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Introduction and overview of High  -energy and Multimessenger astrophysics
Cosmic rays in Our Galaxy

Galactic and Extragalactic Accelerators, Acceleration Mechanisms

The sky seen in Gamma -Rays

Gamma -Ray Bursts

Gravitational Wave observations

HE neutrino observations

The TeV sky and multiwavelength observations
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4. THE SKY SEEN IN
GAMMA RAYS




SED ANDMULTIWAVELENGTKBSERVATIONS

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

bands
) " P1 (June 1991 flare)
A Spectral flux density "’ ) « -+ P2 (Dec. 92/ Jan. 93)
Rate at which energy is transferred " o 15, 2006
by EM radiation through a detector, = Feb. 23, 2006

per unit surface area and at
a given frequency

vF, [Jy Hz]

A Traditionally (radio astron.)
measured in Jansky (Jy)
A 1Jy=10"2®rg cm' ?s’ 1Hz' 1

Spectral energy distribution (SEpgaifuheRdaio Qua
Data from Collmar+2010, Image fro
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SED ANDMULTIWAVELENGTKBSERVATIONS

Spectral flux density @’ )

A Determined using an  appropriate detector  of a given cross -sectional area 0,
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 3’ centeredon
A Measured rate (erg/s) then divided by | 3 to obtain the spectral flux density

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

A Intrinsic efficiency X('O ) to detect photons of different energies

A Effective area ! (%)= geometrical area 0 multiplied by X(O)

A 3¢ T30 = Measure of the number of incoming photons in a given energy interval and in a
given time interval

A Quantity equivalent to the spectral flux density given by
o 0 3¢ A0

5 (0)i %o = RO
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SED ANDMULTIWAVELENGTKBSERVATIONS

Flux density 0( )
A Amount of power radiated through a given area in the given frequency interval

3 or energy interval 30 O O inthe form of EM radiation or
individual photons, respectively
’ . /e ‘ , P1 (June 1991 flare)
o) . @)R or ¥O) . O —1O LD
5 5 Jan. 15, 2006
A Units: ergcm 7 2sT 1 « Feb. 23, 2006
A In most cases , '@’ ) and ‘Q) TGO distributions
can be represented by power  -law functions :

)0 @ )and ¥0)® O @ TO

A The spectral energy distribution (SED) is a plot
of &(h) versus h or of & ) versus [,

A Emission from a source can start in the radio
frequency and end inthe  TeV gorays!
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PRODUCTION OF GAMMA RAYS

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

1. Bottom -up models :

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

2. Top-down models

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

BOTTOMUP SCENARIO
AAccordingto ‘O y ,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)
A Galactic and extragalactic accelerators

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

1. Leptonic emission
A Parent population producing gamma rays is made of leptons
A Flux of gamma rays of is traced by  electron density and radiation fields

2. Hadronic emission
A Parent population producing gamma rays is made of hadrons
A Flux of gamma rays depends on  CR density and target gas density
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1. Synchrotron emission

AlInitial requirement : astrophysical '
environment permeated by a  magnetic field AiHghelentl

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

A Relativistic particles accelerated in a magnetic field radiate synchrotron photons
A Synchrotron power loss*

| AL
F m O F ||
e S < ol (4

|
A4 : particle mass A [ particle energy
A Cy: Thomson cross-section A : particle Lorentz factor
A ||: magnetic field intensity A= || ¥ Zmagnetic field density

*derived from rel. Larmor formula

C Synchrotron energy loss is far more important for electrons than for protons!

o
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LEPTONICEMISSION

1. Synchrotron emission

A The general feature of synchrotron emission is that '
radiation iIs beamed along the particle direction
A Relativistic beaming effects!

A A distant observer would receive the radiation to the uf.w-of the
only when the accelerated particle has a velocity particie’ s oron

i Polar diagram of the radiation transfc
toward the observer itself laboratdrgme méferend@redit: Spurio -

CThis corr espBeaolradiation 6a tdhvat t he observer
notices every time the electronds velocit)

A It is possible to computethe o cr i t i c al HuL et eviojchh mosteof/tite radiation is emitted

A Given typical magnetic fields of 10 nG and a population of electrons  with TeV energies
([rg): Synchrotron photons will have an energy ~0.2 eV (i.e. visible light)

o
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LEPTONICEMISSION

2. Inverse Compton (IC) scattering

A Scattering of low energy photons to high energies
by ultrarelativistic electrons

A Photons gain energy, electrons lose energy =D —

A For Wﬁ |= 2 -:IIIL electron
(photon energy in the center of momentum frame of the
interaction much less than electron energy)

C Thomson scattering cross -section used to describe the scattering probability!

low-energy
hoton

*
A1C power loss =

||'|= F T“: - JIlf?>=|=-

A Qy: Thomson cross-section
A :Lorentz factor of ultrarel . electrons

A=<,+m = (5 )t Fa : energy density of target photons

*derived from rel. Larmor formula

o
| Prof. E. Bissaldi- A.A. 2025/2026 11




LEPTONIC MODELS

2. Inverse Compton (IC) scattering

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

[Fafn <+ o) IFah
A Averaging over all relative photon  -electron directions:

A A T -~ [F=h A h| - hn i TH Eh (@rbitragnifs
A Electrons can have Lorentz factors D In
various types of astronomical sources
(typically D )

C Electrons can scatter LE photons to VERY high energies!

Scattered Frequency (Hz)
and Waveband
102 = UV

Far-infrared 3 x 1018 = X-rays

| Optical 4 x 102! = 1.6MeV = ~-rays
<2 | pteal ___ 4x 1)  4x 0T = OMeV=7Tays |
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LEPTONICEMISSION

3. Synchrotron Self Compton (SSC)

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

1. Ultra-relativistic electrons (with Lorenz factor 3% p m1 p 1) 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
A Since electrons are ultra -relativistic, e (TeV) Synchrotron

the photon energy can be ® Y (eV-keV)
boosted by a large factor

2
B

WWWWWWWA-
Y (TeV)
Y (eV) /I{nver'se Compton

.
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LEPTONICEMISSION

3. Synchrotron Self Compton (SSC)

A A useful expression relating the electron and the photon energy IS

)

™ [Fah
s € 811.1( ] )r< T
A . m

A [y Electron energy
A 4 1 Photon energy

A Resulting spectrum has two structures

A First distribution produced by synchrotron 4 o SRR
emission of decelerated electrons | ~/ Compton

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

A Compton component can peak at
GeV 0 TeV energies !

100 GeV 50 TeV
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HADRONIC EMISSION

1. Hadron -nucleon collision

A Gamma rays can be the product of the Interaction between accelerated protons
(and/or heavier nuclei) and the astrophysical environment

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

n "o “ I I h h h mME 8 (higher mass mesons and baryons)
A Due to isospin symmetry, ~ same number of “ ,*“ and “ are produced

A The charged pions decay into muons and neutrinos (lifetime ~10 83)
11 O 1 ) 1 O 1 ] ll_

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

N

A Detailed Monte Carlo simulations are required to describe the shower development
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HADRONIC EMISSION

2. Photoproduction

A Another 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

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

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

A Photoproduction  occurs mainly via the resonance
— ﬁ @) 9 @) Z [ ]
mm 70 o O Z —

A Z 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 X Fd )

.g Prof. E. Bissaldi- A.A. 2025/2026 16




HADRONIC EMISSION

oPi-dacay bumpbéd
A Characteristic feature in the spectrum of gamma rays produced by the decay of

neutral pions
A In the rest frame of the neutral pion, both photons have energy at’ A, O,7 ¢ 8l gy

and momentum opposite to each other
A The Z -decay spectrum representation falls steeply below D200 MeV and approximately
traces the energy distribution of parent protons at energies greater than a few GeV
ACut-of f at E O 70 MeV in the SED is a spectral featu
hadronic origin of detected gamma -ray emission

Electreynchrotron
Bremsstrahlung

IG2mission
Hadroeimissivanpgnteractions

-
o

E~2 dNAE

—_
0
|_";-]
£
o
o
p .
L
e
=
o
(5}
L

101!]
Energy (eV)
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HADRONIC EMISSION

Neutrino production

A Gamma -ray production from hadrons is always accompanied by the production
of neutrinos
Charged pion decay B  Muon decay
Z OH hy HOm hy hy
Zz °H hy HO°m hg hy
A The photon and neutrino energies are lower than the proton energy
Fr D Fd and D Fd

A The photon and neutrino spectra are related
A All the energy of the Z ends up in photons
A 3/4 of the Z energy goes to neutrinos
A Ratio of neutrino to gamma Iuminositifs
N
7P

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

A After being produced, = gamma rays propagate through the intergalactic space
A Although not deflected by magnetic fields, they can Interact with photon fields

A The maximum density of the photon background
corresponds tothe CMB

A ~410 photons/cm 3, average energy ~0.6 MeV
A Residual electromagnetic energy from the Big Bang

-1

2
ST

|
-
a
=
i
[
-
~
A

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

A UV/optical/infrared background radiation

A Radiation emitted by stars/galaxies/AGN over the
lifetime of the Universe

A The bulk of the EBL falls within the range from
D10" 3to 10 eV (from far IR to near UV)
Prof. E. Bissaldi- A.A. 2025/2026
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PROPAGATIONOF GAMMA RAYS

A The dominant process for the absorption of VHE gamma rays ispair creation on
low -energy extragalactic background photons of energy

e 2 °m m
A Threshold energy of the target (background) photon

] AL
A mil é I | -|L o 1 1 A [um]
I I

A - energy of the incident VHE photon

=

(Aq)ntq

—

C The process is kinematically allowed
for™ " (p»

cm

( €rg

=

wd §12)

Left scale: SED per unit of |SEREEl
for the extragalactic backg s
(EBL) energy density as a
proper Photon energy (bo
of wavelength {(uppe

for three values of redshi g ‘ ‘
scale the energy density
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PROPAGATIONOF GAMMA RAYS

A The EBLplays the leading role in the  absorption of gamma rays of energies

€ "H A € "HR 1 "HA
A The interaction with the CMB becomes dominant at energies
€ "HA A € "H A"HA
A The radio background is the main source of opaC|ty of the Universe for
A € "HR

Mean free p photons as a

Spectral energy distributio
P i function of the photon energy. The

as a function of wavs

Open symbols correspo Stecks basetins contribution of pair creation Scattering o
limits from galaxy counts . Primack 11 fiduc CMB._and radio back round phatons are
symbols correspond —— Eranceschini 08 considered sep arate¥ The positions of
estimate - : galactic center and of the closest AGN

The curves show a sample [l also shown
recent EBL m gia#

On the upper aXesether

corresponding to the p

Cross section IS il

Q

a
b=
£
~<
o
<

log,

- : - ) - 2 : 6 18 2 22 2
log,oE [EineV]
ssald
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PROPAGATIONOF GAMMA RAYS

A Neglecting the expansion of the Universe and Mean free path of gam

" of energies between +
starting from the cross Rt » o SR

mean free path ¢ , can be evaluated

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

A This horizon gets closer as the energy increases

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

De Angelis+2013

st
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HISTORYOF GAMMA -RAY ASTROPHYSICS

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

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

A Developing the instruments to measure this radiation through various
DETECTION PROCESSES

A Photoeffect (<100 keV)

A lonisation chambers , scintillation counters , semiconductor devices
A Compton _scattering (100 keV 830 MeV)

A Compton telescope coincidence systems
A Pair creation (> 10 MeV)

A Spark chambers , scintillator and solid-state tracking devices , calorimeters

A Atmospheric e-m showers & L' e r e n knsission ( > 20 GeV)

A Large ground based telescopes with ultra -fast photon detectors
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THE ROOTS OF GAMMARAY ASTROPHYSICS: BEFORE 1960

A Estimates 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
A Examples:
A Active Sun flux 0.181 s74E1 7¥(108100 MeV) (Morrison 1958)
A The Crab nebula and typical radio galaxies fluxes of 102 AHE1 TV
A Galactic Center flux D 10" 4#HE1 Tv(Pollack and Fazio, 1963)

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

A 1958: Beginning of the space age

A Clear, unabsorbed view of the sky, longer exposures,
absence of the atmospheric background, advanced instruments

.; Prof. E. Bissaldi- A.A. 2025/2026 24




THE GROWTH OF GAMMARAY ASTRONOMY: 196@®1980

0S0-3 (1967-68)

Gamma Ray

Alnitial attempts inthe early 6 6 0 s

A An instrument on Explorer -11 (Kraushaar and Clark 1962; Anticeincidence
Garmire and Kraushaar 1965) measures the strong
gamma -r ay emi ssion from the Eart

& Trigger 4

AProgress in the early 670s

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

——— average rate for
|47 » 35°

Kraush&a®72 . — ]
Typical scintillator counter telescdpgewit
conversion detegtar fast trigger system
calorimeter with |apeisdf Tungste
Instrument surrounded-byiacidatice vi
counter maigéastacintillator

N =
]
L*]
s 8
w ]
« -
! 1
Q o
P td
2
2 5
<] 49
14 o
o> E
< E
= 3
= =]
2 Q
o
(S

The Galactic Map of 621 events
o 20 IBO 180 20 90 60 30 O 330 300 270 240 210 180 (E>50 MeV) derived from

Galactic Latitude (degrees) Galactic Longitude (degrees) D16 months of observations
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THE GROWTH OF GAMMARAY ASTRONOMY: 196@®1980

SAS 2 telescope
A NASA mission (From Nov 1972 until May 1973) Fichtel 1975 Z

A SAS 2 Payload
A Single instrument: gamma -ray telescope with a 32 -level
wire spark -chamber (Energy range 20 MeV 981 GeV)

A During the short lifetime of the mission:
noticeable decrease in sensitivity
A Due to deterioration of the spark  -chamber gas

UPPER SPARK : :
CHAMBER : ——— '
e ——— GUARD

SCINTILLATOR T 5 1 +——— SCINTILLATION
A J

LOWER SPARK—&"—i. P COUNTER
+——f+———LIGHT PIPES (4)

CHAMBER \ K i
CERENKOV ; E
COUNTER RN
ASSEMBLY —— ZX Z ¥ W i s | -

{4 UNITS) ) " MULTIPLIERS (8)

ELECTRONICS
BOXES (4) | |+~ PHOTOMULTIPLIERS (4)

PHOTO
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THE GROWTH OF GAMMARAY ASTRONOMY: 196@®1980

SAS 2 Science
A First detailed information about gamma -ray sky

A Revealed that the galactic plane gamma -

radiation was strongly correlated with galactic
structural features

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

sr Tvle I'l.l'r_:l )

AFOLLO 15

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

Intensity (So-cm s

APOLLO 1;\
i Fl

MFL

The spectrumdifftise gamedbackgro ol - _ —
in the 0.6000 MeV energy range ag _ - A1 10 100
by OSORangers 3 & 5, Apollo-2 JESIERHMNEIYESISe Energy (heh)
&4 Prof. E. Bissaldi- A.A. 2025/2026
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THE GROWTH OF GAI\/IMARAY ASTRONOMY: 196@1980

Veto
Shield

Credit: ESA

COS-B telescope | Coloimeter_
A ESO mission Erom 1975 to 1982) Blgnaml 1975

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

with thin Tungsten layers for pair conversion)
A Trigger system and calorimeter to measure the energy
A Anti-coincidence dome  detects and vetoes the passage of charged particles
Prof. E. Bissaldi- A.A. 2025/2026
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THE GROWTH OF GAMMARAY ASTRONOMY: 196@®1980

COS-B Science
A 2CG Catalogue, listing around 25 gamma -ray sources
A First full gamma -ray map of the Milky Way
A Observations of
A X-ray binary Cygnus X -3
A First AGN: 3C 273

sr™!)
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o
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Credit: ESA
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THE SUCCESS OF GAMMARAY ASTRONOMY: 198@2000

NAS A GGREAI OBSERVATORY

A The Compton Gamma -Ray Observatory (CGRO)
A 4 major instruments (from ~100 keV to >10 GeV)
A Mission from 5 April 1991 to June 2000

Credit: NASA

S ~ \ = S i & : Dol \ :1‘ Y »‘ : S i 7 l’. ‘ " \
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Credit: NA
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ENERGY RANGE
(MeV)

ENERGY RESOLUTION
(FWHM)

EFFECTIV J‘l AREA
(em”)

POSITION LOCALIZATION
(STRONG SOURCE)

FIELI} OF VIEW

at 0.2 MeV
at 1.0 MeV
e at 5.0 MeV

2013 at 0.2 MeV
1480 at 1.0 MeV
569 at 5.0 MeV

10 arc min square
error box
(special mode;

0.1 x Crab spectrum)

'l_'[]'\l]-‘li'[

at 1.27 MeV

at 2.75 MeV
at 4.43 MeV

25.8 at 1.27 MeV
29.3 at 2.75 MeV
29.4 at 4.43 MeV

Go confidence

0.2 x Crab spectrum)

GRO Instruments-Energy Ranges

10lan 1001th

MaY 1008V 10(2MOV
1 1

1GaV lOlel lO(:(bv
1

~20%

100 to 2000 MeV

1200 at 100 MeV
1600 at 500 MeV

1400 at 3000 MeV

5 to 10 arc min
(1s radius; 0.2 x
Crab spectrum)

24 at 0.06 MeV
t 0.09 MeV

20% at 0.66 MeV

1000 ea. at 0.03 MeV
1500 ea. at 0.1 MeV
550 ea. at 0.66 MeV

3

(stromg burst)

8.2% at 0.09 MeV
at 0.66 MeV
8% at 1.17 MeV

1010 ea. at 0.3 Me¥
127 ea. at (L2 MeV
52 ca.at 3 MeV
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| THE SUCCESS OF GAMMARAY ASTRONOMY: 198@2000

4 ~ M,S

The Burst And Transient Source Experiment (BATSE)

2704 BATSE Gamma-Ray Bursts

+90

- ""V

A Scientific objectives

A Detecting and locating strong
transient sources
(e.g. GRBs)

Large Area S°7 o % __ Charged Particle
Detector \ % Detector

A The instrument
A All-sky monitor (4 p sr)

A 8 BATSE modules, facing outward from { A=) J Incoming
each corner of the satellite NN\ fd ra

A 2 Nal detectors (LAD, SD) with 3/1 PMTs
A Energy range: 20-600 keV

\ \ | V< ; Spectroscopy
LA Detector
| Prof. E. Bissaldi- A.A. 2025/2026 32




THE SUCCESS OF GAMMARAY ASTRONOMY: 198@2000

Energetic Gamma -Ray Experiment Telescope (EGRET)

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

A Pair-production instrument

A Spark chamber (interleaved tantalum foils) and
Nal calorimeter (Total Absorption Shower Counter)

A Energy range : 20 MeV -30 GeV (P cranoen

Widely Spaced
Spark Chambers

Time-of-Flight
Coincidence

Nal (TI) Energy
Measurement

*m :
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THE SUCCESS OF GAMMARAY ASTRONOMY: 198@2000

CGRO ! COMPTE 8 MeV, 5 Years Observing Time

Imaging Compton Telescope (COMPTEL)

A Scientific Objectives

A First comprehensive survey
of the sky at MeV -energies

A The instrument

A 2 detector arrays
A Upper liquid
scintillator (NE 213A) ,
lower Nal crystals Pt 7 _{ ——
A Energy range: [ty e [ FEETTTI N cammarmy scatterd
0.8 - 30 MeV : TASIGE s

A Field-of -view : ~ 1 sr y , \d i | Lishtrecorded.

Gamma-ray absorbed,
light pulse emitted,

andrecorded

i ISP NN e e i{ P e = W
I 2 e) o ! i 'jj",:," ; .:f g ;. ; : It | . : “3‘-: | ~_~ ,_i-‘..-.'.‘ v’:
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| THE SUCCESS OF GAMMARAY ASTRONOMY: 198@2000

Galactic surveys: COS-B vs EGRET

Confrimation of the main
high -energy features

A Discrimination of an order of
magnitude more point sources on
the complete sky

EGRET (1991-2000) >100MeV

A2 A 7 spin-down pulsars, including
Geminga pulsar

r ... i ; ‘o
A 270 extragalactic gamma  -ray - . ~“| o > |

sources '

A ~100 AGN (all radio loud)
A ~140 unidentified

o
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THE SUCCESS OF GAMMARAY ASTRONOMY: 198®2000
EGRET All-Sky Map Above 100 MeV

Vela (Pulsar -

3C 279 (AGN)

Unidentified Source

.g Prof. E. Bissaldi- A.A. 2025/2026 36
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THE SUCCESS OF GAMMARAY ASTRONOMY: 198@2000

© EGRET Unidentified

® Blazars

3. EGRET Catalog:
(3EG)
Hartman et al, 1999
AplS, 123,79

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

271 Sources

6-8 PSR

B Pulsars

A COMPTEL Sources

1. COMPTEL Catalog: 32 constant sources

Schonfelder et al., 2000 39 transients
A&AS, 143, 145
3PSR/

—~



Intensity as a Function of Time

Crab Pulsar

Pulsars seen by EGRET

P5R1509-58

Yela Pulsar

RPadio

'

Xray

Gamma-ray

Period - 33 msec

Lo LA

0 a3 1

RPadio

Radio

Optical
No Known Pulse

Kray

Gamma-ray

0 3 1

Period - 150 msec

Period - 89 msec

Time in Fractions of a Pulse Period
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Credit: NASA/GSFC

Number of Counts

THE SUCCESS OF GAMMARAY ASTRONOMY: 198@2000

EGRET Pulsar Histogram
250 Source 1 0630 +17

ﬂ-ﬂ ﬂ-a

P:237.1 ms

0.4 0.5 0.6 0.7 0.8 0.0 1
Pulsar Phase
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THE SUCCESS OF GAMMARAY ASTRONOMY: 198@2000

AGN seen by EGRET
Supermassive black holes ( D10°910%° My) in the center of galaxies, powered by

Infalling matter
A An AGN emits over a wide range of wavelengths from gamma -ray to radio

A Often exhibiting short timescale emission (flares)

200 195 190 5 2 v

Right Ascension o :
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EGRETUnidentified sources

A Most remarkable puzzle
more than 60% of GeV sources

lacking a credible identification with

objects known to astronomy at lower
energies

AWhy?

A Limited angular resolution in pair

conversion telescopes below several
GeVs

A Statistical limits on the weaker new
sources preventing more detailed
iInvestigations of time variability

.
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Declination (J20040)

Right Ascension ( J2(0)
Image from MY5S L4 GHz survey, Condon et al. (15%%%)




"MODERN GAMMA -RAY ASTRONOMY: 2002020

A Gamma -ray astronomy in the 1980-2000 era
A Wide opening of the high  -energy sky to multi -wavelength astronomy

A Moving towards the present time

A The most salient requirements for the telescopes deployed after CGRO were to survey
the complete sky more -or-lesscontinuously in order to:

1. Detect and monitor
transient sources

2. Improve and enhance
on counting statistics and angular
resolution by extending the
energy band i1 nto the
range with a large sensitivity
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THE FERMMISSION
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The Fermi GRayrapaeescope

f Launched on June 11, 2008

Thd_arge Area Telesgade
International Collaboration between- —>

NASA and DOE in the US and the National Space Agencies in
France, Germany, Italy, Sweden and Japan
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TheGammay Burst Moni{GBM)

International Collaboration between | "
NASA (NSSTC), UAH and LNL in the US and DLR and MPE |

v
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THE LARGE AREAELESCOPE

Precision Si-strip Tracker
A 18 XY tracking planes ; e o
Single-sided silicon strip : | e

detectors (228 mm pitch );
Measure the photon direction ;
gamma identification

Hodoscopic Csl Calorimeter

A Array of 1536 CsI(T) crystals
In 8 layers. Measure the
photon energy andimage the
shower

Segmented Anticoincidence Detector (ACD)
A 89 plastic scintillator tiles. Reject background of
removes self-veto effects at high energy ;

’ Calorimeter
cosmic rays; segmentation

Electronics System
A Includes flexible , robust hardware trigger and software filters.
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THE GAMMA-RAY BURST MONITOR

A An arrangement of 12 thin ~ Nal(TI) detectors to locate GRBs and get low energy
spectrum

A2 Bi4Ge3013 (BGO) detectors to get spectral overlap with the LAT

12 Sodium lodide Nal)
scintillation detectors

2 Bismuth Germanate (BGO)
scintillation detectors

Burst localization via cowate comparison of

different Nal detectors
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FERMISPACECRAFIORBIT

A Circular «ow-Earth» orbit (LEO)
A 565 km altitude (96 min period ), 25.6 deg inclination

.......
“““““

......................
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&> Tracking 19636 objects as of 8-Apr-2019
Q HD Live streaming_ from Space Station

&
il i Og objects crossing your sky now

ISS will cross your sky
in 1h 23m 42s

Find a satellite... Search
N2YO.com on Facebook Advanced

Most tracked Just launched Satellites on orbit ~  Alerting tools + More stuff +  Sign in

GLAST

NORAD ID

LOCAL TIME

uTcC 10:51:31
LATITUDE -1.64

LONGITUDE:
ALTITUDE [km]
ALTITUDE [mi]:
SPEED [km/s]

-173.48
522.32
324.55
7.6

SPEED [mi/s] 472
AZIMUTH 10.1N
ELEVATION -68

RIGHT ASCENSION: 12h 33m 01s
DECLINATION: -22° 23' 52"
Local Sidereal Time: 24h 50m 20s

SATELLITE PERIOD: 96m

10-DAY PREDICTIONS FOR
GLAST

Make A Donation

Resources

IP2L ocation IP Geolocation
Find your Magnetic Declination
Space Station HD Live!

Last Minute Stuff!

Your current location

Your IP address: 151.57.87.250
Latitude: 43.21255°
Longitude: 13.29008°
Magnetic decl.: 2° 56'E

Local time zone: GMT+2

Prof. E. e ——————
¥) Draw orbits Draw footprint Keep selection centered


http://www.n2yo.com/?s=33053

: Trackm and Data

' s . | | by ‘ Space Network(SN)ReIay Satelllte Syste
| | _ﬂ= , TDRSS :
— e —— . ' i |

White
Complg

LAT Instrument cie -
Operations Center LISOC ' ——

High Energy Astrophy

. Fermi Scignc Science Archive Resear

Coordin: ‘
Networ MOC

Swgggélv-g____jﬁ HEASARC
I I B GBM Instrument 4
Operations Center GIOC

GRB
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