
Impact of ψψφ type interactions on the electrical
conductivity of Fermi fluids in strong magnetic fields

Sarthak Satapathy1,2∗
1Indian Institute of Technology Bhilai, GEC Campus,
Sejbahar, Raipur - 492015, Chhattisgarh, India and

2 School of Physical Sciences, National Institute of Science
Education and Research, HBNI, Jatni, Khurda - 752050

Intensely magnetized objects such as Neu-
tron stars (NS) and magnetars have a par-
ticle profile of which hadrons form the out-
ermost layer and the anticipated quark mat-
ter (QM) [1] in the core. The strength of
the magnetic field of this order has an ef-
fect on thermodynamic and transport prop-
erties [2, 3] of the Fermi fluid by interfer-
ing with the thermal vacuum thus creating
an anisotropy in the medium with kµ‖ =

(k0, 0, 0,−kz), kµ⊥ = (0,−kx,−ky, 0) when the
magnetic field points in z-direction following
which Landau quantized energies are given by
ωl =

√
k2z +m2 + 2leB, l being the Landau

level, B being the external magnetic field. In
this work we have studied the effect of Yukawa
type interactions given by ψψφ where φ is
the scalar field, on electrical conductivities συ,
υ ∈ {‖,⊥} [3] of cold and dense matter in
strong magnetic field that falls in the regime
µ >> T of QCD phase diagram, where µ is
the baryon chemical potential and T is the
temperature. Electrical conductivities in the
µ >> T region with background magnetic
field [3, 4] in z-direction is given by

σ|| =

{
e2eB

√
µ2 −m2

2π2Γµ

+

lmax∑
l=1

e2eB
√
µ2 −m2 − 2leB

π2Γµ

}
Θ(µ−ml)

(1)
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σ⊥ = e2
(eB)2

2π2

Γ{
Γ2 + (µ−

√
µ2 − 2eB)2

}{√
µ2 − 2eB

}
lmax∑
l=1

Θ(µ−ml)
2l − 1√
µ2 −m2

l

(2)

where ml =
√
k2z +m2 + 2leB, Γ is the ther-

mal decay width, lmax = µ2−m2

2eB is the maxi-
mum of allowed Landau levels and Θ(µ−ml)
is the Heaviside step function. For the strong
magnetic field case the contribution of lowest
Landau level yields the following result

σ̃‖ =
e2(eB)2Γ Θ(µ−m1)

2π2
{

Γ2 + (µ−
√
µ2 − 2eB)2

}{
µ2 − 2eB

}{√
µ2 −m2

1

}
σ̃⊥ =

e2eB
√
µ2 −m2

2π2Γµ
Θ(µ−m) +

e2eB
√
µ2 −m2

1

π2Γµ
Θ(µ−m1)

(3)

where m1 is ml at l = 1. In Eq.(3) Γ can
be calculated from interaction lagrangian. To
proceed with the calculation we employ the
thermomagnetic Dirac propagator [5]

iS(k) = ie
−k2
⊥

eB

∞∑
l=0

(−1)lDl(e,B, k)

k2‖ −m2 − 2leB
, where

Dl(e,B, k) = (/k‖ +m)
{

(1− iγ1γ2)Ll(2k
2
⊥/eB)

−(1 + iγ1γ2)Ll−1(2k2⊥/eB)
}

−4/k⊥Ll−1(2k2⊥/eB),

(4)

Ln(x) being the generalized Laguerre polyno-
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FIG. 1: σ‖ vs µ at fixed values of magnetic field
0.025 , 0.050 & 0.075 GeV2

mial represented by

(1− z)−(l+1)e
xz
z−1 =

∞∑
l=0

Lnl (x)zn (5)

and /q = γµqµ, γµ are the gamma matrices. In
strong magnetic field Eq.(4) reads

iS(k) = ie
−k2
⊥

eB

/k‖ +m

k2‖ −m2

{
1− iγ1γ2

}
. (6)

Employing Eq.(6), Γ [6] is given by

Γ =
g2eB

2πM

[
1− 4m2

M2

]1/2
[

1− f(M/2)

]
Θ(M2 − 4m2) (7)

where M is the mass of the decaying scalar, f
is the Fermi-Dirac distribution function. We

observe that the decay width depends on mag-
netic field. Thus using Eq.(7) we obtain σ‖,⊥,
where σ‖ is plotted with µ in Fig.(1) .It is ob-
served that with increase in µ the conductivity
σ‖ attains non-zero values after the threshold
µ of 2eB is attained. At large values of µ the
electrical conductivity saturates and becomes
independent of µ and B.
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