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Abstract: The Balloon-Borne Experiment with a Superconducting Spectrometer (BESS-Polar II) flew success-
fully over Antarctica during 24.5 days in December 2007 through January 2008. The long duration of the flight,
and the good stability of the detectors, improved by a factor of 5 the number of cosmic-ray events previously
recorded with BESS-Polar I, reaching about 4.6 billion collected particles. The charge, the rigidity and the ve-
locity of crossing particles are measured by using the various particle detectors present in the instrument. These
measurements can precisely identify cosmic-ray hydrogen and helium isotopes among the incoming particles in
the GeV per nucleon region, which are expected to provide important information on cosmic-ray propagation in
space. The BESS-Polar II instrument and the analysis to measure cosmic-ray hydrogen and helium isotopes are
presented in this paper.
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1 Introduction
BESS-Polar is a Japanese-US collaboration and the succes-
sor of the BESS experiment which carried out 9 balloon-
flight missions from 1993 to 2002 in the Northern hemi-
sphere [1]. BESS-Polar I and BESS-Polar II were flown
successfully over Antarctica, collecting data respectively
in December 2004, for 8.5 days, and in December 2007
through January 2008, for 24.5 days.

The central goals of the BESS-Polar experiment are
to precisely measure low energy antiprotons [2] and to
search for antihelium in the cosmic rays [3]. In addition,
the BESS-Polar instruments allow to precisely identify
cosmic-ray hydrogen and helium isotopes [4]. Flux mea-
surements of antiproton and normal nuclei give comple-
mentary information on solar modulations and provide in-
formation on cosmic-ray origins and propagation in inter-
stellar space.

Flying over Antarctica makes possible long-duration da-
ta taking and ensures measurements at low rigidity cut-off.
BESS-Polar II flew from December 2007 to January 2008,
during a solar minimum activity period. The paper is fo-
cused on the flux measurements of hydrogen and helium
isotopes with the BESS-Polar II instrument. In section §2
the instrument and its flight conditions will be described,
and in section §3 the current analysis to separate hydrogen
and helium isotopes with BESS-Polar II will be presented.

2 The BESS-Polar II instrument and flight
The BESS-Polar instrument is configured with various par-
ticle detectors arranged concentrically with a supercon-
ducting solenoid magnet. As displayed in Figure 1, BESS-
Polar II contains 3 layers of time-of-flight hodoscopes
(TOF) made of plastic scintillators with a photomultipli-
er (PMT) at both ends. Two TOFs are positionned at the
top and bottom of the instrument, and one is placed insid-
e the superconducting magnet. The difference in the mea-
sured times between the top and bottom (or top and mid-
dle) TOFs gives the velocity β of the crossing particle, and
the dE/dx energy loss inside the TOF paddles gives the
charge Z of the particle. The magnet cryostat is the pres-
sure vessel of the drift chamber tracking system [5] which
provides the reconstruction of the particle trajectory. The
measurement of the particle trajectory deviation due to the
magnetic field of 0.8 T gives the rigidity R. A resolution
of about 140 µm is achieved in the bending plane, giving
a resolution on the magnetic rigidity of 0.4 % at 1 GV, and
a maximum detectable rigidity of 240 GV. A silica-aerogel
Cherenkov counter is also present in the instrument. It re-
jects e− and µ− with a factor of 6100 to identify antipro-
tons up to 3.5 GeV [6]. More details on the BESS-Polar II
spectrometer, and changes compared to BESS-Polar I can
be found in [7].

BESS-Polar II was launched on December 22nd, 2007,
for 24.5 days of observation time over Antarctica around
the pole as shown in Figure 2 at a floating altitude from
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Fig. 1: Cross-sectional views of the BESS-Polar II payload.

34 km to 38 km (residual air of 5.8 gcm−2 on average),
collecting 4.7 billion particles. The rigidity cut-off didn’t
exceed 0.6 GV, and the majority of the flight was below
0.2 GV. Two PMTs had to be turned off during the flight
due to high voltage issues, one on a top TOF paddle (of
10), and one on a bottom TOF paddle (of 12). In addition,
high voltage fluctuations occured in the central tracker, and
calibration of the tracker over short periods of time had to
be performed.

Fig. 2: BESS-Polar II flight trajectory from 22 December
2007 to 21 January 2008.

3 Data analysis
For the present study, Monte Carlo simulations of the in-
strument’s response with the crossing of hydrogen 1H, 2H
and helium 3He, 4He isotopes were performed using the
GEANT3 simulation code [8]. They were simulated down-
ward going isotropically above the instrument with ener-
gies from 0.001 to 25 GeV.

Separating hydrogen and helium isotopes requires pre-
cise measurements of β , Z and R. In order to achieve these
precise measurements, a rigorous event selection is per-
formed and is detailled below.

3.1 Event selection
β and Z are determined with the TOF detectors. To get
the most precise measurements on the particle velocity,
only events crossing the top and bottom TOFs are kept. A
resolution of 2.5 % is reached on β−1. During the flight,
90 % of TOF photomultipliers were operationnal. In order
to get the best measurements of dE/dx, which give the
charge of the particles, only those crossing TOF paddles
with both working PMTs are kept. These two selection
criteria defines the geometrical acceptance of BESS-Polar
II for the measurement of hydrogen and helium isotopes. It
leads to an acceptance of 0.29 m2sr at about 1 GeV/n.

After requiring that particles cross the instrument from
the top to the bottom (β > 0) and are positively charged
(R > 0), selections of Z = 1 or Z = 2 events with the top and
bottom TOFs are applied. The Figure 3 shows the dE/dx
Vs. R band selection cut defined to separate Z = 1 and
Z = 2 particles with the top TOF.

Fig. 3: The dE/dx in the top TOF counter versus the mea-
sured rigidity R for 45 min of data taking with the BESS-
Polar II spectrometer. The long-dashed line represents the
selection cut used to separate Z = 1 (below) and Z = 2
(above) events with the top TOF. The dotted line corre-
sponds to the maximum dE/dx allowed for Z = 2 events.

We can divide the event selection criteria into two cate-
gories, one that will be called the “single-track” selection
cuts and the second that will be called the “quality” selec-
tion cuts.

The single-track cuts, including the charge selection cri-
teria, are aimed to remove particles that interacted hadron-
ically inside the detector. They require only 1 hitted TOF
paddle each in the top and bottom layers and 1 recon-
structed track. In addition, it is required that the track pass
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through the center of the tracking chamber to remove ef-
fects from the detector sides, and that β < 1 for mass mea-
surements. The selection efficieny is estimated with Monte
Carlo simulations and is about 80 %.

The quality cuts are aimed to remove particles for which
tracks are poorly reconstructed because of noise or detec-
tor limitations. To improve the quality of the data set, a
minimum of 3 inner drift chamber pads and a maximum
of 100 hits in the jet chamber are required. To get better
measurements, only events with good fitting parameters χ2

in both Z-Y and X-Y planes, and for which the measured
rigidity has a good estimated error, are kept. Other crite-
ria include consistency cuts that require a good match be-
tween the reconstructed track and hits in the tracking de-
tectors and TOF paddles. Quality cuts give a selection effi-
ciency of about 70 %.

Once the selection criteria defined above are applied to
the data, the next step is to identify hydrogen and helium
isotopes.

3.2 Isotope identification
Figure 4 shows β−1 Vs. R for Z = 1 (top) and Z = 2 (bot-
tom) particles after refining the flight data sample (45 min
of data) used in this paper. It illustrates the good separa-
tion between 1H, 2H and 3H and between 3He and 4He. In
addition, a good agreement between theoritical lines and
measurements is observed, except at the lowest rigidities,
which reflects the detection rigidity threshold of the instru-
ment.

Fig. 4: β−1 versus R for Z = 1 (top panel) and Z = 2
(bottom panel) particles after applying the event selection
cuts, for 45 min of data taking. Dashed lines correspond
to the theoritical curves for various species present in the
data.

In order to identify the different isotopes, the distribu-
tions of measured masses M are used.

M = ZR
√

1/β −1. (1)

For every energy bins considered, double Gaussian distri-
butions are fitted to count the number of particles for every
species remaining after the event selection. Figure 5 and 6
show the mass distributions respectively of 2H and 3He
particles for multiple energy intervals. As observed previ-
ously in Figure 4, higher the energy is, more difficult it is
to separate isotopes. The energy intervals indicated in the
figures correspond to the energy of particles at top of at-
mosphere. To estimate it, the energy inside the instrument
is corrected for energy losses inside the various layers of
the instrument and for ionization energy losses in the atmo-
phere.

Fig. 5: Mass distributions of 2H events remaining af-
ter the event selection, for increasing top of atmosphere
energy intervals, for 45 min of data taking. The cor-
responding double Gaussian distributions used for iso-
tope separation are also displayed. Reading plots from
left to right and top to bottom, the energy interval-
s are [0.1;0.13], [0.13;0.18], [0.18;0.23], [0.23;0.31],
[0.31;0.42], [0.42;0.56], [0.56;0.74], [0.74;0.98] in GeV
per nucleon.
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Fig. 6: Mass distributions of 3He events remaining af-
ter the event selection, for increasing top of atmosphere
energy intervals, for 45 min of data taking. The cor-
responding double Gaussian distributions used for iso-
tope separation are also displayed. Reading plots from
left to right and top to bottom, the energy interval-
s are [0.18;0.23], [0.23;0.31], [0.31;0.42], [0.42;0.56],
[0.56;0.74], [0.74;0.98], [0.98;1.32] in GeV per nucleon.

4 Conclusion and perspectives
In this paper were presented the BESS-Polar II instrumen-
t and flight. It was shown how the characteristics of cross-
ing particles are obtained from the various detectors. It was
demonstrated how well can be performed the identification
of hydrogen and helium isotopes from about 0.2 GeV/n to
1.0 GeV/n. The analysis of the full data set of 24.5 days
is promising. Statistical uncertainties are expected to be re-
duced significantly on the measured isotope fluxes and thus
on secondary-to-primary ratios. Upcoming results should
give important information and constraints on cosmic-ray
propagation models.
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