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Introduction

In ultra-relativistic heavy-ion collisions,
quantum chromodynamics (QCD) predicts
the phase transition from hadronic phase to
the quark-gluon plasma phase. The lattice
QCD calculations suggest the phase transi-
tion is of first order at a critical temperature
around T ≈ 170 MeV [1]. Such phase tran-
sition form a new state of matter, called the
quark-gluon plasma (QGP) [2]. The fact is
that the order of phase transitions are still un-
known.

In ultra-relativistic heavy-ion collisions, free
energy droplet formation provide a unique
opportunity as one of the promising experi-
mental signature of the quark-gluon plasma.
Thus, if transition is a first order then it
may proceed with a supercooling quark gluon
plasma followed by a nucleation and growth of
droplet with the release of latent heat as the
transition progress.

So far we have calculated the free energy
with effect of curvature using dynamical quark
mass. In order to demonstrate the robustness
of our numerical results, we now extend the
previous work using dynamical quark mass as
a finite quark mass to calculate free energy
droplet formation in ultra-relativistic heavy-
ion collision. The finite quark mass is temper-
ature dependent and created due to the inter-
action of quarks and/or gluons with matter.
It behaves well near or above the critical tem-
perature. The quark mass is defined as [3]:

m2
q(T ) = γqg

2(k)T 2. (1)
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Here, g2(k) = 4παs with QCD strong cou-
pling constant αs defined as;

αs =
4

(33− 2Nf ) ln(1 +
k2

Λ2 )
. (2)

where, k = [γN
1
3 T 2Λ2

2 ]
1
4 known as momen-

tum with N = 16π
[33−2Nf ]

, number of flavor

Nf = 3 and parametrization factor γ2 =
2[ 1

γ2
q
+ 1

γ2
g
] with γq = 1/6 and γg = 6γq

[3]. We choose these parametrization factor
because they nicely fit into our calculations
and also help to enhance free energy evoltu-
ion. The main purpose of the present work
is to calculate the total free with the effect of
curvature term incorporating the value of fi-
nite quark mass. The nucleation of the quark
gluon plasma droplets is naturally driven by
statistical fluctuations. The results are signif-
icantly improved and also enhanced the size of
droplet with quark mass.

Free energy droplet formation
In the past decade, the work on free energy

QGP droplet formation has well explained in
the Ramanathan et al. [4] using simple statis-
tical model. Further authors [5] have studied
free energy of a quark gluon plasma with the
inclusion of curvature term. In the present
work, we modify earlier calculation of Ref.[5]
with the effect of finite quark mass for three
flavor.

We modify the free energy, Fi for quarks
and gluons by modifying the density of states
with the inclusion of curvature term with fi-
nite quark mass using [5]. The free energies
of the constituent particles are dependent on
the density of state which set up the fireball.
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It is defined as:

Fi = ∓Tgi

∫
dkρi(k) ln(1± e−(

√
m2

i+k2)/T ) ,

(3)
where ρi(k) is the density of states of the par-
ticular particle i (quarks, gluons, interface, pi-
ons etc.), and gi is the degeneracy factor and
its value is taken from [5]. The interfacial free
energy is defined as:

Finterface =
1

4
R2T 3γ . (4)

where, R is the radius of the droplet. In a
similar manner, the free energy for the pionic
enviornment is given as Ref. [4],

Fπ = (3T/2π2)ν

∫ ∞

0

k2dk ln(1−e−
√

m2
π+k2/T ) .

(5)
We can thus compute the total free energy
Ftotal as,

Ftotal = Fq=u,d,s+Fgluon+Fπ+Fsurface . (6)

From above total energies, we can explain
free energy evolution of quark gluon plasma
in which the curvature term with finite quark
mass indicate the propensity of the system for
droplet formation.

Results and discussion
In the results and discussion, we present the

modified results in order to demonstrate the
robustness of numerical results for the evo-
lution of free energy of the plasma at vari-
ous temperature with the finite value of quark
mass for three flavor. The figure describe the
physical picture of free energy droplet forma-
tion. The calculations are performed in a sim-
ilar way by modifying the Ramanathan et al.
model with inclusion of curvature term in-
corporating quark mass with a major differ-
ence that in present paper, is properly taken
into account. The calculation is done for
three quark flavor. In figure, the size of QGP
droplet formation is large in the presence of
quark mass with the effect of curvature term.
Also it shows a clear cut information about
the stability of the droplet by looking smooth

FIG. 1: The free energy F (MeV) of QGP evo-
lution versus droplet size R (fm) for various tem-
peratures with 3 flavors.

cut at the phase boundary for the various val-
ues of temperature. The bunching of curves
provide more realistic picture for the stabilty
of QGP droplet as shown by arrowhead. The
more stability of free energy droplet formation
occurs around 10 fm. Above all, there is sta-
ble droplet formation of quark-gluon plasma in
ultra-relativistic heavy-ion collision with the
effect of quark mass. It indicates that the use
of finite quark mass with the effect of curva-
ture term enhances the droplet size and make
more stability in plasma evolution from earlier
work [5].
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