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

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

8 keV – 40 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

The Fermi mission
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Fermi GBM trigger statistics

▪ Quarterly trigger statistics over 12.5 years of the mission

Terrestrial 

Gamma-ray Flashes

Galactic sources Solar Flares Soft Gamma Repeaters

V404 Cyg

Swift J0243.6+6124
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4th GBM GRB Trigger Catalog [von Kienlin+2020]

▪ 10 years of data [2008 July 12 − 2018 July 11]

▪ 1st, 2nd, 3rd catalog
2 years[Paciesas+2012], 4 years [von Kienlin+2014], 6 years [Bhat+2016]

▪ For each GRB: location, duration, peak flux & fluence (50−300 keV, 10−1000keV)

o PLUS: Information on triggering criteria, exceptional operational conditions, GCN products

von Kienlin et al., 2020

GRBs SGRs TGFs SFs Galactic CPs Other Sum ARRs LAT GRBs

2360 258 880 1176 407 1023 331 6434 220 186

# GBM Triggers

17%

83%

Exceeded 

BATSE in 

January 2020!
Long GRB rate: ~200 /year

Short GRB rate: ~40 /year

GBM: ~ 40 sGRBs/year

Swift: ~ 9 sGRBs/year
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4th GBM GRB Trigger Catalog [von Kienlin+2020]

▪ 10 years of data [2008 July 12 − 2018 July 11]

▪ 1st, 2nd, 3rd catalog
2 years[Paciesas+2012], 4 years [von Kienlin+2014], 6 years [Bhat+2016]

▪ For each GRB: location, duration, peak flux & fluence (50−300 keV, 10−1000keV)

o PLUS: Information on triggering criteria, exceptional operational conditions, GCN products

Complete results available @ HEASARC

von Kienlin et al., 2020

GRBs SGRs TGFs SFs Galactic CPs Other Sum ARRs LAT GRBs

2360 258 880 1176 407 1023 331 6434 220 186

# GBM Triggers

PL : -3/2

PL : -3/2

Short GRBs

Long GRBs

All

von Kienlin et al., 2020

von Kienlin et al., 2020

1.05 s 29.9 s

4.2 s

22.5%

77.5%

17%

83% Long GRB rate: ~200 /year

Short GRB rate: ~40 /year
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4th GBM GRB Trigger Catalog [von Kienlin+2020]

▪ 10 years of data [2008 July 12 − 2018 July 11]

▪ 1st, 2nd, 3rd catalog
2 years[Paciesas+2012], 4 years [von Kienlin+2014], 6 years [Bhat+2016]

▪ For each GRB: location, duration, peak flux & fluence (50−300 keV, 10−1000keV)

o PLUS: Information on triggering criteria, exceptional operational conditions, GCN products

Complete results available @ HEASARC

von Kienlin et al., 2020

GRBs SGRs TGFs SFs Galactic CPs Other Sum ARRs LAT GRBs

2360 258 880 1176 407 1023 331 6434 220 186

# GBM Triggers

von Kienlin et al., 2020

PL : -3/2

PL : -3/2

Short GRBs

Long GRBs

All

von Kienlin et al., 2020

Histogrammed

probability density

plot incorporating

uncertainties!

6.1 s

26%

74%

17%

83%
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3rd GBM GRB Spectral Catalog [Poolakkil+2021]

▪ 10 years of data [2008 July 12 − 2018 July 11]

▪ 1st, 2nd catalog
2 years [Goldstein+2012], 4 years [Gruber+2014]

▪ Systematic spectral analysis of 2297 GRBs, two types of spectra:
o Time-integrated spectral fits  ➔ ‘fluence’ spectrum

o Spectral fits at brightest time bin (1.024s/64 ms) ➔ ‘peak flux’ spectrum

➔ Resulting in a compendium of over 18000 spectra! 

▪ 4 different empirical spectral models 

o PLAW (A, λ), COMP (A, α, Epeak), BAND (A, α, β, Epeak), SBPL (A, λ1, λ2, Ebreak, ∆)

o New! two-sided uncertainties!

o Fit ratings: 

• GOOD - parameter error of all model parameters are within certain limits

• BEST - best representation model, based upon goodness of fit criteria

Poolakkil+ApJ Vol.913:60 (2021)
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3rd GBM GRB Spectral Catalog [Poolakkil+2021]

▪ Parameter distributions

o Fluence and peak flux spectra

o GOOD / BEST categories

Fluence /BEST Fluence /BEST Fluence /BEST
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3rd GBM GRB Spectral Catalog [Poolakkil+2021]

Long vs. Short GRBs

▪ Short bursts show a 

higher median value of Epeak

and a harder 

low-energy power law index
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2nd LAT GRB Catalog [Ajello+2019]

Ajello+ApJ Vol. 878 (2019)

©NASA/DOE/Fermi LAT Collaboration

169 long

17 short
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2nd LAT GRB Catalog [Ajello+2019]

▪ 10 years of data [2008 July 12 − 2018 July 11]

o 1st catalog
3 years[Ackermann+2013]

▪ Search for emission from 3044 GRBs triggered 

by several instruments including:

o GBM, Swift, Integral, AGILE, IPN

▪ Detection algorithm searching 5 time windows, 

from 10 s to 10 ks, and over bigger ROI

o LAT Transient Factory (LTF, Vianello+2015)

▪ Every detection analyzed by a 

standardized analysis pipeline

▪ Compared with the 1FLGC

o New detection algorithm: 50% improvement

o Using Pass8 data: 10% improvement

Omodei+2016

Ajello+2019
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2nd LAT GRB Catalog [Ajello+2019]

The most “famous” LAT GRBs

Long GRB 080916C Short GRB 090510

Ackermann+2013 Ackermann+2013GBM

>100 MeV>1 GeV

LAT

8-15 keV

15-250 keV

250 keV-

5 MeV

>10 MeV

Science 
Vol 323 

Issue 5922

2009

Nature

Vol 462 

331-334

2009
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2nd LAT GRB Catalog [Ajello+2019]

Preece+2014, Ackermann+2014 Science

GRB 130427A – The ‘‘monster’’ burst

Prompt Afterglow

95 

GeV
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2nd LAT GRB Catalog [Ajello+2019]

▪ Detailed study of the onset and duration of the high-energy emission

o TL100 = GRB duration measured by LAT [100 MeV – 100 GeV]

o TL100 = TL1 – TL0 (Arrival time of last and first photon, respectively)

▪ High-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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2nd LAT GRB Catalog [Ajello+2019]

▪ Comparison of low-energy (LE) properties of LAT-detected GRBs with the entire

10yr GBM sample (~2400 GRBs)

▪ Distribution of short and long bursts are different

▪ LAT tends to sample brighter bursts

o BUT: MUCH LARGER SPREAD now than in the first LAT catalog! 

• Detection of HE emission also from weak GBM bursts!

Ajello+2019
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2nd LAT GRB Catalog [Ajello+2019]

▪ 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%
▪ 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
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2nd LAT GRB Catalog [Ajello+2019]

▪ Highest-energy photons from GRBs

o <5% of GRBs have E > 50 GeV

o Sharp drop @5 GeV (obs.frame)

o Record holder: GRB 130427A 
• 95 GeV @243 s, 77 GeV @19s, 34 GeV @34 ks

Observer Frame

Source frame

▪ HE photons often arrive after the low-

energy emission is over, BUT

o Highest energies can be produced either 

very quickly or very late: challenge for 

models!

Ajello+2019

Ajello+2019
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Breakthrough: GRB detections @VHE

▪ Announcements on November 20, 2019

1. H.E.S.S. observation of GRB 180720B

2. MAGIC observation of GRB 190114C

▪ Announcement on June 4, 2021

3. H.E.S.S. observation of GRB 190829A
©CRR UTokyo/Naho Wakabayashi

Abdalla+2021

z = 0.653

z = 0.4245

z = 0.0785
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GRB 180720B seen by Fermi 

▪ Bright GRB on July 20th, 2018

o Triggered Fermi-GBM [Roberts+2018, GCN #22981]

▪ GBM T90 (50-300 keV) = 48.9 ± 0.4 s

▪ Eiso = (6.0 x 0.1) 1053 erg – 7° brightest in GBM

o Clear Fermi-LAT detection [Bissaldi+2018, GCN #22980 ]

• Max photon energy: 5 GeV @T0+142 s

• GRB rapidly moving out of the LAT FoV

➔ No further LAT detection beyond T0+700 s

~ 25s Ajello+2019

Bissaldi+(2019)

Fermi-GBM Collaboration (2018)
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GRB 180720B seen by Fermi 

H. Abdalla+(2019) Nature 575, 464

Energy flux lightcurves at different wavelengths
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GRB 190114C seen by Fermi

Analysis of prompt emission with GBM+LAT data

▪ Evidence for both thermal (BB) and non-thermal (CPL or Band) 

spectral components commonly seen in GRB spectra

▪ Emergence of an additional PL component extending to high 

energies 

o Explaining the delayed onset of the LAT-detected emission

o Showing strong evidence for spectral attenuation >40 MeV in the first few 

seconds of the burst, before transitioning to a harder spectrum that is 

consistent with the afterglow emission observed by XRT+BAT at later times

Ajello+(2020) ApJ 890

Ajello+(2020) ApJ 890
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Energy flux lightcurves at different wavelengths, 

from radio to gamma-rays

➔ Vertical dashed line: end of the prompt-

emission phase, identified as the end of the last 

flaring episode

Prompt-emission lightcurves from different detectors

MAGIC Collaboration, Nature 575, 459 (2019)

MAGIC Collaboration, Nature 575, 459 (2019)

GRB 190114C seen by Fermi
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GRB 190829A seen by Fermi  

Energy flux lightcurves at different wavelengths 

Fermi-GBM Collaboration (2019)

GBM T90 (50-300 keV) = 59.4 ± 0.6 s
[Lesage+2019, GCN #25575]

No LAT detection (only Upper limits)
q=33°, in the LAT FoV until 1.1 ks

[Piron+2019, GCN #25574]

. Abdalla+(2021) Science 372 
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Summary and future prospects

▪ Since 13 years, the Fermi mission constantly provides a great dataset for 
GRB science

o GBM (>3100) and LAT (>210) are the most prolific GRB instruments in their respective 

energy band

o Together with Swift-BAT, GBM and LAT GRB detections are fundamental in order to 

trigger multiwavelength and multimessenger follow-up campaigns

• Tricky to simultaneosly explain all LAT results! Difficulty in explaining both delayed 

onset and long duration at the same time

▪ The first VHE GRB detections with H.E.S.S. and  MAGIC during the early to 

late afterglow phases provided additional insight into the nature of GRBs

o Looking forward to the Cherenkov Telescope Array (CTA), which will have ~10 times 

better sensitivity than current instruments

➔ Boost VHE GRB detection rate in both prompt and afterglow emission phases



Thank you!


