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 At the 199th meeting of the American Astronomical Society in Washington DC,

 on 9 January 2002, the Smithsonian Astrophysical Observatory (SAO) and the

 Academia Sinica Institute of Astronomy & Astrophyiscs (ASIAA) held a joint

 press conference to announce the first results of the partially completed

 first sub-millimeter-wave array (SMA) in the world.

 In June 1996, President Yuan Tseh Lee of the Academia Sinica signed an

 agreement with the Smithsonian Institution of the USA to expand the SAO's

 6-telescope SMA by adding two telescopes to be constructed in Taiwan.  Now,

 five years later, the two telescopes built in Taiwan, fully meeting the

 required specifications, are standing on top of Mauna Kea, a 4300m high

 mountain on the island of Hawaii, forming an integral part of the SMA.

 Through this collaboration on this unique telescope facility, the ASIAA has

 developed its scientific and technical staff to an international level and

 is ready to probe the unknown in this largely unexplored sub-millimeter

 wavelength range.  In Astronomy, as in many other scientific disciplines,

 new facilities and capabilities are crucial for new discovery.

 Construction of the two SMA telescopes, which require unprecedented

 mechanical and electrical precisions, was a challenge to and the triumph of

 the collaboration of many organizations and university groups in Taiwan, in

 many disciplines that include composite materials, precision machining,

 structural analysis, super-conducting detectors, microwave engineering,

 cryogenics, control electronics and most importantly system integration.

 The telescope construction, with the help of the SAO at a distance, was

 carried out jointly by the ASIAA, the Aeronautical Research Laboratory (ARL)

 of the Chungshan Research Institute, China Ship Building Corporation,

 Gigantex Corporation, and university groups at the National Taiwan

 University and the National Tsinghua University.  As an indicator of the

 capability in Taiwan, the carbon-fiber reinforced plastic tubes of the

 back-up structure of all eight SMA telescopes were manufactured by Gigantex

 Corporation in Changhua, under the supervision of the ARL.

 The construction process has provided a very valuable experience in building

 a complicated state-of-the-art facility and enabled the accumulation of

 important capabilities for future projects in Taiwan.  In particular, the

 ASIAA has built up a technical team that is now leading the construction of

 the Array for Microwave Background Anisotropy (AMiBA), in collaboration with

 the National Taiwan University and the Australia Telescope National

 Facilities.

 All eight telescopes of the SMA will be completed by mid-2002 and full

 operation of the entire array of eight telescopes is expected to be in early

 2003.

 The ASIAA participation of the SMA has been funded mainly by the Academia

 Sinica, with contributions by the National Science Council towards the

 development of super-conducting mixer receivers.
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 The SubMillimeter Array Opens One of Astronomy's Last Frontiers

 Cambridge, MA - With four out of the eight antennas now operational, the

 collection of images from the world's first sub millimeter array (SMA)

 has begun. Exploring one of astronomy's last frontiers at a site near the

 summit of Mauna Kea in Hawaii , the SMA offers a unique opportunity to

 observe objects in unprecedented detail. Acting as an interferometer

 similar to the Very Large Array in New Mexico, SMA will ultimately

 combine the electronic signals from eight 6-meter antennas to imitate the

 resolving power of a much larger telescope.  When placed at their widest

 separation, the SMA's eight antennas will act like a single giant

 telescope more than 1,600 feet in diameter, equivalent to the length of

 five football fields.

 "An imaging array at submillimeter wavelengths has applications in many

 exciting areas of astrophysics", says James Moran, SMA Director at the

 Harvard-Smithsonain Center for Astrophysics.  "The SMA will allow us to

 peer into regions that are obscured at optical and infrared wavelengths

 to study low-energy emissions from cold dust and molecules.  These

 emissions often arise in star-forming regions, protoplanetary disks,

 active regions of distant galaxies, and solar system bodies - all the

 places where discerning more detail using the high-resolution of the SMA

 will be invaluable."

 The SMA project is a collaboration between the Smithsonian Astrophysical

 Observatory (SAO) in Cambridge, MA, and the Academia Sinica Institute of

 Astronomy & Astrophysics (ASIAA)  in Taipei, Taiwan. "The collaboration

 on the SMA has been very beneficial for both our organizations", says

 K.Y. Lo, Director of ASIAA. "The addition of the two telescopes by ASIAA

 to the six built by SAO will double the observing speed of the SMA. ASIAA

 has also been able to build up rapidly to an international level, both

 scientifically and technically, through the involvement in the

 construction of this unique facility."

 High resolution observations at submillimeter wavelengths are very

 difficult from the ground because of the partial transparency and

 turbulence of the atmosphere. The high altitude of the site mitigates the

 transparency problem and special techniques

 alleviate the effect of turbulence.

 The SMA is a natural next step following highly successful millimeter

 wave arrays operating at longer wavelengths. It has been under

 construction in Hawaii since 1995 and is expected to be fully operational

 by mid 2003.

 In its current configuration, the Array utilizes 4 antennas at

 wavelengths of 1.3 and 0.9 mm with a restricted bandwidth of 320 MHz. In

 its final configuration the Array will have a bandwidth of 2000 MHz. In

 addition, the nearby radio facilities of the Caltech Submillimeter

 Observatroy (CSO) and the James Clerk Maxwell Telescope (JCMT) will be

 connected to the SMA to form a 10-antenna array for special observations.

 Initial observations made in the Fall of 2001, resulted in the first

 interferometric images ever made at a radio wavelength shorter than 1.3

 mm. "These results clearly demonstrate the range of applications and

 great potential of the instrument as it approaches completion. We are

 about to explore one of the last windows to the Universe," says Paul Ho,

 SMA Project Scientist at the Center for Astrophysics.

 The first submillimeter wavelength images obtained were of the

 molecular outflow of carbon monoxide in the Egg Nebula (AFGL 2688), a

 proto-planetary nebula. The image revealed two bipolar outflows which

 were previously know from longer wavelength observations.

 When an image of Mars was taken, profiles of carbon monoxide were

 measured across the planetary disk clearly revealing the difference in

 temperatures between the planet's surface and atmosphere. A vertical

 profile of the atmospheric temperature was also obtained. These

 techniques will lead to a better understanding of weather patterns on

 other planets within our solar system.

 Nineteen observations spaced over a year were made of the luminosity of

 the radio source surrounding the black hole in the center of the Galaxy

 known as Sagittarius A*. The results clearly show that the source is

 highly variable. This type of measurement will help establish the nature

 of the accretion disk and possible jet associated with this black hole

 and others.

 In its final configuration the Array will be able to study the most

 distant objects in the universe. For example the most distant quasar

 known, J104433.04-012502.2 at a redshift of 5.8 has been detected by the

 JCMT at a level of 10 mJy, but no information about its structure or

 radio spectral lines has been determined.

 With its high spectral and angular resolution the SMA will be able to

 trace astronomical gas flows in great detail and is expected to provide

 important insight into the mechanism by which molecular clouds collapse

 into stars and planets.

 Headquartered in Cambridge, Massachusetts, the Harvard-Smithsonian Center

 for Astrophysics (CfA) is a collaboration between the Smithsonian

 Astrophysical Observatory and the Harvard College Observatory. CfA

 scientists, organized into seven research divisions, study the origin,

 evolution, and ultimate fate of the Universe.

 ASIAA is headquartered in Taipei, Taiwan. The Institute of Astronomy and

 Astrophysics is part of the Academia Sinica.

 For more information on the SMA program, visit our website at:

 http://sma-www.harvard.edu/

 Or contact:

 David A. Aguilar, Public Affairs

 Harvard-Smithsonian Center for Astrophysics

 Phone: 617 495-7462 Fax 617 495-7468

 daguilar@cfa.harvard.edu
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SMA Image of Violent Winds Sculpting the Egg Nebula

The Egg Nebula is a spectacular example of a proto-planetary nebula: gas and dust surrounding a star similar to our Sun but which is in its deathroes.  As shown in the accompanying picture from the Hubble Space Telescope (HST), the surrounding dust ("nebula") is made visible by starlight scattered off small dust particles; the star itself, which lies at the center of the nebula, is blocked from view by dust.  This nebula looks like a chicken egg in optical images taken through Earth's blurry atmosphere, but is revealed by the HST to comprise two searchlight-like beams emanating from bright opposing central lobes.  The red and blue contours show a high-velocity wind of cool gas from the old central star imaged by the SMA in the sub-millimeter emission of carbon monoxide gas.  This wind, which reaches a velocity of over 70,000 km/hr (a few hundred times faster than the strongest typhoons ever to hit Taiwan), is shown to be responsible for sculpting the bright central lobes, as well as the red-colored structures perpendicular to these lobes.  The reason why this wind emerges in two perpendicular directions remains a tantalizing mystery to be further addressed by the SMA.
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SMA images Outflowing Gas from a Newly-Born Star
The very young star HL Tau is a good example of how stars like our own Sun probably formed.  As shown in the left panel of the accompanying picture, it is surrounded by dense gas and dust (a molecular envelope) from which the star formed.  The star itself is not visible in the optical; even in the near-infrared as shown in the upper right panel, all that can be seen is starlight scattered by the surrounding dust.  All newly forming stars like HL Tau produce a jet of hot gas (optical jet) that sweeps up the surrounding gas and dust to form two opposing molecular outflows.  Observations of carbon monoxide gas at sub-millimeter wavelengths with the SMA show the bipolar molecular gas outflows of HL Tau, with the blue contours denoting swept-up gas moving to the upper left and the red contours gas moving to the lower right.  These outflows clear the surrounding material, eventually making the central newborn star visible.
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SMA Measures the Temperature of Mars
On 2001 September 26, the SMA imaged both thermal emission from the surface as well as carbon monoxide gas in the thin atmosphere of the planets Mars.  The thermal image was used to construct the accompanying false-color picture showing the temperature distribution (with blue to red indicating increasing temperatures) over the Martian surface.  As expected, the western (right-hand) side of the planet facing the Sun is warmer than the eastern (left-hand) side, in the same way that the ground on Earth is cooler at night than during the day.  The line plots show the signature of carbon monoxide gas seen along different line of sights through the Martian atmosphere, from which we can derive the temperature of the atmosphere as a function of height.  The Martian atmosphere was found to be abnormally warm during this time, a result of the global dust storm that occurred on Mars starting in late June and extending into October 2001.
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SMA images Starburst Region in the Spiral Galaxy NGC 253

At the center of the nearby spiral galaxy NGC 253 lies a region of very active star formation.   New stars are forming in this "starburst" region at a rate much higher than in the rest of the galaxy, as well as in the entire disk of normal galaxies such as our own Milky Way galaxy.  In the optical, as shown in the accompanying picture, the starburst at the center of NGC 253 is largely obscured by dust (and gas) from which the new stars form.  Radio signals, on the other hand, can easily penetrate the dust shroud, and here images at sub-millimeter wavelengths with the SMA, as shown in black contours, reveals both hot gas and warm dust heated by large numbers of newly formed massive stars at the center of the galaxy.  Future observations with the SMA will provide important information on what has caused this starburst.
