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During a 4-month period beginning 25 July 1989, the Sun
released an unprecedented barrage of seven relativistic solar-
particle events which could be detected with ground-based
instruments (Bieber, Evenson, and Pomerantz 1990). These
ground-level enhancements are the first to occur in the present
sunspot cycle, and they include the largest event observed
since 1956. The seven new events bring to 44 the number of
ground-level enhancements observed since systematic obser-
vations began 50 years ago. Several events are distinguished
by unusual fine structure in their time profiles, and one event
exhibits an extraordinary spike-like feature at event onset. It
is this unusual cosmic ray spike that we wish to discuss here.

Figure 1 presents neutron monitor observations of a ground-
level enhancement which began on 22 October 1989. For clar-
ity, we note that the detected neutrons are secondary particles
generated in an atmospheric cascade; the primary cosmic ray
initiating the cascade is typically a proton. The cosmic ray
particles in this event were accelerated in a 2B flare which
began at 1708 universal time and peaked at 1757 universal time.
The flare was located at heliolatitude 27S 31°W of the central
meridian, which is reasonably close to the nominal footprint
(60—W) of the spiral interplanetary magnetic field line con-
necting the Sun and Earth. A solar radio burst was observed
at 1733 universal time, which, we believe, is the time of cosmic
ray particle acceleration.

The time profile recorded in Thule, Greenland, is fairly rep-
resentative of a normal ground-level enhancement time pro-
file. Aside from high-frequency noise attributable to counting
statistics, there is a smooth rise to a peak, followed by a com-
paratively slow decay. This type of time profile is generally
understood to result from the scattering and diffusion of the
particles in the magnetic fields of the solar corona and inter-
planetary space. As a result, the average particle detected at
Thule has traveled more than 5 astronomical units (as shown
by the scale at the top of figure 1), which is much more than
the minimum flight distance of approximately 1.2 astronomical
units along the spiral field line.

In contrast, the time profiles recorded simultaneously at the
two antarctic stations, South Pole and McMurdo, do not look
at all normal because of the presence of a huge spike at event
onset. Particle fluxes associated with the spike were clearly
very anisotropic because Thule recorded only a 3 percent en-
hancement at the same time McMurdo was peaking at 167
percent. In the case of South Pole Station, data are available
at 10-second time resolution, which permits us to view the
structure of the cosmic ray spike. As shown in figure 2, sig-
nificant variations occur on time scales of a minute or less.
This is surprising, because it suggests that the particle fluxes
in space are structured on scales as small as 25,000 kilometers
(1 minute times the solar wind speed), which is much smaller
than the 1,000,000 kilometer gyroradius of a typical particle.
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Figure 1. Time profiles of solar cosmic rays with energy greater
than 0.4 x 1029 electron volts (2-minute data). The large initial
spike seen at the two antarctic stations, South Pole and McMurdo,
was absent at Thule, Greenland. Note different vertical scale in
McMurdo plot. The "Distance Traveled" scale at top assumes that
the cosmic rays were accelerated at the time of the solar radio
burst and traveled with a speed of 6.3 astronomical units (AU) per
hour, corresponding to an energy of 109 electron volts. The vertical
scale expresses the solar particle count rate as a percentage of
the pre-event galactic cosmic ray background. All stations cor-
rected to standard pressure using the appropriate two-coefficient
procedure (Duggal 1979).

Finally, it is interesting to observe that the spike peaks at a
distance traveled of about 5 astronomical units. If we are cor-
rect in assuming that the particles were accelerated impulsively
at the time of the radio burst, then this implies that the average
spike particle was delayed (relative to the minimum possible
travel time) approximately 40 minutes by some process oc-
curring in the solar corona and/or interplanetary space. At this
point, the physical cause of the cosmic ray spike remains un-
clear. We expect additional clues to emerge as our analysis of
this fascinating event proceeds.
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Shulman and C.-H. Tsao of Bartol for their efforts in support
of the neutron monitor program. This work was supported by
the National Science Foundation under grants DPP 88-18586
and ATM 89-04739.
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Figure 2. Microstructure of the cosmic ray spike as revealed in 10-
second data recorded at South Pole.
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A joint project between the University of Washington and
the University of Alaska, Fairbanks, has resulted in the de-
ployment of a high-resolution optical spectrometer at Amund-
sen-Scott South Pole Station. This instrument is an automatic
Fabry-Perot scanning spectrometer operating under the control
of a personal computer. Observations are made of the naturally
occurring emissions from the dark sky to determine both the
doppler broadening and shift of spectral lines emitted from

the upper atmosphere. These measurements are processed to
give determinations of the atmosphere kinetic temperature and
line-of-sight component of the wind averaged over the height
range of emission and the instrumental field of view. Polar
maps of wind vectors are derived from these determinations
under the assumption that the wind field has negligible struc-
ture on a scale of 100 kilometers or smaller. During 1989, the
program at South Pole centered on investigations of the ther-
mosphere at heights near 250 kilometers. For the present year,
1990, the instrument has been configured to measure winds
and temperatures in the mesosphere and lower thermosphere
in the altitude range of 85 to 130 kilometers.

The atmosphere has weather and climate at great heights as
well as in the more familiar troposphere and stratosphere. The
mesopause, the boundary between the somewhat turbulent
and well-mixed mesosphere and the more stably layered and
diffusively differentiated thermosphere, is a region where winds
and temperatures have large fluctuations on a scale of minutes
to a few hours about a diurnal mean. These fluctuations are
related to forcings from below and above the region of interest,
such as wave and tidal activity propagating upward from the
troposphere and stratosphere and, possibly, to local auroral
heating which occurs above it. There is evidence of substantial
power dissipated in the mesosphere, at all latitudes, by wave
absorption due to processes in which the wave becomes un-
stable and degenerates into turbulence which is damped by
viscosity. mesosphere and lower thermosphere observations
by the high-resolution spectrometer at Amundsen-Scott station
are directed at learning more about the fluctuations in the
weather and climate of the mesosphere and lower thermos-
phere in the austral polar region.

The experiment is capable of measuring two different wave-
lengths simultaneously. For the present mesosphere and lower
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