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In the same year that Amundsen reached the South Pole,
an Austrian physicist, Victor Hess, discovered that the outer
layers of the Earth's atmosphere are continuously being bom-
barded by a rain of charged particles called cosmic rays. In yet
another of many attempts which have been made in the en-
suing years to pin down the origin of this important compo-
nent of extraterrestrial radiation, a new instrument was set up
at the South Pole during the 1987-1988 austral summer.

Recently it has been discovered that some X-ray binary sys-
tems (such as Cygnus X-3 and Vela X-1) emit gamma rays with
energies greater than 100 terraelectronvolts. The gamma rays
arise from the decay of neutral ir-mesons which in turn are
produced by the interaction of energetic protons with gas in
the region around the X-ray binary. These protons—the grand -
parents of the gamma rays—are accelerated in the complex
electric and magnetic fields associated with the neutron star
and accretion disc of the binary system. Only a fraction of the
protons interact, and those which escape are injected into the
interstellar medium to become "cosmic rays." It is more fruitful
to study the gamma rays as a clue to cosmic ray origin, rather
than to look at the incoming proton beam itself: unlike the
charged protons which "random walk" as they are scattered
by magnetic fields in the galaxy, the gamma rays travel in
straight lines. This makes it possible to identify point sources,
provided the exceedingly small gamma-ray signal can be picked
out from the more abundant and isotropic cosmic-ray back-
ground.

Detection of high-energy cosmic and gamma rays is rather
complicated. Because of the very low flux above 100 terrae-
lectronvolts (approximately 1 per square meter per year), a
very large area detector is required, and one must make use
of the fact that both the cosmic and gamma rays generate
cascades containing many thousands of particles when they
interact in the Earth's atmosphere. At the altitude of the South
Pole, the particles are traveling at the velocity of light in a disk
about 50-100 meters in radius and a few meters thick (figure
1). In the Bartol/Leeds telescope, sixteen 1-square-meter blocks
of plastic scintillator are spread out over about 7,000 square
meters (figure 2). The disk arrives at each detector at a different
time (see figure 1) and, by measuring the relative arrival times,
it is possible to deduce the arrival direction of the incoming
cosmic ray or gamma ray to within about 1°. The precision of
measurement necessary at each accurately known detector po-
sition is about one billionth of a second.

The South Pole provides a unique location for studying X-
ray binary systems which are candidate sources of ultra-high-
energy gamma rays: many more are visible than from northern
latitudes and, most importantly, every source remains at con-
stant elevation. This latter feature is particularly crucial because
most of the sources detected so far appear to be sporadic emit-
ters of radiations. Additionally, the height of Amundsen-Scott
Station (equivalent to 3,200 at warmer latitudes) means that
the cascades of particles are close to their maximum size. Thus,
the energy threshold of the telescope is relatively low. An
added bonus that was not anticipated when this project began
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Figure 1. A schematic representation of the particle cascade (dots)
about to hit four detectors. The arrow shows the direction of the
incoming cosmic ray or gamma ray which has initiated the cascade.
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was the birth of a rare supernova. Supernova SN1987A is in
the Large Magellanic Cloud, which is only 21° from the polar
zenith. The median energy of events detectable from that di-
rection in our experiment is about 100 terraelectronvolts. SPASE
(South Pole Air Shower Experiment) is by far the world's most
sensitive detector of ultra-high-energy gamma rays.

SPASE began acquiring data just before Christmas 1987. Data
from tapes brought out at station closing have now been ana-
lyzed, but at this writing, no signal from the supernova has
yet been detected. The experiment is continuing to operate
with over 90 percent on-time, a level of efficiency which is
impressive even at more hospitable sites. At the present time,
only about 2 percent of the data can be transmitted during the
winter, so the collaborators at Bartol and Leeds are preparing
to cope with an influx of about four gigabytes of data late in
1988.

This research was supported in part by National Science
Foundation grant DPP 86-13231.
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Figure 2. The arrangement of the 1-square-meter detectors in the
ultra-high-energy gamma-ray telescope at South Pole Station. High
bandwidth cables bring the signals to the central recording cell
where amplitude and relative arrival time measurements are made.
(SPASE denotes South Pole Air Shower Experiment. m denotes
meter.)
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The bright southern star (1.82 visual magnitude), -y2 Velo-
rum, is a spectroscopic binary consisting of a Wolf-Rayet star
and an 0-type star. The emission lines in its spectrum show
variations on the order of minutes as observed by a number
of investigators (e.g., Sanyal, Weller, and Jeffers 1974).

Photoelectric photometry of -y2 Velorum was made with the
use of the automated 3-inch South Pole Optical Telescope (Wood
and Chen 1985; Chen et al. 1986) during the austral winters

of 1986, 1987 (Chen et al. 1987), and 1988. Two interference
filters were used to observe the emission features of Hell X4686
and CIII X5696. The full width at half maximum (FWHM) of
each of these filters are 32 Angstroms. In addition, an inter-
ference filter centered at 4,768 Angstroms with a FWHM of 92
Angstroms was chosen for the continuum which is used as a
reference for the emission lines. Detailed reduction and anal-
ysis of the observational data are being carried out and will be
presented elsewhere. The result of a sample 5-hour run of the
Hell emission line, which is a subset of a 16-hour data set, is
given here. The ratio of the brightness measurement of the
line feature to that of the continuum is calculated, and power
spectrum is computed; this is shown in figure 1. The relatively
strong peak, which occurs at 19.0 per day, corresponds to a
period of 1.26 hours. A sine curve was also fitted to the normal
points of these data, computed at 0.004-day intervals, with the
use of the method of least squares. This model yields a period
of 1.28 hours, and it is depicted in figure 2. The strong agree-
ment between these two methods leads to the belief that this

1988 REVIEW	 193




