SUBMITTED TO NUOVO CIMENTO CERN/TC/PHYSICS 63-39 :
‘-'.J.-l.o.l.963 -

THE PRODUCTION OF K°K® PAIRS BY 10 GeV/c NHG-TIVE PIONS ON PROTONS
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SUMMARY

On 83,000 photographs from an exposure of the 81 cm Saclay hydrogen
bubble chamber to a IO'GeV/c 1 beem of the CERN proton synchrotron 63 events
have been found showing a beam interaction in a fiducial region of the chamber
‘and the decay of two neutral kaons from this interaction. The cms distributions
of all produced particles ave given. It was found that nucleons are émittéq'
3Stf5ng1y backwards in the’cms while both kaons show a pronounced forward emission..
Pions aré emitted with small momenta neariy‘isotropically. None of the known
kaon or nucleon isobars is strongly produced, whereas a peaklng of the ; ;)

Q-value is observed at ~ 50 MeV, The transverse and total cms momenta increase

with the mass of particles produced.
- INTRODUCTION

The productlon of strange particles in = —proton interactions at hlgh
energy (P » ~ 5 GeV/c) was first studied in the bubble chamber experlments at
Dubna(l) and at CERN( 2).

~ only one strange particle decay visible in the chamber. The ana1YSiS of such

These studies were based essentially on events Wlth
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events cannot give-us complete information on the process of KOK pair production
in high energy inelastic collisions. It is mainly due to the fact that in general
we are not able to 1dent1fy a single kaon as coming from a KR° palr and not

from a,kaon—hyperon“assoc;ated produot;on. Nevertheless the analys1s of events
with a single kaon identified - being therefore a mixture of KK amd KY production
events — has. already given some characterlstlcs of KK production by high energy

T on protons.

(1)(2)(3)

kaons does not differ very much from the ‘statistical process if one considers

The general result of these studies was that the production of
~thélr momentum or energy distribution in the 1 — p em system -but- their angular
distribution is peaked forward. The kaon distribution in the n - p cm system

can be descrlbed as "a statlstlcal cloud shifted in the forward dlrectlon

A more detalled analys1s of the productlon of kaon—antlkaon palrs can be
made Wlth the events in Whlch both kaons are recorded and 1dent1f1ed 1ns1de the
chamber. Such events were studied at the incoming plon momenta of 7 GeV/c
-46 - ll 18 Gei/c( 5) and 10 Ge V/ (6> In (6) the prellmlnary results on the :
;LKK produotlon by 10 GeV/e n on protons were glven. Slnce then the sample of
events has been 1ncreased and addltlonal analys1s has boen performed. The .

results obtalned are glven 1n the present paper..

THE EXPERIMENTAL PROCEDURE

To study the associated production of strange“partiolesﬂin'n-—p interactions

proton synchrotron.. The beam momentum was measured to be (lO O - O 6) GeV/c.
_ About 83 OOO photographs w1th an average of 10 5 tracks per plcture were
obtalned° The u and K admlxtures Were estlmated to be ~ 14 o/o and.( 1 o/o
respectlvely°
The photographs were scanned twice for Vi and VO decays associated with
interactions in a fiducial region of the chamber. Several thousand V decays
were found, among them 325 events in which the decay of both strange'partioles
produced was observed in the ohamber. The efflclency of scannlng for "2V U egvents
was found %o be: > 99 of6. For V_ events the scanning efficiency depends _A;"
Vgenerally on the momeitum of the decaying partlcle (as described in Work on

(7))

kaon~hyperon events

The events were measured using the CERN Iep measuring machines. BEach
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(8)

measurement was followed by calculations done with the IBM 709 "GARP". programme " .,

" which carried out the geometrlcal reconstructlon of tracks and the flt of strange

partlcle decays to a number of hypotheses.

ThlS procedure-allowed the identification of strange particles using the
ji? value For amblguous events, i.e. those with more than one acceptable
hypothesLs, mean gap length measurements(g) have generally glven a unigue 1dent1flca~
tion. Seven ”2Yé" events which still could not be identified have been assumed
to be of the (KP +-/\0) type using the argument that x° decay should be isotropic

~in its own rest system.

“For gll 63 KR events a systematic search for protons in the-jets mas
:Nperformed. It was possible.to dlstlngulsh protons from n+ - mesons up to
' 250GeV/c partlole momentum using mean gap length measurements. In several. more
| cases a more energetic proton was 1dent1f1ed on the basis of m1ss1ng mass
- considerations, so 26 events were found to have an identified proton. In-those:
é 11 KK events in whlch not all posltlve particles could be 1dent1f1ed there remains
g only one track that could be a proton, In 26 events all positlve partlcles

fmwersmldent;fled.as.plqns ("neutron" events).

: - The kinematic parameters of all the events were computed using fhe Speeiali
- Analysis Programme (S@P)glp?for"the_IBM 709 computer.

Finally, after cutting off the events in the:outermost parts;of the chamber
. where the escape probability for strange particles is large, We_were>1eft
? with: a sample of* 289 “g " events having the average ﬁeighﬁbedmgl t04411{5'(ndf
| counting events with KT),_

. THE EXPERTNENTAL RESULTS

i a) Cross—-sections

;Out of 289 "two strange partlcle" events accepted for analysis, 76 events ;

[P

were 1dent1f1ed as KK production process. They belong to one of the
‘classés glven 1n Table I and Table’ II. Due to the hlgh beamn momentum
the average momentum and its measurement error was high for secondary
tracks, so it was not possible to separate uniquely by missing mass
calculation events with more than one neutral partlcle emitted. The
classes listed in the Tables I and II'correspond therefore to the identifica-
tion of charged particies. The estimation of the number‘of no's,is'given
' in Table IV,

BS/4105/dac




TABLE T
Identification . Number of | Number of events corrected
events | for decays for the ] for K3
observed | outside the | invisible junobserved
- | chamber dedays*)’ S X®
1+K +p+n e e ' 12 | 22,60 51.0 | 204,0 -
K1+K +p+n +2n e 14 120414 45.6 182.4
+Ki+p+p10ns 26 _ 42.74 96.6 386.4
0 .0 _ - , : L
K1+Kl+n+ e o e - . 10 16 04-0 37.1 14804- X
0.0~ + ' |
o o0 - 4 . . , o
K1+Kl+n+2n 12T+ 4 o e 6 7 . 84- ’ 17 . 7 . 70 .8 »
K 1+n+p10ns - 26 %8.40 86.8 4 347.2
Ki+Ki+(n+/p)+n—+ - 9 12,38 28,0 - | 112.0
K§+Ki+(ﬂ+/p)+n+4an“+ eae 2 ] 29 | e 26.8 -
0 . :
Ki+K1+( /p )+pions S 15.%5 34T ] 13848
0=0 . ‘ v
Total K K R 63 : 96.49 : 218.1 872.4
%) k) we
The ratio of —~ = O 665 wes taken (J.L. Brown et al., Phys. Rev,
K Ki all pions ' 120, 769 (1963)
*x) ' K;
It was assumed that the ratio 5 = 1
S ‘ Kj

ThlS is, of course, a 81mp11fy1ng hypothe81s without any theoretical background.
In the case of YKO production we know that the K°is a particle of strangeness + 1
and therefore will be half of the time Kf and balfof the time K8, TIn the ease
of pair production there could be very well a mechanism by Wthh palrs of

2K9 are preferred to pairs K9 KB or vice versa. '
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Assuming that each charge combination of the KK system has the same probablllty,

that-is N om0’ = N;U;+ =N =X Lo it is possible to evaluate the total-
K°R° KK K°K K'K

cross—-section for KK pair production.

By taking ¢ =46 we have found
KK K K h ‘

6 _=1.97 £ 0.24 ub.
KK

The number of other KK combinations observed in the analysed material is

given in Table II.

TABLE 1T
T Number of events ’
Identification cbserved corrected for corrected for correctad
the decay the invisible | for Kg
proebability - decay of K° g
e 6 400 500 1200
KK 6 450 600 | 1360
KK o 1650 1650 | 1650

It is clear that a number of 1200 deduced from a number of 6 is quite uncertain,
The numbers are just to show that the hypothe31s of equal probablllty ‘for all

types of pairs is not in violent contradlctlon w1th the observatlons.

In Table III the cross-section obtained is compared with the results of

other experiments on m —p interactions.

TABLE IIT
Beam momentum Cross=section | ~Reference
CGeV/e (mb) .
41 0,57 11)
48 1.6%0.4 1)
10 1 1.97j0.25 present work
16 2.21%0.25 2)

_ PS/4105/dac




b) Cl System distributions

The further analysis of KK production is based on Kg Ki events., That is

the only combination for which the statistics were rich enough.

In Fig. 1 the Ei_—PL* plot with its different projections gives us

o
information on the K -mesonsg' distribution in the cm system.

The main characteristics of this distribution are:

1. Limited transverse momenta. Ali kaons but one fall in the
region below 1 GeV/c; '

2. Strong forward-backward asymmetry in the cm system with
both kaons going mostly forward;

3. The absence of very fast kaons;-i.e. kaons with momentum_close

to the kinematic limit. -

Simiiar plots given in Figs. 2 and 3 characterise the cms distribution of
pions. Both negative and positive bions seem to have similar distributions
at least within the limits of the statistical uncertainty, which, especially
for n+, is rather large (39 identified n+ and 11 n+ or p). Looking at

Figs. 2 and 3 the general features of the distributions are found to be

similar to kaons. However: —
1. The transverse momentum distribution.is‘stiilLiore:étfoﬁgiy-
© limited to low values; - ; o .-‘”
2., The forward-backward asyﬁmetry is less ﬁarkedifhan.for Kkaons. |
Nevertheless the angular distributions show peaks in forward and
backward directions;

3. The cms momenta of 7 mesons are on average smaller than for

o)
K~ mesons.

The properties of the proton emission are shown in Fig. 4;  There is no
bias due to proton identification by ionisétion, sinééaaléé all non-
identified posifivé'tfacks were taken as protons} In the piof they are
drawn differently. There is a remarkable difference bétween the cm system
distribution of protons and those o6f lighter pafticlesm- pions and kaons.

It is noticeable that: -

1. The average transverse momentum is larger, but the protons on the
PJ_ - PL plot are still collimated around the time of flight of
the primary particle;

PS/4105/dac
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2. There is a pronounced asymmetry in the angular distribution
with about 50 o/o of protons emitted with cos Qx less than
~0,9,
3. The cm system momentum distribution extends to the kinematic limit
_with more than 50 o/o of particles having momentum larger than
"l GeV/c. For pions and even for kaons there were only a few

particles with such a momentum,

In the present experiment it was not possible to get direct information
on the neutron emission. However, some information can be obtained by
studying the distributions of the missing cm system momenta., In Fig. 5
such distributions are shown for the interactioné without a proton among the
charged secondaries (i.éa there must be a neutron)° This figure then
represcnts the momenta of a system containing a neutron and neutral pions.
One can expect, however, by analogy to the charged pions, that the neutral
ones are also emitted predominantly with rather low momenta. Therefore -
the missing momentum distribution reflects mainly the behaviour of the
neutron emission. It can be seen in Fig. 5 that the neutron. distribution

resembles very much that of protons.

In order to get some information on the neutral pion production the

missing momentum distribution for the events with an identified prqton

were plottted in Fig, 6., The missing momenta represent here the momenta

of systems containing one or moré pions. Some of the events have a missing
cm momentum close to zeros PFhey are mainly interactions without any
neutral pion emitted. In spite of a 1arge.spread of the beram momentum

(i 0.6 GeV/c) it was possible using the missing mass célcﬁLation to.perform
a separation of the events with a visible proton into three: élasses:

with no no; one 1 and » 2 neutral pions. The results are given in Table IV.
There is no contradiction between this statement and the ome made before
présénting'Table I. Here we consider a rostricted number of events
(protons identified) in which the identification of n°'s iss less difficult.
The separation is rather statistical and not based on asbsol.ute certainty

for each iﬁdividual event.

PS/4105/dac




TABLE TV

Number of events

Directly observed particles Ho. of no's ' observed Corrected for
' ‘ ‘ - o "escape probab-
ility of kaons
pK9K9n~ 0 8.3
1 %1
22 5.0
+ - -
pK Kon'n . 0 : 4 649 .
1 8 8.8 -
7,12 2 305

From Fig. 6 we can conclude that the distribution of-the neutral

pions is very similar to those of charged ones.. ...

It was of some interest to look at the distribution of the
.Kl Ki system. - It is shown in Fig. 7.. It can:be seen that the system
as a whole is emitted strongly forward., The distributions of ‘Fig. 7
are in fact very similar to those. of protons - or rather. to their -

mirror.reflection on the gt_ 0. (cos = 0) plane. -

' o) The 1nvar1ant mass distribution

v The dlstrlbutjons of the 1nvar1ant mass for all two and three'
__'qpartlcle comblnatlons have been studied. There wag no 1ndlcatlon for
. any of the known disobars. In partlcular there was no 1ndlcat10n for

the (3 3) plon—nucleon 1sobar ( ) and for elther of the K* resonances.

It is 1nterest1ng to notlce thatlizi Kp mesons, produced together Wlth

._ hyperons ( >(7)there was strong evidence for production of the 888 MeV K?
In the invariant mass distribution of K° - systems from 1nteractlons
with K°K° production no excess of events in the expected regions has
been observed., Therefore the upper limit for K? production cross-section

is rether low.

PS/4105/dac
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The only irregularity that was observed in the ihvariant mass
. 0.,0
distribution was the excess of events with small Q-value for the KiKi
systems( ) (Flgn ). A similar effect has also been observed in other

(4)(5)(12)(13)'

a "background" distribution should be calculated (i.e. "phase space").:

In order to study the significance of this effect

Unfortunately tne nornal phase space caleulations seem to have very
1ittle meaning for high energy interactions. This 1s because these
procesées shoﬁ strong non-statistical structure and in addition the
total number of particles involved could not be precisely determined

because of missing neutrals,

In the present study the "background" curve was approx1mated by
Monte—Carlo calculations. The Q—value alstrlbutlon Wwas constructed
for 1,000 x°%° pairs. The technlque was to take the two Kot that
formed a "Honte~Carlo pair" at random from two different events from

the saiple of all analysed K° 's.

The comparison of the experimental distribution with the'célculated
‘Monte-Carlo curve shows that the observed excess of K K pairs with
small Q-Value is a two standard deviation effect. Thls means that the
probability of obtaining the deviation from the Monte-Carlo distribution
at least as big as the observed one is 5 0/o. ' Therefore, the evidence
found in the present work is not entirely conclusive as suchs However, taking
into account that such an accumulatlon of low Q~values of the K K1 system

(4)(5)(12)(13) ., .-

has been found in several other experiments it is very
likely that the effect found in the present work is real. Two inter-—
pretations of this effect can be given. One of them is to assume the
existence of.a new resonance with a Q-value of about 50 MeV, Itwuld
be, of course, a resonant state completely different from the ¢
resonance in the K1K2 systen (14)(19)(16)(17). There is angther argument
that favours the resonant state hypothesis. It is based on the fact
that no indication on the existence of the K? has been found smong

KlKl events, whereas in the K °A° events it is produced abundantly (6 )(7)
It seoms therefore that there is some mechanism competing with the
creation of the K state. Such a mechanism might be a KOKOHE%ébnance

11
decaying outside the interaction region.

PS/4105/dac




- 10 -

“Another interpretation of the excess of the small Q-value events

(17)

. system. The corrections due to this fact.will raise the background

. O . .
-xwas given by Z. Koba and R. Sosnowski' . The KiKi pair is.a symmetric

s:curve in the region of small Q-values.
Conclusions
1;) The results on cm system dlstrlbutlonu obtalned in the present

. experlment can be briefly summarlsed 1n the following way:

Nucleons have a tendency to keep their original line of flight
and therefore are strongly peaked backwards. On the other hand, the
KOKP system is emitted forwards with almost equally strong collimation.,
_The dlstrlbutlons of plons arc charge 1ndbpendent and nearly symmetrlc

‘w1th a small forward excess in PL

. In terms of the one meson exchange model, the process of
KPKO production would be described rather as a pion and not as a

kaon exchange.
2s.  The average value of the transverse momentum increases with the mass
of the particles, as was already reported by us

(6)
(3)

- another experiment*”’. We find that also the total cms momentum is

and-confirmed in

a function of particle mass. The experimental values are given

_in Table V. PR :
CTABLE V

e 5

. Partlcle P.L P
T . ,
T ’ 0,30 - 0.44
A o 0439 - 0.69
P : "O.§8 ~ 0, 96
- 0,37 (1.15)%

' The P -m dep@ndence can be well approximated by a linear function

3E
P" = am + b with a slope equal’ %0 0.84. If we take all the 7 /p

tracks as protons the slope equais 0.66.

Taklng all n /p tracks as protons
Taking only protons identified by MGL measurements (P 2 GeV/c

LT

PS/4105/dac
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‘ The purely statistical model of production predicts also (at this
small cms energv) that heavier particles have on average lar@erap?.“iThe}~
calculations for the process (10 GeV/&'n +p—=N+K + K + nn gave
the "slope" a O 30 almost 1ndependent of the multlpllclty of plons.

A stronger PEE mass dependence can be expected if the obseryed
particles are the products of decay of some heavier "intermediate states”.
If one performs the calculations according to the statistical model with

known isobars one gets:

a); For nﬁ + P fﬁﬁNﬁ + (KK)EE + nxn o a 0.3

0.35"

4

b) Form +p ~ﬁ_N§ + K +_K + nm a

4

*
In fact we do observe some evidence for the production of (KK)

resonant state, while Nx production, if any, is rather weak}

. We think that in order to explain the larger experlmental value
of "a" it is necessary to assume that the observed partlcles are produced
via some heavier "intermediate states?. Thls problem will be discussed

in a forthcoming paper.
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FPIGURE CAPTTONS

Fig. 1 Iu' Lf plot for kaons from the reactions © +p*%Ko+Ki£N+nn.p

Histograms are given for P Ih_and cos © . Broken lines

A L’
give uncorrected numbers of events. Solid lines include corrections

for detection probability.

Fig. 2 Py —PL plot and histograms for negatlve pions produced together
with a pair of K

Pig., 3 ?i-—PT* rlot and hlstourams for positive pions produced together with
-d
a pair of K1 (identified n are given by full dots, = /p by empty

01rcles).
Fig. 4 Py —PLi plot and histograms for protons from the reaction

1

n_+p K %Kl+p mar (identified protons are given by full dots, 4 /p
tracks by empty 01rclee ) '

Fig. 5‘ %L.-PL plot and histograms for '"missing particles" for events
without identified proton. This represents the characteristics of
particles whose properties were calculated without fit to fulfil
energy and momentum conservation at the production point. BEvents
with no poss1ble proton are given by full dots, those with a

Tm /@ track by empty circles.,

Fig., 6 _L—PL plot and histograms for "missing particles" for events Wlth

an identified proton (full dots) or with a & /p track (empty c1rcles)

L

Fig. 7 EJ_—P plot and histograms for system formed by both Kl produced.-
: in the reaction n—+p~ﬁﬁKi+K§+N+nn.

Fig, 8 Ideogram (in intervals of 25 MeV) for the Q-value of the KiKi
system. The lines represent the background as calculated by a
Monte Carlo method (upper line is normalisel to fotal area of

histogram, lower lines to the part Q >50 MeV).
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