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Introduction

During the early moments of the universe,
it is hypothesized that matter existed in the
form of a Quark-Gluon Plasma (QGP). To
comprehend the QGP’s temporal progression,
it’s crucial to account for the influence of a fi-
nite chemical potential [1]. The current work
is devoted to calculate the time evolution of
temperature (T), we endeavor to solve the
time evolution (t) equation, derived from the
Friedmann equation [2]. Incorporating the ef-
fects of the chemical potential is vital for gain-
ing a deeper understanding of the equation of
state of QGP during the early universe.

Model Description

In our approach, we utilize a simple quasi-
particle model that takes into consideration
the influence of temperature and chemical po-
tential on quark mass using [3, 4]:

m2
j=q(T, µ) = γq(g

2(p))[T 2 +
µ2

π2
] (1)

In this equation, γq and g(p) are are defining
parameters related to QGP flow and the run-
ning coupling constant of QCD, respectively.
p and µ represent the momentum and chemi-
cal potential terms. The free energy of quarks
and gluons can be elucidated through the sub-
sequent equation [4, 5]:
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Here, ρj(p) denotes the state density for

quarks and gluons, while other variables main-
tain their conventional meanings [4, 5]. Addi-
tionally, we use the interface term, separating
the hadronic and QGP phases [4, 5]:

Fint =
1

4
γr2T 3 (3)

In this equation, r represents the QGP
droplet radius, and γ is the effective RMS
value of the quark and gluon flow parameter.

The total pressure is the sum of individual
pressure terms contributed by the total free
energy term defined in Ref. [6]. Then the en-
ergy density time evolution equation from the
Friedmann equations can be computed using
Ref. [7] and defined as:

dε
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= −
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√
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The pressure can easily be obtained [6]. Fi-
nally, we can solve the time evolution of tem-
perature as [7]:

dT

dt
=
dε

dt
× 1

( dεdT )
(5)

Solving T (t), it provides the equation of state
(EOS) of QGP, considering the effects of finite



FIG. 1: Temperature with respect time is shown
with chemical potential.

chemical potential on the early universe’s time
evolution.

Results
In this study, we have successfully derived

the expressions for T (t) and determine the
time evolution of temperature. Our motiva-
tion stems from the work of Sanches et al.
[7] and Kumar [8], determined the equation
of state for the early universe in the absence
of a chemical potential. In our prior work [8],
we demonstrated how energy density and tem-
perature vary with time at zero chemical po-
tential. In this work, we plot time evolution of
temperature using chemical potential. For all
values of the chemical potential, the tempera-
ture rapidly decreases until 10−5 seconds, af-
ter which it stabilizes. This behavior suggests
a transition temperature around 150 MeV. As
we increase the chemical potential, the tem-
perature also rises, which provides a promis-
ing signal for studying phase transitions. This
work is valuable in the fields of early universe
cosmology and astrophysics.

Conclusions
This study is expected to provide crucial in-

sights into the evolution of our universe and
the characteristics of QGP under finite chemi-
cal potential conditions. It is essential to con-
sider the forecasts of theoretical models, en-
abling both theoreticians and experimentalists
to verify these predictions through probing
techniques such as heavy-ion collisions. The
pursuit of understanding this enigmatic state
of matter continues tirelessly, yet our knowl-
edge of this phase remains limited. More-
over, it is vital to recognize the importance
of these investigations in the context of cos-
mology and astrophysics. A deeper compre-
hension of QGP and its evolution enhances
our understanding of the universe’s initial con-
ditions, further validating prevailing models
such as the Big Bang theory, which elucidates
the origin of our universe. Overall, the present
study aids us in investigating the characteris-
tics of the early universe’s quark-gluon plasma
(QGP) in the presence of a finite chemical po-
tential.

Acknowledgments
The authors extend their gratitude to the

Department of Physics, Hansraj College, Uni-
versity of Delhi, for their unwavering support
and encouragement in pursuing research in the
field of High Energy Physics.

References
[1] G. Faisel and S. Khalaf, J. Mult. Model.

Opt. 1(2), 52 (2018).
[2] A. Friedman, Gen. Rel. and Grav. 31(12),

1991 (1999).
[3] Y. Kumar and S. S. Singh, Can. J. Phys.

90(10), 955 (2012).
[4] Y. Kumar and S. S. Singh, EPJ Web Conf.

137, 13008 (2017).
[5] Y. Kumar, JoP Conf. Ser. 668, 012110

(2016).
[6] Y. Kumar, JPS Conf. Proc. 26, 024028

(2019).
[7] S. M. Sanches et al., Nucl. Phys. A. 937,

1 (2015).
[8] Y. Kumar et al., J. Phys.: Conf. Ser.

2349, 012016 (2022).

Temperature Evolution




