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Strange-Particle Production in 8-BeV/c Proton-Proton Interactions®}
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A systematic survey of strange-particle final states produced by 8-BeV/c¢ protons was made in the BNL
80-in. hydrogen bubble chamber. Cross sections were measured for some 33 reactions. The ratio of the
cross section for the KK channels to the total strange-particle cross section was measured to be 0.12 and
appears to be rising in this momentum region. The total cross section for strange-particle production is
estimated as 1.84-0.2 mb. Comparison is made of the data with the predictions of the one-pion-exchange
model, and at least partial agreement occurs for the K*pA and #KNZ final states. The KpZ states appear to
contain N*(1924)—KZ, and the mKNA states all include ¥*(1385) production with the #*K°pA state also
containing V¥ (1236) and K*(890) production. An examination of the five- and six-body K, A states indicates
strong ¥*(1385) and N*(1236) production. Finally, all final states containing a K and a A show a dependence
on M (K,A) which is well parametrized by a Breit-Wigner shape with M,=1777 MeV and I'=345 MeV.
This behavior is interpreted as being consistent with one-pion exchange as the dominant mechanism for

these reactions.

I INTRODUCTION

REVIOUS experiments on strange particles pro-
duced in p-p interactions have been reported at
lower momenta (up to 6.6 BeV/¢)! and certain topolo-
gies of strange-particle events have been examined at
higher momenta (10 and 24.5 BeV/c).? The present
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1 Previous p+4p — (strange particle) experiments at momenta
<8 BeV/c: 3.68 BeV/c, R. 1. Louttit, T. W. Morris, D. C. Rahm,
R. R. Rau, A. M. Thorndike, and W. J. Willis, Phys. Rev. 123,
1465 (1961); 5.0 BeV/c, E. Bierman, A. P. Colleraine, and U.
Nauenberg, bid. 147, 922 (1966); 5.5 BeV/c, G. Alexander, O.
Benary, N. Kidron, A. Shapira, R. Yaari, and G. Yekutieli, Phys.
Rev. Letters 13, 355A (1964); 5.4 and 6.6 BeV/c, William Dun-
woodie, William E. Slater, Harold K. Ticho, Gerald A. Smith,
Arthur B. Wicklund, and Stanley G. Wojcicki (unpublished);
6.0 BeV/c, W. Chinowsky, R. R. Kinsey, S. L. Klein, M. Mandel-
kern, J. Schultz, F. Martin, M. L. Perl, and T. H. Tan, Phys.
Rev. 165, 1466 (1968); A. B. Wicklund, G. A. Smith, W.
Woischnig, S. Wojcicki, Bull. Am. Phys. Soc. 12, 505 (1967);
G. A. Smith, A. B. Wicklund, S. Wojcicki, 4bid. 12, 505 (1967).

2 Previous p-+p — (strange particle) experiments at moments
>8 BeV/c: 10.0 BeV/e, S. O. Holmgren, S. Nilsson, T. Olhede,
and N. Yamdagni, Nuovo Cimento 51, 305 (1967); 24.5 BeV/c,
J. Bartke, W. A. Cooper, B. Czapp, H. Filthuth, Y. Goldschmidt-
Clermont, L. Montanet, D. R. O. Morrison, S. Nilsson, Ch.
Peyrou, R. Sosnowki, A. Bigi, R. Carrara, C. Fransinetti, and I.
Mannelli, 1bid. 29, 8 (1963) ; A. De Marco-Trabucco, L. Montanet,
S. Nilsson, Nucl. Phys. 60, 209 (1964).

experiment was initiated for several reasons: to test
the extent to which one-pion exchange (OPE) contrib-
utes in this unexplored momentum region, to examine
the 2-baryon mass spectra for possible B=2,S= -1
resonances,® and to determine the amount of produc-
tion of the well-known resonances. The data for the
experiment consisted of about 37 000 pictures of the
Brookhaven 80-in. hydrogen bubble chamber exposed
to 7.87 BeV/c protons at the AGS.*

II. ANALYSIS PROCEDURE
A. Scanning and Measuring

The entire film was scanned once in all three views
and a second time in either two or three views. The
events of interest were 2-, 4-, or 6-prong interactions
with one or more associated kinks or V’s. When such

3 Experiments reporting possible AN mass enhancements at the
following mass values: 2059 MeV, A. C. Melissinos, N. W. Reay,
J. T. Reed, T. Yamanouchi, E. Sacharidis, S. J. Lindenbaum,
S. Ozaki, and L. C. L. Yuan, Phys. Rev. Letters 14, 604 (1965);
2098 MeV, H. O. Chon, K. H. Bhatt, and W. M. Bugg, #bid. 13,
668 (1964); 2115 MeV, M. Meer, J. Mueller, M. Schneeberger,
S. E. Wolf, J. Albright, E. B. Brucher, J. Lannutti, J. O’Neall,
and W. H. Sims, Bull. Am. Phys. Soc. 11, 342 (1966); 2220 MeV,
T. Buran, O. Eivindson, O. Skjeffestad, H. Tofte, and I. Vegge,
Phys. Letters 20, 318 (1966); 2360 MeV, P. A. Piroue, sbid. 11,
164 (1964).

¢ 1. Skillicorn and M. S. Webster, BNL Bubble Chamber Report
No. H10, 1962 (unpublished).
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an event was found, a print was made and used to re-
cord subsequent processing of the event.

Measurement of the events was done on two con-
ventional measuring projectors. Each track was mea-
sured in the two best stereo views for its full length or
until a sagitta of more than 2 cm in space was obtained.
Event measurements were required to meet certain
criteria assuring adequate precision. Events failing these
criteria on the previous measurement were given up to
three remeasurements.

B. Event-Selection Criteria

The spatial reconstruction and kinematic fitting of
the events were done by the programs EvUCLID and
iriT, developed at the University of Illinois. Each
event was examined on the scanning table by a physicist
using the detailed results of the computer analysis of
the event. For an event to be accepted as uniquely
identified it had to meet the following criteria: (1) The
X? probability for the accepted mass hypothesis had to
be greater than 1%,. (2) The X2 probability of any com-
peting hypothesis had to be at least three times less
likely. (3) The ionization predictions for the accepted
hypothesis had to agree with the ionization of the
tracks as determined by visual inspection. If two hy-
potheses met criteria 1 and 3 but were within a factor
of 3 in probability, they were assigned to a “twofold
ambiguous” category for cross-section calculation pur-
poses. More details of the analysis procedure are avail-
able elsewhere.®

III. EXPERIMENTAL RESULTS
A. Cross Sections

For purposes of calculating cross sections, the best
29 of the 41 rolls of film were chosen and a fiducial
region was imposed requiring the primary vertex to lie
between X = —80.0 cm and X =+-70.0 cm (X is parallel
to the beam with X=0.0 cm at the center of the cham-
ber). Beam tracks were counted every tenth frame,
yielding an extrapolation of the total track length in
the fiducial region of 5.18X10% m. This corresponds to
1.95 events/ub.

The subsequent analysis will be restricted to events
occurring in the topologies 2-prong plus V, 2-prong
with kink and V, 2-prong plus 2 V’s, 4-prong with kink,
and 4-prong plus V.

To obtain the corrected number of events from the
number of observed events, several efficiency correc-
tions were applied. Two corrections were applied to all
events: a correction for scanning efficiency of 98%, and
a correction for measuring efficiency of 91%,. In addi-
tion, corrections for each strange-particle decay were
applied to take into consideration the ratio of visible
to all decays, the probability of detection of the decay

5 M. W. Firebaugh, Ph.D. thesis, Physics Department, Uni-
versity of Illinois, Urbana, Illinois, 1966 (unpublished).
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inside the chamber, the loss of events due to the flight
path being too short to observe, the loss of events
because the kink angle was too small to observe, the
chance of the final state decaying into topologies not
analyzed, and the efficiency for resolving the one-
constraint =+ and Z- final states. These efficiencies are
summarized elsewhere.5 Ambiguous events were appor-
tioned between the two final states involved in the
ratio in which the final states were populated with
uniquely identified events. The number of such events
is given in column 3 in Table I.

Table I presents the calculated cross sections for 33
final states in which two or more events were identified
in the fiducial volume. The numbers obtained for cross

TasLE L Sample 1 lists the number of events used for cross-
section calculations. Sample 2 lists the number of events used
for the kinematic analysis. The errors quoted on the cross sections
are statistical only.

Sample 1
Am-
bigu- Sample 2
Final state Unique ous o (ub) Unique
1 KtpA 49 7 5444 7.3 75
2 K+pzo 22 4 25.2+ 5.0 37
3 Kopz* 8 0 1434+ 5.1 10
4 ppKKO 10 0 104+ 3.3 13
5 K*pKO(n) 12 2 25.0& 6.7 13
6  7tKtA(n) 100 4 101.04£10.3 100
7 KtpA (n9) 70 10 71.5% 8.7 95
8 TrpKOA 83 12 724+ 74 120
9  wtpKoR0 17 1 29.54 7.0 26
10 #*=*K%(n) 12 0 214+ 6.2 18
11 PETKO(x0) 10 0 17.94 5.7 11
12 K*p=ta— 23 0 374+ 7.8 50
13 T Ktpz— 41 1 31.6+ 4.9 62
14 7tpKRO(n) 4 0 24.84-12.4 7
15 K*ppn=Ko ) 5 0 9.8+ 4.4 6
16 #tppK~K° 7 0 13.8+ 5.2 12
17 »*K*pr A 40 6 49.0+ 7.2 65
18  #tpK°A(x%) 20 0 67.4+15.0 24
19 7™ *KA(n) 6 0 20.2+ 8.3 9
20 #tKtpn=0 16 4 2144 4.8 21
21 K*pZta=(n%) 4 2 173+ 7.1 7
22 wtp=tr— (K) 3 1 1474+ 74 13
23 7tK¥2 7~ (n) 9 1 28.8+ 9.1 24
24 xtKtpzE—(a0) 19 4 22.24 4.6 21
25 wtrtp=—(KO) 20 0 24.7% 5.6 28
26 atrtK*t="(n) 6 1 6.8+ 2.6 7
27 wtppr~KO(KO) 5 0 6.3+ 2.8 6
28  #wtKtprKO(n) 4 0 784 3.9 6
29 xtppK-K°(n%) 3 0 59+ 34 3
30 #xtrtpK-K°(n) 2 0 3.9+ 2.8 2
31 wtrtpr=KOA 29 1 231+ 4.2 32
32 Kt prA (x0) 34 3 39.5+ 6.3 39
33 wtrtKrn~A (n) 19 0 203 4.7 25
34  KtppK~ 5
35 PpKOK () 1
36 KtppK—(% 4
37 xtKYpK~(n) 11
38  Ktppr~KO(x) 1
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section purposes as described above are listed under
“Sample 1.” For purposes of kinematic analysis a some-
what different set of events, listed under “Sample 2,”
was used. Sample 2 differs from sample 1 in being drawn
from the entire film and chamber volume and including
only uniquely identified events (no twofold or track
interchange ambiguities were included). Since the am-
biguity rate was of the order of 159, or less for most
final states, it is felt that no serious biases were intro-
duced into sample 2 by this selection. The one possible
exception is the 7+ K+A(n) state in which the identity
of the =+ and K+ was ambiguous in approximately 309,
of the events. The omission of such events from sample
2 may discriminate against events with low #tK*
invariant mass, since in general such events had high,
roughly parallel, laboratory momenta. All subsequent
kinematic analysis will be based on sample 2.

An interesting feature of these cross-section data, in
combination with those at lower and higher momenta,
is the rapidly rising value of the KK cross section, both
in absolute magnitude and relative to the total strange-
particle cross section. To illustrate this, one can
compute the percentage of the total identified strange-
particle cross section which occurs in identified KK
channels. At 5, 8, 10, and 25 BeV/c!? these percentages
are, respectively, 6, 12, 25, and 29%,. As a particular
example, the cross section for the final state ppK°R°
has been measured at 5.0, 5.5, 8.0, and 10.0 BeV/c to
be 341, 6.4:+4.0, 10.443.3, and 3316 ub, respec-
tively, indicating a rapidly rising cross section in this
momentum region.

The sum of the partial cross sections listed in Table I
is about 950 ub. In addition, a record was kept of those
events in which the decay vertex fit a strange-particle
decay but the primary vertex permitted no good fit
with zero or one unseen particle. It was assumed that
such events contained more than one missing neutral
particle. Using detection efficiencies similar to those
for fitted events,® we calculated the cross section for
such production to be about 590 ub. Finally, the two-
prong with kink topology was scanned for and measured
but not analyzed in this experiment. We estimate the
cross section for this topology to be 220 ub. Similar
analysis for 6-prong strange-particle events yields a
cross section of 40 ub. These numbers permit an esti-
mate of the total strange-particle production cross
section of 1.8 mb, with an estimated error of 0.2 mb.

A count of all interactions over a small section of the
film resulted in a measurement of the total interaction
cross section for protons on protons of 39.6==1.3 mb.
This value agrees with previous measurements.®

B. General Kinematic Properties
1. c.m. Angular Distributions

Figure 1 shows the distributions of the cosine of the
c.m. angle between the beam proton and various sec-

6 W. Galbraith, E. W. Jenkins, T. F. Kycia, B. A. Leontic,
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ondary particles. There were no apparent differences in

" the distributions between the various charge states of

the pions, kaons, and nucleons, so these are plotted
together. In addition, the A and 2 distributions were
similar and are plotted together.

For low particle multiplicity the baryons are strongly
collimated forward and backward while the mesons are
somewhat less collimated. As the particle multiplicity
increases, the peaking decreases until in the six-body
final states the pions and kaons are distributed iso-
tropically, and the baryons are distributed nearly
isotropically.

This behavior may be qualitatively understood in
several ways. First, as more pions are produced, i.e.,
the multiplicity increases, the likelihood of resonance
production increases. Or conversely, the increased pion
multiplicity may be due, e.g., to baryon resonance
production. In either case, the decay distributions of
such resonances will tend to “wash out” the forward-
backward peaking of individual particles. Second, the
tendency towards isotropy at high multiplicity is con-
sistent with the idea that the more complex, highly
inelastic reactions occur in the lower partial waves.

2. Transverse-Momenium Distribulions

There have been several observations and specula-
tions™ ! on the transverse-momentum distributions for
particles produced in high-energy interactions. Orear?
points out that the two-body final-state c.m. angular
distribution is well described by

do/dw~exp(—P,/0.16), (1)

where P, is the transverse momentum in the c.m. system
in BeV/c. It has been observed? that over a wide range
of incident energies above 25 BeV the P, distribution

for pions is given approximately by

N(Pt)= (P,/Po“’) eXP(—vPs/Po) ’
with (2)
Py=0.18 BeV/c at 25 BeV.

Although our incident energy is lower than those
described in Refs. 7 and 8, we have fitted our transverse-
momentum distributions with the form

N(P;)=AP;exp(—P,/B), (3)

R. H. Phillips, A. L. Read, and R. Rubinstein, Phys. Rev. 138,
B913 (1965).

7 C. Cocconi, L. J. Koester, D. N. Perkins, University of Cali-
fornia Laboratory Report No. 1444, 1961 (unpublished); P. H.
](5‘(:;%1- and D. H. Perkins, Proc. Roy. Soc. (London) 378A, 401

1 .

8 J. Orear, Phys. Letters 13, 190 (1964).

9 Tai Tsun Wu and C. N. Yang, Phys. Rev. 137, B708 (1965).

10 Kerson Huang, Phys. Rev. 156, 1555 (1967).

11, G. Ratner, K. W, Edwards, C. W. Akerlof, D. G. Crabb,
J. L. Day, A. D. Krisch, and M. T. Lin, Phys. Rev. Letters 18,
1218 (1967); E. W. Anderson, E. J. Bleser, G. B. Collins, T. Fujii,
J. Menes, F. Turkot, R. A. Carrigan, R. M. Edelstein, N. C.
Hien, T. J. McMahon, and I. Nadelhaft, sbid. 19, 198 (1967).
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Fic. 1. Distribution in
cosine of the angle in the
over-all c.m. system be-
tween the incoming beam
proton and outgoing par-
ticle for the various par-
ticles for varying number of
bodies in the final state, All
charge states of a given
particle have been plotted
together.

in which the best values of B were found by least
squares. Figure 2 presents the data as a function of the
mass of the secondary particles and the multiplicity of
the final state along with the fitted curve for Eq. (3).
The fitted value of the parameter B, which equals P,

Fi16. 2. Transverse momen-
tum distributions for the vari-
ous outgoing particles for vary-
ing number of bodies in the
final state. The smooth curves
are fits to the data of the
parametric form discussed in
the text.
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at the peak of the distribution, is shown for each curve.
It is seen that this expression does, in fact, represent
the data fairly well for the fitted values of B indicated
on the curves.

In extending such considerations to more complex
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interactions, Wu and Yang® suggest that for processes
such as

A+B— C+D+E+F, 4)

the “falloff factor” for the sum of the magnitudes of P,
should go as

exp(—22|P:[/0.3), (5)

where 3 | P,| is the sum of the magnitudes of the trans-
verse momenta of all final-state particles. We have
examined both the 3" | P,| and 3 | P | (the longitudinal
momentum in the c.m. system) distributions for our
events as a function of the final-state multiplicity. The
results are shown for 3_ | P;| in Fig. 3. The main features
of the data are the relative constancy of the central
value of the distributions and the narrowing of the
distributions with increasing multiplicity. The >_| Py
distributions (not shown) shift lower with increasing
multiplicity as expected.

The smooth curves on the > |P,| data are least-
squares-fitted functions of the form

N (x)=A1p (%) exp(—a/A4s), (6)

where x=)_ | P,|, p(x) is the phase-space factor for this
quantity and 4, and 4 are free parameters. The factor

GOLDWASSER,
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p(x) was computed by a Monte Carlo procedure with
final states KNA-nw, where # runs from 0 to 3 for
the three- through six-body final states (such states
made up the bulk of the reactions). It is seen that the
functional dependence on x suggested by Wu and Yang
fits the data reasonably well if the parameter 4, is
allowed to vary. The best value of the parameter 4,
is shown for each curve.

Finally, we considered the proposal of Huang®® that
for a many-body final state the matrix element squared
should be proportional to

exp(—constX>_Pg2), (7

where the sum is taken over all particles in the final
state. Figure 4 presents our data for the distributions
of Y. P2 The smooth dashed curves are the least-
squares-fitted functions of the form

N(x)=41p ) exp(—x/45), (8)

where x=)_ P2 over all outgoing particles, p(x) is the
phase-space factor for this quantity, and 4, and 4,
are free parameters. The best values of 4, are shown on
the graph. It appears that this functional dependence
on x does not represent the data well, particularly for
the four-body final states.

N BODY
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F16. 3. Distributions for
the sum of the transverse
momenta over all particles
in the final state. The
smooth curves are fitted
functions of the form

N(x)=A41p(x) exp(—x/A43),
where x=Z|P,]|.
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The smooth solid curves in Fig. 4 are the least-
squares-fitted functions of the form

N (x)=By?* exp(—=/Bs), ©

where x is defined above and B, B, and B; are free
parameters. This purely ad hoc expression represents
the data quite well for the values of B> and B; shown
on the curves. It has been customary to discuss dis-
tributions of transverse momenta for only those experi-
ments in which the final states have not been uniquely
identified (and hence the multiplicity is uncertain) or
even, in high-multiplicity final states, in which the
identity of the particles themselves may be in doubt.
We present the above discussion because this experi-
ment includes final states over a fairly wide range of
known multiplicity and particle masses. It is hoped
that these data may be useful for comparison with
future theoretical predictions.

3. Evidence on Dibaryon Resonances

There have been possible B=2,S5=-—1 enhance-
ments reported at energies of 2058, 2098, 2115, 2220,
and 2360 MeV.? Evidence concerning the presence of

such resonances in our experiment is presented in
Fig. 5 in which the invariant-mass distributions for all
nucleon, lambda (V,A), and (V,Z) combinations are
shown as a function of the final-state multiplicity. It is
evident that there is no strong dibaryon resonance pro-
duction present. The peaking toward the high invariant-
mass end of phase space can be understood as a result
of the previously discussed peripheral angular dis-
tribution of the baryons. The two baryons are usually
traveling in opposite directions and so have the maxi-
mum relative energy allowed by their particular
momenta.

This null result is consistent with the results re-
ported by previous authors at lower energies.!

C. Detailed Final-State Analysis
1. Three-Body Final States

K*pA. Preliminary reports on this final state have
been made previously.’? We now summarize our analy-

12 For previous reports on the present experiment, see M. Fire-
baugh, G. Ascoli, E, L. Goldwasser, U. E. Kruse, L. Lavatelli,
and R. D. Sard, Bull. Am. Phys. Soc. 11, 360 (1966); M. Fire-
baugh, G. Ascoli, E. L. Goldwasser, and R. D. Sard, 7bid. 12, 45

1967).
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sis and conclusions. The dominant features of this final
state are illustrated by the Dalitz plot and Chew-Low
plot in Fig. 6. Clearly, the matrix element for the re-
action depends on the mass of the (K*,A) system,
M(K+,A), and on the 4-momentum transfer to the
(K*,A) system, A%(pin,KtA), (or the equivalent 4-
momentum transfer to the outgoing proton), peaking
at low values of each.

In an attempt to interpret these data we have com-
puted the predictions of the one-meson-exchange model
for the two lowest mass mesons allowed, the #° and K+.
The Feynman diagrams for these processes are shown
in Figs. 7(a) and (b). One assumes in such a model that
the A? dependence at the lower vertex is that given by
the Born approximation, that the propagator for a
meson of mass u is (A>+w?)~L, and that at the upper
vertex the cross section for scattering of the virtual
meson has the same dependence on the c.m. energy W
at that vertex as does the cross section for the scattering
of real mesons. Furthermore, interference terms be-
tween the diagrams shown and those with the beam
and target protons interchanged are omitted since the
peripheral angular distribution of the outgoing proton
permits identification of the incident proton at the
lower vertex.

Following the formulation of Yao,® we may then
write the differential cross section (as a function of W

6 o
5 7S EVENTS o
8 47 EVENTS
,.1, 2f 2r
§ ol 1 N 1 | S 1 P
20 23 28 327736 20 24 28 32 36
20, 20,
. 15 315 EVENTS ,5L
8 167 EVENTS
8 10 1o-
1
¢ 55
L - hall N o
i 20 24 28 32 36 20 24 28 32
z
w
>
w '2" 121 EVENTS
W
o
o
w
]
2 . 10 98 EVENTS
2 o
1
© 20 24 28 32 26 24 28 32
M(N,2)Bev/c?
15,
5
g 10 96 EVENTS
m
1
& 5

20 24 28 32
M(N,A) Bev/c?

Fic. 5. Two-body invariant-mass distributions for all B=2,
S=—1 combinations of the experiment. The smooth curves are
the phase-space predictions, normalized to the data.

18 Tsu Yao, Phys. Rev. 125, 1048 (1962). The author of this
paper has followed the formulation given by E. Ferrari, Nuovo
Cimento 15, 652 (1960). See also F. Salzman and G. Salzman,
Phys. Rev. 120, 599 (1960).
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CHEW-LOW PLOT FOR K*A IN K'pA FINAL STATE
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F16. 6. Dalitz plot of M2(K*,p) versus M2(K+A) and Chew-Low
plot of A%(pin,K*A) versus M2(K+,A).

EXCHANGE DIAGRAMS
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p] +pz——A+B+C

F16. 7. Feynman diagrams for = and K exchange in the three-
body final states [ (a) and (b)] and for = exchange in the four-body
final state [(c) and (d)]. (e) defines the coordinate system used
for the decay angles (¢,0) for the A B system. ¢ is measured from
the X axis in the xy plane.
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ONE MESON EXCHANGE PREDICTIONS
FOR P +p — K*pA

30} | (€] CURVE = OKEM x 0,028 20
B
20 5 g
w
0
Fic. 8. Predictions of the one-meson- 10 g r g_
exchange model for the reaction p4p — h - 5 =
K*pA. The smooth curves in (a) and (b) % ///////
are the OPE predictions in absolute units 0010 20 30 40 M"’
and in (c) and (d) are the OKE predic- 2 S 2 .
tions scaled down by a factor of 0.028. & (pyiPyy) (BeV/e) a (py,a) (Bev/c)
The open A? histograms are for the smaller
of the two A? values for each event and
the shaded histograms are for the larger .
value. . .
& £ g
EY % u>J
e T s
b
u’-m b g
A l B A R A 1
14 16 18 20°22 24 26 28 30 32 12 14 16 18 20 22 24 26 28 30 32
M (KTA) Bevse? M (K*,p) Bevsc?
and A?) as tions for the K+, A"(or"K*p) system via the OPE (or
&o 1 G2 2BW2 OKE) model. In addition, the total cross section for
=—— ao(W)F(A?), the reaction is also predicted assuming pure exchange

AWdA* 4x 4 (PU)?

where G2/4w=14.2 (NN coupling constant for OPE)!4;
G%/47r=16.024=2.5 [KNA coupling constant for one-kaon
exchange (OKE)'5; I¥ is the energy in the c.m. system
of the upper vertex; & is the momentum of the incident
particles at the upper vertex, defined by W= (k24 M%)}/
+ (k24-u2)V2; M is the proton mass; u is the exchanged
meson mass; P is the initial proton momentum in the
c.m. system; U is the total c.m. energy,

oo(W)=0o(x% — K*A) for OPE
=1g(mp— K°A) by isospin arguments;
oo(W)=0(K*+p— K*p) for OKE;
F(A?) = A%/ (A?-u2)? for OPE;
F(A%) = (A% (Ms— M)?)/ (424-2)? for OKE.

This expression may be integrated numerically, us-
ing measured values for o(7—p— K°A) [or o(Ktp—
K+$)],'8 to predict the invariant-mass and A? distribu-

“ James D. Simpson, Ph.D. thesis, Department of Physics,
University of Illinois, Urbana, 1964 (unpublished).

1 Jae Kwan Kim, Phys. Rev. Letters 19, 1079 (1967).

16 Sources for input cross sections for one-meson-exchange
calculations: (a) #—p — K°A, L. Bertanza, P. Connolly, B. Cul-
wick, F. Eisler, T. Morris, R. Palmer, A. Prodell, and N. Samios,
Phys. Rev. Letters 8, 332 (1962); private communication from
T. Binford to F. Crawford via G. Smith to M. Firebaugh; Janos
Kirz, Orin I. Dahl, Lyndon M. Hardy, Richard I. Hess, and
Donald H. Miller, in Proceedings of the Thirteenth Annual Inter-
national Conference on High-Energy Physics, Berkeley, 1966 (Uni-
versity of California Press, Berkeley, 1967); J. Steinberger, in
Proceedings of the Eighth Annual International Conference on High-
Energy Physics, at CERN, 1958 (CERN Scientific Information

of each meson. Since the results of these calculations
as well as later ones depend critically on the form of the
input cross sections, we have shown our compilation of
the data and interpolated curves in the Appendix.

The results of the calculations are shown with the
data in Fig. 8. It is apparent that the shape of the
A2(pin,pous) prediction (OPE) agrees with the data
much better than does the A2(pis,A) curve (OKE). The
M (K*,A) prediction (OPE), while not in precise agree-
ment, does follow the general features of the data.
Neither OPE curve contains any free parameters except

Service, Geneva, 1958). (b) =~p — K29, last three references in
(a); (c) 7p— K+=~, last two references in (a); R. K. Kofler,
Ph.D. thesis, Department of Physics, University of Wisconsin,
1964 (unpublished); (d) =+p — K*=+ last reference in (a); J.
Bartch, L. Bonda, R. Spetch, G. Hotop, G. Knies, F. Storim, J. M.
Brownlee, N. N. Biswas, D. Luers, N. Schmitz, R. Seeliger, G. P.
Wolf, Nuovo Cimento 43, A1010 (1966) ; David Berley and Nor-
man Gelfand, Phys. Rev. 139, B1097 (1965); N. L. Carayan-
nopoulos, G. W. Tautfest, and R. B. Willmann, sbid. 138, B433
(1965); S. S. Yamamoto, L. Bertanza, G. C. Moneti, D. C. Rahm,
and I. O. Skillicorn, sbid. 134, B383 (1964); Frank S. Crawford,
Jr., Fernand Grard, and Gerald A. Smith, :bid. 128, 368 (1962);
Fernand Grard and Gerald A. Smith, ¢bid. 127, 607 (1962);
C. Baltay, H. Courant, W. J. Fickinger, E. C. Fowler, H. L.
Kraybill, J. Sandweiss, J. R. Sanford, D. L. Stonehill, and H. D.
Taft, Rev. Mod. Phys. 33, 374 (1961); R. R. Kofler, R. W.
Hartung, and D. D. Reeder, Phys. Rev. 163, 1479 (1967); (e)
K*p— K*p, Sulamith Goldhaber, William Chinowsky, Gerson
Goldhaber, Wonyong Lee, Thomas O’Halloran, Theodore F.
Stubbs, G. M. Pjerrou, Donald H. Stork, and Harold K. Ticho,
Phys. Rev. Letters 9, 135 (1962); V. Cook, D. Keefe, L. T. Kerth,
P. G. Murphy, W. A. Wentzel, and T. F. Zipf, Phys. Rev. 129,
2743 (1963); J. DeBaisieux et al., Nuovo Cimento 43, 142 (1966);
W. DeBaere et al., ibid. 45, 885 (1966); (f) =—p — n~p and
7ntp— wtp, M. N. Focacci and G. Giacomelli CERN Report
No. 66-18, 1966 (unpublished).
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the A? cutoff which we chose as A2<2.4 (BeV/c)?, as
suggested by the data. The OPE curves agree well
with the data in magnitude. The OKE model, on the
other hand, predicts curves about two orders of magni-
tude higher than the data. The measured cross section
for this reaction is 54 ub : the OPE model predicts 56 ub
[with A2<2.4 (BeV/c)?] and the OKE model predicts
4000 ub. We conclude from the above arguments that
OPE is in better agreement with these data than is
OKE.

Another test of which meson is exchanged in this
reaction is given by the distributions of the Treiman-
Yang and ‘‘scattering” angles (¢,0). These angles are
defined in Fig. 7(e). If OPE applies, the angle ¢ in the
K*A system should be isotropic and the cosf, distribu-
tion should resemble that of real #—p — KA scattering.
If OKE applies, the angle ¢ in the K*p system should
be isotropic and the cosf, distribution should resemble
K+*p elastic scattering. Figure 9 shows our data. The
smooth curves for the K*A system are the OPE-model
predictions. The cosf, distribution is the average of the
measured 7—p — K°A angular distributions, weighted
by the M (K+,A) distribution. It is seen that the agree-
ment with the data is only fair; the probability of the
¢ distribution being flat is 129,. The ¢ distribution
suggests that other processes may be occurring, how-
ever, since the deviation from flatness seems to occur
systematically at =4:90°. There is an indication of a

40(
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F16. 9. Decay angular distributions for the KX*p and KA sys-
tems in the K*pA finals tate. The smooth curves on the lower two
histograms are the OPE model predictions normalized to the data.
Those on the upper two histograms are the calculated reflections
of the OPE model, normalized to the data.
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similar peaking of the M (K,A)>1.9 BeV data at +=90°
in the 5.0-BeV/c experiment,! whereas at 5.4 and 6.6
BeV/c! there may be a dip in this region of ¢. In no
case are the statistics good enough to permit definite
conclusions. The smooth curves on the Ktp angular
distributions are a result of the calculation described in
the next section.

The OPE model predicts directly the mass,
A*(pin,K+A), and (¢,0) distributions for the K+A system.
While these quantities fix the kinematics of the problem
(apart from an irrelevant rotation), it is of interest to
see to what extent the distributions of other kinematic
quantities are the results of the observed distributions
of just two of these predicted quantities, namely,
M (K+,A) and A?(pin,K*A).

We have done a Monte Carlo calculation in which
events were drawn from phase space and weighted by

w
=
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w
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(=]
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z
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4 25F
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Fic. 10. Histograms of the two-body invariant-mass combina-
tions and A%(pin,pout) for the K+pA final state. The solid curves
are the calculations for the reflections of the OPE model in which
the theoretical A? distribution and parametrized M (K+,A) dis-
tribution was used. The dashed curves are the equivalent calcula-
tion for the OKE model but weighting the M (K*,p) distribution
by the matrix element obtained from K*p elastic scattering. Both
sets of curves are normalized to the data.

the experimental M (K*A) distribution in parametric
form and by the theoretical A? distribution (already
seen to agree well with the data). To determine the
expression to use for M(K*A), this distribution was
fitted by a simple Breit-Wigner distribution times the
phase-space factor, giving a good fit for the parameters
My=1777 MeV and I'=345 MeV. The calculation also
assumes isotropic ¢ and cosf, distributions for the K+A
system. Figure 9 shows that no serious inconsistency is
introduced by this assumption.

The results of this calculation are shown for the three
mass distributions and for the A2(pi,,K*A) distribution
in Fig. 10 and are the smooth curves on the K*p decay
angles in Fig. 9. The dashed curves in Fig. 10 are the
analogous calculations for the OKE model in which the
(experimental) M (K+,p) distribution has been weighted
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by the measured K*+p elastic scattering cross section
and the theoretical A2(pin,A) dependence previously
discussed. The good agreement of the solid curves with
the data gives support to the hypothesis that the matrix
element for this reaction does depend mainly on
M(K+,A) and A?(pin,K+A). This is consistent with
OPE being the dominant process in this final state.

K*+p30 and K°pZ* Final States. Since there were no
apparent differences in the various distributions be-
tween the two final states, the K*pZ° and K%Z=* data
have been combined for this discussion. Figure 11
shows the invariant-mass and A%(pi,,KZ) distributions.
In order to compare our data with the predictions of
the OPE model, we have done a calculation similar
to that described for the K*pA final state. Isospin con-
siderations give the relationship

o (7% — KZ+) 4o (r0% — K*+20)
=3[o(ap— KtZ")+o(mp— K°=)
+o(atp— KF2H)].

Since the cross sections on the left-hand side correspond
to the K2 charge states summed in Fig. 11, the OPE-
model predictions should be calculated using the
measured cross sections on the right-hand side as input.
This we have done, using the cross sections shown in
the Appendix. The dashed curves for M (K,Z) and
A%(pin,KZ) are the results of the calculation. The
dashed curves for M(K,p) and M (p,Z) are the reflec-
tions of the OPE-model predicted curves, computed by
a Monte Carlo calculation (again assuming that the
decay angles of the KZ system are isotropic). All
curves shown are normalized to the data. The shape of
the predictions agree fairly well with the data, with the
possible exception of the 1900-MeV region in M (K,Z)
where the peak is more pronounced than expected.
The solid curves on the mass distributions are the
result of assuming that the reactions proceed 309, of
the time according to phase space and 709, via the
production of a N3/2*(1924) resonance in the KZ sys-
tem, of My=1924 MeV and I'=170 MeV. They were
computed by a Monte Carlo calculation using a Breit-
Wigner shape with the above parameters for the
M (K,Z) distribution and the theoretical A? dependence
of the OPE model. The A2?(p;,,KZ) prediction of this
resonance production model is quite similar to the
OPE-model prediction described above. The fact that
the resonance production curve agrees better with the
M(K,Z) data in the 1924-MeV region may indicate
that the input value for o(ztp — K*2Z+) used in our
OPE-model calculation is low in this region [see Fig.
20 (a)]. In any case, the M (K,2) data show a clear
peak near 1924 MeV. The A%(pin,KZ) distribution in-
dicates that the reaction proceeds via OPE. The models
may well be identical in physical content since the
peaking in the o(r+p — K*Zt) curve at W=1920 can
be interpreted’” as due to the formation of the Vg *-

7L, E. Evans and J. M. Knight, Phys. Rev. 137, B1232 (1965).
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Fic. 11. Two-body invariant-mass and AZ(pin,pout) distribu-
tions for the KpZ final states. The shaded events correspond to
the K%=* final state. The dashed curves are the OPE model pre-
dictions and their reflections, calculated as described in the text.
The solid curves correspond to the production of the N*(1924) in
the KZ channel 709, of the time and phase space 309 of the time.
All the curves are normalized to the data.

(1924). Isospin arguments show that if the reactions
go by OPE through the pure T'=% channel, the ratio
of production cross section for pK'Z+ to pK+=° should
be . We measure it to be 0.5740.23. While the errors
are large, this result is consistent with the resonance
production picture.

2. Four-Body wKNY Final States

wKNA Final States. The most prominent feature of
the three mKNA final states (states 6-8 in Table I) is
the strong production of the Y*(1385) and, in the
7T KA final state, the N*(1236). In addition, there is
an indication of K*(890) in the 7+K%A data, but little
if any in the #°K+pA state. The triangle plots of M (x,IV)
versus M (K,A) are shown in Fig. 12 for the three charge
states. Any double N* production would appear as a
clustering of points in one region of these plots. There is
no evidence of such quasi-two-body production.

The data also indicate the presence of a broad en-
hancement at low KA mass as in the three-body state.
We therefore parametrized this dependence by the
same broad Breit-Wigner function used in the three-
body final state. To determine the extent to which the
above three resonances and the KA enhancement con-
tribute to each of the three charge states, we fitted
simultaneously the mass distributions for each state
by an incoherent superposition of four resonances plus
phase space. The results of the maximum-likelihood
calculation are given in Table II.

To see to what extent other kinematic quantities
reflect the presence of the resonances listed in Table II,
the Monte Carlo program was again used to generate
the curves in Figs. 13 and 14, One obvious effect is the
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peaking of the Trieman-Yang angle at ¢xy=0° in the
IV system due to the wA resonance at 1385 MeV and an
equivalent peaking at ¢,=0° in the A system of the
7T K%A final state due to the =*p resonance at 1236
MeV. Figure 13 shows the (¢,8) angular distributions
for the A and wV systems. Good agreement between
the data and calculation is evident. The shaded histo-
grams in the =V distributions are for those events not

DECAY ANGLES FOR N AND mA
IN 7KNA STATES

Cos 6,

¢/ N

cos e,

F16. 13. Decay angles for the 7V and A combinations in the
three chax:ge states of the xKNA final state. The shaded =N events
are those in which the ¥*(1385) has been excluded by a mass cut
of M (::r,A) > 1485 or <1285 MeV. The shaded wA events are those
in which the N*(1236)x*p region has been excluded by the mass
cut M (z+,$)>1356 MeV or <1116*MeV. The smooth curves are
resonance reflection calculations which account for the peaking
in the Treiman-Yang angle at 0°,

containing a Y*(1385) [M (w,A)> 1485 MeV or <1285
MeV] and in the wA distributions are for those events
not containing a N*(1236) in the 7t channel [M (z+,p)
>1.356 MeV or <1116 MeV]. These data confirm the
above conclusion. The flat Treiman-Yang distribution
for the 7N systems in which the ¥*(1385) has been
omitted is consistent with OPE being the mechanism
giving rise to these events.

Experimentally it was noted that the c.m. opening
angle between the A particle and nucleon was much
more peaked near 180° for the final states #*K°pA and
79K+ pA than it was for the #*K*nA state. This caused
the Ap mass distributions to peak at higher mass values
than the Az distribution. To simulate this peaking in
the pA opening angle in the Monte Carlo calculation,
we parametrized the experimental dependence to the
A and outgoing proton and folded them into the calcula-
tion for the mtK%A and #w°K*+pA states.’® In Fig. 14
all two-body mass distributions are displayed along
with the results of the calculations.

TaBLE II. Results of maximum-likelihood fits for TKNA states

TTKOpA K +pA K A
%) (%) (%)

K*(890) 15.546.1 1.9+ 6.8 ..
N*(1236) 34.247.4 1024 7.9 5.0+ 5.9
Y*(1385) 29.14+6.8 37.7+£12.0 33.8+ 7.4
M(KA) 15691  50.7+19.2  18.1%11.1
My=1777 MeV
10=345 MeV

5.7 0.0 43.1

Phase space

18 The parametric form used for the dependence on the A? to
the proton was exp(—0.87A?) and for the A, exp (—1.24%). These
were obtained by a rough fit to the data.
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Fic. 14. Two-body invariant masses
for the three charge states of wKNA.
The dashed curves on the #*K°A data
are the phase-space predictions. The
smooth curves are the result of calcula-
tions assuming the amounts of the four
resonance shapes listed in Table II. In
addition, the 7tK%%A and #°K*pA final
states have the experimental A? de-
pendence to the outgoing baryons in-
cluded to give the correct M (p,A)
dependence.

1365

TWO BODY INVARIANT MASSES

NUMBER OF EVENTS

20

20,
15
10

2 18 20 A

I8 22 25 30 3

INVARIANT MASS (BeV/c?)



1366 FIREBAUGH, ASCOLTI,

DECAY ANGLES IN K,A SYSTEM
IN mKNA STATES
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F Fic. 15. Decay angles for the KA system in K NA final states.
The shaded events are those excluding the ¥*(1385) by a mass
cut M (r,A)>1485 MeV or <1285 MeV. The smooth curve on the
total cosf, distribution is obtained by weighting the real #=p —
K°A angular distributions by the M (K,A) distribution.

In Fig. 15 we show the (6,¢) angular distributions for
the K, A systems. For those events proceeding via the
OPE process shown in Fig. 7(c), the ¢ distribution
should be flat and the cosé distribution should resemble
real 7—p— K°A inelastic scattering (shown as the
smooth curve on the total cosf data). The ¢ distribu-
tions is consistent with isotropy and the agreement
between the real scattering and our data appears good.
This is somewhat unexpected due to that fact that the
total sample plotted contains many Y*(1385)7A com-
binations which could be produced via OPE only
through the diagram shown in Fig. 7(d). The shaded
events in Fig. 15 are those not containing the ¥*(1385).
This cut, by eliminating events arising from Fig. 7(d),
should enhance the agreement between the data and
the real 7p — K°A scattering angular distribution. It
appears however, that the agreement between the cosfa
distribution of events remaining after this cut and the
real pion scattering distribution is somewhat poorer
than that between the whole sample and real pion
scattering.

We conclude the discussion of the mK/VA final states
by examining the data to see whether they suggest the
presence of ¥*(1680) in the wA channel. This recently
discovered resonance!®?® has a mass of 1683415 MeV
and a width of 120230 MeV. Figure 16 shows the total
M (w,A) distribution for the three charge states. The
smooth curve is the result of a two-parameter fit in
which the amounts of the Y*(1385) and Y*(1680) are
allowed to vary while the masses and widths are held
constant at M,=1385, I';=_80, M= 1680, and I';=140
MeV. The best values for the percentages of ¥*(1385)

19 M. Derrick, T. Fields, J. Loken, R. Ammar, R. E. P. Davis,
W. Kropac, J. Mott, and F. Schweingruber, Phys. Rev. Letters
18, 266 (1967).

20D, C. Colley, F. Macdonald, B. Musgrave, W. M. R. Blair,
1. S. Hughes, R. M. Turnbull, S. J. Goldsack, K. Paler, L. K.
Sisterson, W. Blum, W. M. N. Allison, D. H. Locke, L. Lyons,
P. J. Finney, C. M. Fisher, and A. M. Segar, Phys. Letters 24B,

489 (1967).

GOLDWASSER,

SARD, AND WRAY 172

and Y*(1680) are (36.145.5)9% and (10.9+4.7)%,
respectively.2!

It is possible that we are observing a threshold effect
in the pp experiment similar to that observed in K—p
experiments. In K—p data, no Y*(1680) is present at
4.1 BeV/c momentum, but at 5.5 and 6.0 BeV/¢!20 jt
is produced. In p-p data, none is produced at 5.0 or
5.5 BeV/c and little if any at 6.6 BeV/c,! while at 7.87
and 10.0 BeV/c this resonance may be present. In view
of the paucity of the data and uncertainty in the back-
ground, this is hardly a conclusive result.

wKNZ Final States. This configuration of particles
was analyzed in the five charge states 9-13 in Table 1.
One would expect a priori the production of the allowed
N*, K* and Y* resonances in a manner similar to the
production observed in the mKNA charged states. It
appears, however, that an even simpler picture of vir-
tual pion scattering via Fig. 7(c) explains the data
satisfactorily.

In Fig. 17 we show the M (w,N) and M (K,Z) dis-
tributions for these events. It is apparent that there is
strong N*(1236) production in the T'=$ state. In addi-
tion, the KZ systems peak strongly in the low-mass
region.

Since there is little, if any, K*(890), ¥*(1405), or
Y*(1660) produced, we assumed that there was little
contribution to these reactions from Fig. 7(d). To see
what the simple OPE model via Fig. 7(c) predicted for
the M (x,N) and M(K,Z) distributions, we performed
the following calculation. Using our compilation of the
data on the cross sections for 7tp — 7tp, 7~ p — 7,

2 PARAMETER FIT TO M(mA)
IN 315 wKNA

M, = 1385, T, =0.080
M, = 1.680,T, = 0.140

FIXED

36. £ 55% Y"(1385)
109 £ 4.7% Y*(1680)
53% PHASE SPACE

NO. OF EVENTS

1 1 1 L 1
12774 16 18 20 22 o4 6
M(7r, A) BeV/c?

F16. 16. Histogram of M (ir,A) for all xK NA events. The smooth
curve is the result of a two-parameter fit to the data in which the
amounts of ¥Y*(1385) and ¥Y*(1680) are the free parameters. The
resulting parameters are shown.

1 The expression used to fit the data was

Y (M) =a1 X (phase space)
a3 X [Breit-Wigner (1385, 80)]X (phase space)
~+asX [Breit-Wigner (1680, 140) X (phase space),

with ar= 1.O—a3— ag.
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F1e. 17. Distributions of M (x,N) and M (K,Z) for five xKNZ
final states. The smooth curves are the OPE model calculations
in which real scattering cross sections are used at each vertex. The
smooth curves are normalized to the data.

w+p— K+2+ and 7—p— K+Z~ (see the Appendix), we
computed the matrix element squared for these scatter-
ing processes.?2 It was then assumed that the matrix
element for p-+p — wKNZ was just the product of the
appropriate matrix elements at both vertices (from real
pion scattering) and the pion propagator. A Monte
Carlo calculation was done in which events drawn from
phase space were weighted by the square of this matrix
element. The smooth curves in Fig. 17 are the results
of the calculation for the reactions p+4p— wtK*+pZ~
and p+p— 7 K+pZ+t. Since the o(zp— K*+Z7) and
o(mp— K29 curves do not differ greatly, the =+p
combinations for the #tp K29 events are shown (shaded)
in the =tp graph [Fig. 17(b)]. No attempt has been
made to preserve the absolute normalization of the
curves (the curves shown are normalized to the data),

22 The matrix element was derived from the cross section by
M (W)= (p/q)W?a (W), where p is the initial c.m. momentum,
¢ is the final c.m. momentum, and W is the energy in the c.m.
system.
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but it appears that the shape of the curves agrees quite
well with the data.

This model predicts certain decay angular distribu-
tions. Namely, the ¢ distribution for the #V and K=
systems should be flat and the cosf distributions should
resemble real wp scattering. In Fig. 18 we show the
decay distributions for these systems. The smooth cosf p
curve on the =tp data is the result of weighting the
observed n*p elastic scattering angular distributions by
our observed M (x+,p) distribution. The smooth curve
on the mixed isospin =V combinations is the observed
n~p elastic scattering data weighted by the =V spec-
trum. Since the cosfy distributions for the three charge
states involved were not noticeably different, they have
been added. The smooth curves on the K°Z° and
K%+ cosf distributions are generated in the same
manner, with the smooth curve being the weighted
measured m—p — K°2° angular distribution. We observe
that these angular distributions also seem to agree with
the simple OPE-model picture.

One distribution not fully accounted for by this
model is the N2 mass distribution (see Fig. 5 for the
total) which is more peaked toward the high-mass end
of phase space than predicted. The model has not fully
taken into account the peripheral nature of the baryon
angular distributions which gives rise to this effect.
However, the conclusion that we draw from the gen-
erally good agreement between the data and this
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Fic. 18. Decay angular distributions for 7V and K= systems
in the #KNZ final states. The smooth curves on the cosf histo-
grams for the K*Z~ and n*p systems are the result of weighting
the observed real scattering angular distributions by their re-
spective mass distributions. The smooth curve for the 26 K°=°
and 29 K92+ events corresponds to weighting the observed 7~ p —
K2 angular distribution by the combined mass distribution. The
smooth curve on the 79 7N events results from weighting the
measured 7 ~p elastic scattering angular distribution by the total
mass distribution.
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curves are the phase-space predictions.
The smooth curves result from assum-
ing that the reaction proceeds com-
4 pletely through resonance production
0 in the mass combination displayed.
35, 35
300 [| T,=372 30
E 25 25
= 20 20 \ 20
Ql W 15 15 15
ol & 10 10 \ 10
S 5| N 5) 5) .
z a_ NV,
16 107 14 18 22 10~ 14 22 1418 22
M(rK) Bev/c? M(mN) Bev/c? M(m,A) BeV/c®  M(K,A)Bev/c?

simple theory is that OPE explains the main features
of our TKNZ final-state data and that the virtual pion
involved in the scattering behaves very much like a

physical pion.

3. Five- and Six-Body Final States

The following discussion will be based on the 119
events in the final states 17-20 and on the 96 events in
final states 31-33 (Table I). Since the complexity of the
analysis increases rapidly with increasing particle multi-
plicity, no detailed analysis has been attempted. We
can, however, draw certain conclusions on the produc-
tion mechanism for these final states.

In Fig. 19 we show some of the more interesting two-
body invariant-mass combinations for these final states.
Since the distributions are similar for the various isospin
states, they have been added together. The dashed
curves are the phase-space predictions and are normal-
ized to the data. The solid curves, when shown, are
the results of a calculation assuming production of the
invariant mass shown proceeds via 1009, resonance
formation, i.e., that every event included one resonant
pair of particles. The parameters for the simple Breit-
Wigner forms used were: for T=3$7N, M,=1213 MeV,
I'=120 MeV; for 7A, M=1385 MeV,I'=80 MeV; and
for the KA combinations, M,=1777 MeV,I'=345MeV.

These data show that K* production is weak while
N*(1236) and Y*(1385) resonances are strongly pro-

duced. In fact, the data indicate that essentially all of
the five- and six-body production observed involves
formation of these two baryon resonances, with some
contribution due to the KA enhancement. We have also
seen an indication that the recently observed? N*(2050)
is present in the KA mass distributions in about 309,
of both five- and six-body states. The data relevant to
this effect will be presented in a separate publication.

IV. CONCLUSIONS

The total strange-particle production cross section is
estimated at 1.840.2 mb with about half the production
occurring in final states identified in this experiment.
KK production is higher than at lower momenta but is
still too small to provide adequate statistics for a de-
tailed analysis. The NY mass spectra were examined
for possible dibaryon resonances and none was found.
The NY mass spectra peak at the high end because of
the peripheral nature of the baryon angular distribu-
tions. OPE explains the K+pA and, qualitatively, the
wKNZ final states but may not account for all of the
KZ peak at 1924 MeV in the KpZ final states. The
wKNA and the five- and six-body final states examined
are more complex and involve production of the

2 R. R. Kinsey, W. Chinowsky, P. Condon, S. Klein, M.
Mandelkern, P. Schmidt, J. Schultz, F. Martin, M. L. Perl, and
T. H. Tau, Bull. Am. Phys. Soc. 12, 916 (1967).
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N*(1236) and ¥Y*(1385). Finally, in all states including
a K and A we observe a broad enhancement at low KA
masses which may be characterized by a Breit-Wigner
shape, with My=1777 MeV and I'=345 MeV. OPE,
with the K and A originating at the same vertex, is
probably a dominant mechanism in the production of
these final states.
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APPENDIX

Since the one-meson-exchange calculations discussed
in the text depend rather critically upon the input cross
sections used, we present in Fig. 20 the compilation of
data and the (freehand) curves that we used to repre-
sent them. No claim is made for their accuracy or
completeness, and they are presented simply to indicate
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F16. 20. Compilation of data and freehand interpolation for
various cross sections for scattering processes used in one-meson-
exchange calculations in the test. Sources of the data are given
in Ref. 16.

the input for our calculations. They are drawn from
sources listed in Ref. 16.



