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The (HE) gamma-ray sky



Large Area Telescope ( LAT)
Pair conversion telescope 
20 MeV Ą 300 GeV

Gamma -ray Burst Monitor ( GBM)
14 Plastic scintillator detectors

8 keV ð40 MeV

International and 

interagency collaboration 

between NASA and DOE 

in the US and agencies in 

France, Germany, Italy, 

Japan and Sweden

Launched on June 11, 2008
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NASA Senior Review (SR) of Operating Missions

ÁNASA Senior Review (SR) 2022
o Fermi recommended for continuation 

for 3 years until next SR in 2025
Å òFermi provides unique access to the 

gamma -ray portion of the electromagnetic 

spectrum and the largest simultaneous field -

of -view of any space telescope. 

Its data give us a time -domain view of the 

entire gamma -ray sky and are a crucial asset 

for gravitational -wave and multi -messenger 

astrophysics.ó

o Strongly tied to Astro 2020 decadal 

survey theme òNew Messengers and 

New Physicsó
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GRB studies through history
Adapted from F.Longo

6) Fermi era (2008ï) 

7) Multimessengerera (2015ï)

8) VHE era (2019ï)
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V404 Cygni
Swift J0243.6+6124

GBM Collaboration 2022

Fermi-GBM trigger history

Terrestrial 
Gamma-ray Flashes

Galactic sources Solar Flares Soft Gamma Repeaters
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Fermi-GBM catalogs

ÅGBM 10yr GRBspectral Catalog Poolakkil+2021.ApJ913

ÅGBM 10yr GRBtrigger Catalog von Kienlin+2020.ApJ893

ÅGBM 10yr Accreting Pulsar Catalog Malacaria+2020.ApJ896

ÅGBM 8yr TGFCatalog Roberts+2018.JGRA123

ÅGBM 6yr GRBtrigger Catalog (3FGBM) Bhat+2016.ApJSS223

ÅGBM 5yr Magnetar Burst Catalog Collazzi+2015.ApJSS218

ÅGBM 4yr GRBtime -res. spectral Catalog Yu+2016.A&A588

ÅGBM 4yr GRBspectral Catalog Gruber+2014.ApJSS211

ÅGBM 4yr GRBtrigger Catalog (2FGBM) von Kienlin+2014.ApJSS211

ÅGBM 3yr X-ray Burst Catalog Jenke+2016.ApJ826

ÅGBM 3yr EOM catalog Wilson-Hodge et al. 2012

ÅGBM 2yr GRBspectral Catalog Goldstein+2012.ApJSS199

ÅGBM 2yr GRBtrigger Catalog (1FGBM) Paciesas+2012.ApJSS199

2023

2008



Von Kienlin+2020

Histogrammed

probability

densityplot 

incorporating

uncertainties!

6.1 s

26%

74%
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Spectral properties @MeV energies 

ÁParameter distributions
o Fluence and peak flux spectra

from Fermi -GBM catalogs

Fluence /BEST Fluence /BEST Fluence /BEST

Poolakkil+2021
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Spectral properties @MeV energies 

Long vs. Short GRBs

Á Short bursts show a 

higher median value of Epeak

and a harder 

low -energy power law index

Poolakkil+2021



Credit: NASA/DOE/Fermi LAT Collaboration/GSFC

2023
ÅLAT 10yr Point Source Catalog (4FGL-dr2)* (5604 sources )
ÅLAT 8yr Solar Flare Catalog
ÅLAT 10yr AGN Catalog (4LAC)
ÅLAT 10yr GRB Catalog (2FLGC)
ÅLAT 8yr Point Source Catalog (4FGL)
ÅLAT 7yr High-Energy Source Catalog (3FHL)
ÅLAT Extended Sources in the Galactic Plane (FGES)
ÅLAT All-sky Variability Analysis Catalog (2FAV)
ÅLAT 6yr High-Energy Source Catalog (2FHL)
ÅLAT 4yr Point Source Catalog (3FGL)
ÅLAT 4yr AGN Catalog (3LAC)
ÅLAT 3yr GRB Catalog (1FLGC)
ÅLAT 3yr SNR Catalog
ÅLAT 3yr Pulsars Catalog (2PC)
ÅLAT 3yr High-Energy Source Catalog (1FHL)
ÅLAT 2yr AGN Catalog (2LAC)
ÅLAT 2yr Point Source Catalog (2FGL)
ÅLAT 1yr AGN Catalog (1LAC)
ÅLAT 1yr Point Source Catalog (1FGL)
ÅLAT 6month Pulsars Catalog (1PC)
ÅLAT 3month Bright Source List (0FGL)

2008

0/1/2/3/4FGL: 

full energy range

(50 MeV -1 TeV)

1/2/3FHL: 
high -energy only (> 10/50 GeV )

Each generation uses

improved data/ calibration : 
P6 Ą P7 Ą P7Rep Ą P8

*https://fermi.gsfc.nasa.gov/ssc/data/access/lat/10yr_catalog/

https://arxiv.org/pdf/2005.11208.pdf

Fermi-LAT catalogs



169 long

17 short

Credit: NASA/DOE/Fermi LAT Collaboration

Fermi-LAT 10 yrsGRB catalog
(Ajello+2019)

https://heasarc.gsfc.nasa.gov/W3Browse/fermi/fermilgrb.html



https://heasarc.gsfc.nasa.gov/W3Browse/fermi/fermilgrb.html

Credit: NASA/DOE/Fermi LAT Collaboration

GRB 080916C (long) GRB 090510 (short)

Science 
Vol 323 

Issue 5922

2009

Nature

Vol 462 

331-334

2009

Fermi-LAT 10 yrsGRB catalog

GRB 090926A

Abdo+2009



Preece+2014, Ackermann+2014 Science

95 
GeV

Fermi-LAT Observations of the Gamma-Ray Burst GRB 130427A ðAckermann+2014

2014
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Temporal properties at @GeV energies

ÁDetailed study of the onset and duration of the high -energy emission
o TL100 = GRB duration measured by LAT [100 MeV ð100 GeV ]

o TL100 = TL1ðTL0 (Arrival time of last and first photon , respectively )

ÁHigh-energy Emission (>100 MeV) 
o Systematically delayed and longer wrt the low -energy emission

HE 

emission

DELAYED 

ONSET

HE emission

starts BEFORE 

LE emission

is over

GRBs

OUTSIDE 

FoV at

trigger time

Ajello+2019
EXTENDED 

HE 

emission
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Temporal properties at @GeV energies

ÁLongest bursts
1.GRB 130427A

TL100 = 34 ks

2.GRB 160623A

TL100 = 35 ks

ÁAt lower energies

(LLE: 30 MeV ð1 GeV )
o Definition of duration 

similar to the GBM

o Behavior similar to 

low -energy emission

TL0 T95

TL1

TL100

Similar

emission

ONSET

LLE emission 

fading FASTER 

than 

LE emission 

Ajello+2019
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Spectral properties at @GeV energies

ÁComparison of low -energy (LE) properties of LAT-detected GRBswith the entire

10yr GBM sample (~2400 GRBs)

ÁDistribution of short and long bursts are different

ÁLAT tends to sample brighter bursts
o BUT: MUCH LARGER SPREADnow than in the first LAT catalog ! 

ÅDetection of HE emission also from weak GBM bursts!

Ajello+2019
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Spectral properties at @GeV energies

Á At HE (100 Mev-100 GeV) , the fluence measured at late 

times («EXT» winodw ) is comparable to the one measured
during the prompt phase («GBM» window)

10%

1%
Á LE(10-1000 keV) fluence is>10 x larger than HE (100 

Mev -100 GeV) fluence in the «GBM» time window

o The majority of the burst energy is emitted at lower

energies !

10%

1%

Ajello+2019

Ajello+2019


