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Observations of solar cosmic rays provide valuable informa-
tion on physical processes involving energetic charged particles
in space plasmas, including the acceleration of these particles in
solar flares, their propagation through the complex coronal
magnetic fields near the Sun, their eventual escape into inter-
planetary space, and their interaction with the solar wind plas-
ma as they travel from the Sun to the vicinity of Earth (Duggal
1979). A coordinated analysis of ground-based and spacecraft
data acquired during the dramatic solar particle event of 16
February 1984 has now provided new insights into all of these
diverse physical processes (Bieber, Evenson, and Pomerantz,
1985, 1986).

Figure 1 shows profiles of 1-gigaelectronvolt solar cosmic rays
observed by the South Pole neutron monitor and 50-mega-
electronvolt cosmic rays observed aboard the International
Cometary Explorer spacecraft. The two curves are plotted on a
common scale of distance-traveled, assuming that both energies
were accelerated simultaneously with the onset of an intense
solar radio burst. Aside from an offset of some 0.7 astronomical
units, the two curves are similar, but detailed analysis shows
this similarity to be accidental. Both the offset and the overall
shape of the curves are largely a result of rigidity-dependent
transport of particles through the solar corona.

We have modeled the observations of figure 1 quantitatively
by assuming that the profiles are a result of coronal diffusion
and escape (Reid 1964; Axford 1965) coupled with focused inter-
planetary transport (Bieber et al. 1980). Interplanetary trans-
port parameters were determined independently by means of
an analysis of pitch angle anisotropy. The analysis showed that
the interplanetary scattering mean-free path was significantly
larger than 1 astronomical unit at both energies considered,
which makes this event ideal for studying coronal transport.

Figure 2 shows the modeling results for the South Pole obser-
vations. The broader curve, which corresponds to a coronal
mean-free path of 1,200 kilometers and a coronal escape time of
0.3 hour provides an excellent fit to the data. The difference
between this curve and the spike-like curve, which is the pre-
dicted profile for the case of impulsive injection at the Sun,
emphasizes how completely the profile of this event was deter-
mined by the extended release of particles near the Sun. Similar
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Figure 1. Time profiles of approximately 50 megaelectronvolts and
approximately 1 gigaelectronvolt solar cosmic rays observed on 16
February 1984 are plotted on a common scale of distance-traveled.
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Figure 2. Counting rate (above background) of the South Pole neu-
tron monitor (data points) is well described by a combination of
coronal diffusion and interplanetary focused transport (broad
curve). Also shown is the response of the interplanetary propaga-
tion model to impulsive injection at the Sun (spike-like curve).

modeling of the International Cometary Explorer data indicates
that the coronal mean-free path at the lower energies was 3
times larger than at neutron monitor energies, while the escape
time was 10 times larger. This observed energy dependence of
coronal transport parameters provides an important constraint
for theoretical models of charged particle transport in the solar
corona.

This research was supported in part by National Science
Foundation grant DPP 83-00544 and by National Aeronautics and
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Although no helioseimological campaign was conducted
during the 1985-1986 austral summer, progress has been made
in the mammoth analytical program that is required for process-
ing and interpreting the vast amount of data recorded in the

spatially resolved experiment conducted several years ago
(Pomerantz, Harvey, and Duvall 1982; Harvey. Pomerantz, and
Duvall 1982). In particular, one of the major objectives—to de-
rive information about the latitude and depth dependence of
solar rotation—has already been achieved in a study using only
one-third of the data. The bottom line is that the rotation aver-
aged over the outer half of the Sun, probed by our measure-
ments of normal modes of oscillation with degree 1 greater than
20 (where 1 is the number of nodes around the Sun of trapped
acoustical waves) is essentially identical with that of the surface.

Figure 1 shows one way of representing the spectra of solar
oscillations as a function of frequency v, azimuthal order rn
(which determines the surface pattern), and degree!. The depth
in the Sun that is probed by a particular mode depends upon the
value of 1, with the waves characterized by higher! values being
confined to shallower regions. Without rotation, the frequen-
cies corresponding to each of the ridges would be independent
of rn—i.e., the lines would be vertical. This degeneracy is re-
moved by rotation, however, causing the ridges to tilt.

A complicated analysis is required for reaching quantitative
conclusions about how the rotation rate varies with depth and
latitude (Duvall, Harvey, and Pomerantz 1986). The essence of
the results is displayed by figure 2. Coefficients a, of Legendre
polynomials that enter into the description of the various eigen-
modes are plotted against 1. The dashed lines are computed
from measurements of the well-known surface differential rota-
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