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y-ray bursts

The prompt emission



y-ray bursts

. BATSE Trigger 7698 . BATSE Trigger 7906
2510°T T o T 1.410 T T T T STVEE
[ Cn:(3:3) Ch: (3:3)
Time Res: 0.064 s
| 1.2:10°%
20104} 3
[ 10 pbrr—or—m—m—mmmr—————r————— T ———rry
1.0105 . F e
[ g GRB 990123
~ 1.510% T 3 ~‘—s-
H % 80104 S e
g ¢ s 10’ e
3 8 < ] "o }
1.010% - 1 5 6.0-10% 0 i
[ | ® 10°
[ 1 f“ A ] |
b 40104 | 1
5010°- | 4 M l ‘ 0 10 r ‘!
: J q @
. b b et AL g oth : !
E { \'l‘ 1) ‘6 N
] S - (PP TP PRI SR | \ =
2 0 4 8 10 - ‘ a 3
Seconds Since Trigger (991210 : 850.10540) 1] P f T 1111 Los s o ST TTYT ~ 10 !_ -
-10 0 10 20 30 50 C 1
Seconds Since Trigger (991216 : 58021.369) g —_?b
BATSE Trigger 7784 i (™ -4
B o MMM e s B " 20104 ——— ; WBM:SE Trigger 792% 1 w 10 3 . ; '—I—.!
f o (3:3) on@a) 3
Time Res: 0.084 8 ) Time Res: 1.024s 4 } } H N — -+ +
. .
1840°7T 1510 .'."“ ) | ]
' 2 10% ol < -
c l Y =~ ES 3
§rowt : 8 A 1 T
3 _ 3 1008 1 o - -
i ] ) S . 3 e
[ w 107 F . .". E
5.010%} 1 = "_.' ’ ’
S P I PP 5.0-10% AR T
P s - - P AL |
w.Ff ™ N\, 4
| it N L-"‘MW: 10-0 asaal bl hedbededededdal PP | ——dedaaaaald N
Bl Gty - ] 0.01 0.1 1 10 100
o -1 1
Seconds Since Trigger (991002 : 82143.417) 0 PR— " L i 1 " Fa—
50 100 Photon Energy (MeV)

0 50
Seconds Since Trigger (000101 : 4799.2254)

Briggs et al. 1999
energy (iso) ~ 10°° — 10°* erg

photons ~ MeV Epear ~ 100 keV — 1 MeV

variability 0.01-1 s
duration 0.1 - 1000 s



Pair fireball
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Synchrotron vs Thermal emission
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Multi-wavelength observations

10 keV 10 MeV Y



y-ray bursts

the prompt emission
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GRB 221009A - BOAT

10 MeV line

Ravasio et al. 2024, Science
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y-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=2 s™)
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Flux [erg s~ cm™?]
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Flux [erg cm=2 s71]
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Flux [erg cm™2 s71]

GRB 221009A - BOAT
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y-ray bursts

Progenitors



Number of Bursts
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Jet structure: Lipunov et al. 2001; Dai & Gou 2001; Rossiet al. 2002; Zhang & Meszaros 2002
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Unusual (oddball) GRBs Historical example #1 GRB 060614
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Historical example #1

GRB 060614

18 | ||I||I|| BLLERRL | LERRL | ILELRRL
= m m@ -
% 20 _%un s
= = i
o
5 | RN
@ B . \00% \
B | host galaxy - © !
© B EERn s R e \
¢ .
-fID = . \\ 1 any SN should be x100 fainter
[ en N\
<4 i %‘a SN1998bw )
= +5.6 mag
B 2 /’/‘—-'\'\ |
26 | lIlIIIII | llllllll | IIII/I.I;'I | I\llllll
0.01 0.1 1 10 100

Time since GRB (d)
Della Valle et al. 2006, Nature

Gal-Yam et al. 2006, Nature 2006



GRB 211211A: Swift/BAT
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GRB 211211A
T90 ~ 34 s

350 Mpc
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GRB 211211A

GeV emission
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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. 2024)



y-ray bursts

Future



Future/now
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gravitational waves
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ASD (Hz™?)

short GRBs & gravitational waves
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Summary
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Thank you!



