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How can we observe gamma rays?



Fermi



Pair production



Fermi precursors

1967: Vela - Discovery of the 1st Gamma Ray Burst

1975: Cos-B - First detailed g-ray map of the Milky Way with 24 point sources

1968: OSO-3 - Discovery of > 100 MeV g-ray emission from the Milky Way

1972: SAS-2 - First high-energy g-ray images; discovery of Geminga pulsar

1991: CGRO (EGRET) - First all-sky survey of the g-ray sky; major discoveries

2007: AGILE – First detection of variability of Crab Nebula, terrestial g-ray Flash 

AGILE

EGRET



2008 – TODAY
FERMI ORBIT AT 565 KM ALTITUDE



Large Area Telescope (LAT)
Observes more than 20% of the sky at any instant,
views entire sky every 3 hrs 20 MeV - >300 GeV.

Gamma-ray Burst Monitor (GBM)
Observes entire unocculted sky.
Detects transients from 8 keV - 40 MeV



Anticoincidence shield (ACD)

Calorimeter (energy)

Conversion foil (W)

Particle tracking Silicon detector

Tracker 

HOW TO CATCH GAMMA-RAY: PAIR CONVERSION TELESCOPE

Gamma rays interact by pair production, the conversion of the gamma-ray energy into two particles – an electron
and a positron (really an antiparticle)



How does the LAT look like?



9.5 cm, 380 strip

𝜇m connections





June 11,2008; 6:05 PM CEST



The begin of the Fermi-LAT era



Fermi in DATA (up today, Dec. 16, 2021)

• 74690 orbits since launch
• 4872 days of science mission (2008 Aug. 4)
• LAT has 98.7% uptime for the science mission

Event counts:
• 790 billion triggers on the LAT
• 158 billion events downlinked
• 3.82 billion LAT events available at the FSSC (2.4%)
• 4 photons/second (including Earth limb)



Fermi



EGRET



Fermi-LAT Performances



Fermi, 30 MeV<E<100 MeV



Fermi, E > 1 GeV



How can we extract information from Fermi-LAT data?



Gamma-ray emission components
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Fermi-LAT sources



5000 gamma-ray terrestrial flashes seen (GBM, ~MeV)

The most powerful natural particle accelerators on Earth!



Earth and cosmic particle accelerators

CERN Large Hadron Collider
13 Teraelectronvolt  (1013 eV)
p = mosquito flying at 3 km/h

M87 radio galaxy
up to 100 Exaelectronvolt (1020 eV)
p = tennis ball at 100 km/h



The origin of the gamma-ray emission

A necessary synergy with multi-wavelength and multi-messenger 
observatories



Image Credit: The EHT Multi-wavelength Science Working Group; the EHT Collaboration; ALMA (ESO/NAOJ/NRAO); the EVN; the EAVN Collaboration; VLBA (NRAO); the GMVA; the Hubble Space Telescope; the Neil Gehrels Swift Observatory; 
the Chandra X-ray Observatory; the Nuclear Spectroscopic Telescope Array; the Fermi-LAT Collaboration; the H.E.S.S collaboration; the MAGIC collaboration; the VERITAS collaboration; NASA and ESA. Composition by J. C. Algaba



Gamma-ray and neutrino from a flaring blazar 

Solar flare

Gamma-ray and gravitational waves from 
a merging neutron stars

Fermi-LAT bubble

Crab nebula flares



FOR THE NEXT FERMI DISCOVERY


