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Investigation based on the energy and system
size dependence of fluctuations of identified
charged hadrons is expected to help search
the critical point(CP) of strongly interacting
matter and may reveal the properties of onset
of de-confinement[1,2]. Such studies would
also indicate whether nucleus-nucleus(AA)
collisions may be treated as the superposition
of independent nucleon-nucleon(AA) colli-
sions[3]. Analyses of experimental data on
AA collisions, if carried out in limited phase
space, may provide useful information on the
dynamical fluctuation and may be used as
a mean to explore the possibility of QGP
formation.

The multiplicity fluctuations may be ex-
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FIG.1: Variations of ωNch
with beam energy.

amined in terms of the scaled variance of
multiplicity distributions(MD), which is
defined as ω =

(

σ2/ < Nch >
)

, where Nch

is the mean charged particle multiplicity,
while σ denotes the dispersion of the MD.
ω is regarded as the quantitative measure
of particle momentum fluctuations. It is an
intensive quantity and does not depend on the
volume of the system within grand canonical
ensemble or on the number of sources within
model of independent sources, like wounded
nuclear model. The value of ω will be zero
in the absence of fluctuations in MDs and
unity for Poisson MD. However, there are
several reasons other than CP and onset of
deconfinement which cause the fluctuations

in MD, it is, therefore, required to carry out
a systematic study of energy dependence of
fluctuations in the frame work of theoretical
models[4]. The present study is based on the
analysis of Monte Carlo simulations in the
frame work of URQMD model corresponding
to FAIR energies; viz, Elab = 10, 20, 30
and 40A GeV. The number of events in
each sample is 5.0 × 106. The pseudora-
pidity and momentum range considered are
−1.0 ≤ η ≤ 1.0 and 0.2 ≤ pT ≤ 2.0 GeV/c
respectively.

Variations of scaled variance for all charged
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FIG. 1: Beam energy dependence of ωNch
for all

charged hadrons with.
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FIG. 2: Same plot as in FIG.2 but for positively

charged hadrons.

hadrons, ωNch
with incident energy for vari-

ous centrality classes are shown in FIG.1. It
is noted that ωNch

increases with increasing
centrality and beam energy. For centrality
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class ≥ 25% the increase in the value of
ωNch

with energy exhibits a linear trend. A
weaker dependence of ωNch

on beam energy
for central collisions, in comparison to that
in semi-central and peripheral collisions may
also be noticed in the figure. These findings
are in close agreement with those reported
for pp collisions by NA61 collaboration[1].

Dependence of ω, estimated for identified
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FIG. 3: Dependence of Φij on incident energy.
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FIG. 4: Variations of Φij for positively charged

hadrons with incident energy.

hadrons, i.e., ωπ, ωk and ωpp̄ on beam energy
is plotted in FIG.2. It is observed that ωπ

increases with energy whereas ωk and ωpp̄

values are nearly independent of incident
energy. The observed linear increase of ωπ

and ωNch
with energy is expected from the

KNO scaling predictions[1]. FIG.3 shows
the similar plots but for identified charged
particles, i.e., π+, k+ and pp̄. It may be noted
from FIG.2 and 3 that ωπ+ ∼ 2ωπ while
ωk+ ∼ ωk and ωp ∼ ωp+p̄. This indicates
that the fluctuations of sum of charges (for
k+ + k− and p + p̄) is dominated by k+

and p. The observed values of ωk and ωk+

are probably connected to the strangeness
conservation which in turn would suggest cor-
related production of kaons[1]. Significantly
smaller values of ωp and ωp+p̄ may be due to

baryon number conservation. The net baryon
number in ion-ion collisions would depend on
the collision centrality and the fluctuations of
p+ p̄ is dominated by the protons.

It has been suggested[1] that the influence
of specific charge conservation on the scaled
variance depend on the volume of the system,
particle anti-particle ratio, mean multiplicity
and masses of the charge carriers. In order to
reduce the volume fluctuation effects, an in-

trinsic measure, Φij =

√
〈ni〉〈nj〉

〈ni+nj〉
× (

√
Σij −1),

where Σij = [〈ni〉ωj + 〈nj〉ωi − 2(〈ninj〉 −
〈ni〉 〈nj〉)]/ 〈ni + nj〉; i, j represent two
different hadron types. Φij is independent
of volume and its fluctuation. Φij = 0 for
independent emission.

Variations of Φij for various pairs of hadrons
with incident energy for different data sets
are displayed in FIG.4. In FIG.5 similar plots
for positively charged hadrons are displayed.
The following facts may be noted from the
figures.

1. A slight increase in the values of Φπk

and Φπ+k+ and also that values of Φπk

and Φπ+k+ are positive.
2. Φπp+p̄ and Φπ+p acquire values < 0 at

all energies but the values increase with
energy.

3. Values of Φkp+p̄ and Φk+p are indepen-
dent of energy.

Centrality bin width effects on the scaled vari-
ance has also been looked into by examining
the dependence of ω on centrality classes by
changing the centralities in steps of 2, 5 and
10% bin-width. The findings suggest that for
a bin width corresponding to 5% the statistical
fluctuations are under control and considering
such bins would lead to make remarks on the
dynamical fluctuations, is present [4].
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