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Y-ray bursts

the prompt emission



y-ray bursts
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Pair fireball

@ 1100,
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TBB ~ MeV

Cavallo & Rees 1978
Paczynski 1986
Goodman 1986

Baryon poisoning

Cavallo & Rees 1978
Paczynski 1990
Shemi & Piran 1990

R. .1 = 2cot Fg
TBB — Lk — L/y

Rees & Mészaros 1994
(Narayan et al. 1992, Paczynski & Xu 1994)

Daigne & Mochkovitch 1998



Synchrotron vs Thermal emission
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Multi-wavelength observations

10 keV 10 MeV Y



Yy-ray bursts

the prompt emission

GO+ 2017, Ravasio et al. 2018



anything new?
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Discovery of the ~ 10 MeV line
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GRB 221009A - BOAT

10 MeV line

Ravasio et al. 2024, Science
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Origin of the MeV line

1. Take a keV line and boost it to MeV —-> too fast SN ejecta

2. Take an annihilation line and boost it to MeV —-> small bulk LF

2.1 Slow shells in the internal shocks model
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2.2 Fast or a slow shell observed later on
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Yy-ray bursts

the afterglow



Afterglow
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Photon index

GRBs at Very High Energies - the discoveries of 2019

MAGIC and H.E.S.S.

collaborations
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Flux (erg cm= s71)
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If SSC, why syn ~ SSC?
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Flux [erg s™! cm™2]

GRB 221009A - BOAT
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Flux [erg cm=2 s71]
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Flux [erg cm~2 s71]

GRB 221009A - BOAT

Afterglow spectra
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Yy-ray bursts

progenitors



Number of Bursts

Standard classification
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Compact Binaries Coalescence
(NS+NS and NS+BH)
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Jet structure: Lipunov et al. 2001; Dai & Gou 2001; Rossiet al. 2002; Zhang & Meszaros 2002
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The only GW-GRB joint detection
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GRB 170817/GW 170817

X xa¥
Aeres CRD

2500 +
2250 1
2000 4

1750 4

1500 4

1250 4

Lightcurve from Fermi/GBM (10 — 50 keV)

O LT 0 AT Y 2
R

Rotation Axis

Ul T ‘lefﬂr..l "'2'“9 Angle

1750 ~
1500 +

1250 +

1000 4, di g

750 4

120000 +

117500 4

115000 A

112500

Lightcurve from INTEGRAL/SPI-ACS
(> 100 keV)

ll l..JmI Il-“.i” gy LL.[, .L
R TR R d"

| \

Doppler
Beaming
into
Sightline
Central Engine
i. J “i [ Rotation Axis
Viewing Angle

e

400

300

200

100

50

Gravitational-wave time-frequency map

—10 —8 —6 —4 -2

Time from merger (s)

0 2 4 6
Central Engine

Abbott et al. 2017

Rotation Axis
Viewing Angle

Py

Structured
Jet

Central Engine

Kasliwal et al. 2017
loka&Nakamura 2018
Salafia et al. 2018
Lazzati 2018
Bromberg et al. 2018
Matsumoto et al 2018



observations - the off-axis afterglow

GRB 170817/GW 170817

multi-wavelength LCs of the afterglow
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apparent size is 2.5 milli—arc seconds at > 200 days
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LIGO Virgo KAGRA schedule

All sky sensitivity to BNS mergers
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it is not just waiting for new BNS



GRB 211211A: Swift/BAT
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GRB 211211A

GeV emission
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GeV emission from a BNS merger

- nhot present in GW/GRB 170817

= hew component from KN-jet interaction

KI1LoNo VA

Mei et al. 2022, Nature



The most recent example
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Unusual (oddball) GRBs Historical example #1 GRB 060614
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Historical example #1

GRB 060614
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y-ray bursts and GWs

Future



Future/now

Einstein Probe SVOM

ECLAIRs MXT
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0.5-4 keV ECLAIRs > 4 keV

Lobster-eye Angel 1979



3rd gen GW interferometers
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ET

3rd gen GW interferometers

localisation

ET+CE

I injected
[ detected

B AQ < 1000 deg?
B AQ< 100 deg?
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mm AQ< 1 deg?
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Nge(AQ < 1 deg?) 2 184 5009
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Nget(AQ < 1000 deg?) | 2791 | 428484 | 585317

Ronchini et al. 2022, A&A

104

10°

102

10!

10°

ET+2CE

B injected
N detected

B AQ <1000 deg?
B AQ < 100 deg?
B AQ < 10 deg?
B AQ <1 deg?

High-z GW source localisation is given
by counterparts detected by wide field
X-ray and p-ray telescopes with
arcmin localisation capabilities



Strain

Very High Energy Emission
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y-ray bursts and GWs

summary



y-ray burst
MeV line

afterglow

laboratory for relativistic shocks
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Thank you!



BH

Possible dissipation models

RMS

Levinson & Nakar 2020 review

102 — 10" em

standard internal shocks
Rees & Mészaros 1994

ICMART
Zhang et al. 2011

16 17
107" — 107" cm external dissipation

magnetic dissipation

collisional heating

Beloborodov 2010, Vurm et al. 2011

Drenkhahn & Spruit 2002

Giannios & Spruit 2005
Thompson 2006
Giannios 2008



We expect more complexity

=26100, x<xg(?)
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see Khangulyan et al. 2023, ApJ for two zone model



GRB band Too(s) | Ts0(s) | Dr(Mpc) | kilonova

060614 15-350 keV | 106 43 590 hint (Yang et al. 2015)
060505 15-350 keV | 4 409 hint? (Jin et al. 2021, arXiv)
111005A | 15-350 keV | 26 11 57 -

191019A | 15-350 keV | 64 30 1260 -

211211A | 50-300 KeV | 34 15 350 yes (Rastinejad et al. 2022)
230707A | 50-300 KeV | 30 13 294

yes (Levan et al. 2024)
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