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Abstract: The Balloon-borne Experiment with a Superconducting Spectrometer (BESS) was flown eight
times from Lynn Lake, Manitoba, Canada between 1993 and 2002. The performance of the instrument
was improved with essentially each successive flight, and precise spectral measurements of cosmic-ray
hydrogen and helium isotopes were made during different phases of the solar modulation. This paper
presents the measured isotopic spectra for the most recent solar maximum in 2000 and compares the
results with previous measurements and with the theoretical prediction from the Reacceleration model.
Both 1H and2H spectra are consistent with the propagation calculation with the solar modulation param-
eter 1500 MV. The total He (3He + 4He) flux is in good agreement with the same modulation parameter.
Fluxes of3He and4He require slightly higher modulation parameter.

Introduction

Precise measurements of the isotopic composition
of hydrogen and helium nuclei can provide infor-
mation on the cosmic-ray origin and propagation
history in interstellar space. The Balloon-borne
Experiment with a Superconducting Spectrome-
ter (BESS), which has been flown annually since
1993, has measured both the primary cosmic-ray
hydrogen, helium and their secondary particles as
well as antiparticles [1, 2]. BESS-2000 was flown
in northern Canada from Lynn Lake to Peace River
where the geomagnetic cuttoff rigidity ranges from

0.3 to 0.5 GV at about 4.3g/cm2 of residulal at-
mosphere from August 10th to 12th in 2000.

In this paper, we present the absolute fluxes of pri-
mary proton, helium, and their isotopes with the
energy range 0.23 GeV/n - 2.37 GeV/n as mea-
sured during the most recent solar maximum with
the BESS-2000 flight. We compared these fluxes
to the previous measurements BESS and other in-
struments as well as the theoretical prediction from
the Reacceleration model [3].
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The BESS Instrument

The BESS spectrometer was designed and con-
structed to search for antimatter in cosmic rays,
and to make precise measurements of other cosmic
ray components [4]. All of the detector’s compo-
nents are assembled in a cylindrical configuration
with a superconducting solenoidal magnet. The
solenoid provides a uniform magnetic field of 1
Tesla. The particle’s trajectory is measured by a
tracking system composed of several detectors in
the instrument. The TOF hodoscopes consist of
ten plastic scintillation counter paddles at the top
and twelve at the bottom of instrument. The ho-
doscopes provide the velocity(β ≡ v/c) and en-
ergy loss (dE/dx) measurements. The time res-
olution of each counter is 55 ps, which yields a
1/β resolution of 1.4% [5]. The data acquisition
sequence is initiated by a first level TOF trigger,
which is a coincidence of signals in the top and
bottom scintillators. The tracking system consists
of a central jet-type (JET) chamber and two in-
ner drift chambers (IDC), which are used to de-
termine a particle’s rigidity. The track positions
in the r-φ plane and along the z-axis are measured
by all three independent detectors: JET, IDC, and
TOF. The plastic scintillators, a lead plate and the
Acrylic Čerenkov Counter were placed at the bot-
tom of the BESS-99 to improve accurate measure-
ments for highly-charged particles and theµ/e sep-
aration, but the plastic scintillators were removed
for BESS-2000. ThěCerenkov counter with the
silica aerogel radiator was not used in the current
isotope analysis.

Data Analysis

The countdown data are unbiased data sets that are
used in our data analysis to obtain the cosmic-ray
particles with positive charge and positive veloc-
ity [6]. One of every 30 events passing the trigger
system were processed and saved in the countdown
data set for BESS-2000. After removing the events
with negative velocity and negative rigidity, single-
track cuts were used to remove events either not
passing the fiducial region of the JET chamber or
having nuclear interactions within the instrument.
The charge identification was based on the ioniza-
tion signals in both the top and bottom TOF scin-

tillation counters. From the data set passing the
single-track cuts, we selected the Z = +1 and Z =
+2 particle candidates by applying dE/dx cuts to
select good events. Note that the dE/dx cut in this
analysis is more loose than that of paper [7]. A
narrower dE/dx band cut was used to remove re-
coil protons in our previous work [7]. However,
this cut also removes deuterium. The proton fluxes
below 1 GeV reported in this paper are slightly
higher than those presented in paper [7]. The ef-
ficiencies of the single-track cuts for each particle
were estimated by the Monte Carlo simulations us-
ing GEANT 3.21.

In order to achieve good measurements of the
rigidity, track-quality and consistency cuts were
applied to the Z =+1 and Z = +2 candi-
dates. Track-quality cuts ensure particle’s passing
through the center of JET chamber, and the number
of hits for trajectory fitting. The consistency cuts
ensure the consistency of hitting in the TOF and
IDC with JET track in both the r-φ and r-z planes.
Mass histograms were made for the selected events
to effectively separate2H from 1H and3He from
4He and the plots were presented at prvious pa-
per [8].

In balloon experiments, secondary particles pro-
duced by nuclear interactions in the atmosphere
are measured along with the primary cosmic-ray
events. The1H spectrum was corrected for atmo-
spheric secondaries as described in paper [7]. The
2H, 3He, and4He spectra were also corrected for
atmospheric secondaries as described in paper [9].
The absolute flux was determined by the following:

FTOA(E) =

{
N(E)Cd

εgf (E)εcT∆Ein

− fsec(E)}
∆Ein

η(E)∆ETOA

whereCd is the inverse of the countdown rate (30),
εgf is the effective geometry factor (calculated av-
erage to be 0.193 for1H, 0.211 for2H , 0.172 for
3He, and 0.180m2sr for 4He), εc is the efficiency
of the data selection cuts (85.5%), The efficiencies
of track-quality and consistency cuts were obtained
from the average of the particles which passed the
high energy limit of the each particle in which the
efficiencies were constants with repect to the en-
ergies. T is the live time (28.7 hours),∆Ein is
the energy bin size at the BESS float altitude and
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corresponds to∆ETOA at the top of the atmo-
sphere,fsec is the atmospheric secondary spectra,
andη(E) is the correction factor for the attenuation
loss.

Results and Conclusions

The absolute fluxes of hydrogen, helium and their
isotopes,1H, 2H, 3He and4He, obtained by analyz-
ing the BESS-2000 data are shown in Figure 1 and
2. Only statistical uncertainties are included in the
error bars. IMAX-92 data [10] (open diamond) and
MASS-89 data [11] (snow symbol) are also shown
to compare with the BESS data. The solid curves
represent calculated spectra using the Reacceler-
ation model with solar modulation parameters of
500, 600, 700, 800, 900 and 1500 MV from top
to bottom. Stochastic reacceleration of the cos-
mic rays in the turbulence which supposedly ex-
ists in the interstellar medium was considered in
the Reacceleration model [3]. For each isotope,
the local interstellar spectrum obtained from the
galactic propagation calculation was subjected to
solar modulation based on a numerical solution for
a spherically symmetric model [12].

A successive evolution of fluxes along with the
solar modulation are clearly shown in the energy
spectra measured by BESS-2000 and earlier BESS
flights, BESS-93, 94, 95, 97 and 98 [13, 14]. Our
resulting spectra are consistent with the theoretical
calculations with 1500 MV and with previous ob-
servation from MASS-89, which was flown at the
previous solar maximum. The absolute fluxes of
1H and2H measured by BESS during the 93, 94,
95, 97, 98, and 2000 flights agree well with the
predictions of the Reacceleration moldel with so-
lar modulation parameter values of 800, 700, 600,
500, 600, and 1500 MV, respectively. The total He
(3He + 4He) fluxes are in good agreement with the
same modulation parameters of1H and 2H. The
3He and4He fluxes measured by BESS during the
same flights agree with the Reacceleration model,
albeit with slightly higher modulation parameter
values.

In conclusion, we present the absolute fluxes of
1H, 2H, 3He and4He, obtained from the BESS-
2000 data. The BESS-2000 fluxes, which are much
lower than those of previous BESS flights due to
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Figure 1: The absolute fluxes of1H and2H.
The solid lines are theoretical predictions of the
Reacceleration model. Modulation parameters are
500, 600, 700, 800, 900 and 1500 MV from top
to bottom. (a)1H fluxes from BESS (93(solid tri-
angle), 94(open triangle), 95(open star), 97(open
cross), 98(solid circle), and 2000(solid square))
and IMAX-92(open diamond) data. (b) The ab-
solute flux of2H from BESS and MASS-89(snow)
data.
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Figure 2: The absolute fluxes of4He and3He.
Open circle and open square are for total He of 98,
and 2000, respectively, and all other symbols are
the same as Fig.1. (a) The absolute flux of4He
from BESS-2000 and from previous BESS (93, 94,
95, 97 and 98) data. (b) The absolute flux of3He
from BESS-2000, previous BESS (93, 94, 95, 97
and 98) and from MASS-89. The solid lines are the
Reacceleration model with modulation parameters
of 500, 600, 700, 800, 900 and 1500 MV from top
to bottom.

maximum solar activity in 2000, are consistent
with those previous BESS measurements after ac-
counting for the relevant values of the modulation
parameter.
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