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The Balloon-Born Experiment with a Superconducting Spectrometer (BESS) has measured cosmic-ray 
spectra blow 1 TeV and searched for antiparticle of novel cosmic origin. The BESS program is extended to long 
duration balloon (LDB) flights in Antarctica  (BESS-Polar) aiming at unprecedented sensitivity to search for 
primordial antiparticles. This report describes recent results from BESS and the progress in the BESS-Polar 
program. 

1. Introduction 
The Balloon-born Experiment with a 

Superconducting Spectrometer (BESS) has been 
carried out since 1993 for precise measurement of 
low energy   antiproton flux and    to search for 
cosmic-ray antiparticles of novel cosmic           

origin [1-4]. The energy spectra of primary cosmic 
rays were measured as fundamental information for 
cosmic-ray physics and to contribute to improved 
accuracy of atmospheric neutrino flux calculation.  
Table 1 summarizes various measurements carried 
out with a series of the BESS experiment with 
continuous upgrades [5-7]. Fig. 1 shows cross 

Table 1. Summary of cosmic-ray measurement with BESS  

Particles Depth 
(g/cm2)

Range
[GeV, GeV/n] 

Remarks/objectives Year Ref 

p-bar 5 0.18/0.1-4.2 
 (0.1~) 

Characteristic secondary peak, 2 GeV 
Search for novel primary origin 

1993 – 2004 [5-14] 

D-bar 5 0.2-1 Upper limit:,  1997-2000 [15] 
He-bar 5 1-14 Upper limit: 1993-2004 [16-18] 
P, He 5 1-120, 1-54 Error: < 5 % (p), at 100 GeV  1998 [19] 
P. He 5 1- 540, 1-250 Energy extended to 540 GeV (p) 2002 [20] 
P, He 5 0.18 – 20 Solar modulation  1993, 1997-02 [21,22] 
P, He, 5-28 0.5-10 Atmospheric interaction model   2001 [23] 
P-bar 5-26/994 0.2 – 3.4 Atmospheric antiprotons 2001/1997 [24] 

742 0.6 – 100 Atmosperic muons 1999 [25] 
P, p-bar 742 0.25 – 3.3 Atmospheric protons and antiprotons 1999 [26] 

940 – 994 0.6 - 21 Atmospheric muons 1995, 97, 99 [27,  25] 
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sections of the BESS spectrometer and its upgrades 
to BESS-TeV and BESS-Polar program [28, 29, 3].  
We report here cosmic-ray spectra precisely 
measured in the energy range below 1 TeV and the 
low energy cosmic-ray antiproton spectra annually 
measured. The latter enables the search for cosmic-
ray antiparticles of cosmic origin and study of the 
solar modulation of cosmic rays, including the 
charge-sign dependence of modulation by using as 
a unique and ideal probe the antiproton/proton ratio.    

2. Proton and helium fluxes  
The proton and helium spectra were precisely 

measured by using the BESS, and BESS–TeV 
spectrometers [19, 20].  The measurement with 
BESS, 1998, was made in the energy range up to 
120 GeV for protons and 54 GeV/n for helium 
nuclei with the overall uncertainty less than 5 % for 
protons and 10 % for helium. The energy range was 
extended up to 540 GeV for protons and 250 GeV/n 
for helium nuclei with the BES-TeV flight carried 
out in 2002. The overall uncertainties were 15% for 
protons, 20% for helium nuclei, respectively. The 
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Fig. 1. Cross-section of the BESS spectrometer and its upgrade for BESS TeV, and BESS-Polar program. 

Fig. 2. Proton and helium spectra measured by 
BESS-TeV in comparison with the spectra measured 
in other experiments. 
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measured results are shown in Fig. 2 in comparison 
with other experiments. The absolute proton flux 
measured with BESS-TeV and BESS, from 30 to 
100 GeV, are well consistent within the overall 
uncertainty of 5%. Above 30 GeV, the absolute 
proton flux measured by BESS and AMS [30] also 
shows good agreement within 5 %.  

At high energies, the spectrum F may be 
parameterized by a power law in kinetic energy, Ek,
as F = E k .  For the BESS-TeV result, the fitting 
was made in the energy ranges 30~540 GeV for 
protons and 20~250 GeV/n for helium nuclei so 
that the solar modulation effect was negligible. The 
best fit values and uncertainties for protons ( p and

p) and helium nuclei ( He and He) were obtained 
as p =  1.37±0.06(sta.)± 0.11(sys.) × 104  (m2 sr s 
GeV) 1, p = 2.732± 0.011(sta.)± 0.019(sys.) and
He =  7.06± 0.94(sta.)± 1.17(sys.) × 103  (m2 sr s 
GeV/n) 1, He = 2.699± 0.040(sta.)± 0.044(sys.), 
respectively [20]. The BESS-TeV results with the 
above parameters are consistent with the results 
from ATIC-I and from RUNJOB, as shown in Fig. 
3.  The BESS result contributed to the precise 
calculation of the atmospheric neutrino flux [31]. 

3. Measurement of low-energy 
Antiproton 

The “ mass-identified” low energy antiprotons 
below 1 GeV were first reported in BESS-1993 [5, 
6] and the energy spectra have been reported in the 
subsequent flights [7-14] as shown in Fig. 4. The 
secondary origin of most cosmic-ray antiprotons 
has been well understood by observing the 
characteristic peak of the spectrum at around 2 GeV.  
A measurement shows, however, a flatter spectrum 
at the very low energy region below 1 GeV in the 
solar minimum period of 1995 – 1997 [10]. It might 
suggest possible novel primary origins [32-34]. It 
was expected to continue the observation through 
the next solar minimum before drawing any 
conclusions on possible mixing of antiprotons from 
primary origins.  It is also important to study the 
affect of the solar modulation, because the low 
energy cosmic rays are much influenced by solar 
conditions.  

The antiproton to proton ratio measured by 
BESS has been a unique probe to study the solar 
modulation and its charge-sign dependence. The 

Fig. 3. The proton and helium spectra measured by 
BESS in comparison with the spectra measured by 
ATIC-1 and RUNJOB. Fig. 4. Energy spectra of low energy antiprotons 

measured by BESS since 1997. 
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BESS experiment has been able to track this 
dependence since 1995. Figure 5 shows the 
antiproton to proton ratio measured by BESS since 
1997. Increasing solar activity suppresses the 

relatively soft primary proton spectrum, while the 
secondary antiprotons are less affected. The 
moderate change in the antiproton/proton ratio with 
increasing solar modulation during the same solar 
magnetic field phase results mainly from the 
relatively greater suppression of the primary 
protons, and it is consistent with a spherically 
symmetric model calculation [35]. However, as 
shown in Fig. 5, the rapid increase of the ratio 
observed in BESS-2000 results from the dramatic 
suppression of the proton flux at solar maximum in 
the negative solar field phase. The temporal 
variation of the antiproton/proton ratio is more 
consistent with a drift model calculation [36, 37].

A search for antideuterons has been carried out 
using the data obtained from four balloon flights 
from 1997 through 2000, and no candidate was 
found [15]. We have obtained, for the first time, an 
upper limit of 1.9 x 10-4 (m2s.sr. GeV/n)-1 (95 % 

C.L.) on the differential flux of cosmic ray 
antideuterons, at the top of atmosphere in an energy 
region of 0.17 - 1.15 GeV/n as shown in Fig. 6.  
This derives an upper limit 1.8 x 100 pc-3 yr-1 (95 % 
C.L.) on the evaporation rate of local primordial 
black holes (PBHs) and an upper limit of 1.2 x 10-6

(95 % C.L.) on the density parameter of PBHs.  
The search for antihelium has been continuously 

carried out since 1993 [20-24].  No antihelium 
candidate has been detected in 6.6 x 106 observed 
helium events in a rigidity range of 1 – 14 GV 
accumulated in seven flights, 1993 – 2000. The 
resultant upper limit of the antihelium/helium flux 
ratio at the top of the atmosphere has been 
decreased down to < 6.8 x 10-7 with a 95 % 

Fig.5.  The p-bar/p ratio measured by BESS since 
1995 including a transient period of the solar 
magnetic field polarity change at 2000.  

Fig. 6. The upper limit of antidueteron flux based on 
the BESS flight data from 1997 – 2000.  
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confidence level under an assumption that 
antihelium and helium would have the same 
spectrum.

4. Progress of BESS-Polar Project 
A long duration balloon (LDB) flight over 

Antarctica (around the south pole) can provide a 
high-statistics, low-energy antiproton measurement. 
It flies at the low geomagnetic cut-off region about 
10 days for a single circumnavigation, so we can 
expect very much high statistics from one LDB 
Antarctic flight. The BESS flight around the South-
Pole, BESS-Polar, had been prepared since 2001 [3-
4] and the first flight was realized in December, 
2004. The flight path is shown in Fig. 7. 900 
million cosmic-ray events were recorded and 
securely recovered. The result is to be reported 
elsewhere [14]. The second flight with the BESS-
Polar spectrometer is to be realized in the end of the 
next solar minimum period, in 2007. The cosmic-
ray flux is expected to be highest at the end of solar 
minimum, and we intend the next BESS-Polar 
flight to be realized in Dec. 2007, with detector 
upgrades based on the experience obtained in the 

BESS-Polar I, 2004. Thus unprecedented statistics 
of the cosmic-ray observation are expected to 
advance the search for antiparticles of cosmic origin 
such as evaporation of PBHs. Figure 8 shows an 
expected antiproton spectrum for 20 days flight, in 
the solar minimum period [33].  

5. Conclusions
The BESS experiment has precisely measured 

comic-ray flux in the energy below 1 TeV. It has 
provided fundamental data on cosmic rays with 
various observations, and has searched for low 
energy antiparticles with novel cosmic origins. The 
BESS-Polar program is being carried out with long 
duration flights in Antarctica to realize 
unprecedented statistics in cosmic-ray observation 
at solar minimum, to search for antiparticles of 
cosmic-origin. 

The BESS program has been carried out as a 
US-Japan cooperative program in space science. 
The BESS program has been supported by 
KAKENHI, MEXT, in Japan, and supported by 
NASA, in the US. 
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Fig. 7.  The BESS-Polar flight profile in Antarctica.  
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