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Cosmic ray intensity variations
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The most spectacular visible event that can occur on the Sun is
a sudden chromospheric eruption, a solar flare. In some cases,
the energy release is equivalent to the explosion of almost a
million hydrogen bombs. This exceeds the total amount of
thermal energy stored up in the whole corona and chro-
mosphere. The mechanism of this phenomenon (which also
occurs on other stars) is still a subject of intense investigation,
and our knowledge of how charged particles with energies
occasionally reaching 10 billion electron volts are accelerated
remains quite incomplete.

Flares that produce particles having sufficient energy to make
their effect detectable by ground-based cosmic ray detectors are
rare—fewer than one per year on average. One ground-level
enhancement (GLE), number 35 on the list, occurred last year on
7 December 1982 (figure 1). The peak intensity, 33 percent above
the pre-event level, was the second highest since 1960, the
initial year of operation of Bartol's first cosmic ray observatory in
Antarctica. Although a detailed study of this event remains to
be carried out when data from foreign stations in the worldwide
cosmic ray network become available, the observations at three
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Figure 1. The ground level enhancement (GLE) which occurred on 7
December 1982 as observed by the world's most sensitive detector
of relativistic solar cosmic rays, at South Pole Station. The upper
curve (dots) represents observations, with unshielded counters (so-
called bare counters, "BC"), of neutrons produced in the at-
mosphere; the lower curve (solid line) corresponds to neutrons
produced locally within the so-called "pile" arrangement (neutron
monitor, "NM"). The intensity difference arises from the slightly
lower energy of response of the bare counter, reflecting a solar
particle spectrum which decreases rapidly with energy. The ab-
scissa is time, expressed as day of year; thus, 342.00 is 0000 univer-
sal time on 8 December.
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Figure 2. Variations of surface and underground intensity at McMur-
do Station and Mawson, respectively, during the unusually dis-
turbed period 23 June to 27 November 1982. The difference between
the intensity profiles of underground muon intensity (mean magnet-
ic rigidity 80 gigavolts) and nucleonic intensity (mean rigidity 10
gigavoits) arises from the superposition of two modulation effects
with different energy dependences. The bottom curve shows the
result of removing from the underground curve the isotropic For-
bush decrease effect, which dominates the nucleonic intensity pro-
file, by appropriately scaling the latter, as indicated. The remaining
variations at Mawson reflect a north-south anisotropy, the direction
of which changes with the 27-day solar rotational period.

Bartol stations have already recorded some puzzling charac-
teristics. Unfortunately, the neutron monitor at McMurdo Sta-
tion was undergoing maintenance at the time of the GLE.

The first of a recently planned series of investigations with
our Australian colleague, R. M. Jacklyn, who operates an un-
derground cosmic ray detection system at Mawson Station, has
yielded a new and entirely unexpected result (Jacklyn and
Pomerantz, 1983). As is shown in figure 2, a comparison of the
data recorded during a long highly disturbed period from June
to November 1982 revealed significant differences in the inten-
sity vs. time profiles of the McMurdo Station neutron monitor
(mean rigidity of response about 9 gigavolts) and a new under-
ground telescope at Mawson (mean rigidity of response about
180 gigavolts). Preliminary analysis, which also involves obser-
vations by a multi-directional surface telescope at Nagoya,
Japan has led to the conclusion that the effect is produced by the
superposition of a north-south anisotropy and a worldwide
Forbush decrease. As is often the case, this remarkable event
occurred after an extended visit to Hobart during which an
extensive program of collaborative studies was formulated, and
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the effect is one which could not have been anticipated during
the planning discussions.

During the 1982-1983 season, the winter-over observers were
James Hetrick and Kenneth Mighell at South Pole Station and
Jonathan Woodbury at McMurdo Station. This work was sup-
ported in part by National Science Foundation grant DPP
79-23218-02.
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Antarctic automatic geophysical
observatories
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In the past 2 decades of exploration of the Earth's electro-
magnetic environment (the magnetosphere), a complex system
of interacting magnetic and electric fields, plasmas, and electric
currents has been observed to surround the Earth. In the fu-

ture, increasing emphasis will be placed on synthesizing a com-
prehensive model of the coupled solar wind/magnetosphere!
ionosphere/atmosphere system. This goal requires coordinated
observations using multiple instruments at multiple stations,
which are chosen systematically to provide optimum scientific
opportunities. Until now, the choice of observing sites has been
determined largely by logistical considerations that are often at
odds with scientific requirements. This is particularly true in
Antarctica where only a few manned stations are available for
geophysical observations.

In the next few years, the research will be directed toward the
understanding of how this closely coupled time-dependent
system works, and to improve the understanding of these pro-
cesses, a multi-station observatory network is planned for
Antarctica.

Figure 1. Prototype Automatic Geophysical Observatory deployed at South Pole Station, January 1983.
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