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During this course we are seeing that almost everyone is using 
Fermi data,
so I will give a bit of history about the genesis of Fermi,
how it works 
and
what we can do in the future
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Erice school 1989
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Erice school 1989
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ðgrays offer a direct view into Nature s 
largest accelerators.

ðthe Universe is mainly transparent to g

rays with < 20 GeV that can probe 
cosmological volumes.  Any opacity is 
energy-dependent for higher energy.

ðparticle relics of the early universe 
produce grays when they annihilate or 
decay. 

Why to study gamma rays?
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the deep sky



7Aldo Morselli                                     Gamma rays from space                    International School of Cosmic Ray Astrophysics                                                              Erice 29 July -06 August  2026 

EGRET Map
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Binary system formed by a black hole and a companion star
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Binary system formed by a black hole and a companion star
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Omicron Ceti or Mira is a cool, pulsating, red giant stars, ~ 700 times the diameter of the Sun.  Only 420 light -years 
away and co-orbits with a companion star, a small white dwarf (Mira B).  Mira B is surround by a disk of material 
drawn from the pulsating giant and in such a double star system, the white dwarf star's hot accretion disk is 
expected to produce x -rays

Chandra data

Binary system formed by a black hole and a companion star
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a rotating black hole in an accretion disk 
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Fermi Dynamic Gamma-ray Sky
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Particle Physics => Particle Astrophysics
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Extraordinary beasts in the sky
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Gamma ray attenuation
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Gamma ray attenuation (2)

Transparency of the atmosphere for 

radiation of different wavelengths.

The solid line show the height 

above sea-level at which the 

atmosphere becomes tranparent.
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Photon total cross sections

Interaction of photons with matter

Pair

x/X0 Prob Int.

0.5 0.40

1 0.54

2 0.79

7 0.995

Fractional energy loss for e + and e- in lead

with X 0 = radiation length

Particle data Book
https://pdg.lbl.gov
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Relation between altitude, number of Radiation Length 

and g/cm2 traversed

16 X0 Yanbajiging
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Pair photon interaction probability Particle data Book
https://pdg.lbl.gov
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Multiple 
Scattering

E(GeV)

Particle data Book
https://pdg.lbl.gov

this is the sigma of the distribution of electrons of fixed energy crossing a number x of RadiationLength
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Construction of a gamma -ray detector in the pair 
production regime

Å Two conflicting effects:

-> A certain number of radiation length  (X 0) is required to
convert photons

-> When photons are converted, it is necessary to minimize the number 
of X 0 that electrons and positrons pass through
in order to minimize the multiple scattering

ÅTo add further suspense:
It is unknown where the photons are converted

Å then it is also necessary to reconstruct the energy of the incident 
photon

Any ideas??
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Elements of a pair -conversion telescope

Åphotons materialize 

into matter-antimatter 

pairs:

Eg -->    me+c2 + me-c2

Åelectron and positron 

carry information about

the direction, energy and 

polarization of the g-ray 

(energy measurement)
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Longitudinal development of the electron component of photon initiated shower 

( with electron threshold energy of 5 MeV and fluctuations superimposed )
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Detector Technology: X-ray vs. Gamma-ray

X-ray (0.5 - 10keV)

Focusing possible

Large effective area 

Excellent energy resolution 

Very low background 

Narrow view

Gamma-ray(0.1-500GeV)

No focusing possible

Wide field of view

Limited effective area 

Moderate energy resolution 

High background
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Trigger Telescope 

Anti-Coincidence Dome 

EGRET 4/1991-1999 

SAS-2 11/1972-7/1973 

Cos-B 8/1975-

4/1982 

Spark Chamber 

Cerenkov Counter 

Energy Calorimeter 

The gamma-ray missions 
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Compton Observatory figure
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Compton Observatory Scheme
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EGRET:the 
detector

Energy range: 20 MeV - 30 GeV

Weight: 1820 Kg

Power: 160 W

Field of view: 0. 5 sr

Dead Time: 100 ms

Effective Area (@1GeV) 1200 cm2

Angular resolution 5.8o

(@100MeV) 

Sensitivity 0.1 GeV       5x10-8

for point 1    GeV       1x10-8

sources 10  GeV 2x10-8

(ph cm-2 s-1)*
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EGRETðPrinciple of 
gamma ray detection

A gray which enters the top of the EGRET 

instrument will pass undetected through the large 

anticoincidence scintillatorsurrounding the spark 

chamber and has a probability  33% of converting 

into an electronpositron pair in one of the thin 

tantalum (Ta) sheetsinterleaved between the 28 

closely spaced spark chambersin the upper portion 

of the instrument.

Below the conversion stack are two 4 x 4 arrays of 

plastic scintillationdetector tiles spaced 60 cm apart 

which register the passage of charged particles.If the 

timeofflight delay indicates a downward moving 

particle which passed through a valid combination of 

upper and lower scintillator tiles, and the 

anticoincidence system has not been triggered by a 

charged particle, the track information is recorded 

digitally. In this manner, a threedimensional picture 

of the path of the electronpositron pair is measured.

The energy depositionin the NaI(Tl) Total

absorption Shower Counter (TASC) located 

directly below the lower array of plastic scintillators 

is used to estimate the photon energy.
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~1993

High Energy Gamma Experiments Experiments
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35

The CAPRICE 94 
flight
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MASS 89 the calorimeter
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MASS 89 flight
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MASS 89 flight



41Aldo Morselli                                     Gamma rays from space                    International School of Cosmic Ray Astrophysics                                                              Erice 29 July -06 August  2026 

MASS 89
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42

The TS93 and CAPRICE silicon -tungsten imaging calorimeter.

48 cm

48 cm
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GILDA
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Quindi eravamo pronti per rispondere alla Call for 
Ideas ASI per Piccole Missioni (Scienze dellõUniverso) 
26 giugno 1997
e rispondemmo con due proposte:

Å  GILDA 40
e 
Å  AGILE   



46Aldo Morselli                                     Gamma rays from space                    International School of Cosmic Ray Astrophysics                                                              Erice 29 July -06 August  2026 



47Aldo Morselli                                     Gamma rays from space                    International School of Cosmic Ray Astrophysics                                                              Erice 29 July -06 August  2026 



48Aldo Morselli                                     Gamma rays from space                    International School of Cosmic Ray Astrophysics                                                              Erice 29 July -06 August  2026 

GILDA

GLAST
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THE AGILE MISSION
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New Detector Technology

ÅSilicon strip detector
Strip -shaped

PN diode

50-500micron wide

300-500micron thick

VLSI amplifier

Stable particle tracker that allows micron-level tracking of gamma-rays

Well known technology in Particle Physics experiments.
Used by our collaboration in balloon experiments (MASS, TS93, CAPRICE),
on MIR Space Station ( SilEye) and on satellite (NINA)
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Silicon Strip Detector Principle



53Aldo Morselli                                     Gamma rays from space                    International School of Cosmic Ray Astrophysics                                                              Erice 29 July -06 August  2026 

AGILE Silicon Tracker prototype 

121 mm
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The Silicon Tracker


