ESCR 2010, Turku , 3 August
2010




> PAMELA was
launched 15.06.2006
on-board Resurs DK
Ne1 satellite

> The instrument has
been working in orbit
~1500 days till now

> 20 TB of data has
been downlinked ,
>3*10° triggers were
registered.




~1.3m

Scheme of the instrument
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* $1, S2, S3; double layers, x-y

* plastic scintillator (8mm)

* ToF resolution 300 ps (S1-3 ToF >3 ns)
Trigger, ToF, dE/dx

TOF (1)

* Permanent magnet, 0.43 T
ANTICOINCIDENCE ?
TOF (82) C D (CAT) *21.5cm?sr
* 6 planes double-sided silicon strip
detectors (300 pm)

Sign of charge, |+ 3 pm resolution in bending view
SPECTROMETER  igidity, dE/dx

(CAS)
TOF ($3) — * 44 Si-x /| W/ Si-y planes (380)
Electron energy, |*16.3X0/0.6L
cacormerer  GE/dX, lepton- e JE/E ~5.5 % (10 - 300 GeV)
hadron separation
S4
NEUTRON
DETECTOR

- 36 *He counters
-*He(n,p)T; E, = 780 keV
~470 Kg / ~360 W - polyethilen moderator




Positron with energy 92 GeV

Particle identification :

| Z|=1 (dE/dx= 1 MIP
in ToF and SPE )
*f=1— ToF

erigidity (R) ~ Ecalo
* charge sign =+1

. eleCtromagnetiC - \ «| Flight data: 92 GeVic | -
shower in Calo positron
*No neutrons




Proton with energy 36 GeV

Particle identification :
* |Z|=1 (dE/dx= 1 MIP in
ToF and SPE)
 p=1— ToF
erigidity (R) >> Ecalo
* charge sign =+1

» hadrons shower in Calo
*There is signal in neutron
detector




1/E vs deflection in tracker
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~10% events are shown for positive (red points)

E..o— released energy in calorimeter



11Q.,00 VS deflection
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events

Distribution 1/Q.,,. for R=20-25GV
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electrons number (R<U)

Positron signal

E=11-14 3B
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Discussion of systematic is in Astropart. Phys., 34, (2010), 1-11



Baskground estimation with neutron detector

E=22-35M3B
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Positron fraction
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Electron spectrum reconstruction

different approaches:

Tracker-based selection (strong track quality
requirements, loose calorimeter selection,
energy measured by the tracker)

Tracker&Calorimeter-based selection (loose
track quality requirements, calorimeter
selection, energy-rigidity match)

Calorimeter-based selection (loose/no track
quality requirements, strong calorimeter
selection, energy measured by calorimeter)



«Secondary production » positron to
electron ratio in diffusion model

T. Delshaye et nl. (2008) T. Delahaye oL al. {2008)

v =3.54 v =3.34

. _ T '
soft electrons ] : \\ hard electrons
- \

HEAT 94 +96+2000 A HEAT B4+85+2000 A
\ CAPRICES4 N

re”)

FAMELA OB o

-

o
-
T

107 =

Positron fraction et/(et+e-)

Positron fraction e'/(e*

—_— MIN prop _— MIN prop
roe —_—— MED prop ¢ = 600 MV | el —_—— MED prop @, = 600 MV |
N MAX prop ] [ ——————- MAX prop ]
1 10 100 1 10 100
TOA Posilron energy [CeV] TOA Positron energy [CeV]

T. Delahaye et al., arXiv: 0809.5268v3



There were processed data for 07.2006- 12.2008
Rparticle>’I 3 I:ageomagnetic cut-off
Tracker-based selection ~650000 electrons E>113B

Tracker&calorimeter- based selection ~950000 electrons ,
~90000 positrons

« Exposure time was measured with accuracy better 0.1%

« Efficiency was calculated by MC with GEANT3 and
compared with experimental estimations (~3% error)

« Unfolding procedure takes into account resolution of the
tracker and energy release before spectrometer



Electron spectrum
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Flux*E® GeV’l(m? sr s GeV)

Electron spectrum
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Total electron + positron flux
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Low energy part of electron spectrum
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Flux *E’ (GeV*/m*® s sr)
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Flux *E° (GeVzlm2 S sr)
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Flux *E° (GeVzlm2 S sr)
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Comparison of methods

1.Strong track,
loose calorimeter
selection

Track &

Calorimeter
selection ,

Energy —rigidity
match

3.Strong
calorimeter
selection

+

Sign from track

0.1-200

0.1-400

20-800

~1- 400

electrons

Electrons and
positrons separately

Electrons-positrons
sum

electrons

Proton background limits max energy
of electrons ~200GeV. Constant
efficiency from ~2 po ~70GeV

Minimal background, rejection of
protons ~10° - Efficiency decreases
with energy due to tracker resolution

Maximal energy, no electron/positron
separation, possible residual
background.

Rejection of protons 103 -10*



Delahay?, Lavail, Lineres, Denato & Fomenge (2010)
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e* flux

Lavalla, Lineres; Denato & Formenge (2019)
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Conclusion

PAMELA has been in orbit and collected data for ~1500
days. >3 10° triggers registered, and >20 TB of data has
been down-linked.

The instrument provides good electron and positron
separation with rejection of protons about 10°

Electron /positron spectrum obtained by different
methods are in good agreement

Preliminary estimations shows that positron spectrum
appears to be more harder than “conventional ” diffusive
model predicted.

Analysis ongoing to finalize the electron & positron
spectra
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Proton and electron spectra
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PAMELA positron fraction at low energy

Positron fraction
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PAMELA collaboration
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electron+positron spectrum with
calorimeter

Graph
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