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T
he field of radio astronomy started, almost by chance,
when C. Jansky, studying short-wave interferences to

radio broadcasts, discovered radio emission coming from the
direction of the galactic center. The year was 1932. As the
tools and techniques have improved, radio astronomy has
provided scientists with opportunities to probe a multitude of
cosmic phenomena with unprecedented resolution, leading
to the discovery of unexpected facets of the Universe, while
steering the efforts away from the determination of the galac-
tic emission and toward studies at small angular scales of dis-
tant objects. Among the most important discoveries of radio
astronomy is the cosmic microwave background (CMB) radia-
tion; recent improvements in its studies (for example, Smoot
et al. 1992; Bensadoun et al. 1993) have made a precise deter-
mination of the diffuse foreground galactic signal important
again.

The galactic emission is composed of the superposition
of the signals generated by acceleration of relativistic elec-
trons in the galactic magnetic field (synchrotron radiation),
by thermal bremsstrahlung inside hydrogen clouds (Hii or
free-free radiation), and by thermal radiation of dust clouds
(dust radiation). The study of galactic emission brings a better
understanding not only of the morphology but also of the

energy balance of the different components and of the distri-
bution of magnetic fields and free electrons.

Because the CMB radiation is supposed to be the leftover
from a hot, dense phase of the early Universe, in the CMB we
expect to find the fossil remnants of the processes that have
shaped the Universe into its present form. The shape of the
frequency spectrum of the CMB is well known above 60 giga-
hertz (GHz) (Mather et al. in preparation), but much less pre-
cisely determined at the low-frequency end of the spectrum
(see, for example, Bersanelli et al., Antarctic Journal, in this
issue), where the strong foreground galactic signal cannot be
reduced by either instrument design or observational tech-
niques. Similarly, measurements of anisotropy rely on accu-
rate subtraction of the ubiquitous (and irregularly distrib-
uted) foreground emission. Only a handful of large-area sur-
veys of the sky emission are available in the literature, and
only one of them covers the whole sky; on this rather sparse
sample, which is also affected by inconsistent zero levels and
uncontrolled gain changes, rests the accuracy of all spectrum
and anisotropy measurements in the radio and microwave
region.

Our group at Berkeley has started a new program, the
galactic emission mapping (GEM) project, to improve the pre-
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The 5.5-rn dish antenna is shown
at the South Pole site in Decem-
ber 1991, pointing to 30 0 from
zenith. Clearly visible are the
ground screens (attached to the
reflector panels) and the feed and
receiver assembly (mounted at
the prime focus of the antenna).
Power in and signals out were
sent through a bundle of cables
to the data-acquisition unit,
housed in a Jamesway hut near-
by. (Photo by G.F. Smoot)

sent state of knowledge by measuring the galactic signal at
centimeter and decimeter frequencies (from 400- to 5,000-
megahertz (MHz) frequency, 75- to 6-centimeter (cm) wave-
length). We intend to produce a series of full-sky maps, each
one calibrated to better than 5 percent of the minimum sig-
nal, having gain variations of 1 percent or less; if these goals
can be met, we expect to improve our knowledge of the
absolute value and spatial variations of the galactic emission.

During the 1991 austral summer, we took a prototype
instrument (see the figure) to the Amundsen-Scott South Pole
Station and operated it for 3 weeks. The instrument consisted
of a 5.5-meter (m) parabolic antenna, which at the time was
the largest antenna for radio astronomy in the continent, and
a dedicated receiver placed at its prime focus. The antenna
can be disassembled in small components, allowing for ease
of transportation. Around and attached to the parabolic
reflector we put a set of thin flat aluminum panels (ground
screens) to intercept and redirect to the sky any spillover from
the feed antenna. The screens extended radially outward 2 m
from the edge of the dish antenna at a shallower angle than
the parabola itself so that the antenna main beam was not
affected by their presence. Having the parabolic antenna
pointed to the zenith, the feed could see the ground only after
diffraction at an angle of at least 20 0 , over the edge of the
screen.

The feed antenna consisted of a helix mounted in a coni-
cal backplane. The receiver was a direct radio frequency-
(RF-) gain, total power radiometer; a 50-MHz bandpass cen-
tered at 408 MHz was defined by filters. Calibration of the
feed-plus-receiver assembly was achieved by observing exter-
nal targets at known temperatures. An internal noise source
was periodically fired throughout the measurements to verify
that the receiver characteristics did not change with time.

We conducted "drift" observations at 32 0 and 20 0 from
zenith (-58° and -70 0 latitude) by tilting the antenna to the

desired position and then letting the rotation of the Earth
bring different parts of the sky into view. The data stream was
marred by regularly spaced strong signals; far from being the
first signs of an alien civilization, those were the radio emis-
sions from satellites in polar orbit. Even the South Pole is not
free from manmade radio pollution! The intensity of the
interfering broadcast changed with the orbit of the satellite
and the pointing of the antenna; in a few cases, it appeared to
be tens of times larger than the galactic signal. These spurious
emissions have severely taxed the data analysis, forcing us to
reject about 40 percent of the data collected. Although the
remaining data appear to be of good quality, the potential for
low-level, unrecognized contamination is still present; the
need to account for that has kept this first prototype measure-
ment from achieving the goals originally set.

We have performed an important experiment in the
operation and management of large equipment outdoors in
the polar climate and have collected valuable information to
use in the design and implementation of the next generation
of receivers and instruments for mapping the galactic emis-
sion. Because the interfering signals have very narrow band-
widths, usually less than 2 percent of our receiver's, we plan
to use a correlator in the data acquisition. The correlator will
subdivide the input signal in several narrow channels
(approximately 40) and proportionally boost the effective
amplitude of the narrow-band interference, making it easier
to recognize and excise. This will increase our confidence in
the accurate subtraction of RF interference by a similar factor.

The GEM project is expanding into a multilateral, inter-
national collaboration, and we are planning observations
from several sites to cover the whole sky. We expect to return
to Antarctica in the near future to complete the observations
of the southern celestial cap.

This work has been supported by National Science Foun-
dation grant OPP 90-18395 and in part by U.S. Department of
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John Gibson, Andrea Passerini, Jon Aymon, John Yamada,
Doug Heine, and the 1991-1992 crew at the Amundsen-Scott
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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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