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Introduction

The main goal of ultra-relativistic heavy-ion
collisions is to study the properties of strongly
interacting matter at high energy density. If
we assume the matter formed in heavy-ion
collision is thermalised, the yields or ratios
of produced particles can be described within
the framework of statistical thermodynamics.
This statistical (thermal) model use the ex-
perimental particle ratios as input and cal-
culates the corresponding chemical freeze-out
parameters. In this work we have used grand-
canonical ensemble (GCE) approach of statis-
tical THERMUS model [1] and the related pa-
rameters, for fitting the experimental RHIC
data at

√
sNN= 7.7 GeV, 11.5 GeV and 39

GeV to compare the model predicted ratios
with the measured ratios. We have studied the
centrality dependence of the extracted chemi-
cal freeze-out parameters [2].

Statistical Thermal Model

The calculations can be carried out us-
ing three ensembles such as grand-canonical,
canonical and strangeness-canonical. A GCE,
in which the quantum numbers are conserved
on average is used to describe large systems
such as Au + Au collisions due to large num-
ber of particle production. We have used GCE
for our analysis where the logarithm of the
partition function of species i is defined as

lnZi =
V gi

2π2

∫

p2dp ln(1± e−β(Ei−µi)±1 (1)

where V is fireball volume, p is momentum,
gi and µi are respectively the degeneracy and
chemical potential of hadron species i,
β ≡ 1

T
, T is chemical freeze-out temperature,

Ei =
√

p2 +m2
i , mi is the particle mass. The

plus sign is for fermions and the minus sign is

for bosons. The chemical pontential for parti-
cle species i is given by
µi = BiµB + SiµS +QiµQ

where Bi, Si and Qi are the baryon num-
ber, strangeness and charge, respectively, of
species i and µB , µS and µQ are the corre-
sponding chemical potentials. From Eq. (1)
the particle density is calculated as

ni =
Tm2

i gi

2π2

∞
∑

k=1

(±1)k+1

k
exp(βkµi)K2

(

kmi

T

)

(2)
where K2 is the second order Bessel function.
The plus sign is for bosons and the minus sign

is for fermions. An additional factor γ
|Si|
s is

used to account for the lack strangeness chem-
ical equilibration observed in heavy-ion colli-
sions, where γsis strangeness saturation factor
and |Si| is the number of strange and anti-
strange quarks in species i. So, the particle
density is modified in GCE by,

ni → γ
|Si|
s ni

Analysis details

A GCE is used with quantum statistics and
resonance widths are included for all particles
upto mass 2.6 GeV. The measured particle ra-
tios used for calculation include pion, kaon,
proton and the corresponding anti-particles
at

√
sNN= 7.7 GeV, 11.5 GeV and 39 GeV

and the errors are the quadratic sum of sta-
tistical and systematic uncertainties [4]. The
final yields or ratios calculated in model in-
clude both a primordial and a decay contribu-
tions. The parameters used in GCE for fitting
are T, µB , µS , µQ, γS and R. The errors on
freeze-out parameters are obtained from Ther-
mus model using TMinuit class. Here the fire
ball radius is extracted by fitting the particle
yields and the extracted radius value is fixed
while obtaining the other chemical freeze-out
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FIG. 1: Comparison of experimental particle ra-

tios from Au+Au colisions at
√

sNN = 7.7 GeV

with the model predicted ratios.
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FIG. 2: Variation of temperature with system size

for Au+Au colisions at
√

sNN = 7.7 GeV, 11.5

GeV and 39 GeV.

parameters using particle ratios.

Results

Figure 1 shows a representative compari-
son plot of model predicted and experimentaly
measured particle ratios in central Au+Au
collision at

√
sNN = 7.7 GeV. Model re-

sults are in good agreement with the exper-
iment data for all centrality bins and ener-
gies 7.7 GeV, 11.5 GeV and 39 GeV. Fig-
ures 2 and 3 , respectively, show the temper-
ature and baryon chemical potential variation
with system size in all the energies studied.As
the collision energy increases, the tempera-
ture increases and the baryon chemical poten-
tial decreases. Strangeness chemical potential
seems to decrease with the increase of colli-
sion energy whereas charge chemical potential
is equal to zero for all the energies studied
(not shown in figure). Figure 4 shows the
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FIG. 3: Variation of µB with system size for

Au+Au colisions at
√

sNN = 7.7 GeV, 11.5 GeV

and 39 GeV.
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FIG. 4: Variation of γS with system size for

Au+Au colisions at
√

sNN = 7.7 GeV, 11.5 GeV

and 39 GeV.

strangeness saturation factor variation with
system size and it increases from peripheral to
central and saturates around 0.8 for all the en-
ergies studied. Inclusion of other strange par-
ticles like Λ, Ξ and Ω could improve the pre-
cision in determining the γS [3]. Finally the
fireball radius having values ranging between
2 - 7 fm increases from peripheral to central in
all energies studies and it also increases as col-
lision energy increases (not shown in figure).
The details of the analysis will be discussed.
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