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NASA Goddard Media Studio

https://svs.gsfc.nasa.gov/13094

Credit: NASA's Goddard Space Flight Center/CI Lab

The Fermi Gamma-Ray Space Telescope



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

Gamma-ray Burst Monitor 
(GBM)
14 Scintillator detectors (12 NaIs, 2 BGOs)

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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Fermi mission status and prospects

▪ Spacecraft and instrument performance is 

excellent at 16 years
o 2 maneuvers (2013 and 2024) to avoid close 

approaches to other spacecrafts

▪ Last NASA Senior Review (SR) in 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.”

▪ Lifetime of orbit extends into the mid-2030s



Prof. E. Bissaldi - A.A. 2023/2024
Credit: NASA/Fermi/Sonoma State University/A. Simonnet





Credit: NASA/Fermi LAT Collaboration

The Fermi-GBM sky

2024

• GBM 10yr GRB spectral Catalog

• GBM 10yr GRB trigger Catalog (4FGBM)

• GBM 10yr Accreting Pulsar Catalog

• GBM 8yr TGF Catalog

• GBM 6yr GRB trigger Catalog (3FGBM)

• GBM 5yr Magnetar Burst Catalog

• GBM 4yr GRB time-res. spectral Catalog

• GBM 4yr GRB spectral Catalog

• GBM 4yr GRB trigger Catalog (2FGBM)

• GBM 3yr X-ray Burst Catalog

• GBM 3yr EOM catalog

• GBM 2yr GRB spectral Catalog

• GBM 2yr GRB trigger Catalog (1FGBM)

2008

Software: 
Gamma-Ray Data Tools

latest version is 2.0.4

https://astro-gdt.readthedocs.io/en/latest/


Von Kienlin+2020



V404 Cygni

Swift J0243.6+6124

Fermi-GBM Collaboration 2024

Fermi-GBM trigger history

Terrestrial 
Gamma-ray Flashes

Galactic sources Solar Flares Soft Gamma Repeaters



Credit: NASA/Fermi LAT Collaboration

The Fermi-LAT sky
2024

• LAT 14yr Point Source Catalog (4FGL-DR4) (7194  sources)

• LAT 12yr Pulsars Catalog (3PC)

• LAT 12yr Point Source Catalog (4FGL-DR3)

• LAT 10yr Point Source Catalog (4FGL-DR2)

• 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

*4.53 billion LAT events 
available at FSSC

Software: Fermitools
latest version is 2.2.0

https://github.com/fermi-lat


300 gamma-ray pulsars

NASA VIDEO Youtube channel

https://www.youtube.com/watch?v=J9I2hL8BD_E

NASA Goddard Media Studios

https://svs.gsfc.nasa.gov/14434

D. A. Smith et al 2023 ApJ 958 191

Credit: NASA/Fermi LAT Collaboration

https://www.youtube.com/watch?v=J9I2hL8BD_E
https://svs.gsfc.nasa.gov/14434


Active Galactic Nuclei

Credit: NASA/Fermi LAT Collaboration

4FGL-DR4 
Fermi-LAT Collaboration 2024

Artsen+2018

2018

NASA Goddard Media Studios

https://svs.gsfc.nasa.gov/12994

https://svs.gsfc.nasa.gov/12994


Credit:  NASA/Goddard Space Flight Center Scientific Visualization Studio
NASA GSFC Flickr Fotostream

https://www.flickr.com/photos/gsfc/5162413062

The Fermi Bubbles



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



Preece+2014, Ackermann+2014 Science

95 
GeV

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

2014



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



Credit: NASA‘ Goddard/Fermi Collaboration/LIGO Collaboration



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



GRBs at TeV

energies

Acciari+2019

Abdalla+2019



Astronomy Picture of  the Day
15 October 2022

The «BOAT» GRB 221009A

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

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

AhjcLkfPfvsok_C5Dvn-sjK7YpBQB5Pt_g_RShYsUE
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Axelsson+2024 (in prep)

GRB 221009A – Fermi data issues

Lesage+2023

GBM

LAT

▪ Saturation effects 
Definition of Bad Time Intervals (BTIs)

• GBM PPU corrections

• LAT Modified reconstruction algorithm

▪ Normal data taking conditions

Before T0+217 s and after T0+280 s

▪ Bad Time Intervals
No standard analysis possibleAll caveats can be found here:

https://fermi.gsfc.nasa.gov/ssc/

data/analysis/grb221009a.html

https://fermi.gsfc.nasa.gov/ssc/data/analysis/grb221009a.html
https://fermi.gsfc.nasa.gov/ssc/data/analysis/grb221009a.html
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GRB 221009A – High-energy emission analysis

Early times LLE+LAT analysis
o Estimate flux maximum in the BTI

o Bulk Lorentz factor estimation from 

opacity arguments: >450

Late times LAT analysis
o GRB duration: ~180 ks (2 days: record!)

o Afterglow flux PL decay (index ~ −1.3)
o tpeak, ag ≳ t0+280 s consistent with LHAASO

Axelsson+2024 (in prep)Axelsson+2024 (in prep)



Is it the B.O.A.T.?
(4 measures)

Fluence ~ 0.2 erg cm-2 

Eiso ~ 1x1055 erg Liso ~ 9.9x1053 erg s-1 

23

Peak Flux ~ 0.02 erg s-1 cm-2 

55 years of data
Burns+2023

Slide courtesy of S. Lesage, Fermi-GBM | GRB50



Fluence ~ 0.2 erg cm-2 

Eiso ~ 1x1055 erg Liso ~ 9.9x1053 erg s-1 

24

Peak Flux ~ 0.02 erg s-1 cm-2 

55 years of data
Burns+2023

¾ measures 
of brightness

Is it the B.O.A.T.?
(4 measures)

Slide courtesy of S. Lesage, Fermi-GBM | GRB50



https://science.nasa.gov/centers-and-facilities/goddard/nasas-fermi-mission-creates-14-year-time-lapse-of-the-gamma-ray-sky/

https://science.nasa.gov/centers-and-facilities/goddard/nasas-fermi-mission-creates-14-year-time-lapse-of-the-gamma-ray-sky/


https://science.nasa.gov/missions/ferm

i/explore-the-universe-with-the-first-

e-book-from-nasas-fermi/

https://science.nasa.gov/missions/fermi/explore-the-universe-with-the-first-e-book-from-nasas-fermi/
https://science.nasa.gov/missions/fermi/explore-the-universe-with-the-first-e-book-from-nasas-fermi/
https://science.nasa.gov/missions/fermi/explore-the-universe-with-the-first-e-book-from-nasas-fermi/


Thank you

Elisabetta Bissaldi
elisabetta.bissaldi@ba.infn.it
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3PC: The latest LAT pulsar catalog 

▪ 294 gamma-ray pulsars
o Half of them not known before 

Fermi

o Emission region location: outer-gap 

model preferred with respect to 

the polar-gap
o Discovery of gamma-ray 

millisecond pulsars (MSPs)

o Pulsars, considered stable sources, 

were discovered to be variable!

28

Public list of  LAT pulsars
https://confluence.slac.stanford.edu/display/GLAMCOG/Public+List+

of+LAT-Detected+Gamma-Ray+Pulsars 

https://confluence.slac.stanford.edu/display/GLAMCOG/Public+List+of+LAT-Detected+Gamma-Ray+Pulsars
https://confluence.slac.stanford.edu/display/GLAMCOG/Public+List+of+LAT-Detected+Gamma-Ray+Pulsars
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The Fermi bubbles

▪ Excess in the diffuse emission detected between 1 GeV up to 50GeV

▪ Fermi Bubbles properties:
o Extension for ~𝟓𝟓° above and below the Galactic plane

o Same morphology as the WMAP microwave haze with a magnetic field between 5 
and 20 µG ➔ common origin

o Likely created by some large energy injection in the Galactic Center, such as a past 
accretion event onto the central black hole SgrA in the last ∼10 My 

Ackermann+2014



Science with the Fermi-LAT

Dark Matter searches

Terrestrial -ray Flashes

GRBs (see G. 
Principe and R. 
Pillera’s talks)

Novae

SNRs & PWN

Blazars

Radio Galaxies

Starburst Galaxies

-ray Binaries
Globular Clusters

Sun: flares & CR interactions

Pulsars: isolated, binaries, & MSPs
(see G. Principe’s talk)

e+e- spectrum

Moon
Earth Limb

NEW! Gravitational waves

Fermi Bubbles

LMC & SMC
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