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High Energy Emission from GRB 
“The EGRET heritage” 
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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). 

•  Need long exposure to get delayed emission  

Delayed Emission (GRB 940217) 

Prompt Emission  (GRB 930131)

Hurley et al. 1994 

Kouveliotou et al 1994
Sommer et al. 1994
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The EGRET heritage on GRB 

  Gonzalez, et al. 2003 

-18 to 14 sec 
 
 
14 to 47 sec 
 
 
 
47 to 80 sec 

80-113 sec 
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The EGRET heritage on GRBs 

•  Extended emission?  
•  Prompt emission?  
•  Spectral Components?  
•  Ubiquity of HE emission?  

•  Need of optimal timing and broad band 
fast detectors  



F.Longo     Observation of GRB with HE satellites 

University of Trieste and INFN  May 24, 2017 

GeV emission sites 
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Theoretical expectations (Zhang 2007) 

•  For nearby (z ∼ 0.1)  neutron-loaded GRBs of merger origin, 
GLAST may be able to detect prompt 100 MeV and 100 GeV 
photon signatures from proton-neutron inelastic processes  

•  In internal shocks, if the sub-MeV emission that triggers 
gamma-ray detectors is due to synchrotron emission, then a 
synchrotron self-Compton (SSC) component naturally extends 
to high energies. High energy photons are likely attenuated 
with low energy photons to produce pairs, whose secondary 
emission also contribute to the observed 

•  In internal shocks, protons are also accelerated. Their 
synchrotron emission or photon-meson interaction would also 
lead to high energy photon emissions. 

•  In the external reverse shock SSC would produce  high energy 
photons in the GeV range 

•  In the external forward shock, SSC at early times also 
produces significant GeV emission that is detectable by 
GLAST 
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Theoretical expectations (Zhang 2007) 

•  Photons from the forward and reverse shock regions could be 
inverse Compton scattered by electrons in the other regions. 
These cross IC processes are important high energy emission 
contributors. The prompt sub-MeV photon bath may overlap 
the external shock region if the burst duration is long enough. 
The electrons in the shocked region would cool by scattering 
these prompt gamma-rays and produce high energy photons. 
The effect is especially important in a wind medium where the 
deceleration radius is small. 

•  Protons in the external shock region would produce high 
energy photons through synchrotron emission and photo-
meson interaction 

•  Photons from X-ray flares and probably unobserved UV flares 
would be upscattered by the external shock electrons to 
produce GeV-TeV photons 
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Theoretical expectactions (Zhang 2007) 

•  SSC within the X-ray flares would produce high energy 
photons (Wang et al. 2006b).  

•  If additional soft photons are available from the GRB 
progenitor, external IC processes would boost soft photons to 
high energies. 

•  TeV photons escaping from GRB fireballs would be attenuated 
by intergalactic infrared background and produce pairs, if the 
GRB source is not too close to earth (say z < 0.5). These pairs 
would upscatter the cosmic microwave background and 
produce GeV photons, which would be detectable by GLAST if 
the IGM magnetic field is weak enough. 

•    
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Theoretical expectactions (Zhang 2007) 

•  A prospect of GLAST observation is to constrain the bulk 
Lorentz factor of GRBs. Due to internal photon-photon 
productions, it is expected that there would be a (sharp) 
spectral cutoff in the prompt GRB spectrum, which has not 
been clearly detected 

•  It is almost guaranteed to detect prompt emission in the 
GLAST band, with a possible spectral cut-off. The exact 
location of the cut-off depends on the properties of the burst. 

•  High energy emission typically lasts longer than the sub-MeV 
prompt emission The spectrum would have a temporal 
evolution. Harder photons tend to be detected at later times 
when the fireball becomes less compact for photons.  
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Theoretical expectactions (Zhang 2007) 

•  At the low energy regime in the GLAST band, the prompt 
emission light curves would have narrower spikes than the the 
sub-MeV light curves. However, at higher energies when the 
putative IC component takes over, the light curves would be 
more smeared out with less sharp spikes due to the non-linear 
IC processes involved.  

•  It is possible that GLAST would detect bursts for thousand of 
seconds. The long-lasting emission may have a broad 
temporal bump with flares overlapping on top of it. The rising 
and falling indices of the flares would be less steep (again due 
to the non-linear IC processes), and the flare amplitudes would 
be smaller than those of X-ray flares.  
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High Energy Emission from GRB 
“AGILE and GRBs” 
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Gamma-ray extended emission  
in GRB 080514B 

 

GRB 080514B is the first GeV-bright GRB after EGRET and it is also associated to an 
afterglow and a photometric redshift measure of 1.8 (A. Rossi et al., 2009, A&A).  

Giuliani et al., 2009,  
A&A, 491, L25 – L28  
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whole spectrum of GRB 080514B 

 

α = -0.599 

β = -2.48 

Epeak = 224 keV 

GRID fluence 

The same Band model fits the spectrum from 20 keV up to 50 MeV. 

Konus-Wind spectrum in 20 keV – 5 MeV (GCN 
7751). 

Giuliani et al., 2009,  
A&A, 491, L25 – L28  
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GRB 090510: the delayed emission 
 

Interval 2 

Interval 1 

GRB 090510 has been localized by Swift and detected also by Fermi/LAT 
(Ackermann et al. 2010) and AGILE (Giuliani et al. 2010). The redshift is 0.903 
(De Pasquale et al. 2010). 

0.3 – 10 MeV 

prompt emission interval delayed emission interval 

prompt emission interval delayed emission interval 

10 – 1000 MeV Giuliani et al. 2010,  
ApJ, 708, L84 – L88  
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in a short GRB 

 Powerlaw with cutoff 
 
α1 = 0.6 ± 0.3 
Ec = 2.8 ± 0.9 MeV 
1.8 × 10-5 erg/cm2 (0.5 – 10 MeV) 

prompt emission interval 

Powerlaw without cutoff 
 
α2 = 1.6 ± 0.1 
3.1 × 10-6 erg/cm2 (0.5 – 10 MeV) 
 
α3 = 1.4 ± 0.4 
2.9 × 10-5 erg/cm2 (25 – 500 MeV) 

delayed emission interval 

Giuliani et al. 2010,  
ApJ, 708, L84 – L88 
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GRB 100724B: simultaneous  
onset of GeV and MeV 

 
• No time lag is found between the MeV and 
GeV emission. The two main bumps in the 
lightcurve show a remarkably similar shape 
at MeV and GeV. 

• Due to the spinning operative mode, GRB 
100724B remained within the AGILE/GRID 
FoV between t0+6s and t0+125 s. 

• The GRB is not detected during the next  
“transit” in the FoV (t0 + 410 s , t0 + 529 s). 

• SuperAGILE was not collecting data for 
telemetry sharing reasons. 

Del Monte et al., A&A, 535, 120, 
(2011) 
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Following the method reported in the Supporting Online Material of the paper about 
GRB 080916C (Abdo et al 2009, Science, 323, 1688), Γmin = Γmin (z, Δt, Emax, β). 

The estimated Lorentz factor is similar to other GeV-bright GRBs (e. g. GRB 
080916C, GRB 090902B and GRB 090510). 

Del Monte et al., A&A, 535, A120 (2011) 

GRB 100724B: minimum bulk  
Lorentz factor 
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Longo et al. 2012, 
A&A, 547. id.A95 

GeV emitting GRBs as high  
fluence events 
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Upper limits on GeV emission 

Longo et al. 2012 
A&A, 547. id.A95 
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The AGILE view on GRBs 

•  Extended emission? 
– HE emission lasts longer …  

•  Prompt emission?  
– He emission could start later .. 

•  Spectral Components?  
– Several components observed 

•  Ubiquity of HE emission?  
– Not a common feature 
– Lack of bright GRBs  
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High Energy Emission from GRB 
“Fermi/LAT and GRBs” 
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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 

Abdo et al. 2009, 
Science, 323, 1688 
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The 1st GRB catalog 

Ackermann, M. 
et al. 2013 
 ApJS, 209, 11 
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A “typical” bright GRB in Fermi 
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A “typical” bright GRB in Fermi 
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Multicomponent spectra 

Axelsson et al. 2012 
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Estimate on Bulk Lorentz Factor 

Nava, L. et al. 2016 
 MNRAS 
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Fluence of LAT GRB 

Ackermann, M. 
et al. 2013 
 ApJS, 209, 11 
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Extended and Prompt Spectra 

Ackermann, M. et al. 2013 
 ApJS, 209, 11 
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The case of GRB 160509A 

PRELIMINARY 

PRELIMINARY 
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Swift and Fermi GRB 
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Afterglow of LAT GRB 

Ackermann, M. et al. 2013 
 ApJS, 209, 11 
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Clustering of LAT light curve 

Nava, L. et al. 2014 
 MNRAS 443, 3578 
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GRB 130427A 
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GRB 130427A 

Ackermann, M. et al. 2014, Science, 343, 42S 
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The new Pass8 data 

Vianello & Omodei 
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Towards the 2nd LAT catalog 

Omodei et al. Hunstville 2016 
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IACT upper limits 

Inoue et al AstroParticlePhysics 2013 
J. Aleksic  et al., MNRAS 2014  

Aliu et al. ApJ 2014 
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AGILE and Fermi view on the  
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 HE emitting GRBs 
–  Mission in the 10 MeV – 1 GeV  

•  Population of VHE emitting GRB 
–  IACT detection ?  


