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The Standard Cosmological Model
This model tell us that the Universe is:
• Spatially flat, homogeneous and isotropic on large scales
• Composed of 

– Radiation, ordinary matter 4.4 %
b f h b

y
electrons, protons, neutrons, photons and neutrinos

– Cold dark matter 23    %We live in a very Never  before we have been 
k i l i twhich we know nothing about

– Dark energy 73    %

y
exciting time 

so knowingly ignorant 
about Naturewhich we know even less about

– Anti Matter  < 10-6 matter 
hi h t h di d b t d t k

e c t g t eabout Nature 
which  seems to have  disappeared, but we do not know 
how

• Galaxies and large scale structures born from tiny• Galaxies and large scale structures born from tiny 
adiabatic Gaussian fluctuations of  matter and 
fields



The universe  is the ultimate laboratory to study fundamental physics…….

AMS
Pamela   

SLISA
BBO

WMAP, Planck
LISA 

JDEM/SNAP
Hubble

XMM, Swift, Chandra, GLAST, AGILE

JDEM/SNAP 



…….reaching energies which cannot be studied at accelerators………

LHC
AMS

LHC
ILC LEP

LISA
BBO



….by studying  all kind of radiation  reaching  us, light….



….or charged/neutral particles, gravitational waves…….





Examples of interagency cooperation on 
Astroparticle Physics in spaceAstroparticle Physics in space

• INFN/ASI/Rosaviakosmos on the Pamela program
NASA/DOE INFN/ASI CIEMAT/CDTI DARA th• NASA/DOE, INFN/ASI, CIEMAT/CDTI, DARA…..    on the 
AMS program
NASA/DOE INFN/ASI th GLAST• NASA/DOE , INFN/ASI….  on the GLAST program

• NASA/ESA on the LISA program
• ESA/NASA  on the PLANCK program
• NASA/ESA/ASI/JAXA on the EUSO program  --> JEM-p g

EUSO ?
• NASA/DOE on the JDEM programp g
Some cooperation has been implemented, but  worldwide  coordinating  

bodies   like  ICFA  or OECD Forums  are basically  missing for space 
programs with risks of duplication of efforts (e g WMAP vsprograms, with risks of duplication of efforts (e.g. WMAP vs 

PLANCK), reduction of political support or negative interferences, 
making  more difficult the start and the implementation of the most 



Connecting g
Quarks with  the Cosmos
• 11 questions

– CP/B violationCP/B violation,
– dark matter, 
– dark energy, National Academy of Sciences (NAS)dark energy, 
– CR acceleration,
– origin of the heavy nuclei,

National Academy of Sciences  (NAS)
Committee on Physics of the Universe

g y
– ……….

• 7 recommendations7  recommendations
– Exploring the Basic Laws of Physics from Space
– Interagency Initiative (NASA/DOE/NSF) on the Physics ofInteragency Initiative (NASA/DOE/NSF) on the Physics of 

the Universe
– …………



Measuring cosmic radiation of different kind (incomplete 
li t)list) 

• Light (IR, visible, UV, X)   HUBBLE, Swift, JDEM…
• CMB (mm EW)   BRAIN/CLOVER, WMAP/PLANK
• Cosmic Rays (TeV charged particles) PAMELA/AMS
• Cosmic Rays (at or above the knee) Argo, Auger…Cosmic Rays (at or above the knee)  Argo, Auger…
• Gamma Rays ( GeV gamma rays) AGILE, GLAST
• Gamma Rays (TeV gamma rays) HESS/MAGIC CTA• Gamma Rays (TeV gamma rays) HESS/MAGIC, CTA
• Neutrinos (TeV neutrinos) AMANDA/ICECUBE, KM3 NET
• Gravitatonal Waves (0 001 to 100 Hz waves) VIRGO• Gravitatonal Waves (0.001 to 100 Hz waves) VIRGO, 

LISA



CosmicCosmic 
MiMicrowave 

BackgroundBackground



Dark Energygy
Dark MatterDark Matter



EvidenceEvidence
Evidence for the existence of an unseen, “dark”, component in the energy
density of the Universe comes from several independent observations aty p
different length scales:

•Rotation curves of galaxies •Large Scale Structure•CMBg

•Lensing•Galaxy clusters •SN Ia

GB, Hooper & Silk, hep-ph/0404175. Bergstrom, hep-ph/0002126. Jungman et al, hep-ph/9506380



Energy budget of Universe

Dark
Matter:

Dark
Energy:
65%

Matter:
30%

65%

23 %

72 %



Current Results on 
Cosmological ParametersCosmological Parameters



The Expansion History of the Universe

W li i i l ti hWe live in a special time when we can 
ask questions about the history and 
fate of the universe

…and hope to get an answer!



Dark MatterDark Matter



SPACECRAFT CONFIGURATION 
(SNAP)

Door Assembly
Secondary Mirror Hexapod
and “Lampshade” Light Baffle

(SNAP)

Main Baffle Assembly
Secondary Metering Structure

Primary Solar Array

Primary Mirror

Optical Bench

Instrument Metering 
I t t R di t

Solar Array, ‘Dark-Side’

g
Structure

Tertiary Mirror

Fold-Flat Mirror

Instrument Radiator

Instrument Bay

Spacecraft
Shutter



High-Resistivity CCD’sg es st ty CC s
• New kind of Charged Coupled Device (CCD) developed at LBNL 
• Better overall response than more costly “thinned” devices in useBetter overall response than more costly thinned  devices in use
• High-purity “radiation detector” silicon has better radiation tolerance for space 

applications
• The CCD’s can be abutted on all four sides enabling very large mosaic arrays• The CCD’s can be abutted on all four sides enabling very large mosaic arrays

LBNL “Red Hots”: NOAO September 2001 newsletter



e+ p DAMS

Dark Matter Searches

γ,νe+, p, D, …
Charged particles

Antares, Km3, …
Amanda, Icecube

AMS

a da, cecube

GLAST

CANGAROO, HESS,

Dama CDMS GENIUSDirect detection

CANGAROO, HESS, 
MAGIC, Veritas, …

Colliders

WIMP
~20% energy

Ge
Ge, Si

Dama, CDMS, GENIUS, 
CRESST, Edelweiss, …

Direct detection

FNAL, LHC, ILC

Liquid Xe

20% energy
Ionization

Al2O3, LiFLiquid Xe
Heat

~100% energy

cryogenic detectors

Li hLight

~few % energy
NaI, Xe CaWo4, BGO



Cosmic RaysCosmic Rays



Cosmic Ray Origin 
& Direct Measurements& Direct Measurements

y 15 orders of magnitude in flux Intensity
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Physics of Charged Cosmic Rays

π μ
e

1912 Di f C i R

1947: Discovery of pions
C. Powell

1912: Discovery of Cosmic Rays 
V. Hess

1932: Discovery of positron
C.D. Anderson

Discoveries of PAMELA     

AMS 02
2009AMS 01

1936: Muon (μ)
1938: 1015 eV CR 

20061998

1949: Kaon (K)
1949: Lambda (Λ)
1952: Xi (Ξ)( )
1953: Sigma (Σ)

Precision magnetic spectrometers  in Space



Data fromData from 
Space p

BalloonBalloon 
GroundGround

i texperiments



Very Accurate y
Measurement

f th Ch d
CREAM

ATIC of the Charged
CR Spectrum

ATIC

CR Spectrum 
and CompositionAuger

JEM-EUSO

Absence of Antimatter

JEM-EUSO

Pamela
AMS

Absence of Antimatter 
CP violation, GUT

Dark Matter 
SUSY, Axions

Atmospheric neutrinos
GeV               TeV                 PeV                 EeV               ZeV    

Atmospheric neutrinos 
Neutrino mass



AMS-01
1998 7 days1998 7 days

100 M Trigger
6 Phys. Let.6  Phys. Let. 
1  Phys. Rep.

~ 20 other papers

First large 
spectrometer in space

Fi t hi h ti lFirst high energy particle 
physics in space 

First precision tracking
in space



AMS-01: STS-91 1998 Flight Results
• Data taking ≈135 hours 

• Shuttle altitude ≈370 kmShuttle altitude ≈370 km

• Trigger rate 100 – 700 Hz

• 100 million events recorded

• Energy Range:• Energy Range:
100 MeV/n<Ek< 300 GeV/n

• Electronics channels: ≈ 70000• Electronics channels: ≈ 70000

• Power: ≈ 1 kW

• Weight: 3 t



Cosmic rays

Nobel Prizes,
(1) Pulsar,
(2) Microwave(2) Microwave,
(3) Binary Pulsars,
(4) Solar neutrino

X Ray sources



SUSY Dark Matter candidate: Neutralino

• MSSM and R-parity => Stable DM candidate: the LSP
• Preferred candidate: The Neutralino

% % % %
   
χ i = Ni,1

%B + Ni,2
%W3 + Ni,3

%H1
0 + Ni,4

%H2
0

Higgs (h, H, A, H±)

1/ 2  350 
144 

 m GeV
m GeV

χ

=
⇒ =

squarks & sleptonen

gaugino

MSSM Parameter:
m0 m1/2 tanβ sign(μ) A0m0,m1/2 , tanβ, sign(μ), A0



DM Annihilation in Supersymmetry

χ χ χf f f

f~

χ χ χf f f
f A Z

χ χ ZW
0

≈37 
gammas

χ χ ZW
χ± χ0

Dominant B-Fragmentation known!
χ + χ ⇒ A ⇒ b bbar quark pair

g
Hence Spectra of Positrons,
Gammas and Antiprotons known!

G l S B F b ik ith t 1040 B F tGalaxy = Super B-Fabrik  with rate 1040 x B-Factory



Unique positronsUnique 
Feature 

Ofantiprotons Of 
AMS

Combining searches in different channels could
give  (much)  higher sensitiviy to SUSY DM signals

anti deuterons
gamma rays



Supersymmetry introduces free parameters:
In the MSSM, with Grand Unification assumptions, the masses and couplings of the 
SUSY particles as well as their production cross sections, are entirely described once 

55 parameters are fixed:

• M1/2 the common mass of  supersymmetric partners of gauge fields1/2 p y p g g
(gauginos)

• m0 the common mass for scalar fermions at the GUT scalem0 the common mass for sca ar ferm ons at the G sca e

• μ the higgs mixing parameters that appears in the neutralino and
chargino mass matriceschargino mass matrices

• A is the proportionality factor between the supersymmetry breaking
trilinear couplings and theYukawa couplingstrilinear couplings and theYukawa couplings

• tang β = v2 / v1 = <H2> / <H1> the ratio between the two vacuum expectation
values of the Higgs fieldsvalues of the Higgs fields



• From astrophysics and cosmology we get:
ΩCDM h2 = 0.120 ± 0.005

BR(B → Xsγ )exp = (3.39
+0.30
−0.27

) ⋅10−4

BR(B X ) (3 70 ± 0 30) 10−4BR(B → Xsγ )SM = (3.70 ± 0.30) ⋅10−4

tanβ = 50,
μ > 0, A0 = 0

1/ 2  350 
144 

 m GeV
m GeV

χ

=
⇒ =



Positron Identification
with AMS-01

- tracks
with AMS 01

H. Gast, J. Olzem, RWTH Aachen
t h/0605254 + tracksastro-ph/0605254 t ac s

- tracks

+ tracks



10151015
83



J.J Beatty et al., PRL 93 (2004) 241102

A SUSY Model
(LSP of 91 GeV)

AMS  (1998) : M. Aguilar et al.,  Phys.Lett.B.B646:145-154, 2007



Suspect

mχ1
0 = 87GeV

B.F. = 12 ± 3
2 / df 40 / 33χ 2 / ndf = 40 / 33

Isajet

mχ1
0 = 84GeV

B.F. = 36 ± 8
χ 2 / ndf = 40 / 33



G.F. 5000 cm2 sr
Exposure > 3 yrsp y

dP/P2 ~ 0.004 MDR = 2.5 TV,  h/e = 10-6 (ECAL +TRD)



The AMS 02 Detector 
TRD 

e Time of Flight
v, Z

Magnet

Silicon Tracker
Z, P

g
P

Calorimeter
RICH

v, ZCalorimeter
e, γ

v, Z

Size: 3m x 3m x 3m
Weight: 7 tons



Characteristics of AMS-02
Δ t = 100 ps, Δx = 10 µm, Δv/v = 0.001

He,Li,Be,..FePe– He, CP, De+ – – – –

Δ t  100 ps,  Δx  10 µm,  Δv/v  0.001

γ
TRD

TOF

Tracker

RICH

ECAL

Ph iPhysics
example AntimatterCosmic Ray Physics

Strangelets
Dark matter

y06K307



TRD 95% completed

Upper TOF

GPS

90 % completd

90 % completedGPS
Star Tracker

90 % completed

80% completed  

In   Assembly

Cryomagnet

ACC 95  % completedACC               

Tracker                  
In integration phase

Lower TOF 90% completed

RICH In   Assembly

ECAL 90% completed



Y04K615 Harrison



20062006
Assembly of all detectors Assembly of all detectors 

onto the superconducting magnetonto the superconducting magnetp g gp g g

TRDTRDTRD

TOFTOF

MagnetMagnet
andand

TrackerTracker

TOF
ECALECAL

RICHRICH

T k
RICH

The 400 fast microprocessors

Tracker
JHIF JSBC JIM-CAN

ECAL JIM-HRDL JBU JIM-AMSW&1553



2007/8

Thermal vacuum test at ESA, Holland,



CR Interactions in the Interstellar Medium

X,γ
ISM42 sigma (2003+2004 data)

SNR   RX J1713SNR   RX J1713--39463946

e +-

PP ISRF IC

Chandra

HESS
B

PP
HeHe

CNOCNO gas

ISRF

e +-

diffusiondiffusion
energy losses energy losses 

reaccelerationreacceleration
convectionconvection π0

HESS 
PreliminaryPSF

gas

e
π+-

convectionconvection
etc.etc. GLAST

+
PP
__

LiBeBLiBeB
pp

HeHe
CNOCNO

Fl
ux

e +-

π+-

ACE

20 GeV/n

CR species:
Only 1 locationPAMELA

BESS

AMS helio-modulation
Only 1 location
modulation

AMS



Tomorrow....(>2008)
after AMS starts operating on the ISSafter   AMS   starts   operating on the ISS   

...our knowledge of  CR up to several TeV will be largely  improved



Search for
iantimatter

at the 10-9

l l f iti itlevel of sensitivity
with AMS-02

th ISS
Pamela (2006-2009)

BESS 93-2000 flights

on the ISS
Bess Polar (20 days)

AMS ISS (2008 2010)AMS on ISS (2008-2010)



PAMELA CollaborationPAMELA Collaboration

Italy: Russia:

Bari Florence Frascati TriesteNaples Rome CNR, Florence

Moscow 
St. Petersburg

Germany: Sweden:y
Siegen KTH, Stockholm



PAMELA Instrument

ToFToF

AnticoincidenceAnticoincidence
GF: 21.5 cm2 sr                
Mass: 470 kg
Si 130 70 70 3

MagneticMagnetic

AnticoincidenceAnticoincidence
shieldshield

Size: 130x70x70 cm3

Power Budget: 360W 

Magnetic Magnetic 
spectrometerspectrometer

C l iC l i

Shower tail catcherShower tail catcher
ScintillatorScintillator

CalorimeterCalorimeter

ScintillatorScintillator
Neutron DetectorNeutron Detector



WiZard     Russian Italian MissionsWiZard     Russian Italian Missions
MASS-89, 91, TS-93, 
CAPRICE 94-97-98

NINA-2
NINA-1 PAMELA

…1989 · 1990 · 1991 · 1992 · 1993 · 1994 · 1995 · 1996 · 1997 · 1998 · 1999 · 2000 · 2001 · 2002 · 2003 · 2004 · 2005 · 2006 · 2007..

PAMELA
•

M 89
•

M 91
•

TS 93
•

C 94
•

C 97
•

C 98

NINA-1 NINA-2SILEYE-1

SILEYE-2

Alteino-SILEYE-3

ALTEA-SILEYE-4

SILEYE-2 SILEYE-1 ALTEINO: SILEYE-
3 ALTEA: 

SILEYE-4
LAZIO 
SIRAD



PAMELA i l bilitiPAMELA nominal capabilities
energy range particles in 3 years

• Antiprotons    80 MeV - 190 GeV  ~ 104

P it• Positrons              50 MeV – 270 GeV ~ 105

• Electrons up to 400 GeV ~ 106Electrons  up to 400 GeV ~ 10

• Protons   up to 700 GeV ~ 108

• Electrons+positrons   up to 2 TeV (from calorimeter)

• Light Nuclei up to 200 GeV/n    He/Be/C:       ~107/4/5

A tiN l i h• AntiNuclei search sensitivity of 3x10-8 in antiHe/He



Flight data: 
0 171 GV positron0.171 GV positron

Flight data:
0.169 GV electron



Flight data: 18 GeV/c electron



Flight data: 32 3 GeV/cFlight data: 32.3 GeV/c 
positron



PAMELA tPAMELA event

Fli ht d t 14 4 GVFlight data: 14.4 GV
non-interacting proton



Flight data: 15 GVFlight data: 15 GVgg
non interacting antiprotonnon interacting antiproton



Flight data: 36 GVFlight data: 36 GV 
interacting proton



Flight data: 11 6 GeV/cFlight data: 11.6 GeV/c 
interacting anti-proton



PAMELA tPAMELA event

Flight data: 9.7 GVg
non-interacting
Helium Nucleus



PAMELA tPAMELA event

Flight data: 13 GV 
Interacting

Helium Nucleus



Flight data: 5.7 GV 
non-interacting
Carbon Nucleus



14.7 GV
Interacting nucleus

(Z~8)



1.97 GV
Interacting nucleus

(Z~11-12)



Tracker dE/dxTracker dE/dx

4He

3He

B,C

p
d Be

Li

e+





NEW DATA CREAMNEW DATA C

• TIGER MAC MURDO 38 DAYSRecord long duration antartica flight    47  days47  days



test balloon launch
OLIMPO experiment
(2008)test balloon launch (2008)

NASA ULDB

altitude profile

High-altitude (~40km), long-duration (~20 days) balloon flights from Svalbard balloonport
Interesting alternative to space, allows recalibration of experiment and multiple journeys



G VGeV 
γ RAYSγ RAYS



TeV
T V

TeV 
γ RAYSTeV γ RAYS

γ RAYSγ RAYS



David N. Schramm



and much of the data….. and  much of the data
which is bringing them togetherg g g

are coming and will come 
from the study of different

form of cosmic radiations withform of cosmic  radiations with 
increasingly high accuracy !increasingly high accuracy !









mputer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.

WMAP

Wilkinson Microwave Anisotropy ProbeWilkinson Microwave Anisotropy Probe

•Systematics controlled with extreme accuracy
•Differential radiometers, L2 orbit, passive cooling, 
complex scan pattern
•Design goal with 4 μK on systematic error reached
•No systematic corrections needed in data analysis



COBE
( )(1992)

7°7
Boomerang (2000)

WMAP
(2003)

10’10’



Plank 2007ESA Plank 2007 Plank 2007





f iNext  frontier
CMB PolarizationCMB Polarization



Cosmological parameters:
Ωm (Dark Matter)

ΩΛ,w (Dark Energy)
Ων (Neutrinos)

CMBCMB
Inflation:
1016 GeV

GUTGUT
Pre-Big-Bang



K-Band Map (23 GHz)

Ka-Band Map (33 GHz)

Q-Band Map (41 GHz)Q-Band Map (41 GHz)

V-Band Map (61 GHz)

W-Band Map ( 94 GHz)



A trillionth of a second  old universe !

“For the first time we look at brightness patterns from inflation and know it's from 
inflation and not from the first stars“ WMAP PI 2006 C. Bennett



E modeE mode

B dB mode

G wave



Bolom.
Array

Planck

From the
EBEX
(balloon)(balloon)
proposal



1017
Development of thermal detectors for far IR and mm-waves 

1012

Langley's bolometer
Golay Cell

G l C llds
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Photon noise limit for the CMB
1900 1920 1940 1960 1980 2000 2020 2040 2060

year

Photon noise limit for the CMB



Spider-Web Bolometers
•The absorber is micro 
machined as a web of 
metallized Si N wires 2 μm

Ab b

Built by JPL Signal wire

metallized Si3N4 wires, 2 μm 
thick, with 0.1 mm pitch. 

•This is a good absorber for Absorber•This is a good absorber for 
mm-wave photons and 
features a very low cross 
section for cosmic rays. Also, 
the heat capacity is reduced 
by a large factor with respectby a large factor with respect 
to the solid absorber.

•NEP ~ 2 10-17 W/Hz0.5 isNEP  2 10 W/Hz is 
achieved @0.3K  

•150μKCMB in 1 sμ CMB

•Mauskopf et al. Appl.Opt. 
36, 765-771, (1997)

Thermistor

2 mm

, , ( )



μW-Detector arrays

INFN MEMS Projet @ IRST



CMB facilities …

Ground :Ground :
• Dome-C: BRAIN, 

ClOVERClOVER…
Stratosphere :
• Balloons:

BOOMERanG, 
OLIMPOOLIMPO….

Space :
WMAP• WMAP

• Planck  (2007)
Future :
• Post-Planck 

(Inflation Probe, 
BPOL …)



Major IACTs in the world
Veritas

Major IACTs in the world
The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.

G C G CMAGIC + MAGIC II artist view

H.E.S.S. I and HESS II CANGAROO III



HESS-II and MAGIC-II can be good g
R&Ds for CTA

HESS-II
28m diameter telescope
Lower threshold energy
I 2008In 2008

March 2006

MAGIC-II
2 17 Hi h Q E d t t2x17m, High Q.E. detectors
Lower threshold energy
High Precision
In 2007In 2007



Scientific ObjectivesScientific Objectives

AGNsPulsarsSNRs Micro quasars
GRBs

AGNs
and PWN

Micro quasars
X-ray binaries

Origin of
cosmic rays Cosmology

Dark matter
Space-time
& relativity



Great success by HESSy
Galactic place survey

HESS Galactic plane Survey

Survey in 2-3% Crab unit

Astro-ph/0510397
17 sources + Several

PWNs
Sh ll t SNRShell type SNRs
X-Ray Binary (Microquasars)
Un-ID sources



Probing Cosmic rays in the Galaxy

H.E.S.S. Nature 
Feb. 2006 Spectral indexFeb. 2006 Spectral index

2.29 ± 0.07 ± 0.20

Implies harder
CR t th i

Galactic plane

CR spectrum than in
our solar system

Point sources 
subtracted



SNRs (9)SNRs (9)
Category Name Discovery Observ.

SNR Cas-A HEGRA HESSSNR Cas A HEGRA

SNR Vela Junior, RX J0852.0-4622 CANGAROO HESS

SNR/Un-ID HESS J1640-465 (G338.3-0.0; 3EG J1639-4702) HESS

SNR HESS 1713-381, G348.7+0.3 ? HESS

HESS

SNR RX J1713.7-3946, G347.3-0.5 CANGAROO HESS

SNR/PWN HESS J1804-216 (G8.7-0.1 / W30; PSR J1803) HESS

SNR HESS J1813-178 (G12.8-0.02; AX J1813-178) HESS MAGIC

Vela JuniorSNR HESS J1834-087 (G23.3-0.3 / W41) HESS MAGIC

SNR/PWN/Un-ID HESS J1837-069 (G25.5+0.0; AX J1838.0-0655) HESS

HESSHESS
RXJ1713

Cas-A RX J1713
Y. Uchiyama, T. Takahashi
Texas Symp. 2006



Binary System (5)Binary System (5)  
Category Source Discovery Observation

Bi PSR B1259 63 / SS 2883 HESS LS 5039Binary PSR B1259-63 / SS 2883 HESS

XRB IGR J16320-4751 HESS J1632-478

XRB/SNR
IGR J16358-4726 ?; 
G337.2+0.1 ?

HESS J1634-472

LS 5039
HESS

XRB LS 5039 HESS

XRB LSI+61303 MAGIC VERITAS

LS I +61 303 VERITAS

MAGIC LSI +61303



Un-IDs (Dark Source)Un IDs (Dark Source)
Category Source Discovery Observation

U ID T V J2032 4130 HEGRAUn-ID TeV J2032+4130 HEGRA

Un-ID HESS J1303-631 HESS

Un-ID HESS J1614-518 HESS

Un ID HESS J1702 420 HESSUn-ID HESS J1702-420 HESS

Un-ID HESS J1708-410 HESS

Un-ID 3EG J1744-3011 ? HESS J1745–303

Suzaku (Matsumoto et al. 1996)



From HESS & MAGIC to CTA

Ab t 30 id tifi d VHE• About 30 sources are now identified as VHE gamma sources.
– GLAST will see ~3000 of GeV sources around 2010
– Our target in VHE EnergyOur target in VHE Energy

• ~100 VHE sources in 2010 by HESS-II and MAGIC-II
• ~1000 VHE sources in 2020 by CTA

– CTA Sensitivity must be 10 times better than HESS, and MAGIC

• Importance of all sky observatory full sky survey 
relatively large FOV is favored

– Extend HESS galactic plane survey to entire sky



Possible CTA sensitivityPossible CTA sensitivity

x 1 5
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The Cherenkov Telescope ArrayThe Cherenkov Telescope Array 
facility

aims to explore the sky inaims to explore the sky in 
the 10 GeV to 100 TeV 
energy range

builds on demonstrated 
technologies

combines guaranteed 
science with significant 
discovery potential

is a cornerstone towards a 
multi-messenger exploration 
of the nonthermal universe



Option:
Mix of telescope types

Not to scale !







Multi-Messengers observation
All k b t (N S t ti )All sky observatory (N,S stations)

Gamma Rays

Neutrinos

Gamma Ray &
X-Ray Satellites

CTA North

CTA South

IceCube: 
2010 Completion of the construction



GLASTGLAST

Two GLAST instruments:Two GLAST instruments:
LAT: 20 MeV – >300 GeV
GBM: 10 keV – 25 MeV

Launch Readiness Date
14/12/200714/12/2007



Components of the LATComponents of the LAT
γ

Tracker
•• Precision SiPrecision Si--strip Tracker (TKR)strip Tracker (TKR) 18 

XY tracking planes with tungsten foil Trackerg g
converters.  Single-sided silicon strip 
detectors (228 µm pitch, 900k strips) 
Measures the photon direction; gamma ID. 
(INFN key role)( y )

•• Hodoscopic CsI Calorimeter(CAL)Hodoscopic CsI Calorimeter(CAL) Array of 
1536 CsI(Tl) crystals in 8 layers.  Measures 
the photon energy; image the shower.

•• Segmented Anticoincidence DetectorSegmented Anticoincidence Detector

+CD

•• Segmented Anticoincidence Detector Segmented Anticoincidence Detector 
(ACD)(ACD) 89 plastic scintillator tiles.     Rejects 
background of charged cosmic rays;  
segmentation mitigates self-veto effects at 
hi h e+ e–ACD 

[surrounds 
4x4 array of 
TKR towers]

Calorimeter
high energy.

•• Electronics SystemElectronics System Includes flexible, robust 
hardware trigger and software filters.

The systems work together to identify and measure the flux of cosmic The systems work together to identify and measure the flux of cosmic 
gamma rays with energy 20 MeVgamma rays with energy 20 MeV 300 GeV300 GeV

TKR towers]

gamma rays with energy ~20 MeV gamma rays with energy ~20 MeV ~~300 GeV.300 GeV.



GLAST @ SLAC

16/16 Towers in the GRID on 20/10/05



The LAT Tracker numbers

11500 sensors11500 sensors11500 sensors11500 sensors
360 trays360 trays
18 towers18 towers
1M h l1M h l~ 1M channels~ 1M channels

83 m83 m22 Si surfaceSi surface
> 240K functional test > 240K functional test 

recorded in DBrecorded in DB
~ 30M strip tested ~ 30M strip tested 

(30 test/strip on average)(30 test/strip on average)( p g )( p g )

> 60 physicist and engineers involved > 60 physicist and engineers involved 
in the italian teams from INFN in the italian teams from INFN 

(Trieste Udine Padova Pisa Perugia(Trieste Udine Padova Pisa Perugia(Trieste, Udine, Padova, Pisa, Perugia, (Trieste, Udine, Padova, Pisa, Perugia, 
Roma2, Bari) in partnership with ASI Roma2, Bari) in partnership with ASI 



GLAST LAT PERFORMANCESGLAST LAT PERFORMANCES 



GLAST                         Science 
opportunitiesopportunities

EGRET (>100 MeV)
60% galactic diffuse 

emission
30% isotropic emission
10% point sources10% point sources

Many opportunities for exciting discoveries:
– determine the origin(s) of the high-energy extragalactic diffuse background 

t l ti b k d li ht t > 3– measure extragalactic background light to z > 3
– detect γ-ray emission from clusters of galaxies; cosmic-ray acceleration on large 

scales 
detect γ rays from Ultra Luminous Infrared Galaxies; cosmic ray acceleration– detect γ-rays from Ultra-Luminous Infrared Galaxies; cosmic ray acceleration 
efficiency and star formation rate

– detect high-latitude Galactic Inverse-Compton emission and thereby measure TeV-
scale CR electrons in the Galaxyy

– study high-energy emission from Galactic pulsars
– the unknown!



Signal rate from  WIMP annihilatiog
gamma-ray flux from 
WIMP annihilationWIMP annihilation

governed bygoverned by
particle physics 
(supersymmetric

governed by 
halo distributionJ(ϕ):

parameters .. etc )



Differential yield 
for b bar

Spectral shapeSpectral shape
depends on the 
neutralino massu m





GLAST sensitivity map for the identification of 
point sources of Dark Matter annihilation



GLAST, PAMELA, LHC, LC Sensitivities to Dark Matter Search
mSUGRA

Sensitivity plot for 
5 years 
observation of 
mSUGRA for 
GLAST for 
tg(b)=55
and for other 
experiments. 
GLAST 3σ 
sensitivity is 
shown at the blue 
line and below  
for truncated   
NFW halo profile

accelerator limits 
@ 100 fb-1 from
H.Baer et al.,
h h/0405210hep-ph/0405210





AGILE Mission
• AGILE is an Scientific Mission supported by ASI (PhaseB: June

1999) with scientific and programmatic participation by INAF ) g y
and INFN dedicated to gamma-ray astrophysics  
(Imaging 30 MeV-50 GeV, 10-40 keV)
Pl d b i l i 2006• Planned to be operational in 2006

• Mission entirely dedicated to gamma-ray astrophysics (E>30 
MeV) during the period 2006-2008MeV) during the period 2006-2008

• Emphasis to rapid reaction to transients
• Multiwavelength follow-up programMultiwavelength follow up program
• Small Mission with a Guest Observer Program

• Total satellite mass 350 kg• Total satellite mass ~ 350 kg
• Scientific Instrument mass: 120 kg



AGILE SateAGILE Sate
(IABG, Mun(IABG, Mun( ,( ,
June 16, 20June 16, 20




