
Predeployment tests of the Antarctic Submillimeter Telescope
and Remote Observatory instrument

ANTONY A. STARK, ADAIR P. LANE, SIMON BALM, and MATrHIAS RUMITz, Smithsonian Astrophysical Observatory,
Cambridge, Massachusetts 02138

THOMAS BANIA, RICHARD CHAMBERLIN, MAoHAI HUANG, JAMES INGALLS, JAMES JACKSON, and EDGAR CASTRO, Boston
University, Boston, Massachusetts 02215

ROBERT W. WILSON, DENNIS MuMMA, and GREG WRIGHT, AT&TBe11 Laboratories, Holmdel, New Jersey 07733
JOHN BALLY, Center forAstrophysics and Space Astronomy, Boulder, Colorado 80309

K.-Y. Lo and GREG ENGARGIOLA, University of Illinois, Urbana, Illinois 61801
R. SCHIEDER, JUERGEN STUTZKI, and JOHANNES STAGUHN, University of Köln, Köln, Germany

T
he Antarctic Submilimeter Telescope and Remote Obser-
vatory (AST/RO) instrument (cf. Stark 1989, p. 106) is a

1.7-meter (m) diameter telescope scheduled for installation at
Amundsen-Scott South Pole Station in late 1994. AST/RO is a
general-purpose instrument for millimeter, submillimeter,
and far-infrared wavelengths. Our scientific goals include het-
erodyne spectroscopy of galactic molecular clouds and mole-
cular lines in the Earth's stratosphere at wavelengths near 600
micrometers (ltm). This article describes observations made
from the AST/RO test site at Boston University in 1993 and
1994. Two receivers were mounted on the telescope:
• a 230 gigahertz (GHz) superconductor-insulator-supercon-

ductor (SIS) waveguide receiver with 400 K single-sideband
(SSB) noise temperature and

• a 470 to 500 GHz quasioptical SIS receiver with 350 K SSB
noise temperature (Zmuidzinas and LeDuc 1992; Engargi-
ola, Zmuidzinas, and Lo 1994).

Observing tests were restricted to periods of unusually good
weather because, unlike the South Pole, Boston is not well
sited for millimeter- and submillimeter-wave observing. We
were able to carry out several weeks of observational tests at
230 GHz. At 490 GHz, the Sun was detectable for a few hours
on 2 days in February.

Pointing capability of the AST/RO mount was measured
with a coaxially mounted optical-wavelength refractor. This
telescope consists of a 76-millimeter (mm) diameter f/10 lens
and a charge-coupled device (CCD) camera mounted in a car-
bon-fiber tube. Field-of-view of the CCD is 12 arcminutes,
and the pixel centers are separated by about 3.8 arcseconds.
Observations of stars were used to measure relative short-
term tracking stability and to determine parameters of an
absolute pointing model. Short-term tracking stability was
excellent most of the time: shake and jitter were smaller than
one pixel. The servo system was able to maintain tracking
within an arcminute even when hundred-pound loads were
suddenly applied to the telescope structure, in simulation of
exceptional wind gusts. A pointing model was generated by
observing several hundred stars on several different nights in
1993 and 1994. A mount model was applied to the tracking
system to correct for the observed pointing offsets; the
absolute pointing was then better than 1 arcminute over the
entire sky. The mount model was found to be stable over peri-
ods of weeks at a level of 10 arcseconds, the residual problems

coming mostly from the tilt of the building on which the tele-
scope sits. The radio beam offsets were determined by obser-
vations of IRC+10216, a nearby mass-losing red giant star
which is bright in molecular emission.

To measure the telescope beam pattern, total power at 230
GHz was measured at various points near the Sun's limb. Fig-
ure 1 shows total power plotted against mapping angle from
the nominal center of the Sun. The data are consistent with a
theoretically perfect gaussian beam. The vertical scale of this
curve was determined by measured power levels at the center
of the Sun's disk and at a blank sky point several degrees away.
One remarkable result is that the intermediate-frequency
power is consistent with blank-sky levels when the beam is
positioned only 5 arcminutes beyond the edge of the Sun's
disk, an indication of high beam quality, high beam efficiency,
and small error pattern. On 14 February 1994, the weather was
good enough to allow the detection of the Sun at 490 GHz. The
zenith opacity, measured by a total power skydip procedure,
was at times as small as 6. The limb of the Sun was found, and
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Figure 1. Total intermediate-frequency (IF) power measured as a func-
tion of angle from the center of the Sun. The triangular points are an
azimuth scan, and the open circles are an elevation scan. The solid
curve is the predicted result for a theoretically perfect 3.3-arcminute
gaussian beam convolved with a uniform disk the size of the Sun. The
vertical scale of this curve was determined by measured power levels
at the center of the Sun's disk and at a blank sky point several
degrees away.
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the convolution of the beam and the limb of the Sun was con-
sistent with a 1.6 arcminute beam, as expected.

A period of particularly good weather lasting several days
began on 27 February 1994. Several hundred spectra were
obtained toward a number of galactic molecular sources with
the 230 GHz receiver; some of these spectra are without
apparent flaw, aside from the presence of noise. These data
were obtained by position switching between the source and
a reference position a few degrees away. Calibration was done
by measuring the power emitted by loads at room tempera-
ture and at liquid nitrogen temperature placed between the
receivers and the telescope. Sky opacity was estimated by
comparing the noise power of the blank sky at the elevation of
the source with the liquid nitrogen load, and applying a two-
component atmospheric model to relate ambient tempera-
ture and sky temperature to atmospheric opacity. Total
equivalent system temperatures varied upward from 1200 K,
depending on the weather.

Figure 2 shows the result of a 6-minute observation of the
molecular cloud SgrA, which is superposed on the galactic
center. A linear baseline has been removed, and the baseline
residuals are acceptably small. Despite the high opacity of the
atmosphere (t-0.8) and low elevation of the source (el-190),
the data quality is high and the calibration is reasonable. The
channel-to-channel correlated noise is a natural result of the
overlap in the channels of the acousto-optical spectrometer
(AOS) (Schieder, Tolls, and Winnewisser 1989). In addition,
some hint of an approximately 30 megahertz (MHz) baseline
ripple is evident, a problem which is much worse in other
spectra. Baseline ripple results from a combination of imper-
fections in the chain of intermediate-frequency amplifiers
and frequency converters. These imperfections can be
reduced by future modifications of the intermediate-frequen-
cy chain and reduction of the microphonic response of the
receiver dewars. Figure 3 shows the CO J=2-1 spectrum
toward the high-velocity outflow source in Orion A. Again,
only a first-order baseline has been removed. The broad line
wings from the high-velocity flow are easily seen, extending
75 kilometers per second (km s- 1 ) to either side of the line
core. This source is small compared to the 3.3 arcminute (at
230 GHz) AST/RO beam, and its detection here demonstrates
that the pointing of the radio beam is good.

These observing tests indicate that the AST/RO telescope
is capable of acquiring high-quality spectra at a wavelength
near 1 mm and that its beam at wavelengths near 600 tm is
consistent with our design and laboratory tests. ASTRO can,
therefore, be considered operational.
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Figure 2. AST/RO J=2-1 spectrum of the galactic center source SgrA
at R.A.(1950)=17 hours 42 minutes 42 seconds, Dec=-28°59'. Total
observing time was 6 minutes. A linear fit has been subtracted from
the baseline. The broad emission between channels 830 and 1200 is
the galactic center molecular ring. Absorption from foreground spiral
arms can be seen at channels 1035 and 1067.
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Figure 3. AST/RO J=2-1 spectrum of the nearby Hll region Orion A at
R.A.(1950)=5 hours 32 minutes 47 seconds, Dec=-5 0 24.5'. Total
observing time was 6 minutes. A linear fit has been subtracted from
the baseline. Broad line wings from the high-velocity outflow source
can be seen at velocities between -50 km s- 1 and +60 km -1
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OPP 89-20223.
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