
Photon Neutrino Interaction in a Charge Neutral
Magnetized Medium

Ankur Chaubey 1,∗ Damini Singh1,† Rajeev Ratn
Jaiswal1,‡ Venktesh Singh2,§ and Avijit K. Ganguly1¶

1Institute of Science, Department of Physics,
Banaras Hindu University, Varanasi-221005, U.P., INDIA and

2 Department of Physics, Central University of South Bihar, Gaya-824246, Bihar, INDIA

1. Introduction
In the standard model the null electric

charge of neutrinos (ν) are protected by the
absence of gauge anomaly. However in the ex-
tension of standard model neutrinos can have
intrinsic charge but we are not considering the
same here. We are estimating the induced
charge on ν (Dirac neutrino) due to medium
effects. As far as their astrophysical appli-
cation is concern, the rotating dipole field of
stars generate an electric field E∥ [1]. The
neutrinos can interact with this electric field
through their induced charge. Thus screening
the same. On the other hand, if this is true
then the electric field of bare strange star may
get screened by in medium charged neutrinos.
There may be other astrophysical or cosmo-
logical implications of the same but we do not
discuss them here.

2. Neutrino Charge
Intuitively as a neutrino moves inside a

thermal medium composed of electrons and
positrons, they interact with these back-
ground particles. The background electrons
and positrons themselves have interaction
with the electromagnetic fields, and this fact
gives rise to an effective coupling of the neu-
trinos to the photons. Under these circum-
stance’s the neutrinos may acquire an “effec-
tive electric charge” through which they inter-
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FIG. 1: One-loop diagram for the effective elec-
tromagnetic vertex of the neutrino in the limit of
infinitely heavy W and Z masses.

act with the ambient plasma.
The effective charge of the neutrino has

been evaluated previously in [2–6]. In this
paper we concentrate upon the effective neu-
trino photon vertex (at zero chemical poten-
tial) coming from the vectorial part of the in-
teraction. From there we estimate the effec-
tive charge of the neutrino inside a magnetised
medium. The effective neutrino photon in-
teraction in the effective Lagrangian becomes
possible due to the polarisation tensor Πµν ,
which we have used in this estimates.

For momenta small compared to the masses
of the W and Z bosons the leading order ex-
pression of the vertex Γν in Fermi constant,
GF is given by:

Γν = − 1√
2e

GF γ
µ(1− γ5) (gVΠµν + gAΠ

5
µν) ,(1)

Where the coupling constants for electron
neutrinos,

gV = 1− (1− 4 sin2 θW)/2, (2)
gA = −1 + 1/2 (3)
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and for muon and tau neutrino,
gV = −(1− 4 sin2 θW)/2, (4)
gA = 1− 1/2 (5)

This vertex is obtained by evaluating the
Feynman diagram provided in Fig.[1]. The ef-
fective charge of the neutrinos is defined in
terms of the vertex function by the following
relation [2]:

eeff =
1

2q0
ū(q)Γ0(k0 = 0,k → 0)u(q) (6)

when,

Γ0 = −
(
GF gV√

2e

)
γ0(1− γ5)ΠL(0,k → 0). (7)

Finally using the properties of the Dirac
spinors, for massive fermions;

eeff = −GF gV√
2e

ΠL(0,k → 0)

(
1− λ|k|

ω

)
, (8)

= −GF gV√
2e

(Π
(eB)0

L +Π
(eB)2

L )

(
1− λ|k|

ω

)
.

(9)
Where ΠL is the form factor of the longitudi-
nal part of the polarization tensor Πµν . The
terms Π(eB)0

L and Π
(eB)2

L are the magnetic field
independent and dependent part of ΠL respec-
tively. The expression of Π

(eB)0

L and Π
(eB)2

L
are obtained as:

Π
(eB)0

L = − e2m2
e

1.68π
3
2

(
T

me

) 1
2

e−
√

2me
T F(θ),(10)

Π
(eB)2

L = − e2m2
e

1.68π
3
2

(me

T

) 3
2

(
eB

m2
e

)2

e−
√

2me
T

× F(θ). (11)
Where the term F(θ) is an angle dependent
factor that may arise due to the rotational
symmetry breaking introduced by the exter-
nal magnetic field.

For ultra-relativistic neutrinos, the effective
charge comes out as:

eeff =
GF gV√

2e

e2m2
e

1.68π
3
2

√
2me

T
F(θ) (1− λ)

×

[(
T

me

) 1
2

+
(me

T

) 3
2

(
eB

m2
e

)2
]
.(12)

Now, the coulomb force (FC) experienced
by the neutrinos due to this effective charge
eeff , in the magnetosphere of a compact star,
is FC = eeffE∥, where the electric field E∥ is
given by[1]:

E|| ∼
1

8
√
3
(ΩRNS)

5
2 B

√
2RNS

r
. (13)

In eqn. (13), B is the surface magnetic field
of the compact object.

The ν, ν̄ pair production rate due to this elec-
tric field via Schwinger mechanism would then
be given by [8]:

Γγ→ν,ν̄ =
e2effE∥B

4π2
coth

(
πB

E∥

)
e
− πm2

ν
eeffE∥(14)

For an old compact object like hypothetical
strange star, these medium induced neutrino
charge stands a chance to screen the electric
field (E∥) of the star. We would like to explore
some of these issues in future.
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