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PAMELA Science
PAMELA as a Space Observatory @ 1AU.
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PAMELA Science
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PAMELA Science
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Why Anti(particle)matter matters?
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Why Anti(particle)matter matters?
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Why Anti(particle)matter matters?

o BT B
> B
o [
QO B
7] 5
E E
5 B
e % 10-2:
Q B
o T
o |
3 0 AMS98
i 10_3:_ g = BESSQS Medium-energy
s 7 . CAPRICESS ‘ S
e | s BESS95+97 /* - @ A3 vww_ __
s [ * MASS91 2\
< | aBEss00 ¥ CAPRICES4 . 2
Supersymmetric
10'4 L Lo .Q. lMAxg,z i b e e AN L negtrul%nos ) . P Protons
10 1 10 10%

) _ Kinetic Energy (GeV) 1 oct 2009
PawieLa



Charge ratio (e*/e*+e7)
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Why Anti(particle)matter matters?
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PAMELA detectors

= e el T e ——

GF: 21.5cm2 sr
Mass: 470 kg
Size: 130x70x70 cm3
Power Budget: 360W

w F.S. Cafagna, SCINEGHE 2009, Assisi 7th Oct. 2009 | INFN




PAMELA detectors

Neutron detector &
Shower-tail catcher (S4):
GE: 21.5 cm2 sr -High-energy e/h discrimination NEUTROM

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

Eﬂ?ﬁ:ﬁ F.S. Cafagna, SCINEGHE 2009, Assisi 7th Oct. 2009




Design Performance

— - i

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

Eﬂéﬁiﬁ F.S. Cafagna, SCINEGHE 2009, Assisi 7th Oct. 2009 Z m::?




PAMELA: the integration

F.S. Calagna, SCINEGH



The Resurs DK-1 spacecraft

e ————————

Multl-spectral remote sensing of

earth’s surface

—> near-real-time high-quality
Images

Built by the Space factory TsSKB

Progress in Samara (Russia)

Operational orbit parameters:
Inclination ~70°
altitude ~ 360-600 km
(elliptical)

Active life >3 years

Data transmitted via Very high-
speed Radio Link (VRL)

2009, Assisi 7th Oct. 2009 1 INFN




atellite & launch

Launch from Baikonur:
June 15th 2006, 0800 UTC.
Power On: June 21st 2006, 0300 UTC.

Detectors operated as expected after
launch

PAMELA in continuous data-taking mode

since commissioning phase ended on July
11t 2006

~1200 days of data taking (~73% live-
time)

~14 TByte of raw data downlinked
>1.4x10° triggers recorded and under

analysis
.

M F.S. Cafagna, SCINEGHE 2009, Assisi 7th Oct. 2009
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| beta vs deflection |

Bt = Antiproton Selection
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Antiproton to Proton Ratio
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Antiproton to Proton Ratio
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Antiproton Flux
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Positron selection with calorimeter
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Positron selection with calorimeter
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Positron selection with calorimeter

Tuning/check of selection criteria using:
test-beam data
simulation
flight data: dE/adx from spectrometer & neutron yield from ND

Selection of pure proton sample from flight data (“pre-sampler”
method):

Background-suppression method

Background-estimation method

Final results DON'T MAKE USE of test-beam and/or simulation

\,\\ calibrations.
Eh éfl : F.S. Cafagna, SCINEGHE 2009, Assisi 7th Oct. 2009 : mﬁ?




Positron selection with calorimeter
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Positron selection with calorimeter
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Positron selection with calorimeter

| |-

Constrains on:

Energy
momentum
match

Energy Fratioh Shower
starting-point
Longitudinal
profile

Cross check:
Simulation
Tracker de/dX
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% p-bar
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Neutron
Detector

7
r4

F.S. Cafagna, SCINEGHE 2009, Assisi 7th Oct. 2009

|'U
s



The “pre-sampler” method

The electromagnetic calorimeter

Characteristics:

4224 channels

Self-trigger mode (> 300 GeV GF~600 cm? sr)

44 Si layers (X/Y) +22 W planes
16.3 X,/ 0.6 |,

Dynamic range 1400 mip

2 W planes: =1.5 X,

20 W planes: =15 X,

F.S. Cafagna, SCINEGHE 2009, Assisi 7th Oct. 2009




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)

20 W planes: =15 X,

2 W planes: =1.5 X,

F.S. Cafagna, SCINEGHE 2009, Assisi 7th Oct. 2009 ] -




e* background estimation from data
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Positron to All Electron Fraction
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Positron to Electron Fraction
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DM with M = 150 GeV that annihilates into W W~

DM ~
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DM 2 | Chalisetal, arxiv0811 364101
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Example: Dark Matter
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Wino Dark Matter in a non-thermal

Universe
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Antiprotons & positrons
from old SNR’s
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Standard Positron Fraction
Theoretical Uncertainties

T. Delahayn =4 al. (2008)
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Conclusions

PAMELA Is a permanent cosmic ray space laboratory
(a three year mission extension has been approved).

PAMELA is the first space experiment which Is
measuring the antiproton and positron cosmic-ray
components to the high energies (10%2GeV) with an
unprecedented statistical precision.

Antiparticle fluxes are an exciting tools to study DM
characteristics. Stay tuned for fluxes ... THANKS !!!!
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