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Introduction

Chun Shen

Dilepton as a probe:
Dileptons are emitted during all the stages of the expanding fireball.
Provide unaltered information about their production channels.

https://web2.ph.utexas.edu/~coker2/index.files/littlebang.htm


Introduction Magnetic field produced in HIC

Possibility to generate very strong magnetic field in non-central or asymmetric HIC
experiment. ⇒ K. Tuchin

arXiv:2111.01607 arXiv:1603.08226v1

LHC : eB ≈ 1014 T; RHIC : eB ≈ 1013 T

https://downloads.hindawi.com/journals/ahep/2013/490495.pdf
https://arxiv.org/abs/2111.01607
http://arxiv.org/abs/1603.08226v1


Formalism: DPR from hadronic medium

Interaction Lagrangain:

Lint(x) =
{
jlµ(x) + Jhµ (x)

}
Aµ(x)

with jlµ(x) = eψ̄(x)γµψ(x) and Jhµ (x) = Fρmρρµ(x)

The dilepton production rate:
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Spectral Function

Dyson-Schwinger equation to obtain ρ0 propagator Dµν is

D
µν = D

µν
(0) −D

µα
(0)ΠαβD

βν

where
D
µν
(0)(q) =

(
−gµν + qµqν

m2
ρ

)
−1

q2 −m2
ρ + iε



Spectral function: Rho meson thermomagnetic self-energy

Interaction lagrangian for ρ0 self-energy

Lint = −gρππ (∂µρν) · (∂µπ × ∂νπ)

The one-loop thermomagnetic self-energy

Πµν
11 (q, T,B) = i

∫
d4k

(2π)4N
µν(q, k)DB

11(k)DB
11(p = q + k)

where
Nµν(q, k) = g2

ρππ

[
q4kµkν + (q · k)2qµqν − q2(q · k) (qµkν + qνkµ)

]



Spectral function: Rho meson thermomagnetic self-energy

In thermomagnetic background, charged pion propagator is

DB
11(k) =

∞∑
l=0

2(−1)le−αkLl(2αk)
[

−1
k2
‖ −m

2
l + iε

+ 2πiη(k · u)δ(k2
‖ −m

2
l )
]

Landau level dependent pion mass,

ml =
√
m2
π + (2l + 1)eB



Spectral function: Analytic structure ρ0 self-energy at q⊥ = 0

Unitary-IUnitary-II Landau
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√
q2
z + 4(m2
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√
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Spectral function: Lorentz structure of self-energy

Finite Temperature and Non-zero Magnetic field
Two independent four-vector bµ (due to magnetic field) and uµ (medium
four-velocity) along with qµ and gµν . Set of 7 independent symmetric tensors:

gµν , qµqν , uµuν , bµbν , qµbν , qµuν + qνuµ, uµbν + bµuν

The Ward-Takahashi Identity qµΠµν(q) = 0 further reduce the number of
independent basis tensors to four.
The choice of orthogonal basis tensors is

PµνA =
(
gµν − qµqν

q2 − ũµũν

ũ2 − b̃µb̃ν

b̃2

)
, PµνB = b̃µb̃ν

ũ2 ,

PµνC = 1√
ũ2ũ2

(
ũµb̃ν + ũν b̃µ

)
, PµνL = ũµũν

ũ2

with b̃µ = bµ − q·b
q2 q

µ − b·ũ
ũ2 ũ

µ



Spectral function: Lorentz structure of self-energy

Lorentz decomposition of the self-energy

Πµν(T,B) = ΠAP
µν
A + ΠBP

µν
B + ΠCP

µν
C + ΠLP

µν
L

By solve Dyson-Schwinger equation, the complete thermomagnetic ρ0

propagator is

D
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P
µν
A

q2−m2
ρ+ΠA

+
(q2−m2

ρ+ΠL)Pµν
B(

q2−m2
ρ+ΠB

)(
q2−m2

ρ+ΠL
)

−Π2
C

−
ΠCP

µν
C(

q2−m2
ρ+ΠL

)(
q2−m2

ρ+ΠB
)

−Π2
C

+
(q2−m2

ρ+ΠB)Pµν
L(

q2−m2
ρ+ΠB

)(
q2−m2

ρ+ΠL
)

−Π2
C

− qµqν

q2m2
ρ



Numerical Result: Spectral funtion, q⊥ 6= 0
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Numerical Result: Spectral funtion, q⊥ = 0
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Numerical Result: Dilepton production, q⊥ 6= 0
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Numerical Result: Dilepton production, q⊥ = 0
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Summary

We have presented an analysis of dilepton production from magnetized hot hadronic
medium. The principal component is the in-medium thermomagnetic spectral
function of ρ0.
The spectral function has been obtained by solving Dyson Schwinger equation.
The thermomagnetic ρ0 self-energy is calculated in employing the RTF of TFT.
The analytic structure is investigated in the complex energy plane.
A non-trivial Landau cut has been found in the physical kinematic domain in
addition to the usual contribution coming from the Unitary cut.
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Spectral function: Rho meson thermomagnetic self-energy

Im Πµν(q, T,B) = − tanh
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∞∑
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nl (q, k0 = −ωlk, kz)Θ

(
q0 −

√
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Spectral function: Rho meson thermomagnetic self-energy

Nµν
nl (q, k‖) =

∫
d2k⊥

(2π)2 Ñ
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Spectral function: Lorentz structure of self-energy

Lorentz decomposition of the self-energy

Πµν(T,B) = ΠAP
µν
A + ΠBP

µν
B + ΠCP

µν
C + ΠLP

µν
L

The form factors comes out to be

ΠL = 1
ũ2uµuνΠµν , ΠA = (gµνΠµν −ΠL −ΠB)

ΠC = 1√
ũ2b̃2

{
uµbνΠµν − (b · ũ)ΠL

}
ΠB = 1

b̃2

{
bµbνΠµν + (b·ũ)2

ũ2 ΠL − 2 b·ũ
ũ2 uµbνΠµν

}
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