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ABSTRACT

Production properties and correlations for K:K:, K:A, K:K and AA
systeme in 360 GeV/c pp interactions are presented. All rapidity gap
distributions are observed to peak at Ay = 0 and the azimuthal angular
distributions between the two particles are consistent with being flat.
Experimental results are compared with the quark fusion and Lund models of

particle production.



1. INTRODUCTION

In :ecent years the quark parton picture has been applied to low pT
hadronic interactions to explain the general features of the observed
inclugive distributions [1-11]. Within the general framework of quantum
chromodynamics there are two distinguishable mechanisms characterizing the
jnitial state interaction of the colliding hadrons, (a) vector gluon
exchange, (b) quark exchange or annihilation. Besides that one may have
several non-perturbative corrections via fragmentation or recombinatioms.
Single particle distributions can be described fairly well by a variety of
models [12]. Hard processes in hadronic collisions, particularly heavy
flavour production, have been tried to be understood by gquark-antiquark/
gluon—-gluon fusion or flavour excitation models [13-20]). In all these
models the crucial test lies in the predictions for correlation parameters

[21-22]).

In this paper, we present an inclusive study of v° pairs in pp
interactions at 360 GeV/c. Since there are no strange valence quarks in
the initial state, the strangeness label might help in revealing the
underlying dynamics. So far there exist very little data on strange

particle correlations [23-26} in hadronic collisions.

The paper is organised as follows: experimental details are given in
sect. 2. Models used for comparison with data are mentioned in sect. 3.
Results on K:K: correlation are discussed in sect. 4. Sects 5 and 6
contain results on Kgn and K:K/AK correlations respectively. Wwe have

summarized the results in sect. 7.

2. EXPERIMENTAL DETAILS

The present data come from the experiment NA23 performed at CERN
using the European Hybrid Spectrometer (EHS) equipped with a Rapid Cycling
Bubble Chamber (RCBC). The set up was exposed to a 360 GeV/c proton beam
from the SPS. The relevant details regarding the set up, beam, exposure,
data processing, etc. have been published earlier [27-29]. The data

sample corresponds to a sensgitivity of 1.6 events/ub.
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The present data sample contains a total of 194 pairs'of Ve's, i.e.
neutral strange particles. However, a considerable fraction.of the V°'sg

give rise to ambiguous fits to K:, A or A hypotheses.

Keeping. only the hypotheses with a kinematic probability larger than
2%, introducing a fiducial volume to guarantee a good momentum determina—
-tion and imposing a minimum decay length. of 3 cm, the sample with ambiguous
solutions reduces to 12%. All remaining ambiguities are resolved by using
cuts on pr of the decay products and their effective masses. For example
in resolving a K°/A or K°/R ambiguity, we chose the A/A hypothesis if the
daughter Py < 110 MeV/c and the measured V°® mass {for the A/A hypothesis)
lies between 1.105-1.126 GeV/c? (for detail see [30]). This procedure leaves
94 pairs of K:K:, 75 pairs of K:A, 14 pairs of K:K and 11 pairs of AA.

As it hasgs been mentioned in an earlier paper [29], the loss of the
forward V°'s in the overall ¢.m. system cannot be compensated by
incorporating only the momentum dependent visibility weight. In order to
obtain the total inclusive 2 V® cross section, each sample is divided into
three categories: (a) both the V°'s in the backward hemisphere; (b) one
backward, the other forward; (c) both in the forward hemisphere. From the
symmetry of the pp system, we expect the contributions from categories (a)
and (¢) to be equal. So we ignore all the events in category (c¢) and
correct fof'them-by doubling the sample (a). The correction for losses in
category (b) was done by using the ratio of weighted inclusive single V°

events in the backward and the forward hemisphere.

. MODELS USED FOR COMPARISON WITH DATA

3.1 Quark Fusion model

- We have followed the prescription that Kniazev et al. {9) used for
inclﬁsifa single K: production assuming that a strange meson is produced
from the fusion of a quark from one hadron with an antiquark from the
other hadron. We have‘generalized this to the case of K:K: production
by assuming independent pfoduction of the two K:'s, i.e., due to fusion of
two distinct quark-antiquark pairs. The colliding partons have been
treated as massless, their longitudinal momenta described by their

respective structure functions [31] and their transverse momenta assumed



to follow a gaussian distribution with <kT> = 0.2 GeV/c. The expression

for the double inclusive cross section finally obtained is

gg, —i&—_1gz d9 p_do
ab d° ds g a ds b da
pa pb pa pb
2
=4 e D gv Lk k. dk. dé dk_ dé (1a)
] T2 T4 T2 2 T4 a
with
F' = {FIIA(xl) FZIB(xz) f1(kT1) fz(kTZ)}°
{FS/A(xa) FalB(xa) fa(kTS) fA(kTa)} (1b)
and
J' = 1 1 {lc)

v Eax2 + 2pazE2 Ve be4 + 2psz‘

The subscripts A, B refer to the two protons, a, b refer to the two K: and
1, 2, 3, 4 refer to the partons which fuse to produce the K:'s (L + 2~ a,
3 + 4+ b). Functions F(x) are the appropriate structure functions [31]
and f(kT) are the transverse momentum distributions of the partons,
normalized to unity. The incident beam direction is taken as the z axis
and the x axis is defined along the transverse momentum vector of the
hadron a. Following Kniazev [9],

2%

2
= 27 E_ '
C = 3 (27 + 1) yp {(2)

where J is the spin of the meson and 32/4ﬂ is the strong coupling constant.

All relevant distributions can be obtained by appropriate integration of

eq. (la).

3.2 Lund Fragmentation Model

In addition to the quark fusion model we have also compared our
regults with predictions of the string fragmentation Lund model [32]. The
default values of parameters have been used. Individual events have been

generated and undergone to the same experimental selections and cuts as
the real events. The number of events generated was normalized to the pp

inelastic cross section at this energy.



4., RESULTS ON KZK2 CORRELATION

4.1 Inclusive cross section

We have observed a total of 94 K:K: pairs out of which 53 have both
the K:'s emitted in the backward hemisphere. These 533 pairs correspond to
a cross section of (0.48 + 0.07) mb. Using the procedure as described in
sect. 2, the total inclusive K:K: ecross section is determined to be
(L.74 + 0.18)mb and it has been plotted in fig. 1(a) as a function of the
laboratory momentum along with data at other energies [33-37]. We find
the cross section to be increasing with c¢.m. energy and this dependence
geemg to be similar to that of inclusive K: crogs section. The cross
section ratio d(K:K:)/G(K:) as a function of incident momentum is shown in
fig. 1(b}. If all kaons are produced as KK pairs and if one naively assumes
o(K'KT) = o(k'K®) = o(K°k") = o(k°K°), the cross section ratio is expected
to be 1/8. However the observed ratio seems to be larger than 1/8 and as
it will be seen later a large fraction of the observed K: is produced with

associated A.

%
4.2 Contribution of K (890)

+
Fig. 2 shows the semi-inclusive effective mass distribution of K:w‘
from events with K:K:. There is an enhancement at a mass around
* +
0.85-0.95 GeV/c?. To estimate the contribution of K (890), the K:w“ mass

distribution is fitted using

dN

EE;; = BGK“(HK“)ll + B BWK*(HK“)] (3)

where BNK*(HK«) is the relativistic P-wave Breit-Wigner distribution

given by
M Mo L Tox(M )
Kir K K Kr
BWK*(HKﬂ) = 2 2 .2 2 2 (4)
(HKﬂ - HK*) + HK* FK*(HK«)
with
3
q 2q.%
Kn K
FK*(HKﬂ) = FK* qK* 2 | 2 {5)
g * Ig*
ot
M = effective mass of K v system
Kw 8
M x, Tpx = mass and width of K*(890)
qH = momentum of the decay product in the rest frame of

invariant mass M



and the background term BGKw(HK«) is parametrized by

- _ _ Rt _ 2
BGKf(HKﬂ) = “1(HKW HK Hﬂ) exp(»asuxw c4H “) (6)

K

The mass and width of K*(890) have been kept fixed in the fit using
the values given in the PDG table [38]. The fitted result is shown by the
- golid curve in fig. 2. The contributions of the background and the
resonance are shown by the dash-dotted and the dashed curves respectively
on the same figure. From the fit and taking into account the K*t decay
mode into charged kaons, one obtains the éross section of inclusive

g
K '(sqo)K: production to be (2.0 + 0.4) mb.

Figs 3(a) and 3(b) show respectively the K:ﬂ_ and K:w+ effective
mass distributions when the other K:#+(K:ﬂ”) mass falls in the K* region
(between 0.8 and 1.0 GeV/c’). Fits similar to those described above have
been made to these distributions and the results are shown as smooth
curves on the figures. The fits lead to the evaluation of K*iK*$ cross
section :i (0.80 + 0.25) mb. Thus (28 * 8)% of the K:K: gsample come:+from
gingle K ~ production and (5 % 1)% of the sample is due to double K ~

production.

4.3 Kinematic Distributions of 5:5: Sample

Fig. 4(a) contains the normalized distribution of the Feynman x
variable of the two K: system which shows a sharp fall off at large

x-values. A fit of the form

Al - 1)° (7)

2 |-
12

yields A = 9.1 # 1.5 and n = 8.9 * 1.0. Fig. 4(b) shows the normalized
p; distribution which exhibits an approximate exponential shape. A fit
to

Loy _ exp(~bp]) (8)

N dp;

gives a = (2.3 + 0.3)(GeV/e) ~ and b = (3.2 * 0.3)(GeV/c) . Fig. 4(c)
ghows the two kK°'s effective mass distribution. There is an accumulation

*
of events just above the threshold which is often referred to as 5 .



4.4 Longitudinal Correlation

Fig. 5(a) shows the distribution of the rapidity difference between
the two K:'s'(soliq circles), Ay = Iy1 - yzl. The distribution peaks at
0.0 and the average rapidity gap is 1.1 * 0.1. This average has to be
compared with a value of 1.37 given by a fully randomized technigue of
merging one K: from one event with another K: belonging to a different
event. This clearly indicates that the two K:'s are produced in the same
rapidity range with a certain degree of pogitive correlation. If one
restricts both the K:'s to be in the backward hemisphere (open circles in
fig. 5(a)), <Ay> = 0.70 £ 0.07. The full curves on fig. S(a) are the
predictions of the quark fusion model and the dotted curves are the
predictions of the Lund model. The fusion model predicts a sharper
enhancement at Ay = 0 compared to the Lund model, but within experimental

errors both models agree reasonably well with the data.

We have also studied the gap length distribution for the Feynman x
variable and the results are shown in fig. S5{(b). As in the rapidity gap
plot there is a peak at Ax = 0 and the average gap lengths, <Ax>, are
0.09 £ 0.01 for the entire sample and 0.07 * 0.01 for the sample in which
both K: are in the backward hemisphere. Predictions of both models are
also shown in the figure. The quark fusion model predicts a very sharp
peak at Ax = 0 with a rapid fall off. The data appear to follow the

predictions of the Lund model somewhat better.

4.5 Transgverse Correlation

The distribution in the azimuthal correlation sngle Ap (i.e., the angle
between the transverse momenta of the two K:'s) is shown by the solid
circles in fig. 6{(a). The average value of the azimuthal correlation
angle is found to be <Ad> = (83.4 + 5.9)degrees. The open circles in
fig. 6(a) show similar distribution when both the K:'s are emitted in the
backward hemisphere. This distribution is consistent with isotropy with
<Ap> = (85.1 * 7.6)degrees. The curves in the figure represent the
quark fusion model calculation and the Lund model predictions. Within the

present statistics both models agree with the data.

" Fig. 6(b) shows the distribution of the ratio of the pT's of the two

o, . s . N .
Ks 8, p,h/p,r2 with Pr, 2 Pr,- One finds the distribution to be rather
smooth with an average value of 0.56 * 0.03. The open circles in fig. 6{(b)
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show similar distribution with both K:'s‘in the backward hemisphere. The
two distributions (solid and open circles) are rather similar and the
average value of p,nlp,r2 of the subsample is 0.57 + 0.03. Predictions of
both fusion and Lund models are almost indistinguishable for this figure
and only one set of curves is presented. There is good agreement with

data.

. RESULTS ON K°—A CORRELATION
-

We have observed 75 pairs of K:A events, out of which 57 pairs
correspond to both Kg and A emitted in the backward hemisphere. After
appropriate corrections we obtain cross section of (1.48 £ 0.17) mb for
inclusive K:A sample and (0.45 * 0.06) mb for both K: and A being emitted
in the backward hemisphere. Fig. 7 shows the plot of inclusive K:A
cross section as a function of beam momentum [33-37]. One sees the

inclusive cross section increasing with c.m. energy.

Fig. 8(a) shows the normalized distribution of the Feynman x variable

of K:A system. The distribution is rather flat as can alse be seen from
the results of the fit to eq. (7) which yields A = 2.3 % 0.7 and

w Q|

n=1.54%0.9. The normalized p; distribution of the K A system is shown

in fig. 8(b). The p; distribution shows an exponential fall off and a fit
to eq. (8) gives a = (2.5 * 0.5)(GeV/c) * and b = (3.2 £ 0.5)(GeV/c) .
Fig. 8(c) shows the effective mass distribution of K;A system. The bulk
of the data is accumulated below HKgA of 2 GeV/e’.

The radidity gap distribution of the KSA sample in which both are in
the backward hemisphere is shown in fig. 9(a). The histogram peaks at
Ay = 0; the average rapidity gap is <8y> = 0.96 % 0.10. Fig. 9(b) shows
the Feynman x gap distribution; the average gap is <Ax> = 0.21 % 0.02. Lund
model predictions are shown in fig. 9. The model seems to be able to
reproduce the. data (the fusion model prescriptions used in sect. 4 are

" valid only for meson-meson production).

Fig. 10(a) shows the distribution of the transverse correlation angle

A¢ for the same K:A sample. The distribution is flat with an average
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value of (97.3 % 10.1)degrees. The ratio of the pT's of the two V°sg is

plotted in fig. 10(b). The distribution has an average value of
0.47 £ 0.07. Lund model predictions agree with the data reasonably well.

. RESULTS ON K:—T\ AND AA CORRELATION

We have observed 14 pairs of K:K and 11 pairs of AA events. These
events after proper correction give rise to a cross section of (0.26 + 0.07)mb
for K:E and (0.10 % 0.03)mb for AA production. These two processes
together explain the bulk of the inclusive A production. We have obtained
a cross section of (0.04 + 0.02) mb for AA production with A and A emitted
in the backward hemisphere. At 400 GeV/c pp interactions [39] one quotes
(0.12 + 0.07) mb for AA production with A and A in the backward hemisphere.

The mean rapidity gap of the K:K and AA samples are 0.82 # ¢.21 and
1.10 * 0.21 respectively. The mean transverse correlation angles of the

two samples are respectively (81 % 11) and (78 * l1l4)degrees.

. SUMMARY

In this work the correlation properties between neutral strange
particles have been studied in 360 GeV/c pp interactions, and longitudinal

and transverse correlations have been compared with predictions of the

quark fusion and Lund models.

(a) The inclusive K:K:, K:A, K:K and AA cross sections are determined to

be (1.74 + 0.18), (1.48 *+ 0.17), (0.26 * 0.07) and (0.10 * 0.03)mb

respectively. Both the K:K: and KOA crosg gsections inerease with beam
X+

energy. A large fraction of K:K: comes from K "(890)K: and

X+ X
K (890)K (890).

(b) The rapidity gap (Ay) and Feynman x gap (Ax) distributions for K:K:
peak at zero. The two K:'s seem to be produced in the same rapidity
range with a certain degree of positive correlation. Although the
quark fusion model is compatible with experiment within errors, the

Lund model seems to agree with data better. The transverse



(c)
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correlations in terms of A4 (the angle between K: and K: in the
transverse plane} and pT1/P
by both models.

Ta (pTl £ PTz) are equally well described

The Ay, Ax, A¢ and p,h/pTz distributions are also studied for K:A
production and results compared with the Lund model. There is good

agreement between data and the model predictions.
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FIGURE CAPTIONS

Fig. 1 {a) Inclusive K:K: cross section as a function of incident

proton momentum.

{b) Ratio of inclusive K:K: cross section to inclusive

o s
Ks cross section as a function of incident proton momentum.

+
Fig. 2 Semi-inclusive effective mass distribution of K:«_ system in
association with a second K:. The smooth solid curve is the
result of the fit as described in the text.

Fig. 3 Effective mass distributions of (a) K:w_ and (h) K:ﬂ+ system
where the other K:ﬂt system has an effective mass in the K*(890)
band (0.80-1.00) GeV/c”. The smooth curves are the results of
the fit.

Fig. 4 Various kinematic distributions of the K:K: system: (a) Feynman
x variable; (b) transverse momentum squared; (c¢) effective mass.

The smooth curves are fits as described in the text.

Fig. 5 (a) Rapidity gap; (b) Feynman x-gap distributions of the
inclusive K:K: sample. The solid circles refer to the total
gample and the open circles to the events in which both K: are
in the backward hemisphere. The full curves are predictions of
the fusion model and the dotted curves are the predictions of
the Lund model.

Fig. 6 Distributions of the (a) azimuthal correlation angle A¢, (b)
ratio of the transverse momenta p_/p with p £ p for the
Ti1 "Ta2 T1 T2

K?K: sample. The notation is the same as in fig. 5.

Fig. 7 Inclusive K:A cross section as a function of laboratory beam
moment um.
Fig. 8 Various kinematic distributions of the K:A system: (a) Feynman

x-variable; (b) transverse momentum squared; (c¢) effective mass.

The smooth curves are results of fitg as described in the text.
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FIGURE CAPTIONS (Cont'd)

Fig. 9 (a) Rapidity gap; (b) Feynman x-gap distributions of the K:A
sample where both K: and A are emitted in the backward
hemisphere. The curves are Lund model predictions.

Fig. 10 Distributions of the (a) azimuthal correlation angle A¢; (b)
ratio of the transverse momenta p_/p.  withp £ p for the
o Ti1 Tz Ta T2
K:A gample where both Ks and A are emitted in the backward

hemisphere. The curves are Lund model predictions.
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