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Abstract

For the first time, we report a high polarisation fraction of 66+26
−27% across a gamma ray burst 160821A

at ∼ 5.3σ confidence level. The polarisation angle is found to swing by 80◦ twice during the burst
concurrently with the change in high energy spectrum. The change in polarisation angle is not due to the
change in width of the visible part of the jet and thereby rules out axi-symmetric emission models. The
high energetics of the burst confirm that the jet is viewed on-axis and therefore, the observed radiation
is synchrotron produced in ordered magnetic fields. The standard models of Poynting flux and baryon
dominated jets find it difficult to explain these observed features.
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1. Introduction

Gamma ray bursts (GRB) are the brightest explosions
in the universe and lasts only for a few seconds. De-
spite several decades of study of gamma ray burst, the
event largely remains a mystery till date in terms of its
jet composition, process of radiation, jet geometry, pro-
genitors etc. Attempts are made to resolve the enigma
of radiation process by studying the spectrum of prompt
emission. However, currently we face the issue of de-
generacy between various spectral models and in such
scenarios, we require more constraining observables like
polarisation. The measurement of polarisation of prompt
gamma ray emission has been an extremely challenging
endeavor because of the scarcity of incident photons as
well as due to the brevity of the event. Polarisation mea-
surements were reported for only a handful of cases (Mc-
Connell 2017; Iyyani 2018). Cadmium Zinc Telluride
Imager (CZTI) onboard AstroSat behaves like an open
detector for energies above 100 keV and thereby is capa-
ble of detecting GRBs. CZTI can measure polarisation
of GRBs in 100− 400 keV energy range (Chattopadhyay
et al. 2019).

In this proceeding, we discuss the results of the
spectral and polarimetric analyses done for the GRB
160821A and also the various physical models in this

context. GRB 160821A is the third brightest gamma ray
burst observed by Fermi gamma ray space telescope till
date in terms of its energy flux. It was also the brightest
event observed in CZTI during its first two years of its
operation.

2. Observations

The Fermi Gamma ray Burst Monitor (GBM) triggered
at 20:34:30.04 UT and the light curve included a precur-
sor emission starting from trigger time, T0 till T0 + 112 s
and a bright emission episode with a T90 of ∼ 43 s.
AstroSat-CZTI also detected the burst and only cap-
tured the main episode of the burst with a T90 of 42 s.
There was no redshift measurement for the burst. Fol-
lowing the study of host galaxies of long GRBs, and also
the constrain of possible isotropic energy, Eγ,iso for the
burst to be < 1056 erg, it is most likely that the redshift
of the GRB lies between z = 0.4 and z = 2. In Table
1, the observed spectral features of the different episodes
of the burst: precursor, main episode and afterglow, are
summarised.

3. Analysis results

The precursor emission was best modelled using a sim-
ple cutoff power law function. The emission during



Table 1. In the table below, the important observed features of GRB160821A are summarised.

Emission episode Duration [Tstart] Spectral model Details

Precursor 112 s [0 s] Cutoff power law a) No quiescent period

b) Soft emission in 8 keV - 10 MeV.

c) Fluence = 9.72 ± 0.38 × 10−6 erg/cm2

Main emission 86 s [112 s] Blackbody + Band × Highecut a) Spectrum deviates from the

traditional Band function.

c) Fluence = 1.25 ± 0.03 × 10−3 erg/cm2

Afterglow

LAT (> 100 MeV ) 1847 s [153 s] Power law a) LAT flux decays as

FLAT (mJy) ∝ t−0.49±0.13

b) Spectral power law index ∼ −1.71 ± 0.51

Optical (R band) 4 days [1759 s] - c) Optical flux peaks at tp = 2124 s.

d) Optical flux decays in the

shallow region as Fop(mJy) ∝ t−0.55±0.001.

e) A jet break possibly exists

between day 1 and 4.

Radio (15 GHz) 10 days [6840 s] - f) No Radio detection.

Only upper limits are reported.

the precursor episode amounts to an isotropic energy of
Epre

γ,iso = 5.4± 0.2× 1051 erg (2.8± 0.1× 1053 erg) for a
redshift, z =0.4 (2).
The time resolved spectral analysis of the main episode

of the burst showed significant deviations in the spec-
trum from the simple phenomenological model ”Band
function”, both at low and high energies. The spectrum
was found to be best modelled using a blackbody (BB;
kT ∼ 30 keV ) + Band × Highecut (fBHec; Band peak,
Ep ∼ 800 keV and high energy cutoff, Ec ∼ 2−50MeV ).
The evolution of the spectral fit parameters are shown
in Figure 4b in Sharma et al. (2019). The low energy
part of the spectrum characterised by low energy power
law index, α and Band peak, Ep are found to be nearly
steady. On the other hand, the high energy part of the
spectrum characterised by the high energy power law
index, β and high energy cutoff, Ec are found to signifi-
cantly vary such that β decreases and Ec increases with
time.
A fine time resolved polarisation analysis of the GRB

pulse, involving time intervals of 10 s spaced at 2.5 s were
conducted. This study showed that polarisation frac-
tion (PF) did not significantly evolve across the pulse,
however, the polarisation angle (PA) changed during the
rise, peak and decay phases of the pulse. The hard-
ness ratio of Fermi LAT LLE to GBM light curves also
showed a change during the pulse. Based on these ob-
servations, a broader time resolved polarisation analysis
was conducted, thereby dividing the main episode into
three main time intervals: 115-129 s, 131 -139 s and
142 -155 s, where these intervals corresponded to the
rise, peak and decay phases of the pulse respectively.
Polarised emission described by polarisation fractions
71+29

−41%, 58+29
−30%, 61+39

−46% and their respective polarisa-

tion angles of 110+14◦
−15 , 31+12◦

−10 , 110+25◦
−26 were measured

in first, second and third time intervals at a statistical
significance of 99.8%, 99.97% and 99.1% respectively
(Figure 2 in Sharma et al. 2019). A change in polarisa-

tion angles by 81◦±13◦ during the rise and peak phase of
the pulse, and a change by 80◦±19◦ during the peak and
decay phases of the pulse were observed. A nearly null
polarisation was obtained, when the entire pulse, for a
time interval 115-155 s was analysed. This measurement
can be understood as the result of the intrinsic change in
polarisation angles happening within the pulse. Thus, an
average polarisation, PF = 66+26

−27%, across the burst was
estimated by taking into account this change in polari-
sation angle at a statistical significance of 5.3 σ (Sharma
et al. 2019).

Afterglow data basically includes the extended LAT
and the optical emission. We find that the LAT emission
satisfies the closure relation 1 for the case of slow cooling
synchrotron emission produced in external shock occur-
ing in a uniform circumstellar medium. The emission
corresponds to the synchrotron spectral regime νm <
ν < νc, where χ should be (p − 1)/2, where p is the
power law index of the electron distribution, which is
found to be 2.42± 1.02. This spectral regime cools adi-
abatically with time such that Fν ∝ t−3(p−1)/4. For the
obtained p value, we find the expected φexp = 1.07±0.77,
which is consistent within errors of the observed tempo-
ral evolution, of φ = 0.496± 0.127 (see Table 1). Thus
using the equation for νFν of slow cooling synchrotron
emission in the case of adiabatic evolution of the shock,
given in Racusin et al. 2011, we estimate the kinetic
energy of the burst to be Ek = 6.4 × 1053 (5.5 × 1054)
erg for a redshift z=0.4 (2). The radiative efficiency of
the burst is found to be κ = 0.52 (0.87). Relating the
possible break in the decay of optical flux between day
1 and 4 to as the jet break, we estimate the jet opening
angle to be between 5−8 (2.5−4) for redshift z=0.4 (2).
The optical flux is found to peak at tp = 2124 s. This
peak time can be related to the deceleration timescale
where the Lorentz factor of the jet reduces to half its
initial value. For a uniform ambient medium, the initial

*1 general convention is Fν ∝ t−φ ν−χ



Lorentz factor of the jet, Γ, as it crashes into the ambient
medium is found to be 128 (262).

4. Discussion: Physical modelling

Any proposed physical model has to explain the following
observed features: (i) very high energetics (Eγ,iso > 1053

erg); (ii) high radiation efficiency (> 50%); (iii) non-zero
and high polarisation (PF > 30%); (iv) swing in polar-
isation angle on timescales of ∼ 10 s; (v) the concurrent
change in high energy spectrum and (vi) the weak pre-
ceding emission of ∼ 100 s.

Photospheric emission models can explain high radi-
ation efficiency, it can produce spectrum with multiple
breaks by taking into account sub-photospheric dissipa-
tion and also can produce polarisation up to ∼ 40% in
the scenario when a narrow jet is viewed off-axis (Lund-
man et al. 2014). However, the high energetics of the
burst suggest that the jet is pointed towards the ob-
server. In photospheric emission models, a change in PA
by 90◦ is expected when there is a change in the width of
the visible part of the jet and this can happen due to the
change in the velocity field distribution attributed to the
central engine. In such a change, when the visible width
of the jet increases, the PF is expected to decrease (PF
< 10%) which, however, is not observed in 160821A.
From Figure 1, we can see that when viewed on-axis,

the high PF is expected only in case of synchrotron emis-
sion produced in magnetic fields which are ordered on an-
gular scales of 1/Γ and axisymmetric emission models,
like inverse Compton scattering or synchrotron emission
produced in random magnetic fields like those expected
in internal shocks are thereby ruled out. In Poynting
flux dominated scenarios, the magnetic reconnections are
considered to be the mechanism of dissipating the mag-
netic energy of the jet, which is eventually radiated away
by the energised electrons. At reconnection site, the
magnetic fields are generally expected to get randomised,
in such a scenario, the change in PA is expected to be
random. On the other hand, if we assume that at least
a fraction of the field lines still remain ordered on an-
gular scales of 1/Γ after magnetic reconnections, even
then as discussed above the possible change in width of
the visible part of the jet cannot account for the ob-
served change in PA. In yet another scenario, we can
envisage a Poynting flux dominated jet with a dominant
toroidal component of magnetic fields at the dissipation
site results in synchrotron radiation which results in the
broad emission pulse constituting the NaI light curves.
At some later time, a blob of magnetized plasma with a
different magnetic orientation is ejected from the central
engine whose synchrotron emission now dominates and
produces the narrow emission pulse seen in the LLE light
curve. The observed emission is, thus, due to the syn-
chrotron radiation produced in ordered magnetic fields
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Fig. 1. The PF expected for different emission processes like syn-

chrotron emission in a toroidal magnetic field (StO, purple), syn-

chrotron emission in random magnetic fields (SR, black) and

Compton drag (CD, green) with respect to q = θv/θj for yj = 10

(solid line) and 1 (dotted and shaded line) are shown. In the

above models, the polarisation estimations are done for a power

law spectrum with α = −0.97 (the average α across the main

episode). The upper and lower bounds of the pink shaded region

represents the PF expected from the fast and slow cooling syn-

chrotron emission in a toroidal magnetic field for yj = 10. These

bounds are also consistent with the lowest and highest α observed

during the main episode.

but with different orientations in these regions. This can
explain the high linear polarization and depending on the
dominance of these emissions, a change in polarization
angle happens with time. In this scenario, due to dif-
ferent microphysical parameters possible at the different
emission regions, we would expect to see some change in
the low energy part of the spectrum which constitutes
the peak of the spectrum. However, here we observe a
nearly steady low energy spectrum which is quite intrigu-
ing.

Thus, GRB160821A has been an exceptional burst in
terms of its spectrum as well as polarisation measure-
ments which are highly constraining. We find that the
standard models of both Poynting flux as well as baryon
dominated outflow cannot easily explain the observa-
tions.
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