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Efficient scattering now
(Direct detection)
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Efficient annihilation now
(Indirect detection) .
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Propagation Equation for Cosmic Rays

oY(r, p,t) 0 0 1
' Iy 2
ot = q(r,p) + V- (D VY — V) + B Dppa ")
p PP
0
— o -3 (V- V)Y ——w——w
p diffusion
convection velocity field that corresponds to coefficient in the
galactic wind and it has a cylindrical symmetry, impulse space,
as the geometry of the galaxy. It's z-component quasi-linear MHD:
is the only one different from zero and increases (Dyz,v4)
linearly with the distance from the galactic plane loss term: fragmentation Der ’
diffusion coefficient is function of rigidity loss term: radioactive decay
= BDO (p/lgo )5 primary spectra injection inil}ax
=7
implemented in Galprop ( Strong & dg(p)/dp < p
Moskalenko, available on the Web) [astro-ph/0502406]
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antiproton

positron

TOF : Time of Flight (S1)
O

Separating p
from e

TOF : Time of Flight (S2)

Tracker(s)
Silicon
Strip
Detectors

Magnetic Spectrometer
1m

TOF : Time of Flight (S2)

x Silicon Calorimeter

l—l S4 and Neutron detectors
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_Antiparticle identification
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PAMELA preliminary results
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antiproton / proton
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The conventional

GALPROP model with

Yo=2.54(8=0.33)

olves a satisfactory

description of those data

Diffuse and Convention

Propagation Model

Upper and lower bounds

A Lionetto, A.Morselli, V.Zdravkovic

JCAPO09 (2005) 010 [astro-ph/0502406]

» PAMELA data: Phys. Rev. Lett. 102,051101-1 (2009) arxiv:0810.4994
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Ptuskin et al. 2006, =550MV
Donato et al. 2001, &®=500MV

Blasi and Serpico 2009

PAMELA 2010 preliminary

PAMELA Adriani et al. 2009

PRL 102, (2009) 051101, Astro-ph 0810.4994
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Antiproton Flux
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The TS93 and CAPRICE silicon-tungsten imaging calorimeter.




High Energy Gamma Experiments Experiments
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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 2, M. Boezio 2, M. Casolino °, M. Candusso ®, M.P. De Pascale °,
A. Morselli ™*, P. Picozza ®, M. Ricci ¢, R. Sparvoli °, P. Spillantini ¢, A. Vacchi *
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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.
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Fermi launch 11 June 2008




First Fermi LAT Catalogs 1451 sources, 195 M y's

-

)

Fermi Large Area Telescope
First Source Catalog
ApJS 2010 188 405
[arXiv:1002.2280],
(1FGL) contains 1451 sources
detected and characterized in
the 100 MeV to 100 GeV,
first 11 months data.
The First Catalog of Active
Galactic Nuclei Detected by
the Fermi Large Area
Telescope
ApJ 715 (2010) 429-457
[ arXiv: 1002.0150],
includes 671 gamma-ray
sources at high Galactic
latitudes (Ibl > 10 deg), with
TS> 25 and associated
statistically with AGNs.

: 0 Ak : , { The First Fermi Large Area
v AGN-Blazar , = 5 o Ll | s Telescope Catalog of
E AGNNOH Blazar 5 S v > ’ PWN Gamma-ray Pulsars

- i 2010ApJS..187.460A .
(O No Association (] Starburst Galaxy PSR w/PWN Contains 46 high-confidence

(] Possible Association with SNR and PWN — Galaxy Globular Cluster pulsed detections using the
) Possible confusion with Galactic diffuse emission X HXB o MQO first six months of data
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Thi rd EGRET CGTGIOQ 1991-2000, 270 sources , 1.5 M y's

E > 100 MeV
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Event topology

A candidate electron
(recon energy 844 GeV)

A candidate hadron
(raw energy > 800 GeV)
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TKR: clean main track with extra-
clusters very close to the track

CAL: clean EM shower profile, not
fully contained

ACD: few hits in conjunction with
the track

TKR: small number of extra
clusters around main track

CAL: large and asymmetric shower
profile

ACD: large energy deposit per ftile




Fermi- LAT CRE data Vs the conventional pre -Fermi model

B O AMS (zlooz) Ferml Coll PRL 102, 181101 (2009) [aerv 0905 0025] 4/5/09
~ m ATIC—1,2 (2008) x Tang et al (1984) N
| % PPB—BETS (2008) A Kobayashi (1999) \Z\ |
v HESS (2008) S+ HEAT (2001)
| @ FERMI (2009) & BETS (2001) + 59%-
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% ﬂ B § § H:- b e S 1 = R i T
S BRE | ;
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e . -l -
- - More than 4M electron/positron i %
| (E>20GeV) from 4/08/08 to 31/01/09 A |
— — — - conventional diffusive model a
GALPROP model with y,=2.54 (8 =0.33) ]
! PR R T I | L 1 L N PR TR B A | 1 1 N PR TR T T |
10 100 1000
E (GeV)
Although the feature @~600 GeV measured by ATIC is not confirmed -

@bscrmb

Some changes are still needed respect to the pre-Fermi conventional model G
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£ 10°
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i . Vo= 2.42 (8 = 0.33 - with reacceleration): red line i
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10° 10 1 0% 10°
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“Conventional” model with injection spectrum
1.60/2.42 (break at 4 GeV)
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| A Kobayashi (1999) © AMS (2002) ® FERMI (2009)
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1 1 1

et + e Dahed: LIS
Solid: modulated

| & BETS (2001) v HESS (2008-09)
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Problems at
low energy
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10’ . Secondary et Dahed:
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10° 10’ 102 , 10°
D.Grasso et al.,Astrop. Phys. [arXiv:0905.0636] E (GeV)
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new : Fermi Electron + Positron spectrum (end 2009)
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New Ferml LAT data at low energy

N Kobayashl (1999) Q AMS (2002) . FERMI (2010) [PRELIMINARY]
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- - HEAT (2001) « PPB—BETS (2008)
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An extra-component with injection index = 1.5 and
an exponential cutoff at 1 TeV gives a good fit of all
datasets!
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The CRE spectrum accounting for nearby pulsars (d <1 kpc)

[ <A HEAT (2001)
| A BETS (2001) N
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R%Z
£ 10°
= I
© Il Rescaled conventional pre- Fermi
- I GCRE model by 0.95 @ 100 GeV 1
L Yo=2.54 (8 =10.33) P e ™
? . % ‘/ \‘ =
Lo . /',/~ .4 \

/ Analytically computed spectra </ B ® Monogam |
using the same diffusion param. as P 8 \ \
for the GCRE model A \ \

S ® Geminga \
10" ' Loy ' Y o ' L aa el 1
10’ 1-0F , 10°
E (GeV) [arXiv:0905.0636]
This particular model assumes: 40% e* conversion efficiency for each pulsar
o pulsar spectral index I' = 1.7 E_,=1 TeV . Delay = 60 kyr &
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Electron spectrum and a conventional GALPROP model

2
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What if we randomly vary the pulsar parameters

relevant for e+e- production?
(injection spectrum, e+e- production efficiency, PWN “trapping” time)

¢ HEAT (2001)
LA BETS (2001)

O AMS-01 (2002) l
| m ATIC-1,2 (2008)
% PPB-BETS (2008)
¥ HESS (2008)
L@ FERMI (2009)

:\
IL
0
T
0] :
T ™~
E 1 02 B 2 :' _"_;v_
o~ B \ ]
>
2 = .
O R,
~— N\
EJ/ RN | AHEAT 94495
ﬂ : :
L R BCA
"l 0 RN R
At / § \ \i ¥
o/ # RN \ \ OPAMELA 08




/‘ 16 Gamma-Ray Pulsars Through Blind Frequency Searches

Science 325 (5942), 840-844
A Population of Gamma-Ray Millisecond Pulsars Seen with Fermi

&= 1
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— — = spallation during propagation only

spallation also during acceleration
Philipp Mertsch, Subir Sarkar Phys.Rev.Lett.103:081104,2009
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SAA mapping (TKR Low Rate Science counters)
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Search Strate

Satellites: Galactic center: Milky Way halo:

Low background and Good statistics but source Large statistics but
good source id, but low confusion/diffuse backgr'ound diffuse chkground
statistics

And
electrons!

" and
Anisotropies

Spectral lines:

No astrophysical Galaxy Extra-galactic:

uncertainties, good clusters: Large statistics, but

source id, but low astrophysics,galactic

statistics Low background but diffuse background

low statistics
% Pre-launch sensitivities published in Baltz et al., 2008, JCAP 0807:013 [astro-ph/0806.291 1]
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Fermi LAT Coll. in preparation

Intensity (>300 MeV, 10* em?s™ st

\ 20 25 30 35 <40 45

=300 MeV, Ibl < 1.5 deg

P
| “ Nary,
_‘ |I| I H ‘
L gl o Py, o "‘""""m

gll_iem_ vO2._fit + iso.

GALPROP (54_87exph7S) + iso

L L " 1 L " L L
o -20 -40
Galactic Longitude (deg.)

'
elliy 11




10?

10

counts/MeV

107

107

-Fer'mi LAT Coll. in preparation, Fermi Symp. arXiv:0912.3828 _elljiﬁ

.......................................................................................................................................................

LEEEY (O TENY

e e e e n e e e e e e B e B e e s S e T e e e o e o e L e p e e e e B n e e e e B s B e e n e n a e B e e e n e n e € e e n e e e e e e e e e s e e n e

CTTTII T T

_|_|-|T|T|] IIIIIII|'| lIlIII[Il IIIII_llll] Il !

12 Fermi 1 year
:- catalog sources

PO

10°




o " -
n

...........................

---------------

-----------------

-------------------------

-------------------------

-------------------------

--------------------------

-------------------------

-------------------------

__:_

- - e -
.
.
.
.
.
.
.
-
.
.
.
.
A

-l o -k o - - -

------------------------------------------------

N N o]
S e o o

o

Y ¥ =

[epouI / ([opouwr -Sjunod)

10

Energy (MeV)

Fermi LAT Coll. in preparation, Fermi Symp. arXiv:0912.3828

10°

F
' d
L

elliy







———SDSSJ1049+5103

e

A S—

AsSextans } /

o




seguel| _’_-:-;:._:-,:--‘-"-‘i‘“‘?:“?-355‘-?7-?_?-‘-?;; Boo IS S === SDSSJ1049+5103
Leol ’_-;.,{,-_ = *-’ Leo P55 CVn R fi -ii' -f,ﬁ <

> dSphs are ’rhep- most DM dommaTed sys‘rems known inthe

Universe with very high M/L ratios (M/L ~ 10t 2000).
> Many of them (at least 6) closer than 100 kpc to the GC (e.g.

Draco, Umi, Sagittarius and new SDSS dwarfs).

> SDSS [only # of the sky covered] already double the number of
dSphs these last years

> Most of them are expected to be free from any other
astrophysical'gaémma source.

v Low content in gas and dust.
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Gamma ray line generated by the Green-Schwarz

R mechanism
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Search for Spectral Gamma Lines
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Comparison of High-Energy Electron Missions

W Upper Energy Collecting Power Calorimeter Thickness | Energy Resolution
TeV m’sr Xo %

CALET < 3 (over 100 GeV)

PAMELA | 0.25 (spectrometer) 0.0022 5.5 (300 GeV)
2 (calorimeter) 0.04 16.3 12 (300 GeV)
16 (1TeV)
0.7 (700 GeV) 16 (700 GeV)
AMS-02 | 0. 66 (spectrometer)
1 (calorimeter) 0.06 (1 00 GeV) < 3 (over 100 GeV)
< (. 04 (1 TeV)
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