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•  The Fermi Gamma-ray Space Telescope 

•  The Fermi Era : breakthroughs in our understanding of GRBs 

•  GRBs and the Fireball model 

•  GRB science bridges astrophysics, cosmology and 
fundamental physics 

•  The future of GRB science : France, a future world leader ? 
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•  Brightest sources in the Universe : several M in few s emitted in γ-rays (keV-MeV->GeV) 

•  Short duration transient sources which do not 
repeat 

•  Cosmological distance 

Short	   Long	  

Fermi energy range 
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Synchrotron	  emission	  
from	  electrons	  

propagaFng	  in	  the	  jet	  
Synchrotron	  emission	  
from	  the	  deceleraFng	  

blast	  wave	  
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Catastrophic	  short	  dura.on	  
events	  at	  cosmological	  distance	  ?	  

Rela.vis.c	  jets	  
with	  internal	  
shocks	  ?	  
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Catastrophic	  short	  dura.on	  
events	  at	  cosmological	  distance	  ?	  

Rela.vis.c	  jets	  
with	  internal	  
shocks	  ?	  

Only Possible with a Good Understanding 
of the GRB phenomenon !!! 

•  Formation of the central engine 

•  Nature of the central engine 
•  Composition of the jet and energy reservoirs 

•  Magnetic field 
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Catastrophic	  short	  dura.on	  
events	  at	  cosmological	  distance	  ?	  

Rela.vis.c	  jets	  
with	  internal	  
shocks	  ?	  

Only Possible with a Good Understanding 
of the GRB phenomenon !!! 

•  Formation of the central engine 

•  Nature of the central engine 
•  Composition of the jet and energy reservoirs 

•  Magnetic field 

     To answer these 
questions, I focused 
on the spectroscopy 

of the prompt 
emission with Fermi 
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GRB spectra : The Band function (smoothly broken PL) 

α	  

β	  

Epeak	  

β	  

Epeak	  

α	  

Most likely synchrotron emission from electrons propagating in the jet and 
accelerated through internal shocks but α often inconsistent with synch models. 
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Late very high energy emission 
(13 GeV photon at T0+1.5h) 

     Additional high energy PL not 
compatible with synchrotron 
models 

Band	  
PL	  

7/27	  Sylvain	  Guiriec	  –	  	  Seminar	  at	  CPPM,	  Marseille,	  2011	  



•  Spacecraft : 

•  Large Area Telescope (LAT) : 

•  Gamma-ray Burst Monitor (GBM): 

•  Energy range : 20 MeV to >300 GeV 
•  Large field of view : ~2.4 sr at 1 GeV 
•  Full sky coverage every 3 hours 
•  Localization, spectroscopy and GRB 

trigger capabilities (on board and ground) 

•  12 NaI (8 keV to 1 MeV) 

•  2 BGO (200 keV to 40 MeV) 

• 	  LocalizaFon	  (on	  board	  &	  ground)	  
• 	  Spectroscopy	  

• 	  Spectroscopy	  

•  Full unocculted sky coverage : >9.5 sr 

•  8 keV to 40 MeV 
•  On board triggers 

Low-Earth Circular Orbit  (altitude 550 km) with 
28.5° inclination 
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•  Large Area Telescope (LAT) : 
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•  Delayed high energy emission onset (>100 MeV) 

•  Long lived GeV emission 

•  Spectral evolution 

•  Multi-spectral components analysis 
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•  The first LAT peak coincides with the 
second GBM peak 
•  Delay in HE onset: ~4-5 s 

•  The first few GBM peaks are missing but 
later peaks coincide 
•  Delay in HE onset: ~0.1-0.2 s 
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t-1.69±0.03 

5σ Detection up to 4800s  

5σ Detection up to 1600s  
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Forward shock model can reproduce the spectrum from the optical up to GeV 
energies! (non thermal synchrotron emission from the decelerating blast wave) 

Fit of the SED at T0 + 100s 
>4.5 σ break at HE 

beta2 = 0.62 +0.08 -0.06 
beta3 = 1.14 +0.10 -0.09 
Eb2 in [10 – 130] MeV 

LAT emission until 200 s 
No spectral evolution 
(photon index -2.1 ± 0.1) 

t-1.38±0.07 
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Alpha	  -‐1.02+/-‐0.02	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Beta	  	  	  -‐2.21 	  +/-‐0.03	  
Epeak	  1170+/-‐142 	  keV	  	  	  	  	  	  	  	  	  	  
Amp.	  	  	  0.0354+/-‐0.001	  photons/s-‐cm2-‐keV	  	  
REDUCED	  CHISQ	  =	  0.963,	  PROB	  =	  0.698	  

•  Consistent with a single Band 
function from 10 keV to 10 GeV. 

•  Global soft-hard-soft evolution. 
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2	  ms	  .me	  bins	  !!!	  
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Rebin	  for	  spectroscopy	  !!!	  

•  Light curves of short GRBs similar to 
the light curves of long GRBs but 
contracted in time and stretched 
toward the highest energies. 

•  Band Epeak tracks the LC structures. 
•  Soft-hard-soft evolution. 
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• 	  Spectral	  deviaFon	  from	  the	  standard	  Band	  funcFon	  adequately	  fit	  with	  an	  addiFonal	  power	  
law	  in	  long	  and	  short	  GRBs.	  
• 	  The	  Extra-‐PL	  is	  usually	  not	  present	  during	  the	  all	  burst	  duraFon.	  
• 	  Usually,	  the	  extra-‐PL	  over-‐powers	  the	  Band	  funcFon	  at	  low	  (<	  ~tens	  of	  keV)	  and	  high	  (>	  ~tens	  
of	  MeV)	  energy.	  
• 	  Possible	  PL	  break	  in	  a	  Fme	  resolved	  spectrum	  of	  GRB	  090902B.	  
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• 	  The	  extra-‐PL	  overpower	  the	  standard	  Band	  funcFon	  above	  ~10	  MeV.	  
• 	  Existence	  of	  a	  6σ	  spectral	  cutoff	  at	  ~1.4	  GeV	  in	  the	  extra-‐PL.	  
• 	  Break	  shape	  not	  constraint.	  
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•  Leptonic models (inverse-Compton or SSC) 
+ Can explain the high energy PL excess  
-  Hard to produce a delayed onset longer than spike width 
-  Hard to produce a low-energy (<50 keV) power-law excess 

•  Hadronic models (pair cascades, proton synchrotron) – Asano 2009, Razzaque 2009 
+ Late onset: time to accelerate protons & develop cascades? 
- Hard to produce correlated variability at low- and high-energies (e.g. spikes of 

GRB 090926A)? 
- Proton synchrotron radiation requires large B-fields 
+ Synchrotron emission from secondary e± pairs produced via photo-hadron 

interactions can naturally explain the power-law at low energies 

•  Early Afterglow (e+e- synchrotron from external shock) – Kumar 2009, Ghirlanda 2010 
+ Can account for the delayed onset of the PL 
- Short variability time scales in LAT data argues against external shock 
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Non	  thermal	  

Thermal
(kT≈38keV)	  

Total	  

Non	  thermal	  

νFν	  	  Spectrum	  –	  non-‐thermal	  

νFν	  Spectrum	  –	  non-‐thermal	  +	  thermal	  

• 	  Standard	  fireball	  model	  predicts	  thermal	  and	  
non-‐thermal	  emission	  during	  the	  prompt	  emission.	  
=>	  Thermal	  emission	  never	  clearly	  detected.	  

• 	  For	  the	  first	  .me,	  simultaneous	  iden.fica.on	  
of	  the	  thermal	  and	  non-‐thermal	  components	  in	  
the	  spectrum	  of	  GRBs	  observed	  with	  GBM.	  

A	  pure	  internal	  energy	  reservoir	  is	  not	  sufficient	  to	  
explain	  the	  observa.ons	  and	  an	  ouhlow	  highly	  
magne.zed	  close	  to	  the	  source	  is	  required.	  
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Energy	  

Band	  +	  PL	  

Energy	  

Band	  

Energy	  

Band	  +	  BB	  

Energy	  

Band	  +	  BB	  +	  PL	  

?	  
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GRB	  080916C	  

GRB	  090902B	  

GRB	  090926A	  

Energy	  (keV)	  

Energy	  (keV)	  

Energy	  (keV)	  

Most	  famous	  Fermi	  GRBs	  :	  
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GRB	  080916C	  

GRB	  090902B	  

GRB	  090926A	  

Energy	  (keV)	  Energy	  (keV)	  

Energy	  (keV)	  

Energy	  (keV)	  

Energy	  (keV)	  

Energy	  (keV)	  

Most	  famous	  Fermi	  GRBs	  :	  
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Band	   Band+BB+PL	  
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Burgess	  et	  al.	  (submihed	  to	  ApJL)	  implemented	  a	  detailed	  electron	  synchrotron	  emission	  
descripFon	  as	  fit	  model	  available	  in	  the	  sojware	  package	  RmFit	  

BB	  

Band	  

PL	  

Energy	  (keV)	  

Band	  +	  BB	  +	  PL	   Synch	  model	  +	  BB	  +	  PL	  

Energy	  (keV)	  

BB	  

Synch	  

BB	  

PL	  

Band	  

PL	  ?	  
(Inverse	  Compton,	  
hadronic,	  …)	  

GRB	  080916C	   GRB	  080916C	  

The	  synchrotron	  model	  requires	  the	  use	  
of	  the	  BB	  component	  to	  get	  a	  good	  fit	  !!!	  
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Synch	  model	  +	  BB	  +	  PL	  

Energy	  (keV)	  
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Synch	   ?	  

?	  

?	  

SVOM	  

CTA	  

Credit	  A.	  Bouvier	  
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Synch	  model	  +	  BB	  +	  PL	  
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If	  hadrons	  

Neutrinos	  ?	  (Antares/KM3)	  

26/27	  Sylvain	  Guiriec	  –	  	  Seminar	  at	  CPPM,	  Marseille,	  2011	  



Synch	  model	  +	  BB	  +	  PL	  
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Synch	  model	  +	  BB	  +	  PL	  

Energy	  (keV)	  
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If	  hadrons	  

If	  new	  born	  stellar	  mass	  
black	  hole	  (z~1)	  

Gravita.onal	  waves	  (Virgo)	  
SVOM could remain the only GRB 

“sky monitor” after GBM 

      Crucial for neutrino and gravitational 
wave experiments, and CTA 

Neutrinos	  ?	  (Antares/KM3)	  

26/27	  Sylvain	  Guiriec	  –	  	  Seminar	  at	  CPPM,	  Marseille,	  2011	  



•  GRB observations are challenging because they require a very 
fast repointing of various space and ground based instruments 
simultaneously. 

•  With Fermi, we made major forward steps in the understanding 
of the prompt emission. 

•  A better understanding of GRBs is required prior to use them for 
cosmology, fundamental physics, among others, … 

Empirical spectra 
models 

Nearly pure physical models : 
Synch e- + BB + PL (IC, hadron synch …) 

CTA and SVOM (with France) will be the best instruments to identify 
definitely the PL and to fully constrain various spectral parameters 

•  SVOM (Chino-French) will be probably the only GRB “sky 
monitor” after GBM     Major asset for neutrino and 

gravitational waves experiments 
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