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In recent years, there has been much interest in very-high-
energy gamma-ray astronomy. The South Pole is a particularly
attractive site.

This article represents a preliminary report on the operation
of a simple gamma-ray telescope, P-SPACE (Pilot-Atmospheric
Cherenkov Experiment at the South Pole), during the austral
winter of 1989. The telescope is described in a previous pub-
lication (Harris et al. 1989). It consisted of two Fresnel lenses
(aperture, 45 centimeters) with photometers at their foci. Ap-
ertures stops give fulifields of 2.2°. The two detectors were
operated in coincidence with 10 nanoseconds resolving time.

The experiment had four objectives:
• to demonstrate the possibilities of operation at the South

Pole;
• to assess the effect of the aurora on telescope operation;
• to search for gamma rays from SN1987A; and
• to check the pointing of the SPASE gamma-ray telescope

(Smith et al. 1989).
Feasibility of atmospheric Cherenkov operation at South Pole. Dur-

ing the 1989 winter, the system was operated for 42 24-hour
days. We know from the weather records that only half of
these days had skies under which one would normally have
operated an atmospheric Cherenkov detector. There were sev-
eral stretches of 4-6 days with ideal conditions when the count-
ing rates were remarkably stable. To put this into perspective,
we should remember that no atmospheric Cherenkov detector
had previously operated for more than 12 hours at a time.

Initially, there were some problems operating the system,
because blowing snow frosted the front window. This problem
was solved by building a new front plastic window (backed
by a heated air space) which worked remarkably well for the
rest of the winter (figure 1). Therefore, it appears that one

* Alistair Walker was the winter-over researcher who set up and op-
erated this experiment during the austral winter of 1989. Tragically,
he was killed in an automobile accident shortly after his return from
the South Pole.

Figure 1. The P-SPACE experiment at the South Pole; the Fresnel
lenses and photometer are housed in the shipping container. Note
the heated front window which was made on site.

should be able to operate for about 80 moonless or very-low-
moon days with perhaps 50 percent loss due to poor sky con-
ditions.

We were disappointed, because it appears that the ambient
background light is significantly higher (perhaps by a factor
of 2-3) than that of a dark site in Arizona. Since our bandpass
was broad and did not exclude any of the aurora band, we
were not set up to measure this quantitatively.

We concluded that once the environmental problems have
been solved and the proper settings have been made, an at-
mospheric Cherenkov telescope can be operated as easily at
the South Pole as at any other site. One cannot minimize the
importance of having a winter-over researcher who could adapt
the experiment to the operating conditions after dark.

Aurora. The Fresnel lens had a cutoff in the ultraviolet which
restricted operation in the band that might have avoided the
main aurora bands. We were unable to find a filter that would
block out the aurora bands at 4,278 angstroms and 5,500 ang-
stroms. Hence, we decided to make a virtue out of necessity
and operate with no discrimination against the aurora; we
would, thus, experience the worst possible conditions.

Our system was designed to reduce the high voltage when
the background light got too high. The currents were moni-
tored by a two-channel chart recorder. We estimate that the
aurora was a problem for operation less than 5 percent of the
total operating time. Some examples of typical chart records
are shown in figure 2. Apart from increasing the ambient back-
ground light, there is no evidence that the aurora introduced
any extra noise into our pulse-counting systems (i.e., there is
no fast component in the light). Comparison with the contin-
uously running University of Maryland photometer that mon-
itors the lines at 4,278 angstroms shows good correlation; only
if the activity within the field of view exceeds about
log(kRayleigh) = 0.4 is the operation effected.
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TYPICAL CUPRENr RECORDS FROM ONE OF ThE PEDIOMEMRS IN P—SPACE

(1) GOOD CONDITIONS (CLEAR SKIES, NO AUI)Rk)

1 HOUR

(2) SOME AURORA
	 A

(3) STRONG AURORA

SYSTEM SHUr—OFF	RECOVERY

Figure 2. Samples of chart records of current from the phototubes.

We concluded that the aurora will not seriously restrict the
operation of atmospheric Cherenkov telescopes at the South
Pole; it is not nearly as restrictive as the cloud cover.

Source detection. SN1987A has not been detected in gamma
rays at any energy above 10 megaelectronvolts. Hence, we
concentrated our analysis on the Large Magellanic Cloud which
is better suited to study by a passive detector because of its
large extent. No signal was detected, but we report the result
here to illustrate that even a very simple experiment such as
this one can be useful at this location.

For this analysis, we picked 12 days when we had a complete
scan through the Large Megellanic Cloud and comparison re-
gions on either side and when we had identical settings. The
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upper limit derived is <2x10' 1 photons per square centi-
meter per second. There are no firm predictions of flux levels
from this source; neither have there been any previous limits
at these energies (approximately 10 teraelectronvolts).

We concluded that the Large Magellanic Cloud is not de-
tected at this level of sensitivity.

SPASE correction. For 4 days the two experiments, SPASE
and P-SPACE, were operated in coincidence; in practice, this
meant that events that triggered SPASE were tagged if they
also triggered P-SPACE. These data have been analyzed ex-
tensively by the SPASE group, and the results will be pub-
lished elsewhere (Walker et al. in preparation). There is a good
correlation showing that the analysis techniques for thee
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tensive air shower event direction finding are sound. This
correlation gives an independent method of assessing the
pointing accuracy of extensive air shower arrays.

We concluded that the arrival direction determination of air
showers by SPASE is better than previously estimated.

The assistance of K. Harris in construction of the experiment
is acknowledged as is that of J. Perrett in setting up the ex-
periment. We are grateful to T. Rosenberg for copies of records
of auroral activity. This research was supported by National
Science Foundation grant DPP 86-13231.
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Azimuthal variation
of stellar magnitudes

at the South Pole
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Photoelectric observations of eight stars were made in 1988
for determining atmospheric extinction at the Amundsen-Scott
South Pole station (Chen et al. 1989). Starting at heliocentric
Julian Day 2447295.34, these stars were observed during a 30-
hour interval (13-15 May 1988). For the four stars, a Columbae
(137), -y Corvi (138), -y Trianguli Australis (Al), and Cr Sagittarii
(B2.5), the observed visual magnitude, V. with neglect of color
effect is given by

V=8.28+0.141 x air mass -2.5 log y

where y is the measured reading; while for the other four stars,
P Columbae (K1.5), € Corvi (K2.5), a Trianguli Australis (K2),
and X Sagittarii (Ki),

V=8.12+0.151 x air mass -2.5 log y.

The average value, V for each star was calculated, and then
the difference (V - V) for each measurement was obtained. The
plot of the values of (V - V) vs. the azimuths for the stars of
spectral B-and A-type is depicted (figure, block A); and that
for the stars of spectral K-type in the figure (block B).

It is seen that there is an azimuthal variation of the visual
magnitude. Stars appeared to be fainter around the azimuth
of 1200. The environmental situation of the observation is now
considered. The 1988 antarctic surface weather data were given
by Keller et al. (1989); during the 30-hour interval centered at
noon of 14 May, the average wind speed was 3.10 ± 0.57 meters
per second and the wind direction was 99.50± 11.38° (east by
southeast). The telescope was located 300 meters in the direc-
tion slightly east of grid north from the main station. Thus it
seems that the exhaust gas from the station power generator
was the likely cause of this variation.

This work was sponsored in part by National Science Foun-
dation grants DPP 84-14128 and DPP 86-14550.
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