Prospettive future della
Gamma - Ray Astronomy

1) Rivelator1 su satellite
2) Rivelator1 Cerenkov

3) Particle Detector Array



Nuovi rivelatori su satellite

*GLAST (lancio nel 2005)
*AGILE (lancio inizio 2002)

« AMS
‘PAMELA (lancio fine 2002)
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Gamma-Ray Large Area Space Telescope
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EGRET(Spark Chamber) VS, GLAST(Silicon Strip Detector)
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GLAST Performance
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AGILE
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Astro-rivelatore Gammae a Immaogini LEggere |

Energy Range a0 MaW - 50 GV

Field of view . 3 &

Energy Eesolation ~1 at 300 MeV

Point source Semsitivity: 0.1 GeV  S5x10-%

(ph em? s 1l GeW Sxz10
10 GeW Sx10°

Event deadtime =100 s

Feak Effective Area 600 cm?

Orbital Parameters Equatonal, 550 Em

Fossible Earth & tation M alindi (Eenia)

Eequaired Fow ar 65 W

Pavload Weizht 65 Eg

BUS+ Payload 200 Eg

Gamma-Rap Lerge Area Space Telescope

Energy Eange 20 MeW - 300 GeaV

Field of view : 3 azx
Energy Eesolation 5% at]l GeV
Pomt source Sensitverty: 0.1 GeV  2xl0D*

(phemts l Ge¥ 2x1Q-'*
10 GeW lxlprte

Event deadtime ~d0 M=

Feak Eftectve Area 10000 cme

Drbital Parameters 28" B0DEm

Eequaired Fow er &00 W

Pavload Weight 3000 Eg
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The Alpha Magnetic Spectromer

AMS










PAMELA

Physics Objectives
+ AntiProton spectrum : 80 MeV - 180 GeV
¢ Positron spectrum : 50 MeV - 200 GeV

» Search for Antinuclei Bare Mass: 450 Kg
re+euptol TeV Total Mass: ~750 Kg
¢ Multi TeV electrons Power: 35"‘: w

+ Solar and Trapped Cosmic Rays GF: 21 cm®sr

+ Solar Energetic Particles MDR: 740 GV/c

#Long Term Solar Modulation

Radiation Belts Transient Phenomena  RESURS-DKI Satellite
Mass: 10500 Kg
Eliptical Orbit 70.4 “incl.
300-600 Km altitude
Launch: December 2002
Mission Life = 3 Yr.

Launcher : Sayuz-TM




PAMELA,

un magnete permanenete attrezzato con diversi
rivelatori specializzati:

*Spettrometro magnetico
«Calorimetro e.m. con strip di siIi
*TRD

*TOF

*Obiettivi di fisica :
eraggi cosmici
santimateria
*materia oscura

PAMELA volera a bordo del satellite russo
Resusrs che verra lanciato nel dicembre 2002 in
un orbita tra 300 e 600 km di altezza,



An overview of PAMELA

TRD :
Transition Radiation Detector

Magnetic Spectrometer

TRK : Silicon Tracker

CAL : Electromagnetic Si'W Calorimeter

TOF : Time of Flight System

ANTI :Anticoincidence System
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Nuovi rivelatori
AIR CERENKOQV TELESCOPE

e STACEE. USA solar array 70->50 GeV
e CELESTE, Fr solar array 50-> 25 GeV

e VERITAS, USA 7 x 10m 80 GeV
e MAGIC, Spagna 17 m 30-15 GeV
e HESS, Namibia 4x12m 60 GeV

Ottima separazione h/g, grande area di raccolta luce,
bassa soglia.







Caratteristiche di STACEE
ex Solar Plant

eArea rivelatori 2000 m2 con
soglia di 30 GeV

eArea occupata dai rivelatori
20000 m?

eTecnologia ottica ad alto
livello

eFast Read-out: 40 ADC 1GHz
per la ricostruzione degli EAS







The MAGIC Telescope
Project

MAGIC's original
construction goal (in 1998):

first light recorded in summer
2001




MAGIC

220 m* mirror area
E =10 GeV - 300 GeV
Location: La Palma
(Canary Islands)
Scheduled June 2001
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VERITAS




VERITAS

The array will consist of seven 34-foot-aperture optical

telescopes placed at the corners and center of a hexagon with

279-foot-long sideEach large reflector will have a sophisticated
camera at its focus.

Threshold Energy 50-70 GeV
Angular resolution 0.05 deg
Energy resolution 15%










Nuovi rivelatori
Particle Detector Array

e MILAGRO
e TIBET III
e ARGO-YBJ



Physcs with MILAGRO
*AGN
*GRB

eSolar Physics



MILAGRO

L’apparato Milagro consiste di una grande vasca (delle dimensioni
di un campo di calcio) riempita d’acqua, e sigillata a tenuta di
luce. Nella piscina sono installati 723 PMT.

I1 principio di funzionamento ¢ quello di rivelare 1 fotoni Cerenkov
emessi dalle particelle veloci che attraversano la piscina.






PM

Interno del rivelatore Milagro primo del riempimento d’acqua









Fit. hformation_(csmuon)
Thele 4613 4724 4613
P 12159 149 12759

Chsg 338 271
N'%if; 40, 74




Durante 1 periodi di
forte attivita solare
VeNngono emesse
particelle nel range
dei GeV, che possono
essere rilevate
dall’apparato
MILAGRO

Fisica Solare

Evento di Coronal Mass Ejection (CME)



ARGO - YBIJ




ARGO-YBJ

One ARGO Cluster detector

Main Building with RPCs

ArgoMN05

One ARGO RPC detector

1260 mm

77850 mm
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Detector carpet 10 x 13 Clusters, 1560 RPC
Sampling ring:  6x 4 Clusters, 288 RPC

Total: 154 Clusters, 1848 RPC

For a complete coverage another B4 Clusters ( 1008 RPC ) are neaded
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Relation between altitude, number of Radiation Length and g/cm’ traversed
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Physics with ARGO-YBJ

1) Gamma-ray astronomy at a ~100 GeV threshold energy. Several galactic and
extagalactic point candidate sources can be monitored, with a sensitivity to unidentified
sources better than 10% of the Crab flx.

2) Diffuse Gamma Rays from the Galactic plane, molecular clouds and SNR at E, >100
GeV.

3) Gamma-Ray Burst physics with a sensitivity allowing the extension of the satellite
measurements over the full GeV/TeV energy range.

4) Anti-p/p ratio at energies from 300 GeV to TeV not accessible to satellites, with a
sensitivity adequate to distinguish between models of galactic or extragalactic anti-proton
origin.

5) The primary proton spectrum in the 10 - 200 TeV region, with sensitivity sufficient

to detect a possible change of the slope of the energy spectrum.

6) Sun and Heliosphere physics including cosmic ray modulations at 10 GeV threshold
energy, the continuous monitoring of the large scale structure of the interplanetary
magnetic field and high energy gamma and neutron flares from the Sun.



Additional objectives come from using ARGO-YBJ as a traditional EAS array covering
the full energy range from 10! to 1016 ¢V. Since he detector provides a high granularity
space-time picture of the shower front, detailed study of shower properties as, for
instance, multicore events, time and lateral distributions of EAS particles, multifractal

structure of particle densities near the core, can be performed with unprecedented
resolutio

At an altitude > 4000 m a.s.l. the electron size of the shower produced by primaries
energies 1015-1016 eV, around the 'knee' of cosmic ray spectrum, is practically
independent of their mass. This fact could be exploited to get information about the

composition at the knee by measuring other parameters distinguishing showers developed
by primaries of different mass.
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MAGIC sensitivity based -
on the availability of high
efficiency PMT’s All
sensitivities are at 50.
Cerenkov telescopes
sensitivities (Veritas,
MAGIC, Whipple, Hess,

Celesgte Stacee

Integral flux (photons em

Celeste, Stacee, Hegra) I i
are for 50 hours of
observations. i

Large field of view
detectors sensitivities
(AGILE, GLAST, Milagro,
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Energy versus time for X and Gamma ray detectors
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Astronomia - gamma
Conclusioni

Enormi progressi negli ultimi anni. Attualmente siamo in una fase di
attesa per la costruzione di nuovi telescopi

Crab sorgente di calibrazione

Le osservazioni attuali concordano su un meccanismo di accelerazione
di elettroni seguito da IC. No “Smoking gur’’ per meccanismi adronici

Le sorgenti di RC (SNR) non danno forti segnali gamma. Dove sono le
sorgenti di RC?

Gli AGN mostrano fenomeni di Flaring la cui origine € oscura

| "astronomia gamma nella regione GeV/TeV e’ oggetto di un intenso
programma di ricerca che dara i suoi risultati a breve



