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A preliminary analysis of the University of California's
degree-scale anisotropy measurements of the

cosmic microwave background
JOSHUA GUNDERSEN, MARK Lim, and TODD GAIER, Department of Physics, University of California, Santa Barbara,

California 93106

nisotropy measurements of the cosmic microwave back-
round (CMB) provide an effective method for testing

cosmic structure formation models. In particular, degree-
scale anisotropy measurements can be powerful in constrain-
ing scenarios of large-scale structure formation and values of
global parameters in cosmic evolution models. These meas-
urements can also be used to discriminate between Gaussian
and non-Gaussian structure formation models. Over the past
6 years, our group has traveled to the South Pole to perform
degree-scale anisotropy measurements. The results from
these measurements are detailed in Meinhold and Lubin
(1991) and Meinhold et al. (1993) for our 1988-1989 measure-
ments (SP89) and in Gaier et al. (1992) and Schuster et al.
(1993) for our 1990-1991 measurements (SP91). We report
here on our most recent measurements, which were made
during the austral summer 1993-1994 (SP94) at the Amund-
sen-Scott South Pole Station.

All of the SP94 observations used the advanced cosmic
microwave explorer (ACME) which is a 1-meter Fl off-axis
Gregorian telescope (Meinhold et al. 1993). During these
observations, the nutating ellipsoidal secondary oscillated
sinusoidally at 8 hertz with a peak-to-peak throw of 3 0 on the
sky. The receiver signals were then phase-synchronous
demodulated using a "square wave" lock-in amplifier, which
gave a maximum sensitivity to signals separated by 2.10 on the
sky.

The 26-36 gigahertz (Ka-band) receiver is very similar to
the receiver shown in Gaier et al. (1992). This receiver incor-
porates a very-low-noise, cryogenic high- electron-mobility

transistor (HEMT) amplifier (Pospieszalski et al. 1990) built at
the National Radio Astronomy Observatory (NRAO). The full
10-gigahertz (GHz) band is multiplexed into four channels,
each with 2.5-GHz nominal bandwidth. This band subdivi-
sion is used to compensate for gain variations across the full
band and to obtain spectral information that can be used to
discriminate between the various astrophysical foregrounds.
The beam profile of the telescope can be estimated as a
Gaussian beam with a full width at half maximum (FWHM);
the Gaussian beam varied between 1.4 0 for the highest fre-
quency channel to 1.80 for the lowest frequency channel.

The 38-45-gigahertz (Q-band) receiver, shown in figure 1,
uses a cryogenic HEMT amplifier, which is based on an NRAO
design and built at the University of California at Santa Bar-
bara. This amplifier uses an AlInAs/GaInAs/InP HEMT
(Pospieszalski et al. 1994) in the first stage of amplification.
This new InP-based HEMT technology, which provided for
the very-low (10-15 K) receiver temperature, requires signifi-
cantly less power than the GaAs-based HEMT amplifiers. As
with the Ka-band receiver, the Q-band system was multi-
plexed into three frequency bands with nominal bandwidths
of 2.3 gigahertz. With the addition of the Q-band receiver, our
frequency coverage has doubled from our SP91 results and
should allow for much improved foreground discrimination.
The beam size of the Q-band receiver varies from 1.0° in the
highest frequency channel to 1.2° in the lowest frequency
channel.

The observation strategy was constrained by terrestrial
foregrounds, astrophysical foregrounds, and previous obser-
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vations. The sky coverage for SP94 is shown as boxes in figure
2, and the best estimate for the sky coverage for SP91 is shown
as FWHM circles. The first observation extended to ±100 on
the sky about the fiducial right ascension u=32 0 and declina-
tion 8=-61.25 0 . The second and third observations extended
to ±100 on the sky about the fiducial a=45 0 at a 8=-62 0 . The
boxes in figure 2 represent the fact that the SP94 observations
used smooth scans in azimuth as opposed to stepped scans
for SP89 and SP91. The smooth scans have three distinct
advantages over stepped scans.
• A complete scan (e.g., moving the beam from a=12 0 to an

a=52 0 and back to cz=12 0) can be performed in less than
half the time it took a comparable scan in SP91.

• The smooth scans afford better discrimination against
unresolved sources.

• The smooth scans increased the sky coverage while reduc-
ing the per pixel sensitivity.

We removed data gathered when the telescope was not
pointed in the correct direction, when the telescope was
being serviced, when the secondary modulation was poor,
when there was radio frequency interference, and when the
weather made it impossible to observe. These combined
effects rendered roughly 25 percent of the data unusable. Fol-
lowing the analyses of Gaier et al. (1992) and Schuster et al.
(1993), we removed an offset and linear gradient as a function
of time from each half scan. The coadded data for the over-
lapping second and third observations are shown in figure 3.
The mean and variance are calculated for each of the 43 bins,
and the ±1 o error is shown in figure 3. Each of these bins sub-
tends an angle of 0.465 0 on the sky. A statistically significant
signal characterizes each observation; the structure is corre-
lated between channels for each scan; and the structure is
correlated between the two observations. At this time, we can
rule out the Earth, Sun, galactic synchrotron emission, and
galactic dust emission as contributors to the observed signal.
A more detailed analysis is underway to determine whether
free-free emission or discrete extragalactic radio sources may
be contributing to the observed signal.
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Figure 1. Schematic of the 38-45-gigahertz HEMT receiver.
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Figure 2. The sky coverage for SP91 is shown as projected FWHM ellipses, and the sky coverageMuch of the hands-on support came for the 0-band observations from SP93 is shown as boxes. The stars represent all point sources

from other members of our lab group with flux densities greater than 0.025 Janskys at 4.85 gigahertz.
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Figure 3. Coadded data for the overlapping Ka and 0-band observations. A linear compo-
nent has been removed as a function of scan position. The error bars displayed are ±1 ci.
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