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Introduction ==

Actual spaceexperimentsare providing an outstanding view of the
high energyuniversewith their greatpotential for discovery.
Recentresults from spaceare allowing significant stepsforward in

- Understanding the mechanisms of particle acceleration in
AGNSs, pulsars, and SNRs

- Providing information about particle interaction mechanisms
at very high energies

- Resolving the gammaray sky: unidentified sources and diffuse
emission.

- Probing DM and early universe

. The study of the acceleration mechanismsof CRsto
understand their origin, production and propagation
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- Big italian effort among the main spaceexperiments
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High Energy
Gamma-Ray Astrophysics:
AGILE and FERMI
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~ The EGRHieritage—

Data from April 5,1991 to October 3, 1995

3rd EGRET catalog : Third EGRET Catalog s
x 271 sources above 100 MeV b ﬁ
V 6 pulsars /I T °
V 73 blazars (AGNS) ‘ 70 A A
V 170 unidentified / RN AR NATRE
o...‘ . .: \. . ..:’:,0‘:.".9 . ° °®

A LMC - , e " e
u Pulsars o
® Solar Flare

@ Active Galactic Nuclei \\‘& ,/,///

® Unidentified EGRET Sources 90

EGRET All-Sky Map Above 100 MeV

A But some L imitations
x Rather poor angular resolution (~6deg at 100
MeV) and limited effective area x field of view

x Localization limitation -> identification limitation

x Not so many sources to perform population
studies

X Limited sensitivity to variability
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GAMMA-RAY IMAGER

=87 = 7 SILICON TRACKER
N %

ANTICOINCle CE

(MINI) CALORIMETER

Light instrument :

I 100 kg

I Tracker : 12 (x,y) planes
I Calorimeter : 1.5 X0

Effective areaasafunction of energyfor

severaloff-axisangle andcomparison

with EGRET performance
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AGILE
Astrorivelatore Gamma a Immagini
combines for the first
-agamma-ray imager
(30 MeV- 30 GeV)

-with a hard X-ray imager
(1860 keV)

time
- GRID

Leggero

- SuperAGILE

AGILE, EGRET & COMPTEL EFFECTIVE AREAS
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~ Fermi is an International Science Mission exploring the gamma Zray
sky by means of its two main instruments:

Z GLAST Burst: Monitor (GBM).: 8 = keV t0, 40 MeV
Z Large Area Telescope: (LAT))::20 MeV to > 300 GeV
Huge energy range: Iincluding largely unexplored band for a total of
>7 energy decades!
Strategy: I(_Sbr\gr? Area Telescope
Z Sensitivityy : >10 times greaterthan EGRET
Z Survey mode: Y- entire:sky every three hours




LAT:

Fmodular - 4x4 array
£ 3 tonsz 650 watts

Anti -Coincidence (ACD):
FSegmented (89 tiles + 8 ribbons)
FSeltveto @ high energy limited
[F0.9997 detection efficiency

lescope

= o) Tracker/Converter (TKR):
Q’ | B ZSi-strip detectors

o Z~80 m? of silicon (total)
W conversion foils
- F1.5 X0 onaxis
! e F18XY planes
o g Z~10 digital elx chans

........ QA EHighly granular

SEUSIEIY LY BT . - . -
Tl oa ] FHigh precision tracking

sty e e W

Calorimeter (CAL):
F1536CsI(TI) crystals
8.6 X0 on-axis

Flarge elx dynamic range
(2MeV-60GeV perxtal)

FHodoscopic (8x12)
FEShower profile recon
Fleakage correction -



/LQBI\/I:Ga\

(12) Sodiumloditiel¢ (Naill)
ScintillatiomnDeteetorsrs

Z spectral coverage: 8 ke\z 1 MeV

(2) Bismutin Germanatge (BGQ))
SciniillatiomnDeteetorsrs

spectral coverage: 150 ke¥ 40 MeV
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Altitude 535 km, 2.5A
Period 1.5h
Attitude Pointing
Livetime 2+4 (}/r

no-lIFAE 2010, Roma-P Aprile 201

565 km 25.6 A
1.5h

—Survey mode
(each source is seen ~30
min every 3 hours)

o+5 yr "

Flux > 100 MeV ( phot cm?s)



Thegammaray skyabovel00MeV

-
(>100MeV) | (>1 GeV) | Range (GeV) | (cm2@) grays
EGRET 5.8A 0.5A 0.0371 10 750 1.4Q06
AGILE ~4A ~0.15A 0.03i 50 1500 4208/yr
Fermi 3.5A 0.1A 0.027 300 20000 80A108/yr

Fermi

9 months 9 months
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The First AGILE GRID Catalogue of y-ray Sources

Pulsars Period July 2007 — June 2008
zZ IlES +80° —
SNRs e RS
HMXRB T e et T 8 N RESL et SO
CWBs A~ 0 0 e N L D e

[ (% ! ‘ -
1800 1805 ® 120~ 905 0 B0 ¢ VR SR 9T IWC® G M4 HE ‘fﬁ”
1 A | { '

J
/

47sources (>4C
V 13+7confirmed or
candidate pulsars
V 13blazars
V 3unassociated

"\:<'\v : ® 12, ) . i _‘\f,,v’_'gge
\\\\. 4'((’, --g‘- - = “/\‘V
e EX & b
—===z3 e ==
@ Flux>200 X10~phem=3s"" @ 80<Fux<200 050<Flux<80 *Hux<50

A&A 506, 15631 1574 (2009)

AGILE Pulsars two years after...

¥ -‘F‘“"‘w.—

08/04/2010 S. Raino - IFAE 2010, Roma-B Apr

,’ J2229v6114 : ; | J1524-5625 ]
0. @ | @ i 915%53 g 5%57 @mc;)
; : ’ L @ Imzx '4 et 4 6429 | o
20432740 ¥ ;
any pr‘evlously umden’rlfled EGRET sources
' and new AGILE sour‘ces dre Pulsarsl
le ZU1U 1o




3C 454.3 Jul. 2007 — Jan. 2009
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AGILEGiantflareof 3€454:3 iDec2009

The AGILE gamma-ray sky, 3-4 December, 2009. Detection of the strongest
gamma-ray flaring source ever observed: the black hole (“Crazy Diamond”) in
the active galaxy 3C 454.3 (2=0.859, F_ > 2000 10% ph. cm? s,L,, .= 6x10% erg s,
ford =10, L, =1 Earth/sec)

r et

the Vela pulsar

the black hole “Crazy Diamond”
in the galaxy 3C 454.3
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AGILE detects several gamma -  tooof 218G s
ray flares from Cygnus X-3, and 5 100 “THEEE 3 re
: S el
also weak persistent emission ook g g
above 100MeV L, O%E : 1
very interesting correlations g wop 4
with radio and X-ray spectral T 20
state changes g0 T 1 1
oE . , , , , 3
gamma-ray flares usually before ° g o ' '
radio flares g oy | g
€0k ) ] o \ :
= g A | E
Tk & INMONA LAY |
0 J //' R V.
PR L
1850
o Lot
g 1o0f *}MH +\H+*H' M‘#\[ '1 ﬁm\‘* {
[ 50;— *w | # _E
Nature, Nov. 22, 2009 54508 54,570 54572 54,574 54,576 54578 54,580
Maodified Julian date




yearobservations Fermi—

The Fermi LAT 1FGL Source Catalog

145kources £4.1¢ q
V ~600 blazars
V ~ 60 pulsars

AGN ' SEl R ereatd SR o SNR
AGN-Blazar y :

AGN-Non Blazar PSR PWN
No Association Starburst Galaxy PSR w/PWN

[] Possible Association with SNR and PWN Galaxy Globular Cluster
Possible confusion with Galactic diffuse emission < HXB or MQO

Credit: Fermi Large Area Telescope Collaboration

arXiv : 1002.2280
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~Fermiobservationof pulsars™

i Gamma ray observations of pulsars in 6 months
from the Fermi Gamma-ray Space Telescope

46 pulsarsin 6 m
datataking

Green: Young radio-selected pulsars
Yellow: Young gamma-selected pulsars

Cyan: gamma-selected radio MSPs

16 © New pulsars discovered in a blind search
8 @ Millisecond radio pulsars

Gamma-ray Pulsar catalog :

23 @ Young radio pulsars | A.Abdo et al. ApJS 187, 460
6 08/Rulszps seen by Compton ObsengtarafeREFABIREN®NMRoMa-B Aprile 2010 18




~Fermi observauon.of pulsars

Gamma ray observations of pulsars in 6 months
from the Fermi Gamma-ray Space Telescope

In the 1FGL catalog using 11 months data:
~60 pulsars

16 @ New pulsars discovered in a blind search

S @ Millisecond radio pulsars Gamma-ray Pulsar catalog :
23 @ Young tado pulsens | A.Abdo et al. ApJS 187, 460
6 08/Rulszps seen by Compton ObsengtarafeREFABIREN®NMRoMa-B Aprile 2010 19
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14 August 2009 | $10

L' 5

According to Science
Fermi pulsars are 2" among the
Top 10 Scientific Breakthroughs of 2009

Fermi
Detecting Gamma-Ray Pulsars

s -‘\'

Gamma-ray Pulsar catalog :
A.Abdo et al. ApJS 187, 46(2)O

Aprile 2010
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rotational phase.

Z Generally (but not always), gamma peak offset from radio.

Pulsed gamma-rays from PSR J2021+3651 with
the Fermi Large Area Telescope
Abdo et al. ApJ700, 1059 (2009)

Peak separation = 0.468 N0.002
Radio lag = 0.162 NO0.004
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rotational phase.
Z Generally (but not always), gamma peak offset from radio.
FEnergy spectra well described by a powelaw with exponential cut-offs, with
cut-off energy at ~1 to ~5 GeV.
Pulsed gamma-rays from PSR J2021+3651 LT i
with the Fermi Large Area Telescope T et T
Abdo et al. ApJ700, 1059 (2009) &
;51011 .......................... T _:
“ O P1 (on-off) &
5 ¢ P2 (on-off)
i o On-pulse (on-off)
------ P1 (gtlike)
... P2 (gtlike) 8
— On-pulse {gtlike) 2
10-12-1 I ‘ I“II‘O II‘II-F’l
10 10 10
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R
rotational phase.

Z Generally (but not always), gamma peak offset from radio.

FEnergy spectra well described by a powelaw with exponential cut-offs, with
cut-off energy at ~1 to ~5GeV.

AFavors outer magnetospheric emission.

08/04/2010
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|83 Selected for a Viewpoint in Physics vesk ending
IPRL 102, 181101 (2009) | PHYSICAL REVIEW LETTERS 8 MAY 2009
' 5%

Measurement of the Cosmic Ray e™ + ¢~ Spectrum from 20 GeV to 1 TeV

with the Fermi Large Area Telescope

Total statistics collected for 6 ] e

T T
o AMS (2002)

months of Fermi LAT [ e oo Ko (1555 7 :
observations: . - f;;ggif;;;} < gt ooty aE b2 % 1
- L EREEN: h |
U 4Q0° electrons >20 GeV N I g ;1 E . |
0 > 400 electrons in last < ﬁ—ﬁ%‘iﬂ _ st
energy bin (770-1000 GeV) S T $ e B 1
:_LE, 100 :— - i—:
W E

Measurement 20 GeV i 1 TeV
i hard (~ E_3) | -——- conventional diffusive model |

i flat (no spectral features) — ""O o uéo - méloo
1 1 1

E (GeV)

Phys.Rev.Lett.102:181 101,2009. T citations 271

Cited across a broad range - cosmic-ray, astronomy, particle physics (DO, BABAR)
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Interpretationof FermiLATresuits

o

Anomalous features in the electron spectrumare excluded (disprove ATIC
claim of strong spectral feature)

The electron spectrum is harder than the one expected from conventional
diffusive models (GALPROP, basedon pre-Fermi data)

Possibleinterpretations :

harder electron spectrum at the source

GALPROPassumesa source electronspectrum with spectralindex] K & 8biowg 4GeV
and a diffusive coefficient ~E/3

presence of a local source of high energy electrons and positrons

Nearby Pulsar or DM annihilation

this interpretation allows also to explain the increase in thee+/(e++e-) ratio observedby
PAMELA abovel0GeV g$eenext slides)

Potentials for:
Anisotropies, thanks to good angular resolutionz--> on-going effort

Energy extension:
Low energy:orbit -dependent
High energy (> 1TeV) to find TeV spectral cut-off : requires specific new CAL recon

08/04/2010 S. Raino - IFAE 2010, Roma-B Aprile 2010 27
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E* J(E) (GeV’m™s™'sr™)

ende

One year statistics: 8 Q0° events
Extended Energy Range: 7 GeVi 1 TeV

100

I~ A Kobayashi (1999) g ATIC-1,2 (2008)
PPB-BETS (2008)
HESS (2008)
HESS (2009)

FERMI (2009) [PRELIMINARY]

| ¢ HEAT (2001)
o BETS (2001)
L © AMS (2002)

® 4 X

— — — - diffusive model based on

pre—Fermi data

PRELIMINARY

10 100
E (GeV)

S. Raino - IFAE 2010, Roma-B Aprile 2010
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GF: 21.5 crsr

Mass: 470 kg
Size: 130x70x70 crh
Power Budget: 360W

Credit : F.Cafagna
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- e-—i--y‘-r_v_'A‘v____;

- Antiprotons 80 MeV - 150GeV
Positrons 50 MeV 7 270GeV
Electrons up to 400 GeV
Protons up to 700 GeV
Electrons+positrons up to 2 TeV
Light Nuclei (He/Be/C) up to 200 GeV/n

. AntiNuclei search sensitivity of 3x108in He/He
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IMAX 19.92 T 1T T T T T T T 1T
BESS 2000 —0—

HEAT-phar 2000 -
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MASS 1991 y 1
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~Positron to All Electron Fraction

Nature 458, 697, 2009
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The positron fraction
F(e")
Fe)+F(e)
iIncreasesabove 10GeV

Consistentwith positrons
originating from an

additional ®@rimaryd O1 OC
-Nearby Pulsars

-Microquasars

-Dark matter annihilation
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What is aiming AMS ?

=

=

= v AMS is a large acceptance
(~ 0.5 m?.sr) spectrometer
designed to operate in the
International Space Station
(ISS) for a long duration stay

(3 years)

v Good particle identification power (including photons)
v/ Able to measure cosmic spectra from 500 MeV to few TeV

v/ Charge identification up to Iron (Z=26) and light isotopic
separation

v/ Search for antimatter and darkmatter with unprecedent
sensitivity

Credit : D.Grandi S. Raind - IFAE 2010, Roma-B Aprile 2010 35



From AMS1 to AMS?2

——

- -
- — |
- | Improved capabilities I i
TRD:
Transition
v’ larger acceptance e
~ 0.5 m?.sr
TOF: (s1.52)
. Time of Flight
v' Superconducting magnet Detector
a magnetic field ~ 8 times larger e,
Magnet
v larger silicon Tracker Silcon Tracker
. ACC:
8 double-sided layers Anticoincidence
Counter
~ 6.5 m? silicon surface Amiga Star
Tracker
v/ a momentum resolution improved S
Time of Flight
a factor ~ 10 Oetectr
| New Detector systems I RICH:
Ring Image
Cherenkov Counter
v New Cerenkov Detector (RICH) -
Electromagnetic
Calorimeter
v’ Electromagnetic Calorimeter (ECAL)
S —— }AMS &ﬁ?ﬁéﬁﬂcrﬁm
—_ - - - r nregration
v' Transition Radiation Detector (TRD) :
Crexit/zo» Grandi S. Raino - IFAE 2010, Roma-B Aprile 2010 36



Electromagnetic energy measurement

L
|_Angular resolution |

. 4r ! I !
v electromagnetic shower sampled ssb A100GeV ) = 8i5mrad
18 times 3 F: h=0"
. : . P 5 =75
v energy linearity within 2% (up to 28 .
250 GeV) =z b !
v test beam results . electrons T S - ~
6-250 GeV 05 i P s g
0 L] 100 160 200 250
[ Electrons Enlrﬂr Resolution: 2.5-3% | PRELIMINARY
= 45 TE ~ __10% g 5%
E — /tvi w7 ™ T
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Conclusions

Measurement

statistics

energy

physics goals

et

~ 107
~ 106
~ 10°
~ 10

400 GeV
400 GeV
10° GeV
8 GeV/A

Dark Matter

~ 108
~ 10°
~ 10°

8 GeV/n
8 GeV/n
7 GeV/n

Astrophysics

Measurement

sensitivity

rigidity

physics goals

He/He

c/C

10~Y
108

10° GV
103 GV

Antimatter

Credit : D.Grandi
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P — conclusions

The outstanding results from spaceexperimentsin orbit
aretransforming our views of high energy astrophysics

Data from AGILE, FERMI and PAMELA keep pouring In,
S0 expect more advances in the coming future

More accurate measurements of CR fluxes are on the way
from Fermi and PAMELA. Critical new results are
expected from AMS.

AMS will belaunched in the secondhalf of 2010 and
Installed on the International SpaceStation

08/04/2010 S. Raino - IFAE 2010, Roma-B Aprile 2010 39
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B@oringhe\High\Energw niverse

Spaceexperiments:

Photons:
Directly pointing towards the source direction
Understand the mechanisms of particle acceleration in AGNSs, pulsars, and SNRs
Probe DM andearly universe
Resolve the gammaray sky: unidentified sources and diffuse emission.
Make connections with ground experiments:
MW studies
Crosscalibrations

Chargedpatrticles:
CRsaredeviated by magnetic fields
Provide information about particle interaction mechanismsat very high energies
Study of their acceleration mechanismsto understand their origin: production
and propagation
Anisotropy studies
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The Large Area Telescope on the Fermi

Gamma-ray Space Telescope
Atwood, W. B. et al. 2009, ApJ, 697, 1071
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