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Abstract: PAMELA is a satellite borne experiment designed to studyiteat accuracy cosmic rays in a wide energy
range. The study of the antimatter component is one of PAM&h#ain objectives. The experiment, housed on board
the Russian Resurs—DK1 satellite, was launched on June20Bthin a 350 — 600 km orbit with an inclination of 70
degrees. In this work we present the measurement of gakletitron and positron spectra in the energy range between
1 GeV and few hundred GeV.
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1 Introduction TOF (S1)

PAMELA is a dedicated satellite borne experiment con ANT”@(%@%@;EN@E
celvgd by the WizZard collaborgtlon .to.study thg anti— P——
particle component of the cosmic radiation. In this work TOF (S2) — >——== =———7 | (CAT)

we describe the scientific objectives, the detector and tr
results of PAMELA in the measurement of galactic elec-
trons and positrons after five years of data taking.
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2 Physicsgoalsand instrument description
TOF (S3)

The PAMELA physics goal is the precise measuremer
of the cosmic ray composition at 1 Astronomical Unit CALORIMETER
(AU). PAMELA has been mainly conceived to perform
high—precision spectral measurement of antiprotons ar s4
positrons and to search for antinuclei, over a wide energ 5 OOOOAOAOAOGEA0000 NEUTRON
range. Besides the study of cosmic antimatter, the instrt CO0EE00E000000 DETECT

ment setup and the flight characteristics allow many addi-

tional scientific goals to be pursued [1]. Figure 1. A schematic view of the PAMELA apparatus.
The instrument is installed inside a pressurized contain@lagnetic field lines are oriented parallel to the y direction
attached to the Russian Resurs-DK1 satellite that was

launched into Earth orbit by a Soyuz—U rocket on Jur®15

2006 from the Baikonur cosmodrome in Kazakhstan. The L . .
mission is foreseen to last till at least December 2011,  &/lows albedo—particle identification and mass discrimina

. . . tion below 1 GeV/c. The TOF provides also a fast signal
A schematic overview of the PAMELA apparatus is showq P ¢

e : . r triggering the data acquisition
in fig. 1. It comprises the following subdetectors, arrangec? dgering q
as shown in figure, from top to bottom: a time—of—flight! "€ central components of PAMELA are a permanent

system (TOF — S1, S2, S3); a magnetic spectrometépagnet and a tracking system composed of six planes of

an anticoincidence system (AC — CARD, CAT, CAS): andbuble—sided silicon sensors, which form the magnetic

electromagnetic imaging calorimeter; a shower tail catch&PeCtrometer. This device is used to determine the rigid-
scintillator (S4) and a neutron detector. ity (momentum divided by charge) and the charge of par-

Pl f olasti intillat ted ab d below t ticles crossing the magnetic cavity. The rigidity measure-
anes ot plastic scintiflator mounted above and below Mgeny js gone through the reconstruction of the trajectory
spectrometer form the TOF system. Its timing resolution
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based on the impact points on the tracking planes and thision should reveal spectral features in the same energy
resulting determination of the curvature due to the Lorentmnge at which the positron fraction seems to deviate from
force. The direction of bending of the particlee( the the expected background.

discrimination of the charge sign) is the key method used

to separate matter from anti-matter. The magnetic field ¢

the spectrometer of PAMELA is generated by a permaner % 1
magnet composed of five identical modules placed one ¢ 8 10
top of another to form a 43.6 cm high tower. The accep £
tance of the spectrometer, which also defines the overz £ ;.
acceptance of the PAMELA experiment, is 21.5%smand =
the spatial resolution of the tracking system is better tha
4 um up to a zenith angle of 20corresponding to a maxi-
mum detectable rigidity exceeding 1 TV. 1o

The spectrometer is surrounded by a plastic scintillatty ve
shield, aiming to identify false triggers and multipargicl ~ 10°

events generated by secondary particles producedinthe e 10 5t—— 4535500 300 1b50
paratus. Energy (GeV)

The sampling imaging calorimeter (16.3X0.6 \p) is , _ ) _
mounted below the spectrometer and it comprises 4a9ure 2: Electron flux as measured with PAMELA:

single—sided silicon strip detector planes interleaveith wi comparison between the energy spectrum obtaineql using
22 plates of tungsten absorber. The high granularity of tHf'® Spectrometer (closed circles) and the same using the

calorimeter and the use of silicon strip detectors providé®!orimeter (open circles) to determine the energy of the

detailed information on the longitudinal and lateral peeil  €VENts-:
of particles’ interactions as well as a measure of the de-

posited energy. The main task of the calorimeter is to sele¢,e pAMELA apparatus is able to separate negative elec-
pqsitrons and antiprotons from the large bgckgroundl CORons from positrons up to about 600 GeV [3]. The capa-
stituted by protons and electrons, respectively. Positronyjities of the PAMELA detector allow also any systematic
have to be identified from a background of protons that igftect due to the energy measurement to be constrained and
about 16 times the positrons component at 1 GeV/c, inggtimated accurately. in fact the energy of electrons can be
creasing to 510° at 10 GeV/c. Antiprotons have to be se-getermined using two independent detectors: the spectrom-
lected from a background of electrons that decreases froer and the electromagnetic calorimeter. Fig. 2 shows the
5x10’ times the antiproton component at 1 GeV/c t0 les§eqative electron spectrum as measured by PAMELA. Both
than 16 times above 10 GeV/c. This means that PAMELAe presented fluxes have been obtained selecting negative

must be able to separate'elec.tror.ls from haplrons ata 'eﬁa{rticles with the spectrometer; the energy measurement
better than 18, Much of this rejection power in PAMELA a4 pinning is different and is performed using the track-

is provided by the calorimeter. Besides the electron-hadrqng system (full circles) or the calorimeter (open circles)
separation, the calorimeter directly measure the energy gf ihe case of the calorimeter energy determination, in or-
electrons and positrons. der to minimize the transversal leakage, strong contaitmen
A plastic scintillator system mounted beneath the calorimeonditions are required. This reduces the statistics of the
ter aids the identification of high—energy electrons and isample. Longitudinal leakage is taken into account by fit-
followed by a neutron detection system for the selectioting the shower longitudinal profile with a gamma func-
of high—energy electrons which shower in the calorimetetion. With these conditions a precise energy measurement
More technical details about the entire PAMELA instru-is achieved. As can be seen from the figure the resulting
ment and launch preparations can be found in [2]. flux are in very good agreement and the comparison be-
tween the two fluxes can be used to set a 2% systematic
error in the negative electron spectrum measurement.

Fig. 3 shows the PAMELA results [3] compared to other
As it will be discussed in section 2.2, the rise in the positrorecent experimental measurements data [4, 5, 6, 7, 8, 9, 10,
fraction measured by PAMELA could be due to a very sofl1, 12]. The data from [8, 9, 10, 11, 12] and the highest
electron (€) spectrum. It is therefore important to pre-data point from HEAT [6] refer to the sum of electron and
cisely measure the negative electron spectrum in order fmsitron fluxes. Considering statistical and systematic un
put constraints in the interpretation of the positron fraceertainties, no significant disagreements are found betwee
tion rise. Moreover, if a primary positron source existsPAMELA and the recent ATIC [10] and Fermi [12] data,
it is difficult to explain the generation and acceleratioreven considering an additional positron componentin these
of positrons without generating and accelerating the sammeasurements of order a few percent (see [13]).

amount of electrons. This_imp!ies that a nega.tiv_e electrofine overall results can be easily described by a single
spectrum measurement with high enough statistic and P'Sower law, however a certain hardening of the PAMELA
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2.1 Negative electron spectrum
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Figure 3: Electron flux as measured with PAMELA compared suls from other experimental data.

spectrum may be present at high energies. This possilifer those events, calorimeter variables are evaluateckin th
break in the spectrum seems to be in agreement with th@wver part and the distribution of the lateral shower spread
rise in the positron fraction. for protons have been obtained. Positive and negative sam-
ples are selected using only the first 40 sensitive planes
of the calorimeter, to have observables comparable to the
ones constructed for protons with the lower 40 planes of

Protons are the main source of background in the positrdh€ calorimeter. The negative events are electrons with a

sample and an excellent positron identification is needed R$9ligible contamination of other particles. The number of
reduce the contamination at a negligible level. positrons is estimated from the positive sample after sub-

The proton background estimation method has been ustergCtlng the proton background.

to obtain the published results [13, 14]. This approacpl-he positron fraction results are shown in fig. 4 where
consists in keeping a very high selection efficiency and iFAMELA data [13, 14] are compared to some recent mea-
quantifying the residual proton contamination by the meafiurements (4, 5, 15, 16, 17, 18, 19, 20, 21]) and to the stan-
of a so—called “spectral analysis”. The proton distripudard mc_)del theoretical prediction for secondary positron
tions needed to estimate the contamination is obtained foduction. At low energy PAMELA data are lower than
a conservative approach using the flight calorimeter daf0st of the other data and this can be interpreted as

without any dependence on simulations or test beam da@{) observation of charge-sign dependent solar modula-
For this purpose, the calorimeter is divided in an uppéfon effects. Between about 6 and 10 GeV the PAMELA

(“pre—sampler”) and a lower part. The upper part, madgositron fraction is (?o!”npatible wif[h (_)t_her mea§urements
of two tungsten planes and four detector planes, is used#d above 10 GeV it increases significantly with energy.
reject non—interacting particles, and the lower part cstasi 1he PAMELA data cannot be described by the standard
ing in 20 tungsten planes and 40 detector planes is used®pdel of secondary production, black line in fig. 4. The
evaluate the calorimeter variables. The sample of eveng§condary production model has its indetermination due to
passing the non-interacting condition in the first part is 1€ knowledge of the fluxes of primary particles, of the in-
nearly pure sample of protons with a positron contamileraction cross—sections, of the average amount of traglers

nation of less than 2% at rigidities greater than 1.5 GVnatter, and of the electron spectrum. However the rising at

2.2 Positron fraction
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