https://science.nasa.gov/universe/gamma-ray-bursts-harvesting-knowledge-from-the-universes-most-powerful-explosions/

- s
-4 6 9 Annual Conference. %\ 4%
&7 of the South African Institute >

\ﬁwsics S

£ 27

LATE-TIME .
SPECTROPOLARIM
ETRY OF GRB

2501294: e i o
EVIDENCE OF &N |° — T

. e . ‘l ¥ \
OFF-AXIS e oday
b 419\\\‘.
: a{)(\ed i [
GAUSS IAN JE I ¥ \ Intergélabtic Gas
Date: 11.07.2025 Collaborators:
Mr A.S Moskvitin (sA0 RAS, Russia), Ms Anshika Gupta (ARIES, India), Dr Brian van Soelen (University of Freestate), Prof. David Buckley (saao,
PRESENTATOR: Ankur Ghosh South Africa), Dr Jagdish Joshi (ARIES, India), Ms Joleen Barnard (University of Freestate), Dr Justin Cooper (University of Freestate), Dr Kuntal
University of J oh annesburg Misra (ARIES, India), Mr Naveen Dukiya (ARIES, India), Dr Nikita Rawat (SAAO, South Africa), Dr O. I. Spiridonova (S0 RAS, Russia), Dr Resmi

Lekshmi (1sT, India), Soebur Razzaque (University of Johannesburg)



Outline of the talk

®

Introduction

Afterglow emission of GRBs.
Polarisation in GRB afterglows and
off-axis emission.

®

Photometry and
spectropolarimetry

GRB 250129A detection. X-ray and
optical light curves of different
telescopes and spectropolarimetry
using SALT.

©, O,

Explain high polarisation Summary
through modelling

Explain late-time high polarisation A brief explanation of the
through FS+RS and off-axis possibilities, summary of the results,
emission models. and future prospects.



Most energelic explosion in the Universe

Gamma-Ray Bursts 27?2

Energy in a blink: How powerful
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Temporal analysis of GRB 2501297  gumeteetecret

(hours) (mag)

17.05 + 0.01
17.17 £ 0.01
17.75 £ 0.01
19.16 + 0.01
19.17 £ 0.01
20.06 + 0.17
20.46 + 0.15
20.52 + 0.02
21.87 +0.07
17.34 £ 0.01
17.41 +0.01
17.93 +0.04
19.39 + 0.02
19.38 + 0.02
19.26 + 0.08
20.19 £ 0.12
20.67 + 0.04
21.03 +0.28
20.75 +0.11
19.93 +0.12
19.84 + 0.01
19.85 + 0.02
20.44 +0.11
20.91 + 0.02
22.40 + 0.09

2460704.74678 1.17
2460704.75724 1.42
2460704.76597 8.88
GRB 250129A lightcurve 2460705.50914 19.46

T ! 2460705.52102 19.75
® ® UV_uhite/50 @ ® g=2 @ ® r+500 O O i+300000 & @ XRT
© 0 B/10 ' 00 é* 20 @ @ R+5000 H 2460706.57392

2460706.91924 53.30
. ] 2460707.83711 75.33
2460709.58845 117.37
2460704.76597 1.63
2460704.77642 1.88
2460705.08089 9.18
2460705.56264 20.75
2460705.57450 21.03
2460705.62376 2221
2460706.57684 45.09
2460706.94115 53.83
2460706.99403 55.10
2460707.01144 55.52
2460705.58815 21.36
2460705.59446 21.51
2460705.60864 21.85
2460706.23123 36.80
2460706.82903 51.14
2460709.58604 117.31

DOT and DFOT photometry
UTstart UT. i tmia —T0,d Exp. time, s. mag £ err Instrument - - - -
2025.01.30, 23:46:43 2025.01.31, 00:19:22 1.8041 X 300 ¢ 19.806 +0.023 CCD-phot. i T‘me(;gl‘fr‘:)b“m Filtes M‘(‘fn‘;‘;‘)‘de
20250131, 22:47:03  2025.02.01, 00:23:04  2.7847 x 300 20.981 £ 0.029 CCD-phOt. 2460706.50164 4330 Rc 1981 +0.02
2025.01.31, 22:52:38  2025.02.01, 00:28:40  2.7885 x 300 20.524 4+ 0.024 CCD-phot. 2460707.47483 66.64 Rc  20.19 £0.02
2025.01.31, 22:35:38  2025.02.01, 00:11:53  2.7768 x 300 ) 20.189 +0.024 CCD-phot. 2460708.56484 92.81 Re  21.25+0.14
SR B Pt s e 2 , 23 . 2460734.47493 714.60 >24.0

2025.01.31, 22:41:15  2025.02.01, 00:17:26  2.7807 5 x 300 : 19.733 £0.045 CCD-phot.

s Loy 2 (o0 07 ; - 2460707.48267 66.83 2098 £0.03

2025.02.27, 22:48:57 2025.02.27, 23:53:54  29.7752 12 x 300 ; > 24.0 CCD-phot. 2460707.47870 66.74 19.73 £0.05
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SED analysis of GRB 250129A

GRB 250129A lightcurve
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Ghosh et al. in preparation




SED analysis of GRB 250129A

GRB 250129A lightcurve
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SED analysis of GRB 250129A

GRB 250129A lightcurve
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Spectroscopic and spectropolarimetric analysis of GRB 250129A

GRB 250129A Spectrum

Spectropolarimetry of GRB 250109A

—— SALT spectrum
—— DOT Spectrum

—— spectrum
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%  SALT spectropolarimetry: ~19 hours since the burst.

Equitorial PA (deg)

4500 5000 5500 6000 6500

< DOT spectroscopy: ~ 22 hours since the burst pavetensth

Ghosh et al. in preparation




Statistics of polarisation detection

Color-coded Polarization Table (Green: Spectropolarimetry Yes, Red: No)

GRB Time Since Burst Polarization (%) Spectropolarimetry

020405 =1 ad 9.9
020813 4:7=7:9:h 23

021004 1-30d 2.5

091208B 2-12 min 10.4

120308A ~4-10 min 28.0

121024A ~2-3d 4.0

130427A ~6-12 h 5:0

191016A 1.1-2.1 h

1912218 2.9,10.2 h

210610B ~0.12-0.26 d

2106198 ~17-2:3'h




Statistics of polarisation detection

GRB Afterglow Polarization
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Explanation of polarisation through modelling
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1. Forward and reverse shock model

Forward + reverse shock

ISM model

&

FS: 2.42e+18 Hz
RS: 2.42e+18 Hz
Total: 2.42e+18 Hz
FS: 6.84e+14 Hz
RS: 6.84e+14 Hz

Total: 6.84e+14 Hz
FS: 5.5e+14 Hz
RS: 5.5e+14 Hz
Total: 5.5e+14 Hz
FS: 4.79e+14 Hz

RS: 4.79e+14 Hz
Total: 4.79e+14 Hz
FS: 4.68e+14 Hz
RS: 4.68e+14 Hz
Total: 4.68e+14 Hz "

®

ﬁ\theta_{j}s
$log E_{K}$
Slog n_{0}$
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P
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1. Forward and reverse shock model

Forward + reverse shock

Wind model

%
Py
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FS: 2.42e+18 Hz
RS: 2.42e+18 Hz
Total: 2.42e+18 Hz
FS: 6.84e+14 Hz
RS: 6.84e+14 Hz

LY
Qi‘

Total: 6.84e+14 Hz
FS: 5.5e+14 Hz
RS: 5.5e+14 Hz
Total: 5.5e+14 Hz
FS: 4.79e+14 Hz

RS: 4.79e+14 Hz
Total: 4.79e+14 Hz
FS: 4.68e+14 Hz
RS: 4.68e+14 Hz
Total: 4.68e+14 Hz '

s

S\theta {j}$ ©0.2565 +- 0.0012 \
Slog E_{K}$ 53.643 +- 0.011

$log AS 0.1846 +- 0.0051

p 2.013275 +- 0.000086
$Slog \epsilon_{B}$-1.4690 +- 0.0069
Slog \epsilon_{E}$-2.070 +- 0.016
$p_{RS}$ 2.00078 +- 0.00020

Slog \epsilon_{B,RS}$-5.126 +- 0.025
Qtog \epsilon_{E,RS}$-2.652 +- 0.019)
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2. Off-axis scenario
https://githubisr(ril/ﬁ)izkih(izliarin/redback FOI'W&Fd ShOCk + G’&U_SSian .]et Scenario ISM mOdeI
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2. Off-axis scenario

Forward shock + Gaussian jet scenario ISM model
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2. Off-axis scenario

Including flare and high latitude emission ISM model

® @ r*500 © © V%20

I(t) = Adexp (— L . (t_m)

(t—1;) Ly)

Flux density (mJy)

Time since BAT trigger (sec)




2. Off-axis scenario

SED modelling ISM model

SED at 0.051 day x 10
== SED at 0.069 day x 1
== SED at 0.400 day x 0.1
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Summary

GRB 250129A exhibited a very bright optical counterpart observed at
early times.

This burst is notable for exhibiting late-time polarization, with:

e Polarization degree: ~5%

e Polarization angle rotation: 180° across the observed
wavelength range

We tested several models combining forward shock (FS) and reverse
shock (RS) components:

e Thereverse shock was found to dominate the early-time
emission.

Afterglow modeling was performed using Afterglowpy, considering:

e  Gaussian jet

e Jet + wing structure

These models provided a satisfactory fit in an off-axis
configuration, which can naturally explain:

o  The high degree of polarization

o  Therotation in polarization angle at late times

To explain the early-time X-ray excess and the mid-time excess in
both X-ray and optical bands, we incorporated:

e High-latitude emission for the steep decay phase

e A Norris function to model the prompt and residual
emission features
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