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Ongoing relativistic heavy ion collision ex-
periments opportune us to study the proper-
ties of strongly interacting matter described
by quantum chromodynamics (QCD) under
extreme conditions. For high enough collision
energies, a dense, hot and deconfined medium
dubbed as quark gluon plasma (QGP) is cre-
ated in the collision. Due to the fast motion
of two oppositely directly ions an intense mag-
netic field is created in the early stage of non-
central heavy ion collision. The energy scale
associated with this magnetic field compares
with the scale of QCD. To wit, the maximum
value of the generated magnetic field could be
as high as eB ∼ m2

π at RHIC and eB ∼ 10m2
π

at LHC respectively. Here mπ stands for the
pion mass and e is the charge of proton. An
intense magnetic field modifies the QCD vac-
uum and entails a plethora of new phenomena
- chiral magnetic effect, chiral vortical effect,
modification of phase diagram to name a few.

Correlation functions of hadronic currents
are useful tools to understand the intricate
dynamics of QCD. The corresponding spec-
tral densities carries information about in-
medium hadron properties, off-equilibrium re-
sponse and electromagnetic emissivity of the
hot plasma. In this brief report, we dis-
cuss meson spectral functions in a magnetized
quark gluon plasma. For similar calculation
in the case of non-magnetized hot plasma see
[1, 2]. We will restrict ourselves to O

(
α0
s

)
as far as the QCD corrections are concerned.
Here αs is the strong coupling constant. The
electromagnetic interaction is included to all
orders by construction. Furthermore, we take
meson transverse momentum to be zero. This
allows certain simplification in the calculation

∗Electronic address: purnendu.chakraborty@gmail.

com

in that all the momentum integration can be
calculated explicitly and the summation over
discrete Landau levels is reduced to a bare
minimum.

Formalism
The hadronic current is given by

JH (τ, ~x) = q̄ (τ, ~x) ΓHq (τ, ~x) where
ΓH = 1, γ5, γµ, γ5γµ, γ0 for scalar (S),
pseudoscalar (PS), vector (V), pseudo-vector
(PV) and charge density correlator re-
spectively. We assume a time independent
background magnetic field along +z direction.
The background field breaks the isotropy of
space and the finite temperature correlation
function in an obvious notation is given by,

Gβ (τ, x⊥, z) = 〈JH (τ, x⊥, z) JH (0, 0⊥, 0)〉β

= T
∑
P

∫
e−i(ωnτ−~p·~x)Gβ (ωn, p⊥, pz) (1)

Let us define the spectral density
σH (ω, p⊥, pz) as, ,

Gβ (ωn, p⊥, pz) =

∫ +∞

−∞
dx
σH (ω, p⊥, pz)

x− iωn

⇒ σH (ω) =
1

π
=Gβ (iωn = ω + iε) (2)

The correlation function is obtained from
the convolution of the fermion propagators in
an external field which can be written as,

S̃f (x, x′) = eχ(x,x′)
∫

d4k

(2π)
4 e
−ik(x−x′)Sf (k) .

(3)
Here Sf (k) is the translation and gauge invari-
ant part of the fermion propagator in a back-
ground potential Aext

µ (x). The phase factor
χ (x, x′) is responsible for breaking of gauge
and translation invariance. Explicit form of
χ is irrelevant here. It drops out in a gauge
invariant calculation.
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Let us assume a constant magnetic field
along z direction. Sf can be decomposed as
sum over projections over the discrete Landau
levels,

iSf (k) = ie−ρ
∞∑
n=0

(−1)
n
Dn∆n

f

Dn

(
k‖, k⊥

)
= 2

(
/k‖ +m

) (
P−Ln (2ρ)

− P+Ln (2ρ)
)
− 4/k⊥L

1
n−1 (2ρ)

∆n
f

(
k‖
)

=
(
k2‖ −m

2 − 2n |qfB|
)−1

. (4)

We decompose the four vectors into com-
ponents ‖ and ⊥ to magnetic field, aµ =
aµ‖ + aµ⊥, where aµ‖ =

(
a0, 0, 0, a3

)
and aµ⊥ =(

0, a1, a2, 0
)
. The metric tensor is gµν =

gµν‖ + gµν⊥ , where gµν‖ = diag (1, 0, 0,−1) and

gµν‖ = diag (0,−1,−1, 0). The scalar product

is a · b = (a · b)‖ + (a · b)⊥ where (a · b)‖ =

a0b0− a3b3 and (a · b)⊥ = −
(
a1b1 + a2b2

)
. qf

is the charge of the fermion and ρ = k2
⊥/|qfB|.

P± = 1
2

(
1± iγ1γ2sgn (|qfB|)

)
are spin pro-

jection operators along the magnetic field di-
rection. Lαn are associated Laguerre polyno-
mials. Ln = 0 if n < 0.

The one loop polarization tensor is cal-
culated using (4) in various channels. For
brevity, we quote here the result for spectral
density in pseudoscalar channel which can be
written as

σps (ω, pz) =
|qfB|
4π2

∑
r,f

(2− δr,0)
1√

1− 4ε2r
s‖

×
(
1− nf

(
ω+
r

)
− nf

(
ω−r
))
. (5)

Here, ε2r = m2
f + 2 |qfB|, ω±r =

1
2

(
ω ± pz

√
1− 4ε2r

s‖

)
and s‖ = ω2 − p2z.

We considered here only light flavors f = u, d
in the chiral limit. It is to be noted that
in the chiral limit scalar and pseudoscalar
spectral functions are same even in presence
of the magnetic field, σps = σs.

In Fig.1, we display the results for pseu-
doscalar spectral function in the quark gluon
plasma for a representative value of the mag-
netic field eB = 6m2

π. For clarity we show
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FIG. 1: Pseudoscalar spectral function in the chi-
ral limit in a magnetized quark gluon plasma for
Nf = 2. Only annihilation contribution is shown.
T = 200 MeV and pz = T .

here only the annihilation contribution. We
find that the presence of magnetic field sub-
stantially modifies the shape of the spectral
function. The sawtooth pattern in the spec-
trum is generated due the threshold singular-
ity at each Landau level. We also show results
for lowest Landau level approximation which
can be read off from (5) by setting r = 0.
Let us emphasize that LLL approximation is
only valid for low frequency region and fails
to reproduce the shape of the spectral func-
tion away from the threshold.

Outlook

The present work should be extended in
many ways. First of all, the transverse dy-
namics must be allowed and QCD correction
should be included. It will be interesting to
investigate in the present framework glueball
and baryonic correlators. These are works in
progress and will be reported elsewhere.
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