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The (HE) gamma-ray sky



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
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NASA Senior Review (SR) of Operating Missions

▪ NASA Senior Review (SR) 2022
o Fermi recommended for continuation 

for 3 years until next SR in 2025
• “Fermi 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.”

o Strongly tied to Astro 2020 decadal 

survey theme “New Messengers and 

New Physics”
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GRB studies through history
Adapted from F.Longo

6) Fermi era (2008–) 

7) Multimessenger era (2015–)

8) VHE era (2019–)
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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

• GBM 10yr GRB spectral Catalog Poolakkil+2021.ApJ913

• GBM 10yr GRB trigger Catalog von Kienlin+2020.ApJ893

• GBM 10yr Accreting Pulsar Catalog Malacaria+2020.ApJ896

• GBM 8yr TGF Catalog Roberts+2018.JGRA123

• GBM 6yr GRB trigger Catalog (3FGBM) Bhat+2016.ApJSS223

• GBM 5yr Magnetar Burst Catalog Collazzi+2015.ApJSS218

• GBM 4yr GRB time-res. spectral Catalog Yu+2016.A&A588

• GBM 4yr GRB spectral Catalog Gruber+2014.ApJSS211

• GBM 4yr GRB trigger Catalog (2FGBM) von Kienlin+2014.ApJSS211

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

• GBM 3yr EOM catalog Wilson-Hodge et al. 2012

• GBM 2yr GRB spectral Catalog Goldstein+2012.ApJSS199

• GBM 2yr GRB trigger Catalog (1FGBM) Paciesas+2012.ApJSS199

2023

2008



Von Kienlin+2020

Histogrammed

probability

density plot 

incorporating

uncertainties!

6.1 s

26%

74%
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Spectral properties @MeV energies 

▪ Parameter 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

▪ 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
• LAT 10yr Point Source Catalog (4FGL-dr2)* (5604 sources)
• LAT 8yr Solar Flare Catalog
• LAT 10yr AGN Catalog (4LAC)
• LAT 10yr GRB Catalog (2FLGC)
• LAT 8yr Point Source Catalog (4FGL)
• LAT 7yr High-Energy Source Catalog (3FHL)
• LAT Extended Sources in the Galactic Plane (FGES)
• LAT All-sky Variability Analysis Catalog (2FAV)
• LAT 6yr High-Energy Source Catalog (2FHL)
• LAT 4yr Point Source Catalog (3FGL)
• LAT 4yr AGN Catalog (3LAC)
• LAT 3yr GRB Catalog (1FLGC)
• LAT 3yr SNR Catalog
• LAT 3yr Pulsars Catalog (2PC)
• LAT 3yr High-Energy Source Catalog (1FHL)
• LAT 2yr AGN Catalog (2LAC)
• LAT 2yr Point Source Catalog (2FGL)
• LAT 1yr AGN Catalog (1LAC)
• LAT 1yr Point Source Catalog (1FGL)
• LAT 6month Pulsars Catalog (1PC)
• LAT 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 → P7 → P7Rep → 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 yrs GRB 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 yrs GRB catalog

GRB 090926A

Abdo+2009



Preece+2014, Ackermann+2014 Science

95 
GeV

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

2014
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Temporal properties at @GeV energies

▪ 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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Temporal properties at @GeV energies

▪ Longest bursts
1.GRB 130427A

TL100 = 34 ks

2.GRB 160623A

TL100 = 35 ks

▪ At lower energies

(LLE: 30 MeV – 1 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

▪ 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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Spectral properties at @GeV energies

▪ 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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Spectral properties at @GeV energies

▪ 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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GRBs @ TeV energies

▪ Evidence for high-energy additional 

spectral components from GeV 

observations

▪ Current generation on IACTs:

MAGIC / HESS / VERITAS
o Number of observed GRBs:

• Hundreds

o Low-energy threshold:

• 50 / 50 / 100 GeV

o Time delay:

• < 100 s / 100 – 1000 s

▪ Tev observations until 2019: 
➔ no detections, 

only upper limits!

Credit: L.Nava

Aleksic+2014

Aliu+2014



Credit: Dana Berry/SkyWorks Digital, Inc./Harvard-Smithsonian Center for Astrophysics



Credit: NASA GSFC & Caltech/MIT/LIGO Lab

https://www.youtube.com/watch?v=-Yt5EmEgz2w

BREAKTHROUGH #1: GRB+GW DETECTION (2017)



Multi-messenger Observations of  a Binary Neutron Star Merger – Abbott+2017



https://observing.docs.ligo.org/plan/

BNS range for each observing run

15 June 2022 update



BREAKTHROUGH #2: GRB DETECTIONS @VHE

• Announcements on 20 Nov. 2019

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

2.MAGIC observation of GRB 190114C

• Announcement on 4 June 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

E. Bissaldi – Monitoring the High-energy Sky with Small Satellites – Brno – 6 September 2022 27
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GRBs @ TeV energies

▪ GRB 160821B
o 3s detection – short GRB >0.5 TeV 4h post trigger 

(MAGIC+2021)

▪ GRB 180720B
o 5s detection – long GRB >0.1 TeV 10h post trigger 

(HESS+2019 Nature)

▪ GRB 190114C
o 50s detection – long GRB >0.2 TeV 60s post trigger 

(MAGIC+2019 Nature)

▪ GRB 190829A
o 20s detection – long GRB >0.18 TeV 4-50h post trigger 

(HESS+2021 Science)

▪ GRB 201015A
o >3s detection – long GRB 40s post trigger 

(MAGIC GCN 28659)

▪ GRB 201216C
o >5s detection – long GRB 57s post trigger 

(MAGIC GCN 29075)

GRB 190114C

GRB 180720B

GRB 190829A
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The «BOAT» GRB 221009A

▪ First announced by Swift as a 

“new bright hard X-ray and optical transient”  

Swift J1913.1+1946 (GCN 32632)

▪ Until now: 

117 GCNs

+1 ATEL

o Latest GCN this

morning from 

HST: optical/IR

counterpart well

detected @30d)

Fading afterglow GIF by Al Khatim Observatory

(Abu Dhabi) on Oct.11 – GCN 32666

https://gcn.gsfc.nasa.gov/gcn3/32632.gcn3
https://gcn.gsfc.nasa.gov/gcn3/32666.gcn3
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GRB 221009A – Timeline of events

▪ Oct.9 2022
o 13:16:60 UT (T0) Fermi-GBM trigger 221009553 (no prompt GCN notices)
o 14:10:17 UT (T0+3200s) Swift trigger (Swift GCN after 20min)
o 20:54:36 UT Fermi-GBM reports that trigger 221009553 is superbright+long GRB 221009A
→ location consistent with Swift J1913.1+1946 → same event!!!

o 21:45:05 UT Fermi-LAT reports HE emission (Emax: 8 GeV @766 s post Swift trigger)

▪ Oct.10, 2022
o IPN triangulation (Swift-BAT+Fermi-GBM+Fermi-LAT+INTEGRAL/SPI-ACS+Konus-Wind)
o X-shooter/VLT reports redshift z = 0.151
o Fermi-LAT reports refined analysis (Duration >25ks and Emax: 99 GeV @T0+240s)
o IceCube reports neutrino UL (no detection)
o Konus/WIND reports highest GRB fluence in 28 years of operation) in GCN

▪ Oct.11, 2022
o LHAASO reports >500 GeV emission within T0+2000s (>100s) + 18 TeV photon (10s) 
o Swift/XRT reports complex system of bright expanding dust-scattering rings
o HAWC reports upper limits 8 hours after trigger

▪ Oct.12, 2022
o Carpet-2 reports 250 TeV photon-like air shower

z = 0.151

https://gcn.gsfc.nasa.gov/gcn3/32632.gcn3
https://gcn.gsfc.nasa.gov/gcn3/32636.gcn3
https://gcn.gsfc.nasa.gov/gcn3/32636.gcn3
https://gcn.gsfc.nasa.gov/gcn3/32648.gcn3
https://gcn.gsfc.nasa.gov/gcn3/32658.gcn3
https://gcn.gsfc.nasa.gov/gcn3/32665.gcn3
https://gcn.gsfc.nasa.gov/gcn3/32668.gcn3
https://gcn.gsfc.nasa.gov/gcn3/32677.gcn3
https://gcn.gsfc.nasa.gov/gcn3/32680.gcn3
https://gcn.gsfc.nasa.gov/gcn3/32683.gcn3
https://www.astronomerstelegram.org/?read=15669


https://apod.nasa.gov/apod/ap221015.html?fbclid=IwAR0dtOruG18ZOg9a-AhjcLkfPfvsok_C5Dvn-sjK7YpBQB5Pt_g_RShYsUE

Astronomy Picture of  the Day
15 October 2022

Image Credit: NASA, DOE, Fermi LAT Collaboration, R.Pillera



https://apod.nasa.gov/apod/ap221015.html?fbclid=IwAR0dtOruG18ZOg9a-AhjcLkfPfvsok_C5Dvn-sjK7YpBQB5Pt_g_RShYsUE

Astronomy Picture of  the Day
15 October 2022

Image Credit: NASA, DOE, Fermi LAT Collaboration, R.Pillera

NASA NEWS
13 October 2022

https://www.nasa.gov/feature/goddard/20

22/nasa-s-swift-fermi-missions-detect-

exceptional-cosmic-blast
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GRB 221009A GBM/LAT lightcurves

▪ Dramatically brighter and longer than 
GRB 130427A, the previous record 

holder

▪ High count rates saturating GBM 

require new tools built upon work with 
terrestrial gamma-ray flashes

▪ >30 teams from radio to very high 

energy gamma-rays and neutrinos 

studying GRB 221009A

Courtesy of GBM PI – C. Wilson-Hodge
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GRB 221009A GBM/LAT lightcurves



Credit: A. Goldstein/Fermi-GBM

GW short GRB ApJ 2017

Short GRB Nature 2009

Magnetar Nature 2020

Brightest GRB ApJL 2009

MAGIC GRB Nature 2019

Monster GRB Science 2013

BOAT GRB 2022
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Credit: J. Racusin @Fermi Symposium 2022

Fermi Opportunities over the next 5 years

▪ Senior Review Themes

o Exploring Multimessenger

Sources 

o Capitalizing on the Era 

of Big Surveys 

o Modeling the High-

Energy Universe



THANK 

YOU!

2013

2017

2019

2018

2022
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