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ABSTRACT

We present a study of two-particle rapidity correlations in in-
clusive and semi-inclusive reactions in pp collisions at 102 and 400
GeV/c. 1In particuiar, we examine the charge, multiplicity and s de-
vendence of these correlations. Our inclusive data provide evidence
for the presence of energy independent short-range correlations in
rapidity. Significant contributions to these correlations arise from
data having high multiplicities. Correlations among particles of like

charge are weaker than among particles of opposite charge.
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I. Introduction

The presence of short-range rapidity correlations among produced
pions appears to be a prqminent feature of multiparticle production at
high energies(l). Although the energy dependence of these correlations
is rather weak, a careful comparison of data from two widely spaced
energy points may be of value in determining the type of models which
are most relevant for describing multiparticle production at high energies.
In this paper we present a study of inclusive and semi-inclusive rapidity
correlations in pp collisions at 102 and 400 GeV/c. The data are derived
from exposures of the Fermilab 30" bubble chamber to extracted beams of
machine energy. The scanning, measuring, and analysis procedures at the
two energies were identical, thus providing data samples having a minimum
amount of relative systematic bias.(z)

A standard difficulty in the analysis of bubble chamber data at
high energies is the unavailability of mass identification for particles
with momenta in excess of 1.2 GeV/c in the laboratory frame; below this
momentup, estimates of ionization based on bubble density of tracks can
be used to separatg protons from pions. Because we wish to concentrate
our attention on pion-pion correlations, we restrict our analysis to
those tracks for which the scaling variable x = 2p;//g has values x<0.5.
{As usual, s is the square of the energy in the center of mass of the
collision, and p; is the longitudinal momentum of a particle in the
center of mass, assuming a pion-mass interpretation.) This cut on x,
while removing a major percentage of the fast forward-going protons,
removes only a small fraction of the forward-produced pions. The

additional elimination of those protons that can be identified through

ionization yields an inclusive pion-rapidity spectrum which displays



approximate symmetry in the pp center of mass, as is required for unpolarized
pp collisions. (Our definition of the rapidity variable y is the usual
cne, namely y = 1/2 In (E+p£)/(E—p2), where pl and E are respectively
the longitudinal momentum and energy of the pion.)

In the text we refer to positive tracks as n+ and to negative tracks
as m particles. However, we estimate that on the average there
exist approximately 1% e , 7% K and 2% p contamination in the negative
track sample, and approximately 1% e+ and 10% K+ in the sample of positive
tracks, Proton contamination is approximately 10-15% in the central
region of rapidity, but this increases somewhat at large positive values

of y* (starred variables refer to the center of mass system).

IT. Inclusive Correlations

We will discuss two-particle rapidity correlations in terms of the
normalized correlation function, R, integrated over transierse monmenta:
5 a%o/ay.a
inel Y19,

= -1
R ﬂc/dyl . dc/dyz !

where o, 1 is the total inelastic cross section. In particular, we
ine

will present results for the following two-pion inclusive reactions:

P Wcﬂc + Anything (L
— + .

pp - 1 m + Anything (2}
4+ + .

pp -~ 7 T + Anything (3)

re > W ow Anything (4)

Reaction (1) refers to the production of pions of either charge. The

. fole!
correlation functionsfor Reactions (1)-(4) will be denoted by R* , R .



R++, and R- , respectively.

The full two dimensional structure of rapidity correlations can be
best appreciated by examining a plot of contours of constant R-value.
We display in Fig. 1 the contours of constant Rcc at 102 and 400 GevV/c,
obtained by fitting two dimensional polynomials to the R values for
Reaction (1). The elongation of the contours about the yI = y; diagonal
in the central rapidity region implies that R°C is primarily a function

of rapidity separation y; - y* R appears to exhibit a much weaker

1
dependence on y; + y{.

The structure of these contour plots suggests that the combinations
(Y; - y;) and (y; + yI) might be the most economical wvariables for
examining the energy and charge-state dependence of 77 correlations. In
Fig. 2 we present the R values for Reactions (1)-(4) using events having
rapidity pairs within one unit of the diagonals in Pig. 1. 1In order to
reduce the effects of proton contamination and poor momentum resolution
at large positive y*, the data for y; + yI > 0 in Figs. 2e-h were ob-
tained by symmetrizing the data for Y; + y; < 0; similarly ﬂ+ data for
y; > 0 (Fig. 2b) were obtained by symmetrizing y; < 0 data. Fiqures 2a
and 2¢ contain contributions from positive particles with y* > 0; con-
sequently, these data may be biased because of substantial proton con-
tamination at large y*.

The strength of the short-range correlation in Reactions (1)}-(4}
can be assessed by comparing the dependence of R on (y; - yI) and on

(3)

(y; + y;). This is hecause it has been shown previously that,although

the requirement of momentum-energy conservation alone can produce
positive values of R in the central region of rapidities, the dependence

of R on (y; - yI) and on (y; + y;) ig similar for the central region if no



dynamic correlations exist in the data. The fitted contours of Fig.l and the

projections in Fig. 2 indicate that RS falis rapidly with increasing

*

1) =0

values of y; - yI while the peak wvalue of r°¢ near (y; -y
changes only slightly for a large range of (y; + y;) values (see, in
particular the plateau in RS in Fig. 2e). An examination of Fig. 2
reveals that the behavior of R in Reaction {1) is influenced largely

by the properties of R in Reaction (2). The evidence for a short range
component in Reactions (3) and (4) is less significant, in that the

data in Fiqé. 2(c), (d) appear to be only somewhat more peaked at y;—y;=0
than the corresponding data for R near y; + yI = 0 in Figs. 2{g}, (h).

A cbmparison of the 102 GeV/c and the 400 GeV/c data reveals a very
weak energy dependence for the correlation function. In previous investi-
gations of kinematical contributions to these correlations(B), we
found that the expected increases ijllfc were typically, about 0.02-0.10

*
units at small y; -y and about 0.10-0,20 units at large rapidity

ll
separations. Because these changes are consistent with our observed varia-

tions in Rcc,we conclude that the dynamics of inclusive short-range correlations
have a very weak cnergy dependence between 102 and 400 GeV/c. This
conclusion is supported further in Fig. 3, where the data of Fig. 2e
* 4 yi < Q) are shown replotted in terms of laboratory rapidities.

2

The absence of an energy dependence fOr R at small rapidity separations

(y

is a property akin to the scaling of single-particle production spectra

(4)

observed at these energies.

III. Semi-inclusive Correlations

It has been suggested(5) that examining rapidity correlations in
events of fixed multiplicity (semi-inclusive reactions} would provide

additional insights into the origin of short range correlations. Data



on semi-inclusive correlations at high energies have been presented in
the past:(sjwe will here summarize the results of our investigations.
In analogy with expression for R, we define the semi-inclusive
function:
g d20 /dy.dy
n n 1772

Rn = -1
. don/dy1 don/dy2

where n represents the topological channel or the charged-particle multi-
plicity, and the Un are the semi-inclusive (n-prong) cross sections.

The correlation functions for Reactions (l)-(4) are given in Pigs. (4)-(11).
Again, in analogy with the fully inclusive correlation functions, we

. cc -+ _++ - .
have defined Rn ’ Rn ' Rn and Rn , and the following:

LEste cc

R = R + 1/n
n n
-+ -+
R~ =R
n n
++ ++
R =R 4 1/n
n n +
R'"" =R+ 1/n
I n /"'

where n, and n_ are respectively the pumber of positive and nhegative
particles for any specific topology (n=n+ + n_). These factors offset the
corresponding Rn such that R;=O implies a lack of correlation. (We note,
however, that although the requirement of energy-momentum conservation

for events of fixed multiplicity introduces departures from R;=0, such
departures are small and, unlike those for the fully inclusive functions,,

are essentially independent of beam momentum.) The data in Figs. (4)-(11)

have been treated in the same manner as the data used in the inclusive



analysis.

There is clear evidence for a short-range correlation (near
y; - YI v 0) for data from Reactions (1) and {2). At 102 GeV/c a peak
in Rn is evident for multiplicities through n=10, while in the 400 GeV/c
an enhancement is observed up to n=14 (Figs. 4-7). These multiplicities
are well above those in which diffractive events could contribute signifi-
cantly to the observed correlations. However, we note that for several
lower multiplicities, particularly for n=6 at 102 GeV/c and n=8 at
400 GeV/c, the magnitude of the correlation function for small rapidity
separations is smaller at y; + y; = 0 than at ly; + yI > 2. The
absence of a plateau in the correlation function for these particular
cases might be due to the presence of simultaneous contributions from
diffractive and non-diffractive events to these multiplicities.

For each multiplicity the short range structure is more proncunced

in the 400 GeV/¢ data than in the data at 102 GeV/c. The values of

1CC
R and R'
n n

at [y; - y;l = 0 in every case are larger at the higher
energy. In cluster models(S) this is interpreted as the result of an
increase in the rapidity separation between individual clusters at

400 GeV/c. In contrast to the magnitude of R;, the extent of the short-
range structure in rapidity space does not seem to be strongly dependent

on either the multiplicity or the incident momentum.

Data from Reactions (3} and (4) are shown in Figs. (8)-(11). Although
*
cur results appear to support the presence of structure near y; - yl = 0,

our statistics are limited, and we can only state that correlations in

the ++ and -- semi-inclusive channels are < 30% of those found in +- data.



IV. Conclusions

We have demonstrated the existence of short range rapidity correla-
tions for inclusive and semi-inclusive two-pion-reactions in pp collisions
at 102 and 400 GeV/c. These short range effects are dominated by
correlations between w+ and T mesons. Only weak evidence for similar
correlations exist for pions of like charge. The energy dependence of
inclusive correlations is weak and can be attributed largely to non-
dynamic effects. Semi~inclusive correlation data indicate that short
range behavior is present in multiplicities well above the mean multi-
plicity, both at 102 GeV/c and at 400 GeV/c. At fixed multiplicity,
short range effects in the correlation function are more prominent in
the higher energy data; however the range of “correlation in rapidity

does not seem to be multiplicity or momentum dependent.

We thank D. Chaney and for help with the analysis and D. Cchen

for his contributions in the early phases of this experiment.
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Figure Captions
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Fitted contours of constant value of the correlation function R

for Reaction (1) at 102 GeV/c and 400 GeV/c.

Values of the correlation function R in Reactions (1)-(4); particle

rapidities are restricted to|y; + yI[ < 1 in (a)~{d), and to

y; - yz < 1 in {e)~(h). Solid points are for 102 GeV/c,

circles for 400 GeV/c data.

The correlation function R for Reaction (1) expressed in terms of

laboratory rapidities; rapidities are restricted to ’yz - y1| < 1.

Solid points are for 102 GeV/c, circles are for 400 GeV/c data.
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