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1963 - 1970 20 keV - 2 MeV BeppoSAX - 1992

Fermi - 2008



10" counts's

107 counts/s

107 counts/s

1Y counts's

y-ray bursts

Time

Trgger 103 Trgger 143 Tngger V4DE
«© 400 n
0 :
wob
of 5}
30 gg 00 g
» - -
= 00p =
10 F A
(=] o
- seconds L) -8 seconds L -5 seconds @
Tr f 1429 Tl 1606 1 er 1874
40 ‘age 40 9ger 0 rigg
- -
- &
observed at keV - MeV
:
0 D L] o °1 . 1 O —_— 2
-8 seconcs 0 =10 securnds 123 -3 seconds e Varlabl lty Y S
Ty r 2087 T r 2151 1 er 2514
a0 - mt QF 40 99 3 3
w oo} < ; 107 — 10
. w} - duration S
40 ‘é 200} é
2 o =
o~ - 26  sof 4
(=) - = L
° ol 9
-20 sceoonds o0 -2 seconds ] =2 seconds s
Trgger 2571 Trgger 7812 Tngger 3152
-G 80
-~ ” v ”
i ;
z =
o = =0
Z w = n
o 0
-10 100 -2 40 oo cA

seconils sevonds seconds



Number of Bursts

y-ray bursts

Duration
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Number of GRBs

y-ray bursts

Distance

Age of the Universe (Billions of years)

138 6.0 3.4 2.2 16 1.2 1.0 0.8 0.7 0.6 0.5

A. Gomboc 2012
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y-ray bursts
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Dissipation of kinetic energy
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y-ray bursts

1967 1970-1990 1997 - ... 2004 - ... 2017 - ...




y-ray bursts
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Compact Binaries Coalescence
(NS+NS and NS+BH)
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stolen from Stefano Ascenzi’s drawings catalog



Gamma rays, 50 to 300 keV GRB 170817A

Counts per second

Gravitational-wave strain GWI170817

Frequency (Hz)
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Time from merger (seconds)




Compact Binaries Coalescence
(NS+NS and NS+BH)

observations - GWs and the GRB

Lipunov et al. 2001; Dai & Gou 2001; Rossiet al. 2002; Zhang & Meszaros 2002 . .
P J What is it?

GRB 170817/GW 170817
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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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Compact Binaries Coalescence
(NS+NS and NS+BH)
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Compact Binaries Coalescence
(NS+NS and NS+BH)
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Compact Binaries Coalescence
(NS+NS and NS+BH)

pre-merger phase
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Compact Binaries Coalescence
(NS+NS and NS+BH)

Sub-relativistic ejecta composition

Squeezed dynamical Squeezed dynamical
v =~ 0.2c-0.3c v~ 0.2c-0.3c

Tidal dynamical Tidal dynamical
v~ 0.2c-0.3c v = 0.2¢c-0.3c

Disk-wind Disk wind
v< 0.1c v<0.1c

Neutron star + neutron star Neutron star + neutron star
Long-lived neutron-star remnant Remnant promptly collapses to black hole

Credit: Daniel Kazen et al. 2017

Tidal dynamical

v =~ 0.2¢-0.3c
Disk wind

v<0.1c

Neutron star + black hole
Black-hole remnant




Compact Binaries Coalescence
(NS+NS and NS+BH)

nucleosynthesis

Photons

Electrons

O/-Particles

Fission
Fragments

Credit: Stefano Ascenzi



Compact Binaries Coalescence
(NS+NS and NS+BH)

nucleosynthesis

Human synthesis
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Compact Binaries Coalescence
(NS+NS and NS+BH)
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y-ray bursts

1967 1970-1990 1997 - ... 2004 - ... 2017 - ...

2019 - ...
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GRBs at Very High Energies - the discoveries of 2019

MAGIC and H.E.S.S.

Towards TeVs!




Photon index
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y-ray bursts

1967 1970-1990 1997 - ... 2004 - ... 2017 - ...

2019 - ... 2021 - ...




GRB 211211A T90~ 34 s

(a) GRB 211211A: Swift/BAT
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Flux density (u]y)
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Anything similar from the past?



Counts/sec/det

GRB 060614
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Counts/sec/det
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GRB 060614
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Count rate
(millions of
gamma rays
per second)

The BOAT GRB in Context

190114C

090902B

GRB 221

009A

Reconstructed
Fermi data

B

7 minutes




LHAASO

Large High Altitude Air Shower Observatory

>1000 photons until ~10 TeV!



Summary, applications and hopes



GWs + SGRBs (& oddballs?)

. EoS of neutron stars

numerical GR + GW and kilonova data

. Nucleosynthesis

pop.synthesys and kilonova interpretation

. Fundamental Physics

GW and GRB timing

. Relativistic astrophysics

numerical GR + GW and GRB data

. Cosmology

GWs (distance) + GRB/kilonova (velocity)



Joint X-ray - GW detections

low-z MM astronomy

Detection with
—>  Response time = wide field X-ray
telescopes

Sky localisation
from GW

GW sky error box

< Xeoray EOV 28

R

R

THESEUS-SXI TAP Einstein Probe Gamow
Energy band 0.3-5 keV 0.3-5 keV | 0.5-4 keV | 0.3-5 keV
Field of view 0.5 sr 0.4 sr 1.1 sr 0.4 sr
Rotation Axis
Viewing Angle
A
Core /
Structured
Jet

Central Engine



Joint MeV - GW detections

high-z MM astronomy

band Fiim Joint ET Joint (ET+CE)
INSTRUMENT FOV/Ar loc. acc. N;p/N, N;p/N,
MeV ergcm2 57! +y-ray +y-ray
Fermi-GBM 0.01 - 25 0.5(*) 0.75 5 deg (%) 3311 168 % 47+1 95>%
Swift-BAT 0.015-0.15 | 2x107° 0.11 | 1-3arcmin | 102 | 62tl% 132 94+5%
SVOM-ECLAIRs | 0.004-0.250 | 1.792(*) 0.16 | < 10 arcmin 3+ 69"19% 4+ 95*3% N Few but well
SVOM-GRM 0.03-5 0.23(*) 0.16 ~ 5 deg 9+4 59+6% 14*8 92+3% localised
THESEUS-XGIS | 0.002 - 10 3% 1078 0.16 | <15aremin | 1075 | 63*13% 1576 94+5% events
HERMES 0.05-0.3 0.2(*) 1.0 1 deg 8442 | 61*109 139*3¢ 94+0%
TAP-GTM 0.01-1 1(*) 1.0 20 deg 602 | 67+3% 84+30 95*3%
Fermi GBRM+ET Fermi GBM+(ET&CE)
Bl injected
1 ET detections B injected

I y-ray detections

I joint ET+y-ray detections
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' redshift
| §

06 0.8 1.0 2.0
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i--------------'

1 (ET&CE) detections
Il y-ray detections
B joint (ET&CE)+y-ray detections

High-z GW counterparts

can be detected only at

high-energy (kilonova
intrinsically fainter)

——-
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GeV-TeV photons from GRBs

p— A —

—— = o 2 G

_(Soft bekgrd photong
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‘ VHE blazar /;// Observer
*< <§\\ — O
Primary ERE
TeV photons

Sketch from Sol et al. 2012

Next talks!
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