,ZSEMBERYICHEZE+ ( S A C L A Y ~ C A E N )  
BANNER 2 6 7  PL 25 B 5 6 9  ÷ C H E Z B , H A M E L , M A R E L , T E 1 G E R ~  (CDEF~SACL) 
BARLON 6 7  NC 50 A TOl ~MONTANET,D-ANDLAU÷ [CERN+CDEF÷IRAD÷LIVP) 
CONFDRTO 67 NP BB 469 CONFORTO,MAREBNAL÷ (CERN÷CDEF+IPNP+LIVP) 

AMMAR 6 8  PRL 2 1  1 8 3 2  ÷DAVIS,KROPAC,OERRICK,FIELOS,+ (NWES*ANL) 
CHUNG S 68  PR 1 6 5  [ A g I  ÷O.OAHL, J .  KIRZ, D.H.MILLER (LRL) 

DEFOIX 68 PL 2B B 253 +RIVET,SIAUD,CONFORTO+ (CBEF+IPNP+CERN) 
GALTIERI BB PRL 20 3 4 9  BARBARO-GALTIEBI,MATISON,RIFTENEERG* ( L R L ]  
JUHALA 6 8  PL 27 B 257 ÷LEACOCK,RHODE,KCPELMAN,LIBBY+ (IOgA÷COLO) 
SABRE CO 68  PL  2 6  B B 7 ~  BARLOUTAUD÷ (SACL+AMST+BGNA+REHD÷EPOL) 

BARNES 6 9  PRL 2~ 6 1 0  +CHUNG,EISNER,BASSANO,GOLDBERG+ (BNL÷SYRA) 
CAMPBELL  8 9  PRL 2 2  1 2 0 4  J.H.CAMPBELL,LICHTMAN,LOEFFLER~+ } P U R D U E )  
CRENNEL/ 69 PRL 22 1398 +KARSHON,KWAN WU LAI~+ [8NL÷NYU) 
J U H A L A  69  PR 1 8 4  1 ~ 6 1  + L E A C O C K , R H O D E , K O P E L M A N , L I B B Y , +  { I S U ÷ C O L O I  

RRUSE 6 9  PR 177 1951 KBUSE,LOOS~GOLDWASSER ( ILL INOIS)  
MILLER 6 9  PL 29 B 2 5 5  D.H.MILLER,S.L.KRAMER~D.D.CARMONY,÷(PURBUE) 

A L S O  69 PR 1 8 8  2 O i l  YEN,AMNANN~CARMONY~ELSNER,÷ ( P U R D U E }  

SCHBOEDE 69  PR 1 8 8  2 0 8 1  SCHROEDEB,KERNAN,FISHEB,LIBBY~÷ (ISU+COLO) 

ABOLINS 70 PRL 25 4 6 9  +GRAVEN,NCCARTHV,G.SMITH,L.SMITH$ (LRL÷UCD) 
AMMAR 70 PE D 2 4BO ÷KROPAC,DAVIS~DERRICK+ (KANS~NWES+ANL+WISC) 
C(~PER 70 NP B 23 6 0 5  +HANNER,MUSGRAVE~POLLARD,VOYVODIC (ANt l  
Y I O U  7 0  T H E S I S ,  A 6 ~ 6  T C H I U - P U N G  Y I D U  ( O R S A Y I  

ANDERSON 7~ PRL 2 6  LOB +BlXlT~÷ (CHIC÷ANL+CARL+LASL~CNRC+NAGOYA) 
BARDAOIN 71 PR D4 2711 BAROADIN-DTNINOWSKA,HBFMDKL,MICHEJDA+(WARS) 

BINNIE 72 PL 39 B 275 +EAM[LLERI~DUANE,GARBUTT,BURTON÷(LOIC÷SHMP) 
CHESHIRE 72 PBL 28 520 ÷HOFFMAN~GARFINKEL,+ (IOWA+ANL÷PURO) 
DEFOIX 72  NP B 4 4  1 2 5  ~NASCIMENTO,BIZZARRI,÷ (CDEF+CERN) 
DUBOC 72  NP B 4 6  4 2 9  ÷GOLDBERG,MAKDWSKI,OONALD,* (LPNP÷LIVP) 
HOLLOWAY 72 PHIL,CDNF.PRGCoIB3÷HULD,KOETZ,KRUSE,BERNSTEIN,÷ ( ILL+ILLC)  

ATHERTON 73 PL ~3 B 249 +FRANEK,FRENCH, GHIDINI,HILPERT,+ ( C E R N )  
CCNFORTD 73 AIX CONF.  BUTTERWDRTH RAPPORTEUR T A L K  C l - I 9 5 ~ F I G . B 9  

BINNIE 7 ~  PRL 32 3 9 2  ÷CAMILLERI,CARR,DEBENHAM*~ (LOIC÷SHMP) 
KALBFLEI 7~ NP B 6 7  279 KALBFLEISCH, VANOERBURG,÷ (ENL+RUTD÷IND) 
MORGAN 74 PC 51B 71 D.MORGAN (RHEL) 

BUTTRAM 7 5  PRL 3 5  gTO ÷CRAWLEY,DUKE*LAMB, LEEPER,PETERSON (ISU) 
MORGAN 75 ARGONNE CONF. A5 D.MORGAN (RHEL) 
WELLS 75 NP B 101 333 +RAOOJICIC,ROSCOE,LYONS (OXFI 

GAY 76 PL 63 B 220 +CHALOUPKA,BLOKZIJL.HEINEN+ICERN~AMST+NIJM) JP 
FLATTE 76  PL 63 B 224 S.M.FLATTE (CERN} 

GRASSLEB 7 7  NP B 121 189 ÷ (AACH+BERL+BONN+CERN+CRAC*HEID+WARS) 
IRVING 77 PL 70 B 217 A.C.IRVING (LIVERPOOL1 
MAY 7 7  PR D 16  1 9 8 3  ÷ABRAMSON,ANDREWS,BUSNELLO,+ (ROCH+CORN) 
MINNAERT 77 PREPBINT MINNAERT (BORDEAUX( d 
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Data Card Listings 
For notation, see key at front of  Listings. 

js . (98o) l ................... UNDEk THIS ENTRY kE LIST PARAMETERS OF THE POLE IN THE 
ISOSCALAR S WAVE. EOR A MINI-REVIEW SEE UNBER EPSILON. 
POSSIBLE EVIDENCE OF D-WAVE P) P( INTERACTIONS IN THIS 
REGION IS LISTED SEPARATELY UMBER ETA N([OEO). 

FOR EARLY WORK USING BREIT-WIGNER OR SCATTERING 
LENGTH PARAMETRIZATION IN FITS IO THE K KBAR MASS 
SPECTRUM, SEE REFERENCE EECTICN AND OUR 1972 EDITION. 

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

3 REAL PABT OF THE S~ POLE POSITION (MEV) 

M R I997 . )  ( 6 , )  PROTOPDPE 7 3  HBC PI+ P 12117* 
M 9 8 7 .  7.  BINNIE 73 C N T R  PI -  R,S* N 12177~ 
M (997. )  ESTABRDOK 7 3  ASPK 17 PI-P,PI÷PI--N 18/75 
M R ( I 012 . )  ( 6 . )  BRAYER 7 3  ASPK 17 PI--P,PI÷PI-N 1 2 1 7 7 #  
M R 11007.) (20 . )  HYAMS 73 ASPK 0 17 PI -P,N P I÷P I -  12177~ 
M NAC (986°)  ( 5 . )  FUJI( 78 RVUE 17 P I -R ,P I÷P I -N  12/75 
M 986. I 0 .  AGUILAR 77 HBC .7  PBAR P,  KS KS 12/77~ 
M 969.0 5.0 L E E P E R  7 7  ASPK 2 -2 .4  PI-P 1 2 / l l ~  

M . . . . . . . . .  
M AVG 976*5 6.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6) 
M STUDENT 176.9 5.1 AVERAGE USING STUDENTIO(H/I . I I )  - -  SEE MAIN TEXT 

M A FROM SINGLE CHANNEL FIT TO HYAMS 73 DATA. 
M C WITH A SIMULTANEOUS FIT TO THE P( P( PHASE-SHIFTS, 
M C INELASTICITY AND TO THE KS KS INVARIANT MASS. 
M N B FRCM COUPLED CHANNEL FIT TO HYAMS T3 AND PROTOPOPESCU 78 DATA, 
M INCLUDED IN AGUILAR 77 FIT 

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

3 NEGATIVE IMAG. PART OF THE S *  POLE POSITION (MEV) 
COREESPONDS TO HALF-WIDTH, NOT FULL WIDTH. 

W R (27.1 ( 8 . )  PROTOPOPE 73 HBC 7 .  PI+ P 12/77"  
W 24. 7 .  BINNIE 73 CNTR P I -  P,S* N 12177. 
W 1 5 . l  ESTABRODK 7 3  ASPK I 7  PI -P ,P I÷P I -N  12/75 
W R (16 . )  ( 5 . )  GRAYER 7 3  ASPK 17 P I -P ,P I+P I -N  12177* 
w R ( 1 5 . 1  ) 5 . )  HYAMS 7 3  ASPB O 1 7  P I - P , N  P I ÷ P I -  1 2 1 7 7 *  

W A (19o) ( 3 . )  FUJI I  71 RVUE 17 P I -P tP I÷P I -N  12/75 
W A FROM SINGLE CHANNEL LIT TO MYAMS 73 I2177* 
W N C 50. 40. AGUILAR 7 7  HBC .7 PBAR P,  KS KS I 2 / 7 7 -  
W L5,0 4.0 LEEPEB 77 ASPK 2 -2 .4  PI -P 12177# 
W . . . . . . . . .  
W AVG 17.5 3 .@ AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 1 )  
w STUDENT 17.4 3.9 AVERAGE USING STUOENTIO(H/I.I1) - -  SEE MAIN TEXT 

W A FROM SINGLE CHANNEL FIT TO HYAMS 73 DATA. 
W C WITH A SIMULTANEOUS FIT TO THE PI PI PHASE-SHIFTS, 
W C INELASTICITY AND TO THE KS KS INVARIANT MASS. 
W N FROM COUPLED CHANNEL FIT TO HYAMS TB AND PROTOPOPESCU 73 DATA. 
W R INCLUDED IN AGUILAR 77 FIT 

3 S~(980) PARTIAL DECAY MODES 

DECAY MASSES 
PI S=(9BO) INTO K KBAR 497÷ 497 
P2 S*(980) I N T B  El PI I89÷ I3g 

R E F E R E N C E S  FDR S *  

WANG 61 JETP 15 323 

B [ G I  6 2  CERN CONF 2 4 7  
BINGHAM 62 CERN CONF 240 
EBWIN 62  PBL g 3 4  

BALTAY 64 DUBNA CONF I &09 
BARMIN 64 DUBNA CONF 1 AB5 

CRENNELL 66 PRL [5  1025 
HESS 6 6  PRL [7  (lOB 

BARLOW 6T NC 50A 701 
BEUSDH 6 7  PL 2 5  B 3 5 7  
DAHL 6 7  PR 163 1 3 7 7  

WANG TSU-TSENG,VEKSLER,VBANA,÷ IJ INR} 

A BIGI ,S BRANDT, R CARRARA ÷ (CERN) 
H H BINGHAM,M BLOCH ÷ (EPOL÷CERN) 
ERWIN,HOYER,MARCH,WALKER~WANGLER (WISC÷BNLI 

BALFAY,LACH,CRENNELL,OREN, STUMP ÷(YALE÷BNL) 
BARMIN,DOLGOLENKO,YEROFEEVtKRESTNI÷ CITER) 

CRENNELL,KALBFLE)SCH,LAI,SCARE,SCHU~ (BNL) 
÷DAHL+HARDY÷KIRZ÷MIELER (LRLI 

+LILLESTOL÷MONTANET~ (CERN÷CDEF÷IRAD÷LIVP) 

+FISCHER,GOBBItASTBURY÷ (ETHZ÷CERN) 
+HARDY÷HESS÷KIRZ÷MILLER (LRLI 

ALITTI 
LAI 
PHELAN 

ALSO BB PBL 2 I  3 1 6  

AGUILAR- 69 PL 29 B 2AT 
ALSO 67 BARLGW 
A L S O  6 9  NP B 1 4  1 9 5  

HOANG 6 9  NC 8 1 A  325 
HOANG 6 9  PR 184 1 3 6 3  

BADIER 70 NP B 22 512 
BATON 7 0  PL 33 B 8 2 8  
BEUSCH 70 PHILA.CENF.P.188 
HYAHS 70 PHILA.DONF.P.4[ 

ALSO 70 NP B 22 189 
OH 70  PR D I 2 4 9 4  

A L S T O N - G  7 I  PL 3 6  B 1 5 2  

BASDEVAN 72 PL 941ABiI78 BASDEVANT,FRDGGATT, PETERSEN (CERN} 
DAMERI 72 NC +BORZATTA ,GOUSSU,+  IGENO÷MILA÷SACL) 
DUBOC 72 NP B 46 429 ÷GOLDBERG,MAKOWSKhDONALD,÷ ( L P N P ÷ L I V P I  
ELATTE 72 PL 38 B 232 ÷ALSTON-GARNJOST,EARBARD-GALTIERI,÷ ILBL) 
GRAYER 72 PHIL.CONF,PROC. 5 +HYAMS,JONES,SCHLEIN,BLUM,DIETL+(CERN÷MPIM) 
WILLIAMS 72 PR D 6 3178 P.K.WICLIAMS (FSU) 

BINNIE 73 PRL 31 1834 ÷CARR,DEBENHAM,DUANE,GARBUTT,÷ (LDIC+SHMP) 
DIAMOND 73 PR D T I977 ÷B]NKLEY,+ (WISC$DUKE÷COLO÷TNTO÷OHIO) 
ESTABROO 73 TAtLAHASSEE ESTABRODKS,MARFIN,GRAYER,HYAMS~ (CERN+MPIM) 
FUJI( T3 NC [B A 311 Y.FUJII,M.KATD (TOKYO) 
GRAYER T3 TALLAHASSEE +HYAMS,JONES,BLUM,DIETL,KOCH* (CEBN+MPIMI 
HYAMS 73 NP B 6~ 134 ÷JONES,WEILHAMMER~BLUMeDIETI,÷ (CERN÷MPIM) 
OCHS 73 THESIS W.OCHS (MPIM) 
PRCTOPDP 73 PR D T 1 2 8 0  PROTOPOPESCU,GARNJOST,GALTIERI,FLATTE÷(LBL) 

6 8  PPL 2 1  1 7 0 5  ÷ B A R N E S , C R E N N E L L , F L A M I N I O , G B L D B E R G , ÷  ( 6 N L )  

6 8  P H I L A D . C O N F o P * 3 O 3  KWAN WU L A I  ( G N L )  
6 8  T H E S I S  JAMES J .  PHELAN ( A N L * S T . L O U I S  U N I V )  

HDANDtEARTLYtPHELAN,ROBERTS÷(ANL+CHIC÷NDAM) 

MoAGUILAR-BEN)TEZ,J.BARLOW,÷ (CERN÷CDEF) 

M.AGUILAR-BENITEZ,J.BARLOW,÷ (CERN*CDEF) 
T.F.HOANG (ANL) 
÷EARTLY,PHELAN,ROBERTS,÷ (ANt÷ILLC) 

+BCNNET,DREVILLON,BAUBILLIER,÷ (EPOL*IPNP) 
*LAURENS,REIGNIER (SACLAYI 
W,EEUSCH (ETHZ*CERN) 
+KOCH, BEUSCH,÷ (CERN+MPIM+ETHZ+LEIC*HAWA) 
HYAMS,KDDH,POTTER,VON LINDERN,+ (CERN*MPIM) 
+GARFINKEL,MORSE,WALKER,pRENTICE(WISC+TNTO) 

ALSTON-GARNJGST,BARBARD-GALTIER),+ (LEE] 
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For notation, see key at front of  tistings. 

GRAYER 74 NP B 75 189  +HYAMS,JONES,BLUM.OIETL,KOCH+ (CERN+MPI~) 
GRAYFR 7g NP B 7b 375 +~YAMS,JONES,BLUM,D IETL  (CERN+MPlM) 
MORGAN 74 PL 51B 71 D.MOKGAN (RHEL}  

FUJI I  75 NP 885 179 Y.FUJII,M.FUKUGITA (TOKY) 
MCFGAN 75 AFGCNNB CONF. 45  D ,  MORGAN (RHEL I  
PANL I [3K I  75 PR 012 631  ÷AYRES,OIEBOLO,GREENE,KRAMFR,WICKtUND (AN t )  

gRANDEE 76 NP B 104 z. 13  +CARNEGIE,CASHMCRE,DAVIER,LASINSKI,~ ISLACI 
BUTTRAM 76 PR D t 3  1153 +CRAWLEY,[3UKE,LAMB,LEEPEN,PETERSON [ISU) 
CERRAOA 76 PL 62 B 353  +G[3NZALFZ-ARR[3Y0,RUBIO,YNDURAIN (CERN+MADR) 
FLATTE 76 PL 63 B 228  S.M.FLATTF ([3ERN} 
WILKINS 76 PR [3 13 1831 *ALBRIGHT,S+V HAGOPIAN,LANNUTTI (FSU) 

AGUILAR 77 PREPRINT  +CERRADA,+ ( M ADR I D+B[3MBAY+CE~N÷PARI S ) 
FRCGATT 77 NP B 129 89 +PETERSEN IGLASGOW+COPENHAGEN) 
LEEPER 77 RE D 16 2(]54 +BUTTRAM,CRAWLEY,DUKE,LAMB,PETERSON (ISU) 
MARTIN 77 NP B 121 514 +OZ~UTLO,SQUIRES (DURHAM) 
PAWLICKI 77 PR [3 15 3196 +AYRES,EOHEN,DIEBOLD,KPAMER,WICKLUN~ (ANLI I  J 

IH(99o)] . . . . . . . . . . . . . . . . . .  

THE EVIDENCE OF BENSON 66  HAS DISAPPEARED AFTER 
RE-ANALYSIS ICHAUDHARY 70 } .  NO SIGNIFICANT 
OTHER EVIDENCE HAS BEEN PUBLISHED. 
OMITTED FROM TABLE. 

REFERENCES FOR H 

BARTSCH 04 PL 11 167 AACHEN-ZEUTHEN-BIRM-BONN-HAMB~MUNOHEN G[3LL 
O£LDHAGE 05 ([BRAL GABLES P.T6 G. GOLDHABER {LRL) 
BENSON 66 RRL 17 1234 +MARQUIT,ROE,SINCLAIR,VANDEB VERDE (MI[3HIIJP 
[30HN 67 NP BI 57 +ME CULLOCH,BUGG,GONDO [ORNL+UNIV.TENN) 
ROSENFEL 67  RMP 39 I ,APPENDIX  ROSENFELO,BARBARO~GALTIERI+(LRL+CERN+YALE} 
ARMENISE 68 PL 26B 336 +GHI[3IN1.FOBINO+ (BARI+BGNA+FIRZ+ORSAY} 
BARBARO- 68 PNILAD.CONF.P.137 A,BARBARO-GALTIERI,P.SODING (LRLI 
FUNG 68 PRL 21 47 +JACKSON+PU+BRCWN+GIDAL (U.C.RIVERS+LRt) 
GCL[3HABE 69 LUND CONE.P.(71 G.GOLOHABER QUOTED BY B,MAGLIC (IRK] 
CHAUDHAR 70 PR D 2 2110 B.CHAUOHARY,E.MARQUIT (MINNES[3TA) 
GORDON 70 [300 1195  179 THESIS , I LL INOIS  I I LL )  
MICHAEL 72 PRL 28 I475 W.MICHAEL,G.GI[BAL {LOt]  

I ( o o)1 4 RB . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 PHI  MASS (MEVI  

M WE ONLY AVERAGE MASS AND WIDTH VALUES WHEN THE 
M SYSTEMATIC ERRORS HAVE BEEN EVALUATED. 

M S 1811019.0) 12.0J SCHLEIN 63  HBC B.O K- p .12175 
M S 20(1018.6)  TO.B) MILLER D 65 HOD 0.0 PBAR R 12/75 
M s 4 [ ( 1020 .0 )  12 .0 )  LONDON 6 6  HOE 2 .2  K-P  12 /75  

ABRAMS 67 HBC 4.2 K -  P 12/75 M S 4611021 .5 )  TO.B} 
M S 1511019 .1  13.) BARLOW 67  HBC t .B  PBAR R [ 2 / 75  
M s 32(1021.0) 14.B) OAHL 67 HBC 1 -4  P I -  P 1 2 / T 5  
M 165 1022. 1.5 MOSTEK 68 DSPK 1.8 GAMMA + C 6 / 6 8  
M 136 IOIB.  0.5 HYAM5 70 OSPK 11. P I -  P 12/77" 
M A I07 (1021 .0 }  ([.5) ALVENSLE 71 OSPK GAMMA+C 12/77.  

D 70 1019.9 0.7 DIBIANCA 71 DOC 4.93 K -  N 12/75 
M 410(1019.9}  ( 0 . 3 )  STOTTLEMY 71 HBC B.9 K-P,Y K KBAF 11 /71  
M D 120 I 0 1 9 . 6  0.5 AGUILAR 72 HBC 3.9,4.6 K-  P I2175 
M D EO0 1019 .9  0 .5  AGUILAR 72  HBC 3 .9 ,4 .6  K -  P 12 /75  
MM 87 1020.8 0.8 BALAKIN 72 OSPK E+ E-  COLL,BEAMS 12 /72  

131 1020.4 0.5 COLLEY 72 HOC IO .K+  P,K+ P PHI 12/72 
M 100 1020.3 0.4 BALLAM 73 HBC 2.8 - 9.3 G P [ / 74  
M A 500{ 1 0 1 9 . 5 |  ( 0 . 6 )  AYRES 74  ASPK 3-GPI /K-P,  K÷K- 12 /77 "  
M 984 1019.4 0.8 OESCH 74  CNTR 2 GAMMA P,PK+K- 12/75 
M 54  E018 .7  0 .8  B IZZARRI  74  DB[3 0 RBAR N , K e K -  RI .12 /75  
M 71 1018.6 .7  BIZZARRI 74  DEC o PEAR N,KLKS P( 12/75 
M A 17011020.31 10.41 DE GROOT 74  HBC 4.2 K+P.L K+K-  12 /77.  
M 11019.4) (O.3) BUKIN 75 ELEC E+E-  COLL.BEAMS 12 /77 '  
M 454 I 019 .7  0.5 KALBFLEIS T6 NBC 2.18 K--P,K KBAR 7 /77*  
M 800  1018 .9  0 .6  COHEN 77  ASPK 6 PI -  PN,K+K-PN 12 /77~  
M A 90511020.4) (O.3) BALD( 77 CNTR 1o K~P,K-PHI P 12/77~ 
M A 3B311020.01 11.0) BALbl 77  CNTR 10 PI-P.P[-PH1 P 12/77~ 
MM A 250411020.0) (0 .2 )  BAtDI 77 CNTR LO K+P,K~EHI P 12/77~ 

A 7~ I ( [ 022 .0 )  ( 1 . 0 )  BALD( 77 CNTR 10 P P,P PHI P 12/77"  
M A 1300 [ I019 .7 )  (O.2) AKERL[BF 77 SPEC 40O P+A,K+K- 12/77" 

M . . . . . . . . .  
M AVG 1019*68 0.24 AVERAGE (ERR[3~ INCLUDES SCALE FACTOR OF 1.51 
M STUDENTI019.68 0.21 AVERAGE USING STUDENTIOIH/I. I1) - -  SEE MAIN TEXT 

(SEE IDEOGRAM BELOW ) 

WEIbHTEO qUERAbE  = 1019 .62  ± 0 .24  

" ERRDR SCALED BY  ~ .S  

CH IBQ 

. . . . . . . . .  COHEN 77  ASPK 1 .4  

. . . . . . . .  KALBFLETS  76  HBC 0 .0  

. . . . . . . . .  BTZZARRI  ?4  DBC 2 .1  

. . . . . . . .  B IZZARRT ?4  DOC 1 .3  

. . . . . . . .  BESCH ?4  CNTR 0 .1  

. . . . . . . .  8ALLAM 73  HBC 2 .9  

. . . . . . . .  COLLEY ?2 HBC 2 .S  

,BALAKTN ?2  OSPK 2 .2  

. . . . . . .  ~bU ILAR 72  HBC 0 .3  

. . . . . . .  AGUILAR ?2  HBC 0 .0  

. . . . . . .  OTBZANCA ?1  OBC 0 ,2  

~ ' '  . . . .  HYAMS 70  OSPK 10 . ,  

• " ' (CONLEU 
1016  101B 1020  1022  1024  1026  =0 .011 )  

PHT  MASS [MEU) 

Mesons 
S*(980), H(990), ¢(1020) 

M A SYSIEMATI[3 ERRORS NOT EVALUATED. 
M S INSIGNIFICANT OATA WITH SMALL STATISTICS NO LONGER AVERAGED 
M 0 MASS ERRORS ENLARGED BY US TO WIOTHISQRTINI,SEE K* TYPED NOTE 

@ Phi VIDTH IMEV} 

W WE ONLY AVERAGE MASS AND WIDTH VALUES WHEN THE 
W SYSTEMATIC ERQRRS HAVE BEEN FVALUATEO. 

W S 20 13.5) 11.0) MILLER D 65 HBC 0.0 PEAR P .12175 
W S 41 1 6 , 0 1  16.01 LOND[BN 6 6  HBC 2.2 K-P 12/75 

S 46 (1 .8 )  (3.0) ( 1 . 5 )  ABRAMS 67 HBC 4.2 K- P 12/75 
165 (4.51 13.01 12.0) MOSTEK 68 [BSPK 1.8 GAMMA + C 6/68 

W 150 4.2 0.9 AUGUSTIN 69  OSPK E+ E- COtE.BEAMS.t2/72 
W 4.09 0.29 BIZOT TO CSPK E+ E- COLt. BEAMS 12/72 
W 136 3 .3  1.5 HYAMS 70 [3SPK 1 1 .  P I -  P 6170 
W 0 87 4.67 2.02 BALAKIN 710SPK E+ E- COLt.BEAM 12/75 
W O 70 5.5 2.6 DIBIANCA 71 DEC 4.93 K- N 12/75 

l IO  (4 .5 )  ( 3 .O l  ( 4 . 0 }  STQTTLEMY 71NBC 2 .9  K -P ,Y  K KBAR 11171 
w D 120 4 , 6  1.7 AGUILAR 72 HB[3 3 .9 )4 .6  K- P 12/75 
N D tO0 4 .7  1 .9  AGUILAO 72 HBC 3 .9 ,4 .6  K -  P 12 /75  
W D 1 3 l  5 .0  1 .8  COLLEY 72 HBC tO .K+  P ,K+  p PHI [ 2 / 75  
W D 456  3 .8  [3.7 BORENSTE1 72 HBC 2 .18  K-P.K KBAR 7177" 
W D iO0 3 .8  1 .5  BALLAM 73  NBC 2 .8  - 9 . 3  G P 12175 

AO 500  14 .5 )  ( 0 .OJ  AYRES 74  ASPK 3-&PIIK-P,K+K- I5175  
[3 q84 4 .4  0.6 8ESCH T4 [BNTE 2 GAMMA P,PK+K~ 12/75 

g S 54 (6.81 (3 .1 )  ( 2 . 5 )  BTZZARRI 74 DEC 0 PEAR N.K+K- Pl 12/75 
g S 71 (4 .1 }  13.81 13.61 BIZZAPRI 74 DB[3 0 PBAg N,KLKS Pl 12/75 
W 3.81 [3.37 COSME Z 74 CSPK E+E- COLL.BEAMS 2/74 
W AD 170 (4.21 (1 .3 )  DE GROOT 74 HB[3 4.2 K-P,L K+K-- 12175 
w a 1300 4 .5  0 .42  AKERLOOF 77  SPEC 400  P+A ,K+K-  12177*  
W . . . . . . . . .  
w AVO 4.13 0.17 AVERAGE (ERROR INCLUDES £CALE FACTOR OF 1 . 0 )  
w STUDENT 4 . 1 3  0 .19  AVERAGE USING STUOENTIOIHII.11) - -  SEE MAIN IEX I  

w A SYSTEMATIC ERRORS N[BT EVALUATED. 
W S INSIGNIFICANT [BATA WITH SMALL STATISTICS N[3 LONGER AVERAGE[3 
W D WIDTH ERRORS ENLARGED BY US f[3 4=WIDTNISQRTIN), SEE K* TYPED NOTE 

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

DECAY MASSES 
P l  RHI  1NTO K+ K -  493+  493  
R2 PHI  INTO KL KS 497+ 497  
P3 PHI INTO P[+ P I -  PIO (INCLUDING RHO PI)  [39+ 139+ 134  

548+  o P4 PHI  INTO ETA GAMMA 
PB PH1 INTO E ~  E -  . 5+  .5 
PO PHI INTO MO* MU-- I05+ 105 
P1 PMI INTO RIO GAMMA 134 .  0 
PB PHI INTO PI÷ P l -  (VIOLATES G) 139¢ IB9  
P 9  PHI INTO PIePI-OAMMA 109~ 109 .  0 
PlO PNl INTO OMEGA GAMMA (V IOLATES C) 783+ o 

P11 PHI INTO ETA PIG IVIOLATES C( B4B÷ 134 
P12 PHl INTO RHO GAMMA (VI[BLATES C) 776+ 0 
PI3 PHI INTO ETA NEUTRALS 
P I4  PHI  INTO 5P l  139+ 139*  139+ 139÷  

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

F I T T E D  P A R T I A L  D E C A Y  M O D E  B I L 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  b e l o w  i s  d e r i v e d  f r o n l  t h e  e r r o r  n l 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  n ,  ode  

b r a n c h i n g  f r a c t i o n s .  P , a s  f o t t o w s :  T h e  d i a g o n a l  e l e m e n t s  a r e  ia ± S P  , ~ h e r e  

6P .  = % ~  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 a e d  c o r r e l a t l o n  c o e ( f l -  

c i en t s  {OPiOP j } /(6P i • 6Pj). For the definitions of the individual Pi' see the listings 

above; ordg those Pi appe&eing in the nlatrix are assumed in the fit to be nonzero and 

are thus (onstralned to a d d  to I .  

P 1 P 2 P 3 P 4 
P [ , 4 8 5 6 + - , 0 1 1 6  

P 2 - . 8019  .3514+-.0123 
P 3 -.2146 -.3846 .1469+-.0072 
P 4 -. 0999 --,0842 -,0010 ,0161+-.0022 

4 PHI BRAN[3HING RATIOS  

KI  PH i  INTO (K+  K - ) / IK  KBAR + P I+  P l -  P IO }  (P I } / (P I+P2+PB I  
RI  B 2T  ( 0 o 2 6 1  ( 0 . O 6 )  BADIER 6 ~  HBC 1 0 / 6 6  
R1 252 0.48 0.04 LIN[3SEY 66 HBC 2.7 K-P 10/66 

BALAKIN 71 OSPK E+ E- ROLL.BEAM 1 [ / 7 I  R t  [3 .540  0 .054  
R1 0.486 0.044 OHATELUS 710SPK E+ E- COOLL.BEAMS 1[171 
R[  270  0 .49  0 .06  DE GROOT 74  HBG 4 .2  K -P ,L  PHI  L217B 
R I  321 0 .45  0 . [35  KALOFLEIS  T6 HBC B .18  K-R 7 /77 *  
R t  . . . . . . . . .  
R1 AVG 0.497 0.019 AVERAGE (ERROR INCLUDES SCALE FACTOR OF i .O )  
R[ STUDENT 0.496 0.022 AVERAGE USING STUDENTIO(H/I . [ I )  - -  SEE MAIN TEXT 
R1 FIT 0.494 O.O|~ FROOM FIT IERROR INCLUDES SCALE FACTOR [3F [ .E l  

R2 PHI INT[3 {KL KS I I (K  KBAR + Pl+ P I -  RIOI {PB)I(PI+P2+P3) 
E2 B 25 (O.2BI (O.CGI BADIER 65 HBC 10166 
R2 167 O.~O O lD4  L INDSEY 6G HBO 2 .7  K IP  [ 0 / 66  
R2 0.257 O. OBB BACAKIN 71 OSPK E* E- [30LL.BEAMS. 1/73 
R2 133 O.gT 0.03 KALBFLEIS 78 HBO 2.18 K-P 7177" 
R2 A 270 {0.ST} (0.O5) bE GROOT 76 HBC 4 ,2  K-P,L PHI t 2 /77*  
R2 A SUPERSEDED BY LOSTY 77 UNDER RID. 
R2 . . . . . . . . .  
R2 AVG 0.300 0.042 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.1)  
R2 STUDENT 0.290 0.026 AVERAGE USING STUOENT10(H/E.11) - -  SEE MAIN TEXT 
R2 FIT 0.357 0.012 FROM FIT (ERROR INCLUDES SCALE FACTOR [BF 1.5) 

R3 PHI INTO (P I *  Pl-- RIO (INEL.RHO P I ) ) IEOIAL  (PB) 
R3 E 0.139 0.007 RARROUR2 76 OSPK E+E- CDLL.BEAMS 7/77*  
R3 E USING T[3TAL WIDTH 4 .1MEV.  THE 5 P( MOOE IS MORE IHAN 80 PER CENT 
R3 E RHO Pl AT THE 90 PER CENT C.L.  
R3 . . . . . . . . .  
R3 FIT 0.1469 O.OOT2 FRQM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2) 

R5 PMI INTO (KL KS) I IK  KEAR) (PZ) / (PI+P2)  
RB IO 0.40 0 . i 0  S[3HLEIN 68 HBC B.O K-P 10/66 
R5 52 0.48 0.07 BADIER 65 HBC 3.0 K -P  11/67 

0.44 0.07 LONDON 66  HB[3 2.2 K-P .10 /66 RB 
R5 . . . . . . . . .  
R5 AVG 0.448 0.044 AVERAGE (ERROR [NCLUOES SCALE FACTOR OF 1.0}  
R5 STUDENT O.448 0.048 AVERAGE USING STUDENTlOIH/1.111 - -  SEE MAIN TEXT 
R5 FIT 0.420 0.014 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.5) 



Mesons 
¢(1020), M(1033-1040) 

R6 PHI INTO [PI÷ El -  PIO 
R6 O.SO 0.15 
R6 0 .237  0.039 
R6 . . . . . . . . .  
R6 AVO 0.241 0.038 
R6 STUDENT 0 .24 I  0.041 
R6 FIT 0.175 O.DLO 

RT PHI INTO (PI+ P I -  PIO 
R7 (0.3}  OR LESS 
R7 0 .~7  0 .06  
R7 . . . . . . . . .  
R7 FIT O.4IB 0.029 

R8 PHI INTO (PI+ P I - ) / IK  
R8 (0.2( OR LESS 

R9 PHI INTO (E+ E-)/(K+ K-) (UNITS lO**-~l (P5]/ [PL) 
R9 (SEE ALSO R16) 
R9 40 6.L 1.7 8ECKER 6B CNTR GAMMA C 

RIO PHI INTO {MU+ MU-)/TOTAL (UNITS lO*W~4) (Fg( 
RLO 3.5 3 .5  1.8 WEHMANN 68 OSPK 12 K- C 
RIO 2.34 l .O l  MOY 6g CNTR PHOTOPRODo 
RLO 2.17 0.60 EARLES 70 CNTR 6.0 BREMSSFR. 
RIO 2.69 O.46 HAYES 71CNTR PHOTOPRODo 

(INCL.RHO P I ) ) / (K  KBAR) (P3)IIPI+P2] 
LONDON 66 HOE 2.2 K-P 10 /66  
CERRADA 77 HBC ~ .2  K-P,LAM 3PI  L2 /77 "  

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
AVERAGE USING STUOENTIO(H/t.115 - -  SEE MAIN TEXT 

FROM FIT [ERROR INCLUDES SCALE FACTOR OF 1.25 

(I~W]L.RHO P I } ) / IKL  KS) IP3II(P2) 
BERLEY 65 HOE 2.9 Pl+P 10/66 
COSME 1 74 OSPK E+E- COLL.BEAMS 2174 

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.35 

RBAR) (SEE ALSO RIB I  (P8 I / IP I+P2 )  
LONDON 66 HBC 2.2 K-P 10/66 

6 /68  
11/70 
i i / 70  

.11/71 
RIO . . . . . . . . .  
RIO AVG 2.50 0.34 AVERAGE [ERROR INCLUDES SCALE FACTOR OF l.O] 
RIO STUDENT 2.50 0 .37  AVERAGE USING STUOENFIO(H/1.11) - -  SEE MAIN TEXT 

Rl l  PHI INTO [ETA GAMMA)/TOTAL (P~} 
R I I  27 0.073 D.019 BASILE 72 CNTR 1o8 PI -  P 12/72 
R I IA  25 0 .026  0.007 BENAKSAS 72 OSPK E+E- CULL.BEAMS . 2 / 73  
R I IA  5A 0°015  D°O04 CDSME 76 OSPK E+E- COLL.BEAMS 12 /75  
RIIA FROM 2 GAMMA DECAY MODE OF ETA 7/77* 
RIIB (O.024)OR LESS CL=0.95 COSME 76 OSPK E+E- CULL.BEAMS 7 /77 *  
RI1B FROM PI+PI-PIO DECAY MODE OF ETA 7177 "  
RLI 0.0135 O.D02g ANDREWS 77 CNTR 6.7-10 GAMMA CU 12/77, 
R I I  
RI I  AVG 0 .01B0  0 .0026  AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.25 
RI I  STUDENT 0.0156 0.0025 AVERAGE USING SIUDENTIOIHII. I I)  - -  SEE MAIN TEXT 
RI I  FIT D.OI61 0.0022 FROM FIT [ERROR INCLUDES SCALE FACTOR OF I .O I  

RI2 
RI2 
RI2 
R12 

RIB 
RIB 

R14 
R I4  

R I5  
R I5  

R I6  
R I6  
R I 6  A 
RI6  A 
R16 
R I6  
R16 
RL6 
R16 
R16 E 
RI6  E 
R16 E 
R16 E 

PHI INTO (PI+ P I -  OAMMA)ITOTAC 
10.045 OR LESS LINDSEY 
(O.ODT)OR LESS CL=.90 COSME L 

( .06) OR LESS CL=.go  KALBFLEI 

PHI INTO (ETA NEUTRALS)/(K KBAR) 
(0.15] OR LESS LINDSEY 

PHI INTO (OMEGA GAMMA) / TOTAL 
(0.05) OR LESS LINDSEY 

PHI INTO (RHO GAMMA( / TOTAL 
10.025 OR LESS LINDSEY 

(Pg) 
35 HBC 2.7 K-P 2/7# 
74 OSPK E÷E- COLL.BEAMS 2/74 
75 HBC 2.2 K- P,GAMMA + 12175 

(PIB)I(PI+P2) 
66 HBC 2 .7  K-P 10/86 

(P IO I  
66 HBC 2 .7  K-P i 0266  

(El2) 
66 HBC 2.7 K-P 10 /68  

PHI INTO (E+ E-)/TOTAL (UNITS I0.*-45 (P5] 
(SEE ALSO Rg) 
5 16 .6 )  (4.4) (2.8) ASTVACATU 68 OSPK ~ P I -  P 6 /68  
ERROR OF ASTVACATUROV 63 DOES NOT INCLUDE SIGMA[PHI) UNCERTAINTY. 6/$8 

27 (7 ,2 )  (3 .91  BINNIE 6B OSPK 1.6 El-  P . 6 / 68  
9 (6.1( {2.6)  BOLLINI 68 CNTR 1.9 P I -  P 9/68 

2 .81  0.25 BALAKIN 71 OSPK E÷ E- COLL.BEANS 11171 
3.50 0 .27  CHATELUS 71 OSPK E+ E- COLL.BEAMS i i171 

3.3 0.3 COSME 1 74 OSPK E+ E- CULL.BEAMS 2/7~ 
3.10 0.14 PARROUR1 76 DSPK E+ E-  CULL.BEAMS 7/77. 

USING TOTAL WIDTH 4.2 MEV. THEY DETECT 3 PI MODE AND OBSERVE 
SIGNIFICANT INTERFERENCE WITH OMEGA TAIL. THIS IS ACCOUNTED FOR 
IN THE RESULT QUOTED ABOVE 

R16 . . . . . . . . .  
RIg AVG 3 .13  0 .12  AVERAGE (ERROR INCLUOES SCALE FACTOR OF l . l )  
R16 STUDENT 3.13 O. I2 AVERAGE USING STUDENTEO(H/1.1I) - -  SEE MAIN TEXT 

R I7  PHI INTO (PIO GAMMAI/(TOTAL) (PT) 
RI7 T (0.0025) (0°0012) BENAKSAS 72 OSPK E+E- COLL. BEAMS 2/73 
R17 32 O.OOl6 0 .0005  COSME 76 OSPK E+ E- COLL*BEAMS 12177* 

RIB PHI INTO (PI+ PI-)IITOTAL) [UNITS 10-'1~"4} (P8) 
RIB (SEE ALSO R8) 
RIB )50.) OR LESS CL=.9B BIZOT2 70 OSPK E+ E- CULL.BEAMS l l l l L  
R18 (80.) OR LESS CL=.95  BALAKIN 71 OSPK E+ E- COLL.BEAMS 1171 
RI8 (2.7)  OR LESS CL=.9S ALVENSLE 72 OSPK GAMMA+C 1/72 

RI9  PHI INTO (EL RS)I[K+ K - ]  [P2 ) / IP1 }  
R Ig  1~4 0 .89  O. lO AGUILAR 72 HBC 3 .9 ,4 .6  K- P 12/72 
R19 125 1 .15  0 .15  COLLEY 72 HBC IOoK+ P,K+ P PHI 12/72 
R19 0 .71  0 .05  LAVEN 77 HBC IO K-P,K÷K-LAMBD I2 /TT*  
RI9 O.B2 O.OB LUSTY 77 HOE A .2  K-P,PHI HYP 12 /77 "  
R I9  O .7 I  0 . 08  LYONS 77 HBC 3 -6  K-P~LAMB PHI 12177* 
RI9 . . . . . . . . .  

O.TT4 0.055 AVERAGE (ERRDR INCLUDES SCALE FACTOR OF 1.6) Rig AVG 
RIg STUDENT 0.768 0.042 AVERAGE USING STUDENTIOIHII.II) - -  SEE MAIN TEXT 
RIg FIT 0.724 0.041 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I .B }  

(SEE IDEOGRAM BELOW ) 

gEIgHTED AUERAGE = 0 .774  ± O.OSS 

ERROR SCALED BY 1 .6  

Values above o~ weighted average, 
e r ro r ,  and scale ~actor are for the 
reader' s conven ience  on l y .  The 

t data were actually processed by a 
constrained fit program, which 
calculates its own values of ~, 6x, 

and scale factor, which are differ- 
/ ~  ~ ent f r om  the values shown he re .  CH ISO 

_ ~ .  . . . . . . . . . . . .  LYONS 7? HBC O .G  

. . . . . . . . .  LoSTY  ?? HBC 0 .3  

. - ~ . . . . . . . . .  LAUEN 77 HBC 1 .6  

\ - ~  CDLLEY  72  HBC 6 .3  
% 

-~ - - - - -  ~ I  L A R 72  HBC 1 .3  

iO  . 2  

, ' : (CONLEU 
0 .4  .B 1 .2  1 .6  =0 .037 )  

PH I  INTO IKL  KS) / IK+  K - )  

I08 

Data Card Listings 
For notation, see key at front of  Listings. 

R2O PHI INTO (El+ E l -  PIO(INCL.RHC PI I / (K÷  K-) IP3 I I (P I I  
R20 34 0 .28  0.09 AGUILA~ 72 HgC 3 .9 ,4 .6  K- P 12/72 
R20 . . . . . . . . .  
R2O FIT 0.302 O. OI8 FROM FIT [ERROR INCLUDES SCALE FACTOR OF l .  I I  

R21 PHI INTO )2PI+ 2PI- PIO)/(K÷ K-) IP I4( / (PEI  
R2I (0.02) OR LESS CL=0.95 AGUILAR 72 HBC 3.9 ,4 .6  K- P .12172 

REFERENCES FOR PHI 

BERTANZA 62 P~L 9 180 BERTANZA,BRISSON,CONNOLLY,HART + (BNC÷SYRA) 
GELFAND 63 PRL 11 43B GELFAND,MILLER,NUSSBAUM,KIRSCH÷ (COLU÷RUTG) 

GELFANO 63 DATA INCLUDED IN MILLER bS BELOW 
SCHLEIN 63 PEL TO 36B SCHLEIN,SLATER,SMITH,STORK~TICHO (UCLA) 

BAOIER 6B PL 17 337 BADIER,DEMOULIN, BARLOUTAUO+ (SACL+AMST) 
BERLEY 65 PR 139 B 1097 D BERLEY,N GELFAND (BNL+COLUMBIA) 

A EARBARO GALTIERI,R D TRIPP ILRLI GALTIERI 65 PRL 16 279 
LINDSEY 65 PRL 15 221 JAMES S LINOSEY,GERALD A SMITH (LRL) 

LINDSEY 65 ~ATA INCLUDED IN LINOSEY 66 BELOW 
MILLER 0 65 CU-237(NEVIS 131) DAVID C MILLER (THESISI (COLUMBIA) 

GRAY, L 66 PRC 17 501 
LINOSEY 66 PR l~T 913 
LINDSEYL 66 FL 20 93 

LINDSEY I 66 DATA INCLUDED 
LONDCN 66 PR 1~3 i 034  

ABRAMS 67 MD TECH REP 720 
BARLDW 67 NC 50A TOl 
CHASE 67 PRL 18 71O 
DAHL 67 PR I63  1377 
HERTZBAC 67 PR LS5 1461 
KHACHATO 67 PL B4S 349 

ABRAMS 6B PR 175 1697 
ASTVACAT 68 PL 27 B 45 

ALSO 67 PRL 19 869 
DECKER 68 PRL 21 IBO4 
BINNIE 68 PL 27B 106 
BULLINI 68 NC 56 A 1 lT l  
MUSTEK 68 PRL 20 1057 
WEHMANN 68 PRL 20 768 

AUGUSTIN 69 PL 28 B 517 
MOY 39 THESIS 
SCOTTER 60 NC 62 A 1057 

BIZDT 70 
ALSO 69 

BEZOT2 7O LNC • 1273 
CABLES 70 PRL 25 1312 
HYAMS 70 NP B 22 189 

ALVENSLE 71 PRL 27 44I 
BALAKIN 71 EL 34 B 328 
DISIANCA 71NP B 35 13 
CHATELUS 71 LAL 12471THESIS) 

ALSO 7O BIZOT 
HAYES 71 PR D 4 899 
SFOTTLEM 71 ORO 2504 170 

AGUILAR 72 PR D 6 29 
ALVENSLE 72 FRL 28 66 
BALAKIN 72 PL 40 B 431 
BAS1LE 72 NP B ~4 605 
BENARSAS 72 PL 42 B 5L1 
COLLEY 72 NP B 50 I 
BORENSFE 72 PR D 5 1559 

BALLAM 73 PR D 7 3150 

AYRES 74 PRL 32 1463 
BESCH 74 NP B70 257 
BIZZARRI 74 NC 20A 393 
COSME 1 74 PL 48 B 155 
COSME 2 74 PL 48 B 159 
BE GROOT 7~ NP BT4 77 

BUKIN 7B IYAE 75-64  
KALBFLEI 75 PR DI1 987 

CDSME 76 PL 63 B 352 
PARROUR1 76 PL 63 B 3B7 
PARRUUR2 TB PL 63 B 362 
KALBFLEI 76 PR D 13 22 

ANDREWS 77 PRL 38 198 
AKERLOF 77 PRL 39 861 
BALDI 77 PL 6B B 381 
BARTALUC 77 DESY 77 /B6  
CERRADA 77 NP B 126 24i 
COHEN 77 PRL 38 269 
COURANT 77 PRO 16 1 
EVANGEL 7T NP B 127 38& 
LAVEN 77 NP B 127 43 
LDSTY 77 CERN/EP/PHYS77 

÷HAGERTY,SIZZARRI,CIAPETTI ÷ (SYRA+ROMA(JPO 
JAMES S LINDSEY, GERALD A SMITH (LRL) 
J.S.LINDSEY, G.A.SMITH (LRL) 

IN LINDSEY 66 ABOVE 
LONOON,RAU*SAMIOS,GOLDBERG ÷ (BNL+SYRACUSE) 

GERALD ABRAMS , THESIS [MARYLAND) 
÷LILLESTOL+MDNTANET+ (CERN+CDEF÷IRAO÷LIVP) 
R.C.CHASE~P.ROTHWELL,R.WEINSTEIN (CEA+NEAS) 
÷HARDY+HESS÷KIRZ+MILLER (LRL) 
HEBFZBACHtKRAEMER,MADANSKI,ZDANIS+(JHU+BNL~ 
KHACHATURYAN+AZIMOV÷BALDIN+BELOUSOVt(DUBNA) 

+GLASSER,KEHOE,SECHI-ZORN,WOLSKY )MARYLANDI 
ASTVACATURDV,AZIMOV.BALDIN+ [JINR+MOSCOWI 
ASBURY,BECKER,BERIRAM,TING÷ (DESY+COLUMBIAI 
+BERTRAM,BINKLEY,JOROAN,KNASEL÷ (DESY+MITI 
+DUANE+FARUQI÷HORSEY÷ ILOIC+RHEL) 
÷BUHLSR,DALPIAZ,MASSAM* (CERN~BGNA÷STRB) 
+EISENHANDLER,MCCLELLAN,MISTRY+ (CDRNELL) 
÷ENGELS÷ (HARVARD+CASE+SLAC+CORNELL+MCGILL) 

+BIZOF,BUON,OELCOURT,HAISSINSKI,+ (ORSAY) 
KEN MIN MOV (NORTHEASTERN UNIVERSITY) 
÷ERSKINE,PALER,+ (BIRM+GLAS+LOIC+MPIM+OXF) 

PL 32 4L6 +BUUN,CHATELUS,JEANJEAN,LALANNE,* IORSAI 
FEREZ-Y-JORBA, LIVERFOOL SYMP.69 

+DELCOURT,JEANJEAN,LALANNE,m IORSAY) 
+FAISSLER,GETFNER,LUTZ,MOY,FANG,÷ (NEAS) 
+KOCH,POTTER,V.L[NDERN~LORENZ,LUIJENS(EERN) 

ALVENSLEBEM,BECKER,BUSZA,CHEN,+ (MIT÷DESY) 
*BUDKER,PAKHTUSCVA, SIDOROV,SKRINSKY,÷(NOVO) 
+EINSCHLAG,ENDORF,ENGLER,FISK,+ (CORN( 
Y.CHATELUS (STRASBOURG) 

+IMLAY,JOSEPH~KEIZER,STEIN ICORN) 
A.R.SFOTTLEMYER,FHESIS (MARYLAND} 

AOUILAR-BENITEZ,CHUNG,EISNER,SAMIDS (BNL) 
ALVENSLEBEN,BECKER,BIGGS,BINKLEY*IMIT÷DESY) 
+BOKIN,PAKHTUSOVA,SIDOROV,+ (NOVDSIBIRSKI 
+OALPIAZ,FRABETTI,ZICHICHI+[CERN*BGNA~STRBI 
+COSME,JEAN-MARIE,JULLIAN,LAPLANEHE+IORSAY( 
+JOBES,RIDDIFORD,GRIFFITHS,÷ (BIRM+GLAS) 
BGRENSTEIN,OANBURG,KALBFLEISCH,÷ (BNL*MICH) 

÷OHADWICK~EISENBERG,BINGHAM,+ (SLAC÷LBL) 

+DIEBOLD,OREENE,KRAMER,LEVINE,÷ (ANL) 
+HARTMANN,KOSE,KRAUTSCHNEIDER,PAUL,÷ (BONNI 
+CIAPETTI,DIONISI,DORE,GASPERO÷ IROMA( 
+JEAN--MARIE~JULL[AN,LAPLANCHE,~ (ORSAYI 
+JEAN-MARIE,JULLIAN,LAPLANCHE,+ (ORSAY) 
+HDOGLAND,JONGEJANS,METZGER+ (AMST+NIJM) 

+DERBENEV~KONDRAFENBO~KURDADZE,+ (NOVO} 
KALBFLEISCH~STRANDtCHAPMAN (BNL+MICH) 

+COURAU,OUDELZAK,GRELAUD~JEAN-MARIE÷iORSAY) 
+GRELAUD,COSME,COURAU, DUDELZAK,+ (ORSAY) 
+GRELAUD,COSME,COURAU,DUDELZAK,÷ (ORSAYI 
KALBFLEISEH,STRAND,CHAPMAN {BNL*MICH) 

+FUKUSHIMA,HARVEY,LOBKOWICZ,MAY,~ (ROCH) 
÷ALLEY,BINTINGER,OITZLER,* IFNAL+MICH*PURD) 
÷BOHRINGER,DORSAZ.HUNGERBUHLER,÷ (GENEVA) 
BARTALUCCI,BERTOLUCEI,÷ (DESY+FRAS) 
÷BLOCKZIJL,HEINEN~÷ (AMS/÷CERN÷NIJM*OXF) 

÷AYRES,DIEBOLD, KRAMER,PAWLICKI,WICKLUNO(ANL) 
+MAKDIShMARSHA~,FETERSUN,RUDDICK,÷ (MINN) 
EVANGELISTA,+ IBARI+BONN+CERN+DARE+GLAS*I 
+OTTER,KLEIN,+ (AACH+BERL+EERN÷LOlC+WIEN) 
+HOLMGREN,BLOKZIJL,* (CERN+AMST÷NIJM÷OXE) 

LYONS 77 NP B 125 207 +COOPERtCLARK (OXFI 

IMrlo33-1o4o l oT M, . . . . . . . . . .  
I ~ , I  THE CLAIM FOR A NARROW RESONANCE AT 1033 MEV 

BY OARFINNEL 72 HAS NOT BEEN CONFIRMED BY 
BINNIE T4, GRATER 74, BUTTRAM 7B. OMITTED 
FROM TABLE. 
THE CLAIM FOR AN OMEGA PI RESONANCE AT 1040 
MEV BY DEFOIX 73 HAS NOT SEEN CONFIRMED BY 
DIAZ 74. OMITTED FROM TABLE. 

REFERENCES FOR M)1033-I040) 

GARFINKE 72 PRL 29 1477  GARFINKEL,HOFFMANtJACOBEL,÷ [PURD÷ANL÷IOWA) 
BEFOIX 75 PL 43 B 141 +DOBRZYNSKI,ESPIGAT,NASCIMENFD,+ (CDEFI 
BINNIE T# PRL 32 392 +CAMILLERItCARR.DEBENHAM,+ (LOIC*SHMP} 
DIAZ 74 PRL 32 260 +DIBIANCA,FICKINGEG,ANDERSON~÷ (CASE÷CARN) 
GRAYER 7# NP B T5 IS9 ÷HYAMS,JONES,BLUM,DIETL,KOCH~ (CERN+MPIM) 
BUTTRAM 73 RRL 35 9T0 *CRAWLEY,DUKE,LAMB,LEEPER,PEFERSON (ISU( 
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Data Card Listings 
For notation, see key at front of  Listings. 

3 0  ETA NItOBO,JPG=N +) 1=0 J GREATER THAN i 
I I \ I  

[ ~N~10B0)| . . . . . . . . . . . . . .  S SUG . . . . . . . . . . . . . . . . . . . . . .  
I I GRAYER T4 ,  FKOGGA]T 77 .  OMI ITEO FROM TABLE.  

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

30 ETA N MASS (MEV) 

M 1060.0 [S.O MILLER 68 HBO 4.0 PI- P 9168 
M 70 lC85.O 10.0 WHIIEHEAD 68 ASPR B . [ - 3 . 6  PI-P 10/67 
M IIZO.0 100.0 40.0 OH 69 HBG 7.PI- P.Pl+ D 9/69 
M [ [ [ 2 . 0  16.0 CLAYTON 70 HBC 2.5 PBAR P,6 PI I / T I  
N (lORD.Of DIAZ 70 HBC O. PEAR P, 4 PI 5170 
M 1070.0 20.0 REYNOLDS 70 HBC 2 .26 -2 .36  P [ -  P I / 7 I  
M . . . . . . . . .  
M AVG [083.3 9.8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ . 4 ]  
M STUDENT1083.0 8.3 AVERAGE USING STUDENTIO(H/I . [ I ]  --- SEE MAIN TEXT 

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

30 ETA N WIDTH (MEV) 

W (TO.O/ DR LESS MILLER 68 HBC #.0 P[ -  P 9/68 
W (25 .0 }  OR LESS WHITEHEAO 68 ASPK 3 .1 -3 .6  PI-P ~0167 
W 150 .0  100 .0  40 .0  OH 69  HBC 7 .P I -  P ,P I+  D 9 /69  
W (80.0)  CLAYTON 70 MRC 2.5 PBAR P,4 PI I /T1  

(80 .0)  OIAZ 70 HBC O. PBAR Pe 4 PI 5170 
85 .0  3510  REYNOLDS 70  HBC 2 .26 -2 .36  P l -  P 1 /71  

W . . . . . . . . .  
w AVG 98.0 31.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
W STUDENT 97.7 34. B AVERAGE USING STUDENTIO{HI I . I I I  - -  SEE MAIN TEXT 

MILLER 6B PRL 21 1489 
WHITEHEA 68 NO 53 A 817 

OH 69 PPt 23 B3[ 

CLAYTON 70 NP B 22 85 
OIAZ 70  NP B 16 239 
REYNOLOS 70  NP B 2 1  77  

WHITEHEA 72 NP B 4B 365 

OIAMOND 7B PR D 7 [977 

GRAYER 74 NP B 75 189  

FROGATT 77 NP B 129 B9 

REFERENCES FOR EIA N 

*GUTAY,JOHNSON,KENNEY* (PURDUE*NDAM+SLAC) 
C.WHIIEHEAD + |AERE+SHMP+LOIC) 

÷WALKER,£ARROLL,PIREBAUGH,+ (WISC+INTGI 

+MASONtMUIRHEAD, RIGOPOULOS,+ ILIVP+ATEN) 
+GAVILLET,LABROSSE,MONIANET,+ (CERN+CDEFI 
+ALBRIGHT,BRADLEY,+ IOHIO+FSU+MINN+EOLO} 

WHITEHEAD,AULD,+ (AERE+RHEL+SHMP+LOUCI 

+BINKLEY,+ (WISO+DUKE+COLO÷TNTO+OHIO) 

*HYAMS,JONES,BLUM,OIETL,KOCH+ ICERN+MPIMI 

+ P E T E R S E N  GLASGOW+COPENHAGEN 
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The peak in the (3~) + mass distribution near 

the p~ threshold was discovered by BELLINI 63 in 

very forward ~ scattering on carbon without 

nuclear break-up, thus coherent diffractive QW 

production. 

Until 1977, all the significant observations 

of a pOT+ peak near ii00 MeV were made in the 

reaction X+N ÷ (~n~)±N. At small momentum transfer, 

the diffraction-like mechanism without quantum 

number exchange in the t channel contributes to 

this reaction. The dominant effect is a broad 

JP= 1 + enhancement in the S-wave pw system, its 

maximum intensity occurring at ~Ii00 MeV and its 

width being ~300 MeV (ANTIPOVl 73, KRUSE 74, OTTER 

74, TABAK 74, THOMPSON 74, EMMSI 75, BALTAY 77, 

PERNEGR 77). 

All of these experiments have been partial- 

wave analyzed by the method of ASCOLI 70, TABAK 74, 

CAUTIS 77. Assuming that, for a given momentum 

transfer t, the 3~ vertex is independent of the 

51N vertex, the 3~ system is composed, in the spirit 

of the non-unitary isobar model, of quasi-two-body 

Mesons 
 N(ioso), A (i100) 

~Q and ~ amplitudes. The waves contributing to 

the 3~ final state are (at most) the 0-P, I+S, 

I+D, 2-P, 3+D, l-P, and 2+D Q~ waves and the 0-S, 

l+P, and 2-D En waves. Here g stands for a pole 

in the JP 0 + = ~ system, the location of which is 

not well established [see the review of S-wave ~ 

interactions under e(1300)]. 

The results of these analyses have shown that 

the phase of the I+S wave displays little varia- 

tion relative to the 0-S(E~), I+P(E~), and 2-P(p~) 

waves (ANTIPOVI 73, OTTER 74, TABAK 74, THOMPSON 

74, BALTAY 77). As the 2+D wave exhibits a clear 

Breit-Wigner-like phase change in the A 2 region 

(ASCOLI 70, ANTIPOVI 73, OTTER 74, TABAK 74, 

THOMPSON 74, BALTAY 77), the above results have 

been interpreted to imply that no resonant A 1 is 

needed. Unitarity corrections to the isobar model 

do not change this conclusion (ASCOLI 75, AITCHISON 

75). 

This conclusion has been, however, reversed 

by several new analyses. BOWLER 75 demonstrated 

that the small variation in the I+S phase could be 

due to a phase difference between the Deck ampli- 

tude and the direct A 1 resonance-production ampli- 

tude. Another cause could be inelasticity due to 

the coupling of the Q~, ~, and K*K channels, and 

rescattering (BRAYSHAW 76, LONGACRE 76,77). Finally, 

SCHULT 77 re-analyzed the ANTIPOVI 73 data using 

three-pion-state amplitudes which satisfy both 

unitarity and analyticity, and found a solution 

with considerably more phase variation than 

originally had been found. 

BASDEVANT 77 performed an analysis of the Q~ 

waves exclusively, ignoring the E~ waves as being 

meaningless in an isobar analysis, since the 6 

could not be considered a bona fide particle. 

Their full amplitude is properly analytic and 

unitary, and it includes: the Deck amplitude, 

resonant as well as background elastic Q~ + Q~ 

scattering, rescattering corrections, inelasticity 

due to the K*K channel, and direct diffractive A 1 

production. They take the I+S phase from the 

difference of the known A 2 phase and the observed 

2+D - I+S phase difference (ANTIPOVl 73). BASDEVANT 

77 show that the ANTIPOVI 73 data are consistent 

with a resonance at M = 1300± 150 MeV, F = 400± i00 
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MeV, and that the data are rather inconsistent with 

the hypothesis of no resonance. 

Recently, new light has been shed on the 

existence of the A 1 by the PERNEGR 77 data on 

coherent ~ scattering on nuclei. For the first 

time these data contain information on the I+S- 

0-P phase difference. Although this phase-shift 

analysis is ambiguous between two solutions, 

interestingly enough one solution exhibits a 

conspicuous phase variation near M~ ii00 MeV, 

F~300 MeV. The energy dependence of the I+S- 0-P 

phase difference is in fact exactly as predicted 

by BASDEVANT 77 on the basis of the ANTIPOVI 73 

data. 

A long-standing problem of the A 1 has been 

its non-observation in non-diffractive processes 

(for a recent review of the situation up to 1976, 

see HABER 77). Here also the situation is 

completely changed due to new observations. 

GAVILLET 77 select backwardly produced 3~ 

events in the reaction K p ÷ ~ ~+~+Z ±n suffi- 

cient number to project out the different 

partial waves. An A 1 peak is seen not only in the 

total 3~ mass distribution, but most clearly in 
+ 

the 1 S partial wave. The Breit-Wigner parameters 

of the peak are: mass 1041± 13 MeV, width 

230 ± 50 MeV. 

A possible confirmation of backward A 1 

production by pions has been obtained by FERRER 

77 in a very large-statistics experiment. The 

observed peak has the resonance parameters, 

M~1050 MeV and F~200 ± 50 MeV, but nothing is 

known about the partial-wave composition. The 

production cross sections at two different beam 

momenta of 9 and 12 GeV/c agree with limits set 

by earlier, less significant experiments (ANDERSON 

69, ABASHIAN 75). 

On the other hand, no evidence for the A 1 has 
+ 

been found in the charge-exchange reactions ~ n + 

+ -~0p (EMMS2 75), ~+p ~ ~+~-~°A++ (WAGNER 75, 

BALTAY 77), or K-p ÷ Z+Z-~°A (CERRADA 77). However, 

the number of partial waves is greater in charge 

exchange due to the two possible values of isospin, 

and thus the analysis is more complicated. 

Other non-diffractive channels, such as pp 

annihilation, have not produced consistent results 

of any statistical significance. 

f ± 
Finally, the semileptonic decay T + AI~ seems 

to have been discovered at PLUTO (ALEXANDER 77). 
- ± pO~ ± 

The ~+~ ~ mass distribution with a selection 

shows a peak centered at M~ 1150 MeV, F ~ 250± 50 

MeV, very unlike phase space. The Dalitz plot 

distribution is consistent with I+S. However, with 

only 23 events in the plot it is not impossible to 

rule out all other possible waves. It is amusing 

to notice that this peak looks very much like the 

first A 1 (BELLINI 63), which contained only 47 

events! 

BASDEVANT 78 use the data of ALEXANDER 77 and 

preliminary unpublished SLAC-LBL data to restrict 

the range of solutions for the A 1 resonance param- 

eters obtained in their analysis of diffractive A 1 

production (BASDEVANT 77). The parameters they 

obtain, when expressed as second sheet pole values 

rather than as simple Breit-Wigner parameters, are: 

M = 1180± 50 MeV, F = 400 ± 50 MeV. This is not in 

contradiction with the results of the physical- 

region fits of FERRER 77 and GAVILLET 77 quoted 

above. 

Thus we may finally be arriving at a consistent 

picture of the A 1 as a meson resonance. The quanti- 

tative details, however, are a long way from being 

determined exactly. 

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

1o AZ MASS (MEV(  

R PROOUOEO B~ P l  + 
M 11080 .0 )  ADERHOLZ 64  HBC 4 .0  P ImP 
R (108O.] APPROX. BOESEBEEK 68 HBC + 8 PI÷ P 6/68 
M 11040.0( ARMENISE lO HEC 0 9 pI÷ N - -  At P I / 7 t  
M F ( I I 2B . )  18.) THOMPSOI 7~ HBC I3  PI+P,PI3Pl) ÷ 12/75 

M 
M PRODUCED BY P( - 
N ( I 060 . )  ASCOLI 68 HBO -O 5 PI--P . b l b8  

M (1089.0} (12.OI 8ALLAN 68 HBC - [6.0 PI- P 9168 
M (1090.) APPROX. 6HUNG 68 HBC - 3 .2 ,4 .2  PI-P 2167 

(1055.01 |6.0) JuNRMANN bB HBC lb. PI- 9, 5P[ 9/69 
9/68 M 

M ~ (1119.) (30.) KEY 68 HBC - 3 PI-P 

M SHOULDER ON A2 ONLY 
M (IOC?.D) tT.OI CASD TO HBC - I I . ZP I -P  5/70 
M (1120.0) CRENNELL 70 HBC 6. PI -  P,F PI 5/70 

ANT IPOVI  73  CNIR  - 25 . , ~O .  P [ -  P 1174 
M F T ( I150 . )  
M T MASS AND ~IDTH SEEN TO DEPEND ON T, UNIQUE DET. IMPOSSIBLE 1/76 
M (I152.0) I9 .0 |  BALTAY 77 HBC 0 15 PI -  P,P 3PI 12/77" 

PERNEGR 77 CNTR - 9÷13+15 P l -  NU£. [2177" 
( I lO0.Ol  

M PHASE VARIATION OBSERVED BETWEEN (I+SJ AND (O-P( WAVES 

M 
M PROCU£ED BY PEONS,BACKWARDS SCAIT. 
M (1115.0) (20.0) ANDERSON 69 MMS - 16 E l -  P,BACKW9 8/69 
M J (£050.0) | 1 [ . 0 )  FERRER 77 OMEG 9+IZ RE- P,P 3PI.12177~ 

J NO JP DETERMINATION ATTEMPTED 

M 
M PRODUCED BY PBARS. 
M ( i054. )  (7 . ]  DANYSZ 67 HBC ÷- 3,3.6 PBAR R . 7167 
M ( I04Z.)  (21.)  FRIDMAN 68 HBC 5.7 BBAR P 6168 

A]HBRTON 73 HBC 5.7 EBA~ P [ 17~  
1173 M A (1076.I 15.| 

M A Jp ANALYSIS GIVES SOME EVIDENCE FOR RHO PI D-WAVE 

ERODUCED BY K-. 
M ( I i11 .1  lEO.) ALLISON 67 HBC + 6 K-P,LAM ÷5 Pl I168 
M (& l l ? . )  (30.)  ALLISON 67 HBC 6 K-P,LAM +~ Pl [168 
M I~06O.~ { [5.1 JUHALA 67 HBC 0 4.6-5 K-R,SBODY I168 

BROOUCEQ BY K÷. 
M K +  (L060.O) (20.0) ALEXANDER 69 HBC + 9 K+P 9169 

BERLINGHI 69  HBC O 12 ,7  K ~ P 9 /69  M K÷ llO30.O) (20.0I  
M K+ FOR CONTRADICTORY EVIDENCE SEE RABIN 70 • 

M 
M PRODUCED BY K- BACKWARDS ~ATTERING 
M F ([061.0) I13.0)  GAVILLET 77 HBC + 6.2 K- P,S 3PI ~2/77" 

M F FROM A FIT TO JP=[+ R~  PI PARTIAL WAVE 

M 
M AVERAGING NOT MEANINGFUL 
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PROBUCED BY PI + 
(EOoO) ADERHOL2 64 HBC 4.0 PI÷P 

{130o) APPROX, BOESEBECK 6e  HBC + 8 PI+ P E/6B 
(SOoO) OR LESS ARMENISE 7O HBC o 9 P I •  N - -  A1 P 1 /71  

F {3D0.) APPEOX, RINAUDO 71 HBC + 5 .  PI+P,P (3P I (+  11/71 
F (367 . )  ( 30 .1  IHOMPS01 74  HBC • 13 PI+P,P[3P)(+ 18 /78  

PRODUCED 8Y P [  - 
{ 140 .0 )  ( 31 ,03  BALLAM 68  HBC - 16.0 PI- P 9/68 
{125 . )  APPROX. CHUNG 68 HEC 3.2,~o2 P(-P 2/37 

{T7.0)  ( I 7 . 03  JUNKMANN 68  HBC - 16o P [ -  P, 5PI 9/E9 
K (76 . )  ( 46 . ]  KEY 68  HBC 3 ,0  P1 -  P 11/67 
K SHOULDEB ON A2 ONLY 

{99 .0 ]  [15o03 CASO 70 MBC - I l oZP I -P  5/70 
F T (300. )  ANTIPOVI 73 CNTR 25 . , 40 °  P I -  P 1 /74  

T MASS ANO WIDTH SEEN TO DEPEND ON T, UNIQUE DEE, IMPOSSIBLE 1/74 
(264.0) ( IE ,O)  BALTAY 77 flBC o 15 PI÷ P,P 3PI 12177" 

P (300°0) PERNEGR 77 CNTR - 9+[3+15 P I -  NUC. 12/77.  
P PHASE VARIATION OBSERVED BETWEEN [1+S) AND [O-P) WAVES 

PRODUCED BY PIONS,BACKWARDS SCATT. 
lOB .O)  (~5 ,0}  (20 .0 )  ANDERSON 69  NMS - 16 P I -  P,BAEKW9 8 /69  

J {195.0}  (3E.O) FERRER 77 OMEG 9+12 P I -  P,P 3Pl 12/77"  
J NO JP DEIEPMINATION ATTEMPTED 

PRODUCED BY PBARS, 
( 33 . )  ( 19 . )  OANYSZ 67  HBC +- 3 , 3 . 6  PBAR P 7/BE 

{130 . l  APPROX, FRIOMAN 68  HBC +- 5,7 PEAR P B /68  
A (36.1 (20 .1  ( lB . )  ATHERTON 73 NBC +- 5 .7  PEAR P 1/74 
A JP ANALYSIS GIVES SOME EVIDENCE FOR RHO Pl D-WAVE I173 

PRODUCED BY K- .  
(50 . )  [ 50 . )  ALLISON 67 NEC ÷ 6 R-P,LAM +~ PI 1/68 
{50 , )  135,)  ALLISON 67  HBC • 6 K-P,LAM ÷B PI 1168 

l l 20 . )  ( 15 , l  JUHALA 67  HBC 0 4.6-5 K-P,$BODY l / 6B  

PRODUCED BY K+, 
(160,0)  (20o0) ALEXANDER b9 HBC ÷ 9 K•P 9/69 

B (120.03 {30 .0 )  EERLINGHI 69 HOE 12,7 R+ P 8 /69  
K + FCR CONTRADICTORY EVIDENOE SEE RAEIN 70  . 

1130 .0 )  (20 .0 )  EERLINGHI 69  HBC + o 12 .7  K+ P 9 / 6 9  

PRODUCED BY K-,BACKWARDS SCATTERING. 
F (230.0)  {5O.O) GAVILLET ?7 HBC + 4.2 K- P,S 3PI 12/77~ 
E FROM A FIT TO JP=I+ RHD P{ PARTIAL WAVE 

tO AI PARTIAL DECAY MOOES 

DECAY MASSES 
P l  A1 INTO RHO Pl 776+ 139 
P2 A I  INTO KBAR K 493+ 497 
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RI At INEO (KBAR K)/IRHO PIT (PE I / {P I }  
RI (O.O025}OR LESS DAHL 67  HBC - # .o  P I -  P .10 /66  
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THESIS,LAL 1295  A.FERRER SORIA (ORSAY) 

PL 69 B I19 +ELOCKZIJL,ENOELEN÷ (AMST÷CERN+NIJM÷OXF) JP 
NP B leg  ~29 H.E.HRBER,G.L,KANE {UNIV. DF MICHIGAN) 

HAMBURG CeNF, PLUTO DETBCTOR (DESY) 
PRL 38 1509  ÷AARON (NORTHEASTERN,BOSTON{ JP 

BUDAPEST CONF. ~BEUSCH,ASTBURY• (ETHZ•CERN+LOIC+MILA) JP 
SCHULI 77 PRO 16 6E + WYLD ( ILL INOIS(  JP 
BASDEVAN 78 ANL-HEP-PR-78-01 BASOEYANT÷BERGER (LPTP÷ANL) JP 

THIS ENTRY LISTS REFERENCES TO PEAKS OF LOW 
STATISTICAL SIGNIFICANCE IN THE 3 Pl SYSTEM 
BETWEEN THE A[ AND THE AE, AS WELL AS A CLAIM 
FOR A NARROW RESONANCE AT 1150 MEV BY JACOBEL 
72, NOT CONFIRMED BY BUTTRAM 75. OMITTED FROM 
TABLE, 

REFERENCES FOR M( I IEO- I170)  

BUITERWO 67 HEIDELB.CONF.P.2B REVIEW TALK ON MESONS AT HEIDELBERG CONF. 
CASON 67 PRL 18 880  +LAMSA,EISWAS,DERAOO,GROVE$,• (NOTREDAME) 
ASCOLI 68 PRL 21 I f 3  +CRAWLEY,KROSE,MORTARA,SEHAFER,+ { ILL INOIS)  
DONALD 68 PL 26 B 327 +FRDOESEN,BETTINh÷ (LIVERPOOL,OSLO,PADUA) 
VEN KROG 68 PL 273 253 +MIYASHIIA,RGPELMAN,MARSHALL LIBEY (COLO) 
JUNKMANN 68 NP BB ~71 +COCCONI+ (AACH+BERL+BONNeCERNtWARS) 
ARMENISE E9 LNC 2 501 ÷GHIDINI,FGRINO, CARIACCI• (BARI+BGNA+FIRZ) 
GALLOWAY 70 PR D I 3077 +MOTT,ALYEAtLEE,MARTIN,PRIEKETT ([ND) 
JACOBEL 72 PEt 29 671 +GARFINKEL,MOFFMAN,+  (IOWA+PURD÷ANL) 
MORSE 72 NP B 43 77 +OH,WALKER,JOHNSTON,YDON (WISC+TNTO) 
BUTIRAM 75 PRL 35 970 +CRAWLEY,OUKE,LAMB,LEEPER,PETERSON (ISU) 

| -- o ! 

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

11 E MASS (MEV) 

M EO(1220.OI ABOLINS 63 HBC * 3.5 PI+P 
M (tEED,O) GOLDHABER 63 HBC 3.7 P I+ ,P I -P  
M 376 1200. 20° BALTAY E7 HBC ÷-  O,O PBAR P 2/67 
M [259°0 27.0 BOESEBECK 68  HBC + B,O pI+ p 10/67 
M 1220. 20. EHUNG 68 HBC - 3 , 2 , 4 ,2  P I -  P 9/67 
M 1240,0 20.0 ANDERSON 70 CNTR O 5-18 GAMMA P 11/70 
M (1272,0)  (15,03 CASON 70  HBC - 8.0 P I -P ,4P I  
M [ 200°0  ( tO ,O)  EROFEEV 70  HBC -- 3 . 25  P I -  P 1 /7 l  
M 1225.0 22.0 HONES 70 HBC 18.5 PI+ P I I / 70  
M 1236.0 15.0 HOOGLANO TO DBC - 3.0 R- D 2/71 
M 1200o0 15.0 MIYASHITA 70 HBC 6.7 P I -P ,4P I  
M P {1230 . }  ( IO . )  POLS 70 HBC + 5,  PI+ P 11/71 

~ HANDDRAWN EACKC~ROUND. ERRORS STATISIICAL ONLY. 11 /7 I  
(1BEB,) { 5 . }  FRENKIEL 72 HBC +- O, PEAR P I ,5  PI 12/72 

M W FIT REQUIRES AN ACDITIONAL JP=[ -  RESONANCE 
M W AT 1256 MEV, WIDTH 129 MEV* 
M O 1163 1243. 6. OIT 72 HBC + 7 , i  PI÷ P,P B÷ 2/73 
M 0 FROM FIT OF THE MASS SPECTRUM 
M A { I 252° )  ( 6 . )  OTT 72 HBC • 7,1 P I •  P,P E+ 2/73 
M A FROM FIT OF MASS SPECTRUM AND MOMENTS DISTRIBUTION WITH A STRONG 
M A INTERFERENCE WITH THE BACKGROUND. 
M 1235, 15. AFZAL 73 HBE + 11.7 PI÷ P 2/73 
M 1288. 16, AFZAL 73 HBC 11.2 P l -  P E/73 
M 1400 1222. 4 .  CHALOUPKA 74 HBC - 3 .9  PI -P,P B- 12175 
M 600 1220. 7 .  KARSHON 74 HBC 4.9 RI+P,P B+ 12/75 
M BOO 1245.0 IE.O FLATTE 76 HEC - 4 .2  K-P,PI-OMEDA 7 /77 .  
M 850 1251.0 B.O GESSAROLI 77 HBE - 11 P I -P~PI -  OME 12177* 
M . . . . . . . . .  
M AVG 1230.8 4 .0  AVERAGE {ERROR INCLUDEE SCALE FACTOR OF 1,61 
M STUDENTX230,5 3 .9  AVERAGE USING STUDENT10{H/[. I I)  - -  SEE MAIN TEXT 

(SEE IDEOGRAM BELOW ) 



Mesons 
B(1235), p'(1250) 
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Data Card Listings 
For notation, see hey at front of  Listings. 

UEISHTED AUERAGE = 1230 .8  ± 4 .0  

ERROR SCALED BY 1 .6  

F 

CHISQ 

- ~  . . . . . .  GESSARDL~ 77 NBC 6 .4  

I . . . . . . .  FLATTE 76 HBC 1 .7  

. . . . . . . . . .  KARSHON 74 HBC 2 .4  

. . . . . . . . .  CHQLDUPKA 74 HBC 4 ,B  

I A F Z A L  73  HBC S .4  

. . . . . . .  AFZAL 73  HBC 0.1 

. . . . . . .  DTT  72 HBC 4 .1  

. . . . . . .  M IYASHITA  70  HBC 4 .2  

1 . . . . . . .  HOOOLAND 70  DeC  

---~ . . . . . .  HONES 70  HBC 

. . . . . .  ANDERSON ?0 CNTR 

. . . . . . .  CHUNG 6B HBC 

~ - -~ . ' -BOESEBECK SB HBC 

- ' ~ B A L T A Y  67 HBC 

: ' (CDNLEU 
I lSD  1200 1250 1300 1350 

B MASS {MEU) 

0 .1  

0 .1  

0 .2  

0 .3  

1 .1  

2 .4  

33 .3  

=0 .002 ]  

11 B WIDTH (MEV) 

g 60  100 .0  20.0 ABOLINS 63 HBC 
W (BO*O]  GDLOHABER 65 HBC 
W 376  100. 30. BALTAY 67 HBC 
W 25 ( lOO. I  ESTIMATED LEE 67  HBE 
W 203 .  75 .  BOESEBECK 68 HBC 
W 150. 20 .  CHUNG 68  HBC 
W B 300 (83.J (12 . l  BIZZARRI 69  HBC 
W B SUPERSEDED BY FRENKIEL 72 
W (lO0.OI APPROX. ANDERSON 70 CNTR 
W C (150.01 CASD 70 HBC 
W C SUPERSEDED BY AFZAL 73  
W (122.0) (38.0) (28.0) EASON 70 HBC 

100 .0  20 .0  EROFEEV 70  HBC 
7E.O 14 .0  4B .O  HONES 70  HBE 

W 132.0 20.0 HOOGLAND TO OBC 
W 113.0 44.0 MIYASHITA 70  MBC 
W P (120 . |  (20.) ROLS 70  HBC 
W P HANODRAWN BACKGROUND. ERRORS STATISTICAL ONLY. 
W W 1126 .1  ( 10 . l  FRENKIEL 72  HBC 
w w SEE NOTE UNDER THE MASS ABOVE. 
W 0 1163  134 .  23. 26. OTT 72 HBC 
W 0 F~OM FIT  OF THE MASS SPECTRUM 
W A (156.1 (21.) { IB . I  DTT 72 HBC 
W A SEE NOTE UNDER THE MASS ABOVE. 
w 120 .  50 ,  AFZAL 73  HBC + 11 .7  P I+  P 2•73 
W 130 .  50. AFZAL 73 HBC I I . 2  P I -  P 2/73 
w 1400  135 .  20 .  CHALOUPKA 74  HBC - 3 . 9  PI -P ,P  B -  12/75 
W 600 156. 22. KARSHON 74 HBC 4.9 PI+P,P B+ 12175 
N 890  182 .0  45 .0  FLAT7E 76  HBC 4 .2  R-P,PI-OMEGA 7177~ 
w 450 15S .0  32.0 GESSAROLI 77  HBC - 11P I -P *P I -  ONE 12177*  

AVG 127.1 B.8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
W STUDENT 127.7 8 . I  AVERAGE USING STUDENTIOIHIl.11| - -  SEE MAIN TEXT 

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

11 B PARTIAL DECAY MODES 

DECAY MASSES 
PI B INTO OMEGA+PI 783+ 139 
P2 B INTO 2P I~  2P l -  139+ 139+ 139+ 139  
P3 B INTO K KBAR 493+  493  
P4 B INTO Pl Pl 139+ 139 
P5 8 INTO PI PHI  I 34+ I020  
Pb B INTO ETA PI (FORBIDOEN BY G) 548" 139 
P7 B INTO K KBAR PI 493+ 493+  139 

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

11 B BRANCHING RATIOS 

RID ~/S RATIO FOR B(I2B51 INTO OMEGA PI 

RIO 
RIO 0,3 0 . i  CHALOUPKA 74  HDC - 3 .9-7.5 PI-P 1/74 
RLO 600  0 ,35  0 .25  RARSHON 74  HBC %.9  P I+P ,P  B+ 12 /75  
RIO 0.2I 0 .08  CHUNG 75  HBC + 7 .1P I+P  12 /T5  
RlO 0 ,4  O. l  0 . I  GESSAROLI 77 HBC - I I  P l -P ,PI -  OME 12177*  
810 . . . . . . . . .  
RIO AVG 0.291 0.052 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.O) 
R10 STUDENT 0 .291  0.060 AVERAGE USING STUDENTIO(H /L ,111  - -  SEE MAIN TEXT 

R1 6 INTO (4PII/(EMEGA P[) 
R1 (0.5) OR LESS 

R2 B INTO (K KBARII(GMEGA PIT 
R2 (O .O2 l  OR LESS 
R2 (O.IO) OR LESS eL=.90 
R2 (0.08) OR LESS CL= .95  

R3 B INTO (PI P I ) / [P I  OMEGA) 
R3 (0.3) OR LESS 
R3 (O.IS) OR LESS eL=.90 

R4 B INTO (P I  PH I l  / (PI OMEGA) 
R4 (0.015)08 LESS 
84 (O .O~ l  OR LESS CL=.95 

R5 E INTO [ETA PI |  I (Pl OMEGA) (Phi l IP1)  
R5 (0.251 OR LESS eL=.90 BALTAY 67 HBC ~ 0.o PBAR P 

+ 3 .5  P I+P  
3 .7  P I+ ,P I -P  

+ -  0 . 0  PBAR P 21B7 
- 3 . 6  PI-- P I / 6S  

8 .  P [ +  P 11167 
3o2 ,4 .8  P I -  P 9 /67  
0 PBAR P 12/72 

O 5-18+GAMNA P I I / 70  
- Lh2PI-R 2173 

- 8.0 PI-P~4PI 
3 .25  P I -  P 1171 

+ 18 .5  P [+  P I l lTO 
- 3 . 0  K -  D 2 /71  
- 6 . 7  PI-P*4PI 

+ 5 .  PI+ P 11171  
l I l 7 I  

O. PBAR Ph5 Pl 12 /72  

+ 7 .1  P I+  P,P B+ 2173  

+ 7 .1P I+  P ,P  B+ 2 /73  

(P2 I / (P l l  
ABOLINS 68 HBC + B.5 PI+P 

(P3) / (P I )  
DAHL 67 HBC - 1.G-4.2 PI -  P 10166 
BALTAY 67 HBC + 0.0 PBAR P 2/67 
BIZZARR1 69 HBC +-  o PBAR P 9/69 

(P4 I / (P I )  
ADERHOCZ 64  HBE 4 .0  P I+P  7 /66  
OTT 72  HBC + T .1  P I+  P 12172 

(P5 ) / (P1 )  
DAHL 67 HBC ] -6 -4 ,2  PI -  P 10166 
BIZZARRI 69 HBC +- OPBAR P 9/69 

2167  

86 B*- ~NI(: I(K KbA,)+- RIO} / (PI CMEGA~ 
R6 (0.08) DK LESS eL=.90 BALTAY 67 HdC ÷- 0.0 PEAR P 2/67 

R6 B+-  INTO (KS KS P i t - )  I (PI ~MEGA) 
R6 (0.021 OR LESS eL=.90 BALTAY 67 HBC +- 0.0 PBA- P 2•67 

R6 B+- INTO (KS KL PI+-I  / (PI OMEGA) 
R6 (0.06] OR LESS CL=.DO BALTAY 67  HBC +- 0.0 PEAR P 2167 

AEOLINS 63 PRL i i  381 
BCNOAR 63 PL 5 209 
ADERHOLZ 64 PL 10 240 
CARMONY 64 PRL 12 254 
GOLDHABE 65 PRL 15 118 

BALTAY 67 PRL 18 93 
OAHL 67 PR 163 1 3 7 7  
LEE 67 PR 159 1136  
SLATTERY 67 NC 50A 377 

ASCOLI 68  PRL 20  1411 
BOESEBEC 68 NP B 4 501 
CASO 68 NC 34 A 983 
CHUNG 68 PR 165  1491 
BIZZARRI 69 NP B 14 169 

ANDERSO~ 70 PRD I 2T 
CASO 70 LNC 3 TOT 
CASCN 70 PRD I 851 
ERDFEEV TO SJNP 11 450  
HONES 70 PRD 2 B27 
HOOGLAND 70 PL 33 B 631  
MIYASHIT 70 PRD 1 TEl 
POLS 70  NP B 25 109 
WEREROUE 70 LNC @ 1267  
DEVONS 71 PAL 27  1614 

FRENKIEL 72 NP B 47  6I 
OTT 72 LBL -1547  
SISEERSO 72 NP B 4B 495  

AFZAL 73 NCL 15 A 61  
ARMENISE 73 NC I7 A 707 
ARMENISE 73 LNC 8 425 
ARNOLD 73 LNC 6 TOT 
CASON 73 PRO T 1971 
CASON 1 73 NP B ~ i~ 
COHEN 73 PRD 8 23 

BALLAM 74  NP B76 375  
CHALOUPK 7~ PL 51B ~07  
KARSHON 74 PRDIO  3608  

CHUNG 75 PRDLI 2~26 
ALSO 73 PL 47  B 526  

DUBOVIKO 75 SJNP 20 229 

FLATTE T6 PL 64  B 22E 

REFERENCES FOR B(1235} 

ABDLINS,LANDER,MEHLHOP,XUONG,YAGEE IUCSO) 
BDNDAR,DODD÷ (AACHEN+BIRM÷HAMB+LOIC÷MPIM) 
AACHEN+BERLIN+BIRM + BONN+HAMBUR+LOIC+MPIM 
CARMONY,LANDER~RINDFLEISCH,XUONG,YAGER(UCE) 
G GOLDHABER~S GOLDHABER,KADYK*SHEN (LRL} 

+SEVERIENS+YEH+ZANELL~ (COLU*BNL) 
+HARDY+HESS+KIRZ+MILLER (LRL) 
+MD~BS,ROE~SINCLAIRtVAND~RVELDE (MICH) 
+KRAYBILL+FORMAN+FERBEL [YALE+ROCH) 

+CRAWLEY,MDRTARA,SHAPIRO ( ILL)  
BOESEBECK,DEUTSCHMANN,+(AACHEN+BERLIN+CERN) 
+CONTE+CORDS+DIAZ+ (GENDVA+HAMD+MILA+SACL) 
S.U.CNUNG,O.OAML,J.KIRZ,O.H.NILLER (LRL) 
+FDSTER,GAVILLET,MONTANET,+ (CERN+CDEFI 

+GUSTAVSON,JCHNSON,+ (SLAC+CIT+UCSB+NEASI 
+CONTE,TOMASINI,COROS+(GEND+HAMB+MILA+SACL) 
+ANDREWS,BISWAS,GRDVES,HARRINGTON,+ (NDAM) 
÷VETLITSKY,WLADIMIRSKY,GRIGOREV,+ (ITEPl 
÷CASON,BISWAS,HELLAND,KENNEY,MCGAHAN+(NDAMI 
SABRE COLLABOR. (AMST+SACL+EGNA+REHO+EPDL) 
MIYASHITAtVON KROGH,KOPELNAN,L[BBY (COLD) 
+BDECKMANN,CIRBA,÷ (BONN+DURH+EPDL+TORI)  
WERBROUCK,RINAUDO,÷ (TORI+NIJM+BONN+LBLIJP 
+KDZLOWSKIIHORWITZ,~ (COLU~SYRAI 

+GHESQUIERE,LILLESTOL,CHUNG,+ (CDEF+CERN)JP 
R.L.OTT THESIS (LBLIJP 
SISTERSON,HARRISDN,HEYDA,JOHNSON,+(HARVARD) 

+BASSLER,~ (DURH+GENO+DESY÷MILA+SACLI JP 
+FORINO,CARTACCh+ (BARI+BGNA*FIRZ) 
+FORINO~CARTACCI,+ (BARI+~GNA+FIRZI 
+ENGEL,ESCDUBES~KURTZ,LLDRET,PAIY,~ (STRB] 
+BISWAS,KENNEY~MADDEN,SANOER,SHEPHARO(NDAMI 
+MAODEN,BISHOP~EISWAS,KENNEY,+ INDAM) 
+FERBEL,SLATTERY (RDCHESTERI 

+CHADWICK,BINGHAM~FRETTER+ (SLAC+LBL+MPIM) 
CHALDUPKA~FERRANDO,LOSTY,MDNTANEE (CERNI JR 
+MIKENBERG,EISENBERG~PITLUCK,RDNAT* (REHO) JP 

+PROTOPDPESCU,LYNCH,FLATTE,+ (BNL+LBL+UCSC) JP 
+PROTOPDPESCU,LYNCHtFLATTE,+ (BNL+LBL+UCSC) JP 
M.S.DUBOVIKOV,I.A.EROFEEV (ITEP) JP 

+GAY,BLOKZIJL,METZGER,+(CERN+AMST+NIJM+OXF) JP 

REFERENCES FOR RHO PRIME(1250) 

+GUSTAVSON,JOHNSON,+ (SLAC+GIT÷UCSB+NEASI 
W.J.PODOLSKY,PH.D. THESIS (LBLI 
+GHESQUIERE,LILLESTCL~CHUNG,+ (CDEF÷CERNIJP 
G.WOLF ,P .213  (SLACI  

+PROTOP~PESCU, LYNCH,FLATTE~÷ (BNL+LBL+UCSCI 
A.BRANON (FRASEATII 

+CHADWICK,BINGHAM,FRETTER+ (SLAC+LBL+MPIMI 
CHALOOPKA,FERRANOO, LOSTY~MDNTANET (CERN) 
+PAOLUZItCERADINhGRILLI+ (ROMA+FRAS) 

P.ESTABROOKS,A.D.MARTIN (DURH) 
+MIKENBERG~EISENBERG~PITLUCK,RONAT~ (REHD) 

ALLES-BORELLI,BERNARDINI+ (CERN+BGNA+FRASI 
+PROIUPOPESCU,LYNCH~FLATIE~+ (BNL~LBL÷UCSOI 
P.ESTABROOKS,A.D.MARTIN IDURH) 
C .O .FROGGATT~J .L ,PETERSEN (GLAS+NORD) 
+JONES,WEILHAMMER,BLUM~DIETL+ (CERN+NPIM)  

BASSONPIERRE,BINDER,÷ (MULH+STRB+TORI) 

BARTALUCCI,BERTOLUCCI,BIENLEIN+ (DESY+FRAS] 
N.M.BUDNEV,V.M.BUDNEV~V.V.SEREBRYAKOV(NOVO) 
COSTA OE BEAUREGARD~PHAM,RIRE,TRUONG (EPOL) 
GESSAROLI,+ (BGNA+FIRZ+GENO+MILA÷OXF÷PAVI) 

ANDERSON 70 PRD 1 27 
PODOLSKY 71 UCRL 20128 
FRENKIEL 72 NP B 47 61 
WOLF 72 ITHACA N.Y. CONF. 

CHUNG 73 PL 47  B 526  

BRAMDN 73 LNC 8 659  

BALLAM 74 NP B7B B75 
CHALCUPK 74  PL 51E 407  
CONVERSE 74 PL 52B 493 
ESTAERDO 74  NP B79 301 
NARSHON 74 PR DID  3608  

ALLES 75 NC 30A  I 56  
CHUNG 75 PR O11 2486 
ESTABRO0 75 NP BOB 322 
FRCGGATT 75 NP B91 454 
HYAMS 75 NP BIOO 205 

8ASSOMPI 76 PL 65 B 397 

BARTALUC 77 PREP, DESY 77 -59  
BUDNEV 77 PL 70 B 365  
COSTA 77 PL 67  B 213  
GESSAROL 77 NPE  126 382  

GESSAROL 77 NP B 126 382 GESSAROLI,+ (BGNA+FIRZ+GENO+MILA+OXF*PAVI) JP 

g - -  g 

l p ' ( 1 2 5 0 ) 1  . . . . . . . . . . . . . . . . .  G . . . . .  ,=L 

EVIDENCE NOT COMPELLING. OMITTED FROM TABLE. 
SEE ALSO THE 8HO PRIME([600| MINI-REVIEW. 

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

69 RHO PRIME(1250) MASS {MEV) 

M A 1836. 10. FRENKIEL 72 HBC +- O.PBARP,OMEGA2PI 1217T* 
M A SEE ALSO RHO PRIME(1600) MINI REVIEW 12/7T~ 

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

69 RHO PRIME(12fiO) WIDTH (MEVI 

W A 130. 20. FRENKIEL 72 HBC ~ O.PBARP,OMEGA2Pl 12177* 
W A SEE ALSO RHO PRIME(1600) MINI REVIEW 121IT* 
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Data Card Listings 
For notation, see key at front of Listings. 

[ f (  i I . . . . . . . . . . . . . . .  1=o 
WE ND LCNGER LIST EVERY PUBLISHED VALUE. 
WE AVERAGE ONLY THE MOST SIGNIFICANT 
DETERMINAEIONS DF ~ASS AND WIDTH. 

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

5 F MASS (MEV) 

M I1250.0) (25.01 
M I616(I267,DI (10.01 
M 12T6. I~. 
M T 1960 1261. 
M T 360 1 2 7 0 .  lO. 
M 1265. 8. 
M J [268 .0  6 .0  
M J JOHNSON 68 INCLUOES BONDAR 
M 1275.0 IS.O 
M 1273.0 7 .0  
M 60O 1275.0 IO.O 
H E (1273 .0 t  (6.0) 
M 5300 1277o0 ~ .o  
M E 300(I272.) 
M 2000 I261.0 lO.O 
M 60O 1258.0 lO.O 
M 1200 I274. 1 2 .  
M 4 6 0 0  1272. 4. 
M IH ( i269. )  ( 4 . )  
M I 1275. 4. 
M 
M AVG L271.L 1.7 
M STUDENTI271.3 2.0 

1/73 
1/73 
1/73 

SELOVE 62 HBC B.O P I -  P I / IS  
JACOBS 86 HBC 2~3 P I -P ,T  CUT2O 10/67 
NABIN 67 HOB 8,5 PI+ P 9/67 
ARMENISE 68 OBC 5.[ PI+N,P pit - I173 
ARMENISE 68 DBC 5 . I  PI+N,P RiO 0 1/73 
BOESEBECK 68 HBC B P I t  B 6/6B 
JOHNSON 68 HBC 3.7-4.2 P I -  P 7/69 
63, LEE b4, OERAO0 65, EISNER 67. 
ARMENISE 70 HBC 9 PI+ N - -  E P i / T t  
ARMENISE 70 HBC 9 P I t  N - -  MM P I/T1 

1.26 El- P,P P 1171 OH TO HBC 
STUNTEBEC 70 HBC B.PI-P,~.4 Pl+O l l l T [  
FLATTE 71HBC 7,0  PI~ P 6 / 7 [  
KEMP 72 OBC [ k , T  Pl+ N [ B 1 7 2  
JACOBS 72 HBC 2.8 PI-  P 1/73 
TAKAHASHI 72 HBC B. PI -  PIN 2El i173 
WHITEHEAD 72 ASPK 3 , I - 3 . b  PI-  P . 2 /73 
ENGLER 74 OBC 0 6, PI+N,PI+PI-P 12/75 
ESTABROOK 75 RVUE 17 RI-P,P[+PI-N 12/75 
HYAMS 75 ASPK 17 PI-R,PI+PI-N 12/75 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF l , O }  
AVERAGE USING STUDENT[O[H/I.11~ - -  SEE MAIN TEXT 

I ERROR TAKES ACCOUNT OF SPREAO OF OIFFERENT PHASE-SHIFT SOLUTIONS 
E EVIDENCE FOR A STRUCTURE CLAIMED 

M T MASS ERRORS ENLARGED BY US TO WIDTHISQRT(NI.SEE K* TYPED NOTE 
M H USES SAME DATA AS HYAMS 75 

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

5 F WIDTH (MEVI 

w ( IO0 .0 )  [ 2 5 . 0 l  SELOVE 62 HOE 3.0  PI-P 
W 1416 (99.0l  (lO*OI JACOBS 66 HOE 2-3 PI-P~T CUT2O 10/67 
W 155. 17. RAB]N 67 HOE 8.5 PC+ P 9/67 

w T T [960 216. 2G* ARMENISE 08 DBC 5 . 1 P I ÷ N , P  PI+ - 1/73 
w 360 (188.} (40.1  ARMENISF 6R OBC 5 . I  PI+N~P Pig 0 1/73 
w 1 2 8 ,  23. BOESEBECK 68 HBC 8 El+ P 6168 
W J [ 7 6 . 0  [ 3 . 0  JOHNSON 68 HOE 3.7-4.2 P I -  P 7/69 
W J JOHNSON 68 INCLUDES BGNDAR 63, LEE 64, DERADO 65. EISNER 67. 
B 131.0 25.0 ARMENISE TO HBC 9 El+ N -- MM P i171 
W T |73.0 25.0 RRMENISE TO HBC 9 PI+ N - -  F P 2/74 
N T 600 I20.0 20.0 OH 70 HBC 1.20 P I -  P,P F 2/74 
W E (196.01 (IS.OF STUNFEBEC 70 HBC 8.P[ -P.5.4 P[+O I 1 / 7 [  
W 5300 L83.0 15.0 FLATTE 71 HOE 7.PI+P,OELTA+*F l i t 1  
W E 300 (143.) KEMP 12 ORB I i . 7  El+ N I2/72 

2000 I30.0 25.0 JACOBS 72 HBC B.B P I -  P 1/73 
T 600 166.0 28.0 IAKRHASHI 72 HBC B. PI -  P.N 2Pl I173 

W 1200 (217. I  (24 . I  WHITEHEAD 72 ASPK 3.1-3.6 P I -  P • 2/73 
W 4600 192. 16. ENGLER 74 ORE o 6.  PI÷N~PI÷PI-P L2/75 
W IH I209.1 (1o.1 ESTABRGOK 75 RVUE 17 R I - P , P I ~ P I - N  [ 2 / 7 5  
N I 188. A. HYAMS 75 ASPK 17 RI-P.PI+PI-N 12175 
W . . . . . . . . .  

W AVG 1 B l , l  5.6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ , T I  
W STUDENT 182.0 4.5 AVERAGE USING STUOENTEOiHII.]ll -- SEE MAIN TEXT 

(SEE IDEOGRAM BELOW I 

WEIGHTED AUERABE = IB I . 1  ± 6.G 

ERROR SCALED 6Y 1 .7  

. . . . . . .  HYAMS ?E ASPK 

. . . . . .  EH~LER 74 OBC 

. . . . . .  TAKAHASHI ?2 HBC 

I . . . . . .  JACOBS ?2  HBC 

. . . . . .  F L Q T T E  71  HBC 

I . . . . . .  OH 70 HBC 

. . . . . .  AR~EHISE 70 HBC 

. . . . . .  ARMENISE 70 HBC 

_ _ _ ~  . . . . . . .  JDHHSDN 6B HBC 

. . . . . .  BDE6EBECK 60 HBC 

~ 1  . . . .  ARMENISE 6B DBC 

. . . .  R A B I N  67  HBC 

SD 150 2 5 0  3 5 0  

F WIDTH (~EU) 

C H I S Q  

3 . 0  

0 . ~  

0 . 3  

4 . ~  

0 . 0  

9 . 3  

0 . 1  

4 . 0  

0 . 2  

5 . 3  

3 . 0  

2 . ~  

3 2 . 3  

( COHLEU 
= 0 . 0 0 1 ]  

w I ERROR TARES ACCOUNT OF SPREAD OF DIFFERENT PHASE-SHIFT SOLUTIONS 
W E EVIDENCE FOR A STRUCTURE CLAIMED 

T WIDTH ERRORS ENLARGED BY US TO 4*WIDTHISGRTINI,SEE K* TYPED NOIE 
H USES SAME DATA AS ~VAMS 75 

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

5 F PARTIAL DECAy MODES 

DECAV MASSES 
PI F INTO Pl  P( 139+ 1 3 9  
P2 F INTO BPI÷ 2Pl- 139, 139+ 139t I39 
P3 F INTO P i t  E l -  2RIO 139+ 139+ 134+ 134 
P4 F INTO K KBAR 497~ 497 
R5 F INTO R RBAR PI 497+ 497+ L39 
RE F INTO ETA PI PI 548+ IBg+ 130 
P7 F INTO ETA ETA 548+ 548 

Mesons 
f(1270) 

S F ERANCH!NG RATIOS 

RI F INTO (2PI*  2P I - I / (P I  PIT (P2I / IP1)  
R1 ASCDLI 68 SUGGEST DECAY IS MAINLY RHD-RHO,[/3 OF WHICH YIELD 2PI* 2PI- 
R1 D*OB O.OB EONOAR 6B HBC 4.0 PI-P 
RI D 0.04 0.05 CHUNG 65 HBC 3.2 PI-P IIlTi 
RI O CORRECTED BY D.BAHL 11/71 
Rl 50 0.07 0.08 ASCOLI 68 HBC 5 PI-  P 6/68 
RI 0.022 0.085 0.022 BARDADIN 71 HBC 8.  PI÷ P 2/72 
RI 0.047 0.013 OH 70 HBC 1.26 P I -  P,P F 2173 
R( 154 0.037 O.OO? ANDERSON 73 DBC 6. PI+N,P FO 1/74 
RI (O.033)DR LESS C.L.=.gO 8UGG 73 DBC 8. PI+N.P FO [ /74 

.025 EISENBERG 7# HBC 4.0 PI+P,DEL++FO ILITS RI 70 . 05 [  
RI 285 .043 .087 .O i l  LOOIE 74 HBC 3.9 PI- P,N EO .11175 
R( 160 .024 .006 EMMS ?5 DBC 4. PI+N,P EO I I175 
RI . . . . . . . . .  
El AVG 0.0344 0.0040 AVERAGE (ERROR INCLUDES SCALE FACTOR 07 I . i )  
R[ STUOENT 0.0351 0.0047 AVERAGE USING STUDENIIO(HII. I I I  ~- SEE MAIN TEXT 

R2 F INTO (El+ El -  2P[O]I(BI BE) (PBI/(P1} 
R2 SHOULD BE TWICE R[ IF DECAY IS RHO-RHO (SEE ASCOLI 6B) 
R2 600 .15 .OR EISENBERG 74 HBC 4.9 PI+P,DELt+FO 11/75 
R2 (.071 EMMS 75 DBC 4. PI+N,P F0 I I / 75  

83 F INTO (B KBAR}IIPI PI)  (P4) / (P I )  
83 WE ONLY AVERAGE EXPERIMENTS WHICH EITHER TAKE INTO ACCOUNT E-A2 
R3 INTERFERENCE EXPLICITLY OR DEMONSTRATE THAT A2 PRODUCTION IS 
R3 NEGLIGIBLE. 
R3 (0.047) (0.012)* SYST. BEUSCH 57 OSPR 8,7,12 PI-P 9/67 
RB D 0.05 0.05 DAHL 67 HBC 1.6-4.2 PI -  P IO/6B 
R3 D CORRECTED BY O.OAHL I I / 71  
83 20 0.051 0.012 AOERHDLZ 69 HBC 8 P]+ P,K+R-PI- 12/75 
R3 L (0.07) OR LESS el=.95 AGUILAR 72 HBC 5.9 ,4 .6  K- P I2/72 
R3 L LIMIT ABOVE RESTATED FOB AVERAGING BELOW. I2 /72 
R3 L 0.0 0.04 AGUILAR 72 HBC S.9,4.6 K- P I2172 
R3 0.13 0.05 BISWAS 72 HBC 18.5 PI+- P [ / 7 3  
R3 (0.02( OR LESS CL=.B5 WHITEHEAD 72 ASPK 3.1-3.6 El -  P 12/72 
R3 0.03 0.02 TOET 73 HBC 5 PI+P,P El+ FO 1/74 
R3 .025 ,015 EMMS 75 DBC 4,  PI+N.P FO 11175 
R3 .029 .006 WETZEL 76 OSPR 8.9 PI-PtKS KS 7 /77*  

Rs83 E THIS. E TIT U FO. 80T . . . . .  IME 

R3 . . . . . . . . .  
R3 AVG 0.0380 0.0045 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ . 3 )  
R3 STUDENT 0.0372 0.0048 AVERAGE USING STUOENTIO(H/I.II) - -  SEE MAIN TEXT 

(SEE IDEOGRAM BELOW ) 

WEIGHTED AUERAGE : O . 0 3 B O  =k 0 . 0 0 4 6  

ERROR SCALED BY 1 , 3  

f l  C H I S Q  . . . . . . . . . . .  P A W L I C K I  77 SPEC 3 . 2  

• WETZEL 76  DSPK 2 . 3  

- E ~ S  7 s  OeC o , e  

1 . . . . . . . . . . .  TOET 73 HBC 0 . 2  
B I S W A 6  7 2  HSC 

A D E R H D L Z  66  HBC 0 . 3  

D n H L  G7 HBC 

6 . 7  

(CONLEU 
- 0 . 06  O.OS 0 .15  0 . ' 25  =O. ISO~ 

F INTO (K KBAR) /KP I  PI) 

R4 F INTO (KO K- PI÷ ANO C . C . I / ( P I  P l ;  ( P S I / ( P I )  
R4 (0.071 OR LESS e l = . 9 5  AGUILAR 72 HBC 3.9 ,4 .6  K- p 12/72 
B@ (.O04)OR LESS e l = . 9 5  EMMS 73 OBC 4 .  PI*N,P FO l l / T 5  

R5 F INTO (ETA PI P I I / ( E I  P I )  ( P 6 ) / ( P I )  

RS ( O . l g l  OR LESS CL=.95 AGUILAB T2 HBC 3 .914 .6  K- p 12/T2 
R5 (.DIG)OR LESS e l = . 9 5  EMMS 75 DBC 4.  P I *NtP FO 11/75 

R6 F INTO (ETA ETA) / (P I  P I )  ( P T | / ( P I }  
Rb ( .09 I  OR LESS CL=.95  EISENBERG 74 HBC 4.9 PI÷P,DEL++FO 11/75 
R6 I.OIG)OR LESS CL=.95 EMMS 75 DBC 4 .  PI÷N.P FO I I / 7 5  

RIO F INTO (PI PI]/FOTAL (PI| 

fllO 600 0.8 0.04 OH 70 HBC 01.26 P1- P,P F 1/71 
RIO 250 0.85 0.05 BEAUPRE 71 HBC 08 El* P,DELTA++F I / 7 l  
REOIH ( .82I  ( .O l I  ESTABBOOK 75 RVUE 17 PI-P,PI*PI-N 12/75 
RIO H USES SAME ~ATA AS HVAMS 75 

RIOI .883 .003 HYAMS 75 ASPS 17 PI-P,PI*PI-N 12175 
RIOI ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT PHASE-SHIFT SOLUTIONs 
RIO 

RIO AVG 0°8032 0.0030 AVERAGE (ERROR INCLUDES SCALE FACTOR OP t . 0 )  
RIO STUDENT 0.803{ 0.0032 AVERAGE USING STUDENTIOIH/I.[I) - -  SEE MAIN TEXT 

REFERENCES FOR F 

SELOVE 62 PRL 9 272 SELOVE.HAGOPIAN,BROOYtBAKER~LEBOY (PSNN) 
8CNOAR 63 Pl 5 155 BONDAR+ (AACHEN+BIRH+BONN~DESY+LDIC+MPIMI 
GUIRAGOS 63 PRL I [  85 Z.G.T. GUIRAGOSSIAN (LRLI 
HAGOPIAN 63 PRL [0 533 V NAGOPIAN,W SELOVE (P~NNI 
VEILLET 63 POE tO 29 VEILLET.HENNESSY,BINGHAM,BLOCH÷(EPDL+MILAN} 

ADER~OLZ 6~ PL I0  240 AACHEN~BERLIN~BERLIN~BONN~HAMBURG~LOIC~MPI IJ 
BRUYANT 64 PL [O Z32 BRUYANT,GOLDBERG,HOLDFR,FtEURY+ (CERN+EPOL} I 
LEE 6~ PRL 12 3~2 LEE.ROE,SINCLAIR,VANOERVELOE (MICH) 
SODICKSO 6~ RRL 12 485 SSBICKSDN,WAHLIG,MANNELLI,FRISCH+ (NIT1 1 

BAEMIN 63 SJNP ~ 230 ÷DOLGOLENKO,ELENSKY,EROFEEV+ ( I [EP MOSCow) JP 
BARMIN 65 SJNP 623 +DOLGOLENKO+EROFEEV+KRESTNIROV+ t i t l e  M~SC) 
CHUNG 63 PBL 15 325 CHUNB. DAHLtHARDY,HESS,JACOBS,KIRZ (CRLI 
DERADO 65 PRL 14 872 OERADO.KENNEY,POIRIER,SHEPHARD (NOTRE DAME( 
GUIRAGOS 65 PRL 11BS 2 G T GUIRAGDSSIAN (LRL/ 
WANGLER 65 PB 137 B 414 T p WANGLER,A R ERWIN,W WALKER (WISCONSINI 



Mesons 
f(1270), D(1285) 

~CCENSI ~ PL 2 0  557 
JACOBS 66 UCRL-16877 
WAHLIG 66 PE 1 4 7  ~ 4 1  

BARLOW 67 NC 5 0 A  7 0 1  

EEUSCH 6 7  PL 2E  B 3 5 7  

DAHL 6 7  PR 163 1377 
EISNER 67 PR 164  1699 
POIRIER B7 PB 163 1462 
~ABIN 6 7  THESIS 

A~MENISE 6E NC 54  A 999 
ASCOLI 68 PRL 2 I  1712  
BOESEBEC 6 8  NP B 4 5 0 1  

FOSTER 6 8  NP B 6 1 0 7  

JOHNSCN 68 PR 1 7 6  1651 
LAMSA 6 8  PR l & 6  139B 
W H I T E H E A  6 8  NC 53A 8 1 7  

ADEBHDLZ 6 9  NP B 11 2 5 9  
AGUILAR- 6S EL 29 B 2#1 
ARMENISE &9 LNC 2 501 
CASO 69 NC 62 A 755 
DCNALO 69 NP B [1 551 

AGUILAR 70 PRL 25 5 8  
ARKENISE 70 LNC 4 199 
BADIER 7 0  NP B 2 2  512 
OH 70 PR D 1 2 4 9 4  

STUNTEDE 70 PL 32 B 391 

BARDADIN 71 PR 0 4  2 7 1 1  

BEAUPRE 7 1 N P  B 28 7 1  

FARBER 71NP B 29 237 
FLATT8 71PL  3 4  B 5 5 1  

AGUILAR 72  PR 0 6 29 
BISWAS 72 PR D 5 1564  
FOGLI 72 NC 8 A 670 
GRAYER 7 2  PHIL.CONF.PRDC. 5 
JACOBS 72 PRO 6 1 2 9 1  

KEMP 72  NC B A 611 
SCARBOTI 72 /NO 3 271 
T A K A H A S H  72 PR D 6 1266 
WHITEHEA 72 NP B 48  3 6 5  

ANDERSON 73  PRL 31 5 6 2  
BUGG 7B PE 0 7 3 2 6 4  

CHARLESW 73 NP B 65 2 5 3  
HVAMS 73 NP 8 6 4  134 
TOET 73 NP B 63 2 4 B  

EISENBER 7 4  PL 528 239 
ENGLEB 74 PR D I D  2070 
GRAYER 74 NP B 75  189 
HOLLOWA¥ 7 4  PB D9 1161 
L D U I E  7 4  PL 4BB 3 8 5  

EMMS 75 NP 896 155 
E S T A B R O 0  75  NP B95  3 2 2  
HYAMS 75 NB DlO0 205 
PAWLICKI 75 PR Oi2 631 

WEIZEL 76  NP B 115 208 

ACCENSI,ALLES-BORELLI,FRENCH,FRISK~ (CEBN) 
L.D.JACDBS,THESIS [LRL) 
+SHIBATA,GORDON,FRISCH,MANNELLI (MIT+PISA) J 

+LILLESTOL+MONTANET+ ICERN+CDEF+IRAD+LIVP) 
+FISCHER,GOBBhASTBURY+ ( E T H Z + C E R N I  

*HABDY+HESS+KIEZ+MILLER (LRL) 
+JOHNSON+RLEIN+PETERS+SAHNI+YEN+ {PURDUE) 
*BISWAS,CASON,DERADO,KENNEY+ (NDAM+PENN) 
M. RABIN (RUTGERS) 

+FORINO+CARTACCI÷ IBARI+BGNA~FIRENZE+DRSAY) 
G.ASCDLI,H.B.CRAWLEY,O.W.MORTARA,+ ( I LL )  
BOESEBECK,DEUTSCHMANN,*(AACHEN÷BEBLIN÷CERN) 
+OAVILLET+LABROSSE+MCNTANET+ (CERN*COEF) 
*PO[RIER,BISWAS,GUTAY+ (NDAM+PURD+SLAC) 
+CASGN+BISDASeDERADD+GRDVES+ (NOTREDAME} 
+MCEWEN~OTT,AITKEN+ (AERE+SHNP+LDdC) 

+ E A R T S C H , *  {AACH+BERLeCERN+JAGL+WARS) 
M.AGUILAR-BENITEZ,J.BARLOW,+ (CERN+CDEF) 
+GHIDINI,FORINO,CARTACCI+ (BARI+BGNAeFIRZI 
+CONTE,BENZ,+ IGEND÷DESY+HAHB*MILA+SACL) 
+EDWAROS,BURAN,BEIIINI,+ (LIVP+OSLD+PADD} 

AGUILAR-BENITEZ,BARNES,BASSAND,÷ (BNL+SYRAI 
÷GHIDINI,FORING,CARTACCI,+ (BARI+BGNA*FIRZ) 
+BONNEE,DREVILLON,BAUBILLIER,* (EPOt+IPNPI 
+DARFINKEL,NDRSE,WALKER,PRENTICE(WISC÷TNTOJ] 
STUNTEBECK,KENNEY,OEERY,BISWAS,CASONe(NDAM) 

BAR~ANIN-DTWIN~WSRA,HOFHDKL,+ (WARS) 
÷DEUTSOHMANN~GRAESSLER,+ (AACH+BERL÷CERN) 
÷DE PINTO,BISWAS,CASON,DEERY,KENNEY,+(NDAM) 
*ALSTON-GARNJOST,BARDARO-GALTIERI,+ ILBLI  

ADUILAR-BENITEZ,CHUNG,EISNER,SAHIOS IBNL) 
+CASDN,HARRINGTON,KENNEY,SHEPHARD (NOAM) 
FOGLI-MUDIACCIA,PICCIABELLI (BARII  
*HYAMS,JDNES,SCHLEIN,BLUM,DIETL÷(CERN+MPIM) 
L.D.JACOBS ISACLAY) 
+MAJOR,CONTRI,* (DUAH+GEND+MILA*EPOL+LPNPI 
SCARROTT,KEME (OURHAMI 
TAKAHASHI,BABISH,÷ (TOHO+PENN÷NDAN+ANL} 
NHITEHEAD,AULO,~ {AERE+RHEL+SHMP~LOUC) 

+ENGLER,KRAEMER,IOAF,DIAZ,* (CARN+CASEI 
+CONOO,HART,COHN,ENDORF,+ ( T E N N + ~ R N L + C I N C )  
CHARLESWORTH,EMNS,BELL,+ (RHEL+BIRM+DURHI 
+JCNES,WEILHAMMER,BLUM,DIETL,+ (CERN÷MPIM) 
+THUAN,MAJOR,RINAUDO,e(NIJM+BONNeDURH~TORI) 

~ISENBERG,ENGLER,HABER,KARSHON÷ (REHO) 
÷KRAEMER,TOAFF,WEISSBR,DIAZ+ (EARN+CASE) 
G.GRAYER,HYAMS,BLUM,DIETL,+ ICERN+MPIM) 
+HULD,JORDAN,KOETZ,BERNSTEIN÷ I I L L + I L L C )  
÷ALITTI,GANDOIS,CHALOUPKA+ [SACLeCEBN) 

eKINSON,STACEY,VOTRUBA+ (BIRM+DURH÷RHEL; 
P.ESTABROORS,A.D.MARTIN (DURHI 
~JONES,WEILHAMMER,BLUM,DIETL+ (CERN÷MPIM} 
+AYRES,DIEBOLD,GREENE,KRAMER,WICKLUND (ANLI 

*FREUDENREIEH,BEUSCH,+ (ETHZ+CERNeLOIO) 

ANTIPOV 77  NP E l l 9  45 eE~SNELLO,OAMGAARD,KIENZLE,+ (SERP*GEVA) 
PABLICKI 77 P~ D I 5  3 1 9 6  eAYRES,COHEN,DIEBOLD,KRAMER,WICKLUND IANLI 

ID( =as)l . . . . . . . . . . . . . . .  ) I = O  

8 D MASS (MEVI 

11290.1 APPROX. 
1283.0 5.0 

M 1290. 7. 
H (13tO.Of 
M 1270.0 I 0 . 0  
M 1285. 7 .  
M 1303.0 8 . 0  
M 1283o0 6.0 
M 150 1 2 9 2 .  iO. 

IBO 1286. 3. 
S 500(1280. I  ( 3 . )  

M 
M 
M 

M 

M 

BARLDW 6 7  HBC 1.2 PBAR P, 4PFS 5 / 6 7  
OAHL E7 HBO 1 .6 -4 .2  P I -  P 10/66 
D-ANDLAU 88 HBC 1.2 PBAR P, 5-6 PFS 6/68 
DEFOIX 6 8  HBC 1.2 PB P , 7  P/ 3169 
CAMPBELL 6 9  DEC 2.7 PIe D 8169 
LORSTAD 69 HBC 0 . 7  PB P,  4,5-BODY 9/69 
BARDADIN 71HBC 8 P I +  P, P+6PI 9/69 
BOESBBECK 71HBC 16.0 RI P , 5  PI 6/71 
DEFOIX 72 HBO 0.7 PBAR P,7 PI I173 
DUBOC 72 HBC 1.2 PBAR P,BK~PI 12/72 
THUN 72 MHS 1 3 . 4  P I -  P 1 2 1 7 2  

S SEEN IN THE MISSING MASS SPECTRUM 12/72 
210 1279o0 5.0 GRASSLER 7 7  HBC O 16. PI -+ P 1 1 1 7 7 "  

365 1276.0 3.0 EDWARDS 77 SPEC O 6.5 E l -  P 12177* 
3 2 0  1282.0 2 .0  NACASCH 77 HBC o .7+.76 PB P,KKBP 12177* 

AVG 1282.4 1.6 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 .3 I  
STUDENTI282°5 I=5 AVERAGE USING STUDENTIO(H/1.II} - -  SEE MAIN TEXT 

(SEE IDEOGRAM BELOW I 

B O WIDTH (4EVI 

W u R 135.0) ( tO.O) DAHL 87 HBC 1.6-4o2 E l -  P I L I ? I  
w 4 6 .  20. D-ANDLAU 68 HBC 1.2 PBAR P, B-& PFS 2/78 
W U UNFOLDED BY DOBRZYNSKI 71 
W R ( 40 .0 l  DEFOIX 6 8  HBC 1.2 PB P,? PI 11/71 
w 30*0 1 5 . 0  CAMPBELL 69 DBC 2 . 7  Pie D 8/69 
W R {60 . )  115.) LORSTAD &9 HBC 0.7 P8 P,  4,B-BODY 11/71 
w R (44.0)  (24o0I 8ARDADIN 71HBC 8 PIe P, P~6Pl 11/71 

LO.O IO.O BOESEBECK 71HBC IB.O PI P,5 Pl 6171 
R 150 (28°)  15.) DEFOIX 72 HBC 0.7 PBAR P,7 P9 1/73 

N R IBO 146.) 19°) DUBOC 72 HBC 1.2 PEAR P,2K4PI I2172 
W S 500 I 3 7 . I  (5.1 THUN 72 MMS 13.# P I -  P 1 2 / T 2  
w s SEEN IN THE ~ISSING MASS SPECTRUM 1 2 / 7 2  
N P RESOLUTION NOT UNFOLDED IL/71 
W 210 24.0 IB.O GRASSLER 77 HBC O 16. E l -+  P 12177" 
W 3 2 0  2 8 . 3  6 . 7  NACASCH 7 7  HBC O . 7 + . 7 6  PB P , K K B P  1 2 1 7 7 *  

N . . . . . . . . .  
W AVG 24.9 4.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)  
W STUDENT 25.3 5.6 AVERAGE USING STUDENTIOiH/ I . I I )  - -  SEE MAIN TEXT 

114 

Data Card Listings 
For notation, see key at front of  Listings. 

~E IGHTED AUERAGE = 1282 .4  ± l .G  

ERROR SCALED BY 1 .3  

. . . . . . . . . .  N A C ~ S C H  7 7  H B C  

- ~ -  'EDWARDS ? ?  SPEC 

. . . . . . . . .  GRASSLER 77 HBC 

. . . . . . . . .  D O B D C  7 2  H B C  

. . . . .  O E F O I X  7 2  H B C  

. . . . . . . . .  B g E S E B E C K  7 1  H B C  

J . . ' B A R O A D Z N  7 1  HBC 

. . . . . . . .  LDRSTAO 6 9  H B C  

. . . . . . . .  C A M P B E L L  6 9  D B C  

. . . . . . .  D - A N [  

1 2 S 0  1 2 7 0  1 2 9 0  1 3 1 0  1 3 3 0  

D NASS (~EU)  

C H I S O  

0 . 0  

4 . 5  

O . S  

1 . 4  

0 .9  

0 .0  

G.G 

0 . 1  

l o s  

• D - A N O L A U  GB HBC 1 . 2  

G? HBC 0 .0  

1 G  . 9  

[ C D N L E U  

= 0 . 0 7 6 )  

8 o PARTIAL DECAY MODES 

DECAY MASSES 
P1 D INTO K KBAR PI  4 9 7 +  4 9 7 e  134 
P2 D INTO PI P/ RHO 134e 134+ 7 7 6  

P3 D INTO ETA P/ P/ 548~ t 3 4 +  [ 3 4  

P4 O INTO DELTA PI 980+ 134 
P5 D INTO 2PI+ 2P I -  139+ 139e 139+ 139 
76 D INTO K* KBAR 892e 497 

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

8 0 BRANCHING RATIOS 

RI C INTO (PI  PI RHO) / ( K  BEAR P I I  ( P 2 I / ( P I )  

R1 (2 .0 )  OR LESS DAHL 67 HBC CHARGED P/ ONLY 10/68 
RI D ( 4 .0 )  OR LESS DONALD 69 HBC 1.2 PBAR P,SP+ . 
Rt D THIS IS FOR (RHOO PI+ P I - ) / (K  KBAR RIO) 

B2 D INTO {K KBAR P I I / (ETA  71 PIT (P I I / (P3 )  
R2 K R 0.166 0.055 DEFOIX 6B  HBC 1.2 PBAR P 1/73 
R2 R REVISED BY DEFDIX 72 
R2 O , 1 6  0.08 CAMPBELL 6D DBC 2.7 E l *  D 1 / 7 3  

R2 K O.BO O.O8 DEFOIX 72 HBC 0.7 PEAR P,7 P/ 1173 
R2 K K KBAR SYSTEM CHARACTERIZED BY THE I=1 THRESHOLD 
R2 K ENHANCEMENT (SEE UNDER OELTA(9801}. 
RB . . . . . . . . .  
R2 AVG 0.173 0.039 AVERAGE (ERROR INCLUDES SDALE FACTOR OF 1 .0 I  
R2 STUDENT 0.173 0.D42 AVERAGE USING STUDENTlOIHI[.11) - -  SEE MAIN TEXT 

R3 O INTO {DELTA P / / / (ETA P/ PIT (P4) 1(P3) 
R3 POSSIBLY SEEN AMMAR 70 HBC 8 . I , 5 .SK- ,ETA  5170 
R3 POSSIBLY SEEN OTWINOWSK 7 0  HBC 8 Pie P,  P e 6 P I  9 / 6 9  
R3 (0 .8 )  (O.2 l  DEFOIX 72 HBC 0 .7  PEAR P,7 PI • 1/73 
R3 l . O  0.3 GRASSLER 77 HBC O 16. P I -+  P 1 1 1 7 7 "  

R4 D INTO I 2 P I ÷  2P I -  I I N C L .  RHO P/ P I I ) / {ETA  PIe P I - )  
R4 ( P B I / ( 2 Z 3 P 3 )  

R4 BO (0 .55 I  OR MORE BOESEBECK 71 HBC 16. P I÷-  P,P 5PI t l / T l  
R4 O.~B 0.15 GRASSLER 77 HBC O 16. P I -+  P IL177 • 

RB D INTO ( K *  KBARI/TOTAL ( P 6 )  

R5 NOT SEEN NACASH 7 7  HBC .7+.78 PB P,KKBP 12/77" 

D-ANDLAU 68 PL 17 347 
MILLER 65 PRL 14 I074 
BARL~W 67 NC BOA 701 
DAHL 6 7  PR 1 6 3  1 3 7 7  
D-ANDLAU 6 8  NP B 5 6 9 3  
D E F O I X  6 8  PL 28  B 3 5 3  

CAMPBELL 69 PRL 22 1 2 0 4  

DONALD 6 9  NP B 11 5 5 1  
LDRSTAD 6 9  NP B l ~  6 3  
OT~INOWS &g  PL 29 B 529 

AMMAR 70 PR D2 430 

BARDADIN 71 PR D4 2711 
BOESEBEC 71 EL 34 B 659 
GOLOBERG 7 1 L N C  I 627 

. . . . . . . . . . .  ~ 37 ~21 
CHAPMAN 72 NP 4 2  
D E F O I X  72 NP B 4 4  1 2 5  

DUBOC 72  NP B 46 ~29 
THUN 72 PRL BB 1733 

VUILLEMI 75 LNC 14 185 
WELLS 75  NP B l O [  3 3 3  

HANDLER 76  NP B 1 1 0  1 7 3  
VUILLEMI 7 6  NC 3 3 A  133 
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l (13oo)J 
t# EpS ILON( 1300, JPG=O÷+) I=O 

S-Wave ~ and KK Interactions 

In this note, we discuss information on the 

non-strange IGj PC = 0+0 ++ partial wave, coupled to 

the ~n and KK systems. 
+ - 

The threshold behavior of elastic ~ ~ scatter- 

ing involves S and P waves which can be sufficiently 

well described by the scattering lengths a~, a~, and 

a~. In spite of many attempts (see PILKUHN 73, 

BONNIER 74, PASCUAL 74, RIESTER 75, SRINIVASAN 75, 

GRIVAZ 76), the determination of these parameters 

still meets with great difficulties (BASDEVANT 73, 

75). The parameters a~ and a~ are strongly corre- 

must lie in a narrow band in the (a~, a~)- lated and 

plane (MORGAN2 70). Thus if a~ is fixed, a~ and a~ 

are determined within small uncertainties (BASDEVANT 

72,75). 

value of a~ comes from combining the The best 

Ke4 data of ROSSELET 77 with the Roy-equation fits 

to 6~ above 600 MeV, yielding a~ = (0.26 ± 0.05)~ -1 

(FROGGATT 77). 

Near threshold the S wave shows no resonant 

behavior. The so-called ABC and DEF effects (BOOTH 

63, HALL 69, BRODY 70,72, BANAIGS 71,73) occur only 

on nuclear targets (d, H 3, He 3) and move when 

kinematical conditions change. Thus they must be 

kinematical effects (DUBAL 71, BRODY 72, RISSER 73, 

BAR-NIR 75, BARRY 75). 

The region of elastic ~ scattering is known 

to extend from threshold to about 990 MeV, near the 

KK threshold (BATON 70, CARROLL 72, PROTOPOPESCU 73, 

HYAMS 73, OCHS 73). 

Up to the p-meson mass region, the phase shift 

~ is (qualitatively) uniquely determined; it rises 

monotonically and reaches a value of 60 ° to 70 ° 

near 700 MeV (SONDEREGGER 69, BATON 70, BAILLON 72, 

CARROLL 72, FRENKIEL 72, GAIDOS 72, PROTOPOPESCU 73, 

HYAMS 73, OCHS 73, ENGLER 74, ESTABROOKS 74,75, 

GRAYER 74); see Fig. i. 

In the mass region of 700 to 900 MeV, all 

energy-independent phase-shift analyses using the 

constraint Q~= 1 find two solutions ("up-down 

ambiguity"). This ambiguity was resolved in favor 

of the "down" solution (see Fig. 2) by the obser- 

vation of a very rapid decrease in the S-wave 

-ID 

Mesons 
 (t3oo) 

200 t 
150 

I O 0  - 

5°i  
0 

3OO 

I I l I I I I 

BATON 70 

BAILLON 72 

SONDEREGGER 69 

BENSINGER 71 

ZYLBERSZTEJN 72 

I 1 I I I I I 
400 500 600 700 800 900 I000 I100 

M=rr (MeV) XBL743~2666 

Fig. 1. The S-wave, I = 0 ~% phase shift, as deter- 
mined by several experiments. The curves are from 
BASDEVANT 73; solutions (1- 3) were obtained by 
fitting the data of BATON 70, while (4 - 6) are 
from fits to the data of PROTOPOPESCU 73. 

amplitude between 950 and 980 MeV (FLATTE 72, 

GAIDOS 72, HYAMS 73, BINNIE 73, ENGLER 74). The 

size of the observed drop corresponds to a change 

from nearly the unitarity limit to zero. 

Independent evidence for the correctness of 

this "down" solution comes from studies of the ~0~0 

system (APEL 72, BRAUN 73, SKUJA 73, RIESTER 75). 

They observe a wide o%o enhancement of ~800 MeV 

which is much better described by the "down" solu- 

tion than the "up" solution. However, this conclu- 

sion is not confirmed by DAVID 77. Indirect 

information from elastic ~ scattering in the 

crossed channel (ELVEKJAER 72, NIELSEN 70,72) is 

compatible with the "down", but not with the "up" 

solution. 

The ambiguities of the phase-shift solutions 

stem from the fact that there are more helicity 

amplitudes than observables. Thus in the absence 

of polarization measurements one is obliged to make 
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31S 

Z~ 

2~ 
.=. 

o A  

v B This experiment . ±  ~,~ 
o C ?Y~' 

D (dif ferent onolyses) ~&~#~ 
,~ E - - ~ T ~  ", , . ~ ' ~ ' ~  
x Protopopescu ~,x ~ . ~ Y  { 

MIcw. McWc2 

Fig. 2. The S-wave, I = 0 ~W phase shift, as determined by various analyses of the data of GRAYER 74, 
compared with the previous results of PROTOPOPESCU 73. (Figure from GRAYER 74.) 

some supplementary assumptions (see, e.g., DONOHUE 

75). Analyzing the same data (GRAYER 74) by differ- 

ent methods, HYAMS 75 find four solutions in the 

region 1.0 - 1.8 GeV, while ESTABROOKS 75 find four 

solutions denoted A,B,C,D below 1.2 GeV which 

become eight solutions above 1.2 GeV (see Fig. 3). 

COMMON 76 rules out solutions B and D, which are 

distinguished by containing the p' (1600) in the P 

wave. JOHNSON 76 rule out solutions A and C, and 

FROGGATT 75,77 favor only solution B unambiguously. 

MARTIN2 77 favor solution B and a variant of the A 

solution which, however, has a much larger backward, 

high energy (exotic I = 2 exchange) cross section 

than solution B, and which in addition has a D-wave 

~ resonance at 1600 MeV instead of the P-wave 

p'(1600). What emerges from these analyses of the 

uncoupled ~ system is a second sheet pole £, 

located at about 1.3 GeV, rather far from the 

real axis (FROGGATT 77, MARTIN2 77). 

In spite of the apparent ~0~0 peaking in the 

600 - 800 MeV region, it has been made plausible 

(MORGAN 75) that all available z~ ÷ ~ and ~ ÷ KK 

data are compatible with the existence of just two 

poles: the S* connected with the rapid variation 

of ~ near the KK threshold, and the £. The narrow 

S* resonance would also be responsible for the large 

KK I = 0 S-wave scattering lengths. 

In quark model language, the S* would be 

mainly an ss state and the e mainly a uu and dd 

state. Some recent coupled-channel analyses indi- 

cate, however, that these states mix unexpectedly 

and appreciably. It was first demonstrated (FLATTE 

76) that the ~ ÷ ~ and ~ + KK data near the KK 

threshold are consistent also with a broad S* with 

an appreciable coupling to ~. In contrast to this, 

MARTINI 77 show that the data prefer interpreting 

only the S* as a quark-antiquark system, the e being 

a molecular ~-compound with no significant force 

in the KK channel. 

Recently new data on ~-p + K S°K°S n (CASON 76) 

showed that the phase difference I~ D - ~S I under the 

well known f meson indeed showed a resonance-like 

behavior: one of their solutions has a rapid phase 

variation near 1255 MeV, whereas the other looks 

very much like the e in the ~ data. In a very- 

large-statistics experiment on ~-p + K-K+n and 
+ - + 
n + K K p, PAWLICKI 77 confirm unambiguously 

that the ~(1300) indeed couples strongly to the 

K+K - system, quite in agreement with the slow-rise 

solution of CASON 76. 

Finally, a yet uncompleted analysis of ~ + ~ 

and ~ + KK data with some additional information 
o o + -  

from a pp + KsKs ~ ~ experiment concludes that both 

the S* and the e are very broad and strongly coupled 

to both the ~ and the KK systems (CERRADA 76, 

AGUILAR 77). 
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SOLUTION A SOLUTION B 

, ,  P 1"5 

1,7 1.7 

1.5 

Mesons 
 (1 oo) 

SOLUTION C SOLUTION O 

1.7 

1'5 

17 

Fig. 3. Argand plots for ~ S, P, D, and F partial-wave amplitudes. Shown are solutions A-D of ESTABROOKS 
75, obtained with the data of GRAYER 74. The points on the curves are at 50 MeV intervals. The diameters 
of the S-, p-, D-, and F-wave unitarity circles shown are given by 2/3, /3, (2/3)~, and ~, respectively. 
An elastic I = 2 S-wave phase shift of 25 ° independent of MZ~ has been assumed. (Figure from ESTABROOKS 75.) 

14 EPSILDN MASS fMEV) 

M (1255.) (5 . )  CASON 76 STRC ?.  PI-P,KS KS 12/77. 
M F {L2B6.O) FROGGATT 77 RVUE PI÷PI-  CHANNEL 12177* 
M N (I10O.) MARTIN I 7T RVUE PI+PI-IK+K- 12/77~ 
M M (1270.) APPROX. MARTIN 2 77 RVUE PI+PI-  CHANNEL 12/77. 
M (13DO.) PAWLICKI 77 SPEC b. PI N.K÷ K- N 12177= 

m F THJS SOLUTION IS  UNIQUE, ELASTICITY G.69, BHO PRIME IN P-~AVE° 12/77. 
M M VERY ELASTIC SOLUTION, HAS RHO PRIME IN P WAVE. AMBIGUOUS TO MAINLY 12177" 
M M INELASTIC SOLUTION WHICH IS BACKWARD EXOTIC AND HAS NO RHO PRIME. I2/77* 
M N BRDAO ELASTIC SOLUTION 12/77~ 

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

14 EPSILEN WIDTH (MEVI 

W C (7~.] { i 0 . I  CASON 76 STRC 7. PI-P,KS KS 12177* 
w E CASCN 77 CANNUT RULE QUT A SECOND SOLUTION WITH LARGB WIDTH. i2/77~ 
W E ( 4 0 0 . )  APPRDX. FROGGATT 77 RVUE PI÷PI-  CHANNEL 12/77~ 
W E WIDTH DEFINED AS DISTANCE BETWEEN 4B AND 135 DEGREES PHASE SHIFT.  12/77. 
W (ISO.] APPROX. PAWLICKI 77 BPEC ~. P[ N,K÷ K- N [B/77~ 

REFERENCES FOR EPSILON 

SAHIBS 62 PBL 9 139 +BACHMAN.LEA+  (BNL+CUNY÷COLU*KN/Y) 

BLOKHINT 63 JETP 17 BO BLOKHINTSEVA,GREIBINNIK~ZHUKOV + (DUBNA) 
BOOTH 63 PR 132 2314 ÷ ABASHIAN {LRL) 
KIRZ 6 ]  PR |30  2¢8I +SCHWARTZ ÷ TRIPE {tEL) 

BARISH 64 PR 135 B 416 
CRAWFORD 64 PRL IB 42| 
DEL FABR 64 PRL I2  674 
KALMUS 64 PRL 13 99 

BATON 65 NC 36 i 149  
BIRGF 65 PR 139 B 1600 
BROWN 65 CORAL GABLES 2[9 
DURAND 65 PRL 14 329 

JACOBS 66 PRL 16 b6g 
KOPELNAN 66 PL 22 118 
LQVELACE 66 PL 22 332 

ANOERB~N 67 PRL 18 Bg 
CLEGG 67 PR 163 t66~  
CDRBBTT 67 PR 156 1~51 
BURRY 67 PRL iB 142 
JOHNSON 67 PR 163 1497 
MAEAMUO 67 PEt 19 1056 
WALKER 67 RMR 39 695 
WALKER 67 PRL iB 6BO 

BANDER 68 PR 168 1679 
BISWAS 68 PL 27 B 5[3 
BRAUN 68 PRL 2 i  1275 
OUI~A-RG 68 PR L6g I 357  
EISENHAN 68 PRL 20 TBB 
FOSTER 68 NP B 6 tO7 
HYAMS 6B NP B7 [ 
JONES 6B PR I66 1405 
JOHNSON 68 PR 176 1BB1 
LGVELACE 68 PE 28 B 264 
MARATECK &B PRL 21 1613 

BABISH,KURZ,pEREZ-NENDEZ,SOLOMON (LRL) 
+GROSSMAN,LLOYOePRICEeFOWLER { LRL I  
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+ELY+GIDAL~KALNUS+CAMERIN[* ILgL~WISCI 
BROWN÷FAIER {NORTHWESTERN) 
L. OURAND AND Y.T. CHIU (YALE) 

+SELOVE (LRL) 
÷ALLENtGODDEN.MARSHRLL • (CDLGRAOO÷IOWA) 
LDVELACE,HEINZ,DONNACHIE (CERNI 

+FUKUI÷KESSLER+ {CHIC*ANL÷ENRC÷MCGILL÷LOQH) 
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+DAMERELL*MIDDLEMAS+NEWTON (OXF÷RHEL) 
+JOHNSON+LOEFFLEReMCILWAIN÷ (PURDUE÷LRL) 
÷GUTAY,EISNER,KLEIN,PETERS,SAHNI,YEN÷{PURDI 
E.MALAMUD ÷ P°E.SCHLEIN (UELAI 
R.O.WALKER IRISCONSINI 
+CARROLL,GAREINKEL,OH (WISCDNSINI 

÷SHAW,FULCO (UC IRVINE*S.BARBARA) 
÷CASON,JOHNSON,KENNEY,POIRIER+ (NDA~) 
BRAUN,CLINE,SCHERER {WISCONSIN) 
B. DUTTA-ROY, I°R. LAPIDUS (STEV) 
EISENHANDLER,MISTRY,MOBTEK ÷ (CORNELL} 
÷GAVILLET+LABROSSE+MONTANET÷ (CERN+CDEF) 
• KOCH.POFTER,..VON L[NDERN,LOREN{CERN÷MPIM) 
+CALDWEEL*ZACHAROV+HARTING÷BLBULER+ {CERN] 
• POIRIER.BISWAS,GUTAY+ INBAM+PURO+SLAC) 
C.LOVELAOE (CERN) 
+NAGOPIAN,+ (PENN+LRL÷COLOePURD+TNTD÷WISC} 
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BIZZARRI 6 9  

OAVISON 6 9  

DEINET 69 
ELY 69  
FELDMAN 69 
GUTAY b9 
H A L L  69 
FGPKINSO 69 
MALAMUD 69 
MUEEAN 69 
ROBERTS 69 
SCHARENI 69 
SCHAREN2 b9 
SMITH b 9  

SONDEREG 6 9  

STRUGALS 69 
ALSO 70 

WAGNER 69 

BARTSCH TO 
BATON 7O 

BRODY TO 
DIAZ 70 
HYAMS 7 0  
MAUNG 70 
MORGANI 7O 
MORGAN 2 70  
NIELSEN 7 0  
SCHARENG ?0 
OH 7 0  

SHIBATA 7 0  

A£STCN-G 7L 
BANAIGS 71 
BEAUPRE ?t 
RENSINGE 71 
DUOAL 71  

GUILLOU 71 
GUIAY 71 
HAMILTON 71 
KIM 71 
LYNG PET 71 

A P E L  72  

5AILLON 72  
BASDEVAN 72 
BRODY I 72  
BRODY 2 72 
CARROLL 72 
ELVEKJAE 72 
FLATTE 72 
F R E N K I E L  72  

G A I D O S  72  
PRASAO 72  
N I E L S E N  72  

N H I T E H E A  7 2  
WILLIAMS 72  

ZYtBERSZ 72 

ANJOS 73 
BANAIGS1 73 
BANAIGS2 73 
OASOEVAN 73 
BEIER 78 

NP B14 IbG(SEE P.I90)+FOSTER,GAVILLET,GHESQUIERE+ (CERN+CDEFI 
PR 1 8 0  1333 +BACASTOW,BARKAS,+ (UCR+UCBJ 
PL 3 0  B 3 5 9  +MENZIONE,MULLER,STAUDENMAIFR,+ (KARL+CERNI 
PR 180 1319 +GIDAL,HAGOPIAN,* (UCBeLOUC+WISC) 
PRL 8 2  316  +FRATI,GLEESCN,HALPERN,NUSSBAUM,+ ( P E N N )  
NP 8 12 31 +CARMDNY,CSONKA,LOEFFLER.MEIERE (PURDUE) 
NP 8 12  573 +MURRAY,RIODIFORD (BIRMINGHAM1 
NC 59 A 1 8 1  J . H O P K I N S C N , R . G . R O B E R T S  ( C O R N )  
ARGONNE CONE.P.93 E.MALAMUO, P.SCHLEIN (UCLA) 
NP B I0  261 D.MORGAN,G.8HAN (RHEL) 
PL 29 B 368 R.G. ROBERTS, F. WAGNER (CERN} 
ARGONNE CONF.306 SCHARENGUIVEL (PURDUE) 
PR 1 8 6  1387 SCHARENGUIVEL(PURD+LRL+CERNtCOLO÷PFNNtTNTD) 
PRL 23  3 3 5  G.A.SMITH, R.J.MANNING [MSU+LRL) 

SEE BASDEVANT 72 S C N D E R E G G E R , B O N A M Y  (SACL) 
PL 29 B 518 +CHUVItO,FENYVES,+ (WARS+JINR+OUDAI 
NP B 24 358 S T R U G & L S K I , C H U V I L O , F E N Y V E S , G F M E S Y , +  (DUBNA} 
NC 6~ A 189 F.~AGNER (CERN} 

NP B 22 1 +KEPPEL,GENSCH,MORRISON,+ (AACH+BERL+CERN) 
PL 3 3  B 528 +LAURENS,REIGNTER (SACLAY) 
PRL 24 948 +GROVES,VANBERG,MAGLIC+(PENN÷RUTG+UPNJ+ANLI 
NP B 16 2 3 9  +GAVILLET,LARROSSE,MDNTANET+ ( C E R N + C D E F )  
PHILAO.CfNF.P.~t tSCHLEIN,BEUSCH,+(CERN+MPIM+ETHZ÷LDIC+HAWA) 
PL 33 B 521 +MASEK,MILLER,RUOERMAN,VERNON,+ IUCSO+LRL) 
SPRINGER TRACTS MOO.PHYS.,VOL.55,P.I. MORGAN,PISUT(RHEL+CERN) 
PRD 2 520 D.MORGAN,G.SHAW ( R H E L I  
NP B 22 525 +LYNG-PETERSEN,PIETARINEN (NORDITA) 
NP B 82  16  SCHARENGUIVEL,GUTAY,MILLER,+ [ P U R D + P E N N I  
PRD L 249~ +GARFINREL,MORSE,WALKER,PRENTICEIWISE+TNTO) 
PRL 2 5  1227  +FRISCH,WAHLIG OMIT) 

PL 3 6  B L 5 2  ALSTON-GARNJOST,BAROARD-GALTIERI,+ (LBL) 
NP B 28 509 +BERGER,DUFLO, GOLOZAHL,COTTEREA+(SACL+CAEN) 
NP B 28 7 7  tDEUTSCHMANN,GRAESSLER,+ {AACH+BERL+CERN) 
PL 36 6 134 BENSINGER,ERWIN,THQMPSON,W.DoWALKER (WISC) 
NP B 32 535 L . D U B A L ,  D . J . B R O W N  I C N R C + C A R L )  

NC 5 A 659 LE G U I L L O U , M O R E L , N A V E L E T  { C E R N I  
NP B 2 7  486 +SCHARENGUIVE1,FUCHS,GAIDOS,MILLER,+ IPURD] 

SPRINGER TRACTS MDO.PHYS.,VOL. 57,P.41 J.HAMILTON INORDITA) 
PRD 4 265 +BANOER (UCI) 
EHYS.REPRTS 2 155 J.LYNG PETERSEN (REV]EWI (CERN) 

PL 41 B 5 4 2  

PL 38 @ 5 5 5  
PL 41 B 178 
PRL 28  1215  
PRL 28 1 2 1 7  
PRL 2 8  3 1 8  
NP 0 43  445 
PL 3 8  B 2 3 2  
NP D 67 61 
NP B 4 6  449 
P R o  6 3 2 1 6  
NP B 49  5 8 6  
NP 8 48 365 
PRD 6 3 1 7 R  

PL 38 B 4 5 7  

NP B b 7  3 7  

PL 43 B 555 
NP B 67 l 
AIX CONF.P.220 
PRL 30 3 9 9  

+AUSLANDER,MULLER,BERTOLUCCI,+ (RARL+PISA) 
+CARNEGIE,KLUGE,LEITH, LYNCH,RATELIFF+(SLAC) 
BASDEVANT,FROGGATT,PETERSEN (CERNI 
+GROVES,MAGLICH,NDREM,+ IPENN+RUTG+UPNJI 
H.BROOY IPENNSYLVANIA) 
+DIAMOND,FIREBAUGH,MATTHEWS,* (WISE+INTO] 
F.FLVEKJA£R (AARHUS) 
+ALSTON-GARNJOST,BARBARO-GALTIERI, [ k B k )  

tGHESQUIERE,LILLFSTDL,CHUNG,÷ (CDEF+CERNI 
+MCILWAIN,THOMPSON,WILLMANN IPURDUE) 
+BREHM [UNIV.DF MASSACHUSETTSI 
H.NIELSEN,G.OADES INDRO+AARHUS) 
WHITEHEAD,AUtO,+ (AERE+RHEL+SHMP+LOUC) 
P.K.WILLIAMS {FSUI 
ZYLBERSZTEJN,BASILE,BOURQUIN,+ (GEVA+SACLI 

+O.LEVY,A.SANTORO ISACLAYI 
tCOTTEREAU,FABBRI,+ ISACL+CAEN+FRAS) 
+OERGER,GOLOZAHL,COTTEREAU,+ (SACL+CAENI 
J.L.BASDEVANT RAPPORTEUR TALK  (PARIS V I I  
+BUCHHOLZ,MANN,PARKER,ROBERTS (PENN) 

BINNIE 73 PRL 31 1534 
BRAUN 7 3  PRD 8 379# 
HYAMS 73 NP B 64 13# 

FOR OTHER RESULTS ON SAME 
OCHS 73 THESIS 
PILKUHN 73 NP B 65 G60 
PROTOPOP 73 P R D  7 1 2 8 0  

RISSER 73 PL 43 B 6 8  
SKUJA 73 PRL 3 1  653 

BASDEVAN 74 NP B 72 413 
BONNIER 74 NP B 83 440 
CARRCLL  7 4  P R D  1o 143o 
ENGLER 74  P R D  1 0  2 0 7 0  

ESTABRO0 T~ NP B 79 301 
GRATER 7 4  NP B 76 3 7 5  
JONES 7 4  NP 8 83 93 
MORGAN 7 4  PL 5l B 71 
O R I T O  7~ PL 48 B 380 
PASCUAL 7 #  NP B 8 3  3 6 2  

B A R - ~ I R  75  NP B 8 7  1 0 9  
BARRY 75 NP D R5 2 3 9  
BASDEVAN ?5 NP B 98 285 
OONOHUE 75 NC 25 A 409 
ESTABROO 75  NP B g5 322 
FROGGATT 75 NP 8 91 454 
FUJI( 75 NP B 8 5  1 7 9  

HYAMS 78 NP B 100 2 0 5  

MORGAN 75 ARGONNE CONF. 4 5  
RIESTER 75  NP B 96  # 0 7  
SHIMADA 75 NP B io0 2 2 5  

SRINIVAS 75 PRD 12 6RI 

BANAIGS 76 NP B 105 52 
EASGN 76 PRL 3 6  I~85 
CERRADA 76  PL 6 2  B 3 5 3  
COMMON 76 NP B 103 109 
F L A T T E  76 PL 63 B 228 
GRIVAZ 76 PL 6l B 400 
JOHNSON 76  PL 6 3  B 95 
WETZEL 7 6  NP 8 1 1 5  2 0 8  

AGUTLAR 77 NP B 
FROGGATT 77  NP B 1 2 9  8 9  

DAVID 77 PRD 16 2027 
NAY 7 7  PRD t b  l ~ B 3  

MARTIN I 77  NP B I 2 t  514 
MARTIN 8 77 PREPRINT TH.2353 
PAWLICKI 7 7  P R D  15  3196 
R O S S E L E T  77  PR 0 15 5 7 4  

+C~<R,DEBENHAM,DUANE,GARBUTT,+ (LOIC+SHMP) 
+D.CLINE (WISE] 
tJONES,WEILHAMMER,BLUM,OIETL,+ {CERN+MPIM) 
EXPERIMENT DEE GRATER 74 
THESIS (MPIM) 
tSCHMIOT,MARTIN,+ (KARL+CERN+LOUC+NIJM} 
PROTOROPESCU,GARNJOSI,GALTIERI,FLATTE+(LBLI 
T.RISSER,M.D.SHUSTER (SACLI 
tWAHLIG,RISSER,PRIPSTEIN,NFLSON,+ (LBL) 

BASOEVANT,FROGGATT,PETERSEN (LPTP+NORD) 
B.BONNIER,N*JOHANNESSOR ICERN) 
tMATTHEWS,WALKER+ ISLAE+DUKE+WISCtTNTO} 
+RRAEMER,TOAFF,WEISSER,DIAZ+ (CARN+CASE} 
P.ESTABROOKS,A.D.MARTIN (DURH) 
+HYAMS,JONES,BLUM,DIETL {CERN+MPIM) 
+ALLISON,SAXON (OXF) 
D.MORGAN (RHEL) 
+FERRER,PAOLUZI,SANTONICO IFRAS+ROMA) 
P.PASCUAL,F.J.YNDURAIN (BARC+MAOU) 

+RISSER,SHUSTER (CERN+UC SB+TELA( 
G.W.BARRY IPURD) 
BASOEVANT,CHAPELLE,LQPEZ,SIGELLE [ L P f P l  

J.T.DDNOHUE,Y.LEROYER (BORO; 
P.ESTABROOKS,A.D.MARTIN (DURHI 
C.D.FROGGATT,J.L.PEIERSEN (GLAS+NORO) 
Y.FUJII,M.FUKUGITA (TOKYI 
+JONES,WEIEHAMMER,BLUM,DIETL+ ICERN+MPINI 
O.MORGAN (RHEL] 
+ARNOLD,ENGEL,PATY (STRB} 
T.SHIMADA (TOKY) 
SRINIVASAN,HELLANO,LENNDX,KLEM+ INDAM+ANL} 

+BERGER,GOLDZAHL,COTTEREAU+ISACL+CAEN+FRASII,JP 
+POLYCHRONAKOS,BISHOP,BISWAS,+ (NDAM{ANLII J 
+GONZALEZ-ARROYO,RUBIO,YNDURAIN (CERN+MADR} 
A.K.COMMON IKENI) JP 
S.M.FLATT6 ICERN) 
+DAVIS,HALSTEINSLID,IRWIN,+ILALOtBERG+EPOL) 
+MARTIN,PENNINGTON (OURH+CERN} JP 
+FREUDENREICH,BEUSCH,+ (ETHZ+CERN+LOIC) 

+CERRADA,+ (MADRTD+BOMBAYtCERN+PARIS) 
tPETERSEN (GLASGOW+COPENHAGEN) 
+VILLET,AYED,BAREYRE,BORGEAUD,+ (SACLI 
+ABRAMSON,ANDREWS,BUSNELLO,+ (KOCH+CORN) 
+OZMUTLU,SQUIRES (DURHAM) 
A.D.MARTIN, M.R.PENNINGTON (CERNI 
+AYRES,CONEN,DIEBOLD,KRAMER,WICKLUNO (ANLI I  J 
+EXTERMANN,FISHER,BERGER,BLOCH,+(GEVA+SACLI 
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Data Card Listings 
For notation, see key at front of  Listings. 

iA2(131o)1 . . . . . . . . . . . . . . . . . . . . .  WE LIST THE A2 AS AN ORDINARY BREIT-WIGNER RESONANCF. 
FOR DISCUSSION OF THE REPORTED SPLITTING, SEF OUR 
APRIL 72 AND APRIL 73 EDITION. 

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

12 A2 MASS (MEVI, 3PI MODE 

M ( 1 3 2 0 . 0 1  
M ( 1 3 3 5 . 0 }  O l D . O )  

M 1 4 2 5  1 2 9 0 . 0  ( 5 . 0 1  

M I I 290 .O l  i lO .O)  
M ( IB lO .B)  ( tO.Of 
M 1060 1286. lB.) 
M O 400011307.) It6.) 
M 2 6 O  l S l l . O  6.0 
M 120 1 3 2 0 .  tO. 
M o ll3iO.) (20.I 

(1301.0) (8.0) M 
M A ([BDO.O) (4 .0 )  

A M (1299.1 (14.} 
M Q I1295.0) (20.0) 
M A 24I(1299.0I (12.0) 
M 1310.0 14.0 
M 1308. 13.)  

941 1306.0 4.0 
280 1313.0 T.O 

M A 5 8 1 1 1 2 8 8 . 0 1  ( 1 0 . 0 1  

M o (1335.01 (IS.D) 
M o 11330.0) (15.0) 
M 1 1 2 7 4 . 0 )  1 2 2 . 0 )  
M 3 6 0  1304.0 4.S 
M 10000 1307. 5. 
M 5000 1309. 5. 
M 28000 E299.0 b.O 
M 2 4 0 0 0  1 3 0 0 .  6.0 
M 17000 1309.0 4.0 
M 160 I307.  7. 
M P 1 3 1 5 .  5. 
M 1580 1306. 9. 
M P 1600 1318. 7. 
M P 1200 1298. B. 
M P 8 0 0 0 ( 1 3 1 8 . 0 1  ( 2 . 0 1  

AOERHOLZ 6R HBC 4.0 Pl tP 
GOLDHABER 64 HBC +- 3.7 P I+ -  P 12/75 
LEFEBVRES 65 MMSP - 5 . 6 , 6 .0  PImP 1/73 
8APNES 66 HBC 6 . 0  PI-P 8 / 7 3  
BENSON 66 DBC 0 3.65 P I t D  t 2 / 7 5  
LEVRAT b6 MMS - b-7 P I -  P 1/73 
CHIKOVANI 6 7  MMS - 7 PI -  P 1 2 / 7 5  
A R M E N I S E  6 8  DBC O 5 . 1 P I + O  9 / 6 7  

BOESEBEEK 6 8  HBC O @ P l +  P 6 / 6 8  
EHUNG 6 8  HBC - 2 . 7 ~ 4 . 5  P l -  P 5 / 6 8  
VOW KROGH 68 HBC 6.7 P I -  P 9/68 
JUNKMANN 6 8  HBO - 16. P l -  P, 5Pl 1/73 
LAMSA 6 8  HBC - B P l -  P I 17 I  
ANDERSON 6 9  MMS 16  P I -  P,BACKW9 8/69 
ARMENISE 69 DRC + 5 .1P I÷D ,3R I++ -  5/70 
E I S E N 8 E R G  6G HBC 4 . 3 , 5 . 3  GAMMA P 1 2 / 6 9  

ASCQLI 70 HBC - 5 - 7.5 P I -  P 1/71 
ALSTON 70 H~C + 7.0 PI+P,3PI P I171 
8OCKMANN 7 0  HBC 0 5 .  P I + P  5 / 7 0  
CASO 70 HBC - I I . 8P I -P ,P I  RHO 1/73 
DIAZ 7 0  HBC o.  PBAR P, 4 PI 1 2 1 7 5  

GARFINKEL 7 0  DBC - 4 , 5  K-O,LAM8DA I 2 / 7 5  
GORDON 7 0  DBC 0 4.8 P i t  D . 1171 
BARNHAM 71 HOE t 3 .7  PI+ P , ( 3P I l t  11171 
BINNIEI 71 MMS - P I - P  NEAR A2 THR 11/71 
BINNIEI 71MMS - PI-P NEAR A2 THR I t / I t  
BOWEN 71MMS 5. P l -  P 11171 
BOWEN 71 MMS t 5. PI+ P 11171 
BOWEN 7 1  MMS - 7 .  P l -  P 1 1 1 7 1  
8LOOOWORT 7 2  HBC + 5 . 4 S  PI+ P,P 3 P l  1/73 
ANTIPOVI 73 CNTR - 25 . , 40 .  P I -  P 1/74 
CHALDUPKA 7 3  HBC 3 . 9  PI -  P,P A2 2/73 
EMMS 75 D8C 04. PI+N,P A2O 11/75 
WAGNER 7 5  HBC 0 7 .  P I + P , D E L + t A 2  1 1 / 7 5  

GHIDINI 77 OMEG -12 PI-P,P 3 P l  12177" 

AVG 1307.7 1.4 AVERAGE (ERROR INCLUDES SCALE FACTOR OF t .O)  
M STOOENT1307.7 1.7 AVERAGE USING STUDENTIO(H/I . t l }  - -  SEE MAIN TEXT 

M A 0 ONLY EXPERIMENTS GIVING ERROR LESS THAN 15 MEV KEPT FOR AVERAGING 
M ANALYSIS COMPLICATED 8Y NEARBY PEAK (A I . 5 )  AND/OR AI 
M P FROM A FIT TO JR=2+ RHD PI PARTIAL WAVE 

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

MK 80(1317.0)  (3 .0 )  
MK 60 1333.0 13.0 
MK N I1344.0)  I 7 . (  
MK 1 3 0  [ 2 8 0 . 0  1 2 . 0  

MK 1317.2 4 . 0  

MK N (1315.7( ( 10 .8 l  
MR N (1311.0| (5.0l 
MK 132 1301.0 7.0 
MK 190 1313.0 7.0 
MKS 1500 1319.0 3.0 
MK 730 1313.0 4 .0  
MR 2 7 2 4  1320.0 Z.O 
MK P ( 1 8 1 8 . 1  I t . )  

BARLOW 6 7  HBC +- 1.2 PBAR P, KK . 2/72 
8ARLOW 67 HBC 1.8 PBAR P, KK 9/67 

( 6 . )  BEUSCH 67 OSPK 0 8-12 P I - P , K I K I  l l / T t  
CONFORTG b7 HBC ÷- o. PBAR P IN  RE. 9/67 
OAHL 67 HBC - 2 . 7 -4 .5  P I -  P 8/67 
OAHL 67 HBC O 2 . 7 - 4 . 5  PI -  P 11171 
CRENNELL 6 8  HBC 0 6.0 P I -P ,K IK [  1 1 / 7 1  
ALSTON ?0 HBC + 7.0 PI+P,K+KS P L/71 
CRENNEL 71HBC - 4.5 P I -  P , K S K - P  i t / ? t  
GRAYER 71 ASPR - 17.2 PI-P,K-KS P 2/72 
FOLEY 12 ENTR - 20.3 P I -  P,K- KS 12/72 
MARGUL[ES 7 6  SPEC - 23.PI -P,K-KS 1 R / 7 7 ~  
MARTIN 77 SPEC - tO P( P,KS K- P 12177* 

MR . . . . . . . . .  
MK AVG 1317.3 1.8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .3 l  
MK STUDENT1317.6 t . b  AVERAGE USING STUOENTIOIH/L.TI| - -  SEE MAIN TEXT 

(SEE IDEOGRAM BELOW l 

WEIGHTED AUERAGE : 1317 .3  • 1 . 8  

ERROR SCALED BY 1 .3  

CHISQ 

. . . . . .  MAR@ULIES 7G OPEC i .B  

. . . . . .  FOLEY 7 2  CNTR 1 .2  

l 
J . . . . .  GRAYER 7 1  ASPK 0 . 3  

-CRENNEL 7 1  HBC 0 . 4  

A L S T D H  70 HBD S.4  

• O A H L  6 7  H B C  0 . 0  

C D N F D R T D  67  HBC 

BARLDN 67 HBC 

9 .1  

' ( C D N L E U  
1 2 4 0  1 2 8 0  1 3 2 0  1 3 6 0  1 4 0 0  =0.10S] 

A2 MASS [MEU] , K KBAR MODE 

MK N THE NEUTRAL MODE CAN INTERFERE WITH THE F MESON 
NK S SYSTEMATIC ERROR I N  MASS SCALE SUBTRACTED 
MK P FROM A FIT TO JP=2÷ PARTIAL 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of  Listings. 

12 A2 MASS (MEV), ETA P) MODE 

M 189 1312 .0  7 . 0  ALSTON 70  HBC + 7 . 0  P I+P ,P I  ETA 1/71 
M 1300 .0  20 .0  CASO 70 HBC - I I . 2 P I - P , P l  ETA 5 / 7 0  

M 32 1300,0 8. DZIEKBA 70 HBC - 8. P l -  P.PI ETA 1/73 
M BO 1288. 7. JOHNSTON 70 HBC 7.PI-P.P[-EFA P 1/71 
M 1320.  20 .  ESPIGAT 72  HDC ÷- O.PBAR E,ETA 2PI 11 /71  
N E 1000  1 3 2 3 .  8 .  KEY 73  OSPK 6 . P I - P . P  PI-ETA 1 / 7 4  
M EM 6200 (1324 . }  ( 8 . }  CONFORTO 73 OSPK - 6 . P I - P , P  MMS- t / 74  
M . . . . . . . . .  
M AVG 1305.3 5 .8  AVERAGE (ERROR INCLOOES SCALE FACTOR OF 1 .6 )  
M STUDENT1306.0 5.O AVERAGE USING STUDENTIOIH/ I .111 - -  SEE MAIN TEXT 

(SFE IDEOGRAM BELOW i 

W E I G H T E D  A U E R A S E  = i 3 0 8 . 3  ± S . B  

ERROR S E A L E D  BY l . G  

• " 'KEY  

• . -ESP IGAT  

. . . .  DZ IERBA 

. , -CASO 

- . -  ON 

1 2 4 0  

A2 

CHISQ 

73  OSpK  4.9 

72  HBC O .E  

70  HBC 6 . i  

70  HBC 0 .4  

70  HOE O . i  

70 HBC 0.9 

1 3 . 0  

{CDNLEU 
1280  1320  t aGo  1400  =0 .D24 ]  

~ASS  IMEUI  , ETA  P I  MODE 

M E M ERROR INCLUDES 5 MEV SYSIEMATIC MASS-SCALE ERROR 
N MISSING MASS WITH ENRICHED MMS=ETA E l - ,  ETA : 2 GAMMA 

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

IB A2 WIDTH IMEV],  3 E l  MODE 

W ( i 0 8 . 0 5  
W 190.05 110.01 
w 1425 99.0 ItS.O) 
w ( 7 0 , 0 !  ( 1 0 . 0 )  
w ( 100 ,1  ( 15 .1  
w lO60 96. (5.) 
W O 4000 1 9 0 . l  ( 1 8 . l  
W 260 96.0 16.0 
w o 12o  156 . )  ( 2 1 . )  
w o (80.) I 20 . l  
w ( 4 0 . 0 I  I 25 .0 )  
w A (52.0) I 1 6 . 0 )  
w o ( 90 .0 )  I lO .O )  
w AE 241 I 1 6 4 . 0 l  ( 2 0 . 0 )  
W o I 8O .05  13O .O l  
W 941 79.0 12.0 
w 0 2B0 ( 7 0 . 0 )  I 2 9 . 0 l  
W A 581 (135 .01  126 .05  
w 0 190 .O I  ( 20 .0 )  
w O (35.0l (35.0) 

{215 .05  122.01 
360  111 .6  [B,O 

w 10000  1100 . )  
W 5880  7 2 .  16 .  
w 28000  105 .0  5 .0  
w 24000 99 .0  5 .0  

W l ?O00  103 .0  5 .0  
w o 160 (72.) (25.) 
w P 115. 15. 

1580  99 .  15. 
P 1600 I12. 18. 

w P $1200  122 .  14 .  
w P 3000  (130.05 ( 7 . 01  
w . . . . . . . . .  
w AVG t 0 1 . 7  2 .7  

ADERHOLZ 6G HBC 4 . 0  PI÷P 

GOLOHABER 68 HOG +- 3 . 7  P I + -  P 12 /75  
LEFEBVRES 6 5  MMSP - 6 . 0  PI -P  1 /73 
BARNES 66 HBC 6 . 0  PI -P  2/73 
BENSON 66 DOE 0 3 .65  P [÷O 12175  
LEVRAT 66  MMS - 6 ,7  El-- P [ / 73  
CHIKOVAN[ 67  MMS 7 E l -  P 12175 
ARMENISE 68 OBC 0 5 .1P I+D  9 /B7  
BOESEBECK 68 HBC 0 B PI+ P 1 /73 
OHUNO 68  HBC - 2.7-4.5 El- P 5 /6B  
VON KROGH 68 HBC - 6 . 7  E l -  P 9 / 6 8  

JUNKMANN 6 8  HBC - 16 .  P I -  P, 5El 1 / 7 3  
( 5 0 . 0 )  ANDERSON 69 MRS 16 PI- P,BACKN9 12 /75  

ARMENISE 69 DBC + 5 .1P I *D ,3P I *+ -  5 / 7 0  

EISENBERG 69 HBC ÷ 4.3.5.3 GAMMA P 12/69 
ALSTON 70 HBC ÷ 7 . 0  P I+P ,3P I  P tl7t 
BOCKMANN 70 HBC 05. PI+P B/70 
CASO 70 HBC - tI.2PI-P,P{ RHO I173 
OIAZ 70 HBC *- o. PBAR P, 8 PI 5 / 7 0  

GARFINKEL 70 DBC - 4 . 5  K-D, LAMBDA i171  
GORDON 70 DBC 0 4.2 PI+ O I171 
BARNHAM 71 HOE + 3 . 7  E l+  P,(3PI)+ 11/71 
B INNIEI  71MMS - P l - P  NEAR A2 THR 11/71 
B INNIEI  71MMS P I -P  NEAR A2 THR 11/71 

BOWEN 71MMS - 5. E l -  P 11/71 
BOWEN 71 MMS + 5. El+ P 11/71 
BOWEN ? l  MMS - ? .  P I -  P 11/71 
BLOODWORF 72  HBC 5 .45  E l+  P ,R  3P I  12/72 

ANTIPOVI 73  CNTR - 2 5 . , 4 0 .  E l -  p I 1 7 4  

GHALOUPKA 73  HBC - 3 . 9  E l -  P,P  A2 2 /73  
EMMS 75 OBC 04. PI+N.P ABO 11175 
WAGNER 75 HBC 07. PI+P ,OEL++A2  11 /75  
GHIOINI  T7 OMEG - 12  P I -P ,P  3El  12177*  

AVERAGE (ERROR INCLUOES SCAle FACTOR OF 1 . 1 )  
W STUDENT 10 t . 9  2 . 9  AVERAGE USING SEUDENTIOIH/ I .11)  - -  SEE MAIN TEXT 

W O AHLY EXPERIMENTS GIVING MASS ERROR L T .  15 MEV KEPT FOR AVERAGING 

W E BACKGROUND SUBTRACTION MODEL-DEPENDENT. 
W 0 MAY BE DIFFERENT OBJECT. ALTHOUGH JPC=B*+. COMPARE CRENNEL[ 6 9 .  
W A ANALYSIS COMPLICATED BY NEARBY PEAK ( A I . 5 )  AND/OR A) 

W S WIDTH ERRORS ENLARGED BY 08 T0 4*WIDTH/SQRT(N),SEE K* EYPED NOTE 

W P FROM A F IT  TO JP=2+ RHO PI PARTIAL WAVE 

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

WK 60 5 6 . 0  2 8 . 0  

WK S 80 5 6 . 0  2 5 . 0  

WK N (B8 . )  123 . )  
WK 130 190.05 
WK 4 7 .  18.  
WK N 180 .51  136 .5 )  
WK N ( 2 1 . 0 )  ( i 0 . 0 5  

WK s t 32  90.O 31.0 
WK S 190 125.0 3 6 . 0  
WK S1500  1 2 3 . 0  1 3 . 0  
WK 730 113,0 19.0 
WK $2724 105 .0  a.o 
WK PS (i13.) ( 4 . )  
WK 

BARLOW 67 HBC +- 1 .2  PBAR P, KK 9 / 6 7  
BARLOW 67 HBC +- 1.2  PBAR P, KK 9 / 6 ?  

I 22 .~  BEUSCH 67  OSPK 0 5 -12  P I -P ,K IK I  11 /71  
CONEORTO 67  HOt +-  O. PPAB P IN  KK 9167 
OAHI  67 HBC - 2 . 7 - 4 . 5  E l -  P B / 6 7  
DAHL B7 HBC 0 2 . 7 - 4 . 5  PI-- P 11/71 

( 6 . 0 )  CRENNELL 68 HBC 0 6 . 0  P I - P , E I K t  11171 
ALSEON 70 HBC + 7 . 0  PI÷P,K÷KS P l l T l  
CRENNEL 71 HBC - 4 . 5  P I -  P,KS~-P 11/71 
GRAYER 71ASPK 17.2 PI-P,~-KS P [ t i T 1  
FOLEY 72 CNTR -- 20.B E l -  P ,K -  KS 12/72 
MAROULIES 76 CPEC 2 3 . O I - P , K - K S  12177~ 
MARTIN 77 SPEC - I 0  PI P,KS K- P 12 /77#  

WK AVG 99 .0  9 .1  AVERAGE (ERROR INCLUDES SCALE EACTOR OE 1 .61  
WK STUDENT 101.2  6 . 9  AVERAGE USING S T U D E N T I O I M / [ . I I )  - -  SEE MAIN TEXT 

(SEE IDEOGRAM BEtOW ) 

Mesons 
A2(131o) 

W E I G H X E O  A U E R A G E  = 9 9 . 0  ± 9 . 1  

ERROR SCALED BY i . 6  

50 i O 0  

C H I S Q  

. . . . . .  M A R B U L I E S  7 6  CPEC 0 . 6  

. . . . .  F O L E Y  7 2  C N T R  0 . 5  

. . . . .  ~ R A Y E R  ? l  ASPK 3 . 4  

-,CRENNEL ?I H O t  0.5 

...... A L S T O N  70 HBC O.i 

. . . . . .  OAHL  G7  HBC 8 . 4  

. . . . .  BARLON 67  HBC 3 .0  

"~""iii'~ON 67  HBE  2 .4  

i B . B  

(CDNLEU 
iSD 200  25 ' 0  =0 .009 )  

A2 W I D T H  ( M E U ) ,  K K B A R  MDDE 

WK P FROM A FIT fO JR=2÷ PARTIAL WAVE. 
WK N THE NEUTRAL MODE CAN INTERFERE WITH THE F MESON 

WR S WIDIH ERRORS ENLARGED BY US TO 4*WIDTHISQNT(N),SEE K ~ TYPED NOTE 

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

12 A2 WIDTH (MEV), ETA P) MODE 

IB9 103 .0  2G.O ALSTON 70 HBC * 7 . 0  P I+P,P I  ETA L / T l  
1120.05 CASO 70 HBC 1 1 . Z R I - P . P I  ETA 5 / 7 0  

W 32 ( 4 1 . 0 )  120.05 1 1 6 . 0 l  DZIERBA 70 HBC - 8 .  P I -  P,PI  ETA I I / 7 0  

W I 80 [3B.05 (30 .01  JOHNSTON 70 HBC - 7 . P I - P v P I - E T A  P 1173 

w 120.  30 .  ESPIGAT 72 HBC O.PBAR P,ETA 2PI U / T I  

W I 0 0 0  lOB.  9 .  KEY 73 OSPK -- 6 . P I - P , P  PI-ETA 1 /74  
W M 6200 ( 1 0 8 . )  ( 9 . )  CONFORTO 73 O S P K  6 . P I - P , P  MMS- 1/14 

W . . . . . . . . .  
w AVG 108.1  7 . 9  AVERAGE IERROR INCLUDES SCALE FACTOR OF t . O l  

W STUDENT I 0 8 . 0  8 . 5  AVERAGE USING STUDENTIO(HI I .115 - -  SEE MAIN TEXT 

W M MISSING MASS WITH ENRICHED MMS=ETA P I - ,  ETA = 2 GAMMA 

W T WIDTH ERRORS ENLARGED BY US TO 4*WIDTH/S~RT(N),SEE K* TYPED NOTE 

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

12 A2 PARTIAL DECAY MODES 

DELAY MASSES 
P1 A2 INTO RHO Pl 776+ 139 
P2 A2 INTO K RBAR 493+ 49¥ 
P3 A2 INTO ETA Pl 548+ 139  
P4 A2 INTO OMEGA PI PI L89~ 139+ 783 
P5 S A2 INTO PI+  P I -  PIO EXCL.RHO PI 139+ 189* 134 

P6 S A2 INTO E l ÷  E l -  P [ -  EXCL.RHO Pi 139+ 139+ 139 

P7 S A2 INTO P) GAMMA 139+ 0 
P8 S A2 INTO ETA PRIME P) 958+  139  

P S SMALL, NOT USED IN  TkE FIT 

F I T T E D  P A R T I A L  D E C A Y  MODE BtLANCHING F R A C T I O N S  

The m a t r i x  b e l o w  i s  d e r i v e d  f r o m  the  e r r o r  m a t r i x  f o r  t he  f i t t e d  p a r t i a l  d e c a y  m o d e  

B r a n c h i n g  f r a c t i o n s ,  P ,  a s  fo l )ows ;  The  d i a g o n a l  e l e m e n t s  a r e  P.  • 6P. ,  w h e r e  

6P i = _ _  ~ i  ) . while the off~dia~onal elements are the norn,&llzed correlation coeffi- 

cients <GPiGP j > /(GP i • 6Pj). For the deliniDons of the individu&1 El' see the listings 

above; only those Pi appe~rlnB in the matrix are assumed in the flt to be nonzero and 

&re thus constrained to &dd to I. 

P I P 2 P 3 P 4 

P 1 . 7 0 3 8 ÷ - . 0 2 1 1  
P 2 .0623 .O466+- .DO54 
P 3 .IB15 -.0186 .1838÷-.0090 
P 4 -.9124 -.2618 -.4821 . i063.~.0250 

RI  A2 I£HARGED ONLY) INTO IK  KBARI / (RHO P I I  IP2 ) / IP I I  
Ri  N ( 0 . 1 3 l  ( O . 0 3 l  BEUSCH 67 OSPK 0 517 ,12  P I - ÷  9 / 6 7  
RI N THE NEUIRAL MODE CAN INTERFERE WITH F.  
R1 I )  0 . 0 9  0 .06  0 . 0 9  ASCOLI 68 HBC - 5 PI -P 6 / 6 8  
R[ 0 . 0 5 4  0 .022  CHUHG 68 HB£ - 3 .2  PI-P . 1 /67  

RI ( 0 .035  (0 .0125  DONALD 68 HBC 1 .2  PBAR P 2 / 7 2  
RI 0 . 0 6  0 .03  ABRAMOVIC 70 HBC - 3 . 9 3  P I -  P 1 /71 
RI 0 . 0 7  0 .03  NEF 70 MMS - 7 . 0  P I -  P 6170 
R1 113 0 .097  0 .018  ALSTON 71 HBC + 7 . 0  P[÷  P I171 

RI 50 0 . 0 8 6  0 . 0 1 4  CHALOUPKA 78 HBC - 3 . 9  P [ -  P,P A2 B/7B 
R1 . . . . . . . . .  
RI AVG 0 . 0 6 7 7  0 .0089 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 0 )  

RI STUDENT 0 . 0 6 7  0 .010  AVERAGE USING STUDENTIO(H/1.11)  - -  SEE MAIN TEXT 

R1 FIT 0 . 0 6 6 3  0 .0078  FROM FIT (ERROR INCLUDES SCALE FACIOR OF 1 . 0 )  

R2 A2 INTO (ETA P I ) I I R H g  P) ÷ K KBAR ÷ ETA P I )  ( P A I I I P I * P 2 + P 3 )  
R2 38 0 . 1 5  0 . 0 4  BARNHAM 71HBC + 3 . 7  PI+ P 1L /T )  
R2 0 .13  0 . 0 8  ESPIOAT 72 HBC +- O.PBAR P, I I / 7 1  

R2 . . . . . . . . .  
R2 AVG 0 . 1 4 0  0 .028  AVERAGE IERROR INCLUDES SCALE FACTOR OF [ . O l  
R2 STUDENT 0.1AO 0 ,030  AVERAGE USING STUDENT[O(H/ I .115 - -  SEE MAIN TEXT 
R2 FIT 0 . 1 6 0 9  0.0B88 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  



Mcsons 

k 3  
R3 
R3 

R3 
R3 
R3 
R3 

R3 

R3 
R3 
R3 
R3 
R3 

~8  
R3  
R3 
R3  

R3 

R3 
R8 

R4  
R4  
R4 

R5 

R5  
R5  
R5  
RE 

R5 

R8 
R6 

R7  
RT  
R7 

RT 

RT 

RB 
R8  

R8  

R8 

R8  
R8 
R8 
R8 

RB 
R8 
RB 
RB 

R9 

R9  

A2 INIE (ETA PIIo/21RHO P l l  ( P 3 1 / ( P I )  
0 . 3  . ADERHDLZ 64 HBC 4.0 PI+E 

COMTE 6 7  HBC - [1.o Pl-P 0.22 0.09 8 / ~  ~ 

22 0.23 0.E8 ASCDLI 8E HBC - 5 PI-P ~ / 6 8  
0.12 0.08 CHUNG B8 HBC 3.2 PI-P i 2 / B b  
0 . 1 6  0. i0 KEY 6E HEC - 3 P I - P  . 1 1 / 6 7  

D (0.18) (O.O6) VETLITSKY b9 HBC 3.3 P I -  P 9/68 
0.3 0 . [ 3  ABRAMDVIC 7O HBC - 3.93 El-  P . I / 7 I  

15  0.25 0.09 BOCKMANN 70 HBC + 5.0 PI+P 9/89 
0*34 D . I 7  0.34 BDCKMANN 70 H6C 0 5.0 Pi t  P 9 / b 9  

0 39 I0.183 ( O . 0 7 )  D Z I E R B A  7O HBC - 8* P l -  P l l / 7 i  
[67 D.24b 0.042 ALSTON 71HBC + 7.0 P[+ p I / 7 [  
149 0 .2 [ i  0.044 CHALGUPKA 7 3  HBC - 3 . 9  P [ -  P , P  A2 2/73 
52 0.22 0.05 ANTIPOV 73 CNTR - 40. EI-P.P A2- 1/74 

0 . i8  0 . 0 5  FORINO 76 HBC i I  P l -  P~ETA PI  i 2 /77 .  
0.2 O.O2 GHIDINI 7 7  OMEG - i 2  PI-P,P 3PI [2/77* 

AVG 0.208 0 . 0 1 4  AVERAGE (ERROR [NCLUOES SCALE FACTOR OF I.O) 
STUDENT 0.208 0.015 AVERAGE USING STUDENTIO(H/1.[II - -  SEE MAIN TEXT 
FIT 0.204 0.013 FROM FIT (ERROR INCLUOES SCALE FACTOR OF I.O) 

A2 I N T O  (ETA PRIME PI) / T O I A L  ( P 8 )  3 
(O. I )  OR LESS CHUNG 65  HBC - • 2 PI-P 
(0.023 OR LESS C L = . G 7  BARNHAM 7 [  HOC + 3.7 PI+ P 

A2 INTD ( E T A  PRIME P H / ( R H O  PI) [P8 ) / (P l l  
O.O4 O.03 O.O4 BOCKMANN 7O HEE 0 5.O El* P 

8 ( 0 . I 5 )  (0.09) D Z I E R E A  7O HBC - B .  PI -  P 
STRONGLY DEPENDENT ON BACKGROUND SUBTRACTION 

(0.043 OR LESS ALSTON 71HBC + 7.0 PI+ P 
(O.O[IIOR LESS CL=.90 E)SENSTEI 7 8  HBC - 5oPI- P,P 6PI 

A2 INTO I P I +  PI -  PIO) / ( R ~ G  P I I  (P5) / (PI )  
( 0 . L 7 )  OR LESS BENSON 6 6  08C 0 3.7 PI+D 

9 / 6 9  
[ 1 / 7 1  
[ 1 / 7 1  

1 / 7 1  
1 / 7 4  

A2 INTO I E T A  PI ) I (K  REAR) (P3)/(P2} 
(3.0) OR L E S S  F O S T E R  68 HBC - PBAR P , P B A  REST 1 1 / 7 I  

SUPERSEDED BY ESPIGAI 72 [SEE UNDER R2 AND ROT 11/71 

FIT 3 . 0 8  0.41 FROM FIT 

A2 INTO (K KBAR)/(RHO PI + K KBAR + ETA El)  (P2)/IPI+P2+P8) 
1 7  0 . 0 6  0 , 0 3  BARNHAM 7 1 H B C  + 3 . 7  P I +  R,KSK+P 11/71 

A I 0 . 0 2 0 )  [O.OO4) ESPIGAT 7 2  HBC + -  O.PBAR P, 2/72 
A NOT AVERAGED BECAUSE OF DISCREPANCY BETWEEN MASSES 
A FROM (K KBAR} AND IRHO PI) MODES 

B 0.03 0.02 DAMERI 72 HBC - i i .  P l -  P 12/72 
0 . 0 5  0 . 0 2  T O E T  7 3  HBC + 5 .  P I +  P . P  K+ KO 1 2 / 7 5  
0.09 0.04 TOET 73 HBC 0 5.PI+P,PI+P K KB i2/75 

AVG 0.048 0.0[2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I*O) 
STUOENT 0.048 0.014 AVERAGE USING STUDENTIO(N/[.[I) - -  SEE MAIN TEXT 
FIT 0.0522 0.00E8 FROM FIT (ERROR INCLUDES SEALE FACTOR OF I.O) 

A2 I N T O  (El+ P I -  P I - ) / ( R H O 0  PI - )  ( P 6 C ] / ( P [ C )  
(0.23) OR LESS CL=.90 ABRAMOVIC 7 0  HBC - 3.93 P[-  P I /E l  

RlL A2 INTO (PI GAMMA)/TOTAL ( P T )  

R[ l  R (0.005) (0.005) (O.O03)EISENBERG 72 HBE PHOTOPROOUCTIDN [ 1 / 7 I  
R I I R  M 0 . 0 0 4 5  O . O O I l  MAY 7 7  SPEC + -  9 . 7  GAM N,A2 x [ 2 / 7 7 *  

El1 R PION EXCHANGE MODEL USED IN THIS ESTIMATION 
RI [  M MAY 77 GIVE pARTIAL WIDTH 460+I-I10 KEV. 

RL2 A2 INTO (OMEGA PI PIIIIRHO PI) (P4I/(P1) 
RIB [O.IO) IO.OB) DEFOIX 7 3  HBC 0 0 . T  PBAR P,7 P) 1 2 / 7 7 ,  
R [ 2  2 7 9  O . l O  0 . 0 5  CHALOUPKA 7 3  HBC - 3 . 9  E l -  P , P  A2  . 2 / 7 3  

R12 8 0  0.28 0.09 DIAZ 7 4  DBC O 6.PI+N,PI5PI)O 1 / 7 4  

R12 K 140 (0.29) (0.083 KARGHON 74 HBC O 4.9 PI+P,DEL++A2 [2177~ 
R12 K 6 0  ( . I03  ( .04) KARSHON 7 4  HBC + 4.9 PI÷P,P A2+ 1 2 / 7 7 ~  

RI2 K 0 . [ 8  O.OB KARSHON 74 HBC AVG DF ABOVE TWO [2177. 
R[2 K KARSHON 7 4  SUGGEST AN ADDITIONAL I=O STATE, STRONGLY C O U P L E D  

Ri2 K TO OMEGA PI P I  COULD EXPLAIN DISCREPANCIES IN BRANCHING RATIOS 
RI2 K AND MASSES. WE USE A CENTRAL VALUE AND A SYST. SPREAD. 
R 1 2  . . . . . . . . .  
Rl2 AVG 0.151 0.049 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 
RI2 STUDENT 0.150 0.048 AVERAGE USING STUDENTIO(H/I.[[) - -  SEE MAIN TEXT 
R12 FIT 0.151 0.040 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 

REFERENCES FOR A2 

ADERHOLZ 6 4  P l  [ 0  2 4 8  (AACHEN+BERLIN÷B[RM+BONN+HAMBURG+LOIC+MPIM| 
CHUNG 6 4  PRL [2 6 2 1  +DAHL,HARDY,HESS,KALBFLEISCHIKIRZ ( L R L )  
~LOHABE 6 4  DUBNA CONF [ 480 G GDLDHABER,S GGLDHABER~OHALLORAN~SHEN(LRL) 
LANDER 64 RRL 13 3 4 6  +ABOLINS,CARMONY,HENDRIKS,XUONG+ (LA JDLLA) 

ABOLINS 6 5  ATHENS(OHIO)CONF. ~]ARMONY,LANDER,XUOND,YAGER ( L A  JOLLA)I~I 
ADERHOLZ 6 5  PR [ 3 8  B 8 9 7  (AAEHEN+BERL+BIRM+BDNN+HAMB+LOIC+MPIM) 
ALITTI 65 PL I5 69 ALITTI~BATON,OELER,CRUGSARO÷ (SACLAY÷BGNA) JP 
CHUNG 6 5  PRL 1 5  3 2 5  
FORINO E5 PL 1 9  6 8  

LEFEEVRE 6 5  PL [ 9  434 
SEIDLITZ 6 5  PRL [5 2[7 

BARNES 6 6  PRL [ 6  4 I  
BENSON 6 6  MICH C00-1112-4 

ALSO 6 6  PRL 16 [ [ 7 7  

EHRLICH 8 6  PR L 5 2  1 1 9 4  
EERBEL 8 6  PL 21  I l l  
L E V R A T  6 6  PL 22  7 1 4  

A R M E N I S E  8 7  PL 2 5 B  53 

B A L T A Y  6 7  PL 25B 1 6 0  
BARLDW 6 7  NC 50A 701 
BARTSCH 6 7  PL 2 5 B  ~ 8  
BEUSEH 6 7  PL B5  8 3 5 7  

CASON 6 7  PRL [ 8  880 
GHIKOVAN 6 7  PL 25B 44 
CHUNG 67 PRL 18 i00 

A L S O  6 6  U C R L - l T B 3 2  
COHN 6 7  NP B[ E7 

CONFORTO 6 T  NP 53  4 6 9  
COMTE 67 NC 5 [  A 1 7 5  
DAHL 8 7  PR [ 6 3  1 3 7 7  

OANYSZ B7  NC 5 1 A  8 0 1  

SLATTERY 6 7  NC 5 0 A  3 7 7  

A R M E N I S E  6 8  PL 2 6 B  3 3 b  
A S C G L I  88  PRL 2 0  1 3 2 I  

BALLAM 68  PRL 21  9 3 4  

BENZ 6 8  PL 2 8  B 2 3 3  
BOESEBEC 6 8  NP B 4 5 0 1  

CASO 6 8  NO 5 4  A 9 5 3  
CHUNG 6 8  PR 1 6 5  1491 
CRENNELL 6 8  PRL 2(~ 1 3 1 8  

+DANL,HAROY,HESS,JACDBS,KIRZ~MILLER (LRL) 
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G.C.BENSON, T H E S I S  (MICH) 
G BENSON,LOVELL,MARQUIT,ROE ÷ (HIGH) 
R .  E H R L I C H , W .  S E L O V E ~ H . Y U T A  ( P E N N )  
FEREEL (ROCHESTER) 
CERN MISSING MASS SPECTROMETER GROUP {GERM) 

ARM ENIS E,FORINO~ + (BARI*8GNA÷FIRZ÷ORSAY) 
+KIRSCH÷KUNG+YEH÷RABIN (COLU+BNL+RUTGERS) 
+LILLESTOL+MONTANEI+ (CERN+CDEF+IRAD+LIVE) 
+OEUTSCH~NN+GRDTE+COCCONI+(AACH÷BERL+CERN) 
+FISCHER,GOBBI,ASTBURY+ (ETHZ+CERNI 
+LAMSA,BISWAS,DERADO,GROVES,+ (NOTREDAME) 
CERN MISSING MASS SPECTROMETER GROUP (CERN) 
÷DAHL,HARDY~HESS,KIRZ,MILtER ILRL) 
RICHARD I HESS--THESIS,BERKELEY ILRL) 
+MECULLOCH+BUGG+CONDO (ORNL+UNIV.TENN.) 
÷MARECHAL,MONTANET+ (CERN+CDEF+IPN+LIVP) 
+TOMASINItCORDS+[GENOVA+HAMB+MILANC+SACLAY) 
÷HARDY*HES$÷KIRZ÷MILLER I L R L )  
DANYSZ+FRENCH+SIMAK (GERM) 
+KRAYBILL+PORMAN÷FERBEL (YALE÷ROCHI JP 

ARMENISE,FORINO~÷ (8ARI÷BGNA+FIRZ+ORSAY) 
÷CRAWLEY,MORTARA,SHAPIRO,BRIDGEG+(ILLINOISI JP 
+BRODY~CHADWICK,FRIES,GUIRAGOSS(AN+ [SLAG) 
CERN MISSING MASS SPECIROMEIER GROUP ICERN) 
BDESEBECK,DEUTSCHMANN,+(AACHEN+BERLIN+CERNI 
+CONTE+CORDS+DIAZ+ (GENOVA+HAMB*M/LAN+SACL] 
S.U.CHUNG,O.DAHL,J.KIRZ,D.H.MILLER (LEt} 
+KARSHON+KWAN LAI,SCARR,SKILLICOR~ (BNL} 
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Data Card Listings 
For notation, see key at front of  Listings. 

OUNALO eB 
FOSTER bE 
FBIOMAN 68 
JUNKMANN 88 
KEY 68 
LAMSA 6 8  
r O B  KRCG 6 8  

A D E R H O L Z  69 
AGUILAR [ 8 9  
AGUILAR 269 
ANDERSON 69 
ARMENISE 69 

CHIKOVAN 6 9  
C R E N ~ E L L  6 9  
O~NALD 6 9  

E)SENBER 65 
VETLITSK 69  

AORAMOVI 70 
ALSTON 70 
AOCGLI 70  

BASItE 70 
B A U O I  7 0  
BAUD2 70 
BAUD3 7 0  

BOCKMANN 7 0  
B U T L E R  70  
C A R O L L  TO 

EASD 7 0  

DIAZ 70 
D Z I E R B A  7 0  

ALSO 88  
GARFINKE 70 
GOFDON 70 
J O H N S T O N  TO 
KRUSE 70 
NEF 7 0  

SOTHERLA 70 

AGUILAR 71 
ALSTON 7[ 
BARNHAM 7 1  

BEKETOV l i  
BINNIEI 71 
B 1 N N I E 2  7 1  
BOWEN 7 I  
CRENNEL 71 
FARBER 71 
FOLEY 71 
GRAYER 71  
LYNCH E l  

RINAUDO 71 

ANKENBRA 7 2  
OERENYI 72 
BLCODWOR 72 
OAMER[  72  
D I E B O L D  7 2  
EISENBER 7 2  
ESPIGAT 72 

FOLEY 72  

LAGSILA 7 2  
MORSE 72  

AMMANN 73 
ANKEORAN 7 3  

A N T I P O V  73  
A N T I P O V I  73  
ANTIPOV2 73  

CASON 73  

CHALOUPK 73  
CONFORTO 7 3  
GEEOIX 7 3  
E I S E N S T E  73  

KEY 73 

TOET 7 3  

D i A Z  7~  
KARSHCN 74  

O T T E R  7 4  
TAEAR 7 4  
THOMPS01 T4 
THCMPSO2 7 4  

ABASHIAN 75 
EMMS 75  
LOSTY 7E 
UNOERWO0 75  

A L S O  78  
WAGNER 75  

FORINO 78 
HANDLER 76 
MARGULIE 76 

CERRADA 7 7  
CORDEN 7 7  

GHIOIN) 7 7  
MAY 77 
PAWLICKI 77 

MARTIN 78 

PL 26 B 3 2 7  
NP B 8 I T 4  

PR 167 I 2 6 8  
NP 58 47I 
PR 165 [450 
PR 1 6 6  1 3 9 5  

PL 2 7  B 2 5 3  

NP B [ I  25R 
PL 29 B 82 
EL 2 9  8 2 4 [  

PRL 22 1390  
LNE 2 501 
PL 28 E 526 
PRL 2 2  1 3 2 7  
NP E [2 3 2 5  
PRL 2 3  1 3 2 2  

SJNP 9 5 9 8  

NP B 29 4 8 6  
PL 33  B B 0 7  

PRL 2 5  ~62 
LNC 4 8 3 8  
PL 3 I B  3 S 7  
PHILAO.CONF.P.3LI 
PL 3 I  B 401 
NP B [ 6  2 2 1  

UERL 19845 
P E t  2 5  [ 3 9 3  
LNC 3 7 0 7  
NP B 16  2 3 9  

PR D E 2 5 4 4  
LAMSA 
PL 3 3  8 5 3 6  

COO 1 1 9 5  i79 
NP 0 B4 253 
PHILAD.CONF.P.359 

+ERODESEN+BETTINI+ {LIVERPOOL~GSLO÷PADUA) 
÷GAVILLEE,LAOROSSE,MGNTANET,+ (CERN+CDEFI 
+MAURER,MICHALON,OUDET÷(HEID +STRASBOURG) 
+COCCON[,+ (AACH+OERL+BDNN+CERN÷HARSI 
+PRENTICE÷CDOPER+MANNER+ (TNTO+ANL+HISC) 
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+EARTSCH,+ (AACH÷BERL*CERN÷JAGL+WARS) 
+EARLDWtJACOOS,OELLA NEGRA÷ICERN*CDEF+L(VP) 
M.AGUILAR-BENITEZtJ.BARLOW,÷ (CERN+CDEEI 
+COLLINS,+ (ONE+EARN) 
+GHIDINI,EORINO,CARTACCI+ {EARI+EGNA*FIRZ) 
CERN MISSING MASS ELECTROMETER GROUP (GERM) JP 
+KARSHGN,KWAN WU LAI,+ (BNL)IJP 
÷EDWARDS,FOSTER,MOORE {LIVERPOOL) 
EISENOERG,HAOER,BALLAM,CHAOWICK+tREHO÷SLAC} 
VETLITSRY,GRIGOREYEV,GRISHIN,+ IITEP) 

ABRAMOVICH,BLUMENFELD,ORUYANT,* (GERM) JP  
÷BAR8ARO,BUHL,OERENZD,EPPERSONsFLATTE÷(LRL) 
+BRGCKWAY,CRAWLEY,EISENSTEIN,HANFT,+ ( I L t )  JP 
+OALPIAZ,FRABEFTI.MASSAM,+ ICERN+BGNA+STRBI 
CERN BOSOM SPECTROMETER GROUP (GERM) 
CERN BOSOM SPECTROMETER GROUP (GERM) 
CERN BOSOM SPECTROMETER GROUP ( C E R N )  

÷MAJOR,POLS,+ (BONN+OURH+NIJM+EPOL+TOR)) 
THESIS (LRLI 
÷FIREBAUGH, GARFINKEL,MORSE,OH,+ IWISC+TNTO) 
+CONTE,TOMASINI,CORDS÷(GENO÷HAMB+MILA+EACL) 
÷GAVILLET,LABROSSE,MONTANET+ ICERN÷EDEF)JP 
+SHEPHARD,BISWAS,CASON,JOHNSON,KENNEYINDAMI 

GAREINKEL,AMHANN,CARMONY,YEN (PURO)JPC 
THESIStILLINOIS ( ILL)  
+KEY,PRENTICE~YOON~GARFINKEL,+ ITNTO+WISC) 
U.KRUSE, PARTIAL WAVE ANALYSIS ( ILL) JP 

THESIS*PRIV.COHM.CERN BOSOM SPECTROMETER GROUP (GERM) 
PHILAD.CCNF.P.369 G.SUTHERLAND,[NTERFERING RESONANCE(GLASGOW) 

AGUILAR-BENITEZ,EISNERtKINSON ( B N L )  
+BARBARO,BUHL,OERENZO,EPPERSGN,FLATTE+(LRL) 
+ABRAMS,BUTLER,COYNE,GOLDHABER,HALL,÷ ILBL) 
÷SOMBKOWSKY,RONOWALOV, KRUTSEHININ,+ {ITEP) J p  

+CAMILLERI,DUANE,FARUQI,BURTON,÷(LGIC+SHMP) 
÷CAMILLERI,DUANE~FARUQI,BURTON,+(LOIC+SHMPI 
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+GOROON,KWAN-WU LAIISCARR (BNL) 
+DE PINTO,BISWAS,CASON,DEERY,KENNEY,÷(NDAM) 
*LOVE,OZAKI,PLATNER,LINDENBAUM,* (BNt~CUNY) 
÷HYAMS,JONES,SCHLEIN,BLUM,OIETL÷(CERN÷MPIM} 
AMSTERDAM C O N F .  G.LYNCH ILBL] 
*BOECKMANN,MAJOR~(TORI+BGNN*DURH÷NIJM*EPOL) JP 

ANKENBRANDTtBRABSON,CRITTENDEN,HEINZ,+(IND) 
+PRENTICE,STEENBERG,YOON,WALKER (TNTO+WISEI 
BLOODWORTH,JACKSON,PRENTICE,YOON (TNTOI 
+BORZATTA,GOUSSU,+ (GENO+MILA+SACLI 
R.DIEBOLD RAOPORTEUR TALK {ANL) 
EISENBERG,BALLAM,DAGAN,+ (REHO+SLAE+TELA) 
÷GHESQUIERE,LILLESTCLtMONTANET (CERN+CDEF) 

~LOVE,OZAKIeELATNER,LINDENBAUM,÷ (BNL*CUNY) 

LASSILA,YOUNG (IOWA) 
+00,WALKER,JOHNSTON,YODN IWISC*TNTO) 

÷EARMONY,GARFINKEL,GUTAY,MILLER+(PURD*IUPUI 
ANKEBRANDI,BRABSON,CRITTENDEN,HEINZt÷ (IND) 
÷ASCOLI,BUSNELLO,FOCACCI,+ ICERN÷SERP) JP 
÷ASEOLI,BUSNELLO,FOCACCh÷ ( C E R N + S E R P I  JP 
÷ASCOLI,BUSNELLO,FOCACCI,+ (CERN+SERPI JP 
÷MADDEN,BISHOP,BISWASeKENNEY,+ (NOAM) 
CHALOUPKA,DOBRZYNSKI,FERRANDO,LOSTY,*ICERN) 
+MOBLEY,REY,PERPOSI,* (EFI*FNAL+TNTO÷WISC) 
+DOBRZYNSKI,ESPIGAT,NASCIMENTO,+ (GOLF) 
EISENSTEIN, SGHULTZ,ASCOLI,IOFFREDO,÷ ( ILL)  
÷CONFORTO,MOBLEY,÷ (TNTD+EFI÷FNAL+WISC) 
÷THUAN,MAJORtRINAUDO,+(NIJM+BONN÷DURH+TORI) 

+DIBIANCA,FICKINGER,ANDERSON,+ (CASE+EARN) 
+MIKENBERG,PIILUCK, EISENBERG,RONAT+ (REHO] 
÷ R U D O L P H +  IAACH+BERL+BONN+CERN+HEID) JP 
+RONAT,ROSENFELD,LASINSKI÷ (LBL÷SLAC) JP 
THOMPSON,GAIOOS,MCILWAIN,WILLMANN ( P U R O I  JP  
THOMPSON,BADEWITZeGAIDOS,MEILWAIN÷ (PURD) JP 

+BEAMER,BROSS,EISENSTEIN,+ (ILL+ANL+ISU) 
+JDNEStKINSON,STACEY,BELL+ (BIRM÷DURH÷RHEL] JP 
÷CHALDUPKA,MONTANET,GANDOIS+ (CERN÷SACL) JP 
UNDERWOOO,CONFORTO, KEY+(EFI÷FNAL÷TNTO+WISC) 

+TABAK,CHEW (LOLl JP 

+GESSAROLI,+ BGNA+EIRZ+GENO+MILA÷OXF+PAV 
+PLANO,BRUCKNER,KOLLER,,+ (RUIG,STEV,SETOI 
+KRAMER,FOLEY,LOVE,LINDENBAUM,+ (BNL÷CUNY) 

÷BLOCKZIJL,HEINEN,+ (AMST+CERN+NIJM+OXF) 
+DOWELLtGARVEY,JOBES+ (BIRMeRHEL+TELA*LOWC) JP 
+ (BARI+BONN+CERN+OARE~L)VE÷MILA) JP 
+ABRAMSON,ANDREWS,BUSNELLO,+ (ROCH*CORN) 
÷AYRES,COHEN,DIEBOLD,KRAMSR,WICKLUNO (ANL)I J 

+OZMUTLU,BALDI,÷ (DURH+GEVA+CERN) JP 

PRO 4 2883 
PL 34 B 156 
PRL 26 1494 
SJNP 4 765 
PL 3b B 857 
PL 3 6  E 5 3 7  
PRL 2 6  1 6 6 3  
EL 5 5  B [ 8 5  
NP B 29 2 3 7  

PRL 26  413 
PL ~ 4  B 3 3 3  
UCRL 2 0 0 2 2  AND 7 [  

NC 5 A 2 3 9  

PRL 2 9  1 6 8 8  
NP 5 3 7  6 2 [  

NP B 3 7  2 0 3  

NC 9 a I 
BATAV.EONF. 

PR D 5 [5 
NP B 36 93 

PR D 6 7 4 7  

PRL 28 1491  
NP E 43 77 

PR D 7 I345 
PR D 8 2785 
NP B 6 3  175 
NP B 6 3  I 5 3  
NP B 6 3  [ 4 I  

NP B 8 4  1 4  

PL 4 4  B 2 I t  
PL 4 5  B 1 5 4  
PL 4 3  B 1 4 1  
PR D 7 2 7 8  

PRL 3 0  5 0 3  

NP B 6 3  2 ~ 8  

PRL 3 2  2 6 0  
PRL 3 2  85E  

NP 580 I 
BOSTON P .  4 6  

PR D9 5 6 0  
NP 5 6 9  3 8 1  

PRL 3 4  691 
PL 5 8 B  1 1 7  
PL 5 6 B  9 6  
P r  0 1 [  2 3 4 5  

C O N F O R T O ,  7 3  KEY 
EL 5 8 B  2 0 t  

NC A 3 5  4 6 E  

NP B l i D  [ 7 3  

PR D 14 6 6 7  

NR B 1 2 6  2 4 I  

R L - 7 7 - O 9 7 / A  

PREPRINE 
PR D I 6  1 9 8 3  
PR D 15  3 1 8 6  

PREPRINT CERN 

I E ( , 4 2 o ) 1  . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 E MASS (MEVI 

M [425. 7. BAILLON a7 HBE O. PBAR P 11/66 
M 1420. 20. OAHL 67 HBC I . 6 -4 .2  El -  P 9/66 
M [423.0 I0.0 FRENCH 67 HBO 3-4 PBAR P 6/67 
M 310 [420. 7. LDRSTAD 69 HBC 0.7 PB P, 4,5-BODY 9/69 
M 170 [398. I O. DEFOIX 72 HOE 0.7 PBAR P,? PI 1/73 
M 280 [406. 7. OUBOC 72 HBC 1.2 PEAR P,ZK4PI L2172 
M (1437.5) (4 . )  NAEASCH 77 HBC 0 .7 , .76 PEA8 P 12177* 
M . . . . . . . . .  
M AVD 1415.5 4.3 AVERAGE (ERROR INCLUDES SCALE EAETOR OF 1.2) 
M STUOENT[4IB.0 4.3 AVERAGE USING STUDENTIO(HII.LI) - -  SEE MAIN TEXT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of  Listings. E(14~O), 

Mesons 
X(1410-1440), f'<1515) 

6 F WIDTH (MEV) 

W 80. iO. BAILLON 67 HBC 
W 60.0 20 .0  DAHL 67 NBC 
W 45. 20. FRENCH 67  HBC 
W 310 60. 20. LORSTAO 69  HBC 
w l iD  50 .  lO .  DEFOIX 72  HBC 
w 280 50. 12. OUBOC 72 HBC 
W (53 . ]  ( 20 .0 )  NACASCH 77  HBC 
W . . . . . . . . .  
W AVG 59.8 b,O AVERAGE (ERROR INCLUDES SCALE FACTOR OF I , I )  
W STUDENT 58.3 6,7 AVERAGE USING STUDENTIO{H/[ . I I )  - -  SEE MAIN TEXT 

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

6 E PARTIAL DECAY MODES 

DECAY MASSES 
PI E INTO K K*(892) 497+ BgB 
P2 E INTO K KBAR Pl 497+ 497+ 139 
P3 E INTO PI  PI RHU 134+ 13~+ 776  
P4 E INTO DELTA PI  980+ 139  
P5 E INTO ETA P[ PI 548+ 139+ 139  

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

6 E BRANCHING RATIOS 

RI E INTO (KBAR K~(B921 + C .C . ) / (K  KBAR PI )  IP I I I (P2 )  
RI .50 . IO  BAILLON 67  BBC O.O PBAR P 11166 

R2 E INTO (PI  PI RHO} I (K KBAR PIT [P3) I IP21 
R2 [ 2 . 0 )  OR LESS DAHL 67 HBC 0 1 .6 -4 .2  P l -  P .10166 

R3 E INTO (ETA 2 P I ) I IK  KBAR PI )  (PB) I IP2 )  
R3 ( I . 5 )  OR tESS CL=.93 FOSTER 68 HBC - O.O PBAR P 9/69 
R3 1 .5  O,B DEFOIX 12 HBC 0 .7  PBAR P 1 /73  

R4 E INFO (DELTA P I l l (ETA  P I  P I I  (P4 ) / [PS ]  
R4 0.4 0.2 DEFOIX 72 HBC 0,7 PBAR P,7 PI i173 

REFERENCES FOR E 

BAILLON 67 NC 5OA 393  +EDWARDS+D-ANDLAU+AGTIER+ (CERN+CDEF+IRADI 
BARASH 67 PR 156 1399 BARASH,KIRSCH,MILLER,TAN (COLUMBIA) 
DAHL 67 PR 163 1377 +HARDY+HESS÷KIRZ÷MILLER (LRL)I  JP 

ALSO 65 PRL 14 1074 MILLER,CHUNG,DAHL,HESS,HAROY,KIRE+(LRL÷UOB) 
FRENCH 67 NC 52A 438 *KINSON+MCDONALO+RIDD[FORO+ (CERN+BIRM) 

FOSTER 68 NP B B 174  +GAVILLET,LABROSSE, MONIANEI,+ (CERN+CDEFI 
BETTINI 69 NC 62 A 1038 +CRESTI,LINENTANItBERTAUZA,BIGI+(PADO÷PIS&)IC 
LGRSTAD 69 NP B 14 63 B.LORSTAD,D-ANDLAU,ASTIER,+ (CDEF+CERN) JP 
OBVONS 71 PRL 27 1614 +KOZLOWSKI,HORWITZ,* (COLU+SYRA) 

CHAPMAN 72 NP B 42 I +CHURCH,LVS,MURPHY,RING,VANOER VELDE [M ICH)  
DEFOIX 72 NP B 44  125 +NASCIMENTO,BIZZARRI,+ (CDEF+CERN) 
DUBOC 72 NP B 46 429 +GOLDBERG,MAKOWSNI,DONALD,+ (LPNP÷t[VPI 

VUILLEMI 75 LNC 14 165 VUILLEMIN,+ (LAUS+NEUC+LPNP+LIVP+GLAS) JP 

HANDLER 76 NP B l lO  173 +PLANO,BRUCKER,KOLLER+ (RUTG~STEV+SETO) 
VUILLEMI 76 NC 33A 135 +VUILLEMIN,+ (LAUS+NEUE+LPNP÷LIVP+GLAS) 

EOWARDS 77 PREPRINT  +LEGACEY*(DTTAWA+MONTREAL+COLUMBUS+IORONTO) 

GRASSLER 77 NP B 1211B9 +(AACHEN+BERLIN+BONN+OERN+CRACOW*HEID+WARS) 
NACASCH 77 PREPRINT  +DEFOIX,DOBRZYNSKI÷ (CDEF+MADR~CERN+TATA) 

m ~ 

1 X ( 1 4 1 0 - 1 4 4 0 )  I . . . . . . .  o ..... 
l ~ 

THIS ENTRY LIST PEARS OF LON STATISTICAL 
SIGNIFICANCE, SEEN IN RHDO RHDO OR K RBAR. 
OMITTED FROM TABLE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . .  

3B X(1410-1440) MASS (MEV) 

M . . . . .  RHOO RHO0 MODE . . . . . .  
M (1410,0)  BETTINI 66 OBC 0 O. PBAR N,5 PI 2174 
M . . . . . . .  ~S KS MODE . . . . . . .  
M B POSSIBLY SEEN ABRAMS 6?  HBC 4 .25  K-- P 5 /67  
M B THE AUTHORS ASSOCIATE THE PEAK WITH THE F PRIMEI BUT BACKGROUND 
M B ESTIHATION IS DIFFICULT 
M 1412. 23. BARLOW 67 HBC 1.2 PBAR P 5/67 
M 1439 .0  5 .0  6 ,0  BEUSCH 67  OSPK B ,7 ,12  P I -B  9 /67  
N 41425 .9 )  FOLEY 71CNTR - 20 .3  P I -  P ,K -  KS 2 /71  
M (1405 .1  OEFDIX  73  HBC 0 0 .7  PBAR P ,7  PI 1 /74  

AVG 1437.5 5.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O )  
M STUOENTI437.7 5.9 AVERAGE USING STUDENTEO(HII.II I  - -  SEE MAIN TEXT 

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

38  X(1410-1440) WIDTH IMEVI  
W . . . . . .  RHO0 RHOO MODE . . . . . .  
W (90.0)  BETTINI 66 DBC 00 .  PBAR NI5 PI B/74 

W ..... KS KS MODE .......... 
w IOO. 70. BARLOW 67 HBC 1.2 PBAR P 5167 
w 43.0 17 .0  18 .0  BBUSCH 67  OSPK 5 ,7 ,12  P I -P  9 /67  
W (20 ,0 )  OR LESS FOLEY 71CNTR - 20.3 P I -  P,K- KS 2/71 

140 . )  OEFOZX 73  HBO 0 0 .7  PBAR P ,7  P l  1 / 74  w 
w . . . . . . . . .  
w AVG 46.4 17.0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O )  
W STUDENT 46.2 18.5 AVERAGE USING STUDENTIO(H/1.1I) - -  SEE MAIN TEXT 

* * * * * *  * * * *= * * * *  = * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR X l1410 -14401  

BETFINI 66 NE 42A 695 +CRESTI,LIMENTANhLORIA,PERUZZO÷(PADO÷PISA) 
ABRAMS 67  PRL [B 620 +KEHOE,GLASSER,SECHI-ZORN,WOLSKY (MARYLAND) 
BARLOW 67 NC 50 A 701 +MONTANET,D-ANDLAU+ (CERN+COEF+IRAD÷LIVP) 
BEUSCH 67 PL 25 B 357 +FISCHER,GOBBI,ASTBLB~Y+ (ETHZ*CERN) 
D~NALD 69 NP B 11 551 +EDWAROS,BURAN,BETTINI,+ (LIVP+OSLO+PADO) 
FOLEY 71 PRL 26 413 +LOVE,OZAKI,PLATNER,LINDENBAUM,+ (BNL+CUNY) 
OEFOIX 73 Pt  43 B 141 +OOBRZYNSKI,ESPIGAT,NASCIHENTO,+ (CDEF) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * , , ,  * * * * * * * * *  * * * * * *~ ,  

o ,  PBAK P 11166 

1 ,6 -4 .2  P I -  P 1 0 / 6 6  
3-4 PBAR P 6167 

0.7 PB P, 4tO-BODY 9169 
0 .7  PBAR P ,7  P I  1 / 73  
1 .2  PBAR P ,BK4P I  12172 

0 . ? , . 76  PBAR P 12177" 

i n 

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

13 F PRIME MASS (HEVI 

M P 14(14B0.0) CRENNELL 66 HBC 6 .0  P I -  P 8/66 
B 5(1460, )  ( i 0 . )  ABRAMS 67 HBC 4.25 K- PtKS KS 5167 
B BACKGROUND ESTIMATION DIFFICULT. 5/67 

M P l lB15,O)  IT.Of AMMAR 67 HBC 5.5 K--B,K KBAR 9167 
M P I00 (1519 . )  ( 7 . l  AGUILAR 72 HBC 3 .9 ,4 .6  K-,K KB 12172 
M P 46(1514.)  I 4 . ]  COLLEY 72 HBC TO.K+ P,K+ K- 12/72 
M P 47(1521.)  ( 7 . )  VIDEAU 72 HBC 4 .K -  P,K KBAR 12172 
M EP 120(1527*0) (6.01 BRANDENBU 76 ASPK 13.K-P,K÷K- T177* 
M 123 1522.0 6.0 BARREIRO 77 HBC 4.15 K-P,KS KS 7177* 
M 166 1328. 7. EVANGELIS 77 OMEO 10 K- P 12 /77 .  
M C 1506.0 5.0 PAWLICKI 77 SPEC 6 .P I  N,K+K- 12/77* 
M . . . . . . . . .  
H AVG 1516.1 6.7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.0)  
M STUDENTL517.l 4 .9  AVERAGE USING STUDBNTIO(H/I.11] --- SEE MAIN TEXT 

(SEE IDEOGRAM BELOW } 

WEIBHTED AUERAGE = IS16.I ± G,? 

ERROR SCALED BY  2 ,0  

CH ISQ 

. . . . . . . . . .  PRWLICK I  77  SPEC 4 .1  

I • . -EUANGEL IS  7?  DMEG 2 .9  

RE IRD 77  HOC 1 .0  

7 .9  

{CDNLEU 
1490  1S10  1S30  1SSO =0 .019 )  

F PRIME MASS (MEU) 

M C WITH A PHASE SHIFT ANALYSIS 
M E MASS ERRORS ENLARGED BY US TO WIDTHISQRI(NJ,SEB K* TYPED NOTE. 
M P F-A2-F PRIME INTERFERENCE IN K+K- FINAL STATE NOT ACCOUNTED FOR. 

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

13 F PRIME WIDTH (MEV) 

W B 5 (B3. )  ( IB . )  ABRAMS 67 HBC 4.25 K- P,K3 KS 5167 
W B BACKGROUND ESTIMATION DIFFICULT. 5/67 
W P (35 .0 I  425 .0 )  AMNAR 67  HBO B ,5  K -P ,  K KBAR 9 /67  
W P lOO (69o )  122 , )  AGU[LAR 72  HBC 3 .914 .6  K -P ,K  KB 1B172 
W P 46  ( 28 . )  I t 5 , 1  COLLEY 72  HBC IO .K+  P tK+  K -  12 /T2  
w EP 47 ( 40 . )  { 20 . (  VIDEAU 72 HBC 4 .K -  P,K KBAR 12172 
WEB 120 (61 ,0 l  (22 .0 )  BRANDENBU 76 ASPK E3.K-P,K+K- 7177= 
w 123  62 .0  19 .0  14 .0  BARREIRO 77  HBC 4 .15  K -P ,KS  KS 7 /77 *  
W 166  72 .0  BS.O EVANGELIS 77  OMEG 10 K -  P 12177*  
w C 66.0 IO.O BAWL(OK( 77  SPBC 6oPT N,K+K- 12/77.  
W . . . . . . . . .  
W AVG 65.7 8.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF t .O )  
W STUDENT 65 .7  B.7 AVERAGE USING STUOENTIO(HI I , t I I  - -  SEE MAIN TEXT 

W C WITH A PHASE SHIFT ANALYSIS 
W E WIOIH ERRORS ENLARGED BY US TO 4=WIDTHISQRT(NhSEE K* TYPED NOTE. 
W P F-A2-F PRIME INTEREERENCE IN K÷K- FINAL STATE NOI ACCOUNTEO FOR. 

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

1S F PRIME PARTIAL DECAY MODES 

DECAY MASSES 
P1 F PRIME INTO P i t  P I -  139+ 139 
P2 F PRIME INTO K KBAR 497+  497  
P3 F PRIME INTO K K* I892 ]  493 *  892  
P4 f PRIME INTO ETA ETA 548+ 548  
P5 F PRIME INTO P l  PI  ETA 139+ 139+ 348  
P6 F PRIME INTO PI K KBAR 139+ 497+ 497 
P7 F PRIME INTO P l f  PI+ P I -  P I -  139+ 139+ 139+ 139 

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

13 F PRIME BRANCHING RATIOS 

R1 F PRIME INTO (P I+  B I - I / IK  KBAR) IP I I / (P2 )  
R I  ( . 011  OR LESS BBUSCH 75  OSPK 8 .9  P I -P ,KO KO N 12ETT*  
RI iO.06I  OR LESS CL=0.go BRANOENBU 76  ASPK 13.N-P,K÷K- T / IT *  
R I  (O .04310R  LESS CL=O.95  BARREIRO 77  HBC 4 .15  K -P ,KS  KS T / IT=  
R1 C 0.011 0 .003  PAWLICKI  77  SPEC 6 .P l  N IK÷K-  12 /77=  
R[ C THEY GIVE (PI  PI)/TOTAL = I 1 . 2~0 .4 )  PBR CENT, THB F- F PRIME 
R1 C INTERFERENCE TERM CAN BE SEPARATED FROM THE F BRIME--A2 TERM. 

R3 F PRIME INTO IETA ETAI/(K KBAR) (P4 I I (P2 )  
R3 10.50) OR LESS BARNES 67  HBC 4 .6 ,  5.0 K- P 10/67 

R~ F PMIME INTO (P I  P I  ETA I / (K  KBAR) (PB I / (P2 l  
R4 ( 0 . 3 )  OR LEES CL= .67  AMMAR 67  HBC 1016T  
R4 A 40,25) (0 .13 ]  BARNES 67 HBO 4 .6 ,  B.O K-  P 10/67 
R4 A SUPERSEOEO BY AGUILAR 7E 
R4 (0 .41)  OR LESS CL=.95 AGUILAR 72 HBC 3 .9 ,4 .6  K- P 1217B 

R5 F PRIME INTO (Pl  K KBAR + K K* [B92 ) ) I (K  KBARI (PB+P3)I(PB) 
R5 (0.44 OR LESS CL=°67  AMMAR 67  HBC 10167  
R5 (0 .3B )  OR LESS CL= .93  AGUILAR 72  HBC 3 .9 ,4 .6  K -  P 12172 

R6 F PRIME INTO [PI+ PI+ P I -  P I - I I (K  KBARI IP7 I / IPB I  
R6 (O,3B) OR LESS CL= .95  AGUILAR 72 HBC 3 ,9 ,4 ,6  K -  P 12172 



Mesons 
f'(1515), Ft(1540), p'(1600) 

BAFNES 65 PRL 15 322 

CRENNELL 66  ERL 16 1025 

ABRAMS 67 PRL 18 620 
AMMAR 67 PRL [9 1071 
BARNES 67 PBL i~ 9~4 
ALITTI 6 8  PRL 21 1705 

LOBSTAD b9 NP B [4 ~B 
SCOTTER 69 NC 62 A I057 

AGUILAR 72 PR D 6 29 
C[,LLEY 72 NP B 50 1 
VIDEAU 72 PL 41B 2 1 3  

BEUSCH 75 PL 6 0  E I01 

BRANDENB 76  NP B 104 ~13 

BA~RFIRO 7 7  NR B L21 2 3 7  

E V A N G E L I  77  NP 5 1 2 7  384 
LAVEN 7 7  NP B [27 43 

REFERENCES FOR F PRIME 

+DULWICK,GUIDOnI,KALEELEISOH,GOZ+(BNL+SYRA) 

+ KALBFLEISCh,LAI,SCARR,SCHUMANN + (BNLI I  

+KEHOE,GLASSER,SECHI-ZORN,WOLSKY (MARYLAND) 
+DAVIS,HWANB,DAGAN, DERRICK+ (NWES+ANL) JP 
+DORNAN,GOLEBERG,LFITNER + IBNL+SYRACUSEIICJP 
+BARNES,OKENNELL,FLAMINIO,GOLDBEBG,+ {BNL) 

B.LORSTAD~D-ANDLAU, ASTIER,+ (CDEE+CERN} 

+ERSKINE,BALER,+ [BIRM+GLAS+LOIC+MPIM+OXFI 

AGUILAR-BENITEZ,CHUNG,EISNER,SAMIOS (BNL} 
+JOBES~RIDDIFORD,GRIFFITHS,+ (~IRM+GLAS} 
+VIDEAU,ROUGE,BARRFLEI,DEBRION,+(EPOL+SACL) 

+BIRMAN,WEBSDALE,WETZEL {CERN+ETHZI 

DRANDENBURG,CARNEGIE,CASHMDRB,DAVIER+(SLAC) 

+DIAZ,GAY,HEMINGWAY,+ (CERN+AMST+NIJM+OXF} 
EVANGELISTA,+ (BARI+EONN+CERN+OA~E+GLAS+) 

+OTTER,KLEIN,+ (AACH÷BERL+CERN+LCIC÷WIEN) 
÷AYRES,COHEN,DIEBOED,KRAMER,WICKLUND IANL) I  JP PAWLICKI 77  PR D 15 3196 

JP  = 2 - , I +  FAVORED. 
A NEk EXPERIMENT (CERRABA 77,  MONTANET 771 
WITH 5 TIMES THE STATISFICS OF AGUILAR 69 DOES 

NOT CONFIRM THE F I .  OMIITED FROM TABLE. 

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

47 F I  MASS (MEV} 

M 10(1490 .01  ( 2 0 . 0 )  ADERHOLZ 69 HBC + 8 P l  + P , K K B A R P I . l t / 6 9  
M 142 1540 .0  5 . 0  AGUILAR 69 HBC O.TPBARP,KKBARPI 11/69 
M 2 5 1 [ 5 4 3 . 0 1  ( 3 . 0 )  OUBOC 71 HBC O [ . t - l . 2  PBAR P . 2 /72  
M B 701~557.1 (iO.l BAKKFN 75 HBC + 19 PP,PN3FI 12175 
M B DUBIOUS BACKGROUND SUBTRACTION 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

47 F I  WIOTH (MEV) 

W EO ( 8 5 . 0 )  ( 3 9 . 0 )  AOERHOLZ 69 HBC + 8 P I t  P,KKBARPI i [ 1 6 9  

W [~B ~ 0 . 0  [ 5 . 0  AGUIEAR 69 HBO O.7PBARP,KKBARPI EL l69  

DUBOC 71 HBC O l.l-l.2 PBAR P 2 / 7 2  w 25 [ 1 6 . 0 1  (10 .01  
w B 70 (40 .1  ( [ 0 . 1  BAKKEN 75 HB£ + 19 PP,PN3PI 12 /?5  
W B DUBIOUS BACKGROUND SUBTRACTION 

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

47 FL pARTIAL DECAY MODES 

DECAY MASSES 

Pl  FI INTO K KBAR P[ [34+ ~97+ 497 

P2 F I  INTO K * l B ' g Z )  KERR 892+ 497 
P3 F1 INTC 3 PI 139+ 139+ 139 

REFERENCES FOR F I  

ADERHOLZ 69 NP B 11 2 5 9  +BARTSCH,+ (RACH+BERL+CERN+CRAC÷WARSI 
AGUILAR 69 PL 29 B 379 +BARLOW,JACOBS~D-ANDLAU,ASTI~R+ [CERN+CDEF) 

AGUILAR 69 NP B I ~  195 +BARLOW,  JACOBS~D-ANDLAU,ASTIER+ (CERN+CDEFI 

DUBOC 71 PL 34 B 343 +GDLDBERG,MAKOWSRI,TOUCHARD,+ ( IPNP+LIVPI 

CHAPMAk 72  NP B 42 l +CHURCH,LYS,MURPHY,RING,VANDER VELDE (MICHI 
DUBOC 72  NP B 4 b  429 ÷OOLOBERG,MAKBWSKI,DONALD,+ ( L P N P + L I V P )  

BARREN 75 NP BgO 2 2 7  +JACOBSEN,OLSSDN,SKJEVLING (OSLO)G=- 

CERRAOA 7 7  PREPR.BUOAPESI E +DIAZ,FERRANDO,GARZON+(MAOR÷TATA+DERN+COEF) 
MINNAERT 77 PREPR INT +BILLY,+ l BORD+L PNP+LAUS +NEUC +L IVP+GLA S ) JR 
MONTANET 77 PRIVATE COMMUN. t .  MDNTANET (CERN) 

i I 

I p ' ( , o o o ) l  . . . . . . . . . .  , . . . . . . . . . . . . . . . .  

The p' (1600) was first seen in 

y ( r e a l  o r  v i r t u a l )  ÷ p , 0  _~ p01T+IT - 

+ - 
with the ~ ~ pair apparently in an S wave (BINGHAM 

7 2 ,  D A V I E R  7 3 ,  SCHACHT 7 4 ,  ALEXANDER 7 5 ,  LEE 7 5 ) .  

A peak seen in the cross section of the reaction 
+ - + - + - 

e e ÷ ~ ~ ~ ~ has also been claimed as evidence 

for the p '  ( B A R B A R I N O  7 2 ,  C O N V E R S I  7 4 ) ;  h o w e v e r ,  

exchange mechanisms can be invoked that reproduce 

these results without any p '  ( H I R S C H F E L D  7 4 ) .  

Evidence for a 27 decay has been looked for 

in several p h a s e - s h i f t  a n a l y s e s  o f  o n e  ~T-p  ÷ ~T-~T+n 
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experiment (GRAYER 74). The first phase-shift 
+ - 

solution found yielded clear evidence for p' ÷ z 

(HYAMS 73, OCHS 73). Since then, however, it has 

been recognized that at least four distinct solu- 

tions fit the data above 1.2 GeV (ESTABROOKS 75, 

HYAMS 75). The solutions denoted B,D by ESTABROOKS 

75 exhibit the p' (1600) whereas the solutions A,C 

do not. In several attempts to constrain the 

solutions further, COMMON 76 rules out solutions B 

and D, but does still find a p', JOHNSON 76 rule 

out A and C, FROGGATT 75,77 unambiguously prefer 

solution B and give p' (1600) parameter values, and 

MARTIN 77 has a D-wave ~z resonance at 1600 MeV 

instead of the p' (1600). This latter solution 

could be suspect because it corresponds to an 

exotic I= 2 exchange (z+~- + z-q+). Note that 

none of the solutions has any evidence for a 

p' (1250), claimed mainly by vector dominance 

arguments to explain the nucleon form factors. 

There is no clear evidence for a localized p'(1250) 
+ - + - + - 

peak in e e ÷ ~ ~ nor in e e ÷ 4~ (BUDNEV 77); 

the enhancement above the p(770) tail seen over a 

wide range of energies can be explained as an 

effect of inelasticity, due mainly to the opening 

of the ~z channel (ROOS 75, COSTAl 77). The JP = l- 

partial wave of the ~ system is strong in the 

1250 MeV region, but does not exhibit a resonance 

behavior (CHALOUPKA 74, CHUNG 73,75, GESSAROLI 77). 

The mass and width values listed below are 

only indicative, because for such a broad peak 

they are extremely dependent on the parametrization 

chosen (SMADJA 72). Note also that the mass 

dependence of the width will be strongly affected 

by the inelastic channels with their rather high 

thresholds. For the photoproduction data, possible 

diffractive background could explain the observed 

energy dependence of the width (SCHACHT 74). 

b5  RHO P R I M E  MASS (MBV)  

M 400 1430. 50 .  BINGHAM 72 HBC 9 . 3  GAM PEP 4P l  12172 
M 1590.  20 .  HYAMS 7B ASPK 17 P I - P , N  P I ÷ P I -  1 /74  
M 1550.  60 .  CBNVERSI 74 OSPK E* E- IO ~PI 1 2 1 7 5  

160 1550. 50 .  SCHACHT 74 S T R C  5 . 5 - 9  G P,P 4Pl  [2175 
3~0 [45D. 100.  SCHACHT 74 STRC 9 -18  G P,P 4PI 12175 

M 65 1570.  60 .  ALEXANDER 75 HBC 7 .5  DAM P,P 4PI 12 /75 
M P 1610.  30 .  FROGGATT 77 RVUE L7  P I - P , P I + P I - N  12177* 
M P ( 1 5 7 5 . )  MARTIN 77 RVUE L7 P I - P , P I + P I - N  1 2 / 7 7 "  
M 11540°)  ( 3 0 . 1  LAPEANCHE 7T OSPK E+F- TD 4 P h 6 P I  1178"  

M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 1 . 4 )  

M P FROM PHASE SHIFT ANALYSIS OF HYAMS 73 DAIA 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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65 RH8 PRIME WIDTH (MEV( 

W 400 650. I 00 .  BINGHAM 72 HBC ~.3 GAM P,P 4Pl 12/72 
W 180. 50. HYAMS 7~ ASPK iT PI -P,N P I+P I -  12/75 
W 360. I00. CONVERSE 74  OSPK E+ E- TO ~PI 12175 
W E 160  400. 120. SCHACHT T~ STRC 5 .5-9  G P,P 4Pl 12175 
W E 3 4 0  850. 200. SCHACHI 7~ STRC 9 - t8  O P,P ~PI 12175 
w E 65 340. I6O, ALEXANDER 75 HBC 7.5 GAM P,P ÷PI I2 /75  
w P 300. I 00 ,  FROGGATT 77 RVUE 17 P I -P ,P I *P I -N  12 /77 "  
w P (3~0 . I  MARTIN 77 RVUE 17 P I -P ,P I÷P I -N  t 2 / 77 .  
W (220 . I  ( 70 , )  LAPLANCHE 77 6SPK E+E~ TO 4 P i , b P I  1 / 7 8 "  

w 
w AVERAGE MEANINGLESS (SCALE FACTOR = 2 . t l  

w P FRCM PHASE SHIFI ANALYSIS OF HYAMS 73 DATA 
WIDTH ERRORS ENLARGED ~Y US TO k*WIDTHISORTIN),SFF K* TYPED NOTE 

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

65 RHO PRIME PARTIAL OECAY MODES 

DECAY MASSES 

PI RHO PRIME INTO RHO Pl  P I  139. 139+ 776  
P2 NEUTRAL RHO PRIME INTO ALL 4 CHARGED PI MOUES 139+ 139+ 139+ 139 
P3 RHO PRIME INTO RHD R~O ?TO* 776  
P4 RHO PRIME INTO PI  P l  139+ 139 
P5 RHO PRIME INTO KBAR K 493+ ~93 
P6 RHO PRIME INTO PI GMEGA 139+ 783 
P7 RHO PRIME INTO PI+ P I -  PlO PlO 139- 139 + 13~+ 13~ 

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

65 RHD PRIME BRANCHING RATIOS 

Rl PHO PRIME INTO (PhO PI+ P I - ) / ( 4  P I ,  ALL CHARGED) {P I ) I IP2 )  
Rl S ODVlNANT BARBARINO 72 OSPK E+E- TO ~ PI 1/73 
RI  s ( . 80 )  BINGHAM 72 HOE 9.3 GAM P,P 4Pl t / 73  
RI 500 O,7 O.I SCHACHT 74 STRC 5.5-1B G P,P 4Pl 12/75 
Ri S THE PI PI SYSTEM IS IN S WAVE 1/73 

R2 RHO PRIME INTO (RHO 0 RHD O)I(RHG 0 PI+ P I - )  (P3 ) / (P I )  
R2 NONE (FORBIDDEN BY I=IIOINGHAM 72 HBC 9 .3  GAM P,P ~PI 1/73 

R3 RHO PRIME INTO (PI+ P I - } / { ~  P l ,  ALL CHARGEO) (P~)/ IP21 
R3 ( . 2 )  OR LESS 2 SIGMA BINGMAM 72 HBC 0 9.3 GAM P,P 2Pl I173 
R3 (O . iA )  OR LESS ESTIMATE DAVIER 73 STRC 0 6-18 G P,P kPI 1/7~ 

R4 RHO PRIME INTO IKBAR R i l l 4  P I ,  ALL CHARGED) (RS)/ (P2)  
R4 ( . 04 )  OR LESS Z SIGMA BINGHAM 72 HBC O 9.3 GAM P . t / 73  

R5 RHO PRIME INTO (P I IP I - I / TOTAL  (PA) 
R5 E (O . IB I  OR LESS EISENEERG 73 HBC 5 Pl+ P,DEL~÷2Pl l l T4  
R5 E ESTIMATED USING CPE MODEL. 
R5 0.25 0.05 HYAMS 73 ASPK 17 PI-P,N P l+P l -  i / 7~  

MGNTANET 73  HOG PEAR P AT REST 12177*  R5 0.20 0.05 
R5 C (0 .20 ]  OR LESS COSTA 2 77 RVUE E+E-,2 Pl + # Pl IB I?7 *  
R5 C ESTIMATE USING UNITARITY,IIME REVERSAL INVARIANCE,BREIT WIGNER 12/77" 
R5 P .30 .05 FROGGATT 77 RVUE I?  P I -R ,P I÷P I -N  12/77"  
R5 P BETWEEN 0.15 AND 0.30 MARTIN 77 RVUE I7  P I -P ,p I+P I -N  i 2 / 77 "  
R5 P FROM PHASE SHIFT ANALYSIS OF NYAMS 73 DAIA 

R5 . . . . . . . . .  
R5 AVG 0,250 0.029 AVERAGE IERROR INCLUDES SCALE FACTOR OF l .O )  
R5 STUDENT 0,250 0 .0 ]3  AVERAGE USING STUDENTIO|H/I . l t )  - -  SEE MAIN TEXT 

R6 RHO PRIME INTO (PI÷ P l -  RIO P IO) / (~P I ,  ALL CHARGED) 
R6 (P I l l (P2 )  
R6 11.) UR LESS ESTIMATE DAVIER 73  STRC 6-18 G P,P  q P l  1 / 7 4  

R7 RHO PRIME INTO (P I t  P I -  + NEUTRALSIII4PI,ALL CHARGED) 
R7 [P7+  . . . .  ) / (P2 )  
R7 U ( 2 . b )  ( 0 . 4 l  BALLAM 74 HBC 9.3 GAMMA P 12/75 
R7 U UPPER L IMIT,  BACKEROUND NOT SUBTRACTED 

ALVENSLE 71 PRL 26 273 
BRAUN 71 NP B30 213 
BOLOS 71 PRL 26 i~9  

BADGE 72 PL 38B 551 
BARBARIN 72 LNC 3 689 
BARI~LI 72 PRO 6 237~ 
B[NGHAM 72 PL 4IB 635 
BRAMCN 72 LNC 3 b93  
DIEBOLD 72 ~ATAV.CONF. 
EISENEER 72 PR D 5 15 
LAYSBAC 72 NC iOA 407  
SMAOJA 72 PH[L.CONF.PROC3~9 

UERAD1NI 73 PL ~3 B 3 4 l  
DAVIER 73 NP B 58 3 [  
EISENBER 73 PL ~3 B i~9 
HYAMS 73 NP B 64 13~ 
KREUZER 73 PRO 8 I431 
MUNTANET Ta ERICE SCHOOL 5 [8  
OCHS 73 THESIS 
PARK 73 NP B 58 ~5 

BALLAM T~ NP B76 375 
BERNABEI 7~ LNC [ I  26I 
CCNVERSI 7¢ PL 5BB 493  
ESTABROO 74 NP B79 30I 
EERBEL 74 PR D9 82@ 
GRAYER 7~ NP B 75 189 
HIRSHFEL 7~ NP B74 211 
SCHACHI 7W NP BBI 205 

ALEXANDE 75 PL 57B ~8T 
ALLES 75 NC 30A k3~ 
ESTABRDO 75 NP B95 322 
FROGGATT 75 NP BOI ~54 
HYAMS 75 NP BIO0 205 
LANG 75 PL 585 450 
LANGACKE 75 PR D 13 697  
LEE 75 STANFORD CQNF.2[3 
RDGS 75 NR 5 97  I 65  

BASSDMPI 76 PL 65 B 397  
CUMMCN 76 NP B I03 IO9 
JOHNSON 7b P t  ~3 S 95  

REFERENCES FUR RHD PRIME 

ALVENSLEBEN,BECKER,BERTRAM,CHEN,~(DESY÷MIT) G 
+FRIDMAN, GERBER, GIVERNAUD,* (STRASBOURB) G 
÷BUSZA,KEHOE,BENISTUN*÷ (SLAC*UMD+IBM÷LBL) G 

*PENSO,SALVINI,STELLA,BAEOINI-CEIR~MA*FRAS) JPC 
EARBARINO,CERADINI,÷ (FRAS÷ROMR÷PADO÷UMDIIGJP 
+FELICETThDGREN,÷ (FRAS÷RDMA+NAPL)IGJP 
+RABIN,ROSENEELD,SMADJA,YDST÷ILBL,UCO,SLACIIGJP 
+GRECO (THEORETICAL PAPER)  (FRASGATI) 
R.OIEBOLD RAPPORTEUR TALK (ANLI 
EISENBERG,BALLAM,DAGAN,+ (REHO÷SLAC+TELAI 
J.LAYSSAC,F,M.RENARD (MONPI 
÷BINGHAM,FREYTER,BALLAM,CHAOWICK÷(LBI÷SLAC) 

+CONVERSI,EKSTRANO,GRILLI,+IROMA÷F~AS÷PADUIIGJP 
÷DERAOC,FRIES,LIU,MOZLEY,ODIAN,PARK,~ISLAC) 
EISENBERG,KA~SHON,MIKENBERG,PITLUOK,+[REHOI 
+JONES,WEILHAMMER,BLUM,DIEIL,+ ICERN+MPIM) 
H.J.KREUZER,A.N.KAMAL IUNIV.  DF ALBERTAI 
L.MONTANET (CERN) 
THESIS (MPIM) 
J.C.H.PARK IMPIMI JP 

*CHADWICK,BINGHAM~FRETTER+ ISLAC÷LBL÷MPIM) 
÷D.ANGELD,SPILLANTINI,VALENTE IROMA*FRAS) 
+PAOLUZI,CERADINI,GRILLI÷ (ROMA*FRASI 
P.ESIABROOKS*A.D.MARTIN IDURH) 
T.FERBEL AND P.SLATTERY IROCH) 
G.GRAYERtHYAMS,BLUM,DI~TL,÷ (CERN+MPIM) 
A.C.HIRSHFELD,G.KRAMER (HAMB) 
+DERAOD,FRIES,PARK,YOUNT IMPIMI 

ALEXANDER,BENARY,GANDSMAN,LISSAUER+ (TELA) 
ALLES-BDRELLI,BERNARDINI÷ (CERN+EGNA÷FRASI 
P.ESTABROOKS,A.D.MARTIN (OURH} 
C.D.FROGGATT,J.L.PETERSEN (GLAS÷NORD} 
+JONES,WEILHAMMER,BCUM,DIETL~ ICERN+MPIM) 
C.B,LANG,I,S,SIEFANESCU IEARL) 
P.LANGACKER,G.SEGRE (PENN) 
WCNYONG LEE (COLU) 
M,ROOS (HELS) 

BASSOMPIERRE,BINOER,÷ (MDLH+SIRB÷TORI) 
A.K.COMMON IKENT) JP 
+MARTIN,PENNINGTON (DURH+CERN) JP 

Mesons 
p'(1600), Rail640) 

BUONEV T7 PL 70 B 365  N .M .BJDN~V,V -M .BUDNEV,V -V 'S  EREBRYAKOV(NOVQI 
COSTA I 77 Pt 67  B 213 COSTA DE 5EAUREGARD,PHAM,PIRE,TRUONG IEPOL)  
COSTA 2 T7 PL 7I  B 345 COSTA DE 8EAUREGARD,PIRE,T.N.TRUONG (EPOL) 
F&DGGAIT 77 NP E 129 39 C,D,FROGGATT,J.L,PETERSEN IGLAS÷BOHK) 
EAPLANLH ?T HAMBURG CLNF. F, LAPIANCHE (QRSA) 
MARTIN 77 PREPRINT TH.2353 A,D,MARTIN, M.R.PENNINGTON (E;RNI 

l*a( o4o)[ . . . . . . . . . . . . . . . . . . . . .  

The A3(1640) is seen as a bump in the diffrac- 

tive-like process ~N + (~W~)N. The dominant effect 

is a ~300 MeV-wide enhancement in the JP = 2- fw 

S-wave system, starting from fw threshold. Neither 

additional (narrower) structure in the 3~ mass 

distribution, nor other decay modes, have been 

clearly established. The situation would appear 

to be similar to that of the Al, but there are 

certain additional complications. 

(a) Some experiments with incident ~- observe 

little variation of the JP= 2- f~ phase in the 

A 3 mass region (ANTIPOVI 73, ASCOLII 73). This 

is confirmed by GHIDINI 77 with a large-statis- 

tics experiment at 12 GeV/c using the OMEGA 

spectrometer. Even though there is a peak 

compatible with a Breit-Wigner shape, the 

phase of the 2 S wave with respect to the 0 S 

does not show any clear resonant behavior. 

On the other hand, PERNEGR 77 perform a PWA of 

the reaction ~-A ÷ (~+~-~-)A on nine different 

nuclear targets at 8.9, 12.9, and 15.1 GeV/c, 

and obtain evidence for resonance-like phase 

variations of the 2-8 and 2-P waves relative 

+ 
to I+S and 1 P. Thus they propose two decay 

modes: f~ via S wave and pZ via P wave. 

(b) Experiments with incident ~+ have shown 

evidence for variations consistent with a 

resonance interpretation (OTTER 74, THOMPSON 

74). This is not confirmed by BALTAY 77 (see 

also CAUTIS 77) with a PWA of ~+p ÷ (~+~+~-)p 

at 15 GeV/c. 

(c) In the non-diffractive charge-exchange reaction 

z+p ÷ ~+~-w°~ ++ at 7 GeV/c (WAGNER 75) and at 

15 GeV/c (BALTAY 77 or CAUTIS 77), and in the 

hypercharge-exchange reaction K-D + ~+~-w°A at 

4.2 GeV/c (CERRADA 77), there is no evidence 

for A 3 production. 



Mesons 
A3(1640) 

(d) The A 3 region is not well described by the 

Deck-like model of Ascoli et al., although the 

agreement could probably be improved by a 

series of more or less well motivated adjust- 

ments to the model (ASCOLI2 73, ASCOLI 74). 

Nevertheless, relative phase variations of 

~40 ° through the A 3 mass region are predicted 

for the 2- f~ wave. 

(e) Other partial waves contribute strongly in the 

A 3 region. The 2 p~ P wave may exhibit a 

broad enhancement; no phase variation relative 

to 2 f~ is observed (ANTIPOV1 73, ASCOLI1 73, 

OTTER 74, THOMPSON 74, PERNEGR 77). ANTIPOV1 

73 show some evidence for an enhancement in the 

2 + f~ P wave with M~ 1750 MeV, F~200 MeV. The 

relative phases are not inconsistent with a 

resonance interpretation. The I+D p~ wave of 

PERNEGR 77 shows features of a resonance-like 

behavior with a mass ~1650 MeV and a width 

~400 MeV. 

Thus, while for the A 1 evidence for a reso- 

nance interpretation seems to be emerging, the new 

results for the A 3 are still contradictory and 

must await further clarification. 

34 A5 MASS (MEV) 

M 30(1600.01 FORINO 6~ OBC 0 4 . 5  P I +  O 1 0 1 6 6  

M 20(1630.01 (SO,O) VETLITSKY 66 HBC - 4.7 P I -  P 12/75 
M ( 1 6 3 0 , )  ( I 0 . )  BALTAY 6 8  HBC + 7~ 8.5 P I *  P 18175 
M 11660,0) 116.01 BARTSCH 6 8  HBC + 8. PI+ PtBPI P 12175 
M (1610.1 ( 19 . )  LAMSA 68 HBC - B.O PI-P~ PI-F 12/78 
M 297[1675*0]  ( 4 O . O )  ARMENISE 69 DBC + 5.1 PI+D,3PI++-  1Z175 
M ( 1 6 8 0 . )  120.0) CASO 69 HBC - iI PI -  P 5170 
M ( 1 6 6 0 . 0 1  ( 2 O . O I  CASO 6 9  HBC - 11  P I - P ~  P I - F  1 2 / 7 5  

M (1645,01 l i e .O f  CRENNELL 70 HBD - 8. P I -  P,F P( 12175 
M M (1633.01 ( 1 2 . 0 1  MiYASHIIA 70 HBC - -  6 . 7  p I I p ,P I -F  I171 
M M BACKGROUND SUBTRACTION DIFFICULT. 
M 11672.0) BEKETOV 71 HBC - ~l~5 P I "  P 11/71 
M ( 1 6 0 0 . }  ( 5 0 . )  PALER 7 1  DBC + 1 3 . P 1 +  D , D I 3 P I ) + . I 2 / T B  
M 26D(1660.) 1 2 5 . 1  CASO 72 HBC + 11.7 PI+ P 12/75 
M F (165B.)  ( 8 l )  HARRISON 72 HBC - 13 . ,20 .  P I -  P 12/72 
M F FIT ASSUMES AN ADDITIONAL PEAK AT 1830 MEV. 12172 
M F EVIDENCE FOR A SUBSTANTIAL DECAY INTO 3Pl CLAIMED 
M P [1650 , }  ( 3 0 . )  ANTIPOVI 73 CNTR - 25 . , 40 .  P l -  P 12175 
M P 1 1 6 6 0 . )  ( 10 . I  ASCOLI i 73 HBC 5 . - 25 .P1 -  P,P A3  12/75 
M P E (1600.)  [ 10 . )  THOMPSON 74 HBC + 13. PI+ P,P A3+ 12175 
M E E V I D E N C E  FOR A ROTATION OF THE PHASE CLAIMBO. 
M 5 7 5 ( 1 6 4 0 . 1  ( 1 0 . 1  KALEEKAR 7 5  HBC + 1 5  P I + P , P  P I + F  1 2 / 7 5  

M P 200011662.01 (lOGO) BALTAY 77 HBC O 15 PI+ PIP 3PI 12177* 
M P 2000{1680.O) (B,O) GHIDINI 77 OMEG -12 P I - P , P  3Pl 12/77* 
M R 11650.01 PERNEGR 77 CNTR - 9+13+15,P1- NUC. 12177* 
M R CLEAR PHASE ROTATION SEEN IN 12-$1 AND (2-P) WAVES 
M P FROM A FIT TO JP=2- F P( PARTIAL WAVE 
M 

M AVERAGING NOT MEANINGFUL 

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

3@ A3  WIDTH (MEV) 

20 (100. )  VETLITSKY 6 6  HBC - 4 .7  Pl-P 6 / 6 6  
M (70.1 140.) BALTAY 68 HBD 7,  8 . 5  PI+ P 6/68 

( l I E . O )  1 4 5 . 0 1  BARTSGH 68 HBC + 8.  PI+ P,3PI P 12175 
M 11o0.) ( 50 . )  ( 30 . )  LAMSA 68 HBC 8,0 PI -P PI -F 11167 
A 2 9 7  ( 2 4 0 . 0 1  i S O . O )  ARMENISE 6 9  DBC 5 . 1 P I + O , 3 P I + + -  5 / 7 0  
A BACKGROUND SUBTRACT10N MODEL-DEPENDENT, 5 • 7 0  

( I 3O . )  CASO 69 HBC - 11 PI l P ~/68 
(150.0)  CASD 69 HBC 11.0 P I -P ,P [ -  F 6/68 
1130.01 (30 .0)  CRENNELL 70 HBC 6 .  P l -  P,F PI . 5170 

M (37.0)  (24.01 MIYASHITA 70 HBC 6.7 P I -P ,P I -F  1/71 
M BACKGROUND SUBTRACTION DIFFICULT. 

( 1 2 8 , 0 )  B E K E T O V  7 1 H B C  - 4.45 P I -  P 1 1 / 7 1  

(280o( (BO.I PALER 71 DEC 13.PI+ D,  D I 3 P I ) + . I 2 / 7 5  
P 200. TO ~00. CASO 72 HBC + 11.7 PI+ P 1172 

260 (190. )  ( lOO. ]  CASO 72 HBC + 11.7 PI~ P 12/75 
F ( 53 , )  ( 20 . )  ( 16 . )  HARRISON 72 HBC 13 . , 20 .  P l -  P 12/72 
F FIT ASSUMES AN ADDITIONAL PEAK AT 1830 MEV, 1 2 1 7 2  

I F EVIDENCE FOR A S U B S T A N T I A L  DECAY INTO 3PI CLAIMED 
P (300. )  15O.) ANTIPGV1 73 CNTR - 25 . , 40 .  P I -  P 12175 
P (270. )  ( 6 0 , ]  ASCOLI I 7 3  HBC - 5 . - 2 5 . P I -  P,P A3 12/75 
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w I E (310. )  ( 40 . I  IH~BP30N 74 HGC * 13. P]+ P,P A3+ 12/76 
W E EVIDENCE FOR A ROTATIEN OE THE PHASE CLAIMED. 

575 (240. )  {30 , )  KALELKAR 75 HBC + 15 P I + P , P  PI+F 12/75 
W P 2000 (285.0)  (6D,O) EALTAY 77 NBC 0 15 PI+ P,P 3PI 18177~ 

GHIDIN[ 7 7  OMEG -12 PI -P,P 3PI 1 2 / 7 7 ~  w P 2000 (220,01 (30 .0)  

W R (40O.Ol PERNEGR 77 CNTR - 9+ I3+ I5 ,P I -  NUC. I2177.  
R CLEAR PHASE ROEATIDN SEEN IN (2-S)  AND (2-P) WAVES 

P FROM A FIT TO JP=2- F PI PARTIAL WAVE 
W 
W AVERAGING NOT MEANINGFUL 

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

34 A3 PARTIAL DECAY MODES 

P1 
P2 
P3 
P4 
P5 
P6 

P7 
P8 
P9 

R2 
R2 

R2 
R2 

R3  

R3 
R3  
R3 
R3 

R3 

RB 
R3 

R3 
R3 

R3 
R3 
R3 

R5 

R 5  
R5  
R5  

R6  

R6  
R6 

RB 

RB 

R9  

R9 

R9  

R I O  
R I O  M 
REO M 

FORINO 65 PL 19 68 
FDCACC1 66 PPL 17 890 
LEVRA7 66 PL 22 714 
LUBATTI 66 THESIS BERKELEY 
VEILITSK 66 PL 21 579 
DANYSZ 87 NC 81 A 801 
DUBAL 67 NP 83 435 

ALSO 68  T H E S I S  1456 

8 A L T A Y  6 8  PRL 20 887 
BARTSCH 68 NP B ? 34B 
CASO 6B NC B4 A 983 
EERBEL 6B PHILA.CONF.335 
IOFFREDO b8 PRL 21 L212 
LAMSA 68 PR 166 I395 

ARMENISE 6 9  LNC 2 501 
BARNES 69 PRL 23 162 
CASG 6 9  LNC B 4 3 7  

ALSO 6B CASD 

BRANDEN8 7 0  NP B18 369 
CRENNELL ?0 PRL 24 781 
CHIEN 70 PHILAD.C~NF,P.275 
MIYASHIT 7 0  PR O 1 7 7 1  

BBKETOV 7 1 S J N P  4 7 6 5  

PALER 71  PRL 2 6  1 6 7 5  

A L E X A N D E  7 8  NP B 4 5  2 9  
A R M E N I S E  7 2  LNC 4 2 0 1  

CASO 72 NP B 36 349 
HARRISON 7B PRL 2 8  7 7 5  
SALZBERG 72 NP B 41 3 9 7  

ANTIPOVE 73 NP B 6 3  1 5 3  
ANTIPOV2 73 NP B 6 3  141 
ASCOL1 1 7 3  P R O  7 6 6 9  
ASCOLI 2 73 PR D 8 3 8 9 6  

ASCOLI 7 4  PR O9 1963 
LICHTMAN 74 NP B81 31 
O T T E B  7 4  NP 880 1 
TABAK 74 BOSTON 
THCHPSON 7 4  PRL 3 2  3 3 1  

ALSO 7 4  NP 869 3 8 1  

BEKETOV 7 5  SJNP BO 3 7 9  
EMMS 78  PL 6 0  B 109 
HORNE 7 5  PR D I I  9 9 6  
K A L E L K A R  7 5  1HESIB(NEVIS DOT) 
WAGNER 75 PL 5BB 201 

DECAY MASSES 
A3 INTO 3 PI 134÷ 134+ 134 
A3 INTO RHO PI 134+ 776 
A3 INTO ETA Pl 1 3 4 +  5 4 8  

A3 I N T O  5 PI 1 3 9 +  1 3 9 +  1 3 9 +  1 3 9 +  
A3 INTO K K*(092] 497+ 892 
A3 INTO K KBAR Pl 497+ 497+ 134 
A3 INTO K KBAR 497+ 497 
A3 INTO F P( 1271+ 134 
A3 INTO OMEGA Pl Pl 783+ 134+ 134 

. . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

34 A3 BRANCHING RATIOS 

AB+- INTO (P I+ -  RHOO)I(ALL PI+-  PI÷ P l - )  (P2C} I (P IC)  
( 0 . 3 )  OR LESS BAPTSCH 68 HBC + 8.  P i t  P,3P] P 8/69 
(0.41 OR LESS FERBEL 68 RVUE +- • 9/68 

( . 1 8 1  OR L E S S  C L = . 9 5  PALER 7 1 D B C  1 3 . P + +  D , D ( 3 P + ) +  1 1 1 7 1  

AB+- INTO (P I+ -  FJ/ IALL P I+-  PI+ P I - )  (PB I / IP IE )  
IWITH F INTO P I +  P I - )  

INDICATION SEEN LUBATTI 66 HLBC 1 6  PI -  1E166 
(O.59)FDR JP=B- BARTSCH 68 HBC + B. P i t  P,OPI P 8/69 
( 0 . 5 1 I F O R  J P = l +  B A R T S C H  6 8  HBC 8 .  P ] +  P , 3 P l  P 8/69 
( 0 . 2 O I F O R  J P = O -  BARTSCH 6 8  HBC + 8 .  P [ +  P , 3 P I  P 8 / 6 9  

(D.35} I0 *20)  BALTAV 6 8  HBC + 7 -8 .5  PI+P • 8168 
CONSISTENT WITH l .O  CASO 6 8  HBC 11 PI -  P 6/68 

(0.761 (0 .24)  ( 0 . 34 l  ARMEN]SE 69 DBC 5 .1P I+D t3P I *+ -  5/70 
CONSISTENT WITH 1.0 CRENNELL 70 HBC - 6 .  PI -  P,F PI . 5/70 
( . 8 5 1  OR MORE E L = . 9 5  PALER 7 1 D B C  + 1 3 . P + +  D , O ( 3 P + ) +  1 1 / 7 1  

CONSISTENT kITH 1.0 LICHTMAN 74 HBC + 18.5 P I~P ,P  BP[ 12/75 
CONSISTENT WITH L.O KALELRAR 75 HBC +- 15 PI÷P,P 3Pl 12/75 

A3~ INTO ( P I ÷ -  E T A ) / ( A L L  PI~  PI÷ P l - )  ( P 3 ) / ( P I C I  

(ALL ETA DECAYS)  

(0 .09)  OR LESS BALTAY 68 HBC ÷ 7 -8 .5  PI+P 5/68 
(O. lO]  OR LESS CRENNELL 70 HBC - 6. P I -  P,F PI 5170 

A 3 ~  INTO [P I+ -  2PI+ 2P I - ) I (ALL  P i t -  PI+ P I - )  (P~CI I (P IC I  
( 0 . 1 1  OR LESS 8 A L T A Y  6 8  HBC + 7 , 8 . 5  P I +  P 6 / 6 8  

{O.IO) OR LESS CRENNELL 70 HBC - 6 .  P+- P , F  P+ 5/70 

AB+- INTO (RHO P I ) / ( F  P I )  (PZ)I(PO) 

(0 .03 )  (0.BT) (0 .03 )  CASO 69 HBC - I I  P I -  P 12175 

A 3 + -  INTO (P I+ -  PI+ P I - I I (F  P I )  (PIC-PB)/ (PB)  
(O.O6l (O,4T) (O.O6) CASO 6 9  HBC - 11 P l -  P 12175 

POSSIBLY SEEN HARRISON 72 HBC 13 . ,20 .  P I -  P 12172 

A3+- INTO (UNCORREL.P]+- PI+ P I - ) I IALL  PI+-  PI+ P I - )  
( . 0 5 1  OR L E S S  C L = . 9 5  PALER 7 1  DBC + 1 3 .  P I + D t D ( B P I ) +  1 1 / 7 I  

MODEL DEPENDENT FIT 

R E F E R E N C E S  FOR A3  

+GESSAROLI+ (BGNA+BARI+FIRZ+OBSA+SACLI 
CORN MISSING MASS SPECTROMETER GROUP (CERN) 
CORN MISSING MASS SPECTROMETER GROUP ( C O R N )  

H.J.LUBATTI ( L R L I 1 - 2 -  

VETLITSKYtGUSZAVIN~KLIGER,ZGLGANOV+ [ I T E P )  
DANYSZ+FRENCH÷SIMAK (CERN) 
CERN MISSING MASS SPECTROMETER GROUP (CERN) 
L . D U B A L  ( G E N E V E )  

+KUNG+YEH+F£RBEL* (COLU+ROCH+RUTG+YALEII=I 
+KEPPEL,KRAUS,÷ (AACH+BERL÷CERN) JP 
÷CONTE÷CORDS+DIAZ+ (GENOVA+HAMB+MILA+SACL) 
T.FERBEL (ROCHESTER) 
+BRANDENBURG,BRENNER,BISENSTEIN+ (HARVARD) 
÷CASDN÷BISWAS÷DERAOO+GRDVES÷ (NDTREDAME) 

+GHIDINI,FORINO,CARTACCI+ IBARI+BONA+FIRZI 
+CHUNG,E[SNER, FLAMINIO,+ (BNL) 
÷CONTEtTOMASINI,CANTORE+ (GENO+MILA÷SACL) 

+BRENNER,IOFFREDD,JCHNSON,KIM+ (HARVARD) 
+KARSHON,LAI,SCARR, SIMS (BNLI 
C.Y.CHIEN, REVIEW (JOHNS HOPKINSI 
MIYASHITA,VON RROGH,KDPELMAN,LIBBY (COLD] 

+SCMBKOWSKY,KONOWALOV,KRUTSCH[NIN,+ (ITEP) JP 
+BADEWITZtBARTON,MILLER,PALFREY,TEBES(PURD) 

ALEXANDER,BAR-NIR,BENARY*DAGAN,+ (TELA) 
+FORINO,CARTACC[,+ (BARI+BGNAeFIRZ) 
+MADDDCK,BA$SLER+(OURH+GEND+DESY+MILA~SACL) 
÷HEYDA,JOHNSON,KIM,LAW~MUELLER,÷ (HARVI 
tHARRISON,HEYDA,JOHNSON,KIM,LAW,+ (HARVI 

÷ASCOLI,BUSNELLO,FOCACCI,+ ICERN+SERP) JP 

÷ASCOLI,BUSNELLOtFOCACCI,+ (CEBN+SERP) JP 
INTERNAT. COLLABORATION ( ILL+)  JP 
+JONES*WEINSTEIN,WYLD (1LLI JP 

+CUTLER,JONES,KRUSE,ROBERTS,WEINSTEIN+IILL) 
÷BISWAS,CASON,KENNEY,MCGAHAN,+ (NDANI 
+RUDOLPH+ (AACH+BERL+BONN÷CERN+HEID) JP 
+RONAT,ROSENFELD,LASINSKI+ (LBL÷SLAC} JP 
+BADEWIIZ~GAIDOS,MCILWAIN~PALER,+ (PURO) JP  
THDMPSON,BADEWITE,GAIOOS,MCILWAIN+ (PURD) JP 

+ Z O M B K O V S K I I , K A I D A L O N , K D N O V A L O V +  ( I T E P )  
+JONEStKINSON,BELL,OALE+ (BIRM*DURH+RHEL) JP 
+S.HAGDPIAN,V,HAGOPIAN,BENSINGER+(FSU+BRANJ 
M . S . K A L E L K A R  (COLU) 
+TAEAK,CHEW (LBL) JP 
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Data Card Listings 
For notation, see key at front of  Listings. 

Mesons 
A.3(1640 ), (a(1670), g(1680) 

BALEAY 77 P~L 39 591 +CAUTIS,KALELKAR (COLOMBIA) aP 
CAUTIS 77 THESIS NEVIS 221C.V.CAUTIS ICOLUMBIAI JP 
CERRADA 77 NP 8 126 241 +BLOCKZIJL,HEINENt+ (AMST*CERN÷NIJM÷OXF] JP 
GHID IN [  77 PREPRINT ÷ (BARI÷BONN+CERN+DARE÷LIVP÷MILA) JP 
PERNEGR 77 BUDAPESt CONF. +8EUSCH,ASTBURY÷ (ETHZ+CERN÷LOIC+MILA} JP 

l,,,(io o)l . . . . . . . . . . . . . . . . . . . . . . . . .  
THIS RESCNANCE 3VERLAPS IN ITS 3Pl MODE WITH THE A3, 
BUT IN SCME EXPERIMENTS ONE CAN ESTABLISH THE DECAY 
MODE RHO0 PIO, THUS I -D .  WAGNER 75 FIND JP=3- UNIQUELY. 
CERRADA 77 SEE CLEAR PHASE ROTATICN RESPECt TO FOUR 
DIEFERENT REFERENCE WAVES. CONFIRMED BY CAUTIS 77. 
THE DECAYS INTO 5PI AND OMEGA PI÷ P I -  NEED FURTHER 
CONFIRMAtiON [SEE ALSD X(1690 ) ) .  

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

45 OMEGA(ICE0) MASS IMEV) 

M 1636. 20. ARMENISE 68  DBO 5 .1P I+N ,P I3P I )O  9/68 
M 1670. 20. KENYON 69 DEC 8. PI+N,PI3PI)O 8/69 
M 200 1679. 17. MATTHEWS 7 I  D8C 7.0 PI+N,P(BPI)O. 1 /71  
M 500 1678. 14. DIAZ 74 DBC 6 .  P I÷N,P(3PI IO 1/74 
M Q 200 1660. 13. OIAZ 74 D6C 6.  PI+N,PISPI}O 1/74 
M P 600 1669. 11. WAGNER 75 HBC 7 .  PI+P,DEL÷÷BPI E l /75  
M P E 1673.0 12.0 CAUT|S 77 HBC 15 PI÷P,OEL 3Pl 12/77" 
M E I10 (1700 .0 )  APPROX. CERRADA 77 H8C 4.2 K-PtLAM 3PI 12/77~ 
M . . . . . . . . .  
H AVG I668 .3  5.4 AVERAGE (ERROR INCLUDES SCALE FACTOR OF i .O )  
M STUDENTI668.7 6 .0  AVERAGE USING STUDENTEO(H/I.II) - -  SEE MAIN TEXT 

M E PHASE ROTATION SEEN EDR JP 3- (RHO P I I  WAVE. 
M P FROM A F I I  TD 4=0, JP=3- RHO P[ PARTIAL WAVE 
M O FROM (OMEGA P[ P I I  MODE 

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

45 OMEGA(1670) WIDTH [MEV) 

W i t 2 .  60. ARMENISE 68 DBC 5 .1P I+N .P I3P I )O  9168  
M 100 .  ~O,  KENYON 69  D8C 6. PI+N, Pt3PIIO 6 /69  
w S 800 155. 40. MATTHEWS 71DBC T.O PI+N,PI3PI )O 11/75 
W 500 167. 40 ,  DIAZ 74 DBC 6 .  P I *N ,P I3PI )O 1/74 
w G 200 122. 39. DIAZ 74 DBC 6.  P I+N,P I5PI iO  1174 
W P S 600 173 .  28. WAGNER 75 HBC 7 .  PI~P,DEL+÷3PI IL175 
w P E I 73 .0  16.0 CAUTIS 77 HBC 15 PI+P,DEL 3PI i2 /77= 

W AVG 159.1 11.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ .O f  
w STUDENt 159 .7  12 .8  AVERAGE USING STUDENTLOIHII . I I I  - -  SEE MAIN TEXT 

W E PHASE ROTATION SEEN FOR JP 3 -  (RHO P I )  WAVE. 
W P FROM A FIT TO 1=0, JP=3- RHO P[ PARTIAL WAVE 
W S WIDTH ERRORS ENLARGED 8Y US TO 4aWIDTHISQRT(N),SEE K* TYPED NOTE 
W Q FROM ICMEGA P[ P[ ) MODE 

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

45 OMEGAI16701 PARTIAL DECAY MODES 

DECAY MASSES 
P1 OMEGA(1670) INTO 3 P[ ( INCL. RHO P l )  134+ 136÷  134 
P2 OMEGAIIEtO) INTO 5 PI  ( INCL. OMEGA P l+P I - I  134+ 134÷  134+ 166÷ 
P3 DMEGAI IbTOI  INTO RHO PI 776+ 134  
P4 OMEGA(E670) INTO OMEGA PI+ P I -  783+  134+  134 
P5 OMEGAIIb70] INTO 641235) P I  1231+ 134 

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

45 OMEGAIIETO) BRANCHING RATIOS 

RI CMEGA(16701 INTO I5  F i l l i p  P [ )  (PZ I l lP l )  
El CO.TO) ( 0 . I 01  KENYON 69 DBC B. PI+N,P(BPI)O.  8/69 
R1 200  0 .97  0 .26  D1AZ 74  08C 6 .  P I÷N ,P (SP I IO  1 /74  

R2 OMEGAKL67G) INTO IRHO P I ) / ( 3  P I |  (P31 / (P I )  
62 2DO (0.701 OR MORE MATTHEWS 71D8C T.O PI÷N,P(3PI IO 11/71 

R3 OMEGAKIE701 INTO (CMEGA PI+ P I - ) / IRHO P])  (PA) / (P3)  
R3 I00 0.47 O.IB OIAZ 74  DBC 6. PI+N,P(S91)0 1/74 

R4 OMEGA(1670 )  INTO (8 (1235 )  P I ) / (RHO E l ]  (PB I / (PB )  
R4 PGSSIELY SEEN DIAZ 74 DBC 6 .  P I÷N,P iBPI )D 1/74 

REFERENOES FOR CMEGAIt670I 

ARMENISE 68 PL 268 336 

KENYON 69 PRL 23 t4b 

ARMENISE 70 LNC 4 199 

MATTHEWS 71PR D 3 2561 
MATTHEW[ 71LNC i 361 

D IAZ  74 PRL 32  260  

WAGNER 7S PL 565  201 

+GHIDINI,FORINO+ (BARI÷BGNA +FIRE ÷ORSAY) 

÷KINSDN,SCARR,+ IBNL+UCNO+ORNCI 

+OHIDINI,FORINO,CARTACCI,÷ (EARI*BGNA+FIRZI 

÷PRENTICE,YODN.CARROLL,+ ITNTO+WISC] 
+PRENTICE,YODN,CARRGLC,+ ITNTO*WISC] 

+DIBIANCA,FICKINGER,ANDERSON,÷ (CASE*CARN) 

+TABAK.CHEW (L8L )  JP 

BALEAY 77 PREPRINT  *CAUTIS,KALELRAR ICOLUl JP  
CAUTlS 71 THEGIS NEVIS 221 C.V.CAUTIS (COLUMBIA) JP 
CERRADA 77 NP 8 126 241 *8LOCKZIJL.HEINEN,+ (AMST+CERN÷NIJM+DXF) JP 
CORDEN 77 PREP. RL 77 097A CORDEN,CORBETT÷ (BIEM*RHEL+TELA~LDWCI JP 

I (lOaO)l . . . . . . . . . . . . . . . . . . . .  

This entry contains the 2~, 4~, ~n, KK, and 

KK~ peaks in the region of 1700 MeV. The spin- 

parity determination and the mass and width in the 

Meson Table come from the 2~ mode. An elasticity 

of 24% is found at resonance in the ~ elastic 

p a r t i a l - w a v e  a n a l y s i s  (HYANS 7 5 ) .  T h i s  i s  c o n s i s -  

t e n t  with the assumption that at least some of the 

effects listed are due to g decay into various 

channels. On the other h a n d ,  some d i s c r e p a n c i e s  

in masses, w i d t h s ,  a n d  b r a n c h i n g  r a t i o s  i n d i c a t e  

that there may be more than one I G 1 + = meson in 

this r e g i o n  (BARNHAN 7 0 ,  HOLMES 7 2 ,  THOMPSON 7 4 ) .  

Although we have collected all the data here under 

a common e n t r y ,  we d o  n o t  i m p l y  t h a t  t h e y  a r e  

necessarily all related. 

............................... ~ .................................. 

15 G MASS IMEVI 

M PI÷ P I -  MODE 
M 
M (1700.01 ClOD.O) BELLINI 65 HLBC 0 6 .1P l -P  12/75 
M (1640.0)  FORINO 65 DBC 0 4.5 PI÷O 6/66 
M 1670.0 30.0 GOLDBERG 65 HBC 0 6 PI+D, 8 PI-P 
M ( I bBB . I  ( 13 . I  ARMENISE 68 DBC 0 5 .1P I *  D . 6/68 
M 1720.0 20.0 CRENNELL 68 HBC O 6 .0  P I -  P 12268 
M (Ib55°0) liD.O) JOHNSTON 68 HBC 0 7.0 PI- P , 6/68 
M 1737.0 23.0 ARMENISE 70 DBC 0 9 PI÷ N 1/71 
M 1687. 21. STUNTEBEC 70 HDBC O 8. P I -P ,5 .4  PI+D 2/72 

. . . . . . . . . . . . . . . .  S . . . .  C g I :  PI÷ ~ . . . .  
M [652.  13 .  MATIHEWS 71HBC P I -  2/72 
M E 600 I690.  7. ENGLER 74 ODE 0 6. PI~N,PI+PI -P 12/75 
M G 1693. 8 .  GRAYER 7A ASPK O I t  P I -P,PI÷P1-N 2/74 
M GI (1692 . I  I 12 . )  ESTABROOK 75 RVUE 17 P I -P .P I÷P I -N  I 2 / 75  
M I (1722 . I  ( 3 . )  HYAMS 75 ASPN O I7  P I -P ,P I÷P I -N  12/75 
M . . . . . . . . .  
M AVG 1687.8 6°N AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .5 l  
M STUDENTI688.7 4.9 AVERAGE USING STUDENTIO(H/hI I )  - -  SEE MAIN TEXT 

(SEE IDEOGRAM BELOW ) 

M E MASS ERRORS ENLARGED BY US TD WIDTHIS~RTINI,SEE K* tYPED NOTE 
M I FROM PHASE-SHIFT ANALYSIS 
M ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENt PHASE-SHIFT SOLUTIONS 
M G USES SAME DATA AS HYAMS 75 

M I2PI )÷- -  MODE 
M 

1640.O 25.0 CRENNELE 68 HBC - 6 .0  P I -  P 12/68 
122 1650.0 35 .0  6ARTSCH 70  HBC + 8 PI+ P,2 P[ 5/70 

M I I 632 . I  (5.1 THOMPSON 74 HBC + 13 P I *  P 12/75 
M . . . . . . . . .  

M AVG I648 .4  20.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
M STUDENTI643.4 21.9 AVERAGE USING STUDENTIO(H/1.1L) - -  SEE MAIN TEXT 

M K KBAR * K RBAR PI MODE 
M 

(1675. |  EHRLICH 66 HBC ÷-  7.9 PI -PtK KBAR 2/72 
K l l tOO. )  FRENCH 67  H86 O 6 ,3 ,6  PBAR F 7167  

M K OBSERVED IN NEUTRALIK* KBARI M~OE (G-PARITY UNKNOWN} 
M F (1740 . )  FRENCH 67 HBC (KO K÷-) 3-4 PBAR P 7/67 

F SEE FIG. 9 OF FRENCH 67 
L640.0 20.0 28.0 CRENNELL 68 HBC ÷-  6 .0  PI-P,KBAR K 18168 

M 1690.0 16.0 ADERHOLZ 69 HBC + 8 PI+ R,KKBARPI 8/69 
M 1692. 6 .  GLUM 75 ASPK 018.4 PI -P,N X+K- [ [ / 75  
M P 6000 1698. 12. MARTIN 77 SPEC IO P I  P,KS K- P 12 /77 .  
M P FEDM A F IT  tO JP=3--  PARTIAL WAVE. 
M 

M AVG 1690 .3  6 .7  AVERAGE )ERROR INCLUDES SCALE FACTOR OF 1.41 
M STUOENT1691.O 5.5 AVERAGE USING STUDENTIOIH/ I . I I I  - -  SEE MAIN TEXT 

ISEE IDEOGRAM BELOW ) 

M lAP [ l ÷ -  MODE 
M 

M 172D. 15. 6ALTAY 68 HBC ÷ 7. 8.5 PI÷ P 6168 
J IL675.OI  ( IO .OI  JOHNSTON 68 HBC 7.0 P I -  P 6168 

144 IEBO.O 40.0 6ARTSCH 70 HBC B PI+ P,4 P[ ~171 
M gO(1640.O) (20 .0 ]  BARTSOH TO HEC ÷ 8 PI+ P,A2 Pl 4/71 
M F I02(1689 .0 )  (80 .0)  BARTSOH 70 HEC B PI÷ P,2 RHD 4 /71  

17D5.0 2I,O CASO 70  HBC - [I.2PI--PtRH0 2PI 51to 
300 I | 7 lO . l  ARMENISE 72 HBC 9 .1P I -  P,P 4PI 12/72 

M 1630, 15, HOLMES 72 HBC [0.-I2, K+ P 1/73 
M I~8 t .  20. OASON 73 H80 - 8 . , 18 .S  P I -  P 1/74 

M F (1685 . ]  (14.1 CASON 78  HEC - 8 . , 18 .5  P I -  P 1174 
F 66(1738.1 (9.1 KLIGER 74 HBC - 4 .6  PI -P,P 4Pl 12/75 

I670 .  IO .  THOMPSON 76  HBC + I 3  P I+  P 16 /75  
M . . . . . . . . .  
M AVG I677 . I  I3 .O AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 .0 I  

M STUDENTI677.g q.O AVERAGE USING STUDENTIOIH/ I . I I )  - -  SEE MAIN TEXT 
(SEE IDEOGRAM BELOW I 

M E FROM (RHO+- RHOO) MDOE 

RHDO RHOO MODE 

M (1700.0)  MAURER 70  H6C 08.7 P6AR P,7 P1 • 2/71 
N I1700.0 )  BRAUN 71HEC 05.7 PBAR P,7 P[ [ i / 71  

M LMEGA PI MODE 
M 
M 16S4. 24. BARNHAM 70 HBC + IO K+ P,OMEGA PI 6 /70  
M lGBO.O 11 .0  CASO 70  HBC l l . 2P I -P ,P I  OMEG 5170  
M ( [ 666 . )  150.) CASON 73 HBC - 8 . , IG .5  P I -  P 1174 
M [686 .  9 .  THOMPSON 74  HBE [ 3  P I÷  P 12175  
M 1666.0 L4.0 GESSAROLI 77 HBC I I  PI-P,OMEGA PI 12177~ 
M . . . . . . . . .  

AVG 1663.4 I 3 .B  AVERAGE IERROR INCLUDES SCALE FACTOR OF 2.3)  
STUDENT1665.7 10.2 AVERAGE USING StUDENTIO(H/ I . I I }  - -  SEE MAIN TEXT 

(SEE IDEOGRAM 8ELDH ) 



Mesons 
g(1680) 

WEIBHTED AUERAGE = 1687 .8  ± 6 .4  

ERROR S C Q L E O  BY 1 .S  

CHISQ 

. . . . . .  GRAYER 74 ASPK 0 .4  

. . . . . .  ENGLER 74 DEC 0 .1  

t . . . . . . . .  MQTTHEWS 71 HBC 7 , 6  

. . . . . .  M A T T H E W S  7 1  OBC 0 . 7  

. . . . .  STUNTEBEC 70 HDBC O.O 

/ l ~ _ ~  ~ENISE  78 DEC 4 "6  

CRENNELL 68 HBC 2.6 

" ~ 6 6  HBC 0 . 4  

1 6 . 3  

( C O N L E U  
1 6 0 0  1640 1680 1720 1 7 6 0  1800 =0 .023 }  

6 MOSS (MEU),  PI+ PI- MODE 

LJEIBHTEO AVERA6E = 1690 .3  ± 6 . 7  

ERROR SCALED BY 1 .4  

. . . . .  BLUM 7 8  A S P K  

HBC 

. . . . . .  B HBC 

1 6 0 0  1 ( ; 4 0  1680 1 7 2 0  1 7 6 0  1 8 0 0  

6 MASS [ M E U )  K K B A R  + K K B A R  P I  MODE 

CHISQ 

0 . 4  

0 .1  

0 .0  

8 .0  

S .S  

( C D N L E U  
=0  . 1 3 9 )  

W E I G H T E D  R U E R R G E  = 1 6 7 7 . 1  ± 1 3 . 0  

ERROR S C Q L E D  BY 2 . 0  

/ 
1 6 0 0  16w10 

6 MASS { 4 P I ) + -  MODE 

t 

1 6 8 0  1 7 2 0  

C H Z S O  

• T H O M P S O N  ? 4  HBC O . S  

• ' C R S O N  7 3  HBC 0 , 2  

, H O L M E S  7 2  HBC 9 . 9  

• \ . C Q S D  ?0 HBC 1 . B  

• \ B P R T S C H  7 0  HBC 0.0 

. J , ~ L T ~ Y  6 8  HBC B . 2  

2 0 , 6  

1 7 6 0  1 B 0 0  ( C O N L E U  
=0 .001 )  

R PEAKS FROM MMS° (FOR DIFFICULTIES WITH MMS EXPTS. SEE 
THE A2 MINI-REVIEW IN THE 1973 EDITION} 

M 

M NRI (1632.1 (15.1 FOCACCI 66 NMS - 7-12 PI-P,P MMS 12172 
M NR2 11700.I (15.) FOCACCI 66 MMS 7-12 P I - P , P  MMS 12172 

NR3 11748.1 IlS.) FOCACGI 66 MMS 7-12 RI-P,P MMS 12172 
N NOT SEEN BY BOWEN 72 

M R IITO0.O] 147.0) ANOERSON 69 MMS - 16 PI-  P,BACKW 8169 
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Data Card Listings 
For notation, see key at front of  Listing:. 

WEIGHTED QUERQGE = 1663 .4  ± 13 .8  

ERROR SCALED BY 2 .3  

IGO0 1640 1680 

CHISQ 

. . . . . .  GESSAROLI 7 ?  HBC 0.0 

i - T H O M P S O N  7 4  HBC 6 .3  

'CASD 70 HBC 9 .2  

"BQRNHQM 7 0  HBC 0 . 2  

15 .7  

L (CDNLEU 
1720 1760 1800 =0.001) 

G MQSS ( M E U )  r lMEGQ P I  MODE 

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

15 G WIDTH IMEVI 

N PI+ P l -  MODE 
N 
W (kD.OI FDRINO 6E DBC O 4 .5  PI+D 6 /66  
w 180.0 40.0 GOLDBERG 65 HBC 0 6 PI+O, 8 PI-P 
W 188. 49. ARMENISE 88 OBC 0 5 .1P I *  D a168 
W 2OO.O [oo.o CRENNELL 68 HOE 0 6.0 P I -  P 12/68 

lEO.O) (20.0I JOHNSTON 68 HBC 0 7.0 PI-  P . 6168 
171.0 65.0 ARMENISE 70 DBC O 9 PI* D 1/71 

W 267. 72. 46. STUNTEBEC 70 HDBC O B. PI-P,5.4 PI+D 2172 
W 156. 36. MATTHEWS 71 DBG 0 T. p[+ N 2/72 
W 73. 36. MAFTHEWS 71HBC O O 7. P I -  P 2/72 
W 600 167. 40. ENGLER 74 DEC 6. PImN,PI+PI-P 12/75 
W G 200. 18. GRAYER 14 ASPK 0 17 PI-P~PI+PI-N 2/74 
N GI I240. l  (30.) ESTABROOK 75 RVUE 17 PI-P,PI÷PI-N 12/75 
W I (26T.I (30.) HYAMS 75 ASPK 0 17 PI-P,PI+PI-N ]2/75 
W . . . . . . . . .  
W AVG 177.2 15.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1o3} 
W STUDENT 181.2 14.6 AVERAGE USING STUDENTIOIHII.I[I - -  SEE MAIN TEXT 

(SEE IDEOGRAM BELOW ) 
W 
W I FROM PHASE-SHIFT ANALYSIS 
W ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT PHASE-SHIFT SOLUTIONS 
W G USES SAME DATA AS HYAMS 75 

w (2PIT+- MODE 
W 
W 200.0 lO0.O CRENNELL 68 HBC -b °O  P I -  P 12/68 
W 122 180.0 30.0 BARTSCH 70 HBC ÷ B PI÷ P,2 PI 5170 

I 42 . I  (20.)  THOMPSON 74 HBC + 13 PI+ R 12/75 

W AVG IB l . 7  28.7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
W STUDENT 181°6 31.0 AVERAGE USING STUDENTIO(HII.II) - -  SEE MAIN TEXT 

W K KBAR ÷ K KBAR El MODE 
w 
W F ( 1 2 0 . }  APPROX. FRENCH 67 HBC IKO K+-) 3-4 PBAR P 11169 
W F ABOVE VALUE ESTIMATED FROM FIG. 9 OF FRENCH 6T 
W 79.0 70.0 25.0 CRENNEL/ 68 HEC +- 6.0 PI--P,KBAR K 12/68 
W i12.0 60°0 ADERHOLZ 69 HBC + B PI+ P,RKBARPI 8/69 
W 205. 20. BLUM T5 ASPK DIE.4 PI-P,N K+K- I1/75 
W P hOOD 199. 40. MARTIN 77 SPEC 10 Pl P,KS K- P 12/77" 
W P FORM A FIT TO JR=3- PARTIAL WAVE. 
W . . . . . . . . .  
W AVG 182.8 25.6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6) 
W STUDENT 186.1 19.7 AVERAGE USING STUDENTIO(HII.II) - -  SEE MAIN TEXT 

(SEE IDEOGRAM BELOW I 

w (4Oi l+-  MODE 
W 
W 100. 35° BALTAY 68 HBC + T, 8.5 PI+ P 8/68 
W J IgO.OI (20°0) JOHNSTON 68 HBC 7.0 P I -  P 6/68 
W J NOT SEPARATED FROM 2 P[ DECAY 
W 144 135.0 3 0 . 0  BARTSCH 70 HBC ÷ 8 PI+ P,4 PI 4 /7 l  
W 90 (lEO.O) (SO. Of BARTSCH 70 HBC + 8 PI÷ P,A2 PI 4/71 
W F 102 (160.0) {30.0) BARTSCH 70 HBC + 8 PI÷ P,2 RHD 

(I60.Ol CASO 70 HBC - l l.2PI-P,RHO 2PI 5/70 
300 (BOO.l ARMENISE 72 HBC 9.1Pl- P,P 4PI 12/72 

w 1Bo. 30 .  HOLMES 72 HBE + 1 0 . - 1 2 .  K~ P 1 /73  
w lb�. 70. 48. CASON 73 HBC - 8. ,18 .5  PI -  P I174 
W F (125.I  (83.)  (35.) CASON 73 HBC 8°,18°5 PI-  P i 1 7 4  

F 66 (150.I  KLIGER 74 HBC - 4.5 PI-P,P 4PI 12/75 
106. 25. THOMPSON 74 HBG 13 PI+ P 12/75 

W . . . . . . . . .  
W AVG 120.6 14.2 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.0) 
W STUDENT 120°6 15.7 AVERAGE USING S T U O E N T I O ( H / I . L l l  - -  SEE MAIN TEXT 

W F FROM (RHO÷- RHOO) MODE 

W OMEGA P[ MODE 
W 
W 130. 73. 45. BARNHAM 70 HBC ÷ lO K+ P,OMEGA P[ 6 / 7 0  
W {BO.O} CASO 70 HBC I I .BP I -P ,P I  OHEG 5170 
W (194.) (94.}  (60°] CASON 73 HBC 8. ,18.5 Pl -  P 1/74 
W 89.  25. THOMPSON 74 HBC + 13 Pl+ P 12/75 
W 160.0 56.0 GESSARGLI 77 HBC I I  PI-P,OMEGA PI 12/77" 
W 
W AVG 104.7 21.2 AVERAGE [ERROR INCLUDES SCALE ~ACTOR OF [ ,0 )  
W STUDENT 104.4 24°0 AVERAGE USING STUDENTtO(HII.II) - -  SEE MAIN TEXT 

W R PEAKS FROM MMS. (FOB DIFFICULTIES WITH MMS EXPTS. SEE 
W THE A2 MINI-REVIEW IN THE 1973 EDITION) 

W 
W NRI I Z l . }  OR LESS FOCACCI 86 MMS - 7-12 PI-P,P MMS 12/72 
W N~2 (30.} OR LESS FOCAGCI 66 MMS 7-12 PI-P,P MMS 12/72 
M NR3 138.1 OR LESS FOCACCI 66 MMS - 7-12 PI-P,P MMS 12/72 
W N NOT SEEN BY BOWEN 72 
W R (195.0} ANDERSON 69 MMS - ib  PI-- P,EACKW 8•69 
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Data Card Listings 
For notation, see key at front of  Listings. 

WEIGHTED RUERRGE = 177 .2  ± IS .2  

ERROR SCALED BY 1 .3  

I • ' 

1 0 0  

CHISQ 

. . . .  6RAYER 74  ASPK i .G  

. . . .  ENGLER 74  DBC O .1  

. . . .  MATTHE~S  ?C  HBC 8 .4  

. . . .  ~ATTHEWS 7 i  DBC 0 ,3  

I CTUHTEBEC 70  HDBC 2 .3  

• \ ' .  " -RRMENISE  ?0  DEC O .O  

I \ CRENNELL  GE HBC O .1  

- t ~ - ' ~ ' ' ARMENISE  GB OBC 0 .0  

. . . .  ~ 6 5  HBC i2.BO'O 

' ' [CONLEU 
200  300  400  =O .$1B)  

WIDTH {MEW) P I+  P I -  MODE 

WEIGHTED Q U E R Q ~ E  - E B 2 , B  ± 2 5 . G  

ERROR SCALED BY  1 ,6  

- 4~  . - 'MARTZN ? ?  SPE 

+ ~ '  " 'BLUM ?S  ~SP  

. . . .  • \ '  ADERHDLZ  69  HBC 

. . . . .  • ~ R E N N E L L  60  HBC 

iO0 200  300 400 

WIDTH (MEV]  K KBAR * K KBAR PI MODE 

SPEC 

~SPK 

CHISQ 

0 .2  

~ - . 2  

1 . 4  

4 . B  

7 . G  

( CONLEU 

=0 .0S6 )  

15 G PARTIAL DECAY MODES 

DECAY MASSES 
PI G INTO PI  PI 139+ [ 39  
P2 G INTO 4PI 139+ 139+  139÷ 139 
P3 G INTO 2 RHO 776÷  776  
P4 G INTO Pl P I  RHD I39+  139+ 776 
P5 G INTO A2 PI I 312~  139 
P6 G INTO K KBAR 497*  497  
P7 G INTO OMEGA PI  139 "  783  
PB G INTO K KBAR Pl  407+  497÷  139  
P9 G INTO PHI  P l  1020e 139  
RIO G INTO ETA PI 5~8+ 139  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

15 G BRANCHING RATIOS 

RI  G INTO (2Ell/TOTAL (P t l  
RI P (O.4I  BARTSCH TO HBC + 8.  PI÷ P 2•72 
RI P (0 .22)  ( o . o4 I  MATTHEWS 7 I  HDBC 0 7 .  PI+N,PI-P 2•72 
R[ P OPE MODEL USED IN THIS ESTIMATION 
RI G ( .245)  ( . 006 I  ESTABROOK 75 RVUE [7 P I -P ,P I+P I -N  12175 
RI G FROM PHASE-SHIFT ANALYSIS OF HYAMS 75  DATA 
RI  S .24 .O I  HYAMS 75  ASPK O 17 PI-P,PI+PI-N [ 2175  
RI S ERROR TAKES ACCOUNT OF SPREAD OF 4 DIFFERGNT PHASE-SHIFT SOLUTIONS 

R2 G INTO (P I~  PlOT / (ALL  PI+-- El+ E l -  PlO) (R I ) I IP2C I  
R2 D (O.OBl OR LESS BALTAY 68 HBC + 7~8.5 PI÷ P 6168 
R2 D USING DATA OF DEUTSCHMANN 65 ON PI+P TO PI+ PIO P 6168  
R2 0.8 0.2 JOHNSTON bB HBC - 7 .  P I -  p 2172 
R2 O.B 0.15 BARTSGH 70 HBC ÷ 8.  PI+ P 2112 
R2 ( 0 . 12 )  OR LESS BALLAM 71 HBC - I 6 .  P I -  P . 2172 
R2 (0 .2 )  GR LESS HOLMES 72 HBC 10.-12. K÷ P I173 
R2 0 .35  O . l [  CASDN 73  HBC - 8 . , I 8 . 5  P I -  P 1174 
R2 . . . . . . . . .  
R2 AVG 0.56 0 . [ 6  AVERAGE (ERRO~ INCLUDES SCALE FACTOR OF 2 .0 I  
R2 STUDENT 0.57 0.12 AVERAGE USING STUDENTIO(HII . I t )  - -  SEE MAIN TEXT 

R3 G÷-  INTO (2P I ) / ( 2RHO)  (P t ) / (P3 )  
RS S (0 .48 )  OR LESS BISWAS 68 HBC - 8. E l -  P 2•72 
R3 S SUPERSEDED BY CASDN 73 1174  

R4 G~-- INTO (K KBAR)I (2PI )  (P6 I I (P I )  
R4 0.08 O.OB 0.03 CRENNELL 68 HBC 6.0 P I -  P 12168 
R4 0.08 0.03 BARFSCH 70 HBC + 8.  PI÷ P [171 
R4 . . . . . . . . .  
R4 AVG O.OBO 0.026 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O )  
R4 STODENT O .OBO 0.028 AVERAGE USING STUDENTIO(HIt . t [ I  -- SEE MAIN TEXT 

R5 G+- INTO (K KBAR P I I I I 2P I )  (PB i l IP I )  
R5 O.lO 0.03 BARTSCH 70  HBC + 8 .  PIe P 2172 

Mesons 
g(1680) 

k~ G÷- INT~ (RHL 2~ I ) I (ALL  ~PI) (P~ I ,P2 }  
R6 CONSISIENX WITh 1. CASO 68 HOE - 11 E l -  P S I~  
R6 I .  0 , 15  BARTSCH 70  HBE + 8 .  P I+  P 2 /72  
R6 0 .88  0 .15  BALLAM 71HBC - 16 .  P I -  P 2172 
R6 . . . . . . . . .  
R6 AVG 0.94 O . I I  AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O l  
R6 STUDENT 0.94 O.E2 AVERAGE USING STUDENTED(HII.tt l  - -  SEE MAIN TEXT 

R7 G÷-  INTO (2RHO)/(ALL 4PI)  (P3 i / iP2 I  
R7 0 .7  0 . [ 5  BA~TSCH 70  HBC + 8 .  P I+  P 2 /72  

ARMENISE 72  HOE - 9 . I  P I -  P ,P  4P I  I 2 / 72  R7 (0 .92 )  
R7 A (0 .78 )  ( 0 . 33 )  CASON 73  HBC - 8 . . 18 .5  P I -  P 1 /74  
R7 A ASSUMING (ALL 4PII=IRHO RHD) ÷ (OMEGA Pl )  
R7 66 ( . 56 I  KLIGER 14 HEC - ~ .5  P I -P,P 4P I  L2 /75  
R7 T (O . IS )  (O .OP)  THOMPSON T4 HOE 13 E l÷  P I 2 / 75  
R7 T RHO RED AND A2 P/ MODES ARF INDISTINGUISHABLE 

R8 G+- INTO 12 RHDI/(ALL RHO 2PI l  (PSI I {P41 
R8 0.~8 0.16 CASQ 68 HBC -- I I  E l -  P 6/66 
R8 {0.751 OR MORE BISNAS 68 HBC - 8. P I -  P 2172 

R9 6+- INTO (P ie -  A20)/{ALL 4P I )  
R£ (WITH AZO INTO (Pie P I -  P /O I l  
R9 0.40 0.20 BALTAY 68 HBE ÷ 7 ,8 .5  PI+P 6/68 
R9 NOT SEEN JOHNSTON 68  HBC - 7 P I -  P 6 /68  
R9 (0 .61  ( 0 . 15 )  BARTSCH 70  HBC + 8 .  P I÷  P 2•72 
B9 NOT SEEN CASON 73  NBC - 8 . , 18 .5  E l -  P 1 /74  

RIO G +- INTO (P I  DMEGA)/(ALL 4P[~ (P7 l l lP2 )  
R~O (WITH OMEGA INTQIPI+ P I -  PlO)) 
RIO 0 .25  O . IO  BALTAY 68  HBC + 7 -8 .5  P I÷P  5168  
RIO . 25  0 .10  JOHNSTON 68  HBD 7 .0  E l -  P 6168  
RIO 0.12 0.07 BALLAM 7 t  NBC I6 .  P I -  P 2172 
RiO A ( 0 . 22 l  (0 .08)  CASON 73 HBC 8.,lB.5 PI -  P 1174 
RIO A ASSUMING (ALL  4PII=(RHO 8HDi • (OMEGA PI )  
RIO ( . 09 }  OR LESS KLIGER 74 HBC - 4 .5  P I -P ,P  4Pl 12175 
RIO 0 .33  O.O7 THOMPSGN 74  HBC 13 P ie  P I 2175  
RIO . . . . . . . . .  
RIO AVG 0.233 0.050 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 
RIO STUDENT 0.286 0.051 AVERAGE USING STUDENT[O(HII. [ [ )  - -  SEE MAIN TEXT 

R I I  G+- INTO (Pl PH I I I IALL  4AT) (PP I I IP2 )  
R I [  (O . l t I  OR LESS BALTAY 68  HEC + 7 *8 .5  P I÷P  6 /68  

RE2 G+-  INTO (P I+ -  2PI+ 2P i -  P IO I I (ALL  P[+- PI+ P I -  PIO) 
RI2 (O. IB)  OR LESS BALTAY 68 HBC + 7 ,8 .8  PI+ P 6168 

RE3 G+-  INTO (Pl ETAI/(ALL 4PIT (P IO I / (P2 )  
RE3 (0.021 OR LESS THOMPSON 74  HBC + 13 PI* P 12/75 

R14 GO INTO (2PI÷ 2P I - - I I ( 2P I )  (P2C I I (P I )  
RI4 GO INTO (2PI+ EPI- )  FORBIDDEN IF ~Pl MODE IS (RHO RHO) 
R14 0.44 0.20 KALELKAR 75 HBC 0[5 PI+P 12175 

BELLINI 65 NC 40 A 948 
DEUISCHM 65 PL IB 351 
FORINO b5 PL i g  65 
GOLOBERG 65 PL 17 354 

EHRLICH 66 P~ 152 i[94 
FOCACCI 66 PRL I7  890 
LEVRAT 66 PL 28 714  
SEGUINDT 66 PL 19 712 

ABRAMS 67 PAL 18 620 
DANYSZ 67  PL 248 309  
DUBAL 67 NP B3 435 

ALSO 68 THESIS  I 456  
FRENCH 67 NC 52A 442 

ARMENISE 68 NC 54 A 999 
BALTAY 68 RRL 20 887 
BISWAS 68 PRL 21 50 
BOESEBEC 68 NP B 4 501 
CASO 68 NC 54 A 983  
CRENNELL 68  PL 28 B 136  
JOHNSTON 68 PRL 20  1414 

ADERHOLZ 69  NP B II 259 
ANDERSEN 69 PAL 22 [390 
BARISH 69 P~ [ 84  1375  
CASD 69 NC 62 A 755 
VETLITSK 69 SJNP 9 461 

ARMENISE 70  LNC 4 199 
BARNHAM 70  PRL 24 1083 
BARTSCH 70 NP B 22 t oe  
CASO TO LNC 3 707 
KRAMER 70 PRL 25 396 
MAURER 70 THESIS N0,588 
STUNTEBE 70 PL 32 B 39[  

BALLAM 71PR D 3 2606 
BRAUN 71 NP B 30 213 
GRAYER 71PL  35 B b i b  
MATTMENS 71NR B 33[ 

ARMENISE 72 LNC 4 205 
ALSO 75 LNC [4  177 

BOWEN 72 PAL 2g 890 
CLAYTON 72 NP B 47 8t 
GRAYER 72 PHIL,CONF.PROG. 5 
HOLMES 72 PRo  6 3336  

ARNOLD 73 LNC 6 707 
CASON 73 PRO 7 IgT[  
CASON E 73 NP B 64 I~ 
HYAMS 73 NP B 64  I 3~  
ROBERTSO 73 PRO 7 255~ 

OUBGVIRC 7~ SJNP I 9  568  
ENGLER 74 PR D[O 2070  
GRAYER 7~ NP B 75 189 
KLIGER 75 SJNP E9 428 
OREN 74 NP BT I  t 89  
THEMPSQN 74 NP 869  220  

8LUM 7S PL 57B 403 
ESTABROO 75 NP B95 322 
HYAMS 75 NP B[OO 205  
KALEEKAR 75 THESIS(NEVIS 2071 

REFERENCES FOR G 

BELLINI,Of CORAIO,OUIMIOtFIORINI {MILANO) 
M.DEUTSGHMANN ET AL (AACHEN+BERLIN*GERM} 
FORINO,GESSAROLI ÷ (BOLOGNA÷ORSAY+SACLAY) 
GOLDBERG÷ (CERN÷EPOL+ORSAY÷MILANO÷CEA-SACLI 

R. EHRLICH,W.SELDVE,H.YUTA (PENNSYLVANIA) 
CERN MISSING MASS SPECTROMETER GROUP (CERN) 
CERN MESSING MASS SPECTROMETER GROUP (CLAN| 
GERM MISSING MASS SPECTROMETER GROUP (CERN) 

+KEHOE÷GLASSER+SECHI-ZORN*WOLSKY (MARYLANDI 
+FRENCH÷KINSON÷SIMAK+ (CERN~LIVERPOOL) 
*FOCACCI÷KIENZLE+LECHANOINE+LEVRAT÷ (CERN) 
L.OUBAL (GENEVEI 
eKINSON+MCDONALD~RIDDIFDRD+ (CERN÷BIRM) 

*FORINO*CARFAGCIt(BARI÷BGNA +FIRENZEeORSAYII 
+KUNG+YEH+FERBEL~ (CDLU+RDCH*RUTGeYALEII=I 
÷CASON,DZIERBA,GROVES~KENNEY,÷ (NDAM) 
BDESEBECK,OEUTSCHMANN~÷(AACHEN÷BERLIN÷CERN) 
+CONTEeCORDS+DIA2÷ {GENDVA*HANB÷MILA÷SACL) 
eNARSHON,LAI,SCARR,SKILLICORN (BNL} 
÷PRENTIGE,STEENBERG~YOON (TORONTO÷WISCIIJP 

÷BARTSCH,÷ (AACH+BERL÷CERNeJAGL÷WARS) 
+EOLLINS,BLIEDENe (ENL*CARNI 
÷SELDVEtBISWAS,CASQN,÷ (PENNeNOAM+ROCH) 
÷CONTE,BENZ,÷ (GENO+DESY÷HAMBeMICAeSACL) 
+GUZNAVIN,KLIGER,KOtGANOV,LEBEDEV+ lITER) 

+GHEbINI,FDRINO,CARIACCI,÷ IBARIeBGNA*FIRZ) 
eCOLLEY,JOBES,KENYON,PATHAK,RIDDIEORD(BIRM) 
*KRAUS,TSANOS,GRDTE,KOTZAN+IAACH+BERL÷CERN) 
+EONTE,TOMASINI,CORDS÷(GENO+HAMB÷MILA*SACLI 
÷BARTON,GUTAY,LICHTMAN,MTLLER,+ (PURDUEI 
G.MAURER [STRASBOURG) 
STUNTEBECK,KENNEY,DEERY,BISWAS,CASDN+(NDAM} 

÷CHADWICK,GUIRAGOSSIAN,JOHNSON,* (SLAC} 
+FRIDMAN,GERBER,GIVERNAUD,KAHN,÷ (STRB) 
+HYAMS,JONES,SCHLEIN, BLUM,÷ (CERN+MPIMIJP3- 
÷PRENTICEtYOON,OARROLL,÷ (TNTO÷WISC)JP3- 

+FORINO~CARTAOCI,* 18ARIeBGNA÷FIRZI 
+FOGLI-MUCIACCIA,FDRIND÷ (BARI~BGNA+FIRZI JP 
÷EARLEStFAISSLER,BLIEDEN,+ (NEAS+STON) 
÷MASDN,MUIRHEAD,RIGOPDULOS,+ (LIVP+P&TRI 
*HYAMS,JONES,SCHLEIN,BLUM,OIETL+(CERN+MRIMI 
*FERBEL,SLATTERY,WERNER IROCH) 

eENGEL,ESCDUBES,KURTZtLLORET,PATY,+ (STRB) 
*BISWAS,KENNEY,MADDEN,SANDER,SHEPNARD(NDA½) 
*MAODEN,BISHOP,BISWAS,KENNEY,+ (NDAM} 
÷JONES,WEILHAMMER,BLUM,DIETL,e (CERN*MPIM) 
ROBERTSON,WALKER,DAVIS {DUKE+WISE) 

DUBDVIKOV~MATSYUKtNILGV,SOKOLDV I ITEPI  
eKRAEMER,TOAFF,NEISSER,DIAZ* (DARN÷CASE} 
G.GRAYER,HYAMS~BLUMtDIETL,÷ (CERN+MPIM) 
*BEKETDVtGRECHKO,GUZHAVIN,DUBDVIKOV* (ITEP} 
÷DOOPER,FIELDS,RHINES,WHITMORE,* (ANL~OXF} 
÷GAIDOS,MCILWAIN,MILLER,MULERA,÷ (PURD) 

+CHABAUD,OIETL,GARELIGK,GRAYER÷ {CERN÷MPIM} JP 
P.ESTABRODKS,A.O,MARTIN (DURH} 
÷JCNES,WETLHAMMER,BLUM,DIETL÷ (CERN+MPIM) 
M.S.KALELKAR (COLUII=I 
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Mesons Data Card Listings 
g(1680), x(1690), ~4(1900), x(1900), s(1935)For notation, see hey at front o/Listings. 

ANTIPOV 77 NP B 119 ~5 +BUSNELLO,BAMGAARO, KIENZLE÷ ICEKN+SERP) 
GESSAROL 77 NP B 12~ 382 GESSARBLI,+ (BGNA+FIRZ+GENO+MILA+OXF+PAVI) 

MARTIN 7E PREPRINT CEBN ÷OZMUTLUeBALOI~+  (DURH+GEVA÷CERN) 

THIS ENTRY CONTAINS OMEGA P) PI PEAKS AROUND 
1690 MEV. EVIDENCE NOT COMPELLING. OMITTED FROM TABLE. 

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

64 X(16RO) MASS IMEV) 

M ~; |~689.) ( IO , )  DANYSZ 67 HBC O 3.3.6 PBAR P 2174 
M N NOT SEEN IN HIGH STATISTICS EXP. OF OREN 74 
M 1670,0 18.0 YOGI 68 HBC 04.3 K-P,LMBD.SRI. 2/74 
M 169B.0 20.0 BARNES 69 HBC 0 ~.6 K-P,OMEG2PI 2/74 
M 
M AVG 1681.B 13.4 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O }  
M STUDENTI661.I 15.1 AVERAGE USING STUDENTIO{H/I.[1) - -  SEE MAIN TEXT 

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

6~ X(16qOI WIDTH (MEV) 

N [ 38 . )  [ 18 . )  DANYSZ 67 HBC 0 3 ,3 .6  PBAR P 1173 
N NOT SEEN [N HIGH STATISTICS EXP. OF OREN 74 

w BO.O 15.0 YOST 68 HBC 04.3 K-P,LMBO.SPI. 1173 
W 90. 20. BARNES 69 HBC O 4.6 K-P.OMEGBPI L173 

w AVG 6¢.W 19.2 AVERAGE (ERROR INCLUOES SCALE FACTOR OF 1.6) 
W STUDENT b3.8 14.7 AVERAGE USING 5TUDENTIO(H/[ . [ I )  - -  SEE MAIN T~XT 

REFERENCES FOR X(L690) 

DANYSZ 67 NC 5L A 801 DANYSZ*FRENCM+SIMAK ICERNI 
YOST 68 UMD T,REPOBTB49 +YODH,EINSCHLAG~DAY,GLASSER (UMDI 
BARNES 69 PRL 23 142 +CHUNG,EISNER,FLAMINIO,+ (BNL) 
OREN 74 NP B71 189 +CDOPER,FIELDS~RHINES,WHITMORE,~ (ANL+DXF] 

THIS  ENTPY CONTAINS THE D IFFRACTIVE-L IKE  3P I  ANO 5P I  
BUMPS IN THE REGION OF 1900 MEV~ AS WELL AS VARIOUS 
PEAKS NEARBY. NOTE THAT THE EXISTENCE DE AN S-WAVE 
GRI THRESHOLD BUMP ( IN ANALOGY TO A1 AND A3) 
IS NOT UNEXPECTED. OMITTED FROM TABLE. 

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

~3 A4 MASS (MEV) 

M (LgOO.) HU5DN 68 HLB£ - [ 6 .P I -A ,A  5El B/7k 
M ( lB30 . I  SALZBERG 72 HBC - 13,20 PI -P,P ]RE 2/74 
M B 40(1960, )  ( 30 . )  BASTIEN T9 DBC - [5 ,PI -D~D 3PI 2/7~ 
M B MARGINAL STATISTICAL SIGNIFICANCE. 
M (IBOO.) OEUTSCHM 75 HBC + 16 PI+P,P BPI 12175 
M 208 (2080 . )  [ ~O . )  KALSLKAR 75  HBC + 15 P I+R~P P I+G 12 /75  
M ( 2 1 0 0 , )  APPROX ANTIPOV 77 CIBS - 25PI-P~P 3PI 12177* 
M (22L~ , )  ( 15 . )  BALTAY 77  HBC O ESP I -P ,DEL++3P I  12 /77~  

M VARIOUS PFA~S 
M R (1820.)  ( 12 . )  FRENCH 67 HBC 0 B,3 .6  PBAR P 7/67 
M K OBSERVED IN IKS KO P I O , . , )  MODE [G-PARITY UNKNOWN) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A4 WIDTH (MEV) 

W (130, }  SALZBERG 72 HBC - 13,20 PI -P,P 3PI 2/74 
W B 40 ( 200 . l  BASTIEN 73 OBC - 15.PI-D,O 3PI 2 /74 
W B MARGINAL STATISTICAL SIGNIFICANCE. 
W 2BE (3%0.) ( 80 . )  KALELKAR 75 HBC + 15 PI+P,P PI+G 12/75 
w ( 5 0 0 . )  APPROX. ANTIPOV 77  BIBS - ESPI-P,P BPI 12 /77 "  
M (355. )  [E l . )  BALTAY 77 HBC 0 15PI-P,DEL++BPI 12/77" 

w VARIOUS PEAKS 
W K (50 . }  (ZO.) FRENCH 6T HBC 0 3-4 PEAR P 7/67 

W K SEE NOTE K ABOVE 

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

~3 A4 PABTIAL DECAY MODES 

DECAY ~ASSES 
P I  A4 INTO 3P I  L39+ 139÷ 13g 

P2 A~ INTO RHO PI 776+  E39 
PB A4 INTO F P I  1271+  139  
P~ A4 INTO G PI LbBB÷ 139 

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

43 A4 BRANCHING RATIOS 

RL A~ INTO (G P I ) / (ALL  3PI)  (PA i l (E l }  
RL DOMINANT KALELKAR 75 HBC + 15 PI+P,P 3PI 12/75 

REFERENCES FOR A4 

DANYSZ 67 NC 51A 80L DANYSZ+FRENCH+SIMAK (CERN) 
FRENCH 67 NC 52A 44Z +KINSON+MCOONALD+RIDDIFORD+ (CERN+BIRM) 

~USON 68 PL 28  B 208 +LUBATTI,BELLINI,BINGHAM~+ (ORSA+MILA+LBL] 

~EMPCRAD 71 NP B 33  397 +DUFEY,CODLING,+  (C~RN+ETHZ+LOIC+MILA) 

;LAYTBN 72 NP B ~T 81 +NASON,MUIRHEAO,RIGOPOULO5,+ (LIVP+PATR) 
4ARRISON 72 PRL 28 775 +HEYDA,JOHNSON,RIM,LAW,MUELLER,+ (HARV) 
;ALZBERG 72 NP B ~t 397 *HARRISON,HEYDA,JOHNSON,KIM,LAW,÷ (HARV) 

~ASTIEN 73 URPSALA CONE. 73 +DUNN,NARRIS,LUBATTI,BINGHAM,+ {SEAT+UCB) 

IREN 7~ NP BTI 189 +COOPER,FIELDS~RHINES,WHITMORE,+ [ANL+OXF) 

OEUISCHM Z~ NP B99 397 DEUISb~ANN,+ (ABBCC~W COLLABOFATION) 
KALELKAR 75 THESE SINEVIS BOT) M.E.KALELKAR (COLU) 

ANTIEOV 77 NP B 11q 45 *BUSNPLLC,DAMGAARD,KIENZLE* (CERN+SERP) 
BALTAY 7T PRL ~9 591 +CAUTIS,KALFLKAR (COLUMBIA) JP 
CAUTIS 77 THESIS NEVIG 22[ C.V.CAUTIS (CBLUMBIA) JO 

Ix¢  oo>l , . . ,  . . . . . . . . . . . . . . . .  
THIS ENTRy CONTAINS IHE STRUCTURE FOU~JD WITH A 
~OMENTS ANALYSIS OF THE KS K- SYSTEM. 
WAIT CONFIRMATION. OMITTED FROM TABLE. 

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

17 X(1900I MASS (MEV} 

M Y 1903.0 iO,O 8ALOE 7B SPEC - TO P I -P ,P  KS K- 12/17* 
M Y FROM A FIT TO THE Y(B,O] MOMENT. 
M 

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

17 X{190O) WIDTH (MEV) 

W Y 166.0 43.0 BALDI 7B SPEC - IOPI-P,P KS K- 121772 
W Y FROM A FIT TO ThE Y(B,O) MOMENT, 

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

REFERENCES FOB X(1900) 

BALD) 78 PL B +BOHRINGER,OORSAZ,HUNGERBULER,÷ (GENEVA) JP 

Three enhancements have been observed in anti- 

proton-proton cross sections, called S(1935), 

T(2190), U(2350). 

The S(1935) has a narrow width, 9 ±4 MeV, 

whereas the T(2190) and the U(2350) have widths 

of 150 ± 50 and ~200 MeV, respectively. Three 

independent experiments (CARROLL 74, CHALOUPKA 76, 

BRUCF~NER 77) are in fair agreement on the charac- 

teristics of the S(1935). However, its isospin is 

not yet well established (CARROLL 74, CHALOUP}C_A 76). 

Although the S(1935) couples strongly to the 

elastic channel, it is not seen in pp charge 

exchange (GARNJOST 75, CHALOUPKA 76). KELLY 76 

has proposed an explanation in terms of an inter- 

fering background wave of the same spin-parity, 

and favors J= 1 or 2. Other explanations, requir- 

ing two resonances nearly degenerate in mass, but 

of different isospin (DOVER 76), are not supported 

by the data (KELLY 76, MONTANET 77). Analyzing 

backward pp elastic scattering data, CARTER 77 has 

given arguments for jPC = 2++ 

The observation of broad enhancements at 2190 

and 2350 MeV comes from total cross-section measure- 

ments (ABRAMS 67), pp annihilation measurements 

(ALSPECTOR 73), pp elastic cross-section measure- 

ments (COUPLAND 77), and from an amplitude analysis 

of pp annihilations into ~ (CARTER 77). Compari- 

son of pp and pd total cross sections (ABRAMS 67) 
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Data Card Listings 
For notation, see key at front o/Listings. 

Mesons 
S(1935), h(8040), T(B190) 

suggests I= 1 for T(2190), whereas I = 0 and I = 1 

are both present in the U(2350) bump. CARTER 77 

succeeds in assigning IGj P = 1+3 - to T(2190) and 

IGj p = 0+4 + to U(2350), and finds in addition 

evidence for an IGj P = 1+5 - resonance at 2480 MeV. 

The IGj p = 0+4 + resonance may also be observed in 

~p ÷ ~o~o annihilations (DEMARZO 77). 

For other objects coupled to pp, see the entry 

NN(1700-3600). 

31 S MASS (MEVI 

M S CHANNEL RBAR N 

M C (1940.)  ( 8 . )  CLINE 70  HBC O . 25 - . 74  PBAR P 2272 
M B (1968 . )  BENVENUTI 71 HBC o . I  - °8 PBAR P 2172 
M S 1~32. 2. CARROLL 74 CNTR S CHAN.PBAR P,D 12/75 
M C (1942 . )  (5.1 D-ANDLAU 75 HBC O . 17~ .750  PBAR P 12175 
M 1934.4 2.6 1.4 KALOGERO T5 DBC - PBAR N ANNIH I2 /7B 
M A [E940. )  DEFOIX 75  HBC OPBAR P,BPl 12/75 
M S [935.9  l .O CHALOUPKA 76 HBC OPBAR P TOT,ELAS [2275 
M 1939*0  3 *0  BRUCKNFR 77  SPEE .4 - . 85  PBAR P 7 /77"~  
M . . . .  . . 
M AVG 1935o28 i . 00 "  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 
M STUOENT1935.34 0.01 AVERAGE USING STUDENTIO(HI I . I I )  - -  SEE MAIN TEXT 

ISEE IDEOGRAM BELOW ) 

WETGHTED QUERAGE = 193S .2B  * 1 . 00  

ERROR SCRLED BY 1 .3  

• .BRUCKNER 7?  SPEC 1 .S  

/ . ~ ' ~ '  . . . . .  CHnLOUPK~  ?6  HBC 0.4 

/ " ~ - k -~  - ~ ' '  . . . .  KRLOSERD ?S  OBC 0 .2  

. . . . . . . . .  74  CNTR 2 .7  

(CDNLEU 
1925  1930 1935  1940  1945  19S0  -0  . IB7 ]  

5 MESS {MEU]  

M A FROM ENERGY DEPENDENCE OF 5P I  CROSS-SECTION. 
M B SEEN AS A BUMP IN THE PBAR P - KS KL CROSS SECTION WITH JPC= I - - .  
M NOT SEEN BY CARSON 72 WITH EQUAL STATISTICS. 
M C FROM ENERGY DEPENDENCE OF FAR BACKWARD ELAST IC  SCATTERING. 
M SOME INDICATION OF ADDITIONAL STRUCTURE. 
M N SEEN IN 3 CHARGED MODE. NOT SEEN BY BOWEN 7B WITH 6X STATISTICS° 
M S NARROW BUMP SEEN IN TOTAL PBAR P~D CRDSS-SECTIONS.ISOSPIN UNCERTAIN 
M NOT SEEN IN PBAR P CEX BY GARNJOST TB,CHALOUPKA 76. INTEGRATED 
M CROSS-SECTION 3X LARGER THAN BRUCKNER 77 .  

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

~ILZAREI 71 
B~WEN I T2 
DIEBOLD 72 

BOWEN 73 
BURNS 75 
KIENZLE 73 

ASTBURY T~ 
BURNS 74 
CARROLL 74 
KALOGE£C 74 

ABAS~IAN 75 
D-ANDLAU 75 
DEFOIX T5 
OCNNACHI 7B 
GARNJDST ?S 
KALOGERO 75 
WEINGART 75 

ABASH{AN 76  
DEEOIX I  76  
DEEOIX2  76 
DOVER 7B 
CHALOUPK 76 
EISENHAN 76 
KELLY 7B 

BENKHEIR 77 
BRUCKHER 77 
CARTER 77 

;R O 6 [BD 
PRL 2g 89O 
EATAV.C~N~.V3 17 

P~L 30 332 
PR 0 B 1286 
PRO 7 3520 

CERN 7~- iB 
NC 20A 463 
PRL 32 247 

BOSTEN 7~ 

PRL 3~ 691  
PL 5SO Z23 

PALERMO CONF. 
NC 26 A 3 IT  
PRL 35  1685  
PRL 34  1047  
PRL 34  1201 

PR b [3  5 
STOCK.SYMP.NBAR-M 
STOEK.SYMP.NEAR-N 
EL 62  B 293 
P l  6 I  B ~87  

÷GUI, ONI,MARZANO,CASFELLI,+ (EU~A÷TRST] 
+EARLES,FAISSLEB,BLIEDEN,+ (KEAS+STON) 
R.DIEBOLD RAPPORTEUR TALK (ANL) 

÷EARLES,EAISSLER~BLIEOEN,+ (NEAS+STONI 
+CCNOON,DONAHUE,MANDELKERN,PRICE,e (UCI) 
W.KIENZLE {EERN[ 

A.ASTBURY REVIEW AT PRAGUE 7& (RHEL) 
+CONOON,MANDELKERN,PRICE,SCHULTZ (UCI) 
+CHIANO*KYCIA~LhMAZUR,MIEHAEL,+ (GNL I  
T.E.RALOGEROPOUL~S (REVIEW) PO.97 

+BEAMER,BROSS,EISENSIEIN,÷ (ILL+ANL+ISU} 
+COHEN-GANOUNA,LALOUM,LUTZ,PETRI(CDEF+PISA) JP 
B.FRENCH, RAPRORTEURS TALK (CDEF[ 
A.DCNNACHIE,P.R.THOMAS (MANCHESTER~ 
÷KENNEY,PDLLARD,ROSS,TRIPP,÷ (LBL÷MHCD) 
KALOGEROPOULOS,TZANAKOS (SYRAI 
WE[NGARTEN,OKUBO [ROCH) 

÷WATSON,GELFAND,BUTTRAM,+IILL~ANL+CHIC+ISU) 
• LADRON DE GUEVARAtANGELINI,~ (CDEF÷PISA) 
+tAORON DE GUEVARA~ANGELINI,+ (CDEF÷PISAI 
+KAHANA (BNL) 
CHALDUPKA,~ (CERN+LIVR÷MONS+PADO+RD~A+TRST) 

STOOK.SYMP.NBAR-N E.EISENHANDLER (LOOM[ 
PREP. RL 76  053 R.L.KELLY,R.J.PHILLIPS (LBL+RHEL[ 

PL B 68 ~B3 BENKHEIRI,BGUCROT,+ ICERN+CDEF÷EPOL+LALOI 
PL 6T B 2B2 +GRANZ,INGHAM,KILIAN,LYNEH+(MPIH+HEID+CERN) 

PREP. RL 77-035A A.A.CARTER [LOQMI JP 
MONTANET 77 BOSTON CENF. L.MONTANET (CERN) 
ROSSI 77 PL 70  B 255 G.C.ROSSI,G.VENEZIANO (CERN) 

ABEL 75 AND gLUM 75 ESTABLISH dP AS 4+ AND I=0 .  
ADDITIONAL EVIDENCE FOR THE H MESON IS REPORTED 
IN WAGNER 74. 

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

16 H MASS (MEV) 

TOO 203D. 50. APEL 75 CNTR ~O. PI -R,N 2PIO 11175 
2050 .  25 .  BLUM 75  ASPK IB .~  P I -P ,N  K*K -  I 1 / 75  

M . . . . . . . . .  
M AVG 2041.8 19.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O )  
M STUDENTZO~I.8 20.9 AVERAGE USING STUDENTIO(HI I . I I )  - -  SEE MAIN TEXT 

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

16 H WIDTH (MEV) 

W 700 IBQ. 60. ABEL 75 CNTR 40. P I -P,N 2PIO 11175 
W 225. E2O. 70. BLUM 75 ASPK lB .4  PI -P,N K+K- ( l i t 5  
W . . . . . . . . .  
W AVG Ig2 .8  50.7 AVERAGE (ERROR INCLUDES SCALE FACTOR CF 1.01 
W STUDENT ~92.8 54.8 AVERAGE USING STUDENTIO{HII.11) - -  SEE MAIN TEXT 

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

16 H PARTIAL DECAY MODES 

DECAY MASSES 
P I  H INTO P I  P( I 39~  139  
P2 H INTO K KDAR 497+ ~Q7 

REFERENCES FOR H 

WAGNER 74 LONOEN CONE. F. WAGNER, RAPPORTEURS TALK (MPIM) 
APEL 75 PL 57B 398 ~AUGENSTEIN+  (KARL+PISA+SERP÷WIEN÷CERN) JP 
GLUM 75 PL 57B ~03 ÷CHABAUOtDIETL,GARELICR,GRAYER+ {EERN÷HPIM} JP 

I --  J I 

IT(azOO)l ,2 Ti. .......... , i=i. 

THIS ENTRY CONTAINS THE BUMP OBSERVED IN S-CHANNEL 
NBAR N AND THE STRUCTURE FOUND BY AMPLITUDE 
ANALYSIS OF PBAR P INTO P( P I .  
FOR A REVIEW SEE ASTBURY 74, E[SENHANDLER 76, 
AND MONTANET 77. SEE ALSO S MINI-REVIEW. 

W 

W 
W S 9 .  4 .  B. CARROLL T4 CNTR S CHAN.PBAR P,D 12175 
w C (57 .5 [  15 . )  D-ANDLAU 75  HBC O , 175 - . 75D  PBAR P I 2 / 75  
w 1 I .  [ [ .  4 .  KALOGERO 75 DBC - PBAR N ANNIH 12/75 
W A (60 . )  OEFOIX 75 MBC OPBAR P,EPI 12/75 
W S 8.B ~.3 3 .2  EHALOUPKA 76 HBC OPBAR P TOT,ELAS 12/75 

( 4 . 0 ]  DR LESS BRUCKNER 77 SPEC .4 - .B5  PBAR P 7177. W 

AVG 9.1 2.4 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.o1 
w STUDENT 9.1 2 .6  AVERAGE USING STUOENTIO(H/I . I I (  - -  SEE MAIN TEXT 

W SEE FOOTNCTES UNOER S MASS ABOVE 

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

31 s PARTIAL DECAY MODES 

DECAY MASSES 
Pl  S INTO PBAR P 938+  938  

REFERENCES FOR S 

CLINE 68 PRL 21 1268 +ENGLISHtREEDER,TERRELL,TW[TTY (WISCONSIN) 

CLINE 70 PREPRINT  D.CLINE,J.ENGLESH,D.D.REEDER (WISC[J 
ALSO 70 KXEV CONE. ASTIER RAPPD~TEUR TALK 

BENVENUI 71 PRL 27 283 BENVENUTI,CLINE,RUTZ,REEDER,SCHERER (WISC} 
CLINE 7I  REV IEW O.CLINE,TAL~ AT ANL WORKSHOP JULY Tl (WISC} 
RINSKI 7 I  PRL 27 15~8  STEPHEN S. P INSKY (UTAH+ARGONNE) 

S CHANNEL NBAR N 
(49 . l  ( 9 . [  CLINE TO HBC O .25- .T4  PBAR P 2172 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(BB. I  GENVENUTI 71 HBC 0 . I  - .B PBAR P 2172 

32 T MASS [MEV) 

M S CHANNEL NBAR N 
M B 21gO.  10 .  ABRAMS 70 CNTR S CHANNEL PBAR N 1173 
M B SEEN AS BUMP IN I= l  STATE. SEE ALSO COOPER 68. 
M B PEASLEE 75 CONFIRM PBAR P RESULTS OF ABRAMS 70tNC NARROW STRUCTURE 
M 2193o Z. ALSPECTOR 73 CNIR S CHANNEL PBAR P I174 
M E 2155.0 15.0 EOUPLANO 77 CNTR 0 .7-2.~PB-P,PB-P 12177" 
M E FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 
M . . . . . . . . .  
M AVG 2192.2 1.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
M STUDENT[192.5 2.1 AVERAGE USING STUDENTIO(H/1.11) - *  SEE MAIN TEXT 

M PBAR P INTO P I *  P I -  
M J (2150.0)  CARTERL 77 CNTP O .?-2.BPB PtPIPI  12/11" 
M J (=1,JR=3- FROM AMPLITUDE ANALYSIS. 

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

32 T WIDTH (MEV) 

W S CHANNEL NBAR N 
W B (B5.)  ABRAMS 67 CNTR S CHANNEL PBAR N 7/67 
W B SEE NOTE B ABOVE. 
W 98. 8 .  ALSPECTOR 73 CNTR S CHANNEL PBAR P I174 
W E 135.0 15.O COUPLANO 77 CNTR O .7-2.BPB-P,PB-P I 2 / 77 "  
W E FROM A FIT TO THE TOFAE ELASTIC CROSS SECTION. 
W . . . . . . . . .  
W AVG 98.4 8.0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
W STUDENT 98.~ 8.6 AVERAGE USING STUDENTIOIHII.11P - -  SEE MAIN TEXT 



Mesons 
T(2190), U(2350), NN(2360) 
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Data Card Listings 
For notation, see key at front of  Listings. 

PEAR P INTO PI+ P I -  
W J (2DO.O) CARTERI 77 CNTR O .7-2.~PB P,PIPl 
W J I=I,JP=3 - FRUM AMPLITUDE ANALYSIS. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

38 SIGMA (MB) FOR FORMATION BY NUCLEON ANTINUCLEON 

C$ A (5.El ABRAMS 70 CNTR S CHANNEL PEAR N 1/71 

CS A FOR ]= l  NBAR N 
CS 2 .3  0 .13  0 .08  ALSPECTOR 73 CNTR S CHANNEL PBAR P L /74  

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

32 I PARTIAL DECAY MODES 

DECAY MASSES 

P[ T INTO PEAR P 938+ ~38 
P2 T INTO PI  PI  139+ 139 

REFERENCES FOR T 

ABRAMS AT PRL lB  1209  tC00LtGIACOMELLI,RYCIA,LEONTIC,LI,+ (BNL) 

COOPER 6B PRL 20 1059 +HYMAN,MANNER,MUSGRAVE~VDYVODIC (ANL) 

BRICMAN b9 PL 29 B 451 ÷FERRO-LUZ8I,BIZARD,+ (CERN÷CAEN+SACL) 
NONTANET 69 LUND CONE.P.I89 L.MONTANET~ RAPPORTEUR (CERN) 

ABRAMS 70 PR D 11gL7  +COOL,GIACOMELLI,KYCIA,LEONTIC,LI,+ (BNL) 

BACON 71NP B 32 66 +BUTTERWORTH,HILLER,PHELAN,t (RHELeLIVPI 
FIELDS 71PBL  27 1749 +C~OPER,RHINES,ALLISON (ANLtOXF) 
YOH 71PRL 26 922 tBARISH,CAROLL,LOBKOVICZt (CITtBNLtROCH] 

ALEXANOE 72 NP B 45 29 ALEXANOER,BAR-NIR,BEVARY,DAGAN,+ (TELA] 
BERTANZA 72 CHEXBRES (CERN 72--10) L.BERTANZA~ REVIEW TALK (PISA) 
BUGG 72 PR D 6 30~7 +CONDO,HART,COHN,ENDORF,+ (TENNtDRNL÷CINCI 

CLAYTON 72 NP B &7 81 
DIEBOLD T2 BATAV.CONF. 
DONALD T2 PL ~O B B86 

ALSPECEO 73 PRL 30 511 
BACON 73 PR D T 577 
BETTINI 73 NO 15 A 563 
BONEN 73 PRL 30 332 
RING MA 73 NP B B1 77 
NICHOLSO 73 PR D 7 2572 

ASTBURY 7~ CERN 7~ - IB  
BERTANZA 74 NC 23A 209 
HYAMS 76 NP B 73 202 

DONNACHI 75 NC 26 A 317 
EISENHAN 75 NP B 96 109 
HANDLER 75 NP B IO I  35 
HUESMAN 75 NC 25A 9 [  
PBASLEE 75 PL 5TB 189 

GAY 76 NC 31 A 593 
EISENHAN 76 STOCK.SYMP.NBAR-N 
ZENANY 76 NP B I 03  537 

CARTERE TT PL 6T B E17 
CARTER2 77 PL 67 B 122 
CARTER3 7T PREP, RL TT 045A 
COUPLRND 77 PL 71 B 460 
JONES 77 NP B 119 ~76 
/~NTANET 77 BOSTON CONF. 

+MASON,MUIRHEAO,RIGOPOULOS,+ (LIVP+PATR| 
R.DIEBOLD RAPPORTEUR TACK [ANL) 
+GALLETLY,EDWARDS,OE BILLY,+ (LIVPtLPNP} 

ALSPECTOR,COHEN,CVIJANOVICH~+ (RUTG+UPNJ) 
+BUTTER~]RTH~ (RHEL+LIVP) 
÷GARNJOST,BIGI~÷ (PADO+LBL+PISA~TORI) 
+EARLES~FAISSLER~BLIEDEN,~ )NEAS+STGN) 
*EASTMAN~OH,PARKER,SMITH~SPRAFKA IMSU) 
N1CHDLSON~OELORME,CARROLL,t (CIT+ROCH÷BNL) 

A.ASTBURY REVIEW AT PRAGUE 74 (RHEL) 
tBIGI~CASALI~LARICCIA,÷ (PISA+PADO+TORI) 
~JDNES~WEILHANNER,BLUM,+ (CERNtMPIM) 

A,DONNACHIE~P.R.THOMAS (MANCHESTER] 
EISENHANDLERtGIBSON,+ (LOQMtL[VP+OARE÷RHEL) 
+JACQUES,JONES,PANDOULAS,+ (RUTG+STEV÷ALBA) 
+GARNJOST,ROSS,~ (LBL+PADD+PISA÷FORI] 
+DEMARZO,GUERRIERO~+ (CANB+BARI+BROW+MIT] 

+jEANNERET~BDGDANSKI,÷(NEUCtLAUS*LIVP+LPNP) 
E.EISENHANDLER (LOOM) 
+MING NA,MOUNTZ~SMITH (MSU) 

+COUPLANO,EISENHANDLER,ASTBURY,+(LOONtRHEL) 
A.A.CARTER (LOOM) 
A,A.CARTER (LOOM) 
+EISENHANDLER,GIBGON,ASTBURY,÷ (LOQM+RHEL} 
M.D.JONES~R.J.PLAND IRUTG) 
L.MONTANET (CERN) 

Iu(   o)l ,L o,B35 . . . . . . . .  ) ,=D 

FOR A REVIEW SEE ASTBURY 7~  EISENHANDLER T6t 
AND MONTANET 77 .  SEE ALSO S MINI-REVIEW, 

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

• 1 U[23501 MASS 

M 23TB. 10. ABRAMS TO CNTR S CHANNEL NBRR N 1/71 
I (2359.) 12.1 ALSPECTOR 73 CNTR S CHANNEL PBAR P I27~ 

M E1 ( 8 3 4 5 )  ( 1 5 . 0 )  COUPLAND 77 CNTR o .T-2.APB-P,PB-P [2 /77 .  

M E I FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 
N ISOSPINS O AND 1 NOT SEPARATED 

M PBAR P INTO PI~  P I -  
N J 12310 .0 )  CARTER[ 77 CNTR 0 .T -2 .4PB  P~PIPI  12 /7F*  

N J I=O~JP=4+ FROM AMPLITUDE ANALYSIS. 

. . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

• 1 U (2350)  WIDTH 

1190 . )  ABRAMS 70 CNTR ~ CHANNEL NBAR ~ 1 / 7 1  
I ( 165 . (  ( 18 . )  ( 8 . 1  ALSPECTDR 73 CNTR CHANNEL PBAR [176  

W El ( 135 .0 )  (15Q.O)  ( 65 .0 }  EOUPLAND 77 CNTR o . 7 -2 .APB-P ,PB-P  E2/77~ 

W E l FROM A FIT IO THE TOTAL ELASTIC CROSS SECTION. 
W ISOSPINS O AND 1 NOT SEPARATED 

W PBAR P INTO P i t  P I -  
N J ( 210 .O l  CARTERI T7 CNTR 0 . 7 -2 .&PB  P~P lP I  12 /77~  

W J l=O,Jp=4+ FROM AMPLITUDE ANALYSIS, 

. . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 [  UI23EO) SIGMA [ME) FOR FORMATION EXPERIMENTS 

CS 12 .5 )  ABRAMS 70 CNTR 11T1 
CS I (2.11 (0.2} TO.l] ALSPECTOR 73 CNTR S CHANNEL PEAR P 1274 
CS I ISOSPINS O AND 1 NOT SEPARATED 

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

4 I  U pARTIAL DECAY MODES 

DECAY MASSES 
PI  u INTO PBAR P 938+ 93B 
P2 U INTO PI PI 139+ 139 

BRICMAN 69 PL 29 B ~51 
ABRAMS 70 PR D 1 1917 
EASTMAN 72 NP B El 29 
MING MA 72 NP B 51 77 
ALSPECTO 73 PRL 30 511 
NICHCLSO 73 PR D T 2572 

ASIBURY 74 CERN 74-18 
HYAMS 74 NP B 73 202 
MING MA 74 NP B68 214 

DCNNACHI 75 NC 26 A 317 
EISENHAN 75 NP B 96 109 

EISENHAN 76 STOCK.SYMP.NBAR-N 

CARTERI 77 EL 67 B 117 
CARTER2 77 EL 67 B 122 
CARTERG 77 PREP. RL 77 045A 
COUPLAND 77 PL 7)  B ~60 
DE HARZO 77 PRIVATE COMM. 
MCNTANET T7 BOSTON CCNF, 

REFERENCES FOR U l2350 )  

+FERRO-LUZZhBIZARD,+ (CERN+CAEN+SACL) 
+CDOL,GIACOMELLI,KYCIA,LEDNTIC~LI,+ (BNL] 
+MING MA,OH,PARKER,SMITH,SPRAFKA (MSU) 
+EASTMAN,OH,PARKER,SMITH,SPRAFKA (MSU) 
ALSPECTOR,COHEN,CVIJANOVICH,~ (RUTG+UPNJ) 
NICHOLSON,DELORME,CARRDLL,+ (CIT+RDCH+BNLI 

A.ASTBURY REVIEW AT PRAGUE 7~ (RHELI 
+JONES,WEILHAMMER,BLUM~÷ (CERN+MPIM) 
+MODNTZ,ZEMANY,SMIFH (MICH} 

A.DONNACHIE,P.R,TH~MAS (MANCHESTER( 
EISENHANDLER,GIBSON,+ (LOQMtLIVP~DARE+RHEL) 

E.EISENHANDLER (LOOM] 

*COUPLAND, EISENHANDLER,ASTBURy,+(LOQM+RHEL) JP 
A,A.CARTER (LOOM) JP 
A.A.CARTER (LOOM) JP 
+EISENHANDLER~GIBSDN,ASTBURY,+ (LOQM+RHELI 
* IBARI+BROWN÷MIT) JP 
L.MONTANET (CERN) 

33 NEAR N(236O,JPG= ) [=i  
I ¢ - ; ~  NI 
' " I ~ { ~ 3 6 0 )  ' . . . . . . . . .  C . . . . . .  S . . . . . . . . . . . . . . . . . .  ED 
I -- - I  IN THE S-CHANNEL NBAR N AND THE STRUCTURE FOUND 

BY AMPLITUDE ANALYSIS OF pBAR P INTO Pl E l .  
OMITTED FROM TABLE* 
FOR A REVIEW SEE ASTBURY 74, EISENHANDLER 76, 
AND MDNTANET 77.  SEE ALSO S MINI-REVIEW, 

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

33 NBAR N(2360)  MASS (MEV) 

S CHANNEL NSAR N 
A 2350. [0 .  ABRAMS 70 CNTR S CHANNEL NBAR N 1 /73  
A N FOR I = l  NBAR N 

(2360.0) [2E,O) OH 70 HDBC -OPBAR(P,N)~K~K2PI 1 / 7 3  
M N NO EVIDENCE FOR THIS BUMP SEEN IN THE PEAR P DATA OF CHAPMAN 11 
M N NARROW STATE NOT CONFIPHED BY OH 73 WITH MORE DATA, 

] (2359.) (2 . )  ALSPECTOR 73 CNTR S CHANNEL PBAR P I /7~ 
El (2BAS.0) (IS.O) COUPLAND 77 CNT" O .T-2.APB-P,PB-P 12177* 

M E FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 
M 1 ISOSPINS 0 AND 1 NOT SEPARATED 

M 
N PBAB P INTO P i t  P I -  
N J (2480.0] CARTER[ 77 CNTR O .7-2.APB P~PIPI 17177~ 
M J )=),JR=S- FROM AMPLITUDE ANALYSIS. 

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

33 NBAR N(23601 WIDTH (MEV) 

w S CHANNEL NBAR N 
N (140.) ABRAMS 67 CNTR S CHANNEL PEAR N i173 
w N (60 .0 )  OR LESS OH 70 HDBC -OPBAR(P~NI,K=N2PI  l l / T l  
w N NO EVIDENCE FOB THIS BUMP SEEN IN THE PBAR P DATA OF CHAPMAN 71 
w N NARROW STATE NOT CONFIRMED BY OH 73 WITH MORE DATA. 

I (165.) (18.) (8 . )  ALSPECIOR 73 CNTR S CHANNEL PBAR P I/T~ 
EI (135.01 (ISO.O) (65.01 COUPLAND 77 CNTR O .T-2.APB-P,PB-P 12177* 

W E FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 
W I ISOSPINS O AND I NOT SEPARATED 
W 

PBAR P INTO PI÷ P l -  
d (BID,Of CARTERI 77 CNTR O .7-2.APB P,PIPI 12177* 

W J I=l ,JP=E- FROM AMPLITUDE ANALYSIS. 

ABRAMS 67 

BRICMAN 69 
CASO 69 

ABRAMS TO 
OH 70 

CHAPMAN 71 
F~ELDS TI 
YDH TI  

ASTBURY ?2 
DIEBOLD 72 
EASTMAN 72 
MING HA 72 

ALSPECTO 73 
BOHEN 13 
DCNNACHI 73 
OH 73 
NICHCLSO 73 

ASTBURY 7~ 
HYAHS 74 
MING HA 74 

DONNACHI 75 
EISENHAN 75 

EISENHAN 76 

CARTERI 77 
CARTER2 77 
CARTER3 77 
COUPIRND 77 
MONTANET 77 

33 SIGMA (NBI  FOR FORMATION BY NUCLEON ANTINUCLEON 

CS A (3.2|  ABRAMS 70 CNTR S CHANNEL NEAR N l/EL 
CS A FOR I= I  NEAR N 
CS I ( 2 . i )  (0.8) (0.1)  ALSPECIDR 73 CNTR S CHANNEL PEAR P 1 /74  
CS I ISOSPINS O AND I NOT SEPARATED 

REFERENCES FOR NBAR N(2360)  

PRL I 8  1209  eCOOL~GIACOMELLIIKYCIA~LEONTIC,LI,÷ (BNL) 

PL 29 B 451 ÷FERRO-LUZZI,BIZARD,+ (CERNeCAENeSACL] 
LNC 3 707 ÷C@NTE*BENZ,÷ IGENO+DESV+HAMB~MILA~SACLI 

PR D I I? IT ÷COOL,GIACOMELLI,KYCIA, LEDNTIC,LI,+ (BNL) 
PRL 2~ I257 +PARKER,EASFMAN,SMITH,SPRAFKA,MA (MSU] 

PR D4 1275  *GREEN,LYS,MURPHy,RING,+ (MICH) 
PRL 27 1749  +COOPER,RHINES,ALLISON (ANL÷OXF) 
PRL 86 922 tBARISH,CAROLL,LOBKOVICZ+ (CIT+BNL+RDCH) 

CERN 72-10 A.ASTBURY REVIEW AT CHEXBRES 72 (RHEL) 
BATAV.CDNF.V3 17 R.DIEBOLO RAPPORTEUR TALK (ANLI 
NP B 51 29 tHING MA,OH,PARKER,SMITH,SPRAFRA (MSU) 
NP B 51 77 +EASTMAN,OH,PARKER,SMITHtSPRAFKA (MSUI 

PRL 30 E l l  ALSPECTOR,COHEN,EVIJANOVICH,+ (RUTG÷UPNJ) 
PRL 30 332 tEARLES,FAISSLERtBLIEDEN,÷ (NEAStSTON) 
LNC 7 285 A,DGNNACHEE,P.R,THOMAS (MANCHESTER) 
NP B 51 57 +EASIHAN,MING MA,PARKER,SNITH,+ (MSU) 
PR D 7 2572 NICHOLSONtDELORHE,CARROLLe~ ICIT+RDCH÷BNL) 

CERN 74-IB A.ASTBURY REVIEW AT PRAGUE 74 (RHELJ 
NP B 73 202 +JDNES,WEILHAMMER,BLUM,+ (CERN*MPINI 
NP BAB 21~ +MOUNTZ,ZEMANY,SMITH (MICHI 

NC 26 A 317 A.DONNACHIE,PoR.THOMAS (MANCHESTER) 
NP B 9b 109 EISENHANDLER,GIBSON,+ (LOQM+LIVP+DARE+RHEL] 

STOCK,SYMP.NBAR-N E.EISENHANDLER (LOOM) 

PL 67 B 117 tCOUPLAND,EISENHANOLER,ASTBURY,+ILOQM+RHEL) JP 
PL 67 B 122 A.A.CARTER (LOON) JP 

PREP, RL 77 045A A,A.CARTER (LOOM) JP 
PL Tl  B 460 +F]SENMANDLERtGIBSON,ASTBURY~* (LOQM+RHEL) 

BDSTON CONF. L.MONTANET (CERN) 
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Data Card Listings 
For notation, see key at front of  Listings. 

l  ( 4oo_: ooo) I .................. THIS ENTRY CONTA[NS VABIOUS HIGH-MASS 
NON-STRANGE PEAKS COUPLED TO THE 
NGAR N SYSIEM, AS WELL AS QUASI NUCLEAR 
BOUND STATES BELOW THRESHOLD. SEE ALSO 
THE S, T, U DATA CARD LISTINGS AND N IN I -  
REVIEW. OMITTED FROM TABLE. 

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

51 NBAR N(1400-3600) MASSES AND WIDTHS (MEV] 

M W G ( 1 3 9 5 . )  PAVLOPOUL 78 CNTR STOPPED pBARS 1/18 # 

M W G (1646.)  PAVLOPOUL 78 CNTR STOPPEU PEARS 1/78 ~ 

M W G ( [ 684 . )  PAVLOPOUL 78 CNTR STOPPED PBARS 1/78~ 

W OBSERVED WIDTHS CONSISTENT WITH EXPERIMENTAL RESOLUTIDN. 
THEY LOOKED FOR RADIATIVE TRANSITIONS TO BOUND P PBAR STATES, 
MONO-ENEROETIC GAMMA RAYS DETECTED. 

M 9 1794.5 I .R  GRAY 71DB£ - O.PBAR 0 1/72 
W D (8 . )  OR LESS CL:=95 GRAY 7 [  DBC O.PBAR 0 1/72 

C DECAYS TO FOUR OB MORE PIONS~I=[. 

M (1897o) IT . ]  KALOGERO 75 DBC - PBAR N ANNIH (B/T5 
W (25 . )  16.) KALOGERO 75 DEC PEAR N ANNIH 12178 

M B 1897.0 [ 7 . 0  ABASHIAN 76 STRC BPl-P,P 3PI 12/77 • 
W B I I 0 . 0  62.0 ABASHIAN 76 S I R E  8PI -P,P BPI 12 /77 '  

B PRODUCED BACKWARDS. 

M [1930. )  SEE $11935) ABOVE. 
w (9.1 SEE S(19351 ABOVE. 

M [53 2020.0 3.O BENKHEIRI 77 OMEG - 9 , IBPI -P ,PPPBPI -  I2177= 
w 1 5 3  2 4 . 0  1 2 . 0  B E N K H E I R I  7 7  OMEG 9 , [ 2 P I - P , P P P B P I -  1 2 / 7 7 *  

M K (2190.0)  KALBFLEIS 6g HBC 0 S-CHANNEL PBARP 7/69 
w K BETWEEN 20 AND 80 MEV RALBFLE[S 69 HBC 0 S-CHANNEL PBABP 7/69 

K SEEN IN PBAR P TD RHO0 RHO0 PIO. IG= I - .  
K NOT SEEN BY BACON 7 3 , N O R  BY ZEMAN 7 6  

M (2200.) SEE T [2~001 ABOVE, 
W (150.I SEE I (22001 ABOVE, 

M 58 2201,0 B.0 BENKHEIRI 7 7  OMEG -- 9 , I 2P I -P ,PPPBPI -  I 2 / 7 7 ~  
W 58 (16 . )  OR LESS BENKHEIR) 77 OMEG 9,12PI-P,PPPBPI-  [2 /77~ 

M A (2207. )  { 13 . )  ALLES-BOR 67 HBC 0 5.7 PBAR P 12166 
W A (62 . )  ( 52 . ]  ALLES-BOR 67 HBC o 5.7 PBAR P ) . 2 1 6 6  

A ALLES-BORELLI 67 SEE NEUTRAL MODE O N L Y  IP I÷P I -P IO )  

M S I2141.1 OONALO 73 HBC 0 S CHANNEL PBAR P 1/74 
W S ( [ ~ . )  DONALD 73 HBC 0 S CHANNEL RBAR P 1/74 

S SEEN IN FINAL STATE (OMEOA P I *  P I - )  

M 

M 

W 

M wJ 
d 

M V 

W V 

V 

M 

W 

M W 3080. 20. ALEXANDER 72 HBC 0 6.94 PEAR O 
W W 220. 70. ALEXANDER 72 HBC 0 6.94 PBAR P 

WW DECAYS TO 5PIe 3P I -  
NOT SEEN BY KALELKAR 75 WITH 1.5 TIMES MORE DATA 

M X 3370. 10. ALEXANDER 72 HBC 0 6.94 PBAR P 
W X [50 .  40. ALEXANDER 72 HBC 0 6 .94  PEAR P 

x DECAYS TO R P I +  4RI -  

M Y 3390. 20. ALEXANDER 72 HBC 0 6.94 RBAR P 
W Y 220. [00° ALEXANDER 72 HBC O 6 .94  PBAR P 

Y DECAYS TO 3 P I ÷  3P l -  
Y NOI SEEN BY KALELKAR 75 WITH 1.5 TINES MORE DATA 

M Z ]600 .  20. ALEXANDER 72 HBC 0 6.9~ PBAR P [ / 73  
g Z 1 4 0 .  2 0 .  A L E X A N D E R  7 2  HBC 0 6 * 9 4  PBAR P 1 / 7 3  

Z DECAYS To 4Pl+ 4P I -  

REFERENCES FOR NBAR N(1400-3600) 

ALLES-BO 67 NC 50 A 776 ALLES-BORELLI,FRENEH,FRISK,÷ (CERN÷BONNIG=- 
KALBELEI 69 PC 29 B 259 G.KALBFLEISCH, R°STRAND,V.VANDERBURG (BNL) 
KALBFLEI 70 PHILAD.CENF.P.RO9 G.KALBFLEISCH AND D.MILLER REVUES (BNL] 
ALEXANDE 7 0  PRL 2 5  63  +BAR-NIR,DAGAN,GIDAL,GRUNHAUS+ (TEL-AVIV] 
GRAY 71 PRL 26 1491 +HAGERTtKALOGEROPOULOS (SYRA) 
ALEXANDE 72 NP B 45 29 ALEXANOER,BAR-NIR,BEVARY~DAGAN,+ (TELA) 
BOGDANOV 72 PRL 28 1 4 1 8  BOGOANOVA,DALKAROV,SHAPIRO (ITEP) 
DGNALD 73  NP B 61 3 3 3  +EDWARDS,GIBBINS,BRIANO~DUBOC,+ (LIVP+LPNPI 
GRAY 73  PRL 30 [091 ÷ P A P A D O P ~ U L O U , K A R A G E R O P O U L O S , +  ( A T E N ÷ S Y R A ]  
NICHOLSC 73 PR D 7 2572 NICHOLSON,DELORME~CARRDLL,+ (DIT+ROCH÷BNLI 
HYAMS 74 NP B 73 202 +JONES,WEILHAMMER,BLUM,÷ (CERNeMPIM} 
O O N N A C H I  75  NC 26 A 3 1 7  A.DONNACHIE,P.R.THOMAS (MANCHESTER) 
EISENHAN 7 5  NP B 9 6  109 EISENHANDLER,GIBSON,+ (LOQM+LIVR÷DARE+RHELI 
KALELKAR 75 THESIS(NEVIS 207l M.S.KALELKAR (COLUI 
KALOGER~ 75 PRL 3~ 1047 KALOGEROPOULOS,TZANAKOS ISYRAI 
ABASHIAN 76 PR D 13 5 +WATSON,GELFAND,BUTTRAM÷IILL÷ANL÷CHIC÷IOWA) 
BRAUN 76 PL B 60 481 *BRICK,FRIDMAN,GERBER,JUILLOT,MAURER÷(STRBI 
BENKHEIR 77 PC B 68 483 BENRHEIRI,BOUCROT,+ (CERN+CDEF+EPOL÷LALO) 
CARTERI 7 7  PL 6 7  B 1 1 7  +COUPLAND,EISENHANDLER,ASTBURY,+(LOQM+RHELI J p  

EVANGEL[ 77 PL B 72 [39 EVANGEL ISTA÷  [BAR)+BONN+CERN÷DARE+GLAS÷I 
PAVLOPOU 78 PL 72 B 415 PAVLOPOULOS+ (KARL+BASEL+CERN+STON+STRBI 

(2360.)  SEE NEAR N (2360] ABOVE. 

(2375. )  SEE U(2350] ABOVE, 
(200. )  SEE U(2350) ABOVE. 

2480.0 30.0 CABTERI 77 CNTR 0 .7-2.4PB P,PIPI  [2177"  
210.0 25.0 CARTER[ 77 CNTR 0 oT-2.kPB P,PIPI  IB177* 

I = I , JP=5 -  FROM AMPLITUDE ANALYSIS OF PABAB P INTO PI P I .  

2850.0 5.0 BRAUN 7 6  DBC - 5 . S P E A R  D~N NBP+ 1 2 / 7 7 "  
(39° )  OR LESS BRAUN 76 DBC 5°5PBAR D,N NBP+ 12/77~ 

DECAYS TO NBAR N AND NBAK N P) 

150 2950.0 IO.O EVANGELIS 77 OMEG - I6PI-P,PPBARPI-S 12/77" 
[50 {32 .0 )  DR LESS 0L=.99 EVANGELIS 77 OMEG 16PI-P,PPBARPI~S [2177~ 

1/73 
1173 

[/7B 
1 / 7 3  

1 / 7 3  
1 / 7 3  

Mesons 
NN(1400-3600), X(1900-3600) 

I x (  J 4o x, . . . . . . . . .  i 
T H I S  ENTRY C O N T A I N S  V A B I O U S  H I G H - M A S S  
NON-STRANGE PEAKS. OMITTED FRom TABLE. > 

The high mass region is covered nearly contin- 

uously by evidence for peaks of various widths and 

decay modes. As a satisfactory grouping into 

particles is not yet possible, we list together all 
+ - 

the Y= 0 bumps coupled neither to NN nor to e e 

and having M > 1900 MeV, ordered by increasing mass. 

Note that ANTIPOV 72 (F-p + p MM- at 25 and 40 GeV/c) 

see no narrow bumps. 

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

46 X( [900-3600~ 

M l O 0  [ B 9 8 .  I B ,  
w t O O  1 0 8 .  4 1 .  2 7 .  

M I00 1900, 40, 
W 100 2 1 6 ,  105, 

M 30 197],0 [5,0 
w 3 0  (SO,O) 

MASSES AND WIDTHS [MEVI 

IHDMRSON 79 HBC + lB PI÷ P,ZRHO [21?5 
THOMPSON 74 HBC 13 PIe P~2RHO 12175 

BOESEBECK 68 HBC ÷ B P I e  P , P I +  R I O  1 2 1 7 5  
BOESEBECK 68 HBC 8 PI÷ P,Pl÷ PIO I2 /75  

CASO 70 HBC - [ [ .2RI -P,RHO 2Pl I2175 
CASO 70 HBC LL.2PI-P,BHO 2PI 12175 

M K ~0[1975,0}  (12 ,0)  KRAMER 70 HBC ÷ [ 3 . [  PI+ P,2P[ El/TO 
W R 40 (52,01 OR LESS Ct=.90 KRAMER 70 HBC LB.(  PI+ P,2PI 12175 

K 2PI PEAK OF KRAMER NOT SEEN IN SAME EXP WITH MORE DATA(THOMPSON 74) 

M 50(20?0.}  IAKAHASHI 72 HB6 8,  PI -P,N 2Pl 12/75 
W 50 ) [ 60 . )  TARAHASHI 72 HBC B. PI -P,N 2PI 12175 

M E 2lST.O [ 0 . 0  KRAMEB 70 HBC • IB . I  PI+ P,2PI [ [ / 70  
W E 68.0 22.0 KRAMER 70 HBC ÷ [ 3 . 1  Pie P,ZPI I [ / 70  

E EVIDENCE OF KRAMER 70 DISAPPEARED W[TH MORE STATISIICS(THOMPSON 741 

M 2190.0 [ 0 . 0  CLAYTON 67 HBE +- 2.5PBAR,AZ+OMEGA [0167 

M C (220T.0)  (22 .0)  CASO 70 HBC - I L . 2P I -  P~NOTE C 5/70 
w C K130o0) CASO 70 HBC - [ [ . 2P l -  P,NOTE C 5/70 

C SEEN IN RHO- Pie P I -  (OMEGA ANO ETA ANTISELECTED IN ~ P) SYSTEM) 

M B 126 2340. 20. BALTAY 75 HBC ÷ 15 PI+P,PSPI I~175 
W B 126 IBO. 60. pIBALTAY 75 HBC 15 PI+P,P5PI 12175 

B DOMINANT DECAY INTO RHO RHO 

M 2500.0 32.0 ANDERSON 69 MMS - 16 P I -  P,BACKWB 8/69 
W (87.01 ANDERSON 69 MMS [6 P ] -  P,BACKW9 8169 

550 2620. 20. BAUD 69 ~MS - B . - [O .  P l -  P 9/69 
550 85. 30. BAUD 69 NMS 8 . - [ 0 .  PI~ P 9169 

2676.0 27.0 CASO 70 HBE - LL .2P I -  P,NOTE C 5•70 
W ( lEO.Of CASO 70 HBC - [ I .BP [ -  P~NOTE C 5170 

C SEEN IN RHO- PI÷ RE- (OMEGA ANB ETA ANRISELECTED IN 4 P) SYSTEM) 

M 640 2800. SO. BAUD 69 MMS - @.- IO. P I -  P 9 /69  
w 690 46. [0. BAUD 69 NM5 8.-10. PI- P 9169 

M C 15 2820. 10. SABAU 7 [  HBC • 8 .  PI+ P 1[ /71 
W C [5  50. [O. SABAU 7 [  HBC B. PI+ P t L IT [  

C SEEN IN (K KBAR PI PIT-  MASS DISTRIBUTION 

M 230 2880. ZO. BAUD 69 MMS - B . - IO .  P I -  P 9169 
W 230 (15 . )  OK LESS BAUD 69 MMS B . - IO .  P I -  P 9/69 

M Y 43 3013. 5. YOST 7 [  HBE ÷ E l .  Pie P,R(BPI I÷  l l l 71  
w Y 43 { 40 . )  OR LESS YOST 7 [  HBC [ l .P l+  P,PIBGI)  5 /7 [  

Y ~.3 S.D. EFFECT . DECAY TO 7 RIONS 
Y NOT SEEN BY KALELKAR 75 WITH 5 TIMES MORE DATA 

M 3025.0 20.0 BAUD 70 MMS - [0o5-13 R I -  P 5/70 
W (25.0)  APPROX. BAUD 70 MMS [O.B- lB  P I -  7 5170 

M 307S.O BQ.O BAUD 70 MMS - I 0 , 5 - [ 3  P I -  P 5/70 
W [25o0) APPROX. BAUD 7 0  MM5 -- [ 0 . 5 - [ ]  PI -  P 5 / 7 0  

M 3145.0 20.0 BAUD 70 MRS - 10 .5 - [ 5  P I -  P 5170 
W LID.Of OR LESS BAUD 70 MMS [0 .5 - [ 5  P I -  P 5/70 

3475.0 20.0 BAUD 70 MMS - Iz~- [B.5 P [ -  P B170 
(3O.O) APPROX. BAUD 70 MMB [~ t5 .5  P I -  P 5270 

M 3535.0 20.0 BAUD 70 MMS - [ ~ - [ 5 . 5  P l -  P 5/70 
W (30o0) APPROX. BAUD 70 MMS 14--15.5 P l -  P 5/70 

REFERENCES FOR X(19OO-B6OOJ 

CLAYTON 67 HEIDBG.CONF.P.57 +MASON,MUIRHEAD,FIL|PPASe(LIVEBPODL+ATflENS) 
BOESEBEC 68 NP B 4 5 0 [  BDESEBEOK,DEUTSCHMANNt+IAACHEN+BERLIN÷CERNI 
ANDERSON 69 PRI 22 1390 ÷COL[INS,+ {BNL+CAKNI 
BAUD 69 PL 30B 129 CERN BOSON SPECTROMETER GROUP (CERNI 
BAUD 70 PL 3 [  B 599 CORN BOSON SPECTROMETER GROUP (CERN) 
DASO 70 LNC ) 707 ÷CDNTE,IDMASINI,CORDS+IGENO+HAMB+MILA+SACLI 
KRAMER 70 PRL 25 396 +BARTDN,GUTAY,LICHTMAN,MILLER,e (PURDUE) 
SABAU 7[  LNC I 514 ÷L~ETSKY (BUCH÷ANL) 
YOSI 7[  PR D 3 642 +MORRIStALBRIGHT,BRUCRER,LANNOTTI (FEU) 
TAKAHASH 72 PR D 6 [266 TAKAHASHI,BARISH,+ (TOHORPENN÷NDAM+ANL) 
THOMPSON 74 NP 869 220 +GAIDOS,NCILWAIN,MILLER,MULERA,+ (PURDI 
B A L T A Y  75 PRL 35 89[ +CAUTIS,COHEN,KALELKAR,RISELLD,+(COLU+BINGI 
KALELKAR 7E THESISINEVIS 2071M.S.KALELKAR (COLU) 
KEMP 75 NC 27 A 15B +LOTTStCDNTRI,TEODORO÷(DURH+GENO+MILA÷LPNP) 



Mesons 
e+e-(ll00-3100), X(2830), J/V,(3100) 

J ~ "~- e ''~t ) I . . . . . . . . . . . . . . . . . .  G=I-  ) I= ( ~ 0 0 - 3 ~ 0 0  . . . . . . . . .  o . . . . . .  s . . . . . . . . . . .  
VECTOR MESONS COUPLED TO E+ E- 
BETWEEN PHI  AND J/PS1 MASS REGI(]N. 
SEE ALSO RHO PR]MEi1250) AND BHO 
PRIME(IAOOI MINI-REVIEW. 
OMITTED FROM TABLE* 

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

7 E+ E - ( I IO0 -3100 )  MASSES AND WIDTHS {MEVI 

M 400 LO97. 19. BARTALUC 77 HASP 7 GAM P, E+E-  P 12177" 
w %DO 3 I .  24. BARTALUC 77 MASP 7 DAN P, E+E- P 12177" 

M 1256 .  io, SEE RHO PRIME ( 1250 )  I2/77' 
w 130. 20. SEE RHO PRIME (1250 )  12177*  

M A (1499.01 10.5) TO.T1 BEMPORAD 77 BEAR E+ E-  I / TB*  
W A ( 2 . 3 )  (0 .51  (0 .31 BEMPORAO TT BBAR E+ E- l / 7B~ '  

A SEEN ALSO BY THE GAMMA GAMMA 2 GROUP (BEMPORAD 771. 

M ( I 6OO. I  APPROX. SEE RHO PRIME (LOOO) I Z l T T *  
W 300 TO 800 SEE RHO PRIME ( I 6OD)  12177*  

M C I 1662 . )  15 .1  LAPLANEHE 77  OSPK E+ E -  1178("  
w C (25.1 ( i 3 . J  LAPLANCHE 77 OSPK E+ E- L/TB* 

C COUPLES TO BOTH 3 Pl AND B P( 

M R [ 1700 . )  120. l  LAPLANCHE 77  OSPK E+E-  TO 4PI ,6PI  I /TB*  
w R (IS0,1 (60.I LAPLANCHE 77 OSPK E+E-  TD 4PI,6PI 1178  ~ 

R G=+t BUT BRANCHING TO 4PI+-  I S  SMALL,  THEY ALSO OBSERVE A 
R STATE AT 1540 MEV WITH LARGER 4PI+-  DECAY (SEE RHO PRIME ( I 6OO l ) .  

M I L765 TO 1792 BARBIELLI 77  BEAR E+ E -  I 2 / 77 "  
w I 47 TO 79 BARBIELLI 77 BBAR E+ E- I 2 / 77 ,  

N D (1769 . )  (B . )  LAPLANCHE 77  OSPK E+ E- 1176 "  
w O 153.) I 30 . }  LAPLANCHE 77 OSPK E+ E- 1 /78 "  

D COUPLES MAINLY TD 5 P I .  

M I 1812 TO 1836  BARBIELLI 77  BBAR E+ E- I 2 /77 .  
w I 13  TO 34  BARBIELLI 77 BBAR E+ E- 12/77"  

H S 5S 1819 .  T .  BACCI 77 GGB E+ E- 12177" 
W S 58 24. 9 .  BACCI 77  GGB E+ E- 12177~ 

M S IBB I  IB .  ESPOSITO ",'7 MEA E+ E -  12 /7T*  
w S 31 .  25. ESPOSITO 77  MEA E+ E -  12177*  

M 12130 . )  APPROX. BEMPORAD 77 MEA E+E- ,K * I  B921+ . . .  I I 7B*  
B ( 30 , )  APPROX. BEMPORAD 7 7  MEA E+E- ,K* (992 )+ . . .  1 /78 ,  

IT SPREAD TAKES ACCOUNT OF POSSIBLE INTEBFERENCE BETWEEN THE 
TWO STRUCTURES. 

S SYSTEMATIC ERROR ADDED LINEARLY. 

REFERENCES FOR E÷ E- ( I IO0 -31OO)  

BACCI 77 PL B 6B ~93 +DE ZORZI,PENSO,STELLA,BALDINI,÷IRGMA+FRAS) 
BARBIELL 7T PL B 6B 397  BARBIELLINI,BARLETTA,+(FRAS+NAPL+PISA+SANI) 
BARTALUC 77 NC A 39 374  BARTALUCCI BERTOL~CI~BRADASCHIA(DESY÷FRASl 

ALSE 77 PREP. DESY 77-59 
BEMPORAD TT HAMBURG CENF. C. BEMPORAD (PISAI  
ESPOSITO 77 PL B 88 389 +FELICETTI,MARINI,+ (FRAS+NAPLePADO+ROMAI 
LAPLANCH 77 HAMBURG CONF. F. LAPLANCHE (ORSAI 

ALSO 77 PL B 67  231 COSME,OUOELZAK,GRELAUD~JEAN-MARIE+ IORSA1 

. * * * * *  * * * * * * * * *  . . * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * , * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  , * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

I x ( e a 3 0 ) l  E, . . 3 0  . . . . .  ' I =  
| | 

OBSERVED IN THE SEQUENTIAL RADIATIVE DECAy GF THE 
J /PSI (3 IOOI  INTO X(2830I GAMMA, X12830) INTO GAMMA 
GAMMA. THIS SUGGESTS QUANTUM NUMBER ASSIGNMENTS E=+, 
IG=O+ OR 1 - .  POSSIBLY ALSO SEEN IN THE REACTION P1- P 
INTO NEUTRON Z GAMMA. 
NEEGS CONFIRMATION. OMITTED FROM TABLE. 

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

54  X I2B301  MASS (MEV) 

N B B(2700 .o I  BARTEL 76  CNTR E+E- ,3  GAMMA 1 /76  
N B S IGNAL IS ONLY 2 STD EFFECT IN BARTEL 7b .  3177 "  
M [9  2820.0 14.0 YAMADA 77  DASP E+ E -~3  GAMMA 12 /77 .  
M ~1 2880 .0  90 .0  APEL 78  SPEC 40  P ] -P ,N  2GAMMA 1 /78 "  
M 
M AVG 2821.4 13.B AVERAGE [ERROR INCLUDES SCALE FACTOR OF I .O )  
M STUDENTBB21.4 i 5 . 0  AVERAGE USING STUOENTIOIH/1.LII -- SEE MAIN TEXT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . .  

84 X(2B3Ol PARTIAL DECAY NODES 

o~EC,; MASSES 
PI  X1283D I  INTO GAMma GAMMA 
P2 X12830 )  INTO RBAR P 938+  938  

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

5~ X[28BO) BRANCHING RATIOS 

R SEE BRANCHING RATIOS R70,RT6,RTT~R79 OF J /RS I (31OO)  
R SEE BRANCHING RATIOS R30 ,R54  OF PSI(3685) 

RI X(2B301 INTO (PEAR RE/TOTAL lP2) 
RI 2 POSSIBLY SEEN WIIK 75  DASP E+E- 1 /76  

R2 X (2B3O l  INTO (GAMMA GAMMAI/TOTAL (E l )  
R2 SEEN YAMADA 77 DASP E+ E- ,3  GAMMA 12 /77~  
R2 SEEN APEL 78  SPEE 40  P I -P ,N  2GAMMA 1 /78 "  

132 

Data Card Listings 
For notation, see key at front of  Listings. 

REFERENCES FOR x (BB30 )  

WIIK 75 STANFORD SYMP.69 B.H.WI(K (DESY( 

BARTEL 76 TA IL IS I  CONF.N56 +DUINKER,GLSSON,HEINTZE,+ (DESY+HEID) 
WIIK 76 TBIL IS I  CONF.N 75 B.H.WIIK RAPPORTEUR IDESY) 

AMALDI 77 LNC 20 409 +BENEVENTANOtDELL,OOOHER+IROMA+BNL+ADELPHII 
APEL 77 PL +AUGENSTEIN,+ [KARL+PISA+SERP+WIEN+CERN) 
BRAUNSEH 77 PL 67  B 243 BRAUNSCHWEIG,+ (AACH+DESY+HAMB+MPIM+TOKY) 
YAMADA 77 HAMB. CONF. P. 69 YAMADA [AACH+HAMB÷DESY+MUNE+TDKY) 
WIIK 77 DESY ??/01 +WOLF tGESY) 

i m 

IJ/ (3 oo)l .................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

70 J/PSI(310O( MASS IMEVI 

WE USE INDEPENDENT MEASUREMENTS OF THE J IPSI(3IOO) 
MASS, THE PSII3685) MASS AND THE MASS DIFFERENCE TO 
PERFORM A CONSTRAINED FIT.  

M (3 lOG* )  AUBERT 74  SPEC 28 .  PP [E+E- )  8175 
M 0 L [B I05 . )  ( 3 . )  AUGUSTIN 74  SMAG E+E- 2/75 
M 3095 .  4 .  BOYARSKI 75  SMAG E÷E-  3•75 
M S 3C89 .5  3 i .  CRIEGEEI 75  PLOT E÷E-  ~175 
H 3098. 6 .  PREPOST 75 SPEE 13.-21.GAMMA D 1176 
N 3103. 6 .  BEMPORAD 75 FRAB E+E-  1 /76  
M 3096.0 30 .0  SNYDER ?6  SPEC 400  P BE,E+E- 1 /77 "  
M L BOYARSKI 75 IS A REEVALUATION OF AUGUSTIN 7~ EBBED 
M L ON A RECALIBRATICN OF THE SPEAR BEAM ENERGY. 
M 
M C MASS, WIDTH, PARTIAL WIDTHS, AND BRANCHING RATIOS ALL OBTAINED 

0 FROM ONE OVERALL FIT TO DATA DF THIS EXPERIMENT. 

M S ERROR OF ABOUT I PER CENT FROM THE UNCERTAINTY IN CALIBRATION OF 
M S THE BEAM ENERGY. 
M 

AVG 3097.5 2.9 AVERAGE tERROR INCLUDES SCALE FAOT~R OF l .O )  
STUDENT3097.5 3.2 AVERAGE USING STUOENTIO(H/I . I I I  - -  SEE MAIN TEXT 

M FIT 3096.8 2.4 FROM FIT (ERROR INCLUDES SOALE FACTOR OF 1.Ol 

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

70 J/PSI(31OO) WIDTH (KEV) 

W bg .  15. BOYARSKI 75  SHAG E+E- 3•75 
W be. 26 .  BALDINI1 75 FRAG E+E- l i T6  
w 60. 25. ESPOSITO 75  CRAM E+E- 1 /76  
W . . . . . . . . .  
W AVG 66.9 i i . 5  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)  

W STUDENT 66.9 12.4 AVERAGE USING STUDENT~O(H/I.11I - -  SEE MAIN TEXT 

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

TO J /PGI (3100)  PARTIAL DECAY MODES 

DECAY MASSES 
.5+ .5  J IPSI [3 IOO) INTO E+ E- 

J /PSI (3100)  INTO MU+ MU- 105+ 105 
J /PSI I3 IOO)  INIO HAORCNS 
J/PSI(31OO) INTO VIRTUAL GAMMA INTO HADRONS 

HADRCNIC DECAYS 

J/PSI(3IOO} INTO PI+ P I -  139+ 139  
JIPSI(31OO] INTO PI+ P I -  PIG 139+ i39+ 134 
J IPSI I310O) INTO 2(PI+  P I - )  139+ 1 3 9 ~  139+ 139 

Pl 
P2 
P3 
P4 

P 
P 
P I I  
PI2 
PI3 
El4 J/PSII31OOl INTO 2(E l+  P I - I  PlO 
P IE  J/PS[(31OOI INTO 3 (P I+  P I - I  
P16 JIPSI(31OO) INTO 3 tE l+  P ] - I  RIO 
P17 J /PS I (31OOI  INTO 4 [P I+  P l - )  
P IB  J /PS I {3 IOOI  INTC 4 (P I+  P I - ]  P IO 
El9 J IPSI (3 IOOI  INTO K KBAR 
P20 J IPSI (3 IOOI  INTO K KBAR P[ 
P21 JIPSI(31OO) INTO PI÷ P I -  K+ K-- 
P22 J/PSI[31OO) INTO 2(PI+  P I - I  K+ K- 
P23 J /PS I (3 IOOI  INTO P I+  P I -  RIO K+ K -  
PB4 JIPSI(31OOI INTE RHO PI 
P25 J /PS I (B IOOI  INTO RMO PI  PI  P I  
P26 J /PG I I3 IOO)  INTO OMEGA P I  P I  
P27 J/PSII31OO) INTO OMEGA 4PI 
P2B J /PS I I 3100 I  INTO OMEGA K KBAR 
P29 J/PSII31OO) INTO OMEGA F 
P3O J /PS I I 31OO}  INTO OMEOA F PRIME 
P31 J /PS I {3100 (  INTO PHI  PI PI  
P32 JEPS I (31OO}  INFO PHI  2 (P I+  P I - )  
P3B J /PS I I 31001  INTO PHI  K KBAR 
P34 J/PSIK31ODI INTO PHI ETA 
P35 JIPSI(31OO) INTO PHI ETA PRIME 

P3~ J/PSI)31OOI INTO PHI F 
P37 J /PS I (3 IOOI  INTO PHI F PRIME 
P38 J /PS I (3100 )  INTO A2 P I  
P39 J /PS I (3LOO)  INTO A2 RHO 
PAD J/PSI(3IOO) INTO K K*(B921 
P4I J /PS I (31OOI  INTO K R* ( l #30 )  
P42 J /PS I (3100 )  INTO K*(892) K*(B92) 
P43 J /PS I I 3100 )  INTO K* (1430 (K* (1430 )  
PAA J /PS I (31OOI  INTO K* (B92 )  K~ I I 430 }  
P45 JIPSI(31OO) INTO P PBAR 
P46 J /PS I (31OO)  INTO P PBAR PI 
P47 J /PSI (3 IOOl  INTO P NBAR P( 
P4B J /PS I I 310O)  INTO P PEAR P l+  P l -  
P49 J/PSI(310O) INTO P PEAR PI+ P I -  PIG 
P50 J /PS I (3 IOOI  INTO P PBAR ETA 
PS I  J /PS I (3 IOOI  INTO P PBAR OMEGA 
P52 J IPS I (3 IO0 )  INTO LANBDA ANTILAMBDA 
P53 J/PGI(31OD) INTO LAMBDA ANTISIGMA 
P54 J /PS I (3 [OO)  INTO XI  ANTIXI 
P55 J IPS I I 3100 I  INTO P I  B 

P RADIATIVE DECAYS 
p . . . . . . . . . . . . . .  

497+  497  
497+ 497+  139  
139+ 139+ 497+  497  

776+ I 39  
776+  139+  X39+ 139  
763+ 139+  X59 
783+  139+  139+ 139+ 
783+ 497+  497 
783÷127 I  
783+1516 

1020+  L39+ 139 

I020+ 497+ 497 
1020+ 548 
1020+  958  

1020÷1271  
1020+1516  
1312+  139  
1312+  776  

497+  892  
497÷1434 
B9B+ 892 

1~34+L434  
B92+1434  
938+  938  
958÷ 938+  139 
93B+ 939+  139 
938÷ 938+ 139+ I39 

938+ 938+  548 
938+  938+  7B3 
lll5+ilI5 
II15+I192 
13L4+1314 

139+LBB1 

P70 J IPS I [ 310O l  INTO OAMMA GAMMA O+ O 
P71 J IRS I I 3 IOOI  INTO 3 GAMMA O+ O÷ 0 
PTB JIPSI(31OOI INTO RIO GAMMA 134+ 0 
P73 J IPSI(3[OO) INTO ETA GAMMA 56B+ O 
ETA J IPSI (3 IOOI  INTO ETA PRIME GAMMA 958+ 0 
P75 JEPSI(3IOO) INTO X(2830 ]  GAMMA 2B30+  o 
P76 J IPS I I 310o )  INTO F GAFMA 1271+ 0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  _ . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of  Listings. 

Mesons 
J/ (31oo) 

70  J /PS I I 3 IO0 )  PARTIAL WIDTHS IKEV)  

WI J /PSI (3100)  [NTOoE+ 6 E- IG I )  2/75 
W( 4 .B  . BOYARSK] 75  SNAG E+E- 3 /75  
WI B ( 4 . 6 )  ( .B}  BALDINII  75 FRAO E+E- 1/76 
W( ~.6 1.0 ESPDSITO 75 FRAM FeE- 1/76 
N/ B ASSUMING EOUAL PARTIAL WIDTHS FOR (E+E-) AND (MU÷MU-) 

WI . . . . . . . . .  
WI AVO 4.75 0.51 AVERAGE IERROR INCLUDES SCALE FACTOR DF 1.0) 
WI STUDENT 4 .75  0 .55 AVERAGE USING STUDENTIOIH/I.I~) - -  SEE MAIN TEXT 

W2 JIPSI(3LO0) INTO MU÷ MU- [G21 2/75 
WZ 4 ,8  O.6 BOYARSKI 75  SMAG E÷E-  3/75 

5.0 I *O  ESPOSITO 75  FRAM E,E- 1 /76  W2 
W2 . . . . . . . . .  
W2 AVG 4.85 0 .S I  AVERAGE IERROR INCLUDES SCALE FACTOR OF Io0)  
W2 STUDENT 4.65 0.55 AVERAGE USING STUDENTlO(H/1.111 - -  SEE MAIN TEXT 

W3 J /PS I }3100 )  INTO HADRONS (G3) 2/75 
W3 59. i4. BCYARSKI 75 SMAG E+E- 3 /75  
W3 59. 24. BALD(NIl 75 FRAO E+E-  1/70 
W3 50. 25. ESPOSITO 75 FRAM E+E- 1/76 
W3 . . . . . . . . .  
W3 AVG 57 .3  10.9 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.0)  
W3 STUDENT 57.3 11.7 AVERAGE USING STUDENTlO[H/1.11) - -  SEE MAIN TEXT 

W4 J/PSI |OIO0) INTO GAMMA INTO HAORGNS 
W4 C 12 .  2. BOYARSKI 75  SMAG E+E- 1 /76  
W4 C INCLUDED IN W3 

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

7O J /PSI (3100)  BRANCHING RATIOS 

FOR THE BRANCHING RATIOS R( - R4. SEE ALSO THE PARTIAL 
WIDTHS ABOVE. AND (PARTIAL WIOTHS)*R1 BELOW. 

Rt  J /PS I (31001  INTO (E+  E-I/TOTAL (P l l  3/75 
R1 0 .069  0.009 BOYARSKI 75 SNAG E+E- 3/75 

R2 J /PS I (3100 )  INTO [M~+ MU-}/TOTAL [P2 )  3 / 75  
R2 0.069 0.009 BOYARSKI 75  SMAG E+B- 3 /75  

R3 J /PS I (3 IO0 )  INTO (HADRONS)/TOTAL (P3) 3/75 
R3 0.80 0.02 BOYARSKI 75 SMAG E+E- 3 /75  

R4 J/PSI(3LO0) 1NTO (E÷  E--)/(~U+ MU--) [P l ) / (P2 )  2 /75  
R4 | . 00  0.05 BOYARSKI 75  SMAG E+E- 3 /75  
R4 0.93 O.10 FORD 75 SPEC E+E- 2/75 

.91 .IS ESPOSITO 75  FRAM E÷E-  1/76 R~ 
R4 . . . . . . . . .  
R4 AVG 0.980 0.0~3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}  
R4 STUDENT 0.980 O.O47 AVERAGE USING STUDENTIOIH/ I . I l l  - -  SEE MAIN TEXT 

R5 J /PSI (3100}  INIO (GAMNA INTO HAORONS)/TOTAL 
R5 C .17 .02 BOYARSKI 75 SNAG E+E- 1 /76  
R5 C INCLUDED IN R3 

R NADRONIC DECAYS 
R 

RB JIPSII3LDO) INTO (PI+ P I - I / TOTAL  (UNITS I 0 "~ -4 )  
RB 2 L.O 0.7 BRAUNSCHW 76 DASP E 'E-  [ /77~ 
R8 1 1.6 1.6 VANNUCCI 77 SNAG E+E- 1177* 
R8 . . . . . . . . .  
RB AVG / . lO  0 .64  AVERAGE (ERROR INCLUDES SCALE FACTOR OF i .O )  
RB STUDENT 1.10 0.69 AVERAGE USING STUOENTIO(HI I . I l l  - -  SEE MAIN TEXT 

R9 J /PSI (3100)  INTO (2 IP I+  PI - ) } ITOTAL 
R9 76 .004 .OOL JEAN-MARl 76 SNAG E+E- l /TB  

RIO J /PS I (3100 )  INTO (2 IP I+  P I - }  PIO)/TOTAL 
RIO 675  .o~ .01  JEAN-MARl 76 SMAG E+E-  1 /76  
RIO  1500  0 .0364  0 .0052  BURMESTER 77  PLUT E÷E-  12 /77~  
RIO . . . . . . . . .  
RIO AVG 0.0372 0.0046 AVERAGE IERROR INCLUDES SCALE FACTOR OF L.O) 
RIO STUDENT 0.0372 0.0050 AVERAGE USING STUOENTIOIHI I . I [ )  - -  SEE MAIN TEXT 

R I I  J /PSI (3100)  ]NIO (3 (P I+  PI-)/TOTAL 
R l l  32 .004 .002 JEAN-MARl 76  SMAG E+E- 1/76 

El2 J /PE l f3100)  INTO [3 IP I+  P I - )  PIO)/TOTAL 
El2 181 .029 .007 JEAN-MARl 76  SMAG E+E- 1/76 

R I3  J /PS I (3 IOOI  INTO 14 (P ]+  P I - )  PIOI/TOTAL 
R I3  15 .009 .003 JFAN-MARI 76 SHAG E+E- 1/76 

R14 J /PS l I 3100 I  INTO (PI+ P I -  K+ K- ) /T f l TAL  
R14  205 0 °0072  0 .0063  VANNUCCI 77  SMAG E+E- 1 /77~  

R[5 J IPSI(3[O01 INTO (2 (P I+  P I - )  K÷ K-)ITOTAL 
RE5 30  0 .0031  0 .0013  VANNUCCI 77  SMAG E+E-  1 /77~  

RIB J IPSI (3100)  INTO IRHO PI I I IP I÷  PI -  PIO) 
R16 ( . 7 )  OR MORE CL=O.90  JEAN-MARl 76 SMAG E+E- 1 /76  

R17 J /PSI (3100)  INTO (RHOO PIO)/IRHO+- P I -+ )  
R17 0 ,63  0.22 BARTEL I 76  CNTR E+E- 1 /77~  
R17 .59  . I T  JEAN-NARI 76  SMAG E+E- 1/76 
R I7  10 .53 )  I 0 . 15 I  ALEXANDER 77  PLUT F÷E-  12 /77~  
R17 . . . . . . . . .  
RI7 AVG 0.60 0.13 AVERAGE (ERROR INCLUDES SCALE FACTOR OF i .O )  
R I7  STUDENT 0 .60  0 . I 4  AVERAGE USING S7UDENTIOIHI I . I [ )  - -  SEE MAIN TEXT 

RIB JIPSI13100) INTO iRHO PI)/TOTAL 
RIB 543 0.010 0.002 BARTEL L 76  CNTR E+E- 1/77~ 
R18 99  0.012 0 .003  BRAUNSCHW 76  DASP E÷E- 1 /77 *  
R18 L53 . 013  . 003  JEAF~-MARI 76  SMAG E+E- L176 
R18 183 (0 .0161  [ 0 . 004 )  ALEXANDER 77  PLUT E+E-  12 /77~  
RiB  . . . . . . . . .  
RIB AVG 0.0112 0.0015 AVERAGE IERROR INCLUDES SCALE FACTOR OF L.O) 
RXB STUDENT 0.0112 0.0016 AVERAGE USING STUDENTIOIHII.TI) - -  3EE MAIN TEXT 

RID J/P3I(SIOO] INTO (OMEGA PI P I ) / I Z (P I+  P I - I  PlOT 
R19 J ( . 2 )  JEA~MARI 76  SNAG E+E- 1/76 

R20 J IPSI (3100)  INTO (RHO P( PI P I ) I ( 2  (P I+  P I - )  PIO| 
R20 J ( . 3 I  JEAN-MARl 76 SMAG E,E- 1/76 

R21 JIBS(T3100) INTO (PH I  PI+ PI-) /TOTAL 
R21 23  G.O02I 0.0009 FELDMAN 77 SMAG E÷E-  12 /77=  

R22 JIBS(T3100) INTO [KOS KOL)ITOTAL (UNITS I0~=-4)  
R22 (0 .89 )  OR LESS CL=O.RO VANNUCCI 77 SMAG E+E- 1/77~ 

R23 J /PS I (3100 )  INTO (K+ K - I /TOTAL  (UN ITS  10==~4)  
R23 1 1 .#  1 .4  BRAUNSCHW 76  OASP E+E-  1 /77 "  
R23 2 2.0 1.6 VANNUCCI 77 SMAG FeE- I177*  

R23 . . . . . . . . .  
R23 AVG 1.7 t . i  AVERAGE IER&OR INCLUDES SCALE FACTOR OF 1 .0 l  
R23 STUDENT 1 . 7  1.1 AVERAGE USING STUDENTIO{H/I . I I )  - -  SEE MAIN TFXT 

R24 J /PS I (3100 I  INTO (NO K*I892)OI/TOTAt 
R24 45 0.0027 0.0006 VANNUCCI 77  SNAG E*E- 1 / 1 7 "  

R25 J /PSI (3100)  INTE IN+- K*{892|-+)/TOTAL 
R25 39 0.0041 0.0012 BRAUNSCHW 76 OASP E'E-  1177" 
R25 46 0.00S2 0.0006 VANNUCCI 77 SNAG E+E- 1/77= 
R25 . . . . . . . . .  
R25 AVG 0.00336 0.00054 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O l  
R25 STUDENT 0.00336 0.00059 AVERAGE USING STUOENTLO[H/1.III - -  SEE MAIN TEXT 

R26 J /PSI (5100)  INTO (KO K*(I~BO)O)/TOTAL 
R26 (0.002)  OR LESS CL:O.90 VANNUCCI 77 SNAG E+E- 1/77= 

R2? J /PS I I3 [O0)  INTO (K+-- K*(1420-+)/TOTAL 
R27 (0.0003)0R LESS CL=0.90 BRAUNSCHW 76  DASP F+E- 1 /77 '  
R27 (0.0015)0R LeSS CL:O.90 VANNUCCI 77 SNAG E+E- 1 /77 '  

R28 J/PSI(StOOl INTO (K*{892)0 K*(892)O}/TCTNL 
R2B IO.O005)OR LESS CL=O.DO VANNUCCI 77  SNAG E÷E- 1 / 7 7 =  

R29 J/PSI (3100)  INTO (K* [1430)0 Km[1430)O}/TOTAL 
R2G (O.O02510R LESS CL=O.90 VANNUCCI 77  SMAC E+E- L /77 '  

R30 J IPS I I 3100 }  INTO (K*(Bg2)o K={1430)O}/TDTAL 
R30 40 0.0067 0.0026 VANNUCCI 77 SMAG E÷E- 1177" 

R31 J/PElT3100) INTO IPBAR P]/TOTAL (UNITS I 0 " * - 3 )  

RBI A 70 2.3 0.3 BRAUNSCHW 76 DASP E,E- 1/77"  
R31 A 300 2.0 O.L5 GOLDHABER 76 SMAG F÷E- 12/77= 
RDI 2 .0  0.5 TONUTTI 7TCNTR E+E- 12/77 ~ 

R31 . . . . . . . . .  
R 3 1 A V G  2.06 0.13 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.O) 
R3 I  STUDENT 2.05 0.14 AVERAGE USING STUDENTIO(H/I.I1) - -  SEE MAIN TEXT 

R32 J /PSI (3100)  INTO [PBAR P)/ |MU* NU~) 
R32 A 20 ( .05L)  | . 02 I  CRIEGEE2 75 PLUT E+F- 1/76 

R33 J/PSI (3100)  INTO (LAMBOA ANIILAMEDA)/TOTAL 
R33 10 .0016 .0008 ABRAMS 75 SMAG Ee l -  [ I 76  

R34 J /PSI [3100 ]  INTO (P PBAR RIO)/TCTAL 
RE4 O.0OLO 0.0002 FELOMAN 77 SNAG E+E- 12177* 

R35 J /PSI (3100)  INTO IP  PBAR PI+PI-)/TOTAL 
R35 0.00~I O.O00B FELDMAN 77  SMAG E,E- 12177 • 

R36 J /PSI (3100)  INTO [P PEAR E l *  E l -  PlO)/TDTAL 
R30 0.00~1 0.0004 FELOMAN 77 SMAG E+E- 12/77= 

R37 JIBS(L3100) INTO [LAMBDA ANTISIGMA)/TDTAL 
R37 (.O004IOR LESS CL:O.90 FELDMAN 77 SMAG E*E- 12/77" 

R38 J/PSI13100) INTO IP I~  A2)ITOTAL 
R3B (0.0043)0R LESS CL=0.90 BRNUNSCHW 76 OASP E+E-  1 /77"  

R39 J /PSI(3IOO) INTO IOMEGA PI PIT/TOTAL 
R39 215 0.0078 0.00216 BURMESTER 77 PLUT E+E- I2/77= 
R30 348 0.0068 O. O01R VANNUCCI 77 SNAG E+E- 1177~ 
R39 . . . . . . . . .  
R39 AVG 0.0066 0.0010 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
R39 STUDENT 0.0068 0.0021 AVERAGE USING STUDENTIO(HII . I I )  - -  SEE MAIN TEXT 

R40 J IPSI (3100)  INTO 2(K* R-I/TOTAL 
R40 0.00D7 0.0003 VANNUCCI 77 SMAO E+E- 1/77" 

R41 J IPS I I3100 )  INTO (OMEGA K KBAR)/TOTAL 
R41 22 0.0016 0.0010 FELDMAN 77 SMAG E÷E- 12177" 

R42 J /PS I (3100 I  INTO (PHI K KBAR)/TOTAL 
R42 14 O.OOIB O.O00B FELDMAN 77 SMAG E+E- 12/77" 

R43 J/PSI(3100) INTO (PHI ETAI/TOTAL 
R~3 5 O.OOiO 0.0006 VANNUCCI 77 SMAG E÷E- 1 /77"  

R44 J /PSI (3100}  INTO (PHI ETA PRIME)/TOTAL 
R44 (0 .001310R  LESS CL=0.90 VANNUCC[ 77  SMAG E+E-  1 / 77 '  

R4S J /PSI (3100)  INTO (PHI R PRIME)/TOTAL 
R45 6 0 .0008  0 .0005  VANNUCCI 17  SMAG E~E - 1 / 77 "  

R46 J IPS I I3100 )  INTO (P NBAR PI-)ITOTAL 
R46 0.0038 0.0008 FELDMAN 77 SMAG E+E- 12177~ 

R47 J/PSI(31001 INTO (P PBAR ETA)/TOTAL 
R~7 0.0019 0.0004 FELDMAN 77  SMAG E+E-  12 /77~  

R48 J IPS I I3100 )  INTO (P PBAR OMEGA)/TOTAL 
R4B 0.0005 C.O001 FELDMAN 77  SNAG E+E- 12 /77~  

R49 J IPSI (3100)  INTO {KOS K+- PI-+)/TOTAL 
R49 E26 0.0026 0.0007 VANNUCCI 77 SNAG E+E- 1177m 

RSO J lPSI (3100)  INTO IPHI F)/TOTAL (UNITS I0#~-4)  
R50 (3 .7 )  OR LESS CL:O.90 VANNUCCI 77  SMAO E+E- 1/77~ 

RE1 J /PSI (3100)  INTO {PHI 2(PI+PI- ] ) /TOTAL 
RSI [O.OOIS}OR LESS GL=O.gO VANNUCCI 77 SMAG E+E- 1177~ 

R52 J /PSI (3100}  INTO (OMEGA F)/TDTAL 
R52 B1 O.OOlg 0.ooo8 VANNUCC[ 77 SNAG E+E- I177 "  
R52 70 0.0040 0.0016 BURMESTER 77 PLUT E+E- L2/7T* 
R52 . . . . . . . . .  
RB2 AVG 0.00232 0.00084 AVERAGE (ERROR INCLUDES SCALE FACTOR OF t . 2 )  
R52 STUDENT 0.00230 O.ODOB1 AVERAGE USING STUOENTIO[H/I.LI] - -  SEE MAIN TEXT 

R53 J /PSI (3100)  INTO (OMEGA F PRIME)/TOTAL (UNITS I 0~ * -4 )  
R53 (1 .6 )  OR LESS CL=O.gO VANNUCCI 77  SNAO E+E- 1 /77~  

R54 J/PSI(31OOI INTO (E l+E l -P IG K+K--IITOTAL 
R54 300  0.012 0.003 VANNUCCI 77  SMAG E+E-  1 /77 "  

R55 J/PSIISIOO] INTO (RHO A2I/TOTAL 
R55 36 0.OO84 0.0045 VANNUCCI 77 SMAG E÷E- i177~ 

R56 J /PS i (3 [O0 ]  INTO [OMEGA 2PI+ 2PI-)/TOTAL 
R56 140 0.0085 0.0034 VANNUCC[ 77 SMAG E+E- 1/77m 

R57 J /PSI (3100}  INTO IX ( -  ANTIXI-)/TOTAL 
R57 4 {O.OQ04)APPROX. FELDMAN 77  SMAG E+E- 12/77"  



134 

Mesons 
J/V,(aloo), x(a415) 

Data Card Listings 
For notation, see key at front of  Listings. 

RDB 
RSB 

R59 
RSS 

RBO 
R60 

R 
R 

J/PSI (SIO0)  INTD (RHC+- P ] -÷ I / ( k * IB921* -  K - * I  
{0 .26)  (0.091 PIERRE 76 SMAG E-F- 4 /77*  

J/PSI(31001 INTO (B÷~ PI-÷|/TOTAL 
87 0.0029 0.0007 BURMESTER 77 PLUT E 'E -  12/77# 

J /RSI I3100)  INTO (N NBAR]/TOTAL (UNITS I 0 " * - 21  
O.IB D .09  YAMADA 77 DASP E+ E-,3 GAMMA IZ /77*  

FINAL STATE 2 (P I+P I - )P ID  
ASSUMING ANGULAR DISTRIBUTION (I.÷COS(THETA)**2) 

R RADIATIVE DECAYS 
R . . . . . . . . . . . . . . .  

RTO J /PSI (SIO0)  INTO (X(28301 GAMMA)/TDIAL (UNITS 10,* -31 
RIO (39 . )  OR LESS CL=0 .DO WHITAKER 76  SMAG E÷E-  ~177~ 
R70 (17 . )  OR LESS CL=O.gO BIDDICK 77 CNTR FeE-  3/77~ 

R71 J/PSI(SIDO) INTO (2 GAMMAI/TOTAC (UNITS 10" * -3 )  IP4) 
R71 (3 . )  OR LESS CL=O.90 WIIK 75 OASP E'E-  1177 "  

R71 (0 .5 l  OR LESS CL=O.90 8ARTELI 77 CNTR E÷E-  4 /77 "  

R72 J IPS[ (SIO0)  INTO (PAD GAMMA)/TOTAL (UNITS lO**-S)  2/75 
R72 U 9 (O.075J (O.O~B} BRAUNSC~W 77 GASP E 'E - ,3  GAMMA 1/77"  

R73 J IPSI (3100)  INTO (ETA GAMMA)/TOTAL (UNITS 10"* -3)  
R73 21 1 .3  0.4 BARTELI 77 CNTR E 'E - ,3  GAMMA 1 /77 "  
R73 60 O.B O. l  YAMADA 77  DASP E.E- ,3  GAMMA 12177*  
R73 . . . . . . . . .  
R73 AVG O.B3 0.12 AVERAGE (ERROR INCLUDES SCALE FACTOR OF L.2) 
R73 STUDENT 0 .83  o. I i  AVERAGE USING STUDENTIDIH/ I . I I I  - -  SEE MAIN TEXT 

R74 J /PSI (3100)  INTO (ETA PRIME GAMMAIITOTAL (UNITS L0** -3)  
R7A (3 .3 ]  DR LESS CL= .90  BACCI 76 FRAG E÷E- 4177 "  
R74 57 2.~ 0.7 BARTEL I 76 CNTR E+E- ,2  GAMMA RHC 1177 "  
R74 6 2.9 I.l YAMADA 77 DASP E+E- ,3  GAMMA 12 /77 "  
R74 . . . . . . . . .  
R?4 AVG 2.5# 0.59 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
R74 STUDENT 2.54 0.6~ AVERAGE USING STUDENTLOIH/I.I£) ~- SEE MAIN TEXT 

R75 JIPSI(31DOI INTO (ETA PRIME GAMMA)/{ETA GAMMA) 
R75 1 .8  0.8 BARIELI 77 CNTR E÷E- ,3  GAMMA 3 /77 *  

R7B J /PS I (3100 )  INTO (X I2B30 I  GAMMAIITOTAL,X TO 2 GAMMA (UNITS 10 . * - 3 )  
RTb X I0 .14 )  (O.OB} BARTEL 2 76 CNTR E÷E-,3 GAMMA 1177" 
R76 X EXISTENCE OF Xl2BSO} IN BARTEL 2 76 DATA IS ONLY 2 STD EFFECT 3177~ 
R76 (0 .32 )  OR LESS CL=O.9O BARTELI T7 CNTR E+E-~3 GAMMA 12/77" 
RIB 19 0.1~ O.O4 YAMADA 77 DASP E.E- ,3  GAMMA 12/77 • 

R7? J lPS l (3100(  INTO (X(ZBSOI GAMMA)ITOTAL,X TO P PBAR GAM (UNITS 10 " * -3  
R77 10 .04 )  OR LESS CL=O.90 GOLDHABER 76 SNAG E~E-  1/77" 
R77 (0 .2 I  DR LESS CL=0.90 WIIK 76  BASE E,E- I177"  

R78 J /PSI (3100)  INTO (3 GAMMA)/TOTAL (UNITS 10 " * -3 )  
R7E U l o .08 )  OR LESS CL=0.90 BRAUNSCHW 77 OASP E÷E-,3 GAMMA i177~ 

RT~ J IPSI (3100)  INTO Ix(28301GAMMA)ITDTAL,X TO RHO GAMMA {UNITS 10 . * - 31  
RT~ (O.Sl DR LESS CL=0.90 BARTEL 2 76 CNTR E÷E-,2 GAMMA BHO 1 /77 '  

RBO J IPSI (3100)  INTG (GAMMA ÷ 2 OR MORE NEUTRALSI/TOTAL (UNITS 10#* -3 }  
RBO 7 .0  2.0 BARTELI 77 CNTR E.E- 1 /77#  

RBI JIPSI(SIOO} INTO iF GAMMAI/TOTAL 
R81 35 (0.00201 (0.0007) ALEXANDER 77 PEUT o E+E- 12177" 
R 
R U RE-SIATEO BY US USING TDIAL WIDTH B7 KEV. 

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

70  J IPSI13100) G(I)*G(E+E-I IG(TOTAL) (KEVI 

THIS COMBINATION OF A PARTIAL WIDTH WITH THE PARTIAL WIDTH 
INTO E 'E-  AND WITH THE TOTAL WIDTH IS OBTAINED FROM THE INTEGRATED 
CROSS-SECTION INTO CHANNEL(1) IN  THE E÷E- ANNIHILATION. 
WE ONLY LIST DATA NDT HAVING BEEN USED TO DETERMINE THE PARTIAL 
WIDTH G( [ I  OR T~E BRANCHING RATIO GI I ) /TDTAL.  

GI  G(E+E-I*GIE+E-I lGITOTAL] 
GI S ( . 32 I  ( . 07 )  BALDINII 75  FRAG E+E-  1 /76  
GI . 34  . L4  BEMPORAO T5 FRAB E÷E- I176 
GI .41 .06 GASP/ 75 OASP E+E-  1/76 
G( S ( .34 )  (.091 ESPOSITO 75 FRAM E÷E- 1/76 
GI S (.36) (.I0) FORD 75 SPEC E+E- 

GI . . . . . . . . .  
GI AVG 0.399 0.055 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O )  
GI STUDENT 0.$99 0.060 AVERAGE USING STUDENTIOIH/I . [ I )  - - -  SEE MAIN TEXT 

02 GIMU÷MU-)*G(E÷E-I/G(TDTALI 
02 .31 .O9 BEMPORAD 75 FRAB E÷E- 1 /76  
G2 ( .32 )  1.08) CRIEGEE2 75 PLUT E+E- 1/76 
02 .51 .09  GASP1 75 GASP E÷E- 1/76 
G2 S ( . 3B }  ( . 05 )  ESPOSITO 75 FRAM E÷E-  1 /76  
02 S ( . 46 ]  ( . lO I  LIBERMAN 75 SPEC E+E-  1 /76  
GZ . . . . . . . . .  
02 AVG 0.41 0 . I 0  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6) 
G2 STUDENT 0.410 O.O?9 AVERAGE USING STUDENTIO(H/I.11) -~ SEE MAIN TEXT 

03 G(HADRC NIC)*G(E+E--)/G(TOTAL) 
G3 S (4 , )  ( . 8 )  BALDIN[I 75 FRAG E÷E- 1/76 
G3 S (3 .91  ( . 8 )  ESPOSITO 75 FRAM E÷E-  1/76 

G S SEE THE BRANCHING RATIOS AND PARTIAL WIDTHS ABOVE. 

REFERENCES FOR J/PSI(SIO0)  

CHRISTEN 70 PRL 25 1523 

ABRAMS 74 PRL 33 1453 
ASH 74 N~L 11 7OB 
AUBERT 74 EEL 03 1404  
AUGUSTIN 74 PRL 33 E406 
BACGI 74 PRL 33 1408  

ALSC 74 PRL 33 I6~9 
BALOINI- 74 NCL I I  711 
BARBIELL  74 NCL I !  718  
BRAUNSCH 7~ PL 53B 393  

CHRISTENSON,HICKS,LEDERMAN÷ (COLU+DNL+CERNI 

÷BRIGGS,AUGUSTIN,BGYARSKI+ (LBL÷SLAC) 
+ZORN,BARTOLI+ (FRAS+UMO+NAPL*PRDO÷RBMA) 
+BECKER,BIGGS,BURGER,CHEN, EVERHARTI~IT÷BNt) 
÷BOYARSKI,ABRAMS,BRIGGS+ (SLAC+LBL} 
+BARTOEI,BARBARINO,BAPBIELLINI÷ (FRASCATI) 
FOR ERRATA 
BALDINI-CELIO,BACC]÷ (FRASCATI*ROMA) 
BARBIELLINI,BEMPORAD÷ (FRAS+NAPL÷PISA+ROMA) 
BPAUNSCHWEIG+ IAACHEN+HAMB÷MUNICH+TOKYOI 

ABRAMS 75 SIA ; I IOEO SYMP.25 
ANDREWS 75 PRL 34 2BI 
AUBERT 75 NP B 89 1 
DACCA 75 NCL i2  209  
BALDIN(I 75 PL 58B 471 
BALDIN I2  75 PL 5BB 475  
BEMPORAB 75 STANFORD SYMP.II3 
BLANAR 75 PRL 35 346 
BOYARSKI 75 PRL 34 1357 
DRAUNSCH 75 PL 53B ~9I 
BUSSED 75 PL 56  B ~B2 
CAMERINI 75 PRL 35  483  
CRIEGEEL 75 PL 53B 489  
CRIEGEE2 75 OESY PREP.75132 
DAKIN 75 PL 5B B 4O5 
DASPI 75 PL 56B 49 l  
DASP2 75 PL 57B 297  
ESPOSITC 75 NCL t ~  73 
FORD 75 PRL 34 604 
GITTEL~4A 75 PRL 35 1616 
GRECC 75 PL 56B 367 
HEINTZE 75 STANFORD SYMP.97 
JACKSON 75 NIM 128 t 3  
KNAPE[ 75 PRL 34  1040  
KNAPP2 75 PRL 34  1044 
LIBERMA~ 75 STANFORD SYMP.55 
MARTIN 75 PRL 34 218 
PREPCST 75 STANFORD SYME.241 
SIMPSON 75 PRL 35 699  
W[IK 75 STANFORD SYMP.69 
YENNIE 75 pRL 34 239 

ANTIPOV 76 TBTLISI CCNF.N B 
BACCI 76 LNF-76/601PI 
BARTEL 1 76 PL 6~ B 483 
BARTEL 2 76 TBIL ISI  CONF.NSB 
BRAUNSCH 76 PL 63 B 487  
BUSSER 76 NP B 113 189 
GOLDHABF 76 WISCONSIN CCNF.40 
JEAN-MAR 76 PRL 36  291 
PIERRE 76 SACLAY-DPUPE76-21 
SNYDER 76 PPL 36  1415  
VANNUCG[ 76 SLAG-PUB-1724 
WHITAKER 76 PRL 37  1596 
WI IK  76 TOIL IS I  CDNF.N7E 

ALEXANDE 
BARTELI  
BARTEL 2 
BIDDICK 
BRAUNSCH 
BURMESTE 
CBRDEN 
FELDMAN 
KNIES 
IONUTTI 

G.S.AdkAMa qLBL) 
÷HARVEY,LOBKOWlCZ,MAY,NOBOBERG (RCCH÷CORN) 
÷BECKER,BIGGS,BURGER,GLENN,÷ IMIT÷BNL) 
÷PENSO,STELLA,BALDINI-CELIO,+ (RCMA+FRASI 
BALDINI-CELI~,BOZZO,CAPON,BACCI+IFRAS÷ROMAI 
BALOINI-CELI~,CAPON,OEL FABBRD+ (FEAS÷RO~A) 
C.BEMPORAD (PISA+FRASCATI) 
÷BOYER,FAISSLER,GARELICK,OETTNER,÷ {NEAS) 
÷BREIDENBACH,BULOS,FFLDMAN,÷ ISLAC÷LBL)JPC 
B&AUNSCHWEIG÷ IAACHEN+HAMB÷MUNILH÷TOKYO) 
÷BLUMENFELD,BANNER,÷ (CERN*COLU+ROCK+SACL) 
+LEARNED,PREPOST,AGH,ANDERSD~,* (WISC÷SLACI 
+BEHNE,FkANRE,HORLITZ,KRECHLOCK+ (DESY) 
÷DEHNE,FOX,FRANKE,HORLITZ,KN[ES,+ [DESYI 
+KREISLE~,BCLON,HEILE+ (MASA+MIT÷SLAC) 
BRAUNSCHWEIG,KONIGS,÷ (AACH+DESY÷MPIM÷TOKYI 
BRAUNSCHWEIG,KONIGE,÷ (AACH÷DESY÷MPIM÷TOKY) 
÷BARTOLI,BISELLG,÷ (FRAS÷NAPL+PADO÷ROMA} 
+BERON,HILGER,HOFSTADTER+ (SLAC÷PENN) 
GITTELMAN÷HANSON÷LARSON+LOH+ (CORN) 
+PANCHERI-SRIVASTAVA,SRIVASTAVA (FRAS) 
J*HEINTZE (HEIDELBERG) 
J.D.JACKSON,D.SCHARRE (LBL) 
+LEE,BRONSTEIN÷ (COLU+HAWA÷CORN÷ILL÷FNALI 
+LEE,BRONSTEIN+ (COLU+HAWA+CORN÷ILL÷FNAL) 
A.D.LIBERMAN (STANFORD) 
+BOLON,DAKIN,FELDMAN,HANSON+IMIT÷MASA÷SLAC) 
R.PREPOST (WISCONSIN} 
÷BERON,FOkO,HILGER,HOFSTAOTER,+ (STAN÷PENN) 
B.H.WIIK (DESYI 
D.R.YENNIE (CORNELL) 

+BESSUBOV,BUDANOV,BUSHNIN,OENISOV,+ ISERP} 
÷BALDINI-CELIO,CAPGN+ (FRASeROMA÷GENOI 
+DUINKER~tSSON,STEFFEN,HEINTZ E+(DESY+HEID) 
÷DUINKE~,OLSSDN,HEINTZE,÷ (DESY+H~ID) 
BRAUNSCHWEIG,÷ (AACH÷DESY+HA~3÷MPIM÷TOKY) 
*BLUMENFELD,BANNER,÷ (CEBN~OLd+ROCK÷SACL) 
G.GOLDHABER (SLAC÷LBL) 
÷ABRAMS,BOYARSKI,BREIOENBACH,+ (SLAC+LBLIIG 
F.PIERRE (SLAC+LBLI 
÷HOM,LEDERMAN,APPEL,KAPLAN÷(COLU÷FNAL+SION) 
÷ABRAMS,BOYARSRI,BREIDENBACH,* (SLAC÷LBL) 
÷TANENBAUM,ABRAMS,ALAM,BOYARSKI,+(SLAC÷LBLI 
B.H.WIIK RAPPGRIEUR (DESY) 

77 DESY 77 /72  ALEXANDER,CRIEGEE~+ (DESY÷HAMB+SIEG+WUPP) 
T7 PL 66 B 4B9 +DUINKER,OLSSON,HEINTZE,+ (DESY+HEIDI 

T7 OESY 77/TO +DITTi4ANN,FRITSCHER,HEINTZE,÷ (OESY÷HFID) 
77 PRL 38 I 324  +BURNETT+ [UCSD+UMD÷PAVI+PRIN+SLAC+STANI 
77 DESY 77/02 BRAUNSCHWEIG,÷ (AACH÷DESY÷HAMB÷MPIM+TOKYI 
77 PL 72 B [B5  BURMESTER,CRIEGEE,~ (DESY÷MAMB+SIEG÷WUPP) 
77 PL 68 B 9B ÷DOWELL ,+  (BIRM*CERN+MPIN+NEUC+EPOL÷RHEL) 
77 PL 33 C BB5 +PERL (LBL+SLAC) 
77 DESY 77174 G.KNIES HAMBURG TALK ON PLUTO COLLAB.(DESY) 
77 HAMB. CONF. P. 145+BESCH,KOVALSK[ (BONN÷DESY÷MAINZI 

VANNUCCI 77 PRD 15 IB14 +ABRAMS,ALAM,BOYARSKI,÷ (SLAC+LBL} 
YAMAOA 77 HAMB. CONF. P) 69  YAMAOA (OESY÷TOKY} 
WIIK T7 DESY 77101 +WOLF (DESYI 

i i 

Ix(341 ) I . . . . . . . .  1 . . . . . . . . . . . . .  
I I 

OBSEBVED IN THE RADIATIVE DECAY OF PS1136851 INTO 
CHIl3415) GAMMA. THEREFORE C=+. THE OBSERVED DECAY INTO P[+ P I -  
OR K+ K- IMPLIES G=÷, JP=O+,B÷, . . . .  THE ANGULAR DISTRIBUTION 
IS CONSISTENT WITH J=Oo JP ABNORMAL EXCLUDED BY P[÷ P I -  AND 
K+ K- DECAYS. JR=O+ PREFERRED (FELDMAN T7) • 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . .  

56 CHI(3415} MASS IMEVI 

M H 2 3412.0 8.0 WIIK 75 GASP E÷E- ,J IPSI  2 GAM 1/77"  
1 3413.0 10.0 WHITAKER 76  SMAG E+E-,JIPSI 2 GAM [2 /77~  

3415 .0  IO.O TRILLING 76  SMAG E÷E-,HADRONS GAM 1177* 
M 34L3.0 11.0 WHITAKER 76  SMAG E÷E-,MONOCHR.GAM 1/77*  
M 3413.0 g.O BIODICK 77  CNTR E+E-,MDNOCHR.GAM 3177 "  
M W INCREASED 4 MEV BY FELDMAN 77 TO CORRECT FOR ENERGY CALIBRATION. 
M . . . . . . . . .  
M AVG 3413.1 4.2 AVERAGE (ERROR INCLUDES SCALE FACTUR OF 1.0)  
M STUDENT3413.1 4.5 AVERAGE USING STUDENTlO(HII.11) - -  SEE MAIN TEXT 

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

56 CHI(3415) PARTIAL DECAY MODES 

DECAY MASSES 
P1 CHI134151 INTO El÷ E l -  139÷ 139 
P2 CHI (34 IB I  INTO K ÷ K- 693÷  493  
P3 CH I (3415 )  INTO 2 (P I÷  P I - ]  139+ 139÷ 139÷ 139  
P4 CH[(3415) INTO 3 [E l÷  P I - )  
P5 CHI(3415) INTO PI+ P l -  K+ K- 139÷ 139+ 493÷ 493 
P6 CHI(3415) INTO J IPSI (3 ]O0)  GAMMA 3098÷ 0 
P7 CHI(3415) INTO 2 GAMMA 
P8 CH1(3415) INTO El÷ P l -  P PBAR 139+ 139÷ 938+  938 
P9 CHI(34LSI INTO RHO0 P I+  E l -  776÷ [39+ 139 
PIO CHI(3413) INTO B*IB92)O K. I -  E l - / +  892+ 493+ 139 

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

56 CHI(3415] BRANCHING RATIOS 

RI CHI(3415l INTO (2 GAMMAI/TOTAL 
R IT  lO.0OlglO~ LESS CL=O.go YAMADA 77  GASP E÷ E-.3 GAMMA 12 /77~  

R2 CHI(34151 INTO 2(PI÷  El- I /TOTAL 
R2 T .044 .008 FELDMAN 77 SNAG PSI(3685)TO GAM OH( I2 /77 "  

R3 CHI(3415) INTO (PI÷ E l -  K+ K - I /TOTAL  
R3 T .037 .010 FELDMAN 77 SMAG PSI(36B5)TO GAM GHI 12/77" 

R4 CHI(3415} INTO 3(PI+ PI-)/TOTAL 
R4 T .019 .OO? FELDMAN 77 SMAG PSII3685)TO GAMCHI I2177~ 

R5 CHII34151oINTOI (P I t  El- I /TOTAL 
R5 T . .003 FELDMAN 77 SMAG PSII36BSITD GAMCHI 12177* 

R6 CHI(3415l  INTO (K+ K-l/TOTAL 
R6 T .OI .003 FELDMAN 77 SMAG PSI(3685)TO GAMCHI 12177* 
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R7 EHI(3415) INTO (PI+ P l -  P PBAR)ITOTAL 
67 T .005 .002 FELOMAN IT SNAG PSII3605)TO GA~ OH( t 2 / T 7 *  

g8 C H I ( 3 4 1 5 )  INTO I J IPS I (3100 )  GAMMAIITOTAL 
RB T 0.027 O.OI3 {]ARTEL 77 CNT{] PSIi3685)TO GAM CHI 12177" 
RB T 0 . 0 6 5  0 . 0 2 3  {]IDDICK 7 7  C N T R  P S I ( 3 6 { ] E I T O  GAM C H I  1 2 / 7 7 "  
R8 T .03 .03 FELDMAN 7 7  SMAO PSI(36851TO CAM CH[ 12177* 
R8 T 0.047 0.027 YAMADA 7 7  DASP E + E - . 3  GAMMA 1Z/77" 
R8 . . . . . . . . .  
RB AVG 0.0333 0.C09~ AVERAGE (ERROR INCLUDES SCALE FACTOR OF I . o )  
RB STUDENT 0,033 0.011 AVERAGE USING STUDENTI{ ] (HI I . I I )  - -  SEE MAIN TEXT 

R9 C H l ( B 4 1 5 )  INTO (RHO0 PI+ PI-) ITOTAL 
R9 T .017 .DO& FELDMAN 77 SMAG PS[I3685ITO GAM CHI 12177* 

RIO CHI(3415} INIO (K*(892)0 K+ - E l -  +I/TOTAL 
RIOT .023 .008 FELDMAN 7 7  SMAG PSI(3685)TO GAM CHI 1 2 / 7 7 "  

R T CALCULATED USING PSI(3685) TO (GAMMA CHI(3415))ITOTAL=.07 1 2 1 7 7 #  

R T THE ERRORS 00 NOT CONTAIN THE UNCERTAINTY IN THE PSII3665) DECAY. 

REFERENCES FOR CHI(34[5}  

FELDMAN 75 PRL 3 5  821 +JEAN-MA{]IE,SADDULET,VANNUCCI,÷ (LBL+SLAC) 
ALSO 7{] PRL 3 5  1 1 8 9  IERRATA) 

TANENBAU 75 PRL 3 5  i 3 2 3  TANENBAUM,WHITAKER,ABRAMS,+ (LBL+SLAC) 
WIIK 75  STANFORD SYMP.b9 B.H.WIIK (DESY) 

PIERRE 76 L{]L-5324 F.PIERRE (SLAC÷LBL) 
TRILLING 76 STANFORD SYMP.437 G. H. TRILLING (LBL) 
VERNON 76  TBIL ISI  C C N F . N 6 3  W.VERNON [UMO+PAVI+RRIN+UCSD+SLAC+STANI 
WHITAKE{] 76  P{]L 3 7  1596  +TANENBAUM,ABRAMS,ALAM,BOYARSKI,+ISLAC+L{]LI 
WIIK 76 TBIL IS I  C C N F . N 7 5  B.H.WIIK RAPPORTEUR (DESY) 

BARTEL 77 OESY 7 7 1 7 0  +OI TTMANN( FRI TSCHER,HEINTZE,+ (OESY÷HEID) 
BIDDICR 7 7  PRL 38 1 3 2 6  +EURNETT+ (UCSD+UM{]+PAVI+PRIN+SLAC+STAN) 
BRAUNSCH 77 DESY 77103 BRAUNSCHWEIG,÷ IAACH+DESY+MAM{]+MPIM+TOKY) 
FELOMAN 7 7  PC 33 C 285 +PERL (LBL+SLAC| 
YAMADA 7 7  NAMB. CONF. P}  6 q  YAMADA (DESY+TOKy) 
WIIK 7 7  DESY 7 7 1 0 1  +WOLF (OESY) 

Ix(a ss)l . . . . . . . . . . . . . . . . . .  
OBSERVE{] IN THE CASCADE RADIATIVE DECAY OF PSI(3{]85) 
INTO CHI(3455) GAMMA, CHI(3455I INTO J/PSI{StOOI GAMMA 

iWHITAKER 7 6 ) ,  THEREFORE C=+. NOT SEEN IN HADRONIC 
MODES. NOT SEEN IN OTHER EXPERIMENTS LOOKING ONLY FOR MONOCHROMATIC 
PHOTONS, AMBIGUOUS, WITH A (BROADER~ STATE AT ABOUT 3340 NOT 
EXCLUDED. NEEDS CONFI{]MATION. JP={]- PREFERRED (FELDMAN 77 ) ,  
OMITTED FROM TABLE. 

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

5 8  CHI(3455) MASS {MEVI 

M A 3 4 5 6 . 0  i 0 . 0  WHITAKER T(~ SMAG E+E-,JIPS] 2 CAM I /TT*  

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

58 CHI[3455} PARTIAL DEOAY MODES 

DECAY MASSES 
P I  C H I ( 3 4 5 5 1  INTO J IPSI (3100}  GAMMA 3 0 9 8 +  o 

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

5 8  C H I { 3 6 5 5 1  {]RANCHING RATIOS 

R SEE {]RANCHING RATIOS R62  OF PSI(3685) 

REFERENCES FOR CHI(34{]SI 

WHITAKER 76  PRL 3 7  1 5 9 6  +TANENBAUM,AB{]AMS,ALAM,BOYARSKI,+(SLAC+LBL) 
WIIK 76 TB IL IS I  CONF.N75 B.H.WIIK {]APPORTEUR (DESY) 

WIIK 77 D{]SY 77/01 ~WOLF (DESY) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

IPo o ,  x ( a S l o l l .  PC . . . . .  . . . . . . .  G . . . . . .  

O{]SERVED IN THE RADIATIVE SEQUENTIAL DECAY 
OF THE PSI(3685) INTO PC GAMMA, PC I N T O  
J/PSI(3EOO) GAMMA. THEREFORE, 0=+. 

THE LACK DE DECAYS I N T O  PI+ PI- OR R+ K- IS SUGGESTIVE OF 
JP = ABNORMAL. THE DECAYS INTO 4PI AND 6PI IMPLY G = + ,  THUS I=O. 
J=O IS EXCLUDED {]Y THE ANGULAR DISTRIBUIION IN THE (GAMMA J /PSI )  
DECAY. JP=[*  PREFERRED (FELDMAN 77) . 

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

55 PC MASS (MEV) 

N 4 0  3 5 0 0 .  1o. TANEN{]AUM 7 5  SNAG HADRONS GAM 12177* 
M W 7 3 5 1 2 . 0  7.0 WIIK 7 5  DASP E+E-,JIPSI 2 GAM 1177. 
M 3 5 1 0 . 0  20.0 BARTEL 7 6  CNTR E*E - , J IPS I  2 GAM I177"  
M 12 3506.0 lO.O WHITAKER 7b SMAG E~E-,J IPSI  2 GAM E/77* 
M 3511.0 7.0 BIDDICK 7 7  CNTR E~E-, MONOCHR .GAM 3 / 7 7 *  
N W INCREASED 4 MEV BY FELDMAN 76 TO CORRECT FO{] ENERGY CALIBRATION. 
M . . . . . . . . .  

AVG 3508.4 A.O AVERAGE (ERROR INCLUDES SCALE FACTOR OF ( . O f  
SEUDENT350{].5 4 . A  AVERAGE USING STUDENTIO(HI[.11) - - -  SEE MAIN TEXT 

55  Pc PARTIAL DECAY MODES 

DECAY MASSES 
PI PC INTO J IPS I (3100 I  GAMMA 309B* 0 
P2 PC INTO P I *  P I -  139+ 139 
P3 Pc INTO K+ K- 493+ 493 
P4 PC INTO GAMMA GAMMA 
P{] PC I N T O  2 ( P I +  PI - I  139+ 139+ ~3g+ 139 
P6 PC INTO 3(PI+  RI-1 
P7 PC INTO P i t  P I -  K+ K- 139+ 139+ R93+ 493  

Mesons 
X(3415) X(3455) Pc or X(3510)X(3555) 

B PC (h ie  PI÷ P I -  P PBA~ 139÷ I39+ 935+ c58 
E9 RE INTO {]HO0 P[+ P l -  7?6÷ 139+ 139 

P I O  PC I N T O  K ~ ( B g B ) O  K + / -  P I - / +  B g Z +  4 9 3 *  1 3 9  
P l l  PC I N T O  P I +  P I -  X ( 2 8 3 0 1  

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

55  PC B R A N C H I N G  RATIOS 

R1 PC INTO (J /PSI (3100)  GAMMAS/TOTAL 
R1 T 0.46 O.El BA{]TEL 77 ChIN PSIIB{]B5) TO CAM PC £2177" 
R1 T 0 . 7 0  0.21 {]IDDICK 77 CNTR PSli3685)TO GAM PC 12177' 
R I  F .35 .07 FELDMAN 77 RVUE P S I I 3 6 8 5 I T O  GAM PC 12177* 
R] F INCLUDES WHITAKER 76 WIIK 7B,BIDOICK 7?. 
R[ T 0.15 0.04 YAMADA 77 DASP E+ E-,3 GAMMA 12/77.  
R( . . . . . . . . .  
{]I AVG 0.234 O .OTB  AVERAGE (ERROR INCLUDES SCALE FACTOR 0~ Z.4) 
R( STUDENT 0 . 2 4 0  0.058 AVERAGE USING STUDENTIOIHI I . I I )  --- SEE MAIN TEXT 

R2 PC I N T C  (P I+P I -  AND K+K-IITOTAL 
R2 T LESS THAN .0021 FFLDMAN 

R3 PC INTO (GAMMA GAMMAS/TOTAL 
R3 T (0.001910R LESS EL=0.90 YAMAOA 

R4 PC INTO 2 IP I+  PI-)ITOTAL 
R4 T .OIS .006 FELDMAN 

RS PC INTO (PI+ P I -  K+ K-l/TOTAL 
RE T .0085 .0042 FELDMAN 

R6 PC INTO 3(PI+  PI-~ITOTAL 
R6 T . 0 2 4  . 0 0 B  FELDMAN 

R7 PC INTO (P I *  PI- P PBAR)/TOTAL 
{]7 T .OOL4 .0011 FELOMAN 

R{] PC INTO (RHO{] ~I+ PI- I ITOEAL 
RB T .0037 .0031 FELDMAN 77 SHAG PSI(36851 rO GAM PC [2177.  

{]9 PC INTO {K*(892){ ]  K+ - P I -  +I / IOTAL 
R9 T .0044 .0031 FELDMAN 77 SMAG PSI(3685) TO GA~ PC 12177* 

RIO PC INTO (PI+ P l -  XiEBSO)I/TOTAL,X TO 2 GAMMA (UNITS 10 " * -4 }  
R I O C  l { ] .S I  OR LESS CL=0.gO BARTEL 77 C N T R  E+ E- 12177~ 

C THE VALUE IS NO{]MALIZED TO THE BRANCHI. RATIO {] PSII36851 
C INTO (J IPSI (3100)  ETAIITOTAt. 

R T ESTIMATED USING PSI(3{]{]51 TO (GAMMA PCIITOTAL=.O71 1 2 / 7 7 "  

R T THE ERRORS DO NOT CONTAIN THE UNCERTAINTY IN THE PSI(36851 DECAY. 

OASP 75 PL 57{] 407 
FELDNAN ?5 STANFORD SYMP.39 
HEINTEE 75 STANFORD BYMP.gT 
SIMPSON 7B PRL 35 699 
TANENBAU 75 PRL 35 1323 
WIIK 75 STANFORD SYMP.{]9 

BARTEL 76 TEIL IS I  CCNF.NS6 
WHITAKER 76 PRL 37 1596 
WIIK 76 TB IL IS I  CDNF.N75 

{]ARIEL 77 DESY 77170 
BIDDICK 77  RRL 3{] 1326  

?? SNAG PSI136851 TO CAM PC 12/77" 

7T DASR E+ E-,3 GAMMA 1 2 1 7 7 .  

77 S½AG PSII3{]85) TO CAM PC 12177# 

7 7  SNAG PSI13685I TO GAM PC 1 2 1 7 7 *  

77 SNAG PSI(3685) TO GAM PC 12177* 

7 7  SMAG PSI(36851 TO GAM PC 12177* 

{]RAUNSCHWEIG,NONIGS,+ (AACH÷DESY+MPIM÷TOKYI 
G.J.FELDMAN ISRAEl 
J . H E I N T Z E  ) H E I D E L B E R G )  
÷ B E R O N . E O R D p H I L G E R . H O F S T A D T E R , ~  ( S T A N + P E N N )  
TANEN{]AUM,WHITAKER,ABRAMS,+ (LBL+SLACI 
B.H.W[IK (DESY) 

÷DUINKER,OLSSON,HEINTZE,+ (D{]SY+HEID) 
+TANENBAUM,ABRAMS,ALAM,BOYARSKI,+ISLAC+LBL) 
B.H.WIIK RAPPORT{]UR (DESY) 

+DITTNANN(FRITSCHER,HEINTZE,+ (OESY+HEID) 
+BURNETT+ (UCSD+UMO+PAVI+PRIN+SLAC+STAN) 

{]RAUNSCH T7 DESY 77/03 BRAUNSCHWEIG,+ (AACH+DESY+HAMB+MPIM+TOKY) 
FELOMAN 77 PL 33 C 285 ÷PERL (LBL+SLACI 
YAMADA 77 HANB. CONF. P. 69 YAMADA (D{]SY*TOKY) 
WIIK ?T DESY 77101 +WOLF (DESYI 

Ix(assa) l .................... 
OBSERVED IN RADIATIVE DECAY OF RSI(3{]85) INTO 

CHI(3555) GAMMA. THEREFORE C=+. THE O{]SERVED D{]CAY INTO 6PI 
AND APT IMPLY G=÷, THUS I=0 .  
J=O IS EXCLUDED BY THE ANGULAR DISTRI{]UTION IN THE HADRONIC 
DECAYS. JP ABNORMAL EXCLUDED BY PI+ P I -  AND K+ K- DECAYS. 
JR=2+ PREFERRED (EELDMAN 77) . 

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

5 7  C N I ( 3 5 { ] 5 1  MASS I M E V I  

M 3550.0 10.0 TRILLING 7 6  SMAG E + E - , H A D R O N S  GAM [ 1 7 7 "  

M 4 3543.0 IO.O WHITAKER 7b SHAG E*E- , J IPS I  2 GAM 1177" 
M 3501.0 7.0 BIDDICK 77 CNTR E+E-, MONOCHR .CAM 3/77*  

MM . . . . . . . . .  
AVG 3553.6 5.4 AVERAGE iE{]ROR INCLUDES SCALE FACTOR OF I . I )  

M STUDENT3553.8 5.9 AVERAGE USING STUDENTIO(HII.111 - -  SEE MAIN TEXT 

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

S? {]H113555) PARTIAL DECAY MODES 

DECAY MASSES 
Pl  CHI(3SSSI INTO PI+ E l -  139+ 139 
P2 CHI(SSSEI INTO K~ K- 493+ 493 
P3 CHI(3555) INTO 2(PI+ E l - )  139+ 139+ 139+ 139 
P4 CHI(SSSSI INTO 3(P(+ P I - I  
P5 C H I I S 5 { ] 5 )  I N T O  P I +  P I -  K+ K- 139+ 1 3 9 +  * 9 3 ÷  4 9 3  
P6 CHI(3555I  INTO J IPSI (3 IOOI  GAMMA 3098+ o 
P7 CHl(3555} I N T O  2 GAMMA o+  0 
P8 C H l ( 3 5 { ] 5 )  INTO PI+ E l -  P PBAR I 3 9 +  I 3 9 +  938+ 938 
P9 C H I ( 3 { ] 5 5 I  INTO RHCO PI÷ E l -  776+ 139+ 1 3 9  

RIO CHI(3555| INTO K*I{]92)O K+/-  E l - l +  892+ 493+ [39 

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

57 CHI(SBSE) {]RANCHING RATIOS 

RI CNI13555) INTO (2 GAMMAS/TOTAL 
R/ T (O .ODO{ ] IOR  LESS EL=0.90 YAMA{]A 

RE CNI135{]51 INTO 2(PI+ El- l /TOTAL 
RE T .0023 .oo{] FELDMAN 

?7 DASP E~ B-,3 GAMMA 13/77" 

?? SHAG PSII3685)TO GAM {]HI I2 /TT* 



Mesons 
X(3555), "~(3685) 

R3 CH1(3555) IN1£ (PI+ P I -  K+ K-)/TOTAL 
R3 T .020 .006 FELDMAN 77  SMAG PSl(3685)TO GAM CHI 12/7?~ 

R4 C H I ( 3 5 5 5 )  INTO 3 {P I+  PI-)/TOTAL 
R4 T .011 .007 FELDMAN 77 SHAG PSI(3685)TO DAN CHI 12/77~ 

R5 CH[ (3555 )  INTO (P[+ P I -  AND K+ K-)ITOTAL 
R5 T .0029 .0014 FELDMAN 77 SNAG PSI(3685} ID GAM CHI 12/77~ 

R6 CHI (35B5 )  INTO (PI+ P I -  P PBAR)ITOTAL 
R6 T .002g .0014 FELDMAN 77 SHAG PSI(3685]TO GAM CHI [2177~ 

R7 6HI(35551 INTO (J /PS I I 31OB]  GAMMA)/TOTAL 
R7 T 0 .33  0 .09  BARTEL 77  CNTR PSI(3685)TO GAM CHI I2 /77~  
R7 T 0.31 0.14 BI0OICR 77  CNTR PSI(3685)T0 GAM CHI 12177= 
R7 T , I 4  . 06  FELDMAN 77  SHAG PS I (3685 )TO GAM CHI I 2 / 77=  

0.14 0.03 YAMADA 77 DASP E+ E - , 3  GAMMA I2177~ R7 T 
R7 . . . . . . . . .  
R7 AVG O . I B l  0 . 0 3 4  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l . B ]  
R7 STUDENT 0.157 0.029 AVERAGE USING STUDENTIO(H/ I . I I I  - -  SEE MAIN TEXT 

(SEE IDEOGRAM BELOW } 

WEIGHTED ~UERAGE = O . IG i  ± 0 .034  

ERROR SCALED BY 1 ,3  

t CHZS~ 
- - 4 -  . . . . . . . . . .  YAMADR 77  DASP 0 ,5  

I ~ . . . . . . . . . .  FELDMAN ??  SMAG 0 .1  

k I - .B IDD IDK  ? ?  ENTR i . i  

~ - - - -T~ '~ , . ' ' ' BARTEL  7 7  CNTR 3 .S  

S ,3  

{CONLEV 
-0 .1  . 1  0 , 3  O .S  0 , 7  =0 .153 )  

CH I (3SS5 )  INTO I J /PS I (B IO0 )  6~MMR) /TDTRL  

RB 6 H I ( 3 5 5 5 1  INTO IRHO0 P I+  PI- I ITOTAL 
RB T .OOTl .0043 FELOMAN 77 SMAG PSI(3685)TO GAM CHI 12177= 

R9 CH1(3555) INTO (K$(892IO K+ - P I -  +)/TOTAL 
R9 T .0074 .0044 FELDMAN 77 SMAG PSII3685)TO GAM CHI I2177~ 

R T ESTIMATED USING PSI(3685) TO (GAMMA CHI(3555))ITOTAL=.D? 
R T THE ERRORS DO NOT CCNTAIN THE UNCERTAINTY IN THE PSI(B68S) DECAY. 

REFFRENCES FOR CH1(BS5E) 

FELDHAN 75 PRL 38 Bal +JEAN-MARIE,SADOULET.VANNUCCI.+ {LBL+SLAC) 
ALSO 75 PRL 35 1189 )ERRATA) 

TANENBAU 75 POL 35 1323 TANENBAUM,WHITAKER,ABRAMS,+ (LBL+SLAC) 

TRILLING 7b STANFORD SYMP.437 G. H. TRILLING (LBL) 
WHITAKER 76 PRL 37 I596  +TANEN8AUM.ABRAM$tALAM,BOYARSKI,+(SLAC+LBL) 
WIIK 76 TBIL IS I  CONF.N75 B.B.WIIK RAPPORTEUR (DESY) 

BARTEL 77 DESY 77170 +DITTMANNIFRITSCHER,NEINTZE~+ (DESY+HEIOI 
BIDDICK 77 PRL 38 1324 +BURNETI+  (UCSO+UMD+PAVI+PRIN+SLAC+STAN) 
BRAUNSCH 77 DESY 77103  BRAUNSCHWEIG,+ (AACH+DESY+HAMB+MPIM+TDKY) 
FELOMAN 77 P t  33 C 285 +PERL (LBL+SLAC) 
YAMADA 77 HAMB. CONF. P. 69 YAMADA (DESY+TOKY) 
WIIK 77 DESY 77101 +WOLF [DESY) 

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

71 PSI[3685) MASS (MEV) 

WE USE INDEPENDENT MEASUREMENTS OF THE JIPSI(BIOOl 
MASS, THE PSI(30B5) MASS, AND THE MASS DIEFERENCE TO 
PERFORM A CONSTRAINED FIT.  

M S 3680 .3  37 .  CRIEGEE 75  PLUT E+E-  2•75 
M 3684. 5. LUTH 75 SNAG E+E-- 1/76 

3684. 9 .  PBEPOST 75 SPEC 21. GAMMA O 1176 

M AVG 3683.9 4.3 AVERAGE )ERROR INCLUDES SCALE FACTOR OF 1.0) 
M STUDENT3683.9 4.7 AVERAGE USING STUDENTIO(HII.11) - -  SEE MAIN TEXT 
M FIT  3 6 8 5 . 5  2 . 5  FROM FIT (ERROR INCLUDES SCALE FACTOR OF IDOl 

M S ERROR OF ABOUT 1 PER CENT FROM THE UNCERTAINTY IN CALIBRATION OF 
M S THE BEAM ENERGY. 

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

71 PSI(3685) - J IPSI(310O) MASS DIFFERENCE (MEV) 

DM 5E8.7 .8 LUTH 75  SMAG 
ON . . . . . . . . .  
OM FIT 588.6 O.B FROM FIT )ERROR INCLUDES SCALE FACTOR OF 1.0)  

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

71 PSI(36851 WIDTH (KEV) 

w 228.  56. LUTH 75 SMAG 

............................................................. 
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71 PSI(3685) PARTIAL DECAY MODES 

DECAY MASSES 
• B+ .5  P{ PSI(3685) INTO E+ E l 

P2 PSI(3685) INTO MU+ MU- t05+ I05 
P3 PSI(3685) INT0 HADRONE 
P4 PSI(36851 INTO VIRTUAL GAMMA INTO NADOONS 

P DECAYS INTO J IRSI(3100)  + ANYTHING 
p . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P l l  PSI(3685} INTO J IPSI (3 IOO) + ANYIHING 
Pl2 PSI(B6851 INTO J IPSI {3100)  NEUTRALS 
PI3 PSI(36851 INTO JIPSI(SIDO] P I+  P I -  3098+ 139+ [39 
P14 PSI(3685I  INTO OlPSIlBIOO) PIO PIO 3098+ 134+ I34 
PIE PSl i3685) INTO JIPSI(3IOO} ETA 3098+ 548 
PL6 PSI(3685] INTO JIPSI(31OOI GAMMA GAMMA 

P hADRONIC DECAYS 
p . . . . . . . . . . . . . .  

P2I PSI(3685) INTO PI+ P I -  [39+ I 3 9  
P22 PSI(3685} INTO RHC PI 776+ 139 
P23 P S I ( 3 6 B S (  INTO K+ K -  493+ 493 
P24 PS I (368S)  INTO B (P I+  P I - )  139+ 139+ 139+ [ 39  
P25 PS ] (3685 I  INTO 2[P[+ P [ - )  PIO 139+ 139+  139+ 139+ 
P26 PSI(3685) INTO PI+ P I -  K+ K-- 139+ 139+ 493+ 493 
PB7 PSI(3685) INTO BOAR P 938+  938  
P28 PSI(3685) INTO LA~BOA ANTILAHBOA 1115+1115 
P2g P51(3685) INTO X I  ANTIXI 1~2I+1321 
PBO PSI(3685) INTO OMEGA X(2830I  783+2830 

P RADIATIVE OEEAYS 
p . . . . . . . . . . . . . . .  

P51 PSI13685) INTO GAMMA GAMMA 
P52 PS[[BCBSI INTO PIO GAMMA 
P53 PSI(3685I INTO ETA GAMMA 
PB4 PSI(368B) INTO ETA PRIME GAMHA 
PS5 PSII36BSI INTO X(2830) GAMMA 2830+  O 
P56 P S I ( 3 6 8 5 )  INTO CHI(34151 GAMMA 3'~13+ 0 
P57 PSIIB6BS} INTO CHI(BASS) GAMMA 3454+ 0 
PEa PSIIB6851 INTO PC(3510) GAMMA 3 5 0 8 +  o 
P59 PSI(3685] INT0 CHIiB555) GAMMA 3554+ 0 
P60 PS I (3685 )  INTO PC(BEIOI + ANYTHING 

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

FITTED PARTIAL DECAY MODE BRANCHING FEACTIONS 

The ~trlx below is derived fron% the error matrix for the fitted partial decay mode 

8ranching fractions, PI' as follows: The dia~onal elements are P ±GP, where 
z I 

EP i : V<61°IGPi>, while the off-dia~onal elements are the normalized correlation coeffi- 

cients <6P 6PI>/(SPI'I . 6Pj}, For the definitions of the individual P,I see the list(riBs 

above; only those P appearing in the ~trix are assumed in the fit to be nonzero and 

are thus constrained to add to I. 

J /V~  +~- . 3289+ - . 0251  
J /~  ~ °v °  °4707  o [734+ - . 0178  
J/~ ~ -.0218 -.0102 .0418+-.0071 
J/~+OTHZR . 2 5 9 3  - - . 4156  - . 1526  , 0 3 3 4 + - . 0 2 5 B  
NON-J/~ --.9014 --.42~3 --.0537 -.5565 . 4227~ .0445  

71 PSI(B685) PARTIAL WIDTHS (KEV) 

W1 FSI(3685) INTO E+ E- (G1) 2175 
w]  Z . I  .3 LUTH 75  SNAG E+E-  1 /76  

W3 PS I (B685 )  INTO HADRONS (G3) 
W3 224. 56. LUTH 75 SNAG E+E- 1176 

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

71 PSIIB68S) BRANCHING RATIOS 

RE PSI(B685) INTO (E+ E-I/TOTAL 
R1 L .OOB8 .0013 FELDMAN 77 RVUE E+E- 12177~ 
RI L FROM AN OVERALL FIT ASSUMING EQUAL PARTIAL WIDTHS FOR (E+E-) 
RI L AND (MU+MU-). FOR A MEASUREMENT OF THE RATID SEE THE ENTRY R4 BELOW 
R1 L INCLUDES LUTH ?5,HILGER ?5,BURMESTER 77 

RE PS[(36851 INTO [MU+ MU-IITOTAL 
R2 H .DOT? . 0017  HILGER 75 SPED E+E-  1176  
R2 H RE-STATED BY US USING (JIPSI(31OO)+ANYTHINGIITDTAL =O.B5 

R3 PSI(38BE) INTO {HADRONSIITOTAL 
RB P .981 .003 LUTH 75 SNAG E+E- l / 7B  
R3 P INCLUDES CASCADE CECAY INTO J IPSI (3100)  4177* 

R4 PSII368S) INTO IMU+ MU- I / {E+  E-) 
R4 .89 .16 BOYARSKI 75 SHAG E+E- 12/77~ 

R5 PSI(36851 INTO (GAMMA INTO HADRONS)ITGTAL 
R5 C .029 .004  LUTH 7S SNAG E+E- 1178 
R5 C INCLUDED IN R3 

R DECAYS INTO J/PSI(BIO01 + ANYTHING 

R . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RIO PSI(36B5) INTO (J /PSI IB lOO) + ANYTHINGI/TOTAL 
RIO .57 .DO ABRAMS 75 SNAG E+E- [176 
RtO . . . . . . . . .  
RIO FIT O.S77 0.D44 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)  

R I I  PSI(36851 INTO (J /PSI (3 [OOI  + NEUTRALSI/(JIPSI()IOO) + ANYTHING) 
R I I  .41 .02 TANENBAUN 76 SNAG ErE- 2176 
R l l  . . . . . . . . .  
R l l  FIT 0.410 0.020 FROM FIT )ERROR INCLUDES SCALE FACTOR OF 1 .0 I  

R12 PSI(3685) INTO ( J IPS I (3100 )  PI+ PI- i /TOTAL 
RI2 .32 .04 ABRAMS[ 75 SNAG E+E- 1/76 
RI2  °36 .oG WIIR 75  DASP E+E- 1178 
RI2 . . . . . . . . .  
RI2 AVG 0.332 0.083 AVERAGE (ERRDR INCLUDES SCALE FACTOR OF l .O )  
RIB STUDENT 0.332 0.036 AVERAGE USING STUDENT10(H/[.I[) - -  SEE MAIN TEXT 
R12 FIT 0.329 0.025 FROM FIT (ERROR INCLUDES SCALE FACTOR OF [ .Q)  
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Mesons 

RI3 PS1{36851 INTO (JIPSIKS[O0[  PIO PIOIITOTAL 
R I 3  0 . 1 7  0.029 ABRAMS| 75  SMAG E + E -  I I 7 7 .  
RI3 ° £ 8  . O h  WIIK 7 5  DASP E + E -  L 1 7 6  

R 1 3  . . . . . . . . .  
R13 AVG 0.172 0.026 AVERAGE (ERROR I N C L U D E S  SCALE FACTOR OF I . O [  

RI3 STUDENT 0 . 1 7 2  0 . 0 2 8  AVERAGE USING S T U D E N T | O I H I [ . I I ]  - -  SEE M A I N  TEXT 
RE3 FIT 0.173 O.OIB FROM F I T  [ERROR INCLUDES SCALE FACTOR OF | .O) 

RI~ PSI13685[ INTO (J IPS I (3100 )  PIO P [O I I ( J /PS I (3 |OO l  PI÷ P I - )  
RI4 H ( . 64 )  I . LS )  HILGER 75 SPEL E+E- I /Tb  
RI4 0.53 O . C B  TANENBAUM 7 6  SMAG E+E- 1 / 7 7 "  

R|4 P 1GNORIBG THE (J /PSI  ETA) AND i J / P S 1  GAMMA GAMMA) DECAYS 
RI4 . . . . . . . . .  
R[4 FIT 0.527 0.050 FROM FIT [ERROR INCLUDES SCALE FACTOR OF I .O )  

RIB PSII36851 INTO (J /PSI (3100)  ETA)/TDTAL 
RIO . 0 4 3  .OOB TANENBAUM 7 6  SMAG E + E -  1 1 7 6  
RIO .037 .015 WIIK 75 OASP E÷E- 1176 
R15 . . . . . . . . .  
R I 5  AVG 0.0417 O.OOTl  AVERAGE [ERROR INCLUDES SCALE FACTOR OF / .O f  
RIO STUDENT 0.0417 0.0076 AVERAGE USING STUDENTIO(HI| . [ I )  - -  SEE MAIN TEXT 
RIO FIT 0.0416 O.OOTl FROM FIT (ERROR INCLUDES SCALE FACTOR OF t . O )  

R I 6  PSIi3bB5) INTO (JIPSI[31OOl GAMMA OR J IRSI(3100)  P I O I / T O T A L  

RIB ( o 0 0 1 5 [ 0 R  LESS C L = . 9 0  TANENBAUM 7 6  SMAG E÷E- 2 / 7 6  

R HADRONlC DECAYS 
R . . . . . . . . . . . .  

RBO PSI(36851 INTO ( P I +  PI-I /TOTAL (UNITS |o*~-~1 
RBO (3 .7 I  OR LESS CL=O.90 BRAUNSCHW 7b DASP E+E- 1177. 
R 2 0  1 0 . 5 ]  OR LESS CL=O.90 FELDMAN 77 SMAG E÷E- 12177* 

RE| PSI(3~851 INTO (RHO0 PIO)/TOTAL 
R21 [ . D O t ) O R  LESS CL=.OD ABRAMS 75 SMAG E÷E- 1176 

R22 P S I ( 3 6 8 5 1  INTO [2 [P I÷  P I - )  PIOI/TOIAL 
R22 .0035 .0015 ABRAMS 75 SNAG E+E- 1/76 

R23 PS1{3685) INTO (K+ K-[/TOTAL [UNITS 10"*-4) 
R23 2 ( 14 . ]  OR L E S S  eL=0.90 BRAUNSCHN 75 OASP E+E- 1 /77 .  
R23 [ 0 . 5 l  DR L E S S  0L=0.90 FELDMAN 77 SMAG E+E- 12177~ 

R24 PSI(3B85) INTO I P I +  PI -  K+ K-)ITOTAL 
RE4 O.O01G 0.0004 FELDMAN 77 SMAG E+E- 12/77" 

R 2 5  PSI(36851 INTO (PBAR PI/TOTAL [UNITS 10**-41 
RZ5 ( 4 . 7 1  OR LESS eL=O°90 BRAUNSOHW 76 DASP E + E -  1 / 7 7 "  
R25 2 . 3  0 . 7  FELDMAN 7 7  SMAG E + E -  1 2 1 7 7 *  

R 2 6  P S [ ( 3 6 8 5 )  INTO [RHO P/l/TOTAL 
R 2 6  IO.O01)DR L E S S  CL=0.90 BARTEL i 7 6  CNTR E+E- 1177. 

R27 PSI(3685) INTO 2(PI÷PI - ) ITOTAL 
R2T 0.0008 0.0002 FELDMAN 77 SMAG E+E- 12177* 

R2B P S I [ 3 6 8 5 1  INTO (LAMBDA ANTILAMBOA[ITDTAL 
R2B ( O . O 0 0 4 ) D R  L E S S  C l = O ° 9 0  F E L D M A N  7 7  SMAG E+E- I B 1 7 7 ~  

R29 P 5 1 [ 3 6 8 5 [  INTO (X I -  ANTI( I - I /TOTAL 
R 2 9  [0 .0002)  FELOMAN 7 T  SMAG E+E- 12177* 

R30 PSII36BS) INTO [OMEGA X{2830))ITOTAL,X TO 2 GAMMA [UNITS i O * * - Z ]  
R 3 0  (O.O23)OR LESS CL=0.90 BARTEL 7 7  CNTR E + E -  12177* 

R 
R 

R41 
RAt 
R41 

RADIATIVE DECAYS 

PSI I3665[  INTO [GAMMA GAMMA)/TOTAL 
U (.OOBIOR LESS eL=.95 HUGHES 75 SPEC E÷E- 1/76 

(.DOS)DR LESS eL=.90 WIIK 75 DASP E+E- 1/76 

R~2 PSi(3685} INTO (PIO GAMMA)/TOTAL 
R 4 2  U 1 . 0 0 7 ) O R  L E S S  e L = . 9 5  HUGHES 7 5  SPEC E ÷ E -  1 / 7 6  
R42 ( . O l )  OR LESS CL=.90 WIIK 75 DASP E 'F-  1176 

R~3 PS[(3685) INTO (ETA GAMMA)ITDTAL [UNITS 10" * -2 )  
R4B u 1 1 . 8 [  OR LESS eL=.95 HUGHES 75 SPEC E + E -  l l l B  

R43 [O.O2[OR LESS CL=O.90 YAMADA 77 OASP E÷ E- ,3  GAMMA 12 / IT *  

R4A PSI(368S) INIO {ETA PRIME GAMMA)/TOTAL (UNITS 10=*-21 
RA4C (O.O231OR LESS CL=O.90 BARTEL 2 76 CNTF E÷E~ LBIT7* 
R44 R (O.b) OR LESS CL=O.90 BRAUNSCHW 77 DASP E÷E- 12177* 

R53 P S I ( J b B S [  INTO ( X I 2 6 3 0 )  GAMMAIITOTAL [UNITS 1 0 " * - 2 1  

RE3 ( I . l )  OR LESS Cl=O°90 WHXTAKER 76 SMAG E+E- 4 /77 .  
R53 ( I . 0 ]  OR LESS CL=O.90 BIDOICK 77 CNTR E+E~ 3 /77*  

R54 PSI(36BBI INTO (X[28301GAMMA)/TOTAL [UNITS 10=~-21 
R54 X[2830) INTO CHANNEL SPECIFIED IN COMMENTS 
B54 (0.51 OR LESS CL=0.95 HUGHES 75 SPFC X TO 12 GAMMA) 12177. 
R54 (0.01410R L E S S  CL=O.90 YAMADA 77 DASP E÷ E-,3 GAMMA 12/77~ 
R54 (0.0S) OR LESS CL=O.90 BARTEL 77 CNTR X TO {2 GAMMA) 12177= 
RBAC (0.018)0R LESS eL=0.90 BARTFL 2 77 CNTR X TO (RHG GAMMA) 12177# 

R55 PSI(36851 INTO (CHI(3~15) GAMMA)/TDTAL (UNITS I O * * - E [  + 
R55 A 7.5 2.6 WHITAKER 7 6  SMAG E E -  1 / 7 7 .  
R55 A 7.2 2.3 BIDDICK 77 CNTR E+F-,MONOOHR.GAM 3177" 
R55 . . . . . . . . .  
R55 AVG 7 .3  1 . 7  AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.0) 
R55 STUDENT 7.3 l °B AVERAGE USING STUDENTEOIHI[.111 - -  SEF MAIN TEXT 

R5T PSI(3685} INTO (CH1[3555) GAMMA)/TOTAL )UNITS 10"*-21 
R 5 7  B 7 . 0  Z.O BIOD{CK 7 7  CNTR E+E-,MONOCHR.GAM 3 / 7 7 *  

R59 PSI(36BS) INTO (PC135101 GAMNA)/TOTAL IUNITS [ 0= * -2 I  
R59 B 7 . 1  1 . 9  BIDDICK 7 7  CNTR E+E-,MONGCHR.GAM 3 1 7 7 =  

RBI PS1(36851 INTO (CHI[3455) GAMMA)/TOTAL [UNITS 10~*-21 
RBI B [ 2 . 5 )  OR LESS 0L=0.90 B]DDICK 77 CNTR E÷E- 3/77= 

R62 PSI(3685) INTO (CHI(3~55) GAMMA)/TOTAL (UNITS 10~*-2) 
R62 C H 1 ( 3 4 5 5 1  INTO CHANNEL SPECIFIED IN  COMMENTS 
R62 4 (0.81 (0 .~)  TRILLING 75 SMAG OH/ TO(J/PSI GAMMA) 1/77"  
R62 [O.0OT)OR LESS CL=0.90 YAMADA 77 DASP E÷  E-~3 GAMMA IB177" 
R62 (0.6~ OR LESS CL=O.OO BARTEL 77 CNTR CHI TO)JIBS/ GAMMA) 12/77= 
R62F 0.6 0 . 4  FELDMAN 77 RVUE CHI TOIJ/PS[ GAMMA) 12/77~ 
R62F INCLUDES WHITARER 76 WIIK 76. [2177" 

R A ANGULAR OISIRIBGTION [I+COS~=BI ASSUMED 
R B VALID FOR ISOTROPIC DISTRIEUTION OF THE PHOTON 

C THE VALUE IS NORMALIZED TO THE BRANCHI. RATIO O PSI(36851 
G INTO (d IPS/ f3100)  ETA)/TOTAL. 

R U RE-STATED BY US USING {MU+MU-)ITDTAL = .0077 
R R RE-STATED BY US USING TOTAL DELAY WIDTH 228 KEV. 

7 1  PSII36B5} G(I )*G(E+E-} /G( IOTAL) (REV) 

THIS COMBINATION OF A PARTIAL RIDTH WITH THE PARTIAL WIDTH 
INTO E+E- AND WITH THE TOTAL WIDTH 1S OBTAINED FROM THE INTEGRATED 
DROSS-SECTION INTD CHANNFL(II IN THE E+E- ANNIHILATION. 
WE ONLY LIST DATA NOT HAVING BEEN USEO TO DETERMINE THE PARTIAL 
WIDTH G I l l  OR THE BRANCHING RATIO G{[ I ITOTAL. 

G3 GIHADRONIC}$G(E+E-)IG(TOTALJ 
03 2.2 .4 ABRAMS 7 5  SMAG E+E- 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR PSI[3685) 

ABRAMS 74 PRL 33 1453 +BRIGGS,AUGUSTIN,BOYARSKI÷ (LBL+SLAC) 

ABRAMS 75 STANFORD SYMP.25 G.S.ASRAMS (LBL} 
ABRAMSI 75 PRL 3~ I iB I  +BRIGGS,CHINOWSKY,FRIEDBERG,e (LBL+SLAC) 
AUBBRT 75 PRL 33 I624 +EECKER,BIGGS,BURGER,GLENN~ [MIT+BNL) 
BOYABSKI 75 PALERMO OCNF. 54 ÷BRE[OBNBACH,BULOS,ABRAMS,BRIGGS÷KSLAE+LBL) 
CAMERIN[ 75 PRL 3 5  483 ÷LEARNED,PREPDST,ASH,ANDERSON,* (WISC+SLAC} 
C R I E G E E  75  PL 5 3 B  4 8 9  + O E H N E , F R A N R E , H D R L I T Z , K R E C H L O C K +  ( D E S Y )  
DASR3 75 PL 5TB 407 BRAUNSCHREIG,KONIGSt÷ tAACN÷DESY÷MPIMeTOKY) 
FELDMAN 75 PRL 35 B21 +JEAN~MARIEtSADOULET,VANNUCCI,÷ (LBL÷SLAE) 
FELDRAN1 75 STANFORD SYMP.39 G.J.FELDMAN (SLAC) 
GRECO 75 PL 56B 367 +PANCHERI-SRIVASTAVA~SRIVASTAVA (FRAS} 
HFINTZE 75 STANFORD SYMP.97 J.HEINTZE (HEIDELBERG) 
JACKSON 75 NIM 128 13 J.D.JACKSDN,D.SCHARRE [LBL) 
HILGER 75 PRL 35 625 +BERON,FORD,HOFSTADTER~HOWELL,+ (STAN+PENNI 
HUGNES 75 PREP.HEPL 765 +BERON,CARRINGTON,FGRD,HILGER,÷ (STAN÷PENN) 
LUTH 75 PRL 35 i124 +BOYARSKI,LYNCH,BREIOENBACN,+ (SLAC+LBL)JPC 
LIBERMAN 75 STANFORD SYMP.55 A.O.LIBERMAN (STANFORD) 
PEEPOST 75 STANFORD SYMR.24£ R.PREPOST (WISOONSIN) 
SIMPSON 75  PRL 35 699 ÷BERON,FORO,HILGER,HOFSTAOTER,+ [STAN+PENN[ 
TANENBAU 75 PBL 3 5  I B E 3  TANENBAUM,WHITAKER, ABRAMS,+ (LBL+SLAC) 
WIIK 75 STANFORD SYMP.69 B.H.WIIK (DESY} 

BADTKE 7B PREPRINT  +BARNETT ,+  (UNO+PAVI+PRIN÷UCSD+SLAC÷STAN) 
BARTEL I 76 PL 6 A  B 083 ÷DUINKER,OLSSONtSTEFFENtHEINTZE+(DESY÷HEID) 
BARTEL 2 76 TBXLIST CONF.NS6 +DUINKER,OLSSON,HEINTZE,+ (OESY÷HEIOI 
BRAUNSL~ TB PL 6 3  B 4 8 7  BRAUNSOHWEIG,+ (AACH÷DESY÷HAMB÷MPIM+TOKYI 
SNYDER 76  PRL 3 6  1415 +HOM,LEOERMAN,APPEL,KAPLAN~ICOLU÷FNAL+STON[ 
TANENBAU 76 PRL 3 6  402 TANENBAUM,ABRAMS,BOYARSKI,BULOS~+[SLAL+LBLIIG 
IRILLING 7& SIANFORD SYMR.437 G. H. TRILLING (LBL) 
VERNON 76 TB IL IS I  CONF.N63 W.VERNON (UMD÷PAVI÷PRIN+UCSO÷SLAC÷STAN) 
WHITAKER 76  PRL 3 7  1 5 9 6  +TANENBAUM,ABBAMS,ACAM,BOYARSK[,+(SLAC÷LBL) 
WIIK 76 TBILIS1CCNF.N?5 B.H.WIIK RAPPORTEUR (DESY) 

BARTEL 77 DESY 77170 ÷DITTMANN[FRITSCHERtHEINTZE,÷ (DESY+HBID) 
BARTEL Z 77 HAM. CON. P. IT7 ÷DITTMANN,FRITSCHER,HEINTZE,÷ (DESY*HEIDI 
BIODICK 7 7  PRL 3 8  1 3 2 4  +BURNETT+ [UCSD÷UMO+RAVI*PRIN÷SLAC~SRAN) 
BRAUNSCH 7 7  PL 6 7  B 2 4 9  BRAUNSCHWEIG,+ (AAOH÷OESY÷HAMB*MPIM*TOKY[ 
EURMESIE 7 7  PL 66 B 3 9 5  BURMESTER,CRIEGEE,+ (DFSY÷HAMB+SIEG+WUPP) 
FELDMAN 77 RL 35 c 285 ÷PERL (LBL*SLAC) 
YAMADA 77 HAMB. CONF. P. 6g YAMADA (DESY÷TDKY) 
W[IK 77 DESY 7710! +WOLF (DESY) 

l <a 7o)l . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

53 PSI(37701 MASS {MEVI 

M (3770 . I  l b . 0 )  BACIND 77 SPEC 0 E÷E- (DELED[ 12/77" 
M 3772.0 6.0 RAPIDIS 77 SMAG 0 E+E- 12177* 

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

DM 53 PSI(37701-PSI(36851 MASS DIFFERENCE (MEV) 
DM 88.0 3.0 RAPIOIS 77 SMAG E+E- 12177" 

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

53 PSI(3770I  WIDTH (MEV) 

W 424.0) (5.01 BACINO 77 SPEC 0 E÷E- IDELCO)  12177* 
W 28.0 5.0 RAP/DIS 77 SNAG 0 E÷E- 12/77" 

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

53 PS I (3 / / 0 )  PARTIAL WIOTHS (KEV) 

WI PSI(37701 INTO E÷E- 
W/ (O. iB)  [0.061 BACINO 77 SPED O E+E- (OELCO} 12177" 
W/ R 0.37 0.09 RAPIDIS 77 SNAG O E+E- 12177" 
WI R SEE ALSO R2 BELCW 

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

53 PSII3770) PARTIAL DECAY MODES 

DECAY MASSES 
PL PSI(3??D[ INTO E+ E- .5+ .5  
P2 PSI[3770) INTO D DBAR 1876+1876 

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

53 PSI(37701 BRANCHING RATIOS 

RI PSI(37701 INTO (O BBAR)/TOTAL (P2) 
R/ DOMINANT PERUZZI 77 SMAG E*E-,D DEAR [2 /77*  

R2 PSI(37701 INTO (E+BE-IITOTALo [UNITS 10"$-5 [  (PIT 
R2 1.3 . RAPIOIS 77 SMAG 0 E÷E- 12177" 
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Mesons Data Card Listings 
~p(4030), ~p(4415), T1(9410 ), Tz(10060), K *, K ° For notation, see key at front of  Listings. 

REFERENCES FOR PSII3770) 

BACINO 77  SLAC-PUB-2030 ÷BAUMGARTEN,BIRKWOOO,÷ (SLAC+STAN+UCLA÷UCII 
PERUZZI 77 PkL 39 1301 +PICCOLO,FELDNAN,PERL~÷(SLAC,LBL,NWES+HAWA) 
BAPIDIS 77 PRL 3 9  526 ÷GDBBI,LURE,PERL,÷(STAN÷SLAC÷LBL÷NWES÷HAWAJ 

l (4oao) l .................... 
C M I T T E D  FROM TABLE. 

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

72 PS1(4030) MASS {MEVI 

M 4028.0 2.5 GOLDHABER 77 SNAG E~E- 12177* 

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

72 PSI[40301 PARTIAL DECAY MODES 

DECAY MASSES 
PI PSI(40301 INTO D DBAR 
P2 PSII4O30) INTO D*  OBAR AND D~BAR O 
P3 P S I ( 4 0 3 0 1  INTO O *  D'BAR 
E4  PSI(4O301 INTO J /PS I [3 IO0)  HADRONS 
P5 PSI(4030) INTO E÷ E- 
P6 PSI(4030| INTO MU+ MU- 

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

72 ESI(4O3D) BRANCHING RATIOS 

R( PSI(4O301 INTO ID DBAR}/(D* DBAR+D*BAR 05 (P I | / IP2 )  
R I  0 . 0 5  0 . 0 3  GOLDHABER 7 7  SMAG o E *  E -  1 2 1 7 7 *  

R2 PSII40301 INTO J /PSI (3100 I  HADRONS (P4) 
R2 LOOKED FOR BURMESTER 77 PLOT E+E- ~ /77"  

RB PSI(4O30) INTO (D* D*BARI/ ID*  DBAR÷B*BAR D} (P3 | / (PZ i  
R3 32.0 12.0 GOLDHABER 77 SMAG 0 E~ E- I 2 / 77 "  

R4 PSI[~030I  INTO IE+ E-)ITGTAL (UNITS I 0 " * - 5 )  (PS) 
R4 It.Of APPROX. FELDMAN 77 SMAG E÷ E- 12/77" 

REFERENCES FOR P S I I B O 3 O l  

AUGUSTIN 7 5  PRL 3 ~  7 6 4  ÷BOYARSKI,ABRAMS,BRIGGS÷ (SLAC~LBLI 
BACCI 75 PC 5fib ~ B l  ÷BIDOLI,PENSD,STELLA~+ (RDMAeFRAS) 
BDYARSKI 75 PRL 34 762 +BBEIOENBACH,ABRAMS,BRIGGS,÷ ISLAC+LBL] 
ESPOSITD 75 PL 58B 478 ÷FELICETTI,PERUZZI~+ (FRAS÷NAPL÷PADD÷ROMAI 
$CHWITIE 75 STANFORD SYMP.5 R.F.SCHWIIIERS (SLAC) 

PFRUZZI 7 6  PRL 3 7  5 6 9  +PICOOLO,EELDNAN,NGUYEN,HISS,+ (SLAC*LBL) 

BURMESTE 7 7  DESY 7 7 / 1 9  +CRIEGEE,DEHNE+ (DESY+HAMB÷SIEG÷WUPP) 
GOLOHABE 77 PL 6g B 503 GOLOHABER,WISS,ABRAMS,ALAM,LUTH,÷(LBL÷SLACI 
FELBMAN 77  PC 3 3  C 285 +PERL I L B L ~ S L A C )  

LUTH 77 PL 70 B 120 +PLERRE,ABRAMS,ALAM,BOYARSKI,÷ (LBL+SLACI 
WIIK 77 DESY 77/01 +WOLF (DESY) 

l (441s) I , . . . . . . . . . . . . . . . . . . .  

RESONANCE-SHAPED STRUCTURE IN E ~ E -  I N T O  HADRONS. 
NUMBER OF STATES IN THIS REGIDN~ AND SPECIFIC DECAY MODES, UNKNOWN. 

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

73 PSI I~415I  MASS (MEV)  

M 4 4 1 4 .  7.  SIEGRIST 76 SMAG E+E- 2176 
M I 4400 . I  APPROX. KNIES 77 PLUT 0 E÷E-,MU+ MU- 12177* 

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

73 PSI(4415) WIDTH (MEVI 

W 3 3 .  iO. SIEGRIST 76 SNAG E+E- 2/76 

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

73 PS I I44 IS )  PARTIAL DECAY MODES 

DECAY MASSES 
PI P S I 1 4 4 1 5 I  INTO E÷ E- .5+ .5 

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

73 PS1(4415) BRANCHING RATIOS 

RI PSI(4415) INTO (E+ E-I/TOTAL (UNITS I 0 . * - 5 I  
R( 1.3 . 3  SIEGRIST 76 SMAG E ÷ E -  2/76 

R2 PSI(4415) INTO HADRONS/TOTAL 
R2 ~MINANT SIEGRIST 76 SMAG E~E- 1 /77"  

REFERENCES FOR PSI(4~IS) 

SCHWITTE 75  STANFORD SYMP.5 R.F.SCHWIITERS (SLAC) 

SIEGRIST 76 PRL 36 TOO +ABRAMS,BOYARSKI,BREIOENBACH~+ (LBL*SLAC) 

KNIES 77 OESY 77/74 G.KNIES HANBURG TALK ON PLUTO COLLAB.IDESY} 
LUTH 77 PL 70 B 120 +PIERRE,ABRAMS,ALAM,BOYARSKI,÷ [LBL*SLAEI 
WIIK 77 DESY IT /O f  ÷WOLF (DESY) 

I r ~I iT l~9410 j  i . . . . . . . . . . . . . . . . . . . .  I 

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

4913UPSILON( ~ASS (MEV] 
M I 9410. . INNES 77 SPEC 0 400 P÷A,MU+MU- 12177 = 
M I FROM 2-PEAK FIT 12177. 

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

49 UPSILENI WIDTH (GEVJ 

W A (TOO.) OR LESS INNES 77 SPEC 0 400 P+A,MU÷MU- 12177. 

W A FROM OUOTED RESOLUTION 

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

49 UPSILON[ PARTIAL DECAY MODES 

DECAY MASSES 
PI  U P S I L O N 1  I N T O  MU+ MU-  I 0 5 e  I 0 5  

P2 UPSILONI INTO E+ E- .5+ .5 

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

4 9  UPSILCNI BRANCHING RATIOS 

R( UPSILON! INTO MU÷ MU- IP t l  
R1 SEEN HERB 77 12177* 

R2 UPSILOEI 1NTO E+ E- [P21 
R2 SEEN COBB 77 1 2 1 7 7 =  

REFERENCES FOR UPSILONI(9~IOI 

COBB 77 PC +IWATA,FABJAN,GOLOBERG÷IBNL+CERN÷SYRA~YALE) 
HERB 77  PRL 3 9  252 +HOM,LEDORMAN,APPEL,ITO,÷ (COLU÷FNAL÷STnNI 
INNES 77 PRL 39 12~0 ÷APPEL,BROWN~HERB,HOM,FISK÷ICDLU÷FNAL+STON} 

l moooo)l .................... ...... 

SPLITTING OF UPSILON SEEN IN ONE EXPERIMENT 
ONLY. WAIT CONFIRMATION. OMITTED FROM TABLE. 

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

52 UPSILON2 MASS (MEV} 

M [ i0060.  30. INNES 77 SPEC 0 400 P÷A,MU÷MU- 12/77.  
M I FROM 2-PEAK FIT 12177" 

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

52 UPSILON2 WIDTH (GEVI 

w A ( i 06 . )  OR LESS INNES 77 SPEC O ~OO P~A,MU÷MU- 12777* 
W A FROM QUOTED RESOLUTION 

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

52 UPSILON2 PARTIAL DECAY MODES 

DECAY MASSES 
PI UPSILON2 INTO MU÷ NO- I05+ 105 
P2 UPSILON2 INTO E+ E- .5÷ .5  

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

52 UPSILON2 ERANCHING RATIOS 

RI UPSILONB INTO MU+ MU- (E l )  
RI SEEN HERB 7 7  1 2 1 7 7 *  

R2 UPSILON2 INTO E+ E-  IPB) 
R2 SEEN COBB T7 12/77~ 

REFERENCES FOR UPSILON2110O6O) 

COBB 7 7  PL ÷INATA,FABJAN~GOLDBERG~{BNL+CERN÷SYRA~YALE) 
HERB 77 PRL }9 252 +HOM,LEDERMAN~APPEL,[TO,÷ (OOLU*FNAL+STON) 
INNES 77 PRL ~9 1240 +APPEL,BROWN,HERB,HDM,FISK+ICOLU÷FNAL÷STONI 

S=+I C=0 MESON STATES 

F ~  I 0  CHARGED KI494,JP=O-I  I=112 

SEE STABLE PARTICLE DATA CARD LISTINGS 

11 NEUTRAL K(498,JP=O - )  I= I12  

SEE STABLE PARTICLE DATA CARD LISTINGS 
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Data Card Listings 
For notation, see key at front of  Listings. 

IK'(8o211 . . . . . . . . . . . . . . . . . . . .  

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

18 K*(8925 MASS IMEV) 

M CHARGED ONLY. THIS IS WHAT APPEARS CN MESON TABLE 
M S 100 1898.05 15.01 CHADWICK 63 HBC + 1 .5  K÷P(K P I )  12/75 
M W 1700 8 9 1 . 0  1.2 WOJCICK] 64 HBC - 1 .7  K-P(KO P I - I  12/78 
M SO 200 1889.55 13.61 ADELMAN 65 HSC - 1 .5  K-P 12175 
M S 300 5891.05 13.O]  FERRO-LUZ 68 HBC + K÷P 12175 
M S 300 (895 .01  ( 3 . 0 ]  GELSEMA 65 HBC - 1 .5  K-PIKO P l - )  12175 
M SO 190 1895.) {3.65 BDMSE 87 HBC + 2.3 K+P (KO Pl+) 12175 
M D 620 891. 2.3 DE BAERE 07 HBC 3.5 K÷P (KO Pl+) 12/78 
M SO 260 1892.5] (3°31 OE BAERE 67 HgC + 3.5 K+P (K+ PIO) 12179 

SD 70 1898 . }  19 .0 )  SALLSTROM 67 HBC 3.  K+ P (KO PI+)  12778 
SO 50 ( 8 8 3 . }  ( 7 .05  SALLSTRDM 67 HBC + 3 .  K + P (K ÷ P[O) I2178 

M 720 890.  3 . 0  BARLOW 67 HBC 1.2  PBARPIKO P l )  12 /75 
M eO0 889.  3 . 0  BARLOW 67 HBC +-  1.2  PBARPIK P l )  12 /75  

M S 300 ( 8 9 6 . 0 )  ( 5 . 0 )  CONFORTO 67 HBC 4 -  D. PBARP(KO P l }  I2775 

M S 430 ( 8 9 3 . )  53*01 DE WIT 68 DBC - 3 . 0  K-O(KOPI - )  12 /75 
M D 540 888.  2 . 5  DE WIT 68 HBC - 3 . 0  K-P 12175 
M S 1891 . I  1 4 . 0 )  FICENECI 68 HBC - 1 .3  K-P IK -P IO}  12/75 
M s ) 8 8 7 , )  13.05 FICENECI 68 HBC 1.3  K-P (KOPI- )  12218 
M S (890 .05  (5 .05  FICENEC2 68 HBC - 2 . 7  8 -  P(K-PIO)  12/75 

M S ) 8 9 2 , 0 )  13.01 FICENEC2 68 HBC - 2 . 7  K- P(KOPI- }  12 /75  

M S O I [ 5  1896 .0 ]  ( 4 . 0 5  SCHWEINGR 68 HBC - 4.1 K-P(KO P I - )  t 2 / 7 5  

M 341 892 .0  2 .6  SCHWEINGR 68 HBC 5 .5  K-P(KO P [ - )  12775 
S 175 1884 .0 )  ) 5 . 0 )  KANG 68 HBC - 4 . 6  K-P[K P l )  12275 

iOO0 891.0 2.0 CRENNELL 69 DBC 3.9 K-N (KOP[-) 12/78 
M 2886 894,  l . O  FRIEDMAN 65 H8C - 2.1 R-P(KO P [ - )  12/73 
R 728 Bg2. 2. FRIEDMAN b9 HBC 2.45 K-PIRO P I - ]  12775 
M 3229 BOB. [.O FRIEOMAN 69 HBC - 2.6 K-PIKO PI-) 12/75 
M 01027 892. 1.6  FRIEDMAN 69 HBC - 2 7 ~-~(KO PI-) 12/75 
M SD 1Z7 5895.] 54.8) LIND 69 HBC 9. K-~ 12/78 
M 4404 892.2 1.5 AGUILARI 71 HBC - 3.9,4.6 K- P 11271 
N 0 768 894.2 2.0 CLARK 73 HBC - 3.13 K-D(KO PI--) 12175 
M W 01150 894 .5  1 .5  CLARK 73 HBC 3 . 3  K -8 ,P  PI-- KO 12/7B 
M i 90DO ( 891 .9J  ( 0 .75  PALER 75 HBC - 14.3  K - P , K * -  x *  12775 

N . . . . . . . . .  
M AVG 892 .24  0.43 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
M STUDENT 892 .19  0.51 AVERAGE USING STUDENTIO(H/ l .111 - -  SEE MAIN TEXT 

M NEUTRAL ONLY. 
M B 70 ( 8 9 7 . 0 )  (TO.O) CDLLEY 62 HBC O 2 .0  PI -P 12275 

M S 120 1 8 9 9 . I  ( 4 . 0 }  BARLDW 67 HBC O 1.2  PBAR P 18/75 
M S 310 1 8 9 7 . ]  ( 4 , 0 )  BARLOW 67 HBC 0 1 .2  PBAR P I Z / ? 5  

M S (BBO.O} ( 5 . 0 )  CONFORTO 67 HBC 0 O. PBAR P [ 2 / 7 5  

N DID40 894 .7  [.4 DAUBER 67 HBC 0 2 . 0  K--P(K-PI*)  12 /75  
N AS 490 1 8 9 2 . 0 ]  ( 4 . 0 1  GEORGE 67 H8C O 5 . 0  K+ P 12/75 

SD {895 . )  ( 4 . 0 )  FICENECI 68 HBC 0 1.3 K-P (K -R I÷ )  12278 
SO 1901 . )  ( 4 ° 0 )  FICENEC2 88 MBC o 2 . 7  K-P ( K - P I $ )  12275 

M SO 150 ( 8 9 6 . 0 )  ( 4 .51  SCHWEINGR 68 HBC O 4 . 1 K - P [ K - P I ÷ )  12275 
N SDIBD [ 9 0 3 . 0 )  [ 5 . 0 )  SCHWEINGR 68 HBC o 5 . 5  K - P I K - P I ÷ I  12/78  
N S 200 1 8 9 9 . 0 ]  ( 5 . 0 )  KANG 68 HBC O 4 . 6  K - P ( K - P I ÷ )  12 /75  
N IOK 8 9 3 . 7  2 .0  DAVIS 69 H8C o 12. K+P(K÷P[ - I  12175 
M WAD2200 1890.05 l l . 3 l  OE BAERE 69 HSC 0 5.0 K+P(K+PI-I 12775 
M W 4300 895 .0  1 . 0  HABER 70 D8C o 3 .  K-N ( K - P I + I  12 /75 

M 02934 897.9 1.I AGUILARI 71 HBC 0 3.9,4.6 K- P 12275 
M 05362 898 .0  0 .7  AGUILAR1 71NSC o 3.9,4.6 K- P 12275 
M DlTOO 8 9 8 . 4  1 .3  8UCHNER 70 DBC 04 .6  K+ N,K+ P [ -  12 /72  
M 3188 896 .0  1 .0  LEWIS 73 HBC 0 2 . 1 - 2 . 7  K÷P 3174 

R C 8 9 4 . 0  i . 3  I l N G L I N  73 HBC 02-13 K+P,K+PI-  12 /75  
N IOK 8 9 6 . 0  0 . 6  FOX 74 RVUE O 2 K-P,K-PI+N 12/75 
R 8 9 6 . 0  0 . 6  FOX 74 RVUE 0 2 K+N,K+PI-P 12 /75  
M C 896.  2 .  MATISON 7A HBC 012 K+P ,K÷P I -  12 /75  

M 3600 898 .5  l . O  MCCU8B(N 75 HBC 0 3 . b  K -P ,K -P I÷~  12275 

M I 22R (897 . [ )  ( 0 . 7 )  PALER 75 RBC 014 .3  K-P,K~O xo 12175 
897.6 0 . 9  BOWLER 77 DBC 05.4 K+D~K+PI-P P 18177 ~ 

P ( 8 9 5 . 7 ]  ( 0 . 3 ]  ESTA8ROOR 77 SPEC 013 K÷-P,K+--PI÷-  12177* 
M P FROM PHASE SHIFT ANALYSIS OF 155000 EVENTS. 
M ( 8 9 4 . 9 )  [ 1 . 61  WICKLUND 77 ASPK o 5 , 4 , 6  P I ~ P N  [ 2 / 7 7 ~  

M 

M AVG 8 9 6 . 3 5  0 . 3 5  AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ . 3 )  

M STUDENT 896.26 0.52  AVERAGE USING STUDBNTIOIH/I.115 -- SEE MAIN TEXT 
(SEE IDEOGRAM BELOW ) 

W E I E H T E D  QUERREE = 8 9 6 . 3 S  ± 0 , 3 S  

ERROR SCALED BY 1 .3  

. . . . .  BOWLER 

.MCCUBBIN  

.MAT ISDN 

FOX 

.FOX 

L INGL IN  

.LEWIS 

. B U C H N E R  

, g G U I L A R t  

-ABUILARi 

,HABER 

-DAVIS 

.DAUBER 

ogo B94 B~B 902 

NEUTRAL  Km[892 )  MASS ( M E U )  

CHISQ 

77  DBO 1 .9  

75 HBC 0 .7  

74  HBC 0 .0  

74  RUUE 0 .3  

74  RVUE 0 .3  

73 HBC 3.3 

73  HBC 0 .1  

72 DBC 2.5 

? l  HBC E .6  

75  HBC 2 ,0  

70  DBC l . B  

0 9  MBC i . ?  

G? HBC 1 .4  

21.7 

90G (CONLEU 
= 0 . 0 4 0 )  

Mesons 
K*(892) 

M A INCLUOED IN L[NGL|N 73 WORLD K÷P PSI 

M C FROM POLE EXTRAPOLATION. 

M D MASS ERRORS ENLARGED BY US TO GAMMA/SORT(N). SEF TYPED NOTE, 

M I INCLUSIVE 8EACIICN. COMPLICATED BACKGROUND ANO PHASE-SPACE EFFECTS 
M S D A T A  WITH MASS ERROR OE 3 MEV GR MORF NOT AVFRAGEO 
M W NUMBE~ DF EVENIS IN PEAK REEVALUATED BY US 

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

Note on K* (892) Masses and Mass Differences 

Unrealistically small errors are reported 

by some experiments. We use simple "realistic" 

tests for the minimum errors on the determination 

of mass and width from a sample of N events: 

? r 
(m )  = - -  , ~ (F) = 4 -- 

m n  ~ m~n / ~  

(For detailed discussion see the April 1971 

edition of this note.) We consistently increase 

unrealistic errors before averaging. 

Although in the past we have argued against 
.+ 

taking the mass difference m(K *°) - m(K ) from 

the separate averages of m(K *°) and m(K*±), we 

no longer see any reason for such caution. In 

fact, the difference between the separate 

averages agrees with direct measurements of the 

mass difference, and it has a smaller statistical 

error. 

18 REID) - K * ( + - )  MASS DIPF.  IMEV} 

D W 283 6 .3  4 . 1  BARASH &7 H8C D PBAR P 12/78 

D SD140Q (6 .5 )  15 .0 )  FICENECI 68 HBC 1 .3  K- P 12 /75  
SOI60O I 9 . 5 1  ( 8 . 0 )  FICENEC2 b8 HBC 2 . 7  K- P 12278 

7358 5 . 7  1 .7  AGUILAR1 71HSC -D 3 . 9 , 4 . B  K- P tl/TI 
o . . . . . . . . .  
D AVG 8 . 8  1 .6  AVERAGE )ERROR INCLUDES SCALE FACTOR OF I . O )  

D STUDENT 5 . 8  1 .7  AVERAGE USING S T U D E N T I O I H T [ . I I )  - -  SEE MAIN TEXT 

S D MASS ERRORS ENLARGED BY US TO GAMMA/SORT(N). SEE TYPED NOTE. 
DATA WITH MASS ERROR OF 3 MEV OR MORE NOT AVERAGED 

W NUMBE8 OF EVENIS IN PEAR REEVALUAI£D BY US 

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

18 K~(8921 WIDTH IMEV} 

W CHARGED ONLY. THIS IS WHAT APPEARS QN MESON TABLE 

W S TOO (46 .01  (8 .05  CHADWICK 63 HBC + 1 .5  K+P(K P( ) 12175 
W W 01700 46 .0  5 .0  WOJCICKI 64 HBC - 1.7  K-P(KO P I - )  12 /78 

w SO 200 151.05 ( 1 8 . O f  
W SD 300 (~7 .01  ( I f . O f  
W $0 3O0 (50 .01  112.05 

W 80 190 150 . )  ( 1 5 . 0 )  

W D 620 5 6 . 0  g.O 
W SD 260 153.1 113.05 
W SD T O  | 68 . )  ( 5 3 . 0 |  

W SO 50 (47 .1  K27.0)  

N SD 210 (44.) { [ 2 . 0 )  
W 720 43. 9 . 0  
w D 600 53 .  9 . 0  
w SD 430 ( 5 8 . I  (12 .01 
w 0 540 44 .0  8 . c  
w S 558 . I  ) t o . O )  
W S ( 4 4 . )  513.05 

W SO 115 (41 .D)  116.05 
W SD 34I 147.05 ( l e . o )  
w 5 ( 5 7 . 0 )  ( 1 3 . 0 )  

w S 148.05 I g . o )  
W SO 178 (52 .05  ( l B . O I  
w 02886 83.  4 . 0  
w D 728 4 9 .  7 . 3  

03229 46. 3 . 2  
DI027 49. 6 .1  

w SO 127 1 5 0 . I  ( [ 8 . 0 )  
W D4404 84 .3  3 . 3  

W O 765 46 .3  8.7 
w a DE150 4 8 . 2  5.7 
W 1 9000 {52 .15  ( 2 . 2 )  

AOELMAN 65 HBC - 1 .5  R-P 12178 
EERRO-tUZ b8 HBC + 3 . 0  K+P 12178 
GELSEMA 65 HBC 1 .5  K-PIKO P I - )  12 /75 

BOMSE 67 HBC ÷ / . 3  K+P(KO P I÷ )  12 /75  
DE BAERE 67 HBC + 3 .8  K÷PIKO PI÷}  12778 
DE 8AERE 67 HBC 5 , 8  K÷P (K÷ PIO) 12178 
SALLSTROM b7 HBC * 3 ,  K÷ P (KO o I + l  [ 2 / 7 8  

SALLSTROM b7 HBC + 3 .  K÷ P IK+ PIO} 12275 

BARLOW 67 HB£ +- 1 .2  PBAR P 12178 
~ARLCW b7 HBC +-  1 .2  PBARP(KO PI )  I 2 / 7 5  
BAkL~W 67 HBC 1 .2  PBARP(K P l )  12178 
DE WIT 68 DBC - 3 .  K- D 12275 
DE WIT 68 OBC - 3 .  K- D 12175 

FICENEC1 88 HBC 1.3  K-P (K-FED) 12275 
~ICENECE b8 HBC - 1 .3  K-P (KOPI - }  12 /75 

SCHWEINGR 6B HBC - 4 . 1 K - P I K O  PI--) 12 /78 
SOHWEINGR 68 HBC - 5 . 5  K--RIKO P I - )  12175 

FICENEC2 68 HBC 2 . 7  K- P(R-P lO)  12 /78  

FICENECB 68 HBC - 2 . 7  K- P iKOPI - )  12178 
KANG 68 HBC 4 . 6  K- P 12/75 
FRIEDMAN 69 HBC - 2 .1  K-FiND P I - )  12175 

FRIEDMAN 69 HBC - 2.48K-P(KO P I - )  12275 
FR(EOMAN 69 HBC - 2.B K-P{KO P I - )  12 /75  
FRIEDMAN 69 HBC 2 . 7  K-P[KO P I - I  12175 
LIND 69 HBC ÷ 9 .  K+ P 12175 

AGUILARI 71HBC - 3 . 9 , 4 . b  K- P 12/75 
CLARK 73 HBC 3 . [ 3 K - P , P  P I -  KO 12/75 
CLARK 73 HEC - 3 .3  K -P ,P  P l -  KO 12/75  
PALER 75 HBC 14 .3  K -P ,K* -  x+ 12275 

w . . . . . . . . .  
w AVG 4 9 . 5  1 .5  AVERAGE (ERROR INCLUDES SCALE FACTOP OF l . O )  

W STUDENT 49.4 1 .8  AVERAGE USING STUL~ENTIO(H/ I . [ I )  - -  SEE MAIN TEXT 
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Mesons 
K*(89Z), O 

Data Card Listings 
For notation, see key at front of  Listings. 

H NEUTRAL CNLY.  
w SO 70 (60.0) (B�.0) COLLEY 62 HBC 
W S 310 (53.) (13.O) BARLOW 67 HBC 
W SO 128 (34.) (12,5) BARLOW 67 HBC 
w D1040 44. 5,5 DAUBER 67 HBC 
W S (52.) (12,0) FICENECL 6B HBC 
w S (50.01 (B.O) FICENEC2 6B HBC 
W SO 200 (4B.O] l iE.O) RANG 6B HBC 
W SO 120 (51.0) (19.0) SCHNEINGR 68 HBC 
W SO 150 (53.0) (17.5) SCHWEINGR 68 HBC 
w D IOK 53.2 B. l  DAVIS 68 HBC 
W WADB200 15B.O) (5.0) DE BAERE 6q HBC 
W W D4300 54.0 3.3 HABER 70 DBC 
W 2934 55.8 4. B 3.~ AGUILARI 71 HBC 
W 05362 48.5 2.7 AGUILAR1 71HBC 
w D1700 51.4 5.0 BUCHNER 72 DBC 
W DBI86 46.0 3.3 LEWIS 7B HBC 
W C (46.5} (1.5) LINGLIN 75 HBC 
W IOK 47. 2. FOX 7~ RVUE 
w 51. 2 .  FOX 74 RVUE 
W C (47. l ( 3 . l  MATIS~N 74 HBC 
w 3600 48. 3 .  2. MCCUBBIN 75 HBC 
W I 22K (50.6) I2 .5 }  PALER 75  HBC 
w 48.9 2.5 BOWLER 77  DBC 
W P (52.9) (0.4) ESTABRGOK 77 SPEC 
W P FROM PHASE SHIFT ANALYSIS OF 155000 EVENTS. 
W (51.2) ( I . 7 )  WICKLUND 77 ASPK 

0 2.0 PI-P 12/75 
0 1.2 PBAR P 12175 
o 1.2 PBAR P 12/15 

0 ~;OK~ . . . . . . .  
0 I P (K-PI÷) 12 /75  

2.7 K- PIK-PI+) 12175 
4.6 K-P(K-PI+} 12/75 

0 5 .5  K -R (K -P I+ )  12175  
0 4 . l  K-P(K-PI÷] 12/75 
0 12. K+P(K+P I - I  12/75 
O 5.0 K+P(K+P I - )  12/75 

3 .  K-N (K -P I+ )  12 /75  
3 .9 ,4 .6  K-  P 11171 

0 3 .9 ,4 .6  K- P 12/75 
04.6 K+ N,K÷ PI-P 12172 
02 .1 -2 .7  R+P 12175 
02 -13  K+P,K+PI- 1/74 
O 2 K-P,K-PI+N 12/75 
0 2 K+N~KePI-P 12/75 
012 K+P,K+PI- 12/75 
0 3.6 K-P ,K -P I+N  12 /75  
014.3 K-P,K*O XO 12/75 
05.4 K+D,K*PI-P P 12/77" 
013 K÷-P,K~PIe- 12/77" 

05 ,4 ,~  P I+ -PN  12177*  
H . . . . . . . . .  

W AVG 49.86 0.91 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.11 
W STUDENT 40.79 0.98 AVERAGE USING STUOENT[O(H/I.EI) - -  SEE MAIN TEXT 

W A INCLUDED IN LINGLIN 73 WORLD K+P DST 
~ FROM POLE EXTRAPOLATION. 

~IOTH ERRORS ENLARGED BY US TO 4*GAMMA/SQRT(N). SEE TYPED NOTE. 
W I INCLUSIVE REACTICN. COMPLICATED BACKGROUND AND PHASE-SPACE EFFECTS 
W W S DATA WITH MASS ERROR OF 3 MEV OR MORE NOT AVERAGED 
W NUMBER OF EVENTS IN PEAK REEVALUATED BY US 

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

1B K* (B92 )  P~RTIAL DECAY MODES 

DECAY MASSES 
P1 K*(B52I INTO K PI G93+ 139 
P2 K~(8921 INTO K PI Pl 493+ 139+ 139 
P3 K*(892) INTO K GAMMA 498÷ 0 

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

18 K~(892} BRANCHING RATIOS 

RI K*(8921 INTO (K P] P I I / (K  PI)  (PBl / (P l )  
R1 0 (O.O02)OR LESS WOJCICKI2 64 HBC - 1.7 K-P 

R2 K~(892) INTO (K GAMMAIITOTAL (UNITS 10.*-3) (P3 )  
R2 (1.6)  OR LESS CL=.95 BEMPORAD 72 CNTR ÷ lO . - 16 .  K÷A,COU1 1173  
R2 1.5 0.7 CARITHERS 75 CNTR 0 8-IbKOBAR A,COUL 12/75 

****** ********* ********* ********* ********* .******** ********* ******** 

REFERENCES FOR K* (892 )  

ALSTON,ALVAREZ,EBERHARD,GOGD,GRAZIANO+(LNL) 
ALEXANDER,KALBFLEISCH,MILLER,G SMITH (LRL) 
D COLLEY,N GELFAND + (COLUMBIA+RUTGFRS) 

CHAOWICK~CRENNELL,DAVIES,BETTINI+(OXF+PAOOI 
SULAMITH GOLDHABER (LRL) 

STANLEY G WOJCICKI (LRL )  

STUART LEE ADELMAN (CAVENDISHI 
FERRO-LUZZ I ,GEORGE,HENRI , JONGEJANS (CERNI  
FERRO-LUZZI,GEORGE,GOLDSOHMIDT-CLER÷ (CERN) 
E.S.GELSEMA (SEE ALSO PL 10 BAli(AMSTERDAM) 
WANGLER~FRWIN,WALKER (WISCONSIN) 

BARASH,KIRSCH,MILLER,TAN (COLUMBIA) 
÷MONTANET,D-ANDLAU÷ (CERN*CDEE÷IRAD÷LIVP] 
÷BORENSTEIN÷COLE*GILLESPIE÷ (JOHN HOPKINS) 
+MARECHAL,MONTANET+CERN+CDEF÷IPN+LIVERPODL 
÷SCHLEIN,SLATER,TIDHO (UCLAI 
*GOLDSCHMIDT-CLERMONTtHENRI÷ (BRUX÷CERN] 
+KINSON+MCDONALD+RIDDIFORO* (CERN÷BIRM} 
+GOLDSCHMIDT-CLERMONT+HENRI÷ (CERN÷BRUXI 
SALLSIROM+OTTER+EKSPDNG (STOCKHOLM] 

S. DE WIT (AMSTERDAM) 
÷HULSIZER+SWANSON÷TROWER (ILL) 
FICENEC, GORDON, TROWER (ILLINOIS) 
Y.W.KANG (IOWA) 
SCHWEINGRUBER,DERRICK,FIELDS÷ (ANL÷NWESI 

÷KARSHDN,LAI,DNEALL,SCARR (BNL) 
÷DERENZO,FLAFTE,ALSTON,LYNCH,SOLHITZ (LRLI 
÷GOLDSCHMIDT<LERMONT,HENRI,÷ {BELG+CERNI 
J.FRIEDMAN, PH.D. THESIS (LRLI 
*LEACOCK,RHODE,KCPELMAN,LIBBY,÷ (ISU+COLOI 
÷ALEXANDER,FIRESTDNE,FU,GOLDHABER (LRL) 

÷FRANEK,FRENCH,FRISK,BEDNAR+ (CERN÷PRAGI 
+SHAPIRA,ALEXANDER+ (REHO~SAEL+BGNA÷EPDLI  

+BARNES,BASSANO,EISNER,KINSON,SAMIDS (BNL) 
*EISNER,KINSDN (BNLI 
÷CCLLEY,JOBES,GRIFFITHS,HUGHES,+IBIRM÷GLASI 
+DEHM,GOEBEL,GOLOSCHNIDT,+ (MPIM÷CERN+BELG) 
+CARMONY,ERWIN,MEIERE,÷ (PURO÷UCD÷IUPU) 
÷ANTICH,CALLAHAN,CHIEN,COX,+ (JOHN HOPKINS) 
+DERRICK,ENGELMANN, MUSGRAVE (ANL÷EF I I  

ABRAMOVICH,CHALOUPKA,CHUNG,HILPERT,+ (CERN] 
+ (INTERNATIONAL R÷ COLLABORATION}  
+BEUSCH,FREUOENREICH,* (CERN+ETHZ+LOIC| 
+DANYSZ,GOLDSACK,+ (CDEF+SACL÷LOIC*LOWC) 
÷DEMM,CHARRIERE,CORNET,+ (MPIM÷CERN+BRUX] 
÷GORDON,KNAN-WU LAI,SCARR (BNL) 
DEUTSCHMANN,+ (ABGLV COLLABORATION) 
ENGELMANN,MUSGRAVE,FORMAN,÷ IANL+EFI} 
+V IDEAU,VOLTE ,DE  BR ION,+  (EPDL+SACL) 
+GRIJNS,HEINEN,DE GRODT,÷ (NIJM+AMST) 

ALSTON 61PRL 6 300 
ALEXANDE 62 PRL 8 447 
COLLEY 62 CERN DDNF 815 

CHADWICK 63 PL 6 309 
CA~LDHABE 63 ATHENS CDNF 92 

WOJOICRI 64  PR 135  B 684  

AOELMAN 65  ATHENS 527  
FERRO-LU 65  NC 36  1101 
FERRC-LU 65 NC 39  417  
GELSEMA 65 THESIS 
WANGLER 65 PR 137 B 414 

BARASH 67 PR 156 1399  
BARIOW 67  NC 50 A 701  
BOMSE 67 PR 158 1298 
CONFORTO 67 NP B3 4 6 9  
DAUBER 67  PR 153 1403  
DE BAERE 67  NC 5 1 A  401 
FRENCH 67  NC 42A 442  
GEORGE 67 NC 49A 9 
SALLSTRO 67  NC 49A 348  

DE WIT 68 THESIS  
FICENECI 68  PR 169 I 034  
FICENEC2 68 PR 175 1725 
KANG 68  PR 176  1587  
SCHWEING 68 PR 166  1317  

CRENNELL 69  PRL 22 487  
DAVIS 69  PRL 23 1071 
DE BAERE 69 NC 6L A 397  
FRIEDMAN 69 UCRL-18860  
JUHALA 69 PR 184  L461  
LIND 69 NP B IA  L 

AT~ERTGN 70 NP B 16 416  
HABER 70 NP S 17 289 

AGUILAR 71 PRL 26 466 
AGUILARI 71PR D 4 2583 
BARNHAM 71NP 6 28 171 
BUCHNER 71NP B 29 381 
CORDS 71PR D 4 1974 
MERCER 71 NP B32 381 
YUEA 71 PRL 26 1502 

ABRAMOVI 72 NP B 39 iB9 
BING~AM 72 NP B 41 1 

BRUNET 72 NP 37 14 
BUCHNER 72 NP B 45  333  
CRENNELL 72 PR 0 6 1220  
OEUTSCHM 72 NP B 36 3TB 
ENGELMAN 72 PRO 5 2162  
ROUGE 72 NP B 46  29  
TIECKE 72 NP 8 3g 596 

BERTHDN 73 NP B 63 54 
CHARRIER 75 NP B 51 317 
CLARK 73 NP B 54 432 
LEWIS 73 NP B 60  283  
LI~GLIN 73 NP B 55 G08 
WALUCH 73 PR D B 2857 

FOX 74 NP 880 ~03 
MATISGN 74 PR D9 1872 

BRANDENB 75 PL 59 B 405  
CARITHER 75 PGL 35 349  
MCCUBBIN 75 NP B86 I 3  
PALER 75 NP B96 1 

BOWLER 77 NP B 126 3 [  

+MONTANET,PAUL,BERTRANET,+ ICERN+SACLI 
CHARRI~RE,DRIJARD,DE BAERE,+ (CERN+BELG} 
+LYONS,RADOJICIC (OXFORD) 
*ALLEN,JACOBS,DANYSZ,BDRG,e(LOWC+EOIC+CDEF( 
D.LINGLIN (CERNI 
*FLATTE,FRIFDMAN (LBL )  

G.C.FOX,M.L.GRISS (CIT) 
+GALTIERI,GARNJOST,FLATTE,FRIEOMAN,~ (LBL) 

BRANDENBURG,CARNEGIE,CASHMORE,DAVIER÷(SLAC) 
CARITHERS,MUHLEMANN,UNDERWDOD,+ (ROCH*MEGI) 
N.A.MCCUBBIN,L.LYONS (OXFI 

+IOVEY,SHAH,SPIRO,CHAURAND÷(RHEL+SACL÷FPO1) 

+DAINTON,DRARE~WILLIAMS (OXFORD) 
ESTABRO0 77 SLAC PUE 2004 FSTABRDOKS,CARNEGXE+(MONT+CARL*OURHAM÷SLAC) 
WICKLUND 77 ANL-HEF~-PR-TT-B8 +AYRES,DIEBOLD,GREENE,KRAMER,PAWLICKI (ANLI 

l} REGION, KlrTr(1240-140011 

28 Q REGION (1200-1400# I= l /B  

The main effect in the Q region is a broad 

bump in the KX~ spectrum between 1200 and 1400 MeV 

(not far above the K*(892)~ threshold), produced 

by K beams without charge exchange. In particular, 

it has been observed in coherent K+d interactions 

(FIRESTONE 72) and in coherent interactions on 

heavy nuclei (BINGHAM 73). Throughout the entire 

region, JP = 1 + and I = 1/2. FIRESTONE1 72 observe 

a bump in the backward direction with a shape 

similar to that of the Q. The broad Q peak does 

not have a simple Breit-Wigner shape. It can be 

fitted at all energies by a superposition of two 

Breit-Wigner amplitudes. Dalitz plot analyses of 

the interference between the K*~ and KQ modes show 

the relative magnitude and relative phase of the 

two decay amplitudes varying with K~ mass. The 

Kp mode has a maximum intensity below that of K*~. 

Partial-wave analyses have confirmed the rather 

complex situation of the Q region (DEUTSCHMANN 74, 

ANTIPOV 75, OTTER 75,76, TORTEY 75, BRANDENBURG 76). 

The dominant states are I+S(K*~) and I+S(Kp). 

Other important states are JP = 0- and JP = 2 + . 

The K*~ and KQ modes are not produced coherently 

and have different polarization properties 

(BRANDENBURG 76, OTTER 76). Whereas the KQ mode 

approximately conserves s-channel helicity, the 

K*~ mode is approximately t-channel-helicity 

conserving. 

Most recent partial-wave analyses of the Q 

bump support the existence of a JP = 1 + Kz~ resonance, 

the QI' with a mass around 1280 MeV, a width of the 

order of 150 MeV, and mainly coupled to the Kp 

channel (BRANDENBURG 76, OTTER 76, BOWLER 76, 
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Data Card Listings 
For notation, see key at front of  Listings. 

CARNEGIE 77). The status of the K*~ channel is 

less transparent, a large K*~ background (Deck 

effect) impeding its interpretation. Experimentally, 

those data with sufficient statistics show the 

presence of a two-peak structure (OTTER 75, BRANDEN- 

BURG 76). BRANDENBURG 76 claim to observe suffi- 

cient phase variation to warrant proposing the 

existence of a JP= 1 + K~ resonance, the Q2' with 

a mass around 1400 MeV, a width of the order of 

150 MeV, and mainly coupled to the S-wave K*~ 

channel. This is supported by BOWLER 77, but 

questioned by BASDEVANT 76, who show that the data 

can be explained (at least qualitatively) by a 

single resonance interfering with a proper Deck 

background. 

AACHEN 76 and WOHL 77 have shown some evidence 

for a K/0 decay of the Q1 in diffraction-like 

processes. 

The (K~x) 0 system produced in the charge- 

exchange reaction appears to have an important 

JP = 1 + contribution (OTTER1 75, VERGEEST 76). 

The I+(K*~) and I+(KQ) waves cannot be explained 

as decay products of a single resonance, and the 

K*~ wave behavior suggests a resonance contribution 

around 1400 MeV (VERGEEST 76). 

There are a number of claims for the observa- 

tion of K~ resonances in the Q mass region in 

other non-diffractive processes (ARMENTEROS 64, 

CRENNEL 67,72, ASTIER 69, DAVIDSON 74, DORE 75). 

These data can be described in terms of a single 

resonance of characteristics consistent with those 

of Q1 (CONFORTO 77). The most recent result comes 

from a hyperon-exchange reaction (GAVILLET 77), 

which shows again the production of a JP= 1 + Kp 

enhancement with mass and width close to those of 

the QI" However, neither ARMENTEROS 64 (or a later 

analysis by ASTIER 69) nor GAVILLET 77 observe a 

K*~ resonance compatible with the Q2" 

28 Q REGION MASS (MEV) 

M PRODUCED BY BEAMS OTHER THAN K MESONS 
M A 12~2.0 9.0 l O . O  ASTIER 6 9  HBE o PBAR P . 9 / 6 9  

M A THIS IS THE C MESON. 
4BII3OO.) CRENNELL 6 7  HBE o 6 P I -  P,LK2PI 7 / 6 7  
4 0 I I B O O . }  C R E N N E L L  7 2  HBC o 4 * 5 R I - P , L K 2 P I  1 2 1 7 2  

M 4041278. I  ( 5 . )  OAVIOSON 7 4  HOE + -  I . b -2 .2  PBAR P 12/75 
M ~ 3 ( 1 2 3 5 . )  ( [ O . I  OORE 7 5  OSPK 0 6 . 2  P I - P , L  MM 1 2 1 7 5  

M PRODUCED BY K- ,  BACKWARDS SCATTERING, HYPERDN EXCHANGE 
M C 7 0 0  I 2 7 9 . 0  5.0 GAVIELET 7 7  HBC + 4.2 K -P ,X I -KP IP I  [ 2 / 77 "  
M C COUPLES MAINLY TO RHO K ,  

Mesons 
o 

M PRODUCED BY R BEAMS 
M 12(1320.01 IBE.OI ~LMEIDA 65 HBC 
M C (1230.0)  (15 .0 )  BASSOMPIE 67 HOE 
M C 35(12B0.0I  (TO.Of BASSOMPIE 67 HBC 
M C (1320.0I [ 15 .0 I  BASSOMPIE 67 HBC 
M c SPLIT T H E  Q REGION INTO 3 BUMPS 
M (1270. I  APPROX. DE BAERE 67 HBC 
M (1335.0]  ( 6 . 0 1  BARTSCH 6B HBC 

M ( IBO0.)  APPROX. BARBARO 6 9  HBC 
M 45(1301.0(  I l O . O )  BISHOP 6 9  HBC 
M BI(130O.Ol ( lO.O)  ERHIN 69 HBC 
M (1281.)  ( 7 . )  FRIEDMAN 69  HOE 
B (1900.0 ]  I [O ,O]  ABRAMS 7 0  HBC 

I 1 2 6 0 . )  { 20 . I  FARBER 7 0  HBC 
( I~25 .0 )  DENEGRI  71 DBC 

M I I 2 9 6 . )  l B . )  BARLOUTAU 7 3  HOC 
M (1283.] (6.] BARLOUTAU 7 3  HBC 
M (1515.)  ( 7 , |  BINGHAM 7 3  HLBC 

(1260.I ( i o . )  LEWIS 7 3  HBC 
(1260.)  (5.] LEWIS 7 3  HBC 

+ 3 - E  K+ P 1 2 1 7 2  
+ 5. K+ P I L / b 7  

+ 5. K+ P 11/07 
+ 5 .  K+ e 11167 

+ 3 . 5  K+ P 7 / 6 7  

I O .  K - P , K  N P I  . 1 2 1 7 5  

+ 12.K+ P 4R 2PIT 9/89 
+ 3.5 K+PIK* PI }  I2175 

0 3 . 5  K + P ( K ~  P I I  [ 2 1 7 5  

-- 2 . 6 * 2 . 7  K -  P [ 2 / 7 5  

+ 2.5-3.2 K+ P 12/75 
+ 12.7 K+ P .[2175 

1 2 . 6  K - O , W  2 P I  O 1 2 / 7 5  
- [4.3 K - P , P  K - 2 P I  1 2 1 7 5  

- 14.3 K-P,P KOBPI 12/75 
5 . 5 - ] 2 . 7  COH K - A  1 2 1 7 5  

2 . I - 2 . 7  [2175 

2B q LOW (QA} MASS (MEV) 

ML F FROM EXPERIMENTS SPLIPTING Q REGION INTO TWO PEAKS 
ML 
ML (1280.) SHEN 66 HBC + 0 4.6 K+P,5 BODY 12172 

(1260.0)  ( lO.O)  ALEXANDER 69 HOE 9.0 K+ P 12175 ML 
ML (1240.0)  ( 5 . 0 )  BARNHAM 7[  HBC + [ o . o  K+P,K 2PI 12175 
ML ( L 2 4 3 . )  ( B . I  G A R F I N K E L  7 1  DOE 9 .  K+ O 12175 
ML [ 1 2 2 B . ]  ( 1 4 . 1  ANDERSON 72 DBC - 7 . 3  K -  O 12175 
ML { I 2 6 0 . )  DAVIS 7 2  HBC [ 2 .  K+ P 12172 
ML 11234. I  ( [ 2 . )  FIRESTONE 72 DBC + 12. K+ D 217~ 
ML C ( 1 3 0 O . I  APPROX. BRANOENB 7 6  ASPK + -  I 3  K + - P , I K P I P I I P  12/75 
ML C COUPLES MAINLY TO RHO K 
ME E I1289.01 ( 25 .0 I  CARNEGIEZ 7 7  ASPK +- 13 K+-P,P KPIPI 12/77" 

E PROM A MODEL DEPENDENT FIT WITH GAUSSIAN BACKGROUND TC 
E BRANDEMBURG 7 6  DATA. 

ML (1270.0J APPROX. OTTER 76 HBC - IO-14-16K-P 1 2 1 7 7 *  

ML 
ML AVERAGING NOT MEANINGFUL 

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

B8 Q HIGH IQB) MASS (MEV] 

MH F FROM EXPERIMENTS SPLITTING Q REGION INTO 7WO PEAKS 

SHEN 6 6  HBC + ~ . 6  K+ E [2 /75  
ALEXANDER 69  HBC 9 . 0  K+ P 12/75 
BARNHAM 7 1  HBC 10.0 K+P,K 2PI 12175 
GARFINKEL 71DBC ÷ 9.  K+ O 12175 
ANDERSON 72 DBC - 7.B K -  O 12/75 
DAVIS 72 HBC + 12. K+ P 12172 
FIRESTONE 72 DBC + 12. K+ O 12/77" 
BRANOENB 76 ASPK 13 K+-P , (KP IP I iP  12175 

C A R N E G I E [  7 7  ASPK + -  1 3  K + - P , P  K P I P I  1 2 / 7 7 "  

MH 
MH 70(1320.01 ( [O.O} 
MH (13BO. OI (20 ,0)  
MH 41420.0) (5.01 
MH 4 1 3 4 4 . )  ( 8 . )  
MH IE~14.1 ( 15 , I  
MH 41420. I  
MH (1368.)  118, I  
MH D 41400.) APPROX. 
MH O COUPLES MAINLY PO K *  P l  
MH E ( 1 4 0 4 . 0 ]  (TO.Of 

B SEE NOTE E ABOVE. 
MH 
MH AVERAGING NOT MEANINGFUL 

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

28 Q REGION WIDTH (MEV) 

W PRODUCED BY BEAMS OTHER THAN K MESONS 
W 127.0 7.0 25.0 ASTIER 69 HBC 0 PBAR P . 9169 
W 45 (60 . I  CRENNELL 67 HBC O 6 E l -  P 7167 

C R E N N E L L  72 HBC 0 ~ .5PI -P,LK2PI  12172 W 4 0  I 60 . )  
D 40 425.)  I 15 . )  OAVIDSON 74 HBC +- 1 ,6 -2 ,2  PBAR P 1 2 / 7 5  
D ERROR INCREASED BY US. SEE KS TYPED NOTE. 

W 43 ( 30 , )  (2B. ]  ( 18 . )  DORE 75 OSPK 06.2 P I -P ,L  MM 12/75 

M PRODUCED BY R-,  BACKWARDS SCATTERING, HYPERON EXCHANGE 
W C 7GO 7B.0 15.0 GAVILLET 77 HBC + 4.2 K -P tX I -KP IP I  12/77~ 
W C COUPLES MAINLY TO RHG K. 

W PRODUCED BY K BEAMS 
W 12 460.0| (2O.Ol ALME]DA 65 HBC + 3-5 K+P 12172 
g C (60.01 (20.01 BASSOMPIR 67 HBC + 5. K+ P I I / 67  
W C B5 (BO.Ol (2O.Ol BASSOMPIE 67 HBC + 5.  K+ P 11167 
w C ( 60 .0 I  12o.0) BASSOMPIE 6 7  HB6 + 5. K+ P 1 1 / 6 7  
w C SPLIT THE O REGION INTO $ BUMPS 
W I 2 O O . I  A P P R O X .  DE BAERE 6 7  HB6  ÷ 3 . 5  K÷  P 7 / 6 7  
w 1196.0) (16.0)  BARTSCH 68 HBC tO. K- P,K NET . 1 2 / 7 5  

w B 250. APPROX. BARBARO 69 HOE + t2 .K÷ P 4K 2P I I  9/69 
B NO BACKGROUND SUBTRACTION. M 

W 45 (4O.O) ( iO.Ol  BISHOP 69 HBC + 3.5 K+PIK* E l i  [ 2 /75  
W 21 (40.0)  (15 .0)  ERWIN 69 HBC o 3.5 K+PIK* PIT [217B 
W 451. l  I22 .1  FRIEOMAN 69 HBC - 2 . 6 , 2 .7  K- P 12175 
W (BO.O| (20.Of ABRAMS 70 HBC + 2 .5 -3 .B  K+ P 12175 
W ( I 8 0 . )  ( 2 8 . )  FARBER 7 0  HBC + 1 2 . 7  K+  P . 1 2 / 7 5  

W (180.0)  DENEGR[ 7 1  DBC - 12.6 K-O,K 2PI O 5 / 7 1  
w (326. )  [ I 7 . )  BARLOUTAU 73 HBC - 14.3 K-P,P K-2PI t2175 
W (266 . I  ( 21 . )  BARLOUTAU 7B HBC 14.5 K-P,P KO2PI L2175 
W (150. )  I 70 . I  LEWIS 73 HBC + 2 .1 -2 .7  K+ P [ 2 / 7 5  
w i 4 7 . 1  l i B . )  LEWIS 7 3  HBC + 2 .1 -2 .7  K+ P 12175 

2 8  Q LOW I Q A ]  WIDTH (MEVI 

WL E FROM E X P E R I M E N 7 B  S P L I T T I N G  O R E G I O N  I N T O  TWO PEAKS 
WL 

WL I lO0 .O I  (20 .0)  SHEN 66 HBC + O 4,6 K+P,5 BODY 12175 
WL (40.01 (10 .0 ]  ALEXANDER 69 HBC 9.0 K+ P IBlTB 
W[ I l lO .O )  [ 15 .0 )  BARNHAM 71HBC lO.O K+PtK 2El 12/75 
ML (TO.} 426°] I 18 , )  GARFINKEL 71 DBC 9 .  K+ P 12175 
WL (111 . I  I 33 .J  ANDERSON 72 DBE - 7.3 K- D 12/75 
WL ( IZO. )  DAVIS 72 HBC + 12. K+ P 12/72 
WL (18B. |  (21 . )  FIRESTONE 72 DBC + I 2 .  K+ D 1 2 1 7 5  
WL C 4200 . )  APPROX. BRANDENB 76 AGPK tB K+-P , IKPIP I )P  12/75 
WL C COUPLES MAINLY PO RHO K 
WL E ( [50 ,00 )  (71 .0 )  CARNEGIE[ 77 ASPK +- 13 K+-P,P KPIPI [ 2 / 77 "  

B SEE NOTE E A B O V E .  
WL 
WL AVERAGING NOT MEANINGFUL 



M e s o n s  
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Data Card Listings 
For notation, see key at front of  Listings. 

WH F 
WH 
WH 
WH 
WH 
WH 
WH 
WH 
WH 
WHD 
WHD 
WH E 

E SEE NOTE E ABOVE. 
WR 
WH AVERAGING NOT NEANINGEUL 

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

28 O REGION PARTIAL DECAY MODES 

DECAY MASSES 
P l  Q REGION INTO K=lB92) P I  892÷ 139 
P2 Q REGION INTO K RHO 497+ 775 
93 Q REGION INTO K P I  497+ I39  
P4 Q REGION INTO K ETA 497+ 5~8 
P5 Q REGION INTG K OMEGA 497+  783  
P6 Q REGION INTCK PI PI  497+  139+ I 89  

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

28 Q REGION BRANCHING RATIOS 

PRODUCED BY BEAMS OTHER THAN K MESONS 
RI Q REGION INTO KK RHO)/TDTAL (UNITS OF TO**-2) (P2) 
RE 75,0 10°0 ARMENTERO 64 HBC O.O PEAR P 
RI DCMINANT CRENNELL 72  HOE O #oBPI-P,LK2PI 

R2 G REGION INTO (K~ PI)/TOTAL (UNITS OF I0~# -2 )  (P l )  
R2 25.0 IO,O ARMENTERO 64 HBC O.O PBAR P 

R3 Q REGION INTO (K+ P I - I  / (K÷O PlO+ P l - I  
R3 ( 0 . 2 )  OR L E S S  CL=,go CRENNELL 67  HBC O 6 ,0  PI -P 

R4 Q REGION INTO (KO PI+ P l -  P lO ) /  (K+O PIO+ P l - I  
R4 (O . l )  OR LESS CL=.90 CRENNELL 67  HBC 0 6.0 PI-P 

PRODOCED BY K BEAMS 
RlO G REGION INTO (K PIT / EKe(B92) PI )  (P3 ) / (P [ )  

28 Q HIGff (QB) WIOTH (MBV) 

FROM EXPERIMENTS SPLITIING O REGION INTO TWO PEAKS 

70  lEO.O) (20 .0)  SHEN 66 HBC ÷ 4.6 K÷P 12/75 
( I20 .O)  (20,01 ALEXANDER 69  NBC 9.0 K÷ P 12/75 
( I 20 .0 )  ILS.O) BARNHAM 7 I  HBC + IO.O K÷P,K 2PI [2 /?5 
{ 60 . )  OR LESS GARFINKEL 71  DBC + 9,  K*  D 12172 
IB9 . )  ( 24 . )  ANDERSON 72 DEC 7 .3  K- D 12 /75  
( 80 . }  DAVIS 72 NBC ÷ 12. K+ P 12/72 

I241 , )  13O , )  FIRESTONE 72 OBC ÷ 12. K÷ D [ 2 / 75  
(160 . ]  APPROX. BRANDENE T6 ASPK 13 K÷ -P , IKP IP I IP  12/75 

COUPLES MAINLY TO K* P( 
( [ 42 .0 )  ( I 6 .O I  CARNEGIE[ 77 ASPK ÷- 13 K+-P,P KP IP I  12 /77 '  

6166 
[2 /72  

6 1 6 6  

7 /6T  

7 /67  

RIO (O.B) OR LESS SHEN 66 HBC ~.6 KeP, 5 BODY 11/67 
RIO Q REGION INTO K*(892) PI AND K RHO (OVERLAPPING BANDS)(PI+P 
RIO 70 (1 .0 )  SHEN 66 HBC ÷ 4.b K*P B/66 

R I I  G REGION INTO (K DMEGAI/(K~(892) P I )  [PS ) I IP I )  
B I t  (O . l )  OR LESS SHEN 66 HBC + 4 .6  K÷P i 0 / 66  

RI2 G REGION INTO (K P I )  / (K* lB92}  P [ )  (PB I I (P I )  
RE2 ( 0 . 30 I  OR LESS SHEN 66  HBC + 4 .6  K*P 10 /66  

R13 Q REGION INTO K* i 89B }  P I  AND K RHO (OVERLAPPING BANDS) 
R IB  (P I+P2 )  
Rl3 200 11.0) BERLINGHI 87 HBC + 12.7 K÷ P 7/67 

RL4 Q REGION INTO (K P I I  / TOTAL (PBI 
RI4 (0 .02)  OR LESS BERLINGHI 67 HBC ÷ I 2 . 7  K+ P 11/67 
RI4 (0 .02 )  OR LESS CL=.95 BARTSOH 68 HBC - 10.0 K- P 

RI5 Q REGION INTO IK  ETA) / TOTAL (P4)E2 
R15 IO.OB) OR LESS BERLINGH1 67  HBC + .7 K+ P I L / 67  

R16 Q REGIEN INTO (K OMEGA) I TOTAL (P5112 
RE6 IO.O21 OR LESS BERLINGHI 6T HBC * °7 K÷ P 11/67 
RIB 12 0 .01  0.005 BARTSCH 68 HBC - lO.O K- g 9/68 

RE? Q REGION INTO (R ~HO) / (K~(892) P i )  (PZ I / (PL)  
RI? O,9 l  0.25 BERLINGHI 67  HBC ÷ L2.7 R÷ P i i / 67  
RI9 701 0.4 O . l  BARTSCR 6 6  HBC - I 0 . 0  K- P 9/68 

RI7 . . . . . . . . .  
RIT AVG 0.47 0.18 
RL7 STUDENT 0.46 O. IL  

RIB q REGION INTO (K P I )  / (K~(892} P I )  (P311(P1) 
RIB (0 .21 )  OR LESS DE BAERE 6T HBC ÷ 3.5 R÷ P 

RE9 Q REGION INTO (K PI P I )  I TOTAL (PC) 
RI9 201 D.22 0.C8 BARISCH 68 HBC - lO.O K- P 
R19 S POSSIBLY SEEN ALEXANDER 69 HBC 9.0 K~ P 
RI9 S POSSIBLY SEEN DAVIS 72 HBC + 12. K÷ P 
RE9 S WIIH THE (P I  PIT SYSTEM IN S-WAVE 

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

REFERENCES FOR G REGION 

PRODUCED BY BEAMS OTHER THAN K MESONS 

ARMENTER 64 OUBNA CONE I 577 ARMENTERGS,EDWAROS,D-ANDLAU ÷ (CERN÷CDEF) 
ALSO 64  DUBNA CON~ L 617  R ARMENTEROS IRAPPDRTEUR} 

ARMENTER 64 PL 9 207  ARMENTER~S,EOWARDS,D-ANDLAU,÷ (CERN+CDEF) 
ALSO 66  PR 145 1095 BARASH,KIRSOH,MILLER,TAN KEOLONBIA} 

CRENNELL 67 PRL 19 44 +RALBFLEISCH,LAI,SCARR~SCHUNANN (BNL|I 
ASTIER 69 NP BEO 65 +MARECHAL,MGNTANET,÷ [CDEF+CERN+IPNP÷LIVP)IJP 
BETTINI b9  NC 62 A i038  +CRESTI,LIMENTANI,BERTAUZA,BIGI÷(PADO+PISAII 
CRENNELL 72 PRD 6 L220 +GORDON,KWAN-WU LAI,SCARR (BNL) 
DAVIDSON 74  PR D9 77  +CHAPMAN,GREEN,LYS,ROE (MIDH) 
DOME 75 LNC 15 265 +GUIDDNI,LAAKSO,MARINI,CONFORTO+IROMA÷RHEL) 

PRODUCED BY R BEAMS 

ALIEIDA 65 PL 16 184 ALMEIDA,ATHERTON,BYER.DORNAN,FORS~N÷ (CAVE) 

ShEN 68 PBL 17 726 +BUTTERWORTH,EU,GOLDHABERS,TRILLING ILRL) 
ALSO 66 (PRIVATE OOMMUN)GERSEN GOLDHABER ILRL) 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF E.9) 
AVERAGE USING STUDENTIDIHII. IEI - -  SEE MAIN TEXT 

I I / 66  

9 /68  
2 /73  
l /T3  
1/7B 

BASSC~PI 
8EELI~G~ 
DE BAERE 

ALSE 
GCLDHABE 67 PRL 19 976 

BABTSCH 68 NP BB 
BOMSE 68 PRL 20 1 ~ 1 9  
DENEGRI 68  PBL 20  1194 

ALSO 7D ANTICH 

ALFXANDE 69 NP B 13 503 
ANDREWS 69 PRL 22 731 
BARBARG 69 RRL 22 1207  
BISHOP 69 NP B 9 403  
CHIEN b9 PL 298 433 
CHUNG 69 PR IE2 1443 
COLLEY 69 NC A 59 5 [9  
ERWIN 69  NP B 9 3 6 4  
FRIEDMAN 69  UDRL-IBBbB 
WERNER 69 PR EBB 2023  

ABRAMS TO PRD I 2433 
ANTICH 70 NP B 2O 201 
BOWLER 70 PL 3 l  B 318 
FARBER 70  PRD i 78 
FIRESIDN TO PHILAD.CONF,P.229 

BARNHA~ 7E NP B25 49 
BOWLER 71 BOLOGNA CONF.PROC 
DENEGRI 71 NP B 28 13 
FORMAN 71 PRD 3 26tO 
GAREINKE 7 1 P R L  26  1505 

ANDERSON 72 PRO b 1823 
BINGHAM 72 NP B 48  589  
BEANDBNB 72 NP B ~5 397 
BRANDENB 72 PRL 26 932 
DAVIS 72 PRD 5 268B  
FIRESTONE72 NP B ~7 348 
FIRESTON 72 PRD 5 505 
FRATI 72 PRD 6 2361  
HAATUFT 72 NP B 48  78  

BARLGUTA T3 NP B 59 374  
BINGHAM 73 NP B 52 3L 
DE JENGH T3 NP B 58  lid 
JONES 73 NP B 52 383  
LEWIS 73 NP B bO 283  
WERNER 73 PRD 7 1275 

ANGELOPC 74 NC 20A 49 
BOWLER 74 NP B74 493 
DEUTSCHM 7& PL 496 388 

ANTIPOV 75 NP 886 381 
BOWLER 75 NP B97 227  
DREVILLO 75 PL 55 B 245  
DUNWOODI 75 NP 89[ leg 
OTTER1 75 NP B8# 333  
OTTER2 75 NP 893 365  
OTTER3 75 NP Bg6 29  

TOVEY 75 NP B95 lOg 

AACHEN 76 PREPRINI 

BASDEVAN 76 PRL 3T 977 
BOAL 76 PRO 14 2998  
BOWLER 76 PHYS. J .  G3 775 
BRANOENB 76 PRL 26 703 
OTTER 76 NP B LOb 7T 
VERGEEST 76 PL 62 B 471 

CARNEGIEITT NP B 127 509 
CARNEGIEB77 SLAB PUB 1887 
CHEN 77 ANL HEP PR 77  22 
COkFORTO 77 RL -77 -O24 /A  
OHEM 77  MPI~PAE EL 60  
GAVILLET  77 PREP, BERN 
WOHL 78  NP B 

67 PL 2 6 B  30 bASSO' tP IER£E,GOLOSCHMIDT*  ICFRN÷~kU×+BIkMI|JP 
~7 P~L 18 I087 BE~L[NGHIEKI+FARBER+FERBBL+FORMAN (FGCHIIJP 
b7 NC #gA 374 ÷BEBAISIEUX*FAST÷F(LIPPAS+ (CEkN÷BKUX) 
PRIVATE CONMUNICATIER BY B. JONGEJANS 

G.GOLDHABBR (LBL) 

+COCCONI,÷ (AACH÷BERL~CERN÷LCIC÷VIEN} 
+BORENSTEIN,CALLAHAN,COLE,COX,+ (JDHNHOPK) 1+ 
÷CALLAHAN+ETTLINGER÷GILLESPIE÷ (JOHNHOPK) I+ 

G.ALEXANDER,FIRESTONE,GOLDHABER,÷ (LRL) 
÷LACH,LUDLAN,SANDWEISS,BERGER,÷ (YALE÷LRL) 
BARBARO-GALTIERI,DAVIS,FLATTE,÷ (LRL) 
÷GOSHAW,ERWIN,WALKER IWISCI 
+NALAMUD,MELLEMA, RUBNICK,SEHLEIN÷ lUCCA) 
+EISNER+BALI÷LUERS (BNL) 
+EASTWOOD~+ (BIRM+GLAS+LDIC+NPIM+OXF+RHEL) 
+WALKER,GOSHAW,WEINBERG IWISC+PRIN+VAND) 
J.FRIEDMA~,PH.D. THESIS (LRL I  
÷AMMAR,DAVIS,KBOPAC,YARGER,CHD,÷ (NWES~ANL) I÷  

÷EISENSTEIN,KIM,MARSHALL,D-HALLORAN,÷ ( I LL )  
+CARSON,CHIEN,CGX,DENEGRI,ETTLINGEE.+ (JHU) l+  
M.G.BGWLEB (OXFORD) 
+FERBEL,SLATTEBY,YUTA IRGCH} E+ 
A. FIRESTONE REVIEW (LRLI 

+CDLLEY,GRIFFITHS,ALPER, ÷ (BIRM÷GLAS÷OXF) 
M,G.BOWLER INTRODUCTORY TALK  IDXFGRDI  
+ANTICH,CALLAHAN,CARSON,CHIEN,CDX,* (JHUI 1+ 
÷GELFAND,LEARY,NOSER,SEIDL,WOLFSON (EFT) 
GARFINKEL,HDLLAND,CARMONY,LANDER*IPURD*UCD} I t  

+FRANKLIN,GODDEN,KOPELMAN,LIBBY,TAN (COLO) 
+EISENSTEIN,GPAROtHERQUET,+ (CERN+BRUX] 
BRANDENBURG,BRDDY,JCHNSGN,LEITH,LOOS+iStAC) 
BRANOENBURG,JDHNSON,LEITH,LOOS,LUSTE÷(SLAC) 
+ALSTON,BARBARO,FLATTE,FRIEDMAN,LYNCH÷ICBL) 
A.FIRESTDNE I ( IT )  
FIRESTONE,GOLDHABER,LISSAUER,TRILLING [LOLl 
÷HALPERN,HARGIS,SNAPE,CARNAHAN,+|PENN÷CINC) 
+ARNOLD,HAGUENAUER,+ (BERG+STRB+EPOL+RADR) 

+DREVILLON,SHAH,+ ISACL*EPOL+RHEL) JP 
+FARWEL,+ (LBI+ORSAY÷BNL÷SACLAY÷MILAN) JP 
÷CORNET,EHARRIERE,+ (BRUX+MDNS÷CERN÷MPIM) 
G.T.JONES ICERN} JP 
+ALLEN,JACOBS,DANYSZ,BORG,÷(LOWC÷LOIC÷COEF) 
+SLATTERYIFERBEL IRCCHESTERI 

ANGELOPOULOGtFILIPPAS÷IATHU*ATEN~LIVP~VIENI JP 
÷DAINTCNIKADDOURA,AIIEHISON (OXF) 
DEUTSCHNANN,+ (AACH÷BERL÷CERN÷LGIC÷VIEN) Jp 

+ASCOLI,BUSNELLOIKIENZLE+ (SERP÷CERN÷ILLI JP 
÷GAME,AITCHISON,DAINION (DXF÷DARE) 
DREVILLON,EORENSTEIN+ IEPOL+BOHR*CDEF) JP 
DUNMOODIE,GRANT÷ IDERN÷BELG÷MONS÷MPIMI JP 
+ [AACH+BERL+CERN+LCIC+VIEN+ATHU+ATEN÷LIVP) JP 
+RUDOLPN,RUMPF÷ (A ACH÷B ERL~E RN+LOIC÷VIEN) JP 
÷RUDOLPH,SEYFERT+(AACH÷BERL÷CERN+LGIC+VIENII,JP 
+HANSEN,BORENSTEIN,BORG÷ (RHEL*EPOL÷SACLII,JP 

+BERL+CERN+LOIE+VIEN÷B[RM~BRUX+CERN+MONS÷÷ 
EASDEVANT~BERGER (FNAL÷ANL) 
+EDWARDS,RAMAL,TORGESON (ALBERTA) 
M.G.BOWLER (OXFOBDI 
BRANDENBURG,CARNEGIE,CASHMORE,DAVIER÷ISLAC) JP 
+ IAACH÷BERL+CERN+LDIC+VIEN+LPNP÷RHEL÷SACLI JP 
÷ENGELEN,JONGEJ ANS, + (AMST+CERN+NIJM~OXF)  JP 

÷CASHMORE,DAVIER~DUNWOOOIE~LASINSKI÷ {SLAB) 
+CASHMDRE,DUNWOODIE,LASINSKI,LEITH (SLAB) 
÷FIELDS,RHINES (ANL) 
B.CONFORTO,G.CDNFGRTO IROMA÷RHELI 
*GEIST,GOBEL,KULWEIN,WITTEK,WDLF (MUNICHI 
÷DIAZ,DIONISI ,÷  {AMST+CERN+NIJM+OXF} JP 
÷PALER,CHAURAND,* (LPNP÷RHEL÷SACLAY) 

IK'(14oo)l ......................... 
OBSERVED IN K Pl P( PARTIAL-WAVE ANALYSIS. 
WAII  CONFIRMATION. OMITTED FROM TABLE. 

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

21 K PRIME MASS IMEV) 

M A fOOD. APPROX, BRANDENBU 76 ASPK ÷- 13 K+-P,KPIPI 12/77.  
A COUPLED MAINLY TO K EPSILON. DECAY INIO K*(890) P! SEEN. 

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

21 K PRIME WIDTH (MEV) 

W A ( 2 5 0 . )  APPROX. BRANDENBU 76 ASPK ÷~ 13 R+-P,KPIPI L21T7~ 
W A COUPLED MAINLY TO K BPSILON. DECAY INTO K ' (B90)  P[ SEEN. 

W 

REFERENCES FOR K PRIME 

BRANDENB 76 PRL 36 1239 BRANDENBURG,CARNEGIE,CASHMORE,DAVIER*(SLAC) JP 
AACHEN T7 PREP, AACHEN 41 + (AACHEN÷BERLIN*CERN÷LDIC~VIENNA) JP 
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[ (14oo) [ 
t£ KAPpA(~.4.0OoJP=O+) I=lJ2 

S-Wave KX Interactions 

The K ~  interactions are reminiscent of the ~ 

interactions, apart from the inelastic thresholds, 

both for the leading JP = i-, 2 +, 3- resonances and 

for the S wave. The first inelastic S-wave thres- 

holds are K~ and K~, neither of these channels 

being known to be important below 1400 MeV. 

From the K~ threshold (~630 MeV) up to this 
1 

energy, the phase shift 80 of the I(J p) = 1/2 (0 +) 

wave xs determined uniquely by the requirements of 

elastic unitarity. It grows monotonically, reaching 

40 ° at about 900 MeV, and 90 ° at about 1350 MeV, 

being everywhere well described by an effective- 

range formalism (MERCER 71, BINGHAM 72, FIRESTONE 

71,72, MATISON 72,74, GALTIERI 73, YUTA 73, FOX 74, 

BAKER 75, LAUSCHER 75, BOWLER 77, ESTABROOKS 77); 

see Fig. i. The ambiguous "up" solution in the 

region of the K*(892) has by now been ruled out 

conclusively (MATISON 72,74, GALTIERI 73, BOWLER 

77, ESTABROOKS 77). 

In the 1400 MeV region the analysis becomes 
1 

complicated due to the largeness of 80, to the 

nearness of the K*(1430) and the resulting strong 

S-D interference, and to the opening of inelastic 

channels. Several groups have interpreted the slow 
1 

passage of ~0 through 90 ° as evidence for a reso- 

nance (FIRESTONE 71,72, FRATI 72, ROUGE 72, CORDS 

73, LAUSCHER 75, MORGAN 75), while others contended 
1 

that 80 was large but non-resonant (AGUILAR 72, 

BUCHNER 72, CRENNELL 72, ENGELMANN 72, BAKER 75). 

New features emerge as the phase-shift analy- 

sis is continued up to 1900 MeV from a large- 

statistics experiment (ESTABROOKS 77). In the 

inelastic region where the ambiguities cannot be 

resolved, ESTABROOKS 77 find four solutions for the 

S wave, all of which exhibit a rapid drop in the 

modulus of the amplitude near 1450 MeV (see Fig. 2). 

This behavior is confirmed with less statistics by 

BOWLER 77 and MARTIN 77, and a clear circular motion 

is seen in the Argand plot with a maximum speed in 

the region 1400-1500 MeV. This behavior in all 

four solutions is interpreted as evidence for an 

S-wave 0 + K~ resonance with a mass of 1400 to 1500 

M~v. a width n ~  ~ f l N  t n  ~ N q  M~tZ ~ n R  ~n ~la~f~r3~, 

Meson, 
~(1400 

543 

t~9 

643 

64D 

0 ° 

- I  0 ° 

_20 ° 

o 

- 3 0  0.6 

180 ° 

120':' 

6 0  ° 

0 ° 

120 ° 

6 0  ° 

0 ° 

0,6 

• F I I ' 

I 

I I 

I 1 

I 

1.0 

• 

1.4- 1.8 
I I I ; I | 

, 

0,8  1,0 1,2 

M (K"rr) GeV 

XBL783-397  

Fig. i. The solid points are the K~ phase shifts 
calculated in a simultaneous analysis of the SLAC 
13 GeV/c neutron and A recoil reactions. The curves 
represent the effective range or resonance fits of 
ESTABROOKS 77, except for the dashed curve on the 
6~ plot which represents a constant cross section 
of 1.8 mb. The open circles are from MERCER 71, 
BINGHAM 72, LINGLIN 73, MATISON 74, BAKER 75. 

greater than 0.8 {for all but one solution). We 

call this resonance K(1400), and enter it into the 

Table. 

In addition, ESTABROOKS 77 see the slow 
1 

passage of 80 through 90 ° , already referred to, 

at about 1350 MeV. Whether an additional pole 

would be required for its explanation, has not been 

studied by anyone. We note that the situation is 
0 

reminiscent of the ~ system, where 80 goes slowly 

through 90 ° at about 850 MeV, yet no pole is needed 

at that mass (MORGAN 75). The half-width, as 



Mesons 
~(1400) 

SOLUTION A SOLUTION B 

0 S 1 C 
.1 

D 

i.7 

1.7 F V ~ 1 . 7  
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SOLUTION C SOLUTION D 

.1 

S 1 

P 

@ 
1.7 15 

I.5 

/ 

1.5 

Fig. 2. Argand diagrams for the KX partial waves of ESTABROOKS 77. 

45 ° and 90 °, is about 400 MeV in the ~ case, and 

about 450 MeV in the K~ case. 

The present 0 + nonet looks rather different 

from the one considered by MORGAN 75. The £ and K 

are both heavier and narrower than before, and the 

E in addition couples strongly to KK. The question 

of whether the ~ and the S* are narrow or wide is 

still unsettled. 

Finally, we remark that two of the four solu- 

tions of ESTABROOKS 77 provide evidence for a 

second P-wave resonance with mass ~1650 MeV, width 

~250 MeV, and elasticity ~0.25. This new state, 

K*'(1650), would, if confirmed, most probably be 

assigned in the quark model as a radial excitation, 

similarly to p'(1600). 

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

19 KAPPA MASS (MEV) 

N C L425.  ABOUT ESTABROOK 77 SPEC [3  K+- P 12/77e 
M C FROM ELASTIC K Pl PARTIAL WAVE ANALYSIS ( SEE KAPPA MINI-REVIEW ) I21TT* 

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

I 9  KAPPA WIDTH (MEV) 

W C 200-300  ABOUT ESTABEOOK 77 SPEC 13 K+- P 12/TT= 
N C FROM ELASTIC K PI PARTIAL WAVE ANALYSIS ( SEE KAPPA MINI-REVIEW ) L2/77* 

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

REFERENCES FOR KAPPA 

TEIPPE 68 

CRENNELL 69 
DODD 69 
GDLOBERG 69 
SCHLBIN 09 

FIBESTON 7 I  
MERCER 7!  
YUTA 71 

AGUILAR 72 
BINGHAM T2 
BUCHNER 72 
CHUNG 72 
DIEBOLD 72 
GRENNELL 72 
ENGELMAN TE 
FIRESTGN 72 
FRATI 72 
MATISON 72 
ROUGE TZ 

CORDS 73 
LINGLIN T3 
YUTA 7B 

PL 28 B 203 +CHIEN,MALANUD,MELLEMA,SCHLEIN,* (UCLA) 

PRL 22 487 ÷KARSHON,LAI,D.NEALL,SCARR (BNLI 
PR 1T7 1994 +JOLOERSMAtPALNER, SANIOS (BNL) 
PL 30 B 434 SABRE CGLLABOR, {SACL÷AMST÷BGNA+REHO~EPBL) 
ARGCNNE CONF. 446 P.SCHLEIN (UCLA) 

PRL 26 1460  A.FIRESTONE,G,GOLDHABER~D.LISSAUER (LRL) 
NP B32 381 ÷ANTICH,CALLAHAN,CHIEN,CDX,÷ (JOHN HOPKINS) 
PRL 26 1502 +DERRICK,ENGELMANNtMUSGRAVE (ANL+EFI I  

PR D 6 LL AGUILAR-BENITEZ,CHUNGIEISNER (BNL) 
NP B 41 1 + (INTERNATIONAL K+ COLLABORATION) 
NP B 45 BBB ÷DEHMtCMAREIERE,COENET,÷ (MPIM÷CERN*BRUXI 
PEt 29 I570 +EISNER,AGUILAR-BENITEZ (BNL) 
BATAV.CONF. V .3  17R.DIEBOLD RAPPORTEUR TALK (ANL( 
PR D 6 /2EO +GORDDN,KWAN-WU LAI~SCARB (BNL) 
PR D 5 2£62  ENGELMANN,MUSGRAVE~FDRNAN,~ (ANL*EFIi 
PRO 5 2188 ÷GOLDHABERT LISSAUER, TRILLING (LBLIPWA 
PB D 6 2361 +HALPERN,HARGIS~SNAPEICARNAHAN.+(PENN÷CINC) 
LBL L537 (THESIS) REVISED VERSION WILL GQ TO PHYS.REVo LBL 
NP B ~6 29 +VIOEAU,VGLTE,D£ BR ION,+  (EPOL+SACL) 

NP B 54 109 +EARMONY,LANDER,MEIERE,~ (PUBD+UCO+IUPU) 
NP B 55 408 D.LINGLIN (CERN) 
NP B 52 70 +ENGELMANN,MUSGKAVE,FORMAN,+ (ANL÷EFI) 
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FOX 7A NP fiBO 403 G.C.FOX,M.C.GRISS (CITE 
MATISCN 74 PR D9 1872  +GALTIERI,OARNJOST,FLATTE,FRIEDMAN,+ (LBLl 
MORGAN 74 PL 518 71 O.MDRGAN (RHEL) 

BAKER T5 NP B9~ 21I +EANERJFE,CAMPBELL, ALLEN,MARCH+ (LOIC+LOWC| 
LAUSCHER T5 NP BB6 189 +OTTER,WIECZORFK,+ (ABCLV COLLABORATION) 
MORGAN 75 ARGONNE CONF. 45 D.MORGAN (RHEL) 

CHIEN 76 NE B LO6 355 +FEIOCRILUCAS,PEVSNER,ZOANIS (BALTIMORE| 

BALOl 77 NP B +BOHRINGER~DDRSAZ,÷ (GENEVE+CFRN) 
BOWLER 77 NP B 126 31 +DAINTON,DRAKE,WILLIAMS (OXFORD) 
ESTABROD 77 SLAD PUB 200~  ESTABRODRS,CARNEGIE÷IMONT+CARL*DURHAM÷SLAC| 
MARTIN 77 NP B +SHIMADA,BALDI ,+  (DURHAM+GENEVA) 
SRIRO 77 NP B 125 162 +BARLDUTAUO,COMBER,PACER~+ (SACL+RHEL+EPOL~ 

****** ********~ ~******** ********* ********* ********* ********* ******** 
****** ********* ********* ******~** ********* ********* ********* ******** 

' . . . . . . . . . . . . . . .  , . . . . .  

WE CONSIDER THAT PHASE--SHIFT ANALYSES PROVIDE MORE 
RELIABLE DETERMINATIONS OE THE MASS AND WIDTH* 
SEE RHOI770| MINI-REV(FW. 

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

22 K*(14301 MASS (MEV| 

M CHARGED ONLY, WITH FINAL STATE K PI 

S D 39 1423. 11.0 BASSAND 6 7  HBC - 4 .6 -5*OK-p ,KOPI -  [2175 
2511440.1 126.0(  (AO.I  DE BAERE bT HBC + 3 .~  K+P (K+ RiO} 12/75 

M SO 13(14~01.0I 125.01 SEHWEINGR 68 HB6 4.1 K- P [K PI} 12/75 
M S D 63 14B7.O 12.0 SCHWEINGR 68 HB6 - S,5 K- P IK PIT 12177~ 

136{1420,0)  ( 2 0 . 0 }  BISHOP 69 HBC + 3.B K÷PIKO RE+( 12/771 
220 INIb*O IO.O CRENNELC 6 9  DBC 3.9 K-N (KOPI-) 7/69 

M O 60 141~. 13.0 LIND 69 HBC + 9. K+ P(KO PI÷}  12177* 
M 1A00 1420.0 3.1 AGUILARI 71HBC - 3,9,4.6 K- P 11/71 
N W O 225 1425. 8.0 BARNHAM 71HBC + K+ P,KO El+ P 12/75 
M 130(1418°) ( 6 . )  CLARK 73 HBC 3.3 K-P.P P I -  RO 12/T7" 
N . . . . . . . . .  
M AVG 1A20,5 2.6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
N STUDENTI420.5 2.8 AVERAGE USING STUDFNTIO(HII.[I} - -  SEE MAIN TEXT 

X CHARGED ONLY, WITH OTHER FINAL STATES 
M 13OI1AOO,O) (20.01 BAOIER 6 5  HBC 
N 2011440.0) (20.OI  DUBAL 68 NMS 
R W D 240(1396. )  {6 .1  DASSONPIE 69 HBC 
N (1411.1 (7 . |  FRIEDMAN 69 HBC 

- 3.  K- P (K'P)) 12/75 
11.5 K- P 12175 

+ 5 K+P {K 2PI ]  12/75 
2 .7  K-P {K 2PI |  2172 

M CHARGED AND NEUTRAL 

M 134{I . . . . .  ) . . . . . . . . . . . . . . . . .  - O  3.  . . . . . . .  I 12/75 
M O 55(1423,1 ( 2 4 . 0 )  ADERHOLZ OB HBE --0 iO K- P (K PI}  12/75 

M NEUTRAl ONLY 

N O A6(1446o0I lD.Ol DAHt 67 HBC O 4 .P I -  P {KPI} 12/77" 
N S 160{1A25,01 ( I S . O l  KANG 68 HBC 0 4.b K- P 12/75 
N SO B1(140S,OI ( 2 2 . 0 }  SCHWEINGR 68 HBC O 4 . 1  K-- P (K P I }  12/TS 
M S 97(1397,01 (19 .0 )  5CHWEINGR 68 HBC 0 5 . 5  K- P iK PI) 12/75 
N WAD 210(1422 . )  (8 .01  BASSONPIE 69 HBC 0 5  K+P IK P l )  12175 
M 2200 1421.1 2.6 DAVIS 69 HBC 0 12. K+ P(K÷PI-) 9/69 
M 1 8 0 0  1619ol ~ . 7  AGUILARI Tl HBC 0 3 .9 ,4 .6  K- P I I / 71  
M 600 1416. ~ .  CORDS Tl  OBC O 9 .  K+ N~K+ PI -  P 2 /72 
M 1100 1427. 3.  BUCHNER 72 DBC O 4.6 K+ N,K÷ PI-P 12/72 
N C 1420.1 4 .3  LINGLIN 73 HBC O 2-13 K+P,K+PI-  12175 
N 800 1421.6 4.2 MCCUBBIN 75 HBC O 3 .6  K-P,K-PI+N 12/75 

1423.0 3 .0  ETKIN 76 SPEE 06.K-P,KO P i + P l -  7/77~ 
3001A20.O 7 .0  HENOR1CKX T60BC 8.25 K+N,K+PI 7 /77*  

m P 1~40.0 10.0 BOWLER 77 DBC O 5.5 K+O,K Pl P P 12/77"  
M P 1434.0 2 .0  ESTABROOR T7 ASPK O 13K+-P,P K P1 12 /77 .  

AVG 1425.7 2 .0  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.9I  
M STUDENTI423.7 1.5 AVERAGE USING STUDENTIOIH/1. I I I  - -  SEE MAIN TEXT 

{SEE IDEOGRAM BELOW 

DE)CHILD  AUERR6E = 1 4 2 S . 7  i 2 . 0  

E R R O R  SCRLED BY 1 . 9  

--F- . . . . . . .  ESTABRDOK 77 ASPK 

- ~  -BOULER 7? DBC 

- o ~  . . . . . . .  H E H O R I C K X  76  DBC 

. . . . . . . .  t ~  E T K I N  7 6  SPEC 

P~I . . . . . . .  MCCUBBZH 25 HBC 

~'/''I . . . . . . .  LINBLIN 23 HBC 

~ '~  . . . . . . .  BUCHNER 72 DDC 
i 

- - ' ~  . . . . . . .  CORDS 7 t  OBC 

• - ' ~  . . . . . .  R G U I L A R 1  7 t  HBC 

• . . . . . . . . .  " " ~ ' - - ' ' ~ kAU IS  69 HBC 

1400 1 4 2 0  1 4 4 0  

NEUTRAL  K z { 1 4 3 0 ]  M~SS ( ~ E U ]  

C H I S Q  

1 7 . 3  

2 . 1  

0 . 7  

0 .8  

0 . 9  

t . 7  

0 . 2  

2 . 6  

3 . 2  

3 . 1  

3 2  . S  

( C D N L E U  
1 4 6 0  = O . O 0 0 J  

A C INCLUDED IN LINGLIN 73 WORLD K+P DST 
FROM POLE EXTRAPOLATION, USING WORLD K+P DST 

N D ERRORS ENLARGED BY US TO GAMMAISQRT(N). SEE TYPED NOTE ON K* 
M P FROM PHASE SHIFT ANALYSIS. 
H $ DATA WITH MASS ERROR OF 15 MEV OR MORE NOT AVERAGED 
N W NUMBER OF EVENTS IN PEAK REEAVALUATED BY US 

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

Mesom 
K:(1400), K"(1430 

W 

W O 63 B9. 45. 
s~ 136 (LID.O, , ~ . O J  

GO 96° 50o~ 
W 1400 g @ . 7  15.1 
w w D 2ZB 115. 31.D 
w 130 (42,1 i12. )  
W . . . . . . . . .  
W AVG 97.3 Lt.8 
N STUDENT 97.3 12.8 

CHARGED ONLY, WITH OTHER 
D 130 (IOS.0) (37.0) 

w CHARGED ONLY, WITH OTHER 
w O 130 (105 .0 I  137.0)  
w D 120 l l lO . )  (4O.OI 
k (43.) ( 1 3 . )  

CHAROED AND NEUTRAL 
W 134 (92.01 (32.0) 
W O 55 (ETb. I (94.01 

w BEUTRAL CNLY 
w 0 46 IBl.0) (36.0) 
H SO 160 (116.0) (37.0) 
w WAD 210 ( I ID .  I (AO.o) 
N 2200 l O l .  1O° 
w 1BOO 116.6 10.3 
W D 600 144. ~4.0 
W COIEOO 10~. IA°O 
W (61.0) (14.01 
W BOO l I B .  18. 
W D 300 125.0 29.0 

P 170.0 20.0 
P 9B.O 5.0 

22 K*(14301 WIDTH (MEVI 

CHARGED ONLY, WITH FINAL STATE K P) 
SCHWEINGR 68 HBC - 5.5 K-PIKO RE-)  12/75 
BISHOP 69 HBC + 3.5 R+ P 12/T5 
LIND 69 HBC + q.  K~ P .12/77~ 

12.5 AGUILARI 71HBC - 3.9,4.& K- P I I / T l  
BARNHAM 71HBC + K+ P,KO PI t  P 12175 
CLARK 73 HBC 3.3 K-P,P E l -  KO 12/77* 

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 , 0 )  

AVERAGE USING STUDENTIO(H/1.11) - -  SEE MAIN TEXT 

FINAL STATES 
BADIER 65 HBC - 3.0 K-P 12/75 

FINAL STAIRS 
BADIER 65 HBC - 3.0 K-P 12/7B 
BASSDMPIE B9 HDC ÷ 5 K+P [K 2Pl) 12/75 
FRIEDMAN 69 HBC - 2.7 K-E {K 2PII B/7Z 

FDCARDI 65 HBC -O B.O K- P (K El) 12/75 
ADERHOLZ 6B HB6 -O tO K-- P (K P[) 12/75 

DAHL 67 HBC O 3.8-4.2 PI -  P 12/77 '  
KANG 6B HBC O 4.6 K- P 12/75 
BASSOMPIE 69 HBC O S K÷P (K E l i  12/75 
DAVIS 69 HBE O 12. K+ P (K El l  9/69 

15.5 AGUILARI 71HBG 0 3.9,4.6 K- P 11171 
CORDS 71DBC O 9.  K+ N,K+ PI-  P 12/75 
BUCHNER 72 DBC O 4.6 K+ N,K+ PI-P 12/7B 
LINGLIN 73 HBC G 2-13 R*P,K+PI- 1/74 
NDCUBEIN 75 HBC O 3.6 K-P,K-PI+N 12/75 
HENDRICKX 7E DBE 8.25 K+N,K+PI 7/77* 
BOWLER 7T DBC 0 B.5 K+D,K P) P P 12/77" 
ESTABROOK 77 ASPK O I3K+-PeP K PI 12/77" 

AVG 105.B 5.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6) 
STUDENT 105.1 4.8 AVERAGE USING STUOENTIO(H/[.ll) - -  SEE MAIN TEXT 

(SEE IDECGRAM BELOW ) 

U E I C H T E O  AUER~q6E = 1 0 5 . 8  =k 5 . 9  

ERROR SCRLED BY t . 6  

J 
SO 100  

NEUTRal Km(1430 )  NIDTH (MEU) 

C H I S Q  

. . . . . . . . . . . .  ESTABRDDK 77  ASPK 2 . S  

: - . ' B O W L E R  77 ODC 1 0 . 3  

- 4  - H E H O R I C K X  76 DBC 0 . 4  

. . . . . . . . . .  M C C U B B I N  75  HBC 0 . 3  

. . . . . .  BUCHNER 72  OBC 0 . 1  

. . . . . .  CORDS 7 i  DBC 2 . S  

. . . . . .  A B U I L R R i  71 HBC 0 . 7  

• " , ~ A U ~ S  6 9  HDC 17.00"2 

Ii0 200 2~0 ( C D N L E U  
= 0 . 0 1 7 }  

w A INCLUDED IN LINGLIN 73 WORLD K+P DST 
W C FROM PCLE EXTRAPCLATION, USING WORLD K÷P DST 
w D ERRORS ENLARGED BY U5 TO 4*GAMMAISGRT{N). SEE K* TYPED NOTE. 
W P FROM PHASE SHIFT ANALYSIS. 
W S DATA WITH MASS ERROR OF 15 MEV DR MORE NOT AVERAGED 
W W NUMBER OF EVENTS IN PEAR REEAVALUATED BY US 

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

22 K * { l ~ 3 0 )  PARTIAL DECAY MODES 

DECAY MASSES 
P( K*(1430( INTO K P l  6 9 3 +  1 3 9  
P2 Ke(14301 INTO K*{892I P] 892+ 139 
P3 K*(1430( INTO K RHO 493+ ?7B 
P4 K~(14301 INTO K OMEGA A93+ 783 
P9 K~I I430I  INTO K ETA 493+ 548 
Pb K~(1430) INTO K t I B 9 2 1 P I  PI 892+ 139+ 1 3 9  

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

FITTED PARTIAL DECAY MODE BP~ANCHING FRACTIONS 

The rnatr~ below is derived from the ezror matrix for the fitted partial decay mode 

branchlng~fraction,, P as follows: Yhe dla~onal elemen%s are p{± 6P,t where 

6P i = ~<BPi6Pi), while the off-diagonal elements are the normalized correlation coeffi- 

cients <6plBPj}/(6P i • 5Pj). For the definition, DE the ~dividual P[. see the l i s t i n £ s  

above; o~y those P( appearing in the n~trix are assumed in the fi~ to be nonzero and 

are thus ~onstrained to add to I .  

PL  P2  P3  P4  F 5  P6  
P I .6907+-.O163 

~ --.0836 . . . . . . . . . . . . . . .  - . o o 1 0  ~g . . . . . . . . . .  
P 4 - ,1081  - . 2010  - . 1212  *0369+-*0 t59  
P 5 -.3209 -.3905 -.2214 -.16OO .024B~.0261 
P 6 -.252~4 -.3690 -.2154 -.[BBl -. 2T22 .111B+-.0248 



Mesons 
K*(1430), KN(I?00 ) 

22 K*(14301 BkA~CHLNG RATIOS 

K * I 1 4 B O )  INTO {K PI ) /TOIAL (P I )  
0.~9 0 .02  ESTABROOK 77  ASP( +- 13K+-P ,P  K Pl 

SCALE FACTOR OF I .O)  

[P2 ) / [P I+P2+P3 )  
- 3 .O  K-p 
-o  4 .6 ,  5.O K- P 

RI  

RIP  12 /77 ,  
R IP  FROM PHASE SHIFTS ANALYSIS. 
RI . . . . . . . . .  
RI FIT 0 . 4 9 1  0 .016  FROM FIT (ERROR INCLUDES 

R2 K'11430) IN•O (K*(89B} P I ) / (K  PI ÷ K Pl P I ]  
R2 QR (.451 (0.131 BADIER 65 HBC i178+ 

10.47) TO.TO) BASSANO 67  HBC 10/87 
R2 . . . . . . . . .  
R2 FIT 0,327 O.O t9  FROM FIT 

k3  R ,11430 )  INT~ (K BHO)/(K PI + K PI  P I )  (P3)I(PI+P2+P3) 
R3 QR (D.141 10 .07 )  BADIER 65  HBC - 3 ,0  K -P  1 /78+  
R3 O (0 ,14 )  10.10) BASSANO 67  HBC -0  4 .6 ,  5,0 K- P 10/67 
R3 . . . . . . . . .  
R3 FIT 0 .079  0.016 FROM FIT 

R4 K*(14BO) IN•D (K#(892) P I )  I (K E l l  (P2 ) f (P I I  
R~ b 0.33 0 ,33  CHUNG 65 HBE + 0 3 .9 -~ ,2  P I -  P 8 /86  
R4 0 .65  0.20 SHEN 66  HBC 0 N* PRODUCED 10/66 
R4 C (0 .83)  (0 ,20 )  SHEN 66 HBC + NO N* PROOUCED 10166 
R4 0,52 0.12 SCHWEINGR 68 HBC o #,i+5.5 K- P I0167 
R4 O (1 .06 )  )0 .30)  BASSDMPIE 69 HBC + 5.0 K+P 1 /78 "  
R4 0.80 0.30 BASSOMPIE b9  HBC 0 5 .0  K+P 1/78*  
R4 O 84 (0 .93 )  1o. I I )  BISHOP 69  HBC 3.5 K+ P 9 /69  
R4 0.47 0.08 AGUILARI 71 HBC 3 .9 ,4 ,6  K- P 11/71 
R4 G 0,91 0.20 EHARRIERE 73  HBC 0 5 .  K+ P,K P 3El 1/73 
~ G REVISED BY GOLDSCNMIDT 75 
R~ A~ 150 ( 0 . 65 )  (0 .25 )  ANTIPOV 75 ASPK - 40 K-P,K~- P .12175 
R4 A K *  PI SIGNAL FROM PAR•IAL WAVE ANALYSIS OF (K -P I÷P I - )  SYSTEM 
R4 0.54 0.16 DEHM 74 DEC 0 4.6 K+ N 12/75 
R4 0.62 0,19 LAUSCHER 75 HBC 010,L6 K-P,K~PI+N 12/78 
R4 . . . . . . . . .  
R4 AVG 0.546 0.053 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
R4 STUDEN• 0,544 O .OBO AVERAGE USING STUDENTIOIH/ I . l l )  - -  SEE MAIN •EXT 
R4 FIT 0.551 0.0#6 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.0)  

R5 K*(1430) INTO IK OMEGA) / K PI (P4 I / (P I )  
R5 R 0.19 0,16 BADIER 65 HOE - 3 . 0  K-P I178*  
R5 (0 .08 )  DR LESS SHEN 66  HBC ~.6 K+P 8/66 
R5 TO,B) OR LESS BASSOMPIE 69  HBC * B K+ P 9 /69  
R5 0 ,13  0 .07  BASSOMPIE 69  HBC 0 5 K+ P 9 /69  
R5 0.05 0.04 AGUILARI 71HBC 3 .9 -~ .6  K- P 11/71 
R5 10 .2 )  OR LESS CL=.95 CHUNG 78  HBE - 7 .3  K-P,K~- P 12/75 
R5 . . . . . . . . .  
R5 AVG 0.075 0 .03~  AVERAGE tERROR INCLUDES SCALE FACTOR OF l .O )  
R5 STUDENT 0.075 0.038 AVERAGE USING STUDENTIOiH/E.IE) - -  SEE MAIN TEXT 
RB FIT 0 .0?5  0.033 FROM F I •  (ERROR INCLUDES SCALE FACTOR OF I .O )  

K6 K* ( I 43G I  INTO {K  RHO) / IK  P I )  (PZ I / IP I )  
R6 10.09) OR LESS CHUNG 65 HBC * 0 3 .9 -~ .2  P I -  P 8/66 
R6 0.26 0.16 SCHWEINGR 68 HBC 0 4.1+5.5 K- P 10167 
R6 (0 .2 }  OR LESS BASSDMPIE 69 HBC + 5 K÷ P 9~69 
R6 (0 .3 )  OR LESS BASSDMPIE 69  HBC 0 5 K+ P 9 /69  
R6 G 15 (O . l l l  (0 .06)  BISHOP 69 HBC 8.5 K+ P 9169 
Rb 0.16 0.05 AGUILARI 71HBC 3 .9 ,4 .6  K- P I I / 71  
Rb 0 .02  0 .10  0 .02  OEHM 74  DBC 0 4 .6  K+ N 12 /75  
R6 S (0 .24 )  (O . lB )  LAUSCHER 75 HBC OIO~I6 K-P,K-PI÷N 12/78 
R6 S USES RESULTS OF GITER 75 (SEE R7 BELOWh WE D0 NOT AVERAGE THIS 
R@ S S•AT[S•ICALLY REDUNDANT RATIO, BUT KEEP THE LAUSCHER •5 E, ESUL• 
R6 S FOR R4 ABOVE* 
R6 . . . . . . . . .  
R6 AVG O . l l L  0.054 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.41 
R6 S7UDENT 0.116 0.0~7 AVERAGE USING STUDEN•IOIH/ I . I1)  - -  SEE MAIN TEXT 
R6 FIT 0 . [ 34  0,030 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 . [ )  

R7 K' l imBO) INTO (K  RHO) I [K*{8921 E l l  (P3 ) / IP2 I  
R7 (0 .39 )  OR LESS BASSOMPIE 67 HBC + 5. K÷ P 9167 
R7 (0 ,40 )  OR LESS CL=.90 F IELD  67 HBC - 3 .8  K- P 6/67 
R7 P 130 .13  ,09 OTTER 75 HBC OBelO,16 K-P,K* N 12/75 
R7 AN IO .OD)  (O .  O31 ANTIPOV 75  ASP( - ~0 K -P ,K* -  P 12 /75  
R• N K RHO MODE NOT OBSERVED 
R7 A FROM PARIIAL WAVE ANALYSIS OF (K -P I+P I - )  SYSTEM 
R3 P 0 .36  O . lO  VERGEEST 76  HBC 0 ~.2 K -P ,P  KOPIPI I 2 / 77 .  
R7 P FROM PARTIAL WAVE ANALYSIS OF (KO PI+ P I - )  SYSTEM 
R7 . . . . . . . . .  
R7 AVG 0 .23  0.11 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.7) 
R7 STUDENT 0 .231  0.085 AVERAGE USING S •UDEN• IO (H I I . [ I )  - -  SEE MAIN •EXT 
R7 FIT 0.2~3 O ,BST  FROM FIT (ERROR INCLUDES SCALE FACTOR OP 1,1) 

RB R* ( [~3O)  INTO (K  OMEGA) / 1K* (892 )  P I )  (P~ I / (P21  
R8 O 10.10) TO.041 FIELD 67 HBC - 3 .8  K -  P 6/67 
R8 . . . . . . . . .  
R8 FIT 0 .137  0.062 FROM FIT 

R9 K*(14301 INTO (K ETA) / (K* (892)  P I )  (PB | / IP21  
R9 ~ (0 ,07)  (0 .04 )  E[ELD 67 HBC - 3 .8  K -  P 6167 

R9 . . . . . . . . .  
RO FIT 0.092 0 . I 00  FROM FIT 

RIO K.11430) INTO (K ETA) / (K P I )  IPS ) I IP I )  
RIO R 0.05 0.06 BADIER 65 HBC - 3 .0  R-P 1178* 
RIO R (O.OB5IDR LESS BASSOMPIE 69  HBC 5.0 K+P 1 /78 *  
RIO (0 .02 )  OR LESS BISHOP 69  HBC 9 .5  K÷ P 9169 
RlO 10,04) OR LESS CL=.D5 AGUILARI 71HBC 3 .9 -4 .6  K -  p 11/71 
R10 . . . . . . . . .  
RIO FIT 0 .050  0.054 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 

RLI K'T14301 INTO (K*18921 PI PI I /TO•AL )P6 )  
RllT O.1R 0.04 GOLDBERG 76 HBC - 3 K-P,P KOPIP[PI 12/77"  
R I I  . . . . . . . . .  
R l l  F I I  0.112 0.025 FROM FIT IERROR INEIUOES SCALE FACTOR O~ 1.O) 

R12 K*(14301 INTO IK*(892)  PI P I I / (K  P I )  (PG) / (PL )  
RI2T R 0.21 O.OB JONGEJANS 77 HBC - 4 K -P ,P  KOPIPIPI 12/77"  
R12 . . . . . . . . .  
RI2 FIT 0,227 0.053 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l .O I  

R Q FOLLOWING S~GESTION BY ACJJILAR 70~ WE DO NOT MAKE USE OF MEASURE- 
R Q MENTS WHERE THE (K P1P l l  BACKGROUND SUBTRACTION IS DIFFICULT DUE 
R Q TO THE NEARBY Q REGION. 
R R RESTATED BY US. 
R • ASSUMING Pl P[ SYSTEM HAS ISO-SPIN 1, WHICH IS SUPPORTED BY 
R • THE RATA 

REFERENCES FOR K*(1430) 

BADIER 85 PL 19 612  BAOIER,DEMDUL[N,GOLOBERG+ (EPOL+SACL÷AMST) 
CHUNG 65  PRL 15 325 +DAHL,HARDY,NESS~JACOBS,KIRZ,MILLER (LRL )  
FOCARDI 65  PL 16 351 FOOARDhMINGUZZI RANZ[,SERRA+(BOLOGNA÷SACL) 
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SHE~ bc PKL 17 726 +~UTTERW~RT~,FU,GOLOHBBERS,TRILL(NG (LRL) 
AL~b 66 (PRIVATE LCMMUN)GEkSCN GOLDHABER (LRL) 

8ASSANO 67 PRL 19 968 ÷GOLDBERG,GDZ,BARNES,LEITNER+(BNL+SYRACUSEI 
EASSOMPI 67 PL 2bE 30  
CRENNELL 67 PRL 10 44 
DAHL 67 PR 163 13~7 

ALSO 68 PRL 14 401 
DE 8AERE 67 NC 51 A 401 
FIELD 67 PL 248  63B 
GOLDHABE 67 PRL 19 972 

AOERHOLZ 68 NP B 5 5~7 
ALSO 66 PL 22 357  

ANTICH 6B PRL 21 1842 
DURAL bB IHESIS I456  
RANG 68 PR 176 1887 
SCHWEING 68 PR 166 1817  

ALSO 67 •HES IS  

BASSDMPI 69 NP 813 1B9 
BISHOP 69 NP 8 9 403 
CRENNELL 69  PRL 22 487  
DAVIS 6~ PRL 23 1071 
DE BAERE 69 NC 61 A 397  
FRIEDMAN 69 UCRL-IEB60 
LIND 69 NE B 14 I 

ABRAMS 70  PR 0 1 2433  
AGUILAR 70 PRL 25 1362 
BIRMINGH 70 KIEV CONF. 

AGUILARL 71 PR 0 ~ 2583 
BARNHAM 71NP B 28  171 
CORDS 71PR 0 4 1974  

BUCHNER 72 NP B 45  333  
CRENNELL 72 PR D 6 1220  
DEUTSCHM 72 NP B 36 378  
ENGELMAN 72 PR 0 5 2162 
FRAIl  72 PR D 6 2361 
ROUGE 72 NP B 46 29  
T IEEKE 72 NP B 39 596 

BASSOMRIERRE,GOLOSEHMIOT+ )CERN*BRUX÷BIRMIIJP 
÷KALBELEISCH,LAI,SCARR,SCHUMANN (BNL) 
+HARDY+HESS*KIRZ*MILLER (LRL) 
HAROY,CHUNG,DAHL~HESS,KIRZ,MILLER (LRLI 
+GOLDSCHMIOT-CLERMONT,HENRI+ (BE UX+CERN) 
+HENDRICKS+PICCIQNI+YAGER (LAJOLLAI 
G.GOLDHABER,FIRESTCNE,SHEN (LRL) 

+DEUTSCHMANN+ (AACH+BERL*CERN+LOIC÷VIENNA) 
BARTSCH,DEU•SCHMANN,MORRISGN+ (ABCLI IC IV I  

+CALLAHAN,CARSON,COX,DENEGRI,+ (JHU} 
L.DUBAL (GENEVEI  
Y.W.KANG (IOWA( 
$CHWEINGRUBER,DERR[CK,FIELDS+ (ANL+NWES) 
F.L.SCHWEINGRUBER INORTHWESTERN,EVANS•~N) 

BASSOMPIERE,GOLDSCHMIDT-CLERM,+ (CERN+BRUX) JP 
+GOSHAW,ERHIN,WALKER IWISC) 
*KARSHGN,LAI,ONEALL,SCARR (BNL) 
~DERENZO,FLAITE,ALSTON,LYNCH,SOLMITZ (LRL) 
~COLDSCHMIDT-CLERMONT~hENRI,÷ (BELD+CERN) 
J.FRIEDMAN,PH.D. THESIS (LRL} 
+ALEXANOER,FIRESTONE,FU,GOLDHABER ILRL )  JP 

*EISENSTEIN,KIM,MARSHALL,O.HALLDRAN,÷ ( I LL )  
AGUILAR-BENITEZ,BASSANO,EISNER,f (BNL+PURO) 
ASTIER RAPPORTEURS TALK  (BIRM÷GLAS+OXPI 

+EISNER,KINSON (BNL) 
+COLLEY,JOBES*GRIFFITHS,HUGHES,+IBIRM+GLAS} 
~ARMONY,ERWIN,MEIERE,+ (PURD÷UCD+IUPU) 

+DERM,CHARRIERE,CORNET,+ (MPIM+EERN÷B~U×) 
+GORDON,KWAN-WU LAI,SCARR (BNL) 
DEUTSCHMANN,+ (ABCLV COLLABORATION) 
ENGELMANN,MUSGRAVE,FORMAN,+ (ANL÷EFI) 
~HALPERN,HARGIS,SNARE,CARNAHAN,*(PENN+EINC) 
+VIOEAU,VOLTE,DE BRION,+ (EPUL+SACL) 
+GRIJNS,HEINEN,DE GROOT.+ (NIJM+AMST) 

CHARRIER 78 NP B SI  El7 CHARRIERE,DRIJARD,DE BAERE,÷ (CERN+BELG) 
ALSO 75 (PRIVATE COMMUNICATION) GOLDSCHNIDT-CLERNONI (CERN) 

CLARK 78 NP B 54 432 
DE JONGH •B NP B 58 I IO  
LINGLIN 78 NP B 55 408 
WALUCH •3 PR D 8 2837 

DEHM 74 NP BTB 47 
CHUNG 76 PL 818 413 

ANTIPDV 75 NP 886 B8L 
LAUSCHER 75 NP BE6 189 
MCCUBBIN 75 NP 886 13 
OTTER 75 NP 88~ 3 3 3  

ETKIN 76 PRL 36 148B 
C~]LOBERG 76 LNE 17 253 
HENORICK 76 NP B IL2 189  
VERGEEST 76 PL 62 B ~71 

BOWLER 77 NP B 126 31 
ES•ABRCO 77 SLAC PUB 2004 
JO~GEJAN 77 PREPRINT (ZEEM) 

÷LYCNS,RA00JICIC IDXFDRD} 
+CORNET,CHARRIERE,÷ IBRUX+MONSeCERN÷MPIM) 

O.LINOLIN (CERN} 
+FLATTE,FRIEDMAN (LBL) 

+GOEBEL,WITTEK,WOLF,~ (MPIM÷BRUX÷MONS÷CERN} 
÷EISNER,PROTOPOPESCU, SAMIOS,STRAND (BNLI 

*ASCOLI,BUSNELLO,KIENZLE÷ (SERP+EERN÷ILL) 
+O••ER,WIECZOREKt÷ (ABELV COLLABORATION) JP 
N.A.MCCUBBIN,L.LYONS (OXFI 
+ (AACH+BERL+CERN+LDIC÷VIEN+A•HU÷ATEN÷LIVP) 

+FOLEY,GOLDMAN, LINDENBAUM*KIM,* (BNL+CUNYI 
J.GOLOBERG IHAIFA) 
*VIGNAUD,BURLAUG,* (MONS+SACL*LPNP÷BELG) 
÷ENGELEN,JGNGEJANS,+ {AMST÷CERN+NIJM+OXFI JP 

+BAINTON,DRAKE,WILLIAMS (OXFORD) 
ESTABROOKS,CARNEGIE÷IMONT+CARL+[~JRMAM+SLAC) 
JENGEJANS,CERRADA,* (AMST+CERN*NIJM*OXFI 

TH IS  ENTRY CONTAINS VARIOUS PEAKS IN  STRANGE MESON 
SYS•EMS REPORTED IN TME I•O0 MEV REGION. 
EVIDENCE NO• COMPELLING, OMITTED FROM TABLE, 

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

27 KN(£7001  MASS (MEV) 

M (1660.0)  CARMDNY 67 HBC - 3 .8  K-P,OMEGA K 11/67 
M J (1660.0)  ( lO .O I  JDBES 67 HBC 5. K+ P 12/78 

CLAIMED BY JOBES 1N (K P lh  (K* [892)  P I ) ,  AND (K*( I~BOI PIT MJ  
M J MODES. K PI BUMP INTERFERES MOSTLY WITH DELTAIIBBb). 
M ( [ 660 . )  CHARRIERE 78  HBC 0 5 .  K÷ P ,K  P BP I  1 / 73  
M 6011710.) 115.) CHUNG 74 HBC - 7.3K-P,K-OMEGA P 18/75 
M E 137(1692,01 ( 6 . 0 )  ETKIN 76 SPED 06*~-PtKO P I+P I -  7 /77*  
M E NOT SEEN BY JONGEJANS 77 WITH LARGER STATISTICS. 

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

27 KNI1700) WIDTH (MEV) 

W J (60 .0)  (20 .0)  JGBES 67 HBC + 5. K+ P I 2 / • 5  
W J SEE NOTE J ABOVE 
W [60 . I  CkL~RRIERE 78 HBC 0 5. K÷ P,K P BPI L/TO 

60  ( I lO . )  {SO.) CHUNG 74 HBC - 7.3K-P,K-OMEGA P 12175 
E 137  IB6 .01  124 .0 )  ( 17 .01  E •K IN  76  SPEC 06 .K -E .KO e I+P l -  7177 "  

W E NOT SEEN BY JDNGEJANS 77 WITH LARGER GTA•ISTICS. 

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

27 KN(I?O0) PARTIAL DECAY MODES 

DECAY MASSES 
P1 RN( [70B )  INTO K PI  493+  139 
P2 KN(1700I INTO K PI PI 493+ 139+ 139 
P3 KN(17OO) INTO K* (892 )  P I  892+ 139 
P4 KNII7OOI INTO K RHO 498+ T76 
P5 KN(1700) INTO K~I1430) Pl I484+ 130 
P6 KN(1700) INTO K OMEGA ~93÷ TB3 

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

27  KN(1700) BRANCHING RATIOS 

R1 KN(1700) INTO IK P I I I (K  OMEGA) (P I I / (P6 )  

R1N (0 .5 )  (D.5) CHUNG 74 HBC - 7 .3  K-P,KN- P 12175 
R1N NO K PI SIONAL SEEN IN THIS EXPERIMENT 

R2 KN(LTOO) INTO (K * IB92 )  P I ) / i TO•AL  K P I  E l )  )P3 ) / IP2 I÷ (P3 )  
R2 (0 .81  ETKIN  76  SPEC 06 .K -P~KO P I+P I -  7 / 77 *  
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REFERENCES FOR KNIITOD) 

CARMBNY 67 PRL 18 615 D.CARMONY,T.HENDRIOKS,L.LANDER (LA JOLLA) 
JGBES 67 PL 26B 49 +BASSOMPIERRE,OE BAERE + (BIRM+CERN÷BRUX[ 
CHARRIER 7 3  NP B 51  3 / 7  CHARRIERE,DRIJARD,DE BAERE,+ (CERN+BELG[ 
CHUNG 7~ PL 51B ~12 ÷BISNER,PROTOPDPESCU,SAMIOS,SIRANO (BNL) 
E/KIN 76  ERE 36 1482 +EOLEY,~OLDMAN,LINOENBAUM,KIM,+ {BNL+CUNY) 
JONGEJAN 77 P R E P R [ N T  (ZE~M} JONDEJANS,CERRADA,+ (AMST+CERN+NIJM+OXF) 

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

The L(1770) is seen as a bump in the diffrac- 

tive-like process KN + (Kw~)N. BARBARO 69 and 

FIRESTONE 72 find the decay is consistent with 

being entirely K*(1430)~, whereas AGUILAR 70, 

BARTSCH 70, COLLEY 71, and DENEGRI 71 present 

evidence for alternate decay modes. For a review 

see EISNER 74. 

Partial-wave analyses (DEUTSCHMANN 74, ANTIPOV 

75, OTTER 75) have shown that the situation in the 

L region is complicated, with many waves contribut- 

ing. The 2- K*(1430)~ S wave is important, but 

cannot explain the whole L enhancement (DEUTSCH- 

MANN 74). 

On the other hand, a recent paper repeating 

the PWA of OTTER 75 on an enlarged sample (AACHEN 

77) proposes the existence of a 2- resonance to 

explain the sharp rise of the 2- K*(1430)~ channel, 

the peak in the 2- K*(892)~ partial wave, and the 

observed phase variation. Further confirmation is, 

however, needed before considering this an estab- 

lished resonance. 

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

23 L MASS (MEV) 

M 2011780.[  EERLINGH] 67 HBC ~ 12.7 K+P 7•67 
M (1760.01 115.01 JOBES 67 HBC 5. K+ P 1/73 
M 1745.0 20.0 AGUILAR 70 HBC - 4.6 K-- P b170 
M 1780.0 15.0 RARTSCH TO HBC - iO.l K- P 1171 
M (1760.01 (15 .0 )  LUDLAM 70 HBC - 12.6 K- P 1/73 
MM X 1765.0 40.0 CDLLEY 71 HBC ÷ I O . K + P , K  2El 1/73 

X SYSTEMATIC ERRORS ADDED CDRRESP. TD SPREAD OF DIFFERENT F I IS .  
M (1T~O.D) DENEGRI 71 DBC - 12.6 K-D,K 2El 0 5/71 
H 1767. 6. BE[EDEN 72 NMS - 11 . -16 .  K- P 12/?2 
M P 306 1730. 20. FIRESTONE 72 DBC 12. K+ D 1/73 
M P PRODUCED IN CONJUNCTION WITH O 
M . . . . . . . . .  

M AVG 1764.6 6.7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.38 
M STUOENTI765.O 5.8 AVERAGE USING STUDENTIO(HII.11) - -  SEE MAIN TEXT 

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

2 3  L WIDTH (MEV[ 

W 20 ( 80 , )  BERLINGHI 67 HBC + 12.7 K+P 7 / 6 7  
w 160.0} (20 .0)  JOBES 67 HBC + 5. K+ P 1173 
w 100.o 50.0 AGUILA~ 7D HBC - 4.6 K- P 6 / 7 0  

w 138.0 ~o.o BARISCH 70 HBC - 10.1 K- P 1/71 
W [50 .0 )  [ 40 .0 )  (2O.Ol LUDLAM 70 HBC 12.6 K- P I173 
W X 90. 70. CDLLEY 71 HBC + IO.K+P,K 2PI I173 
W X SYSTEMATIC ERRORS ADDED ODRRESP. 70 SPREAD OF DIFFERENT FITS. 
W (130.0 [  DENEGRI 71 OBC - 12.6 K-D,K 2El O 5171 
w 1 0 o .  16. BLIEDEN 72 MMS ~ 11 . -16 .  K- P 12/72 
W P 306 2 i 0 .  30. oFIRESTONE 72 DEC ÷ 12. K~ D 12172 
W P PRODUCED IN CONJUNCTION WITH * 
W . . . . . . . . . .  
W AVG [37 .7  24.2 AVEF~AGE [ERROR INCLUDES SCALE FACTOR OF 1 .5 [  
W STUDENT 130.7 21.5 A~ERAGE USING SlUDENTIOIHII .11) - -  SEE MAIN TEXT 

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

23 L PARTIAL DECAY MODES 

DECAY MASSES 
P l  t INTO K q [  Pl  4 9 7 +  134+ 134 
P2 L INTO K*(1430) P[ 134+143t.,  
P3 t INTO K PI P[ PI 497÷  134+ 13t~+ 134 
P4  L INTO K~IBgZI PI 8 9 2 +  1 3 4  
P5  t INTO K*lB921 RHO 892÷ 7 7 6  

P6 L INTO K~{892] OMEGA 892+ 7 8 3  

P7 L INTO K=(892) PI Pl 892+ 18z*÷ 13@ 

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

Meson, 
K~(1700), L(1770), K~(17801 

23 L BRANCHING RATIOS 

R1 L INTO (K * ( I 430 I  E l )  / (K P[ P) ) [PB ) I IP l ]  
R I  LARGE DENEGRI 68 DEC - 12.6 K- 0 
RE (1.0I BARBARO 69 HBC + 12.0 K+ E 
RI 0o2 0.2 AGUILAB 70 HBC - W.6 K- P 
RE LESS THAN 1.0 BARTSCH 70 HBC - 10.1 K- P 
RI LESS THAN [.O COLLEY 71 HBC 10. K+ P 
RI P CONSISTENT WITH I .  FIRESTONE 72 DEC + 12. K÷ D 
Ri P PRODUCED IN CONJUNCTION WITH D* 
R1 R LESS THAN 1.0 SEEMS TO BE ESTABLISHED. 
R1 R FOR DISCUSSION OF THE EXPERIMENIAL EVIDENCE ON OTHEE DECAY 
R1 R MODES SEE HUGHES 71,SLAITERY 71,EISNER 74. 

R E F E R E N C E S  FOR L ( 1 7 7 0 }  

BARISCH 66 PL 22 357 ÷DEUTSCH~%~NN,+ {AACH÷BERL+CFRN+LOIC÷VIENI 

BERLINGH 67 ERL 18 10~7 BERLINGHIERI+FARBER+EERBEL*FDRMAN+ (RDCH)I 
dOBBS 67 Pt 268 49 +BASSOMPIERRE,OE BAERE + (BIRM+EERN+BRUX) 

DENEGRI 68 PRL 20 1194 +CALLAHAN÷ETTLINGER+GILLESPIE÷ (JHU] 
BARTSCH 6 8  NP 88 9 +COCOON),+ (AACHeBERLeCERN+LGICeVIENI 

ANDREWS 69 PRL 22 7 3 1  +LACH,LUDLAM,SANDWEISS,BERGER,+ (YALE+LRL) 
BARBARD 69 PRL 22 [207 BARBARO-GALTIERI,DAVIS,FLATTE,÷ (LRL) 
COLLEY 69 NC A 59 519 +EASTNOOO,+ (BIRM+GLAS~LOIC+MPIM÷OXF÷BHEL) 

AGUILAR 70 PRE 25 54 AGUILAR-BENITEZ,BARNES,BASSANG,CHUNG,+(BNL) 
BARTSCH 70 PL 33 B 186 ÷DEUTSCHMANN,÷ [AACH+BERL+CERN÷LOIC+VIEN) 
LUDLAN 70 PR D 2 1 2 3 4  +SANDWEISS,SLAUGHTER [YALE[ 

COLLEY 71 NP B 26 7E *JOBES,KENYDN,RATHAK,HUGHES,+ (81BM+GLAS) 
DENEGRI 71NP B 28 13  +ANTICH,CALLAHAN,CAKSON,CHIEN,CDX,+ [JHU) JP 
HUGHES TI BOLOGNA C O N F . P ~ O C  I.S.HUGHES,TAEK AT BOLOGNA CONF. (GLASGOW) 

ANDERSON 72 PR D 6 1823 +FRANKLIN,GODDEN,KOPELMAN,LIBBY,TAN (COLO) 
BLIE~EN 72 PL 39 B 668 ÷FINDCCHIARO,BOWEN, EARLES,~ (STON+NEASI 
FIRESTON 72 PR 0 5 505 FIRESTONE,GOLDHABER,LISSAUER,TRILLING ILBL] 

BARLOUTA 73 NP B 59 874 +DREVILLON,SHAH,+ (SACL÷EPOL÷RHEL) 
8[NGHAM 73  NP 6 5 2  31 +FAKNEL,+ (LBL*OESAY~BNL+SAOLAX+MILAN) 
CHARRIER 73 NP B 5 1  317 CHARRIERE,DRIJARD,DE BAERE,÷ (CERN+BELG) 

DEUTSCHH 74 PL ~gB 388 DEUTSCHMANN,+ {AACH+BERC+CERN÷LBIC÷VIEN) JP 
EISNER 7 4  BOSTON R.L.EISNEB REVIEW TALK (BNLI 

ANTIPOV 75 NP BE6 381 +ASCOLI,BUSNELLO,KIENZLE+ [SERP+CERN+ILL) JR 
OTTE~ 75 NP 893 3 6 5  +RUOOLPH,~UMPF~ [AAOH+~E~L÷CE~N*LOIC÷VI~N[ 3P 

ALSO 77  PREP. AACHEN 4 [  IAACHEN+BERLIN÷CERN+LDIC+VIENNA JP  

IK'078o)l . . . . . . . . . . . . . . . .  

1171 
I171 
i171 
LlTI 

ILl71 
[2172 
I2172 

1[171 

Evidence for K*(1780) has been reported by a 

number of experiments which observe peaks of low 

statistical significance around 1800 MeV in the 

mass spectra of K~ and K]T~ systems produced both 

with charge exchange (CARMONY 71, AGUILAR 73, 

SPIRO 76, CARMONY 77, GRASSLER 77) and without 

charge exchange (SPIRO 76). The large variation 

in the measured values of the mass (see the Data 

Card Listings) leads GRASSLER 77 to suggest that 

there may be further structure at higher mass 

(around 1850 MeV). 

Additional evidence for the K*(1780) has come 

from observations of structure in the charge- 

exchange Kx angular distribution at ~1800 MeV 

(FIRESTONE 71, BRANDENBURG 76), which can be 

explained by a rapid rise of the F-wave amplitude 

interfering strongly with other waves. This 

behavior has been interpreted by BRANDENBURG 76 as 

implying the existence of a resonance with JP = 3-, 

M~1780 MeV, and F~270 MeV. The existence of such 

a resonance has been confirmed by BALDI 76 and 

CHUNG 78. BALDI 76 analyze non-charge-exchange 

data and find significant signals at ~1780 MeV in 

all moments up to L= 6. A clear, statistically 



Mesons 
K*(1780) K*(~O0)I(~600) 

significant peak at ~1786 MeV is observed by CHUNG 

78 in their charge-exchange Kz mass spectrum. 

Both of these experiments obtain narrower widths 

than BRANDENBURG 76. BALDI 76 finds a width of 

135 ± 22 MeV and CHUNG 78 a width of 95 ± 31 MeV. 

There have been two recent phase-shift analyses 

of the Kz system in this energy region. The energy- 

dependent analysis of BOWLER 77 supports the exis- 

tence of a broad JP= 3- resonance at ~1760 MeV with 

a width ~300 MeV. The problem of the width has 

been partly resolved by the ESTABROOKS 77 analysis 

of the high-statistics spectrometer data of 

BRANDENBURG 76. ESTABROOKS 77 find four solutions 

(see the K~ S-wave mini-review), all of which are 

compatible with the existence of an F-wave resonance 

at ~1780 MeV with a width ~175 MeV and elasticity 

~0,2. The K~ decay mode has been confirmed by 

KONIGS 77 with good statistics and can be considered 

established. 

EO K*(IT80) MASS (MEV) 

M C 7B l l T53 . l  f l 2 . )  CARMGNY 71 ORE 09 K+N ,K÷P I -P  I I / 7 I  
M C PRESENCE OF RESCNANCE ONLY INDICAIEB BY HOLE AT I600 MEV~FIT 
M C DFFICULT.SEE ALSO CARMONY 77. 
M I l i D S 0 . }  APPROX. FIRESTONE 71DBC O IB.R+ N,R+ P I -P  I I / T I  
M I APPARENT INTERFERENCE WITH OTHER AMPLITUDES PRECLUDES I I I T I  
M I PRECISE DETERMINATION . 
M 65 ( I 760 . )  AGUILAR 73  HBC 
M M 1779.0 I I .O  BALOI 76 SPEC 
M M FROM A FIE TO Y(6,2) MOMENT. JP=3- FOUND. 
M A 1776 .  26 .  BRANDENB 76  ASRK 
M A CONFIRMED BY PHASE SHIFT ANALYSIS OF ESTABROOKS 
M ~O(I7@O.I IBO.) SPIRO 76 HBC 
M G 80(IB40.I (90.) SPIRO TE HBD 

~ 11760.01 APPROX. BOWLER T7 DBC 
PHASE SHIFT ANALYSIS,YIELDS JP=3-. 

M I27  ITB~.O IB.O EARMONY T70BC 
N G I IB71.OI (10.0) GRASSLER 77  HBC 
M ( 1812 .0 I  128 .0 (  KONIGS 17  ONEG 
M I786.0 8.0 CHUNG 78 MPS 
H . . . . . . . . .  
M AVG I783.8 5.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O l  
M STUDENTI7B3.8 6.@ AVERAGE USING STUOENTIO(HII.II) - -  SEE MAIN TEXT 

M G GRASSLER 77 PROPOSE THE EXISTENCE OF ANOTHER OBJECT. 
M G NOT AVERAGED 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

60  K~(17BOI WIDTH (MEVI 

W C 76 (60.) 120*I CARMONY 71 OBC 09 K+N,K+FI-P 11/71 
W E SEE NOTE C ABOVE 

I (3OO.I APPROX. FIRESTONE 71DBC O I2.K÷ N,K+ P I -P  I I / 71  
I SEE NOTE I ABOVE 

w 6B (80 . )  OR LESS AGUILAR 73  HBC 07 .3  K - -P ,K -P IeN  1 /7~  
W M 135 .0  22 .0  BALDI  76  SPEC + tO  K~P,KO P I+P  12177*  

M FROM A PIT TO Y(6 ,2 )  MBMENT. JP=3- FOUND. W 
W E IBTO.) (70.( BRANDENB 76 ASEK 013 ~+-P,K+-PI-÷ 12175 
W E ESTABROOKS 77 FIND THAT BRANOENBURG 76 DATA ARE CONSISTENT 
W E WITH 175 MEV WIDTH.NOT AVERAGED. 
W D 40 (120.) I75°(  SPIRO T6 HBC - I~ .3  K-P~KBPI-P 12177. 
W GO BO (100.I  IOfl. I SPIRO 76 HBC OI#.3 R-P,K-PI+N 12177* 
W B 1~00.0| APPROX. BOWLER 77 DEC O 5.4 R+D,K÷PI-P P 12177" 
W B SEE NOTE ABOVE 
W 127 85.D 50.0 CARMONY 77  DBC 0 g KeN,KO PI+PI-P 12/77. 

G O 1285.0( 140.01 GRASSLER 77 HBC ~ IO- I6  K-P,K-PI+N 12177" 
1181.0] (44.0I KONIGS T7 OMEG IOK-P,KO PI÷PI--N 12/77" 

w 96 .0  31 .0  CHUNG 78  MRS 0 K -P ,K -P I÷N  6 GEV 1178 .  

W . . . . . . . . .  
W AVG II7o7 I6.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l°OI 
W STUDENT l l T . b  19.3 AVERAGE USING STUDENTIO(HII.IE) - -  SEE MAIN TEXT 

W D ERRORS ENLARGED BY US TO 4*GAMMRISQRTIN]. SEE K* TYPED NOTE. 
W G SEE NOTE ABOVE. 

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

60 K*(1780] PARTIAL DECAY MODES 

DECAY MASSES 
PI  K * I ITBO(  INTO K PI  ~9B+ 139 
P2 K* (1780 }  INTO K* (B �2 )  E l  892+ 139  
P3 K .117801  INTO K RHO 493+  770  
P6 K*IITBG) INTO K*(I~BOI  Pl 1~36+  139  
P5 K*(1780) INTO K P( PI 493+  IB9+ 139  
P6 K* ( IT801  INTO K* (BgO l  RHO I lO0+  776  

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

I i / 71  
07 .3  K-P,K-PI~N I / 7~  

+ 10  K+F,KO Pl*P 12 /77 .  

B IB  K÷ -P ,K+ -P I -+  12 /75  
77 ,Y IELDS JR=3 -  

- 1~ .3  K -P .KOPI -P  12175  
01~ .3  K-P~K-PI÷N 12/75 

O 5 .#  K~O,K+P I -P  P 12177*  

O 9 K+N~RO P I+P I -P  [ 2 / 77 "  
O ZO- I6  N -P~K-P I÷N  12 /77 .  

IOK-P~KO P I+P I -N  12 /775  
K -P~K-P I+N  ~ GEV i / TR*  
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Data Card Listings 
For notation, see at front  o/List ings.  

&O K*(17EOI BRANCHING ~ATICS 

R i  K*(1780) INTO (K= IB92 (  PI ÷ K RHO(I(K PI) (PB+P3) /P1 
RI O.g 0.~ AGUILAR 75 HBC 7.3 K-P,K-PI+N 12177# 
RI O.~ 0.6 SPIRD 76 HBC i~.3 P-P,KO-PI+-12/77" 
R I  1.59 O .~  CARMONY 77 DEE O 9 K+N,KO PI+PI-P 12177* 
RI 
R) AVG 1.05 0.32 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 
R) STUDENT 1.04 0.31 AVERAGE USING STUDENTIO(HII.II] - -  SEE MAIN TEXT 

R2 K*(ITBOI INTO (K*(BgBI P I ) I (K  PI PI)  (PB)I(P5) 
R2 0.33 0.12 EARMONY 77 DEC O 5. K+ N 12177* 

R3 K*(ITBO] INTO (K RHO)/IK Pl Pl) I P B I I I P 5 )  
R3 0.~8 0.14 EARMONY 77 DBC O g. K+ N 12/77" 

R6 K*IITBO) INTO (K PI )/TOTAL (El) 
R~ B I 0 .3 )  DR LESS BOWLER 77 DBC 0 5.~ K÷D,K+PI-P P 12177~ 
R~ B O.i9 D.O2 ESTABROO 77 ASPK O I3  K+-P,K Pl I2177" 
R~ B SEE NOTE ABOVE. 

REFERENCES FOR K* (178D I  

EARMONY 71PRL  27  I t 60  +CORDSICLOPP,ERHIN~MEIERE,~  (RURD÷UCD+IUPUI  
FIRESTCN 7 I  RL 36  B 5 IB  F IRESTONE,GOLOHABER*E ISSRUERtTR ILL ING (LBL }  
AGUILAR 7B ERL BO 672  ÷CHUNGvEISNER*PROTOPOPESCU,SAMIOS*+ [BNL )  
WALUCH 73 PRD 8 2837  ÷FLATTEtFR IEDMAN (LBL )  

BALDI 76 PL 63 B 344 +BGEHRINGER*OORSAZ, HUNGERBUHLER*+ (GENEVA( JP 
BRANDENB 76 PL 60  B 478 ERANDENBURG,CARNEGIE,CASHMORE,BAVIER÷ISLACI JP 
SPIRC 76 PL 60  B 389  +BARLOUTAUD,PALER,CHAURAND÷(SACL+RHEL+EPOL)  JP 

BOWLER 77 NP B 126 31 +DAINTON,DRAKEtWILLIAMS (OXFORD( JP 
CARMONY IT  PRD 16 I25 I  +CLDPR,LANDER,MEIERE,YENt÷ (PURD+UCD÷IUPU) 
ESTABROO 77 SLAC PUB 2004  ESTABROOKS,CARNEGIE÷(MONT+CARL+DURHAM+SLAC) JR 
GRASSLER 77 NP B 125 IB9  +KLUGOW,÷ (AACHEN+BERLIN÷CERN÷LOIC+VIENNA) 
KONIGS 77 BUDAPEST CONF. ÷OTTER,BEUSH,BIRMAN,÷ (AACHEN+CERN÷ETHZ( 
CHUNG TB PRL 40 355 +ETKIN,ELAMINO+ (BNL÷BRAN+CUNY~NASA÷PENNI JP 

' " "'..IK*(2200),1 .... , ........ , 

ENHANCEMENT SEEN IN IANTIHYPERON NUCLEONI MASS 
NEAR THRESHOLD. INTERPRETATION UNCERTAIN. 
OMITTED FROM TABLE. 

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

40  K *12200 I  MASS IMEVI 

M 20 2240. 20. LISSAUER 70 HBC 9. K+ P II171 
M C IE20O. }  APPROX. SIATTERY 71RVUE 8 -13  K+ P 11 /71  
M C COMPILATION OF (ANTIHYP.-NUCLEON( MASS IN K~ P 8 . - [ 3 .  GEV/C I I 17 I  

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

40 R*(2200( WIDTH (MEV) 

W 20 DO. 20. LISSAUER TO HBC 9. K+ P I I / T I  
M C (EO0.l APPROX. SLATTERY 7 l  RVUE g-15 K+ P 11171 
g C COMPILATION OF (ANTIHYP.--NUCLEON) MASS IN K÷ P 8 . - IB .  GEVIC I I I T I  

REFERENCES FOR K* IB2BOI  

ALEXANDE 68  PRL 20 755  ALEXANDERtFIRESTONE,GOLOHABER,SHEN ILRL I  
LISSAUER 70 NP B 18 49I +ALEXANDERIFIRESTONEIGOLDHARER (LBL |  

CARMCNY 71RRL  27  L i b0  ÷CORDStCLOPPtERWIN, MEIERE,÷ (PURD+UCO÷IND]  
SLATTERY 7[ UR-875-332(PREP) P.SLATTERY,R REVIEW OF STRANGE MESONSIROCH) 

1 .. ,, . . . .  ( 
~ B 

THIS ENTRY CONTAINS HIGH~MASS, NARROW STRANGE PEARS. 
OMITTED FROM TABLE. 

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

24 I MASS (MEVI  

M R [ 50  2600 .0  iO .O  APOSTOLAK 77  HBC + -  12PR P ,KSP IP IP I  I 2 /TT*  
M N NOT SEEN BY APELDOORN 78 IN THE SANE REACTION AND 
M N WITH ABOUT THE SAME STATISTICS, BUT POORER RESOLUTION. 
M N THE OISAGREEMENT IS AT A LEVEL OF ABOUT 2 STD.OEV. 

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

2~ I WIDTH {MEVl 

w N i 3O  (LO .O(  OR LESS APDSTOLAK T? HBC ÷- I ZPB  P .KSP IP IP1  12177*  
w N SEE NOTE N ABOVE. 

REFERENCES FOR I 

APOSTDLA 77 PL 66 B E85 RPDSTOLARIS,+ (CERN+MONS+LDIC+BELG*LALO} 
APELDODR 78 PL 72 B 487 ARELDOORN,KARIMAKI,~ (AMST~HELS~LIVP~STOHI 
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Data Card Listings 
For notation, see key at front of  Listings. 

C=+I MESON STATES 

F ~ I  3L CHARGED DIIB68eJP=O-) I = I / 2  

SEE STABLE PARTICLE DATA CARO LISTINGS 

32  NEUTRAL D I IBbO,JP=O- I  I = l / B  

SEE STABLE PARTICLE DATA CARD LISTINGS 

ID' -(eozo)l 
62  CHANGED D I~ (ZO IO ,JP= I - )  I =1 /2  

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

BZ CHARGED OX<IZOlO) MASS (MEV| 

14 Gp 1200B .  l ( 3 . )  GOLDHAB2 77 SMAG +- E+F  
H 2008 .6  I .O  PERUZZI  77 SNAG E+E-  

G FROM SI~ULTAHEUS FIT TO O~+,D~O~D+~ANO O0~NOT INDEPENDENT OF 
G FELDMAN 77 MASS DIFFERENCE BELOW. 

N P PERUZZI  77  MASS NOT INDEPENDENT OF FELOMAN 77 MASS DIFFERENCE 
N P BELCH AND PERUZZI 77  DO MASS VALUE.  

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

62  ( D * + )  - IDO)  MASS DIFFERENCE (MEV) 

DM 30  145 .3  0 .5  FELDMAN 77  SNAG D*+  TO DO P I+  

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

62  (O*+ l  - (O*/O) MASS OIFEEREf lC£  (MEV|  

EM P 2 . 6  l . a  EERUZZI  TT SNAG ÷-  E+E-  
EM P NOT INDEPENDENT OF FELOMAN 77 MASS DIFFERENCE ABOVEe PERUZZ[  77  
EN P DO MASSe AND GOLDHABER2 7 7  O*0 MASS. 

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

62  CHARGED D~t (201O)  WIDTH (NEV)  

W IB (20 .0 )  OR LESS PERUZZI  76  SNAG +- E+E-,PSI(~O30) 
W SO (2.0|  OR LESS C t= .90  EELOMAN 77  SNAG O*+ TO DO PI+ 

12177*  
3178 "  

1 / 7 7 "  
t 2 / 77 "  

62  CHARGED D* (2O IO)  PARTIAL OECAY MODES 

DECAY MASSES 
P1 O~+12OlO$ INTO DO P I+  1865+  139  
F2  D~+(ZOLOI  INTO 0+  GAMMA LBTE+ O 

P 0~ - (2010 )  MODES ARE CHARGE CONJUGATES OF ABOVE NODES 

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

62  CHARGED Dt(2OlO) BRANCHING RATIOS 

~ I  O~+12010 l  INTO (DO P I+ I /TOTAL  IP I )  
R IG  0 .6  0 .15  GOLOHAB2 77  SNAG + E+E-  12177*  
R1 G ASSURING THAT ISOSPIN  IS CONSERVED IN THE DECAY 

R2 D*+ (2O lO I  INTO (0+  GAMMAI /TOTAL (P2 l  
R2 SEEN GDLDHABI 77  SHAG RECOIL SPEC 12177*  

REFERENCES FOR CHARGED D$(201O) 

PERUZ~I T& PRL 37 569  +PICCOLO,FELUMAN,NGUYENeW|$S,* ISLAC+LBL) 

FELOMAN 7 1  PRL 38  1313  +PERUZZ I tP ICCOLO,ABRANS,ALAN+  ISLAC~LBL )  
PERUZZI  7T PRL 39  1301  +PICCOLOtFELDMAN~PERL,~(SLAC~LBLeRWES+HAWA)  
GOLDHAB1 77  CHICAGO APS G.GOLOHABER (LBLeSLACI 
GGLOHAB2 TT PL 69 B 503  ÷w ]  S$ ,ABRAMBtALAMeBDYARBKI ,÷  ( LBL+SLAC]  

:::::::::::::::::::::=:::::::::::::::::::::................. 
[U .  ~ . / Z U )  | 61  NEUTRAL O* (2O tO ,JP= I - ]  I = I /B  

J CONSISTENT WITH I e  VALUE 0 RULED OUT (NGUYEN 77 ) .  

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

G1 NEUTRAL D* IBOLOI  MASS (MEV)  

M G BOO6, 1 .5  GOLOHA~2 TT SHAG E÷E-  LZ /TT*  
M G FROM S INULFANEU$  F IT  TO O*+~D*O~D+~ANO 00 .  

b l  NEUTRAL O*12010 I  WIDTH IMEV)  

W (5 . )  OR LESS GDLDHAB2 76  SHAG E+E-  TO O*O$ 

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

Gl NEUTRAL O*(2OlO) PARTIAL DECAY MODES 

DECAY MASSES 
PI  D~OI2O IO I  INTO DO P IO  1865+  134  
P2 O~O(201o I  INTO DO GAMMA 1865÷  O 

P D~OIROIO)BAR NODES ARE CHARGE CCNJUGATES OF ABOVE MODES 

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

Mesons 
D =~, D O , D*(2010) ,  r *, F * ( 2 1 4 0 ) ,  EXOTIC5 

6 I  NEUTRAL O*(20tO) BRANCHING RATIOS 

RL D*OI201O) INTO IDO GAMMA)IIOO PIO ÷ DO GAMMA) IP2)/ iPI÷PZ) 
R[ G 0.~5 0.15 GOLDHAB2 77 SHAG E+E- 12/77# 
R IG  WE QUOTE THE NOFMAL FIT VALUE FROM TABLE I .  THE ISD-SPIN 
RE G CONSTRAINED FIT IS NOW KNOWN TG GIVE A DO GAMMA FRACTION WHICH IS 
R[ G TOO LARGE. SEE DETAILS IN FOOTNOTE 2I OF FELOMAN 77 REVIEW. 

REFERENCES FOR NEUTRAL D*(201O) 

GOLDHAB1 76 PRL 37  255 GOLOHABER,PIERRE,ABRAMS,ALAM,+ (LBL+SLAC) 
GOLDHAE2 76 BLAC CONF. 379 G. GOLDMABER (AVAIL. AS LBL-5B3~I ILBL÷SLAC) 

GOLDHAD2 77 PL 69 B 503 GOLDHABEReABRANS,ALAM÷ (CBL+SLACI 
~GUYEN 7] PRL 39 262 ÷WISS,ABRAMS,ALANeBGYARSKI,÷ (LBL+SLAC) J 

REVIEWS 

FELDMAN 77 SLAC-2O~ SUM.INST G,FELDMAN {SLAC) 

F ~ I  34  F~(2OOOtJP= ) I= 

SEE STABLE PARTICLE DATA CARD LISTINGS 

Ir'( 14o)l . . . .  . . . . . . . .  )i= 
OMITTED FROM TABLE. 

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

74 F*  MASS (MEV) 

M 214G.0  60 .  BRANOELIK 7?  OASP ~ E *E - ,P I  3 GAMMA LZ /TT*  

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

74 ( F t + )  - (FO) MASS OIFFERENCE {MEVl 

DM 120. ~O, BRANDEL~K 77 GASP +- E÷E-,F GAMMA 12/77* 

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

7~ F~ PARTIAL DECAY MODES 

DECAY MASSES 
P[ F* INTO F GAMMA O+ 0 

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

T~ F= BRANCHING RATIOS 

RL F*  INTO IF  GAMMAI/TOTAL IPL I  
R I  PROBABLY SEEN BRANDELIK 77 DASP E+E- I2177* 

REFERENCES FOR F*(2140} 

BRANDELI 77 PL 70 B 132 BRANOELIK,CORDS,+IAACH÷DESY+HAMB~MPIM~TOKY) 

EXOTIC MESON STATES 

:::::::::::::::::::::::::::::::::::::::::::::::::o . - . .  . . . . . . . .  

| . . . . . .  | THE PURPOSE OF THIS ENTRY IS TO PROVIDE A LIST OF 
REFERENCES FOR EXOTIC MESON SEARCHES (SEE MAIN TEXT~ 
SEC. 3 AND TABLE 1), AS WELL AS THEDRETI CALLY BASED 
SUGGESTIONS FOR EXPERIMENTS. NOTE THAT LIPKIN 73 
PRDPDSES EXPERIMENTS WHICH ARE CONCLUSIVE EVEN IF 
NEGATIVE RESULTS ARE OBTAINED. 

REFERENCES FOR EXOTICS 

REPORTS ON SEARCHES 

ROSENFEL 68  PH ILA .CCNF.P .~55  A°H.ROSENFELD (LELl 
DODD 69 PR 177 L99 I  ~JOLDBRSMA, PALMER, SANIDS (BNL) 
CHO 70 PL 32 B 409  +OERRICK~JOHNSDN~MUSGRAVEe+ (ANL*NWES+KANS) 
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Baryons 
N's and A's 

Note on N'S and a's 

I. Determination of Resonance Parameters 

Values of masses, widths, and branching ratios 

are obtained mainly from partial-wave analyses. 

In addition to a few comprehensive partial-wave 

analyses, there are numerous others which are based 

on somewhat incomplete data or cover only a limited 

energy range. We also include some information 

from production and total cross-section experiments. 

This can be valuable in establishing the existence 

of high mass bumps, but at the lower energies these 

experiments have limited statistics compared to 

formation experiments and it is seldom clear which 

of several states at similar masses is being 

observed. 

There are two main problems in obtaining 

reliable resonance parameters. First there is 

often disagreement as to just what the values of 

the partial-wave amplitudes are. This problem is 

obviously related to the quality and quantity of 

the data and to the procedures used to determine 

the amplitudes. Secondly, even if smooth curves 

were available for the amplitudes, there would 

still be some parametrization-dependent ambiguity 

in deciding what the resonance parameters should be. 

From a theoretical standpoint the most unambiguously 

defined resonance parameters are the pole position 

and residue, and it has been found in practice that, 

given sufficiently precise partial-wave amplitudes, 

these quantities can be extracted in a stable and 

parametrization-independent way, in spite of the 

fact that they require an extrapolation away from 

the physical region. This point has been discussed 

in detail with regard to the A(1232) in previous 

editions of this review. I'2 Although the best 

determined pole parameters are those of the A(1232), 

there are now a number of determinations for higher 

lying resonances which are included in the Data 

Card Listings. For further discussion see the 

corresponding references, e.g., NOGOVA 73, SPEARMAN 

74, BALL 75, LICHTENBERG 75, LONGACRE 75, CUTKOSKY 

76, VASAN 76, and LONGACRE 77. 

The following sections of this mini-review 

contain discussions of various new developments in 

experimental non-strange baryon spectroscopy. For 

a thorough discussion of earlier results see our 
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1976 edition 3 and the review of K. Lanius. 4 Some 

of the newest developments were reported at the 

5 
Oxford Topical Conference on Baryon Resonances in 

1976, and have not yet been published. Following 

our standard practice, we omit such results from 

the Data Card Listings, but do discuss them here. 

At the beginning of the Data Card Listings for 

N's and A's, we present a table giving our evalua- 

tion of the status of the N and a resonances based 

on information contained in the Listings. In the 

Table of Particle Properties, we do not quote values 

and errors for most parameters, but give only ranges 

for masses and widths in order to emphasize that in 

some cases these parameters are quite poorly deter- 

mined. When in doubt about the reliability of a 

particular parameter, we choose the range quoted 

in the Tables to be conservatively large. 

References for Section I 

i. Particle Data Group, Rev. Mod. Phys. 4_~3, Si14 

(1971). 

2. Particle Data Group, Phys. Lett. 39B, 103 (1972). 

3. Particle Data Group, Rev. Mod. Phys. 4_88, S147 

(1976). 

4. K. Lanius in Proceedings of the XVIII Interna- 

tional Conference on High Energy Physics 

(Tbilisi, 1976), Vol. I, pg. C45. 

5. Proceedings of the Topical Conference on Baryon 

Resonances (Oxford, 1976), edited by R. T. Ross 

and D. H. Saxon. 

For other references see the Data Card Listings. 

II. ~N Partial-Wave Analyses and 
New Resonances 

A large amount of new data on ~N elastic and 

charge-exchange scattering was presented at the 

1976 Oxford Baryon Conference. Bristol-Southampton- 

Rutherford I have measured ~+p and ~-p elastic 

differential cross sections (DCS) at 51 momenta 

between 0.4 and 2.1 GeV/c with sonic spark chambers 

and a single-arm spectrometer for events with small 

forward or backward scattering angles. Rutherford 

has measured the charge-exchange DCS at 22 momenta 

between 0.6 and 2.7 GeV/c and the polarization (POL) 

at 22 momenta between 0.6 and 2.3 GeV/c. 2 Liquid 

scintillator neutron detectors and lead scintil- 

lator gamma detectors were used. There also exist 
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high-statistics ~+p DCS data at 16 momenta between 
3 + 

I. 2 and 2.3 GeV/c from Maryland-Argonne and IT p 

POL data at 64 momenta between 0.6 and 2.6 GeV/c 

from Oxford-Rutherford. 4 In comparison with these 

experiments, our knowledge of low energy ~ p POL 

remains rather weak, and there are no measurements 

of spin-rotation parameters. 

The most recent comprehensive ~N+~N amplitudes 
5 

are those of CUTKOSKY 76 and Pietarinen. Both of 

these analyses impose energy-dependent analyticity 

constraints in conjunction with energy-independent 

data fitting. They differ in the types and numbers 

of curves along which analyticity constraints are 

imposed. The CUTKOSKY 76 analysis imposes a minimal 

number of constraints while that of Pietarinen is 

more highly smoothed. In addition, the analysis of 

CUTKOSKY 76 includes a detailed error analysis. 

Neither of these analyses included the new elastic 

DCS data I or the charge-exchange DCS and POL data 2 

when they were presented at Oxford in 1976. However, 

the analyses have continued, and Pietarinen has 

provided us with the final version of his amplitudes 

and resonance parameters obtained from fits which 

do include the charge-exchange data (PIETARINEN 786). 

The amplitudes are shown in Figs. II.l - II.6, and 

the resonance parameters are discussed below. The 

results of CUTKOSKY 76 are limited to energies 

below 2200 MeV, and emphasize the T = 3/2 waves. 

The results of this analysis for I = 3/2 and J= 1/2, 

3/2, 5/2, and 7/2 are compared with PIETARINEN 78 

in Figs. II.l and II.3. In the remaining parts of 

Fig. II we compare the results of PIETARINEN 78 and 

AYED 76. AYED 76 is a thesis containing previous 

results of the Saclay group (referred to as AYED 74 

in our 1976 edition). 

The results of these and other recent analyses 

have significantly strengthened the evidence for 

many of the resonance candidates in the Data Card 

Listings. On the basis of the current evidence we 

are adding five nucleon and delta resonances to 

this year's Tables, and a JP value for a previously 

tabulated bump. A discussion of each of these 

follows. 

N(1700)DI3-- AYED 76, CUTKOSKY 76, and 

PIETARINEN 78 find evidence for an inelastic 

(x~0.1) DI3 resonance with a mass of 1650 to 1740 

MeV and a width of 60 to 120 MeV. The signal is 

small in all three analyses, and is accompanied by 

a rapidly varying background coming from the tail 

of the N(1520), but there is rather good agreement 

on the resonance parameters. A 100-MeV wide DI3 

resonance at 1680 MeV is observed in ~-p ÷ K°A by 

BAKER 77, and similar states have appeared in some 

of the ambiguous solutions resulting from earlier 

associated-production analyses. The ~N + ~N 

analyses of LONGACRE 75 and LONGACRE 77 find a DI3 

resonance of similar mass, but with various estimates 

of the width ranging from i00 to 600 MeV. Although 

no single analysis appears to be capable of defini- 

tively establishing this state, we have decided on 

the basis of the collective evidence to include it 

in the Tables. 

N(2200)GI9L A 190-MeV wide GI9 resonance at 

2130 MeV was first found by AYED 76, and has been 

confirmed by PIETARINEN 78 (see Fig. II.6) and 

Hendry 7 though with somewhat higher mass and width. 

The low energy tail of this resonance is also 

apparent in the results of CUTKOSKY 76. Though 

the elasticity is small, x~0°l, the resonance 

signal is strong because of its high spin. 

N(2650)I 1 ii ~ The N(2650) has been in the 

Tables for some time as a bump with unknown JP° 

PIETARINEN 78 has now found a clear signal for a 

400-MeV wide 11/2- resonance near this mass (see 

also Re/. 5), and we have added this JP value to 

the Tables. Hendry 7 also finds an 11/2- state near 

this mass, but with a width of 900 MeV. The strong 

possibility that there are other, less prominent 

nucleon resonances in this region remains; e.g., 

PIETARINEN 78 also finds a weaker signal for a 

13/2 + state. 

A(1690)PI3L All recent XN analyses claim the 

existence of one or two P33 resonances in the mass 

range 1500- 2000 MeV. These are divided into two 

categories in the Data Card Listings, called the 

A(1690) and A(2160). The situation with the A(2160) 

is unclear, and it may well represent several 

unresolved resonances with different JP values. 

However, there is general agreement that the A(1690) 

is a rather inelastic (x~ 0.i to 0.2) P33 resonance 

with a mass of 1650 to 1900 MeV, and a width of 150 

to 350 MeV. The wide range of reported masses and 

widths may be due to the tail of the A(1232) which 
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Fig. II.l. Amplitudes for I = 3/2 ~N elastic scattering in the J = 1/2 and J = 3/2 waves. The energy depen- 
dence of each amplitude is displayed by plotting its real and imaginary parts vs. energy, in alignment with 
the corresponding Argand plot. In addition, arrows are plotted on the Argand plots with bases positioned 
at integer multiples of 50 MeV and a base-to-tip length of 5 MeV. All the energy axes run from elastic 
threshold to 2500 MeV. The established resonances in these waves are indicated on the Argand plots. The 
results of two different analyses are shown; the energy axes for the two analyses are aligned for ease of 
comparison. The lower Argand plot for each wave is from CUTKOSKY 76 (results of energy-independent fitting 
are shown as data points; the curves show an energy-dependent fit). The upper plot for each wave is from 
PIETARINEN 78. The different locations of the A(1690) in the P33 amplitudes of CUTKOSKY 76 and PIETARINEN 
78 illustrate the possibility that there may be more than one P33 resonance in or near the 1650- 1900 MeV 
region. 
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Fig. II.2. Amplitudes for I = 1/2 WN elastic scattering in the J = 1/2 and J = 3/2 waves. The energy depen- 
dence of each amplitude is displayed by plotting its real and imaginary parts vs. energy, in alignment with 
the corresponding Argand plot. In addition, arrows are plotted on the Argand plots with bases positioned 
at integer multiples of 50 MeV and a base-to-tip length of 5 MeV. All the energy axes run from elastic 
threshold to 2500 MeV. The established resonances in these waves are indicated on the Argand plots. The 
results of two different analyses are shown; the energy axes for the two analyses are aligned for ease of 
comparison. The lower Argand plot for each wave is from AYED 76; the upper plot is from PIETARINEN 78. 
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Fig. II.3. Amplitudes for I= 3/2 ~N elastic scattering in the J= 5/2 and J= 7/2 waves. The energy depen- 
dence of each amplitude is displayed by plotting its real and imaginary parts vs. energy, in alignment with 
the corresponding Argand plot. In addition, arrows are plotted on the Argand plots with bases positioned 
at integer multiples of 50 MeV and a base-to-tip length of 5 MeV. All the energy axes run from elastic 
threshold to 2500 MeV. The established resonances in these waves are indicated on the Argand plots. The 
results of two different analyses are shown; the energy axes for the two analyses are aligned for ease of 
comparison. The lower Argand plot for each wave is from CUTKOSKY 76 (results of energy-independent fitting 
are shown as data points; the curves show an energy-dependent fit). The upper plot for each wave is from 

PIETARINEN 78. 
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Fig. II.4. Amplitudes for I = 1/2 ~N elastic scattering in the J= 5/2 and J= 7/2 waves. The energy depen- 

dence of each amplitude is displayed by plotting its real and imaginary parts vs. energy, in alignment with 
the corresponding Argand plot. In addition, arrows are plotted on the Argand plots with bases positioned 
at integer multiples of 50 MeV and a base-to-tip length of 5 MeV. All the energy axes run from elastic 
threshold to 2500 MeV. The established resonances in these waves are indicated on the Argand plots. The 
results of two different analyses are shown; the energy axes for the two analyses are aligned for ease of 
comparison. The lower Argand plot for each wave is from AYED 76; the upper plot is from PIETARINEN 78. 
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Fig. II.5. Amplitudes for I = 3/2 ~N elastic scattering in the J = 9/2 and J = 11/2 waves. The energy depen- 
dence of each amplitude is displayed by plotting its real and imaginary parts vs. energy, in alignment with 

the corresponding Argand plot. In addition, arrows are plotted on the Argand plots with bases positioned 
at integer multiples of 50 MeV and a base-to-tip length of 5 MeV. All energy axes run from 1500 to 3000 

MeV. The established resonance in the H 3 ii wave is indicated on its Argand plots. The results of two 
different analyses are shown; the energy axes for the two analyses are aligned for ease of comparison. 
The lower Argand plot for each wave is from AYED 76; the upper plot is from PIETARINEN 78. 
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Fig. II.6. Amplitudes for I= 1/2 ~N elastic scattering in the J= 9/2 and J= 11/2 waves. The energy depen- 
dence of each amplitude is displayed by plotting its real and imaginary parts vs. energy, in alignment with 
the corresponding Argand plot. In addition, arrows are plotted on the Argand plots with bases positioned 
at integer multiples of 50 MeV and a base-to-tip length of 5 MeV. All the energy axes run from 1500 to 
3000 MeV. The established resonances in these waves are indicated on the Argand plots. The results of 
two different analyses are shown; the energy axes for the two analyses are aligned for ease of comparison. 
The lower Argand plot for each wave is from AYED 76; the upper plot is from PIETARINEN 78. 
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is an appreciable background at the lower end of 

this mass range, or to the presence of more than 

one P33 resonance in or near this mass range. 

Supporting evidence for the A(1690) comes from the 

~N ÷ XXN analyses of LONGACRE 75 and LONGACRE 77, 

but with an even wider range of possible mass values. 

A(1960)D35: AYED 76, CUTKOSKY 76, PIETARINEN 

78, and several earlier analyses find evidence for 

a D35 resonance with a mass of about 1900 MeV. The 

reported widths span a large range from i00 to 400 

MeV, and there is disagreement about the strength 

of the elastic coupling, which is at most x ~ 0.15. 

However , a detailed study by CUTKOSKY 76 of the 

extent to which this resonance is required by 

current data has confirmed its existence. 

A(2160): The A(2160) has been omitted from 

the Tables in past years because there are many 

conflicting claims of delta resonances in this 

region with different JP values. The newest analyses 

do not do much to clear up this confusion. However, 

the pronounced dip in backward ~+p elastic scat- 

tering found by REY 74 clearly indicates some sort 

of resonance activity in the region, so we are 

tabulating the A(2160) as a bump with unknown JP. 

In addition to the above new Table entries, 

there are many more possible N and a resonances 

suggested by recent analyses which cannot yet be 

considered established. Of particular interest is 

the region around 1900 to 2200 MeV, where there are 

possible $31, DI3, DI5, FI5, and FI7 states which 

are supported to some extent by all three of AYED 76, 

CUTKOSKY 76, and PIETARINEN 78, as well as by some 

earlier analyses. In addition, the results of 

PIETARINEN 78 and Hendry 7 at higher energies indi- 

cate that high-spin N and a states up to masses of 

4000 MeV are visible in current data. 

References for Section II 

I. D. J. Bardsley et al., in Proceedings of the 

T_opical Conference on Baryon Resonances (Oxford, 

1976), edited by R. T. Ross and D. H. Saxon, pg. 66. 

2. R. M. Brown et al., in Oxford Conference Proceed- 

ings (ibid.), pg. 75; R. M. Brown et al., Ruther- 

ford Laboratory preprint RL-76-093 (1976); 

R. M. Brown et al., Nucl. Phys. BII7, 12 (1976). 

3. K. Abe et al., Phys. Rev. DI0, 3556 (1974). 
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5. E. Pietarinen, in Oxford Conference Proceedings 

(op.cit.), pg. 20. 

6. E. Pietarinen, private communication, 1978. 

7. A. W. Hendry, in Oxford Conference Proceedings 

(op.cit.), pg. 29 and LBL-7524, Feb. 1978. 
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III. The ~XN Channel 

In the isobar model, the amplitude for the 

reaction xN + x~N is written 

~TJILL ' xJILL ' 
T = E [ax (E) BW A(ExN) ax 

+ TJILL' (E) BWp(Ezn ) X JILL' 
pN pN 

+ T JILL' xJILL'~ 
CN (E) BWc(E) CN 

In this expression the BW's denote either approp- 

riate Breit-Wigner's or the corresponding two-body 

amplitude from ~N or ~ partial-wave analyses. The 

functions X contain all the angular information; 

these are well defined functions depending only on 

which isobars are used in the model. The partial- 

JILL' 
wave amplitudes, TAx , etc., may be indicated by 

! ! ! 

AX,LL212J pN,LL212J EN,LL212J 

where L is the incoming (~N) angular momentum, and 

L' is the outgoing angular momentum between the 

isobar [p,e(=~ I= 0, S wave),a] and the remaining 

hadron (N or Z); as usual I and J are the isospin 

and total spin (5 ÷ + ~' + ~ , = L+S = ~') respectively. 

Often the p is given a subscript 1 or 3 which 

denotes twice the QN total spin. The generalization 

of the model to include more quasi-two-body final 

states is obvious. It should be noted that one 

assumes the partial-wave amplitudes depend only 

on the c.m. energy E and not on the diparticle 

subenergies, EX~ and E N. 

Results from three large isobar analyses have 

recently become available. The earliest is that of 

the LBL-SLAC collaboration, LONGACRE 75 and Ref. 1 

which analyzes 200K events of ~-p ÷ - 0 + - p, X ~ n 

and ~+p + ~+x°p in the c.m. energy range 1300-2000 

MeV. The Saclay group has analyzed 100K events of 

the same reactions in the range 1360- 1760 MeV 

(LONGACRE 77). Preliminary results of the Imperial 
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College group for ~+p ÷ + 0p and ~+~+n between 

1430 and 1700 MeV were presented at the Oxford 
2 

Baryon Conference. These three analyses have been 
2 

reviewed and compared by Barnham, with the general 

conclusion that the couplings of the more prominent 

resonances to the ~A channel are in good agreement, 

but that there remain serious disagreements over 

the pN couplings. Resonance parameters, including 

pole positions, from LONGACRE 75 and LONGACRE 77 

are included in the Data Card Listings. An interest- 

ing result of LONGACRE 77 is the claim that there 

are two previously unreported resonances at 1550 

MeV, a 200-MeV wide PI3 and a 100-MeV wide P31' 

which are observed in both the ~A and pN channels. 

Several aspects of these isobar analyses have 

been criticized. The most detailed and quantitative 

criticism has centered on two points. First, none 

of the present analyses include one-pion-exchange 

(OPE) in their parametrizations. The effects of 

this have been investigated by Aaron et al. 3 and 

by Novoseller. 4 It is found that OPE can have 

appreciable effects, including possible resolution 

of the overall phase ambiguity, above about 1700 to 

1800 MeV. Second, the assumption that the partial- 

wave amplitudes do not depend on the diparticle 

subenergies is inconsistent with unitarity. The 

construction of a parametrization which simultan- 

eously satisfies unitarity and has the correct 

analytic structure is very difficult. Much theoret- 

ical effort has gone into the construction of such 

parametrizations, but as yet they have not been 

used in a comprehensive ~N ÷ ~N analysis. A rough 

estimate of the magnitude of the unitarity correc- 

tions is given in Ref. 2. More progress has been 

made in the analogous 3~ final state analyzed in 

production experiments. Discussion of the current 

situation, and references to earlier work which is 

also relevant to the ~N channel, can be found in 

Refs. 5 and 6. 
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121 (1977). 
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IV. Photon Couplings 

IVa. Photoproduction 

The couplings of yN to the N and A resonances 

can in principle be studied in any formation process 

such as yN ÷ N* ÷ ~N, ~N, KA, etc., provided that 

the strong decay channel is well understood. In 

practice, almost all information about the couplings 

comes from the partial-wave analysis of single-pion 

photoproduction, for which there is a large amount 

of experimental data. Also, elastic scattering in 

the ~N channel has been well studied and all photo- 

production analyses rely heavily on the resulting 

information about the resonance masses and widths. 

The most important analyses of single-pion 

photoproduction are reviewed briefly below. The 

formalism for this work has been described in the 

mini-review in the 1976 Review of Particle Proper- 
1 

ties, and readers are referred there for further 

information. There are three basic techniques used 

in the analyses. 

(a) Simple Isobar Model 

This is the simplest form of energy-dependent 

analysis. The partial waves are parametrized as 

smooth background to which appropriate Breit-Wigner 

resonant structure is added. The electric Born 

terms are included exactly to reproduce the forward 

peak in charged-pion photoproduction but the 

magnetic terms are assumed to be included in the 

background of the partial waves. The couplings for 

the Breit-Wigner amplitudes and the parameters for 

the background are varied to get the minimum X 2 

for experimental data within the required energy 

range. This method is sufficiently flexible to 

give a good fit to the experimental data. However, 

due to the large number of partial waves involved 

in the process, there are, in principle, diffi- 

culties concerning the uniqueness of the solution 

that is obtained. This is overcome by the form of 
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parametrization but it is not clear how this biases 

the solution. 

The two important analyses of this kind are 

very similar. METCALF 74 is a continuation of the 

earlier Walker analysis 2 and fits yp + ~+n, TOp 

and yn + ~ p from the first to the fourth resonance 

regions. FELLER 76 analyzes ~p + ~+n, TOp from the 

first to the third resonance regions using data 

that was not available to the work of METCALF 74. 

Other isobar analyses (ROSSI 73, HEMMII 73, HEMMI2 

73, BENEVENTANO 74, and KRIVETS 743 ) have been made 

on a significantly smaller scale using small and 

sometimes restricted data sets. 

(b) Fixed-t Dispersion Relations (FTDR) 

This technique invokes the resonance dominance 

of the imaginary parts of the photoproduction ampli- 

tudes to get a simple parametrization scheme. Only 

the imaginary parts of the partial waves are param- 

etrized and the real parts of the photoproduction 

amplitudes are calculated using fixed-t dispersion 

relations. In some analyses, background terms are 

added to the imaginary parts of the low angular 

momentum partial waves, but, in general, the 

process can be described almost entirely by the 

parameters for Breit-Wigner resonances. Usually, 

the masses and widths are restricted to values 

close to those from ~N phase-shift analyses but it 

has been shown by CRAWFORD 75 and BARBOUR 76 that 

it is possible to get stable values for these in 

photoproduction analyses for resonances from the 

first to the third resonance regions. 

Since the number of free parameters is rela- 

tively small, this approach has fewer problems with 

non-unique solutions compared to more general forms 

of parametrization. However, it is less flexible 

and tends to achieve poorer fits than, for example, 

the isobar models. It has the advantage of contain- 

ing the exact Born terms and it has built into it 

exactly the correlation between structure in the 

real and imaginary parts that is required by 

analyticity. The most important weakness of FTDR 

is caused by divergence problems in the partial- 

wave expansions that are used to calculate the 

dispersion integrands at unphysical values of t. 

This restricts the method to fitting data at ItJ 

values of less than 1 or 1.5 (GeV/c) 2. Another 

problem is the need to know the dispersion integrands 
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at all energies. This has been treated in recent 

analyses by making a simultaneous amplitude analysis 

above the resonance region. 

FTDR analyses have been made by groups at 

Berkeley (MOOR/~OUSE 73, KNIES 74, MOORHOUSE 74), 

at Lancaster (DEVENISH 73, DEVENISH2 74), and at 

Glasgow (CRAWFORD 75, BARBOUR 76). All three groups 

have made analyses from the first resonance region 

to a center-of-mass energy of 2 GeV. 

(c) Energy-Independent Analyses 

These determine the partial waves by making 

independent fits over a range of essentially single- 

energy values and are thus the least biased of the 

techniques employed. However, to obtain unique 
4 

solutions, it is necessary to use Watson's theorem 

to fix the complex phase of most of the partial 

waves and it is extremely difficult to use this 

method above the first resonance region. Thus most 

analyses of this type contribute little to the 

knowledge of the photonic resonance couplings. 

Only BERENDS 77 contains an analysis of the second 

resonance region, and couplings are quoted for the 
i ! i 

PII(1470), D13(1520) , and SIi(1535) resonances. 

The most interesting result is the claim that the 

P 
A3/2 coupling for the DI3 that is typically obtained 

in energy-dependent analyses is too large by a 

factor of almost two due to the omission of non- 

resonant background. 

Resonance Couplings and Errors in the 
Data Card Listings 

The Listings give the photonic couplings 

obtained in all recent and extensive photoproduction 

partial-wave analyses. If no errors are quoted, the 

authors have given a unique result without quoting 

an error. The Berkeley analyses and CRAWFORD 75 

quote as an error the spread of values for various 

solutions around a central value. The Lancaster 

Group estimate a "real error" for each parameter 

of a given solution that corresponds to the change 

in value required to increase "the best possible X 2'' 

by 1%. METCALF 74 and FELLER 76 make a similar 

error analysis. Thus there is a large variation 

in the errors quoted for individual couplings. 

However, the variation in the values of the 

couplings in the various papers is generally as 

large as or larger than the quoted uncertainties, 
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indicating that the systematic effects of the 

various parametrizations are at least as important 

as the essentially statistical effects represented 

by the quoted errors. This is reflected in the 

errors given in Table IV.l which contains the 

values for the couplings obtained by combining 

the results from the various analyses. 

TABLE IV.I. The average of the couplings from 
MOORHOUSE 74, KNIES 74, METCALF 74, DEVINISH2 74, 
CRAWFORD 75, BARBOUR 76, and FELLER 76. The errors 
given take account of the errors quoted in these 
analyses and the differences between the analyses. 

Helicity Couplings (GeV)-~ 10 -3 

Resonance Helicity A~ A 7 

! 

PII(1470) 1/2 -73 ± 20 37 ± 27 

D;3(1520) 1/2 -8 ± 9 -74 ± 16 
3/2 166 ± ii -130 ± 20 

SlI' (1535) 1/2 64± 19 -61-+ 34 

D~5(1670) 1/2 19 ± 14 -33 ± 25 
3/2 20 ± 13 -60 ± 33 

t 

F15(1688) 1/2 -5 ± 17 23 ± 14 
3/2 132 ± 23 -18 ± 20 

S~I(1700) 1/2 44 ± 24 -18 ± 26 

D[3(1700) 1/2 -i0 ± 38 -ii ± 60 
3/2 5± 29 i0 ± 50 

P~I(1780) 1/2 ii ± 48 7 ± 55 

P[3(1810) 1/2 26 ± 44 -6 ± 39 
3/2 -34 ± 50 -17 ± 65 

A 
A l 

P;3(1232) 1/2 -137 ± 7 
3/2 -254 ± 5 

S;I(1650) 1/2 43 ± 50 

D33(1670) 1/2 67 ± 48 
3/2 69 ± 50 

P~3(1690) 1/2 -8 ± 35 
3/2 -7 ± 35 

F35(1890) 1/2 28 ± 25 
3/2 -i ± 57 

P~l(1910) 1/2 -12 ± 20 

F37(1950) 1/2 -71 ± 22 
3/2 -71 ± 27 

Baryon: 
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IVb. Electroproduction in the Resonance Region 

(by F. Foster, Lancaster University) 

Both the quantity and quality of the data 

continue to improve in this interesting but some- 

what unfashionable corner of the ~, Q2 plane. 

Most experiments now use the coincidence technique: 

detecting the scattered electron to fix the energy 

and momentum transfer, together with one of the 
+ 

final state hadrons (p,~-). By this method the 

virtual photoproduction differential cross sections 

for particular exclusive channels can be determined. 

At the date of the last Review many excellent 

data sets were already available. These included 

~0 production in the first resonance region from 

DESY, I'2 the Lancaster-Manchester group at 

D a r e s b u r y ,  3 a n d  Bonn U n i v e r s i t y .  4 T h e r e  was  
5 

also good ~0 data in the second resonance region 

and forward 7 + data in the second and third 

resonance regions from Lancaster-Manchester. 6 

Much interest was generated by the ~ data from 

Daresbury, DESY, and Bonn, which is a unique indi- 
, 7-9 

cater for the Sii(1535) resonance. The total 

cross-section measurements from DESY, 10 Bonn ,  11 

and Stanford 12 gave essential information on the 

Q2 variation of the resonance "peak" heights in 

relation to the background, and demonstrated that 

the longitudinal-to-transverse ratio 0L/OT was 

everywhere very close to zero. 

During the past two years much new information 

has become available. In particular we have the 

detailed data sets from DESY on single 7 + and T ° 

production in the second and third resonance 

r e g i o n s  1 3 ' 1 4  a t  Q2 v a l u e s  o f  0 . 6  and  1 . 0  GeV 2,  a n d  

new n data near the S~I(1535) from DESY 15'16 at 0.6, 

1.0, 2.0, and 3.0 GeV 2 and Bonn 17 at Q2 of 0.4 GeV 2. 

By changing the virtual photon polarization, both 

groups have succeeded in measuring the longitudinal 



Baryons 
N's and A's 

162 

Data Card Listings 
For notation, see key at front of  Listings. 

i 
excitation of the SII resonance with the results: 

OL/~T i=60"15 ± 0.18 (Q2 = 0.6),1517-0.06± 0.16 (Q2= 

i.i0), 0.16± 0.i0 (Q2 = 0.4). The Lancaster- 

Manchester group has taken a large amount of data 

on ~- and ~+ production from a deuterium target 

over the second and third resonance regions at Q2 
2 

values 0.5 and 1.0 GeV . From this data it will be 

possible to extract the differential cross sections 

~v n ÷ p~-, which are essential to the understanding 

of the multipole couplings to the isospin-i/2 reso- 

nances. Preliminary data were available at the 

Hamburg conference 18 for the ~-/~+ ratio at Q2 = 0.5 

2 
GeV in the forward direction, and estimates were 

! 

presented of the neutral D13(1520) multipole 
19 

couplings. 

Theoretical analyses of the data sets to 

extract resonance multipole couplings necessarily 

rely on fixed-t dispersion-relation calculations 

which relate the real (background) and imaginary 

(resonant) parts of these matrix elements. 

R. C. E. Devenish and D. H. Lyth 20 incorporated 

the constraints into an energy-dependent fitting 

procedure and produced the first estimates of 

second and third resonance multipoles up to 

Q2= 1.5  GeV 2 u s i n g  t h e  L a n c a s t e r - M a n c h e s t e r  5 ' 6  and 

preliminary DESY 70 , 7 + , and ~ data together with 

total cross-section measurements. Since then, 

Gayler 21 has used the final DESY data in the same 

fitting routines and has produced improved results 
i ! 

on the couplings to the SII(1535) , D13(1520), 

' ' 7 F15(1688) ,and  P l l ( 1 4  0) r e s o n a n c e s .  

The present status of the couplings to the 

more prominent resonant states may be sununarized 

as follows: 

i _P33(1232): There is no change from previous 

reviews. However, Gayler remarks 21 that while the 

resonance appears to be a dominantly magnetic 

(quark spin flip) excitation, the background, which 

forms an increasing fraction of the single-pion 

cross section as Q2 increases, is dominantly 

helicity-i/2 in the yv p system. This is to be 

expected on the basis of the quark parton model 

and duality. 
I 

D13(1520):  I t  i s  f i r m l y  e s t a b l i s h e d  6 ' 1 3 ' 1 4 ' 2 1  

that the transverse helicity-i/2 excitation 

increases rapidly as 02 increases from 0 to 1.0 
2 

GeV . The rate of increase observed depends on 

the details of the fitting procedures used, but is 

consistent with the magnetic coupling falling 

slowly and the electric coupling falling like a 

"dipole," almost as one would expect from a naive 

harmonic oscillator quark model. 22 

data 14-17 i 
SII(1535): The new establish beyond 

doubt that the excitation of this resonance falls 
i 

less rapidly than its SU(6) partner D13(1520) and 

the excitation is dominantly transverse. At Q2= 0, 

' ' in the ratio contributions of the DI3 and SII are 

4:1, while at Q2 = 3.0 GeV 2 the ratio becomes an 

amazing 1:2. Thus the second resonant peak in 

total cross-section measurements at high Q2 is 
! 

dominated by the Sii(1535) -- this may account for 

possible small changes in the observed shape as 

Q2 increases. 
i 

_Pii(1470): The situation here is fluid; 

although there are no clear signals for this 

resonance, some analyses 21 do require a significant 

contribution at Q2= 1.0 GeV 2. New T ° and ~+ data 

from Lancaster-Manchester below the second resonanc~ 

and from DESY at high Q2 may clarify the position. 
i 

F15(1688): Here again the helicity-i/2 to 
2 

helicity-3/2 ratio is observed to increase with Q 

as we expect from the quark model. 

Some progress has been made in understanding 

the phenomenology of resonance electroproduction 
23 

within the framework of SU(6) w symmetry. Cashmore 

et al., 24 for example, have shown that radiative 

transitions between the nucleon and members of the 

{70,1-} multiplet are consistent with only three 

independent amplitudes, corresponding to quark 

orbit flip, spin flip, and simultaneous spin-orbit 

excitation. (Note that the spin-orbit term is 

normally neglected in "naive" quark model calcula- 

tions. 22) It is necessary to find out if this 

relatively simple structure persists as Q2 increases 

and, if it does, to determine the Q2 variation of 

the three amplitudes. Using mainly the amplitudes 
i ! 

connecting the proton and the charged DI3 and SII 

resonances, Foster 25 and Alcock et al. 26 have shown 

that all three excitation terms are necessary to 

describe electroproduction at Q2 values up to 1 

GeV 2. The orbit flip term falls rapidly, while the 

spin flip term remains almost constant as Q2 

increases (just like the simple quark model 

predictions), causing the observed helicity change- 
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over. The spin-orbit term has an intermediate 

variation with Q2 and appears to be influential in 
, , Q2 

causing the SII to dominate the D13 at values 

above 0.5 GeV 2. To be sure that the three terms 

are sufficient to describe electroproduction of the 

{70,1-} multiplet we will have to await accurate 

determination of more charged resonance multipoles 

or some measurements of the neutral isospin-i/2 

resonance multipoles. The preliminary data from 
18 19 + -p 

Lancaster-Manchester ' on the process Tvn 

n and near the second resonance give results for M2_ 

n which are in fair agreement with the SU(6) E2- w 

scheme. 25 
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V. Production Experiments 

It is difficult to draw firm conclusions about 

N and A resonance properties from production experi- 

ments because each prominent bump seen in production 

is generally a coherent superposition of several 

resonances plus non-resonant background. However, 

production and formation experiments are clearly 

closely related, and we give parameters obtained 

from production experiments in the Listings, 

although they are not used in the Tables. Starting 

with this edition, we will also include a brief 

review of the main results of recent N and A 

production experiments. This year we concentrate 

on diffractive production of ~N and ~N systems as 

this is where most of the recent experimental 

activity has been. 

Data on the exclusive channels bin + NN~ and 

NN~ at high energy are now available, both from 

FNAL (BIEL 76) and the CERN ISR (WEBB 75, DEKERRET 

76). The diffractively produced ~N and Z~N systems 

have mass shapes which are remarkably similar to 

those observed at lower momenta. 

The low mass ~N system is dominated by a broad 

bump peaking around 1.35 GeV, on which may be super- 

imposed other structures at 1.5 and 1.7 GeV. The 

1.35 GeV bump is produced more peripherally than 

those at 1.5 and 1.7 GeV (DEKERRET 76, HARRIS 77). 

The two higher mass peaks are probably associated 

with the D13(1520) and F15(1688), respectively. 

There is mounting evidence for an appreciable 

JP = 1/2- component in low mass N + NZ diffractive 

dissociation. This is in violation of the Gribov- 

Morrison rule which would allow only 1/2 + , 3/2-, 

5/2 + , etc. The reactions ~±p ~ ±(p~0) and 

~±(n~ +) have been analyzed by 0CHS 75 at 14 GeV/c 

and OTTER1 77 at 16 GeV/c [who included data on 

~±p ÷ ~°(p~±)]. In each case the data were fitted 

with coherent sums of diffractive and A-production 

amplitudes. Both analyses concluded that there is 
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significant diffractive production of 1/2- back- 

ground for ~N masses below 1.3- 1.4 GeV. Moreover, 

the diffractively produced ~N system could be 

described completely by 1/2- and 3/2 + waves only 

(i.e., both Gribov-Morrison violating), although a 

sizeable 3/2- contribution could not be excluded. 

SOTIRIOU 75 also analyzed ~+p ÷ ~+(n~ +) at 16 GeV/c 
+ 

for n~ masses below 2 GeV. In addition to enhance- 

ments associated with known resonances, a 200-MeV 

broad bump at 1.35 GeV was found. The JP determin- 

ation at low mass was not completely unambiguous, 

but the bump appears to be predominantly 1/2- below 

1.35 GeV, and predominately 1/2 + above. RUSHBROOKE 

76 analyzed data on np ÷ (pZ-)p from 9 to 24 GeV/c. 

They used a Deck-plus-resonances parametrization 

and found broad resonance signals in both the 1/2- 

and 1/2 + waves at about 1.4 GeV, as well as a large 

1/2- Deck contribution peaking below 1.3 GeV. In 

STRACHMAN 75 the t-channel isospin-0 and isospin-i 

parts of NN ÷ N(N~) at 5.7 GeV/c were separated 

and the I t = 1 N~ mass spectrum found to contain 

known resonance peaks, while the I t = 0 spectrum 

had only a broad bump centered at 1.35 GeV. 

The low mass ~N system exhibits a broad 

enhancement below 2 GeV on which subsidiary peaks 

are superimposed at around 1.5 and 1.7 GeV. The 

production characteristics are consistent with 

diffraction. 

Partial-wave analyses of diffractively produced 

X~N systems have recently been carried out by BLOBEL 

75, CARNEY 76, BACON 77, HEINEN 77, and OTTER2 77. 

All the analyses use bubble chamber data in the 

medium energy range. BLOBEL 75 analyze pp + p(p~+~-) 

at 12 and 24 GeV/c. CARNEY 76 use a compilation of 

data on K+p ÷ K+(p~+~ -) between 7.3 and 16 GeV/c. 

The reaction K-p + K-(p~+~ -) is studied by HEINEN 

77 at 4.2 GeV/c and by OTTER2 77 at i0, 14.3, and 

16 GeV/c. BACON 77 analyze the i0 and 16 GeV/c 

data of OTTER2 77 together with ~±p + ~±(p~+~-) at 

8, 16, and 23 GeV/c. 

All the analyses agree that the low mass ~nN 

system can be adequately described assuming a 

dominant contribution from partial waves having 

spin-parities JP = 1/2 +, 3/2-, and 5/2 +, and having 

AT, pE, and, to a less extent, pp decay modes only. 

CARNEY 76 require J > 7/2 above about 1.7 GeV. 

BLOBEL 75 and BACON 77 cannot rule out alternative 

solutions completely in terms of partial waves in 

the series JP= 1/2-, 3/2 + , 5/2-, etc., although 

this conclusion is not supported by CARNEY 76. 

OTTER2 77 find evidence for a small contribution 

(of order 20%) from 5/2 (i=2)az in the mass region 

1.60- 1.75 GeV in addition to partial waves satis- 

fying the Gribov-Morrison rule. The shape of the 

5/2 enhancement is consistent with a Breit-Wigner 

form (M= 1.67 GeV, F= 0.15 GeV) and is interpreted 

as evidence for production of D15(1670). 

It seems clear that the enhancement at 1.5 GeV 

is predominantly 3/2-(I=0)A~, although other partial 

waves such as i/2+(I=0)p£ are contributing in this 

region. No evidence for a resonant nature of the 

1.5 GeV enhancement could be obtained from studies 

of relative phases (BLOBEL 75, BACON 77, HEINEN 77, 

OTTER2 77). 

The situation concerning the peak at 1.7 GeV 

is more complex in that the different analyses come 

to different conclusions as to the detailed spin- 

parity decomposition. However, all analyses do 

agree that the major contribution is not from 5/2 + 

and thus the enhancement cannot be completely assoc- 
! 

iated with the F15(1688). BLOBEL 75 find that the 

dominant partial wave is 3/2 (Z=l)p£ with some 

contribution from 5/2+(~=i)A~. CARNEY 76 cannot 

conclusively identify all the waves contributing 

to the enhancement, but both 3/2 (£=i)p£ and 

3/2 (i=2)a~ are strong. On the other hand, BACON 

77 find that i/2+(i=0)p£ is important in the 1.7 

GeV region, together with 3/2 (i=l)p£, 3/2 (£=2)Aw, 

and 5/2+(£=i)Az. HEINEN 77 also find that spin- 

parity 1/2 + contributes, but that the decay mode 

is (£=l)a~. In addition, 3/2-(£=i)pe and 5/2~Z=2)p£ 

are present. Similarly, OTTER2 77 conclude that 

the 1.7 GeV enhancement is composed of several 

partial waves with spin-parities 1/2 + (or 1/2- -- the 

analysis cannot distinguish the two possibilities 

in this region), 3/2-, and 5/2 + all contributing, 

as well as 5/2 (Z=2)A~. 

It is interesting to note that the Gribov- 

Morrison rule appears to be reasonably well satis- 

fied for diffractively produced ~N systems, in 

contrast to the situation for ~N diffraction 

dissociation. This could be connected with the 

fact that the Deck mechanism is expected to be 

important at low mass and that the major contribu- 
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tion is to S-wave states. Thus S-wave ~w (JP= 3/2-) 

and p£(1/2 +) both give rise to spin-parities in 

the "allowed" series, whereas S-wave ~N(1/2 ) does 

not. A similar situation occurs in three-meson 

diffractive production, where the "allowed" series 

is dominant. 

References for Section V 

See the Data Card Listings. 
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

STATUS OF N* RESONANCES 
CHOSE 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 OR.S. Pl N ETA N K CAM K SIG PI DE GAM N CHANN. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

N ( 9 3 9 )  PlI * * * *  

N I 1 4 7 0 )  P l l  * * * *  * * * *  * * *  * * *  EPS N 

N ( 1 5 2 0 |  013  * * * *  * * * *  * * * *  * * * *  * * *  RHO N 
N I l B 3 5 )  S l l  * * * *  * * * *  * * *  * * * 2  RHO N 
N(1540) PE3 * * RHO N 

N l I 6 ~ O I  DI5 * * * *  * * *  ~ * * *  * * * * *  * * *  RHO N 
N ( I B B B I  F15  * * * *  * * *  ~ * * *  * * • * *  * * *  RHO N 
N ( 1 7 O O )  S l l  * * * *  ~ * * *  * * * *  * *  * * *  * * *  RHO N 
N [ I T O O |  Of 3 * * *  * *  * *  * * *  * RHO N 

N I 1 7 B O I  P I L  * * *  * *  * • * *  * * * *  * *  RHO N 
N ( 1 8 I O )  P I 3  * * *  * * *  * * *  * * * RHO N 

N ( 1 9 9 0 )  F I 7  * *  * *  * * * * 
N ( 2 0 O O )  F I 5  * *  ~ *  * * * 

N ( 2 O G O I  DI3 * *  * *  * * * 

N I 2 1 O 0 I  SI I  * * 

N ( 2 l O O I  0 1 5  * *  * *  * 
N ( 2 1 9 0 ]  G I T  * * *  * * *  * * *  * * * * 

N ( 2 2 0 0 )  g 1 9  * * *  ~ * *  

N ( 2 2 2 0 1  HI9 * * *  * * *  ~ * *  

N ( 2 6 5 0 1  IIll * * *  * * *  * * *  

N ( 3 O B O I  * * *  * * *  * 

N I 3 2 4 5 )  * * 
N ( 3 6 9 0 )  * * 

N 1 3 7 5 5 )  * * 

D E L ( 1 2 3 2 ) P 3 3  * * * *  * * * *  * * * *  F 0 * * * *  
D E L I I S S O l P B I  * * RHO N 

D E L ( 1 6 5 0 ) S 3 1  * * * *  * ~  * * * *  R * * *  * *  RHO M 
D E L I 1 6 7 B | 0 3 3  * * *  * * *  * * *  B I * * * *  * RHO N 
D E l I 1 6 9 0 ) P 3 3  * * *  ~ * *  * * *  * RHO N 
D E L I L B g O I F B 5  * * * *  * ~ * * *  D D * * * RHD N 
D E L ( 1 9 O D I S 3 I  * * • * 

D E L I I q I O ) P 3 1  * * * *  * * * * *  E N * * • RHO N 
O E L ( 1 9 5 0 ) F 3 7  * * * *  * * *  * * * *  * * *  * RHO N 
D E L ( I g B O I D 3 5  * * *  * * * *  F O * * 
D B L I 2 1 6 O l  * * *  * * *  * 

D E L ( 2 G E O I H 3 1 1  * * *  * * *  * * *  R B 
D B L { 2 8 5 0 )  * * *  * ~ *  ** 
D E L ( 3 2 3 0 I  * * *  * * *  * ! 

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

• * * *  GOOO, CLEAR, AND UNMISTAKABLE. 
• * *  GOOD, BUT IN NEED OF CLARIFICATION DR NOT ABSOLUTELY CERTAIN. 

• * NEEDS CBNFIRMATIIN. 
• WEAK. 
¢ ATTRIBUTED TO THE STATE CLOSEST TO WHERE THE CROSS SECTION PEAKS. 

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

S=0 I=i/2 NUCLEON STATES (N) 

F ~  16 PRDTDN(938, J = l / 2 I  I=112 

SEE STABLE PARTICLE DATA CARD LISTINGS 

F ~  17 N E U T R O N ( 9 3 9 ,  d= l / 2 I  I = I 12  

SEE STABLE PARTICLE DATA CARD LISTINGS 

MASS AND WIDTH ARE BEST DETERMINED FROM PARTIAL WAVE 
ANALYSES. WE l IST  PRODUCTION EXPERIMENTS SEPARATELY -~ 
SEE BELOW. 

AYED 7 6  CLAIMS TWO P i t  STATES IN THE 1500 MEV REGION. 
WE TENTATIVELY LIST BOTH HERE. 

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

Baryons 
N's and Ns, p, n, N(1470) 

61 N 2 1 2 2 ( 1 4 7 0 )  MASS (MEVi  

M ( 1 3 T O . O J  BRANDSEN 6 5  RVUE P H A S E - S H I F T  ANAL 9 / 6 6  

M (1380.0 I  ROPER 65 RVUE PHASE~SHIFT ANAL 9166 
M 1 (lGTO.O) BAREYRE 6B RVUE PHASE-SHIFI ANAL I f /BE  
M E WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 
M 3 ( I 466 .0 )  DGNNACH1 68 RVUE PHASE-SHIFT ANAL 6/68 
M 6 (1461.0)  AYEO TO IPWA I171 
M b FROM ENER. DEP. FIT OF ARGAND DIAGRAM 
M 4 (1462.0}  DAVIES 70 RVUE P-S ANAL SOL A 8/69 
M T (L470. )  ALMEHED 72 IPWA 2/T2 
M L405. TG 1420. CRAWFORD 75 DPWA Pl N PHOTO-PROD X/76 
M L 1615. OR 1390. LONGACRE 75 IPWA PIN TO 2PI N 11175 
M L THE 2 SETS OF PARAMETERS ARE FROM METHODS i AND 2 DF LDNGACRE 75. l i / 75  
M 2 (1413 . I  AYED 76 IOWA 1[177.  
M 2 (1532. )  AYED 76 IPWA 1 1 / 7 7 .  

2 AYED 76 FINDS 2 DIFFERENT PIZ RESONANCES IN THIS REGION IN CONTRAST [1177.  
2 TO ALL OTHER PWAS. WE LIST BOTH TOGETHER HERE UNTIL ILITT~ 

M 2 SITUATION IS FURTHER CLARIFIED. 11177* 
M I1404 . )  BARBDUR 76 OPWA P [N  PHOTO-PROD l / 7b  
M (1G60.) BERENDS 7T IPWA PI-N PHOTO-PROD 1178. 
M B (1380. |  LONGACRE 7T IPWA P IN  TO 2P[ N l l / TT *  
M 8 ALL LONGACRETT PARAMETERS ARE FROM SOLUTION $2, EXCEPT FOR THE POLE I i / 77 .  
M B POSITION WHICH IS FROM SOLUTIONS SI AND C I .  I1177* 

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

61 N* I12{1470I  WIDTH (MEVI 

W 1 I255.0) BAREYRE 68 RVUE 11/67 
w B (211 .o i  DONNACH[ b 8  RVUE 6 / 6 8  
w 6 ( l a G , O |  AYED 70 IPWA t / E L  

w 4 1391.) DAVIES 70 RVUE P-S ANAL SOL A B / 6 9  

w 7 1220. I  ALMEHED 72 IPWA 2•72 
255. TO 396. CRAWFGRD 75 DPWA Pl N PHOT~PROD 1176 
lBO. OR 200. LONGACRE 75 IPWA P IN  TO 2Pl N 11175 L 

W 2 (1B2. l  (SMALLER MASS| AYED 76 IPWA 11177" 
W 2 ( 75 . )  (LARGER MASS) AYED 76 IPWA f i lET*  
W (330 . I  BARBOUR 76 DPWA P IN  PHOTO-PROD 1/76 

(279 . (  BEBENOS 77 IPWA PI -N PHDT[~PROD 1276" 
B (200 . I  LONGACRE 77 IPWA P IN  TO 2PI N I I / 77 "  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

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

61 N*I/2(EGTO) REAL PART OF POLE POSIIION (MEV) I lTG 
RE ( I 375 . )  (S . )  LEE 73 FIT YD ALMEHED72 I lTG 
RE I iSB l .  I LONGACRE 75 IPWA Pl N TO 2Pl N I i 175  
RE B t360.  OR 1333. LONGACRE 77 IPWA P IN  TO 2PI N 11177* 

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

61 N* I / 2 (1470 }  2*INAG PART OF POLE POSITION (MEVI 1274 
IM (216. )  ( IO . )  LEE 73 FIT TO ALMEHED72 t lT~  
IM (209. )  IONGACRE 75 IPWA Pl N TO 2PI N 11175 
IM 8 167. OR 234. LDNGACRE 7T IPWA P IN  TO 2PI N 11177* 

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

61 N*L12(1470} ABSOLUTE VALUE DF POLE RESIDUE (MEVI I / 7~  
ABS (74 . )  ( 5 . )  LEE 73 FIT TO ALMEHED72 i / 7~  

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

61 N. 122(1470) PHASE OF POLE RESIDUE (RAOIANSI 1/74 
PH l - 1 . 4 )  LEE 73  F I T  TO ALMEHED72 1 / T ~  

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

61 N*L/2(1470I  PARTIAL DECAY MODES 

DELAY MASSES 
PI N*I12(1470}  INTO P IN  139÷ 958 
P2 N* I I 2 I IG70 I  INTO N EPSILON 93B÷1300 
P3 N*L/2II4TO) INEO N'312(1232} PI 1232+ 139 
P4 N*EI2IIGTO) INTO N PI Pl 938+ 139+ 139 
PS N 'L /E l IOT0)  INTO GAMMA N O+ 938 
P6 N*I1211470) INTE N RHO 938+ 776 
P7 N*I /211470)  INTO DAM P, HELICITY=I/2 O+ 938 
P8 N* I / 2 (1470 )  INTO GAM N, HELICITY=II2 O+ 9 3 9  

P9 N~I/2(1670)  INTO ETA N 939+ 548 

RiO N*I I2(14TO) INTO K LAMBDA 497+i115 
P l l  N ' 1 2 2 ( 1 4 7 0 )  I N T D  N R H D , S = I / Z , P - W A V E  938÷  7 7 6  

PI2 N* I I2( IGTO) INTO N RHOtS=3/2tP-WAVE 938+ 776 

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

6L N* 1 / 2 1 1 4 7 0 )  BRANCHING RAT lOS 

R1 N*L /2 ( I470 )  INTO (PI  N ) / T O T A L  (PET 
RI l (O.b8l  BABEYRE bB RVUE i i 167  
Rl O (0.658}  O~NNACHI 6B RVUE 6/68 
R I  6 ( 0 . 5 6 R )  AVEO 70  IPWA 1171 
RE 4 10.~9I  DAVIES 70 RVUE P-S ANAL SOL A 8 / 6 9  
RI A I 0 . 67 )  (0 .18)  SAXON 7 0  HBC AT 1400 MEV 6/70 
R1 B TO.SO) (O.O9) SAXON 70 HBC 6/70 
RI 7 1 0 . 6 5 )  ALMEHED 72 IPWA 2•72 
R l  2 i . 5 ~ )  (SMALLER MASS) AYED 7 6  IPWA U / 7 7 "  
R [  2 i . IB )  (LARGER MASSE AYED 76 IPWA I t / TT *  
R1 A A AND B CORRESPOND TO THE 2 BEST SOLUTIONS. ANALYSIS IS DONE ON THRE 
RI B BOCY DECAYS, ASSUMING ONLY P l ,  P2 AND P5 DECAYS PRESENT. 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

K2 N* I IZ ( IG7O)  INTO IN EPSILDN)ITOTAL (P2} 
R2 DOMINANT INELASIIC DECAY THURNAUER 65 RVUE ~ iL /B7 
R2 DOMINANT INELASTIC DECAY NAMYSLOWS 6 6  RVUE - 1 1 1 6 7  

R2 DOMINANT INELASTIC DECAY ROSENFELD 6 7  RVUE 11167 
R2 DOMINANT INELASTIC DECAY MORGAN 6B RVUE ISOBAR MODEL 6168 
R2 D (O . I b )  DIEM 70 IPWA 3 BODY ANALYSIS 1/71 
~2 D ASSUMING R I =  0 . 6 1  

R2 A [O.SO) (0 .20)  SAXON TO HBC 6/70 
R2 B [0 .20 )  lO.L2) SAXON 7 0  HOE 6 2 7 0  
R2 A AND B CORRESPOND TO THE 2 BEST SOLUTIONS, SEE NOTE IN R1. 

R3 N*I1211470) INTO 1N*3/2 i1232) PIT/TOTAL lP3) 
R5 D (O . lT )  DIEM 70 IPWA 3 BODY ANALYSIS I /E l  
R3 D ASSUMING RI= O,BI 
R5 A (0 .03)  (0 .20)  SAXON 70 HBI 6 /70 
R3 B (0 .22)  (O. lB)  SAXON 70 HBC 6 / 7 0  

R3 A AND B CORRESPOND TC THE 2 BEST SOLUTIONS, SEE NOTE IN RE. 
R3 R ( 0 . 2 0 )  MAKABOV 71 [PWA 0 P l -  P TO Pi PIN 3/72 
R3 R ASSUMES RI=O.B. MAXIMUM CM ENERGY ANALYZED WAS 1435 MEV. 

R4 N*IIZ(14TO) INTO IGAMMA N) / (P I  N) (P5 ) I IP l )  
R4 F STRONG INDICATION RCSSI 73 DBC 0 GAM N TO PI-P . 2/73 
R4 F DISAGREES WITH OTHER DATA 2/73 
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85 N, I /2114701 INT£ IN  RHO )/TOTAL IP6} 
R5 D (O*OT) OIEM ?0 IPWA 3 BODY ANALYSIS 1/71 
R5 B ASSUMING Rl= 0.61 

~ 6  ~.1/2114703 INIC IGA4MA N)/TOTAL (P51 
R6 E (.0006) MICKENS 71 THEORETICAL EST. 10/7[ 
R6 E TOTAl  WIDTH TAKEN AS 250 MEV, 

R7 N ~ I / 2 1 1 4 7 8 )  FROM P/ N INT~ ETA N SQBT(PI*PPI 2/74 
R7 (+.2~) LBMOIGNE 7 3  OPWA 1 4 1 1  TO 1 6 8 5  MEV 2/74 
R7 g (+.328)  FELTESSE 75 DPWA 0 1488 TO I745 MEV I 1 / 75  
R 7  ~ SUPERCEDES LEMOIENE 73, USES M AND W OF AYED 76 [LARGER MASS). 11/75 
R7 9 AN ALTERNATIVE WHICH CAN NOT BE DISTINGUISHED FROM THTS IS TO HAVE I I / 75  
R7 g A PI3 RESONANCE WITH M=1530, W=79, AND COUPLING=+.271 11/75 

R8 N~I/2114703 FRLM P/ N TD K LAMBDA SQRTIPI~P[OI 4/75 
R8 C - . 296  .068 DEVENISH 74 o FIXED T DISP REL 4/75 
R8 C EXTRAPOLATION OF PARAMEI~IZED AMPLITUDE BELOW THRESHOLD. 4/75 

R9 N* I / 2 ( I 470 )  FROM Pl N TB N.312( I232)  Pl SQBT(PI*P3( 1 1 1 7 5  
R 9  L ( -*30308 - . 57  LDNOACRE 75 [PWA Pl N TO 2PI N [ i / 75  

( - . # i )  LONGACRE 77 IPWA P/ N TO 2PI N I I / 77~  R9 
R9 LONGACBE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 

RIO N'1/2(14701 FROM P/ N TO N RHO,S=I/2,P-WAVE SQRT(PL*PII) 11/75 
RIO L [0.03 OR - . 23  LONGACRE 75 IPWA Pl N TO 2PI N 1 1 / 7 5  
RIO B /+ . I t )  LONOACRE 77 IPWA P/ N TB 2PI N L I / 77 *  

R l t  N~I /2(1470)  FROM P IN  TO N RHO,S=312,P-WAVE SQRT(PI*P123 I I / 77 .  
R l l  8 I - . 18 )  LONGACRE 77 IPWA P/ N TO 2Pl N 11 /77 .  
R l l  8 LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 

R I 2  N ' I / 2 (1470 }  FROM P I N  T D N  EPSILON SQRT(PI*P21 11/75 
RL2 L ( .18]0R +.23 LONGACkE 75 [PWA P/ N TO 2PI N I I / 7 5  
RI2 B (+ . [ 8 )  LONGACRE 17 IPWA P IN  TO 2PI N l l / 7? *  

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

61 N* t I 2 ( I ~70 )  PHOTON DECAY AMPL(GEV**-I /2( 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDFS, SEE MINI-  
REVIEW PRECEDING THE BARYON LISTINGS. 

Al N ~ I 1 2 ( 1 4 7 0 }  INTG DAM P, HELICITY=I/2 (GEV~- I I 2 )  
AI - . 096  *022 DEVENISH 73 DPWA P I N  PHOTO PROD 2/74 
At ( - . 080 l  HEMMII 73 + FWD PIO PHTOPROD 2/74 
AI  -°055 .028 MOORHOUS 73 DPWA Pl N PHOTO-PRO0 2/73 
AI - .0T9 .012 DEVENIS2 74 OPWA Pl N PHOTO-PROD ¢/75 
AI - . 066  .013 KNIES 74 DPWA P IN  PHOTO PROD 2174 
Al  - . 070  .023 METCALF 74 OP~A Pl N PHOTO-PROD 2/74 
Al  - . 087  . 0 0 2  MOOBHOUS 7 4  OPWA P IN  PHOTO-PROD 2114 
A I  - . 070  .040 CRAWFORD 75 OPWA P IN  PHOTO-PROD 1/76 
AI  [ - . 07 IT  KRIVETS 75 DPWA PI-N PHOTO-PROD I178~ 
AI  ( - . 053 )  BARBOUR 76 DPWA P IN  PHOTO-PROD I176 
A I  - . 0 8 7  *006 FELLER 76 OPWA P IN  PHOTO-PROD 2/77*  
A l  ( - .OT~I  BERE~DS 77 IPWA P I ~ N  PHOTO-PRO0 1 /78"  
A1 . . . . . . . . .  
A I  AVERAGE MFANINGLESS (SCALE FACTOR = I.Ol 

A2 N*I/2114703 INTO GAM N, HELICITY=I/2 (GEV~- I / 2 )  
A2 .089 .056 DEVENISH 7 3  DPWA P/ N PHOTO PROD 2/74 
A2 8 ( - .OOI ]  HF½M[2 7 3  0 GAM N TO R [ O  N 4 / 7 5  

A2 8 CONVERTEO TO OUR CONVENTIONS USING M AND W FROM WALKER69 AND X=.SD 4175 
A2 + . O O Z  . 0 2 5  MCDRHOUS 7 3  DPWA P I N  P H O T O - P R O D  2 / 7 3  
A2 F .117 *011 ROSS/ 7 3  OPWA 0 GAM N TO PI -  P 4 / 7 5  
A2 F CONVERTED TO OUB CONVENTIONS USING M AND W FROM ROSS[73 AND X=.55 4/75 
A2 5 [ .0831 BENEVENT 74 DPWA o GAM N TO PI -  P 4/75 
A2 5 CONVERTED TO OUR CONVENTIONS USING M=1470 MEV, W=230 MEV, X=.55 4/?5 
A2 *041 .02S DEVENIS2 74 DPWA Pl N PHOTO-PROD 4/75 
A2 .ooo .013 KNIES 7 4  DPWA Pl N PHOTO PRO0 2/74 
A2 . 0 4 3  . 0 3 5  METCALF 74 DPWA P/ N PHOTO--PROD 2 / 7 4  
A2 .033 . 0 [ 3  MOORHOUS 74 DPWA Pl N PHOTO--PRO0 2 / 7 4  

A2 +.044 .007 CRAWFORD 7B OPWA P IN  PHOTO-PROD I /T6  
A2 (+.058J BARBOUR 76 OPWA P/ N PHOTO-PROD 1 / 7 6  

A2 . . . . . . . . .  
A2 AVERAGE MEANINGLESS (SCALE FACTOR = 3 . 1 1  

REFERENCES FOR N~I1211470) 

BRANDSEN 65 PB 139 81566 
ROPER 65 PR 138 0190 
THURNAUE 65 PBL 1 4  985 

NAMYSLCW 6 6  PR 1 5 7  1328 

ROSENFFL 67 IRVINE CDNF 

EAREYRE 68 PR I85 IT ] I  
DONNACHI 68 PL 268 I 6 I  

ALSO 68 VIENNA 139 
ALSO 68 THESTS 

MORGAN 6 8  PB I~6 1 7 B 1  

AYED 70 KIEV CBNF 
DAVIES 70 NP 821 359 
DIEM TO KIEV CONF* 
SAXON 70 P~ 02 1790 

MAKARDV 71 SJNP 13 SIO 
MICKENS 71 LNC 1 707 
AL~EHED 72 NP B40 157 

D E V E N I S H  7 3  PL 4 7 8  53 
HEMMII 73 PL 4 3 B  79 
HEMHI2 73 NP 655 333 
LEE 73  PRL 3 1  1029 
LEMOIGNE 73 PURDUE CONF. 9 3  

MOCRHOUS 73 PL 438 44 
R B S S I  73  NC 13A 59  

ALSC 7 1 L N C  2 l I B 3  

BENEVENT 7 4  NC ] P A  529 
DEVENISH 74 NP 0 8 1  3 3 0  
OEVENIS2 74 PL 528 2 2 7  

KNIES 74 PRD 9 2680 
METCALF 7 4  NP B76 2 1 3  
MOCRHDUS 7 4  PRO ? 1 

CRAWFOBD 75 NP 197 125 
FELTESSE 75 NP Bg3 2 4 2  
KRIVETS 75 SJNP 2O 430 

AlSO T4 SJNP 19 112 
LCNGACRE 75 PL 558 425 

*ODONNELL, MOOBHOUSE IDURHAM, RHELIIJP 
LD RDPER,RM WRIGHT, 8T FEED ILRL-LVMR,MITIIJP 
P G THURNAUER (ROCHI 

NAMYSLOWSKI,RAZMI,ROBERTS (STAN,EDIN,LOIC) 

A H BOSENFELO, P SUDING (LRLI 

P BAREYRE, C BRICMAN, G VILLFT [SACLAY)IJP 
A DDNNACHIE, R G KIRSDPp, C LOVEEACE (CERNHJP 
DONNACHIE RAPPORTEUR.S TALK (GLAS) 
R G KIRSOPP [EDINI 
D MORGAN {RHELI 

R AYED,P 8AREYRE, G VILLET (SACLIIJP 
A OAVIES (GLASI 
+ SMAOJA, C H A V A N D N ,  DELER, DOLBEAU+ (SACL.) 
SAXON, MULVEY, CHINONSKy I O X F , L R L )  

,GASILOVA,NELYUBIN,÷+ I I C F F E  I N S T I I J P  
R E M[CKENS (FISKI  
+LOVELACE (LUND)RUTO}IJP 

DEVENISH,RANKIN,LYTH {LOUC+BONN+LANCIIJP 
HEMMI.INAGAKI+ [KYOTO+SAGA*KEK+TOKY)IJP 
+INAGAKI,KIKUCHI,MAKI,MIYAKE+ (KYOTO,TOKYO)IJP 
LEE.SHAW IUCI+ROYAL HDLLOWAY C O L L E G E I I J P  
+GBANET,MARTY,AYED,BAREYRE,BORGEAUO,÷ISACL)IJp 
MODRHOUSE, OBEBLACK (GLAS÷LBLIIJP 
~PIAZZA,SUSINNO,+ IROMA,FRAS,NAPL,PAVIAI[JP 
CARBONARA,FIORE,÷ (NAPL,FRAS,PAVIA.ROMAIIJP 

EENEVENTANO,DANGELB,NDTARISTEFANI,+ (ROMA)IJP 
OEVENISH,FRDGOATT,½ARTINIDESY,NORDITA,LOUC) 
OEVBNISH,LYTH,RANKIN (DESY,LANC,BONNIIJP 
KNIES,MODRHOUSE,OBEBLACK (LBL,GLAS)IJP 
W J METCALF,R L WALKER (B IT ) l iP  
M~ORHOUSE,OBERLACK,RDSENFELD (GLAS~LBL)IJP 

R L CRAWFORD (GLAS)IJE 
+AYED,BAREYEE,BORGEAUD,DAVIO.ERNWEIN÷ISACL)IJP 
+MIROSHNICHENKO, NIKIFOROV,SANIN+ [K IEV ] I JP  
KRIVETS,NIKIFOROV,SANIN,SHALATSKII (K IEV I I JP  
+ROSENFELD,LASINSKI,SMADJA+ (LBL,SLACIIJP 

AYED 76 CEA-N-1921 AYEO ITHESIS) ISACLIIJP 
BARBZUR 76 NP B I l l  3 S 8  I .M .  BABEOUR,E. L. CRAWFORD (GLASIIJP 
FELLER 76 NP B 1 0 4  2 1 9  +FUKUSHIMA,HORIKAWA,KAJIKAWA+(NAGOYA+OSAKAIIJP 
BERENDS 7 7  MCIT I77117  F,A.BERENOS,A.OONNACHIE (LEID,MCHS)IJP 
LGNGACRE 77  NP B122 4 9 3  LDNGACRE,DOLBEAU [SACLIIJP 

ALSO 76 NP 8 1 0 8  365 DCLBEAU,TRIANTIS,NEVEU,CADIET (SACL)IJP 

PAPERS NOT REFERREO TO IN DATA CARDS. 

BABEYRE 64 PL E 137 +BRICMAN,VALLADAS,VILLET, + (SACLAY,CAENI I J  
BAREYRE 65 PL I B  3#2 +BRICMAN. STIRLING, VILLET (SACLAYIIJP 
OALITZ 65  PL 14 I09 R H DALITZ, R G MODRHDUSE (OXF,RHEL) 
JOHNSON 87 UCRL-17680 THESIS C H JOHNSON (LRL) 
DCNNACHI 6@ NP lOB ~33 A DONNACHIE, R KIRSOPR {GLAS+EDIN} 
WALKER 69 PR i82 1729 R L WALKER (C IT I I JP  
AYED 7 0  PL 3 1 B  5 9 8  + B A R E Y R E , V I L L E T  (SACLAY] 
EERABDO 70 PRL 24 419 +HADDOCK,NEFKENS,..,PARSONS÷** (UCLA+LRL) 
AYED 72 BATAVIA CfNF R AYED,P BAREYRE, Y t E M O I G N E  (SACL) 

THE FOLLOWING ARE THEORETICAL PAPERS CONCERNING THE N ' I 12 (1470 I  - -  
RESN|CK 6b PR 150 1292 L RESNICK INIBLB DOHRI 
SCHWARZ 66 PR 152 1325 J H SCHWARZ [LRLl 
B A L L  67 PR 155 I725 JS BALL, GL SHAW, OY WONG (UCLA,UCI,UCSD) 
GOLDEEBG 6 7  PR 154 1558 H GOLOBERG (CORNELL) 

1470 N REGION - PRODUCTION EXPENENTS 

9 I  N'112(1470,  JP=  l I = I I 2  PROOUCTION EXPERIMENTS 

UNDER THIS HEADING WE INCLUDE ALL BUMPS WHICH LIE WELL 
BELDW 1500 MEV, SEE THE MINI-REVIEW PRECEOIND THD N 
AND DELTA LISTINGS FOR A DISCUSSION OF PRODUCTION 
EXPERIMENTS, 

g I  N'1/2114703 MASS IMEVI (PROD.EXP.) 

M I I4GO.)  APPROX COCCONI 84 CNTR + PP B.b-12 GEV/C 
M (1425. }  APPROX ADELMAN BE HBC K-P 1.45 GEV/C 7166 
M (1430.)  APPROX ANKENBRAN 65 CNIR + PP 7.1 GEV/C 7166 
M (1400. |  APPROX BELLETTIN 65 SPRK + PP.O 10-26 GEV/C 7/66 
M (1405.)  ( 15 . }  ANDERSON 66 SPRK + PP, 6-30 GEV/C 7/66 
M (14 IO* I  ( 15 . I  BLAIR 66 CNTR PP 2 .E -7 .9  GEVIC 7/66 

(1400 . I  I 30 . )  FOLEY 67 CNTR PI+-  P AND PP l i 167  
[1450. )  ( 17 . }  ALMEIDA 68 HBD PP-P2PI ,IOGEV/C I0169 

M (1420 . I  APPRBX DELL 68 HBC PI+-  P, 6 GEVIC 6/88 
M (1400. I  ARPROX LAMSA &8 HBD PI-P f B GEVIC 5/68 
M S 175 ( I446 . )  [ I i . )  SHAPIRA bB DBC INTO PPI,PN 7.0 10169 

S THE EFFECT OF SHAPIRA 68, WITH MUCH IMPROVED DATA, HAS ALMOST II/77~ 
S DISAPPEARED (YEKUTIELI 721. l l / T T ~  

M (1390.)  IBO. I  TAN 68 HBC PP TO PIP, b * l  10169 
M 120(1443.}  ( I 5 . )  RHODE 69 HBC PP 22 GEV/C [0 /09  

11410.) 113. I  ANDERSON 70 MMS - E l -  P TO P I -  MMS 2171 M 
M (1430 . I  ( 20 . )  BALLAR 7L HBC +- PI+-P AT IBGEV 2/72 
M ( 1 4 6 0 . )  BEKETOV 71HBC + P I -  P 4.45GEVIC 3/72 
M (146 I . I  ( 10 . I  BOESEBEC 71 RVUE PP,P]-P,K-P PROD 3/72 
M 120(1482.01 (6.03 120/80 HA 71HBC + P P TO P N PI 10/71 

I1425 . )  125.) RUSHBROOKEII HBC PP TO P2PI [6GEV 2/72 
(1411.03 [ T O . O f  EOELSTEIN 72 MMS + PP 6 TO 3 0  GEV 1/73 

M 6 4 ( L 4 1 0 . 0 1  ( 3 3 . 0 1  GAGE 72 o PD 5.9GEV/C L217Z 
M I 1 4 6 4 . 0 }  ( ? . 0 )  45/45 KARSHBN 72 OBC + P D--PD2PI ? GEV 12/72 

(1250.)  LISSAUEB 72 DBC 0 K+N TO K+N* 12GV 1/78,  
(1440 . I  ( l b . /  RONAT 7 2  HBC PI+P TO 3P[ P 2173 

M (1479.}  (B . }  LICHTMAN 74 HBD * PI+P TO 3Pl P 4/75 
M (14DO.I I B * l  LICHTMAN 7 4  HBC ÷ PI -P  TO 3Pl P 4 / 7 5  
M 1 (1450. )  DLGBEL 7 5  HBC PP TO P IP I+P I -P )  I176 

I PWA I N D I C A T E S  PI+PI-P ENHANCEMENT IS PRIMARILY AN 1/76 
t S-~AVE DELTA++PI- SYSTEM WITH I,JP=I12,312-. 1/76 

M (1450. ]  ( l b . )  CAVALLI 75 SPED + PP TD 2N~,W=23GV 117~ 
M (1462.)  ( 1 1 . 1  CAVALLI 75 SPEC + PP TO 2Nt,H=31GV 1/76 
M ( 1 4 6 6 . 1  ( 2 B . I  CAVALLI 75 SPED PP TQ 2N*,W=53GV 1/76 
M [1390. )  (TO.) MUSGRAVE 75 HOE K÷ p TO K P IN  11/75 
M 1350. TO 1400. STRACH~A 75 BC NBAR I N  E l l  1176 
M (1450 . I  I IO . )  ATHERTON 76 HBC PBAR p 5.7 GEV 2177. 
M 1400. TO 1420. RUSHBROO 76 HBC P PI- SL-WAVE 2 / 7 7 *  

RUSHBRO0 7 6  HBC P P I -  PL-WAVE 2 / 1 7 "  M 1 4 0 0 .  TO 1 4 2 8 .  
M (1458.)  { 2 0 . 1  APPLE 77 SPEC + P P TO P [ P  PIO] 1 / 7 8 *  
M ( I 4 7 3 . )  ( 5 . I  APPLE 7 7  SPEC P P T D P  I N  PI+) 1 / 78 .  
M I (1350.)  CHADWICK 77 HYBR + PI~-P I4 GEV/C l /TO*  

CHADWICK 77 CONCLUDE THAT AN INTERPRETATION OF THEIR PEAK AS A I 1 7 8 ~  i 
I BESONANCE IS HIGHLY IMPBOBABLE. l / 7 B m  

M 11460.} [ I 0 . )  HEINEN 77 HBC ÷ K - P  TO K- N*+ I178~ 

M 11470.) ( 10 . )  HEINEN 77 HBC 0 H-P TO KOBAR N*O i/TOn 
M (1490. )  { 2 0 . ]  EKELOF 78 SPED + P HE~-P PI Pl HE 1 /78 .  
M B I1250 . )  BERLAND 74 HBC ÷O ISDSBIN ANALYSIS 10/74 
M B (1230.) BRAUN2 75 BC PBAR P AND D , 5 . 7  ii175 
M B ( 1 2 3 0 . l  STRABHMA 7 5  BC NBAR ( N  P I )  1 / 7 6  
M B T~E EFFECT SEEN EY BERLAND 74 IN  A PRISM PLOT ANALYSIS, BY ERAUN2 I I7G 

B 75 IN A DALITZ PLOT FIT,  AND BY STRACHMAN 75 IN AN AMPLITUDE 1176 
B ANALYSIS LIES WELL BELOW IHE MASS OF MOST OTHER BUMPS L I S T E D  H E R E .  1 / 7 6  

M B BRAUN2 75 AND STRACHMAN 75 ANALYSE THE SAME DATA. OERLAND 74 1178" 
M B CAN EXPLAIN THE OBSERVED FEATURES OF THEIR DATA WITH A DOUBLE 1178~ 
M B REGOE EXCHANGE MODEL. I 1 7 B *  

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

W ( ] 0 0 . )  BELL  6 8  HOB P I + -  p AND PP 6 / 6 8  
W S 1 7 5  1 1 9 8 * )  ( 4 0 . )  S H A P I R A  8 8  OBC | 0 / 6 9  

w (150.I (BD.) TAN 68 HBC + 10/69 
M 1 2 0  ( 1 0 0 . }  ( 1 5 . )  RHODE 6 9  HBC PP 22  G E V / C  1 0 ~ 6 9  
w (210. I (15.1 ANDERSON 70 MMS - P I -  P TO E l -  NMS 2~71 
W (150 . I  (40. I BALLAM 71 HBD PI÷-P AT 16GEV Z172 
w 1100.} BEKETOV I I  HBG + P PI *  P I -  MASS 3/72 
W 1GO.) ( 20 . I  BOESEBEC 71 RVUE PP,PI-P,K-P PROD 3172 

T 120 (54.03 (12.01 120/80 MA 71 HBC + P P TO P N PI . IO /T I  
T NARROW WIDTH SUGGESTS THIS IS NOT THE USUAL N* ( ] 470 ) .  10171 

W (125 . }  125.) RUSHEROOKE?I HOB + PP T~ PZPl 16GEV 2/72 
H (188.0)  (38 .0}  EDELSTEIN 72 MMS + PP 6 TO 30 GEV I173 
W (212.0)  (62 .0 )  GAGE ?2 DEC 0 PO 5*90EVIC 12/72 

KARSHON 72 DBC P~-PD2Pl 7 GEV I2172 1124.01 I 20 .O I  
(300. )  LISSAUER 72 DEC 0 K+N TO K+N* I2GV I lTB* 

W (100.)  ( 30 . I  RONAT 72 HBC PI+P TO 3Pl P 2/78 
W |5O*I  ( 25 . }  LICHTMAN 74 HBC + PI÷P TO 3PI P 4175 
W IB2 . )  I f 8 . 1  LICHTMAN 7 4  HBC PI-P TO 3PI P 4/75 
W (250. }  (95o} CAVAILI 75 SPEC + PP TO 2N*,W=Z]GV I/TB 
W (249.)  ( 90 . )  CAVALLI 75 SPEE + PP TO DN**W=31GV I116 
W (ZO5.I (105oi  CAVALLI 70 SPED + PP TC 2N*,W=53GV 1/76 
W ( [45 . }  (35 . )  MUSGBAVE 75 HEC K+ P TO K P IN  11/75 
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Data Card Listings 
For notation, see ken at front of  Listings. 

Baryons 
N(1470), N(1520) 

w I I4B . )  ( lB . )  ATHERTON 76 HBC PEAR P 5.7 GEV 2177 "  
w [145.I  (30.) RUSHBROO 76 HBC P P I -  SI-WAVE 2177. 
W (273.) 190.) RUSHBROO 76 HBC P P I -  PI-WAVE 31TT~ 
W I I 20 . )  (20.)  APPLE 77 SPED + P P TO P [P  PIG) l /TB~  
w (30.) 130.) APPLE 7T SPED + P P TO P IN El+) 1178" 
W l IED . )  ( 20 . )  HEINEN IT  HBC K-P TO K -  N*+  I / TO*  
W (90 . )  (DO.) HEINEN 77  HEC O K-P TO KOBAR N~O I/TO* 
W [200. I  EKELOF 7B SPED + P HE--P P) P) HE I/TO* 

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

9 I  N*I/2(14TO) PARTIAL DECAY MODES (PROD. EXP.) 

DECAY MASSES 
P l  N ' 1 / 2 [ l ~70 )  INTO PIN  [ 39+  938  
P2 N* I IE I I 470 )  INTO N PIPI(J~I=OI 938+  139+ 139 
P3 N ' I /E l I 470 )  INTC N~312 (1232 )  PI 1232+ 139  
P4 N~IIB(I~70) INTO N PI P) 938+ 139+ I39 
P5 N~1 /2114701  INTO GAMMA N O+ 938  
P6 N , I /E l I470)  INTO N RHO 938+ TT6 

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

g[ N* I / 2 (1470 )  BRANCHING RATIOS iPROO. EXP.I 

R[  N*I/2(1470) INTO [PI N)/TOTAL (El) 
R1 ( .66 I  TAN 68 HEC PP TO PIP, 6.1 I0/69 

R2 N* I / 2 I I 470 )  INTO (N#312 ( I 232 )  PI)/TOTAL {P3 )  
R2 PROBABLY SEEN JESPERSEN 68  HBC PP 22 BEV/C i I lbB 
R2 PROBABLY SEEN LAMSA 68 HBC PI -P  B BEV/O 1 [ / 6B  
R2 DOMINANT BLOBEL 75 HBC + PP TO PIPI+PI-P) 1178" 

RB N*L/2(1470} INIO (N'31211232) P I I I (N  P P[) (P3I/(R~) 
R3 P 0 .5  0 ,2  HEINEN 7T HBC + K-R TO K -  N~+ 1 /78 "  
R3 P EOR THE P P I+  P I -  F INAL  STATE ONLY. 1178  # 

COCCONI 64  PL B 134 
ADELMAN 65 PRL 14 I0~3 
ANKENBRA 65 NC 35 LOSE 
BELLETT I  65 PL I 8  167 
ANDERSON 66 PRL I 6  8E5 
BLAIR 66 PRL 17 T89 

FOLEY 67 PRL 19 397  
ALMEIDA 68 PR L74 1638 
BELL 68  PRL 20 16~ 
JESPERSE 68 PRL 21 1368 
LAMSA 68  PR 166  1395  
SHAPIRA 68 PRL 21 IB35  
TAN 68 PL 28B 195  
RHODE 69 PR 187 184~ 
ANDERSON TO PRL 25  699 

BALLAM TI  PR D4 194B 
BEKETOV 71 SJNP 13 605 
OOBSEBEC 71 NP E33 445 
MA 71PRL 26 333  
RUSHERO0 71PR D~ 3273  

EDELSTEI  72 PR D5 lOT3  
GAGE 72 NP B~6 21 
LISSAUER 72 PRD 6 1852 
KARSHON 72 NP B37 371  
RONAT 72 NP 038 20 
YEKUTIEL 72 NP B~O 7T 

BERLAND 7~ NP B75 93 
ALSO T~ PL 510  IB7  

LIOHTMAN 74 NP B8I 31 

BLGBEL 75 NP B97 201 
BRAUN2 75 NP B95 503 
CAVALL I  75 LNC 1~ 353  

ALSO 75 LNC 1~ 3k5÷359  
NUSGRAVE 75 NP B87 365 
STRACHMA T5 NP B9B 120 

ALSO 76 NP BID7 330  

ATHEREON T6 NP B103 381  
RUSHBRO0 T6 PRO 13 1835 
APPLE 7T LNC IE 16T 
CHADWICK 7T SLAC-PUB-201B 
HEINEN T? NP BI22 4~3 
ERELOF 7B NP B132 212  

GELLERT 6B PRL I7  88~ 
ALBERT 6E PR 176 IB31 
WALKER 6B PRL 20 133 
CLEOG 69 NP 013 222 
ALEXANOE 73 NP BSZ 22E 
ANSORGE 73 NP B63 93 
BEAUPRE 73 NP 066  93 
COOPER 7~ NP B79 259 
DEOTSCHM 75 NP B99 39T 
OCHS 75 NP BB6 253 

B IEL  76 PRL 36 504 ,507  
CARNEY 76 NP B I IO  2~8  
DEKEPRET 76 PL 63B 47T ,483  

REFERENCES FOR N*II2(IBTO) (PROD. EXP.) 

+LILLETHUN,SCANLON, ETAHLBRANDT, + (CERN) 
S L ABELMAN ICAMBRIDGEICERN)I 
ANKENBRANDT,CLYDE,CORK,KEEFE*KERTH+ (LRL} 
BELLETTINI,COCCONI,OIDDENS + (CERN) 
+BLESER,COLLINS,FUJIIt+ (BNL,CARN) 
+TAYLOR,CHAPMAN,+ [HARWELL,QUEENMARY,RHEL} 

+JONES,LINDENBAUM,LOVE~O2AKI+ [BNL)  
÷RUSHBROOKE,SCHARENOUIVEL+ (CAVE,DESY) 
+CRENNELL,HOUGH,KARSHON,LAI÷ [ONL,OUNY) 
JESPERSEN*KANG,KERNAN+ (IOWA STATE( 
+CASON,BISWASyDERADO, GROVES,+ (NOTRE DAME) 
• BENARY,EISENBERG,RONAT,YAEFE+ (REhGI 
TAN,PERL,MARTIN,VHINOWSKU + [SLAC+LRL+UCII 
RHODE, LEACOCR, RERNAN, JESPERSEN~+ {ISU) 
+BLESER,ELIEDEN,COLLENS÷÷ (BNL*CARN} 

+CHADWICK,GUIRAGOSSIAN,JOHNSON,++ ISLAC} I 
,ZOMBKOVSKI[,RONOVALOV,KRUCHININ~++ ( ITEPIIJ 
BOESEBECK,GRAESSLER,KRAUS,+++ (ABBCHLVI I 
+COTTON (MSU+LBL)I 
RUSHBROOKE,WILLIAMS+BAREFORD+* (CAVE,LOIC) IJ 

EDELSTEIN,CARRIGAN,HIEN,MCMAHON,+(CARN+ENL) 
W GAGE,E COLTON,N CHINONSKI (LBL) 
÷FIRESTONE,GINESTET,GOLDHABER,TRILLING(LBL)IJP 
+YEKUTIELI,YAFFEtSHAPIRA,RONAT,+ (REHO) I 
+EISENBERGtLYONS~SHAPIRA,TOAFF÷ [REHO) 
YEKUIIELI,YAFFEtSHAPIRA,RONAT + (REHO] 

BERLANDtHABER,HODOUS,HULSIZER,+ (MIT)I 
BERtAND,HABER,HOOOUS,HULSIZER,+ (MIT}I  
LICHTMAN,BISWAS,CASON,KENNEY,MCGAHAN+INDAM)I 

+ESKREYS,FESEFELDT,FRANZ+ (BONN+HAMB+MPIM)IJP 
+GERBER,MAURER,MICHALON,SCHIBY÷ STBRB,LPNP I 
CAVALLI-SFORZA,CONTA+ {PAVIA+PRIN) 
CAVALLI-SFORZA,CONTA+ (PAVIA+PRINT 
+PEETERS,SCREINER,WHITNOREtYUTA (ANL)  
STRAOHMAN,BRAUNtGERBER,MAURER÷ (LPNP+STRB)I 
STRACHMAN [LPNP}I 

ATHERTONtFRENCH,SKURA,BOHM+ (CERN+PRAG) 
RUSHROOOKE,RAJA,ANSOBGE,CARTER,NEALE (CAVE( JP 
+ASH,CHENG,COYNE,GROSSMAN+ (PRIN+PAVIAI 
+DAREOLL~CHALDUPKA+ (SLAC+SIAN÷CIT+LBL)IJP 
+ENGELEN,KITTEL,METZGER+ (NIJM+AMET+CERN)IJP 
+HERZ,HAGBERG,KULLANOER+ (CERN+UPPS+LOUO) IJ  

PAPERS NOT REFERRED TO IN DATA CARDS 

+EMITH,WOJCICKI,COLTON,SCHLEIN + ILRL,UCLA) 
+APPEL,BUONITZ,CHEN,DUNNING,G~ITEIN+ I HARV) 

+THONPSON,POOERTSON,OH,LEE,HARTUNG,+ (WISC) 
CLEGG (LANCI  
ALEXANDER,BENARY+(TEL-AVIV÷HEIDELBERG+DESY) 
ANSDRGE~MADEN~NEALE~RUSHBROOKE (CAVE(  

(AACH~BERL+BONN+OERN+NOAM+PENN+TOHO)I 
COOPER,SEIDL,VANDERVELDE (MICH)IJP 
DEUTSCHMANN+IAACH+BDNN+BERL+CERN+CRAC÷HEIDI 
+OAVIDSON,DZIERBA,FIRESTONE÷ (CIT÷SLAC+LBL)IJP 

+BLESER,FERBEL+ (ROCH÷ENAL÷SLAC÷NWES) 
+COLLEY,JONES,KENYON* (BIRM+BRUX+CERN+MONS)IJP 
+NAGYIREGLER~BRANOT+ (CERN÷HAMB+IPN+VIEN) 

RUSHBRDO 76 PRO I3  1835  RUSHEROOKE~RAJA,ANSORGE,DARTER,NEALE (OAVE)IJP 
SOTIRIOU 76 NP B IO7  457  D.SOTIRIOU ICERNIIJP 
BACON 77 NC 42A A31 +BARNHAM,DORNAN, EASON,POLLOCK+ (LOICIIJP 
HABRIS 77 NP B I I 9  189 +LUBATTI,MORIYASU,BINGHAM+ IWASH+UCB) 
OTTERI 77 NP E l30  349  +RUOOLPH,WIEDZOREK+ (AACH+BERL+BONN+CERNIIJP 
OTTER2 77 AACHEN I I IB /3 -77  +RUDOLPH+ (AACH+OERL+CERN+LOECeVIENIIJP 

Im 2°)l .......................... 
THE EXISTENCE OF THIS  RESONANCE IS WELL ESTABLISHED. 

62 N'1/2(1520) MASS (MEV) 

M I1530.0) ORANDSEN 65 RVUE PHASE-SHIFT ANAL 9 /66  
M {1536.0) ROPER 65 RVUE PHASE-SHIFT ANAL 9/66 
M I (151G.OI BAREYRE 68  RVUE PHASE-SHIFT ANAL I t / 67  

1 WHERE CROSS SECTION IS GREATEST - EYEBALL FIT M 
M 3 ( I541.0 l  DONNACH1 68 RVUE PHASE-SHIFT ANAL 6168 
M 6 (1523.0| AYEO TO IPWA [ /71 
M 6 FROM ENER. OEP* FIT OF ARGAND DIAGRAM 
M 4 ( [512.0) DAVIES 70 RVUE E-S ANAL SOL A 8169 
M 7 I I 520 , )  ALMEHED 72 IPWA 2 /72  
M 150[. TO 1503. CRAWFORD T5 DPWA P) N PHOTO--PRO0 1/76 
M L 1524. OR 1520. LONGACRE 75 IPWA P IN  TO 2PI N f l iTS 
M L THE 2 SETS OF PARAMETERS ARE FROM METHODS I AND 2 OF LONGACRE 75. )t iED 

(I52B.]  AYEO 76 IPWA i [ I I 7 *  
( I503. )  BARBOUR 76 OPWA P IN  PHOTO-PRO0 I176 

M (1510.) BERENDS 77 IPWA PI -N  PHOTO-PROD I lTB* 
M B l iB30. )  LONGACRE 77 IPWA P IN  TO 2PI N 11177* 
M B ALL LONGACRETT PARAMETERS ARE FROM SOLUTION 52, EXCEPT FOR THE POLE 11 /77 "  
M 8 POSIT ION WHICH IS FROM SOLUTIONS St AND CI .  11 /77 "  

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

62 N't IE(IS201 WIDTH (MEVI 

w 1 ( 125 .0 (  BAPEYRE 6B RVUE 1 I I67  
W 3 I149.0] DONNACHI 68  RVUE 6 /68  
w 6 ( IB I ,O I  AYED 70 IPWA 1/71 
W 4 (106.0] DAVIES 70  RVUE P-S ANAL SOL A 
w T [ I ZO , )  ALMEHED 7E IPWA 2172  
N 113. TO 150. CRAWFORO 75 OPWA Pl N PHOTO-PROD 1176 
W t 120. OR 150. LONGACRE T5 IPWA Pl N TO EEl N I I / 75  
W (122.) AYED 76  IPWA 11 /77 .  
w {137.1 BARBOUR ?b DPNA P) N PHOTO-PROD I I 7b  
W ( I05 . ]  DEPENDS 7T IPWA PI-N PHOTC~-PROD I l lB t  

w B I I IO . )  LONGACRE 7T IPWA P IN  TO 2P I  N 11 /77 "  
SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

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

62  N*E /2 I I 5201  REAL PART OF POLE POSIT ION (MEV)  11 /75  

RE (1514.) LONGACRE 75 IPWA P IN  TO EEl N I I175 
RE 8 1508. OR I505. LONGACRE T7 IPWA P) N TO 2PI N I I177"  

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

62  N* l /E (1B20 )  2=IMAG PART OF POLE POSITION (MEVI  l l / 75  

IN (146.I LONGACRE 75 IPWA El N TO 2PI N I i175  
IN B 109. OR I07.  LONGACRE 77 IPWA P IN  TO 2El N 11177* 

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

62 N* I / 2 [ 1520 )  PARTIAL  DECAY MODES 

DECAY MASSES 
PI N*1 /2 (1520 )  INTO P IN  I39+ 938 
P2 N* I I 2 ( I 520 I  INTO N'3/2[1232I P) IZ32+  139 
P3 N'L/2(1520) INTO N PI PI 9B8+ 139+ 139 
P4 N*E /2 ( ISBO)+  INTO NEUTRON PI+  939+ 139  
PB N*1 /2 (1520 )+  INTO PROTIN P I+  E l -  938+  139+  139 
P6 N* I I 2 [ 1520 )  INTO N ETA 939+ 548  
P7 N~1 /2 (15201  INTO N EPS[LCN 938+1300  
P8 N* [ / 2 (1520 )  INTO N RHO 938+ 7TO 
P9 N~I12(1520) INTO GAM P, HELICITY=I/2 O+ 938 
PIG N~1 /21L520 )  INTO GAM P,  HELICITY=3/2 O+ 938  
P I [  N * I 12 ( [ 520 )  INTO GRN N, HELICITY=II2 O+ 939  
P I2  N*1 /E (1520 ]  INTO DAM N, HELICITY=B/E O+ 939 
PL3 N~I /ZI15201 INTO K LRNBOA ~97+1E15  
P I~  N# I / 2 I I 520 )  INTO N '3 /2 (1232 )  PI,S-WAVE I232+  E3g 

El5 N*1/2(1520) INTO N#3/2(L232) PI,D-WAVE 1232+  139 
P IE  N~1 /2 [1520 )  INTO N RHOtS=3/2,S-WAVE 938+ 776  

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

62 N~[/2(1520} BRANCHING RATIOS 

RI  N*L /2 (1520 )  INTO (P I  N I /TOTAL  (P l l  
R I  1 ( 0 . 54 )  BAREYRE 68  RVUE EL /b7  
RL 3 (0.509I OONNACHI 68 RVUE 616B 
RE 6 ( 0 . 593 I  AYED 70  IPNA 1 /7 I  
R1 4 ( 0 .~5 )  DAVIES  TO RVUE P-E ANAL SOL A 8169  
R I  7 lO .58 I  ALMEHED 72 IPNA 2 /72  
RI ( .56) AYED 76 IPNA I I /77= 
R) SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 
R1 
R[ ALMOST TFE ENTIRE INELASTICITY IS IN N P) P) (ONLY N ETA COULD COMPETE, 
R) AND IT DOESNT). THE N P) PI SEEMS TO BE MAINLY N'3/2(1232I PI,  IN BOTH 
R1 S AND 0 WAVES. 

R2 N*E/2(EB20) INTO IN '3 /2 [1232I  PIIITOTAL (P4) 
R2 0.20 0.05 KIRZ 66 HBC 0 ASSUMING RI=O.?Z 9/66 
R2 DOMINANT EREL DECAY OLSSON 66 RVUE P) P TO P) P IN  9/66 
R2 0 (0.40) DIEM TO IPWA 3 BODY ANALYSIS 1/71 
RZ O ASSUMING RI= 0.5 

R3 NI[1211520I INTO (N'3/2(12321 P I ) I (N  PI PI I  (PZI/ IP3) 
R3 LARGE THURNAUER 65  RVUE - I L / 67  
R3 LARGE NAMYSLOWS 66  RVUE - I [ /ET 
R3 LARGE ROBERTS 67  RVUE J I / 67  
R3 LARGE ROSENFELD 67 RVUE - f i lET 
R3 LARGE MORGAN 68 RVUE ISOBAR MODEL 6168 

R~ N'1/2(1520) INTO (N EPSILON)/TDTAL (PTI 
R4 PROBABLY PRESENT MORGAN 68 RVUE ISOBAR MODEL B/68 
R4 D (O.OE) DIEM TO IPWA 3 BODY ANALYSIS 1/71 
R4 o ASSUMING RI= 0.5 



Baryons 
N(1520), N(1535) 

168 

Data Card Listin  
For notation, see key at front of  Listing 

R5 N~I /2 ( I5201 INTO IN ETA(/TOTAL (PB) 
R5 D (0.0061 APPROX DAVIES 67 RVUE 
R5 DAVIES 67 GIVES SEVERAL VALUES DEPENDING ON INPUT DATA, ALL ARE SHALL 
R5 B (0 .014)  BOTKE 69 MPWA T POLF+ MESON. 
RB B {0 .003 {  (0.0011 DEANS 69  MPWA T POLE+ MESON. 
RB 8 IO .00210R  0 .004 CARRERAS 70 MPWA T POLF+ RE~ONo 
RB B PARAMETRIZATION USED COULD BE IN DANGER OF DCUELE COUNTING 
R5 SEEN LEMD[GNE 73 DPWA 148B TO 1685 MFV 

R6 N~1/2(1520) INTO IN RHO )/TOTAL (PB) 
R6 D (0 ,07 ]  DIEM 7O IPWA 3 BODY ANALYSIS 
R6 D ASSUMING RI= 0,5 

R7 N~ I / 2 ( I 520 )  FROM P] N TO K LAMBDA SQRT(PI~P13) 
R7 C - . 076  .032 DEVENISH 74  0 FIXED T DISP REL 
R7 C EXTRAPOCATION OF PARAMEIRIZED AMPLITUDE BELOW THRESHOLD. 

R8 N~1/2(15201 FROM P( N INTO N EPSILCN SQRT[PI~P7) 
R8 B L (O.OI OR +.17 LONOACRE 75 IPWA Pl N TO 2PI N N 
R8 {+ .13)  LONGACRE 77 IPWA P IN  TO 2PI 

R9 N* l / ~ I I 520 I  FROM P IN  

P9 8 L (+.27IOR + .24  
R9 ( + . 261  
R9 B LONGACRE 77 CONSIDER 

RIO N'1/2[I520) FROM P( N 
RIO 8L (+.24)OR + .3O  
B10 {+ .21)  
RIO 8 LONGACRE T7 CONSIDER 

RI1 N~1 /2 (1520 )  FROM PIN 
R l l  L [+,32)0R +.24 
Rll 8 [+ .351  
Rli B LONGACRE 77 CONSIDER 

TO N '3 /2 (1232 I  PItS-WAVE SQRT(PI~P[4) 
LDNGACRE 75 IPWA P IN  TO 2Pl N 
LONGACRE 77  [PWA P IN  TO 2Pl N 

THIS COUPLING TO 8E WELL DETERMINED, 

TO N~312 (1232 |  PI,O-WAVE SQRT(PI*PI5 
tONGACRE 7S IPWA P IN  TO 2PI N 
LONGACRE 77 IPHA Pl N TO 2Pl N 

THIS COUPLING TO BE WELL DETERMINED. 

TO N BHO,S=312,S-WAVE SQRTIPl*DIB{ 
LONGACRE 75 IPWA P IN  TO 2P I  N 
LONGACRE 77  IPWA P IN  TO 2PI N 

THIS COUPLING TO BE WELL DETERMINED. 

11/67 

10 /69  
5 / 7 0  
5 /70  

2 /74  

1 /71  

4 /75  
4 /75  
4 /75  

11/75 
1L /75  
I i 177~  

ti/75 
11/75 

11 /75  
11/75 
i I / 77~  

11/75 
11/75 
11/77~ 

1/76 
1 / 7 6  

11 /77 *  

RI2 N=I12(1520) FROM P( N TO ETA N SQRTIPI~P6) 
RI2 9 (+ .O I I IOR  +.D58 FELTESSE 75 DPWA 0 1488 TO 1745 MEV 
RI2 9 SOPERCEDES LEMOIGNE 731 USES M AND W OF AYEO 76. 

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

62 N*E/2[1520) PHOTON DECAY AMPL(GEV~-[ /2)  

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI -  
REVIEW PRECEDING THE BARYON LISTINGS. 

A I  N~I /2(1520)  INTO GAP P, HELICITY=I/2 (GEV~*- I /21 
A I  .OLO .022 DEVENISH 73 OPWA P IN  PHOTO PROD 2174  
AI  ( - . 026 ]  HERMIT 73 + FHO PIO PHTOPROD 2/74 
AI  - . 026  .015 MDORHOUS 73  OPWA Pl N PHOTO-PROD 2/73 
A I  - . 008  .015 DEVENIS2 74 OPWA P IN  PHOTO-PROD ~I75 
AL - . 019  .008 KNIES 74  DPWA P IN  PHOTO PROD 2/7R 

A[ - *006  .006 METCALF 74 DPWA P IN  PHOTO-PROD 2/74 
AJ *ODD .006  MOOBHOUS 74 OPWA P IN  PHOTO-PROD 2/74 
At - . 009  .004 CRAWFORD 75 DPWA P IN  PHOTO-PROD 1/76 
A1 l + .O l l ]  KRIVETS 75  DP~A PI-N PHOTO--PROD I I 7B~  
A l  (~*012) BARBOUR 76  DPWA P IN  PHOTO-PROD 1 /76  

A I  - . 005  .005 FELLER 76 DPWA P( N PHOTO-PROD 2/77~ 
AI  ( - . 021 I  BERENDS 77  IPWA PI-N PHOTO-PROD I /TB~  
A1 . . . . . . . . .  
AI AVERAGE MEANINGLESS (SCALE FACTOR = 1 .0)  

A2 N* I12(1520I  INTO GAM P,  HELICITY=3/2 (GEV*= - I I 2 I  
A2 *180 *017 OEVENISH 73  DPWA P IN  PHOTO PROD Z174 
A2 + .194  . 031  MOORHOUS 73  OPWA P IN  PHOTO-PROD Z /73  
A2 .171 .012 DEVENIS2 74 DPWA P IN  PHOTO-PROD ~175 
A2 .169 .012 KNIES 74 DPWA P( N PHOTO PROD 2/74 
A2 +* [65  .O i l  METBALF 74 DPWA PIN  PHOTO-PROD 2174 
A2 *174 *006 MOORHOUS 74 DPWA PIN  PHOTO-PROD 2/74 
A2 +.I62 .004 CRAWFORD 75 OPWA PIN PHOT~PROD 1/76 
A2 I+ . I 38 )  KRIVETS 75 OPWA PI-N PHOTO-PROD 1178~ 
A2 (+ . t 58 )  BARBGUR 76  DPWA Pl N PHOTO-PROD 1 /76  
A2 +.164 .008 FELLER 76  OPWA P IN  PHOTO-PROD 2 /77~  
A2 (+ ,0751  BERENOS 77 IPWA PI -N PHOTO-PRDO l iFO*  
A2 . . . . . . . . .  
A2 AVERAGE MEANINGLESS {SCALE FACTOR = I .O {  

A3 N#I12[1520) INTO GAM N, HELICITY=112 (GEV=*- I /2 )  
A3 - . 075  .037 DEVENISH 73 OPWA P IN  PHOTO PROD 2174 
A3 - . 085  .Ol~ MOORHDUS 73 DPWA P IN  PHOTO--PROD 2 /73  
A3 2 + .037  .012 ROSS( 73  DPWA 0 GAM N TO P I -  P 4/75 
A3 2 (~NVERTED TO OUR CONVENTIONS USING M AND W FROM ROSS173 AND X= .56  4 /75 
A3 ( 0 . (  BENEVENT 74  DPWA o GAM N TO P I -  P 4 /75  
A3 - . 089  .Olq DEVENIS2 74 DPWA Pl N PHOTO-PROD 4175 
A3 - . 077  *005 KNIES 74 DPWA PIN  PHOTO PROD 2/74 
A3 - . 066  .OIO METCALF 74 DPWA PIN  PHOTO-PROD 2/74 
A3 -.ORB .007 MOORHOUS 74 DPWA P IN  PHOTO-PROD 2/74 
A3 - . 067  .004 CRAWFORD 75 DPWA P IN  PHOTO-PROD 1/76 
A3 ( - . 056 )  BARBOUR 76 OPWA P( N PHOTO-PROD 1176 
A3 . . . . . . . . .  
A3 AVERAGE MEANINGLESS (SCALE FACTOR = 3 °9 )  

A4 N~I12(1520) INTO GAM N. HELICITY=3/2 (GEV~- I IZ I  
A4 - .126  .028 DEVENISH 75 DPWA Pl N PHOTO PROD 2 /74  
A4 B ( - *087)  HEMMI2 73 O GAM N TO PIO N 4/75 
A4 8 CCNVEBTED TO OUR CONVENTIONS USING M AND W FROM WALKERB9 AND X=,56 4/75 
A4 2 - . 016  °016 .018 BOSSI 7~ DPWA 0 GAH N TO P I -  P 4/75 
A4 --.124 .013 MOORHOUS 73 DPWA P IN  PHOTO-PROD 2 /73  
A4 5 (- .O3S) BFNEVEN7 74 DPWA O GAM N TO P I -  P 4/75 
A4 5 CONVERTED TO OUR CONVENTIONS USING M=I520 MEV, W=120 MEV, X= .56  4/75 
A4 - . 155  .019 DEVENIS2 74  DPWA P IN  PHOTO-PROD 4/75 
A4 - . I ZO  .010 KNIES 7~ OPWA P( N PHOTO PROD 2/74 
A4 - * l i b  .013 METCALF 7~ DPWA Pl N PHOTO-PROD 2/74 
A4 - . 1 1 9  . 025  MOORHOUS 7~ OPWA P I N PHOTO-PROD 2/74 
A4 -.133 .C03 CRAWFORD 75 DPWA P IN  PHOTO-PROD 1/76 
A4 { - . 136 )  BARBDUR 76 OPWA P( N PHOTO-PROD 1/76 
A4 . . . . . . . . .  
A4 AVERAGE MEANINGLESS {SCALE FACTOR = 3 .1 {  

REFERENCES FOR N=1 /2 (1520 )  

SEE A PREVIOUS EDITION (RMP 37 ,  633, 1965} FOR EARLIER REFERENCES. 

BRANCSEN 65 PR 139 B15B6 +ODONNELt, MOORHOUSE (DURHAM, RHEL)IJP 
ROPER 65 PB I 3 8  B190  LD ROPEB,RM WBIGHT,BT FELD (LRL-LVMR,MIT)IJP 
THUkNAUE 65 PRL 14 9BB P G TMURNAUER (KOCH) 

KIRZ 66 PRIVATE COMM J KIRZ (LRL) 
NUMBER EXTRACTED FROM DATA DISCUSSED IN KIRZ 63 .  Z 63 .  

NAMYSLOW 66 PR 157 1328 NAMYSLOWSKI,RAZMI,ROBERTS (STAN,EOIN,LOIE) 
OLSSCN 66  PR 145 1309 M G OLSSON, G B YOOH (WISC,UMD} 

DAVIES 67 NO 52A 1112  
ROEERTS b7 PREPBINT 
ROSENFEL 67 IRVINE CCNF 

BAREYRE 68 PR 165 1731 
DONNACH1 68 PL 26B 161 

ALSO 68 VIENNA 139  
ALSO 68 THESIS 

HOFGAN 68 PR 166  I 73 I  

BOTKE 69  PR 180 1417 
DEANS 6g PR 185 1797 

AYED 7D RIEV CONF 
CARRERAS 70 NP 168 35 
DAVIES 7D NP B21 359 
DIEM 70 KIEV CONF. 
ALMEHED 72 NP B~O 157 

OEVENISH 73 PL 478 E3 
HEMHII 73 PL 438  79 
HENRI2 73 NP 855 333 
LEMOIGNE 73 PUROUE CONF. 93 
MOORHDUS 73 PC 43B 44 
RGSSI 73 NO I3A 59 

ALSC 71LNC 2 1 1 8 3  

BENEVENT 74 NC 19A 5 8 9  
DBVENIS~ T4 NP B81 330  
DEVENIS2 74 PL 528 227  
KNIES 74 PBD 9 2 6 8 0  

NETCALF 74 NP B76 258 
MGORHOUS 74 PRD 9 1 

CRAWFDRD 75 NP BgT 125 
FEL IESSE 75 NP 893 248 
PRIVETS 75 SJNP 20 430  

ALSO 74 SJNP 19 112 
LONGACRE 75 PL 558 415 

AYED 76 CEA-N-1921 
BARBOUR ?b NP B I l l  358 
FELLER 76 NP B I 0 4  2 1 9  
BERENOS 77 MC/T /7T /17  
LONGACflE 77 NP B122 493 

ALSO 76 NP B108 565  

KIRZ 63 PR 130 2481 
BAREYRE 65 PL 18 3~2 
CROUCH 65 DESY CONE I I  21 
DERADO 6S ATHENS CONF 244 

A T DAVIES, R G MOORHOUSF (GLASGOW, PHIL) 
R G ROBERTS (DURHAM) 
A H ROSENFELD, P SOOING ILRL] 

8AREYRE, C BRICMAN, G VILLET (SACLAY)IJP 
DONNACHIE, R G KIRSOPP, C LOVELACE ICERNIIJP 

DONNACHIE RAPPORTEUR.S TALK {GLAS) 
R G KIRSOPP (EDIN) 
O MORGAN (PHIL) 

J C BOTKE (UCSBI 
S DEARS, J WOOTEN (UNIV S FLORIDA{ 

R AYED,P BAREYRE, G VILLET (SACL)IJR 
B CARRERAS, A OONNACHIE IOARE,MCHS) 
A ~AVIES (GLASI 
+ SMADJA, CHAVANON, DELER, DOLBEAU+ (SACL) 
+LOVELAOE (LUNO,RUTG)IJP 

DEVENISH,RANKIN,LYFH (LOUO+BDNN*LANC{IJP 
HEMMI,INAGARI+ (KYOTOeSAGA+KEK÷TOKY)IJP 
+INAGAKI,KIKUCHI,MAKI,MIYAKE÷ (KyDTO,TOKYO)IJP 
+GRANET,MARTY,AYED,BAREYRE,BORGEAUD,+(SACL)IJP 
MOORHOUSE, OBERLACK (GLAS+LBC)IJP 
+PIAZZAtSUSINNO,+ IROMA,FRAS,NAPL,PAVIA)IJP 
CARBONARA,FIORE,÷ (NAPt,FRAS,PAVIA,ROMAIIJP 

BENEVENTANOtDANGELO,NOTARISTEFANI,+ (ROMA(IJP 
DEVENISHtFROGGATT,MARTIN(DESY, NOROITA,LOUC) 
DEVENISHtLYTH,RANKIN (DESY,LANC,BONNIIJP 
KNIES,MOORHOUSEtOBERLACK (LBL,GLAS)IJP 
W J HETCALF,R L WALKER (C IT I I JP  
MOORHOUSE,OBERLACKtROSENFELD (GLAS+LBL)IJP 

R L CRAWFORO (GLAS)IJP 
÷AYEO,BAREYRE,BORGEAUD,DAVID~ERNWEIN+(SACLIIJP 
+MIROSHNICHENKO,NIKIFOROV,SANIN* IK IEV I I JP  
KRIVEIS,NIKIFOROV,SANIN,SHALATSKII (K IEV) IJP 
+RGSENFELO,LASINSKI,SMADJA+ ILBL,SLAC{IJP 

AYEO {THESIS) (SACLIIJP 
I .  M, BARBOUB,R. L. CRAWFDRD (GLASI[JP 
+FUKUSHIMA,HORIKAWA,KAJIKAWA+(NAGOYA+OSAKA{IJP 
F.A.BERENDStA.DONNACHIE (LE[D,MCHSIIJP 
LONGACRE,DOLBEAU (SACLIIJP 
DOLBEAU,TRIANTIStNEVEUtCADIET (BACL)IJP 

PAPERS NOT REFERRED TO IN  DATA CARDS. 

J KIRZ, J SCHWARTZ, R O TRIPP (LRLI 
+ BRICMAN, STIRLINO, VILLET (SACLAY)IJP 
+ (BROWN,CEA,HARVARD,M[TtPADOVAtWEIZMANNI 
+KENNEY,LAMSR, + (NOTRE DAMEtKENTUCRYI 

MERLO 66 P ROY SOC 289 489 J P MERLO, G VALLADAS (SACLAY) 
THE ABOVE PAPERS DISCUSS INELASTIC CHANNELS NEAR THE REONANCE. 

JOHNSON aT UCRL-17683 IHESIS C H JOHNSON (LRLI 
DEANS 69 PBL [77 2623 S R DEANS {UNIV S FLORIDA) 
DONNACHI 69 NP lOB 433 A DONNACHIE, R K IRSOPR IGLAB+EOIN} 
WALKER 69 PR 182 [729 R L WALKER (C IT ) I JP  
AYED 70 PL 318 598 +BAREYRE+VICLET (SACLAYI 

THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHED, 
IT IS STRONGLY ASSOCIATED WITH THE ETA N CHANNEL, 

63 N '1 /2 (15351  MASS (HEM] 

M ( [S IO .0 }  HENDRY 65 RVUF ETA N + S I I  P IN  9/66 
M ( [570,01 MICHAEL 66 RVUE FITS BAREYRE $11 7166 
M N ( [5E7 .0 {  OR 1865.0 UCHIYAMA- 66 RVUE FITS N ETA DATA 9/66 
M N FITTING GIVES TWO SOLUTIONS. PROBLEMS MATCHING P IP  PHASE SHIFT 
M 1 (1535.0]  BAREYRE 68 RVUE PHASE-SHIFT ANAL 11/67 
M 1 WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 
M 3 (L591.0)  DONNACH[ 68 RVUE PHASE-SHIFT ANAL 8168 
M (1535.0)  (TO.O( DELCOURT 69 CNTR PHDTOPRODUCT. 8/69 
M 6 {1534.0(  AYED 70  IPWA 1/71 
M 6 FROM ENBR. DIP. FIT OF ARGAND DIAGRAM 
M 4 (1502.01 DAVIES 70 RVUE P--S ANAL SOL A 8/69 
M 7 I ISO0o) ALMEHED 72 IPWA 2/72 
M 2 ( I 551 . (  HICKS 73 MPWA GAM P-ETA P 9173 

M 2 ONLY STA{ES FROM TABLE V I I  OF HICKS73 ARE INCLUDED IN LISTINGS. 9/73 
2 M AND W ARE FROM SOLUTION C2,BR=SQRT(G)/W WITH G FROM TABLE V I I .  9173 

1507. TO I 530 .  CRAWFORO 75 DPWA Pl N PHOTO-PROD 1/76 
M L 1520. OR tRIO.  LONGAORE 75 IPWA P( N TO 2PI N I t / 75  
M L THE 2 SETS OF PARAMETERS ARE FROM METHODS [ AND 2 OF LONGACRE 75. 11/75 
M (1519.)  AYED 76  IPWA l I / 7T *  
M ( 1 5 0 I * I  BARBOUR 78 DPWA P IN  PHOTO-PROD 1/76 
M ( I 500 .1  BERENDS 77  IPWA PI-N PHOTO-PROD 1 /78 "  
M (154T. I  (6 .J  BHANDARI 77 OPWA 0 USES ETA N CUSP 1 /78"  
M B (1520. ]  LONGACRE 77 IPWA P IN  TO 2PI N I I / TT *  
M 8 ALL LONGAORE77 PARAMETERS ARE FROM SOLUTION $2, EXCEPT FOR THE POLE 11/7T~ 
M 8 POSITION WHICH IS FROM SOLUTIONS SI AND C I .  11/771 

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

W (130.0)  HENDRY 65 RVUE 9106 
W (130.0}  MICHAEL 66 RVUE T/06 
W N ( IS&.OI  DR 144.0 UCHIYAMA- 66 RVUE SEE NOTE ON MASS 9/66 
W i { 15E .O I  BAREYRE 68  RVUE 11167  
w 3 (26B.0I  APPROX DONNACHI 68 RVUE 6/68 
W (120.01 DELCOURT 69 CNTR PHOTOPRODUCT. 8/69 
W 6 (96 .0)  AYED 70 IPWA 117I 
W 4 13b.o) DAVIES 70 RVUE P-S ANAL SOL A 8/69 
w 7 ( 50 . I  ALMEHED 72  IPWA 2 /72  
w 2 (134. )  HICKS 73 MPWA GAM P-ETA P 9/73 
W 114. TO 167. CRAWFORD 75 DPWA P IN  PHOTO-PROD I176 
W L 75. OR 100. LONGACRE 75 IPWA P IN  TD 2PI N L I /75  
W (78 . ]  AyED 76 IPWA 11/77~ 
W ( i 2B . )  BARBOUR 76 DPWA P IN  PHOTO-PROD 1/76 
W (57 . )  BERENDS 77  IPWA PI-N PHOTO-PROD 1 /7B*  

(139. }  [ 33 . )  BHANDARI 77 DPWA O USES ETA N CUSP 1/TO* 
8 (135.1 LDNGACRE 77 IPWA P IN  TO 2PI N 11177" 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see hey at front of  Listings. 

63 N*1/2(£535J REAL PART OF POLE POSITION IMEV{ 11/75 

8 6  (1496.) LONGACRE 75 IPWA P/ N TO 2P I  N 11 /75  
NE (1519.) (4 . )  BHANOA6J 77  DPWA 0 USES ETA N CUSP 1/78. 
RE 8 L528. OR 1527 .  LONGACRE 77 IPWA P IN  TO 2PI N i [177"  

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

63  N*I/2(15351 2tlNAG PART OF POLE POSITION (MEV] 11/75 

[M (lOB.) LONGADRE 75 IPWA P/ N TO 2Pl N I I / 75  
IH  {140.; 132.) BHANOARI 77 OPWA O USES ETA N CUSP 1/78. 
IM 8 135. OR 123. LONGACRE 77 IPWA P IN  TO 2PI N 1 1 / 7 7 "  

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

6 3  N'1/2(15351 REAL PART OF ELASTIC POLE RESIDUE (MEV) 

RER 20. 21. BHANOARI 77 DPWA O USES ETA N CUSP 1/78. 

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

63 N*I12(15351 IMAG PART OF ELASTIC POLE RESIDUE (MEV) 

IMR 13. 8. BHANDARI 77 DPWA o USES ETA N CUSP 1178* 

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

6S N.1/2(15351 PARTIAL DECAY MODES 

DECAY MASSES 
PI  N*I/2{1538} INTO Pl N 139+ 936 
P2 N* I / 2 ( I 595 I  INTO N ETA 939+ 546 
P3 N*I /2( IE35) INTO N PI PI 938+  139+ 139 
P4 N~1 /2 (16351  INTO N EPSILON 938+1300 

P5 N*1 /2 (1538 )  INTO N '3 /2 (1292 )  P I  1232+ 139 
P6 N*1 /2 (1535 )  INTO N RHD 938+ 776  
PT N~I/E(1535| INTO GAM P, HELICITY=I/E o+ 9 3 8  

P8 N*1 /2 (15351  INTO GAM N, HELICITY=II2 O+ 939  
P9 N*1 /2 {1585 {  INTO K LAMOBA 497+II IS 
PIG N*112(1535( INTO N RHO,S=II2,S-WAVE 938+ 776 

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

63 N*1 /2 (1535 )  BRANCHING RATIOS 

R/ N*LI2[IE351 INTO (PI N I /TOTAL  (P I )  

R1 ( 0 . 69 )  HENDRY B5 RVUE 9/66 
R/ { 0 . 32 {  MICHAEL 66 RVUE 9 / 6 &  
RI N (0.711 OR 0.28 UCHIYAMA- 66  RVUE SEE NOTE ON MASS 9/86 
RI (0.31| OR 0.43 DAVIES 67 RVUE PIP TO N ETA,B,C I1/67 
MI  3 ( 0 , 696 {  OONNACH1 68  RVUE 6 /68  
RI ( 0 . 33 )  DELCDURT 69  CNTR 8/69 
R1 6 ( 0 . 397 )  AYED 70  IPWA 1/71 
RE 4 (0 .36 ;  OAVIES TO RVUE P-S A~AL SOL a B/69 
RI 7 {0.251 ALMEHED 72 IPWA 2 /72  
R I  ( . 94 )  AYED 76  IPWA 11 /77 .  

RI (.297) (.0261 6HANDARI 77 DPWA o USES ETA N CUSP 1/78" 

R2 N .1 /2 (1535 {  INTO IN  ETA I /TOTAL  (P2 )  
R2 DOMINANT INEL DECAY HENDRY 65 8VUE g/B6 
R2 (O.B8) MICHAEL 6 6  RVUE 9 /66  
R2 N (0.291 OR O.7I UCHIYAMA- 66  RVUE SEE NOTE ON MASS 9 /66  
R2 (0.69) OR 0°85 DAVIES 67 RVUE PIP TO N EFA*B,C 11/67 
R2 B (0.41 (O. I )  DEANS 69 NPWA T POLE+ MESON. S/70 

8169 R2 (0 .66 I  DELCOURT 69  NPWA 
R2 B (0.69) OR 0.696 CARRERAS 70  NPWA T POLE+ RESON. 5/70 
R2 B PARAMEIRIZATION USED COULD BE IN DANGER OF 60UBLE COUNTING 
R2 7HE VALUES OF R2 LISTED ABOVE ARE INCOMPATIBLE WITH THE RESULTS 
R2 OF DIEM ET AL .  (TO)  

R3 N* I / 2 (1535 {  INTO (N.3/2(12321PI{/TOTAL (PS I  
R3 D (0.071 DIEM 70  IPWA 9 BODY ANALYSIS 1/71 
R3 O ASSUMING Rl=  0 .34  

64  N '1 /2 (1835 {  INTO (N EPS ILONI /TOTAL  (P4 )  
R4 D (0.26) DIEM 76 IPWA 3 BODY ANALYSIS I / T /  
R4 O ASSUMING RI~ 0 ,34  

66 N*1 /211535 )  INTO (N RHO )/TOTAL {PG) 
R5 D (0.20) DIEM 70  IPWA 3 BODY ANALYSIS I /E l  
R6 D ASSUMING R I ~  0 .34  

R6 N~1 /2 (1535 )  INTO GAMMA PROTON/TOTAL [P71 9 /73  
R6 5 . 0042  .0014 DEANS 72 NPWA P ETA PHOTOPROD. 9 /73  
R6 5 DR=IDEANS72 RADIATIVE WIDTHI/(NOMINAL FULL WIDTH=TOO ~EV)  9273 
R6 8 ThE HICKS?8 ENTRY UNDER R7 IS A MORE RECENT RESULT BY SAME GROUP. 9/73 

RT N*1/2(15351 FROM GAMMA RROTON TO ETA PROTON SQRT{P2*PT{ 9/73 
R7 2 (.DOER) HICKS 73 MPWA GAM P-ETA P 9/73 

68 N*I12(15351 FROM P[  N INTO ETA N SQRT(PI~P2I 2/74 
R8 I+.431 LEMOIGNE 73 DPWA 1488  TO 1685 MEV 2/74 
R6 A (+ .4E l  FELTESSE 75 DPWA 0 14BB TO 1745 MEV 11/75 
R8 A SUFE6CEDES LEMOIGNE 73, USES N AND W GF AYED 76. 11/77" 

R9 N .1 /2 {1535 I  FROM Pl N TO K LAMBDA SQRT{PI*P9) 4175 
R9 C -.691 .214 DEVENISH 7~ o FIXED T DISP REL 4175 
R9 C EXTRAPOLATION OF PARAMETRIZED AMPLITUDE BELOW THRESHOLD. 4175 

RIO  N*1 /2 (1535 )  FROM P IN  TO N '3 /211232 )  P I  SQRT(P I *PS ]  11 /75  
RIO L (O.O) OR ~.06 LONGACRE 75 IPWA Pl N TO 2Pl N 11/75 
RlO 8 {.OO) LONGACRE 77 IPWA P IN  TO 2PI N 11/77" 

RII N'1/2[15351 FROM P I N  TO N RHD.S=II2,S-NAVE SQRTIPI*PEO) 11/75 
Rl l  L {+.12)0R +.09 LONGACRE 75 IPWA P IN  TO 2PI N 11/75 
RI I  B (+.TO) LONGACRE 77 IPWA P/ N TO 2Pl N 11/77. 

RI2 N'/{Z{15351 FROM P/ N TO N EPSILON SQRT(PI*P~{ 1 1 / 7 5  

RI2 L ( . l )  OR - .og  LONGACRE 75 IPWA Pl N TO 2PI N 11/75 
RI2 E ( - .08 )  LONGACRE 77 IPWA P/ N TO 2PI N 11/77" 

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

Baryons 
N(1535) 

68 N*I/2115351 PHOTON DECAY AMPL(GEV**~I/2) 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI- 
REVIEW PRECEDING THE BARYON LISTINGS. 

AI  N*112{15351 INTO GAM P,  HELICITY=II2 (GEV**-I/2) 
A I  . 0~2  . 023  DEVENISH 73 DPWA P1N PHOTO PROD 2 /7#  
At (.0151 HEMM{1 73 + ~WD PIO PHTOPROD 2/74 
Al +.OS3 .020  MOQRHBUS 73 DPWA PIN  PHOT~PRO0 2/73 
AI .OF8 .020 OEVENIS2 74 DPWA Pl N PHOT~PROD 4/75 
Al .056 .02O KNIES 74 OPWA Pl N PHOTO PROD 2/74 
A I  * . 063  . 013  METCALF 74  DPWA P IN  PHOTO-PROD 2 /74  
A l  . 036  . 002  MOORHOUS 74  OPWA P IN  PHOTO-PROD 2 /74  
A1 +°062 .DO7 CRAWFORO 78 DPWA P [N  PHOTO-PRO0 1 /76  
Al (+ .062 )  KRIVETS 75  DPWA PI-N PHOT~PROD 1/78. 
A1 {+.0631 6ARBOUR 76 DPWA P IN  PHOTO-PROD 1/76 
A1 +.070 .DO4 FELLER 76 DPWA P IN  PHOTO-PROD 2/??* 
AT (+.054) BEBENDS 77 IPWA PI-N PHOTO-PROD 1/78. 
A~ . . . . . . . . .  
A I  AVERAGE MEANINGLESS (SCALE FACTOR = 6.5) 

A2 N*I12(1535} INTO GAM N, HELICITY=E/2 (BEV**-I/21 
A2 -.OR6 .029 DEVENISH 73 DPWA Pl N PHOTO PROD 2/74 
A2 - . 048  .O21 M~ORHOUS 73  OPWA P IN  PHOTO-PROD 2/73 
A2 6 -.031 .024 ROSS{ 73 DPWA O BAM N TO P l -  P 4/75 
A2 8 CONVERTED TO OUR CONVENTIONS USING M AND W FROM ROSSI73 AND X=.OB 4/75 
A2 9 (-.OIRI 6ENEVENT 74 DPWA O GAm N TO P I -  P ~178 
A2 9 CCNVERTED TO OUR CONVENTIONS USING N=1520 MEV, W=SO MEV, X=.3B ~/75 
A2 -.0~7 .023 DEVENIS2 74 DPWA PIN PHOTP.-FROD 4/75 
A2 - .052 .005 KNIES 74 OPWA Pl N PHOTO PROD 2/74 
A2 -.051 .O2I METCALF 74  OPWA P IN  PHOTO-PROD 2/74 
A2 -.027 .009 MOORHOUS 74 OPWA P IN  PHOTO-PROD 2/74 
A2 -.088 .O l l  CRAWFORD 75 DPWA P IN  PHOTO-PROD 1 /76  
A2 (-.1091 BAR6OUR 76 DPWA P IN  PHOTO-PROD 1,'76 
A2 . . . . . . . . .  
A2 AVERAGE MEANINGLESS (SCALE FACIDR = 1.?) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES Fg8 N ,1 /2 (1835 {  

HENDRY 65 PL 18 171 A W HENDRY~ R G MDO6HOUSE (NHEL) 
REVIEWS EARLY PHASE-SHEFT--ANALYSIS RESULTS AND PI -  P TO ETA N 
EXPERIMENTS. WE TAKE NUMBERS FROM THE SOLUTION USING BRANOSEN 65. 

MICHAEL 66 PL 21 98 
UCHIYAMA 66 PR 1 4 9  1220 
DAVIES 67 NC 52A 1 1 1 2  

BAREYRE 68 PR 165 1731 
OONNACH1 68 PL 266 161 

ALSO 68 V IENNA 139 
ALSO 68 THESIS 

DEANS 69 PR 185 1797  
OELCOURT 69 PL 29B 75 

AYED 70 N IEV  CONF 
CARRERA6 70 NP Ebb 38  
DAVIES 70  NP B21 35e  
DIEM 70 KIEV CONF. 

ALMEHEO 72 NP 640 187 
DEANS 72 PN O 217 
OEVENISN 73 PL 476 53 
HEMMI I  73 PL ~3B 79 
HICKS 73 PRO 7 2614  
LEMCIGNE 73 PURDUE CONF. 93  
MODRHOUS 73 PL 436 44 
RDSSl 73 ND 13A 59 

ALSO 71LNC 2 I185 

6ENEVENT 74 NC I gA  529  
DEVENISR 74 NP 681 330  
DEVENIS2 74 PL 526 227 
KNIES  74 PRD 9 2680  
METCALF 74 NP 676  253  
MOO6HOUS 74 PRO 9 1 

CRAWFO60 75 NP 697  125 
FELTESSE 75 NP 693 242 
KRIVETS 75 SJNP 20  43D 

ALSO 74 SJNP 19 112 

LONDACRE 75 PL 55B 415 

AYED 76 CEA--N-1821 
EARBOUR 76 NP 6111 856 
FELLER 16 NP 6104 219 

BERENDS 77 MC/T /77 / [T  
BHANDARI 77 PRO 15 I 92  
LONGAERE 77 NP 6122 495 

ALSO 76 NP B108 365  

C MICHAEL (OXFI 
F UCHIYAMA-CAMPBELL, R K LOGAN ( I LL | l IP  
A T DAVIES, R G MOORHOUSE (GLASGOW,SHED} 

P BAREYRE. C 6RICMAN, G V ILLET  (SACLAY{IJP 
A DONNACHIE~ R G KIRSOPPv D LOVELACE (CERN)IJP 
DONNACHIE RAPPDRTEUR.S TALK COLAS) 
R G KIRSOPP (EOINI 
S DEANS, J WOOTEN (UNIV S FLORIDA{ 
DELCOURT,LEFRANCOIS,PEREZ-Y-JORBA,+ (GREAT 

AYEO,P BAREYRE, G VILLET (GACLIIJP 
CARRERAS, A DONNACHIE (DA6E,MCHS) 

A DAVIES COLAS) 
+ SMADJA, CHAVANON, DELER, DOLEEAU+ (SAGO) 

+LDVELACE (LUND,RUTG)IJP 
+JACOBS, LYONS, HICKS (U S FL TAMPA+CARNI 
OEVENISH,RANKIN,LYTN {LOUO+6ONN+LANC)IJP 

HEMMI,INAGAKI+ (KYOTO+SAGA+KEK+FOKYIIJP 
+DEANS,JADO6S,LYONS+ (CARN÷ORNL+SOUTH FLA. I IJP 
+GRANET,MARTY, AYED*BAREYRE,EORGEAUD,*(SACLIIJP 
NOORHOUSE, OBERLACK (GLAS+LBL)IJP 
+PIAZZA*SUSINNO,+ (ROMA,FRAS,NAPL,PAVIA}IJP 
CARBDNARA,FIORE,+ {NAPL,FRAS,PAVIA,ROMAJIJP 

BENEVENTANO,DANGELD,NOTARISIEFANh+ (ROMA)IJP 
DEVENISH,FROGGATT,MARTIN(DESY,NORDITA,LOUCI 
DEVENISH,LYTH,RANKIN (DESY,LANC,6DNN{IJP 
KNIES,MOORHOUSE,OBERLACK ILBL,OLAS(IJP 
W J METCALF,R L WALKER (CITIIJP 
NDORHOUSEtDBERLACK~ROSENEELD (GLAS+LBL)IJP 

R L CRAWFORD (GLAS)IJP 
+AYED,6AREYRE,BDRGEAUD,DAVIO,ERNWEIN+(SACL)IJP 
÷MIROSHNICHENKO, NIKIFOROV,SANIN+ (KIFV)IJP 
KRIVETS,NIKIFOROV,SANIN,SHALAFSKI( (KIEV{IJP 

+EOSENFELD,LASINSKI,SMADJA+ (LBL,SLAC)IJP 

AYED (THESIS) (SACL)IJP 
I .  M. 6A6EOUR,R. L. CRAWFORD {GLAS)IJP 
+FUKUSHIMA,HORIKAWA,KAJIKAWA+INAGOYA~OSAKA{IJP 

F.A.BERENDS,A.DONNAEHIE (LEID,MCHS)IJP 
R BHANDARI,Y-A CHAO (DARN)lIP 
LGNGACRE,DOLBEAU (SACLIIJP 

DOL6EAU,TRIANTIS,NEVEU,CADIET {SACL)IJP 

PAPERS NDT REFERRED EO IN DATA CARDS. 

DAREYRE 65 PL IB 142 + BRICMAN, STIRLING, V ILLET  (SACLAY)IJP 
6RANDSEN 65 PR 139 61566  +ODGNNELL, MOORHOUSE (DURHAM, RHEL)IJP 

BASIS OF NUMBERS WE QUOTE FROM HENDRY 65, 
JGHNS(~ 67 UCRL-17683  TNESES C H JOHNSON {L RL { 
LDVELACE 67 HEIDELBERG C. 79 C LOVELACE {CERN{IJP 
DONNACHI 69 NP ID6 433 A DONNACHIE. R KIRSGPP (GLAS*EOINI 
AYEO TO PL 918 898 +6AREYRE+VILLET (SACLAYI 

THE FOLLDWING A6TICLES DEAL WIFH THE REACTIONS PI -  P TO ETA N 
AND DAMMA P TO ETA P NEAR THRESHOLD* THE DATA AND THE THEORETICAL 
ARTICLES ARE USEFUL IN UNDERSTANDING THE BEHAVIOR OF THE $11 AMRLI- 
IUDE AS DETERMINED IN P IP  PHASE-SHIFT ANALYSES. FURTHE6 REFERENCES 
MAY BE FOUND IN THEM. 

MAINLY EXPERIMENTAL ~- 
BULOS 64 PRL 13 486 + (BROWN,6RANDEIS,HARVARD,MIT,PADOVAI I 
BACDI 66 NC 8SA 985 +PENSO,SALVINIIMENCUCCINI,+ {ROMA, FRASDATIIIJP 
JONES 66 PL 23 591 +6INNIE,DUANE,HORSEY,MASON,+ (LOIC,RHEL) 
RIOHARDS 66 PRL [6 126L  +DHIU,EANOI,HELMHOLZ,KENNEY,+ ILRL,HAWAII{ IJ 
PREPOST 67 PRL 18 82 R PREPDST, O LUNOQUIST= O QUINN (STANFORD) 
B/CON 68 PRL 21 1100  +HEUSCH, F6ESCOTT, ROCHESTER (CIT) 
BUCOS 69 PR 167 I827 +LANOU,BORDNER,BASTIEN+(BOST~HAPV+MIT+PENNI 
HEUSCH 70 PRL 25 1 3 f i l  *PRESCOTT,ROCHESTER,WINSTEIN (CIT( 
~INNIE 73 PBD 8 2769 +£AMILLERIeDE6ENHAM,DUANE,+ (LOIC,SHMPI 



Baryons 
N ( 1 5 3 5 )  N(1540), N ( 1 6 7 0 )  
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Data Card Listin  
For notation, see key at front of  Listing 

MAINLY THEORETICAL - -  

B A L L  66 PR 149 I191 J S BALL (UCLAI 
DORSLN 66 PB 146 E022 P N DOBSON [HAWAIII  
MINARI 6 6  PR 1 4 7  1123 S MINAMI (OSAKA( 
DEANS 67 PR 161 1466 S R DEANS, W G HOLLADAY (VANDERBILT) 
LOGAN 67 PR I 5 3  1 6 3 4  R K LOGAN, F UCHIYAMA-CAMPRELL ( I LL )  
MfiNCUCCI 6 7  NC 4BA 5 7 9  C MENCUCCINI, A REALE [FRASCATI) 
MINAMI 6 7  PR 162 t 6 1 9  s MINAMI (OSAKA( 
MOSS 67 RB 1 6 3  1785 T A MOSS (LSO) 
DEANS 68 PR 165 1886 S R DEANS, W G HOLLAOAY IVANDEBBILTI 
PAL 88 PR 1 6 7  1350 8 K PAL ( N P L  NEW DELHI( 
B A L L  6 9  PR 1 7 7  2 2 5 7  +GARG+SHAW (UCLA÷UCII 
LEFIEVRE 70 NC 66A 349 +LERUSTE (CDEF) 

I - . I 

I N ( 1 5 4 0 )  l . . . . . . . .  , . . . . . . . . . . . .  , ..... IP 31 . . . . . .  

> 
109 N'1/2115401 MASS IMEV) ii177" 

M 8 ( IB4D . I  LONGACRE 7 7  IPWA P IN  TO BPI N 1 1 1 7 7 *  

M 8 ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION $2, EXCEPT FOR THE POLE 11177~ 
M 8 POSITION WHICH IS FROM SOLUTIONS S t  AND Cl .  11177* 

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

t 0 9  N'1 /2 (1540)  WIDTH (MEV} l l / 7 7 "  

w 8 (ZOO.) LONGACRE 77 IOWA P I N  TO 2 P I  N 1 1 1 7 7 *  

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

I09 N* I12(1540)  REAL PART OF POLE POSITION [MEVI I I 177 "  

RE 8 1535. OR I~82.  LONGACRE 77 IPWA P IN  TO 2PI N E1/77" 

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

I09 N* I12[1540)  2*IMAG PART OF POLE POSITION (MEV) 11177* 

IM 8 2OT. OR 314. LONGACRE 77 IPWA P IN  TO ZPI N 1 1 / 7 7 ~  

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

109 N * 1 / 2 ( 1 5 4 0 )  PARTIAL DECAY MODES 11/77"  

OECAY MASSES 
P l  N * I 1 2 1 1 5 4 0 ]  INTO P I N  139+ 938  
P2 N*I/2(1540) INTO N RHO,S=I/2,P-NAVE 9 3 8 +  7 7 6  
P3 N'112(1540) INTO N RHO,S=312,P-NAVE 9 3 8 +  7 7 6  
P4 N * 1 / 2 ( 1 5 4 0 )  INTO N*3/2(IZ32) PI,P-WAVE 1232+ 139 
P5 N'1/2(15401 INTL N EPSILON 9 3 8 + E 3 0 0  

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

109 N * 1 1 2 ( 1 5 4 0 (  BRANCHING RATIOS 11177~ 

RI N*I IE(15401 FROM Pl N TO N RHO~S=II2,P-WAVE SQRT[PI*PBJ 11177* 
R! 8 [ - .OB l  LONGACRE 7 7  IOWA Pl N TO 2PI N I I I T7 *  

R2 N*L/EI I54DJ FROM Pl N TO N RHD,S=3/Z,P-WAVE SQRT(PI*P3) L 1 / 7 7 "  

R2 B (.OO) LONGADRE 77 IPWA P IN  TO BPI N 11177* 

R3 N*112(1540) FROM Pl N TO N*3/2[1231)  PI,P-WAVE SQRT(PI*P~) 1 1 1 7 7 ~  
R3 8 I + . l l )  LONGACRE 77 IPWA P IN  TO 2Pl N I I / 77 *  

R4 N*I12(1540)  FROM P IN  TO N EPSILON SQRT(Pl*P5) 1 1 / 7 7 ~  

R4 8 (.OO) LONGACRE 77 IOWA Pl N TO 2PI N 11177" 

REFERENCES FOR N * E / 2 [ 1 5 4 0 )  

LONGACRE 7 7  NP B122 4 9 3  LONGAGRE,DOLBEAU (SACL)IJP 
ALSO 76 NP B[OB 3 6 5  DOLBEAU,TRIANTIS,NEVFU,CADIET (SACLIIJP 

1520 ~ REGION - PRODUCTION EXPERIMENTS 
B N*I1211520, JP= } I=112 PRODUCTION EXPERIMENTS 

SEE THE MINI-REVIEW PRECEDING THE N AND DELTA LISTINGS 
FOR A DISCUSSION OF PRODUCTION EXPERIMENTS. 

B N* I /Z i15ZO(  MASS (MEV( IPROD. EXP.( 

M I B 0 7 . 0  6 . 0  
M 1 5 0 3 .  6 .  
M 1 S 0 0 . 0  1 0 . 0  
M 1 5 1 2 . 0  2 . 0  

M 1 4 6 0 .  TO 1 5 1 0 .  

11510.01 120.01 
1 5 0 1 . 0  5 . 7  

M I ( 1 5 0 0 . 1  

M 1 DETERMINE J=312,O13 PRCBABLE 
M 1515. 11. 
M (1490 . }  
M 151O. 7 .  
M (1500.)  
M 1 5 0 0 .  B .  

M 1515. 5. 

A-BORECLI 67 HBC O PBAR P 5.7 GEV 10171 
ANDERSON 70 MRS - PI -  P TO P I -  MRS 2171 
AMALOI 71 SAS P P AT 24 GEV 10/71 
ELLIS 71 CNTR MRS PP 3.7 GEV/C 10/71 
MORSE 7 1  HBC ÷ o  PI-P,  7 GEV/C [ 1 1 7 7 "  

MORSE 7 1  HBC + PI-P, Z 5  GEVIC L 1 / 7 7 "  
EDELSTEIN 72 MMS + RP 6 TO 30 GEV 1/73 
OH 7 2  DBC o PI-N TO P I - P I - - P  2 / 7 3  

Z /73  
COOPER ?4 HBC 0 O P CEX 4/75 
BRAUN( 75 HBC PBAR P 5.? GEV I [ 175  
MUSGRAVE 75 HBC K+ P TO K Pl N 11171 
STRAOHMA 75 BC NEAR (N P l )  1176 
WEBB 75 ISR + P P TO P N *  1178 
NOUGE 7 7  OMEG 0 PI-P 9,12 GEV/C 1178" 

8 N. I12(1520)  WIDTH (MEV} (PROD. EXP.) 

5 5 . 0  15.0 A-BDBELLI 87 HBC 0 PEAR P 5.7 GEV 1017I 
120. 10. ANDERSON 70 MMS - P l -  P TO P I -  MRS 2/71 
118.0 20.0 AMALOI 7 1 S A S  P P AT 24 GEV 10/71 
88.0 2.0 ELLIS 71CNTR MRS PP 3.7 GEVIC 10171 
BO. TO 120. MORSE 71 HBC + PI-P,  7 GEVIC 11177 

( I 00 .0 ]  (3O.O) MORSE 71 HBC + PI -P ,  25 GEVIC 1 1 / 7 7  

1 4 0 , 0  4 3 , 0  E D E L S T E I N  7 2  MMS RP 6 TO 30  GEV 1 1 7 3  

E06. 39. 33. COOPER 74 HBC 0 0 P CEX 4/75 
(2OO.) BRAUN1 75  HBC RBAR P 5.7 GEV 11/75 

101. 26. MUSGPAVE 75 HBC K+  P TO K P/ N 11175 
150. 50. WEBB 75 ISR + P P TO P N* 1/76 
105. IT .  ROUGE 77 CMEG 0 PI-P 9,12 GEVIC 1 /78  

e N ' I / 2 (1520 )  PA&T(AL DECAY MODES (PROD. EXP.( 

DECAY MASSES 
El N* I I 211520 I  INTO Pl N 139+ 938 
P2 N*I12115201 INTO N * 3 / 2 ( E 2 3 2 1  PI 1 2 3 2 ÷  139 
P3 N#I12115201 INTO N PI PI 938+ 139÷ 139 
P4 N ' 1 / 2 1 1 5 2 0 1 +  INTO NEUTRON Pl+ 939+ 139 
P5 N* I IE l lEED)+  INTO PROTON PI÷ P l -  938+ 139+ 1 3 9  
P8 N * I / 2 1 1 5 2 0 1  INTO N ETA 93g+ 5 4 8  

P7 N*I/2115201 INTO N P IP I I J , I =O)  939÷ 139+ 139 
P8 N * 1 / 2 1 1 5 2 0 1  INTO N RHO 9 3 8 ÷  7 7 6  

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

8 N*I12115201 BRANCHING RATIOS (PROD. EXP.) 

RI N*I I2 (15BOI  INTO (N PII/TOTAL (P I )  
RI N*(15201 INTO (N PIIITOTAL PRODUCTION EXPERIMENTS 
RI 0.78 0.24 BASSOMPIE 87 HBC + K ÷ P  TO K* N* 11168 

R2 N*1/2115201 INTO [NEUTRON P I+ ) I IP  Ol+ P I - I  (P4 I I IP5 )  
R2 0.77 0.45 ALEXANDER 67 HBC + PP 5.5 BEV/C 9166 

R3 N * l / 2 1 1 5 2 0 1  INTO (N  PI ) I (N  P/ P I )  ( P l l l l P 3 1  
R3 1.25 0.44 0.71 A-BORELLI 67 HBC O PEAR P 5.7 BEV/C 9166 

R4 N* I /2(15201 INTO 1N'312(1232) P I I I IN  Pl PI) (PEI I IP31 
R4 O.O0 0.09 A-BDRELLI 67 HBC 9 / 6 6  

R5  N*I12115201 I N T O  (N P [  P/l/TOTAL ( P 3 ~  
R5 IO.OBl DR LESS BASSOMPIE 67 HBC + ÷P TO K* N *  11168 

R6 N ' I /E l |RED)  INTO ( N  ETAI/TOTAL (P61 
R6 0.22 0.14 EASSOMPIE 87 HBO ÷ K÷P TO K* N *  1 1 1 6 8  

R7 N ' l /E l 1520 )  INTO IP I  N I / IP I  N'3121123211 (P I I l IP2 )  
R7 1 0 . 4 2 1  OF L E S S  LEE 6 7  HBC P I - P  3 . 6  GEVIC 1 1 1 6 7  

R8 N~1 /2115201  INTO (N PIPIIJ,I=OII/TOTAL ( P T )  
R8 MAIN DECAY MODE MORSE 71 HBC + RI -P  7,25 GEV/C 11177* 

REFERENCES FOR N ' 1 / 2 1 1 5 2 0 1  (PROD. EXP.I 

A-BORELL 87 NC 47 232 
ALEXANDE 67 PR 154 1284 
BASSOMRI 67 PL 25B 440 
LEE 6 7  PR 1 5 9  1 1 5 6  

ANDERSON TO PRL 25 699 

AMALDI 71 PL 348 435 
ELLIS 71 PRL 27 442 
MORSE 71PR D4 133 

EOELSTEI 72  PR D5 [ 0 7 3  
JOHNSTAO 72  NP 842 5 8 8  
OH 72  PL 4 2 B  497 

COOPER 7 4  NP B?Q 2 5 9  

BRAUNI 75 NP 895 481 
MUSGRAVE 75 NP B87 365 
STRACHMA 75  NP Bg8 120 

A L S O  76 NP B I D 7  3 3 0  
WEBB 75  PL 5 5 8  3 3 1  

ALSO 7 5  PL 5 5 B  3 3 6  
ROUGE 7 7  PL 698 115 

BIEL 76 PRL 36 504,§C7 
RUSHEROO 76 PRD 13 1835 
SOTIRIOU 76 NP 8107 457 

ALLES-BORELLI,FRENDH,FRISK,MICHEJDA (CERN) 
ALEXANDER,BENARY,CZAPEK,÷ (WEIZMANNICERNI) 
BASSOMPIERRE, ÷ (CERN,BRUXELLESI  
+MCEBS,RDE,SINCLAIR,VANDER VELOE (MIGHT 

÷BLESER,BLIEOEN,CDLLINS÷÷ (ENL,CARNI 

+BIANCASTELLI,BOSIO,+ { I  SANITA ROMA÷CERNI 
*MAGLICH,NOREM,SANNES,SILVERMAN (RUTG( 
÷OH,WALKER,CARROLL,LYNCH ÷ (WISO÷TNTOIIJ 

EOELSTEIN,CARRIGAN, HIEN,MCMAHON,÷[CARN+BNLI 
+MOLLERUO+...÷JACOBSENIBOHR,HELS,OSLO, STOHIIJP 
+FUNG,KERNAN,POE,SCHALK,SHEN (UCRIIJP 

COOPER,SEIOL,VANDERVELDE IMICHI 

+GERBER,NAURER,MICHALDN,SCHIBY+ (SIRR,LPNPII 
+PEETERS,SCREINER,WHITMORE,YUTA (ANLI 
STRACHMAN,BRAUN,GERBER,MAURER+ (LPNP*STRB)I 
SIRACHHAN (LPNPI] 
+TRILLING,TELEGDI÷ (AACH+UCLA÷UCR÷CERN) 
*TRILLING,TELEGDI÷ (AACH+UCLA÷UCR÷CERNI 
÷DE ROSNY,FLEURY,RIVET÷ ILPNP÷CDEF+LALGI 

PAPERS NOT REFERRED TO I N  DATA CARDS 

+BLESER,FERBEL+ (ROCH+FNAL+SLAC÷NWESI 
RUSHBROOKE,RAJA,ANSORGE~CARTER,NEALE (CAVEIIJP 
D=SOTIRIOU (CERNIIJP 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

IN (16vo ) I  . . . . . . . . . . . . . . . . . . . . . . . . . .  
THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHED. 

6 4  N m 1 1 2 1 1 6 7 0 )  MASS ( M E V l  

M (1650.0)  APPRQX 8RANDSEN 6 5  RVUE PHASE-SHIRT ANAL 7 /66  
M 1 (1680.0)  BAREYRE 88 RVUE PHASE-SHIFT ANAL I 1 / 6 7  
M i WHERE CROSS SECTION IS GREAIEET - EYEBALL FIT 
M3  I1678 .0 I  DONNACH1 68 RVUE PHASE-SHIFT ANAL 6168 
M I 1674 .0 I  DUKE 68 CNTR OI=P EL ÷ P O L  6 / 6 8  
M 6 I 1675 .0 I  AYED ?O IPWA I171 
M 6 FROM ENER. DEP. FIT OF ARGAND DIAGRAM 
M 4 (1869.0)  DAVIES 7G RVUE P-S ANAL SOL A 8169 
M 7 (1683.)  ALMEHED 72 IPWA 2172 
M 1652. TO 1687. CRAWFDRO 75 DPWA P/ N PHOTO-PROD 1176 
M L 1 8 6 0 .  OR 1660o LONGACRE 75 IPWA P IN  TO 2PI N EI /75 
M L THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 OF LONGACRE 75. E1/75 
M ( 1 6 b O . I  AYED 7 6  IOWA 1 1 / 7 7 "  
M (1687. )  8ARBOUR 76 DPWA Pl N PHOT(~-PROD 1 1 7 6  

M E I 1650 . I  LONGAORE 77 IPWA P IN  TO 2PI N 11/77"  
8 ALL LGNGACRE?7 PARAMETERS ARE FROM SOLUTION $2, EXCEPT FOR THE POLE 11/77"  
8 POSITION WHICH IS FROM SOLUTIONS SI AND C1. 11177* 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see ke7 at front of  Listings. 

Baryons 
N(1670), N(16888 

6~ N. I 1 2 ( 1 6 7 0 I  WIDTH (MEV) 

W 1 ( I 3 5 . 0 8  BAREYRE 68 RVUE 11 /67  

W 3 I 1 7 3 . 0 )  D O N N A C H t  6 8  RVUE b l 6 8  

W 6 I143.01 AYED 7 0  IPWA 1/7l 
w 4 1115.01 DAVIES 70 RVUE SOL A AND B 8 /69  

W 7 ( 1 5 0 . )  ALMEHED 72 IPWA 2 /72  
W 165.  TO 185.  ERAWFORD 75 DPWA P I N  P H O T O - P R O D  1 /76  

w t 145. OR 150. LONGACRE 75 IPWA PIN TO 2PI N [i/75 
1 1 4 6 . }  AYED 7 6  IPWA 1 1 / 7 7 "  

W ( t T B . l  BARBQUR 76 DPWA P[ N PHOTO-PROD 1/78 
w 8 ( 1 3 0 . )  LONGACRE 7 7  IPWA P[ N TO 2El  N 1 1 / 7 7 "  

SEE THE NOTES ACCEMPANYING THE MASSES QUDIED. 

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

64 N*112 |16701 REAL PART OF POLE POSITIDN (MOVI t I 1 7 5  

RE 1 1 6 6 8 . l  LONGACBE 75 IPWA P l  N TO 2PI N 11 /75  
RE 8 1649. OR 1650.  LONGACRE 77 [PWA P I N  TO 2PI N 11177"  

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

64 N ' 1 1 2 [ 1 6 7 0 8  2*IMAG PART OF POLE POSITION (MEV) 11/75 

IM ( 1 4 6 . )  LONGACRE 7S IPWA P I N  TO 2 P I  N 1 1 1 7 5  

I N  8 [ 2 T .  OR 1 2 7 .  LONGACRE 7 7  IPWA P I N  TO 2 P I  N [ 1 1 7 7 "  

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

64 N ~ 1 / 2 l [ 6 7 0 1  PARTIAL DECAY MODES 

DECAY MASSES 
P •  N * 1 / 2 ( t 6 7 0 1  I N T O  P I N  1 3 9 +  9 3 8  
P2 N * 1 1 2 I I 6 7 0 }  INTO N ETA 939* 548 
P3 N.112(1670I INTO LAM8OA K 1115+ 4 9 7  

P~ N * I / 2 ( 1 6 7 0 1  I N T O  N , 3 / 2 [ 1 2 3 2 ]  P I  1 2 3 2 +  1 3 9  
P5 N '112 (16701  INTO N PI El  938* 139+ 139 
P& N * I / Z ( t 6 7 0 8  INTO GAM P, H E L I C I T Y = I / 2  O+ 938 

P7 N * ] / 2 ( 1 6 7 0 )  INTO GAM P ,  H E L I C I T Y = 3 / 2  O+ 9 3 8  
P8 N * I 1 2 ( 1 6 7 0 1  INTO DAM N~ H E L I C I T Y = I / 2  O* 939 
P9 N*I12(1670) INTO GAM N, HELICITY=3/2  o+ 939 
P l O  N* I12116708 I N T O  SIGMA R ~93+i[89 
PIE N*112(16708 INTO N ' 3 1 2 ( 1 2 3 2 )  El,D-WAVE 1232+ [ 3 9  

PE2 N * I / 2 ( 1 6 7 0 1  INTO N RHO,S=31Z,[F-WAVE 938+ 7 7 6  

P 1 3  N ' 1 1 2 1 1 6 7 0 )  I N T O  N E P S 1 L O N  9 3 8 + 1 3 0 0  

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

64 N * I I 2 ( E E T O )  BRANCHING RATIOS 

RI N ' 1 1 2 ( [ 6 7 0 )  INTO (PI  N)ITOTAL I P [ )  
81 i TO .A t )  BAREYRE 6 8  RVUE 11 /67  

R[ 3 ( 0 . 3 9 1 )  00NNACHl 68 RVUE 6/68 
RI 6 (0.392] AYED TO IPWA [ 1 7 [  

81 4 l O . 5 0 )  DAVIES 70 RVUE P-S A N A L  SOL A 8 / 6 q  

R [  7 1 0 . 4 5 l  ALMEHED 72 IPWA 2 / 7 2  

RI 1 .41)  AYED 76 IPWA [ 1 1 7 7 "  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED, 

8 2  N * [ / 2 ( [ 6 7 0 )  INTO (N ETA)ITOTAL (P2) 
82 [ 0 . 0 2 1  OR LESS TPIPP 6 7  RVUE 8 / 6 7  
R2 B ( 0 . 0 1 8 8  BOTKE 69 MPWA T POLE + RESON. 10169 

82 B ( 0 . 0 0 6 )  ( 0 . 0 0 4 }  DEANS 69 MPWA T POLE + RESON. 5 / 7 0  
82 B IO.O06IOR 0 .012  CARRERAS 70 MPWA T POLE * RESON. 5 /70  

82 B PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

83 N .11211670 I  INIO (LAMBOA K ) / T O I A L  ( P 3 1  
R3 [O.OI610R LESS TRIPP 67 RVUE 8 / 6 7  
R3 B ( 0 , 0 0 1 } 0 R  LESS RUSH 68 MPWA T POLE + R E S O N .  8 / 6 9  

83 B PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE CDUNTINO 
R3 (O.O02810R •ESS CL=.63 WAGNER 711PWA P [ -P  70 K LAM5 I / 7 [  

84 N . 1 / 2 ( 1 6 7 0 1  INTO ( N . 3 / 2 ( 1 2 3 2 8  P I I / T O T A L  ( P 4 )  
R 4  E [ 2 6 0 0  0 .63  o . [  8BODY 7E HBC P I - P - - 2 P I  N~PWA 6 / 7 0  

R4  E ASSUMES ELASTIC BRANCHING RATIO 0 . 8 2 + - 0 . 0 4  

85 N ~ [ / 2 ( E 6 7 0 }  FROM P[ N T0 K LAMBOA SQRT(PI*P3) 4 / 7 5  
R5 - . 0 3 4  . 0 0 6  D E V E N I S H  7 4  o F I X E D  T D I S P  REL 4 / 7 5  

R5 COUPLING TO LAMODA K NOT REQUIRED IN THE ANALYSIS OF 6AKERTT. t / 7 8 *  

R6 N ' 1 / 2 ( 1 6 7 0 |  FROM P[ N TO ETA N SQRTIPI*P2) 1 1 1 7 5  
86 2 (O.O)OR [ + . 0 0 9 )  FELTESSE 75 DPWA 0 1488 TO 17#5 MEV I1175 
R6 2 USES M AND w DF AYED 76. 11 /75  

87 " N ' I / 2 ( [ 6 7 0 1  FROM P[ N TO K SIGMA SQRT(PI~PIO) 11175 
87 2 LESS T H A N  .003 DEANS 75 DPWA P[ N TO K SIGMA I I / 7 5  

87 2 RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 11 /75  
R7 2 DEANS75 DISAGREES WITH PI+ P T0 K+ SIGMA* DATA OF WINNER77 t / 7 8 *  
87 2 AROUND 1920 MEV. E / 7 8 *  

R8 N * I / 2 ( 1 6 T 0 }  FROM P[ N TO N . 3 / 2 ( | 2 3 2 1  PI,D-WAVE SQRT(PE*P[ [ )  [ [ / 7 5  
R8 L ( - . 4 5 8 D P  - . 5 0  LDNGACRE 75 IPWA P[ N TO 2Pl  N [ 1 / 7 5  
R8 8 ( - o 4 6 1  LONGACRE 7 7  IPWA P I N  TO 2 P [  N 1 t / 7 7 "  

88 8 LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 

R9 N ' 1 / 2 ( [ 6 7 0 8  FROM P[ N TNTO N RHO,S=3/2,D-WAVE SQRT(PI*P121 | [ / 7 7 ~  

R9 8 I ÷ . E 5 }  LONGACRE 7 7  IPWA P I N  TO 2 P [  N 1 1 / 7 7 "  

89 8 LONGACRE 7 7  CONSIDER THIS COUPLING TO 8E WELL DETERM[NEDo 

810 N * I / 2 ( I 6 7 0 8  FROM P[ N INTO N EPSILON SQRT(PI*P[3)  1 1 / 7 7 "  
810 8 ( - . 0 8 )  LONGACRE 77 IPWA P[ N T0 2PI N 1 1 / 7 7 "  

SEE NOTE PRECEDING THE N ' 1 / 2 ( 1 6 8 8 8  INELASTIC DECAY NODE MEASUREMENTS. 

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

64 N * [ / 2 ( 1 6 7 0 )  PHOTON DECAY AMPLIGEV**- I /21 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MIN I -  

REVIEW P R E C E D I N G  THE 8ARYEN LISTINGS.  

At N* [1211670 }  INTO GAN P, H E L I C I T Y : [ 1 2  ( G E V * * - [ 1 2 )  
AI .DE7 .030  DEVENISH 73 DPWA El  N PHOTO PROD 2 / 7 4  
At ( .0238  H E M M I t  73 + FWD PIO PHTOPROD 2 / 7 4  
A1 + . O i l  . O f 2  MOORHOUS 73 DPWA P I N  PHOTO--PROD 2 / 7 3  

At .019 .021 D E V E N I S 2  7 4  DPWA Pl N PHOTO-PROD 4175 
A t  . 0 1 3  . 014  KNIES 74 DPWA P I N  PHOTO PROD 2 / 7 4  
A t  + .010  .013  METCALF 7# DPWA P I N  PHOTO-PROD 2/74 
At  .0t9 .DO7 MOORHOUS 74 DPWA P[ N PHOT~PROD 2 / 7 4  
AI * . 0 2 7  .009  CRAWFDBD 75 DPWA Pl  N PHOTO-PROD 1 /76  

A I  (+ .OO4) KRIVETS 75 DPWA P I -N  PHOTO-PROD 1178"  
At [+.ODD) BAR8OUR 76 DPWA P I N  PHOTO--PROD 1/76 
AT + .034  .004  FELLER 76 DPWA P I N  PHOTO--PROD 2177"  

A[ . . . . . . . . .  
A1 AVERAGE MEANINGLESS I S C A L E  FACTOR = 1 . 2 l  

A2 N ' 1 1 2 ( 1 6 7 0 )  INTO DAM P, HELICITY=3/2  ( G E V * * - I / 2 )  
A2 . 0 3 6  . 0 3 0  D E V E N I S H  7 3  DPWA P I N  PHOTO PROD 2 1 7 4  

A2 + .021 . 0 2 0  MOORHOUS 7 3  DPWA P l  N PHOTO-PROD 2 /73  

A2 .014 .004  DEVENIS2 7 4  DPWA P I N  PHOTO-PROD %175 
A2 .014 .008 KNIES 7 4  DPWA P I N  PHOTO PROD 2 1 7 4  
A2 + .042 .024  METCALE 74 DPWA P I N  P H O T O - P R O D  2/74 
A2 .016 .002 MOORHOUS 7 4  DPNA PIN PHOTO-PROD 2/74 
A2 ÷ . 0 1 5  .006 CRAWFORD 75 DPWA P l  N PHOTO-PROD 1 /76  

A2 (+ .0218  KRIVETS 75 DPWA P I -N  PHOTO-PROD I178*  
A2 (+ .0218 8ARBOUR 76 OPWA P I N  PHOTO-PROD 1176 
A2 + . 0 1 9  .oo~ FELLFR 7 6  DPWA P I N  PHOTO-PROD E / 7 7 *  

A2 . . . . . . . . .  

A2 AVERAGE MEANINGLESS [SCALE FACTOR = 1.08 

A3 N ' 1 / 2 ( 1 6 7 0 )  INTO GAM N, MELIC ITY= I /2  ( O E V ~ * - [ / 2 )  
A3 - . 0 6 0  . 0 6 2  D E V E N I S H  7 3  DPWA 

A3 +.OLD .o40 MOOKHOUS 78 DPMA 
A3 - . 0 2 9  . 0 2 3  O E V E N I S 2  7 6  DPNA 
AS - . 0 ~ 3  .006 KNIES 74 DPWA 

A3 .004 . O f 5  METCALF 7 4  DPWA 

A5 -=017 .DO4 MOOKHOUS 7 4  OPWA 

A3 - . 0 5 2  . 0 0 3  CBAWFOBD 75 DPWA 
A3 (-.0581 BARBDUR 76 OPWA 
A3 . . . . . . . . .  
A3 AVERAGE MEANINGLESS [SCALE FACTOR = 4 . 4 )  

A4 K * I 1 2 ( 1 6 7 0 )  I N T O  GAM N, HELICITY=312 ( G E V * * - I I 2 1  
A4 - . 0 7 8  . 0 2 2  D E V E N I S H  73 DPWA 
A4 - . 0 3 5  . O r 4  MOORHOUS 7 3  OPWA 

A4 - . 0 6 8  . 0 2 0  D E V E N I S 2  7 4  OPWA 

A4 - . 0 7 1  .030 KNIES 74 DPWA 
A4 - . 0 0 9  . 0 2 9  M E / C A L F  7 4  DPWA 
A4 - . 0 4 9  .004 MOORHOUS 74 DPWA 
A4 - . 0 8 3  . 007  CRAWFORD 7 5  DPWA 

A4 ( - . 0 8 0 )  BARBOUR 76 DPWA 

A4 . . . . . . . . .  
A4 AVERAGE MFANINGLFSS I S C A L E  FACTOR = 2 . 3 )  

P I N  PHOTO PROD Z 1 7 4  
P l  N PHOTO-PROD 2 / 7 3  

P I N  PHOTO-PROD 4 / 7 5  
P I N  PHOTO PROD 2 / 7 4  
P l  N PHOTO-PROD 2174 

P l  N PHOTO-PROD 2 /7#  

P[ N PHOTO-PROD 1/76 
P I N  P H O T O - P R O D  1 /76 

PT N PHOTO PROO 2174 
P[ N PHOTO-PROD 2 / 7 3  
P I N  PHOTO-PROD 4 /75  

P I N  PHOTO P R O 9  2174 
P I N  PHOTO-PROD 2 /74  
P[ N PHOTO-PROD 2 / 7 4  

P[ N PHOTO-PROD 1/7~ 
P l  N PHOTO-PROD 1/76 

R E F E R E N C E S  FOR N * [ / 2 [ 1 6 7 0 1  

BRANDSEN 65 PL L9 4 2 0  +ODONNELL, MOORHOUSE (OURHAM, RHEL}IJP 

TOIPP 67  NP B3 1o + L E I T H ,  ÷ (LRL,SLAC,CERN,HEIO,SACLAY) 

BAREYRE 6 8  PR 1 6 5  1 7 3 1  P BAREYRE, C 8RICMAN, G VILLET [SACLAy}IJP 

DONNACH[ 68 PL 26B 16[  A DONNACHIE, R G KIR$OPP, O COVELACE (CERNIIJP 
ALSE 6 8  VIENNA [ 3 9  DONNACHIE RAPPORTEUR.S TALK (GLASI 

ALSO 68 THESIS R G K{RSOPP (EDIN) 

DUKE 68 PR 166 L448 ÷JONES,KEMP,MURPHY,THREONER, + [RHEL,DXF)IJP 
INSIGHTFUL QUALITATIVE ARGUMENTS CONCERNING EXISTENCE AND I J P .  

RUSH 68 PR 173 [776 J E RUSH (UNIV ALABAMA) 

BOTKE 69 PR [80  |417  

DEANS 69 PR I85 [797 

AYED 70 KIEV CONE 
CAkRERAS 70 NP 168 35 

DAVIES 70  NP 8 2 [  3 5 9  

BRODY 71PL 3 4 B  665 
WAGNER 71 NP 825 411 

ALMEHED 72 NP B40 157 

D E V E N I S H  73 PL 4 7 B  53 

HEMMI[ 75  PL 4 3 8  7 9  

MOORHOUS 7 8  PL 438 ~4 

O E V E N I S H  74 NE 8 8 1  3 3 0  
O E V E N I S 2  7 4  PL 5 2 8  2 2 7  

KN1ES 7 #  PRD 9 2 6 8 0  

METCALF 7 ~  NP B 7 6  2 5 3  

MODEHDUS 7 4  PRD 9 l 

CRAWFORD 75  NP B 9 7  1 2 5  

DEANS 75  NP 8 9 6  9 0  

FELTESSE 75  NP 8 9 3  2 4 2  

KRIVETS 75 SJNP 20 430 
ALSO 74 SJNP 19 112 

LONGAGRE 75  PL 5 5 8  4 1 5  

AYED Tb CEA-N-1921 
BARBCUR 76 NP 8 1 1 1  3 5 8  

F E L L E R  76 NP B I 0 4  2 1 9  
LCNGACRE 77  NP 8 1 2 2  493 

ALSO 76 NP B 1 0 8  3 6 5  

EABEYRE 65 PL 18 842 

DUKE 65 PRL 15 4 6 8  

J C B078E (UCSB) 
S DEANS, J WOOTEN (UNIV S FLORIDA) 

R AYED,P 8AREYRE, G V ILLE I  ISACL) IJP 
B CARRERAS~ A ODNNACHIE (DARE,MCHSI 

A DAVIES (GLAS} 

+OASHMORE÷..÷HERNDON÷.. I S L A C + L R L I  
F WAGNER, C LOVELACE {CERN) 

+LCVELACE (LUND,RUTGIIJP 

DEVENISH,RANKIN,LYTH (LOUC÷BONN÷LANCIIJP 

HEMMI,INAGAKI+ IKYOTO+SAGA+KEK÷TOKYIIJP 

MOORHOUSE, OBERLACK (GLAS÷LBL)IJP 

DEVENISH,FROGGAIT,MARTIN(DESY,NORDITA,LOUC) 
DEVENISH,LYTH,RANKIN (DFSY,LANE,BONNIIJP 

KNIES,MOORHCUSE,OBERLACK ILBL,GLAS) IJP  
N J METCALF,R • WALKER ( C I T ) I J P  

N£ORHOUSE,OBERLACK,RDSENFECD (GLAS+LBL)IJP 

R L CRAWFORD (GLAS)IJP 

+MITCHELL,MONTGOMERY,+ (SFLA,ALABAMAIIJP 

+AYED*OAREYRE,8ORGEAUD,DAVIDtERNWEIN÷ISACt)IJP 
+M[RDSHNICHENKO,NIKIFOROV,SANIN+ ( K I E V I I J P  
KRIVETS,NIRIFOROV,SANIN,SHACATSKI[ ( K I E V I I J P  
*BOSENFELD,LASINSKI~SMADJA÷ ILOL,SLAC) IJP 

AYED [THESIS)  (SACL)IJP 
I .  M. BARBDUR,R. L .  CRAWFORD (GLAS)IJP 
~FUKUSHIMA,HORIKAWA,KAJIKAWAe(NAGOYA+OSAKA)IJP 

LONGACRE,DOLBEAU ISACLI IJP 
DDLBEAU,TRIANTIS,NEVEU,GADIET (SACLIIJP 

PAPERS NOT REFERRED TO IN D A T A  CARDS. 

+ 8RICMAN, STIRLING, VILLET (SACLAYJIJP 
*JONES,KEMP,MURPHY,PRENTICE, + (RHEL,OXF)IJP 

JOHNSON 6 7  U C R L - t T 6 8 3  T H E S I S  C H JOHNSON I L R L )  
DEANS 69  PRL 1 7 7  2 6 2 3  S R DEANS I U N I V  S F L O R I D A }  

OONNACHI 69 NP LOB 433 A DONNACHIE, R KIRSOPP (G•AS÷EDIN) 

AYEO 70 PL 8 [B 598 +8AREYRE+VILLET ISACLAY) 

BAKER 77 NP 8126 365 +OLISSET,BLDODWORTH,BROOMEtHART+ (RHELI IJP 
W I N N I K  77  N9 BIB8 66  *TOAFF,REVEL,GO•DBERG,BERNY I H A I F I I  

l . ( i 6 8 a )  I .......................... 
THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHED, 

6 5  N * 1 / 2 ( 1 6 8 8 )  MASS t M E V }  

M ( [ 6 8 0 . 0 )  BRANDSEN 6 5  RVUE PHASE S H I R T  A N A L  7 / 6 6  

I [ L 6 9 D . O [  BAREYRE 6 8  RVUE P H A S E - S H I F T  ANAL [ [ / 6 7  
1 WHERE CFOSS SECTION IS GREATEST - EYEBALL F IT  

M 3 ( 1 6 8 7 . 0 }  DONNACHI 68 R V U E  PHASE-SHIFT ANAL 6 / 6 8  
M ( [ 6 8 2 . 0 )  DUKE 6 8  C N T R  P I - P  EL + POL 6 / 6 8  
M 6 (1682 .08  AYED 70 IPWA I171 
M 6 F R O M  ENER. DEP. F IT  6F APGAND DIAGRAM 

M 4 I 1 6 8 5 . 0 [  DAVIES 70 RVUE P--S ANA• SOt A 8 / 6 9  
M 7 ( I 6 8 8 . )  ALMEHED 7 2  IPWA 2 / 7 2  
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Data Card Listings 
For notation, see key at front of  Listings. 

m 1 6 7 4 .  TD lb76. CRA~FORD 7 5  OPWA Pl N PHOTO-PLOD 117~ 
M [ [ 6 8 5 . 1  KNASEL 75 DPWA 0 E l -  P TO KO LAM l i l l e  

LONGACRE 78 IPWA P[ N TO EPI N [ [ / 7B  M L [680. OR [870.  
M L THE 2 SETS OF PARAMETERS ARE FROM METHODS l AND 2 OF LONOACRE 75. 11/75 
M (1679. ]  AYED 76 IPWA I I 177 "  
M ( IAEO. I  BAREOUR 76 OPWA P IN  P H O T O - P R O D  l / 7B  
R 8 l [ 660 . I  LONGACRE 7 7  IPWA P I N  TO 2PI N 11177* 
M 8 ALL LONGACRETT PARAMETERS ARE FROM SOLUTION $2, EXCEPT FOR THE POLE l l / 7 7 ~  

M B POSITION WHICH IS FROM SOLUTIONS Sl AND C I .  [1177"  

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

65  N*1/2(1880)  WIDTH {MEV) 

W 1 ( I lO .O )  BAREYRE 6 8  RVUE 11167 
w 3 (17T.O) DONNACH1 6 8  RVUE 6/68 
W 6 ( [ 09 .0 )  AYED 70 IPWA I / 7 [  
W 4 ( iDA.Of DAVIES 70 RVUE P-S ANAL SOL A 8/69 
W 7 (140. |  ALMEHED 78 IPWA 2178 

1 [8 .  TO [ 24 .  CRAWFORO 7 5  DPWA P I N  PHOTO-PROD 1/76 
( 1 5 5 . )  KNASEL  7 5  DPWA o P I -  P TO KO LAM 1 1 / 7 E  

w t 125. OR 130. LONGACRE 75 IPWA P IN  TD EEl N 11175 
w ( [ 2 8 . )  AYEO 7 6  IPWA 1 1 1 7 7 *  

w ( [ 2 0 . 1  OARBOUR 7 6  DPWA P IN  P H O T O - P R O 0  1 /76  
W B ( I E O . )  LONGACRE 7 7  IPWA P IN  TO 2PI N 1 1 1 7 7 *  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

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

65 N*112(1688) REAL PART OF POLE POSITION (MEVI 11/75 

RE (~BBB.) LONGACRE 78 IPWA P IN  TO EPI N 11175 
RE 8 1656. OR 1653. LONGACRE 77 IPWA P IN  TO 2PI N 11/77,  

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

0 5  N*1 /2 ( [888 )  2*IMAG P A R T  OF POLE POSITION IMEVI 11/75 

IM ( 1 3 2 . |  LONGACRE 75 IPWA P l  N TO 2P[ N 1 1 / 7 5  
IN 8 [45 .  OR 143. LONGACRE 77 IPWA P IN  TO EPI N 11/77" 

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

6 5  N * l / B ( 1 6 8 B )  P A R T I A L  DECAY MODES 

DECAY MASSES 
PI N*LI2(1688)  INTO P IN  139+ 938 
P2 N * [ / 2 ( 1 6 8 8 )  I N I C  N ETA 9 3 9 +  5 4 8  

P3 N*112(1688) INTO LAMBOA K IT[B+ 497 
P4 N * 1 1 2 ( 1 6 8 8 )  I N T O  N ' 3 / 2 ( 1 2 3 2 )  P l  1 2 3 2 +  [39 
P5 N * I / 2 ( 1 6 8 8 )  INTO N PI  PI 9 3 8 +  139+ [39 

o+ 9 3 8  P6 N * I / 2 ( E b B S )  INTO GAN P, HELICITY=I/2 
P7 N*112(1688} INTO GAM P, HELICITY=3/2 o+ 938 
P8 N*I lB(16BO) INTO DAM N ,  HELICITY=[/2 o+ 939 
P9 N * E / 2 ( 1 6 8 8 I  I N T O  GAM N ,  H E L I C I T Y = 3 / 2  O+ 9 3 9  

PLO N* l / 2 (1688 I  INTO N EPSILON 938+1300 
P i t  N* [12(1680I  INTO N RHO 9 3 8 +  776 
P l 2  N'112(1688) INTO N'312[1232 l  El,P-WAVE 1 2 3 2 +  L 3 9  
El3 N* [ IE [1688 )  INTO N*3/2(12381 PI,F--WAVE 1 2 3 2 +  1 3 9  

PI4 N* [12 ( [688 )  INT~ N RHO,S=3/2,P-WAVE 938+ 7 7 6  

PI5 N,112[1688) INTO N RHO,S=B/2,F-WAVE 9 3 8 +  776 
PC6 N'1 /2 (1688)  INTO SIGMA K 4 9 3 + [ 1 8 9  

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

65 N * l / 2 I I 6 8 8 I  BRANCHING RATIOS 

R1 N* [ / 2 ( I bBB)  I N T O  (E l  N)/TGTAL ( E l i  
R I  1 I 0 . 84 )  DAREYRE 68 RVUE [1 /67  
81 3 [ 0 . 5 6 0 }  D O N N A C H [  E8  RVUE E / 6 8  

1/71 R [  6 I 0 . B 9 3 )  AYEO 70 IPWA 
R1 4 I 0 . 5 4 1  DAVIES 70 RVUE SOL A AND B 8 / 6 9  

RI 7 (0 .65)  ALMEHED 72 IPWA 2/72 
R I  ( . 5 9 )  AYED 76 IPWA L1177* 

SEE THE NOTES ACCCMPANVING THE MASSES QUOTED. 

MORE INFORMATION ON T~E INELASTIC DECAY MODES OF THE 1690 MEV 
BUMP, AS SEEN IN PRODUCTIBN EXPERIMENTS, MAY BE FOUND BELOW 

RE N~112I[688) INTO (N  ETAIITOTAL (P2) 
R2 IO.OIE}OR LESS TRIPP 6 7  RVUE 8/87 
R2 E [O.OOO~) BOTKE 6 9  MPWA T POLE + RESON. 1 0 / 6 9  

R2 B { 0 . 0 0 3 I  ( 0 . 0 0 2 )  DEANS 6 9  MPWA T POLE + R E S O N .  5 / 7 0  
82 E (0.0005}0R .OOl CARRERAS 70 NPWA T POLF R E S G N .  5/70 
82 E PAOAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

R3 N*[12(168B) INTO IN ETAI / (P I  N) (P2 ) l (P l i  
R3 I O . O B T ) O R  L E S S  HEUSCH 66 BVUE + R i O ,  ETA PHOTO 9 / 6 6  

R4 N * l / 2 ( ] 6 8 8 }  INTO (LAMBDA K)/TOTAL ( P 3 )  

R4  [O.OOI3]OR L E S S  TR]PP 67 RVUE 8 / 6 7  
R4 D (O.O01)OR LESS RUSH 6 8  MPWA T POLE + RESON. 5 / 7 0  

R4 D PARAMETRIZATION USED COULD EF I N  DANGER OF DOUBLE COUNTING 
R4 lO.OOIIOR LESS CL=.63 WAGNER 711PWA PI -P  TO K LAME 1/71 

RE N * 1 / 2 ( 1 6 8 8 )  INTQ ( N ' 3 / 2 1 1 2 3 2 ]  PI]/TOTAL ( P A )  

85 E 12600 (0 .13 )  (0 .04)  SGLN*A BRODY T I  HBC P I -P - -2P I  N/PWA 6 / 7 O  

R5 E 12600 (0 .39)  [ 0 . [ 0 )  SOLN.8 BRDDY 71 HEC P I -P - -2P I  N/PWA 6 /70  
85 E ASSUMES ELASTIC BRANCHING RATIO 0.62+-0.06 

86 N~ I / 2 ( [ a88 )  FROM P IN  TO K LANEDA SORT(PImP3} 4 / 7 5  

- . 009  .O09 DEVENISH 74 0 FIXED r DISP REL 4/75 R6 
R6 ( .O i l  KNASEL 75 DPWA 0 P I -  P TD KO LAM 11/75 
R6 COUPLING TO LAMBDA K NOT REQUIRED 1N THE ANALYSIS OF EAKER77. 1 / 78 .  

87 N* I / 2 [ 1688 ]  FROM P IN  TO N EPSILON SQRT[PI*P[OI [ [ / 75  
8 7  t ( - . 28 )08  - . 3 0  LONGACRE 7 5  IPWA P] N TO 2PI N 1 1 / 7 5  
R7 B [ - . 3 1 ]  LONGACRE 7 7  IPWA P IN  TO 2PI N I [ / 7 7 "  

87 8 LONGACRE 7 7  C O N S I D E R  THIS COUPLING TO BE N E L L  DETERMINED. 

88 N* I / 2 (1688 ]  FROM P IN  TO N '3 /2 (1232 ]  PI,P-WAVE SQRT(P[*P[B) [1/7E 
R8 8 L (+*26]0R +.25 LONGACRE 75 IPWA P I N  TO 2PI N [ I / 75  
R8 (+ .87)  LONGACRE 77 IPWA P IN  TO 2PI N I [ / 77 "  
88 8 LONGACRE 77 CONSIDER THIS COUPLING TO EE WELL DETERMINED. 

89 N * [ / 2 ( 1 6 E S )  FROM P} N TO N ' 3 / 2 ( 1 2 3 2 )  PI,F--WAVE SQRT(Pl*P13) 1 [ /75  
R9 L ( 0 . )  OR ( - . 08 )  LDNOACRE 75 IPWA P} N TO 2PI N [ I / 75  
R9 8 ( - . 07 )  LONGACRE 7 7  IPWA P} N TO 2P] N L 1 / 7 7 ~  

RIO N*1 /2 ( I688 )  FROM P IN  TO N RHO,S=3/2,P-WAVE SQRT[PI*P[4) [ I / TE  
R[0 8L (+.27108 +.3O LONGACRE 7 5  [PWA P} N TO 2PI N N 1 1 / 7 5  
RlO ( + , 2 B )  LONGACRE 77 IPWA P} N TO 2PI t I / 77~  
RI0 E LONOACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 

R l l  N * 1 / 2 | 1 6 8 8 )  FROM P} N TO N RHO,S=3/2,F-WAVE SQRT(PI*P151 I I / 77 ,  
811 8 (+ . IS }  LONGACRE 77 [PWA P I N  TO 2PI N [ i / 77~  
R I [  0 LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINEO. 

R [ 2  N*1/2(1688]  FROM El N TO K SIGMA SQRT(PI*PIB) 1 1 1 7 5  

R12 2 LESS THAN .DOT DEANS 75 DPWA P} N TO K SIGMA [ [175 
R[2 2 RANGE GIVEN IS FBOM 3 OF 4 BEST SOLUTIONS, NOT PRESENI IN SLTN.I .  [1175 
R[2 2 DEANSTE DISAGBEES WITH PI+ P TO K+ SIGMA+ DATA OF W[NNIR77 [178* 
R [ 2  2 AROUND L9EO MEV. [178-  

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

65 N* [22 ( t 688 I  PHOION DELAY AMPL(GEV**-I/21 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI-  
REVIEW PRECEDING THE BARYON LISI INGS. 

A I  N* I IB ( IB8B)  I N T O  GAM P, HELICITY=[12 (GEV*# - I / 2 I  
A[ .015 .023 OEVENISH 7 3  DPWA Pl N PHOTO PROD 2174 
AT ( - . 003 }  HEMMII 73 + FWD R I O  PHTOPROO 2/74 
A1 -.OOB .004 MOORHOUS 73 DPWA P IN  PHOTO-PROD 2/73 
AI  .027 .Of9 DEVENIS2 74 OPWA P IN  PHOTO--PROD 4/75 
AI  - . 0 1 6  .Of4 KNIES 74 DPWA P IN  PHOTO PROD 2/74 
Ai  - . 008  .011 METCALF 7 A  OPWA P IN  P H O T O - P R O 0  2/74 
AL - . 0 [ 4  .003 MOORHGUS 7~ DPWA P IN  PHOTO-PROD 2/74 
A [  - . 0 1 3  .002 CRAWFORD 75 DPWA Pl N PHOTO-PROD 1 / 7 6  
A[ (+.003) KRIVETS 75 OPWA P I - N  PHOTO-PROD [ / 78 *  
A1 ( - . 004 )  BAREOUR 76 DPWA P I N  P H O T O - P R O D  1 / 7 6  
At - . 009  .OOB FELLER 76 DPWA P IN  PHOTO-PROD 2/77*  
A I  . . . . . . . . .  
A[ AVERAGE MEANINGLESS (SCALE FACTOR = 1.1)  

A2 N* [ /2 ( [BBB)  INTO GAM P, HELICITY=312 (GEV* * - I I 2 ]  
A2 . 1@6 .031 OEVENISH 73 OPWA Pl N PHOTO PROD 2 1 7 4  
A2 +.tO0 .012 MDORHOUS 7 3  DPWA P IN  PHOTO-PROD 2/73 
A2 . 1 6 3  . 01 l  DEVENIS2 74 OPWA P} N PHOTO-PROD 4 / 7 E  

AB .097 .007 KNIES 74 DPWA Pl N PHOTO PROD 2/74 
A2 .129 .016 METCALF 74 DPWA P IN  PHOTO-PROD 2/74 
A2 . [A7  .006 MOORHOUS 74 DPWA Pl N PHOTO-PROD 2/74 
A2 +.L35 .006 CRAWFORO 75 OPWA P IN  PHOTO-PROD 1 / 7 6  
A2 (+.LOT) KRIVETS 7 5  OPWA PI-N PHOTO-PROD 1178" 
A2 ( + . [ 3 2 )  BARBOUR 76 DPWA P I N  PHOTO-PROD 1 / 7 6  
A2 + . [ B l  . 0 1 0  F E L L E R  7 6  OPWA P I N  P H O T O - P R O D  2 / 7 7 *  

A2 . . . . . . . . .  
A2 AVERAGE MEANINGLESS (SCALE FACTOR = 2 .8 ]  

A3 N*1 /2 ( [688 )  INTO GAM N, HELICITY=I/E (GEV*~ - I I 2 )  
A3 . 0 3 8  .0A9 OEVENISH 7 3  DPWB P IN  PHOTO PROD 2 / 7 4  

A3 +.017 .014 MOORHOUS 73 OPWA P IN  PHOTG-PROD 2/73 
A3  .031 .028 O E V E N ~ S 2  7 4  DPWA P I N  P H O T O - P R O D  4175 
AB .023 .005 KNIES 7 4  DPWA Pl N PHOTO PROD E174 
A3 .OOE .018 METCALF 7 A  OPWA P IN  PHOTO-PROD 2 / 7 4  

A3 .023 . 0 0 3  MOORHOUS 74 OPWA P IN  PHOTO-PROD 2 /74  
AB +.021 .001 CRAWFORD 75 OPWA PIN PHOTO-PROD I I 76  
A3 ( + . 0 3 4 )  BARBOUR 7 6  DPWA P IN  PHOTO-PROD 1276 
A3 . . . . . . . . .  
A3 AVERAGE MEANINGLESS (SCALE FACTOR = l . O )  

A4 N '1 /2 (1688)  INTO DAN N, HELICITY=3/2 (GEVtt -L/21 
A4 - . 018  .039 OEVENISH 73 OPWA P IN  PHOTO PROD E/74 
A4 - . 005  .018 MOORHOUS 73 DPWA P I N  PHOTO-PROD 2 / 7 3  
A4 - .021 .028 DEVENIS2 74 OPWA P IN  PHOTO-PROD 4/75 
A4 .OOl .OlD KNIES 74 OPWA P IN  PHOTO PROD 2/74 
A4 .00 .030 METCALF 74 DRWA P IN  PHOTO-PROD 2174 
A4 - . 041  .004 NOORHOUS 74 DPWA Pl N PHOTO-PROD 2/74 
A4 - . 015  .004 CRAWFORO 75 DPWA Pl N PHOTO-PROD 1 / 7 6  
A4 ( - . 0 2 8 }  BARBOUR 7 6  OPWA P [  N P H O T O - P R O D  1 / 7 6  

A4  . . . . . . . . .  

A4 AVERAGE MEANINGLESS (SCALE FACTOR = 3 . 9 )  

R E F E R E N C E S  FOR N * [ / 2 ( 1 6 8 8 )  

SEE A PREVIOUS EDITION (RMP 37, 833, 1965) FOR EARLIER REFERENCES. 

+DDONNELL, MDORHOUSE [DURHAM, RHELIIJP 

C A HEUECH, C Y PRESCOTT, R F OASHEN (CIT) 
+ LEITH, ÷ (LRL,SLAC,CERN,HEID,SACLAY) 

BAREYRE, C BRICMAN, G VILLET (SACLAY)IJP 
OONNACHIE, R G KIRSOPR, C LOVELACE ICERN)IJP 

DONNACHIE RAPPORTEUR.S TALK (GLASI 
R G KIRSOPP IEDINI 
+JONES,KEMP,MURPHY,THRESHER, * (RHEL,OXF)IJP 
J E RUSH (UNIV ALABAMAI 

J C BOTKE [UCSB) 
S DEANS, J WOOTEN (UNIV S FLORIDA) 

R AYED,P BAREYRE, G V[LLET ISACL)IJP 
8 CARRERAS, A DONNACHIE (DARE,MCHS) 
A DAVIES IGLAS} 

+CASHMORE÷..+HERNDON+*. (SLAC~LRLI 
F WAGNER, C LOVELADE (CERN) 

+LOVELACE (LUNO,RUTG)IJP 
DEVENISH,RANKIN,LYTH ILOUC+BONN+LANC)IJP 
HEMMI,INAGAKI÷ IKYOTO+SAGA+KEK+TGKY)IJP 
MOORHOUSE, OBERLACK IGLAS+LBLIIJP 

DEVENISH.FROGGATT,MARTIN(DESY,NORDITA,LOUC) 
DEVENISH,LYTH,RANKIN (DESY,LANC,BONN)IJP 
KNIES,MOORHOUSE,DBERLACK (LBL,GLAS)IJP 
W J METCALF,R L WALKER (C IT ) I JP  
MOORHOUSE,OBERLACK,ROSENFELD (GLAS+LBL)IJP 

R L CRAWFORD [GLAS)IJP 
+MITCHELL,MONTGOMERY,+ (SFLA,ALABAMA)IJP 
+LINDQUIST,NECSON+ (CHIC,WUSL~OSU,ANL)IJP 
+MIROSHNICHENKO, NIKIFDROV,SANIN+ ( K 1 E V I I J P  
KRIVETS,NIKIFOROV~SANIN,SHALAISKII ( K I E V I I J P  
+ROSENFELD,LASINSKI,SMADJA+ (LBL,SLACIIJP 

AYED [THESIS} I S A C L I I J P  
I .  N. BARBOUR,R* L .  CRAWFORD (GLAS)IJP 
+FUKUSHIMA,HORIKAWA,KAJIKAWA+(NAGOYA÷DSAKA)IJP 
LONGACRE,DOLBEAU i S A C L I I J P  

DOLBEAU,TRIANTIS,NEVEU,CAOIET (SACLIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

CROUCH 65 DEBY DCNF I I  2 [  + (BROWN,CEA,HARVARD,MIT,PA00VA,WEIZMANNI 
DERADO 65 ATHENS CONF 844 +KENNEY,LAMSA, + (NOTRE DAME,KENTUCKY) 
DUKE 6 5  PRL 15 4 6 8  +JONES,KEMP,MURPHY,PRENTICE, + (RHEL,QXFIIJP 
MERLO 66 P ROY SOD 289 489 J P MERLO, G VALLADAS (SACLAY) 
ROBERTS 67 PREPRINT R 0 ROBERTS IOURHAN) 
BANNER 68 PR 166 [ 3 4 7  +DETOEUF,FAYOUX,HANEL, + (SACLAYtCAEN) 

THE ABOVE PAPERS DISCUSS INELASTIC CHANNELS NEAP THE EUMP. 

BRANDSEN 6 5  PL I 9  4 E 0  

HEUSCH 6 6  PRL 1 7  [ 0 1 9  
T R I P P  6 7  NR B3 [ 0  

BAREYRE 68 PK [68 1 7 3 [  
DONNACNI 6 8  PL EEB l b l  

ALSO 68  VIENNA [39 
ALSO 68 THESIS 

DUKE 88 PR 166 [448 
RUSH 68 PR 173 1776 

BOTKE 69 PR [80 1417 
DEANS 6R  PR [ 0 5  1 7 9 7  

AYEO TO K [ E V  CONF 

CARRERAS 7 0  NP [ B E  3 5  
DAVIES TO NP 821 389 

BROOY 7 1 P L  3 4 E  2 5 3  
WAGNER 71 NP B2B 411 

ALNEHED 72 NP 840 [57 
D E V E N I S H  73  PL  4 7 B  53  
H E M M I [  73  PL 4 3 B  79  
MOORHOUS 73  PL 4 3 8  4A 

OEVENISB 74 NP 88[ 330 
DEVENIS2 74 PL 528 227 
KNIES 74 PRD 9 2680 
METCALF 7 4  NP B 7 6  2 5 3  
MOORHGUS 7 4  PRO 9 1 

CRABFORD 75 NP 897 125 
DEANS 75 NP DO6 90 
KNASEL  75  PRD 11  1 

KRIVE7S 75  SJNP 2 0  A 3 0  
ALSO 7 4  SJNP 10 1 1 2  

LCNGACRE 75  PL 5 5 B  4 1 5  

AYEO 76 D E A - N - [ 9 2 1  

BARBOUR 7 6  NP Bill 3 8 8  
F E L L E R  76 NP B104 2 [ 9  
LDNGACRE 77  NP 8 1 2 2  4 9 3  

A L S O  76  NP B l 0 8  3 6 8  
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Data Card Listings 
For notation, see key at front of  Listings. 

BAREYRE 65  PL 18 8 4 2  + BRICMAN, SI IRLINGt VILLET (SACLAY)IJP 
DEANS 69 PRL I77 8623 S R DEANS (UNIV S FLORIDA) 
DONNACH2 69 NP IOB 433 A DONNACHIEt R KIRSOPP (GLAS+EDIN) 
AYED 7O PL 32B ~98 +BAREYRE+VItLET (SACLAY) 
BAKER 77 NP 8126 3 6 5  +BLISSET,BLOOOWORTHtBROOME,HART+ [RHEL)IJP 
WBNN2K TT NP B128 6 6  +TOAFF,REVEL,GOLDBERG,BERNY (HAIF) I 

IN( ' oo)I . . . . .  , . . . . . . . . . . . . . . . . . . . .  
THE EXISTENCE OF THIS RESONANCE IS WELL ESTADLISHED. 

6 6  N * 2 / 2 ( t 7 0 O l  MASS (MEVI 

M 11695.0) BRANDSEN 65 RVUE PHASE-SHIFT A N A L  9166 
M {1700.0)  MICHAEL 66 RVUE FITS BAREYRE SII 7/66 
M G (171O.O] BAREYRE 68 RVUE PHASE-SHIFT ANAL 21/67 
M G WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 
M 3 (1710.0 I  DONNACHI 68 RVUE PHASE-SHIFT ANAL 8/68 
M (1108.0)  ( i 0 . 0 )  ORITO 69 RVUE K LAMBDA PS ANAL 8/69 
M 6 [1689.0)  AYED 7 0  IPWA 1/71 
M 6 FROM ENER. DEF. FIT OF ARGAND DIAGRAM 
M 4 (1766.0(  DAVIES 70 RVUE P-S ANAL SOL A 8/69 
M (16T8.01 SCHORSCH 70 DPHA K LAH PHOTDPRO. 10171 
M A 21685.0) WAGNER 71 IPWA Pl--P TO K LAMB 1171 
M A IHERE ARE 3 SIMILAR SOLUTIONS 
M 7 {1670 . ]  ALMEHED 7 2  IPWA 2/72 
M 2 (1689. )  HICKS 73 MPWA GAM P-ETA P 9/T3 
M 2 ONLY STATES FROM TABLE V I I  OF HICKST3 ARE INCLUDED IN LISTINGS. 9/73 
M 2 N AND W ARE FROM SOLUTION C2,BR=SQRT(GIIW WITH G FROM TABLE V I I .  9 /73 
M 2 ( IB60.1 LANGBEIN 73 IPWA PI N-K SIG,SOL 2 9/73 
M 1 $22 AMPLITUDE LARGE BUT NOT RESONANT IN SOLUTION 1 OF LANGBEIN73 9 / T 3  

M 1 DEANS?5 AND LANGBEIN73 DISAGREE WITH PI+ P TO K+ SIGMA+ DATA OF 1 /78"  
i WINNIK77 AROUND 1920 MEV. 1178" 

(2675. )  KNASEL  75 DPWA o PI -  P TO KO LAM 12/79 
M L 1678. OR 1660. LONGACRE TB IPWA P IN  TO 2PI N 11/75 
H L THE 2 SETS OF PARAMETERS ARE FROM METHODS l AND 2 OF LDNGACRE 78. 21/75 
M (1673.)  AYED 7 6  IPWA 11177* 
M (1676. )  BARBOUR 7 6  DPWA P I N  P H O T O - P R O D  2 / 7 6  
M O (1700 . I  [ 5 . )  BAKER 77 IPWA 0 P I -  P TO K LAM. 2/78* 
M E (1680,} BAKER 77 DPWA O PI -  P TO K LAM. 1178. 
M o THE TWO ENTRIES FOR RARER 77 ARE FOR AN IPWA USING THE BARRELET 1 1 7 8 "  

M E ZERO METHOD AND A CONVENTIONAL ENERGY-DEPENDENT ANALYSIS. 2178= 
M @ (17DO.) LONGACRE 7 7  IPWA P l  N TO 2 P I  N 121T7= 
M 8 ALL l[NGACRE77 PARAMETERS ARE FROM SOLUTION SB, EXCEPT FOR THE POLE 12177= 
M 8 POSITION WHICH IS FRCM SOLUTIONS S I  AND C1. 11/77.  

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

66 N*I I2 ( ITOO)  WIDTH IMEV] 

W (240.0)  MICHAEL 66 RVUE 7/66 
w L (26G.O) BAREYRE 6 8  RVUE 1 1 / 6 7  
W 3 I300.0) DONNACHI 6B  RVUE 8/69 
W I tO4.O) ( 18 .0 I  ORITO 69 RVUE 8/69 
W 6 (166.0) AYEO 70 IPWA 1/71 
W 4 I 4 0 4 . 0 )  DAVIES 7 0  RVUE P-S ANAL SOL A 8/69 
W 4 SOL B GIVES I21 MEV 2 / 7 3  
W [99 .0 I  SCHORSCH 70 DPWA K LAM PHOTOPRO, 10/71 
W A (110.0)0R(240.01 WAGNER 71 IPWA PI-P TO K LAMB I / 7 I  

7 W ( 1 2 0 . 1  ALMEHED 7 2  IPWA 2 / 7 8  
w 2 I l g 5 . )  HICKS 73 MPWA GAM P-ETA P 9 / 7 3  

w [ (2OO.I LANGBEIN 7 3  IPWA P I  N - K  SIG,SOL 2 9/73 
w (17O. I  KNASEL 75 OPWA O P I -  P TO KO t A M  l i l T S  
w L 150. OR 130. LCNGACRE 75 [PWA P IN  TO 2PI N 21175 

11177* (150. )  AYED 7 6  IPWA 
( L 9 4 . )  BARBOUR 7 6  DPWA P IN  P H O T O - P R O D  1 / 7 6  

w O (130. )  [ 1 o . )  BAKER 77 IPWA 0 P I -  P TO K tAM. 1178" 
W E I 90 , )  BAKER 77 DPWA 0 P I -  P TO K tAM. 1178* 
W 8 [17O.)  tONGACRE 7 7  IPWA P IN  TO 2PI N 11177* 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

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

6 6  N*L/2(17OO) REAL PART OF POLE POSITION {MEV) 1 2 1 7 5  

RE (1648. )  LONGACRE 7 5  IPWA P I N  TO 2PI N 1 1 1 7 5  
RE 8 1699. OR 1698. LONGAC~E 77 IPWA P IN  TO 2PI N 11177* 

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

6 6  N'112(1700] 2*IMAG PART OF POLE POSIT(Ok (MEV) 11178 

IM [117 . )  LONGACRE 75 IPWA P IN  TO 2PI N 11175 
2M B 174. OR 173. LGNGACRE 77 IPWA P( N TO 2Pl N 11/77"  

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

6 6  N * I / 2 [ 1 7 0 O )  PARTIAL DECAY MODES 

DECAY MASSES 
PI N ~ [ / 2 [ 2 7 0 0 ]  INTO P( N 1 3 9 +  9 3 6  
PB N~212(1700) INTO N ETA 989+ $48 
P3 N ~ 1 1 2 ( I 7 0 0 )  I N T O  LAMDOA K 1 1 1 8 +  4 9 7  
P4  N ~ 1 / 2 ( 1 7 0 0 }  INTO GAM P, HELBCITY=lI2 O+ 938 
PB N~l /2(1700}  INTO GAM N, HELICITY=I/B o+  939 
P6 N'1 /2 (1700)  INTO N PI P( g38+ 139+ 139 
P7 N* I / 2 (1700 )  INTO N EPSILON 938+1800 
P8 N * 1 / 2 ( 2 7 0 0 )  INTO N RHO 9 3 8 +  776 
P9 N ~ I / 2 ( 1 7 0 0 }  INTO K SIGMA ~93+1169 
PIO N*11211TOOI INTO N RHO,S=I/2,S-WAVE g 3 B +  7 7 6  
P21 N ~ I / 2 ( 1 7 0 0 )  I N T O  N R H O , S = 3 / 2 t D - W A V E  9 3 8 +  T 7 b  
P l 2  N ~ 1 / 2 ( 1 7 0 D )  I N T O  N ' 3 / 2 ( 1 2 3 2 }  P I  1236+ 139 

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

6 6  N~1/2(1700) BRANCHING RATIOS 

R1 N~L/2(1700] I N T O  (PI NI/TOTAL (P1) 
Rl ( 1 . o ]  APPROX MICHAEL 66 RVUE T / 6 6  
R1 3 [ 0 . 7 9 )  DONNACH1 68 RVUE B / 6 9  
R2 6 [0 .642)  AYED 70 IPNA 1/71 
RI 4 (0.561 DAVIES 70 RVUE P-S ANAL SOL A B / S 9  
RI T (0 .B)  ALMEHED 72 IPWA 2/72 
R1 (.54) AYEO 7 6  IPWA 11/77" 

Baryons 
N(1688), N(1700' 

RZ N*II2(17OO} FROM P IN  TO K LAMBDA SQRT(PI*P3) 41T5 
R2 ( . 20 )  ( .D5) OEITD 69 RVUE ~/T5 
R2 A { .22)0R .23 WAGNER 71 IPWA P I -  P TO K LAMB 4 /75  
R2 - . 1 7 9  . 0 3 3  DEVENISN 7 4  O F I X E D  T DISP REL 4 / 7 5  
R2 ( . 12 )  KNASEL 75 DPWA 0 P I -  P TO KO LAM 11/75 
R2 D ( - . 23 )  ( . 01 )  BAKER 77 IPWA O P I -  P TO K tAM. I178"  
R2 E ( - . 25 )  BAKER 77 DPWA 0 P I -  P TO K LAM. 2178~ 

R3 N1212(2700) INTO (LAMBOA K)ITOTAL (P3) 
R3 B (0 .028 ]  APPROX. RUSH 68 MPWA T POLE ÷ RESON. 8/69 
RS B PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

R4 N ~ 1 1 2 I I 7 0 0 )  I N T O  IN  E T A I / T O T A L  ( P Z )  
R4  8 (O.Ol3}  BOTKE 69 MPWA T POLE + R E S O N ,  10/69 
R4 B (O.O3} (0 .02 )  DEANS 69 MPWA T POLE + RESON. 8 / 6 9  

R4 C (O . [ g )  OR 0.27 CARRERAS 70 MpwA T POlE + RESON. 5/70 
R4 B PARAMETRBZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 
R4 C CARRERAS 70 USES REGGE POLES + RESONANCES. VALUES SUSPICIOUSLY LARG 

R8 N~I/BI1700)  FROM GAMMA PROTON TO K LAMBDA SQRT(P3*PA) 9/73 
R5 (O.OO2IOR L E S S  ORIT02 69 CNTR K IAM PHOTOPRO 10171 
R5 10.0072I SCHORSCH 7O DPWA K LAM PHOTDPRO. 10171 
R5 (.OO6O} DEANS 7 2  MPWA GAM P-K LM,SOL D 9/73 

R6 N ~ I / 2 1 1 7 0 O )  FROM GAMMA PROTON TO ETA PROTON SQRT(PZ*P4) 9173 
R6 2 ( .O lO l }  HICKS 73 MPWA GAM P-ETA P 9173 

R7 N ~ I / 2 ( 1 7 0 O )  FROM Pl N TO K SIGMA SQRT(P2*PO) 9/73 
RT 2 ( .11 )  LANGBEIN 73 IPWA PI N-K SIG,SOL 2 9173 
R7 5 ( , 0 6 6 ) T 0  .137 DEANS 75 DPWA P IN  TO K SIGMA 22/75 
R7 5 RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 1 1 1 7 5  
R7 (.BO} KNASEL 75 DPWA O PI -  P TO KO LAM 11/75 

RB N~112(1700) FROM P IN  TO N * 3 / B ( I 2 3 2 )  PI SQRT(PI*PI2) 1 1 / 7 5  
R8 L ( - . I 6 }OR - . 15  LONGACRE 75 [PWA P IN  TO ZPI N 11/TB 
RB 8 ( - . 29 )  LONGACRE 77 IPWA P IN  TO 2 P I  N 11177. 
K8 B LONGACRE T7 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 

R9 Nt l lB l lTOO)  FROM P( N TO N RHO,S=IlB,S-NAVE SQRT(PI*PIO) 11/75 
R9 L I.BB)OR +.16 LONGACRE 75 IPWA P IN  TO 2PI N 11/78 
R9 B ( - . 27 )  LONGACRE 77 IPWA Pl N TO 2PI N 11/77" 

RIO N t l lB ( lTOOl  FROM P( N TO N RHO,S=312,O-WAVE SGRT(PI*Pl l }  11 /77 '  
RlO 8 ( - . 29 )  I O N G A E R E  77 IPWA P2 N TO 2 P I  N I1 /77 "  
RlO 8 LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 

R I I  N*112(1700) FPOM P) N TO N EPSBLON SORT(PI*PT) 11178 
RIB L (-.231OR -.25 LONGACRE 75 IPWA P( N TO 2PI N 2 t /75  
RI1 8 (.DO) LONGACRE 77 IPWA Pl N TO BPI N 11/77"  

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

66 N*I12(ITOO) PHOTON DECAY AMPL(GEV**-2/2I 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI -  
REVIEW PRECEDING THE BARYON LISTINGS. 

N'112(1700) INTO GAM P, HELICITY=I/2 (GEV* * - I / 2 )  
• 024 .033 DEVENISH 7 3  OPWA P IN  PHOTO PROD 2174 

A1 
AT 
A I  ÷.066 .042 MOORHOUS 78 DPWA 
A1 .029 .028 DEVENIS2 74 OPWA 
A1 .056 .OIB KNIES 74 DPWA 
A1 + . 0 1 2  . D 1 5  METCALF 7 4  DPWA 
AI  .054 .005 MOORHOUS 7 4  DPWA 
A1 +.044 .018 CRAWFORD 75 OPWA 
AI (+ .044)  BARBOUR 7 6  DPWA 
A1 * . 068  .DOG F E L L E R  76 DPWA 
A( . . . . . . . . .  
A1 AVERAGE MEANINGLESS [SCALE FACTOR = 2.&} 

A2 N '2 /2 (1700)  INIO GAM N, HELICITY=I/2 (GEV*~- I /2 )  
A2 .010 .043 DEVENISH 73 DPWA 
A2 - . 078  ,066 MOORHOUS 73 OPWA 
A2 - . 006  - 0 3 1  DEVENIS2 74 DPWA 
A2 - . 015  .035 K N I E S  7 4  DPWA 
A2 - . 029  .022 METCALF 7 4  DPWA 
A2 - . 027  ,DO9 MOORHOUS 74 DPWA 
A2 - . 103  .OiO CRANFGRD 7 5  DPWA 
A2 ( - .OB2I  BARBDUR 76 DPWA 
A2 . . . . . . . . .  
A2 AVERAGE MEANINGLESS ( S C A L E  FACTOR = 2.9)  

P IN  PHOTO-PROD 2173 
P2 N P H O T O - P R O D  4175 
PIN  PHOTO PROD 2 / 7 4  

PIN  PHOTO-PROD 2 / 7 4  

P I N  P H O T O - P R O D  2 1 7 #  
Pl N PHOTO-PROD 117b 
P I N  PHOTO-PROD 1 / 7 6  
P I N  P H O T O - P R O D  B / T T *  

P2 N PHOTO PROD 2/T4 
P IN  PHOTO-PROD 2 / 7 3  

P l  N P H O T O - P R O D  4 / 7 5  
PIN  PHOTO PROD B 1 7 4  
P( N PHOTO-PROD 2/74 

P IN  PHOTO-PROD 2/74 
R( N PHOTO-PROD 2/76 
PIN PHOTO-PROD 2/76 

****** ********* ********* ********* ********* ********* ********* ******** 

REFERENCES FOR N*I12(2700) 

8RANDSEN 68 Pl 19 420 

MICHAEL 66 PL 81 93 

BAREYRE 68 PR 165 IT31 
DONNACHI 68 PL B6B 161 

AISO 68 VIENNA 139 
ALSO 68 IHESIS 

RUSH 6B RR 173 IT76 

BOTKE 6 9  PR 2 8 0  1427 
DEANS 6 9  PR 185 [ 7 9 7  

GRBTO 6 9  LNC 2 9 3 6  
ORII02 6 9  INS J L13 

AYED 7O KIEV CONF 
OARRERAS 70 NP 1BB 35 

DAVIES 70 NP 821 359 
SCHORSCH 70 NP B2B 179 

WAGNER T2 NP BBS 411 

ALMEHED 72 NP B40 257 
DEANS 7 8  PRO 6 1 9 0 6  
O E V E N I S M  7 3  PL 4 7 8  53 

H I C K S  7 3  PRD 7 2 6 2 4  
LANGBEBN 73 NP BB3 251 
MOORHOUS T3 PL 43B 44 

DEVENBSM 74 NP BBI 030 
OEVENIS2 74 P1 BIB BBl 
K N I E S  7 4  PRO 9 2 6 8 0  
METCALF 7 4  NP 8 7 6  2 5 3  
MO~RHOUS 7 4  PRD 9 1 

C~AHFORD T5 NP B97 125 
DEANS 78  NP 896 90 
KNASEL 75 PRO 11 I 
LONGACEE ?S PL BSB 418 

+ODONNELI, MDORHOUSE (DURHAM. RHELIIJP 

C MICHAEL (OXF) 

BAREYRE, C BRICMAN, G VIILET (SACLAYiIJP 
DONNACHIE, R G KIRSDPP, C LOVELACE (CERNIIJP 

DDNNACH[E RAPPORTEUR.S TALK (GLAS) 
R G BIRSOPP (COIN) 
J E RUSH IUNIV ALABAMA} 

J C BOTKE IUCSB) 
S DEANS, J WOOTEN (UNIV S FLORIDA) 
S ORXTO,S SASAKI (TOKYO--OSAKA) 
S ORITO (THE~IS) [TOKYO) 

R AYED,P BAREYRE. G VILLET ISACL)IJP 
B CARRERAS, A DCNNACHIE  {DARE,MCHS) 
A DAVIES (GLAS) 
+TIETGE,WEILNBOECK (MPIM) 

F WAGNER. C CDVELACE (CERN) 

+ L O V E L A C E  ( L U N D , R U T G I I J P  
D E A N S , J A C O B S ,  L Y O N S , M O N T G O M E R V  [ S O U T H  F L A . I I J P  

OEVENISHeRANN]NtlYTH (LOUC+DCNN+LANC)IJP 
+OEANS,JACOBS,LYONS+ (CAEN+ORNL+SOUTH FLA. ) I JP  
LANGBEIN,WAGNER (MUNICHIIJP 
MOORHOUSE, OBERLACK (GLAS+LBL)IJP 

DEVENISH,FROGGATT,MARTIN(DESY,NORDITA,LOUC) 
DEVEHISH,LYTH,RANKIN (DESY,LANC,BONNIIJP 
KNIES,MOORHOUSE,OBFRLACK (LBL,GLAS)IJP 
W J METCALF,R L WALKER (C IT i I JP  
MOORHOUSE,OBERLACK.ROSENFELD (GLAS+LBL)IJP 

R L CRAWFORD (GLAS)IJP 
+MITCHELL,MONTGOMERY,+ (SFLA,ALABAMA)IJP 
+LINBQUIST,NELSON+ (CHIC,WUSL.OSU,ANL)IJP 
+ROSENFEID,LASINSKI,SMADJA+ (LBL,SIAC) IJP 



Baryons 
N(1700) 

AYED 76 CEA-N-1921 AYED (THESIS} (SACL)IJP 
BABBCUB 76 NP B i l l  356 I .M .  BARBOUR,B. L. CRAWFORD tGLAS)IJP 
F E L L E R  76 NP BIG4 2 / 9  +FUKUSHIMA,HORIKAWA,KAJIKAWA÷(NAGOYA÷OSAKA)IJP 
BAKER 77 NP B I 2 6  3 6 5  +PLISSETtELOCDWORTH,BROOME,HART+ (RHEL)IJP 
LBNGACRE 77 NP E122 493 LONGACRE,DOLBEAU (SACL)IJP 

A L S O  76 NP BlO8 3 6 5  OCLBEAU,TRIANTIS,NEVEU,CADIET (SACL)IJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

BABEYRE b5 PL 18 342 + BRICMAN, STIBLING, VILLET (SACLAYIIJP 
JOHNSON 67 UCRL-17683 THESIS C H JOHNSON (LRL) 
DEANS 69 PB 177 2623 S R DEANS (UNIV S FLORIDA) 
OONNACHI 69 NP lOB 433 A OONNACHIE, R KIRSOPP (GLAS+EDIN) 
AYED 7 0  PL 31B 5 9 B  +EAREYRE*VILLET (SACLAY) 
WINNIK 7T NP Bl2B 6 b  +TOAFF,REVEL,GOLDBERG,BERNY (HA IF ) I  

I (  oo)1 . . . . . . .  , . . . . . . . . . . . . . . . . . .  F 2] 
AYEO 76, LONGACBE 75, AND LONGACRE T 7  FIND EVIDENCE 
FOR THIS STATE. THERB IS ADDITIONAL EVIDENCE FROM 
ASSOCIATED P~ODUCTION. 

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

18  N ' 1 / 2 ( I 7 0 0 1  MASS ( M E V I  

M 3 117BO*) OONNACH2 6B RVUE PHAS.SHIFT-CERNI 1 0 1 6 9  
H 3 1 1 6 8 0 . )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10169 
M 3 WEERE ~AX. ABSORPTION IS -DONNACH1, 2 ,KIBSOPP EYEBALL FIT CERN 1 t0 /69  
M A (ITBO.Ol WAGNER 71 IPWA PI-P TO K LAMB l /T l  
M A El3 RESONATES ONLY IN ONE OUT OF 3 POSSIBLE SOL. 
M ( IbTO.)  DEANS 72 MPWA GAM P-K LM,SOL O 9173 
M i [ I 790 . |  LANGBEIN 73 IPWA P( N-K SIS,SOL ! 9 / 7 3  
M 1 NOT SEEN IN SOLUTION 2 OF LANGBEIN73 9/T3 
M l DEANS~5 AND LANGBEIN73 DISAGREE WITH PI÷ P TO K+ SIGMA+ DATA OF l lTB*  
M I WINNIKT7 AROUND 1920 MEV. I I T8 "  
M L 1710. OR lT lO .  LONGACRE 75 IPWA Pl N TO 2PI N 11175 
M L THE 2 S E T S  OF PARAMETERE ARE FROM METHODS I AND 2 OF LONGACRE 75. 11/75 
M 11710.) AYED 7E  [PWA I I I T7 *  
M D (16TO.) l lO . )  BAKER 77 IPWA 0 P [ -  P TO K LAM.  I I TB*  
M E ( 1 6 9 0 . )  BAKER 7 7  OPWA O P I -  P TO K L A M .  1 1 7 8 .  

O THE TWO ENTRIES FOR BAKER 7 7  ARE FOR AN IPWA USING THE BARRELET 1178" 
E ZERO METHOD AND A CONVENTIONAL ENERGY-DEPENDENT ANALYSIS. I178"  

M 8 11660,) LONGACRE 7 7  IPWA P IN  TO 2PI N 11177* 
M B ALL LENGACRET7 PARAMETERS ARE FROM SOLUTION $2, EXCEPT FOR THE POLE [ f l I T *  
M B POSITION WHICH IS FROM SOLUTIONS S1 AND C I .  [ 1 / 7 7 "  

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

iB N*IZ2ILTOOI WIDTH (MEV] 

W lgO. ]  DEANS 7 Z  MPWA GAM P - R  LM,SOL D 9/73 
W i (120. )  LANGBEIN 7 3  IPWA PI N-K SIS,SOL I 9173 
W L 100. OR 300. LONGACRE 75 [PWA P IN  TO 2PI N 11/75 
w ( I 0O . )  AYED 7B IPWA l l / T 7 *  
w O (90.1 ( 25 . }  BAKER 77 IPWA 0 P l -  P TO K LAM. 1 /78"  
W E ( lOO. l  BAKER 77 DPWA O P I -  P TO K LAM. 1 /78"  
W E (BOO.) LONGACRE 77 IPWA P l  N TO 2PI N I I I 771  

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

18 N* I I2 (17001 REAL PART OF POLE POSITION [MEV| i i 175  

RE ( l T lO . )  LONGACRE 7 5  IPWA Pl N TO 2PI N 11175 
RE 8 1616. OB 1613. LONGACRE 77 IRWA P I N  TO 2 P I  N 11177* 

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

iB N* I / 2 (1700 )  2*IMAG PART OF POLE POSITION (MEVI I I I T B  

IN (EO7.) LONGACRE 75 IPWA P IN  TO 2PI N l l / TB  
IM 8 577. OR 575. LONGACRE 7 7  IPWA P( N TO 2PI N I I177~ 

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

18 N '1 /2 (1700)  PARTIAL DECAY MODES 

DECAY MASSES 
Pl N * I / 2 ( I 7 0 0 }  INTO P( N 139+ 93B 
P2 N * I I 2 I l T O O }  INTO LAMBOA K 1115÷ 497 
P3 N*I/2117001 I N T O  GAM P,HELICITY=312 o+ 9 3 B  

P 4  N'1 /2 [1700 }  INTO GAM P,HELICITY=I/2 O+ 93B 
P5 N * I 1 2 ( E 7 0 0 )  INTO GAM N,NELICITY=312 o+ 9 3 9  
P6 N~I I2 ( I70O)  INTO SAM N,HELICITY=[/2 O+ 939 
P7 N*I12[1700}  INTO K SIGMA 8 9 3 + I 1 8 9  
P8 N* I I 2 (1700 I  INTO N EPSILON 93B+1300 
P9 N * I / 2 ( I T O O ]  I N T O  N ' 3 / 2 [ I 2 3 2 1  PI,S~WAVE 1 2 3 2 +  1 3 9  

PIG N * I / 2 ( 1 7 0 0 1  INTO N'312112321PI,D-WAVE 1232+ 139 
P I t  N * 1 / 2 ( 1 7 0 0 1  INTO N RHO,S=3/2,S-WAVE 93B+ 776 

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

IB N*I /2 ( ITOO)  BRANCHZNG RATIOS 

Bl N* I /2 I lTOO)  FROM GAMMA PROTON TO K LAMBDA SQRTllP3+P~)*PZ) 9 / 7 3  

Rl ( . 0 0 7 7 1  DEANS 72 MPWA GAM P - K  LM,SOL o 9/T3 

R2 N* I I2( ITOO) FROM P IN  TO K SIGMA SQRT(PX=P7} 9 / 7 3  

R2 21 ( . lOB LANGBEIN 73 IPWA P[ N-K SIG,SOL 1 9/73 
R2 LESS THAN .B17 DEANS 75 DPWA P IN  TO K SIOMA 11/75 
R2 2 RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 111T5 

R3 N*I /Z(17001 INTO PI N/TOTAL [P l )  
R3 ( . 09 )  AYED T6 IPWA IL /77~ 

R4 N - I / 2 (1700 )  FROM P (  N TO K LAMBDA SQRT(PI*P2) 4 /75 
R~ ÷.026 .019 OEVENISH 74 0 FIXED T DISP REL 4/75 
R4 D ( - .O3(  ( .0B4} BAKER 77 IPWA 0 P I -  P TO K LAM. 1/78~ 
R~ E ( - .O3)  BAKER 77 DPWA 0 P I -  P TO K LAM. I / T8 "  

R5 N~I /2( ITO0) FROM P( N TO N E P S I L O N  SQRT(PI*P8] 11/75 
R5 L ( - . 2 ]  OR - . 2  LONGACRE 75 IPWA P( N TO 2PI N I I / 75  
R5 8 ( .00 )  LONGACRE 77 IPWA P( N TO 2PI N t l / 7T *  

R6 N * 1 / 2 ( 1 7 0 0 1  FROM P( N TO N '3 /2 (1232}  PI,S-WAVE SQRT(PI~P91 l l / 7B  
R6 L (+.IS)OR +.16 LONGACRE 75 IPWA P( N TO ~PI N 11/75 
R6 B ( . 00 )  LONGACRE 77 IPWA Pl N TO 2PI N I I / 77 "  

R7 N* I / 2 ( I 700 )  FROM P( N TO N*3/2(E232) PI,D-WAVE S Q B T ( P I * P I O )  11/75 
R7 L (-.10BOB - . 14  LONGACBE 75 [PWA P( N TO 2PI N i i / 75  
R7 8 (+.12) LONGACRE 7 7  [PWA P( N TO 2RI N 1 1 / 7 7 .  
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Data Card Listings 
For notation, see key at front of  Listings. 

R8 N~L/2(ITOO} FRO~ P( N TO N RHO,S=3/2,S-WAVE SORT(PI=Pll l I I / 75  
R8 L ( 0 . }  CR ( - . 07 )  LONGAERE 75 IPWA P( N TO 2Pl N I t / T5  
RB B ( + . 0 7 )  LONGACRE T7 IPWA P I N  TO 2 P l  N 1 1 / 7 7 ~  

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

18 N* I12(1700]  PHOTON DECAY AMPL(GEV**-E/2) 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI -  
REVIEW PRECEDING THE BARYON LISTINGS. 

A1 N~1/2(1700) I N T O  SAM P, HELIC[TY=I/2 {GEV~* - I I2 }  
A1 - . I 03  .130 DEVENISH 73 DPWA P( N PHOTO PROD 2/74 
AI - . 048  .050 OEVENIS2 74 DPWA Pl N PHOTO-PROD 4175 
A1 -*015 .040 KNIES 74 DPWA P IN  PHOTO PROD 2/74 
AI .O .034 METCALF 74 DPWA Pl N PHOTO-PROD 2174 
A I  ( .023)  MOOPHOUS 74 DPWA P IN  PHDS9 PROD 2/74 
AI - . 012  .010 CRAWFORD 75 DPWA P( N PHOTO-PROD I / 7B  
A1 { - . 005 }  BABEOUR 76 DPWA P( N PHOTO-PROD I176 
A I  - . 014  .025 FELLER 7E DPWA P IN  PHOTO-PROD 2/77*  
A[ . . . . . . . . .  
A1 AVERAGE MEANINGLESS ( S C A L E  FACTOR = I .O )  

A2 N~I12(1700) INTO GAM P, HELICITY=3/2 (GEV* * - I / 2 }  
A2 .DE5 .OB5 DEVENISH 73 DPWA P( N PHOTO PROD 2/74 
A2 -.006 .OI~ DEVENIS2 74 DPWA P( N PHOTO-PROD ~175 

A2 .OBO . 0 4 0  KNIES 7 4  DPWA P IN  PHOTO PROD 2/74 
A2 .O .029 METCALF 74 DPWA P( N PHOTO-PRO0 2/74 
A2 ( .035)  MOORHOUS 74 DPWA Pl N PHOTO PROD 2174 
A2 -.DE2 .010 CBAWFORD 75 DPWA P( N PHOTO-PRO0 i /T6  
A2 ( - . 009 )  BARBOUR 76 DPWA Pl N PHOTO-PROD 1/76 

A2 . 0  . O l ~  F E L L E R  7 6  OPWA P I N  P H O T O - P R O D  2 / 7 7 *  

A2 . . . . . . . . .  
A2 AVERAGE MEANINGLESS (SCALE FACTOR = l .O }  

A3 N~I12(1700) INTO DAM N, HELICITY=I/2 (GEV*~ - I I 2 )  
A3 .BE3 .222 OEVENISH 73 DPWA P IN  PHOTO PROD 2/74 
A3  - . 021  .098 DEVENIS2 74 DPWA Pl N PHOTO-PROD 4/75 
A3 - . 036  .O4O KNIES 74 DPWA Pl N PHOTO PROD 3174 
A3 .O .034  METCALF 74 DPWA Pl N PHOTO-PROD 2/74 
A3 ( - . 015 )  MOORHDUS 74 OPWA PC N PHOTO PROD 2174 
A3 + . 0 8 1  . O l 5  CRAWFORD 7 5  DPWA P l  N P H O T O - P R O D  1 / 7 6  
A3 {÷ .017)  BARBOUR 7 6  DPWA P( N P H O T O - P R O D  l lTB 
A3 . . . . . . . . .  
A3 AVERAGE MEANINGLESS (SCALE FACTOR = 2 .3 )  

A4 N*I/2(17OO) INTO GAM N, HELICITY=312 (GEV**-II2) 
A4 - . 088  .087 DEVENIEH 73 DRWA P( N PHOTO PROD 2/74 
A4  -.OE6 . 0 6 7  DEVENES2 7 4  OPWA P( N PHOTO-PROD ~/75 
AB .024 .024 KNIES T4 OPWA Pl N PHOTO PRO0 2 / 7 4  
A4 .0 .0~8 METCALF 7 4  OPWA P( N PHOTO-PROD 2/78 
A4 ( .028)  MOORHOUS 74 DPWA PIN  PHOTO ~ROD 2/74 
A4 + . i 07  .025 CRAWFORD 75 DPWA P( N PHOTO-PROD i176 
A4 (÷.022)  EARBOUR 76 DPWA P( N PHOTO-PROD 1/76 

A4 . . . . . . . . .  
A4 AVERAGE MEANINGLESS (SCALE FACTOR = 1.7)  

REFERENCES FOR N* I / 2 (1700 )  

DCNNACH2 6 8  VIENNA 139 
KIRSOPP 6B THESIS 
WAGNER 71  NP B 2 5  411 
DEANS 72 PBD 6 190b 

DEVENISH 73 Pt 4TB 53 
tANGBEIN 73 NP B53 251 

D E V E N I S H  74  NP B81 3 3 0  

D E V E N I S 2  7 4  RL 5 2 B  2 2 7  
KNIES 74 PRD 9 2680 
METCALF 7 4  NP B 7 b  Z 5 3  

MOORHOUS 7 4  PRO 9 I 

CRAWFORD 75  NP B 9 7  1 2 5  

DEANS 75 NP B96 90 
LCNGAORE 7 5  PL 5 5 B  4 1 5  

AYED 76 CEA-N-1921 
BAREOUR 7 b  NP B 1 1 1  3 5 8  

FELLER 76 NR BIB4 219 
BAKER 77 NP B126 36B 
LONGACRE 77 NP B122 493 

ALSO 7 6  NP B I B 8  3 6 B  

HERNDON 72 LEL 1065 
WINNIK 77 NP B12E 66 

DONNACHIE RAPPORTEUR.S TALK (OLAS) 
R G KIRSOPP (EDIN) 
F WAGNER, E LOVELACE (OERNI 
DEANS,JACOBS, LYBNS,MONTGOMERY (SOUTH FLA. ) [ JP  
DEVENISH,RANKIN,LYTH (LOUC+BONN~LANCIIJR 
LANGBEIN,WAGNEB (MUNICH)IJP 

DEVENISH,FROGGATT,MARTIN(DESY,NORDITA,LOUC} 
DEVENISH,LYTH,RANK]N (OESY,LANC,BDNN)IJP 
KNIES,MODBHOUSE,OBERLACK (LBL,GLASIIJP 
W J METCALF,R L WALKER (C IT ) I JP  
MOORHOUSE,DEEBLACK,RDSENFELD (GLAE+LBLIIJP 

R t CRAWFORD (GLASIIJP 
+MITCHELL,MONTGOMERY,* [SFLA,ALABAMA)IJP 
+BOSENFELD,LASINSKI,SMADJA÷ (LBL,SLAC}IJP 

AYED (THESIS) (SACL)IJP 
I °  M. BARBOUR,B. L. CRAWFORD (GLAS)IJP 
÷FUKUSHIMA,HORIKANA,KAJIKAWA+(NAGOYA÷OSAKAIIJP 
*BLISSET,BLOODBOBTH,BROOME,HART+ (RHEL)IJP 
LONGACRE,DOLBEAU (SACLIIJP 
DOLBEAU,TRIANTIS,NEVEU,CAOIET [SACE)IJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

*...ROSENFELD...+CASHMORB+... (LBL,SLACI 
÷TOAFF,REVEL,GOLDBERG, BERNY (HAIF ) I  

1700 MEV REGION - PRODUCTION EXPERIMENTS 

20 N~1/2(1700, JP= ) I = t /B  PRODUCTION EXPERIMENTS 

SEE THE MINI-RBVIEW PRECEDING THE N AND DELTA LISTINGS 
FOB DISCUSSION OF PRODUCTION EXPERIMENTS. 

2 0  N * I / 2 [ [ 7 0 O )  MASS ( M E V )  ( P R O D .  E X P . }  

M (1695.0 I  (9.01 A-BOBELLI 67 HBC + PBAR P 5.7 BEV/C 8/67 
M (1734.0]  (21.01 ALMEIDA 68 HBC ÷ PP 10 BEVIO 9/69 
M (1730.0)  ( tO.Of GALLOWAY bB HBC PI-P 6 GEVIC 8/69 
M 1 ( ITL2.O) (B.O) BARNES B9 HBC K-P TO K-P 2PI 7/70 
M I IJP CONSISTENT WITH $11(1700) OR P11(1780] IN FORMATION 
M A i [ 667 .0 )  ( 5 . 0 )  BENVENUTI 69 DBC o PI-O 2.2B GEV 5/70 
M A J CONSISTENT WITH 512 OR 7/2 
M B 190(1693.)  ( 15 . )  RHODE 69 HBE PP 22 GEVIC 10/69 

M B JP IS PROBABLY 5/2+ 
M ( [BQ l . )  ( 4 . )  ANDERSON 7 0  MMS - P I -  P TO P I -  MMS 2 /T [  
M 177(1710.)  ) 10 . )  CIRBA TO HBC PI+ P TO P÷BPI 2171 
M BO([TB3.) (2B.)  COOPER 70 HBC ÷ LAMB. K PROD. B /7 I  
M 505(1730.0) [ [B .O]  CBENNELL 70 HBC + P I -P ,P I+P 6 GEV 1/71 

60 [1710. )  KUZNBTSOV 70 HLBC - LAMB. K PROD. 2/71 
A ( I 719 .0 )  ( 6 . 0 }  WILLMANN TO HBC PI÷P 13. GEV 5/70 

M A J CONSISTENT WITH 512 OR 7/2 
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Data Card Listings 
For notation, see key at front of Listings. 

M 11694.03 ( 8 . 0 )  AMALOI 7 1  SAS P P AT 24 GEV tO/71 
M (1730.)  120,1 BALLAM 7 I  HBC +- PI+-P AT I~GEV 2/72 
M I f 700 , )  BEKETDV 71 HBC + PI -  P 4.~5GEV/C 3/72 
M (1711.)  ( IB . )  BOESEBEC 71 RVUE PP,PI-P,K-P PROD 3/72 
M 11672.03 14*0) ELLIS 71 CNTR MMS PP 3 . 7  GEV/C 10/71 
M B0(1650.03 ( [ 0 . 0 )  80/120 MA 71 HBC + P P TO P N PI 1 0 / 7 L  
M (1700.03 I 1 0 . 0 )  MORSE 7 1  HBC + PI-P 25 GEV/C 3/72 
M 1676. TO 1730. MORSE 71 HBC +0 PI-P 7 GEV IC  3/72 
M I1720o) 120.)  RUSHBROOKE71 HBC + PP TO PPPI 16GEV 2/72 
M 11690.3) 14.53 EDELSTEIN 7 2  MMS + PP 6 TO 30 GEV 1/73 
M I1668.0 }  119.01 24/45 KARSHON 72 DBC + PO--PD2PI 7 GEV 12/72 

(1715.0}  [ 5 . 0 }  LAMSA 72 H3C + 
ANALYSIS GIVES JP = 5/2+ 

M 2 {1660.}  (15. OH 72 DEC 0 PI -N TO P I -P I -P  2/73 
M 2 DETERMINE J=512,EI5 PROBABLE 2/73 
M (1720 . I  ( [ 5 . 1  RONAT 72 HBC PI+P TU 3Pl P 2/73 
M 3 (1820,}  DAV(DSON 7 4  HBC + P I -P  TO PI~ OM P i 0 / 74  
M 3 OMEGA PROTON ENHANCEMENT,MOMENTS A N A L Y S I S  CONSISTENT WITH 2 J = l  OR 3 [ 0 /74  
M [1732,1 ( 7 . )  LICHTMAN 74 HBC + P I + P  TO 3PI p 4/78 
M (1694.)  [ 1 0 . }  LICHTMAN 74 HBC + PI -P  TO 3 P I  P 4/75 
M 5 (18IO.  l ( IS . )  ATHERT02 75 HBC PEAR P 5 . 7  GEV 2/77*  
M 5 GMEGA PROTON ENHANCEMENT, MOMENTS ANALYSIS CONSISTENT WITH S STATE. 2 /77*  
M 4 ( 1 7 0 0 . 1  BLOBEL 75 HBC + PP TO P(P I *P I -P )  1/76 
M 4 PWA INBICATES PI÷PI -P ENHANCEMENT IS PRIMARILY A [ / 76  
MM 4 P-WAVE P EPSILON SYSTEM W I T H  I , JP=1 /2 ,3 /2 - .  1 / 7 6  

1660o TO L G T O .  BRAUN( 75 HBC PBAR P 5.7 GEV 11/75 
M 1 1 6 0 I . I  ( I 1 . )  CAVALLI 75 SPEC + PP TO 2N*,W=23GV 1/76 
M I L 8 9 1 . 1  (B . )  C A V A L L I  7 5  SPED + PP TO 2N*,W=31GV 1 / 7 6  

M I1715 . }  ( IOo) CAVALLI 75 SPEC + PP TO 2N~,W=53GV 1/76 
M [16BB.I  I12.1 MUSGRAVE 75 HBC K+ P TG K P( N 11/75 
M 1 1 6 5 0 o )  STRACHMA 75 BC NBAR IN P l }  1/76 
M ( [ 6 7 8 , }  ( 4 . )  WEBB 7 5  ISR + P P T 0  P N~ 1/76 
M I I 691 .1  ( 4 . 1  ATHERTON 7 6  HBC PBAR P 5.7 GEV 2/77*  
M I I 680 .1  (2So) APPLE 77 SPEC + P P TO PIP  P I O )  1/78"  
M [ 1 6 6 0 . 1  (80.1 APPLE 77 SPEC + P P TO P IN P I * )  1/78~ 
M (1690.)  ( [ 0 , )  HEINEN 7 7  HBC K - P  TO K -  N * +  1 / 7 8 ~  
M I IBTO.}  110.1 H E I N E N  7 7  HBC o K - P  TO KOBAR N*O 1 /78"  
M F 11670.} OTTER2 7 7  HBC + K - P  TO K-- N ~ +  1 / 7 8 "  

M F FROM PARTIAL WAVE ANALYSIS OF P PI+ P l -  SYSTEM. SHAPE OF 1 /78"  
M F 5/2-D(DELTA PI )  WAVE IS COMPATIBLE WITH A BREIT-WIGNERo 1178# 
M [1677.1 12.1 ROUGE 7 7  OMEG 0 P I - P  9,12 GEV/C 1 /78"  
M (1710 . I  ( 20 . }  EKELOF 78 SPEC + P HE--P PI PI HE 1 /78"  

2 0  N * l / 2 ( 1 7 0 0 1  WIDTH IMEV} [PROD. EXP.I 

w (70.01 (20 .0 )  A-BORELLI 6 7  HBC 9 / 6 9  
fl 1140.0) ( 5 7 . 0 )  ALMEIDA 6 8  HBC + g 1 6 9  
w (55,01 (15.01 GALLOWAY 6 B  HBC 8/69 
w 1 (70.03 I I 5 . 0 )  BARNES 6 9  HBC K-P TO K-P 2PI 7170 

W A ( 1 0 5 . O l  l I 6 . 0 1  B E N V E N U T I  6 9  OBC 0 5 / 7 0  
W B [ g o  ( 2 3 5 . }  (50.1 RHODE 6 9  HBC PP 22 GEVIC 1 0 / 6 9  

w (130. }  ( I O . I  ANDERSON 7 0  MMS - P l -  P TO P l -  MMS 2171 
W 177 ( 6 6 . 1  126.) CIRBA 70 HBC + P i e  P AT 5 GEVIC 217[ 
N l [ 02 . l  140,) COOPER 7 0  HBC + PI+P, 5 .5  GEVIC Z / 7 l  

w 505 1 1 3 0 . O l  130.03 CBENNELL 7 0  HBC + 1 1 7 1  
w 60 (220, J KUZNETSOV 70 HLBC - PI-P, 4 GEV/C 2/71 
W A WILLMANN 7 0  HBC + 5 1 7 0  ( 6 3 . 0 1  ( 1 2 . 0 1  

w 1152.01 1 1 5 . 0 1  AMALDI 71 SAS P P AT 24 GEV 10/71 
(120 . }  (50, I BALLAM 7 1 H B C  + -  Pl+-P AT IBGEV 2/72 

(ST.) (15.1 BOESEBEC 71 RVUE PP,PI-P,K-P PROD 3/72 
W 1102.03 ( 9 , 0 }  ELLIS 71CNTR MMS PP 3 .7  GEV/C 10/71 
W 80 19~.03 I20.O)  80/120 MA 71 HBC + P P TO P N Pl 10171 
W (TO.I  ( 20 . }  MORSE 71 HOE PI-P 25 GEV/C 3/72 
W 70. TO 120. MORSE 71HBC +0 Pl -P 7 GEVIC 3172 
W ( I 2O . )  1 4 0 . 1  RUSHBROOKETI HBC + PP TO P2Pl IBGEV 2 / 7 2  
w I I 3 3 . O I  ( 2 6 . 0 )  EOELSTEIN 7 2  MMS + PP 6 TO 30 GEV 1/73 
W 1168.0) 164.0} KARSHON 7 2  DBC P~--PD2Pl 7 GEV 12/72 
W 180.0} APPROX. tAMSA 72 HBC P Ip  1 8 . 5  GEVIC 1 2 / 7 2  
w 2 1128.1 (40. OH 72 DEE 0 PI -N TO P l -P l -P  2/73 

1 6 0 . 1  ( 4 0 . }  w RONAT 7 2  NBE P I + P  TO 3 P I  P 2 / 7 3  
w 1 1 5 7 . 1  1 1 2 . l  ABE 7 4  + P+P->P+X,JCBN PK 4 1 7 5  

OAVIDSON 7 4  HBC + PI-P TO PI -  OM P 10/74 w 3 1 1 2 0 . 1  
W 1 3 4 . 1  ( 14 . }  LICHTMAN 74 HBC + Pl+P TO 3El P 4/75 
W ( 48 . )  120. I  LICHTMAN 7 4  HBC + PI-P TO 3PI P 4175 
W 5 (87 . )  ( 20 . )  ATHERTO2 75 HBC PBAR P 5.7 GEV 2 /77*  
W (140 . }  BRAUNI 75 HBC PBAR P 5.7 GEV 11175 
W 1 1 8 8 , [  ( 112 . ]  CAVALLI 7 5  SPEC + PP TO 2N*tW=23GV 1/76 
W (133.1 138.} 6AVALLI 75 SPED PP TO 2N~tW=31GV 1/76 
W (LO0. I  1 1 0 , }  CAVALLI 7 5  SPEC + PP TO 2N*,W=S3GV 1 / 7 6  

w [ 1 3 5 . 1  ( 20 . )  MUSGRAVE 75 HBC K+ P TO K P IN  [ [17 f l  
w 1 1 4 8 . 1  ( 1 6 . )  WEBB 75 ISR + P P TO P N* 1 / 7 6  
W ( 1 9 4 . 1  I I O . I  ATHERTON 7 6  HBE PBAR P 5 . 7  GEV 2 / 7 7 *  
W ( 1 5 0 . 1  I l O 0 , )  APPLE  7 7  SPED + P P TO P (P  P I O )  1 / 7 8 .  
w 1 [50 , )  ( 70 . )  APPLE 77 SPED + P P TO P (N PI+) 1 /78"  
W ( 1 2 0 . }  ( 2 0 , 1  HEINEN 7 7  HBC + K--P TO K- N*+ 1178" 
W 1 9 0 . 1  130.1 HEINEN 77 HBC o K - P  TO KOBAR N~O 1 /78"  
W F ( I 50 .1  OTTER2 77 HBC + K-P TO K- N~+ 1278~ 
W (130. }  (6.1 ROUGE 7 7  OMEG + o  PI-P g , 1 2  GEV/C 1 1 7 8 .  
w 1 2 0 0 . 1  EKELOF 7 8  SPEC P HE--P PI  PI HE I / T B ~  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

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

20 N ' 1 1 2 ( 1 7 0 0 1  PARTIAL DECAY MODES (PROD. EXP.} 

DECAY MASSES 
PL N*I I2 ( [TOOI  INTO P IN  139+ 9 3 8  

P2 N * I / 2 I I 7 0 0 }  INTO N PI PI  9 3 8 +  139+ 139  
P3 N ~ 1 1 2 1 1 7 0 0 1  INTO N '312112321P I  1 2 3 2 +  139 
P4 N*112117001÷ INTO NEUTRON P l +  939+ 139 
P5 N'112117001+ INTO PROTON PI+ P I -  938+ 139+ 139 
P6 N # I / 2 1 1 7 0 O I +  INTO N ~ 3 1 2 ( 1 2 3 2 ) + +  P l -  1232+  139  
P7 N*112(17003 INTO N ETA 939+ 548 
P8 N~112(1700} INTO LAMBDA K 1115+ 4 9 7  
P9 N* I I2 (17001 INTO SIGMA K 1189+ 493 
P I O  N 1 1 / 2 1 1 7 0 0 1  INTO OMEGA PROTON 7 B 3 +  93B 
P l i  N~I/2(17003 INTO RHO0 PROTON 776+ 938 

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

20  N*L/2117003 BRANCHING RATIOS IPRO0. EXP.) 

R1 N*112(17001 INTO (P I  N ) / (P I  N * 3 / 2 1 1 2 3 2 ) ]  (P I ) / (P3 )  
B I  (0*77) OR L E S S  LEE 6 7  HBC P[-P 3 . 6  GEV/C Ii/67 
RI A 

R2 
R2 
R2 

R3 
R3 
R3 
R3 

( 9 . 0 )  OR MORE BENVENUTI 6 9  DEC O 5/70 

N* I /211700}  INTO (N ETA)fIN P( ÷ N P (P I )  (PTI / (P[+PP} 
I0 .025)0R LESS KRAEMER 64 DBC + P I ÷ O  1.2 
(O.042IOR LESS CL=.�S A-BORELLI 67 HBC * PBAR P 5.? 8EV/C 9169 

N*11211700} INTO (IAMBCA K ) I (P  P i t  P I - )  {PB] / (PS}  
IO.084}OR LESS ALEXANDER 67 HBC t PP 5.5 BEV/C 11/67 
( 0 , 0 7 l  OR LESS CL=.95 CIRBA 7 0  HBC PI+P AT 5 GEV/C 2171 
TO.Oil BAKSAY 76 ISR + PP--N~P 1/78"  

Baryons 
N(17oo: 

R4 N*II2117001 INTO (LAMBDA K [ / {N  P I t  N PI P I )  (P8 ) / (P [ tP2 )  
R4 (O.OI3}OR LESS CL=.95 A-BORELLI 67 HBC + 8/67 
R4 SEEN CHINOWSKY 68 HBC PP TO K+ Y N 6/68 
R4 1 LIMITS 0.025 TO 0.11 BARNES 69 HOE K-p TO K-P 2El 7/70 
R4 • l / 7 I  2 5  0 . 0 2 5  0 . 0 0 5  C R E N N E L L  70 HBC 
R4 A LESS THAN 0.025 WILLMANN 70 HBC PI÷P TO 3PI P 6170 
R4 25 SEEN. CONS. WITH J=I12 MORSE 71HBC 0 PI-P 7 GEV /C  3172 

R5 N* I I2(17003 INTO I N  PI ) I (N  P( P I ]  I P I ) / ( P 2 )  
R5 [1.263 OR L E S S  CL=.95 A-BORELLI 67 HBC + 8/67 
R5 0.025 0.13 CRENNELL 70 HBC t l l 71  

R6 N* I / 2 ( I ?O0 )  INTO (N.312(12323 P I } / (N  P( P I D  (P3) / iP2)  
R6 NO EVIDENCE A-EORELLI 67 HBC + 8/67 

SEE MERLO 6 6  FOR A REVIEW. 

R7 N*[/2117001 INTO (NEUTRON P I÷ ) / (P  P i t  PC-) (P4) / (PS) 
R7 0.67 0.40 ALEXANDER 67 HOE + PP 5.5 BEV/C I I / 67  
R7 0.47 0,25 A-BORELLI 67 HBO PEAR P 5.5 GEV/C 7170 
R7 . . . . . . . . .  
R7 AVG 0.58 0 ,2 I  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0J 
R7 STUDENT 0.53 0.23 AVERAGE USING STUDENTIO{H/I . I I )  - -  SEE MAIN TEXT 

R8 N* I / 2 (1700 )  INTO (N*3 /2 (12323* t  P l - ) / IP  PI+ P ] - )  (PBI / {P5)  
R8 0.74 0.14 ALEXANDER 67 HBC + PP 5,5 BEV/C I I / 67  
R8 1.0 0.3 ALMEIDA 68 HBC + PP 10 BEV/C 9166 

R8 (0 .83 )  RAYAS 68 HBC PP 8 , i  BEV/C I I / 68  
RB l LESS THAN 0.15 BARNES 69 HBC K-P TO K-P 2PI 7/70 
R8 (0 .50}  OR LESS CL=.~5 CIRBA 70 HBC PI÷P AT 5 GEV/C 2/71 
RB NO EVIDENCE CRENNELL 7 0  HBC + 1/71 
RB A 12.3} 11.6) WILLMANN 70 HBC P I tp  TO 5Pl P 6/70 
RB ( I . 03  OR MORE CL=.95 BEKETOV 71 HBC + DELI I2321+t  PC- 3/72 
RB 0.75 0.75 BDESEBEC 71 RVUE PP,PI-P,K-P PROD 3/72 
R8 0.35 0.20 RUSHBROOKETI HBC + PP TO P2PI IBGEV 2112 
R8 C 0.65 0.15 LAMSA 72 HBC P( P 18.5 GEV/C 12/72 
R8 (0 .40)  BLOBEL 75 HBC ÷ PP TO P(PI+PI-P)  I178*  
RB 0.5 O.1 HEINEN 77 HBC + K-P TO K- N*+ 1178" 
R8 0.42 0.08 EKELOF 78 SPEC P HE--P P( PI HE 1 /78 .  
R8 . . . . . . . . .  
R8 AVG 0.471 0.078 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.53 
R8 STUDENT 0.465 0.064 AVERAGE USING STUDENTIO(H/[ . l l )  - -  SEE MAIN TEXT 

R9 N* I /2 (1700 )  INTO (SIG K)/ILAMB K) {Pg) / (P8}  
R9 LESS THAN .20 COOPER 70 HBC + PI+P, 5.5 GEVIC 2/71 

RIO N*IlP(17OO) INTO (P I  N)+I(OMEGA P R O T O N )  (P l I / (P IO I  
RED LESS THAN .36 190 PCT CL) DAVIDSON 74 HBC + PI -P TO P l -  OH P 10/74 

Rll N~[/21ITOOI INTO (RHO0 PROTON}/(OMEGA PROTON) IP I I ) / (P IO I  
R l l  LESS THAN .12 (90 PCT EL) DAVIOSON 74 HBC ÷ PI-P TO P I -  OM P 10/74 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

R E F E R E N C E S  FOR N * 1 2 2 ( [ 7 0 0 }  ( P R O 0 .  E X P . I  

KRAEMER 64 PR 186 8496 tMADANSKY,t (J HOPKINS,NNESTERN~WOODSTBCK) I 

ALEXANDE 67 PR 154 1284 ALEXANDER,BENARY,CZAPEK,+ (WEIZMANN(CERN)) 
A-BORELL 6 7  NC 4 7  232 ALLES-BORELLI,FRENCH,FRISK,MICHEJDA (CERN) 
LEE 67  PR 159 I156 +MOEBS,ROE,SINCLAIB,VANDER VELOE (MICH) 

ALMEIDA 68 PR 1 7 4  1638 tRUSHBROOKE, + (CAVE,DESY(CERN)} 
CHINOWSK 68 PB 165 1466 CHINOWSKY,KINSEY,KIEIN, + (LRL,SLAC} 
GALLOWAY 68 PL 27B 250 GALLOWAY,ALYEA,CRITTFNOEN,PRICKETT,+ (IND) 
KAYAS 6 8  NP 85 169 tGUYAOER,SENE,YIOU,ALITTI,÷ (ORSAY,SACLAY) 

BARNES 6 9  PRL 23 1516 +BASSANO+CHUNG+EISNER+FLAMINTO+KINSDN (BNL)IJ 
BENVENUT 6 9  PR 187 1852 BENVENUTI, MARQUIT, OPPENHEIMER (MINN,OOLO) 
RHODE 69 PR 187 1844 RHODE, LEACOCK, KERNAN, JESPERSEN,t ( ISU) 

ANDERSON 70 PRL 2 5 , 6 9 9  +BLESER,BLIEDEN,COLLINS++ (BNL,CARN) 
CIBBA 70 NP 823,533 +VANOERHAGEN+ IEPDL,DURH,NIJMt TORI,BDNN) 
COOPER 70 NP B25,605 +MANNER,MUSGRAVE,POLLARD,VOYVOOIC (ANLI 
CRENNELL 70 PBL 25 I87 +LAI ,  LOUIE, SCARR, SIMS (BHL) 
KUZNETSDVlO SJNP I0 ,332 tMELNIKOV,RYLTSEVA,CHADRAA,BALINTP IJ INRI  
WILLMANN 70 PBL 24 1260 +LAMSA,GAIDOS,EZELL (PURO)IJ 

AMALDI 7 1  PL 348 4 3 5  *BIAHCASTELLI,BOSIO,+ ( I  SANITA RDMA÷CERNI 
BALLAM 71 PR 04 1946 +6HADNICK,GUIRAGOSSIAN,JOHNSON,++ (SLACI I 
BEKETOV 71 SJNP 13 605 ,ZOMBKOVSRII,KONOVALOV,KRUEHININ,++ ( ITEP) IJ  
BOESEBEC 71 NP 6 3 3  445 BOESEBECK,GRAESSLER,KRAUS,+++ (ABBCHLV) I 
ELLIS 71 PRL 27 442 +MAGLICH,NOREM,SANNES,SILVERMAN (RUTGI 
MA 7 I  PRL 26 333 +COLTON (MSU+LBLII 
MORSE 71 PR D4 133 +OH,WALKER,CARROLL,LYNCH + (WISC+TNTO)I 
RUSHBRO0 71 PR 04 3275 RUSHBROOKE,WILLIAMS+BAREFORD+÷ (CAVE,LOIC) IJ  

EOELSTEI 72 PR 05 1073 EDELSTEIN,CARRIGAN,HIEN,MCMAHON,+ICARN+BNLI 
JOHNSTAD 72 NP 842 588 +MOLLERUD+...+JACOBSEN(BOHR,HECS,OSLO,S7OH) IJP 
KARSHON 72 NE B37 371 ÷YEKUTIELI,YAFFE,SHAPIRA,RONAT,+ (REHO) I 
LAMSA 72 NP B37 364 tWILLMANN÷..+GO,B[SWRS+.,. (PURD,NDAMI IJP 
OH 72 PL 428 497 + F U N G , K E R N A N , P O E , S C H A L K , S H E N  (UCRIIJP 
RONAT 72  NP B38 20 +FISENBERG,LYONS,SHAPIRA,TOAFF+ (REHO) 

ABE 7 4  PL 538 1 1 4  ÷ALSPECTOR,BOMBEROWITZ+ (RUTG,UPNJ,FSU} 
OAVIDSON 74 PBL 3 2  8 5 5  DAVIOSON,DZIERBA,FIRESTONE,+ (CIT+BNL+LBL}I 
LIBHT~A~ 74 NP 881 8~ LICHIMAN,BISWAS,CASON~KENNEY,MCGAHANt(NOAMII 

ATHERT02 7 5  NC BOA 505 ATHERTON,BAR-NIR,FRENCH,SKURA+ ICERN+PRAG) 
BLOBEL 75 NP 897 201 ÷ESKREYS,FESEFELDT,FRANZt (BONN+HAMB~MPIM)IJP 
BRAUN1 75 NP B95 481 ÷GERBER,MAURER,MICHALON,SCHI3Y~ (SIRB,LPNP)I 
CAVALLI 75 LNC 14 353 CAVALLI-SFORZA,CONTA+ (PAVIA+PRIN) 

ALSO 75 INC 14 345+359 CAVALLI-SFORZA,CONTA+ (PAVIA+PRIN) 
MUSGRAVE 75 NP B87 365 +PEETERS,SCREINER,WHITMORE,YUTA (ANL) 
STRAEHMA 75 NP B�B 120 STRACHMAN,BRAUN,GERBERtMAURER÷ {LPNP+STRBH 
WEBB 75 PL 55B 331 +TRILLING,TECEODI+ ( A A C H + U C L A + U C R + C E R N )  

ALSC 7 5  PL 55B 3 3 6  ÷TRILLING,TELEGDI+ (AACH+UCLA+UCR+CERN) 

ATHERTON 76  NP BI03 3 8 l  ATHERTON,FRENCH,SKURA,BOHM+ (EERN+PRAG) 
BAKSAV 76  PL 6IB 405 +BOHM,CHANG,ELLIS,EOETH+ (AACH+UCR+CERNII 
APPLE 77 LNC 18 167 +ASN,CHENG,COYNE,GROSSMAN+ (PRIN+PAVIA) 
HEINEN 77 NP B122 ~43 +ENGELEN,KITTEL,METZGER+ INIJM+AMST+CERH}IJP 
OTTER2 77 AACHEN I I I B / 3 - 7 7  +RUDOLPH÷ }AACHeBERL+CERN+LOICeVIEN}IJP 
ROUGE 7 7  PL 6 g B  1 1 5  +DE R O S N V , F L E U R Y t R I V E T +  I L P N P + C D E F + L A L O )  
EKELOF 78 NP B132 212 +HERZ,HAGBERG,KULLANDER* (CERN÷UPPS~LOUC}IJ 

PAPERS NOT REFERRED TO IN DATA CARDS. 

MERLO 66 P ROY SOD 289 489 d P MERLO, G VALLADAS (SACLAY) 
LISSAUER 72 PRD 6 1852 *FIRESTONE,GINESTET,OOLDHABER, TRILLING(LBL)IJp 
ANTIPDV 7 5  NP B g 9  IB9 +ASCOLI,BAUO+ (CERN-IHEP BOSON SPED) 
L E O N I C K Y  7 5  PL 5 8 8  8 9  R ,  L E D N I C K Y  ( J I N R I  

BIEL 76  PRL 3 6  5 0 G , 8 0 7  +BLESER,FERBELt (ROCH+FNAL+SLAC+NWES) 
CARNEY 76 NP B l I 0  248 +COLLEY,JONES,KENYON+ (BIRM+BRUX+CERN+MONSIIJP 
DERERRET 16 PL 63B 477,483 +NAGY,REGLER.BRANDT÷ (EERN+HAMB+IPN+VIEN) 



Baryons 
N(I?O0) N(1780) 

RUSHBRO0 T6  PRO 13 1835 RUSHBROOKE,RAJA,ANSORGE,CARFBR,NEALE (CAVE)IJP 
SOFIRIOU 76 NF 8107 457 D.SDTIRIOU (CERN)IJP 

BACON 77  NC 42A 431 +BARNHAM,DORNAN,EASDN,POLLOCK+ (LOIC)IJP 
CHADWICK T7 SLAC--PUB-2018 +CARROLL,CHALOUPKA+ [SLAC+STAN+CIT+LBL)IJP 
HARRIS 77 NP B[19 189 +LUBATTI,MORIYASU,B|NGHAM+ (WASH+UCB) 
HOFMANN 77  NP 8 1 2 5  404 +]DSCHOK,SCHRODER,BIOBEL+ (BONN+DESY+MPIM}I 

* * * * * *  * * * * * * * * *  ~ * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHED. 

14 N'1/2(17803 MASS [ M E V )  

M 3 ( I751 .03  DONNAOHI 68 RVUE PHASE-SHIFT ANAL 8 / 6 9  

M 11640.01 (70 .0 )  ORITO 69 RVUE K LAMBDA PS ANAL 8/69 
M (1700.0}  ORIT02 69 CNTR K LAM PHOTOPRO 10/71 
M 6 (1645.0)  AYED 70 IPWA 1/71 
M 6 FROM ENER. DEP. FIT CF ARGAND DIAGRAM 
M 4 1 1 7 7 0 . 0 (  DAVIES 70 RVUE P-S ANAL SOL A 8 / 6 9  

M (IBO9.O} SCHORSCH TO DPWA K tAM PHOFOPRO. 10171 
M A (1685 .030R[ I740 .0 )  WAGNER TI  IPWA PI-P TO K LAMB I /T I  
M A THERE ARE 3 SIMILAR SOLUTIONS 
M 7 [ I~20 .1  ALMEHEO 72 [PWA 2/72 
M 2 (1728.1 HICKS 73 MPWA GAM P-ETA P 9 / 7 3  

2 ONLY STATES FROM T A B L E  V l l  OF HICK$73 ARE INCLUDED IN LISTINGS. 9/73 
2 M AND W ARE FROM SOLUTION C2,BR=SGRT(GI/W WITH G FROM TABLE V I I .  9 / 7 3  

M F (LTBO.) LANGBB[N 73 IPWA PI N-K SIG,SOL I 9/73 
M F (1780.)  LANGBEIN 73 IPWA Pl N-K SIG,SOL 2 9173 
M F DEANS75 AND LANGBEIN73 DISAGREE WITH El+ P TO K+ SIGMA+ DATA OF 1178* 
M F WINNIK77 AROUND 1920 MEV. 1 / 7 8 "  
M I lBTO. I  KNASEL 75 OPWA O E l -  P TD KO LAM L I /T5  
M L 1730. OR 1710. IONGACRE 75 IPWA P IN  TO 2PI N i i / 75  
M L THE 2 SETS OF PARAMETERS ARE FROM METHODS i AND 2 OF LONGACRE 75. 11/75 

(1730. )  AYEO 76 IPWA 11/77~ 
(L~25.)  ( lO . )  BAKER 77 IPWA 0 P I -  P TO K 1AM. 1 /78"  
( 1 6 5 0 . )  M BAKER 77 DPHA 0 P I -  P TD K LAM. 1/78~ 

M D THE TWO ENTRIES FOR BAKER 77 ARE FOR AN [PWA USING THE BARRELET [ /T8~ 
M E ZERO METHOD AND A CONVENTIONAL ENERGY-DEPENDENT ANALYSIS. 1 /78"  
M 8 l I T20 . )  LONGACRE 77 IPWA P( N TO 2PI N I I /TT~  
M 8 ALL LCNGACRET7 PARAMETERS ARE FROM SOLUTION $2, EXCEPT FOR THE POLE 11/T7~ 
M 8 POSITION WHICH IS FREM SOLUTIONS ST AND C I .  11/77"  

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

I 4  N~1/2(17803 WIDTH (MEV) 

W 3 (327.01 DONNACHI 6 8  RVUE 
W ( 3 1 0 . 0 l  150.01 ORITO 69 RVUE 
W (210.0)  OMIT02 69 CNTR 
w 6 150.03 AYED 70 IPWA 
W 4 (445.03 DAVIES 70 RVUE 
W (280.0(  SCHORSCH 70 DPWA 
W A (IbO.O)OR(B2O.O) WAGNER 71 IPWA 
W 7 [ 1 0 0 . )  ALMEHED 72 IPHA 
W 2 (203. )  HICKS 73 MPWA 
W F ( 1 3 0 . )  LANGBEIN T 3  IPWA 

F (130. )  LANGBEIN 73 IPWA 
( 1 7 4 . )  KNASEL 75 DPWA 

W L 1165.) OR 1 7 5 . 1  LONGACRE 7 5  IPWA 
w (16A.)  AYEO 7 6  IPWA 

~ 1160.} 16 . I  BAKER 77 IPWA 
(95 . )  BAKER 77 DPWA 

W 8 [120 . )  LONGACRE 77 IPWA 
SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

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

1 4  N ' 1 1 2 ( 1 7 8 0 1  R E A L  P A R T  OF POLE P O S I T I O N  ( M E V )  

RE ({TEST LDNGACRE 781P.A P INTO2F I  N 
RE 8 1720. OR 171 l .  IONGACRE 77 ]PWA P IN  TO 2PI N 

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

14 N=I/2(17803 2~IMAG PART OF POLE POSITION (MBV) 

IM 1 1 7 . )  LONGACRE 75 IPWA P IN  TO 2PI N 
IM 8 123. OR I 15 .  LONGACRE 77 IPWA P IN  TO 2PI N 

. . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

14 N*112(17803 PARTIAL DECAY MODES 

8/89 
8/69 

K CAM PHOTOPRO 10171 
l / 7 l  

SOL A 8/69 
K CAM PHOFOPRO, 1027[  
PI -P  TO K LAMB i / I t  

2/72 
GAM P-ETA P 9 / 7 3  
Pl N-K SIG,SOL I 9/7B 
Pl N - K  BIG,SOL 2 g / 7 3  

O PI -  P TO KO LAM I I / 75  
P( N TO 2Pl N 11275 

11177* 
P I -  P TO K LAM. l / T B *  
P l -  P TO K LAM. 1 /78 .  
P IN  TO 2 P I  N I I 1 7 7 .  

DECAY MASSES 
P I  N*I /211780)  INT~ P IN  1 3 9 +  9 3 8  

P2 N * L / 2 ( 1 7 8 0 1  INTO LAMBOA K I 1 1 5 +  4 9 7  

P3 N * 1 / 2 [ 1 7 8 0 1  INTO N ETA 9 3 9 +  5 4 8  
P4 N ' 1 / 2 1 1 7 8 0 )  INTO GAM P, HELICIEY=I22 O+ 9 3 8  
P5 N * l 1 2 [ 1 7 B O )  INTO GAM N, HELICITY=II2 O+ 9 3 9  
P6 N * 1 / 2 ( 1 7 8 0 )  INTO N P l  PI 9 3 8 +  139+  139 
P7 N * I / 2 ( 1 7 B O |  INTO N EPSILCN 9 3 8 + 1 3 0 0  
P8 N * [ / 2 1 1 7 8 0 )  INTO N RHO 9 3 8 +  7 7 6  

P9 N* I / 2 ( I 780 ]  INTO K SIGMA 493+i189 
P I O  N * I / 2 [ 1 7 B O )  INTO N ' 3 1 2 ( 1 2 3 2 )  RI  1 2 3 2 +  139 
PI I  N*I1211780) INTO N RHO,S=I/2,P-WAVE 938+ 776 
P I 2  N * 1 / 2 1 1 7 8 0 l  INTO N R H C , S = 3 / 2 , P - W A V E  9 3 8 +  7 7 6  

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

14 R * 1 / 2 ( 1 7 8 0 )  BRANCHING RATIOS 

RI N * I / 2 ( I 7 8 0 1  INTO (PI  N I / T O T A L  ( P I )  
81 3 (0 .92)  DONNACHI 6 8  RVUE 
RI 6 (O.L~g) A',ED 7 0  IPWA 
RL 4 ( 0 . # 3 )  D A V I E S  7 0  RVUE SOL A 

RI 7 (0.21 ALMEHED 72 IPWA 
R[ ( . I T (  AYED 7 6  IPWA 

82 N * l / 2 1 1 7 8 0 1  FROM R I  N TO K LAMBDA 
82 1.061 ( . 03 )  ORITO 6 9  RVUE 
82 A (.16)OR .21 WAGNER Tl 
82 - . 150  .038 DEVENISH 74 
R2 [ . l O B  KNASEL 7 5  DPWA 
82 O ( - . O S I  ( .033 BAKER 77 IPWA 
R2 E ( - . 10 )  BAKER 77 DPWA 

IL175 

l l / ?5  
11/77~ 

11/78 

l l / TS  
11/77~ 

8169 
1/71 
8/~9 
2/72 

11177~ 

SQRTIPI*P2) 4 /75 
4/75 

P I -  P TO K LAMB 4/75 
O FIXED T DISP REL 4/T5 
o Pl- P TO KO CAM l i l T S  
O PI -  P ro  K LAM. 1 / 7 8 "  
O PI -  P TO K LAM. 1 / 7 8 "  

176 

Data Card Listings 
For notation, see key at front of  Listings. 

83 N*112(1780) INTE (LAMBDA KI/TOTAL (PB( 
83 8 I O . O 0 8 I T O  0 . 0 6 5  RUSH 68 MPWA T POlE + RBSON. 8 / 6 9  
83 B PAEAMETRIZATICN USED COULD BE ]h DANGER OF DOUBLE COUNTING 

R 4  N* l I 21 I180 )  INTO IN ETAIITOTAL (P3) 
84 B (0.191 B~TKE 69 MPWA T POLE + MESON. 10/69 
R4 B (O.09) (O.O51 DEANS 69 MPWA T POLE RESDN. 5/70 
84 B (O.01530R 0.035 CARRERAS 70 MPWA T POLE + RESON. 5/70 
R~ 8 PAEAMETRIZATI[R USED COULD BE IN DANGER OF DOUBLE COUNTING 

85 N*I/2117803 FRC~ GAMMA PROTON TO K LAMBBA SQRT(P2~P~) 9/73 
R5 (0 .0027)  ORITO2 69 CNTR K CAM PHOTOPRO 10/71 
R5 [0°00883 SCHORSCH 70 DPWA K LAM PHOTOPRO. 10/71 
R5 ( .OlO#l  DEANS 72 MPWA GAM P-K LM,SOL D 9/73 

R6 N*[12(17BO) FROM GAMMA PROTON TG ETA PROTON SQRT(P3~P4) 9/73 
Rb 2 ( . 0 0 7 5 )  HICKS 7 3  MPWA GAM P-ETA P 9 / 7 3  

R7  ~*I1211780) FROM Pl N TO K SIGMA SQRT[P[*P9) 9 / 7 3  
87 F ( . i T )  LANGBEIN 73 [PWA P( N-K SIG,SOL 1 9/73 
87 F (.141 LANGBEIN 73 IPWA El N-K SIG,SBL 2 9173 
87 1 (.DIE)TO .203 DEANS 75 DPWA El N TO K SIGMA i i / 75  
87 1 RANGE GIVEN IS FEOM FOUR BEST SOLUTIONS. 11175 

88 N* I IB ( ITBOI  FROM P IN  TO N'3/2(12323 PI SQRT(PI*PtO) 11/78 
R8 L ( .13(0R - . 20  LONGACRE 75 IPWA P( N TO 2PI N 11175 
RB 8 (+.173 LONGACRE 77 IPWA P IN  TO 2PI N 11177" 

89 N* I / 2 ( IT801  FROM P] N TO N RHO,S=II2,P-WAVE SORT(El*P11) I I 175  
R9 8 L (+.32108 +.20 LONGACRE 75 IRWA P IN  TO 2Pl N 11/75 
89 ( - . 19 )  LONGACRE 77 IPWA P( N TO 2P[ N 11/77" 

RIO N~I12(1780) FROM P IN  TO N RHO,S=3/2,P-WAVE SQRT(PI~PI2) 11177~ 
RIO 8 ( - .313 LONGACRE 77 IPWA # I  N TO 2Pl N 11/77~ 

A l l  N=I IB(1780]  FROM P IN  TO N ERSILON SQRTIPI=PT) 11/75 
PIT L (+. I810R +.28 LONGACRE 7 5  IPWA P IN  TO 2PI N 11/75 

I + . 26 ]  LONGACRE 77 IPWA P( N TO 2Pl N 11/77* R I I  8 

R12 N~I12(17803 FROM P IN  TO ETA N SQRT(PI~P31 11/75 
R 1 2  5 ( + . 3 8 2 J T 0  + . 3 8 3  F E L T E S S E  7 5  DPWA 0 1 4 8 8  TO 1 7 4 S  MEV 1 1 / 7 5  

RIB 5 USES M AND W OF AYED 7 6 .  NOTE THAT THIS GIVES A BRANCHING 1117T= 
RI2 5 RATIO TO ETA N DF ABOUT 80 PCT, IN STRONG DISAGREEMENT WITH i1 /75  
R I 2  5 EARLIER EXPERIMENTS. I 1 / 7 5  

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

14 N~I12[1780) PHOTON DECAY AMPC[GEV*~-I/2| 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI -  
REVIEW PRECEDING THE BARYON LISTINGS. 

AI N~ I IB I I IBO)  INTO GAM P,  HELLCITY=I/2 (GEV=~-[12) 
A1 .022 .057 OEVENISH 73 DPWA P IN  PHOTO PROD 2/74 
At + . 0 2 6  .028 MOORHOUS 73 DPWA P I N  PHOTO-PROD 2/73 
AI  - . 014  .021 DEVENIS2 74 DPWA Pl N PHOT~PROO 4/75 
A1 .022 .015 KNIES 74 DPWA P( N PHOTO PROD 2174 
A[ - . 068  .024 METCALF 74 DPWA P( N PHOTO-PROD 2174 
A1 . 0 1 6  . 0 2 5  MCORHOUS 74 OPWA P (  N P H O T O - P R O 0  2/74 
A1 +.062 .007 CRAWFORD 75 DPWA P [  N PHOTO--PROD 1/76 
A1 (+.005)  BARBDUR 76 DPWA P( N PHOTD--PROD l /Tb  
At + ° 0 5 3  . O I 9  F E L L E R  7 6  DPWA P l  N P H O T O - P R O D  Z / 7 7 .  

A1 . . . . . . . . . .  
A I  AVERAGE MEANINGLESS (SCALE FACTOR = 2 .6 )  

A2 N.112(1780] INTO GAM N, MEt(CITY=f12 (GEV* * - I / 2 )  
A2 - *028 . 0 6 7  DEVEN[SH 73 OPWA P IN  PHOTO PROD 2/74 
A2 +.027 .022 MOORHOUS 73 OPWA P IN  PHOTO-PROD 2173 
A2 - . 060  .061 DEVENIS2 74 DPWA P IN  PHOTO-PROD 41T5 
A2 .027 .015 KNIES 74 DPWA Pl N PHOTO PROD 2174 
A2 .048 .045 METCALE 74 DRWA P( N PHOTO--PROD 2174 
A2 .057 .022 MDORHOUS 74 DPWA P( N PHOTO-PROD 2174 
A2 - . 020  .DIE CRAWFGRO 75 DPWA P( N PHOTO-PROD I/TO 
A2 ( - . 010 )  BARBOUR 76 DPWA P( N PHOTO-PROD 1 / 7 6  

AB . . . . . . . . .  
A2 AVERAGE MEANINGLESS (SCALE FACTOR = L.41 

REFERENCES FOR N*I IB(17801 

DCNNACHI 68 PL 2bB 161 
ALSO 68 VIENNA 139 
ALSO 68 THESIS 

RUSH 68  PR 173 1776 

BDTKE 6 9  PR t S O  1 4 ~ 7  
DEANS 69 PR 185 1797 
ORITO 69 LNC I 9 3 6  
ORITD2 09 INS J [13 

AYED 70 KIEV CONF 
CARRERAS TO NP 168 35 
DAVIES ?O NP 821 359 
SCH~RSCH 70 NP B25 879 

WAGNER T1 NP 825 411 

ALMEHED 72 NP 840 157 
DEANS TZ PRO b i90b 

D E V E K I S H  73 EL 4 7 6  53  
HICKS 73 PRD 7 261¢ 
LANGBEIN 73 NP 853 251 
MOCRHOUS 73 PL R3B 4~ 

D E V E N I S H  74  NP B B I  3 3 0  
D R Y E r ( S 2  74  PL 5 2 B  2 2 7  

K N I E S  7 #  PRO 9 2 6 8 0  

METCALF 7 4  NP BT6  2 5 3  
MO~RHOUS 7 4  PRO 9 1 

CRAWFORD 7 5  NP B97 1 2 5  
OEANS 75  NP 896 90 
FELTESSE 75 NP 893 242 
KNASEL 75 PRO I I i  
LONGACRE 75  PL 5SB 4 1 S  

AYED 76  C E A - N - 1 9 2 1  
BAEBOUR 76  NP 8 1 1 1  3 5 8  

FELLER 76  NP B I B 4  219 
BAKER 77  NR B [ 2 6  3 6 5  
LONGACRE 77 NP 8122 493 

ALSO 76 NE B I O 8  3 6 5  

A DDNNACHIE, R G KIRSOPP, C LOVELACE ICERNIIJP 
OONNACHIE RAPPDRTEUR.S TALK (GLASI 
R G KIRSOPP (EDIN( 
J E RUSH (UNIV ALABAMA) 

J C BOTKE (UCSB) 
S DEANS, J WOOTEN (UNIV S FLORIDA( 
S ORITO,S SASAKI {TOKYO-OSAKA) 
S ORITO (THESIS) (IOKYO) 

R AYED.P BAREYRE, G VILLET (SACL(IJP 
B CARRERAS, A DONNACHIE (DARE,MCHS) 
A DAVIES (GLAS} 
+TIETGEtHEILNBOECK (MPIM) 

F WAGNER, C LOVELACE (CERN) 

+ L O V E L A C E  ( L U N O e R U T G ) I J P  
O E A N S , J A C D B S e  L Y O N S , M O N T G O M E R Y  ( S O U T H  F L A . ) I J P  

OEVENISHIRANKIN,LYTH (LGUC+BDNN+LANC}IJP 
+DEANS,JACOBS,LYONS÷ (CARN+ORNL+SOUTH FLA. I I JP  
LANGBEIN,WAGNER (MUNICHIIJP 
MEORHOUSE, OBERLACK [GLAS+LBLIIJP 

DEVENISH,FROGGATF,MARTINIDESY,NORDITAtLOUCI 
DEVENISH,LYTH,RANKIN (DESY,LANC,BONN)IJP 
KNIES,MDORHOUSE,OBERLACK (LBL.GLASIIJP 
W J METCALF,R L WALKER (C IT ) I JP  
MOORHOUSE,OBERLACK,RDSENFELD (GCAS÷LBLIIJP 

R t CRAWFORD (GLAS)IJP 
+MITCHELL,MONTGOMERY,+ [SFLAtALABAMA)IJP 
+AYED,BAkEYRE,BORGEAUD,DAVID,ERNWE]N+(SACLIIJP 
+LINDQUIST,NELSCN÷ (CHIC,WUSL,OSU,ANL(IJP 
+ROSENFELD,LASINSKI,SMADJA+ ILBL,SLAC)IJP 

AYEO (THESIS) (SACL)IJP 
I .  M. BARBOUR,R. L. CRAWFORB (GLAS)IJR 
+FUKUSHIMA,HORIKAWA,KAJIKAWA+(NAGCYA+OSAKAIIJP 
+BL[SSET,BLOODWORTH,BROOME,HART+ (RHEL)IJP 
LLNGACRE,DOLBEAU (SACL}IJP 
OCLBEAU,TRIANTIS,NEVEU,CAOIET (SACL)[JP 
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Data Card Listings 
For notation, see key at front of  Listings. 

PAPERS NOT REFERRED TO IN DATA CARDS. 

DEANS 69 PR 1 7 7  2623 S R DEANS (UNIV S FLORIDA} 
DDNNACHI 69 NP 10B 433 A O O N N A C H I E ,  R KIRSOPP ( G L A S + E D I N I  

AYED 7 0  PL 31B 5 9 8  ÷GAREYRE÷VILLET (SACLAYI 
W[NNIK 77 NP 8128 6 6  +TOAFF,REVEL,GOLD8ERG,BERNY IHA IF ) I  

THE EXISTENCE OF IH IS  RESONANCE IS WELL ESTABLISHED. 

15  N * l / 2 ( 1 B l O l  MASS (MEVI 

M 3 ( 1 8 6 0 . 0 )  DONNACHI G8 RVUE PHASE-SHIFT ANAL 5 / 6 8  
M X ( I 860 .0 }  APPROX LEA 69 CNTR PI-P ELASTIC 8 / 6 9  
M X SEE ALSO APLIN 71 
M 6 (1766.0}  AYEO 7D IPWA 1/71 
M 6 FROM ENER. DEP. FIT OF ARGAND DIAGRAM 
M 4 (1844.0}  DAVIES 70 RVUE P-S ANAL SOL A 8/69 
M A (18DO.O} WAGNER Tl IPWA PI-P TO K LAMB 1/71 
M A P13 RESONATES ONLY •N ONE OUT OF 3 POSSIBLE SOLUTIONS 
M 7 ( 1 8 5 0 . )  ALMEHED 7 2  IPWA 2/72 
M 1 ( 1 8 3 3 , )  H I C K S  7 3  NPWA GAM P - E T A  P 9 / 7 3  

I ONLY STAIRS FROM TABLE V l l  OF HICKS73 ARE INCLUDED IN LISTINGS. 9 / 7 3  

L N AND W ARE FROM SOLUTION C2,BR=SQRT(G}/W WITH G FROM TABLE V I I .  9 / 7 3  
M (1850 . I  KNASEL 7 5  DPWA O P l -  P TO KD LAM • • / 75  
M L •695. OR 1720. LDNGACRE 75 IPWA Pl N TO 2PI N 11/75 

L THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 OF LONGACRE 75. 11/75 
( [ 6 9 6 . )  AYEO 76 IPWA 1 1 1 7 7 *  

M O •1640. )  ( 10 . I  BAKER 77 IPWA O P I -  P TO K tAM. 1178# 
M E (1710. )  BAKER 77 DPWA O P• -  P TO K LAM.  •178~ 
M D THE TWO ENTRIES FOR BAKER 77 ARE FOR AN IPWA USING THE BARRELET 1 / 7 8 ~  

M E ZERO METHOD AND A CGNVENTJONAL ENERGY-DEPENDENT ANALYSIS. 1 1 7 8 .  
M 8 ( 1 7 5 0 . 1  LONGACRE 7 7  IPWA P IN  TO 2PI N t I / 7 7 *  
M 8 ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION 52. EXCEPT FOR THE POLE 11/77"  
M 8 POSITION WHICH •S FROM SOLUTIONS St AND CI ,  11177" 

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

15 N ~ 1 / 2 ( 1 8 1 0 )  WIDTH (MEV) 

~ 1 2 9 6 . 0 0 1  DONNACH1 6 8  RVUE 8/69 
( 1 8 2 . 0 }  AYED 7 0  IPWA 1 / 7 [  

W 4 (449.0)  DAVIES 70 RVUE SOL A 8 / 6 9  

W 4 SGL B GIVES 3 0 7  MEV 2/73 
w A ( 3 2 0 . 0 )  WAGNER 71 IPWA PI-P TO K LAMB • /71  
W 7 (3CO.) ALMEHED 7 2  IPWA 2172 
W l ( 2 5 0 . )  HICKS 7 3  MPWA GAM P-ETA P 9 / 7 3  
W {327 . I  KNASEL 75 DPWA O PI -  P TO KO LAM • i / 75  
W L 115. OR lEO. LDNGACRE 75 IPWA P( N TO 2PI N l l / ?5  
W (117. )  AYED 7 6  IPWA 11/77~ 
W D ( 2 D O . I  (50°)  BAKER T 7  IPWA o PI -  P TO K LAM. I /T8~ 
W E (500. )  BAKER 77 DPWA O P I -  P TO K tAM. 1178" 
W 8 ( 130 . l  LONGACRE 77 IPWA P IN  TO 2Pl N 11177~ 

SEE THE NGTES ACCOMPANYING THE MASSES QUOTED 

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

L5 N~112(1810) REAL PART OF POLE POSITION (HEV} 11175 

RE [1716. )  LONGACRE 7 5  IPWA Pl N TO 2 P I  N 1 1 1 7 5  
RE 8 1745. 08 1748. LQNGACRE 77 IPWA P IN  TO 2PI N 11/77" 

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

15 N ~ I / 2 1 1 8 L O }  2~IMAG PART OF POLE PDSITION (MEV) l l / 75  

IM (124.)  LONGACRE 75 IPWA P IN  TO 2PI N 11/75 
IM 8 135. OR 123. LONGACRE 77 IPWA P IN  TO 2PI N 11/77.  

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

15 N* I / 2 ( IB lO )  PARTIAL DECAY MODES 

DECAY MASSES 
P1 N ~ I / 2 ( I B I O )  INTO P~ N 139÷ 9 3 8  
P2 N~I /2 I I 81O}  INTO LAMBDA K •115+ 497 
P3 N~ I /2 (1810 I  INTO N ETA 939+ 5 4 8  
P4 N* I / 2 (1810 )  INTO N PI PI 9 5 8 +  139÷ 139 
P5 N~I/2(1810) INTO GAM P,HELICITY=3/2 o+ 9 3 8  

Pb N~I /2(1810)  I N T O  G~N P,HELIC[TY=I/2 Of 938 
P7 N~I/2(181O} INTO GAM N.HELICITY=3/2 o ÷  9 3 9  
P8 N* I / 2 ( IB IO )  INTO GAM N,HELICITY=I/2 o ÷  939 
P9 N~1/2(1810) INTO SIGMA K 493÷1189 
PIO N~ I I 2 ( I 810 )  INTO N RHO,S=II2.P-WAVE 9 E 8 +  776 
P l l  N~ I IE ( I~ IO ]  INTO N RHO.S=3/2,P-WAVE 938+ 7 7 6  

P 1 2  N~I /2 ( I81O)  INTO N ~ 3 / 2 ( 1 2 3 2 1  El.P-WAVE 1232+ 139 
P 1 3  N ~ I / 2 ( I B I O I  INTO N EPSILON 938+1300 

___~_  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

15 N~L/2( I8101 BRANCHING RATIOS 

RI N*I /2(18101 INTO (Pl  N)/TOIAL 
RI 3 (0 .21)  DONNACH1 68 
R I  6 70 ( 0 . 1 4 9 1  AYED 
R1 4 (0 .40 )  DAVIES 7 0  
RI 7 ( 0 . 2 5 )  ALMEHED 72 
R} ( . 1 4 )  AYED 7 6  

R2 N ' I / 2 (1810 }  •NTO (LAMEDA K}/TOTAL 
R2 B (O.OLA)TO 0.16 RUSH 68 
R2 8 PARAMETR[ZATION USED COULD BE IN DANGER OF 

R3 N~1/2(1810) INTO ( N  ETA)/TOTAE 
R3 B ( 0 . 0 3 6 ~ }  80EKE 6 9  

R3 E TO.DO31 (O.OO3) DEANS 6 9  

R3 E ( O . O 3 0 I D R  0.094 CARRERAS 7 0  
R3 B PA~AMETRIZATIGN USED COULD 8E IN DANGER OF 

R~ N~ I I 2 ( •8 tO )  FROM P( N TO K LAMBDA 
R~ A ( . I 2 )  ~AGNER 7 •  

R~ - . 0 6 7  . 0 3 3  D E V E N I S H  7 4  
R4 ( . • 3 )  KNASEL 7 5  
R 4  D ( - . O h )  ( . 0 2 l  BAKER 7 7  
R4 E ( - , 0 9 }  BAKER 77 

(P I )  
RVUE 8 / 8 9  

IPWA • / 7 1  
RVUE SOL A 8 / 0 9  
IPWA 2/72 
IPWA • l / 7 7 "  

(P2~ 
MPWA POLE + RESON. 8 / 6 9  
DOUBLE COUNTING 

(P3~ 
MPWA POLE + RESON. 10/69 
MPWA T POLE + RESON. SITO 
MPWA T POLE + RESDN. 5 / 7 0  

DOUBLE COUNTING 

SQRTIPI*P2) ~/75 
IPWA P I -  P TO K LAMB 4 / 7 5  

O EIXED T DISP REL 4 / 7 S  
DPWA 0 P I -  P TO KO LAM • 1 / 7 5  
IPWA 0 P I -  P TO K LAM. 1 / 7 B ~  
DPWA O P I -  P TO K LAM. 1 /78"  

Baryon,, 
N( B O' 

R5 N* I / 2 (1810 )  FRDM GAMMA PROIDN TO K LAM8DA SQRTtIP5÷PO}*P2) 9/73 
R5 ( .0082]  DEANS 72 MPWA GAM P-K LM,SOL D 9/73 

Rb N * • / 2 ( I B I O J  FROM GAMMA PROTON TO ETA PROTON SQRT(IPS÷P6I*P3) 9 / 7 3  
R6 • ( . 0 0 5 2 ]  H I C K S  7 3  MPWA GAM P - E T A  P 9 / 7 3  

87 N~I /2(1810)  FROM P( N TO K SIGMA SQRT(P•tP9) 11/75 
R7 2 (.0511T0 .087 DEANS 71 DPWA P( N TO K SIGMA • • /T5  
R7 2 RANGE GIVEN IS FROM FOUR BEST S~LUTIONS. 11/71 
R7 2 D E A N S 7 5  DISAGREES WITH P l t  P TO K + SIGMA+ DAIA OF WIHNIK77 [ / 78 .  
R7 2 AROUND 1 9 2 0  N E V .  1 1 7 8 "  

R8 N*L/2(18IOJ FROM P• N TO N RHO,S=I/2,P-WAVE SQRTIP•~PIO) I 1 / 75  
R8 8 L ( - .35 )0R -.~O LONGACRE 75 IPWA P( N TO 2Pl N 11/75 
RB (+.2G} LONGACRE 77 IPWA Pl N TO 2PI N 11/T7" 

R9 N~ l /2 (1810I  FROM PIN TO N RHO,S=3/2,P-WAVE SQRT(PI~PI•) 11177" 
R9 8 ( - . • 5 )  LONGACRE 77 •PNA Pl N TO 2Pl N 11/77# 

RIO N#1/2118•0) FROM P( N TO N*3/2(•232)PI ,P-WAVE SQRT(P•~P•21 I I 177 "  
RlO 8 (÷ .17 )  LONGACRE 77 IPWA P• N TO 2P[ N 11/77"  

N i l  N '1 /2 (1810 l  FROM P( N TO N EPSILON SQRT(PI*PIEI 11/77" 
Rl1 8 (÷ .19)  LONGACRE 77 IPWA P IN  TO 2PI N 11/77~ 

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

15 N'112(1810) PHOTON DECAY AMPL(GEV==-•/E} 

FOR DEFINITION OF GAMMA-NUGLEON DELAY AMPLITUDES, SEE WINI-  
REVIEW PRECEDING THE BARYEN LISTINGS. 

A1 N=I /2 (1810 l  INTO GAM P. HELICITY=II2 (GEV~* - I /2 )  
AI  - . 022  .094 DEVENISH 73 OPWA P IN  PHOTO PROD 2/74 
AI  .025 . 0 3 4  DEVENIS2 74 DPWA P( N PHOTO-PROD 4/75 
A1 - . 004  .032 KNIES 74 DPWA P IN  PHOTO PROD 2/7~ 
A1 .O .025 METCALF 74 DPWA Pl N PHOTO-PROD 2/T~ 
A( +.022 .012 ERAWFORD 75 OPWA P( N PHOTO-PROD 1 / 7 6  
A1 I÷ .086 )  BAR8DUR 76 DPWA P( N PHOTO-PROD •176 
A I  . . . . . . . . .  
A• AVERAGE MEANINGLESS (SCALE FACTOR = 1.01 

A2 N*1/E(1810) INTO GAM Pt HELICITY=3/2 (GEV~-L /2 I  
A2 - .001  .106 DEVENISH 73 DPWA P IN  PHOTO PROD 2/74 
A2 - . 0 8 1  . 0 5 7  D E V E N I S 2  ? A  DPWA P I N  P H O T O - P R O D  ~ / T 5  

A2 - . 006  . 0 3 0  KNIES 7 A  DPWA P IN  PHOTO PROD 2/74 
A2 .O .022 ME?CALF 74 DPWA El N PHOTO-PROD 2174 
A2 - . 0 • 6  . 0 • 6  CRAWFORD 7 5  DPWA PIN PHOTO-PROD 1/76 
A2 ( - . 060 )  BARBOUR 7 6  OPWA P IN  PHOTO-PROD 1 / 7 6  

A2 . . . . . . . . .  

A2 AVEBAGE MEANINGLESS (SCALE FACTOR = 1.o)  

A3 N~112(18101 INTO GAM N, HELICITY=I/2 (GEV~=-I /2}  
A3 .132 .173 DEVENISH 73 DPWA P( N PHOTO PROD 2/74 
A3 .OI3 .045 OEVENIS2 74 DPWA P( N PHOTO-PROD 4/75 
A3 .OI4 .014 KNIES 74 OPWA P I N  PHOTO PROD 2/7A 
A3 .O .050 METCALF 74 DPWA P IN  PHOTG-PROD 2/74 
A3 - . 0 3 7  . 0 2 2  CRAWFORD 7 5  DPWA P l  N P H O T O - P R O D  • / 7 6  

A3 (-.O2O} BARBGUR 76 DPWA P IN  PHOTO-PRDD I /T6  
A3 . . . . . . . . .  
A3 AVERAGE MEANINGLESS (SCALE FACTOR = t . • I  

A4 N~112(1810) INTO GAM N~ HELICITY=3/2 (GEV~#-I /2)  
A4 .OEO .133 DEVEN•SH 73 DPNA Pl N PHOTO PROD 2/74 
A~ - . 083  .O9O OEVENIS2 7A DPWA P( N PHOTO-PROD 4/75 
A4 -.DOE .025 K N I E S  74 DPWA P IN  PHOTO PROD 2174 
A4 .O .044 MEICALF 7~ DPWA Pl N PHOTO-PROD 2/74 
A4 - . 038  .015 CRAWFORD 75 OPWA P( N PHOTO-PROD 1176 
A~ ( + . 0 4 6 )  BARBOUR T 6  DPWA Pl N PHOTO-PROD 1 / 7 6  
A4 . . . . . . . . .  
AA AVERAGE MEANINGLESS (SCALE FACTOR = l .O )  

REFERENCES FOR N ~ l I 2 ( • 8 1 0 }  

DONNACHL 68 PL 268 16• A OONNACHIE, R G KIRSOPP, C LOVELACE (DERN)IJP 
ALSO 68 VIENNA 139 DONNACHIE RAPPORTEUR.S TALK (GLAS} 
ALSO 68 IHESIS R G KIRSOPP (EOIN) 

RUSH 6 8  PR L73 1776 J E RUSH (UNIV ALABAHAI 

8DIKE 69 PR 180 I 41 l  J C 80TKE (UCSB) 
DEANS 69 PR 185 1797 S DEANS, J WGOTEN (UNIV S FLORIDAI 
LEA 6 9  PL 2 9 8  5 8 4  L E A , O A D E S , W A R O , E O W A N , ÷  ( R H E L , B R I S T O L , D A R E I  

AYED 70 K•EV CONF R AYEOtP BAREYPE, G VILLET [SACL)IJP 
CARRERAS 70 NP I6B 35 B CA8RERAE, A DDNNACH•E {DARE,MCHSI  
DAVIES 70 NP 821 359 A DAVIES (GLAS} 

WAGNER 71 NP 825 41• F WAGNER. C LOVELACE (CERN) 

ALWEGED 72 NP 840 157 +LOVELACE (LUND,RUTG)IJP 
DEANS 72 PRD 6 1906 DEANS,JADOBS. LYONS,MONTGOMERY (SOUTH FLA. ) I JP  
DEVEN•SH 73 PL 478 53 DEVENISH.RANKIN,LYTH ILOUC+BONN+LAND}IJP 
HICKS 73 PRD 7 2814 +DEANS,JACOES.LYGNS÷ (CARN÷ORNL+SOUTH FLA. I I JP  

DEVEN•SH 74 NP B8L 330 DEVEN[SH,FROGGATF,MARTIN(DESY,NORDITA,EOUC) 
DEVEN•S2 74 PL 528 227 DEVENISH,LYTH,RANKIN (DESY,LANC.BONN)IJP 
KNIES 74 PRO 9 2680 KNIES,MOORHOUSE,OBERLACK (LBL,GLASIIJP 
METCALF TA NP B 7 6  253 W J NETCALF.R L WALKER IC IT ) I JP  

CRAWFORD 75 NP 897 125 R L CRAWFORD (GLAS)IJP 
DEANS 75 NP 896 9 0  ÷MITCHELL,MONTGOMERY.÷ (SFLA,ALABAMA)IJP 
KNASEL 75 PRO [ I  • ÷L INDQUIST~NELSON÷ (CHIC,WUSL,DSU,ANL}IJP 
LCNGACRE 75 PL 55B 415 ÷ROSENFELD,LAS•NSKI,SMADJA÷ (L8L,SLAC)IJP 

AYEO 76 CEA-N-192• AYEO (THESIS} (SACL)IJP 
BARBOUR 76 NP B i t •  358 I .M .  BARBOUR,R. L. CRAWFORD (GLASI•JP 
BAKER 77 NP BI26 3 6 5  ÷BLISSET.8LOODWORIH,BROOME,HART÷ (RHEL)IJP 
LONGADRE 77 NP B•22 4 9 3  LLNGACRE,DOLEEAU (SACLIIJP 

ALS~ 76 NP BED8 3G5 DOLBEAU,TRIANTIS,NEVEU.CAD•ET (SACLHJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

DEANS 6 9  PR • 7 7  2 6 2 3  S 8 DEANS (UNIV S FLORIDA) 
DENNAGH[ 69 NP lOB 433 A DONNACHIE, R KIRSOPP (GLAS+EOIN) 

AYEO 70 PL 310 598 +EAREYRE,VILLET (SACLAY) 
APLIN 71 NP 832 253 ÷COWAN,GIBSON,G•LNORE+÷ (RHEL,BRISTOL) 
MA 76 PRO 13 3027 E. MA,D. L. SHAW (OREG÷UCI)•JP 
WINNIK 77 NP B118 6 6  +TOAFF,REVEL,GOLOBERG,GERNY (HA IF } I  



Baryons 
N(1990), N(~000), N(~040) 
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Data Card Listings 
For notation, see key at front of  Listings. 

, . . . . . . . . . . . . . . . . . . . . . . . . .  

> 
17 N*1 /211990 )  MASS (MEVI 

M B ( lqB3.O) OONNACHI 68  RVUE PHASE-SHIFT  ANAL 

M 3 (1995.)  RIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
M 3 WHERE MAX. ABSORPTION IS -DONNACHI, 2 ,KIRSOFP EYEBALL FIT CERN I 10/69 
M X (2ODD.Of APPROX LEA 69 CNTR PI-P ELASTIC 8169 
M X SEE ALSO APLIN 71 
M 7 I2OOO.I ALMEHED 72 IPWA 2/72 
M H ( [ 970 . )  HICKS 7B MPWA GAM P-ETA P 9173 
M H ENLY STATES FROM TABLE V I I  OF HICKS73 ARE INCLUDED IN LISTINGS. 9173 
M H M AND W ARE FROM SOLUTIEN C2tBR=SQRT(G)IW WITH G FROM IABLE V I I .  9173 
M i ( 1960 . I  LANGBEIN 73 IPWA P I  N-K SIG,SOL i 9/73 
M 1 NOT SEEN IN SOLUTION 2 OF LANGBEIN73 9/73 
M [ DEANS75 AND LANGGEINT3 DISAGREE WITH PI÷ P TO K÷ SIGMA* DATA OF E178" 
M 1 WINNIK77  AROUND 1920 MEV. 1 /78 ,  
M (2049.)  AYED 76  IPWA 11177* 

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

I7 N* I I 2 {1990 I  WIDTH IMEVI 

W B (225 .0 I  DONNACHI 66 RVUE 8169 
W 3 (250 . )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 

T (20O.I  ALMEHED 72 IPWA 2/72 
H (300. )  HICKS 73 MPWA GAN P-ETA P 9/73 

W i l i TO . )  LANGBEIN 73 IPWA PI N-K SIG,SOL i 9 /73  
w I l l 9 . 1  AYEO 76 IPWA I1 /77~  

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

17 N* I /211990}  PARTIAL DECAY HOOKS 

DECAY MASSES 
Pl N* I12(1990)  INTO P( N 139+ 938  
P2 N*112(19901 INTO N P( PI 9 3 8 e  139" 139 
P3 N~ I I 2 I I g901  INTO N ETA 939÷  548  
F4 N.112(1990) INTO LAMBDA K 1115÷ 497  
P5 N~ I I 2 I I 99D I  INTO DAM P,HELICITY=3/2 O~ 938 
P6 N~I12(19901 INTO GAM P,HELICITY=I/2 O÷ 938 
P7 N* I /2(19BO) INTO GAM N,HELICITY=3/2 o÷ 939 
P8 N,1/211990) INTO GAM N,HEL[CITY=[/2 O÷ 939 
P9 N~I/2(IgBOl INTO K SIGMA 493+1189 
.................................................................. 

17 N~112 (1990 )  BRANCH[NG RATIOS 

RI N* t I 2 (1990 I  INTO (PI  NIITOTAL (P l )  
RL 3 1.09) KIRSOPP 68 RVUE PHASE SHIFT ANAL 10169 
RI 7 (0 .15 )  ALMEHED 72 IPWA 2172 
RI ( . 06 )  AYED 76  IPWA 11 /77 "  

R2 N~I/2(1990) INTO (N ETA)/IOTAL IF3 )  
R2 B (O.021 (0 .02)  DEANS 69 HPWA T POLE + RESON. 5/70 
R2 B PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

R3 N'112(19901 FROM GAMMA PROTON TO K LAMBDA SQRT((PS+P6I~P4) 9173  
R3 .0034 DEANS 72 MPWA GAM P-K LM,SOL D 9/73 

R4 N*E/2I I9901 FROM GAMMA PROTON TO ETA PROTON SQRT(IPB+P6ITP3) 9173 
R6 H ( .0045)  HICKS 7 3  MPWA DAM P-ETA P 9/73 

R5 N'112(19901 FROM Pl N TO K SIGMA SQRT(PI*PgI 9173 
R5 I I .Ob}  LANGBEIN 73 IPWA Pl N-K SIG,SOL 1 9173 
R5 2 I .OIOITO .023 DEANS 75 DPWA El N TO K SIGMA 11175 
R5 2 RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 11 /75  

R6 N=112(1990I FROM P IN  TO K LANBDA SQRT(PI~P~) 4175  
R6 - . 021  .033  DEVENISH 74  O FIXED T OISP REL ~175 

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

17 N*112(1990) PHOTON DECAY AMPL(GEV~*-L/21 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE m IN I -  
REVIEW PRECEDING THE BARYON LISTINGS. 

A I  N~ l /B ( I 990 I  INTO GAM P, HELICITY=I/2 (GEV*~-I/2) 1/76 
A I  I + . 011 )  BARBOUR 76  DPWA P IN  PHOTO-PROD 1 /76  

A2 N*I/2II990~ INTO GAM P, HELICITY=3/2 (GEV~-II21 1176 
A2 I-.OOB) BARBOUR 76 DPWA P l  N PHOTO-PROD 1 /76  

A3 N~L /2 I I ggO)  INTO GAM N, HELICITY=I/2 IGEV~*- I /21 1176 
A3 ( - .0991 BARBOUR 76 DPWA Pl N PHOTO-PROD 1176 

A4 N*I12(1990)  INTO GAM N~ HELICITY=BI2 {GEV**-L/2)  1/76 
A4 ( - . 070 )  BARBOUR 76  DPWA P IN  PHOTO-PROD [176  

REFERENCES FOR N* I / 2 I I 9qO I  

DENNACHI 68 PL 26B 161 A DONNACHIE, R G KIRSOPP, C LOVELACE (CERN)IJP 
KIRSOPP 6B THESIS R G KIRSOPP (EOINI 

DEANS &9 PP 185 1797 S DEANS~ J WOOTEN (UNIV S FLORIDA) 
LEA 69  PL 29B 584  LEA,OADES~WARD,C~WAN,÷ IRHEL~BRISTOL,OAREI 

ALMEHED 72 NP B~O 157 ,LOVELACE (RUTG)IJP 
DEANS 72 PRO 6 1906 DEANS,JACOBS, LYONS,MONTGOMERY (SOUTH FLA . I I JP  
HICKS 73 PRO 7 2614 *DEANS,JACDBS,LYONS+ ICARN+ORNL*SDUTH FLA . ) I JP  
LANGBEIN 73 NP B53 251 LANGBEIN,WAGNER (MUNICH)IJP 

DEVENISH 74 NF BBI  330  DEVENISH,FROGGAIT,MARTINIDESY,NORDITA,LOUC) 
DEANS 75 NP 896 90  +MITCHELL,MONTGOMERY,÷ [SFLA,ALABAMAIIJP 

AYFO 76 ERA-N-1921 AYED (THESIS] (SACLIIJP 
BARBOUR 76 NP BIll 358 I .M .  BARBOUR,R. L .  CRAWFORD (GLASIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

DEANS 69 PR 177 2623  S R DEANS (UNIV  S FLORIDA I  
AYED 70 PL 3 lE  598 +BAREYRE,VILLET ISACLAY) 
APLIN 71NP B32 253 +COWAN,GIBSON,GILMORE*+ (RHEL,BRISTOLI 
MA 76 PRO 13 3 0 2 7  E. MA,G. L .  SHAW (OREG÷UCI)IJP 

WINNIK 77 NP 8128 66 ÷TOAFF,REVEL,GDLDBERG,BERNY (HA IF ) I  

IN( OOO)l . . . . . . . . . . . . . . . . . . . . . . . . . .  

> 

06 NmI I2(2000I  MASS (MEV] 

W 7 (2175. I  ALMEHED 72  IPWA 2/72 

M ( I 930 . )  DEANS 72 MPWA GAM P-K LM,SOL D 9/73 
M [ (1970. ]  LANGBEIN 7B IPWA P( N-K SIG,SOL 2 9/73 
M [ NOT SEEN IN SOLUTION [ OF LANGBEIN73 9173 
M I2025 . }  AyED 76  IPWA 11177*  

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

06 N*[12(20OOI WIDTH (MEV) 

W 7 (150o) ALMEHED 72 IPWA 2•72 
W (112. )  DEANS 72 MPWA GAM P-K LM,SOL n 9173 
W 1 (170. )  LANGBEIN 73 IPWA Pl N-K SIG,SOL Z 9173 
W (157.}  AYED 76  IPWA 11177* 

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

06 N~I/2(2ODO] PARTIAL DECAY MODES 

DECAY MASSES 
PI  N*1 /2 (2000 )  INTO P IN  139÷ 938  
P2 N*II2(2OOOI INTO LAMBOA K I l l 5+  497 

O+ 958  P3 N~ I / 2 (200O)  INTO GAM P,HELICITY=312 
P4 N~[/2(2OOO) INTO DAM P,HELICITY=I/2 O+ 938  
P5 N*I/2(2OOOI INTO DAM N,HELICITY=B/2 0+ 939 
P6 N*WZI20OOI  INTO GAM N,HELICITY=II2 o+ 939  
P7 N~I/BIBOOO) INTO K SIGMA 493,1189 

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

O6 N*II2(2OOO) BRANCHING RATIOS 

RI N' l IB(BOO0) INTO (P[ N)/TOTAL (PL) 
RI 7 (0 .25)  ALMEHED 72 IPWA 2172  
R I  I .OB)  AYED 76  IPNA 11 /77~  

R2 N*II2120OO) FROM GAMMA PROTON TO K LAMBDA SQRT((P3+P4)*P2) 9173 
R2 ( .0022)  DEANS 72 MPWA GAM P-K LM,SOL O 9173 

R3 N* l / 2 (200D)  FROM P IN  TO K SIGMA SQRT(PI*P7I 9173 
R3 I ( . 05 )  LANGBEIN 73 IPWA PI N-K BIG,SOL 2 9173 
R3 2 1.022) DEANS 75 DPWA P IN  TO K SIGMA [ t / TS  
R3 2 VALUE GIVEN IS FROM SOLUTION 1, NOT PRESENT IN SOLUTIONS 2 ,3 ,4 .  I I / 75  

REFERENCES FOR N* I I 2 (2000 I  

ALREHED 7E NP B~O 157 ,LOVELACE (RUIG)IJP 
DEANS 72 PRO 6 1906 DEANS,JACOBS, LYONS,MONTGOMERY (SOUTH FLA . I I JP  
LANGBEIN 73 NP 853 251 LANGBEINtWAGNER (MUNICHIIJF 
DEANS 75 NP 896 90  +MITCHELL,MONTGOMERY,÷ (SFLA,ALABAMAIIJP 
AYED 76 ERA-N-1921 AYED (THESIS) (SACL)IJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

MA 76 PRO I3  3027  E. MA,G. L .  SHAW (OREG+UCIIIJP 

l (eogo)l . . . . .  ........... , . . . .  

) 

16 N*I12(2040)  MASS (MEV) 

M 3 (2OPT.O) DONNACHL 68 RVUE PHASE-SHIFT ANAL 6/68 
M 3 (2030.)  DONNACH2 68 RVUE PHAS.SHIFT-CERNI 10/69 
M 3 (2040. l  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10169 

WHERE MAX. ABSORPTION IS -DONNACH[, 2 ,KIRSOPP EYEBALL FIT CERN I 10169 M3  
M X I2030 .0 )  APPROX LEA 69 CNTR PI-P ELASTIC 8/69 
M X SEE ALSO APLIN 7[  

T (2075.1 ALMEHED 72 IPWA 2 /72  
I (2090. }  HICKS 73 MPWA GAM P-ETA P 9173 

M I ONLY STATES FROM TABLE V I I  OF HICKSTB ARE INCLUDED IN LISTINGS. 9 /T3  
M I N AND N ARE FROM SOLUTION C2tBR=SQRT(GIIW WITH G FROM TABLE V I I .  9173 
M (2029.1 AYED 76 [PWA i i / 77 "  

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

16 N*112(20401 WIDTH IMEVI 

W (293.0)  DONNACH! 68 RVUE 8169 
W 3 I 290 . )  00NNACH2 68  RVUE PHAS.SHIFT-CERN1 10169  
w 3 ( 240 . I  RIRSOPP 68 RVUE PHASE SHIFT ANAL I0169 

7 (15O . I  ALMEHFD 72  IPWA 2172  
I (224. )  HICKS 73 NPWA GAM P-ETA P 9173 

W ( I 16 . ]  AYED 76 IPWA 11177*  
SEE THE NOTES ACCOMPANYING THE NASSES QUOTED. 

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

16 N~I12(2040) PARTIAL DECAY MODES 

DECAY MASSES 
P [  N* I / 2 (20#O)  INTO P(  N I 30+  938  
P2 N*E /2 (204O l  INTO N P( PI 938+ 139+ I 39  
P3 N '1 /2 (2040 I  INTO N ETA 939+  548  
P4 N'112(2040) INTO LAMBOA K 1115+ 497 
PB N~ I / 2 (2O~O)  INTO GAM P ,HEL IC ITY=3 /2  O+ 938  
P6 N~1/2(BO40I INTO GAM P,HELICITY=I/2 O+ B3B 
P7 N*1 /2120401  INTO GAM N,HELICITY=312 O+ 939  
P8 N* I I21204Ol  INTO GAM N,HEL IC ITY~ I / 2  O* 939 
PB N*112(2040I INTO SIGMA K 493*1189 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of Listings. 

16 N* l lE I2040 )  BRANCHING RATIOS 

R I  N * 1 2 2 ( 2 0 4 0 1  INTO (PI  N ) / T O T A L  (P1) 
RI 3 ( . 26 }  DONNACH2 6 8  RVUE PHAS.SHIFT-CERNI 10169 
Rl 3 ( . 15 )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
R[ 7 ( 0 . 3 )  ALMEHED 72 IPWA 2/72 
RI  ( . I O )  AYED 7 6  IPWA 1 1 1 7 7 *  

R2 N*I12(2040)  INTO IN ETA)/TOTAL ( P 3 1  
R2 B (O. ]  DR 0.009 CARRERAS 70 MPWA T POLE + RESON. 5170 
R2 B PARAMEIRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

R3 N* I / 2 (2040 )  FROM GAMMA PROTON TO K LAMBDA SQRT(IPS+PE)*P~I 9 / 7 3  
R3 1.0070) OEANS 7 2  MPWA GAM P - K  LM,SOL D 9 1 7 3  

R4 N * [ / 2 ( 2 0 4 0 1  FROM GAMMA PROTON TO ETA PROTON SORT(IBM*PET*P3) 9173 
R4 i ( . oo37 I  HICKS 7 3  MPWA GAM P-ETA P 9 / 7 3  

R5 N*i12(20~0) FROM P IN  TO K SIGMA SQRT(PI*P9) 11175 
R5 2 { .014)T0 .037 DEANS 75 DPWA P IN  TO K SIGMA 11175 
R5 2 RANGE GIVEN IS FRCM FOUR BEST SOLUTIONS. I 1 / 7 5  

R5 2 DEANS75 DISAGREES WITH PI+ P TO K+ SIGMA+ DATA OF WINNIKT? I178*  
R5 2 AROUND 1 9 2 0  N E V .  l l T B *  

l a  N*I /2(20401 PHOTON DECAY AMPLIGEV**- I I2)  

FOR OEFINIIION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI -  
REVIEW PRECEDING THE BARYON LISTINGS. 

An N * I / 2 ( 2 O A O I  INIO GAM P ,  HELIL ITY=I I2  (GEV* * - I /B )  
AT .026 .052 OEVENIS2 7 4  OPWA Pl N PHOTO-PROD 

A2 N*[12120401 I N T O  GAM P, HELICITY=3/2 (GEV* * - I I 2 )  
A2 .12B .057 DEVENIS2 74 DPWA P[ N PHOTO-PROD 

A3 N'1/2120401 INTO GAM N, HELICITY=I/2 (GEV* * - I I Z I  
A3 .053 .083 OEVENIS2 74 OPWA P IN  PHOTO-PROD 

A4 N*I12120401 INTO GAM N, HELICITY=312 (GEV* * - I I 2 I  
A4 .TO0 *141 DEVENIS2 74 DPWA P IN  PHOTO-PROD 

REPERENCES FOR N ' 1 / 2 1 2 0 4 0 ]  

DONNACHI 6 8  PL 260 1 6 I  
DONNACH2 68 VIENNA 1 3 g  

KIRSEPP 68 THESIS 

LEA 69 PL 29B 58~ 

CARRERAS 70 NP 16B 35 

ALME~ED 72 NP 0#0 157 
DEANS 72 PRD 6 [906 
HICKS 73 PRD 7 261~ 

DEVENIS2 7~ PL 520 GO7 
DEANS 75 NP 096 90 
AYED 7 6  LEA-N-1921 

OONNACHI 69 NP lOB 433 
AYED 70 PL 31B 598 
APLIN 71 NP 032 253 
MA 76 PRO 15 3027 
WINNIK 7 7  NP B I 2 8  6 6  

A DENNACHIE, R G RIRSOPP, C LOVELACE (CERN)IJP 
DENNACHIE RAPPORTEUR.S TALK (GLAS) 
R G KIRSOPP IEDIN) 

LEA,OADES,WARD,COWAN,÷ [RHEL,BRISTOL,DARE) 

B CARRERAS, A DONNACHIE [DARE,MCHS)  

+LOVELACE (LUND,RUTGIIJP 
DEANS,JAOOBS, LYONS,MONTGOMERY ISOUTH FLA. ) I JP  
+DEANS,JACOBS,LYONS÷ ICARN÷DRNL*SOUTN FLA . ) I JP  

DEVENISH,LYTH,RANKIN (DESY,LANC,BONNIIJP 
÷MITCHELL,M~NTGDMERY,÷ ISFLA,ALABAMAIIJP 
AYED (THESIS{ (SACLIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

A DDNNACHIE, R KIRSOPP IGLAS÷EDIN) 
• BAREYRE,VILLET ISACLAY) 
+COWAN,GIBSON,GILNDRB~÷ (RHEL,BRISTOL) 
E. MA,G. L .  SHAW (OREG+UCI)IJP 
÷TOAFE,REVEL,GOLDBERG,BERNY (HA IE I I  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

IN( zoo)l . . . . . . .  , . . . . . . . . . . . . . . . . . .  
> 

4 1 7 5  

4 1 7 5  

4 1 7 5  

4 / 7 5  

04 N* i I 2 (2100 )  MASS (MEV) 

M 12O70.1 ROYCHOUO 7E OPWA 3 / 7 2  

N 7 (2100.)  AL½EHED 72 IPWA 2172 
N (228D.) AYED 7 6  IPWA 11/77"  

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

O~ N* I I 2 (2100 I  WIDTH (MEV) 

W 7 ( 2 0 0 . 1  ALMEHEO 7 2  IPWA 2 / 7 2  
w ( 3 2 0 . )  AYED 7 6  IPWA L [ / 7 7 "  

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

0 4  N * I / Z ( 2 1 O O I  P A R T I A L  DECAY MODES 

DECAY MASSES 
P I  N ' 1 / 2 ( 2 1 0 0 {  INTO P l  N 1 3 9 ~  9 3 8  

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

0 4  N*[12(2IOO) BRANCHING RATIOS 

RE N ' t / 2 (2100 }  INTO (P I  N)/FOTAL IP I )  
RE 7 ( 0 . 5 )  ALMEHED 72 IPWA 2•72 
RI  1 . 1 5 |  AYEO 76 IPWA 1 1 / 7 7 .  

* * * * * *  * * * * * * * * *  * * * * * * * * ,  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * ,  

REFERENCES FOR N ' 1 / 2 ( 2 1 0 0 )  

R~YCHOUD 71NP BZT 125 R K ROYCHOOOHURY,B H BRANSDEN (DURH)IJP 
ALMEHEO 72  NP B~O 1 5 7  ÷ L O V E L A C E  ( L U N D , R U T G ) I J P  
AYED 7b  CEA-N-1921 AYED (THESIS{ (SACLIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

MA 76 PRD IB 3027 E. MA,G. L. SHAW IOREG+UCI)IJP 

Baryon, 
N(2040), N(2100), N(2190 

i (  oo)1 . . . . . . . . . . . . . . . . . . . . . . . . . .  

> 

05 N*t12121001 MASS (MEVI 

M 7 {2100.)  ALMEHED 72 IPWA 2172 
M (2076.1 AYED 76 IPWA [ I / 77 .  
M E { I B T O . )  BAKER 7 7  DPWA O P I -  P TD K L A M .  l / T O *  
M E IN ADDITION TO THE LISTED PARAMETERS OBTAINED IN A DPWA, BAKER 77 I178.  
M E SEE A POSSIBLE EFFECT ABOVE 2000 MEV IN AN IPWA. I178 .  

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

05 N* I / 2 lB lO01  WIDTH (MEV) 

W 7 (150.1 ALMEHED 72 IPWA 2/72 
W {206. )  AYEB 76 IPWA 1I 177# 
W E ( 5 3 . 1  BAKER 17 DPWA 0 P I -  P TO K LAM. 1/78"  

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

05 N*[12[21OO) PARTIAL DECAY MODES 

DECAY MASSES 
P l  N*l l2[21OO) INtO P IN  [39+ 938 
P2 N* l l 2 [ 2 IOO l  INTO LAMBDA K I l l 5 *  497 

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

05 N* l /212[O0)  BRANCHING RATIOS 

Rl N * I / 2 ( 2 1 0 0 1  INTO (P I  N)ITOTAL (P I )  
Ri 7 ( 0 . 2 I  ALMEHED 7 2  IPWA 2172 
RI ( . 09 )  AYED 76 IPWA i i / 77 "  

R2 N'E l2 (2100}  FROM P IN  TO LAMBDA K SQRTIPI*P21 
R2 E (--.Obl BAKER 77 DPWA 0 P I -  P TO K LAM. 1 /78"  

REFERENCES FOR N ' I /B12100 ]  

ALMEPED 72 NP B40 I57 +LOVELACE (LUND,RUTG)IJP 
AYED 76 LEA--N-1921 AVED (THESIS} (SACL)IJP 
BAKER 77 NP BI26 B6B ÷BLISSET,BLOOUWORTH,BRODME,HART÷ IRHEL}IJP 

PAPERS NOT REFERRED TO IN DATA LARDS* 

HA 76 PRD [B  3027 E. MA,G. C. SHAW [OREG+UCI)IJP 

XXXXXXXXXX 

BUMPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ISR {DE KERRET T 6 ) .  FHE ENHANCEMENT SHOWS UP MORE 
CLEARLY WHEN EVENTS CORRESPONDING 70 TRANSVERSAL DECAYS 
OF THE IN P I * )  SYSTEM ARE SELECTED, CONIRARY TO WHAT 

WOULD BE EXPECTED FOR A DIFFRACTIVE-LIKE EFFECT. 

114 N*[12121001 MASS {MEVI {PROD. EXPERIMENTS) 

ZI4M 2tOO. BE KERRET 76 ISR + Pin PI÷)E*=45GE 

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

1E4 N*l/2(21OO) PARTIAL DECAY MODES IPROD. EXP.I 

DECAY MASSES 
ZI4PI  N*122(ZlOO} INTO P IN  1115÷ 497 

REFERENCES FOR N*i12(21001 PROD. EXPERIMENTS 

DEKERRET 76 PL 63B 477,483 *NAGY,REGLER,BRANDT÷ {LERN*BAMB+IPN÷VIENI 

1 (  9o)1 .......................... 

THIS RESONANCE IS WELL ESTABLISHED. 

71 N '1 /2 (2190)  MASS (NEV) 

M (2190.0|  DIDDENS 63 CNTR P I+ -  P TOTAL 
M (2210.0|  HOHLER 64 RVUE DATA + DISP REL 
M (2190.0}  APPROX YOKOSAWA 66 CNTR P I -  P OSIG ÷ POL 7/66 
M 3 (2265.0)  DONNACHI 6 B  RVUE PHASE-SHIFT ANAL b/68 
N (2000.0 I  25 APPROX LEA 69 CNTR PI-P ELASTIC 8/69 
M 2 1 8 0 .  . ANDERSON 70 MMS - E l -  P TO P l -  MMS 2/71 
M 6 [ 2 1 5 8 . 0 l  AVED 7 0  IPWA 1 / 7 1  
M 6 FROM ENER. DEP. FIT OF ARGAND DIAGRAM 

M (2260 .0 I  HULL 70 MPWA SMALL ANGLE PI-P 1171 
M (2160.0)  I50.O) AMALOI 71CNTR P P AT 24 GEV i0171 
M (2160 . )  BRANSDEN TI DPWA 3 / 7 2  
M I2200.1 ROYCHOUD 7L DPWA 3172 
M 7 (2225.)  ALMEHEO 72 IPWA 2172 
M (2190 . I  OTT 72 MPWA 0 PI-P EKWD ECSTC 2173 
M 1 (2208 . I  HICKS 73 MPWA OAM P-ETA P 9173 
M • ONLY STATES FROM TABLE V I I  OF HICKS13 ARE INCLUDED IN LISTINGS. 9 / 7 3  
M I M AND W ARE FROM SOLUTION C2,BR=SGRT(GI/W WITH G FROM TABLE V I I .  9173 
M (2208oi ( 20 . I  ABE 7 4  ÷ P÷P->P÷X,JCBN PK 4 1 7 5  

M (2141.1 AYED 76 IPWA Li177*  

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



Baryons 
N(2190), N(ZZ00), N(22 0) 
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Data Card Listings 
For notation, see ke~ at front of  Listings. 

7 1  N* I I 2 (2 IBO)  WIDTH (MEV) 

W (200.0)  D[DDENS 63 CNTR 
W (200.0)  HOHLER 6 4  RVUE 7/6b 
W (220.0)  APPROX YOKOSAWA 66 CNTR 7/66 
W 3 (298 .0 I  OONNACH1 68 RVUE 6 / 6 8  
w 27S. 7 0 .  ANDERSON 70 MMS - P I -  P TO P I -  MMS 2 / 7 1  

w 6 (325.0)  AYED 70 IPWA 1 / 7 1  
w (239.0)  HULL 7O MPWA SMALL ANGLE PI -P  [171 
W 7 (150 . )  ALMEHED 72 IPWA 2/72 

i (1~3. )  HICKS 73 MPWA GAM P-ETA P 9173 
( 2 4 3 , )  AYED 7 6  IPWA 1 L / 7 7 "  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

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

7 1  N * 1 / 2 ( 2 1 9 0 )  PARTIAL DECAY MODES 

DECAY MASSES 
PI N* I12(2190)  INTO P] N 139+ 9 3 8  
P2 N.1 /2(2190)  INTO LAMBDA K I I15+170D 
P3 N * 1 / 2 ( 2 1 9 0 1  INTO N PI PI 9 3 8 +  1 3 9 +  1 3 9  

Q*  9 3 8  P4  N . 1 / 2 ( 2 1 9 0 I  INTO GAM P,HELICITE=3/2 
P5 N~E/2(2190i INTO OAM P~HELICITY=[/2 O+ 9 3 8  
P6 N*112(2190I INTO GAN N~HELICITY=312 o+ 939 
P7 N* I /2 (219OI  INTO GAM N,HELICITY=II2 O+ 9 3 9  

P8 N * 1 / 2 ( 2 1 9 0 )  I N T C  ETA N 5 4 8 +  9 3 8  

P9 N'1 /2 (2190}  INTO SIGMA K 4 9 3 + 1 1 8 9  

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

71 N.112(2190) BRANCHING RATIOS 

R| N* I12(2190}  INTD (PI  NI/TOTAL (P I )  
R I  ( 0 . 3 I  APPROX DIDOENS 63 CNTR 7/66 
R [  ( 0 . 3 )  APPROX YOKOSAWA 6 6  C N T R  7 / 6 6  
R[ 3 ( 0 . 3 4 9 l  DDNNACH1 6 8  RVUE b / 6 8  

RL 6 ( 0 . 1 5 0 1  AYED 7 0  IPWA 1 / 7 1  
R I  ( O . O 9 l  H U L L  70 MPWA SMALL  ANGLE P I - P  I / 7 I  

R1 7 ( O . ~ P )  ALMEHED 7 2  IPWA 2 / 7 2  

RE (°25)  O T T  72 MPWA O PI-P BKHD ELSTC 2•73 
R I  ( . 16 I  AYPD 7 6  IPWA 1 ~ / 7 7 "  

R2 N* I IB (219OI  FROM GAMMA PROTON TO K LAMBDA SQRT((PA+PBI*P2) 9/73 
R2 ( .O lO t )  DEANS 7 2  MPWA GAM P-N LM,SOL O 9/73 

R3 N* I / 2 (2190 )  FROM GAMMA PROTON TO ETA PROTON SQRT((PA+PBI*P81 9173 
R3 t , o o g ~ }  HICKS 7 3  MPWA GAM P-ETA P 9 / 7 3  

R4 N '1 /2 (2190)  FROM P IN  TO K SIGMA 5GRTIPL*Pg) i i 175  
R4 4 ( .OlAITO .019 DEANS 75 DPWA P IN  TO K SIGMA 11/75 
R4 4 RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 11175 
R4 4 DEANST5 DISAGREES WITH PI+ P TO K+ SIGMA* DATA OF WINNIK7? i 178 .  
R~ 4 AROUND 1920 MEV. 1 /78"  

REFERENCES FOR N*I12(2190) 

DIDDENS 6 3  PAL 10 262 +JENKINS, KYCIA, RILEY (BNLI I 
HOHLER 6 ~  PL 12  149 G HOHLER, J GIESECKE [KARLSRUHE) I 
YOKDSAWA 66 PRL 16 7 1 4  +SUWA,HILL,ESTERLING. BOOTH (AWL,CHIC) JP 

DONNACHI 68 PL 26B 161 A DONNACHIE, R G KI RSOPP, C LOVELACE (CERN)IJP 
ALSO 68 VIENNA 1 3 9  DENNACHIE  RAPPORTEL~R.S TALK (GLAG) 
ALSO 6 8  IHESIS R G KIASOPP (EDIN) 

LEA 69 PL 29B 584 LEA,OADES,WARD,COWAN,+ (RHEL,BRISTOL~DARE| 

ANDERSON 70  PRL 2 5 , 6 9 9  +BLESER,BLIEDEN, CDLLINS+÷ (BNL,CARN) 
AYEO 70 KIEV CONF R AYED,P BAREYRE, G V I L L E T  (SACL)IJP 
HULL 70 PR D2 1783 J HULL, R LEACOCK {ISU) 

AHALDI 71PL 3 4 B  ~ 3 5  +BIANCASTELLI.BDSIO,÷ ( I  SANITA MONA+BERN) 
BRANSDEN 71NP B26 511 .OGDEN (DURHIIJP 

ALSO 70 NP B 1 6  461 BOYCHOUDHURY,PERRIN.BRANSDEN (DURHHJP 
ROYCHOUD 71NP B27 1 2 5  R R ROYCHOUDHURY,B H BRANSDEN (DURH)IJP 

ALNEHED 7 2  NP BAD 157 +LOVELACE (LUND,RUTG)IJP 
DEANS 72 PRO 6 1906 DEANS,JACOBS, LYONStMONTGOMERY ( S O U T H  FLA. ) I JP  
OTT 72  PL 4 2 B  1 3 3  ÷TRISCHUK,VAVRA,RICHARDS,÷ (MCGI.STLO,IOWA)IJP 

ALSO 72 MCGILL THESIS J.VAVRA (MCGI) JP 
HICKS 73  PRD 7 2 6 1 4  +DEANS,JACOBG,LYONS+ (CARN÷ORNL+SOUTH FLA . I I JP  

ABE 74 PL 53B [ 1 A  +ALSPECTOR,BOMBEROWITZ÷ (RUTG,UPNJ,FSU) 
DEANS 75  NP B 9 6  9 0  ÷MITCHELL,MONTGOMERY.÷ (SFLA,ALABAMA)IJP 
AYEO 7 6  CEA-N-1921 AYED ( T H E S I S )  (SACLIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

BARGER 6 6  PRL 16  913 V BARGEB, D CLINE (WISE) P 
CARROLL 6 6  PAL 16 28B +CDRBETT,DAMERELL.MIDDLEMAS. + (RHEL,OXFIJ-L 
C A R R O L L  6 6  PRL 1 7  1 2 7 6  +CORBETT,DAMERELL,MIDDLEMAS, + (RHEL,OXF)J-L 

ERRATUM CHANGING THE R A T H E R  WEAK DETERMINATION OF J-L TO ÷ I  ( 2 . I  
KORMANYO 66 PRL 1 6  7 0 9  KDRNANYOS,KRISCH,OFALLDN, + (MICH,ANL) P 
BUSZA 67 NE 52A 331 ÷DAVISIDUFF,HEYMANN. + (LOUC,WESTFIELB) 
AYED 70 pl_ 3IB 598 ~BAREYRE,VILLET (SACLAY| 
MA 7 6  PRD 13 3027 E° MA,G. I .  SHAW (OREG+UCIIIJP 

WINNIK 77 NP B128 6a +IOAFP.REVEL,GOLDBERG.BERNY (HA IF I I  

XXXXXXXXX 

I (eeoo)l . . . . . .  / 8 2 2  . . . . . . . . . . . . . .  2F ] 

l i b  N * I / 2 (2200 )  MASS (MEV) 

ZI3M 2133° AYED 76 IPWA 

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

IT3 N 'E /2(2200)  WIDTH (MEV) 

Z I 3 W  1 9 3 ,  AYED 7 6  IPWA 

. . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 1 3  N*I/2(~2OO) PARTIAL DECAY MODES 

DECAY MASSES 
ZIBPI N*I /21220D} INTO P IN  4 9 3 ÷ 1 1 8 9  

1 1 3  N*I /2(22001 BRANCHING RATIOS 

ZISRI N'1/2122001 INTO (PI  N) (TOTAL (P I ) )  
Z I3RI  ° 0 9  AYED 76  IPWA 

* * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * *  * * * *  

REFERENCES FOR N'1/2122001 

AYED 76  C E A - N - 1 9 2 1  AYEO (THESIS) ( S A C L I I J P  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

I s ( e e e o ) l  ..... . . . . . . . . . . . .  , . . . . .  
THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHED. 

90 N* I IZ (B220)  MASS IMEV| 

M (2200 . )  APPROX. BUSZA 67 OSPK LEG.PCLYN.ANAL° 2171 
M 6 ( 2 2 2 1 . 0 )  AYED TO IPWA I IT I  
M ~ FROM ENER. DEP. FIT OF ARGAND DIAGRAM 
M (2245°Q) HULL 70 MPWA SMALL ANGLE PI-P 1/71 
M ( 2 2 4 9 . 1  AYED 76 IPWA 11/77.  

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

90 N.122(2220) WIDTH (MEV) 

W 6 l B B B . O )  AYED TO IPWA 1/TI 
(329.01 HULL 70 MPWA SMALL ANGLE PI-P EfT[ 
(347. }  AYED 7 6  IPWA 1 [ / 7 7 .  

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

9 0  N * 1 / 2 ( 2 2 2 0 )  P A R T I A L  DECAY MODES 

DECAY MASSES 
PE N * [ / 2 ( 2 2 2 0 )  I N T O  P l  N [ 3 9 +  9 3 8  
P2 N*EI2(2220) INTO N ETA 9 3 9 .  548 

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

90 N* I / 2 (2220 )  BRANCHING RATIOS 

RI N ' 1 / 2 ( 2 2 2 0 )  INTO ( P I  N ) I T O T A L  ( P I )  
RE b I O . 1 4 0 )  AYED 7 0  [PWA L / 7 1  
RE I 0 . 15 I  HULL 70 MPWA SMALL ANGLE PI-P 1/71 
R1 ( . 2 0 )  AYED 7 6  IPWA 1 1 1 7 7 *  

R E F E R E N C E S  FOR N'142(2220) 

BUSZA 6 7  NC 5 2 A  3 3 1  + D A V I S , D U F F , H E Y M A N N , N E M M O N  + (LDUC+LOWC)  
AYED 70 KIEV CDNF R AYED,P BAREYREt G VILLET (SACLIIJP 
HULL 70 PR D2 1783 J HULL, R LEAEOCK (ISU) 

AYED 76  C E A - N - l g 2 E  AYED (THESIS) ISACL)IJP 

PAPERS NOT REFERED TO IN D A T A  CARDS 

AYED 70 PL 31B 598 +BAREYRE,VILLET (SACLAY( 
MA 76 PRO I3  3027 E. MA,G. L .  SHAW (OAEG*UCIIIJP 

2200 MEV REGION - PRODUCTION EXPERI~NTS 

l E ~  N ~ 1 / 2 ( 2 2 0 0 ,  J P = ? )  t = I / 2  P R O D U C T I D N  E X P E R I M E N T S  

WE LIST HERE BUMPS OBSERVED IN THE RANGE 2 0 0 C - - 2 4 0 0  NEV. 

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

1 1 I  N * I / 2 1 2 2 0 0 )  MASS (MEET (PROD. EXP.) 

. . . . . . . . . . . . . . . .  sAs + ; ; To ; MM I , 78 .  
2 1 2 0 .  3 0 .  APPLE  7 T  SPEC * TO ( P  P I O I  1 / 7 8 ,  

M 2 3 6 2 .  2 0 .  APPLE 7 7  SPEE ÷ P P TO P ( N  P I + )  [ / 7 8 ~  

M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOA = 5 .0 )  

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

I l l  N * E / 2 ( 2 2 0 0 )  WIDTH ( M E V }  ( P R O D .  E X P . )  

w 1 8 5 .  7 0 .  APPLE  7 7  SPEC ÷ P P TO P (P  P I O )  I / T 8 *  
w T 5 .  5 0 .  APPLE  7 7  SPEC * P P TO P I N  P I + I  1 / 7 8 .  

W . . . . . . . . .  
H AVG 9 1 . 9  40.7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)  
W STUDENT 91.8 46.4 AVERAGE USING STUDENTIO(H/I.tLI - -  SEE MAIN TEXT 

R E F E R E N C E S  FOR N * [ / 2 1 2 2 0 0 )  

AMALDI 7 1 P L  34B 435 +BIANBASTELLI,BOSIO,MATIHIAE÷ (SANI+CERN) 
APPLE 77 LNC 18 167 +ASHtCHENG,COYNEtGROSSMAN+ (PRIN*PAVIA} 
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Data  Card Listings 

For notation, see key at front of Listings. 

Baryons 
N(2650), N(3030),N?(3245),N(3690) N?(37551 

IN( 650)] 72 N* I / 2 (2650 ,  JP= I I / 2 - }  [=112 ~ ° ~  

RDYOHOUDHURY 71CLAIM F15(8400I AND G1912400) TO BE 
POSSIBLE RESONANCES. BRANSDEN 71  FIND THE POSSIBLE 
RESONANT CANDIDATES S1112520| AND H I9 (2590) ,  RECENT 
P I N  PWA'S ESTABLISH THE EXISTENCE OF A JP= l l / 2 -  STATE 
IN THIS REGION, BUT THE STRONG POSSIBILITY THAT THERE 
ARE ALSO OTHER STATES REMAINS. SEE THE MINI-REVIEW 
PRECEDING THE N AND DELTA LISTINGS. 

72  N* I / 2 (2650 )  MASS (MEV) (PROD, EXP,) 

M }2700.O) ALVAREZ 64 CNTR PI PHOTOPKOD 
M (2660.0)  HGHLER 64 RVUE DATA * DISP REL 
M (2600,0}  APPROX WAHLIG 64 OSPK 0 PI-P CH EX 
M (2633.0)  BARGER 6 6  FIT TOTAL + CH EX 11/67 
M 264~.0 IO.O CITRON 6 6  CNTR P l + -  P TOTAL 7/66 

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

72 N '1 /2 (2650 )  WIDTH (MEV) (PROD. EXP.| 

W (106 .0 I  ALVAREZ 64 CNTR 
W (200.01 HOHLER 6 4  RVUE 7 1 6 6  

I425.01 BARGER 66 FIT TOTAL + CH EX I [ / 67  
366,0 20.0 CITRON 6 6  CNTR 7/66 

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

72 N'112(2~501 pARTIAL DECAY MODES (PROD. EXP.) 

DECAY MASSES 
P I  N * 1 / 2 1 2 ~ 5 0 1  INTO P I N  1 3 9 +  9 3 8  

P8 N* I /2 (B650}  INTO IAMBDA K 1115+ 497 
P3 N * 1 / 2 ( 2 6 5 0 1  I N T O  N P I  P l  9 3 8 +  1 3 9 ÷  t 3 9  

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

72 N* I /Z(26501 BRANCHING RATIOS (PROD. EXP.} 

R1 N*I/2[2bSO] INTO (Pl  N)/TOTAL IP I )  
R( ONLY I J÷ I I 2 I t |  PI NITOIAL) MEASURED FOR THIS STATE 
RI B (0,6561 (O,OlB) 6ARGER 66 RVUE TOTAL 4 CH EXC. 1 1 / 6 7  
El 0,~36 0 . 0 2 8  CITRON 6 6  ONTR T O T A l  CROSS-SEC. 11/67 
Rl B ( 0 . 3 0 }  BARGER 6 7  RVUE USES RORMANYOS67 11/67 
R1 B USES REGGE AMP°÷RESON° TO CALCULATE DIE. CROSS SECTIONS AT 180 DEGRE 
RI B FOR CRITICISM OF THIS M E T H O D ,  SEE DOLEN 6 8 .  
RI 0 [O.2#I  DIKMEN 6 7  RVUE USES KORMANYOS66 l I / 6 T  
RI O USES ONLY RESONANCES TO CALCULATE DIF. CROSS SECTIONS AT 180 DECREES 
R I  (0 .06 )  KORMANYOS 67 CNTR PI-P AT iBO OEG, 11/67 

REFERENCES FOR N '1 /2 {2650)  (PROD. EXP.) 

ALVAREZ 6~ PRL 12 7L0 
HOHLER 6~ PL 12 1~9 
WAHLIG 64 PRL 1 3  103 
6ARDER 6 6  PR I 5 I  1123 
C [ T R O N  6 6  PR 144 I IO I  
BARGER 6 7  PR 1 5 5  L 7 9 2  
OIKMEN 6 7  PRL 1 8  7 9 8  
KORMANYO 67 PR 1 6 4  1 6 6 I  

BAACKE 6 7  NO 5 I A  7 6 L  

DOLEN 68  PR 1 6 6  1 7 6 8  

+BAR-YAM,KERN,LUCKEY,OSBORNE, ÷ (MIT,CEAI 
O HOHLER, J GIESECKE IKARLSRUHE) I 
÷MANNELLI,SOOICKSON,FACKLER,WARD, + (MIT) 
V BARGER, M OLSSON (WISC} 
*GALBRAITN,KYCIA,LEONIIC,PHILLIPS, + (BNL} I 

BARGER, O CLINE (WISCI P 
N OIKMEN (NIGH) 

KORMANYDS, KRISCH, DFALLON, + (NIGH,ANti  P 

PAPERS NOT REFERRED TO IN DATA CARDS. 

J 8AACKE, M YVERT  (KARLSRUHE,ORSAY)J-L 
K DOLEN, D HORN, C SCHMID (CIT) 

WAHLIG 68 PR 168 1518 M A WAHLIG, I MANNECLI (MIT,PISA| 
FINAL VERSION OF DATA USED IN WAHLIG 64. IN CONFUNCTIDN WITH 
CITRON 6& TOTAL CROSS SECTIONS, THIS CHARGE EXCHANGE DATA GIVES 
COMPLEX ELASTIC SCATTERING AMPLITUDE AT O DEGREES. 

BRANSDEN T( NP B26 5 I i  ,OGDEN (DURH}IJP 
ALSO TO NP B I G  4 6 1  ROYCHOUOHURY,PERRIN,BRANSDEN ( D U R H I I J P  

ROYCHOUD 71NP 887 125 R K ROYCHOUDHURY,B H BRANSDEN (DURH)IJP 

****** ********* ********* ********* ********* ********* ********* ******** 
****** ********* ********* ********* ********* ********* ********* ******** 

N ( 3 0 3 0 )  I . . . .  I / 2 '  . . . . . . . . . . . . . . . . . . . .  T . . . . . . . . . . . . . .  

B U M P S  ] 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T 3  N * 1 / 2 ( 3 0 3 0 )  MASS IMEV) (PROD. EXP.} 

M (30BO.O} HDHLER 64 RVUE DATA + DISP REL 7/66 
M ( 3 0 3 0 . 0 }  CITRON 6 6  CNTR PI+-  P TOTAL 7 / 6 6  

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

7 3  N*112(3030I WIDTH (MEV) (PROD. EXP.) 

W (406.61 CITRON 6 6  ONTR 7 / 6 6  

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

73 N * I / 2 { 3 0 3 0 1  PARTIAL DECAY MODES }PROD. EXP.} 

DECAY MASSES 
P [  N ' 1 / 2 1 3 0 3 0 )  I N T O  P I N  139+ 9 3 8  
P2 N * 1 / 2 ( 3 0 3 0 )  I N T O  N P I  P l  9 3 8 .  1394 1 3 9  

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

73 N* I12(3030}  BBANCHING RATIOS IPRDD. EXP,) 

R t  N * 1 7 8 ( 3 0 3 0 1  I N T O  (PI  N)/TOTAL IP I )  
R1 CNLY ( J+ l l i I * (  Pl N/TOTAL} MEASURED FOR THIS STATE 
RI  B IO.OBBl 40.0161 BARCER 0 6  RVUE T O T A L  ÷ CH EXC, 1 1 / 6 7  

R( (O.O~B) CITRON 66 CNTR TOTAL CROS.SEC, I I l 6T  
R[ B (0 .12 )  BARGER 67 CNIR USES KORMANYOS66 11167 
RI B USES REGGE AMP.÷RESON* TO CALCULATE DIF. CROSS SECTIONS AT IBO DEGKE 
KI 6 FOR CRITICISM DF THIS MEIHODt BEE OOLEN 68.  
RI D (0 .016}  DIKMEN 67 RVUE USES KORMANYDSGT 11/67 
RI O USES ONLY RESONANCES TO CALCULATE DIF° CROSS SECIIONS AT 180 DEGREES 

REFERENCES FOR N'1/213030|  (PROD, EXP.( 

HOHLER 64 PL I2  149 G HOHLER, J GIESECKE (KARLSRUHE) I 
BARGER 66 PR 18I I123 V BARGER, M OLSSON (WISE) 
CITRON 66  PR 144 I I 01  +GALBRAITH,KYCIA,LEONTIC,PHILLIPS, ÷ IBNL) I 
BARGER 67 PR 155 1792 V BARGER, D CLINE (WISC) P 
OIKMEN 67 PRL 18 798 F N OIKMEN (MICH) 

PAPERS NOT REFERRED TO IN DATA CARDS 

KORMANYD 67 PR 16# L66I KORMANYOS, KRISCH, OFALLDNI + (MICH,ANL) P 
DOLEN 68 PR Ibb 1768 R DOLEN, D HDRNt C SCHMID (CIT) 

IN,(a24s)I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
= B U M P S  I . . . . . . . . . . . . . . . . . . . . . . . . .  s . . . . . . . . . . . . . . . .  I i NOT DETERMINED, BUT THE NARROW WIDTH PRECLUDES 

IDENTIFICATION WITH THE N '3 /2 (32301 .  
OMITTED FROM TABLE. 

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

74 N *  /2132451 MASS I M E V I  }PROD. EXP,) 

M 3245,0 iO.O KGBMANYOS 67 CNIR PI-P IBO DEG EL 6168 

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

74 N* /2 (3245)  WIDTH IMEV) (PROD, EXP.) 

W I 35 .0 l  DR LESS KORMANYOS 67 CNTR 6 /68  

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

74 N *  12(3245) PARTIAL DECAY MODES }PROD. EXP.} 

DECAY MASSES 
P I  N *  / 2 ( 3 2 4 5 |  I N T O  P I N  1 3 9 +  9 3 8  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . .  

7~ N* 12[3245I  BRANCHING RATIOS (PROD. EXP.I 

RI N* /213245) INTO (PI  NIITOTAL (P I )  
R1 J IS NOT KNOWN. FOLLOWING IS [ J * I / Z ) * IP I  N)/TOTAL 
R I  (0,371 KORMANYOS 67 CNTR 6/68 

REFERENCES FOR N* /2 (3245)  }PROD, EXP.) 

KORMANYO 67 PR 164 1661 KORMANYOS, KRISCH, OFALLON, + (MICH,ANL) P 

B U M P S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CARED STATE (N + SEVE~ P[S},  SO AS EVIDENCE FOR 
A NEW RESONANCE IT IS NOT CONCLUSIVE. NOT INCLUDED 
IN TABLE. 

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

TB N* I /213690)  MASS (MEV) }PROD. EXP,) 

M 3690.0 iO.O 8ARTKE 67 HBC ÷ Pl+P 8 PRONGS 8/67 

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

T5 N.1/2(36901 WIDTH {MEVI (PROD, EXP.) 

W 5 0 . 0  3 0 . 0  BARTKF 6 7  HBC ÷ 8 / 6 7  

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

75 Nml/8(3690) PARTIAL DECAY MODES (PROD, EXP.} 

DECAY MASSES 
PI N*112(36901 INTO N + 7 PIS 

REFERENCES FOR N * I / 2 ( 3 6 9 0 I  (PROD. EXP.) 

6ARIKE 67 PL 2~6 I18 ~CZYZEWSKI ,DANYSZ ,+  ICRACOW,ORSAY) I 

IN,(aTss) I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B U M P S  I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8.~ BEV/C P I *  P TO pI4 P P PeAR EVENTS. AS EVIDENCE 
FOR ~ NEW RESONANCE IT IS NOT CONCLUSIVE. OMITTED 
FROM TABLE. 

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

7 6  N *  / 2 ( 3 7 5 5 1  MASS {MEV) ( P R O D .  EXP.) 

M 3755.0 BoO EHRLICH 68 HBC + PI+ P P PeAR 6 / 6 8  

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

76 N *  / 2 ( 3 7 5 5 )  WIDTH (MEV} (PROD. EXP.) 

W 40.0 20.0 EHRLICH 66 HBC 4 6/68 

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

7 6  N* /2 (3755]  PARTIAL DECAY MODES }PROD. EXP,) 

DECAY MASSES 
PI N *  / 2 (3755 l  INTO PI÷ P P PeAR 1394 938+ 9 3 8 +  938 



Baryons 
N?(3755), A(1232) 

REFERENCES FCR N *  / 2 1 3 7 5 5 1  (PROD. EXP.) 

EHELICH 68 PRL 20 686 R EHRLICH,R J PLANO,J B WHITIAKER (RUTGERS} 

S=0 I=3/2 NUCLEON STATES (A) 

THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHED. 

SEE CARTER T l  AND CARTER 73 FOR Pl  N CROSS-SECTION 

DATA IN THIS REGION. 

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

33 N'3/211232) MASS [MEV) 

M 11234 . }  ROPER 65 DPWA ++0 PHASE SHIFT AN. 
M ( 1 2 3 5 . )  ALMEHEO 7 2  IPWA 2172 

M 3 11243.81 1 [241 .71  CHENG 73 F IT  CARTER 71 2174 
M B THE TWO ENTRIES ARE FROM TWO DIFFERENT PARAMETKIZATIDNS OF THE 2 / 7 #  
M 3 RESONANCE CDNTRIBUTUION TO THE P33 PHASE SHIFT.  2 / 7 4  
M 1 1 2 3 0 . 4 )  TSCHANG 7 3  FIT CARTEB71 P33 1 / 7 4  
M 11231 . )  AYED 76 IPWA l [ / 7 7 "  

M++ 1236 .0  0 . 5 5  OLSSON 65 RUDE ++ TOTAL-SIGMA DATA 
M++ 2 1231 .0  1°5 CARTER 7 [  MPWA ++ PI+P S[G. TOTAL [ / 7 A  
Me+ 1 1231.l . 2  CARTER 73 IPWA ++ P[ N 88-310 MEV 9 / 7 3  

M++ [ EXPERIMENTAL QUANIIIY-SEE CARTER73 FOR COULOMB BARRIER CORRECTIONS q173 

M++ 2 EXPERIMENTAL QUANTITY-SEE CARTER7( FOR COULOMB BARRIER CORRECTIONS l l 7 4  
M++ . . . . . . . . .  
M~÷ AVERAGE MEANINGLESS (SCALE FACTOR = 8 . 4 }  

M+ 1 1 2 3 [ , 8 1  BERENOS 7 5  IPWA + DAM P TO Pl  NUC 4 / 7 5  

Me 1 2 3 0 . 6  [ . B  CRAWFORD 75 DPWA Pl  N PHOTO-PROD 1/76 
M+ ( [ 2 3 1 . 7 )  BARBGUR 76 DPWA P I N  PHOTO-PROD 1 /76  

MO [236.45 0.65 OLSSON 65 RVUE 0 
MO 1232 .9  0 . 6  CARTER 7 1  MPWA 0 PI -P S[G. TOTAL 1 / 7 [  

MO . . . . . . . . .  
MO AVERAGE MEANINGLESS (SCALE FACTOR = 4.01 

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

33 

W 1120. )  

W 1129.1 
N 3 1152.2)  ( 1 4 5 . 8 )  
w 1120 . )  

W 1109.1 

W++ 1 2 0 . 0  2 .0  

w e +  2 111.1  1.8 
we+ i [11.5 .4 
w÷÷ . . . . . . . . .  
w++ AVERAGE MEANINGLESS (SCALE FACTOR 

w+ 120.2 3.9 
R+ (117.4) 

wo 119.6 2.4 
NO 1[~.7 B.O 

WO . . . . . . . . .  
NO AVERAGE MEANINGLESS (SCALE FACTOR = [ , 3 )  

N . 3 / 2 1 1 2 3 2 1  WIDTH (MEV] 

ROPER 65 OPWA + + o  PHASE SHIFT AN. 

ALMEHEO 7 2  IPWA 2/72 
CHENG 73 F IT  CARTER 7[  2174 
TSCHANG 7 3  F IT  CARTERTI P 3 3  1 / 7 4  

AYED 7 6  [PWA 11 /7T  # 

OLSSON 65 RVUE ++  

CARTER T l  MPWA P I + P  SIG. TDEAL 1174 
CARTER 73 IPWA ÷+ P( N 8 8 - 3 [ 0  MEV 9173 

= l . O l  

CRAWFDRO 75 DPWA P l  N PHOTO-PROD 1176 

BARBOUR 7 6  DPWA P I N  P H O T O - P R O D  1 / 7 6  

DLSSON 65 RVUE o 
CARTER 7 [  MPWA 0 PI -P SIG TOT. L /7 !  

33  IN*Of - IN*Re]  MASS DIFFERENCE [MEV) 

R ( 0 . 4 5 )  ( 0 .851  OLSSON 65 RVUE 
2 1 .3  1 .9  CARTER 71RPWA e+ PIe-P SIO. TOTAL [174  

D l 1.4 .4 CARTER 73 IPWA P( N 88-310 MEV 9/73 
0 B REDUNDANT WITH DATA IN MASS L IST ING.  

g AVERAGE'MEANI;GLE;S' ( ;C;LE FACTOR = L .O)  

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

33 ( N * O I - ( N * + + ]  WIDTH DIFFERENCE (MEV) 9173 

WD 2 6 .5  2 . 2  CARTER 7 I  MPWA e÷  p l * - p  SIG. TOTAL 1 1 7 4  
WO 1 l O . 3  [,3 CARTER 73 IPWA P I N  88-310 NEV 9 / 7 3  

WO . . . . . . . . .  
WD AVERAGE MEANINGLESS ( S C A L E  FACTOR = 1.5) 

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

33 N .3 /2112321  REAL PART OF POLE PDSITIONIMEV) 

BEE M 11214.1 MICHAEL 67 2174 

REE 11211.1 BALL 72 2173 
REE P 1211 .6  0 . 7  PDG 7 2  F I T  D E L T A  33 2 / 7 3  
REE 5 (1210 .71  { i Z I O . T )  CHENG 73 FIT CARTER 71 2174 

BEE 1214 .5  IO.  NOGOVA 73 FIT  ALMEHED72 2 / 7 4  

REE l l 2 1 3 . 1  SPEARMAN 74 FIT ZERO TRJCTRY 4 / 7 5  
REE M FIT INCLUDES OLSSDN 65 PARAMETERS P L U S  SCATTERING LENGTH P L U S  6 

BEE M PHASE SHIFT VALUES FOR T P I = I 2 0  TO 4 9 2  MFV. 
BEE P ERROR EST. FROM FITS WIIH SOMEWHAT VARYING ASSUMPTIONS 

BEE . . . . . . . . .  
BEE AVERAGE MEANINGLESS (SCALE FACTOR = 1 . 0 )  

R + +  u 1 2 1 1 . 5  , 6  B A L L  7 5  e+  F i T  CARTER 73  1 [175  

R++ U 1210 .9  .8  LICHTENB 75 FIT  CARTER 73 [ [ 1 7 5  
R++ C 1209.6 .5 VASAN 76 ++ FIT CARTER 73  1176 

R++  C FROM FITS TO COULOMB CORRECTED CARTER 7 3  PHASE SHIFT.  1 / 7 6  
Re+ U ( 1 2 1 O o S I T D ( I Z I O . B I  VASAN 7 6  +÷ FIT CARTER 73 1 / 7 6  
B++ U FROM FITS TO UNCORRECTED CARTER 73 PHASE SHIFT. 1 / 7 6  

R + ÷  . . . . . . . . .  
R++ AVERAGE MEANINGLESS (SCALE FACTOR = [ . 8 )  

RE+ 1208.  2 .  CAMPBELL 76 + FIT PHOTO-PROD 2 / ? ? *  

RED U ( t B I t o C J  gALE 75 O F IT  CARTER 73 11 /75  

REO u 1210.9 1.4 LICHTENB 75 o F I T  CARTER 73 I [ / 7 5  

REO C [ B 1 0 . 7 5  .6 VASAN 76 O FIT CARTER 73 [176 
REO U ( 1 2 1 0 . 2 )  VASAN 7 6  O FIT  CARTER 73 1176 

RED . . . . . . . . .  
REO AVERAGE MEANINGLESS (SCALE FACTOR = [.0) 

................................................................... 
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Data Card Listings 
For notation, see key at front of  Listings. 

IME M I 5 2 . )  MICHAEL 67 
IME { 5 0 . )  BALL 72 

IRE P 4 9 . 5  1 , 8  POG 72 

IME 3 { 5 0 . 7 )  ( 5 0 . 6 }  CHENG 73 

tHE 48.6 5. NGGOVA 73 
[ME ( 4 9 . )  SPEARMAN 7 4  
IRE . . . . . . . . .  

IME AVERAGE MEANINGLESS (SCALE FACTOk = I . D )  

49.b 5 LICHTENB 75 
l e e  C 50°4 .5  VASAN 76 

I++ U ( 4 9 . g l T O  ( 5 0 ° 0 }  VASAN 7 6  

I Z  . . . . . . . . .  
AVERAGE MEANINGLESS (SCALE FACTOR = 1.01 

]Me 53. 2. C A M P B E L l  7 6  

IMO U (5B.OI  BALL 7 5  
IMO u 53 .25  1.75 LICHTEN6 75 

INO C 52 .8  .6  VASAN 76 

IMO u ( 5 2 . 9 ) 7 0  (53,1) VASAN 76 
IMO 
IMO AVERAGE MEANINGLESS [SCALE FACTOR = [ . O f  

2/74 
2 /73  

F IT  DELTA 33  2 /73  

F I7  CAREER 71 2 /74  

F IT  ALMEHED72 2 / 7 4  
F IT  ZERO TRJCTKY 4 / 7 8  

++ FIT  CARTER 73 1 [ / 7 5  
F IT  CARTER 73 11 /75  

ee F IT  CARTER 73 1 /76  

+e F IT  CARTER 73 1176 

• F I T  PHOTD-PROD 2177"  

o F I T  CARTER 73 11175 
o F I T  CARTER 73  1 1 1 7 5  
o F IT  CARTER 75  1 1 7 6  

o F IT  CARTER 73 1 /76  

3 3  N * 3 / 2 ( 1 2 3 2 [  ABSOLUTE VALUE OF POLE RESIDUE (REVI 

ABS ( 5 3 . )  BALL 73 F i T  DELTA 33 9173 

A t ÷  C ( 5 2 . 4 ] T 0  I 5 3 . 2 )  VASAN 76 +÷ FIT  CARTER 73 1 /76  
A++ U ( 5 2 . 1 1 T 0  ( 5 2 . 4 I  VASAN 76 e+ F IT  CARTER 73 1 /76  

ABO C I 5 4 . B ) T O  (55 .01  VASAN 76 ÷÷ FIT  CARTER 73 1 /76  
ABO U (S5.21TQ ( 5 5 . 3 )  VASAN 76 ++ F IT  CARTER 73 [ / 7 6  

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

33 N ' 3 1 2 1 1 2 3 2 )  PHASE OF POLE RESIDUE (RADIANSI 

PH 1 - . 8 [ )  BALL  7 3  F I T  D E L T A  33  9 / 7 3  

P++ C ( - . 8 2 2 1 T 0  - . 8 3 3  VASAN 76 ÷÷ FIT  CARTER 7 3  t i T 6  

P++ u ( - . 8 2 3 I T 0  - . 8 3 0  VASAN 76 F IT  CARTER 73 1/76 

PHO C ( - .BAOITO - . 8 4 7  VASAN 76 ++ F IT  CARTER 73 1 /76  
PHO U ( - . 8 4 8 1 T G  - . 8 5 6  VASAN 76 ++ FIT CARTER 73 [176  

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

33 N*312 (1232 )  PARTIAL DECAY MODES 

DECAY MASSES 

P( N ' 3 1 2 ( 1 2 3 2 l  INTO N PI 938+ I39  
P2 N ' 3 1 2 ( [ 2 3 2 )  INTO N GAMMA 938÷ 0 
P3 N ' 3 / 2 1 [ 2 3 2 (  INTO N P( Pl  938÷ 139+ 139 

P4  N#312(1232I  INTO GAM NUCLEON, HELICITY=[12 O÷ 938 

P5 N*3/2(12321 IN70 GAM NUCLEON, HELICITY=B/2 Oe 938 

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

33 N*31211232)  BRANCHING RATIOS 

RI N * 3 / 2 ( 1 2 3 2 )  INTO (N GAMMA)I[N PIT (PERDBNT] ( P B I I ( P [ )  
R1 0 . 5 5  0 . 0 2  OALITZ 66 RVUE 7168 

R1 O.B3 0 .025  8ERENDS 7 [  I R W A  PHO/OPROD. ANAL. [0171 

R1 . . . . . . . . .  
R[ AVERAGE MEANINGLESS (SCALE FACTOR = I . O )  

R2 N t B I 2 ( I 2 3 2 ) D  INTO (N PI ) ITOTAL ( P I I  
R2 2 ( , 9 9 1  CARTER 7 1  MPWA ++ PIe-P GIG. TOTAL [ / 7 4  

R2 ( l . )  AYEO 7 6  IPWA 11/77= 

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

3 3  N ' 3 1 2 ( 1 2 3 2 )  PHOTON DECAY AMPL(GEV** - I I 2 )  

FOR DEFINITION OF GAMMA-NUCLEON DECAY AHPCITUOES, SEE M I N I -  
REVIEW PRECEDING THE BARYON LISTINGS.  

A1 N ' 3 / 2 ( 1 2 3 2 I  INTO GAM NUCLEON, HELICETY=II2 I G E V * * - I I 2 I  
A t  - . [ 4 4  .014 OEVENISH 73 DPWA P I N  PHOTO PROD 2174 
A[ - . 1 4 2  .006  MGORHOUS 73 DPWA P l  N PHOTO-PROD 2173 

AI - . 1 3 8  .OOA KNIES 7 4  DPWA P I N  PHOTO PROD 2176 

A( - . [ # O  .006 METCALF 7 4  DPWA P I N  PHOTO-PROD 2174 
A[ - - .142 .001 MDORHOUS 74 OPWA P( N PHOTO-PROD 2174 
A [  - . 1 3 0  .002 CRANFGRD 75 DPWA P I N  PHOTO-PROD [ / 7 6  

A1 ( - . 1 3 9 )  RRIVEIS 75 DPWA P I -N  PHOTO-PROD [ / 7 8 *  
A[ ( - . 1 2 9 )  BABBOUR 76 DPWA P I N  PHOTO-PROD [ / 7 6  
At  - . [ 4 1  .004  FELLER 7 6  DPWA P I N  PHOTO-PROD 2 / 7 7 *  

A1 . . . . . . . . .  
A1 AVERAGE MEANINGLESS (SCALE FACTOR = 2 . 4 )  

A2 N = 3 / 2 ( [ 2 3 2 )  I N T O  GAM NUCLEON, HELICITY=312 ( G E V = * - I / 2 I  
A2 - * 2 6 2  .015  DEVENISH 73 DPWA P( N PHOTO PROD 2174 
A2 - . 2 5 9  . 0 1 6  MDORHOUS 7 3  OPWA P( N PHOTO-PROD 2173 

A2 - ° 2 5 3  .002 KNIES 74 DPWA P1 N PHOTO PROD 2174 

A2 - * 2 5 4  .DO7 METCALF 74 DPWA P I N  PHOTO-PROD 2 / 7 4  
A2 -o261  .0OI  MOORHOUS 74 OPWA P I N  PHOTO-PROD 2174 
A2 - . 2 4 8  .OOB CBAWFORD 75 DPWA P I N  PHOTO-PRO0 [ / 7 6  
A2 [ - . 2 5 3 l  KRIVETS 75 DPWA P I - N  PHOTO-PROD E l l B *  
A2 ( - . 2 5 1 )  BARBOUR 7 6  DPWA P[ N PHOTO-PRO0 [ / 7 6  

A2 - . 2 5 6  .003 FELLER 76 OPWA P[ N PHOTI]-PROD B l T T *  

A2 . . . . . . . . .  
A2 AVERAGE MEANINGLESS [SCALE FACTOR = 3 . 7 )  

REFERENCES FOR N*312(1232)  

OLGSCN 65 PRL 14 118 M G OLSSON (WISC) 
ROPED 65 PR 138 8190 L O ROPER, R M WRIGHT, B T FELO (LRL+MIT) I JP  

DALITZ 66 PR I~6 E[8O DALIT2,SUTHERLAND IOXFDBD} 
CONTAINS REFERENCES TO EARLIER WORK ON DELTA PHOTOPRODUCTION. 

MICHAEL 67 PR I 5 6  1677 MICHAEL [RHELI IJP 
BERENDS 71  NP B 3 0  5 7 5  ~WEAVER ( C E A , M I T , T U F T I  
CARTER 71 NP B26 445 ÷WILLIAMS, BUGG, BUSSEY, DANCE (CAVE,RHEL) 
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Data Card Listings 
For notation, see key at front of  Listings. 

ALMEHED 72 NP B~O 157 

BALL 72 PRL 28 1143 
POG 72 PL BOB 103 
BALL 73 PRD T 2789 

CA8TER 73 NP 858 378 
CHENG 73 PRO 7 2249 

D E V E N I S N  73  PL 4 7 B  B3 

MODRHOUS 7 3  PL 43B 44 
NOGOVA 73  NP B81 445 

ALSO 73  NP 861 4 3 8  
ACSC 7 3  NP B 6 5  5 4 4  

TSCHANG 73  NP 859 445 

KNIES 74 PRO 9 2680 
METCALF 74 NP 876 253 
MOORHOUS 74 PRD 9 1 
SPEARMAN T4 PRD I 0  1660 

BALL 7 5  PRO 11 1 1 7 1  
BERENOS 75  NP B84 3 ~ 2  

CRAWFOP~ 75 NP 8 9 7  125 
KRIVETS 75  SJNP 2 0  4 3 0  

ALSO 7 4  S J N P  19 112 
L I C H I E N 8  7 5  LNG I 2  6 1 6  

AYEO 16 CEA-N-]921 
BARBOUR 76 NP B I l l  3 5 8  
CAMPBELL 76 PRO 14 2 4 3 1  
FELLER 76  NP 8 1 0 4  2 1 9  

VASAN 76 NP BLO6 535 
ALSO 76 NP B 1 0 6  5 2 6  

OONNACHI 68 PC 26B 1 6 1  

FONDA 73  PRO B 3 5 3  
HENYEY 7~ PR Dg 3 0 2  

OLSSCN T4 LNC 1 0  333  
P F E I L  7 ~  NP 8 7 3  1 6 6  

SUZUKI 7 4  NP B88 4 1 3  

GANENKO 75  SJNP 22  522 
NIGRG 75  NP 8 8 4  2 0 1  

G A N E N K O [  7 6  SJNP 2 4  2 8 ~  
GANENKO2 7 6  S J N P  2 k  5 9 4  
ZABEV 76 SJNP 2 4  7 0  

+ L D V E L A C E  (LUND,RUTGIIJP 
÷CAMPBELL,LEE,SHAW (UTAH, BOIS,UCI I  
SODING,BARTELS,+ (DESY+LBL÷BRAN÷CERN÷HELS)IJP 
BALL,LEE,SHAW (UTAH÷UCI I IJP 

CARTER,BUGG~CARTER (CAVEND[SHeQUEEN MARYIIJP 

CHENG,LICHTENBERG [ I N O ) I J P  

DEVENISH,RANKIN,LYTH ILOUC÷BONN+LANC)IJP 

MDORHOUSE, OBERLAC8 IGLAS÷LBLI IJP 

NOGOVA,PISUT(IP SLOVAK ACAD SCI,COMENIUS U) I JP  
NOGOVA,PISUT÷(IP SLOVK ACAD SCI,COMENIUS U I I JP  

NUGOVA,PISUT+(IP SLOVK ACAD SCI,COMENIUS U | I J P  

TSO HANG,PARKINSON (FLOR÷GAINESVILLEIIJP 

K N I E B , M O O R H O U S E , O B E R L A C K  (LBL,GLAS) IJP 
W J METCALP,R L WALKER ( C I T ) I J P  
MOORHOUSE,OBERLACK,ROSENFELD ( G L A S + L B L I I J P  

T D SPEARMAN (TRIN ITY COLLEGE,DUBLIN) 

J s BALL,R L GOBLE (UTAH)IJP 
BERENDS,DDNNACHIE (LEID,MCHSI 

R L CRAWFORD IGLASI IJP 
+MIROSHNICHENKO,NIKIFOROV,SANINe (K IEV) I JP  

KRIVETS,NIKIFOROV,SANTN,SHALATSKII ( K I E V I I J P  
O B LICHTENBERG ( I N O ) I J P  

AYED )THESIS) (SACL)IJP 

I .  M. BARBOUR,R. L. CRAWFORO (GLASIIJP 
CAMPBELL,SHAW,BALL (BOIS+UCI÷UTAH)IJP 
eFUKUSHIMA,HORIKAWA,RAJIKAWA÷(NAGOYA÷OSAKA)IJP 

S. S. VASAN (CARN|IJP 

S. S. VASAN (CARN|IJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

DONNACHIE,LOVELACE,KIRSOPR (CERN) 

FONDA,GHIRARDI,SHAW ( ICTP-TRIESTE~TRSTI IJP 
HENYEY,KANE IMICH) IJP 

OLSSON ICERN)IJP 
PFEIL,ROLLNIK,STANKOWSKI ( B O N N )  

SUZUKI,KUROKAWA,RONO0 )TOKYO) 

÷KRIVETS,MIROSHNIOHENKO,NIKIFOROV÷ (K IEV) I JP  
NIGRO,SPILLANTINI,VALENTE (PADO,FRASI 

÷KRIVETS,MIROSHNICHENKO,NIKIFOROV+ ( K I E V ) I J P  

+GORBENKO,KRIVETS,KOLESNIKOV÷ ( K I E V I I J P  
ZABEV,KUZNETSOV,STUKOV (TMSKIIJP 

1~3~ ~ REGION - PRODUCTION EXPERIMENTS 

81  N ' 3 1 2 1 1 2 1 2 ,  J P = 3 / 2 ÷ )  I = 3 1 2  PRODUCTION EXPERIMENTS 

SEE T ~ E  MINI--REVIEW PRECEDING THE N ANO DELTA LISTINGS 

FOR I DISCUSSION OF PRODUCTION EXPERIMENTS. 

81 N'3/211232) MASS (MEV) (PROD. EXP.I  

1217.  ~Z ANDERSON 70 MMS - O f -  P T G  P I -  MMS 2171 
L227 .0  O ELLIS 7 1 C N T R  MMS PP 3 . 7  GEVIC 10171 

M . . . . . . . . .  
M AVG 1222 .7  5 . 3  AVERAGE )ERROR INCLUDES SCALE FACTOR OF 1.01 

M STUDENT1222.7 5 . 9  AVERAGE USING S T U D E N T I O I H / [ . I I I  -- SEE MAIN TEXT 

Me÷ 1L232.01 (6 .01  FERR(~LUZ 65 HBC ~ K+P TU KO P PI+ 
M÷÷ 11236.01 DEANS 66 RVUE PI÷P TOTAL 7166 
M÷÷ 11233.41 1~.41 GIDAL 66 DRC D D TO NNINN) PI 7166 

M+÷ 11224.01 (B .OI  HABER 70 08C K-D TO 4 BOOIP) 7170 
M++ 1236.0 2.0 COLTON 72 HBC ++ PP TO pIePN 7GEV 1 / 7 3  
Me+ 1226.0  2*0 COLTON 72 H8C ÷÷ TO P I÷P I -PP  1 /73 

Me÷ 1222 .0  3 . 0  COLTON T 2  HBC ÷÷ TO PI÷pIlpIOPP 1 / 7 5  

M+÷ 1226 .0  2 . 0  COLTON 7 2  HBC ++ TO P I + P I - P I - P N  I 1 7 3  
M+÷ 11231 . )  13.1 LEWIS 78 HBC ÷+ K+ P TO K P 2P l  1/76 

M++ 1219. 5 .  LICHTMAN 7 4  HBC ÷+  PI+P TO 3PI P #/75 
Me÷ 1213.  3 .  LICHTMAN 7~ HBC ++ PI~P 70 3Pl  P ~175 

M++ 1L224o1 5 .  TO IO.  8RAUN2 75 BC PBAR P AND 0 , 5 . 7  11175 

M÷+ 122~. TO 1228.  ATHERTON 76 HBC PEAR P 5 . 7  GEV 2177"  
M+÷ . . . . . . . . .  

N++ AVG 1226.B 3 . 1  AVERAGE IERROR INCLUDES SCALE FACTOR OF 3 , I t  
M÷÷ STUDENTL225.3 1 . 4  AVERAGE USING S T U D E N T I O ( H / I . L I )  - -  SEE MAIN TEXT 

M+ 122~. TO 1 2 3 0 .  BRAUN[ 7 5  HBC PBAR P 5 . 7  GEV i i 1 7 5  
M+ 1 1 2 5 6 ,  15 .  APPLE 77 SPEC + P P TO P IN PI+}  1 1 7 8 "  
M÷ I NOT SEEN IN P P TO P (P P I O I .  1178" 

MO 1231. I T .  COOPER 7~ HBC O D P CEX 4175 
MO 1 1 2 3 0 , 1  B R A U N I  T 5  HBC PBAR P 5 . 7  GEV 1 1 / 7 5  

MO 11220 . )  5 .  TO TO. BRAUN2 75 BC PEAR P AND 0 , 5 ° 7  11175 

M- 1 1 2 4 1 . 3 1  15.11 GIDAL 6B OBC - 7 / 6 6  
M- 1239 .0  5 . 0  COLTON 72 HBC TO P I ÷ P I - P I - P N  1173 

81 I N * - }  - IN*÷+)  MASS DIFFERENCE (MEV) IPRCO. EXP. I 

D 7 . 9  6.8 GIDAL 6~ DBC 

81 N ' 3 / 2 1 1 2 3 2 I  WIDTH ( M F V I  (PRO0. EXP.I 

w L IB .  5 .  ANDERSON 70  MMS - P I -  P TO P I -  MMS 2171 

W [ 0 5 . 0  T.O ELLIS 71CNTR MMS PP 3 . 7  GEVIC I 0 / 7 1  
W 141.  I I .  MUSGRAVE 75 HBC K+ P TO K P I N  11175 
W . . . . . . . . .  
W AVG 115.2  7 .5  AVERAGE )ERROR INCLUDES SCALE FACTOR OF 2 . 0 )  

W STUDENT [ [ 4 . 5  4 . 6  AVERAGE USING STUDENTIO(HX[.11)  - -  SEE maiN TEXT 

W÷÷ ( [ 2 5 . 0 I  ) 3 0 . 0 )  FERRC-LUZ 6 5  HBC ~÷ 
W÷* 1121.01 DEANS 66 RVUE 7166 

W+÷ ( 1 2 4 . 0 I  114.01 GIDAL 6~ DBC ÷+ 7X66 
W÷÷ 1120o01 18 .0 )  HABER 70 DBC K-O TO 4 BODIPI 7170 
W++ 115 .0  6 . 0  COLTON 72 HBC PP TO PI+PN 7GEV 1173 
W~+ 127*0 5 . 0  COLTON 72 HBC +÷ TO P I÷P I -PP 1173 

W÷+ 122 .0  9 . 0  CGLTON 72 HBC ++ TO PI÷PI -P IOPP 1173 
W÷÷ 106 .0  7 . 0  COLTON 72 HBC ÷+ TO P I + P I - P I - ~ N  1 /73 
W÷* ( 1 4 6 . I  110.1 LEWIS 73 HBC K÷ P TO K P 2PI 1176 

Baryons 
A( 550) 

W÷÷ 166. t A .  LICHTMAH 7~ HBC e÷ PI÷P I 0  3P| P 4175 
W÷÷ 13~. T .  LICHIMAN 74 HBC P I - P  70 3PI P ~ IT5  

W++ i l l O . )  10. TO 20.  BRAUN2 75 BC PBAR P AND 0 , 5 . 7  11175 

W*+ 96. TO 113. ATHERTON 7 6  NBC PEAR P 5 .7  GEV 2177~ 

W÷+ . . . . . . . . .  
We+ AVG 123.2  5 . 7  AVERAGE )ERROR INCLUDES SCALE FACTOR OF 2 . 0 )  
wee STUDENT 123.3  3 .7  AVERAGE USING STUDENT lO(H I I . 11 )  - -  SEE MAIN TEXT 

We iiO. TO 130. BRAUNI 75 HBC PEAR F 5.7 GEV 1L175 
W÷ ~ 20 .  60 .  20 .  APPLE 77 SPED • P P T~ P (N PI÷)  1178~ 

WO 109.  32 .  2 5 .  COOPER 74 HBC 0 D P CEX 4175 
WO ) 1 2 0 . )  BRAUN1 15 HBC PBAR P 5 . 7  GEV 11275 
WO ( 1 2 0 . )  i 0 .  TO 20.  8RAUNB 75 BC PEAR P AND 0 , 5 . 7  11175 

W- 1149 .0 ]  ( 1 8 . 0 ]  GIDAL 86 DBE - 7166 

W- 237 .0  2 2 . 0  COLTUN 72 HBE TO PI+PT-PT-PN l i T ]  

REFERENCES F~R N=31211232) (PROD. EXP.) 

FERRO--LU 65 NC 38 1101 

DEANS 68 PREPR|NT 

GIDAL 66 PR 14[  1251 

ANDERSON 70 PRL 2 5  ~ 9 9  
HABER 70  NP 178 2 8 9  
ELLIS 7 1 P R L  27 442 

COLTEN 72 PR D6 ~5 
LEWIS 73 NP B60 283 

COOPER 74 NP B7g 259 

LICHTMAN 74 NP B S I  3 I  

8RAUNI 7 5  NP B~5 481 
BRAUN2 75 NP 895 5 0 3  
MUSGRRVE 75 NP B87 365 

AThERTON 76  NP B 1 0 3  3 8 1  
APPLE 77 LNC 18 i ~7  

ALEXANDE 73 NP 852 221 
BEAUPRE 73 NP 866 98 

8ERLAND 7~ NP BT5 93 

ALSO 7@ PL BIB 187 
ATHERTON 75 NC BOA 5O5 
STRACHMA 75 NP 898 180 

FERRO-LUZZI,GEORGE, * (CERN) 
S R DEANS, W G HOLLAOAY (VANDERBILTI 

G GIDAL~ A KERNAN, S K I M  (LRL) 

• BLESER,BLIEDEN,COLLINS~ {BNL,CARN} 
+SHAPIRA,MERRILL,MONARI+÷ )SABRE CULL) 
+MAGIICH,NOREM,SANNES,SILVERMAN (RUTG) 

E EOLTON, A KIRSCHBAUM (CBL) 
÷ALLEN,JACOBS,DANYSZ,ISLAM÷(LOWC~LOIC+CDEF) 

CODPER,SEIDL,VANDERVELDE IMICH) 

LICHTMAN,BISWAS,CASON,KENNEY,MCGAHAN÷(NDAM)I 

+GERBER,MAURER,MICHALON,SCHIBY+ (STRB,LPNP)I  
+GERBER,MAURER,MIOHALON,SCHIBY~ (STRB,LPNP)I  
+PEETERS,SCREINER,WHITMORE,YUTA (ANL) 

ATHERTON,FRENCH,SKURA,BOHM÷ (CERN÷PRAGII 
+ASH,CHENG,CDYNE,GROSSMAN+ (PRIM÷PAVIA) 

PAPERS NOT REFERRED TO IN DATA CARDS 

ALEXANDER,BENARY÷(TEL-AVIV÷HEIDELBERG+DESY) 
IAACH+BERL+BONN+CERN÷NDAM*PENN÷TOHO)I 

BERLAHD,HABER,HODOUS,HULS[ZER,÷ ( M I T I I  
BERLAND,HABER,HODOUS~HULSIZER,÷ I M I T I I  
ATHERTON,BAR-NIR,FRENCH,SKURA÷ (CERN÷PRAGII 
STRACHMAN,BRAUN,GERBER,MAURER÷ ILPNPeSTRB)I 

> 
i i 0  N .312)15501  MASS )MEV} 11177* 

M B 11550 . }  LONGACRE 77 IPWA P I N  TO 2 P 1 N  i l 1 7 7 m  
M B ALL LGNOACRET7 PARAMEIERS ARE FROM SOLUTION S2t EXCEPT FOR THE POLE [ 1 1 7 7 .  

M 8 POSITION WHICH IS FROM SOLUTIONS S[ AND C I .  [ [ / 7 7 *  

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

iLO N . 3 1 2 ( 1 5 5 0 )  WIDTH (MEV) 1 1 / 7 7 "  

w 8 ( 1 1 0 . )  LDNGACRE 7 7  IPWA P I N  TO 2Pl  N 11177~ 

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

110 N ' 3 1 2 1 1 5 5 0 }  REAL PART OF POLE POSITION (HEVI 11177= 

RE 8 1554.  OR 1553.  LDNGACRE 77 IPWA P l  N TO 2Pl  N 11177= 

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

110 N~31211550I 2*IMAG PART OF POLE POSITION (MEV) 11 /77*  

IM 8 105.  OR 104.  LONOACRE 77 IPWA P I N  TO 2PI N 11177~ 

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

[ I O  N '312115501 PARTIAL DECAY MODES 11X77" 

DECAY MASSES 

PI N~312(1550J INTO P[ N 139+ 938 
P2 N ' 5 1 2 1 1 5 5 0 }  INTO N~312)1232)  PI 1232÷ 139 
P3 N~512115501 INTO H RHO,S=3/2 938* 776 

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

110 N~BI2 (1550 }  BRANCHING RATIOS 11177* 

RI N=3/211550)  FROM P I N  TO N#31211232)  P[ SQRT(PI=P2) IL177~ 
RE B (+.11} LONGACRE 77 IPWA P( N TO 2PI N 11177~ 

82 N ' 3 / 2 ( 1 5 5 0 )  FROM P I N  TO N RHO,S=3/2 SQRTIPI*P3) [ I 1 7 7 "  

82 8 I * . O B I  LCNGACRE 77 IPWA Pl  N TO 2P l  N i I 1 7 7 ~  

REFERENCES F~R N ' 3 / 2 1 1 5 5 0 1  

LONGACRE 77 NP 8112 493 LONGACRE,OOLBEAU (SACL)IJP 
ALSO 76 NP BI08 365 DOLBEAU,TRIANTIS,NEVEU,CADIET (SACLIIJP 



Baryons 
zx(16so), A( 67o) 

I"(16ao)I . . . . . . . . . . . . . . . . . . . . . . . . . .  F ~ l  

THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHED. 

82 N '312116501  MASS (MEV) 

A1 
A t  
A1 
A1 
AI 
A1 
AI  
AI 
AI  
AI  
AI  
At - . 005  .016 FELLER 76  OPWA P IN  PHOTO-PROD 
A1 . . . . . . . . .  
A t  AVERAGE MEANINGLESS ISCALE FACTOR = 2 .91  

M 11648.0) (12.O) DEVLIN 65 CNTR PI+-  P TOTAL 
M I (1695.01 8AREYRE 68 RVUE PHASE-SHIFT ANAL i1167 
M I WHERE CROSS SECTION IS  GREATEST - EYEBALL FIT 

3 11635,0) DONNACHI 68  RVUE PHASE-SHIFT ANAL 6168  
6 (1614 ,0 )  AYED 70  IPWA 1171 

M 6 ENER. DEP. FIT OF ARGAND DIAGRAM 
M 4 [ I 617 ,0 (  DAVIES 70  RVUE P-S  ANAL SOL A 8 /69  
M 7 (1620 . I  ALMEHEO 72 IPWA 2/72 
M 1622. TO 1688. CRAWFORO 75 DPWA P IN  PHOTO-PROD 1176 
M L 1625. OR 1600. LONGACRE 75 IPWA PIN  TO 2P [  N 11175 
M L THE 2 SETS OF PARAMETERS ARE FROM METHODS I AND 2 OF LONGACRE 75. 11175 
M (1623.)  AYED 76  IPWA 11 /77 "  
M (1680. )  BARBOUR 76  OPWA P IN  PHOTO-PROD 1 /76  
M 8 (1580 . I  LONGACRE 77 IPWA P [  N TO 2PI N i i / 77 "  
M 8 ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION $2, EXCEPT FOR THE POLE t l / 77 *  
M 8 POSITION WHICH IS FROM SOLUTIONS St AND E l .  11177*  

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

82 N.312[1650] WIDTH (MEV) 

W 1 (250.0 ]  BAREYRE 68  RVUE 11/67 
w 3 (177 .0 I  DONNACH1 68 RVUE 6168 
W 6 ( i 42 .O l  AYED 70 IPWA 1 /71  
w 4 1141.0) DAVIES 70 RVUE P-S ANAL SOL A 8169 
w 7 (140o) ALMEHED 72  IPNA 2/72 
W 125. TO 214. CRARFORD 75 OPWA Pl N PHOTO-PROD 1176 
W t too .  DR 150. LONGACRE 75 IPWA Pl N TO 2PI N 11175 
W (161.1 AYED 76  IPWA 11177* 
w (248 .1  BARBOUR 76  DPRA P IN  PHOTO-PROD 1176 
W 8 (120. )  LONGACRE 77 IPWA P IN  TO 2PI N 11/77* 
W SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

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

82 N'312[16501 REAL PART OF POLE POSITION (MEV]  11175 

RE [1583°)  tONGACRE 75 IPWA P IN  TO 2PI N 11175 
RE 8 1575. OR 1572. tONGACRE 77 IPWA P IN  TO 2PI N 11/77" 

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

82 N'312116501 2*IMAG PART OF POLE POSIT ION (MEV} 11/75 

IM (143.1 LONGACRE 75  IPWA P IN  T0 2P [  N 11/75 
IM 8 119. OR 128. LONGACRE 77 IPWA P IN  TO 2PI N i t / I T *  

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

82 N '3 /2 (1650)  PARTIAL DECAY MODES 

OECAY MASSES 
P l  N'312(1650] INTO P IN  139+ 938 
P2 N*BIB(1650I INTO N PI PI 938+ 139+ 139 
P3 N '3 /2 (16501  INTO GAM NUCLEON, HELICITY=II2 O+ 938  
P4 N'3/2(1650)  INTO N ' 3 / 2 1 1 2 3 2 1 P I  1232+ 139 
P5 N'31211650) INTO N RHO 988+ 776 
P6 N'312(16501 INTO N RHO,S=I/2,S-WAVE 938" 776  
P7 N.3/2(16501 INTO N RHO,S=ZI2,D-WAVE 938+ 776  

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

82 N.3/2(16501 BRANCHING RATIOS 

RI N'3/2(1650)  INTO (PI N)ITOTAL (PII  
RI  B 10 ,2841  DONNACH1 68  RVUE 6168  
R1 6 [0.8171 AYED 70  IPWA 1/71 
R) 4 (0 .28)  DAVIES TO RVUE P-S ANAL SOt A 8/69 
R1 7 (0 .351  ALMEHED 72 IPWA 2172 
RE ( *321  AYED 76  IPWA 11 /77 "  

R2 N'312(16501 FROM P IN  TO N'312(1232} Pl SQRT[PI*P~} I1175 
R2 L (+.4O)OR +.~O LONGACRE 75 IPWA P IN  TO 2PI N 11/75 
R2 8 [ + . 391  LONGACRE 77  IPWA P [  N TO 2PI N l l / 77~  
R2 8 LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 

R3 N'312(1650) FROM Pl N TO N RHO,S=II2,S-WAVE SQRT(PI*PO) I I / 75  
R3 L (.181OR - . 28  LONOACRE 75 IPWA P IN  TO 2PI N 11/78 
R3 8 1-.081 LONGACRE T7 IPWA P IN  TO 2PI N I I 177 "  

R# N*BI211650] FROM P IN  TO N RHQ,S=3/2tD-WAVE SQRTIPI*PT} i i / 77 "  
R4 B (+ .13 I  LONGACRE T7 IPWA P [  N TO 2PI N IL /TT*  

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

82 N '3 /2 (1650 )  PHOTON DECAY AMPL[GEV**- I I2 I  

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLIIUDES~ SEE MINI -  
REVIEW PRECEDING THE BARYON LISTINGS. 

N '3 /2 (1650 ]  INTO GAM NUCLEON, HELICITY=II2 (GEV* * - I / 2 I  
.004 .033 DEVENISH 73 OPRA P IN  PHOTO PROD 2•74 

( . l l 3 )  HEMMI1 73 + FWD PIO PHTOPROO 217#  
+ .090  . 076  MODRHOUS 73  DPWA P(  N PHOTO-PROD 2 /73  
- . I 0  .017 DEVENIS2 74 DPWA P IN  PHOTO-PROD 4175 

.033  .015 RNIES 74  DPWA P[ N PHOTO PROD 2 /74  

.i05 . 038  METCALF 74  OPWA PIN  PHOTO-PROD 2•74 
• 078 ,066  MOORHOUS 74 OPWA P IN  PHOTO-PROD 2174 

+ .044  .027 CRAWFORD 75 DPWA Pl  N PHOTO-PROD 1 /76  
(+.0581 KRIVETS 75 DPWA PI-N PHOTO-PROD 1 /T8 "  
I+ .055)  8ARBOUR 76 DPWA P IN  PHOTO-PROD 1 /76  

2177 "  

184 

Data Card Listings 
For notation, see key at front of  Listings. 

DEVLIN 65 PRL 14 1031 

BAREYRE 68 PR 165 1731 
OONNACHI 68 PL 26B 161 

ALSO 68 VIENNA 189 
ALSO 68 THESIS  

AYED 70  KIEV CDNF 
DAVIES 70 NP 821 359  

ALMEHED 72 NP B~D 157 
DEVENISH 73 PL 478 53 
HENRI1 73 PL 438  79 
MOORHOUS 73 PL 438 44 

DEVENIS2 74 PL 528 227 
KNIES 74 PRD 9 2680 
METCALF 74 NP 876 253 
MOLRHOUS 7~ PRD 9 1 

CRAWFORO 75 NP 897  125 
KRIVETS 75 SJNP 20 #30 

ALSO 74 SJNP 19 112 
LONGACRE 75 PL 558 415 

AYED 76 LEA-N-1921 
8ARBOUR 76 NP BIll 358  
FELLER 76 NP BID4 219 
LONGACRE 77 NP B122 ~93 

ALSO 76 NP B108 365 

CARRUTHE 60  PRL 4 303 
DEVLIN 82 PR 125 690  
HELLAND 64 PR 134 81062 

REFERENCES FOR N'312[1650) 

T d DEVLIN,J SOLOMON,G 8ERTSCH (PRINCETON( I 

P BAREYRE, C BRICMAN, G VILLET [SACLAY)IJP 
A DONNACHIE, R G KIRSOPP, C LOVELACE (CERN]IJP 
DCNNACHIE RAPPGRTEUR'S TALK (GLAS) 
R G RIRSOPP (EDIN) 

R AYED,P BAREYRE, G VILLET (SACL)IJP 
A DAVIES (GLAS] 

+LOVELACE (LUND, RUTG]IJP 
DEVENISH,RANK[N,LYTH (LOUC+BONN*LANC(IJP 
HEMMI,INAGAKI+ (KYOTO+SAGA+KEK+TOKYHJP 
MODRHOUSE, DBERLACR (GLAS+LBLIIJP 

DEVENISH,LYTH,RANKIN (DESY,LANC,BONN)IJP 
KNIES,MOORHOUSE,OBERLACK (LBL,GLASIIJP 
W J METCALF,R L WALKER (C IT | I JP  
MDDRHOUSE,OBERLACK,ROSENFELO (GLAS+LBL)IJP 

R L CRAWFORD (GLASIIJP 
+MIRUSHNICHENKO,NIKIFDROV,SANIN+ (N IEV) I JP  
KEIVETS,NIKIFDROV,SRNINtSNALATSKII (K IEV I I JP  
+ROSENFELD,LASINSKI,SMAOJA+ (LBL,SLAC)IJP 

AYED (THESIS) [SACLIIJP 
I .  M* BARBOUR,R. t .  CRAWFORD (GLAS]IJP 
÷FUKUSHIMA,HOR[KAWA,KAJIKAWA+(NAGOYA+OSAKA)IJP 
LONGACRE,DOLBEAU (SACLIIJP 
OOLBEAU,TRIANTIS~NEVEU,CADIEI [SACL)IJP 

PAPERS NOT REFERRED TO IN  DATA CARDS. 

P CARRUTHERS [CORNELL) I 
T J DEVLIN, 8 J MOYER~ V PEREZ-MENDEZ (LRL) 
+DEVLIN,HAGGE,LONGO,MOYER,WOOD (LRL I  I 

BAREYRE 65 PL 18 342 + BRICMAN, STIRLING, VILLET [SACLAYIIJP 
JOHNSON 67 UCRL-17683 THESIS C H JOHNSON (LRL) 
OONNACHI 69 NP 10B 433 A OONNACHIE, R KIRSOPP (GLAS+EDIN) 
AYEO 70 PL 818 598 +EAREYRE,VILLET (SACLAY( 
BOWLER 70 NP l i b  331 +CASHMORE (U. OXFORD) 
DEANS 75 NP 896 90 +MITCHELL,MONTGOMERY,+ [SFLA,ALABANAIIJP 

IA (16 '7o ) I  . . . . . . . . . . . . . . . . . . . . . . . . . .  
THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHED. 

iO N.312(1670) MASS (MEVI 

M 3 (1691.0)  DONNACH1 68 RVUE PHASE-SHIFT ANAL 8169 
M 6 ENER. DEP. FIT OF ARGAND DIAGRAM 
M 4 (1649.0 I  DAVIES 70 RVUE P-S ANAL SOL A 8169 
M 7 (1700.)  ALMEHED 72 IPWA 21TB 

L612. TO 1624. CRAWFORD 75 DPWA P IN  PHOTO-PROD 1176 
(1600.(  [ 10 . I  GAIDOS 75 HBC ++ PI+P TO N* 2PI 1176 

M L L728. OR 1680. LONGACRE 75 IPWA P IN  TO 2Pl N 11175 
M L THE 2 SETS OF PARAMETERS ABE FROM METHODS 1 AND 2 OF LONGACRE 75. 11175 

(1723 . I  AYED 76 IPWA LLI77*  
(1629. )  8ARBOUR 76 OPWA P IN  PHOTO-PROD L176 

M 8 (16OO.I LONGACRE 77 IPWA P( N TD 2PI N l l / ?T *  
M 8 ALL LONOACRET7 PARAMETERS ARE FROM SOLUTION $2, EXCEPT FOR THE POLE 11/77"  
M 8 POSITION WHICH IS FROM SOLUTIONS SL AND C l .  l l / TT *  

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

IO N*3/2(16TOl WIDTH (MEV; 

w 3 (269.0]  DONNACHI 68 RVOE 8169 
W 6 (258.0)  AYED 70 IPWA 1171 
W 4 (188.0)  DAVIES 70 RVUE SOL A 8169 
N 7 ( 260 . l  ALMEHED 72 IPWA 2172 

210. TO 268. CRAWFORD 75 DPWA P IN  PHOT[~-PROD 1176 
(180 . ]  ( $5 . )  ( 20 . I  GAIDOS 75 HBC ++ PI+P TO N* 2PI I176 

g L 190, OR 2#0. LONGACRE T5 IPWA P IN  TO 2PI N 11/75 
W (192 . ]  AYED 76 IPWA 11 /77 .  
W (222 . ]  BARBOUR 76  DPWA P[ N PHOTO-PROD 1 /76  
w 8 (200. )  LONGACRE 77 IPWA P IN  TO 2Pl N 11177* 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . .  

lO N*312(1610] REAL PART OF POLE POSITION (MEV] 11175 

RE (1681. ]  LONGACRE 75 IPWA P IN  TO 2PI N i i 175  
RE 8 [bOO. OR 1594. LONGACRE 77 IPWA P IN  TO 2PI N l l / l T *  

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

IO N*312(1670( 2*[MAG PART DF POLE POSITION (MEV) 11175 

IM (245. )  LONGACRE 75 IPWA Pl N TO 2PI N 11175 
IM 8 208. OR 201. LONGACRE 77 IPWA P IN  TO 2PI N 11177* 

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

lO N.3 /2 (1670)  PARTIAL DECAY MODES 

DECAY MASSES 
P) N*3/2(1670) INTO P IN  159f 938 
P2 N*3/2(1670I  INTO R Pl P[ 938÷ 139+ 139 
P3 N*3/2(16?OI INTO K SIGMA 493"1189 
P4 N*312{1670} INTO GAM NUCLEON, HELICITY=I/2 O+ 938 

P5 N '312( [670)  INTO GAM NUCLEON, HELICITY=3/2 o+ 938 
P6 N'312(1670l  INTO N'312(1282) PI 1232+ L39 
P7 N '3 /2 [1670 )  INTO N'312(1232) PI,S-WAVE 1232+ 139 
P8 N.312[1670) INTO N.3 /2 (1232 I  PI,D--WAVE 1232+ 139 
P9 N*312(1670) INTO N RHO,S=3/2,S-WAVE 938+ 776 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of  Listings. 

Baryons 
A(1670), A(1690) 

1 o  N'3/211670)  BRANCHING RATIOS 

RI N=312(lbTO) INTO (PI  N)/IOTAL (PIT 
R I  3 10.141 DONNACHI 68 RVUE 
R] 6 (0 .217)  AYED 70 IPWA 
RI 4 10.125 DAVIES 7 0  RVUE SOL A 
R I  7 (0.161 ALMEHED 7 2  IPWA 
R] (.175 AYED 7S IPWA 

R2 N'3 /2 (1670)  INTO {K SIGMA)/TOTAL ( P 3 )  

R2 I (.OOO02)OR LESS FEUE~SACH 70 RVUE P IP  TO K+ RIG+ 
R2 1 ASSUME MASS, WIDTH, X(ELAGTI OF DONNACHIE 68 
R2 1 MODEL USED MAY DOUSLE COUNT. 

R3 N~3/2(Ib701FRON P IN  TO N'312(12325 PI,S-WAVE SQRT(PI*PT) 
R3 L (--.25)0R - . 24  LONGACRE 75 IPWA Pl N TO 2PI N 
R3 8 ( - . 30 (  LGNGACRE 7 7  IPNA P] N TO SPI N 
R3 B LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 

R4 N~3/2(1670) FROM P] N TO N~312(12325 P l o D - W A V E  SQRT(PI*P8) 
R4 81 ( 0 , )  OR ( - . 10 )  LONGACRE 7 5  IPWA P IN  TO 2PI N 
R4 ( - .051 LONGACRE 77 IPWA Pl N TO RPI N 

R5 N ~ 3 / 2 ( 1 6 7 0 )  FROM P IN  TO N RHO~S=R/2,S-WAVE S~RTIPI~P�) 
R5 L (.RO)OR +.30 LONGACRE 75 IPWA P IN  TO 2PI N 
R5 8 ( - . 04 )  LONGACRE 77 IPWA Pl N TO 2PI N 

R6 N.3/2(16705 FROM Pl N TO K SIGMA SQRT(PI*PO} 
R6 2 I.OO])TO .O l l  DEANS 75 DPWA P[ N TO K SIGMA 
R6 2 RANGE GIVEN IS ERCM FOUR BEST SOLUTIONS. 
RS 2 DEANS75 DISAGREES WITH Pl+ P TO K+ SIGMA+ DATA OF W I N N I K 7 7  

Rb 2 AROUND 1920 MEV. 

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

10 N~3/2(1670) PHOTON DECAY AMPL(GEV*~-II2) 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI -  
REVIEW P R E C E D I N G  THE BARYCN LISTINGS. 

A1 N*RI2(16705 INTO GAM NUCLEON, HELICITY=]/2 (GEV~- I / 2 )  
AI  .036 .D52 OEVENISH 73 DPWA P IN  PHOTO PROD 2174 
AI +.Oh8 .042 MOORHOUS 7 3  OPWA Pl N PHOTO-PROD 2/73 
AI .054 .029 DEVENIS2 74 DPWA P IN  PHOTO-PROD ~ / 7 5  
AI .078 .009 KNIES 74 DPWA P IN  PHOTO PROD 2/74 
A1 .0  .048 METCALF 74 DPWA P] N PHOTO-PRO0 2/74 
AI ,04] .028 MOORHOUS 74 DPWA P IN  PHOTO-PROD 2/74 
A ]  ÷.lOT .011 CRAWFORO 75 DPWA P I N  PHOTO-PRO0 1/76 
A1 (+.120)  BARBOUR 76 DPWA Pl N PHOTO-PROD 1176 

+ . 0 7 2  . 0 3 3  F E L L E R  76 DPWA PIN P H O T O - P R O D  2 / 7 7 ~  A1 
A I  . . . . . . . . .  
At AVERAGE MEANINGLESS (SCALE FACEOR = 1.2(  

A2 N=312116705 INTO GAM N U C L E O N ,  HELICITY=3/2 [GEV~* - I /2 }  
A2 .110 .039 DEVENISH 73 OPWA P IN  PHOTO PROD 2174 
AS +,022 .052 MOORHOUS 73 DPWA P IN  PHOTO-PROD 2173 
A2 .072 .Ol~ DEVENIS2 74 OPWA P I N  PHOTO-PROD ~/75 
A2 .070 .009 KNIEG 7 4  DPWA P IN  PHOTO PROD 2/74 
AS .0 .041 METCALF 74 DPWA P I N  PHOTO-PROD 2/74 

A2 .021 *020 MOORHOUS 74 DPWA PIN PHOTO-PROD 2/74 
A2 + . i 16  .024 CRAWFORD 75 OPWA P[ N PHOTO-PROD 1/76 
A2 1 ÷ . 1 1 7 5  BARBOUR 76 DPWA P I N  PHOTO-PROD 1/76 
A2 ÷.OB7 . O Z B  FELLER 76 DPWA P[ N PHOTO-PROD 2/77~ 
A2 . . . . . . . . .  
A2 AVERAGE MEANINGLESS (SCALE FACTOR = 1.55 

REFERENCES FOR N.312(I6705 

OUNNACH] $8 PL 26B ]61 A OONNACHIE, R G KIRSOPP, C LOVELACE (CERNIIJP 
ALSO $8 VIENNA 139 DENNACHIE  RAPPORTEUR~S TALK IGLAS) 
ALSG BB THESIS R G KIRSOPP (EDIN] 

AYED 70 KIEV CONF R AYED,P SAREYRE, G VILLET (SACL)IJP 
DAVIES 70 NP B2I 359 A DAVIES (GLAS) 
FEUERBAC 70 NP lOB 85  FEUERBACHER÷HOLLADAY (VANDERBILTI 

ALMEMED 72 NP B40 157 +LOVELACE (LUND,RUTG]IJP 
DEVENISH 7 3  PL 47S 53 O E V E N I S H , R A N K I N , L Y T H  (LCUCeBONN*LANC)IJP 
MOORHOUS 7 3  PL ~ 3 B  44 MOORHOUSE, OBERLACK (GLAS+LBLIIJP 

D E V E N I S 2  7 4  PL 52B 227 DEVENISH,LYTH,RANKIN (DESY,LANC~BONN)IJP 
KNIES 74 PRD 9 2680 KNIEG,MOORHOUSE,OBERLACK (LBL,GLAS)IJP 
NETCALF 74 NP B76 253 W J METCALF,R L WALKER (C IT I I JP  
MDCRHOUS 74 PRD 9 1 MOORHOUSE,OBERLACK,ROSENFELD (GLAS÷LBL)IJP 

CRAWFORO 75 NE $97 125 R L CRAWFORD (GLAS)IJP 
DEANS T5 NP B96 90 +MITCHELL,MONTGOMERY,+ (SFLA,ALABAMAIIJP 
GAIDOS 75  PRD L2  2 5 6 5  GAIOOS,MILLER (PURD)IJP 
LONGACRE 75 PL 55B 415 ÷ROSENFELD,LASINSKI,SMADJA+ (LBL,SLAC)IJP 

AYED 76 CEA-N-]921 AYED (THESIS) (SACL)IJP 
BARBOUR 76 NP B L l l  358 I .M .  BARBOUR,R. L. CRAWFORD (GLAS)IJP 
FELLER 76 NP BID4 219 +FUKUSHIMA,HORIKAWA,KAJIKANA÷(NAGOYA÷OSAKA}IJP 
LONGACRE 77 NP B122 4 9 3  LCNGACRE,DOLBEAU (SACLIIJP 

ALSO 76 NP RIO8 3 6 5  ODLBEAU, TRIANTIS,NEVEU,CADIET (SACL)IJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

OONNACHI 69 NP LOB 433 A DGNNACHIE, R KIRSOPP (GLAS+EDIN) 
AYED 70 PL BIB 598 +SAREYRE,VILLET (SACLAY) 
BOWLER 70 NP 17B 331 +CASHMORE (U. OXFORD) 
WINNIK 77  NP BI28 6 6  +TOAFF,REVEL,GOLOBERG,BERNY (HA IF I I  

. . . . .  , . . . . . . . . . . .  / 2 + )  . . . . .  

RECENT ANALYSES INDICATE A P ' ' 33  RESONANCE SOMEWHERE 
IN THE i b50 - I 900  MEV REGION. SEE ALSO THE N*3/2(21601 
LISTINGS. 

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

19 N*3/2(16905 MASS (MEV) 

M 3 ( [ 6 9 0 . )  DDNNACH2 6 8  RVUE PHAS.SHIFT-CERNI I O / B 9  

M 3 (IB�O.) KIRSOPP 68 RVUE PHASE SHIFT A N A L  I 0 / 6 9  
M 3 WHERE MAX. ABSORPTION IS -OONNACH[, 2 ,KIRSOPP EYEBALL FIT CERN i I 0 / 69  
M 6 l l 8 0 1 . O )  AYED 70 IPWA 1/71 
M 6 ENER. DEP. FIT OF ARGAND DIAGRAM 

8 / B 9  

t / T t  
B/69 
2/72 

Ll177~ 

7 / 7 0  

11/75 
1 1 / 7 5  
11177* 

11/75 
11175 
IIIlT~ 

1 L / 7 5  
11/75 
i 1 / 77 "  

11/75 
11/T5 
11175 
1 /78 .  
1 /78 .  

N 7 L 11680.) ALMEHED 72 IPWA 2/72 
M 1900. OR [B40, LONGACRE 75 IPWA P] N TO 2PI N 1 ] /75  

L 7HE 2 SEIS OF PARAMETERS ARE FROM METHODS ] AND 2 OF LGNGACRE 75. ] ] 175  
(1900.)  AYED 76 IPWA E]/77~ 

M 8 ( [5BO.I  LONGACRE 77 IPWA P IN  TO 2PI N 11/77" 
M 8 ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION $2, EXCEPT FOR THE POLE 11/77" 
M 8 POSITION WHICH IS FROM SOLUTIONS SI ANG C1. 11/??* 

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

E9 N#3/2(16901 WIDTH (MEV) 

W 3 (281. )  DONNACHS 68 RVUE PHAS.SHIFT-CERNI 10/69 
W 3 (240, }  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
N 6 (50B.0)  AYED 70 IPNA 117I 
W 7 (220.)  ALMEHED 72 IPSA 2/72 

L 205. OR 300. LONGACRE 75 IPWA Pl N TO 2Pl N 11/75 
(204. )  AYED 76 IPNA 11177~ 

W 8 ( 150 . l  LONGACRE 77 IPWA P] N TO 2P[ N 11/77" 
SEE THE NOIES ACCOMPANYING MASSES QUOTED 

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

19 N=312(IE905 REAL PART OF POLE POSITION (MEV) 11175 

RE (1609.)  LONGACRE 75 IPWA P] N TO 2PI N 11/75 
RE 8 1541. OR 1542. LONGACRE 77 IPNA Pl N TO 2PI N I I / 77~  

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

19 N~3/2(16905 2*]HAG PART OF POLE POSITION (MEV) I I / 75  

IM (323.1 LONGACRE 75 IPWA P IN  TO 2PI N I [ / T5  
IM 8 178. OR [ 7 8 .  LONGACRE 7 7  [PWA Pl N TO 2Pl N E l / 77 *  

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

19 N ' 3 / 2 [ 1 6 9 0 )  PARTIAL DECAY MODES 

DECAY MASSES 
P l  N . 3 / 2 ( 1 6 9 0 )  [ N T O  P I N  L 3 9 ÷  9 3 6  
P2 N~3/2(I6905 INTO K SIGMA 493÷1189 
P3 N*31S(16901 INTO N~312(123S) PI,P-WAVE 1232+ 139 
P4  N ' 3 / 2 ( 1 6 9 0 1  I N T O  N ~ 5 / 2 1 L 2 3 2 5  P I , F - W A V E  1 2 3 2 +  1 3 9  

P5 N~3/2( ]690)  INTO N RHO,S=I/2,P-WAVE 9B8÷ 776 
P6 N ' 3 / 2 ( 1 6 9 0 )  INTO N RHO,S=312,P-WAVE 9 3 8 +  7 7 6  

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

19 N.3/2(16905 BRANCHING RA7IOS 

RI N.3 /2(1690|  INTO (PI  N}/IOTAL (P ] }  
Ri 3 ( , tO )  DONNACH2 68 RVUE PHAS.SHIFT-CERNI 10169 
R] 3 (o085 KIRSOPP 68 RVUE PHASE SHIFT ANAL ] 0 / 69  
RL 6 (0.1855 AYED 70 IPWA l / 7 l  

R] 7 ( 0 . ] ]  ALMEHED 72 IPWA 2/72 

R[ (.195 AYED 76 IPWA 11/77"  

R2 N~312(1690l INTO (K SIGMA)/TOTAL (PZ} 
R2 I (.O0002IOR LESS FEUERBACH 70 RVUE P I P TO K÷ SIG+ TITO 
RS I ASSUME MASS, WIDTH, XIELASTI OF DONNACHIE 6B 
R2 I MCDEL USED MAY DOUBLE COUNT. 

R3 N#3/S(1690) FROM P] N TO K SIGMA SQRT(PI=P2} ]L175 
R3 2 (.O06ITO .042 DEANS 75 DPWA P IN  TO R SIGMA ] i 175  
R3 2 RANGE G I V E N  IS EROM FOUR REST SOLUTIONS. 1 1 / 7 5  

R5 2 DEANS75 DISAGREES WITH PI÷ P TO K+ SIGMA÷ DATA OF WINNIK77 ] / 78 *  
R3 2 AROUND 1 9 2 0  M E V .  1 / 7 8 "  

R4 N '3 /2 ( ]6905  FROM P IN  TO N$3/211232) PI,P-WAVE SQRT(PI#PR) ]]/75 
R4 L ( - . 36 )0R  - . 30  LONGACRE 75 IPWA Pl N TO 2Pl N ] I / 75  
R4 8 1-.345 LONGACRE 77 IPWA P IN  TO 2PI N 11177. 
R4 B LONGACRE 77 C[NSIDER THIS COUPLING TO BE WELL DETERMINED. 

R5 N ~ 3 / 2 ( 1 6 9 0 )  FROM P I N  TO N~3 /2 (1232 ]  PI,F-kAVE SQRT(PI~P¢] 11/77= 
R5 8 (÷ .07 )  LONGACRE 77 IPWA P] N TO 2PI N I I / 77=  

R6 N~312(1S90) FROM P IN  TO N RHO,S=I/2,P-WAVE SQRT(RI~P5] 11/77~ 
Rb 8 ( - . IO )  LDNGACRE 77 IPWA Pl N TO 2PI N i i / 77 "  

R7 N~3/2{ISgOI FROM P] N TO N RHO,S=3/2,P-WAVE SQRTIP[~PO) 11/77* 
R7 8 ( - . iO )  LONGACRE 77 IPWA P IN  TO 2PI N i I / 77 "  

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

19 N~3/2(]6905 PHOTON DECAY AMPLIGEV~*-I/2) 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI -  
REVIEW PRECEDING THE BARYON LISTINGS. 

A1 N~3/2(IO905 INTO GAM NUCLEON, HELICITY=II2 (GEV=#-II21 
AI  .016 .055 OEVENISH 73 DPWA P IN  PHOTO PROD 2/74 
AI - . 033  .037 DEVENIS2 74 DPWA P IN  PHOTO-PROD 4/75 
A] .OOB .015 KNIES 7 4  DPWA Pl N PHOTO PROD 2/74 
AL .0  .038 METCALF 74 DPWA P IN  PHOTO-PROD 2/74 
AL .0  .020 FELLER 7 6  DPWA P IN  PHOTO-PROD 2/77~ 
AI . . . . . . . . .  
AI  AVERAGE MEANINGLESS (SCALE FACTOR = L.O) 

A2 N#3/2(16905 INTO GAM NUCLEON, HELICIIY=3/2 IGEV= t - I / 2 ]  
A2 .074 ,064 DEVENISH 73 DPWA PIN PHOTO PROD 2174 
A2 .0OR .046 DEVENIS2 7B DPWA Pl N PHOTO-PROD 4175 
A2 - . 034  .02S KNEES 74 DPNA P IN  PHOTO PROD 2/74 
A2 .0  . 0 3 3  METCALF 74 OPWA P] N PHOTO-PROD 2/74 
A2 .o .015 FELLER 76 DPWA P IN  PHOTO-PROD 2/TT~ 
A2 . . . . . . . . .  
A2 AVERAGE MEANINGLESS (SCALE FACTOR = 1.05 

REFERENCES FOR N'312(16905 

DONNACH2 68 VIENNA 139 DONNACHIE RAPPORIEUR'S TALK (GLAS) 
KIRSOPP 68 THESIS R G KIRSOPP (EDINI 

AYED 70 KIEV CONE R AYED,R BAREYRE, G VILLET (SACLIIJP 
FEUERBAC 70 NP 1OR 85 FEUERBACHER*HOLLAOAY (VANDERBILTI 
ALMEHED 72 NP B40 157 +LOVELACE (LUNDtRUTG)IJP 
DEVENISH 73 PL 47R 53 DEVENISH,RANKIN,LYTH (LOUC÷BENN+LAMC)IJP 

OEVENISS 74 PL 52S 227 DEVENISH,LYTH,RANKIN (DESY,LANC,BONNIIJP 
KNIES 74 PRD 9 2080 KNIES,MOORHOUSE~OBERLACK (LBL,OLASIIJP 
METCALF 74 NP $76 2 5 3  w J METCALF,R L WALKER (C IT ) I JP  



Baryons 
Z~(1690), A(1890), A(1900) 

DEANS 75 NP BgB 90 
LGNGACRE 75 PL 558  415  

AYED 76 CEA-N-I921 
FELLER 76 NP B104 219 
LONGACRE 77 NP B122 493 

ALSG 76 NP B lO8  365 

AYED 70 PL 81B 598 
BOWLER TO NP 178 33I 
WINNIK 77 NP B128 66 

+MITCHELL,MONTGOMERY,+ (SFLA,ALABAMA)IJP 
+ROSENFELD,LASINSKI,SMADJA+ (LBL,SLACIIJP 

AYED (THESIS I  (SACL)IJP 
+FUKUSHIMA,HORIKAWA,KAJIKAWA+(NAGGYA+OSAKA)IJP 
LONGACRE,DDLBEAU [SACL)IJP 
DOLBEAU,TRIANTIS,NEVEU,CADIET (SACL)IJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

+EAREYRE,VILLET (SACLAY) 
+CASHMORE {U. OXFORD) 
÷IOAFF,REVEL,GOLDBERG,BERNY (HA IF ) I  

THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHED. 

11 N*812(IBqO} MASS (MEV) 

M 3 (1913.0 l  OONNACH1 68 RVUE PHASE-SHIFT ANAt 8/89 
M 6 {1837.0)  AYED 70  IPWA i171 
M 6 FROM ENER. DEP. FIT OF ARGANO DIAGRAM 

M 4 (1841 .0 I  DAVIES 70 RVUE P-S ANAL SOL A 8169 
M 7 ( [ 873 . )  ALMEHED 72 IPWA 2172 

1 1890. TO 1986 .  M MEHIANI 72 DPWA PI÷P TO PI+PIOP 9 /73  
M 5 (1890 . i  LANGBEIN 73 IPWA PI N-K SIG,SOL I 9173 
M 5 ( I 890 . l  LANGBEIN 73 IPWA PI N-K SIG,SOL 2 9 /73  

5 OEANS75 AND LANGBEIN73 DISAGREE WITH Pl+ P TO K+ SIGMA+ DATA OF 1178" 
5 WINNIK77 AROUND 1920  MEV. i178~ 

M L 1870. OR I830 .  LONGACRE 75 IPWA P IN  TO 2PI N I i / 75  
M L THE 2 SETS OF PARAMETERS ARE FROM METHODS I AND 2 OF LONGACRE 73. 11/75 
M {1869°) AYED 76 IPWA 11177* 
M 1885. 27°  CUTKOSKf 76  IPWA I I 177 "  

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

11 N~3 /2 { IB9O)  WIDTH (MEVI 

w 3 {350.0) OONNACHl 68  RVUE 8 /89  
w 6 ( I gB ,O I  AYED 70  IPWA I ITL  
W A (136.01 DAVIES 70 RVUE SOL A 8 /69  
w T I250 . )  ALMEHED 72 IPWA 2172 
W I 273. TO 322°  MEHTANI 72  DPWA PEeP TO PI÷PIOP 9173 
W 5 (LBO. l  LANGBEIN 73  IPWA PI N-K SIG,SOL i 9•73 
w B 1140.J LANGBEIN 73 IP~A Pl N-K S IG ,SOL  2 9173 

L 255. OR 220. LONGACRE 75 IPWA Pl N TO 2PI N 11/73 
(235 . ]  AYEO 76  IPNA 11177~ 

w 310. 90. CUTKOSKY 76  IPWA 11177~  
SEE MOTES ACCOMPANYING MASSES QUOTED AS FOR N ' I 12 {1910 l  

. . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I I  N .3 /2 (1890 )  REAL PART OF POLE POSITION (MEV) 11175 

REE I1813 . )  LONGACRE 75 IPWA P IN  TO 2PI N 11175 
REE 1623. [ 2 .  CUTKCSKY 76 IPWA 11177. 

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

11 N '812 i1890)  2*IMAG PART OF POLE POSITION (MEV) 11 /75  

IME {193 . )  LONGACRE 7E IPWA P IN  TO 2PI N 11175  
IME 250. 36. CUTKOSKY 76 IPWA II177~ 
GV 

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

1 l  N*3 /2 (18gO l  REAL PART OF ELASTIC POLE RESIDUE (MEV) 

RER 16.5 3.5 CUTKOSKY 76 IPWA I1177~ 

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

II N*312(18901 INAG PART OF ELASTIC POLE RESIDUE (MEVI 

IMP - I I .  3 .  CUTKOSKY 76  IPWA 11177= 

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

k l  N*812(18901 PARTIAL DECAY MODES 

RI 

GV 

R2 
R2 
R2 
R2 

R3 

R3 

R4 

DECAY MASSES 
PI R*31211890} INTO P IN  I89+ 938 
P2 N'312(18908 INTO N PI PI 938+ 189+ 139 
P3 N '312 {1890 I  INTO K SIGMA 993+ I I 89  
P4 N '312 (18908  INTO N*312 (L282 )  PI 1232+  139  
P5 N*312I I89GI  INTO GAM NUCLEON, HELICITY=I/2 O÷ 988 
P6 N .3 /2 I I 890 )  INTO GAM NUCLEON, HEL IC ]TY=3 /2  O÷ 938  
P7 N*3 /2 (1890 )  INTO N RHO 938+ 776  
PB N*3 /2 ( I 890 )  INTO N'312[1232) PImP-WAVE 1232÷ 189  
P9 N'31211890) INTO N~312(12328 PI,F-WAVE 1232+ 139 
PlO N .312118908  INIO N RHG,S=312 ,P -WAVE 938+ 77B 

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

11 N*3 /2 (1890 )  BRANBHING RATIOS 

N.3 /2 (1890 )  INTO (El NIITOTAL IP I )  
3 IO .E6 )  OONNACH1 68  RVUE 

(O° I~7E  AYED 70  IPWA 
( 0 . 20 I  DAVIES 70 RVUE SOL A 

7 [0.18l ALMEHED 72 IRMA 
( . I ~ I  AYEO 78 IPWA 

. I~0  .OOB CUTKDSKY 76  IPWA 

N'312(1890I  INIO (K SIGMAI/TGTAL {P3} 
t (D.O08)OR LESS FEUERBACH 7D RVUE P IP  TO K+ SIG+ 

ASSUME MASS, WIDTH, X IELAST I  OF DONNACHIE 68  
MODEL USED MAY DOUBLE COUNT. 

N'312(1890} INTO (SIGMA KE*(PI  NI/TOTAL**2 (PB*PI) 
( .0OI6)OR LESS KALMUS 70 DPWA PI+P TO K+ SIS+ 

8•69 
I171 
8 /69  
2172 

11/77"  
11/77"  

L /71  

N~312(I8~O) FROM P IN  TO N=3 /2 (1232 )  PI SQRT(PI*PA) 
.19  TO .28 MEHTANI 72 DPWA PI÷P TO PI+PIOP 9 /73  

MOSTLY F WAVE DECAY 9173 
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Data Card Listings 
For notation, see key at front of  Listings. 

R5 N '3 /2 (18901  FROM P IN  TO K SIGMA SQRTIRI*PB) 9 1 7 3  

R5 3 ( *06 l  LANGBEIN 73 IPWA Pl N-K STG,SOL i 9173 
RE 3 (.OBl LAMGBEIN 73 IPWA Pl N-K SIG,SOL 2 9/73 
R5 2 (.OZI)TG .034 DEANS 75 DPWA P IN  TO K SIGMA I1 /75  
R5 2 RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. I1175 

RS N.312(18908 FROM Pl N TO N'312(12328 PI,F-WAVE SQRTIPI*P9) I I 175  
RB L ( - . I 2 )OR - . 20  LGNGACRE 75 IPWA P IN  TO 2Pl N 11173 

R7 N'312(18~0) FROM PIN TO N RHO,S=3/2,P-WAVE SQRT(PI*PIO) I[173 
R7 L [ - . 28 )0R - . 33  LONGACRE 73 IPWA P INTO 2Pl N 11175 

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

Ii N~312(IBgOI PHOTON DECAY AMPL(OEV**-I/2E 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUOES, SEE MINI -  
REVIEW PRECEDING THE BARYON LISTINGS. 

AL N '312 (18901  INTE GAM NUCLEON, HELICITY=IZ2 EGEV~*-I/2) 
At .019 .027 DEVENIS2 74 DPWA P IN  PHOTO-PROD 4/75 
AI  .042 .016 KMIES 74 OPWA PIN  PHOTO PROD 2/74 
AI  +.047 .067 METCALF 74 DPWA P IN  PHOTO-PROD 2/74 
AI  -.DO3 °009 CRAWFORD 75 DPWA P IN  PHOTO-PROD 1176  

(+ .0351  BARBDUR 76 DPWA Pl N PHOTO-PROD 1176 AI 
A I  . . . . . . . . .  
A1 AVERAGE MEANINGLESS )SCALE FACTOR : 1.88 

A2 N'312(1890) INTO GAM NUCLEON, HELICITY=8/2 (GEV~*- I /E)  
A2 . 078  .O2O DEVENIS2 74  OPWA P l  N PHOTO-PROD # /75  
A2 - . 022  .020 KNIES 7# DPWA P IN  PHOTO PROD 2/7# 
A2 -°028 .O6B METCALF 74 DPWA Pl N PHOTO-PROD 217~ 
A2 - . 021  .036 CRAWFORD 75 DPWA P IN  PHOTO-PROD I176 

{ - . 013 )  BARBOUR 76 DPWA P IN  PHOTO-PROD I176 A2 
A2 . . . . . . . . .  
A2 AVERAGE MEANINGLESS (SCALE FACTOR = 2 . 2 I  

REFERENCES FOR N '312 [1890 I  

OONNACHI 68 PL 268 161 
ALSO 6R VIENNA 189 
ALSC 68 THESIS 

AYED 70 RIEV CONF 
DAVIES 70 NP BEt 339 
FEUERBAC 70 NP IBB 85 
KALMUS 70 PR D2 1824 

ALNEHEO 72 NP BAD 157 
MEHTANI 72 PRL 29 1634 
LANGBEIN 73  NP B53 251 
OEVENIS2  7~ PL 528  227  
KNIES 74  PRD 9 2680  
NETCALF 7~ NP 876 253 

CRAWFDRO 73 NP 897 125 
DEANS 75 NP B96 90 
LDNGACRE 75 PL 55B 415 

AYED 76 CEA-N-1921 
BARBOUR 75 NP B111 358 
CUTKGSKY 76 PRL 37 6#5 

ALSO 76 OXFORD CONF. #9 

AYEO 70 PL 31B 598 
WINNIK 77 NP B128 66 

A DONNACHIE, R G KIRSOPP, C LOVELACE (CEKN)IJP 
00NNACHIE RAPPORTEUR'S TALK (GLASI 
R G RIRSOPP (EDEN) 

R AYED,P BAREYRE, G VILLET (SACL)IJP 
A DAVIES (GLAS) 
FEUERBACHER+HOLLADAY (VANDERBILT) 
G KALMUS, G BGRREANI, J LOUIE ILRLI 

+LOVELACE (LUND,RUTG)IJP 
÷FUNG, KERNAN, SCHALK, + (UCR ÷LBL) 
LANGBEIN,NAGNER (MUNICHIIJP 
DEVENISH,LYTH,RANKIN (OESY,LANC,BONN)IJP 
KNIES,MOORHOUSE,OBERLACK (LBL,GLAS)IJP 
W J METCALF,R L WALKER (C IT I I JP  

R L CRAWFORD (GLASIIJP 
+MITCHELL,MONTGOMERY,+ (SFLA,ALABAMAIIJP 
+ROSENFELD,LASINSKI,SMADJA÷ (LBL,SLAC)IJP 

AYED (THESIS) (SACLIIJP 
I .  M. BARBOUR,R. L. CRAWFORD (GLASIIJP 
CUTKOSKY,HENDRICK,KELLY (CARN÷LBLIIJP 
CUTKOSKY~HENORICK,CHAO+ (CARN÷LBL÷BRISIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

÷BAREYRE+VILLET (SACLAY) 
÷TOAFF,REVEL,GOLDBERG,BERNY (HA IF ) I  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * ,  * * * * * * * * *  * * * * * * * *  

I A ( 1 9 o o ) l  . . . . .  12, . . . . . . . .  , ,2 - ,  . . . . .  

THIS EFFECT IS SEEN IN TWO CHANNELS. 

30 N.31211900I MASS IMEVI 9173 

M 2 (1920. )  LANGBEIN 73 IPWA Pl N-K GIG,SOL I 9/73 
M 2 (1870.)  LANGBEIN 73 IPWA PI N-K SIG,SOL 2 9/73 
M 2 DEANS73 AND LANGBEIN73 DISAGREE WITH P[÷ P TO K÷ SIGMA+ DATA OF E178" 

M 2 WINNIKTT AROUND 1920 MEV. I178*  
M ( 20Oh)  AYED TB IPWA 11 /77 "  

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

30 N .3 /211900 (  WIDTH (MEVI  9 /73  

w 2 ( 140 . I  LANGBEIN 73 IPWA PI N -K  SIG~SOL t 9173 
W 2 ( 1 6 0 . I  LANGBEIN 73 IPWA PI N-R SIG,SOL 2 9/73 
W (307. )  AYED 76  IPWA 11177=  

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . .  

30 N*312(19008 PARTIAL DECAY MODES 9173 

DECAY MASSES 
Pl N~3/2[1900) INTO PIN 139+ 938 
P2 N*3 /2 I I gOOE INTO K SIGMA #93+1189  

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

30  N.31211900} BRANCHING RATIOS 9178 

M1 N*312{EgOGI FROM P IN  TO K SIGMA SQRT{PI*P2} 9 /73  
RI 2 { .11 )  LANGBEIN 73 IPWA P I  N-K SIG,SOL I 9173 
RL 2 ( . 12 l  LANGBEIN 73 IPWA PI N-K SIG,SOL 2 9173 
R1 I (.O7B) DEANS 75 OPWA P IN  TO K SIGMA I1 /73  
R1 l VALUE GIVEN IS FROM SOLUTION l ,  NOT PRESENT IN SOLUTIONS 2 ,3 ,4 °  11175 

R2 N*3/2(IgOO( INTO PI N/TOTAL (P I I  
R2 { . 08 I  AYED 76 IPWA I l l TT *  



187 

Data Card Listings 
For notation, see key at front of Listings. 

REFERENCES FOR N*312 (1900 )  

L A N G B E I N  7 3  NP 8 5 3  Z S I  L A N G B E I N , W A G N E R  [ M U N [ C H I I J P  
DEANS 75 NP 8 9 6  90 +MITCHELL,MONTGOMERY,+ (SFLA,ALABAMAIIJP 

AYEO 76 CEA-N-1921 AYED (THESIS) [SACLI IJP 

PAPERS NOT REFEREED TO IN DATA CARDS 

WINNIK 77  NP BIZB 6 6  +TOAFF,REVEL,GOLDBERG,BERNY ( H A I F I I  

THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHED. 

12  N ' 3 / 2 ( 1 9 [ 0 I  MASS (MEVl 

3 (I934.8) D O N N A C H [  6 8  RVUE PHASE-SHIFT A N A L  8 1 6 9  
8 1 1 7 8 3 . 0 1  AYED 7 0  IPWA 1 / 7 1  

M 6 FROM ENER. OEP. F IT  OF ARGAND DIAGRAM 

M 4 I 1 9 1 4 . 0 ]  DAVIES 70 RVUE P - S  ANAL SOL A 8 / 6 9  

M 7 [ 1 9 0 0 . )  ALMEHED 7 2  IPWA 2172 

M 9 ( 1 9 8 0 . )  LANGBEIN 73 IPWA PI N-K SIG,SOL 1 9•73 
M 9 ( I g E O . I  LANGBEIN 7 3  IPWA P( N-K SIG,SOL 2 9173 
M 9 DEANS75 AND L A N G B E I N 7 3  D I S A G R E E  WITH Pl+ P TO K+ SIGMA+ DATA OF 1 2 7 8 "  

M 9 WINNIK77 AROUND 1920 MEV. 1 / 1 8 "  

M [ 1 7 8 9 . )  AYED 7 6  IFWA I 1 1 7 7 ~  
M 1940.  30 .  CUTKOSKY 76 IPWA 1 1 / 7 ? *  

M 8 ( I 7 9 0 . ]  LONGACRE 7 7  IPWA P( N TO 2PI N 11177*  
M 8 ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION $2,  EXCEPT FOB THE POLE 1 1 / 7 7 "  

M 8 POSITION WHICH IS  FROM SOLUTIONS S I  AND E l .  11/77~ 

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

12  N ' 3 / 2 ( 1 9 1 0 1  WIDTH ( M E V )  

w 3 ( 3 3 9 . 0 )  DONNACH[ 6 8  RVUE 8 / 6 9  
w 6 ( 3 0 8 . 0 I  AYED 7 0  IPWA 1 / 7 1  

W 4 ( 2 9 0 , )  DAVIES 70 RVUE SOL A 8 / 6 9  

W 7 (BOO.I ALMEHED 72 IPWA 2172 
W 9 ( 1 9 0 . I  LANGBEIN 73 IPWA PI N-K SIG,SOL I 9173 
W 9 ( 1 7 0 .  I LANGBEIN 7 3  IPWA PI N-K SIG,SOL 2 9 1 7 3  
W ( 2 2 1 . I  AYED 76 IPWA 1 1 / 7 7 .  

880 .  1 3 0 .  CUTKOSNY 7 6  IPWA 1 1 1 7 7  ~ 

w 8 ( 1 7 0 . )  LONGACRE 77 IPWA P I N  TO 2PI N 11177* 
SEE NOTES ACCOMPANYING MASSES QUOTED 

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

12 N . 3 / 2 1 1 9 1 0 )  REAL PART OF POLE POSITION (MEV) 

REE 1863.  15 .  CUTKOSKY 76 IPWA 11177 .  

REE 8 1792.  OR I D O l .  LONGACRE 7 7  IPWA P I N  TO 2PI N I t / 7 7 "  

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

12 B~31211910]  2*IMAG PART OF POLE POSITION (MEV) 

IME 250.  3 # .  CUTKOSKY 76 IPWA 1 1 / 7 7 "  
IME B 172. OR 165.  LONGACRE 77 IPWA P I N  TO 2PI N 1 1 / 7 7 "  

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

12 N * 3 / 2 ( 1 9 1 0 I  REAL PART OF ELASTIC PULE RESIDUE (MEV) 

RER - 4 .  E .  CUTKOSKY 7B IPWA 1 1 1 7 7 *  

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

1 2  N * 3 7 2 1 I g l O )  IMAG PART OF ELASTIC POLE RESIDUE [MEVI 

IMR - 2 7 .  E,  CUTKOSKY 7 6  IPWA i i / 1 7 "  

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

12 N ' 3 / 2 ( 1 9 1 0 )  PARTIAL DECAY MODES 

DECAY MASSES 

P I  N~312[19101 INTO P I N  1 3 9 +  9 3 8  

P2 N ' 3 / 2 ( 1 9 1 0 )  I N T O  N P I  P I  9 3 8 ÷  1 3 9 +  139 
P3 N * 3 / 2 I I 9 1 O l  INTO K SIGMA 493+1189 

P4 N ' 3 / 2 ( 1 9 1 0 l  I N T O  N ~ 3 / 2 ( 1 2 3 2 1  PI 1 2 3 2 +  139 

P5 N . 3 / 8 ( 1 9 1 0 )  INTO GAM NUCLEON, H E L I C I T Y = I / 2  O+ 9 3 8  
P6 N ' 3 1 2 ( 1 9 1 0 )  INTO N RHO,S=3/2 9 3 8 +  7 7 6  

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

12  N . 3 2 2 ( I 9 1 0 )  BRANCHING RATIOS 

R1 N ' 3 1 2 ( 1 9 1 0 1  INTO ( P l  NI ITOTAL ( P l l  

RI 3 l O . 3 0 I  DONNACHI 6 8  RVUE 8 / 6 9  
Rl 6 (0 .1281  AYED 70 IPWA 1171 

R I  4 ( 0 . 1 8 1  DAVIES 7 0  RVUE SOL A 8 1 6 9  

RI 7 ( 0 . 3 3 )  ALMEHED 72 IPWA 2 / 7 2  
R I  [ . 1 6 l  AYED 76 IPWA I I 1 7 7 .  
R l  , 228  .025  CUIKOSKY 7 6  IPWA 1 1 / 7 7 ,  

R2 N ~ 3 / 2 ( 1 9 1 0 ]  INTO (K SIGMAI/TOTAL (P3)  
R2 1 IO.OOB]OR LESS FEUERBACH 70 RVUE P I P TO K+ SIG+ 7 / 7 0  
R2 I ASSUME MASS, WIDTH, X(ELAST) OF DONNACHIE 6 8  
R2 1 MODEL USED NAY DOUBLE COUNT. 

B3 N . 3 / 2 1 1 9 1 0 |  FROM Pl  N TO K SIGMA SQRT(PI*P3]  9 1 7 3  
R3 g 1 .11 )  LANOBEIN 7 3  IRWA P( N-K SIG,SOL I 9 / 7 3  

B3 9 ( . 1 5 )  LANGBEIN 73 IPWA P l  N-K SIG,SOL 2 9 / 7 3  

R3 2 [ . 0 8 2 1 T 0  .184  DEANS 75 DPWA P I N  TO K SIGMA 11175 

R3 2 RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 1 1 / 7 5  

R4 N ' 3 / 2 ( 1 9 1 0 )  FROM P I N  TO N ' 3 1 2 ( 1 2 3 2 )  PI SQRTIP l *P4I  11177* 

R 4  8 ( - . 0 6 I  LONGACRE 7 7  IPWA P I N  TO 2PI N 11177"  

B5 N ' 3 / 2 ( 1 9 1 0 )  FROM P I N  TO N RHO,S=3/2 SQRTIPI*P61 1 1 2 7 7 "  
B5 8 ( - . 2 9 I  LONGACRE 77 IPWA P I N  TO 2Pl  N 11177 '  

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

Baryons 
A(1900), A(1910), &(1950) 

12 N ' 3 / 2 ( 1 9 1 0 I  PHOTON DECAY AMPLIGEV**-£ /2)  

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE M I N I -  

REVIEW PRECEDING THE BARYON LISTINGS.  

N ' 3 / 2 ( 1 9 1 0 )  INTO GAM NUCLEON, H F L I C I T Y = I / 2  ( G E V * * - L I 2 )  
• 000 .025 DEVENIS2 7 4  DPWA P I N  PHOTO-PROD 4 / 7 5  
• 010 .012 KNIES 7 4  OPWA P I N  PHOTO PROD 2 / 7 4  

-.03Z . 0 6 5  METCALF 7 4  DPWA P I N  PHOTO-PROD 2 / 7 4  

- . o o ~  . 0 1 3  CRAWFORD 7 5  DPWA P l  N PHOTO-PROD I176 
( - . O 3 I )  BARBOUR 76 DPWA P I N  PHOTO-PROD 1/76 

AVERAGE MEANINGLESS (SCALE FACTOR = ( . O f  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * = * * * * ¢  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR N ' 3 / 2 ( 1 9 1 0 )  

D E N N A C H I  68 PL 28B 1 6 1  
ALSO 68 VIENNA 139 

ALSO 68 THESIS 

AYED TO KIEV OONF 

DAVIES 70 NP B21 359 
FEUERBAC 70 NP 16B 85 

ALMEHED 72 NP 8 4 0  1 5 7  

LANGBEIN 7 3  NP B 5 3  251 

DEVENIS2 7 4  PL 5 2 8  2 2 7  

KNIES 7 4  PRO 9 2 6 8 0  

METCALF 7 #  NP B76  2 5 3  

CBAWFDRD 7 5  NP B 9 7  125 
DEANS 7 5  NP B96 90 

AYED 76 C E A - N - 1 9 2 1  
BABBOUR 76  NP B I L L  3 5 8  
CUTKOSKY ?6 PRL 3? 645 

ALSO 76 OXFORD CONF.  4 9  

LONGACRE 7 7  NP 8122 493 
A L S O  76  NP 8 1 0 8  3 6 5  

A DONNACHIE, R G KIRSOPR, C LOVELACE (CPRNIIJP 
DONNACHIE RAPPDRTEUR'S TALK (GLAS) 

R G KIRSOPP (EDIN) 

R AYED,P BAREYRE, G VILLET ISACLI IJP 

A DAVIES IGLAS) 
FEUERBACHER+HOLLADAY IVANDERBILTI 

+LOVELACE (LUND,RUTG)IJP 

LANGBEIN,WAGNER (MUNICH)(UP 

DEVENISH,LYTH,RANKIN IDESY,LANC,BONN)IJP 

KNIES,NCORHDUSE,OBERLACK (LBL,GLAS) IJP 

W J METCALF,R L WALKER ( C I T ) I J P  

R L CRAWFORD (GLASI IJP 
+MITCHELL,MONTGO½ERY,+ (SFLA,ALABAMA)IJP 

AYED (THESIS) (SACLIIJP 
1, ~ .  BABBDUR,R. L ,  CBAWFORD (GLAS)IJP 

CUTKOSKY,HENDRICK,KELLY (CARN+LBL)IJP 
CUTKOSKY,HENDRICK,CHAO+ (CARN+LBL+BRIS)IJP 

LONGACRE,DOLBEAU (SACL)IJP 
DCLBEAU,TRIANTIS,NEVEU,CADIET ( S A C L ) I J P  

PAPERS NOT REFERRED TO IN DATA CARDS. 

CARYANN 65 PR 138 B433 CARAYANNOPDULOS,TAUTFEST,WILLMANN (PURO} 
A PARTIAL WAVE ANALYSIS OF PI+P TO SIGMA+ K+ 

AYEO 70 PL DIB 5 9 8  +BAREYRE÷VILLET (SACLAY) 

WINNIK 77 NP BI2B 6 6  +TOAFF,REVEL,GOLDBERG,BERNY ( H A I F l l  

I (19so) I . . . . . . . . . . . . . . . . . . . .  , . . . .  2[- 1 
THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHED. 

83 N'3/2(19501 MASS (MEV} 

M [ 1 9 2 0 . 0 )  DUKE 6 5  C N T R  P T - P  EL f POL 6 / 6 8  

M I 1 9 5 0 . 0 }  APPROX YOKOSAWA 6 6  CNTR P I -  P DSIG + POL 7166 
M I ( 1 9 7 5 . 0 )  BAREYRE 68 R V U E  PHASE-SHIFT ANAL I [ 1 6 7  

M I WHERE CPOSS SECTION IS GREAIEST - EYEBALL FIT  

M 3 ( 1 9 4 6 . 0 I  DONNACHI 68 R V U E  PHASE-SHIFT ANAL 6 / 6 8  
M 6 (1931.0l AYEO 7 0  IPWA 1 / 7 1  
M 6 FROM ENER. DEP. F IT  OF ARGAND DIAGRAM 

M 4 ( [ 9 3 5 . 0 )  DAVIES 70 RVUE P-S ANAL SOL A 8 / 5 9  

M I l S 5 0 . O I  ( 3 0 . 0 )  KALMUS 70 DPWA PI+P TO K÷ SIG+ 1 /71 
M ( I 9 3 0 . )  ROYCHOUD 71 DPWA 3 / 7 2  

M 7 ( I 9 2 5 . }  ALMEHED 72 IPHA 2 /72  

M 2 I920 TO l g E l  MFHTANI 72 MPWA PI*P TO PI÷PIOP 9 / 7 3  

M L L930.  OR 1925.  LONGACRE 75 IPWA P[ N TO 2Pl  N 11175 
M L TEE 2 SETS OF PARAMETERS ARE FROM METHODS I AND 2 OF LONGACRE 75.  11 /75 
M ) 1 9 2 8 . I  AYED 76 IPWA 1 1 / 7 7 '  

M 1945.  7 .  OUIKOSKY 76 IPWA I 1 2 7 7 "  

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

83  N ' 3 / 2 ( 1 9 5 0 }  WIDTH I M E V )  

W ( 1 7 0 , 0 )  DUKE 6 5  CNTR 7 / 6 6  

w 12oo. o} APPRDX YOKOSAWA 6 6  CNTR 7 / 6 6  
w 1 ( 1 8 o . o )  8AREYRE 6 8  RVUE I t / & 7  
W 3 1221.0 )  DDNNACHI 6 8  RVUE 6 / 8 8  
W 6 ( 1 9 7 . 0 )  AYED 70 IPWA 1/71 

W 4 ( 2 2 1 . 0 l  DAVIES 70 RVUE SOL A 8 / 6 9  

W [30O.Ol  ( 6 0 . 0 I  KALMUS 70 DPWA PI÷P TO K+ SIG÷ I / 7 I  

w 7 12OO.} ALMEHED 72 IPWA 2 / 7 2  
w 2 234 TO 269 MEHTANI 72 MPWA PI*P TO PI+PIOP 9 / 7 3  
k L 235.  OR 240.  LONGACRE 78 IPWA P l  N TO 2PI N i i 1 7 5  

W ( 2 3 7 . l  AYED 76 IPWA 11177 .  

W 3 0 5 .  4 0 .  EUTKOSKY 7 6  IPWA 1 1 / 7 7 .  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

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

83 N * 3 / 2 ( 1 9 5 0 )  REAL PART OF POCE POSI¥10N (MEV) 11175 

REE ( 1 9 2 4 . )  LONGACRE 75 [PWA P[ N TO BPI N l l / T S  
REE l l g I E . I  VASAN2 7 6  F IT  AYED 76  I 1 / 7 7 #  
ERE 1895.  I 0 .  CUTKOSKY 7 6  IPWA i i / 7 7 *  

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

83 N . 3 / 2 1 1 9 5 0 )  2*IMAG PART OF POLE POSITION IMEV) 11175 

IME ( 2 5 8 . l  LDNGACRE 7 5  IPWA P I N  TO 2 P [  N 1 1 / 7 5  
IME ( 2 2 0 . I  VASANB 7 6  F IT  AYED 76  11177 '  

IRE 2 6 0 .  2 4 .  CUTKOSKY 7 6  IPWA 1 1 / 7 7 .  

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

8 3  N ' 3 / 2 ( 1 9 5 0 )  REAL PART OF ELASTIC POLE R E S I D U E  (MEV) 

RE~ DO. 6 .  CUTKOSKY 7 6  IPWA 1 1 / 7 7 .  

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

83 N * 3 / 2 ( I g E o )  IMAG PART OF ELASTIC PGLE RESIDUE (MEV) 

IMK - 2 5 .  9 .  CUIKOSKY 76 [PWA I 1 / 7 7 "  

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



Baryons 
 (19505, A(1960) 

83  N'312[1950) PARTIAL DECAY MODES 

DECAY MASSES 
P l  N ' 3 / 2 1 1 9 5 0 ]  INTO P( N 139+ 938 
P2 N'312(1950) INTO SIGMA K i [89+ 4 9 3  

P3 N ' 3 / 2 ( 1 9 5 0 )  INTO N ' 3 / 2 [ 1 2 3 2 )  Pl  1 2 3 2 +  1 3 9  
P4 N'31211950) INTO Y*I(13651K 138~+ 493 
P5 N ' 3 1 2 ( [ 9 5 0 )  I N T C  N ' 3 / 2 ( [ 2 3 2 )  RHO 1 2 3 2 ÷  776 
P6 N ~ 3 1 2 ( [ 9 5 0 )  INTO NEUTRON PI+ P [ +  939+ 1 3 9 +  139 
P7 N ' 3 / 2 ( 1 9 5 0 )  I N T O  N ' 3 1 2 ( 1 2 3 2 l  P [  P I  { N O T  R H E I  1 2 3 2 +  1 3 9 +  [ 3 9  

o+ 9 3 8  P8 N'312(1950) INTO GAN NUCLEON. HELICITY=[12 
P9 N'312(1950) INTO GAM N U C L E O N ,  HELICITY=312 O f  938 
P I O  N ~ 0 / 2 ( 1 9 5 0 )  INTO'  N RHO 9 3 8 +  776 
P I [  N'312(1950) INTO N'312(1232]  PI,F-NAVE 1232+ 1 3 9  
Pl2 N ' 3 1 2 ( 1 9 5 0 1  INTO N'312(12325 PI,H--WAVE [ 2 3 2 +  1 3 9  

P13 N'312(19501 INTO N RHOIS=3/Z~F-WAVE 9 3 8 +  776 

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

83  N'312(1050( BRANCHING RATIOS 

RI N*B/2(1950] INTO (PI  N)ITOTAL (P I )  
R [  [0.41] DUKE 6 5  C N T R  VERY ENERGY OEP 7 / 6 6  

RI (0.AJ APPROX YOKOSAWA 6 6  CNTR 7/66 
R I  1 ( 0 . 5 7 ]  6AREYRE 6 8  RVUE 1 1 1 6 7  
R[ 3 [0 .386)  DONNACHI 68 RVUE 6 1 6 8  
R1  6 ( 0 . ~ 9 6 )  AYED 7 0  IPWA l / T I  
RE 4 ( 0 . 5 1 1  DAVIES 7 0  RVUE SOL A 8169 
RI 7 [ 0 . ~ )  ALMEHED 72 IPWA 2172 
R I  ( .415 AYED 7 6  IPWA 1 1 / 7 7 "  
BI , 3 9 6  .OlO CUTKOSKY 7 6  IPWA 1 1 1 7 7  • 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

R2 N'312[1950) INTO [SIGMA K ) * IP I  NIITOTAL**2 (P2*PI)  
R2 SEEN 60R6EANI 6 8  HBC PI+P 1 .35 -1 .68  1 0 1 6 9  
R2 I (O.O0~I (0 .008)  FEUERBACH 70 RVUE P IP  TO K+ SIG~ 7170 
B2 I ASSUME MASS, WIDTH. X(ELAST) OF DONNACHIE 6 8  
R2 1 MODEL USED MAY DOUBLE COUNT. 
R2 O.OOBI 0.0013 KALMUS 70 DPWA P I + P  TO K+ SIG÷ I171 

R3 N'312(1950) FROM P IN  TO N '312 (12321P I  SQRT(PI*P3I 
R3 2 . 3 7  TO ° 4 8  MEHTANI 7 2  MPWA P I + P  TO P I + P I O P  9 • 7 3  

R3 2 MOSTLY F WAVE DECAY 9173 

R4 N'312(1950) FROM Pl N TO SIGMA K SORT(PlOP2) 9 1 7 3  

R4 l °04 )  LANGBEIN 7 3  IPWA PI N-K SIG,SOL i 9173 
R4 (.OB) LANGBEIN 7 5  IPWA PI N-K SIG,SOL 2 9 1 7 3  

R4 5 ( .022)T0 .040 DEANS 75 DPWA P IN  TO K SIGMA 11/75 
R4 5 RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. I1175 
RG 5 DEANS75 AND LANGBEIN73 DISAGREE WITH PI÷ P T0 K* SIGMA÷ DATA OF 1 /78"  
R4 5 WINNIKT7 AROUND 1920 MEV. 1 / 7 8 "  

R5 N'312(1950( FROM P( N TO N'312(12325 PI,F--WAVE SQRT(PI*PII)  11/75 
R5 L [ - .2510R - . 32  LONGACRE 7 5  IPWA P( N TO 2PI N 11/75 

R6 N'312(19505 FROM Pl N TO N RHO,S=312,F-WAVE SQRTIPI*PI3) 11/75 
R6 L ( . I 8 ) O R  - . 24  LONGACRE 7 5  IPWA P( N TO 2PI N 11/75 

MORE INFORMATION ON INELASTIC DECAY MODES OF BUMPS. SEBN IN PRODUCTION 
EXPERIMENTS AROUND 1950 MEV, MAY BE FOUND IN THE NEXT ENTRY 

6 3  N ' 3 / 2 ( 1 9 5 0 1  PHOTON DECAY AMPL(GEV**-I/2) 

FOR DEFINITION Of GANMA-NUCLEON DEOAY AMPLITUDES, SEE MINI -  
REVIEW PRECEDING THE BARYON LISTINGS. 

A[ N'3/2(19501 INTO GAM NUCLEON, HELICITV=II2 (GEV* * - I / 2 )  
A1 - . 088  . 0 2 5  OEVENIS2 7 4  DPWA P IN  PHOTO-PROO ~ / 7 5  
AI  - . 070  . 0 1 2  KNIES 74 DPWA P( N PHOTO PROD 2174 
A I  - . 059  .029 METCALF 74 OPNA P IN  PHOTO-PROD 2 / 7 4  
A1 ( - . 0 6 0 )  MOORHOUS 74 DPWA e l  N PHOTO-PROD 2174 
A t  - . 053  .005 CRAWFORD 75 DPWA P IN  PHOTO-PROD 1/76 
AL ( - . 0 7 6 }  6ARDOUR 7 6  OPWA P I N  PHOTO-PROD L / 7 6  
A I  . . . . . . . . .  

AI AVERAGE MEANINGLESS (SCALE FACTOR = 1.3} 

A2 N*312[19505 I N T O  GAM NUCLEON, HELICITY=3/2 (GEV*~-[12) 
A2 - . 0 8 0  . 0 2 l  O E V E N I S 2  7 4  OPWA P [  N P H O T O - P R O D  4 / 7 5  
A2 - . 078  .OIO KNIES 74 DPWA P IN  PHOTO PROD 2 / 7 4  

A2 - . 093  .02~ METCALF 74 DPWA P IN  PHOTO-PROD 2174 
A2 ( ~ . 1 8 0 1  MOORHOUS 7 4  OPWA P I N  P H O T O - P R O D  2 / 7 4  

A2 - . 0 3 8  .014 CRAWFORD 7 5  OPWA P IN  PHOTO--PROD 1176 
A2 ( - . 065 )  8ARBOUR T 6  OPWA P I N  PHOTO--PROD 1176 
A2 . . . . . . . . .  
A2 AVERAGE MEANENGLESS (SCALE ~ACTOR = 1.5)  

REFERENCES FOR Nt3/2(19EO) 

DUKE a5 P6L L5 468 ÷JONES,KEMP,MURPHY.PRENTICE. ÷ IRHEL,OXFIIJP 
YOKOSAWA 66 PRL 16 714 ÷SUWA, HILLt  BSTERLING, BOOTH IANL~CHIC)IJP 

BAREYRE 68 PR 165 1731 P 8AREYRE, C BRICMAN, G VILLET {SACLAYIIJP 
BO66EANI 6 8  UCRL 1 8 3 5 0  B06REANhKALNUS (LRLI 
DONNACH1 68 PL 26B 161 A DONNACHIE. R G KIRSDPP, C LOVELACE (CERNIIJP 

A L S O  6 6  VIENNA 1 3 9  OENNACHIE RAPPORTEUR'S T A L K  (GLAS) 

ALSO 6 6  THESIS R G KIRSOPP (EDINI 

AYED 7 0  KIEV CONF R AYEO,P BAREY6E. G VILLET ISACLIIJP 
DAVIES 7 0  NP B21 359 A DAVIES (GLAS) 
FEUERBAC 7 0  NP 1 6 6  8 5  FEUERBACHER~HOLLADAY (VANDERBILII 
KALMUS 70 PR D2 1824 G KALMUS, G BORREANI, J LOUIE (LRL) 

ROYCHOUD 7| NP 827 1 2 5  R K ROYCHOUDHURY~B H BRANSDEN IDURHIIJP 

ALHEHED 72 NP 640 IST +LOVELACE {LUND.RUTG)IJP 
MEHIANI 72  PRL 29 I634 +FUNG, KERNAN, SCHALK, * lUCK +LBL) 
LANG6EIN 75 NP 653 25[ LANOBEIN,WAGNER (MUNICHIIJP 

D E V E N I S 2  7 4  PL 528 227 OEVENISH,LYTH.RANKIN IOESY,LANC,BONN)IJP 
KBIES 74 PRO 9 2680 NNIES,MOORHDUSE,OBERLACK (LBL,GLAS)IJP 
METCALF 7~  NP 8 7 6  253 N J METCALF,R L WALKER (C IT I I JP  
MOCRHOUS 74 PRO 9 I MOGRHOUSE.DBEBLACK.ROSENFELD (GLAS+LBLIIJP 

CRAWFOBC 7 5  NR B 9 7  125 R l CRAWFORD (GLASIIJP 
DEANS 75 NP BQ6 90 +MITCHELL,MONTGOMERY,* ISFLA.ALABAMA)IJP 
LENGACRB 7 5  PL SSB 4 1 5  +ROSENFELD.LASINSKI,SMADJA÷ (LBL,SLACIIJP 

AYED 76 CEA-N-1921 AYED [THESIS) (SACLIIJP 
BA660UR 76  NP 8t11 3 5 6  I .M .  BARBOUR~R. L. CRAWFORD (GLAS)IJP 
CUTKOSKY 76 PRL 37 645 CUTKOSKY~HENDRICK.KELLY ICARN+L6L)IJP 

A L S O  76 OXFORD CONF. 49 CUTKOSKY,HENORICK~CHAO+ (CARN+LBL+ERISIIJP 
VASAN2 76 NP 8106 526 S .S .  VASAN (CARN)IJP 
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Data Card Listings 
For notation, see key at front of  Listings. 

PAPERS NCI REFERRED TO IN DATA CARDS. 

HOHLER 63 NP 48 4 7 0  G HOHLER, G EBEL 
LAYSCN 63  NO 27 724 W M LAYSON 
AUV]L 64 NC 33 473 P AUVIL. C LOVELACE 
HELLANO 6 4  PB 1 3 4  61062 +DEVLIN,HAGOE.LQNGO,MOYER,WOOD 
HOHLER 6 4  PL [ 2  1 4 9  G HOHLER, J GIESECKE 
HOLLAOAY 65  PR 1 3 9  B [ 3 4 8  w G HOLLADAY 
JOHNSON 67 UCRL-17683 THESIS C H JOHNSON 
OONNACHI 6 9  NP LOB 4 3 3  A DONNACHIE. R KIRSOPP 
AYED 70 PL 31B 5 9 8  +BAREYRE+VILLE7 
AYEO 74  PRIVATE COMMCTN. AYEO,BAREYRE 

ALSO T3 AIX CONFERENCE AYED,BAREYRE 
WINNIK 77 NP B[28 6 6  ÷TOAFF,REVEL,GGLOBERG~BEENY 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

I A ( 1 9 6 0 ) I  . . . . . . . . . . . . . . . ,  _8 . . . . .  

I K A R L S R U H E I  I 

I C E R N )  I J  

I L O [ C I I J P  
i L R L )  I J  

( K A R L S R U H E )  I 

(VANOER6ILT) 
(LRL] 

(GLAS+EDINI 
( S A C L A Y I  

(SACLIIJP 
(SACLIIJP 
(HA IF I I  

13 N * B / 2 1 1 9 6 0 )  MASS ( M E V I  

3 [195#.OI DONNACH1 66 RVUE PHASE-SHIFT ANAL 6168 
5 ( [ 970 . )  KIRSOPP 68 RVUE PHASE SHIFT ANAL i0169 

M X ( [ 9 5 0 . 0 5  APPROX LEA 69 CNTR PI-P ELASTIC 8169 
M X SEE ALSO APLIN 70 
M 3 WHERE MAX. ABSORPTION IS -DONNACH[t 2 ,KIRSOPP EYEBALL FIT CERN i I 0 / 69  
N 7 12200.) ALMEHO0 72 IPWA 2•72 
M I 11960.) LANGBEIN 73 IPWA P( N-K SIG,SOL 2 9173 
M I NOT SEEN IN SOLUTION i OF LANGBEIN73 9173 
M I DEANS75 AND LANGBEIN73 DISAGREE WITH PI+ P TO K+ SIGMA+ DATA OF 1176" 
M I WINNIRT7 AROUND 1920 NEV. 1178" 
M {1694. )  AYED 7 6  IPWA 1L/77~ 
M 1925. 20* CUTKOSKY 76 IPWA I [ / 771  

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

13 N'312(1960) WIDTH ( M E V I  

W 3 1 3 1 [ . 0 0 )  OONNACH1 6 8  RVUE 8 / 6 9  

w 3 (400. )  KIRSOPP 68 RVUE PHASE SHIF7 ANAL I0169 
W 7 (600. )  ALMEHED T 2  IPWA 2172 
W t ( 1 5 0 . )  LANGBEIN 73 IPWA P( N-K SIG,SOL 2 9173 
w ( 1 2 1 , 1  AYED 7 6  IPWA L 1 / 7 7 "  

w 350. IBO. CUTKOSKY 76 IPWA 11/77.  
SEE THE NOTES ACCOMPANYING MASSES GUOTEO 

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

[3 N ' 3 / 2 ( [ 960 )  REAL PART OF POLE POSITION (MBV) 

6EE 1860. IS .  CUTKOSKV 76 IPWA 11177" 

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

13 N#312(19605 2*IMAG PART OF POLE POSITION (MEVI 

IME 276. 40. CUTKOSKY 7 6  IPWA 11/77"  

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

13 N'312(19605 REAL PART OF ELASTIC POLE RESIDUE (MEVI 

RE6 12. ) .  CU7KOSNY 76 IPWA 11/77"  

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

13 N '3 /2 {1960)  IMAG PART OF ELASIIC POLE RESIDUE (MEVI 

IMR - 1 5 .  4.  CUTKOSKY 7 6  IPWA [1177 .  

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

[3 N'312(19605 PARTIAL DECAY MODES 

DECAY MASSES 
PI N~3/2(19605 INTO P IN  139+ 938 
P2 N ~ 3 / 2 1 1 9 6 0 ]  INTO K SIGMA 493÷1169 

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

13 N.312(1960) BRANCHING RATIOS 

RI N'3/2(19601 INFO [P l  N) /  F O T A L  ( P l ]  

R( 3 (.1545 OONNACH1 6 8  RVUE PHASE SHIFT ANA. 10169 
RI 3 ( . 1 2 )  KIRSOPP 66 RVUE PHASE SHIFT ANAL 10/69 
R [  7 ( 0 . 2 5 ]  ALMEHEO 72 IPWA 2 / 7 2  

Rt  ( . 0 6 )  AYED 7 6  IPWA 1 L / 7 7 ~  

R( . 1 3 3  . 0 1 3  CUTKOSKY 7 6  IPWA 11177* 

R2 N ' 3 / 2 1 1 9 6 0 I  INTO I K  SIGMA)ITOTAL (P2) 
R2 l (0 .013 l  [O.Ol)  FEUERBAOH 7G RVUE P I P TO K+ SIG+ 7/70 
82 I ASSUME MASS, WIDTHt XIELAST) OF DONNACHIE 6 8  

R2 Z MODEL OSEO MAY DOU6LE COUNT. 

R3 N=312(1960I FROM Pl N TO K SIGMA SQRT(PI*P21 9/73 
R3 I ( .081 LANGBEIN 73 IPWA PI N-K SIO,SOL 2 9 / 7 3  
R3 2 1.018]T0 .035 DEANS 75 DPWA P IN  TO K SIGMA 11/75 

R3 2 RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 1 1 / 7 5  

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

13 N'312[[960) PHOTON DECAY AMPL(GEV~*-I/2) 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI -  
REVIEW PRECEDING THE BARYON LISTINGS. 

AI  N ' 3 / 2 ( [ 960 )  INTO GAM NUCLEON, HELICITY=I/2 (OEV~-E I2 )  1176 
A/ +*003 .Of6 CRAWFORD 75 DPWA P I N  PHOTO-PRO0 1/76 
At ( - .0651 8ARBOUR 76 OPWA P IN  PHOT~PROD 1176 

A2 N*312(t960) INTO GAM NUCLEEN. HELICIYT=312 (OEV*~- I I2 )  1176 
A2 - .O lO  . 0 3 2  CRAWFORD 75 DPWA Pl N PHOTO-PROD 1176 
A2 (+ .066 l  BARBOUR 7 6  DPWA P( N PHOTO-PROD I176 

REFERENCES FOR N'312(19601 

DONNACHI 68 PL 26B 161 A DONNACHIE, R G KIRSOPP. C LOVELACE (CERN)IJP 
KIPSORP 6 8  THESIS R G KIRSOPP (EDIN) 
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Data Card Listings 
For notation, see key at front of  Listings. 

LEA 69 PL 298 5B4 
FEUERBAC 70 NP 16B 85 
ALMEHED 72 NP B40 157 

LANG8EIN 73 NP B53 251 

CRAWFGRO 75 NP B97 125 
DEANS 75 NP B96 90 

AYEO 76 CEA-N~I921 
BARBDUR 76 NP B l l l  35B 
CUTKOSKY 76 PRL 3T 645 

ALSO 76 OXFORD CONF. 

DENNACHI 69 NP lOB 433 
AYED 70 PL 318 598 
APLIN 71 NP B32 253 
WINNIK 77 NE 8128 66 

LEA,OADES,WARD,COWAN,÷ {RHEL,BRISTOL,DARE) 
FEUERBACHER÷HOLLAOAY (VANDERBILT) 
+LDVELACE (LUND,RUTGIIJP 

LANGBEIN,WAGNER (MUNICHIIJP 

R L CRAWFORD (OLAS)[JP 
+MITCHELL,MONTGOMERY,÷ (SFLA,ALABAMA)|JP 

AYED (THESIS) (SACLIIJP 
i .  M. BARBOUR,R. t .  CRAWFORO {GLASIIJP 
CUTKOSKY,HENDRICK,KELLY (CARN+LBL)IJP 
CUTKOSKY,HENORICK,CHAO+ [EARN+LBL÷BRIS]IJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

A DONNAEHIE, R KIRSOPP (GLAS÷EDIN) 
+8AREYRE÷VILLET [SACLAY] 
+COWAN,GIBSON,GILMORE++ (RHEL,BRISTOL} 
+TOAFF,REVEL,GOLDBERG,BERNY IHA IF ) I  

* * * * * *  , , , . * * * * *  * * * * * # * + *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

1950 MEV REGION - PRODUC~ON AND O'TOTA L EXP'TS 

70 N'312(1950,  JP= ) I =3 /2  PRODUCTION EXPERIMENTS 

SEE THE MINI-REVIEW PRECEDING THE N AND DELTA LISTINGS 
FOR A DISCUSSION OF PRODUCTION EXPERIMENTS 

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

70 N~3/2(1950) MASS (MEV] (PROD. EXP.} 

M (1982.0)  APPROX COOL 56  CNTR PI+ P TOTAL 7/66 
M (1912.0)  (15 .0)  8RISSON 61CNTR PI+ P TOTAL 7166 
M (1900.0)  19.0) DEVLIN 65 CNTR PI+ P TOTAL 
M N (2CBO.O) (12 .0 )  YCON 67 HOE + 3 BEVIC P I -P  8 /67  
M N THIS BUMP IS ~OT SEEN 8Y CHUNG 68 AT 3.2 OEVIE 
M (1860.0)  CULTON 72 HBC ÷+ PP TO PI+PN 7GEV 1/73 
M (1895 . )  ( 15 . )  COLLEY 74  HBC ++ K+P TO K+PP I+P I -  10174  
M {1890.)  5 .  TO i 0 .  BRAUN2 75 BC P8AR P AND 0 ,5 .7  11/75 
M C (1881 , }  [ 6 . l  CHUNG 75 H6C P I+  P AND K+ P 1 /76  
M C MOST PROBABLE JP ASSIGNMENT IS 712+. 1/76 
M I1880 . )  l iD . )  GA}DOS 75 HBC ++ PI+P TO N~ 2PI 1176 
M .M IK 1849. TO 1893. ZEMANY 77  HBC ++ PI÷P tO.3 GEV/C I /TB*  
M M FROM N PI AND N Pl PI MODES 1/78# 
M S 37(1927,] (35.) ZEMANY 77 HBC ++ PI÷P L0.3 GEV/C L/78" 
M S FROM SIGMA KBAR MODE ONLY 1 /78 "  

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

7O N=31211950 )  WIDTH (MEV) (PROD. EXP . I  

w (256.0)  (39 .0 )  DEVLIN 65 CNTR 
W (%0.Of (20 .0)  YOON 67 HBC + 8 /67  
w (180.0)  COLTON 72 HBC + +  PP TO PI+PN 7GEV I173 
w (230. )  150.) COLLEY 74 HBC ++ K+P TO K÷PPI÷PI- i 0 / 74  
W (120. )  I0o TO 20 .  BRAUN2 75 BE PBAR P AND 0 ,5 .7  11 /75  
w C ( 219 . )  ( 23 . )  CHUNG 75 HBC ++ P I+  P AND K+ P 1176 
W (180 . ]  (30. l GAIDOS 75 HBC +÷ PIeP TO N~ 2PI 1/76 
W M IK 205. TO 273. ZEMANY 77 HBC ÷÷ P I+P  10.3 GEVIC 1/78# 
W S 37  ( 40 . )  ( 73 . }  ZEMANY 77  HBE ++ P I+P  10 .3  GEV/C 1 /78~  

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

TO N#3/2(1950) PARTIAL DECAY M~OES (PROD. EXP.) 

DECAY MASSES 
Pl N~3 /2 (1950 )  INTO P IN  13q+ 938  
P2 N '312 (1950 )  INTO SIGMA K 1189+  493  
P3 N~3 /2 (1950 )  INTO N$3 /2 (1232 )  Pl 1232+  139 
p~ N~3 /2 (1950 )  INTO Y= l ( 1385 )  K 138~+ 493 
P5 N~312(1950) INTC N~312(1232) RHO 1232+ 776 
P6 N~3 /211950 )  INTO NEUTRCN Pie PI+ 939+ 139+ 139 
P7 N '3 /2119501  INTO N.312(1232) PI PI [NOT RHC) 1232+  139+ 139 
P8 N~312(I950) INTO PROTON PI+ PIO 938+  [39+ 139 
P9 N=3/2( I950)  INTO P[  P} N 139+ 139+ 938 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

70 N#3/2(1950} BRANCHING RATIOS (PROD. EXP.} 

RI N*312(1950) INTO (P I  N]ITOTAL (P I )  
RI [ 0 .57 )  (0 .12 )  DEVLIN 6 5  CNTR 
RI {0 .48)  10.15 l  ZEMANY 77 HBC ++ PI+P 10.3 GEVIC 1/78 # 

R2 N~3/211950) INTO (SIGMA K } / (P I  N) [P2 I / (P1 )  
R2 0.059 0.024 CHINOWSKY 68 HBC ++ PP TO P SIG K 11168 

R3 N~312 [1950 l  INTO N#312 (1232 I  P l  PI  INOT RHO) (PT}  
R3 SEEN CHINOWSKY 68  HBC ++ PP TO (P 3Pl )  N 11 /68  
R3 SEEN BOGGILO 70  HBC PP TU N3P I (N IRL ]  6 / 70  

R4 N 3 /2(1950)  INTO (PI  N ) I IN=3 /2 ( [ 252 )  PIT (PL ) I [P3 )  
R4 (0 .551  DR LESS LEE 67  HBC P I -P  3+63 BEV/C 11/67 

R5 N~3/2(1950) INTO ( (P I  N}~(NEUTRON Pie PI+I} /TOTAL#*2 
R5 (P1  #p6  ) 
R5 0.05 0.013 GALLOWAY 68 RVUE ++ PI+P TO N 2PI+ 6/68 

R6 N#318(1950) INTC (Y * I ( 1385 )  K I / IP I  N) (P~ ) / (P I )  
R6 0.035 0.015 CHINDWSKY 68  HBC ÷+ PP TO P tAM K P} 1 [ /68  

R7 N~3/2(1950] INIO (N$3/2(1232) RHO)/(PI N) (PS I / IP1 )  
R7 (0 .45(  APPROX CHINDWSKY 66 HBC ÷+ PP T0 (P 3Pl)  N I I / 68  
R7 THIS INCLUDES CORRECTION FOR UNSEEN DECAY ( ISPIN FACTOR 5 /3 ) .  

R8 N~3/2(1950I INTO (N~3 /2 (1232 )  RHO) /TOTAL  (PSI 

RB SEEN YOON 67  HBC + PP 8167  
RB N~T SEEN BOGGILO 70 HBC TO N3PI(NTRL) 6 /70  

R9 N~3/211550) INTO (PROTON PI+ PIO}ITOTAL [P8) 
R9 (0 .26 )  (0 .07 )  ZEMANY 77  HBC e+ PI+P I 0 . 3  GEV/C I / lB "  

R IO N#3 /2 (19505  INTO IREUTRON P I+  P I+ I /TOTAL  (P6 )  IP  
RIO (0 .24 l  (0 .07)  ZEMANY 77  HBC ++ + P 10 .3  GEV/C 1178  # 

R I I  N#3/2(1950) INTO (SIGMA K}/TOTAL (PZ) 
R I I  10.027] (0 .009]  ZEMANy 77 HBC ~+P  I+P  tO.3 GEVIC 1178* 

Baryons 
n(lg60) A(2160) 

RL2  N~312(1950) INTO (P I  PI  N ) I IP I  N + P} PI N) (P911(PI+POI 
RI2 0 10.35) (O.OB) GAIDOS 75 HBC ++ 81+P TO N* 2PI 1178# 
R12  0 ASSUMING (P I  P I  N)  IS ALL N~3 /2 (1202 )  P I ,  WHICH AGREES WITH DATA l l TB*  
RI2 R (0 .30 )  (O.OTI GAIDOS 75 HBC ++ PI+P TO N* 2PI 1/78# 
R12 R ASSUMING (P I  P} N) IS ALL RHO Pl 1178" 

REFERENCES FOR N~3 /2 ( I 950 )  (PROD. EXP.) 

CO~L 56 PR 103 1082 
8RISSDN 6 I  NC 19 210  
OEVLIN 65 PRL I~  1031 
LEE 67 PR 159 1156  
VOOfl 67 PL 2~8 307  

CHINOWSK 68 PR 171  1421  
CHUNG 68 PR 165 1491 
GALLOWAY 68 PL 268 33~  

BOGGILD 70 NP BI6 5O3 
COLTGN 72 PR 06 95 
COLLEY 74  NP B69 205  
BRAUN2 75 NP 895 503 
CHUNO 75 PL 578 384 

ALSO 75 PRO L2 693 
GAIDOS 75 PRO 12 2565 
ZEMANY 77 TORONTO PREPRINT 

DEUTSCHM 75 NP 899 397 

R COOL, G P ICC IONI ,  0 CLARK (BNL )  l 

÷DETOEUF,FA IK -VA [RANT ,VAN ROSSUMt+ ISACLAY)  I 

T J OEVLIN,J SOLOMON~G BERTSCH (PRINCETUN) I 
+MOEBS,RCEtSINCLAIR,VANDER VELDE [MICH) 
+BERENYI,KEY,PRENTICE, + (TORONTO,WISE) 

CHINOWSKY,CDNDON~KINSEY,KLEIN,+ (LRL,SLAC) 
S U CHUNG,DAHL,KIRZ,MILLER (LRL) 
K F GALLOWAY (INDIANAI I 

÷KOREA-AHO+JACOBSEN+ IBOHR+ HELS+OSLO+STOH) 
E COLTON, A KIRSCHBAUM ILBL} 
COLLEY,HUQ,JOBES,KINSON,MILNE,÷ (BIRM÷GLAS}I 
+GERBER,MAURER,MICHALON,SCHIBY+ STBRB,LPNP I 
• PROTOPOPESCUvEISNER+ (BNL+CASE+L8L+UCSCIIJP 
CHUNG,PROTOPOPESCU, EISNER+ (BNL+CASE+UCSC)IJP 
CAIDOS,MILLER (PURDIIJP 
+BEAUFAYS,GODDARDtKENNEDY,KEY+ (TNTO+BNL)IJP 

PAPERS NOT REFERRED ID IN DATA CARDS. 

OEUTSCHMANN÷(AACH÷BONN+BERL+CERN÷CRAC÷HEID} 

IA(BZ O) I .... , ........... 12 
| = 

EARLY ANALYSES FOUND EVIDENCE FOR A RESONANCE 
NEAR THIS MASS IN THE P33 PART(AL WAVE, AND UNLESS 

STATEO OTHERWISE, ALL OATA CARDS BELOW APPLY TO FHIS 
WAVE. IN ADDITION, ROVCHOUDHURY 7 I  FIND POSSIBLE 

EVIDENCE FOR P31, 033 ,  AND 035 RESONANCES IN THIS MASS REGION. IN k 
SIMILAR ANALYSIS BRANSDEN ? I  FOUND SOME EVIDENCE FOR S3 I ,  033, AND 035 
RESCNANCES IN THIS REGION. VON SCHLIPPE 72 SUGGESTS A GB9. A PRONOUNCED 
SHARP DIP IS OBSERVED IN PI÷ P BACKWARD SCATTERING AT 2200 MEV BY 
REY 74. DUAL INTERFERENCE MODEL ANALYSIS OF MA 75 FINDS SIGNAL FOR 
P33 ,  P31 ,  AND 035 ,  BUT NOT FOR G39. AYEO 76  FINDS A G39 RESONANCE 
IN THIS MASS REGION. THE EFFECT SEEN IN K SIG PRODUCTION IS 
I00 MEV LOWER IN MASS. 

9 N=3 /212160 )  MASS (MEV] 

M 5 (2160. ]  KIRSOPP 68 BVUE PHASESHIFT ANAL 10169 
M (2120. )  ROYEHOUD 710PWA 3/72 
M 7 (2150. )  ALMEHED 72 IPWA 2/72 

1 (1980.)  LANGBEIN 78 IPWA P} N-K SIG,SOL 1 9/73 
I NOT SEEN IN SOLUTION 2 OF LANGBEIN73 9/73 

M i OEANST5 AND LANGBEINTB DISAGREE WITH PI÷ P TO K+ SIGMA+ OATA OF 1178~ 
M i WINNIKI7 AROUND 1920 MEV. 1178# 
M 4 (2196 . ]  I 46 . )  I~ I . )  REY 74 MPWA ++ PI+ P 180 DEG CS 10/74 
M 4 BAKER 74 AND REY 74 FIND NEGATIVE PARITY (SPIN UNDETERMINED). 
M 2 I 2170 . }  AYED 76  [PWA I I / 77 *  
M 2 AYED 76 RESULT IS A G39 RESONANCE. I i / T7~  

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

9 N~312(2160) WIDTH (MEV) 

W 3 (260. )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
W 71 (200. )  ALMEHED 72 IPWA 2/72 
W (190 . I  LANG8EIN 7)  IPWA PI N-K SIG,SOL [ 9 /73 
W 4 (302 . }  [ 143 , )  REY 7A MPWA ++ p}+ p 180 DEG CS 10174 
W 2 (205. )  AYED 76  1PWA 11177#  

SEE FHE NOIES ACCOMPANYING MASSES QUOTED 

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

9 N~3/2(2160] PARTIAL DECAY MODES 

DECAY MASSES 
P l  N*3 /2 (2160 )  INTO P IN  139+ 938 
P2 N=312(2160} INTO K SIGMA %93+1189 

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

9 N .3 /2 (2160 )  BRA~WZHING RATIOS 

R1 N=312(2160) INTO (PI  N}ITCIAL (P I )  
Rl 3 ( . 25 )  RIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
R1 7 [ 0 . 3 )  ALMEHFD 72 IPWA 2/72 
RL 2 (.OR) AYED 16 IPWA 1L/77# 
R1 4 REYTA FINDS ( J + l 1 2 ) X = . 8 1 + l - ( . 5 4 / . 3 9 )  10174 

R2 N'31212160) FROM P IN  TO K SIGMA SQRT(PI*P2) 9 /73  
R2 1 [.OB} LANGBEIN 78 IPWA P} N--K SIGeSOL i 9/73 
R2 5 ( .046]T0 .120 DEANS 75 DPWA P [N  TO K SIGMA [ I / 75  
R2 5 RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 11/75 

REFERENCES FOR N 'B /212160 }  

KIRSOPP 68  THESIS R G K}RSOPP {EDIN) 
ROYCHOUD 71NP 827 125  R K ROYCHOUDHURYtB H BRANSDEN (DURHIIJP 

ALMEHED 72 NP B~O 157 +LOVELACE (LUND,RUTG)IJP 
LANGSEIN 73 NP 853  251 LANGBEIN,WAGNER (MUNICH)IJP 

REY T4 PRL 32  908 REY~LENNGX,POIRIER,PRETZL (NDAM+MPIM)IP 
ALSO 7% PRL 33  250 REYvLENNDX,POIRIER,PRETZL (NDAM+MPIM)IP 
ALSO 75 PRD 11 1777 LENNOX,POIRIER,REY,SANOER+ (NOAM+FNAL+ANLIIP 

DEANS 75 NP B96 90  +MITCHELL,MONTGOMERY,+ ISFLA,ALABAMA)IJP 
AYED 76 CEA--N--I921 AYEO (THESIS} {SACL)IJP 



Baryons 
 ( Bso) 

PAPERS NOT REFERRED TO IN DATA CAPDS. 

DONNACHI 69 NP IOB 4 3 3  A DONNACHIE,R KIRSOPP (GLAS+EOIN} 
BRANSDEN 71  NP B26 5 1 1  ,OGDEN (DURHIIJP 

ALSO 70 NP B16 ~ B t  ROYCHOUDHURY,PEERIN,BRANSDEN (DURHIIJP 
VON SORt 72  LNC 4 7 6 T  VON SCHLIPPE (LOWC(IJR . 
BAKER 7~  PRL 3 2  Z51 BAKER,EARTLY,PREIAL,PRUSS,+ (FNAL,ANL,NOAM)P 
MA 75 PRO II 1832 MR,SHAW (UCSB,SLAC)IJP 
WINNIK 7 7  NP BIB8 66 +TOAFF,REVEL~GOLDBERG,BERNY (HA IF ) I  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

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

BOTH ROYCHOUDHURY 71 AND BRANSDEN 7 l  SEE A POSSIBLE 
RESONANT F35 IN THIS MASS REGION. IN ADDITION BRANSOEN 
71 FIND A RESONANT P33 AT B600 MEV. 

8 #  N'3/2124201 MASS (MEV] 

M 6 ( 2 3 1 2 . 0 )  AYEO 7 0  IPWA l / 7 l  
M 6 FROM E N E R .  D E P .  F I T  OF ARGAND DIAGRAM 

M (2~00.1 BRANSDEN 71 DPWA 3/72 
M ( 2 ~ O O . )  ROYCHOUD 7 1 0 P W A  3 / 7 2  

M (2B40.) OTT 72 MPWA O PI-P BKWD ELSTC B/TB 
M I (2404. )  ( 6 3 . )  REY 74 MPWA +÷ PI+ P 1 8 0  DEG CS I 0 /74  
M (2392.) AYED 76 IPWA I L / 7 7 "  

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

8# N*312(2q20) WIDTH (MBVI 

w 6 ( 3 4 7 . 0 )  AYED 7 0  IPWA l / ? i  

w 1 (4B~.) 1 7 9 . )  REY 7 4  MPWA ++ Pl+ P 180 DEG CS I017~ 
W 1289.} AYED 7 6  IPWA 11177* 

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

B# N'312(24201 PARTIAL DECAY MODES 

DECAY MASSES 
PI N'3/212420) INTO P IN  1 3 9 +  9 3 8  

P2 N'312(2420) INTO SIGMA K 1197+ 4 9 3  

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

84 N ' 3 1 2 ( 2 4 2 0 1  BRANCHING RATIOS 

RI N'312(24201 I N T O  (PI  NI/TOTAL 7 0  IPWA (P I )  
R( B (0.[13I AYED i171 
RI 7 1 . 4 )  OTT  72 MPRA 0 PI-P BKWD ELSTC 2 • 7 3  

R I  I ( . I 5T ]  [ . 070 )  (.0351KEY 7 4  MPWA ++ PI+ P iBO DEG CS I 0 / 7 4  
R1 1 REY 7 4  DETERMINES ( J ÷ I / 2 I X  ONLY, WE HAVE DIVIDED BY 6.  10174 
R I  ( . 0 9 )  AYED 76 IPWA 11177" 

REFERENCES FOR N*312124201 

AYEO 7 0  KIEV CONF 

BRANSDEN T I  NP B26 511 
ALSO 7O NP Bi6 46I  

ROYCHOUD 7 1 N P  B 2 7  1 2 5  

OTT 72 PL 42B 1 3 3  
ALSO 72 MCGILL F H E S I S  

REY 7 4  PRL 3 2  9 0 B  
ALSO 74  PRL 3 3  25O 

A L S O  7 5  PRO I 1  1 7 7 7  
AYED 76 CEA-N-EDZI 

BELLAMY 6 7  PRL 19 4 7 6  

AYEO 7 0  PL 31B 5 9 8  

R AYEDtP BAREYRE~ G VILLET (SACL)IJP 

,~GDEN (DURH)IJP 
ROYCHOUOHURY,PERRIN,BRANSDEN (DURHIIJP 
R K RDYCHOUDHURY,B H BRANSDEN (DURH)IJP 
+TRISCHUK~VAVRA~RICHARDS,+ (MCGI,STLO,IOWA)IJP 
J .  VAVRA [MOGI) JP 

REY,LENNGX,POIRIER,PRETZL INDAM+MPIMIIP 
REY,LENNOX,POIRIER,PRETZL (NDAM+MPIM)IP 
LENNOX,POIRIER,REY,SANDER+ (NDAM+FNAL÷ANL)IP 
AYEO (THESIS) (SACL)IJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

+BUCKLEY,DOBINSON, + (WESTFIELD,LDUC) JP 

+BAREYRE÷VILLET (SACLAY) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

2 4 2 0  MEV REGION - PRODUCTION AND (}'TOTAL EXP'TS 

6 9  N13/2(2420, JR= ) I=3 /2  PRODUCTION EXPERIMENTS 

SEE THE MINI-REVIEW PRECEDING THE N AND DELTA LISTINGS 
FOR A DISCUSSION OF PRODUCTION EXPERIMENTS. 

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

6 9  N . 3 2 2 { 2 # 2 0 1  MASS (HEY) (PROD. EXP.) 

M (2360.0 i  DIDDENS 63 CNTR PI+ P TOTAL 
M (2520.0)  (40.01 ALVAREZ 6 ~  CNTR P( PHOTOPRO0 7 1 6 6  

( 2~0 .0 )  HOHLER 6 4  RVUE DATA + DISP REL 
(2400.0)  APPROX WAHLIG 64 OSPK O PI-P CH EX 

M B (2452.0)  BARGER 66 RVUE TOTAL + CH EX 11/67 
M B USES REGGE AMP.+RESON. TO CALCULATE OIF. CROSS SECTIONS AT lEO DEGRE 
M B FOR CRITICISM OF THIS METHOD, SEE DOLEN bE. 
M 2 4 2 3 . 0  I 0 . 0  CITRON 66 CNTR PI+ P TOTAL 7/66 

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

6 9  N , 3 / 2 ( 2 4 2 0 1  WIDTH ( M E V )  ( P R O D .  E X P . )  

N 1200.0) DIDDENS 6 3  DNTR 
w ( 2 ~ 5 , 0 1  HOHLER 64 RVUE 7 1 6 6  

B ( 2 7 5 . 0 )  BARGER 66 RVUE T O T A L  + CH EX i1167 
3 1 0 . 0  2 0 . 0  CITRON 6 6  E N T R  7 1 6 6  

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

69 N . 3 / 2 ( 2 ~ 2 0 1  PARTIAL DECAY MODES (PROD. EXP.I 

DECAY MASSES 
P t  N*3/2(24BO) INTO P I N  1 3 9 +  9 3 8  

P2 N ' 3 / 2 ( 2 4 2 0 )  I N T O  SIGMA R 1 [ 9 7 +  4 9 3  
P3 N ' 3 / 2 ( 2 4 2 0 )  I N T O  N * 3 / B ( 1 2 3 2 )  PI  1 2 3 B +  1 3 9  

P4 N'312(2~201 INTO NEUTRON P[+ PI+ 9 3 9 +  1 3 9 +  1 3 9  

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

190 

Data Card Listings 
For notation, see key at front of Listings. 

6 9  N*3/2(B4BO( BRANCHING RATIOS (PROD. E X P . I  

El ~ ' 3 / 2 ( 2 4 2 0 )  INTO (PI  N)/TOTAL (P I )  

RI (0.067) APPROX DIOOENS 6 3  CNTR ASSUMING J= l l / 2  7/66 
R[ 0.113 0.0036 CITRON 66 CNTR ASSUMING J= I i / 2  7/66 
El B (O . iZ )  BARGER 6 7  FIT ASSUMING d= I I I 2  11/67 
RI D (0.163)  DIKMEN 67 FIT ASSUMING J= l I / 2  11/67 
RI D USES ONLY RESONANCES TO CALCULATE DIE. CROSS SECFIONS AT 180 DEGREES 
R1 (O.OE) K~RMANYOS 6 7  CNTR ASSUMING J= I i / 2  11/67 

R2 N'3/212420) INTO (PI  N I * ( N E U T R O N  PI+ PI+) / (TOTAL**2)  
R2 (PI*P~} 
R2 0.0195 O.OOAB GALLOWAY 6 8  RVUE 6 1 6 8  

REFERENCES FOR N.312(2420) (PROD. EXP.) 

DIDOENS 63 PRL TO 262 +JENKINS, KYCIA, RILEY (BNL) I 
ALVAREZ 6~  PRL 12 710 +BAR-YAM,KERN,LUCKEY, OSBORNE,+ (MIT,CEA) 
HDHLER 6 4  PL 12 149 O HOHLER, J OIESECKE (KARLSRUHE) I 
WAHLIG b~  PRL 1 3  1 0 3  +MANNELLI,SDDICKSON,FACKLER,WARD, + (MIT) 
BARGER 6 6  PR IS(  1123 V BARGER, M OLSSON (WISC) 
CITRON 6 6  PR 1 ~ 4  I IO l  +GALBRAITH,KYCIA,LEONTID,PHILLIPS, + ( B N L )  I 

BARGER 6 7  PR 155 1792 V 8ARGER, D CLINE (WISC) P 

DIKMEM 6 7  PRL I 8  7 9 8  F N D I K M E N  ( M I C H )  
KORMANYO 6 7  PR 1 6 ~  1661 KORMANYOS, KRISCH, OFALLON, + (MICH,ANL) P 
GALLOWAY 6 8  PL 26B 3 3 ~  K F GALLOWAY (INDIANA( I 

PAPERS NOT REFERRED TO IN DATA CARDS. 

BAACKE 6 7  NC 51A 761 J BAACKE, M YVERT  (KARLSRUHE,ORSAY)J-L 
DOBROWOL 6 7  PL 24B 203 DOBROWGLSRI,GUSKOV,LIKHACHEV, + (DUBNA) P 

DOLEN 68 PR I 6 6  1768 R O O L E N ,  D HORN~ C SCHNID (CIF) 
WAHLIG 6B PR lOB 1515 M A WAHLIG, I MANNELLI (MIT,PISAI 

FINAL VERSION OF DATA USED IN WAHLIG 6~. IN CONJUNCTION WITH 
CITRON 6 6  TOTAL CROSS SECTIONS, THIS CHARGE EXCHANGE DATA GIVES 
COMPLEX ELASTIC SCATTERING AMPLITUDE AT o DEGREES. 

i m i ' B U " P S  ' ..... ,2,BBS . . . . . .  / ...... C ............... 

BS N*3/B(BBSOI MASS (MEVI (PROD. EXP.) 

M ( 2 8 7 0 . 0 )  H O H L E R  6 B  RVUE DATA + O I S P  REL 
M (2TO0.O( APPROX WAHLIG 6 ~  OSgK O PI-P CH EX 
M (2850.0)  BARDADIN 66 HBC ++ N* TO P + 3 PIS 7166 

2850.0 12.0 CITRON 66 CNTR P I *  P TOTAL 7/66 
( 2 B E 3 . )  ( 2 6 . )  [ 2 B . I  REY 7 4  MPWA ++ P I +  P I B O  D I G  CS 1 0 / 7 4  

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

85 N '3 /2 (2850 l  WIDTH (MEV) (PRO0. EXP.) 

W (150.0)  BARDAOIN 66 HBC ÷+ 7/66 
W 400.0 ~0.0 CITRON 66 ONTR 7 / 6 6  

W {3DO.) ( 14h )  (201 . )  REY 7~ MPWA ++ PI+ P 180 DEG CS I 0 / 7~  

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

85 N*31212BSO) PARTIAL DECAY MODES (PROD. FXP.) 

DECAY MASSES 
P I  N * B / 2 ( 2 8 5 0 }  INTO P I N  1 3 9 ~  9 3 8  
P2 N * 3 / 2 ( 2 8 5 0 )  I N T O  P P l  P1 PI  9 3 8 +  1 3 9 +  [ 3 9 +  1 3 9  

P3 N * 3 / 2 ( 2 8 5 0 1  I N T O  N P I  PI  9 3 8 +  1 3 9 ÷  1 3 9  

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

BS N ' 3 / 2 ( 2 8 5 0 )  BRANCHING RATIOS (PROD. EXP.I 

RI N*3/2(2BBOI INTO (P I  N)/TDTAL (P I )  
RI ONLY I J + l / 2 ] * (  P I  NIIOTALI MEASURED FOR THIS STATE 
R1 B (0 .226)  i O . O I 6 )  BARGER 6 6  RVUE T O T A L  + CH EXC.  t l / 6 7  
R I  0.261 0 . 0 ~ 8  CITRON 6 6  O N T R  TOTAL CROSS.SEC. I I 1 6 7  
R1 B ( O . ~ O I  BARGER 6 7  RVUE USES KORMANYOS66 I 1 / 6 7  
RI B USES KEDGE AMP.+RESON. TO CALCULATE DIF. CROSS SECTIONS AT I8O DEGRE 
R [  B FOR CRITICISM OF THIS METHOD, SEE DOLEN 6 B .  

RI C ( 0 . 4 9 }  DIKMEN 57 RVUE USES KORMANYOS67 11167 
RI C USES ONLY RESONANCES TO OALCULATE DIF.  CROSS SECTIONS AT I B O  DEGREES 
RI 10.39) DOBROWOLS 67 CNTR PI+P AT lEO OEG 
RI (O. IO]  RORMANYOS 67 CNTR PI-P AT 180 DEG. I [ 167  
RI O [0 .06 )  OR LESS CL=.95 HALDORSE 72 HBC PP 19 GEV/O 12/72 

RI D UPPER LIMIT ON ELASTICITY.ALSO FIND J=912 OR MORE. 
RI ( . 28 I  ( . 13 I  ( . 19 )  REY 7 4  MPWA ++ PI+ P LEO DEG CS I017~ 

REFERENCES FOR N.3/2(2850)  (PROD. EXP.) 

HOHLER 6~ PL 12 1~9 
WAHLIG 64 PRL 13 103 
BARDADIN 66 PL 21 357 
BARGER 66 PR 151 1123 
CITRON 66 PR I~ 1101 

BARGER 6 7  PR 1 5 5  1 7 9 2  

DIKMEN 67 PRL I 8  798 
DOBROWOL 67 PL 2~B 203 
KORMANYD 6 7  PR 1 6 ~  1661 
HALDORSE 72  NC IOA 468 
REY 7~ PRt 32 908 

ALSO 74 PRL 33 250 
ALSO 75 PRD 11 I 7 7 7  

G NOHLER, J GIESECKE (KARLSMUHE) I 
+MANNELLI,SODICKSON~FACKLER,WARD, + (MIT) 
BAROADIN-OTWINOWSKA,DANYSZ, + (WARSAW) 
V BARGER, M OLSSON (WISC( 
÷GALBRAITH,RYCIA,LEONTIC,PHILLIPS, + (BNL) I 

V BARGER, O CLINE (WISCi P 
F N OlKMEN (MICHI 
DOBROWDLSKI,GUSKOV,LIKHACHEV, + (DUBNAI P 
KORMANYOS, KRISCH~ OFALLON~ + (MICH,ANL) P 
HAtDORSEN,JACOBSEN (OSLO} I J  
REY,LENNOX,POIRIER,PRETZL (NDAM+MPIMilP 
REY,LENNDX,POIRIER.PRETZL (NDAM÷MPIMIIP 
LENNOX,PDIRIER,REY,SANDER+ (NDAM+FNAL÷ANLIIP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

BAACKE 6 7  NO 5 [ A  7 6 1  J B A A C K E ,  M YVERT ( K A R L S R U H E t O R S A Y ) J - L  
DOLEN 6 8  PR 1 6 6  I 7 6 8  R D G L E N ,  O HORN,  C SCHMID ( C I T )  

( M I T t P ( S A )  WAHLIG  6 8  PR 1 6 8  1 5 1 5  M A W A H L I G ,  I M A N N E t L I  
FINAL VERSION OF DATA USED IN WAHLID 64. IN CONJUNCTION WITH 
CITRON 66 TOTAL CROSS SECTIONS, THIS CHARGE EXCHANGE DATA GIVES 
COMPLEX ELASTIC SCATTERING AMPLITUDE AT 0 DEGREES. 
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Data Card Listings 
For notation, see ke~ at front of Listings. 

I &(3230) I ................ I = B ,  . . . . . . . . . . . . . . . . . . . . . .  

BUMPS 

86 N'312132301 MASS (MEVI (PROD, EXP.) 

MM 1 3 2 3 0 . 0 1  CITRON 66 CNTR PI+ P TOTAL 7166 
13296.1 179.1 178.1 REY 76 MPWA ++ PI+ 180 DEG CS 10174 

86 N*312IB2301 WIDTH (MEV) (PRO0, BXP,) 

W 1440.0) CITRON 66 ENTR 7/66 
W 1687.1 I IO~3 . )  1323,1 BEY 74 MPWA ++  Pl+ P 180 DEG ES 10174 

86  N'312(3230~ PARTIAL DECAY MODES (PROD. EXP.) 

DECAY MASSES 
PI N * 3 / 2 1 3 2 B O )  INTO P IN  139~ 938 
P2 N * B / 2 1 3 2 3 0 1  INTO N PI PI 9 3 8 ÷  I 3 9 ÷  1 3 9  

B6 N ' 3 / 2 1 3 2 3 0 1  BRANCHING RATIOS 

R !  B.312(3230I INTO (P I  NIlTOTAL (PIT 
R1 ONLY ( d + l l 2 I * (  PI N/TOTAL) MEASURED FOR THIS STATE 
RI B 1 0 . 0 3 )  I 0 . 0 1 1  BARGER 66 RVUE TOTAL + CM EXC, I i 167  
R1 (O.Ob) CITRON 66 CNTR TOTAL CROS. SEE. 11167 
RI B lO,OB| IO O. l  BARBER 67 CNTR USES KORMANYOS66 11167 
RI B USES REGGE AMP.+RESON. TO CALCULATE OIF. CROSS SECTIONS AT [80 OEGRE 
RI B FOR CRITICISM OF THIS METHOD, SEE D ~ L E N  68.  
R IO  10.25| D I K M E N  67 RVUE USES KORMANYOS67 [ 1 / 6 7  

RI D USES O N L Y  RESONANCES TO CALCULATE DIE. CROSS SECTIONS AT 180 DEGREES 
RI I . #5 I  I .Oq)  1.131 REY 74 MPWA ++  PI+ P 180 OEG CS 10174 

****** ********* ********* ********* ********* ********* ********* ******** 

REFERENCES FOR N'31213230) (PROO. EXP.I 

BARGER 66 PR te l  1 1 2 3  
CITRON 6B PR I~# 1101 
BARBER 6 7  PR tSB 1792 
DIKMEN 67 PAL I 8  79B 
BEY 7 q  PRL 3 2  9 0 8  

ALSO 7 4  PRL B3  2 5 0  
A L S O  TB PRD 11 1 7 7 7  

KORMANYC 6 7  PR 164 1 6 6 1  

DOLEN 68 PR 166 1768 

V BARGER, M OLSSON IWISC) 
+GALBRAITH,KYCIA~LEONTIC,PHILLIPS, + iBNLI l 
V BARGER~ O CLINE {WISE) P 

F N DIKMEN (MICH) 
REY,LENN~X,BOIRIER, PRETZL {NDAM+MPIM)IP 
REY,LENNOX,POIRIER,PRETZL {NDAM÷MPIM)IP 
LENNOX,PDIRIER,REY,SANDER÷ (NDAM+FNAL~ANLIIP 

PAPERS NOT REFERRED TO IN DATA CARDS 

KORMANYUS, KRISCH, OFALLON, + (MICH,ANL) P 
R DOLEN, D HORN, £ SCHMID IC IT I  

****** ********* ********* ********* ********* ********* ********* ******** 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~*~ ~ 0 "  * ~ ~ / *  * ~ * ~ 6  ~ . . . . . . . . . . . . . . . . .  EXOTIC NUCLEONS - 

EXOTIC NUCLEONS 

THIS IS NOT A COMPLETE LIST. WE WILL TABULATE EXOTICS FROM NOW ON 

EX(1660, JP= l I=512 

THIS IS NOT A COMPLETE LIST. WE TABULATE 
ONLY FROM I970 ON. 

IN A MISSING MASS EXPERIMENT, PI~ P TO P I -  X÷÷+, 
81RULEV 71 FIND ND EVIDENCE FOR EXOTIC I I =512 )  RESONANCES IN THE 
MASS INTERVAL 1.2 TO 2.2 GEV. 

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

EX(1640I MASS (MEVI 

M A 29 1627. 12. PRICE 70 08C - -  K-D AT R.91GEVIC 3171 
M A FOUR S. D. EFFECT 

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

EX(I6~O) WIDTH (MEV) 

W B 29 BO, OR LESS CL=,90 PRICE 70 08C - -  PI--PI-N BUMP El71 
W 8 CROSS SECTION IB.O÷-B.9  MICROBARNS 

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

EX(16~O| DROSS SECTION LIMITS (MICRDBARNI 

CS B ~0. DR LESS 8ANNER 7 0  OSPK ÷4+ PI÷P , I . 9  GEVIE 7170 
ES B I=512 LIMIT GIVEN ABOVE IS FOR MASS RANGE 15&O-[?B0 MEV 

REFERENCES FOR EXI I640)  

BANNER 7 0  NP BIB 205 ÷CHEZE,HAMEL,TEIGER,ZACCONE 4 ISACLAY) 
PRICE 70 PL 33B,533 +BEBG,SALANT,WATERS~WEBSTER,WEINBERG (VANDI 

PAPERS NUT REFERRED TO IN DATA CARDS 

AMMANN 71 PL B4B SBB +CARMONY,GARFINKEL,GUTAY~MILLER,YEN (PURD) 
BIRULEV 7 T  SJNP IB 536 +VOVENKO,GUSKDV~DOBROVDLSRII,++ (JINR) 
JOHNSON 7 1 P L  B4B 4 2 B  0 J O H N S O N  [ A N L )  

Baryons 
A(3230),  EXOTIC NUCLEONS, Z s, Zo(1780: 

Note on the S = +i Baryon System 

Since our 1976 edition was published, new 

0 + 
measurements have been made of the K p + K n differ- 

ential cross section (DOS) from 0.6 to 1.5 GeV/c 

(ARMITAGE 77), the K+n ÷ K°p DCS at 700, 800, and 

900 MeV/e (SAKITT 77), K+d scattering below 600 

MeV/c (GLASSER 77), and the quasi-two-body DCS's 

for K+N ~ K~ and K+N + K*N below 1.5 GeV/c 

(GIACOMELLI2 76). There has been one partial-wave 

* 
analysis (GIACOMELLII 76), which searched for a Z] 

decaying into KA, but found no evidence for such 

an effect. The evidence for the existence of Z*'s 

remains inconclusive. For detailed reviews see our 

previous edition I and the Oxford Conference talk 

of MARTIN 76. 

References 

i. Particle Data Group, Rev. Mud. Phys. 48, S188 

(1976). 

See the Data Card Listings for other references. 

S=I I=O EXOTIC STATES (Zo) 

Izo(   o) I . . . . .  , . . . . . . . . . . . .  

SEE THE MINI-REVIEW PRECEDING THIS LISTING. 

WILSON 72 AND GIACOMELLI 7~ FIND SOME SOLUTIONS 
WITH RESONANT-LIKE BEHAVIOR IN THE POT PARTIAL WAVE, 
THE EFFECT SEEN IN THE I=0 TOTAL CROSS SECTIONS, 
IF A RESONANCE, MUST HAVE SPIN=[12, BECAUSE THE 
INELASTIC CROSS SECTION IS VERY SMALL AND THE TOTAL 
CROSS SECTION IS ABOUT ~ *P I IK * *2 ,  

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

95 Z*O(17BO) MASS IMEVI 

M 1780.0 iO.O COOL 70 CNTR + K+P, O TOTAL I17~ 
M D SEEN DOWELL 70 CNTR K÷P~D TOTAL 7170 

M D SEE ALSO DISCUSSION OF LYNCH 70 7170 
M W I lBO0 , )  WILSON 72 PWA K*N POl WAVE 3/72 

W ESTIMATE OF PARAMETERS FROM 8W + QUADRATIC BACKGROUND FIT TO POt. 3172 
1 (1750 . I  CARROLL 73 CNTR KN I=O TOE,FIT I 9173 

M I (1825o) CARROLL 73 CNTR KN I=O TES,FIT E 9173 
M I FIT I=FIT OF SINGLE t= t  8W+BACKGROUND TO I=O ICE FROM .@-[o l  GEV/C 9173 
M I FIT ~=FIT OF L=i AND L=B BWS TO SAME DATAISEE ZO(18BBI FOR L=2 PART 9173 
M i lT f iO . }  GIA£DBEL 7 ~  PWA .38 - [ . 51GEVIC  1 0 / 7 #  

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

95 Z*OI1780) WIDTH (MEVI 

W (565 .0 i  COOL 70 ENTR ÷ K÷P, D TOTAL 1/71 
W W 1 (300 . )  WILSON 72 PWA K*N POT WAVE 8/72 
W IBO0.) CARROLL ?B CNTR KN I=O ICE,FIT 1 9173 
W l (B4B,) CARROLL ?B  CNIR KN I=0 TCS,FIT B 9/73 
W (300 . I  GIACOMEL 74 PWA .38 -1 .5 I  GEVIC I0 /7~  

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

98 Z*O( I780 I  PARTIAL DECAY MODES 

DECAY MASSES 
PI Z*O(1780I INTO K N ~93+ 939 

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

95 Z*0(1780) BRANCHING RATIOS 

R1 Z*OIITBO) INTD [K NI/TOTAL (P l |  
RI (O.gS) COOL 70 CNTR ÷ K+P, O TOTAL 1/7~ 
RI W (O.BBI WILSON 72 PWA K+N POI WAVE 3172 
RI I ( . 75 )  CARROLL 73 CNTR IF J= I I 2 ,F IT  I 9/7B 
RI 1 l .911 CARROLL 73 CNTR IF J= I IZ ,F IT  2 9/73 
RI I . 85 |  GIACOMEL 74 PWA .B8 -1 .B I  GEV/C 10174 



Baryons 
Zo(1780), Zo(i865), Z](1900) 
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Data Card Listings 
For notation, see key at front of  Listings. 

COOL 70 DUKE CONF 4 7  
ALSO 6 9  PL BOB 564 
ALSO 70 PR 01 1887 

OOWELL 7 0  DUKE 5 3  

WILSON 72 NP B42 4 4 5  
CARROLL 7 3  PL 4SB 5 3 1  
GIACOMEL 74 NF BT1 138 

LYNCH 7 0  DUKE 9 
HIRATA 7 1 N P  830 [ 5 7  

BOWEN 73  PR 07 BZ 

JOHNSON 7~ PL 5 0 8  3 4 3  
CAMERON 75 PALERMO CONF. 
BIG[ 76  NP BIIO 2 5  

EXPERIMENTS MAINLY ABOUT 
GOLDHABE 82 PRL 9 1 3 5  
RAY b 9  PR I 8 3  1 1 8 3  
ARMITAGE 72  NAL  PAPER 3 9 1  

G I A C O ~ E 1  72  NP 8 4 2  4 3 7  
GIACOMEL 7 3  NP 8 5 6  3 4 6  

ALSO T3 BONA PPT. A E - 7 3 / 4  

L I N D E N  7 4  PRO 9 1 5 6 9  
ALEXANOE 7 5  PL BOB ~ 8 4  

DAMERELL 7 5  NP B94 3 7 4  

E X P E R I M E N T S  M A I N L Y  ABOUT 
GIACOMEL 72  NP BB7  5 7 7  

ARMITAGE 7 7  NP 8123 11 
GLASSER 7 7  PRD 15 I 2 O O  
S A K I T T  7 7  PRD 15  1 8 4 6  

REFERENCES FOR Z*O(IT80) 

R L COOL (BNL) 
ABRAMS,COOL,GIACOMELLI,KYCIA,LI + (BNL) 
CCOL,GIACOMELLT,KYCIA,LEONTIC, L ]  + ( B N L I  

J .D.  DOWELL (8IRM) 
+GRIFFITHS,HIRATA + (BGNA+GLAS+ROMA+TRSTI 
+KVCIA,LI,MICHAEL,MOCRETT,RAHM÷ (BNLIT 
GIACOMELLI,+ (BGNA+GLAS+ROMA+IRST)IJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

G LY~CH (REVIEWER OF CR .SEC. DATA) (LRL) 
+GOLDHABER,HALL,SFEGEB,THRILLING,WOHL (LBLI IJP 
+JENKINS,KALBACH,PETERSEN + (ARIZ+MICH) 
JOHNSON~VLASSOPULOS (CERN, DURH) 
+CAPILUPPI* (BGNA+EDIN+GLAS+PISA+RHEL)IJP 
+CAMERON+ (BGNA+EDIN+GLAS+PISA+RHELIIJP 

ELASTIC CHANNELS - -  
GOLDHABER,CHINOWSKY~GOLDHABER+ [LRL+UCLA)IJP 
RAY,BUKRIS,FISK,KRAEMER,HILL+ +CARN+BNL 
+ASTON~DUERDOTH,ELLISGN~ + (MCHS+DARE) 
GIACDMELLI + (BGNA+GLAS~ROMA+TRST] 
GIACOMELLI,+ [BGNA+GLAS+ROMA÷TRST) 
GIACOMELLI,GRIFITHS,+ (BGNA+GLAS+ROMA÷IRST( 
LONDON (BNL)IJP 
ALEXANDER,BAR-NIR,BENARY+ {TELA+HEIDIIJP 
÷HOTCHKISS,WICKENS,BENTLEY+ (RHEL,BIRM) 

INELASTIC CHAN~ELS - -  
GIACDMELLI + (BGNA+~AS+RDMA*TRST) 
+ASTON,DUERDOTH,ELLISON,FITTON+ (MCHS÷DARE) 
+SNOW, TREVVETT~BURNSTEIN,FU,PETRI÷[UND+IITI 
+SRELLY,THOMPSON (BNLI 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

I Z o ( 1 B G a ) l  . . . . .  , . . . . . . . . .  ,=o 
THIS EFFECT IS STRONGLY ASSDCIATEO WITH THE K *  N 

THRESHOLD. SEE HIRATA 6 8  AND 7 0 .  WILSON 7 2  AND 
GIACONELLI2 73 REPORT PARTIAL WAVE ANALYSES. 
AARON 73 CLAIMS A RESONANCE IN A MODEL OEPENDENT 
PWA. SEE ALSO Z*O(17BO). 

96 Z*O( lB65I  MASS (MEV] 

M (IBBO.OI (15 .0 )  CARTER 67 THEO DISPERSION REL. 0167 
M ( 1 8 6 8 . 0 )  ( l O . O )  COOL 7 0  C N T R  K + P ,  D T O T A L  8 • 6 7  
M { lBBO.I  AARON 73 MPWA I=O KN .6-1.6GIC 9 / 7 3  

I {1840.)  CARROLL 73 C N T R  KN [=0 TCS,FIT 2 9173 
1 FIT2=F[T OF l = l  AND L=2 BWS TO I -D  TCS FROM .4 - I . I  GEVIC. 9173 

M I SEE ZOItTBO) FOR FIT I AND l = I  PART OF FIT 2 .  9 1 7 3  

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

96 Z*O(IBBB] WIOTH (MFV) 

W (200 .0 I  ( 5 0 . 0 )  C A R T E R  67 T H E O  8/67 
W (160 .0 I  (30 .0 )  COOL 70 CNTR 8/87 
W ( IOO. l  AARON 73 MPWA I -D  KN .6-1.BG/C 9173 
W 1 ( 75 . )  CARROLL 73 C N T R  KN l=O TOG,FIT 2 9173 

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

9 6  Z * 0 [ 1 8 6 5 )  P A R T I A L  DECAY MODES 

DELAY MASSES 

P I  Z * O ( I B 6 5 )  INTO K N 4 9 3 +  9 3 9  
P2 Z * O ( 1 8 6 5 )  I N T O  N K * [ 0 9 2 )  9 3 8 +  8 9 2  

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

9 6  Z * O ( 1 B O B )  BRANCHING RATIOS 

R1 Z * 0 ( [ 8 6 5 )  I N T O  (K  N ) / T D T A L  ( P 1 )  
R1 ( . l E O )  ( . O B B )  CARTER 6 7  THEO I F  J = 3 / 2  9 / 7 3  
81 ( .1151 ( .025)  COOL 70 CNTR IF J=312 9/73 
R1 1 ( . 0 8 S I  CARROLL  7 3  C N T R  I F  J = 3 / 2 , F I T  2 9173 

82 Z*O(IBBB) INTO N K*(892) (P2) 
R2 MAIN INELASTIC DECAY HIRATA 6 8  HOE IE168 

R E F E R E N C E S  FOR Z * 0 ( 1 8 6 5 ]  

CARTER 87 PBL I8  ROt 
HIRATA 6B PRL 21 i485 
COOL 70 PR DI I887 

ALSO 6 8  PRL 1 7  1 0 2  

ALSO 69 PL 30B 5 6 4  
AARQN 73 PRD 7 14OI 
C A R R O L L  7 3  PL 4 5 8  5 3 1  

HIRATA 70 DUKE 429 
AARON 7~ PBL 26 407 
HIBATA-1 71NP 833 445 
GIACOMEL 72 NP BBT 577 
WILSON 72  NP 848 4~5 

A A CARTER (CAVENDISH( 
HIRAIA, WOHL, GOLDHABER, TRILLING [LRLI 
COOL,GIACONBLLI,KYCIA, LEDNTIC,L[ + I B N L )  
+GIACOMELLI,KYCIA,LEONTIC,LI,LUNDBY,~ (BNL) T 
ABRAMS,CUOL,GIACOMELLI,KYCIA,L[ + (BNL] 
AARON~RICH,HOGAN,SRIVASIAVA (LASL+NEAS)IJP 
÷KYCIA,LT,MICHAEL,MOCKETT,RAHM+ (BNL)I 

PAPERS NOT REFERRED TO IN DATA CARDS 

+GOLDHABER, SEEGER,TRILLING÷WOHL (LRL) 
+AMADD+SILBAB  (NEAS,PENN,LASLIIJP 
+GOLOHABER,HALL,SEEGER~TRILLING,WOHL (LBt)  
GIACDMELLI + (BGNA+GLAS+ROMA+TRST) 
+GRIFFITHS,HIRATA + (BGNA+GLAG+ROMA+TRSTI 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

S = I  I = l  EXOTIC STATES (Zi) 

Izi( goo)l . . . . . . . . . . . . . . . . . . . . . .  
THIS EFFECT IS STRONGLY ASSOCIATED WITH THE K-DELTA 
THRESHOLD. SEE THE MINIREVIE~ PRECEDING Z*DII7801 

9T  Z* i (1900 )  MASS IMEV) 

1 (1932.0 I  AYEO 70 IPWA PIB,SOL. I  6/70 
L (1899.0)  AYED 70 IPWA P I3 ,SOL . I I  8170 

H I (2030.0)  AYED 70 IPWA S I I ,SEL . I I I  6170 
N I THREE SOLNS IN ORDER OF DECREASING SIGNIFICANCE. THOUGH AYED 70 
M 12 GIVE PARAMETERS,THEY CONCLUDE RESONANT INTERPRETATION DOUBTFUL. 
M (1830. )  BARNETT 70 IPWA P13,SOLN I l l  9173 
M 2 RESONANCE SIGNAL BARELY ABOVE BACKGROUND DUE TO THE LARGE ERRORS 
M B IN THE AMPLITUDES RESULTING FROM THE ANALYSIS 
M 1900.0 10.0 COOL 70 CNTR ++ K+P TOTAL 1171 
M 41880.I  ALBROW 71 IPWA SOL. GAMMA (Of71 
M K ( [ 890 . )  KATO 711PWA SOL I (F IT  BW) I 0 / 7 I  
M K (2040 . I  KATO 711PWA SOL IT (F IT  BW) i 017 I  
M K KATO 71 ESTIMATE RESONANCE PARAMETERS - -  UPDATED PHASE SHIFTS 3/72 
N K PUBLISHED IN MILLER 72. 3172 

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

97 2 , I ( 1900 )  WIDTH (NEV) 

W l [520.0)  AYED 70 IPWA K+P 6/70 
W 1 (397.0)  AYED TO IPWA K+P 6170 
W [ (557.0)  AYEO 70 IPWA K+P 6170 
w 2 (120 . )  BARNETT 70 IFWA PI3,SOLN I I l  9173 
W [240.0)  COOL TO CNTR ++ Re- TOTAL I /T (  
W (190. )  ALBROW 711PWA ++ SOL. GAMMA lO IT l  
W K [280. )  KATO ?L IPWA SOL ( (F IT  BW) IO IT I  
W K (BbO.I KATO 7 1 1 P W A  SOL IT (F IT  BW) 10171 

SEE THE NOTES ACCOMPANYING MASSES QUOTED. 

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

97 ZI*( IDOO) REAL PART OF POLE POSITION 4175 

REE (1787.)  ARNDT 74 DPWA K÷ P ELASTIC 4175 

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

97 ZI*{IgOO) IMAGINARY PART OF POLE POSITION 4175 

IME {100. )  ARNDT 74 DPWA K+ P ELASTIC 4175 

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

9 7  Z * I ( I 9 0 0 I  PARTIAL DECAY MODES 

DELAY MASSES 
P1 Z ' 1 ( 1 9 0 0 )  INTO K N 4 9 3 +  9 3 8  

P2 Z * l l l 900 )  INTO N*312(1232] K IZ32+ 493 

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

97 Z * I { [ 900 )  BRANCHING RATIOS 

R I  Z * 1 ( 1 9 0 0 )  INTO ( K  N)ITOTAL ( P t (  
R |  ( O . I O )  OR L E S S  CARTER 6 7  T H E O  D I S P E R S I O N  R E L .  8 / 6 7  
R1 l ( O . L b l  AYED 7 0  IPWA 6 / 7 0  

RL I ( 0 . 2 0 )  AYED 7 0  [ P H A  6 1 7 0  
R1 1 ( O . I 7 )  A Y E )  7 0  IPWA 6 1 7 0  
R I  2 ( * I 2 )  B A R N E T T  7 0  [PWA P I B , S D L N  I I I  9 / 7 3  
R1 {0 .12 I  (ASSUMING J=3/B( COOL 70 CNTR ++ K+P T O T A L  t / 7 1  

RI (O*LS( ALBRCW 7 I  IPWA ++ S O L .  GAMMA 1017[ 
RI K (0.221 KATO 7 I  IPWA SOL I ( F IT  BW) I0171 
RI K (0 .27)  KATO 71 [PWA SOL I I (F IT  BW] 10171 

SEE NOTES ACCOMPANYING THE MASSES QL~TED. 

R2 Z*I(19OO) INTO K N ' 3 / 2 ( 1 2 3 2 )  (P2) 
82 MAIN INELASTIC DECAY BLAND 67 HBC ++ 8•67 
82 NO EVIDENCE, SPEED HAS MINIM. GRIFFITHS 72 HBC K+P . 9 -1 .5  GEV/C 3•72 

REFERENCES FOR Z * I ( I g O O l  

BLAND 67 PRL 18 I077 +80WLERtBROWN,G+S GOLDHABER,SEEGER,+ (LRL) 
CARTER 67 PRL 18 8OI A A CARTER (CAVFNOISH} 

AYED 7 0  PL 3BB 4 0 4  +BAREYRE* FELTESSE, VILLET (SACLAY)IJP 
B A R N E T T  7 0  U MD,RPT 7 O - l O I  BARNETT,GOLDNAN,LAASANEN,STEINBERG (UMD)IJP 

A L S O  7 0  DUKE 4 4 3  BARNETT,G~DMAN,LAASANEN,STEINBERG (UMD(IJP 
COOL TO PR D1 1887 +GIACOMELLI, KYCIA, LEONTIC, L I ,  + (BNL) I 

ALSE 66 PBl [7  102 CCOL,GIACOMELLI,KYCIA,LEDNTIC,LI + (BNL( 

ALBROW 71NP B30 273 +ANDBRSON,ALMEHED,.*.,UDO,WAGNER (CERNIIJP 
ALSO TO DUKE 375 ERNE,SENS,WAGNER (CERN)IJP 

KATO 7 1 H . E . P H E N . , M O R I O N D  +KOEHLER,...,YOKOSAWA+BURLESON (ANL,NWESIIJP 
A L S O  7 0  DUKE 3 6 7  A. YOKGSAWA (ANL)IJP 
ALSE 70 PRL 26 615 KATC,KOEHLER,NDVEY,YDKOSANA+ (ANL,NWESIIJP 

GRIFFITH 72 NP B3B 365 +HIRATA,HUGHES + (BGNA+GLAS+BGMA+TRSTI 
MILLER 72 NP B 3 7  401 +NOVEY,YOKOSAWA,CUTKDSKY + (ANL+CARN+NWES)IJP 

ARNDT 7 4  PRL 33 9 8 7  ARNDT,HACKMAN,ROPER,STEINBERG (VPI,UMD)IJP 
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Data Card Listings 
For notation, see key at front of  Listings. 

Baryom 
Z~(1900), Z~(2150), Z~(eS00), AIs and Y.': 

PAPERS NOT REFFERED TO IN Z * I  DATA CARDS 

TOTAL-CROSS-SECTION EXPERIMENTS - - -  
BUDG 68 PR 168 1~66 ÷GILMORE,KNIGHT, • (RHEL,BIRM,CAVEI I 
BOWEN 7 0  PR D2 2599 +CALOWELL,  OIKMEN, JENKINS, KALBACH,•IARIZ) I 
BOWEN 73 PR D7 2 2  +JENKINS,KALBACH,PETERSEN ÷ (ARIZ÷MICH) 
CARROLL  7 3  PL ~5B 531 •KYDIA,LI,MICHAEL,MDCKETT,RAHM+ (BNLI 

A K-MATRIX ANALYSIS OF SOME OF THE EARLY K÷P DATA - - -  
HITE BT THESIS D E HITE ( ILL INOIS)  

THEORETICAL AN(] MODEL DEPENDENT ANALYSES 
CARRERAS TO NP B19 B~-9 B CARRERAS, A DONNACHIE (DARESBURY, MCHS} 
ALCDCK T3 NP B56 SOl ALCOCN,GOTTINGHAN (BRIS)IJP 
ALCOCK 76 NP BIO2 173 ALCOCK,COTTINGHAM,DAVIS (BRIS I I JP  

EXPERIMENTS MAINLY ABOUT INELASIIC CHANNELS - -  
BLAND 68 UCRL-I813I THESIS R W BLAND (LRL) 
BLAND 69 NP B l 3  BgS •BOWLER, BROWN, KADYK, DOLDHABER, ÷ (LRL) 
BLAND 7 0  NP B18  5 3 7  +BOWLER,  BROWN~ G O L O H A B E R ,  I L R L )  

BLAND 6~  AND BLAND 7 0  R E P L A C E  B L A N D  6 7  AND BLAND b 8 .  

H I R A T A - I  71  NP B 3 3  4 4 5  •GOLDHABER,HALL~SEEGER,TRILLING,WGHL ( L B L I  

BRUNET 7 2  NP BB7 1 1 4  BRUNET,NARJOUX~OANYSZ+(COEF+SACL+LOIC•LOWC) 
GRIFFITH 72 NP 338 365 +HIRATA,HUGHES,JACOBS÷(BDNA,GLAS*ROMA,TRSTIIJP 
LOKEN 72  PR D6 2 3 4 6  •BARISH,GOMEZ, DAVIES,SCHLEIN,+ (CIT,UCLA) 
BERTHON 7B NP B 6 3  54  BERTHON,MONTANET,PAUL,SAETRE÷ (CERN~SACL) 
LEWIS T~ NP B60 283 LEWIS,ALLEN,JAODBS,DANYSZ+ (LOWO÷LOIO+CDEF} 
LESGUOY 75  NP B 9 9  3 4 6  ÷MULLER,TRIANTIS,BERTHON÷ (SACL+CERNIIJP 
MUSGBAVE 75 NP BBT 3 6 5  •PEETERS,SCREINER,HBITMORE,YUTA (ANL) 
GIACOM-2 7 6  NP B i l l  3B5 GIACOMELLI•MANDRIOLI+ (BGNA+GLAS•ROMA•TRSTI 
A R M I T A G E  7 7  NP B 1 2 3  11  •ASTON,OUERDOTH,ELLISON,FITTON÷ (MCHS~OARE} 
GLASSBR 7 7  PRD 15 1 2 0 0  +SNOW,TREVVETT,BURNSTEIN,FU,PETRI+IUMO÷IITI 
SAKITT 77 PRD 15 I84a +SKELLY,IHOMPSDN (BNL) 

THE MAIN ELASTIC SCATTERING AND POLARIZATION EXPERIMENTS - -  
CARROLL 68 PRL 21 1 2 8 2  ÷FISCHER, LUNDBY, PHILLIPS, ÷ (BNL,ROCH) 
ANOERS-I 69 PL 288 611 ANDERSSON, DAUM, ERNE, LAGNAUX, ÷ (CERN) 
ANOERS-Z 69 PL 305 56 ANDERSSON, DAUM, ERNE, LAGNAUX, • ( B E R N )  

ASBURY 69 PRL 2 3  1 9 4  ÷DOWELL, KATD, LUNDQUIST, NOVEY, +(ANL,UMD) 
BLAND 69 PL 29B 618 R w BLAND, G GOLDHABER, G H TRILLING (LRL] 
BARBER TO PL 3 8 B  21/*  ÷ B R D O M E ,  D U F F ,  HEYMANN*  I M R I E , ÷  ( L O U C , R H E L ) I J P  
G I A C O M E L  7 0  NP B2O 3 0 I  G I A C O M E L L I ,  D R I F F I T H S ,  I B G N A , D L A S , R O M A , T R S T I I J P  

HALL 7 0  DUKE ~ 3 5  +BLAND, DOLOHABER, TR ILL I ND (LRL) 
RBBKA 70 PRL 2~ 160 +ROTHBERG, ETKINS, GLOOIS~ ÷ (YALEIIJP 
ADAMS 71 PR D4 2637 •OAVIES,DOWELL,GRAYER,HATTERS• (BXRM•RHEL) 
B A R N E T T  T I  PL 3AB 655 •LAASANEN,STEINBERG + IUMD+ANL+NWES÷FNAL) 
EHRLICH 71  PRL 2 6  9 2 5  +BTKIN,GLODIS,HUGHES,KDNDO,LU,MCRI+ (YALE) 
WHITMORE 71 PR 0 3  1 0 9 2  ÷ABRAMS,EISENSTEIN,KIM,OHALLORAN,+ ( I L L )  

ADAMS 72  NAL PAPER 3 2 6  +COX,OAVIBS~DOWELL,GRAVER • (BIRM+RHEL) 
CHARLES 72  PL AOB 289 +COWAN,EDWARDS,GIBSON,~ (BRIS,RHEL,SHMPI 

ALSO 12 NAL PAPER 287 CHARLES,COWAN,EDWARDS ÷ (BRIS+RHEI*SHMP) 
DANYSZ TZ NP BAZ 29 ÷PENNEV,STEWART,TNOMPSON,+ (LOIC,ODEF,LOWCI 
ADAMS 73 NP B 6 6  36 AOAMS,COX,DAVIES,OOWELL~÷ (BIRM+RHELIIJP 
BARBER 73 NP BBI L25 BARBER,BROOME,BUSZA,DAVIES,DUFF÷(LOUO÷RHEL) 
BARNETT 73 PRD B 2751 BARNETT,LAASANEN+ (UMD+ANL+NWES÷FNAL) 
CHARLES 73 PURDUE CONF. 179 CHARLES,EDWARDS,÷ (SHMP+AARH+BHELeBRIS} 
CAMERON 74 NP B78 '93 CAMERON,HIRATA,JENNINSS,+ (GLAS,BGNA,TRST)IJP 
YUIA 7A NP B B l  1 8 9  YUTA,BOCK,MUSGRAVEtPEETERS,SCHREINER,+(ANL)I 
ABE 75  PRO 11 1719 +BARNETT~GOLDMAN,LAASANEN÷ (UMD,ANL) 
ADAMS 75 NP BB7 41 ÷CARTER,COOK,GLASS,GREEN (WASH) 
PATTON 75  PRL 3~ 9T5 •BARLETTA,EHRLICH,ETKIN+ (YALE,TOKY,BNL] 

PARTIAL-WAVE ANALYSES (SEE ALSO ADAMS 73 AND CAMERON 7~) 
CARRERA1 70 NP B 2 3  5 2 5  B CARRERAS, A DONNACHIE (DAREIIJP 

A L S O  70 DUKE 4 4 7  )DARE÷MCHS~EDIN} ÷OONNACHIE, K IRSOPP 
ERNE 70 DUKE 375 +DENS,WAGNER (OERN)IJP 
LEA 71 NP B26 ~[3 +MARTIN,THOMPSON (RHEL,LOUCIIJP 
LOVELACE Tl NP BZB 1 4 1  +WAGNER (CERN)IJP 
CUTKOSKY 72 NAL PAPER 210 +HICKS,KELLY,SHIH,JOHNSON (CARN*ILL÷ANLI 
EHRLICH 72 NAL PAPER 4 4 7  ÷ETKIN,GLODIS,HUGHES,LU,PATTON * (YALE) 
MARTIN 72  PREPRINT B.R.MART IN, C.E.MILLER (LOUC) 
MARTIN 7 5  NP B ? ~  4 1 3  B R MARTIN ( L O U C I  
COTKOSKV 76  NP RIO2 139 CUTKOSKY~HICKS,KELLY,+ (CARN+IIT÷ANL)IJP 
GIACGM-I 76 NP B I I O  6 7  GIACOMELLI÷MANDRIOLI (BGNA+GLAS)IJP 

EARLIER ANALYSES THAT DO NOT INCLUDE RECENT POLARIZATION DATA - -  
LEA 68 PR 165 ITTO LEA, MARTIN, OADES (RHEL,BNL,CERN) 
MARTIN 6 8  PRL 21 1 2 8 6  B R MARTIN (BNL) 
CUTKOSKY 70 PR D I  25~7 R E CUT~OSKY, B B DEO ICARNEG[E-MELLONI 1 

LATEST REVIEW TALKS AND PAPERS 
LEVISETT 69 LUND CBNF 341 R LEVI SBTTI (RAPPORTEUR} (CHICAGO) 
GDLOHABE ?O DUKE 407 G.GOLDHABER (REVIEWER) (LRL) 
DOWELL 72 NAL REVIEW REVIEW TALK IN BARYON SESSION (BIRM) 
L O V E L A C E  72 NAL REV IEW RAPPORTEUB'S T A L K  (RUTG) 
DOWELL 73 PURDUE CONF. 157 DOWELL (BIRMI 
CUTKOSKY 7 4  LCNDON EONF I I -E~  CUTKOSKY (CARNI 
KELLY 75 ANL-HEP-CP-75-SB REVIEW TALK IN BARYON SESSION (LBL) 
URBAN 75 PL 60B 77 URBAN (LBL) 
MARTIN 76 OXFORD CONF. 409 RAPPGRTEUR,S TALK (LOUD) 

BUMPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
• P K = I . 8  GEVIC 

> 

93 Z * l l 2 1 5 O )  MASS (MEV) 

M 2150. 20, ABRAMS TO CNTR ÷+ K÷P TOTAL 

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

9 3  Z * 1 ( 2 1 5 0 )  WIDTH (MEV) 

w (175 . l  ABRAMS 70 CNTR + K+P TOTAL 

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

9 3  Z * I ( 2 I B O )  PARTIAL DECAY MOOED 

DECAY MASSES 
PI Z * I ( Z 1 B O I  INTO K N ~q3÷ 938 

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

93 Z*1(2150) BRANCHING RATIOS 

RI Z*1(2150) INTO [K N)/TOTAL (P I )  
R1 J I S  NOT KNOWN, T H E  F O L L O W I N G  IS  ( J ÷ I / 2 ) ~ = P I  
RI (O.eAI ABRAMS 70 CNTR • K•P TOTAL lO /7 I  

REFERENCES FOR Z* l I Z150 }  

ABRAMS 70 RR 01 1917 +COOL,GIACOMELLI,KYCIAtLEDNTIC,LI • IBNLI 
ALSO 6T PRL I9  257 ABBAMS,COOL,GIACOMELLI,KYCIA,LEONTIC• (BNLI 

B B 

I I B U M P S  . . . . . . . . . . . . . . . . . . . . .  s sEC . . . . . .  
PK=B. T GEV/C 

> 

94 Z*IIE50OI MASS (MEVI 

M 25OO. 20. ABRAMS 70 CNTR ÷÷ K+P TOTAL IOlTL 

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

9~ Z*1(2500I  WIDTH IMEVI 

W (100. )  ABRAMS TO CNTR ++ K+P TOTAL i0171 

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

94 Z*I(ZBOO) PARTIAL DECAY MODES 

DECAY MASSES 
P I  Z~i(2500) INTO K N 493• 938 

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

94 Z* I (2500 )  BRANCHING RATIOS 

RI Z*L(25GO) INTO (K NI/TDTAL (P I I  
RL J IS NOT KNOWN, THE FOLLOWING IS ( J • I / 21 *P I  
R1 (0.0~)  ABRAMS TO CNTR ++ K•P TOTAL IO /? l  

REFERENCES FOR Z*l(2SO0) 

ABRAMS 70 PR DI I917 ÷CDOL,GIACOMELLI,KYCIA,LEONTIC,LI • (BNLI 
ALSO 67 PRL 19 237 ABRAMS,COOL,OIACOMELLI,KYCIA~LEONTIC÷ (BNL) 

Zl CROSS SECTION LIMITS 
] Z*I CROSS SECTION LIMITS 

SEE MINIREVIEW PRECEDING Z~O 

CS UNITS MICEOBARNS 
CS LESS THAN 50. BASSOMPIE 68 HBC K÷P TO Z~÷ PI÷ 10/69 
CS A LESS TRAN .2 +.3 - . 1  ANDERSON 69 ASPK ÷ PI-P TO K-Z*+ 10269 
CS A ABOVE LIMIT FOR M=I.Z TO 1.4 GEV - EL= 99 P.O. 
CS B LESS THAN 1./* ~1.9 - . 5  ANDERSON 69 ASPK ÷ PI-P TO K-Z*+ I 0 / 69  
CS B ABOVE LIMIT FOR M=1.5 TO 2.5 GEV 

REFERENCES FOR Z* I  CROSS SECTION LIMITS 

BASSCMPI 68 PL 273 WCB BASSOMPIERRE, + (CERN,BRUXELLES) 
ANDERSON 69 PL 29B I3B ÷BLESER, BLIEDEN, COLLINS, • (BNL,CARNEGIEI 

PARERS NOT REFERRED TO IN DATA CARDS 

TYSON 67 PRL 19 255 •GREBNBERGtHUOHES,LU,MINEHART,MORI, IYALEI 
MORI 68 PL 28B 152 ÷GREENBERG,HUGHES,LU,ROTHBERG, ÷ (YALE) 
MORT 69 PR L85 1687 ÷GREENBERG, HUGHES, LU, MINEHARI, + (YALE) 

MORT 69 REPLACES TYSON 67 AND MORT 68. 

Note on A's and Z's 

The number of confirmed resonances has 

increased slowly but steadily in the last few 

years, and since our last edition (1976) we have 

added three more states to the Y* portion of the 

Baryon Table. There remains, however, a large 

number of proposed, but unconfirmed, resonances, 

and some of the states we enter in the Data Card 

Listings may really be more than one resonance. 

All the recently proposed Y*'s are only weakly 

coupled to their two-body decay channels KN, A~, 



Baryons 
A's a n d  Y.'s 

and ~. For this reason they appear as very small 

peaks or make no appearance at all in invariant 

mass distributions. Rather, when the two-body 

reactions KN ÷ KN, KN + A~, and KN ÷ ~ are 

partial-wave analyzed, some of the amplitudes are 

found to traverse resonance-like counterclockwise 

circles. The results of partial-wave analysis 

give JP information, whereas a peak seen in an 

invariant mass distribution or a total cross section 

often cannot be analyzed for its quantum numbers. 

We will keep information coming from formation 

experiments and from production experiments 

separate whenever necessary. 

Formation Experiments 

Partial-wave analyses have been performed 

mainly for the channels KN, A~, and ~; a few 

results exist also for EK, AN, and some quasi-two- 

body channels. With a few exceptions (e.g., BAILLON 

75 and VANHORN 75 for the A~ channel), the great 

majority of the analyses done so far cover rather 

narrow energy ranges, usually corresponding to a 

single bubble chamber experiment. A disturbing 

feature that appears when examining the partial 

waves obtained in such analyses is that they do not 

always join smoothly with the partial waves given 

in analyses done for the same channel over a 

different energy range. 

More ambitious analyses treat all channels 

simultaneously so that unitarity constraints are 

automatically obeyed and the resonances appear with 

the same masses and widths in the different channels. 

The multi-channel analyses done prior to 1974 (KIM 

71, LANGBEIN 72, and LEA 73) included the three 

two-body channels ~, A~, and ~, and were carried 

out in the mass range 1.5 to 1.9 GeV. This is the 

mass range of a particular bubble chamber experi- 

ment (ARMENTEROS 68), the only one which at that 

time had relatively good statistical accuracy. 

In recent years, additional experimental 

results have been obtained. Bubble chamber experi- 

ments now exist with better statistics in the mass 

range already considered (HEMINGWAY 75, RLIC 77) 

and with somewhat lower statistical accuracy up to 

a mass of 2.5 GeV (BELLEFONI 75, 2 75, 77, and 78). 

However, the most important recent contributions to 

this field, for the KN channel at least, are from 
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electronic counter experiments. These provide 

results which are difficult if not impossible to 

get in a conventional bubble chamber experiment. 

They include high-statistics measurement of the 

K-p ÷ K0n total I and differential cross section 2 

at low energies, K-p elastic polarization measure- 

ments, 3 and K-n elastic angular distributions 

(DECLAIS 77 and Ref. 4). 

We may expect that improved partial-wave 

analyses over a wide energy range will be performed 

in the near future in order to disentangle the 

rather unsatisfactory present situation. Even 

though the unconfirmed resonances (one- and two- 

star states in Table i) are often "seen" in several 

analyses with more or less compatible parameters, 

the corresponding partial-wave behavior is often 

very different in each of these analyses. Thus 

the confidence one has in the existence of these 

resonances is rather weak. 

Three analyses published in final form since 

the previous edition of this Review are discussed 

below. Two of them are multi-channel analyses, 

fitting data from the three channels KN, A~, and 

~, and covering a wide mass range. 

a) In the recent analysis of the Rutherford 

Laboratory-Imperial College collaboration (RLIC 77) 

the mass range extends from 1480 to 2170 MeV. The 

data used have been carefully selected in order to 

eliminate inconsistencies (usually the older and 

statistically less accurate points have been 

rejected). Angular distributions were directly 

used in the fit except when the quality of the data 

was such that no loss of information occurred by 

using Legendre coefficients (e.g., K-p + ~°z°). 

In this work, a conventional energy-dependent 

analysis is performed first for each of the three 

channels (KN, A~, and ~). As usual, the presence 

of a resonance in a partial wave is detected by 

comparing the goodness of the fit when this wave is 

parametrized as a smooth background to the alterna- 

tive fit when a Breit-Wigner is added to the back- 

ground. The 3 separate fits are then considered 

together in order to obtain a real multi-channel 

analysis. Internal consistency requires that the 

masses and widths of the resonances be the same in 

each of the 3 channels. The final fit has been 
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Baryons 
A's and Y'~ 

done with these resonance parameters fixed and 

equal to a "weighted average" of the three values. 

Some suspected resonances are confirmed by 

this analysis, but many other reported "resonance 

effects" are not found and new possible resonances 

are proposed. The situation in particular for the 

low partial waves and for low energy is still very 

confused. 

b) The analysis of B. Martin and M. Pidcock 

(MARTIN 77) is a multi-channel energy-dependent 

partial-wave analysis with parametrized K-matrix 

elements. The mass range covered is 1.54 to ~2 GeV. 

Here the 3 channels KN, A~, and E~ are always 

considered simultaneously, a fictitious channel 

being introduced to account for the global effect 

of the remaining final states. The A~ and Z~ 

channels have thresholds within the above mass 

range and they may induce a "cusp effect". In 

order not to exclude such a possibility, an addi- 

tional channel, opening up at the right energy, is 

also included for the S waves. (It is known that 

the inelasticities in the S waves are largely due 

to the production of the ~ meson, and a similar 

effect is seen in S-wave ~N elastic scattering.) 

These additional channels, for which no data are 

fitted, have large cross sections, so it is not 

clear if such a multi-channel analysis really 

imposes more stringent unitarity constraints than 

those already contained in single-channel fits. 

For this analysis also, a careful selection of the 

available data has been made. The number of data 

points which have been fitted amounts to about 

12,000. Some of the experimental points have been 

renormalized in order to suppress unphysical 

discontinuities in the data. The various channels 

or types of data may have very different numbers of 

data points; it would be possible to have a good 

overall X 2 with some pieces of data being badly 

fitted. This was prevented by introducing weights 

for the various types of data so that each type is 

reasonably well fitted. 

Resonanees can appear as poles of the K-matrix, 

but the K-matrix parameters thus deduced are diffi- 

cult to compare to those obtained in the more 

conventional analyses. Two other methods in which 

the resonance parameters are calculated from the 

poles of the T-matrix are also given. We list the 

results of these two methods in the Data Card 

Listings. It should be noted that no claim for 

uniqueness of the proposed solution is made; in 

fact, another solution with almost the same X2/N 
5 

was presented at the Oxford Conference. This 

latter solution has not been retained as it was 

not in agreement with present ideas about the low 

energy behavior of some waves. 

c) The single-channel KN analysis of ALSTON 

78 is worth mentioning because it includes a large 

amount of new data I-3 not previously used by other 

analyses. A preliminary version of this work has 
1 

already been published. It is a conventional 

energy-dependent analysis, covering the mass range 

1.5 to 1.94 GeV, which uses a unitary background 

parametrization expressed in terms of scattering 

lengths. The cusp effects observed at the A~ and 

~n thresholds are included by the introduction of 

a square-root singularity in the energy variation 

of the S-wave resonance widths. All the confirmed 

states are observed, but most of the less well 

established resonances (one and two stars in 

Table I) are neither observed nor required. 

d) Other analyses: Preliminary results of a 

KN single-channel analysis by Hansen et al~ have 

been reported. They incorporate more theoretical 

ingredients than any of the analyses done so far. 

We have not yet included these results in the 

Listings. In this energy-independent analysis, 

invariant amplitudes at fixed t are used as supple- 

mentary constraints in the fit. These fixed-t 

amplitudes themselves are computed using dispersion 

relations for which not only experimental data but 

also a first estimate of the partial waves is 

needed. The method requires that the process of 

estimating the fixed-t amplitudes and then the 

partial-wave amplitudes be iterated a few times 

until full consistency is obtained. This kind of 

analysis may eventually provide us with more 

reliable partial-wave amplitudes which satisfy 

fixed-t analyticity and crossing. 

In the Listings, the resonance parameters 

obtained in the latest single-channel analyses are 

given. These usually cover a limited mass range, 

but include new data not yet incorporated in the 
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Fig. i. Amplitudes for ~ scattering in the SII 
partial wave. The energy dependence of each ampli- 
tude is displayed by plotting its real and imaginary 
parts versus energy, in alignment with the corre- 
spondingArgand plot. In addition, arrows with 
bases positioned at integral multiples of 50 MeV 
and a base-to-tip length of 5 MeV are plotted on 
the Argand plots, and the only established resonance 
in this wave, the Z(1750), is indicated. The results 
of two different analyses are shown for each channel; 
the energy axes all run from elastic threshold to 
2200 MeV and are aligned for ease of comparison. 
The lower plot for each channel is from RLIC 77. 
The upper plot is from ALSTON 78 for the elastic 
channel and from MARTIN 77 for the inelastic 
channels. 
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Fig. 2. Amplitudes for KN scattering in the PII 
partial wave. The energy dependence for each ampli- 
tude is displayed by plotting its real and imaginary 
parts versus energy, in alignment with the corre- 
sponding Argand plot. In addition, arrows with 
bases positioned at integral multiples of 50 MeV 
and a base-to-tip length of 5 MeV are plotted on 
the Argand plots, and the only established resonance 
in this wave, the ~(1660), is indicated. The results 
of two different analyses are shown for each channel; 
the energy axes all run from elastic threshold to 
2200 MeV and are aligned for ease of comparison. 
The lower plot for each channel is from RLIC 77. 
The upper plot is from ALSTON 78 for the elastic 
channel and from MARTIN 77 for the inelastic 
channels. 
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Fig. 3. Amplitudes for KN scattering in the PI3 
partial wave. The energy dependence of each ampli- 
tude is displayed by plotting its real and imaginary 
parts versus energy, in alignment with the corre- 
sponding Argand plot. In addition, arrows with 
bases positioned at integral multiples of 50 MeV 
and a base-to-tip length of 5 MeV are plotted on 
the Argand plots. The only established resonance 
in this wave, the E(1385), lies below elastic 
threshold and is not shown. The results of two 
different analyses are shown for each channel; 
the energy axes all run from elastic threshold to 
2200 MeV and are aligned for ease of comparison. 
The lower plot for each channel is from RLIC 77. 
The upper plot is from ALSTON 78 for the elastic 
channel and from MARTIN 77 for the inelastic 

channels. 
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Fig. 4. Amplitudes for KN scattering in the DI3 
partial wave. The energy dependence of each ampli- 
tude is displayed by plotting its real and imaginary 
parts versus energy, in alignment with the corre- 
sponding Argand plot. In addition, arrows with 
bases positioned at integral multiples of 50 MeV 
and a base-to-tip length of 5 MeV are plotted on 
the Argand plots, and the established resonances 
in this wave, the ~(1670) and the ~(1940), are 
indicated. The results of two different analyses 
are shown for each channel; the energy axes all run 
from elastic threshold to 2200 MeV and are aligned 
for ease of comparison. The lower plot for each 
channel is from RLIC 77. The upper plot is from 
ALSTON 78 for the elastic channel and from MARTIN 
77 for the inelastic channels. 
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Fig. 5. Amplitudes for KN scattering in the DI5 
partial wave. The energy dependence of each ampli- 
tude is displayed by plotting its real and imaginary 
parts versus energy, in alignment with the corre- 
sponding Argand plot. In addition, arrows with 
bases positioned at integral multiples of 50 MeV 
and a base-~o-tip length of 5 MeV are plotted on 
the Argand plots, and the only established 
resonance in this wave, the ~(1765), is indicated. 
The results of two different analyses are shown for 
each channel; the energy axes all run from elastic 
threshold to 2200 MeV and are aligned for ease of 
comparison. The lower plot for each channel is 
from RLIC 77. The upper plot is from ALSTON 78 
for the elastic channel and from MARTIN 77 for the 
inelastic channels. 
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Fig. 6. Amplitudes for KN scattering in the FI5 
partial wave. The energy dependence of each ampli- 
tude is displayed by plotting its real and imaginary 
parts versus energy, in alignment with the corre- 
sponding Argand plot. In addition, arrows with 
bases positioned at integral multiples of 50 MeV 
and a base-to-tip length of 5 MeV are plotted on 
the Argand plots, and the only established resonance 
in this wave, the Z(1915), is indicated. The results 
of two different analyses are shown for each channel; 
the energy axes all run from elastic threshold to 
2200 MeV and are aligned for ease of comparison. 
The lower plot for each channel is from RLIC 77. 
The upper plot is from ALSTON 78 for the elastic 
channel and from MARTIN 77 for the inelastic 
channels. 



Baryons 
A's and Z's 

202 

Data Card Listings 
For notation, see key at front of  Listings. 

I 

1500-  

1900 

1900 < 

2100 

E N E i ~ ¥  (M,v)  

- . 1  L 
J I 

1500-  

1700 

1900 

2100 

E~ZRGX (s,v) 

o3o) 

- . 1  o 1 
i 

leOO- 

xToo 

1900 

eto0 

,=P 

1500 lTO0 1900 2100 

.3- 

z 1600 1"~60 zDoo 11oo 
z l z ~ c x  (=,w 

KN~KN F 1 7  AMPLITUDE 

z (2o3o )  

- , *  o .1 

1 5 o o  

1700 

1~00 ~ 
11oo 

ENERGY (MeV) 

.2- 

.1 ~ 

0 

- . 1 -  

. t  

o 

i 

15100 I 17'00 : 1 ' 00  =,too J 

1700 
I I I I I 

1500 ESERGY (M,V) *900 ZtO0 

KN~nA F 1 7  AMPLITUDE 

- , Z  -- J. 
I I 

- *600 

170O 

t o 0 0  

ZlOC 

¢wz~a~ (=,v) 

30)  

.1 z 

-Lsoo 

*voo 

l =900 

ENE~G (u,v) 

m( rL~ )  

z s o o  1 7 o o  1 1 o o  11~oo 

-1 -  

1500 1700 1900 atoo  <>, ENERGY (~e~ 

z z 

KN~E FI7 AMPLITUDE 

Fig. 7. Amplitudes for KN scattering in the FI7 
partial wave. The energy dependence for each ampli- 
tude is displayed by plotting its real and imaginary 
parts versus energy, in alignment with the corre- 
sponding Argand plot. In addition, arrows with 
bases positioned at integral multiples of 50 MeV 
and a base-to-tip length of 5 MeV are plotted on 
the Argand plots, and the only established resonance 
in this wave, the Z(2030), is indicated. The results 
of two different analyses are shown for each channel; 
the energy axes all run from elastic threshold to 
2200 MeV and are aligned for ease of comparison. 
The lower plot for each channel is from RLIC 77. 
The upper plot is from ALSTON 78 for the elastic 
channel and from MARTIN 77 for the inelastic 

channels. 
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Fig. 8. Amplitudes for KN scattering in the S01 and P01 partial waves. The energy dependence of each 
amplitude is displayed by plotting its real and imaginary parts versus energy, in alignment with the 
corresponding Argand plot. In addition, arrows with bases positioned at integral multiples of 50 MeV 
and a base-to-tip length of 5 MeV are plotted on the Argand plots, and the established resonances A(1670) 
and A(1870) are indicated. The only other established resonance in these waves is the A(1405), which lies 

below elastic threshold in the S01 wave and is not shown. The results of two different analyses are shown 
for each channel; the energy axes all run from elastic threshold to 2200 MeV and are aligned for ease of 
comparison. The lower plot for each channel is from RLIC 77. The upper plot is from ALSTON 78 for the 

elastic channel and from MARTIN 77 for the ~ channel. 
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Fig. 9. Amplitudes for KN scattering in the P03 and D03 partial waves. The energy dependence of each 
amplitude is displayed by plotting its real and imaginary parts versus energy, in alignment with the 
corresponding Argand plot. In addition, arrows with bases positioned at integral multiples of 50 MeV 
and a base-to-tip length of 5 MeV are plotted on the Argand plots, and the established resonances A(1520), 
A(1690), and A(1860) are indicated. The results of two different analyses are shown for each channel; 
the energy axes all run from elastic threshold to 2200 MeV and are aligned for ease of comparison. The 
lower plot for each channel is from RLIC 77. The upper plot is from ALSTON 78 for the elastic channel 

and from MARTIN 77 for the ~ channel. 
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Fig. i0. Amplitudes for ~N scattering in the DO5 and F05 partial waves. The energy dependence of each 
amplitude is displayed by plotting its real and imaginary parts versus energy, in alignment with the 
corresponding Argand plot. In addition, arrows with bases positioned at integral multiples of 50 MeV 
and a base-to-tip length of 5 MeV are plotted on the Argand plots, and the established resonances A(1815) 
A(1830), and A(2110) are indicated. The results of two different analyses are shown for each channel; 
the energy axes all run from elastic threshold to 2200 MeV and are aligned for ease of comparison. The 
lower plot for each channel is from RLIC 77. The upper plot is from ALSTON 78 for the elastic channel 
and from MARTIN 77 for the ~ channel. 
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Fig. ii. Amplitudes for KN scattering in the F07 and G07 partial waves. The energy dependence of each 
amplitude is displayed by plotting its real and imaginary parts versus energy, in alignment with the 
corresponding Argand plot. In addition, arrows with bases positioned at integral multiples of 50 MeV 
and a base-to-tip length of 5 MeV are plotted on the Argand plots, and the established resonance A(2100) 
is indicated. The results of two different analyses are shown for each channel; the energy axes all run 
from elastic threshold to 2200 MeV and are aligned for ease of comparison. The lower plot for each channel 
is from RLIC 77. The upper plot is from ALSTON 78 for the elastic channel and from MARTIN 77 for the ~ 
channel. 
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multi-channel analyses described above. In partic- 

ular, the Saclay-College de France collaboration 

has now published three separate energy-dependent 

analyses for the channels KN, A~, and ~ extending 

up to a mass of 2.5 GeV (BELLEFON 78, 76, and 77, 

respectively). They indicate that the bumps seen 

in total cross sections at these higher energies 

are made up of many resonant states. 

For a brief description of the older analyses 

we refer to the previous editions of this compila- 

tion. 

Production Experiments 

This type of experiment is often difficult to 

analyze. Information on I= 0 states is possible 

only when there is no I = 1 state at a similar mass. 

The main controversies at the present time concern 

resonances in the 1600 to 1700 MeV region. See 

the mini-reviews on ~(1620) and ~(1670) in these 

Listings. 

Figures 

Argand plots of fifteen S=-I partial waves 

are shown in Figs. 1 through ii. The analyses 

shown were picked largely for illustrative purposes 

rather than on the basis of our judgment of their 

quality; for the KN channel, we chose to show the 

amplitudes obtained by RLIC 77 and ALSTON 78, and 

for the A~ and E~ channels those from RLIC 77 and 

MARTIN 77. 

Errors on Masses and Widths 

Often the quoted errors in partial-wave 

analyses are only statistical, and the values of 

masses and widths can change by more than these 

errors when a new parametrization is used. For 

this reason we report the values of M, F, and x i 

obtained by different authors even if they analyze 

the same data. The spread of these masses and 

widths is certainly a better estimate of the 

uncertainties than the statistical errors. 

Sometimes the errors quoted are obtained by the 

inspection of various fits done with different 

hypotheses (see, for example, BERTHON 70, GALTIERI70, 

Baryons 
A's and 7,'s 

VANHORN 75, RLIC 76). For three states, A(1520), 

A(1815), and ~(1765), there are enough data avail- 

able to perform an overall fit of the various x i 

of the type discussed in the main text (See. VII B). 

In this case we are forced to use the errors, 

however small they may be, but we warn the reader 

that the final errors are not to be taken seriously. 

In conclusion, in the Baryon Table we choose 

not to give errors on masses and total widths 

determined primarily by partial-wave analyses, but, 

whenever necessary, to show a range of values. As 

for the branching ratios, we use the errors when 

needed to perform an overall fit, but we caution 

the reader. 

Conclusions 

Table I is an attempt to evaluate the status 

of the various Y*'s. The evaluations are of course 

partly subjective. A blank indicates that there is 

no corresponding evidence at all. This may mean 

either that the relevant couplings are small or 

that the resonance does not really exist. The 

Baryon Table includes only the well established 

resonances. It seems clear, however, that whereas 

any particular one of the questionable resonances 

may disappear with the next analysis, there are 

probably many new resonances underlying those 

already established. 
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Baryons 
AIs and Z's, A, A(1330), A(1405) 

TABLE I .  STATUS OF Y *  RESONANCES 
THOSE WITH AN OVERALL STATUS OF * * *  OR * * * *  ARE INCLUOED IN THE MAIN BARYON 
T A B L E ,  THE OTHERS AWAIT CONFIRMATION. 

STATUS AS SEEN I N  - -  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

O V E R A L L  T O T A L =  

PARTICLE L I J  STATUS OR. SEC. NBAR N LAM Pl SIG PI OTHER C H A N N E L S  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

LAMKUlS) POI * * * *  WEAK TO N PI 
L A M l I 3 3 0 }  DEAD 

L A M ( L 4 0 5 I  SOl * * * *  * * * *  F * * * *  

tAM(1520) DO3 * * * *  * * * *  * * * *  0 * * * *  LAMBPI,LAM GAM 
L A M ( I 6 0 D )  P O l  * *  * *  R * 

LAME1670) SOl * * * *  * * * *  B * * * *  LAM ETA 
LAM(1890I DO3 * * * ~  * * * *  * ~ * *  I * * * *  LAMZPI,SIGBPI 
LAMIIBOO) P O t  * *  * * *  D * *  

LAM(IBO8) GO9 * * D * 

LAM(I8151F05 * * * *  * * * *  * * * *  E * * ~  SIGIIDBS) Pl 
LAM(IBDO) D05  * * * *  * * *  N * * * *  

LAM(IB6O) PO3 * * *  * *  * * *  F * *  

L A M ( 1 8 7 D )  S 0 1  * * *  * * *  o R * *  
LAM(2OlO) * *  * LAM OMG 

LAM(202O) FO7 * * 8 * 

LAMIBIOOI GO7 * * * *  * * * *  * * * *  I * * *  XI K,LAM OMG 
LAM(2IIO) F05 * * *  * *  D * LAM OMG 
LAM[2350) * * * *  * * * *  * * * *  D 
LAM(2585} * * *  * * *  * E 

S I G I I I g D I  P l l  * * * *  WEAK TO N Pl 
SIG{1385) P 1 3  * * * *  * * * *  * * * *  

SIG(1480I PE * * * * 

SIG(1580) D I 3  * *  * *  * * *  

SIG(1620I S I I  * *  * * 
S I G [ 1 6 2 0 }  PE * *  * * *  LAM 2-PI 
S I G ( 1 6 6 0 )  P l l  * * *  * * *  * * *  

SIG(16701 0 1 3  * * * *  * *  * * * *  * * * *  * * * *  SEVERAL OTHERS 
S I G ( 1 6 7 0 I  PE * *  * *  * *  * *  SEVERAL OTHERS 
SIGII6gO) PE * *  * * * *  * LAM 2-Pl  
S I G ( 1 7 5 0 )  S i t  * * *  * *  * *  * S I G  ETA 

SIG(17651015 * * * *  * * * *  * * * *  * * * *  * * *  SEVERAL OTHERS 
SIG(ITTOI P I 1  * * * 

S I G ( I 8 4 0 1 P I 3  * * * *  * 
SIG(1BBOI P l l  * *  * *  * *  

S i C [ [ g l E E  F I 5  * * * *  * * *  * * *  * * * *  * * *  

SIG(1940} D13 * * *  * * * *  * =  

SIGIBODOI $11 * * 

SIG(2O30) FIT * * * *  *w.**  * * * *  * * * *  * *  Xl  K 
SIG[2070) FI5 * * 

S I G ( 2 O B O )  P 1 3  * *  * *  

SIG(21OOI G17 * * * 

SIGI2250) * * * *  * * * *  * * 

S I G ( 2 4 5 5 1  * * *  * * *  * 

S|GI2620) * * *  * * *  * 

S I G [ 3 0 O O I  * *  * * 

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

• * * *  GO00, CLEAR, AND UNMISTAKABLE, 
• * *  GOOD, BUT IN NEED OF CLARIFICATION OR NOT ABSOLUTELY CERTAIN. 

• * NEEDS CONFIRMATION. 
• WEAK, 

ATTRIBUTED TO THE GTATE CLOSEST TO WHERE THE CROSS SECTION PEAKS. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S = - 1  I=0 HYPERON STATES (A) 
• * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

• * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * )  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * ~ * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

F ~  1 8  LAMBDA(IILS, J P = I I 2 + )  I = O  

SEE STABLE PARTICLE DATA CARD LISTINGS 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * .  
* * * * * .  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

BUMPS S E E  ThE ME . . . . . . . . . . . . .  S ........... L ........ 

A PEAK WAS SEEN NEAR 1330 MEV IN THE LAMBDA GAMMA 
SPECTRUM IN THREE PI-PROPANE EXPERIMENTS (YUNG-CHANG 
64, BUBELEV 67, AND BOZOKI 8E l .  ALL MORE RECENT 

RESULTS INDICATE THAT THERE IS NO RESDNANACE NEAR THIS MASS VALUE. 

. * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * .  * * * * * * * * w ,  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR Y*0113301 (PROD, EXP.) 

Y-CHANG 64 DUBNA CONF I 615 YUNG-CHANG, IN,  KLADHITSKAYA, ÷ (DUBNA) 
BUBELEV B? PL 24B 246 +CHADRAA,  CHUV[LO, ÷ (JINR,BUCHAREST,CERN) 
DAHL 67 PR 163 1377 DAHL, HARDY, HESS, KIRZ, MILLER (LRL) 
80ZOKI 88  PL 28B 360 +FENYVES,  GEMESY, + (8UDAPEST,DUBNA} 
TAN 69 PRL 2 3  I O I  T H TAN (SLAC) 
MAYEUR 70 Pt 3 3 B  441 +VAN BINST,WILQUET*++ IBRUX,CERN,TUFE} 
COLAS 7 5  NP 891 2 5 3  COLAS,FARWELL,FERRER,SIX IORSA) 
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I A ( a 4 o s )  I . . . . .  , . . . . . . . . . . . . . . . .  ~ ]  P R O O U C T I O N  EXPERIMENTS 

THIS RESONANCE CAN BE IDENEIFIED WITH THE VIRTUAL BOUND 

STATE IN ThE KBAR-N SYSTEM FOUND IN THE ANALYSIS OF LOW 
ENERGY K-P INTERACTION. WE LIST SUCH EXPERIMENTS SEPA- 
RATELY BELOW. WE USE ONLY PRODUCTION EXPERIMENTS FOR 
AVERAGING OF MASSES AND WIDTHS. 

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

37 Y*O(I4OS) MASS (MEV] (PROD. EXP.) 

M (1405.01 ALSTDN 61HBC K-P 1,E5 BEVIC 
M ([41O,O} ALEXANDER 62 HBC PI-P 2.1 BEVIC 
M (1405,0)  ALSTON 62 HBC K-P 1 .2 - . 5  BEV/C 
M I1382.0 )  ( 8 . 0 }  ENGLER 65 HDBC P I -P ,  PI+D [ , 68  7/66 
M 1400.0 24.0 MUSGRAVE 65 HBE PBAR P 8-4 BEVIC 7166 
M 67 1400.O 8.0 BIRMINGHA 66 HBC K-P 3.5 9 / 6 7  

M 120 1405,0 5.0 GALTIERI 68 OBC K--D 2.1-2.7BEV/C 6168 
M . . . . . . . . .  
M AVG [402,4  3.5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF ( .Of  
M STUDENTZ4O2.4 3.9 AVERAGE USING STUDENTLO(HII,I[) - -  SEE MAIN TEXT 

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

37 Y~O(1405) WIDTH (MEV) (PROD. EXP.) 

W (20 .0 }  ALSTDN 61HBC 7/66 
W 35,0 5.0 ALEXANDER 6 2  HBE 
W (50,0)  A L S T O N  6 2  HBC 
W (89.0)  (20 .0)  ENGLER 6 5  HDBC 7/66 
W 6 0 , 0  20.0 MUSGRAVE 65 HBC 7166 
W 67 50.0 EO.O BIRMINGHA 66 HBC K-P 3.5 9167 
W 120 35.0 8.0 GALTIER] 6 B  DBC K-O 2 . I -2 .78EV/C  6 / 6 8  
W . . . . . . . . .  

w AVG 38.1 3.9 AVERAGE IEREOR INCLUDES SCALE FACTOR OF I .O )  
W STUDENT 37,9 4.3 AVERAGE USING STUDENTID(H/I, I IJ - -  SEE MAIN TEXT 

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

3 7  Y . 0 ( [ 4 0 5 }  PARTIAL DECAY MUDES (PROD. EXP.} 
DECAY MASSES 

Pl Y*O(1405) INTO SIGMA PI 1197+ 139 

* * * * ) *  * * * * * = * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR Y*OII4051 (PROD. EXP.) 

ALSTCN 61 PRL 6 6 9 8  +ALVAREZ,EBEEHARD,GOOD, GRAZIANO, + (LRL} I 
ALEXANDE 6 2  PRL 8 647 ALEXANDER,KALBFLEISEH,MILLER,SMIFH (LRL) I 
ALSTEN 62 CERN CDNF 3 1 1  +ALVAREZ,FERRO-LUZZI,ROSENFELD, + ILRL] I 
ENGLER 65 PRL 15 22~ +FISK,KRAEMER,MELTZER,WESTGARD,+ (CARN, BNL) IJ  
MUSGRAVE 65 NC 35 735 +PETMEZAS,+  (BIRM,CERN,EPOL,LOIC,SACLAY) 

BIRMINGH 66 PR 152 1148 BIRMINGHAM, GLASGGW,LOIC, OXFORD,RUTHERFORD 
GALTIERI 68 PRL 2 I  573 8ARBARO-GALTIERI,CHADWICK + (LRL,SLAC) 

1405 MEV REGION; EXTRAPOLATIONS BELOW THRESHOLD 

24 Y*0(1405, JP= I / 2 - )  I = O  
EXTRAPOLATION BELOW THRESHOLD 

SEE NOTE IN Y*O[I4OS) PRODUCTION EXPERIMENTS -THE DIF- 
FICULTIES I N  EXTRAPOLATING FROM THE PHYSICAL REGION TO 
THE RESONANCE LOCATION ARE DISCUSSED BY DALITZ 67. 

THE QUESTION ON WHETHER Y*([4OSI IS A KBAR-N BOUND 
STATE OR A COD POLE {8ALITZ 70, RAJASEKARAN 7Z HAS BEEN INVESTIGATED 
BY CLINE 71, MARTIN 71, GALTIERI 72, AND DOBSON 72. THE LAST TWO 
PAPERS CONCLUDE THAT THE DATA CANNOT TELL THE DIFFERENCE. 

THE ( N  KBARI I IP I  SIGMA} COUPLING RATIO I S  DISCUSSED BY DADES 77. 

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

2~ Y*DI [~05)  MASS (MEVI 

M 1410,7 El .Of  KIN 65 HBC O-EFF-RANGE FIT 7166 
M 1409.6 I i , 7 )  S A K I T T  6 5  HBC O-EFF-RANGE F I T  7 / 6 6  
M DATA OF SAKITT ARE USED IN FIT BY KITTEL. 
M I407,5  ( ] , 2 )  KITTEL 66 HBC O-EFF-RANGE FIT 7/66 
M 1408,0 18.0) KIM 6 7  HBC K MATRIX FIT(KPJ 8167 
M I416 .0  ( 4 . 0 }  MARTIN 6 9  HBC CONST. K MATRIX 10/69 

(1421,01 MARTIN 70 RVUE CONST. K MATRIX 6170 
I I I 406 .1  CHAO 7 3  OPWA O-RNG. FIT.SOL 8 9 / 7 3  

M I SEE ALSO THE ACCOMPANYING PARER OF THOMAS73. 9/73 

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

24 Y*DII4DE) WIDTH (MEV} 

W 37.0 ID .2 )  KIN 65 HBC 7/66 
w 28.2 (4 .  L) SAKITT 6 5  HBC 716E 
W 34.1 ( 4 , 1 I  KITTEL 6 6  HBE 7 / 6 6  
H 50.0 ( 5 . 0 )  RIM 67 HBC K MATRIX FIT(KP) 8167 
W 28.0 16,0) MARTIN 69 HBC CONST. K MATRIX 10/69 

(20.01 MARTIN 70 RVUE CONST. K MATRIX 6/70 
i ( 5 5 . 1  CHAO 7 3  DPWA O-RNG. FIT,SOL B 9 1 7 3  

W I ASYMMETRIC RESONANCE SHAPE,WIB=4I MEV BELOW RESONANCE,t4 HEV ABOVE. 9/73 

REFERENCES FCR Y ' O I l 4 0 5 )  (FROM EXTRAPOLATIGNSI 

KIM 65 PRL L4 29 J K KIM (COLUMBIA)(JR 
SAKITT 65 PR i39 87E9 ÷DAY,GLASSER,SEEMAN,FRIEDMAN, + IUMD,LRLJIJP 
KITTEL 66 PL 21 3 4 9  w KITTEL, G OTTER, I WACEK [VIENNAIIJP 
KIN 67 PRL I 9  I074 J KIM (YALEIJP 
MARTIN 69 PR 183 1352 B R MARTIN, M SAKIFT [LOUC~BNL} 
MARTIN 70 NP B[6 479 A D MARTIN, G G ROSS (DURHAM)IJP 
CHAO 73  NP 856 4 6  CHAO,KRAEMER,THOMAS,MARTIN {RHEL+CARN+LOUCIIJP 

ALSC 7 3  NP 8 5 6  15 FHOMAS,ENGLER,EISK, KRAEMER (CARM}IJ 
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PAPERS NOT REFERRED TO IN DATA CARDS 

ABRAMS 65 PR 1 3 9  B&84 G S ABRAWS, B SECHI-ZORN (UMD)IJP 
DONALD 66 PL 22 T i T  + EDWARDS, LYS, NISAR, MOORE [LIVERPOOL} 

KADYK 66 PRL 17 5 9 9  +OREN, G+S GGLDHABER, TRILLING ( L R t } I J P  
FIT  SOLUTIONS GIVING AN I~O S I  ( 2  RESONANCE.I 

~B~AMS 6 5 ,  KAOYK & 6 ,  AND OCNALD 66 SUPPORT THOSE EFFE£TIVE-RANGE- 
DALITZ 67 PR 133 1617 DALITZ,  WONG, RAJASEKARAN (OXFORD, BOMBAY) 
OALITZ 7 0  DUKE-HR TO 03  R D DALITZ [ O X F )  

CLIME 71 PRL 26 1 1 9 4  D C L I N E , R  LAUMANN,J MAPP (WISC) 
WARTIN 71 PL 358  62 A D MARTIN,B R MARTIN, ROSS (DURH+LOUC+RHEL) 
DDBSCN 72 PR 0 6  3 2 5 6  P N O08SDN,R MCELHANEY (HAWA) 

GALTIERI 72 LBL 555 A.OARBARO-GAITIERI ILBL)  
RAJASEKA 72 PR D5 6 1 0  RAJASEKARAN (TATA) 

ALSO EARLIER PAPERS CITED IN RAJASEKARAN72 
SHAW T3 PURDUE CENF. 417 SHAW ( U C I I I J P  
OADES 77  NC 42A 4 6 2  G.C.OAOES,G.RASCHE (AARH+ZURI)IJP 

PRODUCTION AND FORMATION EXPERIMENTS AGREE QUITE WELL 
WITH EACH OTHER, THERFORE, THEY HAVE NOT BEEN SEPARATED 

FOR THIS PARTICLE* 

THE DECAY MODE LAMBDA PI P] IS LARGELY DUE TO 
Y*L(13B5}  P I .  ONLY THE VALUES OF I Y * I I I 3 8 8 1  PI) / ILAMBDA P ( P I )  GIVEN 
8Y MAST 72 AND COROEN 75 ARE BASED ON REAL B-BODY PARTIAL WAVE ANLAYSES 
( T H E  OLDER RESULTS 8 E I N G  OBTAINED U S I N G  CRUDER METHODS). THE 

D[8CREPANCY BETWEEN THE 2 RESULTS IS ESSENTIALLY DUE TO THE DIFFERENT 
HYPOTHESIS MADE CONCERNING THE SHAPE OF THE EPSILON MESON. 

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

38 Y*0(15201 MASS (MEV) 

M 148 1517 .2  3 . 0  GALTIERI 63 DBC K-D 1 .51 BEVIC 

M 1519 ,4  2 . 0  WATSON 63 HBC K-P ALL CHANNELS 

M 29 1 5 2 0 . 0  4 . 0  ALWEIOA 64 HBC K-P 1 .45  BEVIC 

M ( 1 5 1 1 . O f  [ 1 5 . 0 )  NUSORAVE 6 5  WBC PBAR P 3 - 4  BEVIC 7 / 6 6  

M 3 0 ( 1 5 1 0 . 0 )  { 2 . 0 }  BIRMINGHA 66  HBC K-P 3.5 9 / 6 7  
M B [ 5 1 7 , 2  [ . 2  BURKHARDT 69 HBC K-P . 8 - i , 2  G E V / C  10 /69  
M B QUOTED ERROR INCREASED TO ACCOUNT FOR DISAGREEMENT BETWEEN 

M B TWO MEASUREMENTS DONE BY SAME AUTHORS (K-P AND SIGMA P I ]  
M ( 1 5 1 9 . }  KIM 7 1  DPWA K-MATRIX ANAL. 3 /71  
M 1669 1 5 1 7 . + 1 - 1 .  TO 1521.+I-1. B E R T H O N  74 HBC 0 QUASI B BODY CS 10174 

M 80001519.4 .3 CORDEN 75 DBC K- D 1.4-1 .OGVIC 4175 

M 4K 1519.7 0 . 3  CAMERON 77 HBC K-P 0 ,96 -1 .36GEV 1178" 
M 1519.  I .  RLIC 77 DPWA KBAR N MULIICHNL 1/76 
M I 3 2 0 .  .5  ALSTON 78 DPWA KBAR N ELASTIC 1178" 
M . . . . . . . . .  
M AVG 1519.83 0 . 2 2  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.21 
M STUDENTIOID.B4 0 .21  AVERAGE USING S T U D E N T I O ( H / I . I I }  - -  SEE MAIN TEXT 

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

38 Y*O(1520)  WIDTH (MEV) 

W 16 .4  2 , 0  WATSON 6 5  HBC 
w (19.01 [ 19.0) MUSGRAVE 6 5  HBC 7/66 
R 30 }50 ,01  ( i O . O )  BIRMINGHA 6 6  HBC K-P 3.5 9/67 
w }18 .01  OR tESS DAHL 67 HBC 9/66 
W 1 4 . 7  1 .8  BURKHARDT 69 HOG K-P . 8 - I , 2  GEVIC 10 /60  
w ( 1 6 . [  KIM 71 DPWA K-MATRIX ANAL. 8171 
W 2000 15 .5  1 .6  CORDEN 75 DBC K- D h 4 - 1 . O G V / C  4175 

w 4K 16.3 0.5 CAMERON 77 HBC K-P O.96-h36GEV 1178. 
w 15 .  .5 R L I C  77 DPMA KBAR N MULTIGHNL 1176 
W 1 5 , 4  .5  ALSTON TB OPWA KBAR N ELASTIC 1 / 7 8 "  
W . . . . . . . . .  
W AVG 15 .86  0 .28  AVERAGE )ERROR INCLUDES SCALE FACTOR DF 1 . 0 }  

W STUDENT 15 .54  0 .33  AVERAGE USING S T U D E N T I O ( H I I . I I I  - -  SEE MAIN TEXT 

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

38 Y*011520)  PARTIAL DECAY MODES 

DECAY MASSES 
Pl Y*OI IB20 I  INTO KBAR N 4 9 7 +  9 3 9  

P2 Y . 0 1 1 5 2 0 1  INTO SIGMA PI  1197+ 139 

P3  Y*0(15201 INTO LAMBDA PI PI 1 1 1 5 +  1 3 9 +  1 3 9  
P4 Y*O(1520(  INTO LAMODA GAMMA i i 1 5 +  0 
P5 Y*O{IE201 INTO SIGMAO GAMMA 1192+ 0 
P6 Yw, O ( I B 2 0 I  INTO SIGMA PI PI 1197+ 139+ 139  

P7 Y*O(15801 INTO (Y*IIISB5]+PI) 1384+ 139 
P8 Y*O(15201 INTO Y ' I ( 1 3 8 5 1  P[ INTO LAMODA P( P [  I l l 5 +  I39+ 1 3 9  

NOTE THAT PO/P7 IS THE 8RANCHING FRACTION FOR Y " 1 1 1 3 8 5 )  I N T O  LM P( 9 / 7 3  
P9 Y * o ( 1 5 2 0 )  INTO LAMBDA EPSILON 1518+1800 

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

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The ~trlx below is derived fronl the error matrix for the fitted partial d e c a y  made 

branching fractions, Pi' as Iollows: The diaRonal elements are P , ~ - C P , ,  where 
• i 

6P i = < ~  6P,31 z ' whlle the of E-dia~onal elements are the normalized c0rrelatio n coelfi_ 

cients <Cp.CPj>1/(CP.•. 6Pj), For the definitions of the individua] P.,• see the llstings 

ahove; oldy those i~ i appearing in the ~tr x are assu~e6 in the Eit ~o he nonzero an([ 

are thus constrained to add to I. 

P I P 2 P 3 P 4 P 5 P 6 
P 1 .4503+-.0056 

-.2288 -.3931 .0945~.0043 
P 4 -.0653 -.I167 --. 0W68 .0078+--.0014 
P 5 -.14375 -.2995 -.1208 - . 0 2 4 8  .0190+--.0034 
P 6 - . 0 2 4 9  - o 0446 - .  0179 - . 0 0 3 7  - = 0 0 9 5  .0086+-.0005 

Baryons 
A(1405), A(15ZO: 

3 8  Y*OI1520}  BRANCHING RATIOS 

R( ¥ * 0 ( 1 5 2 0 )  INTO [SIGMA P I ) / (KBAR N) ( P 2 ) l ( P l )  

R1 1 .72 . 7 8  WUSGRAVE 65 HBC 8 / 6 7  
R( 0 , 9 6  0 . 2 0  DAHL 67 HBC P I -P  1 . 6 - 4  GEVIC 9 / 6 6  
R( 0 . 7 3  0 . 1 1  DAUBER 67 HBC K-P AT 2.GEV/C 8167 

R1 1 . 0 6  . 1 4  SCHEU~R 6 8  DBC 0 K - N  3 D E V / C  10/69 
R1 O.BZ O. CB BURKHARDT 69 HBC K-P . 8 - 1 . 2  GEVIC 10 /69  
R l  ( i , 0 6 1  I , 1 2 )  BERTHDN 74 HBC 0 QUASI 2 BODY CS 10174 
R l  4 .98  ,03  RLIC 77 DPWA KBAR N MULTICHNL 1 /76  
R1 4 KBAR N TO SIGMA P( AMPLITUDE AT RESONANCE IS + .46  + / -  . D l  1 /76  

R t  . . . . . . . . .  

R [  AVG 0 ,951  0 . 0 4 4  AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1 . 7 )  
R{ STUDENT 0 , 9 5 ?  0 .032  AVERAGE USING S T U D E N T I O ( H I I . l l l  - -  SEE MAIN TEXT 

RI  F IT  0 ,933  0 . 8 8 3  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 , 3 )  

R8 Y*8(15201 INTO (LAMBOA P( P I I I IKOAR N) { P 3 } I ( P I }  

R2 0 , 1 7  0 . 0 5  DAHL 67 HOC P I -P  1 . 6 - 4  GEVIC 9 /86  
R2 0 .21  0 .18  DAUBER 67 HBC K-P AT 2.GEV/C 8 / 6 7  

R2 .19  . 0 4  SCHEUER 6B D8C 0 K-N 3 GEV/C i 0 /69  
R2 0 .28  0 . 0 3  BURKHARDT 69 HBC K-P , 8 - 1 , 2  GEV/C 10 /69  
R2 ( 0 . 2 )  KIM 7 [  DPWA K-MATRIX ANAL. 3 /71  
R2 ( . 8 7 )  ( . I B )  BERTHON 74 HBC 0 QUASI 2 BODY CS 10 /74  

R8 . . . . . . . . .  
R2 AVG O,ZO2 0 .021  AVERAGE (ERROR INCLUDES SCALE FACTOR OF i , O )  

R2 STUDENT 0 .202  0 , 0 2 4  AVERAGE USING S T U D E N T I O ( H I I , [ 1 }  - -  SEE MAIN TEXT 

R2 FIT  O.2 IO 0 .010  FEOW FIT (ERRDR INCLUDES SCALE FACTOR OF 1 . 1 )  

R3 Y~011580) INTO [SIGMA PI) / (LAMBDA P ( P 1 )  I P 2 ) I I R B I  
R3 4 . 5  1 .0  ARMENTERO 65 HBC 7166 

R3 5 . ]  1 .1  BIRMINGHA 66 HBC K-P 3 . 5  9167 
R3 3 . 9  1 .0  UHLIG 6 7  HBC K-P . 9 - I . 0  BEV/C 9/66 

R3 . . . . . . . . .  
R8 AVG B.94 0 . 5 9  AVERAGE (ERROR INCLUDES SCALE FACTOR OF I . O )  
R3 STUDENT 3 . 9 4  0 . 6 5  AVERAGE USING STUDENTIOIH/1 .11 I  - -  SEE MAIN TEXT 
R3 FIT  4 . 4 4  0 . 2 4  FROM F IT  (ERROR INCLUDES SCALE FACTOR OF 1 . 1 )  

R4 Y * O I I 5 2 0 }  INTO (LAMBOA GAMMAI/TOTAL (PERCENTI (P4} 

R4 238 0 . 8 0  0 . 1 4  MAST 68 HBC 0 USING ELAST=.45 11 /66  

R4 . . . . . . . . .  
R4 FIT  0 . 7 8  O.14 FROM F IT  (ERRDR INCLUDES SCALE FACTOR OF i . O }  

R5 Y * O I I 5 2 0 )  INTO (SIGMAO GAMMA}/TDIAL }PERCENT) (P5I 

R5 S 2 . 0  . 5 5  MAST 68 HBC SEE NOTE S I 0 / 0 0  
R5 S RATIOS CALCULATED FRDW R4,ASSUMING S U ( 3 } .  NEEDED T o  CONSTRAIN 
R5 S ALL THE Y*0115201 BRANCHING RATIOS TO BE UNITY.  
RB . . . . . . . . .  
R5 FIT  1 . 9 0  0 . 3 4  FROM FIT }ERROR INCLUDES SCALE FACTOR OF 1 . 0 )  

R6 Y*OI1520)  INTO (KBAR N)ITOTAL ( P I I  
R6 0 . 8 9  O.O5 WATSON 63 HBC K-P ALL CHANNELS 10/71 

R6 .447 .018 GALTIERI 6 9  HBC K- P .88- - .45  GIC I0169 
0 , 4 7  0 , 0 3  COLLEY 71DBC K-N 1 .5  GEV PROD 10/71 Rb 

R6 ( 0 . 4 3 )  KIM 71DPWA K-MATRIX ANAL. 3 / 7 1  
R6 .448 .014  CDRDEN 75 DEC K- 0 1 , 4 - 1 . 8 0 V I C  4175 
R6 ( . 421  MAST T6 HBC 0 K-  P CEX I176  

R6 .47  .01  R L I C  77 DPWA KBAR N M U L T I C H N L  1176 
R6  . 45  .OB ALSTON 78 DPWA KBAR N ELASTIC 1 / 7 8 .  
R6 . . . . . . . . .  
R& AVG 0 . 4 5 7  0 .012  AVERAGE [ERROR INCLUDES SCALE FACTOR OF [ . 7 }  

R6 STUDENT 0 . 4 5 7 7  0.008B AVERAGE USING STUDENT lO(H / I *11 ]  - -  SEE MAIN TEXT 

R6 FIT  0 .4503  0 . 0 0 5 6  EROM FIT [ERROR INCLUDES SCALE FACTOR DF i . B I  

R7 Y~OI I520)  INTO }SIGMA PIT/TOTAL (P2} 
R7 0 . 3 5  0 . 0 9  WATSON 63 HOG K-P ALL CHANNELS I 0 1 T I  
R7  0 .418  , 0 1 l  GALTIERI 69 HBC 0 K-P .28 - .45GEVIC 6 / 6 9  

RT 0 . 4 3  (0 .831  CDLLEY 71DBC K-N 1 .5  GEV PROD I0171 
R7 (0 .461 KIM 71DPWA K--MATRIX ANAL, 3171 
R7 B .426 . 0 1 4  CORDEN 7 5  DBC K -  D 1 . 4 - I . O G V / C  4175 

R7 3 SUPERSEDES COLLEY 71 1 /76  

R7 . . . . . . . . .  
R7 AVG 0 .485  0 . 8 I i  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l . O I  
R7 STUDENT 0 . 4 2 4  0 . 0 1 2  AVERAGE USING S T U D E N T I O ( H I I . I I I  - -  SEE MAIN IEXT 
R7 FIT  0 . 4 1 9 9  0 . 0 0 6 4  FROM FIT (ERROR INCLUDES SCALE FACTOR OF i . Z I  

R8 Y*0 (1520 )  INTO ISIGMA PI P I I / T O T A L  ( P C )  
R8 .OiO . 0015  GALTIERI 69 HBC 0 K-P .28 - ,45GEV/C 10169 
R8 2 ,0085 .8006  MAST2 73 MPWA K-P TO 2PI BIG 9 / 7 3  
R8 2 BASED ON ASSUMED ELASTICITY GF .46  9173 

R8 A .087 .002  CORDEN 75 DBC K-  D 1 . 4 - I . O G V / C  4 / 7 5  

RB A CONSIDERABLE FRACTION OF THE SIGMA PI P l  DECAY PROCEEDS VIA THE ~ /75  
R8 A Y * I ( I B B 5 )  PI INTERMEDIATE STATE. 4 / 7 5  
R8 . . . . . . . . .  
R8 AVG 0 . 0 0 8 5 8  0 .00054  AVERAGE [ERROR INCLUDES SCALE FACTOR OF I . O }  

R8 STUDENT 0 . 0 0 8 5 8  0 .00059  AVERAGE USING S T U D E N T I O ( H / I . I I )  - -  SEE MAIN TEXT 
R8 FIT 0 . 0 0 8 5 6  0 . 0 0 0 5 4  FROM F I I  IERRGR INCLUDES SCALE FACTOR OF 1 . 0 )  

R 9  Y~OII5201 TO Y ' 1 ( 1 3 8 8 }  PI TD LM PI PI /LM P( PI l P O I I I P 3 )  9 / 7 3  

WORE THAN 0 . i 0  CLINE 69 DOE K-P TO 2Pl  tAM N 9 / 6 9  R9 

R9 B 0 , 3 9  0 . 1 0  BURKHARDT 71HOC LAM. 3PI PROD. 31TI  
R9 C I f . O }  CHAN 72 IPWA K-P TO LAM 2PI 2 /73  
R9 W 0 . 8 2  O . i O  MAST 73 IPWA K-P TO BPT LAM 12/72 

R9  . 5 8  . 2 2  CORDEN 7 5  DBC K -  O 1 . 4 - 1 . 8 G V / C  4 / 7 5  
R9 B CENTRAL 31N(1514-1524 )  GIVES . 7 4 + - . 1 0  - -  OTHER BINS LOWER BY 2-SSIG 
R9 C ONLY THE Y * I 1 3 8 5 } 0 S 0 3  SEEMS TO CONTRIBUTE 
R9 M BETH Y*(1385)DSOB AND SIGWA ( P l  PI IDP03 CONTRIBUTE 
R9 . . . . . . . . .  

RO AVERAGE WEANINGLES8 (SCALE FACTOR = 2 . 8 I  

RlO Y*0 }1520 )  INTO [ Y * I 4 1 3 8 5 )  P I ) /TOTAL (PT} 
RlO 0 .041  0 .005  CHAN 72 HBC K-P TG LAM 2PI 3171 

R l I  Y*0 (1520)  INTO {LAMBDA P l  P I } ITOTAL { P 3 I  

K iT  0 , 1 0  ( 0 . 0 2 ]  CDLLEY 7 I  DEC K-N 1 . 5  GEV PROD 10/71 
R i l  I .11  .01  MAST 73 IPWA K-P TO 2 p I  LAM 9 /73  

R I I  1 EASEO ON ASSUMED ELASTICITY OF . 4 6 + I - . 0 2  9 /73  
R I l  3 ,091 .006  CDROEN 75 DEC K- D 1 . 4 - I . 8 G V / C  4 / 7 8  
R l l  5 SUPERSEDES COLLEY 71 l / T 6  
RII . . . . . . . . .  
RLi  AVG 0 . 0 9 6 0  0 . 0 0 8 4  AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1 . 6 )  

R i I  STUDENT 0 . 0 9 5 6  0 .0062  AVERAGE USING S T U D E N T I O ( H / I . [ I )  ---- SEE MAIN TEXT 
RI1 F IT  0 . 0 9 4 5  0 . 0 0 4 3  FROM F IT  [ERROR INCL®ES SCALE FACTOR OF 1 . 1 )  

R12 Y*0 (1520 )  I N T O  (LAMBDA EPSILON)/TOTAL (PDI 4175 

RE2  . 2 0  . 0 8  CDRDEN 7 5  DBC K -  0 1 . 4 - I . O G V / C  ~ / 7 5  



Baryons 
A(15 0), A(1600), A(167o) 
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Data Card Listings 
For notation, see key at front of  Listings. 

GALIIERI 63  PL 6 296 
WATSEN 63 PR 131 2248 
ALMEIOA 6~ PL 9 204  
ARMENTER 65  PL 19 33~ 
NUSGRAVE 65 NC 35 735  

BIRNINGH 66 PR 152 11~B 
OAHL 67 PR 163 [~7T  
DAUBER 67  PL 246  525  
UHLIG 67 PR 155 i~48 
MAST 68 PRL 21 I715 
SCHEUER 68  NP 68 503 

BURKHARD 69  NP 814  106  
CLIME 69 LNC 2 407  
GALTIERI 69  LUND 352 

ALSO 70 DUKE ~5 

BURKHARDT71NP 627  64  
COLLEY 7[ NP 83[ 61 
RIM 71PRL 27 356  

ALSO TO DUKE 161 

CHAN 72 PRL 28 256 
MAST 73 PR D7 B 
MAST2 73 PRO T 3216 
BERTHON 74  NC 2LA 146  
CORDEN 75 NP B84 306 

MAST 76 PRO i~ 13 
CAPERON 77 NP 6131 399 
RLIC 77 NP B l l 9  362  
ALSTCN 78 LBL-6784 

ALSO 77 PRL 38 1007 

BERLEY 70 PR DI 1996  
GOLOWICH 74 PRO lO 386 l  

EEFERENCES FOR YeO(1520) 

A BARBARO-GALTIERI,A NUSSAIN,RO TRIPP ILRL) 
M B WATSON, M FERRO-LUZZI, R D TRIPP ILRL I I JP  
S P ALNEIDA, G R LYNCH (CERN) 
ARMENTEROS,F-LUZZI, ~ (CERN,HEID,SACLAY) 
+PETMEIAS ,+  (BIRM)CERN,EPOL,LOIC,SACLAY) 

81RMINGHAM,GLASGOW, I .C . ,  OXFORD,RUTHERFORD 
OAHL,HARDY,HESS,K[RZ,MILLER (LRL )  
+MALAMUD,SCHLEIN,SLATER,STORK (UCLA) 
+CHARLTON,CONDON,GLASSER~YOOH,+ (UMD~NRL) 
MAST,ALSTGN,BANGERTER,GALTIER]+ (LRL) 
SABRE COLLAB. ISACL+AMST+BGNA+REHO+EPOL] 

+FILTHUTH+KLUGE+.. [HEIO+EFI+CERN+SACLAY) 
+LAUMANN+NAPP [WISC) 
BARBAR~GALTIERI,BANGERTER,MAST,TRIPP [LRL) 
R o TRIPP [LRL I  

+FILTHUTH,KLUGE,OBERLACK++ iHEID+CERN+SACL) 
+COX)EASTWOOO,FRY+.. (BIRM+EDIN+GLAS+LOICI 
J K KIN (HARVIIJP 
J .  K. KIN (HARVIIJP 

+BUT.-SHAFER,HERTZBACH,KOFLER++ (MASA,YALE) 
+ALSTON-GARNJOST, 8ANGERTER,+... (LBL) IJP 
+BANGERTER,ALSTON-GARNJOST,+ (LBL I I JP  
BERTHON~TRISTRAN,+ (CDEF+RHEL+SACL+STRB} 
CDROEN,CDX,DARTNELL,KENYON,DNEALE,* [BIRN} 

MAST,ALSTON-GARNJOST,BANGERTER+ (LBLI 
+FRANEK,GOPAL,KALMUS,MCPHERSON+ (RHEL+LOIC)IJP 
GOPAL,ROSS,VAN HORN,MCPHERSON+ [LOIC+RHELIIJP 
+KENNEY,POLLARO, ROSS+ (LBL+NTHD+CERNIIJP 
ALSTON-GARNJOST,KENNEY (LBL+MTHO+CERN)IJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

+YANIN,KOFLER,MANN, ME[SNER+ (BNL,MASA,YALE)IJP 
EUGEN GOLOWICH ISLAC) 

IA(  00) I . . . . . .  , . . . . . . . . . . . . . . . .  . . . .  

> 

101 ¥ .0116001  MASS (MEVI  [ / 76  

M l (1570 . I  RIM 710PWA K-MATRIX ANAL. I /T6  
M I POSSIBLE EFFECT IN SIGMA P[ AND KBAR N CHANNELS. 
M 1620 .0  10.0 LANGBEIN 72 IPWA MULTICHANNEL I176 
M 2 1646. 7 .  CARROLL 76 DPWA I=0 TOTAL CS 2177" 
M 3 1572, OR 1617 .  MARTIN 77 DPWA KBAR N MULTICHNL L l / 77 *  
M 3 THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
M 3 PARAMETERS FROM The T-MATRIX POLE AND FROM A B-W FIT,  RESPECTIVELY. 
N 1573. 25. RLIC 77 OPWA KBAR N MULTICHNL l i T6  

1703. log. ALSTDN 78 DPWA KBAR N ELASTIC [178"  M 

AVERAGE MEANINGLESS (SCALE FACTOR = 2.31 

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

IOI  Y~OIIBOOI WIDTH (MEV)  l/T6 

w I (50 . l  KIM 710PWA K-MATRIX ANAL. I176 
W 60 .0  IO.O LANGBE[N 12 IPWA MULTICHANNEL 1176 
W 2 120.) CARROLL 76  OPWA I=O TOTAL CS 2/77~ 
W 3 247. OR 271. MARTIN 77 DPWA KBAR N MULTICHNL [ I / 7T=  
W 147. 50. RLIC 77 OPWA KBAR N MULTICHNL 1/76 
W 593. 200. ALSTON 78 DPWA KBAR N ELASTIC 1 /78¢  
W . . . . . . . . .  
w AVG 64.6 16 .8  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .7 l  
W STUDENT 63.6 10 .9  AVERAGE USING STUDENTIO(HII.111 - -  SEE MAIN TEXT 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

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

lOT Y*O([6OOI PARTIAL DECAY NODES 1 / 7 6  

OECAY MASSES 
P[ Y~OII6OD) INTO KBAR N ~97+ 939 
P2 v~o i I 6oo )  INTO SIGMA PI 1197+ 139 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . .  

l o t  Y~O(/600) BRANCHING RATIOS 1/76 

RI Y~D(1600) INTO (KBAR NIITOTAL (P l )  1176 
RI 0.25 O.IB LANGBEIN 72 IPWA MULTICHANNEL 1176 
RI 2 TOTAL CROSS GECTION BUMP WITH ( J+ l l 2 IX= .04  SEEN BY CARROLL 76 2177" 
R[ 3 (.30)OR .29 MARTIN 77 DPWA RBAR N MULTICHNL L I / 77 *  
RI .24 .04 RLIC 77 OPWA KBAR N MULTICHNL 1176 

• [ 4  .05 ALSTON 78 DPWA KBAR N ELASTIC 1/78*  R[ 
R[ . . . . . . . . .  
RI AVERAGE MEANINGLESS ISCALE FACTOR = i . I )  

R2 Y~O{I600I FROM KBAR N INTO SIGMA Pl SQRTIPt~P2) I176 
R2 0.28 0.09 LANGBEIN 12 IPWA MULTICHANNEL t / 76  
R2 NOT SEEN HERR2 T6 OPWA -0  K- NUC TO SIG PI  2177~ 
R2 3 I - . 39 )CR - . 39  MARTIN ?7 OPWA RBAR N MULTICHNL I [ 177#  
R2 - . 16  .04 RLIC 77 DPWA KBAR N MULTIOHNL 1/76 
R2 . . . . . . . . .  
R2 AVERAGE MEANINGLESS (SCALE FACTOR = 1.2) 

REFERENCES FOR Y~0(1600) 

KIN 71PRL 27 356 J K KIM (HARVIIJP 

ALSO TO DUKE 16I J .K .  KIM (HARV)IJP 

LANGBEIN 72 NP 847 477 +WAGNER (MPIMIIJP 

CARROLL 76 PRL 37  806 +CHIANG,RYCIA~LI,MAZUR~MICHAEL+ (BNL)I 
HEPP2 76 PL 658 487  +BRAUN,GRIMM,STROBELE)THOL+(CERN,HEID,MPIN)[JP 

MARTIN 77 NP El2? 349 MARTIN,PIDCOCK,MODRHOUSE (LOUC+GLAS)IJP 
ALSO TT NP 8[R6 2&6 MARTIN,PIDCOCK (LDUC) 
ALSO 77 NP B126 285 B~RTIN,PIDCOCK (LOUCI[JP 

RLIC 77 NP BIT9 362  GOPAL,ROSSIVAN HORN,MCPHERSON+ {LOIC+RHEL)IJP 
ALSTCN 78 LBL-6784 +KENNEY,PGLLARD, ROSS+ (LBL+MTHO+CERNIIJP 

ALSO 77 PRL 38 [007 ALSTON-GARNJCST,KENNEY ILBL+MTHO+CERN)IJP 

I 40 Y*0 ( [670 ,  JR= I / 2 - )  I=O 

SEE THE MINI-REVUE AT IHE START OF THE Y~ LISTINGS. 

THIS RESONANCE IS WELL ESTABLISHED. 

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

~0 Y~0(1670) MASS (MEV) 

M M (1666.0}0R(1675.0)  BERLEY 65 HBC 0 K-P TO LAM ETA 7 / 6 6  
M M THE FIRST VALUE ASSUMES THE BRANCHING RATIO INTO LAMBDA ETA IS 
M SMALL, THE SECGNO THAT IT IS LARGE. BECAUSE THE RESONANCE IS NEAR 

THE LAMBDA ETA TH~ESH&LO, T~E BRANCHING RATIO AFFECTS THE M~MENTUM 
DEPENDENCE OF THE TOTAL WIDTH, AND THUS ALSO THE RESONANCE PARA- 
METERS OBTAINED BY FITTING TO THE DATA. 

N (1663.0)  ( 3 . 0 l  ARMENT-I 68 HBC 0 ELASTIC, CH EXCH 11/68 
N (1678.0)  ( 2 . 0 )  ARMENT-2 68 HBC O K-P TO SIGMA P[ t [ 168  
A I6T4.0  ( 5 . 0 )  ARMENT-8 69  HBD 0 MULTICHANNEL 9/69 
N 1662.0 ( 3 . 0 |  ARMENT-4 69 HBC 0 ELAST,CH.EXC.ED 9189 
N I@80.0 ( [ . 0 }  ARMENT-4 69  HBC 0 K-R TO SIC PI.ED 9189 

[674 .0  BERLEY 69 HBC 0 K-P TO SIGMA P[ 6170 
1683.0 (B.0) GALTIERI 70 HBC 0 SIG PI,EDPWA 7/70 
1670. KIM 71DPWA K-MATRIX ANAL. 3171 

LANGBEIN 72 IPWA MULTICHANNEL .12/72 1640.0 (40 .0)  
1700. ( iO . )  BAXTER 73 OPWA 0 K- P TO NEUTRALS 10174 
I672.  ( 1 . )  HART 73 DPWA EL+CX,.7-.BGEV/C 2/74 
1665. [ 5 . )  PREVOST 74 DPWA O- K-N TO S(1385)PI 10174 
1675. 12. ]  HEPP2 76 DPWA -0 K- NUC TO SIG PI 2177. 

(1664. |  MARTIN 77 DPWA KBAR N MULTICHNL 11/77~ 
MARTIN 77 OBTAINS IDENTICAL RESONANCE PARAMETERS FROM THE 

2 T--MATRIX POLE AND FROM A B-W FIT.  
1678. 15 . )  RLIC 77  DPWA KBAR N MULTICHNL [ / 76  
1671. ( 3 . }  ALSTON 78 OPWA KBAR N ELASTIC I / 7B~  

THE MULTICHANNEL ANALYSIS INCLUDES ELASTIC A~O SIGMA Pl • 10/69 
THE APPARENT DISCREPANCY BETWEEN THESE RESUCTS IS PROBABLY NOT 

SERIOUS. THE ERRORS GIVEN ARE JUST STATISTICAL. THE SYSTEMATIC 
ERRORS THAT RESUL1 FROM THE RESTRICTIVE PARAMETRIZATION FORCED ON 
THE PARTIAL-WAVE AMPLITUDES ARE NOT INCLUDED, AND CAN BE tARGE. 

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

40 Y 'O I l 670 )  WIDTH (MEVI 

W M (22.010R(15.0|  BERLEY 65 HBC 0 SEE NOTE M ABOVE 7/66 
W N (26.0)  (8.01 ARMENT-[ 68 HBC O SEE NOTE N ABOVE IT/BE 
W N (26.0)  ( 5 . 0 )  ARMENT-2 68 HBC 0 11/68 

W A 23.0 ( 3 . 0 )  ARMENT-3 69 HBC O 9/69 
W N 3B.O (15 .0 }  ARMENT-4 69 HBC 0 ELAST,CH EXC.ED 9/69 
W N 33.0 (5 .0 )  ARMENT-4 69 HEC 0 K-P TO SIC PI.ED 9/69 
W 31.0 BERLEY 69 HBC 0 K-P TC SIGMA PI 6/70 
W 25.0 (5 .0 )  GALTIERI 70 HBC 0 BIG PI,EOPWA 7170 

35. RIM 71DPWA K-MATRIX ANAL. 3 / 7 [  
45.0 (20 .0 ]  LANGBEIN 72 IPWA MULTICHANNEL 18/72 

W 65. 120.} BAXTER 73 DPWA o K-- P T0 NEUTRALS I0174 
W 19. ( 2 . I  HART 73 DPWA EL+CX,.7-.BGEV/C 2174 
W 19. (B . )  PREVOST 74  OPWA O- K -N  TO S I I 385 )P I  10/74 
W 48. ( 5 . )  HERR( 76 OPWA -0  K- NUC TO SIC PI 2177" 
W 2 ( I 2 . 1  MARTIN 77 OPWA KBAR N MULTICHNL 11/77= 
W AS. ( [ 0 . )  RLIC 77 DPWA KBAR N MULT[CHNL I176 
W 29. (5o i  ALSTON 78 OPWA KBAR N ELASTIC l i eD*  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

40 Y*O([6TOJ PARTIAL DELAY MODES 

DECAY MASSES 
PI Y~O(I6TOJ INTO KBAR N 497+ 939  
P2 Y*O(1670) INTO L AMBOA ETA II15+ 548 
P3 Y#O(16?O] INTO SIGMA P[ 1189÷ 139  
P4 Y*O(16701 INTO SIGMA[1385} Pl 139+1384 

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

4O Y*OIt6TO) BRANCHING RATIOS 

R1 Y*O( I670 ;  INTO (KBAR N) /TOTAL  [P I )  
R1 P (0 . I 4 ]  ( 0 . 04 ]  ARMENT- I  58  HBC 0 OLD DATA 11168  
RI 0 . I 7  ARMENT--3 G9 HBC 0 9169 
R1 P 0.14 {O.04I  ARMENT=4 69 HBC 0 NEW DATA 9/69 
R( A [ 0 . 39 )  (0 .05 )  CONFGRTO 71HBC O K-P,ELAST,CEX 6170 
R( 0.28 KIN 710PWA K-MATRIX ANAL. 3171 
RI 0.35 (0 .06 ]  LANGBEIN 72 IPWA MULTICHANNEL 12/72 
RI . 36  [ . 03 )  HART 73 DPWA EL+CX,.7-.BGEV/C 2/74 
R[ 2 ( . 15 )  MARTIN 77 OPWA KBAR N MULTICHNL l I l l 7 *  
RI .20 [ . 03 }  RLIC 77 DPWA KBAR N MULTICHNL 1/76 
R[ .17 ( . 08 ]  ALSTON 78 DPWA KBAR N ELASTIC 1176" 
R( A EFFECT BELOW REGION ANALYIED. VALUE OF . [ 8  DOES NOT 
R[ A AFFECT FIT OR VALUES OF OTHER PARAMETERS. 
RI P THIS IS THE DIAMETER OF THE CIRCLE IN THE ARGANO PLOT. IT IS 
RI SUPERIMPOSED ON A LARGE BACKGROUND. 

R2 Y*OI I670)  FROM KEAR N TO LAMBDA ETA SQBT(PI*P2) 
R2 M I 0 . 20 )  OR 0.23 BERLEY ~S HBE 0 SEE NOTE M ABOVE 7/66 
R2 (0 .26 I  ARMENT-3 69 HBC 0 9/69 
R2 I0 .241 KIN 71BPWA K--MATRIX ANAL. 3171 
RB +.20 ( . 05 I  BAXTER 73 DPWA 0 K- P TO NEUTRALS 10/74 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

R3 Y*01[670) FROM KBAR N TO SIGMA PI BQRTIPIIP3] 
R3 I ( -D.25)  (0 .06)  ARMENT-2 68 HBC 0 OLD DATA 
R3 [ ( - 0 . 27 )  ARMENT-3 b9  HBC 0 9 /69  
R3 [ ( - 0 . 30 )  (0 .03 )  ARMENT-4 69 HBC 0 NEW DATA 9169 
R3 I PUBLISHED SIGN CHANGEO TO AGREE WITH LUND [969 CONVENTION (SEE TEXTI 10/74 
R} - 0 .27  BERLEY 69 HBC 0 K-P TO SIGMA Pl 6 /70 
R3 -0 .29  (0 .02 )  GALTIERI 70 HBC 0 BIG PI,EOPWA 7/70 
R3 -0 .38  KIN 7 [  DPHA K-MATRIX ANAL. 3/71 
R3 - . 28  ( .OSI BAXTER 73 DPWA 0 K- P TO NEUTRALS 10174 
R3 --.23 ( . 03 )  LONDON 75 HLBC 0 K- P T0 SIGO PlO 4/75 
R3 - . 29  { .03 )  HEPP2 76 DPWA -0 K- NUC TO SIG P[ 2/T7* 
R3 2 ( - . 13 )  MARTIN 77 DRWA KBAR N MULT[CHNL t [ / 77 *  
R3 ~.31 ( . 03 (  RLIC 77 DPWA KBAR N MULTIOHNL 1/76 
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Data Card Listings 
For notation, see at f ront  of  Listings. 

Baryons 
A(1670),  (1690), A(1800) 

R4 Y~O(lb7D) FROM KEAR N TD SIGMAIt385~ Pl SQRTIPI~P41 
R4 - . 1 8  . O 5  P R E V O S T  7 4  DPWA O -  K - N  TO S I I 3 8 5 ) P I  1 0 / 7 4  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR Y~0(1670)  

BERLEY 6 5  PRL 15 6~1 + C E N N D L L Y ,  HART, RAUM, S T O N E B I L L ,  + (BNL) IJP  
ARMENT-I 68 NP B8 195 ARMENTEROS, BAILLON, + (CERN,HEIDEL,SACLAYIIJP 
ARMENT-2 68  NP B8 223 ARMENTEROS, BAILLON, + (CERN,HEIDEt,SACLAY)IJP 

ARMEhT-3 69 LUND PAPER 229 ARMENTEROS, B A I L L O N ,  + [CERN,HEIDEL,SACLAY)IJP 
VALUES ABE QUOTEO IN LEVI SETTI 6 9 .  

ARMENT-4 6 9  NP E l 4  91  ARMENTEROS, BAILLON~ + ICERN~HEIDEL,$ACLAY)IJP 

BERLEY 69  PL 308 430 + HART, RAHM, WILLIS,  YAMAMOTO [ B N L I I J P  
GALTIERI 70 DUKE I73 A. DARBARO GALTIERI ( L R L I [ J P  

CONFGRTD 7 1 N P  634 41 +LEVI SETTI,LASINSKI. .OBERLACK++ (EFI+HEIO) IJP  
KIN 7 1 P R L  21 356 J K KIM (HARVIIJP 

ALSO TO DUKE 161 J . K .  KIN (HARV)IJP 

LANGBEIN 72 NP B4T 4 7 7  +WAGNER (MPIM) IJP 
BAXTER 7 3  NP B 6 7  1 2 5  BAXTER,BUCKINGHAM,CORBETT,DUNN,+ (OXFORD)IJP 
HART 73 PURDUE CONF. 311 +RICE,BACASTOW,FUNG,+ (TENN+UCR+MASA+BUFF)IJP 
PREVOST 7 4  NP B69 246 PREVOSI,BABLOUTAUD,+ {SACL+CERN+HEIO) 

L~NDCN 75 NP B85 289 LDNDDN,YU,BOYO,+ (BNL,CERN,EPOL,ORSA,TORI) 

HEPP2 76 PL 65B 487 +BRAUN,GRIMM,STROBELE,THOL÷(CERN,HEID,MPIMIIJP 

MARTIN 77  NP B127 3 # 9  MABTIN,PIDCOCK,MOORHOUSE (LOUC+GLAS)IJP 

ALSO 7 7  NP B[26 2 6 6  MARTIN,PIDCOCK ( L O U C I  

ALSC 77  NP B126 285 MARTIN,PIDCOCK [LOUC)IJP 
RLIC 7 7  NP B [ 1 9  3 6 2  GDPAL,ROSS,VAN HORN,MCPHERSCN+ ILOIC+RHEL)IJP 

A L S T ~ N  7 8  LBL-6784 +KENNEY,POLLABD,ROSS+ [LBL÷MTHO+CERN)IJP 

ALSO 7 7  PRL 3 8  1007 ALSTON-OARNJOST,KENNEY (LBL+MTHO+CERN)IJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

BIRMINGH 66 PR 152 II4B (BIRMINGHAM,GLASGOW,LOIC,DXFORD,RUTHERFD) 

LEVISETT 69 LUNO 339 R LEVI SETTI (RAPPORTEUR) ( C H I C A G O )  

I&(169o)l ...................... FD~ 
SEE THE MINI-REVUE AT THE START OF THE Y~  L ISTINGS.  

I H I S  RES[NANCE IS WELL ESTABLISHED. 

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

55 Y*O( IbgO)  MASS (MEV) 

M ( 1 6 9 6 . 0 )  ( 3 . 0 )  ARMENT-[ 6B  HBC O ELASTIC, CH EXCH 1 1 1 6 8  
M ( 1 6 8 1 . 0 )  ( 2 . 0 )  ARNENT--3 68 HBC o K-P TO SIGMA PI 11168 
M 1681.  ( 8 . 1  BARTLEY 68 DEC O K-P AND K-D DATA 11 /68  

M [ 6 9 5 . 0  ( 4 . 0 }  BUGG 6 8  CNTR 0 K-P,  D T O T A L  7 /68  
M M ( [ 6 9 7 . 0 )  ( 2 . 0 }  CONFORT~ 6B HBC o ELASTIC, CH EXCH 11 /68  
M M THE Y t O I t 6 9 0 )  IS AT THE EDGE OF THE ENERGY REGION ANALYZED BY 

M M CENFORTO. THE SAME DATA AS WELL AS OTHERS EXTENDING TO LOWER 
M M ENERGIES ARE INCLUDED IN ARMENTEROS I .  
M A i b g I . O  ( 2 . 0 )  ARMENT-4 6 q  HBC o ELAS,CH EXC.ED 9 / 6 9  

M A ANALYSIS INCLUDES OLD AND NEW DATA OF CHS CO[LAB. . 4 3 - . 8  GEV/C 

M A THE APPARENT DISCREPANCY BETWEEN THE SIGMA P} AND OTHER RESULTS IS 

M A PROBABLY NOT SERIOUS. THE ERRORS GIVEN ARE JUST STATISTICAL.  IHE 

M A SYSTEMATIC ERRORS THAT RESULT FROM THE RESTRICTIVE PARAMETRIZATION 
M A OF THE PARTIAL-WAVE AMPLITUDES ARE NOT INCLUDED, AND CAN BE LARGE. 
M A I 6 8 8 . 0  ( 2 . 0 )  ARMENT-4 69 HBC O K--P TO SIG PI .EO 9 / 6 9  

M 1689 .0  BERLEY 6 9  HBC 0 K-P TO SIGMA PI  6 / 7 0  
M [ 7 0 [ . 0  ( 4 . 0 )  BERTANZA 69 HBC 0 ELASTIC, CH EXCH 9 / 6 9  

M 1680 .0  ( 5 . 0 ]  GALTIERI 70 HBC o SIG PI,EDPWA 7 / 7 0  
M 1 6 8 8 . 0  ( 3 . 0 )  CONFORTO 7 1 H B C  0 K-P,ELAST,CEX 6 / 7 0  
M I 6 9 0 .  KIN 71 DPWA K-MATRIX ANAL. 3 / 7 1  
M 1680.0 (20.01 LANGBEIN 7 2  I P W A  MULTICHANNEL 12/72 
M 1670o ( [ O . I  BAXTER 7 3  OPWA 0 K -  P TO NEUTRALS 1 0 / 7 4  
M 1 6 8 4 .  ( 3 . I  H A R T  7 3  DPWA EL+CX,.7- .BGEV/C 2174 

M 2 1692.  ( 4 . )  CARROLL 76 DPWA I=O T D T A L  CS 2 / T 7 ~  
M 1 6 9 0 .  ( 3 . 1  HEPP2 7 ~  DPWA -O K- NUC TO SIG PI 2 / 7 7 *  

M 3 1687. OR 1 6 6 9 .  MARTIN 77 DPWA KBAR N MULTICHNL 11/77~ 
M 3 IHE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
M 3 PARAMETERS FROM THE I -MATNIX POLE AND FROM A B-W F I T ,  RESPECTIVELY. 

M 3 ANOTHER 3 / 2 -  LAMGDA AT 1966 MEV IS ALSO SUGGESTED BY MARTIN77, 

M 3 OUT IS VERY UNCERTAIN. 
M 1690.  45 . )  RLIC 77 DPWA KBAR N MULTICHNL 1 / 7 6  
M 1692. 45 . )  ALSTON 78 DPWA KBAR N ELASTIC [ / 7 8 *  

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

5 5  Y * O [ I 6 9 0 )  WIDTH (MEV) 

w (35 .01  ( 7 . 0 1  ARMENT-1 6 8  HOE o OLD DATA 11 /68  
W (85 .01  ( 7 . 0 )  ARMENT-3 68 HBC 0 OLD DATA 11/68 
w 4 8 .  ( 1 5 . )  BARTLEY 68 DEC O K-P AND K-D DATA 11/68 
w 4 0 . 0  ( 7 . 0 ]  BUGG 68 C N T R  0 7 / 6 8  
w M ( 2 7 . 0 )  I 5 . 0 l  CONFORTO 68 HBC 0 SEE NOTE M ABOVE 11 /68  

W A 3 1 . 0  ( 7 . 0 )  ARMENT-# 6 9  HBC 0 ELAS,CH EXC.BD 9/69 
w A 7 2 . 0  ( 6 . 0 )  ARNENT-4 69 HBC 0 K-P TO SIG PI E0 9 / 6 9  

5 7 . 0  BERLEY 69 HBC O K-P TO SIGMA PI 6 / 7 0  
2 8 . 0  ( 8 . 0 )  BERTANZA 6 ~  HBC o 9/69 

w 8 5 . 0  I 1 0 . O )  GAL¥1ERI 7 0  HBC o SIG PI,EOPWA 7 / 7 0  

W ~ 4 . 0  ( 5 . 0 )  CONFORTO 71 HBC 0 K-P,ELAST,CBX 6 / 7 0  

55.  KIM 71 DPWA K-MATRIX ANAL. 3 / 7 1  
4 0 . 0  I I O . O )  LANGBEIN 72 I P W A  MULTICHANNEL ] 2 / 7 2  

w 30 .  ( ] O . )  BAXTER 7 3  DPWA 0 K- P TO NEUTRALS 1 0 / 7 4  

w 8 6 .  [ g . I  HART 73 DPWA E L + C X , . 7 - . B G E V / C  2174 

W 2 (3B . )  CARROLL 7 6  DPWA I=O TOTAL CS 2177~ 
82 .  ( 8 . I  HEPP2 76 DPWA -O K-  NUC TO SIG P l  2177~ 

3 6 2 .  OR 6 2 .  MARTIN 77 DPWA KBAR N MULTICHNL I I / 7 T ~  
w 6 0 .  ( 5 . )  RLIC 77 OPWA KBAR N MULT[CHNL 1176 
W 64 .  ( ] 0 . )  ALSTON TB DPWA KBAR N ELASTIC LITB~ 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

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

55 Y~O(1690) PARTIAL DECAY MODES 

DECAY MASSES 
Pl w~O(16901 I N T O  KBAR N ~97+ 9 3 9  

P2 Y * 0 [ 1 6 9 0 )  I N T O  S I G M A  P I  ] 1 B 9 +  1 3 9  

P3 Y*O(1690)  INTO LAMBDA PI PI l l l B ÷  1 3 9 +  1 3 9  
P4  Y*011690)  INTO SIGMA Pl  P l  I189+ 1 3 9 +  1 3 9  
P5 Y*O)I~gO) INTO Y * I ( 1 3 8 5 )  PI S-WAVE 139+13B4 

P6 V * O l 1 6 q O ]  INTO LAMBCA ETA 1115+ 5 4 8  

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

5B Y ' O ( 1 6 9 0 ]  BRANCHING RATIOS 

THE SUM OF ALL THE QUOTED BRANCHING RATIOS IS MORE THAN 1 . 0 .  THF 

TWO-EDDY RATIOS ARE FROM PARTIAL WAVE ANALYSES~ AND THUS PROBABLY ARE 

MORE RELIABLE THAN TFE THREE-BODY BA] IOS,  WHICH ARE DETERMINED FROM 

BUMPS IN CROSS SECTIONS. OF IHE LATTER, THE SIGMA PI P} BUMP LOOKS 
MORE SIGNIFICANT ITHE ERROR GIVEN FOR THE LAMBDA PI P l  RATIO LOOKS UN- 
REASONABLY SMALL). HARDLY ANY JF THE SIGMA P} P} DECAY CAN BE VIA 
Y ' I ( 1 3 8 5 ] ,  FOR THEN NINE TIMES AS MUCH LAMBDA P} P} DECAY WOULD EE 

REQUIRED. 

R [  Y * 0 ( [ 6 9 0 )  INTO [KBAR N)/TOTAL ( P I )  

R1 40 .18 )  (O.D3) ARMENT-I 68 HBC 0 I t / G B  

R1 ( 0 . 2 3 )  BUGG 68 CNTR 0 ASSUMING J=3 /2  7 / 6 8  

CONFORTO 68 HBC O SEE NOTE M ABOVE 11 /68  R1 M ( 0 . 2 2 )  (O.OBI 
R I  O . 1 8  { O . O B )  A R M E N T - 4  6 9  HBC 0 NEW DATA 9 / 6 9  
R I  O.EB ( 0 . 0 4 )  BERTANZA 6 9  HBC 0 9 /69  
RI N [ 0 . 3 4 1  (0 .021  CDNFORTO 71HBE O K-P,ELAST,CEX 6 / 7 0  

AI 0 . 2 2  KIM 710PWA K--MATRIX ANAL. 3 /71  

RI 0 . ] 5  ( 0 . 0 5 )  L A N G B E I N  7 2  I P W A  MULTICHANNEL 12/72 
R} . 2 4  ( . O f )  HART 73 DPWA EL÷CX,.7- .BGBV/C 2 / 7 4  
RI  3 ( .2B)OR .26 MARTIN 77 DPWA KDAR N MULTICHNL 11/77~ 

R I  . 24  ( . 0 3 )  RLIC 7 7  DPWA KBAR N MULTICHNL 1 / 7 6  

RI . 22  [ . E 3 )  ALSTON 78 OPWA KBAR N ELASTIC I / T B *  

R| N2 TOTAL CROSS SECTION BUMP WITH ( J+112 )X= .48  S E E N  BY CABROLL 76 2177~ 
RI EFFECT IS AT END OF REGION ANALYZED. THIS COULD AFFECT VALUE OF X I .  

R2 ¥*041690)  FROM KBAR N TO SIGMA P} SQRT(PICP2) 

R2 I ( - 0 . 3 3 )  ( 0 . 0 2 )  ARMENT-3 68 HBC O OLD DATA I I / 6 B  
R2 I ( - 0 . 3 6 )  (O.O2)  ARMENT-4 69 HBC 0 NEW DATA 9169 
R2 I PUBLISHED SIGN CHANGED TO AGREE WITH LUNG 1959 CONVENTION (SEE TEXT) 10 /74  

R2 - 0 . 2 ?  6ERLEY 69 HBC 0 K-P TO SIGMA PI 6 / 7 0  
R2 - 0 . 3 1  ( 0 . 0 3 }  GALTIERI 7 0  HBC 0 SIG PI,EDPWA 7 / 7 0  

R2 - 0 . 4 0  RIM 71 DPWA K-MATRIX ANAL. 3 /71  
R2 0 . 2 6  ( 0 . 0 7 }  LANGBEIN 72 I P W A  MULTICHANNEL 12/72 
R2 - . 2 0  ( . 0 3 )  BAXTER 7 3  DPWA 0 K-  P TO NEUTRALS 1 0 / 7 4  
R2 - . 2 8  ( . 0 3 )  LONDON 75 HLBC O K- P TO SlOB PIO 4175 

R2 - . 2 9  ( .O31 HEPP2 7& DPWA - 0  K- NUC TO SIG Pl 2 /77~  
R2 3 ( - . 3 O l O R  - . 2 B  MARTIN 77 DPWA KBAR N MULTIEHNL I1177~ 
R2 - . 2 5  ( . 03J  RLIC 77 DPWA KBAR N MULTICHNL 1176 

R3 Y~O( I690)  FROM KDAR N TO LAMBDA P} PI SQRT(PI~P3) 
R3 B ( 0 . 2 5 )  ( 0 . 0 2 )  BARTLEY B8  HDBC O LAM 2PI CROS SEC 11 /68  
R3 B ONLY CROSS-SECTION DATA USED. ENHANCEMENT NOT SEEN BY PREVOST 71 ,  3 /72  

R4 Y~O( I690)  FROM REAR N TO SIGMA PI PI SQRTIPI~PkI 

R4 ( O . 2 1 I  ARMENT--2 68 HDBC 0 K - N T D  SIG PI PI 11168 

R5 Y*O(1690)  FROM KDAR N INTO LAMBDA ETA SQRTIPI~P6) 

R5 .00  ( . 0 3 )  BAXTER 73 OPWA 0 K- P TO NEUTRALS I 0 / 7 4  

R6 Y~O(16901 FROM KBAR N TO Y * I I 1 3 8 5 )  PI S - W A V E  SQRT(PI*PSI 
R6 + . 1 7  . 0 4  PREVOST 74 DPWA O- K-N TO S(13851PI 10 /74  

REFERENCES FOR Y~O(1690) 

ARMENT-1 68 NR BB I 9 5  

ARMENT-2 68 NP B8 216 

AEMENT-3 68 NP BB 223 
BARTLEY 6 8  PRL 2 1  1 I l l  
BUGG 6 8  PR [ 6 8  1 4 6 6  

ALSO 67 PRL 18 62 

CCNFORTD 68  NP B8 265 

ARMENT-4 69 NP B14 91 

BERLEY 69 PL 30B 430 

B E R T A N Z A  6 9  PR I I 7  2036 

G A L T I E R I  7 0  DUKE [73 
CONFORTO 7 I  NP B34 41 

K I M  7 1 P R L  2 7  3 5 6  

ALSO 7 0  DUKE 1 6 1  
LANOBEIB 72 NP B47 477 
BAXTER 73  NB B67 125 

HART 73 PURDUE CONF. 311 

PREVOST 74 NP B 6 g  246 

LONDON 75  NP B 8 5  2 8 9  
CARROLL 7 6  PRL 37 8 0 6  

HERR2 7 6  PL 6 5 B  487 

MARTIN 77 NP BIZT 3 4 9  
A L S O  7 T  NP B 1 2 6  2 6 6  

ALSO 77 NP BL26 285 
RLIC 7 7  NP B 1 1 9  312 
ALSTON 7 8  L B L - 6 7 E 4  

ALSO 77  PRL 38 1 0 0 7  

ARMENTEROS, BAILLON, * (CERN,HEIDEL,SACLAY)IJP 
A~MENTEROS, EAILLON, + [CERN,HEIDEL,SACLAY) I 

ARMENTEROS, BAILLON, * (CERN,HEIOEL,SACLAYIIJP 
+CHU, OOWD,GREENE,+ (TUFTS,FSU, BRANDEIS) I 
+GILMORE, KNIGHT, ÷ (BIRM,CAVE,RHEL) I 
DAVIES,OONELL,÷ (BIRM,CAVE,RHEL) I 

+HARNSEN~ LASINSKh ÷ (CHICAGO,HEIDEL}IJP 

ABMENTEROS, BAILLON, • (CERN,HEIDEL,SACLAYIIJP 

+ HART, RAHM, WILLIS,  YAMAMOTO (BNLI I JP  

÷BIGI,CARRARA,CASALI, + (P ISA,eNL,YALE) IJP  

A. BARBARO GALTIERI ( LRL ) I JP  
+LEVI SETTI,LASINSKI. .DBERLACK++ (EF I+HE[D I I JP  

J K KIM (HARVJIJP 

J .  K. KIM (HARV)IJP 
+WAGNER {MPIM) IJP 
BAXTER,BUCKINOHAM,CORBETT,DUNN,+ (OXFORD)IJP 

÷ R I  CE,BACASTDW,FUNG,÷ (TENN~UCR+M ASA+BUFF)IJP 

PREVOST,BARLOUTAUD,÷ (SACL÷CERN+HEID) 

LONDON,YU,BOYD,÷ (BNL,CERN,EPOL,ORSA,TORI) 
+CHIANG,KYCIA,LI,MAZUR,MICHAEL+ ( B N L I I  

+BRAUN,GRIMM,STRDBELE,THOL+(CERN,HEID,MPIMIIJP 

MARTIN,PIDCOCN,MOORHOUSF (LOUC*GLASIIJP 
MARTIN,PIDCOCK ( L O U C I  

MARTIN,PIDCOCN (LOUCIIJP 
GOPAL,BOSS,VAN HORNtMCPHERSON+ (LOIC+RHELIIJP 

+RENNEY~POLLARD,RDSS+ [LBL+MTHO+CERNIIJP 
ALSTDN-GARNJOST,KENNEY (LBL+MTHO+CERN)IJP 

PAPERS NOT REFERRED 70 IN DATA CARDS 

+ CHS COLLABORATION (CERN+HE[D÷SACL) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

SEE THE M I N I - R E V I E W  AT THE SEART OF THE Y *  L I S T I N G S .  

THE E V I D E N C B  FON T H I S  S T A T E  I S  SOMEWHAT C O N F U S E D .  I T  

WAS FIRST SUGGESTED IN A PARTIAL WAVE ANALYSIS OF 

KBAR N DATA BY THE BEHAVIOUR OF THE POt AMPLITUDE 
WHEN IT  WAS PARAMETR[ZED AS A TWO--STRAIGHT-LINE 
BACKGROUND (ARMENTERDS 6 8 I .  

ALMOST ALL THE RECEhT ANALYSES CONTAIN A P01 STATE, AND SOMETIMES 
TWO, BUT THE MASSES, WIDTHS, AND BRANCHING RATIOS OBTAINED IN THE 

DIFFERENT ANALYSES VARY GREATLY. 

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

77 Y*O(1800)  MASS (MEV) 

M (1745o0)  ARMENTERO 68 HDC O ELASTIC, CH EXCH 11 /68  

M ( I 7 4 0 . 0 )  BAILEY 6 9  DPWA O ELASTIC, CH EXCH 10 /70  

M ( [8OO.O)  ARMENTERO 70 HBC 0 ELASTICt CH EX 6 / 1 0  
M ( I 7 5 0 . O )  ARMENTERO TO HBC O SIGMA P} 6170 
M N ( 1 6 9 0 . 0 )  ( t O . O f  GALTIERI 70 HBC O SIG PI,EDPWA 7 / 7 0  
H N ERROR STAT|ST. ONLY- NC ERROR DUE TO PARTICULAR P.W.ANAt.  INCLUDED I 1 7 [  
M ( 1 7 5 5 . )  RIM 71 DPWA K-MATRIX ANAL. 3 / 7 ]  

M 1780 .0  2 0 . 0  LANGBEIN 72 I P W A  MULTICHANNEL 12/72 
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Data Card Listings 
For notation, see key at front of  Listings. 

1796 .  1o. PREVOST 74  DPWA O- K-N TO S(1385IPl  10/74 
t 1735 .  5 .  CARROLL 76  OPWA I=O  TOTAL CS 2 /71 "  

N 3 1 8 6 1 .  OR 1953. MARTIN 77 OPWA KBAR N M~JLTICHNL 1 1 / 7 7 *  
M 3 THE TWC ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
M 3 PARAMETERS FROM THE T-MATRIX POLE AND FROM A 8-W FIT,  RESPECTIVELY, 
M 1853. 20. RLIC 77  DPWA KBAR N MULTICHNL 1176 
M . . . . . . . . .  
M AVERAGE MEANINGLESS 4SCALE FACTOR = 3 .5 ]  

____~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

77  Y~O(I8001 WIDTH [MEV) 

1147,01 ARMENTERO 68 HBC 
(300.0 |  BAILEY 69 DPWA ELASTIC, CH EXCH lOITO 

w 430 .0 )  ARMENTERO 70 HBC o ELASTIC, CH EX 6 /70  
w 470.0} ARMENTERO 70 HBC O SIGMA Pl 6/70 
W N (22 .0 }  GALTIERI 70  HBC 0 SIG P I ,EBPWA 7 /70  
w 135 . )  KIM 71DPWA K-MATRIX ANAL. 3/71 
W 120.0 10.0 LANGBEIN 72 IPWA MULTICHANNEL 12172 
W 20. 46 .  PREVOST 7A DPWA O- K-N TC $41385IPI 10 /74  
w I ( 28 . I  CARROLL 7b  DPWA I=O TOTAL CS 2 /77*  
W 3 535. OR 585. MARTIN 7?  DPWA KBAR N MULTICHNL 11/77"  
H 166. 20 .  RLIC 77 DPWA KBAR N MULTICHNL 1/76 
W . . . . . . . . .  
N AVERAGE MEANINGLESS (SCALE FACTOR = 3 . L I  

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

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

7T Y *O(18001  PARTIAL DECAY MODES 

DECAY MASSES 
PI Y*OII8001 INTO KBAR N 497+ 939 
P2 Y*O(1800 }  INTO SIGMA P4 119T+ 139 
P3 Y*O( [800 }  INT0 SIGMA413851 PI 139+1384 

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

R( Y*O4IBOO) INTO (RBAR N}/TOTAL (P I )  
RI ( 0 . 4 )  ARNENTE80 68 DPWA 0 ELASTIC, CH EXCH 11168 
81 l B . 551  BAILEY 69  OPWA 0 ELASTIC, CH EXCH 10 /70  
RL 10.15| ARMENTERO TO OPWA 0 ELASTIC, CH EXCH IOITO 
81 (8 .30J  KIM 71 DPWA K-MATRIX ANAL. 3/71 
81 0 .36  O.Ofl LANGBEIN 72  IPWA MULTICHANNEL 12172 
R1 3 ( . 52 )0R  .~9  MARTIN 7T DPWA K8AR N MULT1CHNL 11 /77 "  
R1 . 21  . 0 4  RLIC 77 DPWA KBAR N MULTICHNL 1 /76  
RI i TOTAL CROSS SECTION BUMP WITH (J+112)X=.29 SEEN BY CARROLL 76 2 /77 *  
RI . . . . . . . . .  
81 AVERAGE MEANINGLESS (SCALE FACTOR = 2.3l 

R2 Y~O(180O) FROM KBAR N INTO SIGMA PI SQRT4PI*P2| 
R2 2 (+0.20) ARMENTERO 70  DPWA O K -P  TO SIGMA P I  6/70 
R2 2 PUBLISHED SIGN CHANGED TO AGREE WITH LUND 1969 CONVENTION (SEE TEXT} 10179 
R2 N [ - 0 . 13 }  10.88) GALTIERI 70 DPWA O K-P  TO SIGMA PI  1 /70  
R2 40.17) KIM 71DPWA K-MATRIX ANAL. 3171 
R2 (O.Ol}  OR LESS LANGBEIN 72  IPWA MULTICHANNEL 12/72 
R2 3 (+ .25 )0R  + .23  MARTIN 77  DPWA KBAR N NULTICHNL 11177" 
R2 - . 24  . 0~  RLIC 77  DPWA RBARN NULTICHNL 1176 

R3 Y~OI I800 }  FROM KBAR N TO S IGMA(13854  P}  SQRT IP I~P3 )  
R3 + .18  . 10  PREVOST 74  OPWA O- K-N TO S I I 385 )P I  10 /74  

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

REFERENCES FOR Y*OI I800)  

ARMENTER 68 NP 88 195  ARMENTEROS, 8AILLON, + (CERN,HEIOEL,SACLAY}IJP 
BAILEY 69 THESIS UCRL-50617 DAVID SAAL BAILEY (LRL  LIVERMORE)IJP 
ARMENTER 70 DUKE CDNF 123 ARMENTEROS, BAILLON, + 4CERN, HEIDELIIJP 
GALTIERI 70 DUKE CONF 173 A BARBARO-GALTIEEI 4LRL)IJP 
KIM 7 1 P P L  27 356 J K KIM IHARV)IJP 

ALSG 70  DUKE 161 J.K. KIM (HARVIIJP 
LANGBEIN 72 NP 397 4IT +WAGNER IMPIM)IJP 

PREVOST 74 NP 869  296 PREVOST,BARLOUTAUD,÷  (SACL+CERN+HEID I  
CARROLL 76 PRL 37  806 +CHIANG,KYCIA~LI,MAZUR,MICHAEL+ 4BNLII 
MARTIN 77 NP 8127 349 MRRTIN,PIDCOCK,MOO8HOUSE 4LOUC÷GLASIIJP 

ALSO 77 NP BLZ6 266  MARTIN,RID COCK (LOUC) 
ALSO 77 NP 8126  285  MARTIN,PIDCOCK (LOUC}IJP 

RLIC 77 NP B I I 9  362  GDPAL,ROSS,VAN HORN,MCPHERSON+ (LOIC~RHEL)IJP 

I . . . . . .  , . . . . . . . . . . . . . . . .  . . . .  
THIS NARROW RESONANCE SEEMS NECESSARY TO FIT A PEAK 
IN THE AT COEFFICIENT OF THE K-P ANGULAR DISTRIBUTION. 
IT IS NOT REQUIRED IN ANY OTHER CHANNEL. 

102 Y~OIE80O l  MASS (MEV} 1/76 

M 1808 .  5 .  RLIC 77  DPWA KBAR N MULTICHNL 1 /76  

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

102 Y~04180O) WIDTH IMEVI 1/76 

W 27. 5. RLIC 7T DPWA R8AR N MULTICHNL 1/76 

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

102 Y 'B I lBO04  PARTIAL DECAY MODES I176 

DECAY MASSES 
P i  Y~OIL800 }  INTO KBAR N A97÷  939  
P2 Y*B (1880 )  INTO SIGMA PI  1197~ 139 

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

102 Y*O(IBOO) BRANCHING RATIOS 1/76 

RI  YtOI18001 INTO IKBA8 NIITOTAL IRE) i176 
R I  . 04  .O l  RL IC  77  OPWA KBAR N MULTICHNL 1176  

82 Y*0418803 FROM KBAR N INTO SIGMA PI SQRT(PL*R2] 1176 
82 LESS THAN °09  RLI£ 77 DPWA KBAR N MULTICHNL l /T6  

REFERENCES FOR Y'0(18003 

RLIC 77 NP B I l e  362  GOPAL,ROSS,VAN HORN,MCPHERSON÷ {LOIC+8HELIIJP 

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 PARAMETRIZATIDN USED IN THE P.W.A. ARE 

NOT INCLUDED. PER THIS REASON WE 00 NOT CALCULATE WEIGHTED AVERAGES FOR 
MASS AN8 WIDTH, 

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

39 Y*O(I815) MASS 4MEV] 

M N 1813.0 {2.03 ARMENT-1 67 HBE o K-P TO SIGMA Pl 8/67 
M N 1816.0 ( 4 . 0 )  BELL 67  HDBC O K-N TO SIGMA PI l l / b7  
M N 1817.0 48.0} ARMENT-B 68 HBC O ELASTIC, CH EXCH 11/68 
M N 1819.0 14.Of BUGG 68  CNTR O K-P, O TOTAL 6/68 
M N I825.0  ( l .O )  BRICMAN 70 CNTR O TOTAL AND CH EX 6/70 
R N 1819.0 (1 .o }  BR ICMAN1 78  DPWA SIGTOT, ELAS,CHEX 1/71 
MM 1830.0 AID.O) COOL 70 CNTR K-P, O TOTAL I 0 / 70  

1820.0 l iD .O )  GALTIERI 70 DPWA 0 K-P TO SIGMA PI 7/70 
M N L818.0 42.01 EONF08TO Tl  OPWA 0 ELASTIC, CH EXCH 6/70 
M LB lO .  KIM 71 OPWA K-MATRIX ANAL. 3/71 
M N 1 8 2 3 , 0  ( 3 . 0 I  KANE 72  DPWA o K-P TO P l  SIG 10/71 
MM N L818.0 (0 .0 )  LANG8E IN 72 IPWA MOLTICHANNEL 12 /72  

( 1880 . )  DECLAIS 77 DPWA KBAR N TO KBAR N 1/78"  
M 2 1817, OR 1819. MARTIN 77 DPWA KBAR N MULTIEHNL I I177~  
M 2 THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXT8ACTION OF RESONANCE 
M 8 PARAMETERS FROM THE T-MATRIX POLE AND F80M A B-W FIT, RESPECTIVELY. 

N 1822. ( 2 . )  RLIC 77 OPWA KBAR N MULTICHNL 1/76 
M 1819. I Z . }  ALSTON 78 OPWA KBAR N ELASTIC 1 /78"  
M N ERROR STATIST. ONLY- NO ERROR DUE TO PARTICULAR P.W.ANAL. INCLUDED 1171 

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

39  Y*0(1815) WIDTH (MEV) 

w 8 7 8  (15.0} 'BMENT--1 GT HEC O 5167 
W 64.0 4L2.0J BELL 67 HDBC O 11/67 
W N 71.0 (A.Ol ARMENT-3 68  H8C O ELASTIC, CH EXCH l l / 6E  
W N T5 .0  I 7 . 0 }  BUGG 68  CNTR O K-P, D TOTAL 6 /68 
W N 80,O 46.0) BRICMAN 70 CNIR O TOTAL AND CH EX 6 /70  
W N 79.0 [ 3 . 0 )  ERICMANI 70  OPWA SIGTOT,ELRS,CHEX 1/71 

lO0,O COOL 70 CNTR K-P, D TOTAL 10170 
W 100.0 (20.03 GALTIERI 70 DPNA 0 K-P TO SIGMA PI 7170 
W N 90.0 44.0I  CONFORTO 71 DPWA O ELASTIC, CH EXCH 6170 

70, WW KIM T1 OPWA K-MATRIX ANAL. 3/71 
N 104,0 (16.01 KANE 72 DPWA 0 K-P TO Pl  SIG 10171 

W N 78.0 15 .0 }  LANGBEIN 72  IPWA MUtT IC HANNEL 18 /72  
W (82 , }  DECLAIS 77 OPWA K8AR h TO KBAR N 1178" 
N 2 76 .  OR 76 .  MARTIN 77  DPWA KEARN MULTICHNL 11 /77 "  
W N 81. 45 . I  RLIC 77 OPWA KBAR ~ MULTICHNL 1176 
w 72. 45.3 ALSTON 76 DPWA KBAR ,, ELASTIC 1 /78 .  

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

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

39 Y 'O I l 815 )  PARTIAL DECAY MCOES 

DECAY MASSES 
PI Y~0(1815} INTO KBAR N 497+ 939 
P2 Y=041815) INTO SIGMA PI 1189+ 139 
P3 Y*0418154 INTO Y~ t I 138 f i ]  P( P-WAVE 139,1384 
P4 Y~0118151 INTO SIGMA Pl Pl 1192+  139+ 139  
P5 Y~W0418151 INTO ETA LAMSDA 5~,8+1115 
P6 Y~041815 )  INTO Y '141385 )  PI  F-WAVE 139+1058  

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

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The ~trlx below is derived Ero~ the error ~atrix for the fitted partial decay ~ode 

branching fractions, P. as follows: The diagonal elements a r e  P.e EP., where i • 
6P i = __~{6P16~i>, while the oEf-dia~onal elenlents are the normalized cot re]atlon coeffi- 

cients <6PiEP j >/(6P i . 6Pj). For the definitions of the individual Pi' see the listings 

above; only those Pi appearing in the matrix are assumed in the fit to be nonzero and 

are thus constrained to add to 4. 

P I P 2 P 3 P ~ P 5 P 6 
P 1 . 63CE+- .0193  

; ~ -.LO,~ ................ o~96 ~,~ . . . . . . . . . .  
P 9 - . 3565  - .D I l l  -. 8126 . 1579+ - . 0339  
P 5 - . 0579  . 8276  . 0060  -.2343 . 0L53~ - . 0085  
P 6 - .  0361  .0172 .0838 -.1750 .0021 .8070+-.0068 

ERRORS QUOTED 8Y EXPERIMENTERS 
TO PARAMETRIZATION USED IN THE 

81 Y*OI181BI INTO (K8AR NJ/TOTAL 
81 0.62 0.02 
R( 10 .72 )  
R1 0 .65  0 . 0 2  
81 0.58 0.02 
RE 40 .81  
R1 0 .63  O.Ol 
R1 10.52} 
81 0 . 4 7  0.02 
RE 4.E14 
RE 2 ( . gg }OR .58  
81 .57  .02 
RE .60 .03  
RI . . . . . . . . .  
Rl AVG 0.601 0.021 
RI STUDENT 0.6128 8. OLD0 
RI FIT 0 . 6 0 1  

39  Y¢O(18ISI BRANCHING RATIOS 

DO NOT INCLUDE UNCERTAINTY DUE 
P.W,A. THEY SHOULD BE INCREASED. 

4P l l  
ARMENT-3 68 HBC 0 ELASTIC, CH EXCH 11/68 
8UGG 68 CNTR 0 K-P, O TOTAL 6/68 
8RICMAN 70  CNTR 0 TOTAL AND CH EX 6 /70  
B8ICMANI TO DPWA SIGTOT,ELAS,CHEX 1 /71  
COOL 70 CNTR R-P, D TOTAL 10170 
CONFORTO T1 DPWA O ELASTIC, 8H EXCH 6170 
KIM 71DPWA K-MATRIX ANAL. 3 /T1  
LANGBEIN 72 IPWA MULTICHANNEL 12172 
DECLAIS 77 DPWA KBAR N TO K8AR N 1/789 
MARTIN 77 DPWA KBA8 N MULTICHNL 11/77"  
RLIC 77 OPWA KBAR N MULTICHNL L /76  
ALSTON 78 DPWA KBAR N ELASTIC 1/781 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 3.2)  
AVERAGE USING STUOENTIO(H/I.1I] - -  SEE MAIN TEXT 

0,019 FROM F4T IERROR INCLUDES SCALE FACTOR OF 3 .0 )  
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Data Card Listings 
For notation, see key at front of  Listings. 

R2 Y10(181S) FROM KBAR N INTO SIGMA PI SQRT(PI*PB( 
R2 1 - 0 . 87  0.01 ARMEN7-1 67 DPWA 0 K-P TC SIGMA P) 10174 
R2 1 PUBLISHED SIGN CHANGED TO AGREE WITH [UND 1969 CONVENTION {SEE TEXT) 10174 
82 0,23 0.028 BELL 67 DPWA 0 K-P TO SIGMA Pl 1 1 1 6 7  

R2 --0.26 0.03 GALTIERI 70 DPWA 0 K-P TO SIGMA PI 7170 
82 (0 .26 }  RIM 71 DPWA K--MATRIX ANAL. 3171 
RB -0 ,268  0.027 KANE 72 OPWA 0 K P TO PI BIG 10/71 
82 0.25 0 . 0 3  LANGBEIN 7 2  lENA MULTICHANNEL 12172 
82 2 {- .2SIOR --.25 MARTIN 77 DPWA KBAR N MULTICHNL 111771 
82 - , 28  . 0 3  RLIC 77 DPWA KBAR N MULTICHNL t l 7B  

82 . . . . . . . . .  
82 AVG MGD 0.2645 0.0078 A~ERAGE (ERROR [NCtUDES SCALE FACTOR OF ) .O f  
RB STUDENT 0.2080 0.0087 AVERAGE USING STUDENTIOIHI I . I I )  - -  SEE MAIN TEXT 
R2 FIT 0.2~35 0.0078 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.Of 

R3 Y#O(1B[5) FROM KBAR N TO Y~l lL385)  PI  P-WAVE SQRT(PI#P3I 
R3 A (0 ,3 )  [ 0 .05 )  ARMENT-2 b7 NEE 0 K-P TO LAM P+ P+ 
83 +.27 .03 PREVOST 74 DPWA O- K-N TE SI IBBS)PI  1 0 / 7 4  
R3 + . I 6 7  , 0 5 4  CAMERON2 77 DPWA O K--P T~ S(13BB)P[ I ITB~ 

83 . . . . . . . . .  
R3 AVG 0.246 0.044 AVERAGE (ERRDR INCLUDES SCALE FACTOR OF 1.7)  
83 STUDENT 0.248 0.031 AVERAGE USING STUDENTIO(H/I.111 - -  SEE MAIN IEXT 
83 FIT 0,249 0.034 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.5) 

R4 Y*O( IBIS)  INTO (Y*1(1385) PIIITOTAL (P3) 
R4 O.BO 0.05 BIRGE 65 HBC 0 K-P TO LAH PI PI 7/66 
84 . . . . . . . . .  
84 FIT 0.103 0.089 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1,5)  

R5 Y~O[IB15] INTO (SIGMA PI PII/TOTAL (P4) 
85 P ND CLEAR SIGNAL ARMENT-4 68 HDBC 0 K-N TO SIG PI P) 11/68 
85 P THERE IS A SUGGESTION OF A BUMP, ENOUGH TD BE CONSISTENT ~ITH 
85 H~AT TS EXPECTED FROM SIGMA P) DECAY OF 7HE Y* I (1385)  - -  ABOUT 0 ,02 .  
R5 . . . . . . . . .  
RS FIT 0.158 0.033 FROM FIT 

R6 Y~OIIBIB) FROM KOAR N TO ETA LAM~DA SQRT(PI*PS) 9173 

R6 - . 098  . 0 4 0  . B 2 0  RADER 73 MPWA 9 / 7 3  
R~ . . . . . . . . .  
Rb F I I  0.096 O.O27 FROH FIT IERROR INCLUDES SCALE FACTOR DF l .O )  

87 Y~0(1815) FROM KBAR N TO Y*L(1385) P) F -WAVE SQRT(PI*PA) 
87 - .068  .029 CAMERON2 77 DPWA 0 K-P TC S( I385 )P I  1/781 
RT . . . . . . . . .  
R7 FIT 0,065 0. C29 FROM FIT I P R R O R  INCLUDES SCALE FACTOR OF 1.0) 

REFERENCES FOR Y*OI IB tB I  

BIRGE ~5 ATHENS CONF 296 
ARMENT-I 67 PL 248 1~8 
ARMENT-2 67 ZEIT PHYS 202 486 
BELL 67 PRL 19 936 
ARMENT-3 68 NP 86 19S 
ARMENT-4 6 8  NP BB 216 
BUGG 6B  PR 1 6 8  1 4 6 6  

BkICMAN 7 0  PL 3 I B  1 5 2  

BRICMANI 70  PL 3BB St1 
COOL 70 PR OI [887 
GALTIERI 70 DUKE CONF 1 7 3  

CONFCRTG 7 1 N P  B 3 4  4 1  

KIN 71 PRL 2 7  3 5 6  
A L S E  7 0  DUKE 1 6 1  

KANE 72  PR 0 5  I 8 8 3  

LANGBBIN 72  NP 8 4 7  4 7 7  

RAOER 7 3  NO 1 6 A  178 
PREVOST 7 4  NP B6B 2 4 ~  

CAMERON2 7 7  RL-77-1191A 
OECLAIS 77  CERN 7 7 - 1 8  

M A R T I N  7 7  NP B L 2 7  3 4 g  
A L S O  77  NP B l 2 b  2 6 b  
ALSO 7 7  NP 8126 288 

RLIC 77 NP B119 3 6 2  

ALSTON 7 8  L B L - b 7 8 4  

ALSO 77 PRL 38 1007 

+ELY,KALMUS,KERNAN,LOUIE,SAHDURIA, + (LRL)IJP 
ARMENTERDS, F LUZZI, + ICERN,HEIBEL,SACLAY)IJP 
ARMENTERDS, F LUZZI, + (CERN,HEIDEL,SACLAYIIJP 
R B BELL (LRL)IJP 
ARMENTEROS~ BA(LLON, + (CERN,HEIOEL,SACLAY)IJP 
ARMENTEROS, BAILLON, * (CERN,HEIDEL,SACLAY) I 
+GILMORE, KNIGHT, + [RHEL+BIRM+CAVE) I 

+FERRO LUZZI, PERREAU,+ (CERN,CAEN,SACLAY) 
+FERRO-LUZZI,LAGNAUX (CERN) 
+GIACOMELLI, NYCIAt LEONTIC, L I ,  + (BNL) I 
A BARBARB-GALTIERI (LRL)IJP 

+LEVI SETTI,LASINSKI..OBERLACK÷÷ (EFI+HEIOIIJP 
J K RIM (HARV)IJP 
J .  K .  KIM [HARV)IJP 

D F KANE (LBL) lJP 
+WAGNER (MPIMIIJP 
+BARLOUTAUD,+ {SACL+HEIO+CERN+RHEL+CDEF) 
PREVOST,BARLDUTAUD,+ (SACL+CERN+HEID) 

+F~ANEK,GOPAL,BACON,BUTTERWORTH÷IRHEL*LOID)IJp 
+DUCHON,LOUVEL,PATRY,SEGUINOT* (CAEN+CERNIIJP 
MARTIN,PlDCOCK,MOORHOUSE (LOUC+GLAS)IJP 
MARTIN,PIDCOCK (LOUC) 
MARTIN~PIDCOCK (LOUC)IJP 
GOPAL,ROSS,VAN HORN,MCPHERSON+ (LOIC+RHEL)IJP 
+KENNEY,POLLARD,~OSS+ (tBL+MTHO+CERN)IJP 
ALSTON-GARNJOGT,KENNEY (LBL+MTHO+CERNIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

THE FOLLOWING PAPERS ARE NOW OF ONLY HISTORICAL INTEREST - -  

CHAMBERL 62  PR 1 2 5  1696 CHAMBERLAIN,CRDWE,KEEFE,KERTH, + ( L R L )  I 

GAOTIERI 63  PL 6 296 A BARBARO-GALTIERI,A HUSSAIN,RO TRIPP (LRL I I J  
SODICKSO 6 4  PR 1 3 8  8 7 5 7  SODICKSON,MANNELLI,FRISCH,WANLIG (MIT(BNL)) J 
HOLLEY 65 UCRL-16274 THESIS W R HOLLEY (LRL) J 
BIRMINGH 86 PR IS2 1148 BIRMINGHANtGLASGOW,I.C., OXFORD,RUTHERFORD 
COOL 6 6  PRL 16 1228 +GIACOMELLI,KYCIA,LEONTIC,LUNDBY + {BNL)I 
GELFAND 66 PRL 17 1224 +HARMSEN,LEVI~SETTI,PREOAZZI+ (EFI,ANL) 
ARMENTER 6 7  NP BB 592 ARMENTEROStFERRO-LUZZI+ (CERN,HEID,SACLAY]IJP 
CONFERTO 68 NP BB 265 +HARMSEN, LASINSKI, + (CHICAGD,HEIOEL)IJP 
LASINSKI 68 PR 1 6 3  1792 LASINSKI, LEVI SETTI~ PREDAZZI (CHICAGO) JP 
PREVOST 71 AMSTERDAM CONF + CHS COLLABORATION (CERN+HEID+SACL) 

I . . . . . . . . . . . . . . . . . . . . . .  
SEE ThE MINI-REVIEW AT THE START OF THE Y~ LISTINGS. 

THE BEST EVIDENCE FOR THIS RESONANCE COMES FROM THE 
SIGMA Pl CHANNEL. IT IS NELL ESTABLISHED. 

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

5 6  Y * 0 ( 1 8 3 0 }  MASS (MEV) 

M N 1827.0 ( 3 . 0 }  ARMENTERO 67 HBC O K-P TO SIGMA PI 8167 
M N 1837.0 ( [ 1 . 0 }  8ELL b7 HBC 0 K-P TO SIGMA P1 11/87 
M N 1807,0 ( lO .O l  ARHENTERD 68 HBC 0 ELASTIC, CH EXCH 11168 
M 1840.0 (15 .0 )  OALTIERI 70 DPWA 0 K-P TO SIGMA PI 7170 
M N 1831.0 (5.01 CONFORTO 71 DPWA 0 E~ASTIC, CH EXCH 6/70 
M 1830. KIN 71 DPWA K-MATRIX ANAL. 3/71 
M K (1720,)  KIN 71 DPWA K-MATRIX ANAL. 3/71 
M 1832.0 (S.0) KANE 72 DPWA 0 K-P TO Pl SIG 10/71 
M I E l O , O  ( I 0 . 01  LANGBEIN 78 IPWA MULTICHANNEL 12/78 

Baryons 
 .(1B15), A(1830), A( 8601 

M ~ 1 8 1 7 .  DR 1 8 1 8 .  M A B T I N  7 7  DPWA KBAR N M U L T I E H N L  I T / I T *  

M 1 THE TWO E N T R I E S  FOR M A R T I N  7 7  CORRESPOND TO E X T R A C T I O N  OF RESDNANCE 
M E PARAMETERS FROM THE T--MATRIX POLE AND FROM A 8-W FIT, RESPECTIVELY. 
M [825.  ( 10 . ]  RLIC 77 DPWA KBAR N MOLTICHNL t / 76  
M K POSSIBLE EFFECT MAINLY IN SIGMA P I .  NOT CLEAR IF UNCORRELATED 
M K WITH THE lB3O EFFECT 
M N ERROR STATIST. CNLY- NO ERROR DUE TO PARTICULAR P.W.ANAL. INCLUDED 1/71 

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

86 Y~OII830) WIDTH (MEVI 

W 7S.0 ( ? . 0 }  ARMENTERO 67 HBC 0 K-P TO SIGMA PI 8/67 
W 74.0 ( I 8 . 0 )  BELL b7 HBC O K-P TO SIGMA PI 8167 
W 123.0 (38 .0)  ARMENTERO 68 HBC 0 ELASTIC, CH EXCH I i 168  

150.0 (30 .0)  GALTIERI 70 DPWA 0 K-P TO SIGMA PI 7 /70 
L04,0 (35 .0)  CONFORTO 71 DPWA 0 ELASTIC, CH EXCH 6/70 

W 80, RIM 710PWA K-MATRIX ANAL. 3171 
W K (20 . )  KIM 71DPWA K-MATRIX ANAL. 3/71 
W 88.0 (10.0)  KANE 72 DPWA 0 K-P TO PI BIG TO/T1 
W 60.0 (2D.OI LANGBEIN 72 IPWA MULTICHANNEL I2 /72  
W i 56. OR 56. MARTIN 77 BPWA KBAR N MULTICHNL 11177* 
W 94. ( tO . }  RLIC 77 DPWA KBAR N MULTICHNL 1/76 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

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

56 Y*OI I830)  PARTIAL DECAY MODES 

DECAY MASSES 
PI Y tOI [830)  INTO KBAR N 497+ 939 
P2 Y#O(I830I INTO SIGMA P) 1189+ 139 
P3 Y10( I830)  INTO Y~I(1388) P) O-WAVE 139+1384 
P6 Y=0(1830) INTO ETA LANBDA 548+111S 

5b Y~O(IB3D) BRANCHING RATIOS 

81 Y~O(IB30) INTO (KBAR NIITOTAL (P I )  
R1 0.09 (0 .01)  ARMENTERO 68 HBC O ELASTIC, CH EXCH ) l / bE  
RI 0.03 CO,B2} BRICMANI 70 DPWA SIGTOT,ELAS,CHEX 1/71 
81 0.05 (0 .02)  CONFORTO 71 DPWA 0 ELASTIC, CH EXCH 6/70 
RI ( 0 . 24 I  KIM 71 DPWA K-MATRIX ANAL. 3 /71 
81 O.tO (0 .03 )  LANGBEIN 72 IPWA MULTICHANNEL 12172 
81 I ( .04)0R .04 MARTIN 77 DPWA KBAR N MULTICHNL 111771 
81 .04 ( . 03 )  RLIC 77 DPWA KBAR N MULTICHNL 1176 
R] .02 ( . 02 ]  ALSTON 78 DPWA KBAR N ELASTIC 1178~ 

82 Y~O(1830} FROM KBAR N INTO SIGMA Pl SQRT(PI=P2) 
82 A (-O.ES) IO,OB) ARMENTERO 07 DPWA 0 K-P TO SIGMA PI 10174 
82 A PUBLISHED SIGN CHANGED TO AGREE WITH LUNO 1969 CONVENTION (SEE TEXT) 10/74 
82 0.19 IO.Ol )  BELL 67 DPWA 0 K-P TO SIGMA PI 1L167 
82 - 0 . 16  (O.O3} GALTIERI 70 OPWA 0 K-P TO SIGMA PI 7170 
82 0.15 KIN 71 DPWA R-MATRIX ANAL. 3171 
82 -O. IBB (O.OIB) KANE 72 OPWA 0 K-P TO PI SIG I 027 I  
82 0.27 (0 .07)  LANGBEIN 72 IPWA MULTICHANNEL 12172 
R2 1 ( - , IT )OR --.17 MARTIN 77 DPWA KBAR N MULTICHNL 11/77" 
82 - . 17  ( . 03 )  RLIC 77 DPWA KBAR N MULTICHNL I176 

83 Y#O(IBBB) FROM KBAR N TO ETA LAMBDA SQRTIPl~PA) 9/73 
R3 - . 0 4 4  . 0 2 0  RADER 7 3  MPWA 9 / 7 3  

R4 Y#0(18301 FROM KBAR N TO Y=I(1385) PI D-WAVE SQRT(PI=P31 
R4 +.13 .03 PREVOST 74 OPWA O- K-N TO S(1385)P[ 10174 
R4 B - . I 4 t  .014 CAMERON2 77 DPWA 0 K-P TO SIE385)PI 1/78~ 
R4 2 CAMERON2 77 UPPER LIMIT ON G-WAVE DECAY IS 0.03 1178. 
R4 . . . . . . . . .  
R4 AVERAGE MEANINGLESS )SCALE FACTO& = L.0)  

REFERENCES FOR Y * 0 ( 1 8 3 0 )  

ARMENTER 67 PL 24B 198 ARMENIEROS, F-LUZZI, ÷ (CERN,HEIOEL,SACLAY)IJP 
B E L L  6 7  PRL 19  9 B 6  R B B E L L  { L R L ) I J P  
ARMENTBR 68 NP 88 195 ARMENTEROS, BAILLON, + (CERNtHEIDELtSACLAYIIJP 
CCNFORTO 68 NP 88 2 6 5  +HARMSEN, LASINSKh + (CHICAGO,HEIDEL)IJP 

IS SUPERSEDED BY CONFORTO 71. 
BRICMANi 70 PL 33B 511 +FERRO-LUZZI,LAGNAUX (CERN) 
GALTIERI 70 DUKE CONF 173 A BARBARO-GALTIER[ (LRL)IJP 

CONFORTO 7 I  NP B34 41 +LEVI SETTI,LASINSKI..OBERLACK++ (EFI+HEID)IJP 
RIM 71 PRL 27 356 J K KIN (HARV)IJP 

ALSO 70 DUKE 161 J .K .  NIM (HARV)IJP 
KANE 72 PROS 1583 D F KANE (LBL) IJP 
LANGBEIN 72 NP B 4 T  477 +WAGNER (MPIMIIJP 
RADER 73 NC TAA 178 +BARLOUTAUO,+ (SACL+HEIO+CERN+RHEL+CDEFI 

PREVOST 7 4  NP B&9 2 4 6  PPEVOST,BARLOUTAUD,* (SACL+OERNfHEID) 

CAMERDN2 77 R L - T T - I I g / A  +ERANEK,GOPAL,BACON,BUTTERWORTH+iRHEL+LOICIIJP 
MARTIN 77 NP 6127 349 HARTIN,PIDCOCK,MOORHOUSE (LOUC+GLAS)IJP 

ALSO 77 NP 8126 266 MARTINtPIDCOCK (LOUD) 
ALSO 7 7  NP 8126 285 MART[N,PIOCDCK [LOUCIIJP 

RLIC 7 7  NP 8119 3 6 2  GOPAL,ROSS,VAN HORN,MCPHERSON+ (LOTC+RHEL)IJP 
ALSTON 78 LBL-6784 +KENNEY,POLLARD,ROSS+ (LBL+MTHO+CERNIIJP 

ALSO 77 PRL 38 [007 ALSTON-GARNJOST,KENNEY (LBL+NTHO+CERNIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

PREVOST 71 AMSTERDAM CONE + CHS COLLABORATION (CERN+HEID+SACL} 

I (1a60)l . . . . . . . . . . . . . . . . . . . . . .  
THE JP=3/2+ ASSIGNMENT IS CONSISTENT WITH A L L  
AVAILABLE DATA )INCLUDING POLARIZATION) AND RECENT 
PARTIAL WAVE ANALYSES. THE DOMINANT INELASTIC 
MODES REMAIN UNKNOWN. SEE ALSO Y~0(2010] MINI-REVIEH. 

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

60 Y*0(1860) MASS (MEV) 

M A N F07 186~.0 2.0 ARMENTERO 68 DPWA O ELASTIC, CH EXCH ]1168 
M 1870.0 5,0 BUGG 68 CNTR 0 K-P TOTAL 7/68 
M A FO7 £877.0 6.0 BRICMAN 70 CNTR O TOTAL AND CH EX 6/70 
M 1870.0 6 .0  8RICMAN[ 70 DPWA 0 SIGTOT,ELAS,CHEX i171 

N 1883.0 10.0 CONFORTO 7E DPWA 0 ELASTIC, CH BXDH 6/70 
1 (L710. )  KIN 71 DPWA K-MATRIX ANAL. 3171 

M 1850o0 20.0 LANGBEIN 72 IPWA MULTICHANNEL I2172 
M 2 (1868.1 LEA 73 DPWA MULTICHNL K-MTRX 9 1 7 3  



Baryons 
A( BBO) A(Z870)A( O O) 
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Data Card Listings 
For notation, see key at front of  Listings. 

N 1894. i 0 .  HEMINGWA 75 DPWA 0 K- P TO KBAR N 11/75 
M 3 (1900. )  NAKKASYA 75 OPWA o K-P TO LAM. OMG. 1178 
M SEEN BACCARI 7 7  IPWA 0 K-P TO LAM. OMG. I /T8# 
M ~ I B 5 6 .  OR 1868o MARTIN 77 DPWA KBAR N MULTICHNL I I 177 "  
M 6 THE TWO ENTRIES FOR MARTIN 7 7  CORRESPOND TD EXTRACTION OF RESONANCE 

4 PARAMEFER$ FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 
1 9 0 0 .  5. RLIC 7 7  DPWA KBAR N MULTICHNL 1 1 7 6  

M 1908o IO.  ALSTON 78 OPWA KBAR N ELASTIC 1 /78 .  
M A THESE TWO ANALYSES GAVE THE FO7 ASSIGNMENT, THEY HAVE TO 8E 1/71 
N A DISCARDED IN VIEW OF CCNFORTO 70 AND BRIONANI 70 
N I N DUE TO PARTICULAR PARAMETERIZATION USED,ERROR CAN BE LARGE 1 1 7 1  
M POSSIBLE EFFECT MAINLY IN SIGMA P I °  WE TENTATIVELY LIST IT HERE. 
M 2 ONLY UNCONSTRAINED S T A T E S  FROM T A B L E  1 OF LEA13 ARE IN LISTINGS. 9 • 7 3  

M 3 FOUND IN ONE OF TWO BEST SOLUTIONS. 1 1 7 6  

AVERAGE°MEANING~ESS'(SEALE FACTOR = 2o4) 

W A N F 0 7  39.0 T.O 
~0.0 lO.O 

A FO7 2A.O 15.0 
W 3 7 . 0  1 0 . 0  

W 1 N 8 0 , 0  2 0 . 0  
w (ZO.) 
w I25.0 20.0 
w 2 I 328 .8 )  
W lOT. tO. 
W 3 ( I O O . l  
w ~ i g i .  oR i 93 .  
w 72. 10  . 

W 1 1 9 .  2 0 ,  

6 0  v*O(I8603 WIOIH (MEV) 

ARMENTERO 68 DPWA o ELASTIC, CN EXCH 1 1 / 6 B  

BUGG b B  C N T R  0 K - P  TOTAL 7 / 6 8  
BRICMAN 70 C N T R  0 TOTAL AND CH EX 6/70 
8RICMANI 70 DPWA 0 SIGFDI,ELAS,CHEX i171 
CONFORTD 7 1  DPWA O E L A S T I C ,  CH ERCH 6 / 7 0  
KIM 71DPWA R-MATRIX ANAL. 3171 
LANGBEIN 7 2  IPWA MULTICNANNEL I2 /72  
LEA 7 3  OPWA MULTICHNt K-MTRX 9/73 
HEMINGWA 75 DPWA o K -  P TO KBAR N [ 1 / 7 5  

NAKRASYA 7 5  DPWA o R-P TO LAW. OMG. ~/76 
MARTIN 77 DPWA RBAR N MULrICHNL 11177. 
RLIC 77 DPWA RBAR N NULTICHNL I / ? G  

ALSTDN 78 DPWA ROAR N ELASTIC I/TB~ 
w SEE THE NOTES ACCOMPANYING MASSES QUOTED 

W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = 2 .8 )  

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

6 0  Y * O ( I B & O )  PARTIAL DECAY MODES 

DECAY MASSES 
PI Y*O(18601 INTO KBAR N A97+ 9 3 9  

P2 YSD(I8603 INTO SIGMA PI  1189+ 139 
P3 Y * O I L B 6 0 ]  I N T O  LAMBDA OMEGA 1 1 1 5 +  7 8 3  
P~ Y # O ( I 8 6 0 1  INTO Y~I(13B5) PI P-WAVE 1 3 9 + 1 3 8 ~  

P5 Y ~ O ( I 8 6 D )  INTO Y * l I 1 3 B 5 I  P I  F-WAVE L 3 9 + I 3 8 ~  

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

60 Y ~ O I L 8 6 0 )  BRANCHING RATIOS 

RI Y*O(1860) INTO (KOAR NI/TOTAL (P I )  
RI A FO7 0.12 0.02 ARMENTERD 68 HBC 0 ELASTIC, CH EXCH 11/68 
R I  ( J + I / 2 ) P I =  0 . 4 0  BUGG 6 8  C N T R  0 7 / 6 8  
R1 A F07 O.O7 0.02 BRICMAN 70 CNIR 0 T O T A L  AND OH EX 6170 
RL 0.14 0.02 BRICMAN1 70 DPWA 0 SIGTOT,ELAS,CHEX 1 / 7 I  
RI N 0.25 0.03 CONFORTO 71 DPWA O ELASTIC, CH EXCH 6/70 
RI 0.37 0.05 LANGBEIN 72 IPWA MULTICHANNEL 12/72 
RI 2 [ .323 LEA 73 DPWA NULTICHNL K-MTRX 9173 
RI .2~ .04 HEMINGWA 75 DPWA O K- P TO KBAR N 11175 
RE • ( .36)0R . 3 4  MARTIN 7 7  DPWA KBAR N MULTICHNL 11177* 
El .L8 .02 RLIC 77 OPWA KBAR N MULTICHNL 1/76 
R1 . 3 ~  . O 5  A L S T D N  7 8  OPWA KBAR N E L A S T I C  1 / 7 8 "  

SEE THE NOTES ACCOMPANYING MASSES QUOTED RL 
RI . . . . . . . . .  
R[ AVERAGE MEANINGLESS (SCALE FACTOR = 2.GI  

R2 Y~O(IBBO) INIO SIGMA P1 (P2) 
R2 P PROBABLY SEEN GALTIERI 68 DBC 0 K-N TO BIG Pl PI 11/68 
R2 (O.OB) OR LESS LANGBEIN 72 IPWA MULTICHANNEL 12172 
R2 P POSSIBLY THIS BUMP SEEN AT 1B4O+-IO MEV WITH A WIDTH OF 35+-10 MEV 
R2 IS THE Y*O(18301, WHICH DECAYS STRONGLY TO SIGMA P I .  HOWEVER THE 

R2  NARROW WIDTH HERE ARGUES FOR ITS BEING THE Y*O(1860). 

R3 Y~O(~860) FROM KBAR N TO SIGMA PI SQRT(PI*P2} 9/73 
R3 2 ( + . I 5 )  LEA 7 3  DPWA MULTICHNL K - M T R X  9 / 7 3  

R3 4 (+.IEIOR +.14 MARTIN 7 7  OPWA KBAR N MULTICHNL I I / T7 *  
RB - . 09  .09 RLIC 77 OPWA KBAR N MULTICHNL 1176 

R~ Y*O(IB6O) FROM KBAR N INTO LAM8OA OMEGA SORT(El*P3) I I T6  
R~ 3 ( .0323 NAKKASYA 75 OPWA O K-P TD LAW° OMG. L / 7 6  

R5 Y~OIIBbO} FROM KBAR N INTO Y~I(1385) PI P-WAVE SQRT{PI*PA) 
R5 L E S S  THAN O°OB CAMERON2 77 OPWA o K-P TO S(IBB5)PI  1 /78"  

R6 Y ~ O ( I 8 6 0 )  FROM KBAR N INTO Y~I( I3B51 PI F-WAVE S Q R T [ P I ~ P 5 )  

R6 + . I 26  .055 CAMERON2 7 7  DPWA O K - P  TO S{IBB5)PI 1 / 7 8 "  

REFERENCES FOR Y * O ( 1 8 6 0 )  

ARMENTERG68 NP B8 1 9 5  
BUGG 6B PR 16B [486 
GALTIERI 68 PBL 21 873 

BR[CMAN 70 PL 31B 1 5 2  
BRICMANI 70  PL 3 3 B  5 [ 1  

CONFORFO 7 1  NP B 3 ~  ~1  

KIM 7L  PBL 2 7  3 5 8  

ALSO 70 DUKE 1 6 1  
L A N G B E I N  7 2  NP B ~ 7  4 7 7  

LEA 7 3  NP B 5 6  7 7  

H E M I N G H A  T5  NP B g l  12  
NAKKASYA 75 NP B93  8 5  

DAMERCN2 77 RL-TT- I ID IA  
M A R T I N  7 7  NP B I B 7  3 ~ 9  

ALSO 77  NP B 1 2 6  2 6 6  
ALSO 7 7  NP B 1 2 6  2 8 5  

RLIC 7 7  NP 8119 3 6 2  
ALSTON 7 8  L B L - 6 7 B ~  

ALSO 77  PBL 38  1007 

ARMENTEROS, BAILLON, + (CERN,HEIDEL,SACLAY)IJP 
+GILMORE, KNIGHT, ÷ (RHEL,BIRM,CAVE) I 
BARBARO-GALTIERI, MATISON, + (LRL,SLACI 

+FERRO LUZZI, PERREAU,+ (CERN,CAEN,SACLAY) 
÷FERRO-LUZZI,LAGNAUX (CERNI 
+LEVI SETTI,LASINSKI..OBERLACK*+ (EFI+HEIDIIJP 
J K KIN (HARV)IJP 
J .  K. RIM (HARVIIJP 
+WAGNER (MPIM)IJP 

+MARIIN,MOORHOUSE+ IRHEL+LOUC+CLAS+AARHUS)IJP 
HEMINGWAY,EADES,HARMSEN+ (CERN,HEID,MPIM)IJP 
A. NAKKASYAN (CERN)IJP 

+FRANEK,GOPAL,BAOON,OUTTERWORTH+IRHEL+LOIC)IJP 
MARTIN~PIDCOCK,MOORHOUSE (LDUC+GLASIIJP 
MARTIN,PIDCOCK ILOUC) 
MARTIN,PIDCOCK (LOUC)IJP 
GDPAL,ROSS,VAN HORN,MCPHERSON÷ (LOIC+RHEL)IJP 
+KENNEY,POLLARD,ROSS+ (LBL+MTHO+CERN)IJP 
ALSTON-GARNJOSI,KENNEY (LBL÷MTHO+CERN)IJP 

PAPERS NOT REFERRED TD IN  DATA ~ARDS 

ARMENTER 67 NP 83 592 ARNENTERDS, F-LUZZI,  + {CERN,HEIDEL,SACLAY}IJP 
REPLACED BY ARMENTEROS 68 AND CONFBRIO 68. 

CONFORFO 68 NR B8 265 +HARMSEN, LASINSKI, + (CHICAGD,HEIDEL}IJP 
SUPERSEDED BY CONFORTO 71. 

LEVISETT 6 9  LUND 339 R.LEVI SETTI (RAPPDRTEUR] (EFT) 
ALBROW 7 I  NP 829 413 +ANDERSON,BOSNJAKDVIC,OAUM,ERNZ,+ (CERN) 
BACCARI 77 NC 41A 96 +POULARD~REVEL,TALLINI+ (SACL+CDEF)IJP 

I . . . . . . . . . . . . . . .  . . . . . .  
THE S O I  AMPLITUDE SHOWS A RATHER CLEAR SECOND RESONANCE 
BEHAVIOR IN THE 1700-1900 MEV REGION. IHERE ARE WIDE 
DISAGREEMENTS AMONG THE MASS, WIDTH, AND COUPLING 
DETERMINATIONS. 

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

36 Y~0(1870) MASS (MEV) 

M (1872.0]  (TO. Of BRIDMAN 7 0  OPWA TOT, ELAS, CHEX 1 /7 [  
M ( I780 .3  RIM 7 I  DPWA K-MATRIX ANAL. 3/71 
M I 8 3 0 . O  {20 .0)  LANGBEIN 7 2  IPWA NULTICHANNEL 12/72 

M I I 7 6 7 .  OR I842 .  MARTIN 77 DPWA KBAR N MULTICHNL 11/77~ 
M I THE TWO ENTRIES FOR MARTIN ?T CORRESPOND TG EXTRACTION DF RESONANCE 
M 1 PARAMEIERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 
M 1825. ( 20 . )  RLIC 77 OPWA RBAR N MULTICHNL I176 
M L725° 120.J ALSTON 78 DPWA KBAR N ELASTIC I178~ 

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

36 Y*OIIBTO) WIDTH (MEV) 

W (tOO.O) (20.OI  BRICMAN 7 0  OPWA TOT, ELAS, CHEX i171 
W (40 . )  KIN 7 [  OPWA K-MATRIX ANAL. 3/71 
W 70.0 (18 .0 }  LANGBEIN 72 IPWA MULTICHANNEL 12172 

W I 435° OR ~ T 3 .  MARTIN 77 DPWA KBAR N MULTIOHNL I i 177 .  
W 230. (20 . )  R L I C  7 7  DPWA KBAR N MULIICHNL 1/76 
W 185. (20.) ALSTON IB DPWA KBAR N ELASTIO 1 /78"  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . .  

36 YmO(1870) PARTIAL DECAY MODES 

DECAY MASSES 
PL Y~O[iBTOI INTO KBAR N ~97+ 939 
P2 Y*DI I870)  INTO SIGMA Pl 1197÷ 139 
P3 Y * O i l B T O )  I N T O  Y ~ 1 ( 1 3 8 8 }  P I  1 3 9 + I 3 8 4  

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

36 Y~031870) B R A N C H I N G  RATIOS 

R1 Y*O(IBTO} INTO {REAR N)/TOTAL ( P I )  

R I  (0.183 (O°O2) BRICMAN 70 OPWA TOT, ELAS, CHEX I 1 7 1  
RI (0 .80 )  KIN 7 1  DPWA K-MATRIX A N A L .  31TI 
R1 0.38 (0.153 LANGBEIN 72 IPWA MULTICHANNEL 12/72 
RI I (L°21)OR .70 MARTIN 77 DPWA KBAR N MULTICHNL 11177~ 
RI . B 7  ( . 0 5 }  RLIC 7 7  OPWA KBAR N MULTICHNL 1/76 
RI .28 ( .O5l  ALBION 78 DPWA KBAR N ELASFIC i178~ 

R2 Y~O(IBTO) FROM KBAR N TO SIGMA P( SQRT(PI*P2) 
R2 (0.2~)  KIN 7 I  DPWA K-MATRIX ANAL. 3171 
R2 1 (-.T~)OR - . ~ 3  MARTIN 77 OPWA KBAR N MULTICHNL i i / 77 "  
R2 -.OB ( . 05 )  RLIC 77 DPWA KBAR N MULTICHNL 1/76 

R3 YtO[ I870 |  FROM KBAR N INTO Y'1(13883 P( SORT(El*P3) 
R3 - . 056  .028 CAMERON2 7 7  DPWA 0 K-P TO S[13653PI 1 / 7 8 "  

REFERENCES FOR Y*O(IBTO) 
BRICMAN 70 PL 3 3 B  5LI C BRICMAN, N FERRO-LUZZI, J P LAGNAUX(CERNIIJP 
KIN 71 PRL 27 356 J K KIM (HARVIIJP 

ALSO 70 DUKE 16] J .K .  KIM (HARVIIJP 
LANGBEIN 7 2  NP B47 477 +WAGNER (MPIM)IJP 

CAMERON2 77 RL-77-119/A +FRANEK.GOPAL,BACDN,BUTFERWORTH÷(RHEL+LDIC)IJP 
MARTIN 77 NP B127 3 ~ 9  MARTIN,PIDCDCK,MOORHOUSE (LOUC+GLASJIJP 

ALSO 77  NP 8126 266 MARFIN,PIDCOCK (LOUC) 
A L S O  77  NP B I 2 6  2 8 5  MARTIN,PIDCOCK ILOUC)IJP 

RLIC 77 NP B I I 9  382 GOPAL,ROSS,VAN HORN,MCPHERSON+ (LOIC+RHEL)IJP 
ALSTDN 78 LBL-6784 +KENNEY,POLLARD,ROSS+ (LBL+MTHO+CERN)IJP 

ALSO 77 PRL 38 I007 ALSTON-GARNJOST,RENNEY (LBL+MTHO+CERNIIJP 

I, ( ozo)l . . . . . . . . . . .  , , : o  

SEE THE MINI-REVIEW AT THE START OF THE Y~ LISTINGS. 

SEVERAL AMBIGUOUS RESONANCE POSSIBILITIES ARISE FROM 
THE ANALYSES LISTED HERE. POSSIBLE QUANTUM NUMBERS 
ARE D3 IGALTIERI 70, SIGMA PIT, D3+F5 OR PB+D5 OR 
El+D3 IBRANDSTETTER 72, LAMBDA OMEGA). A MORE RECENT 

CAMBEA OMEGA ANALYSIS (NAKNASYAN 753 FINDS TWO BEST SOLUTIONS, EACH 
WIT~ THE Y$O(2IOO) AND ONE ADDITIONAL RESONANCE WHICH CAN BE EIFHER 
THE Y*OIIBBO,JP:312+} OR THE Y*O(21IO,JP=812+). 

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

B9  Y ~ O ( 2 O L O )  MASS (MEV) 

M (2OIO.O) (TO.O) GALTIERI 70 OPWA O ~-P TO SIGMA PI 7 / 7 0  
M i I935.  TO 1971. BRANDSTE 72 DPWA 0 K-P TO LAM° OMG. i / 7~  
M I 1951* TO 203~. BRANDSTE 72 DPWA O K-P TO LAW* OMG. I17~ 
M I PARAMETERS QUOTED ARE RANGES FROM THREE BEST FITS, THE LOWER LL175 
M 1 (HIGHER) MASS STATE PROBABLY HAS J . L E . 3 / 2 ( 5 / 2 ) .  1 1 / 7 5  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see ke~ at front of  Listings. 

Baryons 
A.(ZOIO), .A.(ZlO0: 

89  Y*O(2OIO) WIDTH (MEV) 

( [ 30 .O I  ISO.O) GALTIER[ 70 DPWA 
[BO. TO 240. (LWR. MASS) BBANDSIE 72 DPWA 

73 .  TO 154. [HGR. MASS) BRANDSTE 72  DPWA 
SEE THE NOTES ACCOMPANYING MASSES QUOTED 

W 0 K-P TD SIGMA Pl 7 /70 
w 1 0 K-P TO LAM. OMG. 1174 
W I 0 K-P TO LAM. OMG. [174 

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

89 Y*OIBO[O) PARTIAL DECAY MEDES 

DECAY MASSES 
P I  Y=O(2OlD) INTO KBAR N 497+ 939  
P2 Y~D(2010I INTO SIGMA PI  I197+ I39 
P3 V*OI2010) INTO LAMBDA OMEGA EIIS+ 783 

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

89 Y*O(20[O) BRANCHING RATIOS 

RI Y~O(2010) EROM KBAR N TB SIGMA P[ SQRTIPI=P2] 
RI (-O.ZOI (0 .04)  GALTIERI 70 DPWA 0 K-P TO SIGMA PI 7170 

RZ YtQ(ZO[Ol FROM RBAB N I~TO LAMBDA OMEGA SQRTIP£~P3 )  
R2 i ( , I l l  TO .25 (LWR.} ERANDSTE 72 OPWA 0 K-P TO [AM. OMG. I174 
RE l ( . 04 l  TO *IS (HGR.) BRANDSTE 7Z OPWA 0 K-P TO LAM. OMG. 1174 

REFERENCES FOR Y#0[20101 

GALTIER] 70 DUKE CONF [73 A BAEBARC-GALTIERI (LRL)IJP 
BRANDSTE 72 NP B39 I3  BRANOSTEITER,BUTTERWORTH,+ {RHEL+CDEF+SACLI 

PAPERS NOT REFERRED TO IN DAEA CARDS. 

NAKKASYA 75 NP BO~ B~ A. NAKKASYAN (CERN)IJP 

IAmo o)l ..... ,2o,. ,-o_ 

EFFECTS IN THIS PARTIAL WAVE HAVE OBSERVED AT SOMEWHAI 
DIFFERENT ENERGIES IN TWO CHANNELS. HOWEVER, LITCHFIELD 
71 NOTE THAT THE NEED FOR THIS STATE IN THEIR ANALYSIS 
RESTS SOLEL~ ON A POSSIBLY INCONSISTENT POLARIZATION 
MEASUREMENT AT i . 7B4  GEV/C. THE STATE WAS NOT REQUIRED 
IN THE KBAR N TO KBAR N ANALYSIS OF HEMINOWAY 75, BUT 
COULD NOT BE CONCLUSIVELY RULED OUT. IT IS NOW 
SEEN IN THE NEW ANALYSIS OF DECLAIS 77 WHICH INCLUDES 
R-  NEUTRON ELASTIC DIFFERENTIAL CROSS SECTION DATA,  
AND IS WEAKLY SUPPORTED BY BACCARI 77. 

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

2T Y~OIZ020) MASS (MEVi 

M (2020.0)  (2o .o )  GALTIERI 70  DPWA 0 K-P TO SIGMA PI 7 /70 
M I 2 [O0 . I  (30.I LITCHFIE 71DPWA K-P  TO KBAR N I0171 
M (2140. )  BACCARI 77  DPWA 0 K-P TO LAM. OHG. 117B~ 
M (211T.) DECLAIS 77 DPWA KBAR N TO KBAR N I178*  

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

B7 Y=0(2020) WIDTH (MEV) 

W ( I 60 .0 )  (30 .0)  GALTIERI 70 OPWA o K--P TO SIGMA P[ 7170  
w (120. )  { 30 . )  LITCHFIE 71 DPHA K-P TO KBAR N 10/71  
W {128.)  BACCARI 77 OPWA 0 K--P TO LAH. OMG. [ ITB= 
W [L67 . )  DECLAIS 77  OPWA KBAR N TO KBAR N l / 7B*  

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

27 Y~0(2020) PARTIAL DECAY MODES 

DECAY MASSES 
PI Y*0(2020) INTO KBAR N 497+ 939  
P2 Y~OIB020 )  INTO SIGMA PI 1197+ 13g  
P3 Y*0(2020) INTO LAMBDA OMEGA [115+  783  

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

27 Y~O(EO20) BRANCHING RATIOS 

R| Y=OIZO20) INTO IKBAR N)ITOTAL (P I )  
R I  (O.OS) (0 .02 )  L ITCHF IE  71 DPWA K-P TO KBAR N 10 /71  
R[ ( .OB I  OECLAIS TT DPWA KBAR N TO KBAR N [ / 78 *  

R2 Y*OI2OEO) FROM KBAR N TO SIGMA P]  SQRTIP[=PZ) 
R2 i - -0.15) ( 0 . 02 I  GALTIERI 70 DPWA 0 K-P TO SIGMA Pl 7170 

R3 Y*OI20201 FROM KBAR N TO LAMBDA OMEGA SQRTIPI*P31 [178 -  
R3 LESS THAN .05 BACCARI 77 DPWA 0 K-P TO LAM. OMD. 11781 

REFERENCES FOR Y*0 (2020 ]  

GALTIERI TO DUKE CONF I73  A BARBARO-GALTIERI (LRL ) I JP  
LITEHFIE Tl  NP B30 lEE LITCHFIELD,...+LESQUOYt+.o (RHEL+COEF+SADLIIJP 

BACCARI 77 NG 41A  9B +POULARD,REVEL, TALLIN[+ (SACL+CDEF)IJP 
DEELAIS 77 CERN 77-16 +DUCHON,LOUVEL,PATRY,SEGUINOT+ {EAEN+CERN)IUP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

HEMINGWA 75 NP BOI 12 HEMINGWAY,EADES,HARMSEN+ (CERN,HEID,MPIM)IJP 

li(  oo)l .................. ,'=o 
SEE ThE M IN I -REV IEW AT THE START OF THE Y*  L IST INGS.  

TH IS  ENTRY ONLY INCLOOES RESULTS FROM PARTIAL-WAVE 
ANALYSES.  PARAMETERS BF PEARS SEEN IN  CROSS-SECTIONS 
AND INVARIANT-MASS D ISTRIBUT IONS AROUND R IO0  MEV ARE 
GIVEN IN  A SEPARATE ENTRY BELOW. 

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

41 Y~E(BIO0) MASS {MEVI 

M (2120.0)  WOHL 66 HBC K-P OH EX 7/66 
M A (2080.0)  ( IG.O) BURGUN 68 DPWA 0 K-P TO X[ K I0169 
M L IZ I30 ,D I  ( 20 ,0 ]  BERTHONI 70  DPWA 0 K -P  TO SIGMA P l  LO /70  

211O.O (2O.O) GALTIER[ 70 DPWA 0 K-P TO SIGMA PI 7170 
2100 .  ( 15 , )  L ITCHF IE  71DPWA K -P  TO KBAR N lO /7 l  

M L Z l lO.O (30 .0 )  LITCHEIE 71DPWA K-P TO SIG PI  LOITL 
N L E l l 3 .  TO 2L54. BRANOSTE 7E DPWA 0 K-P TO tAM. OMGo [174 
N 2002.0 ( IZ .O )  KANE 72 DPWA 0 K-P TO El SIG I0171 
M 2105. ( lQ . )  HEMINGWA 75 OPWA 0 K- P TO KBAR N l l / TS  
M 2 21tO. DR 2089. NAKKASYA 75 DPWA 0 K-P TO LAM. OMG. [1 /75  
M 3 (2094. )  BACCARI 77 OPWA 0 K-P TO LAM. OMG. 1178" 
M [2094.1 DECLAIS T7 DPWA KBAR N TO KBAR N 1178" 
M 2[10o l [ 0 . )  RLIC 77 DPWA KBAR N MULTICHNL I176 
M 2106. I 3G . l  BELLEFON 7B DPWA 0 KBAR N TO KBAR N L178" 
M 2 QUOTED PARAMETERS CORRESPOND TO THE TWO BEST SOLUTIONS FOUND. 11/75 
M 2 EACH HAS THE Y~0[2[00) AND ONE ADDITIONAL RESONANCE (P3 OR FS).  11/75 
M A BURGUN 68 SEE A RESONANCE-LIKE EFFECT IN THIS REGION IN THE 
M REACTION K-P TO X[ K. HOWEVER, AS THEY POINT OUT, IT IS NOT CLEAR 
M WHETFER IT IS MAINLY THE GOT Y~O(2[OO} OR INSTEAD A SO FAR OTHERWISE 
M UNOBSEBVEO RESONANCE WITH A SPIN LESS THAN 712. 
M L LITCOFIELD 7 t  IS  AN UPDATE OF BERTHON[ 70 3172 
M [ PARAMETERS QUOTED ARE RANGES FROM THREE BEST F I IS .  [ 174  

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

41 Y *O(2100 )  WIDTH (MEV)  

W (145.0)  WOHL 66  HBC 7•66 
W A (DO.O) (TO.Of BURGUN 68 OPWA 0 K-P TO XI K [0169 
W [40 .0  ( I 5 . 0 )  BERTHON1 70 OPWA 0 K-P TO SIGMA Pl [0 /70  
W 60.0 { 25 .0 I  GALTIERI 70 DPWA 0 R-P TO SIGMA Pl 7170 
W B (170. }  TO 300. . LITCHFIE 71DPWA K-P TO KBAR N ]OIT [  
W B LARGER VALUE CORRESPONDS IO PURE B.W. LONER VALUE , TO B.W. ÷ BCKGRD 
H L 140.0 lEO. Of (30 .0}  LITCHFIE 71DPWA K-P TO SIG PI IO IT I  
W [ 208. TO 220. BRANDSTE 72 DPWA 0 K-P TO LAW. GMG. 1174  
w 144.0 (26 .0)  KANE 72 DPWA 0 K-P TO PI BIG 10/7 I  
w 241. (30.} HEMINGWA 75 DPWA 0 K- P TO KBAR N t i l TS  
W 2 244 ,  OR 302 .  NAKKASYA 75  DPWA 0 K-P  TO LAM. OMG. 11175  
w 3 { 98 . )  DACEAR] 77 DPWA 0 K-R TO LAW. OMG. I 178 .  
W (Z50.)  DECLAIS 77 DPWA KBAR N TO KBAR N I 178 .  
W 250. 130.) RLIC 77 DPWA KBAR N MULTICHNL I176 
W [57 .  ( 40 . )  EELLEFON 78 DPWA 0 KBAR N TO KBAR N t178* 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

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

4 [  Y*0(2100) PARTIAL DECAY MODES 

DECAY MASSES 
PI Y~0{2100) INTO KBAR N ~97+  939  
P2 Y*O(2LO0) INTO SIGMA P I  1197+ [39 
P3 Y~0 (2 [00 ]  INTO X l  K 1321+ 497  
P4 Y*OIB[00) INTO LAMBDA OMEGA 1115+ 783 
P5 v *O(2100 l  INTD ETA LAMBDA 568+1115  

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

41  Y*O(2[O0) BRANCHING RATIOS 

R[  Y#0(21001 INTO (KBAR N)ITOTAL (E l )  
RE TO.BE) WOHL 66  HBE 7/66 
R I  D (0 °33 )  OAUM 6B CNTR K-P  ELA,POL,SIGT 7 /70  
R[ 0.30 ( . 03 )  LITCHFIE 7 [  DPWA K-P TO KBAR N oi0171 
R [  . 31  (.03I HEMINGWA 7B DPWA 0 K -  P TO KBAR N 11 /75  

R[ (°ZO) DECLAIS 77 DPWA KBAR N TO KBAR N I17B* 
RI , 30  { . 03 )  RLIC 77  DPWA KBAR N MULTICHNL L176  
RE . 2~  ( . 06 ]  BELLEFON T8 DPWA 0 KBAR N TO KBAR N 1178 "  
RI O DAUM 6E ASSUMES I J+L I2 I *X  VALUE SEEN IN TOTAL CROSS SECTION,  

R2 Y*O(EIOO) FROM KBAR N INTO SIGMA PI SQRTIPI*P2) 
R2 L I+0 .16 ]  [O.OZI BERTHON1 TO OPWA 0 K-P TO SIGMA PI [0170 
RE +0.06 (0 .03 )  GALTIERI 70 DPWA 0 K-P TO SIGMA PI 7 /70  
R2 L 0.16 (0 .05 ]  LITCHPIE 71DPWA K-P TO BIG P ]  LOl7I  
R2 +0.096 (O.ORT] KANE 72 DPWA 0 K-P TO P[ BIG [017[  
R2 +.12 ( .04 )  RLIC 77 OPNA KBAR N MULTICHNL I176 

R3 Y*0(2100) FROM KBAR N TO XI K SQRT{P I *P3 )  
R3 40.05) TRIPP 67 RVUE 0 K-P TO XI K 8/67 
R3 B (0 .091  [ 0 . 01 )  BURGUN 6B DPWA 0 K -P  TO X I  K [ 0169  
R3 (0 .003 )  MULLER 69  DPWA 0 7 /70  
R3 0 .03S  OoCIE LITCHFIE TI DPWA K-P TO XI K 317Z 
R3 B BURGUN 6@ UPDATED BY LITCHFIELD T1, WHO IAKES SOLUTION C OF BURGUN 3172 

R# Y*Q(2100) FROM KAAR N INTO LAMBDA OMEGA SQRTIPL*PA) 
R~ 1 ( . 05 I  TO . lL  BRANOSTE 72 DPWA 0 K-P TO LAW. OMO. 1 /74  
R4 2 ( .122)0R .154 NAKKASYA 75 DPWA 0 K--P TO LAM. OMG. 11 /75  
R4 3 ( - . 070 )  BACCAR[ 77  DPWA 0 GD37-WAVE 1 /78 "  
R4 3 (+ .OIL)  BACCAR[ T7 DPWA 0 GGIT-WAVE 1 /78 "  
R4 3 I+ .008)  BAECARI 77  DPWA 0 GG37-WAVE I I 7B*  
R4 3 NOTE THAT THE 3 ENTRIES FOR BACCARI77 ARE FOR 3 DIFFERENT WAVES. 1178" 

R5 Y~O(ELOO) FROM KBAR N TO ETA LAMBDA SQRT(PI~P5) 9/73 
R5 - , 050  . 020  RAOER 73  MPWA 9 /73  

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

REFERENCES EOR Y*O(2ZO0)  

WOHL 66 PRL 17 LOT C G WOHLt F T SOLMITZt M L STEVENSON (LRL)IJP 
TRIPP 67 NP B3 i 0  + LEITH[ + (LRLtSLACtCERNtHEIDELpSACLAY! 
BURGUN 68  NP B8 447  +MEYERIPAULIt + (SACLAYtCOLFRANCEtRHEL} 
DAUM 68  NP BT L9 +ERNE~ LAGNAUXt SENS, STEUERe UDO (CERN)JP  

CONFIRMS THE SPIN-PARITY ASSIGNMENT. 
MULLER 69  THESISIUCRL 19372 R A MULLER (LRL) 



Baryons 
 (stoo), A(a3 5) 

BERTHDNI 70 NP BZ~ 417 
GALTIERI 70 DUKE CONF 173 
LITCHEIE 71 NP B~O 128 

BRANDSTE 72 NP B39 13 
KANE 72 PR 05 1383 
RADER 73 NC 16A 178 

HEMINGWA IS  NP 891 12 
NAKKASYA 75 NP B93 85 

EACCARI 77 NC 41A 96 
DECLAIS 77 CERN 77 -16  
RLIC 77 NP B119 362 
BELLEFON 78 NC 42A 403 

+VRANA~ BUTTERWORTH, + (CDEF, RHELe SACLAY)IJP 
A BARBARO-GALTIERI (LRL)IJP 
LITCHFIELDt...~LESQUOY~+.. (RHEL+COEE+SA~LIIJP 

BRANDSTETTER÷...+TALLINI (RHELeCDEF~SACL) [JP 
D F KANE {LBL ) I JP  
+BARLOUTAUOe÷ (SACL+HEID+CERN+RHEL÷CDEF) 

HEMINGHAYIEADEStHARMSEN~ (CERN,HEID~MPIM)IJP 
A,  NAKKASYAN (CERNIIJP 

+PDULARD~REVEL~TALLINI÷ ($ACL+CDEF)IJP 
+DUEHON~LOUVELtPATRY~SEGUINOT+ ICAEN+CERN)IJP 
GOPALtROSE~VAN HORN~MCPHERSON+ (LOIC+RHEL)IJP 
+BERTHONIBILLO[R, BRUNET÷ (COEF+SAELIIJ~ 

BERTF¢ON1 70 FIND EITHER F05 OR 005 POSSIBLE IN 
THE SIG P) CHANNELt WITH FOE SLIGHTLY PREFERRED, 
IN THE KBAR N CHANNEL~ LITCHFIEL D 71 (SAME GRC~JPI 
FIND ONLY DO5. AS USUAL~ THE STATISTICS ARE MUCH 
BETTER IN THE ELASTIC CHANNEL. 

ALTHOUGH KANE 72 FINDS AN FO5 EFFECTt THE ONUSUALLY BROAD 
WIDTH MAY iNVALIDATE A RESONANT INTERPRETATION. HOWEVER RLIC 77, 
EELLEFON 77, AND BELLEFON 78 ALSO FIND AN FOB. THE EVIDENCE FOR 
FOB FROM THE LAMBOA OMEGA ANALYSESt NAKKASYAN 75 AND BACCARI 77~ 
IS QUITE WEAK, BUT THEY GIVE NO EVIDENCE IN FAVOR OF 005.  THE 
WEIGHT OF THE EVIDENCE IS THUS IN FAVOR OF FOB. SEE ALSO THE 
Y¢0(20101 MINI-REVIEW. 

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

35 Y*012110} MASS (MEV} 

N (2110, I (10.) BERTHONL 70 DPWA - K- P TO SIG P) 1/71 
N 003 2140. 40, LITCHFIE 71 DPWA K-P TO KBAR N 10/71 
M A (2141.0) (6.0) KANE 72 OPWA O K-P TO PI SIG 10171 
M 1 12103,) NAKKASYA 75 DPWA O K-P TO LAM, OMG. 1/76 
M (2137.} BACCARI 77 DPWA 0 K-P TO LAM. DMG. 1178* 
M 12140 . )  ( 2O . I  BELLEFON 77 DPWA O K-  P TO SIG PI 11 /77 *  
N 12100,) (BO.} RLIC 77 OPWA KBAR N MULTICHNL 1176 
M 2 (E I  O&. I  (SO . I  BELLEFON 78 DPWA 0 KBAR N TO KBAR N l / 7E*  
M A RESONANCE OUTSIDE RANGE OF DATA. 
M 1 FOUND IN DNE OF TWO BEST SOLUTIONS, 1776 

35 V*O{2110 )  WIDTH (MEV) 

w (185 .1  (BO , I  BERTHONI 70 DPWA - K- P TO SIG PI  1 /71  
N BOB 120.  40 ,  LITCHFIE 71DPWA K-P TO KBAR N 10 /71  
w A 1504.0} IlO.O) KANE 72 DFWA O K-P TO PI SIC 10/71 
W i (391.) NAKKASYA 75 DPWA O K-P TO LAM. OMG. 1/76 
W (132,1 BACCARI 77 OPWA 0 K-P TO LAM, OMG. I/TB* 
W (140.) 12O.} BELLEFON 77 9PWA O K- O TO SIG PI 11177* 
W (200 . )  (SO. }  RLIC 77 DPWA KBAR N MULTICHNL 1 /76  
W 2 (251. I  (50. I BELLEFON 78 DPWA O KBAR N TO KBAR N 1/78* 

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

35 Y~OI2L IO)  PARTIAL DECAY MODES 

DECAY MASSES 
PL Y*012110)  INTO KBAR N 497+ 939 
P2 Y*0121101 INTO SIGMA PI 1197+ 139 
P3 Y*O(2110) INTO LAMBDA OMEGA 1115+ 783 
P4 Y*012110} INTO Y'1(1385) PI P-WAVE 139+1384 

35  Y*O(2L IO)  BRANCHING RATIOS 

R1 Y*012110}  FROM KEAR N TO SIGMA PI  SQRTIPI*P2)  
RA (+ .17 I  ( , 03 )  BERTHON1 70 OPWA - K-  P TO SIG P[ 1 /71  
R1 A (+O . ISA I  ( 0 . 013 )  KANE 72 DflWA O K-P TO P) SIG 10171 
R1 (+ .L4 )  ( ,O l }  BELLEFD2 76 DPWA O K-  P TO SIG P I  1 / 76  
RL (+ .101  1 .03 )  RLIE 77 DPWA KBAR N MULTICHNL 1/76  

R2 Y*0 (2110 ]  INTO (KBAR N)/TOTAL (P l )  
R2 D05 0.14 0 . 0 4  LITCHFIE 71 DPWA K-P TO KBAR N 10/71 
R2 (.O7I 1.03I RLIE 77 DPWA KBAR N MULTICHNL 1176 
R2 2 1 .27 )  ( .E l  BELLEFON 78 DPWA O KBAR N TO KBAR N 1176"  
RZ 2 THE LARGE ELASTICITY ERROR OF BELLEFON 78 IS PROBABLY A MISPRINT, 1 /78 *  

R3 Y~O(211O) FROM KBAR N INTB LAMBOA OMEGA SORT(PI *PBI  1/76 
R3 1 1.1121 NAKKASYA 75 DPWA O K-P TO LAM, OMG. E/76 
R3 LESS THAN .05 BACCARI 77 DPWA O K-P TO LAM. OMG, 1 /78 "  

R4 Y*0(21101 FROM KBAR N TO Y*1 (1385 I  Pl  P-WAVE SQRT(RI*P41 
R~ E --*07L . 025  CAMERON2 77 DPWA O K-P TO 8 (1385 )P I  1 / 78 "  
R4 2 CAMERON2 77 UPPER L IM IT  ON F-WAVE DECAY IS O*OB 1178" 

BERTHONI TO NP B24 417 
L ITCHFIE 71 NP B30 125 
KANE 72 PR O5 1583 

NAKKASYA 75 NP 893 85 
BACCARI 77 NC 4LA D6 
8ELLEFON 77 NC 37A 175 
CAMERON2 77 RL -77 - IZB /A  
RLIC 77 NP 8119 362 
BELLEFON 78 NC 42A 403  

REFERENCES FOR Y.0(2110) 

+VRANAvBUTTERWORTHt+ (CDEF,RHELpSAELAYIIJP 
LITEHFIELDt...+LESDUOYp+.. (RHEL+COEF+SACLIIJP 
O F KANE (LBL } I JP  

A° NAKRASYAN (CERNIIJP 
• POULARDtREVELeTALLINI+ (SACL+CDEF)IJP 
DE BELLEFONeBERTHON,BILLOIR÷ (CDEF~SACL)IJP 
+FRANEK, GOPALe BACONeBUTTERWORTH+(RHEL+LOIE I I JP  
GOPAL~ROSSvVAN HORNtMEPHERSDN+ (LOIC+RHELIIJP 
÷BERTHDNtBILLOIR,BRUNET+ ICDEF÷SACL)IJP 

216 

Data Card Listings 
For notation, see key at front of  Listings. 

2100 MEV REGION - PRODUCTION AND (rTOTX L EXP'TS 

25 Y*OI2100~ JR= I I=O PRODUCTION EXPERIMENTS 

SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

SEE THE NOTE TO THE GO7 Y*O(21OOle WHICH PRECEDES THIS 
ENTRY. HERE WE LIST ONLY PARAMETERS OF PEAKS IN CROSS 
SECTIONS AND INVARIANT-MASS DISTRIBUTIONS, THE CROSS- 

SECTION PEAKS ARE AT LEAST DOMINANTLY ASSOCIATED WITH THE Y'O(2100), 
BUT NAY CONTAIN A SMALL CONTRIBUTION FROM THE SUGGESTED BUT NOT ESTAB- 
LISHED OTHER RESONANCES IN THIS REGION. 

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

25 Y*0(2100} MASS (MEVI (PROD, EXP. I 

M (2087.0) (6.0) DOCK 65 HBC PEAR P 5.7 BEV/C 716E 
M 2100.O (7 .0 l  BUGG 6B ENTR K-R, D TOTAL 6168 
M 2121,0 (E,O) BRICMAN 70 DNTR 0 TOTAL AND CH EX 6170 
H 2107.0 ( I 0 . 0 )  COOL 70 DNTR K-P, D TOTAL lOITO 
M (2135 .0 )  ( 20 .01  LU 70 CNTR 0 GAMMA P TO K+ Y* 1 /71  

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

25 Y 'O (2100 }  WIDTH [MEV] (PROD. EXP*) 

w (24,0) {14.0) (24.0I  BOCK 65 HBC INTO KBAR N (Pl) 7166 
W 140.0 (15.0] BUGG BB ENTR 6168 
W 147,0 (15,0) BRICMAN 70 CNTR O TDTAL AND CH EX 6/70 
W 185.0 COOL 70 CNTR K-P, D TOTAL 10/70 
W (40.0I LU 70 CNTP O GAMMA P TO K+ Y* 1/71 

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

25 Y*O(210O} PARTIAL DECAY MODES (PROD. EXP,) 

DECAY MASSES 
P1 Y*O121001 INTO KBAR N 497+ 939 
P2 Y*O(21OO) INTO KBAR N PI  497+ 939+ 139 
P5 Y*O(2100)  INTO LAMBDA ETA 1115+ 54E 
P~ Y*O(2100# INTO LAMBDA OMEGA 1115+ 783 

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

25 Y*O(2100i BRANCHING RATIOS (PROD. EXP,) 

R I  Y*O(2100 t  INTO (KBAR NI/TOTAL IP1}  
R1 THESE VALUES OF ELASTICITIES ASSUME J=7/2 - -  
RL 0.305 BUGG 68 CNTR 6/BB 
R1 0.24 (0.02I  BRICMAN 70 CNTR 0 TOTAL AND CH EX 6/70 
RZ 0,4 COOL 70 CNTR K-Pt D TOTAL 10/70 

R2 Y*O(2100) INTO KBAR N P) (RE) 
R2 SEEN DOCK 65 HBC 

R3 Y*O[21001 FROM KBAR N INTO LANBBA ETA SGRT(PI*PSI  
R5 (0o09) OR LESS FLATTE 2 67 HBC 0 K-P TO LAM ETA 6/68 

R4 Y*0(21001 INTO (LAMBDA OMEGAI/TOTAL (P4) 
R4 (O . l l  OR LESS FLATTE 1 67 HBC 0 K-P TO LAM OMEGA 8267 

REFERENCES FDR Y*GI210OI  (PROD. EXP.)  

BDCK 65 PL 17 166 +COOPERtFRENCHtKINSONt ÷ (CERNtSACLAY) 
FLATTE 1 67 PR 155 1817 S M FLATTE ILRL)  
FLATTE 2 67 PR 163 1441 S M FLATTE, D G WOHL I LRL I  
BUGG E8 PR 16B 1466  ÷GILMDREtKNIGHT~ + (RHELtBIRMeCAVE) I 

BRICNAN 70 PL 31B 152 +FERRO LUZZIt PERREAUt÷ (CERNeCAEN~SACLAY] 
COOL 70 PR DI 1887  +GIACOMELLIt KYCIAt LEONTICt LI~ ÷ (BNL] I 
LU TO PR D2 1846  +GREENBERGt HUGHES, MINEHARTt MORIt+ (YALE( 

PARERS NOT REFERRED TO IN DATA CARDS 

COOL 66 RRL 16 1228  +GIACOMELLI,KYCIAtLEONTIC,LItLUNDBYt+ (BNL) I 
SUPERSEDED BY COOL 70 ,  

I A ( 2 a 2 s ) l  1 . . . . .  (2,2s . . . . . . . . . . . .  
BACGARI 77 FIND THIS STATE WITH JP EITHER B12- OR 

312+ IN A DPWA OF K- P TO LANBDA OMEGA FROM 2070 TO 
2436 MEV. A SUBSEQUENT SEMI-ENERGY-INDEPENDENT PWA 
FROM THRESHOLD TO 2436 MEV SELECTS 312-. 
BELLEFON 78 (SAME GROUP) ALSO SEE THIS STATE IN A 
DPWA OF K- R ELASTIC AND CHARGE-EXCHANGE DATA 
IN THE SAME ENERGY RANGE, AND FIND JR=3 /2 -  OR 3 /2+°  
THEY AGAIN PREFER JP=312-t BUT ONLY ON THE BASIS 
OF MODEL DEPENDENT CONSIDERATIONS. 

. . . . . . . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

112 Y *0 (2325 l  MASS (MEVI 

H 3 2327,  20 .  BACCARI 77 OPWA O K-P TO LAM° OMG. 1 /78 *  
M 2342. 30. BELLEFON 78 DPWA 0 KBAR N TO KBAR N 1/78~ 
M . . . o • • . . . 
M AVERAGE NEANINGLESS (SCALE FACTOR - 1.0) 

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

112 Y*0(2325) WIDTH (MEV) 

W 3 160. 40. BACCARI 77 IPWA o K-P TO LAM. OMG. 1/78" 
w 177 .  40 .  BELLEFON 78 DPWA O KBAR N TO KBAR N 1 l i b *  
W . . . . . . . . .  
w AVERAGE MEANINGLESS (SCALE FACTOR = 1.01 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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at f ront  of Listings. A(S3~5), .A.(2350), A(S585), r. +, Y.-, 
Baryons 

z °, z( 385) 

112 Y '8 (2325 I  PARTIAL DECAY MODES 

DECAY MASSES 
P l  Y '~0 (2325 I  INTO KDAR N 497+ 939 
P2 Y '0 (2325 (  INTO LAMBOA OMEGA 1115+ 7B3 

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

112 Y=O(282Sl BRANCHING RATIOS 

Ri Y*0(2325( FROM KBAR N TO LAMBDA OMEGA SQRT(PI*P2) 
RI S .06 ,02 BACCARI 77 IPWA O OSSB-NAVE 1/78~ 
RI 3 .05 .02 BACCARI 77  DPWA O DDIB-WAVE 1178~ 
RI 3 .GO .03 BACCARI 77 OPWA 0 DDBB-WAVE 1/78" 
RL 3 NOTE THAT THE 3 ENTRIES FOR BACCARIT7 ARE FOR 3 DIFFERENT WAVES. 117E*  
R3~ . . . . . . . . .  
R[ AVERAGE MEANINGLESS (SCALE FACTOR = 1.0) 

R2 Y*0 (23251  INTO (KBAR N) /TOTAL  P l  

R2 .19 .Oh BELLEFDN 78 OPWA O KBAR N TO KBAR N 1/71~ 

REFERENCES FOR Y'0(2325) 

BACCARI T7 NC t~IA RE ePOULARO,REVEL,TALLINI* (SACL*CDEFIIJP 
8ELLF.FON 7B NC 42A 403 +BERFHON~8[LLOIR~BRUNET+ (COEF+SACLIIJP 

i , 

' ' IBUMPS I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  LIST . . . . .  
DRUM 68 FAVORS JP=712- OR 912+. BRICNAN 70 FAVORS 912+. 
LASINSKI TJ SUGGESTS THREE STATES IN THIS RE~IDN 
USING A POMERON + RESONANCES MODEL. THERE APE NOW ALSO 

THREE FORMATION EXPERIMENTS FROM THE COLLEGE DE FRANCE-SACLAY GROUP 
WHICH WE INCLUDE HERE[ BELEFON 7It BACCARI ]'71 AND BELLEFON 7G, WHICH 
FIND 912+ IN OPWAS OF [BAR N TO SIGMA Pit LAMBDA OMEGA~ AND KBAR N. 

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

42  Y~O(2350I MASS (MEV) (PROD. EXP.( 

M 234 '0 .0  IT.Of 8UGG 68 CNTR K-P[ 0 TOTAL 616E 
M 2388.0 (6.0l 88ICMAN 70 CNTR 0 TOTAL AND CH EX 6170 
M 23z*t~.O 115.Ol COOL TO CNTR K-P, D TOTAL 10170 
M (2360 ,0 )  ( 20 .0 (  LU 70  CNTR 0 GAMMA P TO K+ Y*  1 /71  
M ( 2372 .1  BACCARI 77 OPWA o K-P TO (AM. OMG. 1178* 
M 2365 .  20 ,  BELLEFON TT DPWA 0 K -  P TO B IG  P I  l l / TT *  
M 2370 .  50 .  BELLEFON 78  DPWA 0 KBAR N TO KB~,R N 1178¢  
M . . . . . . . . .  

M AVERAGE MEANINGLESS (SCALE FACTOR = l .O] 

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

42 Y~O(2~SOI WIDTH (MEV) (PROD. EXP.) 

W t~O.O (20.0( BUGG 68 CNTR K-P, D TDTAL 6/68 
W 32~.0 (30.01 BRICMAN 70 CNTR 0 TOTAL AND CH EX 6/70 
W (lQO.O) COOL 70 CNTR K--P, D TOTAL [0•70 
W (55.01 LU TO CNTR O GAMMA P TO K+ Yt [171 
W (257.) BACCARI 77 DPWA O K-P TO LAM. ONG. 1178. 
w [10 .  20 .  BELLEFON 77  DPNA 0 K -  P TO SIG P I  [ [ / T l *  
w 204. 50. BELLEFON 7B DPWA 0 KBA8 N TO KBAR N 1/78. 
W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = 1.71 

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

~2 Y**O(Z350I PARTIAL DECAY MODES (PROD, EXP.) 

DECAY MASSES 
PI Y*0(2350} INTO [BAR N ~97+ 939 
P2 Y '8 (2350 I  INTO SIGMA PI 1 [9T÷  [ 39  
P3 Y'0(2350( INTO LAMBCA OMEGA 111E+ 783 

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

42 Y*0(8350) 8RANCHING RATIOS (PROD. EXP.) 

RI  Y#0 (2350 )  INTO IRBAR N)/TOTAL (P I )  

N[ . [2 .04 BELLEFON 78 DPWA O NBAR N TO KBAR N 1/78. 

R2 Y*0(2350) FROM KERR N INTO SIGMA PI  SQRTIPI*PZ( 1176 
R2 - . 1 [  . 02  BELLEFON 77  DPWA O K -  P TO S[G P [  11 /77 ' *  

R3 Y*O(2310) FROM KBAR N TO LAMBOA OMEGA SQRT(PI*P3) 1178, 
R3 LESS THAN .05 8ACCARI 77 DPWA 0 K-P TO LAM. ORB. 1/78" 

R/+ Y~ '0 (2350 )  INTO (KBAR N) ITOTAL  ( J+ [ / 2 )# (p l (  
R'4. J IS  NOT DETERMINED IN THESE EXPTS. THE FOLLOWING IS  (J+I/Z[*RI 
8~ (O .ST I  EUGG 68 CNTR K-P, O TOTAL 3 /78 *  
R~ [ . I  0.25 BRICMAN 70 CNTR 0 TOTAL AND CH EX 3 /T8"  
R¢~ (1o01 COOL 70 CNTR K-P, 0 TOTAL 3/78" 

REFERENCES FOR Y '0 (2350 l  (PROD. EXp.) 

8UGG 68 PR 168 1A.66 +GILMORE,KNIGHT, + (RHEL,81RN, CAVE) I 
DRUM B8 NF 87 19 +ERNE, LAGNAUX, SENS, STEUER, UOO (CERN)JP 
BR]EMAN 70 PL 318  152 +FERRD LUZZ[, PERRERU,+ ICERN,EAE~,SACLAYI 
COOL TO PR 01 [887 +GIACOMELLI, KYCIA, LEONTIC, LI,  + (BNL) I 
LU 70 PR D2 ] .64 ,6  +GREENBEBG, HUGHES, MINEHART, MORT,÷ (YALE[ 

BACCARI 77 NC 41A 96 +POULARD,REVELITALLIN|+ (SACLeCDEF)IJP 
BELLEFCN 77 NE 37A 175 DE BELLEFON,BERTHON,BILLOIR÷ (EDEF+SACLIIJP 
8ELLEF6N 78 NC z~2A ~e03 +8ERTHON,8 [LLOIR ,GRUN~T÷  (COE~ :+SACL I I JP  

PAPERS NOT REFERRED IN DATA CARDS 
COOL 66 PRL 16 1 2 2 8  +GIACOMELLI,KYCIA, LEONTIC,LI,LUNDBY,+ (BNL) I 

SUPERSEDED BY COOL 70. 
LASINSK[ 71 NP B29 [25 T A LAS INSK I  (EFIIIJP 
8ELLEF02 75 NC 28A 289 DF BELLEFON,EERTHON,BILLOIR* (CDEF÷SACLI 

PRESENTLY LISTED UNDER Ytl(2250), BUT ISOSPIN UNDETERMINED. 

B U M P S  J . . . . .  E . . . . . . . . . . . . . . .  E S . . . . . . . . . . . . . . . . . .  S. 

T Y*U(2585 )  MASS (MEV) (PROD. EXP . (  

M 2585 ,0  45 .0  ABRAMS 70  CNTP K -P ,  D TOTAL [ 0 / 70  
M (8530 .0 )  ( 25 .0 )  LU TO CNTR 0 GANr,A P TO ~+ Y*  [ 17 [  

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

7 Y *0 (2585 )  WIDTH (MEV I  (PROD. ENPo( 

W ( 300 .0 I  ABRAMS 70  CNTE K -P ,  O TOTAL [ 0 / 70  
w [ 150 .0 )  LU 70  CNTR 0 GAMMA P TO K+ Y*  l / T l  

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

7 Y'GIBE85) PARTIAL DECAY MODES [PROD* EXP.I 

DECAY MASSES 
P[  Y~O[Z585 I  INTO ROAR N 4@7+ 959  

. . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 Y#0 (25851  BRANCHING RATIOS (PROD.  EXP . I  

R[ Y*O(Z58B( INTO (KERR NI/TOTAL (PI# 
RI J IS NOT KNOWN. THE FOLLOWING IS (JeLIB)*PI. 
Rt  ( 1 . 0~  ABRAMS 78  CNTR K-P ,  D TOTAL 10170  
R1 C (0.12) [O.12I 8RICMRN TO CNTR TOTAL AND CH EN [0170 
RX C RESONANCE AT END OF REGION ANALYZED ~- NO CLEAR SIGNAL. 

REFERENCES FOR Y '0 (2585 )  (PROD. EXp . )  

ABRAMS 70 PR 10 [917 +COOL, GIACDNELLI, NYC[A, LEONTIC, + (BNLI i 
BRICMAN ?0 PL 31B [52 +FERRO LUZZI, PERREAU,÷ (CERN,CAEN,SACLAY) 
LU 70 PR D2 1 8 4 6  +GREENBERG, HUGHES, MINEHART, MORT,** (YALE) 

PAPERS NOT REFERRED TO IN DATA CAEDS 

COOL 66 POt 16 1228  +GIAEOMELLI,KYEIA,LEONTIC,LUNDBY + (BNL I I  

S=-I I=l HYPERON STATES (Z) 

r ~  19  SIGMA+(II89, JP=[/2+) I=l  

SEE STA8LE PARTICLE DATA CARD LISTINGS 

r ~  20  SIGMA-(IIDB, JP=II2÷) l=[  

SEE STABLE PARTICLE DATA CARD LISTINGS 

F ~  Bl SIGMAO(IIgS, JP=I/2+I I=l 

SEE STA8LE PARTICLE DATA CARD LISTINGS 

SERIOUS INCGNPATXBILITIES EXIST BETWEEN DIFFERENT 
MEASUREMENTS OF THE Y*(138Sl MASS AND WIDTH. THESE 
INCOMPATIBILITIES ARE AT LEAST PRRTIRLLY ACCOUNFED FOR 
BY SOME EXPERIMENTS QUOTING UNREALISTICALLY SMRLL 

ERRORS. WE CDNSISTENTLY INCREASE UNREALISTIC ERRORS 8EFDRE AVERAGING 
(SEE THE TYPED NOTE ON K* (892 ) } ,  
IN THE LISTINGS BELOW WE ATTEMPT TO OBTAIN THE BEST VALUES FOR THE 
SEPRRATE CHARGE STATE MASSES AND WIDTHS. THUS WE DO NOT USE RESULTS 
QUOIED POP NIXED CHARGES. 
WE NO LONGER USE EVERY PUBLISHED VALUE, BUT AVERAGE ONLY THE MOST 
SIGNIFICANT DETERMINATIONS. NEITHER 00  WE AVERAGE RESUtTS FROM 
INCLUSIVE EXPERIMENTS WITH LARGE BACKGROUNDS OR RESULTS WHICN ARE NOT 
ACCOMPANIED BY AT LEAST A DISCUSGION ON EXPERIMENTAL RESOLUTION. 
NEVERTHELESS SYSTEMATIC DIFFERENCES BETWEEN EXPERIMENTS REMAIN (SEE 
THE IDEOGRAMS INSERTED IN THE DATA CARD LISTINGS BELOW). THESE 
DIFFERENCES COULD ARISE FROM INTERFERENCE EFFECTS THAT CHANGE WITH 
PRODUCTION MECH~NISN AND/DR 8EAM MOMENTUM. THEY CAN ALSO BE ACCOUNTED 
FOR IN PART BY DIFFERENCES IN THE PARAMETRIZATIDNS EMPLOYED (SEE 
80RENSTEIN T4 FOR A OISCOSS[ON ON THIS POINT[. THUS 80RENSTEIN 7~ USE A 
8REIT-WIGNER WITH ENERGY INDEPENDENT WIDTH, SINCE A P-WAVE WAS FOUND 
IO GIVE UNSAI(SEACIORY FITS. CAMERON2 77 USE IHE SAME FORM. 
ON ~HE UTHER HANO HOLMGRAN T7 OBTAIN A GEOD FIT TO IHEIR LAM80A P[ MASS 
SPECTRUM WITH A P-WAVE BRE[T-WIGNER, BUT INCLUDE THE PARTIAL WIDTH FOR 
THE SIGMA PI DECAY MODE IN THE PARAMETRIZATION. 

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

43 Y~I(13851 MASS (MEV( 

M 1~i(138~.01 ALSTON 60 HBC ÷- K-P 1 . [ 5  BEVIC 
M (1385 .0 l  BERGE 61  HBC K-P ,~ - - 85  BEV/E 
M 3B([3B4.01 MARTIN 6l HBC +0 K20 P .98 BEV/C 
M (1392.0) (7.0) COLLEY 62 HLBC -0 PI- PRP 2. BEVIC 
M (1389 ,0 )  ( 3 . 0 }  BALTAY 65  HBC + -  PBAR P 3 .7  BEVIC 7 /66  
M {1892.01 ([O.OI MUSGRAVE 65 HBC +-OPBAN P 3-4 BEVIC 7/66 
M 2OOII3B~.B} 12.0} ATHERTON 71HBC P LAMP[+ + C.E. 11/77" 
M 190[1380.I (5.I  AMMANN 73 DEC +- K-N 4.5GEVIC ll/7T* 
M 200 (1386 .1  ATHERT01 75 HBC +-OPBAR P 5.7 GEVIC 1176 
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Data Card Listings 
For notation, see key at front of  Listings. 

MO lOB l l 3B I .O )  (4.08 CURTIS 63 OSPK O PI-P 1°5 BEVIC 
MO E 240 L385.L 2.5 THOMAS 73 HBC O PI-P TO PIOKOLM 1 [ / 77 ,  
NO E ERROB ENLARGED BY US TO GAMMA/SORT(N). SEE TYPED NOTE ON K* MASS. 
NO 2 3100 [380.  2 .  BORENSTE 74 HBC 0 R-P TO([3BS)÷PIS I [1771  
MO 2 FROM FIT fO LAW PIO MASS SPECTRUM ( IN  LAM PIe P I -  P]O EVENTS} WITH 
MO 2 wo FIXED AT 34 MEV. 
MO . . . . . . . . .  
MO AVG 1382.0 2.5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .6 )  
NO STUDENTI381.9 1.9 AVERAGE USING STUDENTIO(H/X.II} - -  SEE MAIN TEXT 

M+ E 154 ( I 376 .0 )  ( 3 . 95  ELY 6 [  HLBC + K -P  t . [ [  BEV/C [ 1 / 77~  
N+ [ 70 I I 375 .0 }  ( 3 . 9 )  COOPER 64  HBC K-P 1 .~5  BEV/C [ [ / 77 ,  
M+ 659  1381o0  1 .6  HUWE 64  HBC + K -P  1 .22  BEV/C 
N+ 750  [382.0  I .O  ARMENTERO 65 HBC + K-P .9 - - [ .2  BEVIC 
M+ E 250( I384.35 ( [ . 9 )  SMITH 65 HBC + K-P 2.8 BEVIC [ [ 177 ,  
M+ E 25011382 .65  ( 2 . 1 }  SMITH 65  HBC + K -P  1o95  BEV/C 1 [ / 77~  
M+ E 68(1383.0 l  (B.O) BIRMINGHA 66 HBC + K-P 3.5 GEV/C 11177* 
M+ I 35 I [ 378 .0 ]  ( 5 . 0 ]  LONDON 66  HBC + K-P 2.24 BEVIC I [ 177 "  
N+ 1260 [384 .4  1.0 SIEGEL 67 HBC + K-P AT 2 . [  GEV/C 10169 
N+ 46(1390.0)  (6 .0 )  AGUILAR 70  HBC + R-P 4 GEVISIG.PI 11177= 
M+ 400 [382 .0  2.0 AGUILAR 72 HBC + K-P TO LAM+P[S [0174 
M+ 2300 1383 .5  . 85  HABIBI 73  HBC K-P TO 2PI LAM 9 /73  
M+ R 3740 (1382 . )  I I . l  BERTHON 74  HBC + K -P  [ 263 - [ 843MEV [0174  
M÷ R ERRORS SFATISTICAL ONLY. RESOLUTION NOT UNFOLDED. 
M+ 6846  [ 381 .  1 .  BORENSTE 74  HBC + K -P  TO I I 385 )+P IS  10174  
M+ I ( [ 360 . }  (B . )  BARDADIN 75 HBC + K- P I 4 . 3  GEVID 11177* 
M+ HI 22Kl[BBB.)  [ 3 . )  BARREIRO 77 HBC + K-P AT 4.2 GEV 11177* 
M+ H INCLUDES DATA OF HOLMGREN 77 

M+ 6900  [ 381 .9  0 .3  CAMERON 77  HBC + K -P  O .96 - [ . 36GEV [1 /77#  
N+ 2594  1385o  [ o  HOLMGREN 77  HBC + K-P  AT 4 .2  GEV H /77 "  
M+ 
M+ E I FROM FIT TO INCLUSIVE LAMBDA P[ SPECTRUM 
M+ ERROR ENLARGED BY US TO GAMNA/SQRT(N}. SEE TYPED NOTE DN K~ MASS. 
M+ . . . . . . . . .  
~ AVG E382 .29  D .39  AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ .68  

STUDENT1382.20 0 .3 [  AVERAGE USING STUBENT[OIHI [ . I I )  - -  SEE MAIN TEXT 
(SEE IDEOGRAM BELOW ) 

UE IGHTED ~UERRGE = 1382 .29  ± 0 .39  

ERROR SCRLED BY  1 .6  

I HOLMGREN 77  HBC 

. . . . . . .  CAMERON ?? HBC 

. . . . . . .  BORENSTE 74  HBC 

I . . . .  HAB IB I  73  HBC 

I . . . .  AGUILAR ?2  HBC 

• "S IEGEL  67  HBC 

. . . . .  RRMENTERO 6S  HBE  

. . . . . .  HUNE 64  HBC 

1376  1380  1384  1388  

Y~Z (C3BS3+  MASS (MEU}  

CH ISQ 

7 .3  

$ ,7  

1 .7  

2 .0  

0,0 

4 .5  

0 .1  

0 ,7  

17 .9  

(CONLEU 

=0  . 0128  

93 ( [ 88B ,0 }  ( 8 . 0 I  DAHL 6 l  OBC - K-D 0 .45  BEV/C [ 1177 "  
E 224 (1376 .0 )  ( 4 . 4 )  ELY 6 [  HLBC K--P 2 . I I  BEV/C 11 /77 ,  

N- 200(1392.0) 06.2) COOPER 64  HBC K-P [ . 45  BEVIC I [ 177 "  
N-  E 1086  1385 .3  1 .9  HUWE 64  HBC - K -P  1 .15 - [ . 30GEV t ( / 77 *  
M- 1380 [384 .0  1.0 ARMENTERO 65 HBC K-P . 9 - l .B  BEV/C 
M- E 120 ( [ 39 [ . 5 }  ( 2 . 6 I  SMITH 65 HBC - K-P 1.8 BEV/C [ i / 77=  
N-  E 58 (1399 .B )  IB .B )  SMITH 65  HBC K -P  1 .95  BEV/C ( I / ?T t  
M- E5(1389.0I  ( 9 . 0 ]  LONDON 66  HBC - K-P AT 2.24 GEV I1177 ,  
N- 370 [390 .7  2°0 SIEGEL 67 HBC K-P AT 2 . I  GEV/C 10 /89  
~ 1900  1390 .7  E .2  HAB IB I  78  HBC - K -P  TO ZP l  LAM 9 /73  

E 030  1387 .1  1 .9  THOMAS 73  HBC P I -P  TO P I -K *LM [1 /77 "  
M- R 3060(1389.)  ( I . }  BERTHON 74 HBC - K-P [263-1843MEV 10174 
N- R ERRORS STATISTICAL ONLY. RESOLUTION NOT UNFOLDED. 
M- 2303 1383. 2 .  BORENSTE 74 HBC - N-P TO(1385)+PIS 10174 
M- I { 1885 , )  ( 2 . )  BARDADIN 75  HBC K-  P [ 4 . 3  GEV/D [ t / 77 *  
M- H I  12K (1387 . }  ( 3o }  BARREIRO 77  HBC K -P  AT ~ .2  GEV [ [ / 77~  
M- H INCLOOES DATA OF HOLMGREN 77  
M- 9720  [ 387 .8  0 .3  CAMERON 77  H8C - K -P  O .D6 - I . 36GEV [ l / 77~  
M- L93 [ 39 [ °  3 .  HOLMGREN 77  HBC K -P  AT 4 .2  GEV 1 [ / 77 "  
M- 
M- E l FROM FIT TO INCLUSIVE LANBDA P I  SPECTRUM 
M- ERROR ENLARGED BY US T0 GAMMA/SORT(N). SEE TYPED NOTE ON K* MASS. 

AVG [387.94 0.58 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 8*21 
M- STUDENT[387.53 0 .3E  AVERAGE USING STUDENTIOIHI I . I I }  - -  SEE MAIN TEXT 

(SEE IDEOGRAM BELOW } 

UE IBHTEO AUERRGE : 1387 .44  ± O .SB  

ERROR SCALED BY 2 .2  

Ill ' HOLMBREN 77 HBC 

. . . . . . . .  CAMERON 77 HOG 0 .3  

I . . . . . . . . . .  BORENSTE ?4 HBC 4 .£  

. . . . . . .  THOrIRS 73  HBC 0 .0  

+ . . . .  HRB IB I  ?3  HBC 7 .4  

I S IEGEL  67 HBC 2 .7  

. . . . . . . .  ARMENTERO GS HBC 15 ,8  

. . . . .  U I4E : 64  HBC ~1 "3  

(CONLE~  
1375  13B0  138S  $390  1395  1400  =0 .000 }  

Y~ i l i 3B5 ) -  MASS (MEU)  

43 (Y* - )  - (Y*+) MASS DIFFERENCE (MEV) 

~+  R (0 .0 )  ( 4 . 2 )  ELY 61 HLBC +- K-P 1 .1 [  BEVlC 8166 
~+  R ( [ 7 . )  ( 7 . )  COOPER 64 HBC ÷ -  K-P 1.45 BEVIC 10/69 
D-÷ R (4 .3 )  ( 2 . 2 )  HUWE 64 HBC +- K-P 1.82 BEV/C 8/66 
OD~÷ R (2.08 ( [ . 5 )  ARMENTERO 65 HBC K-P o9 - I . 2  BEV/C 8166 
-+ R (7 .2 )  ( 2 . 1 )  SMITH 85 HBC K-P I . 8  BEV/C 9/66 

D-+ R ( [ 7 . 2 l  ( 2 . 0 )  SMITH 65 HBC ÷- K-P 1.95 BEVIC 9/66 
D-+ R ( IT .O f  ( 9 . 0 )  LONDON 66 HBC K-P 2.24 BEVIC 8166 
D-+ 9.0 6.0 LONDON 86 HBC +- LAMBDA 3 PI EVTS 7/66 

D-+ R (6 . ] )  { 2 . 0 }  SIEGEL 67 HBC +- K-P AT 2 . [  GEV/C I 0 / 69  
D-+ R (7 .2 )  ( [ . 4 }  HABIBI 75  HBC K-P TO 2P[ LAM 9/73 
O-+ R BETWEEN -2 AND +6 CL=.9S BORENSTE 74 HBD K-P TO(I3BS)+PIS 1 [ / 77 *  
O-+ 
D-~ R REDUNDANT WITH DATA IN MASS LISTINGS 

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

43 (Y'O) - (Y*+) MASS DIFFERENCE (MEV} 

DO+ R BETWEEN -4  AND +4 CL=.95 BORENSTE 74 HBC +0 K-P TD([38S)+PIS E[177" 
DO+ R REDUNDANT WITH DATA IN MASS LISTINGS 

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

43 {Y ~-)  - (Y'O) MASS DIFFERENCE (NEV) 

D--O R (2 .0 )  I 2 . 4 )  IHONAS 73 HBC -0  PI -P TO PI-K+LM [ t  177" 
D-O R REDUNDANT WITH DATA IN MASS LISTINGS 

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

43 Y ' i ( 1385 I  WIDTH (MEV) 

141 (64.0)  ALSIDN 60 HB{ +- K-P 1.15 BEVIC 
(40.0}  BERGE 61HBC +- K-P . 4 - . 85  BEV/C 

W 38 (20.0}  OR LESS MARTIN 61HBC +O K20 P .98 BEVIC 
W (BO.O} ( [O.OI  COLLEY 68 HLBC -0  P I -  PRP 2. BEV/C 
W (26 .0 )  ( 5 . 0 )  BALTAY 65 HBC ÷ -  PBAR P 5.7 8EVIC 716b 
W (88 .0 }  ( 9 . 0 )  MUSGRAVE 65 HBC +-OPBAR P 3-~ BEVIC 7166 
W T 200 (2O. I  ( 4 . )  ATHERTON 71HBC +- LAM PI+ + C.C. 11177* 
W T FIT B.W. ÷ PHASE SPACE BCKGRD 
W R 200 (35*}  (S . )  ATHERTON 7 [  HBC +- LAM PI÷ + C.C. 11177" 
N R FIT B.W. AND NO BCKGRD 
W 190 16 [ . )  (TO.) AMMANN 73  DBC +- K-N ~.5GEVIC H177 "  
W 200 (BD.J ( 23 . )  AIHERFON[ 75 HBC ÷-DREAR P 5.7 GEVIC [ ] 177 "  
W O (20°)  ( [ 0 . }  ALSTON 78 DPWA -0 KBAR N ONLY 1178" 
W D WITH MASS FIXED AT L385 MEV. FROM RESULTS OF PARTIAL WAVE ANALYSIS [ / 78 *  
W O DF KBAR N SYSTEM EXTRAPOLATED BELOW THRESHOLD. 1178" 

N 106 I3O.O) (9.08 CURTIS 63 OSPK O PI-P 1.5 BEV/C 
WO 240 39.5 10.2 THOMAS 73 HBC O RI-P TO PIOKOLM [1177,  
WO ERROR ENLARGED BY US TO 4*GAMMAISQRTIN). SEE TYPED NOTE ON K* MASS. 
WO 3100 (53 . )  18.}  BORENSTE 74 HBC O K-P TOII385)+PIS 11177* 
WO 3100 CONSISTENT WITH WO=W÷=N- BORENSTE 74  HBC O K-P TO(lB85)+PIS 11177* 

W÷ 154 (4B.O) (16.08 ELY 6 [  HLBC + K-P [ . [ l  BEV/C 11177* 
W+ [70 (51 .0 )  (16°0)  COOPER 64 HBC + K-P [ . 45  BEVIC 11177* 
W÷ 859 46 .5  6 .4  HUWE 64  HBC + K -P  1 .15- I .30GEV [1 /77 "  
w+ 750 32.0 4.7 ARMENTERO 65 HBC + K-P . 95 -1 .20  GEV 11177, 
~ 250 (30.31 ( 7 . 5 )  SMITH 65 HBC ÷ K-P 1.8 BEVIC [1177"  

250  (33 . I )  lB .3 )  SMI IH  65 HBC + K -P  1 .95  BEV/D 11177*  
N+ 62 I25.01 (32 .0 }  BIBMINGHA 66  HOD + K-P 3.5 OEV/C 11177~ 
W+ 1260 36.0 4.0 SIEGEL 67  HBC + K-P AT 2.1GEV/C 11177* 
W÷ 46 ( 33 . )  [20 .0 )  AGUILAR 70 HBC + K-P 4 GEVISIG*PI H177 "  
W+ 400 32.5 6 .0  AGUILAR 72 HBC + K-P TO LAM+PIS 10174 
W+ 2300 38.3 3.2 HABIBI 73 HBC + K-P TO 8PI LAM 11177" 
W+ 3740 (48 . I  ( 3 . }  BERTHON 74 HBC ÷ K-P [263-[843MEV 10174 
W+ ERRORS STATISTICAL ONLY. RESOLUTION NOT UNFOLDED. 
~ ~ b846 34. 1 .6  BORENSTE 74  HBC + K-P TO([3B5)+PIS I t / 77 *  

RESULTS FROM LAM P i t  P I -  AND LAM PI÷ P I -  PIO COMBINED BY US. 
W+ (40 . )  13.2) BARDADIN 75 HBC + K- P E4.3 GEV/C L1177, 

W+ HI BRK (43 . I  ( 5 . )  BARREIRO 77 HBC + K-P AT 4.2 GEV 11/77,  

N+ H INCLUDES DATA OF HOLMGREN 77 
W+ 6900 35.5 1.9 CAMERON 77 HBC ÷ K-P O.Db-I.36GEV 11177* 
W+ 2594 34. 2 .  HOLMGREN 77 HBC + R-P AT 4.2 GEV 11177* 
W+ 
W+ [ FROM FIT TO INCLUSIVE LAMRDA PI SPECTRUM 
W÷ E ERROR ENLARGED BY US TO 4*GAMMAISQRT(NI. SEE TYPED NOTE ON K* MASS. 
W÷ . . . . . . . . .  
W÷ AVG 54.96 0.92 AVERAGE (ERROR INCLUDES SCALE FACTOR OF X.O) 
W÷ STUDENT 34.9 [ . 0  AVERAGE USING STUDENTIO(H/I.L[) - -  SEE MAIN TEXT 



219 

Data Card Listings 
For notation, see key at front of Listings. 

w- ( 4 0 . 0 ]  OAHL 61 DBC - K-D 0 .~5  BEVIC 
W- E 224 166 ,0 )  118 .0 )  ELY 61 HLBC K-P 1 .11 BEVIC 11177* 

W- E 200 lOB,Of  124.01 COOPER 6~+ HBC K-P 1 .65  BEVIC 1 1 / 7 7 "  

w -  1 0 8 6  6 2 . 0  7 . 0  HUWE 6 4  HOD - K--P 1 . 1 5 - 1 . 3 0 0 1 V  
w- E 1362 3 8 . 0  4 . 1  ARMENTERO 61 HBC K-P . 9 5 - 1 . 2 0  GEV 11177"  
W- E 120 ( 2 9 . 2 I  ( I 0 . 6 )  SMITH 65 HBC K-P 1 , 8 0  BEVIC 1 1 / 7 7 "  
w- E 58 l i T . t }  ( B . 9 I  SMITH 65 HBC - K-P 1 . 9 5  BEVIC 11177* 
w- E 370 31.0 6,5 SIEGEL 67 HBC - K-P AT 2.1 GEV/C 1[/77" 
W- E 1900 5 1 . 9  6 . 8  H A B I B I  7 3  HBC - K - P  TO 2 P I  LAM 1 1 / 7 7 ,  

~ E R 630 4B.2 7 . 7  THOMAS 7 3  HBC - P I -P TO PI-KOLM 11177* 
3 0 6 0  1 4 0 . )  [ 3 . I  B E R T H O N  7 4  HBC K~P 1 2 6 3 - 1 8 4 3 M E V  1 0 1 7 4  

W- ~ ERRORS STATISTICAL ONLY, RESOLUTION NOT UNFOLDED. 

W- I 2 3 0 3  3 5 .  3 .  BORENSTE 74 HBC - K-P T O l I 3 8 5 ] + P I S  11177* 

W- I RESULTS FROM LAM PI+ E l -  AND LAM PI+ P I -  PIG COMBINED BY US. 
W- I { ~ 7 . )  ( 6 . )  BARDADIN 75 HBC - K -  P 16.3  G E V / C  1 1 / 7 7 "  
W- HI 12K ( ~ 5 . )  (5 .1  BARREIRO 77 HBC K-P AT 4 . 2  GEV I I 1 7 7 "  

W- H INCLUCES DATA OF HCLBOREN 77 
w -  9 7 2 0  3 9 . 2  1 . 7  CAMERON 7 7  HBC - K - P  o . g o - 1 . 3 6 G E V  1 1 / 7 7 -  

w- 1 9 3  { 3 5 , )  110 . )  HOLMGREN 7 7  HOD K - E  AT 4 . 2  OEV 1 1 / 7 7 .  
w- 
w- I FRCM F I I  TO INCLUSIVE LAMBDA P) SPECTRUM 
W- E ERROR ENLARGED BY US TO ~*GAMMAISQRT(N), SEE TYPED NOTE ON K *  MASS. 

~_- . . . . . . . . .  
AVG B 9 . 9  2 . ~  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 9 1  

N- STUDENT ~ 9 . #  1 . 5  AVERAGE USING STUOENTIOIH / I , 11 )  - -  SEE MAIN TEXT 

(SEE IDEOGRAM BELOW ] 

~ E I G H T E D  Q U E R Q G E  = 3 9 . 9  ± 2 . 4  

ERROR S C Q L E D  BY 1 . 9  

~ 0  3 0  

Y ~ i ( t 3 B S ) -  Q I O T H  ( M E U )  

C H I S Q  

. . . . . . . .  C R ~ E R f l N  77 H B C  0 . 2  

. . . . . . . .  B B R E N S T E  7 4  H B C  2 . 7  

I . . . T H O M R S  7 3  H B C  1 . 2  

- ~ - - . - . H ~ B I B I  7 3  H B C  6 , 2  

. . . . . . . .  S I E 6 E L  6 7  H B C  1 . 9  

. . . . . . . .  R B  6 £  H B C  0 . 2  

E 6 4  H B C  $ 0 . 0  

2 2 . 3  

( C O N L E U  

S O  7 0  = O . O O C )  

4 3  Y * 1 ( 1 3 8 5 )  REAL PART OF POLE POSITION 6 1 7 5  

RE+  1 3 7 9 * 0  l . O  LICHTENB 7 4  + EXTRAP H A B I B I T B  # 1 7 5  
R E -  1 3 B 3 . 0  I . O  L I C H T E N B  7 4  EXTRAP H A B I B I 7 3  # 1 7 5  

4 3  Y * I I I 3 8 5 1  IMAGINARY PART OF POLE POSITION 4 / 7 5  

IN+ 17.5 1.5 LICHTENB 7 #  + EXTRAP HABIBI73 #175 
IM- 2 2 , 5  1 .5  LICHTENB 74 - EXTRAP HABIBI73 # /75  

4 3  Y * 1 1 1 6 6 5 1  PARTIAL OECAY MOOES 

DECAY MASSES 
PI  Y * I I 1 3 8 5 1  INTO LAMBDA P l  1115+  139 
P2 Y ' I l l 3 8 5 )  INTO SIGMA PI 1197+ 139 

P3 Y* I113851 INTO LAMBDA GAMMA 1115÷ 0 

P~ Y * t 1 1 3 8 5 1  INTO KBAR N 4 9 3 ÷  9 3 8  
P5 Y * I I 1 3 8 5 }  INTO SIGMA GAMMA 1 1 9 7 ÷  o 

# 3  Y*111365)  BRANCHING RATIOS 

RI Y*1113851 INTO (SIGMA PI I I (LAMBOA E l l  ( P 2 I I l P l l  

RI  I 0 . 0 # 1  1 0 . 0 4 1  B A S T I E N  6 1 H B C  ÷ -  
RI (O.O~) OR LESS ALSTON 62 HBC * -OK-P 1 .15  BEVIC 
R) 0 . 0 9  0 . 0 4  HUWE 6 4  HBC ÷ -  K - P  1 . 2 - 1 . 7  GEV 
RL 0=163 O,OSl  ARMENTERD 65 HBC ÷ -  K--P . 9 5 - 1 . 2 0  GEV 7166 

R I  0 . 0 8  0 . 0 6  LONDON 6 6  HBC K-P 2 , 2 ~  BEVIC 7 • 6 6  

R I  0 . 1 3  0 . 0 ~  PAN 69 HBC + PI+ P - K Y Pl 1 2 1 7 2  
RL O , t 3  0 . 0 ~  C O L L E Y  71 DBC - 0  K - N  1 .5  GEV PROD 1 0 / 7 1  
R1 .16  ,07  AGUILAR 7 2  HBC + K-P 3 . 9 , # . 6  GEV i 0 / 7 ~  
RI .18  . 0 4  MAST2 7 3  MPWA +-  K-P - 2PI SIGILM 9 1 7 3  

R t  . 1 0  . 0 5  THOMAS 7 3  HBC - P I -P TO PI K Y 9 / 7 3  

RI . 16  . 0 3  BERTHON 7 4  HBC K-P 1263-1843MEV 11177* 
RI .11 .02  BERTHON 7 4  HBC - K - P  1263-18~3MEV 11177* 
RI . 2 1  . 05  BORENSTE 7 ~  HBC + K-P TO(13851+PIS 1 0 / 7 4  
R1 . . . . . . . . .  
R t  AVO O , IB3  o . 0 1 1  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . o 1  
RI STUDENT 0 .132  0 .013  AVERAGE USING S T U O E N T I O I H I t * I I )  - -  SEE MAIN TEXT 

R2 Y * 1 1 1 3 8 5 1  INTO L A M B D A  GAMMA IF3) 

R2 I ( O . I T }  10 .171 MEISNER 72 HBO O I EVENT ONLY 1173 

R3 Y* t113851  FROM REAR N TO LAMBDA PI SQRTIPI*P#} # / 7 5  

R3 C +.586 . 3 1 9  DEVENISH 7 4  o FIXED T OISP REL 6 / 7 5  
R3 C EXTRAPOLATION OE PARAMETRIZED AMPLITUDE BELOW THRESHOLD ~ / 7 5  

R# Y*1113851 INTO ILAMBDA GAMMAI/ILAMBDA P I I 7 5  ( P 3 I I I P I )  1 / 7 6  
R# 1.061 OR LESS CL=.9O COLAS HLBC o K-P 5 7 5 - 9 7 0  MEV 1 / 7 6  

R5 Y * l ( 1 3 8 6 }  INTO (SIGMA GAMMAllILAMBDA E l l  { P S I / f E l l  1 / 7 6  

R5 1 . 0 5 1  OR L E S S  C L = . 9 0  COLAS 7 5  HLBC O K - P  5 7 5 - 9 7 0  MEV L/7b 

Baryons 
T,(1385), X(14BO) 

ALSTON 60 PRL 5 EZO 

BASTIEN 6 1 P R L  6 702 
BERGE 61 P~L 6 557 
DAHL 61 PRL 6 t#2  
ELY 61 PRL 7 ~6!  
MARTIN 61 PRL 6 283 

ALSTON 62 CERN CONF 311 
CDLLEY 62 PR 1 2 8  1 9 3 0  
CURTIS 6 3  PR 1 3 2  1771 
COOPER 6 4  PL B 3 6 5  

HUWE 6 4  UCRL- I I291  THESIS 

ALSO 69 PR 180 1824 

ARMENTER 65 PL 1 9  75 
BALTAY 65 PR 140 61027 
MUSGRAVE 6 5  NC 3 5  7BB 

SMITH 6 5  THESIS {UOLA) 

BIRMINGH 66 PR tBZ I I~B  
LONDCN 6 6  PR 1 # 3  1 0 3 4  

S I E G E L  b 7  UCRL [ B O ~ l  T H E S I S  
PAN 6 9  PRL 2 3  8 0 8  
AGUILAR 70 PRL 25 58 

A T H E R T O N  71 NP B 2 9  4 7 7  

COLLEY 7 1 N P  631 61 

AGUILAR 72 PR D6 29 
MEISNER 72 NO IDA 62  

AMMANN 73 PRD 7 1 3 # 5  

MAST2 7 3  PRD 7 3212 
ALSO 73 PRD 7 5 

HABIBI 73  N E V I S  199(THESIS) 

A L S O  73 PURD73, PG. 3 8 7  

THOMAS 73  NP B 5 6  15 

BERTHON 74 NC 2 [ A  1 4 6  
8 0 R E N S T E  74 PR D9 3 0 0 6  

D E V E N I S H  7 ~  NP B81 3 3 0  
L I C H T E N B  7 #  PRO l O  3 8 6 5  

A L S O  7 4  P R I V ,  COMM, 

A T H E R T O |  75  NC 2BA 1 
BARDADIN 75 NP BOB 4IB 
COLAS 7 5  NP B91  2 1 3  

8ARREIRO 7 7  NP B126 319 
CAMEREN2 7 7  R L - T T - I 1 9 1 A  

HOLMGREN 77  NP B I B 9  2 6 1  
ALSTCN 78  L 8 L - 6 7 8 6  

ALSO 77  PRL 3 8  1 0 0 7  

MALAMUD 64 PL 10 IAB 

SHAFER 6# PR 134 81372 

REFERENCES FOR Y * I I I 3 B 5 )  

*ALVAREZ,EBERHARO+GOOD~GRAZIANO, ÷ (LRL) I 

P BASIIENtM FERRO-LOZZI+A H ROSENFELD (LRL) 
÷BASTIEN,OAHL+FERRO-LUZZI,KIRZ, ÷ (LRLI 
+HORWITZIMILLER,MURRAY,WHITE ILRLI  
÷FUNG,GIDAL,PAN,PDWELL,WHITE (LRL) J 

+LEIPUNER,CHINCWSKY+SHIVELY, ÷ (BNL,YALE) 

÷ALVAREZ,FERRO-LUZZItROSENFELO, ÷ (LRL) 

÷GELFAND,NAUENBERG, + (COLUMBIA,RUTGERS} JP 
+COFFIN,MEYER,TERWILLIOER (MICH) J 
÷EILTHUTH,FRIDMAN,MALAMUD, + (CERN,AMST) 
D D HUWE (LRL} JP 

D 0 HUWE ILRL) 

ARMENTEROS, ÷ [CERN,HEIDEL,SACLAY) 

eSANDWEISS,TAFT,OULWICK,KDPP, ÷ (YALE,BNL} 
+PETMEZAS,÷ (BIRM,CERN,EPOL,LOIC,SACLAY) 

L T SMITH (UCLA) 

BIRMINGHAM, GLASGOW, I , C . ,  OXFORD,RUTHERFORD 

+BAU, SAMIOS,YAMAMOTO,GOLDBERG,+ (BNL,SYRA} J 
D M S I E G E L  (LRL) 
+FORMAN (PENN) I 
+BARNES, BASSANO, CHUNG, EISNER,+IBNL,SYRA) 

+CELNIKIER,CLAYTON, FRENCH,FRISK,* ICERN) 

*COX,EASTWOOD,FRY+.. (BIRM+EDIN÷GLAS÷LOICI 

AOUILAR-BENITEZ,CHUNG,EISNER,SAMIOS IBNL) 
O MEISNER (U NC GREENSBORO+LBL} 

+CARMONY,GARFINKEL,GUTAY,+ (PURD*IUPU) 

+BANGERTER,ALSTON-GARNJOST,÷ (LBC) IJP 
MAST,BANGERTER,ALSTON-GARNJOST,÷ [ L B L ) I J P  

M.HABIBI (COLUMBIA) 

BALTAY,BRTDGEWATER+CDOPER,+ (COLUMBIA÷BINOI 
THOMAS,ENGLER,FISK,KRAEMER lEARN) JP 

BERTHDN,TRISTRAM,÷ (CDEF+RHEL÷SACL÷STRB} 

BORENSTEIN,KALBFLEISCN,STRAND,÷ (BNL÷BIEH) 

OEVENISH,FROGGATI,MARTINIDESY,NORDITA,LOUC) 

D B LICHTENBERG (INDIANA UNIVERSITY} 
O B LICHTENBERO (INDIANA UNIVERSITY) 

ATHERTON,BAR-NIR,FRENCH (CERNI 

BARDADIN-OTWINOWSKA+ (SACLtEPOL÷RHELI 
COLAStFARWELL,FERRER,SIX (ORSA] 

÷BERGE,GANGULI,BLOKZIJL÷ (CERN÷AMST÷NIJM} 
+FRANEK,GOPAL,BACON,BUTTERWORTH÷IRHEL÷LOIC) 
÷AGUILAR-BENITEZ,KLUYVER÷ (CERN÷AMST*NIJM) 
ALSTON-GARNJOST.KENNEY÷ (LBL+MHCO÷CERN) 
ALSTON-GARNJOST,KENNEY+ (LBL+MHCO+CERN) 

PAPERS NOT REFERRED TO IN DATA CARDS. 

E MALANUD, P E SCHLEIN (CERN,UCLA} JP 

J B SHAFER, D 0 HUWE (LRL) JP 

HUNGEREU 74 PRO 10 2 O i l  HUNGBRBUHLER,MAJKA,+ (YALE,FNAL,BNL,PITT)  

I z ( 1 4 8 o )  I . . . . . . . . . . . . . .  , i  . . . . . . . . . . . . . . . . .  I . . . . .  
BUMPS i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PEAKS ARE SEEN IN LAMBDA P) AND SIGMA P) SPECTRA IN 
THE REACTION PI+P TO K+ P) Y AT 1 .7  GEVIC. ALSO THE 
Y POLARIZATION OSCILLATES IN THE SAME REGION. 

SEE MILLER 70 FOR A DISCUSSION OF THIS STATE. HE SUGGESTS A POS- 

SIBLE ALTERNATE EXPLANATION IN TERMS DE A REFLECTION OF N ' 1 / 2 1 1 6 7 0 )  
DECAY TO LANBDA K. WW]WEVER, SUCH AN EXPLANATION FOR THE K+ SIGMA+ PIO 
CHANNEL SEEMS UNLIKELY (SEE PAN 70) IN TERMS OF KNOWN N*B1211690) 

DECAY INIO SIGMA K. IN ADDITION SUCH REFLECTIONS WOULD ALSO HAVE 
TO ACCOUNT FOR THE OSCILLATION OF THE Y POLARIZATION IN THE 1480 
MASS REGICN, 

HANSON 7 1 ,  WITH FEWER DATA THAN PAN 7 0 ,  CAN NEITHER CONFIRM NOR 

DENY THE EXISTENCE OF THIS STATE. MAST 75 SEES NO STRUCTURE IN THIS 
MASS REGION IN K-- P IO LAMBDA PIO.  

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

23 Y*111480}  MASS (MEV) IPROD. EXP.) 

M 147~. 10 .  PAN 70 HBC + PI÷P TO K PI LAM 3 /71  
M 1465.  1 5 .  PAN 70 HBC Pl+P TO K P l  SIG 3171 

M L4BB. 10.  CLINE 73 MPWA K- D TO LM P I -  P 9173 
M . . . . . . . . .  

M AVERAGE MEANINGLESS (SCALE FACTOR = l . O )  

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

Z3 Y ' 1 1 1 4 8 0 )  WIDIH (MEV) (PRED. EXP.] 

W 3 1 .  1 5 .  PAN 70 HBC + PI+P TO K P) LAM 3171 

W DO. ZO, PAN 70 HBE + PI+P TO K P l  SIG 3171 

W 4 0 .  2 0 .  CLIME 73 MPWA R-  D TO LR P I -  P 9173 
W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = I . O )  

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

23 Y .111480)  PARTIAL DECAY MODES (PROD, EXP.} 

DECAY MASSES 
PI Y * I I I S B O I  INTO RBAR N 497+ 939 
P2 V* I (14BO)  INTO LAMBDA P l  1115+ 139 
P3 V * I ( 1 4 8 0 )  INTO SIGMA PI I189+ 139 

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

23 Y * [ I I S B O )  BRANCHING RATIOS (PROD. EXP.) 

RI Y * I 1 1 4 8 0 }  INTO (SIGMA PI) / (LAMBDA P I )  ( P 3 ) / I P 2 )  

RI 0 . 8 2  0 .51 PAN TO HBC + 3 /71 

R2 Y * I ( [ S B O I  INTO {PROTON KOBAR)I(LAMBOA PI )  I P I ) I [ P 2 }  

RZ 0 . 3 6  0 . 2 5  FAN 70 HOE ÷ 3171 

R3 Y * I I I S B O )  INTO KBAR N ( E l i  9173 
R3 SMALL CLIME 73 MPWA K- o TO LM P I -  P 9 /73  



Baryons 
Y.(1480), Y.(1580), Y.(16ZO) 

REFERENCES FOR Y* I ( I~BO)  (PROD. EXP.) 

PAN 70  PR D2, 49 +FORMAN,KO,HAGOPIAN,SELOVE (PENN) 
CLINE 73  LNC 6 20S CLINE,LAUMANN,MAPP (WISOONSINIIJP 

PAPERS NOT REFERRED TO IN DATA CAROS 

YU-LI PA 69 PRL 23  806 YU-LI PAN, F t FORNAN (PENN) I 
YU-LI PA 69 PRL 23 808 YU-LI PAN, F L FORMAN (PENN) I 
MILLER 70 DUKE 229 D H MILLER (REVIEW TALK) (RUROUEI 
HANSON 71PR D4 I296 ,KALMUS,LOUIE (LBL) I 
MAST 75 PRO l l  3078 +ALSTON-GARNJOST, BANGERTER+ ( tB l )  

I ( sa°)l . . . . . . . . . . . . . .  2) I=IF  
OBSERVED IN K- N I= l  TOTAL CS WITHOUT JP ASSIGNMENT AT 
BNL(LI 7B, CARROLL 73, CARROLL 76) AND IN PWA OF K- P 
- - •  LAMBDA P I FOR CM ENERGIES=IS60-IGOO MEV BY 
LITCHFIELO 74. LITCHFIELO 74 FINDS JP=31E-. NOT SEEN B 
ENGLER 7b OR BY CAMERON 78 (WITH LARGER STATISTICS), 
IN KLCNG P TO P I *  LAMBDA AND PI+ SIGMAO. 

O0 Y*I ( ISBO) MASS (MEV) 4/75 

1582. 4 .  L ITCHF IEL  74 DPWA O K-- P TO LAM P{ 4 /75  
IS83. 4 .  CARROLL 76 OPWA I=l TOTAL CS 217T* 

14 L 

M C 

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

O0 Y t I ( I 580 )  WIDTH (MEV) 4/7S 

W t 11. 4. LITCHFIEL 74 DPWA 0 K-- P TO LAM PI 6 /75 
W C I 15 . )  CARROLL 76  DPWA I=1 TOTAL CS 2177" 

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

O0 Y* I (1580 }  PARTIAL DECAY MODES 4 / 7 5  

DECAY MASSES 
P l  Y~ I ( IS80 ]  INTO KBAR N 497÷ 939 
P2 Y~l[15801 INTO LAMBDA PI 1115+ IB9 
P3 Y*I(15BO) INTO SIGMA P{ 1197+ 139 

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

O0 Y*EIISBO) BRANCHING RATIOS 4175 

R1 Y* I (1580 )  INTO KBAR N/TOTAL (P I )  4 /75 
RE L +.03 . o f  LITCHFIEL 74 DPWA KBAR N MULT]CHNL 4/T5 
R1 L MAIN EFFECT OBSERVED BY LITCHFIELD 74 IS IN PI tAMBDA FINAL STATE, 4/75 
R1 L KBAR N AND SIGMA PI COUPLINGS ALSO ESTIMATED FROM MULTICHANNEL FIT 4/75 
Rl t INCLUDING TOTAL CROSS SECTION DATA (E l  73) .  4 /75 
RX C TOTAL CROSS SECTION BUMP WITH [ J+ I / 2 )X= .06  SEEN BY CARROLL 76 2177" 

R2 Y~I( ISBOI FROM KBAR N TO LAMBDA P{ SQRT(PI~P2) 4 /75 
R2 L + . I 0  .02 LITCHFIEI 74 DPWA 0 K- P TO tAM P{ 4/75 
RE NOT SEEN ENGLER 76 HBC + KL P TO PI+ LAM 2177~ 
R2 NOT SEEN CAMERON2 77 HBC + KL P TO PI+ LAM 1178" 

R3 Y '1 (1580 ]  FROM KBAR N TO SIGMA PI SQRT(PI~ I 'p3)  4/75 
R3 L * . 03  .04 LITCHFIEL T4 DPWA KBAR N MULTICHNL 4175 
R3 NOT SEEN ENGLER 76 HBC + KL P TO PI+ SIGO 2177~ 
R3 NOT SEEN CANERON2 77 HBC + KL P TO PI+ SIGO 1 /78 .  

REFERENCES FOR Y* I i I 580 )  

LITCHFIE 74 PL 51B 509 LITCHFIELD (CERNIIJP 
CARROLL 76 PRL 3T 806 +CHIANG,KYCIA,LI~MAZUR,MICHAEL÷ [BNL) I  
ENGLER T6 PL 63B 231 +KEYES,KRAEMER,SCHLERETH~TANAKA+ (CARNtANL)I 
CAMERON 7B NP B132 189 +CAPILUPPI÷ (BGNA+EOIN+GLAS+PISA*RHELII 

PAPERS NOT REFERRED TO IN DATA CARDS. 

CARROLL 75 APS BRKLY MTG 208 CARROLL~OHIANG,KYCIA,LI,MAZUR,MICHAEL+IBNL)I 
L I  73 PURDUE CONF. 283  L I  {BNLII  

Note on Z(1620) 

This state was first suggested by the BNL-CCNY 

collaboration (CRENNELL 68) who presented evidence 

for it in the reaction K n ÷ ~(1620)-~ ~ with 
+ + 

~(1620)-- decaying into AT-. Since then there have 

been conflicting reports about this state (or 

states). 

Total Cross-Section Experiment 

A measurement of the K-p and K-d total cross 

sections in the 0.4 to i.i GeV/c range has been 

reported by the BNL group (CARROLL 76). Three 

narrow (i0- 15 MeV wide) bumps in the I= 1 K N 

cross section are seen at 1583, 1608, and 1633 MeV. 

220 

Data Card Listings 
For notation, see key at front of  Listings. 

Formation Experiments 

There is evidence from several partial-wave 

analyses for one or two fairly narrow states within 

~50 MeV of the effect seen in production; see the 

entries for ~(1580,3/2-), ~(1620,i/2-), and ~(1660, 

1/2 + ) . Note however that the various analyses do 

not agree on the widths and branching ratios of 

these states. 

Production Experiments 

A good review of the production experiments 

has been given by MILLER 70. There has been no new 

evidence from production experiments since 1970. 

The existing evidence is only in the A~ channel. 

The BNL-CCNY collaboration (CRENNELL 69) claimed 

the effect in the AT channel with no evidence seen 

in KN or KN~. SABRE 70 studied the same reaction 

at 3.0 GeV/c with comparable statistics and did not 

see any evidence for it in the A~ channel; on the 

contrary, they believed it to be a spurious peak 

resulting from misidentified 7.0 from the production 

of ~(1670) decaying into 7.0~T+. ~ 70 studied 

the same reaction at 4.5 GeV/c and reported a state 

at 1640 MeV, again decaying only into AT (no evi- 

dence seen in EX or KN channels). Upper limits on 

production cross sections for a 25 GeV/c ~- beam 

are reported by HUNGERBUHLER 74. 

In conclusion, for understanding of the 

T. (1620) we probably have to wait for more data and 

for a more complete understanding of the entire 

mass region from 1600 to 1700 MeV. The closeness 

of the 7.(1620) mass to 1670 MeV is suggestive that 

this effect may be related to what goes on in that 

region (see the "Note on ~(1670)" below). 

I ( 82o)I . . . . .  ................ 
THE $11 STARE AT 1697 MEV REPORTED BY VANHDRN 7S IS 
INTERMEDIATE IN MASS BETWEEN THE SIGMA(16EO) AND 
SIGMAIIT50).  HE TENTATIVELY LIST IT UNDER SIGMA(IT50). 
CARROLL 76 SEES TWO BUMPS IN THE I= l  TOTAL CROSS 
SECTIONS NEAR THIS MASS. 

32 Y~L IL62D)  MASS (MEV) 

M (L620.)  RIM 71DRWA K-MATRIX ANAL. 3/71 
M 16BO.O (10 .0 )  LANGBEIN 72 IPWA MULTICHANNEL 12/72 
M t 1608. 5. CARROLL 76 DPWA I=1 TOTAL CS 2177" 
M H 1633. 10. CARROLL 76 DPWA I= I  TOTAL CS 2177" 

M 
AVG 1613.0 10.0 AVERAGE (ERRDR INCLUDES SCALE FACTOR OF 2 .2 )  
STUDENTI612.1 5.6 AVERAGE USING STUDENTIO(HI I . I I i  - -  SEE MAIN TEXT 

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

BE y~ [ ( i 620 )  WIDTH IMEV) 

W (40 . )  KIM 71DPWA K-MATRIX ANAL. 3/71 
W 65.0 (20 .0)  LANGBEIN 72 IEWA MULTIDHANNEt 12172 
W L ( 15 . ]  CARROLL 76 DPWA I=1 TOTAL CS 2 /77*  
W H ( i 0 . )  CARROLL 76 OPWA I= l  TOTAL CS 2 /77"  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of  Listings. 

32 Y* I l I 620 )  PARTIAL DECAY MODES 

DECAY MASSES 
Pl Y * I l L62011N IO  KBAR N 597+ 939 
P2 Y*1 (16201  INTO S[GNA PI 1197+ 139 
P3 Y*I(16201 INTO LAMBDA PI 1115+  136  

32 Y * I ( 1620 I  BRANCHING RATIOS 

RI Y * I I IE20 )  INT~ KBAR N (P I )  
RI TO.DE) KIN 710PNA K-MATRIX ANAL* 3 /71  
R I  A O.O5 OR LESS WONG 71DPWA K-+P--LAM+PI 10171  
RI 0.22 10.02) LANGBEIN 7B IPWA MULTICHANNEL 12/7B 
R I  L TOTAL CROSS SECTION BUMP NITH (J+ l l 2 )X= .O6  SEEN BY CABROLL 76 2 /77 *  
R[ H TOTAL CROSS SECTION BUMP WITH (d+l121X=.04 SEEN BY CARROLL 76 2 /77*  
RI A K-MATRIX FITINEGLECTS 3-BODY CHANNELSI REQUIRES NO RESONANCE lO IT l  

R2 Y ' 1116201  FROM KEAR N TD SIGMA PI SQRTIPI*P2) 
R2 (0 .08 }  KIN 710PWA K-MATRIX ANAL. 31T1 
R2 0 . 4 0  10.061 LANGBEIN 72  IPWA MULTICHANNEL L2/72 
R2 NOT SEEN HEPP2 7E DPWA -O  K- NUC TO GIG PI 2 /77*  

R3 Y*1116201 FROM KBAR N TD LAMBDA PI SORTIPI*P3) 
R3 10.151 KIN 7 l  OPNA K-MATRIX ANAL. 3/71 
R3 NOT SEEN BAILLON 75 IPWA KBAR N TO LAM PI  11/75 

REFERENCES FOR Y* I ( 16BO]  

KIN 71PRL  27 356 J K KIM (HARV)IJP 
ALSO 70 DUKE 161 J .K .  KIN [HARV)IJP 

NONG 71 NC 2A 353 N S WONG (YALE(IJP 
LANGBEIN 72 NP B47 477  +WAGNER (MPIMI I JP  

BAILLON 75 NP B94 39 P. BAILLON,P. J .  LITCHFIELU [CERN,RHEL]IJP 
CARROLL 76 PBL 37 806 +CHIANG,KYCIA,EI,MAZUR,MICHAEL+ (BNL)I 
HEPP2 76 PL 65B 487  +BRAUN,GRIMN,STROBELE,THOL+(EERN~HEID,MPIM}IJP 

PAPERS NUT REFERRED TO IN DATA CARDS 

VANHORN 7B NP B87 I 45  A .  J ,  VAN HORN (LBL ( I JP  
ALSO 75 NP BB7 157 A ,  J .  VAN HORN (LBL) IJP 

1 6 ~ 0  MEV REGION - PRODUCT[ON EXPERIMENTS 

78 Y* I I I 620 ,  JP= I I = l  PRODUCTION EXPERIMENTS 

SEE THE MINI-REVUE AT THE START OF THE Y* LISTINGS. 

THIS RESONANCE NEEDS CONFIRMATION. THE RESULTS OF 
CRENNELL 69 AT 3 .9  GEVIC ARE NOT CONFIRMED BY THE SABRE 

COLLABORATION AT 3.0 GEVIC (SABRE 70} .  HOWEVER IN AN EXPERIMENT AT 
4.5 GEVIC, AMMANN 70 SEE A PEAK AT 16~2 MEV WHICH ON THE BASIS OF 
BRANCHING RATIOS THEY UO NUT AGSOCIATE WITH THE Y* I I IB7O) .  SEE MILLER 
70  FOR A REVIEW OF THESE CONFLICTS. 

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

78 Y * I ( 1620 )  MASS (MEV} (PROD. EXP,) 

M N ( 1616 .0 (  ( 8 . 0 (  CRENNELL 68  OBC + -  K -D  3 .9  BEVIC 11 /68  
M N EVENTS OF CRENNELL 68 ARE IN THE LARGER SAMPLE OF CRENNELL 69. 
M 20 161B.  O 3,0 BLUMENFEL 69  HBC + KO LONG + PROTON 9 /69  
M 1619.0 8.0 CRENNELL 69 OBC + -  K -N  TO LAM 3 PI 9 /69 
M 1642.0 I 2 . 0  AMMANN 70 DBC K-N 4.  S GEV/C 9/73 
M . . . . . . . . .  
M AVG 1619o4 3.B AVERAGE (ERROR INCLUDES SCALE FACTOR OF i . ~ I  
M STUDENTI619.1 3 .0  AVERAGE USING STUDENTIOIH/ I . I I )  - -  SEE MAIN TEXT 

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

78 Y~1(16201 WIDTH (MEV} (PROD. EXP.) 

N [ 66 .0 )  [ 16 .0 )  CRENNELL 68  DBC ~ -  SEE NOTE N ABOVE 1 1 1 6 8  
20 30 .0  I 0 , 0  BLUMENFEL 69 HBC + 9 /69 

W 72.0 22.0 15.0 CRENNELL 69 OBC 9/69 
w 55.0 24 .0  AMMANN TO DBC K-N ~ .5  GEVIC 9/73 
R . . . . . . . . .  
W AVG 41.3 lB.B AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5) 
W STUDENT 40.7 10,4 AVERAGE USING STUOENTIO(HII,1I) - -  SEE MAIN TEXT 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

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

78 Y '1(1620)  PARFIAL DECAY NODES (PROD. EXP.) 

DECAY MASSES 
P l  Y~1 (1620 ]  INTO KBAB N 497+ 939  
P2 Y ' 1 ( [ 620 )  INTO LAMBUA PI 1115+  139 
P3 Y~1(1620) INTO Y~1 (1385 l  P I  1BB4+ 139  
P4 Y * I ( 1620 ]  INTO LAMBOA PI PI 111B+ 139+ 139 
P5 Y * I I I 6BO(  INTO SIGMA P/ 1197+ 139 
P6 Y ~ I I I 6 2 0 1  INTO Y*O(14OS]  PI 1405+  139  

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

78 Y* l ( 1620 (  BRANCHING RATIOS (PROD. EXP,) 

R I  Y '1(1620)  INTO (LAMBDA PI  PIi I(LAMBDA PIT (P~) I IPB)  
R1 14 ( 2 . 51  APPROX BLUMENFEL 69  HBC + 

R2 Y ' l { 1620 (  INTG (KBAR NII(LAMBDA P I (  (P I ) I (P2 ]  
R2 (o ,o )  ( 0 . 1 I  CRENNELL 68  OBC + 
R2 0 .4  0 .4 AMMANN 70 DBC K-P 4 .5  GEVIC 6 /70  

R3 Y * I I I 620 I  INTO LAMBUA Pl (P21 
R3 LARGE CRENNELL 68  DBC + -  11 /6B  

R4 Y~1 (1620 )  INTO (Y~LiLBBS) PI)I(LAMBUA P I (  (PB(/(PB) 
R4 (O ,Z (  (O , l l  CRENNELL 68  OBC +- 11 /68  
R4 (O.B) OR LESS EL= .95  AMMANN 70 OBC K-P  4 .5  GEV/C 6 /70  

B5 Y*I IL6201 INTO (SIGMA PIII(LAMBDA PI }  IPS ) / (P2 I  
R5 (1 ,11(95  PC UPPER LIMIT)  AMMANN 70 DBE K-N ~.5 GEV/C 9/73 

Rb Y~ I I I 620 )  INTO (Y*OI I4O5I  PII/(LAMBDA P I )  (P6 I I (P2 }  
R6 0.7 0.4 AMMANN 70 OBE K-P ~.B GEVIC 6170 

Baryons 
~.(1620), ~(1660) 

&EFERENCES FOR Y* I [ 1620 )  (PROD. EXP.) 

CRENNELL 68 PRL 21 648 +DELANEY~ FLAMINIO, RARSHON, + (BNL,CUNY) I 
BLUMENFE 69 FL 29B 58 BLUMENFELD, NALBFLEISCH (BNL( I 
CRENNELL 69 LUND PAPER iB5 +KARSHONe LAh  ONEIL, SCARR, + {BNL~CUNY( I 

RESULTS ARE QUOTED IN LEVI SETTI 69. 

AMMANN 70  PRL 24 327 + GARFINKEL~ CARMONY, GUTAY,+ (PURDUE,INDI 
ALSO 73 PRD 7 1345  AMMANN~CARMONY,GARFINNEL, (PURD+ IUPUI  

ARMENTER 68  NP BB 18B 
LEV ISETT  69  LUND CONF 
IRIPP 69 UCRL 19361 
ARMENTER 70  DUKE 123  
MILLER 70 DUKE 229  
SABRE 70 NP Bl6 201 
HUNGERBU 74 PRO tO 205I 

PAPERS NOT REFERRED TO IN DATA CARDS 

AFMENFEROSvBAILLON + (CERN+HEID+SACLI 
R LEVI SETTI  (RAPPORTEURI EFINS 
R O TRIPP {LRL I  
ARMENTEROS,BAILLON + (CERN+HEID+SACL(  
D H MILLER (REVIEW TALK( (PURDUE( 
SABRE COLLAB. ISACL,AMSTtBGNAtREHO,EPOL) 
HUNGERBUHLER,MAJKA,+ (YALE,FNAL,BNL,PITT) 

I z ( 1 6 8 o ) 1  . . . . . . . . . . . . . . . . . . . . . .  
" - SEE THE MINI-REVUE AT THE START OF THE Y*  LISTINGS. 

T9  Y~1 (1660 ]  MASS (MEVI  

M 1500. - -  1600. ARMENTERO TO HDBC -0  K-N TU SIGMA El 6170 
M (16T0.( KIM TI DPWA N-MAIRIX ANAL. 3/71 
M 2 (1621.)  LEA 73 OPWA NULTICHNL K-MTRX 9173 
M 2 ONLY UNCONSTRAINED STATES FROM TABLE I OF LEAF3 ARE IN LISTINGS, 9173 
M 1658 .  ( 4 . ]  HART 73 DPWA EL+CX,.T-.8GEV/C 2174 

1 (1660.)  (30.1 BAILLON 7 5  IPWA KBAR N TO LAM PI 1 1 1 7 5  
L FREM SOLUTION [ OF BAILLON 75, NOT PRESENT IN SOLUTION 2 1 1 / 7 5  

M 3 (1671. ]  ( 2 , )  PONTE 75 DPWA O K- P TO LAM P( 117fi 
M 3 FROM SOLUTION B OF PONTE 75t NOT PRESENT IN SOLUTION 1. 1176 

1668. I 2B . l  VANHORN 75 DPWA 0 K- P TO CAM PIO 11175 
4 1565 .  OR 1597 .  MARTIN ?T DPWA KBAR N NULTICHNL I I 177 "  

M 4 THE TWO ENTRIES FUR MARTIN 77 OORRESPONU TO EXTRACTION OF RESONANCE 
M 4 PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 

M 1676. (15.1 RLIC 7T DPWA KBAR N MULTICHNL 1176 
M 1679. ( IO . )  ALSTON 7B DPWA KBAR N ELASTIC 1 /78"  

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

79 Y * I ( 1 6 6 0 1  WIDTH IMEV) 

N (50 .0 )  ARMENTERO 70  HDBC -O K-N TO SIGMA PI B/70 

w (50 . l  KIN 710PWA K-MATRIX ANAL. B /71  
w 2 151 .81  LEA 73  OPWA MULTICHNL K-MTRX 9 /73  

40. ( 10 . (  HART 73 DPWA EL+CX,.T-.8GEV/C 2J74 
(8O.)  (40.1 BAILLON 7P IPWA KBAR N TO LAM PI 11175 

w (81 . )  ( 10 . )  PONTE 75  DPWA 0 K -  P TO LAM P I  1 / 76  
230. (165 . )  (6O . I  VANHORN 75  OPWA 0 K- P TO LAM P lO  11175  W 

w 4 202 ,  OR 217 .  MARTIN 77 OPWA KBAR N MULTICHNL I l l 77 *  
W 120. IBO. I  RLIC 77 DPWA KBAR N MULTICHNL 1176 
W 38.  ( iO . (  AtSEON 78  OPWA KBAR N ELASTIC l l TB*  

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

79  Y*£(1660} PARTIAL DECAY MODES 

DECAY MASSES 
P1 Y.1 (16601  INTO KBAR N 497+  939  
P2 Y ' I ( 1660 (  INTO SIGMA P( L IgT÷  139 
P3 Y ~ I ( 1 6 6 0 1  INTO LAHBDA PI 1115+  139 

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

79 Y~1(1660( BRANCHING RATIOS 

RI Y*111660 I  FROM KBAR N TO SIGMA Pl  SQRT(PI*P2) 
RI [+0 .2)  ARMENTERO 70  HOBO -0  K-N TO SIGMA PI 6 /70  
RI (0 .24 (  KIN 710PWA K-MATRIX ANAL. 3 /71  
R1 2 ( - . 21 l  LEA TB OPWA MULTICHNL K--MTRX 9/73 
RI NOT SEEN HEPP2 76 DPWA -0  K- NUC TO GIG PI 2 /77*  
RI 4 ( - . 34 )OR - , 37  MARTIN 77 OPWA KBAR N MULTICHNL 11177* 
RL - . 16  ( . 03 )  RLIC 77  DPWA KBAR N MULFICHNL 1176  

R2 Y ' 1 (1660 )  INTO KBAR N (E l l  
R2 (0 .14 (  RIM 71 OPWA K-MAIRIX ANAL. 3 /71  
RB 2 ( . 10 (  LEA 73 OPWA MULTIDHNL K-MTRX 9 /73  
R2 . l l  ( . 02 (  HART 73 DPWA EL+CXt.7-.8GEV/C 2 /79  
R2 ~ (.ZT)OR ,29 MARTIN 77  DPWA KBAR N MULTICHNL E l /77*  
R2 LESS THAN .04  RLIC 77 OPWA KBAR N MULTICHNL 1 /76  
R2 .10 1.05) ALSTON 78 DPWA KBAR N ELASTIC ]ITB~ 

R3 Y* I (L660 )  FROM KBAR N TO LAMBDA Pl SQRT(PI*P3I 
R3 {O.Ol KIN 71DPWA K-MATRIX ANAL. 2/73 
R3 12 {+ .o7 )  LEA 73 DPWA MULTICHNL K-MTRX 9/73 
R3 I - o04 )  { . 02 )  BAILLUN 7B IPWA KBAR N TO LAM PI 11175 
R3 3 [+ .16)  I .O I I  PONTE 75 DPWA 0 K- P TO LAM PI 1/76 
RB .12 { . 12 )  ( . 04 )  VANHORN 75 DPWA 0 K-- P TO LAM RIO 11/75 
B3 4 ( - . IO IDR  - . 11  MARTIN 77  DPWA KBAR N MULTICHNL 11177~ 
R3 LESS THAN .04 RLIC 77  OPNA KBAR N MULT]CHNL 1/76 

REFERENCES FOR Y.1(1660) 

ARMENTER 70  DUKE 123 ARMENTEROS, BAILLONp + (CERN,HEIDEL(IJP 
KIN 71PRL  27 3B6 J K KIN (HARV) I JP  

ALSO 70 DUKE I6 I  J .  K, KIM (HARVIIJP 
HABT 73 PURDUE CONF. 311 +RICE,BACASTOWsFUNG,+ (TENN+UCR+MASA+BUFFIIJP 
LEA 73 NP B5B 77 +MARTIN,MOORHOUSE+ {RHEL+LOUC÷GLAS+AARHUS)IJP 

BAILLON 75 NP B94 39  P, BAILLON,P. J ,  L ITCHF IELD  (CERN,RHELIIJP 
PONTE 75 PRO 12 2597  +HERTZBACH,BUTTON-SHAFER+ (NASA+TENN+UCR)IJP 
VANHORN 7B NP BB7 1~5 A. J ,  VAN HORN (LBLI IJP 

ALSO 75 NP BB7 157  A .  J ,  VAN HORN (LBL I I JP  

HEPP2 76 PL 65B 487  +BRAUN,BRIMM,STROBELE~THOL+(CERN,HEIO,MPIMIIJP 

MARTIN 77 NP B127  3 4 9  MARTIN,PIDCOCK,MOORHDUSE (LOUC+GLAS)IJP 
ALSO 77 NP B [26  266  MARTIN ,P IOCOCK ILOUC)  
ALSO 77 NP B126 285  MARTIN,PIDCOCK ILGUCI I JP  

RLIC 77 NP Bl19 362 GDPAL,ROSS,VAN HORN,MCPHERSON+ {LOIC+RHEL)IJP 
ALSTON 78 LBL -6784  +KENNEY,POLLARD,ROSS+ (LBL+MTHO+CERNI I JP  

ALSO 77 PRL BB IOO7 ALSTON-GARNJOST,KENNEY (LBL+MTHO+CERNIIJP 



Baryons 
z( 6vo) 

Note on ~(1670) 

Production Experiments 

The measured 7.~T/~TT1T branching ratio for pro- 

duced [(1670)'s is strongly dependent on momentum 

transfer. This was first discovered by EBERHARD 69, 

who suggested the existence of two Y;'s with the 

same mass and quantum numbers; one object with a 

large ~z [mainly A(1405)~] decay mode produced 

peripherally, and another one with a large ~z decay 

mode produced at larger angles. This observation 

has been confirmed by AGUILAR-BENITEZ 70, ASPELL 74, 

ESTES 74, and TIMMERMANS 76. When determined, the 

most likely quantum numbers are 3/2- [for both ~z 

and A(1405)Z]. There is also the possibility of a 

third Y; state, referred to as ~(1690) in the Data 

Card Listings, with a large ]~z/~z branching ratio 

and somewhat larger mass. The large branching 

ratio is the main justification for this hypothesis 

and needs confirmation. These problems have been 

reviewed by EBERHARD 73 and MILLER 70. 

Formation Experiments 

Two states are also observed near this mass in 

formation. One of these, the Z(1670, 3/2-), has the 

same quantum numbers as those observed in production 

and a large Zz/Ez~ branching ratio. It may well 

correspond to the produced Z(1670) seen at larger 

angles. (See TIMMERMANS 76 on this point. ) The 

other state, the ~(1660, 1/2 + ), has different 

quantum numbers from those seen in production, and 

its Z~/Z~ branching ratio is unknown. Thus its 

relation to the produced Z(1670) remains obscure. 

(See also the "Note on ~(1620)" above.) 

1 .( 67o)1 . . . . . . . . . . . . . . . . . .  ) l=,  
SEE THE MINI-REVUE AT THE START OF THE Y*  LISTINGS. 

WELL ESTABLISHED RESONANCE. IT HAS BEEN SEEN IN BOTH 
FORMATION AND PRODUCTION EXPERIMENTS. 

SEE LISTING OF PRODUCTILN EXPERIMENTS BELOW 

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

44 Y* l ( I 670 )  MASS (MEV) 

1660 .0  
1668 .  ( 5 . I  

N (1661 ,0 (  ( 2 . 0 )  
M 1680o 
M 1663 .0  ( 2 . 0 )  
N 1&72 .0  
N L660 .  
M IbB l ,O  (3 .0 I  

1 6 6 2 . 0  15 .01  
1665 .  ( lO . I  

M 1676 .  12 . )  
N 1670. 
M 1675.0 (15 .0 )  

1685 .  ( 20 . I  
C l 167Z . I  ( 3 . I  

M C FROM SOLUTION I OF PONTE 75. 
M D ( lBS5 .1  ( 2 . l  
M D FROM SOLUTION 2 OF PONTE 75 .  

BERLEY 64 HBC 0 X-P TO LAM PIO 7166 
ARMENTER 68 HBC 0 K-P ELAS.+CH.EX I I l 6B  
ARMENTE2 68  HBC o K -P  TO SIGMA PI  11 /68  
ARMENTE4 6B DBC K -N  TO S IG-  PIO 12168  
ARMENT-5 69  HBC 0 K -P  TO SIGMPI ED 9 /69  
BERLEY 69 HBL K-P TO BIG PI 5/70 
ARMENTER 70 HBC 0 K--P TO LAN. PI El 5170 
BRUCKER 70 DBC - K-N ID SIG 2Pl 10/T1 
GALTIERI 70 HBC O SIG PI,EDPWA 7170 
GALTIERI 70 HBC 0 tAM. P I ,  EDPWA 7170 
BUDGEN 710PWA LAM PIO,LHS DATA 30171 
KIN 71 OPWA K-MATRIX ANAL. 3171 
LANGBEIN 72  IPWA NULTILHANNEL 12172  
BAILLON 75 IPWA KBAR N TO LAM PI  11175  
PONTE TB DPWA 0 K -  P TO EAR P [  L I76  

1176 
PONTE 75 DPWA O K- P TO LAM PI 1176 

1 /76  
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Data Card Listings 
For notation, see key at front of  Listings. 

M 1659 .  ( 12 . )  (B . )  VANHORN 75 DPNA 0 K -  P TO LAM PIO 11175 
M (1650.)  BELLEFON 76 IPWA 0 K- P TO LAW PI 2/77~ 
M 1670. ( 6 . )  HEPP2 76 DPWA -O K- NUt TO SIG Pl 2 /77*  
M 1 1667 ,  OR 166B .  MARTIN 77  OPWA RBAR N MULTILHNL 11177*  

l THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TD EXTRACTION OF RESONANCE 
t PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 

M 1670 ,  (E . )  RLIC 77  DPWA REAR N MULTICHNL 1 /76  
M 1679 .  ( lO . I  ALSTON 78  OPWA KBAR N ELASTIC 1 /70~  

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

44 Y=1 (16701  WIDTH (MEV) 

60 ,0  BERLEY 64  
56 ,  ( 18 . )  ARMENTER 68  

w [44 .0 ]  (A.OI ARMENTE2 68  
W 47 .0  ARNENTE4 69  
w 49 .0  (4 .0 )  ARMENT-5 69  
w 34 .0  BERLEY 69 
w 50 .  ARMENTER 70  
w 30.0 [ I 0 . 0 I  BRUCKER 70 
W 48 .0  ( 5 . 0 l  GALTIERI 70  
W SO. ( I 0 . )  GALTIERI 70 
W 59 ,  ( 4 . 51  BUDGEN 71 
N KIN T l  

W LANGBE I N 72 

W C 
w D 
W 
N 

W 1 
W 

HBC ~ 7/66 
HBC K-P ELAS.+LH.EX 11168 
HBC 0 K-P TO SIGMA PI 11168 
OBE K-N 10  S IG -  P IO  12 /6B  
HBC 0 K-P TO SIGMPI ED 9/69 
HBC 5/70 
HBC 0 K-P TO LAMB.El $170 
OBC - K-N TO BIG ZPl 10171 
HBC 0 BIG PI,EDPWA 7170 
HBC 0 LAM. P I ,  EDPWA 7170 
OPWA LAM PIO 10 /71  
OPWA K-MATRIX ANAL,  3 / 71  

IPWA MULTICHANNEL 12/72 

40. 
65.0 ( 20 .0 I  
70. ( 20 . )  BAXTER 73 DPWA 0 K- P TO NEUTRALS 10174 
85. (25.1 BAILLON 70 IPWA KBAR N TO LAM PI I I 175  

(44 .1  ( I I . )  PONTE 75  OPWA 0 K -  P TO LAW PI  1176  
( 76 . )  ( 5 . )  PONTE 75  DPWA 0 K- P T0 LAM P( l i T6  
32. ( 11 . I  VANHORN 75 OPNA 0 K- P TO LAM PIO I I 175  

( 80 . )  BELLEFON 76 IPWA 0 K- P TO tAN P( 2177" 
56 .  ( 3 . )  HEPP2 76  DPWA -0  K- NUC TO SIG PI 2177~ 
A6. OR 46. MARTIN 77 DPWA KBAR N MULTICHNL 11177*  
50. (5.1 RtIC 77 DPWA KBAR N MULTICHNL 1176 

W 56 .  i 20 . )  ALSTON 78 DPWA KBAR N ELASTIC I ITB = 

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

4~  Y *L I I b70 I  PARTIAL DECAY MODES 

DECAY MASSES 
P ]  Y *1 (16701  INTO KBAR N 497+  939  
P2 Y* I [ / bTO)  INTO LAMBOA PI I l l S+  139  
P3 Y~I I I6TO) INTO SIGMA P]  I197+ 139  
P4 Y * l l I 670 I  INTO LANBDA P I  PI 1115+ 139+ 139 
RE Y* I I 1670 I  INTO SIGMA PI  PI 1197+ 139+ 139 
P6 Y* I (1670)  INTO Y* I ( 1385 I  P l  S-WAVE 139+1384 
P7 Y*L (1670 I  INTO Y*O(1405 I  P I  1405+  139  
P8 Y~ [ ( I 6701  INTO LAMBDA(1520 )  PI I 39 .1518  

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

RI 
R1 
RI 
RI 
RI 
RI 
RI 
RI 
RI 

R2 
R2 

R3 
R3 
R3 

R4 
R4 

RE 
R5 
R5 
RB 
R5 
RE 
R5 
R5 
t15 
RB 
RE 
R5 
R5 
RS 
RS 
RE 

R6 
R6 
R6 
R6 
R6 
R6 
R6 
R6 
R6 
R6 
R6 

R7 
117 
R7 
RT 

R8 
RB 
RB 
PB 

R9 
1t9 

44 Y~L tL670 }  BRANCHING RAIIDS 

Y* I { 1670 I  INTO (KBAR N)ITOTAL (PIT 
(0 .09 )  ( 0 . 02 I  ARMENTER 6B HBC 9169  
0.08 ( 0 . 02 I  ARMENT-5 69 HBC 0 ELAS. +OH.IX. ED 9/69 
0.07 RIM 710PWA K-NAT~IX ANAL. 3 /7 I  
0.10 (0 .03 (  LANGBEIN 72 IPWA NULTICHANNEL 12172 
NOT SEEN HART 73  DPWA EL+CX,.7-.8GEVIC 2 /74  

1 (.OTIOR .OT MARTIN 77 DPWA KBAN N MULTICHNL I I 177 .  
.OR ( . 03 I  RLIC 77 OPWA KBAR N MULTICHNL I176 
• 11 ( . 03 I  ALSTON 78 DPWA KBAR N ELASTIC 1 /781  

Y# t (16TO)  INTO (LANBDA PI PIIITOTAL (PAl 
(o , I t I  OR LESS ARMENTE3 68  HBC K--P (P l= ,09 )  9169  

Y= I ( I 670 )  INTO [SIGMA PI PII ITOTAL (PET 
A (0 .14 )  OR tESS ARMENTE3 6B HBC K--P AND D-Pl=.O9 l l / 6B  
A RATIO ONLY FOR (SIGBPII  SYSTEM IN I= [ t  WHICH CANNOT BE Y~I[L3BS) L I l 6B  

Y~111670) INTO (YtO(1405I PIIITOTAL IP l )  
( 0 . 06 )  OR LESS ARMENTE3 68  HBL K -P  AND D-P I= .09  11 /68  

Y~1 (1670 ]  FROM KEAR N TO LAMBDA P( SQRT(PI~PB) 
(+0.1(  ARMENTER 70HBC K-P TO LAMB P( 5170 

PUBLISHED SIGN CHANGED TO AGREE WITH LUNO 1969 CONVENTION (SEE TEXT] 10174 
+0.09 (0 .02 )  GALTIERI 70 HBL 0 LAM. P I ,  EDPWA 7170 

• 165 (.011 BUDGEN 7 I  OPWA LAM RIO I0171 
0.08 KIN 710PWA K--MATRIX ANAt. 317I  
0.13 ( 0 . 03 I  LANGBEIN 72 IPWA MULTICHANNEL 12172 
+ .10  ( . 02 )  BAXTER 73 DPWA 0 K -  P TO NEUTRALS 10174  
+ .018  . 060  DEVENISH TA 0 F IXED T O ISP  REL 4 /75  
+.06 ( . 02 )  BAILLON 75 IPWA KBAR h TO LAM Pl I [ 175  
(.OBl { . 01 )  PONTE 75 DPWA 0 K- P TO LAM P[ 1176 
( . 17 I  ( . 01 )  PONTE 75 DPWA 0 K- P TO LAW PI I176 
+.09 (.021 VANHORN 75 DPWA 0 K- P TO LAM RiO [1 /75  

(+.05)  BELLEFON 76 IPWA O K- P TO LAM P( 2177* 
(+.OBIOR +.08 MARTIN 77 DPNA KBAR N NULTICHNL 11177" 

+ .1o  I .O2 I  RLIC 77 OPNA KBAR N MULTILHNL 1 /76  

Y~IKXbTOJ FROM KEAR N TO SIGMA P( SGRT(PI~P3) 
(÷0 .2 [ )  (O.Of)  ARMENTEB 68 HEC 0 DLD DATA [ [ 168  

+0 .19  ARNENTE4 6% DBL 9 /69  
+0 ,20  IO .O l l  ARMENT-5 69  HBC 0 NEW DATA 9169  
+0 .18  BERLEY 69 HBC 5 /70  
+0 . I 8  (0 .06)  GALTIERI 70 HBC 0 SIG PI~EDPWA 7170 

0.15 RIM 71DPWA K-MATRIX ANAL. 3171 
0.23 (0 .05 ]  LANGBEIN TB IPWA MULTILHANNEL 12172 
+.20 ( . 0 I )  HEPP2 76 OPWA -0 K- NUt TO BIG PI 2177" 

[+ . IB )OR + . I 7  MARTIN 77  DPWA KBAR N MULTICHNL 111776  
+.21 ( . 02 I  RLIC 77 OPWA KBAR N MULTICHNL 1176 

Y . ( ( t 6701  FROM KBAR N TO Y=I( [3BB) El S-WAVE SORT(EL*P61 
(0 .17 )  10.02) SIMS 68 DEC - tAM 2PI CROS.SEC I017 i  

SIMS 68 USES ONLY CROSS-SECT. DATA. RESULT USED AS UPPER LIMIT ONLY 3172 
+ . l I  . 03  PREVOST 74  DPWA 0 -  K-N TO S ( [ 385 )P I  10174  

Y t I ( I 670 (  INTO (YtO(14051PII*(KBAR NI /TOTAL=*2  (P7*Pt)  
(0 .03 )  OR LESS BERLEY 69  HBC 0 K -P  . 6 - . 82  BEV/C 5170  

B 0.007 (0 .002)  BRUCKER 70 DBC - K-N TO BIG 2El 10171 
B ASSUMING YtOIIBO5) Pl CROSS SECTION BUMP DUE SOLEY TO 3/2-  MESON. 10171 

Y* l (1670)  INTO (Y~O(IA05I P I I I (Y * I I I 3851P I )  (PTI / (P6)  
0.23 (O.CBl BRUCKER 70 DEC - K-N TC S]G 2El 10171 

RIO V~ I I 1670 )  FROM KBAR N TO LANBDAI I520 )  P I  SQRT(P I *PE)  
R IO  3 . 081  . 0 [ 6  CAMERON 77  DPWA 0 P-WAVE DECAY 
RIO 3 CAMERON77 UPPER LIMIT ~h F-WAVE DELAY IS .03 
RIO 3 ASSUMES LAMBDA(IEZO) ELASTICITY=.46. 

I / 7B~  
1 /78~  
1 /78~  
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Data Card Listings 
For notation, see key at front of Listings. 

BERLEY 

ARMENTER 6 8  NP B8  195 
ARMENTEI 6 8  NP RB 183 
ARMENTE2 68 NP 88 223 
ARMENTE3 68 PL 28B 521 
SIMS 68 PRL 21 I 4 1 3  

ARMENTE4 6 9  NP BID 459 
AERENT-5 6 9  NP B14 01 
3ERLEY 69 PL 308 43O 

A k M E N T E R  7O DUKE 123 
BRUCKER 70 DUKE L55 
G A L T I E R I  7 0  DUKE I 7 3  
BUDGEN 71LNC 2 85  
K I M  7 1 P R L  2 7  5 5 6  

ALSO 7 0  DUKE 1 6 1  

REFERENCES FOR Y '1 ( I 670 )  

64 DUBNA CONF 1 565 +CONNDLLY,HART,RAHM,STONEHILL, + ( B N L I I J P  

ARMENTERDS,BAILLON + (CERN+HEIO+SACLAYIIJP 
ARMENTEROS,BAILLON (CERN+HEIO+SACLAYIIJP 
ARMENTEROS+BAIILON + (CERN+HEID÷SACLAY)IJP 
ARMENTEROS,BA[LLON + (CERN+HEID+SACLAY)I 
SIMS, ALBRIGHT,BARTLEY,MEER+ (FSU,TUFT,BRAN) 

ARMENTEROS,BAILLON,MINIEN + |CERN+SACLAY) J 
ARMENTEROS, BAILLON, + [EERN,HEIDEL,SACLAY)IJP 
BERLFY,HART,RAHN,WILLIS,YAMAMOTO IBNL) 

ARMENTEROS~ BAILLON, + (CERN,HEID| 
÷HARRISON,SIMS,AIBRIGHT~CHANDLER*+ (FSU)I 
A. BARBARO GALTIERI (LRLI IJP 
D BUDGEN (DURH)IJP 
J K KIM (HARVIIJP 
J .  K* KIM (HARVIIJP 

LANGBEIN 72 NP 847 ~ 7 7  +WAGNER (MPIMIIJP 
3AXTER 7 3  NP 8 6 7  1 2 5  BAXTER,BUCKINGHAM*DORBETT,OUNN,+ IOXFOBD)IJP 
HALT 73 PURDUE CONF. 311 ÷RICE,BACASIOW,FUNG,* [TENN+UCR+MASA+BUFF)IJP 
DEVENISH 74 NP B81 330 
PREVOST 7 4  NP 3Bg 246 

BAILLON 75 NP B94 39 
PDNTE 7 5  PRD I 2  2 5 9 7  
VANHORN 75 NP BE7 145 

ALSO 7 5  NP B87 1 5 7  

R E L L E F O N  76  NP B 1 0 9  1 2 9  

HEPP2  7 6  PL 6 5 8  4 8 7  
CAMERON 77  NP 8 1 8 1  3 9 9  
MARTIN 77  NP B 1 2 7  3 4 9  

ALSO 7 7  NP 8121 266 
ALSO 71 NP 8126 285 

RLIC 77 NP BLI9 362 

ALSTGN 78 LBL-6784 
ALSO 77 PRL 38 tO07 

OEVENISH,FROGGAIT,MARTIN(DESY,NORDIIA,LOUC) 
PREVOST,BARLOUTAUD,* (SACL+CERN+HEID) 

P. BAILLDN,P. J .  LITCHEIELD (CERN,RHEL)IJP 
+HERTZBACH,BUITON-SHAFER÷ (MASA+TENN+UDR)IJP 
A. J .  VAN HORN (LBL) IJP 
A. J .  VAN HORN (LBL) IJP 

DE BELLEFON,BERTHGN ICDEF)IJP 
+BRAUN,GRIMM, STROBELE,THOL*(CERN,HEID,NPIM)IJP 
+FRANEK,GOPAL,KALMUS,MCPHERSON÷ (RHEL+LD[CIIJP 
MARTIN,PIDCOCK,NOORHOUSE ILOUC+GLAS)IJP 
MARTIN,PIDCOCK [LOUCI 
MARTIN,PIDEOCK (LOUCIIJP 
GDPAL,ROGS,VAN HORN,MCPHERSON+ (LOIC÷RHELIIJP 

+KENNEY,POLLARD,ROSS÷ [LBL+MTHO+CERN)IJP 
ALSTON-GARNJOST,KENNEY (LBL+MTHO~CERNIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

BASTIEN1 6 3  PRL t O  1 8 8  P L BASTIEN, J P BERGE (LRL) IJ  
REPLACED BY BASTIEN 2,  BUT SIMILAR AND MORE REAOILY AVAILABLE. 

BASTIEN2 63 UCRL-ID779 THESIS P L 3ASTIEN ( L R L I  I J  
T - Z A O E H  6 3  PRL 11 4 7 0  T A H E R - Z A D E H , P R O W S E , S C H L E E N , S L A T E R , +  ( U C L A I  JP  

SEE N O T E  F O L L O W I N G  S C H L E I N  6 6 .  
S C H L E I N  6 6  U C L A - 1 0 L 6  P . E ,  S C H L E I N I  T . G ,  T R I P P E  ( U C L A I  JP  

R E A N A L Y S E S  D A T A  OF T A H E R - Z A D E H  6 3  , B A S T I E N  6 3  AND A L L  P U B L I S H E D  
LAMBOA Pl CROSS SECTION DATA IN THE LIGHT OF THE NOW KNOWN 
Y*L(17651 . REVERSES TNE MODEL-DEPENDENT CONCLUSION OF TAHER- 
ZAOEH ON THE PREFERRED JP ASSIGNMENT (FROM 3 3+  TO 3 ( 2 - I . I  

SMART 66 PRL 17 556 W M SMART,A KERNAN,G E KALMUS, R P ELY ILRL I I JP  
ARMENTER 67 NP B3 592 ARMENTERDS,FERRO-LUZZI+ (CERN,HEID,SACLAYI 
PREVOST 7 l  AMSTERDAM CONF + CHS COLLABORATION ICERN+HEID+SACL) 

****** ********* ********* ***~***** ********* ********* ~******** ******** 

r.(167o) I 
I B I J M P S  . . . . . . . .  7 . . . . .  , i=i P . . . . . . . . . .  ss SECT . . . .  s. 

SEE NOTE PRECEDING Y*111670I 
PROBABLY THERE ARE TWO STATES AT SAME MASS WITH SAME 
QUANTUM NUM3ERS, ONE DECAYING INTO SIGMA P( AND LAMBOA 
P I ,  THE OTHER INTO Y*O(tS05I  P I .  

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

51 Y* I (1670 )  MASS (MEVI (PROD. EXP.I 

M [ 1 6 8 5 . 0 1  ALEXANDER 6 2  HBC - 0  PI-P 2 - 2 . 2  BEVIC 
M [660.0  10.0 ALVAREZ 63 HBC + K-P 1.51 BEV/C 
M ( 1 6 6 5 . 0 }  ( 5 . 0 )  BUGG 6 8  C N T R  K - P ,  D T O T A L  C.S 
M P 7 0 ( 1 6 ~ , ] , I  1 9 . )  P R I M E R  6 8  HBD • K - P  4 . 6 - 5 .  O E V / C  7 / 6 8  

M P SEE BARNES 69 FOR NEW ANALYSIS OF DATA 13 TIMES MORE DATA) 10169 
M 1670.0 6 .0  AGUILAR 70 HBC SIG.PI  R-P A GEV 5170 
M 1668.0 IO.O AGUILAR 70 HBC SIG.2PI K-P 4GEV 5/70 
M 1 6 6 5 .  1 . 0  A P S E L L  7 4  HBC K -  P 2 . 8 7  G E V / C  4 / 7 5  
M 1200 1688+/-2.  OR 1683+I -5 .  BERTHON 7 4  HBC O QUASI 2 30DY CS 4175 
M 5 1670. 4 .  CARROLL 76 OPWA I= I  T O T A L  CS 21771 
M 5 TOTAL CROSS SECTION 3UMP WITH (J+112)X=.23 B 1 7 7 *  
M 2 1675. IO. HEPPI 7 6  ORE - K-N Io3-1.75 GEV 2177" 
M B ENHANCEMENTS IN SIG P[ AND SIG PI P( CHANNEL CROSS SECTIONS. 2/77" 
M 1655. TO 1677. TIMMERMA 76 HOD + K- P 4.E GEVIC 2/77* 
M . . . . . . . . .  
N AVERAGE MEANINGLESS (SCALE FACTOR = 1.0) 

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

51 Y-1(1670) MASS IMEV) (PROD. EXP.) 

W [45 .0 )  ALEXANDER 82 HBC -0  
W 40.0 I 0 . 0  ALVAREZ 63 HBC + 

w ( 3 0 . 0 )  [ 1 5 . 0 1  BUGG 68 CNTR 1 1 / 6 6  

w P 70 160. I  (20.1 PRIMER 68 HBC + K-P 4 .6 -5 .  GEVIC 7 / 6 8  
w t t o . o  12.0 AGUILAR 70 HBC SIG.PI  K - P  4 GEV 5/70 
W 138.0 40.O 30.0 AGUILAR 70 HBC SIG.ZPl K-P 4GEV 5/70 
w 6 7 .  2 . 4  A P S E L L  7 4  HBC K -  P 2 . 3 7  G E V / C  4 / 7 5  

w SEE THE NOTES ACCOMPANYING THE MASSES Q U O T E D .  
w 5 ( 52 . )  C A R R O L L  76 DPWA 1=i TOTAL CS 2 /77*  
W 48. TO 63. TIMMERMA 76 HBE + K- P 4.2 GEVIC  2 /77*  
W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = 3 , 2 1  

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

51 Y*E(IbTO) PARTIAL DECAY MODES (PROD. EXP.) 

DECAY MASSES 
P I  Y * I ( I 6 7 D )  INTO KBAR N 4 9 7 +  9 B 9  

P2 Y * I ( 1 6 7 0 1  INTO LAMBOA PI 1113+  139  
P3 Y*I(16701 INTO SIGMA Pl 1 1 9 7 +  139 
P4  Y* I (167DI  INTO LAMBOA Pl P l  1 1 1 3 ÷  i 3 9 +  1 3 9  
P5 Y * I I I 6 7 0 1  INTD SIGMA PI PI 1197+  139+ 139  
P6 Y* l ( 167o I  I N T O  Y* I I I 3B5 )  PI  1 3 8 4 +  139 
P7 Y*I(16701 INTO Y*O( 14051 PI 1405+ 139 

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

Baryons 
Y . ( 1 6 7 0 )  

5 I  Y* t ( IBFO)  BRANCHING RATIOS (PROD. EXP.) 

R[ Y.1(1670I  INTO (KBAR NI/(SIGMA PI ]  (P1 ) I (P3 I  
RI 0 (0 .19)  OR L E S S  ALVAREZ 6 3  HBC + K-P 1.15 BEVIC 
RI ( 0 . 5 ) + -  .25 DR MORE SMITH 63 HBD -0  
RI {0.61 DR LESS LONDON 66 HBC + R-P 2.25 BEVID 7166 
El (0 .025)  BUGG 6 8  CNTR 0 ASSUMING J=3/2 11/66 
R1 0 [ 0 . 24 )  OR LESS PRIMER 68 HBC + K-P 4 .B -5 .  GEVIC 7168 
R[ (0 .26 )  OR LESS BARNES 6 9  HBC + K-P 3 .9 -5  GEVIC I 0 / 6 9  

R1 ( 0 . 2 ]  OR L E S S  AGUILAR 70 HBC 5/70 
RI (O.LO) OR LESS BERTHON 74 HBC O QUASI 2 30DY CS @/75 
RI ( . 03 )  OR LESS TIMMERMA 76 HBC + K- P 4.2 GEV IC  2 /77"  

R2 Y ' 1 ( 1 6 7 0 )  IN70 (LAMB.P l ) I (S IG P l )  (P2 I I IP3 ]  
R2 130 11*20) ALVAREZ 63 HBC + K-P 1 . I 5  BEVIC 
R2 ( [ . 2 )  SMITH 6 3  HBC -0  
RZ 0.15 6 4  HBC + 

0.6  6 6  HBC + K-P 2.25 BEV/C 7 / 6 6  
0 , 0 7  HUWE 

R2 OR L E S S  LONOON 
R2 3 3  0 . 1 1  0 . 0 6  B U T T O N - S  6 B  HBC + K - P  AT 1 . 7  G E V / C  I 0 / 6 9  
R2 P 0 ( 0 . )  P R I M E R  6 8  HBC K - P  3 . ? - 5  G E V / C  1 0 / 6 9  

R2 P PRIMER 63 ASSUMED ~HIS DECAY TO BE ALL Y* ( I 690 ) -  SEE BARNES 69 FOR 
R2 P NEW INTERPRATATION OF DATA.(3 TIMES MORE DATA) - 
R2 0.45 0.15 BARNES 69 HBC +0 K-P 3 .9 -5  GEVIC 10169 
R2 ( . 55 )  ( . I l l  BERTHON 74 HBC QUASI 2 BODY CS 4175 
R2 .78 .09 ESTES 74 HEC O K-P,2oLeZ.6GEVIC [1175 
R2 ( . 45 )+ I -  .07 OR LESS  TIMMERMA 76 HBC ÷ K- P 4.B GEV IC  2177" 
R2 . . . . . . . . .  
R2 AVERAGE MEANINGLESS (SCALE FACTOR = 3o7) 

R3 Y* I (1670)  INTO (LAMB. P( P I I / (S IG  P I )  (PS) I IR3 ]  
R3 90 (0.561 ALVAREZ 63 HBC + K-P 1.15 BEV/E 
R3 (0 .17 I  SMITH 63 HBC -0  
R3 [0.61 OR LESS LONDON 66 HEC • K-P AT 2.15 BEV/C 7/66 

R4 Y* I (1670)  INTO (SIGMA P( P I ) I (S IG  P I )  (P5 ) / IP3 )  
R4 130 (0 .56 }  ALVAREE 63 HBC + K-P 1.15 BEV/C 
R4 B LARGEST A7 SMALL ANGLES ESTES 74 HBC 0 K-P,2.1÷2.6GEVIE 11/75 
R4 2 [ O . 2 ) O A  L E S S  H E P P I  7 6  OBC - K - N  [ . B - 1 . 7 5  GEV 2 / 7 7 *  

R5 Y* I ( I 67D I  INTO IY*O(1405] P I ) I (S IG  P I )  (P7)1(P3) 
R5 50 3,  1.B LONDON 68 HBD + K-P 2.25 8EV/C 7/68 
R5 P I T  ( 0 , 5 8 )  ( O . 2 0 }  P R I M E R  6 8  HBC ÷ K - P  4 . 6 - 5 .  G E V / C  7 / 6 8  
R5 B LARGEST AT SMALL ANGLES ESTES 74 HBD +- K-P 2oI÷2.BGEV/C 11/75 
R5 BO 1 ° B + 1 - 0 . 3  TO 0 . 0 2 + / - 0 . 0 7  T I N M E R M A  7 6  HBC + K - P  4 . 2  G E V / C  1 1 / 7 7 "  
R5 O DEPENDING ON PROOUCTIDN ANGLE 

R6 Y '1 i1670)  INTO (SIGMA PI ] / (SIGMA PI P I )  (P3 I I (PS)  
R6 ,4  OR L E S S  BIRMINGHA B 6  HBC ÷ K-P AT 3.5 GEV/C 11/67 
RB 0 , 5 0  0 . 1 5  LONDON 6 b  NBC + K - P  2 . 2 5  G E V / C  7166 
RB E BETWEEN 2.5 AND 0.24 EBERHARO 69 MBC K-P AT 2.6 GEV/C 9169 
R6 0 DEPENDING ON THE PRODUCTION ANGLE 
R6 B VARIES WITH PROD. ANGLE APSELL 74 HBC + K-P 2.87 GEVIC 4115 
R6 ( 1 , 3 9 )  ( .161 BERTHON 74 NBC 0 QUASI 2 BODY CS 4175 
R6 B APSELL 74, ESTES 74 AND EINNERMANS 76 FIND STRONG BRANCHING R A T I O  
R6 B DEPENDENCE ON PRODUCTION ANGLE, AS IN EARLIER PROD. EXPERIMENTS. 

R7 ¥ 'L (1670)  INTO (Y*OILSO5) P I I I IS IGMA PI P I )  (P7 I / (P5 )  
R7 0 . 9 0  O , l O  0 . 1 6  EBERHARO 6 5  HBC + K - P  2 . 4 5  B E V / E  7 / 6 6  
R7 i . O 0  . 0 2  A P S E L L  7 6  HBC K -  P 2 . 8 7  G E V / C  4 / 7 5  
R7 .97 *08 TIMMERNA 76 HBC K- P 4.2 GEV/C 2/77* 

RT . . . . . . . . .  
RT AVERAGE MEANINGLESS (SCALE FACTOR = I .O )  

RB Y ' I LL670 )  INTO (Y'O(1405) P l ) /KY* I [ 1385 )  P l )  IP7 ) I (P6 }  
RB ( 0 . 8 I  OR L E S S  EBERHARD 6 5  HBC + K - P  2 . 4 5  B E V / D  7 /66  

R9 Y ' ( ( L670 )  INTO (LAMBDA Pl P l ) / (SIGNA P( P I I  (P4) I (PS)  
R9 0.35 0.2 BIRMINGHA 66 HBC + K-P AT 3.5 GEV/C 11/67 

RIO Y*I(1BFO) INTO (LAMBOA PI ) I IS IGMA P (P I )  (P2 I I (PS I  
RIO ( .Z )  OR LESS BIRMINGHA 66 HBC + K-P AT 3.5 GEVIC 11/67 

R11 Y.1(1670) INTO (LAMBDA PIII ILAMBOA PI + SIG PI)  [PZ) I IP2+P3)  
N I l  ( 0 . 6 )  OR LESS AGUILAR 70 HBC 5/70 

RE2 Y * I I I 6 7 0 )  I N T O  ( Y * I I I 3 B 5 ]  P I ) / ( S I G M A  P I )  ( P B I / ( P 3 I  1 / 7 6  
RIB ( . 211+ I -  .05 OR LESS  TIMMERMA 76 HBC K- P 4.2  GEVIC 2/77*  

51 V* l ( IBTO}  QUANTUM NUM3ER DETERMINATION (PROD. EXP.I 

Q l  J P = - 3 / 2 +  LEVEQUE 6 5  HBC I N T O  Y * I I 4 G 5 ) + P I  1 1 / 6 8  

Q3 JR=3/2- EBERHARD 67 HBC ÷ INTO Y*(E405I Pl 11/68 
Q4 AO0 JR=3/2- BUTTON-SH 88 HBC +- INTO SIGZERO÷PI 11/68 

R E F E R E N C E S  FOR Y * I ( ~ 6 7 0 )  ( P R O D .  E X P . )  

ALEXANDE 62 CERN CONF 320 ALEXANOER,JACOBS~KALBFEEISCH,MILLER,+ (LRL) I 
A L V A R E Z  6 3  PRL 10 1 8 4  ÷ A L S T O N t F E R R O - L U Z Z I , H U W E ,  + ( I R L )  I 

SMITH 6 3  A T H E N S  CONF 6 7  G A SMITH (LRL) 
HUWE 6 4  PR 180 1824(19691D 0 HUWE [LRL) 
EBERHARD 65 PRL 14 466 +SHIVELY,ROSS,SIEGAL,FICENEC, + (LRL, ILL)  I 

BIRMINGH 66 P~ 152 1148 BIRMINOHAM,GLASGOW, I .E .Y  OXFORD,RUTNERFORO 
LONDON 6 6  PR 143 1034 +RAU,SAMIOStYAMAMOTO,GOLOBERG,+ (BNL,SYRA) I J  
BUGG 68 PR 163 1466 •GILMORE,KNIGHT,DAVIES+ IBIRM,CAVE,RHELII 
BUTTON-S 68 FRL 21 1123 J BUTTON SHAFER (MASA+LRL) JP 
PRIMER 68 PRL 20 6[0 +GOLOBERG,JAEGER,BARNES,OORNAN + (SYRA,BNL) 

3ARNES 6 9  BNL I 3 8 2 ~  +CHUNG,EISNER,FLAMINIO÷ (BNL,SYRA) 
EBERHARO 69 PRL 22 200 +FRIEONAN,PRIPSTEIN,ROSS (LRLI 
AGUILAR 70 PRL 25 58 +3ARNES, BASSANO, CHUNG, EISNER,+(BNL,SYRA) 

A P S E L L  74  PRO 1o  1 4 1 9  APSELL,FORD,GOUREVITEH+I3RAN,UMD,SYRA,TUFTII 
BERTHON 7 4  NC 21A 146 BERTHON,TRISTRAM,÷ (COEF+RHEL÷SACL+STRBI 
ESTES 74 LBL-3827 (THESIS] R. O. ESTES [LBLl  

CARROLL 76 PRL 3 7  8 0 6  +CHIANG,KYCIA,LI,MAZUR,MICHAEt÷ (BNLI I  
HEPP1 76 NP BILE 82 ÷BRAUN,GRIMM,STROBELE,THOL+ICERN,HEID,MPIM]I 
TIMMERMA 7 6  NP B[12 7 7  TIMMERMANS,ENGELEN+ (NIJM+CERN+AMST+OXF) JP  

PAPERS NOT REFERRED TO IN DATA CARDS 

LEVEOUE 65 PL 18 69 + (SACLAY,EPOL,GLASGOW,LOIC,OXF,RHELI JR 
LEE 66 PRE 17 45 Y Y LEE, D D REEOER, R W HARTUNG (WISE) dP 
EBERHARO 67 PR 163 1446 +PRIRSTEIN,SH[VELY,KRUSE,SWANSGN (LBL,JLL l l JP 
MILLER 70 DUKE 229 O H MILLER (REVIEW T A L K ]  (PURDUE) 
EBERHARD 73 PURDUE CONF. 247 EBERHARD (LBL) IJP 
HUNGERBU 7 4  PRD tO 2051 HUNGERBUHLER,MAJKA,+ (YALE,FNAL,BNL,PITT) 



Baryons 
r.(1690), r.(1750) 
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Data Card Listings 
For notation, see key at front of  Listings. 

Jz(JBoo) 
BUMPS ] 

> 

58 Y*1IL690,  JP= I I=1 PRODUCTION EXPERIMENTS 

SEE TEE MINI-REVUE AT THE START OF THE Y* LISTINGS. 

SEE NOTE PRECEDING Y .111670 )  L IST INGS,  SEEN 1N PRO. 
EXPERIMENTS ONLYt MAIN DECAY MODE IS LANBDA P I .  

58 Y * l ( 1690 ]  MASS (MEV) (PROD. EXP.) 

M 30 (1715 .01  (12*0)  COLLEY 67  HBC + K -P  6 GEV/C 8 /67  
M P 60 (1696 .0 )  ( 26 °0 )  PRIMER 68  HBC ÷ K -P  6 °6 -5  GEV/C 7 /68  

N ( l TO0 .O)  ( 6 °0 )  SIMS 68  HBC - K-N TO LAM P I  P I  11 /68  
66 (1682 .0 l  ( 2 . 0 )  BLUMENFEL 69  HBC + KO LONG • PROTON 9 /69  

M ( I 700 ,0 )  ( 20 .0 )  MOTT 69  HBC + K -P  5 .5  GEV/C 9 /69  
M P SEE Y~ I (1670 )  LISTING-AGUILAR 70 WITH THREE TIMES THE DATA OF 

PN PRIMER 68  SHOW THAT THEY HAVE NO EVIDENCE FOR Y* (1690 I  
THIS ANALYSIS, WHICH IS DIFFICULT AND REQUIRES SEVERAL ASSUMPTIONS 

M AND SHOWS NO UNAMBIGUOUS Y.1(1690) SIGNAL, SUGGESTS JP=512+. SUCH A 
M Y~ WOULD LEAD ALL PREVIOUSLY KNOWN Y*  TRAJECTORIES.  

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

58  Y * I ( 1690 )  WIDTH (MEV) (PROD. EXP.) 

30  ( lO0°O I  ( 35 .0 )  COLLEY 67  HBC 8 /67  
60  ( L05 .0 )  ( 35 .01  PRIMER 6E H8C 7 /68  

W N (62*0 )  ( 16 .0 I  SIMS 68 HBC - SEE NOTE N ABOVE 11/88 
W 66  (25 .0 )  ( lO .O )  BLUMENFEL 69  HBC + 9 /69  
w I 130°0 )  ( 25 .0 )  MOTT 89  HBC + 9 /69  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

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

58 Y * I ( 1690 ]  PARTIAL DECAY MODES (PROD. EXP.) 

DECAY MASSES 
PI  Y 'L (1690 )  INTO KBAR N 697+  939  
P2 YSE(1B901  INTO LAMBDA P I  1 lED÷  139  
P3 Y*L l I 6901  INTO SIGMA P I  1197• L39 
P6 Y~I(1690)  INTO Y . l ( 1385 )  P( 13B6+ 139 
P5 Y* I ( L6901  INTO LAMDDA P I  PI (INCLUDING PA) 1115+  139 ,  139 

58 V* I l 1690 )  BRANCHING RATIOS (PROD. EXP.; 

RE Y.1(1690I  INTO (KBAR N)I(LAMBDA PI )  IPX I I (P2 )  
R I  18 0 .6  O*2E COLLEY 67  HBC + 6 /30  EVENTS 8 /67  
RE (0 °2 )  OR LESS MOTT 69  HBC + 9 /69  

R2 Y* I ( 1690 )  INTO {S IGMA P I I / I LAMBOA P I )  (P3 ) / IP2 )  
R2 0 .3  0 *3  COLLEY 67  HBC * 6 / 30  EVENTS 8 /67  
R2 I 0 . 6 )  OR LESS CL= .  90 MOTT 69  HBG ÷ 9 /69  

R3 Y* I I IBgO)  INTO (Y *L I13BS)  P I I / I LAMBDA P I I 69  (P6 ) / IP2 )  
R3 (O .S I  OR LESS MOTT HBC + 9 /69  

R6 V~L (L690 I  INTO (LAMBOA P I  P I I / ( LAMBDA P1 )67  (P5J / (PZ )  
R6 0 °5  0 °25  COLLEY HBC • 15 /30  EVENTS 8 /67  
R6 2 .0  0 °6  BLUMENFEL 69  HBC + 31 /15  EVENTS 9 /69  
R4 . . . . . . . . .  
R4 AVG 0 °72  O .E3  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 .3 )  
R6 STUDENT 0 .67  0.28 AVERAGE USING STUDENTIO(H/I° I I I  - -  SEE MAIN TEXT 

R5 Y ' I l l 690 )  INTO (Y~111385 )  P I ) I ( LAMBOA P I  P I )  (P4 I / (PS )  
R5 SMALL COLLEY 67  HBC ÷ 8 /67  
R5 LARGE SIMS 68 HBC - K-N TO L2Pl I1 /6E 

COLLEY 67  PL 26B 489  
DERRICK 6T PRL 18 266  

REPLACEO BY MOTT 69 .  
PRIMER 68 PRL 2O 610  
SIMS 6B PRL 21  1613  

BLUMENFE 69  PL 298  58  
NGTT 69  PR ITT  1966  

REFERENCES FOR Y - l IE690 )  (PROD. EXP . )  

(BIRMtGLAS, LOICvMUNICHeOXFORD,RHEL) I 
• FIELDS. LOKEN, AMMAR~ (ARGONNE,NORTHWEST) I 

÷GOLDBERG, JAEGER, BARNES, ÷ ISYRACUSE,BNLI I 
÷ALBRIGHT, + (FSU,TUFFS,BRANDEIS) I 

B J BLUMENFELD. G R KALBFLEISCH IBNLI I 
+AMMAR, DAVIS, KROPAC, •(NORTHWEST,ARGONNE) I 

PAPERS NOT REFERRED TO IN DATA CARDS 

AGUILAR-BENITEZ,BARNES,BASSANO+ (BNL+SYRAI 

l m T s o ) l  E .... ,iT .......... ,I-1 

THERE IS  EVIDENCE FOR THIS STATE IN MANY PARTIAL- 
WAVE ANALYSES, BUT WITH RATHER WIDE VARIATIONS IN 
THE ~ASS, WIDTH AND COUPLINGS. THE LATEST ANALYSES 

INDICATEO SIGNIFICANT COUPLINGS TO RBARN AND LAMBDA P l .  AS WELL AS 
SIGMA ETA WHOSE THRESHOLD IS  NEARBY AT 1746  MEV (JONES 76 ) .  

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

NEAR SIGMA ETA TFRESFIOLO CLINE 67 DEC - K-N TO SIGMA ETA 9/66 
ADOUT I750 ,0  MEYER 67  RVUE 9 /69  
ABOUT 1730 .0  ARMENTERO TO HOBC -o  K-N TO LAHBDA P I  6 / 70  

( ITBT .O)  110.0) CONFORTO 710PWA o ELASTICt CH EXCH 6 /70  
l l TgO . )  KIM 710PWA K-MATRIX ANAL. S /7 I  
( I 790 .0 I  (15 .O }  LANGBELN 72 IPWA MULTICHANNEL 12/72 

M ( l i t 6 . 1  ( 10 . I  BAXTER 73  OPWA 0 K -  P TO NEUTRALS I 0174  

(ET85. J (12 . )  CHU T6 DEC - FIT SIG- ETA CS 10 /76  
l ( 1T6Oo l  IS , )  JONES 76  HBC O F IT  S IGO ETA CS 1 /76  

M ( 1739 , )  ( 10o )  PREVOST T60PWA O- K-N TO S (1385 )P I  10 /76  
M I S-WAVE BW FIT TO THRSHLD C.S. ,  NO DKGNDo ERRORS STATISTICAL ONLY I176 
M A I lTBO.)  (SO.) BAILLON 75 IPWA KBAR N TO LAM PI 11/75 
M A FROH SOLUTION I OF BAILLON 75. 11/75 

B ILTOO° )  I 30 . )  BA ILLON 75  IPWA KBAR N TO LAMP[  1 1 7 6  
B FRCM SOLUTION 2 OF BAILLON 7S .  1 / 76  

M I1697 . )  ( 20 . I  (ZO . )  VANHORN 75  DPWA 0 K- P TO LAM RIO 11 /75  

M (1730.)  BELLEFON 76 IPWA 0 K- P TO LAM P( 2 /77*  
M 3 1715. I 0 .  CARROLL 76 DPWA I=1 TOTAL CS 2177~ 

4 1800. OR 1813. MARTIN 77 OPWA REAR N MULTICHNL iL /77~ 
4 THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 

M 6 PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT,  RESPECTIVELY• 
M L770 .  15. RLIC 77 DPWA KBAR N MULTICHNL 1176 

1770 .  10. ALSTON 78  DPWA KBAR N ELASTIC 1178 "  

M AVERAGE MEANINGLESS (SCALE FACTOR = 3 .01  

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

E7 Y * l ( 1750 )  WIDTH (MEV] 

W ABOUI 50.0 MEYER 67 RVUE 9/69 
W ABOUT 80•0 ARMENTERO 70 HOBO -0  K-N T0 LAMBOA PI 6 /70  
W I55o0) ( IO.O) CONFORTO 7L DPWA 0 ELAST IC ,  CH EXCH 6 /70  
W (50 . )  KIM 71DPWA k-MATRIX ANAL. 3 / 7 l  
W (TOO.O) (20 .0 )  LANGBEIN 72 IPWA MULTICHANNEL 12/72 
W (60 . I  ( 20 . )  BAXTER 73 DPWA 0 K- P TO NEUTRALS 10174 
W (89 . )  (33 . )  CHU 74  DBC - FIT SIG- ETA CS 10 /74  
W I I 92 . (  (T * l  JONES 74  HBC 0 FIT SIG•ETA CS I176 
W (108 . )  ( 20 . I  PREVOST 76  OPWA O- K-N TO S I I 385 )P I  10176  
N A (140.1 ( 30 . l  BAILLON 75 IPWA KBAR N TO LAM Pl 11/7E 

B (160 . )  ( 50 . )  BAILLON T5 IPWA KBAR N TO CAM PI 1/76 
( 66 . )  116.) [ 12 . |  VANHORN 75 OPWA O K- P TO LAM PIO l i l T5  

W I I IO . )  BELLEFON 76  IPWA 0 K- P TO LAM Pl 2177* 
W 3 I IO . }  CARROLL 76  DPWA I= I  TOTAL CS 2177* 

6 I 17 .  OR 119. MARTIN 77 DPWA KBAR N MULTICHNL 11177. W 
W 60. 10. RLZC 77  DPWA KBAR N MULTICHNL 1/76 
W 161. 20. ALSTON 78 DPWA KBAR N ELASTIC I l TE*  
M . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = 4 .5 )  

57  Y * I ( 1750 )  PART IAL  DECAY MODES 

DECAY MASSES 
PI  Y ' l i l T50 )  INTO KBAR N 697• 939 
P2 Y* I I 17501  INTO SIGMA ETA 1197+  568  
P3 Y ' 1 (1750 )  INTO LAMBOA P1 1115+  136  
P6 Y.1(1750) INTO SIGMA P( 1197+  139  
P5 Y ' L I LT50 )  INtO SIGMA(1385) P I  139 •1384  
P6 Y* I ( I 7EO)  INTO LAMBDA(1520) Pl I 39+1518  

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

57 Y ' l (17501  BRANCHING RATIOS 

Y* I I ITSO)  INTO (KBAR N)ITOTAL (P I )  
(O.E2) (0•05)  CONFORTO 710PWA 0 ELASTIC. CH EXCH 6 /70  
( 0 . 8 )  RIM 710PWA K-MATRIX ANAL. 3171 
(0 .65)  (0 .05 )  LANGBEIN 72  IPWA MULTICHANNEL 12/72 

3 TOTAL CROSS SECTION BUMP WITH I J+ l / 2 )X= .30  SEEN BY CARROLL 76 2177" 
4 (.06)OR .05 MARTIN 77 DPWA KBAR N MULTIEHNL 11/77~ 

• 15 *03  RLIE 77  OPWA KBAR N MULTIEHNL 1/76 
• 33  .G5 ALSTON TB OPWA KBAR N ELASTIC t178 .  

AVERAGE MEANINGLESS (SCALE FACTOR = 3 .1 )  

Y.1(1750) FROM KBAR N INTO SIGMA ETA SQRT(PI*P2) 
SEEN CLINE 69  DBC-  THRESHOLD BUMP 9 /69  

I ( . 23 )  ( . 01 ]  JONES 74  HBC 0 EIT SIG•ETA CS I176 

Y~ I I I 750 )  FROM KERR N INTO LAMBDA PI SQRT(P I *P3 ]  
2 I -G.2E)  ARMENTERO 70 IRMA -O K-N TO LAMBOA P( B/70 
2 PUBLISHED SIGN CHANGED TO AGREE WITH LUNO L969 CONVENTION (SEE IEXTI I 0 / 74  

R1 
R I  
R I  
R I  

R I  
RE 
R I  
RL 
R I  
R1 

R2 
R2 
R2 

R3 
R3 
R3 
R3 

R3 
R3 
R3 
R3 
R3 
R3 
RB 

R6 
R6 
R6 
R6 
R4 

R5 
R5 

R6 
R6 
R6 

(0.091 KIM 7 I  OPWA K-MATRIX ANAL• 3/71 
10.30) IO.GE) LANGBEIN 72 IPWA MULTIEHANNEL 12172 
( - . 28 )  ( . 05 )  BAXTER 73 DPWA 0 K- P TO NEUTRALS 10/76 
( - . I 20 )  1.07TI DEVENISH 74 0 FIXED T DISP REL 6/75 
l - . 12 I  ( . 02 )  BAILLON 7E IPWA KBAR N TO tAM P( 11/75 
l - - . I J I  ( . 03 )  BAILLON 75  IPWA KBAR N TO LAM PI 1 /76  
( - .131 ( . 06 )  VANHORN 75 DPWA 0 K-  P TO LAM PIO 11/7E 
I - . I 2 )  BELLEFON 76 IPWA O K-  P TO LAM P( 2 /77 *  
G-oLD)OR i . 09  MARTIN 77  DPMA KBAR N MULTICHNL I1177~ 

( °04)  ( . 03 (  RLIC 77 DPWA KBAR N MULTICHNL i176 

Y * I I 1750 )  FROM KBAR N T0 SIGMA PI SQRT(PI*PA) 
(0 .16 )  KIM 71DPWA K-MATRIX ANAL. 3/71 
I 0 . 13 )  (0 .02 )  LANGBEIN 72 IPWA MULTICHANNEL I2172 
(*.0610R +.06 MARTIN 77 DPWA KBAR N MULTICHNL 11177~ 
- . 09  .OR RLIC 77 DPWA KBAR N MULTICHNL 1176 

SQRTIP I *P# )  
O- K-N TO S(13BS}PI 10174 

SQRTIPE*P6 )  
0 P-NAVE DECAV 1 /78 "  

I 178 -  

Y*L I1750I  FROM REAR N TO SIGMA(IJB5) PI 
• .18 . I 5  PREVOST T4 DPWA 

Y*IKI7501 FROM KBAR N TO LAMBOA(1520) PI 
5 .032 .021 CAMERON 77 DPWA 
5 ASSUMES LAMBDA(1520) ELASTICITY=.46 

REFERENCES FOR Y* I (E7501  

CL INE  67 PL 258 41 CL INE t  OLSSON IWISEONSINIIJP 
MEYER 67 HEIDELBERG C [17 J MEYER (RAPPORTEUR) (SACLAY)IJP 
ARMENTER 70 DUKE 123 ARMENTEROS, BAILLON, + (CERNtHEIOEL)IJP 

*LEVI SETTI,LASINSKI..OBERLACK÷÷ (EFI÷HEIDI IJP CONFORTO 71 NP 836 41 
KIM 7 I  PRL 27  356  J K KIM 

J.  K. KIM IHARVIIJP ALSO 70 DUKE 16i  
LANGBEIN 72 NP 847 477 

BAXTER 73 NP BE7 125 
CHU 74  NE 2OA B5 
JONES 7~ NP 873 141 
DEVENISH 74 NP BET 33O 
PREVOST 74 NP 869 246 

BAILLON 75 NP BDR 39  
VANHORN 75 NP BE7 145 

ALSO 75 NP 887  157  

BELLEFON T6 NP B109 L29 
CARROLL 76 PRL 37  806 

CAMERON 77 NP B13Z 399 
MARTIN 77 NP 8127 349 

ALSO 77 NP EL26  266  
ALSO 77 NP BE26 285  

RITE 77 NP BI19 362  

ALSEON T8 LSL -67E4  
ALSO 77 PRL 38  I 007  

(HARV)IJP 

*WAGNER IMPIM)IJP 

BAXTER,BUEKINGHAMeCORBETT,OUNN,• (OXFORDIIJP 
CHU.BARTLEY.• (SUNY PLATTSBURGH•TUFTS÷BRANIIJP 
JONES (U. CHICAGOIIJP 
DEVENISH,FROGGATI,MARTINIDESY.NORDITA,LEUC) 
PREVOST,BARLOUTAUO,• (SACL•CERN*MEID) 

~ . BAILLON,P. J .  LITCHFIELO IEERN,RHELIIJP 
• J .  VAN HORN (LBL) IJP 

A. J •  VAN HORN ILBL) I JP  

DE BELLEFON,BERTHON (CDEFIIJP 
• CHIANG,KYEIA,LI,MAZUR,MICHAEL• (BNLI I  

• FRANEK,GGPAL,KALMUS.MCPHERSON+ (RHEL•LOIC)IJP 
MARTIN,PIDCOCK,MOORHOUSE ILOUC÷GLAS)IJP 
MARTIN,PIDEOCK (LOUE) 
MARTIN.PIDCOCK ILOUCIIJP 
GOPAL,ROSS,VAN HORN,MCPHERSON• (LOIC+RHEL)IJP 

• KENNEY,POLLARD,RDSS+ ILBL•MTHO•CERNIIJP 
ALSTON-GARNJOST, KENNEY (L BLtMT HO•CERN I I JP  
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Data Card Listings 
For notation, see ke~ at front of  Listings. 

Baryons 

PAPERS NOT REFERRED TO IN DATA CARDS 

FERRO-LU 66 BERKELEY CONF 183 M FERRO LUZZ] (RAPPORTEUR) (CERNI 
ARMENTER 68 NP BB t83 ARMENTEROS, BAILLON, + (CERN,HEIDEL,SACLAYIIJP 
ARMENTER b9 LUNO CONF PAPER APMENTEROS. BAILLON, + (CERN,HEIOEL, SAOLAY)IJP 
HARRIS[N 70 FSU-HEP 70 3 1 w.c .  HARFISON (THESIS( (FSU) 

Iz(176s)l . . . . . . . . . . . . . . . . . . . . . .  

SEE TEE MIN]-RgVIEW AT THE START OF THE Y* LISTINGS. 

45 Y'1(17651 MASS (MEVI 

M 1765.0 IO.O GALTIERI 63 DOE 0 K-D 1.51 BEV/C 
M 1785.0 10.0 ARMENTER 65 HBC 0 K-P TO Y¢1820 PI 7/66 
M 17bO.O 10.0 BECL I 66 DBC - K-N TO Y'1520 PI 7/66 
M N 1768.0 2.0 ARMENT-I 68 DPWA 0 ELASTIC. CH EXCH 11/68 
M N 1768.0 4.0 BUGG 68 ENTR K-P, D TOTAL 11/66 
M 1775.0 7.0 SMART 68 RVUE -O K-N TO LAMBOA Pl 7168 
M 1770.0 tO.O COOL 70 CNTR K-P, D TOTAL tO/T0 
M 1765.0 IO.O GALTIERI 70 OPWA 0 K-P TO LAMBOA Pl 7 /70 
M N 1770.0 3.0 CONFORTO T l  OPWA 0 ELASTIC, CH EXCO 6 /70  

KIM 71DPWA K-MATRIX ANAt.  3/71 M (1765.1 
M 1758.7 3 .9  BARLETTA 72 DRWA 0 KPPI 0.8-1.2GEV 12/72 

1765.0 9.0 KANE 72 OPWA 0 K-P TO PI SIG 10/71 
N I770 .0  5.0 LANGBEIN 72 IPWA MULTICHANNEL 12/72 

M 1778. i 0 .  BAILLON 75 IPWA ROAR N TO LAM PI 11175 
M 177A. tO. VANHORN 75 DPWA 0 K- P TO LAM PlO 11/75 
M (1765.)  BELLEFON 76 IPWA 0 K- P TO LAM Pl 2177~ 

I 1772. OR 1777. MARTIN 77 OPWA KBAR N MULTICHNL I I / 77 "  
1 THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 

M I PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT,  RESPECTIVELY. 
M 1774. 5. RLIC 77 DPWA KBAR N MULTICHNL 1/76 

1777. 5. ALSTON 78 OPWA KBAR N ELASTIC 1/76~ 
N ERROR STATIST. ONLY- NO ERROR OUR TO PARTICULAR P.W.ANAL. INCLUDED I /T1  

M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 1.01 

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

45 Y~1i17651 WIDTH (MEV) 

60.0 I0.0 
70.0 20.0 

w 128.0 B.O 
w 110.0 7.0 
w [A6.O 9.0  
W ( [O0.OI  
w 115.0 I 0 . 0  
w 132.0 1o.o 
w ( lOO. I  
w 107.2 10.9 
w t20,O B8.O 
w IZB.O IO.O 
w 125. 15. 
W 146. 18, 

1120.1 
1 102, OR 10B. 

W 130, I0. 
w I16 .  lO. 
W . . . . . . . . .  
w AVG 117.4 6.2 
w STUDENT 120.4 3 .7  

(SEE IDEOGRAM BELOW ) 

GALTIgRI 63 OBC O 
BELL 2 66 DBC - 7/66 
ARMENI--I 68 OPWA 0 ELASTIC, OH EXCH 11168 
BUGG 68 CNTR K-P,D TOTAL 7/68 
SMART 68 RVUE -0  7/68 
COOt 70 CNTR K-P, O TOTAL 10/70 
GALTIERI 70 OPWA o K-P TO LAMBOA PI 7170 
CONFORTO 71DPWA 0 ELASTIC, CH EXCH 6/70 
KIM 71DPWA K-MATRIX ANAL. 3/71 

OARLETTA 72 DPWA 0 LAM(LSZOIPI OH. I2 /72  
KANE 72 DPWA 0 K-R TO P( SIG 10/71 
LANGBEIN 72 IPWA MULTICHANNEL 12/72 
OAILLON 75 IPWA KERR N TO LAM PI 11/75 
VANHORN T5 DPWA 0 K- P TO LAM PIO 1[175 
BELLEFON 76 IPWA 0 K -  P TO LAM PI 2/77~ 
MARTIN 77 OPWA KBAR N MULTICHNL 11/77= 
RLIC 77 DPWA KBAR N NULT[CHNL 1/76 
ALSTON 78 DPWA KBAR N ELASTIC 1/78"  

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 . 2 I  
AVERAGE USING STUOENTIO(HIl.11) - -  SEE MAIN TEXT 

WEIGHTED AUERAGE = 117 .4  ± 6 .2  

ERROR SERLEO 8Y 2 . 2  

~ .  . . . . .  ALSTON 

. . . . .  R L I C  

/ ~ - - ~  . . . .  8 A I L L O N  

~ _ _ ~ I i i  - . L R N 6 8 E I N  

• " "KANE 

" ' ' B A R L E T T A  

" ' C O N F g R T O  

i - - ~ -  . . . . . .  6ALT IER I  

- . 8 U 6 &  

/ i - ~ -  . . R R M E N T - 1  

~ - - - - - p  ~ . . . .  BELL  2 6 6  DSC 

. . . . . .  ALT IER I  63  OBC 

B~O lOB 150  2 0 0  2 5 8  

Y m l ( 1 7 g 5 )  WIDTH (MEU)  

C H I S Q  

78  DPUA 0 . 0  

77 DPWA 1 . 6  

75  OPWR 2 . 5  

75  I P U Q  0 . 3  

?2  I P U A  0 . 3  

72  DpI, J A 

72  DPIJA 0 . 9  

71 DPWR 2 . 1  

70  OPUR 0 . 1  

G8 RUUE 10 .1  

68 CNTR I , I  

68  DPUA 1 , 7  

S . G  

3 3 . 0  

5 8 . 3  

( C D N L E U  
=0 .000 )  

45 Y*L(17651 PARTIAL DECAY MODES 

DECAY MASSES 
Pl Y'111765) INTO KBAR N 497+ 939 
P2 Y*1(1765}  INTO LAMODA PI 1118+ 13~ 
P3 Y.1(1765) INTO Y*OIL520I Pl 1518+ 139 
P4 Y * I ( 1 7 6 5 }  INTO Y*111585) PI O-WAVE 139+1384 
P5 Y* I (1765 }  INTO SIGMA PI 1197+ 139 
P6 Y*1(1765)  INTO SIGMA ETA 1197+ 548 
P7 Y~1(1765) INTO SIGMA Pl PI L197+ 139+ 139 

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

FITTED PARTIAL DECAY MODE BI~ANCHING FRACTIONS 

The ~trix below is derived from the error matrix for the fitted partial decay mode 

branching fractions, Pi' as follows: The diagonal elements are Pi±EPi , where 

6P i = ~ while the of E-dia~onal elements are the normalized eorrelaLion coeffi- 

cients <OPibP j }/(OP i • 5Pj). For the definitions of the individual Pi' see the listings 

above; on/y those ID i appe&rin B in the ~trlx are assumed in the iit to be nonzero and 

are thus constrained to add to f. 

P 2 P B P 4 P 5 P 6 P l 

; 2' . . . . . . . . . .  o 8 1 o  B~ . . . . . . . . . .  
P 3 -.387B - .  0146 .1929+- .0381 
P % -.2953 .0151 .114[ .0859+-.0090 
P 65 --.1128 oCOB7 .0434 .OSB2 , Ot45~,OO44 

.0836 - °3500  - . 8 4 1 6  - . 2 6 3 8  - . 1350  .1534+- .0842 

45 Y~E(1765I BRANCHING RATIOS 

ERRORS QUOTED BY EXPERIMENTERS DO NOT INCLUDE UNCERTAINTY DUE 
TO PARAMETRIZATION USED IN THE P.W.A. THEY SHOULD 8E INCREASED. 

Rl Y* I (L765 )  INTO (KEAR NIITOTAL 
R1 (0.61 
R1 0.53 0.09 
g l  0,45 0,01 
R1 (0.371 
R1 0 ,86  0,02 
RI I 0 . 4 )  
RE 0*36 0.02 
R1 (0.421 
RI 0 .39 0.01 
Rl I ( .57)OR ,36 
R1 .41 .03 
Rt .87 .03 
R I  
R1 

R1 
R1 

(P1) 
GALTIERI 68 HBC 0 R-P RVUE 
UHLIG 67 HBC O 9/66 
ARMENT-I 68 DPWA o ELASTIC, CH EXCH I I / 6 8  
BUGG 68 CNTR 11/66 
BRICMANL 70 DPWA SIGTOT,ELAS,CHEX 1/71 
COOL 70 CNTR K-P, D TOTAL 10/70 
CONFORTO 71 DPWA 0 ELASTIC, CH FXCH 6 /70  
KIM 71DPWA K-MATRIX ANAL. 3/71 

LANGBEIN 72 IPWA MULTICHANNEL 12/72 
MARTIN T7 DPWA KBAR N MULTICHNL I1/TT~ 
RLIC 77 OPWA KBAR N MULTICHNL 1/76 
ALSTON 78 DPWA KBAR N ELASTIC I178$ 

AVG 0.407 0.016 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 .6 ]  
STUDENT 0.3030 0.0093 AVERAGE USING SFUOENTIO(HII.EL| - -  SEE MAIN TEXT 
FIT 0.413 0.014 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2,~.) 

ISLE IDEOGRAM BELOW ) 

U E I G H T E D  RUERAGE = 0 . 4 0 7  ± 0 . 0 1 6  

ERROR SCALED BY 2 . 6  

i ~  Values above of w e i g h t e d  average, 
error, and scale factor are for the 
reader I s convenience onl 7. The 
data were actuaUy processed by a 
constrained f i t  program, whi_ch -- 
calculates its own values of x, 5xj 
and scale factor, which are dJ/fer- 
ent from the values shown here. 

CHISQ 

. . . . . . . .  n , s T o ,  7 .  o p . .  1 5  
i 

/ - ~  t . . . . . . . .  R L T C  7 7  o P . .  D O  

/ ~ -k  t I . . . . . . . .  L A N G B E I N  7 2  IPWA 2 , 9  

~ - - " L k  t . . . . . . . .  CONFDRTn 71  DPUR S , S  

/ ÷ i t / "  "l . . . . . . . .  8 R Z C , . . I  70 8 P . .  5 . 5  

/ ] ~ - ~ L  . . . . . . .  A R M E N T - 1  G8 DPUA I B , 4  

8 ,2  8 . 4  0 .6  0 .8  =0 .8081  

YmC( I?6S ]  INTO (KgAR N ] ITgTAL  

R2 Y* [ (17651 FROM KEAR N INTO LAMBOA PI SQRT(PI*PB) 
R2 - 0 , 2 6 6  0,017 SMART 68 DPWA - 0  K-N TO LRMBDA PI 7 /68 
R2 - 0 . 2 2  0,03 GALTIERI 70 DPNA 0 K-P TO LAMBDA PI 7 /70 
R2 ( 0 , 3 0 I  KIN 71DPWA K-MATRIX ANAL. 3771 
R2 0.15 0.04 LANGEEIN 72 IRMA MULTICHANNEL L2/72 
R2 --*289 .048 DEVENISH 74 0 FIXED T DISP REL 4175 
R2 - . 2 5  .OB 8AILLON 75 IPWA KgAR N TO tAM RI 11/75 
R2 - . 2 8  .04 .05 VANHORN 78 DPNA 0 K- P TO LAM RIO 11/75 
R2 (- - .30)  BELLEFON 76 IPWA O K- P TO LAM PI Z/TT~ 
R2 1 (- .2910R - . 28  MARTIN 77 OPWA KgAR N MULTICHNL 1L177* 
R2 - . 28  .03 RLIC 77 DPWA KBAR N MULTICHNL L/76 
R2 . . . . . . . . .  
R2 AVG MOO 0.251 0o013 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ,3 )  
R2 STUDENT 0.253 0.012 AVERAGE USING STUOENTIO(H/I . I I )  - -  SEE MAIN TEXT 
R8 FIT O.2k l  0.012 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3)  

R3 Y.1(1765I  FROM KBAR N INTO Y*O(1520I PI SQRT(PI*P3) 
R3 0.27 0.03 ARMENTERO 65 HBC O K-P TO Y'1520 Pl 0/66 
R3 0.31 0.02 BARLETTA 72 DPWA O R-P TO Y*1520 P( 12/72 
RB 2 .305 .OlO CAMERON 77 DPWA O K-P TO L(152O}RI 1 /78"  
RB 2 LIST80 RATE COMBINES P- AND F-WAVE DECAYS AND ASSUMES LRMBOA(15201 1178" 
RB 2 ELASTICITY=.46. THE CAMERON 77 RESULTS FOR THE SEPARATE P- AND 1 /78"  
RB 2 F-WAVE DECAYS ARE .BOB+/-.010 AND o037 - / - . 014 ,  RESPECTIVELY. 1 /78"  
R3 . . . . . . . . .  
R3 AVG 0.3031 0.0086 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ . o )  
R3 STUDENT 0.3033 0.0098 AVERAGE USING STUDENTIO(H/1.111 - -  SEE MAIN TEXT 
R3 FIT 0.282 0.023 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.9)  

R4 Y* [ (1765}  FROM KgAR N TO Y'1(1385)  PI D-WAVE SQRT(PI*P4) 
R4 A (0.2%] (O,OBI ARMENT--2 67 HBC O K-P TO LAM PI PI 8/67 
R4 S (0 .32 )  ( 0 . 06 ]  SIMS 68 08C - X-N TO LAW PI RI 11/68 
R4 S S IMS 68 USES ONLY CROSS-SECI. DATA. RESULT USED AS UPPER LIMIT ONLY 3/72 
R4 +.20 .02 PREVOST 74 DPWA 0-  K-N TO S(1385)PI lO/7A 
R4 2 * . I 8 4  . O i l  CAMERON2 T7 DPWA 0 K-R TO S{L385)PI  1 / 7 8 ,  
R4 2 CAMERON2 77 UPPER L IM I I  ON G-WAVE DECAY IS .03 1/78"  
R4 . . . . . . . . .  
R4 AVG 0.1877 0.0096 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 (  
R4 STUDENT 0.188 0.011 AVERAGE USING STUDENTIO(H/1.[ l l  - -  SEE MAIN TEXT 
R4 FIT 0.1884 O.0094 FROM FIT (ERROR INCLUDES SCALE FAOIOR DF l °O)  



Baryons 
z(1765), z(1770), 2(1840) 
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Data Card Listings 
For notation, see key at front of Listings. 

R5 Y*1 (1760 )  FROM KBAR N INTO SIGMA PI SQRTIPI*P5) 
RS +O.OT 0.02 ARMENTERO 67 OPWA 0 K-P TO SIGMA PI 10/74 
R5 +0 .06  0.03 GALT IER [  70 DPWA 0 K-P TO SIGMA Pl l i FO  
RB (0 .09 )  KIM Tl DPWA K-MATRIX ANAL. 3271  
R5 +O.OT~ 0 .017  KANE 72 DPWA 0 K-P  TO PI  SIG  10171  
R5 0 .00  OR LESS LANGBEIN 72  1PWA MULTICHANNEL 12172 
R5 1 (+ .OB(OM + .08  MARTIN 77  OPWA KBAR N MULTICHNL 11 /77#  
R5 + .13  , 02  RL IC  7T DPWA KBAR N MULTICHNL 1176  
R5 . . . . . . . . .  
R5 AVG 0,086 0o015 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ,51  
R5 STUDENT 0.082 0 .0 t3  AVERAGE USING STUOENTIOIHI [ , I I (  - -  SEE MAIN TEXT 
R5 FIT 0 .077  0.012 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

R6 Y t I ( I T65 I  INTO (LAMBDA P I I I IKBAR NI (P2 ) I IP1 )  
R6 0 .33  0 .05  UHLIG 6T HBC 0 K -P , . 9  GEV/C 9166  
R6 . . . . . . . . .  
R6 FIT 0.330 O.O3~ FROM FIT iERROR INCLUDES SCALE FACTOR OF 1.3) 

iT  Y *1 {1765 )  INTO (Y tO I [ 52O |P I ) / IKBAR N) (PB) l lP t )  
RT 0 .28  0 .05  UHLIG b7  HBC 0 K -P~*9  GEV/C 9 /66  
RT . . . . . . . . .  
R7 F IT  0.467 0.087 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 3 ,2 )  

M8 Y~L IL768 (  INTO (Y t I ( I 3851P I I / (KBAR N I  (PR I / IPE )  
R8 0 .25  0 .09  UHLIG 07  HBC 0 K -P , . g  GEV/C 9 /66  
RB . . . . . . . . .  
R8 FIT 0.208 0*025  FROM FIT (ERROR INCLUDES SCALE FACTOR ~ 1.2) 

R9 Y*1 (1765 )  INTO (SIGMA PI E l l / TOTAL  (PT(  
R9 P (0 ,12 )  ARMENT-2 bE Fff)BC -0 K-N FO SIG F[  PI 11168  
R9 P FOR ABOUT 3 /4  OF THIS~ THE SIGMA PI SYSTEM HAS I=O AND IS ALMOST 
R9 P ENTIRELY Y*O(1520(.  FOR THE OTHER 114, THE SIGMA PI HAS I= I .  THIS 
RO P IS ABOUT WHAT IS  EXPECTED FROM THE KNOWN RATE Y~ I I 17651  TO Y~1 (1385 )  
RO P P i t  AS SEEN IN  LAMBDA P I  P I .  

REFERENCES FOR Y* [11765 |  

A BARBARO-GALTIERI,A HUSSAIN,RD TRIPP (LRL I I J  
ARMENFERDS, + (CERN,HEIOELBERG,SACLAYIIJP 

B BELL, R W BIRGE, Y-L PAN, R T PU (LRLI IJP 
B BELL (LRL ( I JP  

ARMENTERDS,FERRO-LUZZI÷ (CERN~HEID,SACLAYI)P 
ARMENTEROS,FERRO-LUZZI+ {CERN,HEID,SACLAYI 
+CHARLTON~CONDDN~GLASSER,YODH,+ (UMD,NRL) 

ARMENTEROS~ BAILLON, + (CERN,HEIDEL,SACLAYIIJP 
ARMENTERDS, BA[LLON, + (CERN,HEIDEL,SACLAY} I 
+GILMORE,KNIGHT,DAVIES+ (BIRM,CAVE, RHELII 
SIMS,ALBMIGHF,BARTLEY,MEER+ (FSU,FUFT,BRANI 
W M SMART ILRL| IJP 

+FERRO-LUZZhLAGNAUX (CERN) 
+GIACOMELLI, KYCIA, LEONTIC, L I ,  + IBNL) I 
A BARBAR~GALTIERI ILRL I I J  P 

+LEVI SETTI,LASINSKI..OBERLACK++ (EFI+HEID)IJP 
J K K IM  (HARVIIJP 
J .  K. KIM (HARVI I JP  

W,A. BARLETTA lEFT (  IJP 
O F KANE (LBL ) I JP  
+WAGNER (MPIM)IJP 
DEVENISH,FRUGGATT,MARTIN(DESY,NORDITA,LOUCI 
PREVOST,BARLOUTAUD,+  (SACL+CERN+HEID)  

P ,  BA ILLON*P .  J .  L ITCHF IELD  (CERNeRHEL) I JP  
A. J. VAN HORN ILBL I I JP  
A. J .  VAN HORN (LBL I I JP  

DE BELLEFON, BERTHON (COEF)IJP 
+FRANEK,GOPAL,KALMUS,MCPHERSON+ (RHEL+LOICIIJP 
+FRANEK, GOPALtBACON,BUTTERWORTH+(RHEL+LOICIIJP 
MARTIN,PIDCDCK,MOORHOUSE (LOUE+GLASI I JP  
MARTIN,PIDCDCK ILOUC) 
MARTIN,PI~OCK (LOUC ( IJP 
GOPAL,ROSS,VAN HORN,MCPHERSON+ (LOIC+RHELIIJP 

+KENNEYtPOLLARD,ROSS+ (LBL+MFHO+CERN)IJP 
ALSTON-GARNJOST,KENNEY (LBL+MTHO+CERNIIJP 

PAPERS NOT REFERRED FO IN DATA CARDS 

GALT IER I  63  PL 6 Z96  
ARMENTER 65 PL 19  338  
BELL 1 66 PRL 16 203  
BELL 2 66  UCRL- l bD36  THESIS 
ARMENTER 67 EL E4B 198 
ARMENT-2 67  ZEIT.PHYS,202 486 
UHLIG 67  PR 155 1448  

ARMENT-E 68 NP BB 195  
ARMENT-2 68  NP 08 Z16  
BUGG 68  PR 168  1466  
SIMS 68 PRL 21  1413  
SMART 68 PR 169 1330  

8RICMANI TO PL 33B 511 
COOL 70 PR DE 1887  
GALT IER I  70  DUKE CONF 173 

CONFORTD 71  NP 63~  ~ l  
K IM  71 PRL 27  356  

ALSO 70  DUKE 161 

BARLETTA 72 NP B40 65 
KANE 72 PR D5 1583  
LANGBE]N 72  NP B47 477  
OEVENISH 76  NP 681 330  
PREVOST 74  NP 069  246  

BAILLON T5 NP B94 39 
VANHORN 75 NP BET 145 

ALSO 75  NP 887  157 

BELLEFON 76 NP B IO9  129  
CAMERON 77 NP B131  390  
CAMERON2 TT RL -77 - I I g /A  
MARTIN 77 NP 8127  349  

ALSO 77  NP B126  266  
ALSO TT NP B126  285  

RLIC 77 NP B [19  062 

ALSTON 78  LBL -6TB4  
ALSO 77 PRL 38 1007  

FENSTER 66 PRL 17 8~1 +GELFAND,HARMSENtL-SETTh+ (CHTC,ANLICERNI}IJP 
- -  FENSTER 66  IS SUPERSEDED BY BARLETTA 72 

~ONEORTO 68 NP 08 265 +HARMSEN, LASINSKI, + (CHICAGO,HEIDELIIJP 
SUPERSEDED BY CONFDRTG 71 .  

HARRISON 70 FSU-HEP 70 3 I w.C. HARRISON (THESIS) IFSUI 
PREVOST T( AMSTERDAM CONF + CHS COLLABORATION (CERN+HEID+SACL| 

, > 

lO0  V ' I l l 770 )  MASS (MEV) 

( I 1772 .0 I  KANE 72  DPWA K-P  TO SIGMA PI  11 /77 "  
1 E7TO. 20. BAILLON TB IPWA KBAR N TO PI LAM 11/75 

q I FROM SOLUTION I OF BAILLON 75, NOT PRESENT IN SOLUTION 2, 1176 
4 I 738 .  I 0 .  RLIC 77 DPWA KBAR N MULFICHNL 1176 

AVERAGE'MEANINGLESS'(SCALE FACTOR = 1,41 

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

100 Y~ I [ I 770 I  WIDTH (MEV]  

w (BO.I KANE 72 DPWA K-P TO SIGMA Pl 11177~ 
W I BO. 30. BAILLON 75 IPWA KBAR N TO PI LAM 11175 
W 72. 10. RLIE 77 DPWA KBAR N MULTICHNL 1176 
W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = 1 .0 ]  

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

IO0 Y* I (1770 }  PARTIAL DECAY MODES 

DECAY MASSES 
PI Y* l ( 1770 )  INTO KBAR N 407+ 939  
P2 Y~1 [17701  INTO LAMBDA P l  l l I 5+  139  
P3 V ' 1 (1770 l  INTO SIGMA PI  1197+  139 

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

100 Y~I[1770} BRANCHING RATIOS 

RI Y*I(17TO) FROM KBAR N INTO LAMBDA Pl SQRT(PI~P2I 
R I  1 - - . 08  . 02  BAILLON 75 IPWA KBAR N TO P l  LAM 11 /75  
R I  LESS THAN .04 RLIC 77 DPWA KBAR N MULTICHNL 1176 

R2 Y~x(1770) INTO (KEAR ME/TOTAL IPZ) 1176 
R2 .14 .0~ RLIC 77 DPWA KBAR N MULTICHNL (176 

R3 Y~£(1770) FROM KBAR N INTO SIGMA PI SQRI(PI~P3] 1176 
R3 ( - . lOB}  KANE 72 DPWA K-P TO SIGMA PI 11177~ 
R3 LESS THAN .04 RLIC 77 DPWA KBAR N MULTICHNL 1/76 

REFERENCES FOR Y=1 (1770 (  

KANE 72 PR D5 1583 D F KANE (L8L )  
BAILLON 75 NP 094 39 P. BAILLGN,P, J .  LITCHFIELD (CERN,RHELIIJP 
RLIC 77 NP BE19 362 GOPALtROSS,VAN HORN,MEPHERSON+ [tOIC+RHEL)IJP 

IZ(ZB O) I ............... ,,.,,=, 
SEE THE MINI-REVIEWS PRECEDING THE Y*OIS. 

FOR THE TIME BEING~ WE LIST ALL RESONANCE CLAIMS IN THE 
P13 WAVE IN T~E 170~1900 MEV MASS REGION TOGETHER UNDER THIS HEADING. 

DE Vm1(IB40| MASS [MEV] 

M IBRO.O [ i 0 . 0 )  LANGBEIN 72 IPWA MULTIEHANNEL 12/72 
M I |1720 . )  ( 30 . I  BAILLON 75 IPWA KBAR N TO LAM Pl 11/75 
M 1 FROM SOLUTION E OF BAILLON 75, NOT PRESENT IN SOLUTION 2, 1/76 
M 1025. ( 200 . I  VANHORN 75 DPWA O K- P TO CAM PIO I1175 

2 1798. OR 1802. MARTIN 77 DPWA KBAR N MULFICHNL 11/77~ 
2 THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 

M 2 PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 

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

Ol Y* I (E840 I  WIDTH IMEV] 

W 120o0 (IO°O) LANGBEIN 72 IFWA MULIICHANNEL 12172 
W 1 (120,1 I 30 . )  BAILLON 75 IPWA KBAR N TO LAM Pl 11/75 
W 65. ( 50 . I  [ 20 . )  VANHDRN 75 DPWA 0 K- P T0 LAM RIO 11175 
W 2 gO. OR 93. MARTIN 77 DPWA KBAR N MULTICHNL I1277~ 

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

OI Y*1 (1840 (  PARTIAL DECAY MODES 

DECAY MASSES 
P1 Y* I ( 1840 )  INTO KSAR N 497+  939  
P2 Y~L(IBROI INTO SIGMA PI L197+ 139 
PB Y~I(1840) INTO LAMBDA PI I I 15+  IB~ 

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

01 V* l ( 1840 )  BRANCHING RATIOS 

RL Y.1(1840) INTO (KEAR N)/TOTAL (PLI 
RI D.37 I 0 . 13 )  LANGBEIN 72 IPWA MULTICHANNEL 12/72 
RI 2 (O.O)ORIO.O) MARTIN 77 OPWA KBAR N MULFICHNL 11177~ 

R2 Y,ICE840) FROM KBAR N INTO SIGMA Pl SQRT(PI*P2) 
R2 0.15 (0 .04)  LANGBEIN 72 IRWA MULTICHANNEL 12/72 
R2 2 [-.OR)OR - .04  MARTIN 77 OPWA KBAR N MULTIEHNL I i / 77#  

R3 Y ' I l l 8401  FROM KBAR N INIO LAMBDA P( SQRT(PI*P3) 
R3 0.20 (0 .04 }  LANGBEIN 72 IPWA MULTICHANNEL 12172 
R3 +.122 ,078 OEVENISH 74 0 FIXED T DISP REL 4175 
R3 1 I + . 11 )  1.02) BAILLON 78 IPWA KBAR N TO CAM PI  11175 
R3 +.06 [ . 04 )  VANHORN 75 DPWA O K- P TO LAM FED 11/75 
R3 2 (+.03)OR +.OB MARTIN 77 DPWA KBAR N MULTICHNL 11177* 

REFERENCES FOR Y*E I IB40 )  

LANGBEIR 72  NP B47 677  +WAGNER (MP IM I I JP  
DEVENISH 74 NP 081 380  DEVENISH,FROGGATT~MARTIN(DESY~NORDIFAtLOUC) 
BAILLON 75 NP BD4 39 P. BAILLONtP. J .  LITCHFIELD (CERN,RHELIIJP 
VANHGRN 75 NP 087 145 A. J ,  VAN HORN (LBL] IJP 

ALSO 75 NP B87 157  A . J .  VAN HORN ILBL ) I JP  

MARTIN 77 NP B127 340  MARTIN,PIDCOCK,MOORHOUSE (LOUC+GLAS)IJP 
ALSO 77 NP 0126 266 MARTIN,PIDEOEK (LOUE) 
ALSC 77 NP BE26 285 MARTIN,PIDEDCK (LOUC)IJP 
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Data Card Listings 
For notation, see key at front of  Listings. 

SEE ThE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

A RESONANCE IS SUGGESTED BY SEVERAL PARTIAL-WAVE 
ANALYSES ACROSS THIS REGION, BUT WITH WIDE VARIATIONS 
IN THE MASS AND OTHER PARAMETERS. WE LIST HERE 
ALL CLAIMS WHICH LIE WELL ABOVE THF Y ' l ( 1?701 .  

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

67  Y~I(IBBO) MASS IMEV] 

M L882.0 40.0 SMART 68  DPWA -D K- N TO LAM PI 7/68 
M (IESO.O) BAILEY 69 OPWA 0 ELASTIC, CH EXCH 10/70 
M ABOUT 1850.0 ARMENTERO 70  IPWA -0 ELASTIC, CH EXCH 6/70 
M 1950.0 50.0 GALTIERI 70 DPWA -0 K- N TO LAM PI 7170 
M 1920.0 30.0 LITCHFIEL 70 DPWA -0 K- N TO LAM PI 6 /70 
M 2 (1898. )  LEA 73  OPWA MULTICHNL K--MTRX 9/73 
M 2 CNLY UNCONSTRAINED STATES FROM TABLE [OE  LEA73 ARE IN LISTINGS. 9/73 
M i ( 1960 . I  130.) BAILLON 7E IPWA KBAR N TO LAM Pl 11/75 
M 1 FRCM SOLUTION l OF BAILLON 7E. NOT PRESENT IN SOLUTION 2. 1/76 
M 1985. 50. VANHORN 75 DPWA O R- P TO LAM RIO 11175 
M 3 1847. OR [863.  MARTIN 77  DPWA KBAR N MULTICHNL 11/77# 
M 3 THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXIRACTION DF RESONANCE 
M 3 PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W F IT ,  RESPECTIVELY. 

AVERAGE MEANINGLESS )SCALE FACTOR = 1.0) 

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

6T Y~[( IBO0} WIDTH (MEV) 

W 222.0 150.0 SMART 68 DPWA -0 K- N TO LAM Pl 7/68 
W (200.0)  BAILEY 6g OPWA 0 ELASTIC. CH EXCH 10/70 
W ABOUT 30.0 ARMENTERO 70  IPWA --0 ELASTIC, CH EXCH 6 /70  
W 200.0 50.0 GALTIERI TO DPWA -0  K- N TO LAMP[ 7/70 
W 170 .0  40.0 LITCHFIEL 70 DPWA -o  K -  N TO LAM P I  6/70 
W 12 (222.2)  LEA 73 DPWA MULTICHNL K-MTRX 9/73 

W (260. )  ( 40 . )  BAILLON 75 IPWA KBAR N TO LAM PI 1 [ /75  
W 220. 140. VANHORN 75 OPWA 0 K- P TO LAM RIO [ I / 7 5  
W 3 216. OR 220. MARTIN 77  DPWA KBAR N MULT[CHNL 11 /77~  
w . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR : l .  Ol 

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

67  Y~ I I IB80 ]  PARTIAL DECAY MODES 

DECAY MASSES 
P I  Y~I(IBBO) INTO KBAR N 497+ 939  
P2 Y~ [ [ I 8801  INTO L AMBDA PI 1[15+ 10~ 
P3 Y* l (1880)  INTO SIGMA PI 1197+ 139 

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

67  Y'1(1880} BRANCHING RATIOS 

RI  Y* I ( IBBO) INTO (KBAR NI /TOTAL  {p t )  
E l  ( 0 . 22 )  BAILEY 6g OPWA O ELASTIC, CH EXCH lO /TO 
R1 (0 .20)  ARMENTERD 70 IPWA -0 ELASTIC, CH EXCH 6/70 
R I  2 ( . 31 I  LEA 73 DPWA MLFF~TICHNL K-MTRX 9173  
R I  3 1 . 27 (OR .27  MARTIN 77  DPWA KBAR N MULTICHNL I1 /77=  

R2 Y~ l ( I 880 )  FROM KBAR N INTO LAMBOA P I  SQRT(PI~R2) 
R2 -O . l l  0 . 03  SMARI 68 DPWA -0 K- N TO tAM PI 7168 
R2 -O.Og 0 .04  GALTIERI 70 OPWA -0  K -  N TO LAM Rl 7 /70 
R2 -0 .14  0 .03  LITCHFIEL TO DPWA -0  K- N TO LAM Pl 8 /70  
R2 2 ( - . 30 )  LEA 73  DPWA MULTICHNL K-MTRX 9 /73  
R2 - . 169  .119 OEVENISH 7~ 0 FIXED T DISR REL 4/7S 
R2 1 I - . i 2 l  ( . 02 I  8AILLON 75 IPWA KBAR N TO LAM RI i [ / 75  
R2 ÷.05 .OT .02 VANHORN 7E DPWA O K- P TO LAM PIO 11175 
R2 3 ( - .2410R - . 24  MARTIN 77 OPWA KBAR N MULTICNNL 11/77"  
R2 . . . . . . . . .  
R2 AVERAGE MEANINGLESS (SCALE FACTOR = )*Of 

R3 Y t I [ IBBO)  FROM KBAR N TO SIGMA PI SORT(PI*P3) 9 /73 
R3 2 NOT SEEN LEA 73  DPWA MULTICHNL K-MTRX 9/73 
R3 3 {+.30)0R ÷.29 MARTIN 77  DPWA KBAR N MULTICHNL L1177 "  

REFERENCES FOR Y* I ( IBBO} 

SMART 68 PR 169 [330 W M SMART (LRLI IJP 
BAILEY 69  THESIS ~RL-5O817 DAVID SAAL BAILEY (LRL LIVERMOREIIJP 
ARMENIER TO DUKE CONF [23 ARMENIEROS, BAILLONt ÷ (GERN, HEIDEL)IJP 
GALTIERI TO DUKE CONF 1T3 A 8ARBARO-GALTIERI I LRL I I JP  
LITCHFIE TO NP 022 269 P J LITCHFIELD (RUTHERFORD|IJP 

LEA 73 NP B58 77 +MARTIN,MOORHOUSE÷ (RHEL÷LOUC+GLAS+AARHUSIIJP 
DEVENISH 74 NP 881  330  DEVENISH, FROGGATT,MARTIN(DESY,NORDITAtLOUC) 
BAILLON 75 NP B94 39 P. BAILLON.Po J ,  LITCHFIELD ICERN,RHELI[JP 
VANHORN 75 NP 087 145 A* Jo VAN HORN (LBLI IJP 

ALSC 75  NP 087  157  A .  J ,  VAN HORN (LBL ) I JP  

MARTIN 77 NP B127  349  MARTIN,PIDCOCK.MOORHOUSE (LOUC÷GLASIIJP 
ALSO 77 NP B[26 266 MARTIN.PIDCOCK (LOUC} 
ALSO 77 NP B[26 285  MARTIN,PIDCOCK (LOUC| I Jp  

Iz( ma)l ...................... 
SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

THIS RESONANCE WAS FIRST SEEN IN THE IOTAL-CROSS-SEC- 
TIDN MEASUREMENTS DF COOL 66. IN THIS ENTRY, HOWEVER, 
WE LIST ONLY THE RESULTS FROM PARTIAL-WAVE ANALYSES. 

SEE THE NEXT ENTRY FOR THE PARAMETERS OF PEAKS SEEN AROUNO lg00-1950 
MEV |N CROSS SECT[ENS AND INVAR[ANT-MASS DISTRIBUTIONS. WE MAKE THIS 
SEPARATION BECAUSE ONLY THE PARTIAL-WAVE ANALYSES ISOLATE THE FIE WAVE. 
SEE ALSO THE NOTE TO THE NEXT ENTRY. 

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

H lg02.O l l .O  
M |910.0  20.0 
M 1900.0 15 .0  
M N 1936.0 ( 3 . 0 ]  
M 1903.0 [ 0 . 0  
M 1905.0 30 .0  
M lB95 .0  [ 0 . 0  
M LglO. 15° 
M [925o0 8.0 
M 

Baryons 
T(1880), 7.(1915) 

SMART 68 DPWA -0 K-N TO LAMBDA Pl 7/68 
BERTHON 70 DPWA 0 K-P TO LAMBOA RI 7/70 
BERTHON[ 70 DPWA 0 K-P TO SIGMA P) TO/70 
DRICMANI TO OPWA SIGTOT,ELAS,CHEX 1 /7 [  
COX 70 DPWA - K-N TC LAMBDA P) 6/70 
GALTIERI TO DPWA 0 K-P IO LAMBOA PI T/TO 
LITCHFIEL 70 DPWA -0  K-N TO LAM8DA P) 6 /70 
LITCHFIE 7 [  OPWA K-P TO KDAR N .10171 
KANF 72 DPWA 0 K-P TO PI SIG I0 /71  
OAILLON T5 IPWA KBAR N TO LAM PI I I 175  l g20 .  30. 

1914. TO. HEMINGWA 75 DPWA 0 K- P TO KBAR N I I / 75  
[920 .  rE .  20 .  VANHORN 75  DPWA 0 K -  P TO LAM RiO l l / TE  

M ( l g IE . )  BELLEFON 76 IPWA 0 K- P TO LAM PI 2177~ 
M 3 [900.  4 .  CORDEN 76 OPWA - K- N 70 P l -  tAM 2177" 

3 PREFERRED SOLUTION 3, SEE CORDEN T6 FOR OTHER POSSIBLILITES. 2177t 
3 CORDEN 76 INCLUDES THE DATA OF COX TO AS A SUBSAMPLE 

M l 1B94. B. CORDEN] 77 - K- N TO PI SIG 1[ /77~ 
M 2 1909. So COROENI 77 - K-- N TO PI BIG I I 177 "  
M [ THE 2 ENTRIES FOR CCRDEN[77 ARE FROM 2 DIFFERENT ACCEPTABLE SLTNS. l i / 77 "  
M NOT SEEN DECLAIS 77 OPWA KBAR N T0 KBAR N 1178~ 
M 4 192E. OR IgB3 .  MARTIN 77 OPWA KBAR N MULTICHNL I I / TT *  
M 4 THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
M 4 PARAMETERS FRDM THE T-MATRIX POLE AND FROM A E-W FIT,  RESPECTIVELY. 

1920. 10. RLIC 77 DPWA KBAR N MULTICHNL I176 
[937.  20. ALSTON 78 OPWA RBAR N ELASTIC 1 /78"  

M N ERROR SIATIST. ONLY- NO ERROR DUE TO PARTICULAR P.W.ANAL. INCLUDED [ / 71  
M . . . . . . . . .  
M AVERAGE MEANINGLESS )SCALE FACTOR = 1 .3 I  

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

46 Y* I ( I g lS )  WIDTH (MEV) 

W A (50.0)  (20 .0 )  ARMENTER[ 67 DPWA 0 ELASTIC, CH EXCH l l l 6T  
W E2.0 25.0 SMART 68 DPWA -0 K-N TO LAMBDA PI 7/68 
W 60.0 20.O BERTHON 70 DPWA 0 K-P T0 LAMBDA PI 7 /70 
W 75.0 20.0 BERTHONI 70 DPWA 0 K-P TO SIGMA Pl I 0 / 70  
W 135.0 12.0 BRICMAN[ 70  DPWA SIGTOT,ELAS,CHEX l /T1  
W 7T.0 27.0 COX TO OPWA - K-N TO LAMBDA R) 6/TO 
W 70 .0  20.0 GALTIERI 70 DPWA 0 K-P TO LAMBDA Pl 7 /70 
W 70.0 lE.O LITCHFIEL 70 DPWA -0  K-N TO LAMBDA PI 6 /70 
W 70. 15. LITCHFIE 7 [  DRWA K-P TO KBAR N IO IT I  
W 146.0 22.0 KANE 72 DPWA 0 K-P TO RI SIG 10/71 
W 70. 20. BAILLON 75 IPWA KBAR N TO LAR PI l i l TS  
W BE. 15. HEMINGWA 75 OPWA 0 K- P TO KBAR N I [ / 75  
W [02 .  lB .  VANHORN 75 DPWA 0 K- P TO LAM PIO [ [175  
W (60 . )  BELLEFON 76 IPWA 0 K- P TO tAM PI 2 /7T*  
W 3 75. 14. CORDEN 76 DPWA - K- N TO P I -  LAM 2 /77*  
W i [ 07 .  14. COROEN1 77 - K- N TO PI SIG [ I 177 "  
w 2 85 .  13 .  COROEN1 77 - K -  N TO P1 S IG 11 /77 "  
w 4 171. OR 173. MARTIN 77 OPWA KBAR N MULTICHNL [ [ 177 .  
W 1DO. lO. RLIC TT DPWA KBAR N MULTICHNL [ /T6  
W 16 [ .  20. ALSTON 78 DPWA KBAR N ELASTIC 1178$ 
W A LACK OF DATA PREVENTS FROM DETERMINING UNAMB. THIS AMPLITUDE 11/67 
W . . . . . . . . .  
w AVERAGE MEANINGLESS (SCALE FACTOR = [ .91  

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

46  Y * I ( I g [E ]  PART IAL  DECAY MODES 

DECAY MASSES 
Pl Y *E ( tR I5 )  INTO KBAR N 497+ 939 
P2 Y= I ( I g lE I  INTO LAMBOA Pl I l l S+  139 
P3 Y*1(1915) INTO SIGMA PI 1197+ 139 
P~ Y~ I l lR lS )  INTO Y~I(1385) P) P-WAVE 139+138~ 
P5 Y* I ( LR I5 )  INTO Y~1(1385) PI F-WAVE 139+1384  

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

46  Y~ l ( lR IB ]  BRANCHING RATIOS 

R1 Y t [ ( L9 [51  INTO (KBAR N)/TOTAL (P I )  
R[ A (0 .12 )  ( . 01 )  ARMENTERL 67  OPWA 0 ELASTIC+ CH EXCH L I / 67  
R1 0.18 (0 .02 )  BRICMAN1 TO OPWA 
RI 0 . [ 1  (0 .03 )  CONFORTO 710PWA 
RI 0 . [ 5  (0.041 LITCHFIE 710PWA 
R1 . I I  ( .041 HEMINGWA 7E DPWA 
R[ 4 (.08)OR .08 MARTIN 77 DPWA 
RI .05  ( . 03 ) "  RLIC 77  OPWA 
RI  . 14  (.DE) ALSTON 78  OPWA 

R2 Y~ I I I 915 )  FROM KBAR N INTO LAMBDA PI 
R2 -0 .08  (O .O2 l  S~R I  68  DPWA 
R2 -0 . I  (0 .02 )  BERTHON 70 OPWA 
R2 -D.Og (0 .02)  COX 70 DPWA 
R2 -0 .11  (0 .03 |  GALTIERI 70 DPWA 
R2 -0 .01  (O .O l5 )  LITOHFIEL 70 DPWA 
RZ - . 087  ( . 056 )  OEVENISH 74  
R2 -.OB ( . 02 )  BAILLON 75  IPWA 
R8 --.09 ( . 02 )  VANHORN 75 DPWA 
R2 ( - . IO }  BELLEFON 76  IPWA 
R2 3 - . To  . o [  COROEN 76  DPWA 
R 2  4 ( - - . 09 )0R  - . 09  MARTIN 77  DPWA 
R2 - . 09  ( . 03 }  RLIC 77 DPWA 

R3 Y * l l l g15 )  FROM KBAR N INTO SIGMA Pl 
R3 A (o .oo )  ( 0 . o [ )  ARMENTERO 67  DPWA 
R3 - 0 . [ 3  (0 .03 )  BERTHON[ 1o  DPWA 
R3 -0 .08  ( 0 . 03 I  GALTIERI 70  DPWA 
R3 -0 . [ 37  iO.OI5}  KANE 72  OPWA 
R3 I - . [ 7  .O I  CORDEN[ 77  
R3 2 - . 15  .03 COROENI 77 - K- N TO PI SIG 11 /77 .  
R3 4 ( - .05)OR - .05  MARTIN 77  DPWA KBAR N MULTICHNL 11 /77 .  
R3 - . [ 9  ( . 03 )  RLIC 77 OPWA KBAR N MULTICHNL 1/76 
R3 . . . . . . . . .  
R3 AVG MOO 0 . [ 660  0.0O89 AVERAGE tERROR INCLUDES SCALE FACTOR OF [ . 0 )  
R3 STUDENT 0.1661 0.0099 AVERAGE USING STUDENTIOIHII.LI) - -  SEE MAIN ]EXT  

R4 Y~I(191EI FROM KBAR N INTO Y~[ ( [3BBI  PI P-WAVE SGRT(PI~P4) 
R4 LESS THAN .Of CAMERON2 77 DPWA 0 K-P TO S(I3851PI 1178* 

R5 Y '1(1915)  FROM KBAR N INTO Y'111385) PI F-WAVE SQRTIPI*PS) 
R5 - °039 .009 CAMERON2 77 OPWA 0 K-P T0 S([BBBIPI 1 /78"  

S IGTOT,ELAS ,CHEX L /7L  
0 ELAST IC ,  CH EXCH 6 /T0  

K -P  TO RBAR N IO /T1  
0 K -  P TO KBAR N 1 [ / 75  

KBAR N MULTICHNL [ [ / 77~  
KBAR N MULT[CHNL [ / 76  
KBAR N ELAST IC  1 /78 .  

SQRT IP [ *P2 )  
-O  K -N  TO LAMBDA Pl  7 / 68  

0 K -P  TO LAMBDA PI 7 /70  
- K-N  TO LAMBOA Pl G/TO 

0 K -P  TO LAMBOA P i  7 / 70  
- 0  R-N TD LAMBDA Pl 6 /T0  
0 FIXED T DISP REL 4175 

KBAR N TO LAM P I  [ 1175  
0 K -  P TO LAM P IO  [ I / 7E  
D K -  P TO LAM P I  2 /TT~  
- K -  N TO P I -  LAM 2 / 7 T *  

KBAR N MULTICHNL [ [ / 77~  
KBAR N MULTICHNL 1 /76  

SQRT(P I *P3 I  
0 K+P TO SIGMA PI 11/67 
0 K-P TD SIGMA Pl [0 /70  
0 K-P TO SIGMA PI 7/7O 
0 K-P TO PI BIG 10/71 
- K- N TD PI SIG [ 1 / T T *  



Baryons 
E(1915),  (1940) 
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Data Card Listings 
For notation, see key at front of  Listings. 

REFERENCES FOR Y .1 (19151  

ARHENTER 67 PL 2~B 198 A~MENTEROS,FERRO-LUZZI+ (CERN~HEID,SACLAT] 
ARMENTE1 67 NP 83 592 ARNENTEROS,FERRO-LUZZI+ (CERNtHEID, SACLAYI 
SMART 68 PR 169 1330 w N SMART ILRL|IJP 

OERTHON 70 NP R20 476 +RANGANt VRANA, +(COL FRANCE, RHEL, SACLAY([JP 
BERTHON1 70 NP BE6 417 +VRANA, BUTTERWORTH, + (CDEF, RHEL, SACLAYIIJ 
ORICNAN1 70 PL 33B 511 +FERRO-LUZZI,LAGNAUX (CERN) 
COX 70 NP EL9 61 ÷ISLAH, COLLEY, + (BIRN,EDIN,GLAS,LOIC)IJP 
GALTIER1 70 DUKE GONF 173 A BARBARO-GALTIERI ( LRL I I JP  
L ITCHFIE 70 NP B22 269 P J L IT£HFIELD IRUTHERFORDIIJP 

CONFORTO 71 NP BSA 41 
L ITCHFIE T l  NP B30 IZB 
KANE 72 PR D5 1583 
OEVENISH 74 NP R81 330 

GAILLCN 73 NP B94 39 
HENINGWA 75 NP 891 12 
VANHORN 75 NP B87 145 

ALSO 75 NP B87 157 

3ELLEEUN T6 NP B109 129 
CORDEN 76 NP G109 382 

CANERGN2 77 RL-T7- -L I91A 
COROEN1 77 NP B12~ 61 
OECLAIS 77 CERN 77 -16  
NARTIN 77 NP B127 349 

RLSO 77 NP B126 266 
ALSO 7T NP B IZ6  2E5 

RLIC 77 NP 0119 36B 
ALSTON 70 LBL-6784 

ALSO 77 PRL 08 1007 

SMART 66 PRL 17 556 
SUPERSEDED BY SMART 68 .  

CONFORTO 68 NP R8 263 

+LEVI SETTItLASINSKI..OBERLACK+~ IEFI+HEIDIIJP 
LITCHFIELOt...+LEBQUOY,+.. (RHEL+COEF+SACLIIJP 
O F KANE ILBL ) I JP  
DEVENISH,FROGGATT~MARTIN(OESY.NORDITA,LDUC} 

P.  BA IL IONtP .  J .  LITCHFIELG (CERN,RHEL)IJP 
HEMINGNAY~EADES~HA'RNSEN* (CERNtHEID~NPIMIIJP 
A. J. VAN HORN (L3L)IJP 
A. J .  VAN HORN (LBL I I JP  

DE BELLEFON~BERTHGN (CDEEI IJP  
+COX,DARTNELL~KENYON,DNEALEtSUNDROK÷ (BIRN)IJP 

+FRANEK,GOPAL,BACON,BUTTERWORTH+(RHEL+LOICI]JP 
+COXtKENYONtONEALEtSTUBBS~SUMORJDK+ (BIRM)IJP 
+DUCHON,LOUVEL,PATRY, SEGUINOT* (CAEN÷CERNIIJP 
NRRTINtPIUCOCK,MOORHOUSE (LOUC+GLASIIJP 
RARTINtPIDCOCK (LOUC) 
MARTIN,PIDCOCN (LOUCIIJP 
GOPAL,ROSB,VAN HORN,MCPHERSON+ (LOIC*RHEL)IJP 
+KENNEY~POLLARO,ROSS÷ (LBL+NTHO+CERNIIJP 
ALSTON-GARNJOST~KENNEY (LBL+MTHO+CERNIIJR 

PAPERS NOT REFERRED TO IN DATA CARDS 

W M SMART,A KERNANtG E KALNU$,R P ELY (LRL)IJP 

+HARMSEN, LASINSKI, + (CHICAGO, HEIDELI 
SUPERSEDEO BY CONFORTO 71. 

1916 MEV R~GION - PRODUCTION ~ °'TOTAL ZXP'TS 

29 Y~ l l l g lS t  JR= I I = 1  PRODUCTION EXPERIMENTS 

BEE THE MINI-REVIEW AT THE START OF THE Y* L ISTINGS.  

SEE THE NOTES TO THE Y .L (1915 )  AND Y*1 (1940 )~  WHICH 
IMMEDIATELY PRECEDE AND FOLLOW THIS ENTRY. HERE WE 
L IST ONLY PARAMETERS OF PEARS SEEN IN CROSS SECTIONS 

AND INVARIANT-NASS DISTRIBUTIONS. THE CROSS-SECTION PEAKS ARE ALMOST 
CERTAINLY ASSOCIATED WITH THE F15 Y=1(1915)  SEEN IN PARTIAL-NAVE 
ANALYSES. THE INVARIANT-NASS PEAKS SEEM MORE LIKELY TO BE ASSOCIATED 
WITH THE D13 Y* I I 9AO) .  

29 Y~1(1915 |  MASS (NEV} IPROO. EXP. I  

N CROSS-SECTION PEAKS - -  
N 1905 .0  5 .0  8UGG 68 CNTR K--Pt D TOTAL 11 /66  
N 1906.0 6.0 GRICMAN 70 CNTR 0 TOTAL AND CH EX 6170 
N 1912 .0  lO .O COOL 70 CNTR K-P t  O TOTAL IOITO 
N INVARIANT'-MAS~DIBTRIBUTION PEAKS --- 
N 11942.01 ( 9 . 0 l  BOCK 65 HBC PBAR P 5 .7  BEV/C 
M 1940 .0  11 .0  AGUILAR TO HBC ÷ 3 .N -4 .6  GEV/C K-  5170 

N ELASTIC DCS -- -  2 / 73  
N 1931 .  9 .  DADO 72 HBC O K-P ELSTC DES . 2 / 73  

GT INDICATED BY LEGENORE COEFFS.,G9 NOT RULED OUT. 2173 
6 2  1979.  I . BRIEFEL 77 HBC + X l  K MODE 2 .gK -P  1178"  

N . . . . . . . . .  
N AVERAGE NEANINGLESS (SCALE FACTOR = 2 .71  

29  V* l ( 19151  WIDTH (MEV) (PROD. EXP.(  

N CROSS-SECTION PEAKS - -  
W 60 .0  10 .0  BUGG 68 CNTR 11 /66  
W 50 .0  12 .0  BRICNAN 70 CNTR O TOTAL AND CH EX 6 /70  
W ( 30 .0 )  C(~L 70 CNTR K-P~ D TOTAL 10 /70  
W INVARIANT'-MASS-DISTRIBUTION PEAKS - -  
W 136 ,0 )  ( 20 .O I  ( 36 .0 )  ROCK 65 HBC 
W 90 .0  BO°O AGUILAR 70 HBC + 3 .9 -4 .6  GEV/C K- E/TO 

ELASTIC DCS - -  N 2 /73  
W 1 70 .  14.  DADO T2 HBC +0 K-P ELSTC DES 2 /73  
N 62 69°  32 .  BRIEFEL 77 HBC XI K MODE 2 .9K-P  1 /78 *  

AVERAGE'NEANINGZE;S ' ( ;C ILE FACTOR = 1 .0 I  

29 Y * l I 1915 (  PARTIAL DECAY NODES (PROD* EXP.( 

DECAY MASSES 
PI  Y * l ( I g IB (  INTO KBAR N 49T+ 939 
PB Y~ l I I g lB I  INTO LANBDA P I  1115+ 134 
PS YeL(19151 INTO S[GNA Pl  1197+ IS9  
P4 Y*I(1915I INTO XI K 1314+ 493 

29 Y*111915|  BRANCHING RATIOS (PROD. EKP.(  

R1 Y*1 (1915 }  INIO (KBAR NI/TOTAL (P I |  
R1 THESE VALUES OF ELASTICIT IES AGSUME J=5 /2  - -  
RI 0 . 06  BUGG 6B CNTR ASSUMING J=512 6 /68  
RI 0 .07  0 .02  BRICMAN 70 CNTR 0 TOTAL AND CH EX 6170 
RZ O.OT COOL 70 CNTR K IP I  D TOTAL 10170 
R1 1 THIS ELASTICITY ASSUMES J=7 /2  2 /73  
R1 1 .62 .O8 DADO 72 HBC O K-P ELSTC OCS 2 /73  
RI . . . . . . . . .  
RI AVG O.IO 0.13 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 6.7) 
R1 STUDENT 0 .077  0 .022  AVERAGE USING STUOENTIO[H/ t .  I l l  - -  SEE MAIN TEXT 

R2 Y*1 (1915 )  INTO (KBAR N I l (S IGMA P I )  (P i l l (P3 )  
R2 ( . 37 )  OR LESS BARNES 69 HOE + I STAN. DEV. 10169 

R3 Y=I(1915( INTO (LANBDA PI)I(BIGMA PIT (P211(P3) 
R3 (oRB) OR LESS BARNES 69 HBC + l STAN. DEV. 10 /69  

R4 Y '1 (1915 )  INTO (X ]  K) IRA(  
R4 42 SEEN BRIEFEL 77 HBC +K-P  2 .87  GEV 

BUCK 65 PL 17 166 
COOL 66 PRL 16 1228 

SUPERSEDED BY COOL 70 .  
BUGG 68 PR 168 1466 
BARNES 69 PRL 2E 479 

AGU1LAR 70 PRL 25 5B 
BRICHAN 70 PL 31B 152 
COOL 70 PR DI 1887 
DADO 72 PRL 29  1695 
BRIEFEL 77 PRO 16 2706 

REFERENCES FOR Y* I I IO IS )  (PROD. EXP.( 

+COOPER,FRENCH,KINSONt + (CERN~SACLAYI I 
+GIACOMELLI,KYCIA,LEONTIC,LI,LUNOBY,÷ IBNLI I 

+GILMORE,KNIGHTtDAVIES+ (BIRM,CAVE,RHELII 
+FLAMINIO,MONTANETtSAMIOS + (BNL+SYRAI 

AGUILAR-BENITEZ, BARNES, + (BNL,SYRA) 
+PEDRO LuzzI ,  hERREAU~÷ ICERN,CAEN~SACLAYI 
÷GIACOMELLIt XYCIA, LEDNTIC, L i t  + (BNLI I 
+BIRM~N,GOLDOERG,WEISS (HA IF I J  P 
+GOUREVITCH,CHANG+ IBRAN+UMD+SYRA+TUFT( 

PAPERS NOT REFERRED TO IN DATA CARDS 

1/78* 

PRIMER 68 PRL 20 610 ÷GOLDBERG,JAEGER,BARNES,OORNAN + (SYRA,BNL) 
SUPERSEDED BY BARNES 69 AND AGUILAR-BENITEZ 70 .  

I z (194o)1  ..... , .....  P=3, ...... 

SEE THE MINI-REVIEW AT THE START OF THE Y# LISTINGS. 

SUCH A RESONANCE IS SUGGESTED BY SOME BUT NOT ALL 
PARTIAL-WAVE ANALYSES IN THIS REGION. THIS 
EFFECT IS PERHAPS ASSOCIATED WITH THE BUMPS SEEN 
IN PRODUCTION EXPERIMENTS NEAR THIS MASS. SEE 
THE PRECEDING ENTRY. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . . . . .  

98 YSl(1940I MASS (MEVI 

N lg4O.O 50 .0  GALTIERI 70 DPWA K-  N TO LAW Pl 7 /70  
N 1940 .0  4O.O GALTIERI 70 DPWA K-P TO SIGNA PI 7 / 70  
N 1940.0 30.0 LITCHFIEL 70 DPNA K- N TO LAM PI 7170 

L98S.0 ( 5 . 0 (  KANE 72 OPWA o K-P TO Pl BIG 10/71  
(1B6S. )  LEA 7S DPWA MULTICHNL K-NTRX 9 /73  

N ONLY UNCCNSTRAINED STATES FROM TABLE 1 OF LEA70 ARE IN LISTINGS. 9/73 
N 1940.  20 .  L ITCHFI2  74 DPWA O K-P TO L I152O)E I  10 /74  
N 1950. 20. LITCHFI3 74 DPWA O K-P TO KBAR OEL 10/74 
N 1950. 30. BAILLQN 75 IPWA KBAR N TO LAM P( 11/7S 
M 1949. 40. 60. VANHORN 75 DPWA O N- P TO LAM PIO 11175 
N 4 11940.1 BELLEFON 76 IPWA 0 K- P TO tAN PI 2177" 
M 4 SLIGHT BUMP IN MODULUS OF F7 WAVE. 2177. 

5 lS86 .  OR 1893o MARTIN 77 DPWA KBAR N NULTICHNL 11 /77 "  
S THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 

N 5 PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 
N 1920. 50. RLIC 7T DPWA KBAR N MULTICHNL 1/76 / 
N . . . . . . .  , • 
M AVERAGE MEANINGLESS (SCALE FACTOR = l .O }  

98 Y*I(1940I WIDTH IMEVI 

w 000.0 SO.D GALTIERI 70 DPWA K- N TO LAW Pl 7/70 
W 200.0 50.0 GALTIERI 70 DPWA N-P TO SIGMA PI 7/T0 

280.0 4O.O LITCHFIEL 70 OPWA K- N TO LAW PI T/70 
208.0 122.0I KANE 72 DPWA O K-P TO Pl SIG 10171 

w 2 ( lOB .9 )  LEA 73 DPWA MULTICHNL K-NTRX 9 /73  
w 60 .  20 .  L ITCHFI2  74 OPWA O K-P TO L (1520 IP I  10 /74  
W 70. 30. 20. LITCHFIS 74 DPNA 0 K-P TO KBAR OEL 10/T4 
W 150.  75. BAILLON 75 IPWA KBAR N TO tAN PI 11 /75  
W 160.  70 .  40 .  VANHORN TE DPWA O K-  P TO LAM PIO l i FTS  
W 5 157. OR 159. MARTIN T7 OPWA KBAR N MULTICHNL t l lTT*  
W 300 .  80 .  RLIC 77 DPWA KBAR N NULTICHNL 1/76 

W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = 2.4) 

98 V'1(1940| PARTIAL DECAY MODES 

DECAY MASSES 
PI Y'1(1940) INTO KBAR N 497+ 939 
P2 Y* l I t 940 I  INTO LANODA P( 1115+ 139 
P3 Y* I ( I gAD)  INTO SIGNA PI 1197+ 139 
P4 Y ' 1 (1940 )  INTO Y*0 ( [ 520 )  P1 P-WAVE 134+1B18 
P5 Y*1(19eeO) INTO Y '0 (1520 )  PI F-WAVE 136+ISIB 
P6 Y*1 (17401  INTO KBAR OELTA(12321 S-WAVE 493+1232 
PT Y'1{1940( INTO KBAR OELTA(IZB2) D-WAVE 493+1232 
PB Y*1 (19401  INTO Y '1 (1385 )  PI  S-WAVE 139+138k 

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

98 Y'1(1940( BRANCHING RATIOS 

R[ Y=1(1940I FROM KBAR N INTO LAMBDA PI SGRT(PI*PBI 
R1 -0.12 O.O; GALTIERI TO DPWA K- N TO LAW PI 7/70 
R1 -0.14 0.03 LITCHFIEL 70 DPWA 
RI 2 [--.11I LEA 73 DPWA 
RL - . 153  .070  DEVENISH 74 
R1 - . 04  =02 BAILLON 75 IPWA 
R[ - .05  .03 .D2 VANHCRN 75 DPWA 
RI 5 (- . ISIOR - .  14 MARTIN 77 DPNA 
R1 - . 06  .03 RLIC 77 DPWA 
R1 . . . . . . . . .  
R( AVERAGE MEANINGLESS (SCALE FACTOR = 1.5) 

R2 Y'1(1940( FROM KBAR N INTO SIGMA PI 
R2 --0.12 0.03 GALTIERI 70 DpWA 
R2 -0 .093  ( 0 .006 ]  KANE 72 DPWA 
R2 2 NOT SEEN LEA 73 DPWA 
R2 5 (+ . I 6 )OR + . I 6  MARTIN 77 DRWA 
R2 - . 08  . 04  RLIC 77 DPWA 
R2 . . . . . . . . .  
R2 AVERAGE NEANINGLEGS (SCALE FACTOR = 1.0I  

R3 Y$1(19401 INTO REAR N 
R3 2 {.211 
R3 5 
R3 
R3 
R3 

K- N TO LAM PI 7/70 
MLETICHNL K-MTRX 9/73 

0 FIXED T OIGP MEt 417E 
KBAR N TO LAW P( 11/75 

0 K-P TO LAM PIO 11170 
KBAR N NULTICHNL 11177* 
KBAR N MULTICHNL 1176 

SQRT(PI*P31 
K-P TO SIGMA Pl 7 /70  

0 K-P TO Pl GIG 10/T1 
NULTICHNL K--MTRX 91T3 
KBAR N MULIICHNL I I I TT *  
KBAR N MULTICHNL 1 /76  

IPll 9/73 
LEA 73 DPWA MULTICHNL K-NTRX 9/73 
MARTIN 77 DPWA KBAR N MULTICHNL IL l 77=  ( .1410R . I 3  

LESS THAN .04 RLIC TT DPWA KBAR N MULTICHNL 1176 
NO SIGNAL FOR THIS STATE WITH X LARGER THAN ABOUT .03 IN THE 1L175 
ANALYSIS OF HEMINGWAY 75.  11175 
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Data Card Listings 
For notation, see key at front of  Listings. 

R4 
R4 
R4 
R4 
R4 

R5 
RB 
RB 
R5 
RB 
R5 
RB 

R6 
R6 
R6 

R? 
R7 
RT 

RB 
RB 

REFERENCES FOR Y '1 (1940 )  

Y* I (19401 FROM KBAB N TO Y*OI I520)  PI P-WAVE SORTIPI*B4I 
- * i T  .04  LITCHFI2 7R OPNA 0 K-P TO L i I 5201P I  10/74 

ASSUMES LAMBDA(1520) ELASTICITY=.45,SIGN RLTV. TO SIG(20301 DECAY. 10 /74  
6 LESS [HAN ,03 CAMERON 77 OFWA 0 K -P  TO L(1520)PI  i /TO*  
6 ASSUMES LAMBDA(IBBOI ELASTICITY=.46. I /T8 *  

Y*1(1940) FROM KBAR N TO Y*O{1520) PI F -WAVE BQRT(PI*PBI 
i - . 08  .04 LITCHFI2 74 DPWA O K-P TO L I I 520 )P I  10/74 
1 ASSUMES LAMBDA(1520] ELASTICITY=.4B,SIGN RLTV. TO SIG(2OBO] DECAY. 10174 
6 .062 .OZl CAMERON 77 OPWA O K-P TO L ( I 520 )P I  1/TB* 
6 ASSUMES LAMBDAII520] ELASTICITY=.46. I /TO* 

AVERAGE'MEANINGLESS'(SCALE FACTOR = I .O )  

Y.1{1940) FROM KBAR N TO KBAR DELTA(12BB) S-WAVE SORT(PI*P6) 
- . 16  .05 LITCHFI3 74 DPWA O K-P TO KBAR OEL I0174 

SIGN RELATIVE TO SIGMA(2030) DECAY 10/74 

Y.1(19401 FROM KBAR N TO KBAR DELTA(IB321 D--WAVE SORT(PI*P7) 
- . I 4  .OB LITCHFI3 74 DPWA 0 K-P TO KBAR EEL 10/74 

SIGN RELATIVE TO SIGMA(20301 DECAY 10 /74  

Y * I ( I 940 ]  FROM KBAR N TO Y* I ( [ 38B ]  P[ S--WAVE SQRT[PL*FB) 
- . 068  . 025  CAMERON2 77 DPWA 0 K -P  TO S(E3B51PI 1 /78#  

A BARBARD-GALTIERI (LRL}IJP 
P J LITCHFIELD (RUTHERFDRDIIJP 
D F KANE (LBLI IJP 
+MARTIN,MODRHOUSE* (RHEL÷LDUC+DLAS+AARHUSIIJP 

OEVENISH,FROGGATT.NARTIN(DESY,NORDITA.LOUC) 
LITCHFIELD,HEMINGWAY,BAILLON,÷ (CERN+HEID)IJP 
LITCHFIELD,HEHINGWAY,BAILLONt+ (CERN÷HEIDIIJP 

P. BAILLON,P. J .  LITCHFIELD (CERN.BHELIIJP 
A. J .  VAN HORN (LBL) IJP 
A. J .  VAN HORN (LBL} IJP 

DE BELLEFON,BERTHON (COEF)IJP 
+FRANEKtGOPAL,KALMUS,MCPHEBSON+ (RHEL+LOIC)IJP 
+FRANEK,GOPAL,BACDN,BUTTERWORTH+(BHEL+LOICIIJP 
MARTIN,PIDEDCKtMGORHOUSE (LDUC+GLASIIJP 
MARTIN,PIDCOCR (LDUC) 
MARTIN,PIGCOCK (LOUCIIJP 
GOPAL,RDSS,VAN HORN,MCPHERSON+ (LOIC*RHELIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

HEMINGWAY,EADES,HARMSEN+ ICBRN,HEIO,MPIM}IJP 

GALTIERI 70 DUKE CONF 173 
LITCHFIE 70 NP B22 2G9 
KANE 72 PR DB 158B 
LEA 73 NP B56 77 

OEVENISH 74 NP BBI 330 
L[TCHFI2 74 NP B7~ 19 
LITCHFI3 74 NP B74 39  

BA ILLDN 75 NP B94 39 
VANHCRN 75 NP BB7 L45  

ALSO 75 NP BB7 157 

BELLEFON 76 NP 6109 129 
CAMERON 77 NP B131 399  
CAMERON2 77 RL-TT- I IO /A  
MARTIN 77 NP B127 349  

ALSO 77 NP B/26 266 
ALBO 77 NP B126 285  

RLIC 77  NP Bllg 362  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

1 .(2ooo)1 . . . . . . . . . . . . . . .  12_, 1.1 
WE LIST HERE ALL REPORTED Sll STATES LYING ABOVE 
THE Y ' I ( 17501  

0 2  Y*I(2OODI MASS (MEV) 

M 2004. 40.  VANHORN 7B DPWA O K-P TO LAM BIO 11175 
M 1 LT55. OR 1834. MARTIN 77 DPWA KBAR N MULTICHNL 11/775 
M I THE TWO ENTRIES FOR MARTIN TT CORRESPOND TO EXTRACTION OF RESONANCE 
M I PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 
M [955 .  15. RLIC 77  OPRA KBAR N MULTICHNL 1 /76  

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

02 Y*I[20OOI WIDTH (MEVI  

N 116. 40. VANHORN 75  DPWA 0 K-P TO LAM P IO  I I / 75  
w [ R I I .  OR 450. MARTIN 77  OPWA RBAR N MULTICHNL 11177~ 
W 170 .  40 ,  RLIC 77 DPWA KBAR N MULTICHNL 1 /76  

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

02 Y*112000) PARTIAL DECAY MODES 

DECAY MASSES 
PI  Y * l 1 2 0 O O l  INTO KBAR N 497+ 939  
P2 Y*I(20OO} INTO LAMBDA PI  1115+ 134  
P3 Y*I IBO00) INTO SIGMA PI 1197+ 139 
P4 Y* I ( 200O l  INTO LAMBEA( IBEO)  PI 139+1518  

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

02 Y * I ( 200OI  BRANCHING RATIOS 

R1 Y*I(2OOO) FROM KBAR N INTO LAMBDA PI 
RI NOT SEEN 8AILLON 
RI + ,07  .02 ,01 VANHORN 
RL l ( - .19 IOR --.18 MARTIN 
RL .08 .03 RCIC 

R2 Y*I (20001 INTO (KBAR N)ITOFAL 
R2 1 [ . 6210R  , 57  MARTIN 
R2 . 44  .OB RLIC 

R3 Y* I (200OI  FROM KBAR N INTO SIGMA PI 
R3 I (+.2610R +.24 MARTIN 
R3 + .BO .O4 RLIC 

SQRTIPI*P2) 
75 IPRA KBAR N TO LAM PI 11/7B 
75 DPWA 0 K-P TO LAM PIO I1 /7B 
77 DPWA K8AR N MULTICHNL LE/77* 
77 DPWA KBAR N MULTICHNL 1176 

lPlI L / 7 6  
77 DPWA KBAR N MULTICHNL 11177* 
77 DPWA KBAR N MULTICHNL 117B 

SQRT(P I *P3 )  1 / 76  
77  DPWA KBAR N MULTICHNL 11 /77 "  
77  DPWA KBAR N MULTICHNL 1176 

R4 Y*I(20OO) FROM KBAR N TO LAMBDAIIB20I PI SQRTIPI*P4) 
B4 2 - . 081  .021  CAMERON 77 OPRA 0 P-WAVE DECAY 1178" 
R4 2 ASSUMES LAMBDA(L520I ELASTICITY=.46. SIGN RLIV. TO SIG(I7EBI DECAY. 1178" 

Baryons 
T(1940),  (ZO00)Z(Z030) 

REFERENCES FOB Y*I(ZOOO) 

BAILLDN 75 NP B04 39 P. BAILLON,P. J .  LITCHFIELO (EERN,RHFL)IJP 
VANHDRN 75 NP B87 145  A . J .  VAN HORN (LBLI IJP 

ALSB 75 NP BBT 197 A . J .  VAN HORN (LBL( IJP 

CAMERON 77 NP B I3 I  399 +FRANEK,GOPAL,KALMUS,MCPHERSON+ (RHEL+LOICIIJP 
MARTIN 77  NP BE27 349  MARTIN,PIDCOCK,MODRHOUSB (LOUC+GLASIIJP 

ALSO 77 NP 8126 266  MARTIN,PIDCOCK (LOUCI 
ALSG 77 NP B126 285  MARTIN ,P IDCOCK (LOUCI I JP  

RLIC 77 NP B I I 9  362 GOPAL,ROSS,VAN HDRN,MCPHERSON+ (LCIC+RHELIIJP 

BEE THE MINI-REVIEW AT THE STARE OF THE Y* LISTINGS. 

THIS ENTRY ONLY INCLUDES RESULTS FROM PARTIAL-WAVE 
ANALYSES.  PARAMETERS OF PEAKS SEEN IN CROSS-SECTIONS 
AND INVARIANT-MASB DISTRIBUTIONS AROUND 2030 HEV ARE 

GIVEN IN THE NEXT ENTRY. EVENTUALLY THE PARTIAL-WAVE ANALYSES SHOULD 
GIVE THE BEST RESULTS, AS THEY ISOLATE THE FIT WAVE. THIS SUPERIORITY 
IS ,  HOWEVER. PROBABLY NOT YET ATTAINED, AND WE RELY ON BOTH ENTRIES 
FOR PARAMETERS GIVEN IN THE MAIN BARYON TABLE. 

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

47  Y *1 (2030 )  MASS [MEV) 

M (2030.0)  ( 20 .0 I  WOHL 66 HBC O K-P TO tAM PIO 7/66 
M 2032.0 6.0 SMART 6B DPWA - K-N TO LAMBDA PI 6 /68 
M 2030 ,0  lO .O  BERTHON 70  DPWA 0 K -P  TO LAMBDA P I  7 /70  
M 2035 .0  lO .O  BERTHONI 70  ~PWA 0 K -P  TO SIGMA P I  IO /TO  
M 2027.0 6.0 COX 70  OPWA - K-N TO LAMBDA PI 6170 
H 2010.0 tB.O GALTIERI TO OPWA O K-P TO LAMBOA PI 7 /70 
M 2000 ,0  2O.O GALT IER I  TO OPWA O K -P  TO SIGMA PI  7 /70  
M 2022.0 4.0 LITCHFIEL 70 DPWA -0  K-N TO LAMBDA PI 6 /70 
M 2025 .  15 .  LITCHFIE T1DPWA K--P TO KBAR N lO /T l  
M 2034.0 14.0 KANE 72 DPWA 0 K-P TO PI  S IG lO /T t  
M 2025. IO,  LITCHFII  74  OPWA 0 K-P TO L (18 lS )P I  lO/T4 
M 203B .  LO.  L ITCHF I2  74  OPWA o K -P  TO L (LSBOIP [  I 0 / 74  
M 2OZO. 30 .  LITCHPI3 74  OPWA 0 K-P TO KBAR OCt 10 /74  
M 2035 ,  IS .  BAILLON 7B IPWA KBAR N TO LAMP[ l l / TB  
M 2038 .  10 ,  HEMINOWA 7S DPWA o K -  P TO KBAR N 11 /75  
M 2042. I I .  VANHORN 75  OPMA o K-P TO LAM PIO 11/75 
N (2030. )  BELLEFON 7G IPWA O K- P TO LAW PI 2177 "  

4 2030 .  3 .  CDRDEN 76  DPNA - K -  N TO P I -  LAM 2177 "  
4 PREFERRED SOLUTION 3 ,  SEB COROEN 76  FOR OTHER POSSIBLILITES. B /77 "  

N 4 COBDEN 76 INCLUDES THE DATA OF COX TO AS A SUBSAMPLB. 
M C 2038 .  lO .  COROEN2 77  - K -  N TO K*  N 11 /77 *  
M 6 2027. TO 20S7. GDYAL 77 DPRA - K- N TO BIG PI L178" 
M 2040 .  5. RLIC 77  DPRA KBAR N MULTICHNL L IT6  
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = l.O) 

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

47  Y*1 {20301  WIDTH (MEVI 

W (170.Of 
W I60 .0  IG.O 
W 16S.0 30.0 
W 150.0 20.0 
W 158.0 16.0 
W iLB.O lS .0  
w IOO.O 40.0 
w 170 .0  15.0 
M 200. 30 .  
W l tB .O  12.0 

70 .  TO L2B. 
160. 20 .  

W 200 .  30 .  
M 180. 20. 
N IT2 .  IS .  
w 1 7 8 .  1 3 .  
W (160. )  
W 4 ZO l .  9 .  

C 137. 40. R 
W (260 . l  
W 6 126. TO L95. 

W 190. iO* 

WOHL 6G HBC O K-N 7/66 
SMART 68 DPWA TO LAN8DA PI 6/68 
BERTHON 70  DPWA 0 K -P  TO LAMBDA P I  7 / 70  
BERTHONI 70  DPWA 0 K -P  TO SIGMA P I  1O17O 
COX 70 DPRA - K-N TO LAMBOA PI 6 /70 
GALTIERI 70  OPWA o R-P TB LAMBDA P I  7 / 70  
GALTIBRI 70 OPWA O K-P TD SIGMA PI 7 /70  
LITCHFIEL 70 OPWA -O K-N TG LANBOA PI 6 /70  
LITCHFIE Tl DPWA K-B TO KBAR N 10/71 
KANE 72 DPWA 0 K-P TO Pl BIG IO IT I  
LITCHFI1 74  OPWA 0 K -P  TO L ( IB IS IP I  10 /74  
L ITCHF I2  74  DPWA 0 K -P  TO L ( ISZOIP I  10174  
L ITCHF I3  74  DPWA 0 K -P  TO KBAR EEL 10 /74  
BA ILLON 75  IPWA KBAB N TO tAM P I  1117B 
HEMINGWA T5 DPWA 0 K- B TD KBAR N 11175 
VANHORN 75  OPWA 0 K-P  TO LAM P IO  11 /75  
BELLEFON 7G IPNA O K -  P TQ LAM P I  2177*  
COROEN 76  OPWA - K -  N TO P I -  LAM 2 /77 *  
COBDENZ 77  - K -  N TO K* N I I / 77 *  
DECLAIS 77 OPWA KBAR N TO KBAR N I / 7B*  
GOYAL 77  DPWA K -  N l o  S IG P I  1178 "  
RLIC 7T OPWA KBAR N MULTICHNL 1/76 

W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = 1.9) 

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

Pt Y~I(2O3OI INTO KBAR N 
P2 Y.L(20301 INTO LAMBOA Pl 
P3 Ye l ( 2O3O l  INTO SIGMA PI 
P4 Y ' I ( 20301  INTO x I  K 
P5 Y ' L (2030 )  INTO Y~0 (1813 }  P I  P-RAVE 

P6 V * I (2030 )  INTO Y*O(IB20) PI O-WAVE 
P7 Y '1(2030)  INTO Y*0(1520) PI G-WAVE 
PB Y*1 (2030 )  INTO KBAR DELTA I I 2321  F -NAVE 
P9 Y* [ ( 2O3O l  INTO KBAR OELTA(1232 |  H--RAVE 
P IO  Y* I ( 203O l  INTO K ILO92 )  N 
P l l  Y=I(2O3Ol INTO Y '1 ( I 3851P I  P-WAVE 

DECAY MASSES 
497+ 939  

l l l S+  134 
1L07+  139  
132E+ 49T 

134+1820  
134+~518  

L34+ IB t8  
493+1232  
473+1232  
892+  939  
L39+~384  

47  Y * I [ 2O3O l  BRANCHING RATIOS 

RI Y*I(20301 INTO (KBAR N)/TOTAL (P t l  
R1 (0 .25 I  WOHL 6G HBC 0 K-P  CH EX 7 /66  
RI O (O . I i I  DRUM 68 CNTR K-P ELA,POL.SIGT 7/70 
RL 0.17 0.04 CAMPBELL T l  DBC - K- NEUTRON ELAST 1/T1 
R1 0.18 O.O2 LITCHFIE 71DPWA K-P IO KBAR N .10/71 
EL .tO .03 HEMINGWA 75 DPMA 0 K- P T0 KBAR N I I / 7B  
R1 ( . IB ]  DECCAIS 77 DPWA K8AR N TO KBAR N 1178. 
R1 .2~ .02 RLIC 77 DPMA KBAR N MULTICHNL 1/76 
RE B CAUM 6B ASSUMES (J+ I /B I~P1  VALUE SEEN IN TOTAL CROSS SECTION. 
RI . . . . . . . . .  
RE AVERAGE MEANINGLESS (SCALE FACTOR = 1 .4 i  



Baryons 
z( o3o), r( ovo) 

R2 Y ,1120301  FROM KBAR N INTO LAMBOA Pl SQRTIPI*PZI 
R2 (0 .20 }  WOHL 66  HBC 0 K -P  TO LANBDA PI 7 /66  
R2 + 0 . 2 1  0 .01  SMART 68 DPWA - K -N  TO LAMBOA PI 6 /68 
R2 +0 .2  0 .02  BERTHON 70  DPWA 0 K - P  TO LAMBDA P I  7 / 70  
R2 ÷0 .19  0 .01  COX 70  DPWA -- K -N TO LAMBDA P (  6 / 70  
R2 +0.16 0.03 GALTIERI 70 DPWA 0 K-P TO LAMBDA PI 7 /70 
R2 +0.20 O.OOB LITCHFIEL 70 OPWA -0  K-N TO LAMBDA PI 6170 
R2 + .195  . 053  DEVENISH 74  0 F IXED T OlSP REL 6 /75  
R2 +.18 .02 BAILLON 75  IPWA KBAR N TO LAB PI 11 /78  
R2 ÷ .20  . 01  VANHORN 75 DPWA 0 K-P TO LAM P IO  11 /75  
R2 ( . 20 (  BELLEFON 76 IPMA O K -  P TO LAM P1 2 /77 *  
R2 4 + .20  . 01  CORDBN 76  DPWA - K -  N TO P I -  LAM 2 /77 *  
R2 +*18 .02 RLIC 77  DPMA KBAR N MULTICHNL 1/76 
R2 . . . . . . . . .  
R2 AVERAGE MEANINGLESS (SCALE FACTOR = I .O )  

R3 Y ,112030 I  FROM KBAR N INTO SIGMA P I  SQRT(P I *P3 I  
R3 L ( - 0 . 09 (  (0 .02 )  BERTHON1 70 DPWA O K-P  TO SIGMA Pl 10/70 
R3 -0 .052  0 .010  GALT IER I  70  OPWA 0 K -P  TO SIGMA P I  7 / 70  
R3 - 0 . 10  0 .03  LITCHFIE 710PMA K-P TO SIG PI 3/72 
R3 L LITCHFIBLO T1 IS AN UPDATE OF BERTHON1 70  3 /72  
R3 -O°OB6  0 .014  KANE 72  DPWA 0 K -P  TO P I  SIG 10 /71  
R3 A - . 09  .O1 CQRDENI 77  - K -  N TO P l  S IG l I / T7 *  
R3 8 - . 06  o01  CORDENE 77  - K -  N TO P(  S IG 11 /77 "  
R3 A THE 2 ENTRIES FOR CORDENI77 ARE FROM 2 DIFFERENT ACCEPTABLE SLTNS. 11 /77 -  
R3 6 1 - . 085 I  ( * 02 )  GOYAL 77  DPWA - K -  N TO SIG P I  1 / 78 "  
R3 6 THIS COUPLING IS EXTRACTED FROM UNNORMALIZED DATA. 1 /7B*  
R3 - . 15  . 03  RL IC  77  DPWA KBAR N MULTICHNL 1 /76  
R3 . . . . . . . . .  
R3 AVERAGE MEANINGLESS (SCALE FACTOR = 1.9)  

R4 Y*1(20301 FROM KBAR N INTO x I  KTRIP P SQRT(P I *PC)  
R~ (0 .05 }  OR LESS 67  RVUE 0 K -P  TO X l  K 8167  
R6 (O .OB ]  OR LESS BURGUN 68  DPWA 0 K -P  TO X l  K 10 /69  
RA ( 0 . 023 )  MULLER 69  DPWA O T/TO 

R5 T *1 (2030 )  FROM KBAR N EO Y*O I IB IS I  P I  P--WAVE SQBT IP I tPB )  
R5 1 . 18  .04 LITCHFII  7A  OPWA 0 K -P  TO L (1815 (P I  10176  
R5 1 ASSUMES LAMBDA(1B IS )  ELAST IC ITY= .6  10 /74  
R5 .16 .02 CORDEN2 75  OBC - KBAR P I -  NUCLEON 11/75 
RB . . . . . . . . .  
R5 AVG 0.168 0.018 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
R5 STODENT 0.148 0.020 AVEBAGE USING STUBENTIO(H/1.11) - -  SEE MAIN TEXT 

R6 Y*1 (2030 )  FROM KBAR N TO Y*0 (1520 )  P I  D-WAVE SQRTIP I *P6 ]  
R6 2 . 14  . 03  LITCHFI2 76  OPWA 0 K-P TO L (1520 IP I  10 /74  
R6 32 ASSUMBS LAMDOA(L520 )  ELAST IC ITY= .65  10 /74  
R6 ( . lOJ  ~ .031  CORbEN~ ~F~ DBC - KBAR P l -  NUCLEON i i / 75  

R6 35 UPPER L IM IT  11 /75  
R6 - . | IA  .O lD  CAMERON T7 OPWA 0 K -P  TO L I I 52O IP I  1 / 78 *  
R6 5 ASSUMES LAMBDA(15201ELASTICZIY=.46, SIGN RLTVo TO SIG(17651 DECAY. 1 /78"  
R6 . . . . . . . . .  
R6 AVG HOD 0o1186 0.0095 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ . 0 )  
R6 STUOENT 0.116 0.010 AVERAGE USING STUDENTIO[H/IoII}  - -  SEE MAIN TEXT 

R7 Y~ I (2030 I  FRON KBAR N TO Y*0 (15201  P I  G--WAVE BQRT{P I *PT )  
R7 2 . 02  .OZ L ITCHF I2  76 DPWA 0 K -P  TO L [1520 )P I  10 /74  
R7 2 ASSUMES LAMBDA[1520 )  ELASTICITY=.A5 10 /74  
R7 5 - . 1#6  .010 CAMERON 77  DPWA 0 K -P  TO L {L520 )P I  1 / 7B*  
R7 5 ASSUMES LAMBDA(IB20) ELASTICITY=.66, SIGN RLTV. TO SIG[1765] DECAY. 1/T8.  
RT . . . . . . . . .  
R7 AVG MOO 0 .121  0.050 AVERAGE (ERROR INCLUDES SCALE FACTOR OF E.6) 
R7 STUDENT 0.138 Q.012 AVERAGE USING STUDENTIO(H/I . I I )  - -  SEE MAIN TEXT 

RB Y . 1 1 2 0 3 0 1  FROM KBAR N TO KBAR DELTA(1232 )  F-WAVE SQRT(PL*PS)  
RB . 16  . 03  L ITCHF I3  76  OPWA O K -P  TO KBAR DEL 10 /74  
RD 3 ( . I 7 I  ( . 03 }  CORDEN2 75 DBC - KBA2 PI -  NUCLEON I I 175  
R8 3 UPPER L IM IT  11 /T5  

R9 Y ' 112030 )  FRON KOAR N TO KBAR DELTA(1232 I  F~WAVE SQRT[P I *P9 )  
R9 . 00  . 02  L ITBHF I3  74  DPMA 0 K -P  TD KBAR DEL 10 /T4  

R IO  Y . I ( 2030 )  FRON KBARN TO K* I892 |  N SQRT(PI*PLO) 
R IO  C . 02  . 01  CORDEN2 7 7  - 2FF7  WAVE I I / T7 *  
R IO  C . 12  . 02  CORDEN2 77  - 4FF7  WAVE 11 /77 "  
R IO C THESE AMPLITUDES AT RESONANCE HAVE POSITIVE RELATIVE SIGN, AND 11 /77 "  
R IO C CORRESPOND TO A 7+ / -3  PCT BRANCHING RATIO INTO K* (892 )  N .  E l /T7 *  
RIO . . . . . . . . .  
RIO AVERAGE MEANINGLESS lOCALE FACTOR = 4 .5 )  

R I I  Y * I IE03OI  FROM KBAR N TO Y*1 |1385 )  PI F-WAVE SQRT(P I *P l l )  
R l l  - . IS3  . 026  CAMERON2 77  DPWA O K -P  TO S ( I 3BS)P I  [ 17B*  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR Y* I [ 2OSO|  

MOHL 66 PRL 17 107 C G WOHL, F T SOLMITZ, M t STEVENSON (LRL)IJP 
TRIPP 67  NP B3 10  * LE ITH ,  + ( LRL ,SLAC,CERN,HE IOEL ,SACLAYI  
BURGUN 68  NP B8 447  +MEYER,PAUL I ,TALL IN I  + (SACL÷CDEF+RHEL)  
DAUM 68  NP B7 19 +ERNE,LAGNAUX,SENS,  STEUER,UDO (CERN)JP  

CONFIRMS THE SPIN-PARITY ASSIGNMENT. 
SMART 68  PR 169  1336  w M SMART (LRLI IJP 
VAJLLER 69  THESIS ,UCRL  19372  R A HULLER (LRL )  

BERTHON 70  NP B20 676  +RANGAN, VRANA, +(COL FRANCE, RHEL~ SACLAY)IJP 
EERTHONI 70  NP 526  417 ~VRANA, BUTTERWORTH, + (CDEF, RHEL, SACLAYIIJP 
COX 70  NP BIg 61 +ISLAM, COLLEY,  + (BIRM,EDIN,GLAStLOIC(IJP 
GALTEERI  70  DUKE CONF 173  A BARBARO-GALT IER I  [ LRL ) I JP  
L ITCHF IE  70  NP 822  269 

CAMPBELL 71NP  825  75  
L ITCHF IE  71 NP BBO 125  
KANE 72 PR D5 15B3 

OEVENIBH 76 NP 881 350  
L ITCHF I1  74  NP 876  12 
L I7CHF I2  74 NP B74 19 
L ITCHF I3  76 NP 874  39  

BA ILLON 75 NP B96 39  
CORDEN2 75 NP 892  368  
HEMINGHA 75  NP 891 12 
VANHORN 75 NP BR7 165 

ALSO 75 NP BB7 157  
BELLEFGN 76 NP B IO9  129  
CORDEN 7 6  NP B104  362  

CAMERON 77  NP B IB I  399  
£AMBRON2 77 RL -77 -119 /A  
CORDENI 77 NP 8125 61 
CORDER2 77  NP B121 365  
OECLAIS 77 CERN 77 -16  
GOYAL 77 PRO 16 2746  
RL IC  77  NP 0119  362 

P J LITCHFIELD (RUTHERFORO)IJP 

+MORTON, NEGUS, GOYAL, MILLER (GLAS, LOIC}IJP 
LITCHFIELD,,..*LESGUOY,+.. (RHEL+CDEF+SACL)IJP 
D F KANE {LBL ) I JP  

DEVENISH,FROGGATT,MARTINIDESY,NORDITA,LDUC) 
LITCHFIELD, HEMINGWAY, BAILLON,+ (CERN*HEID)IJP 
LITCHFIELD,HEMINGWAYpBAILLON,+ (CERN*HEIO(IJP 
LITCHFIBLD,HEMINGWAV,BAILLON,+ (CERN+HEID)[JP 

P .  BA ILLON,P .  J .  L ITCHF IELD  (CERN,RHEL I I JP  
+COX,DARTNELL,KENY~N,ONBALE,SUMOROK+ IBIRMI IJP 
HBMINGWAY,EAOES,HARMSEN+ (CERN,HEID,MPIM)IJP 
A. J .  VAN HORN (LBL I I JP  
, .  ~ .  V , N  HORN .BL , .P  
DE BELLEFON,BERTHON [CDEF( I JP  
+COX,DARTNELL,KENVONfONEALE,SUNOROX+ (B IRM( I JP  

+FRANEK,GOPAL,KALMUB,MCPHERSON+ (RHEL+LOIC I I JP  
+FRANEK,GOPAL,BACON,BUTTERWORTH÷(RHEL+LOICIIJP 
*60X,KENYON,SNEALE,STUBBS,SUMCROK+ (B IRMI I JP  
eCOX,KENYON,ONEALE,STUDBS,SUMOROK+ {B IRM) I JP  
+DUCHDN,LOUVEL,PAT~Y,SEGUINOT+ (CAEN+CERN)IJP 
O.P.GOYAL,A.V.SODHI (DELHI UNIV . } I JP  
GDPAL,ROSS,VAN HORN,MCPHERSON+ (LCIC÷RHEL)IJP 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

230 

Data Card Listings 
For notation, see key at front of  Listings. 

2030 MEV I~GION - PRODUCTION AND ~TOT.~L IDCP'TS 

28 Y.1(2030,  JP= ] I = l  PRODUCTION EXPERIMENTS 

SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

BEE THE NOTE TO THE FI7 Y ' 1 (2030 ) ,  WHICH PRECEDES THIS 
ENTRY. HERE WE LIST DNLY PARAMETERS DF PEAKS IN CROSS 
SECTIONS ANB INVARIANT-MABS DISTRIBUTIONS. THE CROSS- 

SECTION PEAKS ARE AT LEAST DOMINANTLY ASSOCIATED WITH THB Y* I ( 2030 ) ,  
BUT MAY CONTAIN A SMALL CONTRIBUTION FROM THE SUGGESTED BUI NOT ESTAB- 
LISHED UTHER RESONANCES IN THIS REGION. 

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

28 Y , I ( 2030 )  MASS (MEV) (PROD. EXP.) 

M 12022.0) (BO.O} BLANPIED 65 CNTR 0 GAMMA P TO K+ Y* 
M 2020.0 7 .0  BUGG 6B CNTR K-P, D TOTAL 616B 

2049.0 6 .0  BRICMAN 70 CNTB o TOTAL AND CH EX 6170 
2025.0 10.0 COOL 70  CNTR K-P, D TOTAL 10/70 

M (2028.0 I  (20 .0 (  LU 70 CNTR 0 GAMMA P TO K+ Y* 1/71 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 2.B) 

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

Z8 Y * [ ( 20BO]  WIDTH (MEVJ (PROD. EXP.I 

1120.01 120.0) BLANPIED 65 CNTR O 
130.0 IO.O BUGG 68 CNTB 6/68 

W 126.0 11.0 BRICMAN TO CNTR 0 TOTAL AND CH EX 6 /70  
w 165 .0  COOL TO CNTR K -P ,  D TOTAL 10 /70  
W (BO.O(  LU TO CNTR O GAMMA P TO K+ Y*  1 /71  
W . . . . . . . . .  
w AVERAGE MEANINGLESS (SCALE FACTOR = I .O )  

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

28 Y*I(2OBO} PARTIAL DECAY MODES (PROD. EXP.) 

DECAY MASSES 
P1 Y t I ( 2030 )  INTO KBAR N 497+ 939 
P2 V ' 1 (2030 )  INTO KBAR N P1 497*  939+  139 

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

28  Y *112030 )  BRANCHING RATIOS (PROD. EXP . )  

R1 YtL(EB30) INTO (KBAR N)/TCTAL (P l l  
R1 THESE VALUES OF ELASIICITIES ASSUME J=?/2 - -  
R( 0 .131  BOGG 68 CNTR 6/68 
RI 0 .27 10 .02 )  BRICMAN 70  CNTB 0 TOTAL AND CH EX 6 /70  
RL 0.12 COOL 70 CNTB K-P, D TOTAL 10/70 

R2 Y* I ( 2030 I  INTO KBAR N PI (P2) 
R2 SEEN BOCR HBC 

REFERENCES FOR Y*1120301 (PRO0. EXP.) 

BLANP/EB 65 PRL 14 741 +GREENBERG, HUGHES,KITCHING,LU,+ (YALE(CEA)) 
COOL 66 PRL 16 1228 +GIACOMELLI,KVCIA,LEONTIC,LI,LUNDBY,+ (BNLI I 

SUPERSEDED BY COOL 70. 
BUGG 68 PR 168 1466 +GILMORE,KNIGHT, + (RHEL,BIRM,CAVEI I 

BRICMAN 70 PL 31B 152 +FERRD LUZZI, PERREAU,+ (CERN,CAEN,SACLAYI 
COOL 70 PR D1 1887 +GIACOMELLI, KYCIA, LEONTIC, L I ,  + (BNL) I 
LU 70 PR D2 1846  +GREENBERG, HUGHES, R INEHART,  MORI ,+  (YALE ]  

1 (2ovo)l . . . . . . . . . . . . . . . . . .  ' l = l  F ~  

THIS STATE HAS BEEN SUGGESTED 8Y ONLY ONE PARTIAL 
WAVE ANALYSIS ACROSS THIS REGION. IT NEEDS CONFIRMATION 
THE BESONANCE PROPOSED BY KANB IS TOO BROAD TO 
BE USED AS EVIDENCE. 

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

36  Y*[12OTO} MASS (MEVI 

M 12070.) ( iO . )  BERTHON1 70 DPWA - K- P TO SIG PI 1171 
M (2057 .0 )  KANE 72  DPWA K -P  TO SIGMA P [  1 / 73  

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

B6 Y 'H2070 (  WIDTH (MEV} 

W (160.1 (20.1 BERTHON1 70 DPWA - K- P TO SIG P( I171 
W (906.0)  KANE 72 DPWA K-P TO SIGHA PI I /T3  

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

34 Y*I(2070) PARTIAL DECAY MODES 

DECAY MASSES 
PI Y*1(2070l INID KBAR N 497+ 939 
P2 Y*liBO7O) INTO SIGMA P( 1197+ 139 

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

36 Y*[(2OTO} BRANCHING RATIOS 

R[ Y*I(2OTO) PROM KBAR N TO SIGMA BQRT(PI*PBI 
R1 1+.12) [ . 02 }  BERTHONI 70 DPWA - K- P TO SIG PI I / T I  
RI (+O.104I KANE 72 DPWA K--P TO SIGMA P( 1 /73  

REFERENCES FOR Y ' I ( 20701  

BERTHDNI 70 NP 826 617  +VRANA,BUTTERWORIH~+ (CDEF,RHEL,SA6LAY(IJP 
KANE 72 PR 05 1583 D F KANE (LBL) 
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Data Card Listings 
For notation, see key at front of Listings. 

Iz( ooo)l . . . . . . . . . . . . . . . . . .  ) I = I  F ~  

SEE THE MINI-REVIEW AT THE START OF THE y~ LISTINGS. 

SUCH A RESONANCE IS SUGGESTED BY SOME BUT NOT ALL 
PARTIAL-WAVE ANALYSES ACROSS THIS REGION. UNTIL THERE 
IS MORE EVIDENCE, WE OMIT THIS STATE FROM THE MAIN 
BARYON TABLE. 

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

B@ Y*I(20BO] MASS [MEVI 

M (2082.0)  ( 4 . 0 )  COX 70 DPWA -- K- H TO LAM PI 6 /70  
M (2070.0 I  ( 30 .0 )  LITCHFIEL 70 DPWA -O K- N TO LAM PI 6 /70  
M 1 2120. 40. BAILLON 75  IPWA KBAR N TO tAM PI  11/7S 

1 FROM SELUTION [ OF BAILLON 75. 1/76 
2 2140. 40. BAILLON 75 IPWA KBAR H TO LAM PI 1/76 

M 2 FREM SOLUTION 2 OF BAILLON 75. 1176 
M 2140. 30. BELLEFO1 7E OPWA 0 K- P TO LAM PIO l l / 7S  
M 3 2070. TO 2120. BELLEFON 7 6  IPWA O K- P TO LAM PI 2 /77*  

3 SUPERCEDES BELLEFOI 75 ,  2 /77*  
4 2091. 7 .  COROEN 76  DPWA - K -  N TO P I -  LAM 2 /77 .  

M 4 PREFERRED SOLUTION 3 ,  SEE CORDEN 7 6  FOR OTHER POSSIBLILITES, 2 / 7 7 .  
M 4 INCLUDING A D15 AT THIS MASS. ~ /77~  

4 CORDEN 76 INCLUDES THE DATA OF COX TO AS A SUBSAMPLE. M 
M . . . . . . . . .  
M AVERAOE MEANINGLESS (SCALE FACTOR = t .B ]  

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

88 Y '1(2080)  WIDTH (MEV) 

W (87.0)  (20 .0 )  COX 70 OPWA - K- N TO LAM PI 6 /70  
W [250.0)  ( 40 .0 )  LITCHFIEL 70 DPWA -0 K- N TO LAM El 6 /70 

I 240 .  50. BAILLUN 75 IPWA KBAR N TO LAM PI 11/75 
2 200. 50. BAILLON 75 IPWA KBAR N TO LAM Pl 1 /76  

W leO. 20. BELLEFOI 75 OPWA 0 K-- P TO LAM PIO I I / 75  
W 3 ( IO0 . ]  BELLEFDN 76 IPWA 0 K- P TO LAM PI 2177. 
W 186. 48. EOROEN 7 6  DPWA - K- N TO P I -  LAM 2177* 
W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = i .O )  

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

BB Y . l ( 2080 ]  PARTIAL DECAY MODES 

DECAY MASSES 
El Y*I(2BBOI INTO KBAR N 497+ 939  
B2 Y* I [ 2OBD)  INTO LAMBOA PI  1115. 139 

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

88 Y*L(2080) BRANCHING RATIOS 

RI Y * I ( 2080 I  FROM KBAR N TO LAMBDA El SQRI(PI*PB) 
R[ (~0 .16 I  (0 .00 )  COX 70 DPWA - K- N TO tAM P[ 6 /70 
RI [ - -0.09] (O.OB) LITCHFIEL 70 DPWA -0  K -  N TO LAM PI 6/70 
RE i - . 13  .04 BAILLON 75 IPWA KBAR N TO tAM PI  [ 1 / 75  
RL 2 - . 13  .04 BAILLON 75 IPWA KBAR N TO tAM PI L /76  
R I  + .L9  . 03  BELLEFOI  75  DPWA 0 K -  P TO LAM P IO  L l / 75  
R1 3 ( - . tO )  BELLEFON 76  IBWA 0 K-- P TO LAW PI 2/T7* 
R I  4 - . [ 0  . 03  COBDEN 76 DPWA - K -  N TO P I -  LAM 2 /77*  
RI . . . . . . . . .  
R I  AVERAGE MEANINGLESS (SCALE FACTOR = 1 .2 )  

* * * * * *  , * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FDR Y*I(20BOI 

CDX 70  NP B [9  61 +ISLAM, COLLEY, + (BIRM,EDIN,GLAS,LOIC)IJP 
LITOHFIE TO NP 022 269 P J LITCHFIELD (RUTHERFORD)IJP 
BAILLON 7S NP B94 39 P. BAILLON~P. J .  LITCHFIELD (CERN,RHEL)IJP 
BELLEFOI 75 NP B90 1 DE BELLEFON,EERTHON,BRUNET÷ (COEF,SACLI[JP 

BELLEF~A 70 NP B 1 0 9  1 2 9  DE BELLEFON,BERTHON [CDEF I I JP  
COROEN 76 NP BlO~ 382 *COX,DARTNELL,KENYON,DNEALE,SUMOROK+ (BIRM)IJP 

Iz(  oo)l . . . . . . . . . . . .  P , i= l  . . . . .  

SEE THE MINI-REVIEW AT THE START OF THE Y* L[STINGSo 

26 Y*I (BIOO} MASS (MEV] 

M (B060.oI  [ 20 .0 )  GALTIERI 70 OPWA 0 K-P TO LAMBDA PI 7170 
M (2120°0) (30 .0 )  GALTIERI TO DPWA 0 K-P TE SIGMA PI TITD 

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

06 Y * I ( 2 IO0 )  WIDTH (MEVI 

W I70 .0 )  ( 30 .0 )  GALTIERI 70 OPWA o K-P TO LAMBOA PI 7 /70  
w (E35 .0 )  ( 30 .0 I  GALTIERI 70 OPWA o K-P TO SIGMA Pl 7 /70 

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

26 Y * I ( 2LO0)  PARTIAL DECAY MODES 

DECAY MASSES 
P I  Y * I I 2100 ]  INTO KBAR N 497+ 939  
P2 Y* I ( 2 IOOI  INTO LAMBDA P I  t i l E+  134 
P3 Y ' 1 [21001  INTO SIGMA P I  I197+ 139 

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

B6 Y~I(21OO) BRANCHINO RATIOS 

R1 Y* I (B IBOI  FRDM KBAR N TO LAMBDA Pl SQRT(Pl*PB) 

R1 ( - 0 . 07 )  (0 .02 )  GALTIERI 70 DPWA o K-P TC tAWBDA El 7 /70 

R2 Y* I (2 [OOI  FROM KBAR N TO SIGMA P[ SQRI(P[~P3) 
R2 (÷0.13)  ( 0 . 02 l  GALTIERI TO DPWA 0 K-P TO SIGMA P[ 7/T0 

Baryons 
z(zoBo), z(zloo), z(zzso) 

REFERENCES FOR Y*[1210Ol 

GALTIERI 70 DUKE CONF E73 A 6ARBARO~GALTIERI (LRLI IJP 

BUMPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

THE PARTIAL-WAVE ANALYSIS RESULTS ARE TOO WEAK TO 
WARRANT SEPARATING THEM FROM THE PRODUCTION AND ORDSS- 
SECTION EXPERIMENTS. 

LASINSKI 7 [  IN KBAR N, USING A POMERON+RESONANCES MODEL~ AND 
BELLEFON[ 76, BELLEFDN 77. AND BELLEFDN 70 (COLLEGE DE FRANCE- 
SAELAV GBDUP) IN DPWA'S OF KBAR N TO LAMBDA P I ,  SIGMA P I ,  AND KBAK N, 
RESPECTIVELY, SUGGEST THE P~ESENCE OF TWO RESONANCES AROUND THIS 
MASS VALUE. 

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

48 Y*1[2250) MASS (MEVl (PROD. EXP°] 

M (2045.0]  BLANPIED 65 CNTR GAMMA P TO K+ Y*  
M (2299 .0 l  ( 6 . 01  BOOK 65  HBC PBAR P 5 .7  BEV/C 
M 2250.Q 7 .0  BUGG 66  CNTR K-P, D TOTAL 6/68 
M 2280. 14.0 AGUILAR 70 HBG * K- 3 . 9 -4 .6  GEVIC 5 /70  
M 2237.0 I I . 0  BRIEMAN 70 CNTR 0 TOTAL ANO CH EX 6/70 
M 2255 .0  10 .0  COOL 70  CNTR K -P ,  O TOTAL 1 0 / 7 0  
M (2250.01 (20 .0 )  LU 70 CNTR o GAMMA P TO K+ Y* I / 7 I  
M B (2260 . )  ( 30 . )  BELLEF0 I  75  DPNA 05  NAVE 11 /T5  
M B (221S . )  ( IO . I  BELLEFOI  75  OPNA G9 OR H I I  WAVE l i l TS  
M E EVIDENCE FOR 2 RESONANCES IN THIS LAMBDA Pl DPWA I I I T5  
M I 2300. 30. BELIEF02 7S HBC 0 K- P TO XI*O KO 11/75 
M V 2251. 30. 20. VANHORN 75 DPWA 0 K-P TO LAM PlO LILTS 
M V VANHORN72 VALUE FROM A DPWA THAT FINDS JP=S/2~. 
M 2 (2260.1 BELLEFON 76 IPWA 0 D5 WAVE 217T* 
M 2 (2215 . ]  BEtLEFON 76 IPWA 0 G9 WAVE 2 /77 .  
M 2 SUPERCEOES BELLEFEI 75. 2177* 

2275 .  20 .  BELLEFON 77  DPNA 0 D5 WAVE 11 /77 "  
M 2215 .  20. BELLEFON 77  DPWA O G9 WAVE 11/77"  
H 2270. 50. BELLEFON 78 DPWA 0 05 WAVE 1278" 
W 2210 .  30 .  BELLEFON 78  OPWA O G9 WAVE 1 /78 "  
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 1.41 

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

48 Y*[(22501 WIDTH (MEVI (PROD. EXP.) 

W (150°0] BLANPIEO 65 CNTR GAMMA P TO K+ Y* 
W (BE.Of l IT °O)  (2 I *01  BOOK 65 HBC PBAR P S.7 GEVIC 
W 230.0 20.0 BUGG 68 CNTR K-P~ D TOTAL 6/68 
W IO0.O 20.0 AGUILAR 70 HBC + K- 3 .9 -4 .6  GEVIC 5/70 
W I64 .0  SO.O BRICMAN 70 CNTR 0 TOTAL AND CH EX 6170 
w (170 .0 |  COOL 70  ONTR K -P*  D TOTAL iO /7O  
w (125.0 ]  LU 70 CNTR 0 GAMMA P TO K+ Y* 117L 
W B ( IO0 . )  ( 20 . ]  BELLEFOI  75  OPWA D5 WAVE t i / 75  
W B (6O . I  ( 40 ° )  [ 20 . )  BELLEFO1 75  DPWA G9 OR H IL  WAVE 11175  
W 1 I 30 .  20 .  BELLEF02 75  HBC 0 K~ P TO X I *O  KO I1 /75  
W V lOB. 30* VANHORN 75 OPWA 0 K-P TO tAM PIO 11/75 
w 2 ( 100 . )  BELLEFON }'6 1PWA 0 D5 NAVE 2 /77 *  
w E (14 .0 , )  BELLEFON 7 6  IPWA 0 G9 WAVE 2 /77 *  
W TO. 20* BELLEFON 7T OPWA o OS WAVE I I /TT*  
w 60. 20. BELLEFON 77 OPWA 0 09 WAVE L 1 / 7 7 *  
w 120 .  40 .  BELLEFON 78 OPWA o 05 WAVE [ / 78 *  
W 80. 20. BELLEFON 70 DPWA 0 09 WAVE I /T8 *  
W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = 2 .7 )  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

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

48 Y*LI22SO) PARTIAL DECAY MODES IPROD. EXP.I 

DECAY MASSES 
P I  Y ' 1 (2250 )  INTO KBAR N 497+  939  
B2 V '112250 ]  INTO LAMBDA PI [115÷ 13~ 
P3 Y*I (B250)  INTO SIGMA P[ 1197+ 139 
P4 Y*I(22SOI INIO KBAR N Pl 497+ 939+ 139 
P5 Y* I ( 2250 I  I N T O  X 1 " I / 2 ( 1 5 3 0 l  K 1S33+ 4 9 7  

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

48 Y*I(22501 BRANCHING RATIOS (PROD* EXP.I 

R I  Y *1 [22501  INTO (KBAR N I /TOTAL  (P I )  
RI .08 .02 BELLEFON 78  OPWA 0 05 WAVE 
RI  . 02  .01 BELLEFON 78 OPWA 0 G9 WAVE 
R[ . . . . . . . . .  
RI AVERAGE MEANINGLESS (SCALE FACTOR = 2.?J 

R2 
R2 
R2 B 
R2 B 
R2 V 
R2 2 
R2 2 

1 /78 "  
1 / 78 "  

Y * I ( 2BEO}  FROM KBAR N TD LAMBOA P I  SQRT [PL*P2 )  
( - - 0 . 18 | (FOR JP=9 /2 - )  GALT IER I  TO DPWA K -P  TO LAMBDA P1 lO /TO  

(÷ , t 2 )  ( . 03 )  EELLEFO1 75  OPWA 05  WAVE 11 /75  
( - .D91  ( . 02 I  BELLEFOI  75 OPWA G9 OR H I I  WAVE I I / 7B  

- . 16  °03  VANHORN T5 DPWA O K -P  TO LAH P]O L l / 75  
( + . IT )  BELLEFDN 76 IPWA 0 OS WAVE 2177~ 
( - . IO I  BELLEFON 76  IPWA 0 G9 WAVE 2 /77~  

SEE THE NOTES ACCOMPANYING FHE MASSES QUOTED 

R3 Y* I ( 2250 I  FROM KEAR N TO SIGMA PI SQRT(PI*PB) 
R3 (+O.071(FDR JP=912-I GALTIERI 70 DPWA K-P TO SIGMA P[ 10170 
R3 +.06 .OR BELLEFON 77 DPWA O D5 WAVE 11/774 
R3 - . 03  .02 EELLEFON 77 OPWA O G9 WAVE 111774 
R3 . . . . . . . . .  
R3 AVERAGE MEANINGLESS (SCALE FACTOR = I . I )  

R4 Y'1(22S0) INTO (KBAR NIl(SIGMA PIT (P I ) / (P3 }  
R4 (0.181 OR LESS BARNES 69  HBC + I STAN DEV LIMIT I0 /69  

R5 Y* I (2250 )  INIO (LAMBEA PI ( / iS IGMA PI )  (PZ)I(P31 
R5 (0 . I 8 )  OR LESS BARNES 6 9  HBC + I SIAM DEV LIMIT I0 /69  

R6 Y* I (2250)  FROM K -  P TO X I * I I 2 IEB3010  KO SQRT(PI*P51 11/75 
R6 [ .OR . 02  BELLEFO2 75  HBC 0 H -  P TO X I *O  KO I I / TS  
R6 I SEEN IN DDB WAVE IN NEUTRAL CHANNEL ONLY, ISOSPIN UNDETERMINED. 11/T5 

RT Y*[(22SOI INTO (KBAR NIITOTAL ( J÷ I I 21 * (P I I  
R7 J IS NOT DETERMINED IN THESE EXPTS. THE FOLLOWING IS ( J+ I / 2 I *P I .  
R7 (0 .~7 )  BUGG 6B CNTR 3 /7B '  
R7 (O . I b l  ( 0 . I 2 ]  BRICMAN 70 CNTB 0 TOTAL AND CH EX 3178' 
R7 {0°42)  COOt 70 ONTR K-P, D TOTAL 3/T8' 
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Baryons Data Card Listings 
r.(~50), r.(~455), r.(~6~0), Z(3000), EXOTICS, 2's For notation, see key at front  o f  Listings. 

8LANPIED 65 PRL 16 761 
BOCK 65 Pl  17 166 
BUGG 68 PR 168 1666 
BARNES 69 PRL 22 A79 

AGUILAR 70 PRL 25 58 
BRICMAN 70 PL 3 tB  152 
COOL 70 PR DI 1887 
GALTIER] 70 DUKE CDNF 173 
LU TO PR D2 1866 

BELLEFDL 75 NP 890 I 
BELLEFO2 75 NC 28A 289 
VANH(~RN 75 NP B87 lAB 

ALSO 75 NP BB7 157 

BELLEFOR 76 NP B109 129 
BELLEFON 77 NC 37A 175 
BELLEFON 78 NC 42A ~03 

COOL 66 PAL 16 1228 
SUPEREDEO BY COOL 70 .  

REFERENCES FOR Y=1(2250) (PROD. EXP.) 
÷GREENBERG,HUGHES,NITCHING, + (YALE(CEA)I 
+COOPER,FRENEH,KINSON, + (CERN,SACLAY) 
+GILMORE,KNIGHT, + (RHEL,BIRM, CAVE) I 
+FLANINIO,MONIANET,SAMIOS + (BNLeSYRA) 

AGUILAR-BENITEZ, BARNES, + (BNLeSYRA) 
+FERRO LUZ / I ,  PERREAU,÷ (CERN,CAEN,SACLAYI 
*GIACOMELLI, KYCIA, LEONTIC, L I ,  + (BNLI I 
A BARBARO-GALTIERI (LRLIIJP 
+GREENBERG, HUGHES, RINEHART, MORT,+ (YALE) 

DE BELLEFOZ~BERTHDN,BRUNET~ (CDEF+SACLIIJP 
DE BELLEFO2,BERTHON,BILLOIR+ ICDEF~SACL) 
A* d. VAN HORN (LBL)IJP 
A. J. VAN HORN (LBL)IJP 

DE BELLEFON,BERTHDN ICDEF)IJR 
DE BELLEFON,BERTHON~BILLOIR+ (COEF+SACLIIJP 
+BERTHON,BILLOIR~BRUNET+ (CDEF+SACL)IJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

+GIACOMELLI,KYCIA,LEONTIC,LI,LUNOBY,+ (BNL) I 

DAUBER 66 PL 23 156 ÷SCHLEIN~ SLATER~ STORK, TIEHO (UCLA(LRL)) J 
SUGGESTS J=912 RESONANT BEHAVIOR IN SIGMA- PI+, BUT APPEARS 

INCONSISTENT WITH PARAMETERS OF COOL 66 .  
DRUM 68 NP B7 19 +ERNE, LAGNAUX, SENS, STEUER, UDO (CERNIJP 
LASINSKI 71 NP B29 125 T A LASINSKI (EFI)IJP 
HEMINGWA 75 NP B91 12 HEMINGWAY,EADES,HARMSFN+ (CERN,HEID,MPIM)IJP 

f'::'::' ::::::'::Y':'::: ...... ::: ° ::::i:':: ' :::::::: 
| B U M ~ " ~  | S . . . . . . . .  ' . . . . . . . . . . . . . . .  R . . . . . . . . .  STINGS* 
| J THERE IS ALSO SOME SLIGHT EVIDENCE FOR Y* STATES IN 

THIS MASS REGION FROM THE REACTION GAMMA + P TO K+ + MISSING MASS - -  
SEE GREENBERG 6B.  

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

53 Y * I ( 245B)  MASS (MEVI (PROD. EXP.}  

MM 2W55.0 7 .0  BUGG 68 CNTR K-P,  0 TOTAL 6 /68  
2~55 .0  10 .0  ABRAMS 70 CNTR K-P,  O TOTAL 10270 

M . . . . . . . . .  
M AVG 2455.0 5.7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
M SIUDENT245fi.O 6.1 AVERAGE USING STUDENTIO(H/[.[t) - -  SEE MAIN TEXT 

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

53 Y~1 [2455 )  WIDTH (MEV) (PROD. EXP.)  

w 100 .0  20 .0  BUGG AB CNTR b168 
W 1~0.0  ABRAMS 70 CHIP K-P~ O TOTAL 10170 

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

53 Y*1(24553 PARTIAL DECAY MODES (PROD. EXP.) 

DECAY MASSES 
PL Y~ , l I 2455 I  INTO RBAR N 697+ 939 

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

53 Y * I IBABB I  BRANCHING RATIOS (PROD. EXP.}  

R1 V~,liZA~BBI INTO IKBAR NI/TOTAL (El) 
R I  J IS NOT KNOWN. THE FOLLOWING IS ( J÷ l / 2 ) tP l .  
R1 ( 0 .3 )  BUGG 68 CNTR 6168 
R1 0 .39  ABRAMS 70 CNTR K-P~ O TOTAL 10 /70  
R1 C IO.OBl (0 .05 I  BRICMAN 70 CNTR O TOTAL AND CH EX 6 /70  
R1 C FIT OF TOTAL GROSS SECTION GIVEN BY BRICMAN 70 IS POOR IN 
RI C THIS REGION. 

~***** ~******** ********* ********* ********* ********* ***~***** ******** 

REFERENCES FOR Y*I I2455) (PROD. EXP.I 

BUGG b8 PR 168 1666 +GILMORE,KNIGHT, + (RHEL,BIRM,CAVE) I 
ABRAMS 70 PR IO 1917 H~ODL, GIACOMELLI~ KYCIA, IEONTIC, + (BNLI I 
BRICNAN 70 PL BIB 152 +FERRO LUZZI, PERREAU,÷ (CERN,CAEN,SACLAY] 

PAPERS NOT REFERRED TO IN DATA CARDS 
ABRAMS GT PBL 19 678 +COOL.GIACDHELLI,KYCIA,LEONTIC,LI, + (BNL) 

SUPERSEOEB BY ABRAMS 70. 
GREENBER 68 PRL 20 221 GREENBERG, HUGHES, IU, MINEHART, + (YALE) 

**~*** ****~**~* **~***~** ****~*** ******~** ********* ********* ******** 
~*~**~ ******~* ********* ********* ********* ********* ********* ******** 

I ..... ..... . . . . . . .  ............... 
BUI~PS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

56 Y '1126203 MASS {MEV) (PROD. EXP.)  

M 2620 .0  [ 5 . 0  ABRAMS 70 CNTR K-P, D TOTAL 10170 
M 25~2.  22 .  DIBIANCA 75 DBC XI K PI 1/76 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 2.9) 

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

5~ Y ' 1 (2620 )  WIDTH (MEV) (PROD. EXP. I  

w {175.oi ABRAMS 70 CNTR K-P, O TOTAL 10/70  
w 22L .  81.  DIB|ANOA 75 OBC x I  K PI  1 /76  

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

54 Y '1 (2620 (  PARTIAL DECAY REDES (PROD. EXP. I  

DECAY MASSES 
PI Y*I(2620| INTO KBAR N 497~ 939 

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

54 Y*l(2620# BRANCHING RATIOS (PROD. EXP.) 

R( Y*I(2t203 INTO IKBAR NI/TOTAL IP I )  
RL J IS NOT KNOWN. THE FOLLOWING IS ( J+ l / 2 ) *P l .  
R1 (0.32I ABRAMS 70 ENTR K-P, D TOTAL 10/70 
RL 0.36 0.12 BRICMAN 70 CNTR 0 TOTAL AND CH EX 6170 

REFERENCES FOR Y '1 (2620 )  (PROD. EXP.) 

ABRAMS 67 PRL 19 678 +COOL,GIACOMELLI,KYCIA,LEONTIC,Lh + IBNL) 
SUPERSEDED BY ABRAMS 70. 

ABRAMS 70 PR 1D 1917 +COOL, GIACOMELLI. KYCIA, IEONTIC, + (BNLI I 
BRICMAN 70 PL BIB 152 +FERRO LUZZI, PERREAU,+ (CERN,CAEN,SACLAY) 

DIBIANCA 75 NP B98 137 DIBIANCAtENDORFR (CARNI 

I z ( 3 o o o ) [  . . . . .  , . . . . .  ,p= ( . . . . . . . . . .  , . . . . . .  B . . . . . .  

B M P  I _ U _ _ S  , s . . . . . .  ,NI . . . . . . . . . . . . . .  A . . . . . .  E . . . . . . .  NGS. 

ENHANCEMENT IN LAMBDA PI AND KBAR N INVARIANT MASS 
SPECTRA AND IN MISSING MASS DF NEUTRALS RECOILING 
AGAINST KO. EVIDENCE NOT CONCLUSIVE. OMITTED FROM 
TABLE. 

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

59 Y*I(300O) MASS (MEVI (PROD. EXP.I 

M IBO00.OI EHRLICH 6b HBC 0 PI-P 7 .91  BEVIC 9186 

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

59 Y * I ( 300O]  PARTIAL DECAY MODES (PROD. EXP.( 

DECAY MASSES 
P[ Y ' I (3000) INTO KBAR N 497+ 939 
P2 Y*I(3000) INTO LAMBDA Pl 1115+ 139 

REFERENCES FOR Y*1 (30003  (PROD* EXP.I 

EHRLICH 86 PR |52 1[94 R EHRLICH, W SELOVE, H YUTA (PENN(BNL)) I 

EXOTIC HYPERON CROSS SECTION LIMITS 

THIS IS NOT A COMPLETE LIST. WE TABULATE 
ONLY FROM 1970 ON. 

CS UNITS MICRCBARNS 
CS G (20 . l  OR LESS GALTIERI 68 DBC R-N TO SG-PI-PIO 7/70 
CS G ABOVE LIMIT FOR MASS • 2.15 GEV AND GAMMA • 60 MEV- (2.1GEV/C K-) 7170 
CS A (40. ]  DR LESS GALTIERI 68 DBC - -  K-N TO SG-PI-PIO 7170 
CS A ABOVE LIMIT FOR MASS • 2.3 GEV AND GAMMA • 120 NEV- 12.7 GEVIC K-I 7170 

REFERENCES FOR EXOTIC HYPERONS 

GALTIERI 68 PRL 21 573 A,BARBARO-GALTIERI~CHADWICK + I IRL÷SLACI  

Note on E Resonances 

The  ~ r e s o n a n c e  s i t u a t i o n  h a s  l o n g  b e e n  u n s e t -  

t l e d .  This is mainly because: (i) ~*'s can only 

b e  p r o d u c e d  a s  p a r t  o f  a f i n a l  s t a t e ,  K-p  -~ ~* + 

others, where the analysis is more complicated than 

i f  d i r e c t  f o r m a t i o n  w e r e  p o s s i b l e ;  (2) t h e y  a r e  so  

p r o d u c e d  w i t h  s m a l l  c r o s s  s e c t i o n s  ( t y p i c a l l y  a f e w  

~ b ) ;  an d  (3) t h e  f i n a l  s t a t e s  a r e  i n  g e n e r a l  t o p o -  

l o g i c a l l y  complicated and difficult to study with 

p u r e l y  e l e c t r o n i c  t e c h n i q u e s .  Thus  o v e r  t h e  y e a r s  

our knowledge of ~* spectroscopy has come wholly 

f r o m  b u b b l e  c h a m b e r  e x p e r i m e n t s ,  w h e r e  t h e  n u m b e r s  

of events available are small. 

U n t i l  r e c e n t l y ,  o n l y  t h e  ~ ( 1 5 3 0 )  c o u l d  b e  

considered as really well established. However, 

t h i s  y e a r  s e e s  a s i g n i f i c a n t  i m p r o v e m e n t  i n  o u r  

u n d e r s t a n d i n g  o f  t h e  ~* s p e c t r u m  w i t h  t h e  d a t a  o f  

GAY 76 and HEMINGWAY 77. We consider the data from 

t h i s  l a r g e  b u b b l e  c h a m b e r  e x p e r i m e n t  t o  b e  o f  
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Data Card Listings 
For notation, see key at front of  Listings. 

Baryons 
- ,  = -  ~o ~ ( 1 5 3 0 )  

sufficient quality so as to definitely establish 

the existence of 2(1820) and -~(2030) as narrow 

states (with widths ~20 MeV). Moreover, reasonable 

estimates of the decay rates are now available, and, 

in the case of ~(1820), a spin-parity analysis 

favors spin 3/2 (TEODORO 77). 

As far as the other ~* states are concerned, 

the situation continues much as before. There is 

evidence for at least one other state in the 1850- 

2000 MeV region and indications of several others 

above 2000 MeV. Indeed, numerous states are 

predicted to exist below 2500 MeV and the broad 

(1940) could well be a mixture of several 

(HEMINGWAY 76). However, for the time being we 

are still forced to group together rather disparate 

observations and await more new results. The 

disagreement among various experiments is indicated 

by means of ideograms in the Data Card Listings. 

More new results may shortly be forthcoming 

from two large bubble chamber experiments currently 

in progress (BAUBILLIER 71, MORRIS 75). In addi- 

tion, future experiments with the MPS at BNL and 

with hyperon beams at both FNAL and CERN may 

further clarify the situation. 

The table following this note gives our 

evaluation of the status of the ~ resonances, 

based on data available at this time. 

References 

i. M. Baubillier et al., CERN Proposal TCC/71-25 

and 74-14 (1971). 

2. R. J. Hemingway, Proc. of the Topical Conf. on 

Baryon Resonances, Oxford, 1976, edited by 

R. T. Ross and D. H. Saxon (Science Research 

Council, Chilton) . 

For other references see the Data Card Listings. 

STATUS OF x I *  RESONANCES 
THOSE WITH AN OVERALL STATUS OF * t=  OR *~ t t  ARE INCLUDED IN THE MAIN BARYON 
IABLE. THE OTHERS AWAIT CONFIRMATION. 
IN THE PAST WE HAVE LOWERED OUR STANDARDS FOR X I *  RESONANCES AND TABULATED 
STATES EVEN THOUGH THEY HAD ONLY BEEN SEEN AT LOW LEVELS OF STATISTICAL 
SIGNIFICANCE. NOW THAT NEW HIGH SIATISTICS DATA IS BECOMING AVAILABLE, WE 
PROPOSE TC ADOPI SOMEWHAT STRICTER CRITERIA. 

STATUS AS SEEN IN - -  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

OVERALL 
PAPTICLE L I J  STATUS Xl  PI tAM K BIG K x I *  P I  OTHER CHANNELS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

XI(13171 PLL ***~ WEAK TO tAM PC 
X I ( I S ~ O I  P 1 3  * * ~  ,~*** 
x l  ( 1 6 3 0 )  * *  * *  
x 1 ( 1 8 2 0 )  13  * * *  * * * *  * *  * * *  
XI ( 1 9 ~ o }  ** ** ** 
Xl  (203o} 1 * * *  * *  * * *  
Xl (2120) * ~, 

XI (22EOI • B-BODY DECAYS 
Xl125001 * *  * *  * *  3-BODY DECAYS 

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

• * * *  GCCD,  CLEAR, AND UNMISTAKABLE. 
• * *  GOOD. B~T IN NEED OF CLARIFICATION ~R NOI ABSOLUTELY CERTAIN. 

• * NEEDS CCNF IRMATI ON. 
• WEAK. 

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

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

S = - 2  I=1/2 HYPERON STATES (~) 

F ~  2 2  X l - ( lBB l ,  JP= I /2  } I = i / 2  

SEE STABLE PARTICLE DATA CARD LISTINGS 

F ~  23 XIO(1314, JP= I /2  } l = I / 2  

SEE STABLE PARTICLE DATA CARD LISTINGS 

I ,( sao) I . . . . . .  , . . . . . . . . . . . . . .  , i=l.2r  
THIS IS THE ONLY WELL-ESTABLISHED X I *  WHOSE PROPERTIES 
ARE ALL AT LEAST REASONABLY WELL-KNOWN. SPIN-PARITY 
5/2+ IS FAVOURED BY THE DATA. 

WE DO NO7 USE DETERMINATIONS OF THE MASS AND THE WIDTH OF THIS 
STATE UNLESS THEY ARE ACCOMPANIED BY SOME DISCUSSION OF SYSTEMATICS 
AND RESOLUTION. 

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

49 X I * I 12 (1530 )  MASS (MEV) 

M MIXED CHARGES 
M 5 5 ( 1 5 2 9 , 0 )  ( 5 . 0 )  P J E R R O U  6 2  NBC - 0  K - P  I . B  G E V / C  
M (153~.0 l  ( 2 . 0 )  BADIER 6 ~  HBC -0  K-P 3 GEVIC 

~_ NEGATIVE CHARGE O N L Y  

- 3 8  1 5 3 5 . 7  3 . 2  LONDON 6 0  HBC - K - P  2 . 2 4  G E V / C  7 / 6 6  

M- 3 3 % ( 1 5 3 % . 7 )  ( 1 . 1 1  BALFAY 7 2  HBC K - P  1 . 7 5  GEV 1 / 7 3  
M -  L 8 5  1 5 3 6 . 2  1 . 6  K I R S C H  7 2  HBC - K - P  2 . 8 7 G E V / C  2 / 7 2  

M- 1535.3 2.0 ROSS2 7 3  HBC Xl  KBAR PI (PIT 217~ 
M- 4B(1540. l (3.1 BERTHON 74 HBC - QUASI 2 BODY CS 10/7~ 
M -  1 5 3 4 . 5  1 . 2  B E L L E F O 2  7 5  HBC - K--P TO X I -  K P I  i i / 7 5  

AVG 1535.18 0.8~ AVERAGE (ERROR INCLUDES SCALE FACTOR OF I °O]  
M- STUDENTIB3E.18 O. g2 AVERAGE USING STUDENTIOIHII.1[( - -  SEE MAIN TEXT 
M- FIT 1534.97 0.63 FROM FIT (ERROR INCLUDES SCALE F~CTOR OF 1.O) 

MO NEUTRAL CHARGE ONLY 

NO 76 1528.7 1.1 LONDON 66 HBC O K-P 2oZ4 GEVI6 7166 
MO 59 1531.~ O.B BADIER 72 HBC O K - P  AT 3 . g S G E V / £  [ O / 7 l  

MO I Z 8 2  1 5 3 2 . 0  0 . 4  B A L T A Y  7 2  HBC O K - P  1 o 7 5  GEV 1 / 7 3  

MO 32% 1 3 3 1 . 3  0 . 6  B O R E N S T E I  7 2  HBC 0 K - F  2 . 2 G E V / C  2 / 7 2  
MO Z 8 6  1 5 3 2 . 3  0 . 7  K I R $ C H  7 B  HBC O K - P  Z . 8 7 G E V / C  2 / 7 2  
N O  L 5 3 3 . 0  1 . 0  ROSB2 7 3  HBC X I  KBAR P I  ( P I G  Z I 7 %  
NO 9 7 ( L 5 3 3 . 8 I  ( 1 . 4 )  BERTHON 7 A  HBC O Q U A S I  B BODY CS 1 0 / 7 4  

MO 1 5 3 2 . 2  o7 B E L L E F 0 2  7 5  HBC O K - P  TO X l -  K P I  1 1 1 7 5  
MO . . . . . . . . .  

MO AVG 1 5 3 1 o 7 8  O . 3 ~  AVERAGE ( E R R O R  I N C L U D E S  SCALE FACTOR OF 1 . 4 4  

NO STUDENTI531.8~ 0.28 AVERAGE USING STUDENT1O(HII=11) - -  SEE MAIN TEXT 
MO FIT L531.B0 0.31 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 

(SEE IDEOGRAM BELOW ) 

WEIGHTED AUERA6E = 1531 ,78  ± 0 .34  

ERROR SCALED BY 1 .4  

Values above of weighted average, 
error, and scale factor are f o r  t h e  
r e a d e r  v 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 
constrained fit p r o g r a m ,  which 
c a l c u l a t e s  i t s  o w n  v a l u e s  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 ~  f r o m  t h e  values shown h e r e .  

L1 . , .ROSS2  73  HBC 1 .5  
I 

..... KIRSCH F2 HSC 0 .5  

. . . .  BDRENSTEI  72  HBC D ,6  

. ~ I ' ' ' BALTAY  F2 HBC 0 .3  

• . .BAOIER  72 HBC 0 .2  

" \ ' - L O N D O N  ~ 6  H B C  7 . 9  

J 3  
= : ( C D N L E U  

1526 1530 1534 1538 =O.OF7) 
XI=1 /2 (1530 )0  M A S S  MEU 

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

49 ( X I * - I  - ( x I * O I  MASS D I F F E R E N C E  ( M E V I  

D 5 . 7  3 . 0  PJERRDU 8 5  HBC - O  1 . 8 - 1 . 9 5  G E V / C  7 1 6 6  

D R [ 7 . 0 }  ( 4 . 0 }  LONDON 6 6  HBC - O  2 . 2 4  G E V / C  7 / 6 6  

O 2 . 0  3 . 2  M E R R I L L  66 HBC - O  1 . 7 - 2 . 7  G E V / C  7166 
D 2 . 7  [ , O  B A L T A Y  7 2  HB6  - O  K - P  1 . 7 5  GEV 1 / 7 3  
D R ( 3 ° 9 }  4 1 . 8 1  R I R S C H  7 2  HBC - 0  K -  P 2 . 8 7  G E V / C  2 / 7 2  
O R REDUNDANT WITH D A T A  I N  MASS LISTING. 
D . . . . . . . . .  

AVG 2.92 0.91 AVERAGE (ERROR INCLUDES SCALE FACTOR OF t .O I  
STUDENT 2 . 9 0  0.99 AVERAGE USING STUDENTIO(H/ I . l t I  - -  SEE MAIN TEXT 

D FIT 3 . 1 7  0.54 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

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



Baryons 
--(1530), ~(1630), ~(1820) 

R9 X I *1 /2 (15501  WIDTH (NEV) 

W- ~EGATIVE CHARGE ONLY 
W-- T .B  3 .5  7 .8  BALTAY 72  HBC - K -P  1 .75  GEV 1/73 
w- 16.2 4.6 KIRSCH 72 HBC Xl-- PIO,XIO PI-  2 / 7 2  

W- 8.8 3.6 ROSS2 73 HBC - Xl KBAR PI (PI)  2174 
W- 9,6 2 .8  BELLEF02 75  HBC K -P  TO X l -  K P1 11 /75  
W- 
~ AVG lO . I  1 . 9  AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.0) 

STUDENT lO .O  2 .1  AVERAGE USING S T U D E N T I O ( H / 1 . 1 1 )  - ~  SEE MAIN TEXT 

WO NEUTRAL CHARGE ONLY 
HO 7 .0  2 .0  SCHLEIN 63 HBC O 1 .8 ,  1 . 95  GEV/C 
wo T .O  7.0 BERGE 66 HBO 0 1 .5 - I . 7  GEV/C 7 /66  
WO 8 ,5  B ,5  LONDON 66  HBC O 2 .24  GEV/C 7 /66  
WO 11 .0  2 .0  BADIER 72  HBC O K-P AT 3 .95GEV/C  10 /71  
WO 9 .0  0 ,7  BALEAY 72 HBC 0 K -P  1 .75  GEV 1 /78  
WO 8°4  1 .4  BORENSTEI 72  HBC 0 X l -  P I+  NODE 2172  
HO l l .O  l .B KIRSCH T2 HBC O X l -  PI+ 2172 
HO 9.1 2.A ROSS2 73 HBC O XI  KBAR PI (PIT 2/76 
WO 9 ,5  1 .2  BELLEF02  T5 HBC 0 K -P  TO X I -  K P I  11 /75  
HO . . . . . . . . .  
WO AVG 9.14 0o~8 AVERAGE [ERROR INCLUOEB SCALE FACTOR OF 1.O[ 
WO STUDENT 9.13 0.53 AVERAGE USING STUDENTIO(H/I.11) - -  SEE MAIN TEXT 

49 XI*122(15305 REAL PART OF POLE POSITION 4 /75  

REO 1531.6 0.4 LIEHTENB TA O EXTRAP HABIBI75 ~/75 
RE-  1534 .4  l . I  L ICHTENB 74 - EXTRAP HABIB I73  4 /75  

. . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

49  X I *1 /211510 )  IMAGINARY PART OF POLE POSITION 4 /75  

IMO 4 .45  0 .35  LICHTENB 7R O ENTRAP HABIBI73 # 4 7 5  
IM -  3 . 9  1 .75  3 .9  LICHTENB 76  - ENTRAP HABIB I73  417S  

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

A9 XI*I/2115001 PARTIAL DECAY MODES 

DECAY NASSES 
P l  X I * I / 2 I ISBOI  INTO x I  P I  1321÷ 139 

OTHER STRONG DECAYS ARE FORBIDDEN BY ENERGY CONSERVATION. 
P2 X l * I lZ l1530 )  INTO Xl GANMA 1321+ o 

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

A9 X l * l IB ( IS505  BRANCHING RATIOS IHEV) 

R I  X I t I / 2 ( I 5301  INTO (XI GAMMA)/IOTAL IP2) 1176  
R I  10 .04 )  OR LESS C l= .9O  KALBFLE I  75  HBC - K -P  AT 2 ,1B  GEV 1 /76  

REFERENCES FOR X I *1 /2115301  

PJERROU 62  PRL 9 114  ÷PRDWSE,SCHLEIN,  SLATER,STORK,TICHO (UCLAI I 

S C H L E I N  63 PRL 11 167  *CARMONY,PJERROU~SLATERtSTORK,TICHO (UCLA I I JP  
BAOIER 64 DUBNA I 593 ÷DEMOULINeGOLOBERG~ * {EPOLtSACLAY,AHST] I 
PJERR[~J 65  PRL 14 275  +SCHLEIN,SLATER,SHITH,STORK,TICHO lUCIA) 

BERGE 66  PR 147  945  +EBERHARD,HUBBARD,MERRILL ,B -SHAFER,+  (LRL) I 

LCNDON 66 PR 143 1034 +RAU, SANIOS,YAMAMOTO,GOLOBERG,÷ (BNLtSYRA) I J  
MERRILL 66  UCRL-16455  THESIS D W MERRILL ILRL) JP 

BAOIER 72 NP B5T 429  +BARRELET,CHARLTDN,V IDEAU (EPQL)  
B#J-TAY 72 PL 428  129  +BRIDGENATER,CODPERtGERSHWIN~+ (COLU÷BING) 

ALSO 73 NEVIS Ig�(THESIS) HABIBI (COLUMBIA) 
BORENSTE 72 PR 05 1559  BORENSTEIN,DANBURG, KALBFLEISCH÷+ (BNL,MICH) I 
K IRSCH 72  NP B40 B49 SCHMIDT+CHANG,HENINGWAYIBRAN,UMO,SYRA,TUFT) I 

ROSS2 T3 PURDUE CONF. 355  ROSS,LLOYO,RADOJ IC IC  (OXFORD) 
BERTHON 74 NC 21A  146  BERTHON,TRISTRAM,÷ (CDEF÷RHEL+SACL+STRB) 
LICHTENB 74  PRO tO  3865  D B LICHTENBERG (INDIANA UNIVERSITY) 

ALSO T~ PRIV. COMN. D B LICHTENBERG (INDIANA ONIVERSITY) 
BELLEF02 75 NC 28A  289  DE BELLEFONtBERTHON,B ILLOIR÷  (CDEF ,SACL)  
KALBFLEI 75 PRO I I  987 KALBFLEISCM,STRANO, CHAPMAN (BNL~MICH[ 

PAPERS NOT REFERRED TO IN  DATA CARDS 

SHAFER 66 PR 142 883 BUTTON-SHAFER,LINDSEY,MURRAY,SMITH (LRLI JP 
A SE IN -PARITY  DETERMINATION,  

HABIBI 73 NEVIS 199(THESIS) HABIBI (CDLU) 
HUNGERBU 74 PRD 10 2051  HUNGERBUHLER,MAJKA,+ (YALE tFNAL ,BNL ,P ITT I  
B R I E F E L  75 PRO 12 1859  +GOUREVITCHtKIRSCH+ (BRAN+UMO÷SYRA+TUFT) 
BRIEFEL  71 PRD 16 2706  ÷GOUREVITCH~CHANG+ (BRAN÷UMD÷SYRA*TUFT) 

• * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

• * * * * *  * * * * * t * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

IZ( BaO)l . . . . . . .  2, I6BB . . . .  , i= l ,2  

THIS  EFFECT NEEDS CONFIRMATION. 
BARTSCH 69 SEE A SMALL,  BROAD ENHANCENENT NEAR 
1 6 5 0  MEV - I T  IS  NOT CLEAR THAT IT  IS  THE SAME 
PHENOMENON AS BRIEFEL 77, WHO FIND CS=2.6÷-0.9 
MICROBARNS AT 2 .87  GEVIC INCIDENT K-  NOMENTUM. 

BORENSTEIN T2 SEE NO EFFECT IN THIS REGION. THEY FIND 
CS<2 MICROBARNS AT 2 .18  GEV /C ,  

ROSS 72  ARGUE THAT THE EFFECT THEY SEE IS  NOT THE SAME AS THAT 
SEEN BY BR IEFEL  77  (WHOSE PREL IM INARY RESULTS WERE REPORTED IN  
BMST TO),  AND F IND CS=2~--[ MICROBARNS AT 3 .3  GEVIC. 
BELLEFON 75 FIND A CS OF AROUND 10 MICROEARNS NEAR Z GEV/C, 
BUT LESS THAN 3 NICROBARNS AROUND 2 .3  GEV /C .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . .  

21  X I *1 /2 (16301  MASS (HEVI 

M 29 1606. 6. ROSS 72 HB~ 0 K-P AT 8 . I - 3 . 7  5/72 
H 54 1635 .  12 .  BELLEFD2 75  HBC O K-P TO XI -  K P I  t i l T5  

31 1624 .  5 .  BRIEFEL  77  HBC O K -P  2 ,87  GEVIC I/TB* 
. . . . . . .  

M AVERAGE'MBANINGLESS'[SCALB FACTOR = 2.0} 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
key at front of  Listings. 

21 xi*I12(16305 WIDTH [NOV) 

w 29 21. 7 ROSS 72  HBC 0 XI-PI~ K'DIe�O) ~/72 
84 40. 15. BELLEFO2 75 HBC 0 K-P TO X I -  K P( ]]175 

F 31 ( 22 .5 )  BR IEFEL  77 HBO O K -P  2 .87  GEV/C 1 /78 "  
w F GOODNESS OF FIT INSENSITIVE TO VALUES BEEWEEN 15 AND 30 NEVo 
W F THE SIGNIFICANCE OF THE EFFECT IS CLAINED TO BE ABOUT 3 STD. DEV. 

AVERAGE'MEANINGLESS'ISCALE FACTOR = 1.11 

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

21 X l t I 12 ( I 630 ]  PARTIAL DECAY NODES 

DECAY MASSES 
PI XI *1 /2 (1680 }  INTO X I  P I  132 I+  139  

SEEN IN K- P TO X I -  PI+ KD AND X I -  PIO K+. 

REFERENCES FOR X1*1 /B (~630 )  

ROSS 72 PL 3BB 177  
BELLEF02 75  NC 2BA 289  
BRIEFEL 77  PRD 16 2706  

ALSO 70 DUKE CONF. 317 

APSELL 69 PRL 23 88~ 
SUPERSEDED BY BMST 70. 

BARTSCH 69 PL 288 439 
NALBFLEI 70 DUKE CONF 351 

,BURAN,LLOYD,HULVEY,RADOJICIC (OXFI I 
DE BELLEFON,BERTHON,SILLOIR+ (CDEF,SACLI 
+GOUREVITCH,CHANG÷ (BRAN*UMD~SYRA÷TUFT) 
BMST (BRANDEIS÷MARYLAND÷SYRACUSE+TUFTS} 

PAPERS NOT REFERRED TO IN DATA CARDS 

÷ IBRANDEIS, MARYLAND, SYRACUSE, TUFTS) 

* IAACHEN, BERLIN, CERN* LOIC, VIENNAI 
G R KALBFLEISCH (BNL) I 

SUMMARIZES EVIDENCE FOR ISOSPIN ONE-HALF. 
BORENSTE 72 PR 05 1559  BORENSTEINtDANBURG,KALBFLEISCH++ (BNL,MICH) I 
SCHMIDT 73 PURDUE CONF. 363 SCHMIDT (BRANDEIS) 
HUNGBRBU T4 PRO [0  2051  HUNGERBUHLER,MAJNA,* (YALE,FNAL,BNL,PITTI 
BRIEFEL 75 PRD 12 1859  +GOUREVITCH,KIRSCH* IBRAN+UMD*SYRA*TUFT) 

B B 

I Z ( 1 8 2 o ) I  . . . . . .  12, . . . . . . . . . . .  ) . . . . .  

WE LIST HERE EVERYTHING REPORTED IN THE MASS RANGE 
IT5C--IB75 MEV. 
THE CLEAREST EVIDENCE FOR THIS STATE IS THAT OF 
GAY 76, WHO SEE AN 8 STD. DEV. ENHANCEHENT IN 
LAMBDA K-, AS WELL AS ENHANCEMENTS IN X I * ( I 5301P I ,  
AND SIGMA KBAR. THE ENHANCEMENT OBSERVED BY GAY 76 

IS NARROW IWIDTH 2I  4-- 7 MEV)t IN CONTRAST TO RESULTS FROM EARLIER LESS 
SIGNIFICANT OATA WHERE WIDTHS OF UP TO 100 MBV HAVE BEEN REPORTED (SEE 
THE DATA CARD LISTINGS BELOWIo GAY 76 OBSERVE NO SIGNAL IN THE XI P( 
CHANNEL. IT IS POSSIBLE THAT THE Xl PI ENHANCEMENTS SEEN IN THIS MASS 
REGION BY SONE EXPERIMENTS AT LOWER MOMENTUM ARE AT LEAST PARTIALLY DUE 
TO THE XI*[19405, WITH A SHAPE DISTORTED BY THE MORE LIMITED AVAILABLE 
PHASE SPACE (SMITH 65).  THE SITUATION IS FURTHER CONFUSED BY SOME 
EXPERIMENTS BEING FORCED TO ADD SEVERAL DIFFERENT CHANNELS TO OVERCOME 
POOR STATISTICS (CRENNELL 70, BADIER 7IT. 
A SPIN PARITY ANALYSIS DF THE GAY 76 DATA BUT WITH MORE STATISTICS 
ITEODORO ?Tie FAVOURS J=8 /2  BUT CANNOT MAKE A PARITY DISCRIMINATION. 

BO XI*112(IBBO) MASS (HBV) 

M IIT?O.O) HALSTEINS 63 FBC -O K-FR 5.5 GEV/C 
H BO 18E4.0 4.0 BADIER 65 HBC 0 LANBDA ROBAR 
H 2g 181T.D 7.0 SMITH 1 65  HBC -0 LAMBDA KBAR 
M 40 1830.0 IO.O ALITTI 69 HBC - LAM, SIG RBAR 9/69 
M C 25 1830.0 IO.O CRENNELL 70 DBC -0 B.6, 3.9 GEV/C I0170 
H C FROM FIT TO INCLUSIVE XI Ph XI P( P( AND LAMBDA K- SPECTRA 
M O (1826 .0 }  ( 12 .0 )  CRENNELL 70  DBC -O  3 .6 ,  3 . 9  GEV/C L I / 77 "  
M 0 FROM FIT TO INCLUSIVE XI P( AND X( PI P( SPECTRA ONLY 
M B 28 L762.0 8.0 BADIER 72 HBC -O X( PI ,XIZPI ,K Y [0/71 
M B 38  1838 .0  5 .0  BADIER 72  HBC -OX I  P I IX I2P I ,K  Y 10 /71  
H B BADIER 72 ADDS ALL CHANNELS AND DIVIDES PEAK IN LOWER AND HIGHER 

B MASS REGIONS* THE DATA CAN ALSO BE FITTED WITH A SINGLE BREIT- 
B WIGNER OF MASS I8OO AND WIDTH 150 MEV. 

M I BO 1821. 5. ROSSI 73 HBE -O LANBOA K-IKBARO 2/7R 
M 1 LESS SIGNIFICANT ENHANCEMENTS SEEN IN XI*(1530I PI IN=IB25,W=IOO) 
M l AND SIGMA KBAR (H=IBIO+-9,W=I6~-I1). 
M 1807. 27. DIBIANCA 75 DBC -0 XI 2PI, XI~ PI 1176 
M lEO 1828 .0  B.O GAY 76  HBC - K -  P AT 4 .2  GEV 2177 "  
M 7~ 1797 ,  19 .  BRIEFEL  77  HBC 0 X l  P I  ( 2 . 87  K -P )  1178 "  
M 68 182~* 9. BRIEFEL 77 HBC -0 Xl(15]Ol PI 11T8* 
M 3g lB6O. 14. BRIEFEL 77 HBC - SIGNA- KOBAR IlTB= 
M 44 1870. 9. BRIEFEL 77 HBC O LAMBDA KOBAR 1178" 
M 57  IB l 5 ,  4 .  BRIEFEL 77  HBC - LANBDA K -  1 / 78 "  
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 3.21 

(SEE IDEOGRAH BELOW ) 

i CHISQ 
. . . . . . . .  BR IEFEL  77  HBC 4 .4  

I I  - + - . -BR IEFEL  77  HBC 29 .1  

I BR IEFEL  77  HBC 7 .6  

~4 - -  . . . . . .  BR IEFEL  77  HBC 0 .7  

- ' - - ~ - - -H~  . . . . . . .  BRIEFEL ?? HBC 
( ( (  

• ] ~ "  . . . . . .  6AY  76  HBC O .G  

. . . . . . .  O IB IAHCA 75  DEC 

. . . . . . .  ROSS1  73  HBC 0 .0  

-~  . . . . . .  BAOIER  72  HBC 11 .0  

" -~  . . . . . . . . . .  BADIER  72  HBC $5 .2  

. . . . . .  CREHHELL 70 D8C 0 .7  

, ~  . . . . . .  QL ITT I  69H8C 0 . 7  

/ ~ \  . . . . . .  SMITH 1 55  HBC 0 .4  

. . . . . .  BQDIER 65  HBC 3 .5  

114 .0  

(COHLEU 
1700  1750  1800  1850  1900  1950  =0 .0005  

X I ! 1 / 2 (1820 ]  MASS (MEU)  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of  Listings. 

w (8O.O( OR •ESS HALSTEINS 63 FBC -0  K-FR 3.5 GEV/C 
W (12 .0 (  16.0) BADIER 6 5  HBC o LAMBDA ROBAR 
W 30.0 7.O SMITH 2 65 HBC -0  LAMBOA KBAR 
w 55.0 40 .0  20.0 ALITTI 6~ HBC - LAM, SIG KBAR R/69 
W C I03 .0  38 .0  24.0 CRENNELL 70 OBC -D 3 .6 ,  3 . 9  GEV/C 10170 
w 0 (68 .0 )  (36.01 (19 .0 (  ORENNELL 70 DBC -0  3 . 6 ,  3 .9  GEV/C 11/77# 
W B 5L.0 13.D BADIER 72 HBC -O LOWER MASS IO/T I  
W B 5B°O [3 .0  BADIER 72 HBC -0  HIGHER MASS 10/71 
W I 30 12. 4 .  ROSSI 73 HBC - 0  LAMBDA K-/KBARO 2/7~ 
W 85. 58. DIBIANCA 75 DBC -0  XI  2EI ,  X l *  PI 1176 
W 130 2 i .O  T.O GAY 76 HBC - K- P AT 6.2 GEV 2 /77 .  
W 76 99. 57. BRIEFEL 77 HBC 0 Xl  P[ (2 ,87 K-P) l/TB= 
W 68 52. 34 .  BRIEFEL 77 HBC -o  X I ( 15301P I  1 / 78 "  
w 39 72. 17. BRIEFEL 77 HBC - SIGMA- KOBAR I17B~ 
W 66 64. i i .  BRIEFEL 77 HBC o LAMBDA KOBAR I /TB*  
w 57 26. 11.  BRIEFEL 77 HBC - LAMBDA K- 1/78~ 
W *** SEE THE NOTES ACCOMPANYING THE MASSES QUOTED ABOVE. 
W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCA•E FACTOR = 2.2)  

(SEE IDEOGRAM BE•OW I 

CH ISQ 

. . . . . . . . . . . . .  BR IEFEL  77 HBC 0 .0  

~ ' ' I  . . . . . . . . .  BR IEFEL  77 HBC 2 .B  

BR IEFEL  7?  HBC ? .5  

-BR IEFEL  77 HBC 

,BR IEFEL  77 HBC 

, G A Y  76  HBC 0 .4  

.OI81QNCA 75  DeC 

,ROSS1  73  HBC 11 .3  

• BAOIER  72  HBC 6 .3  

.BADIER  72  HOC 3 .9  

• CRENHELL  70  OBC 

-AL ITT I  69  HBC 

"S~ ITH  2 65  HBC 0 .4  

J 32 .G  
/ 

(CDNLEU 
-SO 60  1S0  2SO =0 .000 )  

X I~ I / 2 (1820 ]  WIDTH (MEU) 

50 XI * I / 2 ( IB2O)  PARTIAL DECAY MODES 

DECAY MASSES 
PL X I~ I / 2 (1820 (  INTO LAMBDA KBAR L l l 5÷  /*97 
P2 X I= i / 2 [ 1820 )  INTO XI PI 1321÷ 139 
P3 X I i I / 2 ( I 820 )  INTO SIGMA KBAR 1197+ 4¢97 
P4 XI#122(1820) INTO XI*112([530) PI I533+ i39 
P5 X l~ l / 2 ( lB201  INTO X[ PI PI [EXCLUDING P~) 1321+ 139+ 139 

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

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  m m 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 M  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 g o n a l  e l e m e n t s  ~ r e  P.±6P . ,  w h e r e  
• z 

6 P  i = - . ~  w h i l e  t h e  o f f - d i a ~ o n a L  eIements 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 i e n t a  ( 6 p ' D P  3 ) 1  . / ( D P .  • 6 P j  . F o r  t h e  d e f i n i t i o n s  of  t h e  i n d i v i d u a l  P.,• 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 s e  P i  a p p e a r i n g  i n  t h e  m a t r i x  a r e  ~ s s u m e d  i n  t h e  f i t  to  be n o n z e r o  a n d  

a r e  t h u s  c o n s t r a i n e d  to  a d d  to  t ,  

P i P 2 P B o 4 
P I . 4976+ - . 0812  
P 2 - . 72BZ  . IB89÷ - . 050S  

- . 7972  o5122 - .  ~933 . 1674+ - . 0620  

50 XI * I / 2 ( IB201  BRANCHING RATIOS 

R1 X l~ l / 2 ( IB20 I  INTO [LAMBOA KBAR)/TOTAL (E l i  
RI  0 . 30  0 . I 5  AL ITT I  69 HBC - K-P 3 .9 -5 .0  GEV 9 /&g  
R1 . . . . . . . . .  
RI FIT 0.697 0.0B1 FROM FIT (ERROR INCLUDES SCALE FACTOR OF L.6)  

R2 X I * I / 2 ( i 8201  INTO (X l  P I I /TOIAL  IPZl 
RZ O.LO O.IO ALITTI 69 HBC - K-P 3 . 9 -5 °0  GBV 9169 
R2 . . . . . . . . .  
R2 FIT 0.189 0.050 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2) 

RZI X I~1 /2 ( / 820 )  INTO (X I  PI)/(LAMBDA KBARI (PZ ) / IP I )  
R2I 0 .20 0.20 BADIER 65 HBC O K-P AT 3 GEV 7/66 
R21 10.361 OR LESS CL=.95 GAY 76 HBC - K-- P AT 4.2 GEV 2 /77*  
RBI . . . . . . . . .  
R21 FIT 0.38 0 .15  FROM FIT IERROR INCLUDES SCALE FACTOR OF t . 4 l  

RB2 X I * I / Z I IB2O)  INTO (X l  P I ) / IX I *112 (1530 I  P I (  IP2 I / IP4 )  
R22 1.B 0.6 0 .4  APGELL 70 HBC O K-P AT 2.87 GEV 6 /70  
R22 . . . . . . . . .  
R22 FIT 1.13 0.37 FROM FIE (ERROR INCLUDES SCALE FACTOR DF L.O) 

R3 X1.112(1820) INTO (SIGMA KBARI/TOTAL (P3} 
R3 (O.02l  OR LESS TR[PP 67 RVUE 8 /67  
R3 0.30 O. IS AL ITT I  6 9  HBC - K-P 3 .9 -5 .0  GEV 9 /69  
R3 . . . . . . . . .  
R3 FIT 0.146 O .OBT  FROM FIT  (ERROR INCLUOES SCALE FACTOR OF 1.11 

R31 XI *L /211820)  INIO [SIGMA KBAR)/(LAMBBA KBAR)  (P3 ) / IP I (  
R31 0 .24  O. IO GAY 76 HBC - K-  P AT 6 .2  GEV 2•77= 
R 3 I  . . . . . . . . .  
R31 FIT 0.29 O.lO FROM FIT (ERROR INCLUDES SCALE FACTOR OF I . l }  

Baryons 
z(Iezo) z(194o) 

R4 XI~112( I820)  INTO (X I# I / 2 (1530 )  PIi/TOTAL (P4} 
R6 0 .30  0 .15  AL ITT I  69 HBC - K-P 3 .9 -5 .0  GEV 9169 
R4 S (0 .25 (  OR •ESS DAUBER 69 HBC K-P 2.7 BEV/C 9/69 
R4 S USES IN PART THE SAME DATA AS SMITH 65 
R4 . . . . . . . . .  
R4 FIT 0o167 0.062 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.5) 

R41 x I~ i / 2 (1820 )  INTO ( x I~ { I 5301  P I I / (LAM KBAR)  (P~ ) / iP1 )  
R41 0.26 0.13 SMIIH I 65 HBC -0 K-P 2.45-2.70GEV 
RBI I .O  0.3 GAY 76 HBC - K- P AT 6.2 GEV 2 /77 "  
R41 . . . . . . . . .  
R4I AUG 0.38 0.27 AVERAGE IERROR INCLUDES SCALE FACTOR OF 2 .3 )  
RDI STUDENT 0,35 0. L6 AVERAGE USING STUDENTIO(H/I.II) -- SEE MAIN IEXT 
R41 FIT O.B4 0.17 FROM FIT [ERROR INCLUDES SCALE FACTOR OF 1.6) 

RBI X I * l / 2 ( IB20 )  INTO (XI  PI PII /(LAMBDA KBAR}  {PS)/(PE) 
RBI ( 0 . i )  OR MORE SMITH I 6E HBC -0  K-P 2.45-2.70GEV 

R52 XI=122(1820) INTO (Xl  PI P I I / (X I * I / 2 ( I 530 (E l )  (P5 ) / IP4 )  
R52 • ( 0 . 3 )  (0 .5 )  APSELL 70 HBC O K-P AT 2.87 GEV 6/70 
R52 L OR LESS. UPPER LIMIT FOR THE 3-BODY DECAY 

R52 CONSISTENT WITH ZERO GAY 76 HBC - K-P AT 4.2 GEV i1177~ 

R53 X I= i / 2 l tBBO)  INTO Xl  PI Pl (INCLUDING X I * ( IS3O)  PII/(LAMBDA KBAR) 
R53 (R6~P5 I / (P I )  
R53 C (0 . i 4 )  OR LESS BAOIER 65 HBC O i STD.DEV.LINIT I 1 / 77~  
R53 C FOR THE DECAY MODE (X l -  P[+ PIO) ONLY 

REFERENCES FOR X I * I / 2 I IB20 )  

HALSTEIN 63 SIENA CONF I73 
BADIER 65 PL I6  IT l  
SMIIH i 65 PRL I~  25 
SMITH 2 65 ATHENS CONF 25L 
TRIPP 67 NB B3 10 

USES DATA GF SMITH 1 .  

AL ITT I  69 PRL 22 79 
DAUBER 69 PR L79 1262 
APSELL 70 PRL 24 777  
CRENNELL TO PR IO 847 
BAOIER 72 NP G37 420 
ROSSI 73 PURDUE CONF. 365 

DIBIANCA 75 NP 698 I37  
GAY 76 PL 62B ~77 
BRIEFEL 7T PRD 16 2T06 

ALSO 70 DUKE CONF. 317 

SMITH 64 PRL 13 61 
MERRILL 68 PR [67  LB02 

HALSTEINSLID,+ (BERGEN,CERN,EPOL,RHEL,LOUC( I 
+DEMOUL[N,GOLDBERGt * (EPOL~SACLAY,AMST) I 
÷LINDSEY,BUTTON--SHAFER,MURRAY (LRLI IJP 
G A SMITH, J S LINDSEY (LRLI 
÷ LEITHt ÷ (LRL,S•AC,CERN,HEIDEL,SAOLAYI 

+BARNES,FLAMINIO,METZGER, + (BNL,SYRACUSE) I 
+BERGE, HUBBARD, MERRILL, MULLER [LRL( 
+ (BRANDEIS, MARYLANDt SYRACUSEt TUFTS) I 
÷KARSHON, LA I ,  ONEALL, SCARR, SCHURANN(BNL) 
+BARRELET,CHARLTON, VIDEAU IEPOL( 
RCSS,LLOYD,RAODJICIC (OXFORD( 

DIBIANCA,ENDORF ICARN( 
+ARMENTEROS,BERGE,GAVILLET+(AMST+CERN÷NIJMIIJ 
+GOUREVITCH,CHANG+ (BRAN~UMD+SYRA+TUF7} 
BMST (BRANOEIS÷MARYLAND+SYRACUSE+TUFtS) 

PAPERS NOT REFERRED TO IN DATA CARDS 

÷LINDSEY,MURRAY, BUTTON-SHAFER+ (LRL I  IJP 
O w MERRILL, J BUTTON-SHAFER (LRL)  

REAK EVIDENCE CONCERNING JR. 
APSELL 69 PRL 23 884 + (BRANDEIS, MARYLAND, SYRACUSE, TUFTS) 

SUPERSEDBO BY BRIBFEL 77o 
SCHMIDT 73 PURDUE CONF. 363 SCHMIDT (BRANDEIS) 
BRIEFEL 75 PRO I2  1859 +GOUREVITCH,KIRSCH+ IBRAN+UMD÷SYRA÷TUFT) 
TEODORO ?? CERN/EPIPHYSTT-36 +OIAZ,DIONISI,BLOKZIJL+(AMST+CERN+NIJM+OXF) Jp 

ALSO 77 SLAC SUMMER INST. HEMINGRAY REVIER TALK (ARST+CERN÷NIJM÷OXF( JP 
ALSB 77 BUDAPEST CONF. SALMERON REVIEW TALK (AMST+CERN+NIJN+OXF( JP 

1 " 0 9 4 o )  I ~'¢ 52 X I * l / 2 l I 9AOt  JP= l I = i / 2  

WE LIST UNDER X1 (1940 I  EVERYTHING REPORTED IN THE NASS 
RANGE 1875-2000 MEV. 

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

52 X [ *L I2 (Eg40)  MASS (MEVI 

M 35 1933.0 16.0 BADIER 65 HBC O X I -  El+ 
M 27 1930.0 20.0 ALITTI 6B HBC O X I -  PI+ I L I A 8  

66 LSBA.O 18 .0  DAUBER 69 HBC - X l  PI I t /A8  
21 1955 .0  lD°O GOLDWASSE 70 HBC X I  P l  10 /70  

M 29 1956 .0  6 .0  BADIER 72 HBC X I  P I tX I2P I ,K  Y I 0 / 71  
M 25 1952.  l I .  ROSS1 73 (X I  P I I -  2174 
M 1900. 12. DIBIANCA 75 DBC X I  PI 1276 
M 13g 1961 .  18.  BRIEFEL 77  HBC 0 X I -P I÷ I2 .BT  K-P) 1178"  
M 44 I936. 22.  BRIEFEL 7T HBC - XIOP ] - I 2 . 87  K-P) 1 / 78 "  
M 56 1966.  tO.  DRIEFEL 77 HBC -O X I I 1530 )  PI I / TB~  
M . . . . . . . . .  
R AVERAGE MEANINGLESS (SCALE FACTOR = L. � I  

(SEE IDEOGRAM BELOW ) 

- . B R Z E ~ E L  7~  HDC 

. . . .  . R I E F E L  7 7  HDC 

. R I E F E L  7 7  HBC 

' . . . .  / 1 " /  W . . . .  D I B Z ~ . C A  7S D . C  
fl-W-T .... Rosst 73 
i i-~-.~ . . . .  BAOIER 7 2  .Bc 

/ - - ~1~  . . . .  6OLOWASSE 70  HBC 

~ "  . - . -DAUBER 69  HBC 

../ , 66.< 

1B60  1900  1940  19B0  2020  2060  

X Im1 /2 (1940 )  MQSS (MEUI  

CHISg  

3 .2  

0 .2  

0 .?  

14  .B  

0 .3  

2 . ?  

0 .4  

B.4  

0 .6  

0 .?  

32 .0  

(CDHLEU 
=O.OOO) 



Baryons 
z(z940). =( 030) 

2 3 6  

Data Card Listings 
For notation, see key at front o/Listings. 

52 X1"1 /2 {19~0)  WIDTH (MEVI 

H 35 140.0 3S.O BADIER 65 HDC O XI- El÷ 
W 27 80 .p  4O.O ALITTI 68 HBC O X I -  P I *  11168 

6 6  9 8 . 0  2 3 . 0  DAUBER 69 HBC - XI PI 11/68 
21 56.0  26.0  GOLDHASSE 70 HBC X l  PI lO/7O 

N 29 35.0  11.0 BADIER 72 HBC XI P I ,X IEP I ,K  Y 10/71 
H 3B. 10. ROSSI 73 (Xl E l i - -  2 /76  
M 63. 78. DIBIANCA 75 DEC xI PI 1176 
W L39 159. 57. BRIEFEL 77 HBC 0 X I -P I÷ (E*B7  K-P] 1178" 
W 44 8T. 26. BRIEFEL TT HBC - X IOP I - (2 .87  K-P) 1 / 7 8 .  
W 56 60.  39. BRIEFEL TT HBC -O X l l l E 3 O l  El 1 /TB* 
N . . . . . . . . .  
N AVERAGE MEANINGLESS ISCALE FACTOR = 1 .6 )  

(SEE IDEOGRAM BELOW I 

J 
-SO 

CHISQ 

0 . 0  

1 .B 

3 .S  

. . . . . . . . . .  BRIEFEL 77 HBC 

I . . . . . . . . .  BRIEFEL 77 HBC 

1 ' ' B R I E F E L  77 HBC 

. . . . . . .  O l B I R N C R  ?S OBC 

. . . . . . . . . . . . .  RBSS¢ 73 1 . 9  

~ . . .  . . . . . . . . . .  BADGER 72 HBC 2 . 3  

. . . . . . . . .  GOLOWASSE ?0  HBC 0 . 0  

. . . . . . . .  DAUBER 69 HBC 4 . 0  

. . . . .  A L I T T I  6B HBC O.S 

. . . . .  A O I E R  6S HBC 6 . 4  

)COHLEU 
SO iSO 2SO 3S0 =O.OOB) 

X I m i / 2 ( i B 4 0 )  UIDTH (MEU) 

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

52 X I * 1 / 2 ( 1 9 4 0 )  PARTIAL DECAY MODES 

DECAY MASSES 
PI X I * I / E ( 1 9 4 0 )  INTO Xl  PI 1321+ IB9 
PZ R I t L / Z ( 1 9 4 0 |  INTO K l * I l B S O )  e l  1533+ 139 
P3 XI~L12(19AO) INTU XI P( P( )EXCLUDING P2) 1321+ 139+ 139 
P6 X I$1 /2 (1940)  INTO RiO P I -  1314+ 139 
P5 X I ~ l / Z i 1 9 4 0 )  INTO X l -  DIO 1321+ 134 

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

52 XI~I/2iI9901 BRANCHING RATIOS 

THE XI(1940) IS SEEN MAINLY IN Xl Pl AND SOME IN XIIIEBO) El .  IT 
HAS BEEN LOOKED FOR IN ETHER CHANNELS BUT NOT SEEN. 

RI X I * 1 / 2 ( 1 9 4 0 )  INTO (XI  P l ) / ( X l * l / 2 1 l E B O )  E l l  ( P I I / i P 2 )  
RI 2 .8  O.T 0 . 6  APSELL TO HBC O 

R2 X I * I / 2 ( l D ~ O I  INTO (XI PI P I ) / I X I * l / 2 ( I 5 3 0 )  El) )P3 I / IPE)  
R2 O.O 0.3 APSELL TO HBC O 

R3 X l~ I / 2 (19~O)  INTO (XIO P I - I / ( X I -  PIOl (P4 ) / (PS)  
R3 1 25 2 .6  6 .  1 .6  ROSS1 73 (X l  P I I -  
R3 1 THIS BR IS 2 . 0 ( 0 . 5 )  FOR AN I = 1 1 2 ( I = 3 / 2 l  x I *119401 .  

REFERENCES FOR XI '112(19401 

BADIER 65 PL 16 IT1 ÷DENOULIN,GDLDBERG, + "(EPOLtSACLAY,AMST) I 
ALITTI 68 PRL 21 1119 +FLANINIOtNETZGER,RADOJICICt+(BNLtSYRACUSEI I 

DAUBER 69 PR IT9 1262 ÷BERGE, HUBBARD, MERRILL, MULLER (LRL) 
APSELL TO PRL 24 ~TT ÷ IBRANDEI$, MARYLAND, SYRACUSE, TUFTS) I 

GOLDNASS 70 PR ID 1960 E L GOLDNASSERt P F SCHULTZ ( ILL INOIS)  
DADIER 72 NP ESTer29 +BARRELETeCHARLTONeVIDEAU (EPOLI 
RGSSI 73 PURDUE CONFo 345 ROSS,LLOYG~RADOJICIC (OXFORD) 

DIBIANCA T5 NP B98 137 OIB1ANCA,ENDORF (CARNI 
B R I E F E L  TT PRO L6 2706 ~GDUREVITCH, CHANG+ IBRAN+UMD÷SYRA÷TUFT) 

ALSO TO DUKE CUNF. 317 BMST IBRANDEIS+NARYLAND÷SYRAOUSE+TUETSI 

PAPERS NOT REFERRED TO IN DATA CARDS 

APSELL 69 ERL 23 884 ÷ IBRANDEIS, MARYLAND, SYRACUSE, TUFTSI 
SUPERSEOEO BY BNST TO. 

SCHNIDT 73 PURDUE CONF. 363 SCHNIDT (BRANDEISI 
BRIEFEL 75 PRO l Z  1859 +GOUREVITCOeKIRSCH+ (BRAN+UND+SYRA÷TUFTI 

IZ( oao) l . . . . .  i 2 )  . . . . .  . . . . . . . . . .  ER} I=1 /2  
m ~ 

THE EVIDENCE FOR THIS STATE HAS BEEN MUCH IMPROVED 
BY HENINGWAY 77,  WHO SEE AN 8 STD. DEV. ENHANCEMENT 
IN SIGMA KBAR AND A WEAKER COUPLING TO LAHBDA KBAR. 
ALITTI 68 AND HENINGWAY 77 OBSERVE NO SIGNALS IN THE 

X) PI Pl (OR XI*IIE30) EIl CHANNEL, IN CONTRAST TO DIBIANCA 75. THE 
DECAY INTO LANBDAIS1GMA KBAR El  REPORTED BY 8ARTSCH 69 IS ALSO NOT 
CCNFER~ED BY HENENGHAY TT. 
A MOMENTS ANALYSIS OF THE HENINGWAY 77 DATA INDICATES THAT THE SPIN 
IS GREATER THAN OR EQUAL TO 512 AT A LEVEL OF 3 STD. DEVIATIONS. 

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

6•70 

6170 

2174 
2 /74 
2/7A 

68 x1,122(2030) MASS (NEVl 

N 42 2030.B IO.O ALITTI 69 HBC 
M 90 2OB8.O L7.O BARTSCH 69 HDC 

13 201~. k . . . . . . . . .  C 
2044. DIBIANCA ?B DBC 

M 200 E024. 2. HEMINGWAY 77 HBC 
N . . . . . . . . .  
H AVERAGE MEANINGLESS (SCALE FACTOR = 1.5( 

(SEE IDEOGRAM BELOW ) 

- K-P 3 . 9 - 5  BEVIC 9169 
-D K-P 10 GEV/D 9/69 
-o SIGMA KBAR 21TA 
-O Xl 2PI ,  x l=  Pl 1/7b 
- K-P AT 4 .2  GEV 11 /77 ,  

CHISQ 

0 . 4  

S.S 

O.B 

. . . . . . . . . . . . .  HEMINBQAY 7 7  HBC 

I t  , . . . . . . .  O T B Z A , C A  7S ooc 
. . . . . . . . . . . . .  ROSS1 73 HBC 

! A R T S C H  6 9  HBC 

. . . . . . . . . .  L I T T I  6 9  HBC 0 . 2  

6 . 9  

2 0 0 0  2 0 2 0  2 0 4 0  2 0 6 0  20DO 2 1 0 0  
(CONLEU 
=0 .07S)  

X i i l / 2 ( 2 0 3 0 )  MASS [ M E U )  

6 8  X l * l / 2 ( 2 0 3 0 l  WIDTH (NEVl 

W GS.O ~O.O 2O.D ALITTI 69 HEC - ~-P 3.9-E BEVIC 9169 
w 57.0  30,0 BARTSCH 69 HBC - o  K-P 10 GEV/C 9/69 
u 15 33.  17. RUSSI 73 HBC --0 SIGMA KBAR E/T4 

60.  24. DIBIANCA 75 DEC -O xI 2P[ ,  XI* El 1/76 
W EOO 16. 5. HENINGHAY 77 HBC - K-P AT 4 .2  GEV 11177* 

H . . . . . . . . .  
H AVERAGE MEANINGLESS (SCALE FACrOR = 1.2) 

ISLE [OEOGRAM BELOW I 

-HEMINGWAY 77 HBC 

"DIBIANCA 7S DBC 

• ROSS1 73 HBC 

.BARTSCH 69 HBC 

- A L I ~ T I  6 9  HBC 

- $ o  o ~o 1do Is  o 

X ~ m l / 2 ) 2 0 3 0 )  g I O T H  ( M E U )  

C H I S g  

O . B  

2 . ?  

0 . 5  

1 . 5  

0 . 7  

6 . 2  

(CONLEU 
= 0 . 1 B 4 )  

68 XI*I/2(ZOBD) PARTIAL DECAY MODES 

EL XI tL /21203BI  INTO XI PI 
P2 X l t l / 2 ( 2 0 3 0 1  INTO LAMBOA ROAR 
P3 X1*1/2(2030)  INTO SIGMA KBAR 
E4 x I * l / 2 1 2 0 3 0 )  INTO X l * l / 2 ( 1 5 3 0 )  P) 
P5 XI '112(20301 INTO XI Pl P) (EXCLUDING PAl 
P6 XI *1 /212030)  INTO LAMBDA KDAR PI 
PT X I * l / 2 ( 2 0 3 0 1  INTO SIGMA KBAR PI 

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

68 XI*I/2(2O3D) BRANCHING RATIOS 

R1 XI*l/2(EOBOl INTO (Xl EII/IMODES PI TO PAl 
RI (O.30) OR LESS ALITTI 69 HBC 

Rl l  XI*L/2(203Ol INTO )Xl PIll(SIGMA RBAR) 
R l l  (0.19) OR LESS EL=*95 HEMINGWAY 77 HBC 

RE X1*112(20301 INTO (LAH KBARI/(MODES PI TG P~) 
R2 0.25 0.15 ALITTI 69 HBC 

R21 X1#1/2(2030}  INTO (LAMBDA KBARI/(SIGMA KBAR) 
R21 O.2E 0.09 HEHINGWAV 77 HBC 

DECAY MASSES 
1321+ 139 
1115+ 697 
I197+ 497 
1533+ 139 
1321÷ 139+ 139 
1115+ 497+ E39 
1189+ 497+ 139 

{PI I / )PI÷P2+PB+PA]  
- 1STD DEV LIMIT 9•69 

[ E I I l I P 3 )  
- K-P AT 4 .2  GEV I1 /TT*  

[P2I / (PI÷P2eP3+PA) 
- K-P 3°9 -5  BEV/C 9 /69 

(PZ I / (P3 )  
- K-P AT 4.2 GE~ l l / 7 ~ *  
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Data Card Listings 
For notation, see key at front of  Listings. 

k3 X I * I I 2 1 2 0 3 O )  INT~ (SIG KBAR)/(MDDES PI TO P~) {P3I / IP I+PB+PB+P#)  
R3 0 . 7 5  0 . 2 0  A L I T T I  69  HBC - K-P 3 ,9 -5  BEVEC 9 /69  

R4 X l = l / 2 ( B O 3 0 )  INTO l X l ~  PI) / IMODES Pl  TO P#) [P4 I I IP I+P2+P3+P~)  
R# [ 0 . 1 5 1  DR LESS AL ITT I  69 HBC - i STD DEV L IM IT  9169 

R~I X l * I I 2 ( 2 0 3 O )  INTO I X l  PI P l  INCLUDING X I *  P I ) I I S I O M A  KBAR} 
R41 I P 4 + P 5 ) l ( P B )  

R41 C ( O . I I )  OR LESS CL=.95 HEMINGWAY 77 HBC - K-P AT 4 . 2  GEV 1 1 / 7 7 "  

R41 C FUR THE DECAY MODE {X l -  P l+  P I - )  ONLY 

R6 X I * l I 2 ( 2 0 3 O )  INTO LAMBDA KBAR PI (P6I 
R6 SEEN BARTSCH 69 HBC K-P AT IO GEV 11 /77~  

R61 X I * l I 2 ( 2 B B O )  INTO {LAMBDA KBAB P I l l ( S I G M A  KBAR] (P6 I / (P3 l  
R61 ( 0 . 3 2 )  OR LESS CL=,95 HEMINGWAY ?T HBC - K-P AT ~ .2  GEV 1[177= 

R7 X l * l l 2 1 2 O B O l  INTO SIGMA KBAR El  (P7) 
RE SEEN BARTSCH 69 HEC K-P AT 1o GEV I L177 "  

RE1 X I * L / 2 I B 0 3 0 I  INTO [SIGMA KBAR P I l l { S I G M A  KBARI ( P 7 I I ( P 3 I  
R71 C { 0 . 0 ~ }  OR LESS CL=.95 HENINGWAY 77 HBC - K-P AT ~ .2  GEV IL177 ~ 

R71 C FOR THE DECAY MODE (SIGMAS-- K-- PI--+) ONLY 

REFERENCES FOB X I~ i / 2 (2OBO)  

A L I I T I  69  PRL 22 79 +BARNES,FLAMINIO,METZGER, + (BNL,SYRACUSE) I 
BARISCH 69 PC 283 ~39 + (AACHEN~ BERLIN, CERN, LOIC, VIENNA) 

ROSS1 73 PURDUE CONE. 3~5 ROSS,LLOYD, RADDJICIC (OXFORD1 

DIBIANCA 75 NP BgB 137 DIBIANCA,ENDORF lEARN) 
HEMINGWA I T  PL 6BB 197  HEMINGWAY,ARMENTEROS+ (AMST+CERN+NIJM÷OXFI I J  

ALSO 76 EL 623 ~77 GAY,ARMENTEROS,BERGE+ (AMST+CERN+NIJNI 

THIS EFFECT IS REPORTED IN GAY 76 AS A 
FOUR STANDARD DEVIATION ENHANCEMENT IN 
LAMBDA K- .  AN ANALYSIS OF THE SAME DATA BY 
HEMINGWAY 77,  BUT WITH ADDITIONAL STATIS I IOS,  

P~INTS OUT IHAT THE SIGNIFICANCE OF THE ENHANCEMENT IS GREATLY REDUCED 
IF A RESTRICTIVE FOUR-MOMENTUM CUT (U-CUT) IS MADE. THIS SUGGESIS 
AN ANOMALOUS PRODUCE/ON MECHANISM IF  EWE STATE IS GENUINE. 
IN NEED ~F CONFIRMATION, OMITTED FROM TABLES. 

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

103 XI~ l / 2121201  MASS (MEV) 

M 2 1 2 3 . 0  7 . 0  GAY 76 HBC - K- P AT ~.B GEV 2177" 

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

103 X I * L / 2 [ 2 1 2 0 1  WIDTH (MEV) 

W 2 5 . 0  12.0  GAY 76 HBC - K- P AT 4 . 2  GEV E / 7 7 "  

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

103 X I * I I 2 ( B I 2 O I  PARTIAL DECAY MODES 

DECAY MASSES 

Pl  X I * l l 2 [ 2 1 2 O I  INTO LAMBDA KBAR 1115+ 697 

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

103 X ] ~ I I 2 ( 2 1 2 0 )  BRANCHING RATIOS 

RI X I * I / 2 ( 2 1 2 O l  INTO LAMBBA RBAR [PI} 
RI  SEEN GAY 76 HBC - K-  P AT ~.2  GEV 2 /77 "  

REFERENCES FOR X I * I 1 2 1 2 1 2 0 )  

GAY 76 PL 62B 477  +ARMENTEROS,BEROE,GAVILLET+(AMST÷CERN+NIJMII 
HENINGWA 77 EL 68B 197 HEMINGWAY,ARMENTEROS+ IAMST+CERN+NIJM÷OXEI 

Iz(zz o)l 22 x i . 1 , 2 . 25  . . . . .  ) 

THE EVIDENCE FOR THIS STATE IS WEAK, BARTSCH 69 SEE 
A BUMP OF NOT MUCH STATISTICAL SIGNIFICANCE IN LANBDA- 
KBAR-EI,  SIGMA-KBAR-PI, AND X I - P I - P I  MASS SPECTRA. 
GDLDWASSER 70 SEE A NARROWER BUMP IN X I - P I - P I  AT A 

HLGHER MASS. PERHAPS THEY ARE THE SAME STATE, PERHAPS 

THEY ARE NOT~ BUT SEE ALSO MORRIS 75 .  

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

22 X1*L /2 (2250 )  MASS (MEV) 

M 35 224~.0 52 .0  BARTSCH 69 HBC K-P IO GEVIC 9169 
M Ifl 2295 .0  15 .0  GOLDWASSE 70 HBC - K-P  5 , 5  GEV/C 1D/TO 

M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 1 .o1  

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

22 X I . 1 / 2 ( 2 2 5 0 1 W I D E H  (MEVI 

W 1 3 0 , 0  BO.O BARTSCH 6 9  HBC 9 /69  
w LESS THAN 3 0 . 0  GOLDWASSE 70 HBC - K-P 5 . 5  GEV/C 10/70 

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

22 X I * i 1 2 1 2 2 5 0 )  PARTIAL DECAY MODES 

DECAY MASSES 
P l  X I ~ I / 2 ( 2 2 5 0 I  INTO Xl  PI P l  1321+ 139+ 139 

P2 X I . 1 / 2 (2250 I  INTO LAMBDA KBAR PI 1115+  4 9 7 +  139 
P3 X I *1 /2 (2250 )  INTO SIGMA KBAR Pl  1197+  ~97+  139  

Baryons 
 (2o3o), z(z 2o), z(z so), ::(zsoo), n-, Ao + 

REFERENCES FOR XI~112(2250) 

BARTSCH 69 PL 283 439 ÷ [AACHEN, BERLIN, CERN, LOIC, VIENNA] 
GOLDWASS TO PR 1D 1960 E L GDLDWASSER, P F SCH~TZ { I L L I N O I S )  

PAPERS NOT REFERRED TO IN DATA CARDS. 

MORRIS 75 ANL-HEE-CP-75--58 MORRIS,OH,PARKER,SMITH,WHITMORE (MSUI 

| | 

I . . . . . . . .  ,Bs . . . . . .  ' I . . . .  

IT  IS QUITE POSSIBLE THAT THE REASON THE EXPERIMENTS 

DISAGREE ABOUT THE MASS AND WIOTH IS THAT THEY ARE 
SEEING DIFFERENT X I * S .  FOR NOW, HDWEVER~ WE GROUP 

THEM TOGETHER. 

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

99 XI~L12(25001 MASS IMEV) 

M 30 2~30.0  2 0 . 0  AL ITT I  69 HBC - K-P 4 , 6 - 5  GEVIC 9169 

M ~5 2 5 0 0 . 0  10 .0  BARISCH 69 HBE -O K-P LO GEV/C @/69 
M 2392.  27 .  DIBIANCA 75 DBC X l  2PI 1 /76  

M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCAIE FACTOR = 3 . 2 )  

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

99 X I * l / 2 ( 2 5 0 0 )  WIDTH (MEV) 

W L5O.O 60 .0  ~D.O A L I I T I  69 HBC - g /69  
w 5 9 . 0  2?.D BARTSCH 69 HBC - 0  9 / 6 9  

W 75.  69 .  DIBIANCA 75 DBC X l  2PI 1176 

W 
w AVERAGE MEANINGLESS [SCALE FACTOR = 1 . I I  

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

99 X I * L / 2 ( 2 5 0 0 )  PARTIAL DECAY MODES 

DECAY MASSES 

PI X I * I / 2 [ 2 5 0 0 I  INTO Xl  P l  1321÷ 139 
P2 X I ' 1 / 2 (2500 }  INTO LAMBDA KBAR 1115+ ~gT 
P3 X I * l / 2 (25DO)  INTO SIGMA KBAR 1197+  497  
P4 X I~ I / 2 (25001  INTO X I~ l / 2 (1530 )  P I  1533+  139  
P5 X I#112 (2500 I  INTO LAMBDA (OR SIGMA) KBAR P I  1115+  Ag?+  139  
P6 XI * l / 212500 )  INTO x I  PI E l  1321+  139+  139 

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

99  X l~ l / 2 (2500 )  BRANCHING RATIOS 

RI X l t [ 1 2 { 2 5 0 0 )  INTO (X I  P I l l ( N O D E S  P/  THRU P~} IP I I I IPE+P2÷PB+P~)  
R1 ( 0 . 5 )  OR LESS A L I T T I  69 HBC 1 S T O  OEV L IM IT  9169 

R2 X I t [ / 2 {2500 ]  INTO (LAM KBAR) / IMODES P I  THRU P~)  (P2 I / IPL+P2ePB÷P~ I  

R2 0 . 5  0 . 2  AL ITT I  69 HBC - 9/69 

R 3  XI~ I / 2 (2500 )  INTO IS IG  KBAR) / (MODES P I  THRU P4)  (P3 I / IPL+P2+P3÷P~ I  
R3 0 .5  0 .2  AL ITT I  69  HBC - 9 / 69  

R~ X I * t / 2 { B S O O l  INTO ( X I *  PI)/IMOOES Pt  THRU P4) (P~) / IPI+P2÷PB÷P41 
R~ (O.21 OR LESS A L I T T I  69 HBO 1 S T D  DEV L I M I T  9 / 6 9  

R5 XI * I I 2 (2500 )  INTO (LAMBDA (OR SIGMA) KBAR P I I / T O I A L  

R5 IPS )  
RS SEEN BARTSEH 69 HBC - 0  9 /69  

R6 XI~112 {2500 I  INTO {XI  Pl  PI I ITDTAL  IP6 I  

R6 SEEN BARTSCH 69 HBC -O 9169 

REFERENCES FOR X I . 1 / 2 (2500 l  

AL ITT I  69  PRL 22 79 ÷BARNEStFLAMINIO,METZGER~ + (BNL~SYRACUSEI I 
BARTSCH 69 PL 28B 439 + { A A C H E N ~  BERLIN~ CERN~ LOIC~ VIENNAI 

DIBIANCA 75 NP 898 137 OIBIANOA,ENDORF (EARN) 

S=-3  I=O HYPERON STATE (D) 

r ~  24 OMEGA-(1675~ JP=3 /2+ )  I=O 

SEE STABLE PARTICLE DATA CARD LISTINGS 

CHARMED BARYONS 

FOR THE MINI-REVIEW ON CHARMED BARYONS, 
SEE THE STABLE PARTICLE DATA CARD LISTINGS 

33 LAMBDA/C÷ [2260 ,  JP= ) 

SEE STABLE PARTICLE DATA CARD LISTINGS 
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Data Card Listings 
For notation, see key at front of  Listings. 

1 
104 SIGMAIC(2430, dP= I 

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

IO~ SIGMA/C MASS 

M C I 2426. 12. CAZZOLI 75 HBC +÷ LAMBDAIC+ PI÷ 3177~ 
M KC 9[2BOO.I KNAPP 76 SPED 0 ANTILANBDAIC-PI+ 3277 • 
M C L (2439 . l  OR MORE BARISH 77 DBC ++ LAMBDA/C+ PI+ 3177"  

SEE NOTES IN LAMBDA/C÷ MASS SECTION ABOVE. 3 /77*  c 
K KNAPP 76 MAY NOT BE THE SAME STATE AS CAZZOLI 75. DERUJULA 75 3177" 

M K PREDICT TWO SIGMAIC STATES AROUND 2 .4 -2 .5  GEV.  THIS COULD BE BOTH. 3177* 

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

104 SIGMA/C(2430) PARTIAL DECAY MODES 

DECAY MASSES 
PI  SIGMA/C(24BO] INTO LAMBDA/C÷ PI 2260+ 139 

REFERENCES FOR SIGMA/C{243D) 

CAZZOLI 75 PRL 34 l l 2E  +CNOPS,CONNOLY,LOUTTIT,MURTAGH+ (BNLI 
KNAPP 76 PRL 37 882 +LEE,LEUNG, SMITH÷ (COLU÷HAWA÷ILL÷FNAL] 
BARISH 77 PR DI5 1 +DERRICK,DOMBECK,MUSGRAVB ÷ (ANL*PURD) 
PICCOLO 77 PRL 39 tB03 +PERUZZI,LUKE÷(SLAC+STAN÷LBL+UCB+NWES÷HAWAI 

THEORY AND REVIEW 

DERUJULA 75 PR D12 1~7 *GEORGI,GLASHOW (HARV) 
LEE 77 PR DI5  157 +QUIGG,ROSNER (FNALI 

Dibaryon States 

This year, for the first time, we list experi- 

mental evidence related to the existence of some 

two-baryon resonances predicted by SU(3),I SU(6),2 

and the MIT bag model. 3 Reports of enhancements 

in B = 2 systems go back more than i0 years, but 

the interpretation of these enhancements remains 

uncertain. We are motivated to add this section 

because of renewed experimental and theoretical 

interest. 

Most significant evidence is included in the 

Listings, but there may be omissions, especially 

in earlier work. We have not included evidence 

on nuclear properties, hypernuclei, d*'s, or A's 

bound within the deuteron -- though these may be 

related to effects observed in the search for 

dibaryon resonances. We have also omitted data on 
+ 

low energy ~ d ÷ pp. There is a large amount of 

literature on this reaction which we did not have 

time to review adequately. Most of these experi- 

ments are addressed to the question of whether 

there is a resonance associated with the NA 

threshold. 

The Listings are arranged in three groups of 

strangeness, since the difficulty and reliability 

of the experiments depends strongly on the 

strangeness. 

References 

i. R.J. Oakes, Phys. Rev. 131, 2239 (1963). 

2. F. Dyson and N. Xuong, Phys. Rev. Lett. 13, 

815 (1964). 

3. R.L. Jaffe, Phys. Rev. Lett. 3_8, 195 (1977). 

DIBARYONS 

F ~  106 STRANGENESS O, BAaYON NUMBER 2 STATES 

> 
RECENT RESULTS USING THE POLARIZED PROTON BEAM AND IARGET 

AT ARGONNE GIVE EVIDENCE FOR A DIPROTON STATE THAT WAS PREVIOUSLY 
INACCESSIBLE. THE DATA (HIDAKA 771 SHOW A SIGNIFICANT 
DIP IN THE DIFFERENCE BETWEEN ANTI-PARALLEL AND PARALLEL 
LCNGITUDINALLY POLARIZED P P TOTAL CROSS SECTIONS, IN ADDITION 
IO STRUCTURE IN THE P P ELASTIC SCATTERING LEGENDRE COEFFICIENTS. 
HIDAKA 77 INTERPRET THESE EFFECTS AS EVIDENCE FOR A 3F3 (USING 
2se I , L , J  NOTATION] STATE AT 2260 MEV. A FORWARD DISPERSION RELATION 
ANALYSIS (GREIN 77I OF THE ARGONNE DATA FINDS A SPIN SINGLET STATE AT 
2390 MEV AND A SPIN TRIPLET STALE AT 2320 MEV, WITH WIDTHS 6F ABOUT 
tO0 MEV AND 290 MEV, RESPECTIVELY. (THE DISPERSION RELATION ANALYSIS 
CANNOT DETERMINE J I .  THE POSSIBILITY (KANE 76) THAT THE THRESHOLD FOR 
DELTA(1232J PRODUCTION IN P P SCATTERING INDUCES RESONANT BEHAVIOR 

IN THE ID2 WAVE DOES NOT APPEAR TO BE REALIZED IN THIS ANALYSIS. 
AN INDEPENDENT PARTIAL WAVE ANALYSIS [HOSHIZAKI 77) DF THE ARGONNE DAB 
FAVORS A OF3 RESONANT STATE AT 226O MEV, WITH A WIDTH BETWEEN I00 MEV 
AND 250 MEV. 

MINAMI [MINAMII 77 AND MINAMI2 77I HAS PRESENTED CRITICISM DF 

THE ANALYSIS OF BOTH HIOAKA 77 AND HOSHIZAKI 17, AND SUGGESTS THE 
OBSERVED EFFECTS ARE CONSISTENT WITH THE ABSENCE OF A RESONANCE. 

FURTHER EVIDENCE FOR THE EXISTENCE DF A DIBARYON RESONANCE IN 
THE 2350 MEV REGIEN COMES FROM A PHOTODISINTEGRATION EXPERIMENT 
(KAMAEI 77) ,  WHERE AN ANOMALY IN THE PDLARIZATIDN IS CONSISTENT WITH 
AN I=O, J=3 STATE. 

IN SPITE OF THE PROGRESS MADE BY RECENT WORK, MORE EXPERIMENTAL 
EVIDENCE IS NEEDED BEFORE THE EXISTENCE OF A TWO-NUCLEON RESONANCE 
CAN BE CONSIDERED CONFIRMED. IT IS UNLIKELY THAT THE DIPROTON(S} CAN 
BE FIRMLY ESTABLISHED UNTIL MUCH MORE INFORMATION DN ANGULAR 
DISTRIBUTIONS WIEH POLARIZED BEAM AND TARGET IS AVAILABLE, 

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

106 STRANGENESS O, BARYON NUMBER 2 CROSS SECTION 

CS B SEEN DEOOER 75 CNTR POt. P P ELASTIC i 0 / 77 "  
CS B DEBOER 75 OBSERVE STRUCTURE IN THE DIFFERENCE BETWEEN I0 /77 "  
CS B ANTI--PARALLEL AND PARALLEL TRANSVERSE SPIN STATES IN P P SCATTERING [0 /77 "  
CS B AT 2,3,4,AND 5 GEV/C MOMENTA USING POLARIZED BEAM AND TARGET I0 /77 "  
CS C SEEN AUER 77 CNTR POt. P P ELASTIC 10/77" 
CS C AUER 77 OBSERVE A LARGE DIP IN THE DIFFERENCE BETWEEN 10/77" 
CS C ANTI-PARALLEL AND PARALLEL LONGITUDINAL SPIN STATES IN P P I 0 / 77 "  
CS C SCATTERING AT MOMENTA BETWEEN I AND 2.5 GEV/C. I0177"  
CS E SEEN HIDAKA 77 CNTR POt. P P ELASTIC 2 /18"  
CS E HIDAKA 77 IS FROM THE SAME EXPERIMENT AS AUER T7. IO/T7~ 
CS E HIDAKA 77 PRESENT IHE MOST POSITIVE EVIDENCE FOR A P P RESONANCE IO/17* 
CS E BASED ON THE ENERGY DEPENDENCE OF THE LEGENORE COEFFICIENTS FOR 10/77" 
CS E P P ELASTIC SCATTERING IN PURE SPIN STATES, AND OF THE DIFFERENCE I0 /77 "  
CS E BETWEEN ANTI-PARALLEL AND PARALLEL LONGITUDINAL CROSS SECTIONS. 10177" 
CS E THEY FAVOR S=I ,  L=3, J=3 QUANTUM NUMBERS. [0 /77# 

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

106 STRANGENESS O, BARYON NUMBER 2 MASS (MEV) 

M D (2]~O.O) GREIN 77 CNTR I0177 .  
M D (23BO.OI GREIN 77 CNTR I0 /?7 *  
M O USES DATA OF DEBDER 75 AND AUER 77 FOR DISPERSION ANALYSIS. [0/77~ 
M E (2260 .0 )  HIDAKA 77 CNTR 10/77~ 
M H (2260 . I  HDSHIZAKI 77 PWA 10/77# 
M H HOSHIZAKI 77 PRESENTS SOME RESULTS FROM A PARTIAL WAVE ANALYSIS OR I0/77# 
M H ARGONNE DATA DF AUER 77. WIDTH OF THE 3FB IS BETWEEN 90 AND 350. 10/77~ 
M C (2350. )  KAMAE 77 10/77~ 
M G KAMAE 77 IS A GAMMA D - - >  P N EXP. BETWEEN .2 AND .8 GEV E(GAMMA) I0 /77~ 
M G KAMAE 77 OBSERVE A SHARP PEAK IN POLAR(ZATION AT 500 MEV EIGAMMA) lO/T7* 

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

ida STRANGENESS O, BARYON NUMBER 2 WIDTH IMEVI 

W D { I 00 .0 )  GREIN 77 CNTR I0 /77 .  
W D (290.0)  GREIN 77 CNTR I0177 ~ 
W E (20O.OI HIDAKA 77 CNTR 10 /77 "  
W H (150. )  HOSHIZAKI 77 PWA 10/77 = 

REFERENCES FOR STRANGENESS O, BARY. NO. 2 STATES 

DEBOER TB PBL 34 558 +R.FERNOW,A.KRISCH,+ (MICH~ANL+STLO) 
AUER 77 PL 67B l i b  +E.COLTON,D.HILL,K.NIELD,÷ (ANL+NWCS) 

ALSO 72 ANL-HEP-CP-7707 A.YOKOSOWA [ANt) 
GREIN 77 WU-B-76-6 W.GREIN,P.KROLL (RARL+WUPP) 
HIDAKA 77 RE 7OB 479 +BERETVAS,H.NIELDtH.SPINKA,÷ (ANt) JP 

ALSO 77 PL 70B 475 I.P.AUER,A.BERETVAS,E.COLTON,D.HILL,+ (AN t )  
HOSHIZAK 77 PIP 58 7Ib N.HOSHIZAKI (KYOTO) JP 

ALSE 77 PTP 57 335 N.HDSHIZAKItT.KADOTA (KYOIO) 
ALSC 77 PTP 57 i099 N.HOSHIZAKI (KYOTO) 

KAMAE 77 PRL 38 468 + I .ARA I ,T .FUJ I I ,H . IKBDA,÷  (TOKY+KEKI  
ALSO 77 PRL 3B 471 T.KAMAE AND T.FUJITA (TOKY) 
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Data Card Listings 
For notation, see key at front of  Listings. 

PAPERS NOT REFERRED TO IN DATA CARDS 

KANE 76 PRD 13 29~4  S.L.KANE,O.H.THOMAS (MICH+ANL) 
BRAYSHAW 76 PRL 37 137q D°D.BRAYSHAW ISLAC) 
KLCET 77 LA-UR-77-2321 +R.R.SILBAN~R.AARON,+ (LASL+RUTG÷NEAS*PENN) 
MINAMII 77 OCU-3? S.MINAMI (OGRE) 
MINAMI2 77 0CU-~0  S.MINAMI (OSKC) 

107 STRANGENESS - 1 ,  BARYON NUMBER 2 STATES 

> 
ALL OF THE POSITIVE EVIDENCE FOR l LAMBDA P RESONANCE 

COMES FROM EXPERIMENTS USING K- BEAMS AND NUCLEAR IARGETS~ 
USUALLY DEUTERIUM. THIS EVIDENCE IS COMPLICATED BY NUCLEAR EFFECTS, 
BUT EVEN MORE SERIOUS AMBIGUITIES ARISE FROM THE FACT THAT 
THE MOST LIKELY LAMBDA P RESONANCE, AT 2130 MEV~ LIES PRECISELY 
AT SIGMA NUCLEON THRESHOLD. 

BRAUN 77 EXAMINE THE T DEPENDENCE OF THE 2130 MEV ENHANCEMENT 
AND FIND TWO COMPONENTS. THE PERIPHERALLY PRODUCED PART OF THE 
2130 MEV PEAK IS NARROW AND HAS A STEEP T DEPENDENCE, WHILE THE 
LARGE T EVENTS FORM A BROAD ENHANCEMENT AE SIGMA NUCLEON 
THRESHOLD, WHICH IS INTERPRETED AS NON-RESONANT. BRAUN 77 FAVOR 
THE DEUTERON-LIKE 3SI ASSIGNMENT FOR THE NARROW PEAK ON THE BASIS 
OF ITS PERIPHERAL PRODUCTION, BUT THEY CANNOT EXCLUDE THE POSSIBILITY 
THAT IT IS A NON-RESONANT CUSP EFFECT. 

EXPERIMENTS USING EREE HYPERDN BEAMS MAY LACK THE STATISTICAL 
SENSITIVITY TO OBSERVE THE 2130 MEV EFFECT SEEN IN THE NUCLEAR 
TARGET DATA. 

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

107 STRANGENESS -1 ,  BARYON NUMBER 2 CROSS SECTION 
(MICRO BARNS) 

CS NOT SEEN ALEXANDER 68  HBC LAMP ELASTIC  10 /77 "  
CG NOT SEEN BUNNEL 70 HEBC K- STOP IN HE 10277* 
CS NOT SEEN KAOYR 71HBC LAMBOA P SCATTER 10 /77 "  
CS NOT SEEN HAOPTMAN 74  HBC LAMBOA P ELASTIC 10/77"  
CS (25 . I  ( 5 . )  BRAUN 77 DEC K-D .6B- .8~ GEVI 2 /78*  

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

107 STRANGENESS - i .  BARYON NUMBER 2 MASS IMEV) 

M (2126 . )  CLINE 68  DEC K- AF ~00 MEVIC ~0177" 
M I213O.)  ALEXANDER 69 DBC K- FROH.BT01.1 l O / T T *  
M (2110.)  JAIN 69 EMUL K- AT REST [0177" 
M F 2128. . 2  TAN 6g DEE I 0 / 7 7 .  
M F STOPPING K--  IN DEUTERIUM. IO /TT*  
M F SECONDARY SHOLOER OBSERVED AT 2139 HEV 10/77"  
M E (2129.0] EASTWOOD 71DBC i 0 / 77 .  
H E K- AT 1.45 AND 1.6B GEVIC 10/77.  
M I 2127.0 1.0 SIMS 71DBC 10177* 
M I K-D .67 GEV TO .g25, 3 + ~ BODY PEAK, 10 /77 "  
M S 2125.2 2.fl SHAHBAZIA 73 HLBC 10177*  
M S (2251.~ l  (B .9 )  SHAHBAZIA 7S HLBC 10177*  
M S N AT 7.5 AND P I -  AT 6 ON C. 4 STANDARD DEVIATION PEAK.  tO/77*  
M 2129.0 0.~ BRAUN 77 DEC K-D .68- .B~ GEV/ I 0 / 77 .  

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

I07 STRANGENESS -1 ,  BARYON NUMBER B WIDTH (MEV) 

g ( IO . )  CLINE 68 DBC 10/77" 
W (BO, )  JA IN  69  EMUL 10 /77 "  
w F 7 .  .~ TAN 69 OBC 10177*  
W E [20 .0 )  EASTWOOD 71DBE 10177* 
W I B.O 1.o SIMS 71  DBC 10177* 
W S 20.b 5 .2  SHAHBAZIA 73 HLBC 10177*  
w S (21 .1)  (5 .~)  SHAHEAZIA 73  HLBC I0 /77 .  
w B , 9  1 . 6  BRAUN 77  DEC K-O , 6B - .B4  GEVX 10 /77 "  

Baryons 
DIBARYONS 

ALEXANOE 68 RR 173 1452 
CLIME 68 PBL 20 IR52 
ALEXANDE 69 PRL ZB 4B3 
JAIN 69 PR 187 1816 
TAN 69 PRL 23 395  
BUNNEL 70 PR OB 98 

EASTWOOD 71PB 03 2603 
KADYK 71NP B27 13 
SIMS 71PB  03  1162 
BHAHBAZI 73 NP BE3 19 
HAUPTMAN 74 LBL-360B 
BRAUN 77 NP BIB4 ~5 

OAHL 6 [  PRL 6 142 
COHN 64 PRL 13 668 
SHAHBAZI 71 J INR-EI-5935 

REFERENCES FOR STRANGENESS ~1, BABY. NO. 2 STATES 

ALEXANDER,U.KASHORN,A.SHAPIRA,+ IREHO+HEID) 
+R°LAUMANN+J.MBRP (WISCI 
ALEXANDER,HALL,JEW,BALMUS,KERNAN (LBL*UCRI 
P .L .JAIN IBUFFI 
TAT HO TAN (SLAG) 
+DERRICK,F[ELDSvHYMAN*REYES INWES+ANL) 

+FRY,HEATHCGTE,ISIAN,+IBIRM+ED[N+OLAS+LQIC) 
÷ALEXANDER,CHAN,GAPOSOHKIN+TRILLING (LBL) 
+ONEALL,ALBRIGHT,BRUCKBR+LANNUTTI IFSU) 
B.SHARBAZIAN+A.TIBONINA (JINR) 
J.M.HAUPTMAN (THESIS( )LBLI 
+H.GRIMM,V.HEPP,H.STROBELE,÷ (HEID+MPIM) 

PAPERS NOT REFERRED TD IN DATA CARDS 

O°DAHL,N.HORWITZ~D.MILLER,J.MURRAY,+ (LBL) 
H.O.CDHN,K.BHAIT,W.M.BUGG (DRNL~TENN) 
B.SHAHBAZIAN (JINR} 

I08  STRANGENESS -B ,  BARYON NUMBER 2 STATES 

THERE ARE NO S IGNIF ICANT  CLAIMS FOR RESONANCES IN  THE TWO LAMBDA 
OR Xl NUCLEON SYSTEMS( THOUGH RESONANCES ARE PREDICTED (JAFFE 77 ) .  

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

108 STRANGENESS -2 ,  BARYON NUMBER 2 CROSS SECTION 
IM ILL I  BARNS/NUCLEON) 

CS L 110 .0 ]  ( 7 , 0 )  BE ILL IERE  72  HLBC X)  AT .B  TO 2 °2  2 /78 "  
CS NOT SEEN WILQUET 75 HLBC K-  AT Z.2 GEV/C 10177* 
CS A NOT SEEN GUY 77 HBC K- PT AT 12 GEV 10177* 
CS A [2 GEV K- ON PT PLATES FORMS LAMBDA BEAM. lO/7?*  
CS A SUGGESTS BROAD, LOW MASS PEAK IS DUE TO RESCATTERING 10177* 

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

lOB STRANGENESS -2~ BARYON NUMBER 2 MASS INEV) 

M 12370.0) BEILLIERE 72 HLBC K- AT 2.1 I0177* 
M IB365.3)  ( 9 . 6 )  SHAHBAZIA 73 HLBC 2 ST.OEV. PEAK 10177* 

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

108 STRANGENESS -2 ,  BARYON NUMBER 2 WIDTH IMEV) 

W I47 .2 )  (15 .1)  SHAHBAZIA 73  HLBC 10177* 

REFERENCES FOR STRANGENESS -2 ,  BARY° NO° 2 STATES 

BEILLIEB 7B PL 39B 671 BEILLIERE,MAYEUR,+ (BRUX+CERN*TUFT+LOUCI 
SHANBAZI 73 NR BBB 19 B.SHAHBAZIAN,A°TIMONINA (JINR) 
WILQUET 75 PC 57B 97 +KNIGHT,GUY,+ IBRUX+TUFT+LOUC*CERN÷RHEt) 
GUY 77 RL-77-DB4-A J°G.GUY*J.KADYK (RHEL+LBL) 

PAPERS NOT REFERRED TO IN DATA CARDS 

JAFFE 77 PRL 3B 195 R.L.JAFFE (SLAC+MIT) 

• e t t $ =  t ~ * $ = t $ $ $  = t ~ t * $ 1 ~  = * t i t [ f = *  t * * t * * t = t  $ $ = = t * t ~ t  = I s i s = t = *  t t = t i = t t  
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TEST OF ~I,, 1 /2  RULE FOR K DECAYS 

The quant i t ies  of In teres t  for  mak ing  tests of 

theore t i ca l  pred ic t ions regard ing the ~ I=1 /2  rule for  K 

decay are usual ly par t ia l  decay rates for  single 

channels or special sums of channels.  I t  is not  

possible to compute  the e r ro rs  on sums, d i f ferences,  

and rat ios of par t ia l  decay rates f rom the i n fo rma t ion  

given in the Table of Stable Part ic les because of the 

presence of o f f -d iagona l  te rms  in the e r ro r  m a t r i x .  

For th is reason we give some of these quant i t ies  in 

Table I .  Throughout  th is Appendix,  i ta l ics are used to 

ind icate tha t  a quan t i t y  has changed by more than one 

(old) s tandard  deviat ion since our  previous edi t ion,  

and S gives the scale fac tor  inc luded in the quoted 

e r ro r  because of inconsistencies in the data (see 

foo tnote  at end of Stable Part ic le Table for de f in i t ion  

of S). 

Table I .  (000) and ( + - 0 )  re fer  to the sign of 
the pions in to  which the K L decays. 

rK~3 =rK: 3 +rKh 

rK~ / rK+ 3 

rK+ / FK+ ' 

r~/,, - r~  +rKo 
FK% / r 0 

Ke3 

FKO(000 ) / FK0(+_O ) = 1. 733+0. 076 

= (6.484±0.089)I0 s sec -! 

= 0,663*0.018 S=I.7" 

= 3.226*0.082 

= (12.70±0.15)106 sec -t S=l.l 

= 0.695±0.017 

S=1.3"  

1. Leo ton lc  d e c a y  r a t e s  

The  r K r a t e s  a r e  u s e f u l  in t e s t i n g  t h e  i ep ton ic  

A I = I / 2  rul~e 3 in t h e  way s u g g e s t e d  by Tril l ing.  i The 

p r e d l c t l o n s  a r e  

I'K03 / 2rK~ 3 = l .OtZ,  a p h a s e - s p a c e  f a c t o r ,  z 

a n d  

r ~  / r~,~ - rKl ~ / rK, % . 

From Table I, 

FKO 3 / 2FK; 3 = 0 . 9 7 9 , 0 . 0 1 8  

and 

FK~3 [,K+ 3 j = 1 . 0 4 8 . 0 . 0 3 8 .  
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These  r e s u l t s  s e e m  to show a less  t h a n  2~ 

d i s a g r e e m e n t  wi th  t h e  p r e d i c t i o n s ,  b u t  t h e  e r r o r s  

s h o u l d  be  r e g a r d e d  wi th  c a u t i o n  in view of t h e  i n t e r n a l  

d i s a g r e e m e n t s  In t h e  d a t a .  (Note t h e  i d e o g r a m s  in t h e  

Data  Lis t ings  for  t h e  c h a r g e d  K m e s o n . )  

We follow h e r e  t h e  t e s t s  d o n e  by  Mast e t  al . ,  3 

b a s e d  on  t h e  g e n e r a l  ana ly s i s  of K d e c a y s  s u g g e s t e d  by 

Z e m a c h .  4 Bo th  d e c a y  r a t e s  ( r )  a n d  s lopes  (g, t h e  

e n e r g y  d e p e n d e n c e  of t h e  Dalltz plot  d i s t r i b u t i o n s )  a r e  

u s e d .  The  AI- ,1 /2  ru l e  p r e d i c t s  t h a t  t h e  fol lowing t e s t  

q u a n t i t i e s  a r e  all e q u a l  to  zero:  

Test i= 2 FK°(O00) I rK°(+-O) I-1 
'3 #l ~z -1 , 

F + 

Test 2= i ~3 ~4 -I , 

2 #3 #z - 1 , 

Test 4 ,, ~ gK+, + gKf+ , 

Test 5-gK0(+_O) +gK + - l g K  +, . 

The  #I a r e  p h a s e - s p a c e  f a c t o r s  wh ich  h a v e  b e e n  

c a l c u l a t e d  as d e s c r i b e d  in Mast eL ai. 3 by  u se  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  a n d  t h e  m a s s e s  a n d  s lopes  

f r o m  t h i s  ed i t i on .  The f a c t o r s  l abe led  UDP a r e  t h e  

r e l a t i v e  a r e a s  of t h e  Dalitz p lo t s ,  a s s u m i n g  a u n i f o r m  

d i s t r i b u t i o n .  The  NUDP i n c l u d e  t h e  o b s e r v e d  s lopes  

( see  below).  The CNUDP h a v e  b e e n  c a l c u l a t e d  by 

i n c l u d i n g  t h e  f i n a l - s t a t e  Cou lomb i n t e r a c t i o n .  

The va lues  are:  

Method 
UDP NUDP CNUDP 

~,(000) = 1.490 1.490 1.444 
~(+-0) = 1.221 1.303 1.287 
~3(++- )  -- 1 .000 1.000 I .000 
~4(+00) = I. 247 I. 178 I. 142 

For convenience, we repeat the slope parameters 

tabulated in the Stable Particle Table. They are as 

follows: 

gK~ = -0.215+0.004 S=1.5" 

gK~. = -0.214+0.007 S=2.7" 

gK~* = -0.215+0.003 

gK+ ' = 0.561+0.021 S-I.?* 

gKo(+_O) = O. 670:1:0. 014 S ~ I .  6 *  



A d i f f e r e n c e  in t h e  7 + and  T- s lopes  would be an 

ind ica t ion  of CP violat ion in th i s  decay .  Since no 

d i f f e r e n c e  is o b s e r v e d  at  t h i s  t i m e ,  we ave rage  he two 

and  use  th i s  va lue  in Test  4 and  Test  5. 

We use t h e  CNUDP f a c t o r s  and  t h e  r a t e s  and  s lopes  

r e p o r t e d  in t h i s  ed i t ion  to  c o m p u t e  t h e  five t e s t  

q u a n t i t i e s  which t h e  A I = t / 2  ru le  p r e d i c t s  to  be zero .  

The r e s u l t s  are: 

Test  I = 0 . 0 3 0 ± 0 . 0 4 5  

Test  2 =  - 0 . 0 7 9 ± 0 . 0 2 3  

Test  3 = 0 . ;~16±0 .020  

Test  4 = 0 . 0 6 6 1 0 . 0 1 1  

Test  5 = O. I 7510. 0 1 8  

The t h r e e - p i o n  final  s t a t e  can  be in i sosp in  

s t a t e s  I = 1,2,3. Tes t s  1 and  2 t e s t  t h e  e x i s t e n c e  of 

Isospln I = 3 in t h e  f inal  s t a t e .  Since t h e  r a t e  t e s t s  

(Tests  I ,  2, and  3) could d i f fe r  f rom zero  by as m u c h  

as 0.1 owing to  t h e  m a s s  d i f f e r e n c e s  and  t h e  

o c c u r r e n c e  of big s lopes  s, no ev idence  for I=3 Is 

found .  Test  4 is r e l a t e d  to  t h e  I=2 a m p l i t u d e  in t h e  

final s t a t e  and  i nd i ca t e s  t h e  p r e s e n c e  of I=2. Tes t s  3 

and  5 give i n f o r m a t i o n  on t h e  AI=3/2  p a r t  of t h e  I = l  

a m p l i t u d e  re la t ive  to  t he  A I = I / 2  p a r t .  Both t e s t s  

i nd i ca t e  t h e  p r e s e n c e  of ~tI=3/2. 
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TEST 0F A I = I / 2  RULE FOR HYPERON DECAYS 

0. E. O v e r s e t h  
University of Michigan 

i. Nonleptonic decay/~nolltudes 

In this edition we again use the new convention 

for the amplitudes A and B adopted In 1973. Some 

t h e o r i s t s  have 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 re  m o r e  use fu l  to  t h e m  t h a n  t h e  ones  

a p p e a r i n g  in t h e  l i t e r a t u r e .  Berge  ! u s e d  a c o n v e n t i o n  

wi th  A and  B in un i t s  of sec  - I / 2 .  Samlos 2 u sed  a 

c o n v e n t i o n  which gave A and  B in u n i t s  of 

(MeV-sec)  - I / 2 .  Following is t h e  c o n v e n t l o n  s u g g e s t e d  

by J ack s o n  3, which gives d i m e n s i o n l e s s  A and  B. 

The e f f ec t i ve  Lagrangian  d e n s i t y  for  n o n l e p t o n l c  

h y p e r o n  decays  (B I -~ B z + ~) can  be w r i t t e n  

L e f  t = G.c2['~'2(A+B75)'~I]~., 

w h e r e  G= lO-5mp 2 is a coupl ing  c o n s t a n t  c h a r a c t e r i s t i c  

of f i r s t - o r d e r  weak d ecay s ,  ~c is t h e  c h a r g e d  pion 

m a s s ,  and  A and  B a re  d i m e n s | o n l e s t  c o m p l e x  

n u m b e r s  giving t h e  re la t ive  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  and  p a r i t y - c o n s e r v i n g  decays ,  

r e s p ec t i v e l y .  The m a t r i x  T5 is to  be t a k e n  in t h e  Paull 

f o r m ,  7 5 = ( _ p - I o ) .  The inva r i an t  a m p l i t u d e  for  t h e  

d e c a y  is 

M = G/~c2[~(p)(A+BTs)u(P)], 

where P is the 4-momentum of the decaying hyperon 

of mass M, and p is the 4-momentum of the baryon 

decay product of mass m. With the normalization 

convention, ~lUi = 2ml, the Pauli form of the matrix 

element in the rest frame of the decaying hyperon is 

M = G ~ c 2 ( X 2 1 ~ ) A  + ~ BT'<TIIxi), 

w h e r e  l Is t h e  to ta l  e n e r g y  of t h e  final  ba ryon  and  q is 

a un i t  v e c t o r  In t h e  d i r e c t i o n  of mo t ion  of t h e  final  

b a r y o n .  Compar i son  wl th  Sec.  VI D of t h e  t e x t  shows  

t h a t  t h e  a m p l i t u d e s  s and  p d e f i n ed  t h e r e  a r e  

p r o p o r t i o n a l  to A and  B: 

P ( E - m )  1/2 [ ( M - m ) 2 - P 2 ] l / 2  B 

T = E+m ~A = (M+m)2_/~2 A " 

Here  ~ is t h e  m a s s  of t h e  pion e n t e r i n g  t h e  decay .  

The p a r a m e t e r s  a ,  ~, and  T can  t h e r e f o r e  be 

e x p r e s s e d  in t e r m s  of A and  B, r a t h e r  t h a n  s and  p, If 

d e s i r e d .  

The decay  r a t e  for  B t -~ B 2 + w is 

o,++ f[<.+:>-+1 r<.-:>-:] t " ~  q ' ~  _I I~+÷ L ~" IBI;+ ' 



w h e r e  q is t h e  c . m .  m o m e n t u m  of t h e  decay  p r o d u c t s .  

For r e f e r e n c e ,  t h e  d i m e n s i o n l e s s  c o n s t a n t  in th i s  

e x p r e s s i o n  has  t h e  value (G2~c4/8n) - 1.9488x10 -15. 

Table I s u m m a r i z e s  t he  a m p l i t u d e s  A and  B for  t h e  

n o n l e p t o n i c  decays  of t h e  A. ~:, and  --- h y p e r o n s .  These  

a m p l i t u d e s  have  b e e n  ca lcu la t ed  by us ing  t h e  

e x p e r i m e n t a l  d a t a  for  m e a n  lives,  b r a n c h i n g  ra t ios ,  

and  t h e  d e c a y  a s y m m e t r y  a given in t h e  Stable  

Pa r t i c l e  Table of th i s  Review. 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  a n d  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 and  B a re  t a k e n  to be re la t ive ly  real .  

The s u b s c r i p t  on t h e  h y p e r o n  r e f e r s  to t h e  s ign of t h e  

decay ing  pion.  The s t a t i s t i c a l  c o r r e l a t i o n  coe f f i c i en t  

CAB = ,/(aA2)(,~B2) 

Is also given.  The abso lu t e  s igns  of A and  B have  been  

a s s i g n e d ,  us ing  t h e  following c o n v e n t i o n .  Taking A(A.~) 

as pos i t ive ,  t h e  o t h e r  S - w a v e  decay  a m p l i t u d e s  a re  

c h o s e n  to  give an a p p r o x i m a t e  fit to  t h e  t r i a n g u l a r  

r e l a t i o n s h i p s  

~/J~A(~) "~ A(~'~,,~) l A(q~.~) and V"3A(Z~) + A(A~) = 2A(--). 

The s igns  of t h e  B a m p l i t u d e s  re la t ive  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 l t u d e s  a re  d e t e r m i n e d  by t h e  

s ign of t h e  a p p r o p r i a t e  a decay  p a r a m e t e r .  

T a b l e  I 

M ~ m + ~ A B CAB 

A~ ~ p + ~ -  1 . 4 7 + 0 . 0 1  9 . 9 8 + 0 . 2 4  - 0 . 2 8 9  

A 8 ~ n + e0 - 1 . 0 7 + 0 . 0 2  - 7 . 1 4 + 0 . 5 6  - 0 . 7 4 0  

Z~ ~ n + ~+ 0 . 0 7 + 0 . 0 2  1 9 . 0 4 ~ 0 . 1 6  0 . 0 0 7  

Z~ ~ p + ~0 1 . 4 8 + 0 . 0 5  - 1 1 . 9 9 + 0 . 5 8  0 . 9 1 7  

EZ ~ n + e -  1 . 9 3 + 0 . 0 1  - 0 . 6 5 + 0 . 0 8  - 0 . 0 1 5  

~ ~ A + ~0 1 . 5 5 ~ 0 . 0 3  - 5 . 9 6 + 1 . 1 2  0 . 4 2 4  

~= ~ A + ~ -  2 . 0 4 + 0 . 0 2  - 6 . 7 0 + 0 . 3 8  0 . 2 3 6  

2. Tes t s  of t h e  A I - t / 2  Rule 

(a) A Decav 

For A decay  t h e  b i = 1 / 2  ru le  p r e d i c t s  t h a t  F0/U_ 1 

0.50 and  a 0 = a_ .  In o r d e r  to  d e t e r m i n e  t h e  

m a g n i t u d e  of poss ible  &I13/2  a m p l i t u d e s  p r e s e n t  we 

wr i te  t h e  l inear  e x p r e s s i o n s  4 for  t h e  AI=3/2 A- and  

B - w a v e  a m p l i t u d e s  in t e r m s  of &a, w h e r e  &a is t h e  

m e a s u r e d  value of ao/a_ m i n u s  t h e  p r e d i c t e d  value ,  

and  in t e r m s  of &r s imi lar ly  de f ined .  Evaluat ing  t h e s e  

we f ind 

Aa ffi -1.54 (A3/At) + 1.61 (B3/Bt) , 

ar = 1.84 (A3/At) + 0.25 (B3/Bt). 
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Here t h e  AI=3/;~ a m p l i t u d e s  a re  e x p r e s s e d  re la t ive  to  

t h e  A I = I / 2  a m p l i t u d e s .  The n u m e r i c a l  va lues  of t h e  

c o e f f i c i e n t s  d e p e n d  on t h e  ra t io  B/A. The 

u n c e r t a i n t i e s  in t h e  c o e f f i c i e n t s  a re  smal l  c o m p a r e d  to 

t h e  u n c e r t a i n t i e s  in Aa and  Ar. F i n a l - s t a t e  wN 

i n t e r a c t i o n s  have  been  inc luded  in t h e s e  r e l a t i ons  bu t  

have  a ve ry  smal l  e f f ec t .  From t h e  Stable  P~irticle 

Table,  

&a = 0.006+0.066, 

and  h e n c e  

a n d  

A[" ,,, 0.058+0.012, 

(A3 /At )  l 0.0;~7+0.008 

( B 3 / B i )  l 0 . 0 3 0 + 0 . 0 3 7 .  

The poss ib le  3~ & I - 3 / 2  A-wave  a m p l i t u d e  is due  to  t h e  

d i s a g r e e m e n t  of decay  r a t e s  with p r e d i c t i o n .  At t h i s  

level t he  r e s u l t s  are  sens l t l ve  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 .  However ,  In A d e c a y  t h e  p h a s e  s p a c e  

c o r r e c t i o n  and  t h e  o t h e r  rad ia t ive  c o r r e c t i o n s  a p p e a r  

to  be abou t  equa l  in m a g n i t u d e  and  have  o p p os i t e  

s igns ,  5,6 and  h e n c e  can ce l  each  o t h e r  in t h e  

c o r r e c t i o n  to t h e  decay  r a t e s .  

(b) E Decay 

The analys is  for  -- d e c a y  is ve ry  s imi la r  to  t h a t  for 

A decay .  If  t h e  & I - 1 / 2  rule  is valid, F 0 ( - 0 ) / r _ ( - - )  - 

0.50 and  a 0 - a_ .  For t h i s  ca se  t h e  e x p r e s s i o n s  l inear  

in &I=3/2  A- and B - w a v e  a m p l i t u d e s  a re  4 

&a = 1.38 (A3/A i) - 1.38 ( B 3 / B I ) ,  

& r  = -1.44 (AJA t) - 0 . 0 5  ( B 3 / B t ) .  

From the Stable  Pa r t i c l e  Table, 

Aa = 0.12+0.21,  Al" = 0.070+0.021, 

and  we f ind 

and  

(A3/At) = -0.043,0.015 

( B 3 / B t )  = - 0 . 1 3 ± 0 . 1 5 .  

(c) Z Decav 

The t r a d i t i o n a l  tes t  of the  A I = l / 2  ru le  in Z decay  

is t h a t  t h e  a m p l i t u d e s  s a t i s fy  t h e  r e l a t i o n s h i p  

./~ ~ + ~ :  - , ' :  = o . 

Graphical ly  th i s  is e q u i v a l e n t  to  c los ing t h e  ~: t r i ang le  

w h e n  t h e  a m p l i t u d e s  a re  p l o t t ed  on A, B axes .  

I n c l u d i n g  AI~3/2 a m p l i t u d e s  in ~: decay  ana lys i s ,  t h e  

,,r t r iangle"  r e l a t i o n s h i p  b e c o m e s  

~/~ A 0 + A+ - A_ = - 3 V 2 / 5  % + 
V 1 5  
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w h e r e  A 3 and  A 5 a re  A I - 3 / 2  and  A I - 5 / 2  a m p l i t u d e s ,  

r e s p e c t i v e l y .  The re  is a s imi la r  e q u a t i o n  for t h e  B 

a m p l i t u d e s .  From Table [, 

V'2A 0 + A+ - A_ ,, 0.23*0.09 

and 

V~B 0 + B+ - B_ = 2.7 *t.0 . 

If we neglect the a[ , ,5 /2  amplitudes and assume all 

a m p l i t u d e s  to be real  we can  solve for poss ib le  Aim3/2 

a m p l i t u d e s .  The r e s u l t  is 

A3 
,= - 0 . 0 6 3 , 0 . 0 2 5  

A_ 

and 

B3 
-- - - 0 . 0 7 6 , 0 . 0 2 9 .  
B+ 

Thus for h y p e r o n  decay ,  p r e s e n t  e x p e r i m e n t a l  d a t a  

Limit AI=3/2 a m p l i t u d e s  to less  t h a n  abou t  5Z. 

3. ~ Relation 

From Table I the Lee-Sugawara relation, 7,8 

x/~Z~ + A~ - 2--- ffi 0, is satisfied to -0.05,0.12 for the 

A amplitudes, and to 2.6±2.0 for the B amplitudes. 
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A. SU(3) CLASSIFICATION OF BARYON RESONANCES 

It is established that a symmetry higher than 

SU(3) is necessary to classify the known baryon 

resonances. However, many hlgher-symmetry 

schemes have been proposed, and even for SU(6) 

various versions exist (for a review see DalRzL). Since 

it is not clear which one of these schemes best fits the 

data, we do not review them here, but we report once 

again fits of baryon states into SU(3) multiplets. 

For the reader's convenience, we collect here the 

relevant formulae. 

Exact SU(3) symmetry predicts that all the 

members of a multiplet should have the same mass 

and the same couplings for decays into other 

muRiplets. It has been found, however, that the 

members of the octet of stable baryons lie within 20% 

of their mean mass; therefore a symmetry-breaking 

interaction has been introduced by Gell-Mann and 

Okubo independently. 2 In addition, for the isospin-0 

v e c t o r  m e s o n s  (c# and  ¢) ,  an addi t ional  

s y m m e t r y - b r e a k i n g  i n t e r a c t i o n  has  b e e n  i n t r o d u c e d  

by Sakura i  3 to t ake  ca re  of o c t e t - s i n g l e t  mix ing .  The 

r e l e v a n t  f o r m u l a e  for m a s s e s  and  decay  r a t e s  a re  

given below. 

Mass Formulae  

Broken  SU(3) gives: 

Decuple t  A - E = Z - -- ffi -- - t'} GMO (I)  

Octet 2(N + -) ffi 3A + Z GM0 (2) 

A- M 8 
Octet- sin28 = A - A' Mixing 

angle 20 (3) Singlet  
m i x i n g  2(N + ---) - 

Ms = 3 GMO (4 )  

Here GMO stands for  the Gell-Mann-0kubo fo rmula ;  

t h e  p a r t i c l e  symbo l  i nd i ca t e s  i ts  m a s s .  The f o r m u l a e  

would be t h e  s a m e  if s q u a r e d  m a s s e s  were  used .  For 

the nonet case, A is the "mostly-octet" particle, A' is 

the "mostly-singlet" particle. 

In terms of a relatlvistlcally Invarlant matrix 

element T, the decay rate for two-body decay of a 

resonance of mass M R is 

ITI2R2 
F~  MR ' (5 )  

w h e r e  R2mk/M R is t h e  t w o - b o d y  p h a s e  space  f ac to r .  

Since t h e  n u m e r a t o r  is an i nva r i an t ,  and  s ince  r m u s t  

t r a n s f o r m  as l / E ,  we i n t r o d u c e  t h e  d e n o m i n a t o r  M R .4 
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For m e s o n  decays  (see  below) t h e  r a t e s  a re  

ca l cu l a t ed  acco rd ing  to Eq. (5); for ba ryon  r e s o n a n c e  

decays  in to  1 / 2  + ba ryons  and  O- m e s o n s ,  one  n e x t  

t a k e s  in to  a c c o u n t  t h e  fac t  t h a t  sp in  s u m s  in [TJ 2 

i n t r o d u c e  a n o t h e r  f a c t o r e  MR, cance l l ing  t h e  t /M R. We 

a re  t h e n  lef t  with 

ITlZk 
r = ~ M N , for  ba ryons  (5') 

ITI2k 
= ~ M~ , for  m e s o n s .  (5") 

The pow er s  of t h e  n u c l e o n  m a s s  M N or M~ have  been  

i n t r o d u c e d  so t h a t  we can  t r e a t  [TI as d i m e n s i o n l e s s .  

ITI 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  factor : ; ,  which we 

call B t .  We t h e n  have  

Decup le t  MN 
r k Singlet  ffi ( c g ) 2 B t ( k ) ~  (6) 

MN 
Octe t  r ,, (CDgD+cFgF)2Bt(k) ~ R  k (7) 

O c t e t -  I A - GBcose + Gts in8 
Singlet  (8) 
m ix ing  ~ A' ,,, -G8s in8  + GlCOS8 

wi th  (9) G 8 - cDg D +CFgF 

G 1 =, c l g  I • 

Here  c i a r e  t h e  5U(3) c o e f f i c i e n t s  with t h e  s ign 

c o n v e n t i o n  a d o p t e d  in th i s  a r t i c l e  [ see  n o t e  in t h e  

Table of SU(3) I s c o s c a l a r  Fac to r s  and  Fl&. 2 in t h e  

t e x t ] .  M N is t h e  n u c l e o n  m a s s ,  M R is t h e  r e s o n a n c e  

m a s s  for  which  r is c a l c u l a t e d ,  k is t h e  

c e n t e r - o f - m a s s  m o m e n t u m  for t h e  c h a n n e l  be ing  

considered, and gl are the relevant coupl ings. For the 

case  of s i n g l e t - o c t e t  mix ing ,  f o rmu la  (8) has  to be 

u s e d  in c o n j u n c t i o n  with (6) and  (7). G 8 and  G l 

r e p r e s e n t  t h e  coup l ings  for  t h e  m u l t l p l e t ,  and A and  A' 

r e p r e s e n t  t h e  coupl ings  for  t h e  phys ica l  s t a t e s .  

The re la t ion  b e t w e e n  gD, gF" and  t h e  p a r a m e t e r  a 

is 

a = 1 + 3 gD (10 )  

Exac t  SU¿3) p r e d i c t s  t h a t  t h e  coupl ings  gl for  all 

t h e  m e m b e r s  of a mu l t i p l e t  a re  t h e  s ame ;  howeve r ,  

s ince  t h e  s y m m e t r y  is b r o k e n  for t h e  m a s s e s ,  it is 

p robab ly  b r o k e n  for  t h e  w id ths .  In t h e  case  of t h e  

3 / 2  + d e c u p l e t ,  for b r o k e n  SU(3) a s u m  ru le  has  b e e n  

de r ived  by Becchi  5 and  by Gupta  6 i n d e p e n d e n t l y .  I t  

r e l a t e s  t h e  gi for t h e  m e m b e r s  of t h e  d e c u p l e t  by t h e  

re la t ion  

2(4 + - )  ffi 3~*(A~) + E*(E~), (11) 

w h e r e  r*(A~) is t h e  coupl ing  for  t h e  E(1385) -* Am decay  

and  r*(rTr) is t h e  coupl ing  for t h e  decay  Y(1385) -* E~. 

As m e n t i o n e d  in t h e  t e x t  (Sec.  IV B) t h e  

d e t e r m i n a t i o n  of t h e  £ £ ~ I . ~ L ~ L _ , ~  of r e s o n a n t  

a m p l i t u d e s  can  be use fu l  in mak i n g  an SU(3) 

a s s i g n m e n t  of r e s o n a n c e s .  In fac t  t h e  r e s o n a n t  

a m p l i t u d e  T o~ ~/XeXl ~ GeGi , w h e r e  t h e  s u b s c r i p t  e 

r e f e r s  to  t h e  e las t i c  c h a n n e l  and  t h e  Ge, G l a re  t h e  

coup l ings  of Eqs. (6) t h r o u g h  (9). Assuming  t h a t  all gi 

a re  pos i t ive ,  t h e  s ign of t h e  G l a re  d e p e n d e n t  upon t h e  

s ign of t h e  C l e b s h - G o r d o n  c o e f f i c i e n t s  c I. Once a sign 

c o n v e n t i o n  is a d o p t e d  (we use  t h e  Lev i -Se t t i  ? 

c o n v e n t i o n ,  see  Fig. 2 in t h e  t e x t )  and  t h e  s igns  for a 

~: s t a t e  (I=1) and a A s t a t e  (I=O) of known SU(3) 

a s s i g n m e n t  have  b e e n  c h o s e n  for r e f e r e n c e ,  t h e  s igns  

of all t h e  o t h e r  a m p l i t u d e s  can  be use fu l  in 

d e t e r m i n i n g  mu l t i p l e t  a s s i g n m e n t s .  For e x a c t  SUI3~ 

all t h e  d ecay s  of m e m b e r s  of a d e c u p l e t  haw;  t h e  s a m e  

s ign.  For o c t e t s  t h e  re la t ive  s ign d e p e n d s  upon t h e  

value of gD/gF and  t h e  mix ing  angle ,  as s e e n  f r o m  Eqs. 

(7) t h r o u g h  (9). 

Fits of ba ryon  decay  r a t e s  wi th in  SU(3) can  be 

f o u n d  in,  a m o n g  o t h e r s ,  p a p e r s  by Tripp,  8'9 

L e v i - S e t t i ,  7 Samios ,  tO and  Plane .  11 The m o s t  r e c e n t  

f i ts  were  m a d e  by B a r b a r o - G a l t i e r i  L2 and  Samios .  13 A 

r e c e n t  fit of t h e  decay  r a t e s  wi th in  SU(6) w can  be 

found  in Li tchfield e t  al. t4 Analysis of t h e  ba ryon  

m a s s  s p e c t r u m  us ing  t h e  q u a r k  shel l  mode l  has  been  

done  r e c e n t l y  by Jones  e t  al. 15 

For our  analys is  in f i t t ing  t h e  da t a  a cho ice  for  B 1 

has  to be m a d e .  Plane  11 t r i ed  two f o r m s  for BL: 

(a) The f o r m  B t ffi (kr)2tD~(kr) ,  r be ing  t h e  rad ius  

of i n t e r a c t i o n  and  Dt t h e  polynomials  in kr  given by 

Blat t  and  Weisskopf.  16 Usually r is t a k e n  to be 1 

f e rmi .  8 

(b) The f o r m  B t ffi k 2t. 

However ,  for  final r e s u l t s  f o r m  (b) was c h o s e n .  A 

d i s cus s ion  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  

has  been  given by Barbaro-GaLt ier i .  17 I t  t u r n s  ou t  

t h a t  no t  only  t h e  va lues  of t h e  coup l ings ,  gi, d e p e n d  

upon  t h e  f o r m  used  for  Bt, bu t  also t h e  value o b t a i n e d  

for  t h e  mix ing  angle .  For t h e  3 / 2 -  s lng le t ,  A(1520), 

and  t h e  i sosp in -O m e m b e r  of t h e  o c t e t ,  A(I690), t h e  

mi x i n g  angles  o b t a i n e d  in t h e  two c a s e s  a r e  

+1.4 o ' 27 5 +3"6~° 8 a ffi ( - 1 6 . 1 _ 1 . 3 )  , 8b ffi ~- . _3.41 , 

in d i s a g r e e m e n t  by a few s t a n d a r d  dev ia t ions .  

However ,  if a r ad ius  of i n t e r a c t i o n  of r = 0.15 f e r m i  is 



used for  f o r m  (a) ,  t h e  two v a l u e s  of 8 a g r e e .  This 

v a l u e  of r does  n o 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  13 u s e d  f o r m  (b)  for  B I. 

Table I is a s u m m a r y  of t h e  f i t s  m a d e  by  us  

( u p d a t e  of B a r b a r o - G a l t i e r i  12) u s i n g  t h e  b a r r i e r  f a c t o r  

f o r m  (a) a n d  e x a c t  5U(3).  The va lues  of t h e  m a s s e s ,  

w i d t h s ,  a n d  a m p l i t u d e s  u s e d  in t h e  f i t s  a r e  t a k e n  f r o m  

t h i s  e d i t i o n ' s  Tables  a n d  Lis t ings .  

1 / 2 -  Nonet  ( B a r y o n - E t a  R ¢ s o n a n c e s l  

For t h i s  n o n e ,  Eq. (7) was m u l t i p l i e d  by t h e  f a c t o r  

where M B is the decay baryon and ~'R-~'B,,564 MeV is 

the di f ference of the mean 1/2 -  and 1/2 + baryon 

octet masses. This k inemat ic  factor  comes f rom PCAC 

arguments (i .e., the assumption that  the axia l  vector  

current remains an octet in the presence of symmetry 

breaking) and it was advocated by Graham. 18 For the 

1/2- nonet it was used in this form first by 

Gell-Mann. 19 
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~ / ~ +  Decuv le t  

The a g r e e m e n t  a m o n g  t h e  coup l ing  c o n s t a n t :  

o b t a i n e d  for  t h e  four  r a t e s  in t h i s  d e c u p l e t  is ver]  

bad .  The  fit  m a d e  u s i n g  f o r m  (b)  for  Bt  h a s  X2-50  fol 

3 d e g r e e s  of f r e e d o m ;  t h e  one  m a d e  wi th  f o r m  (a) fol 

B t h a s  x2/DFff i24/3 .  The b r o k e n  SU(3) r e l a t i o n  ( l l )  

h o w e v e r ,  is v e r y  well s a t i s i f i ed .  

B. SU(3) CLASSIFICATION OF MESON RESONANCES 

All of t h e  d i s c u s s i o n  above  app l i e s ,  e x c e p t  t h a t  fol 

b o s o n s  t h e  GMO f o r m u l a  is u sua l ly  appl ied  to thq 

s o u a r e  of t h e  m a s s e s ,  as  opposed  to  t h e  f i r s t  powel 

for  f e r m i o n s .  Thus  for  e x a m p l e ,  Eq. (2) b e c o m e s  

4R , ,  3~ + ~. (2') 

The s y m b o l  R was i n t r o d u c e d  by Glashow an( 

Socolow 20 for  t h e  s o u a r e  of t h e  K m a s s ,  e t c .  

B e c a u s e  of t h e  d i f f e r e n c e  b e t w e e n  Eqs.  (5 ')  am 

(5"), t h e r e  is a lso a n  e x t r a  f a c t o r  of (MN/M R) in Eqs 

(6) a n d  (7). The t h r e e  e s t a b l i s h e d  n o n e t s  ( 0 - ,  1 - ,  2 + 

a n d  t h e i r  m i x i n g  a n g l e s  a r e  l i s t ed  a t  t h e  b o t t o m  of th,  

Meson Table.  

Table I. SU(3) baryon multlplets with two or more known members. Values of 8 
and a [def ined by Eqs. (8) and (10)] are the resul t  of f i ts made to al l  the 
measured two-body  decay rates of each mutiple.t. 

I O(deg)b a JP Octet members a 51nglet i 

5[z(IB62)] 1 A(1405) I/2- N(1535) A(1670) I(1750) ~[Z(177B)] 
3/2- N(1520) A(1690) Z(1670) [Z(183~)] A(1520) 

5/2-  N(1670) A(1830) ~(1765) 

5/2 + N(1688) A(1815) Z(1915) [~(2094)] A(2110) 

C 

f -1~t5 0.97+.13~ 
- 2 7 ± 5  0 . 3 1 + . 0 7 ~  

- 1 8 ± 3  0 .33t : .05  

1 .18± .01  

24±5 0 .72± .03  

Decup le t  m e m b e r s  d g l0  

3/2 + A(1232) r(1385) -=(1530) O- 1.7B-2.29 x2/DF,,50/3 

7/2 + a(195o) £(2030) 

amasses  in p a r e n t h e s e s  a r e  t h e  n o m i n a l  m a s s e s  u sed  in t h e  B a r y o n  Table.  The 
- m e m b e r s  h a v e  m a s s e s  as c a l c u l a t e d  by u s i n g  f o r m u l a e  (1) a n d  (2) wi th  t h e  
m i x i n g  ang le  6 d e r i v e d  f r o m  t h e  d e c a y  wid ths .  

bSee t e x t  for  a d i s c u s s i o n  of t h e  3 / 2 -  m i x i n g  ang le .  
CThe f i r s t  va lues  of 8 a n d  a a r e  o b t a i n e d  by u s i n g  a p lus  s ign for  t h e  a m p l i t u d e s  

of b o t h  N(1535) -~ Nrt a n d  A(1670) -* AT}. The  s e c o n d  va lues  u s e  a m i n u s  s ign 
for  t h e  s e c o n d  a m p l i t u d e .  Bo th  f i t s ,  h o w e v e r ,  h a v e  a bad  X 2, m o s t l y  d u e  to  
t h e  two b a r y o n - r /  a m p l i t u d e s .  

dCoupl ing  c o n s t a n t s  f r o m  Ref. 12. 
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Aovendix  IV 

GROWTH OF INFORMATION 

From t ime  to t ime  we have presented  f igures 

d e m o n s t r a t i n g  the  a m o u n t  of e x p e r i m e n t a l  work  

wh ich has gone in to  spect roscopy,  and the  a m o u n t  of 

new i n f o r m a t i o n  avai lable as a resu l t .  The 1978 

vers ions of these f igures are shown as Figs, I and 2. 

Figure 1 is a s imple  c o u n t  of the n u m b e r  of m e s o n  

r e s o n a n c e s  l i s ted  in the Tables,  ca t ego r i zed  as t iJose 

" u n d e r s t o o d "  - -  i .e . ,  all q u a n t u m  n u m b e r s  are  

bel ieved k n o w n  - -  and  t h o s e  s imply  "listed".  The 

rap id  r e c e n t  i n c r e a s e  in bo th  of t h e s e  ca t ego r i e s  

o c c u r r e d  b e c a u s e  of t h e  d i scovery  of t h e  J/qJ and  

r e l a t e d  pa r t i c l e s .  

6 0  i r l l r r i l r l r r l l l l l l  

50 
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Fig. 1. Number  of meson resonances l is ted in the 
Tables (dashed l ine) and those for  wh ich all q u a n t u m  
numbers  are  known  (solid l ine) ,  as a func t i on  of  year  
of pub l i ca t ion  of the  Review of Par t ic le  Proper t ies .  

In  Figure 2 we p r e s e n t  s imi lar  i n f o r m a t i o n  for t h e  

ba ryon  r e s o n a n c e s ,  bu t  c o n c e n t r a t e  h e r e  on t h e  

"growth  of u n d e r s t a n d i n g " .  That  is, t h e  n u m b e r  of 

known  b a ry o n s  (we inc lude  for  th i s  f igure  only t h o s e  

wi th  known JP) has  grown only ve ry  slowly wi th  t ime  

( d a s h e d  line); t h e  real  p r o g r e s s  has  been  in t h e  

m e a s u r e m e n t  of t he  Drooer t ies  of t h o s e  b a ry ons .  

T h e r e f o r e  we show as t h e  solid line a c o u n t  of t h e  

n u m b e r  of ba ryon ic  p r o p e r t i e s  - -  m a s s ,  wid th ,  and 

b r a n c h i n g  ra t ios .  Most of t h e s e  r e s u l t s  a re  f rom 

p a r t i a l - w a v e  analyses. 
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Fig. 2. Total amount of information (mass + width + 
branching ratios) on baryon resonances listed in the 
Tables, restricted to those with well-established JP 
(solid line). Dashed line shows numbers of such 
resonances listed. Abscissa shows year of publication 
of Review of Particle Properties. 

A history of the values of some of the constants in 

the Review of Particle Properties is presented in Figs. 

3-7. It may be said that one can estimate the age of a 

high energy physicist by asking him or her the mass of 

the A. If the answer is 1115.44 MeV, he probably was 

deep into his graduate training in 1965. 

A history of this sort has more than whimsical 

value. We may use it as a guide to develop a "feel" for 

the reliability of current values. In Fig. 3 we show 

how the generally accepted values for the speed of 
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light and a couple of other constants have changed 

with time. The "generally accepted value" is usually an 

average over several experiments, performed by a 

compiler (in Flg. 3, the compiler Is other than the 

Particle Data Group in all cases, although we do quote 

t h e  c o m p i l e d  r e s u l t s ) .  The  a b s c i s s a  on ail t h e s e  

f i g u r e s  is t h e  d a t e  of p u b l i c a t i o n  of t h e  va lue  s h o w n .  

Clear ly  t h e r e  is a g e n e r a l  p r o g r e s s i o n  t o w a r d  b e t t e r  

u n d e r s t a n d i n g  - -  a t  l e a s t  as  m e a s u r e d  by t h e  s ize  of 

t h e  e r r o r  b a r s .  However ,  t h e  s ize  of t h e  e r r o r  b a r s  

doe s  no t  tel l  t h e  full  s to~y ,  as  we c a n  s e e  by t h e  

f r e q u e n c y  wi th  w h ic h  t h e  "bes t"  va lue  h a s  c h a n g e d  by 

m o r e  t h a n  one  s t a n d a r d  de v i a t i on .  C h a n g e s  In t h e s e  

v a l u e s  c a n  c o m e  f r o m  s e v e r a l  s o u r c e s :  a new 

e x p e r i m e n t a l  m e a s u r e m e n t ,  r e - e v a l u a t l o n  of an  old 

m e a s u r e m e n t  (wh ich  c a n  c o m e  a b o u t  If a p r e v i o u s l y  

u n r e c o g n i z e d  s o u r c e  of b ias  is d l s c o v e r e d  a n d  

c o r r e c t e d ,  or if a new va lue  for  one  of t h e  i n p u t  

c o n s t a n t s ,  e .g .  t h e  e l e c t r i c  c h a r g e ,  Is avai lable) ,  or a 

c h a n g e  In t h e  a v e r a g l n g  p r o c e d u r e .  

In  Fig. 4 we show  t h e  h i s t o r y  of s o m e  m a s s e s  

( i n c l u d i n g  t h e  A, for  r a d i o a c t i v e  A d a t i n g  of y o u r  

c o l l e a g u e s ) ,  b a s e d  on a v e r a g e s  w h ic h  we o u r s e l v e s  

p e r f o r m e d .  T h e s e  were  or ig ina l ly  p r e s e n t e d  by 

R o s e n f e l d  I in 1975. The  p u b l i c a t i o n  d a t e  r e f e r s  to t h e  

p u b l i c a t i o n  of t h e  Review of Pa r t i c l e  P r o p e r t i e s .  

In  Fig. 5 we show t h e  b e s t  e s t i m a t e s  for  t h e  

l i f e t i m e s  of s o m e  of t h e  p a r t i c l e s  s t a b l e  a g a i n s t  s t r o n g  

d e c a y .  T h e s e  a n d  s u b s e q u e n t  f i g u r e s  h a v e  b e e n  

compiled since publication of the Rosenfeld article. I 

In Fig. 6 we show the widths of some of the 

resonances, and in Fig. 7, the values of some of the 

branching fractions. All values are taken from the 

Tables. Before 1964, very few branching fractions 

were listed in the Tables. In all cases, a 

representative sample Is chosen, usually from those 

with a lot of activity (a limited number of special 

requests for a more complete set of such figures may 

be honored, for those seriously interested in the 

history of the "best" values of physical constants). In 

each figure, the heavy inner error bar represents the 

statistical error computed in the averaging procedure, 

and the thin outer error bars, when present, indicate 

the increase in the error due to the "scale factor". 

The scale factor Is described In the Introductory text, 

Sec. VII. It represents an attempt to quantify the 

increase in the uncertainty which is present in the 

case of experiments which disagree by more than a 

certain amount. In the case where the error 

represents an "educated guess," rather than a 

calculation, the inner error bar Is absent. 
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Fig. 7. P a r t i c l e  D a t a  G r o u p  a v e r a g e s  of  v a r i o u s  b r a n c h i n g  f r a c t i o n s ,  a s  a f u n c t i o n  of  d a t e  of p u b l i c a t i o n  of 
RPP.  



On t h e  whole ,  t h e  n u m b e r  of t i m e s  t h e  va lues  

h a v e  c h a n g e d  by m o r e  t h a n  one  s t a n d a r d  dev i a t i on  

ove r  t h e  y e a r s  is r e m a r k a b l y  few. Even t h o s e  

b r a n c h i n g  f r a c t i o n s  which  involve r a r e  d e c a y s  a n d  

wh ich  a r e  t h e r e f o r e  p r e s u m a b l y  d i f f i cu l t  to  m e a s u r e  

(Fig. ?) a r e ,  for  t h e  m o s t  p a r t ,  w i th in  one  or  two 

s t a n d a r d  d e v i a t i o n s  in t978  of t h e i r  va lue  in a n y  y e a r  

s i n c e  1960. This is in s p i t e  of t h e  v a s t  a m o u n t  of new 

e x p e r i m e n t a l  i n p u t ,  a n d  i n d i c a t e s  t h e  g e n e r a l  

r e l i ab i l i ty  of t h e  r e s u l t s .  

Of c o u r s e ,  t h e  d a t a  p o i n t s  for  a g iven  q u a n t i t y  a r e  

h a r d l y  i n d e p e n d e n t  of e a c h  o t h e r ,  b u t  t h o s e  d i f f e r i ng  

by  s e v e r a l  y e a r s  f r e q u e n t l y  h a v e  q u i t e  d i f f e r e n t  

e x p e r i m e n t a l  i n p u t .  The r e l a t i v e  lack of c h a ~ g e  is a 
/ 

c o m m e n t  b o t h  on  t h e  e x p e r i m e n t s  a n d  / o n  t h e  

a v e r a g i n g  p r o c e d u r e s .  We, of c o u r s e ,  a r e  r e s p o n s i b l e  

on ly  for  t h e  a v e r a g e s  ( e x c e p t  Fig. 3), T h e s e / a v e r a g e s  

e n t a i l  c o n s i d e r a b l e  e x e r c i s e  of j u d g m e n t :  ~ h e r e  a r e  

witl~ c o n f l i c t i n g  e x p e r i m e n t s ,  e x p e r i m e n t s  ~mposs ib ly  

s m a l l  e r r o r s ,  " p r e l i m i n a r y "  r e s u l t s ,  a n d  / s o  f o r t h .  

S t a t i s t i c a l  p r o c e d u r e s  will tel l  us  t h a t  two e x p e r i m e n t s  

do n o t  a g r e e ;  t h e y  do n o t  give a c lue  as to  which  (if 

e i t h e r )  is a good r e p r e s e n t a t i o n  of t h e  t r u t h .  Major 

d e c i s i o n s ,  a n d  t h e i r  m o t i v a t i o n s ,  a re  u s ua l l y  d i s c u s s e d  

on  a c a s e - b y - c a s e  bas i s  in t h e  Data  Card  Lis t ings;  
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g e n e r a l  c o m m e n t s  m a y  be f o u n d  in Sec. I I  of t h e  t e x t  

a n d  in Rosenfe ld  I. Note t h a t ,  occas iona l ly ,  t h e  e r r o r  

b a r s  i n c r e a s e  f r o m  one  p u b l i c a t i o n  to  t h e  n e x t .  This 

is u sua l l y  t h e  r e s u l t  of dec i s ion  m a k i n g  by t h e  

c o m p i l e r ,  e . g . ,  to  c e a s e  u s i n g  a p a r t i c u l a r  r e s u l t ,  or 

b e c a u s e  of new r e s u l t s  In poor  a g r e e m e n t  wi th  t h e  old 

r e s u l t s .  

We show t h e s e  f i gu re s  no t  on ly  to d e m o n s t r a t e  

t h a t  t h e r e  is n o t  m u c h  c h a n g e  in t h e s e  a v e r a g e s  in 

t h e  u s u a l  c a s e ,  b u t  a lso to show t h a t  t h e r e  e x i s t  c a s e s  

wi th  r e l a t i ve ly  la rge  c h a n g e s .  T h e r e  is a p sycho log ica l  

d a n g e r  In p r e p a r i n g  t a b l e s  of " r igh t "  a n s w e r s .  The old 

j oke  a b o u t  t h e  e x p e r i m e n t e r  who f i g h t s  t h e  

s y s t e m a t l c s  u n t i l  he  or  she  ge t s  t h e  " r igh t "  a n s w e r  

( r e a d  "ag rees  wi th  p r e v i o u s  e x p e r i m e n t s " ) ,  a n d  t h e n  

p u b l i s h e s ,  c o n t a i n s  a g e r m  of t r u t h  ( p r e s u m a b l y ,  

t h o s e  who compi le  a n d  a v e r a g e  e x p e r i m e n t a l  r e s u l t s  

a r e  a lso no t  i m m u n e  to t h i s  d i sease ) .  A r e s u l t  c an  

d i s a g r e e  wi th  t h e  a v e r a g e  of all p r e v i o u s  e x p e r i m e n t s  

by  five s t a n d a r d  d e v i a t i o n s ,  a n d  st i l l  be  r ight !  Hence ,  

p e r h a p s  it is of va lue  to show t h a t  l a rge  c h a n g e s  can  

( a n d  do) s o m e t i m e s  o c c u r .  
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