
Energy contract DE-ACO3-76SF00098. We are indebted to
John Gibson, Andrea Passerini, Jon Aymon, John Yamada,
Doug Heine, and the 1991-1992 crew at the Amundsen-Scott
Station for invaluable technical assistance.

References

Bensadoun, M., M. Bersanelli, G. De Amid, A. Kogut, S. Levin, M.
Limon, G.F. Smoot, and C. Witebsky. 1993. Measurements of the
cosmic microwave background temperature at 1.47 GHz. Astro-
physical Journal, 409, 1.

Bersanelli, M., G.F. Smoot, M. Bensadoun, G. Bonelli, G. De Amici, S.
Levin, M. Limon, G. Sironi, and W. Vinje. 1993. Absolute measure-

ments of the cosmic microwave background from
Amundsen-Scott South Pole Station. Antarctic Journal of the U.S.,
28(5).

Mather, J., et al. In preparation. Measurements of the cosmic
microwave background spectrum by the COBE FIRAS. Astrophysi-
cal Journal Letters.

Smoot, G.F., C.L. Bennett, A. Kogut, E.L. Wright, J. Aymon, N.W.
Boggess, E.S. Cheng, G. De Amici, S. Gulkis, M.G. Hauser, G. Hin-
shaw, P.D. Jackson, M. Janssen, E. Kaita, T. Kelsall, P. Keegstra, C.
Lineweaver, K. Loewenstein, P. Lubin, J. Mather, S.S. Meyer, S.H.
Moseley, T. Murdock, L. Rokke, R.F. Silverberg, L. Tenorio, R.
Weiss, and D.T. Wilkinson. 1992. Structures in the COBE differen-
tial microwave radiometer first-year maps. Astrophysical Journal
Letters, 396, 1.

Results from the South Pole air shower experiment
T.K. GAISSER, JOHN PETRAKIS, TODOR STANEV, and JOHN VAN STEKELENBORG, University of Delaware,

Bartol Research Institute, Newark, Delaware 19716
J. BEAMAN, S. HART, A.M. HILLAS, P.A. JOHNSON, J. LLOYD-EVANS, N.J.T. SMITH, andA.A. WATSON,

University of Leeds, Leeds, England

T
he South Pole air shower experiment (SPASE) is operated
jointly by the Bartol Research Institute of the University of

Delaware and the Department of Physics of the University of
Leeds, England. The air shower array consists of 24 1-square-
meter (m2) scintillator detectors, 16 of which have timing
capacity. The detectors are separated from each other by
approximately 30 m. The arrival times of the signals in the
detectors define the direction of the cascade of particles pro-
duced when an energetic cosmic ray enters the atmosphere.

The purpose of the experiment is to search for point
sources of ultra-high-energy photons above the constant
background of cosmic ray nuclei. We are interested here in a
part of the electromagnetic spectrum at wavelengths many
orders of magnitude shorter than visible light and x-radia-
tion—and even 100,000 times more energetic than the
gamma rays detected in the Compton Gamma Ray Observa-
tory. Such high-energy photons would be related to the origin
of cosmic radiation, the highest energy particles in nature.

The location of the detector at the South Pole makes this
air shower array unique in the world and ideally situated to
search for signals from potential sources in the Southern
Hemisphere. These sources include binary stars that are
strong x-ray emitters and the Supernova (SN) 1987A in the
Large Magellanic Cloud. Energetic sources are likely to flare up
from time to time or to have extended periods of heightened
activity. The polar site is good in such circumstances because
any potential source is always in view at a constant elevation
above the horizon. There is no danger of missing an outburst
because the source happens to be below the horizon.

The array has operated almost continuously since it was
deployed in the austral summer of 1987. A detailed descrip-
tion of the performance of the array and of the analysis tech-
niques is given in Beaman et al. (1993). The results, which are

presented in a companion paper (van Stekelenborg et al.
1993), can be grouped into four categories:
• An all-sky survey to look for "hot spots" in the sky.
• A study of nine selected potential sources for long-term

activity (DC, or steady source, search), including seven
reported x-ray binaries plus SN1987A and a suspected
source, named BL-1, which was found by the SPASE group
in an earlier all-sky survey.

• A search for bursts from the nine potential sources.
• A search for periodic emission from four of the nine

sources that are x-ray binaries with precisely determined
orbital periods: SMC X-1, LMC X-4, Cen X-3, and Vela X-1.

The results are based on data collected in 1988, 1990, and
1991. Some 58.8 million triggers in 16,976 hours of live time
were recorded in the 3 years under consideration. The data
from 1989 and 1992 have not yet been analyzed.

We have set upper limits comparable to or better than
previous experiments for all the candidate sources. No steady
signal with energy in the range of 50 trillion electron volts has
been seen with an intensity greater than 2x10 13 per square
centimeter per second, which would correspond to one event
per day falling in the 6,500-m 2 area of the array.

The biggest outburst from the direction of any source
occurred on 17 October 1991, when an excess of events well
above the background was seen from the direction of the x-
ray binary SMC X-1. After accounting for all the days in the
study and all the potential sources, we estimate a probability
of about 1 percent that this observation is a statistical acci-
dent. Detection of further bursts from the same direction are
needed before we can be certain, however.

SPASE is scheduled to be moved to the new astrophysics
site during the 1994-1995 season. In anticipation of this
move, we are planning for observation of cosmic ray showers
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in coincidence with the antarctic muon and neutrino detector
array (AMANDA). AMANDA will detect the high-energy
muons produced along the shower core in the atmosphere.
SPASE will sample the total number of low-energy particles in
the shower front at the surface. By requiring a coincidence
between the two observations, we will ensure that both detec-
tors record the same event, initiated by a single, energetic
cosmic ray nucleus high in the atmosphere. Eventually, we
expect to be able to record more than 100,000 coincident
events per year. With this data, we will be able to study the
relative fractions of different groups of nuclei in the cosmic
radiation at energies too high to be accessible to direct mea-
surement by small detectors carried in balloons or spacecraft.

This work has been funded in part by National Science
Foundation grant OPP 91-17524 and Science and Engineering
Research Council grant GRG 35923.
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N
eutrinos are subatomic particles that are electrically neu -
tral and unaffected by the nuclear strong force, and

therefore, they can travel easily through ordinary matter. This
property makes neutrinos useful in searches for the sources of
ultra-high-energy (UHE) cosmic rays (Haizen and Stanev
1989; Barwick et al. 1992). [UHE cosmic rays are those with
energies greater than 1012 electronvolts (eV)].

During the 1991-1992 field season, we operated a proto-
type UHE neutrino detector, the antarctic radio-Cherenkov
neutrino observatory (ARCNO), at the Amundsen-Scott South
Pole Station. ARCNO was built to gain experience in using the
"radio-Cherenkov" (RC) method of neutrino detection. The
RC method is not yet widely known because only one other
group has undertaken preliminary experiments (the radio
antarctic muon and neutrino detector, RAMAND) (Boldyrev
et al. 1987; Zheleznykh 1988).

Most neutrinos from any cosmic source will pass com-
pletely through the Earth, but a small fraction will interact
with a proton or neutron in the ice. An interacting UHE neu-
trino dumps its energy into an upward-going shower of
charged particles, and for a short time this shower emits
Cherenkov radiation. For radio frequencies, the Cherenkov
signal is coherent and its intensity scales as the square of the
shower charge (for higher frequencies the signal intensity
scales linearly with the shower charge) (Askar'yan 1962; Zas,

Haizen, and Stanev 1992). This upward-going Cherenkov sig-
nal is the death cry of the UHE neutrino and the mechanism
by which it can be detected.

The antarctic ice is expected to be almost transparent to
radio frequency signals [less than 1 gigahertz (GHz)]. If labo-
ratory data apply in field conditions, then radio signals have
attenuation lengths of approximately 1 kilometer in ice (War-
ren 1984). Therefore, our receivers can operate on the surface
and still observe a large ice volume.

The major neutrino detector currently under construc-
tion at the South Pole, the antarctic neutrino and muon
detector array (AMANDA), does not use the RC method.
Instead, AMANDA looks for the optical-Cherenkov (OC) sig-
nal using buried strings of photomultiplier tubes. The OC sig-
nal is much stronger than the RC signal (Jackson 1975); how-
ever, the OC signal can travel only short distances in ice
(approximately 20 meters).

The OC method is more sensitive than the RC method,
but the required number of photomultiplier tubes scales with
the observed volume. To observe a volume of ice with the RC
method, the number of receivers scales only with the surface
area. This holds out the promise that the RC method could be
used to create larger detectors than are practical with the OC
method.

A large RC detector and an OC detector (such as AMAN-

ANTARCTIC JOURNAL - REVIEW 1993
311




