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Abstract

Polarization has been detected in several GRB afterglows. After about a few days, afterglow emission
originates from the forward shock and therefore depends on the ISM magnetic field configuration. Until
now, the magnetic field behind the forward shock was considered to be random when modeling the polar-
ization. However the ISM magnetic field most likely consists of both ordered and turbulent components.
Here we propose to consider a more realistic configuration for the ISM magnetic field and investigate its
impact on the polarization curves.
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1. Introduction

Gamma ray burst (GRB) polarization plays a key role
in discriminating between GRB scenarios. Indeed, the
polarization depends both on the geometry of the jet
and the magnetic field configuration which are hardly
distinguishable using light curves alone. The last year
has been very rich for GRB polarization measurements,
with detections of the prompt emission (Zhang et al.
2019) and both the early (Laskar et al. 2019; Jordana-
Mitjans et al. 2019) and late afterglow (Corsi et al. 2018).
While the polarization from the reverse shock depends on
the ejecta magnetic field configuration, the polarization
arising from the forward shock depends on the magnetic
field configuration of the interstellar medium (ISM) in
the GRB’s vicinity.

Until now, the magnetic field behind the forward shock
has been assumed to be a random field confined to
the plane of the shock in afterglow polarization mod-
els (Ghisellini & Lazzati 1999; Sari 1999; Granot &
Königl 2003; Rossi et al. 2004; Gill & Granot 2018). In
some cases, the random field was also considered to be
anisotropic (Sari 1999; Granot & Königl 2003; Gill &
Granot 2018). However, the ISM magnetic field more
likely consists of both ordered and random components
(Boulanger et al. 2018; Planck Collaboration et al. 2016).

Here we first consider a random magnetic field and
then a more realistic configuration having both an or-
dered and a random component. We compute the polar-
ization curves for both magnetic field configurations.

2. A brief description of the model

2.1. Afterglow model

In this section, we present a very succinct description of
our semi-analytical model, a more complete description
will be presented soon (Teboul & Shaviv 2020).

The evolution of the jet is assumed to follow the Bland-
ford and McKee’s self similar solution for a spherical rela-
tivistic blast wave expanding into a cold medium, assum-
ing an adiabatic flow. We also assume that the magnetic
field gets a fixed fraction of the internal energy every-
where behind the shock, and that the electrons acquire
a powerlaw distribution in energy, immediately behind
the shock. We calculate the co-moving frame luminos-
ity assuming synchrotron emission (Granot & Sari 2002).
Photons emitted towards different directions, at an an-
gle θ̃ from the line of sight (LOS) will arrive at different
times, given by:

t = tlab −
r

c
cos θ̃. (1)

Moreover, we also need to take into account the aber-
ration of light. If the angle between the observer and
the patch is θ in the observer frame, then by Lorentz
transformation of the angles, it becomes θ′ in the fluid
frame:

cos(θ′) =
cos(θ)− β

1− β cos(θ)
. (2)

To compute the polarization curve, local polarization
vectors obtained in the frame of the fluid are summed
over equal arrival time surfaces.



Fig. 1. Polarization curves for a random field in the plane of the shock,

for different observer angles. The parameters are Eiso = 10
52erg,

θ0 = 10
◦, n = 1 cm3, ǫe = 0.01, ǫB = 0.005, p = 2.5, and

ν = 7 · 10
14Hz.

2.2. Magnetic field configurations

Compression in one direction of a volume of an initially
entangled random magnetic field generates a magnetic
field confined to the plane of the shock (Laing 1980).
A more realistic ISM magnetic field will however in-

clude also an ordered component, such that:

B = B0 +Brand, (3)

with B0 the large scale ordered component and Brand

the random component.
Compression of such a field induces a magnetic field

behind the shock that has both an ordered and a random
component.

3. Polarization curves

3.1. Polarization curves for a random field

For a magnetic field confined to the plane of the shock,
the polarization curves we obtain for different observer
angles are shown in fig. 1.
If θobs < θ0, we find that there are two polarization

maxima while the direction of polarization rotates by
90◦. However, if θobs > θ0, we see that the larger the ob-
server angle is, the later and stronger is the polarization
peak. These results are similar to those found by (Rossi
et al. 2004; Granot & Königl 2003; Ghisellini & Lazzati
1999).

3.2. Polarization curves for an ordered and random field

For a magnetic field behind the shock that has both or-
dered and random components, the polarization curves
we obtain for different observer angles are shown in fig. 2.

Fig. 2. Polarization curves for a magnetic field with both ordered

and random components for different observer angles. The other

model parameters are the same as in fig. 1.

The random component considered here has a root mean
square value that is twice as large as the ordered field.

The polarization evolution qualitatively resembles the
evolution in the case with only a random component.
However, there are a few quantitative differences that
could allow one to discriminate between magnetic field
configurations from observations.

For θobs ≤ θ0, the polarization with an ordered com-
ponent is generally between 10% and 20%, while it is less
than 10% for the cases without an ordered component.

For θobs > θ0, the polarization peaks are the same with
and without the ordered component. However, the po-
larization outside of the peak region is generally larger
in the presence of an ordered component. When the
magnetic field also has an ordered component, the po-
larization is larger than 10% after just a few hours and
remains larger than 10% even after 103 days.

4. Summary

We used the semi analytical model for GRB afterglows
that we developed to investigate the impact of different
magnetic field configurations on GRB afterglow polar-
ization arising from the forward shock. We compared a
more realistic configuration of the ISM magnetic field to
a random field confined to the plane of the shock, which
is the configuration assumed in previous modeling of po-
larization arising from forward shock. We found that
a magnetic field having both an ordered and a random
component does not change the qualitative polarization
evolution. However, with a magnetic field that also has
an ordered component, the polarization is larger for ob-
servers that are outside or inside the jet, making it a



possibly detectable signature of such a magnetic field
configuration.

References

Boulanger, F., Enßlin, T., Fletcher, A., et al. 2018,
JCAP, 2018, 049

Corsi, A., Hallinan, G. W., Lazzati, D., et al. 2018,
ApJL, 861, L10

Ghisellini, G., & Lazzati, D. 1999, MNRAS, 309, L7
Gill, R., & Granot, J. 2018, MNRAS, 478, 4128
Granot, J., & Königl, A. 2003, ApJL, 594, L83
Granot, J., & Sari, R. 2002, ApJ, 568, 820
Jordana-Mitjans, N., Mundell, C. G., Kobayashi, S., et

al. 2019, arXiv e-prints, arXiv:1911.08499
Laing, R. A. 1980, MNRAS, 193, 439
Laskar, T., Alexander, K. D., Gill, R., et al. 2019, ApJL,

878, L26
Planck Collaboration, Aghanim, N., Alves, M. I. R., et

al. 2016, A&A, 596, A105
Rossi, E. M., Lazzati, D., Salmonson, J. D., et al. 2004,

MNRAS, 354, 86
Sari, R. 1999, ApJL, 524, L43
Teboul, O., Shaviv N. J. 2020, in preparation.
Zhang, S.-N., Kole, M., Bao, T.-W., et al. 2019, Nature

Astronomy, 3, 258


