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Abasatract

Inclugive and semi-inclusive two-particle rapidity correlations for unlike
{-+) and like (--) particle pairs have been studied at s = 35,6, 188, 376, and
©73 GeVZ. Striking differences in both energy and multiplicity dependence are
obterved between like and unlike pairs. The (-4} correlations in the central
region grow with Ins and increape with 1/n as would be expected for a simple
cluster with population .< k;+ > = 1.60% 0.12 charged particles per cluster and
correlation length § = 0,99+ 0,03, The (--) correlations showno s or n
dependence and are consistent with zero except in the region § < 45° where Bose-

Einsgtein effecte dominate,

Previous invesrigatiunsl have established that central-region hadrons
from high energy inclusive reactions are emitted not independently, but in
“clusters”, correlated in the cms rapidity variable y = 1/2 InfiE 4 pL)/(E - pL”'
Two-particle rapidity correlations are known to be short-range, dependent solely
on rapidity difference -y, and, having been cbserved {or each charge multiplicity
separately, cannot be ascribed to the combinatorial effects of inclusive reac-

2,3

tions There are significant differences in correlations between particle

pairs of like and unlike charge, particularly when the azimuth-angle separation
& is sm3113'4'. When the transverse momenta are approximately the same and
aligned {& < 457) the correlation obeerved at small ay for like-charged pions
can be described in terms of Bose-Einstein symmetrization effects of quantum
statisticss.

Comparatively little is known about hadron clusters. Speculation that
conventional resonances could account for rmost of the correlation observed
seems to be ruled out by recent studiesé. According to the gquark-partan picture,
the gluons which dominate the central region are driven by the color force to
materialize as qf c<oler singlets, which may appear as conventional resonances
provided there is an appropriate wave function fit, or as clusters ("generalized
resonances'') if there is not, It has been suggested7 that the fundamental cluster
parameters < k>, the average number of charged particles per cluster, and 4,
the dispersion parameter or correlation length, could be measured by girmil-

taneously studying the energy and multiplicity dependence of rapidity correlations

in the central region, y; =y, ¥ 0,




-3 .

We report the result of a systematic study of the energy and multiplicity
dependence of two-particle rapidity correlations in r p interactions at 18,3,
100, 200, and 360 GeV/c. The study is based on new data frum 30, 000 events
at 360 GeV/c obtained using the Fermilab 30 in. bubble chamber/wide -gap
spark chamber hybrid aystem, combined with previous data from 17, 000 events
at 200 GeV/c and 7, 700 events at 100 GeV/c obtained with ithe same apparatus,
and 7,800 events at 18.5 GeV/c obtained at BN]L., Experimental procedures
are described elsewherez' 3 S.

Data at each energy were treated in a consistent manner: events were
binned ina s~y = ¥yt Ypr Yy = ¥, + ¥ coordinate system, in consideration of
the fact that correlations are known to depend on rapidity difference. For each
charge multiplicity n the aingle-particle densities pl(y) z o"ido- fdy and
the t-wor—particle density py ¥y yy) ¢ 0..*! dZO' Idyldyz were computed. The
normalized correlation functions Rn(yl, yz) R (A, y,) = [02 tyq- yZ)/’
(Dll'yl)g‘()rz))} -1 were then determined for each charge multiplicity. The
procedure was repeated for the data at each energy.

Semi-inclusive correlations for the 36¢ GeV/c data are shown for the

(- +) pairs and the {--} pairs respectively in Fig. 1(a) and (k). In the case of

the unlike (- +) pairs, significant correlation near ay * 0 is evident for all orders

of the charge multislicity n, and falls off approximateiy as 1/n, For the like-
charge {--} pairs9 correlation near ay = 0 is less prominent, and shows no
clear n dependence.

The observed n-dependence for (- +) pairs is consistent with a mode17

which assumes that clusters are emitted independently, according to the reaction

mechanism which dominates production in the central region, and decay

isotropically, When the cluster multiplicity distribution is narrow,

; - ¥ -+
Rn(0,0)+=!-u—[<k> o oek> ] i
n 28 Nn ins
.. Ins <cks -1 ck>
RJ6, &7 - n f 2 5 4o S e (2)

To determine the central-region correlation value R, (0, 0} with the best statistice

the values of R_{y;. y2| along a line of constant y, were determined as a

function of -y, and the seven central valuesm

of Rn were fitted with a
Gaussian function, Fitted values of the sy = 0 correlation peak for Y, * 4]
and Y. © #0.4 were averaged to obtain R,(0, 0} for each multiplicity, at each
energy.

For the particle pairs of unlike charge, we piot the reaulting R (0, oyt
as 3 function of I/n for the highest-energy data in Fig, 2(ai, The energy

tdependence of Rn{o, 0)"F for n =8 evenis is shawn11

in Fig. 2{b). The
narrow-cluster model prediction, egn. {1), provides an excellent fit to both
distributions. Fitting the two distributions jointly yields the merasurement of
the cluster parameters: < k>" % = 1.60%0.12, ¢ - 0.99 2 0,93, Virtually the
same values are obtained from the slope and interceot of the distribution of
Fig. 2(b] alonelZ,

For the particle pairs of like charge, we attempt to distinguish the
consequences of Bose-Einstein effects by introducting the ¢ < 45° cut used in

ref, 5, Fig, l{c) shows the semi-inclusive correlations for the {--) pairs for

which & < 45%, Correlations are prominent fior all rders of multiplicity, much
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