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PAMELA detectors

Main requirements = high-sensitivity antiparticle identification and precise momentum measure

+
Time-Of-Flight TOF (S1)
plastic scintillators + PMT:
- Trigger ‘ {
- Albedo rejection; A @«%ﬁ"f%@;m@@
- Mass identificationup to 1 ANTICONCDENCE
GeV; CAT
- Chargeidentification from Tor ez el
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- Magnetic rigidity - R =pc/Ze
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Subcutoff particles

Protons flux
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Antiparticles with PAMELA
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Antiproton/ positron identification

I — Time-of-flight:
trigger, albedo
rejection, mass
determination
(upto 1 GeV)

Bending in
spectrometer:
sign of charge

lonisation energy
loss (dE/dx):
magnitude of
charge

Interaction
pattern in
calorimeter:
electron-like or
proton-like,
electron energy D ”

" Antiproton Positron
(NB: e’/p ~ 10%) (NB: p/e* ~10%4)




ANTIPROTONS
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Spectrometer Sy

With real data:
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Antiproton to proton ratio
(0.06 GeV -180 GeV)
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PAMELA trapped antiprotons
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POSITRONS
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Proton / positron discrimination

+ — Time-of-flight:

i trigger,albedo
rejection, mass
determination (up
to 1 GeV)

Bendingin
spectrometer:
sign of charge

lonisation energy
loss (dE/dx):
magnitudeofcharge

Interaction pattern
in calorimeter:
electron-like or -
proton-like,
electron energy

Positron =




Positron selection with calorimeter

Fraction of energy released along the calorimetertrack (left, hit, right)
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Positron selection with calorimeter
Rigidity: 20-30 GV

MNormalized number of events
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Positron to Electron Fraction

: 0-4 [ T T T [ [ I T T TT [ [ I T T TT
‘©
= 0.3+ _
+
‘o
= 0.2 _
+
[+F)
=
5§ 01— _ _
° B + ]
E L
- — a _
S _ ! —]
.g 75 i
= L _ B
Q 2
m T -
Moshalenka and Strong, ApJ 483, 654 (1998) \ Secondary production
= I / Moskalenko & Strong 98
O o0
= AMS
0-02 ] ¥  CAPRICES4
P HEAT94+0
E T503
o] ASSAT
O ller & Tang 1957
001 S I N I ] |||||| 1 |||||||
1 10 10?

Energy [GeV]

Astropart. Phys. 34 (2010) 1
Nature 458 (2009) 607




A nrEw II R
I I

Y
AR P
‘:‘r AT
——————
52
s
= o
g = g
g : =
=

Flightdata: 51 GeV/c
positron

Tracker
[ [ [ [

4

PALETTE

b H
] Calorimeter

TOF. TRK, CALO. 54 [MIF]:

WOT HIT BT hackground

ND

1200

1000

Energy [MIP]

600

400

\ 200
-}‘r - |
2 4 6 8 1 o 1 2 1 4 1 E Istituto Nazionale
Depth [X0] ( " diFisica Nucieare




Positron selection with calorimeter

Rigidity: 20-30 GV
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Positron selection with calorimeter

TMVA: Toolkit for MultiVariate data Analysis
http://tmva.sourceforge.net/

TMVA host large variety of multivariate
classification algorithms (cut optimization with
genetic algorithm, linear and non-linear
discriminated and neural networks, support vector
machine, boosted decisional trees, ...)

Training with “pre-sampler” data and simulation
for the whole calorimeter.



Rigidity
Boosted Decisional Trees

Positron selection with calorimeter
: 42-65 GV
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| \ Fermi Symposium, May 9 2011 INFN

PAMELA & Fermi Positron Fraction
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Cosmic Ray Spectra

Cosmic-Ray Acceleration and
Propagation in the Galaxy
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Diffusion Halo Model
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Proton and Helium Nuclei Spectra
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Proton and Helium Nuclei Spectra

Hydrogen Helium
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Proton and Helium Nuclei Spectra

p/He
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Antiproton Flux

Donato etal. (ApJ 563(2001)172)
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Antiproton to proton flux ratio

Ptuskin etal. (ApJ 642 (2006)902)
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SNR as sources of secondaries e*
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Light Nuclei Selection
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C/O ratio
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Boron and Carbon nuclei Spectra
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H 1sotopes separation
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ELECTRONS
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E.°dN/dE, (m™s™'sr™'GeV?)

All three ATIC flights are consistent
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“Source on/source off” significance of bump for ATIC1+2 is

about 3.8 sigma
JChang et al. Nature 456,362 (2008)

ATIC-4 with 10 BGO layers has improved
e, p separation. (~4x lower background)

“Bump” is seen in all three flights.

Significance for ATIC1+2+4 is 5.1 sigma



FERMI all Electron Spectrum
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PAMELA electron (e°) spectrum
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PAMELA e  and e* spectra
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PAMELA e  and e* spectra
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PAMELA & Fermi electron spectra
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PAMELA & Fermi electron spectra
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Positron to Electron Fraction
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Percentage (100% in May 1965)

Solar modulation
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Summary PAMELA Results
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Summary

 PAMELA has been in orbit and studying cosmic rays for 5
years. >10° triggers registered and >20 TB of data have been
down-linked.

* Antiproton-to-proton flux ratio and antiproton energy
spectrum (~100 MeV - ~200 GeV) show no significant
deviations from secondary production expectations.

* High energy positron fraction (>10 GeV) increases
significantly (and unexpectedly!) with energy. Primary
source?

* Analysis ongoing to finalize the antiparticle measurements
(positron flux, positron fraction), continuous study of solar
modulation effects at low energy.

* Waiting for AMS to compare contemporary
measurements.

Mirko Boezio, DMUH11, 26-07-2011 INFN
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