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Outline 

•  GRBs at the highest energies 
–  The EGRET era  

•  Observations 
–  GRB 930131  
–  GRB 940217  
–  GRB 941017  

•  Interpretation  
–  The AGILE/Fermi era  

•  Observations  
–  GRB 080916C 
–  GRB 090510  
–  GRB 130427A 

•  Interpretation  
–  The TeV era 

•  Observations 
–  GRB 190114C 
–  GRB 190829A 
–  GRB 221009A  

•  Interpretation 
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  GRB at the highest energies … why is 

important for high redshift GRBs? 

Atwood et al. 2013 
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High Energy Emission from GRB 
“The EGRET era” 
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The Compton Gamma Ray Observatory 

EGRET 
- 1991-2000 
-  30 MeV - 30 GeV 
-  AGN, GRB, Unidentified Sources, Diffuse Bkg  
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GRB prompt emission - 930131 

Kouveliotou et al 1994
Sommer et al. 1994
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GRB delayed emission - 940217 

Hurley et al. 1994 
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Extra Spectral Components - 941017 

  Gonzalez, et al. 2009 
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Search for GRBs at the highest energies 

Hurley 1996 
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Theoretical Expectation  

10 

Pilla and Loeb 1998 



University of Trieste and INFN                                                                                                                          January 13, 2023 
  

F.Longo         GRBs at the highest energies        11 

Theoretical Expectation  

11 Dermer, Böttcher and Chiang 2000 
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High Energy Emission from GRB 
“The AGILE/Fermi era” 
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•  Two instruments: 

–  LAT:  
•  high energy (20 MeV –  >300 GeV) 

–  GBM:  
•  low energy (8 keV – 40 MeV) 

•  Huge field of view 
–  LAT: 20% of the sky at any instant; in sky survey mode, expose all 

parts of sky for ~30 minutes every 3 hours.  GBM: whole unocculted 
sky at any time. 

•   Huge energy range, including largely unexplored band 10 GeV - 
100 GeV 

Large Area Telescope (LAT) 

Gamma-ray Burst Monitor (GBM) 

Fermi Key Features  

Spacecraft Partner: 
General Dynamics 
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Fermi and GRBs 

•  LAT: <20 MeV to >300 GeV.  With both onboard and ground burst triggers. 
•  GBM: 12 NaI detectors— 8 keV to 1 MeV.  Used for onboard trigger, onboard and 

ground localization, spectroscopy: 2 BGO detectors— 150 keV to 40 MeV.  Used for 
spectroscopy. 

•  Total of >7 energy decades! 
•  ~200 GRB/year with observations from 8 keV to 40 MeV, ~10 GRB/year with 

observations from 8 keV to 300 GeV 

Exceptionally good spectral 
observations of the prompt 
phase of lots of GRB 

10-4 

 
10-5 

 
10-6 

 
10-7 

 
10-8 

 
10-9 

 
10-10 Adapted from N.Omodei 
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Study GRB with the Fermi observatory 

•  Spectrum studied over 7 decades! 
•  Bright burst: study of the cut-off, if any. 
•  Detailed temporal/spectral evolution: 

–  Is there any “extra component”? 
–  How common is the extended/delayed GeV 

emission?  
–  Pseudo-redshift estimators:  

•  improve statistics  
•  new relations? 

–  Time Lag in pulses as a function of energy 
•  Intrinsic lag vs cosmological effect (QG) 

•  Observations are needed to understand how 
particles are accelerated in GRB, up to what 
energies, and how they emit gamma-rays. 
Constrain the LF of the expanding shells. 

•  + DISCOVERIES 

NaI BGO LAT 

Adapted from N.Omodei 
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GRB080916C - Bright LAT burst 

GRB080916C 
LAT on-ground position [GCN 8246] 
On-ground Automated Science Processing 
triggered 
Considered a region 20 deg around GBM 
location - more than 10 photons > 1 GeV 
RA = 119.88˚, Dec = −56.59˚ 
Statistical error = 0.09˚ (0.13˚) at 68% (90%) C.L. 
Systematic error < 0.1˚ (preliminary)‏ 
Consistent with GBM location 
 
 
GROND optical follow up [GCN 8257, 8272] 
Faint (21.7 mag at T0+32h) and fading (T0+3.3d) 
source 
RA = 119.8472˚, Dec = −56.6383˚ (±0.5” at 68% 
C.L.)‏ 
 
Photometric redshift of z=4.2 +/- 0.3 
 
 

GROND 
position 

Adapted from N.Omodei 
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GRB080916C - Multiple detector light curve 

 First 3 light curves are 
background subtracted 

 
•  The LAT can be used as a 

counter to maximize the rate 
and to study time structures 
above tens of MeV 

–  The first low-energy peak is not 
observed at LAT energies 

 
•  Spectroscopy needs LAT event 

selection (>100 MeV)‏ 
–  5 intervals for time-resolved 

spectral analysis: 
0 – 3.6 – 7.7 – 16 – 55 – 100 s  

–  14 events above 1 GeV 
 

8 keV – 260 keV 

260 keV – 5 MeV 

LAT raw 

LAT > 100 MeV 

LAT > 1 GeV 

T0 

Adapted from N.Omodei 
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Spectral evolution 

Soft-to-hard, then hard-to-soft evolution 
 
 
 

        a              b         c               d          e 
 
 
 

Adapted from N.Omodei 
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GRB 090510 

•  A short bright burst with 
–  A 31 GeV photon associated 
–  redshift determination (z~0.9) 

•  allows to set stringent lower limits on LIV 
effect in photon time arrival. 

 
 

•  If MQG ~ MPlanck is expected, Fermi starts to 
disfavor linear effect 

•  Abdo et al., Nature, 462, 331 

MQG > 1.19 x MPlank 
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GRB 130427A 
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GRB 130427A 
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GRB 130427A 
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HE photons 

Nava 2018 

Eobs_syn,max = 50 MeV×Γ/(1+z),  
Blue - homogeneous medium with density n = 1 cm−3 

Yellow - Wind-like medium with density n = 3×1035R−2cm−1 

Energy of the most energetic photon 
fpr each GRB versus its arrival time.  
Red à well after the end of the 
prompt phase.  
Green à during the prompt phase.  
Black à after the end of the prompt 
emission, but on a comparable 
timescale.  
Short GRBs are marked with stars.  
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The 2nd Catalog  

Ajello, M. et al. 2019 
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Highest-energy photons from GRBs 

•  <5% of GRBs have E > 50 GeV 
•  Sharp drop @5 GeV (obs.frame) 

–  Record holder: GRB 130427A  
•  95 GeV @243 s 
•  77 GeV @19s 
•  34 GeV @34 ks 

Observer Frame 

Source frame 

§  HE photons often arrive after the low-energy 
emission is over BUT 

o  Highest energies can be produced either very 
quickly or very late: challenge for models! 

 Ajello et al. 2019 
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VHE emission models 

Joshi and Razzaque 2019 



University of Trieste and INFN                                                                                                                          January 13, 2023 
  

F.Longo         GRBs at the highest energies        27 

GRB 190114C 

Ajello, M. et al. 2020 
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HE Emission from GRBs 

•  Extended emission  
–  Extra long GRBs  

•  Prompt emission  
–  Delayed onset 
–  Emission mechanism   

•  SpectralComponents 
–  Extra components 
–  Multiple components  

•  Ubiquity of HE emission 
–  Upper Limits in the > 100 MeV regime  

•  Population of VHE emitting GRB 
–  IACT detection ?  
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Very High Energy Emission from GRB 
“The IACT era” 
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Very High Energy Emission from GRB 
“The TeV era” 
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MAGIC upper limits 

J. Aleksic  et al., 2014  
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VERITAS upper limits 

Aliu et al 2014 
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MAGIC detection – 190114C 

Acciari et al 2019a 
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MAGIC detection – 190114C 

Acciari et al 2019b 
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MAGIC detection – 190114C 

Acciari et al 2019b 
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HESS detection – 180720B 

Abdalla et al 2019 
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HESS detection – GRB 190829A  

Abdalla et al 2021 
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M                         

adapted from G. Rowell  COSPAR2020 
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LHAASO detection !!!! 
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GRB 221009A 

Credit: A. Goldstein (USRA) 
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GRB 221009A 

Credit: A. Goldstein (USRA) 
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Interpretation 

Sato et al. 2022 
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Interpretation 

Sato et al. 2022 



University of Trieste and INFN                                                                                                                          January 13, 2023 
  

F.Longo         GRBs at the highest energies        44 

Interpretation 

Sato et al. 2022 
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Interpretation 

Rudolph  et al. 2022 
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Interpretation 

Rudolph  et al. 2022 
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Interpretation 

Rudolph  et al. 2022 
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Interpretation 

B.T. Zhang  et al. 2022 
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Interpretation 

B.T. Zhang  et al. 2022 
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Conclusions 

•  HE satellites observations are shedding light (?) 
into the emission mechanism of GRBs 
– Prompt soft phase  

•  The HE emission seems correlated to afterglow 
phenomenology  
– Temporal decay  
– Extended emission 

•  Detection of VHE counterparts of GRB  
– VHE emission on the afterglow phase 
– VHE emission in the prompt?  

•  Stay tuned !  
– Need to acquire more statistics 
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GRB 160821B 

Acciari et al. 2021 
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GRB 170405A 

Arimoto et al. 2020 
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GRBs @ VHE !  

arXiv:2012.07193  
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Alpha 

9	
  

14	
  

37	
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IACT & EAS experiments 

    •  Cherenkov experiments 
consist of almost-optical 
telescopes devoted to detect 
Cherenkov light. 

    •  EAS (Extensive Air Shower) 
experiments are huge arrays 
or carpets of particle 
detectors. 

    •  Cherenkov experiments have 
lower energy thresholds, but 
also a lower duty-cycle as well 
as a smaller field of view.  
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In memory of Magnus Axelsson  



•  bimodal distribution of durations: short and long GRBs 

•  short GRBs tend to be spectrally harder than long 
GRBs 

short 

long 

The GRB phenomenon  Adapted from L.Amati 

HR: flux (100-300 keV)/flux (50 -100 keV) 
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e+ e– 

γ

Large Area Telescope 

•  Precision Si-strip Tracker (TKR)             
18 XY tracking planes.  Single-sided 
silicon strip detectors (228 µm pitch) 
Measure the photon direction; gamma 
ID. 

•  Hodoscopic CsI Calorimeter(CAL)      
Array of 1536 CsI(Tl) crystals in 8 
layers.  Measure the photon energy; 
image the shower. 

•  Segmented Anticoincidence Detector 
(ACD)  89 plastic scintillator tiles.     
Reject background of charged cosmic 
rays;  segmentation removes self-veto 
effects at high energy. 

•  Electronics System Includes flexible, 
robust hardware trigger and software 
filters. 

Systems work together to identify and measure the flux of cosmic 
gamma rays with energy 20 MeV -  >300 GeV. 

Calorimeter 

Tracker 

ACD 
[surrounds 4x4 
array of TKR 
towers] 
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The Observatory 

GBM 
BGO 

Detector 

GBM  
NaI 

Detector 

LAT 
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The 2nd Catalog  

https://arxiv.org/pdf/1906.11403.pdf 
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GRB 160821B 

Acciari et al. 2021 


