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Outline

• GRB properties

• GRBs in Fermi
- GBM and LAT GRBs
- spectra and QG results

• Predictions for AMS with BATSE/EGRET data
- frequencies
- photon samples

• Predictions for AMS with Fermi data
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GRB properties
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GRB afterglow spectrum
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GRBs at high energies before Fermi
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Fermi LAT GRBs (01/2010)
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Fermi LAT GRBs in 11 months

“generic” features:
- onset in time up to few seconds between GBM and LAT
1st peak of LAT coincides with 2nd peak of GBM

- high energy events are longer than low energy (in average)
- the number of LAT detection is ~ 5% of GRBs in GBM

31 GeV !
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Delayed HE emission: GRB 080916C
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Fermi GBM/LAT: GRB 080916C

Spectral evolution:
soft-to-hard then hard-to-soft



A. Jacholkowska, LAPP,  10/03/2010

Fermi GBM/LAT: GRB 080916C
Spectroscopy of main LAT peak (bin “b”)
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Delayed HE emission: GRB 090510
EQG > 1.2 EP at 95% CL

• single 31 GeV photon at 0.829s

• 10-7 probability to be background CR

• directional and temporary coincidence
with GRB090510: > 5σ

• association of 31 GeV photon with
different l.e. spikes leads to ξ > 100 !

this stringent photon dispersion limit
disfavors linear variation of speed of light 
models predicting “foamy“ structure of
the space-time  

Short GRB, z = 0.903±0.003LIV

Fermi, Nature Letters, (2009)
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Summary of LAT Bursts
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AMS resolutions
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AMS acceptances for γ

The 2 modes are complementary or exclusive:
- SiTRK: better angular coverage
- ECAL:  better acceptance for E > 10 GeV
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AMS performance

AMS

1 – 300 GeV

3 – 5%

700 cm2

0.1° - 2.5°

0.75 sr

20 µs



A. Jacholkowska, LAPP,  10/03/2010

Predictions for AMS before Fermi

Expected frequency of GRBs in AMS:
extrapolations from BATSE/EGRET data (2003)

AMS:  FA =   1 – 3/year
Fermi: FF = 30 – 100/year

scales as 
FF/FA = (Eff area*FoV)F/(Eff area/FoV)A ~ 30

Important for extrapolation:
- number of GRBs/year
- duration
- number of events with Eγ > 100 MeV

Eγ > 1 GeV
- highest energy 
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Predictions for AMS before Fermi
Detailed study of expected γ yield from GRBs in AMS:
(S. Sajjad M2 internship, GAM 2002)

Study case: GRB 941017 detected by EGRET (tGRB = 80s) 
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Conclusions: spectral study difficult with expected no of γ
hadron bckg ~ 10-2 h

But: hadron rejection optimized for diffuse γ emission !



A. Jacholkowska, LAPP,  10/03/2010

Predictions for AMS with Fermi

• Fermi observes at least 5 times less GRBs in LAT than
expected from BATSE/EGRET extrapolations
little evidency for a second – high energy component

AMS < 1 GRB/year
<  1  GRB/2years with redshift

• GRB 090510 – lasted 2 sec
No of γ with E > 0.1 GeV > 150

E >    1 GeV 20
Limiting factors for AMS:
effective area, strong dependence on zenith angle

→ need of simulations !
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Conclusions

• AMS has a potential to detect at most 1 GRB/year
once detected (mostly by SiTRK)
few dozens of γ avalable for source studies
standard studies of morphology and energy spectra

• Possible improvements:
Low trigger threshold
Optimize low energy reconstruction in ECAL (< 1 GeV)
Analysis: relaxe of Hadron suppression !

• Small but long-term contribution to the overall GRB studies
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MQG > 1.5x1018∆t = t(Photon with 
highest E) – t0

Fermi GBM + LATGRB 080916C

MQG > 2.0x1018, > 0.6 1011MCCF + Wavelets
+ LikelihoodH.E.S.S.PKS 2155-304

MQG > 0.2x1016∆t of photons > 2 GeVEGRETCRAB pulsar

MQG > 0.3x1018 , > 0.3 1011ECF + LikelihoodMAGICMrk 501

MQG > 0.6x1017LikelihoodWhippleMrk 421

MQG > 1.4x1016WaveletsBATSE + HETE-2 
+ SWIFT35 GRBs

MQG > 0.4x1011LikelihoodINTEGRAL17 GRBs

MQG > 0.4x1016WaveletsHETE-215 GRBs

MQG > 0.6x1016WaveletsBATSE + OSSE9 GRBs

MQG > 1.2x1019, > 0.5 1011CCF, cost 
function/ShannonFermi GBM + LATGRB 090510

MQG > 1.5x1017Fit + Mean arrival time 
in a spikeRHESSIGRB 021206

Results linear, quadratic
(GeV)MethodExperimentSource

Results on Quantum Gravity scale
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Lorentz Invariance Violation (LIV) is a good observational window on Quantum Gravity models. Within last few years,
all major Gamma-ray experiments have published results from the search for LIV with variable astrophysical
sources: Gamma-ray Bursts with detectors on-board satellites and Active Galactic Nuclei with ground-based experiments.
In addition, most of future experiments (SVOM, CTA and others) put the search for LIV in their main physics goals. 
As the latest results tend to disfavor first order effects with energy, excluding a whole set of models based on 
space-time "foam", it is possible that the whole theoretical landscape will change in the next years. In light of these 
exciting new results, a status report about both the theoretical and observational aspects would be of great interest. 

The meeting will be dedicated to the following aspects of the Fundamental Physics: 
– Searches for Lorentz Invariance violation effects and signatures of Quantum Gravity 
– studies of the quantum structure of the vacuum, in particular those of the Quantum 

Vacuum Friction (QVF) effects with Magnetars as predicted by of Quantum Electro-Dynamics 
– tests of the Gravity law at large scales and of the General Relativity. 

The workshop will deal with recent developments in these rapidly progressing areas. 
It will favour contacts between physicists working in various experiments, as 
between the theoreticians and the experimentalists. Discussions will take place 
on different methods used for the analyses of data and interpretation of the results.

Place: Room "Joncquille" LPNHE - Universités Paris 6 et 7, IN2P3/CNRS 
4, place Jussieu, Tour 43 – RdC, 75252 PARIS cedex 05 

Organizing Committee: 
J. Bolmont (LPNHE/UPMC, bolmont@in2p3.fr) 
A. Blanchard (LATT/UPS) 
A. Jacholkowska (LPNHE/UPMC) 
S. Reynaud (LKB/UPMC) 
C. Rizzo (UPS-IRSAMC/LCA)

Fundamental Astrophysics workshop 2-3 June 2010 
http://indico.in2p3.fr/conferenceDisplay.py?confId=2779
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Back-up slides
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H.E.S.S.

Satellites: 1 year
Ground-based telescopes: 50 hrs of CRAB

AMS sensitivity
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