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CR antimatter detector cookbook

Charge identification

Good (21TV) Maximum Detectable
Rigidity (MDR) to defeat particle spillover

(pbar)
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CR antimatter detector cookbook

Charge identification

Good (21TV) Maximum Detectable
Rigidity (MDR) to defeat particle spillover

(pbar)

Good ( ¢/h > 10~) particle identification
(positron)
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CR antimatter detector cookbook

Charge identification

Good (=21TV) Maximum Detectable
Rigidity (MDR) to defeat particle spillover

(pbar)
Good ( e/ > 107) particle identification
(positron)

Redundancy to calculate efficiencies and
systematic in flight (absolute fluxes)

All other useful detectors ..
Very low secondary background -> SPACE
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Milky Way as seen by a CR physicist
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Antimatter from DM calculation
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¥6om DM calculation
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PAMELA Collaboration
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PAMELA detectors
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GF: 21.5cm? sr
Mass: 470 kg

Size: 130x70x70 cm3
Power Budget: 360W
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PAMELA detectors

Neutron detector &
Shower-tail catcher (S4):

GE: 21.5 cm2 sr -High-energy e/h discrimination

Mass: 470 kg
Size: 130x70x70 cm3
Power Budget: 360W

11111111111111111111
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Design Performance

Antiprotons 80 MeV - 150 GeV
Positrons 50 MeV — 270 GeV
Electrons up to 400 GeV
Protons up to 700 GeV
Electrons+positrons up to 2 TeV
(calorimeter alone)
Light Nuclei (He/Be/C) up to 200 GeV/n
AntiNuclei search sensitivity of 3x10-8 in He/He
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PAMELA: the integration
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The Resurs DK-1 spacecraft

Multi-spectral remote sensing of
earth’s surface
-> near-real-time high-quality
Images
Built by the Space factory TsSKB
Progress in Samara (Russia)

Mass: p./ tons
Height] 7.4 m

Solar qrray area: 36 m?

Operational orbit parameters:

Inclination ~70°
altitude ~ 360-600 km
(elliptical)

Active life >3 years

Data transmitted via Very high-
speed Radio Link (VRL)
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PAMELA: in|thesatellite & launch

Launch from Baikonur:

June 15th 2006, 0800 UTC.

Power On: June 215t 2006, 0300 UTC.
Detectors operated as expected after
launch

PAMELA in continuous data-taking mode
since commissioning phase ended on July
11th 2006
~1200 days of data taking (—73% live-
time)
~14 TByte of raw data downlinked
>1.4x10° triggers recorded and under
analysis
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High-energy antiproton selection
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Antlproton to Proton Ratio
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Antiproton Flux
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Positron selection with calorimeter
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The “pre-sampler” method

The electromagnetic calorimeter

Characteristics:
44 Si layers (X/Y) +22 W planes
16.3 X,/ 0.6 |,
4224 channels
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The “pre-sampler” method

The electromagnetic calorimeter

Characteristics:
44 Si layers (X/Y) +22 W planes
16.3 X,/ 0.6 |,
4224 channels
Dynamic range\1400 mip
Self-trigger mode (> 300 GeV GF~600 cm? sr)
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e* background estimation from data

- e-

Constrains on:

Energy momentum
match

Shower starting-point ‘presampler’ p
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Pn<itron tn All Flectron Fractinn

Adriani et al., Astropart. Phys. 34 (2010) 1 - arXiv:1001.3522
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DM ?

F.S. Cafagna, ERICE 32nd Course: Particle and Nuc

PAMELA ability of
measuring both
proton and electron
charge ration, make it
possible to put several
constrains to the
models

M. Clre"m . Radastik,

. . 10



Leptophilic DM

DM only
annihilates
Into charged
leptons. DM
masses
between 0.4
and 2 TeV,
but boost
factors on the
order of 102.
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Gamma constrains

Decaying DM excluded, leptonic annihilation with “fine-tuned” parameter
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Wino Dark Matter in a non-thermal

Universe
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Astrophysical Explanation
Pulsars
S. Profumo Astro-ph 0812-4457

Mechanism: the spinning_l?;of the pulsar strips e~ that accelerated
at the polar cap or at the outer gap emit y that make production of
e* that are trapped in the cloud, further accelerated and later
released at T ~ 10°years.

Young (T —10°years) and nearby (< 1kpc) If not: te much
diffusion, low energy, too low flux.

Geminga: 157 parsecs from Earth and 370,000 years old
B0656+14: 290 parsecs from Earth and 110,000 years old
Many others after Fermi/GLAST

Diffuse mature pulsars
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Positrons from Pulsar
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Astrophysical Explanation: Pulsars

Young, nearby pulsars
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Astrophysical Explanation: Pulsars

contribution of all nearby pulsars in the ATNF catalogue
(—150 pulsars) with d < 3 kpc with age 5 x 104 < T < 107 yr

A. Bruno F.S. Cafagna, ERICE gjpd{eaMrs iy ligderanshiNpgiear Astroph., Sep. 2010
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Antiprotons & positrons from old SNR’s
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positrons created as secondary products of hadronic interactions inside the sources

secondary production takes place in the same region where cosmic rays are being
accelerated

Antiproton/proton and B/C increase for E> 100GeV
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Antiprotons & positrons from old SNR’s
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Positron Fraction Theoretical Uncertainties

y =3.54 y =3.34

F.S. Cafagna, ERICE 32nd Course: Particle and Nuclear Astroph., Sep. 2010 53



E*x Flux GeV® (s sr m?GeV)"
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Electron Flux
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Electron flux

‘E—-‘ B 1 | L 1 1 | | I 1T 11 | | 1 | | I 1 11 1 1 1
>
o I v = 3.226 + 0.020 1
E i Lsessee Yy =2.982+0.197
3 K 8
H"""' &
21 |
% 10 [ '- ]
© - . 5
x - . i
> — ] ]
I B o _
E
10 — -
| ' —
[ 1 1 L 11 | 1 1 1 1 1 L 11 | 1 1 1 1 1 L 11 | 1 1 1 ]
0.4 1 2 3456 10 20 30 100 20

Energy GeV

F.S. Cafagna, ERICE 32nd Course: Particle and Nuclear Astroph., Sep. 2010

57



-
=]
S

Flux x E*" (mA*2 s sr GeV/n )™ x GeV/n*’

10°F 3t -
K] i s o + “ ]
o
b
— 4 INLA =
| %@ CAPRICES4 |
CAPRICESS
;-% e AMS
— o ATIC-Z —
- # e BESS
:.% CREAM
2 .',' s JACEE
102 ]
% o s ]
% PAMELA systematic error band —
| | | IIIIII| | | IIIIII| | | IIIIII| | I
1 10 102 10° 10*

E (GeV/n)

59



Galactic H & He

Hydrogen Helium
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Conclusions

We are entered in the new era of precision
measurements of (anti)particle fluxes in CR.

This opens new scenarios In indirect detection of DM
out force us to improve our knowledge of the
packground investigating “standard” astrophysics.

PAMELA data show anomalies only in the positron
sector favoring a “lepthophilic” DM but ...

... combined analysis of PAMELA, FERMI and HESS put
strong constraints on that DM model.

The knowledge of background and particle fluxes must
be improved, stay tuned for new PAMELA data on e,
p & He, B & C fluxes!

THANKS !
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