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The production of Y% A,=%) hyperons and K° mesons by 2.8-Bev/c 7 mesons on light nuclei
was studied in a freon (C,F;Cl;) bubble chamber. The Y° and K° production cross sections
are (2.5 = 0.5)% and (7 + 1)% respectively of the total cross section for inelastic processes.
The cross sections for these processes, as well as the angular and momentum distributions
of the particles produced, were determined from 143 Y%+ K and K° + K° production events.
The ratio of the cross section is o (K°K?)/o (Y'K?) = 0.65 + 0.15 and their sum is o (K°K?)

+ 0 (Y'%K?) = (3.2 + 0.8)% of the total cross section for inelastic processes. 80 —90% of the
Y0 + KO production events are accompanied by a m-meson production, but in 70 — 80% of the
K® + K production events, no m meson is emitted.

A characteristic feature is that, in the K° + K° production, the K® mesons carry off prac-
tically all of the available energy, whereas a soft hyperon spectrum is observed in Y? + K°
production events.

The cross section for the reactions 7~ +1* — K+ K (¢ ~ 2 mb) and 7 + K»* — 70
+ K’ (0 210 mb) can be estimated for final kinetic energies of the particles in the c.m.s.
= 0.5 Bev by assuming that, in the reaction under consideration, the pole diagrams make a

large contribution, at least for small transferred momenta.

DETAILED experimental data have become avail-
able on the production of strange particles in 77p
collisions near the threshold in the 0.9 — 1.3 Bev
energy range.!»? The production of Y(A,Z°) hy-
perons and K° mesons in collisions of 7 mesons
with nuclei has been studied at 1.5 and 1.9 Bev.3™®

Kuznetsov et al.’ measured the ratio of the
cross sections o (K'K?)/[¢ (AK?)] + ¢ (£°K9)]
= 0.51 = 0.19 for the xenon nucleus at 2.8-Bev/c
7~ -meson momentum. The production of strange
particles in mp collisions has been studied at
6.8 Bev/c.!

In the present experiment, the production of
Y%A, =%) hyperons and K mesons on carbon,
fluorine, and chlorine nuclei by 7~ mesons with
2.8-Bev/c momentum was studied. The experi-
ment was carried out by means of a 17-liter freon
bubble chamber® using the external 7~ -meson
beam of the proton synchrotron at the High-Energy
Laboratory of the Joint Institute for Nuclear Re-
search.

EXPERIMENTAL METHOD

In the experiments with the 2.8-Bev/c 7~ -
meson beam (momentum spread Ap/p = 10%),
about 60 000 stereoscopic photographs were ob-
tained using the freon (C,F;Cl;) bubble chamber

without magnetic field.® All photographs were
scanned by two independent observers. In the
scanning, those interactions of 7~ mesons with
nuclei that were accompanied by V decays corre-
lated with the point of interaction were selected.
These correspond to the decays A —p + 7 or

K — 7* + 7~. About 2000 such events were found.
Out of these, 149 were accompanied by double V
decays. After the analysis of these events, six
were considered as background events because

of the noncoplanarity of one of the V decays with
the point of interaction. The remaining 143 events
were identified as associated particle production
Y%A, 2% + K® or K+ K%, These events were
then analyzed in detail, as well as that part of the
data which enables us to obtain information on the
total production cross section of Y and K’ par-
ticles on nuclei. It should be noted that we did not
differentiate experimentally between the events of
A and Z° production, but the total yield for the
Y°(A, 20) hyperons was found.

The spatial analysis of the photographs was
carried out with a stereo-projector, by means of
which the coplanarity was checked, and the angles
of emission and the particle ranges were meas-
ured. The decay particles were identified by a
kinematic analysis of the angles between the direc-
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tion of motion of the V particles and of their de-
cay products, by range and ionization measure-
ments, and from the multiple scattering of particles
in the working liquid of the chamber. Out of 101
detected events of associated production of Y? and
K particles, 41 A hyperons were identified from
the angles of emission of the particles and their
ranges (mainly from the proton ranges), 42 A
hyperons were identified from the angles and the
ionization J of protons at J = 2Jpyjp, 13 A hy-
perons from the angles and ionization at J ~ 1.5X
Jdmin» and 5 A hyperons from the energy and mo-
mentum conservation laws.

The momenta of the A and K° particles were
determined from calculated kinematic relations
between the angles of emission of the decay prod-
ucts, using the tables of Leipuner.® The accuracy
of the momentum measurements was determined
by the measurement accuracy for the emission
angles of the decay products of A and K par-
ticles, and amounted to about 10% on the average.
In order to find the absolute yield of Y? and K°
particles, the total number of interactions of 7~
mesons in the working volume of the chamber
was counted, and a correction was applied to the
number of detected A and K° particles. In the
correction, the following factors were taken into
account: the fractions of A and K° particles de-
caying into neutral particles, the fraction of long-
lived K’ mesons, the geometrical coefficients a;
and «,, and the fractions of A and K? decay
events that were not detected in the chamber
either because of the short range of the decay
products or because of relatively small emission
angles. (In the latter case, the decays might be
imitated by high-energy electron-positron pairs.)

The geometrical coefficient ay is determined
by the detection probability of A and K° particles
in the effective volume, and is given by the equa-
tion al'i =1 - exp(-L/Ly), where L is the

“potential’’ range of A and K’ particles and L,
is the decay mean free path. The mean value
was found to be equal to 1.16 for A particles and
1.20 for, K® particles.

The coefficient @, is related to the decreased
detection efficiency of V decays in the plane per-
pendicular to the plane photographed. It is deter-
mined experimentally and is, on the average, equal
to 1.15 + 0.08 both for A and K particles.

The resulting values of the correction factors
used to multiply the number of A and of K’ par-
ticles detected in the chamber are 2.70 and 4.20
respectively.
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EXPERIMENTAL RESULTS

1. Cross Section for the Production of the Particle
Pairs Y? + K and K° + K°, and Total Cross
Section for the Production of Y and K°
Particles

The associated production processes Y0 + KO
and K%+ K° on nuclei were studied in the follow-
ing reactions:

a) i+ A—>A + K+ mn+ A,
b) w +A—-30 4 K+ mm+ A

7+ A—->K+K® 4 nxw + A

(1)
(2)
The measurements did not differentiate between

reactions (1a) and (1b), and therefore the total
cross section oy for the associated production Y

.+ K" and 2% + K was measured.

Out of 143 events of the associated production
Y% + K® and K® + K%, 101 (5) events were consid-
ered as Y°+ K’ and 42 (4) as K* + K°. (The fig-
ures in the parentheses refer to the number of
doubtful cases, in which no clear choice between
Y + K® and K® + K® could be made.) The ratio
of the cross sections for reactions (2) and (1) cal-
culated from these events is 0,/0; = 0.65 + 0.15;
the undetermined cases have been taken into ac-
count in calculating the error. The value obtained
is in agreement, within the limits of experimental
error, with the value for the xenon nucleus 0.51
+ 0.19 given by Kuznetsov et al.® for the same 77-
meson energy. The total cross section oy + 0y
amounts to (3.2 + 0.8)% of the total cross section
for inelastic interactions of 7~ mesons with
fluorine nuclei. In calculating the results, it was
assumed that the cross section per nucleus varies
little between the lightest nucleus (C) and the
heaviest one (Cl) of the mixture.

A rough estimate of the cross section for the
production of the K® + K and Y° + K° pairs per
nucleon gives o’ (K'K?) ~ ¢’(Y'K?) ~ 0.5 mb. The
large value of the cross section for the production
of K+ K? pairs at 2.65-Bev 7~ -meson energy in-
dicates a fast increase in this cross section with
increasing energy of the 7~ mesons above 1.5
Bev. (No production of K'K? pairs is observed
at 1.5 Bev.3)

The total cross section for the production of
Y? and K° particles was obtained by a triple scan-
ning of about 3000 pictures. A total of 8015 inter-
actions of 7~ mesons with nuclei, 73 events of Y0-
particle production, and 143 events of K'-particle
production were detected in these pictures. The
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total yield of Y%(A, =0) hyperons amounted to
(2.5 £ 0.5)% and the yield of K° mesons to

(7 £ 1)%, relative to the total cross section for
inelastic interactions of m~ mesons with nuclei.
From a comparison of these results with the data
for carbon at 1.5-Bev 7~ -meson energy,3 i.e.,
(1.7 £ 0.4) and (1.4 + 0.5)% for Y® and K° par-
ticles respectively, it is clear that the yield of

Y® hyperons is greater by a factor of 1.5, and
that of K® mesons by a factor of five.

In order to determine the value of m and n in
reactions (1) and (2), an analysis of the stars cor-
related with a given pair of strange particles was
carried out. The most reliabile result is given by
the analysis according to the number of y rays
accompanying the production of strange particles.
For the Y'-hyperon production, this number, as
determined from 30 conversion events y — e*

+ e~ for the Y’ + K process and from 85 events
for the Y? + K**0 process was found to equal

ny( Y'%%K%) = 1.0 + 0.15. For the K? + K° produc—_
tion, the value found from three events is n.y(KoKo)
=0.22 + 0.15. The number of 7 mesons is there-
fore equal to n;o( Y’K®) < 0.5 + 0.07 and n,o(K°K°)
=0.11 £ 0.07. The inequality sign in the first case
is due to the possible detection of electron-posi-
tron pairs produced as a result of the conversion
of y rays from the 2% — A + v decays. The num-
ber of charged mesons in stars was determined
from the number of particles having a relativistic
ionization. The total mean number of 7 mesons

in the reactions (1) and (2) is equal to m = 1.2

+ 0.15 and n = 0.6 + 0.15.

2. Angular and Momentum Distribution

The angular and momentum distributions for A
and K° particles are shown in Fig. 1. The angular
distributions of A and K° particles in the labora-
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tory system (l.s.) are strongly peaked forward:

80 — 90% of the particles are within a cone with
cos 6 = 0.8. The momentum spectrum of A par-
ticles was studied at py = 300 Mev/c and the
spectra of K? mesons at pPKo = 100 Mev/c. The
spectrum of A particles has a maximum at 600
Mev/c and decreases rapidly at higher momenta.
The spectra of K? mesons in both reactions have
a maximum for pgo~ 1 Bev/c and continue up to
2.5 Bev/c. An estimate of possible distortions

of the momentum spectra caused by a difference
in the correction factors for different momentum
values was carried out. The difference, however,
was not greater than 10 — 15%, and it was there-
fore neglected. The possibility of determining the
momentum of Z° particles by measuring the mo-
menta of A particles in the =% — A +y decay
was analyzed. The distortion of the =° spectrum
caused by this decay is negligible, and, in our case,
amounts to 4 — 7% depending on the =% momentum.
Therefore, the momentum spectrum of the A hy-
perons is henceforth considered as a total spec-
trum of the Y%(A,=?) hyperons.

An interesting result was obtained in consider-
ing the total kinetic energy carried away by the two
K® mesons in K? + K® production events. In Fig. 2,
each K® + K production event is denoted by a rec-
tangle with a number showing the number of prongs
in the star. In the figure, the arrow denotes the
available energy corresponding to the energy of
the m~-meson beam, and limits determined by its
energy half-width are shown. The mean energy in
the spectrum is T = 1.30 Bev. The mean energy
of the K® + K® production events is greater than
this value because of inelastic interactions of K°
mesons in nuclei. If we consider the distribution
of the energy carried away by K° mesons in prong-
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FIG. 2. Distribution of the total kinetic energy T carried
away by K° and K° mesons in the l.s. The dotted and solid
lines represent the theoretical curves for the phase volume
and for the polar diagrams of Fig. 4 respectively.

less and one-prong stars (the shaded rectangles in
Fig. 2), for which we can assume a relatively
small energy loss by K mesons as a result of the
inelastic collisions, then the mean value of the en-
ergy carried away by the two K° mesons is found
to be 1.60 Bev. Thus, the characteristic feature

of the associated production of K%+ K? is the large
value of the energy carried away by the K mesons,
close to the limiting value. The total uncertainty
in the energy of two K’ mesons carried away in a
K% + K? associated production event, in addition

to the uncertainty in the energy of the m~-meson
beams, is determined only by the accuracy of the
K%-meson energy measurement and by the Fermi
width of the momenta of nucleons taking part in

the production of K° + K°, and, in our case, amounts
to +0.25 Bev. This means, in particular, that if
the energy carried away by the K° mesons in a
K%+ K® event is equal to the limiting value, then
all events will have a distribution with an energy
width of 0.5 Bev.

3. Mean Number of m Mesons Accompanying the
Elementary Act of Production of Y? + K° and
K+ K

In the determination of the cross sections and
of the features of particle production from data
obtained on light nuclei, a considerable uncer-
tainty is introduced by the contributions of the
nucleus. Nevertheless, it is possible to study a
number of features of the elementary processes
for a given 7" -meson energy. In order to esti-
mate the influence of the nucleus, calculations
based on the optical model were carried out,

SHALAMOV, SHEBANOV, and GRASHIN

using a simplified one-dimensional model. Cal-
culations carried out for the fluorine nucleus
(the average nucleus of the freon mixture) show
that 1) about 70% of A hyperons produced in the
nucleus do not interact with nuclear matter, and
2) 15 —20% of K® and 30 —40% of K’ mesons
undergo inelastic interactions in the nucleus. The
following values were used in the calculations:
mean free path of 7~ meson in nuclear matter
Ar =4 %1071 cm, cross section o (A + N) ~ 30 —
40 mb, cross sections ¢ (K? + N) and ¢ (K° + N)
for the mean K%-particle momentum of 1.1 Bev/c
are 17 and 40 mb respectively, similarly as for
K* + N and K™ + N events, according to the data
of Crawford et al.?

Taking into account the fraction of inelastic in-
teractions of K’ and K° mesons in nuclei calcu-
lated according to the optical model, and knowing
the average number of 7 mesons produced as a
result of inelastic collisions, we can estimate the
number of secondary mesons in reactions (1) and
(2), my and ny. The average number of ™ mesons
produced per inelastic interaction of K and K°
mesons in a nucleus was determined from prelimi-
nary experimental data obtained in an experiment
using the same bubble chamber (altogether 20
events of such interactions were observed), and
amounts to 1.0 + 0.25. Hence, we obtain the esti-
mate my = 0.2, n; = 0.5 — 0.6 and, consequently,
the total number of m mesons produced in an as-
sociated production event Y? + K® and K° + K9 is,
on the average, equal to m’ =1 + 0.2 and n’ = 0.0
+ 0.3 respectively.

The results obtained show that the production
of Y hyperons in 7”N collisions of 2.8-Bev/c 7~
mesons is, in 80 — 90% of the events, accompanied
by the production of a 7 meson, while the produc-
tion of a K® + K® pair is, in 70 — 80% of the cases,
not accompanied by an emission of a 7 meson.
Thus, the production of the K'K® and Y°’K pairs
on nucleons in a nucleus evidently occurs mainly
in the following elementary reactions:

(1)
27

W+ p—>K + K n;
A KO 4 a0
_)E°+K°—f—n°’
A+ K4~
204 KO 4w

a) w+p
b) w4 n—

Additional information on the elementary reac-
tions on nucleons in a nucleus were obtained by
analyzing the prongless stars accompanying the
Y? + K® and K® + K production events. For the
first case, 20 (out of 101) such events were found,
and in 8 of these electron-positron pairs were de-
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FIG. 3. Angular and momentum distributions of Y° and K°
particles in the pion-nucleon c.m.s.:a, b, d, e — for cases of
associated production of Y° +K°, and c, f — for K° + K° pairs.
In the spectra d and e the limiting values of momenta ob-
tained taking the Fermi motion of nucleons in the nucleus into
account are indicated.

tected originating in the photon conversion corre-
lated with the prongless star. (In one case, there
were two such pairs present.) If we assume that
in all of these 20 events a reaction of the type (2’)a
occurred, then we should observe 8 — 10 7° mesons
in the chamber, which was actually the case in the
experiment. Unfortunately, it is impossible to es-
timate the relative contribution of the reaction in-
volving the z0 hyperon from the data. For the
second case (K’ +K? pairs), 10 prongless stars
(out of 42) that were not accompanied by electron-
positron pairs, according to reaction (1’), were
observed. If, in the production of K® + K°, one
meson was present, we would detect 4 —5 events
in which prongless stars are accompanied by
electron-positron pairs.

0

4. Angular and Momentum Distributions of Y°
and K° Particles in the Pion-Nucleon C.M.S.

Under the assumption that the production of
Y%+ K% and K + K? pairs occurs in 7-N colli-
sions, and neglecting secondary interactions of
Y9 and’K? particles in nuclei, we have obtained
the angular and momentum distributions of Y’
and K particles in the c.m.s. (see Fig. 3). In
this system, all Y? particles propagate into the
backward hemisphere, with a very large fraction
of the particles (> 80%) being contained in a cone
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with cos 6* = —0.8. The angular distribution of

K? particles produced together with the Y? parti-
clesis peaked forward. Thisis especially noticeable
for prongless stars, whose distribution is shown
shaded in the figure. The forward direction of the
total momentum of the two K° mesons is charac-
teristic for the production process K’ + K° (the
forward-backward relation is equal to 3.3 + 0.8).

In all prongless stars, the total momentum of the
two K mesons is directed forwards only.

ESTIMATES OF THE KK FOUR-BRANCH VER-
TEX FROM OBSERVED EXPERIMENTAL DATA

The experimental data obtained shows that, in
reactions (1’) and (2’), the final baryons have a
relatively small energy in the l.s., which corre-
sponds to small transferred momentum

—t =2my (® — m) — (m — my)?,

where w and m are the total energy in the l.s.
and the baryon mass respectively, and my is the
nucleon mass.

From general theoretical considerations,!1~13
we can expect that, for a small momentum trans-
fer, the main contribution to the reactions (1’) and
(2’) is due to single-meson pole diagrams, shown
in Figs. 4 and 5. For the same reason, a compar-
ison of theoretical predictions for the momentum
spectrum with experimental data in the range of
small t should enable us to find the annihilation
cross section

a4 at—K° 4+ K° ®3)

and the scattering cross section

# e
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A" K%F — =0 - KO (4)

from the data on reactions (1’) and (2) respec-
tively. However, the data on the baryon spectra is
very poor, and does not permit us to use the ex-
trapolation method of Chew and Low.11 Instead,
it is possible to compare the integral cross sec-
tions in a certain part of the spectrum correspond-
ing to a small momentum transfer, which is equiv-
alent to the consideration of the sum of partial
cross sections with large orbital momenta.!?13

As will be seen in the following discussion, it
is necessary to consider a relatively large part
of the spectrum in which diagrams without poles
should, in general, make the same contribution as
pole diagrams. Although it is difficult at present
to obtain any reliable estimate of the validity of
the approximation made, we can assume that the
values obtained for the cross sections. for the re-
actions (3) and (4) are correct at least to within
one order of magnitude.

For the process (1’), the polar approximation
gives the laboratory neutron spectrum in the form

Sm(w)
e LA (Y
do = 2g? T— S V(s — 4pY)soam (s)ds — 8nmp
apy
where
4 5 —4ps
6:3‘1?1- (s) — —E- ‘/ _S____é_uzk_ S [ A-a::zl(/ 1631: 12 annn’ (5)

5 (0) — 2p, V¥ — 2 — 20 — m)(m + wo) + p2,

t=—2m(0—m),

where u and pk are the masses of the 7 and K
mesons, py and wy are the momentum and energy
of the incident m meson in the l.s., g2 = 14.5,

02 (s) is the cross section for the process (3)

as a function of the square of the energy s in the
c.m.s. for the same process, and sy, is the maxi-
mum possible value of s for a given energy w of
the recoil neutron.

We shall assume that the square of the invari-
ant matrix element A%?T%K (m7KK is the four-
branch vertex in the annihilation channel ) aver-
aged over the angles does not produce an addi-
tional dependence on s, i.e., we shall assume that
fl Aann KK | d§,,, = const. In this case, in addition
{o the factor t/(t —u?)? from the vertex NN, the
laboratory spectrum is determined only by the in-
variant phase volume of the final particles

Scp(@)dngf’mﬂ-d_o'j_l%"is(zp). (6)*

If the masses of all particles are different, then

*Arth = tanh™*.
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2
e T | o
m— (1 pe)®
(Pri"Pz)Arthl,/ 5, — (i — P

(6")

2 P 1— S 1 — (Ma-Fpe)®)

2 (pi— uz)ArthCL - ij;‘/ — (m_m)z)}
where sy = 2pgVw?—m? + m? + md + ud + 2mw,
- 2w (my + wy), pg and w; are the momentum and
energy of the incident particle in the 1.s., m; is
the mass of the target, w and m are the energy
and mass of the particle under consideration in
the l.s., and uy and u, are the masses of the two
other final particles.*

The theoretical distributions of the kinetic en-
ergy of two K’ mesons in the l.s., T = wy—my
— w—2ug, are shown in Fig. 2 [the dotted line
represents the normalized curve of the phase
space (6’)]. I we consider the experimental
spectrum obtained from prongless and one-prong
stars (where the distortions from the interaction
of K° mesons in the nucleus are at a minimum ),
then we can conclude that there is a qualitative
agreement between the theoretical curve and the
experiment.

In such a case, the comparison of integral
cross sections over different parts of the spec-
trum leads roughly to the same values of the
mmKK four-branch vertex. Because of this, we
shall integrate the theoretical spectrum over the
interval AT =0—0.5 Bev (|t| =m), and shall
compare it with the total experimentally measured
cross section equal to 0.5 mb. This gives the fol-
lowing result for the 77KK four-branch vertex in
the annihilation channel

Sl a0 /167 | dQungfdt ~ L, 2% 2mb ()

*It should be noted that formula (6') is applicable for the re-

gion of the spectrum o_ £ w £ w,, where

2E%0 , =(my-+o)(E>-Fmi— (u1-Hpa)?)

+py VIET—(m F ps + w2l l[E* — (m — 1 — pa)°],

E? = ml + u2 -+ 2myw,.

For some values of the particle mass, values m < w < w_ are
permissible, i.e., not all kinematically possible energy values
are realized in the region under consideration. For m fw<o,
we should, in such a case, substract from (6") a similar term,
substituting

S — — 20 YV 0F — m? 4 m2 ++ m2+ u2 4 2my0, — 20 (mg + ).

tThus, e.g., the mean values of the energy T according to
the theoretical and experimental spectrum for prongless and
one-prong stars are equal to 1.45 and 1.60 Bev respectively.
T taken from the phase curve equals 1.15 Bev.
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FIG. 6. Momentum spectrum in the l.s. of hyperons for:
S —scalar, P — pseudoscalar; ®— phase volume curve.

and corresponds to the region in which the square
of the energy s varies in the range 4u12< =8 = 2.56X
m%\l (the kinetic energy of K? and K° mesons in
their c.m.s. Te m.g. & 0.5 Bev). It is evident
that we can disregard the assumption f | Air-lg\» |x
dQgnn = const., in which case the estimate ob-
tained will signify some value averaged over the
energy interval in the annihilation channel T; g,
< 0.5 Bev.

We can consider the process of hyperon produc-
tion (2’) in a similar way. In this case, the polar
contribution (Fig. 5) is given by the cross section
for the process (4)

0¥ () = (@/s) {| A/ 162 42, (8)
equal to half the sum of the cross section for the
elastic scattering and charge exchange (s’ is the
square of the total energyin the c.m.s. for the same
process). For simplicity, we shall again assume
that f | A?] dQgc = const. and, depending on the
parities in the polar diagrams of the vertices NYK,
we shall consider three possible variants: 1) NAK
and NZK are scalar, 2) NAK and NZK are pseu-
doscalar, and 3) NAK and NZK have different
parities.

Figure 6 shows the momentum spectra of hy-
perons in the l.s. for variants 1 and 2, and also
the spectrum corresponding to the curve of the
phase space (6’). The curve for variant 3 has a
form intermediate between that of 1 and 2 varying
with the ratio of the constant g%‘ / gfx. For the
scalar variant, the theoretical spectrum is in
agreement with the experimental one. The vari-
ants 2 and 3 give harder spectra. This shows that,
for a pseudoscalar interaction, the nonpolar diagram
should contribute more at least for p 2 my
(|t] 2 m? ), since, without this contribution, it
is impossible to explain the fast decrease of the
spectrum in the range p & 0.7 Bev. For the same
reason, we shall compare the integral cross sec-
tions over the range p = 0.7 Bev, which encom-
passes about half of the hyperons (~ 0.25 mb).
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This leads to the following values of the 7mKK
four-branch vertex in the scattering channel for
the different variants:

1) SIAif,,KK/IGn PdQ. /4 ~ 1.7 /Igh (S) +g& (9)],
2)  {1A%ki/ 167 dQuc/ 4730/ 1k (P) + g5 (P)],

3) g]Aii.KK/lﬁn PdQq /4 ~ 1.7/[g? (S) +g* (P)/17]
(9)
and corresponds to the range of variation of the
square of the energy (ug +p)? =s’ < 1.5m}
(kinetic energy in the c.m.s. Tg 1, 5 & 0.5 Bev).
For variants 1 and 2, only the top limits of the

interaction constants are at present established:!4
g3 (S)=g3(5)<C0.6, g3 (P)=g%(P)< 10,

which leads to the cross section averaged over
the interval Tg o < 0.5 Bev

6. =30 mb (variants 1 and 2). (10)
For the variant 3, even softer top limits are ob-
tained, which leads to a cross section
6%x = 10mb (variant 3). (11)

The results (10) and (11) are in agreement with
the estimate of the cross section of 7K scattering
for T .5, = 0 obtained earlier in an analogous
manner.1® If, however, the constants of the NYK
interaction are several times less than the limit-
ing values used by us, then the amplitudes (9)
would lead to rather high values for the cross sec-
tion for 7K scattering.

In conclusion, we shall briefly discuss the pos-
sible contributions from nonpolar diagrams neg-
lected in the above approximation. The pole spec-
tra for the reaction (1’) (see Fig. 2) and for the
scalar variant of reaction (2’) (see Fig. 6) are in
agreement with experimental data, and yet differ
significantly from the phase curve (6’) because of
an additional dependence of the polar amplitude on
the transferred momentum t. Similarly, there is
no reason to assume large contributions from non-
polar amplitudes, since otherwise the nonpolar am-
plitudes should, in the physical range, have the
same dependence on t as the polar amplitudes.

It is interesting to note that an analogous situation
also occurs in a number of other experiments at
high energies reported at the 10th Conference on
High-Energy Particle Physics, Rochester, 1960.
However, it should be mentioned that the range
t~ —m%\l /2 corresponding to the mean part of
experimentally measured baryon spectra is far
from the poles t = u? for (1’) and t = uf{ for (2'),
so that the polar amplitudes are in this case al-
ready not large and do not depend strongly on t.
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In contrast to the cases studied, it is necessary
to assume a contribution from nonpolar diagrams
for pseudoscalar variants of reaction (2’) in order
that the sum of polar and nonpolar contributions
should have a sufficiently strong variation for t
R —qu and give a decreasing experimental spec-
trum in the interval —m%;/2 R t > —m¥. To this
end, it turns out to be necessary to introduce two
constant amplitudes independent of t (nonpolar
amplitudes for two possible spin invariants vy;
and yspy). We can assume that nonpolar ampli-
tudes are not much greater than the polar ones.

In such a case, the values obtained for the cross
section of 7K scattering may vary by several
times.

In conclusion, we express our gratitude to
Academician A. I. Alikhanov for helpful advice,
to Academician V. I. Veksler who made it possible
to carry out the experiments, to I. Ya. Pomeran-
chuk for discussion of the results, and to Yu. S.
Krestnikov, V. P. Rumyantseva, N. S. Khropov,
and Yu. I. Makarov for help in the experiment.
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