Gammaray astronomy with satellites
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During this course we are seeing that almost everyone is using

Fermi data,
so | will give a bit of history about the genesis of Fermi,
how it works

and
what we can do in the future

N
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Why to study gamma rays?

& grays offer a direct view into Nature S
largest accelerators.

0 the Universe Is mainly transparentto g
rays with < 20 GeV that can probe
cosmological volumes. Any opacity Is
energy-dependent for higher energy.

0 particle relics of the early universe
produce grays when they annihilate or
decay.
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The Deep Sky




EGRET All—=5ky Gamma Ray Survey Above 100 MeV







Binary system formed-by a black hole and a companion star






Binary system formed by a black hole and a companion star

Chandra data

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












Fermi Dynamic Gammaray Sky

Feb 22- Feb 23



SN1006 - ::. ' - .. ' CrabNebula

g Actlve | éél?at"c; Nuclei



Particle Physics => Particle Astrophysics

Terrestrial Accelerators Cosmic Accelerators

Active Galactic Nuclei s

Diameter of collider

LHC CERN, Geneva, 2007 O

:’\D Cyclotron Berkeley 1937

Energy of accelerated particles
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Gamma ray attenuatiosn
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Interaction of photons with matter
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Relation between altitude, number of Radiation Length
and g/cn¥ traversed
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Pair photon interaction probablllty %
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Construction of a gamma -ray detector in the pair
production regime

A Two conflicting effects:

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

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

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

A then it is also necessary to reco
photon

Any ideas??

N
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Elements of a pair -conversion telescope

charged-particle Y
anticoincidence '
shield : Aphotons materialize
\ , into matter-antimatter
_ y pairs:
pair- ' _ - . Eg > mMeC? + mecC?
conversion :
foils Py ". ........................ " Aelectron and .
| positron
e — e ' carry information about
/\ the direction, energy and
pat‘ticle- /’ ................ /"\ ..................... . polarization of the gray
tracking e — e )
detectors / \
............. /\
_/l_ \
calorimeter = = 2

(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: Xay vs. Gammaay

X—ray mirror focussing telescope

Gamma—ray proximity telescope “ARQ

-
IN
L//

shower tracker/calorimeter

girimimnre**
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X-ray (0.5- 10keV)

Focusing possible

\

Large effective area
Excellent energy resolution
Very low background

Gammaray(0.1-500GeV)

No focusing possible

\

Wide field of view
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Spark Chamber

+— Weto counter

Spark

chamber

}l Scintillation

Trigger Telescope

Energy Calorimeter

SAS2 11/1972-7/1973
ANTI-COINCIDENCE
SCINTILLATION
DOME

counter 1

z CosB 8/1975

“'"._ :'! \—l . 4/ 1 982

Plastic scintillation

CLOSELY SPACED
SPARK CHAMBERS

WIDELY SPACED

The gammaray missions
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)
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COMPTON OBSERVATORY INSTRUMENTS

COMPTEL

~=EGRET

OSSE

BATSE
TWO OF EIGHT



EGRET:the
detector i

| HERMETICALLY SEALED
Energy range: 20 MeV- 30 GeV T BT
Weight: 1820 Kg " SCATILATOR Dowe
Power: 160 W | UPPER SPARK CHAMBER
Field of view: 0.5 sr o ok AR
Dead Time: 100 ms TUBE ASSENBLY
Effective Area (@1GeV) 1200 cn? | | Lowen seanx cuameen
Angular resolution 5.8 .
(@100MeV) : -

43 PURSEUNS Soim

Sensitivity 0.1 GeV 5x108 §B
for point 1 GeV 1x108 T e AND P
sources 10 GeV 2x108

BULKHEAD PEDESTAL

(ph cm-2 s-1)*

ELECTRONICS BOXES

GAS REPLENISHMENT
SYSTEM

| e e NA | PM TUBE

)
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Anticoincidence
Counter

Spark Chamber

%_
://‘

Time of Flight

Trigger Telescope \

— //A,\\\ i
— X / \\\ /” | \ /
/ //,IN‘\‘\S‘\ ¥ //

Total Absorption
Shower Counter

EGRET: Principle of Detection of High Energy Gamma Rays

EGRET A Principle of
gamma ray detection

A gay which enters the top of the EGRET
instrument will pass undetected through lérge
anticoincidence scintillataurrounding the spark
chamber and has a probability 33% of converting
into an electropositron pair in one of thiin
tantalum (Ta) sheetsterleaved between tIgs8
closely spaced spark chamberdhe upper portion
of the instrument.

Below the conversion stack amo 4 x 4 arrays of
plastic scintillationdetector tiles spaced 60 cm apa
which register the passage of chargadicles.If the
timeofflight delay indicates a downward moving
particle which passed through a valid combinatior
upper and lower scintillator tiles, and the
anticoincidence system has not been triggered by
charged particle, the trackformation is recorded
digitally. In this manner, #ghreedimensional picture
of the path of the electrpositron pair is measured
The energy depositioin the Nal(TI) Total
absorption Shower Counter (TASC) located
directly below the lower array of plastic scintillator

~ is used to estimate the photon energy.
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High Energy Gamma Experiments Experiments

- WHIPPLE HEGRA MILAGRO ~1993
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MASS 89 flight
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The TS93 and CAPRICE silicon -tungsten imaging calorimeter.




Nuclear Instruments and Methods in Physics Research A 354 (1995) 547-552 NUCLEAR

INSTRUMENTS
& METHODS
IN PHYSICS

RESEARCH
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The GILDA mission: a new technique for a gamma-ray telescope
in the energy range 20 MeV-100 GeV

G. Barbiellini ?, M. Boezio *, M. Casolino °, M. Candusso °, M.P. De Pascale °,
A. Morselli ™*, P. Picozza ®, M. Ricci ¢, R. Sparvoli °, P. Spillantini ©, A. Vacchi *

* Dept. of Physics, Univ. of Trieste and INFN, Italy
b Dept. of Physics, I Univ. of Rome “‘Tor Vergata’’ and INFN, Italy
¢ Dept. of Physics, Univ. of Firenze and INFN, Italy
% INFN Laboratori Nazionali di Frascati, Italy

Received 5 August 1994

Abstract

In this article a new technique for the realization of a high energy gamma-ray telescope is presented, based on the
adoption of silicon strip detectors and lead scintillating fibers. The simulated performances of such an instrument (GILDA)
are significatively better than those of EGRET, the last successful experiment of a high energy gamma-ray telescope,
launched on the CGRO satellite, though having less volume and weight.

* Corresponding author.
—~
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Quindi eravamo pronti per rispondere alla Call for

| deas ASI per Piccole Missi
26 giugno 1997

e rispondemmo con due proposte:

A Gl LDA 40

e
A AGI LE

—

L’ﬁf N Aldo Morselli Gamma rays from space International School of Cosmic Ray Astrophysics Erice 29 July-06 August 2026 45



-

J

z

Proposta per la Call for Ideas ASI per Piccole Missioni (Scienze dell’Universo)
26 giugno 1997

GILDAA40: rivelatore di raggi gamma al Silicio

A. Morselli', G. Barbiellini?, M. Boezio?, P. Caraveo®, M. Casolino!, M. P. De Pascale’,
S. Mereghetti®, A.Perrino?, P. Picozza!, P. Schiavon®, R. Sparvoli!, M. Tavani®*, A. Vacchi?

Dipartimento di Fisica, Universitd ” Tor Vergata” e INFN.
Dipartimento di Fisica, Universitd di Trieste e INFN.
Istituto di Fisica Cosmica e Tecnologie Relative, CNR, Milano.

L

Columbia Astrophysics Laboratory, Columbia University, New York, USA.
Introduzione

La proposta del telescopio gamma GILDA40 nasce dall’attivita’ consolidata della collaborazione
internazionale denominata WiZard che prevede le missioni Nina (prevista volare per I'autunno
1997) e Pamela (programmata per la seconda meta’ del 2000). Cio’ significa che esiste un contesto
scientifico in cui GILDA40 si inserisce naturalmente. Costi e tempi di sviluppo possono essere
realisticamente e sensibilmente bassi visto che e’ possibile attingere a tutto il lavoro di progettazione,
realizzazione e test gia’ esistente (vedi descrizione tecnica). Il telescopio GILDAA40 fa infatti uso
di rivelatori al silicio ad alta risoluzione spaziale. Questi offrono grandi vantaggi per la rivelazione
astrofisica di radiazione gamma: non presentano problemi di rifornimento di gas, non necessitano
di alti valori di tensione né di fotomoltiplicatori per I'analisi del segnale, presentano un tempo
morto breve (1us) e un trigger dato esclusivamente dai piani di silicio. Lo strumento consiste in un
tracciatore al silicio e di un calorimetro di dimensioni e peso opportunamente configurati in base
all’'orbita scelta. GILDA40 puo’ volare sia su un satellite a puntamento con orbita equatoriale,
che in scanning mode su un satellite elio-sincrono. GILDA40 puo’ essere realizzata interamente in
Italia entro tre anni con un costo dello strumento inferiore ai 10 miliardi di lire.
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Proposta per la Call for Ideas ASI per Piccole Missioni (Scienze dell’Universo)
26 giugno 1997

AGILE: Rivelatore a immagini gamma leggero

M. Tavanil?, G. Barbiellini®, M. Boezio3, P. Caraveo', M. Casolino?, M. P. De Pascale?, S.
Mereghetti', A. Morselli*, A.Perrino®, P. Picozza®, P. Schiavon®, R. Sparvoli?, A. Vacchi®

1. Istituto di Fisica Cosmica e Tecnologie Relative, CNR, Milano

2. Columbia Astrophysics Laboratory, Columbia University, New York, USA
3. Dipartimento di Fisica, Universitd di Trieste e INFN

4, Dipartimento di Fisica, Universitd di Roma II, " Tor Vergata” e INFN

Introduzione

L’astrofisica gamma delle alte energie nella banda 30 MeV—-10 GeV beneficierebbe enormemente
durante i primi anni del 2000 dall’esistenza di un rivelatore al silicio a largo campo e con sensibilita’ e
accuratezza confrontabili o migliore di EGRET. Presentiamo qui il concetto di tale missione leggera,
AGILE (Astro-rivelatore Gamma a Immagini LEggero ) dalle dimensioni e peso (inferiore ai 50 kg)
ridotte ma dall’elevata e unica capacita’ di rivelare sorgenti gamma galattiche e extragalattiche. La
tecnologia al silicio permette di rivelare radiazione gamma con enormi vantaggi rispetto a EGRET.
AGILE non presentera problemi di rifornimento di gas, non necessita di alti valori di tensione,
e’ caratterizzata da un tempo morto breve (1us) e da un trigger fornito esclusivamente dai piani
di silicio. L’assenza di un calorimetro non consente di avere informazione spettrale dettagliata.
Tuttavia, I'enorme vantaggio di realizzare uno strumento molto leggero e dalle elevate prestazioni
di rivelazione (sia di risoluzione angolare che di flusso) rende AGILE altamente competitivo rispetto
a future missioni astrofisiche di alta energia. AGILE sfrutta |'esperienza del gruppo proponente
nella realizzazione di satelliti astrofisici con tecnologia al silicio. L’intero rivelatore e’ da realizzarsi
in Italia con un costo dello strumento inferiore ai 10 miliardi e costo complessivo della missione
inferiore ai 25 miliardi di lire.
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New Detector Technology

A Silicon strip detector

Strip-shaped
PN diode

300-500micron thick

50-500micron wide :b_

VLS| amplifier

Stable particle tracker that allows micron-level tracking of gammarays

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)

N
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Silicon Strip Detector Principle

VLSI
Low-noise, Low-power
Amplifier/Discriminator
(S/N typically > 20)

Al Strip

Electrodes Coupling

Cap

| 200 um

Electrons Depletion region

|=— 400 um —|

Charged particle
+ produces ~32,000
. electron/hole pairs.
n™ Implant

\ Al Backplane
at ~+90V
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The Silicon Tracker
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