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tic properties are not particularly so, and these
latter are the principal concern of this Letter.

A lucid colloquium by Dr. Peter J. Wojtowicz
stimulated the author's interest in these problems.
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An absolute intensity measurement of cosmic-ray neutrons in the atmosphere, in the
energy range from thermal to 20 MeV, leads to a value of 0.36+0.06 neutron cm
sec ~ for the albedo neutron leakage flux at 42 geomagnetic latitude near solar mini-
mum. The significance of this value for evaluating the contribution of the cosmic-ray
albedo-neutron-decay source for the high-energy protons in the inner radiation belt is
discussed.

While cosmic-ray albedo neutron decay (CRAND)

is probably a source for some of the protons of
the inner radiation zone, the measurements re-
ported here, confirming earlier estimates by
Boella et al. ,

' indicate that if the theoretical cal-
culations of Dragt, Austin, and White' are cor-
rect, CRAND is too small by a factor of 50 to ac-
count for the high-energy (Ep) 20 MeV) inner-
zone protons.

The measurements were made in an experi-
ment in which boron plastic-ZnS(Ag) scintilla-
tion detectors were flown on balloons to obtain
the neutron counting rate from sea level (1030 g
cm ) to 4 g cm at 42' geomagnetic latitude
near solar minimum. The detection unit was
similar to that described by Boella et al. ': Two
detectors, one enriched in B"and one unen-

riched, were flown back to back and the neutron
counting rate was obtained by the difference tech-
nique. The detection unit was small and light-
weight to minimize local neutron production,
and it responded to energies from 0.025 eV to 20
MeV.

The measurements carried out enabled two es-
timates of the CRAND source strength to be
made. First, the neutron flux measured closest
to the top of the atmosphere near solar mini-
mum was 0.58 neutrons cm ' sec ' at 4 g cm '.
Since the flux decreases with increasing altitude
near the top of the atmosphere, this measured
flux must be an upper limit to the neutron flux at
0 g cm

Second, the measured neutron flux within the
atmosphere can be extrapolated to 0 g cm '. A
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simple linear extrapolation of the data overesti-
mates the leakage flux. The most meaningful ex-
trapolation is made by normalizing the data to a
theoretically calculated solution to the Boltz-
mann transport equation for neutrons in the at-
mosphere and to use the renormalized flux value
of the 0 g cm ' intercept of this curve as the
correct value of the albedo neutron flux. The
two theoretically calculated solutions (by Lingen-
felter, ' using the diffusion approximation, and

by Newkirk, ~ using the S~ approximation to the
transport equation) agree at 0 g cm '. Follow-
ing this procedure gives an extrapolated experi-
mental value of 0.36+0.06 neutrons cm ' sec
for the albedo neutron flux at 42' geomagnetic
latitude near solar minimum.

The measured values reported here can be
used to calculate the albedo neutron leakage flux
for specific energy ranges, utilizing Lingenfel-
ter's spectra (calculated from primary cosmic-
ray intensities). Table I summarizes the albedo
neutron flux at 42' geomagnetic latitude for sev-
eral pertinent energy intervals as based on
these measurements.

Dragt, Austin, and White' estimated the strength
of the CBAND source required to balance atmo-
spheric loss for protons in the inner radiation
zone. Comparing the required source strength
with the theoretically calculated albedo neutron
leakage flux of Lingenfelter, ' they conclude that
the CBAND source is a factor of 50 too low to
account for these higher energy protons. The in-
tensity of the measured neutron flux reported
here agrees with that calculated by Lingenfelter,
and confirms the previously measured value
found by Boella et al. ' Therefore, if the theoret-
ical calculations of the atmospheric loss of
Dragt, Austin, and White' are correct, these
measurements show that the CBAND source is
in fact a factor of 50 too low to account for the
high-energy protons in the inner radiation belt.

However, CRAND at present is the only tracta-
ble source for these higher energy protons. Fur-
thermore, recent measurements show that for
E~,E ) 0.52 MeV per nuecleon, the ratio ot in-
tensity of alpha particles to protons is l.1x 10
for 1.8 (I.&.2.2. This ratio is much smaller

Table I. Albedo neutron flux at 42' geomagnetic lati-
tude for several pertinent energy intervals, based on
our measurements at solar minimum.

Neutron energy range
(MeV)

Albedo neutron flux
(neutrons cm sec ~)

0-1
1-4
4-10

10-20
20-35
35-45
45-55

&55

0.23
0.32x 10
0.72x 10
0.].1x 10
0.05x 10
0.02x10 '
0.08x 10
0.08x 10

than would be expected if the solar wind were
the sole source of these inner radiation zone par-
ticles. Therefore, the calculations of radiation
belt source and loss mechanisms should be care-
fully scrutinized. Accurate representations of
the atmospheric density and of the geomagnetic
field are crucial for an evaluation of the atmo-
spheric neutron intensity required for an ade-
quate CRAND source. At present, there is
much uncertainty as to the accuracy of the vari-
ous models employed. More accurate calcula-
tions, preferably based on detailed measure-
ments, are needed.

*Work supported in part by the National Aeronautics
and Space Administration Grants Nos. NsG 237-62 and
NsG 249-62 and in part by Air Force Cambridge Re-
search Laboratories.

)Presently at the National Academy of Sciences Re-
search Associate, National Aeornautics and Space Ad-
ministration, Ames Research Center, Moffett Field,
Calif.

G. Boella, D. An".oni, C. Dilworth, M. Panetti,
L. Scarsi, and D. S. Intriligator, J.Geophys. Res. 70,
1019 (1965).

2A. J. Dragt, M. M. Austin, and R. S. White, J. Geo-
phys. Res. 71, 1293 (1966).

R. E. Lingenfelter, Rev. Geophys. 1, 35 (1963).
L. L. Newkirk, J.Geophys. Res. 68, 1825 (1963).

~R. E. Lingenfelter, J. Geophys. Res. 68, 5633 (1963).
S.. M. Krimigis and J. A. Van Allen, J.Geophys.

Res. 72, 5779 (1967).

1049


