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Galactic Giant Molecular Cloud (GMC) complexes are among the largest objects in the sky.  For example, a 100 pc GMC
at a distance of 1 kpc has an angular diameter of 6 degrees on the sky, and the inner 3 kpc of the molecular ring at the
galactic center extends over 20 degrees.  The Orion Nebula alone is about 1 degree in angular extent, and the Orion A
complex in which it is embedded extends over 30 square degrees. In order to  get the full picture of galactic star
formation a large field of view is important.  For high resolution, high sensitivity, and large field radio imaging of GMCs
a large array comprised of many small-diameter antennas is required.  The Allen Telescope Array (ATA) is the first of a
new generation of large-N, small-D radio telescopes designed to provide high quality images on large angular scales.

The completed ATA will have 350 six-meter diameter dishes distributed over 90 acres.  It is located at the Hat Creek
Radio Observatory in northern California, and is a joint project between the SETI Institute and the University of
California at Berkeley.  Among its features are a wideband dual-polarization feed which provides continuous spectral
coverage from 0.5 to 11.3 GHz, four simultaneous spectral windows tunable anywhere in the band, and 16 dual-
polarization beamformers for simultaneous observation of multiple target stars with the SETI 1-Hz resolution backend.

Currently (March 2007) 42 antennas have been erected, and 20 are outfitted with receivers and drives.   Some of these
antennas have been used for the observations of galactic GMCs presented here.



Instrument and Observations
The ATA is currently operating with 20 antennas and two interim 4-antenna, 50 MHz, 256-channel correlators. The 6-m
diameter telescopes have a field of view of 3.5/FGHz degrees. These observations were made in January 2007 using four
antennas connected to one of the two correlators, each providing 6 baselines at a single polarization and sky
frequency.  The completed ATA correlator will allow dual-polarization observation of 350 antennas at both polarizations
and four frequencies simultaneously.  The array will have a maximum baseline of 900 m and a minimum of 9.8 m.

Jill Tarter shows students the ATA wideband feed

Observations at sky frequencies of 1666 (OH), 4830 (H2CO) and 6667 (CH3OH) MHz were made for each GMC observed.
Tsys is below 55K at frequencies up to 6667 MHz.  The length of each observation was typically a few hours at each
antenna configuration. A continuum image was formed from the average of line-free channels in a 12 MHz bandwidth,
and data cubes were made for channels containing line emission. The continuum sensitivity was between 7 and 17
mJy/beam for the three fields presented here, and 80 to 190 mJy/beam in the channel maps. The UV coverage of the
observations at each frequency are shown below for W3 (62 deg dec) and W49 (9 deg dec).
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Results
The following panels show ATA observations at 1.6, 4.8 and 6.7 GHz, along with 36 GHz BIMA data, toward three
massive star-forming regions in galactic GMC complexes.  The left (1666 MHz) panel shows the field of view of the 6-
meter ATA and BIMA antennas at all four frequencies.  Continuum images are shown in grayscale at each frequency,
and spectra are shown for specific locations in the ATA fields.  In the BIMA panels (far right) contours of integrated 36
GHz methanol emission are plotted.  All panels show the FWHM beam at the frequency of observation, except the
bottom right panel which shows only the center of the BIMA 36 GHz field.

Ultracompact HII regions (UCHII) and OH/H2O masers are located at the centers of these fields. Extended HII regions
are often also present, indicating clusters of more evolved massive stars.   Symbols representing known positions of
OH, H2O and CH3OH masers are overlaid.  The maser positions were obtained from a simbad search within 5 degrees
of the center position and from several published catalogs.  Hydroxyl masers are indicated in blue with symbols B or O;
water masers are shown by a green H;  type II methanol masers at 6 and 12 GHz are in red with symbols C and 6, and
the type I methanol transition at 36 GHz is shown in magenta (like the BIMA contours) with the symbol L.

W3(OH)
At the 2.0 kpc distance to W3(OH) the 1.6 GHz FWHM of the ATA antennas (2.1 deg) is 73 pc across. This field contains
two clusters of maser emission, one at the field center and another 17’ away near the edge of the 6.7 GHz primary
beam. The cluster of masers at 17’ is associated with a continuum source detected at all three ATA frequencies,
suggesting that it is an optically thin HII region.  The OH spectrum taken at this location shows absorption by the 1665
and 1667 MHz hyperfine transitions of the OH radical, along with weak emission at slightly different velocities.
Formaldehyde at 4.8 GHz is detected in absorption toward this HII region.

The OH spectrum at the field center shows strong maser emission in the 1665 MHz line and weak emission at 1667
MHz. At 6.7 GHz a strong methanol line is also detected there, in agreement with previous observations (red 6 overlay).
Continuum emission at this position is not detected in the ATA fields but is detected in the 36 GHz BIMA field,
suggesting that the continuum source is optically thick at lower frequencies.

36 GHz methanol masers (magenta L) and OH masers extend ~200” (2 pc) around the HII region located 17’ from the
field center. At the center position OH, H2O , 6.7 and 36 GHz methanol masers are spread over ~30” (0.3 pc).  This is
roughly the extent of the 36 GHz methanol cloud detected by BIMA.  It is interesting that the peak of the BIMA contours
does not correspond to the location of the previously reported 36 GHz methanol maser.  The peak (Tb ~ 8K) in the BIMA
integrated CH3OH map is located near an OH maser (blue B) about 20” (0.2 pc) from the UCHII.
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W51
At a distance of 7.0 kpc the 1.6 GHz ATA field of view for the W51 complex is 257 pc.  6.7 GHz methanol and several
transitions of OH masers are found throughout this region.  In the continuum the field is dominated by an HII region at
the center (W51A). This continuum source is detected at all frequencies, indicating the presence of a cluster of OB
stars.  Another continuum source 6’ SW of the center (W51B) has a falling spectral index and is not seen at the higher
frequencies. The 1.6 GHz OH spectrum taken with the ATA shows the 1665 MHz line in emission and 1667 MHz in
absorption in the direction of W51A.  Formaldehyde at 4.8 GHz is seen in absorption, while methanol at 6.7 GHz is
strongly masing at this location.  Most of the masers are located near W51A, although there is an OH maser in the
vicinity of W51B.

BIMA observations at 36 GHz resolve W51A into several components. The UCHII closest to the center has hydroxyl,
water and 6.7 GHz methanol masers clustered within 12” (0.4 pc) of its peak.  Several other masers are located 2.4 pc
away and are not associated with a detected continuum source. The 36 GHz methanol contours show a strong peak 30”
(1 pc) east of the UCHII with a brightness temperature of 40K.  No previously detected 36 GHz methanol maser appears
in the overlay list. A second continuum source 40” NW of the center is unresolved and does not coincide with any
masers in the catalogs searched.

W49
The W49 complex is located at a distance of 11.4 kpc, providing a linear field of view of 416 pc at 1.6 GHz.  Masers of all
types are distributed over the area mapped, with the main concentration at the HII region W49A near the center.  The
continuum source 12’ east is a supernova remnant called W49B.  The SNR has a falling spectrum and is not detected
above 4.8 GHz in these maps.  It has no associated maser sources.

W49A is seen at all frequencies, and exhibits maser emission in the 1665 and 1667 MHz OH lines and in the 6.7 GHz
methanol line as shown by the ATA spectra.  The 6.7 GHz methanol spectrum is broad, indicating complex dynamics at
this location.  At 4.8 GHz formaldehyde is seen in absorption toward the HII region but not toward the SNR, suggesting
that W49B may lie in front of the molecular gas associated with W49A.

The 36 GHz BIMA image contains several compact continuum sources and two peaks in the integrated methanol
distribution near the UCHII at the center.  There is a known 36 GHz maser at the location of the UCHII, which is adjacent
to the stronger peak in the methanol contours.   The two peaks have brightness temperatures of 10 and 15 K averaged
over the 12” synthesized beam of the BIMA array.
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Summary and Conclusions
Wide field imaging at 1.6, 4.8, 6.7 and 39 GHz was presented for three galactic GMCs. The linear diameter of the 2.1
degree field of view of the 6-m ATA telescopes at 1.6 GHz is 73, 257 and 416 pc for W3(OH), W51 and W49 respectively.
The continuum data provide a way of distinguishing between thermal and non-thermal sources in the fields, and of
estimating the evolutionary stage of HII regions.  Molecular line spectra of 1665 and 1667 MHz OH, 4830 MHz H2CO,
6.667 and 36 GHz CH3OH  transitions provide information about the velocity, 3D structure and physical conditions of
regions within the fields.  The use of overlays showing locations of previously detected maser species provides a
simple way of finding associations among masers and other sources in the fields.

Multi-frequency wide field imaging  is a powerful way of assimilating complex astronomical process like the formation
of massive stars and their association with masers, molecular clouds and HII regions. With sufficient sensitivity and
dynamic range a full census of maser emission over a large field can be taken with a single pointing, and large scale
surveys can be undertaken with much greater speed and efficiency than with single-dish telescopes or arrays with
larger diameter antennas.  The data presented here utilizes only a small fraction of the observing power which will be
available with the completed Allen Telescope Array - but it gives a glimpse of what is to come.
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