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Abstract The experimental observation on the multiplicity dependence of event-by-event transverse mo-

mentum fluctuation in relativistic heavy ion collisions is studied using Monte Carlo simulation. It is found

that the Monte Carlo generator HIJING is unable to describe the experimental phenomenon well. A simple

Monte Carlo model is proposed, which can recover the data and thus shed some light on the dynamical

origin of the multiplicity dependence of event-by-event transverse momentum fluctuation.
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The relativistic heavy ion collider rhic at bnl

has successfully finished its four running period. A

large number of unexpected new results have been

observed
[1]

. The discovery of a new state of matter

—— Quark Gluon Plasma (QGP) is near at hand
[2]

.

To further confirm the observation of QGP and study

its property are under intensive investigation.

It is expected that the appearance of quark gluon

plasma (QGP) phase transition will result in an

anomalous behavior in the event-by-event fluctuation

of transverse momentum
[3—5]

. The central and

peripheral heavy ion collisions have very different

physics. The former one has a large number of par-

ticipants and occupies a large volume, and QGP is

more probably produced in such collisions. There-

fore, the centrality dependence of the event-by-event

transverse momentum fluctuation can provide impor-

tant information on the appearance and disappea-

rance of the QGP phase transition. Recently, STAR

Collaboration
[6]

published the results from their ex-

periment, using multiplicity to characterize centra-

lity. The aim of the present letter is to discuss the dy-

namical origin behind the experimentally observed
[6]

multiplicity dependence of event-by-event transverse

momentum fluctuation using Monte Carlo method.

Firstly, let us briefly discuss the measure of the

event-by-event fluctuation of transverse momentum.

A typical measure for this purpose is
[7]

σ2
p̄tCERES

=

∑N

j=1
Nj(p̄t

j −〈p̄t〉)2
∑

N

j=1
Nj

−
σ2

ptincl

〈n〉
, (1)

where σ2
ptincl is the inclusive variance of transverse

momentum, 〈n〉 the average (charged) multiplicity, p̄t

the mean transverse momentum in a single event, Nj

is the (charged) multiplicity in the event, and N the

total number of events. While studying the multipli-

city dependence, we divide the event sample into

multiplicity bins and the average multiplicity in each

bin 〈n〉, denoted in the following simply by n, is

taken as the characteristic of the bin. Thus the event-

by-event fluctuation of transverse momentum in the

multiplicity bin n is

σ(n)2
p̄tCERES

=
1

n

(

1

N

N
∑

j=1

Nj(p̄t
j −〈p̄t〉)

2−σ2
ptincl

)

. (2)

STAR Collaboration presented their data using

a related quantity —— “difference factor” ∆σptn
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defined as

∆σptn =
n

2σptincl

σ(n)2
p̄tCERES

. (3)

The dependence of ∆σptn on n from STAR data is

shown as solid circles in Fig. 1. In the abscissa of

their plot, n0 is the half-max point at the end of the

mini-bias distribution plotted as dσ/dN
1/4
ch . In our

calculation, we take n0 = 630
[8]

.

Fig. 1. The experimental (solid circles) and dy-

namical (stars) ∆σptn, together with those ob-

tained from HIJING (solid triangles) and from

the model of present letter (open circles). The

experimental data are taken from Ref. [6].

The HIJING Monte Carlo generator has been very

successful in explaining a large number of data from

relativistic heavy ion collision experiments at RHIC

energies. Therefore, we first compare the experimen-

tally observed n-dependence of ∆σptn with HIJING.

In total 1,000,000 mini-bias events are generated

using HIJING Monte Carlo. The number of events

in each impact-parameter bin is obtained by Glauber

theory and the ∆σptn in each multiplicity bin is then

calculated. The results, however, turn out to be

smaller than the experimental data for about a fac-

tor of three, cf. the solid triangles in Fig. 1. This

shows that there should be some other dynamical rea-

sons for the experimentally observed event-by-event

fluctuation of transverse momentum, which has not

been included in the HIJING model.

In order to discuss the dynamical origin of the ex-

perimental phenomenon we propose a simple Monte

Carlo model. The basic assumption of this model is

that, in each single event there exists a dynamical

transverse momentum distribution, which fluctuates

event-by-event.

The dynamical transverse momentum distribution

in each single event is assumed to be a Γ distribution

P (pt|p̄t), with the average value equal to p̄t.∫
P (pt|p̄t)dpt = 1, (4)

∫
ptP (pt|p̄t)dpt = p̄t. (5)

Due to these conditions, the distribution has only one

parameter α and can be written as

P (pt|p̄t) =
ααp̄t

Γ (αp̄t)
pt

αp̄t−1e−αpt . (6)

We further assume that the parameter α keeps

constant and the event-by-event fluctuation of the

distribution P (pt|p̄t) is simplified as the fluctuation

of p̄t. In a multiplicity bin n the fluctuation of p̄t is

described by a distribution Qn(p̄t) with the normal-

ization conditions∫
Qn(p̄t)dp̄t = 1, (7)

∫
p̄tQn(p̄t)dp̄t = 〈pt〉n, (8)

where 〈pt〉n is the average transverse momentum in

the corresponding multiplicity bin. The 〈pt〉n ver-

sus n used in the following calculation is shown in

Fig. 2
[9]

.

Fig. 2. Average transverse momentum in vari-

ous multiplicity bins.
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For simplicity, the fluctuation Qn(p̄t) of p̄t in the

sub-sample of multiplicity bin n is taken as a double-

step function

Qn(p̄t) =



















A, if p̄t ∈ [0.2,a],

B, if p̄t ∈ (a,a+b],

0, else,

(9)

with the boundary a of the two regions fixed at the

average transverse momentum in the corresponding

multiplicity bin: a = 〈pt〉n. The normalizations (7)

and (8) express the parameters b and B in terms of

A. Therefore, A is the only adjustable parameter of

the distribution.

In the following calculation we take α = 10 and

adjust the parameter A to fit the experimental data

of ∆σptn versus n. The results are shown in Fig. 1 as

open circles. It can be seen from the figure that the

fit between the open and solid circles is very well.

Note that the ∆σptn used by STAR Collaboration

as defined in Eq. (3) is based on the “non-statistical”

variance σ2
p̄tCERES

of p̄t proposed in Ref. [7], as shown

in Eq. (1). It is expected that in this “non-statistical”

variance the statistical fluctuations have already been

subtracted
[10]

, cf. the second term in the right

hand side of Eq. (1). However, this subtraction is

imperfect
[11,12]

and the σ2
p̄tCERES

is not identical to

the real dynamical variance σ2
p̄tdyn = 〈p̄2

t 〉−〈p̄t〉2.

Similar to the definition Eq. (3) used by STAR

Collaboration we define the dynamical “difference

factor” in the multiplicity bin n as

∆σdyn
ptn =

n

2σptincl

σ(n)2
p̄tdyn, σ(n)2

p̄tdyn = 〈p̄2
t 〉n−〈p̄t〉

2
n. (10)

The results of ∆σdyn
ptn from our model are also shown

in Fig.1 as stars.

Some discussions follow:

1. The dependence of ∆σptn on n observed

by STAR Collaboration is an important new phe-

nomenon. HIJING is unable to describe this phe-

nomenon well, showing that the dynamics behind this

phenomenon is not included in HIJING.

2. This phenomenon can be simply explained

under the assumption that in each single event there

exists a dynamical transverse momentum distribu-

tion, which fluctuates event-by-event.

3. The measure ∆σptn used by STAR Colla-

boration is based on the “non-statistical” variance

σ2
p̄tCERES

of p̄t proposed in Ref. [7], in which the sub-

traction of statistical fluctuations is imperfect
[11,12]

.

In particular, at low multiplicity the statistical

fluctuations are “over-subtracted”, so the measured

values are smaller than the dynamical ones, cf. Fig. 1

of this letter and that of Ref. [12]. At very high mul-

tiplicity (n > 300), the subtraction is insufficient and

the measured values are larger than the dynamical

ones. The difference is highly pronounced by the

square of σ and the multiplication of n, cf. Eq. (3),

cf. Fig. 1 and Fig. 3.

Fig. 3. A comparison of σ
p̄tCERES

and σ
p̄tDynamics

.

The good fit of the simple model in this let-

ter with experimental data shows the validity of

the basic model assumption —— the event-by-event

fluctuation of the dynamical single-event transverse

momentum distribution. The details of the model

are unimportant. For example, the simple shape of

the distributions, the fixed value of the parameter

(α = 10) for different multiplicity bins, are over-

simplified. Further study of the problem is worth-

while.

The author appreciates the guidance of Fu Jing-

hua and Liu Lianshou and the helpful discussions with

Wu Yuanfang and Huang Yanping.



1 9 Ï N²rµ�éØ­lf-E¥Å¯�îÄþåÏ��AkÛïÄ 895

References

1 Proceedings for Quark Matter’04. Oakland, Jan., 2004

2 Gyulassy M. The QGP Discovered at RHIC. nucl-th/

0403032, 2004; Shuryak E. What RHIC Experiments and

Theory Tell us about Properties of Quark-Gluon Plasma?

hepph/0405066, 2004

3 Mr’owczy’nski S. Phys. Lett., 1993, B314: 118

4 Stephanov M A, Rajagopal K, Shuryak E V. Phys. Rev.

Lett., 1998, 81: 4816; Phys. Rev., 1999, D60: 114028

5 Dumitru A, Pisarski R. Phys. Lett., 2001, B504: 282

6 Adams J et al(STAR Collab). nucl-ex/0308033, 2003
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