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4. THE SKY SEEN IN 
GAMMA RAYS



SED AND MULTIWAVELENGTHOBSERVATIONS

ÅMultiwavelength astrophysics gathers and interprets astronomical data collected 
using different instruments and detectors in many frequencies and/or energy 
bands

ÅSpectral flux density Ὂ’
Rate at which energy is transferred 
by EM radiation through a detector, 
per unit surface area and at 
a given frequency 

ÅTraditionally (radio astron .) 
measured in Jansky (Jy) 
Ą 1Jy = 10ĭ23erg cm ĭ2sĭ1 Hzĭ1 
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Spectral energy distribution (SED) of the Flat-Spectrum Radio Quasar 3C279 

Data from Collmar+2010, Image from Bottcher 2010
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SED AND MULTIWAVELENGTHOBSERVATIONS

Spectral flux density Ὂ’

ÅDetermined using an appropriate detector of a given cross -sectional area ὃ, 
pointing directly towards the source

1. If detector sensitive to a wide range of frequencies : need to select only the radiation 
whose frequency lies within a very narrow range ɝ’ centered on ’
ÅMeasured rate (erg/s) then divided by !ɝ’ to obtain the spectral flux density

2. If detector measures individual photons  (high -energy case!), energy % of incoming 
photons must be determined

ÅIntrinsic efficiency צὉ  to detect photons of different energies

ÅEffective area ! %  =  geometrical area ὃ multiplied by צὉ

ÅɝὲȾɝὉ = Measure of the number of incoming photons in a given energy interval and in a 
given time interval

ÅQuantity equivalent to the spectral flux density given by 

Ὁ
ρ

ὃ Ὁ ẗὝ

ɝὲ

ɝὉ
Ὁ
Äὔ

ÄὉ
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SED AND MULTIWAVELENGTHOBSERVATIONS

Flux density ὐ’

ÅAmount of power radiated through a given area in the given frequency interval 
ɝ’ ’ ’ or energy interval ɝὉ Ὁ Ὁ in the form of EM radiation or 
individual photons, respectively

ὐ’ ᷿ Ὂ’Ὠ’ or     ὐὉ ᷿ Ὁ ὨὉ

ÅUnits: erg cm ĭ2sĭ1 

ÅIn most cases , Ὂ’ and ὨὔȾὨὉ distributions 
can be represented by power -law functions :
 *’ᶿ’Ὂ’ and *Ὁ ᶿὉ ὨὔȾὨὉ

ÅThe spectral energy distribution (SED) is a plot 
of ἔⱨ versus ⱨ or of ἔ╔♬  versus ╔♬
ÅEmission from a source can start in the radio 

frequency and end in the TeV gðrays!
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Bottcher 2010
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PRODUCTION OF GAMMA RAYS

ÅThe main ideas about the origin of gamma rays 
can be summarised  in two classes:

1. Bottom -up models : 

ÅThe production of gamma rays follows the 
acceleration of charged particles
from astrophysical sources

2. Top-down models : 

ÅThe observed radiation is the 
decay product of exotic particles
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PRODUCTION OF GAMMA RAYS

BOTTOM-UP SCENARIO

ÅAccording to Ὁ ȟ , there are astrophysical objects with the right combination of 
size and magnetic field able to accelerate particles to ultra -high energies, i.e. 
above ~10 18 eV (1 EeV)

ÅGalactic and extragalactic accelerators

ÅProduction of gamma rays can occur according to 2 different emission models:

1. Leptonic  emission

ÅParent population producing gamma rays is made of leptons 

ÅFlux of gamma rays of is traced by electron density and radiation fields

2. Hadronic emission

ÅParent population producing gamma rays is made of hadrons

ÅFlux of gamma rays depends on CR density and target gas density
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LEPTONICEMISSION

1. Synchrotron emission

ÅInitial requirement : astrophysical 
environment permeated by a magnetic field

ÅEM radiation is emitted when charged 
particles are accelerated radially, e.g., when 
they are subject to an acceleration perpendicular to their velocity 

ÅRelativistic particles accelerated in a magnetic field radiate synchrotron photons

ÅSynchrotron power loss* 

╟▼◐▪╬▐
▀╔

▀◄
Ɑ╣╬╤║ ḙ Ȣ

▓▄╥

▼

╩□▄
╜

╔

▓▄╥

║

Ⱨ╖
Å ╜: particle mass   Å  ╔: particle energy
Å Ɑ╣: Thomson cross-section  Å  : particle Lorentz factor
Å ║: magnetic field intensity  Å ╤║ ║Ⱦ Ⱬ: magnetic field density   
      

           *derived from rel. Larmor formula

ČSynchrotron energy loss is far more important for electrons than for protons!
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LEPTONICEMISSION

1. Synchrotron emission

ÅThe general feature of synchrotron emission is that
radiation is beamed along the particle direction

ÅRelativistic beaming effects!

ÅA distant observer would receive the radiation 
only when the accelerated particle has a velocity 
toward the observer itself

Č This corresponds to a òpulse of radiation ó that the observer 
     notices every time the electronõs velocity vector lies within a small angle.

ÅIt is possible to compute the òcritical frequencyóⱨ╬ at which most of the radiation is emitted

ÅGiven typical magnetic fields of 10 mG and a population of electrons with TeV energies 
(╔▄), synchrotron photons will have an energy ~0.2 eV (i.e. visible light)

╔▼◐▪╬▐ⱨ╬ Ȣ▄╥
║

Ⱨ╖

╔▄
╣▄╥
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Polar diagram of the radiation transformed into the 
laboratoryframe of reference. Credit: Spurio 2018



LEPTONICEMISSION

2. Inverse Compton (IC) scattering

ÅScattering of low energy photons  to high energies 
by ultrarelativistic  electrons

ÅPhotons gain energy, electrons lose energy

ÅFor ╔♬Ḻ□▄╬
(photon energy in the center of momentum frame of the 
interaction much less than electron energy)
Č Thomson scattering cross -section used to describe the scattering probability!

ÅIC power loss* 

╟╘╒
▀╔

▀◄
Ɑ╣╬╤►╪▀

ÅⱭ╣: Thomson cross-section
Å : Lorentz factor of ultrarel . electrons
Å╤►╪▀ ▪╔♬ȟ ẗ╔♬ȟ: energy density of target photons    

            *derived from rel. Larmor formula
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LEPTONIC MODELS

2. Inverse Compton (IC) scattering

ÅThe maximum energy that a photon can acquire corresponds to a head -on 
collision, in which the photon is scattered back along its original path

╔♬ȟ□╪●Ḑ ╔♬ȟ

ÅAveraging over all relative photon -electron directions: 

ἏἓἍ ╔ᴂ♬ ╔♬ȟ      Ą        ⱨ ⱨ

ÅElectrons can have Lorentz factors Ḑ  in 
various types of astronomical sources 
(typically Ḑ )

Č Electrons can scatter LE photons to VERY high energies!
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LEPTONICEMISSION

3. Synchrotron Self Compton (SSC)

ÅIn astrophysical sources, like AGN or the surrounding of SNRs, both synchrotron and 
IC can take place

1. Ultra-relativistic electrons (with Lorenz factor ɜ ρͯπ ρπ) accelerated in a 
magnetic field emit photons up to the infrared/X -ray band

2. Such photons in turn interact via Inverse Compton scattering with their own parent 
electron population

ÅSince electrons are ultra -relativistic, 
the photon energy can be 
boosted by a large factor
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LEPTONICEMISSION

3. Synchrotron Self Compton (SSC)

ÅA useful expression relating the electron and the photon energy is

╔♬ḙ Ȣ╖▄╥
╔▄
╣▄╥

╔♬ȟ

╜▄╥

Å╔▄: Electron energy

Å╔♬ȟ: Photon energy

ÅResulting spectrum has two structures

ÅFirst distribution produced by synchrotron 
emission of decelerated electrons

ÅSecond structure due to the IC scattering 
of the same electrons with the produced 
radiation field

ÅCompton component can peak at 
GeV ð TeV energies !
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HADRONIC EMISSION

1. Hadron -nucleon collision 

ÅGamma rays can be the product of the interaction between accelerated protons 
(and/or heavier nuclei) and the astrophysical environment

ÅHadrons collide with target nucleons (e.g. a molecular cloud), initiating a hadronic 
cascade

ὴ ὴO “ȟ“ȟ“ȟὑ ȟὑ ȟὑȟὴȟὲȣ (higher mass mesons and baryons)

ÅDue to isospin symmetry, ~ same number of “ , “  and “  are produced

ÅThe charged pions  decay into muons and neutrinos (lifetime ~10 -8 s)

“ ᴼ‘ ’ “ ᴼ‘ Ӷ’

ÅⱫ  immediately decay into two gamma rays (short lifetime! ~10 -16 s), having 
approximately half the energy of “

“ ᴼ‎ ‎
ÅDetailed Monte Carlo simulations are required to describe the shower development
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HADRONIC EMISSION

2. Photoproduction

ÅAnother process that produces secondary mesons is due to high -energy protons 
interacting with low -energy photons  in the surroundings of sources. Gamma rays 
originate from the interaction between protons and this sea of photons

ÅLow-energy photons come from synchrotron radiation or from Bremsstrahlung of 
accelerated electrons

ÅProcess is important in environments where the target photon density is much higher than 
the matter density

ÅPhotoproduction  occurs mainly via the resonance :
▬ ♬ᴼ◕ ᴼⱫ ▪
▬ ♬ᴼ◕ ᴼⱫ ▬

ÅⱫ  decays into a pair of photons . Their energy will depend on the average momentum 
fraction carried by the secondary pions  relative to the primary particle and on the average 
fraction of the pion energy carried by the photon ( Approximately ╔♬ͯ╔▬Ⱦ )
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HADRONIC EMISSION

òPion-decay bumpó

ÅCharacteristic feature in the spectrum of gamma rays produced by the decay of 
neutral pions

ÅIn the rest frame of the neutral pion, both photons have energy at Ἇ♬ □Ⱬ╬Ⱦ ḙ Ȣ╜▄╥ 
and momentum opposite to each other

ÅThe Ⱬ -decay spectrum representation falls steeply below Ḑ200 MeV and approximately 
traces the energy distribution of parent protons at energies greater than a few GeV

ÅCut -off at E Ò 70 MeV in the SED is a spectral feature representing a clear signature to prove 
hadronic origin of detected gamma -ray emission
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Electron synchrotron
Bremsstrahlung 
IC emission
Hadronicemissionfrom ppinteractions «Pionbump»

Ackermann+2013



HADRONIC EMISSION

Neutrino production

ÅGamma -ray production from hadrons is always accompanied by the production 
of neutrinos

Ⱬ ᴼⱧ ⱨⱧ Ⱨ ᴼ▄ ⱨ▄ ⱨⱧ
Ⱬ ᴼⱧ ⱨⱧ Ⱨ ᴼ▄ ⱨ▄ ⱨⱧ

ÅThe photon and neutrino energies are lower than the proton energy
   ╔♬Ḑ╔▬Ⱦ          and            ╔ⱨḐ╔▬Ⱦ

ÅThe photon and neutrino spectra are related

ÅAll the energy of the Ⱬ  ends up in photons 

Å3/4 of the Ⱬ  energy goes to neutrinos

ÅRatio of neutrino to gamma luminosities 
╛ⱨ
╛♬
Ḑ

ÅDepending on the source optical depth, gamma rays may escape  or further cascade , 
complicating time and energy correlation between neutrinos and electromagnetic counterparts
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PROPAGATIONOF GAMMA RAYS

ÅAfter being produced, gamma rays propagate through the intergalactic space

ÅAlthough not deflected by magnetic fields, they can interact with photon fields

ÅThe maximum density of the photon background 
corresponds to the CMB

Å~410 photons/cm 3, average energy ~0.6 MeV

ÅResidual electromagnetic energy from the Big Bang

ÅAnother photon background is the so -called 
Extragalactic Background Light (EBL)

ÅUV/optical/infrared background radiation

ÅRadiation emitted by stars/galaxies/AGN over the
lifetime of the Universe

ÅThe bulk of the EBL falls within the range from 
Ḑ10ĭ3 to 10 eV (from far IR to near UV)
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PROPAGATIONOF GAMMA RAYS

ÅThe dominant process for the absorption of VHE gamma rays is pair creation  on 
low -energy extragalactic background photons of energy ꜗ

♬╔ ♬ꜗ ᴼ▄ ▄

ÅThreshold energy of the target (background) photon

◄ꜗ▐►

□▄╬

╔
ḗ

╖▄╥

╔
▄╥

Å╔: energy of the incident VHE photon

ČThe process is kinematically allowed 
for ꜗ ◄ꜗ▐►
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Left scale: SED per unit of solid angle 
for the extragalactic background light 
(EBL) energy density as a function of 
proper photon energy (bottom scale) 

of wavelength (upper scale)
for three values of redshifts. Right 
scale the energy density of the EBL



PROPAGATIONOF GAMMA RAYS

ÅThe EBL plays the leading role in the absorption of gamma rays of energies 
ἑἭἤἏ ἑἭἤ ἢἭἤ

ÅThe interaction with the CMB becomes dominant at energies
ἑἭἤἏ ἑἭἤ ἏἭἤ

ÅThe radio background is the main source of opacity of the Universe for
Ἇ ἑἭἤ
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Spectral energy distribution of the EBL 
as a function of wavelength. 

Open symbols correspond to lower 
limits from galaxy counts while filled 

symbols correspond to direct 
estimates. 

The curves show a sample of different 
recent EBL models. 

On the upper axis the TeV energy 
corresponding to the peak of the gg-

cross section is plotted. 

Ahlers+2010

Mean free path (in Mpc) of photons as a 
function of the photon energy. The 
contribution of pair creation scattering on IR, 
CMB and radio background photons are 
considered separately. The positions of the 
galactic center and of the closest AGN are 
also shown

Costamante+2013



PROPAGATIONOF GAMMA RAYS

ÅNeglecting the expansion of the Universe and 
starting from the cross section, the photonsõ 
mean free path ⱦ♬ can be evaluated 

ÅThe interaction with background photons 
causes a HORIZON beyond which gamma rays 
are strongly absorbed

ÅThis horizon gets closer as the energy increases

ÅAt PeV energies , the horizon is close to the 
distance of our own Galactic Center

Prof. E. Bissaldi - A.A. 2025/2026 22

De Angelis+2013

Mean free path of gamma rays 

of energies between 100 GeV 

and 1 EeV, at z =0



HISTORYOF GAMMA -RAY ASTROPHYSICS

ÅProgress in particle physics in the 1940s and 1950s was applied to: 

ÅDescribing the principal source processes for high -energy gamma radiation in space 
(beyond the energy range of radioactivity)

ÅDeveloping the instruments to measure this radiation through various 
DETECTION PROCESSES

ÅPhotoeffect ( < 100 keV)

Å Ionisation chambers , scintillation counters , semiconductor devices

ÅCompton scattering (100 keVð30 MeV )

ÅCompton telescope coincidence systems

ÅPair creation ( > 10 MeV )

ÅSpark chambers , scintillator and solid-state tracking devices , calorimeters

ÅAtmospheric e-m showers & Ľerenkovemission ( > 20 GeV)

ÅLarge ground based telescopes with ultra -fast photon detectors
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THE ROOTS OF GAMMA-RAY ASTROPHYSICS: BEFORE 1960

ÅEstimates for the strength of cosmic gamma -ray sources were mainly based on 

1. The contemporary knowledge of cosmic rays

2. The distribution and density of the 
galactic interstellar medium (HI radio emission)

3. The observations of radio emission from individual 
objects like the Crab nebula or radio galaxies

ÅExamples:

ÅActive Sun flux 0.1ð1 ♬Ⱦ╬□ Ⱦ▼ (10ð100 MeV) (Morrison 1958) 

ÅThe Crab nebula and typical radio galaxies fluxes of 10 -2♬Ⱦ╬□ Ⱦ▼

ÅGalactic Center flux Ḑ 10ĭ4 ♬Ⱦ╬□ Ⱦ▼ (Pollack and Fazio, 1963)

ÅAll of these flux estimates turned out to be much too high: Short exposures on 
balloons and a very strong environmental background prevented significant 
detection 

Å1958: Beginning of the space age 

ÅClear, unabsorbed view of the sky, longer exposures, 
absence of the atmospheric background, advanced instruments
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THE GROWTH OF GAMMA-RAY ASTRONOMY: 1960ð1980

ÅInitial attempts in the early ô60s

ÅAn instrument on Explorer -11 (Kraushaar and Clark 1962; 
Garmire  and Kraushaar  1965) measures the strong 
gamma -ray emission from the Earthõs atmosphere

ÅProgress in the early ô70s

ÅThe counter telescope on the Orbiting Solar Observatory 3
(OSO-3) succeeds to demonstrate gamma -ray emission 
above 50 MeV from the galactic disk 

Kraushaar+1972
Typical scintillator counter telescope with a multi-layer 

conversion detector (CsI), a fast trigger system and a 

calorimeter with layers of NaI and Tungsten. 

Instrument surrounded by an anti-coincidence veto 

counter made of plasticscintillator

The Galactic Map of 621 events 

(E > 50 MeV) derived from 

Ḑ16 months of observations
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THE GROWTH OF GAMMA-RAY ASTRONOMY: 1960ð1980

SAS-2 telescope

ÅNASA mission (From Nov 1972 until May 1973) Fichtel 1975 

ÅSAS-2 Payload

ÅSingle instrument: gamma -ray telescope with a 32 -level 
wire spark -chamber (Energy range 20 MeV ð 1 GeV)

ÅDuring the short lifetime of the mission:
noticeable decrease in sensitivity 

ÅDue to deterioration of the spark -chamber gas

Credit: NASA GSFC
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THE GROWTH OF GAMMA-RAY ASTRONOMY: 1960ð1980

SAS-2 Science

ÅFirst detailed information about gamma -ray sky 

ÅRevealed that the galactic plane gamma -
radiation was strongly correlated with galactic 
structural features

ÅResults established a high energy (>35 MeV) 
component to the diffuse celestial radiation 

ÅHigh-energy emission also seen from discrete 
sources such as the Crab and Vela pulsars !

Credit: NASA GSFC

The spectrum of the diffuse gamma-ray background 

in the 0.001ð100 MeV energy range as measured 

by OSO-3, Rangers 3 & 5, Apollo 15, and SAS-2
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THE GROWTH OF GAMMA-RAY ASTRONOMY: 1960ð1980

COS-B telescope

ÅESO mission (From 1975 to 1982 ) Bignami  1975

ÅCOS-B Paylod (E > 70 MeV) 
ÅCentral digital wire spark chamber (24 x 24 cm 2, 16 gaps interspersed 

with thin Tungsten layers for pair conversion)

ÅTrigger system and calorimeter  to measure the energy 

ÅAnti -coincidence dome detects and vetoes the passage of charged particles

Credit: ESA

Prof. E. Bissaldi - A.A. 2025/2026 28



THE GROWTH OF GAMMA-RAY ASTRONOMY: 1960ð1980

COS-B Science
Å2CG Catalogue, listing around 25 gamma -ray sources

ÅFirst full gamma -ray map of the Milky Way

ÅObservations of 

ÅX-ray binary Cygnus X -3 

ÅFirst AGN: 3C 273

Credit: ESA

Emmisivity versus 

galactocentric distance 

in 3 energy ranges
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THE SUCCESS OF GAMMA-RAY ASTRONOMY: 1980ð2000

NASAõs òGREAT OBSERVATORYó

ÅThe Compton Gamma -Ray Observatory (CGRO)

Å4 major instruments (from ~100 keV to >10 GeV)

ÅMission from 5 April 1991 to June 2000

Credit: NASA
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THE SUCCESS OF GAMMA-RAY ASTRONOMY: 1980ð2000

ÅCGRO Payload

Credit: NASA
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THE SUCCESS OF GAMMA-RAY ASTRONOMY: 1980ð2000

The Burst And Transient Source Experiment (BATSE)  

ÅScientific objectives

ÅDetecting and locating strong 
transient sources 
(e.g. GRBs)

ÅThe instrument

ÅAll -sky monitor (4 p sr)

Å8 BATSE modules, facing outward from 
each corner of the satellite

Å2 NaI  detectors (LAD, SD) with 3/1 PMTs

ÅEnergy range: 20-600 keV

Credit: NSSTC/NASA
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THE SUCCESS OF GAMMA-RAY ASTRONOMY: 1980ð2000

Energetic Gamma -Ray Experiment Telescope (EGRET)

ÅScientific objectives : All-sky survey of 
high -energy gamma -ray emission

ÅPair-production instrument 

ÅSpark chamber (interleaved tantalum foils) and 
NaI calorimeter (Total Absorption Shower Counter)

ÅEnergy range : 20 MeV -30 GeV
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THE SUCCESS OF GAMMA-RAY ASTRONOMY: 1980ð2000

Imaging Compton Telescope (COMPTEL)

ÅScientific Objectives

ÅFirst comprehensive survey 
of the sky at MeV -energies

ÅThe instrument

Å2 detector arrays

ÅUpper liquid 
scintillator (NE 213A) 
lower NaI  crystals

ÅEnergy range: 
0.8 - 30 MeV

ÅField-of -view : ~ 1 sr
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THE SUCCESS OF GAMMA-RAY ASTRONOMY: 1980ð2000

Galactic surveys : COS-B vs EGRET

Confrimation  of the main 
high -energy features

ÅDiscrimination of an order of 
magnitude more point sources on 
the complete sky

Å2 Ą 7 spin-down pulsars, including 
Geminga  pulsar

Å270 extragalactic gamma -ray 
sources

Å~100 AGN (all radio loud)

Å~140 unidentified
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THE SUCCESS OF GAMMA-RAY ASTRONOMY: 1980ð2000

3C 279 (AGN)

Vela (Pulsar)

Unidentified Source
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THE SUCCESS OF GAMMA-RAY ASTRONOMY: 1980ð2000
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THE SUCCESS OF GAMMA-RAY ASTRONOMY: 1980ð2000

Pulsars seen by EGRET

Credit: NASA/GSFC
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THE SUCCESS OF GAMMA-RAY ASTRONOMY: 1980ð2000

AGN seen by EGRET
Supermassive black holes ( Ḑ106ð1010 Mɥ) in the center of galaxies, powered by 
infalling matter

ÅAn AGN emits over a wide range of wavelengths from gamma -ray to radio

ÅOften exhibiting short timescale emission (flares )

Credit: EGRET Team
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THE SUCCESS OF GAMMA-RAY ASTRONOMY: 1980ð2000

EGRET Unidentified sources

ÅMost remarkable puzzle : 
more than 60% of GeV sources 
lacking a credible identification  with 
objects known to astronomy at lower 
energies

ÅWhy?

ÅLimited angular resolution in pair 
conversion telescopes below several 
GeVs

ÅStatistical limits on the weaker new 
sources preventing more detailed 
investigations of time variability
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MODERN GAMMA -RAY ASTRONOMY: 2000ð2020

ÅGamma -ray astronomy in the 1980-2000 era

ÅWide opening of the high -energy sky to multi -wavelength  astronomy

ÅMoving towards the present time

ÅThe most salient requirements  for the telescopes deployed after CGRO were to survey 
the complete sky  more -or-less continuously  in order to:

1. Detect and monitor 
transient sources 

2. Improve and enhance
on counting statistics and angular 
resolution by extending the 
energy band into the Ó 10 GeV 
range with a large sensitivity
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Credit: NASA/ReidWeisman/Fermi/SonomaState University

THE FERMI MISSION
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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

LAT 
FoV

GBM 
FoV

The Fermi Gamma-Ray Space Telescope

The Large Area Telescope (LAT)  

International Collaboration between 

NASA and DOE in the US and the National Space Agencies in 

France, Germany, Italy, Sweden and Japan

The Gamma-ray Burst Monitor (GBM)
International Collaboration between 

NASA (NSSTC), UAH and LNL in the US and DLR and MPE in Germany



THE LARGE AREA TELESCOPE

Precision Si-strip Tracker
Å18 XY tracking planes ;

Single-sided silicon strip 
detectors (228 mm pitch ); 
Measure the photon direction ; 
gamma identification .

Hodoscopic CsI Calorimeter
ÅArray of 1536 CsI(Tl) crystals

in 8 layers. Measure the 
photon energy and image the 
shower

Segmented Anticoincidence Detector (ACD)
Å89 plastic scintillator tiles. Reject background of charged cosmic rays;  segmentation

removes self-veto effects at high energy ;

Electronics System 
ÅIncludes flexible , robust hardware trigger and software filters.

ð

Calorimeter

Tracker

ACD
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THE GAMMA-RAY BURST MONITOR

ÅAn arrangement of 12 thin NaI(Tl) detectors to locate GRBs and get low energy 
spectrum

Å2 Bi4Ge3O13 (BGO) detectors to get spectral overlap with the LAT

Burst localization via count-rate comparison of 

different NaI detectors

15.05.2008

2 Bismuth Germanate (BGO)

scintillation detectors

12 Sodium Iodide (NaI)

scintillation detectors
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FERMI SPACECRAFTORBIT

ÅCircular «Low-Earth» orbit (LEO)

Å565 km altitude (96 min period ), 25.6 deg inclination

SAA
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United Space Network (USN) White Sands
Complex

Tracking and Data
Relay Satellite System

TDRSS
Space Network(SN)

High Energy Astrophysics

Science Archive Research Center

HEASARC

LAT Instrument Science
Operations Center LISOC

GBM Instrument
Operations Center GIOC

GRB
Coordinates
Network

Mission
Operations

Center
MOC

Fermi Science 
Support Center

FSSC

GPS

Ground
Network
(GN)
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https://heasarc.gsfc.nasa.gov/

Prof. E. Bissaldi - A.A. 2025/2026

49


