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The Bartol-Leeds -y-ray, South Pole Air Shower Experiment
(SPASE) telescope, designed for astronomy above 50 teraelec-
tronvolts, was brought into operation during the 1987-1988
austral summer (Smith et al. 1989). Operation has been con-
tinuous at an efficiency of about 85 percent since that time. In
this article, we give an update on the telescope (which was
improved during the 1989-1990 austral summer) and present
preliminary results from the analysis on 6 months of data re-
corded during the period from March through September 1988.

The figure shows the current layout of the 1-square-meter
plastic scintillators which form the SPASE array. These detec-
tors are used to deduce the direction and energy of incident
charged cosmic rays and -y-rays from the extensive air showers
created in the atmosphere (Pomerantz et al. 1988). A guard-
ring of eight detectors was added during the 1989-1990 austral
summer with the aim of enhancing the confidence with which
shower cores can be located when they fall near to the perim-
eter of the original array. This is important for optimizing the
angular resolution and collecting area of the telescope and thus
enhancing its sensitivity. These detectors have not been setup
as fast-timing detectors. Arrival direction fitting is done only
with the original 16 detectors.

Experiments conducted at sea level (Bloomer, Linsley, and
Watson 1988) have established that the addition of a thin layer
(about 1 radiation length) of lead above the scintillator results
in a gain in angular resolution. This is because the high-energy
electrons and -y-rays present in the front of the shower disc
cascade in the lead so that the charge pulse recorded by the
photomultipliers is sharpened and enhanced: thus, the relative
timing accuracy at individual detectors is improved. A short
run of 3 days was made during December 1989 with 6 milli-
meters of lead above each of the detectors to investigate the
enhancement at the altitude of the South Pole. Analysis has
shown an improvement of about 30 percent in the angular
resolution at our median energy of 100 teraelectronvolts, with
the leaded array, and consequently the lead was permanently
placed on the detectors during the 1989-1990 austral summer.

The problem of the reconstruction of the shower direction
and the location of the shower core has received considerable
attention during the analysis of data from the 1988 winter. To
find an accurate direction, one must deduce from the data the
curvature of the shower disc and weight to be assigned to each
time measurement. This complex process appears to have been
completed successfully as shown by a comparison of the SPASE
direction in events which also produced atmospheric Cher-
enkov-light signals in an optical detector of known orientation
(Walker et al., Antarctic Journal, this issue; Walker et al. in
preparation). A significant advance in the techniques used for
core-location have been made (Perrett and van Stekelenborg
in press) by the application of neural network techniques to
the analysis procedures. This has increased the speed of core
location by a factor of 300, reducing very significantly the pro-
cessing time for each of the 40 million events so far recorded.

The shower direction derived for each event is used to search
for enhancements from candidate sources of 100 teraelectron-
volts-y-ray emission. A prime candidate is the supernova,
SN1987A, which is at 21° from the South Pole vertical direction.
An upper limit from 18 days of data has previously been re-
ported (Gaisser et al. 1989). From the 120 days presently being
analyzed an upper limit of 5 x 10- 13 per square centimeter per
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Layout of the detectors in the South Pole Air Shower Experiment
as of December 1989. The key indicates which detectors where
used as timing detectors for determining the arrival direction of
the cosmic-ray event and which detectors were used for the guard
ring. The position of an Air Cherenkov device is shown near the
center of the array. (m denotes meter.)
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second at 90 teraelectronvolts has been set and was reported
at the International Cosmic Ray Conference in Adelaide, Aus-
tralia, (January 1990). Simular upper limits of a 5 x10-13 per
square centimeter per second above 55 teraelectronvolts for
SMC X-1, LMC X-4 and Cen X-3 and 1.5 X10-13 per square
centimeter per second above 160 teraelectronvolts for Vela X-
1 which are X-ray binaries known also to be emitters at 1
teraelectronvolt.

A preliminary all-sky search for regions of enhanced emis-
sion has been made. The sky has been divided into bins of 9
square degrees (appropriate to the estimated angular resolu-
tion of the telescope) and searched for regions of excess. Three
search grids were used displaced diagonally with respect to
each other by 10 so as not to lose a signal that might straddle
a bin boundary. The pattern of excesses and deficits is entirely
consistent with expectation from a random background except
for 1 bin in which an excess of 4.9 standard deviations is ob-
served. This excess, after allowance for the 3,300 bins sought,
has a chance probability of only 1.7 X10-3. Moreover, the bin
lies in an interesting region of the sky crossed by the galactic
plane and containing the X-ray binaries 4U1145-619 and 1E1145-
614. Both of these objects are binary pulsars with periods of
about 300 seconds; a search for periodic emission is in progress.
In addition, this area of sky contains a region of enhanced 100
megaelectronvolts emission as reported by the Cos B satellite.
Subsequent to our all-sky analysis it has been discovered (Bra-
zier et al. 1990) that 4U1145-619 is also a teraelectronvolt -y-ray
source. Further analysis on data recorded since 1988 is now in
progress.

This research was supported in part by National Science
Foundation grant DPP 86-13231. We would like to take this
opportunity to thank the following: our present winter-over
scientist Michael Finnemore, who helped in the 1989-1990
summer campaign and who is currently responsible for run -
ning the experiment during the 1990 winter, and Steve Bloomer
for his efforts in the 1989-1990 campaign. Alistair Walker, who

was tragically killed in a car accident after returning from the
South Pole, was our 1989 winter-over scientist; we remain
grateful for his many contributions.
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The structure and dynamics of the solar interior can be probed
by measuring the frequencies of solar global acoustic oscilla-
tions. This technique is known as helioseismology and has
become a powerful tool for testing the theory of stellar struc-
ture and evolution, one of the principal foundations of our
current understanding of the Universe. The frequency spec-
trum of solar oscillations is rich and contains many millions of
different modes of oscillation with periods between roughly 3
and 15 minutes. Resolving these modes requires high-quality
observations with good spatial and frequency resolution. The
South Pole is an excellent site for obtaining solar oscillation
observations because the Sun may be observed for long periods
with interruptions caused only by weather (Harvey 1989) and
any instrumental problems. This provides spectra with good
frequency resolution and freedom from spurious features. An
absence of periodic interruptions allows one to eliminate the
weak spurious responses that do remain in raw spectra (Harvey
in press). The atmosphere at the South Pole is unusually trans-
parent and stable. This yields spectra with low noise and good
spatial characteristics. As a result of these unique character-
istics, the South Pole has been used as a site for helioseis-
mology on many occasions since 1980.
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