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Introduction

Heavy-ion collision experiments at Rela-
tivistic Heavy Ion Collider (RHIC) and Large
Hadron Collider (LHC) have confirmed the ex-
istence of nuclear matter-Quark Gluon plasma
(QGP). It is widely believed that intense mag-
netic fields are created, especially in the initial
stages of collision experiments. However, a
conclusive model to describe the evolution of
the magnetic field in the medium is yet to be
known. In this context, the study of the QCD
medium response to the external electromag-
netic fields is relevant and may have a depen-
dence on the charge asymmetric flow at the
RHIC and LHC and other interesting aspects
such as Chiral Magnetic Effect and magne-
tohydrodynamics. The electric charge trans-
port in a magnetized medium can be stud-
ied in terms of induced electric and Hall cur-
rent densities and associated conductivities.
Here, we have analyzed three aspects of the
charge transport in the QCD medium, namely
(i) QCD medium response to the time-varying
external electric field [1], (ii) set-up a general
formalism to explore the electric charge trans-
port in the presence of time-varying electro-
magnetic fields [2], (iii) medium response in
an anisotropic QCD medium [2]. To that end,
we have estimated the general form of quark
degrees of freedom in the presence of time-
dependent fields within the framework of ki-
netic theory for both isotropic and anisotropic
cases.

Formalism

The induced vector current in the QCD
medium with a finite quark chemical poten-
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tial p can be defined as,
o Pp
j=any [ (auh = aati).

where fr, = f2 +0fx (the subscript k incidates
the particle species) is the quark/antiquark
distribution function, v; velocity component,
and N, is number of colors. We chose the fol-
lowing ansatz for non-equilibrium part of the
distribution function 0 fy due to the inhomo-
geneous fields,

5fu = (PE) " (2)

where the vector E is related to the strength of
electric and magnetic fields and its derivatives
and has the form as follows,

E=auE+mE+aExB)+w(E xB) +as
(E X B) +a6(V X E) +a7B+agB+ag(V X B),

with a; (i = (1,2, ..,9)) are the unknown func-
tions that relate to the respective transport
coeflicients associated with the electric charge
transport and can be estimated by employing
the relativistic transport equation. The trans-
port equation that describes the dynamics of
the momentum distribution function can be
defined as,

, )
P Oufu(x,p) + ap F* pudF fu = —(U-p)ri:’

where u* is the fluid velocity, F'*" is the field
strength tensor, and 75 is the relaxation time.
We have compute the a’s for various cases

of electromagnetic fields by solving the Boltz-
mann equation.

1. Constant electromagnetic fields

When the electric and magnetic fields are
constants, we obtain a; and ag as,

a2
af,

_ ) . —
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II. Medium response to time-varying electric field
For the case with time-varying electric fields
and constant magnetic fields we get the same
form of a; and a3 with new terms in ap anday,
given by [1],
agy, ()% = (a5, BY? 2
(502 + (ap), BY?)?

Zq?.k(

TRIGE)I2 + (a5, B2

ag = ay =

1II: Time-varying electromagnetic fields
In the presence of time-varying electromag-
netic fields, the current density take the form
as j = je€ + ju (€ x b) with,

(1), +(2)

. (0
W g =0 5 42

Je =3 + jt (3)
where j. corresponds to the electric current
in the direction of the electric field é and jy
is the electrical current in the direction per-
pendicular to both electric and magnetic fields

(& x b) as given in [2].
Effects of momentum anisotropy

Momentum anisotropy can be model by
compressing or expanding the isotropic distri-
bution function f} as,

f(aniso)k = \/1 + gfl(c)(\/l72 + g(p : n)Q)a (4)

The electric and Hall currents develop addi-
tional components due to the anisotropy as [2],

(GeJaniso = J¢” + 6587 + j&V + 8580,

(i )aniso = Jy) + 854 + 55 + 65 + 34 + 8547

The forms of the additional components are
described in detail in Ref [2].

Results and observations

To analyse the impact of time-dependence
of the electromagnetic fields to the QCD
medium response, we define the following ra-
tios,

i 3 i, Jw . dw
Re=%r T e B = gpr Y Epr T EBT

For the case of constant electromagnetic fields,
the term jgo)/(ET) = o0./T and the term

jél)/(ET) denotes the correction due to the
time dependence of the electric field. In the

0.040 M
0.035 =TT
oo} e
BT e e
0.025 e
Q- e Re (constant E, B)
Re (E(t), constant B)

0.020 Re (E(V), B(t)), 1=7 fm

------------- Re (E(t), B(Y), 75=10 fm

e u /T (15]
0.015} .2 @ Latice Data [29]

[ ] (@) Latice Data [38]
0.010L.2 ® Latice Data [37]
15 2.0 25 3.0 3.5 4.0
TIT,

FIG. 1: The temperature behaviour of R, for vari-
ous choices of external fields. The results are com-
pared with lattice data, Ref. [2] for details.

(0)

similar way, j’ describes the leading order

term and the quantities jl(ql) and jg) denote
the corrections to the current density in the
direction (& x b). Note that the strength of
the time dependence of the fields is quanti-
fied in terms of decay time. We have depicted
the effect of the inhomogeneity of time of the
external electromagnetic fields on the temper-
ature dependence of R, in Fig. 1. It is seen
that the time dependence of the fields has a
visible impact on the QCD medium response.
For the case of a time-varying electric field and
a constant magnetic field, the value of R, is
higher in comparison with the case of constant
fields due to the additional contribution from
E. The inclusion of time inhomogeneity of the
magnetic field further introduces back current
in the QGP medium. The same observation
holds true for R.. In addition, we have ob-
served that j.€é and jy (& x b) decrease with
an increase in momentum anisotropy of the
medium. The additional components to cur-
rent densities may perhaps play a vital role
in the magnetohydrodynamical framework for
the QCD medium in the collision experiments.
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