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band 10 keV - 10 MeV      total duration 0.1 s - 1000s 
variability 0.01-1 s            total energy 1E51-1E54 erg

prompt emission

Briggs et al. 1999

[random BATSE GRBs]



GRBs

short-hard vs long-soft GRBs



GRBs



“standard model”

Panaitescu et al. 2013



GRBs at Very High Energies - the discoveries of 2019 

MAGIC and H.E.S.S.

Towards TeVs!



GRBs at Very High Energies - the discoveries of 2019 

MAGIC and H.E.S.S. 
collaborations

Acciari et al. 2019, Abdalla et al. 2019 & 2021; Acciari et al. 2021



The BOAT



THE LHAASO COLLABORATION, 2023



SGRBs 



Credit: Stefano Ascenzi



Credit: Stefano Ascenzi



BNS merger and a GRB 



Off-axis afterglow 



GW170817





Current status of LVK
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From Chan et al. 2018



Pre-merger sky localisation

time

ΔΩ Few minutes

~ 30 s slewing time
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h(t) ! h(t) + n(t)

where and when the GRB will occur in the sky!

Banerjee et al. 2023



GRB prompt emission spectrum



Sky-localization capability:
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Very High Energy Emission

Banerjee et al. 2023



Current status of LVK



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


https://www.youtube.com/watch?v=Tt529e0kY6Q


One MM event (GW170817) and bright future

Anything between?



December 2021

GRB 211211A

T90 ~ 34 s 

z = 0.076 
350 Mpc

Rastinejad et al. 2022, Nature



GRB 211211A

Three-component kilonova fit 

• , almost all lanthanide-rich,  
in reasonable agreement with at2017gfo.  

•  

• Associated to compact object merger  
in a binary system, likely BNS

Mej = 0.04 ± 0.02 M⊙

vej ≃ 0.25 − 0.3 c

Rastinejad et al. 2022, Nature

(see also Troja et al. 2022, Nature)

350 Mpc



GRB 211211A

GeV emission

Mei et al. 2022, Nature



- not present in GW/GRB 170817 

- new component from KN-jet interaction 

GeV emission from a BNS merger

Mei et al. 2022, Nature



LGRBs 



GRB precursors



LGRBs  VHE emission



Fermi-GBM Swift



Fermi-GBM



Fermi-GBM



LGRBs  optical emission



Swift



Swift



Thank you! 



Anything similar from the past?



Historical example #1 GRB 060614

Gehrels et al. 2006, Nature



Della Valle et al. 2006, Nature

Historical example #1 GRB 060614

any SN should be x100 fainter

Gal-Yam et al. 2006, Nature




Example #2

GRB 060505 GRB 060614

T90 ~ 100 sT90 ~ 4 s

z=0.125z=0.089

Fynbo et al. 2006, Nature 2006




Example #3

GRB 111005A

T90 ~ 26 s

z=0.013

Michałowskl et al. 2018, A&A

Tanga et al. 2018, A&A




Example #4 
GRB 191019A

T90 ~ 64 s 

z = 0.248 

Levan et al. 2023, Nature Astronomy





Bromberg et al. 2013 (see also Moharana & Piran 2017)

Collapsar vs Non-Collapsar classification



Possible progenitors

Gottlieb et al. 2023, arXiv



Summary

GW 170817 / GRB 170817A

Emerging class of long-duration merger-driven GRBs

Promising future 



Long but supernovaless



Historical example #1 GRB 060614

Gehrels et al. 2006, Nature



Historical example #1 GRB 060614

Gehrels et al. 2006, Nature



Della Valle et al. 2006, Nature

Historical example #1 GRB 060614

any SN should be x100 fainter

Gal-Yam et al. 2006, Nature 



Example #2

GRB 060505 GRB 060614

T90 ~ 100 sT90 ~ 4 s

z=0.125z=0.089

Fynbo et al. 2006, Nature 2006 



Example #3

GRB 111005A

T90 ~ 26 s

z=0.013

Michałowskl et al. 2018, A&A

Tanga et al. 2018, A&A 



Example #4

GRB 211211A

T90 ~ 34 s 

z = 0.076 
350 Mpc

Rastinejad et al. 2022, Nature



GRB 211211A

Three-component kilonova fit 

• , almost all lanthanide-rich,  
in reasonable agreement with at2017gfo.  

•  

• Associated to compact object merger  
in a binary system, likely BNS

Mej = 0.04 ± 0.02 M⊙

vej ≃ 0.25 − 0.3 c

Rastinejad et al. 2022, Nature

(see also Troja et al. 2022, Nature)

350 Mpc



GRB 211211A

GeV emission

Alessio Mei et al. 2022, Nature



Mei et al. 2022, Nature

- not present in GW/GRB 170817 

- new component from KN-jet interaction 

GeV emission from a BNS merger



Example #5 
GRB 191019A

T90 ~ 64 s 

z = 0.248 

Levan et al. 2023, Nature Astronomy



Example #5 
GRB 191019A

T90 ~ 64 s 

z = 0.248 

Levan et al. 2023, Nature Astronomy



Example #6 
GRB 230307A

T90 ~ 30 s 

z = 0.065 

Levan et al. 2023, arXiv



Example #6 

GRB 230307A

T90 ~ 35 s 

z = 0.065 

Levan et al. 2023, arXiv



Summary

Rastinejad et al. 2022, Nature



What is going on?



Standard classification

short-hard vs long-soft GRBs



Bromberg et al. 2013 (see also Moharana & Piran 2017)

Collapsar vs Non-Collapsar classification



Collapsar vs Non-Collapsar classification

all Fermi/GBM data, Alessio Mei 



Collapsar vs Non-Collapsar classification

all Fermi/GBM data, Alessio Mei 



Possible progenitors

Gottlieb et al. 2023, arXiv



Summary

Rastinejad et al. 2022, Nature



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

Zhang et al. 2021, Nature Astronomy

z=0.748



GRB 200826A

Zhang et al. 2021, Nature Astronomy

z=0.748



GRB 200826A

z=0.748

Ahumada et al. 2021, Nature Astronomy



GRB 200826A

z=0.748

Rossi et al. 2022, A&A



sGRBs vs lGRBs in the Amati relation

Zhang et al. 2021, Nature Astronomy
Troja et al. 2022, Nature

GRB 200826A GRB 211211A



Spectral lags in sGRBs vs lGRBs

Bernardini et al. 2015, MNRAS


