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Number of Bursts

GRBs
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Dissipation of kinetic energy
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GRBs at Very High Energies - the discoveries of 2019

MAGIC and H.E.S.S.

Towards TeVs!




Photon index

GRBs at Very High Energies - the discoveries of 2019

MAGIC and H.E.S.S.
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The BOAT

The BOAT GRB in Context
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SGRBs



Metastable NS Stable
NS

Credit: Stefano Ascenzi
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BNS merger and a GRB

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

GRB 170817/GW 170817 Ghirlanda et al. 2019
multi-wavelength LCs of the afterglow apparent size is 2.5 milli-arc seconds at > 200 days
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Current status of LVK
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Pre-merger sky localisation
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GRB prompt emission spectrum




Sky-localization capability:

o
—
Vv
>
o
—
>
S~
c
o
e
(9
0
+J
)
a

o
—
\'
>
D
-
>
S~
C
B,
—
O]
0]
-
)
0o

=
o
N

=
o
w

=
o
N

1071

10t 103

Sky-Loc. [deg.?]

10! 103
Sky-Loc. [deg.?]

Detection/ yr [6, < 10°]

Detection/ yr [6, < 10°]

[
o
—

=
(@)
o

I

101 103
Sky-Loc. [deg.?]

103
Sky-Loc. [deg.?]

All orientations

Detect 0 _ : _ _
or [deg?] 15min [ |5min || 1 min | 0 min
=
+ | 100 | 442 ||1325]| 5075 | 12330
CE 3
ET 100 90 1130 || 208 436

Viewing angle (<100)

Detect | Q _ : . .

or [deg?] 15 min | |5 min 1 min | 0 min
=
+ 100 pA 71 314 3376
CE
ET 100 3 6 13 40




103 5
O
O
X 102 E
B
>o< 101 -
=
Vv
GCD
= 10° 5
5
2, ]
101

Very High Energy Emission

5-min; ace = 3; FoV=30 deg.?

5-min; acg = 3; FoV=30 deg.?

] — ET+2CE —— ET+LVKI+
1 = HT+CE = ET
— ET+2VOY

L
1 1 [ ]

LI | L L | L
102 103 104

Sky-Loc. [deg.?]

Banerjee et al. 2023

102 :
S
O 101 o
£
—
|_
p)
i 10° = FT4+2CE
= e ET+CE
O e ET42VOY
— ET+LVKI+
e ET
ot
102 103 104

Sky-Loc. [deg.?]



Current status of LVK
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t=-37.2s, freq = 36Hz, skymap freq = 32Hz, visible prob = 80%



https://www.youtube.com/watch?v=9CiwTD7ZdIk

70

t=2.3s, freq = 1851Hz, skymap freq = 1024Hz, visible prob = 100%
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https://www.youtube.com/watch?v=Tt529e0kY6Q

One MM event (GW170817) and bright future

Anything between?
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Normalized Counts
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GRB 211211A
T90 ~ 34 s

z =0.076
350 Mpc



Flux density (u]y)
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GRB 211211A

GeV emission
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GeV emission from a BNS merger
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LGRBs



GRB precursors
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LGRBs VHE emission



Fermi-GBM Swift
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LGRBs optical emission
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Detectable events/ year
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Thank you!



Anything similar from the past?



Counts/sec/det

Historical example #1 GRB 060614

0.4 T S SR S S, WS BT, SRV, i S, S RS ViU SR e, B S S, S R S
0.3 15-25 keV
0.2 =
0.1 =
O - L : l S l— g l_ _l— _l — l_ -l_ _l = _l g l_ _l_ _l — T = L L l - L Il L L ;
Ll l Al T L] Ll ] L] L] Ll Ll l Ll Ll L] Ll ] L) L] L} Ll
0.4 25-90 keV A
L = .
0 T
0.4
50-100 keV
0.3
0.2
0.1
0§ e l P . . e
"o Wy |& | = e e s S e S DS S, SO S MO SO, S i, S S EOEE B e SU. S
; 100-150 KeV
0.05 | ha
ok
1 15-150 keV -
(Sum of 4 panels above) 1
0.5 -
0 fomodd, S _ o _ M —]
1 s . . * ' : . * . . . .
. 0 L S0 100 150 200

T~ ._ Time since the BAT trigger [sec]

-

Gehrels et al. 2006, Nature



R—-band magnitude
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Historical example #1

GRB 060614
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GRB 060505
T90 ~4s
z=0.089

Example #2

GRB 060614
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Brightness (magag)

Example #3

GRB 111005A
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Example #4

GRB 191019A
T90 ~64 s
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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. 2023, arXiv)
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Summary

GW 170817 / GRB 170817A

Emerging class of long-duration merger-driven GRBs

Promising future



Long but supernovaless
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Counts/sec/det

Historical example #1 GRB 060614
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Historical example #1

GRB 060614
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GRB 060505
T90 ~4s
z=0.089

Example #2

GRB 060614
T90 ~ 100 s
z=0.125
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Brightness (magag)

Example #3

GRB 111005A

T90 ~ 26 s
z=0.013
15[ = 'gl -J
- - K
16f m V Spitzer

=
O
T

22t y v v

&
Time (days)

Tanga et al. 2018, A&A
Michatowskl et al. 2018, A&A



Normalized Counts

Normalized Counts
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Example #4

(a) GRB 211211A: Swift/BAT
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(b) GRB 211211A: Fermi/GBM
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GRB 211211A
T90 ~ 34 s

z =0.076
350 Mpc



Flux density (u]y)
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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
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Count rate (scaled)
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Count rate (scaled)
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Example #5

GRB 191019A
T90 ~ 64 s
z =0.248

% —— —= AT2018kzr

g T Z
+ ‘ + GRB 191019A
— e = SN 1998bw (LGRB)

~-- -—- —— iPTF16fnl (TDE)
. - AT2017gfo (SGRB)

S
Ss
~.

T

|
-
(0)]

- =15

0.30
——— 15-25 keV
—— 25-50 keV
0.25
—— 50-100 keV
——— 50-350 keV
0.20 -
20
015 - ' ‘
/ 214
010 1 | 1| N
o) ¥
| o !1 \
= 1 A
_| — §
0.05 \ e,
| N @ \
4 . ”\ W J |.|| ‘!' ' \l. - ‘!{ ~~~~~~~
o 4l A = o X
)
1.0 +
0.5 - L
‘ ‘ 26 F T T
T e T T : -
0 20 40 60 80 100
Time (s)

Levan et al. 2023, Nature Astronomy

Time since GRB (days)

Number

apniluBew 81njosqy



Example #6
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Example #6

GRB 230307A

z = 0.065

T90 ~35s

wnrua[ur 1od duo

V600127 94D —Jp»  mmm—"

Axmuad 1od suo

apedap 1ad duo

JTeoA 1od ouo

qiuowr 1od ouo

—4

log(Fluence) (erg cm™2)

-6

i)
-}
—

(o]
|

Ansuop A1[Iqeqoid

T
- o
—]

Levan et al. 2023, arXiv



Summary

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 o7 -

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. 2023, arXiv)

(b) GRB 211211 A: Fermi/GBM
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What is going on?



Number of Bursts

Standard classification
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short-hard vs long-soft GRBs
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Summary

GRB band Too(s) | T50(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. 2023, arXiv)

(b) GRB 211211 A: Fermi/GBM
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Conclusions

- Duration vs hardness classification is not enough
- Contamination of collapsars vs mergers

- Emerging class of SNless long-duration GRBs

Possible steps for the offline analysis

= Increase the sample of sGRBs beyond 2 s (Fermi/GBM)
= Caution on Swift/BAT GRBs
= Find an optimal duration cut (T90 vs T50)

= Fermi/LAT (100 MeV - 10 GeV) for late-time EM counterparts



Back up slides



Short but a collapsar



GRB 200826A
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GRB 200826A
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Flux (observer frame) F, (udy)
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E, (1+2) (keV)

sGRBs vs IGRBs in the Amati relation
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Spectral lags in sGRBs vs IGRBs
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