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Present work has gone through the micro-
scopic calculation of electrical conductivity of
quark matter in presence of magnetic field,
where Nambu-Jona-Lasinio model is consid-
ered for mapping the interaction picture of the
medium. Let us start with Ohm’s law’

J i
D = σijEj (1)

where J i
D is dissipative current, σij electricl

conductivity tensor and Ej is electric field.
Now for a fluid of quark having spin-color de-
generacy g and electric charge qf dissipative
current from kinetic theory framework can be
written as,

Jj
D = qfg

∫

d3p

(2π)3
~v δf (2)

Where δf is small deviation of quark distri-
bution function from the equilibrium Fermi-
Dirac distribution of quark f0 = 1

eβω+1
. In-

terms of 3-momentum (~p) and energy (ω) par-

ticle velocity can be writen as ~v = ~p
ω with

ω =
√

~p2 +M2. Now to find δf in presence

of electric field ~E and magnetic field ~B we
use relaxation time approximation (RTA) in
Boltzmann’s equation, where we can assume
a general force term

~F = α~e+ β~b+ γ~e×~b (3)
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where ~e, ~b are unit vectors along ~E and ~B.

Connecting δf and ~F suitably [1, 2], the coef-
ficients α, β and γ can be found as

α = q
(τc
ω

) 1

1 + (τc/τB)2
E,

β = q
(τc
ω

) (τc/τB)
2

1 + (τc/τB)2
(~e · ~h)E,

γ = −q
(τc
ω

) (τc/τB)

1 + (τc/τB)2
E, (4)

where τB and τc as magnetic and thermal re-
laxation time. After taking care of all degen-
eracy factors of u and d quarks, we get the 3
components of electrical conductivity, whose
general expressions can be written as

σn = e2β
20

9

∫

d3p

(2π)3
~p2

ω2

τc(τc/τB)
n

1 + (τc/τB)2
f0(1−f0).

(5)
with n = 0, 1, 2. We will use temperature
(T ) and magnetic field (B) dependent effective
quark mass from NJL model, briefly discussed
below, in Eq. (5) to estimate σn of quark mat-
ter.

The Lagrangian density for the isospin-
symmetric (mu = md) two-flavor version of
NJL model in presence of electromagnetic field
(Aµ) is given by

LNJL = −
1

4
FµνFµν + ψ̄

(

/D −m
)

ψ

+G
[

(ψ̄ψ)2 + (ψ̄iγ5~τψ)
2
]

, (6)
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FIG. 1: Temperature dependence of three com-
ponents of electrical conductivities (σ0,1,2) with
eB = 0.2 GeV2 and σ (without B) for τc = 5
fm (b) and 0.2 fm (d). ∆σn/σ = (σn − σ)/σ for
τc = 5 fm (a) and 0.2 fm (c).

Where, Dµ = i∂µ −QAµ with Q = diag(qu =
2e/3, qd = −e/3) as the charge matrix. In
quasi-particle approximation, the gap equa-
tion for the constituent quark massM at finite
T and B is given by

M(B, T ) = m− 2G(B, T )
∑

f=u,d

〈ψ̄fψf 〉, (7)

where 〈ψ̄fψf 〉 represents the quark conden-
sate of flavor f , and a thermo-magnetic NJL
coupling constant G(B, T ) has been consid-
ered [3, 4]. In Figs. 1(b) and (d), we present
the temperature dependence of the differ-
ent components of electrical conductivities σn
(scaled with T ) in presence of an external

magnetic field as well as the without field case,

σ = e2β
20

9

∫

d3p

(2π)3
~p2

ω2
τcf0(1− f0). (8)

The difference ∆σn

σ = (σn−σ)
σ are also plotted

in Figs. 1(a) and (c) which emphasize the ef-
fect of external magnetic field on each compo-
nents. The results are presented with a fixed
value of eB = 0.2 GeV2 but for two different
values of τc, i.e. τc = 5fm (a,b) τc = 0.2fm
(c,d) , which can be assigned with the zones
τc > τB and τc < τB respectively. It means
that eB = 0.2 GeV2 may be considered as
stronger magnetic field for τc = 5 fm and
weaker magnetic field for τc = 0.2 fm. There-
fore, former case is showing σ2 > σ0 and latter
case is showing σ2 < σ0. It is controlled by

the anisotropic function (τc/τB)n

1+(τc/τB)2 . In terms

of the anisotropy, the above outcomes can be
briefly sketched, or:

for τc = 5 fm

σxx = σyy < σzz ⇒ larger anisotropy (9)

for τc = 0.2 fm ,

σxx = σyy ≈ σzz ⇒ smaller anisotropy ,(10)

when external magnetic field eB = 0.2 GeV2

is along the z-direction. As seen from Fig. 1,
all the components of the electrical conduc-
tivities increase with temperature with a kink
near the quark-hadron phase transition tem-
perature Tc and rate of increments are also
different for two different phases.
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