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Abstract

For the post decade BESS (Balloon-borne Experiment with a Supercon-
ducting Spectrometer) has collectad large quantities of cosmic-rane hydrogen and
helivm data. The instrument Hown in 1993 was able to detect totium between
0.10 GV /n and 1.0 GeV /n. The timing resclution of 75 pico-seconds enablad the
instrument to sepamte *H from *H with excellent moss resclution. The energy
spactrum of *H and its abundance relative to parent nuclei were measured. The
implications of these results on atmospheric *H corrections is discussed in this
paper.

1. Introduction

The BESS instrument, which has been Hown annually since 1883, was
constructed as a high resclution instrument [1,2,9] o conduct searches for cosmic-
ray anti-particles of novel primary origins and antimatter [56.3], and to take
precise mensurements of wmricus coemic my components such as the sctopes of
Hydrogen and Helium. The BESS 958 Hight was carried out on July 289th, from
Lynn Lake, Manitoha, Canada. The balloon Hoated for 22 hours. With the
improved timing resclution of 75 ps, it was possible to clearly separate Hydrogen
isotopes up to rigidities arcund 5 GV. The 'H and *H spectra at the top of
atmesphere were reported in [3,7]. In this ballson-borne experiment, accurats
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mensurements of primary particles was hampered b second are particles produced
in the atmosphere. At low energies, the messured ?H oounts were dominated by
atmeospheric secondaries and must be corrected in crder to obiain the final *H
spectrum at top o atmeosphere. Trtium nuclel are secondary particles produced
in the atmosphere primarily as a product of helium interacting air targets. We
repart our analvsis of atmespheric *H and *H in this paper.

2. Data Analysis

The spectrum at the top of the atmeosphere was obtained by correcting cur
mensurements for the residual atmeospheric overburden. Three physical processes
of ionization, attentuation, and production were talen into account to calculate
this secondary Hux as shown in Wang et al. [12]. The transport equation used in
this calculation is the same as Papini et al. [11]. While Webber's compiled data
[13] were used as the input proton and helium spectra in Papini et al. [11], the
mensured BESS 93 proton and helium data were used in our caleulation.

Since these events with negative rigidity are veryv rare comparad to events
with positive rigidity, a bissed trigger was used to limit the number of positive
events recorded at low energies. An unhbinsed set was collected, cne out of G0
events for charge one (T = 1) particles and cne cut of 25 events for charge two
(Z = 2) particles. This “countdown” set was used in this analysis. The Z =
1 and © = 2 candidates were separated by the ionization energy loss (dE/dx)
of each event in the top time-of-Hight counter. Cuts were applied to the Z = 1
candidates to ensure single track events. The purpose of the single-track selection
i5 to eliminate events where nuclear interactions cocurred inside the instrument.
To ensure track quality and consistency further cuts were appliad. After all the
cuts, roughly 570,000 good T = 1 events remained. The event selecticn efficiency
was around 74% of all single-track events. The velocities of the remaining Z =1
events as a function of rigidity are shown in Fig. 1. The events of 'H,*H, and *H
are clearly separated up to slightly above 5 GV, *H events are well separated from
?H events hetween the ensrgies of 0.10 and 1.0 GeV /n at the balloon altitude, ie.
atmospheric depth of 5 gem =2, Iinss histograms for the detected *H events and
their Gaussian fts are shown in Fig. 2. The area under the Gaussian function
was used as a particle count for each energy bin. A similar selection process was
done far T = 2 events to separate "He and *He [4].

3. BResults and Discussions

The estimated stmospheric deuterium secondaries were calculated with
the BESS 93 hydrogen and helium input spectra [34] as was dane by Wang et
al. [12]. Our results are consistent with the calculations of Papini et al. [1]] as
shown in Fig. 3. Our calculation for BESS 98 (thick sclid line) is in agreement
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Fig. 1. The velocities of the Z=1 Fig.2. Ndass histograms of °H detectad
events az a function of rigidity. The from EESS @8, *H was detected over
solid curves show, from top to bot- specific energy ranges at the atmo-
tom , the thecretical relation hetween gpharic depth of 5 g/em®. The en-
velocity and rigidity of hydrogen, ergy ranges in units of GaV/nucleon
deuterium, and tritivm. areas follows: (o) 0.10-0.13, (k) 0.13

-0.1%, (2) 012 -0.24, (d) 0.24 - 0.32,
(=] 0.32- 042, (f) 042-0.56, (z) 0.56
-0.75, (h) 0.75 - L0,

with the calculation Papini et al. arcund the pericd of solar minimum (thin solid
line).

The mensured ratio of *H at atmespheric depth of 5 gem =2 to *He at the
top of atmosphere was cbtained in the energy rmanges between 0.15 GaV/nand 1.0
TeV/n. The *He nuclei range cut below 0.18 GeV/n due to ionization ener gy loss.
The measured ratio as a function of energy was compared with Papini et al. [10],
as shown in Fig. 4+ The scdlid lines represent the *H/*Ha calculation of Papini et
al. for solar minimum. The dotbed lines represent the same calculation for solar
maximum. The BESS 83 data show excellent agreament with the predicted solar
minimum curve for 5 gem~? atmospheric depth. At this grammage, the mtic of
H/*He differs by roughly 20% between solar minimum and solar macdmum [10).
The mensured *H data are consistent with the atmospheric secondare caloulations
used to obtain the *H spectrum at the top of the atmosphere.
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Fig.3. Caleulated flux ofsecondary *H Fig. 4. The ratio of *H at 5 gem—7

at 5 gem ™. The thick salid line rep- to ‘He at the top of atmeosphere

resents the caleulation from BESS 98, (filled circles) as a function of en-

The thick dashed line represents the argy. The solid line represents the

caleulation from BESS 93 [12]. The Papini’s “H/*Hs caleulation for so-

solid lines represent Papinis “H cal- lar minimum at different atmeospheric

culation for solar minimum at differ- depths (3, 5, £ 10 gem—=). The dot-

ent atmeospheric depths (3, &5, & 10 ted line repregents the sams caleula-

gem~= |. The dotted lines repressnt tion for solar maximum.

the same caleulation for solar maxi-
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