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Abstract

Linear polarisation measurement of the prompt emission of Gamma-ray Bursts (GRBs) is a powerful
tool, in addition to spectral analysis, to strongly constrain the radiation process, observing geometry
and the composition of GRB outflows. AstroSat Cadmium Zinc Telluride Imager (CZTI) provides a
unique opportunity of studying the hard X-ray polarisation in 100-400 keV range. This paper presents the
results of spectro-polarimetric analysis of GRB 160325A and GRB 160821A. GRB 160325A is observed
by the CZTI in its main FOV. With composite modelling of polarisation, spectrum and the afterglow
lightcurve, we infer that the two observed pulses of emission originate from the photosphere with localized
dissipation happening below it and from the optically thin region above the photosphere, respectively. The
photospheric emission is dominantly produced by inverse Compton scattering, whereas the emission in the
optically thin region is produced by the synchrotron process. GRB 160821A is the third most energetic
burst detected by the Fermi gamma-ray space telescope. Based on the observations made by CZTI, we
find conclusive evidence of (i) high linear polarization, and (ii) variation of its polarization angle with time.
These observations strongly suggest synchrotron radiation produced in a magnetic field which is highly
ordered on angular scales of 1/Γ.
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1. AstroSat/CZTI GRBs detection

The Cadmium Zinc Telluride Imager (CZTI), onboard
AstroSat, is actively detecting GRBs in hard X-rays since
2015, September. It is capable of detecting both type of
GRBs: short and long. Example of, lightcurves of GRBs
observed by CZTI are presented in Figure 1. A routine
search of GRBs reported in GCN circulars as well as
blind searches is performed. For every GRB detection,
the GRB parameters are presented in the AstroSat GRB
archive page1 and reported in a GCN circular.

1.1. CZTI as Polarimeter

CZTI is capable of detecting Compton events in 100-
400 keV energy range (Chattopadhyay et al. 2014). For
bright bursts with significant Compton events, the linear
polarisation measurements are conducted using informa-
tion of Compton scattered photons. For polarised emis-
sion, the azimuthal distribution of Compton scattered

*1 http://AstroSat.iucaa.in/czti/?q=grb
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Fig. 1. Lightcurve of short GRB 181121A (T90 ∼ 1.4s) and long GRB

180112A (T90 ∼ 209s) detected by AstroSat/CZTI are shown in

left and right panel, respectively.
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Fig. 2. The evolution of parameters for spectral models:

blackbody+Cutoff-powerlaw during the first episode and

Cutoff-powerlaw during the second episode are shown.

photons is non-uniform, whereas, an unpolarised beam
of photons tends to show uniform azimuthal distribution.

In recent times, the following improvements have been
implemented in the polarisation measurements done by
CZTI: (a) Validation of AstroSat mass model used in
Geant4 simulations is completed using detector plane
histograms (DPH), localization and spectrum - the tech-
nical details are presented in Chattopadhyay et al.
(2019); (b) For GRBs detected off-axis, experimental
verification is done using the ground qualification model
of CZTI; (c) There are two methods of measuring polar-
isation; one is a sinusoidal curve fit to the observed az-
imuthal distribution. Another is a comparison of the ob-
served azimuthal distribution with simulated azimuthal
distributions. We have opted for the first approach in
our work, also have verified that the second method too
yields consistent results. (d) With enhanced software
capability, the energy range of measuring polarisation is
extended up to 600 keV.

2. GRB 160325A: Spectro-Polarimetric studies

GRB 160325A was observed by Neil Gehrels Swift Ob-
servatory, AstroSat/CZTI and Fermi space observato-
ries from a few keV to GeV energy ranges. The prompt
emission of the burst consisted of two distinct emission
episodes separated by a quiescent/mild activity period.

2.1. Time-resolved spectrum and polarisation analysis

A Joint time-resolved spectral analysis was performed
using the data from Neil Gehrels Swift Observa-
tory/BAT and Fermi/GBM. The first episode of the

burst was best fitted with a black-body (BB) +

Cutoff-powerlaw (Cpl) model. The fit results are pre-
sented in Figure 2. The Cpl photon index (α) was found
to increase with time. This is in contrast to the classi-
cal fireball model, where the presence of a thermal com-
ponent results in a softening of α with time. On the
other hand, the second emission episode was best fit us-
ing a Cutoff-powerlaw model only. The spectral index
was found to be consistent with slow-cooling synchrotron
emission.

Due to the scarcity of photons, we carried out time-
integrated polarisation measurement of each emission
episode (shaded region shown in Figure 3). We found
that the first episode was un- or weakly polarised, as
it exhibited low modulation in azimuthal distribution of
Compton scattered events. The polarisation angle (PA)
was poorly constrained. We reported an upper limit on
polarisation fraction (PF), < 37% at 1.5 σ confidence
interval (C.I.). During the second episode, however, we
detected a strong polarisation fraction with PF> 43% at
1.5 σ C.I. for two parameters of interest.

2.2. Afterglow Analysis

GRB 160325A also triggered the Neil Gehrels Swift Ob-
servatory XRT and UVOT instruments. The XRT flux
lightcurve showed the presence of a flare and a jet break.
The existence of a jet break was supported by UVOT
lightcurve in v and white filters. The energy flux de-
creased with time and was followed by a steeper de-
cline after the jet break. This indicated that the jet was
pointed towards the observer (Kumar et al. 2000). Fol-
lowing the standard afterglow modelling, the jet opening
angle was found to be 1.2◦ and the radiation efficiency
was estimated to be ∼ 11%.

2.3. Observational features and Summary

We observed a transition in the (i) spectrum from
thermal+non-thermal to non-thermal emission only &
(ii) polarisation from low to high PF in the first and
second emission episode, respectively. The energy flux
lightcurve observed during the afterglow indicated that
the jet is viewed on-axis by the observer. From a com-
posite modelling of the spectrum, polarisation and after-
glow observations, we inferred that the outflow is baryon
dominated with mild magnetisation.

The emission during the first episode was, thus, in-
terpreted to be produced at the photosphere with sub-
photospheric dissipation of the kinetic energy of the jet.
(Pe’er et al. 2005). These energetic electrons up scat-
tered the thermal radiation coming from close to the cen-
tral engine to form a quasi-thermal Comptonised spec-
trum. For a jet viewed on-axis, radiation from inverse
Compton scattering is expected to result in low polari-
sation fraction. The second emission, on the other hand,
was interpreted to be produced by synchrotron emission
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Fig. 3. Compton lightcurve of GRB 160325A for 0.8 s binsize is

shown. Time intervals used for polarisation measurements are

shown in two shaded regions. The upper and lower limits of the

polarisation fraction are marked as magenta stars.

by electrons energised in internal shocks generated in
the optically thin region beyond the photosphere, in the
backdrop of ordered magnetic fields originating from the
central engine.

3. GRB 160821A: Time-varying Polarisation

GRB 160821A was the third brightest burst observed by
Fermi (till Aug 2019) and also had the highest Comp-
ton events in AstroSat in its two years of operation. In
the 1 s binned lightcurve (Figure 1(a), Sharma et al.
2019), GRB 160821A was observed as a single emission
episode. Polarisation measurements were carried out us-
ing AstroSat data. When the entire pulse was selected
for polarisation measurement, a low PF was estimated
(Sharma et al. 2019). Using Fermi data, the hardness
ratio (HR) was calculated and a distinct variation in HR
was noted for energies > 30 MeV. Fine time-resolved po-
larisation analysis was performed and interestingly, the
PA was found to change concurrently with the variation
in HR. Therefore, detailed polarisation analysis was done
for three coarse time bins and the results are reported
in Table 1. During the rise to peak and peak to decay
phases of the burst, the PA was found to shift by 81◦±13◦

and 80◦ ± 19◦ (consistent with 90◦), respectively.

We estimated the average PF across the burst by tak-
ing into account the change in PA (Yonetoku et al. 2011).
A high linear PF = 66+26

−27 % was detected at ≥ 5.3σ C.I.

with average angle change as 80+17 ◦
−18 (Figure 3 in Sharma

et al. 2019).

Table 1. GRB 160821A: Results of the temporal polarisation analysis

Interval Time PF PA C.I.(PF > 0)
s % ◦ σ

1 115–129 71+29
−41 110+14

−15 3.5
2 131–139 58+29

−30 31+12
−10 3.7

3 142–155 61+39
−46 110+25

−26 3.1

3.1. Results

Based on the above observational results we found that
GRB 160821A was an unusual and interesting burst: (a)
It was third brightest burst observed by Fermi, this sup-
ported the fact that the jet was viewed on-axis. (b) A
concurrent change in polarisation and high energy spec-
trum was observed. (c) A high linear polarisation was
detected at > 5σ C.I. for two parameters of interest. (d)
Polarisation angle changed twice during a single emis-
sion episode (only such observation till date).
These results suggested that the observed emission was
synchrotron radiation produced in ordered magnetic
fields.

4. Conclusion and Discussion

In spite of extensive observations and numerous theo-
retical models, GRBs still remain a mystery, particu-
larly regarding their composition and prompt emission
mechanism. The spectral analysis performed on prompt
emission data is inadequate to differentiate among var-
ious theoretical models proposed to describe the GRB
radiation. Therefore, polarisation observations simul-
taneous with spectroscopy can be extremely constrain-
ing and crucial tool to understand GRB physics. As-
troSat ’s results and analysis techniques have been vali-
dated through multiple means. The statistically signif-
icant polarisation measurements from AstroSat, there-
fore, constitute a important contribution to the science
of GRBs.
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