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Outline 

•  Gamma-ray Bursts 
–  Brief introduction 

•  High energy emission from GRBs 
–  The EGRET heritage 
–  AGILE observations 

•  Fermi LAT and GRBs 
–  The LAT  
–  The first LAT GRB catalog  
–  GRB 130427A  
–  Towards the 2nd GRB catalog   

Mostly based on the papers: 
 
Ackermann, M. et al. 2013, ApJS, 209, 11 
Contact authors:  N.Omodei, F.Piron, S.Razzaque, G.Vianello, V.Vasileiou 
 
Ackermann, M. et al. 2014, Science, 343, 42 
Contact authors: J.Chiang,C.Dermer,N.Omodei,G.Vianello,S.Xiong,S.Zhu 
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Gamma-ray Bursts 



  Vulcano 2014    GRB with Fermi/LAT           F.Longo & Fermi/LAT coll. 4 

GRB – a very brief introduction  
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GRB – a very brief introduction  

Briggs et al. 1999 
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GRB – a very brief introduction  
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High Energy Emission from GRBs 
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The EGRET heritage on GRBs 

•  Need fast timing for gamma-ray detection (improving EGRET deadtime, 
100 msec → 100 microsec or less). 

Delayed Emission (GRB 940217) 

Prompt Emission  (GRB 930131)	
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Sepctral extra components (GRB 941017) 

The EGRET heritage on GRBs 

(Gonzalez et al 2004) 
Dingus et al. (1998) 
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High Energy emission from EGRET 

•  Extended emission? 
•  Prompt emission?  
•  Spectral Components? 
•  Ubiquity of HE emission?   
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The AGILE telescope and GRBs 
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The AGILE telescope and GRBs 
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GRB with Fermi LAT 
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The Fermi Observatory 
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Overview of LAT 

•  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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A “typical” bright GRB in Fermi 
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A “typical” bright GRB in Fermi 



  Vulcano 2014    GRB with Fermi/LAT           F.Longo & Fermi/LAT coll. 18 

The LAT Low Energy (LLE) event class 

•   Current “default” is Pass7REP.  
   “Transient” selection for < 100 s.  
   “Source” selection for > 100 s 
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Fermi LLE 

http://heasarc.gsfc.nasa.gov/W3Browse/fermi/fermille.html 
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The Fermi/LAT GRB catalog 

•  Systematic study of GRB properties at high energies (>10 MeV) 
•   Covers a 3-year period starting from August 2008, including: 

− Tabulated GRB parameters 
•  Start / end times, duration, fluence, energetics, average 

and peak fluxes, time of the peak flux, temporal decay 
slope, spectral evolution 

•  Spectral analysis results (from GBM+LAT joint fits) 
− Discussions on the unique properties of individual bursts 

(presence of extra spectral components and of high-energy 
spectral cutoffs) 

− Details on the analysis: methodology, tools, methods and 
caveats 

•  Ackermann, M. et al. 2013, ApJS, 209, 11 
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The GRB catalog 
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Delayed onset of >100 MeV photons 
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Temporally extended emission  
of > 100 MeV component 



  Vulcano 2014    GRB with Fermi/LAT           F.Longo & Fermi/LAT coll. 24 

Band model “crisis” 



  Vulcano 2014    GRB with Fermi/LAT           F.Longo & Fermi/LAT coll. 25 

< 1 MeV of LAT GRB 
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GBM and LAT fluence 
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Energetics 
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Extended and Prompt Spectra 
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Afterglow of LAT GRB 
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Decay of High energy flux 
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Swift and Fermi GRB 
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GRB rate at High Energy 
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Spectral cutoffs at LE? 



  Vulcano 2014    GRB with Fermi/LAT           F.Longo & Fermi/LAT coll. 34 

GRB 130427A 
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GRB 130427A 
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GRB 130427A 
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GRB 130427A 
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Conclusions  

•  Interesting patterns and emergent groups 
− LAT >100 MeV emission is delayed & temporally extended w.r.t. the 

emission seen in the GBM 
− Short & long GRBs seem to have similar HE properties – short GRBs 

may be harder 
− LAT bursts are fluent, bright & energetic 
− Hint for a class of hyper-energetic GRBs → needs more observations 
− The distribution of GRB jet Lorentz factors might be broad → needs 

better spectral coverage in the 10-100 MeV range (LLE, Pass 8) 
•  Prompt emission phase 

− Band model crisis → need detailed physical models 
− Origin of the delayed onset of the LAT >100 MeV emission? 
− Origin of the high-energy emission? From internal and/or external 

shocks? Leptonic and/or hadronic? 
− Transition from prompt emission phase to early afterglow: how does the 

extra PL component relate to the long-lived GeV emission? 
•  Long-lived GeV emission 

− Decays as t-1 at late times, consistent with the canonical afterglow 
model (adiabatic fireball) 
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Towards the 2nd Catalog 

Atwood at al. 2013 
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Towards the 2nd GRB Catalog 

http://fermi.gsfc.nasa.gov/ssc/observations/types/grbs/lat_grbs/table.php 
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Towards the 2nd GRB catalog 

http://www.asdc.asi.it/grblat/ 


