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From a sample of 98 hyperon production events observed in a liquid hydrogen bubble chamber the
partial cross sections for various final states are found to be; Z+E+n —0.047, Z+IPp —0.030, Z'IC+p —0.013,
A'K+P 0 051,—Z .K+Pri+ 0.003,—Z+KlV» 0.004,—(AeZ')K+Prie —0.011, (A'Z')K'Pir+ 0 014,—(A.'Z')K+rtri+
—0.002, all in rrullibarns. For the Qrst four processes the values are in general agreement with those calcu-
lated by Ferrari using a one-pion-exchange model. Only one example of E-pair production was observed,
indicating a cross section less than 0.01 mb.

I. INTRODUCTION

l 'HE fragmentary information on the production of
strange particles in nucleon-nucelon collisions

that has been available in the past has not led to any
consistent picture of the processes involved. Three pre-
vious experiments have investigated the cross sections
for strange particle production in p-p collisions at a
kinetic energy near 3 Bev. One of these used a diffusion
cloud chamber filled with hydrogen gas through which
a "pencil" beam of protons was passed. ' The tot.al cross
section for hyperon production appeared to be only
0.04 mb, with a probable upper limit of about 0.20 mb.

In the second experiment an external proton beam
passed through a liquid hydrogen target, and E+ mesons
produced at 0' in the laboratory system with momentum
280 Mev/c were counted in nuclear emulsions. ' A total
cross section for E+ production of about 0.20 millibarn
was calculated assuming a statistical momentum distri-
bution and an isotropic angular distribution for the
E+ mesons.

The third experiment used a counter telescope to
detect p-rays considered to be decay products from m'

mesons produced in the neutral decay modes of E' and
A' particles. ' The total cross section deduced was small,
about 0.04 mb. Thus these three experiments suggested
that the cross section for producing strange particles
in p-p collisions might be surprisingly small compared
with the corresponding cross sections in Ir-p collisions
(which were about 0.5 mb). In all of these experiments,
however, there were severe limitations with respect to
deducing total cross sections.

In the present experiment the production of strange
particles is observed directly in the liquid hydrogen
bubble chamber. The cross section for strange particle

production will be shown to be 0.175&0.032 mb and
further information will be given on the partial cross
sections for the various production channels.

The new data permit one to check various features of
the production processes. All current ideas concerning
the strong interactions assume charge independence,
which introduces general restrictions in the form of tri-
angular inequalities applicable to the cross sections for
~ production. ' The frequency of E-meson pairs is of
obvious interest. There have been speculations that, if
hyperon production is infrequent in p-p collisions, pro-
duction of E-meson pairs might be relatively important.
Since each proton has a m-meson cloud associated with

it, production of strange particles in p-p collisions may
be thought of as caused by transfer of a m meson. Such a
mechanism would imply a strong resemblance to pro-
duction in ir-p collisions. A theoretical treatment of
production in p-p collisions by Ferrari follows such an
approach. ' Feldman and Matthews point out that an
experiment on the production of hyperons and E mesons
in p-p collisions near threshold should determine the
relative parities of 5, A, and E.4 Such information can-
not be obtained from this experiment because the energy
is too high. An experiment near threshold would be very
dificult, however, because of the small cross section.
This experiment does provide information on the other,
more qualitative, points mentioned.

The simplest final states involving hyperons and E
mesons are the three-body states given in Eq. (1).

p+p —+ A'+K++P
—& Z'+ K++p,~Z++E++rt,

+X++K'+p. —

* Work performed under contract with the U. S. Atomic Energy
Commission.

t Now on leave at Centre d'Etudes Nucleaires de Saclay, Saclay,
France.

' R. L. Cool, T. %'. Morris, R. R. Rau, A. M. Thorndike, and
W. 1.Whittemore, Phys. Rev. 108, 1048 (1957).

~ P. Baumel, G. Harris, J. Orear, and S. Taylor, Phys. Rev.
108, 1322 (1957).' D. Berley and G. B. Collins, Phys. Rev. 112, 614 (1958).

An additional x meson can also be produced, and the
frequency of the resulting four-body final states proves
to be great enough that they cannot be ignored. Conse-

quently a rather careful kinematic analysis of each

4 G. Feldman and P. T. Matthews, Phys. Rev. 109, 546 (1958).
e E. Ferrari, Nuovo ciinento 15, 652 (1960); Phys. Rev. 120,

988 (1960).
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event is necessary in order to identify it, and accurate
angle and momentum measurements are needed for the
identification to be certain. Corresponding to these ex-
perimental problems are the theoretical difficulties of
handling three or more bodies in the final state and the
many possible interactions between them. In both re-
spects, therefore, these processes are more complicated
than those in the reaction m+1V —+ F+IC.

In addition to the results on strange particle produc-
tion reported here, extensive information on elastic p-p
scattering and x-meson production is recorded in the
bubble chamber photographs. Results on these topics
are being reported separately. '

II. EXPERIMENTAL PROCEDURE

By means of the "rapid beam ejector"~ the circulating
beam of the Cosmotron was made to strike a carbon
target during about ten microseconds. Protons scattered
at 4.2'&0.3' followed an external beam trajectory
through part of the next magnet quadrant and out
through a thin window. They were selected by a collirna-
tor with Hevimet slit jaws. These defined a beam about
3)&3 in. at the bubble chamber. Two 36-in. deflecting
magnets eliminated particles of reduced momentum.
The arrangement is shown in Fig. 1. The theoretical
momentum spread of the beam was ~0.8%. Measure-
ments of the curvature of a group of beam tracks in the
bubble chamber agreed with the Cosmotron energy
calibration within about 1%, which is less than the un-

certainty in absolute calibration. The beam energy in,

the bubble chamber was 2.85 Bev.
The angle of scattering from the carbon target was

chosen so that a polarized proton beam might result.
No right-left asymmetry of elastic scattering was found,
however. ' The production of strange particles also
showed no significant azimuthal asymmetry. Thus either
the beam is not strongly polarized, these phenomena
are poor "analyzers, "or both.

Nuclear reactions resulting from p-p collisions were
recorded in the Brookhaven National Laboratory 20-in.
liquid hydrogen bubble chamber. Its illuminated volume
is 19X8)&10 in. deep. Expansion is provided by a piston
in the liquid hydrogen and temperature control is
achieved by regulating the vapor pressure of a liquid
hydrogen bath in good contact with the chamber. Dark-
field illumination is provided by an arc whose light
passes through the chamber and is focussed between the
four camera lenses. ' During this experiment the expan-
sion ratio was normally about 0.8%, the temperature
about 25.2'K, and light delay about 150 psec. The time

G. A. Smith, H. Courant, E. C. Fowler, H. L. Kraybill, J.
Sandweiss, and H. Taft, Phys. Rev. (to be published); E. L. Hart,
R. I. Louttit, D. Luers, T. W. Morris, W. J. Willis, and S. S.
Yamamoto, Bull. Am. Phys. Soc. 5, 508 (1960).

'D. C. Rahm, Rev. Sci. Instr. (to be published).
For a description of the chamber see R. I. Louttit, I'roceedings

of an international Conference on Instrumentation for EIigh-Enevgy
I'hysics (Interscience Publishers, Inc. , New York, 1961).
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FIG. 1. Geometry of the scattered 2.85-Bev proton beam at the
Cosmotron. Since the circulating beam intensity was less than 109
protons per pulse, no shielding was required at the bubble chamber.

between Cosmotron pulses was 5.5 sec. The bubble
chamber magnetic field was 17 000 gauss. '

Approximately 90 000 photographs were taken, with
four stereo views. All were scanned once, using two
stereo views, and about 40% were rescanned using the
other two views to check detection eKciency. Essentially
all scanning was done by scanners without scientific
training. They recorded all events that might be in-

terpreted as strange particle decays. These were in-

spected by a physicist who eliminated events that could
clearly be electron pairs, m-p decays, or small-angle
scatterings. The detection efficiency of the first scan
for finding strange particle events, as deduced from the
rescanned pictures, was 75%, which is rather low. Four-

prong x meson production events, in contrast, had a
detection efficiency of 98%. It is clear that finding the
strange particle events is more difficult. Both charged
and neutral decays can, under some circumstances, be
hard to detect. There was no evidence that any particu-
lar strange particle production process had a particu-
larly high, or low, eKciency, though the number of cases
was too small to permit such a comparison to be very
significant. The results quoted in Sec. III are based on
the events found in the first scan only and a uniform

75% scanning eKciency.
Measurements were made in the usual way on a pro-

jector with x-y stage motion and digitized output. The
least count of the system is 1 p, reproducibility of setting
about 1 p, , and overall error due to setting errors, back-
lash, non-linearity of scales, etc. estimated at 2.5 p, from
measurements on reference straight lines. Each track
was measured in two views, chosen so as to provide a
satisfactory stereo angle. Many of the events were
measured two or more times. From the variation in
measurements an effective setting error of about 4 p was

"In carrying out the experiment the usual technical difficulties
were encountered, such as plugged Dewars and vacuum leaks of
various sorts. At one point it was necessary to interrupt the run
because air or nitrogen had frozen on the bubble chamber windows
to such an extent that picture quality was unacceptable. The
fraction of the Cosmotron beam that hit the target varied consider-
ably, apparently because of asymmetries in the Cosmotron mag-
netic field. Partly as a result of this variation, attempts at beam-
sharing with other experiments proved unsuccessful.
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deduced for measurements on actual tracks. Such an
error accounts for most of the apparent curvature of
no-field tracks, so there appears to be Tio serious dis-
tortion in the chamber.

Bubble density was determined by a gap-length
method. "Positions of all bubbles were recorded on the
measuring projector. From the positions an estimate of
the number of bubbles per centimeter was computed.
This was corrected for depth and dip angle and normal-
ized with reference to the bubble density for a beam
track in the same picture.

A computer program named TRED was used to com-
pute positions of points in space and then angles and
curvatures of tracks. Many events were computed using
a simple version on an I.GP-30 computer. The remainder
were done on an IBM-704. As in all such programs there
are numerous optical constants that describe optical
path lengths and the positions of lenses relative to the
fiducial marks. These were determined as carefully as
possible by direct measurement. They are believed to be
correct within limits that do not a6ect the present
analysis because: (1) the depth of the rear glass is given
correctly, (2) measurements using different pairs of
views are consistent, and (3) correct Q values are ob-
tained for A' and 0'.

The geometry computation was followed by a simple
kinematic 6tting procedure to assist in the identification
of events. The two most common event topologies are
shown in Fig. 2. The 141 type is presumably a Z+ pro-
duction. A "neutral mass" program for the PI G-30 was
used first to compute the 2+ mom. entum (assumed to
be unmeasurable since the 2+ tracks are usually short)
from the angles of the Z+ and its decay secondary and
the secondary momentum. Then the Z+ momentum and
measurements on track No. 2 from the production event
were used to compute the mass of the neutral particle,
which should be either E' or neutron. To fit the event
the momenta of tracks No. 2 and No. 4 were varied,
while angles were considered to be well determined.
Estimates of the errors in momentum were based on a
combination of setting error and Coulomb scattering.
An increase in the amount of momentum adjustment
by two standard deviations was, rather arbitrarily,
deemed sufhcient to rule out a hypothesis. Thus, if
X+E+e could be fitted by adjusting the momentum of
track No. 4 by one standard deviation, while a Z+EsP
fit required adjustment by two standard deviations,
both were considered to be possible identi6cations, but
if a Z+E'P 6t required adjustment by four standard
deviations it was considered to be ruled out.

The procedure with type 112 events was similar but
more complicated. The first step was to assume the
V'-particle formed by tracks No. 4 and No. 5 to be first
a A.' and then a 8', and vary momenta to ht the right

'0 See, for example: W. J. Willis, K. C. Fowler, and D. C. Rahm,
Phys. Rev. 108, 1046 (1957);M. F. Blinov, In. S. Krestnikov, and
G. A. Lomanov, Soviet Phys. —JETP 4, 661 (195/); and V. P.
Kenney, Phys. Rev. 119, 432 (1960).

TYPE l4 I T YPE I I 2

FI(:. 2. The most common event topologies for strange particle
production in p-p collisions. Type 141 events are typically Z+E+n
or Z+X0p. Type 112 events are typically A'Il+P, Z0E+p, Jt. 0E+p~0,
A E Pm+, or A E+n7f+.

Q value. Then the momenta of tracks No. 2 and No. 3
were varied, using the neutral mass program until the
desired neutral mass was obtained. Furthermore the
momentum of the V' obtained from the Q-value 6t had
to be consistent with that from the neutral mass com-
putation, and both had to be consistent with the line-of-

Aight from production to decay vertex.
Distinguishing A.' from Z' events by kinematics is

extremely difficult. Where A'E+p fits well it is often
possible to adjust momenta by less than two standard
deviations to obtain a Z'E'p 6t. If, however, A'E+p gave
a neutral mass fit with less adjustment than Z'E+p aed
the A'E+p 6t gave overall momentum balance within
0.05 Bev/c in momentum and 3' in h.' angle, then the
event was considered to be identified as AsE+p.

Information on bubble density was also used to estab-
lish or confirm the identification of events. In the case
of type 112 events, for example, tracks No. 2 and No. 3
are normally p and E or E and p. When. the momenta
are simila, r, kinematics fails to distinguish which is
which, but bubble density often does so without
ambiguity.

As can be seen from the discussion, each event was
given individual study by one or more physisicts em-

ploying the types of computation mentioned. The
number of events (about 150) was small enough and the
variety of processes great enough that this seemed pref-
erable to using KICK or other more automatic kine-
matic htting programs. "

III. RESULTS

A total of 139 events involving hyperon and E meson
were found inside a fiducial region with boundary 7 cm
from the downstream edge of the illuminated region and
centered in perpendicular directions so that entering
particles passed through the thin window of the cham-
ber. For the evaluation of cross sections certain types

"See A. H. Rosenfeld and J.N. Snyder, University of California
Radiation Laboratory Report UCRL No. 9098 (unpublished),
for a description of KICK.
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TABLE I. Hyperon production cases fouIld.

Event
class

Number
used for

Total cross Correction factors Corrected
number section (1) (2) (3) number

z+K+n
g+Kop
XoK+p

oK+p
Z-K+p~+
S+KN~a
(gogo) bK+p7ro
(Aoxo) Kop7r+
(Xoxo) K+~~+

38$
27k

32Y6
4

6rr6
9
1

21$
13'

32r56
3
2
6~sr

1

2.00 1.30 1.33
2.00 1.30 1.33
1.50 1,22 1.33
1.50 1.22 1.33
1.00 1.25 1.33
2.00 1.31 1.33
1.50 1.22 1.33
1.50 1.22 1.33
1.50 1.22 1.33

74.3
46.7
20.3
80,2
5.0
7.0

16.7
22.0

2.4

a Z+KN~ denotes a four-body state involving K-meson, nucleon, and
~ meson which may have any charge states.

b (AoZo) denotes an observed A.o which may, however, be a secondary of
a Zo. It is unlikely that many of these cases are actually Xo's.

of events were eliminated, for which it would be dificult
to determine the correction factors. These were: (1) 7

events in which the E meson was seen to decay but the
hyperon was not, (2) 25 events in which a Z+ decayed
to proton and ~", and (3) 9 events in which the Z+ track
was shorter than 1 cm. Thus correction factors are com-

puted assuming that E meson decays are not observed,
that only x+ decays of 2+ with tracks at least 1 cm long
are counted. Three types of correction must then be
applied: (1)a decay mode correction to allow for neutral
decay modes of A."s and protonic decay modes of ~+,
(2) a geometrical correction to allow for particles escap-
ing from the illuminated volume and for decays in a
dista, nce shorter than 1 cm, and. (3) a correction for the
75% scanning eKciency mentioned in Sec. II. These
are summarized in Table I.

In this table fractions appear in cases where one or
more events couM be given two possible interpretations.
There are two general types of ambiguities: (1) Am-

biguity between Z+E+e and Z+EeP exists in a type 141
event if it is not possible to tell whether track Xo. 2 is
proton or E+. Five such cases are divided between
Z+E+e or 2+E'p assignm'ents. (2) Ambiguity between

20-

X+ MOMENTUM

IO—

0-
-1.0

I I 0
+ I.O 0 .23 47 .70

BEV/C
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h'E+P. , Z'E+P, and (AeZ')E+Pm involves difficulty de-
ciding whether or not a low-energy p-ray or x' was
emitted in addition to A', E+, and p. There were seven
cases which could be either A'E+p or Z'E+p, three cases
which could be Z'E+p o'r (A'Z')E+pn', and one case
which could be cVE+p, Z'E+p, or (cVZ')E+pm'. Thus the
only class to which ambiguous events make a substantial
contribution is Z'E+p, for which only 3 of the g—,'events
are unambiguous.

The Z'E+p events are the least frequent of the three-
body final states, and changes in the assignment of the
ambiguous events could make Z'E+p even less common,
but could not increase their frequency to be as great as
the others. A diferent aspect of the data is presented
in Fig. 3, which shows the original value of the neutral
mass computed for the type 112 events, treating the
charged particles from the production event as E+ and

p. There is a pronounced peak corresponding to the A'

mass, which is consistent statistically with a center at
1115 Mev and width of 50 Mev. The number of cases
in the vicinity of the Z mass is much smaller, and there
is a small group whose masses are suitable for A'+or'.
It seems clear that A"E+p is the predominant reaction.

To determine the cross sections for these processes we

compare their frequency with that of four-prong events,
based on a count of events and tracks in a fiducial
region. "In the pictures used for the present experiment
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FIG. 3. Distribution of original neutral mass values for type
112 events, obtained using measured values for all track
parameters.

F&G. 4. Angle and momentum distributions for Z+E+n. The
number of cases observed is plotted as a function of c.m. angle
and c.m. momentum for each secondary particle.

"E. L. Hart (private communication).
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9298 four-prong events were found, but this number
must be reduced to correspond to events in the fiducial
region used for selecting strange particle production
events. The result is 7570 four-prong events, leading to
6.37)&10 ' mb per event. Using the corrected numbers
of events from Table I the cross sections listed in
Table II are obtained. The estimates of errors include
three contributions: (1) statistical error, (2) possible
error in classifying ambiguous events, and (3) errors in
estimating detection eKciency.

The number of events in a given class is too small for
angle and momentum distributions to have a clear
statistical significance. The data are summarized in
Figs. 4, 5, and 6 for Z+E+rl, Z+E'p and h'E+p events,
which are the most common. The data plotted are
actual numbers of events observed (except that am-
biguous events have been given rsweight). Events with
Z+ tracks less than 1 cm long are included here in order
to keep the most events possible. There is some detection
bias against hyperons produced in the forward direction,
but it is smaller than the statistical error. The observed
data do show fewer hyperons in forward directions than
backwards, which presumably is due to the combined
e6ects of bias and statistical fiuctuation. The angular
distributions seem isotropic for E mesons in all reac-
tions, but nucleons and hyperons seem peaked forwards
and backwards. The momentum distributions show no

TAsLE II. Hyperon production cross sections in millibarns.

Z+E+~
z+Eop
zoE+p
p0++p

0.047&0.013
0.030~0.010
0.013+0.007
0.051~0.012

2+X+Pm+
Z+XE~
(A'Z') E+Ps.o
(BOZO)Eop~+
(A'Z') E+Ns+

0.003~0.002
0.004&0.003
0.011~0.005
0.014~0.005
0.002+0.002

Total hyperon 0.175+0.032

(2a)

(2b)

(2c)p+p+E++E
Processes (2a) and (2b) can be recognized by the decay
of Es and/or E'. A two-prong production event would
be observed accompanied by one or two 0 decays. In
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strong departures from a statistical type. "Distributions
of transverse momenta show the usual peak at fairly
low values, in most cases about 300 Mev/c.

A search was also made for events involving E-meson
pairs according to one of the reactions

p+p ~p+p+E'+E',
p+ n,+E++E',
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FIG. 6. Angle and momentum distributions for A'E+p. The

number of cases observed is plotted as a function of c.m. angle
and c.m. momentum for each secondary particle.

0 I I I I ! 0
-I,O 0 +I,O 0
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.20 40 .60
BEV/C

C. M. S. MOMENTUM

FIG. 5. Angle and momentum distributions for Z+E p. The
number of cases observed is plotted as a function of c.m. angle
and c.m. momentum for each secondary particle.

'3 In the events that have 7i- mesons in the 6nal state one might
look for evidence of the m-meson —hyperon resonant state reported
by M. Alston, L. W. Alvarez, P. Eberhard, M. L. Good, W. Grazi-
ano, H. K. Ticho, and S. G. Wojicki LPhys. Rev. Letters 5, 520
(1960)g. From a total of 21 such events, 6 cases had a total energy
of the pion-hyperon system in the range from 1375 to 1400 Mev,
consistent with a state at ~1380 Mev.



14/0 LOU TT I T et al.

P+P ~P+P+~++~,
—+ P+P+m++m +sr',
—& P+n+m++m +m+.

(3)

Both ~ and E meson production events consist of one
negative and three positive outgoing prongs. This unique
appearance assures a scanning efficiency close to 100%
for both types of events.

About 6300 such four-prong events were examined in
this experiment. It was possible to identify about 98%%u~

of these as x meson production before stereoscopic re-
construction was undertaken. This identification was
accomplished by utilizing criteria which were obtained
by applying conservation of energy and momentum to
reaction (2c). These criteria involve limits on the angle
of each outgoing track and the fact that the available
c.m. kinetic energy is less than 150 Mev. "In addition,
bubble density estimates were used to the following
extent:

(a) E meson identification was excluded from tracks
of minimum bubble density and momentum less than
300 Mev/c; (b) proton identification was excluded from
tracks of minimum bubble density 2nd momentum less
than 600 Mev/c.

"For example, at 2.85 Bev incident kinetic energy the maxi-
mum angles for emission of protons and E mesons in reaction (1)
are 20' and 32', respectively. An event which does not have all
four angles less than 32', with at least two positive tracks emitted
at less than 20', cannot involve IC pair production, and was there-
fore identified as a ~ production event. These criteria were applied
by measuring the projected angle. For forward tracks with the
optical system used, this projected angle is a lower limit for the
space angle and hence a conservative value to use in conjunction
with criteria restricting the magnitude of the angle.

this experiment six events were seen in which a two-
prong production event was accompanied by two neutral
V's. Five of these were identified as (A'Z')E'Per+, and
one as PPE'E' (2a). Among the many two-prong events
with a single neutral V all were fitted better by some
hyperon production process than by (2a) or (2b). On
the other hand the possibility that a small number of
these events might actually represent (2a) or (2b) can-
not be completely excluded since some of the neutral
U's could be classed as A 's or 8"s and exhaustive kine-
matic calculations to rule out (2a) or (2b) were not
Glade.

With allowance for neutral decay modes and detection
efliciency the cross section for reaction (2a) is estimated
to be about 0.002 mb (based on the single event found).
Since no examples of (2b) or (2c) were found, their
cross sections must also be small.

The detection of charged E mesons produced in the
reaction (2c) is more difficult than the detection of reac-
tions (2a) or (2b) because of the extremely small likeli-
hood that either charged E meson will decay in the
chamber. Without this characteristic decay, the charged
E pair event has an appearance in scanning similar to
that of a large number of x-meson production events in
which one negative meson is produced, e.g.,

EXCHANGE K EXCHANGE

FIG. 7. Diagrams representing strange particle production through
the exchange of ~ meson or E'. meson, after Ferrari.

Using the criteria set out above, all but 137 of the
total 6300 four-prong events were identified as involving
m-meson production. These 137 events were put through
the TRED spatial reconstruction program and the
GUTS kinematical analysis program. "In this analysis
program a E pair fit was assumed for each event and
the y' function computed. In every case the probability
of obtaining a value for x' equal to or greater than the
computed value was less than 0.001.However, when the
neutral E pair event described earlier was subjected to
the same analysis the above probability was 0.96. More-
over, for each event there was at least one multiple
m--meson production fit for which the value of the com-
puted p' function was statistically reasonable. In view
of these results, none of the four-prong events was
classified as an example of charged E pair production.

IV. DISCUSSION

Charge independence implies a triangular relationship
between amplitudes for Z hyperons leading to the in-
equalities given in Eq. (4).

L2~(z'E+p) g-: & L~(X+ED)j-*'+L~(z+E'p)]'*,

L (~'E' )j'&L2 (~'E'P)j'+L (&'E'P)3' (4)
Lo.(Z+E'P)]l & L20.(Z'E+p) g&+ Lo (Z+E+n) j".

The observed total cross sections satisfy these in-
equalities, and, since the angular distributions appear
similar, there is no evidence for any discrepancy in-
volving differential cross sections.

Only one example of E-pair production was found,
compared with 139 I'+E events. Phase space computa-
tions indicate a factor of about 30, which is roughly
consistent. " Theoretical computations concerning
strange particle proudction in nucleon-nucleon collisions
have been reported by Ferrari. ' Two simple models are
assumed, involving transfer of a single z meson or E
meson between nucleons as indicated in Fig. 7. Since the
effects of single m-meson exchange are of major im-
portance in several aspects of nucleon-nucleon inter-
actions, the predictions based on this assumption are of

' J. P. Serge, F. T. Solnlitz, and H. O. Taft, University of Cali-
fornia Radiation Laboratory Report VCRL-9097 (unpublished).' R. Serber, P'roceedings of the Seventh Annua/ Rochester Con-
ference on High-Energy nuclear Physics, 1957 (Interscience Pub-
lishers, Inc. , New York, 1957), p, v-6.



PRODUCTION OF STRANGE PARTI CLES 1471

TAaI.E III.

Final state

Z+E+n
z+Eop
Z~E+p
A.OX+p

Experimental

0.047+0.012
0.030~0.0j.0
0.013+0.007
0.051~0.012

x exchange

0.069
0.052+0.016
0.011
0.053&0.012

Ferrari theory
E exchange'

Pseudoscalar hyperons Scalar hyperons

(gz'/4s. ) X0.049 (gz'/4s) X0.108
(g~~/4~) X0.053 (~~~/4~) X0.137
(gr'/4s. ) X0.047 (g~'/4s) X0.113
(gz'/4~) X0.071

a These values were provided by Ferrari in a private communication, and are based on more recent values for the K+-7g cross sections than those given
in his paper. ~

particular interest. One can visualize such a process as
the collision of a pion in the pion cloud around one
nucleon colliding with the other and producing hyperon
plus E meson. The computation eR'ectively evaluates
the number and momentum distribution of pions in the
cloud and uses experimental cross sections for the
process s.+p~ Y+E. The results are summarized in
Table III.

The experimental data are in fairly good agreement
with the predictions of the x-exchange model. The E-ex-
change model does not fit as well though a reasonable
coupling constant gives the right order of magnitude
for cross sections. If most interactions take place
through a single pion exchange mechanism, one would
expect that the collisions could be thought of as
"peripheral", and would involve small momentum
transfer for the nucleons and hyperons. The angle and
momentum distributions are consistent with the for-
ward-backward peaking and high secondary momentum
in the c.m. system that would be expected from such a

model. The experimental data do, therefore, seem to
indicate that the one-pion exchange may be the pre-
dominant mechanism of production of hyperons and
Emesons. Other mechanisms must, however, contribute
to some extent, and one should not expect precise agree-
ment. Neither experimental nor theoretical results are
suKciently definitive as to exclude the E-exchange
model,
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