


'Wang Yung-chang, V.I. Veksler, Du Yuan -cai, E.N. Kladnitskaya, A.A. Kuznetsov,
Nguyen Dinh-Tu, E.S. Sokolova, M.I. Soloviev, V.N. Penev, A. Mihul*

A STUDY OF AK° AND K°R° PAIR PRODUCTION
IN 7P INTERACTIONS AT THE =7 -MESON MOMENTUM
OF 7-8 BEV/C

Y AipeNRuenHnil vHCTH
{RCPHMIX MECATAUL:
i  BHLINOTEHR-

® On leave from the Inatitute of Atomio Physics, Bucharest.



Abstract

AK° and K°KCpair pmduction-in 7 P - interactions is studied at the negative pion momentum of 7-8 BeV/c. The
c.ms engular and momentum characteristics of A and K° particles from AK° and K°K° pairs, as well as those of
mF-mesons which accompany the A K° pairs are given. Besides, the dataon Q for AK® and K°K° paits are presented.



. Introduction

This note describes some results on the study of AK° and K°K° pairs produced in = P-mtetactlons the momentum of nega-

tive pion being 7-8 BeV /c

The present work has been performed with a 24-litre propane bubble chamber/ s

It is a continuation of investigations of strange particle production reported earlier/ 2’3’4/.

The experimental set-up, beam characteristics, scanning technique, the analysis of the photographs, the introduction of dif-

ferent corrections, as well as the selection of 7 P-events in the propane have been described in papers/z'S/.

In order to find pairs, we have scanned 60.000 photographs.

After the identification and the measurements of the V° were made,all the events were classified as follows:

A+K° K° + RO (A~K°) +K°  A+KO+ R

52 37 16 2

16 events fit equally well the kinematics of the A and K° decay, but we considered them to be A particles since, accord-

ing to out estimates, 80% of all non-identified events are A ’s.

2 Experimental Results

a) The momentum distributions of A and K° from AXK° pairs.in the c.m.s. are shown in Fig. la, b, and of Ko('fo)
from K°K° pair in Fig. 2 .There were taken into account the corrections for the probability of A and K° detecting in the

fiducial volume of the chamber.

The momentum spectrum of A from AK® pairs is similar to thatof the A  from’ Y. A goup of A particles having

a large momentum in the c.m.s. can be clearly seen*.

The momentum distributions of K° mesons from AK° and from X°K° pairs are alike.

* It is not ruled out that some A -particles in this group are due to the .interactions occeuring inaide a carbon nucleus,

At present we are completing the analysis of 7 C. interactions which is Hkely to help ua in solving this problem.



The average value of the momentum of K° mesons from A K° pairs was found to be (702 ¥ 54)MeV/candof K° -
mesons from K°K°® pair was (604 b S5)MeV/ec.

b) Fig. 3 and 4 show the c.m.s. angular distributions of A and K° from AK® paits and K° from X°Ko.
pairs . There were taken into account the corrections for the probability of particle recording in the fiducial volume of the cham-

ber. It follows from these results that

1) i the c.m.8. mostof A particles are flying backward and form a sharp peak in the region of cos HK = (-1.0 ~-0.8).

In these cases the baryon follows the direction of its initial motion. Another group of A  particles is distributed

isotropically.
2) The K°from AK°® pairs, besides the isotropic part, have a peak forward in 4he c.m.s.

Such a character of the angular distributions has already been pointed out for single A and X° 12,7,8/ .

3) In the angular distribution of K° mesons from K°K° pairs in the c.m.s. of # P interactions a maximum in the region

of cos 0; =(+ 0.6 ~+ 1.0). can also be seen above the isotropic part.

) In Fig. § a, b is plotted the distribution of angles between A and K° inthe = P c.m.s. as well as of the angles
between K° and K° from pair events. Note, that most of the A ’s and the K° from AK° pairs are flying in opposite

directions, while for X°K° paits - the distribution is isotropic;

+
d) The c.m.s. momentum and angular distributions of #~ mesons which accompany the A K° pairs are shown in
Figs. 6 and 7. Fast n~ mesons are absent in the c.m.s. momentum distribution of # mesons which are produced together with =
strange particles. This is the difference between this momentum distribution and that of the usual multiple production (not involy-

ing strange particles ).
The momentum spectra of "and 7 mesons produced together with AK® pairs are identical.
The compatison of these spectta by Smirnov-Kolmogorov’'s method’ 6/ yields the cojncidence probability of 0.95.

¥
The angular distributions of 7 -mesons accompanying the production of A K° pairs are anisotropic and almost symmet-

tical. Here 7 -mesons are likely to be emitted forward more rately than in the usual multiple production of #» mesons.

e) In Figs. 8,9,10 are presented the distributions of the Q -values for AKX® and K°E° pairs,

7 A
C=V2E\  Ey = B\ (x,Px o8 QI\(K).IJ FA T T Ay Tk

whete mp ) . M, are the masses of A(K°)and K® particles; OA (x),48 the angle between A(K®) and X° ,
I/’\(x)’ I; are the momenta and E Acxs E g 2te the energies. The experimental results are compared with those calcula-
ted by the Monte-Carlo method ( Fig. 8,10 ). In the calculations the experimental momentum spectraof A and K° particles

and the spectrum of the angle between them was used. The law of energy conservation was also taken into account.

A compatison of these curves points to the deviation of the experimental distribution of ¢ for AK° from the curve
calculated by the Monte-Carlo method in the Q -value region of ( 100 — 200 ) MeV*.

* 1 may be, that the diatribution over Q for I\KO -pairs haa a *fine structure’, However, the amount of the

statistical material does not allow to be quite sure of this,



The distribution of ¢ for K°K° has the maximum in the interval of (50 — 150 ) MeV.

3. Ciscussion

By studying the AK° and K°Iz° pairs and comparing the characteristics of their production with those of ‘single’ A

and K° particles ( the statistics for ‘single’ A and K° isricher) it is possible to get a more detailed picture concern-
ing the production mechanism of strange particles. The angular and momentum distribution of A hyperons from AK® pairs

are similar to those of ‘single’ A particles* ( Fig. 11, 12). Outof all AK° pairs there are ( 55 to ) % of events
whea A hyperons are flying backward, while K° mesons are flying forward; ( 33 Y 7)9% of the evef;ts when both par-
ticles are flying backward, and the remaining ( 12 j:'4 ) % are the events in which A and K° are flying forward, or it n;ay
be that A  hyperons are flying forward, while K° mesons - backward. Such a nature of the an gular distribution of A
and K° from AK’ pairsinthe 7 P c.n.s.is likely to point out the possibility of an essential contribution of the
peripheral diagrams

a) b)

One can expect that the K° produced in the upper vertex of the diagram a) will fly predominantly forward in the c.m.s., and

A hyperons - backward, whereas in the diagram b) K° and A will fly backward*.

Good agreement of the curve for the € -values of the AK° system obtained on the basis of the diagram  b) with the

experimental data indicates the presence of the contribution from this diagram.

In making calculati ms*** for the interaction of the = meson with the proton in the lower vertex we used the experimen-

/
tal energy dependence of the cross section’ 10/ for the virtual reaction
m+P » A+ K° ' (1)

The theoretical curve agrees well with the experimental distribution ( Fig. 9 ). The peak in the distributicn over Q@  at
100-200 MeV can be accounted for the ;"resence of the maximum in the cross section of reaction ( 1) for the negative pion momen-
tum of ~ 1.1 MeV/c.

* 'S*/‘lngle’ A hyperons consist of A particles from AKO palra  ( Ko particle was not detected in the ohamber) and

.y -
from I\K pairs, ‘Single? Ko mesons are KO(K) mesons from Ko A and Ko.'{o palrs ( the seoond particle was not detected

- mot
in the chamber) as well as from KOK L Ko 14 pairs.

** we do not discuss here some other poasible diagrams, for instance, those describing the production of 7 -mesons not

only in the upper vertex, but in the lower one.

**% This ealoulation has been made by I.Patera whom we are very indebted to.



A comparison between the angular distributions of X° mesons from K°K° pairs and that of the ‘single’ K° -mesons is
given in Fig.13. As is seen,within the statistical errors they coincide. A half of all the observed Koa%o pairs - ( 47 t 12)%
are such that the particles are flving in opposite directions. In other cases either both X° mesons are flying backward i
(25 ] ) % or both-forward ( 28 = 8 )%. The angular distribution obteined does not make it possible to prefer any peripheral

diagram to some possible ones.

For a complete analysis of the K° el pair production in 7 P interaction it is very important to consider the nucleon
behaviour in this interaction. There were analysed 34 ‘stars’ which generate the K° K pair and it was established that
only in the six of them there are slow protons which can be with certainty identified. If the number of slow neutrons is assumed
to be the same, it tums out that in most events of the K°;(° pair production (~ 65 % ) fast nucleons in the lab.system are
also produced. This is likely tavpoint out that the process of K° E" pair production is not in the main, peripheral. The compari-
son of our angular distribution of the K° from K° K° pairs with the data obtained by a CERN group who use a 1 m pro-
/11/

pane bubble chamber shows that these distributions within the statistical error caincide (Fig. 14). .

'Fig.ls, shows the angular distribution of the K°(R°) in the c.m.s. of the K°X° pair. This distribution points to the
fact that in the K° K° pair production besides the S -wave, the states with higher relative orbital moments are present.
As far as we detect only the K‘; , there can arise the states with even ¢ only/ 12/ . As has been already shown, in the
distribution over @  for the X°K° pairs a maximum is observed in the region = 50-150 MeV , (see Fig, 10 ) the angular
distribution of the Ko(io) in the c.m.s. of the K° K° pair conserves the anisotropy in this interval. If the anisotropy
is conserved as the statistics increases, this will indicate that the system is in the resonant state and has the angular mo-

/13/

ment equal to 2*. The possibility of such a resonance was pointed out in .
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The momentum distribution in the 7 P c.ms. a)of A hypetons and b)of &° mesons
from A k° pairs. The solid line shows the spectrum after introducing the cortection for the record-
ing prebability of A and K° particles in the fiducial volume of the chamber. The smooth curve
represents the result of the calculation according to the statistical model.
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The momentum distribution in the 7 P c.m.s. of K° mesons from K° K° pairs. The smooth
" curve shown' the result of the calculation by the statistical model.
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The angnlar distributions in the 7P cms. ayof A hyperons, b)of K° mesons from AK°
pairs. The solid line shows the spectrum after introducing the correction for the recording probability
of A and K° particles in the fiducial volume of the chamber.
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The angular distribution in the # P c.m.s. of K° mesons from K°K® pairs. The solid lme repre-
tents the spectrum after introducing the corrertion for the recording probability of K° and %
particles in the fiducial volume of the chamber.
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The distribution in the 7 P c.ms. a) of the angles between A and K° particles b) of the angles
between K° and K° mesons from pair events.
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The momentum distributions of ' mesons from A K° paits.
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Histogram of the O values for AK° pairs. The curve is the result of the cacluiation by the
Monte-Carlo method.
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Histogram of the € values AK®  pairs. The theoretical curve obtained
on the basis of the peripheral diagram is normalized to the histogram.
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