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New insights into cosmic-ray
propagation in the heliosphere

M.A. POMERANTZ and J.W. BIEBER

0.8 percent per astronomical unit and approximately 2.6 per-
cent per astronomical unit. It would have been impossible to
obtain this highly significant result either with instruments
aboard spacecraft (which measure both spatial and temporal
changes simultaneously) or with a shorter time base. This
points up the importance of continuing the ground-based cos-
mic-ray observations over many solar cycles, especially since no
two are identical.
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Detailed information on the spatial distribution of cosmic rays
in the heliosphere (the region of interplanetary space, extend-
ing beyond the orbit of Pluto, that is dominated by plasma
emanating from the Sun) is essential for testing theories of the
intensity modulations of galactic cosmic rays. An invaluable
tool for probing this distribution in three-dimensional space is
the north-south anisotropy, the transient occurrence of which
was discovered several years ago (Duggal and Pomerantz 1970).
The steady-state component is much more difficult to extract
from the data, since it manifests itself as minute differences in
the counting rates of two ground-based detectors that are a
world apart—at McMurdo Station, Antarctica, and Thule,
Greenland (Pomerantz et al. 1982).
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Figure 1. Cosmic ray north-south anisotropy () over a period of two
solar cycles, as determined from neutron monitor observations at
Thule and McMurdo. Arrows indicate years in which the Sun's north
(N) and/or south (S) pole changed magnetic polarity.
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The most recent study of this phenomenon (Pomerantz and

Bieber 1984) was carried out to determine the relationship be-
tween the magnitude of the north-south anisotropy and the
polarity of the Sun's poloidal magnetic field. The initial analysis
confirmed the dependence upon the direction of the interplane-
tary magnetic field, but there was no indication of a dependence
on the polarity of the solar poloidal field which was predicted by
one of the two competing theories of the highly controversial
mechanism of cosmic-ray modulation. There also seemed to be
no indication that the north-south anisotropy varied with the
phase of the solar cycle. However, the recent extension of the
original data base from 1965 - 1981 to 1961 - 1983 has now
unambiguously revealed that there is indeed (99.5 percent con-
fidence level) a solar cycle variation of the north-south
anisotropy(figure 1). Over the 23-year period, the average =
0.052 percent. The 10-year variation is 0.028 percent, with the
waves peaking in 1968 and 1978. This implies that the cosmic-
ray radial gradient at 10 gigavolts varies between approximately
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Figure 2. Two alternate forms of pitch angle distribution are fitted to
hourly averaged neutron monitor data from eight polar stations.
("ii" denotes the cosine of the pitch angle.)
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Relativistic solar cosmic rays (greater than 1 gigavolt) provide
unique information about exotic astrophysical processes by
which charged particles are: (1) accelerated at the Sun, and then
(2) transported through the solar corona to the base of the spiral
interplanetary magnetic field line connecting the Sun to the
Earth along which (3) they propagate virtually unimpeded to
the Earth. Theoretical analysis of the most recent relativistic
solar-particle event, the ground-level enhancement that oc-
curred on 16 February 1984 (Pomerantz, Bieber, and Evenson
1984) has provided a new understanding of the origin of the
dramatic anisotropy that usually prevails, at least during the
early phase of the event. In particular, the study has revealed
that the anisotropy should have the form of an exponential
function rather than the first-order representation which had
seemed to be sufficient to describe some earlier events (Maurer,
Duggal, and Pomerantz 1973). This is apparent in figure 2,
where not only is the goodness of fit 10 times better for the
exponential representation, but the latter avoids the unphysical
artifice in the first-order case implying negative cosmic-ray flux
for p. (cosine of the pitch angle) less than -0.4. This new
technique makes it possible to determine directly from ground
based observations important parameters of the interplanetary
plasma, e.g., X >3 astronomical units (scattering mean free path)
and q = 1.2 (dependence of scattering rate upon pitch angle).
The application of this powerful analytical procedure to further

study spectacular historical ground-level enhancements is
planned.

This work was supported in part by National Science Founda-
tion grant DPP 83-00544.
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Measurement of ionospheric electron
columnar content changes over

McMurdo Station

D.S. Coco and J.R. CLYNCH

Applied Research Laboratories
University of Texas

Austin, Texas 78712

To study the effects of ionospheric scintillations on the track-
ing of navigation satellites in the southern polar regions, Ap-
plied Research Laboratories, the University of Texas at Austin,
has collected ionospheric electron columnar content change
data at McMurdo Station from 1979 to the present. We have
collected a large amount of data during the period around solar
maximum (1979 - 1983). These data provide an important tool
for studying the morphology and spatial structure of the
ionospheric irregularities in the southern polar region. The data
for this period were collected by one ground station observing
satellites in different parts of the sky throughout the day. In this
past season, we conducted a bistatic experiment in which two
ground stations, separated by up to 50 kilometers, observed the
same satellites simultaneously. These data should provide a
more detailed view of the spatial structure of the ionospheric
irregularities.

Two portable satellite receivers called "geoceivers" were made
available for field use for the 1984- 1985 austral-summer season.
The actual field operations were conducted during the period
from 29 October to 15 November 1984 by the 1984 winter crew,
D. Honea and J . Williams, in conjunction with the 1985 winter
crew, D. Key and R. Key. One geoceiver was sited near the
permanent tracking station at McMurdo Station, and the other
took readings at three different points along the 50-kilometer
McMurdo Station/Cape MacKay traverse. The sites occupied
(and their approximate distances from the McMurdo Station
base site were): New Zealand Antarctic Research Program Ski
Chalet (10 kilometers), Windless Bight (25 kilometers), and
Cape MacKay (50 kilometers). In addition, the two geoceivers
were located and operated at McMurdo Station for an initial
calibration test period.

The field party (Honea and Williams) stayed at each field site
for 3 continuous days. They used a small plywood hut, towed
by a Spryte tracked vehicle, to provide living quarters for them-
selves and a protected environment for the receivers. The satel-
lite-tracking operations were coordinated with the base site at
McMurdo Station so that all Navy Navigation Satellites (NNS's)

visible in the time frame 2000 to 1000 Z were tracked. Totals of
297 passes by the field party and 279 passes by the fixed-site
party were collected, providing approximately 70 simultaneous
passes per site (three field sites plus one calibration site al
McMurdo Station).

The NNS'S transmit coherent radio signals at frequencies of
150 and 400 megahertz. These two signals are used to removc
the effects of the ionosphere from the navigation information.
The geoceivers record both the navigation and the ionospheric
information averaged over the data-record interval. The usua,
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