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D
etailed information on the acceleration and transport of
solar cosmic rays can be derived through analysis of their

angular distribution (Bieber, Evenson, and Pomerantz 1986).
We show in this article that polar observing sites offer unique
advantages for making the requisite measurements with
ground-based detectors.

Neutron monitors respond to primary cosmic-ray parti-
cles above a certain threshold rigidity. For midlatitude and
low-latitude stations, this threshold is determined by the geo-
magnetic field and is termed the geomagnetic cutoff rigidity.
At high latitudes, however, the geomagnetic cutoff becomes
small, and the threshold is governed instead by atmospheric
absorption. As a result, neutron monitors located throughout
the north and south polar regions have nearly uniform
thresholds of approximately 1,000 million volts (correspond-
ing to a proton energy of 433 million electron volts).

The effect is illustrated in figure 1, which compares the
response of Mawson, Antarctica, with Newark, Delaware, for a
typical (Duggal 1979) solar-particle spectrum varying inverse-
ly as rigidity to the fifth power. The geomagnetic cutoff for
Newark is 2,080 million volts, and the solar-particle response
rises steeply from this threshold. In contrast, the geomagnetic
cutoff for Mawson is 190 million volts, but the detector
response remains negligible until the particle rigidity nears
1,000 million volts.

Shifting the geomagnetic cutoff within the range 0 to 600
million volts has little effect on the solar-particle response. As
a result, all neutron monitors in polar regions have nearly
identical energy responses. Thus, we can be confident that
any differences in particle fluxes observed at polar sites result
from particle anisotropies rather than from energy spectrum
effects (leaving aside slight spectral effects, which occur for
stations at different altitudes).

A second strong advantage of polar sites is that these sites
have comparatively well-defined viewing directions, in con-
trast to midlatitude and low-latitude detectors for which the
viewing directions of the different particle rigidities are dis-
persed over a large angular range. By viewing direction, we
mean the direction from which a detected particle originally
came, before being deflected by magnetic fields of Earth and
its magnetosphere.

This effect also arises from a polar detector's lack of sen-
sitivity to particles near the geomagnetic cutoff. In general,
particles with rigidity near the geomagnetic cutoff follow tor-
tuous paths through Earth's magnetosphere. As a result, the
viewing direction is extremely sensitive to particle rigidity in
this regime. For a polar station such as Mawson, this regime is
unimportant, because it occurs at rigidities where the solar-
particle response is negligible. For a midlatitude station such
as Newark, in contrast, a substantial fraction of the total solar-
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Figure 1. Detector response as a function of rigidity for neutron moni-
tors in Mawson, Antarctica, and Newark, Delaware. A solar-particle
spectrum varying inversely as rigidity to the fifth power was assumed.
Vertical lines indicate geomagnetic cutoff rigidities. (GV denotes giga-
volts.)

particle response is from rigidities near the geomagnetic cut-
off, where viewing directions are widely dispersed.

To quantify this effect, let us define percentile rigidities
from the solar-particle response. For example, the 10-per-
centile rigidity for Newark is 2,260 million volts, which is the
rigidity at which the Newark curve in figure 1 rises above 10
percent. In figure 2, we plot on a map of Earth's surface the
viewing directions corresponding to the 10-, 20-. .... and 90-
percentile rigidities for cosmic rays vertically incident over 12
high-latitude stations (top), as well as two representative mid-
latitude stations (bottom). Among the high-latitude stations,
we include all stations that have cutoffs below 1,000 million
volts and that were in operation (to the best of our knowl-
edge) during the large solar-particle event of 29 September
1989. (Detailed information on station characteristics is pre-
sented in the table.) Angular resolution is defined as the angle
between viewing directions of the 10-percentile and 90-per-
centile rigidities. Computations were performed with a trajec-
tory code (Bieber, Evenson, and Lin 1992) for 1330 universal
time on 29 September 1989.

The advantages of polar sites for studying cosmic-ray
angular distributions are readily apparent in figure 2 and the
table. Viewing directions for Newark spread over more than
half of Earth's circumference, whereas those for Irkutsk nearly
circle the globe between the 10- and 90-percentile rigidities.
In contrast, the polar stations have much more confined
viewing directions. For the eight stations with geomagnetic
cutoffs below 200 million volts, the angular resolution ranges
from 9 to 48, which compares favorably with the angular
resolution typically achieved by modern particle detectors
flown aboard spacecraft.
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Figure 2. Viewing directions of 12 high-latitude neutron monitor stations (top) and two midlatitude stations (bot-
tom). The spread of viewing directions for each station encompasses the central 80 percent of the detector ener-
gy response to a simulated solar-particle event. Top panel also shows viewing directions for Churchill, Canada
(CH), which, however, has not had an operating monitor in recent years. See the table for additional station infor-
mation.
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McMurdo	MC	77.9S
Thule	TH	76.5'N
Mirny	Ml	66.6'S
Terre Adélie	TA	66.7'S
Inuvik	IN	68.4'N
South Pole	SP	90.0'S
Tixie Bay	TI	71.6'N
Mawson	MA	67.6'S
Churchillb	CH	58.8'N
Apatity	AP	67.6'N
Oulu	ou	65.1'N
Goose Bay	GB	53.3'N
Sanae	SA	70.3'S
Newark	NE	39.7'N
Irkutsk	IR	52.5'N

aln gigavolts.
bStation not currently in operation.
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In closing, we note that the worst gap (120') in cover-
age of the equatorial region occurs between the viewing
directions of Inuvik and Goose Bay. As shown by the line
labeled CH in the top panel of figure 2, a neutron monitor
placed in Churchill, Canada, would view almost exactly in
the center of this gap. Conversely, if stations operated by
the National Research Council of Canada, including Inuvik
and Goose Bay, are closed as planned, it would leave a vast
region of the Western Hemisphere unobserved by any
polar monitor.
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