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The cosmic background radiation is the dominant radiation
field in the Universe. According to the Big Bang model, the
cosmic background radiation originated in a hot, dense phase
of the early Universe and had a blackbody spectrum as a result
of the well-established thermal equilibrium at that time. As the
Universe expanded, the cosmic background radiation cooled
while preserving its blackbody spectrum. A major prediction
of the Big Bang model is that the cosmic background radiation
has a blackbody spectrum to high precision. Events in the 10 to
20 billion years since the Big Bang (such as the formation of
galaxies or other structures) may have left signature distortions
in the cosmic background radiation spectrum. Our experiment
tests this prediction of the Big Bang model and constrains the
conditions and physical processes that dominated the early
Universe.

We began our program in 1982 with a collaboration between
groups led by G. Smoot (University of California at Berkeley),
G. Sironi (Universita' di Milano, Milan, Italy), N. Mandolesi
(TESRE/CNR, Bologna, Italy), B. Partridge (Haverford College,
Haverford, Pennsylvania), and L.Danese and G. De Zotti (Os-
servatorio Astronomico, Padua, Italy). Our goal has been to
conduct a coordinated, careful determination of the long-wave-
length cosmic background radiation spectrum (Smoot et al.
1985, 1987), where distortions from a blackbody spectrum are
likely to be largest.

The experiment is conceptually very simple. The measure-
ment uses a radiometer—a radio receiver whose output is pro-
portional to the input power—to measure precisely the differ-
ence in power between the sky and a cryogenic absolute
reference target. The cold reference target is designed and con-
structed to have its temperature (radiated power) known to
high precision; consequently, the comparison of the sky at ze-
nith to the target determines the temperature of the zenith sky.

The signal from the sky is the sum of signals emitted from
many sources: the cosmic background radiation, the atmo-
sphere, the galaxy, the nearby terrain, and so on. Careful de-
sign of the instrument and of the experimental technique can
greatly reduce the intensity of these unwanted signals, but they
cannot be eliminated completely. Each must be measured and
subtracted from the zenith sky signal, leaving the cosmic back-
ground radiation as the residual. By repeating this measure-
ment at several frequencies, with instruments of similar design,
we measure the intensity spectrum of the cosmic background
radiation.

Our first observations were conducted from a remote site in
California's White Mountains and covered the range from 0.3
centimeters to 12 centimeters, a range which we later extended
to 50 centimeters. As the experiment progressed to the tech-
nically more challenging longer wavelengths, the progressive
degradation of the California site from encroaching civilization
and its radio interference raised the need for new and better
site (Kogut et al. 1991). The size of the antennae (figure 1)
precluded a shift to balloon or rocket observations, leading us
to search for alternate sites on the ground. The South Pole

Figure 1. Measurement technique and concept. Operators invert
the 4-centimeter radiometer to compare the signal from the zenith
sky to the cryogenic target buried in the ice. The comparison fixes
the temperature of the zenith sky, from which we subtract all fore-
ground emission to derive the temperature of the microwave back-
ground. The dimensions of the other radiometers scale (approxi-
mately) with wavelength.
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proved to be an excellent choice. It is remote, so manmade
disturbances are minimal and controllable. It is at high altitude,
so the thickness of the atmospheric layer overhead is reduced.
It is a desert, so the atmospheric water-vapor content, the main
source of variation (and, therefore, uncertainty) in atmospheric
signal, is greatly reduced. The terrain is flat and cold reducing
potential ground emission. And, last but not least, the Amund-
sen-Scott Station offers outstanding logistic and organizational
support.

In the austral summer of 1989, we took six radiometers and
the cold-reference target to a site about 1.6 kilometers from
Amundsen-Scott Station. During the 4-week observational
campaign, we conducted extensive measurements of the at-
mospheric emission at 0.3, 4, 8, 12, and 37 centimeters, and of
the galactic emission profile and cosmic background radiation
temperature at 4, 8, 12, 20, and 37 centimeters. Technical sup-
port in the field was provided by F. Cavaliere and I. Gibson.
Results of the observations are in press (De Amici et al. 1990;
Sironi et al. in press) or in progress.

Our experiment measured the cosmic background radiation
temperature from 0.3 to 50 centimeters, complementing the
shorter-wavelength measurements of the COBE satellite (0.05
to 1 centimeters). COBE showed that for wavelengths shorter
than 1 centimeter the cosmic background radiation spectrum
is well described as a blackbody with no deviation exceeding
about 1 percent of the peak flux (Mather and Smoot 1990).
Combining our measurements with those of COBE shows that
the cosmic background radiation spectrum is consistent with a
single temperature (2.735 kelvin) blackbody spectrum to a few
percent over the wavelength range 0.05 to 30 centimeters. Fig-
ure 2 shows the measured cosmic background radiation tem-
perature vs. wavelength, with a few representative distorted
spectra. The distorted spectra are at the limits of what is con-
sistent with the measurements, and indicate energy release in
the early Universe as a percentage of cosmic background radia-
tion energy.

Our data and those from COBE limit the shape and amplitude
of possible spectral distortions, and restrict the energy release
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Figure 2. Recent and historically important measurements of the temperature of the cosmic background radiation. The results of recent,
precise measurements of the spectrum of the cosmic background radiation are shown. Squares denote results of the Berke ley-Milano-
Bologna-Haverford-Padova collaboration from nonpolar sites; triangles denote preliminary results from the 1989 campaign; stars denote
short wavelength results from interstellar cyanogen; lines denote results from COBE; inverted triangles denote upper limits from balloon-
borne experiments. For comparison, a few historically significative measurements from the late 1960s are shown (filled circles); notice
how the experimental error bars have dramatically decreased at all but the longest wavelengths. A few representative distorted spectra
are also shown. The dotted line is the spectrum for a 1-percent energy release at a time between about 1 year and 10,000 years. The dashed
line is spectrum expected for a 1-percent energy release at a time after about 10,000 years that heats the matter significantly. The lack of
distortion tells us that the recent intergalactic medium is not very hot. The dot-dashed lines indicate the spectral distortion expected for
an ionized intergalactic medium whose temperature ranges from cold to moderately warm (10,000 kelvin). (K denotes kelvin. GHz denotes
gigahertz. cm denotes centimeter.)
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in the early Universe (1 month to 100,000 years after the Big
Bang) to less than 1 percent of the energy in the cosmic back-
ground radiation. This, in turn, limits various models of galaxy
formation and clustering, as well as more exotic possibilities
such as primeval turbulence, primordial particle decay, or the
existence of large amounts of antimatter (Smoot et al. 1985;
Mather and Smoot 1990).

Our longest-wavelength measurements search for traces of
the intergalactic medium that should be left over from galaxy
formation. If it existed and were hot (millions of degrees), it
could account for the observed diffuse X-ray background. A
hot intergalactic medium, though, would distort the cosmic
background radiation at short wavelengths, a possibility ruled
out by the COBE satellite data. The intergalactic medium must
either be warm to cool, or there must be very little left after
galaxy formation. A warm or cool intergalactic medium can
distort the cosmic background radiation spectrum at very long
wavelengths, so our measurements will help resolve this prob-
lem.

We plan to make additional measurement of the long-wave-
length spectrum of the cosmic background radiation, both with
the radiometers used in 1989 and with new instruments, to
confirm the results obtained so far, to reduce the errors, and
to improve the wavelength coverage. Twenty-five years have
passed since the discovery of the cosmic background radiation,
and the search for spectral distortions is on. The field is still
developing and continues to be an exciting and fundamental
area of research for cosmologists and astrophysicists.

This project was supported by National Science Foundation
grant DPP 87-16548, by the U.S. Department of Energy, contract
DEACO376SF00098, and by ENEA-CNR, Progetto Nazionale
Antartide.
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The first optical determination of temperatures and winds,
derived from high-resolution measurements of oxygen atmos-
pheric bands, in the austral polar upper atmosphere is pre-
sented here. The temperatures obtained appear to indicate con-
tamination of the photochemically produced layer emission of
the atmospheric bands by auroral excitation. These variations
are simultaneously observed with atomic oxygen emission at
5577 angstroms, which is used as an indicator of auroral activ-
ity. These measurements illustrate the capabilities of this
method to obtain upper atmospheric kinetic temperatures and
winds from molecular species.

The oxygen atmospheric bands are known to be present in
the airgiow and to be enhanced under auroral conditions. The
airglow emission comes from a narrow height range centered
at about 92 kilometers. It is the result of oxygen photochemical
reactions in which the net result is the recombination of atoms
to molecules. The intensity of the green emission from atomic
oxygen at 5577 angstroms covaries (Rees 1989, pp. 146-156)
with the atmospheric bands in the airglow, but its altitude of
peak emission is higher at about 97 kilometers.

The band contains spectral information that can be used to
determine the wind and temperature at the height of emission.
It is normally assumed that the molecule is in rotational equi-
librium with the ambient gas; thus, the rotational temperature
is equal to the local temperature. It is also assumed that the
velocity distribution of emitting molecules is in statistical equi-
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