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Abstract

The Balloon-borne Experiment with a Supercond ucting Spectrometer (BESS)
has besn Howrn annually for the past ten vears to collect cosmic-ray data. In
19893, the instrument was launched from Lynn Lake Manitoba. During the 22-
hour Hight, the instrument gathered 33 GB of data, roughly 1.7 « 107 cosmic ray
events. The helium isctopes were effactively sepamted for energies between .13
GeV/nand 1.78 GeV/n. Once accounting for stmospheric secondary corrections,
the abtsdute Huxes for *He and *He were determined for this energy range. These
results were comparad with the results of previous measurements and thecretical
calculations of different propagation models, namely, the Standard Lealy Box
Model and the Reacceleration Model (SLBM ). The *He/4He ratio provides infor-
mation regarding the propagation history of cocemic-ravs. Some implications of
these results on ccemic ray propagation are presented in this paper.

1. Introduction

Cosmic-ray *He nuclei are created from the nuclear interactions of primane
cosmic-rays, mainly H and He, during their galactic propagation. The energy
dependence of the mbio of the secondaries to primaries can distinguish among
Galactic propagation medels. Since BESS [1] was first launched in 1993, its annual
Hights have provided better and betber results due to the continued improvements
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in the instrument’s configuration [2,13]. The 1993 Hight was launched on July
2gth. With its improved timing resclution, the 1883 instrument was able to
distinguish *He isctopes from *He primares up to 1.78 GeV/n.

2. Data Analysis

Since the BESS instrument was designed to observe negativelv charged
antimatter of primary crigin [10], a biased trigger was used to limit the number
of positive events recorded at low energies, because the number of events with
negative rigidity is very small in comparison. For charge cne (2 = 1) and chargs
two (T = 2) particles, respectively, one event out of 60 and cne event cut of 25 wers
trggerad without a bias. These events comprised the “countdown data set” used
in this analyvsis. The particle "events” that the BESS instrument detected were
first separated b charge. The Z = 1 and Z = 2 candidates were determinad b
the ionization energy lass (dE,dx) of each event in the top time-of-Hight counter.
Cuts were appliad to ensure single trad: ewents inside the instrument. Further
cuts ware then applied to ensure track quality and consistency. MMass histograms
ware made for the remaining events to effectively ssparmte *He from *He. Figure
1 shows the mass histograms of *He that fit well with Gaussian functions. *He is
clearly separated from *He between 0.13 GeV/n and 1.78 GeV/n. The area under
the Gaussian function was used as the particle count.
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Fig. 1. The mass histograms of *Hes from BESS 98 at the top of the atmeogphare. The
energy rangss are in units of GeV nucleon and are as follows: (a) 0.18 - 0.24, (b)
0.24 - 0.32, (2] 0.32 - 042, (d) 0.42 - 0.56, (=) 0.5 - 0.75, (f) 0.75 - 1.00, (g) 1.00 -
1.23, (h) 1.33 - L.78.

In halloon experiments, secondary parficles produced by nuclear interac-
ticns in the atmeosphere are messured along with the primarn: cosmic-ray events.
The count spectra for *He and *He were corrected for atmespheric secondaries.
Without correcting for these secondar: particles the cosmic v spectra at the
top of the atmosphere cannct be correctly determined. Calculations for the at-
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mespheric secondary cosmic-rovs were reparted in Wang et al [15]. The samse
method was used for the BESS 93 dakn analvsis. The absclute Hux was deter-
mined by the following:
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where Oy is the inverse of the countdown rate for Z=2 events (25), E_¢ iz the
effective geocmetry factor (calculated to be 0.22mPsr), E. is the efficiency of the
data selection cuts (calculated to be 83.3%), T is the live time (36.4% during the
Hoat time), AE;, is the energy bin size at the BESS Hoat altitude and corresponds
to AErs, at the top of the atmosphere, f.(E) is the atmospheric secondary
spectra, and 7 E) is the correction factor for the atbenuation less [14.

3. BResults and Discussion

The absclute Huxes of *He and *He, and their ratic obtained by analyzing
the BESS 958 data are shown in Fig. 2. The BESS 83 through BESS 838 spectra
show annual waristion that can be atbributed to solar modulation. In the STERM,
the main parameter is escape length, X, which is the mean thickness of matber
travwersed by cosmic ravs. The escape lengths used here are the same as in Wabbear
et al[18]: X, = 35.10R " gom ™ for B> 330V and X, = 1723 gom™ for R
3.3GV. The reacceleration model, requires the additicnal parameter a, which de-
termines the efficiency of reacceleration, but the escape length is a simple powear
law in rgidity that reduces the number of total free parameters. The reaccelera-
tion model used in this analvsis of cosmic ray transport involved two parameters
which ate the same cnes used by Seo and Prusldn [11]: 14{R)-13 gem=? for the
power law escape length, and a = 10-3 {gem =)~ for the rencceleration efficiency.
The energy spactra for *He and *He as well as their rofics were mensured with
good precision over the energy range (.18 - 1.73 GeV/n by analyzing the data
from BESS 98. The He and *He spectra are in rensonable agresment with hoth
the reacceleration model and the SLEM. Both the *He and *He spectm are in
close agreement with the 700 MMV medulation curve for each model. The total
He (*He + *He) spectrum (open circles ) is in betber agreement with the 810 MV
modulation curve as is the total H spectrum from the same vear [§,12]. The
He MHe mtio of the BESS data tends to be higher than previous data. While
the ratic is consistent with both medels, it is in slightly better agresment with
the SLBLL
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Fig. 2. Comparison of *He and *He BESS 98 fluxes and ratio with previous data. and
with theoretical predictions of both the rescederation model and the SLEL. The
zolid and dashed curves represent the reacceleration model and SLME respectively,
{top to botbom, 500, 00, TOOLIV).
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