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I. INTRODUCTION, CREDITS, CONSULTANTS 

This review is an updating through January 1972 of  
our previous review (Particle Data Group, 1971). In 
this version of  the text we concentrate on topics that 
are either new or essential. For complementary infor- 
mation on our standard procedures the reader is re- 
ferred to our January 1970 article (Particle Data Group, 
1970). 

Again we wish to emphasize that we compile the 
experimental results of  others. It is inappropriate to 
give us the credit for their countless hours of  effort. 
We urge that references be given directly to the original 
data, and we provide complete references in the Data 
Card Listings for that purpose. Only then is it appro- 
priate to state "average value obtained from Review o f  
Par~cle Properties, Particle Data Group, Phys. Lett. 
39B (1972) 1 ." If  the list of  experiments is so long 
that this is impractical, we suggest the form: Jones et 
al. 70, Smith et al. 69, ... average value and complete 
references in Review of  .... 

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

1) Stable particles: A. Barbaro-Galtieri, N. Barash- 
Schmidt, J.E. Enstrom, T.G. Trippe. 

2) Meson resonances: J. Bartels, V. Chaloupka, 
M. Roos, A.H. Rosenfeld, P. S6ding. 

3) Baryon resonances: A. Barbaro-Galtieri, C. Bric- 
man, T. Lasinski. 

General: All Berkeley authors. 
Consultants: The three teams just mentioned must 

come to a consensus on how to treat the data and 
must write a number of  mini-reviews. It is impractical 
to spread this responsibility over more than a few 
people in each team and still expect to meet publica- 
tion deadlines. Hence we limit our number of  authors 

(to twelve in this edition) but thereby leave gaps in 
our coverage, both intellectual and geographical. To 
help us overcome this deficiency, we have solicited 
the help of  consultants: 
• Chih-Yung Chien (Johns Hopkins University) 
• Oliver E. Overseth (University of  Michigan) 
• LeRoy R. Price (Univ. of  Calif. at Irvine) 
• Mark Sakitt (Brookhaven National Laboratory). 

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

II. COLLECTION AND TREATMENT OF DATA 

A. Annual growth of  data 
Fig. 1 shows the rate at which we have been record- 

ing results, as a function of  year published. Through 
1969 we subdivided our annual count into two parts: 

1) Highest quality data. These are the results that 
we accept for averaging and fitting. 

2) Lesser quality data; results which, for one of  
the reasons mentioned in para. B, below, we encoded 
but did not  accept for averaging. 

We have found that this subdivision stays at a 
fairly constant 60:40 ratio, and is not  otherwise very 
informative, so we now merely count the total. 

We see that the number of  results per year from 
bubble chambers, though still dominant, is now 
dropping; that from counters is roughly constant. 

It is of  interest to compare the declining rate at 
which bubble chambers produce results on particle 
properties with the fact that the number o f  bubble 
chamber events measured each year is roughly constant  
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Fig. 1. Statistics on the rate of  product ion of  data on particle 
properties. From the top to the bo t tom,  the number of  results 
per year are presented for stable particles, meson resonances, 
Y*+ -~*'s, and the total o f  the three above. The full lines corre- 
spond to bubble-chamber techniques (BC) and interrupted 
lines correspond to counters, spark chambers and spectrom- 
eters (C). Note that the figure omits N* and Z*, the field where 
counters have overwhelmed bubble chambers, because we 
punch mainly results from partial wave analyses instead of  

primary data. 

Apparently experiments have become larger and more 
specialized, and we now rind ourselves encoding more 
density matrix elements for our compilations of cross 
sections and fewer masses and widths of bumps. 

It is further of interest to compare the decreasing 
total rate at which we encode data on particle proper- 
ties with the fact that the rate of publication of experi- 
mental papers is still growing at about 5 percent per 
year. Some differences are that many new experiments 
are above the resonance region, there are many photon 
and electron experiments, and many studies of inclu- 
sive reactions. Again, compilers are flooded with new 
data, but the great majority go into collections of 
cross sections. 

B. Selection of  data 
All particles are considered to fall into one of the 

three groups: 

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

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

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

tion (data, references, etc.), weighted averages, com- 
ments and "mini-reviews". Immediately preceding the 
Data Card Listings is an IUustrative Key thereto. We 
attempt to give complete Data Card Listings up to our 
closing date (February 1, 1972) for all journals listed 
in the Illustrative Key. We also include preprints and 
conference reports which have come to our attention, 
but make no attempt at completeness. 

Roughly 40% of our encoded results have not been 
accepted for averaging. They are set off in parentheses; 
our reasoning is then often given in a footnote below 
the data. If the reason is not given, it is one of the 
following: 
• The quantity was presented with no error stated. 
• The result comes from a preprint or conference 

report. It is our experience that such results (and 
particularly the errors) often change before final 
publication. Accordingly we keep these new results 
in parentheses until we have corresponded with 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. 
• Two experiments give contradictory results, so that 

it is senseless to average the data. 
When the data for a particle have received special 

treatment or when they present special problems, this 
is noted in a mini-review in the Data Card Listings. 

The Tables of Particle Properties represent the out- 
put of weighted averages and some critical 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 there- 
fore encouraged to familiarize himself with the Data 
Card Listings and, ultimately, with the original experi- 
ments. 

111 
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III. CRITERIA FOR RESONANCES 

An experimentalist who finds some evidence for a 
peak in a mass spectrum will of course want to know 
what has been seen in that region in the past; hence, 
we strive to have the Data Card Listings serve as an 
archive for any substantial claim or evidence for a new 
state. 

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 
~> 90% chance of survival. One's betting odds for sur- 
vival are of course completely subjective; they are 
influenced mainly by the amount of information avail- 
able (such as partial-wave analyses) and somewhat by 
the degree of controversy over interpretation and how 
long it will be before more information is available. 
An arrow (~) at the left of the Tables of Particle Prop- 
erties indicates that a questionable candidate has been 
omitted from the Table, but that it can be found in 
the corresponding part of the Data Card Listings. 

More details on our acceptance criteria are as follows. 
1) Consider, first, peaks where there is no partial- 

wave information: 
la) Most mesons and ---* peaks, plus N* and Y* 

peaks above 2500 MeV. Unless the peak is experimen- 
tally shaky, we put it in the table. 

lb) Peaks like A1, A3, Q or L which are not far 
above the prr, fTr, K*Tr or KN(1420)rr threshold. Al- 
though the threshold behaviour in these channels may 
be described by the "Deck effect" or by its modem 
version "double Regge-pole exchange", the question 
of resonance interpretation is still open. We put these 
peaks into the Meson Table, but warn the reader not 
to conclude that we claim they are necessarily genuine 
resonances. 

2) Consider, next, peaks for which there are partial- 
wave analyses. We can then check that the Argand plot 
follows roughly a left-hand circle, and that the "speed" 
of the amplitude also shows a maximum near the reso- 
nance energy; further, there should be data well above 
the resonance, showing that the speed again decreases. 
Indeed proper behavior of the partial-wave amplitude 
could accredit a resonance even if its elasticity is too 
small to make a noticeable peak in the cross section. 

Of course, even if Argand plots are available, it 
may still be a matter of opinion as to what behavior 
constitutes a resonance. Such an example is the K+p 

peak (near KA threshold) called Z 1 (1900), which is 
discussed in a mini-review in the Baryon Data Card 
Listings. K+p P13 Argand plots are displayed there, 
and most suggest a resonance; however, there is dis- 
agreement between the various analyses as to the 
speed of the amplitude, i.e., as to whether it has a 
Breit-Wigner type of behavior. In addition the errors 
on the amplitudes are still large, and we prefer to 
wait a bit longer before we put Z 1 in the Baryon 
Table. 

Approximate Breit-Wigner behavior of a partial- 
wave amplitude appears to us to be the most satisfac- 
tory test for a resonance, since after all a Breit-Wigner 
amplitude is the Fourier transform of an exponential 
decay of a state with a ffmite lifetime. We are aware 
that this approximate Breit-Wigner behavior could be 
accidental, but can only hope that such an accident 
is improbable. 

We now ask "How likely is it that peaks of  class 1 
above (not checked by partial-wave analysis) will even- 
tually be confirmed as resonances?" We know of no 
experimentally convincing peak that has been shown 
to have nothing to do with a resonance. But be warned 
that broad peaks may be misleading: they may con- 
rain several resonances, or they may include a reso- 
nance narrower than the peak, plus some other compli- 
cations; for example: 

• Before 1966 we might have tabulated the 7rp 
bumps at 1520 and 1688 MeV as single resonances, 
whereas partial-wave analysis shows that each contains 
several resonances. 

• Before the N'(1470, P11)was confirmed in 
partial-wave analyses, it was seen as a missing mass or 
prrn peak produced peripherally in high-energy pp 
collisions, and (like A1, Q, A3, and L) was partly ex- 
plained by the Deck effect and later by double-Regge- 
pole exchange. 

In summary, we enter into the Tables of  Particle 
Properties experimentally convincing peaks unless 
there is contradictory information; and we expect that 
most of these peaks will eventually be confirmed as 
one or more resonances. 

W. PARAMETERS AND CONVENTIONS 

A. Quantum numbers 
The symbols I G (JP)C re present: 

I = isospin 

iv 
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G = G-parity 
J = spin 
P = space parity 
C = charge conjugation parity. 

Mesons 
The charge conjugation operator C turns particle 

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

G = C expOTrly ) . (1) 

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

G = C n ( - 1 )  / , (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 rr °,  C has the eigenvahie +1, and since 
I =  1, G = - 1 .  For the charged pion there are no eigen- 
values corresponding to C and to the isospin rotation, 
but eqs. (1) and (2) still give G = - 1 .  

Consider a meson as a bound state o f  fermion- 
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 in eq. (2)] is 

C n = ( -1 ) /+s  . (3) 

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

G = ( -1) /+$+I  . (4) 

The parity is 

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

Equations (3) and (5) combine to give 

CnP = - ( - 1 )  S (5.1) 

so all singlet (1 SO , 1P1 ... .  ) have CnP = -1 ,  and all 
triplets (3S 1 .... ) have CnP = +1. For proofs o f  the 
above, see our 1969 text (Particle Data Group, 1969) 
and Appendix by C. Zem_ach. 

* Most texts define it as in eq. (1); see, e.g., Gasiorowicz (1966); 
however, sometimes the rotation is taken about Ix. The dif- 
ference between the two conventions is mentioned in a foot- 
note in K/fllen (1964). 

If, instead of~lq, we consider the meson as a state 
of  boson-antiboson (e.g., A2 ~ KK), it turns out that 
some signs cancel, and eqs. (3) and (4) [not (5)!] 
apply unchanged. Of course the mesons are usually 
spinless and S is zero, but the equations are more 
general. Eqs. (3) and (4) can be considered as selection 
rules forbidding many decays. 

We now use eqs. (3) and (4) to introduce the con- 
cept of  "Abnormal-C" mesons, i.e. mesons that cannot 
be composed of  Ctq. 

The unitary triplets of  quarks is of  course defined 
to have isospin and hypercharge properties such that 
Ctq can combine (according to the SU(3) relations 
( 3 )  ® {3)  = ( 8 )  • {1 ))  so as to form only unitary 
octets and singlets. The non-observation o f  "exotic" 
mesons (i.e. mesons in more complicated supermulti- 
plets) is of  course one o f  the bases of  the quark model. 
But it is slightly less obvious that even some octets 
are forbidden by the model, for example those with 
(JP)C n = (1-) - ,  (2+) -, .... Such states are also not  
observed, and this is an additional piece o f  evidence 
for the quark model. 

In what follows, do not confuse "Abnormal-C" 
with Normal or Abnormal JP, both of  which are 
allowed by the quark model. The series J P = 0 +, 1 - ,  
2 ÷, ... is called Normal because P = ( - 1 )  J as for normal 
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 qq. Note 
that half of  the JP states can be formed by both a 
triplet and a singlet ~q state, e.g. 3P1, 1P 1 or 3D2, ID 2. 
Eq. (3) shows that 3P 1 and 1P 1 have opposite Cn, so 
the ~q model allows both. But the states 3P 0 and 3P 2 
have no 1p counterparts. According to eq. (5.1) they 
have CnP = +1, and with the qq model there is no way 
to form a state with a JP of  3P0, 2 (i.e. JP = Normal) 
and with CnP = - 1 .  As mentioned, such octets have 
not shown up. With the help of  table 1 one can also 
see that the special state 1 SO , Cn P = +I,  cannot be 
formed, so has Abnormal C. 

Baryons and mesons 
Well-established quantum numbers are underlined 

(except for stable particles, where most o f  the quantum 
numbers are established). We have used flimsy evidence 
to guess many of  the remaining ones, and we have indi- 
cated with "?"  the ones for which there is almost no 
evidence. 
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As is customary, we define antiparticles as the re- 
sult of  operating with CPT on particles, so both share 
the same spins, masses, and mean lives. Whenever there 
is a particularly interesting test of  CPT invariance we 
include it in the Stable Particles Table. 

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

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

S = Y - B .  

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

Table 2 
Particle name conventions 

theses [i.e., N(1688), A(1405), 2;(1765), etc.] .  The 
JP assignments are reported in the Baryon Table as 
1 + 3 -  + , ~ , -~ , etc., and also by the symbols P l l ,  D13, 
FIs ,  which refer to the rrp or Kp partial-wave ampli- 
tude in which the resonant state occurs (the first sub- 
script refers to the isospin state; 2 X I  for N and A and 
just I for Z, A and Z). 

When two baryons have identical quantum num- 
bers we warn the reader by adding a prime to the sym- 
bol for the heavier one, e.g., p, N'(1470, 3+). In the 
case of  baryon resonances described by Argand dia- 
grams which exhibit more than one resonance, we use 
one prime for the first, two for the second ... .  ; thus 
the series of  which the proton is the stable member 
becomes: p, N'(1470, ~+), N"(1780, ½+). 

If  there is only one resonance on an Argand plot, 
and thus no need for distinctions, we use no primes. 

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

Name I Y S G 

~- n 0 0 0 + 
~. <~ o o o - 

p 1 0 0 + 
*r 1 0 0 - 
K +, K ° ~/2 +1 +1 
K-, K ° 1/2 -1  -1 

N 1/2 +1 0 
t A 3/2 +1 0 

Zo, Z1 0, 1 +2 +1 
=0 A 0 0 - 1  
~1 x; 1 0 -1  im 

1/2 - 1  - 2  
~, ,.cz o - 2  -3  

To crowd even more information onto the symbol, 
we sometimes add a subscript ~ving JP. I f J  P is not  
known, but must be "Normal" (0 +, 1 - ,  2 + .. . .  ), e.g., 
because KTr decays are seen, we use the subscript N. 
Thus KN(1420 ). If such modes are not seen (and are 
not otherwise forbidden), we guess that it is because 
J is "Abnormal",  and we write, for example, KA(1240). 

For baryons (B = 1) no attempt has been made to 
attach a subscript about J and P. The name conventions 
for baryons are given in the second part of  table 2. For 
stable baryons of each I and Y we use the symbol 
standing alone; for resonances, the mass is in parch- 

C. Masses and widths 
An unstable particle of  mass M, decaying with a 

mean life r, has a wave function 

i 
~0(t) ~ exp ( - k o t -  t /2z) = exp {--~ ( M -  i ½r) t )  

where I" = h/r. Its Fourier transform is 

~(m) ~ 1 / ( M - m -  ½ iF) 

which we call a non-relativistic Breit-Wigner resonance. 
For the metastable particles in the Stable Particle 

Table, we tabulate r, but  for resonances which decay 
by the strong interaction, we tabulate 1", which is the 
full width at half maximum of I ~0(m) 12. 

In practice, values of  M and F are extracted from 
data via models, and we cannot average these values 
if the models are dissimilar. In the next few para- 
graphs we discuss this point in slightly more detail, 
using the example of  an s-channel resonance. 

An elastic nonrelativistic Breit-Wigner T.matrix 
element is usually written 

Tl l  = ~ P / ( M -  m - 12 iV). (6) 

Here P(m) is the width for decay into the channel 1, 
with angular momentum 1. It contains barrier-penetra- 
tion factors which can vary rapidly with energy; near 
threshold, F(m) should start up as q2/+l, and then 
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level off. Various m-dependences are used, mostly 
variants of  the general form 

F(m) o: [q2/{ 1 + (qR) 2 ) ] l q. (7) 

For a choice of  forms, see Jackson (1967), Pi~ut and 
Roos (1968), and Barbaro-Galtieri (1968). Of  course 
the detailed shape of  the amplitude and also the value 
of  P will depend slightly on the form chosen. 

The width is also related to the behavior of  T at 
resonance. It is easy to show (Herndon et al., 1970) 
that, ignoring terms in dP/dm, 

"Speed"(res) = IdT/dmlm= M = xel(~ P(M)) (8) 

where the elasticity, x e = Pc/P, is introduced next. 
More detailed properties of  "Speed" are discussed in 
the baryon mini-review at the front of  the Baryon 
Data Card Listings of  our April 1971 edition (Particle 
Data Group, 1971). 

For an inelastic resonance feeding into channel/~, 

TI~ - M - m - ~ i P  = x/x lX# M_m_12 iF (9) 

where 

N 

P = ~  P~ ,  
1 

xa = r j r ,  (lO) 

and x 1 (called the elasticity) is often written x e. 
The channel cross section al# for the reaction 

1~/3 is 

o1# = 47rk2(J + 1 )l TI#I 2. (11) 

where J = l-+ ~. 
Resonances seen in production are even more com- 

plicated. X ~ l  disappears from T, and must be re- 
placed with some model-dependent parametrization 
of the production process. 

In conclusion, we have seen that because of the 
energy dependence of  F even the amplitude T for a 
resonance does not have a full-width at half-maximum 
equal to P (but it does peak at or near M). Then kine- 
matic factors enter into the cross section for forma- 
tion [eq. (11)] or production, and displace the ob- 
served peak away from M. For quantitative examples, 
see Barbaro-Galtieri (1968). 

Most of the useful information on the N, A, A, and 
baryon resonances with M < 2000 Me V has come 

from partial-wave analysis. Masses and widths of  most 
of  these states are dependent on the model, as well as 
on the data used by the different groups that performed 
these analyses; therefore, the masses in the Baryon 
Table are not averages, but  plausible guesses, and the 
errors are "external errors" based on the consistency 
among different analyses. For the procedures adopted, 
different from resonance to resonance, see the appro- 
priate mini-review in the Data Card Listings. Resonances 
with mass M > 2000 Me V have been detected primarily 
in total-cross-section experiments. 

We can use eq. (11) to relate the height of  the peak 
at resonance Ore s to the elasticity x e. At resonance the 
channel cross section is 

Ores(1 + ~ )  = 41rR2(J + 21)XeX ~ (12) 

and the total cross section is 

Ores(total ) = 4zrR2(J + ~)x  e . (13) 

I f J  is known, we can solve for x e. I f J  is not  known, 
the product ( J  + ~)x  e is given in the Baryon Table. 

D. SU(3) sign conventions for A and ~ resonances 
Consider the partial width Pt~ of a resonance decay- 

ing into the channel/L We can always define a coupling 
constant such that 

Pt3 o:G~. 

In this case the inelastic (eq. (9)) amplitude for such a 
resonance will go as 

T1 # cc G1G#/( M _  m - }iF), 
where G 1 is the coupling constant for the elastic chan- 
nel. In the context  of  exact SU(3) symmetry the rela- 
tive signs of  the product G I G  ~ for different resonances 
are often useful as a consistency check on SU(3) as- 
signjnents of  A and ~ resonances. See appendix II for 
further details. 

In the Data Card Listings for A and Z resonances, 
we tabulate measured values for (XlX#) -~ ~ G I G  #. 
Whenever there is an explicit sign, it will be according 
to the convention advocated by  Levi Setti (1969) and 
used in the table of  SU(3) Isoscalar Factors presented 
in this review. This convention is shown in fig. 2 from 
Levi Setti (1969). 
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SU(3) RELATIVE SIGN OF RESONANT AMPLITUDES 

T.E s ~ Ct (G.~ v. • Gv,rv.)/(E,-E-i r&) 

I'~1 {,} I~'1 l'l i'l I,ot I,I 
Y(13 ) A (1670) A(1690) A(1820) Al18301 ¢(Z030) All100) 

Pt3 SOl 003  F05 005 FI7 GO7 
• x x x x 

," ' -" ;"T'v'T' ; :  f ' v ' - ' v ' - " , ' "  1" '<" f 'v ' - 'v ' - 'v ' - 'v ' - - 'v ' f " ,  
````~:```-~``~'``~-~```~L~:``i~``~``~```-~``j~:``i~```;~'~``-~ 

• x x x x x x 
SOl 003 013 S II DI5  FI5 

A(1405) A(1520) ]~(1660) 3' (1760) ~" 1760) ~'(1915) 

1'1 I'l 101 { ' )  '1 I~1 

--P A,r 

• X (--f') 
P13 013 

Z(1385} X(1660) 

{8} I~( 181 l,oJ 
3"(I760) ~(1760) Tr(191$) ]E('2030} 

S I I 015 Fr5 FI7 
× 

_ i# ~\ /I" x s 

',,.[.,,. ~ / t,,l..,t" ,I 
× × X 

Fig. 2. Plot adapted from Levi Setti (1969) showing the sign convention adopted here for the ~n 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); X marks indicate the observed phases; • indicates phase chosen according to sign convention described in 

text. The ~(1915) predictions have been changed from Levi Setti's original figure. 

E. Muon-decay parameters 
The/a-decay parameters describe the momentum 

spectrum (p and ll), the asymmetry (~ and 8), and 
the helicity (h) of  the electron in the process 
/a-+ ~ e ± + v +P.  Assuming a local and lepton-conserv- 
ing interaction, the matrix element may be written as 

<~ I ril/a> <~I ri(c i + c/vs)I ~,>, (14) 
i 

where the summation is taken over i = S, V, T, A, P. 
Using the definitions and sign conventions of Kino- 
shita and Sirlin (1957), we have for the momentum 
parameters: 

= t3,  + + 6 4 1 / - ,  (15)  

(16) 

for the asymmetry  parameters: 

= [+ 6gsg P COS $SP - -  8gAgV COS q~AV 

+ 14 4 cOSCTT]/D , (17) 

= [-- 6gAgv COS ~bAV + 6g 2 COS q~TT ] / D ~ ,  (18) 

and for the parameter describing the helicity of  the 
electron: 

h = + [2gsg P cos $SP - 8gAgv cos CAV 

-- 6g 2 cos 0TT ] [D. 

Here 

(19) 

D =g2 + g2 + 492 + 6g2 + 492A (20) 

g2 = lCiJ 2 + ]C[J 2 , (21) 

and 

cos ¢ i /=  Re(C'C/+ C[CI* ) . (22) 

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

By using the above equations and the experimen- 
tal determinations of  p, r/, ~, 6, and h, limits can be 

placed on gs/gv, gA/gV, gT/gV, gP/gV, and CAV- 
The results, given in the Data Card Listings assume 
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neither two-component neutrinos nor time-reversal 
invariance. If, however, two-component neutrinos 
are assumed, then sin #AV is the amplitude of time- 
reversal violation. Note that most experiments study 
only the upper end of the spectrum where p and n 
are highly correlated, so they can only report p for 
17sOandqforps#.Thevaluesforpandnweuse 
here were obtained by combining measurements of 
both upper and lower ends of the spectrum and turn 
out to be nearly uncorrelated. 

Note also that the radiative corrections are unam- 
biguous only when gs = gT = gp = 0. The same limits 
on gA/gV and @AV are obtained, however, as when 
gs, gT, and gp are left free. 

Current values for the asymmetry parameters as 

well as I g&V I and #AV are given in the Addendum 
to the Stable Particle Table. In addition, upper limits 

on l g&v I, 1 gT/gV l and l g&v I are given in the P 
section of the Stable Particle Data Card Listings. 

F. K-decay parameters 
F.l. Dal& plot for K + 3?r decays 

The small deviation from uniformity of the Dalitz 
plot for the 3n decay of the K meson is usually de- 
scribed by a “slope parameter” (Dalitz, 1956). For 
the r and 7’ decays of the charged K’s, and the r” 
decay mode of the K[, we parametrize the Dalitz plot 
distribution by the expression 

(s3- so) +h s3-so 2 
lMl2Wtg- - 

2 
“n+ 

( 1 2 
mlr+ 

(3-q 
tj- t 

2 
. . . (23) 

mn+ 

where mz+ has been introduced so as to make the co- 
efficients g, h and j dimensionless, and 

si = (PK-Pi)2 = (mK - mi)2- 2mK Ti 

i= 1,2,3 (24) 

Here the Pi are 4-vectors, mi and Ti are mass and 
kinetic energy of the i-th pion, and the index 3 is 
used for the odd pion. 
X 

(25) 

The coefficient g is a measure of the slope in the 
variable s3 (or T3) of the Dalitz plot, while h meas- 
ures the quadratic dependence on s3. The coefficient 
j is related to the asymmetry of the plot and must be 
zero if CP invariance holds. Note also that if CP is 
good, g must be the same for r+ and r- , and similarly 
for h. 

At present there is no compelling experimental 
evidence for either the h or the j term (for upper 
limits on the j term, see section F.3 (b) below). Thus 
we stop the above expansion at the first term and 
list only g. Since different experiments use different 
forms for IM 12, 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 Kt 
sections of the Stable Particle Data Card Listings. 

Relations among , T’* , and r” are predicted by 
the AZ = 1 rule. See appendix I for these relations and 
a discussion of this rule. 

F .2. Form factors in K13 lep tonic decays 
Assuming that only the vector current contributes 

to these decays, we write the matrix element as 

Maf+(q2)[(PK+P*)fi ~~Yp(l+Y&l 

+f_(42)[mlEl(1 +r&l p 

where and are four of and 
mesons; is lepton f+ f_ dimen- 

form which depend on 
= - the of momentum 

fer the The we are the 
dependence the (q2) factor, 

ing form 

=f,(W +X,(dm,121 ; (27) 

and E, the ratio of the two form factors, 

E = f-If+ . (28) 

The quantity g can be determined in different ways: 
1) By measuring the Kp3/Ke3 branching ratio and 

comparing it with the theoretical ratio as given in 

terms of E(0) = f_ (W/f+(O). 
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1" ± 1" ± ( K 3 ) /  (Ke3) = 0.6457 + 0.1264 Re ~ + 0.0192 I~l 2 

+ 1.4115)++0.4754)_ Re~ +0.0080)+ Re~,  
(29) 

I-'(KO3)/F(K03) = 0.6452 + 0.1246 Re ~ + 0.01861 ~ 12 

+ 1.3162)+ + 0.4370)_ Re ~ + 0.0064)+ Re ~. 

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

2) By studying the Dalitz plot of  the Ku3 decay. 
The Ke3 Dalitz plot distribution is only dependent 
upon the h+ parameter, whereas the Ku3 distribution 
is dependent upon ) _ ,  ~,+, ~. Often experimenters 
have measured only the momentum spectrum of 
either the ~r or the lepton and compared it with the 
predicted spectrum. See the note on form factors in 
the K ± Data Card Listings for a discussion of this 
method. For a formula relating the Dalitz plot vari- 
ables to ~ see, for example, Brene et al. (1961). 

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

p .  _ 
A = 0tl([j)pp. - t:lt2(~j ) ~ [m K -Err  + [P~I 2 (e m/,~)] 

+ P~r } + mK Im ~(q2) ~ r  X pu ) . (30) 
/ 

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

If we remove the assumption of a pure vector cur- 
rent, then the matrix element for the decay, in addi- 
tion to the terms in eq. (26), would contain 

2:T 
+ 2mK:Sffl(l +"/5)uv + (PK)x.(P#)u 

m K 

X YtlOhu(1 +3,5) u v , 

where fs is the scalar form factor and fT is the tensor 
form factor. In the case of the Ke3 decays where the 
f term can be neglected, experiments have yielded 

limits on I f S/f+ l and [f  T f f  +l . 
The experimental results for ~, )±, and the upper 

limits on Ifs/f+l and [fT/f+l are given in the K ± and 
K 0 sections of the Stable Particle Data Card lastings. 
See the note on form factors in the K ± Data Card 
Listings for discussions of these results. 

F.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 --> Ir+Tr- ~r 0. The quantity measured here is 
the ratio of amplitudes 

As(K S -+ lr+rr-rr0)/AL(KL -* 7r+rr-~ "0) = x  + iy (31) 

If CPT invariance holds and there is no I = 3 state 
present, then x can be neglected and CP-violation 
would be observed as a non-zeroy. We give the result 
for (31)in the K 0 section of the Stable Particle Table 
and under Branching Ratio R4 in the K~ section of 
the Stable Particle Data Card Listings. Our procedure 
is to assume tha tx  = 0, and to list (As /AL)  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 - s 1) in 
expression (23) describing the Dalitz plot distribution 
for r t , 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. (23), we choose to list o+ 
from the equivalent expression 

2 r ÷ - r  
IMI2 ~ 1 +°± ~/~ T±max 

+ (CP nonviolating terms) (32) 

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 (32) 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. 

* We thank Drs. H.W. Fearing and J. Smith for calling this 
mistake to our attention. 
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(c) Asymmetry  in the K L ~  rr~l±v decays. The 
quantity measured and compiled here is 

I-'(KL---> rr-/+v) _ I"(K L ~ rr+l-v) 
c5 - (33) 

I~(KL-..> ~r-l+ v) + I"(KL-,'- 7r+l-v) 

This asymmetry violates CP invariance. If  CPT is 
good, for a pure K 0 beam, ~ can be written as 

8 2 1 - ] x 1 2  = Re e (34) 
I1 - x l  2 

where x is the AS = AQ-violating parameter defined 
in Section F.4 and e is the parameter of  the expansion 

IKL) = (1 +e) lK)  - (1 - e ) I K )  

[2(1 + I e 12)1 ~ 
(35a) 

IKs) = (1 + e ) I K )  + (1-e) lK)  (35b) 
[2(1 + le12)] 

We give ~ 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 8 separ- 
ately for K 0 -* Tt#V and K 0 ~ lrev. 

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

A(KL-+ 7r+Tt - )  
rT+_ = -1~1+_1 exp(i¢+_), (36) 

A(K s-~ ~%-) 

A(K L ~ Tt0rr 0) 

7/00 = A(Ks ~ rr0rr0 ) = 17001 exp (i¢0o),  (37) 

e, defined in eqs. (35) above, and 

e' = ~ix/~ [exp i ( 5 2 - 8 0 ) ]  I m ( A 2 / A o ) .  (38) 

Here A i and 5 i are the amplitude and phase of lrlr 
scattering at the K mass, defined by 

( I = 0 1 T I K )  = exp(i5 0) A 0 , (39a) 

( I =  21TI K) = exp (i62)A 2 . (39b) 

Wu and Yang (1964) have derived the relationships 

r/+_ = e + e' , (40a) 

7/00 = e - 2 e ' .  (40b) 

At present many models have been proposed to ex- 
plain the experimental results on CP violation, but 
more data are needed before the cause of CP violation 
can be ascertained. 

We give ~/+_, 7/00, ~b+_ and ¢00 in the Addendum 
to the Stable Particle Table. The phases are measured 
directly, whereas the magnitudes ~+_ and r/00 are 
derived parameters. We use, as far as we can, the 
directly measured quantities as input and calculate 
r/+_ and ~00 from the values given by our constrained 
fits. Therefore, if one looks at the Data Card Listings, 
most of  the It/I measurements appear in the form of  
branching ratios, with appropriate comments.  We then 
give the values of  r/+_ and I~10012 in a separate list at 
the end of  the CP-violating parameters section of  the 
KO section of the Stable Particle Data Card Listings. 

F.4. AS = AQ rule in K ° decays 
The relative amount of  AS :/:AQ component  pres- 

ent is measured by the parameter x,  defined as 

x = A ( K  0 ~ rr-l+v)/A(K 0 ~ lr - l+v) .  (41) 

We list R e { x )  and Im{x}  for both Ke3 and Kg3 at 
the end of the Stable Particle Data Card Listings and 
give values in the Addendum to the Stable Particle 
Table. 

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

interactions, a number of  experiments have looked 
for possible charge asymmetries in the decays 
r~ -+ rr+Tr-rt 0 and r / ~  rr+Tr-7. For both  modes we use 
the convention 

Asymmetry = f (+) - f ( - )  

where f(+-) means the fraction of the events with the 
~r (~) energy greater than the 7r (~) energy in the r/rest  
frame. We list the asymmetry parameters in the 7/ 
section of  the Stable Particle Data Card Listings and 
give average values in the Addendum to the Stable 
Particle Table. 
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H. Baryon-decay parameters 
H.1. A / V  ratio for baryon leptonic decays 

The baryon part of the matrix element for these 
decays may be written as 

( Bfl 7x(g v -gA75)  I Bi) ,  (42) 

where B i and Bf represent initial and final baryons, 
and gA and gv the axial and vector coupling constants. 
Here the Pauli representation is used for the 7 matrices. 
The definition ofgA/g V is 

gA/g V = IgA/gVl exp(i6),  (43) 

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

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

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

H.2. Asymmetry parameters in nonleptonic hyperon 
decays. 

The transition matrix for the hyperon decay may 
be written as 

M = s + p ( , ' q ) ,  (44) 

where s and p are the parity-changing and the parity 
conserving amplitudes, respectively, a 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)l(I s I 2 + IP 12), (45a) 

/3 = 2 Im(s*p)/(ls [2 + IP 12), (45b) 

7 = (Is12 - [p [2)/(Is [2 + IP [2).  (45c) 

With the transition matrix (44), the angular distri- 
bution of the decay baryon, in the hyperon rest sys- 
tem, is of the form 

I =  1 +txPy 'q  , (46) 

where Py = (YInlY> is the hyperon polarization. 
In the notation of lee and Yang (1957) the polari- 

zation PB of the decay baryon is * 

(ct + Py.q)q +/3(PyXq) + 7q X (Py Xq) 
PB = 1 + O_Py . q ' (47) 

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

The three parameters a, 13, and 7 satisfy the relation 

a2 +/32 + 72 = l . (48) 

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

/3 = (1 _~2)~ sin ~ ,  (49a) 

7 = (1 - a2) ~ cos ¢ ,  (49b) 

which has a more nearly Gaussian distribution than 13 
or 7. Evidently 

-~Tr<~b~<~rr for ' ) ' > 0 ,  (50a) 

+ ~ < ~ < ] ~  for ') '<0. (50b) 

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

a=  21sl Ipl cosA/(lsl 2+ IP12), (51a) 

/3 = --2Is [ Ip[ sin A/(I s [2+ ipl 2) ; (51b) 

that is A is the phase angle of s relative to p. Evidently 

--~rr~<A~<~lr for a > 0 ,  (52a) 

+~r r<A~<] l r  for a < 0 .  (52b) 

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

A=6 s - 6 p ,  (53) 

modulo 7r, where 6 s and 6p are the pion-baryon scatter- 

* Note that Lee and Yang (1957) contains a misprint. The 
minus sign in the definition of # 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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ing phase shifts at the appropriate energy and for the 
appropriate isospin state. For A decay, assuming the 
validity of the /AZ1 = 1 rule, 

A = 6, - 6, = (6.8 f 2.0) deg. * 

In the Stable Particle Data Card Listings we give (Y and 
4 for each decay since they are the most closely re- 
lated to the experiments and are essentially uncorre- 
lated. Whenever necessary we have changed the signs 
of the reported values, so as to agree with our conven- 
tions. In the Stable Particle Table we give (Y, 9, and A 
with errors; and for convenience we also give the cen- 
tral value of 7, without an error. 

V. STATISTICAL PROCEDURES 

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

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

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

Quantities that have changed more than 1 u since 
our April 1971 edition (Particle Data Group, 1971) 
are italicized in the Tables of Particle Properties. For 
a discussion see Section V.B in the text of the 1970 
edition (Particle Data Group, 1970). 

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

weighted average 

x f 6F = &Xi /cc+ f (cwi>-~ ; 

wi = 1/(8x,)2 ) (54) 

* This value for S, - sp is derived from the phase-shift analyses 
by Roper et al. (1965). The error is our estimation of the un- 
certainty. 

where the sums run over N experiments. We also cal- 
culate x2 and compare it with its expectation value of 
N-1.1f~2>N-l,weincreasetheerror6~ineq. 
(54) by a factor 

s= [x2/@- l)]i . (55) 

It is easy to design statistical tests for determining 
whether one experiment (or a group of experiments) 
is consistent with the other experiments. However, 
statistics does not tell us who is wrong in case of con- 
tradictions. When S, 1, one can conclude either that 

1) some (or all) experiments are wrong or 
2) some (or all) experiments have underestimated 

their errors, or 
3) the experiments do not measure the same quan- 

tity (systematic errors). 
We do our best to resolve these cases. If we cannot, we 
assume that all experimentalists underestimated their 
errors by the same scale factor. If we scale up all input 
errors by this factor, x2 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 procedure is straightforward. If, how- 
ever, there are both precise and imprecise (large errors) 
measurements of a particular quantity, one must be 
very careful not to permit the imprecise ones to “dilute” 
the scale factor. See our January 1970 edition (Particle 
Data Group, 1970) for the prescription we use to 
handle this effect. 

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

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

C. Constrained fits 
The information on partial-decay fractions Pi and 

partial widths I’i = PiI’totd is frequently given by 
branching ratios Rj, say,R, = P1/(P1+P2), R2 = 
PJP3, R3=Pl/P2, R, =P3/(Pl+P2+P3),etc. T 

The number of experimental inputs Rj is often 
greater than the number of decay modes. In these 
cases we fit all available information on the Pi, rip 
and Ri subject to the constraint ZPi = 1. When, in 

t we are also able to tit products of rates from formation 
experiments as given in eq. (12). 

Xiv 
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addition, the input R/are contradictory so that scale 
factors may have to be introduced, one has to resort 
to iterative procedures. 

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

VI. PARTICLE DATA GROUP PUBLICATIONS 

C. Next edition 
We currently produce a new Review of Particle 

Properties every April. It is published alternately by 
Physics Letters and by Reviews of Modern Physics. 
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To obtain a reprint of  this report, or any of the 
items listed below, write either Scientific Information 
Service, CERN, or Technical Information Division, 
Lawrence Berkeley Laboratory, whichever is closer. 

A. Pocket-sized particle data booklet 
In addition to the present complete, full size version 

of the Review of Particle Properties available from 
CERN and LBL, a pocket-size data booklet is available. 
It contains the first part of this report, up to the Data 
Card Listings. The complete set of pocket-size items 
available comprises the data booklet, a 16-month 
diary, a mini-atlas contributed by Digital Equipment 
Corporation, and a plastic cover. Any of these items 
that you have requested in the past will automatically 
be sent to you, but please note tlllt our mailing lists 
are self-cancelling; unless you return the request card 
that is sent once a year, your name will be removed 
from our mailing list. If  you wish to order any items 
in bulk we must charge 25 cents (US) for each of the 
pocket-sized items. 

B. Other compilations 
We compile data not only on particle properties, 

but also on other aspects of strong interactions 0rN, 
KN, pN, ... cross sections; partial wave amplitudes, 
etc.) Until 1971, our reports were called UCRL 20 000; 
they are now numbered LBL 50 ..... 99. In the front 
of each of these reports is a list of all relevant compi- 
lations. A complementary series of compilations is 
produced by the CERN HERA Group. Both series are 
available from both LBL and CERN. 
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TABLES OF PARTICLE 
April 1972 

PROPERTIES 

"Now go ,  write it before them in a table, and note it in a book, 

that it may be for the time to come for ever and ever. " 

Isaiah 30:7-8 

" . . . or at least until the next edition. " 

Particle Data Group 

N. B a r a s h - S c h m i d t ,  A.  B a r b a r o - G a l t i e r i ,  J .  B a r r e l s ,  C.  B r i c m a n ,  V. C h a l o u p k a ,  

J .  E .  E n s t r o m ,  T. A.  L a s i n s k i ,  A.  R i t t e n b e r g ,  M.  R o o s ,  A.  H. R o s e r f f e l d ,  P .  S~d i ng ,  

and  T.  G. T r i p p e  

( C l o s i n g  d a t e  f o r  da t a :  F e b .  t ,  t 972)  

Particle 

Stable Particle Table 
For a d d i t i o n a l  parameters, see Addendum to this table. 

Quantities in italics have changed by more than one (old) standard deviation since April 1971. 

IG(JP)c n Mass Mean life Partial decay mode 
(MeV) (see) 
Mass2 c r Mode Fraction a 
(GeV) 2 (em) 

p or 

Pmax b 
(MeV/c)  

7 0, I(i-)- 0(< 2)10 -21 stable stable 

~ v e J = ½ 0(<60 eV) stable stable 
It  vp 0(< t .2) 

J = ½ 0 .5110041  s t a b l e  s t a b l e  
e +.0000016 (> 2XtO2ty)  

F 

+_ 
7r 

0 
7/" 

J = ½ 105.6594 
±.0004  

m2= 0.0112 

mbt-m ± =-33.917 
+.01~ 

I-(0-) 139.576 
±.011 

Z m -- 0.0195 

t - ( 0 - )  + 534.972 
±.012 

2 m = 0.0182 

m r±-mw0 = 4.6043 
±.0037 

2.1994× 10 .6 e v v  
±.0006 S = t . t *  eyy  
cT=6 .593Xt04  3e 

ey 

2.6024><10 -8 Vtv 
±.0024 ev 
c~=780.2 bxvy 
(T+-T -)/~'= wOev 
(0 .05±0.07)% ev~4 _ 
(test of CPT) eve-e 

0.84XI0 -16 

±.I0 S=2.I ''~ 
cT=2.5XI0 -6 

100 53 
( < t . 6  )10 -5  53 
( <6 ) t 0  -9  53 
( < 2.2 110 -8 53 

1oo % 
( 1 . 2 4 ± 0 . 0 3 ) i 0 - 4  

e( t . 2 4 ± 0 . 2 5 ) t 0 - 4  
( t . 0 2 ± 0 . 0 7 ) 1 0  -8  

c( 3.0 ±0.5 )10 -8 
(<3.4 )10 -8 

yy ( 98 .84±0.04)% 
y e + e  - ( i .  t6±0 .04)% 

"~y ( < 5 ) i0  -6 
e+e-e+e - d( 3.47 }10 -5 

30 
70 
30 

5 
70 
70 

67 
67 
67 
67 



Particle IG(JP)C n 

S t a b l e  P a r t i c l e  T a b l e  
Mass Mean life 

(MeV) (sec) 
Mass 2 c r Mode 
(GeV) 2 (cm) 

(cont'd) 
Partial decay mode 

Fractiona 
p or 

Pmax b 

(MeV/c) 
÷ 

K- 
1 ~(0") 493.84 

±0.t0 

m2=0.244 

m K i - m K o  =-3.95 
±0.13 
S = t . t *  

K 0 ½(o-) 497.79 
± 0 . t ~  

• 0 ½(0 - )  = t . t  
K s m~=0. 248 

0 
KL 

1.2371XI0 -8 
±.0026 S=1.9" 
c~=370.8 
(~+-~-)~= 
(.t1&.09)% 
( t e s t  of CPT)  

S=I.2" 

~ v  
r ~  0 

~ r O  ~ 0  

~r°v erOv 
e~ 0 ~o v 
wr~e ± v 
wr±e ~ v 
ww~ ± v 
~r±~ ~ v 
e ~  

r r + r - y  
r e  Fy 
r e + e  - 
w~e±e± 

ryy  
ry~y 

ry  

C 

c( 
c( 
c( 

( < 0 . 4  
( < t . 5  
( <2.4 

c( < 3.5 
c( < 3  

< 1 . 2  
< 4  

63.77±0.28)% S = t . t  ~2 
20.92±0.29)% S = t . 2 ,  

5.58±0.03)% S = t . t  
1.68±0.04)% 
3 .20±0.1 t )% S=1.8: 
4.8(~:k0,.07 % S = l . t  
t.8t8:  lO-5 
3.7 +-0,2 10 -5 

<5 i0 -7 
0.9 ±0.4 10 -5 

<3 i0 -6 
1.30±0.18 10 -5 

<7 10 -5 
2.2 ±0.7 i0 -4 
I0 ±4 10 -5 
3.7 ±1.4 10_ -4 

t 0  

t0 ~ 
t 0 - 5  

t0_~ 
t0 ~ 

½(o- 

50% KShor  t, 50% KLong 

0 .862X10-t0  r+w" 
±.006 S=1.2" w°w° 
c$=2.58 ~+~- 

e+e - 
~+~-y 
YY 

5. t 72Xt0- 8 ~vow% o 
-'-0.042 "~+lv-~ ° 

236 
205 
126 
133 
215 
228 
207 
204 
204 
t51 
151 
247 
247 
205 
126 
227 
227 
227 
172 
227 
227 
227 
227 

68.85 )% • 206 
31 .15±0.3 t )% S = t . t  209 

<5 "7<3 ) lO-_5 2z5 
) t 0 - ~  249 ±08 I10-  206 
i0 -3 249 

cw=1550 

_ = 0 . 5 4 0 2 x t 0 t 0 ~ s e c  -1 
m K L  m K s  ± 0.0035 

F (K S -- r+v-w o ) 

F (KL-~ ~+~'w ° ) 

( t e s t  of CP) 

<0.45 

r~v  
r e v  

weW/ 

r0r 0 
r+~-y  
w ° yy 

YY 
e& 

e+e - 

21.4 ±0.7 )% S = t . t *  
'" 12.6 ±0.3 )% 
Z6.8 *0.6 ) % 
39.0 ±0.6 ) % 
1.3 ± 0 . 8  ) % 

0. t57 ±0.005~o 
0.094 ±0.019)% S= t . 5 "  
< 0.4 10 -3 
< 2.4 10 -4 

4.9 +0.4 104 
< 1.6 t 0 - 9  
< t .9  10 -9 
< t . 6  10 -9 

t39 
133 
216 
229 
229 
206 
209 
206 
231 
249 
238 
225 
249 

W 

P 

n 

0+(0-) + 548.8 
±0.6, 

S = t . 4  
m2=0.301 

! i !+ 2 ~z , 938.2592 
±0.0052 

m2=0.8803 

!1!+~ 2~2 , 939.5527 
±0.0052 

m 2 =0.8838 
m -m =-1.29344 

p n ±0.00007 

P =(2.63±0.58)keV i Y 
Neutral decays ~y 

71.1% ~ 3~ v 

t .rr+Tr-,n-O r+w-x/ 
C h a r g e d  d e c a y s  r ° e + e -  

W+lV- e+e - 
28.9% r + r _ o  Y 

w+r -yy 
~+~- 
~+~-~r ° 

s t a b l e  
(> 2X t028y) 

38.0 ±1.0 )% S = t . 2 "  
e 3.1 ± t . t  )% S= t . 2 "  

30.0 ±1.1 )% S = t . t *  
24.0 ±0.6 )% S = t . I "  
4.9 ±0.2 )% S=I.I* 

< 0.04 )% 
o . t  ~ o . t  )% 

< o.2 )% 
< 0.2 )% 

2.2 ±0.8 ) t0 -5, 
< 5 ) t0 -4  

i 

e(0 .935±0.014) t03 p e - v  
cT = 2 .80Xt0t3  

274 
258 
180 
175 
236 
258 
236 
175 
236 
253 
211 

ioo % 1 



Particle IG(JP)Cn 

Stable Particle Table 

/~. o(½ +) fi15.59 
± 0 . 0 5  

2 S=i .2"  
m = 1.245 

T+  i(½+) t i a 9  42 + o . t i  

S= 1.7"  
m 2= 1.415 

m~+-m~_= -7.92 
± .13 

S= 1.6" 

1192.48 ~0 i(½ +) - o . ~ t  
S= ~.3"  

m 2 = t  .422 

Z -  t(½ +) 1197 .34  

±0.10 
S= t . 5 "  

m 2 = 1.434 
m~o-m~_=-4.86 

±.06 

~(~ 1314.7 ~ 0 1 . l+ ) f  "4"0.7 

2 m = t . 7 2 9  
m x o - m ~ -  =-6.6 

±.7 

(cont'd) 

a- 

Partial decay mode Mass Mean life 
(MeV) (sec) p or 

Mass 2 c r Mode Fraction a Pmax b 

(GeV) 2 (cm) (MeV/c) 

2.521X10 -I0 pv- ( 64.2 ^. )% 100 
±.021 S=1.2" n~ ° ( 35'8±u'~ )%-4 f04 
cT = 7.56 p e r  ( 8 . t3 :~0 .29)10  163 

p~v ( t.6Zq- 0 . 3 5 ) t 0  -4  131 

0.800XiO - t 0  pw ° ( 5i .6a .  n ~ )% i89 
±.006 nTr + ( 48 ,4  . . . . .  ) % - 3  i85  
c'r = 2.40 py ( t . 2 4 ¢ - 0 . t 8 ) t 0  . S = t . 4 "  225 

n~r+y c ( t . 3 t ±  0 . 2 4 ) t 0 - 4  185 
A e + v  ( Z.0Z-~ 0.47)10 -5 7Z 

F(5~+-*~+nv)_ ,,~= [nM+v ( <2.4 )I0 -5 202 
<'u~U~ne+v ( < 10 )I0 -5 224 

F(~E'-* f -nv) pe+e" ( <7 )10 -6 225 

< i . 0 × t 0  - t 4  A y  100 % 74 
c r < 3 × i 0 - 4  A e + e  - d( 5.45 ~i0 -3 74 

el.484Xl 0-~0 n~- I00 % 193 
:h.019 S=1.6" ne-v ( 1.10±0.05)I0 -3 230 
c~ = 4 .45 nM-v ( 0 .45±0 .04)10  -3 2 i0  

A e - v  ( 0 . 6 0 + 0 . 0 6 ) i 0  -4  79 
nv-y c( 1.0 +0.2 )I0 -4 193 

3 . 0 3 X 1 0 - t 0  /~o  
~:. t8  pw- 
cv = 9.08 p e - v  

~ + e - V  
- e + v  

~ + ~ - v  
~ - ~ + v  
p~-v 

! t i + ~ f  
z ~ z  , t 3 2 t . 3 0  t . 6 6 0 X t 0  - t 0  Al r -  

q-0.t 5 %037 S = f . l *  A e - v  
m 2= t . 7 4 6  cT = 4 . 9 8  S ° e - v  

AM" v 
~ ° ~ - v  
n w -  

ne - v 

3 + f +0 4. - t 0  --o ] 
t 6 7 2 . 5 ~ . 5  i . 3  0 " 3 > t 0  ~ rr- 

0 (~  ) m 2= 2,797 c'r = 3.9 A K -  I 

100 
< 0 . 9  
< t . 3  
< 1 . 5  
< t . 5  
< t . 5  
< i . 5  
< i . 3  

t 00  
g( 0.70~:0.21 

( < 0 . 5  
( < i . 3  
( < 0 . 5  
( < 1 . t  
( < t . 0  

Tot  al  of 
28 e v e n t s  

s e e n  

% 135 
)10 -3 299 
)10 -3 323 
)i0 -3 i19 
)I0 -3 i12 
)10 -3 64 
)10 -3 49 
)10 -3 309 

% 139 
)10 -3 190 
}I0 -3 123 
)10 -3 163 
)% 7o 
) i 0  -3 303 
)% 327 

294 
290 
21t 

* S  = Sca 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 = i .  If S > l ,  we h a v e  e n l a r g e d  the e r r o r  of the m e a n ,  5x, i . e . ,  6 x - - S 6 x .  
T h 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, the e x p e r i m e n t s  a r e  
p r o b a b l y  i n c o n s i s t e n t ,  and  t h e r e f o r e  the  r e a l  u n c e r t a i n t y  is  p r o b a b l y  e v e n  
g r e a t e r  t h a n  S6x.  See  t ex t  and  i d e o g r a m  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 .  

a. Quo t ed  u p p e r  l i m i t s  c o r r e s p o n d  to a 90o/0 c o n f i d e n c e  leve l .  
b. In d e c a y s  w i t h  m o r e  t h a n  two b o d i e s ,  P m a x  is  the m a x i m u m  m o m e n t u m  tha t  

a n y  p a r t i c l e  c a n  h a v e .  
c .  
d. 
e .  

f. 
g. 

S e e  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  f o 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 .  
T h e o r e t i c a l  v a l u e ;  s e e  a l s o  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 .  
S e e  n o t e  in  S t ab 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 .  

P fo r  ~ a n d  J P  f o r ~ -  not  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  f o r  ~ - - ~ 0  e-v s m a l l  c o m p a r e d  w i t h ~ - - ~ A  e - v .  



4 
ADDEND %D~ TO  

S t a b l e  P a r t i c l e  T a b l e  
Magnetic moment 

e 

/ z  

K 

1.001 
+-.000 
1.001 
*.000 

Mode  

159 6577 e 2 ~ c  
000 0035 ~ Decay parame~ a 

166 16 e~ p = 0.752*0.003 ~ = - 0.12 -0.21 
000 31 2m c ~ = 0.972"0.013 6 = 0.755*0.009 

w,r +.n. - 
lri; 0 .iT 0 
~,,o v 

elT 0%, 

i g A / g v l  _ ~ .+0 .33  =U.~b.0. t t ¢ = 180" "15" 

A I = I  rule for K+-~3~r 
2 

~r+~r+~r- Cg = -.206".007 
w-~+w- Cg -.t94..007 
w~v %r o Cg .527± .0 t7  

See a l s o  S tab le  P a r t i c l e  
D a t a  C a r d  L i s t i n g s  and 
A p p e n d i x  I 

Partial r m  sec -1 

(51.55.0.25)106 S='1.2" 
(16.9t+0.24) i06 S=l.2* 
( 4.51.0.0Z)106 S=l.l ~' 
( 1.36±0.04)I06 
(2.59±0.09) I06 S=1.8" 
( 3.92.0.06)i06 S=1.2" 

0 w+~T (0 .799" .006)  10 ]0  S=112" 
'%S "n'° "n "° (0.361".0041 i010 S=1.2"  

0 ,.-°-;r°'n'° ( 4.13 * 0 . t 3 ) t 0 !  S = t . t *  
K w+w'~r ° ( 2.43 -0 .06 )10!  
" L  ~ ,  ( 5.18 .o.12)1o! 

wev ( 7.54 *0.13)I0 t 
w+w- ( 3.03 *0.~0)t06 
• n.O.n "° ( 1.81 "4-0.36)10 ~ S = t . 5 "  

h = 1 .00 -0 .13  

Form factors for leptonic decays 

See S t ab l e  P a r t i c l e  
Da ta  C a r d  L i s t i n g s  f o r  
k and 

CP violation parameters 

tri+_l--(1.96.0.03) 10-3,~+_ -- (43*3) ° 

boo I :( z .09-0. t Z)t 0-3~Poo=(43"19) ° 
S=I.Z* 

Charge asymmetry: 
r (K~t*) -r ( K ~ r )  

8: .32".03 
F(K~--~+)+F(K~-,I ") ×10-Z 

I= ½ rule for KI ° -* 3u 
Tr+~r ~ ° c g = . 6 0 . . 0 3  S : 3 . t *  
See D a t a  C a r d s  & A.p.p. I 

AS= -&Q 
~te x = - . 0 0 3 , . 0 2 6  S = t . 5  
[ m x = - . 0 0 7 - ~ . 0 3 9  S=t .Z  

Form factors for 
leptonic decays 

See S tab le  P a r t i c l e  Da ta  
C a r d  L i s t i n g s  fo r  k, 

Mode A s y m m e t r y  parameter 
~7 + - 

~+~_~o (1 .2*0 .5 )% S : t . 3 "  
w ~ ~ ( i . t * t . 3 ) %  

M ~ i c  
moment 

(e~/Zm¢) 

p 2.792782 
*.000017 

n - 1 . 9 1 3 1 4 8  p e ' v  
~.000066 

A -0.67 p~" 
*.06 n~ 0 

per 

~÷ 2.59 + 
±.46 n~ 

Im¢ 

~E ~ ne 'Y  
h e - v  

Decay pKameteN b 

M e a s u r e d  De r i v e d  g A / g  v b g v / g  A b 

a ¢ (degree )  ~ A ( d e g r e e )  

7 +4"0)  ° 0.645~-0.016 (-6.3~-3.5)" 0.76 .4_4.1 
0.649±0.046 

/ ~ + l l "  
-o .99 , ,o .o ,9  ( 22,9oI. o.~z . .U83-,2) 

+136 " +o.o66.o.o16 (,6~.2o). -o.97 ( - ~ L t o )  
+ 52 S=I.I* 

-I.03_[42 

-0.069.0.00g .o,,5)" 0.98 5)" 

(25~.21). +16 " (~28_37) 
S=i.3* N 0 A~* ° - 0 . 3 5 . 0 . 0 8  0.85 

A~t- -0.40.0.03 (-4+8) ° 0.91 70;i 7 
S=1.1" 

-1.242+o.oo8 S=t .2 ~ 
[,5=(178. 6 +-0.9)~ 

-0.66.0 06 S = t . 2 "  

See Da ta  C d s .  
0 . 3 5 , 0 .  t 8  

*S = s c a l e  f a c t o r .  Quo t ed  e r r o r  i n c l u d e s  s c a l e  f a c t o r ;  s e e  foo tno te  to m a i n  
S t ab l e  P a r t i c l e  T a b l e  f o r  de f in i t ion .  

= g v 2 =  a. IgA/gV I defined by gA z ICAI2+[C'A Iz, ICvIZ+iC'v Iz. and 

z(%-IriI~) (;Iri(ci+c, i%)iv> ; 
de f ined  by  cos  ¢ = - R e ( C ~ C ' v + C ' A C * v ) / g A g  V [ f o r  m o r e  d e t a i l s ,  s e e  t ex t  S e c t i o n  IV E] 

b. The d e f i n i t i o n  of t h e s e  q u a n t i t i e s  i s  a s  f o l l o w s  [ 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 ex t  Sec t ion  IV H] : 

a = 2-isis[a+lplziIp]cosA ; I ~ = ,/'t--~a-a sin@; g A / g  V def ined  by  <Bf I '~k(gV-gAN5 ) II~>; 

= -2 Is i [plsinA ] =/-l-'~a-a cos~. 5 defined by gA/g V = IgA/g Vle 16. 
i s l 2 + l p l Z  " ~1 

c. The definition of the slope parameter of the Dalitz plot is as follows: IMI 2 = 1 + g 
\ m+ / 
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Meson Table 
April 1972 

Quantities in italics have changed by more than one (old) standard deviation since April 1971 

Name Partial decay mode 
Full 

_ ~  IG[jP)c. Mass Width M 2 
- ±FM la) Mode F rac t i ~  PP jX  [b) 
+ I~ I P I ,estab. (MeMv] (Me%) [6eV) z % (MeV/¢) 

~±(140) ~ 139.58 0.0 0.019483 
~°(135) 134.97 7.8 eV 0.018217 

±.9 eV 

See Stable ParticleTable 

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

E 0+(0+)+ 
See note on ~ S wave ¶ . 

6~ is near 80°-90 ° in mass region 800-1000 MeV, with probably only slow 
variation below and cusp at KKthreshold. Inelasticity ~0 below 2 mK~ 

0(765) 1+(1-) - 765 . .  135 . .  0.585 
±i0 lc) ±20 kc) ±.i03 

~ =100 356 
e+e - 0 .0042±.0004  (d) 382 
p+U- 0.0067±.0012 (d) 368 
For upper  l i m i t s ,  see  f o o t n o t e  (e) 

m(784) 0 ( i ) -  783.9 10.0 0.614 
±0.3 ±0.6 ±.008 

S=1.3" 

~+~-n0 89.7±4.0 S=I . I*  328 
~+~- 1.2±0.3 S=1.4" 366 
~y 9.0±I.0 , 380 
e e- 0.0075±.0016 S=1.8 392 
For upper limits, see footnote (f) 

n'(958) 0~+( ~ 957.1 < 4 0.916 
or X ° ±0.6 <.004 

JP = O- or  2- 

n~ 68.1±2.2 230 
~+~-y (mainly p0y) 30.1±2.3 S=I.I* 458 
¥~ 1.8±0.3 479 
For upper limits, see footnote (h) 

1 

~N(975) Z(0+) + ~ 975 ~ 60 0.950 n~ [ 

Possibly related to the I:l KK threshold enhancement I 
(g) 

304 

S* 0+(0+)+ ~ i000 

See notes on ~ and KI~S wave ~ . 

1.000 Seen as I=0 KK threshold enhancement; 
appears coupled to the ~ channel. 

~(1019) 0 ( 1 ) -  1019.1 4.4 1.039 
±0.5 ±.3 ±.004 

S:I.8" 

K+K - 49.1±2.0 126 
KLKS 30.7±2.4 S=1.4 ~ 109 

T ° (incl. p~) 17.5-+2.5 S=I.I * 461 
2.6±1.2 S=I.9* 362 nY 

e+e - .032±.003 s=1.9 * 510 
p+p- .025-+.003 498 
For upper limits, see footnote (i) 

A~(1070) i-(i+)+ - 1070 1.14 On 

Broad enhancement in the JP=I + p~ partial wave; not clear if resonant ¶. 

i00 232 

1 + 1 + B(1235) ~_~( )- 1233. i00. 1.52 
±10 s ±20 ~ ±.12 

~g ~ i00 348 
~ < 301Absence suggestsl600 
KK < 2!J P = Abnormal J369 
For other upper limits, see footnote (j) 

f(1260) 0+(2+)+ 1269. 156. 1.60 
±10 s ±25 ~ ±.20 

~+ ~ 80 619 
2~ 2~- 6±2 556 
K~ ~ 6 393 



Meson Tabe (COT&~) 

Mass 
M 

(Me”) 

Full 
Wiih 

r 

(Me@ 

HZ 
?I-&) 
(Gc+]~ 

Partial decay mode 

Mode Fraction Edb) 
% (Mev/c) 

D(1285) fi+(A )+ 1286 21 1.65 n:n Probably seen 484 
24 

S=1.3* 
+10 
s=1.3* 

+.03 KKn Seen 305 
246 

Jp = 0-, 1+ 2-, , with l+ favoured +[nN(975)n 2n+2n- (prob. o's+n') Seen Seen] 565 

Az(1310) l-(2+)+ 1310g 100g 1.72 on 76.8f1.8 416 
*lo +20 e.13 529 

Controversy whether unsplit or split'. 

g 16.3k1.5 
5.8kO.8 
1.121.1 s=1.3* 

428 
n'(958)T 280 

E(1422) L( )A 1422 69 2.02 K*R + i?*K so*10 154 
*4 *8 k.10 nN(975)n 50+10 357 

: Jp = O- < or l+ nnn 60 568 

f'(1514) 0+(2+)+ 1514 73 2.29 
k5 223 k.11 

Q 
K R + 

S=1.8* 
W*K 

72?12 570 
lo*10 

t 

294 
nn < 14 (k) 744 
nnn 18klO 624 
nn < 40 521 

F1(1540) & (A ) 1540 40 2.37 K*E + z*K 321 
*5 kl5 

Only mode seen 
+.06 

Evidence based on only one experiment 

A,(1640) l-(2-)+ - 1640 2.69 fn Dominant 306 
w71n (m) 597 

Broad enhancement in the Jp = 2- fn partial wave; not clear if resonant'. 

0(1675) LcN ); 1664 141 2.77 Dominant 647 
k13 
s=1.2* 

?17 i.23 !G Possibly observed 804 
5n lo*10 

gU6W 1+(3-)- lW& 160s 2.82 2n - 40 828 
*30 t.27 4~ (incl. nno,po,AzT,Wn) - 50 781 

$, M and F from the 2n mode (a)* 
KK 

(a) 

KKn (incl. K*K) 
- 3 677 
-3 617 

z 
S(1930) l+( )- - 1930 30§ 3.72 PP Possibly seen 226 

220 +.06 nn Possibly seen 955 

Seen in n-p + @@Q-p ; may be related to the structure seen in 460 MeV/c ip backwards scattering'. 

* See note (p) for other possible heavy states. 

K+(494) 
K'(498) 

l/2(0_) :I;.;; 

l/2(0+) 

See note on Kn S wave'. 

St is near 90°, with slow variation, in mass region 1200-1400 MeV. 
In addition, S; may be resonant at M - 890 MeV, r - 30 MeV. 



Meson Table 
Name 

Full 

~estab. [MeMV? (MerW) (GeW]2 

(cont'd) 
Partial decay mode 

Hode Fraction ~ma~x[b) 

KA(1240) I/2(1 +) 1242 127 1.$4 
or  C ±i0 ±25 -+.~6 

seen in pp at rest 
Q .................... - ......................... 

KA(1280 1/2(i +) 1280 to  
to 1400) 1400 
Resonance interpretation unclear (n) . 

K ~  Only mode seen 

%[K*~ Large] 

i~Kp Seen ] 

KS(1420 ) ,1/21(2+ ) 14216 100. 2.02 K~ < 56.3-+3.0 616 
-+5" -+lO s ±.14 K*~ Inequal~ies > 27.8-+2.7 415 

Kp exp la ined  in > 9.5-+2.5 324 
See note (o). I~ note (o). > 4.5±1.7 304 

Kq > 2.0~.0 482 

1765. lo0+l~§nn 3.11 K ~  Dominant 787 L(1770) ii/21 (A) 
-+10 s - ~u -+.18 756 K~ Seen ¶ 

JP=2- favoured, 1 + and 3 + not excludea. %[KN(1420)~ and o the r  subreactions ] 

÷ Data on the fo l lowing  cand ida tes ,  excluded above, a re  l i s t e d  among the data  cards I : 

M(953), H(990), nN(1080), AI.5(11703, XI=0(1430), XI=I(1440) , X-(17953, n/p(1830), ¢I~(18303, 

p(2100), T(2200), p(2275), ~(2350), U(2375), NN(2375), X-(2500), X-(2620), X(2800), X-(2880), 
I=3/2 

X(3030), X-(3075), X-(3145), X-(3475), X-(3555); K A (i175), K~=3/2(1265), KN(1370) , KN(1660), 

KN(1760), KN(IS50), K*(2200), K*(2800). 
¶ See Meson Data Card Lis t ings .  

* Quoted e r r o r  includes  s ca l e  f a c t o r  S = ~ .  See f ~ t n o t e  to S tab le  P a r t i c l e  Table.  

% Square bracke ts  i n d i c a t e  a subreac t ion  o f  the  previous  (unbracketed) decay mode(s).  

§ This is only an educated guess;  the e r ro r  given is l a r g e r  than the e r r o r  of the  average of the  
publ ished values.  (See Meson Data Card L i s t ings  f o r  the l a t t e r . )  

(a) I%i i s  approximately the  ha l f -w id th  o f  the  resonance when p l o t t e d  aga ins t  M 2 . 

(b) For decay modes in to  ~ 3 p a r t i c l e s ,  Pmax i s  the  maxim~nmoment~n t h a t  any of  the p a r t i c l e s  in  the  
f i n a l  s t a t e  can have.  The momenta have been c a l c u l a t e d  b y u s i n g  the  averaged c e n t r a l  mass va lues ,  
without taking into account the widths of the resonances. 

[c) The va lues  g iven  fo r  M(p) and r(p) 
and t h e i r  e r ro r s  a re  not  average 
va lues  from var ious  experiments ,  
but  r a t h e r  a re  intended to g ive  
the range where we b e l i e v e  the  
actLml va lues  are  most l i k e l y  to 
fall. Contrast the results tabu-  
l a t e d  in this note (references in 
the Meson Data Card Listings). 

MO~eV ) 

po 775-+7 
pO 768-+10 
p- 764±2 
pO 775-+3 
pO 768±2 
~o 759-+7 

760 

r ~leV) 
÷ - ÷ - 

149-+23 ~From e e ÷ ~ ~ , fitted to 
140-+14 I Gounaris-Sakurai formula. 
147-+4 } 
145-+9 From physical region fits to 
132+_13 zN ÷ ~zN, using energy-dep, width. 

131119-+20 } From po le  ex t r apo l ,  in  7rN ÷ "~N 

(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 v+~ - 
branching ratio is compiled from 3 experiments; each possibly with substantial ,.,p interference. 
The error reflects this uncertainty; see notes in Meson Data Card Listings. If e~ universality 
holds, F(p 0 ÷ v+v') = F(p 0 + e+e ") x phase space correction. 

(e) Bnpirical limits on fractions for other decay modes of p[765) are ~zy < 0.5%, ~xq < 0.8%, 
~+~+~-~- < 0.15%, "n'-+~+IT-~T ° < 0.2%. 

(f) Bmpirical limits on fractions for other decay modes of u~(784 ) are w+z-y < 5%, ~0~0y < i%, 
q + neutral(s) < 1.5%, H+H- < 0.02%, ~0p+p- < 0.2%. 

(g) See Meson Data Card Listings for a typed note and an entry "~(950-I020)", which contains the data 
referred to as 6(962), ~N(975),and ~N(1016) in our April 1971 edition. 

~) Empirical limits on fractions for other decay modes of n'(958): ~+~- < 2%, w+z-~0 < 5%, 
~Tz z ~ < 1%, ~*~*~-~ z0 < 1%, 62 < 1%, z+~-e+e - < 0.6%, ~°e÷e- < 1.3%, ne+e - < 1.1%, ~0p0 < 4%, 
~o~ < 8%. 
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M e s o n  T a b l e  (cont'd) 
(i) B~pirical limits on fractions for other decay modes of ¢(1019) are ~+z- < 0.03%, ~+~-y < 4%, 

my < 5%, py < 2%, ~0y < 0.35%. 

( j )  F~npirical l im i t s  on fract ions for  decay modes of  B(1235): ~ < 30%, KK < 2%, 4n < 50%, ¢~ < 1.5%, 
n~ < 25%, ([(K)±~ ° < 8%, KsK S ~± < 2%, KsK L ~± < 6%. 

(k) There is only a weak indication for a K*K + K'K mode of the f'(1514). If this mode does not exist, 
the KK branching fraction will have to be reported as 80 ± 13% (rather than 72 ± 12% as given in 
the table), and ~ as 20 ± 13%. 

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

(m) A possible mnz decay mode of the A3 has mass 1690 MeVand width 80 MeV. 

(n) See Q-region note in Meson Data Card Listings. Some investigators see a broad enhancement in mass 
(K~7) from 1250-1400 MeV (the Q region), and others see structure. Only the KA(1240 ) or C seems 
well established, whereas possible structures from 1280 to 1400 MeV cannot be disentangled. For the 
whole Q region the decay rate into K*(892)~ is large, and a Kp decay is seen. The Kn, K~, and K~ 
are less than a few percent. 

(o1 KN(1420 ) properties are uncertain because both principal modes have energy-dependent back- 
grounds:-Kw mode: Firestone et al. (LBL 5~6, subrn. Phys. Rev. 1972) find a large S-wave phase 
shift with ~eaklng at m1350 MeV, which  probably caused older experiments to overestimate 
both F and the K~ branching fraction. Instead of our average of 56~, K~ fraction could be 40-50~, 
with other fractions raised accordingly. K=z mode is contaminated with diffractively produced Q~. 

The tabulated mass of ~4Zl MeV comes only from ~ KN(14Z0) -* K~ measurements 
~o avoid Qe contamination); the average of the neutral KN-XT4ZDT-mass is also ~420 MeV (i. e., 
m ° - rn* = 0) but see typed note "K#(892) Massn-~son Data Card Listings. 

(p) We tabulate here Y = 0 btlnps with M ~ 1700 MeV, for which no satisfactory grouping into particles 
is yet possible. See Meson Data Card Listings. 

Name I G JP M (~I0 F (MeV) Decay modes observed Tentative 
grouping 

KK(1740) 1 1740 = 120 K°K ~- 
P.3(1750) 1,2 1748 ± 15 $ 38 (MM)- 

1 4  + - ~(1764) 1764 ± 15 87 _ + 20 ~ ~ 

KK~(1820) 0 ,1 ,2  1820 ± 12 50 ± 23 K~K°~ ° 
R4(1830) 1,2 1830 ± 15 ~ 30 (NN)- 
q/p(1830) + 1832 ± 6 42 ± 11 6+~=~+~- 
¢/w(1830) 1848 ± 11 67 ± 27 m~+~-, p o s s i b l y  wp o 

X-(2086) I,2 2086 ± 38 ~150 ~_~ backward 
p (21201 3-(?) 2120 < 249 ~p 

z~(2157) 1 + (odd)- 2157 ± 10 68 ± 22 w+~o 

- 16 KsKs ~ K~(2176) 0 ,1 + 2176 ± 5 20 + _ 2 

1- 2190 20-80 p°p°~ ° , 
N1~(2190) I 2190 ± i0 ~ 85 St ruc tu re  in NIq total 
T (2195) 1 ,2  2195 ± 15 E 13 (I~M)- 
37(2207) ~ 3- 2207 ± 13 62 ± 52 ~*~-~° 
4~(2207) 1+,2+,3 + 2207 ± 22 ~ 130 p-~+~- 

X-(2260)p (2290) I$25-(?) 22902260+- 18 ~< 25165 ~-~ ppbackward 

NN(2350) 1 2350 ± I0 ~ 140 Structure in NN total a 
X[(2370) 1,2 2370 ± 17 m 57 (M4)- backward 
NN(2375) 0 2375 ± i0 ~ 190 Structure in NN total a 
U (2380) 1,2 2382 ± 24 < 30 (MM)- 

X-(2500) 1,2 2500 ± 32 ~ 87 (MM)- backward 

x-(262o) 1,2 2620 ± 20 85 ± 30 o*o- 
4~(2676) (1,2,3)+ 2676 ± 27 ~ 150 p-~*~- 

X7(2800) 1,2 2800 ± 20 46 ± 10 (MM)- 
X=(2820) 1,2 2820 ± 10 50 ± 10 ( K ~ ) +  
X-(2880) 1,2 2880 ± 20 ~ 15 (M~- 

X+(3013) 1- 3013 ± 5 < 40 7~ 
X-(3025) 1,2 3025 ± 20 ~ 25 (M, ff)- 
NN(3035) + 3035 ± 25 200 ± 60 47, 6~ 

X-(3075) 1,2 3075 ± 20 ~ 25 04M)- 
X-(3145) 1,2 3145 ± 20 5 i0 (MM)- 
X-(3475) 1,2 3475 ± 20 ~ 30 (MM)- 
X-(3535) 1,2 3535 ± 20 m 30 (MM)- 

R(1750) 

1830 
reg ion  

} 0(2100) 

T region 

Seems to 
require >i 
resonance 

} 0(2275) 

U reg ion  

2650 
region 

2850 
region 

3020 
region 



Baryon Table 
April 1972 

r 

[ See  n o t e s  on  N ' s  a n d  /k s ,  on  p o s s i b l e  Z * '  s ,  a n d  on  Y * ' s  a t  t h e  b e g i n n i n g  of  t h o s e  s e c t i o n s  in  t h e  
B a r y o n  D a t a  C a r d  L i s t i n g s ;  a I s o  s e e  n o t e s  on  i n d i v i d u a l  r e s o n a n c e s  in  t h e  B a r y o n  D a t a  C a r d  L i s t i n g s . ]  

Particle a I (JP) 7r or K Beam Mass Full M 2 Partial decay mode 
t---I  estab. T(GeV) M b Width ± F M c p or d p(GeV/c) (MeV) r b  (GeV 2) Mode Fraction Pmax 

% 
o- = 47rk2 (mb) (MeV) (MeV/c) 

p t / 2 ( t / 2  ~-) 938 .3  0 . 8 8 0  
n 939 .6  0 . 8 8 3  

See  S t a b l e  P a r t i c l e  T a b l e  

N'  (1470)  1 / 2 ( 1 / 2 + )  P ' I I  T = 0 . 5 3 ~ p  t 4 3 5  to  t 6 5  to  2 . 16  N~r 60 420 
p = 0 . 6 6  1505  400 4-0.34 N~r~ 40 368 
Cr =27.8 

N ' ( t 5 2 0 )  t / 2 ( 3 / 2 " )  D~3  T = 0 . 6 t  1 5 t 0  to  t 0 5  to 2 .31  N~ 50 456 
p = 0 . 7 4  t 5 4 0  150 4-0.18 N~rlr 50 410 
e = 2 3 . 5  [ZX(1236)~] e [ d o m i n a n t ]  e 224  

N~ ~ 0 .6  

N'(1535) I/2(I/2-) S' T=0.64 1500 to 50 to 2.36 Nw 35 467 
II p =0.76 1600 160 4-0.18 NIl n 55 182 

ff =22.5 Niter n ~ I0 422 
! 

N ' ( t 6 7 0 )  i 1 / 2 ( 5 / 2 - )  D t 5  T = 0 . 8 7  1655 to  t 0 5  to 2 . 79  Nw 40 560 
p =I.00 1680 175 *0.24 N=Ir 60 525 
~ =15.6 [A( t2361~]  e [44] e 357 

AK < .3. 200 
N/~ < 1 J 368 

N. 

! 

N ' ( t 6 8 8 ' ) i  t / 2 ( 5 / 2  +) F t 5  T = 0 . 9 0  1680 to  105 to 2 . 85  N~ 60 572 
p = t . 0 3  1692 t 8 0  + 0 . 2 1  N~w 40 538 
g = t 4 . 9  [A{t236)+~] e [26] e 3 7 t  

A K  < .2 . 2 3 t  
Nn < .5 J 388 

N" (1700) i I/2(1/2") S'il T=0.92 1665 to I00 to 2.89 Nw -65 580 
p=l.05 1765 400 4-0.42 AK 5 250 
~=14.3 N~] 340 

N"(1780)i 1/2(1/2+) P"II T=1.07 1650 to 50 to 3.17 N~v 30 633 
p=l.20 1860 450 4-0.51 AK ~ 7 353 
(~ =12.2 N*] ~ 10 J 476 

N(1860)  t / 2 ( 3 / 2 + )  P t 3  T = t , 2 2  t 7 7 0  to 180 to  3 . 46  N~ 25 685 
p=1.36 1900 330 4-0.57 Nw~ 657 
f f = 1 0 . 4  A K  - ~ 437 

N n J 545 

4.80 Nw 25 888 N(2190) I/2(7/2-) GI7 4-0.67 N~r~r 868 

4. 93 N~ t 5  905 
1 / 2 ( 9 / 2 + )  H i 9  4 -0 .65  N ~  887 

t / 2 (  ? -  

N ( 2 2 2 0 )  

N ( 2 6 5 0 )  

T = t . 9 4  2000  to  270  to  
p = 2 . 0 7  2260  325 
~ = 6 . 2 t  

T=2 .  00 2200  to  260 to  
p=2. t 4  2245 330 
g=5. 97 

T=3.12 2650 360 
p=3.26 
O'=3.67 

7.02 N~r (J+I/2lx 1154 
4-0.95 Nww =0.45 f 1140 

N(3030)  

X' (1236) m 

t / 2 (  ? T = 4 . 2 7  3030  
p =4.41 
( ; = 2 . 6 2  

3 / 2 ( 3 / 2 + )  P 3 3  T=0.  t 9 5  (++) t 2 3 0  to  
p = 0 . 3 0 4  1236 
0"=91.8 

P o l e  P o s i t i o n m :  1211 

400  9 .18  Nw ( J + t / Z ) x  t 3 6 6  
+1.21 N~r~r =0.05 f 1354 

110 to 1.53 NIt 99.4 231 
122 4-0.14 NTr+~ - 0 90 

Ny ~0.6 262 

+ i50 

A (1650) 3/2(1/2-) $31 T=0.83 1615 to 
p =0.96 1695 
(y =16.4 

130 to 2.72 NTr 28 547 
200 ±0.28 N1r:r 72 511 
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Baryon Table (cont'd) 
Particle a I (JP) 7r or g Beam Mass Full M 2 Partial decay mode 

estab. T(GeV) M b Width + F M c p or 
p(GeV/c) (MeV) F b (GeV 2) Mode Fraction Pmax d 

o" = 4Trk2 (mb) (MeV) % (MeV/c) 

J T=0.87 1650 to 175 to 2.79 Nw 15 560 
-~ A(1670) 3/2(3/2-) D33 p=i.00 1720 300 ±0.40 N=v 525 

(; =15.6 

T = I . 2 8  1840 to 135 to 3.57 N= 17 704 
Z~ (1890) 3/2(5/2+) F35 p =1.42 1920 350 ±0.49 N~r 677 

(;=9.88 

Zi(1910) 3/2(I/2+) P31 T=1.33 1780 to 230 to 3.65 N~ 25 716 
p =1.46 1935 420 ±0.62 Nw~r 691 

A (;=9.54 

A ( i950)  3/2(7/2 + ) F37 T=i.41 1930 to 140 to 3.80 Nw 45 741 
p=1.54 1980 220 ±0.39 &(IZ36)w ~50 571 
(;=8.90 ~K " 2 460 

~(1385)K t . 4  232 

A(2420) 3/2(Ii/2 +) T=2.50 2320 to 270 to 
p =2.64 2450 350 
(;=4.68 

~(2850) 3/2( ?+ ) T=3.71 2850 400 
p=3.85 
(;=3.05 

~(3230) 3/2( ? ) T=4.94 323'0 440 
p=5.08 
( ;=2 .25  

5.86 N~ i i  1023 
±0.75 Nwv >20 1006 

8.12 Nw ( J + I / Z ) x  1266 
± I . i 4  N~ =0.25 f i 2 5 4  

i 0 . 4  Nv ( g + i / Z ) x  1475 
• 1.4 NuT = 0 . 0 5 f  1464 

z'z* E v i d e n c e  f o r  s t a t e s  w i t h  h y p e r c h a r g e  2 i s  c o n t r o v e r s i a l .  See the  B a r y o n  D a t a  Card 
Listings for discussion and display of data. 

A 0(I/Z +) 1115.6 t . 2 4  See S t a b l e  P a r t i c l e  T a b l e  

"~ A' (1405) 
! 

0 ( t / 2 - ) S 0 1  p < 0  K p t405  40 1.97 ~Tr t00  t42  
±5 g ± t 0  g ±0.06 

A 

A'(1520) 

A"(1670) 

A"(1690) 

A'(1815) 

£(1830) 

A (Zl00) 

A (z350) 

0(3/2-) D~3 p=0.389 1518 16 2.30 NK 45:~1 234 
G =84.5 ±2 g ~-2 g ±0.02 ~.~ 424-I 258 

Avw 9.6±.7 250 
~rw 1.0±.I 140 

0(I/2") S'~I p =0.74 i670 15 to 2.79 N~[ -20 410 
(;=28.5 38 ±0.04 A~] ~35 64 

~w ~45 393 

0(3/2-) D~3 p=0.78 1690 27 to 2.86 NI~ ~Z0 h 429 
(; =26. i 85 0.09 ~ ~60 409 

Alr~r ~ 2 4 t 5  
~,vw ~18 352 

0(5/2 +) F~5 p=l.05 1820 64 to 3.30 NR 62 542 
(;=16.7 ±5 g 104 ±0.15 ~r it 508 

(1385)= 4 362 

0(5/2-) D'05 p=l.09 1835 74 to 3.37 NK -10 554 
0" =15.8 t50  ±0 .20  ~;'rr ~30 5 t9  

A~r~ ~ 11 536 

p =1.68 Zl00 60 to 4.41 NK 25 748 
0(7/2-) G07 (; =8.68 140 ±0.22 ZTr ~ 5 699 

A~] < 3 617 
~ K  483 
A~o < I0 443 

O( ? ) p=2.29 2350 140 to 5.52 NK (J+I/Z)x 913 
0"=5 .85  324 ±0.55 = 0 . 7  f 



Particle a 

i i  

Baryon Table (cont'd) 
I (JP) 7ror K Beam Mass Full M 2 Partial decay mode 

estab. T(GeV) M b Width ± F M c p or 
p(GeV/c) (MeV) [,b (GeV 2) Mode Fraction Pmax d 

o- = 47rk2 (mb) (MeV) % (MeV/c) 

i ( i / Z  +) ( + ) 1 1 8 9 . 4  i . 4 i  
( 0 ) I i 9 2 . 5  1 .42  
( - ) 1 1 9 7 . 3  1 .43  

S e e  S t a b l e  P a r t i c l e  T a b l e  

X'(1385) 

E'(1670) k 

i(3/Z+)p'13 p< 0K-p (+)1383±I (+)364-3 1.92 A~ 894- 5 208 
S = t . 3 "  S = t . 9 *  4-0.05 Z ~ t t 4 -  % i t 7  

( - ) 13864 -2  ( - ) 3 6 ± 6  S ~ . 9  
S=Z.2 ~ S=3.5"! 

1(3/2-) D~3 p =0.74 1670 50 Z.79 NK -8 410 
=28.5 4-0.08 ~ ~ 387 

Mass. width and elasticity are the values obtained A~ 447 
in partial wave analyses for a DI3 resonance. For Z~ 326 
more results see the Baryon Data Card Listings and [A(1405)~] e 207 
footnote k. A ~ 397 

~'(1750) " p = 0 . 9 i  1750  50 to 3 . 06  N K  ~15  483 
i ( i / 2 " )  S l i  g =20 .7  80 4-0.11 Aw s e e n  507 

~ seen 54 

~ ( t 7 6 5 )  1 ( 5 / 2 " )  D t 5  p =0 .94  t 7 6 5  " t 2 0  3. t 2  
0"=19.6 4-5 g ± 0 . 2 t  

~'(1915) i I(5/2 + ) F15 p=1,25 1910 70 3.65 
= t 3 . 0  ±0. i3 

F o r m a t i o n  a n d  p r o d u c t i o n  e x p e r i m e n t s  do n o t  a g r e e  o n  ~ .~/A~ r a t i o .  

(2030) 1(7/2 + ) FI7 p=1.52 2030 I00 to 4.12 
0"=9.93 170 4-0.27 

NI~ ~42 496 
A ~ ~ i 5  5 t 8  
A (1520)~  ~ i 4  i 8 7  

(1385)~  ~ 4 3 i 5  
~ ~I 461 

Nt~ ~ t t  6 t 2  
A =  6 t 9  
~ 568 

NIT~ ~ Z0 700 
A ~ ~ Z0 700 

~ - 3 652 
K < 2 4 i 2  

(2250) If ? ) p=2.04 2250 100 to 5.06 
-- G =6.76 230 ±0.37 

~(2455) I( ? ) p=2.57 2455 -120 6.03 
-- G =5.09 4-0.29 

-03, 

NI~ (J+I/2)x 979 
=0.2 f 

~ (2620) I( ? ) p =2.95 2620 ~175 6.86 
t-~ -- a =4.30 ~'0.46 

~ I/2(1/2 + ) (0)1314.7 1.73 
"-- ( - ) 1 3 2 1 . 3  1 .75  

(1530)! 1/2(3/2 + ) (0) 1531.3~-0.5 (0) 9.2±0.8 2.34 
S= 1,4 * +0.01 

+ p - w a v e  (-)  1 5 3 5 . 8 - 1 . 0  (-)  1 6 . 2 ± 4 . 6  

(1820) f i/2( ? ) 1795 to 12 to 3.31 AI~ 
1870 99 ~-0. I0 ~ 

All four decay modes have 
been seen. Branching ratios not quoted because ~ (_i530)Tr 
there may be more than one statehere. ~K 

I/2( ? ) 1894 to 42 to 3.72 ~iv 
196 1 140 e0.18 ~(1530)7r 

Seen in both final states; not 
clear if one, or more, states present, 

0(3/2 ~-) 1672.5 2.80 

(1940)~ 

f2 

NI~ (3+I/2)x 1064 
= 0 . 3  f 

See  S t a b l e  P a r t i c l e  T a b l e  

~ I00 144 

396 
413 
234 
306 

499 
336 

See Stable Particle Table 



l Z  

Baryon Table (cont'd) 
* Q u o t e d  e r r o r  i n c l u d e s  a n S ( s c a l e ) f a c t o r .  See  f o o t n o t e  to  S t a b l e  P a r t i c l e  T a b l e .  
-* A n  a r r o w  a t  t h e  l e f t  o f  t he  T a b l e  i n d i c a t e s  a c a n d i d a t e  t h a t  h a s  b e e n  o m i t t e d  b e c a u s e  t h e  

e v i d e n c e  fo r  t h e  e x i s t e n c e  of  t he  e f f e c t  a n d  (or )  f o r  i t s  i n t e r p r e t a t i o n  a s  a r e s o n a n c e  i s  
o p e n  to  c o n s i d e r a b l e  q u e s t i o n .  See  t h e  B a r y o n  D a t a  C a r d  L i s t i n g s  f o r  i n f o r m a t i o n  o n  t h e  
f o l l o w i n g :  N ( 1 7 0 0 ) D ~ 3 ,  N ( t 9 9 0 ) F 1 7 ,  N ( Z 0 4 0 ) D ~ ,  N(2100)S~ '~ ,  N ( 2 t 0 0 ) D ~ 5 ,  N(Z175)  F~TS, 

N(3Z45) ,  N ( 3 6 9 0 ) ,  N(3755) ,  A(1690)  P ~ 3 ,  A(1960)  D 3 5 ,  A(Z160)  P~'~, Z 0 ( t 7 8 0 ) ,  Z 0 ( 1 8 6 5 ) ,  

Z 1 ( 1 9 0 0 ) ,  A ( 1 3 3 0 ) ,  A ( t V 5 0 )  P 0 1 ,  A(1860 )  P 0 3 ,  A ( t 8 7 0 ) S ~ ' ~ ,  A ( Z 0 t 0 )  D ~ ' ,  A(20Z0)  F 0 7 ,  

A ( Z t l 0 )  F ~ 5  o r  D~5 ,  A(Z 585) ,  ~ ( 1 4 4 0 ) ,  Z ( t 4 8 0 ) ,  E ( 1 6 Z 0 ) ~ ,  ~'.(16Z0) P~1 , ~ ( 1 6 7 0 )  k,  E ( 1 6 9 0 ) ,  

~ ( 1 8 8 0 )  P '11 '  ~ ( t 9 4 0 )  D'~3, ~.(Z070) F '~5,  Z(Z080)  P '13 '  Z ( Z l 0 0 )  G t 7 ,  ~ ( 3 0 0 0 ) ,  E ( t 6 3 0 ) ,  E(Z030) ,  

~(zz50), ~(zs00). 
a .  F o r  t h e  b a r y o n  s t a t e s ,  t he  n a m e  [ s u c h  a s  N ' (1470)]  c o n t a i n s  t h e  m a s s ,  w h i c h  m a y  be  d i f f e r e n t  

f o r  e a c h  n e w  a n a l y s i s .  T h e  v a l u e  c h o s e n  i s  t h e  r o u n d e d  a v e r a g e  f r o m  T a b l e  I o f  t h e  no t e  on  
N ' s  a n d  A~s i n  t h e  B a r y o n  D a t a  C a r d  L i s t i n g s .  F o r  Y * ' s  a n d  ~ * ' s ,  t h e  m a s s  i s  a n  e d u c a t e d  
g u e s s  o b t a i n e d  b y  l o o k i n g  a t  t h e  r e p o r t e d  v a l u e s .  T h e  c o n v e n t i o n  fo r  u s i n g  p r i m e s  i n  t h e  
n a m e s  i s  a s  f o l l o w s :  w h e n  t h e r e  i s  m o r e  t h a n  one  r e s o n a n c e  on  a g i v e n  A r g a n d  d i a g r a m ,  t h e  
f i r s t  h a s  b e e n  d e s i g n a t e d  w i t h  a p r i m e ,  t h e  s e c o n d  w i t h  a d o u b l e  p r i m e ,  e t c .  T h e  n a m e  (co l .  
t) i s  t h e  s a m e  a s  c a n  be  f o u n d  i n  l a r g e  p r i n t  i n  t h e  B a r y o n  D a t a  C a r d  L i s t i n g s .  

b.  See  n o t e  on  NIs  a n d  AIs i n  t h e  B a r y o n  D a t a  C a r d  L i s t i n g s .  F o r  M a n d  ]~ o f  m o s t  b a r y o n s  we  
r e p o r t  h e r e  a n  i n t e r v a l  i n s t e a d  o f  a n  a v e r a g e .  A v e r a g e s  a r e  a p p r o p r i a t e  i f  e a c h  r e s u l t  i s  
b a s e d  o n  i n d e p e n d e n t  m e a s u r e m e n t s ,  b u t  i n a p p r o p r i a t e  h e r e  w h e r e  t h e  s p r e a d  i n  p a r a m e t e r s  
a r i s e s  b e c a u s e  d i f f e r e n t  m o d e l s  o r  p r o c e d u r e s  h a v e  b e e n  a p p l i e d  to  a c o m m o n  s e t  o f  d a t a .  
W h e r e  o n l y  one  v a l u e  i s  g i v e n  i t  i s  e i t h e r  b e c a u s e  o n l y  one  e x p e r i m e n t  r e p o r t s  t h a t  s t a t e  o r  
b e c a u s e  t h e  v a r i o u s  e x p e r i m e n t s  a g r e e .  A n  e r r o r  i s  q u o t e d  o n l y  w h e n  t h e  v a r i o u s  e x p e r -  
i m e n t s  a v e r a g e d  h a v e  t a k e n  in to  a c c o u n t  t he  s y s t e m a t i c  e r r o r s .  

c .  F o r  t h i s  c o l u m n  M i s  t h e  r o u n d e d  a v e r a g e  w h i c h  a l s o  a p p e a r s  i n  t h e  n a m e  c o l u m n .  F o r  t h e  
N t s  a n d  AIs,  l ~ i s  t h e  a v e r a g e  q u o t e d  o n  T a b l e  II  o f  t h e  NIs  a n d  AIS no t e  i n  t h e  B a r y o n  D a t a  
C a r d  L i s t i n g s ;  f o r  t h e  Y * I s  a n d  E $ ' s ,  F i s  t a k e n  a s  t h e  c e n t e r  o f  t h e  i n t e r v a l  g i v e n  i n  t h e  
c o l u m n  l a b e l e d  "Y".  

d.  F o r  d e c a y  m o d e s  i n t o  >~3 p a r t i c l e s  P m a x  i s  t h e  m a x i m u m  m o m e n t u m  t h a t  a n y  o f  t h e  p a r t i c l e s  
i n  t h e  f i n a l  s t a t e  c a n  h a v e .  T h e  m o m e n t a  h a v e  b e e n  c a l c u l a t e d  u s i n g  t h e  a v e r a g e d  c e n t r a l  
m a s s  v a l u e s ,  w i t h o u t  t a k i n g  i n t o  a c c o u n t  t h e  w i d t h s  o f  t h e  r e s o n a n c e s .  

e .  S q u a r e  b r a c k e t s  i n d i c a t e  a s u b - r e a c t i o n  of  t h e  p r e v i o u s  u n b r a c k e t e d  d e c a y  m o d e .  
f.  T h i s  s t a t e  h a s  b e e n  s e e n  o n l y  i n  t o t a l  c r o s s  s e c t i o n s .  J i s  n o t  k n o w n ;  x i s  F e l / 1  ~. 
g.  T h i s  i s  o n l y  a n  e d u c a t e d  g u e s s ;  t h e  e r r o r  g i v e n  i s  l a r g e r  t h a n  t h e  e r r o r  o f  t h e  a v e r a g e  o f  t h e  

p u b l i s h e d  v a l u e s  ( s e e  t h e  B a r y o n  D a t a  C a r d  L i s t i n g s  fo r  t h e  l a t t e r ) .  
h .  In  p r e v i o u s  e d i t i o n s  we q u o t e  d a l a r g e r  e l a s t i c i t y .  I t  w a s  r e q u i r e d  by  u n i t a r t t y  b e c a u s e  of  t h e  

l a r g e  v a l u e  o f  x . x  e f o r  t he  h l r~  d e c a y .  A p a r t i a l  w a v e  a n a l y s i s  o f  n e w  d a t a  o f  t h e  /knit 
c h a n n e l  y i e l d s  s m a l l e r  v a l u e s  o f  x • x e a l l o w i n g  a s m a l l e r  e l a s t i c i t y ,  w h i c h  i s  m o r e  c o n s i s -  
t e n t  w i t h  p a r t i a l - w a v e  a n a l y s i s  i n  t h e  e l a s t i c  c h a n n e l .  

i .  O n l y  i n f o r m a t i o n  c o m i n g  f r o m  p a r t i a l - w a v e  a n a l y s e s  h a s  b e e n  u s e d  h e r e .  F o r  t h e  p r o d u c -  
t i o n  e x p e r i m e n t s  r e s u l t s  s e e  t h e  B a r y o n  D a t a  C a r d  L i s t i n g s .  

j .  V a l u e  o b t a i n e d  i n  a n  e n e r g y - d e p e n d e n t  p a r t i a l - w a v e  a n a l y s i s  w h i c h  u s e s  a t - c h a n n e l - p o l e s -  
p l u s - r e s o n a n c e  p a r a m e t r i z a t i o n .  T h e  v a l u e s  o f  t h e  c o u p l i n g s  o b t a i n e d  f o r  t h e  r e s o n a n c e s  
m a y  be  a f f e c t e d  b y  d o u b l e  c o u n t i n g .  

k .  I n  t h i s  e r m r g y  r e g i o n  t h e  s i t u a t i o n  i s  s t i l l  c o n f u s e d .  F o r m a t i o n  e x p e r i m e n t s  s u g g e s t  two  
s t a t e s :  P 1 1 ( 1 6 2 0 )  d e c a y i n g  m a i n l y  i n t o  2~Ir, a n d  D 1 3 ( i ~ 7 0  ) w i t h  b r a n c h i n g  f r a c t i o n s  Y, lr(40%), 
A ~ ( t 0 % ) ,  2;lr~r(< 14%7. P r o d u c t i o n  e x p e r i m e n t s  r e p o r t  f o u r  s t a t e s :  1S( t620)  s e e n  o n l y  i n  t h e  
Air m o d e ,  ~ 1  ( t 6 6 0 )  w i t h  a p p r e c i a b l e  A~r a n d  2~r m o d e s .  ~ 2 ( 1 6 6 0 )  w i t h  m a i n  d e c a y  m o d e  
A ( 1 4 0 5 )  + ~r ( t h a t  i s ,  Y.ww), a n d  ~ ( 1 6 9 0 )  s e e n  in  t h e  A~  m o d e .  Of  t h e s e  f o u r ,  ~'1 a n d  ~Z 
s e e m  to  be  on  f i r m e r  g r o u n d  t h a n  t h e  o t h e r  t w o  a n d  b o t h  s e e m  to  h a v e  5 P =  3 / 2 -  l ike  t h e  
D t 3 ( 1 6 7 0  ) s e e n  i n  f o r m a t i o n  e x p e r i m e n t s .  T w o  r e s o n a n c e s  o f  t h e  s a m e  s p i n  a n d  p a r i t y  h a v e  
b e e n  h y p o t h e s i z e d  a s  t h e  o r i g i n  o f  m u c h  of  t h e  c o m p l e x i t y  o b s e r v e d  i n  p r o d u c t i o n  e x p e r i m e n t s .  
W i t h  t h e  a d d i t i o n  of  t h e  P l t ( t 6 2 0 ) ,  t h e r e  a r e  t h r e e  c a n d i d a t e s  t h a t  e v e n t u a l l y  m i g h t  be  r e -  
q u i r e d  to  c l a r i f y  t h e  s i t u a t i o n .  

g. O n l y  ~ ( 1 5 3 0 )  i s  f i r m l y  e s t a b l i s h e d ;  i n f o r m a t i o n  o n  t h e  o t h e r  s t a t e s  c o m e s  f r o m  e x p e r i m e n t s  
t h a t  h a v e  p o o r  s t a t i s t i c s  due  to  t h e  f a c t  t h a t  t h e  c r o s s  s e c t i o n s  fo r  S = - 2  s t a t e s  a r e  v e r y  low.  
F o r  ~ s t a t e s ,  b e c a u s e  o f  t h e  m e a g e r  s t a t i s t i c s ,  we  l o w e r  o u r  s t a n d a r d s  a n d  t a b u l a t e  r e s -  
o n a n t  e f f e c t s  i f  t h e y  h a v e  a t  l e a s t  a f o u r - s t a n d a r d - d e v i a t i o n  s t a t i s t i c a l  s i g n i f i c a n c e  a n d  i f  t h e y  
a r e  s e e n  b y  m o r e  t h a n  one  g r o u p .  So ~.(Z030),  w i t h  m a i n  d e c a y  m o d e  2~K, r e p o r t e d  a s  a 3 . 5 , -  
s t a n d a r d - d e v i a t i o n  e f f e c t ,  i s  no t  t a b u l a t e d .  S ee  t h e  B a r y o n  D a t a  C a r d  L i s t i n g s  f o r  t h e  o t h e r  
s t a t e  s .  

m. See note on A(IZ36) in the Baryon Data Card Listings. Values of mass and width aredepe~- 
dent upon resonance shape used to fit the data. The pole position appears to be ,~nuch less de- 
pendent upon the pararnetrization used. 

n. The preliminary results of DIEM 70 quoted in the Baryon Data Card Listings have been re- 
vised so that they are now in agreement with the values quoted in the present table (G. Smadja, 
private communication). 
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PHYSICAL AND NUMERICAL CONSTANTS* 

PHYSICAL CONSTANTS 

N = 6.022169(40)Xi023mole -i (based on ACI 2 = 12) 

c = 2.9979250(I0)X1010 cm sec -I 

e = 4.803250(21)XI0 -I0 esu= 1.6021917(70)Xi0 -19 coulomb 

i MeV = 1.6021917(70)XI0 -6 erg 

= 6.582183(22)Xi0 -22 MeV sec 

= 1.0545919(80)XI0 -27ergsec 

~c = 1.9732891(66)XI0 -il MeV cm = 197.32891(66) MeV fermi 

= 0 . 6 2 4 0 0 8 8 ( Z I )  O e V  m b  I / z  
2 ot = e /7~c = 1 / 1 3 7 . 0 3 6 0 2 ( 2 1 }  

kBoltzman n = 1.380622(59)YI0 =16ergK =I 

= 8.61708(37)Xi0 -ll MeVK -I = i eV/i1604.85(49)K 

m = 0°5110041(16)MeV = 9.109558(54)Xi0-31kg 
e 

mp = 938.2592(52) MeV = 1836. 109(11) me= 6.72211(63)myr+ 

= I 00727661(8)m (whereto =lamu=im =931 4812(521MeV) • i i i 2  C i 2  ~%" 
= e 2 / m  c 2 = 2 . 8 i 7 9 3 9 ( i 3 )  f e r m i  ( i  f e r m i  = i 0 - ~ c m )  

e - i  
= t~/m c = r ~ = 3.861592(12)X10-11cm 

72/ e 2 e -2 10-8cm = m e = r ~ = 0.52917715(81)A (IA = ) 
8 ~rr 2 e e 2 

= ~ e = 0"6652453(61)X10-Z4cm = 0.6652453(61) barns 

= e~/2meC = 0.5788381(18)XI0 -14 MeV gauss -i 

= e~/2m c = 3.152526(21)XI0 -18MeVgauss-I 

= e/2m p c = 8.794014(27)XI06 radsec -i gauss -I 
e 

A(Dp = e / 2 m  c = 4 . 7 8 9 4 8 4 ( 2 7 ) X t 0 3 r a d s e c  - i g a u s s - i  
2 cyclotron p 
Hydrogen-like atom (nonrelativistic, ~ = reduced mass): 

2 n2~2 v = ze 2~ = ~z2e 4 
c)rms ~-~; E n = v 2 "a = 2 

2(n~)2' n ~ze 

R=o = mee4/2~2 = meC2~2/2 = 13.605826(45) eV (Rydberg) 

pc = 0.3 Hp(MeV, kilogauss, cm); 0.3 (which is 10=llc) enters because there 

are ~ 300"volts"/esu volt• 

i year (sidereal) = 365.256 days = 3.1558X107sec(=wXi07 sec) 

d e n s i t y  of d r y  a i r  = t . 2 0 5  m g  c m - 3 ( a t  2 0 ° 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  l e v e l ,  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 3 2 ( 3 t ) X 1 0  -8  c m 3 g - t s e c  =2 

t c a l o r i e  ( t h e r m o c h e m i c a l )  = 4. t 8 4  j o u l e s  
-2  

i atmosphere = 1033.2275 g cm 

I eV per particle = 11604.85(49)°K (from E = kT) 

NUMERICAL CONSTANTS 

= 3.1415927 i rad = 57.2957795 deg ~ = 1.7724539 

e = Z . 7 i 8 2 8 i 8  t / e  = 0 . 3 6 7 8 7 9 4  ~ '2  = t . 4 t 4 2 t 3 6  

In2 = 0.693~472 Inl0 = 2.3025851 ~ = 1.7320508 

l o g i o 2  = 0 ; 3 0 1 0 3 0 0  l o g t o e  = 0 . 4 3 4 2 9 4 5  ~ = 3 . t 6 2 2 7 7 7  

r 
e 

k 
e 

a=o Bohr 

Thomson 

~Bohr 

~nucle on 
1 (De 

cyclotron 

C o m p i l e d  by  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  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  p h y s i c a l  c o n s t a n t s  by  B.  N.  T a y l o r ,  W. H.  P a r k e r ,  and  D.  N.  
L a n g e n b e r g ,  R e v .  H o d .  P h y s .  4 1 ,  375 (1969) .  T h e  f i g u r e s  i n  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  i 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 i g i t s  of  t h e  
m a i n  n u m b e r .  
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CLEBSCH-GORDAN COEFFICIENTS AND SPHERICAL HARMONICS 

A q ' -  i s  to  be u n d e r s t o o d  o v e r  e v e r y  c o e f f i c i e n t ;  e . g . ,  f o r  - 8 / 1 5  r e a d  -,,,/'~'~'~, N o t e :  

t 4  

2 o_L 
Y11 =--j-~ sinO e i+ 

-,/~ .l/~-~/~ ~ :  ~ ~ ~n~o + !o-W2 2/3 1/~f~/z 
II-1 +l /z  1/3 -z/.: i-3/z 

2 x 1 

~++1+2 011/3 Z/31 3 2 1 I 
+l[Z/3 - 1 / ~  +1 +l +,l 

1 " 3 
0 

~ 3 J . 
Notation: M M . . .  

I-z - l l  i I l  J - j f  - Jz 
= { - t )  (j2j im 2m iljZjlJM 

i 

SU(3) CONVENTIONS 
f o r  I s o s c a l a r  F a c t o r  Tab le  on nex t  page 

S i n c e  J a n u a r y  i 9 7 0  we  h a v e  u s e d  t h e  c o n v e n t i o n  t h a t  t h e  f i r s t  p a r t i c l e  s h a l l  b e  a b a r y o n ,  

t h e  s e c o n d  a m e s o n  (1%. L e v i  S e t t i ,  P r o c e e d i n g s  of L u n d  C o n f e r e n c e ,  i 9 6 9 ,  p .  339 a n d  T a b l e  / / ) .  

N o t e ,  f o r  c o m p a r i s o n ,  t h a t  t h e  de  S w a r t  t a b l e  of  8 X 8  i s  m e r e l y  l a b e l e d  w i t h  s y m b o l s  l i k e  

(I i = i / 2 ,  Y t  = i ,  I Z = i ,  YZ = 0),  w h i c h  c a n  b e  r e a d  e i t h e r  a s  ( N ~ ) o r  (KS) .  S i n c e  t h e r e  

a r e  no  d e c u p l e t  m e s o n s ,  h o w e v e r ,  h i s  8X i 0  t a b l e  i s  u n a m b i g u o u s ;  i t  m u s t  b e  r e a d  w i t h  t h e  

m e s o n  f i r s t .  

T h e  de  S w a r t  c o n v e n t i o n  v i o l a t e s  t h e  o t h e r  c o n v e n t i o n  t h a t  t h e  N ,N~ c o u p l i n g  s h a l l  b e  D + F 

( a s  o p p o s e d  to  - D  + F ) .  To ge t  D + F one  m u s t  u s e  t h e  f i r s t  l i n e  of t h e  " N "  t a b l e ,  w h i c h  

r e a d s . . .  34"g'/t0iSD> + t /z]s  F> a s  o p p o s e d  to  . . . .  3~'/t018D> + 4_/ZlSF>. T h e  f i r s t  

l i n e  n m s t  t h e n  b e  l a b e l e d  N~ r a t h e r  t h a n  K2~, i .  e . ,  w i t h  t h e  b a r y o n  f i r s t .  

L e v i  S e t t l  f u r t h e r  a d v o c a t e s  t h e  c o n v e n t i o n  of  w r i t i n g  t h e  b a r y o n  f i r s t  f o r  SU(~) a s  w e l l  a s  

SU(3) .  F o r  e x a m p l e ,  t h e  s i g n  of  t h e  a m p l i t u d e s  a s  p l o t t e d  on  h i s  a n d  o u r  A r g a n d  p l o t s  c o m e s  

f r o m  u s i n g  o u r  SU(Z) 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  ( C o n d o n  S h o r t l e y  n o t a t i o n )  a n d  w r i t i n g  t h e  

b a r y o n  f i r s t .  To m a k e  i t  e a s i e r  to  a b i d e  b y  t h i s  u n i v e r s a l  c o n v e n t i o n  we  h a v e  c h a n g e d  de  S w a r t ' s  

8 X i 0  (SU(3) t a b l e  t o  i 0 X 8 ,  w i t h  t h e  h e l p  of h i s  Eq .  ( i 4 . 3 ) :  

i)li+12 -I 
~z I~> = ~i(- <~z~ ]~> " 
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S U ( 3 )  I S O S C A L A R  F A C T O R S  

A d a p t e d  f r o m  J. 3. de S w a r t ,  R e v .  Mod.  P h y s .  35, 9 t6  ( t963)  
(See no te  on p r e v i o u s  page  c o n c e r n i n g  c o n v ' ~ t i o n s )  

8 x 8  

ISl ® {81 - l lTI • IlOI @ {10"} @ {8}, • 18)= t I t l .  

F i v e  s i n g l e - c o e f f i c i e n t  t a b l e s  are  o m i t t e d .  Y = 2  ' 
2.r ~ n .  / \ \ a n e g a t i v e  c o e f f i c i e n t ,  i . e .  ( N K i l 0 * )  = - 1 .  

' 

o * - ~  ~-i ~ - # 2  N ' ~ - i  ~ - ~ / z A  
.%ll/,..__l~(==~___...~X , /  "k llhl i X /  I - -  ~ ' '  '27+ +,80' "" r 'O'I- 

XFo' \ / / ° * N, ~__5/10 3v~/10 1/2 -1/2 N' I ~ _ / 2  - v ~ / 2  
~'- "~J =/ - 2 * '  2~K - ~ / X 0  -3"v~/lO 1/2 -1/2 ] ~.K 1 , ~ / 2  v~/2]  

- - - N n  3~/_5/10 - v'5110 1/2 1/2 [ / 
M u l t i p l i c i t y  of 27; AK 3v'5?10 -q5110 -112 - i / 2 j  

e l l ,  X = 2 , A ' 3  

- - " ~  Y - 0 1 - 0  

Y -  - 1  

~ - v~_/10 r ~/~/i0 
3~/1}/i0 

Ag ] 3~/5/10 

The one involving a {10"} has 
The others, involving t 2 7 }  and 

{ 1 0 i ,  are all +1 

/ - l - i  2 

NR 
~K 

An 

~ Y - 0  I - 1  ~- 

27 ' D  ~ 8-~ I g t "  t ~1"7 ' D  8F t0 iO* 

~ , i o  ~ I 0  0 i,2 ~ ,2  ~ ~ , ~ - ~ , i o  ~ _ ~ 0  ¢ ~  
-~/i~/lO - / ~ I  -1/2 !21 ~K I ~/'~;5 -'~/30/10 -'v/_6/6 "~,/6i6 -+_6/6 
- ~ / 2 0  v~/4  ~ ~5~5 ~/6/3 ~/6/6 - ~/6/6 ~n I ./~JS/10 0 1/2 1/2 3v'30/20 - ~ 2 / 4  A ~ ]~-5/10 0 -1/2 - i / 2  

~t"  ~7 f0 The phase factor  ~t = ±t ,  f rom de Swart '  s 
-3~II03~110 ]12112 112112[ ~.= ~ ; 2  - Table  I, en ters  in his s y m m e t r y  formula (14. 3): 

-~V~/lO -1/2 1/21 ~ "¢P' I  ( "~"2 l " )  : q l ' i i h + Z Z - I ( " z " t l " ) "  
-,V'5/lO 1/2 - i /2 J 

This factor  is i r r e l evan t  if you a re  doing your own 
self-consistent calculations; it enters when you 
t ry  to check someone else who chose FL2(~I~_ 
ins tead of tti~}~2 • 

llO~ ® 18} - 13~) • {27} • HOl • {8 t. 

single coe f f i c ien t  tables are omitted; only the 127} is - , ;  the three with {35 t are + , .  *Four  

I~ Y - 1  I ' ' 1 / 2  N" = Y - 1  1 - 3 / 2  A 

q- ,  [ zy_ , I h "  . ~  zy_ i0_ 
/ 

A" [ - - V ~ / 5  --2~_/5 A ' r A I 4  --V~I4 V~_I4 
~K -2~/5/5 ~/5/5 A~ /4 3/4 V~2/4 

Z K /4 -- v~/4 -- i12 

Y - 0  I - 0  

h -  I 27 I 

~K - 4/II!/5 

8XlO * * 

X u - - x = ~ , - - k  • i * 

 IVo 
\ t .~ -#  / -, % .  '.,~-'~/ _. 
~ _ ~ N ~ f ~  -~* 

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

i l l ,  X = 2  

Y - 0  I - 1  ~. 
h ~  I 3+5 zj i_o I 

I ~ _ / 2  v ~ / 1 0  _o - ~'~ /5 
~ _ / 3  - v ~ / 5  _ v ~ / 3  v ~ 1 5  

A~ ~/3/6 ~/5/10 v'3/3 2v'301i5 

I 

, Y - - I  t - i / z  ~ ,  - 

3+5 27 iO 2j~~i il 1/4 -37V~5;2~ .v/~-_/4 
~ / 4  - 3  - 1/2 

1/2 v~/2 

_._1,-. - 2  1 - 0  

h -  35 ~_] 
~n v~/2 
~ ~12 

Y - 0  1 - 2  

z~[~ 112 ~'~12 

• Y -  -1  I -  3/Z 
h -  3+5 z 3 

z ~  v~12 v~12 

~Y  - -2  I - 1 

~ ,- 3? 27 2] 
--i~ ~12 il2 J 
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C.M. E N E R G Y  A N D  M O M E N T U M  VS. BEAM M O M E N T U M  

EcrndEcm = mpdTbeam = mpVbeamdPbeam = mpdPbeam 

P8EAM . . . . .  C.M. ENERGY ....... MOMENTUM IN C . M . - -  
(MEVIC] (MEV) [MEV/C)  

e~ ~ Kp pp eY~ ~p Kp PP 

939 1028 1432 1877 ~ o ~ : 
2 958 1079  1432 1877  2 17 1 1 
40 977 1083 1433 1877  38 35 26 20 
60 996 t 0 8 9  1434 1877 58 52  39 30 
80 1015 l O 9 b  1436 1878 T4 68  52 40 

T I P | )  = PBEAM - 59 MEV 
100 1033 1105 1439 1879  91 85 65 50 
120 1051 II16 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  1104 1152 14E3 1885 153 147 116 90 

T ( P I )  = PBEAM - 92 MEV 
200 1121 1165 1457 1887 167 161 129 99 
220 1137 1178 1462 1889 182 175  141 109 
240 1154 1192 1468 1892 195 189 153 119 
260 ||TO 1206  1474 1884 209 202 166 129 
280  1186 1219 1480 1897 222 215  178 138 

T ( P I )  = PBEAM - 107 MEV 
300  1201 1233  1486 1900  234  228  189 148 
320  1217 1247 1493 1903  247 241 201  158 
340 I 2 3 2  1261 1500 1906 259 253  213  167 
360 1247 1274 1507 1910  271 265 224  177 
380 1262 1288 1514 1913  282 27T 235  188 

T(P I )  = PBEAM - 115 MEV 
400 1277 1302 1522 1917 294  288  247 196 
420  1292 1315 1530 1921 305 300  258  205 
440  1306 1329 1538 1925 316 311 268  214  
460  1320 1342  1546 1929  327 322  279 224 
480  1335 1356  1554 1933 337 332 290  233 

T ( P I )  = P8EAN - 120 NEV 
500  1349 1369 1563 1938 348 343 300  242 
520 1362 1382  1572 1943 358 353 310 251 
540  1378 1395 1580 1947  368 363  321  260 
560  1390 I 4 8 8  1589 1952  378 373  331 269  
580 1403 1421 1598 1957 388 383 341 278 

T ( P I )  = PSEAM - 123 MEV 
600 1416 1434 1607 1962  397 393  350  287 
620  1430 1446 I616 1967  407  402  360 298 
640 1443 1459 1625 1973  416 412  370  304  
660 14E6 1472 1634 1978 425  421  379  313 
680 1468 1484 1644 1984 434 430 388 322 

T(P I )  = PBEAM - 125 NEV 
700 1481 1496 1653 1989  443 439  397  330 
720 1494 1509  1662 1995 452  448  406  339 
740 1506 15Z1 1671 2001  461 457  415  347 
760  1519 1533 1681 2 0 0 7  470 465  424  355 
780 I531 1545 1690 2 0 1 3  478  474  433  364 

T ( P I )  = PBEAM - 127 NEV 
800  1543 1557 1699 2019  486 482  442 372 
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 ] )  = PSEAM - 129 MEV 
900 1603 1615 1747 2049 527 523 483  412  
920  161E 1627 1TE6 2056  53E E31 492 420 
940  1626 1638 1765 2 0 6 2  542 538  500  428 
960  1638 1649 1775 2069  550 546 508  435 
980 1649 1661 1Y84 2075  558 554 515 443 

T(PI) = P8EAM - 130 MEV 
I000 1660 1672 1794 2082 565 561 523 451 
1020 1672 1683 1803 2088 573 569 531 458 
1040 I683 1694 1812 2095 580 576 538 466 
1060 1694 1705  1822 2 1 0 2  587 583 546 473 
1080 1705 1716 1831 2 1 0 8  594 591 553 481 

T(PI} = PBEAM - 131 MEV 
1100 1716 1726 1840 2115  601 598  561  488 
1120 172T 1737 1850 2 1 2 2  609  605  568  495 
1140 1738 1748 1859 2 1 2 9  616 612  575 502 
1160 I 7 4 8  1758 1868 2135  622 619 583 510 
1180 1759 1769 1877 2 1 4 2  629 626 590 517 

T{PI} = P8EAM - 131 MEV 
1200 1770 1780 1887 2149 636 633 59T 524 
1320 1780 1790  1896 2 1 5 6  643  639  604  531 
1~40 1791 1800 L90E 2 L 6 3  650  646  611 538 
1260 1801 1811 1914 2 1 7 0  656 653  618  545 
1280 1812 1821 1923 2177  663  660  624  552 

T ( P I |  = P8EAM - 132 MEV 
1300 1822 1831 1932 2 1 8 4  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 2 2 0 5  689  685  651  579 
1380 I 8 6 3  1872 1968 2212 695  892  658 $85 

T ( P I |  = PSEA~ - [ 3 3  NEV 
1400 1873 1881 1977 2219  701 698 664  592 
1420 1883 1891 1986 2 2 2 6  708 704  671  599 
1440 1893 1901 1995 2233 714  711  677  605 
1460 1903 1911 2004 2 2 4 0  720 71T 684  612  
1480 1912 1921 2013  2247  726 723  6 9 0  618 

T ( P I )  = PBEAM - 133 REV 

PBEAN . . . . .  C.M. ENERGY . . . . . . .  MOMENTUM IN C . ~ . - -  
(MEVIC] (MEV] (MEVIC) 

yp yp 
ep "P Kp pp ep ~P Kp pp 

1500 1922 1930 2022 2 2 5 4  732 729  896 624  
1520 1932 1940 2031 2261 738 73E 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 206E 2289 762 759 727 656 
1620 1980 1988 2074  2 2 9 6  768 765  733  662 
1640 1989 1997  2083  2 3 0 4  773 770 739 668 
1680 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  2 3 3 2  796 793  762 692 
1740 2036 2043 2126 2339 802 799 768 698 
1760 2045 2053 2134 2346 807 805 774 704 
1780 2054 2062  2143 23E3 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 829 827 796 727 
1860 2091 2098  2176 2381  835 832 802 733 
1880 2100 2107 2184 2388 840 837 808 739 

T ( P I )  = PBEAM - 134 MEV 
1900 2108 2115 2193 2 3 9 5  845 843  813  744 
1920 2117 2124  2201 2402 851 848 818 750 
1940 2126 2133  2209  2409  356 853 824 756 
1960 2135 2142  2217  2 4 1 6  861 859 829 761 
1980 2144 2150  2226 2 4 2 3  867 864 835 767 

T ( P I )  = PBEAM - 135 MEV 
2000 2153 2159  2 2 3 4  2 4 3 0  872 869  840  772 
2020 2161 2 1 6 8  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(PI) = PBEAi4 - 13E ME¥ 
2100 2198  2202  2274  2465 897 89E 866  799 
2120 2204 2211 2282  2 4 7 2  902 900  872  805 
2140 2213 2219  2290  2 4 7 9  907  905  877 810 
2160 2221 2227 2298 2 4 8 6  912 910 882 815 
2180 2230  2 2 3 6  2306  2 4 9 3  917 915 887 821 

T(PI) = PBEAM - 135 MEV 
2200  2238 2 2 4 4  2314  2500  922 920  892  826 
2220 2246 2253  2 3 2 2  2507  927  925  897  831 
2240  22E5 2261  2330  2 5 1 4  932 930  902 838 
2260 2263 2269  2338 2520  937 934  907  841 
2280  2271 2277 2346  2527  942 939  912  846 

T ( P I )  = PBEAM - 135 MEV 
2300 2280 2 2 8 6  2 3 5 3  2 5 3 4  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  2 5 6 8  970 968 941 877 
2420 2328 2334  2400  2 5 7 5  975 973  946 882 
2440 2336 2342  2407 2582  980 977 951 887 
2460 2344 2350 2415  2 5 8 9  984  982  956  892 
2480 2352 2358 2 4 2 3  259E 989 987 960  897 

T ( P I |  = PBEAM - 136 MEV 
2500 2360 2366 2430 2602  994 991 965 901 
2520 2368 2 3 7 4  2438  2 6 0 9  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  2 6 2 9  1012 1010 984  921 

T(PI) = PBEAM - 136 MEV 
2600 2400 2405 2468 2636 1017 1014 988 926 
2620 2408 2413 2475 2643  1021 1019 993 930 
2640 2415 2421 2483 2649 1025 1023 998 935 
2660  2423 2429  2490 2 6 5 6  1030 1028 10~2 940  
2680 2431 2436  2498  2663  1034 1032  1007 944 

T(PI) = PBEAM - 136 MEV 
2700  2439 2444  2505 2669  1039 1037  1011 949 
2720 2446 2 4 5 2  2512 2676  1043 1041 1016 954 
2740  2454 2459 2520  2 6 8 2  1048 1045 1020 958 
2760 2462 2467  2 5 2 7  2 6 8 9  1052 1050  1025 963 
2780 2469 2474 2534 2696 1056 1054 1029 968 

T(PI} = PBEAN - 136 MEV 
2800 2477 2 4 8 2  2542  2 7 0 2  1061 1058 1034 972 
2820  2484 2490  2 5 4 9  2T09  186E 1063 1038 97T 
2840  2492 2497  2556  2 7 1 5  1069 1067 1042 981 
2860 2499 2505  2563  2 7 2 2  1074 1071 1047 986  
2880 2E07 2 5 1 2  2570 2728  1878 1076 1051 990 

T ( P I ]  = PBEAM - 136 MEV 
2900 2514 2520  2578 2735  1082 1080  1056 99E 
2920 2522 2527  2585 2 7 4 2  1086 1084  1060 999 
2940 2529 2 5 3 4  2 5 9 2  2748  1091 1088 1064 1004 
2960  2537 2 5 4 2  2599  2755  1095 1093  1069  1008 
2980 2544 2549 2606  2761 1099 1097 1073 1013 

T ( P I )  = PBEAN - 136 MEV 

PBEAM - - -C.M.  ENERGY . . . .  MOMENTUM IN C.M.- 
(GEVIC) (GEV) (GEVIC] 

YP YP 
ep Kp pp ep Kp pp 
rp  ~p 

3.0 2.56 2.61 2.77 1.10 1,08 1.02 
3 . 2  2 . 6 3  2 , 6 8  2 . 8 3  1 . 1 4  1,12 1 . 0 6  
3 . 4  2 . 7 0  2 . 7 5  2 . 8 9  1 . 1 8  1 . 1 6  1 . 1 0  
3 , 6  2 . 7 7  2 . 8 2  2 , 9 6  1 . 2 2  1 . 2 0  1 . 1 4  
3 . 8  2 , 8 3  2 . 8 8  3 , 0 2  1 , 2 6  1 . 2 4  1 , 1 8  

T(Pl)  = PSE4~ - .137 GEV 
4.0 2 , 9 0  2 . 9 5  3 , 0 8  1.29 1 . 2 7  1 . 2 2  
4.2 2.96 3 . 0 1  3 . 1 4  1 , 3 3  1 . 3 1  1 . 2 6  
4 . 4  3 , 0 3  3 . 0 7  3 , 1 9  1 , 3 6  1 . 3 4  1 . 2 9  
4 , 6  3 , 0 9  3 . 1 3  3 . 2 5  1+40 1 . 3 8  1 , 3 3  
4,8 3,15 3 . 1 9  3 , 3 1  1 , 4 3  1.41 1.36 

T(PI) = PBEAM ~ .138 GEV 
5 . 0  3 , 2 1  3 . 2 5  3 . 3 6  1 . 4 6  1,44 1 , 4 0  
5 . 2  3 . 2 7  3 . 3 1  3 . 4 2  1 . 4 9  1 , ~ 8  1 , 4 3  
5 , 4  3 . 3 2  3 . 3 6  3 , 4 7  1 . 5 3  1 . 8 1  h46 
5 . 6  3 . 3 8  3 . 4 2  3 . 5 2  1 . 5 6  1 , 5 4  1 , 4 9  
5.8 3 . 4 3  3 , 4 7  3 . 5 8  1 . 5 9  1 . 5 7  1,52 

T(PI) = PBEAM - . I 3 8  GEV 
6 , 0  3 . 4 9  3 , 5 2  3 , 6 3  1 , 6 l  1 . 6 0  1 , 5 5  
6 . 2  3 , 5 4  3 . 5 8  3 . 6 8  1 , 6 4  1 . 6 3  1 . 5 8  
6 , 4  3 . 5 9  3 . 6 3  3 . 7 3  1 , 6 7  1 . 6 5  1 , 6 l  
6 . 6  3 . 8 5  3 . 6 8  3 . 7 8  1 . 7 0  1 . 6 8  1 . 6 4  
6 , 8  3 . 7 0  3 , 7 3  3 , 8 3  1,73 1 , 7 1  1 . 6 7  

T(PI] = PBEAM - .138 GEV 
7 . 0  3 , 7 5  3 . 7 8  3 . 8 7  1 . 7 5  1,74 1 . 7 0  
T . 2  3 . 8 0  3 . 8 3  3 . 9 2  1 . 7 8  1 , 7 6  1 . 7 2  
7.4 3.85 3.88 3.97 1.81 1.79 1.75 
7.6 3.89 3.93 4.02 1.83 1.82 1.78 
7.8 3.94 3.97 4.06" 1.86 1.84 1.80 

7 (P l )  = PBEAM - .138 GEV 
8.0 3.99 4.02 4.11 1.88 1.87 1.83 
8.2 4.04 4.07 4.15 1.91 1.89 1.85 
8.4 4.08 4 . 1 1  4.20 1.93 1.92 1.88 
8.6 4.13 4.16 4.24 1.95 1.94 1 . 9 0  
8.8 4.17 4.20 4.29 1.98 1.96 1.93 

T ( P I |  ~ PBEAM - . 1 3 8  GEV 
9 . 0  4 . 2 2  4 . 2 5  4 . 3 3  2 . 0 0  1 . 9 9  1 .9E 
9 . 2  4 , 2 6  4 . 2 9  4.37 2 , 0 3  2 * 0 1  1 . 9 7  
9.4 4 . 3 I  4 . 3 3  4 . 4 1  2 . 0 5  2 , 0 3  2 . 0 0  
9 . 6  4 . 3 5  4,38 4.46 2 . 0 7  2+06 2 , 0 2  
9.8 4.39 4.42 4.50 2.09 2.08 2.04 

T ( P I )  = PBEAM - .139 GEV 
1 0 , 0  4 . 4 3  4 . 4 6  4 . 5 4  2 . 1 2  2 . 1 0  2 . 0 7  
1 0 . 5  4.54 4.57 4.64 2 . L 7  2.16 2 . 1 2  
1 1 . 0  4 . 6 4  4 . 6 7  4 . 7 4  2 , 2 2  2 . 2 1  2 . 1 8  
1 1 , 5  4 , 7 4  4 . 7 7  4 . 8 4  2 , 2 8  2 , 2 6  2 . 2 3  
12.0 4.84 4.86 4.93 2.33 2.31 2.28 

T(PI) = PBEAM - .139 GEV 
1 2 * 5  4 . 9 4  4 . 9 6  5 . 0 3  2 , 3 8  2 . 3 6  2 , 3 3  
1 3 . 0  5 , 0 3  5 , 0 5  5 , 1 2  2 . 4 3  2 . 4 1  2 . 3 6  
1 3 . 5  5 . 1 2  5 . 1 5  5 , 2 1  2 , 4 7  2,46 2 , 4 3  
1 4 . 0  5.21 5.24 5.30 2.52 2.51 2.48 
14. E 5.30 5.32 5.39 2.57 2.56 2.53 

T ( P I )  = PBEAM - .139 GEV 
1 5 . 0  b.39 5 , 4 1  5 . 4 7  2 , 6 1  2 . 6 0  2 , 5 7  
1 6 . 0  5 . 5 6  5.58 5.84 2.T0 2 . 6 9  2 . 6 6  
17.0 5.73 5.75 5.81 2.78 2.77 2.75 
LB.0 5.89 5.91 5.97 2.87 2.86 2.83 
19.0 6.0~ 6.07 6.12 2.95 2.94 2.91 

T ( P I )  = PSEAM - .139 GEV 
20.0 6.20 6.22 6.27 3,03 3.02 2.99 
2 2 . 0  6 . 4 9  6 , 3 1  6 . 5 6  3 . 1 8  3 , 1 7  3 . 1 4  
2 4 . 0  6 , 7 8  6 . 7 9  6 . 8 4  3 , 3 2  3 . 3 1  3 , 2 9  
26.0 7.OE 7.07 7.11 3.46 3.45 3 . 4 3  
28.0 T.31 7.33 7.37 3.59 3.59 3.56 

T(PI) = PBEAM - . 1 3 9  GEV 
30.0 7.56 7.58 7.62 3.72 3.71 3.69 
32.0 7.81 7.82 7.8E 3.85 3.84 3.82 
3 4 . 0  8 . 0 4  8 . 0 6  8 , 1 0  3 . 9 7  3 . 9 6  3 , 9 4  
3 6 . 0  8 . 2 7  8 . 2 9  8 . 3 3  4 . 0 8  4 , 0 8  4 . 0 6  
3 8 . 0  8 . E 0  8 . 5 1  8 . 5 5  4 . 2 0  4 . 1 9  4 , 1 7  

T{PI) = PBEAM - .139 OEV 
40.0 8.72 8 . 7 3  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 , 1 5  9 . 1 8  4.52 4.51 4.50 
4 6 . 0  9.34 9,3E 9.39 4.62 4.62 4.60 
48~0  9.54 9.55 9.58 4 . 7 2  4.72 4 . 7 0  

T(P ] )  = P8EAM - . 1 3 9  GEV 
5 0 , 0  9 . 7 3  9 . 7 4  9 . 7 8  4 , 8 2  4 . 8 1  4,80 
60.0 10.65 10.66 10.69 5.28 5.28 5.26 
7 0 . 0  11.50 II.E1 11.54 5.71 E.71 5.69 
8 0 , 0  1 2 . 2 9  1 2 . 3 0  1 2 . 3 2  6 , 1 1  6 , 1 0  6 . 0 9  
90.0 13.03 13.04 13.06 8.48 6.48 6.46 

T { P I )  = PBEAM - . 1 3 9  GEV 
100.0 1 3 . 7 3  13.74 1 3 . 7 6  6.83 6.83 6.82 
200.0 19.40 19.40 19.42 9.67 9.67 9.66 
500.0 30.65 30.65 30.66 15.31 15.31 15.30 

1000,0 43.33 43.33 43.34 21.65 2 1 . 8 5  21.65 
1 5 0 0 . 0  5 3 . 0 6  5 3 . 0 8  5 3 . 0 7  2 6 , 5 2  2 6 , 5 2  2 6 . 5 2  

T[P I ]  = PBEAH - .140 GEV 
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S P E C I A L  R E L A T I V I T Y ,  P H A S E  S P A C E ,  A N D  C R O S S  S E C T I O N S  

Notation. 4-vector in c.m. p = (w,~); in lab P = (W,~), T = W-re. 

Solid-angle element d~ = 2~d cos 0; cl~= Z~d cos O. 
pZ = w2 . ~2 2 = m i s  ~n inva rxan t .  C r o s s  s e c t i o n  0 i s  i n v a r i a n t ,  

L o r e n t z  T r a n s f o r m a t i o n  

(/0 °/0 
w V - f f  0 
Px ,~ 0 0 P x  to the  t r a n s f o r m a t i o n  a x i s  x, 

: i ~ l s i n  e py 0 i 0 PV Pl = tan 6 = • 
Pz 0 0 t P Px - ~ W + V i ~ i c o s O  

if p a r t i c l e  i i s  b e a m ,  2 i s  target, then (Wz,~ ~) : (mz,~) and 

v :  ( w ~ + ~ z ) / ~ ,  ~ "  ~ :  IF, I / ~ ,  I ~ 1 :  Ipzl : ~mZ = I~ f l~z /~"  (z) 
-2 

For m i = m Z, "i = f + Tf/Zmf. 

G e n e r a l  L .... tz Transformation [characterized by ~, with V = ( t ' ~ )  " i / 2  
a n d . 7  = ~Yf: w : ~ W -  ~ . 7 ;  7 = ~ - 7  W + w  

? + I  " 

A Useful T r a n s f o r m a t i o n :  Consider two 4-vectors G = (E, Q) and q = (e, ~). 

In the r e s t  frame of ~ [QI = (M,~)], q becomes (q ~ q') 

e , : o . ~ / ~  ~nd 7 , = ~ - f ~ ,  
w h e r e  Q2 = M2 and f = (e + e ' ) / ( E  + M).  T h e s e  e q u a t i o n s  fo l l o w  f r o m  e x a m p l e  

(b), p .  34 of H a g e d o r n .  ~ T h e y  a r e  p a r t i c u l a r l y  u s e f u l  w h en  ~ i s  a s u m  of 

four-vectors that correspond to a resonant state. 

If 6 and e are measured w i t h  r e s p e c t  

Invariants. Notation: f + Z ~ I' + 2'. 

2 s : (p~ + p2) 2 : m~ + ~2 + ~(w~2 - ~i" ~) '  '~) 
t = (p* i -p i )2  = m~ i+m* i2 -  2 ( w i w ' i - T i . 7 ? ,  ( i = i , Z ) ,  (4) 

u = (p~ - pz) z = (p~ - p~)Z fuse (6), below]. (5) 

G . . . . .  1 re lat i  . . . . .  t . . . .  ~ +  m~2+ m ~ +  rn~ 2. (6) 
In lab system P2 = (mz' ~)' and writing W = m + T, 

s : m~ 2 + m ~  + 2 W i r e  Z = ( m  I + mmz) Z + 2 T~rnz  , (3,1aS) 

In . . . . .  ystem dt = +ZlTil I ; ' t  d cos 0.  (~ , cm)  
F o r  e l a s t i c  s c a t t e r i n g  (m  i = m '  t ,  m 2 = rn*z) , (4) and (5) in  c . m .  b e c o m e  

t = _ ~ z  l i  - cos~l  = -C~ z s i n Z O / Z ,  (4 ,e l l  

u = (mi2 - n~Z)Z/s- z~Z(l+cos 0) = (mt2  - m;)Z/s- 4~2cos20/2. (5,el) 

For elastic scattering, using (4,1ab), (4,el), and {Z), 

T~ = 2~tZm2s sin2 (~)(useInl f .... l c ~ i a t i .  ' ~ i r a ~ . . . .  l i e  , ) I ( 7 )  

T w o - B o d y  S t a t e s .  E n e r g i e s  and  m o m e n t a  in c . m .  

2 Z 
s + m t  - m Z  ~ 2  

. p f  = p ;  = ~  [ s - ( m i + m 2 ) Z l [ s - ( m i - m 2 ) Z ] .  (8) w t  

Z 
3-  and 4 - B o d y  S t a t e s .  L e t  m i j  = (Pi + Pj) ' e t c . ;  then 

in 2 = ~:m~ + Z = const. (i,j = i,Z, 3) [ f o l l o w s  from (6)] (9) i<j i j  m i 2 3  

= 2~m i + m i 2 3 4  = const. 
( i , j , k  = i ,  Z, 3, 4.) (lO) ~, Z Z Z 

mi .  k = ~."a i + 2 m t 2 3 4  = c o n s t .  
i<j<k l 

R n ,  I n v a r i a n t  V o l u m e  in  n - B o d y  M o m e n t u m  Space  

Ausefuli .... iaoti4d'p S g =  fp d  do ½D ldwdo 
= = (~7 /4S) fdmfzdmz3. R z :'lPtl/W-~7", % * [dwidw z Z z z 

R e c u r r e n c e  R e l a t i o n  fo r  F a c t o r i n g  R n (see.  e. g . ,  H a g e d o r n ,  p. 93*): 

W r i t e  N ~ i ,  Z, • • . , k ,  k + i ,  • - • , n (an)  , 

as N~K, k+l,...,n (l~n k+l)l I t h en  

L t ,  ~ , . . . ,  k (Rk7 / < Rn=Id(~)~Rn-k+t ' 
or as N ~ K, L 

( _Z Z ~P(KL) 

C r o s s  S e c t i o n s  and D e c a y  R a t e s t  

F o r  a s y s t e m  of n p a r t i c l e s  wi th  o v e r a l l  Inur-111omenturn p and  f i na l  

m . . . .  t a  q i '  " ' ' '  qn [q i  = (e l '  q~i )] '  de f ine  L . . . .  t z  I n v a r l a n t  P h a s e  S p a c e  

d3~  
d L I P S ( S ; q l  ' . . . , q n )  = (2Tr)464(p . ~ q i )  i ~ . ( i t )  

(-~) 3n Ze I i=i 

Note that R n = (Zw) 3n-4 f dLIPS. 

For I + Z -- n particles or f ~ n particles, in g ..... 1 if} ~ If> . 

i 
~ = ~-~ f [rifJ z dLmSIs;q t, . . - ,%)  , ( tZ)  

or  

~f = ~ J I T , , I Z d L ~ S l m ~ ; , f , ' . . , ~ . )  , ci~) 

w h e r e  T i f  i s  an  i n v a r i a n t  m a t r i x  e l e m e n t .  F i s  M ~ l l e r ' s  i n v a r i a n t  f lux  
Z 2 Z 2 

f a c t o r .  F = (Pi" PZ ) - PlP2" In .... y s y s t e m  w h e r e  ~ i  and  ~2 ..... Ui . . . . .  

r : w i w z l ~  i - ~'21 ~ :  P~/~I. U f i s  b . . . .  Z. target ~ 2  ~ 01, then 
r = I ~  Im 2 = I~t I ~-;" 

F o r  e l a s t i c  s c a t t e r i n g  in  c. in.  , dLIPS f {~t [ dl~ = ~ --~--s ' and(12) yields 

d~ ITI z d~ ITI z 

The  n o r m a l i z a t i o n  i s  such  tha t  the  op t i c a l  t h e o r e m  r e a d s  

l m  T It=0 = Z [ ~ i l q ~ - ~ t o  t • (i5) 

The  cho i ce  of Eq .  ( i t )  i m p l i e s  a p a r t i c u l a r  n o r m a l i z a t i o n  of any  s p i n o r s  

tha t  m a y  o c c u r  in T.  t The  a d v a n t a g e  of t h i s  normmal iza t ion  i s  tha t  i t  g r e a t l y  
i i s i m p l i f i e s  the  s t r u c t u r e  of T by pu t t ing  f a c t o r s  such  as  ~ ~-~ into the  

p h a s e  s p a c e  w h e r e  t hey  r e a l l y  be long .  In add i t i on ,  the l a b e l s ,  i ,  f ,  r e f e r  to 

s p e c i f i c  sp in  (he l ic i ty )  s t a t e s ,  so  tha t  the  u s u a l  " a v e r a g e  and s u m "  r u l e  i s  

i m p l i c i t .  

*R.  H a g e d o r n ,  R e l a t i v i s t i c  K ine rna t i c s~  W. A.  B e n j a m i n ,  New York ,  1964.  

#See ,  f o r  e x a m p l e ,  C h a p s .  f and  Z of H.  P i l k u h n ,  The  I n t e r a c t i o n s  of 
Hadrons . ,  J o h n  Wi l ey  & Sons ,  New York ,  f967 .  
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CONFIDENCE LEVEL vs. x2 FOR nD DEGREES OF FREEDOM 

1.0 
0.6 
0.4 
0.3 
0.2 

0.1 

0.06 
0.04 
0.03 
0.02 

0.01 

0.006 
0.004 
0.003 
0.002 

0.00 I 

0.0006 

~g~~~~ 
0:0002 

2 3 456 810 20 30 40 5060 80 100 

I 2 3 456 810 20 30 40 50 60 80 100 

Y2 
For any XI,,, (x2) = II,,, 6(x2) =s. For large no, x2 
becomes normally distributed about n~. Thus in the notation 
of the box in the figure. 

Yi = (x2 ..,,&~has unit s.d. 

A better approximation, due to Fisher,* is that x, not x2, 
is normally distributed, specifically 

y2 = w - vbas unit s.d. 

One seas then that y underestimates small C. L. ‘8. 
for n = 50 and x2 2: 6, 

Thus 
yi = 3.0 and C.L. = 0.13% YS. 

y2 = 2.7, C.L. = 0.35%. 

GAUSSIANLIKE DISTRIBUTIONS 

The distribution 

Pzn+*(x) = 2on,;2n+2 xznti =Q - $ 
[ 1 

is normalized so that /,,sP 2n+~(x)dx = i; the normalization 
is valid for n > -i and not necessarily integral ((L) I 
For n = -i/2 it reduces to the Gaussian distribution. 

= G/2). 

Through a change of variables it yields the ~2 distribution 
for nD degrees of freedom: 

Oliver and Boyd, Edinburgh. 
P (x2, = 

1 

% 2 
.The Poisson distribution for x, when expected value is jI: 

P(x. z) = 9%-z/x! 

Approximation for n! : 

Relation between standard deviation (I and mean deviation I: 

202 = lTa2; (I = 1.4826 probable error. 

Jzrm’ (n/e)” c n! < Jzii (n/e)nCi t i/(l2n - I)] 
Odds against exceeding one standard deviation = 2.15: 1; 
two, 2i:i; three. 37O:i; four, i6,OOO:i; five, 1,700.000:1. 
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ATOMIC AND NUCLEAR PROPERTIES OF MATERIALS 
C r o s s  Section 

oa 
Material Z A barns 

H 2 I 1.01 0.063 

D 2 ~ 2;0t  0.I00 

He 2 4.00 0.16 

Li 3 6.94 0.23 

Be 4 9.01 0.28 

C 6 12.01 0.33 

N 2 7 14.01 0.36 

Ne l0 Z0.18 0.465 

Al 13 26.98 0.57 

Fe 26 55.85 0.92 

Cu 29 63.54 1.00 

Sn 50 I18.69 1.55 

W 74 183.85 2.02 

Pb  82 207.19 2.20 

U 92 238.03 2.42 

Air 

F r e o n  (CF3Br) 

H 2 (bubble chamber, 27 e K) 

H-Ne mixture (bubble chamber) ] 

HzO 

llford Emulsion 

LIF 

Mylar (C 5H402) 
NaI  

Polyethylene (CH2) 

Polystyrene (CH) f 

Propane (C3H8, bubbl e chamber) 

a. 

b. 

c. 

d. 
e. 
f. 
g. 
h. 
i. 
j.  
k. 
f .  

Co l l i s ion  Leng th  M i n i m u m  Rad ia t i on  Leng th  Dens i ty  
oll  b - d E / d x  c L r a ~  d p LZ 

g c m  -~ c m  MeV g - i  c ruz  MeV c m  - i  g c m  -~ c m  g c m  -3 

26.5 374 e 4 . i~  0.292 e 62.8 887 e 0.0708 e 

33.4 202 e 2.07 0.342 e 126 764 e 0.165 e 

42.0 336 e 1.94 0.243 e 93.1 745 e 0.125 e 

50.4 94.4 1.69 0.902 83.3 156 0.534 

55.0 29.8 1.60 2.96 66.0 35.7 1.848 

Z 60.4 f f.78 f 43.3 f = i .55 f 

63.6 78.7 e i .81 i .46 e 38.6 47.8 e 0.808 e 
M " • 

72.I 60.I e 1.73 2.08 e 29.1~ 24.3 e, I I .Z00 e' k 

79.2 29.3 1.62 4.37 24.3 9.00 2.70 

ee I01.2 12.9 1.48 II.6 13.9 1.77 7.87 

u~ 105.4 II.8 1.44 IZ.9 13.0 1.45 8.96 

i JZ9.7 17.7 1.28 9.4 8.9 1.22 7.31 
150.8 7.81 1.17 22.6 6.8 0.35 19.3 

156.2 13.8 1.13 12.8 6.4 0.56 II.35 

163.6 = 8.63 1.09 =20.7 6.1 ~0.32 =18.95 

64.6 53610 g i.81 0.0022 g 37.2 30870 g 0.001205 g 

8 7 J  =58 1.52 =2.3 16.7 =il =1.5 

"~ 26.5 442 h 4.13 0.248 h 62.8 I050 h = 0.060 h 

67.3 96.1 1.83 1.28 29.8 i 42.6 i 0.70 

57.2 57.2 2.03 2.03 36.4 36.4 1.00 

103.0 27.0 J.44 5.49 11.2 2.94 3.815 

63.8 24.2 1.69 4.46 39.8 15.1 2.64 

~n 59.1 42.8 1.9J 2.64 40.4 29.3 i .38 

i fig.0 52.4 1.32 4.84 9.5 2.59 3.67 

5~ .0 = 55 2.09 = 1.92 45.3 = 49 = 0.92 

54.9 =52 2.03 =2.i3 44.3 =42 =~.05 

48.9 I19 2.28 0.94 45.9 llZ 0.41 

NOTE: T h e s e  quan t i t i e s  a r e  c a l c u l a t e d  a s s u m i n g  a "nuclear 
~= ¢ . . = w(~/m c)2X A 2/3= 62.8 mbXA 2/3 [ radius" = (~/m c)A 1/3 = (l.4f)A I/3. Thus they are to be taken 

natural w (as a guide only~ actual "nuclear radii" are somewhat more 
Lcoll =A/~qCrnatural) = 26.5 g cm-2XA I/3 " complicated. 
From W. H. Barkas and M. J. Berger, Tables of Energy Losses and Ranges of Heavy Charged Particles, 
NASA SP-30i3 (1964). 
Mainly from O. I. Dovzhenko and A. A. Pomanskll, Soviet Physics JETP 18, 187 (1964). 
For liquid phase at i atrn. and boiling temperature. 
Density variable. 
At 20 = C. 
h4ay vary by about ±3~ depending on operating conditions. 
From F.  R. Huson, Ionization Lossp Range, Straggling and Multiple Scattering, BNL I1386 (1967). 
53.7 atomic percent Me. 
Density of gas at STP = 0.900X I0 -3 g cm "3, i.e., 0:75X I0 -3 times the density (1.200) of the boiling liquid. 
Typical scintillator; e. g. , PILOT B has an atomic ratio H/C = i .I. 

MULTIPLE COULOMB SCATTERING* 

The rms projected angle 0 due to multiple Coulomb 
scattering (only) of a particle of charge z (in units of 
electron charge), momentum p (in MeV/c), and velocity 
v (in units of c) is 

15 
~ LLrad  (I + ~) r a d i a n s ;  0 p r o j  = z D---v 

w h e r e  L = l e n g t h  i n  s c a t t e r e r .  

F o r  L >I l / f 0  L r a  d ,  c i s  g e n e r a l l  7 < i / t 0 .  T h e  d i s t r i -  
b u t i o n  o f  {9 i s  n o t  t r u l y  G a u s s i a n .  T 

T h e  r r n s  p r o j e c t e d  d i s p l a c e m e n t  y o n  t r a v e r s i n g  a n  
a b s o r b e r  o f  t h i c k n e s s  L i s  

Yrms = L O p r  o j / ~ "  

* M a i n l y  from G .  Z. Moli~re, Naturforsch. _3(a), 78 (i948). 

tSee, for example, the experimental work of A. D. Hansen, 
L. H. Lanzl, E. M. Lyrnan, and M. B. Scott, Phys. Rev. 
8__4, 654 (i95i). 

RADIOACTIVITY AND RADIATION PROTECTION 

U n i t  o f  a c t i v i t y  = C u r i e :  
i C i  = 3 . 7 X t 0  i 0  d i s i n t e g r a t i o n s / s e c  

U n i t  o f  e x p o s u r e  d o s ~  f o r  x a n d  ¥ r a d i a t i o n  = R o e n t u e n :  
I R = i esu/cm ~ = 87.8 erg/g (5.49XI0 7 MeVyg) of air 

Unit of absorbed dose = rad: 
I tad = 100 erg/g (6.25)< 10 7 MeV/g) in any material 

Unit of dose equivalent (for protection) = rern: 
terns (Roentgen equivalents for man) = fads ×QF, 

where QF (quality factor) depends upon the type of radiation 
and other factors. For y rays and HE protons, QF = I; for 
thermal neutrons, QF • 3; for fast neutrons, QF ranges up 
to 10; and for a particles and heavy ions, QF ranges up to 20. 
Maximum permissible occupational dose for the whole body: 

5 rein/year (or = 100 millirem/week) 
Fluxes (per cm 2) to liberate Ii~ in carbon: 

3X 10 7 minimum ionizing singly charged particles 
0.9X109 protons of i MeV energy 

(These fluxes are correct to within a factor of Z for all 
materials. ) 
Natural background: IZ0 to i30 millirem/year 

cosmic radiation (charged particles + neutrons) ~ 25 
cosmic radiation (¥ rays) 
r a d i a t i o n  f r o m  r o c k s  and air (~ rays) ~ 737 

C o s m i c  r a  7 b a c k g r o u n d  i n  c o u n t e r s :  ~ t / m i n / c m 2 / s t e r  
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RANGE AND ENERGY LOSS IN COPPER 
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R a n g e  a n d  e n e r g y / m o m e n t u m  l o s s  i n  c o p p e r ,  b a s e d  o n  a c a l c u l a t i o n  
a s s u m i n g  a n o m i n a l  m e a n  e x c i t a t i o n  p o t e n t i a l  of 3 i 0  e V .  ( C a l c u l a t i o n  
by W. A. Aron, UCI%L-1325, 1951). T h e  abscissa is to be read as 
kinetic energy T for the solid curves and momentum p for the dashed 
curve s. 



RANGE AND ENERGY LOSS IN LIQUID HYDROGEN

P (MeV/c)

Range and energy loss in liquid hydrogen bubble chamber, determined by
a p+ range of 1.103*0.003  cm from the at + ptv decay. Liquid hydrogen
conditions: T = 27.6*0.1“K;  P = 48*5 psia; p = (5.86iO.O6)10’2g/cm3.
(Data by Clark and Diehl, UCRL-3789, 1957.) Bubble chamber

icists: note that the number of bubbles per cm is proportional to
$?, not to dE/dx .
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DATA CARD LISTINGS 

Illustrative Key 
P a r t i c l e  name, and quantum 

- - - ~  numbers  (~/knovm). 

Particle code 
I use only}. 

(for i n t e rna l  

G e n e r a l  commen t s  on 
J pa r t i c l e .  

/ _ _  
, \m. I i zx ,.ON ,l OO.PO- -,  I-,X N 

. . . .  . . . .   particlo as itlntable. Q XXj200. m \ /ORIOINgLLY CAL ED 
A r r o w  ind ica tes  th is  p a r t i c l e  

omittedfro tabie. - >(ONI'TED EROM TAS,E /---- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~ A b b r e v l a t e d  r e f e r e n c e  ~or 
Quaz~tity tabulated below. -_7.9_ / X X ( I Z O O |  MASS (MEVV -~  th is  r e s u l t ;  full r e f e r e n c e  

given below. | 
Code for quant i ty  t abu la ted  ~ ~ 1 1 .  /MERRILL 66/H8C 0 3 . 2  K-P 7 / 6 6  

(M=mass ,  W=wldth, e t c . )  I M ~ 7 ~  (16o)  LYNCH 6T HBC +- 2 . 7  PI -P  6 / 6 7  | M e a s u r e m e n t  technique 
M ~ / /  L~fNCH DATA HAS QUESTIONABLE 8ACKGROUND SUBTRACTXON ~ (see a b b r e v i a t i o n s  on  

, ~--/ / 1198. / I 0 .  T . /  PIERCE 6g/ASPKf+ 2 . I  K-P 9/68 I next page. ) 
Symbo l s  used  to k e y  t o g e t h e r  ] /  M / / ( 1 2 0 8 .  I / FENNER 69 HBC 8 4 . 2  PI+P 9 / 6 9  

dat . . . .  dandrelated F M/S / 80 1210. ~ /  SMITH TO ~MS ~ B * 5  PI-P l iT2* 

comments. /M / .... ~ . * • ~ _JCharge(s) of partlcle i ~k" S /  SUPERSEDES E A S I E R  RESULT ~ ' - - - ' - ~  

Number of event s above backer ound. - -  (/_::G .... l _ ~  .-- 5_:i_ AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.O| (detected, 

M e a s u r e d  values  ( pa t en -  ] / /  / 7~ XX(120O) WIDTH (MEV) ~ R e a c t i o n  producing p a r t i c l e ,  
t h e se s  indica te  value / or comments, 

| W / ~S. 5. MERRILL 66 HBC 013.2 K-P/ 7/66 not used in average). 
• W / 50. lO. PIERCE 68 ASPK + 2°1 K-P 9/E8 [Date this r e s u l t  punched 

• Error in measured value ~ W / 70. 40. FENNER 69 H8C O 4.2 PI+P 9/69 | (asterisk indicates result 
(-- field blank if error ( ,j~ (bO. | DR LESS SMITH 70 MMS - B° 5 PI-P / i ' / T 2 e /  ~ - ~  added or ch~nged since 

syrnmetric; p .... th .... [ , / ;  AVG /, .'* "~-'8"'" " " (> U/:.'--- AVERAGE 'ERROR INCLUDES SCALE FACTOR O F Z ~  ~ P ........ ditxon). on error Duly indicate 
data not used in average m / (SEE IDEOGRAM BELOW ) 
due to problems with m / ~ . ~ S c a l e  factor > I indicates 

J I i ncons i s t en t  data .  error estimation). UEIGHTEO nUER~GE = 3B.4 ± 6.0 
/ ERROR SC~LEO BY i m3 [Ideogram to display incon- 

Average value (and error) / I sistent data; curve is Burn 
of quantity measured, of Gaussians, one for 

~ each experiment (area el 
/ ] Oausslan = l / e r r o r ;  

/ ~ ' ~ -  ] width of Gaus s i an  = 
Vertical bar  ind ica tes  / ~ • error). 

aver&ge; width of h o r i -  | 
zon ta l  bar  on top is  e r r o r  / / ' ~ - ~  
(scaled) in ave rage .  

~ i Contribution of e x p e r i m e n t  
[ to X 2 ( i f  no en t ry  p r e sen t ,  CHISQ 

,~ .FENNER 69 HBC J experiment not used in 
PIERCE 6B QSPK ~ ] calculating X z or scale 

Value and error for each i MERRILL 66 HBC 0 .S factor because o~ large 
experiment, l.B | ( error). 

{CDNLEU 
-20 20 60 lo0 i4o =o .179] 

XX(tgOO} &JIDTH (~EU) 

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

7% XX{IgOO) PARTIAL DECAY MODES 

DECAY MASSES 
Partial decay mode i /p~ XX(120O| INTO 8 P l /  139+ 159+ 1B9 

(labeled by Pl)" [- P2 XX( lg@O) INTO K KBAR @93+ @qB 

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

74 XX(12OO} BRANCHING RATIOS 

/ R I  X X I I 2 0 0 I  INTO 3 P I I T B T A L /  ( P l l  
Branching ratio (labeled I/ RI .66 ,02 MERRILL 66 HSC 0 B,2 K-P 7/66 

F R1 L ( . 5 8 }  ( . 0 3 )  LYNCH 67 HBC ÷ -  2 . 7  P I - P  6167 
by Rj). RI L LYNCH DATA HAS QUESTIONABLE BACKGROUND SUBTRACTION 

R1 • . ° ° • • ° ° . 
RI FIT O ~  0 .0_~  FROM FIT (ERROR INCLUDES SCALE FACTOR OF i*3) 

R2 ~uX I N R 2  I t 2 0 0 )  INTO KKBAR/TDTAL (P2 }  
 aloe(.d . . . . .  }of uantity  : ,, . .  PIERCE , , .  

. . . . . . .  d, as  d e t e r m i n e d  ~ ~ I T  " ~Z~;~ . . . . .  R B . . . .  hing ra t io  R in t . . . .  
R2 FIT /0.325 0.012/ FROM FIT (ERRO INCLUDES SCALE FACTOR OF l . B l  of partial decay mode 

from constrained fit  (using fract*ons P~ above 
all measured branching  I ~ XX } INT KKBAR 3PI " " 
~"atios for this par t i c l e ) .  ( 1 2 0 0  O / 

J R B ~  . 5 0  .03 FENNER 69 HBC O 4 . 2  PI+P 9 / 6 9  
il ~ P 3  . 4 1  .@It SMITH vO MMS - 3,5 P I - P  1 / 7 2 ~  
R3 • . • . . ° . • ° 
R3 AVG 0.468 0.0~3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I*8) 

0.480 0.026/ FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 

*$**$* $*$$$$$**  $~$$$*$*$ $ $ * $ * $ ~ $  $*$$$$~$$ ##$$~$$$$  #$$~$$~## $~$$$#~$  

R e f e r e n c e s  l i s t e d b y y e a r ,  / REFERENCES FOR X X ( 1 2 0 0 }  
then author. ~- r t ~ Author (S) 

/ M E R R I L L  6 6 / P a l  16 143 A.  MERRILL (S 
Abbrev ia ted  r e f e r e n c e  fo rm ~ / /  LYNCH 67 PR 155 6 1 0  B. LYNCH (BNL) 

used on data cards above. J PIERCE 68 PL 278  230  / N .  PIERCE/  (LRL)  |Institution(s) of author(s) 
FENNER 69 NC 6 l g  372  D. FENNER, 8* BEAME (NYSE+AMER) - -  ~ - ~  (see a b b r e v i a t i o n s  on 

J ..... i. report, preprint, ( S . I T . ~ O ~  J. SMITH /ISLAC'i/ -- ne=pagel 
etc .  (see abbr~viatlons L - ~  

***$** **$**$$$~ *$***~$$$ $ $ $ $ $ $ * * $  $*$~*~$$$ *$$$$*$*$ $ $ $ $ $ $ $ $ $  ~*$$$$$$  
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Illustrative Key 
Abbreviations 
~our rials 

APAH A c t a  Phys. Acad. Hungarica 
AI)VP Advances in Physics 
ANP Annals of P h y s i c s  
A R N S  A n n u a l  R e v i e w s  o f  N u c l e a r  S c i e n c e  
BAPS B u l l e t i n  o f  t h e  A m e r i c a n  p h y s i c a l  S o c i e t y  
/ E T P  E n g l l s b  T r a n s l a t i o n  o£ S o v i e t  P h y s i c s  J ' E T P  
J E T P L  L e t t e r s  t o  S o v i e t  P h y s i c s  J E T P  
L N C  L e t t e r 0  to  N u o v o  C i r n e n t o  
NC N u o v o  C i m e n t o  
N P  N u c l e a r  P h y s i c s  
PL ~I~nysic s L e t t e r s  
PPSL Proceedings of the Physical Society of London 
PR Physical Review 
P R L  P h y s i c a l  R e v i e w  L e t t e r s  
P R S L  P r o c e e d i n g s  of t h e  R o y a l  S o c i e t y  of L o n d o n  
R~v[P Reviews of I~odern Physics 
S/NP Soviet ~ournal of Nuclear Physics 
Z P H Y  Z e i t s c h r i f t  f ~ r  P h y s l k  

~eaBurement technique s 

ASPK Automatic spark chambers 
CC Cloud chamber 
CNTR Counters, electroD~cs 
DBC Deuterium bubble chamber 
DPWA EnergT-dependent partial wave analTsis 
EI~UL Emulslons 
H B C  Hydrogen bubble chamber 
H E B C  H e l l u r a  b u b b l e  c h a m b e r  
H L B C  H e a v y  l i q u i d  b u b b l e  c h a m b e r  
I P W A  E n e r g y - i n d e p e n d e n t  p a r t i a l  w a v e  a n a l y s i s  
MMS A~iss lng  mass s p e c t r o m e t e r  
MPWA Model-dependent p a r t i a l  wave a r ~ l y s i s  
O S P K  O p t i c a l  s p a r k  ~ h a m b e r s  
R V U E  R e v i e w  o~ p r e v i o u s  e x p e r i m e n t a l  d a t a  

mconferences 

C o r ~ e r e n c e s  a r e  ~ e f e r r e d  to  b y  t h e  l o c a t i o n  i n  w h i c h  t h e y  
w e r e  held ( e . g . ,  DUBNA, BOULDER, LUI~D, e t c .  ) .  

I n s t i t u t i o n s  

NaMes of institutions are frequently abbreviated. We use mainly the four-letter code proposed by the HER-~ group at CERN 
in i969; however, starting in January i97~ we have revised some of the US entries to follow more closely the abbreviations in 
common usage, e. g., I~U instead of LOU1 for Louisiana State University. Revised and new entries are ma~ked by an asterisk. 
We have not yet revised the older cards and apologize for the temporarll 7 double entries. 

AACH TECHNISCHE U N I V .  AACHEN AACHEN. GERMANY 
&ERE ATOMIC ENERGY RES. ESTAB. HARWELL, BERKS.*  ENGLAND 
AMES InWA STATE U N I V .  A~ES, IOWA, USA 
ANL ARGONNE NAT.  LAB.  ARGONNE* [ L L . t  USA 
ANNA UNIV. OF MICHIGAN ANN ARBOR+ NIGH., USA 
ARIZ  U N I V .  OF ARIZONA TUSCON, A R I Z . ,  USA 
ATEN NUCLEAR RES. CENTRE DEROKRITOS ATHENS, GREECE 
ATHO OHI0  U N I V .  ATHENS, OHIO+ USA 
BARI U N I V .  OEGLI STUDI OI  BARI BARI ,  ITALY 
BELG INST .  I N T E R U N I V .  DES S C I .  HUG. 8RUXELLES, BELGIUM 
BERG FYSISK I N S T I T U T T  BERGEN, NORWAY 
BARK U N I V .  OF C A L I F .  AT BERKELEY BERKELEY, C A L I F . ,  USA 
BERL INST .  HOCHENERGIERHYS. DAM ZEUTHENIBERLI~ ,  DDR 
BERN U N I V .  BERN BERN, SWITZERLAND 
BGNA U N I V .  Ol  BOLOGNA BOLOGNA, ITALY 

BIRMINGHAM. ENGLAND BIRM BIRMINGHAM UNIV. 
BNL BROOKHAVEN NATIONAL LAB.  UPTON, L . I . e  N .  Y . ,  USA 
BOHR NIELS BO44R INSTITUTE COPENHAGEn, DENNARK 
BONN UNIV. BONN BONN, GERMANY 
BRAN BRANDEIS U N I V .  WALTHAM, MASS. ,  USA 

$ 6 R I S  H . H .  WILLS PHYS. L A B . ,  U. OF BRISTOL BRISTOL,  ENGLAND 
BROW BROWN U N I V .  PROVIDENCE, R. I . ,  USA 
BRUX U N I V .  L IBRE DE BRUXELLES BRUXELLESJ BELGIUM 
SUCH BUCHAREST STATE U N I V .  BUCHAREST, ROMANIA 
BUFF STATE U N I V .  OF NEW YORK AT BUFFALO BUFFALO, N. Y . ,  USA 
CAEN LAB.  DE PHYS. CORPUSCULAIRE CAENt FRANCE 
CALT C A L I F .  I N S T I T U T E  OF TECHNOLOGY PASADENA, C A L I F . ,  USA 
CARL CARLTON UNIV. OTTAWA, CANADA 
EARN CARNEGIE-MELLON U N I V .  PITTSBURGH, P A . ,  USA 
CASE CASE WESTERN RESERVE UNIV .  CLEVELAND, OHIO,  USA 
CAVE CAVENOISH LAB., CA~4BRIDGE UNIV. CAMBRIOGE, ENGLAND 
CCNY C I T Y  COLLEGE OF NEW YORK NEW YORK, N .  Y . ,  USA 
CDEF COLLEGE DE FRANCE PARIS,  FRANCE 
CEA CAMBRIDGE ELECTRON ACCEL. CAN~k~IOGE, MASS.,  USA 
CERN EUROPEAN ORG. FOR NUC. RES. GENEVA, SWITZERLAND 
CHIC UNIV. OF CHICAGO CHICAGO, ILL . ,  USA 

~CIT  C A L I F .  INST ITUTE OF TECHNOLOGY PASADENA, C A L I F . ,  USA 
COLD U N I V .  OF COLORADO 8BOLDER, COLO.*  USA 
COLU COLUMBIA U N I V .  NEW YORK, N.  Y . ,  USA 
CORN CORNELL UNIV .  ITHACA, N. Y . ,  USA 

*CRAC I N S T .  FOR NUCLEAR RESEARCH CRACOW, POLAND 
$CUNY C I T Y  U N I V .  OF NEW YORK NEW YORK, N.  Y . ,  USA 
eCURI LABORATOIRE J O L I O T - C U R I E  PARIS,  FRANCE 
CWN COLLEGE OF WILLIAN AND MARY WILLIAMSBURG, VA., USA 
DARE DARESBURY NUC. PHYS. LAB.  DARESBURY, ENGLAND 
DART DARTMOUTH COLLEGE HANOVER, N. H . ,  USA 
DESY DEUTSCHES ELEKTRONEN-SYNCH. HAMBURG, GERMANY 
DUKE OUKE U N I V .  DURHAM, N. C.e USA 
DURH U N I V .  OF DURHAM DURHAM, ENGLAND 
OUUC UNIVERSITY COLLEGE DUBLIN,  IRELAND 

* E F !  ENRICO FERMI INST. FOR NUCL. STUDIES CHICAG0, I L L . ,  USA 
EF IN  ENRICO FERMI INST .  FOR NUCLo STUDIES CHICAGO, I L L . ,  USA 
EPOL ECOLE POLYTECHNIO(JE PARIS,  FRANCE 
ETHZ SWISS FEDERAL I N S T .  OF TECHNOLOGY ZURICH,  SWITZERLAND 
F I R Z  U N I V .  DI  F IRENZE F IRENZE,  ITALY 
FLA$ FLORIDA STATE U N I V .  TALLAHASSEEw F L A . ,  USA 
FLOR UN1V. OF FLORIDA GAINSV1LLE,  F L A . .  USA 
FRAS LAB.  NAZIONALT DEL SINCROTRONE FRASCATI ,  ITALY 

sFSU F L ~ ] D A  STATE U N I V .  TALLAHASSEE, FLA* ,  USA 
GENO UNIV. DI GENOVA GENOVA, ITALY 
GEVA U N I V .  DE GENEVE GENEVA, SWITZERLAND 
GLAS U N I V .  OF GLASGOW GLASGOW, SCOTLAND 
GRAZ U N I V .  GRAZ GRAZ, AUSTRIA 
HA~B U N I V .  HAMBURG HAMBURG, GERMANY 
H&RV HARVARD UNIV. CAMBRIDGE, MASS., USA 
HAWA UNIV. OF HAWAII HONOLULU, HAWAII, USA 
HE]O UNIV .  HEIDELBERG HEIDELBERG, GERMANY 
HELS HELSINGIN YL IQPISTO H E L S I N K [ ,  FINLAND 
l i t  I L L I N O I S  INST .  OF TECH* CHICAGO I L L . ,  USA 
ILL UNIV. OF ILLINOIS URBANAI I L L . I  USA 

~ ILLC  U N I V .  OF I L L I N O I S  AT CHICAGO CHICAGO, I L L . ,  USA 
INO UNIV. OF INDIANA BLOOMINGTON. IND., USA 
INRC INST .  FOR NUCLEAR RESEARCH CRACOWI POLAND 
IOWA UNIV. OF IOWA IOWA CITY, IOWA, USA 
1PN I N S T .  DE PHYS. NUCLEAIRE ORSAYt FRANCE 
IPNP INSTITUT DE PHYSIQUE NUCLEAIRE PARIS,  FRANCE 
IPPG INSTITUTE OF PHYSICS,  CSAV PRAGUE, CZECHOSLOVAKIA 
IRAO INST ITUTE DU RADIUM PARIS,  FRANCE 
IRVN UNIV. OF CALIE. AT IRVINE IRVINE. CALIF., USA 

*ISU IOWA STATE UNIV. AMES, IOWA, USA 
ITEP INST .  F ~  TEOR. AND EXP. PHYS. MOSCOW, USSR 

*JAGL JAGELLON1AN U N I V .  CRACOW, POLAND 
JHOP JOHNS HOPKINS UNIV .  BALTIMORE, NO. ,  USA 

BALTIMORE, MD*, USA *JHU JOHNS HOPKINS U N I V .  
J [NR JO INT  [NST .  FOR NULL.  RESEARCH OUBNA, USSR 
KANS U N I V .  OF KANSAS LAWRENCE, KANSAS1 USA 
KARL TECHNISCHE UNIV. KARLSRUHE KARLSRUHE, GERMANY 
KRAK JAGELLONIAN UNIV. KRAKOW, POLAND 
LANC LANCASTER LIt41V. LANCASTER, ENGLAND 
LASL U . C .  LOS ALANOS SCIENTIFIC LAB. LOS &LAMBS, N. M., USA 
LEND LEBEOEV PHVSICS INST,  MOSCqWI USSR 
LEH|  LEHIGH t ~ I V .  BETHLEHEM, p A . ,  USA 
LE IO INST .  LORENTZ LEIDEN~ NETHERLANDS 
LHEO LAB.  DES HAUTES ENERGIES BRUXELLES, BELGIUM 
L IVP LIVERPOOL UNIV .  LIVERPOOL~ ENGLAND 
LJCP LABORATOIRE J O L I O T - C U R | E  PARIS,  FRANCE 
LOIC IMPERIAL COL. OF SCI. AND TECH. LONDON, ENGLAND 

*LOQM OUEEN MARY COLLEGE LONDON, ENGLAND 
LOUC UNIVERSITY COLLEGE LONDON, ENGLAND 
LOUT LOUISIANA STATE UNIV. BATON ROUGE, LA., USA 
LOWC WESTFIELD COCLEGE LONDON, ENGLAND 
LRL U . C .  LAWRENCE RADIATION LAB. BERKELEY, C A L I F . e  USA 

"LSU LOUISIANA STATE ON[V. BATON ROUGE, LA., USA 
LUND UNIV. I LUND LUNO, SWEDEN 

MAOR 
MANH 
NANZ 

$MASA 
*MASS 

MASS 
MCGI 
MCHS 
MICH 

*N IGH 
N I L &  

MIT 
WOOE 
MPIM 
NSNA 

*MSU 
MUOX 
NAGO 
NAL 
NAPL 
NDAM 
NEAS 
NEVI 
N I I W  
NORD 
NOVO 
NWES 
NYU 
OHIO 

*OHIO 
DRAG 
QRNL 
ORSA 
OSLO 

* o s u  
OTTA 
oxP 
PADO 
PENN 
PISA 
P I T H  
P I T T  

*PPk 
PPPA 

*PRAG 
PRIN 
PURD 
QMCL 
RE~ 
RHEL 
RISO 
R 1 v s  
ROCH 
ROMA 
RUTG 
SACL 

*SEAT 
SERP 

*SETO 
SHAM 
SLAC 
SOF[ 
SPC 
STAN 
STEV 
STLO 
STY'* 
STON 
STRB 
s u s s  
SYR 

*SYRA 
TELA 
TENN 
TNTO 
TORI  
TRST 
TUFT 

*UCB 
.UCl 

UCLA 
*UCR 
UCSB 
u c s c  
u c s o  
UMO 
UPNJ 
UTAH 
uv¢ 
VANO 

*VIEN 
*V1RG 
vpl 
WARS 
WASH 
MIEN 

*WILL 
WISE 
WRLB 

*WUSL 
YALE 
ZEEM 

JUNTA DE ENERGIA NUCLEAR MADRID, SPAIN 
MANHATTAN C[~.LEGE NEW YORK, N.  Y . ,  USA 
U N I V .  MAINZ MAINZ,  GERMANY 
U N I V .  OF MASSACHUSETTS AMHERST, MASS. ,  USA 
U N I V .  OF MASSACHUSETTS BOSTG~4, NAGS. ,  USA 
U N I V .  OF MASSACHUSETTS AMHERST, MASS.~ USA 
MCGILL U N I V .  MONTREAL, CANADA 
U N I V .  MANCHESTER MANCHESTERI ENGLAND 
MICHIGAN STATE UNIV .  EAST LANSING,  M I C H . ,  USA 
UNIV. OF MICHIGAN ANN ARDOR, NIGH., USA 
U N I V .  OI  MILANO MILANO. ITALY 
UNIV. OF MINNESOTA MINNEAPOLIS,  MINN. e USA 
MIAMI UNIV .  OXFORO, OHIO,  USA 
MASSACHIJSETTS I N S T .  OF TECHNOLOGY CAMBRIDGE, MASS.,  USA 
I S T I T U T O  0 1 F I S I C A  DELLA UNIVERSITA MODENA, I T A L Y  
MAX-FLAME;K-INST. FUR PHYS.-ASTROPHYS. MUNICH, GERMANY 
I N S .  OI  F I $ I C A  DELL U N I V .  MESSINA, I T A L Y  
MICHIGAN STATE U N I V .  EAST LAN$INGe M I C H . ,  USA 
MIAMI U N I V .  OXFORD, (~410, USA 
NAGOYA UNIV .  NAGOYA, JAPAN 
NATIONAL ACCELERATOR LAB.  BATAVIA,  I L L . ,  USA 
UNIV. Ol NAPOLI NAPOLI, ITALY 
U N I V .  OF NOTRE DAME NOTRE DAME, I N D . ,  USA 
NORTHEASTERN UNIV .  BOSTON, MASS. ,  USA 
NEVIS CAB. IRVINGTON-ON-HUDSDN, N.Y.,  USA 
R. K. UNIV. NIJMEGEN NIJMEGEN, NETHERLANDS 
NOROISK I N S .  FOR TEOR. ATOMFYS. COPENHAGEN, DENMARK 
INST .  OF NULL.  PHYS. NOVO$IOIRSK,  USSR 
NORTHWESTERN U N I V .  EVANSTON, I L L . ,  USA 
NEW YORK UNIV. NEW YORK, N. Y. ,  USA 
OHIO STATE UNIV. COLUHBUS, 0HID, USA 
OHIO U N I V .  ATHENB, OHIO,  USA 
U N I V .  OF OREGON EUGENE, ORE. ,  USA 
OAK RIDGE NATIONAL LAB.  OAK RIDGE, T E N N . ,  USA 
U N I V .  DE PARIS,  FAD. DES S O l .  ORSAY, FRANCE 
3SLO U N I V .  OSLO, NORWAY 
OHIO STATE U N I V .  COLUMBUS, OHIO,  USA 
NATIONAL RESEARCH COUNCIL OTTAWA, CANAOA 
OXFORD UNIV .  OXFORD, ENGLAND 
U N I V .  OF PAOOVA PAOOVA, ITALY 
U N I V .  OF PENNSYLVANIA PHILADELPHIA,  P k . ,  USA 
U N I V .  Ol  PISA RIGA,  ITALY  
PHYSIK.  I N S T .  DER TECH. tIOCHSCHULE AACHEN, GERMANY 
U N I V .  OF PITTSBURGH PITTSBURC~-I, P A . ,  USA 
P R I V E T S - P E N N .  PROTON ACCEL. PRINCETON, N. J . t  USA 
PRINCETON-PENN. PROTON ACCEL. PRINCETONI N.  J . ,  USA 
INSTITUTE OF PHYSICBe CSAV PRAGUE~ CZECHOSLOVAKIA 
PRINCETON UNIV. PRINCETON, N. J . ,  USA 
PURDUE U N I V .  LAFAYETTE, ] N O . ,  USA 
QUEEN MARY COLLEGE LONDON, ENGLAND 
WEIZMANN I N S T .  OF SCI .  REHOVOTH, ISRAEL 
RUTHERFORD HIGH ENERGY LAB. CHILTON.  D I D . ,  8ERKS. ,  ENGLAND 
RESEARCH ESTAO. RISO RDSKILOEt  DENMARK 
U N I V .  OF C A L I F .  AT RIVERSIDE RIVERSIDE,  C A L I F . ,  USA 
U N I V .  OF ROCHESTER ROCHESTERI N, Y . ,  USA 

ROME, ITALY UNIV. OEGLI STOOl DI ROMA 
RUTGERS UNIV .  NEW BRUNSWICK, N.  J . ,  USA 
CNTR. OaETUI~ES NUC. SACLAY GIF -SUR-YVETTE*  FRANCE 
SEATTLE PACIFIC COLLEGE SEATTLE+ WASH., USA 
I N S T .  OF HIGH EN* PHYS. SERPUKOV, USSR 
SETON HALL U N I V .  SOUTH ORANGE. N.  J . ,  USA 
U N I V .  OF SOUTHANPTON SOUTHANPTON+ ENGLAND 
STANFORD LINEAR ACCEL. CENTER STANFORD, C A L [ F o ,  USA 
BULGARIAN READ. OF SCI. SOFIA, BULGARIA 
SEATTLE PACIF IC COLLEGE SEATTLE,  WASH., USA 
STANFORD UNIV*  STANFORD, C A L I F . ,  USA 
STEVENS I N S T .  OF TECH. HOBOKEN, N.  J . ,  USA 
WASHINGTON U N I V .  ST* LOOK5, N O . ,  USA 
STOCKHOLM UNIV. STOCKHOLM, SWEDEN 
STATE UNIV. OF NEW YORK AT STONYBROOK STONVBROOK, L . I . ,  N. Y. ,  USA 
CENTRE DEE REG. NUCLEA|RES 
SUSSEX UNIV .  
SYRACUSE U N I V .  
SYRACUSE U N I V .  
UNIV. OF TEL-AVIV 
UNIV. OF TENNESSEE 
U N I V .  OF TORONTO 
UNIV. 0I TORINO 
U N I V .  OF TRIESTE 
TUFTS UNIV .  
U N I V .  OF C A L I F .  AT BERKELEY 
UNIV. OF C A L I F .  AT IRVINE 
U N I V .  OF C A L I F .  AT LOS ANGELES 
U N I V .  OF C A L I F .  AT RIVERSIDE 
U N I V .  OF C A L I F .  AT SANTA BARBARA 
UNIV. OF CALIP. AT SANTA CRUZ 
UNIV .  OF C A L I F .  AT SAN DIEGO 
UNIV. OF NARYCAND 
UPSALA COLLEGE 
UNIV. OF UTAH 
UNIV. OF VIRGINIA 
VANDERBILT UNIV. 
INST .  FOR HIGH EN. PHYS. ,  k .  A. S. 
UNIV. OF VIRGINIA 
V I R G I N I A  POLYTECHNIC INST .  
UNIV. OF WARSAW 
U N I V .  OF WASHIngTON 
UNIV. MIEN 
COLLEGE DF WILLIAffAND MARY 
UNIV. OF WISCONSIN~ 
H. H.  WILLS PHYS. L A B . ,  u .  OF BRISTOL 
WASHINGTON U N I V .  
YALE UNIV. 
ZEEMAN L A B . ,  UNIV. OF AMSTERDAM 

S T R A S 8 0 ~ G ,  FRANCE 
SUSSEX, ENGLAN0 
SYRA[USE, N.  V . ,  USA 
SYRACUEE. N.  Y . ,  u s a  
TEL-AVZV,  ISRAEL 
KNOXVILLE,  T E N N . ,  USA 
TORONTO, CANADA 
TORINO* I TALY  
TR IESTE,  ITALY 
NEOFORO, MASS.,  USA 
8ERKBtEY,  C A L I F . ,  USA 
I R V I N E ,  C A L I F . ,  USA 
LOS ANOELES, C A L I F . ,  USA 
RIVERSIDE,  C A L | F . .  USA 
SANTA BARBARA, C A L I F . ,  USA 
SANTA CRUZ, C A L Z F . ,  USA 
LA JOLLA,  C A L I F . ,  USA 
COLLEGE PARK, N 0 . ,  USA 
EAST ORANGE, ~ .  J . ,  USA 
SALT LAKE C I T Y ,  UTAH, USA 
EMARLOTTESV]LLE,  VA.~ USA 
NASHVILLE.  T E N N . ,  OSA 
VIENNA,  AUSTRIA 
CHARLOTTESVILLE,  V A . ,  USA 
8LACKSBURG, V A . .  USA 
WARSAW, POLAND 
SEATTLE,  WASH., USA 
WIEN, AUSTRIA 
WILLIAMSBURG, VA. ,  USA 
MADISON, WISE. ,  USA 
BRISTOL,  ENGLAND 
ST.  Louis, MO.,  USA 
NEW HAVEN, CONN. y USA 
AMSTERDAM, NETHERLANDS 



Data Card Listings 
For notation, see key at front  o f  Listings. 

Z7 

Stable Particles 
"y, I ,%, /'/M,' e, /J 

CODE EVENTS QUANTITY ERROR+ ERROR- REFERENCE YR TEEN SIGN COMMENTS DATE 
ABOVE PUNCHED 

BACKGROUND 

O GAMMA (O~J=ll 

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

0 GAMMA MASS (IN UNITS OF 1 0 " * - 2 1 N E V )  

M P (6 .1  OR LESS PATEL 65 SATELLITE DATA LOIB9 
M 6.  OR LESS GINTSBURG 64 SATELLITE DATA 10/E9 

2 .3  gR LESS GOLDHA~ER 6@ SATELLITE DATA 10/69 M 
M F (0 .06 )  OR LESS FRANKEN 7~ LOW FREQ RES CIR 3172" 
M 10. DR LESS WILLIAMS 71 CNTR TESTS GAUSS LAW 3171 
M F VALIDITY QUESTIONABLE ACCORDING TO AUTHORS AND KROLL 71. 3172" 
M P SEE CRITICISM IN GOLDHABER 71 B/72* 

REFERENCES 

0 GAMMA 

GINTSBUR 6A SOV. ASTR.AJT 536 M. A. GINTSBURG (ACAD SCI~USSR) 
PATEL 65 PL 14 IOE V . L .  RATEL (DURHAM) 
GOLDHABE 68 PRL 21 567 A. GBLOHABEReM, NIETO {STONY BROOK) 
FRANKEN 71 PRL 26 11E P A FRANKEN~ G N AMPULSNI (MICH) 
WILLIAMS 71 PRL 26 721 +FALLER~HILL [WESLEYAN) 

PAPERS NOT REFERRED TO IN DATA CARDS 

GOLDHABE 71 RMR ~3 277 A 5 GOLDHAOER~ M H NIETO ~STON+DOHR+UCSOI 
KROLL 71PRL 26 1395 N M KROLL (SLACI 

r ~  1 E-NGUTRIND (O~J=Z/2) 

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

1 E-NEUTRINO MASS (KEV) 

(0 .25 )  OR LESS LANGER 52 CNTR 
(0.15) OR LESS HAMILTON 53 CNTR 
(B.SBI ( 0 . 2 8 )  FRIEDMAN 58 ENTR 
0.06 OR LESS CL=.9O BEROKVIS 69 CNTR EL.STATIC.MAS.SP 11/69 

REFERENCES 

I E-NEUTRINO (0,J~1/2) 

LANGER 52 PR 88 689 L M LANGER,R J D MOFFAT (INDIANA) 
HAMILTON E3 PR g2 IS21 D HAMILT{~NtW P ALFORD, L GROSS (PRINCETON) 
FRIEDMAN 58 PR 109 221¢ LEWIS FRIEDMAN,LINCOLN G SMITH (BNLI 
BERGNVI$ 69 CEBN 69-7 91 KARL-ERIK BERGKVIST IUNIV STOCKHOLM) 

r ~  2 MU-NEUTRINO ( O , J = I / 2 )  

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

2 MU-NEUTRINO MASS (MEV) 

3,5 OR LESS BARKAS B6 EMUL 
M ~ .0  OR LESS DUDZIAK 59 CNTR 
M 3 .6  OR LESS FEINBERG 63 RVUE 7/66 
M 3 .0  OR LESS ALLGOCK 65 RVUE 7/66 
M 2.5 OR LESS BARDON 65 ASPK 
M 2.8  OR LESS CL=.9O SHAFER 65 CNTR E / T l t  
M 1.6 OR LESS CL=.9O BOOTH 67 CNTR 3168 
M ~.2  OR LESS CL=.90 HYMAN 67 HEBC 0.  K- HE 11/67 
M (D.AE) tO.OWl (O.~6)  FRAMR 66 CMTR PRELIMINARY g/bE 
M S B ( 1 . 2 )  OR LESS CL=.9O BACKENSTO 71CNTR M * ' 2 = - 1 . 2 8 + - 1 . 2 ~  l O / T l *  
M 1.15 OR LESS CL=.9O SHRUM 7L CNTR M * * 2 = - l . ~ E + - 1 , l ~  12 /71 t  
M S USES SHAFER VALUE FOR PI+ MASS-CRANE (PRL-TOBEPUBIVALUE FOR NU MASS 12 /71 ,  

B CALCULTED BY US FROM q. t2 .  NAY BE AFFECTED BY PI- MASS 
B PROBLEM, SEE FOOTNOTE IN PI- MASS SECTION, 

BARKAS E6 PR I01 778 
DUDZIAK 59 PR 114 336 
FEINBERG A3 ARNS 13 ~61 
ALLCOCK 65 PPSL 85 E75 
BARDDN 6E PRL 1~ ~49 

SHAFER 65 RRL 1~ 92B 
BOOTH E7 PL 26E 39 
HYMAN E7 PL ZE B B76 
FRANK 68 VIENNA ABE. 
BACKENST 71PL 36B ~03 
SHRUM 71 PL BTB 11~ 

REFERENCES 
2 MU-NEUTRINO (0,J=1/2) 

H BARKAStW BIRNBAUMtF M SMITH (LRL) 
F DUDZIAK,R SAGANE,J VEDOER (LRLI 

(COLUMBIA) G FEINBERG~ L M LEDERMAN 
0 R ALLCOCK (LIVERPOOL) 
BARDON~BRTON~PEDPLES + (COLOM+STONY BROOK) 

R E SHAFER,CROWE~JENKINS (LRL) 
BOOTHtJQHNSON~WILLIAMStNORMALD (LIVERPOOL) 
+LOKEN,PEWITT~NCKE NZIEtKFYES+(ARG+CARN+NWU) 

B65 FRANK~GAMETtLAKIN (SHAM+LIVP+STAN) 
BAGKENSTOSS~DAN|EL~NOCH÷ (CERN~KARLeHEIOI 
E V SHRUMeK O H ZIOCK (UNIV OF VIRGINIA) 

3 ELECTRON ( O . E ~ J = l l 2 )  

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

B ELECTRON MASS (MEV) 

M ( .B11006I( .OOO02) COHEN 65 RVUE 
M .5110041 .0000016 TAYLOR 69 RVUE USING NEW EIH 

B ELECTRON MEAN LIFE (UNITS 10" '21  YR} 

T 2 .0  OR MORE HOE 65 CNTR 6/66 

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

3 ELECTRON MAGNETIC MOMENT(E/2MEI 

MM (1 .0011609)  + - ( 2 4 ) * 1 0 " * - 7  SCHUPP 61CNTR - 
MN (1.001159622)  + - ( 2 T ) , 1 0 , * - 9  WILKINSON 63 CNTR ~ 8/66 
MM (1 .001168I  + - ( 2 2 1 " 1 0 ~ * - 6  RICH 66 CNTR + POSITRON 8/66 
MM R ( 1.001159557) + - ( 3 0 ) * 1 0 ~ * - 9  RICH 68 CNTR ~ 6168 
MM (1.O011596OBgI+-(31)* lO*~- lOTAYLOR 69 RVUE . 2171 
MM (1 .00115964~)  t - ( T I C  10~* -9  WESLEY TO CNTR 61TO 
MM L.OOILSe657T + - (35 ) * lO* * - lONESLEY 71 CNTR - 2 / T 2 .  
MM (1 .0011603)  + - ( 1 2 ) ' 1 0 ~ * - 7  GILLELAND 72 CNYR + 2 /72*  
NM R RICH 68 IS REEVALUATION OF WILKINSON 63 

REFERENCES 
3 ELECTRON ( 0 . 5 , J = 1 / 2 )  

SCHUPP 6L PR 121 1 A A SCHUPP,R W PIODtH R CRANE (MICHIGANI 
WILKINSO 63 PR 130 852 D T WILKINSONvH R CRANE (MICHIGAN) 
COHEN 65 RMP 37 BET E R COHEN( J W M DUMOND (NAASC+CALTECH) 
MOE 65 PR 140 E 992 M N MOEtF REINES (CASE INST TECHNOLOGY) 
RICH 66 PRL 17 271 A RICHv H R CRANE (MICHIGAN) 
RICH 68 PRL 20 967 A RICH (MICHIGANI 
TAYLOR 69 RMP 41 375 +PARKER.LANGENBERG (PRIN+UCI+PENN} 
WESLEY TO PRL 24 1320 J C WESLEY~A.RICH (MICHIGANI 
WESLEY TI PR A4 134I J C WESLEY yA RICH (MICHIGAN) 
GILLELAN 72 PR A5 38 J GILLELAND~A RICH (MICHIGAN) 

* * * * * *  * * * * * * * * *  * * * * ~ * * * *  * * * * * * * * *  * * 4 * * * * * *  * * * * * * * ~ *  * * * * * * * * *  * * * * * * * *  

F ~  A MUON (108,J=I12) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . .  

4 MUON MASS (MEVI 

M (10E.659) (0 .002 )  FEINBERG 63 RVUE 
M (10~.6599)  ( . O ~ l ~ )  TAYLOR 69 RVUE USING NEW E/H 7/70 
M 105.659~ .OOO~ CROWE 72 CHTR 2 /72*  
M . . . . . . . . .  
M FIT 105.659~ .BOO4 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)  2 / 7 2 .  

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

4 MUON MEAN LIFE (UNITS 10"*-6) 

T 2 .198 D. OOl 0.001 FARLEY 62 CNTR 
T 2.203 O.OOA LUNOY 62 CNTR CONLEV=.98 11167 
T 2.202 0,003 0,003 ECRHAUSE 63 CNTR 
T 2.19T 0.005 0.002 MEYER 83 CNTR ÷ 
T 2 .198 0 .002 0.002 MEYER 63 CNTR - T/6E 
T 2.20026 0.00081 WILLIAMS 72 EMIR + 2172" 
T . . . . . . . . .  
T AVG 2 . 1 9 9 3 6  0.00061 0.00061 AVERAGE (ERROR INCL. SCALE FACTOR OF I . l )  

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

4 RATIO OF MEAN LIFE OF MUt TO MU- 

DT 1.OOO 0.001 MEYER 63 CNTR MEAN LIFE RU+/NU- 7166 

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

6 MUGN ANOMALOUS MAGN. MOMENT (IO**-6*EI(Z*MUON MASSI) 

MM (I162.0) (5.OI CHARPAR 62 CNTR 
MM B (1165.75) (0.71) BAILEY 68 CNTR • STOP, RINGS S/6g 
Mq B (1166 .25)  ( 0 . 2 4 )  BAILEY 88 CNTR - STOP. RINGS 5/69 
MM B ERRORS STATISTICAL. VALUES COMBINED TO GIVE MU+- VALUE BELOW 5/69 
MM 1166.16 0.~1 BAILEY 88 CNTR +- STOP. RINGS RE69 

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

4 MUON TO PROTON MAGNETIC MOMENT RATIO 

MMR THIS RATIO IS USED TO OBTAIN PRECISE VALUES OF THE MUON MASS. B/T2* 
MMR SEE CROWE T2. 3/72* 

I MMR 3.1865 .0022 COFFIN ~B CNTR + SPIN RESONANCE 2/72* 
MMR 3.1830 . D O l l  LUNDY 58 CNTR PRECESSION STROB 2172, 
MMR 3.176 .013 LUNDY 58 ENTR - PRECESSION STROB 2 / 7 2 ,  
MHR S.1634 .DO02 GARWIN 60 CNTR + PRECESSION PHASE 2 /72*  
MMR 3.18336 .00007 EINGHAM 63 CNTR + PRECESSION STROD 2/7E* 
MMR 3.1808 .OOO~ BINGHAM 63 CNTR - PRECESSION STRDB 2/72. 
MMR 3.18338 .OOO0~ HUTCHINS 63 CNTR • PRECESSION PHASE 2172" 
MMR F (3.183351)(,000016} EHRLICH 69 CNTR HFS SPLITTING 2/72. 
MMR C (3.18331~)(.000034J THOMPSON 69 CNTR HFS SPLITTING 2/72* 
MMR 3.183330 .000044 HUTCHINS 70 CNTR + PRECESSION PHASE 2 / 7 2 ,  
MMR H l b . 1 8 3 3 4 7 ) ( . 0 0 0 0 0 9 )  HAGUE TO CNTR + PRECESSION 2 /72*  
MMR C 3.183336 °000013 CRANE 71 CNTR HFS SPLITTING 2172. 
MMR F (B.1BBBBT)(.OOOOtB) OEVOE 71 CNTR HFS SPLITTING Z/T2*  
NMR F 3.16332B .000013 FAVART 71 ONT~ HF5 SPLITTING 21T2~ 
NMR H 3.1833467 .0000082 CRONE 72 CNTR + PRECESSION E/72 .  
NNR F FAVABT 71SUFERCEOES EHRLICH 69 AND DEVOE 71 
MMR C CRANE TI SUPERCEDES THOMPSON 69 
MMR H CROWE 72 SUPERCEOES HAGUE TO 
MMR . . . . . . . . .  
MMR AVG B.1833~010.0000060 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

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

4 MUON PARTIAL DECAY MODES 

DECAY MASSES 
P1 MUON INTO E {E-NEU) (MU-NEU) .B+ O+ 0 
P2 MUON INTO E 2G~MA .5+ O+ 0 
PO MUON INTO BELECTRONS .5+ .E+ .S 
P4 MUON INTO E GAMMA .B+ o 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of  Listings. 

Z 9  

Stable Particles 
./T:l:, ,frO 

8 CHARGED EION PARTIAL DECAY MODES 

DECAY MASSES 
PI CHAR.PION INTO MU (NU-NEUI SOBe 0 
P2 CHAR.PION INTO E (E-NEU) .5÷ O 
P3 CHAR.PION INTO NU {NU-NEU) GAMNA 105• O+ o 
P6 CHAR.PION INTO PIO E (E-NEU) 134+ . B •  0 
P5 CHAR.PION INTO E NEU GANMA .5+ O+ 0 
P6 CHAR.FInN INTO E NEU E+ E -  .E+ O÷ .B•  .B 

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

8 CHARGED PION BRANCHING RATIOS 

RI CHAR, PION INTO MU NEU GAMMA ( ~ I T S  1 0 ~ - 6 )  ( P B I / ( P 1 )  
R1 26 1.26 0 .25 CASTAGNOL 5S EMUL E IMU) .LT .3 .38  NV 

R2 CHAR.PION INTO E NEU (UNITS 10"~ -6 )  ( P Z ) / ( P l (  
R2 ~.21 O.OT ANDERSON 60 CNTR 
R2 1.267 O.OEB 01CAPUA 66 CNTR 
R2 . . . . . . . . .  
RZ AVG 1.262 0,026 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

RB CHAR.PION INTO PIO E NEU (UNITS 10~$-8) (PA) / (P1 )  
R3 D 52 ( 1 . 1 5 )  ( . 2 2 )  DEPONMII 63 CNTR ÷ E/72~ 
R3 O 36 0 .97  0 .20 DARTLETT 66 OSPK + 
R3 O 38 I .OT 0.2L BACASTOW 6B OSPK + 
R3 D 1.1O 0.26 BERTRAM 6S OSPK ÷ 6 /66 
R3 D 43 1.1 0 .2  DUNAITSEV 6E CNTR + 7166 
RS 33E 1.00 0.08 0 .10 OEPDNRIER 68 CNTR + 3 /68 
E3 . . . . . . . . .  
R3 AVG 1.023 0.069 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

D DEPOMMIER 68 STATE5 THAT THE RESULT OF DEPUMMIER 63 IS AT LEAST 2 / 7 2 *  
D 10 PER CENT TOO LARGE BECAUSE OF A SYSTEMATIC ERROR IN THE PlO 2/725 
O DETECTION EFFIECIENCV. THIS MAY BE TRUE OF ALL THE PREVIOUS 2 /72 "  
D MEASUREHENTS ACCORDING TO DEPOMNIER 68 ANO V. SOERGEL, PRIVATE 2/72~ 
O C OM~UNICATION~197E. 

R6 CHAR.PION INTOoEsNEU GAMMA (UNITS 1 0 ~ - 8 )  ( P S ) / ( P 1 )  
R6 163 3 .0  . OEPOMR(2 63 CNTR GAN KE E0-90 MEV 6/66 

R5 CHAR*PION IHTO E NEU E+ E- (UNITS 105~-8) ( P A ) / ( P 1 )  
R5 3 .6  OR LESS CL=.90 KORENCHEN 71 OSPK + 10171~ 

CRONE 56 PR 96 670 
BARKAS 56 PR 101 778 
CROWE 57 NC 5 561 
CASTAGNO EB PR 112 1779 

ANDERSON 60 PR 119 2050 
ASHKIN 60 NC 16 690 
OEPOMRI1 63 PL B 61 
DEPOMMIZ 63 PL 7 285 
BARTLETT 66 PR 136B 1652 
O) CAPUA 66 PR 1338 1333 

BACASTDW 65 PR 139 8407 
BERTRAM 65 PR 139 B 617 
DUNAITSE 65 JETP 20 EB 
ECKHAUSE 65 PL 19 368 

BARDON 66 PRL 16 775 
OUNAITSE 66 PL Z3 283 
KINSEY 66 PR 166 1132 
LOEKOWIC 66 PRL IT 568 

HYNAN 67 PL 258 3~6 
NORDEERG 67 EL 268 896 
SHAFER 67 PR 163 16El 

SEE ALSO PRL L6 923 

DEPOHNIE 68 NP 84 189 
PETRUKHI 68 JINR-PE-3862 
AYRES T1 PR 30 1051 

ALSO 6T PR 157 1288 
ALSO 68 PRL 21 261 
ALSO 69 UCRL-18369 
ALSO 69 PRL 23 1267 

BOOTH TO PL 32B 723 
BACKENST TL EL 368 603 

ALSO TO THESIS 
KORENCHE 71 SJNP 13 189 

~ERRISON 62 ADVP 11 1 
SHAPIRO 62 PR 125 1022 

REFERENCES 
8 CHARGED PION ( I~O~JPG=O-- ) I= I  

K M CROWE,R H PHILLIPS )LRL) 
W H BARKAStW BIRNBAUR~F M SMITH ILRL) 
K M CROWE (STANFORD HEEL) 
C CASTAGNOLI~M lCUCHNIK (ROME I F) 

H L ANDERSON,T FUJII~R H MILLER ÷ (EFINS} 
ASHKINtFAZZINI~FIOECARO~LIPNAN ÷ (CERN) 
DEPOMNIER~HEINTZEeRUBBIA~SOERGEL (CERN) 
P DEPOMMIER~HE1NTZE~RUBBIA~SOERGEL (CERN) 
BARTLETTtDEVONS~REYER~RDSEN (COLUMBIA) 
DI CAPUA,GARLAND~EONDRON~STRELZOFF (COLUN) 

+GHESQUIERE~WIEGANDeLARSEN (LRL+SLAC) 
BERTRAM~MEYER.CARRIGAM+ (NIGH+CARNEGIE) 
DUNAITSEV~PETRUKHIN~PRONDSHKIN • (DUBVA) 
ECKHAUSE,HARRIS~SMULER• (WILLIAM AND NARY) 

BARDON~DDEE~DORFAN,KRIEGER • (COLUMBIA( 
• KUTYIN~PROKOSHKIN~RASUVAEV~SIMONOV {OUBNA) 
KINSEY~LOBKOWICZ~NORDBERG (ROCHESTER UNIV) 
LOBKOWICZ, NELISSINOS~NAGASMINA+ (ROCH+BNL) 

+LOKEN,PEWITT~DERRIOK + (ANL÷CARN+NWES) 
NORDBERG,LOBKOWICZeBURNAN (ROCHESTER UNIV) 
ROBERT E. SHAFER (LRL) 
SHAFER~CROME~JENKINS (LRL) 

DEPOMRIER~DUCLDS~HEINTZEeKLEINKNECHT+(CERN) 
PETRUKHIN~RYKALIN~KHAZINS~CISEK (DUBNA) 
÷CORMACK~GREENBERGtKENNEY + (LRL~UCSB) 
AYRES~CALDWELLeGREENBERG,KENNEYtKURZ+ (LRL) 
AYRES~CORMACKtGREENBERGtKENNEY÷ (LRL~UCSB} 
DAVID S AYRES (THESIS) (LRLI 
GREENBERGtAYRESeCORMACNtKENNEY÷ (LRL~UCSB) 
+JOHNSON,NILLIAMStWQRMALD (LIVP) 
BACKENSTOSS ,DANIEL,KDCH÷ (CERN,KARL,HEID) 
C. VON DER HALSBURG )HEIDELBERG) 
KDRENCHENKO~KOSTIN~MISHCHEL-MAKHER+ (JINR) 

PAPERS NOT REFERRED TO IN DATA CARDS 

A N HERRISON (LIVERPOOL) 
G SHAPIRO~L M LEDERMAN (COLUMBIA) 

CZIRR 63 PR 130 361 JOHN B CZIRR (LRL) 

9 NEUTRAL PION (1BStJPG-O--)  I=1 

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

9 PI ~ASS DIFFERENCE ( P I + - ) - ( P I O ) ( M E V )  

O (5 .37 )  ( 1 . 0 )  PANOFSKY 51 CNTR - 
D 4.BO 0,31 CHINOWSKY 56 CNTR 
D 6 ,62  0,05 HADDOCK 59 CNTR -- 
O 6 .60  0 .06 HILLMAN 59 CNTR 
O 6.55 0.07 CASSELS 59 CNTR 
O 6 .69  O.O? SAMIOS 60 HBC 
D 6.6056 0 . 0 0 5 5  CZIRR 63 CNTR 
D 6,59 O.OB PETRUKHIN 63 CNTR - 
O 6.6036 0.0052 VASILEVSK 66 CNTR - 
D • • • . . . . . .  
D AVG 6.60~3 0.0037 AVERAGE (ERROR INCLUDES SCALE FACTOR OF L.O) 

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

2 / 7 2 ,  

9•66 

9 P IO  MEAN LIFE (UNITS LO~*-161 

T N 76 ( 1 . 9 )  ( 0 . 5 )  (0 *5 )  GLASSER 61 EMUL 
T N 69 ( 2 . 3 )  ( 1 . 1 )  ( 1 . 0 )  TIETGE 62 ENUL 
T N 88 ( 2 . 8 )  ( 0 . 9 )  ( 0 . 9 )  KOLLER 63 ENUL SEE STAMEN 66 
T 1.05 0.18 0.18 VON DARDE 63 CNTR 
T N 7~ ( h i )  (O.B) SHWE 6~ EMUL 
T 0.730 0.105 DELLETTIN 65 CNTR 6/66 
T N 67 I 1 . 6 )  ( 0 . 6 )  (O.B) EVANS 65 EMUL 6/66 
T K 232 1 .0  O.B STARER 66 ENUL 8167 
T O. B6 O.D6 ~LLETTIN TO CNTR PRIM.EFF. ON MUC 7/70 
T 0 . 9  0.068 KRYSHKIN 70 CNTR PRIMAKOFF EFFECT 12/70 
T N OLD EMULSION MEASUREMENTS NOT USED BECAUSE OF POSSIBLE SYSTEMATIC 

SHIFT TO LARGER MEAN LIFE VALUES N 
K INCLUDES EVENTS OF KOLLER 63 8/67 

AVG 0.839 0 .103 0.092 AVERAGE (ERROR INCL. SCALE FACTOR OF 2 .1 )  
) SEE IDEQGRAN BELOW ) 

U E I G H T E D  RUERRGE = 1 , ~ 9  * 0 . 1 4  

ERROR SCRLED BY 2 . 1  

/ ~  C H I S Q  

. . . . . . . . . .  K R Y S H K I N  ?0  CNTR 0 . 9  

/ I~ - - ~  . . . .  B E L L E T T Z .  ~0 C.TR ~ . ,  
/ t ~ 

. . . . . . .  STR~ER 6G EHUL ~ i . . . .  B E L L E T T I N  6 5  CNTR O . B  

_ ~  . . . . . .  ~ R R D E  6 3  CNTR 2 . 0  

1 3 . 1  

(CONLEU 
¢ 2 3 = 0 . 0 0 4 )  

NEUTRRL PI  DECRY RRTE(UNITS 10mm16SEC-1) 

9 NEUTRAL PION PARTIAL DECAY MODES 

DECAY MASSES 
Pl  RIO INTO 2GAHMA O+ O 
P2 PlO INTO E÷ E- GAMMA .5÷  .5+ O 
P3 PlO INTO 6ELECTRONS .5+ .5÷ .5÷ .5 
P4 RIO INTO 3 GAMma O+ O+ 0 

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

9 NEUTRAL PION BRANCHING RATIOS 

R1 PIO INTO (GAMMA E+ E-) / (2GANNA) (PERCENT) ( P E ) / ( P L )  
R1 (1 .196 )  THEORET. CALC, JOSEPH 60 QUANTUM ELECT. 9166 
R1 27 1 .17 0.15 BUDAGOV 60 HBC 
R1 3071 1,166 Q.04T SANIOS BE HBC PI -P TO RiO N 
R1 S SANIOS VALUE USES PANOFSKY RATIO " 1.62 
RI 
RE AVG 1.166 0.065 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O)  

RE P[O INTO (3 GAMMA)/(2 GANMA) (UNITS l O f t - 6 )  ( P q ( / ( P I )  
RE 0 E.O OR LESS CL-.9O OUCLOS 65 CNTR 6/66 
R2 S.O OR LESS CL' .9O KUTIN 65 CNTR 3/68 

RO PIO INTO (E+E+E-E - ) / ( 2  GAMMA) (UNITS l O ~ - B )  ( P S I / ( P L )  
RS ( 3 . 6 7 )  THEORETICAL CAL. KROLL 55 QUANTUM ELECT. 9 / 6 6  
R3 166 S.L8 0 .30 SAMIOS 62 HBC SEE NOTE N BELOW 6/66 
RB N ABOVE VALUE USES PANDFSKY RATIO=l.62 

REFERENCES 
9 NEUTRAL PION ( 1 3 5 t J P G - O - - ) l = l  

PANOFSKY 5I PR 81 565 M K H PANDFSKYLR L AARDDTvJ HADLEY (LRL) 
CHINOHSK 56 PR 93 586 W CHINOWSKY,J STEINBERGER )COLUMBIA) 
KROLL 55 RR 98 1355 N KNOLL tW H A O A  {COLURBIA÷NRLW) 
CASSELS 59 PPS 76 92 CASSELS~JONES,NURPHYtO,NEILL (LIVERPOOL] 
HADDOCK 59 EEL 3 678 HAODOCRtABASHIANvCROWE~CZIRR (LRL) 
HILLNAN 59 NC 16 887 HILLNANtMIODELKOOPvYANAGATAtZAVATTINI(CERN) 

BOOAGOV 60 JETP 11 755 EUDAGOVtVIKTOR~DZHELEPOVvERMDLOV + (J INR) 
JOSEPH 60 NC 16 997 D W JOSEPH (EFI )  
SAMIOS 60 NC 18 154 N P SAMIOS (COLUMBIA) 
GLASSER 61PR 123 1016 R G GLASSERtN SEEMAN.B STILLER (NRL) 
SAMIOS 61PR 121 275 N P SAMIOS (COLUMBIA÷BNL) 
SANIOS 62 PR 1Z6 1 8 ~  SAHIOStELANOIPRODELL ÷ (COLUMD|A+BNL) 
TIETGE 62 RR 127 1326 J TIETGE~W PUESCHEL (MAX PLANCK INST) 

CZIRR 63 PR 130 361 JOHN B CE]RR (LRL) 
KOLLER 63 NC 2T 1605 E L KOLLER,S TAYLOR~T HUETTER (STEVENS) 
ROLLER 6~ SEE ALS~ STARER 66 
PETRUKHI 63 SIENA COMF 208 V I PETRMKHINtYU O PROKOSHKIN (JINRI 
VON DARO 63 EL 4 51 VON OARDELtOEKKERS,NERMODtVAN PUTTEN+(CERN) 

SHWE 66 PR 1368 1839 H SHWEmF M SMITH~W H BARKAS (LRL) 
BELLETTI 65 NC 60 A 113e BELLETTINItBERPORADtBRACCINI÷(PISA+EIRENZE) 
OUCLOS 6S PL 19 253 DUCLOEeFREYTAG~HEINTZE ÷ (CERN÷HEIDELBERG) 
EVANS 65 PR 139 B 982 O A EVANS (OXFORD) 
KUTIN 65 JETP LETT 2 263 KUTINpPETRUXHINePRONOSHKIN (JINR) 

STARER 66 PR 151 LLOB STA~ER tTAYL~KOLLERtHUETTER÷ (STEVENS) 
VASILEVS 66 PL 23 281 VASILEVSKY,VISHNYAKOV,OUNAITSEV • (DUBNA) 
BELLETTI TO NC 66A 263 BELLETTIN|tBENPURAOtLUBELSMEY+ (PIEAeBQNN) 
NRYSHKIN 70 JETP 3O 1037 +STERLIGOVtUSOV (TONER) 



Stable Particles 
K & 

F ~  lO CHARGED K {~94,JP=O-I  I=1 /2  

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

10 CHARGED X ;AASS {NEV) 

;4 493.9 0 .2  COHEN 57 RVUE + 
R 493.7 0 .3  DARKAS 63 EMUL - 
;4 493.78 O.IT GREINER 65 EMUL + VIA TAU DECAY 
M 693.87 0 .19 KUNSELMA;4 T l  CNTR - KAONIC ATOMS 
;4 . . . . . . . . .  
M AVG 493,83 O.lO AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ,0 )  
M FIT 693.84 0.10 FRON FIT (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

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

EO ( K + ) - ( X - )  ;ARES DIFFERENCE (;AEV) 

DR l.E;4 ( -0 .0321 (0 .090 )  FORD TZ ASPK +-  PRELIMINARY 

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

7 /66 
10171* 

2/T2*  

10  CHAR.K MEAN LIFE (UNITS 1 0 , * - 8 )  

T CHAR, K MEAN LIFE 
T 0 (0 .9S)  (0 .36 )  ( 0 .2~ )  ILOFF 56 E;AUL 
T O 52 (1 .60 )  (0.3) { 0 . 3 }  EISENBERG 58 ENUL 
T 1.21 O*O6 0,06 DURROWES 59 CNTR 
T O 33 (1 .38 )  (0*2~)  ( 0 .24 )  FREOEN 60 EMUL 
T 0 ( 1 .25 )  (0 *22)  (0.171BARKAS 61 EMUL 
T 0 51 ( h 2 7 )  { 0 . 3 6 l  ( 0 . 2 3 )  BHOWMIK 61 E;4UL 
T 293 1.31 0.08 0.08 NDRDIN 61 HBC - 
T [E .24)  (O.OT) NORDIN 61 RVUE - 
T 1.231 0.011 0.011 BOYARSKI E2 CNTR + 
T 1.2443 0.0038 FITCH 65 CNTR + K AT REST 6/66 
T 1.221 O . O l l  FORD 67 CNTR +-  8•67 
T 1.2272 0.0036 LOBKOWICZ 69 CNTR +e K IN FLIGHT 9166 
T 3M 1.2380 0.0016 OTT T l  CNTR STOPPING K 2/71 
T 0 OLD EXPERIMENTS WITH LARGE ERRORS EXCLUDED FROM AVERAGING 2/71 
T • • . . . . . . .  
T AVG 1.2370 0.0032 O,O03Z AVERAGE (E8ROR INCL. SCALE FACTOR OF 2,4) 
T FIT 1.2371 0.0028 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .9 )  

(SEE IDEOGRAM BELOW ) 

WEIGHTED AUERAGE = 0 . 8 0 8 4  ± 0 . 0 0 2 1  

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  t 
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 I s convenience only. '1~e 
data were actually processed by a 
constrained fit program, which 
c a l c u l a t e s  i t s  own values 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 H 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 .  

0 . 7 0  0 . ? S  O . B O  O . B S  0 . 9 0  0 . 9 5  

CHARGED K DECAY RATE { U N I T S  IOEmO S E C - I )  

C H I S Q  

. . . . . . .  DTT 71  CNTR 0 . 4  

. . . . . . . .  LDBKDWICZ  6 9  CNTR 7 . 3  

. . . . . .  FORD 5 7  CHTR 

. . . . . . .  F I T C H  5 5  CNTR 3 . 7  

• N O R D I N  6 1  HBC 

BURROUES 5 9  CNTR 

1 1 . 4  

(COHLEU 
= 0 . 0 0 3 )  

30 

lO MEaN LIFE DIFFERENCE,(+I - ( - ) /AVGE. {PERCENT) 

DT N THIS QUANTITY IS A ;AEASURE OF CPT INVARIANCE IN W*I. 

DT 0.47 0.30 FORD 67 CNTR 8•67 
OT O.O9O 0,078 LOBKONICZ 69 CNTR 12170 
DT . . . . . . . . .  
DT AVG 0.114 0.093 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 .2 )  

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

10 CHARGED N PARTIAL DECAY NODES 

DECAY ~ASSES 
RE CHAR, K INTO ;AU NEU X MU2 105+ 0 
P2 CHAR. K INTO PI PIO K PI2 139+ 134 
P3 CHAR. K INTO Pl PI+ P I -  TAD 139+ 139+ 139 
PA CHAR. X INTO PI 2PIO TAD PRIME 139+ 134+ 134 
PS CHAR. K INTO ;AU PIO NEU K NU3 105+ 184+ 0 
P6 CHAR. K INTO E RIO NEU O 
P7 POSIT.K INTO PI+ P I -  E+NEU .8+ O 
P8 POSIT,~ INTO pI+ PI+ E-NEU .5+ 0 
P9 POSIT.K INTO PI+ P I -  ;4U+ NEU 105+ O 
PlO POSIT.K INTO RE+ Pie MU- NEU LOB+ 0 
P11 CHAR. K INTO E NEU 
Pl2 CHAR* K INTO ;AU NEU GAMMA 0 

O P13 CHAR, K INTO PI RiO GAM;4A 
PEA CHAR. K INTO Pl Pie P I -  GAMMA 139+ O 
P15 CHAR. K INTO PI E+  E -  ¶5 
P16 CHAR. K INTO PI NU+ MU- 1 05 
PIT CHAR. K INTO PI GAMMA GAM;AA 
PE8 CHAR. K INTO Pl E NEUTR|NO GAM;AA 
P19 NEG. K INTO RE+ E- E- 
P20 CHAR. X INTO P| NEU NED 
PZ1 CHAR. K INTO E NED GA;AMA 
P22 CHAR. K I NT~ Pl GAMMA 
P23 CHAR. K INTO PI 3GA;ANA 
P24 CHAR. K INTO RID P I O E  NED 

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

K E3 .E+ IBA+ 
x E * ,  1 . . . .  39+ 
K E- 4 139+ 139+ 
K+MU+ 4 139+ 139+ 
K+MU- 4 139+ 139+ 
K E2 .5+ 0 
K ;4U MAD 105+ O+ 
K PI RAD 139+ 134+ 
TAU RAD 139+ 139+ 
Pl E E 139+ .5+ 
P( MU MU 139+ 105+ 
Rl GAB GA;4 139+ O+ O 
Pl E NEU GAR 139+ .5+ O+ 0 
PI+E-E-  139+ .E+ .S 
PI NED NED 139+ O+ 0 
K E2 MAD *S+ O+ O 
K PI GAM 139+ 0 
Pl 3GAN 139+ O+ O+ 0 
K E4 2PIO 134+ 134+ .5+ 0 

Data Card Listings 
For notation, see key at front of Listings. 

IB CHARGED K DECAY RATES 

W1 CHAR, R INTO ;4U NEW (UNITS 10" '8  SEC-I) (G1) 
WE 51.2 0 .8  FORD 67 CNTR +-  
WE . . . . . . . . .  
W1 FIT 51.55 0.25 FROR FIT (ERROR INCLUDES SCALE FACTOR OF 1 .E l  

W2 CHARG. K INTO PI PI+ P I -  (UNITS 10,~6 SEC-E) (03) 
W2 F (@.496) ( 0 . 030 )  FORD 6T DNTB +-  SEE NOTE F 
WE F 3.2N (A.  fi29) {0 .032 )  FORD 70 ASPK SEE NOTE F 
W2 4.511 0.024 FORD 70 ASPK SEE NOTE F 
WE F THE LAST IS THE COMBINED RESULT OF FORD 67 AND FORD 7 O 
WE • . . . . . . .  • 
N2 FIT 4.513 0.023 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l . [ I  

N3 CHAR. K INTO { T A U ) -  (TAU PRI;AE) (UNITS 10~,6 SEC-I) (03-G4) 
W3 USED FOR DELTA I=1 /2  TEST 
N3 . . . . . . . . .  
W3 FIT 3 . lED 0.039 FROM FIT 

RA CHAR. K INTO (MU PIO N E U ) +  (E RiO NED) (UNITS 105~6 SEC-E) (G5+G6) 
W4 USED FOR DELTA I = l / Z  TEST 
WA . . . . . . . . .  
W4 FIT 6.51 0.12 FROM FIT 

8167 
l l l TO  
11170 

lO DECAY RATES D 1 F F . . { + ) - ( - ) / A V .  (PERCENT) 

01 DIFFERENCE IN K ;4UZ RATES ( ( G I + ) - ( G I - | ) I G E  {PERCENT( 
DI -O.E9 0.41 FORD 67 CNTR 8•67 

02 OIFFERENCE IN TAU R A T E S  { (GO+) - (G3- ) ) IGO {PERCENT) 
D2 - 0 . 5 0  0.90 FLETCHER 67 OSPK 8/67 
02 F (-O.ORI (0 .21 )  FORD 67 CNTR SEE NOTE F 8/67 
D2 F 3.2;4 (0 .10 )  { 0 . 1 ~ )  FORD 70 ASPK SEE NOTE F 11/70 
02 O.O8 0.12 FORD TO ASPK SEE NOTE F 11170 
DZ F THE LAST IS THE CO;ABINED RESULT OP FORD 67 AND FORD T 0 
D2 . . . . . . . . .  
02 AVG 0 .07  0.12 AVERAGE (ERROR INCLUDES SCALE FACTOR ~F 1 .0 )  

03 DIFFERENCE IN TAU PRIME RATES ((G4+)-(GA-)) /AVERAGE (PERCENT) 
D3 1802 - E . I  1.8 HERZO 69 DSPK 5170 

04 DIFFERENCE IN K PI2 RATES { {02e)- (G2-) ) IAVERAGE (PERCENT) 
04 0 .8  1.2 HERZO 69 OSPK 5170 

~ DIFFERENCE IN K P( RAD RATES { {G13+)- IGIO-) I /AVERAGE {PERCENT( 
2A (0.0) (O.Z~) EDWARDS 710SPK PRELIMINARY 2/72* 

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

10 CHARGED K BRANCHING RATIOS 

R 0 OLD DATA EXCLUDED 

RE CHAR. X INTO (MU NEU)ITOTAL (UNITS 10"~-2 )  ( P l ]  
R1 0 (58°5) {3.0) 81RGE 56 E;AUL + 
R1 D { 5 6 . 9 )  (2.61 ALEXANDER 57 EMUL + 
RE O OLD EXPERIMENTS NOT INCLUDED IN AVERAGING 1171 
R1 . . . . . . . . .  
RI FIT 63.77 0.28 FROM FIT 

82 CHAR. K INTO {PI PIO)/TOTAL (UNITS l O * * - 2 )  (PC) 
R2 O ( 2 7 . 7 )  ( 2 . 7 )  DIRGE 56 EMUL + 
82 O { 2 3 . 2 )  {2 .21 ALEXANDER 57 E;AUL + 
R2 0 EARLIER EXPERIMENTS NOT AVERAGED 
R2 ( 2 1 . 0 )  ( 0 . 6 )  CALLAHAN 65 HLBC SEE R17 
82 ( 2 1 . 6 |  ( 0 . 6 )  TRILLING 65 8VUE 6/66 
82 . . . . . . . . .  
82 FIT 20.92 0,29 FRO;4 FIT 

R8 CHAR, K INTO (PI PI+ PI-)ITOTAL {UNITS 108"-2) (P3) 
R3 0 ( 5 . 6 )  ( 0 . 4 )  BIRGE 56 EMUL + 
R3 O ( & . 8 )  (0.%) ALEXANDER 57 E;AUL + 
RB 0 ( 5 . 2 )  ( 0 . 3 )  TAYLOR 89 E;AUL + 
R3 O EARLIER EXPERIMENTS NOT AVERAGED 
RB S.? 0°3 ROB 61HLBC + 9 /66 
R3 2332 5.E4 0,12 CALLAHAN 64 HLBC + 
R3 540 5.1 0 .2  SHAKLEE 64 HLBC + 9166 
R3 5.71 O*LE DE ;AARCO 65 HBC 6166 
83 44 6 . 0  0 .4  YOUNG 65 EMUL + 6/86 
83 P 693 5 .34 0.21 PANDOULAS 70 E;AUL + 10/70 
83 P INCLUDES EVENTS OF TAYLOR 59 
83 . . . . . . . . .  
R3 AVG 5.521 0,098 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.3) 
83 FIT 5.E83 O.OB= FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .1 )  

(SEE IDEOGRA;4 BELOW ) 

WEIGHTED AUERAGE = 5 . $ 2 1  ± 0 . 0 9 8  

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  ~ 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 ~ 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  
calc~ates its own values of ~ 5~ 
and scale £actor, which are differ- 
ent from the values shov~ here. 

CHISQ 

. . ~  . . . . . . .  PAHDDULAS 70 EnUL 0 . 7  

~ l  . - Y O U N G  6 5  E ~ U L  1 . 4  

- - - ~ \  . . . . . . .  DE MARCD 65 HBC 1 . 6  

• - - \  . . . . . .  5HAKLEE 04 HLBC 4 . 4  

~ v  . . . . . . . . . .  C ~ L L ~ H ~ N  6, HLBC 0.0 
- - - ~ . i - . . R O E  61  HLBC O ~  
" ~  8 . 6  

( C D N L E U  
4 . 5  5 . 0  5 . 5  6 . 0  6 . 5  ? .O = 0 . 1 2 7 )  

CHAR.K TO { P I  p I +  P I - } / T D T A L  [UN I O ~ E - 2 )  



Data Card Listings 
For notation, see key at front o f  Listings. 

3 t  

Stable Particles 
K i 

R4 CHAR. K INTO (PI 2PIO)/TOTAL (UNITS 10"* -24  (P4) 
R6 D { 2 . 1 ]  ( 0 . 5 )  BIRGE 56 EHUL + 
R6 O ( 2 . 2 )  (O.4I  ALEXANDER 87 ENUL • 
R4 0 ( 1 . 5 )  ( 0 . 2 )  TAYLOR 59 EMUL • 
R6 0 EARLIER EXPERIMENTS NOT AVERAGED 
R4 1.7 0 .2  ROE 61HLBC + 11/67 
R4 108 1.8 0 .2  SHAKLEE 64 HLBC + 11/67 
R6 P 198 1.13 0.11 PANDOULAS 70 EHUL ÷ lO/TO 
R6 P INCLUDES EVENTS OF TAYLOR 59 
R4 . . . . . . . . .  
R4 AVG 1.613 0,087 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l . O I  
R6 FIT 1.6TT 0.064 FROH FIT (ERROR INCLUDES SCALE FACTOR OF l . O I  

R5 CHAR* K INTO (HU PIO NEU]/TOTAL (UNITS 10"*-21 (F5) 
RE O ( 2 . 8 l  I I . O )  DIRGE 56 EMUL + 
R5 O ( 5 . 9 )  ( 1 . 3 )  ALEXANDER 57 EHUL + 
R5 O ( 2 . 8 )  ( 0 . 6 )  TAYLOR 59 EHUL + 
R5 D EARLIER EXPERIMENTS NOT AVERAGED 
R5 . . . . . . . . .  
R~ FIT 3 .20 0.11 FROH FIT 

RE CHAR. K INTO {E PIO NEU)/TOTAL (UNITS 10 " * -2 )  (P6) 
R6 O (3 .21 ( L . S {  EIRGE 56 EHUL + 
R6 0 ( 5 . 1 )  ( 1 . 3 )  ALEXANDER 57 EHUL + 
R6 O EARLIER EXPERIMENTS NOT AVERAGED 
R6 5 .0  0 .5  ROE 61 HLBC + 11/67 
R6 629 6 .7  0 .3  SHAKLEE 64 HLSC + 11/67 
R6 . . . . . . . . .  
R6 AVG 6.78 0.26 AVERAGE {ERROR INCLUDES SCALE FACTOR OF l . O )  
R 6  FIT 6.885 0.070 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .1 )  

RT CHAR. K INTO (E l2  + HU3I/TDTAL (UNITS 10"*-24 (P2•PS) 11/67 
R7 WE CONBINE THESE TW3 NODES FOR EXPTS MEASURING THEM IN XENON BC 
R7 BECAUSE OF DIFFICULTIES OF SEPARATING THEN THERE 
R7 23.4  1 . I  ROE 61 HLBC + 11/67 
R7 886 25.6 0 .9  SHAKLEE 64 HLBC • 11/67 
RT . . . . . . . . .  
R7 AVG 24.60 0,98 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ,6 )  
R7 FIT 26.12 0.29 FROH FI7 (ERROR INCLUDES SCALE FACTOR OF 1.2J 

R8 Kt  INTO ( P i t  PI+ E- NEU)/TOTAL (UNITS LO*~-T) (P8) 
R8 20. OR LESS CL=*95 BIRGE 65 FBG • 8/66 
R8 0 6 . 9  OR LESS CL=.98 ELY 69 HLBC + 10/69 
R8 0 9 .0  OR LESS CL=.95 SCHNE(NBE TI HLBC • 9 / T I *  

R9 K+ INTO (E l+  P I -  HU+ NEU(/TOTAL (UNITS l O * * - S )  (PO) 
R9 I O.7T 0 .56 O*EO CLINE 6E FBC + 8/66 

RIO K+ INTO ( F I •  PI+ HU- NEU)/TOTAL (UNITS 10 ,~ -6 )  (PlO) 
RIO O 3 . 0  OR LESS CL=.95 BIRGE 65 FBC + 8/66 

R l l  CHAR. K INTO (E NEU)/TDTAL (UNITS 10"$-E)  ( P l l )  
R l l  160.0 DR LESS CL=.95 EDRREANI 66 HBC ÷ 1LI67 
R l l  4 2.1 1.8 1,3 BOHEN 67 OSPK + 8/67 
RI1 BONEN RESULT SHOULD BO CORRECTED TO 1 . 9 ( + 1 . T , - 1 , 2 )  BECAUSE OF 
RL1 K+ TO E+ NEU GANHA DECAYS BEFORE COMPARING WITH EOTTERILL 67 RZB 

R12 CHAR, K INT~ (P l  GAMMA GAHHA)/TDTAL {UNITS 1 0 " * - 6 )  (PIT)  
R12 ALL VALUES GIVEN HERE ASSURE A PHASE SPACE PION ENERGY SPECTRUM 2172" 
R12 1.1 OR LESS CL=.9E CHEN 68 OSPK + T { F I )  60-90 NEV 5/68 
RI2 0 .5  qR LESS CL=.OO KLERS 71 OSPK + T(PI )GT 117 HEV 8 / 7 1 .  
R12 0 0.3E OR LESS CL=.DO LJUNG 72 HLBC • 6-|021114-L27NEV 2/T2~ 

R13 CHAR. K INTO (P1 PlO GANRA)/TOTAL (UNITS | 0 * * - 4 )  {F13) 
R13 18 2 .2  0 .7  CLINE 64 FBC • Pl+ KE RE-80 HEV 8/66 
HI3 O 1.9 ~R LESS CL=.9O EHMERSON 69 OSPK PI+ ES-8D NEV 10/69 
R13 26 ( 2 . 6 )  { 0 . 8 )  EDWARDS 710SPK PRELININARY 2/72~ 

R14 CHAR. K INTO (PI PI+ P I -  GAHHAI/TOTAL (UNITS 1 0 , * - 4 )  (PL4) 
R14 1.O 0 .4  STAHER 65 EHUL + EGAH GT LLHEV 8/66 

R1E CHAR. K INTO {PI E+ E-)/TOTAL (UNITS 1 0 " * - 6 )  (P15] 
R1E 1 2 .65 OR LESS CL=.9O CANERINI 64 FEC + 8/66 
RI5 6 .4  OR LESS CL=.OO RISI 67 DBC • 11/67 
HIS 0 .4  OR LESS CLINE 67 FBC • 11/67 

R16 CHAR. K INTO (PI HU+ NU-I/TOTAL (UNITS 1 0 , * - 6 )  (PEEl 
R16 3 .0  OR LESS CL=.9O CAHERINI 65 FEE • 8/66 
R16 2.6 OR LESS CL=.90 BISI 67 DDC + 11/67 

R17 CHAR. K INTO (PI  PIQI/TAU { F 2 ) / ( P 3 )  
RI7 136 3,24 0 .36 YOUNG 65 EMUL + . 8/66 
R17 1045 3 .96  O.1E CALLAHAN 66 FBC + 9 /66  
R1T . . . . . . . . .  
RI7 AVG 3.84 0.27 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .9 )  
R17 FIT 3.746 0.058 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .2 )  

RIB CHAR. K INTO (PI 2PIO)/TAU ( P 4 ) / ( P 3 ]  
RIO 2027 0.303 0.009 BISI 65 H+HL • • 8/66 
R18 17 0.393 0.099 YOUNG 65 ENUL + 8/66 
R18 . . . . . . . . .  
RIO AVG 0.3037 0.0090 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.04 
RIB FIT 0,3004 0.0078 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)  

R19 CHAR. K INTO {HU PIO NEU)/TAU ( P S I / ( P 3 )  
R19 2175 0.632 O.O3E SIS/ 68 H•HL + • 8/66 

8 /66 R19 3E 0.90 0.16 YOUNG 65 EHUL • 
RIO H 1505 (0 .510)  (O.O171 EICHTEN 68 HLBC ! 1 / 6 8  
RL9 H 1 5 O 5  0.503 O.Ol9 HAIDT T l  HL3C + 12/70 

HAIDT 71 IS A REANALYSIS OF EICHTEN 68 R19 H 
RIg . . . . . . . . .  
R19 AVG 0.536 0 .056 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 3.2) 
R19 FIT 0,5?3 0.019 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1,8) 

(SEE IDEOGRAM BELOW l 

R2O CHAR. K INTO (E PIO NEU)/TAU ( P 6 ) / ( F 3 )  
R20 230 0 .90 0 .06 8ORREANI 64 HBC + . 8/66 
R20 37 0 .90 0.16 YOUNG 65 EHUL • . 8/66 
RED 854 0 .94 0.09 BELLOTT2 67 HLBC 11/67 

EICHTEN 6E HLBC + 11/6E R2O H 438S {0 .866)  (0.0211 
R2O H4385 0.850 O.Ol9 HAIDT T l  HLBC + 12/70 
R2O H HAIDT 71 IS A REANALYSIS OF EICHTEN 68 
R20 . . . . . . . . .  
R20 AVG 0.8E8 0.0L8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 {  
R20 FIT 0.870 0.013 FROM FIT (ERROR INCLUDES SCALE FACTOR OF L .1 )  

R21 K+ INTO (FI+  P I -  E÷ NEU)/TAU (UNITS 1 0 , * - ~ )  ( P T ) / ( 1 3 )  
R21 69 6 .7  1.5 81RGE 65 FBC • 8/66 
R21 269 5 .83 0.63 ELY 69 HL8C • 11/68 
R2I 500 T.36 0.68 50URQUIN 71 ASRK I Z / 7 1 ,  
R21 106 7*0  0 ,9  SCHWEINBE 71HLBC + 9/7L~ 
R2I . . . . . . . . .  
R21 AVG 6 .66  0.40 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,0) 

R22 Kt  INTO (FI+ P I -  HU+ NEUI/TAU (UNITS LO** -4)  (PO) / (P3)  
R22 I { 2 . 5 )  APPROX GREINER 64 EHUL • 8/66 
R22 7 2 .57 L.85 BISI 67 DBC t 11/67 

WEIGHTED RUERRGE = 0 . E 3 6  * 0 . 0 5 4  

ERROR SCRLED BY 3 . 2  

/ 

0 . 2  O , 6  1 .O 1 , 4  

CHRRGED K I N T O  ( f lU  P I D  N E U ] . . ' T R U  

V a l u e s  a b o v e  o f  w e i g h t e d  & v e r a g e ,  
e r r o r ,  a n d  s c a l e  £ 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  of  ~ 5x~ 
a n d  s c a l e  £ 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 ~  h e r e .  

A C H I S ( ]  

t ~ . . . . . . . . . .  H R I O T  71  HLBC 3 . 1  

= I t - ~  YOUNG 6 5  EMUL 
~ t 

? . S  

( C D N L E U  
= 0 . 0 0 1 )  

R23 CHAR. N INTO (E PIO NEU)/(RUZ+PI2) (UNITS 1 0 " * - 2 {  (P61/(PI÷P21 
R23 1679 5.89 0.21 CESTER 66 OSPK ÷ 8/67 
R23 81LO 6.  L6 0 .22 ESCHSTRUT 66 OSPN + 3 /68 
R23 . . . . . . . . .  
R23 AVG 6 .02  O. L8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  
R23 FIT 5. T33 0.090 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 . 1 )  

R24 CHAR. K INTO (PI F IO I / {HU NEU) ( P 2 I / ( P I (  
R24 0.3253 0.0065 AUERBACH 67 OSPK ÷ 8/67 
R24 1600 0.305 0.0L8 ZELLER 69 ASPK ÷ LO/69 
R24 • • • . . . . . .  
R24 AVG 0.3230 0.0065 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .1 )  
R2A FIT 0.3280 O.OOE9 FROM FIT (ERROR INCLUDES SCALE FACTOR OF L.21 

R25 CHAR. K INTO (E PIO NEU]/ (NU NEUI ( P 6 ) / ( P l l  
R25 472 O* 0797 0.0054 AUERBACH 6T OSFK + 8/67 
R25 THE VALUE .07851- .0025 GIVEN IN THE ABOVE REF IS AN AVERAGE OF 
R25 AUERBACH 67 R25 AND CESTER 6E R23. 
R25 960 .0775 .0033 8DTTER]L 68 ASPR + 5/68 
R25 561 0.069 0.006 GARLAND 68 DSPK + 4/68 
RZE 350 0.069 0.006 2ELLER 69 ASPK 10/69 
R25 . . . . . . . . .  
R2E AVG 0.0753 0.0025 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .1 )  
R25 FIT 0.0761 0.0011 FROH FIT (ERROR INCLUDES SCALE FACTOR OF 1.14 

R26 CHAR. K INTO (MU PIG NEU)/(HU NEU) (PS( / IPL )  
R26 310 0.0602 0.0046 AUEREACH 67 OSPN + 8/6 • 
R26 424 0 .058 0 .004 GARLAND 68 ~SPK + 4 /68  
RE6 260 0.05~ 0.009 ZELLER 69 ASPK ÷ 10169 
R26 
R26 AVS 0.0569 0.0029 AVERAGE (ERROR 1NCLUDES SCALE FACTOR OF 1 .0 )  
R26 FIT 0.0502 O.OOL8 FROM FIT (ERROR INCLUDES SCALE FACTOR OF L.OI 

R27 CHAR. K INTO (HU NEU)/TAU ( P I l l ( F 3 )  
R27 R 427 { 1 0 . 3 8 l  ( 0 . 8 2 )  YOUNG 6E EHUL + 9/66 
RZT R DELETED FROM OVERALL FIT BECAUSE YOUNG 65 CONSTRAINS HIS RESULTS 
R27 R TO ADD UP TO 1. ONLY YOUNG HEASURED HUE DIRECTLY. 
R2T . . . . . . . . .  
R27 FIT L1.42L 0.085 FROH FIT 

R28 CHAR. K INTO (E NEU)/(HU NEU) (UNITS LO t * -8 )  { P I I I / ( P 1 )  
R28 LO 1 .9  0 .7  0.5 BOTTER[LL 67 ASPK • 11/67 
R28 8 t .  8 0 .8  0 .6  NACEK 69 ASPN t 4 /69 
R28 66 2 .15 0.35 CLARK 70 OSPK 11/70 
R28 . . . . . . . . .  
R28 AVG 2.06 0.28 AVERAGE (ERROR IHCLUOES SCALE FACTOR ~F I . O )  

R29 CHAR. K 1NTO I HU PIG NEUI/(E PlO NEU) I P S ) / ( P 6 )  
R29 C1509 0.703 0.0E6 CALLAHAZ 66 HLBC 6/68 
R29 5601 0.667 0 .017 BOTTERI2 68 ASPK + 6 /68 
R29 A 1398 (0 .604)  ( 0 . 022 }  EICHTEN 68 HLBC 10/68 
R29 AH (0 .596 ]  (0*025)  HAIDT 71HLBC + 12/70 
RE9 COHHENTS 
R29 H HAIDT TL IS A REANALYSIS OF EICHTEN 68 
RZD A ONLY INDIVIDUAL RATIOS INCLUDED IN FIT--SEE R19 AND R20--  11/68 
R29 C FRON THIS EXPERINENT WE USE ~NLY THE HU3/E3 RATIO AND DO NOT 
R29 C INCLUDE IN THE FIT THE RATIOS HU3/TAU AND E3/TAU, SINCE THEY 
R29 C SHOW LARGE DISAGREEMENTS H|TH THE REST OF THE DATA. 
R29 . . . . . . . . .  
R29 AVG 0.670 0 .016 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l . O )  
R29 FIT 0 .659 0 .022 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .8 )  

R3O CHAR. K INTO ( P I E  NEU GAHHA)/{PI E NEU) {PLE) / (PbJ  
R3O R (O,OL2} { 0 .008 )  BELLOTTI 67 HLBC t EDAN GT 3OHEV 11/6T 
R3O R 13 0.0076 0.0028 RONANO 71 HLBC EGAH GT I O N E V  I O / T l *  
R30 R WE USE LOWEST E(GAHHA) CUT, SEE ROHANO 71 FOR DEPENDENCE ON THIS CUT 2 /72*  

R31 R- INTO ( P l t  E-  E- l /TOTAL (UNITS 1 0 . * - 5 )  (PLO) 
R31 TEST OF LEPTON NUMBER CONSERVATION 
R31 (1 .54 OR LESS CHANG 68 HBC - 3/68 

R32 CHAR. K INTO (PI NEU NEU)/TDTAL (UNITS 10e*-61 (PZO) 
R32 {100 .0 )  OR LESS CL=.OO CAHERINI 69 HLBC + TEST NEUTR.CURR. 5170 
R32 K 1 .2  OR LESS CL=.90 KLEHS 71 OSPK + T (P I )  GT 117 NEV 8 /71"  
R32 K ASSUMES PI+ SPECTRUH SANE AS PlO SPECTRUH IN KE3 DECAY 

R33 CHAR. K INTO (E NEU GAHHA)/TOTAL UNITS 1 0 . * - S ]  (P2 [ )  
R33 M ( 7 . 1 )  OR LESS RACEK TO OSPR + P(E) 236 TO 267 12/70 
R33 N ABOVE IS MEASUREHENT OF STRUCTURE-DEPENDENT DECAY ONLY 

R34 CHAR. K INTO (PI GA~MA)/TDTAL (UNITS lO* * -6J  (P22] 
R34 6 . 0  OR LESS CL=.9O KLENS 7L DSFR + 8171" 

R3E CHAR. K INTO (TAUI/ (TAU PRIHE) (P3/PB} 
R35 USED FOR DELTA I=1 /2  TEST 
R35 . . . . . . . . .  
R35 FIT 3.329 0.086 FR~H FIT 

R36 CHAR. K INTO (PI 3GAHHA)/TDTAL (UNITS 10"$-61 {PZ3) 
R36 3 . 0  OR LESS CL=.9O KLENS Tl OSPK + T (P I I  GT II7HEV 8171" 
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R37 K÷ INTO (PI+  PI+ E- NEU) / (R I÷  P I -  E+ NEU) ( P e ) / ( P 7 )  2 /72*  
R3T 0 0.013 OR LESS CL- .95 BOURQUIH T t  ASRK 12 /71 ,  

R38 CHAR. K INTO (PIO PIO E NEUIIKE3 (UNITS 10"* -61  (PZb I I (Pb)  
R38 0 37.0 OR LESS CL ' . 90  RONANO 71HLSC + IZ /71 "  
R38 2 3 .8  5.1 1.3 CLINE T2 HLBC + . 2/TZ* 

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

CHARGED g CONSTRAINED FIT 
OVERALL FIT OF MEAN L[FE~ WIDTHS AND BRANCHING 
RATIOS USES ~6 DATA POINTS TO DETERMINE sIX 
QUANTITIES. OVERALL FIT HAS CHISQ-T3.9. RAIN 
CONTRIBUTION (13.51 C~NES FROM R19 OF HAIDT 
7|  (HE SEE N3 REASON TO REJECT THIS EXPERIMENT 
AT THIS TIME) 

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

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

~ITTED PAETIAL DECAY MODE BRANCHING FRACTIONS 

T h e  m a t r i x  be low  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 h e  f i ~ e d  p a r t i a l  d e c a y  m o d e  

branchinB fractions, Pi' as follows: The diaRonal elements are pie 5P i, where 

= ~ wh i l e  t h e  o f f y d i x ~ o n a l  e i n ~ n t s  a r e  t h e  n o r m a l i z e d  c o r r e l a t i o n  coef£1- 6 P  1 
c i n n t s  < S P i b P  j > / ( S P  i .  6P j ) .  F o r  t h e  d e f i n i t i o n s  of  t h e  i n d i v i d u a l  P i '  s e e  t h e  l i s t i n g s  

above ;  o ~ y  t h o s e  P i  a p p e & 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  t o  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  f .  

P l  R E  P 3  P 4  P 5  P 6  
P 1 .638+- .003  
P 2 - . 8 5 0  . 209÷ - . 003  

3 - . 1 3 8  - . 0 6 2  .05b+- .050  
6 - . 1 2 7  - . 0 5 1  .165 .O1T+-.O00 

P 5 - . 2 5 7  - . 1 8 8  .083 .OO2 .032÷- .001  
P 6 - , 2 3 0  ~.198 .168 .009 .%81 .069+- .001  

~W~TED P A R T I A L  D E C A Y  M O D E  R A T E S  

T h e  m a t r i x  be low  i s  t h e  b r a n c h i n g  f r a c t i o n  m a t r i x  a b o v e ,  t r ~ s f o r m e d  i n t o  r a t e  

s p a c e ;  i .  e . ,  O i m r i = r t o t a l P l ,  i n  a p p r o p r i a t e  u n i t s .  I n  a n a l o g  7 to  t h e  m a t r i x  a b o v e ,  

the d i a ~ o n a l  e i n r n e n t s  a r e  G i : b f G  i ,  where ~ i  = ~ ) a  while the o f f - d i ~ B o n a l  

e l e m e n t s  a r e  t h e  n o r m a l i z e d  c o r r e l a t i o n  c o e f f i ¢ i n n t a  <bGIbGj>/ (bG i "  5Gj) .  N o t e  t h a t ,  

b e c a u s e  ol  t h e  e r r o r  i n  F to t a  I ,  t h e  e r r o r l  a n d  c o r r e l a t i o n s  h e r e  a r e  n o t  d l r e c t l y  d e r i v a b l e  

f r o m  t h o s e  a b o v e .  

G 1 G 2 G 3  G # G 5  S b  
G I . 515÷ - .003  
G 2 - . 6 6 9  • 169÷- .00Z 
G 3 - . 1 0 6  - . 0 3 8  .04,5+-.  000 
G 6 -.099 -.041 .|39 .O I~+-.000 
G 5 - . 2 1 3  - . 1 7 6  .083 .002 . 0 2 6 + - . 0 0 1  
G 6 - . 1 6 6  - . 1 7 3  . 1 6 5  . 0 1 0  .4.82 . 0 3 9 + - . 0 0 1  

Note  on S lope  P a r a m e t e r  f o r  E -~  3v D e c a y s  

A s  w a s  d i s c u s s e d  in  S e c t i o n  IV F .1  of  the  t ex t ,  

f o r  the  3~ d e c a y s  of t he  K m e s o n s  we  l i s t  t he  s l o p e  

p a r a m e t e r  " g "  w h i c h  i s  de f i ned  by  

(s 3 - s 0) 
IMI z i + g - - - r - - -  . )  

m +  

w h e r e  

Si = (-PK "-Pi )z -- (inK " mi)Z " 2mKT i (Z) 

i >-~s i t Z miZ m2 2 2 = ~(rn K + + + m 3) (3) S o 3 

pK,_p i are the four-vectors for the 9[ and 

the  i t h  p ion ,  and  the  i ndex  3 r e f e r s  (4) 

to the  odd p ion .  

We r e f e r  to t he  t h r e e  p o s s z b l e  c h a r g e d  d e c a y s  a s  7, 7 ' ,  

+ 
T 

71 i 

T O 

K + . .  ~+~'~* 

K ± _~ ,n.OvOw "~ 

0 ._~ K 2 "n'+~ " vo 

w h e r e  the  odd p ion  is  the  t h i r d  one .  

T h e r e  i s  no s t r o n g  e v i d e n c e  so  f a r  t ha t  a s e c o n d  

o r d e r  t e r m  is  n e e d e d  in Eq .  ( t ) .  M o s t  of  the  e x p e r i -  

m e n t e r s  h a v e  f i t t ed  t h e i r  da t a  wi th  a s e c o n d  o r d e r  t e r m ,  

w h i c h  t u r n e d  out to be  c o n s i s t e n t  w i t h  z e r o .  We u s e  

the  va lue  of g o b t a i n e d  w h e n  the  s e c o n d  o r d e r  t e r m  

w a s  d r o p p e d  f r o m  the  f i t .  HEUS S E 70 h a v e  s t ud i e d  

o -,- Tr%% ° d e c a y  w h e r e  on ly  a s e c o n d  o r d e r  t e r m  the  K L 

cou ld  e x p l a i n  d e v i a t i o n  f r o m  u n i f o r m i t y  of the  Da l i t z  

p lo t .  T h e y  a l s o  get  r e s u l t s  c o n s i s t e n t  w i th  a z e r o  

c o e f f i c i e n t .  

In  t he  l i t e r a t u r e  o t h e r  d e f i n i t i o n s  of s l o p e  p a r a m -  

e t e r s  h a v e  a p p e a r e d .  We h a v e  c o n v e r t e d  to the  de f i -  

n i t i o n  of g in Eq .  ( i )  w h a t e v e r  e x p e r i m e n t a l  q u a n t i t y  

h a s  b e e n  r e p o r t e d .  We g ive  the  c o n v e r s i o n  to the  

de f in i t i on  ( i )  f o r  two of the  m o s t  w i d e l y  u s e d  p a r a m e -  

t r i z a t i o n s  and  t a b u l a t e  the  c o n v e r s i o n  f a c t o r s  f o r  the  

r e a d e r '  s c o n v e n i e n c e .  

(a) F o r  a n a l y s i s  of c h a r g e d  K ' s  the  e x p r e s s i o n  o f t en  

used is: 

[MI Z = t + ayY 

with 

y = 
3T3-Q 
~ ,  Q : ~ - Z : m  i .  

The  r e l e v a n t  f o r m u l a e  a r e :  

3 s3-s0 rolE-m3 y = .~ ------~-+ A, with A = ~ (Z m3+mlZ') 

I %  

and 

Ig 2 
-c a 3 m+ 

= ~ y  , with cy = ~ ~-~ • 

(b) For the analysis of K ° decay the expression often 

used is: 

[M[ 2 = t + Zat ~---~--- (ZT 3 - T 3 m a x )  
mTr+ 

w i t h  
Z Z Z 

+ m 3 - 4m12 
T3 max = Zm K - m3 

The relevant transformations are 

s3- s____~0 Q 
= + -~ (i+~) T 3 2m K 

and 

= TT-2-c t , , w i t h c  t = ~ m a x  " 
m + 
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Data Card Listings 
For notation, see key at front of Listings. 

For the reader’s convenience we give a table of 

numerical values for Q, T3 maxI A, cy and ct, obtained 

using the masses from our August 1970 edition. 

For the reader’ s convenience we give a table 

of numerical values for Q, T3 maxI A, cy and ctv 

obtained using the masses from our August 1970 

edition. The g values quoted in these Data Card 

Listings would not be changed if the current mass 

values were used. 

Q T3max 
A 

cY Ct 

f 
7 74.96 48.15 0 0.7894 0.0924 

7 If 84.24 53.27 -0.0789 0.7025 -0.0778 

70 83.54 53.92 0.0798 0.7028 0.3176 

Some K” authors use the above form of matrix 

element: 

)M]’ = 1 + Pauz (2T3-T3 _x) 9 

but define 

T3max = T 2Q. 

The relevant transformation is then 

-2au 2% 
g = itaucu’ 

with c 
u 

= 2 A = 0.2272. 

mlr+ 

Older K” analyses were done using 

IM/’ = ltav 

The relevant transformation is then 

T3 
-. 
“K 

-c a 

g = l+dvav 
vv 

with 

2 
m_+ 

C = d = 0.0393 
V 

2"K2 

and d 
V 

= +&- (1 t A) = 0.0604. 

Stable Particles 
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Note on K+ and K” Form Factors 

The definition of all the variahles listed in this 

section can be found in Section IV F.2 of the text. 

As in the past we keep the values of 5 as obtained 

in the ).L polarization measurements ( 5,) separated 

from the values obtained from branching ratios 

and spectra ( s,), but combine them in order to 

display in an ideogram the discrepancies in Re 5. 

Many approximations are usually made to 

extract these parameters from the experimental 

data: 

1) Scalar and tensor currents. There is no 

evidence for scalar or tensor currents, so pure 

vector current is usually assumed. 

2) Im c so far is consistent with 0, and this is 

usually assumed in most of the experiments. 

3) The q2 dependence of the f* form factors is 

assumed to be linear, as in Eq. (27) in the main 

text. 

4) Radiative corrections are not serious; they 

change A+ by about 0.005 (GINSBERG 67 and 70). 

5) Momentum transfer dependence of 5. From 

Eq. (27) and Eq. (28) in the main text, it is clear 

that in the first approximation one has __- 

Uq2) = UO)[i + (A_ - x+)ti t 

where t = q’/mt. This shows that the three parameters 

C(O). A_’ and A+ can be highly correlated. Many of the 

old experiments have assumed A+ = A = 0; however, 

recently it has become clear that in order to eliminate 

the discrepancies between CA and tB, At and A should 

be included in the fits. We discuss each method of 

determining c separately. 
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a) Branching ratio analysis. From Eq. (29) in the 
m a i n  t e x t  it  is c l e a r  that  d _ ~  = 1.4 

dk+ " ~ = - ~I" 
T h e r e f o r e  for  k+ = 0 . 0 5 ,  &~ = - 0 . 5 5 .  T h e  o ld  h y p o t h -  

e s i s  k+ = 0 c e r t a i n l y  i s  not  v e r y  g o o d .  

b) D a l i t z  p lo t  a n a l y s i s .  F r o m  E q .  (26)  in  the  m a i n  

t e x t ,  it a p p e a r s  that  the  D a l i t z  p lo t  d i s t r i b u t i o n  of the  

R e 3  d e c a y  i s  e s s e n t i a l l y  d e p e n d e n t  o n l y  u p o n  k+ and 

i n d e p e n d e n t  f r o m  ~; t h e r e f o r e ,  the  v a l u e s  of k+ o b t a i n e d  

f r o m  KeB data  c a n  be  d i r e c t l y  a v e r a g e d .  

On the  o t h e r  hand for  the  K 3 D a l i t z  p lo t ,  a l l  t h r e e  

p a r a m e t e r s  a r e  i n v o l v e d  and t h e y  a r e  c o r r e l a t e d .  F o r  

e x a m p l e ,  C H I E N  70 ( in a n e u t r a l  K e x p e r i m e n t )  f ind 

that  k+ i s  not  s e n s i t i v e  to ~ and k v a r i a t i o n s ,  w h e r e a s  

and k a r e  h i g h l y  c o r r e l a t e d .  H A I D T  7 i  ( in  a K + 

e x p e r i m e n t )  f ind that  the  u n c o r r e l a t e d  p a r a m e t e r s  a r e  

~(0) and ~ (6 .8 ) .  B e c a u s e  of t h e s e  c o r r e l a t i o n s ,  w e  l i s t  

the  v a l u e s  of k+ f r o m K  3 d e c a y s  s e p a r a t e l y  f r o m  t h o s e  

o b t a i n e d  f r o m  R e 3  d e c a y s  and do not  l i s t  k at  a l l .  We 

r e f e r  the  r e a d e r  to the  o r i g i n a l  p a p e r s  for  d i s c u s s i o n  

of the  k_ p a r a m e t e r .  
c) M u o n  p o l a r i z a t i o n  a n a l y s i s .  T h e  K p o l a r i z a t i o n  

d e p e n d s  o n l y  on ~(qZ); the  k+ and  k_ p a r a m e t e r s  do not  

a p p e a r  e x p l i c i t l y  in  E q .  (30) in  t h e  m a i n  t e x t .  F o r  

l a r g e  s t a t i s t i c s  one  c o u l d  d e t e r m i n e  g(qZ) and t h e n  d e r i v e  

g(0) ,  k + , a n d  k . T h i s  h a s  not  b e e n  p o s s i b l e  w i th  t h e  

s t a t i s t i c s  a v a i l a b l e  so  far .  

In a d d i t i o n  to  the  m o s t  c o m m o n  c o r r e l a t i o n  a m o n g  

~, k+, and k_ ,  t h e r e  a r e  m a n y  e x p e r i m e n t a l  d i f f i c u l t i e s .  

F o r  e x a m p l e ,  in  the  D a l i t z  p lo t  both  ~ and k+ a r e  m o s t  

s e n s i t i v e  to the  l o w  Elf r e g i o n ,  w h i c h  h a p p e n s  to  be  the  

l e a s t  p o p u l a t e d  a r e a ;  h e n c e ,  the  p a r a m e t e r s  a r e  d e t e r -  

m i n e d  w i t h  a v e r y  s m a l l  f r a c t i o n  of the  da ta .  M a n y  

e x p e r i m e n t s  a r e  s e n s i t i v e  o n l y  to  p a r t  of the  D a l i t z  p lo t .  

O t h e r s  fit  o n l y  one  p r o j e c t i o n  of it ,  w h i c h  m a y  y i e l d  

m o r e  than  one  s o l u t i o n .  

In c o n c l u s i o n ,  due  to  v a r i o u s  e x p e r i m e n t a l  d i f f i c u l t i e s  

and  i n h o m o g e n e o u s  t r e a t m e n t  of the  data  by  the  v a r i o u s  

e x p e r i m e n t s ,  in  t h i s  e d i t i o n  w e  c o n t i n u e  our  p a s t  p o l i c y  

of not  quot ing  a v e r a g e  v a l u e s ,  and  l i m i t  our  r e v i e w  to 

a l i s t i n g  of e x p e r i m e n t a l  data .  A g a i n ,  a s  in  the  p a s t ,  

the  t a b l e  d o e s  not  i n c l u d e  a n y  v a l u e s  for  k and ~. 

F o r  a r e c e n t  r e v i e w  on K~3 f o r m  f a c t o r s ,  s e e  
i 

G a i l l a r d  and C h o u n e t .  

R e f e r e n c e  

i. IV[. K. Gaillard and L. M. Chounet, K~3 Form Factors 

CERN 70-14 (May 1970), and Phys. Letters 3Z___BB, 505 

(1970). 

10 CHARGED K FORM FACTORS 8167 

RELATED TEXT SECTION IV F.2 AND MINI-REVIEW ABOVE 

F+ ANO F -  ARE FORM FACTORS FOR THE VECTOR MATRIX ELEMENT 
FS AND FT REFER TO THE SCALAR AND TENSOR TERM 

XIA XIA = F- IF+ (DETERMINED FROM SPECTRA AND KMU3/KE3) . . . . . . . . . . . . . . .  
XIA SONE OF THE OLDER EXPERIMENTS HAVE EVALUATED XI ASSUMING THAT IT IS 
XIA INDEPENDENT OF THE MOMENTUM TRANSFER (T) t I . E . t  THEY SET L+=L-=O. 
XIA OTHERS HAVE ASSURED A VALUE FOR L+ AND USED L-=O. ONLY RECENTLY 
XIA BOTH L + , L -  AND X l IO)  ION THREE RELATED PARAMETERS) HAVE BEEN INCLU- 
XIA DED IN THE FITS . SEE HAIOT 71.  (OR EHIEN 70 FOR KOL) . 
XIA L 76 ( + l . 8 }  ( 1 . 6 )  BROHN 62 XEEC + RU+,PlO SPECTRA 8167 
XIA L 87 ( + 0 . 7 )  ( 0 . 5 }  GIACOMELL 64 EMUL + NO+ SPECTRUM 8/67 
XIA L ( - O . 1 )  ( 0 , 7 )  JEN$EN 66 XEEC + RU÷,PIO SRECTRN 8/67 
XIA L ( - 0 , 1 7 )  ( 0 . 7 5 )  ( 0 . 9 9 }  SHAKLEE 66 XEBC + XMU3/KE3 8 /67 
XIA L ( + 0 . 6 )  ( 0 . 5 )  BISI 1 65 HBC + KHU3/KE3 8167 
XIA BTHN +0,2 AND . 1 . 4  CUTTS 65 OSPK + MU+ SPECTRUM 8lET 
XIA L 1509 I + 0 . 4 )  (0.~1 CALLAHA1 66 FRBC + KMU31KE3 8/6T 
XIA 2668 O.O 1,1 0.9 CALLAHA[ 66 FRBC + NU+ SPECTRUM B/E? 
XIA 446 +0,72 0.30 CALLAHA1 66 FREE + P+O SPECtFIX MU 8167 
XIA L (+0 ,75)  {O,EO) AUERBACH 67 3SPK + KRU3/KE3 8167 
XIA E 1398 ( - 0 . 6 0 )  ( 0 . 2 0 )  EICHTEN 68 HLBC + KNU3/KE3 T=~. 10168 
XIA B 5601 ( - 0 . 0 8 )  { O . [ E )  BOTTERIL2 68 ASPK + KMOIKE3,LM*=.023 6168 
XIA L 78 ( - 0 . 5 )  ( 0 . 9 )  EISLER 68 HLBC + RIO SRECT,LH+-=O 6/68 
XlA L 976 ( + [ . 0 }  ( 0 . 6 )  GARLAND 68 OSPK + KMU31KE3vLN+-=O 6168 
XIA 0.91 0.82 ZELLER 69 ASPK + KMO/KE3 NOTE Z 10169 
XIA B - 0 . 3 5  0.22 BOTTERIL 70 DSPK RM3/KE3eLR+=.045 10169 
XIA H3240 -O, BO 0.50 HAIDT 7I  HLBC + O.P. L+=.OSEtT=T 2/72= 
XIA 3240 - 0 . 5 0  1,5 HAtDT 71 HLBC + D.P, L+=.DE51T=O 2/71 
XIA 1505 - 0 . 7 2  0.21 HAIDT 71 HLBC + KM3/KE3t L+=,029 2171 
XIA H CORRECTEO VALUE OBTAINED USING FIGURE 18B 2172. 
XIA H VALUES AT T=O AND AT T=6.8 ARE UNCORRELATEO 2/72~ 
XIA B T=O BOTTERIL 70 15 REEVALUATION OF BDTTERIL2 68 WITH DIFF. L+ 10169 
XIA E EICHTEN 68 REPLACED BY HAIOT 71 
XIA E T=4 ASSURES L÷=.023+-o008 - INSENSITIVE TO L-  
XIA L L+  AND L -  ASSURED TO BE ZERO - NOT AVERAGED 
XIA Z T=O ZELLER 69 ASSURES L+=0.023 ,L-=O 
XIA . . . . . . . . .  
XIA AVERAGE MEANINGLESS (SCALE FACTOR = 1 .2)  

XIB XIB = F- IF+  (DETERMINED FROM MU POLARIZATION IN KMU3) . . . . . . . . . . . .  
XIB THE RU POLARIZATION IS A MEASURE OF X I (T ) ,  NO ASSUMPTIONS ON L+- 
XlB NECESSARY, T SHOULD BE SPECIFIED, 
XIB 2100 +1.2  2 . 4  1.8 BORREANI bE HLBC + POLARIZATIRN 8167 
XlB 397 - 1 . 4  1.B CALLAHA1 66 FRBC + TOTAL POLA-. 8167 
XIB 2950 -O,T 0 .9  3,3 CALLAHA[ 66 FRBC + LONG. POLAR. 8167 
XIE 3133 -0°95  0 ,3  COTTS 68 OSPK + TOTAL POL. T=3 6/68 
XIB H6OO0 - 0 . 6  L.1 HAIDT 71 NLBC + TOTAL POL. T=O 2172" 
Xl8 H6OOO - [ . O  0 .3  HAIOT T l  HLBC + TOTAL POL. T=6.9 2172= 
XIB H HAIDT 71 VALUES AT T=O AND T=6.9 ARE UNCORRELATEO. 
XIB . . . . . . . . .  

XIB AVERAGE NEANINGLESS (SCALE FACTOR = 1.0} 

RXI REAL PART OF Xl (COMBINED XIA AND XIB) 
RXI 2100 +1.2  2 .4  1.8 BORREANI 65 HLBC + MU POL 
RXI 2668 O,O 1.1 0.9 CALLAHA1 66 FREE + MU+ SP. 
RXI 446 +0.72 0.37 CALLAHAN 66 FRBC + PIO SP. 
RXI 397 -1 ,4  1.8 CALLAHAN 66 FRBC + NU POL (TOT.) 
RXI 2950  - 0 . 7  0*9 3,3 CALLAHAN 66 FRBC + MU ROL (LONG,} 
RXI 3136 -O. RE 0*3 CUTTS 68 OSPK + MU POL T=3 
RXI 0.91 0.82 ZELLER 69 ASPK + B.R. 
RXI - 0 . 3 5  0.22 BOTTERIL TO DSPK KRO/KE3tL~+=°OTE [0169 
RXI 6000 -1 .O  0 . 5  HAIDT 71 HLBC + LH+=,O60 T=O 2/72~ 
RXI 6000 - 0 . 9 7  0 . 2  HAIDT 71 HLBC + LM+=.O60 T=E. [  2172" 
RXI . . . . . . . . .  
RXI AVERAGE MEANINGLESS (SCALE FACTOR = 2 .0 )  

(SEE IDEOGRAM BELOW ) 

t C H I S Q  

. . . . . . . . . .  H A I D T  71  HLBC 4 . 3  

. . . . . . . . . .  H A I D T  71  HLBC 0 . 8  

. . . . . . . . . .  B O T T E R I L  ? 0  OSPK 0 . 9  

t . . . . .  Z E L L E R  6 9  ASPK 3 . 2  

. . . . . . . . . .  CUTTS 6B OSPK 1 . ?  

. . . . . .  C A L L A H A H  6 6  FRBC 

. . . . . . . . .  C R L L A H A H  66  FRBC 

~I 
. C A L L A H R H  66  FRBC 1 1 . 9  

. C A L L A H A I  6 6  FRBC 0 . 3  

• B O R R E P N I  6 3  HLBC 

2 3 . 1  
, 

- 4  - 2  2 4 6 (CONLEU 
=0 .001 )  

COMBINED F - / F +  U S I N G  BOTH XZA AND X I B  

IX l  IMAGINARY PART OF Xl (TEST OF T REVERSAL) . . . . . . . . . . . . . . . . . . .  
IX [  0 .1  0 .6  0.3 BETTELS 68 H L B C  POLARIZATION 10169 

FS FS/F+ RATIO OF SCALAR TO F÷ COUPLINGS FOR RE3 OECAYIABS. VALUE} . . . .  
FS ,18 OR LESS CL=,RG BELLOTT2 67 HLBC 10169 
FS .SO OR LESS CL=.9E KALMUS 67 HLEC + 10169 
FS 0 .23 OR LESS CL=.90 BOTTERIL1 68 ASPK 8166 

~FS 2707 0 . [ 4  0 .03 O. O4 STEINER 71 NLBC + L+.FStFT.PHI FIT 2172. 

FT FTIF+ RATIO OF TENSOR TO F+ COUPLINGS FOR RE3 DECAY(ASS. VALUE} . . . .  
FT .58  DR LESS CL=.9G BELLOTTZ 67 HLBC [ 0 / 6 9  
FT t . 1  OR LESS CL=.gE KALNUS 67 HLBC + [ 0 / 6 9  
FT 0 .58 OR LESS CL=.RO BOTTERILI 88 ASPK 8/66 
FT 2707 0.26 0.16 0 .14 STE1NER 71 HLBC ÷ L+tFS,FTvPHI FIT 2 /72*  



Data Card Listings 
For notation, see key at front of  Listings. 
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Stable Particles 
K*, K ° 

L+E LRMBDA + (LINEAR ENERGY DEPENDENCE OF F+ IN KE3 DECAY) . . . . . . . . .  
L+E FOR RAD. CC, RR. TO THE DALITZ PLOT~ SEE GINSBERG 67.  
L+E 217 +0.036 .045 BROWN 62 XEBC ÷ RiO SPEC,NO R.C. 
L+E 407 -O.OIO .029 JENSEN 64 XEBC .+ PIO SPEC,ND R.C. G/67 
L+E 230 - 0 , 0 ~  .05 BORREANI 64 HBC ÷ E+ SPEC~NO R.C. 8/67 
L+E 8B4 O.O4E O.O1T 0.018 BELLOTT2 67 FBC + DLTZ PLT, R.C. 11167 
L+E 1393 +0.016 .OLD INLAY 67 OSPK + DLTZ PET,NO R.C. 8 /67 
L+E BIB +0.028 .013 .014 KALMUS 67 FBC + E~PI SPEC,NO R°C. 8/6T 
L+E gEO (.OR) ( . 0 4 )  BDTTERIL1 68 ASPK + E SPEC USES R.C. 6/68 
L+E 90 - 0 . 0 2  0.08 0.12 EISLER 68 HLBC + PIG SPECtND R.C. 6168 
L+E IR58 .045 .015 EOTTERIL 70 OSPK PIG SPECTRUM RC 10169 
L+E 2707 0.027 0.010 STEINER T l  HLBC DLTZ PLTtUSES R.C. L l / T l *  
L÷E . . . . . . . . .  
L+E AVG 0.02R0 0 .0058 AVERAGE (ERROR INCLUDES SCALE FACTOR ~F 1.0) 

L+M LAMBDA + (LINEAR ENERGY DEPENDENCE OF F* IN KNUB DECAY) 
L÷M FOR MAD. CORR. TO DALITZ PLOT OF KMU3 SEE GINSBERG 70 
L+M 0.055 0.025 HAIDT TI HLBC KMU3 DAL. PLOT 2/71 

****** ********* ********* ********* ********* ********* ********* ******** 

BIRGE 56 
ILOFF E6 
ALEXANOE E7 
COHEN E7 
EISENEER 58 
BURRDWES 59 
TAYLOR E9 

FREDEN 60 
EARKAS 61 
RHOWMIK 61 
FERRO-LU 61 
NORDIN 61 
ROE 61 
BOYARSKI 62 
BROWN 62 

BARKAS 63 
EORREANI 64 
CALLAHAN 6A 
CAHERINI 64 
CLINE 64 
GIACDMEL 64 
GREINER 64 
JENSEN 64 
KALMUS 6A 
SHAKLEE 64 

BIRGE 65 
BlSl 65 
BISI 1 68 
BDRREANI 65 
CALLAHAN 65 
CRMERINI 65 
CLINE 65 

DE MARCO 6E 
FITCH 65 
GREINER 65 
STAMER 65 
TRILLING 6E 
TRILLING 65 
YOUNG 6E 

ALSO 67 

CALLAHA1 66 
CALLAHAN 66 
CESTER 66 
CESTER 66 

AUERBACH 67 
BELLOTTI 67 
BELLDTT2 67 

ALSO 66 
EISI 67 
BOTTERIL 6T 
BOTTERIL 6T 
BOWEN 67 

CLINE 67 
FLETCHER 6T 
FORD 67 
INLAY 67 
KALMUS 67 
ZINCHENK 67 

EETTELS 68 
BDTTERIL 68 
BOTTERII 68 
BOTTERI2 68 
BUTLER 68 
CHANG BR 

CHEN 68 
CUTTS 68 

ALSO 65 
ALSO 69 

EICHTEN 68 
EISLER 68 
ESCHSTRU 68 
GARLAND 68 
MOSCOS~ 68 

CAMERIH! 69 
DAVISDN 69 
ELY 69 
EMMERSON 69 

HERZO 69 
LOBKONIC 69 

ALSO 66 
MACEK 69 
MAST 69 
ZELLER 69 

AUBERT TO 
BnTTERIL TD 
CLARK TO 
FORD 70 
GRAUMAN 70 

ALSO 69 
MACEK 70 
PANDOULA TO 

NC 4 834 
PR 102 927 
NC 6 A78 
FUND.CONS,PHYS. 
NC 8 663 
PRL 2 117 
P8 114 359 

PR I18 564 
PR E24 1209 
NC 20 857 
NC E2 1087 
PR 123 2166 
PRL 7 366 
PR 128 2398 
PRL 8 450 

PRL I 1 26 
PL 2 123 
PR 136 R 1463 
PRL 13 E18 
PRL 13 101 
NC 34 1134 
PRL 13 284 
PR 136 81431 
PRL 13 99 
PR 136 B 1423 

PR 1B9 E 1600 
NC 85 768 
PR 139 B 1068 
PR 140 B1686 
PRL 15 129 
NC 37 1795 
PL 15 293 

PR 140 B 1430 
PR 140 B 1088 
ARMS 15 67 
PR 188 B 440 

REFERENCES 
lO CHARGED K ( 4 9 4 , J P = O - ) I = I / 2  

BIRGEtPERKINStPETERSON,STORK,MHITEHEA (LRL) 
ILOFF~GOLOHRBER,LANNUTTI,GILBERT + (LRL) 
ALEXANDER,JOHNSTDNtOCEALLAIGH (DUBLIN INS/ )  
E R COHEN,K M CROHE~J DUMOND (AI+LRL÷CIT) 
EISENBERG, KOCH, LOHRMANN,NIKOLIC + (BERN) 
BURROWES,CALOWELL~FRISCHtHILL + [MIT] 
S TAYLOR~HARRIStOREAR,LEE,BAUMEL (COLUMGIA) 

S C FREOEN,F C GILDERT,R S WHITE (LRL) 
BARKAS,DYER,MASON,NORRIStNICKOLStSMIT (LRL) 
B BHOWMIK,P C JAIN~P C MATHUR (DELHI UNIV) 
FERRD-LUZZI,MILLER,MURRAY,ROSENFELD~ (LRL) 
PAUL NORDIN JR (LRL] 
ROE~SINCLAIR,BRONN~GLASER + (RICH+LRL) 
BOYARSKI,LOH~NIEMELA,RITSON (MITI 
BROWN,KADYK,TRILLING,ROE+ (LRL,MICH) 

M H 8ARKAStJ N DYER,H H HECKMAN (LRLI 
G BORREANI,G RINAUDO,A WERBROUCK (TURIN] 
A CALLAHAN,R MARCH,R S T A R K  (HISCDNSINI 
CAMERINI,CLINEtFRYtPOWELL (WISC3NSIN+LRL) 
D CLINE, W F FRY (WISCONSINI 
GIACDMELLI,MONTI,QUARENI+ (BOLOGNA,MUNICH) 
D GREINER, W OSBORNE, W BARKAS {LRL) 
JENSEN,SHAKLEE,ROE,SINCLRIR (MICHIGAN) 
+KERNAN~PU,POWELL,DOWD (LRL,WISCI 
SHRKLEE~JENSEN,ROE,SINCLAIR (MICHIGAN) 

BIRGE,ELY,GIDAL,CAMERINI~CLINE + (LRL+WIS) 
8IShBORREANI,CESTER~FERRARO + (TURIN) 
EISIeMARZARI-CHIESA,RINAUDO (TURINO,INFN) 
BORREANI,GIDAL,RINAUDO,CAFORIO+(EARI,TURIN) 
A CALLAHAN~O CLINE (WISCONSIN) 
CAMERINI,CLINEtGIDAL,KALMUS,KERNAN(WIS+LRL) 
A CLINE~W F FRY (WISCONSINI 

DE MARCOIGROSSD,RINAUGO (TURINO+CERN) 
FITCH,QUARLES~WILKINS (PRINCETON+MT NOLYK) 
QUOTED BY BARKAS (LRL) 
STAMER,HUETTER,KGLLER,TAYLOR,GRAUMAN (STEVI 

UCRL 16473 GEORGE H TRILLING (LRL) 
IS UPDATED FROM 1965 ARGONNE CONF, PAGE 5 

UCRL 1 6 3 6 2  POH-$HIEN YOUNG (THESIS~BERRELEY) (LRL) 
PR 156 1464 P-S YDUNG, W.Z.DSBORNE~W.H. EARKAS (LRL] 

PR 150 1153 CALLAHAN,CAMERINI+(WISC,LRL,RIVERSIDE,BARI) 
NC 44R 90 A C CALLAHAN (WISCONSIN) 
PL 21 343 CESTER,ESCHSTRUTH,ONEILL+ (PRINCETON-PENN) 

SEE ALSO FOOTNOTE 1 OF AUERBACH 67 

PR 158 1S08 +DOBBS,MANN,MCFARLANE,WHITE÷ (PENN,PRIN) 
HEIDELBERG CONF BELLOTTI,PULLIA (MILANI 
NC 52A 1287 BELLOTTI,F|ORINI,PULLIA (MILAN) 
PL 20 890 BELLOTTI,FIORINI,PULLIA+ (MILAN) 
PL 258 $72 BISI,CESTER,CHIESA~VIGONE (TORIND) 
PRL 19 982 BOTTERILL, GROWN,CORBETT~CULLIGAN + (OXFORD) 

SEE ALSO BOTTERILL 68 
PR IS4 1314 

HEIDELBERG CONF 
PRL 19 98 
PRL 18 12E4 
PR 160 1200 
PR 159 1187 
RUTGERS(THESISI 

NC 56A 1106 
PR 171 140E 
PR 174 1661 
PRL 21 TEE 
UCRL-I8420 
PRL 20 510 

PRL 20 73 
PRL 20 955 
PR 138 B969 
PR 184 1880 
PL 2TO 886 
PR 169 1090 
PR 165 1A87 
PR 167 1225 

THESIS 

PRL 2B 326 
RR 180 1030 
PR 180 1319 
PRL 23 393 

PR 186 1403 
PR 185 1676 
PRL 17 54B 
PRL 22 32 
PR 163 IZOO 
PR 182 1420 

LRL-1238 [KIEV) 
PL 318 325 
UCRL 200T9 
PRL 25 1370 
PR OI 1277 
PRL 23 737 
PR D1 1249 
PR D2 120B 

EONEN,MANN,MCFARLANE,HUGHES+( PENN-PRI NCETO) 

CLINE,HAGGERTY,SINGLETDN. FRY÷ (NISCONSINI 
FLETCHER~BEIERtEDWRADSt+ (ILLINOIS) 
÷LEMONICK,NAUENBERG~PIROUE (PRINCETONI 
IMLAY,ESCHSTRUTH,FRANKLIN÷ (PRINCETON) 
KALMUStKERNAN (LRL) 
ZINCHENKO (RUTGERS) 

AACHEN-BARI-BERGEN-CERN-EP-NIJMEGEN-ORSAY÷ 
BOTTER~LL,BRDWN,CDRBETTeCULLIGAN+ (OXFORD) 
EOTTERILL, BROWN,CLEGG,CORBETTI÷ [OXFORDI 
80TTERILLtBROWN,CLEGG,CORSETT ÷ (OXFORD) 
÷BLANDeGOLDHABEReGOLDHABER~HIRRTA+ (LRL) 
CHANG,YODH~EHRLICH,PLANG÷(MARYLAND, RUTGERS| 

CHENtCUTTS,KIJEWSKIvSTIENING ÷ (LRL,NIT)  
CUTTS,STIENING~WIEGAND,DEUTSCH (LRLtMIT]  
CUTTStELIOFF,STIENING (LRL) 
+STIENING,WIEGAND,DEUTSCH (LRL,MIT) 
AACHEN-BARI-CERN-EP-ORS AY-PADDVA-VALENCIA 
EISLER,FUNG,MARATECK~NEYER~PLANO {RUTGERS) 
ESCHSTRUT'H,FRANKLIN,HUGHES+(PRINCETON,PENN) 
+TSIPIS,DEVONS,ROSEN+ ICOLUMBIA,RUTG~WISC) 
N L MOSCOSO (UN|V PARIS ORSAV) 

+LJUNG, SHEAFF,CLINE (WISCONSIN) 
÷BACASTOW,BARKAS,EVANStFUNG,PORTER÷ (RIVS) 
ELY, GIOAL,HAGOPIAN,KALMUS+ IUCLtWIStLRL) 
EMMERSON~QUIRK )OXFORD) 

+BANNERtBEIER,BERTRAM,EDWARDS + ( I L L )  
+MELISSINOStNAGASHIMA, TEWKSBURY÷ (RDCH,BNL) 
LOBKOWICZ,MELISSINOS,NAGASHIMA÷ (ROCN+BNL) 
MACEK,MANN, MC FARLANE,ROBERTS+{PENN~TEMPLE) 
+GERSNWIN~ALSTON-GARNJOST~BANGERTER+ (LRL) 
ZELLER,HADDOCK,HELLAND,PAHL+ (UCLA,LRL) 

+HEUSSEePASCAUDeVIALLE+ (ORSA÷BRUX) 
+BROWN,CLEGG,CORBETT,CULLIGAN+ (OXF) 
+CORK,ELIOFF,KERTH,MCREYNOLDS+ (LRL) 
+PlROUEeREMNELtSMITH,SOUDER (PRIM) 
÷KOLLER,TAYLOR,PANDOULAS+ (STEV,SETON,LEHI) 
+KOLLERtTAYLOReFANDOULA$+ (STEV,SETON, LEHI| 
+MANN,MCFRRLANE,ROgERTS (PENN) 
+TAYLQ~tKOLLER,GRAOMAN + (STEV~SETO) 

BOURQUIN 71 PL E68 6 [5  
EDWARDS 71COD-I19E-ZBO 
HAIDT 71 PR DB 10 

ALSO 69 PL 298 691 
MLEMS 71 PR D4 6S 

ALSO 70 PRL 24 1086 
ALSO TO PRL 25 473 

KUNSELMA T1 PL 348 4BE 
OTT T l  PR 08 52 
ROMANO 71 PL 368 525 
SCHWEINB T1 PL 36B 246 
STEINER TI PL 36B 52I 

÷EDYMOND,EXTERMANN,MARASCO+ (GEVA,SRCL) 
÷BEIERS,BERTRAM,HERZOtKOESTER÷ (ILL) 
AACHEN+gARI+CERN+EPeNIJWEGEN+ORSAY+PADOVA+ 
+(AACHtBARIvCERN,EPOL,NIJM,ORSAY,PADO,TDRI) 
+HILDEBRAND~STEINING (CHIC,LRL) 
KLENStHILOEERAND,STEINING (LRL,CHIC) 
KLEMStHILDEBRAND~STIENING (LRLtCHIC) 

R. KUNSELMAN (WYOMING) 
OTTtPRITCHARD (GMCL) 
+RENT~N,AUgEgTeBURBAN-LUTZ (BARt,CERNtORSA) 
AACHEN÷BELGIUM+CERN+NIJMEGEN+PAODVA COLLAO 
AACHEN+BRRI+CERN+EPOL+ORSA+NIJM+PAD~+TORIN 

CLIME 72 PREPRINT O CLIME, D LJUNG (WISCONSIN) 
FORD 72 TO BE PUBL. IN PL +PIROUE,REMMEL,SMITH,SOUDER (PRINCETON) 
HOFFMAST 72 NP B36 1 HDFFMASTER~KOLLER,TAYLOR÷ (STEV,SETO, LEHI) 
LJUNG 72 PRL 28 E23 D LJUNG (WISCONSIN) 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS 

BLOCK 62 CERN CDNF 37E BLOCKvLENDINARA,MONARI (NWU+BOLOGNA) 

PAPERS NOT REFERRED TO IN DATA CARDS 

BRENE 61 NP 22 553 8RENE,EGAROTtQVIST (NORG) 
BIRGE 68 PRL 11 85 BIRGEtELY, GIOAL~CAMERINI + (LRL÷WIS~BARI) 
ADAIR 64 PL 12 67 ADAIR,LEIPUNER (YALEtBNL) 
CABIBBO 64 PL 9 352 CABIBBOtRAKSYMDWICZ (CERN) 

ALSO 64 PL 11 B6O CABIEEDt~KSYMOWICZ (CERN) 
ALSO 65 PL 14 72 CAEIBBOtHAKSYMOWICZ (CERNI 

CABIBBO 66 BERKELEY CONF BE CAEIEBO (CERN) 
GINSBERG 67 PR 162 1570 EDWARD S GINSBERG (U. MASS BOSTON) 
WILLIS 67 HEIDELBERG 273 N J WILLIS -RAPPORTEUR TALK (YALE) 
CRONIN 68 VIENNA CDNF 241 RAPPDRTEOR TALK (PRINCETONI 
HAIDT 2 69 FL 298 696 ÷STEIN+(AACH÷EARI÷CERN+EPOL+NIJN+ORS÷PA+TO) 
FEARING 70 PR DB 5A2 ÷FISCHBACK,SMITH (SUNY+BOHR) 
GINSEERG TO PR D1 229 E S GINSDERG ( I { T  HA[FA) 

F ~  11 NEUTRAL K (JR=O-) I=1 /2  

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

11 KO MASS (MEV) 

M 498,1 0.4 CHRISTENS 6~ OSPK 
M 2228 497.44 0.33 RIM 65 HBC KO FROM PEAR P 6/66 
M 4500 498.9 0,5 BALTAY 66 HBC KO FROM PBAR P 616E 
M 497.44 0.50 FITCH 67 OSPK 11167 
M . . . . . . . . .  
M AVG 497.87 0.82 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.E) 
M FIT 497.79 0.15 FROM FIT (ERROR INCLUDES SCALE FACTOR OF L . l )  2172. 

(SEE IDEOGRAM BELOW ) 

WEIGHTED Q U E R A G E =  4 9 7 . B ?  i 0 . 3 2  

ERROR SCRLEO BY 1 . S  

I 
/ 

t 

V a l u e s  above  of w e i g h t e d  a v e r a g e ,  
e r r o r p  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  I • 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  by  a 
c o n s t r a i n e d  f i t  p r o g r a r n ~  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 xw 5x,  
a n d  s c a l e  f a c t o r ,  w h i c h  a r e  d i f f e r -  
en t  f r o m  t h e  v a l u e s  s h o w n  h e r e .  

. . . ~ . . .  C H I S Q  

. . . .  F I T C H  6 7  OSPK 0 . 7  

I ~-~ . . . .  B A L T A Y  6 6  HBC 4 . 3  

. . . . . . . .  ~ . K I M  6 5  HBC 1 . 7  

. . . . . .  ~ H R Z S T E N S  6 4  OBPK 0 . 3  

? . 0  

' ' ' ~ ~ ( C D N L E U  
4 9 6  . S  4 9 ?  . !  4 9 0 . S  4 9 9 . 5  S O 0 . S  = 0 . 0 ? 2 )  

N E U T R A L  K f lASS ( f l E U )  

11 KO-K CH. MASS DIFFERENCE (MEV) 

D 3 .9  0 .6  ROSENFELD 59 HBC - 
D 5 .4  1.1 CRAWFORD E9 HBC 
D 9 3.90 0.25 BURNSTEIN 6E HBC - 

7 3 . 7 ~  O.3B KIN 6E HBC - K- P TO KO N 6/68 
417 3.BE 0.21 HILL 68 DEE K+D TO KOPP EI6B 

O . . . . . . . . .  
D AVG 3.92 0 ,14 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I . O }  
O FIT B.g5 0.13 FROM FIT )ERROR INCLUDES SCALE FACTOR OF l . E )  2 / 7 2 *  

CRAWFORD 89 PRL 2 112 
ROSENFEL 89 PRL 2 110 
CHRISTEN 64 PRL 18 108 
BURNSTEI 65 RR 1}R B 895 
KIN 65 PR 140 B I334 
BALTAY 66 PR 142 9 3 2  
FITCH 67 PR 16R 1711 
HILL 68 PR 168 1B34 

REFERENCES 
1 1  NEUTRAL K ( J P = O - ) I = I / 2  

CRANFORD,CRESTItGDDD, STEVENSONtTICN~ (LRL) 
A H ROSENFELD,F SOLM|TZtR O TR|PP (LRL) 
CHRISTENSONtCRONINtF[TCH, TURLAY (PRINCETON) 
R R EURNSTEIN,H A RUEIN (MARYLAND} 
J K KIM,L KIRSCH~D MILLER (COLUMBIA) 
BALTAY,SANDWEISS,STONEHILL ÷ (YALE+BNL) 
FITCHtRDTH,RUSS,VERNON {PRINCETON) 
HILLtRDDINSDN,SAKITT,CANTER (BNL,CARNEGIE) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  ~ * * * * * * * *  * * * * * * * *  
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r ~  12 SNORT-LIVED NEUTRAL K (498,  JP=O-( I=1 /2  

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

12 KOS MEAN LIFE (UNITS lB**-IB SEE) 
T KOS MEAN LIFE 
T O 90 (1 .07 )  ( O . l J I  ( 0 . 1 3 l  BOLDT 58 EC 
T E[2 0 .94  O.OB O. OB CRAWFORD 89 HBC 
T O 63 (1.071 (O.1B) ( O . l E I  80WEN 60 CC 
T O OLD EXPTS WITH LOW STATISTICS NOT INCLUDED IN AVERAGE. 6168 
T 378 0 .9~ O.OE D.OE BERTANZA 62 HBC 
T 503 0 .87 O.O5 CEBETIEN 68 HLBC 
T ERE 0.86 0 .04 KREISLER 64 OSPK 
T 0.866 0.016 ALFF-STEI 66 OSPK 8/66 
T 572 0 .90  0.06 0.08 AUERSACH 66 OSPK 8/87 
T 4500 0 .92 0 .04 BALTAY 86 HBC 6466 
T D (0 .904 ]  ( 0 . 024 I  BOTT~BOOE 86 OSPK 9/66 
T 5000 0.863 0.013 KIRSCH 66 HOE 6/88 
T 19994 0.886 0.008 DONALD 68 HBC 6/68 
T 20080 0.865 0°009 HILL 68 DBC 6/68 
T B KOS MEAN LIFE NOT THE PRIMARY QUANTITY MEASUREO IN THIS EXPT, 6/68 
T H HILL 68 GIVES A OETAILED DISCUSSION OF SYETEMATICS ENCOUNTERED 
T H IN THIS TYPE OF EXPERIMENT. 
T . . . . . . . . .  
T AVG 0.8617 0.0062 0.0062 AVERAGE (ERROR INCL. SCALE FACTOR OF h Z l  
T FIT 0.8619 0.0058 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .2 )  

(SEE IDEOGRAM BELOW ) 

WEIGHTED AVERAGE = 1 . 1 6 0 2  • 0 . 0 0 8 4  

ERROR SCALED BY 1 , 2  

Value~ above DE weighted average,  
e r r o r ,  and scale factor a re  for the 
r e ade r '  s convenience o~y .  The 
dat~ were a c t ~ l l y  p~ocessed by a 
constrained flE program,  which 
calculaEes its own values o£ ~. Gx, 
and scale factor, which are  differ- 
ent from the values s h o ~  here .  

. . . . . . .  H ILL 6B DBC 

. . . . .  DOHRLO 6B HBC 

. . . . .  KIRSCH 66 HBC 

. . . . .  B ~ L T A Y  66  HBC 

. . . . .  AUERBRCH 66 OSPK 

. . . .  Q L F F - S T E I  6 6  OSPK 

. . . .  K R E I S L E R  $ 4  DSPK 

. . . .  C H R E T I E H  G3 HLSC 

. . . .  BERTANZR 6 2  HBC 

. . . . .  DRD $ 9  HBC 

0 . 9 S  I .OS 1 .1S 1 .2S  1 .3S  

KOS DECRY RATE (UNITS i O ~ = i O  S E E - l )  

CHISQ 

0 . 1  

O . S  

2 . 0  

2 . 4  

0 . 1  

0 . 0  

2 . 9  

2 . S  

1 0 . 9  

[COHLEU 
=0 . t 4 2 )  

12  KOS PARTIAL DECAY NODES 

DECAY N~SSES 
P1 KOS INTO Pl+ P I -  139+ 139 
P2 KOS INTO RIO PlO |BR÷ 13~ 
PB KOS INTO MU+ MP 108+ 105 
P4 KOS INTO E+ E- .B+ .E 
PE KOS INTO PI÷ P I -  GAMMA 139+ 139+ O 
PE KOS INTO GAMMA GAMMA O+ O 

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

IZ XOS BRANCHING RATIOS 

RI KOS INTO (PI+ PI- I /TOTAL [P I )  
R1 0.68 0.04 CRAWFORD E9 HBC 
RI O. TO 0.08 COLUWBIA 60 HBC 
R1 U (O.TGOl (0.024) ANDERSON 62 HBC 
RI U 16A8 0.684 O.Oll ODYLE 69 HBC PI-P TO LAq. KO 2/71 
RI U ANDERSON RESULT NOT POBLISHEBe EVENTS ADDED TO DOYLE SAMPLE 2/71 
RI . . . • . . . . . 
RI AVG 0.684 O . O l l  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O] 
R1 FIT 0,6885 0.0031 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 . 1 I  

R2 KOS INTO (RIO PIOI/TOTAL (P2) 
R2 0.27 0.11 CRAWFORD 59 HBC 
R2 0 ,26 0.06 8AGL1N 60 HLBC 
R2 0 .30 0.03E BROWN 61 HLBC 
R2 1086 0.335 0.014 BROWN 63 HLBC 
R2 198 0.288 0.021 CHRETIEN 63 HLBC 
R2 . . . . . . . . .  
R2 AVG 0.316 0.014 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 
R2 FIT 0.3115 0.0031 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l . I )  

(SEE IDEOGRAM BELOH I 

RB KOS INTO (PI+ P l - l / ( P l O  RiO) ( P i l l [ P 2 )  
R3 267 2 .1~ 0.17 80EOKI 89 HLBE 5/70 
R3 G 3016 (2 .2S5(  [O.OSE) GOBS/ 69 OSPK K÷N TO KOP 5/69 
R3 3700 2.10 O,O6 RORFIN 69 HLBC K+N TO KOF 10/69 
R3 G 79&# 2,282 0,043 MOFFETT 70 OSPK K~N TO KQP 2/72~ 
R3 B 6150 2 .22 0.095 BALTAY 71 HBC K-P TO KO +NEUTRALS I 2 / 7 1 .  
RB 6380 2 .2~ 0.08 MORSE 72 BBC 2172" 
R3 G MOFFETT 70 IS A FINAL RESULT WHICH INCLUDES GOBBI 69.  2172" 
RBB THE DIRECTLY MEASURED QUANTITY IS KS TO PI+PI - /ALL  KOBAR=.B~E+-.O05 12171= 
R3 
R3 AVG 
R3 FIT 

2.217 O.OB8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 
E.2 lO 0 . 0 3 2  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1,1( 

(SEE IDEOGRAM BELOW ) 

R4 (KOS INTO Pit Pl- RIOI/(KOL INTO P]+ Pl- RIO) 
R4 TEST OF CP VIOLATION - SEE TEXT SECTION IV F.BA FOR DEFINITIONS 
R4 EFT ASSUMED VALID - ( I . E .  RE(A)=O) - ONLY ( I ~ A ) * # 2  QUOTED HERE 
R4 IB ( 3 . 8 )  OR LESS CL=.DO ANDERSON 65 HBC 10168 
R4 O.~E OR LESS CL=.DO BEHR 66 HLBC 8166 
R4 53 ( 1 . 7 (  DR LESS CL=.9O WEBBER 70 HBC 8/70 
R4 C ~1 0.8  OR LESS CL=.9O WEDSER 70 HBC 8/70 
R4 C THIS IS THE COMBINED RESULT OF ANDERSON 65 AND WEBBER 70 
R4 99 1.2 OR LESS CL=.90 CHO 71DBC 4/91, 
R4 98 1 .0  OR LESS EL=.90 JAMES 71 HBC 6 / 7 1 .  
R4 M 50 ( I . 2 I  OR LESS CL=.BE MEISNER 71HBC 0 EL=.9 NOT AVAIL. 2/71 
R4 M THESE AUTHORS FIND REAL(AI= 2 .75+- .6E  , ABOVE VALUE AT RE(A)=O 2/71 
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Data Card Listings 
For notation, see key at front of  Listings. 

WEIGHTED AVERAGE = 0 . 3 1 6  • 0 . 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  I s c o n v e n i e n c e  o n l y .  T b e  
d a t a  w e r e  a c t u a l l y  p r o c e s s e d  b y  a 
c o n s t r a i n e d  f i t  p r o g r a m ,  w h i c h  
c a l c u l a t e s  i t s  o w n  v a l u e s  of  ~ j  8~s 

| 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 -  

/--+-I " t . . . . . .  C H R E T Z E H  $ 3  H L . C  ~ 
1 i - + t  . . . . . .  BROU" ~ HLBC 1.9 

/ ~ ~ . . . . . .  SRaWN e l  HLBC 0.2 
/ ,  I . ~  . . . . . .  B A G L I H  6 0  HLBC O . S  

/ /  ' I \ . . . . .  CRRWFDRD $ 9  HBC 

4 ? 

0 . I S  0 .2S 0 ,3S  0 ,4S  0 .$5 =0 . I S S ]  

KOS I N T O  (PIO PIO) /TDTAL 

2 .'1 

WEIGHTED RUERRGE = 2 . 2 1 7  * O . O 3 B  

ERROR SCALED BY 1 . 3  

1 . 9  2 . 3  

KOS I N T O  ( P I +  P I - ) / ( P I O  P I O )  

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  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 
c o n s t r a i n e d  f i t  p r o g r a m =  w h i c h  
c a l c u l a t e s  i t s  o w n  v a l u e s  of  x ,  6~, 
a n d  s c a l e  f a c t o r ,  w h i c h  a r e  d i f f e r -  
e n t  f r o m  t h e  v a l u e s  s h o w n  h e r e .  

CHISQ 

. . . . .  MORSE ? 2  DBC O . O  

. . . . .  BRLTRY 71  HBC 0 . 0  

. ~  . . . . .  r l D F F E T T  7 0  OSPK 2 . 3  

. ~  . . . .  M O R F I N  6 9  HLBC 3 . B  

• ~ "  " " " B O Z O K I  6 9  HLBC 0 . 3  

6 . 4  

( C D N L E U  
2 . .S  2 . ?  = 0 . 1 7 0 )  

R5 
R5 

R6 
R6 
R6 

RT 
RT 

RE R 

:gR 

KOS INTO (MU+ NU-I/CHARDED [UNITS 10 "# -5 (  ( P B J / ( P i )  
10.0 OR LESS CL=.9O BOTT-BODE b7 OSPK 8/67 
20 .0  OR LESS CL=.9O BOHM 69 OSPK 2/71 

L.OT OR LESS CL=.DO HYANS 69 OSPK 18/E9 
32,6 OR LESS CL=.OO STUTZKE 69 OSPK 51E9 

VALUE CALCULATED BY US,USING 2.3 INSTEAD OF 1 EVENT[ 90 PERC.CL IO/E9 

KOS INTO (PI+ P l -  GAMMA)/(PI• P I - (  ( U N . I O * * - 3 }  ( P S l / l P l )  
27 NO RATIO GIVEN BELLOTTI 66 HBC PG GT EO NEV/C 10169 
10 3 .8  L.2 NEBBER TO HBC PG GT SO N~V/C 10169 

KOS INTO (E+ E-I/CHARGED (UNITS 1 0 . * - 5 )  ( P R ) / ( P l l  
~O.O OR LESS CL=.DO 80HM 69 OSPK Z /7 I  

KOS INTO 2 GAMNA/TOTAL (UNITS lO~* -B)  (Phi/TOTAL 
O (21 .0 )  OR LESS CL=.DD BANNER 69 OSPK 12171# 
O ( 2 . 2 )  OR LESS CL=.DO REPELLIN T1 OSPK 1 Z / T i t  
O (2.0) DR LESS CL=.9O MORSE T2 OBC 2/72# 

THESE L/MITE ARE FOR MAXIMUM INTERFERENCE IN KS-KL TO Z GAMMAS I Z l T [ #  

REFERENCES 
Lg SHORT-LIVED NEUTRAL X (498,  JP=O-) I=L /2  

80LOT 58 PRL 1 150 E 8OLDTvO 0 CALDNELLvY PAL [MITI 
CRAWFORD 59 PRL 2 266 CRAWFORD,CRESTI=DOUGLASS,GOOOtTICHO + (LRL ( 

BAGLIN 60 NC 18 1043 BAGLINTDLOCHt8RISSON,HENNESSY + (PARIS EPI 
BDWEN 60 PR 119 2030 8OWENvHARDYtREYNOLDS~SUNtMOORE÷(PRINCE÷BNL) 
COLUMBIA 60 RDCH CONF 727 M SCHWARTZ • (COLUMBIAI 

BROWN 61NC 19 1155 BBOWNtBRYANTtBURNSTEINIGLASERDKABYK+ (MICHI 
ANDERSON 62 CERN CONF BB6 J A ANDERSONIF S CRAWFnRD ÷ (LRL) 
BERTANZA 62 PREPRINT 0108 BERTANZA,CDNNOLLY~CULWICK.EISLER + (BHL) 

(BERTANZA UNPUBLISHED[BUT RECERTIFIEO BY AUTHORStAUGUET 66) 

CHRETIEN 63 PR 131 2208 CBRETIEN÷ (BRANDEIS+BROWN+HARVARD+ HIT) 
BROWN 63 PR IBO 769 BRONNtKADYKgTRILLINGtROE • (LRL+MICHISA~) 
KREISLER 64 PR 136 B 1074 M KREISLER~O OVERSETHtJ CRONIN IPR1NCETON) 
ANDERSON 65 PRL 14 475 ÷CRAWFOR~GOLDENtSTERNtBINFORD + (LRLtWISEI 

ALFF-STE 66 PL 21 595 ALFF-STEINDERGER,HEUER~KLEINRNECHT t (CERN) 
AUERBACH 66 PR 149 1052 AUERBACHmDOBBSvLANDEtMANNtSCIULL[t (PENNI 

SEE ALSO AUERBACH 65 
BALTAY 66 PR 142 932 BALTAYtSANDNEISStSTONEHILL + (YALE+ENL) 
BEHR 66 PL 22 540 BEHRtBRISSONtPETIAU* (EP~MILANtPADUAtORSAY) 
BELLDTTI 66 NC 4CA 737 +FULLIAtBALDC--CEDLIN + (MILAN+PADUA) 
BOTT-BOD 66 PL 23 277 ROTT-BODENHAUSEN~DE B3UAED • ICERN) 
KIRSCH 66 PR 147 939 L KIRSCHtP SCHMIBT (COLUMBIA( 



Data Card Listings 
For notation, see key at front of  Listings. 
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Stable Particles 
K: 

BOTT-EDO 67 PL 248 196 BOTT-BODENHAUSEN,DE BOUARDtCASSEL+ (CERN) 
DONALD 68 PL ZTE 58 DONALDoEDNARDStNISAR+(LIVERPOOL,CERN~PARIS) 
HILL 68 PR 171 1618 HI~Lt ROBINSONeSAKITT + (BNLvEARNEGIE( 

BANNER 69 PR I88 208D ÷CRONINeLIUePILCHER (PRINCETON) 
BOHM 69 THESIS A. BOH~ (AACH) 
BOZOKI 69 PL 30B 498 +FENYVEStGOMBOSItNAGYtSURANYI+ BUDAPEST 
DOYLE 69 UCRL LBI39-THESIS J .C .  DOYLE (LRLI 
GOBEI 69 PRL 22 682 GOEBI.GREENeHAKEL~MOFFETT~ROSEN+(RDCHESTER) 
HYANS 69 PL 2DB 521 +KOCH,POTTERtVDN LINOERN, LORENE+ CERN(NPIN) 
MORFIN 6R PRL 23 660 MORFIN~SINCLAIR (ANN ARBOR) 
STUTZKE 69 PR 177 200R ÷ABASHIANtJONES~MANTSCHvORR~SNITH(ILLINOIS( 

MDFFETT 70 BAPS 15 BEE ÷GOBBItGREENtHAKELtROSEN (ROCHESTER) 
NEBBER 70 PR 01 1967 +SDLMITZBCRAWFORDtALSTON-GARNJOST (LRL( 

ALSO 69 UCRL 19226 THESIS B R NEEBER (LRL( 
8ALTAY TI PRL E7 1678 ÷BRIDGEWATEReCOOPER.GERSHNINtHABIGI÷ (COLD) 

ALSO 71 NEVIS-18T THESIS WILLIAM A. COOPER (COLUMBIA) 
CHO 71PR 03 15AT +DRALLEeCANTER~ENGLERIFISK+ (CARN,RNLeCASE) 
JAMES 71 PL 3BB Z6E +MDNTANETtPAULvPAULI÷ (CERNtSACLvOSLD] 
MEISNER Tl  PR 03 39 +NANNeHERTZEACHtKDFLER + (NASAeENL+YALE) 
REPELLI N T1 PL 368 603 ÷NOLFFwCHOLLETgGAILLAROtJANE+ (ORSAtCERN) 
MORSE 7Z PRL 28 388 +NAUENBERG~BIERNANtSAGER÷ (COLOePRIN~UqD( 

PAPERS NOT REFERRED TO IN DATA CARDS 

DIRGE 60 ROCM CONF 601 R W BIRGEtP P ELY + (LRL÷WISCDNSIN) 
MULLER 60 PRL 4 418 NULLEReBIRGE,FOWLERtGOOD, PICCIONI+(LRL+BNL) 
FITCH 61NC 22 1160 V FITCHtP pIROUE,R PERKINS (PRINCE+LASL( 
GOOD 61PR 124 1223 GOOD~MATSEN~NULLER,PICCIONI + (LRLI 
CRAWFORD 62 CERN CONF 82T F S CRAWFORO (LRL) 
AUERBACH 65 PRL 14 192 AUERBACH~LANDEtMANNtSCIULLI~UTO + (PENN) 
TRILLING 65 UCRL 16473 GEORGE H TRILLING (LRL} 
TRILLING 6E IS UPDATED FROM 1963 ARGONNE CONF • PAGE I l l  

IS LONG-LIVED NEUTRAL K (4986 JP=O-) I=L/E 

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

0 _K 0 M a s s  D i f f e r e n c e  N o t e  on  K L 

B e c a u s e  t h e  m a s s  d i f f e r e n c e  i s  n o w  k n o w n  

a l m o s t  a s  p r e c i s e l y  a s  t h e  K ;  l i f e t i m e ,  w e  n o  l o n g e r  
0 g i v e  t h e  m a s s  d i f f e r e n c e  i n  u n i t s  o f  i n v e r s e  K S 

l i f e t i m e s .  F o l l o w i n g  t h e  c o n v e n t i o n  o f  r e c e n t  m a s s  

difference experiments (FAISSNEK 69, CULLEN 70,  

A/%ONSON 70, CA/%NEGIE 71), we now give AM/I~ 
-I 

in  u n i t s  o f  t 0  i O  s e c  F o r  e a s e  o f  c o m p a r i s o n ,  

o t h e r  e x p e r i m e n t s  h a v e  b e e n  c o n v e r t e d  to  t h e s e  

u n i t s  b y  d i v i d i n g  b y  t h e  K ;  l i f e t i m e .  We h a v e  u s e d  

0 l i f e t i m e  g i v e n  i n  t h i s  r e v i e w  t h e  v a l u e  o f  t h e  K S 

(0 .86ZX  t 0  - t 0  s e e )  i n  t h o s e  c a s e s  w h e r e  t h e  a u t h o r '  s 

v a l u e  i s  n o t  g i v e n .  

13 KOL-KOS MASS DIFFERENCE 
WE GIVE (KBL-KOS MASS DIFFERENCE / HBAR} IN LR4ITS OF 10~.10 SEC-I 

D T (2 .20 )  ( 0 . 3 5 )  FITCH 61CNTR 
D 0 .84  0.  E9 0.2E GOOD 61HLBC 

T C 1.02 0.23 CANERINI 62 HLBC SEE NOTE C BELOW 8•67 
VALUE CHANGED FROM 1.T (SEE TABLE E OF CAMERINI 66) 8/67 

D T 0.55 0.2A AUBERT 65 HLBC 6/66 
D 0.26 0 .36 0 .26  flALDO-CEO 63 HLBC ASS.CP CONS, 
D T A 0.64 0.12 CHRISTENS 63 OSPK 6166 

A CHR[STEHSQN 65 HAS BEEN CORRECTED FOR INTERFERENCE BY FITCH 85 FTNOT 1/71 
T tO.TO( OR LESS FITCH 6E OSPK CF. REISNER 66 7/66 

D V 130 ( 0 . 8 9 )  (O.LS) VISHNEVSK 68 OSPK CU AND AL REGEN 8167 
O V VISHNEVSKY 65 NOT CORRECTED FOR INTERFERENCE EFFECTS 3/68 

0.514 0 .039 ALFF-STEI 66 OSPK 6/66 
84 0.42 0 .2~ 0.36 EALOO-CEO 66 HLBC KO÷N INTO HYPER. 8/6T 

D T 8 (O.B3L) ( 0 , 0 2 7 )  BUTT-BODE 66 OSPK C REGEN 9/66 
D 77 0 .58 O.L7 CAMERINI 66 HBC~ DRC KO+N INTO HYPER 8167 
D N 72 (+ 0.66)  ( 0 . 1 8 )  CANTER 66 DBC KO SCATTER IV D2 11/66 
D N ERROR IGNORES UNCERTAINTY OF PHASE SHIFTS* THESE EVENTS ARE l O / T l *  
D N USED IN HILL TI. 
0 95 0.62 0 .10 0 .16 CHANG 66 NBC KO÷P INTO HYPER. 8167 
O 0.81 O.1T EUJII  66 OSPK IRON REGENERATOR 9/66 
D 59 0 .74 0.3A MEISNERI 66 HBC SEE NOTE M1 6166 

MEISNER2 66 HBC 0 M1 + SIGN FAVORED 9/66 
O O.S8 0.16 JOVANOVIC 66 OSPK C÷URANIUM REGEN. 11/66 
D T 136 + 0.64 0 .19 CANTER 67 DEC KO÷D INTO HYPER. 11/67 
D 0 .63 0.11 MISCHKE 67 OSPK . I 1 / 6 7  
D Ego 0 .39 0 .13 BALATZ 68 OSPK AL REGENERATOR 3/68 
O 0.~20 0 .04~ CARNEGIE 68 HBC GAP METHOD 3/68 
D T +O.4E? 0.046 MELHOP 68 OSPK ST. STEEL REGEN 6t68 
0 B O.BA7 O,OE~ 80TT-DOD 89 OSPK C REGEN 1171 
o a BOTT-BOD 69 IS A REEVALUATION OF BOTT-BOD 66 1 /?z  

F 0.5B5 0.020 FAISSNER 69 ASPK REGEN IN CU 10/69 
F ESTIMATED ADDITIONAL SYSTEMATIC UNCERTIANTY LESS THAN TWO PERCENT l / T 1  

D 0.E62 0.006 CULLEN TO CNTR 1/71 
D 0. B62 0.006 ARONSON TO ASPR GAP METHOD 1/?1 
D 0.481 0.052 O*OT5 BALATS Tl OSPK 9171" 
D 0.534 0.007 CARNEGIE 71 ASPK GAP qETHOD 8/71" 
O TH l l q  (+ 0 .6~ )  ( 0 .1~ )  HILL 71DBC 10/71*  
D H THE PRIMARY RESULT OF THIS EXPERINENT IS THAT DN IS POSITIVE. IO/T I~  

T H THE MAGNITUDE NAY HAVE AN ADDITIONAL SYSTEMATIC ERROR OF ABOUT 0.12 10171* 
A KOS MEAN LIFE OF 0,862 1 0 " * - 1 0  SEC NAS USED IN CONVERTING THE MASS 1FTI 

D T DIFFERENCE FROM UNITS OF INVERSE KOS MEAN LIVES TO ABSOLUTE UNITS, 1/71 
D T VALUES NOT BEARING THIS FOOTNOTE EITHER WERE GIVEN IN ABSOLUTE UNITS l / T 1  
D T OR WERE CONVERTED USING THE AUTHORS VALUE OF THE KOS MEAN LIFE. I I T l  

AVG 0.5~02 0.0038 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T 
T 

T 

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

13 KOL NEAN LIFE (UNITS 1 0 . * - 8  SEC) 

KOL NEAN LIPE 
34 8.1 0 .2  2 .6  BARDON 58 CNTR 
ASSUMED DS-DQ AND DELTA I=1 /2  CRAWFORD 59 HBC 
15 5.1  2 .6  1.3 DARWIN 62 FRC 

5 .3  0 . 6  FUJII 64 OSPg 
ITO0 6 .1  1.B l . E  ASTEURV3 6E CNTR 

f i . l B  0.1A OEVLIN 67 CNTR 
L ( 5 . 0 )  (O.B) LOMYS 67 HLBC 

• AM 5.154 0 .0~6 VGSBURGH 71 CNTR 0 B /T l  
L SUM OF PARTIAL DECAY RATES 

AVG E.IE8 O.O~Z 0.04E AVERAGE (ERROR INCL. SCALE FACTOR OF 1.0)  
FIT B.172 0 .042 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I .O )  

DECAY MASSES 
Pl  KOL INTO 3PlO TAU 0 PRIME 134÷ 13&÷ IBA 
P2 KOL INTO PI+ P I -  PIO TAU O L39÷ 139+ 134 
PB KOL INTO PI MU NEUTRINO KL HUB 1S9÷ 108+ O 
PA KOL INTO Pl E NEUTRINO KL E3 139+ ,5+ 0 
P5 KOL INTO Pie P I -  KL PI÷ P I -  139÷ 139 
P6 KOL INTO MU+ MU- NL 2MU IOS÷ I05 
P7 KOL INTO E+ E- KL 2E ,E+ *E 
P8 KOL INTO E MU KL EMU .5+ 1 DE 
PR KOL INTO TNO GAMMAS KL 2GANNA O÷ 0 
PIO KOL INTO PIe P l -  GAHqA NL PI+-G 139÷ 139+ 0 
P l l  KOL INTO PIO PIO KL 2PID 13#+ 13# 
P12 KOL INTO P I E  NEU GAMMA KL E3GAM 139+ . 5+ O+ 0 
PI3 KOL INTO PIO TWO GAMMAS KL PIEGAHNA 134+ O+ O 

13 KOL DECAY RATES 

KOL INTO PIO PlO RIO (UNITS 10"~6 SEC-I) (01)  
B4 5 .22 1.03 0 .84 BEHR 66 HLBC ASSU~ES CP 

FIT 6 .18 0.13 FRON FIT (ERROR INCLb~ES SCALE FACTOR OP 1.1) 

Nl 
N1 8166 
WZ 
W1 

N2 KOL INTO PI+ PI- PO (UNITS 10"'6 SEC-I) (02) 
WE 18 3.26 0 .77 ANDERSON 65 HEC 8•66 
WE 16 1 .4  G.~ FRANZINI 65 HBC 6/66 
WE 136 2 .62 0.E8 O.E7 BEHR 66 HLEC ASSUMES CP 8/66 
W2 53 2 .20  0.35 WEBBER 70 HBC ASSUMES CP l O / T l ~  
W2 99 2 . T I  0 .28 CHO 71 DBC ASSUHES CP • A /71"  
N2 98 2.B 0 .3  JAMES 71 HBC ASSUMES CP 6 /T I~  
M2 50 E.12 0 .33 MEISNER T1 HBC ASSUNES CP AND 10/71~ 
W2 IN THE OVERALL FIT THIS RATE IS WELL DETERMINED BY THE MEAN LIFE 
N2 THE BRANCHING RATIO RE. FOR THIS REASON THE DISCREPANCY BETWEEN THE 
N2 N2 MEASUREMENTS DOES NOT AFFECT THE SCALE FACTOR OF THE OVERALL FIT 
W2 . . . . . . . . .  
N2 AVG E.3D 0*17 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.S)  
W2 FIT 2.631 O. 056 FR(~ FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

(SEE IDEOGRAR BELOW ) 

WEIGHTED AUERRCE = 2 . 3 B  * 0 . 1 7  

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 j  
e r r o r ,  and  s c a l e  ~ac to r  a r e  f o r  the  
r e a d e r  I 8 c o n v e i L i e n c e  o n l y .  T h e  
d a t a  w e r e  a c t u a l l y  p r o c e s s e d  by  a 
c o n s t r a i n e d  f ie  p r o g r a m ,  w h i c h  
c a l c u l a t e s  i t s  o w n  v a l u e s  of  x ,  5x,  
a n d  s c a l e  f ac to rp  w h i c h  a r e  d i f f e r -  
ez£ f r o m  t h e  v a l u e s  s h o w n  h e r e ,  

C H I S G  

. . . . . .  M E I S N E R  7 1  HBC 0 . 6  

. . . . . .  JAMES 71  HBC 0 . 2  

. . . . . .  CHB 71  DBC 1 . 4  

. . . . . .  WEARER 7 0  HBC 0 , 3  

. . . . .  BEHR 6 6  HLBC 0 , 7  

~ -  - - . F R A N Z Z H I  6 5  HBC 6 , 0  

- - ~ E R S O N  E5 HBC 1 . 3  

1 0 . S  

4 ~ (COHLEU 
= 0 , 1 0 5 )  

K LONG RRTE INTO P I + P I - P I O  ( (01JR  SEC- I )  

W3 KOL INTO P I E  NEUTRINO (UNITS 10"'6 SEC-11 tGA) 
NO 7.52 0.85 O.?Z AUEERT 65 H L B C  DS-DQ,CP ASSUMED 8/67 
N3 620 7 .81 0 ,56 CHAN 71HBC 2172" 
N3 . . . . . . . . .  
N3 AVG T.T1 0.46 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  
W3 FIT 7.54 0.13 FROM FIT (ERROR INCLUDES SCALE FACTOR OP 1.0) 

W~ KOL INTO CHARGED (~BODY) (UNITS 10"'6 SEC-1) (GZ+GR+G4) 
W4 98 15. L L, 9 ~JERDACH 66 DSPK 8167 
NA . . . . . . . . .  
N4 FIT 15.15 0.17 FROM FIT (ERROR INCLUDES SCALE FACTOR DF 1.1) 

W5 KOL INTO LEPTONIC IKMU3÷KEB) (UNITS 10" ' 6  SEC-II (03÷04) 
N5 D 109 g. B5 1.15 1.05 FRANZIN( 65 HEC 2172" 
N5 C 335 ( 1 0 . 3 |  ( 0 . 8 )  HILL 67 DDC K÷N TO KO P 8167 
NB O 393 11.6 0 .9  CHO 70 DEC K+N TO KOP 10/70 
NB D 252 13.1 1 ,3  NEEBER 71HBC K- P TO KORAR N 2172. 
WE C CHO 70 INCLUDES EVENTS OF HILL 67 
N5 0 ASSUMES OS=DQ RULE 
W5 . . . . . .  
W5 AVG 11:34 0.86" AVERAGE tERROR INCLUDES SCALE FACTOR OF I .¢)  
WB FIT ZZ.T2 0.16 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1,1)  

(SEE IDEOGRAM BELOW ) 
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For notation, see key at front of Listings. 

UEIGHTED DUERDGE = 11.39 * 0.84 

ERROR SCRLED BY 1.4 
- 

l 
10 

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 Z, 6% 
and scale factor. which are differ- 
ent from the values shown here. 

UEIGHTEO RUERAGE = 0.687 l 0.024 

ERROR SCALED BY 1.1 

Values above of weighted average. 
error, and scale factor are for the 
reader’ 8 convenience only. The 
data were actually proce&ed by a 
constrained fit program. which 
calculates its own values of F, &, 
and scale factor, which are differ- 
ent from the values shown here. 

CHISG) 

.UEBBER 71 HBC 1.7 

70 DBC 0.1 

65 HBC 2.0 

3.7 

ICONLEU 
14 1E =o .154) 

CHISD 

.BASILE 70 DSPK 0.0 
K LONG RRTE INTO KWJ*KEB (to**6 SEC-11 

0.4 0.6 0.E 1.0 1.2 

KOL INTO IPI nU NEUIIIPI E NEUl 



Data Card Listings 
For notation, see key at front of  Listings. 

39 
Stable Particles 

Kt 

W E I G H T E D  R U E R A G E  = 0 . 4 3 9  * 0 . 0 9 8  

ERROR S C R L E D  BY 1 , ?  

l Values above o f  weighted average, 
error, and scale ~actor are for t h e  
r e a d e r  r s convenience only. The 
data w e r e  actually processed by a 
constrained fie program, whi__ch -- 
calculates its own values o~ x~ 5:{, 

I I I  and scale fa~, . . . .  ~ c h  a r ~  d ~ e r -  II 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 .  

I I I  t . . . . .  ~ I 5 5 . E R  7 0  0 5 P K  
- ~ - k  . . . . . . . . . . .  B U D R G B U  7 0  H L B C  

I - ~  ' /  . . . . . . . . . . .  B A R M I H  ?0 HLBC 

I I k , - -CENCE 5 9 0 S P K  
~ _ ~  ~ 5  9 D S P K  

- 0 . 5  0.5 1.5 

KOL INTO (2P IO ] / ( 3P IO)  ( lOmm-2 )  

C H I S Q  

2 . 4  

0 . 6  

0 . 7  

7 . 9  

0 . 0  

1 1 . 7  

{ C O N L E U  
2 . S  = 0 , 0 2 0 ]  

RZI KOL INTO (2GAMMA)/(3 PIO{ {UNITS l O * * - 6 ]  [ P O ) / ( P I {  
R21 16 g .5  0 . 7  ARNOLD 68 HLBC VACUUM DECAY 11168 
R21 $ BANNER 69 IS NEW EXPT. NOT TO 6E CDNF WITH R8 OF CRONINi 67 2 / T 2 "  
RE1 115 2 , 2 4  0 .28  BANNER 69 DSPK 11168 
R21 Z8 2 . 1 3  0 . # 3  BARMIN 71 HLEC 8171"  
R21 . . . . . . . . .  
R21 AVG 2.2# 0*22 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 . 0 )  

R22 KOL INTO { M U + M U - ) / ( P I + P I - )  {UNITS 1 0 , * - 5 1  ( P 6 l / ( P S )  
R22 O 1 4 , 0  OR LESS CL=.OO FOETH 69 ASPK 5 1 7 0  
R22 O 0 . 1 2  OR LESS CL=.90  CLARK 7 l  ASPK 6 / 7 1 "  
R22 O 1 .8  06 LESS CL=,9O DARRIULAT 70 ASPK El /TO 

R23 KOL INTO (E+ E -  ) / { P I + P I - )  (UNITS I O * * - B )  ( P 7 ) I ( P S )  
R23 O l O . O  OR LESS CL=.9O FORTH 69 ASPK 5 / ~ 0  
R2B O. lO 06 LESS CL=.9O CLARK T l  ASPK 6 1 7 1 .  

RZk KOL INTO (E M U I / I P I ÷ P I - )  {UNITS IO*$ -B)  ( P 8 ) / ( P S )  
RZ~ O.IO 06 LESS CL=.90  CLARK 71ASPK 6 1 7 1 ,  

R25 KOL INTO (Pl  E NEU GAM)/(KL E3I (UNITS 1 0 ~ * - 2 )  ( P l Z ) / l P 3 )  
REE IO 3 . 3  2 . 0  PEACH 71 HLBC GAq KE GT 15 MEV 6 / T 1 ,  

R2B KOL INTO (RiO TWO GAMMAS}/(BPIO) (UNITS I O * * - B )  ( P I B ) / ( P E ]  
Rg6 O l*I OR LESS CL=.90 BANNER 66 DSPK 2/7Z= 

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

NEUTRAL K CONSTRAINED FIT 
OVERALL FIT OF MEAN LIFE, WIDTHS AND BRANCHING 
RATIOS USES 60 DATA POINTS TO DETERMINE SIX 
QUANTITITES. OVERALL F IT  HAS CHISQ=51.2. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FITTED PARTIAL DECAY MODE BP~ANCHING FI~ACTIONS 

T h e  m a t r ~  be low i s  d e r i v e d  f r o m  t h e  e r r o r  ~ t r i x  Eor t h e  f i t t e d  p a r t i a l  decay 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 l ows :  T h e  d i a g o n a l  e l e m e n t s  a r e  P . ~ 6 F . ,  w h e r e  

6 P  i : ~ - P i S P , ~  _ ,  whi l e  t h e  o i E - d i a ~ o ~ l  e l e m e n t s  a r e  t he  n o r m a l i z e d  c o t  r e l & t l o n  coeffi- 
cients < S P i S F j > / ( S P  i • 6Pi).,  E o r  t he  d e f i n i t i o n s  of  t h e  i n d i v i d u a l  P i '  s e e  t h e  l i s t i n g s  

a b o v e ;  o ~ y  t h o s e  F i a p p e a r i n g  i n  t h e  r n a t r i x  a r e  a s s u m e d  in  t h e  i l t  t o  be n o ~ 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  ~dd to I .  

P l  P 2  P 3  P 4  P 5  PIE 
P I . 2 1 4 + - . 0 0 7  
P 2 - . 2 Z #  . 1 2 6 + - . 0 0 3  
P 3 -.A#5 - . 1 0 T  . 2 6 8 + - o 0 0 6  
P 4 - . 5 # 4  - . 1 0 9  - * 4 0 E  . 3 9 C + - .  006 
P 5 - *2EO .025  . 1 1 9  ,1#5 . 0 0 2 + - . 0 0 0  
PIE ,1#3 - . 0 4 1  - . D 7 6  - . 0 6 B  - . 0 4 E  .OO[+-.OOO 

F I T T E D  P A R T I A L  D E C A Y  M O D E  R A T E S  

T h e  ~ t r i x  below ie t h e  b r a n c h i n g  f r a c t i o n  ~ t r i x  a b o v e ,  t r a n s f o r m e d  i n t o  r a t e  

space; i . e . ,  O i ~ F i = l t o t a l P  i ,  i n  a p G r o p r i a t e  u n i t s .  I n  a n a l o g y  to  t h e  ~ t r i x  a b o v e ,  

t h e  d i a ~ o ~ l  e l e m e n t s  a r e  G i e A G  i ,  w h e r e  6G i = ~ w h i l e  t h e  DEE-diagonal  

elements  a r e  t h e  n o r m a l i z e d  c o r r e l ~ t t i o n  c o e H i c i e n t e  ~SOiSOj) /{SG i"  5Oj) .  Note t h a t ,  

b e c a u s e  o f  t h e  e r r o r  i n  F to t a  1, t h e  e r r o r s  a n d  c o r r e l a t i o n s  h e r e  a r e  n o t  d i r e c t l y  d e r i v a b l e  

E r o m  those a b o v e ,  

G l G 2 G B O 4 G E GIE 
G 1 .O4E+- .OOl  
G 2 - .ROB • 0 2 4 + - . 0 0 1  
G B - . 2 8 9  .023  . 0 5 2 ÷ - .  OOE 
GO4 - . 3 # 1  .044 - * I 8 B  . 0 7 5 + - .  001 

5 - . 1 7 3  .097 °193 .Z27 .000+-.000 
OI l  . I 5 1  ~*023  - . 0 5 0  -.06B - * 0 3 2  .OOO+-*OOO 

13 NEUTRAL K ENERGY DEPENDENCE OF DALITZ PLOT 

RELATED TEXT SECTION IV F . I ,  APPENDIX I ,  AND MINI-REVIEW ON SLOPE 
PARAMETERS IN THE CHARGED K SECTION OF THE DATA CARD LISTINGS ABOVE 

MATRIX ELEMENT SQUARED = l + G { S 3 - S O I / ( M P I + * * 2 )  

GTO LINEAR ENERGY DEPENDENCE {G{ FOR TAU DECAYS KLONG INTO PI+  P I -  RIO 
GTO 79 0*55  0 . 2 3  ADAIR 6# HAC AV=-T*6 + -  l , T  3171 
GTO 77 O.SE O.ZO LUERS 64 HBC AV=-7*3  + -  1 .6  BIT1 
GTO 66 0 . 3 2  O . l B  ASTBURYI 65 CC AV=-5.B + -  1 .5  3171 
GTO 310 0 . 5 1  O,OD AST6URV2 65 CC A V = - ( T , 3  + .b  - . B {  3 / T l  
GTO 280 0 . 6 6  O. IT  ANIKINA 66 CC AV=- (B .Z  + .9  - 1 . 3 )  3 1 T l  
GTO 126 O.TO O . I Z  HAWKINS 66 HAC AV=-8 .6  + -  0 . 7  3171 
GTO 1350 0 . 6 4 9  0 . 0 4 4  HOPKINS 6T HBC AT=-O.gR4 +-  .018  10169 
GTO lEO6 0 .A28  O.055 NEFKENS 6T OSPK AU=-O.ZO4 +-  .025  3171 
GTO 2446 0 .400  0 . 0 # 5  BASILE2 68 OSPK AT=-O.188 +-  . 0 2 0  3171 
GTO gOOD0 O.bE l  0 . 0 1 2  ALBROW TO ASPK AY=-O.862 ÷-  .OR5 l / T 1  
GTO 6 36K 0*555  0 *016  BUCHANAN TO ASPK AU=-O.E61 +-  *007 3171 
GTO BRAD0 0 . 6 5 6  0 . 0 5 8  SMITH TO OSPK AT=-O*E9T + -  . 0 2 4  B / T I  
GTO BUCHANAN 70 GIVES A=O.25T ÷ -  .005  FOR A QUADRATIC F IT  WITH 3171 
GTO B STATISTICAL ERRORS ONLV, THE A VALUE USED HERE IS FOR A LINEAR 3 lT I  
GTO 6 F IT  AND INCLUDES SYSTEMATIC ERRORS, BITE 
GTO . . . . . . . . .  
GTO AVG 0.603 0.028 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 3.E} 

(SEE IDEOGRAM BELOW { 

W E I G H T E D  A U E R R G E  = 0 . 5 0 3  ± 0 . 0 2 B  

ERROR S C R L E D  BY 3 , 1  

i 
i S M I T H  q - B U C H R N A N  

. A L B R D W  

- - 4 - - . -  . B R S I L E 2  

- - - t - - -  . N E F K E H S  

. H O P K I N S  

. H A W K I N S  

- A N I K I N R  

. A S T B U R Y 2  

i . . . . .  A S T O U R Y 1  

. . . . .  L U E R S  ^ I , q  t 
. . . .  A D A I R  

0.0 0 . 4  O . B  t . ' 2  

T R U  0 S L O P E  P A R A N E T E R  

C H I S Q  

7 0  D S P K  O . B  

7 0  R S P K  9 . 1  

7 0  A S P K  1 5 . B  

5 0  O S P K  2 0 . 4  

6 7  0 5 P K  1 0 . 2  

6 7  H B C  1 . 1  

6 6  HBC 

6 6  CC 

5 5  CC 1 . 1  

6 E  CC 

5 4  HOC 

5 4  HBC 

S B . S  

{ C O N L E U  
= 0 . 0 0 0 ]  

13 KOL FORM eACT~RS 

RELATED TEXT SECTION IV F,2 AND MINI-REVIEW ON FORM FACTORS 
IN THE CHARGED K SECTION OF THE DATA CARD LISTINGS ABOVE 

XIA XIA = F - / F +  {DETERMINED FRO~ SPECTRA AND KMU3/KE3) . . . . . . . . . . . . . .  
XIA SOME OF THE OLDER EXPERIMENTS HAVE EVALUATED X) ASSUMING THAT IT IS 
XIA INDEPENDENT OF THE MOMENTUM TRANSFER ( T { t  I . E , t  THEY SET L+=L-=O. 
XIA OTHERS HAVE ASSUMED A VALUE FOR L+ AND USED L-=O, ONLY RECENTLY 
XIA BOTH L+,L- AND XIiO) (OR THREE RELATED PARAMETERSi HAVE BEEN INCLU- 
XIA DED IN THE FITS, SEE CHIEN 70. 
XIA L 589 (+E,X) (0.9( (E.3) ADAIR 6k HBC KMU31RE3 B167 

BI6T  XIA L (+0.66) (0,9)  ( l . 3 )  LUERS 64 HBC KMU31KEB 
XIA L 1371 ( + l . Z (  {O.B) CARPENTER bB OSPK MU.PI SPECTRA 8167 
XIA CI3TI -0 ,62 0,6 CARPENTER 66 OSPK MUtP I  SPECTRA,C, 8167 
XIA - O . Z  0 . 8  l . Z  KULYUKINA 68 CC MUtPI SPECTRA 2171 
XIA 770 +O.B + 0 . 4  EUDAGOV 68 HLBC KM3/KE3.LM÷=.02B 11168 
XIA E309 - 0 . 2 2  0 . 3 0  EVANS 69 HLBC RM3/KEB,LM÷=,02 10169 
X1A 3140 - 3 . 9  0 . 4  BASILE TO OSPK ÷ DLTZ PLOT L+=.O2 IO/TO 
XIA 3548 - 0 . 5 0  0 . 5  BASILE TO OSPK + KM3/KE3tLM+=.O2 IOlTO 
XIA H 26K - 0 . 6 8 0  0 . 1 2  0 . 2 0  CHIEFI 70 ASPK DAL.PLT.  L+=.O8 2 /71  
XIA C END CARPENTER VALUE ALLOWS ENERGY DEP OF F + . F -  
XIA H CHIEN 70 VALUE AT L-=O • L- AND XI(O) ARE HIGHLY CORRELATED 2171 
XIA L LM+ AND LM" ASSU~ED TO BE ZERO - NOT AVERAGED 
XIA . . . . . . . . .  
XIA AVERAGE MEANINGLESS {SCALE FACTOR = 3.83 

XIB XIB = F-IF+ [DETERMINED FROM MU POLARIZATION IN KMUA) . . . . . . . . . . . .  
XIB THE MU POLARIZATION IS A MEASURE OF X I (T { .  NO ASSUMPTIONS ON L+- 
XIB NECESSARY, T SHOULD BE SPECIFIED. 
XIB FOR RAD* CORR. TO MUON POLARIZATION IN KMU3t SEE GINSBERG 71, 2172" 
XIB 2608 - I . g  0 .5  AUERAACH 66 OSPK POLARIZATION 8167 
XIB 638 - 1 . 6  0 . 5  ABRAMS 68 DSPK POLARIZATION 5 / 6 9  
XIB - 1 * 8 1  O.5O 0 .26  LDNGO 69  CNTR POL. T=2. AB I I / 6 9  
XI8 . . . . . . . . .  
XIE AVERAGE MEANINGLESS {SCALE FACTOR = I .O) 

RXI REAL PART OF Xl {COMBINED XIA AND XIB) 
RXI 1371 - 0 . 6 2  0 . 6  CARPENTER 66 DSPK MU Pit  SP. 
RXI - B . Z  0 . 8  E.2 KULYUKINA 68 CC MU PI1 SP. 
RXI TTO +0.3 +0.4 BUOAGOV 68 HLBC B.R, 
RXI 2608 - I * Z  O.B AUERBACH 66 OSPK POL* 
RXI 638 - E . 6  O*E ABRAMS 68 OSPK POL. 
RXI 1309  -0.22 0.30 EVANS 69 HLAC B,R. 
RXI - I * B I  O*BO 0 . 2 6  LDNGO 69 CNTR POL. T=2.65 
RXI 3140 -3 .9  0.4 BASILE 70 OSPK + DLTZ T=O 10/70 
RXI 3~48 -0°50 O,E BASILE 70 OSPK B*R. IO/TO 
RXI H 2BK - 0 . 6 8 0  0 . 1 2  O.ZO CHIEN TO ASPK DAL.PLT.  T=O 2 / 7 l  
RXI . . . . . . . . .  
RXI AVERAGE MEANINGLESS {SCALE FACTOR = 3.03 

(SEE IDEOGRAM BELOW ) 
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Data Card Listings 
For notation, see key at front of  Listings, 

I • 

. . . . . . .  C H I E N  7 0  Q S P K  

, ' /  - . . . .  B R S I L E  7 0  O S P K  

• . ~  . . . . . .  B R S I L E  ? 0  D S P K  . .  

- -+ - - .  - ~ .  . . . . .  LONGO 6 S  C N T R  
t 

. . . . .  E U ~ N S  6 9  H L B C  

I - . \  . . . . .  ~ B R R ~ S  6 B  B S P K  

~~ - ~ . . . .  Q U E R B Q C H  6 6  O S P K  

- ~ - - - - B U D ~ G O U  6 B  H L B C  
q 

* ~ f - - - ~ - - - K U L Y U K I N R  6 8  CC 

t - - - - ~ . C ~ R P E N T E R  6G O S P K  

- 5  - 3  - I  i 3 

COMBINED F - / F +  USING XIR AND XZB (KOL) 

CHISQ 

2 . 5  

O.B 

5 5 . 0  

5 . 3  

5 . ?  

l . B  

0 . 3  

9 . S  

0 . 5  

0 . 0  

B }  .4  

(CONLEU 
= 0 . 0 0 0 )  

IX I  
IX I  
I X l  
IX I  
I X l  AVG 

FS 
FS 

FT 
FT 

L÷E 
L+E 
L+E 
L÷E 
L+E 
L+E 
L+E 
L+E 
L+E 
L+E 
L÷E 
L÷E 
L~E AVG 

IMAGINARY PART OF Xl (TEST OF T REVERSAL( . . . . . . . . . . . . . . . . . . . .  
- 0 . 2  0 .6  ABRAMS 68 ~SPK MU POLARIZATION 10169 
- 0 . 0 2  0 . 8 8  LONGO 69 CNTR POL. T=2.BE 11 /69  

-O.OZ3 0 . 0 7 9  AVERAGE (EBROR INCLUDES SCALE FACTOR OF 1 .01  

FS/F+ RATIO OF SCALAR TO F+ COUPLINGS FOR KE3 DECAY(ADS. VALUE) . . . .  
0 . 1 5  DR LESS CL~.68 KULYUKINA BT CC 10 /69  

FTIF+ RATIO OF TENSOR TO F+ COUPLINGS FOB RE3 DECAY(ABS. VALUEI . . . .  
I . O  OR LESS CL~.68 KULYUKINA 6T CC 10169 

LAMBDA + (LINEAR ENERGY DEPENDENCE OF F+ IN KO E3 DECAY) . . . . . .  
FOR RAD. CORR. TO THE DALITZ PLOT OF KEO~ SEE GIHSBERG 67.  

~53 +O.OT .06 LUEBS 66 HBC DLTZ PLOT(NO R.C 
5TT +0 .18  .08  FISHER 65 OSPK OLTZ PLT~NO R.C.  8 /67  
762 - 0 . 0 1  .02 FIRESTONE 6T HBC DLTZ PLTtHD R.C.  8~IT 
531 +0 .01  .015 KADYK 67 HBC E t P I  SPEC,ND R.C 8 / 6 7  
260 ~0 .08  .LO .08  LOWVS 67 FBC PI SPECt RAD COR 8 /67  

1000 0 . 0 2  0 . 0 1 3  ARONSDN 68 DSPK El SPECTRUM 5 / 6 9  
6800 +0 .023  0 . 0 1 2  8ASILE 68 DSPK DLTZ PLTINO B . C .  3 / 6 8  

62K 0 . 0 2 3  O.B05 B IS I  71 ASPK DLTZ PLTIR.Co 1 2 / T I #  
INK 0 . 0 5  0 . 0 1  CHIEN Tl  ASPK DLTZ PLT,NO R.C.  6 / 7 1 ,  

0.0252 0.0055 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .E) 
(SEE IDEOGRAM BELOW ) 

WEIGHTED RUERRGE = 0 . 0 2 5 2  * 0 . 0 0 5 8  

ERROR SCQLED BY $ . 5  

~ ~  . C H I E N  7 1  @SPK 

• B I S l  7 ¢  R S P K  

.BQSILE 6 8  D S P K  

.@RDNSDN 6 8  O S P K  

• LOWYS 6 7  F B C  

. K R D Y K  0 7  HBC 

.FIRESTONE 6 7  HBC 

F I S H E R  6 5  O S P K  

• L U E R S  6 4  HBC 

- O . i  0 . 0  O . i  0 . 2  0 . 3  

L g M B O Q +  F r l R  K E 3  D E C R Y  

C H I S Q  

6 . 2  

0.2 

0 . 0  

0.2 

1 . 0  

3 . 1  

1 0 . 7  

( C O H L E U  
= 0 . 0 5 9 (  

L÷M 
L÷~ 
L+;~ C 2SR O.OT 0.02 
L+~ C CHIEN 70 VALUE AND ERROR HAVE BEEN CHANGED FRO~ 0.08 +-  0.01 TO 
L+M C INCLUDE SYSTEMATIC EFFECTS. 

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

IS CP VIOLATION PARAMETERS IN KOL DECAYS 

RELATED TEXT SECTION IV F .3  AND NINI-REVIEW BELOW 

. . . . . . . . . . . . . . . . . . . .  13 CHARGE ASYMMETRY IN  TAU DECAYS . . . . . . . . . . . . . . . . . . . . .  
TFYT SECTION IV F .3  B 

S~F SCRIBAND 7n FOR DEFINITION (HIS SIOMA÷-). A=I FOR MAX ASVMMETRY 
(M(**2 = I÷ SIG~- (2/SQRT(Oi ~ ( ( T + i - ( T - ) ( /  TMAX) AS SCRIBAND TO 

A 
A 
A 
A 
A 
A 

LAMBDA + (LINEAR ENERGY DEPENDENCE OF F+ IN  KMU3 DECAY) 
FOB MAD. CORR. TO OALITZ PlOT OF KMU3 SEE GINSBERG TO 

CHIEN TO ASPK 0 KMU3 OALITZ PLOT 3171 
31Tl 
3171 

DECAY ASYMMETRY PARAMETER FOR PI+ PI- PIO (UNIT( 1 0 " = - 2 |  
.3M O.2 0 ,95  BLANPIED 68 CNTR . 6/70 
3M 0.27 O.E SCRIBANO TO CNTR .12/70 

~400 O. OOO 0 . 0 5 0  SMITH TO OSPK .IO/?O 

AVG 0.016 0 .063  AVERAGE (ERROR INCLUDES SCALE FACTPR OF L .3 )  
(SEE IDEOGRAM BELOW ) 

WEIGHTED RUER~GE = 0 . 0 1 6  * 0 . 0 6 3  

ERROR SCRLED BY 1 . 3  

. . . . . . . . . .  S M I T H  
, . . . . . . .  

DECAY RSYMNETRY FnR P I +  P I -  P IO 

C H I S g  

? 0  O S P K  0 , 1  

7 0  C N T R  l . G  

GB C H T R  

t . 7  

( C D N L E U  
= 0  . i 9 0 )  

. . . . . . . . . . . . . . . . . . .  13 CHARGE ASYMWETRV IN LEPTq~[C DECAYS (P~RCEMT} . . . . . .  
TEXT S~CTION IV F .3  C 

SUCH ASYMMETRY VIOLATES OF . IT  IS  RELATED TD REAL(FPSILDH}.  

AI  KOL INTO ( M U ÷ P I - N U i - i l U ~ P I + N U ) / i M U ÷ P I - N U i + ( H U - P I + N U )  (PERCENT) 
A1 0 IM ( 0 . 4 0 3 )  ( 0 . 1 3 6 (  DOBFAN 67 OSPK DERIVED FROM RIE 11/b7 
AI  O IM 0 .490  0 . 1 6 0  PACIOTTI ~? DSPK 2/72= 
A1 9M 0 . 2 1  0 . 1 0  MCCARTHY TL CNTR 2 /72e  
A I D  PACIDTTI 69 IS A REANALVSIS DE DDRFAN 67 
A l  . . . . . . . . .  
AI  AVG 0 . 2 9  0 , 1 3  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 5 (  

A2 KOL INTO ( E ÷ P I - N U ) ~ ( E - P I + N U I / ( E + P I - N U } ÷ ( E - P I + N U }  (PERCENT) 
A2 D ION (0 .2261  (0 .0361  DENNETT 6T CNTR I L / 6 T  
A2 B tOM 0 .246  0o059 SAAL 69 CNTR 10 /70  
AE 1OR D.366 0 . 0 3 8  MARX 70 CNTR 10 /70  
A2 COOK 0 . 3 6  0 . 1 8  ASHFORD 72 ASPX 2 /72 *  
A2 E SAAL 69 IS A REANALYSIS OF BENNETT 67 
A2 . . . . . . . . .  
A2 AVG 0 . 3 2 3  0 . 0 6 2  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.81 

AL KOL INTO ( ( L + l - ( L - ) | / ( ( L + ) + ( L - | (  (COMBINED A I  AND AZ) (PERCENT) 
AL 1OR 0 . 2 6 6  D.~59 SAAL 69 CNTR 2 /71  
AL D 1H 0 .690  0 . 1 6 0  PACIOTTI 69 OSPK 2/T2= 
AL 1OH 0 . 3 6 6  0 .033  MARX TO CHTR 2 /71  
AL 9H 0 . 2 1  0 . 1 0  MCCARTHY 71 CNTR 2/T2~ 
AL COOK 0 , 3 6  0 . 1 8  ASHFORO 72 ASPK 2 / T 2 "  
AL . . . . . . . . .  
AL AVG 0 . 3 2 0  0 . 0 2 9  AVERAGE (ERROR INCLUDE~ SCALE FACTOR OF 1.11 

. . . . . . . . . . . . . . . . . . .  13 PARAMETERS FOR KOL INTO 2PI DECAY . . . . . . . . . . . . . . . . . .  
TEXT SECTION IV F .3  D 

ETA+- = A(KL TO P I + P I - ) / A ( K S  TO P i + P [ - )  
ETAOO A(KL TO P IOPIOI /A(KS TO PIOPIO) 

THE FITTED VALUES OF ETA÷-  AND ETAOO GIVEN BELOW ARE DERIVED 
PRIMARILY FPOM THE FITTED BRANCHING RATIOS FOR THE TWO PION DECAY 
MODES OF KOL AND KOS. FOR THE QUANTITIES MEASURED BY INDIVIDUAL 
EXPERI MINTS SEE THE KOL BRANCHING RATIOS R9 AND RZO (ETA÷-)  AND 
BIT AND R19 (ETAOOI. FOR THE READERIS CONVIENENCE ME L IST THE 
DEPIVED QUANTITIES ETA÷- (CALLED E÷-  BELON) AND IETAO0)=~2 (CALLED 
EDS BELOW}. HOWEVERr THE FIT FOB ETA+~ AND ETAOO USES ONLY THOSE 
VALUES BELOW WHICH ARE INDEPENDENT OF BRANCHING RATIO NEASURENENTS-- 
ETAOO OF CHOLLET 70 AND WOLFE TL t  AND (ETAOO/ETA~-) OF DARRIULAT T I .  

EOS (ETAO0)**2  = (A(KL TO 2P IO I /A (KS  TO Z P I O ) I t e 2  (UNITS 10=~-6)  - - -  
EOS 0 - 2 .  7 . 0  8ARTLETT 68 OSPX 1O169 
EOS ST 6 . 9  1 .2  BANNER 69 OSPM 2/72= 
COS 133 16 .1  3 . 6  CENCE 6g OSPK 10 /69  
EOS F 180 ( 1 3 . )  ( 6 . )  GAILLARD 69 OSPK 10169 
EOS 29 6 . 0 8  0 . 9  EARNIN TO HLBC 12 /70  
EOS 30 3 . 6 I  1 . 9  BUDAGOV TO HLBC 1D/TO 
EOS C B.T 8 .T  CHOLLET TO OSPK CU R I G . t 6  GAMMAS 2 /72~  
EOS F I72  9°9  D .6  FAISSNER 70 OSPK 12 /70  
COS C 56 7 . 6  2 . 0  WOLFF TI  OSPK CU REG..GGAMMAS 12/71~ 
EOS C CHOLLET TO GIVES ETAOO=(I .23÷-O.261*(REGEN AMPLt2GEV/C CUI/LOOOOHB 2 / 7 2 *  
EOS C NOLFF TI  GIVES ETAOO=(I . IO÷-O,  IZ)~(REGEN AMPLI2GEV/C CU(/IOOOONB 2Z72~ 
EOS C WE COMPUTE BOTH ETAO0~*2 VALUES FOR (REGEN AHPLtZGEV/C EU)=26+-2MB. 2/72= 
EOS C THIS BEGIN ARPL RESULTS FROH AVERAGING OVER FAISSNER 69v 2 / 7 2 *  
EOS C EXTRAPOLATED USING OPTICAL MODEL CALCULTIONS OF BOHM ET AL. 2 /72~  
EOS C PL 2TB 596 ( 1 ~ 8 }  AND THE DATA OF BALATS TL.  (FROM H. FAISSNER~ 2 / 7 2 *  
COS C PRIVATE COMMUNICATION) 2 / T Z *  
EOS F FAISSHER TO CONTAINS SANE 2PlO EVENTS AS GAILLARD 69 
EOS . . . . . . . . .  
COS AVG 5 . 1 3  0 . 9 0  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . I t  
EOS FIT 6 . 3 8  0 . 8 0  FRDN F IT  (ERRr~ INCLUDES SCALE FACTOR OF L .2 )  3/T2= 

(SEE IDEOGRAM BELOW ) 

F+- ETA÷- = A(KL TO P I ÷ P I - J / A ( K S  TO P I + P I - )  UNITS I O * * - 3  . . . . . . . . . . . . .  
E+- 68 ( l . 9 6 )  CHRISTENS 66 OSPK 10 /69  
E÷-  56 (Z.OZ) GALBRAITH 65 OSPK 10/69 
E+- ( l . E b )  BASILE 66 OSPK 10 /69  
E÷-  ( 1 . 9 3 5 )  BOTT-DODE 66 0 SPK 10 /69  
E+- 525 1 .91  .06  ~ITCH 6T OSPK 10 /69  
E+-  • . . . . . . . .  
E+- FIT 1 .959  0 .031  FRO~ F IT  (ERROR INCLUDES SCALE FACTOR ~F 1 .0 )  0 / 7 2 *  

ER RATIO OF ETAO0 OVER ETA+- 
ER l .  O0 0 . 0 6  DARRIULAT T l  ASPK 3 / 7 2 *  
ER ( 1 , 1 0 )  I O . I 3 )  KNAPP T2 OSPK PRELIMINARY 0/72~ 
ER . . . . . . . . .  
ER FIT h ObB 0 .062  FROM F IT  (ERROR INCLUDES SCALE FACTOR OF 1 . 2 )  3 / 7 2 *  
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Data Card Listings 
For notation, see key at front  of  Listings. 

Stable Particles 

WEIGHTED RUERRGE : 5 . t 3  • 0 . 9 0  

ERROR SCRLEO BY 1 . 5  

Values above 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  I s c o n v e n i e n c e  o n l y .  T h e  
data were a c t ~ l l y  processed by a 
constrained fit program, w h l 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  ~ 5x~ 
a n d  s c a l e  f a c t o r ,  w h i c h  a r e  d i f f e r -  
e n t  f r o m  t h e  v a l u e s  s h o w n  h e r e .  

C H I S g  

7 1  DSPK 1 . 3  

7 0  OSPK 2 . 0  

7 0  DSPK 0 . 9  

7 0  HLBC O . B  

7 0  HLBC 1 . 4  

6 9  OSPK 7 . 0  

6 9  DSPK 0 . 0  

6B DSPK 

. . . . . . . . .  WOLFF 

I . . . . .  F R I S S N E R  

I . . . . . .  C H O L L E T  

. . . . . . . . .  BUORGBU 

. . . . . . . . .  B g R M I N  

\ ~ - - - C E N C E  

. . . . . . .  BRNNER 

, . ~ B R R T L E T T  

t 0  2 0  3 0  

I 
1 3 . 2  

: ( C D N L E U  
- 1 0  0 = 0 . 0 4 0 )  

E T R O O m l 2  

F+- 
F+- 
F+- 
F+- 
F+- 
F+- 
F+- 
F+- 
F+- 
F+- 
F+- 

F~- N C 
F÷- 
F+- B 
F÷- F 
F+- 
F+- 
F÷- 
F+- AVG 

F+- C 
F+- C 
F+- 
F÷- 

F+-  
F t -  F 
F+-  F 
F+-  

F+- 0 

F+-  

FO0 
FO0 
FDD 
FO0 
FOD . . . . . . . . .  
FO0 AVG 43.3  19,2 

PHASE OF ETA +-  (DEGREES( . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DN IS (KOL-KOS MASS DIFFERENCE I HBAR) IN UNITS OF 10s.10 SEC-1 Z/T1 

SEE SECTION D OF KOL LISTINGS FOR LATEST VALUE 
HE HAVE ADDED THE MASS DEPENDENCE AND PROPAGATED THE ERROR IN DM 2/71 
USING DM-O.5398+-O, 0033 FOR BENNETT 69t  BOHM 69t  FAISSNER 69~ 2171 
JENSEN TO, AND BALATS 71.  THE APRIL 1972 DM(0.5402+-0.0035)  WOULD 3 / 7 2 .  
NOT MAKE A SIGNIFICANT CHANGE IN THE PHASE, 3/72~ 

AE,O 50.0  FITCH 65 OSPK BE REGEN 11/67 
30,0  45 .0  FIRESTONE 66 HBC 11/67 
70.0  21,0  BOTT-BODE 67 DSPK C REGEN 11/67 
25 .0  35,0  MISCHKE 6T DSPK CU REGEN 7/68 

( B l . O )  (11 .0 )  BENNETT2 68 CNTR CU REG. USES 8/68 
34.5 10.0  BENNETT 69 CNTR CU REGEN 2/71 
47.6  12.1 BOHN 69 OSJ)K VACUUM REGEN 2171 
AB.2 7.% FAISSNER 69 ASPK CU REGEN 2/71 
63.4  ~ .~  JENSEN TO ASPK VACUUR BEGEM 21Tl 
38.0  12.0 BALATS TE OSPK CU REGEN 9/71~ 

43 ,3  3 .2  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  
COMMENTS 

BENNETT 69 USES MEASUREMENT OF ( F + - ) - ( P H I F )  OF ALFF-STEI 66 2171 
BENNETT 69 F e - -  3 4 . 9 + - 1 0 . 0 v  NOT INCLUDING ERROR IN ON 2171 
OH DEPENDENCE OF BENNETT 69 IS 69~(DN-0,545}  BEG 2171 
BOHM 69 F+--41+-12~ NOT INCLUDING ERROR IN DM 2/71 
DM DEPENDENCE OF BOHN 69 IS AT9~(ON-O.526( OEG 2/71 
FAISSNER 69 ERROR ENLARGED TO INCLUDE ERROR IN REGENERATOR PHASE 11/69 
FAISSNER 69 F ÷ - - A B , O ÷ - T . 4 ,  NOT INCLUDING ERROR IN ON 2/71 
DM DEPENDENCE OF FRISSNER 69 IS 2O5*(DM-0. SBBI DEG 2171 
JENSEN 70 F + - = 4 2 . ~ + - 4 . 0 ,  NOT INCLUDING ERROR IN DM 2/71 
DM DEPENDENCE OF JENSEN TO IS 576~(DM-0.588) DEG 2171 
BALATS 71 F+-=39+-12t  NOT INCLUDING ERROR IN DN 9171.  
DR DEPENDENCE OF BALATS TI IS 198* (0M- .844 )  OEG 9171.  
BENNETT 69 IS A REEVALUATION OF BENNETT2 68 11/6N 

PHASE OF ETA O0 (DEGREES] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FIRST QUADRANT PREFERRED GOBBI 69 DSPK 11169 

B1. 30. CHOLLET TO OSPK CU REG.,4 GAMMAS 10/70 
~6 38.0  25 .0  WOLFF T10SPK CU REG.~AGAMMAS 12171* 

AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

S u p e r w e a k  M o d e l  P r e d i c t i o n s  

for  ~ + _  and @'qoo 

The s u p e r w e a k  m o d e l  of W o l f e n s t e i n ,  P h y s .  

L e t t e r s  i 3 ,  56Z ( i 9 6 4 )  p r e d i c t s  that  
I 

The KL-K ~ mass d~.fference, the % l~etime, 

and [ ~+_[ given in the Stable Particle Table result 

in the predictions that 

~+_ = @oo = (42.96 ± 0. 27) ° 

and 

Re e = (i. 454 + 0. 0Z3} X i0 "3 • 

T h e s e  c a n  be c o m p a r e d  with  the e x p e r i m e n t a l  v a l u e s  

@+. = (43 .3  :t: 3. Z) ° 

@oo = (43 :t: t 9 )  ° 

ReE = ( t .  6 0 a : 0 .  t 7 ) × t 0  "3 

w h e r e  ~ has  been  c o m p u t e d  f r o m  8, the c h a r g e  

a s y m m e t r y  p a r a m e t e r  for  l epton ic  K L d e c a y s ,  and 

(Re x, Irn x), the AS = -Z IQ  amplitude, using Eq. (34) 

of the text .  

13 X -(DS=-DQ AMPLITUDE /DS=+DQ AMPLITUDE( 

RELATED TEXT SECTION IV F,A 

REX REAL PART OF X 
REX C 152 0 .06  0 .18 0 .46 BALDO-CE 65 HLBC K+ CHARGE EXCHNG 11167 
REX 196 O.OB5 0.11 0 .13 AUBERT 65 HLBC K+ CHARGE EXCHNG 11/67 
REX F 109 - 0 . 0 8  0,16 0.28 FRANZINI 65 RBC PBAR P 11167 
REX 116 0 .17  0,16 0.35 FELDNAN ST OSPK PI -P TO KO LMBDA 11/6T 
REX N 335 (O. IT) 10.10) HILL 67 DBC K+O YIELDS KOPP 11167 
REX B (0 .03 )  (O,OS) BENNETT1 68 CNTR T/6B 
REX 121 0 .08 O,OT 0.09 JAMES 68 HBC PBAR P B/6D 
REX B - 0 . 0 2 0  0.025 BENNETT 69 CNTR CHAR ASYM+ CU RE 10/69 
REX 686 0 .08  0 ,14 0.18 L1TTENEER 69 DSPK K÷N TO KOP 4169 

CHO 70 DBC K+D TO KOPP 10170 REX N 215 0 .12  0 .09 
REX 1079 - 0 . 0 6 9  0.036 SCIULLI TO OSPK F I -F  11170 
REX 222 0 .04 0.07 0.08 BURGUN 71HBC KeP TO KOPPI+ 2172" 
REX G 342 ( - 0 . 1 3 )  ( 0 . 1 1 )  MANTSCH T l  DSPK KE3 FROM KO LMB 2172" 
REX G 100 ( 0 . 0 4 )  ( 0 . 1 0 )  ( 0 . 1 3 }  GRAHAM 710SPK KNU3 FROM KO LMD 2172. 
REX G 442 - 0 . 0 5  0.09 GRAHAM Tl  OSPK PI-P TO KO LNEDA. 2 / 7 2 *  
REX 252 0 .25  .OT .09 MEBBER 71HBC K-P TO KEAR N 10/69 
REX G SECOND GRAHAM 71 VALUE IS FIRST GRAHAM TI VALUE COMBINED WITH 2172" 

2 /72*  REX G MANTSCH 71.  
REX B BENNETT 69 IS A REANALVSIS OF BENNETT1 68 
REX C BALDO-CE 65 GIVES X AND THETA*CONVEREED BY US TO REX AND IMX 11/67 
REX F FRANZINI 65 GIVES X AND THETA.FOR REX A~D lqX SEE 5CHMIOT 67 11/67 
REX N CHO TO IS ANALYSIS OF UNAMBIGUOUS EVENTS IN NEW DATA AND HILL 67 
REX . . .  . , . . ~ e 

REX AVG - 0 . 0 0 3  0,026 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .5 )  
(SEE IDEOGRAM BELOW ) 

WEIGHTED RUERRGE - - 0 . 0 0 3  i 0 . 0 2 6  

ERRDR SCRLED BY i . S  

-F 

- 0 . 4  0 . 0  0 . 4  0 . B  

RERL PRRT OF X ( D E L T R  S = - D E L T R  0 Rr IP)  

C H I S g  

I . . . . .  WEBBER 7 t  HBC 1 0 . 0  

. . . . . . . . . . .  GRAHAM 7 1  DSPK 0 . 3  

. . . . . . . . . .  BURGUN 7 1  HBC 0 . 3  

. . . . . . . . . . .  S C I U L L I  7 0  DSPK 3 . 4  

I . . . . . . .  CHD 7 0  DBC t . 9  
I . . . . . . .  L I T T E N B E R  6 9  OSPK 0 . 4  

. . . . . . . . . . .  B E N N E T T  69 CNTR O . S  

I . . . . . . . .  J R n E S  6 0  HBC t , 3  

~,,~I ' ' ' F E L D M R N  6 7  OSPK 

" ~  . . . . . . . .  F R R N Z I N I  GB HBC 

- - - ~  . . . . . . .  RUBERT 6 5  HLBC 0 . 1  

I ~ - . . . B R L D O - C E  BS HLBO 

t B . 1  

( C O N L E U  
= 0 . 0 2 0 )  

IMX IMAGINARY PART OF X (ASSUMES M(RL)-M(KSI POSITIVE - -  SEE $13D) 
INX C 102 - 0 . 4 4  0.32 0 .19  BALDO-CE 65 HLBC K+ CHARGE EXCHMG 3/60 
IMX 196 - 0 . 2 1  0.11 O.IE AUBERT 65 HLBC K+ CHARGE EXCHNG 3/68 
IMX F 109 +0.26 0.40 0 .30 FBANZINI 65 HBC FDAR P 3 /68 
IqX [ IS  8 .0  0.25 FELDMAN BT DSPK PI-P TO KO LNBDA 11/67 
IMX N 395 ( - 0 . 2 0 )  ( 0 . 1 0 )  HILL 67 DBC K+D YIELDS KOPP 11/67 
IMX 121 +0,22 0.37 0 ,29 JAMES 68 HBC PBAR P 5169 
IMX 686 - 0 . 1 1  0,10 0.11 LITTENBER 69 OSPK K+N TO KOP 6/69 
IMX N 215 -O. OB O.OT CHD TO DEC K+O TO KOPP EO/TO 
lqX 1079 0.108 0.092 0 ,074 SCIOLLI TO OSPK PI-P l l / T O  
IMX 222 0 .12  0 .08 O.OD BURGUN 71 HBC R+P TO KOPPI+ 2172. 
IMX G 362 ( - 0 , 0 4 )  ( 0 , 1 6 )  MANTSCH 71 OSPK KE3 FROM KO LMB 2 /72*  
IMX G 100 (0 .12 )  ( 0 . 1 7 )  ( 0 , 1 6 )  GRAHAM T1 OSPK KMU3 FRDR KO LRB 2 /72*  
IMX G 442 0.05 0.13 GRAHAM 71 DSPK PI -P TO KO LNBDA. 2 /T2*  
IMX 252 O.O .08 WEBBER T1 HBC K-P TO KBAR q 10/69 
IMR G SECOND GRAHAM T1 VALUE IS FIRST GRAHAM 71 VALUE COMBINED WITH 2 /72*  
IMX G NANTSCH 71.  ZITE* 

C BALOO-CE 68 GIVES X AND THETA,COHVERTED BY US TO REX AND IMX 11/67 
F FRANZINI 65 GIVES X AND THETA.FOR REX AND IMX SEE SCHMIDT 67 11167 

3168 

IMX 
IMX 
INX N FTNDTE 10 OF HILL 67 SHOULD READ +0 .58 ,  NOT - 0 . 5 8  (PRIV COMM) 
IMX N CHO 70 IS ANALYSIS OF UNAMBIGUOUS EVENTS IN NEW DATA AND HILL 67 
IMR . . . . . . . . .  
IMX AVG -O.OOT 0,039 AVERAGE tERROR INCLUDES SCALE FACTOR ~F 1 .2 )  

(SEE IDEOGRAM BELOW ) 



Stable Particles 
42 

Data Card Listings 
For notation, see key at front of  Listings. 

U E I G H T E D  R U E R R A E  = - 0 . 0 0 7  * 0 . 0 3 9  

E R R O R  SCRLED BY 1 . 2  

- 1 . 0  - 0  . S  0 . 0  

C H I S Q  

• N E B B E R  7 1  H B C  0 . 0  

• G R R H R M  7 1  DSPK 0 . 2  

.BURGUN 7 1  HBC 2 . 2  

• S C I U L L I  7 0  DSPK 1 . 9  

. . . . .  CHB 7 0  DBC 1 . t  

. . . . .  L I T T E N B E R  6 9  OSPK 1 . 0  

• d R i E S  6 B  H B C  0 . 5  

- - - , . F E L D ~ R N  6 7  OSPK 0 . 0  

F R R N Z I N Z  6 S  H B C  

. . . .  ROBERT 6 5  H L B C  2 . 4  

D O - C E  6S HLBC 12.22"9 

: - ( C O N L E U  
O . S  1 . 0  = 0 . 2 0 2 )  

I11RG. PRRT OF X ( D E L T R  S = - D E L T R  0 RIIP) 

REFERENCES 
13 LONG-LIVED NEUTRAL X (498t  dP=O-I I = l / 2  

BARDON EB ANP ~ 156 
CRAWFORD Eg PRL Z EEl 
ASTIER 61AIX CONF I 227 
PITCH 51NC 22 1160 
GOOD 61PR [24 1223 
NEAGU B1 PAL 6 552 

CAMERINI 62 PR 128 362 
DARMON 62 PL 3 ET 

AOAIM 64 PL I2  ET 
ALEKSANY b# DUBNA 2 102 

SEE ALSO JETP 19 [Ot9  
ANIKINA 64 JETP I9 A2 
CHRISTEN 64 PRL IB I~8 
FUJI I  64 OUBNA 2 I46 
LUERS 6~ PR 133 B I276 

ANIKINA 6E JINR P 2488 
ANDERSON 65 PRL I~ ~T5 

M BAROON,K LANDE,L LEDERMAN (COLUMBIA+RNL) 
CRAWFORD,CRESTI,DOUGLASS~GOOD ÷ )LRL) 
ASTIER~BLASKOVIC,RIVETtSIAUD ÷ )PARIS÷OR) 
V FITCH~A RIROUE,R PERKINS (PRINCETONI 
GOOD, MATSENtMULLER,PICCInNI~POWELL + (LRL) 
NEAGO,OKONOV,PETROV,ROSANOVA~RUSAKOV (JINR) 

CAMERINI~ERY,GAIDOS~BIRGE~ELY ÷ (WISC÷LRL) 
J DARMON,A BOUSSET~J SIX (PARIS+EP) 

R K ADAIR,L B LEIPUNER (YALE+BNL) 
ALEKSANYAN~ALIKHANYAN,VAMTAZARYAN+ (EREVANI 
ALEKSANYAN+ (LEBEDEV+MOS ENG PHYS+EREVANI 
ANIKINA~ZHURAVLEVA÷ (GEORG ACAD SCI+ DUBNAI 
CHRISTENSON~CRONIN,FITCH~TURLAY (PRINCETNI 
FUJII~JOVANOVICH~TURKOT÷ (BNL~MARYLAND,HIT) 
LUERS,MITTRA,WILLIStYAMAMOTO (BNLI 

ANIXINA,VARDENGA,ZHURAVLEVA,KOTLYA+ (OUBNAI 
ANDERSON,CRAWFORO~GOLDEN,STERN ÷ (LRL÷WISCI 

ASTBURYI 65 PL 16 80 ASTBURY,FINOCCHIARO,BEUSCH • (CERN÷ZURICH) 
ASTBURYI 6~ SEE ALSO M PEPIN HELV.PHYS. ACTA 39 523 
ASTBURY2 65 PL 18 175 ASTBURY,MICHELINI~BEUSCH ÷ (CERN+ZURICH) 
ASTBURYB 65 PL IB IT8 ASTBURY~MICHELINI,BEUSCH • (CERN+ZURICH) 
AUBERT 65 PL 17 59 AUBERT~BEHR,CANAVAN,CHOUNET+ (PARIS~ORSAY) 
AUBERT 65 SEE ALSO LOWYS 67 
BALDO-CE 65 NC 38 684 

CHRISTEN 65 PR 140 B T~ 
FISHER BE ANL T130 E3 
FITCH 65 PRL 15 73 
FRANZINI 65 PR 140 E LZ7 
GALRRAIT 65 PRL 14 383 
GUIDON) E5 ARGONNE CONF A9 
HOPKINS 65 ARGONNE CONF 67 
VISHNEVS 65 PL 18 BB9 

ALFF-STE 6E PL 21 595 
ANIKINA 66 SJNP 2 339 
AUERRACH 66 PRL IT 9BO 
AUERBACH 6B PR 169 1052 

BALDO-CEOLIN,CALIMANI,CIANPOLILLO ÷ (PADVA) 

CHRISTENSON,CRONIN,EITCH,TURLAY (PRINCETON) 
FISHER~ABASHIAN~ABRAMS,CARPENTER÷ (ILLINOIS) 
FITCH~ROTH,RUSS~VERNON (PRINCETON) 
FRANZINI~KIRSCH,PLANO ÷ (COLUMBIA+RUTGERS) 
GALERAITH~MANNING~JONES ÷ {AERE÷BRIST÷RHEL) 
+BAMNEStPOELSCHE~FERBEL,FIRESTO+ (BNL÷YALE) 
H W K HOPKINS,BACON,EISLER (VAND÷RUTGERSI 
VISHNEVSKYtGALANINA~SEMENOV + (MOSCOWI 

ALFF-STEINBERGER,HEUER~RUBBIA ÷ (CERN) 
ANIKINA~ VARDENGA~ ZHURAVLEVA÷ (JINR) 
AUERBACH~NANN,MCFARLANE,SCIULLI (PENN) 
AUERBACH,OOBEStLANDE,MANN~SCIULLI+ (PENN) 

AUERBACH 66 
BALOO-CE 66 NC 45A 733 
BASILE 66 BALATON CONE 

BEHR 66 PL 22 560 
BELLOTT166 NC ~5A 737 
BOTT-BOD 66 PL 23 277 
CAMERINI 66 PR 150 1148 
CANTER 66 PRL 17 9A2 
CARPENTE 6E PR 142 871 
CHANG 56 PL 23 702 

CRIEGEE 66 PRL 17 150 
FIRESTON 66 PRL 16 556 
FIRESTON 66 PRL [7 116 

SEE ALSO PRL 1~ 192 
BALOO-CEOLIN,CALINANI~CIAMPDLILLO÷ (PADUA) 
BASILE,CRONIN~THEVENET + (SACLAY) 

BEHR,BRISSON~BALDO-CEOLIN,AUBERT÷(PADUA~EPt 
BELLOTTI,PULLIA,BALOO-CEOLIN÷ (MILAN,PADUA) 
BOTT-BODENHAUS~NtDE BOUARO~CASSEL÷ (CERN) 
CANERINhCLINE~ENGLISH~FISCHBEIN÷WISCONSIN 
÷CHO,ENGLER,FISX~HILL + (CARNEGIE÷BNLI 
CARPENTER~ABASHAN~AGRAMS~FISHER ( ILL [NOISI  
GHANG,BASSANO~KIKUCHI~DODO÷ (SYRACUSE~ENL) 

+FOX,FRAUENFELOER, HANSON~NOSCAT+ (ILLINOIS) 
FIRESTONE,KIM,LAGH,SAMDWEISS÷ (YALE~BNL) 
FIRESTDNE,KIM,LACH,SANOWEISS÷ (YALE,BNLI 

FUJI) 66 PRL [3  253 FUJII,JOVANOVICH,TURKOT,ZORN (BNL+MARYLAND] 
(FUJII 66 IS THE CORRECTED VALUE GIVEN BY JOVANOVICH÷ E6) 

HAWKINS A6 PL 21 258 
ALSO E7 PR [$6 14~ 

JOVANOVI 6E PRL 171075 
KULYUKIN 66 BERKELEY 25 
MEISNER1 66 PRL 16 2T8 
MEISNER2 66 PRL 1T A92 
NEFKENS 66 PL 19 706 
VERHEY 66 PRL 17 669 

BENNETT 67 PRL Ig 993 
BOTT-BOO 67 PL 2~8 ~9~ 
BOTT-BOD 6T PL 24B ABB 

ALSO 66 PL 20 212 
ALSO 66 PL Z3 27T 

CANTER 67 THESIS 

C J B HAWKINS (YALE) 
C J B HAWKINS (YALE) 

JOVANOVICH,FUJII,TURKOT,ZORN + (BNL+MD÷MIT) 
KULYUKINA~MESTVIRISHVILItNEAGU~PETR÷ (JINR) 
G W MEISNER~B B CRAWFORD~F CRAWEORD (LRL) 
G MEISNER~B CRAWEORO,F CRAWFORD (LRL) 
NEFKENS~ABASHIAN~ABRAMS,CARPENTER* (ILL) 
VERHEY,NEFKENS,ABASHIAN÷ (URBANA) 

BENNETT,NYGREN,SAAL,STEINBERGER +(COLUMBIA) 
BOTT-BOOENHAUSBN, DEBC~JARO,GASSEL + {CERN) 
BOTT-BODENHAUSEN,DEBOJARD, DEKKERS÷ (CERN) 
BOTT-BODENHAUSEN,DEB(1UARD,CASSEL÷ (CERN) 
BOTT-BODENHAUSEN,DEBOCJARD,CASSEL+ (CERN) 
J.M° CANTER {CARNEGIEI 

CRONIN 1 67 PRL 18 25 ÷KUNZ,RISK,WHEELER (PRINCETON) 
CRONIN 2 67 PRINC CONF(I I I67)  ÷KUNZ.RISR,WHEELER )PRINCETON) 
DEBOUARD 67 NC 52A 662 DEB~UARO,OEKKERS~JOROAN~MERMOD ÷ (CERN) 

ALSO 65 PL 15 58 DE OOUARD, DEKKERS,SCHARFF÷ (CERN+ORSAY÷NPI) 

DEVLIN 67 PRL 18 54 
ALSO 68 PR 169 I0~5 

DORFAN 67 PRL 19 987 
FELOMAN 6T PR 155 1611 
F|RESTON 67 PRL 18 IT6 
FITCH 67 PR [64  I T I l  
HAWKINS 6T PR 156 IAA# 
HILL 67 PRL 19 668 

HOPKINS 6T PRL 19 185 
KAOYK 67 PRL 19 597 
KULYUKIN 6T PREPRINT 
LONYS 67 PL 2~8 7E 
MISCHKE 67 PRL Z8 138 
NEFKENS 67 PR 157 [233 
TOOOMOFF 67 THESIS 

ABRAMS 68 PR 176 1603 
ARNOLD 68 El  EBB 56 
ARONSON 68 PRL 20 287 

ALSO 69 PR ~TE 1TOB 
BALATZ 68 PL 26B 320 
BARTLETT 68 PRL 21EEB 

BASILE 68 PL 265 5~2 
BASlLE2 68 PL 288 $8 
BENNETT1 68 PL 27B 24~ 
BENNETT2 68 PL ZTB 248 
BLANPIED 68 PRL 21 1650 
BUDAGOV 6E NC E7A LE2 

ALSO 68 PL 285 215 

CARNEGIE 68 PRINC TR6A THESIS 
JAMES 68 NP 5 8 3 6 5  

ALSO 68 PRL 21 257 
XULTUXIN 68 JETP 26 20 
KUNZ 68 THESIS (PU a6) 
NELHOP 68 PR 172 1613 
THATCHER 68 PR 174 lbT~ 

BANNER 69 PR 186 2033 
ALSO 68 PRL 21 / lOB 
ALSO 68 PRL 21110T 

BEILLIER 69 PL 305 202 
BENNETT 69 PL 29531T 
BOHM 69 NP 59 605 

ALSO 68 PL 275 321 

BOTT-BOD 69 CERN 69-7 329 
CENCE 69 PRL 22 1210 
EVANS 69 PRL 83 AZT 
FAISSNER 69 PL 308 204 
FOETH 69 PL 30B 282 

GAILLARD 69 NC 59A 4E3 
ALSO 6T PRL IB 20 

GOBBI 69 PRL 22 685 
LITTENBE 69 PRL 22 6E~ 
LONGO 69 PR 181 1808 
PACIOTTI 69 THESIS,UCRL 1g~46 
SAAL 6g THESIS 

ALBROW 70 PL 33B 516 
ARONSON 70 PRL 25 COB7 
BARMIN 70 PL 335 BT7 
BASILE 70 PR D2 78 

DEVLIN, S~LOHON,SHEPARD,BEALL+ (PRING+MARY. i 
SAYER~BEALL,OEVLIN,SHEPHARD÷(MD÷PPA÷PALMERI 
OORFAN~ENSTROMtRAYNONDtSEHWARTZ ÷(SLAC+LRL) 
FELDMAN,FRANKEL,HIGHLANO~SLOAN (U OF PENN) 
FIRESTONE~KIN~LACH~SANDWEISS~+ (YALE~BNL) 
FITCHIROTHtRUSS,VERNON (PRINCETON) 
C J B HAWKINS (YALE) 
HILL~LUERS,ROBINSON,CANTER+ (BNL,CARNEGIE) 

HOPKINS~BACON,EISLER (BNL) 
KADYKtCHAN~ORIJARO,OREN,SHELDON (LRLI 
KULYUKINA÷MESTVIRISHVILI+NEAGU + (JINR) 
LOWYS,AUBERT,CHOUNET,PASCAUD÷ (EP,ORSAYI 
MISCHKE~ABASHIAN~ABRAMS+ (ILLINOISI 
+ABASHIAN~ABRAMS,CARPENTER~FISNER+ ( ILL I  
JOHN A TODOROFF ( ILLINOISI  

+ARASHIAN~MISCHKE,NEPKENS~SNITH÷ (ILLINOIS) 
ARNOLO~BUDAGOV~CUNDY,AUBERT+ (CERN÷OKSAY) 
S.H.ARONSON~ K.W.CHEN (PRINCETON) 
S H ARDNSDNt K W CHEN (PRINCETONI 
BALATZ,BEREZIN,VISHNEVSKY~GALANINA÷IMOSCOW) 
BARTLETT~CARNEGIE,FITCH÷ (PRINCETON) 

BASILE,CRONIN~TNEVENET~TURLAY+ (SACLAY) 
+CRONIN~THEVENET~TURLAY~ZYLBERAJCH+(SACLAY) 
BENNETT,NYGRENtSTEINBERGEM~ (COLOMBIA~CERN) 
BENNETT=NYGREN~STEINBERGER÷ (COLUNEIA÷CERN) 
ELANPIED~LEVIT~ENGELS÷ (CASE+HARV+MCOI) 
BUDAGOVtBURNEISTEM,CUNDY÷(CERN,ORSAY,PARIS) 
+CUNDY~MYATT~NEZRICK+ (CERN,ORSAY~EP) 

R.K.CARNEGIE (PRINCETON) 
F JANES~ H BRIAND (PARIS~CERN) 
HELLANO,LONGO~YOUNG (UCLA,MICNIGAN) 
KULYUKINA~MESTVIRISHVILI,NEAGU÷ (JINR) 
P F KUNZ (PRINCETON) 
MELHOP MURTY BONLES~BORNETT~ (LA JOLLA} 
THATCHER~ABASHIAN,ABRAMS, CARPENTER+ (ILL) 

+CRDNINtLIU,PILCHER (PRINCETON) 
BANNERtCRONIN~LIU~PILCHEM (PRINCETON) 
BANNER CRONIN~LIU,PILCHER (PRINCETON) 
BEILLIERE~BDUTANGtLIMON (EPDL) 
+NYGREN,SAAL,STEINBERGER÷ (COLU~BNL) 
+DARRIULAT~GROSSOtKAFTANOV÷ (CERNI 
BOHM~DARRIULAT~GROSSO~KAFTANOV (CEMNI 

BOTT-BODENHAUSEN,DE BOUARD~CASSEL÷ (CERNI 
CENCE,JONES~PETERSONtSTENGER÷ (HAWAII,LRLI 
EVANS~GOLOEN~MUIR,PEACH÷ (EDINBURGH~CERN) 
+FOETH~STAUDEtTITTEL+ (AACN,CERN,TORI) 
÷HOLDER~RADERMACHER + (AACHEN~CERN~TORINO) 

÷GALBRAITH~HUSSRI~JANE* (CERN~RUTH~AACHEN) 
+KRIENEN,GALBRAITH,HUSSRI÷ (CERNtRUTH+AACH) 
+GREEN,HAKEL~MOFFETT,ROSEN,GOZ÷ (ROCH÷RUTG) 
LITTENBERG~FIELO, PICCIONI~MEHLHOP+ (USED) 
M J LONGOtK K YOUNG,J A HELLAND (ANNA~UCLA) 
M A PACIOTTI (LRL) 
H J SAAL (COLUMBIA) 

+ASTON,BARBER,BIRD,ELLISON ÷ (~CHS÷DARE) 
÷EHRLICH~HOFER~JENSEN~ (EFI,ILLC,SLACI 
+BARYLON,BORISOV~BYSHEVA÷ ( ITEP,J INR) 
+CRONIN,THEVENTtTURLAYsZYLBERAJCH + (SACL) 

BUCHANAN 70 PL EBB 623 ÷DRICKEY,RUDNICK,SHEPARD÷ (SLAC,JNOP,UCLAI 
ALSO PRIVATE COMMUNICATION, B. COX, FEB. 71 

BUOAGOV 70 PR 02 BIE ~CUNDY,MYATT,NEZRICK+ (CERN~ ORSAtEPOL) 
ALSO 68 PL 285 215 +CUNOY~MYATTtNEZRICK÷ (CERNtORSAY~EP) 

CHIEN 70 PL 335 62T C-Y.CHIENtCOX,ETTLINGER ÷ (JHU+SLAC+UCLA) 
ALSO PRIVATE COMMUNICATION, B. C~Xt FEB. 71. 

CHO 
ALSO 

CHOLLET 
CULLEN 

DARRIULA 
FAISSNER 
JENSEN 

ALSO 
MARX 

ALSO 

SCIULLI 
SCRIBAND 
SMITH 
WEBRER 

ALSO 

BALATS 
BARMIN 
BISI 
EURGUN 
CARNEGIE 
CHAN 
CHIEN 

CHO 
CLARK 

ALSO 
ALSO 

OARRIULA 
ENSTROM 

ALSO 

GRAHAM 
HILL 
JAMES 
NANTSCH 
MCCARTHY 
MEISNER 
PEACH 

REPELLIN 
VOSBUROH 
WEBBER 

ALSO 
ALSO 

WOLFF 
ASHFORO 
KNAPP 

70 PM DI 3031 
6T PRL 19 668 
70 PL 315 6E8 
TO PL 32B 523 

70 PL 33B 249 
TO NC 70A ~7 
70 THESIS 
69 PRL 23 6E5 
70 PL 325 219 
70 THESIS,NEVIS 179 

TO PRL 25 I214 
TO PL 32B 224 
70 PL 32B 133 
70 PR DZ 1967 
69 UCRL 19226 THESIS 

?I SJNP 13 55 
7I PL 358 604 
7 1 P L  86B B33 
Tl  LNC 2 II69 
TI PR DA I 
71LBL-350  THESIS 
7 1 P L  35B 261 

71PR D3 IEFT 
71 PRL 26 1667 

÷DRALLEtCANTERtENGLERtF(SK~ (CARN,BNL,CASE) 
HILL,LUERS~ROBINSON,SAKITT ÷ (BNLtCARN) 
+GAILLARD, JANE,RATCLIFFE~REPELLIN ÷ (CERN) 
+DARBIULAT,DEUTSCH,FOETH ÷ (AACHtCERN,TORI) 

÷PEMRERO~GROSSO,HOLOER ÷ (AACHtCERN,TORI) 
÷REITHLER, THOME~GAILLARD÷ (AACH,CERNtRHEL) 
B.A. JENSEN (EFI) 
JENSEN~ARONSON,EHMLICH,FRYBERGER+(EFIN,ILLP 
+NYGREN,PEOPLESvSTEINBERGER÷(COLtHARV,CERN) 
JAY MARX (COLUMBIA) 

+GALLIVANtBINNIE,GOMEZ~MALLARY,PECK+ (CALT) 
*MANNELLI,PIERAZZINI,MARX÷ (PISA,COLU,HARV) 
+WANG,WHATLEY,ZORN~HORNBOSTEL (UND,BNLD 
÷SOLNITZtCRAWFORD,ALSTON-GARNJOST ILRL) 
B R WEBBER (LML) 

÷BEREZINtVISHNEVSKII,GALANINA+ (ITEP) 
+BARYLOV,VESELOVSKY,DAVIDENKO+ (ITEP) 
÷DARRIULATtEERRERO,RUBBIA÷ (AACH,CERN~TORII 
+LESQUOYtHULLERtPAULI+ (SACLtEERNtOSLO) 
+CESTER,FITCH~STROVINK,SULAK (PRIN) 
J.HIONG-SING CHAN ILBL) 
÷COX, ETTLINGER,NESVANIS+ (JHOP,SLAC,UCLA) 

÷DRALLE,CANTER,ENGLER,FISK÷ (CARN,BNL,CASE) 
+ELIOFF,FI ELD, FRISCH,J OHflSON,KERTH÷ (LRL) 

70 UCRL 19709-THESIS 
71UCRL 2026A-THESIS 
Tl AHST CONF 144 
7I PR D4 2629 
70 THESIS (SLAG 125] 

71CO0-119E-20B PRE. 
71PR D4 7 
T1 PL 358 265 
71 C00-1195-210 PRE. 
? l  THESISt LBL~EBO 
71 PR D359  
71 PL 3BB 351 

71 PL 365 603 
7t  PML 26 866 
7I PR D3 64 
68 PRL 2 1 4 9 8  
b9 UCRL Ig266-THESIS 
71 PL B6B BiT 
72 PL 385 ~T 
72 BARS [ 7 8 4  

ROLLAND JOHNSON (LRL) 
HENRY FRISCH (LRL) 
OARRIULAT~DEUTSCH* (AACHtCERN,TORI) 
÷AKAVIA,COOMBEE,DORFAN+ (SLAC,STAN) 
J E ENSTROM (STANFORD) 

+ABASHIAN, JONES,MANTSCH~ORR÷ (ILL,NEAS) 
+SAKITT,SKJEGGESTAD,CANTER÷ [BNL,CARN, CASEI 
+MONTANET,PAULtPAULI+ (CERNtSACL~OSLO) 
+ABASHIAN~GRAHAMtJONES,DRR÷ (ILL,NEASI 
R L NC CARTHY [LBL) 
+HANN,HERTZBACH,NOFLER + (MASA+BNL~YALE) 
+EVANS,MUIRtBUDAGOVtHOEKINS+ (EDIN,CERN) 

÷WOLFF,EHOLLET,GAILLARDtJANE+ (ORSA,CERND 
+OEVLIN~ESTERLINGvGOZIBRYMAN~ (RUTGtNASA) 
÷SOLMITZ,CRAWFOROtALSTON-GARNJOST (LRLI 
WEBBEKtSOLMITZ,CRAWFOROIALSTONGARNJOST(LRL} 
B R WEBBER (LRL) 
*CHOLLET,REPELLIN.GAILLARB+ (ORSA,CERN) 
*BROWN,MASEK,MAUNG,NILLER,RUBEMMAN÷ (UCSD) 
÷BANNER~CMONIN,HOFFMAN,KNAPP,SHOCHET (PRIN) 



Data Card Listings 
For notation, see key at front  o f  Listings. 

4 3  

Stable  Particles 
n 

PAPERS NOT REFERRED TO IN DATA CARDS 

ALEXANDE 62 PRL 9 69 G ALEXANDER,S ALMEIOAtF CRAWFORO {LRL) 
JOVANOVI 83 BNL CONF 62 JOVANOVIGtFISCHERIBURRIS + (BNL+MARYLAND) 
STERN 6~ PRL 12 459 STERN,BINFORO~LINDtANDERSON + {WISC+LRL) 
BEHR 65 ARGONNE C ~ F  59 BEHRvDRISSONtDELLDTTI+ (EP+MILANO÷PADUVA) 
RESTVIRI 65 JINR P E4A9 MESTVIRISHVILIfNYAGUfPETROVtRU~AKOV÷ (JINRI 
TRILLING 65 UCRL 16475 GEORGE H TRILLING (LRLI  
TRILLING E5 IS UPDATED FROM 1965 ARGONNE CONFr PAGE I t 5  
GINSBERG 67 PR 162 1570 EDWARD S GINSBERG (U.  MASS BOSTONI 

RUBBIA 67 PL 24B 531 C.RUBBIA,J.STEINBERGER (CERNeCOL) 
ALSO 1 66 PL 20 207 ALFF-STEINBERGER~HEUERtRLEINKNECHT÷ (CERN) 
ALSO 2 66 PL 21 ~95 ALFF-STEINDERGERtHEU~R~KLEINKNECHT÷ (CERN) 
ALSO 3 66 PL 23 167 C.RUDBIA~J.STEIMDERGER (CERN÷COL) 

SCHMIDT 6T NEVIS 160(THESIS)  P. SCHMIDT {COLUMBIA) 
CRONIN 68 VIENNA CONF P.ZBI CRONINvRAPPORTEURS TALK (PRINCETONI 
GINSBERG TO PR 01 229 E S GINSBERG {IIT HAIFAI 
HEUSSE 70 LNC 3 449 +AUBERTtPASCAUD~VIALLE [ORSAY) 
GINSBERG 71 PR D4 289~ E S GINSBERG (MIT)  

~ l  14 ETA {EAg~JFG=O-÷) I=O 

FOR C, BALTAYS REVIEW OF THE ETA NESDN~ SEE PROC. UNIV.OF PENN. 
CDNF, ON MESON SPECTROSCOPY (W.A.BENJANIN~ N - Y . I  1968) 

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

14 ETA MASS {MEV) 

M ~3 5 4 9 . 0  1 .2  RASTIEN 62 HBC 
M 35 E~6,O A.D PICKUP 62 HDC 
N 91 E~8.0  l . O  ALFF 6Z HBC 
M 5 4 9 . 3  2 . 9  DELCOURT 63 CNTR 
M 148 5 4 9 . 0  0 . 7  FOELSCHE 6~ HBC 
M 325 55~ .0  3.@ KRAEMER 64 DBC 
M 5 4 8 . 2  0 . 6 5  FOSTER3 65 HBC 
M 250 5 5 5 . 0  2 . 0  JAMES 66 HBE 
M . . . . . . . . .  
M AVG BAD.BE 0 .56  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . ~ {  

(SEE IDEOGRAM BELOW ) 

WEIGHTED AUERRGE = S 4 B . a 2  i 0 . 5 6  

ERROR S C R L E D  BY 1 . 4  

i - - . J R M E S  

. . . . .  F O S T E R 3  

. . . . .  K R R E M E R  

. . . . .  F O E L S C H E  

. . . . .  D E L C O U R T  

BASTIEN 

5 4 0  545 550 55S 560 SBE 

ETA MRSS [HEW) 

C H I S g  

6 6  HBC 9 . 6  

6 5  H B C  0 . 9  

6 4  DEC 1 . t  

6 4  H B C  O . i  
6 3  C H T R  O . O  

6 2  H B C  0 . ?  

6 2  H B C  

6 2  H B C  O.O 
i 2 . 4  

( C O H L E U  
= 0 . 0 5 4 )  

7 /66  
6 / 6 6  

14 ETA WIDTH {MEV) 

w 91 { l O , O )  OR LESS ALFF 62 HBC 
W 148 (10.0) OR LESS FDELSCHE 6~ HEC 
W 31 ( I Z .  OJ OR LESS JAMES 66 HDC 
w ( 4 . 0 1  OR LESS DALTAY 66 DEC 
W { . 9 )  OR LESS CL=.95 JONES 66 CNTR 

ALSO SEE ETA DECAY RATES (BELOW). 

6 / 6 6  
7 / 6 6  
B /67  

14 ETA PARTIAL DECAY NODES 

DECAY MASSES 
O* 0 PI ETA INTO 2GAMMA 

P2 ETA INTO BRIO 134÷ 154÷ 134 
P3 ETA INTO PI~ P I -  PIG 139~ 1~9+ I3A 
P4 ETA INTO PI+ P I -  GAMMA 139~ 159+ O 
P5 ETA INTO E+E-PIO V I U L A T F S C  IN E . M . I ,  15¢+ .5+  .E 
P6 ETA INTO E + E - P I ÷ P I -  139~ 1~9÷ .Be .5  
PT ETA INTO PIO 2GANMA |3&÷ 0+ o 
P8 ETA INTO E÷E-GAMMA .5~  ode O 
P9 ETA INTO EFiO G A M M A  VIOLATES C L3~÷ 154+ O 
RiO ETA INTO P I + P I - P l O  GAMMA 139~ 159÷ 134÷ 0 
P l l  ETA INTO P I + P I -  2GAMMA ISO~ 159e Oe 0 
F12 ETA INTO MU+MU- lOBe 105 
P l 3  ETA INTO MU+MU-GAMMA 105+ lOBe O 
PIA ETA INTO MU÷MU-PIO 105~ 105+ 134 

14 ETA DECAY RATES 

WL ETA INTO 2GAMMA (UNITS KEV) (Pl) 
WL ( 0 . 9 3 )  ( 0 . 2 )  BEMPORAD 67 CNTR PRIMAKOFF EFFECT 11 /67  

T h e  a b o v e  v a l u e  f o r  I ~ a s s u m e s  t h a t  ~ / r+  y'y ~y  __oral 
= 3 t . 4 ~ a  H o w e v e r ,  t h e  r e s u l t s  o f  t h a t  e x p e r i m e n t  

m a y  b e  s t a t e d  m o r e  g e n e r a l l y  t h a n  i s  g i v e n  i n  t h e  

p a p e r ,  as  

I~yyX tot~al = 0.380~ 0.083 k e V  

( p r i v a t e  c o m m u n i c a t i o n  f r o m  C.  B e m p o r a d ) .  T h u s  

o u r  n e w  v a l u e  o f  

__ I~Yy / r t ° ta  l = 3 8 . 0  ~- i .0% 

w o u l d  g i v e  

1 ~ = t . 0 0  ± 0 .2Z k e V  
YY 

a n d  

r t o t a l  = 2 . 6 3  • 0 .58 k e V .  

S e e  G.  B e n f a t t o ,  " C o h e r e n t  N u c l e a r  P h o t o p r o d u c -  

t i o n  o f  t h e  n - m e s o n ,  " N u o v o  C i m e n t o  67A,  i 0 9  ( i 9 7 0 )  

f o r  a c r i t i q u e  o f  t h i s  t e c h n i q u e .  

l~ .0te .on E t a  D e c a y  i n t o  N e u t r a l s  

A s  i s  w e l l  k n o w n ,  t h e r e  a r e  g r e a t  i n c o n s i s t e n c i e s  

a m o n g  t h e  v a r i o u s  e x p e r i m e n t s  t h a t  r e p o r t  e t a s  

d e c a y i n g  i n t o  n e u t r a l s .  T h e  c o n t r o v e r s y  i s  o v e r  

w h e t h e r  t h e  m o d e  W -~ w 0¥y i s  -~ 0 (a s  s o m e  e x p e r i -  

m e n t s  i n d i c a t e )  o r  >H 20% (as  o t h e r  e x p e r i m e n t s  

i n d i c a t e ) .  

T h e  d i s c r e p a n c i e s  a r e  d i s p l a y e d  in  t h e  i d e o g r a m  

b e l o w ,  in  w h i c h  a l l  e l e v e n  r e l e v a n t  e x p e r i m e n t s  h a v e  

b e e n  c o n v e r t e d  to  a c o m m o n  r a t i o ,  ~ ° ¥ ¥ / n e u t r a l s .  

A l s o  u p p e r  l i m i t s ,  < x ,  h a v e  b e e n  c o n v e r t e d  to  

0 ± x .  T h e  c o n f i d e n c e  l e v e l  f o r  c o n s i s t e n c y  o f  a l l  

e l e v e n  i s  < t 0  -By. 

Tn p r e v i o u s  e d i t i o n s  w e  w e r e  a b l e  to  p o i n t  out  

t h a t  i t  w a s  t h e  o l d e r  e x p e r i m e n t s  w h i c h  g a v e  t h e  

> 20% v a l u e s ,  w h e r e a s  t h e  m o r e  r e c e n t  e x p e r i m e n t s  

h a d  b e e n  g i v i n g  ~< i ~  H o w e v e r ,  the  r e c e n t  e x p e r i -  

m e n t  of  C O X  70 g i v e s  about  8 ±  3%, s o  t h e  c o n t r o v e r s y  

i s  n o t  y e t  s e t t l e d .  

We f e e l  t h a t  w e  s h o u l d  c o n s i d e r  a l l  e l e v e n  e x -  

p e r i m e n t s  on  a n  S p r i o r i  e q u a l  b a s i s ,  a n d  t h e n  

f o l l o w  t h e  p r e s c r i p t i o n  o f  d e l e t i n g  l a r g e  X 2 e x p e r i -  

m e n t s  u n t i l  t h e  c o n f i d e n c e  l e v e l  r i s e s  to  s o m e  r e a -  

s o n a b l e  v a l u e .  I f  w e  r e m o v e  t h e  F e l d r n a n  and  

D i G i u g n o  e x p e r i m e n t s ,  X 2 d e c r e a s e s  f r o m  46 ( for  a l l  

e l e v e n )  to  a b o u t  J0 ( f o r  t h e  r e m a i n i n g  9) .  A c c o r d -  

i n g l y  w e  h a v e  r e m o v e d  t h o s e  Z e x p e r i m e n t s  and  u s e d  

t h e  r e m a i n i n g  n i n e  e x p e r i m e n t s  in  o u r  o v e r a l l  f i t .  



Stable Particles 
4 4  

Data Card Listings 
For notation, see key at front of  Listings. 

RI 
RI 
RI 
R1 
RI 
RI 
R1 
Rl 
R I  
R1 
R1 
RI 
R1 
F I  

82 
82 
82 
R2 

R3 
83 
83 
RB 
RB 
RB 
RB R 
83 S 
RB S 
83 
88 
RB 
8o ~ 
R3 
R3 E 
RB 
R8 ~ 
RE 
RB 
R3 

R6 
R6 
RA 
R4 
R4 
R4 
R6 
R4 
R4 
R6 
R4 7250 
R6 
R4 AVG 
R4 FIT 

U E I G H T E D  RUERRGE = 0 . 0 6 t  i 0 . 0 3 1  

ERROR SCRLED BY 2 . 3  

C H I S g  

. . . . . . . . . . . . .  6 C H r l I T T  7 0  OSPK 0 . 9  

. . . . . . . . . . . .  KRNDFSKY 7 0  DSPK 0 . 0  

. . . . . . . . . . . . .  DEUDNS 7 0  OSPK 2 . 3  

- - t - -  . . . . . . . . . . .  COX FO HBC 1 . 6  

--F . . . . . . . . . . . . .  BUTTRRr l  7 0  OSPK 3 . 4  

. . . . . . . . . . . . .  JRCOUET 6 9  HLBC 0 . 6  
- ~  . . . . . . . .  FELDr IRN 6 7  DSPK 1 3 . 4  

. . . . . . . . . . . . .  B R L T R Y I  6 7  OBC O . B  

~ i  . W R H L I 6  6 6  OSPK 
• 6RUNHRUS 6 6  0 6 P K  4 . 4  

• D I 6 T U 6 N  rl 6 6  CNTR t 9 . 0  

4 6 , 4  

- 0 . 2  0 .  0 . 2  0 . 4  0 . 6  O~B ) C n N L E U  = 0 . 0 0 0 )  

ETR B , R .  CNT n [ P I O  2 6 R M M R ) / N E U T R R L S  

1'* ETA BRANCHING R~TI OS 

ETA INTO NEUTRALS/CHARGED (PI÷PE+PT)/(PS÷FA) 
N 10 ( 2 . 5 )  ( 1 . 0 (  PICKUP 62 HBC 
N 53 (3.201 I I . 2 6 )  BAST IEN 62 HDC 
N ( 2 . 7 (  (0o8) SHAFEN 62 HBC 

2 .6  .9  EUSCHBECK 63 HOC 7/66 
N 280 ( 6 . E )  { 1 . 0 )  JANES 66 HDC 6/66 
N THESE EXPERIMENTS HAVE NOT BEEN USED IN CONPUT(NG THE A~RAGES 
N~ AS THEY MERE UNABLE TO CLEARLY SEPARATE PARTIAL NODES (3~ AND (4)  

FRON EACH OTHER. THE REPORTED VALUES THUS PROBABLY CONTAIN 
N SORE (UNKNONN) FRACTION OF MODE ( 6 ) .  

2 .86 0.23 BAL TAY2 67 DBC 11/67 

AVG 2.66 0.22 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 (  
FIT 2 .466 0.083 FRDN FIT (ERROR INCLUDES SCALE FACTOR OF 1.11 

ETA INTO 2GAmMA/CHARGED (P l ) / (PO~PA)  
0 .99 0.48 CRA NFORD 63 HBC 

FIT 1.316 0.056 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .1 )  

ETA INTO (PIO 2GAHNA)/NEUTRALS (PT( / (PI+P2+PTI  
S (O*BT5) (O,OTZ( DIGIUGNO 66 CNTR ERROR DOUBLED 6/66 

THE ERRORS OF OIGIUGNO+ 66 HAVE BEEN INCREASED BY A FACTOR 
OF TNOg TO TARE INTO ACCOUNT POSSIBLE SYSTEMATIC ERRORS. AS 
SUGGESTED BY THE AUTHORS. 

• 27 . lO  GRUNHAUS 66 OSPK 8/67 
( . 028 )  ( .0A4( DUNIATOV 67 OSPK 11/67 
( .  266( ( . 0 5 )  ¢ELONAN 67 OSPK 8/67 

SEE THE NOTE ON ETA DECAY INTO NEUTRALS ABOVE. 
• 026 .019 BUTTRAN TO OSPK 12/70 
• 122 .082 .OR6 COX 70 HBC 6 /70  

( .OT)  OR LESS CL=.90 OEVONS TO OSPK |2 /70  
16 .016 .OAT SCHNI TT TO OSFK 12/70 
SCHMITT 70 IS A REANALYSIS 8UNIATOV 67 

( 0 . 1 1 )  (O°OS) STRUGALSK 71 HLBO E/T1* 
THIS MEASUREMENT HAS BEEN EXCLUDED BECAUSE THE ERRORS APPEARS 2/71 
TO BE SERIOUSLY UNDERESTIMATED. 2/71 

AVG 0.062 0.023 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 6 )  
FIT O.OAA 0.016 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .2 )  

ETA INTO (PI÷ P I -  GAHNA)/(PI÷ P I -  PlOt (PA) / (PB)  
O. IA 0.08 FOELSCHE 66 HBC 

N 26 ( 0 . 7 3 (  ( 0 .25 )  PAULI 6A DBC 
M THIS EXPERIMENT HAS NOT BEEN INCLUDED IN THE AVERAGES SINCE IT IS 
N NOT CLEAR THAT THEIR CLASS 8 EVENTS ARE ACTUALLY FRON ETAS. 

0*30 0.06 ORANFORD 66 HBC 6/66 
• lO .10 KRAE HER 8A DBC 7/E6 
• 196 °061 FOSTERB 65 HBC 7/66 
• 2S .035 LITCHFIEL E7 DEC 8/67 

0 .28  0.0A BALTAY2 67 OBC 11/67 
.201 .006 GORNLEY 70 ASPK 6/?0 

0.2061 0.0079 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .6 )  
0.2064 0.0069 FRON FIT (ERROR INCLUDES SCALE FACTOR OF 1 . 2 )  

(SEE IDEOGBAN BELON ) 

g E I G H T E D  ~UERR6E = 0 . 2 0 4 i  t 0 . 0 0 7 9  

RROR SCRLED BY 1 . 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 p  
e r r o r j  a n d  s c a l e  f a c t o r  a r e  f o r  t h e  
r e a d e r '  s c o n v e n i e n c e  o n l y .  T h e  
d a t a  w e r e  a c t u a l l y  p r o c e s s e d  b y  a 
c o n s t r a i n e d  f i t  p r o g r a m ,  w h i c h  
c a l c n l a E e s  i t s  o w n  v a l u e s  of  x ,  5xJ 
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 v n t  h e r e .  

C H I S  .Q, 

. . . . . . . .  6DRMLEY 70  RSPK 0 . 3  

I . . . . . .  B R L T R Y 2  6 7  DBC 3 . 6  

. . . . . .  L T T C H F I E L  67  OBC i . 7  

. . . . . . . . .  FOSTER3 6 6  HBC 0 . 0  

, . . . . . . . .  KRREfIER 6 4  DEC 

n . - . C R R W F O R D  6 6  HBC 

n . . . . . . . .  FOELSCHE 6 4  HBC 

5 . g  

(CONLEU 
- 0 . 1  0 . t  0 . 3  0 . 5  = O . i 3 i ]  

ETR I N T O  ( p I +  P I -  6 R M M R ) / ( P I +  P I -  p T O ]  

R5 
R~ 
R5 
RE 
RE 
RE 
85 

a6 
R6 
R6 
86 FIT 

ETA INTO 18PIO)÷ 2 /3 (RIO 2CARNAl/ P l *P I -P IO  (P2+2/3PTl /PB 
0 .83 0 .32 CRANFORO 63 HEC 7/66 
2 .0  1o0 ~OELSCHE 64 HDC 7/66 
0 .90 0*24 FOSTER1 65 HDC 7/68 

AVG 0.91 0 .19 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  
FIT 1.339 0.056 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .1 )  

ETA INTO 3PIO/EGANNA ( P i t / I F 1 )  
( . 9 0 )  OR MORE CHRETIEN 62 PBC 
0 .88  0°16 BALTAY1 67 DEC 11/67 
1 .1  0 . 2  CENCE 67 OSPK 1 / 6 8  
0.75 0o09 DEVONS TO OSPK 12/70 

AVG 0.826 0.085 AVERAGE (ERROR INCLUDES SCALE FACTOR 0 F 1 . 2 )  
0.790 0.039 FROH FIT (ERROR INCLUDES SCALE FACTOR OF 1 .1 )  

(SEE IDEOGRAM 8ELOW ) 

W E I 6 H T E O  RUERRGE = 0 , B 2 4  • O . O E 5  

ERROR SCRLED BY 1 . 2  

l/ 
0 . 4  

ETR I N T O  

V a l u e s  a b o v e  of  w e i g h t e d  a v e r a g e ,  
e r r o r ~  a n d  s c a l e  f a c t o r  a r e  f o r  t h e  
r e a d e r  I s c o n v e n i e n c e  o n l y .  T h e  
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 values of ~ 8~, 
and scale factor, which are differ- 
ent f r o m  t h e  v a l u e s  s h o w n  h e r e .  

C H I S O  

I • " " ~ "  . . . . .  DEUON$ 7 0  OSPK 0 . 7  

I ~ ' ' - C E N C E  6F OSPK 1 . 9  

I . . . .  ~ - - B R L T R Y t  6 7  DBC 0 . 1  

2 . 7  

[ C D N L E U  
0 .B  1 . 2  1 . 6  = 0 . 2 ~ 9 )  

3 P I O / 2 G R I I M R  

AT ETA INTO 2GANMA/(PI÷ P I -  POI ( P I ( / ( P 3 1  
R7 1.61 0.39 FOSTER1 65 HBC 
AT 601 1.T2 .25 BAGLIN 69 HLBC 7/69 
RT . . . . . . . . .  
RT AVG 1.69 0.21 AVERAGE (ERROR INCLUDE.S SCALE FACTOR OF 1.O) 
RT FIT 1.585 0.065 FROM FIT (ERROR INCLUOES SCALE FACTOR OF 1.11 

RE ETA INTO NEUTRAL/(PI÷ PI -  FIO) (PI+P2÷PT) / (PB)  
RE 280 8 .6  0 .8  KRAENEB 64 08C 
N8 3 .8  1.1 PAUL[ 66 DBC T/66 
88 2 .89 0.56 ALFF-STEI 66 HBC 9/66 
80 266 3 .6  0 , 6  FLATTE2 67 HBC 1/68 
88 . . . . . . . . .  
RB AVG 0.35 0.35 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  
RE FIT 2,97 0.10 FRON FIT (ERROR INCLUDES SCALE FACTOR OF I . l )  

89 ETA INTO (E÷E-P IO) / IR I+P I -P IO)  (UNITS 106" -2 I  (PS) / [P3 )  
89 1.1 OR LESS PRICE 65 HBC 
89 0 0.77 OR LESS FOSTER2 65 HBC 
R9 .42  OR LESS CL- .90 8AGLIN1 67 HLBC 8/67 
89 0 .16 OR LESS CL=.90 BILLING 67 HLBC 11/67 

RIO ETA INTO (E~E-PI+FI - I /TOTAL (UNITS 1 0 * * - 2 (  (P6l  
RIO ( 0 . 7 )  OR LESS RITTENBER 65 HBC 6/66 

811 ETA INTO (E+E-P |+P I - I / (P I÷P I -GANNA(  ( F 6 ) / ( P E I  
811 1 0.028 Oo 026 GROSSMAN 66 HBC 6/66 

RI2 ETA INTO 2 GAMMA/NEUTRALS ( F I ( / ( P I ÷ F 2 ÷ F 7 (  
R12 S (0 ,616)  (0 .044 )  DIGIUGNO 66 CNTR ERROR DOUBLED 6/66 
R12 .64 .OT GRUNHAUS 66 OSPR 8/6T 
812 S ( .BT?(  ( . 0 5 2 (  FELDNAN 6T OGPK 8/6T 
RIZ S SEE THE NOTE ON ETA DECAY INTO NEUTRALS ABovE• 
812 T (0 .39 )  ( 0 . 0 6 )  JONES 66 CNTR 8/67 
R12 T THIS RESULT FROM COMBINING CROSS-SECTIONS FROM TNO DIFFERENT EXPTS. 
812 .59 .033 BUNIATG*/ 67 OSPK I1 /E7 
812 .53E .018 DUTTRAN TO OSPK 12/T0 
R12 .686 .036 COX TO HBC 6/70 
R12 O. E7 0.09 STRUGALSK 71HLBC 5/71~ 
812 . . . . . .  , • • 
812 AVG 0.535 0 .018 AVERAGE (ERRUR INCLUDES SCALE FACTOR OF 1 .3 )  
R12 FIT 0.536 0.013 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .Z l  

(SEE IDEOGRAM BELOR ) 

RIB ETA INTO 3PIO/NEUTRALS (P2I I (PI+PZ+PT) 
R10 S (0*209)  (0 .056 }  DIGIUGNO 66 CNTR ERROR DOUBLED 6/66 
813 R ( . 2 9 )  ( . 1 0 )  GRUNHAUS 66 OSPK 8/E~ 
R13 S ( , | 7 7 )  ( . 0 8 5 )  FELDNAN 6T OSPK 8/67 
R I B S  SEE THE NOTE ON ETA DECAY INTO NEUTRALS ABOVE. 
813 .61 .033 BUNIATOV 67 OSPK 11/67 
813 R REDUNDANT INFOR~TION FROM THIS EXPERINENT 
RIB R ( .439)  ( . 0 2 4 )  8UTTRAN TO OSPK 12/70 
RIB .392 .062 COX TO HBC 6/70 
RIB 0 .32 0o09 STRUGALSK Tl HLBC 5 /71*  
813 . . . . . . . . .  
818 AVG 0.397 0.025 AVERAG E (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  
R13 FIT 0 .622 0.015 FRON FIT (ERROR INCLUDES SCALE FACTOR OF 1 .1 )  

RIR ETA INTO PIO (2GANNA)/2GANNA ( P 7 ) / ( P 1 )  
816 ( . 5 )  OR LESS CL=.90 RAHLIG 66 SPRK 7/66 
RI6 O.O 0 .16  8ALTAYI 6T DEC 11167 
816 P ( 0 . 0 5 )  ( 0 . 0 4 )  80NANY 67 SPRK PRELIMINARY RESULT 11/67 
R|6 . . . . . . . . .  
RI6 FIT 0.082 0.030 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .2 )  

RIE ETA INTO (E+E-PIO)/TOTAL (UNITS 1 0 - * - 2 l  (PC1 
RIE (O.T)  OR LESS RITTENBER 65 HBC 6166 
RLE (0.086)0R LESS CL=.90 BAZIN 68 OBC 6/68 

816 ETA INTO 2GANNA/(BPIO + RIO 2GANHA) • (P I ) / (PZ÷PT)  
RI6 0 .80  °25 BACCI 63 CNTR 7/66 
816 . . . . . . . . .  
R16 FIT 1.167 0.060 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .2 )  



45 
Data Card Listings 
For notation, see key at front of  Listings. 

WEIGHTED RUERRGE = O . S 3 S  * 0 . 0 1 8  

ERRDR SCRLED BY 1 . 3  

V a l u e s  a b o v e  o f  w e i g h t e d  a v e r a g e ~  
e r r o r  w 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 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 ,  6x, 
and scale factor, w h i c h  are differ- 

f r o m  t h e  v a l u e s  s h o w n  h e r e .  

- - . S T R U G R L S K  71  HLBC 

- - - C r l X  7 0  HBC 

-..8UTTRRM ? 0  n s p g  

: :  :BUNIRTOU 6 ;  ~ ; K  

O . 3  0 . 4  0 . 5  0 . 6  0 . ?  0 . B  

ET~  I H T O  2 G ~ r l r l ~ / N E U T R ~ I L S  

C H I S ~  

0 ~ 2  

O~O 

2 . B  

t . B  

( ; . 6  

( C O N L E U  
= 0  . t 5 7 )  

RL7 ETA INTO IP I+9 I -R IO GAMMAI/(RI÷MI-PIO) ( P l O ) / ( P O I  
817 ( . 0 7 )  OR LESS FLATTE 67 HBC 8167 
817 (.O09)OR LESS PRICE 67 HBC 8187 
R17 (.OI6iOR LESS CL=.95 8ALTAY2 67 DBC 11157 
RIT (O.OLTIOR LEGS CL=.90 ~HOLO 6R HLEC 9 /68  

R18 ETA INTO ( R l ÷ P I -  2GAMMA(IIPI+PI-PIO) ( P I L L / I F 3 (  
RIB I.OO9(OR LESS PRICE 67 HBC 8167 
R18 ( .O l6 )OR LESS CL=.95 BALTAY2 67 DBC 11167 

819 ETA ]NTO B P l O / l P I +  P I -  PIO) ( P Z I / ( P 3 )  
R19 1.3 .4 8AGL Iq2 67 MLBC 8/67 
819 1.47 O.EO O.1T BULLOCK 68 HLBC 9/68 
R19 199 1.50 .15 .29  BAGL IN 69 HLBC 7169 
RI9 . . . . . . . . .  
R19 AVG 1.46 0.13 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O (  
819 FIT 1.252 0.059 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .1 (  

RED ETA INTO 2GAMMA/((BPIO)÷2/B(PIO 2GAMMA)) (P I I I (PE÷Z /SP7 I  
RED 1.10 0 .5  M~JL LER 63 DEC 7/66 
R2O . . . . . . . . .  
RZD FIT I * I B 4  O.OE8 EROM FIT tERROR INCLUDES SCALE FACTOR OF 1.25 

821 ETA INTO NEUTRALS/TOTAL (PI+P2+P?) 
RE1 .79  .08 8UNIATOV 67 OSPK 11/67 
821 16K .TOG .008 8ASILE 71 CNTR MR SPECTROMETER 8171= 
R21 . . . . . . . . .  
821 AVG 0.7058 0.0080 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .OJ 
RE1 FIT 0.7113 0.0069 FROM FIT (ERROR INCLUDES SCALE FACTOR OR 1 .1 )  

822 ETA INTO (PIZRO 2GAMMA)ITOTAL (P71 
R22 .12 OR LESS CL=.DS JACQUET 69 HLBC 6•70 
RZ2 . . . . . . . . .  
822 FIT 0.031 0.011 FROM FIT 

823 ETA INTO MU+NU-/TOTAL (UNITS 1 0 * * - 5 )  (PL2( 
823 0 2. OR LESS EL=.95 WEHMANN 68 OSPK 4168 

R24 ETA INTO MO÷MU-RIO/TOTAL IUNITS tOW,*-4I i P l 4 (  
RE4 E. OR LESS WEHMANN 68 OSPK 4/68 

R2S ETA INTO MU+RU-/2GAMMA (UNITS 10 .= -5 )  P ( 1 2 I / I P I )  
R2S 5 .9  2 .2  FffAMS 69 OSPK 7/69 

RE6 ETA INTO (PIG 2GARMA}/(3R]O + PlO Z G A M M A )  (PTI / IEE+P7) 
R26 N 0 .1  0 .3  KANOFSKY TO OSPK 2171 
826 N WE HAVE CHANGED THE ERROR ON THIS EXPERIMENT FROM + 0 . 3 , - 0 . 1  2/71 
R26 N TO THE ABOVE + O . 3 t - O . 3  SINCE IT IS CLEAR FRON FIGURE 7 IN 2/71 
825 N THE ARTICLE THAT A CENTRAL VALUE OF O.O IS ABOUT AS PROBABLE 2/71 
RZ5 N AS THE QUOTEO VALUE OF 0.1 2/TL 
RE6 . . . . . . . . .  
P26 FIT 0.094 0.032 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .2 (  

FITTED PARTIAL DECAY MODE BI%ANCI~IIqO FRACTIONS 

The m a t r i x  below is der ived t r o m  the e r r o r  ~ t r i x  for  the  f i t ted pa r t i a l  decay  mode 

branch ing  f r ac t ions ,  P i '  as  follows: The diagonal  e l e m e n t s  a r e  P i ± 6 P i  , where 

5Pi = ~ ' > z  z ' while the off-dla~o~l elernentg are the normali~ed correlation coeffi- 

cients <EPiEPj}/(SP i -  5 P ? .  For  the def ini t ions of the  individual 1o I, see the  l i s t ings  

above; only those P appearing in the matrix are assumed in the fit to he nonzero and 1 
are thug constrained to add to I .  

P 1 P 2 P 3 P 6 P 7 
P L , 380+ - .010  
P 2 - . 2 7 5  .3OO+-.OL1 
R 3 - .  3~.0 - . 1 9 6  .24e+~. 006 
P ~ -.ZOO - . 1 4 3  .459 .049+- .DO2 
P 7 -.RED - . 5 9 2  - . 0 9 1  - . 0 5 2  .031+- .011  

14 ETA C-NONCONSERVING DECAY PARAMETER 

RELATED TEXT SECTION IV G AND MINI-REVIEW BELOW 

A DECAY ASYMMETRY PARAMETER FOR PI÷ PI- RIO (UNITS I0**-2) 
A 1351 7 .2  2 .8  BALTAY 66 DEC 
A 705 - 6 . 1  4 . $  LARRIBE 66 HBC 
A 10665 0 .3  1 .0  CNOPS 66 OSPK 
A 1300 5o8 3.R CCRWY 66 Hgc 
A 36800 1.5 .5 GORMLEY3 68 ASPK 
A 1OTO9 .3  1.1 MULLER 69 OSPK 
A 1138 - 1 . 4  3 .  CARPENTR 70 HBC 
A 349 3 ,2  5 .4  DANBURG 70 DEC 
A . . . . . . . . .  
6 AVG 1.21 0 .54 AVERAG~ (ERROR INCLUDES SCALE FACTOR OF 1.31 

tSEE iDEOGRAM BELOW ( 

8/66 
8 /87 
8/67 
8166 
6168 
9•69 
6•70 
2171 

Stable Particlcs 

M E I G H T E D  RUERR6E s t . 2 t  • 0 . 5 4  

ERRDR SCRLED BY 1 . 3  

' . . . .  DRNBURG 7 0  OBC 

t " ' l  . . . . . .  CRRPENTR 7 0  HBC 

. . . . . . . .  ~ U L L E R  

. . . . . . . .  G O R ~ L E Y 3  

. . . .  CLPWY 6 6  HBC 

.CHOPS 

- L R R R I B E  6 6  HBC 

- 8 0 L T R Y  6 6  DBC 

- , s  -s  5 ~s 2s 
ETR I N T O  P I + P I - P I O  RSYMMETRY PRRRMETER 

69 n S P K  

6 0  RSPK 

CHISO 

O.B 
0 , 7  

0 . 3  

66 DSPK O , B  

4.¢ 
7.2 

( C n N L E U  
= 0 . 1 2 7 !  

H. Yuta and S. Okubo [Phys. Key. Letters Z..~l, 781 

(1968)] have pointed out that an asyznrnetry in the decay 

T} -~ ~r+w-w ° of about 2% need not imply a breakdown of 

C i n v a r i a n c e ,  s i n c e  an  a s y m m e t r y  of t h i s  a m o u n t  

c o u l d  be  c a u s e d  b y  an  i n t e r f e r e n c e  b e t w e e n  the  ~ and  

the  3~r b a c k g r o u n d .  G o r r n l e y  e t  a l .  [ P h y s .  R e v .  L e t -  

t e r s  Z.ZZ, i 9 8  ( i 9 6 9 ) ] ,  h o w e v e r ,  b e l i e v e  that  t h i s  e f f e c t  

c a n  a c c o u n t  for  o n l y  ~< 0 .23% in  t h e i r  e x p e r i m e n t  

( a b o v e ) .  A l s o  s e e :  A .  F r e n k e l  and  G .  V e s z t e r g o m b i ,  

" C - V i o l a t i o n  in  w - D e c a y ,  " N u c l .  P h y s .  B i S ,  429  

( i 9 7 0 )  and K. T a g g a r t ,  " A s y m m e t r y  and  B a c k g r o u n d  

in q ~ 3 u ,  " Phys. Bey. D Z, 1960 (1970). 

B DECAY ASYMMETRY PARAMETER FOR PI+ P I -  GAMMA (UNITS l O * t - E )  
B 33 -Z .  17. CRAMFORD 66 HBC 
B -A. 8.  LITCHFIEL 67 DEC 
8 N 162o 1.5 2.5 ~LLE . . . .  SRK 
8 N ABOVE EXPERIMENT IS SENSITIVE ONLY TO UPPER .4 OF GAMMA-RAY SPECTRUM 

72~7 1.22 1.56 GORMLEY 70 ASPK 

B AVG 1.1 1 .3  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

PEVSNER 61PRL 7 4Z l  

ALFF 62 PRL 9 322 
BASTIEN 62 PRL 8 114 
CHRETIEN 62 PRL 9 127 
PICKUP 62 PRL E 329 
SHAFER 62 CERN CONF 307 

BACCI 63 PRL 11 37 
DUSCHBEC 63 SIENA CONF 1 156 
CRAWFORD 63 PRL 10 546 

AND PRL 16 907 
OELCOURT 63 RL T 215 
MULLER 63 SIENA CONF 99 

FDELSCHE 66 RR 134 B 1138 
KRAEMER 64 PR 136 8 696 
PAULI 64 PL 13 351 

FOSTER1 68 PR 188 B 652 
FOSTER2 65 ATHENS 
FOSTER3 65 THESIS 
PRICE 65 PRL |S 123 
RITTENBE 65 PRL 15 556 

ALFF-STE 66 PR 149 1072 
BALTAY 66 PRL 16 1224 
CRAWFDRD 86 PRL 16 333 
DIGIUGNO 66 PRL 16 767 
GRDSSMAN 66 PR L46 993 
GRUNHAUS B6 THESIS 
JAMES 66 PR 142 896 
JONES 68 PL 23 597 
WAHLIG 66 PRL 17 221 

REFERENCES 
14 ETA(E49tJPG-O-+(I=O 

PEVSNER,KRAEMER~NUSSBAUMeRICHARDSON ÷ (JHU) 

ALFFtBERLEY~COLLEYtBRUGGER + (COLeRUTGERSI 
BASTIENIBERGEtOAHL.FERRD-LUZZI + (LRL) 
CHRETIEN÷ (BRANO+BBOMN+HARVARD+MIT+PADOVA) 
E PIEKUP,RDDINSONvSALANT (NRC*CAN+BNL) 
J SHAFER,FERRO-LUZZItMURRAY + (UC÷LRLI 

8ACCIvPENSO~SALVINI + (ROME U+CNEN FRASCA) 
8USCHBECK-CZARPoCOOPER ÷ (VIENNA+CERN÷A~S) 
F S CRAWFORD*LLDYD,FDWLER (LRL+OUKE( 
F S CRANFORDIL LLOYDtE FOWLER (LRL+DUKE) 
OELCOURT.LEFRAHCOIS~gEREZ Y JORBA÷ IORSAY( 
MULLERwPAULI ÷ (LPCHE÷SACLAY IF+ROME+INFN) 

H W EOELSCHE,H L KRAYBILL (YALE) 
KRAEMERtMAOANSKYtFIELDS ÷ (JHU+NW U+WOOO) 
E PAULI.A MULLER (LPCHE+SACLAY) 

FDSTER,PETERS~MEERtLOEFFLER + (WISC÷PURDUEI 
FOSTEReGOOD~MEEB (WISCONSIN) 
M.C.FOSTER (WISCONSIN) 
L.R.PRICEtF.S.CRAWFORD (LRLI 
RITTENBERGeKALOFLEISCH ILRL+BNL) 

ALFF-STEINBERGEB~BERLEY+ (COLU~BIA+RUTGERSi 
+FRANZINI,XIM,KIRSCH÷(COLUMBIA÷STONY 5ROOK( 
F.S.CRAWFORD~L.R.PRICE ILRL) 
DIGIUCJ~OtGIORGI~SILVESTRI+ (N6P÷TRST+FRASC) 
R GROGSMAN~L 9RICE,F CRAWFORD (LRLI 
J.GRUNHAUS (COLUMBIA) 
F E JAMES,H L XRAYBILL (YALE+BNLI 
JONES,BINNIE,DUANEtHORSEY,MASON,÷IICL+RUTH( 
WAHLIG,SHIBATA~MANNELLI (RITePISA) 

1L/86 
B/67 
9 /69 

6170 



Stable Particles 
~, p, n 

BAGLINI 6T 
BAGLIN2 67 
BALTAYI 67 
BALTAYZ 67 
BENPDRAO 67 

AND 
BILLING E7 PL 2BB AOS 
BONANY 67 HEIDELBERG CONF. 
BUNIATDV 67 PL 25B 5BO 
CENCE 6T PRL 19 1393 
FELDNAN 67 PRL 18 868 
PLATTE 67 PRL 18 BTB 
FLATTE2 67 PR 163 1441 
LITCHF(E 67 PL 241 486 
PRICE 17 PRL 18 12BT 

ARNOLD 68 PL 2TB 4B6 
BAZIN 68 PRL 20 895 
BULLOCK 68 PL 2TB ADZ 
REHHANN 68 PRL 20 748 

P l  24E 637 BAGLIN,BEZAGUET,OEGRANGE,÷ (E.POLY÷UCI 
BARE 12 SBT BAGLIN,BE2AGUET,DEGRANGE~÷ (E°POLY+UD) 
PRL 19 1495 BALTAY~FRAN2INItKIM,NENMAN+ (COLUN+BRANOI 
PRL 19 1498 BALTAY,FRAN2INItKIM, NEWNAN+ICDLUN÷STONY BKI 
PL ESD 380 BERPORAO~BRACCINI,FOAtLUBELSMEY÷IPISA~BONN) 
PRIVATE COMMUNICATION 

RILLIG,BULLOCK,ESTENtGOVAN,~ (UCL,OXF) 
BONAMYtSONOEREGGER (SACLAY) 
BUNIATOV,ZAVATTINI,DEINET~÷ (CERN,KARLS) 
CENCE,PETERSDN,STENGER~CHIU÷ (HAWAII÷LRL) 
PELDNAN,FRATI,GLEESON, HALPERN,÷ (PENNI 
S.N. FLATTE (LRL) 
S°N,FLATTE AND C.G.HOHL (LRL) 
LITCOFIELD,RANGAN,SEGAR,SNITH+(RUTH+SACLAY) 
L.R.PRICE~F.S.CRAHFDRD (LRL) 

+PATY~BAGLIN~BINGHAM÷ (STRB÷NAOR÷EPOL÷BERK) 
BAZIN,GOSHAW,ZACHERe÷ (PRINCETON~GUEENS) 
÷ESTENtFLEMING~GOVANtHENBERSON,OWEN÷ ILOUE) 
HEHNANN,ENGELS,÷IHARV÷CASE÷SLAC÷COR+MCGILL ) 

BAGLIN B9 PL 29B 445 
ALSO 70 NP B22 6B 

HYAMS 69 PL 29B 128 
JACGUET 69 NC 58 743 

EUTTRAM TO PRL 2S 1EBB 
COX TO PRL 2A SB4 
DEVONS TO PR 01 1936 
G~RMLEY TO PR D2 EOE 

ALSO 70 NEVIS 181[THESIS} 
KANOFSKY TO NC 68 4[B 
SCHNITT TO PL 32B 638 

BASILE 71 NC 3A 796 
STRUGALS T1NP 827 429 

BAGLIN,BE2AGUET,÷ (EPOL,EERK,MADR,STRB) 
÷BEZAGUET,DEGRANGE,MUSSET +(EPOL,MADR,STRB) 
HYANS~KOCH,POTTERsVON LINDERN~+ (CERN~HPIM) 
JACQUET~NGUYEN-KHAC~HAATUFT+ (EPOL~BERG) 

+KREISLER,NISCHRE (PRIN) 
EOXeFORTNEY,GOLSON (DUKE) 
+GRUNHAUE,KOZLONSKI,NEWETHV + (COLU~SYR) 
GORRLEYtHYNAN~LEE~NASH~PEOPLES÷ (COLU÷BNL) 
MICHAEL GORNLEY (COLU) 
A. KANOFSKY (LEHI)  
+BUNIATOV~ZAVATT[NI~DEINET+ (CERN, KARL) 

+BOLLINhDALPIAZ,FRABETTI~ (CERNtBGNA, STRB) 
÷CHUVILO,GENESY~IVANOVSKAYA÷ (J INR]  

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN TNE DATA CARDS 

EASTIEN 6Z PRL B 114 BASTIEN~BERGE, DAHL~FERMO-LUZZI~MILLER~ILRL} 
CARHONY 62 PRL 8 117 D CARNONY~A ROSENFELD~VAN DE HALLE (LRL) 
ROSENFEL 62 PRL 8 Z93 A ROSENFELD~B CARNONY~VAN DE HALLE (LRL! 

REFERENCES ON ETA ASYMMETRY PARAMETERS 

BALTAY 66 PRL 16 1224 
CNDPS 86 PL 22 SAB 
CRAWFORD B6 PRL 16 3B3 
LARRIBE 66 PL 23 600 
CLPWY 66 PR 149 IOA4 

BOWEN 67 PL 24B 206 
LITCHF[E 6T PL 24B 48B 
GORMLEY3 68 PRL ZL 402 
MULLER B9 THESIS 
OARPENTR TO PR 01 1BOB 
DANBURG 70 PR 0~ EEB4 

BALTAYtFRAN2INI,KIM, KIRSCH+|COLUM~STONY BK) 
CNOPS,FINOCCHIARS,LASSALLEt+(CERN+ZUR+SACL) 
F.S.CRAWFORD~L.R.PRICE (LRL) 
LARRIBE~LEVEQUE~NULLER~PAULIt+ (SACk÷RUTH) 
COLUNBIA,LRL~PURDUE~HISCONSIN,YALE 

BOWEN~CNOPS eFINOCCHIARO~+ (CERN÷ZUR÷SACL) 
LITCHFIELD~RANGAN~SEGAR,SMITH÷(RUTH~SACLAV) 
GORHLEYtHYMAN,LEE,NASH,PEOPLES÷ (COLU÷BNL} 
ARMAND MULLER (STRB) 
CARPENTER~BINKLEY~CHAPMANeCOX~DAGAN÷ (DUNE| 
+ABOLINS~DAHLtDAVIESeHOCH,KIR2~÷ (LRL) 

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

16 PROTON MASS (MEV) 

M (938.256)  ( 0 . 005 )  COHEN 65 RVUE 7166 
M 938.2592 .0052 TAYLOR 69 RVUE USING NEW E/H TIT0 

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

16 PROTON MEAN LIFE (UNITS 10" '26  YR) 

T (.OOOOOI)OR MORE DOLOHABE EA TH 232 MISS.RODE INDEPEN 
T (O°OO2IOR MORE FLEROV 5T TH 232 FISS.MODE INDEPEN 
T B (1 °5 ]  OR MORE EACKENSTO 60 CNTR 
T B ( 6 0 . 0 )  OR MORE KROPP 65 CNTR 
T (200 .0 }  OR MORE GURR 67 CNTR DEP. ON DECAY MODE 
T B KROPP AND DACKENSTOSS SENSITIVE TO PARTICULAR DECAY MODES OF PROT 

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

16 PROTON MAGNET. ~MENT(E/2MP) 

RM (2 .792763(0 .0000B0)  COHEN 6S RVUE 
M~ Z.~92782 ,OOOOLT TAYLOR 69 RVUE USING NEH EIH T/TO 

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

16 PROTON ELECTRIC DIPOLE MONENT ( IN  UNITS OF 10¢~-2B E ON) 
NONZERO VALUE IMPLIES VIOLATION OF T AND P IN ER INTERACTION 

EDM IG 7DO, 900* HARRISON 6D HER 10/69 

REFERENCES 
16 PROTON (938 ,J=1 /21  I=1 /2  

GOLOHABE 54 PR 96 1157 FNOTE2 QOLDHABERtF REINES÷ (LOS ALAMOS,BNL) 
PLEROV 57 SOV PHYS DON B 7B FLEROVtKLOCHKOVeSKOBKI NtTERENTEV [ USSRI 
BACKENST 60 NC 16 7~9 BACKENSTOSS,FRAUENFELDER~HYAMS + (CENN| 
COHEN 65 RRP 37 SBT E R COHEN, J H M OUMONO (NAASC+CALTEEH) 
KROPP 65 PR 137 B 740 W R KROPP,F REINES (CASE INST TECHNOLDGYI 
GURR 67 PR 158 [321 GURR,KROPPmREINEStREYER (CASE~JOHANNESBURG) 
HARRISON 69 PRL 22 [Z63 HARRISDNtSANDARS,NRIGHT (CLARENDON OXFORD) 
TAYLOR 69 RNP 4 [  BTE +PARKER,LANGENBERG (PRIN÷UCI+PENN) 

46 

Data Card Listings 
For notation, see key at front of Listings. 

COHEN 56 PR 104 283 
SOSNOVSK 59 JETP 9 717 

RATTAUCH 65 NP 67 1691 
BHALLA 66 PL Z9 
CHRISTEN 67 PL 26E l l  
CONFDRTO B7 APAH 22 15 
GRIGOREV BE SJNP 6 239 

BAIRD B9 PR 179 1285 
TAYLOR B9 RNP 41 3TS 
CHRISTEN TO PR C l  1693 
ERO2DLIN 70 SJNP 11 583 

ALSO $B PL 2TB 557 
PAUL 70 NP AlE4 lEO 
EROZOLIR 71JETPL 13 252 

JACKSON 57 PR EBB EL7 
COHEN 65 RNP 37 537 

REFERENCES 
L7 NEUTRON (939,J=[12] I=1/2 

V H COHEN, CORNGQLD, RAMSEY (BNL+HARVARD) 
SOSNOVSKII,SPIVAR,PROKOFEV + (IRE MOSCOW) 

÷THIELEtWAPSTRA (M. PLANER INST. CHEM. e÷) 
C P BHALLA (ALABAMA) 
+NIELSEN~BAHNGENtBKONNvRUSTAD(RISO-OENMARR) 
G. CONFORTO (CERN) 
• GRISHIN,VLADIMIRSKIItNIKOLAEVSKII ÷ (ITEP) 

÷NILLER~DRESS,RAMSEY (DRNLtHARV) 
÷PARKERtLANGENBERG (PRIN÷UCI~PENN} 
CHRISTENSENmKROHN, RINGq (ANL) 
EROZOLIMSKItBONOARENKOt ÷ (KURC MOSCOW) 
ERO2OLIRSKYIBONDARENKO + (KURC IN MOSCOW) 
H PAUL (MIEN) 
EROZOLIMSKIIvBONDARENKO + (KURD MUSCOW) 

PAPERS NOT REFERRED TO IN DATA CARDS 

JACKS~N,TREINAN,RYLD (PRINEETON) 
E R COHEN~DUNOND (NAASC÷CAL INST TECH) 

17 NEUTRON ( 9 B 9 v J = l / 2 )  ( = l i e  

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

17 NEUTRON MASS (MEV) 

T 939.5527 .0052 TAYLOR 69 RVUE USING NEW E/H T/TO 
T TAYLOR DETERMINATION OF NEUTRON MASS NOT INDEPENDENT OF 7/?0 
T NEUTRON-PROTON MASS" DIFFERENCE MEASUREMENTS BELOW. 7 /70 

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

17 NEUTRON-PROTON NABS DIF.(NEV) 

N 1.Z9~546 O.OOOOT MATTAUCH 65 RVUE 3/71 
N HE HAVE CONVERTED NATTAUCH NEUTRON-HYDROGEN MASS DIFFERENCE TO 3/71 

D N NEUTRON-PROTON MASS DIFFERENCE USING CURRENT VALUE OF ELECTRON MASS 3/71 
D N AND A HYDROGEN BINDING ENERGY OF 13.6 EV 3171 

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

17 NEUTRON MAGNETIC MOMENT (MAGNETONS~DB8oZ MEV) 

HH - [ . 9 1 3 1 6 8  0.000066 COHEN 56 RVUE T/66 

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

[7  NEUTRON ELECTRIC DIPOLE MOMENT { IN UNITS OF IO** -ZB E DR) 
TEST OF C VIOLATION IN THE EM INTERACTION 

EDM ( 5 , )  OR LESS BAIRD 69 HER 10/69 

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

17 NEUTRON MEAN LIPE (UNITS 10.53 SECI 

THE MEASUREMENT UF THE NEUTRON MEAN LIFE BY $OSNOVSKll 59 HAS 
BEEN DISCARDED SINCE 1. IT DISAGREES WITH THE BETTER AND ~ORE 
RECENT RESULT OF CHRISTENSEN 67.  2.  THE VALUE OF GA/GV DE- 
RIVED FROM THE NEW VALUE OF THE MEAN LIFE AGREES HELL WITH THE 
GA/GV VALUE OBTAINED FROM THE FREE NEUTRON DATA. 

T ( L .O [2 )  (O ,OZ l )  SOSNOVSKI 59 PILE SEE NOTE E 7/68 
E ERROR CHANGED BECAUSE ERROR IN CROSS SECTION FOR NEUTRON ABSORPTION 
E [N GOLD HAS BEEN REDUCED 

T 0.935 0 .014 CHRISTENS BT PILE 3168 

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

17 BETA DECAY COUPLING CONSTANTS 

RELATED TEXT SECTION IV H.1 

AV GA/GV (SEE TEXT FOR SIGN CONVENTION) 
AV B ( - 1 . 1 8 )  (O°B2) BHALLA 66 RVUE 11/67 
AV C ( - 1 . 2 5 0 )  (0.0441 CONFORTO 67 RVUE SEE NOTE C BELOW 
AV EP ( -L .231  (O.OI)  CHRISTENS B7 CNTR N DECAY FT VALUE 11/68 
AV P ( -L .221  (O.OB| GRIGOREV 68 CNTR E-NEU ANG CORREL [O/T1* 
AV EP l - [ . E 6 )  ( 0 .02 )  CHRISTENS 70 CNTR PEmNEUT SPIN CORNEL I O / ? l *  
AV P (~1 .258)  (0 .014 )  PAUL 7D RVUE N DECAY ALONE 3 /7Z*  
AN P -L.EAO O.OOT PAUL 70 RVUE N DEC.+ FT VALUE 3 / 7 2 *  

EROZOLIMS 71 CNTR PEtNEUT SPIN CORNEL l O / T l *  AVE P - 1 . 2 7  0.025 
AN PAUL 70 VALUE OBTAINED FITTING ALL THE DATA UP TO CHRISTENSEN 70 3 /T2*  
AV C CONFORTO VALUE COMBINES FREE NEUTRON DATA TO 1967. REPL. BY PAUL TO 3/725 
AVE THESE EXPERIMENTS MEASURE THE ABSOLUTE VALUE OF GA/GV ONLY (O/T1= 
AV B THIS VALUE NOT USED SINCE CORRESPONDING LIFETIME HAS BEEN D[SCARDE 
AV . . . . . . . . .  
AV AVG ~L.2422 0.0078 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .2 )  

F PHASE ANGLE OF GA RELATIVE TO GV (DEGREES) 
F D ( L T D . [ )  ( 6 , 4 l  CONFORTO 6T RVUE [1168 
F P (181*3)  ( 1 . 3 )  ERO2OLIHS 70 CNTM POLAR, NEUTRON 10/69 
F P 178.6 0 .9  PAUL 70 RVUE N DEC.+ FT VALUE 3/7E~ 
F C p PAUL TO VALUE OBTAINED BY FITTING ALL AVAILABLE DATA TD [970 3 /7E*  
F CONFORTO VALUE CORD( NEE FREE NEUTRON DATA TO LDET. REPL. BY PAUL 70 BI72~ 
F S ONLY STATISTICAL ERROR QUOTED 
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Data Card Listings 
For notation, see key at front of  Listings. 

IB LAMBDA ( I l I ~ , J P = l / 2 ÷ l  I fO 

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

18  LAMBDA MASS (MEVI 

M N SINCE OUR FINAL VALUES FOR THE SIGMA AND LAMEDA WASSES COME FRnW 
M N DOING AN OVERALL FIT TO ALL MEASURED MASSES AND MASS DIFFERENCES, 
M N WE HAVE USED THE UNCORHELATEO MEASUREMENTS FROM SCHMIOT 65 R~THER 
M N THAN THE ONES COMING FROM THE OVERALL FIT REPORTED IN THAT PAPER. 
M N SINCE THERE SEEMS TO BE NO CONVINCING ARGUMENT AS TO WHY ONE SHOULD 
H N IGNORE DATA USING RANGE MEASURENENTSt WE HAVE INCLUDED HERE VALUES 
H N DEPENDING ON PROTON AND PION RANGES. 

L115.66 0 .12 BHDWMIK 63 RVUE + SEE NOTE L BELOW 
M L ABOVE LAM8DA MASS HAS BEEN RAISED 35 KEV TO ACCOUNT FOR 46 KEV 
M L INCREASE IN PROTON BASS AND 11KEV DECREASE IN CHARGED PION ~ASS. 
M S 635(1115,86]  ( 0 .09 )  8ALTAY 65 HBC ERROR I S  STATIS. 6•66 
M 488 1115.68 0,07 SCHMIDT 65 H8C SEE NOTE N 6/68 
u S 1147(1115.74)  ( 0 . 0 6 }  CHIEN 66 H8C 6 ,9  PBAR P 9167 
M S 972(1115.691 10.051 CH1EN 66 HBC 6o9 PEAR PAMTIL 9167 
M I I 1 5 , 6  0 , 6  LONDON 66 HBC 6/66 
M ( I I IE .D )  (0.2) BADIER 67 HBC 2.4 PBAR PtLLBAR 8•67 
M 19S 1115.39 0.12 MAYEUR 6 7  EMUL 111E7 
M 8 1524(1115,52)  ( 0 .03 )  80HM 70 EMUL 3172" 
M 935 1115.59 O. OB HYNAN 71 HE8C 11171* 
M E AVERAGE OF VERY INCONSISTENT DATA. ERROR STATISTICAL ONLY. 3172" 
M 8 AUTHORS DETECT SYSTEMATIC EFFECT OF ABOUT .[E MEV, WHICH THEY ATTRI 3172, 
M 8 BUTE TO ERRDR IN RANGE-ENERGY RELATIONS, IN REGION BETAfO.E-0.7.  3172" 
M B THIS EFFECT. IF CONFIRMED, WOULD AFFECT VERY LITTLE THE VALUES OF 3 /72*  
H B BHOWMICK 6B AND MAYEUR 67. 
M S ERROR PURELY STATISTICAL 
M . . . . . . . . .  
M AVG 1115.658 O.OE2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 

FIT 1115.F93 0.069 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .2 )  2172.  
(SEE IDEOGRAM BELOW I 

WEIGHTED AUERRGE = 1 1 1 S , S S 8  i 0 . 0 5 2  

ERRDR SCRLEO BY 1 . 2  

/ 
1 1 1 S  , 0  1 1 1 S  . 4  

LAMBOA MASS ( M E U )  

1 1 1 S  . B  

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 ~ y .  The 
data were a c t u a l l y  processed b y  a 
c o n s t r a i n e d  f ~  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  ~ 8~* 
and scale f a c t o r ,  which are differ- 
e n t f r o m t h e  v a l u e s  s h o w n  h e r e ,  

C H I S Q  

. . . . . .  HYHRH 71  HEBC 0 . 2  

. . . . . .  MRYEUR 6 7  EMUL 2 . 0  

LONDON 6 6  HBC 

. . . . .  S C H H I D T  BS HBC 1 , 1  

. . . . .  BHDUHIK 6 3  RUDE 1 . 0  

(COWLED 
1 1 1 6 . 2  = 0 . 2 4 6 1  

18 LAMOA - ANTILAM80A HASS DIFFERENCE (NEVI 
0 M 0.05 O.OS OHIEN 66 H8C 6.9 PBAR P 
DM 0,29 O.1B BADIER 67 HBC 2 .6  P8AR P 
DM . . . . . . . . .  
DM AVG 0.083 0.083 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5) 

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

916T 
8/67 

T 188 2 ,63 0.21 0.21 80LDT 58 CC 
T 825 2 .72 0 ,16 0.1E CRAWFORD 59 H8C 
T 140 2.72 0.29 0o27 80WEN 60 ED 
T 186 2 .60 0.28 O. ZO CHANG 62 HBC 
T 799 2 ,69 0.11 O,1 I  hlJMPHREY 62 HBC 
T 2239 2 .06 0.06 0 .06 BLOCK 63 HE8C 
T 706 2.76 0.20 CHRETIEN 63 HLBC 
T 794 E.59 0.09 HUBBARD 64 HBC 
T 2260 2 , 3 1  O.ID KREISLER 66 OSPK 
T 1378 2 .59 0,07 SCHWARTZ 66 HBC 
T 635 2.$1 0,16 3ALTAY 85 HBC 
T 2534 2 .6  O . I  HILL 65 OSPK 
T 916 2+35 0.09 8URAN 66 HLBC 
T S 1147 (2,501 ( 0 . 1 6 )  CHIEN 66 HBC 
T S 972 (2.TOI ( 0 . 2 0 )  CHIEN 66 HBC 
T 2213  2.652 0,055 0.056 ENGELNANN 66 HBC 
T 585 2 .68 O.ID 0.11 AUER8ACH 67 DSPK 
T Z+44 0.15 8AOIER 67 HBC 
T 2+ES O.IB BADIER 67 HBC 
T 8362 2.535 0.035 GRIMM 68 HBC 
T 2600 2+6T 0,08 HEPP 68 H8C 

OEHIOOV TO HLBC 

61E6 

6/66 
6 .9  P8AR P 9/6T 
6 . 9  PBAR PtANTI 9167 

9166 
8/67 

2 .6  PEAR P 6/68 
2 .6  PBAR PvANTIL 6/68 

6168 
8•68 

P I - P ,  3.86 G E V / C  12/70 T LOB9 2 .39  O.IO 
T 4BT2 2 .56 0 * 0 4  8ALTAY 7L H8C K-P AT REST 6171.  

S ERROR PURELY STATISTICAL T 
T . . . . . . . . .  
T AVG 2.521 0.021 O .02E  AVERAGE (ERROR INCL. SCALE FACTOR OF E.21 

(SEE IDEOGRAM BELOW ) 

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

i B  MEAN LIFE DIFFEPENCE,(LAMBDA-ANTILAMDAIIAVERAGE 

DT 0,064 0,085 8ADIER 87 HBC 2.A P8AR P 8167 

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

Stable Particles 
A 

W E I A H T E D  AUERRGE = 0 . 3 9 6 7  * 0 . 0 0 3 3  

ERRDR SCALED BY 1 . 2  

......... BALTAY 7 t  HBC 
. . . . .  o E r l Z D a U  7 0  HLBC 

I . . . . . . .  HEPP 6 8  HBC 

• B A D I E R  6 7  HBC 
.BRDTER 6 7  HOE 

I .AUERBRCH 6 ?  DSPK 
• E N 6 E L r I R N H  6 6  HBC 

I . . . . .  BURAH 6 6  HLBC 
. . . . . . . .  H I L L  6S DSPK 

. . . . . . .  B A L T A Y  6S HBE 
. . . . . . . .  SCHWARTZ 6 4  HBC 

~ . . . .  K R E I S L E R  6 4  OSPK 
V . . . . . . .  HUBBARD 6 4  HBC 
\ . . . . . . .  C H R E T I E H  6 3  HLBC 
- ~  . . . . . .  BLOCK 6 3  HEBC 
• ~ . . . . . .  HUMPHREY 6 2  HBC 

- - \  . . . . . .  CHANG 6 2  HBC 
• - \ . . . . .  BOWEH 6 0  CC 
- - - ~  . . . .  CRAWFORD $ 9  HBC 
. . . .  , ~ . B n L D T  SB CC 

j , , 

0 . 3 0  0 , 3 S  D , 4 0  0 . 4 S  0 .SO 0 . S S  

LAMBDR DECRY RRTE [ U N I T S  t O l u l O  SEC - 1 )  

CHZSQ 
0 . 2  
1 . 5  
0 , 4  
0 . 2  
0 . 0  
0 . 3  
2 . 0  
1 , S  
3 , 1  
0 . 7  
O , O  
1 . 0  
3 , ?  
0 . 6  
1 . 7  
6 . 3  
2 . ?  
0 . 1  

1 . B  
0 . 3  

2 8 . 2  

( C R N L E U  
= 0 . 0 B O )  

18 LAMBOA MAGNETIC MOMENT (MAGNETDNS,9BB.Z6 NEVI 

HN -E .E  O.B COOL 62 OSPK 
MR O.O 0 . 6  KERNAN 63 CC 
HM 8563 - L . 3 9  0.72 ANDERSON 64 HBC 
NM 151 - 0 , 5  0.28 CHARRIERE 6ff ENUL 
MM 49 - 0 . 6 7  0 . 3 [  O.3T BARKOV 71ENUL PRELIM, RESULT 2172" 
MM 1300 - 0 . 6 6  0,07 OAHLJENSE 71EMUL NAG FIELD=ZOOKG 6171" 
MM 3868 - 0 . 7 3  O.IB HILL T[ OSPK EOITl= 
HM . . . . . . . . .  
MM AVG - 0 ,672  0.061 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O I  

18 LAMBBA ELECTRIC DIPOLE NOHENT ( IN  UNITS OF l O * * - L 6  E CMI 
NONZERO VALUE IMPLIES VIOLATION OF T AND P 

EDM E.O OR LESS CL=.9S GIBSON 66 ENUL 2172= 
EDM 8 1.0 OR LESS EL=.95 B A R O N {  71EMUL 2172. 
EDM B 8ARONI MEASURES I - 5 . 9 + - 2 . 9 I = 1 0 , = - 1 4  E CH 2172, 

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

I8  LAMBDA PARTIAL DECAY MODES 

DECAY MASSES 
PL LAMBDA INTO PROTON P I -  938+ 139 
P2 LAMBOA INTO NEUTRON PIO 939+ I36 
P3 LANBDA INTO PROTON HU- NEUTRINO 938+ IOS+ O 
PA LAH8BA INTO PROTON E- NEUTRINO 938+ .B+ 0 

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

I8 LANBOA BRANCHING RATIOS 

RL LAMBDA INTO (P P I - I / ( I P  P I - I + ( N  PIO l )  ( P I I I ( P I + P E )  
RI 0.627 O.OB[ CRAWFORD 59 HBC 
81 O.EB O.OB COLUMBIA 60 HBC 
81 U (0o885I IO.O17) ANDERSON 62 HBE 
P 1 903 0.643 0 .016 HONPHREY 62 HBC 
8 1 U  6 7 3 6  0 , 6 3 5  0.007 DOYLE 69 HBC PI-P TO LAM. KO 2/TL 
81 4572 0.66B 0.008 BALTAY Tt HBC K-P AT REST 617|= 
R1 U ANDERSON RESULT NOT PUBLISHED, EVENTS ADDEO TO DOYLE SAMPLE Z /T I  
R1 
RI AVG 0.6399 0.0069 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O) 
RE FIT  0.6419 0.0069 FROM F I T  (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

82  LAM8DA INTO (N P I O I / I ( P  P I - ) ÷ ( N  PIO)) (PZ I I (P I+P2 )  
82 020  009  EISLER ST HLBC 
82 0.43 0.14 CPAWFORD =9. HBC 
R2 0.28 O,OB 8AGLIN BO HLBC 
R2 0 .35  0.05 BROWN 63 HLBC 
P2 75 0.291 0 ,036 CHRETIEN 6 3  HLBC 
82 
82 AVG 0,306 0.025 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)  
RE FIT O,3EBL 0.0049 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I .O )  

RB LAMBDA INTO (P E- NEU)/TOTAL (UNITS l O * * - B )  (PAI / (P I+PZ)  
83 0 15 ( 2 . 0 )  ( 0 . 5 )  F~JMPHREV 61 RVUE 
83 0 8 (2 .9 I  (1.5) ( i . 2 )  AUBERT 62 FBC 
R3 N 150 ( 0 , 8 2 )  (0+121 ELY 6 3  FBC K- AT REST 
R3 N 102 (0.781 ( 0 . I 2 (  ( 0 . 1 3 )  BAGLIN 6A F8E K- AT 1.65 GEVID 
83 O 20 ( I . 5 5 )  ( 0 . 3 6 I  LIND 6B HBC 
83 N 143 (0.80) (D .08}  NALONEY 69 HBC 10169 
83 N 86 (0 .78 )  ( 0 . 0 9 )  CANTER 71 HBC K-P AT REST 9/7L~ 
83 N 218 (0.881 ( 0 , 1 0 )  LINDQUIST 71 OSPK P I -  P TO KO LAM 2/72= 
83 N THESE VALUES HAVE BEEN CHANGED BY US INTO RATIOS TO PROTON P l - v  3172" 
R3 N BECAUSE THAT IS THE DIRECTLY MEASURED QUANTITY. SEE 85 BELOW 31~2= 
RB O LOW STATISTICS EXPERIMENTS . NOT AVERAGED T/TO 

RR LANBDA INTO (P MU- NEUI/TOTAL (UNITS l O * = - 4 l  (PBI I (P I+PE)  
84 I (O.E) OR MORE GOOD 62 HBC 
R4 I ( 1 , 0 )  OR LESS ALSTON 63 HBC 
RA 2 ( 1 . 0 )  OR LESS KERNAN 66 FBC 
84 BETWEEN l .B  AND 6 .0  LIND 66 HBC 
86 3 l . B  O.T LIND 66 RVUE 7166 
R4 2 1 .5  1 .2  RONNE 66 FBC 
R6 9 2 . 6  0 .8  CANTER1 71HBC STOPPED K-P 7 / 7 1 ,  
P4 B 16 1 .5  O.B BAGGETT2 72 HEC STOP.K- 2/72= 
86 8 ERROR CHANGED BY E.LEITNER (PRIV.COMM.) FROM D*E 
86 . . . . . . . . .  
84 AVG 1.62 O,3S AVERAGE (ERROR INCLUDES SCALE FACTOR OF I . O I  
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Stable Particles 
Z + 

Data Card Listings 
For notation, see ke~ at front of  Listings. 

RE LANBDA INTO (P E -  NEU)/ (P P I - )  (UNITS I 0 * * - 3 )  ( P 4 1 / ( P I ]  
R~ 150 1.23 0.20 ELY 63 FBC 2 / 7 2 *  
P5 120 1 . l T  0 .18 BAGL IN 04 FBC 2 /?2*  
R3 143 1.20 0 .12 NALONEY 69 HBC 2/TZ*  
R5 1078 1.31 0.06 ALTHOFF1 Tl  OSPK 2172~ 
Rfi C 66 1.17 0 .13 CANTER 71 HBC K-P AT REST 8172* 
RE C 218 1°32 0.1E LINDQUIST 71 OSPK PI-P TO KO LAM 3 /72*  
RE C CALCULATED BY US FROM R3 ASSUMING THE AUTHORS USED (P P I - ) /TOT=2 /B  3172* 
RE . . . . . . . . .  
RS AVG 1.267 0 .066 AVERAGE (ERRnR INCLUDES SCALE FACTOR OF 1.O) 

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

18 LANBOA DECAY PARAMETERS 

RELATED TEXT SECTION IV H AND APPENDIX I l l  

A- ALPHA LAMBDA- (LANEDA INTO P I -  PROTON) 
A- |1E6 0o62 O.B7 CRONIN 68 CNTR LANBOR FRON PI-P 8 /67 
A- (0 .663)  (O.OZ2) DERGE 66 RVUE INCLUDES ABOVE 9/66 
A- 10130 G.64E O.O1T OVERSETH 67 OSPK LANBDA FROM PI -P 8/67 
A- N 2EZ9 |0 .74T)  (0.0861 MERRILL 68 HBC REPL BY DAUBER 68 6/6B 
~-  3520 0 .67 0 .06 DAUBER 69 HBC FRO~4 Xl DECAY 6/68 
A- • . . . . . . . .  
A- AVG 0,645 0.016 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

AO ALPHAO /ALPHA- FOR LANDOR (L INTO PIO N/L INTO P l -  P) 
AO 1.10 0.27 CORK 60 CNTR 
AOO 4760 l.OOO 0.068 OLSEN TO DSPK PI+N TO K+ LAMBDA 5/70 
AOO DONE BY COMPARING PROT DISTRIB WITH N DISTRIB FROM LAMBDA DECAY 
AO . . . . . . . . .  
RO AVG 1.006 0.0f ib AVERAGE (ERROR INCLUDES SCALE FACTOR OF l . O I  

FF- PHI ANGLE [SIN[PHI)/COS(RHII=BETA/GANNA) (DEGREES( 
11.=6 13.0 1T.0 CRQNIN 63 OSPK LARBDA FROW PI-P 11/67 

F- 10130 - 8 . 0  6 . 0  ~ERSETH 67 OSPK LAM8DA FROM PI -P 11/67 
F- 7377 1 - 9 . 2 )  ( 5 . Z )  CLELAND 67 OSPK REP BY ANDERSSON 11/68 
F~ - 6 . 7  4 .3  ANDERSSON 68 DSPK 11168 

F-  AVG - 6 . 3  3.E AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.03 

AV GA/GV FOR LAMBOA BETA DECAY (SEE TEXT SEE. IV H . I  FOR SIGN CONV,) 
AV C 22 ( - 1 . 0 3 (  LIND 66 HBC 6/68 
AV .C 102 (0 .61 OR NORE BAGLIN 65 HLBC NO SIGN GIVEN l / T l  
AV C BETW O. AND - 1 . 1  BARLON bE OSPK 6/68 
AV C 102 ( 0 . 7 )  OR MORE CL=.95 ELY 65 HLBC ABS. VALUE l l T L  
AN - 1 . 1 4  0.23 0.33 CONFORTO 65 RVUE 11/67 
AV M 148 - 0 . 7 2  0.14 0 .19 NALONEY 69 HBC 10/69 
AV A 1070 - 0 . 6 2  0 .08 0 .09 ALTHOFF2 71 OSPK POLARIZED LAMBDAS 2/72~ 

4171" AV R L 1AI - 0 . 7 5  0.15 0 .18 CANTER 71 HDC 
AV 173 ( -0 .321  ( 0 . [ 3 )  ( O . I T I  LINDQUIST 71 OSPK UP-DOWN ASYNMETRY 9171* 
AV NL 173 ( -O.6BI  (0.273 (0 .E4)  LINBQUIST 71 OSPK E-NEU CORRELATION 9 / 7 1 "  
AN L 173 - 0 . 4 0  0 .13 0 .17 LINDQUIST 71 OSPK E-NEU AND UP-DOWN 9/71= 
AV ~ 382 - 0 . 7 4  0 .09 0.12 BAGGETT1 72 HBC STOP.K- 2 /72*  
AV C EXPTS INCLUDED IN CDNFORTO 65, RVUE 6/68 
AV M EXPT NEASUREG ONLY THE ABSOLUTE VALUE OF A/V 
AV A USES E AND PROTON UP-OOWN ASYNN AND E-NEU CORRELATIONS 2172* 
AV L LINDQU[ST T1 GETS THREE VALUES. WE AVERAGE THE ONE WHICH USES 10171" 
RV L ALL DATA. 10171* 
AV . . . . . . . . .  
AV AVG °0.665 0*063 AVERAGE (ERROR INCL~ES SCALE FACTOR OF 1 .2 I  

(SEE IDEOGRAN BELOW I 

U E I G H T E D  RUERAGE = - 0 . 6 3 5  ± 0 , 0 6 3  

ERROR SCALED BY 1 . 2  

CHISQ 

B R D G E T T 1  7 2  HBC O . S  

. L I N D Q U I S T  71 DSPK 3 . 1  

.CRHTER 7 1  HBC 0 . 3  

• RLTHDFF2 7 t  DSPK 0 . 3  

• f l A L D N E Y  6 9  HBC 0 . 1  

• COHFORTO 6 5  RUUE 2 . 9  

7 . 2  

{CONLEU 
- I  .S - 1 . 0  -O .S  0 . 0  O.S - 0 . 2 0 9 3  

G A / G U  FOR LAMBDR BETR DECRY 

EISLER 37 NC E 1TOO 
BOLDT $8 PRL 1 148 
CRAWF~D 59 PRL 2 266 

8AGLIN 60 NC 18 EO~3 
BQNEN 60 PR 119 Z030 
CORK 60 PR l i D  lOOO 
COLUMBIA 60 ROCH CONF 726 
HUMPHREY 61 PRL 6 478 

ANDERSON 62 CERN CONF 832 
AUBERT 62 NC 23 679 
CHANG 62 THESIS DUKE 
COOL 62 PR 127 ZZZ3 
GOOD 62 PRL 9 318 
HUMPHREY 62 PR 127 130E 

ALSTON 63 UCRL E0926 
BHONNIK 63 NC 28 1694 
BLOCK 63 PR 130 766 
BROWN 63 PR 130 769 
CHRETIEN 63 PR 132 2208 
CRONIN 63 PR 1Z9 1793 
ELY 63 PR 131 868 
KERNAN 68 PR 129 870 

REFERENCES 
18 LANDDA ( I I I E , J P = I / 2 ÷ I  I=O 

EISLER,PLANO,SANIOSwSCHWARTZ + (COLUN+ENLI 
E BOLDT,O 0 CALDNELL,Y PAL (NIT)  
CRAWFORD,CRESTI~OOUGLASS,GOO0 + (LRL) 

GAGLIN,BLOCH,BRISSDNtHENNESSY + (PARIS-EPI 
EONEN,HARDY,REYNOLDS~SUN ÷ (PRINCETON) 
CORKtKERTHtNENZELtCRONINtCOOL (LRL+PR+DNL) 
N SCHWARTZ + (COLUMBIA( 
HUNPHREYeKIRZ,ROSENPELD~RHEE + (LRLtSYRAC} 

ANOERSON.CRAWFORD, GOLDEN~LLQYD + (LRLI 
AU8ERT,BRISSON,HENNESSY,SIX + (PARIS-EP) 
CtlUEN CHURN CHANG (DUKE) 
COOL~HILL,MARSHALL • (DNL+NIT+NYU+ANL) 
M L GOOO,V G LIND (NISCONSIN) 
N E HUNPHREYtR R ROSS (LRL) 

ALSTON,NIRZ,NEUFELDtSOLNITZtWOHLRUT (LRLI 
8 8HONNIK,D P GOYAL (DELHI) 
BLOCKtGESSAROLIwRATTIvKIKUCHI + INW+BLGNA) 
BROWNtKADYKtTRILLING~ROE • (LRL÷BICHIGAN( 
CHRETIENtCROUCH÷ (BRAND-BROWN+HARVARD+NIT J 
J N CKONIN,D E OVERGETH (PRINCETON( 
ELYtGIDALtKALNUS~OSNALD~POWELL + (LRLI 
KERNAN,NOVEY~WARSHAW~NATTENBERG (ANL+ILLI 

ANDERSON 64 PRL 13 167 
BAGLIN 6~ NC 33 977 
HUBBARD 64 PR 1BE D 183 
KERNAN 64 PR 138 8 1271 
KREISLER 64 PR 136 B 1078 
LIND 64 PR 135 D 1683 
RONNE 64 PL I I  3ET 
SCHWARTZ 64 UCRL 11360 THESIS 

BAGLIN 65 NC 33 977 
8ALTAY 65 PR 140 8 IB2T 
BARLON 65 PL [8 64 
CHARR[ER 65 PL IS 66 

ALSO NC 46A LOS 
CONFORTO 65 EC INT HERZEGNOVI 
ELY 65 PR 137 81802 
HILL 65 PRL IE 85 
SCHNIDT 65 PR 160 B 1328 

BERGE 66 BERKELEY 46 
DURAN 66 PC 20 318 
CHIEN 66 PR 152 1171 
ENGELMAN 66 NC 48A 1038 
G|8SDN 66 NC 4CA 882 
LONDON 66 PR 143 1034 

AUERBACH 67 NC 47A 19 
BRDIER 67 PL 238 152 
MAYEUR 67 U.LIBR.BRUX.BUL32 
CLELAND 67 PL 26B 63 
OVEREETH 67 PRL 19 301 

ANDERSSD 68 VIENNA ASS. 270 
GRIMM 68 NC ~4A 187 
HEPP 68 ZPHYS 214 71 
MERRILL 68 PR 167 1202 

DAUBER 69 PR 179 1262 
DOYLE 69 UCRL 18139-THESIS 
MALONEY 69 PRL 23 425 
EDHM 70 NC 7DA 384 
DEHIDOV 70 SJNP 10 681 
OLSEN 70 PRL 26 843 

ALTHOFF1 71 PL 87B E31 
ALTHOFFZ 71 PL 37D 585 
BALTAY 71 PR D4 670 
BARKOV 71JETPL 16 60 
BARON/ 71LNC 2 12E6 
CANTER 71 PRL 26 868 

CANTER1 71 PRL 27 89 
DAHLJENS 71 NC 3A 1 
HILL Tl  PR D4 1979 

ALSO 65 PRL IE 85 
MYHAN 71 ANL-HEP 7133 
LINOQUIS 71 PRL 27 612 

BAGGETTL 72 ZPHY 269 6 
BAGGETT2 72 SUBMITTED TO ZPHY 

ARNENTER 62 CERN CONF 236 
BALTAY 62 CERN CONF 233 
BERGE 63 THESIS (BERKELEY1 

J A ANDERSDN,F S CRAWFQRD (LRL( 
BAGLIN,BINGHAN+ (EP+CERN+UC LONO+RHEL~BERG) 
HUB8ARD,BERGEtKALBFLEISCH,$HAFER + (LRL( 
KERNAN,P~ELLISANOLER ÷ (LRL+UH-COLL-LONO) 
M N KREISLER,O OVERSETH,J CRONIN (PRINCE) 
LINDtBINFORDtGOOD,STERN (WISCONSIN) 
RONNE+ (CERN+EP+UCOL-LDNDON+UNIV.BERGEN( 
JOSEPH ADAM SCHWARTZ (LRLI 

8AGLIN + (EP,CERN,UC LONDON,RUTH,BERGEN) 
8ALTAY,SANDNEISS,CULNICKIKOPP + IYALE+BNL) 
J DARLOWtGLAIR,CONFORTO+ (CERN+RUTH+PENNAI 
CHARRIERE, GIBSON+ (EPUL+BRIST+CERN+MPII 
CHARRIERE, GIBSON+ [EPUL,BRIST,CERN, N a i l  
G CONFDBTO (CERNI 
ELYtGIDAL,KALMUSvPONELL + (LRL,UC LONDONI 
HILL,LI,JENKINS,KYCIA. RUOERNAN (NIT,BNL) 
P SCHMIDT (COLUMBIA) 

DERGE,CABIBGO (RVUEI 
BURAN,EIVINDSON, SKJEGGESTADtTOFTE + (OSLO] 
+LACH~SANDHEISStTAFTvYEH~DREN ÷ (YALE+BNL} 
ENGELNANN~FILTNUTHtALEXANDER+(HEIDBG+WEIZNI 
W N GIBSON,K GREEN (8RIS( 
LONDON,RAU,GOLDBERGtLICHTHAN+ (8NL+SYRRCUS( 

AUERBACH,BONENtDODBS,LANDEt MANN+ (U DF PA) 
+BDNNETtERI~NDET,SADDULET IEP (PARIS)) 
C.NAYEUR.E.TONPA,J.NICKENS (UL.DRUX +UC.LDNI 
CLELAND,BIENLEIN,CONFORTD+ (CERN,GVA,LUNDI 
0 E OVERSETH, R FROTH (MICHIGAN÷PRINCETON) 

ANDERSSONtBIENLEINtCLELAND +(CERNfGVAtLUNO) 
H.-J.GRINM (HEIDELBERG} 
V.HEPPtH. SCHLEICH (HEIDELBERGI 
~ERRILL,SHAFER (LRL( 

+DERGE, HUBBARD,MERRILL,MILLER (LRL) 
J .C.  DOYLE (LRLI 
NALONEYtEECHI-ZOBN [UNIV MARYLAND( 
+NRECKER + (RERL÷BRUX+DUUC+LDUC+LOWC+NARSI 
÷KIRILLOV-UGKYUNOV,PONOSOV,PROTASOV÷ (ITEPI 
+PONDROM,HANDLER,LIMON,SNIYH + (NISCtANNA) 

÷BROWNtFREYTAGtHEARD,HEINTZE + (CERN,HEIDI 
+DRDWN,FREYTAG, HEARD,HEINTZE + (CERN, HEID) 
+BRIDGEWATER,CDOPERtHABIBI÷ (COLU+B(NG( 
+GUREVICH, MAKARINAwMARTEqYANOV+ [ITEP) 
G BARONI,S PETRERA~G ROMANO (RONA) 
+CDLEtLEE-FRANZINhLOVELESS + (STON~COLUI 

+COLE ,LEE-FERNZI NI,LOVELE SS+ (STON÷COLUI 
DAHL-JENSEN + (CERN+ANKAeLAUS+MPIMeROqA) 
+LI,JENKINS~KYCIA.RUDERNAN (NIT,ENL) 
HILL,LI,JENKINStKYCIA,RUDERMAN (MIT,BNLI 
+BUNNELL,DERRICK~FIELDStKATZ÷ (ANL,CARN) 
LINOQUISTtSUMNER+ (CHICtNUSLtOHIOvANL( 

+BAGGETT,EISELE,FILTHUTH,FREHSE+ (HEIDI 
+BAGOETT~EISELE~FILTHUTH,FREHSE÷ (HEID) 

PAPERS NOT REFERRED TO (N DATA CARDS 

ARMENTEROS÷[CERN+EP÷LONDON+BIEN+CEN-SACLAYI 
DALTAYtFOWLER,SANDNEISS,CULWICK+ (YALEeBNL] 
J PETER BERGE (LRL) 

19 SIGMA+ (1189vJP=112÷) I= I  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

19 SIGMA+ MASS (MEV) 

N N SEE NOTE PRECEDING LAHBDA NAGS LISTINGS 

N 164 1189.3E 8.15 PARKAS 63 EMUL ÷ SEE NOTE S BELOW 
N 38 1189.48 0.22 BHOWNIK 64 ENUL ÷ SEE NOTE S BELOW 
N S ABOVE SIGRA÷ qASGES HAVE BEEN RAISED 30 KEV TO ACCOUNT FOR 66 KEV 
N S INCREASE IN PROTON NAGS AND 21 KEY DECREASE IN PION MASS 
M 4200 1189.68 0 .10 SCHNIDT 63 HBC SEE NOTE N 6/68 
R 1189.16 O.L2 HYNAN 67 HEBC 6/68 
M . . . . . .  • • • 
M AVG 1189.48 0 .13 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.9) 
M FIT 1189.62 O . l l  FROM FIT (ERROR INCLUOES SCALE FACTOR OF 1.71 2172" 

(SEE IDEOGRAM BELOW I 

WEIGHTED RUERAGE = 1 1 8 9 . 4 3  ± 0 . 1 3  

ERRDR SCALED BY 1 . 9  

l l B B . B  1 1 B 9 . 2  1 1 B 9 . 6  

S I G M R  + MASS ( M E U )  

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  oz~.y, m 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£ x ,  6~, 
a n d  s c a l e  f a c t o r ,  w h i c h  a r e  d ~ f e r -  
e n t  f r o r n  t h e  v a l u e s  s h o v r a  h e r e .  

C H I S Q  

. - - H Y M A N  67  HEBC ~ . 9  

• - - S C H M I D T  6 5  HBC 5 . 2  

- .  . B H D U M I K  64  EMUL 0 . 0  

• - B R R K A S  6 3  EMUL 0 . 2  

( C D N L E U  
1 1 9 0 . 0  1 1 9 0 . 4  = 0 . 0 1 0 )  



Data Card Listings 
For notation, see key at front o f  Listings. 

4 9  

Stable Particles 
Z + 

N o t e  o n  L i f e t i m e  E r r o r s  

W h e n  c o m b i n i n g  l i f e t i m e s ,  w e  f i r s t  c o n v e r t  m e a n  

l i v e s  r t o  d e c a y  r a t e s  F ,  s i n c e  f o r  s m a l l  n u m b e r s  of  

e v e n t s  t h e  d i s t r i b u t i o n  o f  t h e  d e c a y  r a t e s  i s  m o r e  n e a r l y  

G a u s s i a n .  H o w e v e r ,  in  c h e c k i n g  i n p u t  d a t a  i t  i s  u s e f u l  

to  b e a r  i n  m i n d t h e  t h e o r e t i c a l  m i n i m u m  s t a t i s t i c a l  e r r o r  

5rnin(7~ i n  t h e  m e a n  l i f e  i t s e l f .  T h i s  i s  

5 = J - Z _ _ _  
m i n  N ~ e f  f ' 

(e x - 

w h e r e  N = n u m b e r  o f  d e c a y s  s e e n  o v e r  t h e  t i m e  i n t e r -  

v a l  At  a n d  x = ~t/%. 

T h u s  w e  h a v e  c h e c k e d  t h e  e r r o r s  q u o t e d  i n  t h e  

v a r i o u s  e x p e r i m e n t s  f o r  c o n s i s t e n c y  w i t h  t h i s  m i n i m u m  

e r r o r .  C H A N G  66 t u r n e d  ou t  to  h a v e  u n d e r e s t i m a t e d  

h i s  e r r o r s  in  b o t h  t h e  ~ +  a n d  t h e  ~.-  l i f e t i m e s .  W e  

h a v e  t h e r e f o r e  r e d o n e  h i s  X z m i n i m i z a t i o n ,  u s i n g  h i s  

p u b l i s h e d  d a t a ,  a n d  f o u n d  t h e  e r r o r s  t h a t  w e  n o w  q u o t e ,  

19 SIGMA+ MEAN LIFE IUNITS I D * * - l O I  

T GLASER 58 RVUE 
T 127 0 .98  O.L6 0°12 PUSCHEL 60 EMUL 
T 41 0 .82  0 .34 0°20 EVANS 60 EMUL 
T l l T  0 .85 O*16 0,11 FREDEN 60 EMUL 
T 54 0 .80  0 ,10 O.ObT KAPLON 60 ERUL 
T 23 0.76 0*20 0 .14 CHIESA 61 EMUL 
T 89 0.75 0.13 0 .09 BERTHELOT 61HLBC 
T 140 0 .82 O. lO 0 .08 BARKAS 61ENUL 
T 192 0.749 0 .056 O.OEZ GRAND 62 HBC 
T 456 0.T65 O,O~ 0 .04 HUMPHREY 62 HBC 
T 203 0 .84  0.12 0.08 EHOHNIK 64 ENUL 
T 181 0 .84 0.09 BALTAY 65 HBC 6/66 
T 900 0 .76 0 .03 CARAVAN 65 HBC 6/66 
T C 1300 0 .83 0.032 CHANG 66 HBC 6/66 
T S 12~ (O.B6I  (0.15# OHIEN 66 HBC + 6 .9  P8AR P 9/6T 
T S 117 ( l . l O I  ( 0 . 2 4 )  CHIEN 66 HBC - 6°9 PEAR PvANTI 9/67 

38I 0 .80  0.~7 COOK 66 OSPK 7/66 
10664 0.803 0.008 BARLOUTAU 69 HBC K-F . 4 - 1 . 8  GEV/C 11/69 

2OK 0.795 O°OlO EISELE 70 HBC K-P AT REST 2/71 
C 526 0 .83  0.04 BAKKER 71DBC - K-N TO SIG+ 2 P I -  10 /71 ,  

T CHANG ERROR 0.018 RAISED BY US .SEE NOTE PRECEDING SIGMA+ LIST. 11/69 
T S ERROR PURELY STATISTICAL 

AVG 0.8004 0.0058 0.0057 AVERAGE [ERROR INCL. SCALE FACTOR OF 1.O) 

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

19 SIGMA+ MAGNETIC ROMENT (MAGNETONS,938,26 MEV) 

MM 381 1.5 l . L  COOK 66 OSPK 7/66 
HM 52 3 .5  1 .5  KOTELCHUC 67 EMUL K-P AT 1,1580V/C 8/67 
MR 51 3 .0  1 .2  SULLIVAN 6T E N U L  PHOTOPRODUCTION 8/67 
MM 69 3 .5  1 .2  COMBE 6E EMUL 10/68 
MM 29333 E.1 1 .0  NAST 68 HOG K-P AT .4  GEV/C 6168 
MM 955 2 .67 0 .97 ALLEY 710SPK I .ZB  GEV/C PI+P IO/TO 
MM . . . . . . . . .  
MM AVG 2.59 0.46 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.O) 

19 SIGMA+ PARTIAL DECAY NODES 

DECAY MASSES 
PI SIGMA + INTO PROTON PIO 938+ 136 
P2 SIGMA + INTO NEUTRON PI+ 939+ 139 
P3 SIGMA # INTO NEUTRON PI+ GAMMA 939+ 139+ 0 
P4 SIGMA + INTO LAN8DA E+ NEU 1115~ .5+ 0 
PE SIGMA + INTO PROTON GAMMA 938~ 
P6 SIGMA + INTO NEUTRON MU+ NEUTRINO 939+ 10 + O 
P7 SIGMA + INTO NEUTRON E+ NEUTRINO 939+ .5+ o 
P8 SIGMA + INTO PROTON E+ E- 938~ °5+ .5 

19 SIGMA+ BRANCHING RATIOS 

81 SIGMA+ INTO (NEUTRON PI+)/(NUCLEON PI I  ( P Z ) / ( P l + P Z l  
RI 308 0.490 0 .024 HUNPHREY 62 HIE 
R1 ~34 0 .46  8.02 CHANG 66 HBC 6/66 
R1 1331 0.488 0.010 8ARLOOTAO 69 HBC K-P . 4 - 1 . 2  GEV/C 11/69 
Rl 537 0.484 0.015 TOVEE Tl  EMUL 12171* 
R1 
R1 AVG 0.4835 0.0073 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

82 S I G M A +  INTO (NEUT PI+ GAMI/(PI+NI [UNITS 104$-3I IP3) / (P21 
RZ ( 1 . 8 )  ABOUT 8AZIN2 65 HSC El+  LT 116 MEV/C 8/67 
82 29 O.2T 0.05 ANG 69 HOC El+  LT I lO  MEV/C 11/68 

R3 SIGMA+ INTO (LANBDA E+ NEU)/TOTAL IUNIT 1 0 * * - 8 )  (PAl 
R3 W 6 (8,31 l I . 7 )  NILLIS 64 HBC STOP* K- 9/66 
R3 ~ EVENTS FROM THIS EXPERINENT~INCLUDED IN EISELEI 69 11/69 
R3 6 2 .0  0 . 8  BARASH 67 HBC STOP K- 8/67 
R3 5 1 .6  O.T BALTAY 69 HBC STOP K- 11169 
R3 10 2 .9  1o0 EISELE1 69 HOE STOP K- 10169 
83 
83 AVG 2.02 0.67 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

84 SIGMA+ INTO IF GARRAI/(P FIO| (UNITS 1 0 " * - 2 )  I P S I / ( P L }  
EA 1 ( 0 . 6 8 I  OR LESS CARRARA 64 HBC 
R4 24 0 .37  O.OS 8AZIN 65 HBC 
R4 4 ( O . l T }  b/66 QUARENI 65 EMUL 
R4 65 0 .21 0.03 ANG 69 HBC STOP K- 10/69 
R4 31 0 .276 0.051 GERSHMIN 69 HBC 10/69 
84 . . . . . . . . .  
R4 AVG 0.240 0°035 AVERAGE (ERROR INCLUOES SCALE FACTOR OF 1 . 4 l  

(SEE IDEOGRAM BELOW I 

WEIGHTED RUERAGE = 0 . 2 4 0  ~= 0 . 0 3 S  

ERROR SCRLED BY 1 . 4  

0 . 1  0 . 2  

SIGMR+ INTO (P  G R M r l A ] / ( P  P I O )  

. - . - - G E R S H W I N  

. . . .  ANG 

0 . ' 3  0 . ' 4  O . S  0 . 6  

O H I S Q  

6 9  HBC O . S  

6 9  HBC 1 . 0  

6 5  HBC 2 . 6  

4 , 1  

(CDNLEU 
= 0 . 1 2 6 )  

RE SIGNA÷ INTO (N E÷ NEU)/ (N PI+I (UNITS lO*$ -E I  ( P T I I ( P 2 )  
RE E 0 16EZO EFFECTIVE DEMON. COURRNT 64 HBC SEE NOTE E 11,6T 
RE E 0 2720 EFFECTIVE DENON. MURPHY 64 HBC SEE NOTF E 11/67 
85 E ! 9690 EFFECTIVE DEMON. NAUENBERG 64 HBC SEE NOTE E 6/68 
RS 0 (32ROE)EFFECTIVE DENOM* BIERMAN 68 HEC 6/6E 
R8 UA O (E040OIEFFECTIVE DENOH, EISELE2 69 HSC + STOP K- 6 /68 
85 U 1 30000 EFFECTIVE DENON. NORTON 69 HBC 11/69 
R5 U O 110200 EFFECTIVE DENOM. EBENHOH 70 HBC STOP K- 12/70 
RE U EFFECTIVE DENOM. CALCULATED BY US 
R5 E A EFFECTIVE OENOM. TAKER FROM ElSELE 67 11/67 
85 EISELE2 69 REPLACEO BY EEENHOH 70 
85 
85 4 ,0  ° " 2 , 0  ° "  "OR" *'LESS" OL'°VO OUR AVERAGE USING ALL ABOVE 12/70 
P8 MURBER OF EVENTS INCREASED TO 4.0  FOR 90PC CONFIDENCE LEVEL 2/71 

86 SIGNA+ INTO (N NO+ NEUI / (P I+N)  (UNITS 10"$-81 ( P 6 ) / I P 2 )  
R6 I ( tZO) ANALYSED EVENTS GALTIERI 62 ENUL NO RATIO QUOTED 11/67 
86 E 0 10150 EFFECTIVE OENQM. COURANT 64 HBO SEE NOTE E l l / 6 T  
86 E O 1710 EFFECTIVE DENOM. NAUENBERG 64 HBC SEE NOTE E 11/67 
R6 U 2 62000 EFFECTIVE DENON. EISELE2 69 HBC 6/68 
R6 0 33800 EFFECTIVE OENOH. BAGGETT 69 HBC 11/68 
R6 E EFFECTIVE OENOM. TAKEN FROM EISELE 67 11/67 
RE . . . .  
86 5 .3  " 4 . 9 "  OR ~ESS" CL=oeO OUR AVERAGE USING ALL ABOVE 11/69 
R6 N~MBER OF EVENTS ZVCREASEO TO 5.3  FOR 90PC CONFIDENCE LEVEL 2 / T I  
R6 SEE htOTES ACCOMPANYING 85 

R7 SIGMA+ INTO LEPTONS / SIGMA- INTO LEPTONS 
R7 0 0.034 OR LESS BAGGETT 67 HEC 6•68 
87 1 O,OB OR LESS NORTON 69 HBC 10/69 
B7 
RT 6 . 7 " ' 0 . 0 . ' 0 R ' "  "''LeSS'CL=.9O OURAVERAGE USINGR~AMOR6 2 / . 1  
87 NUNBER OF EVENTS INCREASED TO 6 .7  FOR 9OPC CONFIDENCE LEVEL 2 / T l  

88 SIGHA+ INTO (PROTON E+ E-I/TOTAL IUN|T 1 0 " * - 6 I  (PSI 
88 T.O OR LESS ANG 69 HBC STOP K- 10169 
R8 A ANG 69 FOUND 3 E+E- EVENTS IN AGREENENT WITH GARNA CONVERSION OF 
R8 A PROTON GAMMA DECAY -L IMIT  GIVEN HERE IS FOR NEUTRAL CURRENT 

89 SIGMA+ INTO (N MU+ NU) /  SIGMA- INTO (N MU- NUI 
F9 2 0.06 0.045 0.03 EISELE2 69 HBC +-  STOP K- 10/69 
89 . . .  . . 
R9 5.3 "0.095 OR "'LESS" CL=.9O OUR AVERAGE USING 86 2/?1 
89 NUMBER OF EVENTS INCREASED TO 5.3  FOR 90PC CONFIDENCE LEVEL 2/71 

RiO SIGMA+ INTO IN E+ NUI /  SIGNA- INTO IN E- NUI 
RlO E O [ 0 . 0 3 )  OR LESS CL=.VO EISELE2 69 HBC +-  STOP Ko 10169 
BlO 0 0.019 OR LESS CL=°VB EBENMOH 70 HBC STOP K- 12/70 
RlO O O.IE OR LESS CL=.95 COLE 71HBC STOP K- tO/T1= 
R10 E EISELE2 REPLACED BY EBENHOH TO 
R10 
RlO 4.0 " "O~OiE"O~ ~E;S" CL-.VO OUR AVERAGE USING B5 Z/T( 
RIO NUMBER OF EVENTS INCREASED TO 4.0  FOR 90PC CONFIDENCE LEVEL 2 / T I  

19 SIGMA+ DECAy PARAMETERS 

RELATED TEXT SECTION IV H AND APPENDIX I I I  

A+O ALFHA+/ALPHAO FOR SIGMA+ (SIG+ TO Of+ N I / ( S I G ÷  TO PIO P) 
A+O +O.O6 0.11 CORK 60 CNTR SIG+ FROM PI÷P 
A+O (+0 .20 )  (O,ZAI TRIPE 62 HBC + REPLAC.BY BANGER 
A+O 0 3500 ( - . 0 1 4 I  ( 0 . 0 5 2 )  BANGERTER 66 HBC + SIG+ FROM K-F 9/66 
A+O D 2600 ( - . 0 4 T I  ( . 0 7 (  EERLEV 66 HBC + EIG+ FROM K-P 9/6E 
A+O 0 OLD RESULTSvHAVE BEEN REPLACED • SEE BELOW - 



Stable Particles Data Card Listings 
For notation, see key at front of Listings. 

WEIGHTED FlUERAGE = 0.6738 * 0.0085 

ERROR SCRLEO BY 1.6 

T 

_. .... .TOUEE 71 ErlUL 

BAKKER 71 OBC 

...... .EISELE 70 HEC 

...... .BFIRLOUTRU 69 HEC 

_. .... .UHITESIOE 68 HBC 

...... .CH!gjNG 66 HBC 

...... .HUflPHREY 62 HBC 

...... .BRRKRS 61 En”L 

m 
0.7 

1.5 

0.0 

0.6 

1.9 

7.4 

2.9 

0.4 0.6 0.B 1.0 =o.ozi, 

SIGnP - DECAY R!3TE LUNITS lO*mlO SEC -11 



Data Card Listings 
For notation, see key at front of  Listings. 

5~ 

Stable Particles 
£ - ,  £ o ,  ~ -  

P2 SIGMA - INTO (N E- NEUI/(N P I - )  (UNITS 10.*~3) (PAIl(P1) 
~2 9 [.O 0.4 0 .3  MURPHY 6A HLBC 
RZ 16 1.37 O.3A NAUENBERG 64 HBC 
R2 16 1 .15  0 .4  MILLER EA FBC 
R2 31 1 .4  0 .3  DOURANT 64 HBC 
R2 lBO 1 ,11  0 .09  BIERMAN 68 HBC 6168 
R2 ( i .111 (O,LB)  SECHIZOR 68 HBC PRELIMINARY 10168 
R2 A 331 (1 .02 )  IO .O8 l  ANG 1 69 HBC - STOP K-  10169 
R2 601 1 .09  0 .06  EBENHOH 70 HBC STOP K-  12 /70  
R2 ~7 0 .97  0 .15  COLE 71HBC STOP K-  10171* 
R2 A ANGI REPLACED BY EBENHDH 70 2171 
R2 
F2 AVG 1.096 0 .046  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

R3 SIGMA - INTO (LAMEDA E- NEU)I(N P l - )  (UNITS 10.~-4) (PE)/(PL) 
F3 11 0 .7B  0 .28  COURANT 64 HBC STOP. K-  
R3 35 0 .84  0 .12  BARASH 67 HBC STOP K-  8•67 
R3 31 0 .69  O . IZ  EISELEI  69 HBC STOP K-  10169 
F3 31 0 .52  O.O9 BALTAY 68 HBC STOP K~ ~ /69  
R3 . . . . . . . . .  
R3 AVG 0 .604  0 .060  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O )  

R4 SIGMA - INTO (N P I -  GANMAI/(N PI- )  (UNITS 10~* -3 )  [P2 ) I (P l )  
R4 (I.I)APPROXIM. BAZIN 65 HBC PI- LT 1BE MEVIC 8167 
R4 23 O.lO .02 ANG 2 69 HBC P IP I - )  LT 110 10169 

20 SIGMA- DECAY PARAMETERS 

RELATED TEXT SECTION IV H AND APPENDIX l l I  

A- ALPHA SIGMA- 
A-  ( - 0 . 16 }  ( 0 . 21 }  TRIPP 62 HBC REPL.BY BANGERTE 
A- 0 6~00 (-O.OlO) (0.063) BANGERTER 66 HBC K-P TO GIG- PI+ 7166 
A- 0 5068 (-O. lO~) IO.O~) BERLEY 67 HBC K-P TO GIG- PI+ 11167 
A-  51000 -O .OT I  0 . 012  BANGERTER 69 HBC 10189 
A- B 5978 (-0.1341 (0.0341 BERLEV TO HBC K-P AT 400 MEVIC 2171 
A-  60000  -0.067 0.011 BOGERT 70 HRC K-P AT ~O0 MEVIC 12/TO 
A-  0 OLD RESULTS,HAVE BEEN REPLACED . 
A-  B BERLEY 70 REPLACED BY BOGERT 70 2171 
A-  . . . . . . . . .  
A-  AVG -0 °0688  0 .0081  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

F- PHI ANGLE (SIN(PHIIICOS(PHI)=BETAIGAMMA) (DEGREES) 
F-  O 1006 {+22.) (30.)  BERLEY 67 HBC K-P TO SIG- PI+ 11/67 
F-  1385 1~. 19.  BANGERTE 69 HBC 10169 
F- C1092 + 5. 23. BERLEY TO HBC NEUTRON RESCATT. 11/69 
F- C CHANGED FROM -5 TO +5 TO AGREE WITH SIGN CDN 
F- 
F- AVG 10.3 I~ .6  AVERAGE )ERROR INCLUDES SCALE FACTOR OF 1.or 

AV GVIGA FOR SIGMA TO LAMBDA BETA DECAY (TEXT SEE IV H.1FDR SIGN CONV) 
AV PREDICTED TO BE ZERO BY CONSERVED VECTOR CURRENT THEORY 
AV B ~5 0.31 0.30 BARASH 67 HBC 11167 
AV B BARASH 67 MEASURED ABSOLUTE VALUE 
AV S 81 +0.22 O.2B EISELEI 69 HBC 10/68 
AV S 51 0.7 O.~ BALTAY 69 HBC USING GIG+- A169 
AV S SIGN CHANGED TO AGREE WITH ODR CONVENTION 
AV 
AV AVG 0.35 0.18 AVERAGE (ERROR INCLUDES SCALE FACTOR DF l .O)  

AV1 GA/GV FDR SIGMA TO NEUTRON BETA DECAY(TEXT SEE IV H.1FDR SIGN CONV) 
AVI ET (O .OS)  (0.23) (0.32) GERSHWIN 68 HBC REPLACED BY GER.B9 6 /68  
AVE C 49 0.23 0.16 COLLERAIN 69 HBC NEUTRON SCATTER. 10160 
AVL C 33 0 .37  0 .26  0 .19  EISELE2 69 HBC NEUTRON SCATTER. 10 /69  
AVI 61 +0.19 0.20 0.17 GERSHMIN 69 HBC POLARIZED SIGMAS 10/69 
AV1 63 - 0 . 33  0 .30  0 ,85  BOGERT 70 HBC K-P AT 400 MEV/C 10 /70  
AVL S -O.2O 0 .28  EBENHDH 70 HBC E- SPECTRUq 3 /~2~ 
AVE &3 -O .A  0 .52  1.E ELLIS T1ASPK POLARIZED SIGMAS lO /T I~  
AVI E (+O. IO) (O. I1)  (0.11) ELLIS 71 RVUE SUM LIKEL.(+SOL) 10/71* 
AVI E (-0.27) (0.13) (0 .17 )  ELL IS  71RVUE SUM LIKEL.(-SOL) 18171* 
AVE C COt.LERAINE AND EISELE MEASURE THE ABSOLUTE VALUE OF GA/GV. 11168 
AV1 GERSHHIN 89, BDGERT 70, EBENHOH TOt AND ELLIS 71 MEASURE THE SIGN, 
AV1 BUT NEITHER HAS A DEFINITE SIGN DETERMINATION. SINCE THE SIGN IS 
AV1 UNDETERMINED THE AVERAGE OF THE SIX VALUES IS MEANINGLESS. 
AV1 E ELLIS 71 HAS COMBINED THE MAXIMUM LIKELIHOODS OF COLLERAINE 69, 3172* 
AV1 E EISELE2 69, GERSHHIN 69~ ELL IS  71~ AND GETS TWO POSSIBLE VALUES 3172* 
AV1 S SIGN CHANGED TO AGREE WITH OUR CONVE. INCLUDES BIERMAN 68 EVENTS. 3172. 
AV I  . . . . . . . . .  
AV1 AVERAGE MEANINGLESS (SCALE FACTOR = l .O) 

. . . . .  EE GERN CO . . . . .  
E(SLER 58 fie SERIO lO lEO 

BARKAS 61PR 124 1209 
CHIESA 61NC 19 1171 
HUMPHREY 62 PR 127 1305 
TRIPP 62 PRL 9 66 

BARKAS 63 PRL 1L 26 
BUBNSTEI BA PRL 13 66 
COURANT 64 PR 136 B 1791 
MILLER 64 PL 11 262 
MURPHY 6~ PR 13A B 188 
NAUENBER 6~ PRL 12 379 

BAZIN 65 PR 140 B 13E8 
DOSCH 65 PL 14 239 

ALSO 66 PR 1El IOBL 
SCHMIDT 65 PR 140 B 1828 
BANGERTE 66 PRL 17 495 
CHANG 66 PR 1BI 1081 
CHIEN 66 PR lB2 1171 

BARASH 67 PRL 19 18L 
BERLEY 67 PRL 19 979 
BIERMAN 68 PRL 20 14E9 
GERSHWIN 68 PRL 20 1270 
HEPP 68 ZEIT.PHYS. 214 71 
SECHIZOR 68 TO BE PURL. 
WHITESID 68 NC 54A 837 

ANG 1 B9 ZPHY 22~ 103 
ANG 2 69 ZPHY 228 151 
BAGGETT 69 PRL 23 249 
BALTAY 69 PRL 22 615 
BANGERTE E9 UCRL-192~4 
BANGERT1 69 PR E8T 1821 

REFERENCES 

20 S IGMA- ( I 198 . JP= I / 2+ ) I=1  

BRONN~GLASER.GRAVES~PEBL~CRONIN ÷ (MICH) 
EISLER,BASSI,CDNVERSI + (COL+BNL÷BOL+PISA) 

BARKAS~DYER~MASON~NICKOLS~SMITH (LRL I  
A M CHIESA,B QUASSIATI~G RINAUDO (TURIN) 
w E HUMPHREY.R R ROSS (LRLI  
R D TRIPPER WATSON,M FERRO-LUZZI (LRL) 

W H BARKAS~J N DYER,H H HECNMAN (LRLI 
BURNSTEIN~DAY~KEHOEtSECHI ZORN, SNOW (MARY) 
COURANT~FILTHUTH+ (CERN÷HEIDLB+MD+NRL+BNL) 
MILLER~STANNARD~BEZAGUET+ (LDND+PARIS~BERG) 
C THORNTON MURPHY IWISCONSIN( 
NADENBERG, SCHMIDT~MARATECN+ (COL+RUT÷PRINE) 

BAZIN,PLANO~SCHMIDT + (PRINE+RUTG+COLUM) 
DOSDH~ENGELMANN~PILTI@JTHtHEPP,KLUGE÷ (HEID)  
CHUNG YUN CHANG (COLUMBIA) 
P SEHMIDT (CDLUNBIAI 
BANGERTER,GALTIERI,BERGE~MURRAY÷ ILRL)  
CHUNG YUN CHANG (COLUMBIA) 
+LACH,SANDWEISS,TAFT~YEH~OREN + (YALE+BNL) 

BARASH~DAY~GLASSER,KEHOE,KNOP + (MARYLANDI 
BERLEY,HERTZBACHtKOFLER + (BNL~MASS~YALE) 
BIERRANtKOUNOSUtNAUENBERG + (PRINCETON) 
GERSHWIN~ALSTOH-GARNJOST,BANGERTER+ (LRLI  
V,HEPP,H.  SCHLEICH (HEIDELBERG) 
GAY~GLASSERtKNOP+ VIENNA 375 (MARYLAND) 
H. WHITESIDE~J. GOLLUB (OBERLIN) 

ANG~EISELE~ENGELMANN~FILTHUTH + (HEID)  
+EGENHOR~EISELE~ENGELMANN~P1LTHUTH+ (HEID)  
BAGGETT.KEHOE~SNOW (DNIV MARYLAND) 
BALTAY~FRANZINI,NEWMAN~NDRTDN+ (DDLU,STON) 
ROGER ODELL BANGERTER (THESIS) (LRL) 
8ANGERTERtGARNJOST~GALT[ERI~GERSHWI N÷ (LRL) 

BARLOUTA 69 NP B14 153 BARLDUTAUD~BELLEFON~GRANET÷ISACL+CERN+HEID) 
CDLLERAI 69 PRL 23 198 C~LLEOAINE~DAY~GLASSER.KNDP+(UNIV MARYLAND) 
EISELE1 69 ZPHY 221 1 ÷ENGELNANN~FILTHUTH~FDHLISCH~HEPP+ (HEID)  
EISELE2 69 ZPHY 223 ~87 EISELEeENGELMANN~FILTHUTH~FOHLISCH+ (HEID)  
GERSHWIN 69 UCRL-192~6 LAWRENCE KENNETH GERGHWIN (THESIS) (LRL} 

BERLEY 70 PR D1 2015  +YAMIN~HERTZBACH,KOFLER + [BNL,MASS,YALE) 
BOGERT 70 PR D2 6 +LUCAS~TAFT,WILLIS~BERLEY + (BNL,MASS,YALE) 
EBENHOH 70 KIEV CONF +EIGELE~ENGELMANNtFILTHUTH~FOHLISCH+ (HEIDI  
EISELE 70 ZPHY 238 372 +FILTHUTH, HEPP~PRESSER,ZECH (HEIDELBERG) 

BAKKER 71 LNC 1 37 +~SABRE COLLAR. (ZEEH+SACL+BGNA+REHO+EPRL) 
COLE 71 PR D~ 631 +LEE-FRANZINI,LOVELESS~BALTAY+ (STON~COLU) 

ALSO E9 NEVIS-175 THESIS HERBERT NORTON (COLUMBIA) 
ELLIS 71RPP-H-79 PREPRINT OXF,AERE,RHEL,GMEL,LYON,NWES,ITEP COLLABDR 
TOVEE 71NP 833 493 LOUC,BELGRADE,BERL~BRUX,DUELIN,WARS COLLAR 

PAPERS NOT REFERRED TO IN DATA CARDS 

BROWN 57 PR ICE 103E J BROWN, D GLASER~ M PERL (MICHIGAN ÷ BNL) 
NIETO 68 RMP 40 1~0 N NIETO (STON) 

21 SIGMA 0 ( 1193 , JP=1 /2÷ )  I=1 

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

21 (SIGMA-) ~-  (SIGMAO) MASS DIFFERENCE (MEV) 
D) N SEE NOTE PRECEDING LAMBDA MASS LISTINGS. 

D1 18 ~.75 O.l  BURNSTEIN B~ HBC 
D1 37 4 .87  0 .12  DOSCH 65 HBC 
D1 12 A .99  0 .13  SCHMIDT 65 HEC SEE NOTE N 6 1 6 8  
D1 . . . . . . . . .  
D1 AVG ~ .849  B .069  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  
DI FIT ~.863 0.064 FROM FIT )ERROR INCLUDES SCALE FACTOR OF 1.0) 2172~ 

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

21 (SIGMA O) - (LAMBDA) MASS DIFFERENCE (MEV) 

DL N SEE NOTE PRECEDING LAMBDA MASS LISTINGS. 

DL 208 76 .63  D.2B SCHMIDT 65 HBC SEE NOTE N 6/68 
DL 
OL FIT 76.89 O.IO FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2) 2172~ 

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

21 SIGMAO MEAN LIFE (UNITS 10~*-14( 

T ( [ .O)  OR LESS DAVIS 62 EMDL 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . .  

21 SIGMA 0 PARTIAL DECAY MODES 

DECAY MASSES 
P1 SIGMA O INTO LAMBDA GAMMA 1115+ O 
P2 SIGMA O INTO LAMBDA E+ E- 1115+ .S+ .5 

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

21 SIGMA O BRANCHING RATIOS 

R1 SIGMA O INTOILAMBDA E+ E- I /TOTAL (PZ i / (P l+P2 )  
R1 [ 0 . 00545 )  THEORET. CAL. FEINBERG 58 QUANTUM ELECT. 9 /66  

REFERENCES 

21 SIGMA O(1193 , JP=E /2+ ) I=1  

FEINBERG 58 PR 109 1019 G. FEINBERG (BNL) 
DAVIS 62 PR 127 605 D DAVIStR SETTI,M RAYBOND~G TOMASIN {CHI) 
BURNSTEI 64 PRL 13 66 BURNSTEIN,DAY,KEHOEtSECHI ZDRNtSNDW (MARY) 
DOSCH 65 PL 14 239 DDSCHTENGELMANNtFILTHUTHJHEPP.KLUGE+ (HEIDI  
SCHMIDT 65 PR 140 B 1328 P SCHMIDT (COLUMBIA| 

PAPERS NOT REFERRED TO IN DATA CARDS. 

COURANT 63 PRL 10 409 COURANTtFILTHDTH~FRANZINI+ (CERN+UMD+DSNRL) 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS 

ALFF 65 PR 137 81105 ALPF~GELFAND~NAUENBERG+ (CDLUMBIA+RUTG+BNL)P 

F ~  22 X I -  ( 1321 , JP=1 /2 )  I =1 /2  

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

22 X I -  MASS IMEV) 

M H l l ( 1317 .O)  ( 2 . 2 )  WANG 61HLBC 
M H 18 (1317 .9 )  ( l . 9 )  FOWLER 61HLBC 
M H (OLD DATA AND LOW STATISTICS DROPPED ON SDGGESTISN OF J R HUBBARD) 
N 517 1321 .4  0 .4  JAUNEAU 63 FBC 

SCHNEIDER ~3 HBC M 62 1321 .1  O,6E 
M 241 1321 .1  0 .3  BAGIER1 64 HBC 

ALL MASSES ABOVE WERE RAISED 0 .09  MEV BECAUSE LAMBDA MASS RAISED M 
M 149 1321 .3  O.~ PJERROU 65 HBC 11 /67  
M 6 1321 ,67  0 .82  CHIEN 66 HBC - 6 . 9  PEAR P 9 /67  
M 299 1321 .4  1 .1  LONDON 66 HEC 6 /66  
M G 195 1321 .87  0 .51  DOLDWASSE 70 HBC 5 .5  K-P 8 /70  
M G USES LANDA MASS OF l l l B . 589 -M(X I I  IS  1322*18  IF M(LABBDAI IS 1115 .84  
M . . . . . . . . .  
M AVG 1321 .35  0 .17  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 ]  
N FIT 1321 .30  0 .15  FROM FIT  (ERROR INCLUDES SCALE FACTOR OF L.O) 2172 ,  



Stable Particles 
='-, .-o 

5 z  

Data Card Listings 
For notation, see key at front of  Listings. 

22 ANTI Xl-MASS (NEV) 

(1 ,33  BROWN 
0 .93  CHIEN 

(0 .6 )  
O.6 

MI 1 (1322 .0 )  62 HBC ANT I -X l -  T /66  
N1 5 1320 .69  66 HBC + 6 .9  PBAR P~ANTI 9167 
MZ S 12 (1321 .7 I  SHEN 67 HBC ANT I -X ) -  10 /67  
MI 3A 1321 .2  STONE TO HBC 10 /70  
M1 S THE ERROR IS STATISTICAL ONLY 
M1 . . . . . . . . .  
Ml AVG 1321 .12  0 .37  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ,0 }  
MI FIT ASSUMES X [ -  AND ANTI X I -  MASSES EQUAL 

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

22 MASS DIFFERENCEtiXI-I-(ANTI-XI-) IN NEV 

DM 1 .0  1 .1  CHIEN 66 HBC 6 .9  PBAR P 9 /67  

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

22 X I -  HAGNETIC MONENT (MAGNETONSt930.26 MEV) 

MR 2726 -O . l  2 . 1  BINGHAM TO DSPK - K-F AT 1 .8  GEV/C 2 /71  

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

E2 X I -  MEAN L IFE  (UNITS 10 ,$ -10 )  

T H l I  (3. B) (3 ,6 )  ( I . 23 )  HANG 61HLBC 
T H 18 ( 1 . 28 )  ( 0 . 61 )  ( 0 . 25 ]  FOWLER 61HLBC 
T H (OLD DATA AND LOW STATISTICS DROPPED ON SUGGESTION DF J R HUBBARD) 
T S IT  1 .86  O, IB  0 .1~  JAUNEAU 63 FBC 
T 62 1 .55  0 .B1  0 .B1  SCHNEIDER 63 HBC 
T 386 { 1 . 7 T )  ( 0 . 12 )  CARMONY 66 HBC REP BY PJERROU 68 
T 796 1 .69  O.OT HUBBARD 66 HBC 
T 246 1 .70  0 .12  PJERROU 68 HBC 11167 
T S 6 ( 1 . 37 )  (O .B1)  CHIEN 66 HBC - 6 . 9  PBAR P 9 /67  
T 299 1 .80  0 .16  LONDON 66 HBC 6 /66  
T S ( l . 6T )  (O .OT)  BURGUN 68 HBC K-P AT 1 .3 -1 .8  2 /71  
T E610 1 .61  0 .04  DAUBER 69 HBC 6 /68  
T S THE ERROR IS STATISTICAL ONLY 
T . . . . . . . . .  
T AVG 1.660 0.037 O.O3B AVERAGE (ERROR INCL. SCALE FACTOR OF 1.1) 

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

22 XI*BAR MEAN LIFE (UNITS 10.*-10) 

TL S 5 ( 1 . 51 )  (O.SB}  CHIEN 66 HBC • 6 ,9  PBAB P,ANTI  9167 
T I  S 12 ( 1 . 91  (O.T)  (O .E)  SHEN 67 HBC ANT I - IT -  10 /67  
T1 36 1 .6  0 ,3  STONE 70 HBC 10170 

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

22 X ] -  PARTIAL DECAY MOUES 

DECAY MASSES 
P l  X I -  INTO LAMBDA P I -  111B÷ 139 
P2 X I -  INTO LAFBDA E- NEUTRINO 111B+ .B+ O 
P3 X l -  INTO NEUTRON P l -  939+ 139 
P4 X l -  INTO LAMEDA MU- NEUTRINO 111E+ 105+ O 
PB X I -  INTO SIGMAB E- NEUTRINO 1192+ . 5÷  O 
P6 X l -  INTO SIGMAO MU- NEUTRINO 1192+ 105+ O 
PT X l -  INTO NEUTRON E-  NEUTRINO 939*  .E+ 0 

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

22 X I -  BRANCHING RATIOS 

RI  X l -  INTO (LAMBDA E- NEU)/(LAMBOA P I - )  (UNITS lO* * -B )  (P2 ) / (P1 )  
RX 1 (155)EFFECTIVE DENOR, CARMONY 63 HBC 11 /67  
RI  O (2603EFFECTIVE DENOM, JAUNEAU 63 HBC 11 /67  
R I O  11/6T (220)EFFECTIVE OENOM. BERGE 66 HBC 
R1 1 (1551EFFECTIVE DENON. LONDON 66 HBC 11 /67  
R I O  (T IT )  EFFECTIVE BENDM, TRIPPE 67 HBC 11 /67  
RI  2 ( IDT6)EFFECTIVE DEh~M. HUBBARD 68 HBC 6 /68  
RI  6 1 .1E 0 .90  0 .55  HUBBARD 68 RVUE 
P[  HUBBARD 68 (RVUEI INCLUDES ALL ABOVE EVENTS ~ /68  

R2 X[ -  INTO (NEUTRON P I - J / ( LAMBDA P I - J  {UNITS 10 * * -B )  {P3 ) / (P1 )  
R2 B.O OR LESS FERRO-LUZ 63 HBC 6 /68  
R2 I . l  OR LESS DAUBER 69 HBC 6 /68  

R3 X I -  INTO (LAMBDA MU- NEUTRINO)/TOTAL (UNITS 10 " * -3 )  (P6)  
R3 12 ,0  OR LESS BERGE 66 HBC 6 /6E 
R3 1 .3  OR LESS DAUBER 69 HBC 6 /68  

R6 X l -  INTO (SIGMAO E- NEUTRIND)/TDTAL (UNITS 10$~-3)  (PSI 
R6 3 .0  OR LESS BEROE 66 HBC 6 /68  
R6 O.S DR LESS DAUBER 69 HBC 6 /68  

RB X { -  INTO (SIGNAO BU- NEUTRINO]/TOTAL (P6) 
RB 0o008 OR LESS BERGE 66 HBC 7166 

R6 X I -  INTO (N E- NEUTRINO)/(LAWBDA P I - )  (PT I / (P I )  
R6 O .O I  OR LESS CL=.BO BINGHAM 65 RVUE 9 /66  

RT X I -  INTO (SIGMAO E- NEU ÷ LAMBDA E- NEU)ITOTAL (10 * * -31  (P2÷PS) 
RT 17 0 .68  0 .22  DUCLOS 7 I  OSPK SEE NOTE O 10 /71e  
RT D THIS EXPERIMENT CANHOT DISTINGUISH SIGMAO FROM LARBDA. THE CABIBBO 
R7 O THEORY EXPECT SIGMAB RATE ABOUT A FACTOR 6 SMALLER THAN THE LAMBDA 
R7 O TO GET A VALUE FOR THE TABLE RT HAS BEEN AVERAGED NITH R1 - 

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

2Z X I -  DECAY PARAMETERS 

RELATED TEXT SECTION IV H AND APPENDIX I I I  

A ALPHA X I -  
A O ( - 0 . 663  ( 0 ,12 ]  JAUNEAU 63 FBC SEE NOTE D BELOW 6 /68  
A O 62 ( - 0 . 78 )  ( 0 , 23 )  SCHNEIDER 63 HBC SEE NOTE D BELOR 6 /68  
A 240 -0 .5  0 .38  BADIERI 66 HBC SEE NOTE D BELOW 616E 
A 356 -B .62  0 ,13  CARMONY 66 HBC SEE NOTE D BELOW 6 /68  
A 1006 -0 .368  0 ,068  BERGE 66 HBC SEE NOTE D BELOW 6 /68  
A L 366 - 0 .67  0 ,13  LONDON 66 HBC SEE NOTE O BELOW 6/6E 
A ( - 0 . 391 )  ( 0 . 0321  BERGE 2 66 RVUE INCLUDES ALL ABOVE 9466 
A q 2529 ( - 0 . 375 )  ( 0 . 051 )  MERRILL 68 HBC 6 /68  
A 2781 -0 ,391  O.OA5 DAUBER 69 HBC SEE NOTE A BELOW 
A 2724 -0 ,383  0 .065  BINGHAM 70 OSPK lO/TO 
A A USED ALPHALAMBDA = 0 ,66T PLUS OR MINUS 0 .020  
A O ERRORS MULTIPLIED BY I . I  DUE TD APPROXIMATIONS USED FOR Xl 
A O POLARIZATION. (SEE DAUBER 69 FOR DETAILED DISCUSSION) 6 /68  
A L LONDON 66 USES ALPHA-LAHBDA • D.62 
A W DATA OF MERRILL 68 INCLUDED IN DAUBER 68. 
A 0 OLD DATA NOT INCLUDED IN AVERAGE, 
A . . . . . . . . .  

AVG -0 ,602  0 .031  AVERAGE (ERROR INCLUDES SCALE FACTOR qF [ . 0 )  

F PHI RNGLE (S IN(PNI I /CDS(PHI I -BETA/GAMNA)  (DEGREES) 
F D ( - 16 .01  (~E.O) JAUNEAU 63 FBC SEE NOTE D BELOW 6 /68  
F D 62 (65 .0 )  |B6 .D)  SCHNEIDER 63 HBC SEE NOTE D BELOW 6 /68  
F 386 86 ,0  30 .0  CARNONY 66 HBC SEE NOTE D BELOW 6 /68  
P 100# 0 .  12.  BERGE 66 HBC SEE NOTE D BELON 6 /68  
F L 366 O.O 20 .6  LONDON 66 HBC SEE NOTE D BELOW 6168 
F M 25Z9 (9 .  B) 011 .6 )  MERRILL 68 HBC 6 /68  
F 2781 -16 .  11.  DAUBER 69 HBC SEE NOTE A BELOW 
F 2726 -26 .0  30 .0  BINGHAM TO OSPK 10170 
F A USED ALPHALABBDA - 0 . 667  PLUS OR MINUS 0.G20 
F D ERRORS MULTIPLIED BY 1 .2  DUE TO APPROXIMATIONS USED FOR XI  
F D POLARIZATION. (SEE DAUBER 68 FOR DETAILED DISCUSSION) 
F L LONDON 66 USES ALPHA-1AMBDA t B .62  
F N DATA OF MERRILL 68 INCLUDED IN DAUBER 68 .  
F 0 OLD DATA NOT INCLUDED IN AVERAGE. 
F . . . . . . . . .  
F AVG -6 .3  8 .1  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ,1 )  

REFERENCES 

22 XI  - ( 1321 t JP -1 /2 )  I =1 /2  

FOWLER 61 PRL 6 186 FOWLER~BIRGE,EBERHARO,ELY,GOOOyPOWELL÷(LRL ) 
WANG 6 I  JETP 13 512 K NANG,T NANG~VIBYASOV~TING,SOLOVEV+ ( J INR)  
BROWN 62 PRL B 2EB DROWN, CULNICK~FOWLERvOAILLDUD ÷ (BNL÷VALE) 

CARMDNY 63 PRL lO 381 CARRONYtPJERROU (UCLA) 
FERRO-LU 63 PR 130 1568 FERRO-LUZZItALSTONtROSENFELDtWDJCICKI (LRL) 
JAUNEAU 63 SIENA CDNF 6 JAUNEAU+ (PAB[S÷CERN+LOND÷RUTH÷BERGEN) 

ALSO 63 PL 5 261 JAUNEAU~RORELLET÷ {EP~CERM,LONtRUTHeBERGEN( 
SCHNEIDE 63 PL 6 360 H SCHNEIDER (CERN) 

CARMONV 66 PRL 12 ABE CARMONYIPJERROJtSCHLEIN,SLATER~STDRK÷(UCLA) J 
BADIERI 66 DUBNA CONF I 593 BADIER.DENOULIN. BABLOUTAUD÷ (PARIS~SAC÷ZEE) 
HUBBARD 66 PR I3B B 183 HUBBARDtBERGEtKALOFLEISCH~SHAFER ÷ (LRL)  
BINGHAM 65 PRSL 285 202 H H BINGHAN (CERN) 
PJERROU 68 PRL 16 275 ÷ SCHLEINtSLATEBjSMITHtSTORKtT[CHO (UCLA) 
PJERROU 65 THESIS G M PJERROU (UCLA) 

BERGE 66 PR 167 ~S  BERGE,EBERHARDtHUBBARDtMERRILL + (LRLI  
BERGE 2 66 BERKELEY CDNF 66 BERGEtCABIBBO (RVUE) 
LONDON 66 PR 1A3 1036 LONDON~RAUtOOLDBERG|LICHTMAN÷ (BNL+SYRACUS) 
CHIEN 66 PR 1BZ I ITL  ÷LAEHtSANDWEISStTAFT;YEH~DREN ÷ (YALE÷BNL) 
SHEN 67 PL 28 B 663 B.C.SHEN,A.FIRESTDNE,G.GOLDHABER (UCB+LRL) 
TRIPPE 6T PR[V,  COMM, T, TRI~PE (UELA) 

BURGUN 68 NP BB ~T  +MEYERpPAULI tTALLINI t  + (SACL+CDEF+RHEL) 
HUBBARD 68 PRL 20 ~68 HUBBARD~BERGEtDAUBER (LRL) 
MERRILL 68 PR 16T 1202 MERRILLtSHAFER (LRL)3  

DAUBER 69 PR 179 1272 +BERGE,HUBBARD,MERRILLtHILLER (LRL)J  
BINGHAM 70 PR D l  3010 ÷CDOKpHUNPHREYtSANOERtW{LLIANS÷ (UCSDtNASH) 
GOLDWASS TO PR D1 1960 GDLDWASSERv SCHULTZ ( I LL )  
STONE TO PL 32B 515 +BERLINGHIERI.BROMBERG,COHENtFERBEL +(ROCH) 

DUCLOS 71 NP 832 693 +FREYTAGtHEINTZEtHEINZELNAN~JONES~ (CERNI 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * *¢ * * *  * *$ * * * * * *  * * * * * * * * *  * * * * * * * *  

23 X I  O (13161JP=1 /2  I I =1 /2  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

23 X I  O MASS (MEV) 

W 1 1313.  A 1 .8  PALMER 68 HBC 3 /68  
M . . . .  . . . . .  

FIT L316 .73  O.7O FROM F IT  {ERROR INCLUDES SCALE FACTOR UF 1 .0 )  2 / 72 *  

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

23 X I  MASS DIFFERENCE ( - ) - (O I (MEV]  

D 23 6 .8  1 .6  JAUNEAU 63 FBC 
D 4E 16 .1 )  ( 1 . 6 )  CARNDNY 66 HBC REP BY PJERROU 6E 
D BB 6 .  I 0 . 9  PJERROU 65 HBC 11 /67  
D 29 6 .9  2 .2  LONDON 66 HBC 6166 

AVG 6 .34  0 .74  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,01 
D FIT 6 .86  0 .68  FROM FIT  (ERROR INCLUDES SCALE FACTOR OF l .O )  2172*  

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

23 X I  O MEAN L IFE  (UNITS 10 " * -103  

T 24 3 .9  1 .6  O°BO JAUNEAU 63 FBC 
T 48 ( 3 .  B) ( 1 .B )  ( 0 . 8 )  CARNONY 66 HBC REP BY PJERRDU 68 

101 B.B 0 .6  0 .3  HUBBARD 66 HBC T 
T EO 3 .0  O.S PJERRDU 65 HBC 11/6T 
T 340 3 .07  0 .22  O.2O DAUBER 69 HBC 6 /68  
T . . . . . . . . .  
T AVG 3 .03  0 .18  O , I 6  AVERAGE (ERROR INCL.  SCALE FACTOR OF 1 ,0 )  

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

23 X l  0 PARTIAL DECAY MODES 

DECAY MASSES 
P1 X I  O INTO LAMBDA PlO 111E÷ 136 
P2 X I  O INTO PROTON P I -  938÷ 139 
P3 X I  O INTO PROTON E- NED 93B+ .B+ O 
P~ X I  O INTO SIGMA÷ E- NEU 1189+ .5+  O 
PB X I  0 INTO SIGMA- E+ NED 1197+ .B+ O 
P6 X[ O INTO SIGMA÷ MJ- NEUTRINO 1189÷ 1OR+ O 
PT X l  O INTO SIGMA- MU+ NEUTRINO 1197÷ 10B+ O 
P8 XI O INTO PROTON MU- NEUTRINO 938÷ IDA+ O 

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

2B Xl 0 BRANCHING RATIOS 

R 1 XIO INTO (PROTON P I - ) / ( LANBDA PIO) (UNITS 10 " * -3 )  (P2 ) / (P l )  
R1 27 ,0  OR LESS TICHO 63 HBC 6 /68  
RI  5 . 0  OR LESS HUBBARD 66 HBC 6 /68  
P1 0 ,9  OR LESS DAUBER 69 HBC 6168 

R2 KID INTO (PROTON E-  NEU)/(LAMBDA PIO)  (UNITS 10~*-3) (PB) / (P l l  
R2 Z7.O OR LESS TICHO 63 HBC 6 /68  
R2 6 .0  OR LESS HUBBARD 66 HOC 6 /68  
R2 1 .3  OR LESS DAUBER 69 HBC 6 /68  
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R3 XIO INTO (SIGMA÷ E- NEUI/(LAHBDA PlOI (UNITS 10 .~ -3 )  ( P A l / I F 1 (  
R3 13.0 DR LESS TICHO 63 HBC 6/68 
R3 T.O OR LESS HUBBARD 66 HBC 6/68 
R3 1 .5  OR LESS DAUBER 69 HBC 6/68 

R4 RiO INTO (SIGMA- E+ NEU)/(LANBBA RIO) (UNITS 1B~*-3)  (P~J / (P1 )  
R6 6 . 0  OR LESS HUBBARD 66 HBC 6/68 
R4 1.5 DR LESS DAUBER 69 HRC 6/68 

EB XIO INTO (SIGMA+ MU- NEU(/TOTAL (UNITS l O $ * - B ( { P 6 )  
RS 7 . 0  OR LESS HUBBARD 66 HBC 6/68 
E5 1.5 OR LESS DAUBER 69 HBC 6/68 

RB XIO INTO (SIGMA- NU+ NEU]/TOTAL (UNITS 1 0 " * - 3 )  (P7) 
R6 6*0  DR LESS HUBBARD 66 HBC 6/68 
RB 1.5 OR LESS DAUBER 69 HBC 6/68 

R7 XIO INTO (PROTON MU- NEU)/TOTAL (UNITS 1 0 " * - 3 )  (P8l 
R7 6 . 0  OR LESS HUBBARD 66 HBC 6/68 
RT 1.3 DR LESS DAUBER 69 HBC 6/68 

23 Xl  0 DECAY PARAMETER 

RELATED TEXT SECTION IV H AND APPENDIX I I I  

A ALPHA Xl 0 
A - 0 , 0 9  0 .66 PJERROU 65 HBC SEE NOTE D BELOM 6/68 
A 146 - O . I B  0,17 BERGE 66 HBC SEE NOTE O BELOM 6/68 
A L 46 - 0 . 2  0 .6  LONDON 66 HBC SEE NOTE D BELOM 6/6B 
A M A90 ( - 0 . 3 3 )  ( 0 , 1 1 )  MERRILL 66 HBC SEE NOTE O BELOW 6/68 
A A 739 - 0 . 6 3  0 .09 OAUBER 69 SEE NOTE A BELOW 
A A USED ALPHALAMBDA = 0.6~7 PLUS eJR MINUS O,OZO 
A D ERRORS MULTIPLIED BY 1.1 DUE TO APPROXIMATIONS USED FOR X) 
A D POLARIZATION, (SEE DAUBER B9 FOR DETAILED DISCUSSION) 
A L L(~NDO~ 66 USES ALPHA-LAMBDA = 0 .62  
A M MERRILL 66 REPLACED BY DAUBER 69 
A . . . . . . . . .  
A AVG -0 .351  0.077 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l . O )  

F PHI ANGLE (SIN(PHI)/COS(PHII=BETA/GANBA) (DEGREESI 
F 166 - 8 ,  30. ~RGE 66 HEC SEE NOTE D BELOW 6/68 
F ~ 490 ( lOT.O)  (66 .0 )  MERRILL 66 HBC SEE NOTE O BELOM 6/68 
F A 739 38. l g .  DAUBER 69 HRE SEE NOTE A BELOW 
F A D USED ALPHALAMBDA = 0.6¢7 PLUS (~  MINUS 0.020 
F ERRORS MULTIPLIED BY 1.2 DUE TO APPROXIMATIONS USED FOR XI 
F D POLARIZATION. (SEE DAUBER 69 FOR DETAILED DISCUSSION( 
F N MERRILL 66 REPLACED BY DAUBER 69 
F . . . . . . . . .  
F AVG 2~.8 20.8  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.B)  

(SEE IDEOGRAM BELOW ) 

WEIGHTED ~UERRGE = 2 4 . O  ± 2 0 . B  

ERROR SCRLED BY 1 . 3  

/ 
- ( D O  -SO 

P H I  RHGLE 

/ 
O SO 

.''•..B " ' D R U B E R  

ERGE , 

~O0  ~SO 

( D E G R E E S )  X l  O 

SS HBC 

S6 HBC 

C H I S Q  

O . S  

1 . 2  

1 . 7  

( C D N L E U  
= 0 . t 9 5 )  

REFERENCES 

23 Xl  O(IOlA. tJP= l /2 ) l= l /2  

ALVARE2 E9 PRL 2 21B ALVAREZIEBL=RHARGtGOOO, GRAZIANOtTICHO÷ (LRL) 
JAUNEAO 63 SIENA CONF I I JAUNEAU÷ (PARIS÷CERN+LONDeRUTH÷BERGEM) 

ALSO 63 PL 6 69 
TICHO 63 BNL CONF 410 

CARNOMY 66 PRL 12 682 
HUBBARD 66 PR 135 B 183 
PJERR[~J 65 PRL 16 275 
PJERROU 65 THESIS 

BERGE 66 PR 167 9&B 
HUBBARD 66 UCRL 11510 
LONDON 66 PR 143 103A 
MERRILL 66 BERKELEY CONF 

ALSO 66 UCRL 16455 

PALMER 68 PL 26B 323 
DAUBER 69 PR ITS 1262 

JAUNEAU+ (PARIS÷CERN+LOND+RUTH÷BERGEN) 
HAROLD g TICMO (UCLA) 

CARNONY,PJERROU,SCHLEIN,SLATER,STORK÷IUCLAI 
HUBBARD~RGEtKALBFLEISCH,SHAFER ÷ (LRL( 
+ SCHLEINtSLATBRtSMITH~STORK,TICHO (UCLA) 
G M FJERROD (UCLA) 

BERGEtEBERHARD,HUBBARD~RERRILL ÷ (LRLI 
J RICHARD HUBBARD (THESIS,BERKELEY) (LRL} 
LONDON~RAU,GOLDBERG~LICHTMAM+ (BNL÷SYRACUSI 
MERRILL,GHAFER,BERGE (LRL) 
OEANE MERRILL (THESIS, BERKELEY( (LRL) 

PALMER ,RAOOJICIC,RAU,RICHARDSON+ (BNL,GYRI 
+BERGEeHUBBARD, MERRILL,NILLER (LRL) 

5 3  

Stable Particles 
~o D -  

26 OMEGA- (1675,JP=3/2÷)  I=0 
QUANTUM NUMBERS ASSIGNED FROH SUB 

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

26 OMEGA- MASS (MEV) 

M l [ I E Z O . O )  (25 .0 )  ( 1 0 , 0 (  EISENBERG 56 EMUL 
M 1 1673.0 B.O ABRAMS 66 HBC INTO X I -  PIO 
N B 1673.3 1 .0  PALMER 68 HBC K-P 6 . 6 , 5 .  GEV/C 11/69 
M 3 1671.8 0 ,8  SCHULTZ 6B HBC K-P 5 .5  GEV/C 11/69 
M 5 1676.2 1.6 SCOTTER 68 HBC K-P 6* GEVIC 11169 
M 6 1671.9 1 .2  SPETH 69 HBC K-P IO. GEV/C 11169 
M . . . . . . . . .  
M AVG 1672.69 0.52 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)  

ZA ONEGA+BAB MASS (NEV) 

ND 1 1673.1 1 .0  FIRESTONE 71 HBC 12 GEV/C K÷O 

26 OMEGA- MEAN LIFE (UNITS 10 * * -10  SECI 

T AA 11.631 
T (O.T)  
T A ( 1 . 4 )  
T ( 1 , 8 5 )  
T A A 11 .5 l  
T A ( 0 . 9 3 l  

( 2 . 6 )  
7 I I ( i . .  T 
T A (0.211 
T A 1 (1 .20 )  

TT ~ 1 , . . . .  ( 10.631 

T T : 1 ( G . . ,  (O.SO) 
TT l I ,O.TI ,  

10.081 
T ~ [ l .  OAt 
T (2 .38 )  
T A ALLISON INCLUDES ALL ABOVE + 3 
T 21 1.31 0.37 0 .24 
T ~ 12.31 
T ( 0 . 3 1 )  

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

2& OMEGA- PARTIAL OECAY NODES 

DECAY MASSES 
PL OMEGA INTO LAMBDA K- 1115+ 690 
P2 OMEGA INTO XI 0 P I -  1316+ 139 
P3 OMEGA INTO X I -  PI O 1321+ 13A 

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

26 OMEGA- BRANCHING RATIOS 

ABRAMS 6A HBC 7/66 
BARNES 1 6A HBC 7/66 
BARNES 2 6A HEC 7/66 
COLLEY 65 HBC 7/66 
RICHAROSO 65 HRC T/66 
ABCLV COL 68 HBC 11/67 
ABCLV COL 68 HBC 11/67 
ABCLV COL 68 HBC 11/67 
ABCLV COL 68 HBC 11/67 
SCHULTZ 68 HBC 11/67 
SCHULTZ 68 HBC 11/67 
SCHULTZ 68 HBC L1/6T 
SCOTTER 68 HBC 6/68 
SCOTTER 68 HBC 6/68 
SCOTTER 68 HBC 6/68 
SCATTER 6B HBC 6/68 
SCGTTER EB HBC 6/6B 
SCATTER 68 HBC 6/68 
MORE BNL EVENTS, UNPUBLISHED, 6/68 
ALLISON 68 RVUE 6/68 
SFETH 69 HBC 10169 
SPETH 69 HBC 10/69 

OMEGA- INTO LAMBDA K- ( E l )  
EVENTS PALMER 6B HBC 
EVENTS SCHULTZ 68 HBC 

5 EVENTS 1 AMBIG. XIO P I -  SCOTTER 68 HBC 
6 EVENTS SPETH 6g HBC 

OMEGA- INTO XlO P [ -  (P2) 
1 EVENTS ABRAMS 66 NBC 
4 EVENTS PALMER 68 HBC 
3 EVENTS S~OTTER 68 NBC 
1 EVENT SPETH 69 HBC 

OMEGA- INTO X l -  PIO (P3) 
1 EVENT PALMER 68 HBC 
1 EVENT SCATTER 68 HBC 

11/69 
11/69 
11/69 
11/69 

11/69 
11/69 
11/69 
11/69 

11169 
11169 

EISENBER 56 PR 96 561 
ABRAMS 64 PRL 13 6TO 
BARNES 1 66 PRL 12 206 
BARNES 2 66 PL 12 136 
CDLLEY 65 PL 19 152 
RICHARDS 65 BAPS LO 115 
SAMIOS EB ARGONNE CONF 189 

ABCLV CO 68 NUC PHYS BA 3ZB 
ALLISON 6B PRIV. CORM* 
PALMER 68 PL 26B 323 
SCHULTZ 68 PR 168 1509 
SCGTTER 68 PL 26B 676 
SPETH 69 Pb 29B 252 
FIRESTON 71PRL 26 610 

REFERENCES 
26 DNEGA-(E675,JP-B/2+) I -O 

Y EISENBERG (CORNELL) 
BURNSTEIN,GLASSER + (NARYLAND÷USNRL) 

V E BARNESvCONNOLLY,CRENNELL,CULNICK+ (BNL( 
V E BARNEStCGNNOLLY,CRENNELL,CULWICK÷ (BNL) 
COLLEYvDOOD + (BIR+GLA÷IC÷NUN+OXFtRHEL) 
RICHARDSGN,BARNES,CRENNEL+ (BNLeSYRACUSE) 
N F SAMIOS ((RVUE) BNL) 

AACHEN÷BERLINeCERN+LONDON IHP.COLL*÷VIENNA 
JOHN ALLISON (LANCASTERI 
PALNER~RADOJIEICIRAUtRICHARDSON+ (BNL,SYRI 
SCHULTZ+ (ILL,ARGONNE,NORTHMESTERN,WISC) 
SCOTTER+(BIRM,GLASGDW, IC LONDON,MUNICHvOXFI 
SPETH~ (AACHEN,BERLIN,CERN, LONDON,VIENNAI 
÷GOLDHABERtLISSAUERtSHELDONtTRILLING (LRL) 
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CODE EVENTS QUANTITY ERROR+ ERROR- REFERENCE YR TEEN SIGW COMMENTS DATE. 
ABOVE PUNEHED 

BACKGROUND 

~ l  Pl MESON (JPG=O--) I = l  

SEE LISTINGS OF STABLE PARTICLES 

ETA (549, JPG=O-+] I=0 

SEE LISTINGS OF STABLE PARTICLES 

~ l  t~ PI Pl S WAVE, CALLED ERSILON 

S - w a v e  ~rw I n t e r a c t i o n s  in the  R e g i o n  Z 80 - i 400  MeV 

=w i n t e r a c t i o n s  in the  I G ( J P ) c  = 0 + (0 +)+ wave  

0 f r o m  can  be d e s c r i b e d  by  the  e l a s t i c  p h a s e  sh i f t  50 

the  ww t h r e s h o l d  (=Z80 MeV) up to the r e g i o n  of  the  

KK t h r e s h o l d  (= 990 MeV).  But  s t a r t i n g  s l i g h t l y  

b e l o w  KK t h r e s h o l d ,  a c o u p l e d  t w o - c h a n n e l  f o r m a l -  

i s m  is  r e q u i r e d .  At  the  v e r y  l e a s t  - -  un t i l  ful l  t w o -  
0 

c h a n n e l  s t u d i e s  a p p e a r  -- the  p h a s e  sh i f t  60 h a s  to 
0 

be s u p p l e m e n t e d  by  an  e l a s t i c i t y  p a r a m e t e r  70 . At  

h i g h e r  e n e r g i e s ,  s t i l l  m o r e  c h a n n e l s  open  up,  and  

s: 
150 ° 

120 ° 

90 = 

60= 

30 o 

1.0 ~ BATON 70 '%p" 

o ~.., BATONL.i 70 "do~" 

~: ~BEAUPRE 70 

0.5 

, [,,t. 'I' I 
• BATON 70 ,~+ 

Fig. i _ O BEALIPRE 70 +++"uP'i_, 

~ %  OH 70 

Ii 
i , i  I A , . ldl l l  .... ~, ~ 
T h '-qT'.][fY?'li,~k ;,, i 

l i t  ~ ' '  I i  

I : , ,÷ ' , l i ' [T r ' ' ,~  
, , , ' , , ~ ; ' , ~  ' ~ / "  

! i [ '  
' ,It  1 
' , I .O 1.5 

[0eV] 

Fig .  ~. The w~ S - w a v e ,  I = 0 p h a s e  sh i f t  p a r a m e t e r s ,  
s h o w i n g  s o m e  s o l u t i o n s  a v a i l a b l e  t h r o u g h  t 9 7 t .  
BATON 70 a c t u a l l y  p r e s e n t e d  two " d o w n "  s o l u t i o n s ;  
the  one we p lo t  a l l o w e d  f o r  i n e l a s t i c i t y ,  the  o t h e r  
c o r r e s p o n d e d  to a p u r e l y  e l a s t i c  h y p o t h e s i s .  The  
n e w  4 w da t a  of  A L S T O N - G A R N J O S T  7i s h o w  tha t  
the  ww c h a n n e l  i s  e s s e n t i a l l y  e l a s t i c  up  to  KK t h r e s h -  
t h r e s h o l d ;  i f  we  h a d  p l o t t e d  the  e l a s t i c  f i t  of  B A T O N  
70, i t  w o u l d  have  a g r e e d  b e t t e r  w i th  the  n e w e r  f i t s  
in  F i g .  Z. 

h a v e  to be t a k e n  in to  a cc oun t :  the  4w c h a n n e l  i s  

b e c o m i n g  n o t i c e a b l e  a r o u n d  1 t00  MeV,  p~w a p p e a r s  

a r o u n d  i300  MeV, e tc .  (See HYAMS 70, OH 70, 

A L S T O N - G A R N 5 O S  T 7 t ) .  

R e s o n a n c e s  c l a i m e d  t h r o u g h o u t  t h i s  r e g i o n  in  

the  p a s t  h a v e  b e e n  n a m e d  ¢OAB C, (r, e , ~ 0 + ( 7 0 0 - i 0 0 0 ) ,  

S 8, and ~0+( t070) ,  a l l  w i t h  the  s a m e  q u a n t u m n u m b e r s .  

At  p r e s e n t ,  i t  s e e m s  n e c e s s a r y  to c o n s i d e r  on ly  two 

p o l e s ,  the  e po le  and  the  S ~ po le .  W h e t h e r  e i t h e r  

one a c t u a l l y  c o r r e s p o n d s  to a r e s o n a n c e  d e p e n d s  

m o r e  on the  de f in i t i on  of a r e s o n a n c e  t h a n  on the  

da ta .  I t  i s  b e c o m i n g  i n c r e a s i n g l y  c l e a r  tha t  the  

d e s c r i p t i o n  of the  p h a s e  sh i f t  by two p a r a m e t e r s ,  

" m a s s "  and "wid th ,  " i s  i n s u f f i c i e n t .  M o r e o v e r ,  the  

c h o i c e  of the  two p a r a m e t e r s  i s  by  no m e a n s  obv ious :  

t h o s e  d e s c r i b i n g  the  c po le  m a y  be s e v e r a l  h u n d r e d  
0 

MeV d i f f e r e n t  f r o m  t h o s e  d e s c r i b i n g  50 at  90 ° . We 

t h e r e f o r e  no l o n g e r  quo te  " m a s s "  and  "w id th ,  " but  

r a t h e r  d i s c u s s  the  e x p e r i m e n t a l  i n f o r m a t i o n  on 

500 ( s e e  the  f i g u r e s )  

80 ° F i g. 2 

15d 

20': 

90 ~ 

60' 

50 ,= 
20' 

I 

BAILLON "up"~ ~ { ~LATTE 72 

:0 iit ti it   itt tt t:I! U 
RROLL 72 

o L CARROLL 72 

I"/(~5 1 FLATTE 72 1 

0 I--~l i ~t 
0.5 1.0 

M -rr"rr [GeV] 

I 

1.5 
1 

F i g .  2. The  ww S - w a v e ,  I = 0 p h a s e  sh i f t  p a r a -  
m e t e r s ,  a s  g i v e n  by  t h r e e  v e r y  r e c e n t  s o l u t i o n s :  
B A I L L O N  72, C A R R O L L  72 and  F L A T T E  72. 
E n e r g y - d e p e n d e n t  f i t s  a r e  i n d i c a t e d  by  l i n e s ,  o r  
(when  e r r o r s  w e r e  a v a i l a b l e )  by  do t s  ( i nd i ca t i ng  the  
c e n t r a l  v a l u e  in e a c h  b in  u s e d )  and an e r r o r  band  
( F L A T T E  72). E n e r g y - d e p e n d e n t  s o l u t i o n s  a r e  
i n d i c a t e d  w i t h  c e n t r a l  v a l u e s  and  e r r o r s ;  t he  s o l u -  
t i o n s  of  B A T O N  70 a r e  not  s t r i c t l y  e n e r g y - i n d e -  
p e n d e n t  s i n c e  t h e y  w e r e  ac tua l17  d e t e r m i n e d  f r o m  
s m o o t h  c u r v e s  t h r o u g h  the  da ta .  
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55 
Mesons 

• , p(';,Bs) 
o 

F r o m  the  ~ t h r e s h o l d  60  r i s e s  m o n o t o n i c a l l y  

w i t h  a s m a l l  s c a t t e r i n g  l e n g t h  ( for  a r e v i e w ,  s e e  

E B E L  7 t ,  S e c .  3 . 5 ) .  

No  s t r u c t u r e  or  r e s o n a n t  b e h a v i o r  i s  i n d i c a t e d  

n e a r  t h r e s h o l d  in  data  f r o m  the  r e a c t i o n  w'p -~ ~ N .  

In fac t ,  the  o n l y  s t r u c t u r e s  c l a i m e d  in t h i s  r e g i o n  a r e  

due to r e a c t i o n s  i n v o l v i n g  the  n u c l e i  d, H 3,  o r  He  ~ 

(BOOTH 63, HALL 69, BIIODY 70, BANAIGS 7 t ) ,  

for which the background may be difficult to assess. 

In the region below the p meson (500-700 MeV), 
0 continues to rise slowly, all "up" solutions (60 60 

near 90") being excluded (BATON 70). In the mass 

region between the p and K~ threshold, solutions con- 

flict. BATON 70 found ambiguous "up" and "down" so- 

lutions {see Fig. i), while CARROLL 7Z (40% of whose 

data is that of OH 70) find only one solution {Fig. Z), 

which agrees with the "down" solution of BATON 70. 

However, CARROLL 72 note that their results do not 

completely rule out 5: rising rapidly through 90 ° near 

1000 MeV, since their statistics are weak in that re- 

gion. Using a qualitative coupled-channel (~ and KK) 

analysis, FLATTE ?Z also agree with the "down" 

solution of BATON 70 around 900 MeV, but find a 

resonance at 990 MeV {Fig. Z), which is the ~T= mode 

of the S >~, as is discussed below. Finally, indirect 

information from elastic ~ scattering in the crossed 

channel (NIELSEN 70, ELVEKJAER 7~, HAMILTON 

71) excludes the "up" solution and agrees with the 

"down" solution of BATON 71 and the BDI solution 

of  MORGAN2 70. 
G i v e n  the  c r u d e  m e t h o d s  and  i n f e r i o r  s t a t i s t i c s  

in  t h e  p a s t ,  m o s t  of  the  o l d  x+ ~-  p h a s e  sh i f t  

a n a l y s e s  ( e .  g . ,  ACALAMUD 69,  S C H A K E N G U I V E L  

69,  70) and  the  C h e w - L o w - e x t r a p o l a t e d  ~0~o c r o s s  

s e c t i o n s  (e .  g . ,  D E I N E T  69,  B E N S I N G E R  7~) h a v e  

s o l u t i o n s  that  do not  c o n t r a d i c t  t h i s  b e h a v i o r .  

0 f e e l s  the  i n f l u e n c e  of  two  N e a r  t 0 0 0  M e V ,  6 0 

s t r o n g  e f f e c t s :  the  KK t h r e s h o l d  and  the  S ~ p o l e ,  

w h i c h  m a y  be  l o c a t e d  a n y w h e r e  n e a r  the  t h r e s h o l d .  

T h e  KK t h r e s h o l d  m a n i f e s t s  i t s e l f  c l e a r l y  b y  the  

s u d d e n  i n c r e a s e  of  ~w i n e l a s t i c i t y  ( H Y A M S  70,  
0 

ALSTON-GAI%NJOST 7~) .  6 0 , a l r e a d y  n e a r  90 °, 

probably shoots towards 180 ° and has a cusp 

(discontinuity) at KK threshold (FLATTE 72). 

We list the S X< parameters separately under "S- 

wave KK interactions. " They should not be taken 

too seriously, since all except FLATTE 72 are based 

on simple one-channel analyses. 

For reviews, see BEUSCH 70, LYNG PETERSEN 

71. 
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NARATECK 68 
BIZZARRI 69 

DAVISON 69 
DEINET 69 
ELY 69 
FELDNAN 69 
GUTAY 69 
HALL 69 
HOPKINSO 69 
MALANUD 69 
MORGAN 69 
ROBERTS 69 
SCHARENI 69 
SCHARENZ 69 
SRITH 69 
ST~UGALS 69 

ALSO 70 
WAGNER 69 

BARTSCH 70 
BATON 70 
BEAUPRE TO 
BRODY 70 
DIRE 70 
HYAMS ?O 
MAUNG 70 
MDRGANI 70 
MORGAN 2 70 
NIELSEN 70 
SCHARENG TO 
OH 70 
SHIBATA 70 

ALSTON-G 71 
BANAIGS 71 
BENSINGE 71 
EBEL 71 
ELVEKJAE TL 
GUTAY 71 
HARILTON T l  
KIN 71 
LYNG PET T l  
MORGAN 71 

BAILLDN 7Z 
BRODY 72 
CARROLL 72 
FLATTE 72 

+ B A C H M A N ~ L E A ÷  (BNL+CCNY+CO+KY) 

BLOKHINTSEVA,GREIBINNIK,ZHUKOV + (DUBNA) 
+ ABASHIAN (LRL) 
+SCHWARTZ + TRIPP (LRLI 

8ARISH~KURZvPEREZ-NENDEZtSOLOMON (LRL) 
+GROSSMANtLLOYD~PRICEtFONLER (LRL) 
DEL FABROtDE PRBTIStJONES+ (FRASCATI) 
+KERNANtRU~PONELLvDOWD (LRL+WISCONSIN) 

J .P .  BATON~ J.REGNIER (SACLAY) 
+ELY+GIDAL+KALMUS+CAMERINI+ (LRL+WISC) 
BROWN+FAIER (NORTHWESTERR) 
L. DURAND AND Y.T. CHIU (YALE) 

+SELOVE (LRL) 
+ALLEN~GODDEN,MARSHAIL + (COLORADO+IOWA) 
LOVELACEtHEINZtDONNACHIE (CBRN) 

+FUKUI+KESSLER+ (CHIC+ANL+OTT÷RCGILL+QNC) 
A.B. CLEGG (LANCASTER) 
+DANERELLeMIODLENAS+NEMTDN (OXF+RUTHERF) 
+J~HNSON+LOEFFLER+MCILMAIN+ (PURDUE+UCRLI 
+GUTAY~EISNER,KLEIN, PETERS,SAHNI~YEN+(PURD) 
E.MALAMUD + P,E.SCHLEIN {UCLA) 
W.D.NALKER [WISCONSIN) 
+CARROLL~GARFINKEL,OH (WISCONSIN) 

+SHAM,FULCO (UC IRVINE+S.BARBARA) 
+CASONtJDHNSON~KENNEY, PDIRIER+ [NDAR) 
fiRAUN,CLINE,SCHERER (WISCONSI~I 
B. DUTTA-ROYt I.R. LAPIDUS (HOBOKEN,NJ) 
EISENHANDLER,MISTRY~MOSTEK + (CORNBLLI 
+GAVILLET+LABROSSE+NONTANET÷ (CERN÷PARIS) 
+K~H~PDTTER~.,VON LINDERN~ LORENICERN~NPIN) 
+CALDWELL+ZACHAROV+HARTING+BLEULER+ (GERM) 
+POIRIBR,BISWAS~GUTAY~DERADO+(ND+PURD+SLAC) 
C.LOVELACE (CERN) 

PRL 21 1613 +HAGDPIANt+ (PENN+LRL+COLO+PURD+FNTD+NISC) 
NP 814 169(SEE P.IgO)+FOSTER,GAVILLET~GHESQUIERE+ (CERN+CDEE) 

PR 180 1333 
PL 30 B 359 
PR 180 1319 
PRL 22 316 
NP B 12 31 
NP B E2 573 
NC 59 A 181 
ARGONNE C~NFoP. B3 
NR B EO 261 
PL 29 B 368 
ARGONNE CONF,306 
PR 186 1387 
PRL 23 335 
EL 29 B 518 
NR 0 24 358 
NC 64 A 189 

NP B 22 L 
PL 33 B 528 

CERN PHYS 70 42 
PRL 24 948 
NP B 16 239 
PHILAD.CONF.P.4I 
PL 33 B 521 

+BACASTOWtBARKAS,+ (RIVS+BERK) 
+MBNZIONE,MULLERtSTAUDENRAIERt+ (KARL÷CBRN) 
+GIDAL,HAGOPIAN,+ (BERK÷LOUC+WISC) 
+FRATIyGLEESON,HALPERN~NUSSBAUMy+ (PENN) 
+CARRONYICSONKAtLOEFFLERtMEIERE (PURDUE) 
+NURRAYeRIDDIFORD (BIRMINGHAM) 
J.I-W~PKINSON,R.G.ROBERTS (CERN) 
E.MALAMUDI P.SCHLEIN (UCLA) 
D.MBRGAN~G.SHAW (RHEL) 
R.G. ROBERTS, F. WAGNER (CERN} 
SCHARENGUIVEL (PURDUE) 
SCHARENGUIVEL(PURD+LRL+CERN+COLO+PENN+TNTOI 
G.A. SMITH, R.J.RANNING [MICH+LRL) 
+CHUVILOvFENYVES,+ (WARS+JINR+BUDA) 
STRUGALSKI,CHUVILO,FENYVEStGS~ESYt+ (DUBNA) 
F.WAGNER (CERN) 

+KEPPELeGENSCH, RORRISDN,÷ (AACH+BERL+CERN) 
+LAUBBNS,REIGNIER [SACLAY) 
+DEUTSCHMANNtGRAESSLE~s÷ (AACR+BERL+CERNI 
+GRDVES,VANBERG,MAGLIC+(PENN+ROTG+UPNJ+ANL) 
÷GAVILLET,LABROSSE.MONTANET+ (CERN+CDEFI 
+SCHLEINtBEUSCHt+ (CERN+NUN÷ETH+IC+HANAII) 
+MASEK,MILLER,RUDERMAN,VERNON,+ (UCSD+LRL) 

SPRINGER TRACTS NOD.PHYSo~VDL.BBvP.L. NORGA~tPISUTIRRBL+CER~) 
PR D 2 SZO D.HORGANTG.SHAW (RHEL) 
NP B 22 525 +LTNG-PETERSEN,PIETARINEN (NDRDITA) 
NP B 22 16 SCHARENGUIVEL~GUTAY,RILLER,+ (POND+PENN) 
PR D 1 2694 +GARFINKEL,NORSE.WALKER,PRENTICE(WISC÷TNTO) 
PRL 25 1227 +FRISCHvWAHLIG (HIT)  

PL 36 B 152 ALSTON-GARNJOST,BARBARO-GALTIERI,÷ (LBL) 
NP B Z8 509 +BERGERtOUFLO,GOLOZAHLTCOTTEREA+(SACL+CAEN) 
PL 36 B 134 BENSINGER~ERWIN,THOMPSONyW.D. NALKER [WISC) 
NP B 33 317 +NULLBNSIEFEN+ (KARL+CERN+LOUC+RHEL÷NIJR) 

PREPRINT RPP/C22 F.ELVEKJAERtH.NIELSEN (NDRDITA+RHEL) 
NP 8 27 A86 +SCHARENGUIVBLtFUCHStSAIDOS,RILLEBt+ (PURD) 
SPRINGER TRACTS NOD. PHYSoeVOL. 57~P.41 J.HANILTON (NORDITAI 
PR D 4 265 ÷BANDER (IRVN} 
PHYS.REPRTS Z 155 J.LYNG PETERSEN (REVIEWI (CERN) 

PREPRINT RPP/C30 O. MORGAN (RHELI 

SLAG LO16.SUBR. PL +CARNEGIEvKLUGEtLETIH~LYNCHyRATCLIFF (SLAG) 
PREP. UPR-OOO2E H.BRDDY (PENNSYLVANIA) 

PRL 28 318 +OIAMOND,FIREBAUGH,NATTHBWSe÷ (MISC+TNTOl 
PL 38 B 232 +ALSTON-GARNJOSTIBARBARO-GALTIERIt+ (LBL) 

ANALYSIS OF DATA OF ALSTON-G T l  

I p ( 7 8 5 )  I 9 RHD (T65, JPG . . . .  ) I = I  
i i 

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

9 RHD MASS (MEV) 

THERE ARE WIDE FLUCTUATIONS IN THE MEASURED VALUES FOR MASS AND WIDTH OF 
THE RHO DUB TO DIFFERENCES IN PRODUCTION MECHANISM~ BACKGROUND, METHOD 
OF ANALYSIS AND PARAMETRIZATION. UNCERTAINTIES IN THEORY GIVE RISE TO 
SYSTEMATIC ERRORS OF ABOUT 20 MEV IN MASS AND WIDTH. 

THE FOLLOWING ENTRIES ARE THE MOST SIGNIFICANT ONES. THEY ILLUSTRATE 
THE DISCREPANCIBSv AND ARE ALSO REPEATED IN FOOTNOTE (C) OF THE MESON 
TABLE, 

1 BATON 67,70 (RHO-O FROM POLE EXTRAPOLATION) 
2 HYAMS 68 (RHO 0 FROM PHYSICAL REGION FITS) 
3 NARATEGK 68 (RHO 0 FROM POLE EXTRAPOLATION) 

~4 PISUT 68 (RHO-O FROM PHYSICAL REGION FITS) 
E LEFRANCOISTI (RNO 0 INTERFERING WITH OMEGA,FROM E+E- COLL.BEAMS) 

~ 6  AUSLENDER 69 (RHO 0 FROM E-  E+ COLLIDING BEAMS) 
>T MALARUD 69 (RHO 0 FROR PHYSICAL REGION FITS) 

8 RODS 69 {COMPILATION OF RHO O FROM E+ E -  COLLIDING BEARS) 
9 SCHARENGGIVEL 69 (RHO 0 FROM POLE EXTRAPOLATION) 



Mesons 
p(765) 

56 
Data Card Listings 

For notation, see key at front of  Listings. 

M+ CHARGE PLUS ONLY 
M+ R 1760.0)  (9 .B )  
M+ T60. EO. 
M+ R (765 .0 )  [ 5 . 0 )  
M+ R (T83 .0 )  ( 6 . 0 )  
M+ R (T58.01 ( 1 0 . 0 )  
M+ T77.0 7 .0  
H÷ . . . . . . . . .  
M+ AVG 771.4 8 .0  

M+ CHARGE PLUS AND MINUS 
M+ S (T50 ,  OI  ( 3 , 0 )  
M+ 755. 10. 
M+ T30. 11. 
M+ 782. E. 
M÷ . . . . . . . . .  
M+ AVG TTO.O 13,5 

M- ~HARGE MINUS ONLY 
M- (7A8.01 
M- 130 177E.0) 
M- R (768 .0 )  ( 5 , 0 )  
M- 772.0 19.0 
M- R (760*0)  [ 5 . 0 )  
M- R (770 .0 )  (5 .B I  
M- R (76S.01 ( 5 . 0 )  
w- R 601A (TB7.6)  ( 6 . 6 )  
M- R Z77B (TB3.B) (10.51 
M- R (749 .0 )  ( 3 . 0 )  
M- 7E2,0 14.0 
M" C T666 1700,01 ( B , 0 )  
M- 751 .  5 .  
M- 764. A. 
M- R 1777.01 ( 6 . 0 )  
M- R (77B.0)  [ 5 . 0 )  
M- R (T6B .  O) ( 5 . 0 )  
M- R 1773.01 (2.0)  

CARHONY 64 HBC + 3.E PI+P,TCUT 4 
ARMENISE 60 HBC + 2.8 PI+P 
ALFF-STEI 66 HBC • 2-B PI+ P 6 /66 
JAMES 6 6  HBC + 2.1 PI÷ P 6 /66 
JAMES 66 HBC ÷ Z . [  PI+ITCUT2.5 8/66 
ABC tOLL, 68 HOC + 8 PI+P TO P+3PI B/68 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.41 

BALTAY 66 HSC +-  D.O PBAR F 
ALLES-BOR 67 HBC +-  B.T PBAR P 12/66 
BARLOW 67 HBC +- 1.2 PBAR P 11/66 
FOSTER 68 HBC ÷ -  PBAR P AT REST 6/68 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 3.31 

KENNEY 62 HBC - 1.2 PI-P 
OUIRAGOSS 63 HBC 3.3  PI-P 
BL]EOEN 65 MNSP - 3-5 P I -  P 6/66 
F[DECARO 66 OSPK 2.B P I - t T  CUT18 11/66 
HAGDPIANI 6 6  HBC - 3 ,  0 P I -  P 6 /66 
HAGOP[AN2 66 HBC 2.14 FZ-F 9 / 6 7  
K~GDPIAN2 6 6  HBC - 2.LA PI-~TCUTL2 9/6T 
JACOBS 66 HBC - 2 - 3 P I -  6 /68  
JACDBS 66 HBC 2 - B P I - t T  CUT 20 6 /68 
WEST 66 HBC 2.L F I -  P L0/66 
BANNER 67 MMS - 1.8 P I -P ,  P+MM 9/B7 

~ 1 0 A T O N  67 HBC 2.8  P I -  P 10/67 
CLEAR 67 HBC - 3 P I -  F T/67 
EISNER 6T HBC - A,2 PI-P 9/6T 
MILLER 6 7  HBC Z.7 P I - t T  CUT 5 9/6B 
MILLER 67 HBC 2.7  PI- ,T  CUTLO 9/66 
MILLER 67 HBC - Z,7 P I - , T  CUT20 9/66 
BATON 68 HBC 2,8  P I - I T  CUT13 7/69 

M- 127T3 ? 6 A , S  L,9 [ . 8  ~4PISUT 68 R V U E  [ . 7 -3 ,2P I -~CTLO 6/68 
M- AIE7T3 (76A.31 (19 .2 )  IB.3~>APISUT 68 RVUE - 1 ,7-3o2P[ -vCT10 6 /68 
M- A ERRORS ARE Z STD AND INCLUDE SYSTEMATIC UNCERTAINTIES FROM THEORY 

REYNOLDS 69 HBC - 2.26 P l -  P B/70 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 .3 )  

SAM[OS 62 HBC 0 4,7 PI-P 
ABDLINS 63 HBC 0 3.5 PI+P 
GUIRAGDSS 63 HBC 0 3 .3  PI-P 
C~LDHABER 6A HBC 0 3 .7  PI+P 
ALYEA 65 DBC 0 2 .2  K- P 6/66 
CLARK 6B OSPK 0 1.B P] -F  
GUTAY 65 HBC 0 2=0 P ] -  P 
ACCENSI 66 HBC 0 B,7 PBARP 

6/66 
6/66 
6 /66 ALFF-STEI 66 HBC D 2-3 PI+ P 

BALTAY 66 HBC 0 0 ,0  PBARP 6/66 
CAMBRIDGE 66 HBC 0 1.0-6,0 GAMMA P L0/66 
CASDN 66 HBC 0 T,O P I -  P 9/B6 
HAGOPIANL 66 HBC 0 3.D P l -  P B/66 
HAGDPIAN2 6 6  NBC 0 2,1~ PImP 9/6T 
HAGDPIAN2 66 HBC 0 Z . 1 P I - v T C U T  LZ 2f67 
JACOBS 66 HBC 0 2 - 3 P I -  6F68 
JACOBS 66 HBC 0 2 - 3 P I - , T  CUT 2O 6/68 
JAHES 66 HBC 0 2 . 1 P I +  P 6/66 
WEST 66 HBC 0 2.1 P [ -  P 10/66 
ASBURY 2 67 CNTR 0 GAMMA + PB 8/6T 
BACON BT HBC 0 L.7 PI-P . 9167 
BARLDW 67 HBC 0 1 , 2  PEAR P 1 1 1 & 6  
DANYSZ 67 HBC 0 3 ,0  PB P,6 FI TI67 
DANYSZ 67 HBC 0 3 .0  PB Rt7 P( 6168 

HUWE 67 HBC 0 2,A P I -  P 7 /67 
MILLER 67 NBC 0 2.T PI - ,T CUT20 9166 
PDIRIER 67 HBC 0 B.O El -  P [ 1 / 6 7  
ABC COLL. 68 HBC 0 8 P I tF  TO Pe3PI. 5/68 
ARMENISE 68 DBC 0 5 , 1 P I ÷ O  6/68 
BLECHSCHM 68 HBC D GAMMA P (BREMS) 6/68 
DONALD 68 HBC 0 L,2 PB P,9 PR. 9/68 
FOSTER 68 HBC 0 PBAR F AT REST 6/B8 

~ZHYAMS 68 OSPK OIL,2 PI -  P 9/6E 
JONES 68 OSPK 0 12P[-e T LT 2 ,S .  E/68 
JONES 60 OSPK 0 LBPI - ,  T LT 2.5 5/68 
JONES 68 OSPK 0 L 8 F I - t T 2 . 5  70 5 B/68 
JONES 68 OSPK 0 12PIovT 5 TDLO 5/68 
JONES 68 OSPK 0 LBPI - tT  E TD 10 E/68 
JONES 60 OSPK 0 12PI - ,T10 TO IS 5/08 
JONES 68 OSPK 0 LOPI*tTIO TD LE 5/60 
gEY 68 HBC 0 3 .0  P [ -  P E/68 
LAMSA 68 HBC 0 8 .0  PI-P 1L/67 
LANZEROTT 68 CNTR 0 GAMMA P(BREMS) 10/6B 
AUGUST(1 69 OSPK 0 E+E- COLL,BEAMS 4/6g 

~5AUGUSTI2 69 OSPK 0 E÷E- COLL,BEAMS 8/60 

M- ?76.0 A.O 
M- • . . . . . . . .  
W- AVG 764. B 3.3 

MO NEUTRAL ONLY 
MO 190 (T50;01 (20 .0 )  
MO R 3DO 1?60.01 (10 .0 )  
MO 160 1775.01 
MO R 5OO (770o01 (10 .0 )  
MO [735.01 110.0) 
HO (TED. O) 
MO S (?B0.0 )  [15.01 
MO 768.0 14.0 
MO R (?DO.O) (5.01 
MO S ( ? 0 1 . )  l B . )  
M D P  (720.01 18.0)  
MO S [ ? 7 3 , 0 )  [12.01 
MO R (77S.0 )  (5.0) 
MO R (770 ,0 )  ( 5 . 0 )  
MO R ( 7 7 0 . )  (5 . )  
MO R 7760 (763 .3 )  ( 6 . 0 )  
MO R ~207 (758 .0 )  (To51 
MO R 176E.0) [ 8 . 0 )  
MO R {760,0) (3,0) 
MO ?65. B. 
MO R (?6E.O) [2 .01 
MO 745, 9 .  
MO 327 750. 10. 
MO 0 240 ( 7 5 2 . )  [ 1 0 . )  
MO 0 SELECTION ON OMEGA. 
MO R (761 . )  ( 3 . )  
MO R 1770.01 ( 4 . 0 )  
MO (?77 ,0 )  (E,O) 
HO 770,0 3.O 
MD R (?TE.O) ( 2 . 0 )  
MO 760. 1E, 
MO 745.0 5 .0  
MO T76. 5 ,  
MO 2250 77~.0  3.D 
MO S (765 .0 }  ( 6 , 0 )  
HO S (7A5.0 !  (L3.D)  
MO S (760 .0 )  ( 9 . 0 )  
MO S 1749o01 (5.0) 
MO S (76L .0 )  (6.0) 
MO S 1750,01 {B.O 
MO S (780 .0 {  ( [ 0 .01  
MO S (?BO.O) (B.O) 
MO 766. 4 ,  
MO F (740.0) (10.01 
MO E (770.OI  (A.OI 
MO L (773 ,5 )  (B ,4 )  
MO L 
MO 
NO 
MO E 
MO 
MO E 
MO 
MO 
MO S 
MO 
MO 
MO C 
~0 
MO C12630 
MD 
MO 
MO 
MO S 
MO 
MO 
~0 

M 
M 
M 
N 
M 
M 
M 

M 
M 
M 
N 

SUPERSEDED BY LEERANCOIS 71 
AUOUSTIN Z TAKES ACCOUNT OF RHO-OMEGA INTERFERENCE, AND 
INCLUDES DATA OF AUGUSTIN 1. 

(75A.O) (9.01 ~BAUSLENDER 69 OSPK O E+E- COLL.BEAMS 6/68 
SEE ALSO HAISSINSKI 691 WHO FITS AUSLENDER 69 DATA 

1768,)  110.}  HAISSINSK 69 RVUE O E+E- COLL.BEAMS 9169 
HAISSINSKI 69 IS FIT TO AUSLENDER 68 DATA 
768,4 2 .4  ~TMALANUD 69 RVUE O Z-~ PI-P 5/70 

[755.01 [15.01 MOT? 6 9  HBC O 4.1-5.5 K L P 7/69 
771,0  3 .0  REYNOLDS 69 HBC O 2.26 F I -  P EI70 
770. O 5,D ~ B  ROOS 69 RVUE O E+E- COLL.BEAMS 9/69 

(TED.O{ ( ? . 0 )  ~ 9 SCHAREN 69 HBC O 2-4 F I -  P 5/70 
765.0  10.0 ~LVENSLEB TO CNTR O GAMMA A(BREMS) 5/70 

(T60 .0 )  ~ ISATON TO HBC 0 2 .8  P I -  P 117l 
T6E,O 0 ,0  BINGHAN 70 HBC O 2 ,8  GAMMA P 5/70 
760.0  3 .0  BINGHAM TO HBC 0 4 . T  GAMHA P 5/70 
76T,7 L.9 OIGGS TO CNTR OPHDTDPRODUCTION 6/70 

(765,CI  [ 6 , 0 )  GALLOWAY 70 HBC 0 B.9T P I -  P I / V I  
775.A T.3 LEFRAHCDI 710SFK O E+E- COLL.BEAMS 2172, 

AVG 707.2 1,6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ , 8 )  

MIXED CHARGES 
240 (752 .0 )  ALITTI 63 HBC -O 1,6 PI-P 
290 [ 7 5 5 , 0 ]  CHADWICK 63 HBC +-0  0 .0  PBAR P 

?4A. 9,  FRENCH 6T HBC +-0 3-A PBAR P 6 /67 
770.0 2 .0  JOHNSON 6B HOC -0 3o7-A.2 P [ -  P 7/B9 

AVG 773*5 2 .0  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ,0 )  

. . . . . . . . . .  NOTES . . . . . . . . . .  
C PROM POLE EXTRAPOLATI ON 
E INCLUDED IN RODS 69 RVUE 
P PHOTOPROOUCTIONtUNCORRECTEO FOR PRODUCTION E-DEPENDENCE 

DR BACKGROUND INTERFERENCE 
R INCLUDED IN PISUT 68 RVUE 
S S-WAVE BRE[T-WIGNER FIT~ CANNOT BE COMBINED WITH OTHER VALUES 

9 RHD(O) - RHO(+--) NASS DIFFERENCE (MEV) 

D 2 ,4  2.1 PISUT 68 RVUE P[ N TO RHO N 

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

9 RHO WIDTH (MEV) 

W SEE NOTE ON RHO MASS ABOVE 

W+ CHARGE PLUS ONLY 
we 90 .0  10.0 SACLAY 63 HBC • 2 ,8  PI+P 
W÷ R ( 7 7 . 0 )  (20 ,0 )  CARMONY 64 HBC + 3,5 PIep,TCUT 4 
W÷ 160, 10. ARNENISE 60 HBC ÷ 2 .8  PI+P 
We R ( [O0 .O)  ALFF-STEI 66 HBC ÷ 2-3 PI+ P 6/66 
We M (177,01 (15 .0 )  JAMES 66 NBC ~ 2.E PI+ P 7/66 
W÷ R [L47.Ol  (19,01 JAMES 66 HBC + 2 .1  PI+tTCUT2.5 8166 
W+ 149.0 22.0 ABC COLL. 88 HBC + 8 Pl+P TO P+3FI 5/68 
W+ . . . . . . . . .  
W÷ AUG 127,2 24.L AVERAGE [ERROR INCLUDES SCALE FACTOR OF 3 .6 )  

M+ ~I'g~RGE PLUE ANO MINUS 
W+ S (EEO*O)  130*0) BALTAY 66 HBC e-  O.O PBARP 6/66 
W+ S l i FO ,O)  (30.01 BALTAY 66 HBC +-  0 .0  PBARP 6/66 
W+ 146. 3E. ALLES-BOR 57 HBC +- 5 ,7  PEAR P 12/66 
~+ E30, 25.  BARLON 07 HBC L,E PBAR P 11/66 + 

+ [ 45 .  10. FOSTER 68 HBC PBAR P AT REST 6/68 
W÷ • • . . . . . . .  
W+ AUG [A3,Z  8 .9  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

~5 . . . . . . . . . . . . . . .  
130 4125,0)  GUIRAGOSS 63 HBC - 3 .0  PI-P 

W- 98 (LEO*O) BONDAR 6A HBC 4.1  PI-P 
W- R (127,01 (S,OI BLIEDEN 66 MNSP - 3-E P I -  P 6/66 
w- R [LEO,O) (20,01 HAGOPIANL 66 HBC - 3.0 E l -  P 6 /66 
W- R (130 ,0 )  [2B,O) ~ G O P I A ~  66 HBC 2.14 PI-R 9 /67 
W- R (1BE,O) [ZOoO) HAGOPIAN2 66 HBC 2.19 pII~TCUTL2 9167 
w- R 6014 (139 ,B ]  (15.01 JACDBS 66 HBC - Z -BFI -  6/6B 
W- R 2775 ( 1 3 1 , [ )  120.01 JACOBS 66 HBC - 2 -3PI -~T CUT 20 6/6B 
W- R (L49,01 113.0) WEST 66 HBC 2.1 P I -  P 10/66 
W- lOO, O 30.0 BANNER 67 MRS - 1.8 P I -P ,  P÷MM 9/07 
W- C 7666 ( l i D , O )  ( 9 . 0 )  ~IBATON 67 HBC 2.8  P I -  P [0167 
W- 133, [ L ,  EISNER 6 7  HBC - A.2 PI-P 9/BT 
W- R (137.01 (1?.O) MILLER 67 HBC 2.T P I - t T  CUT 5 9 /66 
W- R ( [ 45 ,01  (12.01 MILLER 67 HBC - 2.7 PI-wT CDTlO 9/66 
W- R (L53 ,0 )  ( 13 ,0 )  MILLER 6T HBC - 2.7 P I - , T  COTED 9/66 
M- R 1150,01 (B,O) BATON 68 HBC - 2.0 E l -  P 7/69 
W- 12773 EAT,3 A.O 3 ,9~APISUT 68 RUDE 1 , T - 3 . 2 P I - t C T I O  6/68 
W- L51,0 10.0 REYNOLDS 69 HBC - 2,26 PI -  P 5110 
W- • . . . . . . . .  
W- AVG 145.7 S.B AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

MO NEUTRAL ONLY 
WO 190 (LEO.O) (20 .0 )  SAMIOS 62 HBC O 4 .7  P[-P 

ABOLINS 63 HBC 0 3.5 PI+P 
GUIRAGOSS 63 HBC O 3 .3  FI-R 
OOLDHABER 64 HBC O 3 .7  PI+P 
ALYEA BB DEC 0 2 .2  K- P 6/66 
CLARK 6B OSPK O L,5 PI-P 
OHTAY 6B HBC O 2.D E l -  P 6166 
ACCENS1 66 HBC O B,7 PBARP 6/66 
ALFF-STEI 66 HBC O 2-3 PI+ P 6/66 
BALTAY 66 MBC 0 O.O PBARP 6/66 
CAMBRIDGE 66 HBC 0 E-6 CAM P 9/66 

( IS .O)  CASON 66 HBC O 7 .0  E l -  P 9166 
HAGOPIANL 66 HBC 0 3 .0  P I -  P 6/66 
HAGDPIAN2 66 HBC 0 2 .16 PI-P 9/67 
HJIGOPIAN2 66 HBC O 2,14 PI-P,LDW T 9167 
JACOBS 66 HBC O 2 - 3 P I -  6 /68 
JACOBS 66 HBC 0 2 - 3 P I - t T  CUT 20 6 /68 
JAMES 66 HBC O 2 .1  PI+ P 61B6 
WEST 66 HBC 0 2 . 1 P I -  P 10/66 
ASBURY 2 67 CNTR O GAMMA + PB 81B7 
BACON 67 HBC O 1.7 PI-P 9/67 
BARLOM 67 HBC 0 [ , 2  PEAR P 11/66 
DANYSZ 67 HBC O 3 .0  PB PyB Pl  7/B7 
OANYSZ 67 HBC O 3 .0  PB Pt7 PI 6168 

t.WJWE 67 HBC O 2 .4  P I -  P 7/6T 
MILLER 67 HBC O 2 .7  P I - t T  CUTZO 9/66 
POIRIER 67 HBC 0 8 .0  E l -  P 1 [ / 6 7  
ABC COLL. 68 HBC O 8 PI+P TO P÷3PI 5/E8 
ARMENISE 68 DEC O B,L PI÷D 6/BE 
BLECHSCHM 68 HBC O GAMMA P (BREWS) 6/68 
DONALD 68 HBC 0 1.2 PB P~4 PR, 9/6B 
FOSTER 68 HBC O PEAR P AT REST 6/6B 

~2HYAMS 68 OSPK 011,2 E l -  P 9 /68 
JONES 60 OSPK O I 2 P I - I  T LT 2 .5 .  5/68 
JONES 68 OSPK O 18PI-~ T LT 2.B BI68 
JONES 68 OSPK 0 L8PI-~T2.5 TO E 5/68 
JONES 68 QSFK O [ 2 P [ - , T  5 T3 10 E/68 
JONES 68 OSPK 0 18P I - .T  E T3 [O 5/68 

WO R 300 (90,0) (10.0) 
WO 160 1170.0} 
WO R 500 (130.0) 
WO 110.0 20.0  
WO (L30,O)  
WO S IBO.O) (1B,O) 
WB 72.0  30 .0  
WO ~ 1100,01 
WO I ITA . )  ( 31 . )  
WO P 1175.0)  
WO S ( 5 7 . 0 )  (25 .0 )  
WO R ( I2O.OI ( tO.O|  
WO R ([BO.OI (20 .0 )  
WO E (135 .0 )  ( 20 .0 )  
WO R 7760 [ l B 6 , A I  ( 12 ,0 )  
WO R 4207 (122 .2 )  (tE.O) 
WO R (103.04 I t 3 . 0 )  
WO R 1173,0) 113.0) 
WO L3O. B.  
WO R (148 ,0 )  (B,O) 
WO 92. 42,  
WO 327 135. 25, 
WOO 240 ( 8 0 . {  ( 3 0 . )  
MO 0 SELECTION ON OMEGA 
WO R (LE2 . )  115 ,1  
wo R (160 .0 )  (LB.O] 
WO (105 ,0 )  ( 10 .0 )  
WO 165,0 IO,O 
WO R (167 ,0 )  (6,01 
WO 126. ZO. 
WO 150.0 L3,0 
WO 132. lO,  
WO 2250 lAB.0  9 ,0  
WO S (129 ,0 )  (19 .Ol  
WO S 1169.04 (AL.Ol 
WO S (LTS.O) (3O.OI 
wo S (157.0} (L6 .Ol  
WO S (LET.O) (19.01 
WO S (102 ,0 )  (25 .0)  JONES 08 OSPK O 12P I - ,T IO  TO 15 5/68 
WO S (LET.O) (BL.OI JONES 68 OSPK 0 LBPI- ,T IO TO [S 5/68 

KEY 6J~ HBC O 3 ,0  E l -  P S/68 WO S (113 .0 )  [ 1 6 . 0 )  
WO 111 ,  8 .  LAMSA 68 HBC O 8 .0  P i -P [1167 
WO S ( [ 60 .01  (LO.O) LANZEROTT 68 CNTR O GAMMA P 5/68 
WO CLUED0 (LOB.O| 11S,0) ~3MARATECR 68 HBC 0 1 . 9 - 3 , 0  E l -  P 9/68 
WO 122,0 7 .0  6*O~BROOS 69 RVUE O EeE- COIL.BEANS 9/69 
WOE (111.0] (6.0) AUGUST(1 69 DSPK 0 E+E- COLL,BEAMS A/69 
WO L (110.71 (E .3 )  ?L~SAUGUSTI2 69 OSPK 0 E÷E- COIL.BEAMS 8/69 
WO L SUFERSEDEO BY LEFRANCOIS 
WO AUGUSTIN 2 TAKES ACCOUNT OF RHO-DMEGA INTERFERENCE~ AND 
WO INCLUDES DATA OF AUGUSTIN 1. 
W O E  (105 .0 )  120.0) ~6AUSLENDER 69 DSPK O E+E- CDLL.BEAMS 6168 
WO SEE ALSO HAISSINSKI 69t WHO FITS AUSLENDER B9 DATA 
WO E (LAD.) ( [ A . )  HAISSINSK 69 RVUE 
WO H ABOVE VALUE FROM FIT TO AUSLENDER 68 DATA 
WO [ 3 2 . 0  [ 3 . 0  ~ 7HALAMUO 69 RVUE 
WO S 1130.0)  ( 40 ,0 )  MOTT 69 HBC 
NO 127,0 ?,O REYNOLDS 69 HBC 
WO C 1119.0) (20 .0 )  ~ 9 SCHAREN 69 HBC 
MO 140.0 5 .0  ALVENSLEB 70 ONTR 
WO C12630 ( [31 .0)  ~ 1 BATON TO HBC 
WO 132,0 6 .0  BINGHAM TO HBC 
wo 141.0 5 .0  
NO 146.1 2.9 
WO S ( [ 2O .O]  (T .O [  
WO LAg, 23, 
wo . . . . . . . . .  
wo AUG L37.B 2 .9  

W MIXED CHARGE~ 
W 290 (lIO,Ol 
W 98, 30. 
W 154.0 6 .0  
W . . . . . . . . .  
W AUG L51,B 5 .9  

BINGHAM 70 HBC 
BIGGB TO CNTR 
GALLOWAV 70 HBC 
LEFRANCOI 7L DSPK 

AVERAGE [ERROR INCLUDES 

CHADWICK 60 HBC 
FRENCH 67 HBC 
JOHNSON 68 HBC 

AVERAGE (ERROR INCLUDES 

O E÷E- COLL.BEAMS 9/69 

0 2-4 P[-P 5/70 
O 4.1-5,5 K- P 7169 
O 2,26 F I -  P 5 /~0 
O 2-4 El- F S/TO 
O GAMMA A(BREMSi 5/70 
D 2.8 El-  F LITL 
O 2,8 GAMMA P E/TO 
O 4.7 GAMMA P 5/70 
OPHOTDPRDDUCTI3N 6/70 
O 5.97 FI -  P l / T l  
D E÷E- COLL.BEAMS 2 / 7 2 ,  

SCALE FACTOR OF l , E )  

+-0 0.0 PBAR P 
+-0 3-4 PEAR P 6/67 
-O 3.7-4.E E l -  P 7169 

SCALE FACTOR OF I ,O) 



Data Card Listings 
For notation, see ke~ at firont o[Listings. 

57 
Mesons  

p(';,es) 

N . . . . . . . . . .  NOTES . . . . . . . . . .  

N C FROM PULE EXTRAPOLATION 
W E INCLUDED IN R(X)S 69 RVUE 
W R INCLUDED IN PISUT 68 RVUE 

P PHOTOPRODUCTION~ UNCORRECTED (SEE NOTE P UNDER RHO NASSI 
S S-NAVE BREIT-MIGNER FST~ CRNNOT BE COMBINED WITH OTHER VRLUES 

9 RHO PARTIAL DECAY MODES 

DECAY MASSES 
PZ RHO INTO 2PI LB9+ IB9 
P2 RHO INTO 4PI 139+ IBP+ 1396 139 
P3 RHO INTO Pl GAMMA 139+ O 
F4 R.O INT~  E÷ E-  .Be . 5  
P5 RHO INTO PI ETA (VIOLATES G) 139+ B . 8  
P6 RHO INTO NO+ NU- 105÷ 10~ 
P7 RHO 0 INTO FI+ P I -  FIB (VIOLATES G) 139+ 139+ 134 

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

9 RHO BRANCHING RATIOS 

R1 RHO IHTO ~FII2P1 ( F I l l I P 1 )  

R1 RHO÷- INTO ( P I ~  PI÷ P I -  PIO) / ( P I + -  PIO) 
RI (O.O261OR LESS BLIEDEN 66 MNSP - 3-5 P l -  P 6166 
RL ( 0 . 0 1 )  OR LESS DEUTSCHNA 66 HBC + B.O P i t  P 6 /66 
RI (O.002)OR LESS FERBEL 66 HBC + -  P i e -  P ABOVE Z,5 10166 
RI O. O03B O=OO4 JAMES 66 HBC ÷ 2.1 PI+P 11/66 

RI RHO 0 INTO (PI+ P I -  PI+ P I - )  / ( P I ÷  P l - I  
RL (0 .00810~ LESS JAMES 66 HEC 0 Z . k  FI+P 6 /66 
R[ (O•O02)DR LESS CHUNG 68 HBC 0 B.2~4.2  PI-F 7 /67 
R1 (O.O02)OR LESS CL=.9B HUSON 68 HLBC 0 I 6 . 0  PI -  F 1/T1 
R1 (O•OO1B)OR LESS CL=.90 GERMAN CO 69 HBC 0 2•B-B.B GANNA P 10/67 

F2 RHO INTO P 1 G A ~ A / Z P I  ( P 3 1 / I P k l  
R2 M ( 0 . 0 2 ]  OR LESS LANZEROTT 6B CNTR GANNA P(BRERS) 11/66 
R2 (O.O05)OR LESS CL=.97 FIOECARO 66 OSPK - 10/66 
R2 (O•O07)OR LESS HUSON 66 HLEC 1~ PI-PB 6 /66 
R2 M (OoO02)OR LESS CL ' .90  GERMAN CO 69 HZB 
RE M ONE PION EXCHANGE MODEL USED IN THIS ESTIMATION 

R3 RHO INTO(E+ E - ) / ( P I + P I - )  (UNITS L 0 ~ - 6 )  ( P A ) / ( P 1 )  

N o t e  o n  p 0  ~ e e 

E x t r a c t i o n  of a r a t i o  f o r  p0 _~ e + e  - i s  c o m p l i c a t e d  

b y  i n t e r f e r e n c e  w i t h  ~o ° d e c a y .  I n  p h o t o p r o d u c t i o n ,  

y 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  b e t w e e n  

t h e  a l l o w e d  ( p 0  = )  _~ e + e  - d e c a y s .  T h e  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 -~ ~T ~T ZS d u e  t o  

G p a r i t y  v i o l a t i n  E m i x i n g  of the o v e r l a p p i n g  pO a n d  ~o 

r e s o n a n c e s ;  i t  a l t e r s  t h e  r e s u l t s  f o r  t h e  r a t e  

F (p0  _~ e + e  - )  o n l y  b y  a s m a l l  a m o u n t .  T h e r e f o r e  w e  

u s e  a t  p r e s e n t ,  f o r  t h e  a v e r a g e ,  o n l y  t h e  v a l u e s  f r o m  
÷ - ÷ - 

t h e  e e - -  ~ ~ e x p e r i m e n t s .  

R3 P 
R3 P 
A3 H 
R3 H 
R3 A 
RB A 
R3 LE 
R3 L 
R3 E 
R3 
RB F 
R3 F 
R3 
R3 
RB AVG 

Re 
R4 
R~ 

RE 
R5 
RS 
RE 
R5 H 
R5 H 
R5 R 
RE R 
R~ R 
R5 
R5 M 
R5 
RE M 
R5 M 
R5 
RE AVG 

R6 RHO 0 INTO (Pie P I -  P l O ) / f P I e  P I - )  ( P T I / ( P I ]  
R6 G 40.01) OR LESS CL=.84 A8RAMS 7L HBC O 3 .7  Fie P 
R6 G MODEL OEPENOENT(ASSUMES I = leE,OR B FOR THE 3PI SYSTEM 

94 ( 0 . 6 5 )  ( 0 . 1 4 )  ASBURY 1 67 C N T R  PNOTOPRODUCTION 9/67 
POSSIBLY LARGE RHO-DMEGA INTERFERENCE 

40.65) 41•11 ( 0 . 5 )  HERTZBACH 67 OSPK ASSUME SU(B)+MIXING•10/66 
NOT SEPARATED FROM OMEGA DECAY• 

33 (O•B3) ( 0 . 1 1 )  ASTVACRTU 68 OSPK ASSUME SU(3)eNIX[NG 6/6B 
NOT SEPARATED FROM OMEGA DECAY. ERROR STATISTICAL ONLY• 

40.663) (O•OBB) AUGUSTII 69 OSPK E+E- COLLID.BEA~ 6169 
SUPERSEDED BY LEFRANCOIS T1 

ASSUMING RH~WIDTH k l IREV 
O.BO 0.10 AUSLENDER 69 OSPK E÷E- COLLID.BEAM 9168 

(0=69) ( O . l Z )  (O. IB) GIGGS TO CNTR PHOTOPROOUCTION 6/70 
ASSUMING RHO WIDTH 1AO HEY. ERROR STATISTICAL ONLY. 
0 .60  0.05 LEFRANCOI 71 OSPK 0 E~E- COLL.BEAMS 2 /72*  

0.620 0.04B AVERAGE (ERROR INCLUDES SC4LE FACTOR OF 1 .0 )  

RHO INTO (P( ETAI I (2P I I  ( P B ) / ( P 1 )  
(O. O3) OR LESS DEUTSCHMA 6B HBC ÷ 8 .0  PIe P 6 /66 
(O.OOB)OR LESS FERDEL 66 HEC +-  F i e -  P ABOVE 2.B 11166 

RHO INTO (MU÷ M U - ) / ( P I +  P I - )  (UNITS 1 0 . * - 6  ) ( P 6 ) / ( P l t  

SEE NOTE UNDER E I - ~ N T O  E+E- AEOVE 

0•97 0.31 O=B3 HYAMS 67 OSPK 11 P I -  LI H 6 /67 
HYRRS MASS RESOL. IS 20 MEV• THE OMEGA REGION HAS EXCLUDED. 
0 .82 0.16 0.36 ROTHMELL 69 CNTR PHOTOPROOUCTION . 6/70 
POSSIBLY LARGE RHO-DMEGA INTERFERENCE (LEADS US TO INCREASE 
THE MINUS ERROR 
O. B6 0.15 NEHNANN 69 OSPK 12 P I -  ON C~FE 7/69 
RESULT CONTAINS ( 1 I  +-  11) PER CENT CORRECTION USING SU(3) 
FOR CENTRAL VALUE. THE ERROR ON THE CORRECTION TAKES ACCOUNT 
OF POSSIBLE RHO-OMEGA INTERFERENCE AND THE UPPER LIMIT AGREES 
N|TH  THE UPPER LIMIT OF (OMEGA INTO MU+ MU-) FROM THIS EXFT. 

• • . . . . . . .  
0 .67 G.12 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O )  

11/71"  
11/71"  

RNDERSON 6L FRL 6 ~ 5  
ERNIN 61PR 6 628 
KENNEY 62 PR 126 7B6 
SANIOS 6Z PRL 9 109 
XUONG 6Z PR 12E 1E69 

ABOLINS 63 PRL 11 381 
ALITTI 63 NC 29 515 
CHADNICK 63 PRL IO 6Z 
GUIRAGOS 63 PRL 11 85 
SACLAY 63 SIENA CONF 1 Z 3 9  

BONDAR 66 NC 31 729 
CARNONY 66 DUBNA CONF L ~86 
GDLDHAGE 64 FRL tZ 336 

ALYEA 65 PL LB 82 
ARNENISE 6B NC 37 36I 
BLIEDEN 6B PL 19 44A 
CLARK 6B PR 139 G 1EBb 
GUTAY 65 NC 39 381 
LANZEROT 65 FRL IB 210 
ZDANIS 6E PAL L6 TEl  

ACCENSI 66 PL 20 557 
ALFF-STE 66 FR 1A5 1072 
8ALTAY 66 PR L~5 I[OB 
ELIEDEN 66 NC 63 71 
C~MBRIOG 66 PR 146 994 
CASON 66 PR 168 I282 
DEUTSCHR 66 FL 20 B2 
FEREEL 66 PL Z l  111 
FIDECARO 66 PL 23 163 
NAGDPIA~ 66 PR 1~5 ~IEB 
HAGOPIAZ 66 PR 152 1183 
HUSON 66 PL 20 91 
JACDGS 66 UCRL-1687T 
JAMES 66 PR 1~2 896 
NEST 66 PR 1~9 1089 

ALLES-EO 67 NC BOA 776 
ASBURY 1 67 PRL 19 869 
ASBURV Z 67 PRL 19 G6B 
BACON 67 PR 1BT 1263 
EANNER 67. P( 2B B 300 
BARLON 67 NC BOA 701 
BATON 67 PL ZB B 419 

ALSO 6T ~P E 3 3~9 
CLEAR 67 NC 69A B99 
DANYSZ 67 NC B 1 A  801 
EISNER 67 PA 164 1699 
FRENCH 67 NC 52A 442 
HERTZBAC 67 PR 155 1~61 

(SEE ALSO ZDANIS 65) 
HOWE 67 PL 24B 25Z 
HYANS 67 PL 24B 6B6 
MILLER 67 PR 153 14Z3 
POIRIER 67 PR 16B 1~62 

ABC COLL 6B NP B6 501 
ARNENISE 68 NC 54A 999 
ASTVAC~T 6B PL ZT E 45 
BATON 68 PR 176 1B7¢ 
BLECHSCH 6B NC BB A 106B 

(SEE ALSO NC 52 A 13~B ) 
C F~JNG 68 PR I6B 1~91 
DONALD 68 NP B 6 17¢ 
FOSTER 6B NP B 6 lOT 
HUSON 6B PC EBB 2Og 
HYANS 68 NP B 7 1 
JONES B8 PR 166 I665 
JOHNSON 68 PR 176 16S1 
KEY 68 FR 166 16BO 
LAMSA 68 PR 166 1B9S 
LANZEROT 68 PR 166 1365 
MARATECK 68 PRL 2S LGIB 
FISUT 66 NP B 6 B25 

AUGUSTI1 69 PL 28 B 508 
AUGUST)2 69 LNC Z 214 
AUSLENDE 69 SJNF 9 69 
GERMAN C 69 PR 1BB 2060 
HAISSINS 69 ARGONNE CONF. 373 
JUHALA 69 PR 186 1661 
MALAMUO 69 ARGONNE CONFoP.9B 
NILLER 69 PR 17B 20B1 
MOTT 69 PR 177 1966 
REYNOLDS 69 PR 184 14Z4 
ROOS 69 NP E 10 563 
RDTHWELL 69 PRL 23 tBZ1 
SCHAREN 69 ARGONNE CONF•B06 
WEHNRNN 69 PR 178 2~9B 

ALVENSLE TB PRL 26 786 
BATON TO PL B3 B B~R 
BIGGS TO FRL 26 L197 
GINGHAM TO PRL 26 95~ 
GALLOWAY 70 PR D 1 3077 

ABRAMS 71 PRO A 653 
BLOOOWOR 71 PREPRINT 
DEERY 71 PR D 3 63S 
DRIVER 71 OESY T1/B6 
EISENBER TL SL&C-PUE-93B 

REFERENCES FOR RHO 

ANOERSONtGANG~DUR.KEtCAR~NY~SCHNITE (LRLI 
A.R.tR.NARCHvH. D•NALKERyE.NEST (NISC) 
V P KENNEYvN O SHEPHARDtC D GALL (KENTUCKT) 
SAMIDStEACHRANtLEA÷ (ENL+CCNY÷COLU~KENT) 
NGUYEN HUU XUONGtGERALD R LYNCH (LRL) 

ABOLINS~LANDERtMEHLHOP~NGUVENvYAGER (UCBD) 
ALITTIjBATONtARMENISE~(SACeOREAY+EARZ÷EOLO) 
CHADNICKtDAVIESfDERRICKtCRESTI + (OXFePAO) 
ZAVEN GUIRAGOSSIAN (LRL) 
SACLAY÷ORSAY+BARI + BOLOGNA- COLLABORATION 

BONDAR÷ (AACHEN+BIRM+BONNeOESYeIRF-C(~. 4~AFII 
CARNONYtHOAtL~J~OERtNG.HoXUONG~yAGER (UCSD) 
GOLGHAEERtBRDNNIKROVK~$HENtTR[LLING(LRL+UC) 

ALYEA,CRITTENDEN,MARTIN,RHODE + i INDIANA) 
SACLAY+~BAY+BARI+BOLOGNA COLLABORATION 
CERN NISSING MASS SPECTROMETER GROUP (CERN( 
A GLARKtCHR1STENSOM~CRONIH~TURLAYIPR|NCETO) 
GUTAYtLANNUTTI~TULI (FLORIBA) 
LANZEROTTItELUNENTHAL,EHN=FA1SSLER ÷(HARVD) 
ZDANIS~ NADANSKYeKRAENER + (JFU+ENL) 

ACCENSI~ALLES-EORELLI~FRENCHtFRISK÷ (CERNJ 
ALFF-STEINBERGER~BERLEYtBRUGGER+ (COL+RUTGI 
+FRANZINItLUTJENS~SEVERINE~TYCKO+(COLURBIA) 
CERN NISSING NABS SPECTROMETER GROUP (CERN| 
CAMBRIDGE EUBELE CHAMBER GROUP (NIT+NARV+) 
N N GABON (WISCONSIN) 
DEUFSCHN4NN,STEINBERG + (AACH+BERLIN+ CERNI 
FEREEL (ROCHESTER) 
G÷M FIDECARO,J POIRIER~P SCHIAVON (CERN) 
HAGDPIAN~BELOVE~ALITTI~ERTDN~ IPENN+SACLAY) 
HAGOPIRN~PAN (PENNBYLVANIA~LRL-BERKELEY) 
HUSONeALLARDtDRZJARD,HENNESSY ÷ (ORSAT+EFI 
L•D. JACOBS (LRL) 
F E JANES~KRAYBILL (YALE+BROOKHAVENI 
NEST~BOYD~ERWIN~NALKER (WISCONSIN) 

ALLES-EORELLItFRENCH~FRISKt~ (CERN÷BONN) 
+BECKER+EERTRAM+JOOS÷JORDAN+TIMG~(OEEY~CDL) 
+BECKER+EERTRAN÷JOQS÷JORDAN÷T[NG+(OESY+COL) 
+FICKINGERtHILL~HOPKINS~ROEINSON+ (BNL) 
+FAYOUX~HANEL~ZSENBERT~CHEZE+ (SACLAY÷CAEN) 
eLILLESTOL+MONTANETe(CERNeCDF+|R÷L[VERPOOL| 
J.BATDN,G. LAURENSeJ. REIGNIER (SACLAY( 
J.EAT~,G•LAURENS,J.REIGNIER ISACLAY) 
÷JOHNST~N+CDOPER+MANNER÷NALKER+(TD+ANL+MIS) 
DANYSZ+FRENCH+SIHAK (CERNI 
÷JOHNSONeKLE|N÷PETERS+ SAHNI+YEN÷ (PURDUE) 
+KINSONeMCDONALD+RIDDIFORO+ (CERN+BIRM) 
HERTZEACH,KRAENERtRADRNSKI,ZDANIS~(JHU÷BNL| 

+MARGUIT+OPPENHEIRER÷SCHULTZ+NILSON (COL) 
÷KOCH+PELLETT÷POTTER+VONLINDERN+ (CERN÷MUN] 
MILLERtGUTAY~JOHNSON~LOEFFLER * (PURDUE) 
eEISNAS~CASON~OERADO~KENNEY+iNOTRDAN+PENN) 

AACHEN+BERLIN+CERN COLLABORATION 
+GH]DINI~FOR(NO+ (BAR-[~BOLOGN+F|RENZeGRSAY) 
ASTVAGATUROV,AZEMDV~EALDI N÷ (JINR÷~DECON) 
J .P .  BATON~ G. LAURENS (SACLAY) 
GLECHSCHNIDT~OOMD~ELSNER~+ IDESY+RANCH) 

S.UoCHUNG~O•IoOAHL~J.KIRZtO.H.MILLER (LRL) 
+EDNARDS~FROOESEN~BETT1NIe (LIVP+OSLO÷PADO) 
+GAVILLET+LABROSSE+MONTRNET+ (CERNePARIS) 
• LUBATTI|EIX~VEILLET~÷ (ORSAeNILA+UCLA) 
+KOCH~POTTER~NILSON~VON LINDERN+(CERN÷MPIq) 
+BLEULERtCALDNELL~ELSNERtHARTING+ (CERN) 
ePOIRIERtBISNAS~GUTAY~DERADO+(NDePURD+SLAC) 
+PRENTIEEeCOOPER+NANNER+NALKERe(TOeANL+NIS) 
~ASONeBISMAS~DERADO~GROVESe (NOTREDANE) 
LANZEROTT|tBLUMENTHALtEHNtFAISSLER ÷(MARVDI 
+HAGOFIAN~e IPE~+LRLeCOLO~FURO~TNTO~M[SCI 
J.PISUT~N. ROOS (CERN) 

• BIZOT+BUON~HAISSINSKIeLALANNEe (ORSAY) 
+LEFRANCOIS,LEHNANNtMARIN~÷ (ORSAYI 
AUSLENOEReBUDKER~PANTUSOVA~PESTOV+ (NOVO) 
GERMAN BUBBLE CHAMBER CQLL• (DESY) 
J.HAISEINSKI (ORSAY) 
+LEACOCK~RHODE~KOPELNAN~LIBBT,÷ (AMES~COLO) 
E.NALAMUO~ P.SCHLEIN (UCLA) 
R.NILLEReL]CHTNAN~MILLNANN (PURDUE) 
+AMMAR~DAVIS~KROPAC~SLATE~DAGRN+ (NNES+ANL) 
eALBRIGHTtBRADLEY,BRUCKER~HARMSe (FL4S~ 
N•ROOStJ.PISUT (CERN+BRATISLAVA) 
+CHASE~E~LE$~GETTNER,GLASS~EINSTEI+(NE4SI 
SCHARENGUIVEL (PUROUE) 
eENGELStdILSON~e (HARV+CASE+SLACeCORN+MCGI) 

ALVENSLEBENtBECRER~BERTRAN~CHEN~COHEN(OESY) 
+LAURENStREIGNIE~ (SRCLAY) 
+BRABEN~CLIFFT.GABATHULER~KITCHING÷ (BARE) 
eFRETTER~MOFFEIT~BALLAN+ (LRL+SLAC+TUFTI 
+MOTT,ALYA,LEE,RARTIN, PRICKETT ( INDi  

÷BARNHAM~BUTLER~COYNE~GOLOHABER~HALL~+(LBL) 
BLOODMORTHtJACKSO~ePRENTICE~VOON (TORONTO) 
+BISNAStCASON~GROVEStJDHNSON~+ (NOTRE DANE) 
eHEINLOTH~HOHNE~HOFRANNtJANATAtKAROH+(OESY) 
EISENBERGtHABERtBALLAH~CHAOMICEe(REHQeSTRNt 

LEFRANCO 71 PREPRINT LAL12E6 J.LEFRANCOIS (ORSAY} 
PARRO~ 71 PREPRINT LALIZST G. PARROUR (THESIS) (ORSAV] 
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= r  1 o . . . .  iT . . . .  F G - , - - (  I-O 

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

1 OMEGA MASS [MEV) 

HERE WE LISF ONLY EXPERIMENTS IN WHICH THE EFFECTS 
OF MASS RES3LUTION HAVE BEEN EVALUATED. 

M FROM K1-KI MODE 
M 64 7T9.4 1 .4  ARMENTERO 62 HBC 0.0  PBAR P XIK1 
M 155 779.B 1.E BARASH 6T HBC 0o0 PBAR P KEK1 11/7L~ 
M 5E0 7B1,0 0 .6  BlZZARRI 7L HBC 0o0 P PBAR KIKI  l l / T l ~  
M . . . . . . . . .  
M AVG 780.60 0,52 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1,0) 

M FROM OTHER THAN KL-KI MODE. 
M 400 782.0 1.0 ALFF 62 HBC 
M 3A 784.0 1,O ARMENTERD 63 HOG 
M 120 781.0 2 .0  KRAEMER 64 DBC 
M 785*6 I . Z  MILLER B 65 HOG 
M 666 786.0  I ,O  JAMES 66 HOG 
M 2198 TED.4 0 ,7  ~ALTAY 67 HBC 
M 78A, 8 l , l  KEY 68 HBC 
M 2400 782.4  O.B BIZZARRI 69 HBC 
M 250 78A, L. DANBURG 70 BeG 
M 500 786, 1,  OANBURG TO OBC 
M 600 784. 1.  DANBURG 70 DBC 

500 786. 1. OANBURG TO ODC 
M 400 785. t .  OANBURG 70 DBC 
M Z00 785, E. DANBURG TO OBC 
M 710 784.1 1.E ABRAMOVIC TO HBC 
M 784.0 0 .7  ATHERTON 70 HBC 

7DB.2 1.6 RIGGS TO GNTR 
260 781.0 E.O CASON 70 HDC 

M 268 78B.4 1.0 BIZZARRI 71HEC 
M C 4270 (7B4.1)  (O.B) COYNE 7L HBC 
M C FROM TOTAL SANPLE OF COYNE T1 
M 0 783,7 l,O COYNE 7L HBC 
M 0 FROM BEST-RESOLUT I]N SAMPLE OF COYNE 71 
M 369 784*0 1 ,4  MATTHEWS 71 OBC 
M 
M AVG 

2.B~2.9  PleP 
0 .0  PBAR P 
1.2 Pied 

SEEN WITH K+K- 
2.1 PI+P 6/61 

0 .0  PBAR P 9 /66 
3 PI-P 11/67 
O PBAR P 916g 
1.2 PI+ O ELITE* 
1.4 PI+ O 11/71~ 
l , T  Pie D 11/71+ 
1.9 PIe O 11/71~ 
E . 1 P I +  0 l i l T 1 *  
2,3 PI+ O 111715 
3,9  P I -  P 6 /70 

3*6 PEAR P. T PI S/TO 
PHOTOPRODUCTION 6/70 

B,O PI -P I4PI  
0 .0  P POAR XtR-  E l / T l ~  

3.7 PI÷ P 111715 
11/71~" 

3 ,7  PI+ P l l / T t ~  
11/715 

6.9S P i t  0 2/71 

783,85 0,28 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1,3) 
(SEE IDEOGRAM BELOW ) 

WEIGHTED AUERAGE = 783.8S * 0 .2B  

ERROR SCALED BY 1 . 3  

_-p-- . 

77B  ?B'2 

~ .  . . . . . . .  MATTHEWS 71 DBC 
. . . . . . .  COYNE 71  HBC 
. . . . . . .  B I Z Z A R R I  71  HBC 

~ . . . . . . . .  CRSON 70 HBC 
. . . . . . . .  B I G G S  70 CNTR 

~ - - - \  . . . . . . .  ATHERTDN 70  HBC 
. . . . . . .  ABRAMOUIC  70  HBC 
. . . . .  DANBUR8 ? 0  DBC 
. . . . . . .  DRNBURG 7 0  DBC 

. . . .  DANBURG 7 0  DSC 
+ ~  . . . . .  DANBURG 70 DBC 

. . . .  DANBUR6 70  DBC 
. . . . .  DANBURG 70 OBC 

' ' -  ~ . . . . .  B I Z Z R R R I  6 9  HBC 
\ . . . .  KEY 6 8  HBC 

- ' -  \ . . . .  B R L T A Y  6 7  HBC 
- "--~" . . - J A M E S  66 HBC 

- -  - - ~  " . . M I L L E R  O 6S HBC 
. . . .  ~ ' . - K R A E M E R  6 4  DBC 

. . ~  . . A R M E N T E R O  6 3  HBC 
6 2  . . . . . .  ~ L F F  HBC 

7 8 6  7 9 0  

OMEGA MESON MASS (MEU) 

C H I S O  
0 . 0  
0 . 0  
0 . 2  
2 . 0  
0 . 2  
0 . 0  
0 . 0  
0 . 3  
1 . 3  
4 . 6  
0 . 0  
4 . 6  
0 . 0  
B . 4  
0 . 7  
0 . 4  
4 . 6  
2 . 1  
2 . 0  
0 . 0  
3 . 4  

3 5 . 3  

( C D N L E U  
= 0 . 0 1 9 )  

I OMEGA FULL WIDTH (MEV) 

W B4 9,0 3.0 ARMENTERO 63 HBC O.O PBAR P 
W 13,4 2,0 MILLER 0 65 HEC SEEN WITH X+ K- 
W 6E6 [ 2 0 . 0 )  OR LESS JAMES 66 HEC 2.1 PIeP 6/66 
W 155 (12,B) (E.OI BARASH 67 HBC SEEN WITH KI K1 , 6/66 
W B 171 45,81 ( 2 . 8 }  BARASH 67 HOG 0 .0  PBAR P , K 1 K I  11/71~ 
W E UNFOLDED BY COYNE 71 11/T1+ 

A 416.2)  ( 3 . Z }  AUGUSTII 69 OSPK E+ E- COLL.BEAMS 2172= 
A SUPERSEDED BY LEFRANCOIS TL 2/72~ 

W 750 B.B B.O ABRAMOVIC TO HDC 3.9  P I -  P 6 /70  
M 11.2 Z .7  ATHERTON 70 HEC 3.6  PBAR P, 7 PI E/TO 
N $10 10.3 1 .4  BIZZARRI 71 HDC 0 .0  P PBAR ~LK1 11171' 
M 248 12.8 3,~ BIZZARRI 71 HOG O,O P PBAR ~ K -  II171" 
W 4270 9 .5  1 .0  COYNE 71 HBC 3.7  PI+ P 11 /71 ,  
W 9 .2  L.O LEFRANCOI 71DSPK E+E- COLL. BEAMS 2172~ 
W . . . . . . . . .  
N AVG 9,9B 0,$6 AVERAGE tERROR INCLUDES SCALE FACTOR OF l.O) 

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

1 OMEGA PARTIAL DECAY MODES 

DECAY MASSES 
PI OMEGA INTO PIe P l -  PIO 1B9+ I391 134 
PE OMEGA INTO Pie Pl-  [VIOLATES GI 139+ 1B9 
PB OMEGA INTO PIO GAMMA (ONLY NEUTRAL INPUT TO FIT) IDA+ 0 
P4 OMEGA INTO Pl+ Pl-  GAMMA IB9+ 139+ 0 
P5 OMEGA INTO 2PIO GAMMA 134+ 1B4+ 0 
P6 OMEGA INTO ETA GAMMA 548+ 0 
P7 OMEGA INTO E+ E- .5+ .5  
P8 OMEGA INTO NU+ MU- 105+ 101 
P9 OMEGA INTO ETA PIO (VIOLATES CI 5~8+ 134 
PIO OMEGA INTO 3 GAMMA O+ O+ O 
PI1 OMEGA INTO PI~ MU+ NU- 134+ 105+ 10 s 

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

I OMEGA GRANCHING RATIOS 

N o t e  o n  t h e  B r a n c h i n ~  F r a c t i o n s  o f  t~(784) 

N o t e  tha t  t h e  e r r o r s  of  t h e  d e c a y  b r a n c h i n g  f r a c -  

t i o n s  i n  the  M e s o n  T a b l e  a r e  c l i f f e r e n t  f r o m  t h e i r  

v a l u e s  b e l o w  ( u n d e r  " F R O M  F I T " ) ,  t h e  t a b l e  v a l u e s  

b e i n g  m o r e  c o n s e r v a t i v e .  T h e  F I T  o n l y  t a k e s  i n t o  

a c c o u n t  t h e  e s t a b l i s h e d  d e c a y  m o d e s  Ir+ir'w °, w+Tr - ,  

and n e u t r a l s ,  the  l a t t e r  d e f i n e d  a s  Tr°¥. In  t h e  M e s o n  

T a b l e  w e  h a v e  a l s o  t a k e n  i n t o  a c c o u n t  t h e  u p p e r  l i m i t s ,  
+ - 

L i ( o n e - s t a n d a r d - d e v i a t i o n  v a l u e s ) ,  on  t h e  ~¥,  w ~ ¥,  

and ~r°irg¥ d e c a y s  b y  t r e a t i n g  t h e m  a s  i f  t h e y  w e r e  m e a -  

s u r e m e n t  r e s u l t s  of  v a l u e  0=~ L. .  
1 

RL OMEGA INTO NEUTRALI(PI÷ PI- RIO) [P3+*,,)/(PE) 
RE 0.17 0.04 ARMENTERO 6B HBC 0,0 PBAR P 
RZ 20 0.11 0 .02  BUSCHBEGK 63 HBC 1.5 K-P 
R1 35 0 ,08 0 ,03  KRAEMER 64 DOG l , E  PIeD 
RL E5 0.10 0,04 ALFF-STEI 66 HOC CORRoGY SGHULTZICOL) 9/66 
RI  850 0.134 0.026 DIGIUGNO 66 CNTR 1.4 PI-P 9/66 
RI $48 0.097 0.016 FLATTE 66 HBC 1.8 K-P 9/66 
R1 0.06 O.OS 0.02 JAMES 66 HOG 2.  L PEeP 6/66 
R1 19 O. lO 0.03 BARA~H 67 HDC O,O PBAR P 7 /67 
R1 . . . . . . . . .  
RL AVG 0,1048 0,0091 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  
RL FIT 0,1004 O,OOTl FROM FIT tERROR INCLUDES SCALE FACTOR OF 1,1) 

R2 OMEGA INTO (Pl+ PI- I I (PI÷ PI- PIO), SEE ALSO R15 [P I I / IP I )  
RE R [O.OE1)OR MORE CL=,95 ABRAMOVIC 70 HBC B,9 PI- P . 6/70 
R2 R (0 .035)0R LESS CL=.95 BIZZARRI TO DBC PDAR N AT REST 11/71" 
R2 (O.OIO)OR MORE CL=.95 CHAPMAN 70 HBC 1 . 6 - Z . 2  P PBAR 6/70 
R2 F 1.5 K- P (.OO2)OR MORE CL=.90 FLATTE TO HBC 8/69 
RE F FLATTE TO SEES NO SIGNAL AT L . 7 t  2 . 1 .  2 .6  GEV/C. 
RE (O.OO26)QR MORE CL=.8A HAGOPIAN 70 NBC 2.3  P I -  P 1/71 
RZ [O. O40)OR LESS CL=.84 HAGOPIAN TO HOE 2*B P I -  P 1/71 
R2 R O,OZZ 0.009 0.01 ROOS 70 RVUE 6/70 
R2 R ROOS 70 COMBINES ABRAMOVICH 70 AND BIZZARRI TO 
R2 0.028 0.006 EEHREND 71ASPK PHOTOPROOUCTION 11/71"  
R2 (O.O015(OR MORE CL=,OS HAGOPIAN 71 HBC 2,3  P I -  P 1/71 
R2 . . . . . . . . .  
R2 AVG 0.026B O.OOSl AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1 .0 )  
R2 FIT 0.0139 0.0029 FROM PIT [ERROR INCLUDES SCALE FACTOR OF [ . A )  

PB OMEGA INTO (PlO GAMMA) / (PIe PI- PIO) (PD)I(PII 
R3 (0 .L25)  (O.02E)OR GRTR. RARNIN 64 PXBE E.8 PI-P 
R3 0 .15 0 .04 JACQUET 6B HLBC 10/67 
R3 0,081 O,OEO BALOIN TL HLBC 2,9 PIe P 11/T1* 
RB 29 0,078 O.OZ9 LEFRANCDI 71 DSPK E+E- COLL. BEAMS 2 /72*  
R3 . . . . . . . . .  
R3 AVG 0.087 0,011 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,0) 
R3 FIT O.LOOA 0.0071 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .1 )  

R4 OMEGA INTO (RE+ PI- GAMNA)I(PI÷ PI- PIO) (PAI/(PE) 
R4 (0 .05 )  OR LESS FLATTE 66 HBC 1.8 N-P 9166 

16 OREGA INTO (MU+ MU-)I(PI+ Pl- PIO)(DNITS 10**-B) (P8)F(PI) 
R6 41.2)  OR LESS GALTIERI 65 HBC E,7 K-P 
R6 ( 1 . 7 )  OR LESS FLATTE 66 HEC 1.8 K-P R/66 
R6 ( 0 . 2 )  OR LESS WILSON 69 OBPK 12 P l -  ON CtFE 9/69 

AT OMEGA INTO (EPIO GAMM)I(PIO GAMMA) (PE)F[PB) 
R7 [ 0 . 1 )  OR LESS 8ARMIN 64 P X B C  E.3 -Z .B  PI-P 
RT (0 .45 )  (O.BD) STRUGALSK 69 HLBC 2.$4 Pie N 8/69 
R7 (0 .14 )  DR LESS BALOIN 71 HLBC 2 .9  PIe P 11 /71 ,  
R7 (0 .16 )  DR LESS CL=.BO LEFRANCOI 710SPK E~E- COLL. BEAMS 2 /72*  

RB OMEGA INTO(ETA PIO +ETA GAM)/ (P [+PI -P IO)  (Pg+P6) / (P1)  
RB (O.BE7)~R LESS FLATTE 66 HEC 1.B K-P 9/16 
R8 (0 .845)0R LESS CL=.95 JACQUET 69 HLBC A/70 

R9 OMEGA INTO [NEUTRALS) / ( C H A P D E D )  ( P B t . . , ) / ( P I + P 2 , . . )  
R9 0 ,124 0.021 FELDMAN 67 OSPK 1.2 P I -  P 3 /67 
RB . . . . . . . . .  
R9 FIT 0.0990 0.0071 FROM FIT [ERROR INCLUDES SCALE FACTOR OE 1 .1 )  

RLO OMEGA INTO (ZPlO GANMA)/(PI+PI-PIO) (PS)I[P1) 
RIO (O.OB) OR LESS CL=.95 JACOUET 69 HLBE 6/70 

RE1 OMEGA INTO (ETA GAMMAII(PIO GAMMA) (P6}/(PS) 
RL1 40.58) ( 0 . 3 0 )  STRUGALSK 6g HLBC 2.34 RE+ N 8/69 
Rl l  ( 0 .40 )  OR LESS BALOIN 71 HLBC 2.9  Pie P 1 L / 7 l *  
RL1 ( 0 . 2 7 )  OR LESS EL=.90 LEFRANCOI 710SPK E+E- COLL. BEAMS 2/725 

R12 OMEGA INTO (PIO MU+ MU-) / TOTAL [UNITS 10 ,= -5 )  ( P l l )  
R12 42.)  OR LESS WEHMANN E80SPK 12 PI -  FE 6/68 

RI3 OMEGA INTO (E+ E-I/TOTAL [UNITS 10+*-4)  (P7} 
RIB 5 2 ,  1.2 BINNIE 65 DSPK DI-P NEAR THLD. 6166 
RIB  B MASS RESOLUTION OF BINNIE 65 IS ABOUT 15 MEV. 
RLB H 41o0) [ 1 . 7 )  [ 0 °75 )  HERTZBACH 67 OSPR ASSUME SUIBI+MIXING. IO/66 
R13 H NOT RESOLVED FROM RHO DECAY, 
R13 A 33 ( 0 . 6 5 )  [ 0 , 1 3 )  ASTVACATU 68 OSPK ASSUME SUIS)+MIXING 6/68 
RIB A NOT RESOLVED FROM RHO DECAY, ERROR STATISTICAL ONLY. 
R13 0,40 0.21 GDLLINI 1 6E C N T R  1,7PI-R, NOTE Z 9 /68 
RiB Z MASS RESOLUTION OF BOLLINI 1 IS +-10 MEV,HIS ERROR IS +- .1S 
RIB Z WITHOUT RHO-OMEGA INTERFERENCE. COMPLETE INTERFERENCE WOULD 
R13 Z CHANGE VALUE BY +-35 PER CENT. THEREFORE WE INCREASED ERROR. 
R13 S (0 .76 )  ( 0 .14 )  AUGUBTI1 6B OSPK SEE NOTE E 2/72= 
R13 S SUPERSEDED BY LEFRANCOIE 71 E/72* 
RI3 E FROM E+ E- COLLIDING BEAMS, ASSUMING OMEGA MIDTH 12,2+-1,3 MEV ~/69 
REB 0.82 . 0.10 LEPRANCOI 71 OSPK E+E- COLL. BEAMS 2 /72*  
R13 . . . . . . . . .  
R13 AVG 0.75 0.16 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.8) 
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~(784), U(953), ~/'(958) 

RI~ OMEGA INTO NEUTRALS / TOTAL ( P 3 ÷ . . . )  
R14 0.084 0*018 BOLLINI 68 CNTR 2.1 P I -  P 6 /68 
R14 D.O?9 0.019 DEINET 69 DSPK 1.5 P I -  P 9 /69 
RL6 O.D7B 0.028 BIZZARRI Tl  HBC O.O P PBAR 11 /71 ,  
RI4 . . . . . . . . .  
R14 AVG 0o081 0.011 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l . O )  
RI4 FIT 0.0901 0.0058 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .1 }  

RI5 OMEGA INTO (PI  P I ) / I T O T A L ) .  SEE ALSO N2 (P2) 
~15 0 .032 0 .828 0.019 AUGUSTI2 69 OSPK E÷E- COLL*BEANS 8/69 
R15 3 . 7 - 4 . 0  PI+P 11/69 [O.OO3)OR MORE CL' .gB GOLDHABER 69 HBC 
RIB (O.014}~R MORE CL=.9B ALLISON TD HBC 1 . 3 - 1 . 7  PBAR P . 6170 
R1B 0.0080 0.0028 O.OO2ZBIGGS 70 CNTR PHOTOPRODUCTION 6 /70  
R15 0.0122 0 .0030  ALVENSLE8 T l  CNTR PH~TOPRODUCTION 11171~ 
R15 0.013 0 .012 0.009 ~KOFFEIT T1 HBC Z . 8 , A . 7  GAMMA P 11/71"  
RI5 (0.0361 (0 .02~ )  IO.OI8)PARROUR T l  DSPK O E+E- COLL. BEAMS 2 /72*  
R15 . . . . . . . . .  
RIB AVG 0.0100 0.0019 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

FOR COMPILATIONS, SEE GDLDHABER TO AND RODS ?O 
R15 . . . . . . . . .  
RIB FIT D.0125 0.0026 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .4 )  

R16 OMEGA INTO (ETA GAMMA) / (ALL NEUTRALS) I P 6 ) / ( P 3 + . , o )  
RI6 ( 0 . 2 4 )  DR LESS CL=.90 OEENET 69 OSPK 9/69 
R16 (0 .25 )  OR LESS CL=.90 OAKIN 710SPK 1 .4  P I -  P,N MMO l I / T l e  

RIT OMEGA INTO (2 PIO GAMMA) / (ALL NEUTRALSI ( P ~ ) / ( P O ÷ * . . )  
R17 ( 0 . 1 9 )  OR LESS CL=.90 DEINET 69 OSPK 9/69 
RL? 0 (O. Z2l (O.OT) DAKIN 71 OSPK 1 .4  P l -  P~N MMO 11 /71 .  
RI7 D SEE R18 

RIB OMEGA INTO (PIO GAMMA) / (ALL NEUTRALS) ( P B ) / [ P 3 ÷ . . . )  
R18 ( 0 . 8 1 )  OR MORE CL=.90 DE[NET 69 OSPK 9/69 
R18 D ( 0 . ? 8 )  ( 0 .0T )  O~KIN 710SPK 1 .~  P I -  P~N MMO 11/71"  
R18 D ERROR STATISTICAL ONLY.AUTHORS OBTAIN GOOD FIT ALSO ASSUMING 11 /71 ,  
R18 D PIO GAMMA AS THE ONLY NEUTRAL DECAY. 11 /71*  

F I T T E D  P A R T I A L  D E C A Y  MODE BRJ~CHING FR.&CTIONS 

T h e  rna t rL~  be low  i l  d e r i v e d  Erom t h e  e r r o r  m a t r i x  Eor t h e  l i ~ e d  p a r t i a l  d e c a y  m c ~ e  

b r a n c h i ~  E I r a c t i o n ~ ,  Pi '  a l  1ol]ow~: T h e  d i&gonaI  e l e m e ~ t i  ~ r e  P I * 6 P I .  w h e r e  

E~  i ~ . . ~  w h ~ e  t h e  o H - d i & ~ o ~ 1  e l e m ~ n ~ l  a r e  t he  ~or rmLl ixed  c o r r e l s t i o ~  c o e f f i -  

c i e n t s  ~ E P i 6 ~  ~ ~ / ( ~ P 1  " SPj ) .  F o r  t h e  deEi~I t io~e ol  t h e  i n d i v i d u a l  ~ i"  a e e  t h e  l i e t i ~ g s  

a b o v e ;  o r g y  t h o s e  P .  a p p o a r l n g  i n  t h e  m a t r i x  a r e  & ~ s u m e d  i~  t h e  Eit to  b e  n o n z e r o  azld 

a r e  t h u ~  c o n s t r a i n e d  to  s d d  to  1. 

P 1 P 2 P 3 
P 1 . 8 9 7 ~ . 0 0 6  
P 2 - . 3 2 5  . 012+ - . 003  
P 3 - . 9 3 8  - . 0 2 2  o 0 9 0 ~ , 0 0 ~  

NAGLIC 61 PRL 7 178 
PEVSNER 61 PRL 7 421 
XUDNG 61PRL ? 327 

ALEF 62 PRL 9 325 
ARMENTER 62 CERN CONF 90 
STEVENSO 62 PR I2E 68? 

ARNENTER 63 SIENA CDNF I 296 
BARMIN 63 SIENA CDNF 1 207 
8USCHBEC 63 SIENA CONF I 166 
GELFAND 63 PRL 11 936 
NURRAY 63 PL ? 358 

8ARMIN 6~ JETP 18 1~89 
KRAEMER 6~ PR 136 B 496 

BINNIE 65 PL 18 348 
GALTIERI 6B PRL 14 279 
MILLER O 6B CU-Z37(NEVIS 131) 

MILLER bE INCLUDES DATA OF 
ZDANIS 65 PRL 14 721 

ALFF-STE 66 PR 14E 1072 
OIGIUGNO 66 NC 4AA 1272 
FLATTE 66 PR 148 10S0 
JAMES 66 PR 162 896  

BALTAY 67 PRL 18 93 
BARASH 67 PR 186 1399 
FELDNAN 6T PR LE9 1219 
HERTZBAC 67 PR ISB~ 1661 

(SEE ALSO ZDANIS 6B) 

ASTVACAT 68 PL 27 S 4E 
BOLLINI 68 NC 56 A E31 
80LLINI I  68 MC 57 A 404 
KEY 68 PR 166 1430 
PISUT 68 NP B 6 328 
NEHMANN 68 PRL 20 748 

AUGUST)1 69 PL Z8 B 513 
AUGUSTI2 69 LNC 2 21~ 
81ZZARR! 69 NP B 1~ 169 
DANBURG 69 UCRL-19278 

ALSO OANBURG ?D 
DEINET 69 RL 30 B 426 
ERMIN 69 NP B 9 366 
GOLOHABE 69 PRL 23~13E1 
JACQUET 69 NC 63 A T4~ 
MILLER 69 PR 178 2061 
STRUGALS 69 PL 29 0 502 
WILSON 69 PRIVATE COMM. 

ABRANOVI TD NP 8 20 209 
ANGELON 70 YAO. FIZ. 12 788 
ALLISON TO PRL 2~ 618 
ATHERTDN 70 NP B 18 221 
B|GGS 70 PRL 24 L201 
BIZZARRI TO PRL 25 1385 
CASON 70 PR D 1 851 
CHAPMAN 70 NP B 24 ~ 5  
OANBUR~ ?D PR 0 2 2564 
FLATTE 70 PR D I 1 
GOLDHABE 70 PHILA.CONF.P.B9 
HAGOPIAN 70 PRL 28 1050 
ROOS 70 ONPL/R7 P.173 

REFERENCES FOR OMEGA 

B MAGLIC~ALVAREZ~ROSENFELD,STEVENSON (LRL) 
PEVSNER~KRAEMEReNUSSBAUM~RICHARD+ (JHUeNN) 
NGUYEN HUU XUONG,GERALD R LYNCH (LRL) 

ALFF~BERLEY~COLLEY~GELFAND ÷ (CDLU+RUTGERS) 
R ARMENTERDS,R 8UDDE + (CERN÷COLL+FRANCE) 
STEVENSONtALVAREZ~NAGLIC~ROSENFELD (LRLI 

ARRENTEROS~EDMARDS~JACOBSEN+ (CERN+PARIS) 
BARNINeOOLGOLENKO, KRESTNIKOV÷ (ITEP) 
BUSCHBECKtC ZAPP+ (VIENNA+CERNeANSTE ROAN) 
GELFAND,MILLER,NUSSBAUN~RATAU+ (COLUN+RUTG) 
NURRAY,FERR~LUZZI,HUNEtSHAFER~SOLMITZ÷(LRL) 

8ARNINtDQLGOLENKO~KRESTNIKDV + (ITEP) 
KRAEHER eNADANSKYtNEER~FIEL DE+ (JHU +NM+MOOD} 

BINNIE~OUANEtJANE,N JONES+ (IC-LOMD+NANEHS) 
A BARBARO GALTIERI,R D TRIPP (LRL) 
DAVID C MILLER (THESIS) ICOLUMBIA) 
GELFAND 63 ABOVE 
ZDANIS~MADANSKYtKRAENER~HERTZ8ACH+(JHU+8NL) 

ALFF-STEINBERGER~BERLEY,BRUGGER+ (COL+RUTGI 
0 I  GIUGND, PERUZZI,TROISE+ (NAPL+FRAS+TRST) 
+HUME~NURRAY~BUTTON-SHAFER,SOLMITZ÷ (LRLI 
F E JAMES~KRAYBILL (YALE+BROOKHAVEN) 

eFRANZINIeSEVERIENS~YEH,ZANELLO (COLUMBIA( 
BARASH~KIRSCH~NILLER,TAN (COLUMBIA) 
+FRATItGLEESDN~HALPERN~NUESEAUN+ (PENNA) 
HERTZBACH,KRAEREReNAOANSKItZDANIS÷(JHUeBNL) 

ASTVACATUROVeAZIMOV~BALDIN+ (JINR+NOSCOMI 
÷BUHLER~DALPIAZ,MASSAN+ [CERN+BGNA+STRB) 
eBUHLER,DALPIAZ,NASS)JAe (CERN+BGNA+STRB( 
+PRENTICE+COOPER÷MANNER÷HALKER+(T3+ANL+NISI 
J.PISUTtM.RDOS (CERN) 
+ENGELS÷ (HARVARD+CASE+SLAC+CORNELL+MCGILLI 

+BENAKSASeBUONeGRACCO~HAISSINSKI,+ (ORSAY) 
+LEFRANCOISeLEHNANN~NARIN~+ (BRSAY) 
+EOSTER,GAVILLET~NONTANET~+ (CERN+CDF) 
JEROME S. DANOURGe THESIS (LRL) 

+MENZIONE~NULLER~BUNIATOV÷ (K&RL+CERNI 
+MALKER,GOSHAM~HEIN8ERG (NISC+PRIN+VAND) 
+BUTLER,COYNE~HALL,MACNAUGHTON~TRILING(LRL) 
eNGUYEN-KHAC~HAATUFTeHALSTEINSLI(EPOL÷BER$) 
R. MILLER,LICHTNAN,NILLMANN (PURDUE) 
+CHUVILO~FENYVES~÷ [WARS+JINR+BUDAI 
RICHARD WILSON (SEE ALSO PR 178 2095)(HARV) 

ABRANOVICH,BLUMENFELD~BRUYANT,+ (CERNI 
÷GRARENITSKY~KAMASIRSKY,KERATSCHEMt+ (J INR) 
÷COOPER~FIELOS,RHINES (ANL) 
+ELAIR~CELNIKER~DONINGO,FRENCH+ (CERN+IPN) 
+CLIFFTtGABATHULER,KITCHING,RANO (DARE) 
+CIAPETTI~DORE,GASPEROeGUIDONh+ (ROMA+SVR) 
÷ANDREMS~BISNAS,GROVES~HARRIMGTDN,+ (NDAM) 
÷OAVIDSON~GREEN~LYS,RDE,VANDER VELDE (NICH) 
+ABOLINS~OANL~DAVIESfHOCH~KIRZ~NILLER+(LRL) 
STANLEY M. FLATTE (LRL) 
GERSON GOLOHABER,REVIEN (LRL) 
S. AND V.HAGOPIAN~8OGART~SELOVE (FSU+PENN) 
PR~*  DARESBURY STUDY MEEKEND NO I *  (CERN) 

ABRANS TL PAD ~ EB3 +BARNHAMtBUTLERtCOYNE,GOLDHABER,HALL,÷(LBLI 
ALVENSLE 71 PRL 27 8BB ALVENSLEBENtBECKERtBOSZAtCHEN~CONEN,+(DESY) 
BALDIN TL SJNP 13 758 +YERGAKOV,TREBUKHOVSKY,SttISHOV (ITEP) 
BARDADIN 71 PR OA 2711 DARDAOIN-OTMINOMSKAeHOFMDKLeMICHEJDA+(MARS) 
BEHRENO 71 PRL 27 61 +LEE,NOR~ERGeHEHMAN+÷ (ROCH+COP.N+NAL) 
BIZZARRI 71 NP B 27 1 ~  +MGNTANET, NILSSGN,C-k~OLAUt÷ (CERM+COF) 
BLOODMOR 71 NP B 35 133 BLOODMORTHtJACKSON,PRENTIEEeYOON (TORONTO) 
CHAPMAN 71 PRO 3 38 eFGRTNEYeFOMLER (DUKE] 
COYNE T1 NP B 32 383 eBLrrLEReEANC~LANDAUeMACNAUGHTON (LRL) 
OAK) N Tl  PL 36 B hOT +HAUSER,KREISLEReMESCHKE, BITSKO )PRINCETON) 
FIELDS 71 PRL 27 1769 ~DOPER,RHINEStALLISON (ANL+OXF) 
HAGOPIAN 71 BAPS 16 SoHAODPIAN (FSUePEHN) 
LEFRANCO 71 PREPRINT LAL1286 J.LEFRANCDES (DRSAY) 
NATTHEHS 71 PRL 26 400 ePRENTICE,YOONTCARROLLtWALKERt+ (TNTO+NISC) 
MOFFEIT 71 NP B 29 369 eBINGHAM,FRETTER,BALLAN+(LRL+UCBeSLAC+TUFT) 
PARROUR 71 PREPRINT LAL1257 G.PARROUR (THESIS) (DRSAY) 

l U ( 9 5 3 )  1 M, gBo o-e, 
~k. WHILE NASS AND WIDTH ARE COMSISTENT NITH THOSE DF 

THE ETA PRINE(9EB)t THE (P I+  P l -  GAMMA) DECRY DOES 
NUT SHON A RHUO EI GNALt UNLIKE THE ETA PAINE. THIS IS TAKEN AS EV[ OENCE 
EOR A NEM PARTICLE. WHILE THIS DIFFERENCE IN DALITZ PLOT DISTRIBUTIONS 
APPEARS SIGNIFICANT, IT STILL NEEDS FURTHER CONFIRMATION TO BE REGARDED 
AS HELL ESTABLISHED. POSSIBLY SEEN IN MRS . 

ONITTED FROM TABLE. 

. - - - - ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

89 M MASS (NEV) 

N 68  988.0 2 .0  AGUILAR TO HBC ~ . 9 - 4 . 6 K - P , P  K-q 1/71 
M N (953 .4 )  (1 .E )  13.8)  ~UkGLICH 71 NMS B.B P D, HE3 XO 2 / ? 2 *  
H N NIS~ING MASS SPECTRUH SH~EO THIS PEAK AT 933.A INSTEAD OF 
M N ETA PRIM (gBBI,  PEAK LISTED UNDER M BECAUSE OE NABS 
H N COINCIDENCE. THE 1.B MEV ERROR NAY BE UNDERESTIMATED RY 
H N A FACTOR OF Z (SEE BRDOY T i t  TABLE I I I I .  OBSERVED PEAK COULD 
N M THEN HELL CORRESPOND TO ETA PRIME. 

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

59 M NIDTH (MEV) 

N 68 (1D.B)  OR LESS CL' .9B AGU1LAR 70 HBC B . 9 - 6 . 6 K - P t P  K-N 1/71 
N R ( 1 5 . )  OR LESS MAGLICH 71 MNS 3 .8  P D,HE3 XO 2 /72*  

. . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

59 M PARTIAL DECAY NODES 

DECRY MASSES 
Pl  N INTO PI+ P I -  GAMMA 139+ 139+ O 
P2 M INTO RHDO GAMNA 765+ O 
PB N INTO pI+ P I -  ETA 189+ L39+ BA8 
P4 N INTO PIO ETA 134+ 5~8 
P5 M INTO PI+ P I -  P[O 139+ l ug÷  13A 

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

59 N BRANCHING RATIOS 

R1 H INTO (RHOO GAMMA]/(ALL PIe P I -  GAMMA) ) P 2 ) / ( P l l  
RI 58 0 .08 0 .1  AGUILAR ?O HBC S .9 -A .6K-P ,P  K-N l / T 1  

R2 N INTO (PI+  P I -  GANMA)/(PI+ P I -  ETA MEUTR.) (P I ) / (PON)  
R2 E8 1.2  0 .3  AGUILAR 70 HBC B .9 -4*6K-P ,P  K-N 1/71 

R3 N INTO (P I÷  P I -  PIO)/TOTAL (PB) 
P3 58 NOT OBSERVED AGUILAR ro H8C 3 . 9 - A . 6 K - P , P  K-N 1/71 

R4 M INTO [PIO ETA NEUTR. IlTOTAL (P4N) 
R4 58 NOT OBSERVED AGUILAR TO HBC 3 . 9 - 4 . 6 K - P , P  K-R 1/71 

REFERENCES FOR M 

AGUILAR TO PRL 2B 1635 AGUILAR-8ENITEZpBASSAMDtSAMIBStBARNE$+(BNL) 

NAGLICH 71 PRL 27 1479 +OOSTENS~BROOY,CVIJANOV]CH (RUTG+PENN+UPNJ) 
ROSNER 71PRL 26 9B3 J.L.ROSNER,E.N.COLGLAZIER (RINN+CALTECH) 

EROOY 72 UPR-3E.SUBN.TD PR +GROVESpNOREM,CVIJANOVICHv+(PENN+RUTG+UPNJ) 

i 
1 1 

I, ' 958 1 2 ETA PRINE ,gBB.J,O-o-.) ,-D 
I " " 1  KNDNN ALSO AS XO 

(JP = 2-  NOT YET EXCLUDEO,I 
(SEE NOTE ON QUANTUM NUMBERS AT END OF ETA 

PRIME LISTINGS) 

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

Z ETA PRINE MASS (MEV) 

N 85 (95T,OI  DAUBER 64 HBC 1.95 K-P 
M K (958.01 (L .O)  KALBFLEIS 64 HBC 2.7  K-P E/66 
H K KALBFLEISCH 6~ SUPERSEDED BY R[TTENBERG 69 
M 987.0  B.O BADIER 68 HBC 3 .0  K-P 

8 960.0  2 .9  TRILLING 68 HBC 3.65 Pie P 9/66 
R 7 985 .0  10.0  COHN 66 DEC 3.3 PI+D 6/66 
M 98900 3 .0  LONDON 66 HBC Z*2 K-P 6/66 
N 960.0 B.B ~ T T  69 HBC # . 1 - 5 . S  K- P 7/69 
N 9BT. 1. RITTENEER 6 9  HBC 1 . 7 - 2 . 7  K- P 9 /69 
N 986.0  2 .0  AGUILAR TO H8C 3.9-4o6K-P L/71 
M 3418 956.1 1.1 BASILE1 71 CNTR 1.6 P I -  P~N XO 11/71~ 
M 535 957.6  1 .6  BASILE1 71 CMTR 1.6 P I -  P,N XO 11/71* 
M . . . . . . . . .  
N AVG 987.09 0.57 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

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



Mesons 
n'(958) 

6o 

D a t a  C a r d  L i s t i n g s  
For notation, see key at front of  Listings. 

2 ETA PRIME WIDTH {MEVI 

W 85 (4 .0 )  OR LESS DAUBER 64 HBC 1.95 K-P 
W N IT.OI  OR LESS KALBFLEIS 64 HBC 2,7  K-P 6/6E 
N K KALBFLEISCH 64 SUPERSEDED BY RITTENBERG 69 
M ( 3 0 . 0 )  DR LESS BADIER 65 HBC 3.0  K~P 
w ( 1 5 . 0 I  OR LESS LONDON 66 H8C Z.2 K-P 6166 
W (10 . )  DR LESS RITTENBER 69 HBC 1 . 7 - 2 , 7  K- P 
w ( 2 0 . 0 )  OR LESS AGUILAR 70 HBC 3 .9 -A .6K -P  1/71 
W 3415 ( 8 . )  DR LESS CL=.9O BASILE[ 71 CNTR 1.6 P I -  P,N XO l l / T l t  

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

2 ETA PRIME PARTIAL DECAY NODES 

DECAY MASSES 
PI ETA PRIME INTO E l÷  El- ETA 139+ 139+ 548 

PI(NI  ETAS DECAY INTO ALL NEUTRALS 
PI(C) ETAS DECAY CHARGED 

PZ ETA PRIME INTO PIO PIO ETA 134+ 134+ 548 
P2(N} ETAS DECAY INTO ALL NEUTRALS 
PE(C) ETAS DECAY CHARGED 

P3 ETA PRIME INTO PI÷ P I -  GAMMA 139+ 139+ 0 
(INCLUDING RHO GAMMA( 

P4 ETA PRIME INTO GAMMA GAMMA O+ O 
P6 ETA PRIME INTO RHDO GAMMA O+ 765 
PlO ETA PRIME INTO PI÷ P [ -  E÷ E- 139÷ 139+ .5+ .5 
E l l  ETA PRIME INTO 2 PI 139+ 139 
P12 ETA PRIME INTO 3 PI 139+ 139+ 134 

ETA PRIME INTO 4 PI 139. 139+ 139÷ 139 P13 
P14 ETA PRIME INTO 5 PI 
Pl5 ETA PRIME INTO b PI 
PIG ETA PRIME INTO PIO E+ E- (VIOLATES C IN 134+ .5+ .5 

BORN APPROX.( 
P17 ETA PRIME INTO ETA E+ E- (VIOLATES C IN 548+ .5÷ .5 

BORN APPROX.( 
PIE ETA PRIME INTO PIO RHO 0 (VIOLATES C) 134+ 765 
El9 ETA PRIME INTO PIO OMEGA (VIOLATES C) 134+ 783 

2 ETA PRIME BRANCHING RATIOS 

Note  on  ~l' (958) B r a n c h i n g  F r a c t i o n s  

In  ou r  c a l c u l a t i o n  of  t he  b r a n c h i n g  f r a c t i o n s  of  

t he  ~1 (958) we  a s s u m e  t h e  d e c a y  m o d e s  U*rlr ( i nc lud ing  

I]W%T °, 7t% of  t h e  Ues  h a v e  n e u t r a l  d e c a y s ) ,  p0¥, 

and yy. 

In the fit we do not use the constraint 

R = F (d-~ nn+ n')/F(d-~ n~%0) = z 

from I-spin conservation. The result of the fit is 

in agreement with it, 1% = 1.8 • 0.Z. 

RL ETA PRIME INTO (PI+  E l -  ETA (NEUTRAL DEC.(I/TOTAL IP1N( 
Rl K 68 (0 .36 )  ( 0 . 0 5 )  KALBFLEIS 64 HBC 2.7  K-P 10166 
Rt K KALDFLEISCH 64 SUPERSEDED BY RITTENBERG 69 
R( 281 0 .314 0 .026 RITTENBER 69 HBC 1 . 7 - 2 . T  K-P 9169 
R[ . . . . . .  • • • 
RI FIT 0.309 O. G16 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1 .0 )  

R2 ETA PRIME INTO (P [+  PI -  NEUTRALS( I TOTAL (PIN+PZC) 
P2 33 0 ,35 0 .06 BADIER 65 HBG 3.0  K-P 10/66 
RE 39 0 ,4  0 .1  LONDON 66 HBC 2.2  K-P 10166 
R2 
R2 AVG 0.363 0.051 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)  
~2 FIT 0.380 0 ,014 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1 ,1 I  

R3 ETA PRIME INTO (P I+  P I -  ETA (CHRGD,DECAY) I/T~TAL (PEEl 
P3 K 44 ( 0 . 1 2 I  (O.OZI KALBFLEIS 64 HBC 2.7  K-P 10166 
R3 K KALBFLEISCH 64 SUPERSEDED BY RITTENBERG 69 
R3 ? 0 .07  O.O4 BADIER 65 HBC 3.0  K-P 10166 
R3 10 0 .1  O.O4 LONDON 66 HBC 2.2  K-P 10166 

LOT 0.123 O.OIR RITTENBER 69 HBC 1 . T - 2 . 7  K-P 9/69 R3 
R3 . . . . . . . . .  
~3 AVG 0.116 0,013 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  
R3 FIT 0.1255 D.0063 FROM FIT tERROR INCLUDES SCALE FACTOR OF l . O )  

R4 ETA PRIME INTO (P I÷  P I -  NEUTRALS (EXCLUDING (PZC) 
R4 P[+ E l -  ETA {NEUTR.DEC.))(  / TOTAL 
R4 K lO ( 0 . 0 5 )  (O.OAI KALBFLEIS 64 HBC 2.7 K-P 10166 
~4 K KALBFLEISCH 64 SUPERSEDED BY RITTENBERG 69 
R4 42 0.045 0.029 RITTENBEM 69 HBC 1 . 7 - 2 . 7  K-P 9169 
~4 
~4 FIT 0.0713 0.0059 FROM FIT (ERROR INCLUDES SCALE FACTOR nF 1.01 

~5 ETA PRIME INTO (NEUTRALS( I TOTAL (P2N÷PAI 
~5 K 54 (O*ES( (O.OEI KALBFLEIS 64 HBC Z.7 K-P 
15 K KALBFLEISCH 64 SUPERSEDED BY RITTENBERG 69 
~5 16 0,24 O.tT BADIER 65 HBC 3.0 K-P 
~s 32 O.E 0.1 LONDON 66 HBC 2.2 K-P 
R5 123 0.189 0.026 RITTENBER 69 RBC I,T-2.7 K-P 
R5 535 0.185 0.022 8ASILEI 71CNTR 1.6 P I -  PiN XO 
R5 . . . . . . . . .  
R5 AVG 0.190 0.016 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.O) 
~5 FIT 0 .194 0.015 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .1 )  

(SEE IDEOGRAM BELOW } 

10166 

10/66 
10/66 

9169 
tt/?I* 

WEIGHTED AUERAGE = 0 . 1 9 0  • 0 . 0 1 6  

ERROR SCALED BY 1 , 0  

Values above of weighted average, 
error, and scale factor are for the 
reader' s convenience only. The 
data were actually processed by a 
constrained f i t  program, w h i c h  
calculates its own values o~ ~, 8~, 
and scale factor, which are d~fer- 
ent from the values shown here. 

C H I S Q  

. . . . . . . . . . .  B A S I L E 1  71 CNTR 0.1 

. . . . . . . . . .  R I T T E H O E R  69 HBC 0 , 0  

j A . . . .  LONDON 6 e  HBC 

- - -  IER 65 HBC 
- - - B A D  0.I 

(CONLEU 
0 . 0  0 . 2  0 . 4  0 . 6  = O . B O B )  

ETA P R I M E  I N T O  N E U T R A L S / T O T A L  

R6 
R6 K 4Z 
R6 K 
R6 35 
R6 20 
R6 298 
R6 
R6 AVG 
R6 FIT 

ETA PRIME INTO (PI÷ E l -  GAMMA (INCLUDING RHO GAMNA()ITOTAL IPAI 
(O.2Z( (O.O4) KALBFLEIS 64 HBC 2.7  K-P 10166 
KALBFLEISCH 66 SUPERSEDED BY RITTENBERG 60 

IO.3A( ( 0 .09 )  BADIER 65 HBC 3.0  K-P .10 /66  
0 .2  0.1 LONDON 66 HBC Z.2 K-P 10/66 
0,329 0.033 RITTENBER 69 HBC 1 . 7 - 2 . 7  X-P 9 /69 

0,316 O . 0 3 B  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 
0.301 0.020 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.11 

(SEE IDEOGRAM BELOW ) 

WEIGHTED QUERAGE = 0 . 3 1 6  ± 0 . 0 3 B  

ERROR SCALED BY 1 . 2  

Values above o£ weighted average, 
error, and scale factor are for the 
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 
constrained f i t  p r o g r a m ,  w h i c h  I I t BalD=ares it . . . . . .  1 . . . .  f x. ~x, 1 

I " ~ and scale factor, w}dch are differ- 
ent from the values shown here. 

I~ C H Z S =  
- - ~ , ~  . . . .  R I T T E N B E R  69  HBC 

t " ~  . . . .  L O N D O N  s s  HBC ! .4  

" (CDHLEU 
O . 0  O ,'2 0 . 4  0 . 6  = 0 . 2 2 t }  

ETA P R I M E  TNTD ( p I + P I - G A M M A I / ( T D T A L )  

R7 
R7 
RT 
RT 
R7 FIT 

RB 
RB 

R9 
R9 

PIO 
P 10 

R11 
RI[ 

R[2 
R12 

RE3 
R13 

R14 
RE4 

R[5 
R 15 

R16 
Rib 

R 18 
R18 
E18 
RIB FIT 

ETA PRIME INTO (PI÷ PI- GAMMA (INCLUDING RHO GANMA()I(PI Pl ETA) 
(P3II(EI÷PE) 

0,Z5 0.14 DAUBER 84 HBC 1.95 K-P 10/66 

0*462 0 . 0 4 8  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.13 

ETA PRIME INTO IPIO E+ E-(/TOTAL (PEGI 
IO,013)OR LESS R1TTENBER 65 HBC E.? K-P 10166 

ETA PRIME 1NTO {ETA E÷ E- l /TOTAL IPLT) 
( O . O l l l O R  LESS RITTENBER 65 HBC 2.7  K-P CO/66 

ETA PRIME INTO (PIO RHOO)/TOTAL (P lB I  
( 0 . 0 4 I  OR LESS RITTENBER 65 HBC 2,T K~P 10166 

ETA PRINE INTO (PlO OMEGAI /TOTAL (P19) 
(O,OBI OR LESS RITTENBER 65 HOE 2.7  K-P 10166 

ETA PRIME INTO (E l+  P I -  E+ E-]/TOTAL (PlO) 
(O.006)DR LESS RITTENBER 55 HBC 2.7 K-P 10166 

ETA PRIME INTO (2 PI)/TOTAL (P11( 
( 0 . 0 7 )  DR LESS LONDON 66 HBC COMPILATION lO/A& 

ETA PRIME INTO (3 P/I /TOTAL {P12) 
(O.OTI OR LEES LONDON 66 HBC COMPILATION 10166 

ETA PRIME INTO (4 El i /TOTAL (P I3 )  
(0.011 OR LESS LONDON 66 HBC COMPILATION I0166 

ETA PRIME INTO (6 pI I /TOTAL (P15) 
(O ,O l )  OR LESS LDNOON 66 HBC COMPILATION 10/66 

ETA PRI~E INTO (RHOO GAMMA)/(PI Pl ETA) I P 6 ) / I P l ÷ P 2 1  
0.31 O.IE DAVIS 60 HBC 5.E K- P 9/68 

0.442 0.048 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1,11 



Data Card Listings 
For notation, see key at front o/Listings. 

RID ETA PRIWE INTO (2 GAMNA)ITOTAL (PE} 
RI9 5 0.055 0.036 0.930 BOLLINI 68 CNTR 1.9 Pl-  P 2/72= 
R,9 T O*LZ6 O.OT5 BENSINGEB TO DBC 2.2  PI÷ D 1/71 
EL9 41 O. O1T 0.004 BASILE2 71CNTR 1.6 P I -  PeN XO l l / T L *  
R19 31 0=020 O . O O 8  0.006 HARVEY 710SPK 3.65 P I -  P,N XO 1 1 / 7 1 *  
RID . . . . . . . . .  
RID AVG 0.0186 0.0035 AVERAGE (ERROR INCLUDES SCALE FACTOR OF L.O) 
RID FIT 0.0186 0.0036 FROM FIT (ERRUR INCLUDES SCALE FACTOR OF 1 .1 )  

RED ETA PRIME INTO (PI+PI~) /TOTAL ( p ~ l (  
R2O (0.02) OR LESS RITTENBER 69 HBC 1 . 7 - 2 . 7  K-P 9169 

RZI ETA PRIME INTO (PI÷PI-PIO)ITOTAL ( P , 2 ]  
R21 {O.OE} OR LESS RITTENBER 69 HBC 1.7-2.T K-P 9169 

R22 ETA PRIME INTO ( P I ÷ F I + P I - P I - I / T O T A L  ( p , 3 )  
R22 (OoOI) OR LESS RITTENBER 69 HBC , .7 -2 .7  K-P 9/69 

~23 ETA PRIRE INTD (P [+P I+PI -P I -P IOI /TOTAL (P14) 
R29 IO .O l )  OR LESS RITTENBER 69 HBC 1 . 7 - 2 . 7  K-P 

BE6 ETA PBIME INTO I P I + P I ÷ P I - P I -  NEUTRALS}/TDTAL [ P 1 6 ÷ . . . )  
R24 (0.01) OK LESS RITTENBER 69 HBC 1 . T - ~ . T  K-P 9 /69 

EZ~ , ETA PRIME INT~ ( B H O 0  GANMAI/IALL PI÷ P ] -  GAMMA) ) P 6 I / ( P B I  
RZ9 0 .94  0.20 AGUILAR 70 HBC 3 . 9 - 6 . 6 K - P  1/71 

RE6 ETA PRIME INTO (P I9  PIO ETA INTO 3 P10)/TDTRL (PENIBPIO)) 
R26 4 O.1 I  O.O6 DENSINGER 70 DBC ~.2  PI+ O 1/71 
R26 . . . . . . . . .  
R26 FIT O. 0740 0o006L FRGI4 FIT (ERROR INCLUDES SCAL~ FACTOR OF 1 .0 )  

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The rnatr~ b e l o w  i s  derived from the error matr~ for the fi~ed partial decay mode 

branching fractions, Pi" as follows: The dia~o~l elements are P'11 • SP,, where 

Ep i = ~ while the o~-dia~on~ elements are the normalized correlatio, coeffi- 

cients <6PiSP~>/(5P i . EP~). Fo~ the definitions of the individual Pi" see the Iiating~ 

above; o~y those P. appearing ~ the ntatr~ are assumed in the fit to be nonzero and 
l 

are thu# constrained to ad~ to I. 

P l  P Z  P B  P 6  
P I .~EE+-.OZ2 
P 2 - . 6 4 b  .26T+- .020  
P 3 -.585 - *~5Z . 3 0 , + - . 0 2 3  
P 6 .028 - . 2 0 8  .DO8 .018+ - .003  

Note on Uncertainty in the 5P Assignment of q= (958~ 

For the dominant (68~@ wwD decay mode of the 

t] I , since the Dalitz plot population is rather flat 

(DAUBER 64, LONDON 66, KITTENBEKG 69, 

DUFEY ~9), and in particular does not vanish at the 

edges of the plot, the JP = Normal series may be 

ruled out. 
+ 

IT 

n or v ~ _ ( ~ c . m . )  

/ 
1T 

I n  t h e  n o t a t i o n  o f  t h e  s k e t c h ,  a n y  N o r m a l  m a t r i x  

e l e m e n t  w o u l d  h a v e  a f a c t o r  s i n  0 a n d  w o u l d  t h u s  go to 

zero at the edge of the Dalitz plot [ C. Zemach, Phys. 

Rev. ~33, BIT.05 (5964)]. 

S~nce 5 + is excluded by the observation of the 

¥¥ decay mode, this leaves us with 0", Z', • • • of 

the Abnormal series. Unfortunately, no information 

permits us at present to d~st~nguish between 0- and 

Z- (OGIEVETSKY 75). 

The vv U decay mode (R/TTENBEKG 69, LONDON 

66, DUFEY 69) is fitted better with JP = 0- than with 

J p = Z-, but the latter cannot be excluded, either 

when comparing the simplest matrix elements with 

the Dalitz plot density distribution or when judging 

from the 0-dependence or the U energy dependence 

of the squared element (O(BIEVETSKY 75). 

61 
M e s o n s  

t)'(958) ~(950-1020) 

T u r n i n g  to  the  30% m o d e  ~ '  --  ~ + ~ - y ,  w h i c h  

K I T T E N B E R O  69 h a s  s h o w n  to  be  m a i n l y  9°¥ d e c a y ,  

o n e  g e t s  a g o o d  fit  w i t h  b o t h  J P  = 0" [d~r /d(cos  0 ) o~ 

s i n  2 0] and  JP= Z ' [ d f f / d ( c o s  0)co 6 + s i n  2 O] for  the  

s i m p l e s t  p o s s i b i l i t y  o f  p u r e  M5 t r a n s i t i o n  o r ,  e . g .  

d (~ / d (cos  0) cc t  .48  + s i n  2 0 f r o m  the  m a t r i x  e l e m e n t  

w i t h  m i n i m u m  m o m e n t u m  d e p e n d e n c e  ( O G I E V E T S K Y  

7 i ) ,  s o  no  d i s t i n c t i o n  i s  p o s s i b l e  h e r e .  

M o r e o v e r ,  t h e  p o s s i b l e  e x i s t e n c e  of  an  a d d i t i o n a l  

r e s o n a n c e ,  M ( 9 5 3 ) ,  w h i c h  d e c a y s  in to  w~ry but  not  

i n to  p0¥, m a k e s  a s t u d y  of  the  ~rwy f i na l  s t a t e  e v e n  

m o r e  a m b i g u o u s .  

REFERENCES FOR ETA PRIME 

DAUBER 96 
ALSO 66 

GDLDBERG 66 
GOLDBERG 6~ 
~ALBFLEI 66 

BRDIER = 
~IENE~E ~ 
RITTENBE 65 
TRILLING bE 

COHN &6 
LONDON 9 6  

BOLLINI 6 8  
DAVIS 88 

NDTT 69 
RITTEHBE 69 

AGUILAR TO 
EENSINGE 70 

BASILEI T1 
EASILE2 71 
HARVEY l I  

MARTIN 86 PL 22,DE2 
BARBARO- E8 PRL 20 369 
BARLOUTA 68 PL 26 B 674 
DUFEY 69 PL 29 ~ 60~ 
IARDADIN 71PB 06 2711 

OGIEVETS 71 PL 25 B 69 

PRL 13 669 DAUBERtSLATERtSNITHtSTORKwTICHO (UCLAIJP 
DUBNA CDNF I 6, E DAUDER~SLRTEBeL T SRITHvSTORKtTICHO (UCLA) 
PRL 12 546 +GUNDZIKtLICHTMAN,CONNDLLV,HARTw÷(SYRA+BNL) 
PRL 13 269 ~GUNDZIKtLEITNER,CONNOLLY~HARTt÷ (EYRA÷BNL] 
Pal  I9 3~9 G.R.RALBFLEISCHfU.DAHLtA.RITTENBERG ILRL)JP 

PL I7 337 BADIERvDEMOULINyBARLOUTAUD ÷(PAR~SAC~ZEEMA) 
PL , 9  693 KIENZLE~NAGLIC,LBVRAT,LEFE~VRES ÷ (CEBN) 
PRL IE 556 RITTENBERG~KALBFLEISCH (LRL÷ENL) 
PL L9 427 +BROHN,GOLDHABERS,KADYKtSCANID (LRL) 

PL 21 367 COHN,NCCULLOCH,BUGG,CONDO (ORNL÷TENN+UNCAR) 
PR 169 1036 LONDOHt RAUrSAMIDStGOLDBERG + (BNL~SVRACUSE)IJP 

NC 58 A 289 +BUHLERtOALPIAZtMASSAH÷ (CERN*BGNA÷STRE) 
PL 27 B 532 +AHMAR~MOTTtDAGANtDERRICK.FIELDS (NHES+ANL) 

PR 177 I966 +AMHARvDAVISIKROPACtSLATETDAGAN+ (NHES+ANL) 
UCBL-IEE63 ALAN RITTENBERG (THESIS) (LRL)I=D 

PRL 2E 1 6 9 5  AGUILAR-BENITEZ,,ASSANOvSAHIOS~BARNEE+(BNL) 
PL 33 B 505 BENSINGER~ERWINeTHDHPSDN,H.D.WALKER (WISC} 

NC 3 A 371 ~BOLLINI~DALPIAZ,FRABETTIv÷(CERN+BGNA÷STRB) 
NP B 33 29 ÷B ~.LINI,DALPIAZeFRABETTI,+(CERN÷BGNA+ETRE) 
PRL ZT 885 ÷HARQUITIpETERSONtBHOAOES,+ (MINN+MICH) 

PAPERS NOT REFERRED TO IN THE DATA CARDS 

MARTIN,CRITTENDEN,SCNROEOER (INDIANA U) I  
EARBARO-GALTIERI,NATISON~RITTENBERG÷ (LRLI I -O 
DARLOUTAUDe (SACLAY+AMSTD+BOLOGeWEIZN÷E.P.)I=9 
#GOBBltP~CHO~,CNOPS~÷ ~ETMEeCERH÷SACL)IJP 
9ARDADIN-OTHINONSKAgHDFMOKL~NICHEJDA+(HARS) 
DGIEVETSKY~TYBORtZASLAVSKY (DUBNA) 

$ $ = $ $ $  

[ (95o_zo2o) 1 3o P, (9,0-LOEO,JRG . . . .  ' I ' '  

The I = t p e a k s  in  th is  r e g i o n  can  be subdiv ided 

in to  t h r e e  t y p e s :  

i )  M i s s i n g - m a s s  p e a k s  w i t h o u t  i n f o r m a t i o n  on  t h e  

f ina l  s t a t e ,  e x c e p t  that  I ~ 0 ( e . g .  , the  6 - m e s o n  

p e a k  of  K I E N Z L E  65) .  

Z) I) v d e c a y s ,  p e a k i n g  s l i g h t l y  b e l o w  KK t h r e s h o l d ,  

T h i s  d e f i n e s  I G = i -  and  J P  = N o r m a l .  

3) T h r e s h o l d  e n l ~ n c e m e n t s  in  t h e  (KK) =E s y s t e m  

w i t h  I = i .  T h e  Q v a l u e  i s  l o w  a n d  J P  t h e r e f o r e  

p r o b a b l y  0 +.  

In l i s t i n g  t h e m  t o g e t h e r  u n d e r  t h e  c o m m o n  e n t r y  

" w ( 9 5 0 - 5 0 Z 0 ) ,  " we t a c i t l y  i m p l y  that  t h e r e  i s  at  

p r e s e n t  no e x p e r i m e n t a l  n e e d  to  a s s o c i a t e  t h e m  w i t h  

two  d i f f e r e n t  p o l e s .  M o r e  c o m p l e t e  s t u d i e s  of  the  

m a s s  d e p e n d e n c e  of  the  KK t h r e s h o l d  e f f e c t ,  u s i n g  

c o u p l e d  c h a n n e l  a n a l y s i s ,  a r e  n e e d e d  to  c l a r i f y  t h i s  

q u e s t i o n .  



MEsons 
~r(950-1020), H(990), S* 

6 z  

Data Card Listings 
For notation, see key at front of  Listings. 

N o t e ,  h o w e v e r ,  t w o  k i n e m a t i c  e f f e c t s  t h a t  c a n  

p r o d u c e  p e a k s  in  t h i s  r e g i o n  of t h e  ~7 x m a s s :  

a) In  the  r e a c t i o n s  K - n - "  A~-(Mlvi) and  

K-p -- A+w-(MM) (studied by CI%ENNELL 69, 

MILLE1% 69) w i th  s e l e c t i o n  of the  m i s s i n g  m a s s  (MR) 

in the ~(549) region, a spurious 6 peak can arise 

from contamination with Ap'~T 0 final states. This 

has been pointed out by CI%ENNELL 69. 

b) In final states containing many pions [ e. g. , 

Z~+2~'~ o, (3~)e~°], and with the~ copiously produced, 

the  c o n s t r a i n t  of  at  l e a s t  one ~] c o m b i n a t i o n  in t he  

~=E1T+~T'~TO mass "fakes" a peak in the mass region 

around 960 MeV owing to reflections from the ~. 

This remark (by YIOU 70) may apply to the observa- 

tions of D E F O I X  68 and  C A M P B E L L  69, bu t  no t  to  

BAKDADIN 7 t ,  who  t a k e s  it  in to  accoun t •  

36 P I (950- IO20)  MASS (NEV 

H SEEN IN MISSING MASS ONLY 
M 262 962.0 5 .0  
M 966.0 8*0 
M 975.0  6 .0  
M . . . . . . . . .  
M AVG 96T. L ¢ . [  

M ETA PI FINAL STATE ONLY. 
H (96B. )  APPROX, 
H l e T S , O ) "  
M 9 7 0 , 0  LS,O 
H ( 9 B e . O )  ( 1 0 , 0 )  
N OBO.O 10,0 
M 21 948 .0  7 .0  
N . . . . . . . . .  
M AVG 9 6 0 . 0  1 0 . 3  

KIENZLE 65 HHS - 3~E P I -  P 9166 
OOSTENS 66 MRS • 3,B PP TO O + HM, 9/66 
ABOLINS TO MMS + 3 , 8 - 6 . 3  PP--D+NM. [171 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .2 )  

CMUNG S 68 HBC - 3•2 PI-P B/TO 
DEFOIX 68 HBC + 1.2 PB P.ETA P( 3/69 
BARNES 69 HBC - 4-5 K-P,PI -ETA 9/69 
MILLER 69 HBC - 4•5 K-N,ETA Pl 7169 
ARHAR TO HBE A. I tE.EK-~ETA PI 5170 
BARDADIN 71 HBC +-  8 PI+P,P DO PI 2 /72 "  

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .9 )  

M K REAR ONLY 
M 1 6 3 ( [ 0 0 3 . 3 )  7.~SYSTENATIC ROSENFELD 65 RVUE +-  
R SCAT. LENGTH 2 TO 6 FERMIS.RALTAY E6 HBC 3.7 ROAR P 
H A I O 0 ( [ O I 6 * )  ( I O . )  ASTIER 6T HBC +-  0 PBAR P 
M A SCATT.LENGTH ALSO FITS, SEE BELOW 
N SCATT.LENGTH + 2 . 5  ÷ - L .  FERMI ASTIEN 6T HBC + -  O - h 2  PBAR P 
M OR CHPLX, RE PART--2.3 F . . . . . . . . . . . . . . . . . . . . . . .  
M IH PART-.EF OR L E S S  . . . . . . . . . . . .  

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

36 PI(950-IOEO] 

w SEEN IN HISSING MASS ONLY 
W 262 (5 .01 OR LESS 
W (I0.0) OR LESS 
H 60.0  L6,O IO.O 

N ETA PI FINAL STATE ONLY 
W ( 2 5 . 0 )  
W ( 5 0 . 0 )  OR LESS 
w" (6O.O) I3O.O) 
H 8 0 . 0  3 0 , 0  
W 21 31.0  28*0 
W . . . . . . . . .  
H AVG 53.8  26.4  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2)  

H K KBAR ONLY 
W 1~3 (ST.O) LD.O÷SYSTEMATIC ROSENFELO 65 RVUE ÷ -  8 /66 
W A IOO (25.1APPNOX* ASTIER 67 HBC + SEE NOTE A ABOVE 9/67 

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

36 P I I950-1020)  PARTIAL DECAY NODES 

DECAY MASSES 
Pl Pl(950-LOBO( INTO 3 P( 134+ 134+ 134 
P2 PIi95G-LOZOI INTO ETA PI 548+ L34 
P3 PI(95O-LOEO) INTO RHO PI T65+ 134 
P4 P I (950-~020)  INTI K KBAR 693÷ 497 

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

36 PI(OBO-[OZO) BRANCHING RATIOS 

RI CHARGED DELTA OF KIENZLE 65 INTO (1 CHARGED)/(8 OR MORE CHARGED) 
RZ 1 .8  O.O 0.7 KIENZLE 65 RNS - 3-5 P I -  P 9/66 

R2 PI (950-1020)  INTO ETA PI/TOTAL (PZI 
R2 SEEN BARNES 69 HOG - ~-5 K-P~PI-ETA 9/69 

RB PI (950-1020)  INTO (RHO P I l l ( E T A  PI I  ( P 3 l l ( P Z I  
R3 (0 .25 (  OR LESS GL=.TO AMNAR TO HBC ÷ -  4 * l t S . S K - , E T A  P( 5 /70 

R4 PI(OSO-LOBOI INTO (K KBAR)/(ETA PI) (P@)/(P2) 
R4 (O.Z)  OR LESS CL=.TO AHHAR TO HBC +-  6 .1 ,5°BK- ,ETA PI EITO 
R@ (0 •2 (  OR MORE ASTIER 67 HBC O. PDAR P . 9167 

• 8/66 
8 /66 
7/B7 

T/67 
T/67 
?/e7 

WIDTH (MEV) 

KIENZLE 65 NHS - 3-5 P I -  P 9/66 
OOSTENS 66 HHS ÷ 3.8  PP T3 0 + NH 9/66 
ABOLINS TO MHS + B . 8 - 6 . 3  PP--D+NN l / T l  

OEFOIX 68 HBC +-  1.2 PB P,ETA Pl 3/69 
~RNES 69 HBC - A-5 K-P, PI-ETA 9/69 
HILLER 69 HBC - ~.E K-NtETA PI 7/69 
ABRAM TO HBC + 4 .1 ,5 .SK- ,ETA  PI 5/70 
BARDADIN TL HBC + 8 PI÷P,P DO Pl . 2/72* 

TURKOT 63 SIENNA CONF 1 $61 

ARNENTER 6B PL 17 3@6 
BARASH 6E PR 139 B 1659 
KIENZLE 65 PL 19 638 
ROSENFEL 65 OXFORD CUNF 58 

ALLEN D 66 PL B2 563 
BALTAY 66 PR 1~2 8 982 
FOCACCI 66 PRL 17 890 
OOSTENS 66 EL 22 708 

ALLISON 67 PL 25B 619 
ASTIER 67 PL 25 B 29~ 

ASTIER 6? INCLUDES DATA OF 
BAILLON 67 NC 50A 393 
BANNER 1 67 PL 25 B 300 
BANNER Z 67 PL 25 B B69 
BARLOH AT NC EO A TOL 
CON~PORTO 67 NP B3 ~B9 

CHUNG S 6R PR 165 1691 
DEFOIX 68 PL 2B B 353 
GALTIERI 68 PRL 20 3@9 
JUHALA 68 PL 2T B 257 
SABRE CO 6B PL 26 B 6T4 

BARNES 69 PRL Z3 610 
CAMPBELL 69 PRL 22 1204 
CRENNELL 69 PRL ZZ 1398 
JUHALA 69 PR 184 1/+61 
KRUSE 69 PR 177 195t 
MILLER 69 PL 29 B 25E 

ALSO 69 PR lOB LOLl 
SCHROEDE 69 PR 188 2081 

ABOLINS TO PRL 2E 469 
AHMAR 7D PRO 2 63B 
COOPER 70 NP B 23 605 
YIOU 70 THESIS, A 6@6 

REFERENCES FOR PI(95O-E020) 

+COLLINS,FUJII,KERP+ (BNL÷PITTSBURGHI 

ARMENTEROS~EDNAROS.JACDBSEN ÷ (CERN+PARISI 
÷FRANZINI,RIRSCH.MILLER,STEINBERGER÷(COLUM) 
+ MAGLIC,LEVRATtLEFEBVRES ÷ (CERNJ 
A H ROSENFELD (LRL--RVUE) 

÷GP FISHEReG GODDENtL MARSHALL,SEARS (COLDIG=÷ 
+LACH~SANDNEISS,TAFTtYEH, STONEHILL+ (YALE) 
+ KIENZLEtLEVRAT,MAGLIC,NARTIN (CERN( 
+CHAVANON,CROZON,TOCQOEVILLE (SACLAY,CF)I=I 

+CRUZ* (OXF+NUN+BIRM+RUTH+GLAS~+LON(IC)) 
+MONTANET, BAUBILLIER,DUBOC+ (CDF~CERN+IDR) 

BARLOW 6T,CONFORTO 6T,ARRENTEROS BE. 
+EDHARDS÷O. ANDLAU+ASTIER+ (CERN+COF +IR) 
+FAYOUX,HAHEL,ZBEHBERY,CHEZE÷ (SACLAY÷CAEN) 
+CHEZE,HAHEL,MAREL,TEIGER,CROZON+(CDP+SACL) 
+MONTANET, D-ANDLAU÷(CERN÷CDF+IDR÷LIVERPOOL) 
CDNFORTD,MARECHAL,NG/~TANET+ICERN÷PARIS+LIVI 

÷O•DAHL, J• KIRZ, O•H.HILLER (LRL) 
+RIVET,SIAUD,CONFORTO, SHIVELYICOF÷IPE+CERN) 
BARBARO-GALTIERI,NATISON,RITTENBERG+ (LRL( 
+LEACOCK,RHODE,KOPELMAN,LIBBY÷ (IOWA+COLD) 
BARLOUTAUO+ (SACL÷AMST+BGNA+REHO+EPOL) 

÷CHUNG,EISNER,BASSANO, GOLDBERG+ (BNL÷SYR) 
J•H.CAHPBELL,LICHTHAN,LOEFFLER,+ (PURDUE) 
+KARSHON,KWAN WU L A I , +  (BNL÷NYU) 
+LEAC~K,RHODEtKOPELNAN,LIBBY, + (AHES+COLDI 
~RUSE,LOOS,SOLDWASSER (ILLINOIS) 
D.H.MILLER,S.L.KRAMER,D.D.CARMONY,÷(PURDUE) 
YENmANNANN,CARMONY,ELSNER,÷ (PURDUEI 
SCHROEDERtKERNAN,FISHERtLIBBV,+ (AMES÷COLD) 

÷GRAVENt~CARTHY,G•SMITH, L•SMITH÷ (LRL÷UCD) 
+KROPAE,OAVIS,DERRICN÷ (KANS÷NNES÷ANL÷NISC) 
÷HANNEN,HUSGRAVEtPOLLARD, VOYVDDIC (ANL) 
TCHIU-PUNG YIOU (ORSAY) 

ANDERSON 71PRL B6 108 +DIXIT,+ (CHIC*ANL÷CARL+LASLtOTTA÷RAGOYA) 
BARDADIN 7[ PR D4 Z ? I L  BARDADIN-OTHINDWSKA,HOFMOKL,MICHEJDA+(WARSI 

IH(99o) J 
f 

35 H {990 ,  JPD=A - I  I=O 

THE EVIDENCE OF BENSON 66 HAS DISAPPEARED AFTER 
RE-ANALYSIS (CHAUDHARY TO)• NO STATISTICALLY 
SIGNIFICANT EVIDENCE FOR THE PRE-L9B8 H-ENHANCE- 
MENT THEREFORE REMAINS (BARBARO-GALTIERI 6 9 ) .  
HOWEVER, GQt OHABER 69 REPORT A NEW ( P I + P I - P l O )  
ENHANCEMENT AT ABOUT THE SAME MASS, R=[OOO HEV, 
SEEN UNDER CONOIT|ONS DIFFERENT FROM THOSE OF THE 
EARLIER OBSERVATIONS• OMITTED FROM TABLE• 

REFERENCES 0N H HESON 

EARTSCH 64 PL 11 167 AACHEN-ZEUTHEN-BIRN-EDNN-HAMB-HUNCHEN COLL 
GOLOHABE 65 CORAL GABLES P.76 G. GOLDHABER (LRL) 
BENSON 66 PRL 17 1 2 3 @  ÷NARQUIT,ROE,SINCLAIRtVANDER VELDE (HICH. IIJP 
COHN 67 NP B l  E7 ÷NC CULLOCH,BUGB,CONDO (OAK R•÷UNIV•TENN) 
ROSENFEL 67 RNP 39 [,APPENDIX ROSENFELD, BARDARO-GALTIERI+(LRL÷CERN+YALE) 
ARMENISE 68 PL 26B 336 ÷DHIDINI,EORIND÷ (BARI÷BOLOGN÷PIRENZ+ORSAY) 
BARBARO- 68 PHILAD.CONF.P.13T A.BARBARO-GALTIERI,P.SODING (LRL) 
FUNG 6B PRL 21 4T +JACKSON÷PU+BROWN÷GIDAL (U.C.RIVERS+LRL! 
GOLDHABE 69 LUND CONF•P.2TL G. OOLDHABER QUOTED BY B.HAGLIC (LRL) 
CHAUDHAR 70 PRD 2 2110 E,CHAUDHARY,E,NARQUIT (MINNESOTA( 
GORDON 7D COO 1195 IT9 THESIS,ILLINOIS (ILL( 

[Z] 3 S* (LOOO,JPG-O++)I-O 

S-wav e KI~ Interactions in the Ke~ion 990-~Z00 HeY 

Under this entry we list parameters of the S ~ pole 

in the IG(JI°)c = 0+(0+)+ wave. For discussion, see the 

entry "S-wave ~ interactions, " near the beginning 

of t h e s e  M e s o n  Da ta  C a r d  L i s t i n g s .  

Note  t h a t  p o s s i b l e  e v i d e n c e  of D - w a v e  ~ i n t e r -  

a c t i o n s  in  t h e  S ~ r e g i o n  i s  l i s t e d  s e p a r a t e l y  u n d e r  

n N (i 080). 



Data Card Listings 
For notation, see key at front of  Listings. 

63 
Mesons 

s*, 

3 S* (lOOO) MASS (NEV) 

N ( lO00 .OI  APPRDX BINGHAN 62 HLBC 6mle PI -N 
(1000 .0 (  APPROX BIG1 62 HBC 1~).0 P l -P  

R ( lOGO.O) ERWIN 62 HBC 2.10 PI-P 10/66 
M 30 (1030 .0 )  APPROX. BALTAY 6# HBC 3.T  PEAR P 
M ( 1 0 2 5 , 0 )  APPROX. DARWIN 6A NLBC 2.B PI-P 6 /66 
N 20(1068.01 )10 .0 )  CRENNELL 66 HBC 6 .0  P I -  P 6 /66 
M 120 SCATT.LENGTH FITS BETTER. ~ S S  66 HBC 1o6-4 .2  P ( -  P 10/66 
M T30( lOTD.O) ( 6 . 0 )  ( 5 . 0 )  BEUSCH 6T OSPK 5 , 7 , 1 2  PI-P 9/67 
M 54(1030. l ( 1 0 , )  ALITTI RE HBCeDBC 3 . 6 - 5 . 0  K- M 7 /69 
M (1046 .0 )  IT.O) AGUILAR- 69 HBC 0 . 7 ~ 1 . 2  PEAR P 7169 
M AGUILAR 69 SEES INDICATION OF O-NAVE IM ETA(1060) REGION. 
M H ( 1 0 7 0 . |  (SEE NOTE ( I l l  POANG 69 OSPK 4 PI-PtKS KS N 5/70 
M H ( 1 0 4 0 . )  (SEE NOTE ( Z | l  HOANG 69 OSPK 6 PI-PeKS KS N E/T0 
M H (1030.1 (SEE NOTE ( 3 ) )  HOANG 69 OSPK 4 PI -PtKS KS N 5 /70 
M H SCATTERING LENGTH FITS EQUALLY WELL. VALUES ARE ( I N  FI E/70 
M H + - ( 1 . 2  eO.31-O.¢),hK~ SIGNIFICANT IN PART (FOR 4 GEVIC DATA) 5 /70  
M H + - ( 1 . 0  + - 0 . 3  )~NO SIGNIFICANT IN PART (FOR 5 GEV/C DATA) 5170 
M B (1112.1 (SEE NOTE ( l ) )  BEUSCH 70 OSPK A,6 PI -P 8 /70 
M B ( 1 0 5 3 , )  (SEE NOTE ( 2 ) )  8EUSCH 70 OSFK 4 ,6  RI-P 5170 
N B SCATTERING LENGTH FITS ONLY WITH EFFECTIVE RANGE, VALUE IF) IS 5/T0 
M B +-11 .3  + 0.35 * I ) ~  M(TH EFF,RANGE - 1 .4  Fo(NOTE THAT SCATT. 5170 
M LENGTH PLUS EFFECTIVE RANGE TERN ALWAY5 SIMULATE RESONANCE (F 
M RELATIVE SIGN CHOSEN NEGATIVE. ) 
M F ( 9 9 0 , )  APPROXo FLATTE 72 HBC 7.  PI+ P 2 / ? 2 *  
M F EFFECTIVE RANGE PARAMETRIZATION WOULD FIT EQUALLY WELL 2 /T2"  
R 
M (11 FIT ASSUMING BRANCHING RATIO (Z P I ) / ( K  R8AR) OF O, B/70 
M (2)  E(T ASSUMING 8RANCHING RATIO (2 P I ) / ( K  KBARI OF 1, 5 /70 
M (3) FIT ASSUMING BRANCHING RATIO (2 P I ( / ( K  KERR) OF 2.  E/70 
M A 
M A AVERAGING NOT MEANINGFUL 

3 S* (1000) WIDTH (HEV) 

W 20 lEO.O) (15 .0 )  CRENNELL 66 HBC 6 . 0  PI-P 6/66 
H (168,01 ( 2 1 , 0 )  ( 1 9 . 0 )  BEUSCH 67 OSPK 5 . 7 , 1 2  P l -P 9/67 
M BEUSCH 67 ASSUME NO S WAVE SCATTERING LENGTH. WITH S WAVE THE WIDTH 
W BECOMES NARROWER THAN QUOTED ABOVE° 
M 64 (45~0) ( 3 5 , 0 )  I 1 5 . 0 (  ALITTI 68 HBC~OBC 3 . 6 - 5 . 0  K- N 7 /69 
W I 4 0 . 0 (  ( 20 .0 )  AGUILAR- 69 HBC 0 . 7 ~ 1 . 2  PEAR P 7 /69 
W H ( 2 0 0 . )  (SEE NOTE ( 1 ) )  HOANG 69 OSPK 4 PI-PeKS KS N 5/70 
W H ( 1 6 0 . )  (SEE NOTE ( 2 ) )  HOANG 69 OSPK 4 PI -P,KS KS N 5 /70 
W H ( 1 5 0 . )  (SEE NOTE ( 3 ) )  HOANG 69 OSPK k PI-PtKS KS N 5/70 
W H SCATTERING LENGTH FITS EQUALLY WELL. SEE UNDER MASS ABOVE, 5170 
W B ( 3 6 1 . )  (SEE NOTE ( 1 ) )  BEUSCN 70 OSPK 466 PI-P 5 /70 
W 8 (ZO8.)  (SEE NOTE ( 2 } )  BEUSCH TO OSPK At6 P l -P 5 /70 
W B SCATT. LENGTH WITH EFFECTIVE RANGE ALSO FITS. SEE UNDER MASS. E/70 
W 
W (1) FIT ASSUMIhK; BRANCHING RATIO (2 P I ) I ( K  KBAR) OF O. E/TO 
W (21  FIT ASSUMING BRANCHING RATIO ( 2  P I ) / (K  RBARI OF 1. 5170 
W (3 l  FIT ASSUMING BRANCHING RATIO (2 P I I / ( K  KBAR) OF 2 .  5 /70 
W A 
W A AVERAGING NOT NEANINGFUL 

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

B S$ (10001 PARTIAL DECAY MODES 

DECAY HASSES 
Pl S* ( lO00)  INTO KKBAR 
F2 S~ (1000) INTO PIPI 

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

B S* ( l O 0 0 l  BRANCHING RATIOS 

RI S* (1000l  INTO I F (  P ( ) / ( K  KBAR) [ P 2 ) l i P l ]  
RI ( 2 . 5 )  OR LESS CL=.90 CRENNELL 66 HBC 7/66 
RI 1 .0  0 .6  0 .3  LAI 68 HBC 6 P I -  P I 1 / 6 8  
RI F B2K FIT OF FLATTE 72 RAKES THIS RATIO MEANING- 7.  PI•P;DEL÷+2PE. 
RI F LESS BUT GIVES COUPLINGS G(PI-PI ) /G(KBAR K I - 2 / 5  

WANG 61 JETP 13 32B 
8IGI 62 CERN CONF 247 
81NGHAq 62 CERN CONF 2~0 
ERWIN 62 PRL 9 34 

8ALTAY 6~ DUBNA CONF 1 ~ 9  
BARMIN 64 DUBNA CONF I 433 

CRENNELL 66 PRL 16 1025 
HESS 66 PRL IT 1109 

BARLOW 67 NC 50A 701 
8EUSCH 67 PL 2E 8 857 
OAHL 67 PR 163 1877 

ALITTI 68 PRL 21 1705 
LA[ 68 PHILAD.CONF.P.B03 
PHELAN 68 THESIS 

ALSO 68 PRL 21 S16 

AGUILAR- 69 PL 29 B 261 
ALSO BARLOW 67 
ALSO 69 NP B 14 195 

HOANG 69 NC 6 1 A  325 
HOAHG 69 PR 184 1S63 

8AOIER 70 NP B 22 512 
BATON 70 PL 33 B 528 
BEUSCH TO PHILA.CONF. P.185 
HYAMS 70 PHILA.CDNF.P.41 

ALSO TO NP B 22 189 
OH TO PRO 1 2496 

ALSTON-G T l  PL 36 B 152 
ELATTE 72 PL 38 B 232 

REFERENCES FOR S* (10001 

WANG TSU-TSENGtVEKSLER~VRANAt• (J INR) 
A BIGIeS BRANOT~ R CARRARA + (CERMI 
H H 8INGHAN~M BLOCH • (PARIS+EC POLY+CERNI 
ERWINtHOYERoMARCN, WALKER,WANGLER (WIS÷BNLI 

BALTAYtLACHtCRENNELL,OREN,STUMR +(YALE+BNL( 
8ARMIN~DOLGOLENKOeYEROFEEVtKRESTNI~ ( ITEP) 

CRENNELLtKALBFLEISGHgLAItSCARRtSCHU÷ (8NL) 
+DAHL+HAROY+KIRZ÷NILLER (LRL) 

+LILLESTOL+MONTANET÷(CERN÷CDF~IReLIVERPOOL) 
+FISCHER,GOBBI,RSTBURY,MICHELINI+IETH•CERN) 
+HARDY+HESS+KIRZ+MILLER (LRL( 

÷BARNEStCREHNELL,FLAHINIO~GOLDBERG~÷ (BNLI 
KHAN MU LAI (BNL) 
JRMES J.  P H E L A N  (ANL+ST.LOUIS UNIV) 
HOANG~EARTLYvPHELANIROBERTS+(ANL÷CHIC+NDAM) 

M.AGUILAR-BENITEZtJ.BARLOWt÷ (CERN~COF) 

M.AGUILAR-BENITEZIJ,BAMLDWm+ (CERN+CDF) 
T.F.HOANG (ANL) 
+EARTLYtPHELANtROBERT$~÷ (ANL•ILL(CH(÷NDAN) 

+00NNETlDREVILLON~8AUBILLIER~÷ (EPOL+IPNP) 
• LAURENS~REIGNIER (SACLAY) 
M.EEUSCH (ETH+CERN) 
÷KOCH~BEUSCH~+ (CERN+MUNI•ETHeLOIE+HAWA) 
HYAMStKOCH,POTTERtVON LINOERN,• (CERN÷MPIM) 
+GARFINKEL,MORSE~WALKER,PRENTICE(WISC+TNT~) 

ALSTON-GARNJOST,BARBARO-GALTIERI~÷ (LEt )  
+ALSTON-GARNJOST~BARBARO-GALTIERI~+ (LBL) 

****** ********* **5****** ********* ********* ********* ********* ******** 

4 PHI MASS (qEV) 

M 1017.0 2 .0  ARRENTERO 63 HBC 0 .0  PBAR P 
R 1019°0 2 . 0  SCHLEIN 63 HBG 2 . 0  K- P 
R 1018°6 0 . 5  MILLER D 68 HBG O.O PBAR P 8/66 
M 1020.0 2 . 0  LONDON 66 HBC 2.2  K-P 6166 
M 1021.5 O.B ABRAMS 67 HBC A.2 K- P 1116~ 
N 1019. 3° BARLON 67 HBC 1.2 PBAR P 11/66 
R 1021.0 4 . 0  DAHL 67 HBC 1-4 P I -  P 9 /66 
M 185 1022. 1.5 ROSTEK 68 DSPK I . B  GAMMA + C 6/68 
M 1018. 0 .5  0.35 HYAMS 70 OSPK 11. P I -  P 6 /70 
M ( 1020 . )  ( 1 . )  SABRE 70 DBG 3 .0  R- N 1/71 
H 1021.0 1.5 ALVENSLE 71 OSPK GANNA÷C 1 /72*  
M 1019.9 0 .6  DIRIANCA 71DBC 4.93 K- N 1 /72 "  
M 87 (1020 .7 )  ( 0 , 8 )  SI00ROV 710SPK E• E- CDLL,BEANS 21T2~ 
M 410(1019°9)  ( 0 . 3 )  STOTTLEqY 71 HBC 2.9  K-P,Y K KBAR 11/71"  

AVG 1019,09 0.45 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,81 
(SEE IDEOGRAM BELOW ) 

U E I G H T E D  RUERRGE = 1 0 1 9 . 0 9  ± 0 . 4 5  

ERRDR SCRLED BY 1 . 8  

~ I . _ F _  CHISQ 

. . . . . . . .  O I B I R H C R  ? t  DBC 1 . 6  

I ~ I . . . . .  R L U E N S L E  71  DSPK 1 . 6  

~ | . . . . . . . . . .  H ~ , , 6  ?o OSPK 6 6  
I ~ , % " - - - ' F ~  . . . .  " D S T E K  6 8  " S P K  3 , B  

I I \ '  - - O ~ H C  67 HBC 
I I \ . . . . . .  B~Rcou 6? H6C 
I I ~ . . . . . .  , . ~ * . 6  67  HBC 6 . t  
I ~ - - ~  . . . . . .  L O . O O N  6 S  HBC 0 .2  
I -+1 ' - "~ . . . . .  "ZLLER 0 65  HBC 0 . 9  

) 1 ~ _ ~ . ~ . . %  . . . . .  SCHLEZN 6 3  HBC 0 . 0  

. . . . .  RNENTERO 6 3  HBC 1 . 1  

_ _ _ _ ~  . . . .  ~ R  2 5 . 1  

(COHLEU 
1 0 t 2  1 0 1 6  1 0 2 0  1 0 2 4  1 0 2 6  1 0 3 2  = 0 . 0 0 1 )  

P H I  MRSS ( M E U }  

4 PHI WIDTH (MEV) 

W B.4 1 .7  ARMENTERO 63 HBC 0.0  PEAR P 
N 34 ( 5 . 0 )  OR LESS SCHLEIN 63 HBC 2.0  K-P 

B.5 1°0 W MILLER D 68 HBC 0 .0  PEAR P 8/66 
N 6 .0  6 . 0  LONDON 66 HBC 2.2  K-P 6/66 
W 1.8 S.O 1.5 ABRAMS 67 HBC A.2 K- P 11/67 
W (10 ,1  OR LESS 8ARLOW 67 HBC 1.2 P8AR P 11/66 
W 165 ( 4 . 5 )  ( B . 0 )  ( 2 . 0 )  MOSTEK 68 OSPK 1.8  GAMMA + C 6 /68 
W A ( 4 . 0 9 )  ( 0 . 2 9 )  BIZOT TO OSPK E• E- COLL.8EAMS. 21725 
W A SUPERSEDED BY LEFRANCOIS 71 2/725 
W 3 .3  1.8 0.9 HYAMS 70 OSPK 11.  P l -  P 8/70 
W A,67 0 ,42 8ALAKIN 71 OSPK E+ E- COLL.BEAR 11/71*  
W 5 .5  1 .0  1.1 OI5IANCA 71 DBC 6.93 K- H 1 /T2"  
W ( 4 . 7 )  ( 0 . 7 )  LEFRANCOI 71 OSPR E+E- COLL. BEAMS 2 /T2*  
W 110 ( 4 . 5 )  13.0)  ( 4 . 0 )  STOTTLEMY 71 HBC 2 .9  K-PrY K KBAR 1 I / 7 I *  
W . . . . . . . . .  
W AVG 4 .39  0 .36 AVERAGE (ERR(~ INCLUDES SCALE FACTOR OF I .O )  

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

4 PHI PARTIAL DECAY M~DES 

DECAY MASSES 
Pl  PHI INTO K+ K- 498÷ 498 
P2 PHI INTO XL KS 49T+ 497 
PS PHI INTO PI+ P l -  PIO (INCLUDING RHO PI)  139• 139+ 134 

548+ 0 P4 PHI INTO ETA GAMMA 
P5 PHI INTO E+ E- .5+ .B 
P6 PH! INTO NO+ MU- 105~ 10 5 
P7 PHI INTO PIO GAMMA 134• 0 
P8 PHI INTO PI+ P I -  (VIOLATES G) 139~ 139 
P9 PHI INTO PI+PI-GANNA 139• I39+ 0 
PIO PHI INTO OMEGA GRMNA (VIOLATES C) 783~ O 
P l l  PHI INTO ETA PIO IVIOLATES C) 548+ 104 
P12 PHI INTO RHO GAMMA (VIOLATES C) T65+ O 
PI3 PHI INTO ETA NEUTRALS 

4 PHI RRANCH]NG RATIOS 

RL PHI INTO (K• K-}/TOTAL ( P l }  
R1 B 27 ( 0 . 2 6 )  ( 0 . 0 6 (  6AD(ER 66 HBC 10166 
R1 252 0 .48 0 ,04 LINDSEY 66 HBC 2,7  K-F 10166 
RI C (0 .493 )  { 0 . 044 )  BIZOT TO OSPK E+ E- COLL.BEAMS 11 /71 .  
R1 C SUPERSEDED BY CHATELU~ 71 11/71"  
R1 8.540 0.03~ BALAKIN 71 OSPK Ee E- COLL.8EAN 11171* 
R1 0,486 0.0~,*6 CHATELUS 71 OSPK E+ E- COLL.BEAMS 11/71"  
RI . . . . . . . . .  
R1 AVG 0.507 0.022 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  
R1 FIT 0.491 O.020 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

R2 PHI INTO (KL KS)/TOTAL (P2) 
R2 B 25 (O* 28) (0°06)  BADIER 65 HBC 10/66 
R2 167 0 .40  0 ,04 LINDSEY 66 HBC 2.7  K-P I0 /66  
R2 O.ZST 0.080 BALAKIN 71 OSPK E+ E- COLL.BEA~S 11171* 
R2 • . . . . . . . .  
R2 AVG 0.808 0.069 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 .9 )  
R2 FIT 0.307 0.024 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .4 )  



Mesons 
¢(1019), A, (1070) 

64 
Data Card Listings 

For notation, see key at front of  Listings. 

PHI INTO (F ie  PI-)I(K KBAR) (SEE ALSO Rl8} 
(0.2) OM LESS LONDON 66 HBC 

PHI INTO (E÷ E - ) / ( K ÷  K-) (UNITS I0"*-4) 
(SEE ALSO R16) 
60 6.1 l . T  BECKER 68 CNTR 

PHI INTO (MU+ RU-)/TOTAL (ONITS 10 .~ -4 )  
(E3 , )  OR LESS GALTIERI 65 HRC 
(7.41 OR LESS CHASE 67 DNTR 
3.B 3 .5  1.8 HEHMANN 6B OSPK 
2 .34  l .  OI NOY 69 CNTR 
2.17 0.60 EARL~S TO CNTR 
2.69 0.46 HAYES T1 CNTR 

2.50 0.3% AVERAGE (ERROR INCLUDES SCALE FACTOR OF i .B)  

PHI INTO (ETA GAMMAI/TOTAL (P6) 
( 0 . 2 )  OR LESS BADIER 65 HBC 3.0  K-P 
(B.OB) OR LESS LINOSEY 66 HBC 2.7 K-P 

10 (0 .020)  (O.OOTB) 8ENAKSAS 70 OSPK E+ E- 
SUPERSEDED BY LEFRANCDIS 7I 
19 0.021 0.0065 LEFRANCDI ?l OSPK E+E- COLL. BEAMS 
27 0.073 0.018 8ASILE 72 CNTR 1.8 PI- F 

PHI INTO (PI+ PI- PIO (INCL.RHD PIll/TOTAL (P3) 
30 B.12 0.08 LINDSEY 66 HBC 2.7  K-P .10166 

0.178 0.025 FROM FIT (ERROR INCLUDES SCALE FACTOR 0 = 1 . 1 1  

PHI INTO (KL KS I / (K  KBAR) (P2 ) / (P I÷PE)  
lO 0 .60  D.[O 5CHLEIN 63 HBC Z.O R-P 1D/66 
82 0 .48 0.07 8ADIER 65 HEC 3.0  K-P l l / A T  

0 .66 O.OT LONDON 66 HBC 2.2 K-P .10166 

0.648 0.06% AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  
0.384 0.026 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 

PHI INTD (PI+ Pl- PIO (INCL.RHO PII I I (K KBAR) (P3II(FI+P2) 
0.30 0.15 LONDON 66 HBC 2.2  K-P 10166 

. . . . . . . .  . 
0.220 0.038 FROM FIT {ERROR INCLUDES SCALE FACTOR OF i . 1 )  

PHI INTO (P [+  P I -  PIO (INCL.RHD P I I I / ( K L  KS) [P3 I / (PB)  
10.3)  OR LESS 8ERLEY 65 HOG 2.9  PImP 10/66 
0 .69 0 .16 BIZOT1 TO OSPK E÷ E- DOLL.BEAM 1 /T I  

B.57 0 . l l  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .2 )  

(P8 ) / (P I+P2 )  
2.2 K-P 10/66 

( P S ) / ( P I )  

GAMMA C 9/68 

(P6t 
2.7 K- P IDLE6 

PHOTOPROD. 6/68 
12 K- C E /68  

PHOTOPROD. l l /7O 
6.0  BREMSSTR. II/70 

PHOTOPROD. . l l l T I *  

83 
R3 
R3 
R3 FIT 

RE 
85 
RE 
R5 
R5 
R5 AVG 
RE FIT 

R6 
R6 
R8 
R6 FIT 

R? 
R7 
R7 
RT 
R7 FIT 

RB 
R8 

Rg 
RB 
R9 

810 
RIO 
8IO 
810 
RIO 
810 
RIO 
RIO 
RIO AVG 

811 
R l l  
RI1 
K i t  A 
RI I  A 
R l l  
P l l  
R l l  
R I I  AVG 
8Zi  FIT 

R12 
Rl2 

RIB 
R13 

R14 
816 

RI5 
RIB 

RI6 
B16 

10/66 
10/66 

2/72# 
E/72* 
2 /72*  
1 /72 "  

0.027 0.017 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 .7 )  
B.026 0.012 FROM FIT (ERROR INCLUDES SCALE FACTOR OF i . 9 )  

PHI INTO (PI+ P I -  GAMMA(/(K KBAR) (PDI I (P l+P2)  
( 0 . 0 5 }  OR LESS LINDSEY 65 HBC 2.7  K-P 10166 

PHI INTO (ETA NEUTRALS)/(K KBAR) ( P l 3 l l ( P l + F 2 )  
( 0 . 1 8 )  OR LESS LINOSEY 66 HBC 2.7 K-P 1D/E6 

PHI INTO (OMEGA GAMMA) / TOTAL (PIE) 
{0.051 OR LESS LINOSEY 66 HBC 2 .7  K-P 10/66 

PHI INTO (RHO GAMMA) / TOTAL (PIE) 
(O.OZ) OR LESS LINDSEY 86 HBC 2.T K-P 10/E6 

PHI INTO (E+ E-)ITOTAL (UNITS i 0 " * - 4 )  (PE) 
(SEE ALSO Rg) 

RI6 A 3 (6 .B )  (6.4) (2.B) ASTVACATU 68 OSPR 4 PI- P 6/68 
RI6 A ERROR OF ASTVACATUROV 68 DOES NDT INCLUDE SIGMA(PHI) UNCERTAIMTY. 8168 
R16 27 7 .2  3 .9  BINNIE 68 OSPK 1.6 P l -  P • 61E8 
R16 9 6.i 2.6 BOLLINI 68 CNTR I.B FI- P 9/68 
R16 C ( 3 . 6 8 )  ( 0 .27 )  31ZOT 70 OSPK E+ E- LOLL.BEAMS II171~ 
R16 C SUPERSEDED BY CHATELUS Tl  l l l T l *  
Rl6 2.81 0.25 8ALAKIN 710SPK E+ E-  LOLL.BEAM 11/71*  
RI6  3 .50  0 .27  CHATELUS 710SPK E+ E-  LOLL.BEAMS l l / T l *  
816 . . . . . . . . .  
RI6 AVD 3.18 0 .36 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.9)  

RI7 PHI INTO (PIO GAMMAI/(TOTAL) (PT) 
FlY (.BB3E)O8 LESS BEMPORAD 69 CNTR E.5 GAMMA N 7/69 
Ri7 A (O.OO26)OR LESS CL=.95 DENAKSAS 70 DSPK E÷ E- 2172. 
RIT A SUPERSEDED BY LEFRANCOIS 71 2172" 
RI7 6 ( . 0025 )  ( . 0809 )  LEFRANCOI Tl  DSPK E+E- COLL. BEANS 2/72* 

R18 PHI INTO (PI~ p I I ) / (TOTAL)  (UNITS 1 0 " * - 6 )  (P8) 
R I B  (SEE ALSO RE( 
f i lE (5DO.) OR LESS LINDSEY2 65 HBC 1.7~2.7 Kip . 
RIB (EB.) DR LESS CL=.95 BIZOT2 70 OSFK E÷ E- LOLL.BEAMS 11/71" 
RIB (BO.) OR LESS CL=.95 BALAKIN T l  OSPK E÷ E- C3LL.BEAN llTl 
818 ( 2 . 7 )  OR LESS CL=.DE ALVENSLE T2 OSPK GANMA~C 1172" 

FITTED PARTIAL DECAY MODE BP~ANCH~G FP.ACTIONS 

T h e  matrix below is derived from the error matrix for the fitted partial decay mode 

branching fractions, Pi" as follows: The dia~onal e l e m e n t s  a r e  l°'z* El:}"z where 

SP i = - -  ~ i  } , while the off-diagonal elements are the normalized correIation coeffi- 

cients <EpiEpj}/(EP i , EPj), For the definitions of the individual Pi' see, the listings 

above; only those Pi appearing in the m a t r i x  are assumed in the Eit to he nonzero and 

are thus constrained t o  add t o  i .  

P 1 P 2 P 3 P 4 
P I . 4 9 i + - . 0 2 0  
P 2 -.846 .30T+-.024 
P 3 - . 4 4 7  - . 3 7 0  .1TEe- .  825 
P 6 -.OT9 -.Ell -.286 .026+~.OE2 

REFERENCES FOR PHI 

8ERTANZA 62 PRL 9 180 BERTANZAtBRISSON~CONNDLLY,HART ÷ [BNL+SYR) 
ARMENTER 63 SIENA CONF 2 70 ARMENTERDSyEDWARDE,ASTIER÷ (CERN+CDF-PARISI 
GELERND E3 PRL I I  688 GELFAND,MILLER,NUSSBAUM,KIRSCH+ (COLU+RUTGI 

GELFAND 63 DATA INCLUDED IN MILLER 65 BELOW 
SCHLEIN 63 PRL 10 368 SCNLEIN~SLATER,SHITH,STORRtTIEHO (UCLA) 

BADIER 65 PL 17 337 BADIERtDEMOULIN,BARLOUTAUB÷ (PAR+LPCHE÷ZEE) 
BERLEY 65 PR [39 B 1097 D BERLEY.N G E L F A N D  (BNL÷COLUMBIA) 
GALTIERI 68 PRL E6 279 A BARBARD GALTIERItR 0 TRIPP (LRL) 
LINDSEY 65 PRL lB 221 JAMES S LINDSEY~GERALD A SMITH (LRL) 

LINOSEY 65 DATA INCLUDED IN LINDSEY 66 BELOW 
LINDSEY2 65 UCRL 16EZ6 JAMES S, LINDSEY (THESISI (LRL) 
MILLER D 65 CU-Z37(NEVIS L31) DAVID C MILLER (THESIS( (COLUMBIAI 

GRAY, L 66 PRL IT 501 
LINDSEY 66 PR 167 913 
LINDSEVI 66 PL 20 93 

LINDEEY I 66 DATA INCLUDED 
LONDON 66 PR 163 1036 

ABRAMS 67 MD TECH REP 720 
EARLOW 6T NC EOA 701 

:CHASE 87 PRL 18 710 
I DAHL 67 PR IE3 1377 

HERTZDAC 67 PR 135 1%8I 
KHACHATU 67 PL 248 349 

ABRAMS 68 PR LT5 1697 
ASTVACAT 68 PL 2T B 68 

ALSO 67 PRL 19 869 
DECKER 68 PRL 21 1506 
BINNIE 68 PL 27D 106 
BOLLINI 68 NC 86 A 1171 
MOSTEK 68 PRL 20 lOB7 
WEHMANN 68 PRL EO 748 

BALAKIN 69 IYAF 327 TRANS 
SEE ALSO SIDOROV 69 

BEMPORAD 69 PL 29 B 383 
MOY 89 THESIS 
SCOTTER 69 NC 62 A 1057 
SIDDROV 69 LIVERPOOL SYMP. ON 

BALAKIN TO PREPRINT 
BENAKSAS 78 LAL 12#0 

+HAGERTY,BIZZARRI,CIAPETTI ÷ (SYR+RDME)JPG 
JAMES S LINDSEY, GERALD A SMITH (LRL) 
J.S.LINDSEY, G.A. SMITH (LRL) 

IN LINDSEY 66 ABOVE 
LONDONvgAUvSAMIOSvGOLOBERG + (BNL+SYRACUSE! 

GERALD ABRAMS , THESIS (MARYLAND) 
÷LILLESTOL+MONTANET+(CERN÷CDF÷IR÷LIVERPOOL) 
R.C.CHASE,P.ROTHWELL,R.WEINSTEINIGEA÷NEAST) 
+HARDY+HESS+KIRZ÷MILLER (LRLi 
HERTZBACH,KRAEMER,MADANSKhZDANIS÷(JHU+BNL) 
KHACHATURYAN+AZIMOV+BALDIN+BELOUSOVe(DUBNA) 

+GLASSER,KEHOE~SECHI-ZORN,WOLSKY (MARYLAND) 
ASTVACATUgOV,AZIMDV,BALDIN÷ (JINR+M3SCOW) 
ASBURY, BECKER,BERTRAM,TING+ (DESY+COLUMBIA) 
+8ERTRAMtBINKLEY,JDRDAN,KNASEL+ (OESY+MIT) 
+DUANE÷FARUQI+HORSEY+ (I.E.LON÷RUTHERF) 
+BUHLER,DALPIAZtMASSAM÷ (CERN+BGNA÷STRB) 
+EISENHANDLER,MCCLELLAN,MISTRY+ (CORNELL) 
+ENGELS+ (HARVARD+CASE+SLAC~CDRNELL÷MDGILL) 

+BUDKERtKORSHUNOV,MISHNEVtSIOOROV÷ (NOVOI 

+BRAECiNI,CASTALDI,LUBELSMEYER,+(PISA+BONMI 
KEN MIN MOY (NORTH-EASTERN UNIVERSITY) 
+ERSNINE,PALER,e (BIRM÷GLAS+LOIE+MPIM÷OXFI 
ELECTRONS+PHOTONS,P.227, SIDOROV (NOVD) 

+BUTLER,PAKHTUSDVA,SIDOROV,SKRINSKY,+(MOVB) 
÷CDSME,JEAN-MARIEtJULLIANtLAPLANCHE÷ (ORSA) 

BIZOT 70 PL 82 416 +BUON,CHATELUS,JEANJEAN,LALANNE,+ (ORSA) 
SEE ALSO PEREZ-Y-JORBA, LIVERPOOL SYMF.69 

BIZOTI 70 PRIV.CEMM. PEREZ-Y-JORBA (DRSA) 
BIEOT2 78 LNC 4 [ 2 T S  +DELCDURT,JEANJEANTLALANNEt+ (ORSAY) 
EARLES TO PRL 25 1 8 1 2  +FAISSLER.GETTNER~LUTZtMOY.TANG.+ (NEAS) 
HYAMS TO NP B 82 i89 +KOCHvPOTTER,V.LINDERN,LDRENE~LUTJENS(CERH) 
SABRE TO PREPBINT SABRE COLLABOR. (SACLOAMST÷BGNA+REHO÷EPOL) 

ALVENSLE 71PRL 27 4A1 ALVENSLEBEN,BECKER,BUSEA,CHEM,÷ (MIT+DESY) 
BALAKIN 71 FL 34 B 328 *BUOKER,FAKHTUSOVA,SIDOROV,SKRINSKY,÷(NOVD) 
OIBIANCA T1NP B 35 13 +EINSCHLAG,ENDORF,ENGLER,FISK,+ (PITT) 
CHATELUS 71 LAL 12AT(THESIS) Y.CHATELUS (STRASBOURG) 
HAYES 71 PRD A B99 +IMLAYtJOSEPH,KEI ZER,STEIN (CORNI 
LEFRANCO 71 PBEPRINT LALI2E8 J.LEPRANCOIS (ORSAV) 
SIDORDV 71 CORNELL SYMPOS. V.A.SIDOROV (NOVOSIBIRSKI 
STOTTLEM 71 T H E S I S  A.R.STOTTLEMYER (MARYLAND) 

ALVENSLE T2 FRL 28 66 ALVENSLEBEN,BECKER,BIGGStBINRLEY÷(MIT÷DESY) 
8ASILE 72 SUBM. TO PL +DALPIAZ,FRABETTI,ZICHICHI÷(CERNmBGNA+STRB) 

1.,( o7o)I ,o .1MESON.OYO . . . . .  *.-I , . ,  

The A1(1070) peak has been mainly observed in 

"elastic" forward production without quantum number 

exchange. There are also observations of structure 

in the A i mass region in "inelastic" reactions with 

production of additional mesons, and in backward 

production from pions (see Data Card Listings). The 

indications for A I production in charge exchange 

reactions, or in ~p annihilation, are not significant. 

The dominant effect in the A 1 mass region is a broad 

JP = 1 + p~ S-wave enhancement starting from pn 

threshold (ASCOLI 71); there may be additional 

narrower structure of unknown JP on top of it. The 

width is hard to define as it is not clear what part 

of the structure, if any, is resonant. The broad 

enhancement can apparently be reproduced (also for 

backward production) in Keggeized exchange models 

(BERGER 71), i.e., by what is known as the Deck 

effect. A knowledge of the relative phases of the 

three-pion partial waves as a function of the mass 

is obviously required before one can decide whether 

or not there is a resonance in this region. 



Data Card Listings 
For notation, see key at front of  Listings. 
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Mesons 
A, (1070)n.(1080) 

M 
M 

M 
M 
M PRODUCED BY PI + 
M (lOGO.O) ADERHOLZ 61 HBC 
M (1080 . )  APPROX. 80ESEBECK 68 HBC 
M (lO4O*O) ARMENISE TO HBC 
M 
M PRODUCED BY PI - 
M ( [O6O. )  ASCOLI 68 HBC 
q ( [ 0 8 9 . 0 )  (12°0)  BALLAM 68 HBC 
M (LO9B. I APPROX. CHUNG 68 HBC 
M (105~ .0 )  (6.0) JUNKMANN 6E HBC 

~ 11119,1 130.1 KEY 6B HBC 
SHOULDER ON A2 ONLY 

N (1069.01 (7.0) CASO TO HBC 
M (1120 .0 (  CRENNELL TO HBC 
M 

PRODUCED BY PIONS~BACKWARDS SCATT. 
(1115 .0 )  (20.OI  ANDERSON 69 MRS 

M (1046.) ( l O . I  8UHL 71HBC 

PRODUCED BY PBARS, SEE TYPED NOTE. 
M [1054.1 (7 ° )  DANYSZ 67 HBC 

(1042 . )  ( E I . I  FRIDMAN 68 HBC 

PRODUCED BY K- ,  SEE TYPED NOTE. 
( l l l l . )  ( l O . )  
1111T. I (30.1 
( lO6O. )  ( 1 5 . )  

N 
M PRODUCED BY K+, SEE TYPED NOTE. 
H K+ ( l O 6 0 . O )  ( 2 0 . 0 (  
M K+ ( lO3O. OI ( 20 .0 )  
N K+ FOR CONTRADICTORY EVIDENCE SEE 

: : AVERAGING NOT NEANINO . . . .  

10 AL MESON MASS (NEV) 

MASS AND WIDTH NIGHT HAVE LARGE SYSTEMATIC 
ERRORS DUE TD COMPLICATED BEHAVIOR OF BACKGROUND. 

PRODUCED BY PIONS, RESONANCE INTERP. CONFUSED DY DECK EFFECT 

4 .0  PI+P 
+ 8 Pl+ P 6 /68 

0 9 P I +  N - -  At P 1171 

-O 5 PI -P * 6168 
- 16.0 P I -  P 9168 
- 3 . 2 , 4 . 2  Pl-P 2167 

16. P I -  P, SPI 9169 
- 3 P l -P  9•68 

- l l . 2 P I - P  ~ / 7 0  
6.  P I -  P,F PI 5 /70 

- 16 P l -  P,BACKW9 8•69 
- 2.5  P I -  P . 1 1 / 7 1 *  

+-  3 , 3 . 6  PBAR P 7167 
+- 5 .7  PBAR P 6•68 

ALLISON 67 HBC + 6 K-P,LAM +5 Pl 1168 
ALLISON 67 HBC + 6 K-P,LAM +~ PI 1/68 
JUHALA 67 REC 0 4 .6 -E  K-P~SBODY 1/68 

ALEXANDER 69 HBC + 9 N+P 9/69 
8ERLINGHI 69 HBC + O 18.7 K÷ P 9169 
RABIN TO AND TYPED NOTE. 

10 AI MESON WIDTH (MEVI 

W SEE NOTE UNDER AI MESON MASS. 

wW PRODUCED BY PIONS, RESONANCE INTERP, CONFUSED BY DECK EFFECT 

H PRDDOCED BY Pl + 
W (80.0) ADERHOLZ 64 HBC 4.O PI+P 
W ( 1 3 0 , )  APPRDX. BOESEBECK 68 HBC + 8 PI÷ P 6 /68 
N (5O.O) OR LESS ARMENISE 70 HBC 059 PI+ N - -  A1 P 1/71 
N F ( 3 0 0 . )  APPROX• RINAUDD T1 HBC + • PI+P,P (3P I I+  11171~ 
fl F FOR JP=l+ (RHO PII  STATE l l / T l t  

PRODUCED BY El - 
W (140 .0 )  (31.01 BALLAM 68 HBC - 16.0 P I -  P 9/68 
w ( 1 2 5 . )  APPROX. CHUNG 68 HBC 3 . 2 , 4 . 2  PI-P 2167 
w (TT.O) (17.OI  JUNKMANN 68 HBC - 16. P I -  P, 5PI 9•69 
N K ( 7 6 ° )  (46o) KEY 68 HBC - 3 .0  P I -  P 11/67 
W K SHOULDER ON A2 ONLY 
fl (99°01 (15.01 CASO TO HBC - l l . 2 P I - P  E/TO 
g 

PRODUCED BY PIONS,BACKHARDS SCATT. 
[ 9 8 . 0 )  (~5*D) (20°0)  ANDERSON 69 MMS - 16 P I -  P,BACKW9 8/69 

W 
N PRODUCED BY PBARS, SEE TYPED NOTE. 
W ( 3 3 . ]  ( 1 9 . )  DANYSZ 67 HBC + -  3 , 3 . 6  PEAR P 7167 
W (130 . )  APPROX. FRIDMAN 68 HBC +- 5.7 PEAR P 6 /68 
W 
W PRODUCED BY K- ,  SEE TYPED NOTE. 
W ( 5 0 . ]  ( ~ 8 . )  ALLISON 67 HBC + 6 K-P,LAN +9 PI 1168 
N (EO,)  ( 2 S . I  ALLISON 6T HBC + 6 R-P,LAM +E PI 1168 
W ( 1 2 0 . ]  (15.1 JUHALA 67 HBC O 4 . 6 - 5  K-P,EBODY 1/68 
W 
W PRODUCED BY K÷, SEE TYPED NOTE• 
W (160 .0 )  ( 20 .0 )  ALEXANDER 69 HBC + 9 K+P 9•69 
W 8 [12O. O) lEO.O) 8ERLINGHI 69 HBC 12.7 K+ P 8 /69 
W K+ FOR CONTRADICTORY EVIDENCE SEE RABIN 70 AND TYPED NOTE. 
W (130,0) [2O.O) BERLINGHI 69 HBC + O 12*7 K+ P 9•69 
W A 
W A AVERAGING NOT NEANINGFULL 

. . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . .  

10 AI PARTIAL DECAY NODES 

DECAY MASSES 
Pl  A1 INTO RHO PI T6E+ 139 
P2 AI INTO KBAR K 493+ 49T 
P3 A1 INTO ETA PI $48÷ 139 
P4 AI INTO ETA PRIME PI 957+ 139 
P5 AI INTO 3 Pl 139+ 139+ 139 

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

10 A1 BRANCHING RATIOS 

R1 AI INTO (KBAR K)/(RH(~ PI I  ( P 2 ) l ( P I )  
RI (O.OO25)OR LESS DAHL 67 HBC - 4•0 PI- P •10 /66  

REFERENCES FOR A1 

AACH+BERL+GIRMeBONN+OESY+HAMB+INP.COL÷ MPI 
DEUTSCHHANN,STEINBERG + (AACH+BERLIN÷CERN~ 

+CRUZ+ (OXF+MUN+BIRN÷RUTHeGLASG+LO~|ICII 
+HARDY+HESS+KIRZ+NILLER (LRL( 
OANYSZ+FRENCH÷SIMAK (CERNI 
+LEACOCN+RHDDEeKOPELMAN+ (IOWA+CDLOI 

+CRAWLEY,KRUSE*MORTARA, SCHAFER*÷ ( ILL INDISI  
+BRODY~CHADHICK,FRIES,GUIRAGDSSIAN÷ (SLACIJP 
ODESEBECK,DEUTSCHNANN,÷(AACHEN+BERLIN÷CERN) 
+CDNTE+CORDS+DIAZ÷ [GENDVA+HAHB÷NIL+SACL) 
S.U.CHUNG, O. DAHL,J.KIRZ,D.H.HILLER (LRL) 
+MAUREReMICHALON,OUDET+(HEIDELB÷STRASBDURG) 
÷COCOON}÷ (AACH+BERLeBDNN+CERN÷NARS) 
+PRENTICE+COOPER+MANNER+WALNER÷(TO+ANL+WISI 

ADERHDLZ 64 EL lO 226 
DEUTSCHN 66 PL 20 82 

ALLISON 6? PL 25B 619 
DAHL 6? PR 163 1377 
DANYSZ 67 NC E1 A 801 
JUHALA 67 PRL 19 1355 

ASCOLI 68 PRL 21 113 
8ALLAH 6E PML 21 934 
BOESEBEC 68 NP B 4 501 
CASO 68 NC E4 A 983 
CHUNG 68 PR E6E 1~91 
FRIDNAN 68 PR 16T 1268 
JUNKHANN 68 NP BE 471 
KEY 68 PR 166 1430 

ALEXANDE 69 PR 188 1168 
ALLABY 69 PL 298 198 
ANDERSON 69 PRL 22 1390 
BERLINGH E9 PRL 23 42 
JUHALA 69 PR 184 1461 

ARMENISE TO LNC 4 199 
CASO 70 LNC 3 707 

ALSO CASO 68 
CRENNELL TO PRL 24 781 
RABIN TO PRL 24 925 
SHIH TO 8NL 14059-REV 

BUHL 71 PREPRINT 
RINAUDD 71 NC E A 239 

BELLINI 63 NC 29 896 
GOLDHADE 64 PRL 12 386 
LANDER 64 PRL 13 346 A 
ABOLINS 65 ATHENS(DHIOJCONF° 
ALITTI 65 PL IS 69 
ALLARD 66 NC 46A TBT 
HESS 66 UCRL-168~2 
SLATTERY 67 NC 5OR 3T7 
ARNENISE 68 PL 26 8 336 
CNOPS 68 PRL 21 16Og 
DONALD 69 NP G 11 551 
FAYDLLE 69 NP B 13 40 
KENYON 69 PRL 23 146 
CHIEN2 ?O JHU 7011 
CHIEN1 70 TORONTO PREPRINT 
BRANDEN8 TO NP 618 369 
GARELICK TO PHILAD.C~NF•M.2D5 
ASCOLI 71PPL 26 929 
BERPORAD T1 NP 8 33 397 
8ERGER 71PHENDMENOLOGY IN 
LAMSA 71 PREPRINT 

G. ALEXANDER,A.FIRESTONE,G.GQLDHADER ILRLI 
+BINDN÷DIDDENS+OUTEIL+KLDVNING÷o,. (CERN) 
÷COLLINS~+ (BNL~CARN( 
BERLINGHIERItFARBER,+ (ROCH) 
+LEACOCK,RHODE,KDPELMAN,LIBBY,+ (AMES+COLD) 

+GHIOINI,FORINGvCABTACCI~+ (BARI~BGNA~FIRZ( 
+CORDStCOSTA,DARD÷[GENO+DESY÷HAM~MILA÷SACL) 

+KARSHONtLAI~SCARR,~IHS (8NLI 
+GALTIERI,DERENZD,ELATTE,PRIEDMAN÷ ILRL| 
+Y~4JNG (BHL| 

+CLINEtTERREL (WISCONSIN# 
+BOECKMANN, HAJDR+(TDRI÷DONN÷DURH÷NIJM~EPOL) Jp 

PAPERS NOT REFERRED TO IN DATA CARDS 

BELLINIfFIORINI,HEEEvNEGRI,RATTI (MILAN) 
GOLDHADERtBROHNtKADYKtSHENwTRILLING(LRL÷UC) 
LANDEEIABDbINS,CARHONY,HENDRICKS ÷ (UCSD) JP 
+OAR~ONY,LANOERtXUDNG,YAGER (LA JOLLA)I=I  
ALITTI,BATON,DELER,CRUSSAED+ (SAC+DOt) 
+DRIJARD+HENNESSY+ (ORSAY+MILAN÷SAC~BERK) 
R I HESS (THESIS, BERKELEY) (LRL) 
+KRAYBILL+FORHAN+FERBEL (YALE÷ROCH# JP 
÷FORINO+CARTACCI+ (8ARI+BOL+FIR+ORSAYI 
+HDUGH,COHNfBUGG~ (BNL+ORNL+ORUC+TENN~PENN) 
+EDNARDS,BORAN,BETTINI~+ (LIVP+DSLC+PADD) 
+DE HDNTAIGNAC,HgRAND,STRACHMAN+ (PARIS( 
+KINSONtSCARR,+ (8NL+ORUC÷ORNL) 
C°Y.CHIEN (JOHNS HOPKINS) 
+CHAD,JOHNSTON,PRENTICE,WALKER (TOR÷WISC( 
+DRENNER, IOFFREDDtJUHNSON~KIM+ (HARVARD) 
D.A. GARELICK,REVIEW (NORTHEASTERN} 
ILLINOIS÷GENO+HAHB÷HIL÷SACL+HARV+TNTO+WISC 
+8EUSCH,MELISSINOS,~ iOERN÷ETNZ+LOIC+MILA) 
PARTICLE PHYSICS, CALTECH 1971 (LRL) 
+EZELL,GAIDDStWILLMANN (FORD) JR 

I ~ I ( I 0 8 0 )  I 30 ETA N (1080,  JPG=N +( ,=O J GREATER THAN l 
-~IT~T I SOME EXPERIMENTS SUGGEST J=2. 

I OMITTED FROM TABLE 

> 
+ . 

N o t e  o n  "n" rr P e a k s  C a l l e d  t i N ( t 0 8 0 )  

T h e  r / N ( 1 0 8 0 )  i s  s e e n  i n  ~ ' p  rr + " -* ~ n predominant- 

ly at backward decay angles, cos 0 < -0.75. OH 70 

state that this "bump is almost certainly the result 

of P-D interference. '( 

Note that the selection made in some HBC experi- 

ments to reduce the background under the tTN(1080 ) 

in the reaction IT'p -~ ~+~r'n may lead to a sample of 

events ambiguous with w'p -~ p~T-~T0~ °. This is so 

because selection on small momentum transfer to the 
+ . . - 

~ system, together with large iTin~ou t scattering 

angle, leads to rather high lab momenta of the ~+, so 

that ionization cannot be used to discriminat e between 

the two hypotheses (BATON 70, footnote, p. 525; and 

p r i v a t e  c o m m u n i c a t i o n s  f r o m  G .  L a u r e n s ) .  

30 ETA N MASS (MEV] 

106O. O IS.O HILLER 68 HBC 4.0  P I -  P 9f68 
TO 1085o0 lOoO WHITEHEAD 68 ASPK 3 . 1 - 3 . 6  PI-P 10/67 

M 1120.0 100o0 40.8  DH 89 HBC T ° P I -  PIP}+ D 9/69 
H 1112•0 16.0 CLAYTON TO HBC 2 .5  PBA8 P,4 PI l i T 1  
M tIDED. O( DIAZ TO HBC O. PDAR F, 4 P} 5/70 
M lOTO.O 20.0  REYNOLDS 70 HBC 2 . 2 6 - 2 . 3 6  P I -  P l / T1  
M 
M AVG 1083.3 9 .8  AVERAGE (ERROR INCLUDES SCALE FACTOR DE 1.41 

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

30 ETA N WIDTH (MEV) 

(TO.O) OR LESS MILLER 68 HBC 4 .0  P I -  P 9168 
( 2 5 . 0 )  OR LESS WHITEHEAD 68 ASPK 3 .1 -3o6  PI-P 10/67 

W 1EO°O lOO.O 4O°O OH 69 HBC T . P I -  P,PI÷ D 9/69 
W ( 8 0 . 0 )  CLAYTON TO HBC 2.5  PEAR P,4 Pl 1/71 
8 (EO.O) DIAZ TO HBC O. PBA8 Pt 4 PI 5/70 
W 85.0  35*0 REYNOLDS TO HBC Z .26 -E .36  P I -  P l i T 1  
W . . . . . . . . .  
M AVG 98.0 31 .3  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

REFERENCES FOR ETA N 

MILLER 68 PRL 21 1489 ÷GUTAY, JOHNSONtKENNEY÷ (PURDUE+NDAMEeSLAC) 
WHITEHEA 68 NC 58 A 817 C•NHITEHERD + (HARWELL+STHAMPT~U.C.LQN( 

OH 69 PRL 23 33I  +WALKERtCARRDLL~FIREBAUGH,+ (WISC~TNTDI 



Mesons 
W.(1080), A, . s (1170), B(1~35) 

66 
Data Card Listings 

For notation, see key at.front of Listings. 

BATON 70 PL 33 B B28 ÷LRURENS,REIONIER (SACLAY) 
OIAZ TO NR B 16 239 ÷GAVILLETtLABROSSEtMO~TANET+ (CERN~CDEF) 
CLAYTON TO NR B 22 85 ÷MRSON~NUIRHEAD~RIGOPOULOS,+ (LIVP÷ATEN) 
OH 70 PR D I 2A94 ÷G&RFINKEL.MORSE~NALKER.RRENTICEINISC~TNTO) 
REYNOLDS TO NP B 21 TT ÷ALBRIGHTIGRADLEY~÷ (ATHO÷FLAS+MINN~COLB) 

I. 1 , ( z E r o ) l , ,  ,1B , 1 , T O   PO. ) 1 . 1  

THIS ENTRY LISTS REFERENCES TO PEAKS OF LON STAT IST I -  
CAL SIGNIFICANCE IN  THE 3 PI SYSTEN BETHEEN THE A1 AND 
THE A2, OMITTED FROM TABLE. 

REFERENCES ON A 1,~ ( l l 7 0 )  

BUTTERNO 67 HEIOELB. CONF,P.2B HEVIEN TALK ON NESONS AT HEIDELBENG CONF, 
CASON B? PRL 18 880 +LAMSAeBISNAS.OERADO~GROVE$~÷ (NOTREOAME) 

ASCOLI BS PRL 21 113 ÷CRAHLEY~KRUSE~RDRTARAeSCHAFERe÷ ( I L L I N O I S )  
DONALO 6S PL 26 B 32T ÷FROOESEN,BETTINI~÷ (LIVE~POOLtOSLO~PADUA) 
YON KROG 6B PC 2TB 2S3 ÷MIYASMITA~KOPELHAN~MARSHALL LIBBY (COLO) 
JUNKNANN 68 NR B8 471 ÷ C ~ C O N I ÷  (AACN+BERL÷GONN÷CERN+NARS) 

ARMENISE 69 LNC 2 501 +GHIDINI~FORINO~CARTACCI÷ (BARI+BGNA÷FIRZ) 

GALLgHAY 70 PR D 1 3077 +NOTT~ALYEA~LEE~MARTIN~PRIGKETT ( IND)  

,1 BRESOM,12,,,JRO .... ,,-, 

J P = l e  PREFERRED~ 2 e . 3 - ~ . .  IMPROBABLE (ASCOLI 68t  
HERBROOCK 7 0 ) .  

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

11 B NESON MASS (NEV} 

14 6 0 ( 1 2 2 0 , 0 )  ABOLINS 63 HDC ÷ Bob PI+P 
H ( 1 2 2 0 , 0 )  GOLOHABEH 6B HBC B,?  P I + , P I - P  
N 376 1200.  20 ,  BALTAY 67 HBC ~ -  0 , 0  PBAR P E/67  
M 2 5 ( 1 2 S 0 . )  ESTIMATED LEE 67 HBC - ~ . 6  P l -  P 1/68 
N 12B9.0  2 T . 0  BOESEBECK 68 HBC + B.O PI+ P 10 /67  
N 1220o 20 .  CHUNG 68 HBC - 3 , 2 e ~ * 2  P I -  P g /6T  
M IN  THE B-4  P I - P  DATA~THE D ENNRNCEMENT MAY BE DECK EFFECT (CHUNG 68)  
M BOO 1265.  10 .  BIZZARRI 69 HOG ~- 0 PDAR P 9 / 6 9  
M B OVERLAPPING B-HEGON BANDS TAKEN INTO ACCOUNT BY BIEZARRI 
M 1240 .0  2 0 . 0  ANDERSON 70 CNTR 0 ~ - l B  GAMMR P EL/TO 

1265 .0  1 9 . 0  CASO TO HBC - 11~2PI -P  S/70  
M ( 1 2 7 2 . 0 )  ( 1 5 . 0 l  CASON TO HBC - O,O PI-P~AP1 
M 1200 .0  ( 1 0 . 0 )  EROFEEV 70 HBC - ~ ,25  P I -  P 1171 
M 1225 .0  2 2 . 0  HONES TO HBC ÷ 1B.5 P I÷  P 11 /70  
M 1236 .0  1 5 . 0  HOOGLAND TO DEC - B,O K -  O 2171 

1200 .0  1 5 . 0  NIYASHTTA TO HBC 6 . ?  P I - P , A P I  
M P [ 1 2 3 0 . )  ( 1 0 . )  POLS TO HBC ÷ 5 ,  P I÷  P l l / T t ~  
N P HANODRANN EACKGROUND.ERRORS STATISTICAL ONLY. 1 1 / T l e  
M . . . . . . . . .  
N AVG 12B2.9 7 ,2  AVERAGE )ERROR INCLUDES SCALE FACTOR OF I * B )  

(GEE IDEOGRAM BELOW ) 

N E I G H T E O  R U E R R G E  ~ 1 2 3 2 . 9  * 7 . 2  

E R R D R  S C R L E D  BY 1 . 3  

- - - - t ~ - - - - - t ~ ~  . . . . . . .  A I Y ~ S H I T ~  7 0  HBC 

- ~ . ~  . . . . . . .  H D O G L ~ H D  7 0  OBC 

- -  - ~  . . . . .  H D H E S  7 0  HBC 

- ~  . . . .  C A S D  ? 0  N B C  

- f ~ . - - ~  . . . . .  ~ N D E R S O N  ? 0  C N T R  

---F-- . \  . . . . .  B I Z Z ~ R R I  6 9  H B C  

. . . .  ~ . . . . .  C H U N G  SB H 8 C  

- ~  . . . .  B O E S E B E C K  6 B  H B C  

. - ~ - - . - ~ L T ~ Y . _  S ?  HOG 

1 1 S 0  1 2 0 0  2 5 0  1 3 0 0  1 3 5 0  

S ~ Q S S  ( ~ E U )  

C H I S Q  

4 . B  

0 . 0  

0 . 1  

2 . 9  

0 . 1  

1 . 5  

0 . 4  

0 . 9  

2 . 7  

1 3  . S  

( C O H L E U  
= 0 . 0 9 6 )  

11 B NESON NIDTH (HEVI 

R 60 lOO,B 2 0 , 0  ABOLINS 63 HBC ÷ B.5 PI+P 
480*0 )  GOLDHABER 6S HBC 3 , 7  P I+~P I -P  2 / 6 7  

PBAR P N 376 lO0 .  30,  EALTAY 67 HBC ÷ -  O.O 1 /68  
N 25 l i D 0 . )  ESTIMATED LEE 67 HBC - 3 , 6  P I -  P 11 /67  N 203 .  75,  BOESEBECR 68 HBC ÷ 8 .  P I÷  P 
N 1S0. 20 .  CHUNG 68 HBC - B*2eA,2  P l -  P 9 / 6 7  

BOO IS .  12 .  BIZZARRI 6g HBC +-  O PBAR P 9 / 6 g  
B OVERLAPPING B-NESON BANDS TAKEN INTO ACCOUNT EY BIZZARRI 

N ( lOO.OI  APPROX. ANDERSON TO CNTR O 5-~8+GAMMA P 11/R0 
5 / 7 0  (~50 .~1  CASO TO HBC - 1 1 , 2 P I - P  

1122.01 (~BoO) ) 2 8 . 0 )  CASON TO NBC B.O P I - P t A P I  
N 100 .0  2 0 . 0  ENOFEEV TO HBC - G.25 P l -  P 1 /71  
W 7 8 . 0  1 4 . 0  4 6 . 0  HONES TO HBC 18 .5  PI+ P 11/~0 
W 132 .0  20*0  HOLLAND TO DBC - S.O K -  D 2 /71  
N 1EB.O 4 ~ , 0  NIYASHITA TO HBC 6 . 7  PI -P~API  

POLS 70 HBC S.  RI~ P I I / F I *  H P ( 1 2 0 . )  ) 2 0 . )  
P HANDDRAHN BACKGROUND,ERRORS STATISTICAL ONLY. 1 1 / 7 1 "  

N AYG 104 .6  9.G AVERAGE tERROR INCLUOES SCALE FACTOR OF l . B )  
(SEE IDEOGRAM BELON I 

g E I B H T E D  R U E R R G E  = 1 0 4 , 4  ± 9 . 0  

ERROR S C A L E D  BY 1 . 3  

C H Z S Q  

. . . . . . . . . .  ~RSHZT~ ~0 N~C 0.0  

- ~ . . ~  . . . . . . . . . .  H O N E S  7 0  HBC O . B  

I - - ~ -  ~ . . . . . . . . . .  ERO~EEU ~OHS~ 0.0 
I / & 

I - ~ - 1 " - - \  . . . . . . . . . .  ~ZZZnRRZ S~ HeC ~.2 

I I ~ ~OESESEC~ ~. Hsc 
/ ~ . " ~  . . . . . .  B " L T n Y  S ?  HBC O . O  

~ - -  ~ ~ a  H~c 0.0 
1 1 . 2  

( C D N L E U  
1 0 0  2 0 0  3 0 0  4 0 0  = 0 . ~ 3 0 )  

N I D T H  ( ~ E U )  

11 B MESON PARTIAL DECAY NODES 

DECAY MASSES 
P l  G MESON INTO OMEGA÷P) 78B÷ 139 
P2 B MESON INTO 2PI+ 2 P I -  139+ 1S9÷ 139+ 139 
P3 E MESON INTO K KGAR 493+ 693 
PA B MESON INTO pI Pl  139+ 139 
PE ~ MESON INTO PI PHI 136÷1019 
P6 B MESON INTO ETA PI (FORBIDDEN BY G) 5P8÷ 139 
R7 ~ MESON INTO K KERR Pl  NBB+ 693+ 139 

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

11 B NESON BRANCHING RATIOS 

R1 B INTO 6PI/IOMEGA PI )  ( P Z ) / ( P 1 )  
R1 (O.S)  OR LESS ABOLINS 63 HDC + 3 .5  PI+P 

RE S MESON INTO (K KBAR)/(OMEGA PI )  ( P 3 J / ( P I )  
RE ( 0 . 0 2 )  OR LESS DAHL 67 HBC - 1 , 6 - A , 2  P I -  P 10166 
R2 (0 .101  OR LESS CL=.90 EALTAY 67 HBC ~ O,O PBAR P 2 / 6 7  
R2 (O.OB) OR LESS C L - . 9 5  BIZZARNI 69 HBC 0 PEAR P 9 / 6 9  

RS B MESON INTO (PI P I } / ( P I  OMEGA) ( P A ) / ( P 1 )  
RB ( 0 . 3 )  OR LESS ADERHOLZ 64 HBC A,O PI+P 7 / 6 6  

R4 B MESON INTO (P l  PHI l  / (P l  OMEGA) ( P S I / ( P I )  
RA (O.01B)OR LESS DAHL 67 HBC 1 . 6 - A . 2  P I -  P 10 /66  
R4 IO,OA) OR LESS CL- .95  BIZZARRI 69 HBC ~ -  0 PBAR P 9 / 6 9  

R5 B MESON INTO (ETA PI)  / (PI  ~REGA) ( P 6 t / ( P 1 )  
RE ) 0 . 2 5 )  OR LESS CL=.90 BALTAY 67 HBC ~ -  O.O PEAR P 2 / 6 7  

R6 B+- INTO I l K  KHAN)e- RIO) / (P I  OMEGA) 
R6 IO,OB) OR LESS CL=°90 BALTAY BT HBC ÷ -  0 . 0  PEAR P 2167 

R6 B÷-  INTO (KS KS P I ÷ - )  / ( P l  OMEGA) 
R6 ( 0 . 0 2 )  OR LESS CL=.90 DALTAY 67 HBC + -  O.O PGA- P 2 / 6 7  

R6 B+- INTO (KS KL P I + - )  / (P l  OMEGA) 
R6 ( 0 , 0 6 )  OR LESS CL=,BO EALTAY 67 HBC +-  O.O PBAR P 2 / 6 7  

REFERENCES FOR B MESON 

ABOLINS 63 PRL 11 381 ABOLINStLAHDERvREHLHOPIXUDNG,YAGER (OCSD) 
ADERHOLZ 6& PL 10 240 AACHEN÷BERLIN÷BIRM+BONN÷HAMSUR~IC-LONO÷HPI 
GOLOHRBE 65 PRL IB 118 G G~LDHAEERmS GOLDHABERtKAOYK,SHEN (LRL) 

BALTAY 67 PRL 18 93 +SEVERIENS÷YEN+ZANELLD (COL+BNL) 
OAHL 67 PR 163 137~ +HARDY~HESS÷KIRZ÷NILLER (LRLI  
LEE 67 PR lEG 1156 +NOEBSvROEtSINCLA)RtVANDERVELDE (MICHIGAN) 

BOESEBEC 68 NP B 4 501 BOESEBECK,DEUTSCHHANN,+(AACHE~EERLIN+CERN) 
CASO 68 NC B4 A 983 ÷CONTE+C~OS÷OIAZ÷ (GENOVA÷HAMB+MIL÷SACL) 
CHUNG 68 PR 16B 1691 S.U.CHUNGtO, DAHLeJ .K IRZtO.H.NILLER (LRL] 

BIZZARRI A9 NP B 14 169 +FOSTERvGAVILLETtHONTAHETt+ (CERN~CDF) 

ANDERSON 70 PR D 1 27 +00STAVSONeJOHNSONv+ (SLAC+CALT+UCSE÷NEASt 
CASD TO LNC 3 707 ÷CONTEtTOHASINIeCOROS+(GENO~HARB÷MILA+SACL) 
CAGDN TO PR D 1 851 +ANDRENS~BISHASeGROVEStHARRINGTONt÷ (NOAH) 
EROFEEV 70 YAD. F IZ .  11 8DE +VETLITSKYtRLAOINIRSKYtGRIGOREVe÷ l I T E R (  
HONES YO PR D 2 827 ÷CASONtEISNAS~HELLAND~KENNEYtMGGAHAN+(NDAH) 
HDOGLRND TO PL 33 B 6B l  SABRE COLLADOR. (ZEEM+SACL+BGNA÷REHO÷EPOLI 
HIYASHIT TO PR D 1 771 BIYASHITAtVON KROGHjKOPELRANvL)DBY (COLD) 

POLS 70 NP B 25 109 ÷ODECKHRNNeCIROAt÷ (BONN÷DURH+EPOLeT~RI) 

PAPERS NOT REFERRED TO IN THE DATA CARDS 

BONDAR 63 PL 5 209 BONDARtD~X)D+ (AACHEN+BIRH÷HAHB~IC-LOND+MPI) 
CARMONY EA PRL l Z  25A CARMONY~LANDER~RINBFLEISCH*XUONG~YRGER (UCI JP 
EALLRN 67 HEIDBG CONF P.B3 +BRODYICHADHICKtFR|ES,GUIRAGOSSIAN~ (SLAG) 
SLATTERY 67 NC BOA 377 +KRAYBILL+FORNAN+FERBEL (YALE~ROCH) 
ASCOLI 6O PRL 20 1411 ÷CRAHLEYoM~RTARA,SHAPIRO (UREANA} JP 
WERBROUC TO LNC 4 12BY NERBRUUCKtRINAUDO~÷ (TORI+NIJM+BQNN÷LBLIJP 
BUHL T l  PREPRINT +CLINEvTERREL (WISCBNSIN) 
OEVONS 7 1 P R L  27 1614 ÷KOZLONSKItHORNITZv+ (COLU÷SYR) 



Data Card Listings 
For notation, see key at front of  Listings. 

6 7  

Mcsons 

I (l eO) I 5 F ( 1 2 6 0 ,  J P G - 2 + + )  I - 0  

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

5 F MASS (NEV) 

M 1240.0 20 .0  ACCENSI 66 HDC 5.7  PBAR P 6166 
N 1616 1267.0 10.0 JACOBS 66 HDC 2 - 3  P I -P~T  CUT20 1016T 
M (1233 . )  ( 1 3 . )  8ARLON 6T HGC (KOI K01 NODE) .11166 
M 1276. 11. RABIN 67 MEC 8.5  PI+ P 9 /67  
H 1261. 4. ARHENISE 68 DiSC 5 .1  PI÷H~P F ie  - 6168 
M 1270. 5.  ARMENISE 68 DBE 3 .1  PI÷N~P RIO 0 6 /68 
M IZ63.  8.  BOESEEECK 68 HBC 8 PI÷ P 6/68 
M 1267. 18° LAMSA 68 HBC 8 PI-P 10/67 
M J 1268.0 6 .0  JOHNSON 68 HBC 3 .7 -6o2  P I -  P T169 
M J JOHNSON 68 INCLUDES BONDAR 63e LEE 66e DERADD 65, EISNER 67. 
M 1270.0 18.0 WHITEHEAD 68 ASPK 3 .2  P I - P ~ P l e P l - N  6/68 
M 161 1269.0 21.0  ARMENISE 69 DEC 5.1 P IeD,3P I÷÷-  3/TO 
M 1233.0 10.0  DONALD 69 HBC 1.2 PB P~2FI 8 /69 
q (12T0 .0 )  CASO 69 HBC 11. R I -  PtNZPI 8/69 
M 1265.  16. AGUILAR 70 HGC 3 . 9 - A . 6  R- P 1/71 
q 1275.0 13.0  ARNENISE TO HBC O 9 RIe N - -  F P 1/71 
M 1273.0 7 .0  ARMENISE TO HBC 0 9 PI÷ N - -  MR P 1 /T I  
M C 1277. 16. EISENSTE TO DDC 4.2  PI~ N 1/71 
M C INDLUDES 16 HEY SYSTEMATIC ERROR ESTIMATED FROM RHO MASS SHIFT 
R 600 1275.0 10.0  O H  TO HBC 1.26 P l -  P*P F 1/71 
H 1273.0 6 .0  STUNTEBEC TO HGC 8 . P I - P . S . 6  FleD 11/71" 
H 8300 1277.0 4 . 8  FLATTE 71 HRC 7.0  PI÷ P 6 / 7 1 ,  
H . . . . . . . . .  
M AVG 1269.2 1.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

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

5 F WIDTH (HEW) 

W 100.0 23.0  SELOVE 62 HBC 3.0  PI-P 
M I 0 2 . 0  46 .0  ACCENSI 66 HBC 3.T PBAR P 6 /66 
W 1616 99.0  10.0 JACOBS 66 HDC 2-3  P I -P ,T  COTED 10167 
w ( 8 2 . )  { 3 ~ . )  8ARLON 67 HBC (KOI NO1 MODE) . 1 1 / 6 6  
H 158. 17. RABIN 6T HBC 8.8 PI+ P 9 /67 
W 216. 13. ARMENISE 68 DBC E.1 PI÷N~P PI÷ - 6 /68 
w 188. 18. ARNENISE 68 DRC 5.1  PIeNeP RIO D 6 /68 
w 128. 23.  80ESEBECK 68 HBC 8 Pie P 8/68 
W 172. 49.  FOSTER 68 HBC PEAR P AT REST 6/68 
W 113. 30. LAMSA 68 HBC 8 PI-P 10/67 
W J 176.0 13.0 JOHNSON 68 HBC 3 . T - ~ . 2  P I -  p T/69 
W J JOHNSON 68 INCLUDES 80HOAR 63~ LEE 66~ OERAOD 63, EISNER 6T. 
W 160.0 20.0  WHITEHEAD 68 ASPR 3 .2  P I -P~PI÷PI -N  6 /68 
W 161 216.0  60 .0  ARMENISE 69 DBC E.1 P I+Dt3PI÷+-  5/?0 
W 130.0 30.0  OGNALD 69 HBC 1°2 PB P,2PE 8 / 6 9  
W [ ~ 1 .  38.  AGUILAR TO HBC 3.9- /+ .6  K- P 1/71 
W 131.0 25.0  ARNENISE 70 HBC 0 9 PI÷ N - -  HN P 1/71 
W 173.0 11.0  ARMENISE TO HBC 0 9 Pie N - -  F P 1/T1 
W 60O 70 HBC 120.0 15.0  OH 1.26 P I -  P,F F 1/T1 
w 196.0 18.0  STUNTEDEC TO HBC 8 . P [ - P e S . 6  PIeD 11 /71 .  
w 8300 183.0 15.0 FLATTE 71 HDC 7. P[+P~ DELTA++F 1/71 
W . . . . . . . . .  
W AVG 106.4 9 .2  AVERAGE (ERROR INCLUDES SCALE FACTQR OF 2 . 3 )  

(SEE IDEOGRAH BELOW ) 

WEIGHTED RUERRDE = 1 3 6 . 4  • 9 . 2  

ERRDR SCRLED BY 2 . 3  

CH~S~ 
. . . . . . .  FL~ITTE 71  HDC 3 , t  

-STUHTEBEC ? 0  HBC 4 . e  
"DH 7 0  HBC S . 9  
• RRr IENTSE 7 0  HBC 2 . 3  

• RRr IENTSE 7 0  HBC 1 . 0  
.RGUTLRR ?D HBC 0 . 2  

• DDHI~LD 6 9  HBC 0 . 0  
. R R r l E H I S E  6 9  DBC 
• NH'£TEHERD 6B RSPK O . D  

- J D H N S D N  GB HBC 2 . 3  
• LRr ISR 6B HBC 2 . 1  
-FDSTER 6 0  HBC 0 . 1  
• BDESEBECK 6B HBC 1 . S  
• ~ R r l E N T S E  GB DBC 4 . 4  
• ~ R t l E N T S E  6B DBC 2 1 . 0  
' R R B I N  6 7  HBC 0 .0  

• JI~CDBS 6 6  HBC 3 2 . 9  
• RCCENST 6 6  HBC 1 . 4  
.SELDUE 6 2  HBC S . 1  

B B . 3  
~00  200  300  1 1 4 0 0  ( C D N L E U  

WIDTH [ M E U )  = 0 ,  DDO) 

F PARTIAL DECAY MODES 

DECAY MASSES 
PZ r INTO PI÷ P l -  139+ 139 
RE F INTO 2Pie 2P I -  1393 139÷ 139+ 139 
P3 F INTO K KSAR 69T+ 697 

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

F 8RANCHING RAT]DS 

RIO F PARTIAL HAVE ( f o E , ) F i t  JR'2÷)  AMPLITUDE AT F RESONANCE 
RIO WE TABULATE X = 1/2 (1 ÷ ETA). THIS SHOULD 88 PI PI FRACTION 
RIO FOR PURE BW WITH NO BACKGROUND. 
R10 250 0 .85 O.DB BEAUPRE 78 HBC 08 PI+ PIDELTA++F 1/71 
RIO 600 0 .8  0 .04  OH TO HBC 01,26 P l -  PtP F 1/71 
RIO . . . . . . . . .  
R10 AVG 0.820 0.031 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.O) 

81 F INTO (2PI÷ 2 P I - )  / (PI  PI)  ( P I l l ( P 1 )  
R1 ASCOLI 68 SUGGEST DECAY IS MAINLY RHC--RHO, 1/0 OF WHICH YIELD ZPI+ EPI 
81 0 .08 0.08 BONDAR 63 HBC 6 . 0  PI-P 
81 0 0 .06 0.08 
R1 D CORRECTED BY O.OANL 
R1 50 O.OT 0.06 
R1 0.022 O.O~E 
R1 600 0 .07 0 .02 
81 . . . . . . .  o , 
HI AVG 0.061 0.015 

CHUNG 65 HBC 3.2  PI-P 
11 /71 ,  

ASCOLI 68 HBC B PI -  P 6 /68  
0.022 8ARDADIN 71 HBC 8 .  P1÷ F 2 /T2"  

OH TO HBC 1.28 P l -  P,P F 1/?1 

AVERAGE )ERROR INCLUDES SCALE FACTGR OF I . O )  

RZ 
R2 
R2 
R2 
R2 
RE 
R2 
R2 
R2 
R2 
RE 
R2 A 
RE A 
RE A 
R2 600 
R2 
R2 
RZ AVG 

F INTO (K KBAR)/ (PI  P I )  { P 3 ) / I P 1 )  
OETERRINATION DIFFICULT RECAUSE PROXIMITY OR A2 WHICH HAS SAME 
NEUTRAL (K KBAR) NOOES. SINCE INTERFERENCE MAY BE CONSTRUCTIVE 
OR DESTRUCTIVEe EVEN UPPER LIMITS ARE OUBIOUS. 

SOME UPPER LIMITS IX OR LESS) HAVE BEEN PUNCHED AS (0 e-X) 
0 .00  0.09 DARWIN 63 HLBC 2 .8  P I -  10/66 
0 .00  0.16 WANGLER 65 HBC 3 .0  P l -P  
PROBABLY SEEN BARLOH 6T HBC 1.2  PBAR P--K~K1 11/66 

(0 .0~7)  (O .O l2 )e  SYST. BEUSCH 67 OSPK 5 tT ,12  RZ-P . 9/6T 
0°08 0.03 DAHL 67 HBC 1 . 6 - ~ . 2  P ( -  F 10/66 
C~RRECTEI~ 8V O. DAHL I I / 7 1 1  

(0 .031 )  ( 0 . 012 )  AOERHOLZ 69 HBC 8 PI+ P ,K÷K-PI -  8/69 
K÷K- REAR IS AT ABOUT IZAO BEV WHILE (KKSARle PEAKS AT 1320. 
ALSO (CROSSSECTIDN~DRANCHING RATIO) FOR A2 IS SHALL. 
0 .06  O.OZ OH 70 HBC 1.26 P I -  P,P F 1/71 

( 0 . 1 3 )  ) 0 . 0 5 )  81SWAS 71 HBC 18.5 PI÷ o P 11 /71 .  

0.086 0 .019 AVERAGE (ERROR INCLUDES SCALE FACTOR 3F loOI 

REFERENCES FOR F 

SELOVE 62 PRL 9 272 
BONDAR 63 PL 5 I83 
GUERAGOS 63 PRL t t  8E 
HAGOPIAN 63 PRL 10 $33 
VEILLET 63 PRL 10 29 

ADERHDL2 6A PL IO 2~0 
8RUVAHT 64 PL 10 232 
LEE 6A PRL 12 342 
SOD[CKSO 64 PRL 12 A83 

DARWIN 65 SJNP I 230 
BARMIN 65 SJMP 1 623 
CHUNG 83 PRL 18 323 
DERADO 63 PRL 14 872 
GUIRAGOS 65 PRL L l  33 
WANGLER 65 PR 137 8 A14 

ACCENSI 66 PL 20 5~T 
JACOBS 66 UCRL-Z6ET7 
WAHL IG 66 PR l~7 9~1 

BARLON 67 NC 80A 701 
BEUSCH 6? PL 25 0 357 
OA~L 6T FR L63 1377 
EISNER 6T PR 164 1699 
POIRIER 67 PR 163 1462 
RABIN 67 THESIS 

ARMENISE 68 NC 56 A 999 
ASCGLI 68 PRL 21 1712 
BOESEBEC 68 NP B ~ 501 
FOSTER 68 NP 3 6 LOT 

SELOVE~HAGOPIAN,BRODYtBAKER,LEBOV (PENNA) 
BONDARe IAACHEN+BIRH÷BONN÷DESV+IC-LOND+MPI) 
E.G.To GUIRAGOSSIAN (LRL) 
V HAGOP|ANvW SELOVE (PENNA) 
VEILLET~HENNESSY,BINGHAH, BL~H+ (PAR+MILAN) 

AACHEN+EERLIH÷BIRH+BONNeHANBUR÷IC-LOND+RPI IJ  
BRUYANT~GOLDBERGtHOLD~R~FLEURY,HUC(CERNeRA) Z 
LEE~ROE~SINCLA~R~VANDERVELDE (MICHIGAN) 
SODICKGON~NAHL~GIRANNELL~FR[SCH÷ (NIT1 I 

+DOLGOLENKOtELENSKY~EROFEEV+ (ITEP MOSCOW) JP 
÷BOLGOLENKO+EROFEEV÷KRESTNIKDV÷ (ITEP BOSC) 
CHUNGtDAI4LeHAROYtHESS~JACOBS~KIRZ (LRL) 
OERAOOtKEHNEYtPOIRIER~SHEPHARD (NOTRE DAME) 
Z G T GUIRAGOSSIAN (LRL) 
T P WANGLER~A R ERWIN~W WALKER (WISCONSIN) 

ACCENST~ALLES-8ORELLIeFRENCH, FRISK+ (CERH) 
L,D.JACOBS~THESIS (LRL) 
+SHIBATA,GOROON,FRISCH,MANNELLI (MIT+PISA) J 

÷LILLESTOLe~I]NTANET÷(CERN~CDF÷IReLIVERPOOL) 
+FISCHERtGOBBI~ASTBURYeH(CHELINI÷(ETH÷CERN) 
+HAROY÷HESS+KIRZ÷HILLER (LRL) 
÷JOHNSON+RLEINePETERSeSAHNI+VENe (PURDUE) 
+BISHASfCASONtOERADD,KENNEY÷ (NOTRDAH+PENN) 
N. RABIN (RUTGERS) 

÷FOR INOeCARTACC|÷(BARI÷BOLOG÷FIRENZ EeORSAY} 
G. ASCOL|,H.B.CRAWLEY~D.WoMORTARA~+ ( I L L )  
BOESEEECK~DEUTSEHMANH*+(AACHEN÷BERLIN÷CERN) 
÷GAVILLETeLABROSSE+HONTANET÷ ICERN+PARIS) 

JOHNSON 68 PR 176 1681 +POIRIER,BISWAS~GUTAYtDERADO÷(ND+PURD÷SLAC) 
ALSO DONOAR 63t  LEE 84y DERADO 6S~ EISNER 67 

LAMSA 68 PR 166 1393 
ALSO PDIRIER 67 

WHITEHEA 68 NC 83A 817 

ADERHOLZ 69 NP E 11 239 
AGUILAR- 69 PL 29 B 241 
ARMENISE 69 LNC 2 501 
CASD 69 NC 62 A T3E 
DONALD 69 NP B I I  E31 

AGUILAR TO PRL 25 58 
ARHENISE TO LNC 4 199 
BAOIER TO NP 8 22 512 
BEAUPRE 70 CERN PHYS TO 42 
EISENSTE 70 COO L195 194 
OH TO PR D 1 2496 
STUNTEBE TO PL 32 8 391 

BARDADIN 71 PR 06 2711 
BEAUPRE 71 NP B 28 7T 
BISNAS 71 PREPRINT 
FAR3ER 71 NP 8 2 9 2 3 7  
FLATTE T1 PL 34 8 ES1 

eCASON~BISWASeOERAOC+GROVES+ (NOTREDAHE) 

÷HCENEN~OTT,AITKEN~ (AERE+SHAHPTeUC.LONO) 

eBARTSCHt÷ (AAEH+BERL+CERN+KRAK~WARS) 
N.AGUILAR-BENITEZtJ.DARLOWt+ (EERN÷CDF) 
eGHIDINI,F(~INO~CARTACCI+ (BARI~BGNA~FIRZ) 
÷CONTE~DENZ~e (GEHO~DESVeH~MB~RILA÷SACL) 
+EDWAROSvBURAN~3ETTINIee (LIVP+OSL[~PADD) 

AGUILAR-BENITEZgBARNEStBASSANOI+ (ENLeSYR) 
+GHIDINI~FORING,CARTACCIt+ (DARI÷BGNA+FIRZ) 
eBONNETvDREVILLONtBAUB1LLIER~÷ (EPDL+IPNP) 
÷DEUTSEHHANN,GRAESSLERt+ (AACHeBERL÷CERNJ] 
EISENSTEIHtGORDON ( ILL )  
+GARFINKELtMORSEvWALKERtPRENTICE(WISC+TNTOJ) 
STUNTEBECKtKENNEYtDEERYtBISWASICASON÷(NOAN) 

8ARDANIN-OTNINOWSKA~HOFNOKLte (WARS) 
eDEUTSCHNANNvGRAESSLERe+ (AACH+BERL÷CERN J) 
t~CASONIHARRINGTONeRENNEVvSHEPHARO (NDAM) 
eDE PINTOtBISWRS,CASON,DEERYtKENNEV,÷INDAM) 
÷ALSTON-GARNJOST,BARBARO-GALTIER|te (LBL) 

ID(1~.85~1 B o . . o . , 1  . . . .  J . . . .  , , = o  
i ~. / i  • ( JR=O-e l÷e2-  WITH I÷ FAVOREO.) 

8 0 MESON 

H (1290 . )  APPROX. 
M 1283.0 3-0  
H 1290. 7 .  
M (1310 .0 ]  
H 1270.0 10.0 
M 1285. 7.  
M 1303.0 8.D 
H 1283.0 6 . 0  
H . . . . . . . . .  
M AVG 1288.7 3 .5  

MASS (~EV) 

BARLOW 87 HBC 1.2  PBAR Pe 4PFS EI67  
DAHL 67 HGC 1 . 6 - 4 . 2  P I -  P 10/66 
D.ANOLAU 88 HBC 1.2 PBAR P, 5-6 PFS 8/68 
OEFOIX 68 HBC 1.2 PB P,T Pl 3/69 
CAMPBELL 69 DEC 2.7  DE÷ 0 B/69 
LORSTAD 69 HBC 0.7  PS Pt AyE-BODY 9/69 
RARDADIN 71HDC 8 PI+ P, P+6P! 9/69 
8OESEBECK 71HBC 16.0 PI PtE PT E/T1* 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .3 )  
)SEE IDEOGRAM BELOW ) 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  -- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 D HE SON WIDTH (HEV) 

R 135.0)  (10 .0 )  OAHL 67 HBC 
0 66, 20.  O. ANDLAU 68 HBC 

H U UNFOLDED BY DOBRZYNSKI T l  
R 160.01 DEFOIR 68 HBC 

30.0  10.0 CAMPBELL 69 08C 
N R ( 6 0 ° )  ( 1 8 . )  LORSTAO 69 HBC 
H R EAR.O) (24 .0 )  BAROAOIN 71HBC 
H 10.0  lO*O 8~ESEBECK T1 HBC 16.0 PI P,B PI 6 / 7 1 '  

R RESOLUTION NOT UNFOLDED 11171) 
. . . . . .  , • * 

N AVG 20.6  9 .6  AVERAGE )ERROR INCLUDES SCALE FACTOR Of 1 .3 )  

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

1 . 6 - 6 . 2  P l -  P 11/71"  
1.2 PBAR P, E-6 PFS 2 /72*  

1.2 RE P,7 01 11 /71 .  
2 .7  PI+ D 8 /69 

O.T PB P, &,E-BODY 11/71 .  
B P | *  P ,  P÷API 11 /T1.  



Mesons 
D ( 1 2 8 5 ) ,  Ae ( 1 3 1 0 )  

68 

Data Card Listings 
For notation, see key at front of  Listings. 

/ 
1250  1270 

U E I G H T E D  RUERRGE = 1 2 8 5 . 7  • 3 . E  
ERROR SCALED BY 1 . 3  

- - - . - - - - 8 D E S E B E C K  71  HBC 

- .  .BRRDRDIN  71  HBC 

- - - - ~ - .  . . . . .  LORSTRD G9 HBC 

. . . . .  ~ . . . . .  CRr lPBELL  69  DBE  

t . ~  • ~ . . . .  D .RNDLRU 68  HBE  

. . . . . .  - . .DRHL  67  HBC 

1 2 9 0  1310 1330 1350 
D t lESDN I IRSS ( l ' lEU) 

CHISQ 

0 .2  

4 .7  

0 .0  

2 .5  

0 .4  

0 ,3  

B .O  

(CONLEU 
=0 .155 )  

8 D MESON PARTIAL DECAY MODES 

DECAY MASSES 
P1 B MESON INTO K KBAR Pl  497÷ 497+ 134 
P2 O MESON INTO Pl P( RHO 134+ 134÷ 765 
P3 D MESON INTO ETA P I  PI  548+ 154+ 1BA 
P4 D MESON INTO P1 [975 )  PI 975÷ 134 
P5 0 MESON INTO 2PI~  2E l -  139+ 139+ 139+ 139 

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

8 D MESON BRANCHING RATIOS 

PI  D MESON INTO (P I  P l  RHO] / (K KBAR P I )  (PZ ) / IP1 )  
RL (2 °0 )  OR LESS DAHL 67 HBC CHARGED PI ONLY 10 /66  
E l  0 16 .0 )  OR LESS DONALD 69 HBC 1,2 PBAR P,SP÷ • 
P I O  THIS IS  FOR (RHO0 PI+ PI - ) / IK KBAR PIO) 

R2 O MESON INTO (K KBAR 'P I t / (ETA  PI  P I )  [PL I / IP3 )  
P2 ( 0 .124 )  ( 0o035 )  DEFOIX 68 HBC L .2  PB P,7 E l  3 / 69  

R3 O MESON INTO (DELTA P I l l (ETA  El  P I )  (PA ) / (PB (  
R3 POSSIBLY SEEN AMNAR TO HBC ~ . I , 5 .SK - ,ETA  5 /78  
R3 POSSIBLY SEEN OTWINDWSK TO HBC 8 PI+ P, P+6PI 9/69 

R4 0 MESON INTO (2PI+ 2El- (INCL, RHO El PI))IiETA PI+ PI-) 
R4 (PS) / (Z /BPS)  
R4 EO (0 .55 )  OR MORE DOESERECK 71 HBC 16 .  P I÷ -  P~P 5El 11 /71 "  

D.ANDLAU 65 PL 17 347 
MILLER 65 PRL 14 1076 
EAELOW 67 NC 50 A 701 
DAHL 67 PR 163 1377 O.AN . . . . . . . .  E5 6DB 
OEFOIX 68 PL 28 B 353 

CAMPBELL 69 RPL 22 1204 
DONALD 69 NP B 11 551 
LORSTAD 69 NP B 14 63 
OTWINOWS 69 PL 29 B 529 
ANMAR 70 PR 

BAROAOIN 71 PR 04 2711 
BOESEBED 71 PL 36 8 659 
DOERZYNS 71 PRI V oDONMUN. 
GOLDBERG 71 LNC I 627 

REFERENCES FOP D MESON 

+BARLOW,ADAMSON,÷ [CDEF~CERN+IRAD~LIVPI 
+CHUNG,DAHLtHESS,HARDY,KIRZ,+ (LRL+UC) 
+MONTANET, D-ANDLAU+ICERN÷CDF÷IDR+LIVERPOOL) 
÷HARDY+HESS+KIRZ÷NILLER (LRL I I  JP 
+ASTIER~EARLOW~HONTANET÷ (CDF÷DERN+PAD+LIV)I JP 
+RIVET, SIAUD,CONFORTO,SHIVELY(CDF÷IPE+CERN) 

+LIDHTMANw+ (PURDI 
+EDWARDS,BURAN, BETTINID+ (LIVP÷OSLO÷PAOOI 
8.LORSTADtO.ANDLAU,ASTIER~+ (CDF~CEPN) JP 
S.OTWINOWSKI (WARSAW( 
+KROPAC,OAVIS,OERRICK+ (KANS÷NWES+ANL+WISDI 

BARDAOIN-OTWINOWSKAvHOFNOKLtRICHEJOA+(WARS) 
(AACH+BERL+BON~+CEPN+CPAC+HEIO+WAPS| 

L.DOBRZYNSKI ICERN~CBEF) 
÷NAKOWSKIITOUCHARD,DONALD,~ ( IPN+L IVP)  JP 

i. (z  o)112 A2 RESIN ( 1B lO ,J  . . . . . .  ) I=1 

T h e r e  i s  now a c l e a r  e x p e r i m e n t a l  c o n t r o v e r s y  

on t he  i s s u e  of w h e t h e r  the  A z i s  s p l i t  o r  no t .  The  

e v i d e n c e  fo r  n o n - s p l i t  s e e m s  to  be  r a t h e r  c o n v i n c i n g  

by  now,  bu t  we  c o n s i d e r  t h a t  t h e  r e a l l y  d e c i s i v e  

e x p e r i m e n t  i s  s t i l l  to  c o m e .  The  f o l l o w i n g  r e m a r k s  

are r e l e v a n t  to the  p r e s e n t  situation: 

(a) The  c o n f i d e n c e  l e v e l s  g i v e n  n o r m a l l y  f o r  f i t s  

w i t h  a s i n g l e  BW, d i p o l e ,  o r  Z c o h e r e n t  o r  i n c o h e r e n t  

BW d e p e n d  on t h e  s i z e  a n d  n u m b e r  of b i n s  u s e d  a n d  

the treatment of adjustable parameters. For more 

involved methods see LYNCH 7i (who fits the data 

to a mixture of a dipole and a BW and gets a 

"duplicity parameter") or GETTNEI~ 71 (who defines 

a "figure of merit" ZI X Z, dependent on statistics, 

mass resolution and a signal/background ratio). 

(b) There exists a "natural bias" of preferring 

the dipole shape (LYNCH 71, AGUILAI~ 71). 

(c) The division between splitting and non-splitting 

experiments is not simply correlated to any physical 

property such as A z charge, momentum transfer, 

beam energy, decay mode, etc. In fact, the two 

most significant experiments -- CHIKOVANI 67 

("split") and BOWEN 71 ("unsplit") -- have nearly 

identical experimental conditions. 

12 A2 MESON MASS (NEV), K KBAR, UNSPLIT 

M~ N THE NEUTRAL MODE CAN INTERFERE WITH THE F MESON 
80 (1317 ,01  (3 .01  8ARLOW 67 HBC + -  1 . 2  PBAR Pt KK . 2172 .  

MK 60 1333 .0  13 .0  BARLOW 67 HDC +-0  1 .2  REAP P, KK 9•67 
MK N (1646 .01  (T . )  ( 6 .1  EEUSCH 67 DSPK 5 -12  P I -P tK IK1  11 /71 .  
MK 130 1280 .0  12 .0  CONFORTO 67 HBC + -  O. PEAR P IN KK. 9 /67  
NK 1317 .2  4 .0  OAHL 67 HBC - 2 . 7 -6 .5  P I -  P 8 /67  
MK N (1315 .71  ( 10 .8 )  OAHL 67 HBC 0 2 .7 -4 .5  P I -  P 11171* 
MK N (1311 .01  ( 5 , 0 )  CPENNELL 68 HBC 0 6 .0  P I -P ,K IK1  11 /71 "  
WK 12 (1815 .0 }  AOERHOLZ 69 HBC • 8 PI+ PvK÷KO 8 /69  
MK 132 1301 .0  7 .0  ALSTON-GA 70 HBC 7 .0  PI+PvK÷KS P 117 l  
MK 190 1316 .0  7 .0  CRENNEL 71HBC - 4 .5  P I -  P,KSK-P 11 /71*  
MK 730 1313o0 4 .0  FOLEY 71CNTB 20 .3  E l -  P~K- KS 2 /71  
MK S 1500 1319 .0  3 .0  GRAYER 71ASPK 17 .2  P I -P ,K -KS  P 2 /72~ 
MK S SYSTEMATIC ERROR IN MASS SCALE SUBTRACTED 
NK . . . . . . . . .  
MK AVG 1315 .0  3 .1  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .7 )  

(SEE IDEOGRAM BELOW ) 

12 A2 MESON MASS IMEV) ,OPI,ETA PI MODES.UNSPLIT. 

( 1320 .0 )  ADEPHOLZ 64 HBC 4 .0  PI÷P 
1335 .0  10 .0  GOLOHABER 64 HBC + -  3 . 7  E l+ -  P 

130(1310o0)  FORINO 65 DEC + O ADS PI+ D 10 /66  
14ZS 1290 .0  5 .0  LEFEBVRES 65 MMSP - 5 . 6 t 6 .0  P I -P  6 /66  

( 1300 ,0 )  SEIDLITZ 65 DEC - 3 . 2  P I -O  6 /66  
1Z90 ,0  10 .0  BARNES 66 HRC - 6 . 0  P I -P  6 /66  
1310 .0  16 .0  BENSON 66 DBC 0 3 ,65  PI+D 6 /66  

1800 (1310°0J  ( 10 .0 )  CONP.BY FERBEL 66 RVUE + -  E l +  o P 10166 
1060 1286. 8 .  LEVPAT 66 MNS - 6 -7  P I -  P 2/6T 

LB7 1265o 20 .  BALTAY 67 HBC 0 8 .5  PI+ P 7 /67  
4000 1607. 16,  CHIKOVANI 67 NNS - 7 P [ -  P 8167 

1269o 9 .  DANYSZ 67 HBC B tO .6  PEAR P 7 /67  
13 I I . 6  6 °0  ARMENISE 68 DEC 0 5 .1P I+D  9 /67  
1282 .0  15 .0  EALLAN 68 HBC - 16 .0  E l - .P  9 /68  
LB20. 10 .  BOESEBECK 68 HBC 0 8 PI+ P 6168 

B 11280,  l ( 10 ° )  80ESE6ECK 68 HBC + 8 PI+ P 6 /68  
B ASSUMING A1 AND A1 ,5  MESONS OF FIXED MASS AND WIDTH 

1310. 20 .  CHUNG 68 HBD - 2 . 7 -4 .5  E l -  P 5•68 
1287 .0  10 .0  CRENNELL 68 HBC - 6 . 0  P l -P ,X -  6 /6B  
1275. 17.  FRIDNAN 68 HBC + -  5 . 7  PEAP P 6168 

11167 1280. 12.  KEY 68 HBC - 3 P I -P  
( 1301 .0 )  ( 6 . 0 )  YON KROGH 68 HBC 6 .7  PT- P 9168 

1300 .0  4 .0  JUNKNANN 68 HBD 16. P I -  P,  S P (  9 /69  
A ( 1 2 9 9 , (  ( 1 4 . }  LANSA 68 HBC - 8 P I -  P 1 /71  

1295.0 20.0 ANDERSON 69 NMS 16 P I -  P,BACKW9 8169 
A 241 (1299 .0 )  ( 12 ,0J  ARMENISE 69 OBC + 5 .1P I÷D ,3P I÷+ -  5 / 70  

1310 .0  16 .0  EISENBERG 69 HBC + A .3 t5 .3  GAMMA P 12 /69  
1305.  (B . }  ASCOLI 70 HBC - S - 7 .5  P I -  P l / T1  

961 1306 .0  6 .0  ALSTON-GA 70 HBC + 7 .0  P I+P ,  BPI P 1 /71  
189 1312 .0  7 .0  ALSTON-GA TO HBC + T.O P I÷P tP I  ETA 1171 

1313 .0  7 ,0  BOCKMANN TO HEC 05 ,  PI+P 5 /70  
( ! 290 .0 )  CAROLL 7 0  HEC - 7 PI- P E/71 
( 1310 .0 I  CAROLL 70 DEC O TP I+  D 1 /71  

N (1305 .0 )  CAROLL 70 HDC 0 25 P I -  P 1/71 
H 1288 .0  10 .0  CASO 70 HBC - L I . 2P I -P tP I  RHO 5 /70  
B 1300.0 20.0 CASO 70 HBC - I1.2PI-PtP( ETA 5/70 
N 1335 .0  15 .0  OIAE TO HBC + -  O. PEAR P, 4 PI 5 / 70  
N 1300 .0  20°0  14 .0  DZIERDA 70 HBC - 8. P I -  P~PI 5T1 11 /71 "  
w D (1330 .0 )  ( 15 .0 )  GARFINKEL 70 DEC - A.B K-D, LANBDA 1171 
N D MAY BE DIFFERENT OBJECTtJPC=2++. COMPARE CRENNELL 69 .  
M ( 1 2 7 4 , 0 )  ( 2 Z . O )  GORDON 70 DEC 0 4 .2  El+ D . 1 /71  
H 1288 .0  7 .0  JOHNSTON 70 HBC - 7 ,P I -P ,P I -ETA  P l / T1  
M A ANALYSIS COMPLICATED BY NEARBY PEAK {61 .5 )  
N 360 1306 .0  4 .5  BARNHAW 71HBC + 3 .7  PI+ P , ( 3P I I+  11 /71 "  
N 10000 1307° 5 .  BINNIE1 71NHS * P I -P  REAP 62 THE 11/71# 
M 5000 1309. 5. BINNIE1 71 MHS - PI-P NEAR A2 THP 11/71" 
N X 11307 . )  I 7 .  ) DLOOOWORT 71 HBC • 5 . 45  El+ P,E 3PI 2 / 72 *  
M X DEPLETION OF EVENTS NEAR 1300 REV 
N 28000 1299 ,0  6 ,0  BOWEN 71NNS - 5 .  P I -  P 11 /71 "  
M 24000 1300. 6 , 0  BDW£N 71RMS + S. El+ P 11 /71 .  
M 17000 1309 ,0  4.O BOWEN 71 NNS - T. P I -  P 11 /71 "  
M C (1307.) (12.) BUHL 71HBC - 2.5 PI- P 11171* 
N C BACKWARD PRODUCTION 11171* 

1520,  20 .  ESPIGAT 72 HBC ÷ O°PBAR PtETA 2PI  11171* N 
N . . . . . . . . .  
M AVG 1102o5 1 .9  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .5 (  

(SEE IDEOGRAM BELOW ( 

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



Data Card Listings 
For notation, see key at front of  Listings. 

6 9  

Mesons 
A = ( 1 3 1 0 )  

WEIGHTED RUERR6E = 1 3 1 5 . 0  i 3 . 1  
ERROR SCALED BY 1 . 7  

CHISQ 
. . . . . .  GRRYER 71 RSPK 1 . 8  

. . . . . . .  FOLEY 71 CHTR 0 . 2  
. . . . . .  CRENHEL F1 HBC 0.1 

. . . . . . .  ALSTOH-BR 70 HBC 4 . 0  
. . . . .  DRHL 87 HOD 0 .3  

. . . . . . . .  CONFDRTO 67 HOD 8 . 8  
~ 6 7  HOD .~ .9  

1 6 . B  
(CDHLEU 

1290 1280  1320  1360  1400  =0=010 )  

R2 MRSS (MEUI, K KBRR MODE, UHSPLIT 

WEIGHTED RUERRGE = 1302.S * 1.9 

ERROR SCRLED BY 1.S 

l llliii! 
1240 1280 1320 1380 

A2 MASS )MEU), OTHER MODES, UNSPLIT 

P 

1400  (EDNLEU 
=O.OOO) 

WEIGHTED gUERRGE = 1 2 7 F . B  i 5 . 1  
ERROR SCRLED BY 2 . D  

-t--  . . . . . . . . . . .  HEF ?O MMS 
"-I--  . . . . . . . . . . . . .  BRUD2 70 CBS 

. . . . . . . . . . . .  OON~LO 69 HBC 

. . . . . . . . . . . .  CRENNELL 68 HBC 
. . . . . . . . . . .  BENZ 6B NMS 

/ 
1240 1280  1320  1360  1400  

A2L MASS )NEU) ( S P L I T T I N 6  gSSUMEDI 

WEIGHTED RUERRGE = 1314.5 ~ 3.4 
ERROR SCRLED BY 1.2 

1240 

~2H MRSS )MEU) 

CHISQ 
2 . 7  
4 , 6  
O.F 

3 . 1  
5 . 0  

1 6 . 0  
ICONLEU 
= 0 . 0 0 3 )  

CHISQ 
• - . - - - N E F  70 , , S  O.O 

• BRUD2 70 CES 3 . 4  
DDHRLD 69 HBC 

5 ~  . . . . .  CRENHELL 6e HBC O.O ~ EHZ 6B rlMS t . 2  
4 . 6  

" ' (CONLEU 
12B0 1320  1360  1400  = 0 , 2 0 4 )  

(SPLZTTIN~ RSSUI~ED) 

12 AZL MESON MASS (NEVI (ASSUME SPLITTING) 

ML A ( 1 2 7 4 , )  ( 1 6 . )  CHIKOVANI 67 MMS - 6 ,7  P I -  P 6/68 
ML A INCLUDED IN BENZ 68 FIT OF 2 COHERENT SYMMETRIC POLES. 
ML 1289. 5, BENZ 68 NMS - 2 .65 PI -  P 12168 
ML 1269.0 5.@ CBENNELL 68 HBC - 6°0 P I -PvX-  6168 
ML BZ (1281,OI  )3 °0 )  AGUILAR 1 69 HBC 0 - 1 . 2  PE P,KIK+-  5169 
HL C z AGUILAR L 69 INCLUDES BARLOW 67, CUNFORTO 67. 
Ml (1280 .0 )  l I D . B )  CRENNELL 69 DEC - 3 .9  N-  N,PI-RHO 8169 
ML C MAy BE DIFFERENT OBJECT. JP=I~ FAVORED OVER Z + t Z - v l ÷ .  
ML C NOTE THAT IGJP=I -L -  IS EXOTIC IN THE QUARK MODEL. 
ML 1268,0 12.0 DONALD 69 HBC +-  1.2 PB P(4 P l l  9169 
ML B ( 1 2 7 6 , )  ( 6 , )  BAUDI TO NMS - 7 .  PI~P, P KKBAR 11169 
ML 35 1265.0 6 , 0  BAUD2 70 COS - I I . P I - P , P  ETA PI 5170 
M1 B (1275.0) I6.0) 80CKMANN 70 HBC + 5. PI~P,INCOHER. 51TO 
ML B (IZB?°O) ( 2 . 2 )  BASILE 70 CNTR @ 3.16 PI- P l l T l  
ML 60 1286. 5 ,0  NEF TO MMS - 7.  El-P7 P KKBAR 11169 
ML 8 FIT TO TWO INCOHERENT EREIT WIGNERS 
ML . . 
ML AVG ~EZOW ~S BASED ONLY ON VALUES FROM COHERENT FITS. 
ML . . . . . . . . .  
ML AVG 127T.8 S,1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 ,0 )  

(SEE IDEOGRAH ~ ) 

12 A2H MESON MASS )MEV) )ASSUME SPLITTING) 

MH A )1320o) (E6 . )  CHIKOVANI 67 MMS - EfT P I -  P 6 /68 
MH A INCLUDED IN BENZ 68 FIT OF 2 COHERENT SYMMETRIC POLES. 
MH 1309. S. BENE 68 MMS - 2,65 P I -  P 12168 
NH 1315.0 5 .0  CRENNELL 68 HBC - 6 .0  P I - P t X -  6/68 
MH BZ (1325 .0 )  ( 3 . 0 )  AGUILAR 1 69 HEC 0 - [ . 2  PB PtKIK+-  5 /69 
MH Z AGUILAR 1 69 INCLUDES DARLOM 6Tv CONFORTO 67. 
MH 1324.0 25*0 DJNALD 69 HBC +-  1.2 PB P(4 P l )  9 /69 
MH B (1323.) (6.)  BAUD1 70 MMS T° Pl~P, P KKBAR l l lBg  
MH 35 E331,0 9 ,0  BAUD2 70 CBS - I I ,  P I -P ,P ETA PI S/7O 
MH B )1338o0) (6.0) BOCKMANN 70 HBC + 5. PI÷P,INCOHER. 5170 
MH B (1329 ,0 )  ( 1 , 9 )  8ASILE 70 CNTR 0 3.E6 P l -  P 1E7t 
MH 60 1314. 5 .0  NEF 70 MMS - T. PI~P, P KKBAR 11169 
MH E ¢IT TO TWO INCOHERENT BREIT WIGNERS 
MH 
~ ;v; ; d ~  ;S'B~S~O ONLY ~ VALDeS EROH COHERENT F I T S .  
MH . . . . . . . . .  
MM AVG 1314.5 3 . 6  AVERAGE(ERROR INCLUDES SCALE FACTOR gF 1 .2 )  

[SEE IDEOGRAM AJcr~ ) 

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

12 A2 MESON WIDTH(MEVI, K KBAR. UNSPLI T 

WK N THE NEUTRAL MODE CAN INTERFERE WITH THE F MESDN 
WK 60 56.0  28.0 BARLOW 67 HBC +-  1°2 PBAR P, KK 9167 
WK 80 56 ,0  15,@ BARLOW 67 HBC +-  1o2 MBAR P, KK 9467 
WK N )88° )  ( 2 3 . )  ( 2 2 , )  DEUSCH 67 OSPK + O  5-12 P I -P ,K1KI  11171* 
WK 130 (90.0) CONFORTO 67 HBC O. PBAR P IN KK 9167 
WK 47. 18. DAHL 67 HBC - 2 . 7 - 4 . ~  P l -  P 8/67 
WK N ( s o . s )  (36°5)  DAHL 67 HOE O 2 . 7 - 4 . F  P I -  P 11171* 
WK N ( 2 l . O )  ( lO.O)  (6,@) CRENNELL 68 HBC O 6 ,0  P I -P ,K1KI  11171" 
NK IZ I34.0) AOERNOLZ 6g HBC + 8 PI÷ P,KeKO 8169 
WK 132 90.0  24,0  ALSTON-GA 70 HBC + T.O PI+P,K+KS P 1/71 
WK 190 125.0 19.0 IG.O CRENNEL 7E HBC - 4.E P l -  P,KSK-R 11171* 
WK 730 114.0 10.0 FOLEY 71CNTR - 20.3  P l -  PtK- KS 2/71 
WK 1500 123.0 7 . 0  GRAYER 71ASPK - 17,2 PI-P,K-RS P 11171* 
WK . . . . . . . . .  
WK AVG 105,8 11.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 .4 )  

(SEE IDEOGRAM BELOW I 

WEIGHTED gUERAGE = 1 0 8 . 8  • 1 1 . 2  

ERROR SCALED BY 2 . 4  

-GRAYER 7 1  ASPK 

-FOLEY 7 1  CNTR 

-CRENNEL 71  HBC 

- A L S T O N - G A  ? 0  HOC 

. . . . . .  OAHL 6 7  HOC 

• 8ARLOW 67 HBC 

• OARLOU 67 HE: 

o so ~oo zso 2do ~ o  
A2 WIDTH (~EU)=  K KBAR MOOEI U N S P L I T  

CHISQ 
6 . 0  

0 . ?  

1 . 2  
0 . 4  

10 . ?  

1 1 . 0  

3 . 2  

3 3 . 2  

ICONLEU 
= 0 . 0 0 0 )  



Mesons 
(z3zo) 

70 

Data Card Listings 
For notation, see key at front of  Listings. 

12 AZ ~ESON WIDTH (NEVI~BPI,ETA Pl  NOOES.UNSPLIT. 

( lO0 .  O) ADERHOLZ 6A HDC 4 . 0  PI+P 
90 .0  10.0 C~OLDHADER 64 HDC +-  0 .?  P I+ -  P 

H 1621 99 ,0  15.0 LEFEBVRES 65 RMSP - 6 .0  PI-P 6/66 
H ( [ 4 0 . 0 l  EEIOLITZ 65 DDC 3.2  PI-D 6166 
W ?O.O  [O .O  BARNES 66 HBC - 6 .0  PI-P 6 /66 
R lOO. 15. BENSON 66 DDC + 0  3 ,65 ~I+D 1/67 
w 1BOO ( 8 0 . 0 )  110.08 EDRP.DV FERBEL 66 RVUE Pie- 10/66 
W 1060 98. 5 .  LEVRAT 66 MRS - 6 ,7  P I -  P 2/67 
H 137 lOO. 25.  DALTAY 67 HBC O 8 ,8  PI+ P 7 /67 
w A ( 8 8 . )  ( 3 0 . )  [ 2 0 . )  CASOH 67 HBC - 8 P I -  P 5/67 
w A ANALYS[S COMPLICATED BY NEARDY PEAK (AI.SI AT 1190 REV 
W 4000 90, 15, CHIKOVAN( 6T MNS - ? E l -  P 8/67 
M 48. 2Z. DANV$E 67 HflC +-  3~3.6 FBRR P T/67 
H 96.0  16.0 ARMENISE 83 DDC 0 5.1 PIeD g/E? 
W 125.0 40 ,0  BALLAW 68 HRC - 16.0 PC- P 9/68 
H (9D. I  APPROX. BOESEBECK 68 MBC + 8 El÷ P 6 /68 
N 56. 21, BOESEDECK 68 HBC O 8 P I +  P 6/68 
M 80. 20, CHUNG 68 HBC - 2 . ? - 4 . E  P I -  P E/68 
W 94 ,0  3O.O 20.0 CRENNELL 68 HDC 8.0  PI -P~X-  6 /68 
R ( 8 0 . )  APPROX. FNIDNAN 68 HOG +-  5 .7  PEAR P 6/68 
N 91. 1D. KEY 68 HBC - 3 PI-P 11/67 
W ( 4 0 . 0 )  (25 .0 )  VON KROGH 68 HBC 6.7  P I -  P 9/68 
H 12,0  16,0  JUNKMANN 68 HBC - 1 8 ,  E l -  P, 5P( 9 /69 
N 90 .0  10,0  ~0.0  ANDERSON 69 NNS - 16 P I -  P~DACKN9 D/69 
H A~ 241 ( [ 6 4 . 0 )  ( 20 .0 )  AJ~MENISE 69 DEC + E . [  PI+D~3PI++- S/TO 
M E BACKGROUND SUBTRACTION MODEL-DEPENDENT. 5/70 
W 80.0 30 .0  EISENBERG 69 NBC + 4 .31S.3  GAMMA P 12/69 
R 941 79.0 12.0 RLSTDN-GA 70 HBC + 7 .0  PI+P,3PI P [ / 7 1  
H 189 108.0 20,0  ALSTON-GA ?O HBC + 7 .0  PI+P~PI ETA 1/71 
H 70.0  29 .0  DOCKNANN 70 HEC DE, PI+P E/TO 
W (102 .0 )  CAROLL 70 HBC - T E l -  P 1/71 
H (122.08 CAROLL 70 DEC O 7 El+ 0 1/71 
W (88.01 CAROLL TO HDC O 21 PI- P 1171 
H 185.0 2&.0 CASO TO HBC - 11 .EP I -P ,P I  RHO S/70 
H ( I2O.O)  CASO TO HDC l h Z P I - P , P ]  ETA 1170 
W D ( 4 1 . 0 )  (20 .0 )  ( 1 6 . 0 )  OZIERBA 70 HBC 8 .  P I -  P .P l  ETA 11/70 
H 90 .0  20.0 DIA2 TO HBC 0,  PEAR P~ 4 PI E/70 
N D (31.08 (3S.Ol  GARFINKEL 70 08C - 4.S K-O~LAMBDA 1/71 
R O HAY DE DIFFERENT OBJECT,JPC=2++. COMPARE CRENNELL 69. 
W (215.08 (22 ,0 I  GORDON 70 DEC 0 4 .2  PI+ D 1/71 
N A ANALVSIS COMPLICATED RV NEARDY PEAK (RE,5(  
W 88.0  11.0 JOHNSTON 70 HBC - 7 . P I - P , P I - E T A  P 1/71 
W 360 111.4 18.0  BARNHAH 71 HBC + 3 .7  PI÷ P , I B P I ) +  l l / T 1 *  
W lOOOO ( [ O 0 . l  EINNIEI 71 MRS PI--P NEAR A2 THR l l / 7 1 "  
W 5000  72. 16. EINNIEI 71 MMS - PI-P NEAR AZ THR 11/71 .  
H X ( T 2 , )  ( 2 1 , )  ELOODMORT 71HBC + B.AS P[÷ P~P 3PI 2 / 7 2 *  
N X DEPLETION QF EVENTS NEAR 1300 NEV 
H 28000 105.0 E.O DOWEN 71 MNS - 5.  P I -  P [ 1 / 7 1 .  
W 2 4 O O O  99.0 S.O DONEN 71 MRS + 5 .  PI+ P 11/71"  
W 17000 [ 0 3 , 0  5 .0  BONEN 71 MNS - 7.  ~ ( -  P 11/71~ 
M I20 .  30. ESPIGAT T2 HBC + O.PRAR P. ETA 2PI 11/71"  
M D STRONGLY DEFENDENT ON BACKGROUND SUBTRACTION 
W . . . .  o . . . .  
H AVG 96.9  2 .9  AVERAGE (ERROR INCLODES SCALE FACTOR DF [ . 48  

(SEE IDEOGRAM BELOW ( 

WEIGHTED RUERRGE = ~ 4 . 9  * 2 . 9  

ERROR SCRLED BY 1 , 4  

IglIi): :,.l)b~.T 

5 0  t 0 0  1 5 0  2 0 0  2 ~ 0  

~ 2  WIDTH ( ~ E U ]  ~ OTHER rlODES~ U N S P L T T  

R" 

iil 
( C D N L E U  

= 0 . 0 0 1 ]  

12 AZL ~ESON WIDTH (MEV) (~SSUME SPLITTING) 

WL A [ 2 9 , )  ( 1 0 . )  CHIKOVANI 67 HHS ~ 6 tT  E l -  P 6/68 
RL A INCLUDED IN BENZ 68 FIT DF 2 COHERENT SYMMETRIC POLES, 
WL 22. 5.  OENZ 68 HHS - 2.65 PI -  P I2 /68  
WL 24 .0  IO.D CRENMELL 68 HBC - 6 .0  P I - P , X -  6 /68 
HL BE (Z2.O]  ( lO,O)  17,0) RGUILRR 1 69 HBC + -  0 - l . 2  P3 PIKIK+-  5/69 
WL Z AGUILAR 1 69 INCLUDES BARLOM 67, CONFORTO 67. 
WL C (AO.O) OR LESS CRENNELL 89 DEC - 8.9 K- NtPI-RHO 8169 
RL C RAY BE DIFFERENT OBJECT, JP= ] -  FAVORED OVER 2+ ,2 -~1+ .  
WE C NOTE THAT IGJP=I -1 -  IS EXOTIC IN THE GUARK MODEL* 
WL ~.O 12.0 5,0 DONALD 69 HDC +-  1,2 PB P(~ PI )  9 /69 
HL D (27 .0 )  IE3.O) OOCKHANN TO H8C + E. PI+P~INCOHBR= 5/70 
WL 8 ( 2 3 . 0 l  [8,8) DASILE TO CNTR 0 B.16 PI- P 1/71 
HL 20. 10.0 NEF ?O MRS - 7. P I -P ,  P KKBAR 11/69 
WL B FIT TO TWO INCOHERENT 8REIT MIGNERS 
NL • • 
WL AVG BELOW IB'8ASEO ONLY ON VALUES FROM COHERENT FITS. 
HL . . . . . . . . .  
WL AVG 18.8 3.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ ,1 )  

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

12 A2M RESON WIDTH (MEV) (ASSURE SPLITTING) 

NH A ( 3 1 , )  { l O . I  CHIKOVANI 67 MRS - 617 P I -  P 6 / 6 8  
WH R INCLUDED IN BENZ 6B FIT OF 2 COHERENT SVNMETRIC POLES. 
NH 22. E. BENZ 68 MHS - 2.61 P I -  P 12168 
WH . 12.0 10.0  CRENNELL 68 HOC - 6 . 0  P I - P I X -  6 /68 
RH DZ ( 2 2 . 0 )  l iD *O)  (T.O)  AGUILAR 1 69 HBC + -  0 - 1 . 2  PE P ,K IK~-  8 /69 
WH E AGU(LAR l 69 INCLUDES BARLON 67t  CONFORTO 67,  
NH 21.0  10.0 DONRLO 19 HEC ÷ -  1.2 PB P(4 P I )  9 /69 
W H B  (17.01 (E.O) 80CKHANN 70 HBC + ~.  PI~PtINCOHER. 5/70 
NH 8 ( 1 0 . 2 ]  ( 14 .8 )  (10.28 BASILE TO CMTR 0 3.16 P I -  P 1/71 
NH 30. 10.0 NEF ?0 MMS - 7.  P I -P ,  P KKDAR 11/69 
HH B FIT TO TWO (NCUHERENT DRE(T HIGMERS 
NH 
,M ~V; ;E~O; ;S'BASb ONLV ON V,LUES FROM CO.ERENT FITG. 
WH . . . .  . . . . .  

WH AVG 21.6 3 .8  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 (  

12 A2 HES3N PARTIAL DECAY MODES 

DECAY NASSES 
PI A2 MESON INTO RHO P( 761+ 139 
P2 AE MESON INTO K KBAR 493+ 497 
P3 A2 MESON INTO ETA PI 548+ I89 
P4 A2 MESON INTO ETA PRIME PI 957÷ 139 
P5 A2 MESON INTO El+  P I -  PlO EXCL.RNO P I .  (SHALL, [39+ 139+ 136 

NOT USED IN FIT)  
P6 A2 HESON INTO PI+ P I -  P I -  EXCL.RHO PI .  (SNALLt 139+ 139+ 139 

NOT USED IN F(T I  
P7 A2 MESON INTO PZ GAMMA 139~ 0 

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

12 A2 MESON BRANCHING RATIOS 

R1 AE MESON INTO (K KBARI / (RHO PI |  ( P Z I / ( P 1 )  
F1 (O. Oe) OR LESS LANDER 64 HOG ÷ 8.S Pl÷P 10166 
RI N (0 .13 I  (O.OS) BEUSCH 87 OSPK 0 517,12 P I -+  9 /67  
R1 11 0 .09  0.06 0 ,09  ASCOLI 68 HDC - 5 PI-P 6 /68 
RI ~ .054 0.022 CHUNG 68 HBC - 3 .2  F( -P • 1/67 

( 0 . 03 }  (0.0121 DONALD 68 HDC +-  1.2 PEAR P 2 /72*  RI 
R[ N IO . IA )  (O,OE) OOCKRANN TO HDC 0 5 .0  PI+P 9 /69 
RI 0 ,07 O,OS BOCKMANN ?O HDC • E,O P l tP  9/69 
R1 N THE NEUTRAL MODE CAN INTERFERE MITH F. 
PZ O. O6 0.03 ADRRNOVIC 70 MBC - 3 ,93 P I -  P 1 /7 ]  
RI E (0.0248 (0 ,006 )  DIAZ TO HBC + 0.  PDAR P~ 4 PI 11/71~ 
RI E SUPERSEDED BY ESPIGAT 71 (SEE UNOER R2 AND RB} 11171* 
R1 O.O? 0 .03 NEF TO NEE - T.O P I -  P 6 / 7 0  
R1 110 0 .097 0.018 ALSTON-GA 71 HBC + T.O PI+ P 2/T1 
81 . . • . . . . . .  
R1 AVG 0.0?8 0 . 0 1 1  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
RI FIT 0.076 0 . 0 1 [  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

(SEE IDEOGRAN DELOH I 

WEIGHTED AUERRGE = O . O ? g  * 0 . 0 1 t  

ERROR SCRLED BY 1 . 0  

~ .  . . . . . .  A L S T O N - G A  71  HBC 

. . . . .  NEF 7 0  MRS 

. . . . .  RBRRMOUZC ? 0  HBC 

. . . . .  BOCKMANH 70 HBC 

. . . .  CHUN6 6 8  HBC 

OLZ'' 6 8  HBC 

o o5  o~os o t s  o225 
A2 n E S D H  I N T O  (K  K B ~ R ] / ( R H D  PE)  

CHZSGI 

1 . 4  

0 . 0  

0 . 3  

0 . 0  

0 . 9  

0 . 0  

2 . ?  

(COHLEU 
= 0 . 7 4 1 ]  

R2 
R2 
R2 
R2 
R2 AVG 
82 FIT 

R3 
R3 
83 
R3 
R3 
R3 
R3 
R3 D 
R8 
RB 15 
R3 
R3 O 39 
R3 167 
RD 
R3 AVG 
RO F(T 

B~ 
R~ 
RAS 
R4 S 
R4 
R6 FIT 

A2 MESON INTO (ETA Eli/TOTAL (P3) 
3A 0.15 0.04 BARNHAN 71 HBC + 8,7 FI÷ P 11/71" 

0.13 O.e4 ESPIGAT 72 HBC ÷ -  O.PBAR P, 11/71"  

D.1GO 0.028 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.Ol  
0 .163 0,015 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ,0 )  

A2 MESON INTO (ETA P I ] /  (RHO PI) ( P 3 ) / ( P 1 )  
D.O 0 .2  ADERHOLZ 86 HBC 4 .0  Pl+P 
0 .22 O.D9 CONTE 67 HRC - 11.0 PI-P 8/67 

21 0 .23  D.D8 ASCOLI 68 HBC - 8 P(-P 6/68 
0 ,12 0.08 CHUNG 68 H8C 3 .2  P(-P 12/66 

(0.07280R LESS DONALD 6D HOC 1.2 PBAR P 6 /68 
0.16 O. lO KEV 68 HBC - 3 PI-P .11167 

(0.181 ( 0 . 0 6 )  VETLITERy 69 HEC B.3 PI- P 9/68 
D.B 0 .13 ABRAHOVIC TD HBC 3.98 E l -  P • 1/71 
O.EB 0.09 DOCKHANN TO H8C + 5 .0  PI+P 9/69 
0 .34  0.1T 0.04 BOCKMAHN 70 HBC O E,O PI+ P 9/89 

(O. 1BJ (O.OTJ OZIERBR TO HBC - 8. P I -  P 11/71* 
0.246 0.042 ALSTON-GA 71HBC + T,O El+ P Z /~ I  

0.225 0 .027 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  
0 . 2 [ 2  0.024 FR(~R FIT {ERROR INCLUDES SCALE FACTOR OF L.O) 

A2 MESON INTO (ETA PRIME PI )  / TOTAL (P61 
( 0 . 1 )  OR LESS CHUNG 6S HDC - 3.2 PI-P 
0.02 OR LESS CL-.9T 8ARNHAM 71 HBC + 8.7 PC÷ P , Z/TE* 
0,0 0.01 LIMIT ABOVE RESTATED FOR AVERAGIN~ Z/72* 

O . O l l  O.OlO FROM FIT (ERROR INCLUDE5 SCALE FACTOR OF 1 .2 )  



Data Card Listings 
For notation, see ke~ at front o f  Listings. 

7 t  

Mesons 
• ,(131o), 

A2 MESON INTO (ETA PRIME P I ) / (RHO PI )  ( P A ) / ( P I )  
14 0 .07 0.03 ASCOLI 68 HBC - S.O PI-P 

0 ,04  0 ,03 0,04 80CKNANN TO HDC 0 5 .0  PI÷ P 
B ( 0 , 1 5 1  ( 0 , 0 9 )  OZIEROA TO NBC - 8.  P I -  P 

STRONGLY DEPENDENT ON DACXGROUNO SUBTRACTION 
[ 0 . 0 4 )  OR LESS ALSTON-GA 71HGC + 7 ,0  PI+ P 

. . . . . . . .  o 
0.097 0 .023 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
Do014 0,014 FRON FIT (ERROR INCLUDES SCALE FACTOR OF 1 , 2 )  

A2 MESON INTO {P I+  P I -  PIO| / (RHO PI |  ( P S ) / ( P I |  
( 0 ,1T ]  OR LEGS BENSDN 66 DOC 0 3 .7  P|÷D 

A2 MESON INTO [ETA P I ) / ( X  KBAR) ( P 3 ) / ( P 2 )  
( 3 . 0 |  OR LESS F~STER 68 HBC 

RS 
R5 6 /68 
R5 9 /69  
R5 O 1 1 / T 1 "  
R5 O 11171* 
R5 2/71 
R5 
R5 AVG 
R~ ¢ FIT 

R6 
RE 

R? 
P7 E - PBAR P~PBA REST 11/T1~ 
R7 E SUPERSEDED EY ESPIGAT T2 (SEE UNDER R2 AND RE) 11/7E= 
RT . . . . . . . . .  
AT FIT 2 .79 0. E0 FROM FIT 

RB A2 MESON INTO IK KDAR|/ TOTAL (P2) 
RE 17 0 .06  0.03 DARNHAM 71 HOC ÷ 3 ,T  P l÷  P~KSK÷P L l / 7 E *  
R8 A (O.O20) ( 0 . 0 0 4 |  ESPIGAT T2 HBC ~ -  O,PBAR Pt 2 /72*  
R8 A NOT AVERAGED BECAUSE OF DISCREPANCY BETWEEN MASSES 
R8 A F~OM t~ ~EAR| AND IRHO P i t  ROOES 
R8 . . . • . . . . .  
R8 FIT O.O.K84 O.OOT9 FROM FIT tERROR INCLUOES SCALE FACTOR OP 1 . 0 |  

R9 A2 MESqN INTO (P ie  P I -  P I - ) / (RHO0 P I - )  (P6CI / IP1C|  
R9 (O.2SI OR LESS CL=.9O ABRANOVIC 70 HBC - 3.93 P l -  P 1171 

RI1 A2 MESON INTO tP l  GANMAI/TOTAL (PTI 
R l l  R (O.OOS) (O.OOS| [O.O03}E1SENDERO T1 HBC PHOTOPRODUCTION l l / T l ~  
R11 R PION EXCHANGE HODEL USED IN THIS ESTIMATION I l l ? I t  

FITT~D PArTiAL DECAY MODE BRANCHING FI~ACTIONS 

The n~trJx beJow J= derived Ezom the error n~tx~ ~or ~he ~Jtted-~TtJal ~Jecay z~c~e 

branching fractions, PI' as follows: The ~ element÷ ~re P. • DR., where 

~l° 1 = ~<~]PiDPl> , while the oH-0imgon~l elements are the norrna/Ized correlation coelfi. 

ciente < S P i S P  j } / ( 6 P  i • 6Pi),. F o r  t h e  d e £ ~ n i t i o n l  oE t h e  i n d i v i d u a l  Pi" Dee the l i s t i n ~  m 

a b o v e ;  o n l y  t h o e e  P I  a p p e ~ r i n E  i ~  t h e  r n a t r i ~  a r e  a e s u m e d  i n  t h e  f i t  t o  b e  n o n ~ ¢ r o  a n ~  

a r e  t h u e  c o n e t r a l n e d  t o  a d d  t o  t .  

P 1 P 2 P 3 P 4 
P 1 .768~.018 
P 2 - . 2 ~ 5  . osD+-.OO8 
P 3 - . 7 2 9  - , 1 8 1  ,163e- ,01S 
P 4 - . 4 8 0  -,OTS - , 0 6 8  , 0 1 I ÷ - . 0 1 1  

REFERENCES FOR A2 

AACHEN÷BERLIN÷BIRR+BONN+HAMO+IC-LONDON÷MPI 
÷OAHL~HARDY~HESStKALBELEISCH~KIRE (LRL) 
G GGLDHAEERtS GOLDRAGER~DHALLORAN,SHENILRLI 
+ABOLINS,CARMONV,HENDRIKS~XUONG÷ (LA JOLLA) 

÷CARMONY~LANDER~XUONG~YAGER (LA J OLLA)I=I  
+OAHL,HAROV,HESStJACGDS,KIRZ,NILLER (LRL) 
÷GESSAROLI÷LENDINARA÷(BOL÷BARI÷FIReORS÷SAC) 
CERN MISSING MASS SPECTROMETER GROUP (CERN) 
L SEIDLITZt3 I DAHLID H MILLER (LRLI 

BARNES~FONLER,LAItORENSTEIN ÷ (BNL÷CCNYI 
GoC.BENSON~ THESIS (MICHIGAN| 
G OENSONILOVELLtNARQUIT~ROE ÷ (MICHIGANI 
R. EHRLICH~W. SEL~VE~H.YUTA (PENNSYLVANIA| 
FERBEL (RDCHESTERI 
CERN MISSING MASS SPECTROMETER GROUP (CERN) 

ARMENISEtFORINO~+ (5ARI+DOL+FIR+ORSAYI 
+KIRSCH+KUNG+YEH+RABIN (COLUR+BNL÷RUTGERS| 
÷LILLESTOL*MONTANET÷(CERN+CDF+IR+LIVERPOOL) 
÷DEUTSCHNANN+GROTE÷C~CCDNI÷(AACH+BERLtCERN) 
+FISCHER~GODBI~ASTBURY~MICHELINI÷(ETH÷CERN) 
+LAMSA~EISWAS~DERADO~GROVES~÷ (NOTREDAME) 

CERN MISSING NAGS SPECTROMETER GROUP |CERN) 
÷DAHLtNAROYtHESStKIRZ~MILLER (LRL) 
RICHARD I HESS--THESIS÷BERKELEY (LRL) 
÷RCCULLGCH+BUGG÷CONDO (ORNLeUNIV,TENN,) 
+MARECHAL~MONTANET÷ (CERN+CF+IPM+LIVERPOOL) 
+TOMASINI~COROS+ (GENOVA+HAM÷MILANO+SACLAY) 
+HARDY÷HESS÷KIRZ*MILLER (LRL| 
OANYSZ~FRENCH÷SIMAK (CERN} 

ARMENISE~FORINOe+ (BARI+BOL+FIR÷ORSAY) 
+CRAHLEY~MORTARA,SHAPIRO~DRIDGES÷IILLINOIS| JP 
+ERODY~CHAOWICKtFRIES~GUIRAGOSSIAN÷ (SLAC| 
CERN MISSING MASS SPECTRONETER GROUP (CERNI 
BOESEBECK. DEUTSCHMANN~+(ARCHEN+BERLIN÷CERN| 
+CONTE~CORDSeDIAZ+ (GENOVA÷HAHB÷NIL÷SACL) 
S.U.CHUNG~O. DAHL,J.KIRZ,D.H.MILLER (LRL) 
+KARSHON+KWAN LAI,SCARR,SKILLICORN (BNL) 
+FRDDESEN+BETTIN]+ (L1VERROOLeOSLO÷RADUA) 
÷GAVIL LET, LABROSSE~M~NTANET~÷ (CERN+EDEF[ 
+NAURER~MICHALON~OUDET+(HEIDELB÷STRASBOURG) 
÷COCCONI~÷ (AACH÷BERL÷BONN+CERN÷WARS) 
+PRENTICE+COOPER+MANNER~WALKER÷(TO+ANL÷WISI 
+CASON~BISWAS÷DERADO+GRDVES÷ (NOTREDAME) 
+MIYASHITA~KOPELMANtHARSHALL LIBBY (COLOl 

÷BARTSCH,÷ (AACH÷BERL÷CERN÷KRAK÷WARS) 
÷BARLOW~JACGBStDELLA NEGRA÷iCERN÷CDF ~LIVP| 

ADERHOLZ 64 PL 10 248 
CHUNG 64 PRL 12 621 
GOLDHAEE 64 DUBNA CONF 1 480 
LANDER 64 PRL 13 346 

AOOLINS 6S ATHENS(OHIO)CONF, 
CHUNG 65 PRL 1~ 32E 
PORINO 65 PL 19 68 
LEFEBVRE 65 PL I9  634 
SEIDLITZ 6S PRL I5 2 1 T  

BARNES 66 PRL 16 41 
BENSGN 66 RICH C00-1112-4 

ALSO 66 PRL 16 1177 
EHRLICH 66 PR E52 119~ 
FERBEL 66 PL 21 111 
LEVRAT 66 PL 22 714 

ARMENISE 67 PL 2E0 E3 
EALTAY 67 PL 2EB 160 
BARLOW 67 NC IDA 701 
BARTSCH 67 PL 2SB 48 
8EUSCH 67 PL 25 B 3ST 
CASON 67 PRL 18 880 

ALSO LANSA 68 
CHIKOVAN 67 PL 2SO 44 
CHUNG 67 PRL 18 100 

ALSO 66 UCRL-16832 
COHN 67 NP 51 $7 
CONFORTO 67 NP B3 469 
CONTE 67 NC 51 A 1TS 
DAHL 6T PR 163 1377 
DANYS2 6T NC 5 1 A  801 

ARMENISE 68 PL 26E 336 
ASCOLI 68 PRL 20 1321 
BALLAH 6R PRL 21 934 
BENZ 68 PL 20 8 233 
BOESEBEC 68 NP 0 4 501 
CASO 68 NC 54 A 983 
CHUNG 68 PR E65 1491 
CRENNELL 68 PRL 20 1318 
D~IALD 68 PL 26 B 327 
FOSTER 68 NP D 8 174 
FRIONAN 68 PR 167 1268 
JUNKMANN 6E NP 88 471 
KEY 68 PR 166 1430 
LAMSA 68 PR SE6 1395 
VON KRDG 68 PL 27 B 253 

ADERHOLZ 69 NP B 11 2E9 
AGUILAR 169 PL 29 S 62 

ALSO BARLOW 6T,CONFORTO 67 
AGUILAR 269 PL 29 B 241 M.AGUILAR-OENITEZeJ.8ARLOW,+ (CERN÷COF) 
ANDERSOH 69 PRL 2Z 1390 *COLLI~G~÷ (BNL+CARN) 
ARMENISE 69 LNC Z EOl *GHIDINItFORINO~CARTACCI+ (BARI÷DGNA+FIRZ| 
CHIKOVAN 69 PL 28 8 E26 
CRENNELL 69 PRL 22 132T 
DONALD 69 NP B 12 32S 
EISENBER 69 PRL 23 1322 
VETLITSK 69 YAD,FIZ. 9 E96 

CERN MISSING MASS SPECTROMETER GROUP (CERN) Jp 
+KARSHON,KWAN HU L A b +  (BNLIIJP 
÷EDWARDS~FOSTER,HOORE (LIVERPOOLI 
EISENB~RG~HAOER.~ALLAMeCHADNICR~(REHD÷SLAC) 
VETLITSKY~GRIGOREYEV~GRISHIN~GUZHAVIN÷(ITEP] 

ABRAMOVI 70 NP 8 29 466 
ALSTON-GATO PL 33 B 687 

ABRAMOVICH,BLUMENFELD, BRUYANT,÷ (CERN) JP 
÷BARBARO,BUHL,OERENZO, EPPERSON~FLATTE÷(LRLI 

ASCOLI 70 
BASILE 79 
BAUDI 70 
BAUD2 70 
BOCKMANN 70 
BUTLER 70 
CAROLL TO 
CASO 7 E  
DIAZ 7O 
DZIERDA TO 

ALSO 68 
GARFINKE TO 
GORDON 70 
JOHNSTON TO 
KRUSE TO 
NEF TO 
SUTHERLA TO 

ALSTON-GAT1 
BARNHAM ~1 
BINNIEI T| 
BINNIE2 TI 
BLOOONOR 71 
BOWEN 71 
8UHL T1 
CLAYTON 71 
CRENNEL 71 
EISENBER 71 

,FARBER 71 
RINAUO0 71 
FOLEY 71 
GRAVER T1 

ESPIGAT 72 

PRL 2S 962 ÷BROCKWAY,CRAWLEV, El SENSTEIN,HAMFT,÷ ( l L L I  JP 
LNC 4 888 +DALPIAZ,FRABETTI, MASSAH~÷ (CERN÷EGNA~STRB) 
PL 310 397 CERN BOSON SPECTRONETER GROUP (CERN) 
PHILAD.CONF.P°~11 CERN 8GSQN SPECTRONETER GROUP (CERN| 
NP B 16 221 ÷MAJOR÷POESy+ (BONN÷DURH÷NIJN÷EPOL*TOR1) 

UCRL 19845 THESIS (LRL) 
PRL Z5 1393 +FIREBAUGH~GARFINKEL~MORSE~OH,÷ (WISC÷TNTO) 
LNC 3 TOT +CONTE~TOMAS1NI~CORDS+IGENO÷HAMB÷NILA~SACL) 
NP B 16 239 +GAV~LLET'~LAEROSSEeHONTANET÷ (CERN~CDEF IJP 
PRO 2 2E66 ~SHEPHARO, EISNAS,CAS(~N,JDHNSON,KENNEYINOAM) 
LAMSA 
~L 33 B E36 GARFINKEL~AMMANN~CARMONY~VEN (PURDUEJIC 

CO0 1195 179 THESIS~ILLINOIS ( I L L )  
NP D 24 2S3 +REY,PRENTICE~YOON,GARFINKEL,+ (TNTO+HISCI 
PHILAD.CONF.P.359 U. KRUSEt PRRTIAL NAVE ANALYSIS (ILL( JP 

THESIS+PRIV.CDMM.CERN 8OSDH SPECTROMETER GROUP (CERNI 
PHIL&O.CONF.P.369 G. SUTHERLANO~INTERFERING RESONANCE(GLASGON( 

+BARBARO,BUHL, DERENZO~ EPPER SON ~ FLATTE+ ( LRL I 
• ABRANS t BUTLER t COYNE ~ GOLDHABER, HALL t ÷ (LOLl 
+CAM( LLE RI ~ OUANE~ FARUQI ~GURTON ~÷ ( LO[C~ SHAM I 
+CARl LLERI ~ DUANE ~ F ARUQh BURTON~ ÷ (L01C~SHAR) 
EL OOONORTH ~ J ACKS(~ t PRE NTI C E t V DON (TNTO) 
÷FARLES ~ FA I SSLER, BL I EDEN~ + NEAS÷STDN 
÷CLINE~ TERREL (WISGONS1N) 
~'MASON~MUIRHEAO~RIGOPOULOS~÷ (LIVP÷ATEN) 
÷GORDON tKNAN-MU LAI~ SCARR (BNL) 
E I SEND ERG, HABER ~ BALLAH ~ CHADWICK+( REHO+STAN ( 
• DE P INT_qt 6I SHAG ~ CASON, DEERV, KENNEY ~÷( NOAH I 
• BDECKRANN~ MAJOR+ ( TQRI ÷BONN~DURH÷N I JM÷EROL I JP 
÷LOVE ~ 02AKI ~ PLATNER, LI NDENBAUM ~ + ( BNL+ CUNY) 
÷HYAMS ~ J~NES ~ SCHLE IN. 8LOR~ OIETL+ (CERNeMPIM I 

+GHESGUZ ERE ~ L ILLESTOL, MONTANET (CERNeCDEF) 

PAPERS NOT REFERRED TO IN DATA CARDS 

CHUNG 64 PRL 12 621 ÷DAHL~HARDY~HESS.KALBFLEISCH,KIRZ,÷ [LRL( 
LANDER 64 PRL 13 $46 A LANDEReABOLINStCARMONV=H~NOR[CKS + (UCED) JP 
AOERHOLZ 6E PR 138 B 897 (AACHEN÷BENL~-E[RN÷BONN÷HAMB÷LONO÷MUENCHEN) 
ALITTI 65 PL 15 69 ALITTI~DATON~DELER,CRUSSARD+ [SACLAY+BOLOG) JP 
SLATTERY 67 NC 5OA 377 ÷KRAYBILL÷FORNAN+FERBEL (YALE+RDCHI JP 
EAUO3 TO PL 31 B 601 CERN ~OSON SPECTROMETER GROUP (CERN) 
AGUILAR 71 PRO 6 2503 AGUILAR-BENITEZtEISNER~KINS3N (BNL) 
BEKETOV 71 SJNP 4 765 ~SOMBKO'MSKY~KONOMALOV~KRUTSCHININ~÷ ( ITEPI JP 
GETTNER 71 PREPRINT NUB2092 M,GETTNER (NEAS) 
LYNCH 71 UCRL ZOOZ2 AND TI  AMSTERDAM CGNF* G.LYNCH (LEL) 

| ~ / |  
GAILLON 67 FAVOR JP=O-. OAHL 67 FAVOR 1+ OUT OO NOT 
EXCLUDE 2 - ,  O-.  LORSTAD 69 FIND O- OR 1+. 

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

6 E MESON MASS (NEVI 

PL 34 B 156 
PRL 26 1494 
PL 3E 8 257 
PL ~6 B 537 

PRERRINT 
PRL 26 1663 

PREPRINT 
PREPRINT 

PC 35 B 185 
SLAC~PUE-DS3 

NP B 29 237 
NC 5 A 239 
PRL 26 413 
PL 34 B 333 

NP 8 36 9G 

142S. 7.  eAILLON 67 HBC O. ROAR P 11/66 
1420,0 20,0  OAHL 67 HBC 1o6-4o2 P I -  P 10166 

N 1423. 10, FRENCH 67 HDC 3-#  PBAR P 6 /67 
H 310 I420.  7, LORSTAO 69 HBC O.T PD P~ 4vS-DOOY 9f69 
M 
M AVG 1422.S 4 .3  AVERAGE [ERROR INCLUDES SCALE FACTOR OP 1 . 0 )  

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

6 E MESON MIDTH (MEV) 

N 00. 10. EAILLON 67 HOC 0. PDAR P 11/66 
W 60 ,0  20.3  DAHL 67 HBC 1 . 6 - 4 , 2  P I -  P 10/66 
M 45.  20.  FRENCH 67 HBC 3-¢  PEAR P 6 /67  
H 310 60. 20,  LORSTAO 69 HBC O.T P8 Pv 4 ,5-800V 9/69 
H . . . . . . . . .  
H AVG 60.3  7 .6  AVERAGE tERROR INCLUDES SCALE FACTOR OF 1 ,0 ]  

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

6 E MESON PARTIAL DECAY NODES 

DECAY MASSES 
PI ~ INTO ~ K*(090)  493+ 091 
P2 INTO KBAR PI 497+ 497+ 139 
P3 E MESON INTO P| PI RHO 136÷ 136e 765 
P4 E INTO PI(gTE) PI 975÷ 139 
P5 E INTO ETA PI PI 548~ 1S9÷ 139 

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

6 E MESON BRANCHING RATIOS 

R1 E INTO K K * ( 8 9 O ) / ( ( K  K * ) ÷ ( P I ( 1 0 1 6 )  P I ) }  ( P I ] / ( P I ~ P 4 )  
RI .SO .10 BAILLON 6T HBC O.O PEAR P 11/66 

R2 E NE$ON INTO ( P I P ]  RHO) / (K KDAR PI )  (RS) / (P2 )  
R2 ( 2 . 0 )  OR LESS OAHL 6T HOC O CHARGED PI ONLY 10/66 

R3 E MESON INTO (ETA 2 P I ) / ( K  KDAR PIJ ( P S ( / ( P 2 )  
R3 ( 1 . S )  OR LESS CL=°95 FOSTER 60 HBC - PBA~ PtPDA REST 9/69 

REFERENCES FOR E NESDN 

BAILLON 67 NC SOA 393 +EOMAROS+D,ANDLAU~AST|ER+ (CERN+COF+IR) 
EARASH 67 PR 156 1399 8ARASHtKIRSCHtNILLERITAN (COLUHDIA} 
DAHL 67 PR 16~ 13TT ÷HARDY÷HESS+KIRZ~MILLER (LRL) I  JP 

ALSO 6E PRL 16 10T4 MILLERtCHUNGtDAHLtHESStHARDYtKIRZ÷ (LRL+UC) 
FRENCH 67 NC 52A ~38 +KENSON+MCDONALD+RIDDIFORD÷ (CERN÷8IRq) 
FOSTER 60 NP B D 174 +GAVILLEf, LABROSSE,NONTANET~+ (CERN÷COEF) 
BETTINI 69 NC 62 A 1038 +CRESTI~LIMENTANI,8ERTAUZA,BIGI÷(PADO÷RISA)IC 
LORGTAD 69 NP B 14 60 BoLORSTAD~G,ANOLAU~ASTIER~+ (CCF+CERN) JP 
OEVONS 7I PRL 2T 1614 ~KOZLOWSKI~HORRIT2e÷ (COLU÷SYR) 



Mesons 
X,. o (1430), X,. ,(1440), f ' ( 1 5 1 4 ) ,  rz(1540) 

7z 
Data Card Listings 

For notation, see key at front of  Listings. 

I f ~ l  i X , . 0 , 1 4 3 0 ,  i 29 X(IABOI {JPG= ) I=O 

EVIDENCE NOT CONPELLING.DMITTEO FROM TABLE. 
PEAKS SEEN IN (KS KS) SPECTRA QUOTED UNDER 
X( I~40 ]  ( I = 1 )  AS WELL. 

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

29 X(14BD) MASS (MEV) 

M . . . . . . .  RHO0 RHDO MODE . . . . . . .  
N (141e .0 )  BETTINI 66 DEC O O. PBARP TO BPR 9166 

M . . . . . . .  KS KS MODE . . . . . . . . . .  
N B POSSIBLY SEEN ABRAMS 67 HBC 4.25 K- P 5167 
M B THE AUTHORS ASSOCIATE THE PEAK WITH THE F PRINE~ BUT BACKGROUND 

B ESTIMATION IS DIFFICULT 
1412. 23. BARLON 67 HBC 1.2 PBAR P 5167 

M 1~39,0 B.O b,O BEUSCH 67 OSPK 5,7,12 PI-P 9167 
M . . . . . . . . .  
M AVG 1437.5 5 .3  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l . O I  

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

29 XIIABO) WIDTH (MEVI 

W . . . . . . .  RHOO RHOO MODE . . . . . . .  
W { 9 0 . 0 )  BETTINI EE DBC O O, PBAR P TO 5PR 9/66 

W . . . . . . .  KS KS MODE . . . . . . . . . .  
W 100. 70. BARLOW 67 HBC 1.2 PBAR P 5167 
W 43 .0  17.0 18.0  BEUSCH 67 OSPK 5 , T t l 2  PI-P 9/67 
W . . . . . . . . .  
W AV~ 46.4  17.0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

REFERENCES FOR X(14BO) 

BETTINI 66 NC 42A 695 +CRESTItLIMENTANI,LORIA~PERUZZO+ (PAD+PISA) 
ABRAMS 67 PRL IB 620 +KEHOE,GLASSER,SECHI-ZOBN,WOLSKY (WARYLAHD) 
BARLOW 67 NC 50 A 701 +MDNTANET~D-ANDLAU+(CERN+CDF~IDR+LIV~RRODL( 
EEUSCH 67 PL 2E B 357 +FISC~ER,GOSBI,ASTBURY~NICHELINI~(ETH~CERN) 
DONALD 69 NP B l l  551 +EDWARDS,BUBAN,BETTINI~÷ (LIVP+DSLD÷PADBI 

II~IIXz.~,1440,1 5, ~( .... , .PG=,  ,-E 
EVIDENCE NOT COMPELLING.OMITTED FROM TABLE. 
PEAKS SEEN IN (KS KS) SPECTRA QUOTED UNDER 
X(I4BO) (I=O) AS WELL. 

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

38 X(14~O) MASS (NEVI 

B POSSIBLY SEEN ABRAMS E7 HBC 4.25 K-  P 5/67 
B THE AUTHORS ASSOCIATE THE PEAK WITH THE F PR[ME~ BUT BACKGROUND 

M B ESTIMATION IS DIFFICULT 
M 1412. 23.  BARLOW 67 HBC 1•2 PBRR P 5167 
M 1~39.0 5 .0  6 ,0  EEUSCH 67 OSPK 5 , 7 , 1 2  PI-P 9167 
M (1425 ,0 )  FOLEY 71 CNTR ~ 20.3 P I -  P,K- KS 2171 
M . . . . . . . . .  
M AVG 1437.5 5.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

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

38 X(I~4O) WIDTH (MEV) 

I00. 70.  DARLOW 67 HBC 1.2 PEAR P E/67 
AB.O 17.0 18•0 BEUSCH 67 OSPK B~7~12 PI-P 9/67 

W ( 2 0 . 0 )  OR LESS FOLEY 71ENTR - 20•3 P l -  P,K- KS 2 / 7 l  
M . . . . . . . . .  
N AVG 46.4 I7.B AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

REFERENCES FOR X(I4401 

ABRAMS 67 PRL 1B 620 ÷KEHOE~GLASSER~SECHI-ZORN~WDLSKY (MARYLAND( 
BARLOW 67 NC BOA 701 +MONTANET~D-ANDLAU+(CERN÷CDF+IDR+LIVERPODL) 
BEUSCH 67 PL 25 B 357 ÷FISCHER,GOBBI,ASTBURY,MICHELINI~(ETH~CERN( 
FOLEY 71PRL 26 413 +LOVE~DZAKI,PLATNER~LINDENDAUM~+ (BNL+CUNTI 

l,'(Isv )l 1 ,  E PRINE (15  . . . . .  o . 2 . . i  i . o  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1~ E PRIME(1514) MASS (MEV) 

M l~(IABO. O) CRENNELL 66 HBC 6.0  Pl- P 8166 
M B B ( l ~ 6 0 . )  ( l O . )  ABRAMS 67 HBC 6.25 K -  P 5167 
M 5 BACKGROUND ESTIMATION DIFF1CULTo 5/67 
M 1515.0 T.O AMMAR 67 HBC 5.E K-P 9•67 
R 70 1513.0 7.0 BARNES 67 HBC ~ . E . E .  K- P 10/67 
M 
M AVG 1514.0 4.9  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)  

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

13 F PRIMEIEB14) WIDTH (MEV) 

W B S ( S 3 . l  ( 1 8 . )  ABRAMS 67 HBC 4.25 K- P 5/67 
w B BACKGROUND ESTIMATION DIFFICULT. 5167 
W 35.0  BB.O AMMAR 67 HBC 5.E K-P 9167 
W 70 87.0 15.0 BARNES 67 HBC 4 . 6 ,  E. K- P 10/67 

AVG 73.2  22.9  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.81 
(SEE IDEOGRAM BELOW I 

U E I 6 H T E D  RUERR6E = 7 3 . 2  * 2 2 . 9  

ERROR SCALED BY 1 , B  

- - B R R N E S  6 7  HBC O.B 

I . - - - ~ - . A n n A R  6 7  HBC 2 . 3  

3 . 2  

( C D N L E U  
- 5 0  0 5 0  1 0 0  1 5 0  2 0 0  = 0 . 0 7 4 }  

F P R I M E  U I D T H  ( N E U )  

13 F PRIME PARTIAL DECAY MODES 

DECAY MASSES 
PI F PRIVE INTO PI+ P I -  159+ 139 
P2 F PRIME INTO R KBAR 497+ 497 
P3 F PRIME INTO R K$(890) $93¢ 891 
P4 F PRIME INTO ETA ETA 548+ 540 
PB F PRIVE INTO PI PI ETA 139~ 159+ 548 
P6 F PRIME INTO Pl K KBAR 139+ 497+ 497 

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

13 F PRIME BRANCHING RATIOS 

RI F PRIME INTO (P ie  P I - | / ( K  KBARI ( P I l l ( P 2 )  
RI ( 0 . 2 |  OR LESS CL=.67 ARRAR 67 HBC 5,5  K-P 9•67 
RI ( 0 .18 )  OR LESS BARNES 67 HBC 4.6, E.O K- P 10167 

R3 F PRIME INTO (ETA ETAI / (K KBARI ( P A I l ( P 2 )  
R3 (O.SO) OR LESS BARNES 67 HBC 4 . 6 t  5.0 K- P 10/67 

R4 F PRIME INTO (PI PI ETAI / (K  KBAR) (PB) / (PZ ]  
RA (O,B( OR LESS CL=,bT AMMAN 6T HBC 10/67 
R4 0 .25 O.1B BARNES 67 HBC A.6v 5.0 K- P I0 /67  

R5 F PRIME INTO (PI K KBAR÷ K K * ( B 9 0 ) ) I ( K  KBAR) (P6÷PBI / (P2I  
R5 (O.4 I  OR LESS CL=.B7 ANMAR 67 HBC 10167 
RB ( 0 .16 )  OR LESS ~RNES 67 HBC 4 . 6 t  5.0 K- P 10167 

REFERENCES FOR F PRIME 

BAPNES 65 PRL IB 322 +CULWICKtGUIDONI,KALDFLEISCH~GOZ+(BNL+SYRA) 
CRENNELL 66 PRL 16 1025 + KALBFLEISCHTLAI,SCARR,SCHUMANN + (BNL)I  
ABRAMS 67 PRL E8 625 +KEHOE~GLASSER,SECHI-ZORN,WOLSKY (MARYLAND) 
AMRAR 67 PRL 19 1071 +DAVISvHNANG~DAGAN~OERRICK + (NWU+ANL) JP 
BARNES 67 PRL 19 964 ÷D~NAN,GOLDBERG, LEITNER ÷ (BNL+SYRACUSE)ICJP 
ALITTI 68 PRL 21 1705 +5ARNES~CRENNELLtFLAMINIO~GOLDDERGw÷ (BNLI 
LORSTAD 69 NP B 14 63 B.LORSTAOvD.ANDLAUvASTIERt+ (CDF÷CERN) JP 
BLOTTER 69 NC 62 A 1057 ÷ERSKINEtPALERt÷ (BIRM÷GLAS÷LOIC÷MPIM+DXF) 

I F , 1 1 5 4 0 ) 1  A7 E I , 1 5 , 0  . . . . .  i i=1 
I - - I  JP = 2 - , 1 +  FAVORED . 

AL'SO CONTAINS PHOTOPROOUCED BUMP AT 1550 MEV~I UNKNOWN 

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

47 FI ( lEAD) MASS (MEVI 

M 1011490.0( ( 20 .0 )  ADERHOLZ 69 HBC + B Pl+ P,KKBARPI.IE/69 
M [42 1540.0 B.O AGUILAR 69 HBC O.TPEARP~RKBARPI 11169 

O (1550 .0 )  (~O.OI OAVIER 69 STRC 04.5 -18  BREMS,API 11/69 
O MITH STATISTICS INCREASED FOURFOLD (NAY ?O|~ DARTER ET AL STILL 

M O FIND A BROAD FOUR PION ENHANCEMENT~ BUT LITTLE EVIDENCE FOR AI÷ 
M D STRUCTURE. NO INFORMATION ON ISOSPIN. 
M 25(1543.0I  (B.OI OUBDC 71 HBC 0 1 . 1 - 1 . 2  PBAR P . 2/72~ 

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

47 FE (1540l  WIDTH (MEV( 

W 10 (8B.O) (39 .0 )  ADERHOLZ 69 HBC • B PI+ P,KKBARPI 11169 
W 162 60.0  15.0 AGUILAR 69 HBC O.TPOARP.KKBARPI 11169 
W O (260 .0 (  1110.0) DAVIER 69 STRC 04 .5 -18  BREMS,4PI I I / 6 9  
M D SEE NOTE UNDER MASS ABOVE. 
W 25 (16 .0 )  ( IO.O) DUBDC 71 HBC O 1 . 1 - 1 . 2  PBRB P 2172, 

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

~7 F1 (IB&O] PARTIAL DECAY MODES 

OECAY MASSES 
Pl P[/RHO (lEAD) INTO K KBAR PI 136+ 497+ 697 
P2 PI/P.ND (15401 INTO K* (890)  KBAR 591+ 497 

REFERENCES FOR F1 

ADERHDLZ 69 NP B 11 259 + B A R T S C H ~ ÷  (AACH÷BSRL÷CERN+KRAK+NARS} 
AGUILAR 69 PL 29 B 379 ÷BARLOW,JACOBS~D ANDLAU~ASTIER+ [CERN*CDEF} 
AGDILAR 69 NP B 14 195 +BARLOW~JACOBB~D ANDLAU,ASTIER+ (CERN÷COEFI 
DAVIER 69 SLAC-PUB-666 +OERADO~FRIES~LIU~MOZLEY~DDIAN~PRRN+ (SLAC) 
DUBOC 71 PLBA B 343 +GOLOBERG, MAKOWSKI~TOUCHARD,+ (IPNP~LIVP) 



Data Card Listings 
For notation, see key at front of  Listings. 

73 
Mesons 

A3(1640) 

I I 

I t  is n o t  clear whethe r  the A 3 peak is jus t  a 

broad JP = zmf ' / T  enhancement near threshold 

(ASCOLI 71, CASO 72), or whether there exist other 

decay modes o r  additional structure. The situation 

is reminiscent of that of the A I 

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

34 A3 (1640 )  MASS IMEV) 

M 30( 1600.01 FORINO 65 DEC 
M 20 1630 .0  30 .0  VETLITSKY 66 HBC 
M 1630. I 0 .  BALTAY 68 HBC 
M 1660 .0  16 .0  BARTSCH 68 HBC 

IOEFREO0 68 HBC M (1650.0) 
M 1610,  19 ,  LAMSA 68 HBC 
M 297 1673 .0  AO,O ARMENISE 69 DEC 
M ( 1680.  ) ( 20 .0 )  CASO 69 HBC 
M 1660 .0  20 .0  CASO 69 HRC 
M 1645 .0  lO.O CRENNELL 70 HBC 
M M (1633.0) )12.0) MIYASHITA 70 HBC 
M M BACKGROUND SUBTRACTION DIFFICULT. 
M (1072.0) 8EKETOV 71 HBC 
M [ 1660o ) ( 7 . )  HARRISON 71 HBC 
M 1600.  50 .  PALER 71 DEC 
M 260 1660.  25 .  CASO 72 HBC 
M . . . . . . . . .  
M AVG 1640 .6  5 .8  AVERAGE (ERROR INCLUDES 

(SEE IDEOGRAM BELOW ) 

WEIGHTED RUERAGE = 1640  .S • S .B 

ERROR SCRLED BY t . 0  

CHISQ 

. . . . .  CRSD 72  HBC 0 .6  

-~" . . . . . . .  PALER 71  DBC 

t - ~ ' ~  . . . . . . .  CRENNELL  ?0  HBC 

/ p - ~  . . . . . .  c A s n  6 s  HBC 

/ - 1 - ~ "  .RRMEHTSE 69  DBC 
- ~ ( ' - - - .  ) "  - -  ~"  . . . .  LAtISR 6B HBC 

/ [ ' ~ ' + ' ~ ' ~ "  " . . . .  BARTSCH 6B  HBC 

/ --4~ . . . .  ~ "  " "  • -BALTRY 6B  HBC 

. . . .  66  HBC 

$550 1 6 D O  1650 1700 l?SO IBO0 

R3( t640 ]  MRSS ( r lEU)  

04 .3  P I+  D 10 /66  
- 4 .7  P I -  P 

+ 7 ,  8 . 5  P I+  P 6 /68  
+ 8 .  P l+  P ,3P I  P 8 /69  

- 13 -20  P I -P ,P I -F  9 /68  
- B.O P I -P t  P I -F  11167 

+ 5 .1P I+D ,3P I÷÷ -  5 / 70  
- 11 P I -  P 5/70 

11P I -P~  P I -F  B /70  
- 6 .  P I -  PvF P) 5 / 7 0  

6 .7  P I -P ,P [ -F  l / T l  

- 4 . 45  P I -  P 11 /71 .  
- 20 ,  P I -  P,P 3PI  • 2 / 72 *  
+ I 3 .R I+  D~O(3PI )+  I 1 /T l *  
+ 11 .7  P I÷  P 11 /71 "  

SCALE FACTOR OF 1 .0 )  

0 . 2  

0 . 9  
O . ?  

2 .6  

1 .5  

1 .1  

O . l  

7 . ?  

(CDNLEU 
=0  • 3S9 )  

R OMEGA Pl  PI PEAKS AND THE RZ 
1689.  lO .  OANYSZ 6T HBC 0 3 ,3 .6  PEAR P 7167 

M N ITO0.  15 ,  DUOAL 67 MNS - 7 , 11 ,3~ I2P I -  P 7 /67  
M q 82 PEAK FROM CERN MqS EXPT. DECAY MODES AND G PARITY UNKNOWN° 
M 1670 .0  18 .8  YOST 68 HBC G4.3 K-P,LMBD. BPI 9168 
M 1695 .0  20 .0  BARNES 69 HBC O 4 ,6  K-PtOMEG2PI 8 /69  
M . . . . . . . . .  
M AVG 1683 .3  7 .1  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

34 A3 (16AO) WIDTH (NEV) 

W 20 (lOO.] VETLITSKY 66 HBC - 4 . 7  P I -P  
W 70 .  40 .  BALTAY 68 HBC + T~ 8 ,5  PI+ P 
W 115 .0  AB.O BARTSCH 68 H3C + 8 .  P I+  Pv3PI  P 
W 1DO. 50. 30. LAMSA 68 HEC - 8.0 PI-P PI-F 
W P OBSERVED IN )OMEGA PI+PI- )  AND (OMEGA RHO0) MODES IN RATIO 211 
W A 29? (240.0l  (50.0) ARMENISE 69 08C ÷ 5 . I  PI÷D~3PI÷÷- 
W A BACKGROUND SUBTRACTION MODEL-DEPENDENT, 
w (130 . )  CASO 69 H8C - 11 P I -  P 
N ( lEO ,O)  CRSO 69 HBC 11 .0  P I -P~P I -  F 
N 130 .0  30 .0  CRENNELL 70 HBC 6.  P I -  PtF PI  
W M (37 .0 )  [ 24 .0 I  MIYASHITA 70 HBE 6 .T  P I -P ,P I -F  
W M BACKGROUND SUBTRACTION DIFFICULT. 
N 
W 
W 
W 
H 
W 
W 
W 

6166 
6 /88  
8•69 

11167 

5 /70  
5 /70  
6168 
6168 
5 /70  
1171 

( I 2B .O)  BEKETOV 71 HBC - 4 . 45  P I -  P l l / T l ~  
( 60 . )  ( 20 . )  HARRISON 71HBC - 20 .  P I -  PtP 3PI  • 2 / 72 *  
220 ,  80 .  PALER T1DBC ÷ 13 ,P I÷  D ,D (3P I I+  11171* 

J 200 .  TO 4~0.  CASO 72 HBC + 11 .7  P I+  P 1172 .  
J FROM PARTIAL-WAVE ANALYSIS,FOR JP=2 - (F  P I ) -STATE 

260 190. I00. CASO 72 HBC + 11.7 PI+ P 11171* 

AVG 116 ,0  17 .9  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

W OMEGA PI  PI PEAKS AND THE R2 
W R ( 2 1 . )  OR LESS L E V R A T  6 6  MRS - T , lZ  P I -  P 7 /67  
W R 82 PEAK FROM CERN MRS EXPT. D~CAY MODES AND G PARITY UNKNOWN. 
W 38 .  18 .  DANYSZ 67 HBC 0 3 ,3 .6  PBAR P T/6T 
w B O . O  1 5 . 0  Y O S T  6 8  HBC 06 .3  K-P,LNBD.OPI  9168 

90 .  ZO. BARNES 69 HBC O 4 .6  K-P,OMEG2PI 8169 W 
N . . . . . . . . .  
w AVG 56 .3  14 .2  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .4 )  

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

34 AO (1640 )  PARTIAL DECAY MODES 

DECAY MASSES 
P l  A3 (1640 )  INTO G Pl  134+ 134+ 134 
P2 A3 (1640 )  INTO RHO PI 134+ 765 
PS A3 [1640 )  INTO ETA Pl 134+ 548 
P4 A3 (1640 )  INTO S P I  
P5 AB(IGAO) INTO K K* (890 )  B97+ 891 
P6 A3 (1640 )  INTO K KBAR PI  497+ 497+ 134 
P7 A3 (1640 )  INTO K KBAR A97+ 497 
P8 A3 (1640 )  INTO F PI  1269+ 134 
P9 A3 (1640 )  INTO OMEGA P/ P I  783+ 13A+ 134 

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

34 AS (1640 )  BRANCHING RATIOS 

82 A3 (1640 )+ -  INTO (P I+ -  RHOO)/ IALL PI÷- PI+ P I - )  (PZC I / (P IC )  
82 ( 0 . 3 )  OR LESS BARTSCH 68 HBC + 8.  PI+ P ,3P l  P 8 /69  
R2 (0 °4 )  OR LESS FERBEL 68 RVUE + -  . 9 / 68  
R2 CONSISTENT WITH 0 .0  IOFFREDO 68 HBC - 13 -20  P I -P  9 /68  
82 ( . 18 )  OR LESS CL=.9E PALER 71 DEC + 13.P++ D,D(OP+)+ 11 /71 .  

83 A3 (1640 )+ -  INTO (P I+ -  F ) / (ALL  P I+ -  P I÷  P I - )  (PR) / (P IC I  
R3 )WITH F INTO PI+  P l - )  
83 INDICATION SEEN LUBATTI 66 HLBC 16 P I -  11 /66  
R3 (O.E9)FOR JR=B- BARTECH 68 HBC ÷ 8 .  PI+ PtBPI  P 8189 
R3 (0 .51 )F08  JR=l+  BARTSCH 68 HBC + B. P I+  PtGPI  P 8 /69  
83 (Oo2O)FOR JP=O- BARTSCH 68 HBC + 8.  P I+  F ,3P I  P 8169 
83 0 .33  0 .20  8ALTAY 68 HBC + 7 -8 .5  PI+P 5 /68  
83 CONSISTENT MITH 1.0 CASO 68 HBC - 11 P I -  P • 6/68 
R3 SEEN IOFFREDO 68 HBC 13-20 P I -PyP I -F  9 /63  
83 ( 0 . 76 )  ( 0 . 24 )  ( 0 . 34 )  ARMENISE 69 DEC ÷ 5 .1  P I+D ,3P I++ -  5170 
83 CONSISTENT WITH 1 .0  CRENNELL TO HBC - 6 .  P I -  P,F PI  • 5170 
R3 ( . 85 )  OR MORE CL=.RB PALER 71 DEC + 13.F++ D,O(3P+]+  11 /71 "  

84 R1 MESON FRACTION INTO ONE / THREE / FIVE OR MORE CHARGED TRACKS 
R4 (0 .37 ) /  0 . 39  / 0 . 04  FOCACCI 66 MRS - 3 -12  P I -P  10 /66  

RE A3 (1640 )  + -  INTO (P I÷ -  ETA) / (ALL  P (÷ -  PI+ P I - )  (P3 ) / (P IC )  
RB (ALL ETA DECAYS) 
RE (0 .09 )  OR LESS 8ALTAY 68 HBC + 7 -8 .5  PI+P 5 /68  
85 (O. lO) OR LESS CRENNELL 70 HBC - 6 .  P I -  P,F PI  5 / 70  

R6 A3 (16AO)+ -  INTO (P I+ -  2PI  + 2P I - ) / (ALL  P I+ -  P I+  P I - )  (PAC) / IP1C(  
86 ( 0 . 1 )  OR LESS BALTAY 68 HBC + 7 ,8 .5  PI+ P 6 /68  
R6 (O. IO)  OR LESS CRENNELL 70 HBC - 6 .  P+-  P,F P+ 5 /70  

87 A3(16481 INTO (OMEGA PI P I ) / (F  ~ I )  (PR) / IPB )  
R7 P ( A . )  OR MORE BARNES 69 HBC 0 4.6 K-P,OMEG2PI 8169 
R7 P NOT CLEAR IF  (OMEGA P I+P I - )  PEAK IS  DECAY MODE OF P I (16AOI  

88 AB(16AO)+-  INTO (RHO P I ) / (F  P I )  (PZ ) / (PB )  
R8 0 .03  0*37  0 .03  CASO 69 HBC - 11 P I -  P 5170 

89 A3 (1640 )÷ -  INTO (P I÷ -  P I÷  P I - ) / (F  P I )  (P IC -PB) / (P8 )  
89 0 .06  0 .47  0 .06  CASO 69 HBC - 11 P I -  P 5 /70  

RIG A3(1640)+- INTO (UNCORREL.FI÷- PI+ P I - ) I (ALL PI+- PI+ P I - )  
RIO M ( .05) OR LESS CL=.O5 PALER 71 DBC + 13. PI+D,D(3PII+ 11/71. 
RIO M MODEL DEPENDENT F IT  11171* 

REFERENCES FOR A3 (1640)  

FORINO 65 PL 19 68 +GESSARGLI+LENOINARA+{BOL÷BARI+FIR+ORS+SAC) 
FOCACCI 66 PRL 17 890 EERN MISSING MASS SPECTROMETER GROUP (CERN) 
LEVRAT 66 PL 22 714 CERN MISSING MASS SPECTROMETER GROUP (CERN) 
LUBATTI 66 THESIS BERKELEY H.J.LUBATTI (LRL) I -2-  
VETLITSK 66 PL 21 579 VETLITSKY,GUSZAVIN,KLIGER, ZOLGANDV+ ( ITEP)  

DANYSZ 67 NC 51A  801 DANYSZ+FRENCH+SIMAK (CERN) 
DURAL 67 NP 33 635 CERN MISSING MASS SPECTROMETER GROUP (CERN) 

ALSO 68 THESIS 1456 L.DUBAL (GENEVE) 

BALTAY 68 PRL 20 887 +KUNG+YEH+FERBEL÷ (COLRB+ROCHeRUTG+YALE)I=I 
BARTSCH 68 NP B 7 345 ÷KEPPELmKRAUS,+ (AACH+BERL÷CERN) JP 
CASO 68 NC 54 A 983 ÷CONTE+COROS+DIAZ+ (GENOVA+HAMB+MIL+EACL) 
FEREEL 68 PHILA.CONF.GB5 T.FERBEL (ROCHESTER) 
IOFFREDO 68 PRL 21 1212 +8RANDENBURG,BRENNER,EISENSTEIN+ )HARVARD) 
LARSA 68 PR 166 1395 +CASON+BISWAS+OERADO+GROVES÷ (NOTREDAME) 
YOST 68 UND T.REPDRTBA9 +YODH,EINSCHLAGIOAY,GLASSER (UMO) 

ARHENISE 69 LNC 2 501 ÷GHIDINI.FORINO,CAKTACCI+ (BARI+BGNA+FIRZ) 
BARNES 69 PRL 23 142 +CHUNG,EISNER,FLANINIO,+ (ENL) 
CASO 69 LNC 2 437 +CONTEtTOMASINI,CANTORE÷ (GENO+NILA+SACLI 

ALSO CASO 68. 

BRANDENB TO NP 816 369 +8RENNER,IOFFREBOvJOHNSON,KIM+ (HARVARD( 
CRENNELL 70 PRL 24 781 +KARSHON~LAI,SCARR,SIMS (BNL) 
CHIENL 70 TORONTO PREPRINT +CHAO,JOHNSTON,PRENTICEtWALKER (TDR+WISCI 
CHIEN2 70 PHILAD.CONF.P.275 C.Y.CHIEN~ REVIEW (JOHNS HOPKINS) 
MIYASHIT TO PR 0 1 771 MIYASHITA,VON KROGHtKDPELMAN, LIBBY (COLO) 

ASCOLI 71 AMSTERDAM CONF. +KRUSE~+ PRESNTED AT AMSTERDAM CONF. (ILL) 
8EKETOV 71 SJNP 4 765 ÷50MBKOWSKY,KONOWALOV~KRUTSCHININ,+ ( ITEP)  JP 
CLAYTON 71 PREPRINT +MASONIRUIRHEADtRIGOPOULOS,+ (LIVP+ATEN) 
HARRISON 71 PREPRINT +HEYDA~JOHNSON~KIMvLAMtMUELLER,+ (HARV) 
PALER 71 PRL 26 1675 +BADEHITZ. BARTON~MILLER,PALFREYtTEBES(PURD) 

CASO 72 NP B 36 349 +MADDOCK,BASSLER+(DURH÷GENO+DESY+MILA~SAOLI 



Mesons 
~(16?5) ,  g(1680)  

J ¢(1675)  I . FNI (16T,,~Po- - ,  I -G 

~pO~.o im THIS B PI BUMP OVERLAPS IN MASS THE PI(16AO) F Pl  BUMP 
CALLED THE A3~ BUT IN SOME EXPTS. ONE CAN ESTABLISH THAT 
THE ENHANCEMENT IS RHO 0 PI INSTEAD OF P P l l  SO THE 
PHIIL6781 AND THE PI(16AO) HAVE DIFFERENT ISPIN. 
NATTHEWS 71 SUGGEST JP = NORMAL~ A POSSIBLE RECURRENCE 
OF THE OMEGA MESON. 

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

45 PHI (16TB) MASS (MEV) 

M 1636.0 20.0  ARMENIBE 60 DBC 0 B . I  PI÷D 9•68 
M 1670.0 20.0 KENYON 69 DBC B PI÷ O~3PI 2P 8169 
M (1660.00)  ARNENISE TO 00C 9.  PI+ O l /T1  
M G 11616.0) ( 30 .0 )  GORDON TO DBC O 6 .2  PI+ D 1/71 
M 100 1679.0 1T.O MATTHEWS 71 HBC 06.95 Pl O,2P 3PI 1171 
M G NOT CERTAIN IF PHI( lATE]  IS OBSERVED IN THIS EXPERIHENT 
M . . . . . . . . .  
M AVG 1663.6 12.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .2 )  

(SEE IDEOGRAM BELOW I 

WEZGHTED RUERRGE = 1 6 6 3 . 6  = 1 2 . 9  

ERRDR SCRLED BY ~ . 2  

~LSSO 1 6 0 0  t 6 S 0  

~ -  . i ' lRT THEklS 

• ~ . . K E N Y O N  

1 7 0 0  i 7 5 0  

P H I ( 2 6 7 5 )  MRSS (lIEU) 

C H I S Q  

7~. HBC O . B  

6 9  OBC 0 . 2  

GB DBC 1 . 9  

2 . 8  

1 8 0 0  I C D N L E U  
= 0 , 2 4 3  ) 

~5 PHI (1675) WIDTH (MEV) 

112,0 60.0  ARNENISE 68 DEC 0 5.1 PI+O 9168 
lO0,  O #0 .0  KENYON 69 DBC B PI÷ Dv3PI ZP 8/69 

( 180 .0 )  (47.01 GORDON 70 DBC 0 4 .2  PI+ D 1171 
100 15S.0 20.0  WATTHEWS 71 HBC 06.98 Pl  Ot2P 3PI 1/71 

NOT CERTAIN IF PHII1678) IS OBSERVED IN THIS EXPERIMENT 

W 
W 
W G  
W 
W G  
W 
W AVG 161.6 17.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

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

65 PHI (16751 PARTIAL DECAY MODES 

DECAY MASSES 
PI PHI (1675) INTO 3 PI 134+ 134+ 136 
P2 PHI (1675) INTO E PI 134+ 1BA+ 134+ 134 
PB PHI (1675I  INTO RHO Pl 765÷ 134 

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

65 PHI (1675) BRANCHING RATIOS 

R1 PHI (1675) INTO {B P I ) I ( S  PI) ( P Z I / ( P I )  
P1 O.EO 0.10 KENYON 69 00C 0 B. PI + D 8/69 

R2 PHI (1675) INTO (RHO PI)  / (3 HI)  ( P 3 ) / I P I )  
R2 G ( 0 . 7 5 )  [ 0 . 1 1 )  GORDON 70 DEC 0 4 .2  PI+ O l / T l  

MATTHENS 71HOC O 6.95 PI Dv2P3PI 11/71* R2 100 (0.70) OR MORE 
R2 G NOT CERTAIN IF PHI(16TS) IS OBSERVEO IN THIS EXPERIMENT 

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

45 PHI (1675) CROSS SECTIONS 

CS FOR A COMPILATION SEE RATTHEWS 71 HBC 06.9S P( D*2P 3PI 1171 

REFERENCES FOR PHI (16TS) 

ARMENISE 68 PL 268 336 ÷GHIDINIIFORINO÷ (BARI+BOLOCN+FIRENZ+DRSAY) 
KENYON 69 PRL 23 1~6 ÷KINSON~SCARRt+ (ONL÷ORUC÷DRNL) 

ARMENISE 70 LNC 6 199 +GHIDINIeFC~INOtCARTACCIy+ (BARI+BGNA+FIRZ) 
GORDON TO COO 119E 179 THESIStILLINOIS ( I L L )  
MATTHENS 71PR O 3 2861 +PRENTICE~YOONtCARROLLt÷ (TNTOeNISC) 
MATTHEN1 71LNC 1 361 ÷PRENTICEvYOON,CARROLL.+ (TNTO÷WISC) 

Jg(1680) l  1 ,  o , ~ 6 8 o  . . . . . . . .  , i-1 
I - - -  I 

THIS ENTRY CGNTA|NS THE 2Pl tAPI~K KBAR AND K KBAR PI 
PEAKS IN THE REGION OF 1700 MEVIAS WELL AS THE R PSAKS FROM MMS. 
THE JR DETERMINATION AND THE MASS AND WIDTH IN THE TABLE COME FROM 
THE 2Pl DECAY HOOE, ANALYSES OF 2PI USING ORE MODEL SUGGEST ELASTICITY 
CONSIDERABLY LESS THAN I (B~RTSCH TO,MATTHENS 71) • OUT THE 
DISCREPANCIES IN MASSES , WIDTHS AND BRANCHING RATIOS INDICATE POSSIBLE 
PRESENCE OF MORE THAN ONE STATE IN THIS REGION (SEE BARNHAM 70). 
FOR CONVENIENCE WE HAVE COLLECTED ALL THE DATA HERE UNDER A COMMON 
ENTRY, WITHOUT IMPLYING THAT THEY ARE NEEESSARILY ALL RELATED. 
FOR REVIEW SEE BARTSCH 70. 

7 4  

Data Card Listings 
For notation, see key at front of  Listings. 

0 6 .1  PI-P 6 /66 
0 6 .5  PI÷D 6166 
O 6 P]÷O, G PI-P 
O 5.1 PI+ 0 . 6 /68 
0 6 . 0  P I -  P 12168 
0 T.O P I -  P . 6 /68 
0 11. P I -  PvN2PI BI69 
0 9 Pie N 1/71 

0 8. R I - P * 5 , 4  PI÷O 2172.  

0 B, P I - P v 5 , 4  PI÷D 2/Y2~ 

0 0. P I - P , 5 ° 4  PI+O 2172. 

15 G(1680) MASS (REV) 

M PI+ P I -  MOOE 
M 
M 1700.0 100.0 BELLINI 6~ HLBC 
M (1640 .0 )  PORIND 65 DEC 
N 16T0.0 30.0 GOLDB~RG 65 HBC 
M ( 1683. ) ( l B . )  ARMENISE 68 DBC 
M 1720.0 20.0  CRENNELL 68 HBC 
N (1655 .0 )  (10 .0 )  JOHNSTON 6E HBC 
q (1750 .0 )  CASO 68 HDC 
N 1737.0 23.0 ARNENI SE TO DBC 
M T 1807. 21. STUNTEBEC 70 HDBC 
N T FROM FIT WITH SINGLE BW 
M L 11655.)  ( 4 . )  STUNTEBEC 70 HORC 
M L FROM FIT WITH 2 BN 
M H (176A. )  ( l B . )  STUNTEBEC 70 HOBC 
M H FROM FIT WITH 2 BW 
M I178.  12. MATTHEWS T1 DEC 0 7 .  PI÷ N 
N 1652. 13. MATTHEWS 71 HBC 0 T.  P I -  P 
N 
N AVG 1681.7 E2,B AVERAGE (ERROR INCLUDES SCALE FACTOR OF l . T I  

(SEE IDEOGRAM BELOW ) 

UEZGHTED RUERRGE = ' t 6 0 ~ . . 7  * 1 2 . 0  

ERROR SCRLED BY ~ . , ?  

~S -0 

(COHLEU 
1 5 S 0  i B S O  - 0 . 0 t 0 )  

G ( 2 6 B 0 )  I IRSS 

.MRTTHEUS 7 t  HBC 

• ~ R T T H E N S  7 2  DEC 

S T U N T E B E C  70 HDBC 

• . R R M E N I S E  ? 0  DBC 

• C R E N N E L L  6B HBC 

• "BOLDBER6 6 5  HBC 

• B E L L I H Z  G5 HLBC 

( ~ E U )  PZ+  P I -  MODE 

C H I S Q  

5 . 2  

0 . 1  

0 . 2  

S , B  

3 . 7  

0 . 2  

2/72~ 
2ST2* 

N 
M 
M 
N 
M 
M 

g 

M 
M 

M 

M 

M 

R 

N 
M 
M 

R 
N 
R 
M 
M 
M 

M 
M 

(ZPI )+o  MODE 

1640.0 25 .0  CRENNELL 68 HBC - 6 .0  P I -  P 12168 
(1COB,( BARISH A9 HBC 8 P I -  P E/T0 

122 1650.0 35.0  BARTSCH TO HBC + B PI÷ PtZ P( 5170 
(1652 .0 )  (15 .0 )  KRARER 70 HBC + 1 3 . 1 P I +  Pt2Pl  11/70 

AVG 1643.4 20.3  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

K KBAR + K KBAR PI MODE 

(1675 , )  EHRLICH 66 HBC +-0 7 ,9  P I -P tK  KBAR 2/72~ 
N (1700 . )  FRENCH 6T HBC 3 , 3 . 6  PBAR P 7/67 
K OBSERVED IN NEUTRAL(K~ KBAR) MODE (8-PARITY UNKNOWN) 
F (1740 , )  FRENCH 67 HBC (KO K+-)  B-A PBAR P 7•67 
F SEE FIG. 9 OF FRENCH 67 

1660.0 20 .0  25.0 CRENNELL 68 HBC 
13(1650.01 ADERHOLZ 69 HBC 

1690.0 16.0 AOERHOLZ 69 HBC 

AVG 1673.2 23.6 AVERAGE (ERROR INCLUDES 

(API)+- MODE 

1720. 15. BALTAY 68 HBC 
1710. 23. BISNAE 68 HBC 

J I1675 .0 )  ( 10 .0 )  JOHNSTON 68 HBC 
J NOT SEPARATED FROM 2 PI DECAY 

(1627 . )  ( 1 2 . l  ( 1 7 . )  BARNHAM 70 HBC 
144 1680.0 AO.O BARTSCH TO HBC 
90(1640o0) (20 .0 )  BARTSCH 70 HRC 

102(1689.0)  (20.01 BARTSCH 70 HBC 
1705.0 21 .0  CASO 70 HBC 

(ITO0. I BALLAN 71 HBC 

AVG 1711.6 10.6  AVERAGE (ERROR INCLUDES 

(APl)O MODE 

+ -  6 .0  PI-P,KBAR K 12168 
+ B PI+ PvK+KO B/69 
÷ 0 PI÷ PIKKBARPI 8169 

SCALE FACTOR OF 1.81 

+ 7~ 8.5 PI+ P 6 /58 
8. P l -  P 2172" 

- 7 .0  P I -  P 6 /68 

• 10 K~ PtRHO PIPI 6 /70 
+ B PI+ P,6 Pl 4171" 
÷ 8 PI÷ PtAE PI A/T1* 
÷ 8 PI÷ P,2 WHO 4 / 7 1 .  

- l l . 2 P I - P t R H O  2PI 5770 
16. P I -  P 2 / 7 2 *  

SCALE FACTOR OF 1.0) 

R BO 1717. T. DANYSZ 67 NBC OSEE NOTS R BELOW 5167 
R SEEN IN 2.5-3 "BAR P. 2PI+2PI-,WITH 0,1,2 PI÷PI- FAIRS IN RHDO BAND 

N (1TOO.O( MAURER TO HBC 05.7  PBAR P,T PI 2/71 
N (ZTO0oOl BRAUN 71HBC OB.7 PBAR P i t  Pl 11171* 
M SEEN IN E RHO0, NOT IN 4 PI OUTSIDE RHO BANDS~ 

OMEGA PI MOOE 

1654. 24. BARNHAM 70 HBC + I0 K+ PtOMEGA PI 6170 
1630.0 11.0 CASO 70 HBC - I I . E P I - P , P I  DMEG 5/70 

AVG 1634.2 10.0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)  

R PEAKS FROM MRS 

M R1 I 1 6 3 2 . )  ( 1 5 . (  FOCACCI 66 M M S -  7-12 PI-P.P MMS 2172" 
M R2 (1700 . )  ( I B * )  FOCACCI 65 BHS 7"12 PI -F .P  MMS 2/7Z*  
N R3 (1748.) (15.) FOCACC[ 66 WNS 7-12 FI-PtP MNS 2172" 
M R (1700 .0 }  [AT.O) ANDERSON 69 MRS 16 P I -  P,BAEKW 8169 



Data Card Listings 
For notation, see key at front of  Listings. 

75 

Mcsons 
g(zeeo) 

16 G(1680) WIDTH (NEV) 

W PIe P l -  MODE 
W 
W (60 .0 )  FORINO 66 DBC 0 6 . 5  PIeD 6/66 
W 180.0 60 .0  GOLDBERG 6S HBC 0 6 PIED, 8 PI-P 
W 188. 69.  ARRENiSE 68 DEC 0 5 .1  PI÷ 0 6 /68 
w ZOO. O 100,0 CRENNELL 68 HBC 0 6 .0  P I -  P 12/68 
W (EO.O) (20.0( JOHNSTON 68 HBC 0 7.0 P l -  P . 6/6B 
W [ 200 .0 )  CASO 69 HEC 0 1 1 .  P I -  P,N2PI 8/69 
W I T I . O  65 .0  ARMEN1SE 70 DEC 0 9 PIe O 1/71 
W T 267. 72.  BW66. STUNTEBEC TO HOBC 0 8o P I - P , 6 . 4  PIeD 2172" 
W T FROM FI7 WITH SINGLE 
M L ( 2 0 . )  18 . )  STUNTEEEC 70 HDBC e 8.  PI -P~B.6 P ied E /72 .  
W L FROM FI7 WITH 2 BW 
w H [ 8 7 . )  [ 1 6 . )  ( 2 0 . )  STUNTEBEC TO HOBC 0 8 .  P I - P , E . 6  RI÷D E / 7 2 ,  
W H FROM FIT ~ITH 2 8N 
W 156. 36,  MATTHEWS 71DBC 0 T .  PIe N 2 / 7 2 *  
W 73° 36.  V.ATTHEWS 71 HBC 0 7 .  P I -  P 2 / 7 2 *  
W • o , . . . . . .  
w AVG I 6 7 , 3  22.7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ,3 )  

(SEE IDEOGRAM BELOW ) 

g E Z G H T E D  RUERRGE = 1 5 7 . 3  • 2 2 . ?  

ERRDR SCRLED BY 1 . 3  

~ .  C H I S Q  

. . . . . .  N R T T H E U S  7 1  HBC 5 . 5  

/ - - - ~ - . - - - ~ -  . . . . .  " R T T H E " S  7 1  DBC 0 . 0  

/ I - ~  . . . S T U N T E B E C  7 0  HDBC 3 . S  

/ " - ~ F ' ~ ' ~ "  . . . .  A R f l E N Z S E  ?O DBC 0 , 0  

I $ I \ . . . . .  CRENNELL 6B HBC 0 . 2  

I - p , - - \  . . . .  R R . E N Z S ~  ~. ~.c o., 
J . ~ - p ~ - - i ~ . . -  L D B E R 6  6 5  HBC ~.90"3 

• ( C D N L E U  
- 1 0 0  1 0 0  3 0 0  gO0  = 0 . ~ 3 0 )  

6 ( 1 6 B 0 ]  U ~ D T H  ( ~ E U )  PZ+  P I -  ~OOE 

W ( E P l ) + -  MODE 
W 
W 2 0 0 . 0  100.0 ORENNELL 68 HDC - 6 . 0  P l -  P 12/68 
w (ZOO.) BARISH 69 HBC 8 P I -  P 5 /70 
W 122 180.0 60.0  DARTSCH TO HBC + 8 PIe Pt2 Pi E/70 

( 6 0 . 0 )  (32 .0 )  KRAMER 70 HEC + 1 3 . 1 P I ÷  P.EPI 11/70 W 
W . . . . . . . . .  
w AVG 181.7 2E.7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

R K KBAR + K KBAR PI NODE 
B 
H F ( 1 2 0 , )  APPROX. FRENCH 6T HOE (KO K+-)  8-4 PBAR P 11169 
W F ABOVE VALUE ESTIMATED FROM FIG. 9 OF FRENCH 67 
W TO.O 25.0 79.0  CRENNELL 68 HBC ÷ -  6 .0  PI-PtKBAR K 12168 
W 1B (100 .0 )  ADERHOLZ 69 HBC • 8 P ie  P~K+KO B/69 
N 112.0 60 .0  ADERHOLZ 69 HBC + 8 Pie P,KKBARPI 8/E9 
W . . . . . . . . .  
W AVG 91.7 3T.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O)  

W [API)+-  MODE 
W 
B 100. BS. DALTAV 68 HGC + T, 8 .5  PI÷  P 6 /68 
B 162. 68. 60. BISWAS 68 NBC - 8.  P I -  P 2172.  
W J (90 .0 )  (ZO.O) JOHNSTON 68 HBE - 7 .0  P I -  P 6 /68 
W J NOT SEPARATED FROM Z PI DECAY 
W ( 7 2 . )  ( 2 9 . )  ( 2 0 . )  BARNHAM TO HBC + 10 Ke P~RHO PIPI 6 /70  
M 166 185.0 BO.O BARTSCH 70 HEC + E PIe Py4 Pl 6 /71 "  
W 90 (180 .0 )  ( 30 .0 }  OARTSCH 70 HBC + 8 Ple P,AE Pl A / ? [ *  
W 102 (160.0# (30 .0 )  BARTSCH TO HBC • 8 p ie  Pt2 RH3 
W (16e.  O) CASO TO HBC - I I . 2P I -P ,RHO 2PI B/70 
W 
N AVG 127.6 20.7  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

W (API)O RODE 
W 
W R 80 ( ~ 0 . )  ( 1 2 . )  OANYSZ 67 HBC OSEE NOTE R BELOW. 5167 
W R SEEN IN 2 .5 -8  PBAR P. 2PI+2PI- ,WITH 0~1,2 P I+PI -  PAIRS IN RHO0 BAND 

W OREGA Pl MODE 
W 
N 130. 73. 63.  BARNHAM 70 HOC + 10 Ke P,ONEGA PI 6 /70  
R ( 6 0 . 0 )  CASO TO HBE - l l .  EPI -P ,P I  OHEG B/70 

R PEAKS FROM MRS 

RI ( 2 1 . )  OR LESS FOCACCI 66 MMS - 7-12 PI-P~P MRS 2172" 
R2 ( 3 0 . )  OR LESS FOCACCI 66 MRS - 7-1~ P I -P .P  NMS 2172" 

N R3 (68. )  OR LESS FOCACCI 66 MRS T~12 PI -P tP  NMS Z l T 2 *  
W R ( 195 .0 )  ANDERSON 69 RMS 16 P I -  P,BACKW 8/69 

. . . . . . . . . .  ~ . . . . .  - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

[S G(1680) PARTIAL DECAY MODES 

DECAY NASSES 
Pl  G(1680! INTO PI Pi IBg+ 139 
P2 G(1680) INTO 6PI IBg÷ I39+ 109+ 109 
P3 G(1688) INTO 2 RHO 76E÷ ThE 
P6 G(1680) INTO PI PI RHO 109÷ 139÷ 76S 
P5 G(1680) INTO A2 PI 1310÷ 139 
P6 G(1680) INTO K KBAR ~97+ A9T 
P7 G(1680) INTO OMEGA PI 139+ 783 
P8 G(1660) INTO K KBAR PI 697+ 697+ 109 
P9 G(1680| INTO PHI Pl 1019÷ 13D 

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

lS G(1680) BNA~HING RATIOS 

R1 G(16801 INTO (2P1)/TOTAL (P1) 
R1 P ( 0 . 4 )  EARTSCH TO HBC + E. Pie P 2 /72*  
R1 P ( 0 . 2 2 )  ( 0 .04 )  RATTHEWS T1 HDBC 7.  PI+NIPI -P 217E* 
R1 P ONE MODEL USED IN THIS ESTIMATION 

R2 G(1680) INTO ( P i e -  PIOI / (ALL P Ie -  Pie P I -  PIO) (P1) / (P2C)  
RE O ( 0 . 0 8 )  OR LESS DALTAY 68 HDC ÷ 7 -8 .B  PIe P 6/RE 
R2 D USING DATA OF DEUTSCHRANN 65 ON PIeP TO PIe PIO P 6 /68 
R2 0 .8  0 .2  JOHNSTON 68 HBC - 7.  P I -  P 2/TE* 
R2 0 . 8  O.~E BARTSCH TO HBC ÷ 8- Pl+ P 2 / 7 2 ,  
R2 ( 0 . 1 2 )  OR LESS BALLAH 71HEC - 16. P l -  P . 2 /72*  
R2 . . . . . . . . .  
R2 AVG 0 .80  0 .12 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

R3 G(E680)÷-  INTO (EP i ) / (2RHO(  ( P l | / ( P 3 )  
R3 ( 0 . 4 8 )  OR LESS BISHAS 68 HBC - 8.  P I -  P 2172" 

R4 G(1680)+-  INTO (K KBAR) / (2PI )  ( P 6 ) / ( P 1 )  
R4 INDICATION SEEN EHRLICH 66 HEC ÷-0 7.9 P I -  P 3/6T 
RA INDICATION SEEN ABRAMS 67 HBC 0 6.ZE K- P 616T 
R6 0 .08  0.08 0 .03 CRENNELL 68 HBC 6o0 P l -  P 12/68 

0 .08 O*OB 6ARTSCH TO HBC ÷ B. Pie P 1/71 R6 
R6 . . . . . . . . .  
RA AVG 0.080 0.026 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

R5 G(1680)+-  INTO IK KBAR P I ) / ( 2 P I )  ( P 8 1 / ( P I )  
RS O.EO 0.08 BARTSCH 70 HBC + E. PI÷ P 2172. 

R6 G(1680)+-  INTO (RHO E P I ) / ( A L L  6PII (PA) / (P2 (  
R6 CONSISTENT WITH 1. CASO 68 HBC - 1I P I -  P 6/6E 
R6 1- 0.1E DARTSEH 70 HEC + 8. PI÷ P 2 /72*  
R6 0 .88 O. tE DALLAN 71HBC - 16. P ( -  P 2172,  
R6 . . . . . . . . .  
R6 AVG 0.96 0.11 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 0 )  

R7 G(168e)+-  INTO (2 RHO)/(ALL API) ( P J ) / ( P E )  
R7 SEEN DANYSZ 67 HDC 0 B-A PBAR P 5/68 
R7 SEEN BALTAY 66 HEC ÷ T . 8 . 5  P(+ P 6 /68 
R7 (0.681 OR NORE 8(SMAS 68 HDC - B. P | -  P 2/T2~ 
R7 SEEN JOHNSTON 68 HOC - 7 PI-P 6/66 
R7 0 . 7  0.15 BARTSCH TO HBC + 8 .  Pie P E/TE= 

R8 G(1EOO)+- INTO (2 RHO)/(ALL RHO EPI) ( P J ) / ( P A )  
R8 0 .68  0.16 CASO 68 HBC - 11 P I -  P 6/66 
R8 ( 0 . 7 5 )  OR MORE BISNAG 6E HEC - 0.  P ( -  P 2 /72*  

R9 G(1660)÷ -  INTO ( P i e -  A20) I (ALL 6PI )  ( P 7 ) / ( P E )  
R9 (MITH AEO INTO (P(+ P I -  PIO| )  
R9 0 .60  0.20 BALTAV 6E HBC + 7 tE.S PI+P 6/68 
RB NOT SEEN JOHNSTON 68 HBC - 87 P I -  P P 6 /60 
R9 [ 0 , 6 )  (0.151 BARTSCH 70 HBC + , PIe 2172~ 

RIO G(1EBO)+- INTO (PI OMEGA)/(ALL APII (PO) / (P2)  
RIO (WITH ONEGA INTO(PIe PI -  PIOl )  
RIO ~*EB 0.10 DALTAY 60 HBC + 7-S.S PI+P E/68 
RIO .25 0.10 JOHNSTON 68 HOE - 7 .0  P I -  P 6/60 
RIO 0.12 0.07 BALLAN 71 HRC - 16. P l -  P 2172, 
RIO . . . . . . . . .  
RIO AVG 0.186 0.0E0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I . O }  

R I I  G(16SOI+- INTO (PI  PHI ) / (ALL  API) 
HI1 ( 0 . 1 1 )  OR LESS 8ALTAY 6E HBC + 7 ,8 .B  PI÷P 6/68 

R12 G(1680)+ -  INTO ( P I ÷ -  EPI+ 2 P I -  PIO} / (ALL P i e -  PI÷ P I -  PIO) 
RI2 ( 0 . 1 S )  OR LESS BALTAY 68 HBC + 7 , 8 . 5  PI+ P 6f68 

R13 R NESQN FRACTION INTO ONE / THREE / FIVE OR MORE CHARGED TRACKS 
RIB RI ( 0 . 3 7 1 /  ( O . S 9 ) /  0.OR FOCACCI E6 MRS ~ 7-12 PI -P,P HNS 2172" 
R13 N2 ( 0 . 4 2 ) 1  ( 0 . S 6 ) /  0 .01 FOCACCI 66 RRS - 7-12 PI -P ,P HNS 2 /72 "  
RIB R3 ( 0 . 1 6 ) /  ( 0 . 8 0 ) /  0.05 FOCACCI 66 NMS - T - I 2  P I -P .P MMS 2 /72*  

REFERENCES FOR G(1680) 

BELLINI 65 NC 60 A 948 BELLINhOI CORATO,OUIMIO, FIDRINI (NILANO( 
DEUTSCHM 65 PL 1E 3Sl  M.DEUTSCHRANN ET AL (AACHEN÷BERLIN÷BERN) 
FORINO 65 PL 19 65 FORINO,GESSAROLI • (BOLOGNA+ORSAY÷SACLAV) 
GOLDBERG 66 PL 17 656 GOLDBERG+(CERN÷PARIS+ORSAV+NILAND+CEA-SACL) 

EHRLICH 66 PR 15E 1194 R, EHRLICH,N. SELDVEtH. YUTA (PENNSYLVANIA( 
FOCACCI 66 PRL 17 890 CERN MISSING MASS SPECTRONETER GROUP (CERN) 
LEVRAT 66 PL 22 716 CERN RISSING MASS SPECTROMETER GROUP (CERN) 
SEGUINDT 66 PL 1 9 7 1 2  CERN MISSING NASS SPECTROMETER GROUP (CERN) 

AERANS 67 PRL 1 8 6 2 0  +KEHOE÷GLASSER+SECHI-ZORN+NOLSKY (MARVLANO) 
DANYSZ 67 PL 26E B09 ÷FRENCH÷KINSON+SIRAR+ (CERN*LIVERPOOL) 
DUEAL 67 NP 63 AJB +FOCACCI+K(ENZLE+LECHANOINEeLEVRAT+ (CERN) 

ALSO 68 THESIS 1666 L.OUBAL (GENEVE) 
FRENCH 67 NC 52A 462 eKINSON+RCDONALD÷RIDDIFORDe (CERN~BIRR) 

ARNENISE 6E NC 64 A 999 +FORINO+CARTACCI+(BARI+BOLOG+FIRENZ E+DRSAY)I 
EAETAY 68 PRL 2 0 8 8 7  +KUNG÷YEH+FERBEL+ (COLMB÷ROCH+RUTG~YALEII=I 
DISMAS 6S PRL 21 BO +CASD~eDZIERBAtGROVES,KENNEV,+ (NDA~( 
EOESEEEC 68 NP B 6 501 BOESEBECK,DEUTSCHNANN.÷(AACHENeDERLIN+CERN| 
CASO 68 NC E6 A 988 +CONTE÷CORDS+DIAZ+ (GENOVA+HAND+NILeSACL) 
CRENNELL 68 PL 2 8 8 1 3 6  ÷KABSHONtLAItSCARR,SKILLICORN (ENL) 
JOHNSTON 68 PRL 20 1416 +PRENTICE=STEENSERGIYOON (TORONTD+WISC}IJP 

ADERHOLZ 69 NP E 11 E59 +8ARTSCH,~ (AACH÷DERLeCERN÷KRAKeNARS) 
ANOERSON 69 PRL 22 1390 +COLLINS,BLIEDEN+ (BNL~CARN) 
BARISH 69 PR 1E6 1876 +SELOVE,BISNAS,CASON~e (PENNeNDANeROCH) 
CASO 69 NC 62 A 75E +CONTE~BENZt+ (GENO+DESY+HANB+HILA+SACL] 
VETLITSK 69 SJNP 9 461 +GUZHAVIN,KLIGER,KOLGANOV,LEBEDEV÷ (ITEP) 

ARNENISE 70 LNC 6 1 9 9  +GHIDINI,FORINOtCARTACCIT+ (EARI~BGNAeFIRZ) 
EARNHAM 70 PRL 26 1080 +COLLEY,JOBES,KENYON,PATHAK=RIODIFORDIEIRR) 
EARTSCH 70 NP E 22 E09 ÷KRAUS,TSANOS,GROTEtXOTZAN+(AACH÷BERL÷CERN) 
CASO 70 LNC R TOT +CONTE,T~MASINIeCORDS+(GENO+HAMB+RILA+SACL] 
KRARER TO PRL 2S S96 ÷BARTON,GUTAY,LICHTMANtNELLER,e (PURDUE) 
NAURER TO THESIS N0.588 G.NAURER (STRASBOURG) 
STUNTEBE 70 PL 32 B 391 STUNTEBECKeKENNEYeDEERYtBISMAS.CASDN÷(NDANJ 

BALLAH T1PR O 3 2 6 0 6  +CHADHICKeGUIRAGOSSIANIJOHNSONt+ (SLAC) 
BRAUN 71NP B 30 21B ÷FRIONAN,GERBER,GIVERNAUDtKAHNt÷ (STRB) 
GRATER TI PL 3E B 610 +HYAHStJONES~ECHLEIN,BLUH,÷ (CERN+RPiMJ)=3- 
MATTHEMS Tl  NP D 331 +PRENTICEeYOON,CARROLLt+ (TNTO÷NISC)JP3- 



7 6  

M e s o n s  

X- (1795),  ~q/p (1830),  ~/~ (1830),  S(1930),  p (~2100)  

' ' - x - i . v , (  , . I  
E 1  

~ S E E N  AS A IPBAR N) BOUNO STATE IN PBAR D ANNIHILATIONS 
~ A T  REST~ NEEDS FURTHER CONFIRMATION,OMITTED FROM TABLE. 

. . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

63 X-(17951 MASS (HEY) 

M O 179~,5 1 .~  GRAY 71 08C - O.PBAR O 1 /72*  
N O DECAYS TO FOUR OR MORE PIONS 

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

63 X - ( I T 9 5 )  NIOTH(NEV) 

R 0 ( 8 . )  OR LESS CL=°95 GRAY T[  D B C -  O.PRAR O [ / 7 2 *  
R O DECAYS TO FOUR OR MORE PIONS. 

REFERENCES FOR 1-11795.1 

GRAY T|  PRL 26 1491 +HAGERT*KALOGEROPOULOS ($YR) 

I - ~ 4 ~ , K  K I THiS ENTRY CONTAINS • PI AND K , I  KEAR AND THE 
I I R~ MRS PEAK. R4 IS ONLY A 3 STANDARD OEVIATION 

EFFECT. OMITTED FROM TARLE. 

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

42 NASS INEV) 

N 110 1832, 6.  DANYSZ 6T HBC OSEE MOTE R BELOW E/67 
M R SEEN IN E,5-E° PEAR P. 2P IeZPI - ,  WITH 0 , [ , 2  P/eFT-  PAIRS 
H R IN RHOO BAND 
N R (1E30 . )  ( 1 5 , )  ~JBAL 67 MRS - T , [ l , S t [ Z . P I -  P 6/68 
M R MISSING MASS R& PEAK.FINAL STATE UNKNONN 
N 1820. 12. FRENCH 67 HRC OSEE NOTE K BELOM T/6T 
N K SEEN IN 3 . - 3 . 6  FEAR P TO (KS KO P I O * . . ) *  G PARITY UNKNOWN 
N . . . . . . . . .  
M AVG 1829.& E,& AVERAGE (ERROR INCLUDES SCALE FRCTOR OF I .O )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T . . . . .  

42 WIDTH (NEV) 

R 110 42.  11. OANYSZ 6T HBC OSEE NOTE R BELON 51E7 
W R SEEN IN 2 . 5 - 3 ,  PBAR P. 2P I+ZPI - ,  NITH 0 , 1 , 2  P I÷P I -  PAIRS 
M R IN RHO0 BAND 
R N (3O ,O)  OR LESS OUBAL 6T MRS - 7 ,11.5~12 PI -P 6/B8 
w N MISSING MASS R4 PERK,FINAL STATE UNKNOWN 
W 5B. 23.  FRENCH 67 HOE OSEE NOTE K BELON 7/67 
N K SEEN IN E , - B . 6  FEAR P TO IKS KO P I O . . . ) .  0 PARITY UNKNOWN 
N 
R AVG 43,5  9 ,9  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

62 PARTIAL DECAY MODES 

OECAY MASSES 
PI ETA OR RHO (IBBO) INTO ~ PI 139+ 139+ 139+ 139 
P2 ETA OR RHO (IBBO) INTO RHO PI PI 139÷ 139÷ 765 
P3 ETA OR RHO (1830) INTO RHO RHO 765÷ T6E 
P6 ETA OR RHO ( [B30)  INTO K KBAR P] IRA÷ A97+ 49T 

• ***** ********* ********* ********* ********* ********* ********* ******** 

REFERENCES 

DANYSZ 67 PL 26B Bog +FRENCH+KINSON+SINAK+ (CERNeLIVERPOOL) 
DURAL 6T NP EB 6BE CERN MISSING MASS SPECTROMETER GROUP (CERN) 

ALSO 68 THESIS 14EB L°OUBAL IGENEVE( 
FRENCH 6T NC 52R 442 +KINSON~HCDONALOeRIDDIFORD+ (CERN÷BIRN) 

• ***** ********* ********* ********* ********* ********* ********* ******** 

• THIS ENTRY O.TAINS DNEO. PI P, R.O K R, .... 
ANO THE R4 ~S PEAK. R4 IS DNLY R 3 STANDRRD 
OEVIATION EFFECT, %=I IF (OREGA RHO( NODE 
EXISTS. ONITTED FRON TABLE. 

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

63 MASS (NEVI 

M O (1848°)  ( I I , )  OANYSZ 67 HBC 0 3 . 3 . 6  PBAR P 7/67 
N 0 OBSERVED IN (OMEGA Pie P I - (  (RNG POSSIBLY IOMEGA RHO(OI)) MODE 
M K ( [ 8 2 0 . )  ( 1 2 . )  FRENCH 67 HBC 0 3 , 3 . 6  FRAR P T/ET 
R K OESERVEO IN (KS KU P I O . . . )  NODE (G-PRRITY UNKNOWN} 

R ( 1 8 3 0 . )  ( 1 5 . )  OUBAL 67 MRS - T , 1 1 . E , 1 E . P I *  P BI68 
N MISSING MASS R6 PEAK,FINAL STATE UNKNOWN 

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

6B NIDTH (NEV) 

N 0 ( 6 7 . )  ( 2 7 . )  DANYSZ 6T HBC O S~S.6 ~BAR P T/67 
N 0 OBSERVED IN (OMEGA PI+ P l - )  (AND POSSIBLY (OMEGA RHO(DI)) MODE 
g K (EO*) (ZO*) FRENCH 67 HBC 0 S-6 PBAR P 716T 
W K OESERVED IN (KS KO R I O . . ° |  MODE (G-PARITY UNKNOWN) 

N (BO.O i  OR LESS DUBAL 67 MRS - 7 ~ 1 [ . E , 1 2  P+-P 6168 
R R MISSING R6SS R~ PEAK, FINAL STATE UNKNONN 

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

63 PARTIAL DECAY NOOES 

DECAY NASSES 
Pl  PHI (1830( INTO 5 PI leg+ 139÷ 1B9+ 139 
P2 PHI (18301 INTO OMEGA PI Pl 139÷ IB9~ 7E3 
P3 PHI (1830( INTO DNEGA RHO 783+ 765 
P4 PHI (18B01 INTO K KBAR PI [36÷ 697+ 697 

Data Card Listings 
For notation, see key at .front: of  Listings. 

REFERENCES 

DANYSZ E7 NC 5[A EO[ OANYSZ+FRENCH+SINAK (CERN) 
OUBAL 67 NP B3 635 CERN MISSING MASS SPECTROMETER GROUP (CERN) 

ALSO B8 THESIS 1456 L.DUBAL (GENEVEI 
FRENCH 67 NC 52A ~42 ~KINSON+MCDONALD+RIDDI FORD+ (CERNeBIRM) 

I I 3 [  S([9BO,JPG- ) 1-1 OR 2 

S ( 1 9 3 0 )  THIS ENTRY CONTAINS. RESIDES THE S(1930) SEEN BY 
| ] O ~ ' I G T O ~  I CHIROVANI 66 WITH A MRS.AND A STRUCTURE OBSERVED IN 
i , . =  • A, PEAR P BACKWARD ELASTIC SCATTERING. VARIOUS OTHER 

PEAKS NEARBY. 

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

31 S (19301 MASS (MEV) 

N 1929.0 16.0  CHIKOVANI B6 RRSP - 12.0 P l -P  S/EE 
N 1900. 60 .  BOESEBECK 68 HBC + E PI+ PtRI+ PIO 6 /68 
R A [BTS.O [ E . O  cASo 70 HBC - E l . I F ) -  F,ROTE C 51TO 
R A SEEN IN RHO- Pl+ P l -  (OMEGA AND ETA ANTISELECTED IN 6 P[ SYSTEM( 5 /70 
R K 1975,0 12.0 RRANER TO HBC + 13.1 PI+ PtEPI 1 [ / 7 0  
R K HAS IGs[+ FROM ABSENCE OF PI+PI+ PEAK. THUS JF ' (GDD) - .  11/70 

C ( 1 9 6 0 . )  ( 8 . )  CLINE TO HBC O .2E - .T#  PBAR P 2 /72*  
c ( 1939 , )  [~tANDLAU 71 HBC O . 3 7 - .  65 ROAR P 2 /72*  
C FROM FIT OF A SINGLE ON FOR/~JLA TO THE PEAR P BACKWARD ELASTIC 
c CROSS SECTION I COS(THETA) IN ( - , g t - l . 0 |  / ,  SOME INDICATIONS 

M C OF AN ADDITIONAL STRUCTURE IN BOTH DATA, 
R C RESONANT INTERPRETATION QUESTIONED BY LYE TO ANO BIZZARRI T[ • 
N B (1968.1 6ENVENUTI 71 HBC O .1 - . 8  PBAR P 2172* 
M B SEEN AS A BUMP IN THE PBAR P - KS KL CROSS SECTION WITH J P C = I - - .  
N B BASED ON ONLY T1 EVENTS OF THIS REACTION. 
H . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR - 1 .8 }  

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

3 I  S ( 1 9 3 0 )  NIOTH (NEVI 

(BE,O) OR LESS CHIKOVANI 66 MNSP - 12,0 PI-P 8/66 
216* 105. BOESEBECK 6E HBC + 8 PI÷ P,PI+ PIO 6 /68 

W A (8D.O) CASO TO HBC - [ I . 2 P I -  P,NOTE C 5/70 
N A SEEN IN RHO- PI÷ P I -  (OMEGA AND ETA ANTISELECTED IN 6 PI SYSTEMI 5 /70 
W K (SE .O I  OR LESS CL- .go  KRANER TO HBC • 13.1 PI+ P,EPl [1170 
W K HAS [GEl+ FROM ABSENCE OF PI+PI÷ PEAK. THUS JP- (ODD(- ,  [ I / T O  
N C (49 . )  ( 9 . )  CLIME TO HBC O . 2 5 - . 7 4  PEAR P 2 /72*  
W C (63 . )  O~ANDLAU 71 HBC 0 . 3 7 - . 6 5  PEAR P 2 /T2*  
N C SEE REMARKS UNDER MASS ABOVE 
N B (35.1  EENVENUTI T [  HBC 0 . I  - .8  ROAR P 2/T2~ 
R B SEE REMARKS UNOER MASS ABOVE 

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

BI S MESON PARTIAL DECAY NODES 

DECAY WASSES 
Pi  S INTO PI+ F I -  139+ 139 
P2 S INTO PBAR p 938÷ EBB 

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

31 D(SIGNA)/D(T) I RICROBARNS/(GEV/CI**2 ) 

CS 3~ ,0  12.0 FOCACCI 66 NMS .ZE LTE T LTE ,36 9/66 

• ***** ********* ********* ********* ********* ********* ********* ******** 

REFERENCES FOR S(1930~ 

CHIKOVAN 66 PL 22 233 CERN NISSING MASS SPECTROMETER GROUP (CERN) 
FOCACCI 66 PRL 17 890 CERN NISSING MASS SPECTROMETER GROUP (CERN) 

BOESEBEC 68 NP B 4 501 BOESEBECKtDEUTSCHHANN*÷(AACHEN+BERLIN+CERN) 
CLINE 68 PRL 21 [268 +ENGLISH,REEDERtTERRELL,TWITTY (NISCONSIV) 

NONTANET 69 LUND CONF*P,1B9 L.NONTANET, RAPPORTEUR (CERM) 

AST|ER TO KIEV CONF. RAPP.TALK ON EOSON RESONANCES (EDF) 
CASO TO LNC 3 TOT +COROS,CQSTA,DARO+(GENO,DESY,HAN,MILA, SACL) 
CLXNE TO PREP.,TO BE PUE. D.CLINEwJ. ENGLISH,D*O. REEDER iWISC)J 
RRAMER 70 PRL EE 396 +BARTONtGUTAY.LICHTMAN.NILLER.+ (PURDUE) 
LYE 70 PREPRINT J=LYS (MICHIGAN) 

BENVENUT 71 PRL 27 2BE BENYENUTI,CLINE.RUTZ.REEOER.SCHERER (NI  SO) 
BIZ2ARRI T1 PREPRINT R. BI2ZARRI (RORA} 
CLINE 71 R E V I E W  O,CLINE,TALK AT ANL NORKSHOP JULY T[  (WISE) 
D~ANQLAU 71 PREFRINT +ASTIER*PETRI*÷ (CDEF÷PISA) 
PINSKI T1 PRL ET 154E STEPHEN S. PINSKY (UTAH+ARGONNE)  

SMITH 72 REYIEM G, SNITHeREVIEN TALK AT LAUSANNE TE (NSU) 

. . . . . . . . . . . . . . . . . .  7 2 " : i i : 7 1 7 : 7 1 : , ,  . . . . . . . . . . . . . . . . . . . . . . . . . .  
IREGION .ICNOLSO. 6v SUGGEST . . . . . . . . . . . . . . . . . . . .  S . . . .  

OIFFERENTIAL CROSS-SECTIONS FOR POAR F] - -  2PIG 
OMITTED FROM TABLE. 

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

BI RHO I2 [00 )  MASS (HEV( 

N 20S6.0 3S.0 ANDERSON 69 MRS - 16 P I -  P.BACKN 816g 
q ( 2 1 2 0 . (  NICHOLS~/N 69 ENTR O . 7 - 2 . ~  PBP,  ZPI 9 /69 

. . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 [  RHO (2100} WIDTH [NEVI 

N (150 .0 )  ANDERSON 69 MRS - IB PI -  P~BACKN 8/69 
W N ( 2 4 9 . }  NICHOLSON 69 ONTR O . T - 2 . 4  PO P,ZPI 9/69 
N N THE HIDTH INCLUDES RESOLUTION. 

REFERENCES FOR RHOI2100) 

RNDERSON 69 PRL 22 1 3 g O  ÷COLLINS.ELIEDEN+ (BNL+CARN) 
NICHOLSO 6g PRL 2B 60S NICHOLSONtBARI SH.DELORNE.+ (CALT~RQCH+BNL( 



Data Card Listings 
For notation, see key at front of Listings. 

[r<=o, I THIS ENTRY CUNTAINS~ BESIDES THE T(2200) SEEN BY RJ~GION CHIKOVANI 66 WITH A NMS, VARIOUS OTHER PEARS NEARBY. 
FOR REV]EWS~SEE HONTANET 69~ KALBFLEISCH 70 

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

B2 T(2200)  MASS (MEV) 

M 2195.0 15.0 CHIKOVANI b6 HMSP - 12.0 PI-P 
M B (E190 , )  ( 1 0 , )  ABRAMS TO CNTR S CHANNEL N8AR N 

SEEH AS BUMP IN I=[  STATE. WIDTH MUCH LARGER THAN IN R 
M B FHE MMSP EXPT. SEE ALSO COOPER 68 
M ~ BR ICMAN (sg)  SEES NO 8UMP~ SPIN LEES THAN S IS SO EXCLUDED 
H 
N A 
M 
M K 
N 
M 
M C 

H 
M 
N AVG 

8/66 
1/71 

2207. 13. ALLES-BOR 67 HBC O 5.T PEAR P 12166 
ALLES-BORELLI 67 SEE NEUTRAL MODE ONLY (P I+P I -P IO)  
2190.0 IO,O CLAYTON bT MEG ÷ -  2,EPBAR,A2+OHEGA 10/67 

( 2 1 9 0 . 0 (  KALBFLEIS 69 HBC O S-CHANNEL PEARP 7/69 
SEEN IN PEAR P TO RHO0 RHOO PIO. I G - I - *  
2207.0 22°0 CASO TO H8C - 1 1 . 2 P I -  P,NOTE C. S/TO 
SEEN IN RHO- PI+ P I -  (OMEGA AND ETA ANTISELECTED IN # PI SVSTEN) 5/TO 
215T.0 IO,O RRAMER 70 HBC • 1 ) . 1  P ie  P,ZPI 11/70 
HAS IG=I÷ FROM AGSENCE OF PI+PI+ PEAK. THUS JP- (ODDI - .  l l / T O  

EIB#.T 9.B AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 , 8 )  
(SEE IDEOGRAM BELOW ) 

WEIGHTED f lUERRGE = 2 t 8 4 . 7  * 9 . 8  

ERROR SCgLEO BY 1 , B  

CHZSQ 

• .KRRIIER 7 0  HBC 7 . 7  

• .c~sn ~o .~,c 1 . o  
/ ~ . . . .  \ . . . C L A y T n N  6 7  HBC 0 . 3  

/ l " - - f - ' - - ' , \ "  " R L L E S - B O R  B? HBC 2 . 9  

J I I - -  . ~ I K n U i : l H ' r  6G rIMSP 0 . ~ 
1 2 . 4  

• " ( C n N L E U  
2 1 2 0  2 1 6 0  2 2 ; 0  2 2 1 0  2 2 B 0  = 0 . 0 1 S )  

T ( 2 2 0 0 }  MRSS ( M E U )  

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

32 T(220~)) WIDTH (HEV) 

W [ [ 3 . 0 )  OR LESS CHIKOVANI 66 WHSP - 12.0 P i -P  8/66 
N E IBS. (  ABRAMS 67 CNTR S CHANNEL NEAR N TIBT 
W B SEE NOTE B UNDER T(Z200) MASS ABOVE. 
W 62.  52 ,  ALLES-BOR 6T HEC 0 ~ . T  PEAR P 12166 
W K BETNEEN 20 AND EO MEV KALBFLEIS 69 HEC 0 S-CHANNEL PBARP 7/69 
W K SEEN IN PGAR P TO RHO0 RH')O PIO. [ G = I - ,  
W ( 1 3 0 . 0 )  CASO TO HBC - l l . 2 P I -  P,NOTE C. E/TO 
N C D SEEN IN RHO- PI+ P I -  (OMEGA AND ETA ANTISELECTEO IN A PI SYSTEM) 5170 
W 68 .0  22.0  KRAMER TO H8C ÷ IS .1  PI÷ Pe2PI 11/70 
N D HAS IG=I÷ FROM ABSENCE OF PI+PI÷ PEAK. THUS JP=(ODOl- .  I | / 7 0  
N 
H AVG 6 T . I  20IB AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

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

32 D(SIGRAI/D(T) ( NICROBARNSI(GEVIC)**2 ( 

CS 29.0  IO.O FOCACCI 66 MME .22 LTE T LTE .36 9/66 

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

32 SIGMA (MG( FOR FORMATION BY NUCLEON ANTINUCLEON 

CS (E .E)  ABRAMS TO CNTR S CHANNEL NEAR N 1/71 
CS K (O.E( ( B . I )  KAL8FLEIS Bg HEC OS CHANNEL NEAR N 7/6g 
CS SEEN IN PEAR P TO RHO0 RHOO P I O . I G = I - .  

REFERENCES FOR T(2200) 

CH1KOVAN 66 PL 22 233 
FOCACCI 66 PRL 1T 890 
ABRAMS 6T PRL 18 1209 

ALSO ABRAMS TO 
ALLES-BO 6T NC 50 A 7TE 
CLAYTON 67 HEIDEG.C~NF.P,57 
COOPER 68 PRL 20 IG59 

BRICMAN 69 PL 2g 8 &El 
CASO 69 NC 62 A TEE 
KALBFLE] 69 PL Z9 B ~Eg 
HONTANET 69 LUND CONF°P.I89 

ABRAMS 70 PR D 1 1917 
CASO TO LNfi 3 TOT 

ALSO CASD 69 
KALBFLEI TO PHILAO.CONF*P.609 
KRAMER TO PRL 2E 396 

BACON 7 1 N P  8 32 66 
FIELDS TI PRL 2T 1TAg 
YOH 71PRL 26 922 

SMITH 7Z REVIEW 

CERN MISSING MASS SPECTRONETER GROUP (CERN) 
CERN MISSING MASS SPECTROMETER GROUP (CERN) 
+CODL,GIACOMEELItKYCIA,LEONTIC~L],+ (BNL) 

ALLES-BQRELLI,FRENCH,FRISK,÷ (CERN+BONN]G-- 
÷NASDNeMUIRHEAD,FILIPPAS÷ (LIVPODL+ATHENS) 
+HYRAN~NANNER,RUSGRAVETVOYVDDIC (ANL) 

÷FERRO-LUZZItBIZARD~÷ (CERNeCAEN÷SACL( 
+CONTEtBENZ~+ (GEND÷DESY+HAMB÷WILA÷SACL} 
G.KALBFLEISCHvR.STRANDtV,VANDEREURG (ENLI 
L.MONTANET! RAPPORTEUR (CERN) 

÷COOLtGIACOHELLI~KYCIAvLEONTICtLIve (BNLI 
÷CONTE,TOMASINIeCORDS+(GENOeHANB÷MILA~SACL) 

G.KALBFLEESCH AND D.MILLER REVUES (ENLI 
+BARTON,GUTAV,LICHTMANsM]LLERt÷ (PURDUE) 

÷BUTTERNDRTHtMILLERtPHELANe÷ (RHEL÷LZVPI 
+CODPER~RHINES~ALLISON (ANL÷OXF) 
÷BARI SHtCAROLLtLOBKOVICZ+ (CALT÷8NL÷ROCH) 

G*SHITH~REVIEW TALK AT LAUSANNE 72 (WSU) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

77 
Mesons 

T ( ~ . 2 0 0 ) ,  p ( , , , 2 2 7 5 ) ,  N H z . z ( P - , 3 5 0 ) ,  U ( 2 3 7 5 )  

ip(~==75) l l ' 2 R ~  ' 2 2 7 ' '  ' '  G" " ' I " [ 

. . . . . . . . . . . . . . .  "_ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

52 RHO (22TSI MASS (MEVl 

N 2260°0 18.0  ANDERSON 69 MRS - 16 P l -  PtBACKW B / & g  
M [2290,1 NICHOLSDN 69 CNTR 0 . T - 2 . &  PB P,2Pl  g/Bg 

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

EZ RNO (2275) NIOTH (MEV( 

( 2 ~ . 0 (  OR LESS ANDERSON 69 NNS - 1 6  P I -  P,BACRW 8/69 
N (16E . (  NICHOLSDN 69 CNTR O , T - 2 . &  PB P,2PI g/Eg 

, M N THE WIDTH INCLUDES RESOLUTI~. 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR RH0(227S1 

ANDERSON 69 PRL 22 1390 +COLLI NSfBLIEDENe (BNL+CARN) 
NICHOLSO 69 PRL 23 &OS NECHDLSON~BARISHtDELDRNE,+ (CALTeR~H÷ENL) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

l 8NNBAR,,B,O, ,1 

SB MASS 

M B (2BSO*) ( 1 0 . }  ABRAMS TO CNTR S CHANNEL NEAR N 1/71 
M 8 SEEN AS BUMP IN 1"1 STATE. WIDTH MUCH LARGER THAN IN MMS EXPT. 

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

58 WIDTH 

W 8 ( 1 4 0 . )  ABRAMS 67 CNTR S CHANNEL PEAR N TI67 
W E SEEN AS BUMP IN I - 1  STATE. WIDTH MUCH LARGER THAN IN MRS EXPT. 

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

58 SIGMA (HE) FOR FORMATION BY NUCLEON ANTINUCLEOH 

CS ( 3 , 2 )  ABRAMS TO CNTR S CHANNEL NEAR N 1/71 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * ~ * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR N NEAR (2350) 

ABRAMS 6T PRL [8 1209 +CODLeGIACOMELLI~KYCIAeLEONTICvLIt+ (BNL) 
AeRANS 70 PR D 1 1917 +COOL,GI~OMELLIIKYCIAtLEONTICeLIt+ (BNLI 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

U(2375) [ 
REGION . u , . . ,  ,-1 

THE ORIGINAL EVIDENCE OF CHIKOVANI 66 FROM MISSING-MASS SPECTRO- 
METER APPEARED TO BE C~NFIRMED LATER IN S-CHANNEL ANT(PROTON-NUCLEON 
EXPERIMENTS 89t OH TO). WITH ADDITION OF MORE DATAw HOWEVER( (RING 
SOME OF THIS EVIDENCE BECAME LESS CONVINCING, AND SOME CAUSED COn- 
TROVERSY BETWEEN GROUPS (CHAPMAN T l ) .  

IN THIS SITUATION HE FEEL THE U(23TB) IS AGAIN IN NEED OF FURTHER 
CONFIRMATION. 

OMITTED FROM TABLE. 

33 U(E375) MASS (MEV) 

M 2382.0 2&.O CHIKOVANI 66 qNSP - I 2 . 0  PI-P 8/66 
H C (ZB2&,O( (20 .0 )  CLAYTON 6T HBC + -  2,EPBARtA2÷OMEGA 11/69 
M C NAY BE DIFFERENT OBJECT. VALUE QUOTED IN HEIDELBERG PROC. OF 
M C 2380 ÷ -  10 IS MISTAKE...  PR]V. COMM. FROM WUIRHEAD, 
M 2BTO. 17. ANOERSDN 6g ASPK - 16 P [ -  BKSCAT 11/69 
M R (2370,01 (10 .0 )  RING 69 NBC 0 S-CHANNEL PBARP 11/71 .  
N R NOT CONFIRMED IN EXTENSION OF THE EXP..SEE CHAPMAN TE. 1 1 / 7 I *  
H (2620*01 125,0) JOHNSON TO HBC - 1Z.0 PI-  P 1171 
M N 2360.0 25.0 ~ TO HDBC -OPGARIP~N),K*R2P[ l l / T I *  
M N NO EVIDENCE FOR THIS BUMP SEEN IN THE PBAR P DATA OF CHAPMAN 71 [1171"  
M . . . . . . . . .  
M AVG 2370.7 12.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

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

33 U(2375( NIDTH (HEV) 

W ( 3 0 , 0 )  OR LESS CHIKOVANI 66 NMEP - 12.0 P l -P 8/66 
W ( E 7 , )  ANDERSON 69 ASP[ 16 P I -  BKSCAT 11169 
W R (&O.O( OR LESS RING 69 HBC 0 S-CHANNEL PBARP I I / 7 1 *  
N R NOT CONFIRMED IN EXTENSION OF THE EXP,.SEE CHAPMAN 71. [1171" 
H ( 8 0 , 0 )  OR LESS JOHNSON 70 HBC - I2,O P+- P [ / 7 1  
w N ( 6 0 . 0 )  OR LESS 0(4  70 HDEC -OPBARIPtH),K*KZPI 11171* 
M N NO EVIDENCE FOR THIS BUMP SEEN IN THE PBAR P DATA OF CHAPMAN T1 11 /71-  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T . . . . . . . . . . . . . . . . .  

33 D(SIGMA)/D(T) ( MECROBARNS/IGEV/C)**Z ) 

CS 62 .0  IA.O FOCACCI EB MRS .28 LTE T LTE .36 9/66 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . .  

33 U MESON BRANCHING RATIOS 

RL U- HESON FRACTION INTO ONE / THREE / FIVE OR MORE CHARGED TRACKS 
R1 (0 .30 )1  O.&S / 0.25 F~AECI 66 MMS - 10166 



Mesons 
U(@375), NR,.o (@375), X(@500-3030) 

78 

Data Card Listings 
For notation, see key at front o/Listings. 

CHIKOVAN 66 PL 22 23B 
FOCACCI 66 PRL IT 890 

CLAYTON 67 HEIDBG.CONF.P.ET 
ALSO Tl  PRIV.CONM, 

ANDERSON 69 PRL 22 IBgO 
BRICNAN 69 PL 29 B 651 
EASO 69 LNC 3 TOT 
RINGI 69 RICH PREPRINT 
EINGE 69 

JOHNSON 70 UH E l l  T7 TO 
LYS 70 PREPRINT 
OH ?0 PRL 26 1257 
SMITH 70 PREPRINT 

CHAPMAN 71PR D6 1275 
FIELDS Tl PRL 2T 1769 
YOH T1 PRL 26 922 

SMITH T2 REVIEW 

REFERENCES FOR UI2STS) 

CERN MISSING MASS SPECTROMETER GROUP (CERNI 
CERN MISSING MASS SPECTROMETER GROUP (CERN} 

+MAS~N~NUIRHEAD~FILIPPAS+ (LIVPODL÷ATHENSI 
W.NUIRHEAD (LIVP)  

÷BLESER,BIRNBAUMtEOELSTEIN~÷ (BNL+CARN] 
÷FERRO-LUZZI,BIZARD~÷ (CEBN~CAEN+SACL) 
÷CONTE,BENZ,+ (GENO+DESYeHAMB÷NILA+SACL) 
÷CHAPMAN~CHURCH~LYSeNUBPHY~VANDERVELD(NICH} 
JOINT PREPRINT COMBINES RING) AND OH 70 

+PETERS~STENGER~YEE (HAWAII} 
J,LYS (MICHIGAN) 
÷PARKER,EASTMAN,SMITH,SPRAFKA~MA (MSU) 
G.A,SMITH (MSU) 

÷GREEN~LYS~MURPHY~RING~+ (MICHIGAN) 
÷COOPER~RHINES,ALLISON (ANL+OXF) 
÷EARISH~CAROLL,LOBKOVICZ+ (CALT+BNL~ROCH) 

G, SMITH~REVIEM TALK AT LAUSANNE 72 (MSU| 

I 6, NNB. I.T o 
EVIDENCE FOR RESONANCE PRELIMINARY. 
OMITTED FROM TABLE° 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . .  

61 MASS 

M 2375. 10. ABRAMS 70 CNTB S CHANNEL NBAR N 1/T1 

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

61 WIDTH 

N (190.) ABRAMS 70 CNTB S CHANNEL NBAR M l / T l  

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

• L SIGMA (ME) FOR FORMATION BY NUCLEON ANTINUCLEON 

CS ( 2 . E )  ABRAMS TO CNTR 1/T1 

REFERENCES FOR N NEAR i2375) 

ERICMAN 69 PL 29 B 65I  +FERRD-LUZZI~B1ZARDt+ (CERN+CAEN+SACLI 
RBRAMS TO PRO 1 1 9 1 7  ÷COOLtGIACOMELLI,KYCIA~LEONTIC,LI~÷ (ENL| 

, o  x .  , 2 , 0 , ,  , ,  . . . . .  

1 

OMITTED FROM TABLE 

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

66 X- (2500) MASS (MEV) 

N 2500.0 32.0  ANDERSON 69 NMS - 16 P I -  P,BACKN9 8/E9 

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

66 X- (2500) WIDTH (MEV) 

W (8T, O) ANDERSON 69 MNE - 16 P I -  P~BACNN9 8/69 

REFERENCES FOR X-I2EO0) 

ANDERSON 69 PRL 22 1390 +COLLINS)+ (BNL+CARN) 

Ir('o O) l 6E . . . .  oo ) ) . , o R 2  
OMITTED FROM TABLE 

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

~8 X- (2620] MASS (MEV) 

M 550 2620. 20, BAUD 69 MRS - 8 , - 1 0 .  P I -  P 9 /69 
2676.0 ZT.O CASO TO HBC - I E , Z P l -  P~NOTE C 5170 

N C SEEN IN RHO- PI+ P I -  (OMEGA AND ETA ANTISELECTED IN 6 Pl SYSTEM( 5/70 
M . . • , . . . . .  
M AVG 2639°8 26.8  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .T )  

[SEE IDEOGRAM BELOW ) 

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

68 X- (2620) WIDTH (MEV) 

W BED BE, 30,  BAUD 69 MNS - 8 , - L 0 °  P l -  P 9/69 
W {1DO°O) CASU TO HDC - l l , 2 P I -  PtNOTE C 5170 
W C SEEN IN RHC'- Pi t  PI- (OMEGA AND ETA ANTISELECTED IN6  Pl SYSTEM) 5/70 

~ E I G H T E D  RUERRGE = 2 6 3 9 . B  ± 2 6 . B  

ERROR SCRLED BY 1 . ?  

CQSD 

2 5 5 0  2 6 0 0  2 6 5 0  2 7 0 0  2 ? 5 0  

X -  ( 2 6 2 0 )  n a G S  ( M E U )  

C H I $ G  

7 0  HBC 1 . B  

6 9  1'11"15 1 . 0  

2 . B  

2 8 0 0  ( C n N L E U  
= 0 . 0 9 6 )  

REFERENCES FOR X-12620l 

BAUD 69 PL 3BE [29 CERN BOSON SPECTROMETER GROUP (CERN) 
CAEO TO LNC 3 707 +CONTEtTOMASINItCORDS÷(GENO+HAME÷HILA+SACL) 

1 J 

I x ( 2 8 o o )  1 ,B x . E  . . . .  PGo , ,  . . . . .  
i m 

OMITTED FROM TABLE 

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

Ag X (2800) MASS (MEV) 

M 640 2BOO, 20.  BAUD 69 MNS - 8o-10.  P I -  P 9/59 
R C I5 2820. 10. SABAU T l  HBC + 8 .  PI+ P I I / T l ~  
M C SEEN IN (K KBAR Pl  P I )÷  MASS DISTRIBUTION EEl71* 
M 
M AVG E816,O 8,9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l,O) 

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

49 X (2800l  WIDTH (MEV) 

W 640 46° lO° BAUD 69 MMS - 8 , - 1 0 .  P I -  P 9/69 
W C IE 50, 10. SRBAU 71HBC 8.  PI÷ P 11/71" 

SEEN IN (K KBAR Pl  P I )+  MASS DISTRIBUTION 11/72= W E  
W . . . .  , . . . .  
M AVG 48 .0  T . l  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l . O I  

REFERENCES FOR X ( 3 8 ~ )  

BAUD 69 PL 30B I29 CERN BOSC~ SPECTROMETER GROUP (CERN) 
SABAU TI LNC I 5 [6  +URETSKY [BUCH+ANLI 

B /  _ _  m 

I X - C 2 S B O ) l  Eo  -.BOO.  RGo , , - 1 . 2  
OMITTED FROM TABLE 

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

BO X- (2880) MASS (MEVI 

M 230 ZBBO° 20.  BAUD (>9 MRS - E. -LO.  P I -  P 9 /69 

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

EO X-  (2880) WIDTH (MEV) 

W 230 ( L B . )  OR LESS BAUD 69 MNS - 8 . - 10 °  P I -  P 9 /69 

REFERENCES FOR X-(ZBBO) 

BAUD 69 PL 3BE 129 CERN EOSON SPECTROMETER GROUP (CERN) 

1 l 

] x ( 3 o 3 o )  l EB x (BOBO ~PG ) I ' Z  OR 2 
i B 

OMITTED FROM TABLE 

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

53 X (30301 MASS (MEV) 

M A BOBB.O 25°0 ALEXANDER TD HBC T. PBAR P,T Pl I I / 7 1 .  
M R DECAY TO 6 PIONS,WIDTH INCOMPAT° WITH BAUD 70 AND YOST T l .  I I / T L ~  
M 3025,0 20°0 BAUD TO MRS - 10°E-EB P I -  P 5170 
N Y AB 3013° B. YOST 71 HBC ZI°PI+ PtP(BPI )+  l l / T l *  
M Y 6.B S,O° EFFECT . DECAY TO 7 PIONS Z I I T I *  
M . . . . . . . .  ° 
M AVG 3B16*E 6.8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.O) 

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



Data Card L i s t i n g s  

For notation, see key at front of  Listings. 

79 

M E s o n s  

X ( 3 0 3 0 - 3 5 3 5 ) ,  K, K * ( 8 9 2 )  

M '  
W 
W 
W Y 
W Y 

REFERENCES FOR X I3030 )  

ALEXANDE 70 PRL 25 63 ÷8AR-NIR~DAGAN~GIDALtGRUNHAUS÷ (TEL -AV IV )  
BAUD 70 PL 31 8 549 CERN BOSUN SPECTROMETER GROUP (CERN) 
YOST 71 PRO 3 642 ÷MORRIS~ALBRIGHTtBRUCKERILANNUTT[ (FLAS|  

| - - | 

I X - ( 3 o 7 5 )  1 84 x-.,o,8. JAG"  ) . . . . . .  

OMITTED FROM TABLE 

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

84 X -  (30TEl  MASS (MEV) 

M 3075 ,0  20 ,0  BAUD 70 MRS - 10 ,8 -13  P I -  P S/TO 

. . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

54 X -  (3075 )  WIDTH (MEV) 

w ( 2B .O)  APPROX. BAUD TO MMS - tO .S - IB  P I  m P 5 /70  

REFERENCES FOR X-(DOTE) 

BAUD 70 PL 31 8 Ek9 CERN BDSON SPECTROMETER GROUP (CERN) 

IX-(OzA5 l E8 x- ,3 .8 ,  JPG"  ' I = [  OR 2 

OMITTED FROM TA8LE 

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

55 Xo (3146 )  MASS (MEV| 

M 3145.0 20 .0  BAUD 70 MMS - 10 .5 -15  P l -  P 8 /70  

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

55 X- ( 314~ )  WIDTH (MEV) 

W (10 ,0 )  OR LESS BAUD TO MRS - 10 ,5 -15  P I -  P 8 /70  

REFERENCES FOR X-(31~-B ) 

BAUD 70 PL ~1 8 549 CERN BDSON SPECTROMETER GROUP (CERN) 

1 1 

1 x - ( 3 1 7 5 ) 1  . . . .  , . . . . . . .  G= , I = [ O R ,  
i m 

OMITTED FROM TABLE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . .  

56 X -  (3475 )  MASS (MEV) 

M 3475 ,0  20 ,0  BAUD 70 MMS - 14 -1S .E  P l -  P 5170 

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

$6 X -  (3478 )  WIDTH (HEY) 

W ( 30 .0 )  APPROX. BAUD TO MRS - 14 -15 .5  P I -  P B I70  

REFERENCES FOR X - (34711  

BAUD 70 PL 31 8 549 CERN BOSON SPECTROMETER GROUP (EERN) 

IX-( s 5) l 87 x-(,838 . . . . .  ,i=1 DR2 
OMITTED FROM TABLE 

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

57 X-  (3535 )  MASS (MEV) 

M 3535 ,0  20 .0  BAUD 70 MMS - 14 -1E .S  P I -  P 5170 

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

57 X -  ( 3135 )  WIDTH (HEY) 

W (30 .0 )  APPROX. BAUD TO MMS - 1A -15 .8  P I -  P 5170 

REFERENCES FOR X - (3135 |  

BAUD 70 PL 31 8 849 CERN OOSON SPECTROMETER GROUP (CERN) 

I 

83 x [ 3030 )  WIDTH (~EV) 

200 .0  60 .0  ALEXANDER TO HBC 7 .  PEAR P.7 PI  11171* 
DECAY TO 6 PlOWS.WIDTH INCONPAT. WITH BAUD TO AND YOST 71. 11 /71 *  

( 25 .0 )  APPROX. BAUD TO MMS - 10 .5 -13  P I -  P 5170 
43 (40.) OR LESS YOST 71HBG + 11.PI÷ P,P(BPI)+ 11171* 

4 .5  S*D. EFFECT • DECAY TO 7 PIONS 11171*  

K MESON ( JP=O-  ) I = [ / 2  

SEE LISTINGS OF STABLE PARTICLES 

1 x ' ( 8 9 2 )  I . . . .  ( . . . . . . . . .  , i . , 1 2  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . .  

18 K*  (892 )  MASS (MEV) 

M CHARGED ONLY, THIS IS  WHAT APPEARS ON MESON TABLE 
M 898 ,0  5 ,0  CHADHICK 63 HBC + [ ,E  K+P 
M 3870 891o0 1 .0  MOJCICKI 64 HBC - 1 . 7  K-P 
M 889 .5  2 .5  ADELNAN 65 HBC 1 .5  K-P 6 /66  
M 898 ,0  D.O GELSEMA 65 HBC - 1 ,5  K-P 
M 895.  3 .  BOMSE 67 HBC + 2 .3  K+P 7 /6~  
H 891 .  2 ,  DE 8AERE 67 HBC + 3 ,5  K+P (KO P I+ )  7 / 67  
8 892 .5  2 .8  DE BABRE 67 MBC + 3 .5  K+P (K÷ P[OI  7167 
M 898,  A.  SALLSTROM 67 HBC + 3 .  K+ P (KO P I+ )  7167 
M 883,  8 ,  SALLSTROM 67 ABE + 3,  K+ P (K+ PIO) 7167 
M 890 .  3 .  BARLON 67 HBC +-  1 , 2  PEAR P Z lTZ~ 
M 889 .  3 .  8ARLOR 67 HBC ÷ -  1 . 2  BEAR P 11166 
H 896 .0  E.O CONFORTO 67 H8C + -  O, PEAR P 9 /67  
M 893,  4 ,  ADERHOLZ 68 HBC 10 K-  P 6168 
M 89 [ .  4 .  FICENEC1 68 HBC 1 ,3  K-P (K -P IO ]  9167 
M 887,  3 ,  FICEMEC1 68 HBC - 1 . 3  K-P (KOPI - ]  9•67 
H 890 .0  5 .0  FICENEC2 68 HBC - 2 . 7  K -  P (K -P IO I  2 /69  
M 892 ,0  3 ,0  FICENEC2 68 HBC - Z,T K-  P (KOPI - )  2 / 69  
M 896 ,0  4 ,0  SCHWEINGR 68 HBC 4 .1  K-P 9 /67  
M 892 .0  2 .D  SCHWEINGR 68 H8C - B.5 K-P 9167 
M 884 ,0  B,O KANG 68 HBC 4 .6  K -  P 7 /69  
M 891 ,0  2 ,0  CRENNELL 69 DAC 3 .9  K-N (KOPI - )  7 / 69  
M 892 ,0  3 ,0  ERMIN 69 HBG + 3 .5  K+ P 9•69 
M 2886 (894 . )  ( 1 . )  FRIEDMAN 69 HBC - Z , [  K-B (OBOY) 2172"  
M 728 ( 8 9 2 . )  ( 2 , 1  FRIEDMAN 69 HBC - 2 , 45  K-P (EDDY) 2 /72 *  
M 3229 (892 , )  ( 1 . )  FRIEDMAN 69 HBC 2 .6  K-P (380Y)  2172~ 
M 1027 (892 . )  ( 1 , )  FRIEDMAN 69 HBC - 2 , 7  R-P (38DY) 2172"  
8 895 ,  2 ,  LIND 69 HBC + 9 ,  K+ P 9169 
M 4 4 0 4  892 .2  1 .5  AGUILAR1 71 HBC - 3 . 914o6  K-  P I I I 71~  
M . . . . . . . . .  
M AVG 89 [ , 71  0 ,50  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ,0 )  

M NEUTRAL ONLY. BUT WE DDNT USE THIS FnR MASS DIFF,  - SEE TYPED NOTE 
M 70 897 ,0  lO ,O COLLEY 62 HBC O 2 ,0  P l -F  
M 200 892 ,0  2 .0  KRAEMER 63 HBC O 2 ,3  K+P 
M 150 (885 .0 )  SMITH 63 HBC 0 2 .3  P I -P  
M 899,  4 ,  8ARLOW 67 H8C O 1 ,2  PBAR P 11166 
M 4 ,  897 .  BARLDW 67 HBC 0 1 .2  PBAR P 11166 
R 889 .0  E.O CONFORTO 67 H8C 0 O. BBAR P 9 /67  
M 894 .7  1 ,8  DAUBER 67 HBE 0 2 .0  K-  P 12 /66  
M 892 .0  6 ,0  GEORGE 67 HBC O B,0  K+ P 11 /67  
M 893.  3 .  DE WIT 68 DEC O 3 .  N-  O 9169 
M F 895.  4 .  FICENEC1 68 HBC O 1 .3  K-P (K -P I+ )  11169 
M F 901 ,  4 .  FICENEC2 68 HBC 0 2 .7  K -  P (K -P I+ )  11169 
M F FICENEC ERROR RAISED SEE TYPED NOTE 
M 896 ,0  4 .0  SCHREINGR 68 HBC O Ao l  K-P 9 /67  
M 903 ,0  4 ,0  SCHREINGR 68 HBC O E+8 K-P 9 /67  
M 899 ,0  5.0 KANG 68 HBC O 4.6 K- B 7 /69  
M lOTOO 893 .7  2 ,0  DAVIS 69 HBC 0 12 .  K÷ P 9•69 
M D 2OOO 890 ,0  1 ,25  DE BAERE 69 HBC 0 5 .0  K+ P 9169 
M 0 DE 8AERE ERRORS ENLARGED BY US TO GAMMA/SORT(N). SEE TYPED NOTE* 11169 
M 4000 895 ,0  1 ,0  HABER TO OBC 8 3 .  K-N 5 /70  
M 2934 897 .9  0 .8  AGUILAR1 71 HBC 0 3o9 ,4 .6  K- P 11/71~ 
M 8362 898 ,0  O.S AGUILAR1 71 H8C 
M . . . . . . . . .  
M AVG 896 .45  0 .68  

o 3 ,9 ,4 ,6  K-  P 11171*  

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 .0 )  
(SEE IDEOGRAM BELOW I 

WEIGHTED AUERR6E = B96 .45  * 0 , 61  

ERRDR SCALED BY 2 .0  

T~ " • : . . . . . .  R6U ILAR$  7 t  HBC 

J -~  . . . . . . . .  A6UTLRR~L  71  HBC 

÷ I l l  . . . . . . . . .  HRBER 70  DBC 
+ ' "  "lfl . . . . . . . . .  DE BRERE 69  HBC 

~1 - -11  ~" . . . . . . .  DRUTS 69  HBC 
. l ~  . . . . .  KRNG 68  HBC 

I I I  I ' '  "SCHWEZN6R 6B  HBC 

. . . . . . . .  SCHUEZH~R 6 t=l HBC 

.... F ICEHEC2  6 ~1 HBC 

- ~  . . . . . . . .  F ICENECt  68  HBC 

-~ t -~ - .  IF I . . . . . . . .  DE UZT  68  DBC 

I . . . . . . . .   EO.E 67 . , c  
f l ~ "  ~ "  . . . . . .  DAUBER 67  HBC 

" ] "  ~ "  . . . . . .  C r lNFnRTO 67  HBC 

. . . . . . .  BARLnU 67 HBC 

/ ~ . . . . . .  6~e,o. 67 .BC 
/ - '+--  "1" " ~ "  . . . . . .  KRAErtER 63 HBC 

~ s  , li' , ~ ' ~ ' "  "CDLLEY  : 62  HBC 

BBO 090  900  910  920  

NEUTRRL  K l (B92 )  MASS ( r IEU)  

CHZSQ 

9 .7  

3 . 3  
2 . 1  

26 .6  

1 .9  

2 .7  

0 .0  

t . 3  

0 . 1  

t . 3  

1 . 2  

1 .B  

0 .0  

0 .4  

4 .9  

57 ,4  

(CQNLEU 
=0 .000 ]  

18 K* (O)  - K * (÷ - )  MASS D IFF .  (MEV) 

O 330 6 .3  6 .0  BARASH 6T HBC 0 PBAR P 
D 1400 6.  E 8 ,0  F|CENECI 68 HBC 1 .3  K-  P 
D [ 600  9 ,5  5 .0  FICENEC2 68 HBC 2 .7  K -  P 
D 7338 8 .7  1 .T  AGUILAR1 71HBC -0  3 .9 t4 .6  K-  P 
D . . . . . . . . .  
D AVG 6 .1  1 ,5  AVERAGE (ERROR INCLUDES SCALE FACT~* OF [ .O )  

8 1 6 7  
2 1 6 9  
2 / 6 9  

t 1 1 7 1 .  



Mesons 
x* (B9~) 
Note on K~(89Z) Masses and Mass Difference 

I) All mass values listed above come from 

p h y s i c a l  region f i t s  of B r e i t - W i g n e r  functions.  

H o w e v e r ,  a recent K~ p h a s e  sh i f t  a n a l y s i s  ( B ~ I Q H A M  

7Z) i n d i c a t e s  that  p a r t  o f  the  K * ( 8 9 2 )  p e a k  m a y  be  due  

to a l a r g e  S w a v e  ( s e e  n o t e  " S - w a v e  K~ i n t e r a c t i o n s ' ~ .  

B e c a u s e  the  S - w a v e  p h a s e  sh i f t  i s  a m b i g u o u s  ("up" 

and "down")  in  the  K $ ( 8 9 2 )  r e g i o n ,  B I N G H A M  72 f ind 

tw o  s o l u t i o n s  for  t h e  P w a v e :  

"up" s o l u t i o n  m = 9 0 0  M e V ,  I ~ = 4 8  M e V  

"down" s o l u t i o n  m = 8 9 5  M e V ,  F >  48 M e V .  

Z) I m p o s s i b l y  s m a l l  e r r o r s  a r e  r e p o r t e d  by  

s o m e  e x p e r i m e n t s .  We  u s e  s i m p l e  " r e a l i s t i c "  t e s t s  

f or  the  m i n i m u m  e r r o r s  on the  d e t e r m i n a t i o n  of 

m a s s  and  w i d t h  f r o m  a s a m p l e  of  N e v e n t s :  

F u) 4& 
6 m i n i m )  = ~ ,  5 m i n i  = 

( F o r  d e t a i l e d  d i s c u s s i o n  s e e  the  A p r i l  ~ 9 7 t  e d i t i o n  

of  t h i s  n o t e . )  W e  h a v e  i n c r e a s e d  s o m e  u n r e a l i s t i c  

e r r o r s  and s c a l e d  up s o m e  e r r o r s  that  a r e  i n c o n -  

s i s t e n t .  

3) T h e r e  a r e  t w o  m o r e  d l f / i c u l t i e s  in  m e a s u r i n g  a 

mass d i f f e r e n c e  m(K ~°) - m(K ~+) of " 7 M e V  w h e n  

t h e  h a l f - w i d t h  I~/Z of  t h e  K ~ i s  Z5 MeY:  

a) T h e  t w o  c h a r g e s  of K * h a v e  d i f f e r e n t  t o p o l o g i e s ;  

t h i s  i n t r o d u c e s  d i f f e r e n c e s  in  the  m e a s u r i n g  and  

f i t t ing  of  t h e  e v e n t s ,  w h i c h  c a n  a l s o  p r o d u c e  m a s s  

s h i f t s .  

b) I n t e r f e r e n c e s  b e t w e e n  t h e  r e s o n a n t  a m p l i t u d e  

and  b a c k g r o u n d  c a n  in  g e n e r a l  sh i f t  the  p e a k  in  the  

mass s p e c t r u m  by some f r a c t i o n  of I~/2. 
Some react ions (symmet r ic  under re f lect ion 

of I Z) a r e  i m m u n e  to t h i s  d i f f i c u l t y .  T h u s  compare  t h e  

m a s s  of K ~°  p r o d u c e d  in  

w'p -~ A ~ - K  + 

w i t h  the  m a s s  of  K *+ in  t h e  I - r e f l e c t e d  r e a c t i o n  z 
~+n-~ A . , + K  o. 

The final-state amplitudes of each will contain 

not only the I~*> with Z-spi~ ~/Z. bu~ also an interfer- 

ing I = 3/Z P-wave, which we can call ]K~.^>. But 

l~ symmetry forces< ~,-p I~*°)to_ e q u a l  <~+/~ IAK*+>  ; 

and s i m i l a r l y  for  t h e  t w o  K'a/Z~/ a m p l i t u d e s ,  so that  

th e  s h i f t i n g  of the  K ~ p e a k  i s  t h e  s a m e  in  bo th  r e a c -  

t i o n s .  N o b o d y  h a s  p u b l i s h e d  a m a s s  d i f f e r e n c e  e x -  

p l o i t i n g  t h i s  f a c t .  
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18 K* 1892} WIDTH (NEV) 

W CHARGED ONLY. THIS IS WHAT APPEARS ON MESON TABLE 
W 46 .0  R.O 
W 3870 46 .0  3 .0  
W 51 .0  3 .0  
N 47.0  4 . 0  
N 50.0  15.0  
N 50.  5 .  

W 68.  l 
W ~7. I~ .  

N 43. 9 .  
N 53.  T.  
W 58. 7.  
W 58. 16. 
W 44, 13. 
W 41 .0  8 .0  
W 47.0 4 . 0  
W 57 .0  13.0 
W 40.0  9 .0  
W EE.O 8 .0  
W ( 2 7 . 0 l  ( 8 . 0 )  
W ( 5 3 , 1  1 8 , )  
W ( 4 9 . )  (4.1 
N ( 4 S . I  ( 2 .  
W (49.1 (3.1 
W 50. T. 
W 4404 54.3  2 .6  
W . . . . . . . . .  
W AVG ~8.1 1.1 

NEUTRAL ONLY. 
T0 60,0  10.0 

W 200 50.0  5 .0  
W 53.  1~.  
N 34. . 
W 44.  4. 
W 58. 8.  
W 52. 12. 
W 5~.0 8 .0  
W 48.0  8 .0  
W 51 .0  11.0  
w 53.0  11.0 

CHADWICK 63 HBC ÷ 1.5 K+R 
WOJCICKI 64 HBC - 1.7 K-P 
ADELMAN 65 HDC - 1.5 K-P 6/66 
FERRO-LUE 65 HBC ÷ 3.0 K+P 
GELSERA 65 HEC - 1.5 K-P 
80MSE 67 HBC + 2 .3  K+P 7/67 
DE 9AERE 67 HBC + 3 .5  K÷P (K÷ PIO) 716T 
SALLSTRDM 67 HRC • 3 .  K÷ P (KO PI+J 7/67 
SALLSTROM 67 HEC * 3. K+ P (K+ RIO| 7/67 
BARLON 67 HBC +- I~2 PEAR P 11/66 
BARLOW 67 HBC +-  1.2 PEAR P 11/66 
BARLON 67 HEC ÷- 1.2 PEAR P 11166 
ADERHULZ 68 HBC 10 K- P 6/68 
FICENEC1 68 HBC 1~3 K-R (K-RIO) 9167 
FICENECI 68 HDC - 1,3 K-R (KOPI- )  9/67 
SCHWEINGR 68 HDC - 4 , 1 K - R  9/67 
SCHWEINGR 68 HBC - 5,5 K-P 9/67 
FICENECZ 68 HBC 2,7 K- P iK-PIO)  Z169 
FICENEC2 bE HBC 2.7 K- PIKOPI-)  2/69 
KANG 68 HBC - 4 .6  K- P 7 /69 

( 6 . 0 )  ERNIN 69 HBC + 3 .5  K+ P 9/69 
FRIEDMAN 69 HBC - 2 .1  R~P (3BDY] 2/725 
FRIEDMAN 69 HBC - 2.45 K-P (3BOY( 2 /72*  
FRIEOMAN 69 HBC - 2 .6  K-P (3EOYI E/T2* 
FRIEDMAN 69 HBC - 2 .7  K-P (OBOYI 2/72~ 
LIND 69 HBC + 9 .  K+ P 5 /70 

2.3 AGUILAR1 71 HBC - 3 .914 ,6  K- P 11171* 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.03 

COLLEY 62 HBC 0 E.O PI-P 
KRAEHER 63 HBC O 2 .3  K+P 
BARLOW 67 HBC O 1.2 PEAR P 11/66 
8ARLOW 67 HBC 0 | . 2  PDAR P 11166 
DAUBER 67 HBC 0 2 .0  K- P 12166 
DE HIT 68 DEC 0 3. K- D 9•69 
FICEHEC1 68 HBC O 1.3 K-P (K-RI+)  9167 
FICENEC2 68 HBC O 2 .7  K- R IN-P I÷ )  2/69 
KANG 68 HBD 0 4 .6  K- P 7•69 
SCHHEINGR 68 HBC 9 5.5 K-P 9167 
SCHNEINGR 68 HBC 0 4 , |  K-P 916T 

0 12. K÷ P 9169 
0 5 .0  K÷ P 9/69 

SEE TYPED NOTE, 11169 
O 3.  K-N 5/70 
0 3 . 9 , 4 , 6  K- P 11171' 
0 3 . 9 t 4 . 6  K- P [ 1 1 7 l *  

N 10700 53.2  1.6 DAVIS 69 HBC 
W 0 2000 58.0  5.0  DE BAERE 69 HBC 
W 0 DE 8AERE ERRORS ENLARGED BY US TO 4*GAMMA/SORT(N). 
N 6000 54.0 3~0 HABER TO DEC 
N 2936 55.8  4 ,Z  3 ,4  AGUILARI 71 HBC 
W 5362 48.5  2 .Z  AGUILAR1 71HEC 
W . . . . . . . . .  
N AVG 51.7  1.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.13 

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

18 K~ (89Z) PARTIAL DECAY MODES 

DECAY ~6SSES 
P1 K~(892( INTO K PI 493÷ 139 
P2 K~(892( INTO (K PI P I )  493+ 139+ 139 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

18 K~ (892( BRANCHING RATIOS 

R1 Kk18921 INTO (K PI P I l l ( K  PI )  (PZJI (P1)  
RI O (O.O02IOR LESS NOJCICKIE 64 HBC - 1.7 K-P 

REFERENCES FUN K*(892)  

ALSTON 61 PRL 6 300 
ALEXANDE 62 PRL 8 447 
COLLEY 62 CERN CONF 315 

CHADWICK 63 PL 6 309 
GOLDHABE 63 ATHENS C3NF 92 
KRAENER 68 ATHENS CONE 130 
SMITH 63 PRL 10 138 

WOJCICKI 64 PR 135 E ~84 

ADELRAN 65 ATHENS 527 
FERRO-LU 65 NO 36 1101 
FERRO-LU 65 NE 39 917 
GELSENA 65 THESIS 
WANGLER 65 PR 187 D 414 

BARASH 67 PR I56 1399 
BARLON 67 NC 50 A 701 
BOMSE 67 PR 158 IZ98 
CONFORTO 67 NP 83 469 
DAUBER 67 PR 153 1608 
DE BAERE 67 NC 51 6 401 
FRENCH 67 NC 42A 94E 
GEORGE 67 NC 49A 9 
SALLSTRU 67 NC 49A 348 

AOERHOLZ 68 NP B 5 567 
DE WIT 68 THESIS 
FICENED1 68 PR 169 1034 
FICENEC2 68 PR 175 1725 
KANG 68 PR 176 1587 
SCHWEING 68 PR 166 1317 

DRENNELL 69 PRL 22 487 
DAVIS 69 PRL 23 1071 
DE 3AENE 69 NC 61 A 397 
ERNIN 69 NP E 9 364 
FRIEDMAN 69 UCRL-18860 
LIND 69 NP B 1A 1 
JUHALA 69 PR 184 1461 

ATHERTON TO NP S 16 416 
CHARRIER TO CERN PHYS 70-50 
DE BAERE TO CERN PHYS TO 41 
HABER TO NP B 1T Z89 

ALSTONtALVAREZtEBERHARD,GOOD,GRAZIANO+(LRL( 
ALEXANDERtKALBFLEISCHtMILLEReG SMITH (LRL) 
0 COLLEY,N GELFAND ÷ (CDLUMBIAeRUTGERSI 

CHADNICK,CREHNELL,DAVIES,BETTINI÷(UXF÷PA00) 
SULANITH GOLDHABER [LRLI 
R KRAEMER L NAOANSKV • (JOHNS HOPKINS} 
SMITHtSCHNARTZ~MILLERtKALBFLEISCHmHUF+(LRL) 

STANLEY G WOJCICKI (LRL( 

STUART LEE AOELMAN (CAVENDISH) 
FERRO-LUZEIvGEORGE~HENRI,JONGEJANS ICERN) 
FERRO-LUZZIIGEORGE~GOLDSC~MIDT-CLER+ (CERNI 
E.S.GELSENA (SEE ALSO PL 10 341) (AMSTEROI 
NANGLERtERWIN,WALKER (WISCONSIn) 

BARASH,KIRSCH,MILLER,TAN (COLUMBIAI 
÷MONTANET, D-ANDLAU÷(CERN+COE÷IOR÷LIVERPOOL) 
+BURENSTEIN+COLE+GILLESPIE÷ (JOHN HOPKINS) 
+NARECHAL, MONTANET÷ (EERN+CF+IPNeLIVERPODL) 
+SCHLEIN,SLATERwTICHO (UCLA) 
÷GOLDSCHMIDT-CLERMONTgHENRI÷ (BRUXtCERNJ 
÷KINSONeHCDONALD+RIDDIFORD+ (CERN+BIRH) 
÷GOLOSCHMIDT~CLERMDNT÷HENRI+ (CERN~BRUX) 
SALLSTROM+OTTER÷EKSPONG (STOCKHOLN(  

+DEUTSCHMANN+ (&ACH+BERL+CERN+I.C.+VIENNA) 
S. DE WIT (A~STERDAN) 
÷HULSIZER÷SNANSONeTROWER (URBANA) 
FICENEC, GORDON, TRONER (ILLINOIS) 
Y.W. KANG (IOWA) 
SCHWEINGRUBER,DERRICK, FIELOS,AMMAR+(ANL÷NW) 

÷KARSHON,LAIeONEALLtSCARR (BNL) 
+DERENZO,FLATTEtALSTDNtLYNCH. SOLMITZ (LRL) 
+GOLOSCHMIDT-CLERMONT~HENRI~÷ (BELG+CERN) 
÷WALKERtGOSHAWtWEINBERG (NISC÷PRIN+VAND) 
J.FRIEDNAN,PH.O, THESIS (LRL) 
÷ALEXANOER,FIRESTONE,FU,GOLOHABER (LRL( 
÷LEAC~K~RHODEeKOPELMAN~LIBBY~+ (ANES÷COLO) 

+FRANEK,FRENCHtFRISKwBEDNAR÷ (CERN+PRAG) 
CHARRIERE~DRIJARDtDUNNOOOIEt÷ (LHEB+CERNI 
÷DEBAISIEUX,OE WOL Ft(~JFOURe÷ (LHEB÷CERN) 
÷SHAPIRAjALEXANDER+ (REHO÷SACL÷BGNAeEPOLI 
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K* (892), 

A~OILAR 7l PRL 26 A66 +BARNE$,BA$SANO,EISNER,KIN$ON,$ANIOS (BNLI 
AGUILAR[ 7I  PRO ~ Z583 +EISNER,KINSON (BNLI  
BARNHRH 71 NP 8 28 |71  ~COLLEY,JOBES,GRIFFITH$,HUGHE5, #(BIRM÷GLAS) 
8~UNET 7 l  RPP/H/TB (PREP,)  +OANYSZ,C4~LDBACK,÷ (CDEF÷SACL÷LOIC~WBTF) 
BUCHNER 71 NP B 29 381 ÷DEHM,GOEBEL,GOLOSCHHIBT~÷ (NPIN÷CERN÷BELG I 
CORDS Tl PR D 6 1974 ÷CARMONY,ERNIN,HEIERE~+ (PURD+~CO÷IUPU) 
HERCER TL NP B32 3 B l  +ANTICH,CALLAHAN,CHIEN,COX,+ (JOHN HOPKINS) 
YUTA 7 1 P R L  26 1 B @ Z  +OERRICK,ENGELMANN,MUSGRAVE (ANL+EF[ I  

BINGHAM 72 NP B + (INTERNATIONAL K+ COLLABORATION) 
OEUTSCHM 72 NP B 86 373 OEUT$CHMANN,+ (ABCLV COLLABORATION) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * m  , , t . . * * * *  . * * * * * * * *  * * * * * * * * *  , . , . * * * *  

r ~ l  i 9  K PI S WAVE, CALLED KAPPA 

S - w a v e  Kw I n t e r a c t i o n s  in  the  R e ~ i o n  7 5 0 - t 7 0 0  MeV 

K~ i n t e r a c t i o n s  in  the  I(J  p)  = 1 /2 (0  +) wave  can  be 

t f r o m  the Kv  d e s c r i b e d  by the  e l a s t i c  p h a s e  sh i f t  60 

t h r e s h o l d  ( = 6 3 0  MeV) up to at l e a s t  t t 0 0  MeV 

(BINGI-IAM 72). The  f i r s t  i n e l a s t i c  S - w a v e  t h r e s h o l d s  

a r e  Kwv~ and  KU, n e i t h e r  of  wh ich  i s  known to be 

i m p o r t a n t  be low 1400 MeV. A p a r t  f r o m  the  i n e l a s t i c  

t h r e s h o l d s ,  the  S - w a v e  ww and  KW i n t e r a c t i o n s  a r e  

r e m i n i s c e n t  of e a c h  o t h e r .  T h u s ,  the  r e m a r k s  in the  

zrw s e c t i o n  about  the  m e a n i n g f u l n e s s  of r e s o n a n c e  

p a r a m e t e r s  apply .  

T h e r e  a r e  two i n t r i n s i c  a m b i g u i t i e s  in  the  s o l u -  

t i ons  p lo t t ed  below: 

1) Any phase shift can be  shifted modulo 180 °. 

2) If one a m p l i t u d e  i s  d o m i n a n t  [ e. g. , the  P wave  

n e a r  K*(89Z) or  the  D wave  n e a r  K*( tdZ0)] ,  t h e n  the  

o b s e r v e d  S - P  or  S -D i n t e r f e r e n c e  c a n  be e x p l a i n e d  

by  two a m b i g u o u s  S - w a v e  s o l u t i o n s ,  shown  a s  S' and  

S in  F ig .  2, and  known a s  "up"  or  "down.  " 

The  c o m b i n a t i o n  of t h e s e  two s o r t s  of a m b i g u i t i e s  

l e a d s  to the  m u l t i p l e  p a t h s  p lo t t ed  in F ig .  t .  S i m p l i -  

c i ty  f a v o r s  the  m o s t  s lowly  v a r y i n g  ( " d o w n " )  s o l u t i o n s ,  

but  w h e r e  the  a u t h o r s  g ive  both ,  we p lo t  both.  

F i g u r e  d i s p l a y s  the  50 s o l u t i o n s  of fou r  e x p e r i -  t 

m e n t a l  g r o u p s :  

t )  BINGHAM 72 (an i n t e r n a t i o n a l  K + c o l l a b o r a t i o n ) ,  

u s i n g  da ta  on K+p -~ KwA ++ up to t 2 . 7  G e V / c ,  f ind  two 

i n e i t h e r  of w h i c h  is  a p r i o r i  p r e f e r r e d :  s o l u t i o n s  fo r  50, 

• " u p , " a  r e s o n a n t  ~ wi th  m ~ 890 MeV, F ~<30 MeV 

(this requires 6~ to be resonant near 900 MeV with 

48 MeV widthb 

• "down," a slowly rising i 5" ~ 50 reaching ~ 70 ° at 
about 1100 MeV (requiring to be r e s o n a n t  at  abou t  

895 MeV).  Note  t h a t  the  u p - d o w n  a m b i g u i t y  i s  l i m i t e d  

to t he  r e g i o n  850-920  MeV. Above  920 MeV the  "up"  

so lu t ion  j o i n s  the  "down"  so lu t i on ,  s i n c e  a l l  p h a s e  sh i f t  

v a l u e s  a r e  d e t e r m i n e d  only  m o d u l o  180 °. 

2) M E R C E R  7t ,  u s i n g  the  f i r s t  ha l f  of  the  da ta  of  

BINGHAM 72, g ive  p h a s e  s h i f t s  up to t230  MeV, 

i g n o r i n g  p o s s i b l e  i n e l a s t i c i t y .  

3) YUTA 7t ,  u s i n g  5.5 G e V / c  K ' p  --KwN, a g r e e  

wi th  the  s o l u t i o n s  of BINGHAA4 7Z, t h e i r  "dow n"  s o l u -  

t i on  a g r e e i n g  a l s o  wi th  M E R C E R  7 i ,  igmor ing  p o s s i b l e  

inelasticity up to 1250 MeV. 

4) FIRESTONE 71 [ see KN(1370)] and 72, using 

12 GeV/c K+n -~ K+~'p, have continued K~ partial 
I wave analysis up to 1700 MeV. They find that 60 

crosses 90 ° just below the K*(14Z0, 2 +), and, 

indeed, near 1420 MeV, shows the "up-down" 

ambiguity mentioned above. Their unique solutions 

are plotted as solid crosses, their ambiguous ones 

as pairs of dashed crosses joined by dashed vertical 

lines. They have drawn, and we copy, some of the 

many possible paths connecting the ambiguous solu- 

tions. 

As in the ~W case, the large, slowly varying 

K~ phase shift would correspond to a K pole with a 

large width and a location which may be far from the 

90 ° point. 

For readers who are unfamiliar with the origin 

of the "up-down" ambiguity, we present a brief 

sketch, in terms of the multiple branches near the 

D - w a v e  K*(1420) shown  in F ig .  t .  In t h i s  m a s s  

region we consider only  Si/2 and DI/2 w a v e s ;  

t h e n  

1sI 2 = + 5 1 D I  z '  <L> = <%> = o ,  

and  

~<~z> =4.5 ReS*D + 3.Z IDI 2, ~ <Y4> = IDl 2 " 

Suppose one takes D as a known resonant amplitude, 

and solves for S, using only the un-normalized 

moments (r(Y2> and (T<Y4). S enters only in <Yz> 
%% 

and only then in the form ReS D = SD cos 8SD ~ _S. D_._, 

f ~ ~ '- '- " BINGHAM 72 - -~JL__  =_ 560= • MERCER 71 v i 
.~_YUTA 71 ~ - + -  

~T+,~ ' , , , , ,~K~(,42o) 

0=' 8 ,.o ' ,12 ' ' ,'.6 
,,, MK r (GeV/c 2) 



Mesons 
~, K.,,. , / ,(1175), KA,,.,/=(1265), Q 

This situation is sketched in F ig ,  2. A 

constant "real" S ( = t 0 0  ° according to FIRESTONE 7Z) 

i s  p l o t t e d  a s  a f ixed  b l a c k  dot,  the  a m b i g u o u s  m o v i n g  

s o l u t i o n  S' a s  an open  c i r c l e .  L i n e s  of  c o n s t a n t  

S .D l i e  on a p e r p e n d i c u l a r  to D, r u n n i n g  t h r o u g h  the  

" r e a l "  S. The  g e n e r a l  c a s e  i s  p l o t t ed  in  F i g .  Z(a). 

C o n s i d e r  the  d a s h e d  l ine  OD' p a r a l l e l  to D, d r a w n  

f r o m  the  c e n t e r  of the  u n i t a r y  c i r c l e .  One c a n  s e e  

by  i n s p e c t i o n  t h a t  OD' i s  the  b i s e c t o r  of  the  ang l e  

SOS' , so the  ang le  6D of  OD' i s  the  a v e r a g e  of  the  

a n g l e s  8 and  ~' , w h i c h  S and S ~ s u b t e n d  f r o m  the  

c e n t e r  of the  c i r c l e  w i t h  r e s p e c t  to the  h o r i z o n t a  L 

This l e a d s  to t he  w e l l - k n o w n  r e s u l t  

6' = 90 ° - 6 + O D. (1) 

FIg.2 (o)  (b) 
D' S ( 8s: I00 °) 

! 

: ½ [ ( 2 8 . 9 0  o) , (2~'-90o)] resonance 

= ~ + 8' - 9 0  ° 

(c) S(~s stil l I00")  (d) S (~s: I00°)  

@ 
S s t i l l  tO0 °, D-wove D-wave F / 2  above 

resonant resonance 

"~o 

~0 

180" 

155 '= 

9 0 '  

4 5 ° 

0 o 

0 o 

I I I I 

_" " ~  
~/?" l._~-wo~e 

f i I I 
45 ° 9 0  ° 135°8D 
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Figures Z(b), (c), and (d) show t ha t  as D moves 

through resonance, S ~ also moves counterclockwise 

and  c r o s s e s  S n e a r  r e s o n a n c e .  M o r e o v e r ,  a t  t h i s  

crossing point the perpendicular to D is tangent to 

the  u n i t a r y  c i r c l e ,  so  t h a t  6 and 6' a r e  i n s e n s i t i v e  

to S ' D  and so  a r e  b a d l y  d e t e r m i n e d .  

F i g u r e  2(e) d i s p l a y s  6' v s  @D a c c o r d i n g  to ( i )  

fo r  a c o n s t a n t  " r e a l " 6  of  ~00 °. The  e r r o r s  a r e  

p l o t t e d  a s s u m i n g  a t y p i c a l  e r r o r  in <Y2> of  ± 0.02.  

F a r  f r o m  the  D - w a v e  r e s o n a n c e ,  the  da ta  on 

¢ cc IS I Z + 5 I D] Z can sometimes resolve the ambiguity. 

REFERENCES 

TRIPPE 68 Pt 28 B Z03 +CHIEN~MALANUD,MELLENA,SCHLEIN,+ (UCLA) 

CRENNELL b9 PaL 22 487 +KARSHON,LAI,O.NEALL,SCARR (BNL) 
OODO 69 PR 177 1996 +JOtDERSMAePALMER,SANIOS (BNL( 
GDLDBERG 69 PL ~O R %5~ SA~P.E CCLLABDR. (S~CL+ANST*BGNA+REH0*EPOLI 
SCHLEIN 69 ARGONNE CONF. 446 P.$CHLEIN (OCLA) 

ASTIER TO KIEV C O N F .  RAPP,TALK ON BOSON RESONANCES (EDF) 

FIRESTON Tl  PaL 26 1460 A.FIRESTONE,G.GDLDHABER~D.LISSAUER (LRL) 
MERCER 71 NP B32 381 +ANTICH,CALLAHAN,CHIEN,COX,~ (JOHN HOPKINS) 
YUTA TI PRL 26 1E02 +DERRICK,ENDELMANN, MUSGRAVE (ANL÷EFI|  

BINGHAN 72 NP B + (INTERNATIONAL K* CDLLABOKATIONI 
FIRESTDN T2 LBL 516, SUBN. PM +GOLDHABER, LISSAUER, TRILLING (LBL)PWA 

Z@ KA El2 ( l l T S t J P =  ) I - 312 

I K ~  = , ' ' '  " ' ( ~ 1 7 5 )  I EVIDENCENDTCOMPELLING. ONITTE . . . . . . . . .  E. 
FOR A DISCUSSION SEE RDSENFELD 6B AND 

/ GIACOMELLI 70 WHO CONCLUDES THAT IF THIS 
STATE HAS WIDTH NOT LARGER THAN lOO MEV, 
THEN ITS PRODUCTION CROSS SECTION IS I OR 2 
ORDERS OF MAGNITUOE SqALLER THAN THAT OF 
NON-EXOTIC K'So 

REFERENCES ON KA3/2(1175) 

WANGLER 6~ PL g TL T P WANGLERIA E ERMIN1W O WALKER (WISCONS| 
MILLER 65 PL 15 T4 MILLERIKOVACStMCILWAIN~PALFREY + (PURDUE) 
ROSENFEL BE FHILA.CONF. P.45E A.H.ROSENFELD (LRL) 
DODO 69 PR 177 1991 +JOLDERSNA, PALMERv SAMIO5 (BNL) 
CHO TO PL 32 B 409 +DERRICK~JOHNSON,MUSGRAVEI÷ (ANL+NWES+KANS) 
GIACOMEL TO PL 33 B 373 G, GIACDMELLI + (EGNA~SACL+ZEEM÷REHO+EPOL) 

**~*** ***~***** ********* ********* ~******** ********* ********* ******** 

I ' ~ ' ~ | ' "  ~ ' l  , 1 ~ . ~ 5 %  | E5 KA 5 'B  (1265 . . . .  ) I = 3 /2  

, I I ~  / ~ EVIDENCE NOT COMPELLING, OMITTED FROM TABLE. 
FOR A DISCUSSION SEE RDSENFELD 68, 

/ r  REFERENCES ON K=~/E (126E) 

FRENCH 6T NC 5ZA 442 +KINSBN+MCOONALD+RIODIFDRD+ (CERN+BIRM) 
RDSENFEL 68 PHILA.CONF.P.455 A.H.RDSENFELO (LRL) 
CNO 70 PL 32 E 409 +DERFICK,JOHNS~N,NUSGRAVE,+ IANL+NNES+KANS) 

*~**** ********* ********* ********* ********* ********* ********* ******** 

IQ  Gio.,    i1240--I 00)] B O REG, .... .  , ,  

There is a peak in the K*~ spectrum centered 

at about J300 MeV, or just about Z70 MeV above K$~ 

threshold. The Q(-- K~w) may be a hypercharge = 

I analog of the A~ (-" p~). 

However, in the case of the Q region, there are 

two additional complications: 

i) The K~(IZ40) or "C" meson, ~m-ith width only 

120 MeV, seems to be produced nondiffractively in 

PP capture at rest. 

Z) The Q peak in the I~w~ mass distribution does 

not have a simple Breit-Wigner shape (FIRESTONE 

70 and private communication from V. Henri, LBL). 
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Mesons 
O 

It  c a n  be  f i t t e d  b y  two B r e i t - W i g n e r  s h a p e s  (5 para- 
2 

meter fit) at all energies with reasonable X 

(FIRESTONE 70). 

T h e  dom.inant JP a s s i g n m e n t  throughout  t h e  Q 

r e g i o n  i s  i +.  K*~r i s  the  d o m i n a n t  d e c a y  m o d e .  

W h i l e  t h e r e  i s  Kp and  i n t e r f e r e n c e  b e t w e e n  K*w and 

K p ,  t h e r e  i s  no e v i d e n c e  for  o t h e r  d e c a y  m o d e s .  

B A R N H A M  70 g i v e  e v i d e n c e  Chat the  Kp and  

K*lr J P  = 1 + a m p l i t u d e s  v a r y  at  d i f f e r e n t  r a t e s ,  
+ 

and t h e r e f o r e  s u g g e s t  that  t h e r e  a r e  tw....~o i r e s o n a n c e s  

h e r e .  F r o m  the  c o h e r e n t  p r o d u c t i o n  of  Q in K d 

e x p e r i m e n t s ,  I = 1 / 2  i s  c o n f i r m e d .  

F o r  a r e c e n t  r e v i e w  s e e  S L A T T E R Y  7i .  

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

B E L O W :  Because of the  e v i d e n c e  that  t h e  Q reg ion 

covers m o r e  than one phenomenon,  the data cards 

are  a r r a n g e d  not in our  usual  chrono log ica l  

s e q u e n c e ,  but by  i n c r e a s i n ~  m a s s .  

2B O REGION MASSES (MEV) 

PRODUCED BY BEAMS OTHER THAN K MESONS 
1262.0 9 .0  lO.O ASTIER 69 HBC O PBAR P 

A THIS 1S THE E MESON. 
A ERRORS OF ASTIER 69 ARE STATISTICAL, TRUE UNCERTAINTY IS LARGER 

45 (1300 . )  CRENNELL 6T HBC O 6 PI- P.LK2PI 

PRODUCED BY K BEANS 
(1230 .0 )  {15 .0 )  BASSOMPIE 67 HBE 
(124D.0)  ( 5 . 0 )  BARNHAM TO HBC 

C ( 1 2 6 3 . )  ( 8 . )  GARFINKEL 710BC 
C (12E0.0)  ( 10 .0 )  ALEXANDER 69 HBC 

1260. 2~. FARDER 7G HBC 
( 1 2 7 0 . )  APPROX. DE BAERE 67 HOE 
( 1 2 8 0 . )  SHEN 66 HOD 

35(1280.0) (IO.Q) BASSOMPIE 67 HBC 
7 .  FRIEDNAN 69 HBC 1281. 

21 1300.0 10.0 ERWIN 69 HBC 
13OO.O 10.0  ABRAMS TO HBC 

65 1~01.0 IO.O BISHOP 69 HDC 
( 1 ~ 0 0 . )  APPROX. BARBARO 69 HBC 

12 LOZO.O 25.0  ALNEIDA 65 HBC 
C 70( IB20.O)  (10 .0 )  SHEN 66 HBC 
C (1320°0 |  ( 15 .0 )  DASSOMPIE 67 HBC 

[1325 .0 )  DENEGRI TI ODe 
13BB.O 6 ,0  BARTSCH 68 HBC 

( 1 3 4 4 . )  ( 8 . )  GARFINKEL 71DDC 

9•69 

+ 5.  K+ P 11167 
+ lO.O K+R,K 2PI E l71*  
+ 9 .  K+ D l l l T l ~  

9 .0  K+ P 5/70 
+ 1217 K÷ P 6 /70 
+ 3.5 R+ P T/E7 

O 4 .6  K+P,5 BODY 11167 
+ 5.  K+ P 11167 

2 . 6 t 2 . T  K- P • 9169 
0 3.5 K÷P(K* P I )  9/69 

+ 2 . 5 - 3 . 2  K+ P 11170 
+ 3 .5  K+P(K* PI )  9169 
÷ 12.K÷ P (K 2PI ]  9 /69 
+ 3-5 K+ P 8166 
+ 4 .6  K+ P 8/66 
÷ B. K+ P 11/67 

- 12.6 K-DvK 2PI D 5/T I~  
10. K-PvK NPI . 9/69 

+ 9. K÷ D 11/71" 
5170 
5 /71 "  

13DO.O) (2O.O( ALEXANDER 69 HBC 9.0  K+ P 
1420.0)  ( 5 . 0 )  BARNHAN TO HBC + lO.O KeP.K 2PI 
SPLIT THE g REGION INTO SEVERAL PEAKS. NOT AVERAGED. 

1298.8 L I .O  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 3 . 4 )  
(SEE IDEOGRAN BELOW ( 

U E I G H T E D  RUERRGE = 1 2 9 B . B  * 1 1 . 3  

ERROR SCRLED BY 3 . 4  

• BRRTSCH Bf l  HBC 

• R L M E I O R  SS HBC 

• B I S H O P  6 9  HBC 

.ABRRHS 7 0  HBC 

E R U I H  6 9  HBC 

- F R I E D M A N  6 9  HBC 

-FRRBER 7 0  HBC 

- ~ S T I E R  6 9  HBC 

t 2 0 0  1 2 5 0  1 3 0 0  1 3 5 0  1 4 0 D  

U N S P L I T  g R E G I O N  n ~ S S  ( H E U ]  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C H I S Q  

3 6 . 5  

0 . ?  

0 . 1  

0 . 0  

0 . 0  

6 . 4  

3 . f l  

3 5  i ? 

B 3 , 2  

( C D N L E U  
= 0 . 0 0 0 ]  

28 Q REGION WIDTHS (NEV( 

M PRODUCED BY BEAMS OTHER THAN R MESDNS 
N 12T. O T.O ZB.O ASTIER 69 HBC O PBAR P 9 /69 
W A ERRORS OF ASTIER 69 ARE STATISTICAL. TRUE UNCERTAINTY IS LARGER 
W 45 ( 6 0 . |  CRENNELL 67 HBC O 6 P l -  P 7167 
U 
W PRODUCED BY K BEANS 

~=1200 DASSONPIE 6T 
( 6 0 . 0 )  (20.01 BASSOMPIE 67 HBC + 5.  K+ P 11167 

W N~IZ4O GARNHAM TO 
B C (110 .0 )  ( 15 .0 )  BARNHAM TO HBC + 10.0 K÷PIK 2Pl 5171" 
W M=I24B GARFINKEL T1 
W C [ 7 0 . )  ( 2 6 . )  ( 1 8 . }  GARFINKEL TI DBC + g. K+ O 11171* 
N N=1260 ALEXANDER 69 
N C 160.0)  ( lO .O)  ALEXANDER 69 HBC 9 .0  K÷ P 5/70 
N N=1260 FARBER 70 
N 180. 28,  FARBER 70 HBC ÷ 12.7 K+ P 6/70 
N HeIZTO APPROX. DE DAERE 67 
N (20~* )  APPROX* DE BAERE 67 HBC + 3 .5  K+ P 7/67 
R R=lZBO SHEN 66 

C (100 .0 )  (20 .0 )  SHEN 66 HBC ÷ O 6°6 KePs5 BODY 11167 
M=1280 BASSONPIE 67 

W C 35 (80 .  O) (ZO.O) BASSOMPIE 67 HBC + 5.  K+ P 11167 
W M=1281 FRIEDMAN 69 
W 51. 22. FRIEDMAN 69 HBC - 2 .612 .T  K- P 9 /69 
N q~1300 ERBIN 69 
N 21 4O*O 15.0 ERWIN 69 HBC 0 3°5 K÷P(K= P I |  9169 
W M=IBOO ABRAMS 70 
R 80.0  2O.G ABRAMS 70 HBC + 2 . 5 - 3 . 2  K+ P 11170 
W M~IBOl BISHOP 69 
w 45 40 .0  10.0 BISHOP 69 HOG ÷ B.E K÷P(K* P~) 9/69 
N N=1800 APPROX. BARBARO 69 
W B 250. APPROX. BARBARO 69 HOD ÷ 12.K+ P (K 2PI)  9169 
W B NO BACKGROUND SUBTRACTION. 
W M=IB20 ALNEIDA 65 
N 12 60 .0  20o0 ALMEIDA 65 HBC + 3-5 K+P 8/b6 
W M=L320 SHEN 66 
N C 70 18O.O) IZO.O) SHEN 66 HBC + 4 .6  K+P 8/65 
W M=1320 BASSONPIE 67 
W C lEO.O) (20 .0 )  BASSOMPIE 67 HBC + 5. K~ P 11167 
W M=1325 DENEGRI 71 
B ( 1 8 0 . 0 )  OENEGRI 71DBC - 12.6 N-OtK 2PI D E l71*  
M M=~325 BARTSCH 68 
N 196.0 16,0 BARTSCH 68 HBC l O .  R- P~K NPI • 9/69 
N M=lB44 GARFINKEL 71 
N C ( 6 0 . )  OR LESS GARFINKEL 71 DOE + 9.  K+ D 11171* 
W R=1380 ALEXANDER 69 
W C (L2O.O) (20 .0 )  ALEXAflOER 69 HBC 9.0  K+ P 5 /70 
N M=1420 BARNHAN 70 
R ~ 
W 
W 
W AVG 

(120.OJ (15 .0 )  8ARNHAM 70 HBC + lO.O K+P.K 2Pl 5171, 
SPLIT THE Q REGION INTO SEVERAL PEAKS. NOT AVERAGED. 

B2°5 21.6  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 3 .8 )  
(SEE IDEOGRAM BELOW ) 

N E I G H T E D  gUERRGE = O 2 . 5  = 2 1 . 6  

ERRDR SCRLED BY 3 . B  

- - - - I ~ - - . B q R T S C H  

. . . . . . . . . . . . .  @LMEID@ 

-4-- . . . . . . . . . . . . . . .  B I S H O P  

. . . . . . . . . . . . .  @BR@NS 

. . . . . . . . . . . . . .  E R U I H  

, ~ / ' ~  A . i E O . . .  
l V \ ' ~ ' ' ' F n R B E R  

- ~ - ' ~  . . . .  ~ n S T I E R  

1 , 1 j 
0 1 0 0  2 0 0  3 0 0  

U H S P L I T  O R E G I O N  N I D T H  [ M E U ]  

C H I S g  

BO HBC 5 0 . 3  

6 5  HBC 1 . 3  

Bg HBC 1 B . 1  

7 0  HBC 0 . 0  

B9 HBC B . O  

6 9  HBC 2 . 1  

? 0  HBC 1 2 . 1  

6 9  HBC 7 . ?  
9 9 . 6  

(CONLEU 
= O . O O O )  

28 Q REGION PARTIAL DECAY MODES 

DECAY MASSES 
P l  O REGION INT~ K*(890)  PI 493+ 139+ 139 
P2 Q REGION INTO K RHO 693+ 139÷ log 
P3 g REGION INTO K PI 493÷ 139÷ 139 
P6 o REGION INTO R ETR 6 , , +  . 9 +  1 .  
P5 Q REGION INTO K OMEGA 493+ 139+ 139 
P6 Q REGION INTO K P[ PI 693+ 139+ 139 

. . . . . . . . . . . . . .  ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2B q REGION BRANCHING RATIOS 

PRDOUCED BY BEAMS DTHER THAN K MESONS 
RI O REGION INTO (K RHD)/TDTAL (UNITS OF 1 0 " * - 2 |  (PZ( 
R[  75 ,0  10.0  ARMENTERO 66 HBC O.O PBAR P 
R2 O REGION INTO (K* PII/TOTAL (UNITS OF 1 0 " * - 2 }  (P I |  
R2 25 .0  IO.O ARMENTERO 64 HOD O.O PBAR P 
R9 Q REGION INTO (K÷ P I - I  / (K+O PIO÷ P I - )  
R9 ( 0 . 2 )  OR LESS CL=.90 ERENNELL 67 HBC 0 6 .0  PI-P 
RIO O REGION INTO (KO PI+ P I -  PIOl / (K+O PIO+ P I - )  
R10 ( 0 . 1 ]  OR LESS CL=.9O CRENNELL 67 HBC O 6 .0  PI-P 

6166 

6166 

7/67 

7/67 
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PRODUCED BY K BEAMS 
RI O REGION PEAK INTO (K PI I  / ( R e ( B 9 0 1 P I )  ( P 3 ) / ( P l l  
RI (O.B) ~R LESS SHEN 66 HBC R.6 K+P, 5 BODY 
~I Q REGION PEAK INTO K*(890)  PI AND K RHO (OVERLAPPING BANDSIIPI+P 
RI TO ( l . O ]  SHEN 66 HBC + 6o6 K÷P 
RZ O REGION PEAK INTO (N DMEGAI/(K*(890) P l )  ( R E I / I P I I  
R2 (O .1 (  OR LESS SHEN 66 HDC ÷ 4.6  K÷P 
RB O REGION PEAK INTO (K PI I  / (K$(890) PI(  ( P 3 I I ( P I (  
R8 (0=301 OR LESS SHEN 66 HBC ÷ A.6 K+P 
RI A Q REGION INTO K*(Bgo) PI AND K RHO (OVERLAPPING BANDS) [PI+PZ) 
RI 200 ( 1 . 0 )  BERLINGHI 67 HBC ÷ 12.7 K+ P 
R2 A O REGION INTO (K P l )  / TOTAL (P31 
R2 (O=OE) OR LESS BERLINGHI 67 HBC ÷ 12.7 K÷ P 
R2 ( 0 . 0 2 )  OR LESS CL=.Dri BARTSCH 68 HBC - EOoO K- P 
R3 Q REGION INTO (R ETA) / TOTAL (PR) 
RB (O.OE) OR LESS 8ERLINGHI 67 HBC + 12.T K+ P 
RA O REGION INTO (K OMEGA) / TOTAL (PSI 
R6 (0=02) OR LEES BERLINGHI 67 HOC + 12.7 K+ P 
R~ O REGION INTO (K RHOI / (K*(BDD) PI I  ( P Z ) / ( P I (  
R4 12 0 .01 D.005 BARTSCH 68 HBC - 10.0 K- F 
R5 0 .91 0.25 BERLINGHI 6T HBC ÷ 12.T K+ P 
R5 701 0.4 0 . I  BARTSCH 68 HEC - lO.O K-- P 
RB . . . . . . . . .  
R5 AVG O.AT 0.1B AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .9 )  
R6 D REGION INTO (R PI)  / (K * (890 )  PI)  ( P 3 ) / ( P I I  
R6 ( 0 . 2 1 }  OR LESS DE EAERE 67 HBC + 3.5 K+ P 
R7 O REGION INTO (K PI PI)  / TOTAL (PSI 
R7 201 0 .22 0=08 BARTSCH 68 HBC - 10=0 K- P 

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

REFERENCES FOR D REGION 

PRODUCED BY BEAMS OTHER THAN N MESONS 

ARRENTER 64 DUBNA CONF 1 577 ARMENTEROS,EDRAROS~D-ANDLAU + (CERN÷CDF) 
SEE ALSO PL 9 ,  207 

ALSO DUBNA CONF I 617 R ARMENTEROS (RAPPORTEUR) 
ALSO 16 PR 14ri 1095 BARASH,KIRSCH,NILLER,TAN (COLUMBIA) 

CRENNELL 6T PRL 19 64 ÷KALBFLEISCH,LAI,SCARR,SCHUNANN (BNL)I  
ASTIER 69 NP B 10 61 eMARECHALeNONTANET,÷ (CDEF+CERN÷IPNP+LIVPIIJP 
BETTINI 69 NC 62 A 1 0 3 8  +CRESTI,LIMENTANI,BERTAUZA,BIGI÷(PADO÷PISA)I 

PRODUCED BY K BEAMS 

ALMEIDR 65 PL 16 184 ALMEIDA,ATHERTON,BYER,DORNAN,FORSON÷(CAMBR) 

SHEN 66 PRL 17 726 +BUTTERWORTM,FU,GOLOHABERSTTRILLING (LRLI 
ALSO 66 (RRIVATE COMSUN)GERSON GOLOHABER (LRL) 

BAS$OMPI 67 PL 26B 30 BASSONPIERREvGOLOSCHMIDT+ (DERN+BRUX+EIRN)IJP 
BERLINGH 67 PRL 18 1087 BERLINGHIERI+FARBER+FERBEL+FORMAN (ROCH)IJP 
DE BAERE 67 NC A9A 374 +DEBAISIEUX~FAST+FILIPPAS+ (CERN+DRUX) 

AND PRIVATE COMMUNICATION BY B. JONGEJANS 

BARTSCH 68 NP BB 9 +COCCONIt+ (AACH+BERLeCERN÷LOIC+VIEN) 
BOMSE 6B PRL 20 1ri19 +B~RENSTEIN,CALLAHANtCOLE~COX~+ (JOHNHOPK) E+ 
OENEGRI 68 PRL 20 1194 +CALLAHAN+ETTLINGER+GILLESPIE÷ (JDHNHOPK) 1÷ 

ALSO TO ANTICH 

ALEXANDE 69 NP E 13 503 G. ALEXANOERIFIRESTONEtGOLDHABER,÷ (LRL) 
ANDREWS 69 PRL 22 731 +LACHtLUDLAN,SANDNEISSvBERGER,+ (YALE÷LRL) 
BARBARO 69 PRL 22 1 2 0 7  EARBARD-GALTIERI,DAVIStFLATTE,+ (LRL) 
COLLEY 69 NC A 59 E19 +EASTROOO,+ (BIRM÷GLAS÷LOIC÷MPI~+OXF÷RHEL( 
WERNER 69 PR 188 2020 +ANNAR,OAVIS,KROPACfYARGER,CHO,÷ (NNES+ANLI 1+ 
BISHOP 69 NP B 9 403 +GOSHANvERWIN,WALKER (WISC) 
ERWIN 69 NP B 9 364 ÷WALKER,GOSNAW,WEINBERG (WISC÷PRIN÷VAND) 
FRIEDMAN 69 UCNL-18860 J.FRIEDMAN,PH.D. THESIS (LRL) 
CHIEN 69 PL 29B 43B ÷MALAMUO,MELLENAtRUI~';ICK,SCHLEIN~ (UCLAt 
CHUNG 69 PR 182 1443 +EISNER+BALI+LUERS (BNL) 
WERNER 69 PR 188 2023 +ANNAR,OAVIS~KRDPAC~YARGER,CHO~ NWES+ANL 

ABRAMS 70 PRO 1 2 4 3 3  +EISENSTEIN~KIM,MARSHALLIO-HALLORANt+ (ILLI 
ANTICH 70 NP B 20 201 +CARSON,CHIEN,COX, OENEGRI,ETTLINGER,+ (JHU) 1÷ 
BOWLER TO PL 3 1 B  Slri M.G. EOWLER (OXFORD) 
FARriER 70 PRD I 78 +FERBELfSLATTERVtYUTA (ROCH} I+ 
FIRESTON TO PHILAD.C3NF.P.229 A. FIRESTONE REVIEW (LRL) 
BRRNHAR 70 NP B 25 49 ÷COLLEYtGRIFFITHS,ALPER,÷ (BIRM+GLRS÷OXF) 1+ 

DENEGRI TI NP B 28 13 +ANTICHICALLAHANtCARSON.CHIENtCOX~÷ (JHOP) I+ 
FORNAN 71PR D 3 2610 +GELFAND,LEARY,MOSER~SEIDL~NOLFSON (EFI I  
GARFINKE 71PRL 26 1505 GARFINREL~HOLLRNOtCARNONY,LANDER+(PURD+UCD) 1+ 
SLATTERY Tl UR-BTri-332(PREP) P.SLATTERY,A REVIEW OF STRANGE MESONS(ROCH) 

11/67 

8•66 

10166 

10166 

7•67 

11/67 

11/67 

11167 

9•68 
11167 
9/68 

' "  ' z 3 v o "  21 RN , 1  . . . . . . . .  
NEEDS FURTHER C~NFIRNATION TO BE REGARDED 
RS WELL ESTABLISHED. OMITTED FROM THE TABLE. 

JR=O+ FAVORED, THIS INTERPRETATION PLOTTED IN 
KAPPA NINIREVIEW. 1 - , 2 +  NOT RULED OUT. 

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

21 KN (1370) MASS (NEV) 

FIRESTONE TE DBC O 12. K+ N,K+PI -  P M E (1370 . )  APPROX. 
M E EVIDENCE BASED ON A SHARP CHANGE OF THE (K PI I  ANGULAR 
M E DISTRIBUTION AT 1400 NEV. 

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

21 KN (13TO) WIDTH (NEV( 

W E (1E~ . I  OR LESS FIRESTONE 71 DEC O 12. K+ N,K÷P1- P 

REFERENCES FOR KN(13701 

FIRESTON 71PRL 26 1460 FIRESTONEtGOLDHABERvLISSAUER (LRL) 

11/66 

9/68 

22 RN ,1420.  . . . .  , , . 1 1 2  

I - - "  " 1  JP = 3-  IS UNLIKELY OUT NOT YET COMPLETELY RULED OUT. 

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

22 KN(142D) MASS (MEV) 

R FOr( DIFFICULTIES IN MEASURING MASS DIFFERENCE, SEE TYPED NOTE UNDER K* 

M CHARGED ONLY, WITH FINAL STATE K PI 
N 1440. 24 .0  40.  DE BAERE 67 HBC 
g 1423. 21.  ADERHOLZ 68 HBC 
N 1401.0 20.0  SCHNEINGR 68 HDC 
M 1427.0 9 .0  SCHWEINGR 68 HBC 
M 142S.0 11.0 BISHOP 69 HBC 
M IA16.O 10.0 CRENNELL 69 DBC 
M 1614. 11. LIND 69 HBC 
M 14BO. l B .  ABRAMS TO HBC 
M 1400 1A20.0 3 .1  AGUILAR1 71 HDC 
N 200 1425. 6.  riARNHAM 71 HBC 
N . . . . . . . . .  
M AVG 1421.3 2 .3  AVERAGE (ERROR INCLUDES 

M CHARGED ONLY, WITH OTHER FINAL STATES 
M EROO=O 20=0 BADIER 61 HBC 

20 1640.0 20.0  DUBAL 68 MRS 
B 2AO 1396= 6 .  ~ASSOMRIE 69 HBC 

M ( 1 4 1 1 . )  ( 7 . )  FRIEDMAN 69 HBC 

÷ 3 .5  K+P (K+ PIO) 10166 
- 10 K- P (K PI )  6 /68 

9 ,1  K- P (K PI(  2 /72*  
- 5.5 K- P (K PI I  9167 

÷ B.5 K~ P 9 /69 
- B,9 K-N (KOPl- )  7 /69 

+ 9 .  R+ P(KO PI+)  9 /69 
÷ 2 . 5 - 3 . 2  R+P,K2PI 11/70 

- 3 , 9 , A . 6  N- P 11 /71 .  
+ K÷ P,KO Pl+ P l / T E *  

SCALE FACTOR OF 1=0) 

- 3 .  K-  P ( K , P ) )  10/66 
- 11.E K- P 6/68 

+ E K÷P (K 2PI) 11/69 
- 2 . 7  K - P  (K 2 P l )  2 / T 2 "  

SCALE FACTOR OF l . r i )  
W . . . . . . . . .  
M AVG 1 3 9 9 . 7  8.2 AVERAGE (ERROR INCLUDES 

M CHARGED AND NEUTRAL 
M 1 . . . .  o IE.O FOC . . . .  6,.BC - 0 3 .  N - P (  . . . . .  0,66 
M 1090.0 30.0  SHEN 66 HBC + 0 4 .6  K+ P (K P l )  10/66 
M 1430.0 10.0 SHEN 66 HBC + 0 4 .6  K+ P (K*P I (  10/66 
M 1423.0 7 .0  BAGSANO 67 HBC -0  4 . 6 ,  5.0 K- P 10167 
N 1420.0 lO.O C-OLOHABER 67 HEC 9.0  K+ P(K 2P l }  10/6T 
M . . . . . . . . .  
M AVG 1421.2 R.T AVERAGE )ERROR INCLUDES SCALE FACTOR OF l .  OI 

N NEUTRAL ONLY 
M 1446.0 7 .9  OAHL 67 HBC 0 4oF( -  P (KPII  10166 
M 1621.0 l r i .  O KANG 68 NBC 0 9 .6  K- P 7/69 
N 1605.0 1B.O SCHWEINGR 68 HBC O 4.1 K- P (K PI) 9/67 
q 1097.0 19.0 SCHMEINGR 68 NBC O E.5 K- P {K PI)  9167 
M B 420 1421. 5.  8ASSDRPIE 69 HBC O ri K+P (K PI( 11/69 
M B EASSONP. ERRORS ENLARGED BY US TO GAMMA/SORT(N)= SEE K* TYPED NOTE. 11/69 
M 2200 1421.1 2 .6  DAVIS 69 HBC D 12. K+ P IN+P[ - )  9/69 
R 1BOO 1419. I 3.7 AGUILARI 71HBC D 3 . 9 , A . 6  K- P 11171* 

6 0 0  1416. 6.  CORDS Tl OBC B 9. K÷ N,K* Pl- P 2172" 
M . . . . . . . . .  
M AVG 1A21.3 2 .6  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.E) 

(SEE IDEOGRAM BELOW ) 

QEIGHTED AUERAGE = 1 4 2 1 . 3  • 2 . 6  

ERROR SCALED BY 1 . 5  

. . . . . . . . .  CORDS ?1  ODD 

. . . . . . . .  R G U I L A R t  71  HBC 

• D A U I s  6 9  HBC 

-BASSDMPIE 6 9  HBC 

• SCHUEINGR 8B HBC 

~ " 5 C H Q E I N 6 R  6B HBC 

r - ' - -  . . . . . .  KANS 6 8  HOD 

• DAHL 6 7  HBC 

1 3 6 0  1400 1440 1400 

NEUTRAL  K N ( 1 4 2 0 )  MASS ( M E U )  

CHZSQ 

O . B  

0 . 3  

O . O  

0 . 0  

0 . I  

I I  .O 

(CDNLEU 
=O,OSI ;  

22 NN(1420) WIDTH (NEVI 

W CHARGED ONLY, WITH FINAL STATE K PI 
W 175. 57. ADERHOLZ 68 HDC 
W l l O , O  25.0  BISHOP 69 HBC 

'W 96. |B .  LIND 69 HBC 
W BO.O 20 .0  ABRAMS 70 HBC 
w 1A00 94.7  IE.1  12,E AGUILAR1 71 HBC 
N 200 111. 20. BARNHAM 71 HBC 
w . . . . . . . . .  
w AVG 99.1  6.1 AVERAGE (ERROR INCLUDES 

N CHARGED ONLY, WITH OTHER FINAL STATES 
g 105.0 30.0  EADIER 65 HBC 
N D 260 110. 25. BASSORPIE 69 HBC 
M ( 4 3 . )  (10.1 FRIEDMAN 69 HBC 
W . . . . . . . . .  
w AVG IOB.O 19.2 

w CHARGED AND NEUTRAL 
W 9 2 . 0  1 ~ . 0  
W TS.O 25.0  
W 65.0  2O.O 
N 80.0  20.0  
N 107.0 ZO.O 
W . . . . . . . . .  
w AVG 85.9  8 .4  

- 10 K- P (K P I ]  6/68 
3 .5  K+ P 9/69 

+ 9.  K÷ P 5170 
+ 2 . 5 - 3 . 2  K+PIK2PI 1 1 1 7 0  

- 3 . 9 t 4 . 6  K- P l l / T l *  
K+ P,KO PI÷ P IPZ*  

SCALE FACTOR OF l . O )  

- B=O K-P 6166 
5 K~P (K 2RE) 11/69 
2.T K-P (K 2PI)  2/T2~ 

AVERAGE (ERROR INCLUDES SCALF FACTOR OF l . O I  

FOCARDI 65 HBC -O 3 .0  K- P IN PI} 
SHEN 66 HBC + 0~.6 K÷ P B/66 
BASBAND 6T HBC -0  6 . 6 ,  5.0 K~ P 1016T 
C~3LDHABER 67 HBC 9.0  K÷ P(K 2PI)  10/67 
SCHNEINGR 68 HBC -O 4 . 1 - 5 . 5  K-P 9/67 

AVERAGE (ERR~ INCLUDES SCALE FACTOR OF 1 .0 )  



Data Card Listings 
For notation, see key at front of  Listings. 

85 
M c s o n s  

Kx(14~0), Kx(1660), Kx(1760) 

w NEUTRAL ONLY 
W 61 .0  24.0 OkHL 6T HBC O 3 . 8 - 4 . 2  Pl -  P 9/66 
W 116 .0  17 .0  KANG 68  HBC O 6 .6  K -  P T/69 
W B ~20 110. 21.  ~ASSOMPIE 69 HBC 0 E K+P (K PI)  11/69 
W B BASSONP. FRRORS ENLARGED BY US TO 4*GAMNA/SQRT(N). SEE K* TYPED NOTE. 11/69 
w 2200 l O l .  10. DAVIS 69 HDC O 12. K÷ P (K PI)  9169 
M 1800 116.E 10.3 15,5 AGUILANI 71 HBC O 3 .9~4 ,6  K- P I I / 7 1 *  
w 600 144. 22. CORDS T l  DBC O 9 .  K+ N ,K÷  P I -  P 2 /T2"  
W . . . . . . . . .  
W AVG 108.3 7 .8  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .2 )  

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

22 KN 114201 PARTIAL DECAY NODES 

DECAY MASSES 
Pl  KN(1420( INTO K PI 493÷ 13R 
P2 KN(1420) INTO K* (890)  PI 891+ 139 
P3 KN(14EO) INTO K RHO 493+ T6E 
P4 KN(1420( INTO K OMEGA 49S÷ TOG 
P5 KN(1420) INTO K ETA 693+ 548 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
22 KNII420) BRANCHING RATIOS 

RL KN(142DI INTO (K PIIITOTAL I P l l  
RI R (O .3T}  (O .ED)  GAOIER 68  HDC 3 .0  K-P 6266 
RI R ( 0 , 3 9 )  ( O . l l |  DASSANO 6T HBC - 4,6e E,O K-  P 10/67 
R1 R WE CANNOT USE THIS STATISTICALLY REDUNDANT RATIO. AUTHORS 
RI R OBTAIN IT MERELY BY SUBTRACTING FRON UNITY THEIR 
RI R MEASUREMENTS OF OTHER RATIOS. 
E l  . . . . . . . . .  
F1 FIT B.E63 0.030 FROM FIT 

R2 KN(1420) INTO (K=(890)  P I J  / TOTAL IF2) 
P2 0 ( .A1 )  10.14) BADIER 65 HBC 3.0  K-P 6166 
R2 Q IO.4T( 10.101 8&SSRNO 6T HBC - 4 . 6 ,  ~ ,0  ~ -  P lO16T 
R2 . . . . . . . . .  
RZ FIT 0.278 0 ,027 FRON FIT 

R~ KN(1420] INTO (K RHO)/TOTAL (P3| 
R3 Q 10.14) (O,OB) BAOIER 65 HBC 3 .0  K-P 6/66 
R~ 0 ( O . [ 4 )  (O , lO )  BASSANO 67 HBC O 4.6~ 5.0 K- P 10/67 
R3 . . . . . . . . .  
R~ FIT O,O9E 0.025 FROM FIT 

R4 KN(1420) INTO (K DHEGA)/TOTAL (PA( 
R4 O.OT 0 .04  BADIER 65 HDC 3 .0  K-P 6 /66 
R4 . . . . . . . . .  
R4 FIT 0.0A5 0.017 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

RE KN([A201 INTO (K ETAI/TOTAL (PS) 
RS 0.02 0,02 BADIER 65 HDC 3.0  K-P 6/66 
RE . . . . . . . . .  
RE FIT 0.020 0.020 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 
R 5 (O.02E)OR LESS OASSONPIE 89 HBC ~,O K+ P 9/68 

R6 KN[14201 INTO ( K * ( 8 9 0 I  PI)  / (K PI )  (PE) / (PZ)  
R6 6 0 .33  0.33 CHUNG 65 HBC + O 3 . 9 - 4 . 2  P l -  P 8/66 
R6 0 .65 O.2O SHEN 66 HBC O N* PRODUCED 10/66 
R6 Q (0.631 10.201 SHEN 66 HBC + NO N* PROOUCEO 10/66 
R6 0 ,52 0.12 ~CHNEINGR 68 HBC O 4 .1+5 .5  K- P 10/67 
R6 O (0 ,91 ( 0 . 2 )  BASSOMPIE 69 HBC + O 5 K÷P 9169 
R6 Q 84 (B.9S)  10, [11 BISHOP 69 HBC 3.~  K÷ P 9 /69 
R6 0 .47  0.08 AGUILARL TL HBC 3 .914 .6  K- P ~1 /T1"  
R6 . . . . . . . . .  
R6 AVG 0.496 0.062 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 }  
R6 FIT 0 .494 0,062 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

RT KN(1420) INTO (K OMEGA) / K PI ( P A l / I F 1 )  
RT IO.OSl OR LESS SHEH 66 HBC A.6 K÷P 8/66 
RT ( 0 . 2 |  OR LESS 8RSSOMPIE 69 HBC + ~ K+ P 9/69 
R7 0 .13 O,O7 DASSONPIE 69 HDC O 5 K÷ P 9/69 
R7 0 .05 O,OA AGUILAR1 71HBC 5 . 9 - 6 . 6  K- P l l / T I *  
R? . . . . . . . . .  
R7 AVG O. OTO 0.035 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,Ol  
RT RIT 0.080 0.031 FROM FIT (ERROR INCLUOES SCALE FACTOR OF l . O )  

RB KN(14~O) INTO (K RHO) / (K PI )  ( P 3 ) / ( P 1 )  
R8 ( o . o g }  OR LESS CHUNG 65 HEC + O 3 . 9 - 4 . 2  P I -  P B / 6 6  
R8 0.26 0.16 SCHNEINGR 68 HBC O 4 .1÷5 .~  K- P lO/6T 
R8 ( O . 2 l  OR LESS ~SSOHPIE 69 HBC ÷ 5 K÷ P 9 /69  
R8 ( O . 3 l  OR LESS ~SSONPIE 89 HBC O E K+ P 9 /69 
RB Q l~  ( 0 . 1 1 )  ( 0 . 0 6 )  BISHOP 69 HBC 3,5  K÷ P 9 /69 
R8 0 .16 O.Ofi AGUILARI 71HBE 3 . 9 , 4 . 6  K- P 11 /71 .  
Re . . . . . . . . .  
R8 AVG 0.169 0 .048 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l . O I  
RB FIT D,16B O.04B FR~A FIT tERROR INCLUDES SCALE FACTOR OF 1 ,0 )  

R9 KN(1420) INTO (K RHO( / (K~(890)  P ] )  ( P 3 ) / I P E (  
R9 ( 0 . 3 9 )  OR LESS BASSOMPIE 67 HOE ÷ 5 ,  K+ P 9 1 6 7  

(O,AO) OR LESS CL=,9O FIELO 6T HBC - 3 ,8  K- P 6lET R9 
R9 , . . . . . . . .  
R9 FIT 0.34 0,11 FRON FIT 

RlO KN( [420)  INTO (K nqEGA) / (K*(BgOI P I ]  ( P 4 ) / ( P E )  
RIO 0 ( O . l O }  IO.OA) FIELD 67 HOE - 3 .8  K- P 6/6T 
RIO . . . . . . . . .  
RIO FIT O°L6Z 0.066 ;RON FIT 

Rl1 KN(14201 INTO CK ETA) / ( K * ( 8 ~ I  P I )  ( P S ) / ( P Z )  
R I I  G (O.O7l (O.O4) FIELD 67 HDC - 3 .8  K-  P E/67 
R11 , . . . . . . . .  
R l l  FIT O. OTI 0 .074  FROM FIT 

R12 KNI14EO) INTO (K ETA) / (K P I )  ( P S I / I F 1 (  
R12 (G. O2I OR LESS BISHOP 69 HBC 3,E K÷ P 9269 
R12 (O*O4) OR LESS ELf.DE AGUILAR1 ?E HBC 3 .9 -4e6  K- P 111Tl= 
R12 . . . . . . . . .  
RI2 FIT 0.035 0.036 FROM FIT 

R Q FOLLOWING SUGGESTION BY AGUILAR TOe WE DO NOT MAKE USE OF MEASURE- 
R Q RENTS WHERE TNE (K PI P l l  BACKGROUND SUBTRACTION IS OIFFICULT DUE 
R Q TO THE NEARBY Q REGION. 

~ I T T E D  P A R T I A L  D E C A Y  M O D E  BI~CEI INO ~ P ~ A C T I O N S  

T h e  ~ t r i x  below i s  d e r i v e d  f r o m  t h e  e r r o r  r ~ a t r i x  ( o r  t h e  f i t t e d  p a r t i a l  decay mode 

b r a n c h i n g  E r a c t i o n ~ .  P i '  as f o U o w e :  The d i a K o I ~ l  e l e m e n t s  a r e  ~ [ ~ B P  i ,  w h e r e  

6P[ = - - - - ~  , wh[Ee  t h e  o~-d i&~oz~  elements ~ r e  the ~ r ~ l i n e d  ¢ o r z e [ ~ [ o n  

c i e n t n  ~ A P i A P  j ~ / ( E P  i • S ~ j ) .  F o r  t ~ e  d e ~ i n i t i o ~ s  oI  t h e  i n d l v i d u a ]  P i '  s e e  t h e  l i s t i n g s  

a b o v e ;  o ~ y  t h o s e  P .  & p p c a r i u g  i n  t h e  ~ t r i x  a r e  a s s u m e d  i n  t h e  Eit  t o  b e  n o n = e r o  &rid 

a r e  t h u l  c o n s t r a i n e d  t o  a d d  to  E. 

P I P Z P 3 P 4 P B 
p [ . 563+ - . 038  W a r r ~ :  K~mode 
P Z - . 3 3 Z  .2TB÷-.OZT z ~ a y ~  o~erest i -  
P 3 - . 3 6 7  - . 3 7 4  . 0 9 5 + - . 0 2 E  ~r~tte~ See Eoot- 
P 4 - . 2 2 6  - . 2 3 3  - . 1 1 8  .065÷-*OIT  note (o) DE Meson 
P S - . 3 8 8  - . 2 1 0  - .OT9 -.OSO . OEO+-, 020 Table, 

REFERENCES FOR KN( 14201 

BADIER 65 PL 19 E12 8ADIER~DENOULIN~GOLDBERG+ (EP÷SACLYeZEENAN) 
CHUNG 65 PRL 15 328 +DAHL, HARDY ~ HESS~ JACOBS ~ K IRZ~ M I LLER (LRL) 
FOCAROI 65 PL 16 3BI FOEARDI~NINGUZZ| RANZItSERRA÷ (BOLOGNA÷CEN) 

SHEN 86 PRL 17 726 +BUTT ERWORTH~FU eGOLOHABERS t TRILL ]NG (LRL) 
ALSO 66 (PRIVATE COMNDN)GERSON GOLDHABER (LRL) 

BASSANO 6T FRL L9 968 
DASSONPI 67 PL 268 30 
CRENNELL 67 PRL [9  44 
DAHL 67 PR 183 13TT 

ALSO 65 PRL 14 401 
DE BAERE 6T NC 5 1 A  401 
FIELD 67  PL 24D 638 
GOLDHABE 67 PRL 19 972 

ADERHOLZ 68 NP B 5 567 
ALSO 66 PL 22 857 

ANTICH 68 PRL 2 l  [BA2 
DUDAL 88 THESIS 1456 
KANG 68 PR 1 7 6  158T 
SCHWEING 68 PR 166 1317 

ALSO 67 THES(S 

6ASSOMFI 6e NP BIS LS9 
ALSO 69 DE BRERE 
ALSO TO DE RAERE 

DISHDP 69 NP B 9 60B 
CRENNELL 69 PRL 22 487 
DAVIS 69 PRL 23 lOT1 
DE BAERE 69 NC 61 A SOT 

ALSO TO DE DAERE 
FRIEDMAN 69 UCRL-18880 
LIND 6 9  NP B 14 1 

ABRAMS 70 PR D [ 24S3 
AGUILAR TO FRL 25 1S62 
BIRHINGH TO KIEV CONF. 
CHARRIER TO CERN RHYS TO-DO 
DE BAERE 70 EERN PHYS TO 4 [  

AGUILARI T1 RR O ~ 2583 
BARNHAM 71 NP B 28 1T1 
CORDS 71 PR D 4 1974 
SLATTERY 7E UR-875-332(PREF) 

OEUTSEHM 7E NP G DB B73 

÷GOLDBERG~GO2~BARNES~LE[TNER+(OINL+SYRRCUSE( 
BASSOMPIERREeGOLDSCHMIDT+ (CERN+BRUX+BIRN)IJP 
÷KALBFLEISCH~LAI~SCARR,SCHUNANN (BNL) 
÷HARDY+HESS+KIRZ+MILLER (LRL( 
HARDYeCHUNGIDAHL~HESSIKIFZ,MILLER (LRL) 
÷GDLDSCHMIDT-CLERMDNT~HE~I+ IBRUX÷CERN| 
÷HENDR1C~S÷PICCIDNI÷YAGER (LAJOLLAI 
G.GDL[~'IABERIFIRESTONE~SHBN (LRL) 

+DEUTSCHNANN÷ (AACH÷BERL÷CERN+I.C.+VIENN~) 
BARTSCHIDEUTSEHHANNtNORRISON+ (ABCL(ICIVI 

+CALLAHANtCARSON~COXIOENEGRI~÷ (JHOR) 
L.DUBAL (GENEVE) 
Y.N.  KANG (IOWAI 
SCHNEINGRUBER~DERRICK~FIELDS~ANMAR÷(ANL÷NW) 
F.L.SCHWEINGRUBER (NORTHgESTERN~EVANSTON) 

GASSOHFIERE~GOLDSCHHIOT-CLER~.÷ (CERN~BRUKI JP  

+GOSHAN~ERMIN~WALKER (WISE] 
+KARSHON~LAI~ONEALL~SCARR (BNL| 
+DERENZD~FLATTE~RLSTON~LYNCH~SOLMITZ (LRL) 
+GOLDSCHMIDT-CLERNONTIHENRI~+ (BELG÷CERN) 

J.FRIEOMAN~PH.O. THESIS (LRL) 
÷ALEXANDERtFIRESTDNE,FU,GOLDHABER (LRL) JP 

+EISENSTEIN~KIM~NARSHALL~O-HALLORRN*+ ( I 6 6 )  
AGUILA~-BENITEZ~BASSANO,EISNER~÷ (BNL+PURDI 
AST[ER RAPPORTEURS T A L K  (BIRM+GLAS+OXF) 
CHARRIERE~DRIJARD~DUNWOOOIE~÷ (LHEBeCERN) 
+DEBA[SIEOX~DE WOLF~DUFOUR~+ (LHEB~CERN) 

÷EISNER,RINSON 18N~) 
+COLLEV~JOBES~GRIFFITHS~HUGHES~+(BIRq÷GLAS) 
÷CARMONYIERWIN,NEIERE,~ {PUROeUCDeIUPU) 
P.SLATTERY~A REVIEW OF STRANGE NESONS(ROCH) 

DEUTSCHNANN~÷ (ABCLV COLLAGORATION( 

IK , (188o) I  2T ,NI166D . . . . . . . . . .  
| | 

EVIDENCE NOT COMPELLINGI OMITTED FROM TABLE 

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

Z? KN ( [66D} MASS (NEVI 

M ( [ 6 6 0 . 0 |  CARMONY 6T HBC - 3 .8  K-PvOMEGA K 11/67 
M [ 8 6 0 . 0  lO,O JODES 6T HBC • 5.  K+ P 11/67 
M J CLAIMED BY JOBES IN (K P [ ) ,  ( K ~ ( B 9 0 1 P l ) v  AND ( K ~ 1 1 4 2 0 1 P l )  
M J NODES. K P[ BUMP INTERFERES MOSTLY WITH OELTA(LZ36). 

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

27 KN (1660} WIDTH (MEV) 

W 60 .0  20.0  JODES 6T HBC ÷ S.  R+ P 1L/bT 

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

2T KN [1660) PARTIAL DECAY MODES 

DECAY MASSES 
P l  KN$(16601 INTO K P[ 493÷ 1D9 
PZ KN*(1660| 1NTO K PI Pl 49B+ 139÷ I3R 
P3 KN~(16601 INTO K~(89D) P1 891÷ 139 
P4 KN~(16601 INTO KN~( [430(  PI 1421+ 139 

REFERENCES FOR KN116601 

CARMONY 67 PRL 18 615 O.CARMONY~T.HENORICKS~L.LANDER (LA JOLLA) 
JOBES 6T PL 266 49 +BASSOMPIERRE,DE BAERE • (~IRR~CERN~ERUX) 

I K x ( 1 7 6 0 1 1  . . . .  ,1T6O1 
NEEDS FURTHER CONFIRNATION.DNITTED FROM THE TABLE. 
FAVORED JP IS B- ~ 1 - 1 / 2  • 

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

68 KN(1T6B) MASS (NEVI 

M C T6(1TB3.)  ( 1 2 . }  CARMONY 71 DGC O 9 .  K+ N 1 1 / T I *  

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

60 KN(1T60( WIDTH (MEV( 

W C T6 ( 6 8 . )  ( 2 0 . |  CARMONY 7 1 D B C  O 9.  K+ N [ 1 / 7 1 "  
W C DIERGREENENT BETWEEq THE FIT AND DATA ON BOTH SIDES OF THE SIGNAL 11/71" 

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



86 
Mesons 
K.(1760), L(1770), K.(1850), K*(2200), K*(2800) 

Data Card Listings 
For notation, see key at front of Listings. 

60 KN(I7601 PARTIAL DECAY MODES 

DECAY MASSES 
PZ KN(1760) INTO K PI  ~93÷ 139 
P2 KN(1780)  INTO K~(890)  PI 891÷ L39 
P3 KNILTBO) INTO K RHO ~93+ 785 
P~ KN(L760)  INTO KN(1620I  PI 142[+  L39 
P5 KN(L760)  INTO K PI  PI ~93÷ 139+ 139 

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

bO KN(1760)  BRAHCHING RATIOS 

R1 KN(L7601 INTO (K P I ) / (K= (890 )  PI * K RHO)  (P I I / (PZ+PO)  
R1 E (O .40 I  (O°LO) CABMONY 7L DEC 0 9 .  K+ N L l l T l ~  

R2 KN(ITGO) INTO (K~ I890 )  P I ) / (K  PI P I )  (P2 ) I (PE )  
R2 E (0.40) (0.15) CARMDNY 71DDC O 9. R÷ N 11 /71 *  

R3 KN(L760} INTO (K BHOI / (K  PI  P l I  (PB ) / (PS )  
R3 E (0 .60 )  (O.2E)  CARMONY 71DBC O 9 .  K÷ N 11 /71 *  

R~ KN(L7~O) INTO (K * (E90 }  P) ÷ K RHOI / IK  PI  P I }  (PZ+P31 / IPE)  
R4 E ( I . )  (0°12) CARMONY 71 OBC O B. K+ N I I /71= 

RF KN(ITBGI INTO (KN I I~EOI  P I ) / (K  Pl P I )  (P~ I / IP5 )  
R5 E (O.OB) OR LESS CARNONY T1 DBC O 9 .  R+ N 11 /7 [ *  
RE E DIFEICULT BACKGROUND SUBTRACTION • ERRORS STATISTICAL ONLY • 11/71" 

REFERENCES F~R KN(1760)  

CARMONY 7~ PRL E7 1160 +CORDSeCLDPP,ERWIN,NEIERE~+ (PURD÷UCD÷IUPU) 

L,LTTO, JP= I I=  
I I 

FOR REVIEWS SEE HUGHES 71,SLATTERY 71 . 

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

23 L (1770) MASS (MEVI 

M 20 (L780 . )  BERLINGHI 67 HBC + LE.7 K+P 7 /67  
H 1760 .0  15 .0  JDBES G7 HBC + 5° K+ P 11 /87  

B ( 178~ .0 )  ( 12 .0 )  8ARTSCH 68 HBC lO.O K- P l l / 71 ,  
M B INCLUDED IN BARTSCH TO I I /71~  
M [745,D 20.0 AGUILAR TO HBC - ~,6 K- P 6/70 
M 1780.0 15.0 BARTSCH 70 HBC 10.1 K- P 1/71 
M C (1753.0) [10.0) BIRMINGH. 70 HBC IO.K+P,KII~2OIPI I l l T l *  
M C (1773 .0 I  ( 20 .0 )  BIRMINGH. 70 HBC + lO.R+P,K~ ZP] 11/71~ 
M 1760.O 1B,O LUDLAN 70 HBC - L2.6 K- P l l T I  
M C BIRMINGN. ~O SUPERSEDEO BY COLLEY 71 I I /71~ 
B C (176EGO) ( I0 .0 )  COLLEY 7l HBC + IO.K÷P~K 2PI . l l l T I~  
M (1T40 ,O)  DENEGRI 71DBC - 12 ,8  R-O,K EPI D 5 /T I~  
M 
M AVG 1763 .2  7 .9  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l °O I  

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

23 L (1770) WIDTH (NEVI 

W 20 (80.) BERLINGHI 67 HEC ÷ lZ .7 K÷P 7/E7 
W bO.O 20 .0  JOKES 67 HBC + 5 .  R+ P l l /ET  
w B (127 .0 )  (NO°O| BARTSCH 68 HBC LO.O K- P 11171,  
W B INCLUDED IN BARTSCH 70 11 /7 [ *  
w iOO.O SO°O AGUILAR 70 HBC - 4.8 R- P 6170 
W lBB.O 40 .0  8ARTSCH 70 HBC IO . l  K- P l iT1 
W C ILTR.O} (E3.O) (18.0) BIRMINGH. 70 HBC lO.K~P.KII420)PI [ l / I f *  
W C (IRE.O) (22.0) BIRMINGH. 70 HBC ÷ lO.K÷P,K~ 2PI 11/71" 
W 50 .0  AO.O 20 ,0  LUDLAM 7e HBC 12 .6  K-  P l /T1 
W C BIRWINGH. 70 SUPERSEDED BY COLLEY 71 l I I T I=  
W C (91. l (12.) COLLEY 7[ HBC + IO.K+P,K 2PI .11/71" 
W [130 .0 )  DENEGRI 71 DBC 12 .6  K-D~K 2PI  O 5/7E~ 
W . . . . . . . . .  
w AVG 71.6 I b .8  AVERAGE tERROR INCLUDES SCALE FACTOR OF l . L )  

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

23 L (17?OI PARTIAL DECAY MODES 

DECAY MASSES 
P l  L INTO K P) PI  697+ 134+ 134 
P2 L INTO K~ ( I 420 )  P) 136+L421 
P3 L INTO K PI  PI P[ ~97+ 134÷ t3~+ L3~ 
P4 L INTO K~(890)  P l  89 I+  13~ 
P5 L INTO K=(890)  RHO 891+ 765 
P6 L INTO K~(890)  OMEGA 89L+ 783 
p7 L INTO K~(BDQ) PI  Pl 891+ 13~÷ 134 

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

23 L ([7701 BRANCHING RATIOS 

R1 L INTO (K~11~20) E l i  I [K  PI P) ) {PE)FIPl I  
R1 LARGE DENEGRI 88 DBC - 12,8 K- D 1/71 
R1 (1 .0 )  BARBARO 6g HBC + 12.O K+ P 1 /71  
R1 0 .2  O,~ AGUILAR 70 HBC B,6  K -  P 1 /71  
R[ LESS THAN l .O BARTSCH 70 HBC - 10.1 K-  P 1/71 
R1 LESS THAN 1 .0  COLLEY TL HBC 10. R+ P I i171# 
RI R LESS THAN 1.0 SEEMS TO BE ESTABLISHED. 
RI R FOR DISCUSSION OF THE EXPERIMENTAL EVIDENCE ON OTHER DECAY I l l T l *  
RI  R MODES SEE HUGHES 71,SLATTERY 71 • 11171.  

REFERENCES FOR L I 1770 )  

BARTSCH 68 PL 2Z 357 +OEUTSCHMANNt+ IAACH+BERL+CERN+LOIC÷VIENI 
BERLINGH 67 PRL 18 1087 BERLINGHIERI÷FARBER+FERBEL*FORNAN÷ (ROCHII 
JOEES 67 PL 268 49 +BASSOMPIERRE~OE EAERE + (8IRM+CERN÷BRUXI 
OENEGRI 68 PRL 20 119~ ÷CALLAHAN+ETTLINGER+GILLESPIE+ (JDHNSHOP) 
BARTSCH 8B NP E8 9 +COCCONI~+ IAACHeBERL+CERN+LOIC*VIEN) 

ANDREWS 69 PRL 22 731 +LACHtLUDLAN~SANDWEISS~BERGER,+ (YALE+LRLI 
BARBARO 69 PRL 22 lEO7  BARBARD-GALTIERI~OAVIS~FLATTE~+ (LRL) 
COLLEY 89 NC A 59 S19 +EASTWOGD,+ (BIRR÷GLAS÷LOIC÷MPIMeOXF÷RHEL) 

AGUILAR 70 PRL 25 5A AGUILAR-BENITEZ,BRRNES~BASSANO~CHUNG~IENL) 
BARTSCH 70 PL 33 B 186 ~DEUTSCHMANN~+ (AACH÷BERL÷CERN÷LOIC~VIEN) 
EIRNINGH TO PREPRINT BIRMINGHAM GLASGOW COLL .  (BIRN*GLASI 
CHARRIER 70 CERN aHYS TO-SO CHARRIEREvGOLDSCHRIDT-C,DEBAERE÷(CERN÷BRUX) 
CHIEN TO PHILA.CONF.P.275 C.Y.CHIEN (JOHNS HOPKINS( 
LUDLAN TO PR O E 1ZB~ ÷SANOWEISS,SLAUGHTER (YALE( 

CDLLEY 71NP  B 26 71 +JDBES~KENYDN~PATHAK~HUGHES~+ (BIRM+GLAS) 
DENEGRI ?L NP B Z8 13 +ANTICHeCALLAHAN~CARSON~CHIEN~COX~+ (JHDP) JP 
HUGHES 71 PREPRINT I.S.HUGHES~TALK AT BOLOGNA CONF. (GLASGOW) 
SLATTERY 71 U~-BTB-332(PREPI P.SLATTERYIA REVIEW OF STRANGE BESONS{ROCH) 

l.K,,(isso) l 81  N,[BSDI 
STRUCTURE IS SEEN IN THE K PI SCATTERING ANGULAR DISTRIBUTION 
AT MASSES NEAR 1850 NEV.THE MOST SIMPLE EXPLANATION INVOLVES 
A RAPIDLY INCREASING F-WAVE ANPLITUDE,POSSIBLY INDICATING 
PRESENCE OF A JP=5-  RESONANCE. 
NEEDS FURTHER CONFIRMATION. OMITTED FROM THE TABLE. 

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

61 KNI1850)  MASS (NEV) 

M I ( 1850 . )  APPROX. ¢IRESTONE 71 DEC 0 LZ.K+ N,K+ P I -P  11 /7 [ *  

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

61KNI lESO)  WIDTH (MEV) 

W I (3OO.)  APPROX. ~IRESTONE 71 DEC O 12*R÷ N~K÷ P I -P  1 [ / 71~  
W I APPARENT INTERFERENCE WITH OTHER AMPLITUDES PRECLUDES 1L /71 "  
W I PRECISE DETERMINATION • 1 l / T l =  

REFERENCES FOR KNI [850 )  

FIRESTDN 71PL 38 B 513 FIRESTONE~GOLOHABERtLISSAUERITRILLING (LBL) 

• * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * *~ * *  * * * * * * * * *  * *~ * * * * *~  * * * * * * * *  
• ~ * t = i  $ = ~ $ * ~ t t l  t * $ = t i . $ f  t ~ * * ~ t t  t ~ = = t t t t t  ~ t = . = t , ~  = ~ i , t ~ t l t  t * = = t t = =  

ENHANCEMENT SEEN IN (ANTIHTPERON-NUCLEON) MASS 
NEAR SHOLD.INTER PRETATION UNCERTAIN. THRE 
OMITTED FROM TABLE. 

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

~O K* IE20O)  MASS (MEVI 

M 20 2240. 20. LISSAUER 70 HBC 9. K÷ P 11/71~ 
N C ( 2 2 0 0 . )  APPROX. SLATTERY 7L RVUE 8 -13  K÷ P 11 /71 "  
H C CONPILATInN OF (ANTIHYP.-NUCLEONI MASS IN K÷ P 8. -13.  GEV/C IL/71~ 

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

40 K*(2200) WIDTH (MEV) 

W 20 80 .  20.  LISSAUER TO HBC 9 .  K+ P 11 /7 [~  
W C (200 . )  APPROX* SLATTERV Tl  RVUE E-13 K+ P 11/7L~ 
W C COMPILATION OF (ANTIHYP.-NUCLEON) MASS IN K÷ P 8°-L3° GEVIO lL I71*  

• * * * * *  * * * * * * *~ .  *= * * * * * * *  * * * * * * * * *  * * * * * *~ * *  * * * * * * * * *  * *~ * * * * * *  * * * * *~ * *  

REFERENCES FOR K~I2EO01 

ALEXANDE 68 PRL 20 755 ALEXANDERtFIRESTONEeGOLDHABER,SHEN ILRL I  
LISSAUER 70 NP B 1B 491 +ALEXANDEReFIRESTONEJGOLDHABER (LBL) 

CARNONY 71PRL  27 1160  +CORDS~CLOPPvERWINtBEIERE,÷ (PIIRD+UCD+INDI 
SLATTERY Tl UR-BT5-332(PREP) P.SLATTERY~A REVIEW DF STRANGE MESONS(R~CHI 

| K *  ( BO0) I . . . .  .8oo 
NEEDS FURTHER CONFIRMATION.OMITTED FROM THE TABLE. 

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

62 K~(2800)  MASS (MEV) 

H H 59 (2800 . I  HUGHES Tl HEC + lO.K~P~P MMS÷ 11 /~1 .  

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

62 K*(ZBO0) WIDTH (~EV) 

W H 59 (40.) DR LESS HUGHES 7L HBC + XO.K÷P~P Nqs* 11/71" 
W H ONLY SEEN IN MISSING MASS OISTRIBUTION~NDT IN FITTED EVENTS. 11/71* 
W H PROBABLY DECAYS INTO (3 CHARGED + 2 OR MORE NEUTRALI PARTICLES 1117L* 

REFERENCES FOR K* (2800 I  

HUGHES 71 PREPRINT +NC~CORMICR,PROCTER,TURNBDLL (GLASGOW) 
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Note on Speed Plots 

In the discussion which follows, we use the term 

"speed plot" to indicate a plot showing the variation 

with C./~I. energy m of the derivative IdT/dm I of a 

partial-wave amplitude T. (See section IV C of the 

main text.) In principle such plots are a very sensi- 

tive and useful means of searching for a resonance. 

A rapid increase in speed followed by a rapid decrease 

is certainly a good indication of the presence of a 

resonance. In practice these plots must be judiciously 

used because: 

i) The values of dT/dm are sensitive to variations 

in T. It is difficult enough to determine T(m); finding 

its derivative is necessarily more difficult. 

Z) Once the speed plot tells us that a resonance is 

present, the determination of precise parameters from 

such a plot requires additional considerations: 

a) the maximum of the speed is not necessarily 

at the resonance mass, 

b) the width cannot simply be obtained by the re- 

lation IdT/dm Im:M = 2 X / r .  

C o n s i d e r  for example the 1°33 partial-wave am- 

plitude in ~-N scattering. Since its elasticity {x) is 

one, we have 

T{m)=  F (m)/2 ( I)  

M - m  - i F  ( m ) / 2  

F '  If we let (m) = dl~/dm, t h e n  we  find t ha t  

dT 2 I + ( M - m )  F ' / F  "Speed" : . ,1~-~1 :-- (z) 
F i+4  ( M - m ) Z / F  z 

To e s t i m a t e  w h e r e  Eq. (2) i s  m a x i m u m ,  we  let 

6 = M-m ( 16 I < F/Z) and keep only linear terms in ~. 

Thus 

F F 

Since all reasonable parametrizations of F (m) agree 
! 

that i" >10, we may conclude that to first order the 

"speed" will have its maximum value at an energy 

less than the resonant value, m=M. 

This effect is illustrated in Fig. 1, which is taken 

from UCRL-Z0030 wN. i For the P33 partial wave, the 

CERN experimental and CERN Kirsopp solutions in- 

dicate the instability of IdT/dml in the region of a 

resonance (the other solutions are "smooth" by the 

nature of the analysis). In addition, each of  the plots, 

quite consistently, gives 2/r = ~6 GeV -1 at a resonant 

mass of -lZ36 MeV. This corresponds to a width at 

resonance of-~Z5 A4eV. The speed, hoverer, peaks 

some 10 to 15 MeV lower i n  mass and at a value of 

~ t 8 .  5 GeV -1.  H e n c e ,  w e r e  we to  e s t i m a t e  the  m a s s  

P33ROPER UIA MDDRHDUSE. 

" 1234  

looo i s oo  l soo  ~/s t~o ~oo zsoo  

P33CERN IHEDRETIC~L FIT. 

tooo 13oo 1~oo ~/s 19oo 22oo z s o o  

236  - -  

b~ 

: coo  1soo 1coo V s  190o ~z0o z~oo tooo i soo  te0o ~/s 19oo zzoo  z s ~  

~ .  Speed plots as computed from four solutions 
compiled in Ref. i. (~/S = m = c. rn. energy in AdeV) 

and width of the 33-resonance from the maximum 

speed, we would get M = IZZ0 MeV and F = I08 MeV. 

For additional discussion on the mass and width of 

this resonance, see the mini-review at the begin- 

ning of the A{1236) listings. 

Reference 

i. D. Herndon, et al. , "~N Partial-Wave Amplitudes, 

a Compilation, " UCRL-Z0030 ~N, Feb. 1970. 

Note  on N ' s  and A ,  s 

R e c e n t  P a r t i a l - W a v e  A n a l y s e s  

T h e r e  n o w  e x i s t  two c o m p l e t e  p a r t i a l - w a v e  

a n a l y s e s  p e r f o r m e d  a f t e r  the  b e g i n n i n g  of  i970 .  The 

e a r l i e r  a n a l y s i s ,  A Y E D  70, i s  an upda t e  of  the  

p r e v i o u s  S a c l a y  a n a l y s e s .  T h e s e  a r e  e s s e n t i a l l y  

e n e r g y - l n d e p e n d e n t  s o l u t i o n s  s e l e c t e d  on the  b a s i s  

of v a r i o u s  e n e r g y  " s m o o t h n e s s "  c r i t e r i a .  The m o r e  

r e c e n t  a n a l y s i s ,  ALl~&EHED 72, i s  a c o n t i n u a t i o n  of 

the "CERN group" program, which uses "smoothness" 

criteria supplemented by constraints from partial- 

wave dispersion relations. For a discussion of 

earlier partial-wave analyses see Refs. i and "2. 

For the purposes of comparison, we show Argand 

plots of the solutions in Figs. i and 2. The tick 
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- . 4  - . e  ~ .e .4 - . 4  - . e  
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- . •  - . a  o ~ ,•  

- . 4  ~.e o .e • 
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.4 
1.0 

-4 -.e ~ .2  - .4  .~ 0 .e 4 
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.4 

--.4 - . e  ~ .e - 4  --.e o .e .4 

- . •  - . e  o Je .4 

s " ~  . n ,  

.8 .6 I 

.• .4 

o 
- . 4  - . e  0 • 4 

- .4  - . e  0 .e 

G37 \ 

- . •  - . e  o ,e .4 

.•  - . e  0 .e .4 ,• - .E  Q • .4 

F i g .  t .  wN A r g a n d  p l o t s  f r o m  t h e  s o l u t i o n  of  A L M - E H E D  72. A r r o w h e a d s  and  t i c k  m a r k s  a r e  
at  5 0 - M e V  i n t e r v a l s .  The  l a s t  a r r o w h e a d  i s  a t  ZZ00 MeV;  t h e  s e n s e  of  i n c r e a s i n g  e n e r g y  i s  
i n d i c a t e d  by  t h e  a r r o w h e a d s .  
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~ 4  - . 2  o .z  .4  

1.0 

.8 

.6  

.4 

2 

0 

- .4  - 2  0 .2 .4 

03 . . . . . . . . .  1 
- . 4  -~  0 a ,4 

- . 4  - , ~  0 2 -4 

- . 4  - . z  0 ~ .4 
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N's and A's 

.2  

0 

- . 4  - , : z  0 ,2  .4 

l . o  

.s  

.o 

.4 

- . 4  - . 2  0 

t 
0 .2  .4 

~.o ~ , ' r • i • i , 

.e 

.2  

o - , , 

- . 4  - 2  0 1~ .4  

i G,,\ 

o • . , . .  

.2  .4 - . 4  - , e  o 2 .4  

t ° ,~,~ , ~ , ~ : ~ , ~ ,  ~ . . . . .  
- . 4  - . 2  0 . e  .4 

. . . .  D 3 3  

.IS 

• .2  .2 

- - .4 - . 2  o ~ .4 

~4  - - . Z  o , z  

--.4 ~ e  0 .~ .4 

1.0 " I ' I ' I ' r , f ' l ' r  

0 ' ' , 

~ 4  - . 2  o . z  4 

1.0 

.8 

.e. 

~2  0 .2  A 

F3~ 
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O . .  

~ 4  ~ 2  0 2 .4 

~ 4  ~ 2  o a .4 

1.0 ~ ,  ' , '  , '  , ' j  

4 

0 - - ' :  

- 4 - 2  0 2 4 

-.4 a O .a .4 

wN A r g a n d  p l o t s  f r o m  t h e  " m i n i m u m  s u r f a c e "  s o l u t i o n  o f  A Y E D  70 [ Phys. L e t t e r s  B i B ,  
70 ) ] .  T o  c o n s e r v e  s p a c e ,  w e  a r b i t r a r i l y  do  n o t  s h o w  t h e  " m i n i m u m  p a t h "  s o l u t i o n ;  i t  i s  n o t  

s i g n i f i c a n t l y  d i f f e r e n t .  A r r o w h e a d s  a n d  t i c k  m a r k s  a r e  a t  5 0 " M e V  i n t e r v a l s ;  t h e  l a s t  a r r o w h e a d  i s  
at 2400 MeV. 
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~° 

I 

i 
~300 VS  ~l~O ~0  

° ' ~ .  ~ ' ~ "  Gae o -~ .  ~ - ~ , * . ~ ,  Hao j o - -~  ~m. H ,  
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i 
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o °  ~ 

, ~ o  .o  

J 

. . . .  

~ o o  

1ooo z~o  ,600 4~ ~ ~ zso~ ,000 1300 ,600 4s t ~  ~o  2~ ~° 

' " - - - ' - ' ~  1 °" ' - - - ~  ; . . . . . . . . . . .  

Q ,  ~ - -  ° 

~ 4 5  o 2 ) - ~s= 

- g o  • o i , , i ~ ,  t , , i , , _ ~ ,  
1o~o ,300 [qoo . ]~  z~  ~2oo ~o  1ooo 13oo 16~o ~/3 11oo ~oo  ~so~ lOOO 13oo 16oo ~/~ zero ~ .oo  ~oo  

Fig. 3. 6 and U versus c.m. energy (in MeV) f~rom the wN partial-wave analysis solution 
ALIVDEHED 7Z. X denotes 6 (right-hand scale), ~ denotes 7] (left-hand scale). 
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Baryons 
I~S aI1d  A'S 

......... s~, I" ........ F'~'~ ' " I ....... P,, I .... ~2 

F 4 :  4 - c '  4 c 0 , 0. 

5_ :C . . . . . . . . . . .  555 : . . . . . . . . . . . . . .  : :  

lOOO l : ~c  1~o  ~.'s i~,oo ~oo  zsoo looo : : ~o  ~eoo v ' s  l~,ce ~ .~  ~ 1ooo l aoo  1~c.o ~ s  100o z ~ o  z~o0 l c ~  I:o0 1~oo v 's  1~o  z~.oo z$oo 

J 
~ °  

i so '  1 ~ 

1 ~ "  1 o 

4s '  e 

o ,  ~ o ° t 

, , , , . . . . .  ees° 

..... t:: 
1000 isoo ~eoo ~'s leoo ~00  ~00  1000 1300 l e~  - / s  i~00 ~zoo z~,oe i000 l~oo 16c~ - / s  l ~  ~ ~00  ,~  l :mo leoo ~/s iooo ~ ~oc  

13oo l~oo ~ s  a ~  ~ o o  ~oo  looc  13oo ;eoo v ' s  l ~o  ~ce  ~oo  ~ooo l~oo i soo  . / s  z~  zzco ~c~  

F i g .  4. 6 and r7 v e r s u s  c . m .  e n e r g y  ( in MeV)  f r o m  the ~N p a r t i a l - w a v e  a n a l y s i s  " m i n i -  
m u m  s-urface" s o l u t i o n  of  A Y E D  70 [ P h y s .  L e t t e r s  31B,  598 ( t 9 7 0 ) ] .  X d e n o t e s  6 ( r i g h t -  
hand s c a l e ) ,  ~ d e n o t e s  r7 ( l e f t - h a n d  s c a l e ) .  
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m a r k s  and a r r o w h e a d s  on the  l i n e s  c o n n e c t i n g  p o i n t s  

at d i s c r e t e  e n e r g i e s  a r e  s p a c e d  at 5 0 - M e V  

i n t e r v a l s .  The  A Y E D  70 a n a l y s i s  e x t e n d s  in c.  m .  

e n e r g y  f r o m  i400  to 2450 MeV; the  A L M E H E D  

72 a n a l y s i s ,  f r o m  i i 0 0  to Z200 MeV.  In add i t ion ,  

we a l s o  s h o w  in F i g s .  3 and 4 p l o t s  of  5 and 

v e r s u s  c . m .  e n e r g y  (~s-s)  f o r  t he  s a m e  two s o l u -  

t i o n s .  

S p r e a d  in  V a l u e s  of R e s o n a n c e  P a r a m e t e r s  

V a l u e s  of m a s s e s ,  w i d t h s ,  and b r a n c h i n g  r a t i o s  

c a n  be o b t a i n e d  ordy f r o m  p h a s e - s h i f t  a n a l y s e s .  In  

p r o d u c t i o n  e x p e r i m e n t s ,  in  fac t ,  i t  i s  s e l d o m  c l e a r  

w h i c h  of  the  m a n y  s t a t e s  at  s i m i l a r  m a s s e s  i s  be ing  

o b s e r v e d .  In  add i t i on  to the  two  c o m p l e t e  p h a s e -  

sh i f t  a n a l y s e s  d i s c u s s e d  a b o v e ,  we have  o t h e r  

a n a l y s e s ,  done  by  u s i n g  c o m p l e t e  da ta ,  by  s e v e r a l  

d i f f e r e n t  g r o u p s ,  bu t  we a r e  qu i t e  f a r  f r o m  h a v i n g  

r e l i a b l e  m a s s e s  and  w i d t h s  d e r i v e d  t h e r e f r o m .  

T h e r e  a r e  e s s e n t i a l l y  two p r o b l e m s  in o b t a i n i n g  

r e l i a b l e  r e s o n a n c e  p a r a m e t e r s .  F i r s t  t h e r e  i s  o f t en  

d i s a g r e e m e n t  a s  to j u s t  w h a t  t he  v a l u e s  of t he  p h a s e  

s h i f t s  (~' s and 6' s) a r e .  T h i s  p r o b l e m  i s  o b v i o u s l y  

r e l a t e d  to the  q u a l i t y  and  q u a n t i t y  of t he  da t a  and to 

the  p r o c e d u r e s  u s e d  to d e t e r m i n e  o r  c h o o s e  the  

p h a s e  s h i f t s .  S e c o n d l y ,  e v e n  if s m o o t h  c u r v e s  w e r e  

a v a i l a b l e  f o r  the  p h a s e  s h i f t s ,  t h e r e  w o u l d  s t i l l  be  

s o m e  a m b i g u i t y  in dec id ing  w h a t  the  r e s o n a n t  p a r a -  

m e t e r s  a r e .  We m i g h t  hope  tha t  s o m e  s o r t  of 

e n e r g y - d e p e n d e n t  fi t  to  t he  s m o o t h  p h a s e  s h i f t s  

wou ld  y i e l d  u n i q u e  p a r a m e t e r s .  U n f o r t u n a t e l y ,  

h o w e v e r ,  a s u f f i c i e n t l y  c l e v e r  c o m b i n a t i o n  of  b a c k -  

g r o u n d  a n d / o r  r e s o n a n c e s  cou ld  fi t  the  p h a s e  s h i f t s ,  

s a t i s f y  e l a s t i c  u n i t a r i t y ,  and s t i l l  y i e l d  t he  w r o n g  

p a r a m e t e r s .  (See the  C o m m e n t s  on  t h e  M a s s  and  

Width of A(i236), below.) 

In  o r d e r  to m a k e  the  r e a d e r  a w a r e  of  t h e s e  

p r o b l e m s ,  we p r e s e n t  in T a b l e  I a l l  t he  d i f f e r e n t  

v a l u e s  f o r  M, I ~, x,  in  t h o s e  c a s e s  w h e n  m o r e  t h a n  

one g r o u p  r e p o r t  v a l u e s .  We a l s o  p r e s e n t  in  t h i s  

t ab l e  the  m e a n  v a l u e s  of  t h e s e  p a r a m e t e r s  and the  

" I n d e p .  E x t e r n a l  E r r o r "  of  the  i n d i v i d u a l  v a l u e s :  

i ~(xi.~)2" 

The  e r r o r  8 x  of  t he  m e a n  i s  of  c o u r s e  s m a l l e r  by  

a n o t h e r  f a c t o r  i / ~ " N ,  but  we avo id  g iv ing  it  b e c a u s e  

we fee l  t ha t  x ,  8x ,  h a v e  l i t t l e  m e a n i n g  h e r e .  In 

o r d e r  t h a t  t he  r e a d e r  m a y  a p p r e c i a t e  t he  s p r e a d  in  

the  v a l u e s  of IV[, 1 ~, x g iven  in  T a b l e  I,  we  d i s c u s s  

b r i e f l y  the  d i f f e r e n t  m e t h o d s  u s e d  to d e t e r m i n e  t h e s e  

p a r a m e t e r s .  A Y E D  70 a n a l y z e  t h e i r  p h a s e - s h i f t  

r e s u l t s  w i t h  an  e n e r g y - d e p e n d e n t  b a c k g r o u n d  and 

B r e i t - W i g n e r  a m p l i t u d e s .  B A K E Y R E  68 u s e s  two 

m e t h o d s :  i) c r o s s - s e c t i o n  m e t h o d  - -  the  e n e r g y  

w h e r e  the  t o t a l  c r o s s  s e c t i o n  i s  m a x i m u m ;  2) s p e e d  

m e t h o d  - -  the  e n e r g y  w h e r e  the  s p e e d  of  v a r i a t i o n  of  

the  a m p l i t u d e  in  the  A r g a n d  p lo t  i s  m a x i m u m .  CERN,  

as  w e l l  a s  A L M E H E D  72, q u o t e s  on ly  one  m e t h o d ,  

u s u a l l y  w h e r e  the  a b s o r p t i o n  i s  m a x i m u m .  The  

G l a s g o w  g r o u p  (DAVIES 70) u s e s  B r e i t - W i g n e r  

p a r a m e t r i z a t i o n ;  A and  B d i f f e r  in the  s t a r t i n g  v a l u e s  

of the  m i n i m i z a t i o n  (CERN I s o l u t i o n  w a s  u s e d  f o r  

s o l u t i o n  B). F o r  s o m e  s t a t e s  no  p a r a m e t e r s  h a v e  

b e e n  q u o t e d  by  the  a u t h o r s .  

In T a b l e  II we g ive  ou_.._~r e v a l u a t i o n  of  t h e  N and  

r e s o n a n c e s  b a s e d  on  i n f o r m a t i o n  c o n t a i n e d  in  the  

Da ta  C a r d  L i s t i n g s .  In the  T a b l e  of P a r t i c l e  P r o p e r -  

t i e s ,  we do no t  quo t e  v a l u e s  and e r r o r s  f o r  p a r a -  

m e t e r s ,  hu t  on ly  g ive  r a n g e s  f o r  m a s s e s  and w i d t h s  

in o r d e r  to  e m p h a s i z e  the  l a r g e  i n d e t e r m i n a n c y  of  

t h e s e  p a r a m e t e r s .  

A v a i l a b i l i t y  of  P a r t i a l - W a v e  A n a l y s e s  and  Da ta  

Al l  the  s o l u t i o n s  m e n t i o n e d  in  t h i s  no t e ,  i n c l u d -  

ing A Y E D  70 and A L M E H E D  72, a r e  a v a i l a b l e  on 

t a p e  f r o m  the  P a r t i c l e  Da ta  G r o u p .  T h i s  t a p e  i s  

e s s e n t i a l l y  an u p d a t e d  v e r s i o n  of  the  one c o r r e s p o n d -  

ing to t he  c o m p i l a t i o n  of Ref .  2. In add i t ion ,  the  

e x t e n s i v e  inpu t  da t a  u s e d  by  A L M E H E D  72 ( c o u r t e s y  

of C. L o v e l a c e )  a r e  a l s o  a v a i l a b l e  on t a p e  f r o m  the  

P a r t i c l e  Da ta  G r o u p .  

R e f e r e n c e s  

-i. P a r t i c l e  Da ta  G r o u p ,  Rev .  Mod. P h y s .  4._~3, No.  2, 

P a r t  II ,  S I  (197t ) .  

Z. D . J .  H e r n d o n ,  A. B a r b a r o - G a l t i e r i ,  A. H. 

R o s e n f e l d ,  U C R L - Z 0 0 3 0  lrN ( F e b .  i970) .  
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Data Card Listings 
For notation, see key at front of  Listings. 

Table I. Mean Values o£ Resonance Parameters £or N=s and A~s. 

Baryons 
N's and A's 

Par~a l  w~ve 
ReEerence  Me thod  M F x 

P11 (14701  

1 ALMEHEO 72 ABS.  1470 220  . 6E  
2 AYED 70 1461 164  . 56  
3 BAREYRE 68 X-BEG 1470 2EE , 68  
4 BAREYRE 68 SPEED LS05 2OS .68  
5 BERKELEY 67 DEE 
6 DDNNACHIE-[ 68 ABSo 1466 Z l l  , 66  
7 DONNACHIE-2  68 ASS* 1470  211  . 66  
8 KIRSDPP 68 ADS. 1466 211  .66 
9 GLASGOW 68 (SOLN A) 1462  391 . 49  

10 GLASGOW 68 (SOLN B) 1436 224  . 46  

AVERAGE 1467 232  .BE 
INOEP.  EXTERNAL ERROR 17 60 . 08  

D I31 tE2O l  

ALMEHED 72 ABS, 1520 120 , 58  
AYED 70 1523 131 . 59  

3 BAREYRE 68 X-SEC IE lO  125 . $4  
4 BAREYRE 68 SPEED 151~ 110  ,E4  
E BERKELEY 6T I L l  IS26  11R .E7  
6 DDNNACHIE - I  68 ABS,  IS41  149 . 51  
T DONNACHIE-2 68 ADS.  1S20 114 .ET  
B K IRSnPP 68 AGS. 1E26 11E °57  

GLASGOW 68 (SOLN A)  1512 106 . 4S  
I GLASGOW 68 (SOLN B) 1512 125 ,A9  

AVERAGE IEZO 121 , 54  
INDEP,  EXTERNAL ERRgR 9 12 .04 

S l1 (1535 )  

ALMEHED 72 ABS.  1S00 SO °2S 
AYED TO 1534 96 , 40  

5 BAREYRE 68 X-BEG 153E tSS - - -  
4 BAREYRE 68 SOLED 1E15 1DE - - -  
5 BERKELEY 67 [ 1 ]  1548 I 1 6  . 33  
6 DONNAGHIEml 68 ASS° 1591 (268 )  . 70  
7 DPNNACHIE-2  68 ASS° 1550 116 , 33  
8 KIRSOPP 68 AGS.  IE40  160  . 30  
9 GLASGOW 68 (SOLN A) 1502 (86 )  , 36  

10 GLASGOW 68 (SOLN B) 1499 58 . 3E  

AVERAGE 1531 106 . 38  
INOEP,  EXTERNAL ERROR 27 BB . 13  

015 )1670 )  

ALNEHEO 72 ABS. 1683 tED .4E 
AVED 70 1675 14B °39  

3 BAREYRE 68 X-SEC 1688 13E , 4 1  
4 BAREYRE 68 SPEED lEES 1DE *41  
5 BERKELEY 67 OEF 
6 DONNACHIE-1  68 ABS,  1678 LT3 , 39  
7 DONNACHIE-E 68 ASS° 1680 173 °39  
8 K[RSDPP 68 ABS.  1678 175 . 39  
9 GLASGOW 68 [SDLN A) 1669 115 .SO 

10 GLASGOW 68 (SOLN E) 1667 I 1E  . 43  

AVERAGE 1674 143 *42  
INDEP,  EXTERNAL ERROR 8 26 °04  

F IB ( tEE81  

1 ALMEHEO 72 ABS,  1688 140 , 65  
2 AYEO 70 1682 109 .E9  
3 BAREYRE 68  X-SEC 1690 110 . 64  
& BAREYRE 68 SPEED 1680 105 , 64  
5 BERKELEY 67 ( I ]  1692  132 , 68  
6 DONNACHIE - I  68 ABS° 1687 177  . 56  
T DONNACHIE-Z 68 ABS.  1690 132  *68  
8 KIRSDPP 68 ASS,  1692 130 *68  
9 GLASGOW 68 (SOLN A)  168S 104 .E~  

10 GLASGOW 6B (SQLN B) 1684 123 . 54  

AVERAGE 1687 126 . 62  
INDEP.  EXTERNAL ERROR 4 21 . 05  

SL I (LTOOI  

ALNEHEO 72 ASS.  1670 120  ,GO 
AYEO 70 1689 166 , 64  

3 BAREYRE 68  X-BEG 1710 260  - - -  
4 BAREYRE 68 SPEED 166E 110  - - -  
5 BERKELEY 67 ( 1 ]  1709 300  . 79  
6 OONNACHIE - I  68 ABS.  - . . . . . . . .  
7 DONNACHIE-2 68 ABS.  1710 300  . 79  
E KIRSOPP 68 ASS° 1709 300  . 79  
9 GLASGOW 68 (SDLN A) 1766 404  . $6  

10 GLASGOW 68 (SOLN B] 1671 121 . 51  

AVERAGE 1TOO 231 . 6E  
INOEP.  EXTERNAL ERROR 29  99 *12  

D13 (17001  

1 ALMEHED 72 AES. AM8 
AYED TO AMB 
BAREYRE 68 X-SEC 

4 BAREYRE 68 SPEED POSS 
5 BERKELEY 67 POSS 

DONNACHIE-L  68 ABS.  - . . . . . . . .  
DONNACHIE-2  68 ASS,  1730 

8 KIRSDPP 68 ABS,  1680 
g GLASGOW 68 (SDLN A)  NOT 

lO GLASGOW 68 (SOLN B) NOT 

AVERAGE 1705 
INDEP,  EXTERNAL ERROR 25 

Part ia l  v~ve 
Re£e rence  

P11 (1780 )  

1 ALREHED 72 
2 AYEO TO 
3 BAREYRE 68 
4 BAREYRE 68 
S 8ERKELEY 67 
6 DONNAGHIE-1 68 
7 DONNACHIE-2  68 
8 KIRSOPP 68 
9 GLASGOW 68 

IO GLASGOW 68 

Method M F x 

ABS.  1720 160 . 2  
1645 50 . 15  

X-SEC PRDB 
SPEED PROB 

PROD 
ADS. 17S1 327  °32  
ADS. 1750 327  . 32  
ADS, 1860 2TO .32  

(SOLN A) L770 445  . 43  
(SOLN B) ( [ 867 )  ( 5251  . 30  

AVERAGE 1749 263 . 29  
[NDEP.  EXTERNAL ERROR 64  IZT  . 08  

P15 (1860 )  

1 ALNEHEO 72 AGS. 1850 300  , 25  
2 AYEO TO L766 182 , 18  
B BAREYRE 6S I 2 ]  X-SEC ANB 
4 BAREYRE 68 [E l  SPEED ANB 

BERKELEY 67 [ 2 ]  ANB 
DONNACHIE-1  68 ADS, 1863 EBB . 21  

T DONNACHIE-Z 68 ABS.  1860 296  . 21  
8 KIRSOPP 68 ABS,  1900 32S .EB 
9 GLASGOW 68 (SDLN A)  18A4 449  , 40  

10 GLASGOW 68 (SOLN B) 1854 307  . 26  
11 LEA 69 1860 . . . . . .  

AVERAGE 1850 BO8 , 28  
INDEP.  EXTERNAL ERROR 35 72 .OT 

F IT I I 990 )  

1 ALMEHED 72 ASS.  2000 200  . 1E  
2 AYEO TO NDT 
3 RAREYRE 68 [ 2 ]  X-SEC 
4 BAREYRE 68 [ 2 ]  SPEED 
E BERKELEY 67 [ 2 ]  
6 DDNNACHIE-1  68 ABS.  1983 22E *13  
T DONNACHIE-2  68 ADS.  - . . . . . . . .  
8 KIRSOPP 68 ABS.  199S 2SO .09  
9 GLASGOW E8 [ 3 l  ISOLN A)  

10 GLASGOW 68 IB ]  (SOLN E]  
11 LEA 69 2000 . . . . . .  

AVERAGE 1994 22E . 12  
INDEP.  EXTERNAL ERROR T 20 , 02  

D13 (2040 )  

1 ALMEHED 72 ADS. 207S 1S0 , 30  
AVEO 70 NOT 
BAREYRE 68 [ 2 ]  X-SEC 

4 BAREVRE 68 [ 2 ]  SPEED 
E BERKELEY 67 [ 21  
E DONNACHIE - I  68 ADS, 2DE7 293  , 26  
T DDNNACHIE-2  68 ASS.  2OEO 290  , 11  
B KIRSDPP 68 A8So 2040  240  . 15  
9 GLASGOW 68 [ 2 ]  (SOLN A I  

P&~ I  w&ve 
ReEerence  Met21od M F x 

DB3 (16701  

1 ALNEHED 72 ABS.  1700 260  . 16  
2 AYED TO 1722 2E8 . 22  
3 BAREYRE 68  X-SEE POSS 
4 BAREYRE 68 SPEED POSS 
E BERKELEY 67 AAB 
6 OONNACHIE-1 68 ABE.  1691 269  . 14  
T DDNNACHIE-2 68 ABS.  1690 269  . IA  
8 KIRSOPP 68 ASS,  1690 300  . 13  
9 GLASGOW 68 !SDLN A I  1649 IBB  . 12  

lO  GLASGOW 68 (SQLN 8)  1650 174 , 13  

AVERAGE 168S 24S , 1S  
INDEP°  EXTERNAL ERROR 24 43 . 03  

F3 f i [ 1890 )  

1 ALNEHED 72 ABS° 187S ZSO .L8  
2 AYED TO 1837 198  , rE  
3 BAREVRE 68 X-SEC ROSS 
4 BAREYRE 68 SPEED POSS 
5 BERKELEY 67 PROS 
6 OONNACHIE - I  68 ASS.  1913 BEG .16  
700NNACHIE -2  68  ASS.  1910 3SO ,16  
B K1RSOPP 68 ABS.  L910 380  , IS  
9 GLASGON 68 (SOLN A)  1841 136 . 20  

lO GLASGOW 6B (SDLN BI  1852 150 , 19  

AVERAGE 1877 259  . 17  
INDEP.  EXTERNAL ERROR 32 94 . 82  

P31 (1910 )  

1 ALMEHED TZ ABS.  1900 ZOO .33  
2 AVED 70 1783 308  . 13  
3 BAREYRE 68 [ 2 ]  X-BED AHB 
4 BAREYRE 68 EE l  SPEED ANB 
E BERKELEY $7 [ 2 ]  PROB 
6 DONNACHIE-1  68 ADS, 193& 339  . 30  
? DONNACHIE-2  6B A8S .  1930 339  . 30  
8 KIRSOPP 68 ADS, 1930 4EE .EE 
9 GLASGOW 68 (SOLN A)  I g l 4  290  , 18  

10 GLASGOW 68 (SO~N D) 1884 231 . 24  

AVERAGE 1889 308  . 25  
INDEP°  EXTERNAL ERROR E4 69 , 07  

F37 (E950 )  

1 ALMEHED 72 ADS, 1928 200  , 40  
2 AYED TO 1931 19T . 50  
3 BAREYRE 68  X-SEC 197E 180 *ET 
4 BAREYRE 68 SPEED 1980 140 - - -  

BERKELEY 67 DEE 
DONNACHIE - I  68 ABS* 1946 221 . 39  

7 DONNAGHIE-2 68 ADS.  1950 221 *39  
8 KIRSOPP 68 ADS* 1946 220  , 39  
9 GLASGOW 68 (SOLN A)  1985 196 .E l  

10 GLASGOW 68 (S~LN B) l q3E  212 . 39  

10 GLASGOW 68 [ 2 ]  (SOLN B) 
11 LEA 69  2030  . . . . . .  

AVERAGE 2046  243 , 20  
INDEP.  EXTERNAL ERROR 17 E8 . 08  D35 (1960 )  

G17 (2190 )  

1 ALMEHEO 72 AES.  222E lEO . 3~  
AYED 70 2158 32E * IE  
BAREYRE 68 [ 2 ]  X-SEC 

4 BAREYRE 88 I 2 ]  SPEED 
E BERXELEY 67 [ 2 ]  
6 DONNACHIE-1 68 ABS° E265 298 o3~ 
T DONNACHIE-2  68 ABS* 2190 300  . 3~  
B KIRSOPP 68 ABS,  2268  300  . 3S  
9 GLASGOW 68 [ 3 ]  (SOLN A)  (L~N36) (B19 )  ( . 14 )  

10 GLASGOW 68 [ 3 I  (SOLN B) 
11 LEA 69 2000 

AVERAGE 2184  275  . 31  
INOEP.  EXTERNAL ERROR 91 63 .DE 

SB I (16EO)  

1 ALMEHED 72 ABS,  1620 140  .OE 
2 AYED TO 1614 142 , 32  
3 BAREYRE 68 X-SEC 1695 250  - - -  
4 BAREYRE 68 SPEED L650 130 - - -  

BERKELEY 67 DEF 
6 DONNACHIE - I  68 ABS,  163S IT7  , 28  
7 DONNACHIE-2  68 ADS, 1640 177 . 28  
B KIRSOPP 68 ABS, 1635 IBO , 28  
9 GLASGOW 68 (SDLN A)  L617 161 , 28  

IO  GLASGOW 68 (SOLN B(  I 823  140 *E5  

AVERAGE 163T 164 .29 
INDEP.  EXTERNAL ERROR 2B 3E . 03  

PBB(1690 )  

1 ALMEHED 72 
2 AYED 70 
3 BAREVRE 68  
4 BAREYRE 68 
5 BERKELEY 67 
6 DONNACHIE - I  68 
7 DONNACHIE-2  68 
B KIRBOPP 68 
9 GLASGOW 68 

10 GLASGOW 68 

AVERAGE 
INDEP.  EXTERNAL ERROR 

AVERAGE 1947 199 . 44  
INDEP.  EXTERNAL ERROR 18 25 . 07  

1 ALMEHEO 72 ABS. 2200 EO0 . 16  
2 AYEO 70 NOT 
3 BAREYRE 88 [ 2 ]  X-SEC ARE 
4 BAREYRE 68 [ 2 ]  SPEED AMB 
B BERKELEY 67 [E l  
6 DONNACHIE-1 68 ABS.  19E4 311 . IE  
7 DONNACH|E-2 68 ABS.  - . . . . . . . .  
B KIRSOPP 68 ADS° 1970 400  , 12  
9 GLASGOW 68 [ 2 ]  (SqLN  A) 

10 GLASGOW 68 (2 ]  (SOLN B) 
11 LEA B9 1980 . . . . . .  

AVERAGE 2018 457  , 14  
INDEP.  EXTERNAL ERRqR LOS 121 °02  

P33 (2160 )  

1 ALMEHEO 72 ABS.  2 lS0  200 . 30  
2 AYED TO NOT 
3 BAREYRE 68 [Z ]  X-SEC 
4 BAREYRE 68 IZ ]  SPEED 
B BERKELEY 67 [ 2 ]  POSS 
6 DONNADHIE - I  68 ADS. 
7 DONNACHIE-2  68 ASS.  

KIRSOPP 68 AES.  2160 ZBO .2E  
GLASGOW 68 [ 2 ]  (SOLN A)  

10 GLASGOW 68 [ 2 ]  (SOLN E) 

AVERAGE 2 lEE  280  . 28  
INOEP.  EXTERNAL ERROR E BD . 02  

( I VALUES IN  PARENTHESES HAVE NOT BEEN USED IN  THE 
AVERAGES* 

[ 1 ]  VALUES GUOTED BY LDVELACET RAPPURTEUR TALK AT 
ABS.  1680 220  , 10  HEIDELBERG CONFERENCE (1967 ) t  P°  GO9, 

180 |  898  . 14  [ 2 ]  TH IS  STATE IS  VERY CLOSE TO OR BEYOND THEIR HIGHEST 
X-SEC AHB ENERGY. 
SPEED AWE [3 ]  GLASGOW A HAS A G17 STATE AT TH IS  MASS, GLASG~  B 

P~SS MAY HAVE AN F I7  AND A G I7 ;  HOWEVERt THIS ENERGY 
ABS, 1688 281 , I 0  REGION IS VERY CLOSE TD THEIR HIGHEST ENERGY. 
ASS.  1690 281 °10  
ABS,  1690 240  ,OB AND AMBIGUOUS 

(SDLN A)  NDT DEE DEFINITE 
(SOLN B) NOT NOT NOT SEEN 

. . . . . . . . . . . . . . . . .  POSS POSSIBLE 
1T10 324  , 10  PROS PROBABLE 

46 139 . 02  



Baryons 
NIs and AIs, p, n, N(1470) 
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Data Card Listings 
For notation, see key at front of Listings. 

TABLE l I ,  STATUS OF N* RESONANCES 
THOSE WITH AN OVERALL STATUS OF * * *  OR * * * *  ARE INCLUDED IN THE ~AIq BARYON 
TABLE. THE OTHERS AWAIT CONFIRMATION. 

STATUS AS SEEN IN - -  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

OVERALL TOTAL~ OTHER 
PARTICLE LIJ STATUS CR.S. PIN ETA N K LAM K SIG PI DE GAM N CHANN* 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

N* I1670)  
N* I I6B8}  
N*(17001 
N * ( I 7 0 0 )  
N e I I T B O )  
N * ( I B 6 0 )  
N*(1990)  
N*(2060)  
N*12100)  
N*(2100)  
N*(21751 
N*(2190|  
N*(2220I  
N*(26BOI 
N.lEO301 
N*(32~5I  
N*I36901 
N*(BT55I 

N*( tATO) P l t  * * * *  * * * *  
N . l IB501  013 * * * *  * * * *  * * * *  * 
Ne I I sJs I  SII * * * *  * * * *  * * *  

D15 * * * *  * * *  * * * *  * 
FIB * * * *  * * *  * * * *  * 
S l l  * * * *  * * * *  * 
013 * * 
P l l  * * *  * * *  * 

FIT * * * 

D1S * * * 
S l l  * * * 
OIB * * * 
F15 * * * 
GI7 * * *  * * *  * * *  

H19 * * *  * * *  * * *  

DE112361P3B * * * *  * * * *  * * * *  F 
DE(I6$OI $31 ~ = * *  * * * *  O R 
OEI16701 D33 * * *  ~ *  * * *  
DEll6901 P33 * * B 
D E ( 1 8 9 0 )  F35 * * *  * * * *  I 
DELL910} P31 * * *  * * ~ *  D 
DE(19BO) F37 * * * *  * *  * * * *  D E 
DEl l960)  D35 * * * 
DE(El60) P33 * * N 
DE(2420) H311 * * *  * * *  * * *  F 
DEIZBSO) * * *  * * *  O R 
DE)32SOI * ~ *  = * *  

RHO 
RHO 
RHO N 

K¢ 

* * * *  GOOD, CLEAR, AND UNMISTAKABLE. 
* * *  GOOD. BUT IN NEEO OF CLARIFICATION OR NOT ABSOLUTELY CERTAIN. 

* *  NEEDS CONFIRMATION, 
WEAK. 
ATTRIBUTED T3 THE STATE CLOSEST TO WHERE THE EROSS SECTION PEAKS. 

CODE EVENTS QUANTITY ERROR÷ ERROR- REFERENCE YR TEEN SIGN COMMENTS DATE 
PUNCHED 

ABOVE 
BACKGROUND 

P l  16 PROTON (93B~ J = l / 2 )  1=1/2 

SEE STABLE PARTICLE DATA CARD LISTINGS 

F ~  [7 NEUTRON (939 t  d=E/2 l  I = [ / Z  

SEE STABLE PARTICLE DATA CARD LISTINGS 

I .................. :::::::::::::::::::::::::::::, . . . . . . . . . . . . . .  FOR DISCUSSION CONCERNING MESON ETERSeSEE NOTE 
ABOVE 

THE MASS AND WIDTH ARE BEST DETERMINED FROM PHASE-SHIFT ANALYSES. HE 
LIST PRODUCTION EXPERIMENTS SEPARATELY--SEE BELOW. 

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

61 N * l / 2 I I 4 7 0 )  MASS [MEW) 

M (1380 .0 )  ROPER 65 RVUE PHASE*SHIFT ANAL 9•66 
N (1370 .0 )  BRANDSEN 65 RVUE PHASE-SHIFT ANAL 9166 
M 1 ( 1670 .0 )  BAREYRE 68 RVUE PHASE-SHIFT ANAL 11167 
N I WHERE CROSS SECTION IS GREATEST - EYEBALL PIT 
M ~ (LSOB*OI BAREYRE 68 RVUE PHASE-SHIFT ~NAL 11167 

2 WHERE SPEED IS GREATEST - EYEBALL FIT 
M 3 ( 1 6 6 6 . 0 l  DONNAEHI 68 RVUE PHASE-SHIFT ANAL 6168 
M 3 (16T0. )  DONNACH5 68 MVUE PHAS~SHIFT-EERN[ 10169 
N 3 ( I 4 6 6 * I  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10169 
N 3 WHERE MAX. ABSORPTION IS -OONNACHZ, E ~KIRSOPP EYEBALL FIT CERN I 10169 
W A (1662.0| DAVIES 70 RVUE P-S ANAL SOL A 8•69 
M E I I ~B6 .O)  DAVIES 70 RVUE P-S ANAL SOL B 8/69 
M S SOLE IS E.O FIT TO SAME DATA START FROM CERH I EXPER* (DONNACHI 68) 
M 6 ( 1 6 6 1 . 0 I  AYED 70 IOWA 117I 
M 6 FROM ENER. DEP. FIT OF ARGAND DIAGRAM 
M 7 (1470.  l ALMEHEO 72 IOWA 5172= 

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

61 N=112(1670I WIDTH (MEV) 

W I (2BB,OI BAREYRE 68 RVUE 11/67 
w 5 (20f i .  OI BAREYRE 68 RVUE 11/67 
W B (211 .0 }  DONNACH1 68 RVUE 6168 
W B ( E l l * )  DONNACHB 68 RVUE PHAS*SHIFT-CERN1 10169 
W 3 ( 2 1 0 , )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 1Q/69 
W 6 (39E . )  DAVIES TO RVUE P-S ANAL SOL A 8 /69 
W S (22~ . )  DAVIES 70 RVUE P-S ANAL SOL B 8169 
W 6 116~*0) AYED 70 IPWA 1171 
w T { 2 2 0 , )  ALMEHED T2 IPNA EI72" 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

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

61 N* l /2 IEATOI PARTIAL DECAY NODES 

DECAY NASSES 
Pl  N.112(1670I  INTO P I N  139+ 938 
P2 Ne l /Z IEA70)  INTO N SIGMA (SIGMA MESON) 938+ O 
PB N=I /211670)  INTO N*31Z(1236) Pl 1236+ IS9 
P6 N ~ I / E I I A 7 0 )  INTO N Pl P) 938+ 139+ 139 
PB N*IIZ(1ATO) INTO GAMMA N O÷ 9B8 
P6 N ' 1 / 2 ( 1 6 7 0 I  INTO N RHO ( P I P h  I = l I  938÷ 765 

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

61 N * I / Z ( 1 4 7 0 )  BRANCHING RATIOS 

Rt N*L /E( I¢?O)  INTO (PI  NI/TOTAL IPE) 
RE I ( 0 . 6 8 )  BAREYRE 68 RVUE 11/67 
R[ B IO*6BBI DONNACH[ 68 RVUE 6168 
R~ 3 ( . 6 6 I  DONNACHE 68 RVUE PHAS.SHIFT-CERNI 10169 
RI O ( . 6 6 )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
RI 6 (O.A9) DAVIES 70 RVUE P-S ANAL SOL A 8/69 
R1 S ( 0 . 4 6 )  DAVIES TO RVUE P-S ANAL SOL B 8/69 
RI 6 (0 ,566)  AYED TO IOWA 1/71 
R1 A I0.67) (0.18) SAXON TO HBC AT IAOO MEV 6170 
R1 B (0.58) (0.09) SAXON 70 HBC 6•70 
RI A AND B CORRESPOND TO THE E BEST SOLUTIONS. ANALYSIS IS DONE ON THREE 
R1 B BODY DECAYS, ASSUMING ONLY Pie PZ AND P3 DECAYS PRESENT. 
RI 7 ( 0 .65 I  ALMEHED 72 IPWA 2 /72"  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

R2 N~112(16T0) INTO (N SIGMAIITOTAL (PEt 
R2 DOMINANT INELASTIC DECAY THURNAUER 65 RVUE - 11/67 
R2 DOMINANT INELASTIC DECAY NAMYSLOWS 66 RVUE - 11167 
R2 DOMINANT INELASTIC DECAY ROSENFELD 67 RVUE - 11167 
RZ DOMINANT INELASTIC DECAY MORGAN 68 RVUE ISOBAR MODEL 6168 
R2 A (0*30) ( 0 . 2 0 )  SAXON 78 HBC 6/70 
P2 B (O,20 I  IO,12)  SAXON TO HBC 6/70 
R2 A AND B CORRESPOND TO THE 2 BEST S~LUTIONSv SEE NOTE I N  RE. 
RE D ( i , I A )  DIEM TO IOWA 3 BODY ANALYSIS I lTI  
RE D ASSUMING RI= 0.61 

R3 N~I/Z(16701 INTO ( N ' 3 / 2 ( I 2 3 6 1  PIt /TOTAL (PBI 
R3 A (O,0OI ( 0 .20 )  SAXON TO HBC 6/70 
R3 B I0.22I (0.I2) SAXON TO HBC 6/70 
R3 A AND B CORRESPOND TO THE 2 BEST SOLUTIONS, SEE NOTE IN RI. 
RB O (0,171 DIEM 70 IOWA 3 BODY ANALYSIS I / T I  
R3 D ASSUMING RE= 0.61 
R3 R (0 .50 )  HAKAROV 71 IOWA O PI- P T~ Pl P I N  3 / 7 2 .  
R3 R ASSUMES RI=D.6.  MAXIMUM CM ENERGY ANALYZED WAS 1955 MEV. 

R6 N ' 1 / 2 ( 1 6 7 0 )  INTO (GAMMA NIIIPI NI (PSII(PZI 
R6 SOME INDICATION LODI-RIZZ TO DBC GAM-N TO PI-P 7170 

RS N * I / Z ( 1 4 7 0 I  INTO (N RHO )/TOTAL (P6) 
RE D ( 0 . 0 7 )  DIEM TO IPWA B BODY ANALYSIS 1/71 
R5 0 ASSUMING RE= 0,61 

R6 N*L/2(16TO] INTO (GAMMA NI/TOTAL (P5) 
Pb E I .B006)  M1CKENS 71 THEORETICAL  EST, 10171= 
R6 E TOTAL WIDTH TAKEN AS 250 MEV. 

REFERENCES - -  N * I / E ( 1 6 7 0 I  

ROPER 65 PR 138 B190 LD ROPER,RN WRIGHTtBT FELD (LRL-LVMRtMITIIJP 
BRANOSEN 65 PR lB9 B1566 +ODONNELL, MOORHOUSE IDURHAM,RTHFO)IJP 
THURNAUE 65 PRL 14 985 P G THURNAUER (ROCHI 

NAMYSLOW 66 PR 157 1328 NAMYSLOWSKItRAZHItROBERTS (STAN,EDIMB. IEI 

ROSENFEL 67 IRVINE CONF ~ H ROSENFELDt P SODING (LRL) 

BAREYRE 68 PR 169 173t P BAREYRE~ C BRICNAN, G VILLET {SACLAYIIJP 
OONNAOHE 68 PL Z6B 161 A DONNACHIE~ R G KIRS3PP~ C LOVELAEE (CERq)IJP 
DONNACH2 68 VIENNA IS9 DONNACHIE RAPPORTEUR.S TALK (GLAS) 
KIRSOPP 68 THESIS R G KIRSOPP IEDIN) 
MORGAN 68 PR 166 LT3E D MORGAN (RTHFDI 

AYED TO KIEV EONF R AYEODP BAREYRE, G VILLET (SACLIIJP 
DAVIES 70 NP B21 359 A DAVIES (GLAS] 
DIEM 70 KIEV CONF. + SMADJA, CHAVANON, DELER, DOLBEAU+ (SACLI 
LODI-RIZ 70 LNC B 697 +FIORE,PIAZZA+.. .  (PAVIA+RDMA÷CNEN+NAPOLI) 
SAXON 70 PR 02 1790 SAXON. MULVEY~ CHINOWSKY (OXF.LRLI 

MAKAROV 7I SJNP EE 510 vGASILOVA,NELYUBIN,÷+ (IOFFE INST}IJP 
RICKENS 71 LNC [ 707 R E MICKENS (FISK U.) 

ALMEHED 72 SUB*NP B ~LOVELACE (RUTGIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

BAREYRE 66 PL B IBT +BRICHAN~VALLADAS,VILLET, + (SACLAY,CAENI IJ 
BAREYRE BE PL IB 362 +BRICMAN, STIRLING~ V I L L E T  (SACLATIIJP 
DALITZ 65 PL 14 159 R H OALITZ. R G MOORHOUSE (OXF,RTHFDI 
JOHNSON 67 UCRL-IT6EB THESIS C H JOHNSON ILRLI 
DONNACHI 69 NP lOB ABE A DONNACHIE, R KIRSOPP (GLAS+EOIN) 
AYED 70 PL 31B 598 +BAREYREtVILLET (SACLAYI 
BERARDO 70 PRL 14 A[9  ÷HADDOCKINEFKENS...,PARSONS+.. (UCLA÷LRLI 

FOR PHOTONIC COUPLINGS SEE 
MOORHOUSE70 NP B13,181 +RANKIN (GLAS) 
WALKER 69 PR 182,1729 R*L.WALKER (CALTI 

THE FOLLOWING ARE THEORETICAL PAPERS CONCERNING THE N * I / 2 I ~ 4 7 0 I  - -  
RESNICK 66 PR EBB 1292 L RESNICK INIELS BOHR) 
SCHWARZ 66 PR 152 1355 J H SCHWARZ (LRL) 
BALL 67 PR 1BE 1755 JS BALL, GL SHAW. DY WDNG IUCLAtUCI,UCSD] 
GOLDBERG 67 PR 154 1558 H GOLDBERG (CORNELLI 

t t ~ $ t t  = t ~ t t ~ t ~ $  t t * * t l t J ~  ~ t t t = i t ~ t  t * t f t t ~ i =  t = t t = * $ t t  ~ = = t l t t * ¢  t t = = = t t *  



Data Card Listings 
For notation, see key at front of  Listings. 

95 
Baryons 

 O,wo), N05 O) 

1 ( I 0  ~ REGION - PRODUCTION EXPEP.I]I~NTS 
61 N * I I 4 7 0 )  

I , N ( I ~ I ~ O )  I . . . . . . . . . . . . . . . . . . . . . .  P SEEN I . . . .  DUCT IO '  EXFE- 
RIMENTS AT LOW INVARI ANT MASS C3RRESP3NDS TO THE P l l  

WALKER 68 AND CLEGG 68 FOR DISCUSSION OF THIS POINT. 
WE LIST VALUES OF MASSES AND WIDTHS FROM THESE EXPERIMENTS FOR 
THE REAOERIS CONVENIENCE- THE LIST MAY NOT BE COMPLETE. 
THE CNTR AND SPRK EXPERIMENTS SEE A BUHP IN THE HISSING RASS 
PLOT, THE HEC EXFERINENTS SEE ENHANCEMENTS NAINLY IN THE 
P F[ PI MASS PLOT. PRODUCTION OF THIS STATE IN GANNA-P OR 
GAHMA-D IS VERY SMALL. SEE ALBERI 68. 

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

N ' 1 / 2 ( 1 4 7 0 ]  MASS (MEV) PROD. EXFE. 

ADELNAN 65 HBC + 
COCCONI 64 CNTR + 
ANKENBRAN 65 CNTR + 
BELLETTIN 6E SFRN + 

11425.}  APPROX 
I140B. APPROX 
(1430.  APPROX 
(1400.  AFPROX 
(1405.  I 1 5 . )  
(1410.  ( 1 5 . )  
(1600.  13O.) 
(1450.  117.)  
(14ZOo APPROX 
( 1 4 0 e . l  APPROX 

S 175(1446. I l l .  I 
S ( 1390 . )  ( 2 0 . ]  

120[1448. ( 1 5 . )  
(1410 . )  ( 1 3 . )  
(1430.  12O.) 
( 1 4 6 0 , )  
(1661.  I l O . I  

120(1462.0) 16.0) 
1460, TO IEIO. 
1510.0 20.0  

K-P 1,4E GEV/C 7/66 
PP 3 .6 -12  GEV/C 
PP 7.1 GEV/C 7/E6 
PP,D 10-26 OEV/C 7/6E 

66 SPRK + PP~ 6-30 GEV/C 7/B6 
66 CNTR + PP 2 . 8 - 7 . 9  GEV/C 7/86 
6T CNTR P I+ -  P AND PP 11/67 
B8 NBC + PP-PEPI ~IOGEV/C 10/69 
68 HBC P I+ -  Pv 6 GEV/C 6 /68 
68 HBC PI -P t 8 GEV/C 6 /68 
68 DEC INTO PPI,PN T.O 10/69 
68 HBC PP TO PIP, 6 .1  10/69 
69 NEE PP 22 GEV/C 10/69 
TO MNS - PI- P TO Pl- MMS 2/71 
71 HBC +-  PI+-F AT 16GEV 2/72$ 
71HBC + P l -  F 4.ASGEV/C 3 / 7 2 *  
T1 RVUE PF .P I -P .K -P  PROD 0/72~ 
T l  HBC + P P TO P N Pl 10 /71*  

3 / 7 2 *  
3172.  
2/T2~ 

ANDERSON 
BLAIR 
FOLEY 
ALHEIDA 
BELL 
LAMSA 
SHAPIRA 
TAN 
RHODE 
ANDERSON 
BALEAM 
BEKETOV 
BOESEBEC 

120/80 MA 
MORSE 71 HBC +O P I -P ,  T GEV/C 
NORSE Tl HBC + PI-P~ 25 GEV/C 
RUSHBRDOKE71HBC + PP TO F2PI 16GEV 1142E.I  ( 2 E . )  

TAN 68, SHAPIRA 6B ARE ONLY PRODUCTION EXPERIMENT TO SEE PPI DECAY 
HOWEVER THE EFFECT OF SHAPIRA 68,WITH MUCH IMPROVED DATA,HAS ALMOST 

S DISAPPEARED (YFKUTIELI 711. 

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

N* I / 2 (14?O)  WIDTH (MEV) PROD. EXPE. 

W ( l O O . )  DELL 68 HBC PI+ -  P AND PP 6/68 
W S 175 (198* )  (40° )  SHAPIRA 6B DBC 10/69 
w S ( 1 5 0 , )  ( 6 0 . )  TAN 6B HBC + 10/69 
W 120 ( lOO. )  ( 1 5 . )  RHODE 69 HBC PP 22 GEVIC 10/69 
W (210.1 ( IB.}  ANDERSON TO MNS Pl-  P T3 Pl- MMS 2 /71  
W ( lEO.  I ( 4 0 . )  BALLAM 71 HBC •T PI+-P AT 16GEV 2172" 
W ( 1 0 0 . ,  BEKETOV 71 HBC + P PI+ P I -  MASS 3172.  
W ( 6 0 . )  ( 2 0 . )  BOESEBEC 71RVUE PPePI-P*K-P PROD 0 /72*  
W T 120 lEA.O) (12 .0 }  120/80 HA 71HBC + P P TO P N PI . t O / T I e  
w T NARROW WIDTH SUGGESTS THIS IS NOT THE USUAL N~[1470) .  10/71~ 
W 80. TO lZOo NORSE 71 HBC + P t - P ,  • GEV/C 3 / 7 2 *  
W 100.0 30 .0  MORSE 71HBC + P I -P ,  25 G E V I C  3 / 7 2 *  
W ( 1 2 5 . )  ( 2 5 . )  RUSHBROOKE71 HBC FF TO P2PI 16GEV 2/72~ 

N.1/211470) BRANCHING RATIOS PROD. EXP. 

R1 N*1 /2 (1470)  INTO (PI  P)/TOTAL PRODUC.  EXPER. 
R1 ( , 6 6 )  TAN 68 NBC PP TO PIP, 6 ,1  10/69 

P2 N*II2IIRTO) INTO ( N ' 3 / 2 ( 1 2 3 6 )  PI)/TOTAL PROD. EXP. 
R 2  PROBABLY SEEN LAMSA 68 HBC PI -P 8 8EV/C 11/68 
R2 PROBABLY SEEN JESPERSEN 6B HBC PP 22 BEV/C 11/68 

R3 N , 1 / 2 ( 1 6 7 0 )  INTO IN SIGNA)/TOTAL PROD. EXP. 
R3 MAIN DECAY MODE MORSE 71 HBC + PI -P 7,25 GEV/C 3 / T 2 .  

COCCONI 69 PL B 136 
AOELMAN 65 PRL 16 1063 
ANKENBRA 65 NC 35 10E2 
BELLETTI 65 PL 18 167 
ANDERSON E6 RRL 16 85~ 
BLAIR 66 PRL IT T 8 g  

~OLEY 67 PRL 19 397 
ALMEIDA 6B PR 176 163B 
BELL EB PRL 20 166 
JESPERSE 6B PRL 21 136E 

LAMSA 68 PR 166 1395 
SHAPIRA 68 PRL 21 183~ 
TAN 68 PL 2BB 195 
RHODE 69 PR 187 1844 
ANDERSON TO PRL 28,699 

BALLAM Tl PR D4 1946 
8EKETOV 71SJNP 18 60~ 
BOESEBEC 71 NP E33 44B 
NA 71 PRL 26 BB3 
MORSE T1 PR 04 133 
RUSHBROO T1 PR 04 8278 
YEKUTIEL 71 WIS T1/48 PH 

GELLERT 66 PRL 1T 88~ 
ALBERI 68 PR 176 1631 
CLEGG 68 PREPRINT 
WALKER 68 PRL 20 IBB 

REFERENCES -N.112114701-  PROD. EXP. 

+LILLETHUN,SCANLON,STAHLBRANDT, + ICERN) 
S L A D E L M A N  (CAHBRIOGEICERN) I 
ANKENBRANDTtCLYDE,CORKtKEEFE,KERTH+ (LRL) 
BELLETTINI~COCCONI,OIDDENS + ICERN| 
+BLESERyCOLLINS,FUJIIt+ (BNL,CARN1 
"+TAYLOR,CHAPMAN,+ [HARWELL,QOEENMARY. RHEL) 

+JONES,LINDENBAUM,LOVE,OZAKI+ (BNLI 
+RUSHBROOKE,SCHARENGUIVEL+ ICAVE,DESYI 
+CRENNELLeHOUGHtKARSHONtLAI÷ (BNLICCNYI 
JESPERSEN~KANG,KERNAN+ (IOWA STATEI 

+CASON,BISWAS,DERADO,GROVES,+ (NOTRE DANEI 
+BENARY,EISENBERG,RONATtYAFFE+ (REHOI 
TANePERL,MARTIN,CHINOWSKY + (SLAC+LRL+UCII 

RHODE, LEACOCK, KERNAN, JESPERSENt~ )AMES) 
+BLESER,BLIEOENICOLLINS+÷ IBNL~CARN) 

+CHADWICK,GUIRAGOSSIAN,JOHNSON~++ (SEACI I 
,ZOMBKOVSKII,KDNDVALOV,KRUCHININ,++ I I T E F ) I J  
BOESEBECK~GRAESSLERtKRAUSt++~ (ABBCHLV) I 
+COLTON (NSU+LBL)I 
+OH,WALKER,CARROLL,LYNCH + (WISC+TNTO)IJ 
RUSHBROOKE,WILLIAMS+BAREFORO++ (CAVEtLOICI IJ 
YEKUTIELI,YAFFE,SHAPIRA,RDNAT + (REHO) 

PAPERS NOT REFERRED TO IN DATA CARDS 

+5MITH, VOJCICKI,COLTONtSCHLEIN + ILRL~UCLA} 
+AFFELtBUDNITZ,CHEN|OUNNING,GOITEIN÷ IHARVl 
A B CLEGG (LANCI 
+THOHPSON~RDEERTSDN,OH,LEE~HARTUNG,+ (WISCI 

END PRODUCTION EXPERIMENTS 

IN(152o)] I-R7"-1 
62 N * 1 / 2 ( 1 5 2 0 .  JP=3 /2 - |  I = 1 / 2  l J . / ~ B  

FOR DISCUSSION CONCERNING RESONANT PARAMETERS ,SEE NOTE 
PREOEDING N '1 /2 (19701 .  

62 N ' 1 / 2 ( 1 5 2 0 )  MASS (MEV) 

M (1836 .0 I  ROPER 6E RVUE PHASE-SHIFT ANAL 9/66 
M (1S3O.OI 8RANDSEN 65 RVUE PHASE-SHIFT ANAL 9/6E 
M 1 ( 1 S 1 0 . 0 1  BAREYRE 68 RVUE PHASE-SHIFT ANAL 11/67 
H 1 WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 
H E (1815.01 BAREYRE 68 RVUE PHASE-SHIFT ANAL 11/67 
M E WHERE SPEED 1S GREATEST - EYEBALL FIT 
H B ( 1541 .0 )  DONNACH1 68 RVUE PHASE-SHIFT ANAL 6168 
H S ( 1 5 2 0 . )  DONNACH2 68 RVUE PHAS. SHIFT-CERNI 10/89 
R S - { 1526 . |  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
N 3 WHERE MAX. ABSORPTION IS -DONNACHI, 2 ,KIRSDPP EYEBALL FIT CERN I 10/69 

4 (1512.  OI DAVIES 70 RVUE P-S ANAL SOL A 8 /69 
(1512.01 DAVIES 70 RVUE P-S ANAL SOL B 8 /69 

H SOL 8 IS E.O FIT TO SAME DATA START FROM CERN I EXPER. (DONNACH1 68) 
M 6 (1BEBoO) AYED TO IPWA 1171 
H 6 FROM ENER. DEP. FIT OF ARGAND DIAGRAM 
M 7 ( 1 5 2 0 . )  ALMEHED 72 IPWA 2/72*  

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

62 N ' 1 / 2 ( 1 5 2 0 )  WIDTH (NEV) 

W 1 ( 125 .0 )  BAREYRE 68 RVUE 11167 
W 2 ( ILO.  O) BAREYRE 68 RVUE 11/67 
W 3 (169 .0 )  ODNNACH1 6B RVUE 6/6E 
W B (11A . )  [X~NNACH2 68 RVUE PHAS.SHIFT-CERNI 10/60 
W 3 ( 1 1 5 . I  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10169 
W 4 ( 1 0 6 . 0 )  DAVIES TO RVUE P-S ANAL SOL A 
W 5 ( 125 .0 )  DAVIES 7B RVUE P-S ANAL SOL B 8/69 
W 6 (131 .0 )  AYED 70 IPWA 1/T1 
W T ( 1 2 0 . )  ALNEHEO 72 IPWA 2172~ 

SFE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

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

62 N '112(1520 l  PARTIAL DECAY NODES 

DECAY MASSES 
Pl  N*1 /2 (1520)  INTO P I N  139+ 938 
P2 N * I / 2 ( 1 S 2 0 I  INTO N * B / 2 1 1 2 3 6 1 P l  1236+ 139 
PB N*1 /2 {1820)  INTO N PI PI 938+ 139+ 139 
P6 N*112)IE20)+ INTO NEUTRON PI+ 959+ 139 
PE N* I12 I ISEO)+ INTO PROTON PI+ P I -  9B8÷ 139+ IB9 
P6 N*1/211520)  INTO N ETA 989+ 848 
PT N~1/2(1520)  INTO N SIGMA (SIGMA MESON) 989+ O 
P8 N$1/EIIDEO) INTO N RHO ( P IP I .  I = l l  988+ 768 

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

62 N~I12IISEO) BRANCHING RATIOS 

RI N*1/211520)  INTO (PI  N) ITDTAL ( P l )  
R1 1 ( 0 . 8 4 )  BAREYRE 68 RVUE 11/67 
R1 B (0 .  509l DONNACH1 68 RVUE 6/68 
R1 3 ( . 5 7 )  OONNACH2 6B RVUE PHAS.SHIFT-CERN1 10/69 
R1 B ( . 5 7 )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
R1 4 ( 0 . 4 5 I  DAVIES 70 RVUE P-S ANAL SOL A 8 /69 
RI 5 ( 0 , 4 9 )  DAVIES 70 RVUE P-S ANAL SOL B 8/69 
RI 6 (0 .593)  AYED 70 IPMA 1/71 
RI 7 (O.E8) ALNEHED 72 IPWA 2/72~ 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

R1 ALMOST THE ENTIRE INELASTICITY IS IN N PI PI (ONLY N ETA COULD CDNPETEe 
R1 AND IT DOESNT). THE N PI Pl SEEMS TO BE MAINLY N~B/E(12B6) P I ,  IN BOTH 
RI S AND D WAVES. 

RE N * I / 2 ( 1 E 2 0 )  INTO (N~3/2 (1236)  PII/TOTAL IDA) 
R2 DOMINANT INEL D E C A Y  OLSSON 66 RVUE P I P  TO PI P I N  9/66 
RE 0*20 0.0E KIRZ 66 HBC O ASSUMING RI=O.7Z 916E 
R2 D (0.401 DIEN 70 IPWA 3 BODY ANALYSIS I171 
R2 D ASSUMING RI= B.E 

R3 N*112(1520) INTO (N,3 /211236)  P I ) / ( N  PI P l l  (P2 I / (PB)  
R3 LARGE THORNAUER 65 RVUE - 11/E7 
R3 LARGE NANYSLOWS 66 RVUE - 11/6~ 
RB LARGE ROBERTS 67 RVUE - 11/67 
R3 LARGE ROSENFELD 67 RVUE - 1116T 
RB LARGE MORGAN 68 RVUE ISOEAR HDOEL 6/68 

R4 N * I / 2 ( 1 5 2 0 I  INTO (N SIGMA) / TOTAL (PTI 
RA PROBABLY PRESENT MORGAN 68 RVUE ISOBAR MODEL 6/68 
RA D (O.OE) DIEM 70 IPWA 3 BODY A~ALYSIS 1/71 
RR O ASSOMING RI= 0.5  

R5 N ' 1 / 2 ( 1 5 2 0 )  INTO IN ETA)/TDTAL (P61 
R5 D (0 .006)  APPRDX DAVIES 67 RVUE 11/e7 
RE DAVIES 67 GIVES SEVERAL VALUES DEPENDING ON INPUT DATA, ALL ARE SMALL 
R5 8 I 0 . 014 )  BOTKE 69 MPWA T POLE+ RESON. 10/69 
RE 8 IO*O03) ( 0 .001 )  DEANS 69 MPWA T POLE+ RESON. 5 /70 
R8 B (O.O02)OR 0.006 CARRERAS 70 NPWA T POLE+ RESON. 5/T0 
R5 B PARANETRIZAT|ON USED COULD BE IN DANGER OF DOUBLE COUNTING 

R6 N~112115201 INTO (N RHD )/TOTAL [PB) 
R6 D IO.07I  DIEN TO IPWA 3 BODY ANALYSIS 1/71 
RE D ASSUMING RI= 0 .5  

REFERENCES - -  N*1/Z(15201 

SEE A PREVIOUS EDITION IRMP 37, 633, 1965) FOR EARLIER REFERENCES. 

BRANDSEN 6E PR 139 81566 +ODONNELL, NOORHOUSE (DURHAN, RTHFD)IJP 
ROPER 65 PR 1BE 8190 LO ROPER,RH WRIGHT,BT FELD (LRL-LVHR,NIT)IJP 
THURNAUE 65 PRL 14 988 P G THURNAUER IROCHI 

KIRZ 66 PRIVATE COMN J KIRZ (LRL) 
- -  NUMBER EXTRACTED FROM DATA DISCUSSED IN K1RE 63.  

NANYSLDW 66 PR 187 I828 NAMYSLOWSKItRAZMI,ROBERTS (STAN,EOINB,ICI 
OLSSON 66 PR 145 1309 M G OLSSON, G 8 YOOH IWISC,ND) 

DAVIES 67 NC 52A 1112 A T DAVIESt R G MOORHOUSE (GLASGOWtRTHFD) 
ROBERTS 67 PRBPRINT R G ROBERTS (DURHANI 
ROSERFEL 67 IRVINE CONF A H ROSENFELDt P SODING (LRL] 



Baryons 
NOB20),  (z535) 
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For notation, see ke~ at front o[ Listings. 

BAREYRE 68 FR 165 1731 P BAREYRE, C 8RICMAN, G VILLET (SACLAVIIJP 
DONNACH1 68 PL 268 161 A GONNACH|E* R G KIRSOPP* C LOVELACE ICERNIIJP 
OONNACH2 68 VIENNA 18~ OONNACHIE  RAPFORTEUR.S TALK (GLAS) 
KIRSOPP 68 THESIS R G KIRSOPP IEDINI 
MORGAN 68 PR 166 IT31 O MORGAN (RTHFO) 

GOTKE 69 PR 180 1417 J C BOTKE (UCSB) 
DEANS 69 PR 185 1797 S DEANS* J MOOTEN (UNIV S FLDRIGA) 

AYED TO KIEV CONF R AYEDtP BAREYREt G VILLET ISACL)IJP 
CARRERAS 70 NP 168 39 B CARRERASt A OONNACH(E (GARE~ MCHS| 
DAVIES YO NP 821 389 A DAVIES IGLASI 
DIEN TO KIEV CONF. + SMADJA, CHAVANON* DELER, DOLBEAU+ ISACL) 

ALNEHED 72 SUB.NF B JLOVELACE (RUTG)IJF 

PAPERS NOT REFERREO TO IN DATA CARDS. 

KIRZ 63 PR 130 2481 J KIRZ, J SOHWARTZ, R D TRIPP ILRL) 
BAREYRE 65 PL 18 3A2 • 8RICRAN~ STIRLINGt VILLET ISACLAY(IJP 
CROUCH 65 OESY CONF I (  21 • (BROMN~CEA,HARVARO~NIT~PAOOVA~NEIZHANN) 
DERA~ 65 ATHENS CONF 24¢ +KENNETtLARSAt + (NOTRE DAME,KENTUCKY) 
MENLO 66 P ROY SOC 289 489 J P MERLO, G VALLAGAS (SACLAY) 

- -  THE ABOVE PAPERS DISCUSS INELASTIC CHANNELS NEAR THE RESONANCE. 
JOHNSON 67 UCRL-17683 THESIS C H JOHNSON (LRL) 
DEANS 69 PRL 177 2623 S R DEANS IFLORIDAI 
GONNACHI 69 NP LOB 438 A OONNACHIE~ R K I R S O P P  (GLAS÷EOIN) 
AVED 70 PL 31B S9B ÷OAREYRE+VILLET (SACLAYI 

FqR PH~TONIC COUPLINGS SEE 
MOORHOUSETO NP D23~181 "Z-RANKIN [GLAS) 
WALKER 69 PR 182,1729 R.U, HALKER (CALT) 

. . . . . . . . . . . . . . . . . .  : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  . . . . . . . . . .  
1 0535)! ' . 

FOR DISCUSSION'~CONCERNING RESONANT S~SEE NOTE 
PRECEDING NM1/2(1470) .  

63 N'1'1/2(15358 MASS (MEV) 

N (1BI9*O)  HENDRV 65 RVUE ETA N • S I [  Pl N 9 /66 
M (1570,  G) MICHAEL 66 RVUE FITS BAREYRE $11 7/66 

UCHIYAMA- 66 RVUE FITS N ETA DATA 9/66 N N N ( 1 5 5 7 . 0 ) G R  1565.0 
FITTING GIVES TWO SOLUTIONS. PROBLEMS MATCHING P I P  PHASE SHIFT 

R l ( 1535 .0 |  8AREYRE 60  RVUE PHASE-SHIFT ANAL 1116T 
N 1 WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 
M 2 (1518.01 BAREYRE 6R RVUE PHASE-SHIFT ANAL 11/67 
N 2 WHERE SPEED IS GREATEST - EYEBALL FIT 
N 3 (1591.0 )  OONNACH1 68 RVUE PHASE-SHIFT ANAL 6/68 
H 3 ( 1558. } DONNAGH2 68 RVUE PHAS.SHIFT-CERN1 10/69 
M B (1~40 . )  KINSOPP 6G RVUE PHASE SHIFT ANAL 10/69 
R 3 MHERE NAX. ABSORPTION IS -DONNACHI, 2 ~KIRSOPP EVEBALL FIT CERN 1 10/69 
N 11535.0)  (10.81 OELCOURT 69 CNTR PHOTOPRODGCT. 8/69 
M 4 (1502 .0 )  DAVIES 7G RVUE P-S ANAL SOL A 8 /69 
N 5 (1499 .0 )  DAVIES 70 RVUE P-S ANAL SOL B 8 /69 
M 5 SOL B IS E.D FIT TO SANE GATA START FROM GERN I EXPER. (DONNACH1 68l 
q 6 11534. GI AYED 70 IPWA 1/T1 
H 6 FROM ENER. OEP. FIT OF ARGAND DIAGRAM 
M 7 IIBGO. ) ALREHED 72 IPWA 2172" 

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

63 N~1/2115351 WIDTH (MEV) 

w (130 .0 I  HENDRY 65 RVUE 9/65 
w I 130 .0 )  MICHAEL 66 RVUE 7166 
W N I156 .0 )  OR 144.0 UCHIYAMA- 66 RVUE SEE NOTE ON MASS 9/66 
W I ( 155 .0 )  BAREYRE 68 RVUE 11/67 
M 2 I105 .0 )  8AflEYRE 68 RVUE 11/67 
N 3 (268 .0 )  APPROX OONNACNI 68 RVUE 6/68 
M 3 ( 1 1 6 . )  ODNNAGH2 68 RVUE PHAS. SHIFT-CERN1 10[69 
N 3 (160.  I KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
N ( 120 .0 I  DELCOURT 69 GNTR PHOTOPRODUCT. 8/69 
N 4 (36.D)  DAVIES 70 RVUE P-S ANAL SOL A 8169 
W 4 (36 .0 )  DAVIES 70 RVUE P-S ANAL SOL A 8 /69 
M 6 196.0 l  AYED 7G IPHA 1/71 
w 7 lSO. I ALMEHED 72 IPNA 2172. 

SEE THE NOTES ACCONFANYING THE MASSES OUOTED. 

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

63 N*1 /2 (1535)  PARTIAL GECAY MODES 

DECAY qASSES 
FL N8112(15351 INTO P I N  139+ 938 
P2 N~1/2(1535)  INTO N ETA 939+ 548 
P3 N~112(1535) INTO N F] Pl 938÷ 139÷ 139 
PA N~112115351 INTO N SIGMA (SIGMA NESONI 938+ 0 
P5 N~112(1535) INTO 0(1236|  P( 1236+ 139 
P6 N '112(1535)  INTO N RHO ( P l  P l ,  I=11 938+ 769 

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

63 N ' 1 / 2 ( 1 5 3 5 )  BRANCHING RATIOS 

RI N*1 /2 (1535)  INTO (PI  N|/TOTAL 
RI I0.698 HENDRY 65 
r l  ( 0 . 3 2 )  MICHAEL 66 
RI N (0 .718 OR 0.28 O~HIVARA- 66 
RI I0.311 3R 0 .43  DAVIES 67 
R1 5 (0 ,696 )  DONNACH1 60 
R1 3 ( . 3 3 I  DONNACH2 68 
RI  3 ( . 3 )  KIRSOPP 68 
PL ( 0 . 3 3 )  OELCOU~.T 69 
RI • ( 0 .36 )  OAVIES 70 
RI B ( 0 . 3 8 I  DAVIES 70 
R1 6 IG.39TI AYEO 70 
R1 7 (0.251 ALMEHED 72 

R2 N~1/2(1535)  INTO IN ETAI/TOTAL 
R2 DOMINANT INEL DECAY HENDRY 69 
R2 (0 .68 )  MICHAEL 66 
R2 N ( 0 . 2 9 }  OR 0.71 UCHIYANA- 66 
R2 ( 0 . 6 9 )  OR 0.45 DAVIES 67 
R2 ( 0 . 6 6 l  OELCOU4~T 69 
R2 B ( 0 . 4 )  I 0 . 1 )  DEANS 69 
R2 D (0 .69 ]0R 0.696 CARRERAS 70 
R2 8 PARAHETRIZATION USEG COULG BE IN GANGER OF 
RE 
R2 

( F I I  
RVUE 9/66 
RVUE 9166 
RVUE SEE NOTE ON MASS 9/66 
RVUE PIP TO N ETAtD~C 11/67 
RVUE 6/68 
RVUE PHAS.SHIFT~CERN1 10/69 
RVUE PHASE'SHIFT ANAL 10/69 
CNTR 8 /69  
RVUE P-S ANAL SOL A 8/69 
RVUE P-S ANAL SOL 8 8/69 
IFMA I / TL  
IPWA 2 /72*  

IP2) 
RVUE 9/66 
RVUE 9/66 
RVUE SEE NOTE ON MASS 9/66 
RVUE PIP TO N ETA~B~O 11/67 
NPWA 8/69 
MPHA T POLE+ RESON. 5170 
MPWA T POLE~ RESON. S/70 
DOUBLE COUNTING 

THE VALUES OF R2 LISTED ABOVE ARE INCOMPATIBLE NITH THE RESULTS 
OF DIEM ET AL. (708 

R3 N*1/Z(15388 INTO (D I12361P I ) /TOTAL  (PAl 
R8 G ( 0 . 0 7 )  DIEH 70 ]PNA 3 BODY ANALYSIS 1/71 
R3 D ASSURING RI= 0 .34 

R4 N '1 /2(18851 INTO (N SIGRA)fPOTAL (PSI 
R A D  (0 .26 )  OXEN 7G IPHA 3 BODY ANALYSIS 1/71 
R4 0 ASSUMING RI -  0 .34 

N ~ I / 2 ( 1 5 8 5 i  INTO (N RHO )/TOTAL (PB) 
R5 D (0.2GI DIEM TO IPNA 3 BOGY ANALYSIS 1 / 7 l  
R5 D ASSUMING RI= 0 .34 

REFERENCES - -  N*E/2115351 

HENDRY 65 PL 18 171 A N HENDRYv R G HOORHOUSE (RTHFDI 
- -  REVIENS EARLY PHASE-SHIFT-ANJdJ.YS IS RESULTS ANG P I -  P TO ETA N 

EXPERIMENTS. NE TAKE NUMBERS FROM THE SOLUTION USING 8RANDSEN 65. 
MICHAEL 66 PL 21 93 C HIGHREL (OXFI 
UCHIYARA 66 PR 149 122G F UCHIYANR-CAMPBELLv R K LOSRN ( I L L I I J F  
GAVIES 67 NC 82A 1112 A T DAVIES~ R G NOORHOUSE (GLASGOM~RTHFO) 

BAREYRE 68 PR 165 1791 P BAREYRE, C BRICNANt G VILLET (SACLAV)IJF 
OONNACHI 68 PL Z6B 16[ A GONNACHIEt R G KIRSOPP~ C LOVELACE (CERNI[JF 
D~NNACH2 68 VIENNA 139 D O N N A C H I E  RRPPORTEUR.S TALK [GLAS) 
KIRSOPP 68 THESIS R G KINSOPP (EDIN) 
OELCOURT 69 PL 298 75 DELCOURTvLEFRANCOISePEREZ-Y-J~RBA,+ IORSA) 
GEANS 69 PR 185 1797 S DEANS) J WOOTEN IUNIV S FLORIGA) 

AYED 70 KIEV C~NF R AYEG~P RAREYREt G VILLET (SACLIIJP 
OARREKAS TO NP 168 85 8 CARREMASv A D O N N A C H I E  (DAREtNCHS] 
GAVIES 70 NP 821 359 A DAVIES IGLAS) 
DIEM 70 KIEV CONF. + SMAGJAt CHRVANONw OELERt DOLDEAU÷ (SACL) 

ALNEHEO 72 SUB. NP D tLOVELACE IRUTGIIJP 

PAPERS NOT REFERRED TO IN DATA CRRDS. 

BRANOSEN 65 PR 139 B1566 +ODONNELLt MOORHDUSE (DURHANtRTHFDIIJP 
- -  BASIS OF NUMBERS HE QUOTE FRON HENDRY 65.  

BAREYRE 65 FL 18 542 ÷ BRICRAN~ STIRLING, VILLET (SACLRY)IJP 
LOVELACE 67 HEIDELBERG C. 79 C LOVELACE (CERN)IJP 
JOHNSON 67 UCRL-17688 THESIS C H JOHNSON (LRL) 
DONNACH[ 69 NP 108 488 A OONNACHIEt R K 1 R S O P P  (SLAS+EDINI 
AYEG 70 PL 318 598 +BAREYRE+VILLET (SACLAY) 

FOR PHOTONIC COUPLINGS SEE 
MODRHOUSETO NP B23~181 +RANKIN (GLAS) 
NALKER 69 PR 182,1729 R.L*BALKER (CALT} 

THE FOLLONING ARTICLES DEAL NITH THE REACTIONS P I -  P TO ETA N 
ANO GAMMA P TO ETA P NEAR THRESHOLD. THE DATA &NO THE THEORETICAL 
ARTICLES ARE USEFUL IN UNDERSTANDING THE BEHAVIOR OF THE $11 A~PLI- 
TUDE AS DETERMINED IN Pl P PHASE-SHIFT ANALVSES. FURTHER REFERENCES 
HAY BE FOUND IN THEM. 

MAINLY EXPERIMENTAL - -  
BULBS 64 PRL 13 486 (BRONNtBRANGEIS~HARVARDtMITtFADOVR) I 
RICHAROS 66 PRL 16 122l  +CHIU~EANDItHELNHOLZtKENNEY~÷ (LRL~HAWA[II IJ 
JONES 66 PL 23 597 +BINNIE~DUANEtHORSEYwRASONt* IINPCOLtRTHFD) 
EACCI 66 NC 45A 988 +PENSO~SALVINItMENCUCCINI*÷ (RONE,FRASCATI)IJP 
PREPOST 67 PRL 18 82 R PREPOST~ G LUNDQUISTe O qUINN ISTANFORG} 
BLOOM 68 PRL 21 11G0 •HEUSCH~ PRESC~TTv ROCHESTER (CALTECH) 
BULOS 69 PR 187 1827 +LANOUtB~DNERtBASTIEN + (8UeHAReM[T÷PA) 
HEUSCH 70 PRL 25~1381 +PRESCOTTtROCHESTERtNINSTEIN (CALTI 

NAINLY THEORETICAL - -  
DOBSON 66 PR 146 1022 P N DOBSON (HAHAII)  
MINANI 66 PR 147 1123 S RINAMI (?SAKAI 
ERLL 66 FR 149 1192 J S 8RLL lUCLAI 
LOGRN 67 PR 158 163¢ R K LOGAN) F UCHIYARA-CANPDELL ( ILL I  

C MENCUCCINIt A REALE (FRASCATI) NENCUCCI 67 NC 48A 579 
DEANS 67 PR 161 1466 S R DEANS) N G NOLLAOAY IVANOERBILT) 
MINANI 67 PR 162 1619 S MINAMI (DSAKAI 
MOSS BY PR 163 1785 T A MOSS ILSU) 

s R DEANSy g G HOLLADAY DEANS 68 PR 165 1886 (VANDERBILT) 
PAL 68 PR 167 135G 8 K PAL INPL NEW DELHI) 
BALL 69 PR 177 2257 ÷GARG+SHAN (UCLA÷UCI) 
LEFIEVRE 70 NC 66A 3#9 +LERUSTE (CDF) 

1520  MEV ]LEGION - PRODUCTION EXPERIMENTS 

I N(Z5 o)] o N.l,52o, 
B U M P S  ~ THIS INFORMATION REFERS TO EITHER THE 013 OR THE $11 

I STATE SEEN AT THIS MASS 

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

8 N~(1S201 MASS IMEV) PROD. EXP. 

M 1503, 6.  ANDERSON "70 NHS - P l -  P TO PI -  MRS 2/71 
M 1507.0 6 .0  A-BORELLI 67 HBC 0 PBAR P S.TGEV 10/71*  
N 1500.0 10,0 AMALOI 71 CNTR P P AT 24 GEV 10171* 
M 1512.0 Z.O ELLIS 71CNTR MRS PP 3.7 GEV/C l O / Y I *  

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

8 N t ( I S 2 0 )  WIOTH(NEV) PROD. EXP. 

W 120. 18. ANDERSON 70 MNS - P I -  P TO P l -  MRS 2/71 
w 58.0 15.0 A-BORELLI 67 HBC 0 PBAR P 5.7GEV 10171~1 
W l l B . O  20,0  ANALDI 71 CNTR P P AT 24 GEV 10 /71*~  
W 88.0  2 ,0  ELLIS 71 CNTR MRS PP 3 .7  GEV/C 1 0 1 7 1 *  

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

8 N~I[SZO) BRANCHING RATIOS PRO0. EXP. 

RI N*(1520)  INTO (N PII/TOTAL PROOUCTION EXPERINENTS 
RI 0 .76 0 .24 DASSOMPIE 67 HBC • R+P TO K • N~ 11/68 

R2 N~(1820) INTO (NEUTRON P I + I / ( P  PI÷ P [ - (  
R2 8 .77 O.AS ALEXANDER 67 HBC • PP 5.5 BEVIC 9/66 

RB N~(1520) INTO (N P I ) / ( N  PI PII  
R9 L.2S O.#A 0.71 A-OORELLI 67 HBC G PGAR P 5 .7  DEV/C 9/66 

R6 N*(1520)  INTO ( N ' 8 / 2 1 1 2 3 6 1 P l l / ( N  PI P I )  PRUD. EXP. 
R4 G.O0 0 .09 A-BORELLI 67 HBC 9/66 
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H(1535), 

Baryons 
N(1670), N(IBB8) 

RS N*(1520)  INTO (N PI PI)ITOTAL 
R5 ( 0 . 0 8 )  OR LESS 8ASSOMPIE 67 HBC + K+P TO K¢ N* 1116B 

R6 N~( IS20}  INTO (N ETAI/TOTAL PROD, EXP. 
R6 0 .22 0.1A 8ASSOMPIE 67 HGC + K+P TO K e N* 11/68 

RT N~1/2(1520)  INTO (PI  N I / ( P I  N~3/2(12361)  
RT (0.~21 OR LESS LEE 67 HEC PI -P 3 .6  GEV/C 11167 

REFERENCES - N * ( 1 5 2 0 ) -  PROD.  EXP, 

A-BORELL 67 NC AT 232 ALLES-BORELLI,FRENCH, FRISK,HICHEJDA (CERN( 
ALEXANOE 67 PR 154 1286 ALEXANDER,BENARY~CZAPEK,+ (HEIZMANN(CERNI) 
BASSOHP] 67 PL 258 460 BASSORPIERREe + (CERN,BRUXELLES] 
LEE 67 PR 159 1156 +NOEBS,ROEtSINCLAIR,VAHDER VELDE (RICH) 

ANDERSON 70 PRL 2~,699 +BLESER~OLIEDEN~COLLINS++ (BNL*CAR~I 
AMALDI 71 PL ~WtB &35 +BIANCASTELLItBOSIO~+ ( I  SANITA RONAeCERNI 
ELLIS 7 [  PRL 27 &62 +NAGLICH,NBREN,SANNES,SILVERMAN (RUTG) 

END PRODUCTION EXPERIMENTS 

FOR DISCUSSION CONCERNING RESONANT PARAMETERS~SEE NOTE 
PRECEDING N=1 /2 (1670 ( .  

66 N ' 1 / 2 ( 1 6 7 0 )  MASS (HEV) 

N (1850 .0 )  APPROX ERANDSEN 65 RVUE PHASE-SHIFT ANAL 7/66 
M (1676 ,0 )  DUKE 6B CNTR PI-P EL + POL 6/68 

1 (1680 .0 }  BAREYRE 68 RVUE PHASE-SHIFT ANAL 11167 
1 WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 

q 2 (1655 .0 )  8AREYRE 68 RVUE PHASE-SHIFT ANAL 11/67 
M 2 WHERE SPEED IS C~EATEST - EYEBALL FIT 
H 3 (1678 .0 )  [~DNNACH1 68 RVUE PHASE-SHIFT ANAL 6/68 
M 3 (16B0 . )  DONNACH2 68 RVUE PHAS.SHIFT-CERNI 10169 
N 3 (1678.1 KIRSOPP 68 RVUE PHASE SHIFT ANAL 10169 
M 3 WHERE MAX. ABSORPTION IS -DONNAEHI~ 2 ~KIRSOPP EYEBALL FIT CERN 1 10/69 
N 6 (1669 .0 )  DAVIES 70 RVUE P-S ANAL SOL A B/69 
M 5 (1667.01 DAVIES TO RVUE P-S ANAL SOL B 8169 
M 5 SOL B IS E.D FIT TO SAME DATA START FROM CERN I EXPER, (DONNACHI 68l 
H 6 (16T5 ,0 )  AYED TO IPHA 1/71 
H 6 FROM ENER. DEP. FIT OF ARGAND DIAGRAM 
M T (1683 . }  ALMEHED 72 IPWA 2172.  

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

66 N*1 /Z ( [6TO)  WIDTH (HEV) 

W 1 (135 .0 )  GAREYRE 68 RVUE 11/6T 
H 2 (105 .0 )  GAREYRE 6B RVUE 11/6T 
W 3 (1T3 .0 )  DONNACH1 68 RVUE 6/68 
H 3 ( 1 7 3 . )  DONNACH2 68 RVUE PHAS.SHIFT-CERN1 10169 
w 3 ( 1 7 5 . )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10169 
W A (11S.01 DAVIES 70 RVUE SOL A AND S 8 /69 
w 6 ( 163 .0 )  AYED 70 IPWA 1/71 
w 7 ( 1 5 0 . )  ALMEHED 72 IPWA 2172.  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

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

66 N * l / 2 ( 1 6 T O )  PARTIAL DECAY MODES 

DECAY MASSES 
P l  N~1/2(16701 INTO P (  N [39+ 9 3 8  
P2 N . 1 / 2 ( 1 6 7 0 )  INTO N ETA 939+ 568 
P~ N * I / 2 I I 6 T O )  INTO LAMBDA K 111E+ 697 
PC N*1 /2 (1670)  INTO N ' 3 / 2 ( 1 2 3 6 )  PI 1236+ 139 
P5 N*1 /2 (1670}  INTO N PI Pl 938+ 139+ 139 

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

66 N*1 /2 (1670)  BRANCHING RATIOS 

R1 N=LI2(L670]  INTO (PI  N)/TOTAL (P I (  
RI 1 ( 0 . ~ 1 )  BAREYRE 68 RVUE 11/67 
RI 3 (0 .391)  O(~NNACH1 68 RVUE 6168 
RI B ( . 3 9 )  OONNACH2 68 RVUE PHAS,SHIFT-CERN1 10/69 
R1 3 ( . ~ 9 )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
R1 6 ( 0 . 5 0 )  DAVIES 70 RVUE P-S ANAL SOL A 8/69 
RI 5 ( 0 . ~ 3 )  DAVIES TO RVUE P-S ANAL SOL B 8•69 
R1 6 (0 .392)  AYEO TO IPMA 1/71 
RI T (0 .~5 )  ALMEHED T2 IPMA 2/T2~ 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

R2 N * l / 2 ( 1 6 T O I  INTO (N ETAI/TOTAL (P21 
RZ (0.021 OR LESS TRIPP AT RVUE 8/67 
R2 B (0 .018}  BOTKE 69 MPMA T POLE + RESON. 10169 
R2 B O.O06l ( 0 . 004 )  DEANS 69 MPHA T POLE + RESON. 5/70 
R2 B (0 .006)0R 0.012 CARRERAS TO RPMA T POLE RESON.  5/70 
R2 8 PARANETRIZATION USED COULD GE IN DANGER OF DOUGLE COUNTING 

R3 N~1/2(1670)  INTO (LARBDA KI/TOTAL (P3) 
R3 ( 0 . 0 1 )  OR LESS TRIPP 67 RVUE 8/67 
R3 G (O. OOI OR LESS RUSH 68 NPBA T POLE + RESON. 8 /69 
R3 B PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 
R5 ( 0 . 0 0 )  OR LESS CL=.63 WAGNER 71 IPMA PI-P TO K LAMB 1/71 

R~ N*1 /2 (1670)  INTO (N*B/2  PII/TOTAL (PAl 
R6 E 12600 0 .63 0 .1  BBODY 71 HBC P I - P - - 2 P I  N,PHA b/TO 
R6 E ASSUMES ELASTIC BRANCHING RATIO 0 . 4 2 + - 0 . 0 6  

SEE NOTE PRECEDING THE N*112(1688) INELASTIC DECAY MOOE MEASUREHENTS. 

REFERENCES - -  N* l / 2 (16TO)  

BRANOSEN 85 PL 19 620 ÷UDONNELL, NODRHOUSE (DURHAMtRTHFDIIJP 
TRIPP 67 NP 83 10 ÷ LEITH, + (LRL,SLAC,CERN,HEIDEL,SACLAY) 

BAREYRE 68 PR 165 1731 P BAREYRE, C BR1CNAN~ G VILLET (SACLAY)]JP 
DDNNACH1 68 PL 268 161 A DONNACHIE~ R G KIRSDPP, C Lo~rELACE ICERN)IJP 
DONNACH2 68 VIENNA 139 D O N N A C H I E  RAPPORTEUR.S TALK (GLAS| 
DUKE 68 PR 166 1 6 . ~ 8  ÷JONES~KEHP,MURPHY~TtlAESHER, + (RTHFD~OXFIIJP 

- -  INSIGHTFUL QUALITATIVE ARGUMENTS ~ C E R N I N G  EXISTENCE AND IJP. 
KZRSDPP 6E THESIS ~ ~ KIRSOPP (EDIN| 
RUSH 68 PR 173 1776 RUSH (UNIV ALABAMA) 

BOTKE 69 PR 180 1617 J C EOTKE IUCSDI 
DEANS 69 PR 18S 1797 S DEANS, J NOOTEN ~UNIV S FLORIDA( 

AYED TO KIEV CONF R AYEDtP BAREYRE~ G "V:I'LLET (SACL)IJP 
CARRERAS 70 NP 16B 3E B CARRERAS~ A D O N N K C H I E  (DARE,MCHS) 
DAVIES TO NP B21 359 A DAVIES (GLASI 

BROOY 71 PL 3~B 665 +CASHMORE+..+HERNDON+.. (SLAC+LRL) 
HAGNER T[ NP B25 611 F HAGHERt C LOVELACE (CERNi 

ALMEHEO 72 SUB.NP E tLOVELACE (RUTGIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS* 

DUKE 65 PRL IS 668 ÷JONES~KEMP,MURPHY,PRENTICE, + (RTHFD,OXFIIJP 
BAREYRE 65 PL 18 362 + "BRICMAN~ STIRLING~ V I L L E T  (SACLAV)IJP 
JOHNSON 67 UCRL-E7683 THESIS C H JOHNSON (LRL) 
DEANS 69 PRL 177 2623 S R DEANS (FLORIOAi 
DONNACHZ 60 NP lOB 6S3 A DONNACHIE, R KIRSOPP (GLAS+EOTNI 
AYED 70 PL 31B ~gB +EAREYRE+VILLET (SACLAV( 

FOR PHDTONIC COUPLINGS SEE 
WALKER 69 PR 182,1729 R.LoWALKER (CALT( 

, . . ,  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  

I N O B B B ) I  FOR DISCUSSION CONCERNING RESONAN ERStSEE NDTE 
PRECEDING N * I / Z ( 1 6 T O ) .  

65 N*1/211688) MASS (MEVI 

m ( lbEO.O)  BRANDSEN 65 RVUE PHASE SHIFT ANAL 7/66 
M (1682 ,0 )  [XJKE 68 CNTR PI-P EL + POL 6 / 6 E  
H 1 11690.01 BAREYRE 68 RVUE PHASE-SHIFT ANAL 11/67 

RHERE CROSS SECTION IS GREATEST - EYEBALL FIT 1 
2 ( 1 6 8 0 . 0 )  BAREYRE 68 RVUE PHASE-SHIFT ANAL 11/6T 

M 2 HHERE SPEED IS GREATEST - EYEBALL FIT 
M S (16B7.0)  (~DNNACH1 6B RVUE PHASE-SHIFT ANAL 6/68 
M B (1690 . }  DONNACH2 68 RVOE PHAS.SHIFT-CERN1 10/B9 
M 3 ( 1 6 9 2 . I  KIRSOPP BG RVUE PHASE SHIFT ANAL 10/69 
N 3 HHERE MAX. ABSORPTION IS -DONNACH1, 2 ,KIRSOPP EYEBALL FIT CERN 1 10/69 
M 4 (1685.01 DAVIES TO RVUE P-S ANAL SOL A 8/69 
M S (1686o0I DAVIES TO RVUE P-S ANAL SOL B G/69 
H S SOL B IS E.D FIT TO SANE DATA START FROM CERN I EXPER. (DONNACHI 6E) 
H 6 (16B2.0)  AYED 70 IPNA 1/T1 
M 6 FROM ENER. DEP. FIT OF ARGAND DIAGRAM 
M T (1688.1 ALREHED 72 IPHA 2 /72*  

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

65 N=L/2(168GI MIDTH (MEV) 

: ~ ( 11o .o (  B,REVRE 6G RVUE 1116T 
(105.01 BAREYRE 68 RVUE 11/67 

W 3 ( 177 .0 )  DONNACH1 68 RVUE 6/68 
H 3 ( 1 3 2 . )  DONNACH2 68 RVUE PHAS.SH]FT-CERN1 10/69 
W 3 (100.1 KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
W 4 (106 .0 )  DAVIES TO RVUE P-S ANAL SOL A 8/69 
H 5 ( 1 2 3 . 0 |  DAVIES TO RVUE P-S ANAL SOL B 8/69 
N 6 (109.01 AYEO 70 ]PNA 1/T1 
W 7 ( 1 6 0 . )  ALMEHED 72 IPWA 2172" 

SEE THE NOTES ACCOMPANYIHG THE MASSES QUOTED. 

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

6S N~1/2(1688)  PARTIAL DECAY MODES 

DECAY HASSES 
P l  N~ l /2 (168EI  INTD P I N  159+ 938 
P2 N~1/2(168B] INTO N ETA 939+ EBB 
P3 N*1 /2 (168B}  INTO LAMBDA K 111S÷ 69T 
P~ N~1/2(1688)  INTO N ' 3 / 2 ( 1 2 3 6 (  Pl  1236+ 1B9 
P5 N '1 /2 (16881 INTO N Pl PI 938+ 139+ 139 

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

6S N . 1 / 2 ( 1 6 8 8 )  BRANCHING RATIOS 

RI N*1 /2 (1688 )  INTO (PI N)/TOTAL { P l )  
R1 1 (0 .66 )  DAREYRE 68 RVUE 11/6T 
RI 3 (0 .560)  OONNACH1 E8 RVUE 6/68 
R1 3 ( . 6 E l  OONNACH2 68 RVUE PHAS.SHIFT-CERN1 10/69 
R1 3 f . 6 8 )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
R1 A (0 .54 )  DAVIES TO RVUE SOL A AND B 8/E9 
R1 6 (0.E93) AYEO TO IPNA 1/T1 
R1 T (0 .6E(  ALMEHED 72 IPMA 2 / 7 2 *  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

MORE INFORMATION ON THE INELASTIC DECAY NODES OF THE 1690 MEV 
BURP, AS SEEN IN PRODUCTION EXPERIMENTSe RAY BE ROUND MELON 

R2 N~1/2(16881 INTO (N ETA)/TOTAL (P2) 
R2 (O.01S)~R LESS TRIPP 67 RVUE 8/6~ 
R2 B (0 .0004)  BOTKE 69 HPNA T POLE ÷ RESON. 10/69 
R2 B (0 .003)  ( 0 . 0 0 2 l  DEANS 69 MPMA T POLE • RESON* 5/70 
R2 8 (O. O005(OR .OOL CARRERAS TO HPHA T POLE + RESDN. 5/70 
R2 B PARAMETRIZATION USED COULD RE IN DANGER OF DOUBLE COUNTING 

R3 N*1/2(16BB) INTO (N E T A I / ( P I  N) ( P 2 I / I P 1 )  
R3 (OoOZT)OR LESS HEUSCH 66 RVUE + PlOt ETA PHOTO 9/66 

R~ N~1/2(1688)  INTO (LAMBDA KI/TOTAL (P3) 
R4 (O.O01B)R LESS TRZPP 67 RVUE 8167 
R4 B (O, O01IOA LESS RUSH 88 MPMA T POLE + RESON. 5/70 
R~ B PARAMETRIZATIDN USED COULD BE IN DANGER OF DOUBLE COUNTING 
R4 (O.O01iOR LESS CL=.63 WAGNER 711PMA PI-P TO K LAMB 1/71 

R5 N . 1 / 2 ( 1 6 8 8 )  INTO ( N ' 3 / 2  PI)/TOTAL (p~) 
R5 E 12600 ( 0 . 1 3 )  ( 0 . 0 # )  SOLN.A BROOY 71 HBC P I - P - - Z P I  N/PWA 6/70 
R5 E 12600 ( 0 . 3 9 )  ( 0 . 1 0 )  SOLN.8 BRODY 71 HBC P I - P - - 2 P )  N/PWA 6/70 
R5 E ASSUMES ELASTIC BRANCHIHG R~TIO 0 .62+ -0 ,06  



Baryons 
N(1688). N(1700) 

98 
Data Card Listings 

For notation, see key at front of  Listings. 

REFERENCES - -  N~1/2(1688)  

SEE A PREVIOUS EDITION (RMP BT, 633, 1961) FOR EARLIER REFERENCES, 

BRANOSEN 65 EL 19 420 
HEUSCH 66 PRL 17 1019 
TRIRP 67 NP B3 10 

BAREYRE 68 PR 16~ 1TEl 
DONNACH1 68 PL 26D 161 
DDNNACH2 68 VIENNA 139 
DUKE 68 PR 166 l~4B 
KIRSOPP 68 THESIS 
RUSH 68 PR 17~ 1771 

BOTKE 69 PR 18O 1~1T 
DEANS 69 PR 18~ 1797 

AYED TO KIEV CONF 
CARRERAS TO NP 16B 31 
DAVIES 70 NP B21 319 

BRODY 71PL S4B EBB 
WAGNER Tl  NP D25 411 

ALMEHED 72 SUD°NP B 

DUKE 65 PRL 1B 668 
CROUCH 61 DESY CONF I I  21 

+O~NNELLt MDOR~USE (DURHAN,RTHFDIIJP 
C A HEUSCHt C Y PRESCOTT~ R F DASHEN (CIT) 
+ LEITH~ + (LRL~SLACtCERN,HEIDEL~SACLAY) 

P EAREYRB~ C BRICNAN~ G VILLET (SACLAY(IJP 
A OONNACHIE, R G KIRSOPP~ C LOVELACE (CERN)IJP 
DONNACHIE RAPPORTEUR.S TALK (GLAS) 
• JONES~KEMP~NURPHY~THRESHER~ ÷ {RTHFD~OXFIIJP 
R G KIRSOPP (EOIN) 
J E RUSH (UNIV ALABAMA) 

C BOTKE (UCSB) 
DEANS~ J WODTEN (UNIV S FLORIDA( 

R AYED~P BAREYRE~ G VILLET (SACL)IJP 
B CARRERAS~ A DONNACHIE (DARE,NCHSl 
A DAVIES (GLAS} 

+CASHMDRE+..eHERNDON+.. (SLACeLRL) 
F WAGNER) C LOVELACE (CERN( 

~LOVELACE (RUTG)IJP 

PAPERS NOT REFERRED TO IN DATA CARDS, 

+JONEStKEMP~MURPHY~PRENTICE9 + (RTHFD~OXFIIJP 
+ (BROWN,CEA~HARVARD~NIT~PADOVA,NEIZMANNI 

DERADO 65 ATHENS CONF 216 ÷KENNEY,LANSAt + (NOTRE DANE~KENTUCKY] 
MERLG 66 P ROY SOC 289 ~B9 J P NERLO~ G VALLADAS (SACLAYJ 
ROBERTS 67 PREPRINT R G RODERTS (DURHAMI 
BANNER 68 PR 166 1367 ÷DETOEUF~FAYDUX~HANEL, ÷ (SACLAY~CAENI 

- -  THE ABOVE PAPERS DISCUSS INELASTIC CHANNELS NEAR THE DUMP. 
EAREYRE 65 PL 18 3 4 2  + BRICNANt 5TIRLING~ VILLET (SACLAY)IJP 
JOHNSON 67 UCRL-LT683 THESIS C H JOHNSON (LRL( 
DEANS 69 PR 177 2623 S R DEANS (FLORIDAI 
DONNACHI 69 NP lOB A33 A DONNACHIE~ R K1RSOPP (GLASeEDIN) 
AYED 70 PL 31B $98 +BAREYRE+VILLET (SACLAY) 

FOR PHOTONIC COUPLINGS SEE 
WALKER 69 PR 182~1729 R,L.NALKER (CALT) 

i (  oo)1 . o  N' I /E( ITOO.  JP= I /E - '  I = I / 2  

FOR DISCUSSION CONCERNING RESONANT PARAMETERS~SEE NOTE 
PRECEDING N .1 /2 (14701 .  

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

66 N*1 /2 (1700)  MASS (HEY) 

R (169B.0)  BRANDSEN 65 RVUE PHASE-SHIFT ANAL 
N (1700°0) MICHAEL 66 RVUE FITS BARBYRE El l  
M 1 (IT1O.O) BAREYRE 68 RVUE PHASE-SHIFT ANAL 
M I WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 
M 2 (1665o0) BAREYRE 6B RVUE PHASE-SHIFT ANAL 
M 2 WHERE SPEED IS GREATEST - EYEBALL FIT 
H B ( I T l O .  O) DONNACH1 68 RVUE PHASE-SHIFT ANAL 
M 3 (171O*) DONNACHZ 68 RVUE PHAS. SHIFT-CERNZ 
M 3 (1709 . )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 
M 3 WHERE MAX° ABSORPTION IS -DONNACHI~ 2 ~KIRSOPP EYEBALL FIT CERN E 
N (1T05.O) (10 .0 )  ORITO 69 RVUE K LAMBDA PS ANAL 
R 4 (1766 .0 )  DAVIES 70 RVUE P-S ANAL SOL A 
H 5 (1671 ,0 )  DAVIES TO RVUE P-S ANAL SOL B 
M E SOL E IS E.O FIT TO SANE DATA START FROM CERN I EXPER, (DONNACH1 68( 
M 6 (1689 .0 )  AYEO TO IPWA 
M 6 FROM ENER. DEP. FIT OF ARGAND DIAGRAM 
N A ( I 6BS .0 )  WAGNER 711PWA PI-P TO K LAMB 
M A THERE ARE S SIMILAR SOLUTIONS 
M (1678.0) SCHORSCH TO DPWA M LAM PHOTOPRO. 
M T (1670 , )  ALNEHED 72 IPWA 

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

66 N* I /2 ( ITOOI  WIDTH (HEY) 

W (2AO,OI MICHAEL 66 RVUE 
W 1 (2E0.0)  EAREYRE 68 RVUE 
W 2 I I 1 0 . 0 )  BAREYRE 6B RVUE 
w 3 (300,  OI DONNACH1 68 RVUE 
B 3 ( 3 0 0 . )  DONNACH2 6B RVUE 
W S (BOO°I KIRSOPP 68 RVUE 
w ( lO~.O)  (LE.O) ORITO 69 RVUE 
W 4 (~O~.OI OAVIES 70 RVUE 
W E ( l Z l , O )  DAVIES 70 RVUE 
W 6 (166*0)  AYED TO IPWA 
W ( 9 9 . 0 )  SCHORSCH TO DPWA 

( I I O .  O)ORII~O.O) WAGNER 71 IPWA w ; 
W ( I E O . ]  ALMEHED 72 IPWA 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

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

66 N*I /2(1TOO) PARTIAL DECAY MODES 

DECAY MASSES 
P l  N~1/2(1700)  INTO P I N  139+ 938 
P2 N~IlZILTOO) INTO N ETA 939+ 5~8 
P3 N~I /Z( ITOO) INTO LANBDA R 111B÷ ~9T 
P4 N i l / E ( 1 7 0 0 1  INTO N GAMMA 9B8+ 0 

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

66 N*1 /2 (1700(  BRANCHING RATIOS 

9/66 
7166 

L l /ET 

11167 

8168 
10/69 
10169 
10/69 

8•69 
8 /69 
8169 

I171 

1/71 

10/71*  
2172. 

7/65 
11167 
11167 
8/69 

PHAS.SHIFT-CERN1 10169 
PHASE SHIFT ANAL 10169 

8/69 
P-S ANAL SOL A 8/69 
P-S ANAL SOL B 8 /69 

1171 
K LAW PHOTOPRO. 10/71. 
PI -P TO K LAMB 1/71 

2 /72*  

R1 N t l / Z ( I T O O )  INTO (PI N)/TOTAL (P1) 
RE ( l . O I  APPROX MICHAEL 66 RVUE 7/66 
Rl 3 (0 .79 )  DONNACH1 68 RVUE 8/69 
RI 3 ( . 7 9 )  DONNACHZ 68 RVUE PHAS.SHIFT-CERN1 10/69 
RI B ( . 7 9 }  K1NSOPP 68 RVUE PHASE SHIPT ANAL 10/69 
R 1 ; (O, E6) DAVIES TO RVUE P-S ANAL SOL A 8•69 
RI 5 10 .511  DAVIES TO RVUE P-S ANAL SOL B 8/69 
RI 6 (0 .6~2)  AYED TO IPWA 1/71 
R1 T ( 0 , 5 )  ALNEHED TE IPWA 2172. 

R2 N * l l E ( 1 7 0 O )  INTO (LAMBDA KI~(PI  NI/TOTAL**2 IPB*PI)  
R2 0.039 0.019 OR ITO 69 RYUE 8/69 
R2 A (O.043)OR O.OE6 WAGNER 71 IPWA PI-P TO K LAME 1/71 

R3 N e l / Z ( 1 7 0 0 )  INTO (LANBDA K)ITOTAL {P3) 
RB B (0 .028 ]  APPROX. RUSH 68 MPWA T POLE + RESON. B/69 
R3 B PARANETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

R4 N=I /E( I?OOI INTO IN ETAI/TOTAL (RE) 
R~ B (O.OIB) BOTKE 69 RPWA T POLE + MESON. 10169 
R4 E (O.OBI (0°02)  DEANS 69 MPWA T POLE + MESON. 8/69 
R4 C ( 0 . 1 9 |  OR 0.27 CARRERAS 70 NPNA T POLE + MESON. 5•70 
RA B PARANETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 
R6 C CARRERAS TO USES REGGE POLES + RESONANCES, VALUES SUSPICIOUSLY LARG 

RB N~1/2(1700)  FROM N GAMMA TO LAMBDA N SORTIP3tPA| 
R5 (O.002)OR LESS O-÷TOE 6 CNT- K LAW PHOTOP-O 1 0 / 7 l *  
RB (O,OGTZ) SCHORSCH TO DPWA K LAW PHOTOPRO. 10/71. 

REFERENCES - -  N~I/2(1TOO) 

BRANDSEN 65 PL 19 420 + O D O N N E L L t  MOORHOUSE (DURHAM,RTHFDJIJP 

MICHAEL 66 PL 21 03 C MICHAEL (OXF) 

DAREYRE 68 PR 165 1731 P BAREYRE~ C BRICMANt G VILLET (SACLAYIIJP 
DQNNACHI 68 PL 26B 161 A DONNACHIEt R G KIRSOPPt C LOVELRCE (CERN)IJP 
DDNNACHZ 68 VIENNA lEO D O N N A C H I E  RAPPDRTEUR,S TALK (GLAS) 
KIRSOPP 68 THESIS R G KIRSOPP (EDIN) 
RUSH 6 8  PR 173 1776 J E RUSH (UNIV ALABAMA) 

BOTKE 69 PR 180 1~17 J C BOTKE (UCSE} 
DEANS 69 PR 185 1797 S DEANS) J WOOTEN (UNIV S FLORIDA) 
nRITO 69 LNC I 936 S ORITO~S SASAKI (TOKYO-OSAKA( 
ORITD2 69 INS J l l B  S ORITO (THESIS( (TOKYOI 

AYED 70 KIEV CONF R AYEDtP BAREYRE~ G VILLET (SACL)IJP 
CARRERAS TO NP 16B 3B B CARRERAS~ A OONNACHIE (OARE~NCHS( 
DAVIES TO NP BE1 359 A DAVIES (GLAS) 
SCHDRSCH TO NP B25 179 +TIETGE,WEILNBOECK (MPIM) 

WAGNER 71 NP B25 411 F WAGNER) C LOVELACE (CERN) 

ALMEHED 72 SUB. NP B ,LOVELACE (EUTG)IJE 

PAPERS NOT REFERRED TO IN DATA CARDS. 

BABEYRE 65 PL LB B42 ÷ BBICMANt STIRLINDv V I L L E T  (SACLAYIIJP 
JOHNSON 67 UCRL-17683 THESIS C H JOHNSON (LRL) 
DEANS 69 PR 177 2623 S R DEANS (FLORIDA) 
DONNACHI 69 NP lOB 433 A DONNACHIEv N KIRSOPP (GLAS~EOIN) 
AYED TO PL 31B 59B +BAREYRE+VILLET (SACLAY( 

I.C  o0 l 1B N* I /2 (LTOB.  J P = ) / E - (  I " 1 / 2  

FOR DISCUSSION CONCERNING RESONANT PARAMETERS,SEE NOTE 
PRECEDING N*1 /2 (14701 .  

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

18  N*I/2(ITOOI MASS (HEY) 

M 3 (16DO,) KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
(1730 . )  DONNACHE BB RVUE PHAS.SHIFT-CERNI 10169 B 

B WHERE MAX= ABSORPTION IS -DONNACHll 2 tKINSDPP EYEBALL FIT CERN 1 10/69 
A (1780.0 )  WAGNER T11PWA PI-P TO K LAMB 1/71 
A Ol3 RESONATES ONLY IN ONE OUT OF B POSSIBLE SOL. 

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

18 N*1 /2 (1700(  WIDTH (MEV) 

18 N*1 /2 (1700)  PARTIAL DECAY NODES 

DECAY MASSES 
Pl N*I/E(ITOO) INTO PIN 139+ 93B 

REFERENCES - -  N*l/2(1TOOl 

DDNNACH2 68 VIENNA 139 D O N N A C H I E  RAPPORTEUR.S TALK (GLAS) 
KIRSOPP 6B THESIS R G K1RSOEP (EDINJ 
WAGNER 71 NP BEE 411 F WAGNER) C LOVELACE (CERN) 

I ? 0 0  ~ REGION - PRODUCTION EXPERIMENTS 

B U M P S  . . . .  .TOO, 

P~TIAL WAVE ANALYSIS REQUIRES AT LEAST FOUR I~I /2 STATES IN THE 1670 T 
ITBO REGION (BESt FIE~ EL1, R l l )  AND AT LEAST ONE I=3/E STATE IDBB). 
OBVIOUSLY DIFFERENT EXPERIMENTS ARE SEEING DIFFERENT STATES AND OFTEN I 
IS NOT CLEAR WHAT ISOSPIN STATE IS BEING ~SERVED, NO EFFORT WAS ~ADE 
TD SEPARATE THESE EXPERIMENTS ACCORDING TO JP~ SINCE NONE OF THE 
REPORTED JP I S  FIRMLY ESTABLISHED. ME LIST ALL THE INFORMATION HEREv 
BUT WE HAVE NDT USED IT IN THE BARYON TABLE. 

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



Data Card Listings 
For notation, see key at front of  Listings. 

99 
Baryons 

N(1700), N(1780) 

2O N* {1700) 

N {1695 .0 )  ( 9 . 0 )  
M (1734.0{ ( 21 ,0 )  
N ( 1730 .0 )  { 18 .0 )  
M B 190{1693 , )  { 1 5 . )  
M 1 {1712 .0 (  ( 6 . 0 )  
M A (1867 ,0 )  ( 5 . 0 )  
N A (1719 ,0 )  ( 6 , 0 )  
N 1691. 4 .  
M I77 IT10.  10. 
M 60 1763. 25. 
N 508 1730,0 15.0 
M 60(1710 . )  
M 169A.0 8 .0  
M I730.  20* 
M {1700 . )  
N 1711. 10. 
N 1672.0 A.O 
M 80(1850 .0 )  ( 10 .0 }  
M 1700.0 10.0 
M 1670. TO 1730, 
M 1720, 20, 
M B JP {S PROBABLY 5/2+ 
M 
M 
M 
M 

80/120 

MASS (NEV) 

A-BORELLI 67 HBC + PBAR P 8 .7  BEV/C 8/67 
ALNEIDA 68 H8C + FF 10 BEV/C 9 /69 
GALLOWAY 68 HBC PI-P 6 GEV/C 8/69 
RHODE 69 HBC PP 22 GEV/C 10/69 
BARNES 69 HBD K-P TO K-P 2PI 7 /70 
BENVENUTI 69 DBC D PI-O 2.26 GEV E/TO 
NILLNANN 70 HBC + PI+P 13. GEV S/70 
ANDERSON 70 NMS - P I -  P TO P I -  MMS 2/71 
CIRBA 70 HBC ÷ PI+ P TD P+3PI 2/71 
COOPER 70 HBC LAMB, K PROD. E/71 
CRENNELL 70 HBC ÷ PI-P~PI+P 6 GEV 1/71 
KUZNETSOV 70 HLBD - LAMB. K PROD, 2/71 
AMALDI 71 CNTR P P AT 2~ GEV 10 /71 .  
BALLAN 71 HBC +- PI+-P AT 16GEV 2 /72*  
BEKETOV 7L HBC + P I -  P A.65GEV/C 3/~E* 
80ESEOEC 71RVUE PP,P I -P .K-P  PROD 3 /72*  
ELLIS 71 CNTR NMS PP 3 .7  GEV/C 1 0 / 7 | *  
MA 71 HBC ÷ P P TO P N P( 1 0 / 7 I *  
MORSE 71HBC + PI -P 25 GEV/C 3 / 7 2 *  
MORSE 71HBC +0 PI -P 7 GEV/C 3 /72*  
RUSHBROOKE71 HBC ÷ PP TO P2P[ 16GEV 2 /72*  

1 IJP CONSISTENT WITH S11(17001 OR P11(1780{ IN FORMATION 
A J CONSISTENT HIT~ 5/2  OR 7/2 

AVERAGE MEANINGLESS (SCALE FACTOR = 2.3) 

20 N* (17001 

W (70.0) {2O.O) 
W (140.01 (57 .0 )  
W ( 5 5 , 0 )  ( IS .O)  
N B 190 ( 2 3 8 . )  ( 5 0 , )  
W 1 ( 7 0 , 0 )  { 15 .0 )  
W A ( 1 0 5 . 0 l  { 16 ,0 )  
H 130. 10. 
N l i t  66. 26.  
W 102, 40.  
W 505 130.0 30.0  
W 60 (220. l 
W A ( 6 8 , 0 )  { 12 ,0 )  
w 152.0 15.0  
W 120. 50. 
W 57. 15. 
W 102.0 9 .0  
W 80 { 9 4 . 0 )  ( 20 .0 )  80/120 
W 70. 20.  
W 70, TO 120, 
W 120. 60.  
W . . . . . . . . .  
W AVERAGE MEANINGLESS {SCALE FACTOR 

SEE THE NOTES ACCOMPANYING THE 

WIDTH (MEV) 

A-BORELLI 67 HBC 9/69 
ALHEIDA 68 HBC + 9 /69 
GALLOWAY 68 HBC 8/69 
RHODE 69 HBC PP 22 GEV/C 10/69 
BARNES 69 HBC K-P TO K-P 2PI 7/70 
BENVENUTI 69 DBC _Opi - 5170 
ANDERSON 70 NNS P TO Pl -  MHS 2/71 
CIRBA 70 HBC + PI+ P AT 5 GEV/C 2/71 
COOPER 70 HBC + Pl+P, 5,5 GEV/C 2/71 
CRENNELL 70 HBC ÷ 1/71 
KUZNETSGV 70 HLBC - P I -P ,  4 GEV/C 2 / T [  
HILLNANN 70 HOD + 5 /70 
AMALDI T1 CNTR P P AT 24 GEV 10/71"  
BALLAN 71 HBC + -  PI÷-P AT 16GEV 2 / 7 2 .  
BOESEBEC 71RVUE PP~PI-PeK-P PROD 3 /72 "  
ELLIS 71CNTR NNS PP 3 ,T  GEV/C 10/71"  
HA 71 HBC + P P TO P N Pl 10 /71 .  
MORSE 71 HBC ÷ Pl -P  2S GEV/C 3 /72*  
MORSE 71 HBC +O PI-P 7 GEV/C 3172,  
RUSHBROOKET1 HOD ÷ PP TO PZPI 16GEV 2 /72*  

= 2.0!  
MASSES QUOTED 

20 N*(1700) BRANCHING RATIOS 

RI N* (ITOO) INTO (PI N I / (P I  N '3 /2 {12361 )  PROB. EXP. 
R1 (B .T7]  OR LESS LEE 67 HBC PI-P 3.E GEV/C 11/67 
RI A ( 9 . 0 )  OR MORE BENVENUTI 69 DBC 0 5 /70 

R2 N* (1700) INTO {N ETAI / (N  PI + N PI PI)  PROD. EXP, 
R2 (0,025}0R LESS KRAEMER 6A DBC + PI÷D 1.2 
R2 (O.0621OR LESS CL=,98 A-BORELLI 67 HBC + PBAR P S.T 8EV/C 9 /69 

R3 N* (1700) INTO (LANBDA K ) / ( P  PI+ P I - )  PROD, EXP, 
R3 (O.034)DR LESS ALEXANDER 67 HBC + PP 5.5 8EV/C 11/67 
R3 ( 0 . 0 7 )  OR LESS CL=.9S CIRBA 70 HBC PI+P AT 5 GEV/C 2/71 

R~ N* {1700) INTO {LAHBDA N ) / ( N  P} ÷ N PI P I {  +PRO0, EXP, 
R4 (O.013)OR LESS CL=,95  A-EORELLI 67 HBC 8/67 
RA SEEN CHINOWSKY 68 HBC PP TO K+ Y N 6/68 
RA 1 LIMITS D,02B TO 0,11 BARNES 69 HBC K-P TO K-P 2PI 7/70 
R4 A LESS THAN 0,028 WILLNANN 70 HBC PI÷P TO 3PI P 6 /70 
RA 2~ O.02S 0.008 CRENNELL TO HBC + 1/71 
R4 28 SEEN. CONS. WITH J = l / 2  MORSE Tl  HBC 0 PI -P 7 G E V / C  3 / 7 2 *  

RS N* (1TOOl INTO (N P I ) / ( N  PI P I {  +PROD. EXP, 
R5 (1 .26 )  OR LESS CL=,95 A-DORELLI 67 HBC 8/67 
RB 0.025 0 .13 CRENNELL 70 HBC ÷ 1/71 

R6 N* (1700) INTO ( N ' 3 / 2 ( 1 2 3 6 |  P I ) / { N  Pl P I )  +PROD. EXP. 
R6 NO EVIDENCE A-BORELLI 67 HBC 8/67 

SEE MENLO 66 FOR A REVIEW, 

R7 N* (17G0) INTO (NEUTRON P I + ) / ( P  PI+ P [ - )  PRO0, EXP, 
R7 0 .67 O.AO ALEXANDER 67 HBC + PP 5,B BEV/C 11/67 
R7 O.A7 0.25 A-BORELLI HBO PDAR P S.5 GEV/C 7 /70 
R7 . . . .  . . . . .  
R7 AVG 0,53 0.21 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l . O t  

R8 N* (1700) INTO (N* (1236)++  P l - ) / ( P  PI+ P l - )  PRO0. EXP. 
R8 0.7A O,1A ALEXANDER 67 HBC + PP 5*5 BEV/C 11/67 
RB (1 ,01 0 .3  ALMEIDA 68 HBC + PP lO BEV/C 9/66 
R8 (0 .83 )  KAYAS 68 HBC PP 8.1 BEV/C 11/68 
R8 1 LESS THAN O.IS BARNES 68 HBC K-P TO K-P 2Pl 7 /70 
R8 [O. EO) OR LESS CL=.9S CIRBA 70 HBC PI+P AT 5 GEV/C 2/71 
R8 NO EVIDENCE CRENNELL 70 HBC + 1/71 
R8 A ( 2 . 3 )  ( 1 , 6 )  WILLMANN TO HBC PI+P T~ 3Pl P 6 /70 
R8 (1 .OI  OR MORE CL=,95 BEKETOV T1 HBC + 0EL(1236)++ P I -  3/72~ 
R8 0.75 0,75 BOESEBEC T1 RVUE PPtP I -P ,K-P  PROD 3 /72*  

0 .35 0.20 RUSHBROOKET1 HBC ÷ PP TO PZPI 16GEV 2 /72*  R8 
R8 . . . . . . . . .  
R8 AVG 0.61 0.18 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ,6 )  

R N* {1700{ INTO (SIG K}/ (LAMB K) PROD, EXP. 
R9 LESS THAN .20 COOPER 70 HBC ÷ PI+Pt B.5 GEV/C 2 /71 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

REFERENCES - -  N* IN PRODUCT EXPERIMENTS 

KRAEMER 66 PR 136 0496 ÷MADANSKYt+ (J HOPKINSvNHESTERNvNOODSTOCKI I 
ALEXANDE 67 PR I84 IE8~ ALEXANDER~BENARYtCZAPERt+ (NEIZNANN(CERN)) 
A-BORELL 67 NC 47 232 ALLES-BDRELLItFRENCHtFRISK~MICHEJDA (CERN) 
LEE 67 PR 159 1186 +HOEBSeROEtSINCLAIR~VANDER VELDE IMICH) 

ALMEIOA 68 PR 17A 1638 •RUSHBROOKE, • (CAVNDSH,DESY(CERN)) 
CHINOWSK 68 PR 165 1466 CHINOWSKYtKINSEY~KLEIN, ÷ (LRL~SLAC) 
KAYAS 68 NP 85 169 +GUYADERtSENE~YIOUtALITTI~÷ (ORSRY~SACLAY} 
GALLOWAY 68 PL 278 250 GALLOWAYtALYEA~CRITTENDEN~PRICKETT~+ (INO) 

BARNES 69 pRL 28 1516 
RHODE 69 pR 187 1844 
BENVENUT 69 PR 187 1852 

ANDERSON 70 PRL 259699 
CIRBA TO NP B23~838 
COOPER 70 NP B23~605 
CRENNELL TO PRL 25 18T 
KUZNETSOV70 SJNP 10v332 
WILLNANN 70 PRL 2~ 1260 

AMALDI 71 PL 348 ABE 
BALLAN 71PR D4 1946 
BEKETOV 71SJNP 13 608 
BOESEBEC 71NP 838 4AS 
ELLIS 71PRL 27 4A2 
NA 71PRL E6 333 
MORSE 71PR D4 133 
RUSHERDO 71 PR 04 3273 

+BASSANO÷CHUNG+EISNER+FLAMINTO÷KINSON (GNLIIJ 
RHODE, LEACOCKt NERNANt JESPERSEN,÷ IAHES) 
BENVENUTI~ NARQUITt OPPENHEIMER {NINNtCOLO) 

÷BLESERvBLIEDENtCOLLINS++ (BNL.CARN) 
+VANDERHAGEN÷ (EPOLtDURH,N1JN~TORI~PIUB} 
+MANNER~MUSGRAVE~POLLARDvVOYVODIC (ANL) 
+LAi r  LOUIEt SCARRv SIMS {BNL) 
+NELNIKOV~RyLTSEVA,CHADRAA,BALINTP {JINR) 
+LANSAtGAIDOStEZELL (PURD)IJ 

+BIANCASTELLI,BOSIOT+ { I  SANITA ROMA÷CERN{ 
+CHADWICK.GUIRAGOSSIAN~JOHNSON~++ (SLAC) I 
tZ ONBKOVSKIItKONOVALOV,KROCHININ,÷÷ ( I T E P ) I J  
BOESEBECKtGRAESSLERvKRAUS~+++ (ABBCHLV) I 
+NAGLICHtNOREMtSANNEStSILVERNAN (RUTG) 
• COLTON (NSU+LBL)I 
+OHIWALKER,CARROLL,LYNCH + (WISC+TNT~)I 
RUSHBROOKE~WILLIANS+BAREFORD÷+ {CAVE,LOIC) IJ  

PAPERS NOT REFERRED TO IN DATA CARDS, 

NERLQ 66 P ROY SOC 289 A89 J P MENLO, G VALLADAS (SACLAY) 

END PRODUCTION EXPERIMENTS 

FOR DISCUSSION CONCERNING RESONANT PARANETERStSEE NOTE 
PRECEDING N ' 1 / 2 { 1 4 7 0 ) .  

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

14 N * l / 2 { E 7 8 0 )  MASS (NEVI 

N 3 {1781,O}  DONNACH1 68 RVUE PHASE-SHIFT ANAL 8169 
N B (1780 . )  DONNACH2 68 RVUE PHAS. SH|FT-CERN1 10/69 
N 3 ( 1 8 6 0 . )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
N 3 WHERE MAX. ABSORPTION {S -DONNACH1. 2 .KIRSOPP EYEBALL FIT CERN 1 10/69 
M {16A0.0)  ( 70 ,0 )  OR ITO 69 RVUE K LAMBDA PS ANAL 8/69 
M (1700 .0 }  ORITOZ 69 CNTR KLAN PHOTOPRO l O / T l *  
N A (1770 ,0 {  DAVIES 70 RVUE P-S ANAL SOL A 8 /69 
M 5 (1867 .0 )  DAVIES 70 RVUE P-S ANAL SOL B 5/69 
M 5 SOL B IS E.D FIT TO SAME DATA START FROM CERN I EXPER, (DDNNACHI 68{ 
N 6 (16AS.O) AVED 70 IPNA L/TL 
N 6 FROM ENER, DEP. FIT OF ARGAND DIAGRAM 
M A (1685 ,0 )0R(1740 .0 )  WAGNER 711PWA P[ -P TO K LAMB 1/71 
N A THERE ARE 3 SIMILAR SOLUTIONS 
N ( 1 8 0 9 , 0 )  SCHORSCH 70 DPWA K LAM PHOTOPRO. 10/71*  
M 7 (1720.) ALMEHEO 72 ]PWA 2/72* 

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

14 N * l / E ( 1 7 8 0 )  WIDTH (NEV) 

N 3 (327 ,0 )  OONNACHI 68 RVUE 8/69 
N 3 ( 3 2 7 . )  DONNACH2 68 RVUE PHAS, SHIFT-CERNL 10/69 
N 3 { 2 7 0 . )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
H {310o0) (50 .0 }  ORITO 69 RVUE 8/69 
W (210. O) OR tT02 69 CNTR R LAM PHOTOPRO 10 /71 .  
W A (AAS.O) DAVIES 70 RVUE SOL A 8 /69 
N 5 ( 528 .0 )  DAVIES 70 RVUE SOL B 8 /69 
W 6 (SO, O{ AYED TO IPNA 1/71 
W (280 .0 (  SCHORSCH 70 OPNA K LAM PHOTOPRO. 10 /71 ,  
W A (160*010R(220.0)  WAGNER 71 IPNA PI-P TO K LAM8 1/T1 
N T ( 1 6 0 , )  ALMEHED 72 IPNA 2 l I E *  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

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

14 N ' L / 2 ( 1 7 8 0 {  PARTIAL DECAY MODES . . . . . . . . . . . . . . . .  

DECAY ~ASSES 
Pl  N*1 /2 (1780)  INTO P I N  139+ 938 
P2 N* I /E (17BO)  INTO LAHBDA K 1115+ 697 
P3 N . 1 / 2 ( 1 7 8 0 )  INTO N ETA 939+ 548 
PA N*112(1780|  INTO N GAMMA 938• O 

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

14 N* I /2 (1T8O)  BRANCHING RATIOS 

R1 N* l / 2 (17801  INTO (PI  N{/TOTAL ( P l {  
R1 3 (8.32) DONNACH1 68 RVUE 8/69 
RI 3 ( . 3 2 )  DONNACH2 68 RVUE PHAS.SHIFT-CERN1 10/69 
R1 3 { . 3 2 {  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
R1 4 (D.43} DAVIES 70 RVUE SOL A 8/69 
R1 S (0,301 DAVIES TO RVUE SOL B 8/69 
R1 6 (0 .169)  AVED TO IPWA 1/T1 
R1 7 { 0 . 2 )  ALNEHED 72 IPWA 2 /72 "  

R2 N*1 /2 (1780)  INTO (LAMBDA R ) t { P I  NI/TOTAL**E (P2*PI )  
R2 O,OO4 0.003 ORITO 69 RVUE 8/69 
E2 A (0 ,025{0R O.OA3 WAGNER 71 IPNA PI-P TO K LAMB 1/71 

R8 N*1 /2 (1780)  INTO {LAMBDA K)ITOTAL (P2) 
RB B (0 .003)T0  0.068 RUSH 68 NPWA T POLE + RESON, 8/69 
R3 B PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

R4 N.1 /211780)  INTO (N ETA{/TOTAL {P3) 
R4 B (0 .19 }  BOTKE 69 MPWA T POLE + RESON. 10/69 
RA 8 (O.Og) ( 0 , 0 5 |  DEANS 69 MPNA T POLE + MESON, 9/70 
R4 B (O,OIS|OR 0.035 CARRERA8 TO MPWA T POLE + RESON, S/70 
RA B PARANETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

R5 N*1 /2 (1780{  FROM N GAMMA TO LAMBDA K SQ-T(PE*PA) 
RE (0 .0027)  O~IT02 69 CNTR K LAM PHOTOPRO 10/71" 
RS (0 .0088{  SCHO-SCH 70 DPWA K LAM PHOTOPRO. 10/71"  

REFERENCES - -  N ' 1 / 2 { 1 7 8 0 )  

DDNNACH[ 68 PL LAB 161 A DDNNACHIEI R G KIRSOPFt C LOVELACE (CERN)IJP 
DONNACH2 68 VIENNA 139 DONNACHIE RAPPORTEUR. S TALK {GLAS) 
KIRSOPP 68 THESIS R G KIRSOPP (COIN( 
RUSH 68 PR 178 1776 J E RUSH (UNIV ALABAMA( 

EOTKE 69 PR 180 1617 J C BOTKE (UCSB) 
DEANS 89 PR 188 1797 S DEANS* J WOOTEN (UNIV S FLORIDA) 
ORITO 69 LNC I 986 S ORITOIS SASAKI (TDKVO-OSANA{ 
ORITD2 69 INB J 118 S ORITO (THESIS) (TOKYO) 



Baryons 
N(1'780), N(1860), N(1990), N(Z04.0) 

t00 
Data Card Listings 

For notation, see key at front of  Listings. 

AYEO TO KIEV CDNF R AYED,P BAREYRE, G VILLET (SACL)IJP 
CARRERAS 70 NP I6B 35 B CARRERASt A OONNACHIE  (DAREtMCHS) 
DAVIES TO NP B21 359 A DAVIES (GLASI 
SCHORSCH TB NP B25 179 +TIETGEIBEILNEOECK (NPIM) 

WAGNER 71 NP B2S ~11 F NAGNER~ C LOVELACE (CERN( 

ALNEHEO 72 SUB.NP B vLOVELACE (RUTD)IJP 

PAPERS NOT REFERREO TO IN DATA CARDS. 

DEANS 69 PR l I T  2623 S R DEANS (FLORIDA) 
DONNACHI 69 NP lOB A33 A DONNACHIEt R KIRSOPP (GLAS÷EOIN) 
AYED TO EL 31B 598 +BAREYRE÷VILLET (SACLAY) 

FOR DISCUSSION CONCERNING RESONANT FARAMETERSvSEE NOTE 
PRECEDING N# [ / 2 (14TO) ,  

15 N*1 /2 (1860)  MASS.IHEV) 

M 3 (1860 ,0 )  DDNNACH| 6B RVUE PHASE-SHIFT ANAL 6/68 
H 3 [ 1860 . )  DDNNACH2 68 RVUE PHAS.SHIFT-CERN1 10/69 
R 3 (1900o) KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
M 3 WHERE MAX, ABSORPTION IS -DONNACHIt 2 ~KIRSOPP EYEBALL FIT CERN [ 10/69 
M 4 ( 1 8 4 4 . 0 l  DAVIES TO RVUE P-S ANAL SOL A 8/69 
M 5 (L854 .0 )  DAVIES 70 RVUE P-S ANAL SOL B 8/6B 
N 5 SOL B IS E*O FIT TO SAME DATA START FRON CERN I EXPER. (DONNACH1 68) 
M X (1868.  D) APPROX LEA 69 CNTR PI-P ELASTIC B/69 
H X SEE ALSO APLIN 71 
M 6 (1766 .0 )  AYED 7B IEWA 1/71 
N 6 FROM ENER, DEP. FIT OF ARGAND DIAGRAM 
M A ( IBOO.O I  WAGNER 7 [  IPBA PI-P TO K LAMB 1/71 
N A P13 RESONATES ONLY IN ONE OUT OF 3 POSSIBLE SOLUTIONS 
M T (18S0, )  ALNEHED 72 IPWA 2 / 7 2 .  

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

15 N~I /Z(LB60)  WIDTH (MET) 

N 0 (296.  DO) DONNACH1 68 RVUE 8/69 
N 3 ( 2 9 6 . )  DQNNACH2 68 RVUE PHAS, SHIFT-CERN1 10169 
W 3 (325 . )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/B9 
w ~ ( 449 .0 (  DAVIES TO RVUE SOL A 8 /69 
w S (3OT.O) DAVIES TO RVUE SOL B 8/69 
W 6 (182 .0 )  AYED TO IPWA I /T1  
W A (220 .0 )  WAGNER T l  IPWA PI-P TO K LAMB 1/71 
W T (300,) ALMEHED 72 IPWA 2/72* 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

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

15 N~ l /Z (186B)  PARTIAL DECAY MODES 

DECAY MASSES 
PI N=I /2 (1B60 I  INTO P I N  [39+ 938 
P2 N ' 1 / 2 ( 1 8 6 0 )  INTO LAMBDA K 1115+ 497 
P3 N * I / 2 ( 1 8 6 0 |  INTO N ETA 939+ 548 
P4 N~1/2(1860)  INTO N PI PI 938+ 139+ 139 

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

1E N*1 /2 (1860)  BRANCHING RATIOS 

RI N * I / 2 ( 1 8 6 0 )  INTO (PI  N)/TOTAL ( E l )  
R1 3 {0 .21 )  DONNACHt 68 RVUE 8169 
R1 3 ( . 2 1 )  OONNACH2 6B RVUE PHAS,SHIFT-CERN[ 10/69 
RI 3 I , Z 5 )  KIRSDPP 68 RVUE PHASE SHIFT ANAL [0169 
Rl 4 ( 0 .40 )  OAVIES 70 RVUE SOL A 8/69 
RI S (0.261 DAVIES TO RVUE SOL B 8/69 
R1 6 (O.1Ag) AYEB 70 IPNA l i T 1  
RI 7 ( 0 . 2 5 I  ALNEHED 72 IPNA 2 /72 "  

R2 N ' 1 / 2 ( 1 8 6 0 )  INTO (LANEDA K)/TOTAL (P2) 
R2 B (O.01A)TO 0.L6 RUSH 68 NPWA T POLE + RESDN. 8 /69 
E2 B PARANETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

R3 N~1/2(1860)  INTO (N ETA)/TOTAL (P3I 
R3 B (D.0364)  BOTKE 69 MPWA T POLE + MESON. 10169 
R3 B (O.BO3i (B,OO3| DEANS 69 NPNA T POLE RESDN.  5170 
R3 B (O,030)nR 0,094 CARRERAS 70 NPWA T POLE R E S O N ,  5/70 
R3 B PARANETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

R4 N '112(1860)  INTO (LAMBDA K I * ( P [  N)/TOTAL**2 (P2*PL) 
R4 A (O.O15I BAGNER 711PBA PI-P TO K LAME 1/71 

REFERENCES - -  N * [ / 2 ( 1 8 6 0 I  

DONNACHI 68 EL 268 161 A DONNACHIEe R S KIRSOPP, C LOVELACE ICERN)IJP 
DONNACH2 68 VIENNA 1B9 OONNACHIE  RAPPORTEUR°S TALK (GLAS) 
KIRSOPP 68 THESIS R G KIRSOPP (COIN) 
RUSH 6B PR 173 1776 J E RUSH |UNIV ALABAMA( 

BOTKE 69 PR 180 1417 J C BOTKE (UCSB) 
DEANS 69 PR 185 1797 S OEANS~ J WOOTEN (UNIV S FLORIDA) 
LEA 69 EL 29B 584 LEAtOAOEStMARDtCOBANt+ (RHEL,BR1STOL~OARE) 

AVID TO KIEV CONF R AYEDtP BAREYRE, G VILLET (SACLIIJP 
CARRERAS 7~ NP 16B 35 B CARRERASt A D O N N A C H I E  (DAREsNCHSI 
DAVIES 70 NP B21 359 A DAVIES (GLAS) 

NAGNER 71NP BEE 411 F WAGNER~ C LOVELACE (CERN) 

ALNEHED T2 SUB.NP B ~LOVELACE (RUTGIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

DEANS 69 PR ITT 2623 S R DEANS IFLDREDAI 
DONNACHI 69 NP LOB 433 A DONNACHIEg R K I R S O P P  IGLAS+EDIN) 

AYED TO EL 318 598 ÷EAREYREIVILLET (SACLAY} 
APLIN T1 NP B32 253 +COBANtGIBSONvGILMORE÷+ (RHELIBRISTOL) 

1T N . 1 / E , I  . . . . . . .  T / 2 - , I - l / E  

FOR DISCUSSION CONCERNING RESONANT PARANETERStSEE NOTE 
PRECEDING N~1/2(  1470I .  

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

17 N*1 /2 (1990)  NASS (NEV) 

N 3 (1983 .0 ]  DONNACHI 68 RVUE PHASE-SHIFT ANAL 
N 3 ( 1995 . }  KIRSDPP 68 EVUE PHASE SHIFT ANAL 10/69 
N 3 WHERE MAX. ABSORPTION IS -DrJNNACH[t 2 tKIRSOPP EYEBALL FIT CERN [ 10/69 
M X (2000.01 APPROX LEA 69 ENTR PI-P ELASTIC 8/69 
N X SEE ALSO APLIN 71 
N 7 { EOOO. ) ALNEHED 72 IPMA 2/T2~ 

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

17 N*I /Z(19RO) NIDTH (NET) 

; ,22s o, OONNACH1 68 RVUE B / .  
1250.1 KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 

N 7 [ 208, ) ALHEHED T2 I PMA 2/72~ 

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

IT N~1/2(19901 PARTIAL DECAY NODES 

DECAY MASSES 
PI N<'1/2(19901 INTO Pl N 139+ 938 
P2 N ' 1 / 2 ( 1 9 9 0 )  INTO N PI PI 938+ 139+ 139 
P3 N~1/2(1990)  1NTO N ETA 939+ 548 

IT N.1 /2 (1990 )  BRANCHING RATIOS 

R1 N$1/2(1990)  INTO (PI  NI/TOTAL ( E l i  
R1 3 ( , 0 9 )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
R1 7 IO. 15I ALNEHEO 72 IPNA 2/72~ 

E2 N*1 /2 (1990(  INTO (N ETAI/TOTAL (P3) 
RE B (OoBZ) ( 0 . 0 2 )  DEANS 69 MPBA T POLE * RESON. 5/70 
R2 B PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

REFERENCES ---  N * l / E ( I g 9 B )  

DONNACHI 68 PL 26B 161 
KIRSOPP 68 THESIS 

LEA 69 PL 29B 584 
DEANS 69 PR 1AS 1797 

ALNEHED 72 SUBoNP B 

DEANS 69 ER 177 2623 
AYED 70 PL 31B 598 
APLIN 7 1 N P  032 253 

A DONNACHIEv R G KERSDPPe C LOVELACE (CERN)IJP 
R G KIRSOPP (ED|N) 

LEAIOADEStNARO~COflANp÷ (RHEL~ERISTOLIOARE) 
S OEANSt J NOOTEN (UNIV S FL3RIDA) 

,LOVELACE (RUTG)IJP 

PAPERS NOT REFERREO TO IN DATA CARDS. 

S R DEANS (FLORIDA) 
+BAREYRE~VILLET (SACLAY) 
+COBANtGIBSON~GILHQRE÷+ (RHEL,BRISTOL) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

FOR DISCUSSION CONCERNING RESONANT P ,SEE NOTE 
PRECEDING N* I /2114TO) .  

f 

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

I6  N*I/Z(EOAOI MASS (NET) 

M B (2BET.O) OONNACHI 68 RVUE PHASE-SHIFT ANAL 6/68 
M 3 ( 2030 . )  DONNACH2 68 RVUE PHAS,SHIFT-CERN[ 10/69 
M 3 (204B. )  KIRSOPP 68 RVUE PHASE SHIFT ANAL IDLE9 
M 3 WHERE MAX. ABSORPTION IS -DONNACHI* 2 tKIRSOPP EYEBALL FIT CERN [ [ 0 / 6 9  
N X (COBB.O) APPROX LEA 69 CNTR PI-P ELASTIC 8/69 
N X SEE ALSO APLIN T l  
N 7 IEOTS.) ALMEHEO 72 IRMA 2 /72*  

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

16 N * l / Z ( Z B 4 0 )  WIDTH (NEV( 

w (293.01 OONNACH1 68 RVUE 8/69 
H B ( 2 9 0 . )  DONNACH2 68 RVUE PHAS.SHIFT-CERNL 10/69 
W B (E40 . )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
W T ( 1 5 0 . )  ALMEHED 72 IPWA E/TZ~ 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED, 

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

16 N~1/2(2040) PARTIAL DECAY NODES 

DECAY MASSES 
PI N * [ / 2 ( 2 0 4 0 )  INTO P[ N 139+ 938 
P2 N ' 1 / 2 ( 2 0 4 0 )  INTO N PI PI 938+ 139+ 139 
PB N=1/2(2040|  INTO N ETA 939+ 548 

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

16 N*I /2(2OAO) BRANCHING RATIOS 

R[ NSl /2 (2o4o)  INTO (PI  N)/TOTAL IF1) 
R1 3 1.26)  DONNACH2 68 RVUE PHAS,SHIFT-CERN1 10169 
R[ B ( . 1 5 )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
R I T  ( 0 . 3 )  ALNEHED T2 lENA 2/72~ 

R2 N'112[2040)  INTO (N ETA)/TOTAL (P3) 
RE B ( 0 , )  DR 0,009 CARRERAS 70 NPWA T POLE + MESON. 5/70 
R2 B PARAMETRIZATION USED COULD BE IN DANGER OF GOBBLE COUNTING 

REFERENCES - -  N .1 /2 (2040 )  

DONNACH1 6B PL Z6B 161 A GONNACHIEt R G KIRSOPPt C LOVELACE (CERN)|JP 
OONNACHZ 68 VIENNA 138 D O N N A C H I E  RAPPORTEUR.S TALK (GLAS) 
KIRSOPP 68 THESIS R G KIRSOPP (EOINI 

LEA 69 PL E98 584 LEAtOADESvNARDtCOWANt+ (RHELIBRISTOL~DARE) 



D a t a  C a r d  L i s t i n g s  
For notation, see key at front of  Listings. 

t O i  

Baryons 
N(~040), N(2100), N(~175), N(~190) 

CARRERAS 70 NP 16B 35 B CARRERAS, A D O N N A C H I E  (DAREeMCHS)  

ALNEHED 72 SUE. NP B tLOVELACE (RUTGIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

DONNACHI 69 NP 108 433 A DONNACHIEt R KIRSOPP (GLAS+EDIN) 
AYED TO PL 31D 598 +EAREYRE~V[LLET (SACLAY) 
APLIN 71 NP 632 253 +CONANtGIESONeGILHORE÷÷ (RHEL,BRISTOL) 

SEE THE NOTE ON NeS AND DELTAS 
BARYON DATA CARD LISTINGS, 

PRECEDING THE 

. . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9A N ' 1 / 2 ( 2 1 0 0 )  MASS (MEN| 

M 7 ( 2 1 0 0 . )  ALMEHED 72 IPNA 2 / 7 2 *  
N [ 2 0 7 0 . ]  ROYCHDUD 71DPNA 3 / 7 2 *  

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

04 N~1/2(2100)  WIDTH (HEY) 

W 7 (20O.)  ALMEHED 72 IPNA 2/72~ 

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

06 N ' 1 / 2 ( 2 1 0 0 )  PARTIAL DECAY NDOES 

DECAY MASSES 
P1 N*L/2(21001 INTO P I N  139+ 938 

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

04 N~L/E(2100) BRANCHING RATIOS 

R1 N * l / E ( 2 1 0 0 |  INTO (PI  N)ITOTAL ( P l l  
R1 7 ( 0 . 5 )  ALMEHED 72 IPNA 2172"  

REFERENCES - -  N ' 1 / 2 ( 2 1 0 0 )  

ROYCHDUD 7 1 N P  B27 125 R K ROYCMOUGHURY~D H BRANSDEN (DURH]IJP 
ALMEHED 72 SUBoNP 8 ~LOVELACE (RUTGIIJP 

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

~ b  SEE THE NOTE ON NIS AND DELTAS PRECEDING THE 
BARYON DATA CARD LISTINGS. 

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

OB N '1 /2 (21001 MASS (NEV| 

H 7 [ 2100 . )  ALNEHED 72 IPNA 2172" 

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

05 N~L/2(2100)  WIDTH (NEV) 

H 7 (150 . )  ALNEHED 72 IPNA 2172.  

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

05 N ' 1 / 2 ( 2 1 0 0 )  PARTIAL DECAY MODES 

DECAY MASSES 
P1 N ' 1 / 2 ( 2 1 0 0 |  INTO P I N  139+ 938 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

05 N*L/Z(2LOO) BRANCHING RATIOS 

R1 N*112(2100) INTO (PI  N|/TOTAL ( P l l  
RI ? ( 0 . 2 )  ALNEHEO 72 IPHA 2/72~ 

REFERENCES - -  N . 1 / 2 ( 2 1 0 0 )  

ALNEHED 72 SUB,NP B ~LOVELACE (RUT~IIJP 

SEE THE NOTE ON NtS AND DELTAS PRECEDING THE 
BARYON DATA CARD LISTINGS. 

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

06 N*1/2(21751 MASS (NEV) 

N T ( 2 1 7 5 . )  ALMEHED 72 IPNA 2/72~ 

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

06 N~1/2(2175)  WIDTH (HEY) 

H T (LSO.|  ALMEHEO 72 IPWA 2172. 

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

06 N~1/Z(217S| PARTIAL DECAY MODES 

DECAY MASSES 
PI N~1/2(21751 INTO P I N  139÷ 938 

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

06 N * l / 2 ( 2 1 7 B |  BRANCHING RATIOS 

RI N~1/2(2175)  INTO (PI  NIITOTAL ( P l |  
R1 T (0 .2E)  ALNEHED 72 IPNA 

REFERENCES - -  N$112(2175| 

ALMEHED 72 SUB. NP B tLOVELACE (RUTGIIJP 

; i ; ; ;o;  .... :::::::::::::::::::::::::::::::: . . . . . . . . . . . . .  I 1 . 
R~YCHOUDHURY 71 FIND SOME INDICATION OF P l l  AND F17 IN 
THIS REGION.BRANSDEN 71 ALSO FIND P |hF15 ,ANO G19 RESO- 
NANT NEAR THIS MASS° 

217Z*  

71 N . 1 / 2 ( 2 1 9 0 )  MASS (MEV) 

N (2190 .0 )  DIDDENS 63 CNTR PI+ -  P TOTAL 
M [2210 .0 )  HOHLER 64 RVUE DATA + DISP REL 
H (2190 .0 )  APPROX YOKOSANA 66 CNTR P I -  P DSIG + POL 7/66 
B 3 (226E. OI DONNACH 1 68 RVUE PHASE-SMI FT ANAL 6168 
N 3 ( 2190 . )  DONNACH2 68 RVUE PHAS°SHIFT-CERN1 10169 
H 3 (2Z6B. I KIRSDPP 68 RVUE PHASE SHIFT ANAL 10/69 
N 3 WHERE MAX. ABSORPTION IS -DONNACHlt 2 tKIRSOPP EYEBALL FIT CERN 1 10/69 
N (2000 .0 }  APPRDX LEA 69 CNTR P l -P  ELASTIC 8•69 
N 6 (E lSE.O) AYED 70 IPWA 1/7L 

6 FROM ENER. DEP. FIT OF ARGAND DIAGRAM H 
N 2180. 25. ANDERSON 70 NHS - P I -  P TO P I -  MMS 2/71 
M (2260 .0 )  FdJLL TO MPNA SMALL ANGLE PI -P 1/71 
N (2 lEO.D)  (50 .0 )  ANALDI 71 CNTR P P AT 2¢ GEV 10171 e 
N (2160o) DRANSDEN T l  DPHA 3172"  
M (2200 . )  ROYCH(~JD 71 DPWA 3 /T8"  
M 7 ( 2225 . )  ALNEHED 72 IPNA 2/TZ*  

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

71 N ' 1 / 2 ( 2 1 9 0 )  WIDTH KNEV) 

H (200 .0 )  DIDDENS 63 CNTR 
M (EOO.O) HOHLER 64 RVUE 7166 
H (220 .0 )  APPROX YOKOSANA 66 CNTR 7/66 
N 3 (298 .0 ]  OONNACHZ bE RVUE 6/68 

3 DONNAGHZ 68 RVUE PHAS.SHIFT-CERN1 10/69 
KIRSDPP 68 RVUE PHASE SHIFT ANAL 10/69 

W ( 3 0 0 . )  
H 3 (30O. I 
H 275. 70.  ANDERSON 70 HNS - P I -  P TO P I -  MMS 2/71 
w 6 ( 3 2 5 . 0 )  AYED 70 IPNA 1/71 
W (239 .0 )  HULL TO HPHA SMALL ANGLE PI -P 1/71 
W T ( 1 5 0 . )  ALNEHED 72 IPHA 2/72~ 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

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

71 N . 1 / 2 ( 2 1 9 0 ]  PARTIAL DECAY MODES 

DECAY MASSES 
P1 N * I / 2 ( 2 1 9 0 I  INTO P I N  139+ 938 
P2 N '112(2190)  INTO LAMBDA K 1115÷L765 
P3 N*1 /2 (2190)  INTO N PZ PI 938+ 139+ 109 

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

71 N '1 /2 (2190 |  BRANCHING RATIOS 

RI N*1 /2 (2190)  INTO (PI N)/TOTAL ( P l )  
RI (0°3 |  APPROX OIDDENS 63 CNTR ?/66 
RI (8 .31 APPROX YOKOSANA 66 CNTR 7/66 
R1 B (0*349)  DO~NACHI 68 RVUE 6/68 
RL B ( . 3 B I  DONNACH2 68 RVUE PHAS.SHIFT-CERN1 10169 
R1 3 ( . 3 B )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
RI 6 (0 .150)  AYED TO IPHA 1/71 
R1 ( 0 . 0 9 )  HULL 70 MPNA SMALL ANGLE PI -P 1/71 
RI 7 ( 0 . 3 5 )  ALMEHED 72 IRMA E/72~ 

REFERENCES - -  Nt1 /2(21901 

DIDDENS 63 PRL 10 26E +JENKINS, KYCIAt RILEY (8NL) I 
HOHLEB 64 PL 12 149 G HOHLERv J GIESECKE (KARLSRUHEI 1 
YOKOSANA 66 PRL 16 714 +SUNA,HILL,ESTERLINGv B O O T H  (ARG*CHII JP 

DONNACH1 68 PL 268 161 A DDNNACHIE9 R G KIRSOPPt C LOVELACE (CERNIIJP 
DDNNACH2 68 VIENNA 139 OONNACHIE  RAPPORTEUR.S TALK (GLASI 
KIRSOPP 68 THESIS R G KIRSOPP (EO(NI 

LEA 69 PL 29D 5B4 LEAtOADES, HARDtCONANte (RHELtBRISTOLtDAREI 

ANDERSON TO PRL 25,699 +BLESEReBLIEDEN,COLLINS++ (BNL,CARN) 
AYED 70 KIEV CONF R AYED,P BAREYRE, G VILLET (SACL)IJP 
HULL TO PR D2 1783 J HULL, R LEACOCK (TSUI 

AMALDI 7 1 P L  36B 405 +DIANCASTELLI~BOSIO,+ ( !  SANITA ROMA+CERN) 
BRANSDEN 71NP E26 811 tOGDEN (DURHI|JP 

ALSO 70 NP B16 461 RDYCHOUDHURY,PERRINtBRANSDEN (DORHIIJP 
ROYCH(~JD 7 1 N P  82? 123 R K ROYCHOUDHURY,B H BRANSDEN (OUBH)IJP 

ALMEHEO 72 SUD. NP B ,LOVELACE (RUTG)IJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

AYED 70 PL BID 598 +BAREYREeVILLET (SACLAY) 

DUANTUH NUMBER DETERMINATI(~NS NOT REFERRED TO IN DATA CARDS. 

;ARROLL 66 PRL 16 288 +CORBETT~DANERELLvNIDOLENASe + (RTHFDtOXF)J-L 
CARROLL 66 PRL 17 1276 +CDRBETT,DAHERELL,MIDDLEMAS, + (RTHFD,DXFIJ-L 

- -  ERRATUM CHANGING THE RATHER WEAK DETERMINATION OF J-L  TO + 1 / 2 .  
KORMANYO 66 PRL 16 709 KORHANYOS, KRISCH,OFALLONt ÷ (MICH,ARGI P 
BARGER 66 PRL 16 913 V BARGERt D CLINE (NISCI P 
BUSZA 67 NC E2A 331 +DAVIStDtJFFJHEYHANN, + (UNICDLtWESTFIELD| 



Baryons 
N(~0) ,  N(~650), N(3030), N,(3~.45) 

tOZ 

Data Card Listings 
For notation, see key at front of  Listings. 

FOR DISCUSSION CONCERNING RESONANT PARAMETERS,SEE NOTE 
PRECEDING N~ t l / 2 (14TO) .  

90 N*1 /2 (2220 )  MASS (MEV) 

M (2200° }  APPROX, BUSZA 67 DSPK LEG,POLYM, RNAL, 2 /71  
M 6 (2221 .01  AYED 70 IPWA 1171 
M 6 FROM ENER. DEF. FIT OF ARGAND DIAGRAM 
M (2245 .0 )  HULL 70 MPNA SMALL ANGLE P I -P  1 /71  

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

90 N '1 /2 (2220 )  WIDTH (MEV) 

W 6 (258.0) AYED 70 IPWA 1 /71  
W (329.0) HULL 70 MPWA SMALL ANGLE PI-P I171 

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

90 N*1 /212220 )  PARTIAL DECAY MODES 

DECAY MASSES 
P l  N *1 /2 (2220 )  INTO P IN  139+ 938 
P2 N~1 /2 (2220 )  INTO N ETA 939+ 548 

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

90 N*1 /2 (2220 )  BRANCHING RATIOS 

RI  N t1 /212220 )  INTO (P I  N)/TOTAL (P l )  
RI 6 (O . l #O)  AYED 70 IPWA I / T l  
RI  ( 0 . I 5 )  HULL TO MPWA SMALL ANGLE PI-P 1 /71  

REFERENCES - -  N *1 /2 (2220 )  

BUSZA 67 NC 52A 331 +DAVIS~OUFF~HEYMANN~NIMMON + (UCL+WCL| 
AYED 70 RIEV CONF R AYED,P BAREYRE~ G VILLET (SACLIIJB 
HULL 70 FR 02 1783 J HULL, R LEACOCK ( ISU)  

PAPERS NOT REFERED TO IN DATA CARDS 

AYEO TO PL 31B 598 +BRREYRE~VILLET (SACLAY] 

M • 2200  MEV - PRODUCTION .~qD O'TOT.AL EXPERIMENTS 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

l 72 N* l 12 (26~Ot  JP= - )  I =1 /2  

ROYCHOUDNURY 71 CLAIM FLS(2400)  AND G19(2400)  TO BE 
POSSIBLE RESONANCES. BRANSDEN Tl FIND THE POSSIBLE 
RESONANT CANDIDATES S l1 (2520 I  AND H I9 (2S901 ,  

72 N*1 /212650 I  MASS IMEVI 

M (2700 ,0 I  ALVAREZ 64 CNTR P/ PHOTOPRDD 
N (2600.0) APFROX MAHLIG 6# OSPK O PI-P CH EX 
M (2660 .0 )  HOHLER 64 RVUE DATA + DISF REL 
M 2649 .0  10 .0  CITRON 66 CNTR P I+ -  P TOTAL 7 /66  
M (2633 .0 I  BARGER 66 F IT  TOTAL ÷ CH EX 11 /67  

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

72 N~1 /2 (2650 )  WIDTH (MEV) 

w (IO0°OI ALVAREZ 64 CNTM 
W IEOO.OI HOHLER 64 RVUE 7 /66  
W 360 .0  20.0 CITRON BB CNTR 7 /66  
W I425 ,0 )  BARGER 66 F IT  TOTAL + CH EX 11 /67  

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

72 N*1 /212650 )  PARTIAL DECAY MODES 

DECAY MASSES 
P l  N~1 /2 (2650 )  INTO P IN  139+ 938 
P2 N~1 /2 (2650 )  INTO LAMBDA K 1115+ 697 
P3 N '1 /2 (2650 )  INTO N PI  PI  938+ 139+ 139 

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

72 N~1 /2 (2650 )  BRANCHING RATIOS 

R1 N*112 (2650 I  INTD (P I  NI/TOTAL (P l )  
R1 ONLY ( J+ l / 2 l * (  PI N/TOTALI mEASURED FOR THIS STATE 
R1 0 .436  0 ,028  CITRON 66 CNTM TOTAL CROSS-SEC, ~1 /67  
R1 B (0 ,456 |  ( 0 . 018 I  BARGER 66 RVUE TOTAL + CH EXC, 11167 
RI  B (O.3Ol  BARGER E7 RVUE USES KORMANYOS67 11 /67  
R I  B USES REGGE AMP.+RESON. TD CALCULATE D IF .  CROSS SECTIONS AT 180 DEGRE 
RI B FOR CRITICISM OF THIS METHOD~ SEE DOLEN 68. 
R1 D (0 .2~ )  DIKMEN 61 RVUE USES KORMANYOS6E 1 I I 67  
R1 D USES ONLY RESONANCES TO CALCULATE DIF*  CROSS SECTIONS AT 180 DEGREES 
RI  (O.O6) KORMANYOS 67 CNTR P I -F  AT 1SO DEG* 11 /67  

REFERENCES - -  N -1 /2 (26501  

ALVAREZ 64 PRL 12 710 +BAR-YAM~KERN,LUCKEY~OSBORNE~ + (MIT ,CEA)  
WAHLIG E4 PRL 13 103 +MANNELLItSODICKSDN~FACKLER~WARD~ + (MIT) 
HOHLER 6# RL 12 149 G HOHLER~ J GIESECKE (KARLSRUHEI I 
CITRON 66 PR 14# 1101 +GALBRAITH,KYCIAtLEDNTICtPHILLIPS,  + (BNL) I 
BARGER 66 FR 151 1123 V BARGER~ M OLSSON (WISC) 
BARGER 67 FR 155 1792 V BARGER~ D CLINE (WISC) P 
DIKMEN 67 RRL 18 798 F N DIKMEN (MICHI 
KORNANYO 67 PR le4 1661  KORMANYOS~ KRISCH~ OFALLON, + (MICH~ARG) P 

PAPERS NOT REFERRED TO IN DATA CARDS. 

BAACKE 67 NO 51A 761 J BAACKE~ N YVERT (KARLSRUHE~OREAYIJ-L 
DOLEN 68 PR 166 1768 R DDLENI O HORN~ C SCHMID (CAL TECH) 
WAHLIG 68 PR 168 1515 M A WAHLIG~ I MANNELLI IMIT.PISA) 

- -  FINAL VERSION OF DATA USED IN WAHLIG 64. IN CONJUNCTION WITH 
CITR3N 66 TOTAL CROSS SECTIONS~ THIS CHARGE EXCHANGE DATA GIVES 
COMPLEX ELASTIC SCATTERING AMPLITUDE AT O DEGREES. 

DRANSDEN 71NP 026 511 ~DGDEN (DURH)IJP 
ALSO 70 NP 816 #61 ROYCHOUDHURY~PERRIN~BRANSDEN (DURHI IJP 

ROYCHUUD 7 l  NP 827 125 R K RDYCHOUDHURY,B H BRANSDEN (DURH)IJP 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

73 N*1 /2 (3030 )  MASS (MEVI 

N (3000 ,0 )  HOWLER 64 RVUE DATA + DISP REL 7 /66  
M I 3030°0 )  CITRON 66 CNTR P I+ -  P TOTAL 7 /66  

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

73 N~1 /2 (3030 )  WIDTH (MEVI 

W (400 .0 )  CITRON 66 CNTR 7/E6 

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

73 N*1 /2 (3030 )  PARTIAL DECAY MODES 

DECAY MASSES 
P l  N~1 /2 (3030 )  INTO Pl  N 139+ 938 
P2 N* I / 2 (BO3O)  INT~ N PI  PI 938+ 139+ 139 

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

R1 
RE 
P l  
R1 
RI  
RI  
RI  
R1 
RI  

REFERENCES - -  N *~ /2 (3030 )  

73 N*1/2(3030) BRANCHING RATIOS 

N*1 /2 (3030 )  INTO (P I  NI/TOTAL (P l l  
ONLY ( J÷1 /2 ) * {  PI N/TOTAL) MEASURED FOR THIS STATE 

IO ,048 I  CITRON 66 CNTR TOTAL CROS,SEC. 11 /67  
( 0 , 088 )  ( 0 , 016 )  BARGER 66 RVUE TOTAL + CH EXC, 11 /67  
( 0 . 12 )  BARGER 67 CNTR USES KORMANYOSB6 [ 1 / b7  

B USES REGGE AMP°÷RESDN, TO CALCULATE D IF .  CROSS SECTIONS AT 180 DEGRE 
B FOR CRITICISM OF THIS METHOO~ SEE DOLEN 68 .  
0 ( 0 , 016 )  DIKNEN 67 RVUE USES KORMANYOSB7 11 /67  
O USES ONLY RESONANCES TO CALCULATE DIF. CROSS SECTIONS AT 180 DEGREES 

KORMANYO 67 PR 16# 1661 
DOLEN 68 PR 166 1768 

G HOHLER, J GIESECKE (NARLSRUHE} I 
+GALBRAITH~NYCIA,LEONTIC,PHILLIPS, ÷ (BNL) I 
V BARGER~ M DLSSDN (WISCI 
V BARGER~ D CLINE (WISC) P 
F N DIKMEN IMICHI 

PAPERS NOT REFERRED TO IN DATA CARDS 

RORMANYOS~ KRISCH, OFALLON~ + (MICH,ARGI P 
R DOLEN~ D HORN~ C SCHMIO ICAL TECH) 

i s  I . . . .  EXISTENCE NOT CONCLUSIVELY ESTABLISHED. I-SPIN 
NOT DETERMINED, BUT THE NARROW WIDTH PRECLUDES 
IDENTIFICATION WITH THE N*3 /2 (32301 .  OMITTED 
FROM TABLE. 

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

7# N* I 213245 )  MASS (MEV) 

3245 .0  IO.O KORMANYOS 67 CNTR P I -P  180 DEC EL 

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

74 N~ / 2 (32#5 )  WIDTH (MEV) 

w (35 .0 ]  DR LESS KORMANYOS 67 CNTR 

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

74 N* / 2 (3245 )  PARTIAL DECAY MODES 

DECAY MASSES 
P l  N* / 2 (3245 )  INTD P IN  139+ 938 

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

~ 4 N* /2 (32#5 )  BRANCHING RATIOS 
J IS NOT KNOWN FOLLOWING IS  ( J+L /2 I * (P I  NI/TOTAL 

R1 I0 .37 I  KORMANYOS 67 CNTR 

REFERENCES - -  N* / 2 (3245 )  

KORMANYO 67 PR 16# 1661  KURMANYOS~ KRISCH, OFALLON, + (MICH~ARG) P 

HOHLER 64 PL 12 149 
CITRON 66 PR 1~4 1101.  
BARGER 66 PR 151 l l 2B  
BARGER E7 PR 155 1792 

DIKMEN 67 FRL 18 798 



Data Card Listings 
For notation, see key at front of  Listings. 

I N ( 3 6 9 0 ~ 1  T, N*, ,2 ,  . . . . .  JF= , I = , , 2  
I " " 1  A BUMP SEEN IN THE INVARIANT MASS OF A VERY COMPLI- 

CATED STATE (N + SEVEN P IS ) ,  50 AS EVIDENCE FOR 
A NEW RESONANCE IT IS NOT CONCLUSIVE, NOT INCLUDED 
IN TABLE, 

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

75 N~ l / 2 (B6901  MASS (MEV} 

M 3690 .0  lO .O BARTKE 67 HBC + PI+P 8 PRONGS 

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

75 N*L /2 (3690 |  WIDTH (MEV) 

W 50 .0  BO.O DARTKE 67 HBC ÷ 

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

75 N* l / 2 (B690 |  PARTIAL DECAY MODES 

DECAY MASSES 
P l  N$ l / 2 (Sb9Ob  INTO N + 7 PIS 

REFERENCES - -  N$L /2 (369~ ]  

BARTKE 67 PL 26B l i b  ÷CZYZEWSKI,DANYSZ,÷ (CRACOW,ORSAV) I 

IN (375511 N * / 2 ( 3 7 5 E  . . . .  ) 
A SMALL PEAK IN THE (P P PEAR) INVARIANT MASS FROM 
B.4 BEVIC FI+ P TO PI+ P P PBAR EVENTS. AS EVIDENCE 
FOR A NEW RESONANCE IT  IS  NOT CONCLUSIVE. OMITTED 
FROM TABLE, 

. . . . .  - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

76 N* / 2 (37551  MASS (MEV| 

M 3755 .0  8 .0  EHRLICH 68 HBC + P I+  P P PEAR 

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

76 N* / 2 (B75E)  WIDTH (MEV) 

W 40 ,0  20 .0  EHRLICH 68 HBC + 

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

T6 N* / 2 (37EE)  PARTIAL DECAY MODES 

DECAY MASSES 
P1 N~ / 2 (3755 |  INTD PI+ P P PBAR 

REFERENCES - -  N* / 2 [B75~ )  

EHRLICH 68 PRL 20 686 R EHRLICH,R J PLAND,J B WHITTAKER (RUTGERS) 

END PRGDUCTION EXPERIMENTE 

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

la(z .3s)l B = 
CARTER Tl REPORT NEW PRECISE CROSS SECTION MEASURE- 
MENTS FOR PI÷P,PI-P AND CHARGE EXCHANGE. THEIR ANALYSIS 
COMBINES TOTAL CROSS SECTION DATA WITH THEPHASE SHIFTS 
OF DONNACHIE 68 (USED FOR THE BACKGROUND UNDER THE P33) 

THE CHARGE EXCHANGE DATA WERE NOT USED. 
OLSON 65 HAS DONE A SIMILAR ANALYSIS ON OLDER DATA, USING ROPER 65 

PHASE SHIFTS WITH A FREE OVERALL NORMALIZATION. 
SEE THE AECOMPANING NOTE, 'COMMENTS ON THE MASS AND WIDTH OF 

DELTA(12B6),. 

C o m m e n t s  on the  M a s s  and Wid th  of  Z~(5236) 

In the  l a s t  ed i t i on  of R e v i e w  of P a r t i c l e  P r o p e r -  

t i e s ,  5 we  i n d i c a t e d  s o m e  d i f f i c u l t i e s  w i t h  t h e  d e t e r -  

r u i n a t i o n  of  the  m a s s  and  w i d t h  of  Z~ (5236).  We 

p r e s e n t  h e r e  s o m e  f u r t h e r  e f f o r t s  t o w a r d  t h e  r e -  

s o l u t i o n  of  t h e s e  d i f f i c u l t i e s .  

The  b a s i c  o b s e r v a t i o n  of  o u r  p r e v i o u s  no t e  w a s  

t h a t  the  633 p h a s e  s h i f t s ,  w h i c h  CARTER 75 e x t r a c t  

f r o m  t h e i r  r e c e n t  c r o s s - s e c t i o n  m e a s u r e m e n t S ,  

cou ld  not  be  fi t  w i t h  any  r e a s o n a b l e  3 - p a r a m e t e r  

f u n c t i o n  ( B r e i t - W i g n e r  f o r m  o r  p o l y n o m i a l  f o r  

q3co t  633 ). T h e r e  a r e  two  a s p e c t s  of  t h i s  p r o b l e m  

w h i c h  we d i s c u s s  in t he  p r e s e n t  no te :  

103 

B a r y o n s  
N(389o), N,(av55), A(1236) 

i .  The  v a r i o u s  p h a s e - s h i ~ t  da t a  p o i n t s  m a y  not  be 

of e q u a l l y  good  q u a l i t y .  Z In p a r t i c u l a r ,  i f  the  l a s t  

po in t  of C A R T E R  73 i s  i g n o r e d  a s  a b a d  f l u c t u a t i o n ,  

t h e n  a d e q u a t e  3 - p a r a r n e t e r  f i t s  can  be obta i r ied .  

2. I f  we a s s u m e  al l  the  da t a  p o i n t s  to be  e q u a l l y  

good,  t hen  4 - p a r a m e t e r  f u n c t i o n s  a r e  r e q u i r e d  to fit 

t h e m .  In t h i s  c a s e  we h a v e  a p r o b l e m  of i n t e r p r e t a -  

t ion  in  tha t  t he  m a s s  and  w i d t h  p a r a m e t e r s  d e p e n d  

on wha t  f u n c t i o n  we c h o o s e  to u s e .  

F i t s  to  the  Da ta  

The m a s s  and  w i d t h  p a r a m e t e r s  f r o m  o u r  f i t s  

a r e  s h o w n  in T a b l e  I.  The n u m b e r s  in the  c o l u m n  

l a b e l e d  " P o i n t s "  i n d i c a t e  the  n u m b e r  of  da t a  p o i n t s  

in  e a c h  fi t .  The  i 3 -  and i 4 - p o i n t  f i t s  a r e  to  t he  

d a t a  of C A R T E R  75; the  i 7 -  and 5 9 - p o i n t  f i t s  s u p p l e -  

m e n t  the  C A R T E R  75 da ta  w i t h  r e c e n t  p h a s e  s h i f t s  3 

f r o m  ALM_EHED 7Z. As  i n d i c a t e d ,  t h r e e  d i f f e r e n t  

B r e i t - W i g n e r  p a r a m e t r i z a t i o n s  and  a p o l y n o m i a l  

f i t  w e r e  t r i e d .  The f o r m u l a e  u s e d  a r e :  
ERY'(q) 

t )  STANDARD:  t an  6 = ~ )  , 

' - -R -- 

( q~_~3 5 +  (qRr )  2 ] 

w h e r e  E i s  t he  c . m .  e n e r g y  of  the  wN s y s t e m ,  q the  

c . m .  m o m e n t u m  of the  p ion ,  E R and F R the  m a s s  

and  w i d t h  of  the  r e s o n a n c e  at  r e s o n a n t  e n e r g y ,  qR 

the  v a l u e  of q at r e s o n a n c e ,  and r a r a d i u s  of 

i n t e r a c t i o n ;  
r (E) 

Z) LAYSON: tan 6 = ~ , 

= 4m(qr) 3¥Z 

F(E ) (E + Eo)[5 + (qr) 2] ' 

w h e r e  E i s  t he  p ion  c . m .  e n e r g y ,  E the  r e s o n a n t  
w Z 0 

v a l u e  of  E , ,{ a r e d u c e d  wid th ,  m the  m a s s  of the  
p 

p r o t o n ,  and  the  r e m a i n i n g  q u a n t i t i e s  a s  above ;  

3) CHEW-LOW: tan 6 = ERIC(q)" 
z~. (E~-EY ' 

F(q) = kq (qr)Z ; 
t + (qr )  z 

N 

4) P O L Y N O M I A L :  q3co t  6 = E  a n q Z n - 2 ,  

n--5 

F o r  f u r t h e r  d e t a i l s  on the  p a r a m e t r i z a t i o n  s e e  R e f s .  

I and  6. 

In t he  4 - p a r a m e t e r  f i t s ,  a b a c k g r o u n d  p h a s e  

5 = t a n ' i ( a q  3) i s  added  to the  B r e i t - W i g n e r  p h a s e  

in the case of the STANDARD, LAYSON andCHEW-LOW 



Baryons 
A(1 3o) 

i 0 4  

Data Card Listings 
For notation, see key at front of  Listings. 

f o r m s .  T h i s  add i t i on  i n s u r e s  u n i t a r i t y  to the  ex t en t  

t ha t  the  P33 w a v e  i s  p u r e l y  e l a s t i c .  The  STA.NDAKD 

(21~) f o r m  r e f e r s  to t he  S t a n d a r d  B r e i t - W i g n e r  f o r m ,  

but  w i th  two r a d i i .  

As  f o r  the  s t a t i s t i c a l  s i g n i f i c a n c e  of  t h e s e  f i t s ,  

the  i 3 -  and  i 7 - p o i n t ,  3 - p a r a m e t e r  f i t s  a l l  y i e ld  good 

X Z r s , w h e r e a s  t he  i 4 ,  and 1 9 - p o i n t  f i t s  a r e  bad .  In 

the  c a s e  of  the  4 - p a r a m e t e r  f i t s ,  the  i 3 - ,  i 4 - , a n d  

i 7 - p o i n t  f i t s  a l l  y i e ld  good X Z~ s .  The 19-point  f i t s  

a r e  p o o r ,  a l t h o u g h  they  a r e  m u c h  b e t t e r  t h a n  the  3-  

p a r a m e t e r  f i t s  (X Zt s of  ~30 f o r  4 p a r a m e t e r s  c o m -  

p a r e d  w i t h  X Z ' s  of ~ 90 f o r  3 p a r a m e t e r s ) .  No 

s i g n i f i c a n t  d i f f e r e n c e  in  the  X 2 i s  no t ed  a m o n g  the  

d i f f e r e n t  f o r m u l a e  u s e d  f o r  a g iven  s e t  of p o i n t s .  

M a s s  and  Width  o f  A ( t236)  on the  I~eal Ax i s  

What  can  be  s a i d  about  the  m a s s  and  wid th  of 

A ( i 2 3 6 )  f r o m  t h e s e  f i t s  ? In  T a b l e  I 6 w e  a l s o  

i nd i ca t e  the  s p r e a d  in v a l u e s  f o r  t h e s e  p a r a m e t e r s  

by  dM and  dI~/Z. T h u s  f o r  3 - p a r a m e t e r ,  i 4 -  po in t  

f i t s  the  s p r e a d  in  p a r a m e t e r s  a m o n g  the  4 f i t s  i s  

dM = 0.Z and dl~/Z = 0.3 MeV;  if  we  v a r y  the  n u m b e r  of  

p o i n t s  in  the  fi t ,  the  s p r e a d  in the  p a r a m e t e r s  fo r  the  

S T A N D A R D  f o r m  is  dM : 0.4 and d F / Z  = 0.9 MeV.  

Whi le  t he  s p r e a d  in  the  i 3 -  and i 7 -  po in t  f i t s  s e e m s  

r a t h e r  s m a l l ,  i t  m u s t  be e m p h a s i z e d  tha t  t h e s e  f i t s  

a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  on ly  b e c a u s e  c e r t a i n  

p h a s e - s h i f t  m e a s u r e m e n t s  have  b e e n  r e j e c t e d  a s  

be ing  i n c o r r e c t  by  m a n y  s t a n d a r d  d e v i a t i o n s .  

When  we c o n s i d e r  the  4 - p a r a m e t e r  f i t s ,  we 

i m m e d i a t e l y  no te  t h a t  the  s p r e a d  in  m a s s  and w id th  

i s  qu i t e  a b i t  g r e a t e r .  S ince  t h e s e  p a r a m e t e r s  r e -  

p r e s e n t  the  b e t t e r  f i t s  to the  da ta ,  t h e n  on the  b a s i s  

of Tab l e  I t he  m o s t  c o n s e r v a t i v e  v a l u e s  we  c a n  

quo te  fo r  t h e s e  p a r a m e t e r s  a r e  

M = t232 .9  • 2.2 MeV,  F =  t i 6 . 4 : 1 : 7 . 2  MeV.  

T h e s e  v a l u e s  a r e  the  m e a n  of the  m a x i m u m  v a r i a -  

t ion  in v a l u e s  found  in  Tab l e  I.  

P o l e  P o s i t i o n  of  the  A( i236)  

The r e a s o n  fo r  t h i s  l a r g e  s p r e a d  in v a l u e s  i s  

a c t u a l l y  r a t h e r  o b v i o u s .  N o t i c e  t ha t  w h e n e v e r  we 

u s e  a p u r e  (no " b a c k g r o u n d "  ) B r e i t  - W i g n e r  o r  p o l y -  

n o m i a l  p a r a m e t r i z a t i o n  the  m a s s  i s  a l w a y s  I Z 3 i . 4  

MeV wi th  a s p r e a d  of at  m o s t  0.5 MeV.  Th i s  va lue  

i s  c o n s i s t e n t  w i th  the  e n e r g y  w h e r e  633 p a s s e s  

t h r o u g h  90 ° . On the  o t h e r  hand,  w h e n  we add a b a c k -  

g r o u n d  to the  B r e i t - W i g n e r ,  the  m a s s  va lue  i s  

c o n s i s t e n t l y  h i g h e r ,  wh i l e  the  t o t a l  p h a s e  s t i l l  p a s s e s  

t h r o u g h  90 ° at ~ tZ31 MeV.  S ince  b o t h  t y p e s  of f i t s  

d e s c r i b e  the  da t a  e q u a l l y  we l l ,  we have  the  a p p a r e n t  

p r o b l e m  of c h o o s i n g  b e t w e e n  e q u a l l y  va l i d  p a r a m e t r i -  

z a t i o n s .  
4 I t  h a s  b e e n  s u g g e s t e d  b y  C o l e m a n  and r e c e n t l y  

5 
s h o w n  by Bal l  e t  a l .  , t h a t  t h i s  p r o b l e m  i s  r e m o v e d  

if  we t ake  the  m a s s  and  w i d t h  to be g iven  by  the  

a c t u a l  po l e  p o s i t i o n  o£ the  A ( iZ36) in t he  c o m p l e x  

e n e r g y  p l a n e .  

U s i n g  the  above  f i t s ,  we  h a v e  s e a r c h e d  f o r  p o l e s  

in the  s c a t t e r i n g  a m p l i t u d e  
2 

A =  q 3 q co t  6 - iq  3 

on the  s e c o n d  s h e e t .  F o r  a g iven  c o m p l e x  e n e r g y ,  

t h i s  s h e e t  i s  de f i ned  by  c o n s i d e r i n g  on ly  t h o s e  v a l u e s  

of  c o m p l e x  q s u c h  tha t  I m q  < 0. O u r  r e s u l t s  a r e  
6 s h o w n  in T a b l e  II .  K e c a l l i n g  t h a t  s o m e  of  the  

m e a s u r e d  p h a s e s  m a y  be  w r o n g ,  we c a n  quo t e  c o n s e r -  

va t ive  v a l u e s  f o r  t he  m a s s  and  w id th  b a s e d  on the  

s p r e a d  of  po le  p o s i t i o n s  in  T a b l e  II:  

= ~ o l e  = Mpole  i 2 t t . 6  • 0.7 MeV,  99.1 =1:Z.7 MeV. 

C o m p a r i n g  t h e s e  r e s u l t s  to t h o s e  on the  r e a l  

a x i s ,  we a r e  t e m p t e d  to c o n c l u d e  t h a t  t he  po le  p o s i -  

t ion  i s  i n d e e d  b e t t e r  d e t e r m i n e d .  To p r o v i d e  f u r t h e r  

e v i d e n c e  f o r  t h i s  c o n c l u s i o n ,  we p e r f o r m e d  an e r r o r  

a n a l y s i s  of t he  1 4 - p o i n t  s t a n d a r d  B r e i t - W i g n e r - p l u s -  

b a c k g r o u n d  fi t .  On the  r e a l  ax i s  we f ind  

M = t234 .09  ± 0.64 MeV,  I ~= i20 .58  ± 2,25 MeV.  

Note  t ha t  the  e r r o r s  a r e  r o u g h l y  the  s a m e  as  t h o s e  of 

C A R T E R  7 i .  U s i n g  the  fu l l  e r r o r  m a t r i x ,  we found 

f o r  the  po le  p o s i t i o n :  

Mpole  = t Z i t . i t  ~- 0 .24 MeV,  r =  t 0 0 . 0 i  ± 0.56 MeV.  

A l t h o u g h  s t a n d a r d  e r r o r  p r o p a g a t i o n  t e c h n i q u e s  m a y  

not  be c o r r e c t  in  t h i s  i n s t a n c e ,  t h e y  c e r t a i n l y  g ive  

r e s u l t s  in  the  s a m e  d i r e c t i o n  as  o u r  m o r e  c o n s e r v a -  

t ive  e s t i m a t e s .  

C o n c l u d i n g  R e m a r k s  

t .  All  p a r a m e t r i z a t i o n s  of  t he  da ta  on the  r e a l  

ax i s  a r e  e q u a l l y  good  p r o v i d e d :  

a) t h e y  fi t  the  da ta ,  

b) t h e y  a r e  u n i t a r y  and h a v e  s e n s i b l e  " c u t "  f e a t u r e s  

(6~cc qZl+t  ). 

Z. F o r  good f i t s  to the  s a m e  da ta ,  the  r e s o n a n c e  

m a s s  and w id th  on the  r e a l  ax i s  d e p e n d  upon  the  p a r a -  

m e t r i z a t i o n  u s e d  ( 4 - p a r a m e t e r  f i t s  have  a m u c h  l a r g e r  

s p r e a d  in h~ and I~/Z than  the  3 - p a r a m e t e r  f i t s ) .  

3. F o r  good  f i t s  to the  s a m e  da ta ,  the  po l e  p o s i -  

t i o n s  wi l l  be  e s s e n t i a l l y  i n d e p e n d e n t  of the  p a r a m e t r i -  

za t ion .  



i05  

D a t a  C a r d  L i s t i n g s  

For notation, see key at front of  Listings. 

T a b l e  I.  M a s s  a n d  h a l f - w i d t h  v a l u e s  o b t a i n e d  i n  t he  v a r i o u s  f i t s  to t h e  633 p h a s e  s h i f t s .  N 
n u m b e r  o f  p a r a m e t e r s  u s e d  in  t h e  f i t .  ( T a b l e  t a k e n  f r o m  R e f .  6). P 

Baryons 
a(12ae) 

i n d i c a t e s  t h e  

P o i n t s  
STANDARD STANDARD (ZR) LAYSON C H E W - L O W  POLYNOMIAL 

N 
P M r / z  u r / z  M r / z  M r / z  u r / z  p~ dr/z  

t 3  3 1 2 3 0 . 9  5 5 . 4  t 2 3 t . 0  55 .5  1 2 3 t . 0  55 .5  1 2 3 t . 0  55 .5  0. t 0. t 

14 3 t 2 3 0 . 7  5 4 . 6  t2 .30 .9  54 .9  1 2 3 0 . 8  5 4 . 8  t 2 3 0 . 9  54 .9  0 .2  0 .3  

i 7  3 t 2 3 0 . 9  55 .5  1 2 3 t . 0  55 .6  t 2 3 t . 0  55 .6  t 2 ~ i . 0  55 .6  0 . i  0 . t  

19 3 1231.1 55.i iZ31.Z 55.4 IZ31.2 55,3 1231/2 55.4 0.i 0.3 

dM, dI~/Z 0.4 0.9 0.3 0.7 0.4 0.8 0.4 0,7 

13 4 1232.8 58.3 1231.Z 55.9 1232.8 58.3 1232.5 57.8 1230.9 55,3 1.9 3.0 

14 4 IZ34.0 60.1 IZ31.4 56.0 1233.7 59.7 1233.5 59.3 1231.4 56.0 3.6 4.1 

17 4 IZ3Z.3 57.6 iZ31.1 55.8 1231.7 56.7 1231.8 56.9 1231.1 55.7 1.3 1.9 

t 9  4 t Z 3 5 . 0  6 t . 8  1 2 3 1 . 7  56 .6  1 2 3 4 . 8  6 t . 6  1 2 3 4 . 6  6 t . 3  1 2 3 1 . 7  56 .6  3 .3  5.Z 

d M ,  d F / 2  Z.7 4 .2  0 .6  0 .8  3. t 4 . 9  7..8 6 .7  0 . 8  t . 3  

T a b l e  II. R e s u l t s  o f  t h e  e x t r a p o l a t i o n  to  t h e  p o l e  in  S h e e t  II f o r  t h e  v a r i o u s  r e s o n a n c e  f o r m s  d i s c u s s e d  in  t h e  
t e x t ,  u s i n g  t h e  p a r a m e t e r s  o f  T a b l e  I. M a n d  F / 2  ( in MeV)  r e p r e s e n t  t h e  p o l e  l o c a t i o n  in  t h e  c o m p l e x  
e n e r g y  p l a n e .  ( T a b l e  t a k e n  f r o m  R e f .  6). 

S T A N D A R D  S T A N D A R D  (2R) L A Y S O N  C H E W - L O W  P O L Y N O M I A L  
N 

P o i n t s  p M F/z  M F/Z M F/Z M P/Z M F/Z dM dW/Z 

t 3  3 1 2 t t . 6  4 8 . 4  1 2 t l . 6  4 8 . 8  t 2 1 1 . 6  4 8 . 7  t 2 t l . 6  4 8 . 8  0 .0  0 .4  

t 4  3 1 2 1 2 . t  4 8 . 2  1 2 1 2 . 0  4 8 . 6  1 2 1 2 . 0  4 8 . 6  t 2 1 Z . 0  4 8 . 6  0. t 0 . 4  

t 7  3 1 2 1 1 . 6  4 8 . 4  1 2 1 1 . 5  4 8 . 8  t 2 1 1 . 5  4 8 . 7  1 2 1 1 . 4  4 8 . 8  0 .2  0 .4  

i 9  3 1 2 t 2 . 3  4 8 . 7  t 2 t 2 . 2  49.  t 1 2 1 2 . 2  4 9 . 0  t 2 t ? . . 2  4 9 . i  0 . t  0 . 4  

d M ,  d F / 2  0 .7  0 .5  0 .7  0 .5  0 .7  0 .4  0 . 8  0 .5  

13 4 1 2 1 1 . 3  4 9 . 4  1 2 1 1 . 4  4 9 . 5  1 2 1 1 . 2  4 9 . 6  1 2 1 1 , 3  4 9 . 5  1 2 1 1 . 7  4 8 . 6  0 .4  1 .0  

14 4 i Z l i . 2  50 .0  1 2 1 1 . 4  50.Z i Z l i . l  50 .0  i Z l l . Z  50 .0  I Z l l . 3  50 .2  0 .3  0.Z 

i7 4 IZil.3 49.2 IZlI.4 49.Z IZil.4 49.1 1211.3 49.2 1211.5 49.1 0.2 0. i 

19 4 1210.9 50.5 1211.2 50.9 1210.9 50.5 1210.9 50.5 1211.I 50.9 0.3 0.4 

d M ,  d F / 2  0 . 4  t . 3  0 .2  t . 7  0 . 5  t . 4  0 . 4  1 .3  0 .6  2 .4  

R e f e r e n c e s  

t .  P a r t i c l e  D a t a  G r o u p ,  R e v .  M od .  P h y s .  43 ,  No.  Zl 

P a r t l I ,  S t ( t 9 7 t ) .  

2. D r .  A . A .  C a r t e r ,  p r i v a t e  c o m m u n i c a t i o n .  

3. A l m e h e d  a n d  L o v e l a c e ,  R u t g e r s  U.  P r e p r i n t  

( s u b m i t t e d  to  N u c l .  P h y s .  B,  t 9 7 2 ) .  

4. S,  C o l e m a n ,  r e m a r k  a t  t h e  E r i c e  S u m m e r  

S c h o o l  on  S u b n u c l e a r  P h y s i c s  ( t 9 7 t ) .  S e e  

R e f .  6. 

5. B a l l ,  C a m p b e l l ,  L e e ,  a n d  S h a w ,  U n i v e r s i t y  o f  

U t a h  P r e p r i n t ,  t 9 7 2 .  

6. A .  B a r b a r o - G a l t l e r i ,  L e c t u r e s  d e l i v e r e d  a t  t h e  

E r i c e  S u m m e r  S c h o o l  on  S u b n u c l e a r  P h y s i c s ,  

L a w r e n c e  B e r k e l e y  L a b o r a t o r y  R e p o r t  L B L - 5 5 5 ;  

to  be  p u b l i s h e d  b y  A c a d e m i c  P r e s s  ( t 9 7 t ) .  

7. T . A .  L a s i n s k i ,  L a w r e n c e  B e r k e l e y  L a b o r a t o r y  

G r o u p  A M e m o  742 (1972) .  



Baryons 
A(1236), A(1650), A(1670) 

t 0 6  

Data Card Listings 
For notation, see key at front of  Listings. 

33 N*3 /Z (12361  MASS (MEV) 

M (1234 .1  ROPER 61 DPWA 8++ PHASE SHIFT AN. 
M (1235 ,1  ALMEHED 72 IPWA 2 /72 *  
M++ 1236 ,0  0.5S OLSSON 65 RVUE ++ TOTAL-SIGMA DATA 
M÷+ 1230 .0  0 .6  CARTER TI  MPWA ++ PI÷P GIG. TOTAL 1 /71  
M++ . . . . . . . . .  
M++ AVG 1233,3 3,0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 7.AT 

MO 1236 .45  0 .65  OLSSON 65 RVUE O 
NO 1232,B 0 *6  CARTER 71 MPWA O P I -P  GIG, TOTAL 1/T1 
MO . . . . . . . . .  
MO AVG 1234.5 1,8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF A.O) 

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

83 N*B/2(12861 WIDTH (MEV) 

W (120,| ROPER 65 DPWA O+÷ PHASE SHIFT AN, 
W (129 . )  ALMEHED 72 IPWA 2•72* 
W++ IZO,O Z.O O~.SSON 65 BVUE ++ 
w++ 112.B 3 ,0  CARTER 71MPWA ++ PI+P SIG TOT. I171 
N+÷ . . . . . . . . .  
W++ AVG l l T , 8  3 ,3  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 .0 I  

WO 119.6 2 .4  OLSSDN 65 RVUE 0 
NO [14 ,T  3 ,0  CARTER 71MPWA O P I -P  SIG TOT. 1 /71  
MO . . . . . . . . .  
W8 AVG 117.7 2 .4  AVERAGE (EBROR INCLUDES SCALE FACTOR OF 1,3) 

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

33 N* IO)  - N* (++ I  MASS DIFFERENCE (MEV) 

D R (0 .45 )  (O,8E)  OLSSON 65 RVUE 
O R 12,81 [ 0 . 851  CARTER T1MPWA P I~ -  P SIO.TOT, 2 / 71  
D R REDUNDANT WITH DATA IN MASS LISTING. 

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

35 N.312(12361 PARTIAL DECAY MODES 

DECAY MASSES 
P l  N *3 /Z (123B ]  INTO N PI 938+ 1S9 
P2 N'312(1236) INTO N GAMMA 938+ 0 
P 3  N '3 /211236 )  INTO N P l  PI 938+ 139+ 139 

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

33 N*3 /2 (1231 )  8RANCHING RATIOS 

B I  N *3 /2 (1238 }  INTO IN GAMMAI/(N P I I  (PERCENT) (P2 ) / (P1 )  
RI  0 , 55  0 ,02  OALITZ 86 RVUE 7 /68  

O.E3 0 .025  EEBENDS T11PMA PHOTOPROD. ANAL. [ 0 / 71 "  B1 
Rt  . . . . . . . . .  
81 AVG 0.542 0,016 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

R2 N*312113361 0 INTO IN P I I / TqTAL  (P l l  
P2 (0 ,991  CARTER 71 MPNA O P I -P  FORM, EXPER 1 /71  

OLSSON 65 PRL 14 118 
ROPER 65 PR 138 BlgO 

OAL1TZ 66 PR E46 1180 

CARTER 71NP 826 445 
BERENDS Tl NP 130 ETE 

ALMEHED 72 SUB.MR B 

OONNACHI 88 PL 268 161 

REFERENCES - -  N .3 /2 (1236 )  

M G OLSSON (WISCI 
L D ROPER, R R WEIGHT, B T FELD (LRL÷MITIIJP 

DALITZ,SUTHERLAND (OXFORD) 

+WILLIAMS, BUGGt BUSSEY, DANCE [GAVE,RHEL) 
÷WEAVER (CEA-NIT+TUFTI 

,LOVELACE (RUTG)IJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

DDNNACHIEtLOVELACE,NIRSOPP (CERN) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

BT~T~PS SL N.312(1286, JP=B/Z+I I=B12 

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

81 N*3 /2 [1236 )  MASS (MEVI 

1217.  B. ANDERSON TO NMS - P I -  P TO P I -  MMS 2 /71  
1227 .0  7 ,0  ELLIS 71 CNTR MNS PP 3 .7  GEV/C 10 /71 "  

AVG 1222,7 5,3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
(1232 ,01  (6,0) FFRRO-LUE 65 HBC ++ K~P TO KO P P l+  
( 1233 ,4 ]  [ 4 , 4 I  GIDAL 716B 

DEANS 7/EE 
HABER 7 /70  

T166 

M 
M 
M 
M 
M++ 
M++ 66 OBC ++ O O TO NN(NNI PI 
M++ (1236 .0 )  66 RVUE ÷+ PI+P TOTAL 
M++ (1224 ,01  ( 2 . 0 )  70 BSC K-D TO 4 BOD(P) 
M- (1241 .3 )  [5.1)  GIDAL 6 6  DEC - 

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

81 N* [ - I  - N'I++) MASS DIFFERENCE (NEV) 

D 7.9 6 .8  GIOAL 66 DBC 

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

81 N ,3 /2 (1236 l  WIDTH [MEVI 

W l IS .  5 .  ANDERSON 78 MME - PI -  P TD PI- MMS 2/71 
w 105 .0  7 ,0  ELLIS 71 CNTR MMS PP 3 ,7  GEV/C 10171* 
w . . . . . . . . .  
W AVG 111.6 4 .7  AVERAGE (ERROR INCLUDES SCALE FACTOR OF I . 2 )  
W++ I 125 ,0 I  (3O,O) FERRO-LUZ 65 HBC ++ 
W+÷ (L24 .0 I  l iB,O) GIDAL 66 DEC ++ 7 /66  
W++ (121 .8 }  DEANS 86 RVUE ++ T/66 
W++ (120 .0 I  I 8 . 0 )  HABER TO DEC N-D TO 4 BOO(P) 7 /70  
w- (149.0) (18.8I GIDAL 66 DEC - T/6B 

REFERENCES - -  N *3 /2 I I 2361  PROD. EXPERIMENTS 

FERRO-LU 65 NC 36 1181 FERRO-LUZZItGEORGEt + ICERNI 
DEANS 66 PREPRINT S R OEANSv W G HOLLADAY (VANDERBILTI 
GIDAL 68 PR 141 1261 G GIDALt  A KERNAN, SK IM  (LRL) 
ANDERSON 70 PRL 25 ,699  +BLESERtBLIEDEN,COLLINS÷÷ (BNL,CABN} 
HABER 78 NP 178 289 +SHAPIRAtMERRILL,MONARI++ ISABRE COLLI 
ELLIS 71 PRL 27 ~E  +MAGLICH,NOREM,SANNES,SILVEBMAN (RUTG| 

FOR DISCUSSION CONCERNING RESONANT PARAMETERS,SEE NOTE 
PRECEDING N*1 /2 (1470 ) .  

82 N*3 /2116EOI  MASS (NEVI 

M I1868 .0 )  ( 12 .0 )  DEVLIN 65 CNTR P I+ -  P TOTAL 
M I [ 1 6 9 5 . 0 )  BAREYRE 6 8  RVUE PHASE-SHIFT ANAL 11167 
M 1 WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 
M 2 (1650 ,0 )  BAREYRE 68 RVUE PHASE-SHIFT ANAL 11167 
MM 2 WHERE SPEED IS GREATEST - EYEBALL F IT  

E ( 1635 .0 )  DONNACH1 68 RVUE PHASE-SHIFT ANAL 6 /68  
M 3 { 1640 , )  DONNACH2 68 RVUE PHAS. SHIFT-CERNL 10169 

KIRSDPP 68 BVUE PHASE SHIFT ANAL 10169 M 3 11635.  ) 
M 3 WHERE MAX, ABSORPTION IS -DONNACNI, 2 vKIRSOPP EYEBALL F IT  CERN E 10 /69  
N 4 ( 1617 ,0 I  DAVIES TO BVUE P-E ANAL SOL A 8169 
M 5 ( 1623 .0 I  DAVIES 70 RVUE P-S ANAL SOL B B/69  
M E SOL B IS E,D FIT TO SAME DATA START FROM CERN I EXPER, (DONNACHt 68I 
M 6 ( 1614 ,0 )  AYED TO IRWA 1 /71  
M 6 ENER. DEP. F IT  OF ARGAND DIAGRAM 
M T ( LGEO. I ALMEHED 72 IPWA 2172"  

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

82 N*312(1650) WIDTH INEV) 

W 1 (250,0) 8AM EYBE 68 RVUE 11167 
W 2 [ 180 .8 |  BABEYRE 68 RVUE 11167 
W 3 I 1T7 .0 )  DONNACH1 88 RVUE 6 /68  
N B ( 1 7 7 . )  DONNACH2 68 RVUE PHAS.SH1FT-CERN1 10 /69  
W 3 ( 180 .  I KIRSOPP 68 RVUE PHASE SHIFT ANAL 10169 
W 4 I141.0) DAVIES ?0 RVUE P-S ANAL SOL A 8169 
W 5 (140.0) DAVIES 70 RVUE P-S ANAL SOL B 8169 
W 6 (142,0) AYED TO IPWA 1/71 
W 7 (160,) ALMEHED 72 IPWA 2/72* 
W SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

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

82 N .3 /2 (1650 )  PARTIAL DECAY MODES 

DECAY ~qAEEE S 
PL N '312 (1650 I  INTO P IN  139+ 938 
P2 N '3 /2 (1650 )  INTO N PI PI 938+ 139+ 139 

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

82 N*312 (1650 )  BRANCHING RATIOS 

RI  N~31211650)  INTO (PI NIITOTAL IF1) 
81 3 ( 8 . 284 )  DONNACHI 68 RVUE 6168 
R1 3 ( . 28 )  DONNACH2 68 RVUE PHAS,SHIFT-CERNI 10169 

( . 28 )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10 /69  B l  3 
RI 4 (O.EB} DAVIES TO RVUE P-S ANAL SOL A 8169 
R1 5 (O ,2E I  DAVIES 78 RVOE P-S ANAL SOL B 8 /6~  
RI  6 (0.317) AYED 70 IPWA 1 /7 t  
R I  7 (0,35) ALMEHED 72 IPWA 2172"  

* * * * *=  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * x , * * * * * *  * * * * * * * *  

REFERENCES - -  N .3 /211650 I  

DEVLIN 65 PRL 14 1031 T J DEVLIN~J SOLDMONvG BERTSCH (PRINCETON( I 

BAREYRE 68 PR 165 1781 P BAREYRE, C ERICMAN, G V ILLET  ISACLAYIIJP 
DONNACH1 68 PL 268 161 A DONNACHIE~ R G KIRSOPP, C LOVELACE (CERN)IJP 
DONNACH2 68 VIENNA 139 DONNACHIE BAPPORTEUR,S TALK (GLAS) 
KIRSOPP 68 THESIS R G KIRSOPP IEOIN)  

AYED 70 RIEV CONF R AYED,P 8AREYREv G VILLET [SACL)IJP 
DAVIES TO NP B21 359 A DAVIES (GLAS) 

ALMEHED 72 SUB.NP E ,LOVELACE [BUTGIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

CARRUTHE 60 PRL 4 303 P CARRUTHERS (CORNFLL) I 
DEVLIN 62 PR 125 690 T J OEVLIN, B J MOYEB, V PEREZ-MENOEZ (LRL) I 
HELLAND 64 PR 134 81062  +DEVLINtHAGGF,LONGO,MOYER~WDDD (LRL) I 
BAREYBE 65 PL 18 342 + BRICMAN, STIRLING, VILLET (SACLAYIIJP 
JOHNSON 67 UCRL-17683 THESIS C H JOHNSON (LRL) 
OONNACHI 69 NP LOB 433 A DONNACHIE, R K1BSOPP IGLAS+EDIN) 
AYED 70 PL BIB 598 +BAREYRE,VILLET (SACLAY) 
BOWLER 70 NP 178 331 +CASHMORE IU .  OXFOBD) 

PREEDINGN'I,.1ATO(FOBcDISCOSSION2COHCER . . . . . .  S . . . . . . . . . . . . . . . . . .  E NOTE 

18 N*3 /Z ( tB7D I  MASS IMEV) 

M 3 ( 169L .O l  DONNACH1 68 RVUE PHASE-SHIFT ANAL 8 /69  
M 3 ( 1690 ,1  DONNACH2 68 RVUE PHAS*SHIFT-CERN1 10169 
M B ( IBgO. }  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10 /6g  
M 8 WHERE MAX. ABSORPTION IS -DONNACHI, 2 IKIRSOPP EYEBALL FIT CERN 1 [0/69 
M 6 {1649,0) DAVIES TO RVUE P-S ANAL SOL A 8169 
M E (1650 .0 )  DAVIES TO RVUE P-S ANAL SOL 8 6 /69  
M E SOL B IS E,D FIT TO SAME DATA START FROM CERN I EXPER. (DDNNACH1 68) 
M 6 I LTZ2 ,  O) AYED TO IPWA 1 /7L  
M 6 ENER. DEP. FIT OF ARGAND DIAGRAM 
N ? ( 1700 . )  ALMEHED 72 IPWA 2 /7E*  

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



Data Card Listings 
For notation, see key at front of  Listings. 

t07 
Baryons 

~(1670), 6(1690), A(1890), ~(1910) 

18 N*3 /2 (1670)  WIDTH (NEV) 

DONNACHI 
DONNACH2 
KIRSOPP 
DAVIES 

W 3 (E69 .8 }  68 RVUE 8/69 
H 3 ( 269 . )  68 RVUE PHAS. SHIFT-CERNL 10/69 
W S (300.) 68 RVUE PHASE SHIFT ANAL 10169 
W 4 (I88.0) 7~ RVUE SOL A 8/69 
w 5 ( 174 .0 )  DAVIES 70 RVUE SOL 8 8 /69 
W 6 (258.01 AYED 70 IPNR l / T 1  
H 7 (E60.) ALNEHED 72 IPWA 2/72. 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED, 

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

lO N - 3 / 2 ( 1 6 7 0 )  PARTIAL DECAY MODES 

DECAY MASSES 
Pl  N*3 /2 (1670)  INTO P I N  139+ 938 
P2 N ' 3 / 2 ( 1 6 7 0 )  INTO N PI PI g38+ 139+ 139 
P3 N ' 3 / 2 ( 1 6 7 0 )  INTO K SIGMA 493+1189 

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

IO N*3 /2 (L670)  BRANCHING RATIOS 

R1 N * 3 / 2 ( l b T O )  INTO (PI NJ/TOTAL (P I )  
RI S { 0 .14 )  DONNACH1 68 RVUE 8•69 
RI 8 ( . 1 6 )  DONNACH2 68 RVUE PHAS. SHIFT-CERN1 10/69 
El  S ( . 1 3 )  KIRSOPP 88 RVUE PHASE SHIFT ANAL 10/69 
R1 ¢ ( 0 . 1 2 )  DAVIES 70 RVUE SOL A 8/69 
R1 5 (0.131 DAVIES 70 RVUE SOL 8 8 /69 
R1 6 (0 .217)  AYED 70 IPHA 1/71 
RI 7 ( 0 . 1 6 )  ALNEHED 72 IPHA 2 / 7 2 *  

R2 N*312(16781 INTO (K SIGNA)/TOTAL (P3) 
R2 1 (.OOOOZ)OR LESS FEUERBACH TO RVUE P! P TO K+ SIS+ 7 /70 
RE 1 ASSUME MASS, WIDTH) X(ELAST) OF DONNACHIE 68 
R2 1 MODEL USED MAY DOUBLE COUNT. 

REFERENCES - -  N*3 /2(16TB)  

DONNACH1 68 PL 268 161 A DONNACHIE, R G KIRSOPP, C LDVELACE (CERNIIJP 
OONNACH2 68 VIENNA 139 DONNACHIE RAPPORTEUR. S TALN (GLAS) 
KIRSOPP 68 THESIS R G KIRSOPP (EDINI 

RYED 70 KIEV CONF R AYED,P 8AREYRE, G VILLET (SACL)IJP 
DAVIES TO NP BZI SE9 A DAVIES (GLAS) 
FEUERBAC TO NP 168 85 FEUERBACHER+HOLLADAY (VANDERBILT) 

ALMEHED 72 SUB.NP E ILOVELACE (RUTG)IJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

OONNACHI 69 NP lOB ~33 A DDNNACHIE, R NIRSDPP (GLAS~EDIN) 
AYED TO PL S1B 898 +BAREYRE~VILLET (SACLAY) 
BOWLER 70 NP 178 331 +CASHMORE (U.  OXFORD) 

[ a ( l e o o ) l  19N*8.2,169o.P-8.2.,I-o/E 
FOR DISCUSSION CONCERNING RESONANT PARAMETERS,SEE NOTE 
PRECEDING N * I / 2 ( 1 4 T O ) ,  

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

19 N*3 /E(1690)  MASS (NEV) 

N 3 (1690.) DONNACHZ 68 RVUE PHAS, SHIFT-CERNI 10/69 
M 3 ( 1 6 9 0 . )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
M 3 WHERE MAX. ABSORPTION IS -DONNACHI, 2 )RIRSOPP EYEOALL FIT CERN I I0169 
M 6 ( I B O l .  O) AYED 70 IPWA l / T l  
N 6 ENER.  DEP. FIT OF ARGAND DIAGRAM 
N T ( IB8O. )  ALNEHED 72 IPWA 2 /72*  

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

19 N . 3 / 2 ( 1 6 9 0 )  WIDTH (NEV) 

N 3 ( 2 8 1 . )  OONNACH2 68 RVUE PHAS.SHIFT-CERNI 10/69 
w 3 (240.  } KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 

6 ( 598 .0 )  AYEO 70 IPHA 1/71 
T (2EO.) ALMEHED 72 IPWA 2172.  

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

19 N ' 8 / 2 ( 1 6 9 0 )  PARTIAL DECAY MODES 

DECAY MFASSES 
P1 N'8/2(1690) INTO Pl N 139+ 938 
P2 N ' 3 / 2 ( 1 6 9 0 )  INTO K SIGMA ~98+1189 

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

19 N . 8 / 2 ( 1 6 9 0 )  BRANCHING RATIOS 

R1 N*8 /E(1690)  INTO (PI  N)/TDTAL (P1) 
RL 3 ( . 1 0 )  DONNACH2 68 RVUE PHAS.SHIFT-CERN1 10169 
R1 S ( . 0 8 )  KIRSOPP 6B RVUE PHAGE SHIFT ANAL 10/69 
R1 6 (0 .135 )  AYED 78 IPMA 1/71 
Rl 7 (0. i )  ALMEHED 72 IPWA 2/72* 

RE N*3 /E(1690)  INTO (K SIGNA)/TOTAL (PZ) 
R2 1 (.OOOOZ)OR LESS FEUERBACH TO RVUE PIP TO K+ SIG+ 7170 
R2 1 ASSUME MASS, WIDTH, X(ELAST) OF DONNACHIE 68 
R2 1 MODEL USED MAY DOUBLE COUNT. 

REFERENCES - -  N .8 /2 (1690 )  

OONNACH2 68 VIENNA 189 D O N N A C H I E  RAPPORTEUR.S TALK (GLAS) 
KIRSOPP 68 THESIS R G KIRSDPP (EDIN) 

FEUERBAC 78 NP 168 85 FEUERBACHER+HOLLADAV (VANDERBILT) 
AYED TO KIEV CONF R AYEO,P BAREYREe G VILLET (SACL)IJP 

ALNEHED T2 SUB.NP 8 ,LOVELACE (RUTG)IJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

AYED 70 PL 318 598 +BAREYRE)VILLET (SACLAY} 

BOWLER 70 NP 178 331 +CASHNORE (U, OXFORD) 

FOR DISCUSSION CONCERNING RESONANT PARAMETERS)SEE NOTE 
PRECEDING N * I / 2 ( L 4 T O ) .  

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

I I  N*S/2(L890)  MASS (MEV) 

M G (1913*0)  DPNNACHL 68 RVUE PHASE-SHIFT ANAL 8/69 
N 3 ( L 9 1 0 . )  DONNACHE 68 RVUE PHAS.SHIFT-CERNI 10/69 
N 3 (1910o) KIRSDPP 68 RVUE PHASE SHIFT ANAL 10/69 
M 8 WHERE MAX° ABSORPTION IS -00NNACHL, 2 )KIRSOPP EYEBALL FIT CERN 1 10/69 
M 4 (L841.01 DAVIES 70 RVUE P-S ANAL SOL A 8/69 
N 5 (1852 .0 )  DAVIES TO RVUE P-S ANAL SOL 8 8/69 
M 5 SOL B IS E.D FIT TO SANE DATA START FRON CERN I EXPER. (DONNACH1 68) 
M 6 (1837 ,0 )  AYED 70 IPWA 1171 
N 6 FROM ENER° DEP, FIT OF ARGAND DIAGRAM 
N T ( l E T 5 . )  ALMEHED 72 IPNA 2172" 

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

11 N ' 3 / 2 ( ~ 8 9 0 )  WIDTH (NEVI 

W 3 (3EO. O) DONNACH1 68 RVUE 8/69 
W S (85G. )  BONNACH2 68 RVUE PHAS.SHIFT-CERN1 10/69 
W B (BBO.) K[RSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
W 6 ( 1 3 6 . 0 )  DAVIES Te RVUE SOL A 8/69 
H B ( lEO.O)  DAVIES 78 RVUE SOL 8 8169 
W 6 (198 .0 )  AYED 70 IPNA 1/71 
W T (28B . )  ALMEHED TE IPWA 2 / 7 2 *  

SEE NOTES ACCOMPANYING MASSES QUOTED AS FOR N ' 1 / 2 ( 1 9 1 0 )  

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

11 N ' 3 / 2 ( 1 8 9 0 (  PARTIAL DECAY MODES 

DECAY MASSES 
PI N ' 3 / 2 ( 1 8 9 0 )  INTO P I N  139+ 938 
PE N*3 /2 (L890)  INTO N PI P/ 938+ 139+ 189 
P3 N ' 3 / 2 ( 1 8 9 0 )  INTO K SIGMA 493÷1189 
P4 N ' 8 / 2 ( 1 8 9 0 )  INTO DIZ2S6) RI 1236+ 139 

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

11 N*O/2(LBDe) BRANCHING RATIOS 

R1 N ' 8 / 2 ( 1 8 9 0 )  INTO (P l  N)/TOTAL (P1) 
• 1 8 ( 0 . 1 6 )  DONNACH1 68 RVUE 8/69 
RI B ( . 1 6 )  DONNACH2 68 RVUE PHAS,SHIFT-CERN1 10/69 
R1 3 ( . 1 5 )  NIRSOPP 68 RVUE PHASE SHIFT ANAL 10169 
RI 4 ( 0 . 2 0 )  DAVIES 70 RVUE SOL A 8/69 
RI 5 ( 0 . 1 9 )  DAVIES 70 RVUE SOL B 8/89 
RI 6 (0 .14T)  AYED TO IPNA 1/71 
R1 T ( 0 . 1 8 )  ALMEHED 72 IPNA 2172, 

R2 N*312(1890)  INTO (K SIGNA)/TOTAL (PS) 
R2 1 (O. OOB)OR LESS FEUERBACH TO RVUE Pl P TO K+ SIG+ 7 /70 
R2 I ASSUME MASS, WIDTH, XIELAST] OF DONNACHIE 68 
R2 1 MODEL USED MAY DOUBLE COUNT, 

R3 N ' 3 / 2 ( 1 8 9 0 )  INTO (SIGMA K ) * ( P I  N)/TOTAL**E (PB*PL) 
R3 ( . 0 0 1 6 )  OR LESS KALNUS TO DPNA Pl+P TO K+ SIG+ 1/71 

REFERENCES - -  N*S/2(L8901 

DONNACH1 68 PL 26B 161 A DDHNACHIEt R G K1RSOPP, C LOVELACE (CERN)IJP 
DONNACH2 68 VIENNA 139 D O N N A C H I E  RAPPORTEUR.S TALK (GLAS) 
KIRSOPP 68 THESIS R G KIRSOPP (EOIN) 

AYED TO KIEV CONF R AVED)P BAREYRE, G VILLET (SACL)IJP 
DAVIES 70 NP 821 359 A DAVIES (GLAS) 
FEUERBAC 70 NP 168 BE FEUERBACHER+HOLLADAV (VANOERBILT) 
KALMUS TO PR D2 1824 G KALMU5, G BORREANI~ J LOUIE (LRL) 

ALMEHEO 72 SUB. NP B ILOVELACE (RUTG)IJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

AYED 70 PL 310 598 +BAREYRE+VILLET (SACLAY) 

IA( 910)I 12 N'B/2' lgLO, JP=I/2+)I=3/2 

FOR DISCUSSION CONCERNING RESONANT PARAMETERS)SEE NOTE 
PRECEDING N* I /2114TO) ,  

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

12 N*3 /2 (1910)  MASS (NEV) 

M S [ 1 9 3 4 . 0 )  OONNACH1 68 RVUE PHASE-SHIFT ANAL 8169 
N 8 ( 1 9 3 0 . )  OONNACH2 68 RVUE PHAS.SHIFT-CERN1 10/69 
M 8 ( 1 9 3 0 . |  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/68 
N 3 WHERE MAX. ABSORPTION IS -OONNACHLt 2 ,KIRSOPP EYEBALL PIT CERN I I 0 /69  
M 4 (1914 .0 )  DAVIES 70 RVUE P-S ANAL SOL A 8169 

B (I884.0) DAVIES TO RVUE P-S ANAL SOL B 8/69 
SOL B IS E.D FIT TO SANE DATA START FROM CERN I EXPER. (DONNACH1 68) 

M 6 (1TBO.O) AYED TO IPHA 1171 
M 6 FROM ENER. DEP. FIT OF ARSAND DIAGRAM 
M T ( 1 9 0 0 . )  ALMEHED 72 IPHA 2172" 

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

12 N~3/2(19LO) WIDTH (NEV) 

M S (339 .0 )  DONNACH1 68 RVUE 8/69 
W 3 ( 8 3 9 . )  OONNACH2 68 RVUE PHAS.SHIFT-CERN1 10169 
W 8 ( 4 2 5 . )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
W 4 ( 2 9 0 . )  DAVIES TO RVUE SOL A 8 /69 
W 8 ( 2 3 1 . 0 )  DAVIES 70 RVUE SOL B 8169 
w 6 ( 8 0 8 , 0 )  AYED TO IPHA 1/71 
M T LEO0.) ALMEHED 7E IPWA 2172, 

SEE NOTES ACCOMPANYING MASSES QUOTED 

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



Baryons 
A(1910), A(1950), A(1980) 

t08 
Data Card Listings 

For notation, see key at front of Listings. 

12 N'312(1910|  PARTIAL DECAY MODES 

DECAY MASSES 
P1 N.31211910) INTO P I N  139+ 938 
P2 N*312(E910) INTO N PI Pl 938÷ I89+ 139 
PB N~'B/2(1910) INTO K SIGMA 498+1189 
P4 N*B/2(1910)  INTO D(1236) PI 1236+ 139 

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

12 N~3/2(1910}  BRANCHING RATIOS 

PI N*3 /2 (1910)  INTO (PI  HI/TOTAL ( P l )  
RI B (O.BO) DUNNACH1 68 RVUE 8/69 
RI B ( . 3 0 )  DDNNACH2 68 RVUE PHAS.SHIFT-CEBN1 18/69 
RI B ( . 2S)  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
R1 4 (O . IB )  DAVIES 70 RYUE SOL A 8/69 
R1 5 I0 ,241 DAVIES TO RVUE SOL B 8169 
RI 6 (0 .128 |  AYED TO IPHA 1171 
RI T (B.  33] ALMEHED T2 IPNA 2172" 

R2 N-3 /2 (1910)  INTO (K SIGMAI/TOTAL (PB) 
R2 1 (O*OO8)OR LESS FEUEBBACH TO RVUE P I P  TO K÷ SIGN T/TO 
R2 1 ASSUME NAGS, HIDTH~ X(ELASTI OF DONNACHIE $8 
RE 1 MODEL USED MAY DOUBLE COUNT* 

REFERENCES - -  N '3 /2(19101 

DDNNACHI 68 PL 26B 161 A DONNACHIE, R G KIRSOPP. C LOVELACE (CERN)IJP 
OONNACH2 68 VIENNA 139 D O N N A C H I E  RAPPORTEUR.S TALK (GLAS) 
KIRSDPP 68 THESIS R G K1RSOPP (EOINI 

AYED 70 KIEV CDNF R AYED~P BAREYRE~ G VILLET (SACL)IJP 
DAVIES 70 NP E21 859 A DAVIES (GLAS) 
FEUERBAC TB NP 16B 8E FEUERBACHER÷HOLLADAY (VANOEBBILT) 

ALMEHEO T2 SUB. NP B ,LOVELACE (RUTG)IJP 

PARERS NOT REFERRED TO IN OATA CARDS. 

CARYANN 65 PR 138 8433 CABAVANNOPOULDSsTAUTFEST~HILLMANN {FUND) 
' - - -  A PARTIAL HAVE ANALYSIS OF RI+P TO SIGMA÷ K÷ 

AYEO TO PL BIB 598 +B~REYREeVILLET (SACLAY) 

.................. : " :  ; : = : 7 = ; = ' ;  ;;:" . . . . . . . . . . . . . . . . .  
FOR DISCUSSION CONCERNING RESONANT P ~SEE N~TE 
PRECEDING N'112(1470)  . 

83 N~3/2119S0) NAGS (HEY) 

M (1920 .0 )  DUKE 65 CNTR PI-P EL + P~L 6/68 
M (19S0.0)  APPROX YOKOSAHA 66 CNTR P I -  P DSIG + POL TI66 
M 1 (19TB.01 BAREYRE 68 RVUE PHASE-SHIFT ANAL 11167 

| BHERE CROSS SECTION IS GREATEST - EYEBALL FIT 
H 2 ( | 9 8 0 . 0 (  BAREYRE E8 RVUE PHASE-SHIFT ANAL 11167 
R 2 HHERE SPEED IS GREATEST - EYEBALL FIT 

0 (1846.  OI DOHNACH1 68 RVUE PHASE-SHIFT ANAL 6/68 
( IDSO.)  DONNACH2 68 RVUE PHAG. SHIFT-CERN1 10/69 

M ( 1 9 4 6 . )  KIRSOPP be RVUE PHASE SHIFT ANAL 10/69 
B 3 NHEBE MAX. ABSORPTION IS -DONNACH1, 2 ~KIRSOPP EYEBALL FIT CERN I 10/69 
M 4 (1935 .0 )  DAVIES TO RVUE P-S ANAL SOL A 8169 
M S (1985 .0 )  DAVIES 70 RYUE P-S ANAL SOL B 8169 
M 5 SOL B 1S A FIT TO DONNACHIE 68 SOLUTION 
M 6 ( 1 9 3 1 , 0 l  AYED TO IPHA l l T l  
N 6 FROH ENERo DEP* FIT OF ARGAND DIAGRAM 
M (1980 .0 )  ( 30 .0 )  KALMUS TO DPHA PEeP TO K+ GIG+ I I T I  
M ( 1 9 3 0 . )  ( 2 0 . )  HEHTANI 71 MPHA ÷+ Pl÷P 1 , 8 - 2 . 1  GEV 2 / 7 2 *  
M ( 1 9 8 0 . )  ROYCHOUD TI  DPHA BIT2* 
M 7 (192S. )  ALMEHED T2 IPHA 2172. 

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

83 N*B/2(1950)  HIDTH IMEV) 

H (170 .0 )  DUKE 68 CNTB T/66 
H (2DO.O] APPROX YOKDSAHA 66 CNTB 7/66 
H 1 (180 .0 )  BAREYRE 68 BVUE 11167 
H 2 (140,01 BAREYRE 68 RVUE 1116T 
H 3 (221 .0 )  DONNACH1 68 BVUE 6/68 
M 3 (221*J OONNACHE 68 RVUE PHAS*SHIFT-CERNI 10/89 
H 3 (220* (  K1RSOPP 88 BVUE PHASE SHIFT ANAL 10169 
H 4 (221.  O) DAVIES TO RVUE SOL A 8/69 
H S ( 2 1 2 . 0 )  DAVIES 70 RVUE SOL B 8169 
N 6 ( lET .O |  AYED TO IPMA 1/71 

SEE THE NOTES ACCOMPANYING THE HASSES QUOTED* 
H (300 ,0 )  (6D.O) KALMUS TO DPHA PZ÷P TO K+ GIG÷ 1/T1 
H (22T . )  ( 1 2 . )  ( 3 0 , (  MEHTANI T1 MPMA + ÷  PEeP TO (1286}P l  E/TE~ 
M T ( 2 0 0 . {  ALMEHED T2 IPNA 2172. 

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

BB N*3/2( IDBO) PARTIAL DECAY NODES 

DECAY MASSES 
PI N.312119S0) INTD P I N  139+ 938 
P2 t ~ 3 / 2 ( 1 9 5 0 )  INTO SIGMA K 1189e 493 
PB N*B/2(1980)  INTO N ' 3 / 2 ( 1 2 3 6 )  PI 12S6÷ 1 3 9  
P4 N*B/Z(19EO| INTO Y*1(1385)  K 13E5÷ 493 
PB N*3/2(19501 INTO N*3 /2 (12361RHO 1236+ 765 
P6 N*3 /E I1980)  INTO NEUTRON P | *  p i e  839÷ IBD~ 139 
P? N .3 /2 (~9S0)  INTO N*312(12861 Pl  Pl (NOT BHO{ 1236÷ 139~ 139 

83 N*3/2(19EO| BRANCHING RATIOS 

P1 
RI 
R1 
R1 1 
R1 3 
RL B 
RI 3 
81 4 
RI 5 
RI 6 
R1 T 

N*312(1950) INTO (PI  NtlTOTAL ( P l )  
( 0 . 4 1 )  DUKE 65 CNTR VERY ENERGY DEP 7/6E 
( 0 . 4 )  APPROX YOKOSAHA 66 CNTR TIE& 
IN.ST) BAREYRE 68 BVUE 11/6T 
(0 .386)  DONNACH1 68 RVUE 6/68 

( .  89) OONNACH2 68 BVUF PHAS.SHIFT-CERNI 10/69 
( , 3 9 )  K|RSOPP 68 RVUE PHASE SHIFT ANAL 10/69 

( 0 . 8 1 ]  DAVIES TO RVUE SOL A 8169 
(0 .89 |  DAVIES TO RVUE SOL B 8 /69 
(0 .496)  AYED TO IPHA 1/71 
(0o4) ALREHED 72 IPNR 2172" 

SEE THE NOTES ACCOMPANYING THE NA$SES QUOTED. 

R2 N*3 /2 (1980 )  INTO (SIGMA K ) * ( P I  N)/TOTAL**2 (P2*PI (  
R2 SEEN BOBREANI 68 HBC PI+P 1 . 8 5 - 1 . 6 8  10169 
R2 1 (0 .004(  (O*00E} FEUERBACH TO RVUE P I P  TO K÷ GIG÷ T/TO 
R2 1 ASSUME MASS~ HIDTH~ XKELAST) OF DONNACHIE 68 
R2 1 MODEL USEO HAY D~UBLE COUNT, 
R2 0.0081 0.0013 KALHUS TO DPHA PEeP TO K÷ GIG÷ 1/71 

R3 N ' 3 / 2 ( 1 9 5 0 )  INTO (D(1236) PIJ* (PINI /TOTAL~*2 (P3*P l }  
RB 0 ,23 0 ,04 FUNG 68 HBC +÷ PI+P TO PI÷PIO P 11/68 
R3 0 .24 0.01 0.03 MEHTANI T l  MPHA ~e 2172" 
R3 . . . . . . . . .  
R B A V G  0.238 0.018 AVERAGE (ERROB INCLUDES SCALE FACTOR OF 1 . 0 )  

BORE INFORMATION ON INELASTIC DECAY BODES OF DUMPS, SEEN IN PRODUCTION 
EXPERINENTS AROUND 1950 NEV~ MAY BE FOUND IN THE NEXT ENTRY 

REFERENCES - -  N*B/2(19BO{ 

DUKE 65 PRL IE 468 
YOKOSAHA $6 PBL 16 714 

8AREYRE 68 PR I65 1781 
BORREAHI B8 UCRL 183S0 
OONNACH1 68 PL 268 161 
DONNACH2 68 VIENNA 189 
FOHG 68 VIENNA CONF. 
KIRSOPP 68 THESIS 

AYED 70 KIEV CalF 
DAVIES TO NP BEI BSB 
FEUERBAC TO NP 168 85 
KALNUS 70 PR D2 1826 

HEHTANI 71 AMSTERDAM C~NFo 
ROYCHDUD T1 NP B2T 125 

ALNEHED T2 SUB. NP E 

LAYSON 63 NC E7 T24 
HOHLER 63 NP 68 470 
AUVIL 64 NC 83 473 
HOHLER 64 PL 12 149 

*JONES(KEMP,MURPHY,PRENTICE( ÷ (RTHFO,OXFIIJP 
+SUNA~ HILL~ ESTEBLINGo BOOTH (ARGtCHI)IJP 

P BAREYRE, C BRICHAN, G YILLET (SACLAY(IJP 
EOBBEANI,KALMU$ (LRL| 

A DONNACHIEt R G KIRSOPPw C LOVELACE (CERN)IJP 
DONNACHIE RAPPORTEUR.S TALK (GLAS| 
FUNG~ KERNANt KALMUS, BINGE (RIVERSIDEvLRL) 
R G KIRSDPP (EDIN) 

R AYEOtP BAREYRE~ G VILLET (SACL)IJP 
A DAVIES (GLAS) 
FEUERBACHBR+HOLLADAY (VANDERBILT) 
G KALBUS, G BORREANI, J LOUIE (LRL) 

÷FUNGtKERNANtHILLIANSON+BIBGEt÷+ (UCRvLBLIIJP 
R K ROYCF~BUDHURYtB H BRANSDEN (DURH(IJP 

tLOVELACE (RUTG)IJP 

PAPERS NOT DEFERRED TQ IN DATA CARDS. 

N M LAYSOH (CERNI IJ  
G HOHLER, G EBEL (KAMLSRUH~| I 
P AUVILt C LOVELACE (IBPCOL)IJP 
G HOHLER, J GIESECKE (KABLSRUHE) 

HELLAND 64 PR 134 E1062 +DEVLINtHAGGEtLONGO~HQYER,HOOD (LRL| J 
HOLLADAY 6~ PR 139 B1348 H G HOLLADAY (VANDEBBILT| 
JOHNSON 67 UCRL-17683 THESIS C H JOHNSON (LRL) 
DONNACHI 69 NP lOB 433 A DONNACHIEt R KIRSOPP (GLASeEOIN) 
AYEO TO PL BIB 598 ~BAREYRE+VILLET (SACLAY) 

FOR DISCUSSION CONCERNING RESONANT PARAMETERS(SEE NOTE 
PRECEDING t~112(14TO) • 

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

13 N ' 3 / 2 ( 1 9 6 0 (  MASS (MEV) 

R B (1954 .0 )  DONNACH1 68 RVUE PHASE-SHIFT ANAL 6/68 
M 3 ( 19T0 . )  KIRSOPP 68 EVUE PHASE SHIFT ANAL 10/69 
R X ( 1 9 5 0 . 0 }  APPROX LEA 69 CNTR PI-P ELASTIC 8/69 
R X SEE ALSO APLIN TO 
M 3 MHERE MAX. ABSORPTION IS -DONNACHI~ 2 tKIBSOPP EYEBALL FIT CERN I 10/69 
M T ( 2200, ) ALMEHEO T2 I PHA 2/T2"  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . . . . . . . .  

13 N '3 /2 (1960 |  MIOTH (HEY) 

H 3 (31 I .OOl  OONNACHI 68 RVUE 8•69 
H 3 ( 4 0 0 , )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10169 
H (182.  O( MEHTANI 70 RPHA PRELIMINARY l / T [  
M 7 (600.  | ALREHED 72 IPMA 2172" 

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

13 N*3/2(19601 PARTIAL DECAY NODES 

DECAY HASSES 
Pl  N '3 /2 (19601 INT~ P I N  139+ 938 
P2 N '3 /2(19601 INTO K SIGMA 498+1189 
P4 N '3 /2(19601 INTO 0(1236( PI 1236+ 139 

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

13 N '3 /211960)  BRANCHING RATIOS 

RI H ' 3 / 2 ( 1 9 6 0 {  INTO (PI N I l  TOTAL ( P l )  
RI 3 ( . I ~ A {  DONNACHI 6E RVUE PHASE SHIFT ANA. 10/69 
RI 3 ( , 1 2 )  KIRSOPP 68 BVOE PHASE SHIFT ANAL 10/69 , 
R1 T (O. 2~) ALREHED 72 IPHA 2 / 7 2 *  

RE N*B/2(1960)  INTO (K SIGMA)/TOTAL (P2) 
RE l IO.OLB) ( O . O l )  FEUEREACH TO RVUE P I P  TO K÷ SIG÷ T/TO 
R2 1 ASSUME MASS, tIIOTHt X(ELAST) OF OONNACHIE 68 
R2 1 MODEL USED MAY DOUBLE COUNT. 

REFERENCES - -  N '312(1960)  

DONNACHI 68 PL E6B 161 
KIRSOPP 68 THESIS 

LEA 69 PL 298 584 

FEUERBAC TO HP 16E BS 

ALMEHED T2 5UB.NP B 

DONNACHI 69 NP lOB 433 
AYED TO PL 318 59E 
APLIN 71 NP BEE 253 

A DONNACHIEv B G KIRSOPPv C LOVELACE (CERNIIJP 
R G KIRSOPP (EDIN) 

LEAeOADESeMAROeCOMANs+ (RHELtBRISTBLvDAR( 

FEUERBACHEB÷HOLLADAY (VANDEREILTI 

tLOVELACE (RUTG|IJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

A OONNACHIEI R KIRSOPP (GLAS÷EDIN) 
eBAREYREeVILLET (SACLAYI 
+COHANtGIESDN~GILMOBE++ (RHEL,BRISTOL( 



Data Card Listings 
For notation, see key at front o f  Listings. 

i 09  
Baryons 

A(1960), A(~.160), A(~420) 

PItODUCTION .&ND ~'TOTAL EXPEnYW~-NTfJ I g 5 0  ILEV REGION - 

i m 

, . . . o , ,  o N o 
I I BUMPS 

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

70 N* (19f l0) NAGS (MEV) 

M (1921 .0 )  APPROX COOL 56 CNTR El+ P TOTAL 7/60 
M (1912.01 (15o0) BRISSON 61 CNTR PI÷ P TOTAL 7/66 
M ( 1 9 0 0 . 0 )  ( 9 . 0 )  DEVLIN 65 CNTR PI+ P TOTAL 
M N (2080 .0 )  ( | 2 . 0 )  YOON 67 HBC ÷ B DEV/C PI -P 0/6T 
M N THIS BUMP IS NOT SEEN BY CHUNG 68 AT 3 .2  GEV/C 

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

TO N:~ (1950)  WIDTH (MEVi 

M ( 2 5 6 , 0 l  ( 3 9 . 0 l  DEVL IN 65 CNTR 
M ~000 20 ,0  YODN 67 HOC + 8/67 

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

70 N~ (1950) GRAPHING RATIOS 

R1 N~' (1950) INTO (PI  N|/TDTAL PROD. EXP. 
R1 (0 .57 )  ( 0 . 1 2 )  OEVLIN 65 CNTR 

RE N~ (19~01 INTO (SIGMA K # / ( P [  N) PROD. EXP. 
R2 0 .059  0.02~ CHINONSKY 68 HDC ÷÷ PP TO P GIG K 11/68 

R3 N~ (19S0) INTO N~3/2(1236)  El PI (NOT RHO) 
R3 SEEN CHINOWSKY 68 HBC ++ PP TO (P 3PI)  N 11168 
R3 SEEN BOGGILO 70 HBC PP TO N3PI(NTRL} 6•70 

R6 N~ (1980) INTO ( P l  N ) I ( N ~ D / 2 ( t E D 6 )  Pl I  PROD. EXP. 
R6 ( 0 . 5 5 )  ~R LESS LEE 67 HBC PI -P 3 .63 BEV/C 11/67 

RS N* (1950) INTO ( (P I  N)+(NEUTRON PI+ PI+)) /TOTAL PROD.  EXP* 
RS 8.05 0.013 GALLOWAY 68 RVUE ÷+ PI~P TO N EPI+ 6 /68 

R6 N* (1950) INTO ( Y ~ l ( 1 3 8 5 |  K | / ( P I  N) PROD. EXP. 
R6 0.035 O.elE CHINOWSRY 68 HOD ÷+ PP TO P LAM K PI 11/68 

R? N* (1950) INTO ( N ' 3 / 2 ( 1 2 3 6 )  RHOII(PI  N) PROD. EXP. 
R7 ( 0 . 4 5 )  APPROX CHINOHSKY 68 HBC ++ PP TO (P 3PI) N 11/68 
PT THIS INCLUDES CORRECTION FOR UNSEEN DECAY I ISPIN FACTOR 5131. 

RB N~ (19~0) INTO (N~3/2 (1236 I  RHOI/TOTAL 
RB SEEN YOON 67 HBC + 8•67 
R8 NOT SEEN BOGGILD 70 HBC PP TO NBPI(NTRL) 6 /70 

REFERENCES - -  N+ IN PRODUCT EXPERIMENTS 

COOL 86 PR 103 1082 R COOLe 0 PICCIONI~ D CLARR (DNL) I 
BRISSON 61 NC 19 210 +DETOEUF~FALK-VAIRANT~VAN ROSSUN~+ (SACLAYI i 
OEVLIN 65 PRL 16 1031 T J DEVLIN,J SOLONON~G BERTSCH (PRINCETON) I 
LEE 67 PR 159 1156 +NOEBSeROE~SINCLAIR~VANOER VELOE (MICH| 
YOON 67 PL 2~8 307 +BERENYI~KEY,PRENTICE, + (TORONTO~WISC) 

CHINONSK 68 PR 171 1621 CHINOWSKYtCONDONtKINSEY~KLEINt+ (LRLtSLAC) 
CHUNG 68 PR 165 1~91 S U CHUNG~DAHL~KIRZ,MILLER (LRLI 
GALLOWAY 68 PL 26B 336 K F GALLOWAY (INDIANA) I 
DOGGILO 70 NP 816 503 +KOREA-AHO÷JACOBSEN÷ (COP÷HELS+DSLO+STDCKI 

END PRODUCTION EXPERIMENTS 

ROYCHOUOHURY T1 FIND POSSIBLE EVIDENCE FOR P31~D~3.AND 
DB5 RESONANCES IN THIS MASS REGION, IN A SIMILAR ANALYS 
5RANSDEN 71 FOUND SOHE EVIOENCE FOR SBI~DBB~AND D35 RES 
NACES IN THIS REGION. 

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

9 N~B/2(Z |60)  MASS (BEY} 

M 3 (216R. )  KIRSOPP 68 RYUE PHASE SHIFT ANAL 10/69 
M ( 2120. ) ROYCHOUD 71 DPMA 3172" 
R 7 ( 2150. ) ALMEHED 72 IPWA 2172, 

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

9 N '312(2160)  WIDTH (MEV) 

W 3 (260 . )  KIRSDPP 68 RVUE PHASE SHIFT ANAL 10/69 
W 7 ( 2 0 0 . )  ALMEHED 72 IPMA 2/72*  

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

9 N:('3/2(21601 PARTIAL DECAY MODES 

DECAY MASSES 
Pl  N ,B /Z (2160)  INTO P I N  139÷ 938 

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

9 N*3/2(21601 BRANCHING RATIOS 

R1 N , 3 / 2 ( 2 1 6 0 )  INTO (PI  NI/TOTAL ( E l )  
R1 3 ( . 2 5 )  KIRSOPP 68 RVUE PHASE SHIFT ANAL 10169 
R1 7 ( 0 . 3 )  ALMEHED T2 [PHA 2 /72*  

REFERENCES - -  N*3 /2 (2160 )  

K1RSOPP 68 THESIS R G KIRSOPP (EDIN) 

RDYCHOUD Tl  NP 027 125 R K RDYCHOUDHURY,B H BRANSDEN (OURH)IJP 

ALMEHED TZ SUB,NP B tLOVELACE (RUTG)IJP 

PAPERS NOT REFERRED TO IN DATA CARDS, 

DC~CNACHI 69 NP 105 633 A DONNACHIE~R KIRSOPP (GLAS+EDIN) 
BRANGC~N TI NP B26 511 ~OGOEN (DURH)IJP 

ALSO 70 NP 516 ~61 ROYCHOUOHURY~PERRI N~BRANSDEN (OURH)IJP 

::::::::::::::::::::::::::::::::::::::::::::::. . . . . . . .  

| - I BOTH ROYCNOUOHURY 71 AND ~RANSDEN ~E SEE A POSSIBLE 
RESONANT F35 IN THIS NAGS REGION. IN ADDITION BRANSDEN 
71 FIND A RESONANT PDB AT 2600 HEY. 

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

86 N~3/2(2620)  MASS (NEV) 

N 6 (2312 .0 )  AYEO TO IPNA 1/71 
M 6 FROM ENER, DEP. FIT OF ARGAND DIAGRAM 
R (EAOG.} ROYCMOUD 71 DPNA 3/TE~ 
M (2~00 . )  8RANSDEN T1 DPWA 3/T2~ 

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

86 N~3/2(2~201 WIDTH (MEV) 

W 6 (3~7.01 AYED TO IPWA 1/71 

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

86 N .3 /2 (2620 )  PARTIAL DECAY MODES 

DECAY MASSES 
P l  N*3 /2 (2620)  INTO Pl N 139+ 938 
P2 N ' 3 / 2 ( 2 6 2 0 (  INTO SIGMA K 1197÷ A93 

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

8~ N*3/2(ZA20)  BRANCHING RATIOS 

RI N~B/E(EA20) INTO {PI  N)/TOTAL ( P l )  
RI 6 (0.1131 AYED TO IPNA 1/71 

REFERENCES -- N'3/2(2~201 

AYEO TD KIEV CONF R AYEO~P BAREYRE, G VILLET (SACLIIJP 

BRANSDEN T~ NP B26 $11 ~OGDEN (DURH)IJP 
ALSO TO NP D16 661 ROYCHOUOHURY~PERRIN~BRANSDEN (DURH)IJP 

ROYCHOUD TI NP B27 125 R K RDYCHOUOHURY~ B H BRANSDEN (DURH}IJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

BELLAMY 6T PRL 19 ~T6 +DUCRLEY~DODINSON~ ÷ (WESTFIELOtU~ICOL) JP 

AYEO TO PL 31B 598 ÷8AREYRE+VZLLET (EACLAY) 

M > 2 2 0 0  ~ - PRODUCTION &HD UTOTJkL EXPERIMENTS 

****** ********* *******+* ****+**** *+*****+* *****+*** **+****** ******** 

IA(242o)I BA N.B.2(2 20, I-D.2 
m B 

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

B~ N*3 /2 (2620)  MASS (MEV) 

M (2360.01 DIODENS 63 CNTR El+ P TOTAL 
M (2820.  O) (#O.O) ALVAREZ 66 CNTR Pl PHOTOPROD 7/66 
M ( Z 4 0 0 . 0 )  APPRGX MAHLIG 66 OSPK O PI -P CH EX 
N (2640 .0 )  HOHLER 66 RVUE DATA + DISP REL 
M 2623.0 10.0  CITRON 66 CNTR PI÷ P TOTAL 7/66 
N B (2652 .0 )  RARGER 66 RVUE TOTAL ÷ ~H EX 11/67 
M B USES REGGE ARP.+RESON. TO CALCULATE DIF. CROSS SECTIONS AT 180 OEGRE 
M B FOR CRITICISM OF THIS METHODt SEE OOLEN 6D, 

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

84 N*BIZ(EA20) WIDTH (MEV) 

M ( 2 0 0 . 0 )  DIDDENS 63 CNTR 
W (2AS. O) HOHLER 6~ RVUE 7/66 
W 310.0 20 .0  CITRON 66 CNTR 7/66 
W B (275 .0 )  BARGER 66 RVUE TOTAL + CH EX 11/67 

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

86 N~3/2(Z~ZO} PARTIAL DECAY MODES 

DECAY MASSES 
P1 N*B/2(2620)  INTO P I N  139+ 938 
P2 N*3 /2 (2620)  XNTO SIGMA K 1197+ 690 
P3 N$3/2(2~20)  INTO N$3/2(1236)  PI 1236+ 139 
PA N~312(2420) INTO NEUTRON PI+ PI+ 939+ 139~ 139 

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

86 N*3 /2 (2620)  BRANCHING RATIOS 

RI N~ ) /2 (2420 )  INTO (PI  NI/TOTAL (PLJ 
R1 (0 .067 )  APPROR DIODENS 63 CNTR AssuMING J - l l / Z  7/66 
RI 0 .113 0.0036 CITRON 66 CNTR ASSUMING J - 1 1 / 2  7/66 
RI B ( 0 . 1 2 }  8ARGER 67 El T ASSUMING J ' l l / 2  11/67 
RI D (0 .163)  OIKNEN 67 PIT ASSUMING J=11/2 11/67 
RI 0 USES ONLY RESONANCES TO CALCULATE DIF, CROSS SECTIONS AT 180 DEGREES 
RI ( 0 . 0 6 )  RORMANYOS 6T CNTR ASSUMING J ' 1 1 / 2  11/67 

RZ N ' 3 / 2 ( 2 6 2 0 )  INTO (PI N)*(NEUTRON PI+ PI+ I / (TOTAL+*2)  (PI~P¢) 
RE 0.0195 O,OO~B GALLOWAY 68 RVUE 6/68 



Baryons 
&(3230), EXOTIC 

i i 0  

NUCLEONS, Z* Is 

Data Card Listings 
For notation, see key at front of Listings. 

DIDDENS 63 PRL 10 262 
ALVAREZ 66 PRL 12 7LO 
WAHLIG 66 PRL E3 103 
HOHLER 64 PL 12 L49 
CITRON 66 PR IRA ILOL 
BARGER 66 PR I~L 1123 

BARGER 67 PR 155 1792 
DIKMEN 67 PRL L8 79B 
KORMANYO 67 PR L6A 1661 
GALLOWAY 68 PL 266 334 

REFERENCES - -  N*3 /E(2620)  

+JENKINSt NYCIA, RILEY (BNLI I 
+BAR-YAM,RERNtLUCKEY~OSBORNE~ + (WIT,LEA) 
+WANNELLI,SDDICNSON~FACKLER,WARD, ÷ )NIT) 
G HOHLER, J GIESECRE (KARLSRUHE) I 
+GALBRAITH,KYCIAtLEONTICtPHILLIPS~ + (BNL) I 
V BARGER~ M OLSSON (WISE) 

BARGER, O CLINE (WISE) P 
N DIKHEN (MICHI 

KORMANYOS~ KRISEH~ OFALLON~ + (MICH,ARG) P 
K F GALLOWAY (INDIANAI I 

PAPERS NOT REFERRED TO IN DATA CARD5, 

J BAACNE~ q Y V E R T  (KAPLSRUHE~ORSAY)J-L 
DOBROWOLSNI~GUSKUV~LIKHACHEV~ + (OUBNA) P 
R DOLEN, D HORN, C SCHMID (CAL TECHI 

BAACKE 67 NC 51A 761 
DOBROWOL 6T PL 248 203 
DOLEN 68 PR 166 1768 
NAHLIG 68 PR 16B 1515 M A MAHLIGt I MANNELLI (MITtPISA)  

- -  FINAL VERSION OF DATA USED IN WAHLIG 64. IN CONJUNCTION WITH 
CITRON 66 TOTAL CROSS SECTIONSe THIS CHARGE EXCHANGE DATA GIVES 
COMPLEX ELASTIC SCATTERING AMPLITUDE AT 0 DEGREES. 

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

85 Na312(2850) MASS {MEV) 

M (2700 ,0 )  APPROX MAHLIG 64 OSPK O PI-P CH EX 
M (2870 .0 )  HOHLER 66 BVUE DATA + DISP REL 
M 2850.0 12.0 CITRON 66 CNTR PI+ P TOTAL 7/66 
M (ZBBO.O) BARDADIfl 66 HBC ++ N* TO P + 3 FIS 7•66 

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

85 N*3/E(E850)  WIDTH (MEV) 

w 400.0  60.0  CITRON 66 CNTR 7/66 
W (150 .0 )  BARDADIN 66 HBC ++ 7/66 

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

85 N~3/2(285~l  PARTIAL DECAY MODES 

DECAY MASSES 
Pl N~3/2(2850)  INTO P I N  139+ 938 
P2 N ' 3 / 2 ) 2 8 5 0 )  INTO P PI P/ PI 938+ 139+ 139+ 139 
PB N . 3 / 2 { 2 8 5 0 )  INTO N PI P/ 938+ 139+ 139 

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

85 N~312[2850) BRANCHING RATIOS 

RI N*3 /Z (2850)  INTO (PI N)/TOTAL ( P l )  
RI ONLY ( J + 1 1 2 ) t (  PI N/TOTAL) MEASURED FOR THIS STATE 
RE 0.261 O.OA8 CITRON 66 CNTR TOTAL CROSS,SEE, 11167 
R1 8 (O.Z26) ( 0 . 016 )  BANGER 66 RVUE TOTAL + CH EXC. 11167 
RE B (0 .40 )  BARGER 67 RVUE USES KORMANYOS66 l l / E T  
R I B  USES REGGE AHP,+RESON. TO CALCULATE OIF. CROSS SECTIONS AT 180 DEGRE 
R1 B FOR CRITICISM OF THIS NETHODt SEE DOLEN 68,  
RE O { 0 . 4 9 )  DIKMEN 67 RVUE USES KORMANYOSC7 11167 
RI O USES ONLY RESONANCES TO CALCULATE DIF. CROSS SECTIONS AT LBO DEGREES 
RI (O.IB) NORMANYOS 67 CNTR PI-P AT 180 DEG. 11/67 
RI ( 0 . 3 9 )  DOBROWOLS 67 CNTR PI+P AT 180 DEG 

WAHLIG 66 PRL 13 103 
HOHLER 66 PL 12 169 
CITRON 66 PR 146 1101 
BARDADIN 66 PL 21 357 
BANGER 66 PR 151 11Z3 

BARGER 67 PR 155 1792 
DIKMEN 67 PRL 18 798 
ODBROWOL 67 PL 248 206 
KORMANYO 67 PR 16A 1661 

REFERENCES - -  Nt3/Z(28EO) 

+MANNELLI,SODICKSONtFACKLERtWAROv + (HIT)  
G HOHLER, J GIESECKE (KARLSRUHE) I 
+GALBRAITHtKYCIAtLEONTIC~PHILLIPS, + (BNL) I 
BARDADIN-OTWINOWSKA,DANYSZ, + (WARSAWI 
V BARGERt M OLSSDN )WISC) 

V BARGER, O CLINE (WISE) P 
F N DIKM~ (RICH) 
DOBRDWOLSKI,GUSKOV~LIKHACHEVt + (DUBNA) P 
KORMANYOS~ KRISCHt OFALLONe + (MICH,ABG) P 

PAPERS NOT REFERRED TO IN DATA CARDS* 

BAACKE~ M Y V E R T  (KARLSRUHE,ORSAY)J-L 
DOLENt O HDRNt C SCHMID (CAL TECH) 

BAACKE 67 NC EIA TEl 
DOLEN 68 PR 166 1768 
WAHLIG 68 PR 168 1515 M A WAHLIG~ I MANNELLI (MIT*PISA) 

- -  FINAL VERSION OF DATA USED IN WAHLIG 6A. IN CONJUNCTION WITH 
CITRON 66 TOTAL CROSS SECTIONSv THIS CHARGE EXCHANGE DATA GIVES 
COMPLEX ELASTIC SCATTERING AMPLITUDE AT 0 DEGREES. 

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

86 N*3 /2 [3230)  MASS (MEV) 

M (3230 .0 }  DITRON 66 CNTR PI+ P TOTAL 

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

86 N .3 /2 (3230 )  WIDTH (MEV) 

W (CAD,O) CITRON 66 CNTR 

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

86 N . 3 / 2 ( 3 ~ 3 0 )  PARTIAL DECAY MODES 

DECAY MASSES 
PI N*3/ZIB2301 INTO Pl N 139+ 938 
P2 N$3/E(3230) INTO N PI P/ 938+ 139+ 139 

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

86 N*3/2(3ZDO) BRANCHING RATIOS 

RE ONLY ( J + l / E ] * (  PI N/TOTAL) MEASURED FOR THIS STATE 

R1 (0 .06 )  CITRON 66 CNTR TOTAL CADS. SEE* 11/67 
R1 B (0 .03 )  (O.OL) RARGER 66 RVUE TOTAL + CH EXC. 11167 
R1 B (O.OBI TO O.1 BARGER 67 CNTR USES KORMANYOSE6 11167 
Rt B USES REGGE AMP.+RESON* TO CALCULATE DIF* CROSS SECTIONS AT 180 OEGRE 
R2 B FOR CRITICISM OF THIS METHOOt SEE OOLEN 68. 
R1 D (0 ,25 )  DIKMEN 67 RVUE USES KORMANYOS67 11/67 
RE O USES ONLY RESONANCES TO CALCULATE DIF. CROSS SECTIONS AT L8O DEGREES 

CITRON 66 PR 166 1101 
BANGER 66 PR 15I 1123 
BARGER 67 PR 155 1792 
DIKMEN 67 PRL IB 798 

KORMANYO 67 PR tea  1661 
DOLEN 68 PR 166 1768 

REFERENCES - -  N .3 /2 (3230 )  

+GALBRA|THtKYCIA~LEONTICtPHILLIPS~ + (BNL) I 
V BARGERJ N DLSSON (WISC) 
V BARGER, D CLINE (WISD) P 
F N DIKNEN (RICH) 

PAPERS NOT REFERRED TO IN DATA CARDS 

NORMANYOS~ KRISCHt OFALLONv + (NICHtARG) P 
R DOLEN, O HORN, C SCHMID {CAL TECH) 

END PRODUCTION EXPERINENTS 

EXOTIC NUCLEONS 
BO CROSS SECTIONS LIMITS FOR EXOTIC NUCLEONS 

THIS IS NOT A COMPLETE LIST. WE RILL TABULATE EXOTICS FROM NOW ON 

CS LT, 40 MB I=512,  M=I560-LT50 BANNER 70 OSPK +++ P I + P , l . 9  GEV/C 7/70 

REFERENCES - - -  EXOTIC NUCLEONS 

BANNER TO NP BL5 COS +CHEZE,HANEL,TEIGER~ZACCONE + (SACLAY) 

Ex 184o i , E E X , , 6 , o  .... )i. 
% N| 

ANNANN 71 AND JOHNSON 71 WITH COMPARABLE (OR 
BETTER) STATISTICS AND AT MOMENTA N~AR 4.91 ARGUE 
STRONGLY THAT THE EFFECT SEEN BY PRICE TO IS A 
STATISTICAL FLUCTUATION. 

1N A MISSING MASS EXPERIMENT, PI+ P TO P l -  X+++, 
BIRULEV 7l  FIND NO EVIDENCE FOR EXOTIC (I=EIE) RESONANCES IN THE 
MASS INTERVAL 1.2 TO 2 .2  GEV. 

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

92 EXIIB~O) MASS )MEV) 
A 29{L627 . )  ( 1 2 , ]  PRICE 70 DEC - -  K-D AT 4.91GEV/C 3/~1 
A FOUR S. O. EFFECT 

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

92 EX(1660) WIOTH )MEV) 

B 29 (DO.) OR LESS CL=.90 PRICE 70 DEC - -  P I - P I - N  BUMP 3/71 
B CROSS SECTION 1 3 . 0 + - 3 . 9  MICROBARNS 

REFERENCES - -  EX(16AO) 

PRICE TO PL 336,533 +BERG,SALANT,WATERS,WEBSTER,WEINBERG (VAND) 

PAPERS NOT REFERRED TO IN DATA CARDS 

ARMANN T l  PL 3AB 533 +CARNONY,GARFINKELtGUTAYvMILLER,YEN (PURD) 
BIRULEV 71SJNP 12 536 +VOVENKO,GUSKOV,DOBROVOLSKIh+÷ (JINRI 
JOHNSON 71PL 34B AZB D JOHNSON (ANL) 

N o t e  o n  P o s s i b l e  Z~'s 

Although much work has been done on the strange- 

ness + i  r e a c t i o n s  d u r i n g  the  p a s t  f e w  y e a r s ,  i t  i s  n o t  

y e t  c l e a r  w h e t h e r  t h e  p e a k s  s e e n  in  t o t a l  KN c r o s s  

s e c t i o n s  n e a r  i G e V / c  a r e  r e s o n a n c e s ;  s e e  F i g .  i .  

S i n c e  p o s i t i v e - s t r a n g e n e s s  b a r y o n s  c a n n o t  b e  m a d e  

f r o m  t h r e e  q u a r k s ,  i t  i s  v e r y  i m p o r t a n t  to  f i n d  out  i f  

t h e s e  p e a k s  a r e  r e s o n a n c e s .  

(a) I -- 0 System. New total-cross-section data 

have been reported by the Arizona group in the 0.36 

to 0.7Z GeV/c region (BOWEN 70). The old K+p and 

K+d total cross sections have been reanalyzed by 
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Baryons 
Z* 'S 

A B R A M S  69. T h e y  m a d e  a n e w  u n f o l d i n g  of the  

i s o s p i n - 0  to t a l  c r o s s  s e c t i o n  and found  tha t  the w e l l -  

k n o w n  p e a k  in t h i s  c r o s s  s e c t i o n  j u s t  above  i , 0  GeV/c  

(M~ i865  MeV) h a s  a c o m p a n i o n  at abou t  0.8 O e V / c  

(M ~ i780  MeV). C O O L  70 adds  the n e w  d a t a  of 

BOWEN 70 to the a n a l y s i s  and o b t a i n s  the  two  p o s s i -  

b le  r e s u l t s  s h o w n  in F i g .  2a f o r  the I = 0 c r o s s  s e c -  

t ion.  D O W E L L  70 a l s o  r e p o r t s  s i m i l a r  r e s u l t s .  The  

cho i ce  of two p o s s i b i l i t i e s  d e p e n d s  m o s t l y  on the  d i s -  

a g r e e m e n t  b e t w e e n  the d a t a  and v e r y  l i t t l e  on the 

m e t h o d  of u n f o l d i n g ,  a s  d i s c u s s e d  b y  L Y N C H  70. 

Unt i l  the  K+p and K+d c r o s s  s e c t i o n s  a r e  r e -  

m e a s u r e d  in  t h i s  r e g i o n ,  the  l o w e r  peak ,  t h o u g h  p r o b -  

ab l e ,  c anno t  be c o n s i d e r e d  d e f i n i t e l y  e s t a b l i s h e d .  

T h e r e  i s ,  h o w e v e r ,  no doubt  abou t  t h e r e  b e i n g  a 

l a r g e  b r o a d  p e a k  in the  i s o s p i n - 0  e l a s t i c  c r o s s  s e c -  

t ion.  The i n e l a s t i c  c r o s s  s e c t i o n  i s  v e r y  s m a l l  un t i l  
@ 

the 'K N t h r e s h o l d  at t . 0 8  OeV/c  i s  a p p r o a c h e d ,  t h e n  

it r i s e s  r a p i d l y  (HIRATA 68 and H I R A T A  70), a s  

s h o w n  in F ig .  2c. S u b t r a c t i n g  t h i s  f r o m  to t a l  c r o s s  

s e c t i o n s  g i v e s  the  two p o s s i b l e  r e s u l t s  of F ig .  2b. 

F i t t i n g  the e l a s t i c  p e a k  wi th  a B r e i t - W i g n e r  r e s o -  

n a n c e  f o r m ,  one g e t s  a m a s s  of ~ t780  MeV and an  

a n o m a l o u s l y  l a r g e  wid th ,  n e a r l y  600 MeV. The  r e s o -  

n a n c e  (if i t  e x i s t s )  m u s t  be  n e a r l y  e n t i r e l y  e l a s t i c  b e -  

c a u s e  the i n e l a s t i c  c r o s s  s e c t i o n  i s  s m a l l  at  the  peak .  

If ff w e r e  g r e a t e r  t h a n  i / 2 ,  the r e s o n a n t  p e a k  w o u l d  

e x c e e d  the o b s e r v e d  h e i g h t  of 41rk 2. T h i s  f i x e s  the  

s p i n  a s  i / 2 ,  and m e a n s  tha t  t h e r e  i s  l i t t l e  c r o s s  s e c -  

t ion  le f t  o v e r  f o r  o t h e r  p a r t i a l  w a v e s .  Of c o u r s e  it  

i s  qu i te  p o s s i b l e  t ha t  in  f ac t  the p e a k  i s  no t  c a u s e d  b y  

a r e s o n a n c e  at all .  

R e c e n t l y  n e w  d i f f e r e n t i a l  c r o s s  s e c t i o n  d a t a  on the  

e l a s t i c  c h a r g e - e x c h a n g e  h a v e  b e e n  r e p o r t e d  b y  

H I R A T A  7i  (5 m o m e n t a  in  the  0.87 to i . 5 9  GeV/c  

r e g i o n )  and by  G I A C O M E L L I  7t  ( i3 m o m e n t a  in the  

0.64 to i . 5 i  GeV/c  r e g i o n ) .  A t t e m p t s  to p e r f o r m  

p a r t i a l - w a v e  a n a l y s e s  f o r  the I = 0 s y s t e m  h a v e  b e e n  

r e p o r t e d  by  H I R A T A  7i  and r e c e n t l y  b y  WILSON 7i .  

The f i r s t  a n a l y s i s ,  t h o u g h  not  e x t e n s i v e ,  f i nds  a l a r g e  

P 0 i  p a r t i a l  w a v e  w h i c h  d o e s  no t  go t h r o u g h  90 ~ a s  e x -  

p e c t e d  f o r  an  e l a s t i c  r e s o n a n c e .  WILSON 7i  r e p o r t  

e n e r g y - d e p e n d e n t  and e n e r g y - i n d e p e n d e n t  a n a l y s e s  

of al l  e x i s t i n g  da t a ,  w h i c h  y ie ld  n ine  s o l u t i o n s .  The 

two f a v o r e d  o n e s  (ca l led  C and D) e x p l a i n  a l l  the  d a t a  

in  t e r m s  of a f ew  d o m i n a n t  w a v e s  and s u g g e s t  r e s o -  

n a n c e  f o r m a t i o n  in  the  P 0 i  a m p l i t u d e .  (M=lS00 MeV, 

I ~ = 300 MeV, x = 0.85).  H o w e v e r  b e f o r e  a c c e p t i n g  

th i s  s o l u t i o n ,  a lot  m o r e  da t a ,  e s p e c i a l l y  p o l a r i z a t i o n s ,  

a r e  needed .  

{b) I = i S y s t e m .  New d a t a  h a v e  b e e n  r e p o r t e d  by  

ADAMS 7t  ( e l a s t i c  c r o s s  s e c t i o n ) ,  A L B R O W  7i  (po-  

l a r i z a t i o n  and d~y/d~), B A R N E T T  7i  ( p o l a r i z a t i o n ) ,  

and E R L I C H  7t  ( p o l a r i z a t i o n ) .  T h r e e  n e w  p a r t i a l -  

w a v e  a n a l y s e s  h a v e  b e e n  p u b l i s h e d :  one by  a 

C E R N  e x p e r i m e n t a l  g r o u p  (ALBROW 7i ) ,  and by  

L o v e l a c e  and W a g n e r  ( L O V E L A C E  7 i )  and a n o t h e r  

by  the  ANL g r o u p  ( M I L L E R  72). The f i r s t  a n a l y s i s ,  

A L B R O W  7 i ,  i s  an  e n e r g y - i n d e p e n d e n t  p h a s e - s h i f t  

a n a l y s i s  f r o m  t h r e s h o l d  to 2.5 GeV/c  and u s e s  the 

" s h o r t e s t  p a t h  m e t h o d "  (SPM) to l ink  the  s o l u t i o n s .  

The L O V E L A C E  7i  a n a l y s i s  u s e s  a c o n v e n t i o n a l  f i t  

(SPM) f o r  the  " l ow"  p a r t i a l  w a v e s ,  w h e r e a s  the 

" h i g h "  p a r t i a l  w a v e s  a r e  t a k e n  f r o m  the V e n e z i a n o  

f o r m u l a .  T h e y  d e t e r m i n e  the  p a r a m e t e r s  n e e d e d  

f o r  the  " h i g h "  p a r t i a l  w a v e s  by  do ing  a Regge  fi t  to  

h i g h  e n e r g y  da ta .  The  M I L L E R  72 a n a l y s i s  u s e s  a 

n e w  m e t h o d ,  A C E  ( a c c e l e r a t e d  c o n v e r g e n c e  e x p a n s i o n ) ,  

in  w h i c h  h i g h  p a r t i a l  w a v e s  a r e  i n c l u d e d  t h r o u g h  c o n -  

f o r m a l  m a p p i n g  as  s u g g e s t e d  by  CUTKOSKY 70. The 

r e s u l t s  of A C E  a r e  t h e n  c o m p a r e d  wi th  the  two s o -  

l u t i o n s  o b t a i n e d  by  the  s a m e  g r o u p  t h r o u g h  c o n v e n -  

t i ona l  p a r t i a l - w a v e  a n a l y s i s .  

The n e w  a n a l y s e s ,  a s  the old o n e s ,  y i e ld  m o r e  

t h a n  one s o l u t i o n  to c h o o s e  f r o m ,  w h i c h  i n d i c a t e s  

t h a t  the d a t a  a r e  no t  good e n o u g h  to e l i m i n a t e  s o m e  

of the p o s s i b i l i t i e s .  C e r t a i n l y  m o r e  d a t a  of the c o n -  

v e n t i o n a l  t ype ,  m e a s u r e m e n t s  of the  R and A p a r a m -  

e t e r s ,  and the  s i m u l t a n e o u s  a n a l y s i s  of e l a s t i c  and 

i n e l a s t i c  c h a n n e l s  ( c op ious  i n e l a s t i c  d a t a  a r e  d e s i r a b l e  

at  the  m o m e n t )  cou ld  i m p r o v e  the u n d e r s t a n d i n g  of 

t h i s  s y s t e m .  

The P i 3  a m p l i t u d e  s t i l l  r e m a i n s  the b e s t  c a n d i -  

da te  f o r  a r e s o n a n c e  in the  K+p s y s t e m .  The p r e -  

f e r r e d  P i 3  A r g a n d  p l o t s  o b t a i n e d  by  s o m e  of the g r o u p s  

a r e  s h o w n  in  F ig .  3. E a c h  a n a l y s i s  in  one w a y  o r  a n -  

o t h e r  ge t s  at  l e a s t  one s o l u t i o n  w i th  a c o u n t e r c l o c k -  

w i s e  P i 3  a m p l i t u d e .  R e s o n a n t  P i 3  is  p r e f e r r e d  by  

R E B K A  70, G I A C O M E L L I  70, A L B R O W  7 i ,  and 

M I L L E R  72; the  r e s u l t s  of the o t h e r  a n a l y s e s  a r e  

no t  so  c l e a r  cut .  

A Y E D  70 c l a i m  tha t  the  s p e e d  of v a r i a t i o n  of the 

a m p l i t u d e  a s  a f u n c t i o n  of the e n e r g y  i s  n e a r l y  a s  

we l l  f i t  by  a s m o o t h l y  v a r y i n g  b a c k g r o u n d  a s  b y  a 

b r o a d  (500-MeV) B r e i t - W i g n e r  a m p l i t u d e  s u p e r -  

imposed on a background. 

BARBER 70 include the data up to 2.3 GeV/c. 

Their preferred solution is shown in Fig. 3 and shows 

no structure in the speed. The other one looks reso- 

nant. 
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30 KN/r K N "~'lr i 

K:,1=£1 
# KA# ~ K N*(1470)~ : : 

4T ~k" 
\ 

\ 

. . . .20  
.1o 

.9 

i \\\% m ( K N )  

s , /  X ~ 
% .  

G 

¢KN~) / / %  ( K N~) 

/ I F  I SS 
L' /" 

s/ '~ .- f% t KNotT) 
0 J" [ -I 
0.5 1.0 1.5 2 . 0  

K + beom momentum (BeV/c) 

FiB. t. 
KN total and partial cross sections. Sub- 

scripts indicate isospin. Total cross sections 
are from CARTER 68, which uses data from 
COOL 66 and BUGG 68. Isospin-1 partial 
cross sections are ~dapted from a compiia- . 
tion made by BLAND 68. Isospin-0 partial 
cross sections are from HIRATA 68. Thresh- 
olds for various processes are indicated at 
the top. 

Fi~. Z. 

(a) The I = 0 KN cross section evaluated by COOL 70. 
BOWEN 70. 
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(b) 

% _ 

I _ _ l  I _ _  

0.5 1.0 1.5 2.0 
LABORATORY MOMENTUM OF K + MESON (GeV/c) 

~ ( C )  ' ' ' - 
I0 • O-o(KN~K*N )- 

0 I 2 :5 
PK (GeV/c) 

The new da t a  of J e n k i n s  a r e  r e p o r t e d  i n  

(b) The  I = 0 c r o s s  s e c t i o n s  as  o b t a i n e d  by  the  two p o s s i b l e  i n t e r p r e t a t i o n s  of the  da ta .  Th i s  shows 
the  u n c e r t a i n t i e s  i n  the  0.8 to 1.2 G e V / c  r e g i o n .  

(c) E n e r g y  d e p e n d e n c e  of the  I - spLn  0 and  I - s p i n  1 c r o s s  s e c t i o n s  for  the  r e a c t i o n  KN -~ K~N 
H I R A T A  70. 
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If3 

Baryons 
Z*'s 

t ' !  ( M I LLE R 72) 
Sol. I 

| 1,37.,,~ t2t 

+oM to97 
L o., o.z o'.~ 

I" i.~1~ ~ 

! 
-01 

-0.5 

Sol. 11" 

0 0.1 0.2 0.3 

( B A R B E R  7 0 )  

.5.  2 . 0  ~. 1.5 

1.2 

. O, I 
O .5 

/ (REBKA 70) 
.3+ 1 4 5  1"89~1~1.22 

0 .5 

(LOVELACE 71) 

O 0.5 

H S O | .  [ A 
e-- --o Sol. IB 

(AYED 70) 

, l ~  ~,~ f ' {  ----Background 

.3 

25oo-- 

-O,,25 O 

(ALBROW 71) 

0.25 

1.711~[ "4 

1.48~1~t (CARRERAS-I 70) 

I %  

- .2  -.I O . I  .2  

0"0 

~ . ~  GeV/c P13 Amplitude 
.1.38 I 32 

~-Tl-~-~s,.2, (GIACOMELLI 70) 
~I,~ 1'13 

1.06 

,-~ 0.97 

q'* 0.90 ,~ ~_'~9~ p" 

04 0"2 q Ref 0"3 

~ m  A r g a n d  p lo ts  fo r  the P i 3  p a r t i a l  wave as  ob ta ined  in p a r t i a l - w a v e  a n a l y s e s  
ed by the a u t h o r s  ind ica ted .  (CARI%ERAS-i  70 p lo t ted  by  us f r o m  ~1. 6. ) 



Baryons 
z*1s, Zo(1780), zl@305) 

BARNETT got two the preferred 

shows no behavior: the one might 

resonant, but errors on amplitudes are 

large to any circle among them. 

70 get Pi3 amplitude to 

that in other which can interpreted 

as resonant behavior, do not that the 

interpretation is 

The LOVELACE preferred solution a ‘I 

resonant” solution; is, the amplitude moves 

the center the Argand by de- 

a very circular arc bears no 

lation to total cross-section Of course 

are also but seem be 

less by the 

The %I 
It should mentioned that 

70 and 70 find which re- 

a positive amplitude. These 

are believed be less than the with 

negative See GOLDHABER the previous 

of Review Particle Properties, LEA 71, 

MILLER 72 discussions of solutions. 

Threshold Another possible to de- 

the P amplitude would in terms a 

coupled-channel effect: the amplitude 

becomes absorptive as feeds the in- 

creasing channel. The question still 

mains: Is also a If it its elasticity 

small (= and it mainly into Partial- 

wave in this do not to favor 

resonant hypothesis this time. BLAND 67 

GRIFFITHS 72. a definite has yet 

be made awaits much data. 

Production One more on 

exotic is that, pointed out 

ERNE 70, present upper for the sec- 

tions production of exotic resonances 

not very that is, are of same order 

cross sections Y* or production. 

Conclusions. existence of resonances 

is an open It looks us that fol- 

lowing needed: 

1) high-precision data the critical 

where the are seen. 

For the = 1 of the 

and A seem to necessary to 

the ambiguities. 

For the = 0 it would very useful, 

difficult it be, to polarization 

for elastic cross 

4) 

Data Card Listings 
For notation, see key at front of Listings. 

Simultaneous study of elastic and inelastic chan- 

nels should certainly help. 
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Data Card Listings 
For notation, see key at front of  Listings. 

t t 5  
Baryons 

Zo(1ee ), z , 0 9 o o )  

REFERENCES - -  Z*0(1865)  

CARTER 67 PRL 18 EOZ A A CARTER (CAVENDISH) 
KYC[A 67 PRIVATE CONM, T F KYCIA (BNL) I 

ALSO 69 PL 308 566 ABRAMS,C~OLtGIACOMELLItKYCIA,LI + (BNL) 
ALSO 70 PR D1 18B7 COOL,GIACONELLI,KYCIAtLEONTIC,L[ + OBNL) 

HIRATA 68 PRL 21 16B5 HIRATA~ NOHL~ GOLDHABER, TRILLING (LRL) 

PAPERS NOT REFERRED TO IN DATA CARDS 

COOL 66 PRL 17 102 ÷GIACOHELLIIKYCIAtLEONTICvLI,LUNDBY,+ (BNL) I 
- -  SLIGHTLY REVISED RESULTS FROM KYCIA E7 REPLACE COOL 66 - -  

HIRATA TO DUKE 429 +GOLDHABER,SEEGERtTRILLING+NOHL (LRL) 
AARON 71 PRL EE 407 +AHAD~÷SILBAR (NEAS,PENN,LASL)IJP 
GTACOHEL TI BOLOGNA PREPR. GIACDNELLI + (BGNA+GLAS+RONA÷TRST) 
HIRATA-1 71NP B3B A4B +GOLDHABER,HALL,SEEGERtTRILLING,HOHL (LEL) 
HILSON 71GLASGOM PHEPR. +GRIFFITHS,HIRATA + (BGNA÷GLAS÷RONA÷TRST) 

I z , ( z 9 o o ) l  RT 2 . 1 .  . . . .  ~P. , , . i  
| I 

THIS EFFECT IS STRONGLY ASSOCIATED HITH THE K N* 
TttRESHOLD. IF A RESONANCE, THE SPI N-PARITY I S ALMOST 
CERTAINLY 312+o 
SEE THE HINIREVIEH PRECEDING Z*O 

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

97 2"1(1900)  MASS (MEV) 

H 1900.0 10.0  COOL 70 CNTR ++ K+P TOTAL 1/71 
M 1 (1932 .0 )  AYED TO IPHA P13,SOL.I 6/70 
M 1 ( I B 9 9 . 0 )  AYED 70 IPHA PIB,SOL=II  6 /70 
H 1 02030.0) AYED 70 IPHA S I I , S O L . I I I  6 /70 
H I THREE SOLNS IN ORDER OF DECREASING SIGNIFICANCE, THOUGH AYEO 70 

1 GIVE PARAMETERS,THEY CONCLUDE RESONANT INTERPRETATION DOUETFOL* 
Z 0L860.0)  BARNETT 70 IPNA P13,SOLN I I I  7 /70 

N 2 RESONANCE SIGNAL BARELY ABOVE BACKGROUND DUE TO THE LARGE ERRORS 
H 2 IN THE AMPLITUDES RESULTING FROM THE ANALYSIS 
H ( 1 8 8 0 . )  ALBROH 711PMA ++ SOL. GAMMA l O / T l *  
H K 01890.)  KATO 71 IPNA SOL I ( F I T  BH) 10/71"  
H N (Z060 . )  KATO 7L IPHA SOL I IOFIT BW) I O / T I t  
M K KATO 71 ESTIMATE RESONANCE PARAMETERS - -  UPDATED PHASE SHIFTS 3172. 
M K PUBLISHED IN MILLER 72. 3172" 

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

97 Z= l (1900 l  WIDTH (MEV) 

N 0260.0)  COOL TO CNTR ++ K+P TOTAL 1171 
N 1 ( 5 2 0 . 0 )  AYED T0 IPNA K+P E/TO 
H 1 (397 .0 )  AYED 70 IPNA KeP 6170 
W 1 (SET.O) AYEO TO IPNA K÷P 6•70 
N 2 080.0)  BARNETT 70 IPWA K÷P EIPHA 7/70 
W ( 1 9 0 . )  ALBROW 71 IPHA ÷÷ SOL. GAMMA 10/71"  
W K (28B . )  KATO T1 IPWA SOL ( (FIT OWl 1 0 / 7 I *  
W K 0260.)  . K A T O  711PWA SOL I I ( F I T  BW) 10/71.  

SEE THE NOTES ACCOHP~NYINO MASSES QUOTED 

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

97 2~1(1900) PARTIAL DECAY MODES 

DECAY MASSES 
P1 Z*101900) INTO K N 693÷ 938 
P2 Z* I (1900 )  INTO N ' 3 / 2 ( 1 2 3 6 )  K 1236+ 693 

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

97 Z*L(1900)  BRANCHING RAT( ~S 

R1 Z*1(1900) INTO (K N)/TOTAL (P1) 
RI 00.10) OR LESS CARTER 67 THEO DISPERSION REL. 8/B7 
RI (0=1B) (ASSUMING J=3/2)  COOL 70 CNTR ++ K+P TOTAL l i T 1  
RI L ( 0 .16 )  AYED TO IPWA 6170 
R1 1 (O. EO) AYEO 70 IPNA 6/70 
RI 1 (0 .17 )  AYED TO I PHA 6/70 
RI 2 ( 0 . 0 9 )  BARNETT TO IPNA K+P EIPWA TITO 
R1 ( 0 . 1 5 )  ALBRON 71 IPHA +~ SOL. GAMMA l O / T I *  
RI K 00.22) KAT~ Tl  IPHA SOL I I P I T  BW) 10171* 
RI K 00°27) K A T O  711PHA SOL I f ( F I T  BW] l O I T l *  

SEE NOTES ACCOMPANYING THE MASSES QUOTED. 

R2 Z*111900) INTO K N*3 /2 (1236)  (PE) 
F2 MAIN INELASTIC DECAY BLAND 67 HBC +÷ 8167 
RZ NO EVIDENCE, SPEED HAS MINIM. GRIFFITHS 72 HBC N+P . 9 - 1 . 5  GEV/C 3172.  

REFERENCES - -  Z* l {19001  

BLAND 67 PRL 18 lOTT +EOWLER~BROWN~G+S GOLDHABER=SEEGER,÷ (LBL) 
CARTER 67 PRL 18 B01 A A CARTER OCAVENDISH) 
AYED TO PL 32B 60A +BAREYRE, FELTESSEt VILLET (SACLAY)IJP 
BARNETT 70 DUKE 663 +G(~.DNAN~LAASANEN, STEINBERG (MARYLANO)IJP 
COOL 70 PR D1 1887 +GIACOHELLI, NYCIA, LEONTICI LI~ ÷ (BNL) I 

ALSO 66 PNL 17 I02 COOL,GIACOMELLI,KYCIA,LEONTIC,LI + (BNL) 
ALBROH 7 1 N P  BBO 273 +ANDERSON ALHEHED,...,UDO,HAGNEM (CERNIIJP 

ALSO TO DUKE 375 ERNE,SENS, MAGNER (CERN)IJP 
KATO 71H.E.PHEN.,MDRIOND +KOEHLER,...,YOKOSAWA+BURLESON (ANL,NWES)IJP 

ALSO 70 DUKE 367 A. YOKOSAWA (ANL)IJP 
ALSO 70 PRL 26 61S KATO,KOEHLER,NDVEYIYI~(OSAHA+ (ARG,NWEB)IJP 

MILLER 72 NP BBT ~01 +NOVEY~YOKOSAWA,CUTKOSKY + (ANL÷CARNeNWES)IJP 

PAPERS NOT REFFERED TO IN Z*E DATA CARDS 

TOTAL-CROSS-SECTION EXPERIHENTS - - -  
BUGG 6B PR 168 1666 +GILNORE~KNIOHT, + ORTHFD,BRHGHM,CVNDSH) I 
DONEN 70 PR D2 2B99 +CALDWELLt  DIKMEN~ JENKINS, KALBACH,+(ARIZ) I 

DISPERSIUH-RELATION CALCULATION USING TOTAL-CROSS-SECTION DATA - - -  
CARTER 68 PREPRINT A A CARTER (CAVENDISH) 

A K-NATRIX ANALYSIS OF SOME OE THE EARLY K+P DATA - - -  
HITE 67 THESIS G E H1TE ( ILL INOIS)  

REGGE-POLE ANALYSES - -  
CARRERAS 70 NP B19 369 B CARRERAS~ A OONNACHIE (OARESBURY,NANCHI 

EXPERINENTS HAINLY ABOUT INELASTIC CHANNELS - - -  
BLAND 68 UCRL-18131 THESIS R H BLAND (LRL) 
BLAND 69 NP B13 595 ÷BONLERt BROHN~ KADVK, GOLDHABERt + (LRL) 
BLAND 70 NP B18 537 +BOWLER, BROWN, GOLDHABERt (LRL) 

- -  BLAND 69 AND BLAND TO REPLACE BLAND 67 AND BLAND 68.  
HIRATA-I 71 NP B33 445 +GDLDHABEHtHALLtSEEGER,TRILLI NG~HOHL (LBL) 

THE MAIN ELASTIC SCATTERING AND POLARIZATION EXPERIHENTS - -  
CARROLL 6E PRL 21 1182 +FISCHER, LUNDBYt PHILLIPS, + (BNL,ROCH) 
ANDERS-I 69 PL Z8B 61I  ANOERSSON, DAUNt ERNE, LAGNAUX, ÷ (CERN) 
ASBURY 69 PRL 2B 196 eDOHELLt KATO, LUNDQUIST, NOVEY, + (ARG,HD} 
BLAND 69 PL 29B 618 R N BLANDT G GDLOHABERv G H TRILLING OLRL) 
ANDERS-2 69 PL 30B 56 ANDERSSON,  DAUffi~ ERNE, LAGNAUX, ÷ (CERNI 
BARBER 70 PL 52B 216 +BROONE, DUFF, HEYHANN, IMRIE,+ (LOUC,RHEL)IJP 
GIACOMEL 70 NP B20 301 GIACOMELLI, GRIPFITHS, OBGNA,GLAS,ROHA,TRST)IJP 
HALL 70 DUKE ABE +BLANDvGOLDHABER,TRILLING (LRL) 
REBKA TO PRL 26 ZOO +ROTHEERGt ETKINS, GLODIS, + OYALE)IJP 
AOAHS TL PR D4 2637 +DAVIES,DOHELL~GRAYER,HATTERS÷ (BIRH÷RUTH) 
BARNETT 7 1 P L  34B ESE +LAASANEN, STEINDERG + (MARY+ANL+NHES+NAL) 
EHRLICH 71 PRL 26 gEE +ETKINtGLODIS,HUGHES,KONDOtLU,HORI÷ (YALE) 
GRIFFITH 72 NP TO BE PURL. ÷HIRATA,HUGHES ÷ (BGNA+GLAS÷ROHA+TRSTI 

PHASE SHIFT ANALYSES 
CARRERA1 70 NP BED 52E E CARRENASt A DONNACHIE (DARE)|JP 

ALSO 70 DUKE 667 +DONNACH|E,KIRSOPP (DARE+HCHS+U.EDINB) 
LEA 71 NP EBB 413 +NARTIN~THOMPSON (RHELtLOUCIIJP 
LOVELACE Tl  NP D28 161 +WAGNER (CERN]IJP 

EARLIER ANALYSES THAT DO NOT INCLUDE RECENT POLARIZATION DATA - -  
LEA 68 PR 165 tTTO LEA, MARTIN, O A D E S  (RTHFD,BNL,EERN) 
MARTIN 68 PRL 21 1286 B R HARTIN OBNL) 
CUTKOSKY 70 PR D1 2547 R E CUTKDSKY, O B DEO (CARNEGIE-MELLON) I 

LATEST BEVIEM TALKS 
LEVISETT 69 LUND CONF 361 R LEVI SETTI (RAPPORTEUR) (CHICAGO) 
GOLOHABE 70 DUKE 407 G,GOLDHABER (REVIEWER) [LRL) 

I - -  . ~ 1  

IZ'U zS°)l RB  .10 1,o . . . .  ,i-1 

9S Z*I I21EO) MASS (NEV) 

M 21E0. 20.  ABRAHS 70 CNTR ÷+ K+P TOTAL 10171* 

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

9B Z*L(B1EO) WIDTH (MEV} 

H 0175.)  ABRAMS 70 CNTR ++ K+P TOTAL 10/71~ 

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

93 Z~1(2150) PARTIAL DECAY HODES 

DECAY MASSES 
P1 Z*10BISO) INTO K N 493÷ 93B 

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

93 Z* I IZ IBO l  BRANCHING RATIOS 

R1 Z * I [  2150) INTD (K N)/TOTAL ( P l )  
RI J I S NOT KNOWN, THE FOLL(~dING IS ( J + I / 2 ) * P 1  
RE 00.06) ABRAMS TO CNTR ++ K÷P TOTAL I 0 / 7 1 "  

REFERENCES - -  Z*1(2150) 

ABRAMS TO PR DI 1917 +COOL,GIACONELLI,KYCIAILEONTIC,LI + (BNL) 
ALSO 6T PRL 19 25T ADRAHStCOOLIGIACOHELL],KYCIA.LEONTIC+ (BNL) 

z,( 5oo) l 
96 Z * I ( 2 5 0 0 ,  JP= ) 1=1 ) 
9~ Z*112500) MASS (NEV( 

H ZSOO. 20. ABRAMS 70 CNTR ++ K+P TOTAL E017I* 

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

94 Z*102500) HIDTH (MEV) 

H ( 1 6 0 . )  ADRAMS TO CNTR ++ K+P TOTAL 10 /71 .  

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

96 Z*102B00) PARTIAL DECAY MODES 

DECAY MASSES 
Pl Z*112500) INTO K N 493+ 93E 

. . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

96 Z~I(ZBO0) BRANCHING RATIOS 

PI Z*E(3500I INTO (K N)/TOTAL (P I )  
RI J IS NOT KNOHN~ THE FOLLOWING IS ( J+1 /2 ) *P1  
R1 00.03l  ADRANS 70 CNTR ++ K+P TOTAL [0 /71$ 

REFERENCES - -  Z*I(EBO0) 

AERAMS TO PR D1 1917 eCOOL,GIACOHELLI,KYCZA,LEONTIC,LI ÷ (ENL) 
ALSO 67 PRL 19 257 ABRANS~COOL,GIACOHELLI,KYCIA,LEONTIC+ (BNL) 



Baryons 
z (zzs0), z,(25oo), A's and ZIs 

ii6 

Data Card Listings 
For notation, see key at front of  Listings. 

Z*l CROSS SECTION LIHITS [HICRORARNS) 

SEE NIN1REVIEH PRECEDING Z*O 

CS LESS THAN BO, 8ASSONPIE 68 HBC R÷P TO Z*+ P|+ 
CS A LESS THAN .2 + .3  - . 1  ANDERSON 69 ASPK + PI-P TO K-Z*+ 
CS A ABOVE LIRIT FOR N ' l . 2  TO 1.4 GEV - CL" 99 P.C. 
CS E LESS THAN 1.4 +1 .9  ° , 5  ANDERSON 69 ASPK ÷ PI-P TO R-Z*+ 
CS 8 ABOVE LIMIT FOR N-E.5 TO 2.5 GEV 

REFERENCES Z * l  CROSS SECTION LIMITS 

BASSO~PI 68 PL ZTE 66B BASSOMPIERREt + (CERNtBRUXELLES) 
ANDERSON 69 PL 298 136 +8LESERI BLIEOEN~ COLLINSt + (8NLvCARNEGIE) 

PAPERS NOT REFERRED TQ IN DATA CARDS 

TYSON 6T PRL 19 25B ÷GREENBERGeHUGHEStLU~NINEHARTvNORI, (YALE) 
MORI 68 PL 288 152 +GREEHBERGeHUGHESI LU~ROTHBERGI ÷ (YALE) 
NORI 69 PR LB5 1687 •GREENBERGt HUDHES~ LU~ NINEHARTt • (YALE} 

- -  HORI 69 REPLACES TYSON 67 AND HORI 68,  

! 

10169 
10169 

10/69 

Note on y~1 s 

The number of known or suspected Y~ states 

has increased considerably in the last few years, 

following closely a similar increase in the number of 

N ~ states. Just as the recently discovered ~' s are 

only weakly coupled in the ~N~N reaction, so also 

are the recently discovered y~t s only weakly coupled 

in the ~N~N, ~N ~A~, and ~ ~ ~ reactions. 

The older, well-established resonances are usually 

clearly visible as peaks in cross sections, as char- 

acteristic variations of angular distributions of 

Z-body final states, and (or) as peaks in invariant- 

mass distributions of subsets of particles in 3-or- 

more-body final states. Although some of the newer 

and less-weU-established resonances are seen as 

small peaks in invariant-mass distributions, many 

of them make no direct appearance at all, often be- 

cause there are many states at the same mass and it 

is not clear which ones (or how many) are being ob- 

served. Rather when the Z-body reactions are par- 

tial-wave analyzed, some of the amplitudes are found 

to traverse resonance-Ilk+ counterclockwise circles. 

Clearly the results of partial-wave analysis give the YP 

information, whereas a peak seen in an invarlant mass 

distribution or a total cross section often cannot be 

analyzed for its quantum numbers. We will keep in- 

formation coming from formation experiments and from 

production experiments separate, whenever necessary. 

Production experiments. These types of 

experiments are often difficult to analyze. Irfforma- 

tlon on I = 0 states is possible only when there is no 

I = f state at similar mass. The main controversies 

at the present time concern resonances in the 1600 to 

i700 ReAr region. See the mini-reviews on Z(16Z0) 

and on ~(1670) in these Listings. A good review is 

given by MILLER 70. i Also, the branching ratios 

of ~(~915) F15 as measured in formation and pro- 

d u c t i n n s  e x p e r i m e n t s  do not  a g r e e .  T h i s  i s  p r o b a b l y  

due to two f a c t s :  i t t he  e l a s t i c i t y  i s  s m a l l ,  2) the  

nearby Df3(f940 ) may contribute to production exper- 

iments. 

F o r m a t i o n  e x p e r i r a e n t s .  P a r t i a l - w a v e  a n a l y -  

s e s  h a v e  b e e n  p e r f o r m e d  on ~ ,  A~, ~ and  --K 

c h a n n e l s .  G iven  the  p r e s e n t  a c c u r a c y  of the  da ta  it  

i s  not  p o s s i b l e  to p e r f o r m  a c o r n p l e t e l 7  e n e r g y -  

i n d e p e n d e n t  a n a l y s i s ,  t ha t  i s ,  s o lve  f o r  the  p a r t i a l -  

wave a m p l i t u d e s  a t  e a c h  e n e r g y  in  a m o d e l -  

i n d e p e n d e n t  way.  U s u a l l y  m a n y  s o l u t i o n s  a r e  found 

and  e v e n  w he n  it  i s  r e q u i r e d  t h a t  s o l u t i o n s  a t  n e i g h -  

b o r i n g  e n e r g i e s  jo in  s m o o t h l y ,  it  i s  not  p o s s i b l e  to 

s e l e c t  a un ique  o v e r a l l  so lu t ion .  To o v e r c o m e  t h i s ,  

one s p e c i f i e s  the  f o r m  of the  e n e r g y  d e p e n d e n c e  of 

s o m e  or  a l l  of the  p a r t i a l - w a v e  a m p l l t u d e s .  A n a l y -  

s e s  in  wh ich  the  e n e r g y  d e p e n d e n c e  of a l l  t he  a m p l i -  

t u d e s  i s  s p e c i f i e d  a r e  c a l l e d  e n e r g y  dependen t .  

W he n  r e f e r r i n g  to r e s u l t s  of  t h i s  type  of a n a l y s i s ,  

the  t e c h n i q u e  l i s t e d  i s  DPWA.  T h u s  an  a m p l i t u d e  

known to r e s o n a t e  wil l  be g i v e n  a B r e l t - W i g n e r  f o r m ,  

w h e r e a s  a n  a m p l i t u d e  not  a p r i o r i  known to r e s o n a t e  

may be tried alternately with a resonance form and 

with some simple nonresonant form, the choice 

between these then being made by comparing the 

goodness-of-fit for the two fits. 

Analyses in which most of the amplitudes are 

lef t  u n s p e c i f i e d  a r e  c a l l e d  (not qui te  c o r r e c t l y )  

e n e r g y  independen t .  The  t e c h n i q u e  u s e d  fo r  t h e s e  

a n a l y s e s  i s  l i s t e d  a s  IPWA.  F i g u r e  i show s  r e s u l t s  

of such an analysis of the reaction K-p~A~ by 

ARAIENTEROS 70. The Dis amplitude was fixed as 

the ~(1765~ with resonance parameters obtained 

from an earlier energy-dependent analysis. This 

amplitude acts as an analyzer for the other ampli- 

tudes, which  w e r e  a l l owed  to v a r y  f r e e l y .  The  S i i  

and  D t 3  a m p l i t u d e s  a p p e a r  to r e s o n a t e .  F i g u r e  Z 

show s  r e s u l t s  of a s i m i l a r  a n a l y s i s ,  a l s o  by  

A R M E N T E R O S  70, of the  r e a c t i o n  K p ~ l r .  H e re  

the  D03A(fBZ0 ), Di3~(1670), D03A(f690), Df523(f765), 

F05A(f8Z0), and FfSz(fgf0 ) were fixed. It appears 

that several of the other amplitudes may resonate too. 

It shou ld  be c l e a r  f r o m  the  f i g u r e s  t ha t  it  i s  not a l -  

ways  p o s s i b l e  to de c ide  w h e t h e r  or  not  a n  a m p l i t u d e  

r e s o n a t e s .  N e i t h e r  i s  it  p o s s i b l e  to d e t e r m i n e  v e r y  

a c c u r a t e l y  the  p a r a m e t e r s  of the  a m p l i t u d e s  tha t  do 

r e s o n a t e ,  nor  to a s s i g n  m e a n i n g f u l  e r r o r s  to the  

p a r a m e t e r s .  The  s t a t e  of knowledge  of the  n e w e r  

Y*~ s i s  r a t h e r  m o r e  q u a l i t a t i v e  t h a n  q u a n t i t a t i v e .  
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Baryons 
A'S a1%d Z'S 

E 
H 

-0,2 
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. 7 /  °i~ -o., ~,, 
1.0 

• • u ~ -oA 
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P II 
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lO I 
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5 7 .7 
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Re T 

~ n  Partial-wave amplitudes for the reaction K-p~A~, as determined in the energy- 
dent analysis of ARMENTEROS 69. The K" laboratory momenta are indicated. The 

arrows in a circle, draw-n in the lower part of the imaginary axes, fix the sign convention used. 
See LEVI SETTI 69. Notice that the sign convention used here is different from the one of the 
Argand plots of our 1969 edition [Rev. Mod. Phys. 41, 109 (1969)]. 
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REAL PART 

~ n  Partial-wave amplitudes for the reaction K-p~, as determined in the energy- 
dent analysis of .A.RMENTEROS 70. The K- laboratory momenta are indicated. Here 

again the sign convention follows LEVI SETTI 69. 



Baryons 
A's and Z's 

1 1 8  

Data Card Listings 
For notation, see key at front of Listings. 

P a r t i a l - w a v e  a n a l y s e s  a b o v e  t .  t G e V / c .  

One of us  z h a s  r e v i e w e d  th i s  e n e r g y  r e g i o n  at  t h e  

Duke C o n f e r e n c e  on  H y p e r o n  R e s o n a n c e s .  The  A~ 

c h a n n e l  h a s  b e e n  a n a l y z e d  b y  f ive  g r o u p s ,  u s i n g  

d i f f e r e n t  s e t s  of da t a  p o i n t s  t h a t  a r e  in  v e r y  good  

a g r e e m e n t  w i t h  e a c h  o t h e r .  L I T C H F I E L D  70 h a s  

u s e d  a l l  t he  da ta ,  w h i c h  p l o t t ed  t o g e t h e r  s h o w  a b s o ,  

l u t e l y  no d i s c r e p a n c i e s .  In  sp i t e  of  t h i s  f ac t  the  f ive  

a a a l y s e s  a g r e e  o n l y  on  t h r e e  of  the  e igh t  p a r t i a l  

w a v e s  u s e d  to f i t  the  da ta!  And  a l l  f ive  g r o u p s  c l a i m  

to  o b t a i n  a good  fi t .  
The p r o b l e m  h e r e ,  m o r e  t h a n  i n s u f f i c i e n t  

da ta ,  i s  tha t  the A~ c h a n n e l  a lone  is  not  c o n s t r a i n e d  

v e r y  m u c h  and a l a r g e  n u m b e r  of s o l u t i o n s  can  be 

found.  T h i s  i s  e s p e c i a l l y  t r u e  at t h e s e  h i g h  e n e r g i e s  

w h e r e  the  n u m b e r  of p a r t i a l  w a v e s  i nvo l ved  i s  v e r y  

l a r g e .  F o r  the ~.~ c h a n n e l ,  w h e r e  two I - s p i n  s t a t e s  

a r e  p r e s e n t ,  the i n t e r f e r e n c e  t e r m s  c e r t a i n l y  h e l p  

to r e d u c e  the n u m b e r  of p o s s i b l e  s o l u t i o n s .  Above  

t850  MeV, T a b l e  I l i s t s  6 A s t a t e s  and 7 ~ s t a t e s ,  

bu t  in v i e w  of the above  d i f f i c u l t i e s ,  m o s t  of the  n e w  

s t a t e s  h a v e  b e e n  c l a s s i f i e d  " n e e d s  c o n f i r m a t i o n " .  

C l e a r l y ,  r e s o n a n c e s  h a v e  to s h o w  up v e r y  s t r o n g l y  

in  at  l e a s t  one c h a n n e l  b e f o r e  t hey  a r e  a c c e p t e d  w i t h -  

out  r e s e r v a t i o n .  

E r r o r s  on  m a s s e s  and  w i d t h s .  Of ten  the  q u o t e d  

e r r o r s  a r e  on ly  s t a t i s t i c a l ,  bu t  the v a l u e s  of m a s s e s  

and w id th s  can  change  we l l  above  t h e s e  e r r o r s  w h e n  

a n e w  p a r a m e t r i z a t i o n  i s  u s e d .  F o r  th i s  r e a s o n  we 

r e p o r t  the  v a l u e s  of M , r ,  and x. ob t a ined  by  d i f f e r e n t  
z 

a u t h o r s  e v e n  if  t hey  a n a l y z e  the s a m e  data .  The  

s p r e a d  of t h e s e  m a s s e s  and w i d t h s  i s  c e r t a i n l y  a 

b e t t e r  e s t i m a t e  of the  u n c e r t a i n t i e s  t han  the s t a t i s t i c a l  

e r r o r s .  
R e c e n t l y  it  h a s  b e c o m e  the  c u s t o m  to quo te  

e r r o r s  a s  o b t a i n e d  by  i n s p e c t i o n  of v a r i o u s  f i t s  done  

w i t h  d i f f e r e n t  h y p o t h e s e s  [ s e e  f o r  e x a m p l e  B E K T H O N  

70 and  G A L T I E R I  70 u n d e r  z ( i g i s ) ] .  T h e s e  e r r o r s  

a r e  p r o b a b l y  m o r e  r e a l i s t i c .  On the  o t h e r  hand ,  t he  

v a l u e  of the  p a r a m e t e r  i t s e l f  m a y  be c o n s i s t e n t  w i th  

o t h e r  d e t e r m i n a t i o n s  and  o f t e n  m a y  e v e n  be  the  b e s t  

a v a i l a b l e  v a l u e .  In s u c h  c i r c u m s t a n c e s  we put  on ly  

the  e r r o r  in  p a r e n t h e s e s  to r e m i n d  the  r e a d e r  of the  

a d d i t i o n a l  u n c e r t a i n t y  due to  m o d e l  d e p e n d e n t  a s s u m p -  

t i o n s .  F o r  two s t a t e s ,  A( iSZ0)  and  ~ ( i 7 6 5 ) , t h e r e  i s  

e n o u g h  da t a  a v a i l a b l e  to p e r f o r m  a n  o v e r a l l  f i t  of the  

v a r i o u s  x i of the type d i s c u s s e d  in the m a i n  t ex t  ( s e c -  

t ion  V C ) .  In  th i s  c a s e  we a r e  f o r c e d  to u s e  the  e r -  

r o r s ,  h o w e v e r  s m a l l  t hey  m a y  be ,  bu t  we w a r n  the 

r e a d e r  tha t  the f ina l  e r r o r s  a r e  not  to be  t a k e n  s e r i -  

ous ly .  

In conclusion, we chose not to give errors on 

masses and total widths determined in partial-wave 

analyses, but, whenever necessary, we give a range 

of values. As for the branching ratios, we use the 

errors when needed to perform an overall fit, hut we 

caution the reader. 

Conclusions. Table I is an attempt to eval- 

uate the status of the various y~I 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 reso- 

nances. It seems clear, however, that whereas any 

particular one of the questionable resonances may 

disappear with the next analysis, there definitely are 

m a n y  n e w  r e s o n a n c e s  u n d e r l y i n g  t h o s e  we  a r e  m o r e  

f a m i l i a r  wi th .  

R e f e r e n c e s  

t .  D. H. M i l l e r ,  i n  P r o c e e d i n g s  of the  Duke  C o n -  

f e r e n c e  on  H y p e r o n  R e s o n a n c e s  ( i970) ,  p.  229. 

2. A. B a r b a r o - G a l t i e r i ,  i n  P r o c e e d l n ~ s  of  the  Duke  

C o n f e r e n c e  on  H y p e r o n  R e s o n a n c e s  ( t970) ,  p.  t73 .  

TABLE I ,  STATUS OF Y* RESONANCES 
THOSE WITH AN OVERALL STATUS OF * * *  OR * * * *  ARE INCLUDED IN THE MAIN BARYON 
TABLE. THE OTHERS AWAIT CONFIRMATION, 

STATUS AS SEEN IN - -  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

OVERALL TOTALs 
PARTICLE L I J  STATUS CR, SEE. KBAR N LAM PI SIG Pl OTHER CHANNELS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

LAN(Z l l 5 )  PO[  * * * *  WEAK TO N P l  
LAM(L330 ]  * LAH GAW 
LAR(14OS)  S01 * * * *  F * * * *  
LAR(I520) DO3 * * * *  * * * *  * * * *  0 * * * *  LANZPI,LAM GAM 
LAM{[BTO) 501 * * * *  * * *  R *~*  LAW ETA 
LAM(1690) DO3 * * * *  * * * *  * * * *  B * * * *  LARZPItSIGZPI 
LAMI ITSO)  PO1 * *  * *  I * ~  
LAM(LB15 )  EO5 * * * *  * * * *  * * * *  D * * * *  SIG(LBBSI  P I  
LAM( IB30 )  D05 * * *  * *  D * * * *  

LAW( IBBO)  PO3 * *  * ~ *  E N * 
LAM(LB70| SOt * *  * *  
LAM(2OLO)  DO3 * *  F * *  
LAM(ZD2O) FOT * *  O R * *  
LAN(21001  GO7 * * * *  * * * *  * * * *  * * *  
LRM(B I~O)  * * 8 * 
LAM(2350 )  * * * *  * = * *  * * * *  I 
LAM[2585 }  t *  * *  * O 

S IG( [19O l  PL1 * * * *  WEAK T3 N P l  
S IG (1385 )  P I3  * * * ~  * * * *  * * * *  
SIG(1460 )  PE * * 
SIG(1~80 )  PE * * * * 
SIGI1620) S I1  ~ *  * *  * 
SIG{1620 )  P l l  * *  * * *  
SIG(1620 )  PE * *  * *  LAW 2 -P I  
S IG (LBTD)  D13 * * * #  * *  * *  * * *  * * * *  SEVERAL OTHERS 
S IG(16701PE  * *  LAW( lADS)  P I  
S IG( I$90)  PE * *  * * *  LAM 2-PI  
S IG(1750 )  S I1  *~ *  * *  * *  S IG  ETA 
S IG( ITbS I  O I5  * * * *  * * * *  * * * *  * * * *  * *  SEVERAL OTHERS 
SIG(1880} ELL * *  * *  * *  
51G(19151F I5  * * *  * * *  * *  
SIG(1960 )  D I3  * *  * *  * *  
SIG(2O30 )  F17  * * * *  * * * *  * * * *  * * * *  * *  

51G(B0701FLB  * * 
s~o,2ooo, P ~ B  * *  * *  
SIG(21OO|  G IT  * *  * *  * *  
SIG(2250) * * * *  * * * *  * * * 
SlG{265S) * * *  * * *  
SIG(BGBO)  * * *  * * *  * 
SIG(3OOO)  e *  * * 

* * * *  GOOD, CLEAR* AND UNMISTAKABLE.  
* * *  GOOD, BUT IN  NEED OF CLARIF ICAT ION OR NOT ABSOLUTELY CERTAIN ,  

* *  WEEDS CONFIRMATION. 
* WEAK. 

# ATTRIBUTED TO THE STATE CLOSEST TO WHERE THE CROSS SECTION PEAKS, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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A 1  18 LAMBDA ( l l l 5 , J P = I / Z + )  I=O 

SEE STABLE PARTICLE DATA CARD LISTINGS 

B U M P S  SEE THE NINE . . . .  UE AT THE STAST OF THE Y~" LISTINGS. 

A PEAK IS SEEN NEAR 1330 MEV IN THE LANEDA GAMMA SPEC- 
TRUM IN THREE PI- PROPANE EXPERIMENTS (YUNG-CHANG 6#, 
BUBELEV 67,  AND BOZOKI E8 I .  IN THE FIRST TROt THIS 

WAS TAKEN AS INDIRECT EVIDENCE FOR THE Y~OKI670) DECAYING TO LAMBDA 
ETA. WITH THE ETA DECAYING TO TWO GAMMAS. IN THE THIRD EXPERIMENT 
THIS INTERPRETATION HAS BEEN RULED OUT. BOZOKI E8 MENTION THE POSSI- 
BILITY OF THERE BEING A Y~'0(1330) WITH A NARROW WIDTH (LT 28 MEV}, 
BUT DEFER SERIOUS CONSIDERATION OF IT UNTIL THERE IS MORE DATA. 

SHOULD SUCH A RESONANCE EXIST, IT SHOULD BE SEEN IN P l -  P TO KO + 
(MISSING MASS). OAHL 67 FOUND NO EVIDENCE FOR IT. 

A SEARCH FOR A MEW Y*O NEAR THE LANBOA OR SIGMA MASS WAS MADE BY 
TAN 69. NONE WAS POUND. 

ANOTHER SEARCH BV HAYEUR TO REVEALED NO EVIDENCE FBR THIS STATE* 

REFERENCES - -  Y*O(1330) 

Y-CHANG 64 OUBNA CONF I 6EB YUNG-CHANG, IN,  KLADNITSKAYA, + (DUBNA) 
BUBELEV 67 PL 26B 2A6 +CHAORAAt CHUVILO, + (JINR~BUCHAREST, CERN) 
DAHL 67 PR 163 1377 DAHL, HARDY, HESS, KIRZ, MILLER (LRLI 
BOZOKI 68 PL 28R 360 + F E N Y V E S ~  GEMESYt + (BUOAPEST,DUBNA) 
TAN 69 PRL 23 101 T H TAN [SLAC) 
MAYEUR 7 0  PL 338,4~1 +VAN DINSTtWILQUET÷÷+ (BRUX,CERN, TUFT) 

B U ~ P S  ~HITS E8~ ~OTNAHNCKEBCINNBEvI TDEENTI F~ ED IWITHHETHENAVIyRTU;L oBOLUNow D 

ENERGY K-P INTERACTION, WE LIST SUCH EXPERIMENTS SEPA- 
RATELY BELOW. WE ~SE ONLY PROOUCTION EXPERIMENTS FOR 
AVERAGING OF MASSES AND WIDTHS - 

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

3T Y*0(1405}  MASS (MEV) 

M (160S.O) ALSTON 61 HBC K-P 1.15 BEV/C 
M (1410 .0 )  ALEXANDER 62 HBC P l -P  2.1 DEVIC 
M (16OR.O} ALSTON 62 HOC K-P E . 2 - . 5  BEVIC 
M 1600.0 26.0  HUSGRAVE 63 HBC PBAR P 3-4 BEV/C T/66 
M [1382 .0 }  ( 8 . 0 )  ENGLER 65 HDBC P I -P ,  Pl+O 1.68 7166 
M 67 1600.0 5 .0  BIRMINGHA 66 HBC 3.5  X- P 9 /67 
M 120 E603.0 5 .0  GALTIERI 68 DBC K-O 2.L-2.TBEV/C 6 /68 
M . . . . . . . . .  
M AVG 1402.4 3.5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0] 

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

37 Y*O(EA051 WIDTH (MEV) 

W (20.01 ALSTON 61 HBC 7/66 
W 35.0  5.0 ALEXANDER 62 HBC 
W (EO.D) ALSTON 62 HBC 
W ~SGRAVE 65 HMC E0.0 20 .0  7/E6 
M (89.01 ( 2 0 . 0 )  ENGLER 65 HDBC 7/66 
w 6T 30.0  lO.O BIRMINGHA 66 HBC 3,5 K- P 9/67 

120 3E.0 8 .0  GALTIERI 68 DBC R-D 2 .1 -2 .78EV/C 6/68 W 
W . . . . . . . . .  
M AVG 38.1 3.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.O} 

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

37 Y'1'0(1405) PARTIAL DECAY MODES 

DECAY MASSES 
PI Y'~O(14OE) INTO SIGMA P( 1197+ 139 

REFERENCES - -  Y*O(140S) 

ALSTON 6E PRL 6 69E ÷ALVAREZ~EBERHARD,GOOD,GRAZIANO~ t (LRL( I 
ALEXANDE 62 PRL 8 6AT ALEXANDEReKALBFLEISCH, NILLER~SMITH (LRL} I 
ALSTON 62 CERM CONF 311 +ALVAREZ~FERRO-LUZZI~ROSEMFELD~ + (LRL) I 
MUSGRAVE 65 NC 35 735 +PETMEZAS~+  (BIRMGHMtCERN,EP,IMPCOL,SACLAY) 
ENGLER 6E PRL 13 224 +FISK,KRAEMER,MELTZER,MESTGARD,+ (CRNGeBNLI I J  

BIRMINGH 66 PR 132 1 1 4 8  BIRMINGHAM~GLASGOW,I.C.. OXFORDtRUTHERFORD 
GALTIERI 68 PRL 21 $73 BARBARO-GALTIERI,CHADWICK + (LRL,SLAC) 

A ( I / 0 5 )  EXTR, APOL&TION BELOW THRESHOLD 

SEE NOTE IN Y*011405) PRODUCTION EXPERIMENTS -THE DIF-  
FICULTIES IN EXTRAPOLATING FROM THE PHYSICAL REGION TO 
TNE RESONANCE LOCATION ARE DISCUSSED BV DALITZ 6T, 

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

37 Y'O( EEO~I MASS (HEY) 

M 1410.T (1.01 KIN 63 HBC (~-EFF-RANGE FIT T/E6 
M 1609.6 ( l . 7 )  SAKITT 63 HBC O-EFF-RANGE FIT 7/66 
M DATA OF SAKITT ARE USED IN FIT BY KITTEL. 
M 140T.5 (1.21 KITTEL 66 HBC O-EFF-RANOE FIT T/66 
M 1603,0 ( 3 . 0 )  KIM 67 HBC K MATRIX FIT(KP) B/6T 
M IA I6 .O ( 6 . 0 )  MARTIN 69 HBC CONST. X MATRIX 10169 
M (1421 .0 )  MARTIN 70 RVUE CONST, K MATRIX 6/TO 

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

Baryons 
/L, A(1330), A(1405), JL(15~.O) 

37 Y*O(1405I WIDTH (MEVI 

BT,O ( 3 . 2 )  KIM 65 HBC 7/66 
28.2  ( 6 . 1 }  SAKITT 65 HBC T/6E 

W 36.1 ( ; . 1 )  KITTEL 66 HBC 7166 
50.0  (B,O) KIM 67 HBC X MATRIX FIT(XP) 8/6~ 
29.0  (6.06 MARTIN 69 HBC EONST. K MATRIX 10/69 

W (20 ,0 )  MARTIN 70 RVUE CDNST, K MATRIX 6 /70 

REFERENCES - -  Y*O(EEOB) FROM EXTRAPOLATIONS 

KIN 65 PRL 16 29 J K RIM (COLUMBIA)IJP 
SAKITT 65 PR 139 8719 +DAY, GLASSER,SEEMAN,FRIEDMANw ÷ (MD,LRLIIJP 
KITTEL 66 PL 21 3A9 W KITTELt G OTTERt I M A C E K  (VIENNAIIJP 
KIN 67 PRL 19 1076 J RIM (YALE)JP 
MARTIN 69 PR 183 1352 B R MARTINw M SAXITT (OCL+BNL) 
MARTIN 70 NP B16 479 A D MARTIN, G G ROSS (DURHAM)IJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

ABRAMS BE PR 139 3454 G S ABRAMS,  B SECHI-ZORN (HDIIJP 
DALITZ 67 PR 153 1617 DALITZ~ WONG~ RAJASEKARAN (OXFORDvBOMBAY) 
DONALD 66 PL 22 711 + EDWARDS, LYS, NISAR, MOORE (LIVERPOOL) 
KADYK 66 PRL IT 599 +ORENt G+S GOLOHABER, TRILLING (LRLI IJF 

- -  ABRAMS 65, KADYK 66t  AND DONALD 66 SUPPORT THOSE EFFECTIVE-RAMGE- 
FIT SOLUTIONS GIVING AN I=O S l / 2  RESONANCE. 

CLINE T1PRL 26 1196 0 CLINE~R LAUMANN,J HARP (WISC) 

END -EXTRAPOLATION BELOW THRESHOLD- 

PRODUCTION AND FORMATION EXPERIMENTS AGREE QUITE WELL 
WITH EACH OTHER ,THEREFORE THEY HAVE NOT BEEN SEPARATED 
FOR THIS PARTICLE 

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

38 Y*O( I520)  MASS (MEV) 

1519.6 2.0 WATSON 63 HBC X-P ALL CHANNELS 
145 l E I T , 2  3 .0  GALTIERI 63 DBC K-D 1 .51EEV/C  

N 29 1520.0 6 . 0  ALMEIDA 64 HBC K-P 1.65 BEV/C 
(EEEI .Ol  (EL.O) MUSGRAVE 65 HBC PEAR P 3-A BEV/C 7166 

30(EEIO. D) (2.0) BIRMINGHA 66 HBC 3.5 K- P 9 /67 
M B 1517.2 1.2 BURKHARDT 69 HBC K-P . 8 - 1 . 2  GEV/C E0/69 
M B QUOTED ERROR INCREASED TO ACCOUNT FOR DISAGREEMENT BETWEEN 
M B TWO MEASUREMENTS DONE BY SAME AUTHORS (K-P ANO SIGMA Pl) 
M (1519.) KIN 71DPWA K-MATRIX ANAL. 3/71 
M . . . . . . . . .  
M AVG 1El i .  BE 0.9E AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.OI 

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

38 Y*O(E520) WIDTH (MEV) 

16,4 Z.O WATSON 63 HBC 
( 1 9 . 0 I  (19 .0 )  M~JSGRAVE 65 HBC 7/66 

30 (50.0) (EO.O) 81RMINGHA 66 HBC 3.5 K- P 9/67 
( 1 8 . 0 )  OR LESS DAHL 67 HBC 9166 

16.T 1.8 OURKHAROT 69 HBC K-P . B - t . 2  GEV/C 10169 
(16 . )  KIN 71DPWA K-MATRIX ANAL. 3171 

N . . . . . . . . .  
N AVG E5.E 1 .3  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

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

38 Y*O(LBZO) PARTIAL DECAY MODES 

DECAY MASSES 
PE Y~O(EE2O) INTO KBAR N 497+ 939 
P2 Y*O(IE20) INTO SIGMA PI 1197+ 139 
P3 Y*O(IB20I  INTO LAMBDA PI PI IE1E+ 139+ 139 
P4 Y*O(15201 INTO LANBDA GAMMA 1115+ 0 
PB Y=O(LE20) INTO SIGMAO GAMMA 1192+ O 
P6 Y*O(IBZOI INTO SIGMA PI P I  1197+ 139+ 139 
PT Y*0(1520)  INTO ( Y * I I I 3 B B I + P I )  1385+ 139 

_-~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

38 Y*O(1E2O) BRANCHING RATIOS 

RE Y~O(1520) INTO (SIGMA PII / (KBAR N) (P2 I / (PE)  
RE 1.72 .78 MUSGRAVE 65 HBC 8/67 
RI 0 , 7 3  O . I I  DAUBER 67 HBC K-P AT 2.GEV/C 8/67 
PI 0 .96 0 .20 DAHL 67 HBC FI-P 1 . 6 - 4  GEV/C 9/66 
R1 1.06 .14 SCHEUER 68 OBC O K-N 3 GEV/C EO/~9 
RI  0.82 0.08 BURKHARDT 69 HBC K-P . 8 - 1 . 2  GEV/C 10/69 
RE . . . . . . . . .  
RE AVG 0.851 0,06~ AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .1 I  
RE FIT 0.916 B.036 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .1 )  

P2 Y~O(IB20( INTO (LAMBDA PI PII/(KBAR N) (PEAl(P1( 
R2 0 .21  0.18 DAUBER 67 HBC K-P AT 2.GEV/C 8/67 
R2 0 .17  0.05 OAHL 67 HBC Pl -P 1 .6 -A  GEV/C 9/66 
R2 ,19 ,04 SCHEUER 68 OBC 0 K-N 3 GEV/C 10/69 
R2 0 .22  0 ,03 BURKHAROT 69 HBC K-P . 8 - 1 . 2  GEV/C 10/69 
R2 (O.Z) KIN TE DPWA K-MATRIX ANAL. 3/71 
P2 . . . . . . . . .  
R2 AVG 0.202 0.021 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 0 }  
R2 FIT 0 .213 Bo016 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.O) 

R3 Y*0(1520}  INTO )SIGMA PII/ILANBDA PI Pl) ( P 2 I I ( P 3 I  
R3 A,5 1.0 ARMENTERO 65 HBC 7/66 
R3 3.3 1.I  BIRNINGHA 66 HBC 3.5 K- P 9167 

3 .9  E.O UHLIG 67 HBC X-9 o9 -1 .0  BEV/C 9/66 R3 
R3 . . . . . . . . .  
R3 AVG 3.94 0 .59 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 }  
R3 FIT 4 .30  0 .36 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

B4 Y*O(IBEOI INTO ILAMBOA GAMMAI/TOTAL (PERCENT} (PAl 
R6 238 0 .80  0.14 MAST 68 HBC O USING ELAST=.45 11/68 
R4 . . . . . . . . .  
R6 FIT 0 .80 0.14 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I.OJ 



Baryons 
},.(1520), A(1670), }..(1690) 

iZO 

Data Card Listings 
For notation, see key at front of  Listings. 

RE YtDIIEZOI INTO (SIGNAO GA@4NAI/TOTAL IPERCENT( (PS) 
R~ S 2 . 0  .35 MAST 6B HBC SEE NOTE S 10/69 
R5 S RATIOS CALCULATED FRO@4 RE(ASSUMING SU(3 I .  NEEDED TO CONSTRAIN 
R5 S ALL THE Y*D(15201 BRANCHING RATIOS TO BE UNITY. 
R5 
RS FIT E°O1 0.35 FRON FIT (ERROR INCLUDES SCALE FACTOR OF I .D I  

R6 Y*O(15ZOI INTO (KBAR N]/TOTAL (P l )  
R6 0 .29  0.05 WATSON 63 HBC K-P ALL CHANNELS 10/71~ 
R6 .667 .018 GALTIEBI 69 HBC K- P . 2 8 - . 6 5  G/C 10/69 
RE (B.ASI K]M 7I DPNA K-MATRIX ANAL, 3/T1 
R6 0 .6T 0.03 COLLEY 71 DBC X-N 1. E GEV PROD [ 0 / 7 1 "  
R6 . . . . . . . . .  
R6 AVG 0.639 0.033 AVERAGE (ERROR INCLUDES SCALE FACTOR OF Z.3)  
R6 FIT 0.6519 0.0091 FRON FIT tERROR INCLUBES SCALE FACTOR OF 1 .1 )  

R7 YVO(15201 INTO (SIGMA PI}/TOTAL (P2) 
R7 0 .55 0.09 WATSON 63 HBC K-P ALL CHANNELS 10/71~ 

0.418 .O1T GALTIERI 69 HBC 0 X-P ,28- .65GEV/E 6/69 R7 
R7 (0,66) KI@4 T1 DPWA K-@AATRIX ANAL, 3/71 
R7 0 .63  D.03 COLLEY 71 DBC K-N 1.E GEV PROD 10 /71 .  
RT 
RT AVG 0.626 0.01S AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ,0 |  
RF FIT 0.6138 0.0096 FROH F IT (ERROR INCLUDES SCALE FACTOR DF 1 . [ )  

R8 Y~0(1520) INTO (SIGMA PI PI)/TOTAL IP6J 
RB .010 .0015 GALTIERI 69 HBC 0 K-P .28- .65GEV/C 10/69 
R8 . . . . . . . . .  
R8 FIT 0.0100 O.O015 FRO@4 FIT (ERRO@4 INCLUDES SCALE FACTOR 0F 1 .0 )  

RB Y*O[1E20) INTO {Y~1(1385)  F I | / ( L A N  F( PI I  ( P 7 ) / ( P 3 )  
RN WORE THAN 0.10 CLINE 69 DBC K-D 70 2PI LAM N g/69 
R9 0 .3g 0 .10 ~URKHARDT TI HBC LAW. OPT PROD. 3/71 

RIO Y~0(15201 IN70 (Y~ l (13BS)  PI(/TOTAL (PT| 
BIO 0.041 O.OOB CHAN T2 HBC K-P TO LAP4 2PI 3 /T1  

R l l  Y*0(1520)  INTO (LAMBDA PI PI(/TOTAL [P3| 
RI I  D.10 D.OZ COLLEY 71 DEC K-N 1.E GEV PROD 10/71"  

F I T T E D  P A R T I A L  D ~ C A Y  M O D E  B g J ,  NCIJJNG F g . A C T I O N S  

T h e  ~ t r i x  be low  im d e r i v e d  f r o m  t h e  e r r o r  ~ t r i x  f o r  t h e  f i t ted p a r t i a l  dec&y m o d e  

br&nc~Ln B f ract ions,  P(, as fol lows: The diaRonal elements are P i ~ E P i ,  w h e r e  

6 P  i = ~ )  , wh i l e  t h e  o f f -d~a~oz~ l  e X e m e n t s  a r e  t he  n o r ~ l i z e d  c o r r e l a t i o n  c o e f f i -  

c i e n t s  < 6 P I S P j ) / ( E P  i • SPj) .  F o r  t h e  d e f i n i t i o n n  of t h e  i n d i v i d u a l  P i '  see the l i s t i n g s  

aNove;  o n l y  t h o s e  P i  a p p e a r i n g  in  t h e  m a t r i x  a r e  a s s u m e d  in  t h e  Eit to  b e  n o n z e r o  &rid 

are t h u s  constrained to add  to i ,  

F I P E P 3 P 6 P E P 6 
P I , 652+- .009  
P 2 - . 6 8 0  .616+-.0D9 
P 3 - . 2 8 9  - , 3 7 9  . 0 9 6 + - .  DOT 
P 6 - , 0 6 6  -.OS9 - . 0 3 9  .ODB+-*OB1 
F 5 - . 1E0  - . 1 6 8  - . 0 9 9  - .0D8 . 020+ - .  003 
P 6 - . 0 6 8  - . 0 6 3  - . 0 6 2  -.DO3 -.DO9 .OXO+-.BB1 

REFERENCES - -  Y*O(1520( 

WATSON 63 PR 131 2240 
DALTIERI 63 PL 6 296 
ALNEIDA 66 PL 9 204 
NUSGRAVE 65 NC 35 T35 
ARNENTER 65 PL 19 33E 

BIR@4INGH B6 PR XB2 X168 
OAHL ET PR 163 1377 
DAUBER 67 PL 26B 525 
UHLIG 67 PR tEA 146B 
MAST 6B PRL 21 1715 
SCHEUER 68 NP B8 E03 

BURK@AARO 69 NF B16 106 
CLINE 69 LNC 2 607 
GALTIERI 69 LUNO 3E2 

ALSO TO DUKE 95 

BURKHABDT71 NP B27 66 
COLLEY Tl NF B31 61 
KIP4 71PRL 27 3S6 

ALSO 70 DUKE 161 

CHAN 72 PRL E8 2B6 

BERLEY TO PR 01,1996 

H B WATSON, N FERRO-LUZZI, R D TRIFP (LRL)IJP 
A BARBARO-GALTIERIBA HUSSAIN,RO TRIPP (LRL) 
S P ALMEIDA~ G R LYNCH (CERN) 
+PETREZASt÷ (BIRMGHM.CERN,EP,I@APCOL.SACLAY) 
AR@AENTEROS,F-LUZZI, + (CERNtHEIDEL,SACLAY) 

BIRNINGHA@4, GLASGOWtI.C-J OXFORD,RUTHERFORD 
DAHLtHARDY,HESS,KIRZ,NILLER (LRL) 
+MALARUDtSCHLEIN,SLATER,STDRK (UCLAI 
+CHARLTONtCDNDONtGLASSERtYOOH,÷ (@40,DSNRL) 
RASTvALSTONtBANGERTERtGALTIER|e (LRL) 
SABRE COLLAB. (SACL+AMST+BONA÷REHO÷EPOL) 

+FILTHUTH+KLUGE÷.. (HEID÷EFI+CERN+SACLAY) 
÷LAU;AANN÷@AAPP (U. WISC,} 
OARBARO-OALTIERI,BANGERTE@4tNASTtFRIPP (LRL) 
R D TRIPP (LRL) 

eFILTHUTH,KLUGEtOBERLACK÷+ (HEID+CERN÷SACL) 
+COX,EASTWOOD,FRY+,. (BIR@4+EBIN+GLAS÷LOIC) 
J K KIN (HARV)IJP 
J .  K. KIP4 (HARV)IJP 

+BUT.-SHAFERtHERTZBACH,KOFLER++ (MASS,YALE( 

PAPERS NOT REFERRED TO IN DATA CARDS 

eYANINpKOFLER,HANN,@AEISNERe (BNL,@4ASS,YALEIIJP 

****** ********* ********* ********* ********* ********* ********* ******** 

l~aZ] 
• SEE THE MINI-REVUE AT THE START OF THE Y* LISTINGS. 

THIS RESONANCE IS WELL ESTABLISHED. 
(SEE THE NOTE FOR THE Y=O{1330) ) .  

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

60 Y*0(1670)  MASS (MEV) 

@4 M (1666.DIOR(1E75*O) BEBLEY 65 HOE B K-P TO LAW ETA 7/66 
@4 N THE FIRST VALUE ASSUMES FHE BRANCHING RATIO INTO LA@ABDA ETA IS 
M SMALL, THE SECOND THAT IT IS LARGE. BECAUSE THE RESONANCE IS WEAR 
@4 THE LA@ABOA ETA THBESHOLD, THE BRANCHING RATIO AFFECTS THE NONENTUM 
N DEPENDENCE OF THE TOTAL WIDTH. AND THUS ALSO THE RESONANCE PARA- 

N METERS OBTAINED BY FITTING TO THE DATA. 
(1663 .0 )  (3*D) AR@AENT-1 EB HBE D ELASTIC. EH EXCH 11/6B 

M N (16TO.O) (2 .D(  ARMENT-2 68 HBC 0 K-P TO SIG RA PI 11/68 
M N 1662.0 (3 .D)  ARNENT-6 69 HBC 0 ELAST.CH. EXC.EO 9/69 
@4 N 1680.0 ( IDOl AR@4ENT-A 69 HBC D K-P TO BIG PI,ED 9/69 
@4 A 1676,0 (5 .B )  ARMENT-3 6q HBC O @AULTICHANNEL 9/E9 
N 1676.0 BERLEY 69 HBC O X-P TO SIGMA PI 6/70 

1683.0 (E.O) GALTIERI TO HBC O BIG PItEDPNA TI TM 
M 1670. KIW 71 DPWA K-MATRIX ANAL, 3/71 
@4 A THE NULTICHAWNEL ANALYSIS INCLUDES ELASTIC AND SIGMA PI • 10/69 
@4 N THE APPARENT DISCREPANCY BETWEEN THESE RESULTS IS PROBABLY NOT 
M SERIOUS, THE ERRORS GIVEN ARE JUST STATISTICAL. THE SYSTEMATIC 
N ERRORS THAT RESULT FROM THE RESTRICTIVE PARA@4ETERIZATION FORCED DN 
M THE PARTIAL-WAVE AMPLITUDES ARE NOT INCLUDED, AND CAN BE LARGE. 

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

60 Y*B i I 670 I  WIDTH (NEVI 

N N N (EZ.DIOR(15.01 BERLEY 65 NDC 0 D SEE NOTE @4 ABOVE 7/66 
N (26 .0 |  ( 8 , 0 ]  AR@AENT-I 68 HBC SEE NOTE N ABOVE 11/68 
N N (26.01 ( 5 , 0 l  ARHENT-2 68 HBC 0 11/6B 
N A 23.0  (3 .01 A@4MENT-3 69 HBC 0 9 /19 
@4 N B8.B (15 .0 )  ARMENT-6 69 HOC O ELASTtCH EXC.ED 9/E9 
N N 33,0  (S .0 )  ARMENT-6 69 HBC ~ K-P TO BIG PI.ED 9 /69  

BERLEY 69 HBC K-P TO SIGMA PI 6/70 W 31.0  
W ZE,O ( 5 . 0 )  GALTIERI TO HBC 0 BIG FI,EDPNA 71TO 
@4 3S ,  KIP4 71  DPNA K-MATRIX ANAL. B/71 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

. . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6D V'=OI1670) PARTIAL DECAY MODES 

DECAY MASSES 
PI V*O(16TO) INTO XBAR N 697÷ 939  
PZ Y*0(1670) INTO LANBDA ETA 1111÷ 548 
P3 Y~0(1670) INTO SIGMA PI 11B9÷ 139 

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

60 Y*O(16701 BRANCHING RATIOS 

RI Y'O(1670) INTO (KBAR HI/TOTAL (P I )  
R1 P (D .16)  (D.DAI ARMENT-1 68 HBC O OLD DATA 11/68 
R1 P 0 .14 ( 0 , 0 6 )  ARNENT-A 69 HBC 0 NEW DATA 9/69 
R1 0.17 AR@AENT-3 69 HBC O B/69 
B1 A (D.391 (O.OE) CONFORTO 71 HBC D K-P,ELAST,CEX 6/70 
RI 0.18 KIN T[  OP@AA K-MATRIX ANAL. B/71 
R1 A EFFECT BELOW REGION ANALYSED. VALUE 0F .18 DOES NOT 
R1 A AFFECT FIT OR VALUES OF OTHER PA@4ANETERS 
R1 P THIS IS THE DIAMETER OF THE CIRCLE IN THE ARGAND PLOT. IT IS 
R1 SUPERI@APOSED ON A LARGE BACKG@4OOND. 

R2 V*O(IETD) FROM KDAR N TO LANBDA ETA SDRT(F[*P2) 
BERLEY 65 HBC D SEE NOTE @4 ABOVE 7/66 R2 N (0 .20 )  OR 0.23 

R2 (0 .26 )  ARNENT-3 69 HDC 0 9/69 
R2 {O.2A) KIN 71 DPWA K-MATRIX ANAL. 3/71 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

R3 Y '0 (1670)  FROM KBAR N TO SIGMA PI SQRT(PI*PD) 
ARNENT-2 6B HBC 0 0 L O  DATA R3 ( - 0 ,  25) 10.061 

R3 - 0 . 2 7  ARMENT-3 69 HBC 0 9/69 
R3 - 0 , 3 0  (D,03)  ARNENT-6 69 HBC O NEW DATA 9/E9 
R3 - 0 , 2 7  BERLEY 69 HAG 0 K-P TO SIGMA Pl 6 /70 
R3 -0 .2B (0 .03 )  OALTIERI 7D HBC 0 BIG PItEDP@AA 7/70 
P3 -D .38  KIN 71 DP@AA K-MATRIX ANAL. 3/71 

REFERENCES - -  Y.0(16701 

BERLEY 61 PRL 1S 661 +CONNOLLY, HART( MAD@4, STONEHILL, ÷ (BNL)IJR 
ARNENT-1 B8 NP BB 199 AR@AENTEROS, BAILLONt ÷ (CE@AN,HEIDELtSACLAY)IJP 
ARWENT-Z 6B NP B8 223 AR@4ENTEROS~ BAILLONt + (CERNtHEIDELvSACLAY|IJP 

ARMENT-3 E9 LUND PAPER 229 AR@AENTEROS, BAILLON, + (CERNtHEIDEL,SACLAYIIJP 
- -  ARMENTEROS 3 VALUES ARE QUOTED IN LEVI SETTI 69. 

ARNENT-A 69 NP B16 B1 ARHENTEBOSt  BAILLON, + (CERN, HEIDEL,SACLAYIIJP 
BERLEY 69 PL 3DB 630 + HART. RAH@4, @AILLIS, YANAMOTD (BNL)IJP 
GALTIERI TO DUKE 173 A. BARBARO GALTIERI (LRLIIJP 
CDNFORTO Tl  NP B36 61 +LEVI SETTIvLASINSKI.,OBERLACK++ (EFI+HE|O)IJP 
KIN 71 PRL 2T 3E6 J K KIN (HARVIIJP 

ALSO TO DUKE lE t  J . K .  KIM (HARVIIJP 

PAPERS NOT REFERRED TD IN DATA CARDS 

BIRMING- 66 PR 152 1168 (BIRMINGHA@AtGLASGO@4,INPCDL,OXFORDtRUTHERFD( 
LEVISETT 69 LUND 339 R LEVI SETTI (@AAPPORTEUR) (CHICAGO) 

****** ********* ********* ********* ********* ********* ********* ******* 

j A ( z s D 0 )  I BE v.o,,6 . . . . . .  3,2-, ,-o 
SEE THE @AINI-REVUE AT THE START OF THE Y* LISTINGS. 

THIS RESONANCE IS WELL ESTABLISHED. 

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

55 Y.0(16901 MASS (NEV( 

@4 1695.0 ( 6 . 0 )  BUGG 6B CNTR O K-P,  D TOTAL T/68 
@4 ( I 1 9 6 , 0 )  ( 3 . 0 )  ARMENT-I 68 HBC ~ ELASTIC. CH EXCH 11/68 
N (1EE l .  O) ( 2 . 0 )  AR@AENT-3 68 HBC K-P TO SIGMA PI 11/6B 

16B1. [ 8 . )  BARTLEY 68 DBC O K-P AND K-O DATA 11/68 @4 
M N (1697,D}  ( 2 . 0 )  CONFORTD 60 HBC ~ ELASTIC, CH EXCH 11/68 

1701.0 (6 .O l  BERTANZA 69 HBC ELASTIC, CH EXCH 9/69 @4 
N A 1691.0 ( 2 . 0 )  ARNENT-6 69 HBC D ELAS,CH EXC.ED 9/69 
@4 A 1688 .0  ( 2 ,D )  ARMENT-6 69 HBC D K-P TO BIG PI.ED 9/69 
N 168B.0 BERLEY 69 HBC O K-P TO SIGMA Pl 6 /70 
N 1680.0 (S.O) GALTIERI 70 HBC 0 SIG PI~EOP@AA 7/70 
/4 1688.0 ( 3 . 0 )  CONFORTO T l  HAG 0 K-P,ELAST,CEX 6/70 
M 1690. RIM Tl DP@4A K-MATRIX ANAL. 3/71 

THE Y~O(1690) IS AT THE EDGE OF THE ENERGY REGION ANALYZED BY 
M @4 H M CONFORTO, THE SAME DATA AS WELL AS OTHERS EXTENDING TO LOWER 
#4 @4 ENERGIES ARE INCLUDED IN ARMENTEROS h 
R A ANALYSIS INCLUDES OLD AND NEW DATA OF CHS COLLAB. . 6 3 - . B  GEV/C 10/69 
N A THE APPARENT DISCREPANCY BETWEEN THE SIGMA Pl AND OTHEB RESULTS IS 
@4 A PROBABLY NOT SERIOUS. THE ERRORS GIVEN ARE JUST STAT(STICAL. THE 
M A SYSTEMATIC ERRORS THAT RESULT FROM THE RESTRICTIVE PARANETRIZATION 
N A OF THE PARTIAL-WAVE AMPLITUDES ARE NOT INCLUDED, AND CAN BE LARGE. 

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

55 V*Oi1690I WIDTH (MEV) 

N 
N 
@4 
N 
W M 

w 1 
W 
@4 
W 
w 
N 
W 

(35.01 ( 7 . 0 ]  ARNEWT-I 68 HBC 0 OLD DATA 1 [ /6B  
(BS.D) (? .D)  ARNENT-3 68 HBC 0 OLD DATA 11/68 
40 ,0  (T.O) BUGG 68 CNTR O 7/6B 
4B. ( 1 5 . )  BARTLET 6B DEC 0 K-P AND K-D DATA 11/68 

(EToO( [ 5 . 0 )  CONFORTD 6B HBC O SEE NOTE M ABOVE 11/68 
BI .O ( 7 . 0 )  ARNBNT-6 69 HBC O ELAS~CH EXC.ED 9/69 
TZ,B ( 6 . 0 (  AR@AENT-4 6B HBE D K-P TO BIG P I E D  9/6B 
28.0  ( 8 . 0 )  BERTANZA 69 HBC O 9/69 
57.0 BEBLEY 69 HBC O K-a TD SIGMA PI 6170 
81.0 (10.D) GALTIERI TB HBC O SIG PI,EDP@AA 7/70 
66.0  (B.O) CONFORTD 71HBC O K-P,ELAST,CEX 6/70 
BE.  KIN 71 DPNA K-@AATRIX ANAL. 3/71 

SEE THE NOTES ACCONPANVING THE MASSES QUOTED 



Data Card Listings 
For notation, see key at front of Listings. 

t2t 
Baryons 

A(1690) A(1750), A(1815) 

55 YeO(16901 PARTIAL DECAY NODES 

DECAY NASSE$ 
Pl  YeO(|6901 INTO KBA14 N 69T÷ 739 
P2 Y*O(1690) INTO SIGMA Pl 1189+ 189 
P3 Y*O(16BOI INTO LANBOA Pl  Pl 1118÷ 189÷ EBB 
P4 Y*O(E690) INTO SIGMA P( Pl 1189÷ 189+ 189 
P5 Y*0(16901 INTO Y~LIEBBBI Pl 1388÷ LD9 

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

55 Y~0(1690) BRANCHING RATIOS 

THE SU14 OF ALL TNE OUOTED BRANCHING RATIOS IS MORE THAN 1 . 0 .  THE 
TWO-BOOY RATIOS ARE FROM PARTIAL NAVE ANALYSES, AND THUS PROBABLV ARE 
14~E 14ELIABLE THAN THE THREE-BODY PATIOS, WHICH A14E DETERMINED FROM 
BUMPS IN CROSS SECTIONS. OF THE LATTE14~ THE SIGMA Pl Pl BUHP LOOKS 
140RE SIGNIFICANT (THE ERROR GIVEN FOR THE LA14BDA Pl Pl RATED LOOKS UN- 
REASONABLY SMALL). HARDLY ANY OF THE SIGMA PI Pl  DECAY CAN BE VIA 
Y ~ 1 ( [ 3 8 5 ( ,  F014 THEN HINE TINES AS NUCH LAMBDA PI Pl DECAY WOULO BE 
REQUIRED. 

R1 Y*0(1690)  INTO (KBAR NI/TOTAL (P [ }  
R1 ( 0 . 2 3 )  BUGG 68 CHTR O ASSUMING J - 3 / 2  7/68 
RI ( 0 , 1 8 (  ( 0 . 0 3 }  AR14ENT-1 68 HBC B 11/68 
RI N ( 0 . 2 2 )  ( 0 . 0 3 )  CONFORTO 68 HBC B SEE NOTE 14 ABOVE 11/68 
R[ 0 .28 ( 0 . 0 4 )  BERTANZA 69 HBC 0 9 /69 
R[ 0.18 (O.BZ) ARMENT-6 69 HBC 0 NEW DATA 9/69 
RI N ( 0 . 8 6 )  ( 0 , 0 2 )  CONFORTO 71 HBC O K-P,ELASTtCEX 6/70 
R1 0 .22 KIN 71 DPNA K-MATRIX ANAL. B/71 
RE N EFFECT 1S AT END OF REGION ANALYZED. THIS COULD AFFECT VALUE OF X1. 
R1 FRO14 ALL ABOVE NE ESTIMATE X'O. ZO 3172" 

RE Y~0( [690)  FROM KBAR N TO SIGMA PI SORT(P[*P2) 
R2 ( - 0 . 3 8 (  I 0 . 0 2 )  ARNENT-S 68 HBC O OLD DATA 1 [ / 6 8  
142 - 0 . 3 6  (O.OZ) ARMENT-6 69 HOE 0 NEN DATA 9/69 
R2 - 0 . 2 7  BE14LEY E9 HBC O K-P TO SIGMA PI 6 /70 
R2 -O. DE ( 0 . 8 3 )  GALTIERT 7B HOE 0 SIC PI,EDPWA T/TO 
R2 - 0 . 6 0  K114 T1 DPWA K-14ATRIX ANAL. 3/71 

R3 Y*0(1690)  FROM KBAR N TO LA14BDA Pl PI SQ14T(PI*PB) 
RB D ( 0 . 2 5 l  ( 0 . 0 2 )  BARTLEY 68 HDBC O LA14 2Pl C1405 SEE 11/68 
R3 B ONLY CROSS-SECTION DATA USED. ENHANCEMENT NOT SEEN RY PREVOST T l ,  BIT2* 
R3 B (SEE RE BELOW( WHO 14AOE DPWA USING ALGO ANG. DISTRIB. AND POLARIZ. B/TZ~ 

R6 Y~O(I690) FROM KBAR N TO SIGNA PI PI SORT(PlURAl 
R4 ( 0 , 2 1 )  ARNENT-2 6D HOBO O K-N TO SIC PI PI 11/MR 

R5 Y*0(1690)  FROM KBAR N INTO Y~[(13ESI  PI SQRT(PI*PB] 
R5 I -0 ,061  PREVOST 71 DPWA O K-P TO LA14 PI Pl [ O I T [ *  

REFERENCES - -  Y*0(1690(  

DAVIES 67 PRL 18 6Z ÷DOWELL~ + (BRMNGHM,CVNDSH,RTNFRD) l 
- -  REPLACED BY BUGG 68.  

AR14ENT-[ 68 NP BE 198 ARNENTEROS,  BAILLONt + (CERN~HEIDEL,SACLAY)IJP 
AR14ENT-2 68 14P B8 EL6 
A1414ENT-3 68 NP 88 ~ZB 
BARTLEY 68 PRL 21 1111 
BUGG 68 PR 188 1466 
CONFORT~ 68 NP BE ZbE 

ARNENT-A 69 NP 814 91 
8ERTANZA 69 PR [TT 2036 
BERLEY 69 PL BOB 430 
GALTIERI 70 DUKE 173 
CONFORTO TI NP E3A 41 
KIT4 71PRL ZT 856 

ALSO 70 DUKE [61 
PREVOST TL A14STERDA14 CONF 

ARNJENTEROS, BAILLONt ÷ (CERNtHEIOEL~SACLAY) I 
AR14ENTEROSt BAILLONt + (CERMIHEIDEL,SACLAY)IJP 
+CH~J,DOWO~G14EENE~+ (TUFTS,FL014 ST,BRANDEIS) ( 
÷GIL140RE~ KNIGHT, ÷ (RTHF14DtBRNNGH14,EVNDSH) I 
+HAR14SENe LASINSKI, + (CHICAGO,HEIOEL)IJP 

ARHENTEROS, BAILLON, ÷ (CE14N,HEIDEL,SACLAY)IJP 
÷BIGI,CARRARA,CASALI, ÷ (PISA,BNL,YALE)IJP 
+ HART, RAH14, WILLIS, YAHAHOTO (BNLIIJP 
A, BARBARO GALT|ERI (LRL)IJP 
+LEVI SETTI~LASINSKI.oOBERLACK÷÷ (EFI+HEIDI IJP 
J K KIR (HARV)IJP 
J .  K. KIN (HARV)IJP 
+ CHS COLLABORATION (CERN+HEID÷SAELI 

TT V*O(1TBO, J P = I / 2 ÷ )  I -B  

 1A175o S E E T i ' E H I  . . . .  EVIE . . . . .  E $ . . . . . .  T . . . .  LISTINGS. 

THE EVIDENCE FOR THIS STATE IS S014ENHAT CONFUSED, IT 
WAS FIRST SUGGESTED IN A PARTIAL WAVE ANALYSIS OF KBAR 
N OATA BY THE BEHAVIOR OF THE PO| A14PLITUDE WHEN IT 

NAS PARA~AETRIZED AS A TWO-STRAIGHT-LINE BACKGROUND. WHEN IT NAS RE- 
PARA14ETRIZED AS A RESONANCE SUPERINPOSED ON A ONE-STRAIGHT-LINE BACK- 
GROUNO, A BROAO RESONANCE RESULTED (ARNENTEROS 68 ) .  A REANALYSIS OF 
ESSENTIALLV THE SAME DATA, BUT THIS TI14E HITH THE PDI AMPLITUDE UNCON- 
STRAINEO, SUGGESTED A MUCH NARROWER RESONANCE AT NIGHER ENERGY (AR14EN- 
TEROS 7 0 ) .  

A WIDER AND MORE ELASTIC POE RESONANCE AT ABOUT THE SAME MASS IS 
SUGGESTED BY THE ANALYSIS OF BAILEY 69.  THIS USES CONSIDERABLY LESS 
DATA THAN THE AR14ENTEROS ANALYSES. FOR THIS REASON HE DO NOT QUOTE ANY 
PARAMETERS FOR THE OTHER PARTIAL NAVES OBTAINEO IN THIS ANALVS|S. 

ARHENTEROS TO~ GALTIERI 70, AND KIH 71 PRESENT EVIDENCE FOR A 
P01 STATE IN THE SIGMA P( CHANNEL. IN ADDITION THE ANALYSIS OF KIH 71 
INDICATES A SECOND POSSIBLE P01 STATE AT ABOUT 1E70. HE TENTATIVELY 
LIST THESE EFFECTS TOGETHER. 

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

77 V*B(1TSOI MASS (14IV) 

H 0 I 1765 .0 )  AR14ENTERO 68 HBC 0 ELASTIC, CH EXCH 11/68 
H (1740 .0 )  BAILEY 69 DPWA O ELASTIC, CH EXCH 10/70 
14 (1800.0 )  A14HENTERO 70 HBC O ELASTIC, CH EX 6 /70  
14 (1750 .0 )  ARMENTERO 70 HBC 0 SIGNA PI 6 /70  
M N 11bOO.O) (LO.O) GALTIERI 70 HBC O SIC PI,EOPNA T/70 
14 N ERROR STATIST. ONLY- NO ERROR DUE TO PARTICULAR P.W.ANAL. INOLUDED 1/71 
14 (175S . }  K114 7E DPWA K-14ATRIX ANAL, 3/71 
14 1 ( 1870.  ) KIT4 71 DPWA K-14ATRIX ANAL* 3/71 
14 1 POSSIBLE EFFECT IN SIGMA Pl AND KERR N CHANNELS. 
14 0 OLD ANALYSIS, USING OLD DATA. 

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

TT V*O(1TBO| WIDTH (MEV) 

(147.0) ARNENTERO 68 HBC 0 
(BOO.O) BAILEY 6q DPWA 0 ELASTIC, CH INCH 10/70 

W ( ) 0 . 0 (  ARHENTERO TO HBC 0 ELASTICt CH EX 6 /70  
W ( 7 0 . 0 I  ARMENTERO TO HBC 0 SIGMA Pl 6 /70 
W N ( 2 2 . 0 I  GALTIERI TO HOE 0 SIC PI,EOPWA 7/70 
N ( 3 5 . (  KIM TL DPWA K-14AT14IX ANAL. 3/71 
W 1 ( 5 0 . )  KIN 71 OPMA K-14ATRTX ANAL. 3 / 7 I  

SEE THE NOTES ACCO14PANYING MASSES QUOTEO 

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

77 Y*O(1TSO) PARTIAL DECAY 14ODES 

DECAY MASSES 
PI YSO(ITSO) INTO KBAR N 497+ 939 
P [  Y*0(1780)  INTO SIGMA Pl 1197+ 139 

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

77 Y*O(1TSO) BRANCHING RATIOS 

R1 YeO(I750) INTO (KERR N)/TOTAL (P I )  
R[ ( 0 . 4 |  ARNENTERO 68 DPNA O ELASTIC, CH EXCH 11/68 
RI | 0 . 5 5 )  EL&ILEV 69 DPNA O ELASTICm CH EXCH 10/70 
R[ ( 0 . 1 5 )  ARHENTERO 70 DPWA 0 ELASTIC, CH EXCH 10/70 
R1 (0,301 KIR 71 DPWA K-14ATRIX ANAL. 3/71 

R2 Y*O([TSO) FROM KBAR N INTO SIG14A PI SQRT(P[~P2) 
RZ (+O.ZO) ARHENTERO TO DPWA O K-P TO SIG14A Pl 6 /70 
R2 N ( - 0 . 1 3 }  ( 0 .03 )  GALTIER[ TO DPWA O K-P TO SIG14A PI 7 /70 
R2 ( 0 . 1 7 )  KIR 71 DPWA K-MATRIX ANAL, 3/71 

SEE THE NOTES ACCO14PANYING MASSES QUOTED 

REFERENCES - -  Y*O(1TSO) 

ARNENTE14 68 NP BR 195 ARMENTEROS, 8AILLON, + (CERN,HEIDEL~SACLAY)IJP 
BAILEY 69 THESIS UCRL-B0617 DAVID SAAL BAILEY (LRL LIVERNOREIIJP 
AR14ENTER TO DUKE CONF 123 AR14ENTEROS~ BAILLON, + (CE14N, HEIDELIIJP 
GALTIERI 70 DUKE CONF 173 A BAR8ARO-GALTIE141 (LRLIIJP 
KIH 71PRL 27 356 J K KIN (HARV)IJP 

ALSO 70 DUKE 161 J . K .  KIN (HARV)IJP 

I l l ' l ' l l l  

39 Y*O(LE15, JP-E /2÷)  l i D  I1%ul 
THIS STATE IS WELL ESTABLISHED. NOST OF THE QUOTED ER- 
RORS ARE STATISTICAL ONLY. THE SVSTEMATIC ERRORS DUE TO 
THE PARTICULAR PARAMETER[ZATION USED IH THE P.N,A.  A14E 

NOT INCLUDED. FOR THIS REASON WE 00 NOT CALCULATE WEIGHTED AVE14AGES F014 
14ASS AND WIDTH. 

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

39 V*O(IE151 14ASS (HEV| 

M N [818 .0  ( 2 , 0 )  ARMEHT-I 67 HBC O K-P TO SIGMA P[ 8/E7 
14 N 1816.0 16.B) BELL ET HDBC O K-N TO SIGMA Pl  11/67 
N N L8L7.O ( 2 . 0 )  ARNENT-3 68 HBC 0 ELASTIC, CH EXCH L l / 6 8  
14 N 1819.0 ( 4 . 0 )  OUGG 68 CNTR 0 K-Pc O TOTAL 6/68 
14 N 1825.0 ( 1 . 0 )  BRIC14AN TO CNTR 0 TOTAL AND CH EX 6/70 
14 N [ 8 1 9 . 0  ( [ . 0 )  BRIC14AN1 TO DPNA SIGTOTtELAStCHEX 1/71 
14 [EBO. O (10 .0 )  COOL TO CNTR K-P~ D TOTAL [ 0 / 7 0  

1DZO. O (10 .Ol  GALTIERI TO DPWA 0 K-P TO SID14A P! T/TO 
N 1818.0 (Z.O) CONF~RTO TL DPWA 00 ELASTIC, CH EXCH 6 /70  

H 18Z3.0 (B.O) KANE 71 D14WA K-P TO pl SIC 10 /71 .  
14 1810, KIM 71 DPNA K-NATRIX ANAL. 3/71 
14 N ERROR STATIST. ONLY- NO ERROR DUE TO PARTICULAR P.W,ANAL. INCLUDED [ /7E  

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

39 V~0(1815) WIDTH (14EVI 

W 87.0  (1S.0)  ARNEHT-1 67 NBC 0 8/67 
N 64 .0  (12 ,0 )  BELL 67 HDBC O [ I / E 7  
W N 7 [ . 0  ( ~ . 0 )  ARNENT-3 68 HBC 0 ELASTIC, CH EXCH 11/68 
M N 75.0  17.0)  BUGG 68 CNTR 0 K-P,  D TOTAL 6/68 
W N Bo.o (6.81 BRIC14AN TB CNTR O TOTAL AND CH EX 6/?0 
M N 79 .0  (B.O) BRICNAN1 TO OPWA SIGTOTtELAS,CHEX 1/71 
W 100.0 COOL TO CNTR K-P,  D TOTAL [ 0 / 7 0  
W lO0.O (20.B)  GALTIERI TO DPWA O K-P TO SIGMA PI T/TO 
W N 90.0  ( 4 . 0 )  CONFORTO T| ORNA O O ELASTIC, CH EXCH 6/70 
W 106.0 ( 1 6 , 0 l  KANE 7E DPNA K-P TO PI SIC 10 /71e  
N 70, KIN T[  DPWA K-14ATRIX ANAL. B/71 

SEE THE NOTES ACCO14PANYING 14ASSES QUOTED 

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

39 Y*O(181B) PARTIAL DECAY MODES 

DECAY MASSES 
Pl  Y~0(181S) INTO KBAR N 49T÷ 959 
PZ Y*OI I81E) INTO S[G14A PI 1189+ 139 
P3 YtO(E8151 INTO Y * l I 1 3 8 E }  Pl  IB8E÷ I89 
P6 Y*0(1815)  INTO SIGMA PI PI I IDZ+ 139+ 139 
PE Y*O(EBIE) INTO LANBDA PI PI 1115+ 139+ 139 

39 Y 'Q(1815(  ERA~HING RATIOS 

ERRORS QUOTED BY EXPERI14ENTERS 00 140T INCLUDE UNCERTAINTY DUE 
TO PA14A14ETRIZATION USED IN THE P.W.A. THEY SHOULD BE INCREASED. 

R1 Y~O(1815J INTO (KBAR N)/TOTAL ( P l )  
R1 0 .62 B,02 RRNENT-3 68 HBC 0 ELASTIC, CH EXCH 11/68 
R1 (O,TZ) 8UGG 68 CNTR O K-P,  O TOTAL 6/68 
R1 0.65 O.OZ BRIC14AN TO CNTR 0 TOTAL AND CH EX 6/?0 

0 .58 O.BZ B14IC14AN[ TO DPWA SIGTOTmELAS,CHEX 1/71 RE 
R1 ( 0 . 8 )  COOL TO CNTR K-P,  O TOTAL [O/TO 
R1 0 .63 0.01 CONFORTO 71 OPWA 0 ELASTIC, CH EXCH 6/70 
R[ (O.EZ) K114 71DPWA K-14AT14IX ANAL. B /T [  
141 . . . . . . . . .  
R1 AVG 0.624 0.811 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ . E l  
RI FIT 0 .626 I  0,0100 FROM FIT (ERROR INCLUDES SCALE FACTOR OF [ . B (  



Baryons 
A(1B15), A.(1830), A(1860) 

i 2 2  

Data Card Listings 
For notation, see key at front of  Listings. 

RB Y*OIIBIBI FROM KBAR N INTO SIGMA Pl SQRT(PI*PZI  
R2 0 ,27  0 ,01  ARMENT-1 67 DPWA D K-P TO SIGMA Pl 8/67 
82 0 .23  0.025 BELL 67 OPWA 0 K-R TO SIGMA PI 111E7 
82 - 0 . 26  0 .03  GALTIERI TO OPWA D R-P TO SIGMA PI 7 /70  
12 (0.261 RIM 71 DPWA R-MATRIX ANAL. 3/71 
RZ -0.168 0.027 KANE 71 DPWA O K-P TO Pl SIC 10171# 
82 . . . , . . . . .  
82 AVG MOD 0 .2641  0.D084 AVERAGE (ERROR INCLUDES SCALE FACTOR DF 1.0) 
82 FIT 0.2634 0 .0004  FRON FIT (ERROR INCLUDES SCALE FACTOR OF l.O) 

R3 Y*0 (1815 )  FROM KBAR N INTO Y* l I 1385 I  PI SORTlPl*P3)  
R3 A (0 .3 )  (O .D5 I  ARMENT-2 67 HDC D K-P TO LAM P+ P+ 
83 +0 .11  0 ,05  PREVOST 71 DPWA O K-P TO LAM Pl PI 1D/TI,V 
R3 A ARMENTEROS-2 67 DATA INCLUDED IN PREVOST 71. 3 / 72 *  
R3 . . . . . . . . .  
P3 FIT ~ * IE7  0,D53 FRDR FIT tERROR INCLUDES SCALE FACTOR DF 1 .8 )  

R4 Y*0 (1815 )  INTO (Y *1 (1385 )  P I I / TOTAL  (P3)  
R4 0 .20  0 .0S DIRGE 68 HBC 0 K-P TO LAM PI PI 7 / 6 6  
8 4  . . . . . . . . .  
R.~ FIT 0 ,089  0 ,027  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ,6 )  

RE Y~O( 16151 INTO (SIGMA PI PI  I/TOTAL (P4) 
81 P NO CLEAR SIGNAL ARMENT-4 68 HODC 0 K-N TO SIG PI  PI  11 /60  
RS P THERE IS A SUGGESTION OF A BUMP, ENOUGH TO BE CONSISTENT WITH 
RS WHAT IS EXPECTEO FROM SIGMA Pl DECAY OF THE Ye l I 138B)  - -  ABOUT 0 .02 ,  
R5 . . . . . . . . .  
RE FIT 0 .Z25  0 ,029  FROM FIT 

FITTED PARTIAL DECAY MODE BRANCH]NO FRACTIONB 

The mat r i x  below is derived Eronl the erro~ maLrix f o r  the Iitted p~rtial decay mode 

branching Iractinns, Pi' as follows: The dingonal einment8 are P.e 8P., where 

6P i = %~ <6Pi61°i}, while the of£-dia~onal elements are the no~ma]~zed correlation coeffi- 

cients <6Pi6Pj>/(6P i . EPj). Fo~ the definitions of the ~ndividual Pi' see the listings 

above; o~Iy those P i  appeazing in the ma t r i x  are ~seumed in the f i t  to be nonzero and 

a~e thug constrained to add to i .  

P I .624  - 010 
P 2 - , 242  , I I 1+ - , 007  
P 3 .  - . 019  .005  . 03g+ - . 02T  
P 4 -.347 - , 223  -.076 . 225+ - . 029  

REFERENCES - -  Y*O(18151 

DIRGE 6S ATHENS CONF 296 
ARMENT-1 67 PL 248 198 
ARMENT-2 67 ZEIT PHYS 202 48b 
DELL 67 PRL 19 936 
A8MENT-3 68 NP 88 198 
ARMENT-4 68 NP DE 216 
BUGG 68 PR 160 1466 

SRICMAN 7D PL 31B 152 
DRICMAN1 70 PL 338 511 
COOL 70 PR 10 1807 
GALTIERI 70 OUKE CONF 173 

CDNFORTO 71NP 83~ 61 
KANE Tl LBL 1E ISUB PRI 
KIM TI  PRL 27 356 

ALSO 70 DUKE 161 
PREVOST T1 AMSTERDAM CONF 

+ELY,KALMUS,KERNAN,LOUIEtSAHOURIA, + ICRL)IJP 
ARNENTEROS, F LUZZI~ + (CERN~HEIDEL,SACLRY)IJP 
ARMENTEROS, F LUZZI~ ÷ (CERN,HEIDEL,SACLAYIIJP 
R B BELL (LRLiIJP 
ARNENTEROS, BAILLON~ + ICERNtHEIDEL~SACLAY)IJP 
ARMENTEROS~ BAILLDN, + (CERN,HEIDEL,SACLAYI I 
+GILMORE, KNIGHT, + (RHEL+BIRM+CAVE) I 

+FERRO LUZZl, PERREAU,+ ICERN,CAEN,SACLAY) 
÷FERRO-LUZII,LAGNAUX (CERNI 
+GIACOMELLI, KYCIA, LEONTIC, LI ,  * (BNL) I 
A BARDARO-GALTIERI ( LRL ) I JP  

+LEVl SETTI~LASINSKI. .OBERLACK++ IEF I+HE ID ) I JP  
0 F KANE (LBLIIJP 
J K RIM (HARV)IJP 
J,  K. KIN (HARV)I~P 
+ CHS COLLABORATION (CERN+HEID+SACLI 

PAPERS NOT REFERRED TO IN DATA CARDS 

THE FOLL~ING PAPERS ARE NOW OF ~NLY HISTORICAL INTEREST - -  

CHAMBERL 62 P8 125 1 1 9 6  CHAMBERLAIN,CROWE~KEEFE,KERTH~ + (LRL) I 
GALTIERI 63 PL 6 29b A BARBARO-GALTIERI~A HUSSAIN,RD TRIPP ILRL)IJ 
SODICKSO 64 PR 13S 8 7 5 7  SODICKSON,MANNELLI~FRISCH,WAHLIG (MIT( BNLI ) J 
HOLLEY 65 UCRL-16276 THESIS W R HOLLEY (LRLl J 
BIRMINGH B6 PR 152 1148 BIRMINGHAM, GLASGOW~I.C., OXFORD,RUTHERFORD 
COOL 6b PRL 16 1 2 2 8  +GIACOMELLhKYCIA~LEONTIC,LONDBY + (BNL)I 
GELFAND 66 PRL 17 1224 +HARMSEN,LEVI-SETTI~PREDAZZI÷ (EFINS,ARGONI 
ARMENTER 67 NP 03 592 ARMENTEROS,FERRO-LUZZIe- (CERN,HEID~SACLAYIIJP 
CDNFORTO 68 NP B8 265 +HABMSEN, LASINSKI~ + (CHICAGO,HEIDEL)IJP 
LASINSKI 68 PR 163 1 7 9 2  LASINSKI, LEVI SETTI, PREDAZZI (CHICAGO) JR 

B,  Y . O ( 1 D 3 D  . . . .  , , 2 - i  

I ~  ~I SEE THE MINI-REVIEW AT THE START OF TNE Y~ LISTINGS. 

THE BEST EVIOENCE FOR THIS RESONANCE COMES FROM THF 
SIGMA PI CHANNEL. IT APPEARS TO BE WELL ESTABLISHED. 

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

56 Y*0 (1830 I  MASS (MEV) 

M N 1027.0 I3.0) ARMENTERO 67 HDC D K-P TO SIGMA PI 8/67 
M N 1 8 3 7 . 0  ( I I . 0 )  BELL 87 HBC 0 K-P TO SIGMA PI 11/67 
N N 1 8 0 7 . 0  llO.D) ARMENTERO 68 HBC 0 ELASTIC~ CH EXCH 11160 
R 1040.0 (15.0} GALTIERI 70 DPWA 0 K-P TO SIGMA PI 717D 
N N 1831.0 (5.0) CONFORTD 71 DPWA 0 ELASTIC~ CH EXCH 6/70 
M 1838.D (5 .D I  KANE 71 DPWA D K-P TD PI SIG 10 /71 ,  
M 1030. RIM 71 BPWA K-MATRIX ANAL. 317E 
M K (1720 , )  KIR 71 DPWA K-MATRIX ANAL. 3 / 7 [  
M K POSSIBLE EFFECT MAINLY IN SIGMA PI. NOT CLEAR IF UNCORRELATEO 
M R WITH THE 1830 EFFECT 
M N ERROR STATIST, ONLY- NO ERRDR DUE TO PARTICULAR P.W.RNAL. INCLUDED l /T1  

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

56 Y~0(1830) HIDTH (MEVI 

W 75.0 (9.0) ARMENTERO 67 HDC 0 K-P TO SIGMA Pl 8/67 
W 74 .0  ( 18 .0 )  BELL 67 HBC O K-P TO SIGMA Pl 8 / 67  
W 123,D IB2 ,O)  ARMENTERO 60 HBC 0 ELASTIC~ CH EXCH 11 /68  
N 150 .0  ( 30 .0 )  GALTIERI 70 DPWA 0 K-P TO SIGMA PI 7 / 70  
W 1D4.0 (35 .01  CONFORTO 71 DPWA O ELASTIC, CH EXCH 6170 
W 08 .0  ( ID .O I  KANE 71 DPWA 0 K-P TO Pl  SIG 10171* 
w DO. KIP 71 OPNA K-MATRIX ANAL, 31Tl 
w K (20. I KIM 71 DPWA K-MATRIX ANAL. 3/71 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

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

56 Y=O( I830 I  PARTIAL DECAY MODES 

DECAY MASSES 
81 Y~OIL830) INTO KBAR N 69F+ 93g 
P2 Y*D I I 83D)  INTO SIGMA PI E189÷ 139 
P3 Y~0(1830)  INTO Y ,1 (13851  P] ~885÷ 139 

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

56 Y*O(18SO) BRANCHING RATIOS 

Rl Y*0(1830) INTO (KBRR N)ITOTAL (P l l  
Rl O.Dg I0.01) RRMENTERO 68 HBC 0 ELASTIC, CH EXCH 11160 
R1 0 .03  ( 0 . 02 )  BRICMAN1 TO OPWA SIGTOT.ELAS,CHEX l i T1  
R1 0 ,05  ( 0 . 02 I  CONFORTO 71DPWA D ELASTIC, CH EXCH 6 /70  
P1 (0.86) RIM 71 OPWA K-MATRIX ANAL. B/71 

82 Y*OII830) FROM REAR N INTO SIGMA PI SORT(PI~PZ) 
RB B.15 (O.OZI  ARMENTERO 67 DPWA 0 K-P TO SIGMA P I  8 / 67  
82 0 ,19  (O ,D I )  DELL 67 DPWA 0 K-P TO SIGMA PI 11 /67  
82 -D.16 (O.OS) GALTIERI 70 DPWA 0 K-P TO SIGMA PI 7/70 
82 0.15 KIM 71DPWA K-MATRIX ANAL. 3171 
82 -0 ,138  ( 0 .018 ]  KANE 7 I  DPWA 0 K-P TO Pl SIG 10171# 

83 Y~O(1830) FROM KBAR N INTO Y~ I (188S I  PI SORT(PlOP31 
83 I ÷0 ,11 )  PREVOST T l  OPNA D K-P TO LAM PI PI  lO /T l~  

REFERENCES - -  Y*O(1830)  

APMENTER 67 PL 240 198 ARMENTEROSt F-LUZZIt ~- ICERNIHEIOEL~SACLAY)I3P 
BELL 67 PRL 19 986 R B BELL (LRL ) I JP  
ARNENTER 68 NP 08 195 ABMENTEROS, DAILLON, + (CERNIHEIDELtSACLAYIIJP 
CDNFORTD 68 NP 88 265 *HARMSEN, LASINSKI t 4" (CHICAGO,HEIDEL) I JR 

- -  CONFORTO 61 IS  SUPERSEDED BY EONFORTO 71.  
DRICMAN1 70 PLBBB 511 ÷FERRO-LLfZZhLAGNAUX (CERNI 
GALTIERI ~0 DUKE CONE 173 A BARBARO-OALTIERI (LRLIIJP 

CONFORTO 71 NP BB4 61 *LEVI SETTI,LASINSKI..OBERLACK++ (EFI*HEIDIIJP 
KANE 71 LBL 15 (SUB PR) 0 F KANE (LBL)IJP 
KIM 71 PRL 27 B.=6 J K RIM (HARV)IJP 

SEE ALSO DUKE 161 J .K .  RIM (HARV)IJP 
PREVOST 71 AMSTERDAM CONF + CHS COLLABORATION (CERN+HEID+SACL) 

SEE THE MINI-REVIEW AT THE START OF THE Y~ L ISTINGS.  
/ "  

THE QUANTUM NUMBERS OF THIS STATE ARE PROBABLY 312+. 
AN F07 WAS FIRST SUGGESTED IN THE PHASE SHIFT ANALYSIS 
OF THE KBAR-N DATA BY ARMENTERDS 67. THE ISDSPIN-O TOT. 

CROSS SECTION HAS A SHOULDER ON THE HIGH SIDE OF Y#0(1815) THAT IS 
COMPATIBLE WITH A STATE AT THIS MASS (BUGG 68). THE ARMENTEROS 68 AND 
CONFORTO 68 ANALYSES OP IMPROVED KBAR-N OATA INCLUOEO THE FO7 STATE. 
HOWEVER IN THE NEW ANALYSES OF CONFORTO 71 ANDILATER, BRICMANI TO THE 
FO7 IS NOT REGUIRED BY THE NEW DATA AND A P03 RESONANCE IS ACCEPTABLE. 
IN ADDITION BOTH THESE NEW ANALYSES INCLUDED RECENT POLARIZATION DATA. 

ALBROW 71 CONFIRM THE PD3 ASSIGNMENT. 

. . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

60 Y*0(1860) MASS (MEVI 

M A N 1870 .0  B.O EUGG 68 CNTR 0 K-P TOTAL 7 /88  
M FO7 1066 ,0  2 .B  ARMENTERO 68 DWPA 0 ELASTICv CH EXCH 11 /68  
M A F07 1877.D 6.0 BRICMAN 70 CNTR D O TOTAL ANO CH EX 6/70 
M P03 1870 .0  6 .0  BRICMANE TO DPWA SIGTOT,ELAStCHEX 1 /7 I  
M N PO3 1883.0 10.0 CONFORTO 710PWA 0 ELASTIC, CH EXCH 6/70 
M I P03 1710. RIM 71 DPWA K-MATRIX ANAL. 8171 

A THESE TWD ANALYSES GAVE THE FO7 ASSIGNMENT, THEY HAVE TO BE i171 
A DISCARDED IN VIEW OF CONFDRTO 70 AND BRICMANZ 70 

M I N DUE TO PARTICULAR PARAMETERIZATION USED,ERROR CAN BE LARGE I171 
M POSSIBLE EFFECT MAINLY IN SIGMA Pl. WE TENTATIVELY LIST IT HERE. 

6O Y*O(1B601 WIDTH (MEVI 

W AN 40.0 10.0 EUGG 88 CNTR 0 O K-P TOTAL 7168 
W FOT 39 .0  7 .D  ARRENTERD 88 DWPA ELASTICt CH EXCH 11168 
N A F07 24 ,0  15 ,0  BRICMAN TO CNTR D O TOTAL AND CH EX 6 /70  
W P03 37 .0  LO.O BRICMANI 70 DPWA SIGTOT,ELAS,CHEX 1 /71  
W N P03 80.D 2O.O CDNFDRTO 71 DPWA O ELASTIC, CH EXCH 61TO 
W 1 PO3 20, RIM 71 DPWA K-MATRIX ANAL* 3171 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

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

6D Y~0(186010ARTIAL DECAY MODES 

DECAY MASSES 
PI  Y *0 (1860 )  INTO KBA8 N 697+ 939 
P2 Y*O( [B60 )  INTO SIGMA PI 1189+ 139 

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

60 Y~0(1860) BRANCHING RATIOS 

R1 Y~0(1860)  INTO (KDAR NI/TOTAL (P t I  
R l  ( 3~1 /2 )P1=  0 .40  DUGG 60 CNTR 0 7168 
81 A F07 0 .12  O.OB ARHENTERD 68 HBC 0 ELASTIC~ CH EXCH 11168 
81 A FO7 0 .07  O.OZ BRICMAN TO CNTR D O TOTAL AND CN EX 61TO 
R1 PD3 0 .14  O.OZ BRICMANX 70 DPWA SIGTOT,ELAS,CHEX 1171 
81 N P03 0 ,28  0 .03  CONFORTO 71DPWA 0 ELASTIC, CH EXCH B/7D 

SEE THE NOTEE ACCOMPANYING MASSES QUOTEO 

82 Y*O(I860) INTO SIGMA PI IPEI 
82 P PROBABLY SEEN GALTIERI bD DBC 0 K-N TO SIG Pl PI 11/18 
RB P POSSIBLY THIS BUMP SEEN AT 1640+-10 MEV WITH A WIDTH OF 35÷-10 MEV 
R2 IS THE Y*O{1DBO), WHICH DECAYS STRONGLY TO SIGMA PI. HOWEVER THF 
R2 NARROW WIDTH HERE ARGUES EOR ITS BEING THE Y#0(1868). 



Data Card Listings 
For notation, see key at front of  Listings. 

ARMENTERO68 NP 88 195 
BUGG 68 PR 168 L666 
GALTIERI 68 PRL 2I E~3 
BRICNAN 70 PL 31E 152 
BRICHANI TO PL 33B 511 
CONFORTO T1 NP B3A A1 
KIN T l  PRL 27 BB6 

ALSO 70 DUKE 161 

REFERENCES - -  Y*0(1860)  

ARMENTEROS* BAILLONj + (CERN~HEIDELtSACLAY)IJP 
+GILMORE, KNIGHT, + (RTHFROIBRMNGHN~CVNOSH) I 
BARBARO-GALTIERI~ RATISONy + (LRL,SLAC) 
+FERRO LUZZIt PERREAUt+ (CERN,CAEN,SACLAV) 
+FERRO-LUZZI~LAGNAUX (CERN) 
+LEVI SETTI•LASINSKI..OBERLACK÷+ (EFI+HEIDI IJP 
J K KIM (HARV)IJP 
J. K, KIM (HARV)IJF 

PAPERS NOT REFERRED TO IN DATA CARDS 

ARMENTER 67 NP BB 592 ARNENTEROS, F-LUZZI, + (CERN,HEIDEL,SACLAV)IJP 
- -  ARNENTEROS 67 IS REPLACED BY ARNENTEROS 68 AND CONFORTO 68. 

CONFORTO 68 NP B8 265 +HARMSEN~ LASINSKI, + (CHICAGO~HEIDEL)IJP 
- -  CDNFnRTO 6B I S  SUPERSEDED BY CONFORTO 71, 

LEVISETT 69 LUND 339 R,LEVI SETTI (RAPPORTEUR) (EFINSI 
ALBROW 71NP 829 6L3 +ANDERSONtBOSNJAKOVICtDAUMtERNZt+ (CERN) 

l a ( 1 8 7 o )  I B V O(LBTOP=I/2,=O 
THE SOL AMPLITUDE SHOWS A SECO CE BEHAVIOR AT 
ABOUT 1800 MEV IN BOTH THE BRICHAN T~ AND KIN 71 
ANALYSES, THE ELASTICITIES OF THESE TWO ANALYSES ARE 
IN BAD DISAGREEMENT." 

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

36 Y*O(18TO) MASS (MEV) 

M (1872 ,0 )  ( lO.O)  BRICMAN 70 DPWA TOTw ELASt CHEX 1/71 
M ( I T 8 O , )  KIN 71 DPWA K-MATRIX ANAL, 3/71 

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

36 Y=O[1870) WIDTH (MEV) 

W [ 100 .0 )  (20.0} BPICMAN 70 DPWA TOT• ELAS, CHEX 1/71 
W (60 . )  KIM Tl DPHA K-MATRIX ANAL. 3/71 

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

36 Y*O(18701 PARTIAL DECAY MODES 

DECAY MASSES 
Pl Y*O[1870) INTO KBAR N 697+ 939 
P2 Y~0( I870)  INTO SIGMA PI  1197+ 1B9 

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

36 Y*0(1870)  BRANCHING RATIOS 

R1 Y*O(1B70) INTO [KBAR NI/TOTAL (P I )  
RI ( 0 .15 )  (0.02) BRICMAN 70 DPWA TOT, FLAS• CHEX LIT1 
R I  ( 0 . 8 )  KIN 71 DPWA K-MATRIX ANAL. 3/71 

R2 V*O(1870) FROM KBAR N TO SIGMA PI SQRT(PI*PZ) 
RZ (D.2A) KIN TL DPHA K-MATRIX ANAL. 3/91 

REFERENCES - -  V*O(1870) 
DRICMAN 70 PL EBB 512 C 8RICMANt M FERR3-LUZZI* J P LAGNAUX(CERN)IJF 
KIN 71PRL 27 35E J K KIN (HARV)IJP 

SEE ALSO DUKE 161 J .  K, KIN (HARV)IJP 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

SUCH A RESONANCE IS SUGGESTED BY ONE BUT NOT OTHER 
PARTIAL-WAVE ANALYSES ACROSS THIS REGION, UNTIL THERE 
IS MORE EVIDENCE, WE OHIT THIS STATE FROM THE MAIN 
BARYON TABLE, 

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

89 Y*O(201O) MASS (MEVI 

M (2010 .0 )  (30 .0 )  GALTIERI 70 DPHA O K-P TO EIGHA PI 7/70 

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

89 Y*0(2010)  WIDTH (MEV) 

W (130 .0 )  (FO.O) GALTIERI TO DPWA O K-P TO SIGMA Pl 7170 

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

89 Y*O(2OIO) PARTIAL DECAY MODES 

DECAY qASSES 
P1 Y*O[EOIO) INTO KBAR N 697+ 9B9 
P2 Y~O[2OlO) INTO SIGNA Pl l l g 7 +  139 

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

89 Y*O(2OlO) BRANCHING RATIOS 

R1 YtO(2010) FROM KBAR N TO SIGMA PI SQRTIPI*P21 
El ( - 0 . 2 0 )  ( 0 . 0 6 )  GALTIERI 70 DPMA 0 K-P TO SIGMA PI 7/~0 

REFERENCES - -  Y*Ol201Ol 

;ALTIEPI TO DUKE CONF 173 A BARBAR~GALTIERI (LRLIIJP 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * .  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

t 2 3  

A(1860),  

rlx(=o=o) l 
, r  

Baryons 
A(1870) A(2010)A(P020)A(2100) 

27 Y*O(ZOZOv JP=7/2+) I=O r ~  

EFFECTS IN THIS PARTIAL HAVE HAVE OGSERVEO AT SOt~EW½AT 
DIFFERENT ENERGIES IN TWO CHANNELS. HOWEVER, LITCHFIELD 
T l  NOTE THAT THE NEED FOR THIS STATE IN THEIR ANALYSIS 
PESTS SOLELY ON A POSSIBLY INCONSISTENT POLARIZATION 
MEASUREMENT AT 1.T86 GEVIC. 

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

27 V*OlZOEO) MASS (MEV) 

M (202~.01 120.0)  GALTIERI 70 DPWA O K-P TO SIGMA PI 7170 
N (2100 . )  (BO.)  LITCHFIE 71 DPWA K-P TO KERR N 10171* 

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

27 Y*O(202D) WIDTH (NEV) 

W (160 .0 )  (DO.O) GALTIERI 70 DPWA 0 K-P TO SIGMA PI 7/70 
W ( I 2 O . )  ( 3 0 . )  LITCHFIE T l  DPHA K-P TO KBAR N 10/71 ,  

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

27 Y*0(2020)  PARTIAL DECAY MOOES 

DECAY MASSES 
PI Y*OIZO20] INTO KBAR N 697+ 939 
P2 Y*O(2020) INTO SIGMA PI 1197+ 139 

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

27 Y*0(2020)  BRANCHING RATIOS 

P1 Y*O(2O20) INTO [KBAR N)/TOTAL (P l )  
P1 (O .OE)  ( 0 . 0 2 )  LITCHFIE 71 DPWA K-P TO KBAR N 10/71"  

R2 Y*O(Z020) FROM KBAR N TO SIGMA PI SQRTIPltPB) 
R2 ( -O .  IB) ( 0 . 0 2 )  GALTIERI TO DPWA 0 K-P TO SIGMA PI 7/70 

REFERENCES - -  V*0(2020)  

GALTIERI TO DUKE CONF 173 A BARBAR~GALTIERI ILRL)IJP 
LITCNFIE 71 NP 830 125 LITCHFIELDv,, .÷LESQUOYt+,.  (RHEL+CDEF+SACL)IUP 

IG0,1 IA/2100, ' , 1  Y , o , 2  . . . . . . .  T,2-, (=o 

I ~  ;I SEE THE HIMI-REVIEW AT THE START OF THE Y* LISTINGS. 

THIS ENTRY ONLY INCLUDES RESULTS FROM PARTIAL-WAVE 
ANALYSES. PARAMETERS OF PEAKS SEEN IN CROSS-SECTIO~S 
AND INVARIANT-MASS DISTRIBUTIONS AROUND 2100 HEY ARE 

GIVEN IN THE NEXT ENTRY. EVENTUALLY THE PARTIAL-WAVE ANALYSES SHOULD 
GIVE THE BEST RESULTSf AS THEY ISOLATE THE GOT WAVE, THIS SUPERIORITY 
IS, HOWEVER, PPOBABLY NOT YET ATTAINEOI AND WE RELY ON BOTH ENTRIES 
FOR PARAMETERS GIVEN IN THE MAIN BARYON TABLE, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . .  

# I  Y * O ( 2 1 0 0 )  MASS INEV) 

M (2120 .0 )  WOHL 66 HBC K-P CH EX 7/66 
M A (2OBO*O) ( 1 0 , 0 )  BURGUN 68 OPWA O K-P TO Xl g 10/69 
M 2110,0 (20 .0 )  GALTIERI 70 DPNA 0 K-P TO SIGMA PI  7/70 
N L ( 2 1 3 0 . 0 )  (2O*O) BERTHONI TO DPWA O K-P TO SIGMA PI tO/TO 
R 2092,0 (12.0) KANE Tl DPMA 0 K-P TO P) SIC lO/Tl*  
q 2tOO, [ 1 5 , )  LITCHFIE 71 DPWA K-P TO KBAR N 10/71*  
H A L 2110,0 (30 .0 )  LITCHFIE 71 DPWA K-P TO SIG PI l O / T l *  
M BUPGUN 68 SEE A RESONANCE-LIKE EFFECT IN THIS REGION IN THE 
M REACTION K-P TO XI K. HOWEVER, AS THEY POINT OUTm IT IS NOT CLEAR 
M WHETHER IT IS MAINLY THE GOT Y~'O(2IOOI OR INSTEAD A SO FAR OTHERWISE 
M UNOBSERVED RESONANCE WITH A SPIN LESS THAN 7 / 2 ,  
N L LITCHFIELO 71 IS AN UPDATE OF BERTHON1 70 3172" 

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

61  Y * 0 ( 2 1 0 0 )  WIDTH INEV) 

W (145 .0 )  WOHL 66 HBC 7/66 
W A ( 8 0 . 0 )  [ 10 .0 ]  BURGUN 68 DPWA O K-P TO Xl K 10/69 
W 6 0 . 0  ( 2 5 * 0 ]  GALTIERI 70 DPWA O K-P TO SIGHA Pl 7/70 
N LAO. O (15 .0 |  BERTHON1 70 DPWA 0 K-P TO SIGMA PI lO/?O 
W B ( 1 7 0 . )  TO 300 ,  LITCHFIE 71 DPWA K-P TO KBAR N l O / T l *  
W B LARGER VALUE CORRESPONDS TO PURE B,W. LOWER VALUE • TO B,W. + BCKGRD 
w L 160.0 (50 .0 )  ( 30 .0 )  LITCHFIE Tl  DPWA K-P TO GIG PI l O / T l *  
w LAA.O (26 .0 )  KANE 71 DPWA O g-P TO PI SIG l O / ? l *  

SEE THE NOTES ACCO'tPANYING MASSES QUOTED 

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

61  Y*O(BIOO) PARTIAL DECAY MODES 

DECAY MASSES 
P l  Y*O(2100) INTO KBAR N 697,'- 939 
P2 Y*O(2100) INTO SIGMA PI 1197+ 139 
P3 Y*O(2100) INTO x l  K 1321+ 697 

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

61 Y(¢0(2100I BRANCHING RATIOS 

R1 V*O(2IOO) INTO (KBAR N)/TOTAL (P I )  
PI (O. 25) ~ H L  66 HBC 7/66 
RI D (0 ,33 )  DAUM 68 CNTR K-P ELAvPOL,SIGT 7/70 
RI O. BO ,03 LITCHEIE 71 DPWA K-P TO KBARN ,10/71= 
PI O OAUH 68 ASSURES ( J + I / Z I * X  VALUE SEEN IN TOTAL CROSS SECTION, 

R2 Y*O[BIO0) FROM KBAR N INTO SIGMA PI SOPT(PI*P2I 
R2 +0.06 (O.OB) GALTIERI 70 DPMA O K-P TO SIGMA PI 7/70 
R2 L (+0o16) ( 0 . 0 2 I  BERTHON1 TO DPWA 0 K-R TO SIGMA PI 10/70 
R2 +0.096 (0 .037 )  K A N E  71DPWA O K-P TO PI SIG 10/71" 
RZ L 0 .16  (O*OE) LITCHEIE 71 DPWA K-P TO SIG PI 10 /~1 ,  



Baryons 
124 

Data Card Listings 

****a* tt******* *I******* *it****** ,*tt***** l ******** *******t* *t****** 
l **t*t t**t***** l *****tt* l ******** l t******* ****t**** ***a***** l ****t** 

______ _________ _________ _________ _______ ______-_ _________ ________ 
35 Y*o,.zIIoI MASS ,IIE”, 

______ _________ _________ _________ ________ _________ _________ ________ 

_-___ _____--_ -___-___ ___--___- ____-__ ________ _________ _______ 
35 “*cl,.?1101 BRAHCHING R&TIOS 

Y > PlOO Mm - PRODIJCTIOII AND uTOT~ EXPERIIURTS 

_--__- ___--__-- _________ ___-_____ _--___-__ _-___--_- --------- -------- 
25 Y.O,?.1ODI 11.55 ,IIE”, -- IS SEEN IN PEIKS 

______ ___--__-- _________ _______-_ -__--__ _________ _____-___ ___--___ 
25 “*O,Z,00, UlDTH IME”, -- &S SEEN IN PEAKS 

_____ ________- __--___-_ _--__---_ _________ _________ _________ ___--___ 

For notation, see key at front of Listings. 
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Data Card Listings 
For notation, see key at front of  Listings. 

7 Y~'0(2585} PARTIAL DECAY NODES 

DECAY MASSES 
Pl Y*O(2SBS) INTO KBAR N 497÷ 939 

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

T Y~,O(25851 BRANCHING RATIOS 

R1 Y'~O(ZBBE) INTO (KBAR NI/TOTAL IF1) 
RI J IS NOT KNORN. THE FOLLDNIHG IS ( J ÷ l / Z l l ~ R l .  
R1 ( 1 . 0 )  ABRAMS 70 CNTR K-P~ O TOTAL tO/TO 
RI C {0 .12 I  ( O . l Z l  BRICMAN 70 CNTR TOTAL AND CH EX 10/70 
R1 C RESONANCE AT END OF REGION ANALYZED - -  NO CLEAR SIGNAL. 

REFERENCES - -  Y*0(25851 

ABRAMS TO PR 1D 1917 +COOL, GIACONELLh KYCIA, LEONTIC~ ÷ (BNL) I 
BRICNAN 70 Pl  SIE 152 ÷FERRO LUZZ|~ PERREAU,+ (CEBNtCAEN,SACLAY) 
LU 70 PR 02 1846 +GREENBERG, HUGHES, NINEHART~ NOR)t+ (YALE) 

PAPERS NOT REFERRED TO IN DATA CARDS 

COOL 66 PRL 16 1228 +GIACOMELLI,KYCIA,LEONTIC,LUNDBY + (BNLI I  

19 SIGHA ¢- (1189v JP= l /Z+ )  I=1 

SEE STABLE PARTICLE DATA CARD LISTINGS 

20 SIGMA - (1198, JR-112÷# I = l  

SEE STABLE PARTICLE DATA CARD LISTINGS 

21 SIGMA O (1193,  J P = l / 2 + l  l = l  

SEE STABLE PARTICLE DATA CARD LISTINGS 

FOR DISCUSSION OF INCONSISTENCY OF ERRORS AND OUR 
MODIFICATIONS, SEE NOTE ON K~(8903 

POR THE TABLES WE USE ONLY THE UNSTARRED DATA, WHICH 
ATTEMPTS TO OBTAIN THE SEPARATE CHARGE-STATE MASSES AN 
WIDTHS. SEE HOWEVER THE IDEOGRAMS INSERTEO IN LISTING 

THESE INDICATE SERIOOS SYSTEMATICS, PERHAPS ARISING PROM INTERFERENCE E 
FECTS THAT CHANGE WITH PRODUCTION MECHANISM AHD BEAM MOMENTUM. 

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

43 Y* I (138E I  HASS (MEV) 

N 1~1(1384.01 ALSTON 60 HBC ÷ -  K-P 1.15 BEV/C 
M 38(1384 .0 I  HARTIN 61 HBC O÷ K2O P .98 BEV/C 
M (1385 .0 (  BERGE 61 HBC + -  K-P . A - . 8 ~  8EVIC 
H (1~92 .0 }  (T.OI COLLEY 62 HLBC O- P I -  PRP 2 ,  BEV/C 
NO IOE( I~B I .O)  ( 4 . 0 )  CURTIS 63 OSPK O P I -P  1.E BEV/C 
M ( 1 5 9 2 . 0 )  ( lO .O}  MUSGRAVE 65 HBC +-OPBAR P 3-4  BEV/C 7/66 
14 (1389 .0 )  ( 3 . 0 )  BALTAY 65 HBC ÷ -  PEAR P 3oT BEV/C T/66 

R+ E 184 l~T6.O 3 .9  ELY 61 HLBC + K-P 1.11 BEV/C 
H+ E ERROR OF 3 .0  ENLARGED TO 3.9 BY US,BECAUSE LT STATIST.ERR. 10169 
N+ 1TO 1575.0 3 .9  COOPER 64 HBC + K-P 1.65 BEV/C 
w+ 859 1381.0 1.6 h~JNE 64 HBC + K-P 1.22 BEVIC 
H+ T50 138Z.0 1.O ARNENTERO 6E HBC + K-P . 9 - 1 . 2  BEV/C 
M+ S 250 1382.6 2 .1  SMITH 65 HBC K-P 1.95 BEVIC 9•66 
N÷ S 250 1384.3 1.9 SMITH 65 HBC + K-P 1 .8  BEV/C 9•66 
N+ S ERROR OF 1 .4  ENLARGED TO 2.1 BY US,BECAUSE LT STATIST.ER. 10169 
~4+ S ERROR OF 1 .1  ENLARGED TO 1.9 BY US,BECAUSE LT STATIST.ER. 10169 
M+ B 40 1383,0 9 .0  BIRNINGHA 66 HBC + 3 .5  K- P 9/E7 
M÷ B ERROR OF 2 .0  ENLARGED TO A.O BY US,BECAUSE LT STATIST.ERR. 10169 

~ + 1378.0 5 ,0  LONDON 66 HBC + K-P 2 .24  BEV/C 7•66 
+ 1260 1581..4 1.0 SIEGEL ET HBC + K-P AT Z . I  GEV/C 10169 

M+ IS9O.O 6 . 0  AGUILAR TO HBC ÷ K-P 4 GEV/SIGoRI 5/70 
M+ 138A,8 2 .0  ATHERTON T1 HBC LAM PI÷ 4- C,C. 10171(' 
M+ . . . . . . . . .  
R÷ AVG 1582.81 0.68 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.33 

(SEE IDEOGRAM BELOH ) 
w- 93 1382.0 3 .0  DAHL 61 DBC - K-D 0.4E BEV/C 
M- E 22/,, 1376,0 4 . 4  ELY 61 HLBC - 
M- E ERROR 0 3 : 3 . 0  ENLARGED TO 4 . 9  BY UStBECALISE LT STATIST,ERR. 10/69 
M- ZOO 1392.0 6 .2  COOPER 6A HOG - 
M- 1086 1385.3 1.5 HUWE 64 HBC - 
H- 1380 IBB4.0 1 .0  ARHENTERO 68 HDC 
X+- S 120 1391o5 2 .6  SMITH 6E HBC - K-P 1.8 BEV/C 9•66 
M- S 58 1399.8 4 .0  SMITH 65 HBC - K-P 1.9S BEV/C 9166 
M- S ERROR OF 1.8 ENLARGED TO 2.6 BY US,BECAUSE LT STATIST,EE. 10169 
N- S ERROR OF 1 .4  ENLARGED TO 4 .0  BY US,BECAUSE LT STATIST.ER. 10/E9 
R- 1889.0 9 .0  LONDON 66 HBC - 7166 
M- 370 1390. T 2 .0  SIEGEL 67 HBC - K-P AT 2.1 GEV/C 10169 
N-  . • • . , . . . .  
M- AVG 1385.9 1.B AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.21 

(SEE 10EOGRAN BELOH I 

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

43 Y ~ ( - )  - Y * ( + )  MASS DIFFERENCE (MEVI 

0 R (O.OI ( 4 . 2 )  ELY 61 HLBC +- K-P 1.11 BEV/C 8/66 
O R ( 1 7 . )  ( 7 . )  COOPER 64 HBC 10/69 
O R (4 .3 )  (2 .Z I  HUHE 6A HBC +-  K-P 1o22 BEV/C 8 /66 
O R (2 .03  ( 1 . 53  ARRENTERO 65 HBC K-P . 9 - 1 . 2  BEVIC 8166 
D R ( ? . 2 )  ( 2 . 1 )  SMITH 65 HBC +- K-P 1.8 BEV/C 9/66 
D R (17.23 (2.0# SMITH 65 HDC i K-P 1.95 BEV/C 9/6E 
O R ( l l , O I  [9.03 LONDON 86 HBC K-P 2 .24 BEV/C 8/66 
D 9 .0  6 .0  LONDON 66 MBC LAMBDA 3 PI EVTS 7/66 
D R ( 6 , 3 )  ( 2 . 0 )  SIEGEL 67 MBC K-P AT 2,1 GEV/C 10/69 
D R REDUNDANT WITH DATA IN MASS LISTING. 

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

Baryons 
~L(2585), £*, £-, £e £(1385) 

WEIGHTED RUERR6E = 13B2.81 * 0 ,68 
ERRDR SCRLED BY 1 .3  

C H I S Q  

. . . . . . . . . . .  RTHERTON 7 1  HBC 1 . 0  

J . . . . . .  R G U I L R R  7 0  HBC 

. . . . . . . . . . .  S I E G E L  6 7  HBC 2 . S  

o . ,  
-BIRMINGHR 6 6  HEC 0 , 0  

• SMITH 6S HBC 0 . 6  

• SMTTH 6S HBC 0.0  

• RRMENTERO 6 3  HBC 0 . 7  

-HUWE 64 HEC 1,3  

• COOPER 6 4  HBC 4 . 0  

• E L Y  6 1  HLBC 3 . 0  

1 4 . 1  

' ( C O N L E U  
1425 =D .120) 1 3 6 S  1385 140S 

Y m 1 1 1 3 O S ) +  MRS5 I M E U )  

WEIGHTED AUERRSE = 13B5.9 i 1 .5  
ERRDR SCRLED BY 2 .2  

. . . . .  S I E G E L  6 7  HBC 

. . . . .  LONDON 6 6  HBC 

I . . S M I T H  6 3  HOC 

. . . . .  S M I T H  6 5  HBC 

. . . . .  RRMENTERO 6S HBC 

) - ~ - ~  . . . . . . . .  HUUE 6 4  HBC 

. . . . .  COOPER 6 4  HBC 

' ' ~ ' "  " ' ~  . . . . . .  ELY  BZ HLBC 

. . . . . .  H L  6 1  DEC 

1365 13B5 1405 1425 

Yml(13853-  MRSS ( M E U )  

C H I S Q  

5 . O  

1 2 . 1  

4 . 7  

3 , 6  

0 . 2  

1 . 0  

5 . 1  

1 . 7  

3 4 . 0  

( CONLEU 
= 0 . 0 0 0 3  

43 Y .1 (1385 I  WIDTH (NEV) 

H I 6 4 . 0 I  ALSTON 60 HBC + -  
R (20.01 ~R LESS MARTIN 61 HBC O÷ 
W (4O. DI BERGE 61HBC ÷ -  
W (EO.O) (10 .0 )  COLLEY 62 HLBC O- 
N (SO.O) ( 9 . 0 )  CURTIS 63 OSPK D 
W 138. O) (9 °0 )  RIJSGRAVE 65 HBC +-0 7/66 
N (26 .0 )  ( 5 . 0 )  BALTAY 65 HBC + -  7/66 

W+ 4B.O B.O ELY 61 HLBC ÷ 
N÷ 51.0 10.0  COOPER 64 HBC + 
N+ 46.5  B.O HUNE 64 HBC + 
W+ 32 .0  3 .0  ARMENTERO 65 HBC 
W+ 30.3  3.1 SMITH 65 HEC + K-P 1.8 EEV/C 9 /66 
R+ 33.1 3 .8  SMITH 65 HBC ÷ K-P 1.95 BEV/C 9 /66 
M+ 40 25,0  6 . 0  BIRMINGHA 66 HBC ÷ 3 .5  K- P 9/67 
N÷ 1260 36.0  3 .0  SIEGEL 67 HBC K-P AT 2 .1GEV/C  IO/b9 
N÷ 33. 12.0 AGUILAR 70 HBC + K-P 4 GEV/SIG.PI 5/70 
W÷ T ;O ( 2 0 . ]  ( 9 . )  36 /4  ATHERTON 71 HBC LAN PI+ + C.C.  10 /71 .  
W÷ T PIT D,N. + PHASE SPACE BC~GRD 
H+ R 40 ( 3 5 . )  ( 5 . l  39/1 ATHERTON 71 HBC LAN PI+ + C.C. 10171* 
M+ R FIT B.N.  AND NO ECKGRD 
R+ 
w+ AVG 35.9  2 ,6  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .9 I  

(SEE IDEOGRAM BELOW ) 
W- ( 4 0 . 0 )  DAHL 61 DBC - 
w- 66 .0  10,0 ELY 61HLBC 
W- 88.0 10.0 COOPER 64 HBC - 
W- 62.0  T.O HUNE 64 HBC - 
W- 38.0  3 .0  ARNENTERO 65 HBC 
R- 29.2 5 .7  SMITH 65 HEC - K-P 1.80 BEV/C 9/66 
N- 17.1 9 . 4  SN|TH 65 HBC K-P 1.95 BEV/C 9/66 
w- 370 31.0 A.O SIEGEL 67 HOG K-P AT 2 .1GEV/C 10/69 
w- • . . . . . . . .  
W- AVG 36.3 6 ,3  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 3 .E l  

(SEE IDEOGRAM BELOW I 

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

43 Y* l (13EE|  PARTIAL DECAY MODES 

DECAY MASSES 
P1 Y '1 (1385}  INTO LAMBDA PI 1115÷ 139 
P2 Y*1(1385) INTO S|GNA PI 1197+ 139 

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



Baryons 
Z(1385), ~(1440), ~ ( 1 ~ 8 0 )  

IZ6 
Data Card Listings 

For notation, see key at front of  Listings. 

WEIJ@HTED AUERRGE = 3 5 . 9  * 2 . 6  

ERROR SCALED BY 1 . 9  

i OHISQ 

. . . . . . . . . . . . .  AGUILAR ?0 HBC - ' - r  
/ ~ | I ' ' ' ' ' - -  . . . . . . .  S I E G E L  6 7  HBC 0 . 0  

. . . . . . . . . . . . .  B I R f l I N G H A  6 6  HSC 3 . 3  

- . S M I T H  SS HBC 3 . 3  

F . A R I I E N T E R O  65 HBC 1 .7  

-HUWE 64 HBC 12.S 

• COOPER 6 4  H B C  2 . 3  

• E L Y  6 1  H L B C  2 , 3  

2 5 . 9  

( C O N L E U  
4 0  BO 12-0 = 0 . 0 0 1 )  

Y l I ( 1 3 B S ) +  W I D T H  (MEU) 

W E I G H T E D  A U E R R G E  = 3 6 . 3  * 6 . 3  

ERROR S C A L E D  BY 3 . 5  

0 40 BO 

Y I I ( 1 3 8 S ) -  WIDTH [ N E U )  

C H Z S Q  

. . . . . . . . . . . .  S I E G E L  6 7  H B C  1 . 7  

. . . . . . . . . . . .  S M I T H  6 S  H B C  1 8 . 9  

. . . . . . . . . . . .  S ~ I T H  6 5  H B C  1 , S  

. . . . . . . . . . . .  A R N E N T E R O  6 5  H B C  0 , 3  

' ' ' - ' ' ' H U W E  6 4  HOG 1 3 . S  

. . C O O P E R  6 4  H B C  2 6 . 8  

Y 6 1  H L B C  7t.7B'O 

' ~ ~ [ C O N L E U  
1 2 0  = 0 . 0 0 0 )  

~3 Y*1 (1385 )  BRANCHING RATIOS 

Rl  Y~1(13BE) INTO (SIGMA P I I / {LABBDA PI)  ( P Z ) / ( P Z I  
RI (O .06 I  (0.061 BASTIEN BI  HBC +- 
RI  (O.O~) OR LESS ALSTON 62 HOG +-0  
RI 0 . 0 9  0 .0~  HUWE 66 HBC ÷- 
RI 0 . 1 6 3  O.OBE ARBENTERO 65 HBC +-  7166 
RI 0 . 0 8  0.06 LONDON 66 HEC ÷ 7166 

0 . 1 3  0 . 0 6  COLLEV T1 DEC K-N 1 . 5  GEV PROD 1 0 / 7 1 ,  R1 
RI  . . . .  , . . . .  
RI  AVG 0.125 0 . 0 2 1  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.O) 

(SEE IDEOGRAM BELOW ) 

WEIGHTED A U E R A 6 E  = 0 . 1 2 5  ~= 0 . 0 2 1  

- 0 . 0 5  0 .0S  

Y m i  ( t 3 B S )  B . R .  

ERROR S C R L E D  BY 1 . 0  

/ 

. . . . .  C O L L E Y  7 1  DBC 

. . . .  ~ . . . .  L O N D O N  SS HOC 

- - ~ . ~ . .  .RRMENTERO 6 5  H B C  

• / . . . . . . . . .  - -  . . ~ H U W E  . 6 4  H B C  

• 1 5  0 . 2 5  0 . 3 S  

:NTO [SIGMA P Z ) / L R r l B D A  P I  

C H Z S g  

0 . 0  

0 . 6  

1 . 2  

O . B  

2 . 5  

[ C O N L E U  
= 0 . 4 7 t )  

ALSTON 60 PBL 5 520 
DAHL EL PRL 6 162 
BARTIN 6 1 P R L  6 ZBB 
SERGE 61 PRL 6 557 
GASTIEN 61 RBL 6 702 
ELY B l  PRL T 461 

ALSTON 62 CERN CONF ~E l  
COLLEY 62 PR 128 1930 
CURTIS 63 PR 132 I T T l  
COOPER 6~ PL 8 365 
HUNE 66 UCRL-11291 THESIS 

ALSO 69 PR 180 1826 

BUSGRAVE 65 NC 35 735 
ARMENTEM 65 PL 19 75 
BALTAV 65 PR 140 BXOZT 
SMITH 65 THESIS lUC IA )  

BIRBINGH 66 PR 152 L l ~ 8  
LONDON 66 PR 163 1034 
SIEGEL 67 UCRL LBOBl THESIS 
AGUILAN 70 PRL 25 58 
ATHERTON TI  NP B29 ~TT 
COLLEY 7 1 N P  B31 61 

REFERENCES - -  Y = l ( I B B E )  

+ALVAREZ~EBERHARD~GODDtGRAZIANOt ÷ (LRL) I 
+HORWITZtBILLER~BURRAY~WHITE (LOLl 
+LEIPUNEN~CHINOWSKY~SHIVELV~ + (BNL~YALE) 
÷BASTIEN,DAHL,FERRO-LUZZI~KIRZ~ + (LRLI  
P BASTIEN~R FERRO-LUZZI~A H ROSENFELD (LRL) 
÷FUNG~GZDAL~PAN~PONELL~NHITE (LRLI  J 

÷ALVAREZ~FERRO-LUZZI,ROSENFELD~ + (LRL) 
+GELFAND,NAUENBERGt ÷ (COLUBDIA,RUTGERS) ~P 
+COFFIN~MEYER~TERNILLIGER (BICHI  J 
÷FILTHUTH~FRIDBAN~HALAMUD, + (CERN,AHSTR) 
D D HUWE (LRL) JR 
D 0 HUWE (LRL) 

÷PETMEZAS~+ (BIRMGHB~CERN~EP~IBPCOL~SACLAYI 
ARBENTEROS, + [CERN,HEIDEL,SACLA~) 
+SANDWEISS~TAFT,CULWICR~KDPPt + (YALE,BNLI 

T SMITH (UCLA) 

BIRMINGHAB~GLASGOW~I.C.t OXFDRDYRUTHERFQRD 
÷RAU~SAMIOS~YAMANOTO~GOLDBERGt+ (BNL,SYCR) J 
O M SIEGEL (LRL) 
+BARNES~ BASSANO~ CHUNG~ EISNER~+ (BNLtSVR) 
~ELNIKIER~CLAYTON~FRENCH~FRISK~+ (CERNI 
÷COX~EASTWOOD~FRY+.. (EIRM+EDIN+GLAS÷LOIC) 

QUANTUM NUBBER DETERMINATIONS NOT REFERRED TD IN DATA CARDS. 

SHARER 6~ PR lEA B1372 3 B SHAEERf O 0 HUWE (LRL) JP 
NALAMUD 64 PL [O I45  E MALANUDt P E SCHLEIN (CERN, UCLA) JR 

M < 1 5 0 0  M E V  - P R O D U C T I O N  E X P E R I M E N T S  

I JBUMPS SE . . . .  NINI . . . . .  E AT THE S ........ E Y *  LISTI,GS. 
CLINE 68 FIND A NARROW PEAK AT 16~0 MEV IJUST ABOVE 
THE KBAR N THRESHOLD) IN THE LABBDA PI INVARIANT MASS 
FOB K-  D TO LAMBDA P I -  P EVENTS. THEY DISCUSS ALTER- 

NATE INTERPRETATIONS - -  THAT IT IS A RESONANCE OR A KINEMATIC EFFECT. 
IN CLINE 68 THE K-  BEAN MOBENTUB IS 0 , ~  GEV/C. IN A STUDY OF THE SAME 
REACTION WITH A MOMENTUM OF 1 .1  GEV/C~ ALEXANDER 59 FIND NO PEAK, IN 
ADDITIONt THEY ARE ABLE TO EXPLAIN THE RESULTS OF BOTH EXPERIBENTS 
WITHOUT INVOKING A NEW RESONANCE, A REANALYSIS OF THE CLINE 68 
DATA ~ADE BY BUNNEL 70 SHOW AGREEMENT OF THE DATA WITH THE 
ALEXANDER 69 INTEBPERTATION. 

REFERENCES - -  Y * l ( L 4 6 0 I  

CLINE E8 PRL E1 1372 O CLINEt  R LAUNANNt J BAPP IWISCONSINI I 
ALEXANDE 69 PAL 22 683 ALEXANDER! HALL, J E W t ÷  (LBLtRIVERSIDE) 
BUNNELL 70 LNC B 22~ +CLINE~LAUBANNtNAPP + (NNES~WISC÷ANL) 

Iz(l~8o)J . . . .  1 (1  . . . . . . .  I I = l  

J I B U M P S  SEE THE MINI-REVUE AT THE STA . . . . . .  E Y* L ISTINGS.  

PEAKS ARE SEEN IN LARBDA PI AND SIGMA PI SPECTRA IN 
THE REACTION PI÷P TO K+ PI Y AT 1 .7  GEV/C. ALSO THE 
Y POL~ IZAT ION OSCILLATES IN THE SAME REGION. 

SEE MILLER 70 FOR A DISCUSSION OF THIS STATE. HE SUGGESTS A POS- 
SIBLE ALTERNATE EXPLANATION IN TERMS BE A REFLECTION OF N ~ I / 2 ( 1 6 7 0 1  
DECAY TO LABDDA K.  

HANSON T l t  WITH ABOUT HALF THE STATISTICS AS PAN TO~ CAN NEITHER CON 
FIRM NOR DENY THE EXISTENCE OF Y * l ( 1 6 B O l .  

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

23 Y* I (14BO)  MASS (NEV) 

B 1679.  10 .  PAN 70 HEC + PI÷P TO K PI LAB BIT1 
M 1665.  15 .  ' PAN 70 HBC + PI+P TO K PI SIG 3171 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = I .O)  

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

23 Y~ I I14BD)  WIDTH (MEVI 

81.  15. PAN TO HBC + PI÷P T~ K PI LAB B/?L  
30 .  20.  PAN TO HBC ÷ PI+P TO K PI SIC B/T1 

AVERAGE'MBANING~E;S',;CALE FACTOB = 1,0) 

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

23 Y=1(1680) PARTIAL DECAY MODES 

DECAY MASSES 
PI  V~ l (16BO)  INTO KBAR N 697+ 939 
P2 V * l ( 1 6 B O l  INTO LAMGDA P l  1115+ 189 
P3 V*1 (1680 )  INTO SIGMA PI 1189+ 139 

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

23 Y * l ( l ~ 8 0 )  BRANCHING RATIOS 

E l  Y~ l (168D)  INTO (SIGHA PI ) I (LANBDA P l )  ( P B ) I ( P Z )  
B1 0 . 8 2  0 , 5 1  PAN TO HBC + 3 /71  

R2 Y*I(EGBO) INTO (PROTON KOBAR)/ILABBDA PI )  ( P 1 ) t ( P 2 )  
B2 0 . 3 6  O.ZS PAN TO HBC • 3171 



Data Card Listings 
For notation, see key at front of  Listings. 

iZ7  

Baryons 
~-(1480), E(1620) 

REFERENCES - -  Y*I(14BO) 

PAN 70 PR DE ,469  +FORMAN,KO,HAGOPIAN,SELOVE }PENN} 

PAPERS MOT REFERRED TO IN DATA CARDS 

YU-LI PA 69 PRL 23 806 YU-LI PAN, F L FORMAN }PENNI I 
YU-LI  PA 69 PRL ZO 808 YU-LI PANt F L FGRRAN (PENN} I 
MILLER 70 DUKE 229 D H MILLER (REVIEW TALKI (PURDUE} 
HANSDN 71 PR D4 1296 eKALMUS,LOUIE (LBL) I 

END PRODUCTION EXPERIMENTS 

Z | 
THE K-MATRIX ANALYSIS OF KIM 71 SUGGESTS THIS STATE. 

THE ELASTICITY IS REALLYSMALL. 

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

3Z Y~1( [620)  MASS (MEV) 

M (16ZO. I KIN 71 DPWA K-MATRIX ANAL. 3/71 

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

32 Y*I(I6EO) WIDTH }NEV) 

W (AO.) RIM 71 DPWA K-MATRIX ANAL. 3171 

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

32 Y*1(16201 PARTIAL DECAY MDDES 

DECAY MASSES 
PI Y~I(16EO) INTO ROAR N 697+ 939 
PE Y* I (1620 }  INTO SIGMA PI I [97+ 139 
P3 Y*I(1620) INTO LAMDDA PI 111~+ 13~ 

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

32 Y*II I6ZO} BRANCHING RATIOS 

RI Y*I(1620} INTO KGAR N (Pl} 
RI ( 0 . 0 5 )  RIM 71 OPWA K-MATRIX ANAL. 3/71 
RI A 0 .05 OR LESS WONG 71DPWA K-+P--LAM+PI 10 /71 .  
Rl A K-MATRIX FIT{NEGLECTS 3-BODY CHANNELS} REQUIRES NO RESONANCE I O / T l =  

R2 Y'1(1620) FROM KEAR N T0 SIGMA PI SQRT(PI$P2] 
R2 }O.O8) KIN 71DPHA K-MATRIX ANAL. 3171 

R3 Y*I(1620) FROM KBAR N TO LANBDA PI SQMTIPI*F3) 
R3 (0.15) KIM T l  DPWA K-MATRIX ANAL. 3171 

REFERENCES - -  Y* I I16ZO( 

KIM 71 PRL 2T 356 J K KIM (HARV)IJP 
ALSO TO DUKE 161 d . K .  KIM (HARVIIJP 

HQNG 71NC 2A 353 H S WONG (YALEIIJP 

Tg Y*E( [6EO,  JP= I I2+ }  I=1 I 1 ~ |  

S E E T M E N I N I - R E V O E A T T H E S T A R T  . . . .  EY*LISTINOS.V''  
THE PARTIAL-WAVE ANALYSIS OF K- N TO SIGMA PI BY 
ARMENTERQS 70 SUGGESTS SUCH A RESONANCE. KIN 71 FINDS 
A SIGNAL IN BOTH KBAR-N AND SIGMA F I .  

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

T9 Y.1116201 MASS [MEV} 

M ~5OO* - -  1600. ARMENTERO 70 HDBC O- K-N TO SIGMA PI 61~0 
M 11670.) RIM 71DPWA K-MATRIX ANAL. 3171 

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

79 Y~I(1620) WIDTH (MEVI 

W (EO.O) ARMENTERO TO HDBC O- K-N TO SIGMA PI 6170 
W (50.) KIM 71DPWA R-MATRIX ANAL. 3471 

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

79 Yel (16ZO) PARTIAL DECAY MODES 

DECAY MASSES 
P[ Y~[(16EO) INTO KBAR N 497+ 939 
P2 Y~I( I6EO) INTO SIGMA PI 1197+ 139 

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

79 ¥ ' I ( [ 620 )  BRANCHING RATIOS 

R1 Y*1(1620)  FROM ROAR N TO SIGMA PI SQRT(PI*PE) 
RI (+0.2) ARMENTERO 70 HDBC O- K-N TO SIGMA PI 6170 
RL (0.241 RIM 71DPHA R-MATRIX ANAL. 3171 

RE Y*I(1620) INTO KBAR N {Pl)  
R2 (0.14( KIM 71 DPWA K-MATRIX AHAL. 3171 

REFERENCES - -  Y~WI(1620) 

ARNENTER TO DUKE 123 ARNENTERDS,  DAILLONt + (CERN,HEIDEL}IJP 
KIN Tl  PRL 27 356 J K RIM IHARV)IJP 

ALSO 70 DUKE 161 J.  K° KIN (HARVIIJP 

N o t e  o n  E ( i 6 Z 0 )  

T h i s  s t a t e  w a s  f i r s t  s u g g e s t e d  by the  B N L - C C N Y  

c o l l a b o r a t i o n  ( C R E N N E L L  58) w h o  p r e s e n t e d  e v i d e n c e  

f o r  i t  in  the  r e a c t i o n  K - n  -~ ~.(f620)~'~T~ - w i t h  ~ ( t 6 2 0 )  ± 

d e c a y i n g  i n t o  Aw ±. S i n c e  t h e n  t h e r e  h a v e  b e e n  c o n -  

f l i c t i n g  r e p o r t s  a b o u t  t h i s  s t a t e .  A g o o d  r e v i e w  of  the  

p r o d u c t i o n  e x p e r i m e n t s  h a s  b e e n  r e c e n t l y  g i v e n  by 

M I L L E R  70. We s u m m a r i z e  h e r e  the  s i t u a t i o n .  

F o r m a t i o n  e x p e r i m e n t s .  T h e  CHS e n e r g y -  

i n d e p e n d e n t  ( s e e  n o t e  on  Y~' s) p a r t i a l  w a v e  a n a l y s i s  

( A R M E N T E R O S  70) s h o w s  e v i d e n c e  f o r  a P i t  s t a t e  

at  i DE0 H e Y  i n  t h e  ~. ~ c h a n n e l ;  t h i s  i s  a l s o  o b s e r v e d  

b y  K I N  7t i n  a K - m a t r i x  f i t  to  a l l  c h a n n e l s .  In  

a d d i t i o n ,  K I N  7t r e p o r t s  e v i d e n c e  f o r  a S i t  s t a t e  

at  i 620 ,  w e a k l y  c o u p l e d  to  KH and  a l s o  c o u p l e d  to  

A ~ and  ~ ~T. It i s  n o t  c l e a r  at t h e  p r e s e n t  t i m e  w i t h  

w h i c h  o f  t h e s e  t w o  o b s e r v a t i o n s  t h e  C R E N N E L L  68 

e f f e c t  h a s  to  be  a s s o c i a t e d .  

P r o d u c t i o n  e x p e r i m e n t s .  H e r e  the  e v i d e n c e  i s  

only in the Aw channel. The BNL-GGNY collaboration, 

with increased data, CRENNELL 69, still claim the 

effect in the Aw channel (no evidence seen in ~d~ or 

~Nw). SABRE 70 studied the same reaction at 3,0 

GeV/c with comparable statistics and do not see any 

evidence for it in the AIr channel; on the contrary, 

they believe it to be a spurious peak resulting from 

misidentified ~0 from the production of ~(1670) de- 

caying into ~0 +. CRENNELL 69 give counter argu- 

ments to show that this is not the case in their data 

and the controversy goes on. AIVHvIANN 70 studied 

the  s a m e  r e a c t i o n  a t  4 . 5  G e V / c  and  r e p o r t  a s t a t e  at  

t 6 4 0  M e V ,  a g a i n  d e c a y i n g  o n l y  i n t o  Air (no  e v i d e n c e  

s e e n  i n  ~.w o r  ~ N  c h a n n e l s ) .  The  c l o s e n e s s  of  th i s  

m a s s  to t 6 7 0  M e V  i s  s u g g e s t i v e  t h a t  t h i s  e f f e c t  m a y  be  

r e l a t e d  to w h a t  g o e s  on  in  tha t  r e g i o n  ( s e e  d i s c u s s i o n  

b e l o w ) .  

In c o n c l u s i o n ,  f o r  ~ . ( tAz0)  w e  h a v e  to  w a i t  f o r  

m o r e  d a t a  and  f o r  a c o m p l e t e  u n d e r s t a n d i n g  o f  t h e  

e n t i r e  m a s s  r e g i o n  t 6 0 0  to  t 7 0 0  H e Y .  T h e  h o p e  i s  

t h a t  t h e  d e t e r m i n a t i o n  o f  q u a n t u m  n u m b e r s  f o r  e a c h  

o f  t h e s e  e f f e c t s  f o r  e a c h  d e c a y  m o d e  m a y  e v e n t u a l l y  

c l a r i f y  t h e  s i t u a t i o n .  



Baryons 
E(1620), I;(1670) 

[z(ze~-0) BLrMPS [ T8 Y * I I I 6 E O ,  J p l  ) I=1 PROD.EXP. 

SEE THE MINI-REVUE AT THE START OF THE Y* LISTINGS, 

THIS RESONANCE NEEDS CONFIRMATION, THE RESULTS OF 
CRENNELL 69 AT 3 , 9  GEV/C ARE NOT CONFIRHEO BY THE SABRE 

CDLLABORATION AT 3 .0  GEV/C (SABRE TOI. HOWEVER IN AN EXPERIMENT AT 
6.5 GEV/C, ARMANN 70 SEE A PEAK AT 164E NEV WHICH ON THE OASIS OF 
BRANCHING RATIOS THEY DO NOT ASSOCIATE NITH THE Y* I (16TO(°  SEE MILLER 
TO FOR A REVIEW OF THESE CONFLICTS. 

THERE HAS AN INDICATION OF A Y * I ( I B l O )  IN AN EARLY PHASE-SHIFT 
ANALYSIS OF K-P TO LAHBDA P l .  HOWEVER MORE DETAILEO ANALYSIS OF 
HERE EXTENSIVE DATA BY THE SANE (CERNt HEIDELBERG( SACLAYI GROUP 
FAILED TO CONFIRM THIS RESULT. THEY NON SEE IT IN THE SIGMA Pl 
CHANNEL (SEE PREVIOUS ENTRYI. [OLD LAHBDA Pl ANALYSIS LISTED AS 
ARRENTEROS 68, NEW ANALYSIS AS ARRENTEROS TO.I  

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

7B Y*1(16201 MASS (NEV) 

N l i A [ 6 . O )  18.0)  CRENNELL 68 DEC + -  K-D 3 .9  BEVIC 11168 
N EVENTS OF CRENNELL 68 ARE 1N THE LARGER SAHPLE OF CRENNELL 69. 

EO 1619.0 3 .0  BLUHENPEL 69 HBC + KO LONG + PROTON 9/69 
L619.0 8 .0  CRENNELL 69 DEC ÷- K-N TO LAM 3 PI 9/69 

R 1642.0 12.0  AHNANN TO DEC K-P 4 .5  GEV/C 6/TO 
N 
M AVG 1619.4 3 .8  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .4 )  

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

78 Y~ I I I 62B I  WIDTH (REV, 

N (66 .0 (  (16.B)  CRENNELL 68 DEC +- SEE NOTE N ABOVE 11/68 
EO 30 .0  [O.O BLUNENFEL 69 HBC + 9/69 

72.0  22 .0  1B.O CRENNELL 69 DEC +- 9/69 
55.0  24.0  ANNANN 70 DEC K-R 4 .5  GEV/C 6/70 

N . . . . . . . . .  
N AVG 41.3  12.2  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.51 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

. . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T8 Y$1(1620) PARTIAL DECAY NODES 

DECAY MASSES 
P1 Y$1(1620) INTO ROAR N 497+ 939 
P2 Y * I ( I E 2 0 )  INTO LAMGDA Pl 1115+ 139 
P3 Y*1(1620( INTO Y * I ( I 3 B B )  Pl 1385~ 139 
P4 Y * I I I B 2 0 )  INTO LAHBOA P 1 P l  1115+ 139+ 139 
PB Y*I(16EO) INTO SIGNA Pl 1197+ 139 
P6 Y$EI16201 INTO Y*O(14051 PI 1405÷ 139 

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

78 Y*1116201 BRANCHING RATIOS 

RE Y '1 (1620)  INTO {LAHBDA Pl PII / (LAHRDA P l )  (P4 t / (PB |  
RI 14 ( 2 . 5 )  APPROX BLUNENFEL 69 HGC + 

R2 Y* I (1620 )  INTO (KEAR NIIILAMBDA PI t  ( P l ) / ( P 2 1  
RE tO.O( 1 0 o 1 1  CRENNELL 68 DEC + 
RE 0 . 4  0 .4  ANNANN TO DEC K-P 4 .5  GEV/C 6170 

RB Y~I(16ZO) INTO LANBDA PI IPZl 
R3 LARGE CRENNELL 68 OGC +-  11/68 

R4 Y~1116201 INTO 1Y'111385) PII/ ILANBDA PII ( P 3 l / ( P 2 (  
R4 tO.Z)  ( 0 . 1 )  CRENNELL 68 DDC ÷ -  11/68 
R4 (0 .31 OR LESS CL- .95 AHHANN TO DEC K-P 4 .5  GEV/C 6170 

R5 Y* I (E620)  INTO (SIGMA PII/(LANBOA PI t  (PB I / IPZ )  
R5 (1.11195 PC UPPER L IN IT I  ANNANN 70 DBC K-P 4.  B GEV/C 6 /70 

R6 Y*I{16EO) INTO (Y tO(1405)  PIII ILAHBDA PI) (PB l / (PE)  
R6 O.T 0 . 4  ANNANN TO DGC K-P 4°5 GFV/C 6/70 

REFERENCES - -  Y '111620( 

CRENNELL 68 RRL 21 64B ÷OELANEYI FLARINIO, KARSHON, + (BNL,CCNY) I 
BLUMENFE 69 PL EgG 58 BLUHENFELDt KALBFLEISCH (BNLI I 
CRENNELL 69 LUND PAPER IBS +KARSHON~ LAI,  ONEIL, SCARRI + (BNL,CCNY) I 

- -  CRENNELL 69 RESULTS ARE QUOTED IN LEVI SETTI 69.  
AMMANN TO PRL 24 327 ÷ GARFINKELt OARMONT~ GUTAY~÷ (PURDUE,INE) 

PAPERS NOT REFERRED TO IN DATA CARDS 

ARMENTER 68 NP BB 183 ARHENTEROS~DAILLON + (CERN÷HEID+SALAY( 
LEVISETT 69 LUND C~NF R LEVI SETTI (RAPPORTEUR) EFIHS 
TR1RP 69 UCRL 19361 R D TRIFR (LRL, 
ARNENTER TO DUKE 123 ARNENTEROS,BAILLON ÷ (CERN+HEID+SALAY) 
MILLER 70 GORE 229 D H NILLER (REVIEW TALKI (P~ROUE| 
SABRE 70 NP D16 201 SABRE COLLAB. (SACL,AHST,BGNAtREHO,EPOL) 

END PRODUCT10N EX:,ERINENTS 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

Note  on ~(1670) 

F o r m a t i o n  e x p e r i m e n t s  s h o w  t h e  p r e s e n c e  o f  

o n l y  one  I = t s t a t e  in  t h i s  e n e r g y  r e g i o n  w i t h  m a j o r  

decay modes into KN (9%),A= (i0%), ~ (40%) and a 

very small branching fraction into ~rlT. Its quantum 

numbers are JP= 3/g'. 

Production experiments are more confused. 

~Vhen determined, the most likely quantum numbers 

are also 3/Z'[for ~r andA(1405)v]. The measured 

iZ8 

Data Card Listings 
For notation, see key at front of  Listings. 

b r a n c h i n g  r a t i o  R = ~'IT/~.IT1T c h a n g e s  w i t h  the  m o m e n -  

t u m  t r a n s f e r  to t he  p r o t o n .  T h i s  w a s  f i r s t  o b s e r v e d  

by  E B E R H A K D  69 w h o  s u g g e s t e d  t he  e x i s t e n c e  of 

Y t  '~ w i t h  t h e  s a m e  m a s s  a n d  q u a n t u m  n u m b e r s ;  one  Z 

o b j e c t  w i t h  a l a r g e  ~ T r  [ m a i n l y  A(t405)~] d e c a y  m o d e  

p r o d u c e d  p e r i p h e r a l l y ,  a n d  a n o t h e r  one  w i t h  a l a r g e  

~Tr d e c a y  m o d e  p r o d u c e d  a t  l a r g e r  a n g l e s .  T h i s  o b -  

s e r v a t i o n  h a s  now been confirmed by AGUILAR- 

BENITEZ 70. 

T h e  o t h e r  d i f f i c u l t y  c o m e s  f r o m  t h e  d i f f e r e n t  

A ~ r / ~  ~ b r a n c h i n g  r a t i o s  r e p o r t e d  by  t h e  v a r i o u s  

e x p e r i m e n t s .  T h o s e  e x p e r i m e n t s  d o n e  w i t h  K" 

b e a m s  b e l o w  Z G e V / e  ( H U W E  64 a n d  B U T T O N -  

S H A F E K  68) r e p o r t  v a l u e s  f o r  t h e  A 1 r / ~  lr r a t i o  i n  

a g r e e m e n t  w i t h  f o r m a t i o n  e x p e r i m e n t s ;  t h e  o t h e r s  

r e p o r t  a h i g h e r  A = / ~  ~r r a t i o .  T h e r e f o r e ,  t h e  

p o s s i b i l i t y  of  a t h i r d  Yi  ~ s t a t e  w i t h  a l a r g e  A 1 r / ~  ir 

b r a n c h i n g  r a t i o  s t i l l  e x i s t s .  T h i s  l a r g e  b r a n c h i n g  

r a t i o  i s  t h e  m a i n  j u s t i f i c a t i o n  f o r  t h i s  h y p o t h e s i s  

a n d  n e e d s  c o n f i r m a t i o n .  I t  r e l i e s  on  t h e  s e p a r a t i o n  

b e t w e e n  K ' p  -b A~r+~r" a n d  K - p  -~ Z~°IT+Tr ", w h i c h  i s  

e x p e r i m e n t a l l y  d i f f i c u l t  a t  h i g h  e n e r g y .  T h e s e  

p r o b l e m s  a r e  r e v i e w e d  by  IV[[LLEI% 70.  

T w o  r e s o n a n c e s  of t h e  s a m e  s p i n  a n d  p a r i t y  h a v e  

b e e n  h y p o t h e s i z e d  b y  EBERI-LARD 69 a s  t h e  o r i g i n  of  

m u c h  of  t h e  c o m p l e x i t y  o b s e r v e d  in  t h e  t 6 0 0  to  i 7 0 0  

M e V  r e g i o n  i n  p r o d u c t i o n  e x p e r i m e n t s ,  See  a l s o  

t h e  n o t e  on  ~(16Z0) .  

z(187o)I . . . .  , ( I , 7 o . J R . B , 2 - ,  i . ,  

SEE THE NINI-REVUE AT THE START OF THE Y* LISTINGS, 

SEE NOTE ABOVE 

NELL ESTABLISHED RESONANCE. IT HAS REEN SEEN IN BOTH 
FORMATION AND PRODUCTION EXPERIHENTS, HOWEVER THE 
BRANCHING RATIOS OBTAINED BY THESE TWO METHODS SHOW 
LARGE INCONSISTENCIES. 

S~E LISTING OF PRODUCTION EXPERIMENTS BELOW 

AS FOR THE QUANTUM NUHOERSt THE ANALYSES OF LANBDA R{ CHANNEL (IN 
FORMATION EXP.) AS NELL AS THE SIGNA PI CHANNEL AGREE ON JR-3 /2  ~.  

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

44 Y'1(1670~ MASS (NEV( 

N 1660.0 8ERLEY 64 HBC 0 O K-P TO LAM PIO 7166 
M 1668. ( B . I  ARNENTER 68 HBC K-P ELAS.+CH. EX 11/6B 
M 11661.0|  ( 2 . 0 )  ARMENTEZ 6B HDC O K-P TO SIGMA Pl 11168 
N 1680. ARHENTE4 69 ODC K-N TO SIG- RIO 12/69 
N 1663.0 (Z.O) ARNEHT-9 69 HBC 0 K-P TO SIGMPI EO 9/69 
R 1672.0 OEBLEY 69 HBC K-P TO SIG Pl 5/T0 
H 1660. ARHENTER TO HBC OK-P TO LAH. RI El 5 /70 
M 1681.0 ( 3 . 0 )  BRUCRER TO DRC - K-N TO SIG EPl 10/71" 
R 1662.0 ( 5 . 0 )  GALTIERI 70 HDC O SIG PI,EBPNA T/TO 
N 1665. (10o l  GALTIERI TO HBC 0 LAM. P i t  EDPWA T/TO 
R 1670. KIN 71DPNA K-MATRIX ANAL. 3/71 
N 1676. ( 2 . }  BUDGEN 71DPNA LAN PIO,CHS DATA 10171. 

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

6A Y*I(E6TD) WIDTH (NEV) 

60,0  BERLEY 64 HDC O O 7/66 
56. ( l B . (  ARRENTER 68 HBC K-R ELAS,+CH.EX 11/68 

(44°0 )  ( 4 . 0 )  ARNENTE2 6B HBC 0 K-P TO SIGMA PI B i l L 8  
4 7 . 0  ARNENTE4 69 DEC K-N TO GIG- PIG 12 /68  
49 ,0  (4 .B )  ARHENT-5 69 HBC O K-P TO SIGNPI ED 9/69 
34.0 BERLEY 69 HBC 5/70 
50. ARNENTER 70 HBC 0 K-P TO LAmB°P{ 5/70 
BO.O ( lO .O)  8RUCKER TO DEC - K-N TO GIG 2PI l O / T l *  

W 48.0  {B.O) GALTIERI TO HEC O GIG PI,EOPNA T/T0 
N 50. ( IO . i  GALTIERI TO HDC O LAM. Pl,  EDPNA 7/70 
N 40.  KIN TL DPWA K-MATRIX ANAL. 3171 
N 99. 14,5) BUOGEN 71 DPWA LAH RIO 1 0 / 7 ] *  

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



tZ9 
Data Card Listings 
For notation, see key at front of  Listings. 

6A Y '1 (1670)  PARTIAL OECAY NODES 

DECBY MASSES 
Pl  Y* l (16TO)  INTO KBAR N A9T÷ 9B9 
PE Y~I(16TO) INTO LARGOA PI 111E+ 189 
P3 Y*I (16TOI INTO S1GNA Pl 1197+ 1B9 
P4 Y'1(16701 INTO LAMDDA Pl PI 111E÷ 189+ 139 
P~ Y*1(16T0) INTO SIGMA PI P( 119T• 139+ 189 
P6 Y'1 )1670)  INTO Y .1 (1385)  P I  188E+ 139 
PT Y* I (16TO) INTO T*0(1408)  P( l~OE÷ 13R 

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

• 9 Y~I ( I6TO)  8RANCHING RATIBS 

Y* I (16TO) INTO (KBAR NI/TOTAL ( P l (  
(O.OOI (O.OZl ARNENTER 68 HBC 
O.OB (O.OZ) 8BMENT-8 69 HBC O ELAS. ÷CH.EX. EO 
O. OT KIN 71DPNA K-MATRIX ANAL, 

Y * I ( 1 6 7 0 )  INTO (LAMBDA Pl PII/TOTAL (PAl 
(0.111 OR LESS ARNBNTE3 6B HBC K-P (PL=,OD) 

R1 
RI 9/69 
RI 9 /69 
RI 3 / 7 [  

RE 
R2 9/69 

R3 Y*1(1670)  INTO (SIGNA PI PI)/TOTAL (PSI 
R3 A (0 .19 )  OR LESS ARNENTE3 68 HBC K-P AMD D-PZ=.O9 11/68 
R3 A RATIO ONLY FOR (SIG2Pl)  SYSTEN IN I = l ,  WHICH CANNOT DE V~1[13BE) 11/68 

R6 Y*1(16701 INTO ( Y . O i l # B E )  PI)/TDTAJ_ [P?) 
R4 (0 .06 )  OR LESS ARNENTEB 6B HBC K-P AND D-Pl=.O9 11/68 

RE Y~1(1670) FROM KBAR N TD LANBDA P( SDRT(PE*P2) 
R5 ÷0.1  ARNENTER TOHBC K-P TO LANB PI 5/T0 
R5 ÷0 .09  [O.O2l  GALTIERI TO HOG O L&M. P i t  EDPNA T/TO 
RS 0 .08  KIN 71DPMA K-MATRIX ANAL. 3/T1 
RE .165 ( . 0 1 )  EUDGEN T1DPNA LAG PID 10171* 

R6 Y( I (16TO) FRON KBAR N TO SIGMA PI SQRTIPI*P3) 
R6 ( ÷ 0 . 2 1 )  ( 0 . 0 1 )  ARMENTE2 68 HBC O OLD DATA L1/68 
R6 ÷0 .19  ARNENTE4 69 DEC 9/B9 
R6 +0.20 (O .O l )  ARMENT-5 69 HEC O NEW DATA 9/69 
R6 +0.18 BERLEY 69 HBC 8/70 
R6 +O.IB 10.06) GALTIER1 70 NBC O SIG PIeEDPNA 7170 
R6 O. IE KIN 71 DPWA K-MATRIX ANAL, 3/71 

R7 Yt1(LBTO) FROM KBAR N TO Y*1(1385)  PI SQRT(PI=P6) 
R7 S ( 0 , 1 7 )  (O.DE) SIMS 6B DBC - LAN 2PI EROS,SEE I O I T l *  
R7 S SINS 68 USES ONLY CROSS-SECT. DATA. RESULT USED AS UPPER LINIT ONLY 3 /TZ*  
RT ( -O .  D1) PREVOST 71 DPNA K-P TO LAB PI PI 10/71~ 

R8 Y~l(16TO) INTO (Y~D(16OEIPI)~(KBAR NI /TOTALt*2 {P7*P l )  
RE ( 0 . 0 3 )  DR LESS BERLEY 69 HBC O K-P . 6 - , 8 2  BEV/C 5 /70 
RB D O.OOT (O.DO2) BRUCKER 70 DEC - K-N TO SIG 2Pl IO /71*  
RB B ASSUMING Y*O(16OB) P I  CROSS SECTION BUMP DUE SOLEY TO 3 / 2 -  RESON. 10/71 .  

R9 Y* I (1670 )  INTO (Y$O[IAOBI P I ) / I Y * I ( 1 B E S )  PI)  ( P T I / ( P 6 )  
R9 0.23 ( o . e 8 )  BBUCKER 70 DEC - K-N TO SlG ZPl l O / ? l e  

REFERENCES - -  Y* I (16701 

BERLEV 6# DUBNA CONF I 565 

ARMENTER 68 NP B8 195 
ARNENTE1 68 NP B8 183 
ARNENTE2 B8 NP E8 223 
ARNENTE3 68 PL 28B 8E1 
SINS 68 PRL 21 1613 

ARNENTE~ 69 NP BID 689 
ARNENT-S 69 NP E l4  91 
BERLEY 69 PL 30B ~38 

ARNENTER 7 0  DUKE 1Z3 
BRUCKER TO DUKE 15E 
GALTIERI 70 DUKE 178 
BUOGEN 71 LNC 2 BE 
KIN 71PRL 2T 856 

ALSO TO DUKE 161 
PREVOST 71 AHSTEROAM CONF 

+CONNOLLY,HART,RAHN,STONEHILL, + (BNLIIJP 

ARNENTERDSIBAILLON ÷ (CERN÷HEID+SACLRY)IJP 
ARNENTEROS~BAILLON + (CERN+HEID+SACLAYIIJP 
ARNENTERDS+BAILLON ÷ (CERN+HEIDE+SACLAY)IJP 
ARMENTERDStBAILLON + (CERN÷HBID+SACLAY)I 
SINS.ALERIGHTtBBRTLEYtMEEB÷ (FLO÷TAFTE+BRA) 

ARNENTEROSeEAILLONeNINTEN ÷ (CEBN÷SACLAYI J 
AR~ENTEROS, BAILLON* ÷ (CERN,HEIDEL,SACLRV)[JP 
BERLEY~HART~RAHN~NILLIS~YAMAMOTO (DNL) 

ARMENTEROS~ BAILLON~ • (CERNIHEIDI 
+HARRISON¢SIMS~ALBRIGHT,CHANDLER+÷ (FLAS)I 
A. BARBARO GALTIERI (LRL)IJP 
D EUDGEN (OURH)IJP 
J 8 KIN (HARVIIJP 
J.  K, KIN (HARVIIJP 
• CHS COLLABORATION [CERN+HEID+SACL) 

PAPERS NOT REFERRED TO IN DATA CARDS 

BASTIEN1 63 PRL 1B 188 P L BASTIEN, J P EERGE (LRLI IJ 
- -  REPLACED EY BASTIEN 2, GUT SIMILAR AND N(~E READILY AVAILABLE. 

BASTIEN2 63 UCRL-I0779 THESIS P L BASTIEN (LRL) IJ 
T-ZADEH bE PRL [1 ~70 TAHER-ZADEH~PRONSE,SCHLEIN~SLATER~+ (UCLA) JP 

- -  SEE NOTE FOLLONING SCHLEIN 6 6 .  
SCHLEIN 66 UCLA-IOI6 P.E. SCHLEIN~ T.G. TRIPPE (UELA) dP 

- -  REANALVSES DATA OF TAHEB-ZADEH 63 ~ BASTIEN 63 AND ALL PUBLISHED 
LAMBDA Pl CROSS SECTION DATA IN THE LIGHT OF THE NON KNOMN 
Y '1 (1765)  • REVERSES THE MODEL-DEPENDENT CONCLUSION OF TRHER- 
ZADEH ON THE PREFERRED JP ASSIGNNENT (FROM 3/2÷ TO 3 / 2 - ) .  

SMART 66 PRL 1T 5E6 M M SNART~A KERNAN,G E KALMUStR P ELY (LRL}IJP 
ARNENTER 67 NP B3 892 ARHENTERDS~FERRD-LUZZ[+ (CERN. HEIOeSACLAY) 

¢(1670) PRODUCTION EXPERIMENTS 

i z (z67o) , j  SEE PBEGEDINGY.I( .... 
PROBABLY THERE ARE THO STATES AT SAME MASS WITH SAME 
QUANTUM NUNEEBS~ ONE DECAYING INTO SIGRA PI AND LANBDA 

I R U M P S  PI .  THE OTHER INTO Y'O(LADE) P I .  BRANCHING RA . . . . . .  T 

I DISENTANGLED YET~ ME LIST THEN TOGETHER FOR NON. 

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

4~ Y* I (16TO) MASS (REV) . . . . .  PRODUCTION 

N (16BE.O) ALEXANDER 62 HBC O- PI -P 2 - 2 . 2  BEV/C 
N 1660.0 lO.O ALVAREZ 63 HBC + K-P 1 .E l  GEV/C 
N ( 1 6 6 5 . 0 )  ( 5 . 0 }  BUGG 68 ENTR K-P[  D TOTAL C.S 
N P 70 (1661 . )  ( 9 . )  PRIMER 68 HGC ÷ K-P 4 . 6 - 5 .  GEV/C 7 /68 
M P SEE BARNES 69 FOR NEH ANALYSIS OF DATA (3 TINES MORE DATA) 10/69 
N 1670.0 6 ,0  AGUILAR TO HBC S|G.PI K-P A GEV 5/70 
N 1668.0 IO.O AGUILAR TO HBC SIG.2PI g-P 6GEV 5170 
M . . . . . . . . .  
N AVERAGE MEANINGLESS (SCALE FACTOR = 1 .0 )  

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

Baryons 
£(1670) 

4~ Y '1 (16701MIDTH (NEVI . . . .  PRODUCTION 

M (48.01 ALEXANDER 62 HBC ~ -  
N 40 .0  IO.O ALVAREZ 63 HBC 
N (30 .  O} l IE .O)  8UGG 6E CNTR 11/6B 
M P TO ( 6 0 . )  ( 2 0 . )  PBINER 68 NBC + K-P 4 . 6 - E .  GEV/C T/68 
N SEE THE NOTES ACCDNPANYING THE NASSES QUOTED, 
N 110.0 12.0 AGUILAR TO HRC SIG.PI K-P # GEV 5/70 
N 1B5. O -~O.O 80o0 AGUILAR 70 H~C SIG. ZPl K-P ~GEV 8170 

: AVEBAGE'NEANING~ESS'Ik;LE FACTOR - 3o4) 

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

4A Y* I I167D(  ERANCHING RRTIOE PROD. EXP* 

RI Y* I (16TO) INTO (KBAR NI/ (SIGMA PI) PROD. EXP. ( P l ) / ( P B )  
RI O ( 0 . 1 9 )  OR LESS ALVAREZ 63 HBC ÷ K-P AT 1 .15  BEV/C 
RI ( 0 . 5 ) ~  .E5 BR NONE SMITH 63 HBC O- 
R1 ( 0 . 6 )  DB LESS LONDON 66 HEC + K-P AT 2.28 EEV/C 7/66 
R1 (0 .  025l E~JGG 68 CNTR 0 ASSUMING J=8/2 I I / E B  
R1 O (0°24)  DR LESS PRIMER 68 HBC ÷ K-P 4o6-E.  GEV/C T/68 
RI (O.EE) OR LESS BARNES 69 HBE ÷ K-P B, 9-5 GEV/G 10/69 
RI (0 .21 DR LESS AGUILAR 70 HBC E/70 

R2 Y* l (16TO)  INTO (LANB.P I ) / (S IG  PI) PROD. EXP. ( P 2 l / l P 3 l  
R2 13O ( 1 . 2 0 )  ALVAREE 63 HBC ÷ K-P AT l .  IE BEV/C 
R2 ( ( . E l  SSITH 63 HBC O- 
R2 O.IE 0.07 HUNE 64 HEC + 
RZ 0 .6  DR LESS LONDON 66 HBC + K-P AT 2.2E BEV/C 7/66 
RE 33 0.11 0.06 BUTTON-S 6B HEC + K-P AT 1,7 GEV/C 10/69 
R2 P O (O . )  PRINER 68 HOG ÷ K-P 3 . 9 - 5  GEV/C 10/69 
B2 P PRIMER 68 ASSUNED THIS DECAY TD BE ALL Y * ( 1 6 9 0 ) -  SEE EARNER 69 FOR 
RZ P NEN INTERPRATATION OF DATA.(3 TINES MORE DATA) - 
RE O.~E 0.1E BARNES 69 HBG ÷ K-P S.9 -~  GEV/C 10/69 
R2 . . . . . . . . .  
RE AVERAGE MEANINGLESS (SCALE FACTOR = 1.51 

RB Y* l (16701 INTO (LANB. Pl P I l / ( S I G  PI)  P R O D .  ( P ~ ) / I P 3 )  
R8 90 ( 0 . 5 6 )  ALVAREZ 63 HBC + K-P AT 1.15 BEV/C 
R3 (0.171 SN1TH 68 HDC O- 
R3 ( 0 . 6 )  OR LESS LDNOON B6 HBC • K-P RT 2.15 BEV/C 7/66 

RA Y * I ( I 6 T O )  INTO (SIGMA PX P I I / ( S I G  PI |  P R O D .  (PE I / (PB)  
RA 180 ( 0 . 5 6 ]  ALVAREZ 63 HBC + K-P AT 1.15 BSV/C 

R8 Y * l ( 1 6 7 0 )  INTO (Y*O(14OEI P I ) / ( S I G  PI )  P R O D .  ( P T l / ( P B )  
R~ 50 3, 1 ,6  LONDON 66 HEC ÷ K-P AT E.Z5 BEV/C T/BE 
R5 P 17 (0 .58 )  (O.EO) PRIMER 68 HBC ÷ K-P 4 . 6 - 5 .  GEV/G 7/68 

R6 Y~[(16701 INTO (SIGMA PI } / (S IGBA Pl P l )  ( P 3 I / ( P S }  
B6 .4  OR LESS BIRNINGHA 66 HBC + K-P AT 3 .8  GEV/C I I / 6 T  
R6 0.30 0.1E LONDON 66 HEC + K-P AT 2.25 BEV/8 7166 
R6 A BETHEEN 2.E AND 0 .24  EBERHARD 69 HBC K-P AT 2 .6  GEVlG 9/69 

A DEPENDING ON THE PRODUCTION ANGLE 

B7 Y~1(1670) INTO ( Y * B ( 1 4 0 5 1 P I I / ( S I G N A  PI P I )  (PT ) / (PS)  
R7 0 .90 0.10 0.16 EBERHARD be + K-P AT 2.4E EEV/C 7/66 

RB Y '1 (1670)  INTO (Y~O(I~OEI P I ) / i Y ~ l ( 1 3 8 E )  PI)  ( P 7 I / ( P 6 )  
RE (O.B) DR LESS EBEBHARD 68 ÷ K-P AT 2.48 BEV/C T/66 

R9 Y~1[1670) IN (LANGDA PI PI ) I (SIGMA P( P I I  (PA) / (PS)  
R9 0.35 0 ,2  BIRNINGHA 66 HBC ÷ K-P AT 3 .5  GEV/C 11/6T 

RIO Y.1(1670)  INTO (LAHBDA PI I / (S IGNA PI P I )  ( P 2 l l ( P E )  
RIO ( . E l  OR LESS BIRNINGHA 66 HBC + K-P AT 8 .5  GEV/C 11/6T 

R l l  Y* I (1B78)  INTO (LANE P I I / (LANB ~l  ~ SIG PI )  (PZ)/ (PE+PB) 
R I I  ( 0 . 6 )  OR LESS AGUILAR TO HBC E/TO 

~4 QUANTUM NUMBER DETERMINATION 

Q1 JP=3/B+ LEVEQUE 65 HEE INTO T* ( l~OB)+PI  11/68 
D3 JP=8/2 -  EBERHARD 67 HBC + INTO Y~(14OS} P( 11/68 
Q~ ~OO JP=3/2-  BUTTON-SH 68 HBC ÷ -  INTO SIGZERO~PI 11/68 

REFERENCES - -  Y '1 (1670)  PRODUC. EXPERIMENTS 

ALEXANDE 62 CERN CDNF 320 ALEXANDER~JACOEStKALBFLEISCH~MILLER~+ (LRL) I 
PRL 10 1B4 +ALSTON*FERRO-LUZZIeHUNE~ + (LRL) I 
ATHENS CONF 67 G A SMITH (LRL) 
PR 180 1824{1969) D 0 HUNE (LRL) 

ALVAREZ 68 
SBITH 6E 
HUNE 64 
EBERHARD 65 PRL 14 466 

BIRNINGH 66 PR 15E 11~8 
LONDON 66 PR IAB 1034 
BARNES 69 BNL 13823 
EUGG BB PR I68 1466 
BUTTON-S 68 PRL 21 I123 
PRIMER 68 PRL ZO biD 
AGUILAR TO PRL 2E $8 
EBERHARD 69 PRL E2 200 

LEVEqUE 65 PL 18 69 
LEE B6 PRL IT 48 
EEERHARD 67 PR 163 1466 

+SHIVELYtROSSeSIEGALtFICENECe ÷ (LRL* ILL)  I 

BIRNINGHANe O L A S G ~ t I . C . Y  OXF~RDvRUTHERFDRD 
+RAUtSANIOS~YANANOTO.GOLDBERG,~ (BNLtSYCR) IJ 
÷CHUNGeEISNER~FLANINIO÷ (BNL~SYR) 
+GILNORE~KNIGHT,DAVIES+ IEIRNItGANR, BUTH(I 
J BUTTON SHAPER (UNIV.NAS÷LRL) JP 
+GDLDBERGtJAEGER. BARNEStDORNAN ÷ (SYR~BNL) 
÷BARNESI BASSANO. CHONGt EISNER[+ (BNL~SVR) 
+FBIEDNANtPRIPSTEIN~BOSE (LRL) 

PAPERS NOT REFERRED TO IN DATA CARDS 

÷ (SACLAYvEPt GLASG(~tlNPOOLtOXFtRTHFD| JP 
Y Y LEE~ D D REEDER, R W HARTUNG (WISCI JP 
+PRIPSTEINtSHIVELY~KRUSE~$WANSON (LRL , ILL I I JP  



Baryons 
Z(1690), Z(1750), I:(1765) 

I Z ( 1 B O O ) I  EB Y.,,IG9D, JR. , , - E  
B U I L P S  J SEE THE NINI-REVUE AT THE START DE THE Y* USTI.GS. 

SEE NOTE PRECEDING Y* l (16TD)  LISTINGSe SEEN IN PRO, 
EXPERIMENTS ONLY( RAIN DECAY MODE I$ LAqBDA PIo 

i 3 0  

58 Y~=1(1690} MASS (MEVI 

N 30(171S.0)  (12.D) COLLEY 6T HBC + K-P B GEV/C 8/67 
M PN 60(1684.01 (24 .0 )  PRIMER 68 HBC • K-P 6e6-5 GEV/C 7/68 
N ( I T D O . O I  [ 6 . 0 )  SIMS BB HBC - K-N TO LAM PI PI I I / B B  
M ( 1 7 0 0 ~ 0 )  ( 2 D . 0 )  NOTT 69 HBC • K-P E.E OEV/G 9/69 
M 46(168Z.B}  ( 2 . 0 )  BLUMENFEL 69 HBC + KO LONG + PROTON 9 /69  
M P SEE Y~, I I I670t  LISTING-AGUILAR 70 WITH THREE TINES THE DATA OF 
N P PRIMER 68 SHOW THAT THEY HAVE NO EVIDENCE FOR Y*(1690)  
N N THIS ANALYSISt WHICH IS DIFFICULT AND REQUIRES SEVERAL ASSUMPTIONS 
M AND SHOWS NO UNAMBIGUOUS Y*1(1680)  SIGNAL~ SUGGESTS JP-E/Z+.  SUCH A 
N Y* WOULD LEAD ALL PREVIC~JSLY KNOWN y4 TRAJECTORIES. 

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

EE Y * I ( 1 6 9 0 )  WIDTH (MEV) 

N 30 (1DO.O) (EL.O) COLLEY 67 HBC + 8/67 
N 60 (IOE.O) (35.01 PRIMER 6E HBC • T/B8 
N N (62.01 (14.D) SIMS 68 HBG SEE NOTE N ABOVE 11/68 
W (130 .0 )  (2E.OI P~TT 69 HBC • 9 /69 
W 46 (2E.O| (10 .0)  BLUNENFEL 69 HBC + 9 /69 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

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

EE Y*1(1690)  PARTIAL DECAY MODES 

DECAY MASSES 
P1 Y'1(16901 INTO KBAR N 497+ 939 
P2 Y~'1(1690) INTO LAM8DA Pl 1115+ 139 
P3 Y '1 (1690 ]  INTO SIGMA PI 1197+ 139 
P4 Y 'E(1690)  INTO Y* l (13BE|  P( 138E+ 139 
PE Y * l ( 1 6 9 0 )  INTO LAMBDA PI PI (INCLUDING F4) 111E+ 139+ 139 

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

58 Y'1(16901 BRANCHING RATIOS 

R1 Y*I (16901 INTO (KBAR NI/(LAMBDA Pl )  [ P l ) / ( P 2 l  
R1 18 0 . 4  B.E5 COLLEY 6T HBC + 6 /30  EVENTS 8/67 
R1 ( 0 . 2 )  OR LESS HOTT 69 HBC + 9169 

R2 Y * l ( 1 6 9 0 )  INTO (SIGMA PI)/{LAMBDA PI I  (P3 ) I (PE I  
R2 O.3 O.3 COLLEY 67 HBC + 4 /30 EVENTS 8/67 
RZ ( 0 . 4 )  DR LESS CL=.OO ~OTT 69 HEC + 9 /69 

B3 Y*1(1690)  INTO (Y ' 1 (1385 )  PI)/(LAMBDA PI)  ( P 4 ) / ( P Z )  
R3 ( 0 . 5 )  OR LESS NDTT 89 HBC • 9/69 

84 Y*L(16BB) INTO (LAMBDA P( PII/(LANDOA PI)  ( P S I / ( P 2 )  
R4 0 .5  0.25 GOLLEY 67 HBC • 15/30 EVENTS 8/67 
P4 2 .0  0 .6  BLUHENFEL 69 HBC • 31115 EVENTS 9/69 
R4 . . . . . . . . .  
R4 AVG 0,72 0.53 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 . 3 )  

R5 Y*I(16BOI INTO (Y41(138S) PI)/(LAMBDA PI PI}  (P4 ) I (PS}  
R5 SMALL COLLEY 67 HBC + 8/67 
RE LARGE SIRS 68 HBC - K-N TO LZPI 1116B 

REFERENCES - -  Y*1(1690)  

COLLEY 67 PL 248 489 (BRMGHM~GLASG. IMPCOL~NUNICHtOXFORD~BTHRFRD) I 
OERRICK 67 PRL 18 266 +FIELDS~ LDKEN~ ANNAR. [OARGONNE,NORTHHESTI I 

- -  DERRICK 67 IS REPLACED BY NDTT 69. 
PRIMEB 68 PRL 2G 610 +GOLDBERG. JAEGER. BARNES~ + (SYRACUSE~BNL) I 
SIMS 68 PRL 21 1413 +ALBRIGHT, + (FLOR ST~TUFTS~BRANDEIS) I 

BLUNENFE 69 PL 29B BE 8 J BLUMENFELD, G R KALBFLEISCH (BNL) I 
MDTT 69 PR 177 1966 +AMMAR~ OAVIS~ KROPACt +(NONTHNEST~ARGONNE) I 

PAPERS NOT REFERRED TO IN DATA CARDS 

AGUILAR 70 PRL 25 58 AGUILAR-BENITEZ~BARNES~BASSAND• (BNL÷SYRI 

END Y * l ( l b 7 0 }  PRODUCTION EXPERIMENTS 

SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS, 

THERE IS NON EVIDENCE IN THREE CHANNELS FOR AN SI1 RE- 
SONANCE NEAR THIS ENERGY, INTERPRETATION OF THE SIGMA 
ETA THRESHOLD BUMP ON ITS OWN MERITS IS NOT CONCLUSIVE 

(CLINE 67) - -  MORE DATA ARE NEEDED. BUT BY ANALOGY WITH THB SIMILAR 
N ETA AND LAMBDA ETA THRESHOLD EFFECTS~ WHICH ARE ALMOST CERTAINLY RE- 
SONANCESt IT SEEMS VERY LIKELY THAT THIS TOO IS A RESONANCE. SEE THE 
RAPPORTEUR TALKS OF FERRD LUZZI 66 AND MEYER 67 FOR DISCUSSIONS. 

IH THE ENERGY~INDEPENDENT PARTIAL WAVE ANALYSIS OF R- N TO LAMBOA 
P i t  THE $11 AMPLITUDE APPEARS TO RESONATE (ARMENTERDS 6 9 ) .  IN 1968 IT 
APPEARED TO RESONATE NEAR L650 MEV (ARNENTEROS 6BI t  AND WAS LISTED 
HEREIN AS A SEPARATE STATE. NON IT HAS HOVEO CLOSE ENOUGH TO THE 
OTHER EFFECTS TO BE TENTATIVELY LISTED WITH THENt BUT THE SIZE OF THE 
CHANGE IN THE MASS SHDULO BE A HEALTHY WARNING THAT THE PARAMETERS 
GIVEN FOR RESONANCES IN LONER PARTIAL WAVES FROM SUCH ANALYSES ARE 
SUBJECT TO LARGE CHANGE. (ARNENTEROS TD~ FROM WHICH THE RESONANCE 
P~RANETERE ARE GUOTED~ IS A SLIGHT UPDATING OF ARMENTEROS 6 9 . )  

THERE IS WEAKER EVIDENCE FOR THIS RESONANCE IN AN ENERGY-DEPENDENT 
PARTIAL-HAVE ANALYSIS OF ELASTIC AND CHARGE-EXCHANGE SCATTERING (CON- 
FORTD 7 1 ) .  

KIM T1 IN A MULTICHANNEL ANALYSIS FINDS A SURPRISINGLY LARGE 
ELASTICITY ( , S l y  AND SMALLER A~PLITUDE IN THE LARBOA PI CHANNEL. 

IN VIEW DP THESE DISCREPANCIES HE DO NOT QUOTE ANY VALUES EOR 
THE BRANCHING RATIOS. 

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

Data Card Listings 
For notation, see key at front of  Listings. 

ET Y*I(1TEO( NASS (NEV) 

M NEAR SIGMA ETA THRESHOLD CLIME 67 DEC - K-N TO SIGMA ETA 916B 
N ABOUT ITEO,O MEYER 67 RVUE 9/69 
M ABOUT 1730o0 ARMENTERO TO HDBC O- K-N TO LAMDDA P] 6/70 
M (175T .0 )  ( lO,O)  CONFORTO Tl DPWA 0 ELASTICv CH EXCH 6/T0 
N (1790 . )  KIN 71 DPMA R-MATRIX ANAL. 3/71 

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

57 Y* l (17EDI  NIOTH (MEV) 

N ABOUT 50.0 MEYER 67 RVUE 9/B9 
W ABOUT 80,0 ARNENTERO TO HDDC O- K-N TO LAHBDA PI 6 /70 
M ( 5 5 . 0 )  ( 10 .0 )  CONFORTD 71 DPWA 0 ELASFIC, CH EKCH 6/70 
H ( E O , )  KIM 71 OPHA K-MATRIX ANAL. S/T1 

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

$7 Y~ l (LT50)  PARTIAL DECAY MODES 

DECAY MASSES 
P1 Y*Z(175D( INTO KDAR N A97+ 93N 
P2 Y*1(1750)  INTO SIGMA ETA 1197+ E48 
P3 Y*I(1TSO) INTO LANBDA PI L11E+ 13A 
P4 Y*E(1TSO} INTO SIGMA PI 1197+ I89 

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

5T Y*L(17EO) BRANCHING RATIOS 

R1 Y*L(1TEO) INTO (KBAR N)/TOTAL ( E l )  
R1 ( 0 . 1 2 )  ( 0 .05 )  CDNFORTO 71DPWA 0 ELASTIC, CH EXCH 6170 
RI {O.BI  RIM 71 DPWA K-MATRIX ANAL. 3/T1 

R2 Y*I(LTEOI FROM KBAR N INTO SIGMA ETA SQRT(PI*PE) 
R2 SEEN CLINE 69 DEC - THRESHOLD BUMP 9/69 

R3 Y*1(1753)  FRON KBAR N INTO LAMBDA PI SQRT(PI*P3( 
R3 ( - 0 . 2 5 )  ARMENTERO 70 IPWA O- K-N TO LAMBDA PI 6/70 
R3 (O.DO) KIM 71DPWA K-MATRIX ANAL. 3/71 

R4 Y*1(1750)  FROM KEARN TO SIGNA PI SORT(El*P4( 
R4 ( 0 , 1 6 )  KIM 710PWA K-MATRIX ANAL. 3/71 

REFERENCES - -  Y* I (17501 

CLINE 67 PL BEE 41 CLINE~ OLSSDN (MISCONSINIIJP 
MEYER 67 HEIDELBERG C 117 J MEYER (RAPPORTEUR) (SACLAYiIJP 
ARNENTER TO DUKE 123 ARHENTERDS.  BAILLONv + (CERN.HEIDEL)IJP 
CQNFQRTO 71 NP E34 41 +LEVI SETTIvLASINSKI..OBERLACN++ (EFI+HEIO)IJP 
KIH 71PRL BT DB6 J R KIN (HARVIIJP 

ALSO 70 DUKE 161 J . K .  RIM (HARV)IJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

FERRD-LU 66 BERKELEY CONF 183 M FERRO LUZZ! (RAPPORTEURI {CERNI 
ARMENTER 68 NP BE 183 ARMENTEROS. BAILLON~ ÷ (CERN~HE(DELtSACLAY)IJP 
ARMENTER 69 LUND CONF RAPER ARMENTERDSt BAILLONv ÷ (CERNvHEIDELtSACLAYIIJP 
HARRISON TO FSU-HEP TO 3 I M.C. HARRISON (THESIS) (FSU) 

Iz. E5 l 4E Y.I,ITBO . . . .  E,E-, I=1 
I " " 1  SEE THE MINI-REVIEN AT THE HE Y~ LISTINGS. 

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

45 Y*1(17651 MASS (MEV) 

M 1765.0 1D.O GALTIERI 63 DBC 0 K-D 1.51 BEV/C 
M 1755.0 IO.O ~RMENTER 68 HBC O K-P TO Yt152D PI 7166 
M 1760.0 lO.O BELL I 66 DEC - K-N TO Y~[SED PI 7/66 
M 1746.B B.O FENSTER 66 HBC 0 K-P TO Y~IEEO Pl 9/66 
N N 1768.0 4 .0  EUGG 68 CNTR K-P,  D TOTAL 11/66 
M 177E.0 7*D SMART 68 RVUE O- K-N TO LAMDDA PI 7/68 
M N 1768.0 2 .0  ARMENT-1 68 DPWA 0 ELASTIC~ CH EXCH 11/68 
M 1770.0 10.0  COOL TO CNTR K-P~ O T~TAL LO/TO 

1765.0 IO,D GALTIERI TO DENA 0 K-P TO LAMBDA PI 7 /70 
N 1770.0 3 .0  CONFORTO 71 DPWA 0 ELASTIC, CH EXCH 6/70 

N I?6E=B 9.0 KANE 71 DPWA 0 K-P TO PI SIC 10/71*  
M (L76E. )  KIN 71 DPWA K-MATRIX ANAL. 3/71 
M N ERROR STATIST. ONLY- NO ERROR DUE TO PARTICULAR P.W.ANAL. INCLUDED 1/71 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 1 ,1)  

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

45 Y*1(1765)  WIDTH (NEV} 

N 60.0  1D.D GALTIER! 63 DEC O 
W 70 .0  20.0 BELL 2 66 O B C -  7/6~ 
N 70 .0  20.0 FENSTER 66 HBC 0 9/66 
W 110.0 7 .0  BUGG 68 CNTR K-PrO TOTAL 7/68 
N 146.0 9 .0  SMART 68 RVUE 0-  7/68 
W 128.0 S.O ARMENT-1 68 DPWA 0 ELASTIC, CH EXCH 11/68 
W ( lOB.O)  COOL TO CNTR R-P~ D TOTAL [0170 
N 115.0 1O.O GALTIERI 70 DPWA 0 K-P TO LAMBDA PI 7170 
W 132.0 lO.O CDNFORTO 71DPMA D ELASTICv CH EXCH 6/70 
W 12D.0 38.0 K A N E  71DPNA 0 M-P TO PI BIG 10/71"  
W ( 1 0 0 . )  KIN 71 DPNA K-MATRIX ANAL, 3/71 
N . . . . . . . . .  
N AVG 113.6 9 .9  AVERAGE (ERROR INCLUDES SCALE FACTOR OF E.91 

(SEE IDEOGRAM DELOW I 

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

45 Y * l ( 1 7 6 E I  PARTIAL DECAY MODES 

DECAY MASSES 
PI Y .1 (1765 l  INTO KBAR N 49T+ 939 
P2 Y*1(176~)  INTO LAMBOA PI 1115+ 134 
P3 Y*1(1765)  INTO Y~D(1EEO) PI 1518+ 189 
P4 Y~1(17651 INTO Y* I I IOBEI  PI 1385÷ 139 
P5 Y* I (L76E)  INTO SIGNA PI 1197+ I89 
P6 Y * I ( I T 6 5 )  INTO SIGMA ETA 1197• 848 
P7 Y*111765) INTO SIGMA PI Pl 1197• 139~ 189 

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



Data Card Listings 
For notation, see key at front of  Listings. 

WEIGHTED AUERR6E = 1 t 3 . G  • 9 . 9  

ERROR SCf l LED  n Y  2 . 9  

0 gO ' tO0  $EO 

Y u i ( t ? 6 5 ]  W I D T H  MEW 

C H I N O  

- . . K R N E  7 t  DPWfl 

. . . .  C Q N F n R T D  7 1  DPMR 3 . 4  

• - . G R L T I E R I  7 0  DPMR 0 . n  

• . . R R h E N T - i  BB OPMQ 3 . 2  

. . . S , R R T  6 n  RUUE t 3 . n  

• - - B U G G  8 n  CNTR 0 . 3  

- - . F E N n T E R  6 6  HnC 4 . n  

• . - n E L L  2 n 6  OBC 4 . B  

~ - - 6 R L T I E R I  8 3  OBC 2 B . ?  

5 n . l  

2 0 0  2 8 0  ( C n N L E U  
= n . o o o )  

#B Y*1(1765)  BRANCHING RATIOS 

ERRORS QUOTED BY EXPERIMENTERS DO NOT INCLUDE UNCERTAINTY DUE 
TO PARAMETRIZATION USED IN THE P.W.A. THEY SHOULD BE INCREASED, 

RI Y*1(1768)  INTO (KBAR N)/'TOTAL (PL) 
RI ( 0 . 6 )  GALTIERI 63 HBC 0 K-F RVUE 
P1 UHLIG 67 HBC 0,~3 0.09 9/'$6 O 
RI ( 0 .37 )  BUGG 68 CNTR 11/66 
RI 0.45 O.OL ARMENT-I 68 DPMA 0 ELASTIC~ CH EXCH 11/68 
R1 0 .36 0.02 8RICNANE 70 OPWA SIGTOT,ELAS,CHEX 1/71 
El ( 0 . 4 )  COOL 70 CNTR K-P, O TOTAL 10/70 
RL 0 .38 0.02 CONFORTO 710PWA 0 ELASTIC, CH EXCH 6/70 
RI ( 0 .42 )  KIN TI DPWA K-MATRIX ANAL. 3/71 
RI . . . . . . . . .  
R[ AVG 0 . 4 2 l  0.030 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 3 .7 )  
R[ FIT 0.423 0 .026 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 3 . 0 )  

(SEE IDEOGRAM BELOW I 

W E I 6 H T E D  f lUER~I6E = 0 . 4 2 1  • 0 . 0 3 0  

ERRDR SCALED BY 3 . 7  

~ I  Values above of weighted average~ 
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 
d a t a  w e r e  a c t u a l l y  processed b y  a 
constrained fit program, which 
calcu/ates its own values of ~, 5~, 

J l  I and scale face .... h~ch are dL(fer- 

II III e fro Ehoval .... .... 
I ~ I /  / CHZSQ 
/ -~ t"  t1" i . . . . . . . .  CBHFORTn 7t  OPWFI 
/ + 1 "  11" i ........ n R i c . . . . ,  ~o ow.,~ , ~  

I I k l l + ~ . -  . . . . .  *R .ENT-~  nn oPw. . . s  

0 . 2  0 . 4  0 . 6  0 . B  = 0  . n n n ]  

Y m t ( 1 7 6 5 ]  I N T O  [ K n ~ R  N ) / T n T R L  

~2 
82 
~2 
R2 
B2 
B2 
$2 

R3 
R3 
R3 
R3 
R3 
R3 

R4 
R6 
R4 
R4 
R4 
R4 
R4 
B4 FIT 

Y*1(176E) FROM KBAR N INTO LAMBDA FI SQRT(P[*P2) 
- 0 . 2 6 6  0.017 SMART 68 OPBA O- K-N TO LAMSDA PI 7/68 
- 0 . 2 2  0.03 GALTIERI 70 DPMA 0 K-P TO LAMBDA PI 7 /70 
{ 0 , 3 0 )  KIN Tl  DPMA K-MATRIX ANAL. 3/'71 

AVG HOD" "0:25E" " @.020 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 3 )  
FIT 0.248 O.OL3 FROM FIT (ERROR INCLUDES SCALE FACTOR OF [ . L )  

Y* I (176SI  FROM KBAR N INTO Y#0(1520) PI SQRT(PI*P3) 
0 .27 0 .03 ARMENTERO 6S HDC O K-R TO Y=ISZO PI 9/'66 
0.35 0.08 FENSTER 66 HBC O K-P TO Y#1020 PI 9/'66 

AVG 0.291 0.035 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 .4 {  
FIT 0.262 0.021 FROM FIT (BRROR INCLUDES SCALE FACTOR OF 1*3)  

Y tZ ( IT65 )  FROM KBAR N INTO Y * t ( 1 3 8 E )  Pl SORT(PI~PA) 
A ( 0 . 2 4 )  (0 *00)  ARMENT-2 87 HBC 0 K-P TO LAW PI PI 8/67 
S { 0 . 3 2 )  ( 0 . 0 6 )  SIMS 68 DBC - K-N TO LAW PI Pl 11168 

- 0 . 1 2  0.03 PREVOST 71DPWA 0 K-P TO LAMP[  PI 10171, 
A ARMENTEROS-2 67 DATA INCLUDED [N PREVOST T l .  3172" 
S SIMS 6B USES ONLY CROSS-SECT* DATA. RESULT USED AS URPER LIMIT ONLY 3172" 

0 .139 0.028 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .2 ]  

t 3 t  

Baryons  
z(zvs5), rOBBo ) 

RS Y$1(IT651 FROM K8AR N INTO SIGMA Pl SQRT(PL*RS( 
RE O.OT 0.02 ARNENTERD 6T DPWA 0 K-P TO SIGMA Pl 8/6T 
RE ÷0 .06  0 .03 GALTIERI TO OPWA 0 K-P TO SIGMA PI T/70 
RE +0.074 O.OIT KANE • TE DPNA 0 K-P T0 PI SIC 1017|~" 
RS (0 .09 )  KIN 7L DPMA K-MATRIX ANAL, 3/71 
RE . . . . . . . . .  
RE AVG 0.070 0.012 AVERAGE (ERROR INCLUDES SCALE FACTOR ~F 1 .0 )  
RS FIT O. OTO 0.012 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

R6 Y ( q ( I 7 6 5 }  INTO (LAMBDA PI I / (KBAR N) ( P Z ) / ( P I )  
R6 0 .33 0 .07 UHLIG 67 MBC O K-P~.g GEVIC 9/6E 
06 . . . . . . . . .  
RE FIT 0 .363 0.039 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 . 2 )  

R7 Y * l { 1 7 6 8 )  INTO (Y=OI1S20)PI) / (KSAR NI ( R 3 ) / ( P l )  
RT 0 .28  O. OE UHLIG 67 HBC 0 K-P~.9 GEV/C 9/66 
RT . . . . . . . . .  
RT FIT 0.028 0.068 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .1 )  

R 8  Y*1(1765)  INTO (Y~L( IB85)P I ) / (KBAR N) ( P 4 I / { P [ )  
R8 0 .25 0 .09 UHLIG 67 HBC 0 K - P , . 9  GEV/C 9166 
R8 . . . . . . . . .  
R8 FIT 0 .109 0.065 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .2 )  

R9 Y*1(1765)  INTO (SIGMA PI PI)/TOTAL (P7l  
Re P (0.121 ARNENT-2 68 HDBC O- K-N TO GIG P{ Pl 11/'68 
R9 P FOR ABOUT B/4  OF THIS, THE SIGMA Pl SYSTEM HAS I=O AND IS ALMOST 
R9 P ENTIRELY Y ~ 0 ( [ 5 2 0 ) .  FOR THE OTHER l / A ,  THE SIGMA PI HAS I = [ .  THIS 
R9 P IS ABOUT WHAT IS EXPECTED FROM THE KNOWN RATE Y * I I I 7 6 E I  TO Y * I ( [ ~ 8 S )  
R9 P PI ,  AS SEEN IN LAMBOA P( PI .  

FI1.TTTED PARTIAL DECAY MODE BIL%NCHING FRACTIONS 

The matrix below is derived from the error ~trix Eor the fitted partial decay mode 

branching fractions, Pi' as follows: The dla~onal elements are Pi • 6P 1, where 

6p i = • ~ibP~, while the o f f - d i a~o~ I  elements are the n o r ~ l i n e d  correlation coefEi- 

cientf (6PI6Pj)/{6P i ' 6Pj). For the delinitions o[ the individual Pi' see the listings 

above, on/V those P. appearing in the ~tri~ &re assumed in the Eit to be nonzero and 

a re  thus constrained to add to f .  

P L P 2 P 3 P 4 P 5 P 6 
P 1 . 623+ - .024  
P 2 - . 1 0 9  . 1 4 6 + - . 0 1 4  
P 3 .254 - . 0 2 8  • 139+-.021 
P 4 - . 1 2 3  .013 - . O B I  . 066÷ - .019  
P ~ ¢ - . 1 ~ 3  .016 - . 0 3 6  .018 . 012+ - .  004 
P 6 - . 6 1 1  -.BOO - . 6 7 1  - . 3 6 3  - . 0 1 6  .23S+- .037  

REFERENCES - -  V*L(17671 

GALTIEBI 63 PL 6 296 A BARSARO-GALT|ERI,A HUSSAIN~RD TRIPP (LRL) IJ  
ARMENTER 65 PL 19 338 ARMENTEROS, + (CERNvHE1DELBERGtSACLAVIIJP 
BELL [ 66 PRL 16 Z03 R 8 BELL~ R N DIRGE. Y-L PANt R T PU (LRL)IJP 
BELL 2 66 UCRL-16936 THESIS S B BELL (LRLIIJP 
FENSTER 66 PRL 17 841 +GELFANDtHARNSENtL-GETT[,+ (CHI~ARG(CERNI)IJF 
ARMENTER 67 PL 260 198 ARHENTEROStFERRO-LUZZI+ (CERNtHEIDtSRCLAYIIR 
ARMENT-2 67 ZEIT.PHYS.20214E6 ARMENTEROS~FERRO-LUZZI+ (CERN~HEIBtSACLAY) 
UHLIG 67 RE 155 1468 +CHARLTON, CONOONtGLASSER,VODR,+ (MD~USNRLI 

ARNENT-1 68 NP 88 195 ARMENTEROS, EAILLONt + (CERN~HEIDEL~SACLAYIIJR 
ARMENT-2 68 NP 88 216 ARNENTEROS, BAILLONt + (CERNtHEIDELtSACLAYI 1 
8UGG 68 PR 168 E466 ÷GILMORE,KNIGHT,DAVIES+ (BIRMItCANB,RUTHII 
SIMS 68 PRL 2 [  1413 8IMSJALSRIGHT,DARTLEY~NEER÷ (FLO+TAFTS÷BRA( 
SMART 68 PR 169 f330 W N SMART (LRLIIJR 

BRICMANI 70 RE OBB 511 +FERRO-LUZZI,LAGNAUX (CERN) 
COOL 70 PR [D 1887 +GIACOMELLIv KYCIA, LEONTIC, L i t  + (BNL} I 
GALTIER[ 70 DUKE CONF 173 A BARBARO-GALTIER| (LRLIIJR 

CONFORTO 71 NP 034 41 +LEVI SETTI,LASINSK|..OSERLACK++ (EFI+HE1D)IJP 
KANE 7E LDL 15 (SUB Pal D F KANE (LBL) IJP 
KIN 7 [  PRL 2? 356 J K KIN (HARV(IJP 

ALSO 70 DUKE 161 J . K .  KIN (HARVIIJP 
PREVOST T1 AMSTERDAM CONF + CHS COLLABORATION (CERN÷HEIO+SACL) 

PAPERS NOT REFERRED TO IN DAT~ CARDS 

CONFORTO 68 NP BB 265 +HARNSEN, LASINSKI~ + (CHICAGOfHEIDEL)IJP 
- -  C3NFORTO 68 IS SUPERSEDED BY CONFORTO 71. 

HARRISON 70 FEW-HER TO 3 I H.C. HARRISON (THESISI (FSU{ 

IP ,l 
I I SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

~m SUCH A RESONANCE IS SUGGESTED BY SOME BUT NOT ALL 
PARTIAL-WAVE ANALYSES ACROSS THIS REGION. UNTIL THERE 
IS MORE EVIDENCE, BE OMIT THIS STATE FROM THE MAIN 
BARYON TABLE. 

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

67 Y*L(1880)  MASS (MEV) 

M 1882.0 40 .0  SMART 68 DPNA O- K- N TO [AM PI 7/68 
N (1850 .0 )  BAILEY 69 DPWA 0 ELASTIC~ CH EXCH 10/70 
M 1920.0 30.0  LITCHFIEL 70 DPNA O- K- N TO LAM PI 6170 
N ABOUT [850 .0  ARMENTERO TO IPWA O- ELASTIC, CH EXCH 6/70 
M 1950.0 70.0  GALTIERI 70 DFWA O- K- N TQ LAM PI 7 /~0 
N . . . . . . . . .  
M AVG 1916.5 21.6  AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

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

67 Y=L(18801 WIDTH (MEVI 

N 222 .0  150.0 SMART 68 OPWA O- K- N TO LAM PI 7/68 
R (ZO0.OI BAILEY 69 DPNA O ELASTIC, CH EXCH 10170 
W 170.0 60 .0  LITCHFIEL 70 BPWA O- B- N TO LAW PI 6 /10 
W ABOUT 30.0 ARMENTERO TO IPWA O- ELASTIC~ CH EXCH 6/70 
N 200.0 30 .0  OALTIERI 70 DPWA O- K- N TO LAM PI Y/TO 
W . . . . . . . . .  
w AVG 163.6 30.6  AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O )  

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



Baryons 
£(1880), Z(1915), ~.(1940) 

t37. 
Data Card Listings 

For notation, see key at front of  Listings. 

6T Y~1(1880) PARTIAL DECAY NODES 

DECAY MASSES 
Pl  Y~ l (1880)  INTO KBAR N 497+ 93g 
P2 Y~1(1880) INTO LANBDA PI 1115+ 134 

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

6T Y~1(1880I BRANCHING RATIOS 

R1 Y*1(1880)  ENTO (KBAR N)ITOTAL ( P l )  
R1 (0.221 BAILEY 69 DPWA 0 ELASTIC, CH EXCH 10/70 
R1 (0.201 ARNENTERO 70 IRMA 0 -  ELASTICt CH EXCH 61"/0 

R2 Y~1(1880) FROM KBAR N INTO LANBDA P( SORT(PlOP2# 
R2 - 0 . 1 1  0.03 SNART 68 DPNA O- K- N TO LAM P[ 7/EB 
RE - 0 . 1 4  0 .03 LITCHFIEL 70 OPWA 0 -  K- N TO LAW PI 6 /70 
R2 - 0 . 0 9  0 .04 C~&LTEER; 70 DPWA 0 -  K-  N TO LAM PI 7/T0 
RZ . . . . . . . . .  
R2 AVG MOO 0.117 0.019 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

REFERENCES - -  Y*111880) 

SMART 68 PR 169 1330 W N SNART (LRL)IJP 
BAILEY 69 THESIS UCRL-~061T DAVID SAAL BAILEY (LRL LIVERMORE)IJP 
ARNENTER 70 DUKE CONF 123 ARNENTEROS, BAILLON, ÷ (CERNt HEIDEL)IJP 
GALTIERI 70 (~UKE CONF 173 A BARBARC-GALTIERI (LRL)IJP 
LITCHFIE 70 NP E22 269 P J LITCHFtELO (RUTHERFDRDIIJP 

. . . . . . . . . . . . . . . . . .  :':: :1:12.1"i:.;,2::'1:1 . . . . . . . . . . . . . . .  

i z ( Z 9 a B )  I 1 SEE THE MINI-REVIEW AT THE START OF THE y,ic LISTINGS. 

THIS RESONANCE WAS FIRST SEEN IN THE TOTAL-CROSS-SEC- 
TI~)N MEASUREMENTS OF COOL 68.  IN THIS ENTRY~ HOWEVER, 
HE LIST ONLY THE RESULTS FROM PARTIAL-WAVE ANALYSES. 

SEE THE NEXT ENTRY EOR THE PARAMETERS OF PEAKS SEEN AROUND 1900-1950 
HEV IN CROSS SECTIONS AND INVARIANT-MASS DISTRIBUTIONS. WE MAKE THIS 
SEPARATION BECAUSE ONLY THE PARTIAL-NAVE ANALYSES ISOLATE THE F[5 HAVE 
I~R AT LEAST ATTEMPT TO - -  THE SIGNAL IS WEAK). THIS MASS REGION IS 
CONPLICATEO AND POORLY UNDERSTOOD AND THE PEAKS MAY CONTAIN MORE THAN 
JUST THE Y '111915) .  SEE ALSO THE NOTE TO THE NEXT ENTRY. 

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

46 Y~(191 .¢ }  MASS INEV) 

H 1902.0 11.0 ~ART 68 DPWA O- K-N TO LAMBDA P[ 7/60 
N 1903.0 10.0 COX TO DPWA - K-N TO LA~BOA P1 6 /70  
M 1910.0 20 ,0  BERTHON TO DPWA 0 K-P TO LAMEOA P( 7/T0 
M 1900.0 1E.0 BERTHON1 70 OPWA 0 K-P TO SIGMA PI 10/70 
M N 1936.0 ( 3 . 0 )  BRI CNAN1 TO DPNA SIGTOT,ELAS,CHEX 1171 
M 1905.0 30 .0  GALTIERI 70 DPNA O K-P TO LAMBDA Pl 7 /70  
M 1895.0 IB.O LETCHFIEL 70 DPWA 0 -  K-N TO LANBDA PI 6 /70 
R 192E.0 8 .0  KANE 71 DPWA 0 K-P TO PI SIG 10/71"  
R 1910. 15, LITCHFIE 71 DPWA K-P TO KBAR N *10 /71 "  
M N ERROR STATIST. ONLY- NO ERROR DUE TO PARTICULAR P.H.ANAL. INCLUDED 1/71 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR : E.O) 

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

46 Y*1(1915)  WIDTH INEVI 

W A ( 5 0 . 0 )  ( 20 .0 )  ARHENTER1 67 DPWR 0 ELASTIC, EH EXCH 11/67 
W 52.0  25 .0  SMART 68 DPWA 0-  K-N TO LAMBDA PI 7/68 
W 60.0  20.0  BERTHON TO DPWA 0 K-P TO LANBDA PI 7 /70 
W 75.0  20*0 BERTHONI 70 DPWA 0 K-P TO SIGMA PI 10170 
w I 8 5 * 0  12.0 BRI CMANI 70 DPWA SIGTOT, ELAS,CHEX 1/71 
W 77.0  27.0  COX 70 DPWA - K-N TO LANBDA PI 6 /70 
W TO.O 20 .0  GALTIERI TO DPWA 0 K-P TO LANBDA Pl T/TO 
W 70 ,0  15.0 LITCHFIEL 70 DPWA 0 -  K-N TO LANBOA P( 6 /70 
W 146.0 22 .0  KANE 71 DPWA 0 K-P TO PI SIG 10 /71 '  
W 70. 15. LITCHFIE 71 OPWA K-P TO KBAR N 10/71" 
W A LACK OF DATA PREVENTS FROM DETERMINING UNAME. THIS AMPLITUDE 11/67 
W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = E.0)  

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

; 6  V*1(1915)  PARTIAL DECAY MODES 

DECAY MASSES 
P l  Y~I(191E) INTO ROAR N 497~ 93R 
P2 V.1(1915)  INTO LAME4)A P( 1115~ 139 
P3 Y* l ( 191E I  INTO SIGMA PI 1197+ 139 

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

46 Y*L(1BIE(  BRANCHING RATIOS 

R1 Y.111915) INTO (KBAR N)ITOTAL (ez)  
R1 A IO.12)  1 ,01)  ARMENTER1 67 DPWA 0 ELASTIC, CH EXCH 11/67 
R[ 0 .18 (O.OZ) SKI CMAN1 70 OPHA S( GTOT,ELAStCHEX 1/71 
El  0 .11 (0 *03 )  CONFORTO 71 OPWA 0 ELASTIC, CH EXCH 6/70 
R1 0.1E (0 ,0¢ )  LITCHFIE 71 DPWA K-P TO KBAR N 10 /71 *  

RE Y '1 (1915)  FROM KBAR N INTO LAMBDA P] SORT(Pl*P21 
RZ - 0 . 0 8  ( 0 . 0 2 )  SMART 68 DPWA O- K-N TO LAMBDA Pl T/68 
RZ - 0 , 1  ( 0 . 0 2 )  BERTHON 70 DPWA 0 K-P TO LAMBOA PE 7/70 
RE - 0 . 0 9  (O.OZI COX 70 DPWA - K-N TO LAMBDA P( 6 /70 
RZ - 0 . 1 1  (0.031 GALTIERI TO DPNA 0 K-P TO LAMBOA Pl 7/T0 
RE -O.OT (O,01E) LITCHFIEL 70 DPWA O- K-N TO LAMBOA Pl 6 /70 

R3 Y e l I I ? I E )  FROM KBAR N INTO SIGMA PI SORT(PlOP3| 
R3 A (0 .00 |  ( 0 . 0 1 )  ~NENTERO 6T DPWA 0 K-P TO SIGMA Pl 11/E7 
13 - 0 . 1 3  ( 0 , 0 3 )  BERTHON1 TO OPWA 0 K-P TO SIGMA PI 10/70 
R3 - 0 . 0 6  [0.031 GALTIERI TO DPWA 0 K-P TO SIGMA PI 7 /70  
R3 -0 .137  10.015) KANE 71 DPWA 0 K-P TO Pl SIG 10/71* 

REFERENCES - -  Y~kl(19151 

ARMENTER 6T PL 24B 198 ARNENTEROS~FERRO-LU221÷ (CERN,HEIOtSACLAY) 
ARNENTEI 6T NP 83 Eg2 ARNENTEROS,FERRO-LUZZI+ (CERN,HEID,SACLAY) 
SMART 10 PR 169 1330 W N SMART (LRL)IJP 

BERTHON 70 NP 820 &76 +RANGAN, VRANA, ÷(COL FRANCE÷ RHELt SACLAYIIJP 
BERTHONI TO NP B24 417 ÷VAANA, BUTTERWORTH, t ICDEF, RHEL. SACLAYIIJ 
BRICMAN1 70 PL 300 511 ÷FERRO-LUEZI,LAGNAUX (CERN) 
COX 70 NP 019 61 ÷ESLAM~ COLLEY, + (EIRN,EDIN,GLAS,LO1C|IJP 

GALTIERI 70 DUKE CONF 173 A 8AROARC-GALTIERI (LRL)IJP 
LITCHFIE TO NP 822 209 P J LITCHFIELD IRUTHERFORD)IJP 

CONFDRTO 7 1 N P  BE4 41 +LEVI SETTI,LAEINSKI..OBERLACK÷÷ (EFI~HEIOIIJP 
KAME 71 LBL 15 [SUB PR) D FKANE (LBL) IJP 
LITCHFIE 71NP 130 125 LITCHFIELD~.. .÷LESQUOY,+..  (RHEL+COEF÷SACL)IJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

SMART 66 PRL 17 SE6 W M SMART, A KERNANgG E KALMUS,R P ELY (LRLi IJP 
- -  SMART 66 IS SUPERSEDED BY SMART 68.  

CONFORTO 68 NP 81 2S5 +HARMSEN, LASINSKI, ÷ (CHICAGO, HEIDEL( 
- -  CONFORTO 6E IS  SUPERSEDED BY CONFORTO 71. 

I 29 Y*1{1900-19501 CROSS-SECTION AND PRODUCTION PEAKS 

z ( 1 9 o o )  sEE THE HE . . . .  EYIENA . . . .  S . . . . . .  *HE Y" L IST INGS 

I SEE 7HE NOTES TO THE Y~1(1915) AND Y * I ( 1 9 ¢ O I ,  WHICH I BUMPS 
INMEOIATELY PROCEED AND FOLLOW THIS ENTRY. HERE WE 
LIST ONLY PARAMETERS OF PEAKS SEEN IN CROSS SECTIONS 

ANG INVARIANT-RASS DISTRIBUTIONS. TNE CROSS-SECTION PEAKS ARE ALMOST 
OERTAINLV ASSOCIATED WITH THE F15 Y '1 [1915)  SEEN IN PARTIAL-WAVE 
ANALYSES. THE INVARIANT-MASS PEAKS SEEM MORE LIKELY TO BE ASSOCIATED 
WITH THE NOT-GOMPLETELV-ESTABLISHED DIB Y * 1 ( 1 9 6 0 ) .  

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

29 Y*1(1900-1910)  MASS (MEV) 

CROSS-SECTION PEAKS - -  
1905.0 5 .0  OUGG 60 CNTR K-P~ D TOTAL 11/66 

M 1906.0 6 .0  BRICMAN TO CNTR 0 TOTAL AND CH EX 6/70 
w 1912,0 10.0 COOL 70 CNTR K-P,  D TOTAL 10/T0 
M INVARIANT-MASS-DISTRIBUTION PEAKS - -  
M (19A2,0)  ( 9 . 0 )  B~CK 60 HBC PEAR P 5 .7  EEV/C 
M 19A0.0 11.0 AOOILAR TO HBC + B . 9 - 4 . 6  GEV/C K- S/70 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 1 .7 )  

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

29 Y ,L (1900-1950)  WIDTH (MEV} 
I 
I W CROSS-SECTION PEAKS - -  

W 60.0  lO.O OUGG 61 CNTR 1 | / 6 6  
W 10 .0  1Z.O 8RICMAN TO CNTR 0 TOTAL AND CH EX 6/T0 

i R ( 3 0 . 0 )  COOL TO CNTR K-P,  D T~TAL 10170 
W INVARIANT-MASS-DISTRIBUTION PEAKS - -  
W ( 0 6 . 0 )  IZO.OI ( 3 6 . 0 l  SOCK 65 HEC 
W 90 .0  20 .0  AGUELAR TO HEC + B . 9 - 4 . 6  GEV/C K- S/TO 
W . . . . . . . . .  

i N AVERAGE MEANINGLESS (SCALE FACTOR = 1 .2)  

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

29 Y,111900-1950(  PARTIAL DECAY MODES 

DECAY NASSES 
P l  Y* l I lgOO-19EO) INTO KOAR N 497+ 939 
P2 Y*1(1900-1950)  INTO LAMBDA PI 1115+ 134 
P3 Y~t (1900-1950)  INTO SIGMA PI 1197+ 139 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . .  

2g Y*1(1900-1950)  BRANCHING RATIOS 

R1 Y~1(1900-19S01 INTO (KOAR N)/TOTAL ( P l )  
RI THESE VALUES OF ELASTICITIES ASSUME J=5/2 - -  
RI 0.06 EUGG 60 CNTR ASSUMING J=E/2 6/68 
R1 0. OT O.OZ EkctICNAN 70 CNTR 0 TOTAL AND CH EX 6/70 
R1 0 .07 COOL TO CNTR K-P,  D TOTAL 10170 

R2 Y*1(1900-1950}  INTO (KBAR N)/(SIGMA PI) ( P I l l ( P 3 )  
R2 (.OT}OR LESS BARNES 69 HBC + 1 STAN. DEV. 10/69 

R3 Y*1(1900-1950)  INTO (LANBDA PI I / (S IGNA P l I  (PE I / (PB)  
R3 1.281 OR LESS BARNES 69 HBC + I STAN. DEV. 10169 

REFERENCES - -  Y*111900-1950) 

SOCK 65 PL 17 166 ÷COOPER,FREMCH,K1NSON, ÷ (CERNtSACLAY) I 
COOL 66 PRL 16 1218 +GIACDHELLIIKYCIA,LEONTICtLItLUNOBYt+ (BNL) I 

- -  COOL 66 IS SUPERSEDED BY COOL TO. 
BUGG 68 PR 168 1~66 +GILMORE÷KNIGHT,DAVIES÷ (BIRNI,CAMOtRUTHI! 

:BARNES 69 PRL 22 ~79 eFLAMINIOeRONTANETeSANIOS ÷ (BNL~SYRAI 
AGUILAR TO PRL 25 58 AGOILAR-BENITEZe BARNES~ ÷ [BNL, SYR) 
BRICMAN 70 PL 318 152 ÷FERRO LUZZI, PERREAU,+ ICERNvCAEN,SACLAY) 
COOL 70 PR 10 1087 +GIACOMELLII KYCIA, LEONTIC, L I I  ÷ (BNLI l 

PAPERS NOT REFERRED TO IN DATA CARDS 

PRIMER 68 PRL 20 610 +GOLDBERG~JAEGER,BARNEStOORNAN + [SYBtBNL] 
- -  PRIMER 68 IS SUPERSEOED BY BARNES 69 AND AGUILAR-BENITEZ TO. 

1 1 ( 1 9 4 o ) 1  90 . . 1 ,  . . . . . . .  ,2.,i=, 
SEE THE NINE-REVIEW AT THE START OF THE yw LISTINGS. 

SUCH A RESONANCE IS SUGGESTED BY SOME BUT NOT ALL 
PARTIAL-WAVE ANALYSES ACROSS THIS REGION. UNTIL THE RE 
IS MORE EVIDENCE1 NE OMIT THIS STATE PROM THE MAIN 
BARYON TABLE. THIS EFFECT IS PERHAPS ASSOCIATED WITH 
THE SUMPS SEEN IN PRODUCTION EXPERIMENTS NEAR THIS 
MASS. SEE THE PRECEDING ENTRY. 

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

g8 Y~1(19~0) MASS (HEY) 

H 1960.0 50*0 GALTIERI 70 DPWA K- N TO LAM PI 7/70 
M 1940.D 40 .0  GALTIERI 70 OPWA K-P TO SIGMA PI 7 /?0 
N 1940.0 80,0  LITCHFIEL 70 OPWA K- N TO LAM PI 7 /70 
M 1985.0 E,O K A N E  71DPWA 0 K-P TO PI SIG EO/TI* 
M . . . . . . . . .  
M AVG 1982.7 4 . 9  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

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



Data Card Listings 
For notation, see key at front of  Listings. 

i 3 3  

Baryons 
~ ( 1 9 4 0 ) ,  ~ (~030 ) ,  ~(mO'70) 

9E VeI (1940)  HIDTH (NEV) 

H 200.0  EO.O GALTIER1 70 DPHA K- N TO LAH P l  7/70 
H 20~*0 ~0.0  GALTIERI 70 OPHA K-P TO SIGMA Pl 7 /70 

280*0 AO.O L[TCHFIEL TO DPNA K- N TO LAM PI 7/TO 
208.0 22 .0  KANE 71 DPHA 0 K-P TO PI SIG LO/"r l *  

M • • * . . . . . .  
H AVG 219,1 16.9  AVERAGE (ERROR INCLUDES SCALE FADTOR OF I . O }  

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

98 Y*1(L9401 PARTIAL DECAY MODES 

DECAY MASSES 
Pl V'~'1(19~.0) INTO KBAR N A97+ 939 
P2 Y '1 (1940)  INTO LA'4BOA PI 111E÷ L39 
P3 Y* I ( IRAO)  INTO SIGMA PI 1197+ 139 

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

98 V~1(1940) BRANCHING RATIOS 

R1 Y~111960( FROM KDAR N INTO LANBDA P I  SQRT(PI*P2) 
R1 - 0 . 1 2  0 .04 GALTIERI 70 OPNA K- N TO LAM PI 7/70 
RI - 0 . 1 4  0.03 LITCHFIEL 70 DPMA K- N TO LAH Pl 7 /70 
R1 . . . . . .  • • • 
RI AVG HOD 0.133 0 .026 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1 .0 )  

R2 V~[ (1940|  FROM KBAR N INTO SIGMA I~I SQRT(PI~P3) 
R2 - 0 . 1 2  0.03 GALTIERI 70 DPMA K-P TO SIGMA PI 7 /70 
R2 - 0 . 0 0 3  0.006 KANE 71 DPMA 0 K-P TO PI SIG 10/71~ 
R2 . . . . . .  . • • 
R2 AVG MOO 0.0940 0.0059 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

REFERENCES - -  ¥*111960| 

GALTIERI 70 DUKE CONF 173 A EAREARO-GALTIERI (LRL)IJP 
LITCHFIE 70 NP BE2 269 P J LITCHFIELD (RUTHERFORD)IJP 
KANE T1 LEL IS (SUB PR) D F KANE (LBL) IJP 

iz( o3o)1 . . . . .  + + , - - + '  * - ,  SEE THE HINI-REVIE~ AT THE START OF THE Y LISTINGS. 

THIS ENTRY ONLY INCLUDES RESULTS FROM PARTIAL-WAVE 
ANALYSES. PARAMETERS OF PEAKS SEEN IN CROSS-SECTIONS 
AND INVARIANT-HASS DISTRIBUTIONS AROUND 2080 MEV ARE 

GIVEN IN THE NEXT ENTRY. EVENTUALLY THE PARTIAL-HAVE ANALYSES SHOULD 
GIVE THE BEST RESULTS, AS THEY ISOLATE THE F[7  WAVE. THIS SUPERIORITY 
l e t  HONEVER, PROBABLY NOT YET ATTAINED~ AND RE RELY ON BOTH ENTRIES 
FOR PARAMETERS GIVEN IH THE MAIN BARYON TAELE. 

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

47 Y'1'112030) MASS (HEY) 

M (2030.0# 120.0) HOHL 66 HBC 0 K-P TO LAH RIO 7/66 
M 2032.0 6 . 0  SMART 68 DPWA - K-N TO LAMBDA PI 6/EB 
M 2030.0 10.0 BERTHON 70 DPHA 0 K-P TO LAMBOA PI T/TO 
M 2035.0 10.0 BERTHON1 70 DPNA O K-P TO SIGMA PI 10/70 
M 2027.0 6 .0  COX 70 OPWA - K-N TO LAHBDA P[ 6 /70 
M 2010.0 15.0  GALTIERI 70 OPWA O K-P TO LAHDOA PI 7 /70 
M 2000.0 20.0  GALTIERI 70 DPHA 0 K-P TO SIGMA Pl 7 /70 
M 2022.0 # .0  LITCHFIEL 70 OPHA O- K-N TO LAMBDA PI 6 /70 
H 2025. 15. LITCHFIE 71 DPWA K-P TO KBAR N [0171~" 
H 203A.0 14.0  KANE 71 DPWA 0 K-P TO P( SIG 10/71~ 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR - 1 .0 )  

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

47 Y ' 1 ( 2 0 3 0 )  WIDTH IMEV) 

W ( 1 7 0 . 0 )  WOHL 66 HBC 0 7/66 
N LAO. O 16.0  SMART 68 DPHA - K-N TO LAMBOA PI  61E8 
W 165.0 30.0 15.0 RERTHON 70 DPNA 0 K-P TO LAMDDA PI 7/70 
H 150.0 20.0  8ERTHONI 70 OPHA 0 K-P TO SIGMA PI LO/70 
N [EB.O 16,0 COX 70 DPHA - K-N TO LAREDA P( 6 /70 
w 115.0 IS*0 GALTIERI 70 DPHA 0 K-P TO LAMEOA Pl 7 /70 
w 100.0 40 .0  GALTIERI 70 DPHA 0 K-P TO SIGMA P l  7/70 

170.0  1S.0 LITCHFIEL TO DPHA O- K-N TO LAMBOA PI 6/70 W 
H 200. 30.  LITCHFIE 71 DPWA K-P TO KBAR N 10/715 
W 118.0 12.0 KANE 71 DPWA 0 K-P TO PI SIG 10/715 
W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = 1,5)  

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

47 Y~I (2030)  PARTIAL DECAY HOOES 

DECAY MASSES 
PI Y~'I|E030) INTO KBAR N ¢97+ 939 
P2 Y '1 (2000)  INTO LAMBOA P l  Ll15÷ 134 
P3 Y~I{E000)  INTO SIGHA PI 1197÷ 139 
P6 Y*I[ZOBO) INTO X( K 1321+ 47T 

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

~7 Y*1(2030)  BRANCHING RATIOS 

R1 Y.112030) INTO (KBAR N)/TOTAL (P I I  
R1 (0 .2E )  NOHL 66 HBC 0 K-P CH EX 7/66 
RI D (0 .11 )  OAUM 68 CNTR K-P ELA,POL,SIGT 7/70 
R1 0 .17 0 .06 CAMPBELL T1 DRC - K-  NEUTRON ELAST 1/71 
R1 0 .10  0 .02 LITCHFIE 71DPRA K-P TO KBAR N . l O / T l *  
R1 D DRUM 68 ASSUMES ( J + I / Z ) ~ P I  VALUE SEEN IN TOTAL CROSS SECTION. 
RL . . . . . . 
R1 AVG "0.178 " *0 .018  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

R2 Y '1 (2030)  FROM KBAR N INTO LAHEDA PI SGRT(PI#P2) 
P2 (0 .20 )  HOHL 66 HBC 0 K-P TO LAHRDA P1 7/66 
R2 +0.21 0.01 SMART 68 OPWA - K-N TO LAMBOA PI 6/88 
RE +0.19 0.01 COX TO DPWA - K-N TO LAMBOA P[ 6 /70  
R2 ÷ 0 . 2  0 . 0 2  BERTHON 70 DPHA 0 K-P TO LANBOA PI 7 /70 
R2 +0.20 0 .008 LITCHFIEL TO DPHA O- K-N TO LAHBOA PI 6/T0 
R2 +0.16 0 .03 GALTIERI 70 DPHA 0 K-P TO LAMBOA PI 7 /70 
R2 . . . . . . . . .  
R2 AVERAGE MEANINGLESS (SCALE FACTOR = 1 .0 )  

R3 V.1(2030)  FRON KBAR N INTO SIGHA PI SQRTIPI*PO( 
R3 - 0 .  052 O.OlO GALTIER ! 70 DPHA 0 K-P TO SIGMA PI 7 /70 
R3 L ( - 0 . 0 9 )  ( 0 . 0 2 )  BERTHONI TO DPMA 0 K-P TO SIGMA PI 10/?0 
R3 -0 .086  0 .014 KANE T1 DPWA O K-P TO Pl SIS 1 0 / 7 l *  
R3 - 0 . 1 0  0.03 L|TCHFIE Tl  DPHA K-P TO SIG PI 3 /72~  
RB L LITCHFIELD 7 l  IS AN UPDATE OF BERTHON[ 70 3172~ 
R3 . . . . . . . . .  
R3 AVERAGE MEANINGLESS (SCALE FACTOR = 1 .6 )  

R4 V~1(2000) FRON KERR H INTU Xl  KTRIP p SGRTIPI~PA) 
RA ( 0 . 0 5 l  OR LESS 67 RVUE 0 K-R TO XI K 8/6T 
R4 10.05]  OR LESS BURGUN 68 DPNA O K-P TO XI K 10/69 
RA (0 .023)  ~ULLER 69 DPWA 0 7170 

REFERENCES - -  V '1 (2030)  

WOHL 66 PRL 17 107 C G NOHL, F T SOLHITZt H L STEVENSON (LRLIIJP 
TRIPP 67 NP E3 10 + LEITH, ÷ ILRL,SLAC,CERN,HEIDEL~SACLAY} 
EURGUN 68 NP 08 A4T +HEYERtPAULI.TALLINI ÷ (SACL+CDF÷RHELI 
OAUH 68 NP B7 19 ÷ERNE~LAGNAUXtSENStSTEUERtUO0 (CERNIJP 

- -  OAUM 68 CONFIRMS THE SPIN-PARITY ASSIGNMENT* 
SHART 68 PR 169 1336 H N SNART (LRL#IJP 
MULLER 69 THESIStUERL 1937E R A MULLER (LRL) 

EOX TO NP 510 61 ÷ISLAHt COLLEV, ÷ (EIRN~EDIN,GLAS~LOICIIJP 
EERTHON TO NP R20 476 eRANGANt VRANAt +(COL FRANCE, RHELt SACLAV}IJP 
LITCHFIE 70 NP EE2 269 P J LITCHFIELD (RU7HERFORD)IJP 
GALTIERI TO DUKE CONE 1T3 A BARBARO-GALTIERI (LRL| IJP 
BERTHON1 TO NP 824 417 ÷VRANA, BUTTERHORTH, + (CDEF, RHEL, SACLAYJIJP 

CAMPBELL 71NP 820 75 ÷H~TONt  NEGUSv GOYALv MILLER (GLAS, LOICIIJP 
KANE 7 1 L E L  15 [SUB PR) D F KANE (LEL( IJP 
LITCHFI E 71 NP B30 I25 L|TCHFIELD~ . . .÷LESQUCrf ,+ . .  (RHEL÷DDEF+SACL)|JR 

I ~ 20 Y¢I IE030)  CROSS-SECTION AND INVARIANT-HASS PEARS 

Z ( 2 0 3 0 )  SEE THE . I N I ~ E V I E H  A7 T H E E  . . . . . . . .  E V. L , S * I H G S .  

I BLTMPS I SEE THE NOTE TO THE F 1 7  Y ' 1 ( 2 0 3 0 ) ,  WHICH PROCEEDS T H I S  
ENTRY* HERE WE LIST ONLY PARAMETERS OE PEAKS [m CR~SS 
SECTIONS AND INVARIANT-NASS DISTRIBUTIONSo THE CROSS- 

SECTIm PEAKS ARE AT LEAST OONINANTLY ASSOCIATED WITH THE V~1(2030)1 
BUT RAY CONTAIH A SMALL CONTRIBUTION FROM THE SUGGESTED RUT HOT ESTAB- 
LISHED OTHER RESONANCES IN THIS REGION. 

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

28 Y*112030) MASS (MEV) - -  AS SEEN IN PEAKS 

H 12022.0) (20*0)  BLANPIEO 6E CNTR 0 GAMMA P TO K+ Y* 
H 2020.0 T;O BUGG 68 CNTR K-Pw D TOTAL 6/68 
M 2069.0 4 .0  BRICHAN TO CNTR 0 TOTAL AND CH EX 6/70 
M 2025.0 10.0  COOL TO CNTR K-P[  D T~TAL 10/70 
N (2025 .0 )  120.0) LU TO CNTR 0 GAMMA P TO K+ Y* 1/71 
N . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOE = 2 . 8 )  

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

28 Y 'L(2030# WIDTH (MEV) - -  AS SEEN IN PEAKS 

N (120 .0 )  ( 20 .0 |  DLANPIED 65 CNTR O 
H 130.0 10.0  BUGG 68 GNTR 6/68 
W 126.0 11.0 BRICHAN 70 CNTR 0 TOTAL AND CH EX E/70 
H 165.0 COOL TO CNTR K-P[  O TOTAL 10/70 
R (80.01 LU 70 CNTR 0 GAMMA P TO K÷ V= 1/71 
W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = 1 .0 )  

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

20 Y~1(2030! PARTIAL DECAY MODES 

DECAY MASSES 
P l  Y * I (E030 )  INTO KBAR N 497+ 93R 
P2 Y*1(2030)  INTO KEAR N Pl 407÷ 939+ 139 

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

28 Y~I (2030)  BRANCHING RATIOS - -  AS SEEN IN PEAKS 

RE Y .1 (2030)  INTO (KBAR HI/TOTAL [P1) 
RI THESE VALUES OF ELASTICITIES ASSUHE J=7/2 - -  
R1 0.131 EUGG 68 CNTR 6/68 
R1 0 .27  (0 .02 )  BRICHAN 70 CNTR 0 TOTAL AND CH EX 6/70 
P1 0 .12 COOL 70 CNTR K-P~ D TOTAL 10/70 

R2 Y~I(Z030|  INTO KBAR N PI (P2| 
R2 SEEN BOCK HBC 

REFERENCES - -  V*112030) AS SEEN IN PEAKS 

BLANPIED 65 PRL 16 761 ÷GREENBERGvHOGHES, KITCHING,LUe+ (VALE(DEA)I 
COOL 66 PRL 16 1228 +GIACONELLIIKYCIA~LEONTIC,LI,LUNDEVt÷ (DNLI I 

- -  COOL 66 IS SUPERSEDED BY COOL 7B. 
BUGG 68 PR L68 1466 +GILNOREtKNIGHTv + (RTHFDIBRRGHRtCVNDSH| I 

8RICMAN 70 PL 318 1S2 +FERRO LUZZIt PERREAU,+ ICERN,CAEN,SACLAY) 
COOL 70 PR 10 1887 +GIACOHELLI, KYCIA, LEONTIC, L i t  + (8NL) I 
LU 70 PR 02 1846 ÷GREENEERG, HUGHES, RINEHART, MORI,+ (YALE) 

i,.(=o,.,o) i . . . .  + ........ FE'  
THIS STATE HAS BEEN SUGGESTED BY ONLY ~NE PARTIAL 

NAVE ANALYSIS ACROSS THIS REGION* IT NEEDS CONF1RMATIOM 

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

34 Y*1(2070}  HASS (HEVI 

M ( 2 0 7 0 . )  ( t O . )  8ERTHON1 TO DPWA - K- P TO S(G FI 1/71 

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



Baryons 
z( ovo), Z( OBO), z( zoo), Z(2 5o) 

134 

Data Card Listings 
For notation, see key at front of  Listings. 

34 Y*I(ZOTO) WIDTH (NEV) 

W (160.) (20.) BERTHONI 70 OPWA - K- P TO GIG Pl 1/71 

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

34 Y~I(20TO) PARTIAL DECAY MODES 

DECAY MASSE S 
P l  Y<:I[2OTO) INTO NBAR N 497÷ 939 
P2 Y~'1(2070) INTO SIGMA PI l lOT÷  139 

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

3A Y*I(BOTO) BRANCHING RATIOS 

RI  Y* I (ZOTO) FROM KBAR N TO SIGMA SQRT(PI~,PB) 
RI ( ~ , 1B )  { . 02 )  BERTHON1 70 DPNA - R- P TO $1G PI  1 /71  

REFERENCES - -  Y * I ( 2070 )  

BERTHON1 70 NP 824 417 +VRANA~BUTTERWORTH~÷ (CDEF~RHEL,SACLAY)IJP 

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

• - - l 88 Y , I (2OBO JR=B/2+)  I = l  IP~l 
I z ( 2 ° e ° ) l  SEE . . . .  ,NLEVIE . . . . . .  STRRT OF THE Y. LISTINGS. 

SUCH A RESONANCE IS SUGGESTED BY GONE BUT NOT ALL 
PARTIAL-WAVE ANALYSES ACROSS THIS REGION. UNTIL THERE 
IS MORE EVIDENCE, WE OMIT THIS STATE FROM THE MAIN 
BARYON TABLE. 

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

88 Y* I (2OBO)  MASS (MEV) 

N (2082.0) (~.O) COX 70 DPWA - K- N TO LAM PI  8170 
M (2070 .0 )  ( 30 .0 )  L ITCHFIEL TO DPWA O- K-  N TO LAM P I  6 / 70  

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

88 Y~I(2OBO) WIDTH (NEV)  . . . . . . . . . . . . . . . . . . . . . . .  

W (B7 ,O)  ( 20 .0 )  COX 70 DPWA - K -  N TO LAM P l  6 / 70  
w (250 .0 )  (~.O.O) LITCHPIEL 70 DPWA 0 -  K -  N TO LAW P( 6170 

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

8E Y*L(2D8O) PARTIAL DECAY MODES . . . . . . . . . . . . . . .  

DECAY MASSES 
Ag?+ 939 ' Pl Y*1 (2080 )  INTO NEAR N 

P2 Y* l IZOBO)  INTO LANBDA P( 1115+ 139 

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

88 Y.1{2080) BRANCHING RATIOS . . . . . . . . . . . . . . .  

RI  V *1 (2080 )  FROM KERR N TD LANBDA PI  SQRTIPI*P2)  
RI ( - 0 . 16 )  (O.OB) COX 70 DPWA - K-  N TO LAW P( 6/70 
R1 (-O.O9) (0 .03 )  LITCHFIEL 70 DPWA O- K-  N TO LAW PI 6 /70  

REFERENCES - -  Y~=l(2080) 

COX 70 NP 6~9 61 •ISLAM~ COLLEYe + [BIRN,EDIN~GLAS~LOIC)IJP 
LITCHFIE 70 NP B22 269 P J LITCHFIELD IRUTHERFORD)IJF 

I ,,I 26 Y.1,,1o . . . . . .  ,2-, I=1 
i - - |  • SEE THE MINI-REVIEW AT THE START OF THE Y* L ISTINGS.  

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 FRON THE HAIN 
BARYON TABLE. 

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

26 Y~ I I21OOl  MASS (MEV) 

w (2060.0) (20 .0 )  GALTIERI 70 DPWA 0 K-P TO LAMBDA PI TITO 
M (2120 .0 )  ( 30 .0 )  GALTIERI TO DPWA O K-P TO SIGMA Pl T/TO 

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

26 Y~ I (2100 )  WIDTH (NEV) 

W (70.0l  (BO.O) GALTIERI 70 DPWA O K-P TO LAMBDA Pl 7•70 
w (LEE.O) (BO.OI GALTIERI TO DPWA 0 K-P TO SIGMA PI  7 / 70  

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

26 Y~I(2.1OO) PARTIAL DECAY MODES 

DECAY MASSES 
P l  Y=wIIZlOO) INTO KBAR N BRT• 939 
P2 Ve l l 21OO)  INTO LANBDA Pl 1115+ 13A 
PB Y~1(2100)  INTO SIGMA Pl 1197+ 139 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ - -~  . . . . . . . . . . . . . . . . . . .  

26 Y* I ( 2100 )  BRANCHING RATIOS 

R1 Y~ I (2100 )  FROM KBAR N TO LANBDA Pl  SGRT(PI*R2) 
RI ( -0.07) (O*OZl GALTIERI 70 DPWA O K-P TO LAMBDA Pl 7/70 

R2 Y ' 1 (2100 )  FROM KBAR N TO SIGMA PI GGRT(PI~=PB) 
R2 (+0 .13 )  ( 0 . 02 )  GALTIERI TO DPNA 0 N-P TO SIGMA PI 7 / 70  

REFERENCES - -  Y*I(2100) 

GALTIERI 70 DUNE CONF 173 A BARBARO-GALTIERI (LRL)IJP 

M > 2 2 0 0  MEV - PRODUCTION . ~ ( D  ¢rToTJij - EXPERIMENTS 

48 Y .1 (2250~  JR= I I=1  

| ~ . . , 2250~  ] SEE THE NIN . . . . .  IEN AT THE START . . . .  E Y" L IS  . . . .  S. 

I • , I  THE PHASE-SHIFT-ANALYSIS RESULTS ARE TOO WEAK TO 
WARRANT SEPARATING THEM FROM THE PRODUCTION AND CROSS- 
SECTION EXPERIMENTS. IN AN ANALYSIS OF ELASTIC AND 
POLARIZATION DATA~ DAUM 68 COULD NOT EXCLUDE ANY 

POSSIBILITY FROM JR= 512÷- TO JP= 11/2+- FOR THIS STATE. 8RICMAN 70 
SUGGESTS 7 /2 - ,  

LASINSKI 71 SUGGESTS TWO RESONANCES IN THIS REGION USING A PONERON 
• RESONANCES MODEL. 

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

48 Y* t (B2 f iO )  MASS (MEVI 

( 2245 ,0 )  BLANPIED 65 GNTR GAMMA P TO K+ Y# 
(2299 .01  ( 6 . 0 )  DOCK 65 HBC PBAR P 5 .7  BEV/C 

M 2250 .0  7 .0  BUGG 68 CNTR K-P ,  D TOTAL 6 /68  
q 2260.  14 .0  AGUILAB TO HBC • K -  3 . 9 -4 .6  GEV/C 5 /70  
N ZZBT,O t l ,B  BRICMAN 70 CNTR O TOTAL AND CH EX 6 /70  
N 2255 .0  10 .0  COOL TO CNTR K-P ,  D TOTAL 10 /70  
M (2250 ,0 )  (2O.O) LU 70 CNTR O GAMMA P TO K÷ Y* 1 /71  

AVFRAGE MEANINGLESS (SCALE FACTOR = 1.6) 

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

B8 Y~1(2250)  WIDTH (NEV) 

W (150 .0 )  BLANP1ED 65 CNTR GAMMA P TO K+ Y* 
N (21.0) (17.0) (21.0] BOOK 65 HBC PBAR P S.T GEVIC 
W 230.  O 20 .0  BUGG EB CNTR K-P)  D TOTRL 6 /68  
W lO0 ,O 20 .0  AGUILAR TO HBC + K-  B .9 -4 .E  GEV/C 5 /70  

164 ,0  5D,O BRICMAN TO CNTR O TOTAL AND OH EX 6170 
(170 ,0 )  COOL 70 GNTR K-P)  D TOTAL 10 /70  
I 125 .0 )  LU TO GNTR O GAMMA P TO K+ Y* 1 /71  N 

AVERAGE MEANINGLESS (SCALE FACTOR = 3.31 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

48 Y~1(2250)  PARTIAL DECAY MODES 

DECAY MASSES 
P l  Y ' 1 (2250 )  INTO KBAR N 497+ 939 
PZ Ye1 (2250 )  INTO LAMBDA PI  1115+ 134 
P3 Y~L(ZZBO) INTO SIGHA Pl 1197+ 139 
PA Y* I ( 2ZSO)  INTO KBAR N P( 897+ 939+ 139 

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

48 Y~1(2250)  BRANCHING RATIOS 

R( Y ,1 (2250 )  INTO (KBAR N)/TOTAL (FIB 
R1 J IS  NOT KNOWN. THE FOLLOWIh~; IS  ( J+ I / 2 ) *P1 ,  
B l  ( 0 . 47 )  BUGG 6B CNTR 6 /68  
R1 (0 .16 )  ( 0 . 12 )  RRICNAN 70 CNTR 0 TOTAL AND CH EX 6 /70  
R1 (0 .82 )  COOL TO CNTR K-P)  D TOTAL lO/TO 

R2 Y'1(2250) FROM KBAR N TO LAMBDA PI SORT(PlOP2) 
R2 THE FOLLOW( NG ASSUMES JP=9/2-. DATA INSUF. FOR DETERM. THIS AMP. 
R2 (-0.18) GALTIERI 70 DPWA N-P TO LANBDA Pl 10170 

R3 Y~1(22EO) FROM KBAR N TO SIGMA PI SQRT(PI~PB) 
RB THE FOLLOWING ASSUMES JR=9/2-. DATA INSUF. FOR DETERM. THIS AMP. 
R3 (+O.O7) GALTIERI 70 DPWA K-P T3 SIGMA Pl 10170 

R4 Y* I ( 2250 )  INTO (KBAR N) / IS IGMA RIB (P1 ) / (P3 )  
R4 (0 ,18 )  OR LESS BARNES 69 HBC + 1STAN DEV L IM IT  10 /69  

RE Y=I(22EO) INTO (LAMBDA PII/ISIGMA PI) (PZ ) / (PB )  
RE (0.18) OR LESS BARNES 69 HBC • 1 STAN DEV LIMIT 10/69 

BLANPIED 65 PRL 14 761 
BOCK 65 PL 17 166 
BUGG 68 PR 168 1466 
BARNES 69 PRL 22 479 

AGUILAR 70 PRL 25 58 
BRICNAN 70 PL BIB 152 
COOL 70 PR 10 1887 
GALTIERI 70 DUKE CONF 178 
LU 70 PR 02 1846 

REFERENCES - -  Y ,1 (22501  

+GREENBERG,HUGHES,KITCHINGt + (YALEICEAI )  
+CODPERtFRENCH,KINSON, + (CERNtSACLAV) 
*GILNOREpKNIGHTe • (RTHFDtBRNGHMtCVNDSH) I 
• FLAMINIO,NONTANET,SAMIOS + (BNL•SYRA) 

AGUILAR-BENITEZt BARNES) ÷ (BNLt SYR) 
+FERRO LUZZI, PERREAU,+ (CER~,CAEN,SACLAY) 
+GIACOMELLIt KYCIA, LEONTIC, Lh  * IBNL) I 
A BARBARO-GALTIERI (LRLtIJP 
+GREENBERG, HUGHES) MINEHART. MORI~+ (YALE) 

PAPERS NOT REFERRED TO IN DATA CARDS 

COOL 66 PRL 18 1228  ~GIACOMELLI,KYCIA,LEONTICtLI,LUNDBY,+ (BNL) I 
- -  COOL 66 IS SUPERSEDED BY CDOL 70. 

DAUBER 66 PL 23 154 +SCHLEIN~ SLATER, STDRKt TICHO (UCLA(LRL) (  J 
- -  SUGGESTS 3=912 RESONANT BEHAVIOR IN SIGMA- Pl~, BUT APPEARS 

INCONSISTENT WITH PARAMETERS OF COOL 66.  
DAUM BE NP BT 19 @ERNEt LAGNAUXt SENSe STEUERt UDO (CERN)JP 
LASINSKI 71 NP 829 EZ5 T A LASINSKI (EEI)IJP 



Data Card Listings 
For notation, see key at front of  Listings. 

t35 
Baryons 

Z(2455), Z(2620), Z(3000), EXOTIC HYPERONS, Z- 

53  Y*1 (2455 ,  JP= I l =L  

l ' ' l  I ~ . , 2 4 5 5 ,  i S . . . . . . . .  I-REVIE . . . . .  E S . . . .  OF THE Y *  LISTINGS. 

THERE IS ALSO SOME SLIGHT EVIDENCE FOE Y* STATES IN 
THIS MASS REGION FROM THE REACTION GAMMA + p TO K+ + MISSING MASS - -  
SEE GREENEERG 68 .  

. . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

53 Y *L (Z455 )  HASS (MEVI  

M 2455.0 7 .0  DUGG 88 CNTR K-P~ D TOTAL 6 /68  
u 2455 .0  10 .0  ABRAMS 70  CNTR K-P~ D TOTAL 10 /70  
M . . . . . . . . .  

AVG 2435.0 5.7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [.Of 

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

53 Y*/(245~I WIDTH IMEVI 

w lO0 .O  2D .O  8UGG 68 CNTR 6 /68  
W 140 .0  ABRAMS 70 CNTR K-P~ D TOTAL 10 /70  

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

53 Y '~1 (2~5~ )  PARTIAL DECAY MODES 

DECAY MASSES 
Pl Y '1 (2455 )  INTO KBAR N 497÷  939  

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

53  Y~ .1 (2455 )  BRANCHING RATIOS 

RI Y'1(2455) INTO (KBAR NJ/TOTAL (Pl) 
J IS NOT KNOWN. THE FOLLOWING IS (J÷I I2I*PI.  

R1 (0 .3 I  8UGG 68 CNTR 6•68  
R I  0 . 39  ABRAMS 70 CNTR K-P~  O TOTAL 10 /70  
R1 C (0 .05 )  (O .OS)  BRICMAN 70  CNTR 8 TOTAL AND CH EX 6 /70  
R( C FIT OF TOTAL CROSS SECTION GIVEN BY BRICBAN 70 IS POOR IN 
R1 C THIS REGION. 

* * * * * *  = * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES - -  Y * I  [ 2455  ) 

3UGG 68 PR 188  1466  +GILNORE~KNIGHT~ ÷ (RTHFD~BRNGHM~CVNDSH) I 
ABRAMS 70 PR 1O [917  +COOL, GIACOMELLI~ KYCIA~ LEONTIC~ + (BNL] I 
8RICMAN 70 PL 81B 152  ÷FERRO LUZZI, PERREAU.+  (CERq,CAEN~EACLAYI 

PAPERS NOT REFERRED TO IN  DATA CARDS 
ABRAMS 67 PRL 19 678  ÷COOL~GIACOMELLI~KYCIA,LEONTIC,LI~ + (BNLI 

- -  ABRAMS 67  IS SUPERSEDED BY ABRAMS TO. 
GREENOER 68 PRL 20 221  GREENBERG~ HUGHES~ LU~ M1NEHARTt + IYALE I  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

I " "I SEE THE MINI-REVIEW AT THE START OF THE Y*  LISTINGS= 

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

54 Y*1 (2620 )  MASS (HEY) 

M 2620 .0  15 .0  ABRAMS 70  CNTR R-P ,  D TOTAL 10 /70  

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

54  YW'1 (2620)  WIDTH (HEV)  

W (175 .0 )  ABRAMS 70 CNTR K -P ,  D TOTAL 10170  

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

54  Y *1 (2620 )  PARTIAL DECAY MODES 

DECAY MASSES 
P1 Y*1 (2620 )  INTO KBAR N 497+  939  

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

54 Y* I ( 2620 I  BRANCHING RATIOS 

RI Y*I(2620) INTO (KBAR NI/TOTAL IF1) 
RI  J IS  NOT KNOWN* THE FOLLOWING IS  ( J+ I /Z )~ 'P1 .  
R1 0 .36  0 *12  8RICMAN TO CNTR B TOTAL AND CH EX 6 /70  
El ( 0 . 32 )  ABRAMS 70 CNTR K-P, D TOTAL 10 /78  

REFERENCES - -  Y *1 (2620 )  

A8RAMS 87 PRL 19 678  +CDDL ,G IACONELL I ,NYCIA ,LEONTIC ,L I ,  ÷ ( 8NL )  
- -  ABRAMS 67  IS  SUPERSEDED BY ABRAMS TO. 

ABRAMS 70 PR ID 1917 +COOL~ GIACOWELLIt KYCIA~ LEONTIC~ + (DNL) I 
BRICMAN TB PL 318  152  ÷FERRO LUZZI, PERREAU,÷  (CERD~CAENeSACLAY|  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  . , . , . * * . ,  * * * * * * * * *  * * * * * * * * ,  * * * * * * * *  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

'z, ooo,' s9 Y.113o.o . . . .  i f . ,  

i , ,  Jl SEE THE MINI-~EVIEW AT THE START OF THE Y*  LISTINGS. 

ENHANCEMENT IN LAMBDA PI AND KBAR N INVARIANT MASS 
SOECTRA AND IN MISSING MASS OF NEUTRALS RECOILING 
AGAINST KO. EVIDENCE NOT CONCLUSIVE. OMITTED FROM 
TABLE. 

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

59 Y*I(3OOO) MASS (MEVI 

M ( 3000 .0 )  EHRLICH 66  HBC O P I -P  7.91 8EV /C  8 /66  

59 Y * I ( 30OOi  PART IAL  DECAY MODES 

DECAY MASSES 
Pl Y*I(3BO0) INTO KBAR N 497+ 939 
P2 Y*I(OOBO) INTO LANBDA P( [[LS+ 139 

REFERENCES - -  Y * l ( 3008 )  

EHRLICH 66 PR 152 1194 R EHRLICS~t W SELDVE~ H YUTA (PENNIDNL)I I 

EXOTIC H~PERONS cross SECTION LIMITS (MICRODARNS) 

THIS IS NOT A COMPLETE LIST. WE WILL TABULATE EXOTICS FROM NOW ON 

CR G (28.) DR LESS GALTIERI 68 08C N-N TO SD-PI-FIO 7/70 
CR G ABOVE LIMIT FOR MASS LT 2.13 GEV AND GAMMA LT 60 MEV- (2.1GEV/C K-) 7/70 
CR A (~O.) OR LESS GALTIERI 68  DEC - -  R-N TO SD-PI-PIO T/TO 
CR A ABOVE LIMIT FOR MASS LT 2.3 DEV AND GAMMA LT 128 MEV- (2.7 GEV/C K-I 7/70 

REFERENCES - - -  EXOTIC HYPERONS 

GALTIERI 68 PRL 21 B73 A.BARBARO-GALTIERItCHAOWICK + {LRL÷SLAC) 

E R e s o n a n c e s  

T h e  N 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  and  

w i l l  p r o b a b l y  l o n g  r e m a i n  u n s e t t l e d .  T h i s  i s  b e -  

c a u s e  t )  t h e y  c a n  o n l y  b e  p r o d u c e d  a s  p a r t  of  a 

f i n a l  s t a t e ,  K - + p  ~ ~, + o t h e r s ,  a n d  Z) t h e y  a r e  s o  

produced with very small cross sections ( <50 ~b). 

Thus the numbers of events available are small, 

and the analysis is more complicated than if direct 

f o r m a t i o n  w e r e  p o s s i b l e .  O n l y  t h e  ~ ( i 5 3 0 )  i s  

r e a l l y  w e l l  e s t a b l i s h e d .  T h e r e  a r e  at  l e a s t  t w o  

s t a t e s  i n  t h e  t 8 0 0 - Z 0 0 0  M e V  r e g i o n  and  t h e r e  a r e  

i n d i c a t i o n s  of  s e v e r a l  m o r e  a b o v e  Z000 M e V ,  but  

t h e  s i t u a t i o n  i s  v e r y  u n c l e a r .  We a r e  f o r c e d  to 

g r o u p  t o g e t h e r  r a t h e r  d i s p a r a t e  o b s e r v a t i o n s  and  

a w a i t  n e w  r e s u l t s .  F i g u r e s  in  t h e  l i s t i n g s  p o i n t  

out  d i s a g r e e m e n t s  a m o n g  v a r i o u s  e x p e r i m e n t s .  

T h e  t a b l e  f o l l o w i n g  t h i s  n o t e  g i v e s  o u r  e v a l u a t i o n  of  

t h e  s t a t u s  o f  the ~' r e s o n a n c e s ,  b a s e d  o n  t h e  m e a -  

g e r  data available at  this time. 

STATUS OF X I *  RESONANCES 
THOSE WITH AN ~VERALL STATUS OF * * *  OR *$** ARE INCLUDED IN THE MAIN BARYON 
TABLE. THE OTHERS AWAIT CONFIRMATION. 

STATUS AS SEEN IN - -  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

OVERALL 
PARTICLE LIJ STATUS X( Rl LAW N SIG K XI* Pl OTHER CHANNELS 

XI(1320I PIL * * * *  WEAK TO LAB PI 
Xl(IB3O) P13 * * * *  * * * *  

X I I L 6 8 @ )  * *  * *  
X l I 1820 )  * * *  * * *  * * *  * *  * * *  
XI (1940 )  * * *  * * *  * * *  
XI I203O l  * *  * *  * *  B-BODY DECAYS 
X l ( 2 2 5 0 )  * 3-BODY DECAYS 
XI(2EOO] * *  * *  * *  3-BODY DECAYS 

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

• * * *  GOOD, CLEARe ANO UNMISTAKABLE.  
• * *  GOODt BUT IN  NEED OF CLARIF ICAT ION OR NOT ABSOLUTELY CERTAIN .  

• * NEEDS CONFIRMATION. 
• WEAK. 

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

22  XI - ( 132hJP~ l / 2  } I =1 /2  

SEE STABLE PARTICLE  DATA CARD L IST INGS 

• * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  



B a r y o n s  
~o, ~ ( 1 5 3 0 ) , - ' - ( 1 6 3 0 ) ,  ~ ( 1 8 2 0 )  

F ~  23 XI O (1314, JPffiE/2 I lffill2 

SEE STABLE PARTICLE DATA CARD LISTINGS 

* * * * * *  ******-*** * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

,, .... 

THIS IS THE ONlY REALLY WELL-ESTABLISHED X I * .  THE 
QUANTUM NUHBERS 312+ ARE FAVORED 5V THE OATA. 

WE 90 NOT USE DETERMINATIONS ~F THE NAGS AND THE WIDTH ~F THIS 
STATE UNLESS THEY ARE ACCOMPANIED DY SOHE DISCUSSION OF SYSFEMATICS 
AND RESOLUTION. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  - . . . . . . . .  

Ag X I * L f Z ( L S 3 0 1  MASS IHEV| 

F~ERRGU E2 .DC 0 K P I R GEV/C 
5ADLER 64 HOG O- K-P B GEV/C 
LONDON 66 HBC - K-F 2 . 2 4  GEV/C 7 / 6 6  
KIRSCH 71 HBC K-P 2.BTGEV/C 2172 .  

AVERAGE (ERROR INCLUDES SCALE FACTOR OF l . O )  
10NOON 66 HBC 0 K-P 2 . 2 4  GEV/C 7166 
B/CDIER 71 HBC 0 K-P AT 5.9SGEV/C 10171* 
EDRENSTEI 71 HBC 0 K-P 2.2GEV/C 2172"  
KIRSCH Tl HBC 0 K-P 2.8TGEV/C 2172"  

q 5 5 ( 1 5 2 9 . 0 )  ( 5 . 0 )  
M ( 1 5 3 2 . 0 1  ( 2 . 0 )  
M- 38 1 5 3 5 . 7  3 . 2  
R- 185 IE3E .2  1 . 6  
M- • . . . . . . . .  
M- AVG 1536 .1  1 . ~  
HO 76 1528 .7  1 .1  
MO 59 1531 .4  0 . 8  
HO 324 I S 3 1 . 3  0 . 6  
MO 286 1E32.3  0 . 7  
MO . . . . . . . . .  
MO AVG 1531.31 0 . 5 9  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l . E |  

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

49 X I * ~ - I - X I * I 0 |  HASS DIFFERENCE IHEVI 

0 5 . 7  3 . 0  PJERROU 65 HBC O- 1 . 8 - 1 . 9 ~  GEV/C 7166 
D R IT .O)  ( 4 . 0 )  LONDON 66 HDO O- 2 . 2 4  GEV/C 7 /66  
D E*O 5 . 2  MERRILL 66 HBC O- 1 * 7 - 2 . 7  GEV/C ? l b 6  
D 3 . 9  1 . 8  KIRSCH 7 1 H B C  O- K -  P 2 . 8  GEV/C 2 / 7 2 "  
D R REDUNDANT WITH DATA IN MASS LISTING. 
D . . . . . . . . .  
D AVG 8.9 1.4 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0] 

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

49 X l * l / 2 ( I S B O I  WIDTH (MEV) 

HO 7 . 0  2 . 0  SCHLEIN 63 HBC O 1.8, 1.95  GEV/C 
NO 8 .5  3 . 5  LONDON 66 HBC 0 2 . 2 ~  GEV/C 7166 
NO 7 . 0  T.O BERGE 66 HDC O 1 . 5 - 1 . 7  GEV/C 7 / 6 6  
wO L l . O  2 . 0  5AOIER 7 1 H B ~  0 K-P AT 3.95GEV/C l O l T t *  
WO 8 . 4  1 . 4  DORENSTEI T 1 H B C  0 X I -  P I~  MODE 2172"  
WO l I . O  1 .8  KIRSCH T l  HBC 0 X I -  P I+  ~ l T Z *  
NO . . . . . . . . .  
NO AVG 9 . 1 6  0 . 8 4  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 0 )  

(SEE IDEOGRAM BELOW I 

M E Z G H T E D  f l U E R f l G E  ffi 9 . 1 6  * O . B 4  

ERROR S C f l L E O  BY t . O  

~ .  . . . . .  K I R S C H  7 t  H B C  

. . . . .  B D R E N S T E Z  7 1  H B C  

. . . . .  B R D I E R  7 t  H B C  

. . . .  B E R 6 E  6 6  H B C  

- . . L O N D O N  6 6  H B C  

. . . .  H L E Z N  6 3  H B C  

- . -J  - ' - I / -  • 
7 I I 1 / 2 ( 1 5 3 0 ] 0  M ~ D T H  { f l E U ]  

C H ' r S Q  

1 . 0  

0 . 3  

O . B  

0 . 0  

1 . 2  

3 . 4  

( C Q N L E U  
•O . 4 9 5 8  

W- 16 .2  4 . 6  KIRSCH T l  HSC - X÷-  P+O~X÷O P+-  

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

49 X I * I / 2 ( I ~ 8 0 |  PARTIAL DECAY NODES 

DECAY MASSES 
Pl  X I * 1 / 2 ( 1 5 3 0 )  INTO XI Pl I B E l +  139 

OTHER STRONG DECAYS ARE FORBIDDEN EY ENERGY CONSERVATION. 

REFERENCES - -  X I * I / 2 ( 1 S S O )  

pJERR(~J 62 PRL 9 114 ÷PRDWSEtSCHLE|N,SLATER~STORKyTICHO (UCLA) I 
SCHLEIN 63 PRL 11 167 ÷CARHONY,PJERROUtSLATER,STORKtTICHO (UCLA) IJP  

DAOIER 6~ DUDNA I 593 +DENOULIN, GDLDDERG, + (EP~SACLAY~AHSXR( l 
PJERR~ 65 PRL 14 E75 ÷SCHLEINgSLATER,SHITH, STORKtTICHQ (UCLA) 

BERGE 66 PR 167 945 ÷EBERHAROtHUEBARDtNERRILLtB-SHAFER,÷ (LRL|  I 
LONDON 66 PR 143 1034 +RAU,SAM1DS,YANAMOTOtGOLDDERGt+ (BNL,SYCR) IJ  
MERRILL 66 UCRL-lERSS THESIS O W MERRILL (LRL| JP 

BAOIER 71LPNHE 9 . 7 1 . ( 0 1 )  +SARRELET,CHARLTON~VIDEAU [EPOL| 
BORENSTE 7 1 S U B .  PRO OORENSTEIN,OANBURG,KALDFLEISCH÷• (BNLtMICH]  I 
KIRSCH Tl SUB.NP E SCHNIDTeCHAMG,HEHINGMAV+(ERANeUND~SYRtTUFT) I 

2172" 

~36 

Data Card Listings 
For notation, see key at front of  Listings. 

PAPERS NOT REFERRED TO IN DATA CARDS 

SHAPER 66 PR 162 883 EUTTON-SHAFERjLINDSEY, HURRAY,SRITH (LRL~ JP 
- -  A SPIN-PARITY DETERMINATION. 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * e . e * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

I ~ # l l  THIS EFFECT NEEDS CONFIRMATION. 
THIS IS A 3-  OR ¢-STANDARD-OEVIATION BUMP SEEN IN ONE 
CHANNEL IN  ONE EXPERIMENT. DARTSCH 69 SEE A SHALL,BROAD 
E~ANCEMENT NEAR L6~0 ~ V  - IT IS  NOT CLEA~ THAT IT  IS  
THE SANE PHENOMENON AS BHST TOt WHO FIND CS=3 .6+-1 .E  
HICROBARNS AT 2 . 8 7  GEVIC INCIOENT K-  MOMENTUM 

BORENSTEIN 71 SEE NO EFFECT IN THIS REGION. THEY FIND CR LT 2 HUB AT 2 . 1 8 .  
ROSS 72 ARGUE THAT THE EFFECT THEY SEE I S  NOT THE SANE AS THAT SEEN 
BY BNST TO. ROSS 72 FIND CS- 2+-1  MICMOBAMNS AT 3 , 3  GEV/C 

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

21 X1*112(16308 HAGS (MEV) 

N 60 1635,  10 .  BNST TO HBC 0 INTO X I -  PI+ 
N 29 1606. 6 .  ROSS 72 HDC 0 K-P AT 3 . 1 - 3 . 7  
N . . . . . . . . .  
H AVG 1613 .7  1 2 . 8  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 . 5 )  

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

21 X 1 * 1 / 2 ( 1 6 3 0 )  WIDTH (HEY) 

H 4o s7.  , R .  5MOT TO HOE 0 . . . . . . . .  T 
W 21.  T.  ROSS T2 HEC O X I - P I +  K * 0 ( 8 9 0 8  
M . . . . . . . . .  
W AVG 2 5 . 7  1 2 . 2  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.98 

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

21 X I * l / Z ( 1 6 3 0 1  PARTIAL DECAY NODES 

DECAY MASSES 
P l  X I *112 (16301  INTO Xl  PI 1321+ 139 

SEEN IN K -  P TO X I -  P I+  KO. 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * *  

REFERENCES - -  X l * L / 2 ( 1 6 3 0 )  

BHST 70 DUKE 317 BRANDEIS+MARYLAND+SYRACUSE+TUFTS COLLAB. 
BORENSTE 71 SUE.PR D EORENSTEIN,DANBURG~KALBFLEISCH++ (BNLtMICH) I 
ROSS TZ PL 388 177 ,BURAN,LLOYDtHULVEY,RAOOJICIC (OXF) 1 

PAPERS NOT REFERRED TO IN DATA CARDS 

APSELL 69 PRL 23 EEA • IDR~NOEESt MARYLAND, SYRACUSEI TUFTS| 
- -  APSELL 69 IS SUPERSEDED BY BNST TO 

BARTSCH 69 PL 2BE 439 • |AACHEN, BERLIN,  CERN~ LONDON, VIENNA) 
KALDFLEI TO DUKE CONF 331 G R KALBFLEISCH (BNL) I 

- -  KALBFLEISCH 70 SUMNARIZES EVIDENCE FOR ISOSPIN 112.  

* * * * * *  * * * * * * * * *  ********ffi * * * * * * * * *  * * * * * * * * *  * * * * * * * * $  * * * * * * * * *  * * * * * * *  

,1';'182o" o NI.I,2,1E2D. P- ,I.1,E 
AS THE ACCOMPANYING IDEOGRAMS ILLUSTRATE, THE SITUATION 
IS CONFUSED. UNTIL  SOME FUTURE CLARIFICATION| ME L IST 
UNDER XI (18201  EVERYTHING REPORTED IN THE MASS RANGE 
17SO-lOTS HEV. HHEN BRANCHING RATIOS ARE REPORTEDt WE 

QUOTE THEWs DOT ONLY THE HOST QUALITATIVE CONCLUSIONS ARE JUSTIFIED.  

7 /70  
3172" 

2({820) 
M a s s e s  and widths  of  r e p o r t e d  e n h a n c e -  

m e n t s  in  the 2 ( {820)  r e g i o n  ( so l id  

r e c t a n g l e s  indicate  e r r o r  on m a s s ) .  

Decay mode 

A~I ° I~ BADIER 65 

ARo ~ SMITH- 2 65 

.~*w, A~I ° ~ ALITTI 69 

E-w + ~ BMST 70 

E ( { 5 3 0 ) w  ~ B M S T  7 0  

Z ~ - ~ o  ~ B M S T  7 0  

A f r o  ~ B M S T  7 0  
L i I I i ! i I i 

{ 8 0 O  { 9 0 0  

M + 1"/2 (MeV) 



DataCard Listings 
For notation, see key at front of  Listings. 

t37 
Baryons 

~ ( 1 8 ~ 0 )  ~(1940) 

50 XI *112(1820)  MASS (qEV) 

M (1770 .0 )  HALSTEINS 63 FBC O- K-PR 3 .5  GEV/C 
M 29 1817.0 7 .0  SMITH I 65 HBC O- LANBDA KBAR 
M 30 1814.0 4 . 0  BADIER 65 HBC 0 LAMBDA KBAR 
M 60 1830.0 lO.O ALITTI 69 HBC - LAW, SIG KBAR 9169 
M 25 1830.0 10.0  CRENNELL 70 DEC O- 3 . 6 ,  3 .9  GEV/C 10/70 
M 65 1795. lO .  BMST 70 HBC 0 X I -P I÷  ( 2 . 9  K-P) T/TO 
M 55 1820. 12.  BMST TO NBC X I l 1 5 3 0 1 P I  7170 
M 35 1854. 12. BMST 70 HBC - SIGMA- KOGAR 7/70 
M 65 1871. 11. BMST TO HBC D LAMBDA KOBAR TITO 
M 8 28 1762.0 8 .0  BADIER T1 HBC XI P I , X I 2 P I , K  Y 10171* 
M 8 38 1838.0 5 .0  BAOIER 71HBC Xl PI~XIEPI~K Y 10171* 
M B EADIER T1 ADDS ALL CHANNELS AND DIVIDES PEAK IN LOWER AND HIGHER M 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 3 . 6 )  

(SEE IDEOGRAM BELOW ) 

- - I -  - . • 

- - I -  

1 7 0  1 7 5 0  1 B 0 0  i B S O  

X T ~ t / 2 ( t B 2 0 )  MRSS ( h E U )  

C H I S Q  

. . . . .  BRDZER 71  HBC 1 3 . 1  

. . . . .  BRDZER 7 1  HBC 5 2 . 4  

- - - - ~ . . B M S T  70 HBC 2 t . 6  

• B n S T  7 0  HBC B . 1  

. . . . .  BMST 7 0  HBC 0 . 0  

. . . . .  BMST 7 0  HBC 6 . 2  

. . . . .  C R E N N E L L  ? 0  DBC 1 . 0  

. . . . .  R L Z T T Z  6 9  HBC 1 . O  

~ ' ' ' ' - B R D I E R  6 5  HBC 2 . 2  

• - ~ - ' S M Z T H  i 6 5  HBC 0 . 2  

\ t O S . ?  

' ( C O N L E U  
1 9 0 0  1 9 5 0  = 0 . 0 0 0 )  

50 XI *112(1820)  WIDTH (MEV) 

W (80°0 )  OR LESS HALSTEINS 63 FBC O- K-FR 3 .5  GEV/C 
W ( 1 2 . 0 )  ( 6 . 0 )  BAOIER 65 HBC O LAHBDA KBAR 
M 3O.O 7 .0  SMITH Z 65 HBC O- 
R 55 .0  4O.O 20.0  ALITTI 69 HEC - LAMt SIG KBAR 9/69 
M 103.0 38.0  2~ .0  CRENNELL TO DEC O- 3.6v 3 .9  GEV/C 10170 
M 65 99. 31.  BMST TO MBC X I -P I+  ( 2 . 9  K-P) 7 /70 
W EE 82. ~2.  BNST TO NEE X I ( I S 3 0 )  PI 7170 
W BE 56. IA .  BNST 70 HBC - SIGMA- KOBAR 7170 
W 65 5E. 39. BNST TO HEC 0 LANEDA KOEAR 7•70 
M 8 51.0  IB.O BAOIER 71HBC LOWER MASS 10171* 
W B 58.0  13,0 8ADIER 71HBC HIGHER MASS 10171* 
W 
M AVSRAGENEANINGLESS(SCAL~''''" " "  RACTOR-13) 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 
(SEE IDEOGRAM BELOW ) 

i 

. . . . . . . . .  B R D I E R  

- - - ~ "  . . . . . . . .  BRDZER 

- -  ~ . . . . . . .  BMST 

t ~  . . . . . . . .  BHST 

~1 . . . .  B n S T  

- ' ~ . . . B M S T  

- - ~ . - - C R E N N E L L  

- -  F ' - ~  . . . . . .  R L I T T I  

j ~ . . . . .  ~ I T H  2 

-SO  SO iSO  

X Z m l / 2 ( t B 2 0 )  . IDTH  ( M E U )  

C H I S Q  

7 t  HBC 0 . 9  

7 1  HBC 0 . 2  

70 HBC 0 . t  

7 0  HBC 0 . 6  

7 0  HBC O . B  

7 0  HBC 3 . 0  

? 0  DBC 3 . 4  

6 9  HBC O . i  

6 5  HBC 4 . 9  

1 3 . 9  

2 S 0  ( C D N L E U  
- 0 . 0 8 3 )  

50 Xl*1121lS201 PARTIAL DECAY MODES 

DECAY ~ASSES 
P1 X1 .1 /2 (1820 )  INTO LAMBDA KBAR 1115÷ 697 
P2 X 1 " l / 2 ( 1 8 2 0 )  INTO XI PI 1321÷ 1 3 9  
P3 XI~112(1820) INTO SIGMA KBAR 1197÷ 697 
PA X I * 1 / 2 ( 1 8 2 0 )  INTO X I * L / 2 ( 1 5 3 0 )  Pl 1550÷ 139 
P5 X l t ( 1 8 2 0 )  INTO Xl  Pl Pl (X I  PI NOT X I$ ( IEBOl )  1321+ 139+ 139 

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

50 X I ' 1 / 2 ( 1 8 2 0 }  BRANCHING RATIOS 

RI X I * I / 2 ( 1 8 2 0 )  INTO (LAMBDA KEAR)/TDTAL (P1) 
R1 0 .3  0.15 ALITTI 69 HBC - 

R2 X I ~ l / 2 ( I E 2 0 )  INTO (XI PI)/TOTAL (P21 
R2 0 .1  0 .1  ALITTI 69 HEE - 

R3 X I * l / E ( I E 2 O )  INTO (SIGMA KBARI/TOTAL (P3) 
R3 (0 .02 )  OR LESS TRIP9 67 RVUE 
R3 0 .3  0.15 ALITTI 69 HBC - 

RA X1~112(1820) INTO (X I11 /2 (1530 )  PI)/TOTAL (PAl 
R6 0 .3  0.15 ALITTI 69 HBC - 
R6 10.25) OR LESS DAUBER 69 HBC 

RS X I~1 /2 (1820)  INTO (XI PI)/(LAMBDA KBARI 
R5 0 .20  0.20 BADIER 65 HBC 

86 XI .112(18201 INTO ( X I * ( I 5 3 0 )  P I ) / (LAM KEAR) 
86 0 .26 0.13 SMITH I 65 HBC 

RT X I * 1 / 2 ( 1 8 2 0 )  INTO (XI PI FI)/(LAMBOA KBAR) 
87 (O.1)  DR MORE SMITH I 6~ HBC 

RB X I (1820 ]  INTO (XI P I ) / ( X I ( 1 5 3 0 )  PI)  
R8 1 .5  0 .6  0.4 APSELL 70 HBC 

R9 XI (1820)  INTO (X I  Pl P l ) l ( X ( ( 1 5 3 0 )  P I )  
8 9  0 .3  0 .5  APSELL 70 HBC 

K-P 2 ,7  BEV/C 

( P 2 I / ( P 1 )  

( P & ) I I F l l  

( P S I / ( E l l  

( P E ) / ( P ~ )  
O 

) P E I / ( P 4 )  
0 

9169 

9169 

8167 
9/69 

9169 
9 /69 

7166 

6•70 

6•70 

REFERENCES - -  XI*112(18201 

HALSTEIN 63 SIENA CONF 173 HALSTEINSLID,÷ (EERGENvCERN,EP,RTHFtUNIDOLI I 
SMITH I 65 PRL 16 25 ÷LINDSEYtBUTTON-SHAFERtMURRAV (LRL)IJP 
EADIER B5 PL 16 171 ÷DENOULIN, GOLDBERGt ÷ IEP,SACLAY,AMST8) I 
SMITH 2 65 ATHENS CONF 251 G A SMITH, J S LINDSEY (LRL) 
TRIPP 67 qP B3 10 + LEITH1 ÷ (LRLtSLACtCERNtHEIDELtSACLAV) 

- -  USES DATA OF SMITH 1. 

ALITTI 69 PRL 22 79 +BARNES~FLAMINID,METZGER~ • (BNLgSYRACUSE) I 
DAUBER 69 PR 179 1262 ÷BERGEt HUGSAROt NERRILL~ MULLER (LRL) 
CRENNELL 70 PR 10 867 +KARSHDNw LAI r  DNEALLv SCARR, SCHUMANNIBNL) 
APSELL TO FRL 26 777 + (BRANDEIS, NARYLANOt SYRACUSE, TUFTS) I 
BMST 70 DUKE 317 BRANDEIS+MARYLAND÷SYRACUSE÷TUFTS COLLAB. 
BADIER 71LPNHE 9 . 7 L . ( 0 1 )  +BARRELET, CHARLTONtVIDEAU (EPOL) 

PAPERS NOT REFERRED TO IN DATA CARDS 

MERRILL 68 PR 167 1202 D R MERRILL. J BUTTON-SHAFER (LRLI 
- -  WEAK EVIDENCE CDf4CERNING JP. 

AFSELL 69 FRL 23 886 ÷ (BRANDEIS, MARYLAND, SYRACUSE~ TUFTS) 
- -  APSELL 69 IS SUPERSEDED BY BMST 70. 

.-r194o , 2 K 1 2 ) 1  . . . .  JF. 1 1 2  

I , , I  ME LIST UNDER XI (1960)  EVERYTHING REPORTED IN THE ~ASS 
RANGE 1875-2000 HEV. THE SITUATION IS PERHAPS NOT 
QUITE $0 UNCLEAR AS IS THE CASE FOR THE X I ( 1 8 2 0 ) .  

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

52 X I ' 112 (1910 )  MASS (HEY) 

M 35 1933.0 16.0  BADIER 65 HEC O XI -  PI÷ 
M 27 1930.0 20.0  ALITTI 68 HBC 0 x I -  PI+ 11/68 
M 66 1894.0 18.0 DAUBER 69 HBC - Xl Pl 11168 
M 21 1955.0 14.0 GOLDNASSE TO HEC - XI  PI lO/TO 
M 110 1954. 9 .  BMST 70 HBC 0 X I - P I ÷  ( 2 . 9  K-PI 7 /70 
a 40 1 9 6 1 .  8.  BMST TO HBC XI(LESO) Pl T/TO 

BAOIER 71HBC X I  P I t X I 2 P I , K  Y 10171* M 29 1956.0 6 .0  
M 
. AVEEAGE'MEAH)NGLESS'(SDA~E''''" " "  FACTOR- I . 6 )  

(SEE IDEOGRAM BELOW ) 

1 B 6 0  1 9 0 0  1 9 4 0  

• BRDZER 7 1  HBC 

• BMST 7 0  HBC 

~, .B f fST ? 0  HBC 

• EDLDWRSSE ? 0  HBC 

• ORUBER 6 9  HBC 

- R L Z T T Z  6 B  HBC 

-BRDZER 6 5  HBC 

1 9 8 0  2 0 2 0  

C H I S Q  

0 . 5  

1 . 3  

0 . 1  

0 . 1  

1 0 . 3  

1 . 2  

1 . 4  

1 4  . B  

( C D H L E U  
- 0 . 0 2 2 !  

X Z m l / 2 ( 1 9 4 0 )  nRSS ( f f E U )  

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

5Z X I * l / Z ( 1 9 6 0 )  WIDTH (MEV) 

g 35 160.0 35.0  EU~DIER 65 HBC O X I -  PI+ 
W 27 80.0  60.0  ALITTI 68 HBC 0 X I -  PI÷ L l168 
W 66 98.0  23.0 DAUBER 69 HOD - X) PI 11168 
W 21 50 .0  26,0 GOLDWASSE TO HBC X[ PI 10170 
R l i d  1 2 9 .  30. BMST 70 HBC O X I - P I ÷  ( 2 . 9  K - P )  T/TO 
W 40 62. 35.  8MST TO HBC XI( [SBO) PI 7170 
M 29 35 .0  IL.O BADIE8 71HBC XI P IvXI2PI tK  Y 10171* 
W . . . . . . . . .  
W AVERAGE MEANINGLESS ISCALE FACTOR - 1 . 8 )  

(SEE IDEOGRAM BELOW ) 



Baryons 
~ ( 1 9 4 0 ) ,  .=(@030),  g(@@50), g (@500) ,  f ] -  

138 

Data Card Listings 
For notation, see key at front of  Listings. 

+ - . "  . . . . . . . . . . .  BRDIER  71  HBC 
H~C 7 0  - ~L  -~,.,..;~ . . . . . . . .  B I1ST 

I~ - ~  . . . .  ..ST ~o .DE 
~ - . - ~ -  . . . . .  6DLDWQSSE 7 0  HBC 

[ - - - - I ~ -~  . . . . .  DRUBER S9 HBC 
- - - I - ~  - -~.  . . . .  ~ L I T ' r I  ~e HDC 

j - ' '  O 65  HBC 

-SO 50  150 250  

X I l t / 2 ( t 940 )  WIDTH (MEU]  

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

52 X1 ' 122 (1960 )  PARTIAL D~CAY NODES 

DECAY MASSES 
Pl XI(1940) INTO XI PI 1321+ 139 
P2 X I l L940 )  INTO X I (1530 )  PI  15304" 139 
P3 XI(19z~O) INTO Xl  P I  PI (X l  PI NOT X I (1530 ) )  1321+ 139+ 139 

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

52 XI*112(19~01 BRANCHING RATIOS 

THE XI(lgAO) IS SEEN MAINLY IN X) Pl AND SOME IN XI(1530} Pl. IT 
HAS BEEN LOOKED FOR IN OTHER CHANNELS BUT NOT SEEN. 

R1 XI(1940) INTO {X l  P I ) / IX I ( L930 )  PI) (P I ) / (PE )  
RI  2 . 8  0 .7  0 .6  APSELL 70 HBC O 

B2 X I (19~0 )  INTO (X I  Pl P I ) / IX I ( 1530 )  P I )  (PB ) / (PE }  
R2 O.O 0 .3  AP SELL TO HBC O 

REFERENCES - -  X l t l / Z (1940 }  

BADIER bS PL 16 l T i  
AL ITT I  6E PBL 21 1119 
DAUBER 69 PR 179 1262 
APSELL 70 PRL 26 777 
GOLDWASS 70 PR ID 1960 
BMST 70 DUKE 317 
BADIER 71LPNHE 9,7~.(01) 

+DEMOULIN,GOLDBERG, + (EP,SACLAY,AMST) I 
+FLAMINIO, METZGER,RADOJICIC,÷(BNL,SYBACUSE) I 
+BERGE~ HUBBARD, MERRILL, MULLER (LRL} I 
+ (BRANDEIS, MARYLAND, SYRACUSE, TUFTS( i 
E L GOLDHASSER, P F SCHULTZ (ILLINOIS( 
BRANDEIS÷MARYLANO+SYRACUSEeTUFTS COLLAB. 
+BABRELET,CHARLTON,VIOEAU (EPDL) 

PAPERS NOT REFERRED TO IN DATA CARDS 

CHISM 

5 . 1  

0 .3  

5 .3  

0 . 0  

2 .7  

0 .3  

5 .2  

IB  . 9  
(CDNLEU 
=0 .DO4)  

6 /70  

6•70 

APSELL 69 PAL 23 BE# + (BRANDEIS, MARYLANB, SYRACUSE, TUFTS) 
- -  APSELL 69 IS SUPERSEDED BY EMST TO. 

1 = ( , . o 3 o )  1 BB X,.L12(203o, JPo )i 1,2 
I I > 

68 XI'112120301 MASS (MEV) 

M 42 2030 .0  lO.O AL ITT I  69 HBC - K-P 3 ,9 -5  BEV/E 9169 
M 40 2BEBoO 17.B BARTSCH 69 HBC K-P IOGEV/C 9/69 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = l .A) 

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

68 XI*EI2(2030} WIDTH (MEV} 

w ~5 .0  40 .0  2O*O AL ITT I  69 HBC - 9 / 69  
W 57 .0  30 .0  BARTSCH 69 HBC 9 /69  
W . . . . . . . . .  
w AVERAGE MEANINGLESS (SCALE FACTOR = l.O) 

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

68 XI*112(2030) PARTIAL DECAY MODES 

DECAY MASSES 
P l  X I * l / 2 (2OBO)  INTO XI PI 132L+ 139 
P2 X I~L /Z (2O30 )  INTO LAMBOA KBAR 1115+ 497 
P3 X I * l / 2 (EO3O)  INTO SIGMA KBAR 1197+ 497 
P4 X I~ l /Z (203O l  INTO X I * l / 2 (1SSO}  P I  1530+ 139 
PE X)*1/2(20301 INTO LAMBDA (OR SIGMA) KBAR PI lEER+ 497+ 139 

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

68 xI=112(2030} BRANCHING RATIOS 

Bl  X I *1 /2 (2030 )  INTO [XI PI l l (MODES PI  TO P~t IP I I / (P I+P2+PB+P~)  
RI (O.3O) OR LESS ALITTI 69 HBC - 1STD DEV LIHIT 9/69 

RE X I * l l 2 (203O}  INTO )LAM KBARIIIMODES P1 TO P~) (PE) I (P I+P2+PB÷P~)  
R2 0 .25  0 .15  ALITTI 69 HBC - 9 /69  

R3 X I *1 /2 (2030 ]  INTO (SID KBARt/(MODES PE TDP ; }  (P3) / (PL÷PZ÷PB+P#)  
R3 0 .75  O.2O AL ITT I  69 HBC - 9169 

R~ X I *112 (2030 )  INTO (X I *  PI } / (MDDES Pl  THRU PA) (P# ) l (P l+P2+P3+P ; )  
RA (0.15) OR LESS ALITTI 69 HBC - I STD DEV LIMIT 9169 

R5 X I *1 /2 (2030 )  INTO LAMBDA (DR SIGMA) KBAR PI  (RE) 
R5 SEEN BARTSCH 69 HBC 9169 

REFERENCES - -  X1 *1 /2 (2030 )  

AL ITT I  69 PRL 22 79 +BARNEStFLAHINIDyMETZGER, ÷ (BNL,SYRACUSE) I 
BARTSCH 69 PL EBB 439 + (AACHENt BERLIN, CERN, LONDON, VIENNA) 

2 x i .  ,2 Eo. JR= , 

THE EVIDENCE FOR THIS STATE IS WEAK, BARTSCH 69 SEE 
A BUMP OF NOT MUCH STATISTICAL SIGNIFICANCE IN LAMRDA- 
REAR-Ply SIGMA-NBAR-PI, AND XI -P I -P I  MASS SPECTRA. 
GOtDWASSER 70 SEE A NARROWER BUMP IN XI-PI-PI AT A 
HIGHER MASS, PERHAPS THEY ARE THE SAME STATE, PERHAPS 
THEY ARE NOT. 

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

22 NI~ (22~0}  MASS (REV) 

M 35 2244 ,0  E2,O BARTSCH Bg HBC K-P LO GEV/C 9169 
M 18 2295 ,0  15 ,0  GOLDWASSE 70 HBC - K-P 5 ,5  DEVIC 10170 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 1 .0 )  

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

22 XI* (2250) WIDTH (MEV} 

130 .0  80 .0  BARTSCH 69 HBC 9 /69  
LESS THAN 30 .0  GOLDNASSE 70 HBG - K~P S.B GEVlC 10 /70  

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

22 XI* (2250} PARTIAL DECAY MODES 

DECAY MASSES 
PL X [ *1 /2 (2250 (  INTO X) PI PI  1321+ 139+ E39 
P2 X I t L / 2 (2250 }  INTO LABBDA KBAR PI  1115+ 497+ 139 
P3 XI*1/2(2250} INTO SIGMA KBAR P) 1197+ ~97+ 139 

REFERENCES -~  X I *  ( 2250 )  

EARTSCH 69 PL 28B ~39 + (AACHEN~ BERLIN, CERNI LDNODN~ VIENNA) 
GOLDWASS ?0 PB ID  1960 E L GOLDWASSER, P F SCHULTZ (ILLINDIS} 

99 K,.112, o . . . . . .  ( , - L 1 2  
I " " I  IT  IS QUITE POSSIBLE THAT THE REASON THE EXPERIMENTS 

DISAGREE ABOUT THE MASS AND WIDTH IS  THAT THEY ARE 
SEEING DIFFERENT X [~S ,  FOR NOW, HOWEVER, WE GROUP 

THEM TOGETHER, 

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

99 XI *E /2 (2500 }  MASS (MEV} 

M 30 2~30 .D  2O.O ALITTI 69 HBC - K-P ~.6-5 GEV/C 9 /69  
M 45 2500 ,0  lO,O 8ARTSCH 69 HBC O- K-P 10 GEV/C 9169 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 3 .1 )  

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

99 X I *1 /2 (2500 )  WIDTH (MEV} 

H 150,@ 60 .0  60 .0  AL ITT I  69 HBC - 9 / 69  
W 59 .0  27 .0  BARTSCH 69 HBE O- 9 /69  
w . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = 1.6) 

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

99 X I *1 /2 (25GG)  PARTIAL DECAY NODES 

DECAY MASSES 
P1 X I * l / 21ZBOO}  INTO XI  PI 1321+ 139 
P2 X l= l / 2 (EEOO)  INTO LAMBDA KBAR 1115+ ~97 
P3 XI~L/2(EBOO) INTO SIGMA KBAR 1197+ ~97 
P4 X l * t / 2125001  INTO X I ' 1 / 2 (1530 )  PI 1530+ 139 
P5 XI*112(2500) INTO LAMBBA (OR SIGMA( KBAR Pl 111E+ 497+ 139 
P6 X l * [ / Z (ZEOO)  INTO XI  PI P I  1321+ 139+ 139 

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

99 X I~ l / 2 (2500 )  BRANCHING RATIOS 

R1 X I * I /E (ESO0}  INTO (X I  P I ) / IMODES P l  THRU PA) IP I I / (P I+P2+P3+PA}  
R1 (0 .5 l  DR LESS AL ITT I  69 HEC 1 STD DEV L IM IT  9 /69  

R2 X I~112 (25001  INTO (LAW KBARI/(RODES PL THRU P~) (PE I / (P I+PE÷P3+PA}  
R2 O.E 0 ,2  AL ITT I  69 HDC - 9 /E9  

R3 X I~ I / 2 (ESOO}  INTO (S IG KBAR)/(MDDES PE THRU PA) (PB l / (P l eP2+P3~P~ l  
R3 O.E 0.2 ALITTI 69 HBC - 9 /69  

RA X I * l / Z (2500 )  INTO (X l=  PI ) / (MDDES RE THRU P4I (P4 ) / (P I+P2~PB fP~ )  
R4 (0.2) OR LESS ALITTI 69 HBC I STD DEV LIMIT 9/69 

R5 X I~112 (2500 )  INTO LAMBDA (OR SIGMA) KBAR PI (PC) 
R~ SEEN BBRTSEH 69 HBC O- 9/69 

RE XI*II2(2500) INTO Xl PI PI BIPBI 
R6 SEEN BARTSCH 69 HBC - 9 / 69  

REFERENCES - -  XI*l12(2500) 

ALITTI 69 PRL 2Z 79 ÷BARNES~FLARINIO~METEGEBt ÷ (BNL,SYRACUSE) I 
BARTSCH 69 PL 28B ~39 + (AACHEN, BERLIM~ CEBN, LBNDONt VIENNAI 

2~ OMEGA - ( 1675 ,  JP=3/2~)  l=O 

SEE STABLE PARTICLE DATA CARB LISTINGS 



A p p e n d i x  I 

T E S T  O F  A I = 1 / 2  R U L E  F O R  K DECAYS 

The  q u a n t i t i e s  of  i n t e r e s t  f o r  m a k i n g  t e s t s  o f  

t h e o r e t i c a l  p r e d i c t i o n s  r e g a r d i n g  t h e  A I = t / Z  r u l e  f o r  

K d e c a y  a r e  u s u a l l y  p a r t i a l  d e c a y  r a t e s  f o r  s i n g l e  

c h a n n e l s  o r  s p e c i a l  s u m s  of  c h a n n e l s .  I t  i s  no t  p o s -  

s i b l e  to c o m p u t e  t h e  e r r o r s  on s u m s ,  d i f f e r e n c e s ,  and  

r a t i o s  of  p a r t i a l  d e c a y  r a t e s  f r o m  t h e  i n f o r m a t i o n  

g i v e n  in  t he  T a b l e  of  S t a b l e  P a r t i c l e s  b e c a u s e  of  t h e  

p r e s e n c e  of  o f f - d i a g o n a l  t e r m s  in  t he  e r r o r  m a t r i x .  

F o r  t h i s  r e a s o n  we  g ive  s o m e  of  t h e s e  q u a n t i t i e s  b e l o w .  

T a b l e  I. (000) o r  (+-0)  r e f e r  to  the  s i g n  of  t he  p i o n s  

in to  w h i c h  the  K L d e c a y s .  

C + =Y + r = (6 .51±.12)Xt06  s e c  -1  
Kt 3 K+ K+ e3 ~3 

C + /Y + = 0.659±.022 
K~3 Re3  

~ K :  / : = 3. 319±.086 
P K  1 

= P + P = ( t 2 . 7 2 ~ 1 6 ) X t 0 6  s e c  -1  
K~3 K ° K o e3 ~3 

F K 0  / F K 0  = 0.688±.021 

F p.3 e3 
= 1.700±.070 I K°(O00) /rK°(+_O) 

I. L e p t o n i c  d e c a y  r a t e s  

The I ~ r a t e s  a r e  u s e f u l  in  t e s t i n g  the  
K l  3 

l e p t o n i c  A I  = 1 /2  r u l e  i n  the  w a y  s u g g e s t e d  by  
1 T r i l l i n g .  The  p r e d i c t i o n s  a r e  

I ~ / 2P  = 1 . 0 t 2 ,  a p h a s e - s p a c e  + 
K~ 3 K l  3 

2 f a c t o r ,  and 

FKO / 1" KO 
1~3 e3 

From Table I, 

and 

= I~K+ / I  ~ + • 
&3 Ke3  

I~ o / 2I~ + = 0 .977±.022 
K£ 3 KI  3 

F K  ° ~ ]  -1  
~3 =1.044-~ .047 

I~K°e3 

T h e s e  r e s u l t s  s e e m  to show a l e s s  t h a n  2~ d i s -  

e o g r e e m e n t  w i t h  t h e  p r e d i c t i o n s ,  bu t  t he  e r r o r s  s h o u l d  

b e  r e g a r d e d  w i t h  c a u t i o n  in  v i ew of  the  i n t e r n a l  d i s -  

a g r e e m e n t s  in  t he  d a t a .  (Note  t he  i d e o g r a m s  in  the  

d a t a  l i s t i n g  f o r  t he  c h a r g e d  K m e s o n .  ) 

1 3 9  

2. T h r e e - p i o n  d e c a y s  
3 We fo l l ow  h e r e  t h e  t e s t s  done  by M a s t  e t  a l .  , 

b a s e d  on t h e  g e n e r a l  a n a l y s i s  o f  K d e c a y s  s u g g e s t e d  

by  Z e m a c h .  4 B o t h  d e c a y  r a t e s  ( I ~) and  s l o p e s  (g, 

t h e  e n e r g y  d e p e n d e n c e  of  t h e  Da l i t z  p lo t  d i s t r i b u t i o n s )  

a r e  u s e d .  The  A I  = t / 2  r u l e  p r e d i c t s  t h a t  t h e  f o l l o w -  

ing  t e s t  q u a n t i t i e s  a r e  a l l  e q u a l  to z e r o :  

2 
T e s t  1 = -  3 

T e s t  2 =_t 4 

- t  

1~.. K°(000)  I ~ K ° {  +-0)  - t  

@1 L @z ' 

T e s t  3 = 3  '@3 @2 J - ' 

t 
T e s t  4 = ~ g K ; ,  + gK + '  

T 1 

T e s t  5 = gKo(+_0) + gK + - ~ g K ; ,  . 
T 

The  @i a r e  p h a s e - s p a c e  f a c t o r s  w h i c h  h a v e  b e e n  
3 c a l c u l a t e d  a s  d e s c r i b e d  in M a s t  e t  a l .  by  u s e  of  a 

r e l a t i v i s t i c  f o r m u l a t i o n  and  t h e  m a s s e s  and  s l o p e s  

f r o m  t h i s  c o m p i l a t i o n .  T h e  f a c t o r s  l a b e l e d  U D P  a r e  

t h e  r e l a t i v e  a r e a s  of  t h e  D a l i t z  p l o 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  N U D P  i n c l u d e  t h e  o b s e r v e d  

s l o p e s  ( s e e  b e l o w ) .  The  C N U D P  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  C o u l o m b  i n t e r a c t i o n .  

The  v a l u e s  a r e :  

M e t h o d  

U D P  N U D P  C N U D P  

@1(000) = 1.487 i .487  1.441 

@2(+-0) = 1.219 1.293 1.278 

@3(++-) = 1.000 1.000 t . 0 0 0  

@4(+00) = 1.247 1.182 1.146 

The 

tabulated in the Stable Particle 

follow s : 

gK+ = -0.206~-0.007 

'r -0.200±0.005 
g = -0 .194±0 .007  

K 
T 

gK+, = 0 .527±0 .017 ,  

gK ° (+-0)  

A difference in the 7 + and 7" slopes would be an 

~udication of CP violation in this decay. Since no 

s i g n i f i c a n t  d i f f e r e n c e  i s  o b s e r v e d  a t  t h i s  t i m e ,  we  

a v e r a g e  t h e  two  a n d  u s e  t h i s  v a l u e  in  T e s t  4. 

s l o p e s  f o r  t h e  v a r i o u s  d e c a y s  h a v e  no t  b e e n  

T a b l e .  T h e y  a r e  a s  

= 0.6039:0.028 (ErrorscaledX3.1) 



We u s e  the  C N U D P  f a c t o r s  and  the  r a t e s  and  

s l o p e s  r e p o r t e d  h e r e  to  c o m p u t e  the  f ive  t e s t  q u a n t i -  

t i e s  w h i c h  the  & I =  t / Z  r u l e  p r e d i c t s  to be  z e r o .  The  

r e s u l t s  a r e :  

T e s t  t = 0 . 0 0 5 ± 0 . 0 4 i ,  

Test 2 = -0.046±0.025, 

Test 3 = 0.186:h0.028, 

Test 4 = 0.064e0.010, 

Test 5 = 0.139~0.030. 

The three-pion final state can be in isospin 

states I = i, 2, 3. Tests I and Z test the existence 

of isospin I = 3 in the final state and are consistent 

with no or very little I = 3. Test 4 is related to the 

I =2 amplitude in the final state and indicates the 

presence of I = Z. Tests 3 and 5 give information on 

the AI= 3/2 part of the I=I amplitude relative to the 

AI= I/2 part. Both tests indicate the presence of 

~i= 3/z 

The rate tests (Tests i, Z, and 3) could differ 

from zero by as much as 0.1 owing to the w mass 
5 

differences and the occurrence of big slopes. The 

error on gK0(+_0) has been scaled by a factor of 3.i 

to compensate for the disagreement among the de- 

terminations of this parameter. Since this error 

is the main contribution to the Test 5 error, the 

reader is cautioned to refer to the gK 0(+_0) ideogram 

in the  da ta  c a r d  l i s t i n g s  b e f o r e  i n t e r p r e t i n g  T e s t  5. 
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A p p e n d i x  I I  

A. SU(3) CLASSIFICATION OF 
BARYON RESONANCES 

There are a few multiplets that have been 

studied and we report here the results. 

Exact SU(3) symmetry predicts that all 

the members of a multiplet should have the 

same mass and the same couplings fo r  decays 

into other multiplets. It has been f'ound, how- 

ever, that the members of the octet of Stable 

Baryons lie within Z0% of  their mean mass; 

therefore a symmetry breaking interaction 

has been introduced by GELL-I~ANN 62 and 

OKUBO 62 i n d e p e n d e n t l y .  I n  add i t ion ,  fo r  the 

isospin-0 vector mesons (co and ~) an addi- 

tional syrnn~etry-breaking interaction had to 

be introduced (SAKURAI 62) to take care of 

o c t e t - s l n g l e t  m i x i n g .  The  r e l e v a n t  f o r m u l a e  

fo r  m a s s e s  and d e c a y  r a t e s  a r e  g i v e n  below.  

M a s s  F o r m u l a e  

Broken SU(3) gives: 

Decuplet & - ~ = ~ - ~  = GMO (1) 

O c t e t  Z(N+ ~) = 3A + ~ GMO (2) 

A - M 8 Mix ing  
O c t e t -  sin2@ = (3) 
Singlet A - A T ang le~ 
mixing 

M8 = 2(N+3E) - E GMO (4) 

Here GMO stands for the Gell-Mann-Okubo formula; 

the particle symbol indicates its mass. The formu- 

lae would be the same if squared masses were used. 

For the honer case, A is the "mostly-octet" particle, 

A I is the "mostly-singlet" particle. 

Decay Rates 

In terms of a relativistically invariant matrix 

element T, the decay rate for two-body decay of a 

resonance of mass M R is 

ITI2R2 
r ~ ~ ,  (5) 

where R 2 = k/M R is the two-body phase space factor. 

Since  the  n u m e r a t o r  i s  an  i n v a r l a n t ,  and s i n c e  F m u s t  

t r a n s f o r m  a s  l / E ,  we  i n t r o d u c e  the  d e n o m i n a t o r ~ / k 4  R 

( s e e  FEYNM.AN 62). 

F o r  m e s o n  d e c a y s  ( s e e  be low)  the  r a t e s  a r e  

c a l c u l a t e d  a c c o r d i n g  %o Eq.  (5); fo r  b a r y o n  r e s o n a n c e  

d e c a y s  in to  t / Z  + b a r y o n s  and  0-  m e s o n s ,  one  nex t  

t a k e s  in to  a c c o u n t  t he  f ac t  t h a t  s p i n  s u m s  in  [TI Z . in-  

t r o d u c e  a n o t h e r  f a c t o r  M R, c a n c e l l i n g  the  ~/M R. We 

a r e  t h e n  lef t  w i t h  



T,Z 
~._._._~kl MN ' for baryons (5') F 

Z 
The powers of the nucleon mass M N or IV[ N have been 

introduced so that we can treat ] T[ as dimensionless 

I TI2 contains centrifugal barrier factors, 

which  we ca l l  B~. We then  have  

M N 
SingletDecuplet } F = (cg)ZB~(k) ~--k (6) 

M N 
Octe t  F = (CDgD+cFgF)ZB2(k) - ~ k  (7) 

Oc te t -  
G 8 =A cos0-A' sin0 

Single t  { G 1 = A sinO+A' cos0  (8) mix ing  

wi th  G 8 = cDg D + cFg  F 

Gt  = c t g t .  (9) 

Here  c i a re  the SU(3) c o e f f i c i e n t s  wi th  the 

s ign  convent ion  adopted  in t h i s  a r t i c l e  [see  

note p r e c e d i n g  the table  of SU(3) i s o s c a l a r  

f a c t o r s  and Fig .  2 in the t e x t ] .  M N is the 

nuc leon  m a s s ,  M R is  the r e s o n a n c e  m a s s  for  

which  F i s  ca l cu l a t ed ,  k is  the c e n t e r - o f - m a s s  

m o m e n t u m  for  the channe l  be ing c o n s i d e r e d ,  

gi a re  the r e l e v a n t  coup l ings .  F o r  the ca se  of 

s i n g l e t - o c t e t  mix ing ,  f o r m u l a  (8) has  to be 

used  in con junc t ion  wi th  (6) and (7). G 8 and 

G t r e p r e s e n t  the coupl ings  for  the mu l t i p l e t ,  

and A and A '  r e p r e s e n t  the coupl ings  for  the 

p h y s i c a l  s t a t e s .  

The r e l a t i o n  b e t w e e n  gD' g F '  and the  D 

( s y m m e t r i c )  and F ( a n t i s y m m e t r i c )  coup l ings  

is  as  fo l lows :  

F J~ gF 
5 = --~ gD" (to)  

E x a c t  SU(3) p r e d i c t s  tha t  the coupl ings  gi 

for  al l  the m e m b e r s  of a m u l t i p l e t  a r e  the 

s ame ;  howeve r ,  s ince  the s F r n m e t r y  is  b roken  

for  the m a s s e s ,  i t  is  p r o b a b l y  b r o k e n  for  the 

wid ths .  In the ca se  of the  3/Z + decup le t ,  for 

_broken SU(3~ a sum rule has been derived by 

BECCHI 64 and by GUPTA 64 independently. 

It relates the gi for the members of the decup- 

let by the relation 

2 ( A + ~ )  = 3 Z * ( A ~ )  + ~.* (l~w), ( t t )  

w h e r e  Z$(AIr) i s  the coupl ing for  the r,(i385) 
-~Av decay  and Z*(2~lr) is  the  coupl ing for  the 

decay  2~(t385) - ~ I ~ .  

i 4 i  

As m e n t i o n e d  in the t e x t  (Sec. IV D) the 

d e t e r m i n a t i o n  of the r e l a t i v e  s igns  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 ing  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  the r e s o n a n t  

ampl i tude  T cc X~eX i oc GeG i w h e r e  the s u b s c r i p t  

e r e f e r s  to the e l a s t i c  channe l  and the Ge, G i 

a r e  the coupl ings  of  E q s .  (6) t h rough  (9)- A s -  

suming  tha t  a l l  gi a r e  pos i t i ve ,  the s ign  of the 

G i a r e  dependen t  upon the s ign  of the C l eb s h -  

Gordon  coe f f i c i en t s  c i. Once a s ign  conven t ion  

is  adopted  (we use  the L E V I - S E T T I  69 conven-  

t ion,  see Fig .  2 in the text)  and the s ign  for  a 

~. state (I = I) and aA state (I = 0) of known 

SU(3) assigmnent have been chosen for refer- 

ence, the signs of all the other amplitudes can 

be useful in determining multiplet assign- 

ments. For exact SU(3) all the decays of mem- 

bers of a decuplet have the same sign. For 

octets the relative sign depends upon the value 

of gD/g F and the mixing angle, as seen from 

Eqs. (7) through (9). 

F i t s  to  the Data 

F i t s  of b a r y o n  d e c a y  r a t e s  wi th in  SU(3) 

can be found, among o t h e r s ,  in T R I P P  68 and 

69 and LEVI SETTI  69. The m o s t  r e c e n t  pub- 

l i shed  s u r v e y  is  by the CHS c o l l a b o r a t i o n  

(PLANE 70). A new fi t  by the BNL group  has  

been  r e p o r t e d  by Samios  at the Kiev  Co n fe r -  

ence  $ (SA/VIIOS 70). The r e s u l t s  of the two 

a n a l y s e s  a re  in good a g r e e m e n t ,  a l though the 

p r o c e d u r e s  u s e d  a re  s o m e w h a t  d i f f e r en t .  A 

r e c e n t  f i t  to the 3/Z + decup le t  has  b e e n  done 

by BAR BARO- GALTIERI 7 f. 

In fitting the data a choice for Bg has to 

be made. PLANE 70 tried two forms for B~: 

(a) The form B 2 = (kr)Z~D2(kr), r being 

the r ad i u s  of i n t e r a c t i o n  and D~ the p o l y n o m-  

i a l s  in  kr g iven  by B L A T T - W E I S S K O P F  52. 

Usua l ly  r is  t aken  to be t f e r m i  ( T R I P P  68). 

(b) The form B~ = k z~. 

However ,  for  t h e i r  f inal  r e s u l t s  they  u s e d  

f o r m  (b). A d i s c u s s i o n  of the d i f f e r e n c e s  

among t h e s e  two f o r m s  can be found in 

BARBARO-GALTIERI  7t .  It t u r n s  out tha t  

not only the va lues  of the coupl ings ,  gi ~tepend 

upon the f o r m  u s e d  for  B~, but a l so  the value 

ob ta ined  for  the mi x i n g  angle ,  F o r  the 3 /2 -  

s ing le t ,  A(t5Z0),  and i s o s p i n - 0  m e m b e r  of the 

oc te t ,  A( t690) ,  the mix ing  angles  ob ta ined  in 

the two cases are 



0 a = (- 16.1 +1.4~" +3.6) ° ' 
-1.3' ' Ob = ('z7"5 -3.4 

in disagreement by a few standard deviations. 

I t  turns out that if a radius of interaction of 

r = 0.15 fermi is used for form (a), the two 

values of O agree. This value of r does not 

fit resonance shapes when used in the Breit- 

Wigner resonant form. 

Table I is a summary of the fits made so 

f a r  u s i n g  e x a c t  SU(3). A f e w  c o m m e n t s  f o l -  

low.  

1-  
- N o n e t  ( B a r y o n  - E t a  R e s o n a n c e s )  

F o r  t h i s  h o n e r  r e l a t i o n ,  (7) w a s  m u l t i p l i e d  

by  t he  f a c t o r  

M[.___ - M B 2 

- MB 

where M. B is the decay baryon and MR" MB = 

564 M e V  i s  t he  d i f f e r e n c e  o f  t he  m e a n  i / Z -  a n d  

i / 2  + b a r y o n  o c t e t  m a s s e s .  T h i s  k i n e m a t i c  

f a c t o r  c o m e s  f r o m  P C A C  a r g u m e n t s  (i. e .  , t h e  

a s s u m p t i o n  t h a t  a x i a l  v e c t o r  c u r r e n t  r e m a i n s  

a n  o c t e t  in  p r e s e n c e  o f  s y m m e t r y  b r e a k i n g ) a n d  

i t  w a s  a d v o c a t e d  by  G r a h a m  e t  a l .  ( G R A H A M  

67). F o r  t h e  1/?." h o n e r  i t  h a s  b e e n  u s e d  in  t h i s  

f o r m  f i r s t  by  C e l l - M a n n  e t  a l .  ( G E L L - M A N N  

68). 

3/24 Decuplet. BARBARO-GALTIERI 71 has 

14Z 

made extensive studies of this multiplet. Fig. 

4 shows some of the fits. The barrier factor 

q~ 

2r ~ 

(ol B,-(krlTp(krl J k 2 

Broken S U (3) T 

t &+~= I /2 [3E (ATr)+E (E,r) S J~ " 

I 3 x z = 0.03 
8 

t Broken SU(3) 
X 2= 0.13 

7 
Exoct SU (3) 

Exoct SU (3) X2=8.7 CL=0.O34 
2 X 2=30.5 C L= id s e 

T 

I 
, 

+ ~ t t t t t 
r o  

0 

F i g .  i .  SU(3)  f i t s  fo r  t he  J P =  3 /Z  + d e c u p l e t  
f o r :  (a) B l a t t - W e i s k o p f  b a r r i e r  f a c t o r ,  (b) 
s i m p l i f i e d  b a r r i e r  f a c t o r  k 2. T h e  l o w e r  p a r t  
o f  t h e  g r a p h  s h o w s  e x a c t  SU(3)  f i t s ,  t h a t  i s  a l l  
f o u r  c o u p l i n g s  w h i c h  a r e  s u p p o s e d  t o  be t h e  
s a m e .  T h e  u p p e r  p a r t  o f  t h e  g r a p h  s h o w s  
b r o k e n  SU(3)  f i t s ,  t h a t  i s  d a t a  p o i n t s  f o r  l e f t  
and  r i g h t  h a n d  s i d e  o f  t h e  s u m  r u l e  ( i l )  f o r  
the  c o u p l i n g s .  

Table I. SU(3) baryon multiplets with two or more known members. The coupling constants are those 
for decay into baryon (1/Z +) octet ~ (0-) meson octet. Values of O and F/D taken from PLANE 70. 
The analysis reported by SAM.IOS 70 finds similar results. 

JP O c t e t  m e m b e r  s a S i n g l e t  O(deg)  b F/D 

3/z-  iX (18i5)] A(is?.O) -?.5*6 ?..3 
5/?.- -0. t9 
5/Z + 0.82 e 

N(1520) A(1690) ~(1670) 

N(1670) A(1830) ~(1765) 

N(1688) A(1815) ~(1915) 

D e c u p l e t  m e m b e r s  g%0 c 

3/?. + A(I?.36) ~(1385) ~ (1530) ~2- 0.93 to 1.57. 

7/?. + ~(1950) 7,(7-030) 0.?.5 to 0.97 

a m a s s e s  i n  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 s e d  i n  t h e  B a r y o n  T a b l e .  T h e  ~ . m e m b e r s  h a v e  m a s s e s  
a s  c a l c u l a t e d  by  u s i n g  f o r m u l a e  (1) a n d  (2) w i t h  t he  m i x i n g  a n g l e  8 d e r i v e d  f r o m  t h e  d e c a y  w i d t h s .  

b V a l u e s  c a l c u l a t e d  f r o m  t h e  d e c a y  w i d t h s ,  E q s .  (6) t h r o u g h  (9), and  t h e  b a r r i e r  f a c t o r  k z~.  See  t e x t  f o r  a 
d i s c u s s i o n  o f  t h e  3 / Z -  m i x i n g  a n g l e .  

C V a l u e s  c a l c u l a t e d  by  B A R B A R O - G A L T I E R I  71 u s i n g , t h e  B L A T T - W E I S K O P F  5Z b a r r i e r  f a c t o r .  See  t e x t  
f o r  a d i s c u s s i o n  of  SU(3) b r e a k i n g  e f f e c t s  f o r  t he  3 /Z  T d e c u p l e t  c o u p l i n g s .  

d s e c o n d  v a l u e  of  F / D  o b t a i n e d  by  u s i n g  15 % fo r  t he  N(15Z5) -~ N~ b r a n c h i n g  r a t i o  i n s t e a d  o f  6 0 % ,  w h i c h  
i s  t h e  m o s t  l i k e l y  o n e .  SAIvIIOS 70 r e p o r t  o n l y  t h e  s e c o n d  v a l u e .  T h e  15% b r a n c h i n g  r a t i o  ( D i e m  e t  a l .  , 
K i e v  C o n f e r e n c e  R e p o r t ,  i 970)  h a s  n o w  b e e n  r e t r a c t e d  by  t h e  a u t h o r s .  

eSAIVIIOS 70 finds F/D = 1.5. 



d e p e n d e n c e  of  the  g o o d n e s s  of  fi t  h a s  b e e n  

i n v e s t i g a t e d :  the  f o r m  (b) above  s e e m s  to  fit 

the c o u p l i n g s  b e t t e r ;  h o w e v e r ,  a s  p r e v i o u s l y  

r e m a r k e d ,  i t  d o e s  not  fi t  r e s o n a n c e  s h a p e s .  

D e p e n d e n c e  of  the  w id th  of  - ( ~ 5 3 0 )  h a s  a l s o  

b e e n  i n v e s t i g a t e d .  The  d a t a  u s e d  fo r  the  f i t s  

of  F ig .  1 a r e  a s  f e l l o w s :  

Z~(1236) F= 115±5 MeV 

~(1385)-~A~ F= 36±6 MeV 

I£.(1385)-~ F= 36e6 MeV 

~(1530)-~ ~w I~= 7.3±1.7 MeV 

A n o t h e r  fi t ,  not  s h o w n  in  the  f i g u r e ,  w a s  m a d e  

w i t h  the  ~(1530)  wid th ,  F = 8 . 8 ±  1.8 MeV; the  

fi t  w i t h  the  B 1 f o r m  gave  CL = 2X 10 -5  and  the  

one w i t h  the B Z f o r m  C L  = 16%. The  b r o k e n  

SU(3) f i t s  a r e  s h o w n  in the  u p p e r  p a r t  of  the  

f i g u r e  and the r e l a t i o n  (11) s e e m s  to  be p r e t t y  

w e l l  v e r i f i e d .  

x = 99.4*0.6% 

x = 88e5% 

x = 12~5% 

x = 100% 

B. SU(3) CLASSIFICATION OF MESON 
RES ONANC ES 

All of the discussion above applies, except 

that for Bosons the GMO formula is usually applied to 

the square of the masses, as opposed to the first 

power for fermions. Thus for example, Eq. (Z) be- 

c o m e s  

The  s y m b o l  I~ w a s  i n t r o d u c e d  b y  G l a s h o w  and  S o c o l o w  % 

f o r  the  s q u a r e  of t he  K m a s s ,  e tc .  

B e c a u s e  of t he  d i f f e r e n c e  b e t w e e n  E q s .  ( 5 ' )  

and (5"), there is also an extra factor of (MN/MR).. in 

Eqs. (6) and (7). The three established nonets (0-, 

1-, 2 +) and their mixing angles are listed in Table If. 

T a b l e  H. Mix ing  a n g l e s  f r o m  q u a d r a t i c  SU(3) m a s s  
f o r m u l a .  Of the  two  i s o - s i n g l e t s ,  t he  " m a i n l y  o c t e t "  
one  i s  w r i t t e n  f i r s t ,  f o l l o w e d  b y  a s e m i c o l o n .  

SP Oc te t  m e m b e r s  O 

0-  p o s s i b l e  n o n e t [ ~ ,  K, ~DI ' ]  

0-  a l t e r n a t i v e  n o n e t  [ =, K, ~1 ;El 

- i- [ p(765±10), K ~, ~;~] 

2 + [A2(1300±20), KN(14Z0), f';f] 

10.4±0.2 ° 

6.2m0.1 ° 

39.5±0.7 ° 

33.7±3.9 ° 
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Appendix ITT 

TEST OF Al=I/Z RULE FOR HYPERON DECAYS 

O. E. Overseth 

University of IVIichigan 

I. Nonleptonic decant amplitudes 

The matrix element for nonleptonic hyperon 

decays can be w r i t t e n  

~(A-B~/5)u 

where h and B are the parlty-vlolating and parity- 

conserving amplitudes. These amplitudes are re- 

lated to the decay rate (r = branching fraction/life- 

time) and the decay asymmetry parameters ~ and 

b y ( i )  

r = c i ( [ A I  z + Cz IBl z) ,  

Z Re A* (~Z B) 

a= IAI Z +CzIBI Z ' 

Z Im A*(\f~Z B) 

Y = 14~-~-~Zcos * = IA I z_ CzIB t z 

w h e r e  
(M+m) z Z 

I q - ~_ 
= ± M Z ' C 1 ~'~ 

( M - m )  z - iz z 

CZ = (M+m)Z . Z ' ' 

and M, m, ~ and q are the initial state baryon mass 

final state baryon mass, pion mass, and c. rn. decay 

momentum. 

The amplitudes A and B are related to S and 

P of Section IV H of the text by 

I A, P = B. S=4~-- ~ 

T a b l e  I s u m m a r i z e s  the  a m p l i t u d e s  A and  B 

f o r  the nonleptonic decays of the A, ~, and = 

hyperons. These amplitudes have been calculated 

using the experimental data for mean lives, branch- 

ing ratios, and the decay asymmetry c~ given in the 

Stab le  P a r t i c l e  T a b l e  of t h i s  r e v i e w .  T i m e  r e v e r -  

s a l  i n v a r i a n c e  i s  a s s u m e d  and  f i na l  s t a t e  i n t e r -  

a c t i o n s  a r e  n e g l e c t e d ,  so  A a n d  B a r e  t a k e n  to  be 

r e l a t i v e l y  r e a l  and  ~ = 0. The  s u b s c r i p t  on  the  h y p e r -  

on  r e f e r s  to  the  s i g n  of the  d e c a y i n g  p ion .  The  s t a t i s -  

t i c a l  c o r r e l a t i o n  c o e f f i c i e n t  

<AA AB> 
CAB = 

is also given. / V <AAz> 
<ABZ> 

i 4 4  

TABLE I 

M - - m + ~  

A -- p+~" 
+ 

~+~ n+~ + 

+ 
S0 ~ p+w0 

~-~n+~- 

Zg ~ A + ~  ° 

A B CAB 

l. SZe0.01 I0.44~0.30 -0.390 

0.06*0.0Z 19.41~0.16 0.003 

1.44±0.09 -1Z. 57~I. 03 0.975 

1.96±0.01 -0.67e0.08 -0.030 

1.53±0.04 -4.61ei. 05 0.136 

Z. 07±0.0Z -7.00~0.57 0.18Z 

A and B are given in units i05sec -I/z. 

Z. T e s t s  of  t he  A I  = t / Z  r u l e  

(a) A D e c a y  

F o r  A d e c a y  the  A I  = i / 2  r u l e  p r e d i c t s  tha t  

F / F  = 0.50 a n d ~  = ~ . In  o r d e r  to d e t e r m i n e  the  
0 0 - 

m a g n i t u d e  of p o s s i b l e  A I = 3 / 2  a m p l i t u d e s  p r e s e n t  

we w r i t e  t he  l i n e a r  e x p r e s s i o n s  2 f o r  the  A I  = 3 / ?  S-  

and  P - 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 

i s  t he  m e a s u r e d  va lue  of  ~0/~_ m i n u s  the  p r e d i c t e d  

v a l u e ,  and  in t e r m s  of A F  s i m i l a r l y  de f ined .  E v a l -  

ua t i ng  t h e s e  we  f ind  

A~ = -1.54 (S3/SI) + i.61 (P3/Pi), 

A I" = 1.84 (S3/SI) + 0.26 (P3/Pl). 

Here the AI = 3/Z amplitudes are expressed relative 

to the AI = i/Z amplitudes. The numerical values of 

the coefficients depend on the ratio P/S = ~CC z B/A. 

The uncertainties in the coefficients are small com- 

pared to the uncertainties in A~ and At. Final-state 

~-N interactions have been included in these relations 

but have a very small effect. From the Stable 

Particle Table, 

A~ = 0.006e 0.066, AF= 0.058± 0.01Z, 

and hence 

(S3/Sl) : 0.027 • 0.008 

and 

(P3/Pl) = 0.030 ± 0.037. 

The possible 3~0 AT = 3/2 S-wave amplitude is due to 

the  d i s a g r e e m e n t  of d e c a y  r a t e s  w i t h  p r e d i c t i o n .  I t  

s h o u l d  be  e m p h a s i z e d ,  h o w e v e r ,  t h a t  at t h i s  l e v e l  

the  r e s u l t s  a r e  s e n s i t i v e  to e l e c t r o m a g n e t i c  c o r r e c -  

t i o n s ,  w h i c h  h a v e  not  b e e n  i n c l u d e d  h e r e  b e c a u s e  we 

do not  f ee l  t h a t  t h e y  can  be  a p p l i e d  w i t h  c o n f i d e n c e  

at t h i s  t i m e .  

(b) ~ Decay 

The analysis for ~ decay is very similar to that 

for A decay. If the AI = I/2 rule is valid, 



F ( ~ ° ) / F  ( ~ - )  = 0 .50  a n d ~  = ~ . F o r  t h i s  c a s e  t h e  
- 0 - 0 

e x p r e s s i o n s  l i n e a r  Z in  Z~I = 3 / Z  S -  a n d  P - w a v e  

a m p l i t u d e s  a r e  

n =  = i . 3 7  ( S 3 / S  t )  - i . 3 7 ( P 3 / P i L  

Z~r= -1.44($3/$I) - 0.06 (P3/PI). 

From the stable Particle Table, 

A(~ = -0.1Z7-~ 0.203, ~I ~= 0.048 • 0.033, and we 

f i n d  

(S3/Sl) = -0.036 • 0.0Z3 

and 

(P3/PI) = 0.057 • 0.143. 

(c) 7, D e c a y  

T h e  t r a d i t i o n a l  t e s t  o f  t h e  A I  = 1 / 2  r u l e  in  

d e c a y  i s  t h a t  t h e  a m p l i t u d e s  s a t i s f y  t h e  r e l a t i o n -  

s h i p  ~ Z+ + ~+ - ~"  = 0,  G r a p h i c a l l y  t h i s  i s  
0 

e q u i v a l e n t  to  c l o s i n g  t h e  ~ t r i a n g l e  w h e n  t h e  a m p l i -  

t u d e s  a r e  p l o t t e d  on  A,  B a x e s .  I n c l u d i n g  A I  > / 3 / 2  

a m p l i t u d e s  in  ~' d e c a y  a n a l y s i s ,  t h e  " ~  t r i a n g l e "  

r e l a t i o n s h i p  b e c o m e s  

Z 
+ : - 3  + 

w h e r e  A 3 , A  5 a r e  A I  = 3 / Z ,  5 / Z  a m p l i t u d e s ,  r e s p e c -  

t i v e l y .  T h e r e  i s  a s i m i l a r  e q u a t i o n  f o r  t h e  B 

a m p l i t u d e s .  F r o m  T a b l e  I ,  ~r"ZA+A+ -A_ = 0 .14  • 0 . 16  

a n d ~ f 2 B  + B+ - B  = Z . 3 0  • i . 7 0 .  I f  we  n e g l e c t  t h e  
0 

A I  = 5 /Z  a m p l i t u d e s  a n d  a s s u m e  a l l  a m p l i t u d e s  to  be  

r e a l  we  c a n  s o l v e  f o r  p o s s i b l e  A I  = 3 / 2  a m p l i t u d e s .  

i 45  

T h e  r e s u l t  i s  

A 3 
= - 0 . 0 3 7  ~- 0 . 042  

A 

a n d  

B 3 
- -  = -0.06 • 0.05. 
B+ 

Thus for  hyperon decay, present experimental data 

l im i t  A I  = 3/2 amplitudes to less than 5~ 

3. The Lee-Sugawara relation 

F r o m  T a b l e  I t h e  L e e - S u g a w a r a ( 3 ' -  4) r e l a t i o n  

~ - ~ +  + A - 2 ~ "  = 0 i s  s a t i s f i e d  to  - 0 , t 3  • 0 . Z i  f o r  
0 

t h e  A a m p l i t u d e s ,  a n d  to  2 . 6 7  • 3. Z2 f o r  t h e  B 

a m p l i t u d e  s .  

R e f e r e n c e s  

i .  J . P .  B e r g e ,  in  P r o c e e d i n g s  o f  t h e  I n t e r n a t i o n a l  

C o n f e r e n c e  on  H i g h  E n e r g y  P h y s i c s ,  B e r k e l e y ,  

i 9 6 6 ,  p .  46 .  

Z. O . E .  O v e r s e t h  a n d  S. P a k v a s a ,  P h y s .  R e v .  ! 8 4 ,  

i 6 6 3  ( i 9 6 9 ) .  T h e  e x p r e s s i o n  f o r  r 0 / r _  f o r  A 

d e c a y  s h o u l d  r e a d  

r s ~ t I i+3q-2 

sL+ PL 
3. B. W. Lee, Phys. Key. Letters IZ__, 83 (1964). 

4. H. Sugawara, Prog. Theor. Phys. 3i, Zi3 (i964}. 
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