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Abstract

Using an aspect of rapidity bins with finite sizes the short-range and long-

range behaviors of two-particle correlation, the connection of two particle correlation function
with factorial moment and factorial correlator are investigated; and experimental data for
1604 Em interactions at 14.6, 60 and 200 A GeV and *?S+'°" Au interactions at 2004 GeV are
analyzed. It is shown that the bin-average of two-particle correlation function can naturally give
a coordinate description of dynamical fluctuation such as the second order factorial moment

{F») and 141 order factorial correlator (F) ).
Keywords

1 Introduction

The dynamical behavior of the fluctuation
of multihadron production in high energy heavy
ion collisions has been being the focus!!~11 of
keen interest due to the rising resolution of ex-
perimental measurement and the available pre-
cise new data. In the description of hadronic
final states with large multiplicity created in
hadron-hadron or nucleus-nucleus collisions at
high energies, an important analysis on the re-
action mechanism is in the longitudinal phase
space as measured by pseudorapidity variable
7= —Intané/2 in experiments{!?]. Typically,
event histogram is highly irregular. Bialas and
Peschanski put forward a scaled factorial mo-
ment method! 2! to detect such behavior, which
is usually referred to as “intermittency” in mnul-
tihadron physics. Experimental data in a vari-
ety of collision processest®~1% indeed show an
approximately power dependence of scaled fac-
torial moment on rapidity bin for its decreasing
size only in a typical interval of size of bin from
1 to 0.1. Tt has been suggested that a quark-
gluon plasma phase transition could give rise
to such behavior(!¥, Several authors have pro-
posed another ansatz*34 that the measured
cffects within present experimental resolution,
can be understood from two-particle correla-
tion.

In this paper, we start right in with def-
inition of two-particle correlation function to
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give out experimental observation through lat-
tice procedure for rapidity space. With such a
definition, we observed finite size effects of ra-
pidity bin of two-particle correlation behavior.
Under the approaches, it 1s natural to get the
uniform description for (F,) and (F} 1), without
any additional assumption and approximation.

2 Definition of correlation function

The inclusive rapidity density functions of
single- and two-particles are defined by

pily) = <Z_ 8y — u)) (1)

pa(y1,y2) = (> 6(v — w)6(y2 — 3))  (2)

1,7

where sum of ¢ and j is over all produced
particles in one event and the angular brack-
ets < --- > denote the events ensemble aver-
age. The normalization conditions for p1(y) and
p2(y1,y2) in the considered rapidity domain Q
are defined as

/ﬂpl(y)dy =< n>q (3)

and

/ prlvn, v )dyrdys =< n(n—1) >q  (4)
N
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where (n)g and (n(n — 1))q are mecan multi-
plicity and the second factorial moment of pro-
duced particles in €, respectively. The two-
particle correlation function by deducing the in-
fluence frown the rapidity density distribution of
single-particle is

p2(y1,¥2)

Now, let us analyze the situation of the
lattice procedure of the considered rapidity do-
main §2 which is divided into M bins with size
w = Q/M. It is obvious that the single- and
two-particle rapidity density functious for such
asystem with finite size of bin and finite number
of bins can be transformed from the theoretical
continuous case with infinitesimal w and infinite

21, y2) = p1(y1)p1(y2) ) afto experimental discrete casc
pr(w) = A ) = S0 s 12 (6)
i) = s ma) = { Sl N7 T o S =
Their normalization conditions in the discrete case can be rewritten as
M
o 30 A e = 570 (®)

A

S o memage? =

myp,mo,=1

1
M2

1
M2

m=1

M
Z < M (N — 1) > +W

1 M
3 <t ttm, > (9)

myZmz,1

So the two-particle correlation function defined as Eq.(5) in the discrete case should be

ra(y1, y2) — 73

|

(mh m2)

< nm(nm - 1) >w / < Tt >2
<Ny Mmy >0 /< Many >0< My, >0

for
for

miy =my=1m
my # my

w

(10)

As known that the second scaled factorial moment and the 141 order scaled factorial correlator

are defined as

M
w 1 (nm('nm - 1)>w
By = = N milm o e !
( 2 M,g_:l (nm)g (1)
1 M-K (; n )
FUKY)) = momtRle K =12 M—1 12
( 1,1 ( )) (M _ K) mz::l (nm>w ("Lm+K>u ( )
Hence we have
M-K
1 (F{)y for K =0
(w) (@) 2
SNKYy = — m,m+ K) = . 13
r2 (£) M~Km2::1”~ (m,m + K) {(Fl(yl)(K)) for K >0 (13)

An important point can be drown out that
the bin-average of the two-particle correlation
function in the discrete case for the rapidity
space is 1ot clse, but the direct universal inca-
sure of the second scaled factorial moment and
the 141 order scaled factorial correlators under
a coordinate description.

3 Data analysis

To show the feasibility of the above method
and to give some information about two par-
ticle correlation in relativistic energy heavy

ion collision experiments, some available data
tfrom EMUO1 experiment{!®! at CERN/SPS and
BNL/AGS are analysed.

The preseut analysis focuses on minim bias
samples of '°0+Em (Nuclear Emulsion) and
central collisions for 325+ Au which means that
essentially all projectile nucleons participate in
interactions. The pseudorapidity ranges € are
0.8-2.8, 1.4-3.4 and 2.0-4.0 for 14.6, 60 and 2004
GeV respectively. The region € is divided into
M bins of unit with w = Q/M. M is 2, 4, 8,
16 and 20 for '*0O+Em data, and up to 40 for
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325+ Au samples. Correlation gap is defined as
D = Kw, allowing K being 0,1,2,..., M — 1.

Fig.1 shows the results of two-particle cor-

25
""""""""""""""" e
- —200AGeV '
60 AGeV O-Em
2 14.6 AGeV M=z (a)

10

Fig.1 Avcraged two particle correlation for
160O+Em interaction at 14.6, 60 and 200 A GeV,
77 corresponding to (Fy’) for K =0, 72 to (F1 ;)
for K > 0, a),b),c),d) and e) corespouding to bin

partition M=2, 4, 8, 16 and 20, respectively

is equivalent to (F7) for K = 0, and to {Fy ;)

for K > 0. The values of r§*) decrease with
the K from 0 to (M — 1), corresponding to the
gap D between different bins, and increase very
slowly with increasing M, i.e. with decreas-
ing w. Correlation raises with increasing beam
cnergy, and decreases rapidly with increasing
mass of projectile and target nuclei. Qualita-
tively, the strong correlations in small rapid-

relation for '*O+ Em interactions. Fig.2 is
about results of 32S + Au central collisions. In

the Fig.1.2. it can be understood that )
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Fig.2 Averaged two particle correlation for %S +
Au interaction at 200 A GeV, 7z corresponding
to (Fz(”)) for K = 0, 72 to {(F1,:) for K > 0,
a),b),c),d),e) and f) coresponding to bin partition
M=2, 4, 8, 16, 20 and 40, respectively

Solid points and open circles with error bar correspond
to data points, solid lines correspond to fitting values
of model with exponential-typce

ity bins probably result from resonance decays
and local charged compensation which proba-
bly means that production particles in high en-
ergy heavy ion collision processes much more
prefer to occurring in pairs, and the correlation
between two particles under big gap D implies
long-range correlation which mainly comes from
energy-momentum conservation constraints.

When M — oo (le.w — 0), two-
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particle correlation function could be simply
parametrized as

Y2 — 1 |
ray1,v2) = @ -exp(—'—ﬁ—>

(14)

where a is the correlation strength and B
the corresponding length. One can calculate
the corresponding functions in discrete case as

'rgu)(K = 0) =14+

s

2cr
2

w

Refs.[13,14]

It is easy to see that bin-average of two-
particle correlation functions in discrete case
with finite size of w for K = 0, rgu)(K:O), le.
< F2 >, can be rewritten as the integration
result of two-particle correlation function in in-
finite case of w — 0 by using precise bin-wise
method[13:14],

[w —B(1 - exp(—%)] (15)

and the values 'rgu)(K) with K > 0, i.e. the 141 order factorial correlator < F;1(D) >, D = Kw,

can be rewritten as following

203*

’I";u)(K) = ]. + —w—zex

Using above two expressions to fit the ob-
served data for 3?S4 Au central collisions at 200
A GeV, the uniformn parameters @ ~ 0.107
and 8 ~ 8.45 are available. The histograms
in Fig.2 correspond to the fitting results. The
parametrization results show that two-particle
correlation functions of exponential-type can
describe the data well.

4 Conclusion

Two-particle correlation behavior reveals
not only density fluctuation features in local
phase space, but also correlation characters
caused by density fluctuation between differ-
ent bins. 'rgu)(K) decreases with increasing
gap D = Kw and increasing mass of pro-
jectile and target nuclei, and increases with
increasing beam energy. Bin-averaged corre-
lation function gives out the coordinate de-
scriptions for factorial moment F; and correla-
tors Fy1. Two-particle correlation function of
exponential- type can describe the experimen-
tal data of 32S4+Au central collisions at 200 A
GeV.
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