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Introduction

One of the main objectives of relativistic
heavy ion collision (HIC) at LHC and RHIC
is to study the strongly interacting nuclear
matter. This novel state of matter created in
HIC is very short-lived (∼ few fm/c) highly re-
stricting any possibility of direct observation.
Thus one has to rely on indirect observables
such as electromagnetic (EM) probes (pho-
tons, dileptons). The EM probes can only par-
ticipate in electromagnetic interaction. Ow-
ing to the large mean free path comparing
with the typical size of the system, it can
leave the system without further interaction.
So EM probes can carry unaltered informa-
tions where produced. However, as the system
cools down, it is expected that hadronic mat-
ter will be generated from quark-gluon-plasma
(QGP) via a phase transition or crossover.
This hadronic phase has also substantial con-
tribution on the dilepton production in the low
invariant mass region. It is found in recent
studies that a very strong transient (decays
within∼ few fm/c) magnetic fields of the or-
der ∼ 1018 Gauss or larger might be generated
in non-central collision of two heavy nuclei
due to the receding spectators. However, the
presence of finite electrical conductivity of the
medium (both QGP and hadronic) can delay
the decay process of the magnetic field. There
are broad discussions on dilepton production
in literature from QGP medium with back-
ground magnetic field in different approaches.

In this presentation, we calculate dilepton
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production rate (DPR) from a magnetized
hot hadronic medium in terms of the spec-
tral function of rho meson. The spectral func-
tion is obtained from the electromagnetic cur-
rent correlation function evaluated using real
time formalism (RTF) in the scheme of ther-
mal field theory (TFT).

Formalism
The DPR per unit four momentum vol-

ume per unit space-time volume in terms of
the thermo-magnetic spectral function of the
ρ meson i.e. A(q;T,B) = − 1

3g
µνIm Dµν is

given by[1]
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α is fine structure constant, fBE(x) is Bose-
Einstein distribution function, mρ is bare
mass of ρ meson, Fρ is coupling constant
between the ρ meson and photon field and
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q2 , ml is the lep-

tonic mass. The spectral function contains
imaginary part of thermo-magnetic complete
ρ meson propagator Im Dµν which is most sig-
nificant component in the estimation of DPR
and determines the thresholds as well as the
intensity of dilepton emission. We have cal-
culated complete ρ meson propagator Dµν

by solving Dyson-Schwinger equation (Eq. 2)

in terms of bare ρ-propagator D
(0)

µν and the
analytic thermo-magnetic self-energy function

Π
αβ

.

Dµν = D
(0)

µν +D
(0)
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Dβν (2)

The ρ-meson self-energy is obtained in
thermo-magnetic background (without any

Proceedings of the DAE Symp. on Nucl. Phys. 66 (2022) 972

Available online at www.sympnp.org/proceedings



10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

 0  0.2  0.4  0.6  0.8  1

qz=250 MeV

T=130 MeV

(a)

D
P

R
 =

 d
N

/d
4
X

d
4
q
 (

fm
-4

G
eV

-4
)

Invariant Mass (GeV)

eB=0.0 GeV
2

eB=0.05 GeV
2

eB=0.10 GeV
2

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

 0  0.2  0.4  0.6  0.8  1

qz=250 MeV

T=160 MeV

(b)

D
P

R
 =

 d
N

/d
4
X

d
4
q
 (

fm
-4

G
eV

-4
)

Invariant Mass (GeV)

eB=0.0 GeV
2

eB=0.05 GeV
2

eB=0.10 GeV
2

FIG. 1: Dilepton production rate (DPR) as a
function of invariant mass : (a) T= 130 MeV and
(b) T= 160 MeV.

approximation on the strength of magnetic
field) considering the effective field theoretic
Lagrangian[2]

Lint = −gρππ (∂µρν) · (∂µπ × ∂νπ) . (3)

gρππ is the coupling constant of the interac-
tion. We have used Schwinger method to ob-
tain the pion propagator in magnetic field for
the calculation of ρ meson self-energy. The
analytic structure of self-energy in complex
plane shows that there is a non-trivial con-
tribution coming from Landau cut in addition
to the usual Unitary cut in physical time-like

kinematic domain owing to the fact that the
charged pions occupy different Landau levels
before and after scattering with the ρ meson.
This is purely a magnetic field effect.

Numerical Results
The DPR from thermo-magnetic hadronic

matter is shown in Fig. 1. The Fig. 1 shows
dileption yield in the low invariant mass re-
gion for finite value of magnetic field due to
the presence of Landau cut. The spike-like
structure of dilepton production is observed
over the whole range of invariant mass due
to the ”threshold singularities” at each Lan-
dau level present in the spectral function of
ρ meson. The threshold of both Unitary and
Landau cuts is independent of temperature of
the medium and shifts with the magnetic field.
In thermo-magnetic medium, there exists a
forbidden gap in the dilepton production be-
tween the Landau and Unitary cut threshold
which have a width independent of tempera-
ture. The width of the forbidden gap increases
and moves towards higher value of invariant
mass with the increase of magnetic field. This
dependency on magnetic field for both Unitary
and Landau cut can be understood from the
discussion of the analytic structure of spectral
function. Comparing Fig. 1 (a) and (b), the
overall magnitude of DPR increases with the
increase in temperature as consequence of the
enhancement of the available thermal phase-
space.
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