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Introduction

The role of magnetic field play an important
role in the study of the evolution of the early
universe [1], in strange quark matter and neu-
tron star physics [2, 3] and may affects ther-
modynamic observables in case of non-central
high energy heavy-ion collisions. It indicated
that very intense magnetic field of 1019− 1020

G, might be generated in heavy-ion colliders
[4]. Such an intense magnetic field strength
appears in heavy-ion collisions only on lim-
ited distances and exists for a very short time.
Thus providing a possible signature of QGP.

Many authors [5] have studied that the
thermodynamic quantities increases well with
the magnetic field. Therefore, the current
study focuses on a speed of sound of QGP
in non-zero magnetic field. A phenomenologi-
cal model is developed to check the behaviour
of speed of sound with the different values of
magnetic fields that is up to eB = 0.4 GeV 2

and for a wide range of temperatures 110 MeV
< T < 300 MeV.

A brief description of Model

The model is used as quasiparticle model
which might be better improve to the Lattice
QCD simulation results to produce equation
of state of quark-gluon plasma with the zero
and non-zero magnetic field. Based on ear-
lier model [6], the effective quark mass is suit-
ably modified using magnetic field. Therefore,
the effective quark mass in the presence of
magnetic field is called as magnetized effective
quark mass (MEQM) [7].

In the presence of a constant magnetic field
(along the z-axis), the single particle energy

∗Electronic address: yogesh.du81@gmail.com

eigen value is given by [8],

EB† =
[
k2 +MB

eff

]1/2
, (1)

MB
eff = M2

eff + eB(2n+ s+ 1) , (2)

MB
eff is the MEQM. M2

eff is the effective

quark mass and it is defined as [6, 9],

M2
eff = mc

2 +
√
2mcmq +mq

2 . (3)

Where mc and mq are current and thermal
mass of quark [6, 10]. The values n =
0, 1, 2, ...., are the principle quantum numbers
for allowed Landau levels, s = ±1 refers to
spin up (+) or down (−) states, and k is the
component of particle momentum along the
direction of the external magnetic field. Set-
ting 2ν = 2n + s + 1. In the strong magnetic
field, the quarks are rarely excited thermally
to the higher Landau levels, so only the lowest
Landau levels n = 0 are populated.

Free energy in the presence of
magnetic field

The modified free energy for quarks is de-
fined in the presence of magnetic field along
z-axis using Ref. [6, 10]. It is defined as:

FB† = F 0
q + FB

q = F 0
q − eBM , (4)

where M is the magnetization. Here F 0
q is the

free energy for fermions (quarks) in the limit
of zero magnetic field [6, 10] and FB

q is the
free energy in the presence of magnetic field.
It is defined as in Ref. [3],

FB
q = −TgqeB

∫
ρq(k) ln[1 + e−EB†/T ]dk.

(5)
The free energy for gluons will remain same as
the gluons are not affected by the presence of
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a magnetic field, so the highest scale for them
in a medium is still the temperature. The free
energy for bosons (gluons) and interface term
are taken same as in Ref. [6, 10]. Finally we
calculate total free energy Ftotal:

Ftotal = FB† + Fgluon + Finterface . (6)

The above total modified free energy can
be useful to describe the evolution of QGP.
Thus we can compute the speed of sound
C2

S (Square) using total free energy with and
without the magnetic field.

FIG. 1: The speed of sound C2
S with temperature

(T) is plotted with the variation of magnetic field.

Results and discussion
The square of speed of sound (C2

S) with
temperature (T ) is shown in the given figure.
The presented result is significantly affected
by the magnetic field, even at moderate val-
ues of B. Results are appreciably well and en-
hanced from other theoretical work and Lat-
tice QCD simulations [5, 7, 10, 11]. Thus, the
results are fairly good and confront to recent
Lattice QCD results.

The work is to explore how the speed of
sound in a hot medium affects in the pres-

ence of a strong magnetic field, which may be
produced in the non-central events of ultra-
relativistic heavy ion collisions. All thermo-
dynamic observables have contributions from
both quarks and gluons, where the quark con-
tribution is affected strongly by the magnetic
field whereas, the gluon part is largely unaf-
fected in the presence of strong magnetic field.
The current observations could have interest-
ing implications on the expansion dynamics
of the medium produced at RHIC and LHC
in the presence of a strong magnetic field,
which may influence the outcomes of vari-
ous signatures. Using this modified model,
the speed of sound is determined for a wide
range of temperatures and magnetic fields up
to eB = 0.4GeV 2. Finally we conclude that
the model results with the help of effective
quark mass dependent on magnetic field are
significant. Overall the model outcomes can
be favourable to describe the important prop-
erties of QGP created in the collisions of mas-
sive nuclei at RHIC and LHC.
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