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Abstract: The PAMELA experiment is a satellite-borne apparatus that performs measurements of the cosmic
radiation with a particular focus on antiparticles and light nuclei. The heart of experiment is a magnetic spectrometer
to measure the particle rigidity and sign of charge. A Time-of-Flight system, a Silicon-Tungsten calorimeter, and a
neutron detector allow particle identification and lepton/hadron discrimination. The apparatus is surrounded by a
set of anticoincidence scintillation counters to reject multi-particle events. In this work we will present the Boron
and Carbon fluxes measured by PAMELA from July 2006 to March 2008. Such data, and in particular the B/C flux
ratio, can help the modelling of the galactic cosmic rays propagation. This can be a crucial point in predicting the
astrophysical background of antimatter (positrons and antiprotons) in cosmic rays in the search for a dark matter
signal.
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Introduction

Measurements of the elemental composition of cosmic rays
over a wide energy range are required in order to understand
the origin, propagation and lifetime of the cosmic radiation.
The primary cosmic rays (e.g. C and O), produced at the
sources, propagate through the interstellar medium giving
information about the composition at the source. Secondary
elements (e.g. Li, Be, and B) are tracers of amount of matter
traversed by the cosmic rays.
Abundances of secondary light nuclei (Li, Be and B) in

cosmic rays are due to spallation of carbon and oxygen nuclei as they traverse the interstellar hydrogen. The amount
of these elements determines the average thickness of interstellar matter which the radiation traverses and indicates an
average lifetime of the cosmic rays in the galaxy of about 3
million years. Energy spectra of Li, Be and B are steeper
than those of C and O, indicating that at higher energies
nuclei do not undergo so much fragmentation, presumably
because they leak out of the galaxy sooner than those lower
energy [1], [2], [3], [4].

Galactic boron and carbon fluxes measured by the PAMELA experiment.
33 RD I NTERNATIONAL C OSMIC R AY C ONFERENCE , R IO DE JANEIRO 2013
Geometric
acceptance
TOF (S1)

CARD
CAT
TOF (S2)
Spectrometer
Anti-coincidence

magnet

Tracking
system
(6 planes)

B
CAS

TOF (S3)
Z

Calorimeter

Y
X

Scintill. S4
Neutron
detector
Proton

Antiproton

Fig. 1: A schematic overview of the PAMELA satellite experiment. The experiment stands ∼1.3 m high and, from
top to bottom, consists of a time-of-flight (ToF) system (S1,
S2, S3 scintillator planes), an anticoincidence shield system, a permanent magnet spectrometer (the magnetic field
runs in the y-direction), a silicon-tungsten electromagnetic
calorimeter, a shower tail scintillator (S4) and a neutron
detector.

PAMELA (a Payload for Antimatter Matter Exploration
and Lightnuclei Astrophysics)[5] is measuring the light
nuclei component, up to oxygen, of the cosmic radiation
since July 2006.

2

The PAMELA Apparatus

The PAMELA apparatus is housed inside a pressurized container attached to the Russian Resurs-DK1 satellite, which
was launched on June 15th 2006. The orbit is elliptical and
semi-polar, with an inclination of 70.0◦ and an altitude varying between 350 km and 610Km.
PAMELA comprises (from top to bottom as shown in Figure 1): a time-of-flight (ToF) system (S1, S2, S3), a magnetic spectrometer with silicon tracker planes, an anticoincidence system (CARD, CAT, CAS), an electromagnetic
imaging calorimeter, a shower tail catcher scintillator (S4)
and a neutron detector.

2.1

Time of Flight

The scintillator system provides trigger, charge and timeofflight information. There are three scintillators layers, each
composed of two orthogonal planes, divided into paddles
(8 for S11, 6 for S12, 2 for S21 and S12 and 3 for S32 and
S33).

2.2

Magnetic Spectrometer

The magnetic spectrometer is built around a permanent
magnet composed of 5 blocks of segmented Nd-Fe-B alloy
with a residual magnetization of 1.3 T. The size of the
magnetic cavity is 13.1 × 16.1 × 44.5cm3 , with a mean
magnetic field of 0.43 T. Six layers of 300 µm thick doublesided microstrip silicon detectors are used to measure

Fig. 2: Charge selection bands for boron (red) and carbon
(black) on the mean energy release in S2 as a function of
rigidity.

particle deflection.

2.3

Anticoincidence System

Plastic anticoincidence scintillators allows to reject spurious
triggers due to particles interacting with the body of the
satellite. The CARD anticoincidence system comprises four
8 mm thick scintillators which bound the volume between
S1 and S2. The CAT scintillator is placed on top of the
magnet and has a central rectangular aperture corresponding
to the magnet cavity. Four scintillators, arranged around the
magnet, form the CAS lateral anticoincidence system.

2.4

Electromagnetic Imaging Calorimeter

The silicon tungsten sampling calorimeter provides topological and energetic information for particles which generate
showers in the calorimeter, allowing lepton/hadron discrimination [7] and precise measurement of the energy of impinging electrons and positrons [8]. The calorimeter comprises 44 single-sided silicon planes (made of nine 380 µm
thick, 8 × 8cm2 wide sensors) interleaved with 22 plates of
tungsten absorbers, for a total depth of 16.3X0 (0.6 nuclear
interaction lengths).

2.5

Shower Tail Scintillator

This scintillator (48 × 48 × 1cm3 ) is located below the
calorimeter and is used to improve hadron/lepton discrimination by measuring the energy not contained in the
calorimeter and as a stand-alone trigger for the neutron detector.

2.6

Neutron Detector

The 60 × 55 × 15cm3 neutron detector is composed of
36 3 He tubes arranged in two layers and surrounded by
polyethylene shielding and a U shaped cadmium layer to
remove thermal neutrons not coming from the calorimeter. It
is used to improve lepton/hadron identification by detecting
the number of neutrons produced in the hadronic and
electromagnetic cascades.
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3.1

Data analysis
Basic event selections

Boron-10

These selections were developed in order to ensure a reliable event reconstruction and to select positively charged
particles with a precise measurement of the absolute value
of the particle rigidity and velocity.
Events with more than one track, likely to be products
of hadronic interactions occurring in the top part of the
apparatus, were rejected.
Particle rigidity has been obtained from the fit of the
track in the spectrometer. For each particle, the tracking
system provided up to 12 position measurements (6 in the
bending view), which have been interpolated to form a
trajectory described by integrating the equations of motion
in the magnetic field.
Furthermore the selected track must be at least 1.5 mm
away from the magnet walls and the reconstructed curvature has to be consistent with positively-charged particles.
Selected tracks must have at least four hits in the bending
view of the spectrometer and three hits in the non-bending
view.

3.2

Charge Identification

The energy loss of a charged particle traversing matter is
described by the Bethe-Bloch equation and it is proportional
to the particle charge squared. A measurement of the
average energy released the ToF planes for a given event at
a given rigidity can therefore be used to distinguish between
different particles. Boron and carbon candidates have been
selected requiring energy loss compatible with Z=5 and
Z=6 nuclei in each layer of a given combination (S12, S2,
S3) of ToF planes. In Figure 2 the charge separation in the
ToF system is shown.

3.3

Geomagnetic Selection

The local geomagnetic cutoff G has been evaluated using
the Störmer approximation [9]. A value of G = 14.9/L2 valid for vertically incident particles - has been estimated
using the IGRF magnetic field model along the orbit; from
this the McIlwain L shell has been calculated [10]. Particles
have been selected requiring R > 1.3G.

3.4

Top-of-payload corrections

The effect of hadronic interaction in the 2 mm aluminium
container which houses PAMELA has been summarized in
a correction factor, which accounts for non-elastic interactions and for the loss (gain) of particles from (within) the
acceptance due to elastic scattering. This correction factor
is almost constant above 3 GV and is shown in Figure 3
To correct the spectra distortion due to the resolution
of the magnetic spectrometer and particle slowdown a
Bayesian unfolding procedure, described in [13], was used
to derive the number of events at the top of the payload (see
also [14]).

4

Results

Boron and carbon fluxes were then derived as follows:
ΦToP (E) =

NToP (E)
T G(E)∆E

Carbon-12

0.24

(1)

where NToP (E) is the unfolded particle count for energy E,
also corrected for all the selection efficiencies, ∆E is the
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Fig. 3: Correction factor for particle lost due to inelastic
scattering at the top of the payload.
energy bin width, and G(E) is the effective geometrical
factor (accounting also for particle loss due to inelastic
scattering), and T the live time.
Results from this analysis will be shown at the conference.
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