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Abstract

Hydrogen and helium cosmic ray nuclei spectra gathered from 1976 to
1993 bave been corrected to the lop of the atmosphere and normalized at
high rigidities. The variation of these primary cosmic ray fluxes above 400
Mev/nucleon has been examined as a function of the phase of the solar cycle
with the force-field approximation model. The intensity of the normalized
fluxes between solar maximum and minimum conditions varies by a factor
of 6 for hydrogen and a factor of 4.3 for helium at the lowest rigidities
considered.

1 Introduction

Hydrogen and helium nuclei constitute more than 95 % of the total cosmic
ray component observed at the top of the earth's atmosphere. A study of their spectral
shapes and bow these are affected by solar modulation is essential for understanding
panicle propagation and acceleration mechanisms. In this paper, observations of
hydrogen and helium spectra are reported above 400 Mev/nucleon. for 7 balloon
flights covering nearly two solar cycles. A summary of the experiments reported here
is given in Table 1.

2 The Apparatus

The 1991 spectrometer configuration is described in Paradis (1995). A
detailed description of the original spectrometer, flown from 1976 to 1989, and an
analysis of its performance can be found in Golden et al.. 1991.
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TABLE 1. The PAL Observing Program.

FLIGHT

CRL3
CRL7
CRL8
LEAP

MASS 89
MASS 91

TS93

DATE

5/20/76
6/21/79
9/26/86
8/21/87
9/5/89
9/23/91
9/8/93

LOCATION

PALESTINE, TX. USA

PALESTINE, TX. USA

AlNSWOfcTH. NE, USA

PRINCE ALBERT. CANADA

PRINCE ALBERT. CANADA

Ft SUMMER, NM. USA

Fi SUMNER, NM. USA

GEOMAGNETIC
CUTOFF Re (Gv/c)

4.5
45-5.5

1.7
0.7-1.1

0.7
4.3

4 3-4.5

ATMOSPHERIC
DEPTH intern')

5.8
5.4
5.0
4.7
50
5 8
4 5

MDR
(Gv/c)

110
125

50
120
200
200

3 Data Analysis

Positive particles were selected in the deflection range corresponding
to kinetic energies greater than 400 Mev/nucleon. Only panicles with rigidities above
local geomagnetic cutoff were considered. The data at lower energies was omitted to
avoid large energy-dependent corrections. Typical selection criteria for the tracking
system can be found in Paradis (1995). These ensure that a panicle's rigidity has been
determined reliably. Various combinations of scintillator pulse heights from the tkne-
of-fligbt detectors were used to determine the charge of the panicles. Timing
information was also used to eliminate multi-particle events and ihe small albedo
component Background and charge cut efficiencies were determined by using
independent scinullaior measurements.

4 Solar Modulation : Force-Field Approximation

The force-Held approximation to the steady-state, spherically symmetric
model of Glecson and Axford (1968) has been used to fit the observed spectra. This
model describes the solar modulation in terms of convection, diffusion and adiabatic
energy losses in the heliosphere. At high energies, Gleeson and Axford relate the
differential intensity )(tJE) at radial position r and total energy E to the undisturbed
intensity at infinity (the interstellar differential intensity) / . ( £ + *D). In this
formulation, the parameter <t> can be interpreted as the average energy loss
experienced by the panicles in propagating from infinity. The parameter <t> is a
function of the panicle's charge and energy, and in general, it is different for each
species. Ii also depends strongly on the form of the diffusion coefficient.

Assuming interstellar rigidity power-law spectra, corresponding deflection
spectra were computed at the top of the atmosphere. These spectra were then
propagated down to the spectrometer. Energy-dependent efficiency factors were used
to lake into account energy dependences in the selection criteria, in the geometric
factor of the experiments, and in the nuclear interaction cross sections in the material
above the spectrometer. The spectra thus computed were convolved with the
resolution function of their respective experiment and compared with the observed
data. The deflection range for each individual fit was selectively restricted in order to
minimize instrumental and geomagnetic cutoff effects. The results of the fits to the
force-field approximation model are summarized in Figure 1.

Figure I shows a plot of the fitted modulation parameters against scaled
neutron monitor count rales observed on the day(s) of each flight. The relation
between ihe fined modulation parameters and the corresponding Climax neutron
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monitor count rates can be described by <t> = <I>0 + eP> *PlX. The parameter <t>0 can

be interpreted as the residual modulation. X is the (scaled) neutron monitor count rate,
and P2 is a small negative parameter. Although the fas are quite good (low

overall X ' s ) , the fitted hydrogen data predicts a residual modulation <f>0 - 420 Mev

while the helium data predicts <t>0 - 540 Mev.

This is inconsistent with the
interpretation of the modulation
parameter O = I Ze I ty in the model
chosen, which should, in principle, give
twice as much residual modulation for
helium as for hydrogen. The values for
P, and P2 were (15 ± 1) and (-0.0052 ±
0.0008) for hydrogen, and (23 ± 13)
and (-0.0100 ± 0.0077) for helium.
Details of the fitting procedure and the
complete results can be found in
Paradis(1995).
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Figure 1. Filled Modulation Parameters

5 Normalized Fluxes At The
Top Of The Atmosphere (TO A)

The hydrogen and helium
absolute fluxes were first obtained at the spectrometer by deconvolving the observed
spectra and dividing the deflection bin counts by the collecting power of the MASS 91
experiment. Deconvolution of the observed data was necessary due to bin spillover
near zero deflection as a result of the finite resolution function of the spectrometer.

The correction procedure to the lop of the atmosphere has been explained in
Paradis (1995). Briefly, corrections were made for nuclear interactions in the payload,
attenuation in the atmosphere, and continuous ionizauon energy losses in the material
above the spectrometer. For the protons, the work of Papini el al (1993) was also used
to correct for secondary production in the atmosphere.

Ail the fluxes were normalized to the MASS 91 integral fluxes below 0.06
c/Gv (i.e. above rigidity * 16.67 Gv/c), and multiplied by a correction factor to account
for the differences in solar modulation (Webber. 1995).

The absolute proton and helium fluxes, corrected to the TO A, are
Summarized in Figures 2 and 3. Also shown in the figures are power-law spectra <*
(d)07 , corresponding to unmodulated spectra.

6 Conclusions

As can be seen in Figures 2 and 3, the magnitude of the normalized fluxes
varies considerably with the amount of solar modulation. At the lowest rigidities
considered, we observe a difference of a factor of 6 in the proton fluxes, and of a factor
of 4.3 in the helium fluxes between minimum and maximum solar modulation
conditions.
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Figure 2. Normalized Hydrogen Fluxes.
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Figure 3. Normalized Helium Fluxes.

In analyzing the modulaiion effects with the force-field approximation, we
see a strong correlation between solar activity as measured by the neutron monitor
count rates and the filled modulation parameters. However, the prediction from this
model that <2> = IZ e I ty is not verified. This is attributed to some structure in the
observed spectra which gives rise to high uncertainties in the fitted parameters. We
conclude that the force-field modulation model can only predict the general shape of
the spectra, and that more sophisticated models may be required to explain the detailed
structure of the observations. The irregularities in the observed spectra might be
instrumental, but the mechanisms for such effects are unknown.

Detailed tables of the proton and helium spectra observed at the spectrometer,
and of the same specira corrected to ihe top of the atmosphere can be found in Paradis
(1995). It is hoped that these extensive and detailed observations will provide a
valuable tool for testing models of solar modulation and geomagnetic effects.
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