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Abstract: On the 15th of June 2006, the PAMELA satellite-borne experiment was launched from the Baikonur
cosmodrome and it has been collecting data since July 2006. The apparatus comprises a time-of-flight system,
a silicon-microstrip magnetic spectrometer, a silicon-tungsten electromagnetic calorimeter, an anti-coincidence
system, a shower tail counter scintillator and a neutron detector. The scientific objectives addressed by the mission
are the measurement of the antiprotons and positrons spectra in cosmic rays, the hunt for antinuclei as well as
the determination of light nuclei fluxes from hydrogen to oxygen in a wide energy range and with very high
statistics. In this paper the identification capability for light nuclei isotopes (especially lithium and beryllium)
using multiple dE/dx measurements in the calorimeter and first results of the isotopic ratio will be presented.

Keywords: cosmic rays

1 Introduction
Measurements of the isotopic composition of elements of
the cosmic radiation provide significant constraints on cos-
mic ray source composition and cosmic ray transport and
acceleration in the galaxy. The isotopes of Li, Be, and B
in cosmic rays are pure spallation products of primary cos-
mic rays, mainly C, N, and O, when they interact with
interstellar matter during their propagation in the Galaxy.
For example, the production of 7Li in particular has im-
portant cosmological implications. While the 6Li isotope
is a pure product of interactions of galactic cosmic rays
(GCR) with the interstellar medium (ISM), the 7Li isotope
has several sources. In addition to the production of 7Li
by spallation during the propagation of GCR, the stellar
production and primordial nucleosynthesis of 7Li are pos-
sible sources. All shown measurements (see figure 9) have
values which are much smaller than the value ∼12 deter-
mined from meteorites [1] or the value of 12.5 ± 4.0 if a
stellar contribution to the interstellar medium is regarded
[2].
The radioactive secondary isotope 10Be has a half-life of
1.5 x 106 years, which is comparable to the characteristic
storage time expected for the galactic containment, and
thus can be used to “date” the cosmic rays. 7Be decays on-
ly by electron capture (half-life on earth = 53 days), thus
the half live in space depends on the electron density and
the galactic cosmic ray lifetime.

2 The PAMELA instrument
The PAMELA satellite-borne cosmic ray experiment was
built to measure charged particles in the cosmic radiation
with a particular focus on antiparticles. It was mounted on
the Resurs DK1 satellite and launched from the Baikonur
cosmodrome on June 15th 2006. The PAMELA apparatus
is composed of several sub-detectors: TOF system, anti-

coincidence system (CARD, CAS, CAT), magnetic spec-
trometer with microstrip silicon tracking system, W/Si
electromagnetic imaging calorimeter, shower-tail-catcher
scintillator (S4) and neutron detector. A detailed descrip-
tion of the PAMELA instrument and an overview of the
mission can be found in [3]. The core of the instrument is a
magnetic spectrometer, made of a permanent magnet (0.43
T) and a silicon tracking system (resolution in the bend-
ing side 4 µm) for a maximum detectable rigidity of 1 TV.
The momentum resolution for lithium and beryllium nucle-
i is better than 4% between 2 GV and 20 GV. The W/Si
sampling imaging calorimeter comprises 44 single-sided
silicon strip detector planes interleaved with 22 plates of
tungsten absorber [4]. Each tungsten layer has a thickness
of 0.74 radiation lengths (2.6 mm) and it is sandwiched
between two printed circuit boards, which house the sili-
con detectors as well as the frontend and digitizing elec-
tronics. Each silicon plane consists of 3x3, 380 µm thick,
8x8 cm2 detectors, segmented into 32 strips with a pitch
of 2.4 mm. The orientation of the strips for two consecu-
tive silicon planes is shifted by 90 degrees, thus providing
2-dimensional spatial information. The total depth of the
calorimeter is 16.3 radiation lengths and 0.6 nuclear inter-
action lengths.

3 Data Analysis
A particle traversing the PAMELA apparatus crosses, in
the standard trigger configuration, six layers of plastic scin-
tillators, six silicon tracker layers and, at least, the last sili-
con plane of the calorimeter. In this way we can select non
interacting nuclei above the calorimeter (see [6] for detail-
s). The isotopic analysis of nuclei with the calorimeter is re-
stricted to events which do not interact inside the calorime-
ter, selecting events by applying cuts on the ratio between
the energy deposited in the strip closest to the track and
the neighboring strip on each side and the total energy de-
tected. The probability to survive the passage through the
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Fig. 1: Energy loss in the calorimeter layers for a typical
Z=3 event. The filled circles remain when 50% of the high-
est measurements are removed, these remaining measure-
ments are used to calculate a mean energy loss value

calorimeter depends on the particles charge and mass, thus
the isotopic ratio derived from the data needs to be correct-
ed. We have developed a GEANT 4 simulation of the full
calorimeter for this task and for a detailed comparison of
simulated data and flight data. Using the energy loss in the
silicon, one aims to get a precise measurement of the en-
ergy loss of the particle. In a single silicon layer, the ener-
gy loss distributions shows a Landau tail which degrades
the resolution of the dE/dx measurement. Using a trunca-
tion method, the 50% of samples with larger pulse ampli-
tudes are excluded before taking the mean of the dE/dx
measurements, thus reducing the effect of the Landau tail.
The principle is shown in figure 1 for a typical Z=3 even-
t. The circles show the energy loss (in MIP) in each of the
silicon layers, the filled circles survive if 50% of the high-
est measurements are removed. These remaining measure-
ments are used to calculate a mean energy loss value.

In figure 2 we select Z=2 particles and plot the mean
dE/dx for each event vs. the rigidity measured with the
magnetic spectrometer. The energy loss in MeV was de-
rived from the measurement in MIP using a conversion
factor. One can see that a good isotope separation can be
reached up to about 4 GV for helium. As an example we
show the helium data in a rigidity interval between 2.5 and
2.7 GV in figure 3. Together with the black data points we
show in red (3He) and blue (4He) color the result of a fit
(ROOT ”TFractionFitter”) using the GEANT 4 simulation
at the present stage. The isotope resolution (about 5%) is
better than using the velocity information from the TOF
and the rigidity from the magnetic spectrometer, an analy-
sis which will be presented at this conference also and is
already published [7] . We will use hydrogen and helium
data to cross-check the two procedures.

In figure 1 the energy loss in the silicon layers was
shown. In this example the particle went through the
calorimeter without major slowdown, the single energy
loss measurements do not show a big increase. For lower
rigidities the slowdown of the particle becomes more im-
portant, the energy loss increases when going deeper in the
calorimeter. If one just cuts on 50% of the highest signals,
this will preferentially remove the measurements from the
lower layers. Thus at lower energies the truncated mean
method is propably not the best approach. We therefore
persued another way and calculated the energy loss in each
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Fig. 2: The truncated mean dE/dx vs. the rigidity for Heli-
um

Fig. 3: Helium isotope resolution between 2.5 and 2.7 GV
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Fig. 4: Helium isotope resolution between 2.5 and 2.7 GV
for the ”Bethe-Bloch-method”

calorimeter layer using the Bethe-Bloch equation, and then
compared it with the data by leaving the mass of the parti-
cle as a free parameter. In figure 4 we show the prelimary
result for this method.

As one can see in figure 4, this advanced method has
a slightly better mass resolution than the simple truncated
mean. However, this advanced method is still under devel-
opement, in the following we will show only results using
the truncated mean.
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Fig. 5: Lithium isotope resolution between 2.9 and 3.1 GV

Fig. 6: Beryllium isotope resolution between 2.1 and 2.3
GV

4 Lithium and Beryllium Isotopes
Using the high statistics of hydrogen and helium flight da-
ta, we will be able to tune the parameters of the simulation
to match the data. For lithium and beryllium data, where
the statistics is much lower, we will then use the simula-
tion alone to derive the isotopic ratio. As an example, we
show the distribution of the mean dE/dx for lithium in the
rigidity interval between 2.9 and 3.1 GV in figure 5. Also
in this figure the red (6Li) and blue (7Li) regions are the re-
sult of a fit using the GEANT 4 simulation. In figure 6 we
show the distribution of the mean dE/dx for beryllium in
the rigidity interval between 2.1 and 2.3 GV together with
a preliminary fit using the simulation. Though the statistic-
s is low, 7Be (red) and 9Be (blue) are easily separated. The
separation of 9Be and 10Be (green) seems challenging, but
the analysis is ongoing amd looks promising.

Isotopic abundance will then be estimated by examin-
ing the dE/dx distributions at fixed energy or rigidity de-
scribed by distribution derived from the simulation. A cor-
rection for different selection efficiencies will be applied
in evaluating the ratios. The cut efficiencies (single track,
fiducial volume traversed, minimum number of hits on the
bending view, minimum lever arm, χ2) have been carefully
estimated using both experimental and simulated data. Ex-
tensive Monte Carlo simulations (GEANT4+QGSP BIC)
have been carried out in order to estimate with low statisti-
cal errors track efficiencies, correction to geometrical fac-
tors and contaminations [8].

Fig. 7: 2H/1H ratio as a function of kinetic energy

Fig. 8: 3He/4He ratio as a function of kinetic energy
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Fig. 9: 7Li/6Li ratio as a function of kinetic energy

5 Preliminary Results
In the following we show some preliminary results for
isotope ratios of hydrogen, helium, lithium and beryllium
together with other measurements. Work is in progress, we
plan to present updated results at the conference.
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Fig. 10: 7Be/9Be ratio as a function of kinetic energy
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Fig. 11: 10Be/9Be ratio as a function of kinetic energy
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