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Introduction

The study of the properties of mesons in
presence of magnetic field has become an
interesting topic of contemporary research.
[1, 2]. Such investigations are important for
the study of magnetars [3], color supercon-
ducting phases in the core of neutron stars
[4, 5] etc. The other domain of applicability is
RHIC.
In this work, we re-visit the pion propaga-

tion in presence of weak magnetic field [6].
The main ingradient of our calculation is the
nucleon propagator in presence of magnetic
field. Schwinger’s proper time formalism [7]
has been invoked to derive the nucleon prop-
agator in presence of background magnetic
field. We restricted our calculation to the one
loop order for pion self energy using a phe-
nomenological pion-nucleon (πN) interaction
Lagrangian.

Formalism

In the limit of weak magnetic field (B) the
nucleon propagator can be written as [8]:

S(k) = S(0)(k) + eB S(1)(k) + (eB)2 S(2)(k)

+ O((eB)3) (1)

with

S(0)(k) =
k/+m

k2 −m2
(2)
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is the free fermionic propagator and

S(1)(k) =
iγ1γ2(γ.k|| +m)

(k2 −m2)2
(3)

S(2)(k) =
−2k2⊥

(k2 −m2)4

× [k/+m− γ.k⊥
k2⊥

(k2 −m2)] (4)

are the corrections to the propagator due to
weak magnetic field. In deriving the above
propagator we choose the z-axis as the direc-
tion of magnetic field. We define k2|| = k20−k2z ,

k2⊥ = k2x+k2y and σ3 = iγ1γ2. The pion self en-
ergy of one loop order can be calculated from

Π(q) = −i

∫

d4k

(2π)4

× Tr[Γ(q)Sa(k)Γ(−q)Sb(k + q)] (5)

where the subscripts a, b denote either p (pro-
ton) or n (neutron). q and k are pion and nu-
cleon four momenta, respectively. The vertex
factor of πN interaction is denoted by Γ(q).
For simplicity we use mp = mn = m. In case
of pseudoscalar interaction the vertex factor
for neutral pion is Γ(q) = −iγ5gπ and gπ is

replaced by
√
2gπ for charged pions. gπ is

the pion-nucleon coupling constant. For pseu-
dovector interaction Γ(q) = (−i)gπ

m
γ5q/.

In the expression of pion self energy we keep
the terms upto (eB)2 and all the higher or-
der terms have been neglected. It can be
shown that the terms proportional to eB in
Eq.(5) have vanishing trace. Thus the self en-
ergy Π(q) contains a term without magnetic
field and the terms quadratic in magnetic field.
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The term without magnetic field is found di-
vergent and we have applied dimentional regu-
larization to isolate the divergent parts. Then
proper renormalization cures the divergence
and the self energy becomes finite. The terms
proportional to (eB)2 appear as the correction
to the self energy due to weak magnetic field.
After calculating the pion self energy one

can easily find the dressed pion propagator
which is obtained by resumming the pion self-
energy using the Dyson-Schwinger equation,

D(q) = D0(q) +D0(q)Π(q)D(q), (6)

where D0(q) = (q2 − m2
π + iǫ)−1 is the bare

propagator and Π(q) is the pion self energy.
The effective propagator can be written as,

D(q) =
1

[D0(q)]−1 −Π(q)
(7)

Note that the pole of the effective propagator
D(q) determines the dispersion pion relation
and effective mass of the pion is given bym∗

π =
√

m2
π +Π(q = 0).

Results

In Fig.(1) and (2) we present variation of
effective mass of pion as a function of magnetic
field for pseudoscalar (PS) and pseudovector
(PV) pion-nucleon interaction, respectively. It
is observed that for PS interaction, effective
mass of pion decreases with the increase of
magnetic field strength, while it increases for
PV interaction.

Summary and Discussions

We have re-visited the modification of pion
mass in presence of weak magnetic field. We
have used Schwinger’s proper time method
for deriving fermion propagator in presence of
background magnetic field and calulated pion
self energy of one loop order. The effect of the
external magnetic field appears as correction
of order (eB)2 over the vacuum contribution
to the pion self energy. It is observed that
the modification of pion mass due to magnetic
field is marginal both for PS and PV interac-
tions.
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FIG. 1: Effective pion mass as a function of mag-
netic field (PS coupling).
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FIG. 2: Effective pion mass as a function of mag-
netic field (PV coupling).
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