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Heavy quark potential at finite magnetic field

Indrani Nilima
Department of Physics, Banaras Hindu University, Varanasi 221005, India∗

Aritra Bandyopadhyay
Institut für Theoretische Physik, Universität Heidelberg,

Philosophenweg 16, 69120 Heidelberg, Germany

Ritesh Ghosh
Theory Division, Saha Institute of Nuclear Physics, HBNI,

1/AF, Bidhannagar, Kolkata 700064, India

Sabyasachi Ghosh
Indian Institute of Technology Bhilai, GEC Campus,

Sejbahar, Raipur - 492015, Chhattisgarh, India

Introduction

QGP at sufficiently high temperature be-
haves like a weakly interacting gas of quarks
and gluons, which can also be studied pertur-
batively by using hard thermal loop (HTL)
resummation [1, 2] techniques, apart from the
first principle lattice QCD estimations. Ac-
cording to recent lattice quantum chromody-
namic (LQCD) calculation [3, 4], non-zero
QCD vaccum at finite temperature and mag-
netic field can face both magnetic catalysis
(MC) and inverse magnetic catalysis (IMC).
The main goal of the present work though

is to incorporate the IMC effect in the heavy
quark potential through the effective quark
masses. These two components are mainly
introduced within the standard formalism of
heavy quark potential [5, 6], which is the sum
of both Coulomb and string terms [7].

Debye mass in presence of mag-
netic field

Debye screening mass can be directly eval-
uated from the temporal component of the
gluon self energy tensor (Π00(ω,k)) by em-
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ploying the static limit (k = 0, ω → 0) through
a perturbative order by order evaluation. On
the other hand one can also determine the De-
bye screening mass through the semi-classical
transport theory [6, 8, 9]. Now the Debye
screening mass mD for a magnetized QGP
medium becomes,

m2
D = g2sT

2Nc

3
+

g2s |qfeB|
π2T

×
∫ ∞

0

dkz

∞∑
l=0

(2− δl0)f
l
q(1− f l

q). (1)

where g2s ≡ 4παs is the strong coupling con-
stant, Cq/g are the Casimir constants for
quarks and gluons. The quark distribution
function gets modified in presence of external
anisotropic magnetic field to:

f l
q =

1

exp (βEl
f ) + 1

, (2)

where the Landau quantized dispersion re-

lation reads as El
f =

√
k2z +m2

f + 2l|qfeB|,
with l = 0, 1, 2, .. being the number of Landau
levels and qf = + 2

3 ,−
1
3 being the fractional

charge of the u and d quarks respectively. To
consider the effect of IMC near transition tem-
perature at finite eB we can also build a con-
nection between the medium dependent quark
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FIG. 1: Variation of the Debye mass (mD) with
temperature for different values of magnetic fields
eB = 0.2 (black solid line), 0.4 (dash line), 0.6
(dotted line) GeV2
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FIG. 2: Variation of the imaginary part of poten-
tial with separation distance r between QQ̄ for
various values of magnetic field T = 100 MeV.

massMf (T, eB) and LQCD predicted conden-
sates ⟨qq̄⟩f (T, eB) as Mf (T, eB) = Mf (T =
0, eB = 0)× ⟨qq̄⟩f (T, eB) +mf

≈ Mf (T = 0, eB = 0) × ⟨qq̄⟩f (T, eB). In the
calculation effective masses of quarks are con-
sidered.

Results
In the result section we will start with the

Debye mass which carries the MC and IMC
profiles through the medium dependent con-

stituent quark mass. In the Fig. 1, we have
plotted the variation of the Debye mass with
T for different values of magnetic fields, i.e.
eB = 0.2 (black solid line), 0.4 (dashed line),
0.6 (dotted line) GeV2. Whereas, the Fig. 2
shows the variation of the imaginary part of
the potential with the separation distance (r)
for different values of magnetic field (eB =
0, 0.2 GeV2 and 0.4 GeV2) at T = 100 MeV.
As we can see from the figure that magnitude
of the imaginary part of the potential increases
with the increase in magnetic field and hence
it provides more contribution to the thermal
width obtained from the imaginary part of the
potential. This study incorporated two im-
portant ingredients: inverse magnetic cataly-
sis information and all Landau level summa-
tions within the Debye mass.
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