
PHYSICAL RH VIE% 0 VO LUME 19, NUMBER 1 1 JANUARY 1979

Rapidity correlations of K SK s pairs and the compensation of strangeness on the qmark level in
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It is pointed out that K~K~ correlations can bring important information about the compensation of
strangeness of quarks and antiquarks present in the intermediate stages of the process of multiparticle

production in hadronic collisions. Due to the short-range character of parton recombinations and resonance

decays K+~ rapidity differences should reflect separations between strange quarks and antiquarks in

rapidity. Thus the K+&-correlation data can discriminate between the two extreme cases of strongly
correlated and uncorrelated ss pairs in the intermediate state of the collision. These correlations are
relatively easy to study from the experimental point of view.

In the past few years much attention was paid
to the study of quantum-number compensation
in multiparticle final states in hadronic collisions.
The interest was originally stimulated by the
neutral-cluster model, in which the local compen-
sation of quantum numbers followed from basic
assumptions. However, the data on quantum-
number compensation are equally important also
from the point of view of other models, e.g. in
terms of quark-parton models they may bring
valuable information about the space-time evolu-
tion of the collision and about the mechanism by
which gluons are transformed to finaL-state
hadrons. So far, only the charge (and partly
transverse-momentum) compensation was
thoroughly studied both experimentally and theo-
retically (see e.g. Refs. 1-4 and the literature
cited therein); in the case of other quantum num-
bers one is faced with experimental difficulties.
For instance, the simplest way for investigating
the mechanism of strangeness compensation is to
measure E'K rapidity correlations. This, how-
ever, requires particl. e identification, which is
impossible in bubble chambers at high energies.

On the other hand, there has quite recentl. y
appeared an experiment' measuring the neutral-
particle production in pp interactions at 100 GeV/c
in the Fermilab bubble chamber. The data con-
tain also the cross section for E~E~ production. '

The purpose of this note is to point out that the
data on E~E~~ production and particularly on

E&K rapidity correlations do contain information
about the mechanism of strangeness compensation
in hadronic collisions. As discussed in some de-
tail below, the EzEz pair in the final. state implies
the presence of an ss quark-antiquark pair in the
intermediate stage of the collision, and thus the
data on EzEz correlations provide information
about ss correlations in this stage. %e therefore
propose to study the E&Ez correlations in the

final state, in the simplest case to extract from
the data the probability distribution of rapidity
differences bebveen the E& mesons present in
the events in which just two Ez's are produced.
Such data can be obtained without particular dif-
ficulties at different energies (using the bubble
chamber at Fermilab, ' the streamer chamber
RISK' at Serpukhov, or streamer and bubble
chambers at CERN PS and SPS energies).

The relationship between E~E~ and ss correla-
tions naturally follows from the contemporary
quark-parton models of multiparticle produc-
tion' "where final-state hadrons are assumed to
originate from the recombination of quarks and
antiquarks present in the intermediate stages of
the hadronic collision. The presence of two X~
mesans in the final state indicates that there must
have been in the intermediate state either

(i) a single ss pair (s recombined with a 2 quark
to E' and s with a d quark to E'; both E'and E'
decayed via K~), or

(ii) more ss pairs, from which two quarks
materialized to Eoz's (as above) and the rest led
to other strange hadrons (not identified in most
exper iments).

As strange-particle production is suppressed
relative to nonstrange-particle production, one
can suppose that the latter case will not dominate
and obscure the rather simple case (i).

Since the parton recombination is supposed to be
of a short range in rapidity, the rapidity correla-
tions of Ezgq (in the final state) and of the ss
pair (in the intermediate stage) have to be closely
related.

%'e shall now discuss this relationship in more
detail and we shall show that the data can (at
least) make a distinction between the two situa-
tions when

(i) s and s quarks in the intermediate stage are
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near to each other in rapidity,
(ii) s and s quarks are not correlated in the

intermediate stage at all (except for correlations
resulting from conservation laws).

Let us suppose that there is just one ss in the
sea of quar'k-antiquark pairs and that it material-
izes into two Ez mesons. These are separated
by the rapidity gap 6 with the probability density
dlV, /dG (Ref. 12),

dN,
p..;(y„X,)&(y —y, )&(S+G —y.)

xdy

where p, ;(y„y,) is the joint probability distribu-
tion function which gives the probability of having
the strange quark-antiquark pair with rapidities
y„y„E(y—y') gives the probability density that a
X~ meson with rapidity y results from a strange
quark (antiquark) with rapidity y'. '~

We shall use here two particular forms of the
joint distribution function p, ,;(y„y,):

(a) p..;(y„y.) = p.(y, )p.(~.), (2a)

where p, (p) is the rapidity distribution function of
the strange quark (the same for the antiquark). "
This case corresponds to quarks and antiquarks
moving in an uncorrelated way in the "sea" of
QQ pairs. It wiii be referred to as IQC (indepen-
dent-quark case).

In the IQC Eq. (1) can be written in the form

f (X)f (a+G)d& (2)
dQ

dN dN,
dG dt"

where n is the mean number of ss pairs in the
intermediate stage of the collision, dlV, /dG is
given by Eq. (1), and

dN,
d

' = ~tf&(y)f&( j) + G)dy (6)

with

f.(y) -=p. ,;(y„y.)f~(~ —~i».d&'
To qualitatively estimate what Eqs. (4) and (&)

lead to we have to choose a particular (plausible)
form of p, (y) and K(&) and to estimate the value
of n at different energies. We shall assume P,
to be

p, (y) = —'s —'
sinhy) f.oshy,

o &o

where s(x) is the distribution function of strange
quarks in Feynman's variable x, I'o is the mo-

The CQC is more complicated. If both K~~ me-
sons come from s and s quarks from the same
pair, the more-pair contribution is identical
with the one-pair one; however, if they result
from different pairs, the more-pair contribution
should be similar to that expected in the IQC. A
more detailed calculation yields"

dN 8 dN, 9n dN,
dG 8+9n dG 8+9n dc

with

fi(y) = Jy.(y, )y((y y, -)dy, . -

The second form is

chic
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(b) p..;(y„y.) =&p.(y, )p.(y.)

(s, -», )'
20

(2b)

where N is the normalization constant. The ex-
ponential factor is to reflect the quark-antiquark
correlation'4 and is characterized by the rapidity
correlation length 0'. We shall refer to this case
as CQC (correlated-quark case).

To make our discussion more realistic we have
to take into account contributions of events with
two and more ss pairs in the intermediate stage
of the collision. In the IQC more-pair contribu-
tions do not change anything; in fact, the distribu-
tion function dR/dG of rapidity gaps G between
Eg s is

0
G

Fj:G. 1. The probability density dN/dG of ripidity
gaps 6 between &0 mesons in events with two K's
in the final state (right-hand side: independent-quark
case; left-hand side: correlated-quark case with cr

=0.8).
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mentum of the incident hadron in the center-of-
mass frame of the collision, and m, is the mean
transverse mass of the strange quark. In partic-
ular, s(x) will be taken from the recent analysis
of Duke and Taylor" and m, will be fixed on the
value of 0.45 GeV/c' (this was shown to be plaus-
ible in Ref. 9).

The precise form of the function K(&) depends
on the mechanism of the recombination of quarks
to hadrons and resonance decays. For lack'of
any direct information we assume it to have the
Gaussian form with the variance az -0.4."

The number n can be estimated:

n = (nr+) + (nr-) .
From the data'~ we see that while at lower (say,
Serpukhov) energies the more-pair contribution
in dN/dG is negligible (n -0.2), in the CERN ISR
energy range it becomes comparable with the one-
pair contribution (n - 0.85).

The functions dN/dG were calculated at three
different energies (corresponding to Serpukhov,
Fermilab, and ISR energy range) for the value
of a=0.8. The result is shown in Fig. 1. Two
facts are clearly visible':

(I) dN/dG is in the correlated case higher and
narrower than in the independent-quark case;

the difference is extremely clear at ISR ener-
gies;

(2) the width and height of the distribution func-
tion dlV/dG in the IQC strongly depend on the
energy, while in the CQC the energy dependence
is much weaker.

In conclusion, we have shown that the measure-
ment of EO~E~ correlations is a simple tool of
studying the strangeness compensation on the
quark level in multiparticle production. In particu-
lar, the data (which are relatively easy to obtain) can
discriminate between the hvo extreme cases of
strongly correlated and uncorrelated ss pairs in the
intermediate stages of the hadronic collision. If the
space-time evolution of the collision proceeds
according to the Bjorken-Gribov picture, '0 then

E~Es correlations can give an estimate of the
rapidity length of the simultaneously excited
region in the collision. The advantage of our
suggestion is the possibility of avoiding difficul. -
ties with charged-strange-particle identification.

The authors are indebted to V. Cerny and
P. I ichard for numerous discussions and to
V. I. Petruchin, J. Bohm, and other members
of the RISK collaboration (Dubna) for stimulating
conversations.
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