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Introduction
• The aim of our study is to explore propaga-
tion of photons in a neutron star magnetosphere
(described by magnetized vacuum).The disper-
sion equation is modified due to the magnetized
photon self-energy in the transparency region
(0 < ω < 2me).
• the problem of light propagation in electron-
positron vacuum in the presence of a magnetic
field (B) is similar to the dispersion of light in
an anisotropic medium, where the external field
axis sets the anisotropic direction. Therefore,
the photon dispersion relation is corrected by
adding the polarization tensor.
• We are here interested in a photon time delay
process occurring in the vicinity of the source,
and unrelated with the photon interaction with
matter

Details
• We use natural units: ℏ = c = 1
• k2 = k2⊥ − ω2, photon four-momentum
• ω, frequency of the photon
• κ(i) , eigenvalues of the polarization tensor

• Bc =
m2

e

e2
= 4.41 × 1013G, Schwinger critical

field
• me = 0.511 MeV, electron mass
• Three modes of propagation: one longitudi-
nal mode i = 1, that is not physical and two
transverse ones i = 2, 3. The threshold of pair
creation of second and third modes are ω = 2me

and ω = me +
√

m2
e + 2eB, respectively [2].

Contributions
• The photon time delay was calculated starting
from a simple model of the magnetic field con-
figuration in the neutron star magnetosphere
• We found that differences between the pho-
ton time delay of γ-radiation ≲ 1 MeV is of
the order of nanosecond. This difference might
be due to the fact that more energetic photons
interact stronger with virtual electron-positron
pairs, being closer to the threshold (ω = 2me)
• A relevant result of our work is that, contrary
to the traditional time delay of photons in the in-
terstellar medium, in the present quantum elec-
trodynamical process the more energetic pho-
tons are delayed with respect to the lower ener-
getic ones.

A Future Direction
• Compare our results for the photon time delay
with observational data
• An interesting application could be the esti-
mation of the distance of radiation source taking
advantage of the different time delays of photons
with different frequencies.
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Propagation of photons in a magnetized vacuum
Radiative corrections modify the photon dispersion relation, by including the photon self-energy in
presence of magnetic field. The modified dispersion equations are

k2 = κ(i)(ω, k∥ = 0, k⊥, b = B/Bc), i = 2, 3 (1)

We consider photon propagation perpendicular to the magnetic field (k⃗ ⊥ B⃗). we consider only the
second mode i = 2, which is more relevant in the region of transparency, since it does not depend on
the magnetic field.
For a large range of frequencies, the solution of the dispersion equation corresponds to relatively
small deviations from the light-cone, k2 ≪ eB, except for values of ω2 − k2∥ extremely close to the
vacuum threshold for pair creation [2] . In this case, we can write the photon self-energy eigenvalues
as polynomials in k2, κi =

∑∞
l=0 χil(ω,B)(k2)l, where the functions χ(ω,B) are calculate in [3] . If

we truncate the first four terms of the power series, for j = 3 we obtain a cubic equation in k2, we
solve it with the aid of hypergeometric functions [4] The dispersion equation and the photon phase
velocity takes the form

k2⊥ − ω2 = −
∞∑

j2,...,jn=0

(−1)j1j1!

(j0 + 1)!j2!...jn!

χj0+1
i0 χj2

i2 ...χ
jn
in

(χi1 − 1)j1+1
(2)

where j0 = j2 + 2j3 + ...+ (n− 1)jn, j1 = 2j2 + 3j3 + ...+ njn,

vph(ω,B) =
ω

k⊥
=

(
1− k2

ω2

)−1/2

(3)
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Figure 1: Left: Phase velocity in function of the magnetic field for different frequencies Right:Dispersion
relation for selected values of the magnetic field strength

Photon time delay in magnetosphere. Results
To calculate the photons time delay when crossing the magnetosphere (magnetized vacuum), for
different energies, we consider a magnetic dipole configuration [5]:

B(r) = B0

(r0
r

)3

, (4)

where B0 and r0 are, respectively, the surface magnetic field and radius of the neutron star.
We can compute the time delay of the radiation crossing the magnetosphere of the pulsars given by
the expression

τ =

∫ r

ro

dr

vph(ω,B(r))
. (5)
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Figure 2: Left: Phase velocity as a function of the distance traveled by the photons for different frequencies
(B0 = 100Bc) Right:Time delay of photons for fixed values of frequencies (B0 = 100Bc)


