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Letter from the Director 

Dear Colleagues and Friends:

The establishment of the Preparatory Office of the Academia Sinica Institute of Astronomy and 
Astrophysics was proposed by Academician Chia-Chiao Lin, and approved in 1993 by the Academia 
Sinica with the support of Academy President Ta-You Wu.  In the intervening years, our Institute has 
grown to be an exciting place in Asia to pursue research in astronomy and astrophysics, as we aspire to 
be competitive at the international level. 

In this brochure, we hope to convey to the readers a sampling of the kind of large projects which our 
Institute has been engaged in.  Our emphasis has been on innovating forefront technology which will 
drive the progress in our discipline.  We aim to choose our research initiatives carefully in order to 
concentrate our resources.  The mission of our Institute has been to construct our own facilities, to gain 
access to advanced instruments, and to engage in research on fundamental astrophysical problems.  Our 
staff members pursue a variety of scientific initiatives, ranging from planet formation to cosmology.  
We work on observational investigations across all wavelength bands, theoretical studies utilizing both 
analytical and numerical methods, and instrumentation projects in the radio, optical, and infrared 
windows.	 We offer herein some representative examples of the kind of exciting results which our 
young researchers have recently discovered.  

The success of our Institute has been guided by a succession of Directors, starting with Typhoon Lee, 
Chi Yuan, Kwok-Yung Lo, and Sun Kwok.  We are grateful for the support of Academy President 
Yuan-Tseh Lee, and the guidance of our Advisory Panel chaired by Frank Shu.  The hard work of our 
scientists, engineers, students, and administrative staff, has earned the growing reputation of our 
Institute.  In this golden age of astronomy, we are fortunate to be able to study such fundamental 
problems as the origin of life, the formation of planets and stars, the mystery of black holes, the 
evolution and fate of galaxies and the universe itself, and the existence of dark matter and dark energy.  
We look forward to engaging the young people and the general public in order to share our excitement 
in working on the forefront problems in modern astronomy.	

                                                                                                                               Paul T.P. Ho	 11.30.2006
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Introduction

　　The Academia Sinica Institute of Astronomy and Astrophysics Preparatory Office (ASIAA), was 
established in 1993.  We are located on the campus of the National Taiwan University (NTU) since 
2001, and we operate a field office in Hawaii.  While still a Preparatory Office, ASIAA currently has a 
staff of about 130, including research, technical, and support personnel, as well as research students.
　　
　　ASIAA aspires to work at the forefront of astronomical research.  By concentrating our efforts in 
specific directions, ASIAA has built up core groups in instrumentation, experimental astrophysics, and 
theory.  During the first decade of the development of ASIAA, the focus has been on radio astronomy.  
Starting with a training effort on millimeter wavelength interferometry with the Berkeley-Illinois-
Maryland Association (BIMA), ASIAA soon became a partner in 1996 on the construction and 
operation of the Submillimeter Array (SMA) with the Smithsonian Astrophysical Observatory (SAO).  
In 2000, ASIAA led the proposal and construction of the Array for Microwave Background Anisotropy 
(AMiBA) project together with NTU.  In 2005, ASIAA joined the international Atacama Large 
Millimeter/submillimeter Array (ALMA) project.  These efforts have led to the establishment of a 
world-class receiver laboratory, which has become proficient in the construction of state-of-the-art SIS 
junction devices, MMIC amplifiers, mixers, correlator, and associated electronics.  In the area of 
optical and infrared astronomy, ASIAA collaborated with National Central University (NCU) and 
Lawrence Livermore Laboratory (LLNL) in 1998 to propose, construct, and operate the Taiwan 
American Occultation Survey (TAOS) project.  This has been followed by the participation in the 
Widefield Infrared Camera (WIRCam) project on the Canada-France-Hawaii Telescope (CFHT) in 
2000.  These efforts led to the establishment of a group well versed in detectors, electronics, and optics.  
In the area of astrophysics theory, a group working on Computational Fluid 
Dynamics/Magnetohydrodynamics (CFD/MHD) has developed numerical computation capabilities at 
the ASIAA.  This was followed by the establishment of the Theoretical Institute for Advanced Research 
in Astrophysics (TIARA) project, which promotes the collaboration between ASIAA and university 
groups in Taiwan on astrophysical theory.
　　
　　At the end of 2006, all three major ASIAA telescope projects: SMA, AMiBA, 
and TAOS, have been brought into operations.  ASIAA delivered two SMA 
antennas to Mauna Kea in Hawaii, and the entire SMA was dedicated 
in November of 2003.  The successful collaboration between ASIAA 
and the Aeronautical Research Laboratory of Chung-Shan Institute 
of Science and Technology in Taiwan in the construction of these 
antennas is a model for partnership between academia and industry.  
Initial science results from the SMA were published in a special 
volume of the Astrophysical Journal in 2004.  The SMA is now 
in regular science mode, featuring weekly remote operations from 
Taipei.  The two-element AMiBA prototype was deployed to Mauna 
Loa in Hawaii at the end of 2002.  The hexapod mount, the carbon 
fiber platform, and the dishes and receivers of the 7-element AMiBA, 
have been assembled on Mauna Loa.  The dedication of AMiBA was 
in October of 2006.  Testing, operations, and observations of the microwave 
background are underway, while the expansion to the 13-element configuration 
is on-going.  In 2002, the first two elements of TAOS were deployed to Lulin Mountain in central 
Taiwan.  In 2005, the original three TAOS 0.5m elements began regular operation, while the fourth 
element from the Yonsei group in Korea is under calibration.  Some 1000 stars are monitored per night, 
searching for the occultation of a star by any intervening Kuiper Belt Objects.  Also, at the end of 2005, 
ASIAA, together with CFHT group, delivered and commissioned the WIRCam.



　　ASIAA aims to collaborate with the university groups in developing astronomical research in 
Taiwan.  Collaboration with National Central University has been underway for a number of years 
through our partnership on the TAOS project.  Collaboration with National Taiwan University has also 
been ongoing through our partnership on the AMiBA project as part of the Cosmology and Particle 
Astrophysics (CosPA) effort.  In 2006, the Astronomy-Mathematics building on the NTU campus to 
house the ASIAA, the AS Mathematics Institute and their NTU counterparts, is under construction, and 
should be completed by 2008.  Collaboration with National Tsing Hua University (NTHU) has been 
ongoing in the fabrication of SIS junctions.  In 2004, the Theoretical Institute for Advanced Research in 
Astrophysics was established on the campus of NTHU.
　　
　　ASIAA continues to collaborate with various international groups, including: the Smithsonian 
Astrophysical Observatory on SMA and TAOS; the Australia Telescope National Facility (ATNF) and 
the Carnegie-Mellon University (CMU) on AMiBA, the National Radio Astronomy Observatory 
(NRAO) on AMiBA and ALMA, the California Institute of Technology (Caltech) on AMiBA, the 
Canada-France-Hawaii Telescope on WIRCam, the University of Pennsylvania (UPenn) and the 
Lawrence Livermore National Laboratory on TAOS, Yonsei University on TAOS, the Nobeyama Radio 
Observatory (NRO) and the Purple Mauntain Observatory (PMO) on SIS junction development, and 
National Astronomical Observatory of Japan (NAOJ) on ALMA and SIS junctions.  

　　International and national meetings hosted by ASIAA include East Asian Meeting of Astronomy, 
Star Formation Workshops, and Taipei Astrophysics Workshops.  ASIAA is also a founding member of 
the East Asian Core Observatories Association (EACOA), together with the National Astronomical 
Observatory of Japan, the National Astronomical Observatories of China, and the Korea Astronomy 
and Space Science Institute.  The EACOA promotes collaborations in East Asia, especially in the 
construction of future instruments.	

　　ASIAA will continue to participate in the development of advanced astronomical instrumentation 
for research by the Taiwan astronomical community.  ASIAA is participating in the construction of the 
Atacama Large Millimeter/submillimeter Array, to be completed in Chile in 2012.  This is the largest 
ground-based astronomical instrument and will be extremely powerful for exploring the universe, from 
our own solar system to the most distant and earliest forming galaxies.  ASIAA will also participate in 
the development of adaptive optics on the CFHT, and will seek collaborations involving other large 
format infrared cameras.  The staff at ASIAA makes use of all the leading astronomical instruments in 
the world, and we aim to bring this access to the astronomical community in Taiwan.
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The SAO/ASIAA Submillimeter Array

Since 1996, ASIAA has been carrying out the Submillimeter Array project under collaboration with the 
Smithsonian Astrophysical Observatory (SAO).  In November 2003, the array of eight 6-m telescopes 
was dedicated on Mauna Kea, Hawaii by the Academia Sinica President Y. T. Lee and the Smithsonian 
Institution Secretary Larry Small.  Two of the eight telescopes, including the associated electronics and 
receiver systems, were delivered by ASIAA, under strong collaborations in Taiwan with university 
groups and industry.  Since the dedication, the array has been regularly used to produce scientific 
results.  As of October 2006, 37 papers with ASIAA co-authors have been published, and 8 papers have 
ASIAA first authors. 

As a partner of the SMA project, ASIAA contributes towards the maintenance and operation of the 
array on Mauna Kea. ASIAA has a small local staff residing in Hilo, Hawaii. In addition, the scientific 
and engineering staff visits the site regularly, and conducts remote operation from Taipei.

Figure 2.  The Submillimeter Array, built at the top of Mauna Kea (el~4000 m), Hawaii.

Figure 1.  Two SMA antennas built in Taiwan. ASIAA has delivered 
receiver systems with three bands of 230 GHz, 345 GHz, and 690 GHz.
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Scientific Highlights with the SMA

The SMA provides unique opportunities to observe various scientific targets, such as the Solar system, 
star and planet forming regions, evolved stars, nearby and distant galaxies, with emissions at 
submillimeter wavelengths at high angular resolutions up to 0.1 arcsec.

Circumstellar envelopes around late-type stars can be imaged in both continuum and spectral lines 
using the SMA. The chemical and excitation variations within these envelopes can be used as probes 
for studying evolved stars. For example, the photodissociation layer in the circumstellar envelope 
around the young planetary nebula NGC 7027 was imaged in the HCO+(3-2) emission using the SMA, 
demonstrating that the HCO+(3-2) emission is closely associated with the H2 line emission observed at 
near-IR. The HCO+ molecule is likely formed in the region with strong UV radiation through chemical 
reactions driven by high temperatures (of order 1000 K).

Figure 3.  The HCO+(3-2) line emission at 267 GHz observed with the SMA in the young 
planetary nebula NGC 7027 (Huang, Trung, Hasegawa et al. 2006, in preparation). The 
contours show H2 line emission excited by UV radiation (Cox et al. 2002, A&A, 384, 603). The 
color image is the intensity of the HCO+(3-2) line at VLSR = 31 km/s (close to the systemic 
velocity of NGC 7027). 

The SMA has also been playing an important role in studying extragalactic objects.  At ASIAA, nearby 
Seyfert galaxies have been intensively observed using the SMA to trace warm gas surrounding central 
active galactic nuclei (AGNs) and starburst rings to understand the role of molecular gas in AGN 
activities.  An example is the 12CO(2-1) observations of the type 1 Seyfert galaxy NGC 1097. The CO 
map revealed a circumnuclear molecular ring with a radius of 700 pc, at the same location as the 
starburst ring, and a strong central concentration of molecular gas with a radius of 175 pc, which is 
coincident with the Seyfert nucleus, suggesting that warm and dense molecular gas is concentrated 
toward the Seyfert nucleus.

Figure 4.  The central region of the Seyfert 1 galaxy NGC 1097 
mapped with the SMA in 12CO(2-1) (lower-right image).  NGC 
1097 is a nearby galaxy with a large-scale bar (left image), and 
hosts a circumnuclear starburst ring (upper-right image). 
Straight dust lanes along the leading edge of the bar connect 
the ring with the spiral arms (Hsieh et al. in preparation)
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In addition to nearby galaxies, distant galaxies can be studied using the SMA as well. Since these 
galaxies dwell at a time when the Universe was relatively young, detailed observations of them would 
provide important information on the origin and evolution of the Universe.

The SMA is a very powerful tool to study star and planet forming regions and a variety of observational 
projects have been carried out in ASIAA.  For instance, the well-known HH211 outflow emerging from 
a nearby young star was imaged in detail using the SMA.  The SMA images show a very narrow jet-
like structure in the outflow, and the SiO jet consists of a chain of knots separated by 3-4" (~1000 AU), 
with most of them having counterparts in shocked H2. 

Magnetic fields play a fundamental role in star formation, and the SMA can be used to infer the  
distribution of magnetic fields associated with star forming regions by observing polarized dust 
continuum emission. Such observations have been performed toward NGC 1333 IRAS 4A. The 
obtained image provided the first conclusive evidence of an hourglass-shaped magnetic field in a star 

Figure 5. GN20 is a galaxy found in the distant universe. With the SMA, we are able 
to detect the emission from dust (contours), which is known to be tracing massive 
star formation activity.  More interestingly, the dust emission comes from a part of 
the galaxy where HST (color image) sees no visible light.  This suggests that the part 
of the galaxy invisible to HST is very dusty but extremely bright in dust emission, 
which is the exact site where stars are forming. (Iono et al. 2006, ApJ, 640, L1)

Figure 6.  The HH211 outflow imaged in the SiO(5-4) line at 217 GHz and 
SiO(8-7) line at 347 GHz with the SMA. The upper panel shows the distribution 
of the blueshifted and redshifted SiO(5-4) emission (blue and red contours 
respectively) superposed on the near-IR H2 image.  The lower panel compares 
the distribution of the different transitions of SiO and H2.  It is shown that the 
knotty structure is more prominent in the higher SiO transitions. (Hirano et. al. 
2006, ApJ, 636, L141).
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To date, more than 150 extra-solar planets have been discovered. The formation mechanism of these 
planets has been a pressing and controversial issue in contemporary astrophysics.  Circumstellar disks, 
formed around young stars in the course of their birth, are the most probable sites for future planetary 
formation.  Therefore it is essential for us to observe these disks in detail to understand the formation 
mechanism of planets.  The SMA, with its sub-arcsec resolution, has been playing a crucial role in 
observations of circumstellar disks.  Figure 8 shows SMA images of two nearby Herbig Ae stars, 
revealing non-axisymmetric structure in their circumstellar disks.  These structures offer us a first hint 
that an incipient planet is being assembled in the disk.

forming region, which has been predicted by theory for a long time. Collapsing molecular cloud cores - 
the birth places of stars - have to overcome the support provided by their magnetic field to form stars.  
In the process, the competition between gravity pulling inward and magnetic pressure pushing outward 
was expected to produce a warped, hourglass pattern in the magnetic field within these collapsed cores.

Figure 7.  Magnetic field vectors shown in red as measured in dust 
polarization by the SMA.  Contours show 0.877 mm dust continuum 
emission (Girart, Rao, and Marrone 2006, Science, 313, 812).

Figure 8.  Images of circumstellar disks around Herbig Ae stars, obtained in 345 GHz dust emission (contours) using the SMA 
(AB Aur: Lin et al. 2006, ApJ, 645, 1297, HD 142527: Ohashi et al. 2006 in preparation). Background: coronagraphic images 
taken by the Subaru telescope in the near-IR at 1.6 micron.  The masked areas of the coronagraphic images are shown as filled 
black circles, while the stellar positions are shown by the white cross.
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Atacama Large Millimeter/Submillimeter 
Array - Taiwan 

Recently, ASIAA has joined the Atacama Large Millimeter/submillimeter Array (ALMA) project, the 
largest ground based astronomical project ever carried out.  The array is currently under construction in 
the Chajnantor area in the Atacama desert in northern Chile.  ALMA will cover the wavelength range 
from 0.3 mm to 9 mm with an angular resolution of up to 4 milli-arcsec, giving 10 times sharper 
images than the Hubble Space Telescope.

The ALMA project has three major international partners: North America, Europe, and Japan. The 
North American and European partners are responsible for the construction of the 12m Array (ALMA-
baseline project), while Japan is responsible for the construction of the Atacama Compact Array (ACA; 
ALMA-Japan project).  In September 2005, the Academia Sinica (AS) in Taiwan entered into an 
agreement with the National Institutes of Natural Sciences (NINS) in Japan to join the ALMA project 
through the ALMA-Japan project.  ASIAA has also been exploring a possible collaboration with 
ALMA-NA (North America). ALMA will be completed in 2012, and its expected lifetime is at least 50 
years.

ALMA will be enormously sensitive, and more than 10,000 times faster than any existing instrument at 
millimeter and submillimeter bands.  The extremely high sensitivity of ALMA will allow us to study a 
broad range of exciting science such as weather patterns on the solar system planets, the formation of 
planets and stars in our galaxy, the gas motions within active galactic nuclei, and the formation of the 
earliest galaxies at a redshift of Z~10.  For example, imaging protoplanetary disks around young Sun-
like stars with resolution of a few astronomical units will enable us to detect the tidal gaps created by 
planets undergoing formation in the disks.  Astronomers at ASIAA and universities have been in 
intensive discussions to prepare scientific projects to be carried out.

Figure 1.  Conceptual image of ALMA, which is currently under construction.  
ALMA will consist of the“12m Array”of up to sixty-four 12m telescopes, and 
the“Atacama Compact Array (ACA)”of four 12m  and twelve 7m telescopes. 
(Picture credit: National Astronomical Observatory of Japan)
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In addition to preparing for scientific projects for ALMA, ASIAA will also contribute to the 
construction of the array and associated engineering projects.  Under collaboration with local industries 
in Taiwan, ASIAA will establish the front-end integration center (FEIC) for the Atacama Compact 
Array.  All the front-end subsystems for ACA will be assembled and evaluated at FEIC in Taiwan.  In 
addition, ASIAA has been working on the highest frequency (950 GHz) receiver band with ALMA-J, 
and is also participating in the development of ALMA software in Germany and the US.

Figure 2.  In September 2005, Academia Sinica (AS) signed an agreement with 
National Institutes of Natural Sciences of Japan (NINS) to join the ALMA-Japan 
project.  AS President Yuan T. Lee shakes hands with Prof. M. Ishiguro, ALMA-
Japan project director representing NINS.

Figure 3.  Simulation of ALMA observations of circumstellar disks with 
an embedded planet of 1 Jupiter mass (left column) and 5 Jupiter masses 
(right column) around a 0.5 and 2.5 solar mass star, respectively.  The 
assumed distance is 50 pc (top row) and 100 pc (bottom row).  The size 
of the combined beam (~0".02) is symbolized in the lower left edge of 
each image.  The simulation suggests that the hot region in the proximity 
of a young planet, along with the gap, could be detected and mapped 
with ALMA (Wolf and D'Angelo 2005, ApJ, 619, 1114).

Figure 4.  Left: To install receiver cartridges into a dewar, the 
dewar is mounted on a“tilt table”to give sufficient space 
for the installation of the cartridge.  In the picture, the dewar 
is tilted by 90°. Right: Dewar of the ALMA receiver. 10 
receiver cartridges (one for each receiver band) will be 
installed in the dewar, and cooled to 4 K. 
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The Yuan Tseh Lee Array for Microwave 
Background Anisotropy

The Array for Microwave Background Anisotropy (AMiBA) is a forefront instrument for research in 
cosmology.  This project is led, designed, constructed, and operated by ASIAA, with major 
collaborations with the Physics Department and Electrical Engineering Department of National Taiwan 
University (NTU), and the Australia Telescope National Facility (ATNF).  Additional contributions are 
also provided by the Carnegie Mellon University (CMU), the National Radio Astronomy Observatory 
(NRAO), and the Jet Propulsion Laboratory (JPL).  

The AMiBA is sited on Mauna Loa in Hawaii, at an elevation of 3,400m to take advantage of higher 
atmospheric transparency and minimum radio frequency interference.  The construction of the AMiBA 
includes a novel hexapod mount, a carbon fiber platform, carbon fiber reflectors, MMIC receivers, a 
broadband correlator, numerous electronics, a retractable cover, site infrastructures, and software 
development.  We project a sensitivity of ~2 mJy with the 1.2m elements in 1 hour.  This will allow us 
to detect and map 20-50 clusters of galaxies every year.  The project involves extensive international 
and domestic scientific and technical collaborations.  The AMiBA has deployed the initial 7-element 
interferometer in Hawaii.  A dedication ceremony was held in October 2006 on Mauna Loa, with AS 
President Y. T. Lee and NTU President S.C. Lee presiding.  Science operations have started.  An 
expansion to the 13-element configuration is underway, with deployment and testing in 2008.

Figure 1. AMiBA on Mauna Loa, 
Hawaii in September 2006.  Seven 
60-cm antennas, covered with 
GoreTex sun protection shields, form 
the most compact configuration on 
the carbon fiber platform.  An optical 
telescope, the correlator, associated 
mechanical and electronic packages 
can be seen mounted also on the 6-m 
platform.  The hexapod jackscrew 
system can be seen attached to the 
platform. (Picture credit:Patrick 
Koch)

Figure 2.  In the dedication ceremony of AMiBA held in Oct 2006, 
the NTU President S.C. Lee officially announced that the AMiBA is 
named as the “Yuan Tseh Lee Array for Microwave Background 
Anisotropy” and presented the name plaque of the Array to AS 
President Yuan T. Lee.�
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As a dual-polarization interferometer array operating at a 3-mm wavelength, the AMiBA is designed to 
sample structures in the Cosmic Microwave Background (CMB) as small as 2 arc minutes in angular 
extent.  The AMiBA specifically targets the distribution of high red-shift clusters of galaxies via the 
Sunyaev-Zel'dovich Effect (SZE), as a means to probe the primordial and early structure of the 
universe.  The AMiBA is also capable of measuring the polarization properties of the CMB, which is 
sensitive to the ionization history of the universe and can be a potential probe for gravity waves.  It will 
improve upon the recent results from WMAP by about a factor of 10 in angular resolution. 

The AMiBA project was first funded in 2000.  By the end of 2002, a two-element prototype was 
installed on Mauna Loa to test the design concept and the performance of various components.  The site 
on Mauna Loa was acquired in 2003.  The civil work on site was completed at the end of 2004, just in 
time for the arrival of the hexapod mount.  The carbon fiber platform was delivered in 2005, and mated 
to the mount.  Mount performance and pointing tests soon followed.  Since early 2006, seven receivers 
along with the correlator and related electronics have been installed on the platform and have become 
operational.  First fringes were obtained and current tests include system stability, noise properties, 
ground pick-up tests, antenna temperature measurements, and integrated system tests with sun 
observations. 

Figure 3 shows photogrammetry being performed on the carbon fiber platform in order to measure its 
deformation under gravitational loading by the attached reflectors, receivers, and electronics.  The 
deformations appear to be repeatable.  Further tests are underway.  

Figure 3:  Photogrammetry survey.  Pictures of a number of targets on the platform are taken from the basket of a cherry picker, while the 
hexapod is driven to different elevations.  Relative positions of the targets provide a measure of the deformation of the platform. (Picture 
credit: Philippe Raffin)
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The construction of the 7-element configuration for the AMiBA was completed during September 
2006.  Clear fringes were obtained immediately on Jupiter for all baselines (Figure 4).  The image of 
Jupiter was then constructed from the correlated data (Figure 5).  Saturn and the Crab nebula were then 
also detected.  

Figure 4.  Strong fringes were obtained on Jupiter for all twenty one baselines of the 7-element configuration of the AMiBA, with the 60-cm 
dishes in the most compact configuration.  For each graph, the x-axis is the drift time of Jupiter across the field of view of the antenna, and the 
y-axis is the strength of the correlated signal.  Each plot has 8 sets of data, produced from the 4-lag AMiBA correlator in dual-polarization 
mode. (Picture credit: Jiun-Huei Proty Wu, NTU)

Figure 5.  Jupiter as imaged by the AMiBA 
with the close-packed 7-element 
configuration. The image is obtained by 
processing all the fringe data as shown in 
Figure 4.  This is the first image of a 
celestial object to be captured by the 
AMiBA. (Picture credit: Jiun-Huei Proty 
Wu, NTU)
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As the AMiBA begins its science mission,  we will image clusters via the Sunyaev Zel'dovich effect, 
where inverse Compton scattering by cluster electrons will cool the background CMB photons at 3mm 
wavelength.  Calculations show that clusters can be detected with the 7-element configuration of the 
AMiBA.  However, the sensitivity will be greatly increased by expanding the array to 13-elements with 
1.2m reflectors (Figure 6).  The expansion to 13-elements is therefore already underway.	

In addition to studies of high redshift clusters, the AMiBA will also measure the power spectrum of the 
CMB on smaller sizescales than have been attained before.  Calculations show that even with the 60 cm 
reflectors, the previously measured CMB power spectrum can be detected within a reasonable 
integration time. The ability to sample smaller structures, will allow us to study the potential presence 
of the secondary Sunyaev Zel'dovich effect on the CMB power spectrum.  Figure 7 shows the potentials 
of AMiBA versus other instruments. 
 

Figure 7.  Expected performance of AMiBA with the initial 
configuration (seven 60cm dishes, close-packed) after 1 
month of observations, as compared with other high-l CMB 
experiments such as ACBAR (2002) and CBI (2004). Also 
shown are the WMAP best-fitting curve of the temperature 
CMB power spectrum (solid), and the secondary Sunyaev-
Zel'dovich effect power spectrum (cross) from N-
body/Hydrodynamic simulations (K.Y. Lin et al. 2004, ApJ, 
608, 1L) which dominate the temperature anisotropy on 
small angular scales of l>2500.  The first AMiBA CMB 
power spectrum data point is targeted around l=1000, which 
can be compared with existing high-precision measurements 
of other CMB experiments (e.g., WMAP).  The second and 
third smaller scale structural data points will be targeted at 
the high angular multipoles of l~2000 and l~2500, where 
AMiBA will have much better sensitivities than other existing 
CMB experiments. (Picture credit: Jiun-Huei Proty Wu, 
NTU, modified from Mod. Phys. Lett. A, 19, 1019) 

Figure 6.  The figure demonstrates simulated deep 
AMiBA cluster surveys via the Sunyaev-Zel'dovich 
(SZ) effect based on N-body/Hydrodynamic 
simulations.  The top-left panel shows a model SZ sky 
map, and the top-right panel shows a realization of SZ 
(top-left) + CMB sky map at 94GHz as an input to 
mock observations.  At 94GHz, clusters are seen as 
cold spots on the CMB T-map.  Here the sign is 
flipped, and clusters are shown as hot spots.  The 
primary CMB signal acts as a significant noise source 
in a SZ cluster search.  The bottom panels compare 
mock AMiBA observations of the same piece of sky 
with the 7-element (bottom-left) and the 13-element 
(bottom-right) configurations of 1.2m antennas.  A 
deep survey mode of 400 hours integration is assumed.  
Cluster detections above 4 sigma are indicated by red 
circles.  As demonstrated in the figure, the expansion 
from a 7 to 13 element interferometer will improve 
significantly the sensitivities to distant clusters of a few 
arcmin scales. (Picture credit: Keiichi Umetsu)
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The Optical and Infrared 
Instrumentation Program

In order to support follow-up observations of high-redshift clusters detected with the AMiBA project 
and to train the next generation of Optical and Infrared (OIR) astronomers, ASIAA negotiated for 68 
nights of observing time on the 3.6m Canada-France-Hawaii Telescope. This is part of the
“Cosmology and Particle Astrophysics”(CosPA) effort together with the AMiBA development. 
Through the collaboration, ASIAA joined the development of the Wide Field Infrared Camera 
(WIRCam) to enhance its optical and infrared instrumentation capability. 

The WIRCam project officially started in late 2001 after some preliminary study. This camera has four 
2048×2048 HAWAII-2RG HgCdTe detector arrays, with a 20' field of view, and 0.3" pixel resolution. 
It is so far one of the largest format infrared camera in the world. The camera optics is cooled to liquid 
nitrogen temperatures to suppress the infrared background. With the new on chip guiding capability of 
the IR array, the camera can provide a 50 Hz tip-tilt correction and also micro-dithering observation. In 
2005, the WIRCam was installed and commissioned on CFHT. The camera is now fully functional for  
scientific observations. The limiting magnitude in Ks band for a 10 sigma detection in a 1 hour 
exposure under 0.7 arcsecond seeing is about 23.1(AB magnitude). 

Figure 1.  Left: The 3.6m CFHT in its dome on Mauna Kea.  Right: The WIRCam was completed and installed on 
the CFHT during 2005.

Building on our experience with TAOS, the WIRCam project further enhances the capability at the 
ASIAA to build world class optical and infrared instruments.  In this project, the ASIAA staff was 
heavily involved in the development of the array control electronics and the real time pipeline. We also 
participated in the specification and contracting of the subsystems, and the assembly and testing of the 
camera.  Such hands on experiences are essential for our future instrumentation projects.
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With the delivery of WIRCam, ASIAA continued its instrumentation collaboration with CFHT on a 
new adaptive optics (AO) project to extend our capabilities. The planned AO system will provide 
diffraction limited performance at 500nm with laser guide stars and a CCD wavefront sensor system. 
One of the essential parts involving ASIAA is the development of CCD curvature wavefront sensor
“FlyEyes”. The main goal of the project is to evaluate and characterize the MIT CCID-35 detector as 
a suitable replacement for the avalanche photo diode modules (APDs) in the existent curvature 
wavefront sensor. ASIAA has participated in FlyEyes since Oct 2005, mainly contributing to the 
hardware interface definition, detector controller system software design, CCD characterization, and 
AO system simulation.

ASIAA has also worked with CFHT in the simulation of the new AO system. This involves the 
simulation of the AO system for the laser launching telescope and the simulation for the whole AO 
performance. This is expected to demonstrate the performance of the system under the different 
parameters of the number of actuator, laser power and correction frequency. The feasibility study is due 
by the end of 2006.

Figure 2.  Left: The Orion nebula image taken by WIRCam.  Right: The H2 image of IRAS 05358+3543.

Fig 3.  Left: The MIT CCID-35 chip.  Right: The test Image of the CCD with fiber bundle.
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Theoretical Institute for Advanced 
Research in Astrophysics

The Theoretical Institute for Advanced Research in Astrophysics (TIARA) was established in 2004 to 
provide an integrated world class program of research and education in theoretical astrophysics.  The 
institute is a cooperative effort between the National Science Council and Academia Sinica and aims to 
coordinate efforts of researchers and the training of future theoretical astrophysicists throughout Taiwan 
and Asia.  It serves as an international center of excellence where forefront research can be intimately 
integrated into the graduate education at Taiwan's universities and academic institutions.  Its primary 
facilities are located on the campus of National Tsing Hua University with a branch office at the 
Academia Sinica Institute of Astronomy and Astrophysics in Taipei.

The main office of TIARA located on the campus of National Tsing Hua University.

TIARA's mission involves the investigation of the astrophysical processes associated with the 
formation of structure in the universe.  Current research activities span star formation, galactic 
dynamics, and high energy astrophysics including compact objects.  To provide scientists with current 
developments in the field and to inform the international community of the developments in Taiwan, 
TIARA runs an active visitors program and organizes and hosts a vigorous series of topical workshops 
on especially timely areas.  As of August 2006, TIARA has hosted six workshops focusing on special 
topics in star formation, high energy astrophysics and compact objects, and cosmology.  Depending on 
the scale of the workshop, the participants would range from ten to fifty international experts and those 
from the local community.  These workshops have been very successful in exchanging scientific ideas 
and numerous papers have been produced which acknowledge the activities hosted by TIARA.  In 
addition, TIARA has hosted one long term associate research fellow, four post-doctoral research 
fellows, and over sixty other short term visitors.
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TIARA is also playing a major role in improving the graduate education of students at universities 
throughout Asia by holding schools on special topics in Taiwan.  The schools are geared towards 
college and university students as well as young postdoctoral researchers who wish to deepen their 
knowledge or branch out into a new area.  These schools offer intensive, in depth courses over a one to 
two week period to allow a complete pedagogical approach starting from fundamental theory to 
advanced applications in confronting current observational facts.  There have been two successful 
winter schools in 2005 and 2006, focusing on astrophysical disks and cosmology, respectively.  These 
schools would last for one or two weeks, with lectures delivered by speakers from within Taiwan as 
well as those invited internationally.  We have successfully attracted over 50 students from East Asia 
regions including Taiwan, China, and Korea.  The students can also interact with one another via the 
student presentations, which were part of the winter school program as well.  TIARA is currently 
sponsoring a school on astrophysical black holes to take place in Jan 2007.

In the future, plans are underway to develop collaborative programs with partner universities in Hong 
Kong, China, and with the University of California in the United States.

Visitors Danielle Galli from Italy and Susana Lizano from 
Mexico working with Frank Shu on magnetized 
gravitational collapse.

Acting director Ronald Taam welcoming the participants of 
the winter school on Astrophysical Disks.



Figure 1.  Left: One of the TAOS 0.5m telescopes in its enclosure.  
Right: The four TAOS telescopes on top of Lu-Lin Mountain.  Two 
of them are in the foreground. (Picture credit: S. K. King and H. 
C. Lin)
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The Taiwan-America Occultation Survey 

The TAOS collaboration includes ASIAA, National Central University, Harvard-Smithsonian Center 
for Astrophysics and Yonsei University in Korea.  We have set up four 50 cm robotic telescopes at the 3 
km high NCU Lu-Lin Observatory in central Taiwan.  Wide-field (1.7°) fast (0.2 sec) shutter-less 
photometry with high sensitivity (quantum efficiency > 85%) 2k×2k CCD cameras is being used to 
monitor the light level from 500-1000 stars in each field.	  From the 100 million measurements per night 
we look for occultation of stars by intervening Kuiper Belt Objects (KBOs) which are comets in a belt 
beyond Neptune.  One aim is to detect KBOs whose size is about a few kilometers, typical of comets 
visiting the inner solar system.  The other exciting niche for TAOS is to detect KBOs at distance > 80 
AU, which is beyond the reach of any telescope using direct detection of reflected or emitted radiation.  
Recent studies hinted at the existence of a hitherto unknown population of large comets in that region 
which is too remote to be perturbed by any known planets at their present positions.  

The estimated KBO occultation rate is extremely low and highly uncertain.  It ranges from once per 
night to once per month in a survey like the TAOS project.  Therefore it is important to minimize the 
false alarm rate for each telescope and to require coincidence for event detection on multiple 
telescopes.  Preliminary estimate of false alarm rate for single telescope is at a one part per million 
level.  Currently, three telescopes are observing the same field simultaneously.  They are operating in 
fully automatic mode with remote monitoring from ASIAA and NCU.  If the false positives are random 
and independent among the telescopes, then we expect the combined false alarm rate to lie below 10-18.
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In order to monitor the sky at a rate of 5 Hz, a special“zipper mode operation”was developed for our 
CCD cameras.  A test was carried out in June 2004 when an 8.5 mag. star was occulted by a 15.5 mag. 
asteroid (#1723, diameter 31 km).  Two TAOS telescopes successfully detected this event with better 
than 0.25 second time resolution under remote control.  A dedicated photometry program is needed to 
analyze those zipper mode data.	 The data rate is so high that more than 100 GB of raw data can be 
easily collected by three telescopes in just one clear night.  In addition, control software was developed 
to monitor three or four telescopes at a time, whereas a data pipeline was designed to process in nearly 
real-time the large amount of data.  Clearly, the software development is an even more challenging task 
for this project.  In addition to the experimental aspects, a theoretical understanding of the underlying 
astrophysical process and statistical properties of a KBO occultation are also in progress.  A special
“rank statistics”is used to identify a candidate event against a certain statistical false positive.  A 
diffraction code and simulator have been developed which generate artificial light curves under model 
assumptions for comparison with the real data.  Routine observations started from the winter of 2004.  
The on-going data-taking of TAOS will yield a stringent upper limit if there is no detection of any KBO 
occultation in the next few years.  TAOS responds serendipitously to the prompt optical afterglow from 
Gamma Ray Bursters, especially during the first few minutes.  In anticipation of the much higher rate 
of burst alerts from the newly launched SWIFT Gamma Ray Burst Explorer satellite, TAOS is poised to 
respond and hopefully to catch the peak of their optical afterglow with sub-second time resolution.  

Figure 2.  Left: The idea of KBO occultation survey. (Picture credit: LLNL)  Right: Diffraction pattern of a circular obstacle can be calculated 
and used in a KBO occultation simulation. (Picture credit: S. K. King)
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Figure 3.  TAOS zipper-mode image of the occultation of HIP050525 (mv~8.46mag) by the asteroid (1723) Klemola (mv~15.7mag;D~31km).  
Each frame is a 0.25 second read out of the field.  Some 108 stellar photometric measurements have now been made in this mode.  (King et al., 
2006, in “Advances in Geosciences Vol.III”, ed. W.-H. Ip & A. Bhardwaj et al., Singapore, World Scientific Pub. Co., 345).  

Figure 4.  The light curves derived from the TAOS zipper mode data of another asteroid occultation event.  A fainter star TYC 076200961 (mV 
= 11.83) was occulted by the asteroid (286) Iclea (mV = 14.0, diameter = 97 km) on February 6, 2006 (UTC).  Three TAOS telescopes, 
namely, TAOS A, TAOS B and TAOS D, observed a flux drop for about six seconds while running in synchronous mode.  The background is 
not subtracted here. (Acknowledgments: We thank Dr. Isao Sato of Nakano Star Gazers Club and Prof. Daisuke Kinoshita for providing 
detailed information of these events.  These light curves were produced by Andrew Wang.)
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Extragalactic Studies 

Research done by the extragalactic group in both observational and theoretical studies encompasses a 
wide area.  One of our main research targets is galaxies with Active Galactic Nuclei (AGNs).  AGNs 
are believed to be powered by the vigorous accretion of gas onto a central supermassive black hole 
through a disk or torus.  However, it is still not clear how the gas is transported from the host galaxy to 
the central supermassive black hole and what structures they form around the AGN.  We have therefore 
performed imaging observations of molecular gas toward nearby Seyfert galaxies, which comprise 
spiral galaxies that harbor AGNs.  Using the SMA to study higher line transitions of carbon monoxide 
(CO), we found strong concentrations of warmer and denser molecular gas toward the nucleus of the 
Whirlpool galaxy, M51.  The motion of the gas near the central AGN seems to be independent from the 
gas located in the large-scale galactic disk.

One possible mechanism to supply gas to fuel the central AGN is through infall caused by galactic bars.  
A galactic bar is an oval distortion in the stellar distribution at the central region of a galaxy.  As 
demonstrated by images of M83, NGC 1097 and NGC 1300, very often these bars are accompanied by 
a set of straight dark dust lanes, and generally are connected with spiral arms at both tips.  It is believed 
that these dust lanes are associated with shock waves, which cause gas to fall towards the center of 

Figure 1.  Multi-transition CO images toward the Whirlpool galaxy M51.  The images show stronger intensity toward 
the nucleus in the higher CO transitions, suggesting that the molecular gas around the AGN is dominated by denser 
and warmer molecular gas. The optical picture is from the Hubble Heritage (NASA, ESA, S. Beckwith and the 
Hubble Heritage Team). The CO(1-0) image is taken with the NMA (Sakamoto et al. 1999, ApJS, 124, 403) and the  
CO(2-1) and CO(3-2) images are taken with the SMA (CO(3-2): Matsushita et al. 2004, ApJ, 616, L55).

Figure 2.  The center of a nearby barred galaxy M83.  The SMA data in contours 
show the distribution of cold gas along dust lanes and a starburst ring (Sakamoto et 
al. 2004, ApJ, 616, L59), while the color image in the background is taken by the 
HST in the visible light from stars (archival HST/WFPC2).  The bright white-blue 
spots are concentrations of newly formed massive stars.  The SMA observations tell 
astronomers how the gas is fueling the vigorous star formation.
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galaxies, either inducing intensive star formation around the galactic center, or fueling the AGN.  
Because observing any such gas infall motion is very difficult, we resort to numerical simulations for 
insight.  The Computational Fluid Dynamics and Magnetohydrodynamics (CFD/MHD) group has 
developed a high performance code, Antares, just for this purpose. The results of high resolution 
simulations show that, with a sufficiently strong bar potential, the straight dust lanes and a central star 
formation ring, similar to those seen in NGC 1300, can be generated in the process.

Figure 3.  Numerical simulation of the structure of NGC 1300 under a strong bar potential.  The figures from left to 
right are the numerical result, observation, and their superposition, respectively. (picture credit: Chi Yuan and 
Lien-Hsuan Lin)

The presence of the supermassive black hole SgrA* in the Galactic Center has driven some of the 
studies carried out at the ASIAA.  One long term project has been the attempt to resolve the radio 
continuum emission from SgrA* using VLBI techniques.  The problem is that the synchrotron emission 
of SgrA* continues to be dominated by interstellar scattering effects even at 1.3cm.  However, 
scattering is minimized at 7mm and 3mm, where some structure begins to emerge.  The latest VLBA 
results, reported in Nature, show a radio image of SgrA* at 3mm.  This work demonstrates that an 
object of approximately four million solar masses is confined within just 1 AU.  It provides the 
strongest evidence that SgrA* is a supermassive black hole.  Another project has been to study the 
environment at the scale of 1pc around the central black hole.  There are hints of infalling gas which 
appears to be heated as it gets closer to the central region.  The SMA is being used to study the central 
few parsecs in a variety of high excitation lines.

Figure 4.  Left: Highest resolution (0.0002") image ever obtained of the Galactic Center via VLBA observations at 3mm.  The slight extension 
in the east-west direction shows that emission is resolved at 20 Schwarzschild radii from the central supermassive black hole.  Right: Image of 
the central 1pc region of the Galactic Center shows a concentration of hot gas traced by ammonia emission line contours with the VLA.  This 
may be material being accreted towards the central region of the Galaxy.  (Left: Shen et al. 2005, Nature, 438, 62; right: Herrnstein & Ho 
2002, ApJ, 579, L83)
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Thanks to recent improvement in the sensitivity of millimeter-/submillimeter-wave interferometers, we 
are starting to see very diffuse gas that could not be previously detected.	 Imaging molecular gas in 
active star-forming galaxies (so-called starburst galaxies) revealed giant molecular bubbles, which are 
expanding with energies comparable with that released from thousands of supernova explosions.  
Furthermore, intense star formation is occurring on the inner surface of these giant bubbles.  These 
results indicate that there were many massive stars at the center of the bubbles in the past, and the 
supernova explosions at the end of their lives swept and pushed out the surrounding gas, triggering 
subsequent star formation.  This chain reaction manifests itself as starbursts.  Since galaxies formed 
through starbursts in the early universe, observations of starburst-related phenomena like this provide 
clues to modeling the formation and evolution of galaxies.

The response of gas under the influence of the gravitational potential of the galaxy holds important 
clues to understanding global star formation in galaxies.  Past studies using numerical simulations were 
able to reproduce large-scale galactic arm structures and accompanying shocks that are responsible for 
forming stars along galactic arms.  Recent improvements in our numerical simulation code make it 
possible to investigate small-scale chaotic features along large-scale spiral arms.  Preliminary studies 
indicate that the secondary structures are due to shear instabilities in the gas.

Figure 5.  Top: The SMA discovered a giant bubble, 300 light years in 
diameter, in the interstellar gas near the center of NGC 253 (Sakamoto et al. 
2006, ApJ, 636, 685).  The images show cuts though the bubble at different 
velocities, with that at 160 km/s corresponding to the central velocity of the 
bubble (the shell structure with a hole in the center as indicated by a cross).  
Right: Active star formation at the inner edge of an expanding molecular 
bubble near the center of M82 (Matsushita et al. 2000, ApJ, 545, L107, 
Matsushita et al. 2005, ApJ, 618, 712).
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Light from distant galaxies carry precious information on the history of the Universe, even though they 
tend to be extraordinarily weak.  One common yet powerful technique is gravitational lensing.  A 
massive object, such as a galaxy or a cluster of galaxies, presents a strong gravitational potential, which 
focuses and amplifies the light rays from a background source.  Strong gravitational lensing is also 
responsible for multiple images and/or highly magnified giant luminous arcs of background galaxies.  
Such strong lensing phenomena can be used to determine the distribution of mass in clusters regardless 
of the physical/dynamical state of matter in the systems.  A detailed modeling of the lens mass 
distribution is essential in constraining the global geometry and topology of the universe.  Absorption 
features in the spectra of distant quasars passing through a galaxy can probe the chemical evolution of 
the young universe.  Our observations show that isotopic ratios, especially the 17O/18O and 14N/15N 
ratios, in a distant spiral galaxy is significantly lower than those observed in the Milky Way.  

Figure 6.  Comparison between a numerical simulation result (left) and M81(right).  M81 is a well studied case of spiral stellar potential 
driven shock and star formation.  The secondary spiral structure observed outside the main shock (bottom-right feature in the right figure) is 
remarkably reproduced in the simulation. (picture credit: Chi Yuan and Hsiang-Hsu Wang)

Figure 7.  Left: Measurements of C, N, O and S isotopic abundance ratios in the arm of a spiral galaxy at a redshift of z=0.89 using the 
Plateau de Bure Interferometer.  The galaxy is located on the line of sight of a distant quasar (PKS 1830-211) and acts as a gravitational lens, 
giving two images of the quasar (noted NE and SW).  The light coming from the quasar intercepts the disk of the galaxy and the signature of 
molecules is seen under the form of absorption lines (Muller et al. 2006, A&A, 458, 417).  Right: Subaru/Suprime-Cam image of the distant 
cluster RXJ0152 at z=0.83 (Umetsu et al. 2005, PASJ, 57, 877).  The caustics of gravitational lens due to the cluster are indicated by the thick 
white line.  The predicted amplification and images of a background galaxy at z=3.8 (cross) fits well the spectroscopic and imaging 
observations of I1, I2, and I3.
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Star Formation Studies

Outflows and envelopes around low-mass young stars

Stars are formed inside dusty cocoons called“molecular cloud cores”by means of gravitational 
instability.  A newly formed star, called a“protostar”, increases its mass by acquiring gas and dust 
from its environment.  Protostars are surrounded by thick molecular envelopes, which render them 
invisible in optical wavebands.  However, they are often studied at longer wavelengths such as far 
infrared, submillimeter, and millimeter.  Frequently, these new born stars are accompanied by powerful 
collimated jets and bipolar outflows.

HH 212 was first discovered as a highly collimated jet in H2 (molecular hydrogen) powered by a very 
young protostar, IRAS 05413-0104, in the cloud of Orion at a distance of 460 pc (1500 light years).  
The image observed with the SMA further reveals an envelope surrounding the source flattened in the 
direction perpendicular to the jet axis (red image in the left panel of Figure 1).  The envelope seems to 
be infalling toward the source with slow rotation preserving specific angular momentum.  A 12CO 
outflow (green image in the right panel of Figure 1), is seen surrounding the H2 jet, with a narrow waist 
around the source.  The morphological relationship between the jet and the outflow suggests the jet is 
driving the outflow.  The H2 knots in the north and south, are tracing shocked emission along the jet 
and around them.

Figure 1.  The HH212 molecular jet imaged with the 
SMA superposed on the H2 image (blue) adopted from 
McCaughrean et al. (2002).  Left: C18O in red and 13CO 
in green. Right: SO in red and 12CO in green (Lee et al. 
2006, ApJ,  639, 292).

Figure 2.  The HH211 outflow.  Left: The H2 emission observed with the Very Large Telescope.  Right: The approaching and 
receding SiO emission (blue and red contours, respectively) observed with the SMA superposed on the H2 image (Hirano et al. 
2006, ApJ, 636, L141). The colored insert shows the density distribution obtained through the numerical simulation (Shang et al. 
2006, ApJ, 649, 845).
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Located at about 315 pc (1,000 light years) away in the constellation Perseus, HH211 is the youngest 
system that ever offers a close look at the regions inside of the molecular outflow. The H2 image, which 
is an excellent tracer of shocked molecular gas, reveals a well collimated jet emanating from a very 
young low-mass protostar embedded in the central obscured region. The SiO(5-4) image observed with 
the SMA, traces warm and very dense gas.  It is evident that the SiO(5-4) emission, moving at a high 
velocity, comes from the narrow jet-like region with its approaching part in the east and receding part 
in the west of the obscured young star located at the peak of the green contours. The overall 
morphology of HH211 also suggests that the jet is driving the larger outflow traced in CO. The 
kinematics of the SiO(5-4) detected by the SMA, on the other hand, implies that the warm and high 
density gas originates and is expanding from an inner region that is beyond the resolution of the SMA, 
a phenomenon often seen in optical jets of the much more evolved and revealed T-Tauri stars.

It is well accepted that the observed optical jets of T-Tauri stars are products of lightly ionized material 
accelerated by the magnetic field from the accretion disk.  One popular theoretical model that such 
explanation is based upon is the X-wind model, and many ASIAA members have participated in the 
development of this theory.  As gaseous material in the disk drifts toward the central star, it also brings 
in magnetic field lines in the equatorial plane. Slightly above the surface of the disk, the magnetic field 
overwhelms inertia, and matter is forced to rotate with the magnetic field.  If the magnetic field line 
forms a large enough angle with the disk normal, magnetocentrifugal effects would cause material to 
move outward along the field line.  The material in the outflow gains angular momentum from the disk 
via the magnetic field, and the foot point of the field lines drift inward as a result.  On the other hand, 
the accretion disk is truncated by the star's magnetic field according to the generalized X-wind model 
(Shu et. al. 1997).  Interior to this truncation radius, matter is channeled by the magnetic field toward 
the stellar surface.  In the funnel flow, the material loses angular momentum to Maxwell stress, which 
is then in turn deposited in the disk.  If angular momentum transport inside the disk is inefficient, then 
the magnetic field lines would be pinched to within a small region of the truncation radius, forming a 
ring of split monopoles.  This particular geometry of the field lines gives the X-wind theory its name.

Figure 3. A schematic drawing of the X-wind model. (Picture credit: Mike Cai)
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One of the main features of the X-wind model is a wind driven from the innermost region of the 
accretion disk.  The wind leaves the launch region and expands subsequently into free space at all solid 
angles, becoming a so-called wide-angle wind. Because of the action of magnetic stress, the density 
field in the wind, on the other hand, forms a cylindrical profile that leads to specific characters 
pertaining to the detailed model.  The emission mechanisms that contribute to the observed jets in many 
wavelengths, especially within the context of the X-wind, are actively investigated with natural 
physical processes occurring around young stars.  Accumulating evidences of optical and infrared 
properties of T-Tauri jets reveal resemblance to simulated model signatures.  The links to the observed 
phenomena hold important tests for the popular theoretical models.

Once the wide-angle wind leaves the vicinity of the protostar, it interacts with the ambient material, 
which is undergoing gravitational collapse under the strong influence of magnetic fields in the very 
early phases.  We have developed a unified model to describe precisely this phenomenon.  The model 
incorporates essential features expected of the primary wind that is thought to be driven 
magnetocentrifugally from close to the central stellar object, and the ambient core material shaped by 
anisotropic magnetic support.  The numerical simulation results show the formation of molecular 
outflows by a wide-angle wind with jet-like density stratification, similar to one predicted by the X-
wind model.  The lobes produced by the interaction resemble many evolutionary systematics observed 
in molecular outflows from very young stars.  The system of HH211 is the first example illustrating the  
closest signatures of jet and outflow from a deeply embedded protostar.

Figure 4.  Snapshots of density structures at 100 (top) and 1000 (bottom) years, respectively, for different 
anisotropy in the ambient mass distribution induced by magnetic field (Shang et al. 2006, ApJ, 649, 845).



Figure 5.  The 7 mm continuum image of the binary protostellar system L1551 
IRS5 obtained with the VLA (Lim & Takakuwa 2006, ApJ in press).
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Most stars are known to form as members of binary or multiple systems, but in ways that remain poorly 
understood.  Here we show an image of the multiple protostellar system L1551 IRS5 made with a 
spatial resolution of ~5 AU at a wavelength of 7 mm using the Very Large Array (VLA) and Pie Town 
(PT) antenna of the Very Long Baseline Array (VLBA), both of the National Radio Astronomical 
Observatory (NRAO).  This is the highest resolution image ever made of protostellar systems, and 
reveals with great clarity the properties of the L1551 IRS5 system.  Previously thought to comprise two 
components, our image shows that L1551 IRS5 is instead a triple system (with each of the three 
components indicated by crosses).  The two main components (which are aligned north-south) have 
cross-shaped structures, with one arm of each cross corresponding to a circumstellar dust disk, and the 
orthogonal arm to a bipolar ionized jet with orientation as indicated by the two pairs of arrows.  The 
two circumstellar dust disks are aligned accurately parallel to each other, as well as to their surrounding 
disk-like condensation of molecular gas and dust.  In addition, the clockwise orbital motion of these 
two components resembles the clockwise rotational motion of their surrounding condensation.  These 
attributes constitute a smoking gun for the popular but hitherto unproven idea that multiple protostellar 
systems form via fragmentation in the central region of their parental condensations. 

A Close-up view of the binary forming region
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Circumstellar disks

Newly-born stars emerged out of their dusty envelope are known to be surrounded by disks of gas and 
dust.  These circumstellar disks around young stars are the most promising sites for planet formation, 
and are thus called protoplanetary disks.  Studies of the structure and kinematics of these 
protoplanetary disks would provide us with crucial information to understand the origin of planetary 
systems, such as our own.

AB Aurigae is one of the brightest Herbig Ae stars (intermediate-mass pre-main-sequence stars) located 
144 pc (~470 light years) away from the Sun. The near infrared image taken by the Subaru telescope 
shows a spiral pattern in the disk.  We have observed the dust continuum emission and the CO(3-2) 
emission line with the SMA at an angular resolution of 1" (= 144 AU).  The dust disk shown in the 
color of the left panel exhibits a central hole, which is possibly indicative of grain growth phenomenon 
due to planetesimal formation.  The CO emission traces a gas disk in rotation, which departs noticeably 
from Keplerian; there is an outward radial motion along the spiral arm in the disk.  The results suggest 
that there may be a giant (Jupiter-sized) planet forming inside the circumstellar disk of AB Aur 
responsible for the perturbation in morphology and kinematics.

To investigate the formation and time evolution of planetary systems, we again resort to numerical 
simulation.  Using Cartesian coordinates, the CFD-MHD group has studied the migration of Jupiter-
mass planet in a self-gravitating minimum solar nebula disk.  The picture shows the density distribution 
at the 40th orbit of the planet, which has gone through the Type I migration (embedded in the disk), in 
the middle of Type III migration (characterized by the presence of horse-shoe orbits), and on its way to 
Type II migration (with a clear gap). 

Fig 6.  Protoplanetary disk around AB Aurigae.  Left: A comparison between the 0.85 mm dust continuum emission (color) and the 
CO(3-2) emission (contours) from the disk.  Right: The CO(3-2) emission shown in the velocity channels from VLSR = 5.2 to 6.0 km/s 
superposed on the near infrared image of AB Aur observed with the Subaru telescope (Lin et al. 2006, ApJ, 645, 1297).

Figure 7.  Numerical simulation of a planet interacting with a protoplanetary disk (Zhang, Yuan 
& Yen, in preparation).



Figure 8.  Top left: SMA image of the CO(3-2) molecular outflow from the high-mass young star IRAS 20126+4104.  
Top right: The velocity-channel map of the H2CO emission that arises from the dense gas surrounding the young 
star.  Bottom left: The observed P-V diagram of H2CO along the direction of P.A. ~78°through the central star.  
Bottom right: The P-V diagram of the model with an edge-on Keplerian disk (Su et al., in preparation).
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Formation of high mass stars

How are massive stars formed?  Are they formed through gravitational instability and mass accretion 
like lower-mass stars?  Or are they formed through different process such as the mergers of several 
low-mass stars?  The distinguishing feature seems to be disks and bipolar outflows, which are absent in 
a merger scenario.

IRAS 20126+4104, located at a distance of 1.7 kpc from the sun, is the first and perhaps the best high-
mass protostellar candidate identified with a disk and a well collimated SiO jet.  The high-velocity 
CO(3-2) molecular outflow imaged with the SMA is qualitatively consistent with the interpretation of a 
precessing outflow.  Toward the center of this outflow, there is a compact H2CO emission surrounding 
the central source, which may very well be the evidence for an edge-on disk in Keplerian rotation.  The 
best fitted model gives the mass of the protostar approximately 8 times that of the sun.
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Evolved Stars

Cool red giants and red super-giants lose mass through a slow and dusty wind. As a result, the stars are 
enshrouded by a massive expanding envelope of dust and molecular gas. The circumstellar envelopes 
are bright sources and rich in atomic and molecular emission lines. They constitute ideal targets to 
study many different physical and chemical processes, which are taking place simultaneously inside the 
envelope, and also to understand their stellar evolution.

We have used the SMA to image the distribution of CO gas through its rotational transition J=2-1 
around carbon star R Scl. The high angular resolution image obtained with the SMA reveals an almost 
spherical, hollow and highly clumpy shell of molecular gas around R Scl, which is located at the center 
of the image (Figure 1). The molecular detached shell imaged by the SMA also closely matches the 
dust shell seen previously in scattered light. The result clearly indicates that this star experienced a very 
short episode of intense mass loss. The mass loss process only resumes quite recently as evidenced by 
the presence of faint emission closer to the center. From the angular size and expansion velocity of the 
shell we can infer that the shell was ejected about 1600 years ago. The cause of this massive ejection of 
matter is still unclear but could be related to the explosive helium flashes, which are theoretically 
predicted to occur periodically in evolved stars such as R Scl.  

We have recently carried out a large and systematic spectral line survey toward a number of massive 
circumstellar envelopes using the radio telescopes of the Arizona Radio Observatory. In Figure 2 we 
show the spectrum centered around 143 GHz of carbon star CW Leo. The lines detected are mainly due 
to carbon chain molecules such as cyanoacetylene HC3N, butadiynyl radical C4H or asymmetric top 
silicon dicarbide SiC2. With the spectral line survey we hope to determine the molecular content of 
circumstellar envelopes and to study the chemical processes leading to the formation of these complex 
molecules and to understand the change in chemistry induced by stellar evolution.

Figure 1. CO (2-1) emission from carbon star R Scl 
imaged with the SMA. A clumpy shell is clearly seen 
in all velocity channels. The shell has a dynamical 
timescale of ~1600 years. The emission closer to the 
center represents a more recent episode of mass 
loss. (Dinh-V-Trung et al., in preparation)



Figure 3.  The CO(6-5) line at 690 GHz of the proto-
planetary nebula CRL 618 is first detected and imaged 
by the SMA. CRL 618 exhibits two different 
kinematical components, which are interpreted as high 
and low velocity bipolar outflows.  The blue and red 
contours represent blue- and red-shifted regions of the 
high and low velocity components, respectively.  The 
background gray scale is the HST WFPC2 H  and 
continuum image from Trammell & Goodrich (2002). 
(Nakashima et al., submitted to ApJ)
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The collimated high velocity jet in young planetary nebula CRL 618 as traced by the sub-millimeter 
rotational line CO(6-5) has recently been imaged using the SMA (Figure 3). For the first time we are 
able to trace clearly the warm and dense molecular gas in the fast outflow and the shocked gas 
produced by the interaction between the fast outflow and the remnant slowly expanding circumstellar 
envelope. The collimated high velocity jet clearly shows bipolar morphology while the compact 
emission around the systemic velocity traces the dense inner envelope. The new SMA imaging data 
have allowed us to infer an improved and more consistent structure of the CRL 618 nebula.  

 Figure 2. Spectrum centered around 143 GHz of carbon star CW Leo. Identification is shown for strong emission lines. The 
data were taken using Arizona Radio Observatory 12m telescope. (He et al. 2006)
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High Energy Astrophysics

With the inauguration of TIARA in 2004, ASIAA has successfully attracted several theorists working in 
the area of high energy astrophysics.  Current research activities of the group focus on neutron star 
emission mechanisms as well as massive black hole formation scenarios.

A pulsar is a rapidly rotating (with about 0.1s period of rotation) and highly magnetized (~1012 Gauss) 
neutron star (NS).  It is known that the pulsar is one of the brightest sources in the gamma-ray sky. We 
postulate that these gamma rays are produced by relativistic electrons and positrons accelerated by the 
electric fields parallel to the magnetic field lines in the outer gap region inside the pulsar's 
magnetosphere (Figure 1a).  The gamma-ray photons then in turn produce new electrons and positrons 
via the pair-creation process.  The observed photons are emitted by curvature radiation, synchrotron 
radiation and the inverse-Compton process (Figure 1b).  The theoretical spectrum has been compared 
with the observed data for the Crab pulsar (Figure 1c),  indicating that the outer-gap accelerator model 
appears to explain the observed data very well.

Over the last few decades, a great deal of effort has been made in detecting gamma-rays between 
50,000 MeV and 10,000,000 MeV energies with Air Cherenkov Telescopes (ACTs), and severer 
constraints are being obtained for several gamma-ray pulsars, including B1951+32.  As a result, the 
spectrum extrapolated from the Energetic Gamma-Ray Experiment Telescope (EGRET) observations 
(black dash-dotted line in Figure 2) is found to be overestimated.  For example, the MAGIC 
experiment, a German ACT project, obtained very recently the upper limits indicated by the red solid 
line.  The theoretical prediction (green line) is consistent with all existing data from 0.01eV (infrared 
energies) to 10,000,000 MeV (very high energy gamma-rays).  The predicted turnover between 5,000 
MeV and 30,000 MeV will be checked by the next-generation gamma-ray space telescope, GLAST, 
which will be launched in 2007 and capable of detecting gamma-ray photons up to 300,000 MeV. 

Figure 1.  Outer gap model of the emission mechanism from neutron stars (Takata et al, 2007, ApJ in press).
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The concept of inside-out gravitational collapse can be naturally extended to black hole formation.  
Initially the inward pull of gravity is balanced by the pressure gradient in the gas cloud.  As the central 
piece of the cloud collapses to within its gravitational radius, the layer immediately above loses 
pressure support, and starts to fall toward the incipient black hole, which triggers the next layer to fall.  
The information of gravitational instability propagates outward at the speed of sound in the form of an 
expansion wave, and the entire cloud collapses layer by layer.  In the figure, the expansion wave is 
represented by the red circle, and the growing black hole is represented by the black filled circle at the 
center.  Outside of the expansion wave, gas remains in local hydrostatic equilibrium.  If the original gas 
cloud was threaded by a uniform but weak magnetic field (represented by the blue curves), then the 
subsequent evolution would arrange the field lines in the form of a split magnetic monopole at the 
center.  Since an outside observer would never see matter crossing the event horizon, the magnetic field 
lines appear as a toupee pasted onto the black hole.

Figure 2.  Spectral energy distribution of pulsed emission from a middle-aged pulsar B1951+32.  The abscissa denotes photon energies in 
Million electron volts (MeV), while the ordinate denotes photon energy fluxes.  The green solid line designates the theoretical prediction 
obtained by the outer-gap accelerator model, while the open circles between 50 MeV and 20,000 MeV are obtained by the EGRET aboard the 
satellite Compton Gamma-Ray Observatory, and the upper limits are obtained by ground-based ACTs.  (Hirotani, to be submitted to ApJL)

Figure 3.  Monolithic collapse of a weakly magnetized cloud to form black holes.  The red circle indicates the expansion wave, and the blue 
curves are the magnetic field lines.  The left panel shows a black hole formation, and the right panel shows the Newtonian limit, when 
spacetime is only slightly curved (Cai & Shu 2005, ApJ 618, 438).
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Cosmology 

In support of the AMiBA and CFHT projects, a cosmology group is being assembled at ASIAA.  
Theoretical and observational efforts have been made to constrain the properties of dark energy and 
dark matter by using various cosmological probes such as the Cosmic Microwave Background (CMB), 
statistics of the galaxy distribution, and gravitational lensing.  The Sunyaev-Zel'dovich effect is a 
potential probe for investigating physical processes in the intra-cluster medium and for discovering 
new clusters as both goals of the AMiBA experiment.  The cosmology group also makes use of various 
instruments such as the Subaru and the CFHT telescopes to pursue optical studies of distant galaxies, 
galaxy clusters, and large-scale structure in the universe. 

In collaboration with the University of Toronto, we have carried out the Red-sequence Cluster Survey 
(RCS).  With the huge photometric redshift catalog, we are able to provide a large sample of galaxies 
over a large look-back time to measure the luminosity function and its evolution for field galaxies.  To 
study the evolution of the galaxy merging rate and to test the hierarchical model of galaxy evolution, 
we intend to search for close galaxy pairs in the field and in galaxy clusters.  We are also using the 
catalog to find sub-structures (groups) in clusters, and to study the cluster population as a function of 
radius.  The photometric redshift catalog provides accurate redshift distributions of lens galaxies and 
source galaxies, which are both very important for weak lensing analysis, ranging from galaxy-galaxy 
lensing to cosmic shear.

With the large amount of survey data at hand, we have developed a method to quantify the anisotropy 
of the galaxy distribution with the multipole moment of the power spectrum.  We applied this method 
to the sample of the 2dF QSO redshift survey, and detected the signature of the redshift-space 
distortions though the quadrupole power spectrum.  

Figure 1.  The figure represents the three-dimensional galaxy distribution for about 
1/10 field of view of the RCS photometric redshift catalog (Hsieh et al. 2005, ApJS, 158, 
161; Gladders & Yee 2005, ApJS, 157, 1) with the Earth at the origin.  Each red dot 
indicates one galaxy.  There are about 100,000 galaxies in this plot. 

Figure 2.  Quadrupole power spectra for the 2dF QSO redshift survey 
measured with our algorithm.  Anisotropic nature due to the redshift-
space distortions can be seen although it is noisy (Yamamoto, 
Nakamichi, Kamino, Bassett & Nishioka 2006, PASJ 58, 93).  The best-
fit bias parameter from our analysis is consistent with the result from 
another group (Croom et al. 2005) adopting the different approach with 
the same data set.
  



39

The Sunyaev-Zel'dovich (SZ) effect is a potential probe to both detect clusters and investigate physical 
processes in the intra-cluster medium (Figure 3).  The left panel shows an integrated pressure contour 
map for a merger perpendicular to the line-of-sight in arbitrary units.  Clearly seen is the positive 
excess pressure around the stagnation point and the negative excess on the side due to the moving 
merger through the cluster gas, which serves as a signature to identify a merger in an SZ map.  The 
middle panel shows a comparison between the thermal spectral function due to the inverse Compton 
scattering between hot cluster electrons and low energy CMB photons (solid curve) and the non-
thermal spectral function resulting from a merger event which produces more high-relativistic electrons 
(dashed curve). Magnetic fields can become dynamically important in the cores of clusters of galaxies 
where the magnetic field pressure becomes comparable to the gas pressure.  Neglecting the magnetic 
field can lead to an overestimation of the cluster mass of the order of 10% and subsequently to an 
overestimation of the SZ flux.  An independent SZ measurement can thus set a limit to the magnetic 
field strength.  The right panel shows a comparison of the radial cluster mass density profile for the 
case of the cluster A119, normalized by the cluster central density.  The solid line is the mass profile 
derived with a magnetic field, whereas the dashed line shows the case neglecting the magnetic field, 
leading to a mass overestimation.

Gravitational lensing probes directly the mass distribution 
in the universe regardless of physical/dynamical state of 
matter in the system. We have combined wide-field weak 
lensing data (red) from the Subaru telescope with high-
resolution strong lensing data (green) from the Hubble 
Space Telescope, and derived an accurate, model-
independent mass profile of a rich cluster of galaxies for 
the entire cluster region (10kpc to 2Mpc), which can be 
directly compared with theoretical predictions of the 
density profile of dark matter halos from cosmological N-
body simulations. It is found that the density profile of the 
cluster continuously flattens toward the center (black, 
solid line), as predicted by cosmological N-body 
simulations based on the cold dark-matter model. The 
model fitting, however, leads to a surprisingly high 
concentration, corresponding to a steeper overall density 
profile than that predicted by theory.  Such lensing studies 
are important to constrain the nature of dark matter and 
the theories of structure formation in the universe.

Figure 3.  The Sunyaev-Zel'dovich effect as a probe for large structures in the Universe.  Left: integrated pressure contour map showing a 
signature of merger. Middle: comparison between thermal and non-thermal spectral functions in a merger event. (Koch 2004, JKAS, 37, 471).  
Right: the effect of magnetic field on mass density profiles. (Koch et al, 2003. New Astronomy 8, 1)

Figure 4.  Model independent mass profile of the 
cluster A1689 reconstructed from weak and strong 
gravitational lensing experiments (Broadhurst, Takada, 
Umetsu et al. 2005, ApJ, 619, 143L).  The triangles and 
squares with error bars show the results from the 
Hubble Space Telescope strong lensing analysis and 
the Subaru weak lensing analysis, respectively.  The 
combined HST and Subaru profile is well fitted by a 
Navaro-Frenk-White profile with surprisingly high 
concentration (solid curve). An isothermal profile is 
strongly rejected.
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Solar System

A number of astronomers at ASIAA have been working on different aspects of planetary science.  At 
present our work focuses on research that helps us to better understand planet formation. 

Planets are believed to form in a circumstellar disk around a proto-Sun, an initial birth condition called 
the solar nebula.  Although the disk has apparently disappeared now in the Solar System, the pristine 
solid materials have survived in the form of comets and asteroids for 4.6 billion years.  Meteorites, the 
debris of these vagabonds falling onto the Earth, are used to study the early history of the solar nebula. 

By modeling the abundance of radioactive elements found in calcium-aluminum-rich inclusions (CAIs) 
of meteorites, the origin and the evolution of the solar nebula is gradually being unraveled.  Two 
explanations exist for the short-lived radionuclides (half-life T1/2 < 5 Myr) present in the solar system 
when CAIs first formed.  They originated either from the ejecta of a supernova or by the in situ 
irradiation of nebular dust by energetic particles.  With a half-life of only 53 days, 7Be is the key 
discriminant, since it can only be made by irradiation.  Using the same irradiation model developed 
earlier, the yield of 7Be can be calculated (see Figure 1).  Within model uncertainties associated mainly 
with nuclear cross sections, the results agree with experimental values.  Moreover, if 7Be and 10Be have 
the same origin, the irradiation time must be short (a few to tens of years), and the proton flux can be 
constrained as well.  The X-wind model provides a natural astrophysical setting that gives the requisite 
conditions.  In the same irradiation environment, 26Al, 36Cl, and 53Mn are also generated at the 
measured levels within model uncertainties, provided that irradiation occurs under conditions 
reminiscent of solar impulsive events (steep energy spectra and high 3He abundance).  The decoupling 
of the 26Al and 10Be observed in some rare CAIs receives a quantitative explanation when rare gradual 
events (shallow energy spectra and low 3He abundance) are considered.  The yields of 41Ca are 
compatible with an initial solar system value inferred from the measured initial 41Ca/40Ca ratio and an 
estimate of the thermal metamorphism time, alleviating the need for two-layer proto-CAIs. 
 

Figure 1.  Yields of 7Be, 10Be, 26Al, 36Cl, 
41Ca, and 53Mn for a chondritic 
chemistry and the spectral parameters 
p = 4 and 3He/1H = 0.3. The yields are 
normalized to the experimental values, 
corresponding to the horizontal dotted 
line. For 41Ca, we have adopted the 
initial value 41Ca/40Ca = 3.9×10-7, 
more likely than the canonical ratio. 
(Gounelle et al. 2006, ApJ, 640, 1163)
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Besides analyzing the meteorites on Earth, ASIAA astronomers have been pointing our telescopes, 
SMA and TAOS, to study comets in distant space.  Cometary materials appear to retain a significant 
interstellar signature and are thought to be pristine remnants of the interstellar material that collapsed to 
form the Solar Nebula.  Hence study of comets can provide a record of the physical and chemical 
conditions in the Solar Nebula.  The growing inventory of organic molecules found in interstellar 
clouds, similar to the Solar Nebula when compared to the composition of comets, suggests that much of 
the organic biomolecules required to start the Earth's prebiotic chemistry may be delivered by cometary 
impacts, and one could in principle trace the Earth's prebiotic chemistry back to the parent molecular 
cloud.  We have thus carried out SMA observations of Comet C/2002 T7 (LINEAR) during its 2004 
apparition at 1.3 millimeter. With an angular resolution of 3".2×1".8, which corresponds to a linear 
resolution of 1500×900 km when the comet was at a distance of 0.61 AU from the Earth, we 
successfully detected and imaged the 234-GHz thermal dust continuum, as well as the spectral 
emission of CS and methanol emission (Figure 2) from the inner coma.  This was the first comet 
observation ever conducted by the SMA. 

Figure 2.  Top left: SMA image of the 234-GHz continuum emission of Comet C/2002 T7 (LINEAR).  The 1.3-mm continuum traces the dust 
distribution in the inner coma.  The blue ellipse shown at the lower-left corner denotes the synthesized beam size.  Top right: The integrated 
intensity map of CS spectral emission of Comet C/2002 T7 (LINEAR).  CS molecules are found to be largely confined within 1000 km from the 
cometary nucleus in the inner coma.  Bottom: The spectral image of CH3OH of Comet C/2002 T7 (LINEAR).  A protrusion is visible in the 
sunward direction which may be due to an outburst of methanol gas.  Detailed analysis of this image suggests strongly that CH3OH is a parent 
molecule sublimated directly from the cometary nucleus.  (Hsiao-Er Chuang, Yi-Jehng Kuan and the SMA comet team)
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On January 15, 2006 NASA's Stardust spacecraft successfully ended its seven year mission to comet 
Wild-2.  It has brought back dust samples collected during the comet flyby at 200+ km and from the 
ISM streams.  In anticipation of these precious samples, we have collaborated with the Institute of 
Earth Sciences to obtain a topical grant from the Academy to build a new generation mass spectrometer 
optimized for such experiments.  This new machine was named Dust-buster since its main purpose is to 
destroy dust (hopefully to gain knowledge) to discover its origins.

High sensitivity is the most important requirement because astronomical observation shows that 
interstellar dusts are typically smaller than 1 micrometer in size (i.e. consisting of a few billion atoms).  
Therefore, the less abundant elements would be difficult to measure without high ion yield.  The 
second requirement is to measure as many elements as possible for a single grain in order to better 
constrain the physical conditions of its source.  For these reasons we have initiated collaboration with 
M. Pellin's group at Argonne National Lab who provided the design of their Secondary neutral mass 
spectrometer as the baseline configuration of Dust Buster.  Ar or Ga primary ion sputtering or 213 nm 
5X-Nd-YAG laser desorption is used to evaporate the neutral atoms from the sample surface.  Then a 
157 nm UV beam from a F2 excimer laser ionizes the secondary neutral.  An overall yield of one 
detected ion for every three atoms consumed should be achievable.  A time of flight analyzer with 
reflectron compensation is used to obtain the entire mass spectrum.  We have set up procedures for the 
analysis of two dozens of isotope ratios from Mg to Mo (A=100 amu).  These elements should be 
within reach for a one micrometer dust with chondritic composition.

Figure 3.  The Dust Buster mass spec assembled in our lab almost ready to analyze comet samples from the Stardust 
mission with high sensitivity and multi-element capability. 
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Instrumentation Research

ASIAA has always focused on developing the fore-front technology programs which will drive the next 
generation of instruments.  In our first decade, ASIAA concentrated on establishing a strong research 
program in radio astronomy.  The receiver group in radio astronomy was our very first initiative.  The 
assembly of a strong team which developed its expertise in millimeter and submillimeter wavelength 
technologies has been the driver for the SMA, the AMiBA, and the ALMA programs.  The technical 
group now has a broad range of capabilities, including SIS junction development, MMIC devices, IF 
electronics, cryogenics, correlator, submillimeter wavelength antennas, carbon fiber reflectors, and 
control software.  In our second decade, ASIAA began to develop a technical group in optical/infrared 
wavelengths.  This assembled team has been the driver for the TAOS and WIRCam programs.  Their 
capabilities include optics, mirrors, both optical and infrared detectors, readout electronics, and 
detection algorithms.  ASIAA will continue to expand on its technical development groups, with the 
goal of increasing capabilities in detection sensitivity in various domains.
 

Figure 1.  The Submillimeter Array, an eight-element radio telescope ensemble in the foreground of the figure, is currently one of the most 
powerful telescopes directly accessible by the astronomers in Taiwan.  With its observing frequency of 180 - 690 GHz, the SMA is an unique 
instrument in the world.  The observatories on the ridge, from left to right, are: Subaru Telescope, W. M. Keck Observatory, NASA Infrared 
Telescope Observatory (IRTF), and Canada-France-Hawaii Telescope (CFHT). (Picture Credit: Derek Kubo)
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The AMiBA is an international endeavor led by ASIAA, in collaboration with various labs and experts 
in the world.  The receiver lab took on the technical driving role in this project.  In November 2002, 
after two years of development, the ASIAA receiver team has successfully established the AMiBA 
prototype receiver system on the site of Mauna Loa Observatory, on the big island of Hawaii.  In 2005, 
the telescope site infrastructure was completed, and the telescope mount was erected on Mauna Loa.  
The AMiBA 7-element was officially dedicated in Oct. 2006.
	

Figure 2.  The performances of developed SIS mixers for two SMA telescopes, 
including 200GHz/300GHz/400GHz/660GHz bands.  The noise of receiver, tested 
in lab, includes the noise contribution of IF chain of 25K. (Picture Credit: M. J. 
Wang)

Submillimeter Receiver Laboratory 

The instrumentation research in ASIAA started with the establishment of the receiver laboratory to 
support the Sub-Millimeter Array (SMA) in 1995.  The receiver lab is responsible for the construction, 
testing, and integration of the receiver systems for the two SMA antennas contributed by ASIAA.  This 
had marked the starting point of instrumentation efforts in ASIAA for the years to come.

Building on the experience of the SMA project, we have developed our own expertise in the 
instrumentation of sensitive radio-wave receivers.  Our routine work involve projects in the area of 
cryogenics, quasi-optics, microwave and mm-wave devices, analog and digital electronics, precision 
mechanical design and machining.  In particular, we have been in pursuit of two important topics to be 
our core technologies ─ superconductor-insulator-superconductor (SIS) junction design and 
fabrication, and complex receiver system design and integration.  Starting from scratch in 1995, now 
we can fabricate SIS junctions to work in the sub-mm wavelength, and to support our work in the SMA 
project.	 Our capability of system design and integration has been demonstrated in the AMiBA project 
as well.
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The AMiBA project has brought one additional important technology into the receiver lab, which is the 
design capability for monolithic microwave integrated circuit (MMIC).  We have applied this 
technology to the AMiBA project in the area of front-end amplifiers, mm-wave mixers, and broad-band 
correlators.

International collaboration is a key to today's ever-increasing complexity of instrumentation systems.  
We are constantly working with our colleagues from the National Radio Astronomy Observatory 
(NRAO, USA), the Australia Telescope National Facility (ATNF), the National Astronomical 
Observatory of Japan (NAOJ), the Purple Mountain Observatory of China (PMO), the Smithsonian 
Astrophysical Observatory (SAO), and experts in various universities in the US.  Nationwide, we have 
teamed up with our colleagues in the National Taiwan University (NTU), National Tsing-Hua 
University (NTHU), the Chung-Shan Institute of Science and Technology, and experts in several local 
industries.

Figure 4.  A niobium SIS mixer developed in ASIAA to operate at 
850 GHz.  The establishment of the SIS fabrication facility in ASIAA 
is one of the most important milestones in the SMA project. Not only 
does it securely supply key components in the SMA, it also leads to 
new technology development into new area of instrumentation, such 
as far-infrared detectors and SQUID.  This is a collaborative effort 
between ASIAA and the Material Science Center in National Tsing 
Hua University, Taiwan.  Internationally, we also collaborate with 
experts from the Purple Mountain Observatory in China, the 
National Astronomical Observatory of Japan, and the Smithsonian 
Astrophysical Observatory. (Picture credit: Ming-Jye Wang)

Figure 3.  The seven-element AMiBA on the Mauna Loa Observatory, 
Hawaii.  The AMiBA project, observing at 3 mm wavelength, is an 
important initiative to develop our observational cosmology program 
in a very competitive field of science.  This project has challenged 
several novel technological difficulties, such as the 16-GHz, wide-
band analog correlator, an unprecedented size of Steward mount, and 
a 6-meter, detachable, composite-material platform. (Picture credit: 
Patrick Koch)
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Figure 5.  A prototype W-band mixer developed for the AMiBA project.  Left: a packaged module 
used in the AMiBA prototype; Right: the MMIC chip that the module contains.  Working with the 
experts in National Taiwan University, we have been focusing on developing our capability and 
capacity in the research of MMIC.  This is an effort to apply Taiwanese industrial niche in 
semiconductor foundry to the basic science research of astronomy. (Provided by Yuh-Jing Hwang)

Figure 6.  A MMIC Layout of a voltage-control-oscillator ready for fabrication in a local semiconductor foundry.  This is a development 
project to facilitate our MMIC design and fabrication capability, which may benefit the construction of the Atacama Large 
Millimeter/submillimeter Array.  This is a collaborative project between ASIAA, National Taiwan University, and the National Radio 
Astronomical Observatory (USA). (Provided by C. C. Chiong)
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The ASIAA receiver group is constantly seeking opportunities to undertake challenging projects.	 Its 
role in ASIAA is not only to support the instrumentation effort, but also to stimulate thinking in new 
research directions, and to motivate our scientific members in ASIAA for new initiatives into 
unexplored regimes of the Universe.  As a fairly young technical team, we are on fast learning curves 
of major technologies.  From the operation of the SMA and AMiBA project, we are building up our 
capability of field operation.  By collaborating with capable groups around the world, the ASIAA 
receiver lab is growing into a world-class laboratory of scientific instrumentation.

Figure 7.  Sixty centi-meter Cassegrain antenna for AMiBA.  The primary and secondary mirrors 
are carbon fiber sandwich structures, manufactured by CoTech Inc., in Taichung, Taiwan. The 
reflective surfaces are aluminium coated with a final surface rms better than 30  m and 10  m, 
respectively.  We are curently working on a large dish 1.2 m in diameter.  This is a development 
project to utilize our local commercial industry for high presicion application. (Provided by 
CoTech.)



49

Optical/infrared 
Instrumentation Development

The WIRCam project initiated the optical/infrared (OIR) instrumentation development in ASIAA.  The 
success of WIRCam collaboration brought the experience of array testing and control electronics to the 
core expertise of the OIR lab.  With such expertise, we expect to provide essential contribution to 
future advanced instrumentation projects in large telescopes, such as the FlyEyes wavefront sensor of 
CFHT and the Hyper SuprimeCam of Subaru.  In the meantime, further expansion of our capabilities in 
optical design is also planned as we joined the VASAO project of CFHT.

In addition to large array testing, small local projects have been executed to enhance local collaboration 
and relationship with the industry.  Two major projects are the InGaAs array development in 
cooperation with Chunghwa Telecom Corporation and the InAs quantum dots (QDs) IR detector 
development with National Chiao Tung University.

InGaAs Array development
Large and high quality image arrays are the heart of infrared astronomical instruments.  Up to now, 
advanced infrared arrays are mainly produced in the US.  A collaborative project was proposed by the 
Advanced Technology Research Laboratory of Chunghwa Telecom (ATR Lab.) to develop cheap 
alternative infrared arrays for astronomical applications.  Since ASIAA has experience on image arrays, 
we worked with the ATR Lab to test the cryogenic characteristics of the InGaAs arrays.  Unlike the 
commonly used HgCdTe sensors, InGaAs technology is much more mature and relatively cheap.  The 
drawback is the short cutoff wavelength, above which the material stops absorbing photons.  The 
current array that the ATR Lab provides has a cutoff wavelength around 1.7  m with a format of 320×
256 pixels, which is about 1/16 the size of a normal 1M pixel CCD camera.  The difficulty comes from 
the infrared array utilizing hybrid chips with an IR sensor and a Silicon readout integration circuit (IC).  
Due to the limit of readout IC for normal applications, the array has a relatively high gain and large full 
well capacity.  It is not suitable for astronomical observations, which usually deliver lower background 
and signal level.  The goal of current testing is to confirm the performance and packaging of the array 
under cryogenic temperature.  Further improvement of the array will be discussed after the testing 
phase.  An interface board had been designed in ASIAA for the input and output signals through the 
dewar.  A calibrated integration sphere is used to provide a flat field needed by camera gain and 
quantum efficiency measurements.  A SDSU II system controls readout timing, generate clock 
sequence, process video signals.  We are confident in our ability to establish a precise and robust test 
environment in ASIAA and to fulfill the potential of instrumentation research capabilities.  We expect 
to have 640×480 pixel arrays for testing soon.  Further extensions for longer wavelength and larger 
arrays with astronomical readout IC will be executed after 
the success of the first stage. 

 

Figure 8.  The interface board and the 320×256 InGaAs array for 
the characterization system.
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QD IR detector development
Infrared detectors utilizing semiconductor QDs have been predicted to have the advantage of low cost 
and high operating temperature.  With the self-assembled QDs, many efforts have been concentrated to 
improve the performance of quantum dot infrared photodetectors (QDIPs).  However, the important 
basic characteristic study of QDIP is somewhat limited.

Detailed noise measurement of QDIPs was performed in collaboration with National Chiao Tung 
University.  The result shows a strong dependence of the current gain on temperature and bias.  Such 
behavior could not be explained by the variation in the transport characteristics of the carriers.  
However, by considering the repulsive potential generated by the charge inside the QDs, the capture 
probability, and thus the current gain, is shown to be greatly affected.  With this idea, the charge of the 
carrier inside the QD can be calculated from the current gain.  Since the change of the carrier number 
inside the QD alters the device performance, it is essential to minimize such effect.  A simple 
calculation revealed that QDs with smaller dot size and higher density could help in this issue.  More 
work on the fabrication of such QDs has been undertaken.  The manufacturing of an IR array with 
QDIPs is also planned.

Figure 9.  Left: the AFM image of the QDs used in QDIPs.  Right: the average charge inside the QDs at different temperature and voltages. 

In addition, an infrared camera project for the local Lulin 1 meter telescope has been initiated.  With a 
HAWAII-1 array from CFHT, we plan to build the first IR astronomical camera in Taiwan as an 
exercise after the training in WIRCam.
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Education

One of the central missions of ASIAA is to help educate and train the next generation of Taiwanese 
astronomers.  We are working in close coordination with universities (such as NTU, NCU, NTHU, 
NTNU, NCKU, TKU, FJU), in order to encourage and support their students to engage in front-line 
research in astronomy.  Faculty, staff, and students at the universities are welcome to join in on all the 
research programs at ASIAA and to make use of all the astronomical instrumentation.  While ASIAA 
does not provide its own degree program, many graduate students are working for their degrees under 
joint supervision of ASIAA faculty members and professors in their own universities.  For 
undergraduate students interested in astronomy, ASIAA offers a Summer Student Program to introduce 
modern astronomical research experiences.  ASIAA also employs research assistants at the 
undergraduate and graduate student level.  Many summer students continue their research after the 
summer program and produce publishable scientific results.  Several ASIAA faculty members currently 
teach courses or offer astronomy lectures at various universities.

Many of the research activities at ASIAA are conducted in collaboration with universities and research 
institutes in Taiwan and abroad.  Joint research projects, seminars and conferences, visitor programs, 
and adjunct appointments, are part of the ASIAA effort to cooperate with universities.  Our major 
domestic research partners include National Central University (through TAOS), National Taiwan 
University (through AMiBA), National Tsing Hua University (through TIARA and SIS junction 
development), among others. 

Picture of 2001 summer students with Dr. Fred Lo, Dr. Tony 
Allen, Dr. Naomi Hirano, and Dr. Keiichi Umetsu, taken in the 
Director's Office. 

ASIAA moved to the Center for Condensed 
Matter Sciences and Physics building on the 
NTU campus in March 2001, bringing the 
institute close to students and the university 
community.
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Summer Student Program

Starting from 1998, ASIAA provides a summer student program for undergraduate students from local 
universities (and, sometimes, a few selected students from abroad).  The target students are those 
juniors and seniors who are interested in carrying out research in astronomy or astrophysics for their 
future academic career.  A selected student typically works on a specific topic under the supervision of 
one or two of our research staff for two months.  Successful applicants receive a stipend for the 
summer, and accommodations on campus are arranged when necessary.  One of the major purposes of 
this program is to provide the opportunity for students to learn at first hand the various aspects of an 
advanced astronomical research program.  Such experiences can help a student to make a better 
decision on whether astronomy is a good career option.  In addition to supervised research, a series of 
lectures at an introductory level are also offered to broaden the exposure of the students to different 
research topics.  These lectures usually cover radio astronomy and interferometry, star formation, solar 
system, cosmology, computational fluid dynamics, normal and active galaxies, and other current topical 
fields.  Students present their results in English at the end of each program and provide both oral and 
written reports.  More than one hundred students from various universities have participated in this 
program in the past few years. 

Open Opportunities for Undergraduate/Graduate Student
ASIAA provides a rich opportunity for students at all levels to carry out frontier research under the 
supervision of Institute scientists. In addition, students can participate in the various projects carried out 
by the Institute (including hardware and software efforts) under the guidance of both local scientists 
and international partners. Talented undergraduate students, usually from our Summer Student program, 
can find part-time employment to conduct research with a selected mentor. This provides a deeper and 
richer research experience which is important preparation for future graduate studies in astronomy and 
astrophysics. Talented Bachelor's and Master's degree students can find full-time employment as 
Research Assistants to augment their research experience before or while applying to graduate schools 
in Taiwan or overseas. 

Dr. Sheng-Yuan Liu is having an interview with the 2006 
summer students.

One summer student is giving his final presentation at the end of 
the 2006's summer program.
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Outreach Activities

ASIAA hosts outreach activities to improve the astronomical education of the public and to inform the 
general public of her achievements.  These activities include the AS regular open house, a web server 
dedicated for posting major ASIAA achievements and worldwide astronomical news in Chinese, visits 
by high school students, and astronomical talks for the public.
 
AS open house activity
AS holds an open house every year, with the mission to explain to the public the exciting research 
activities conducted at the Academy.  The event in 2006 involved about 25 ASIAA members including 
research fellows, research assistants, and administrative staff.  To intrigue and inform the public, two 
popular talks titled“100 million earths: how to search for extraterrestrial life”and“Fatal Attractions 
- on Astrophysical Black Holes”were presented to the audience who are mostly non-scientists. We 
also displayed several posters and exhibits to describe the various research areas being actively pursued 
in ASIAA.  Three TV programs produced by the Public Television Service Foundation were also 
shown, which vividly portray the conception, construction, and operation of the SMA project, and the 
stories of galaxies and comets.  Finally, we demonstrated our ability to remotely control the radio 
telescopes at the SMA site and the AMiBA site in Hawaii and the optical telescopes at the TAOS site on 
the Lulin summit via real-time video link.  The audience received a first hand experience in 
astronomical research.

A picture of the popular talk given by Dr. Pin-Gao Gu on 2006 
AS Open House Day.

Video link with Lulin summit to demonstrate 
remote observation capabilities.
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Since October 2003, we have been 
maintaining a web site written in 
Chinese dedicated to the newest 
astronomical discoveries.  We hope to 
provide a venue for the general public 
to discover the newest and the most 
interesting findings in astronomy.  
There are about 500 registered users 
and 450,000 pages viewed as of 
September 2006.  We have posted more 
than 500 news articles covering a large 
selection of interesting topics in 
contemporary astronomy.

ASIAA members explaining the various scientific 
projects to the public.

A close look at the radio telescope paper model as a visual aid at 
the open house in 2005. 

A DIY exhibit to demonstrate how a dish collects radio waves.

A snapshot of the asweb. 

ASWEB web server (http://asweb.asiaa.sinica.edu.tw)
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A visit by high school students
Last year we had a visit from the students from the Kaohsiung Senior High School.  They are talented 
in physics and are interested in astronomy.  We gave a series of brief introductions to the ASIAA 
projects. 

Cooperation with the Taipei Astronomical Museum (TAM)
Encouraged by the success we enjoyed on open house days, we have developed a series of popular 
science talks for the general audience at the Taipei Astronomical Museum on a bimonthly basis.  Six of 
our researchers have volunteered to talk about their research in Chinese, covering topics from radio 
astronomy to astrophysical black holes.  These talks are aimed at senior high school teachers and 
students in astronomical clubs.  The audience can discuss with the speaker face-to-face after a talk. To 
reach more astronomy fans, the National Education Radio Station also help publicize each talk by 
broadcasting an interview with the speaker one week ahead.  All talk information and materials 
(including documents, photos and video recording) are collected and displayed on the web 
(http://www.asiaa.sinica.edu.tw/act/serial_talk/2006/). Besides the talks, we also present a series of 
posters to introduce ASIAA and each key project in a non-technical and attractive way.  These posters 
are displayed on the first floor of TAM.  The cooperation with TAM has been ongoing since 2005. 

Dr. Gu introducing IAA's projects to students from Kaohsiung Senior High School.

Posters of ASIAA on display at TAM.
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A popular science talk titled“Fatal 
Attractions – on Astrophysical Black Holes”, 
delivered by Dr. Mike Cai

Consisting of eight 6m antennas, the SMA can simulate a 508m single dish telescope.  The above is 
an artist's conception of such a single dish telescope, which occupies an area equivalent to nine 
football fields. (Picture credit: Public Television Service Foundation)

Video production with the Public Television Service Foundation
Since 2005, ASIAA and the Public Television Service Foundation have collaborated in producing three 
astronomical TV programs for the general public. The first one is about the SMA, which is one of 
ASIAA's key projects, and it was aired in 2005.  The other two are on the dynamics of spiral galaxies 
and comets in the Solar System.  They were televised in September of 2006.  All these TV programs 
serve to highlight ASIAA's achievements as well as promote her visibility in the community.  More 
importantly, they are instrumental in introducing astronomy to the public as a fascinating and exciting 
field in science.
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Supporting Resources

Library
The ASIAA library serves the scientists of ASIAA, students working with them, and other AS 
members.  The library has a collection of approximately 2000 volumes of books and 3000 volumes of 
journals, as well as atlases, electronic data archives, and computer software.  The collection covers 
various topics in astronomy and related fields but mainly reflects the research interests of the ASIAA 
scientists.  The library also subscribes to electronic journals.  

All items in the collection circulate with the exception of some reserve items.  Those who wish to 
check out books from the library collection can locate their selection using the Academia Sinica 
Library On-line Catalog and ask the librarian to keep the record.  The loan period is 3 months for 
ASIAA members, 1 month for students, and 1 month for members from other AS institutes.

Computing
Computers are an integral part of tools for scientists, no less so in astronomy where image processing, 
theoretical modeling and numerical computation form the bulk of the research activities.  ASIAA has 
established an efficient local network of computers.  Our hardware consists of several servers, 
workstations, PCs and high performance PC clusters. 
　　

The Academia Sinica Computing Centre (ASCC) has built a dedicated link to ASIAA with 1000 
Mbit/sec bandwidth.  ASCC has also set up a failsafe network route to NTU in case of network outage.
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Network attacks have been prevalent and ASIAA is working hard to protect her resources.  For general 
security we follow the CERT (Computer Emergency Response Team) advisors. In addition, our Linux-
based Firewall serves as our current network gateway and filters all incoming port requests.  Currently 
only SMTP, POP3, IMAP, http services are granted.  All other services have to be connected through 
secure VPN.  Email viruses and spam are blocked via commercial software installed on the Linux mail 
server.  A second backup email server is located at AS in case of network outage between AS and 
ASIAA.  We are planning to set up redundant systems for each server.  The redundant printer server, 
NIS, and DNS are complete.  The redundant mail server, http server, firewall, and network file server 
are under construction. 

ASIAA's computing facilities provide a wealth of tools to aid our research.  We have implemented 
software packages such as IRAF, MIRIAD, AIPS++, AIPS, IDL, and SuperMongo for data reduction 
and analysis, Mathematica, Maple, and Matlab for symbolic and numerical calculation, and AVS for 
visualization.  For CFD-MHD numerical simulation, we have 8 single-cpu machines for sequential jobs 
and 20 dual-cpu machines for parallel jobs.  There is another 19-node PC cluster for all ASIAA users 
and 26-node PC cluster for TIARA users.  For data storing system, there are several disk array servers 
totaling about 30 Terabytes of space dedicated to ASIAA key projects.  The overall map is listed below. 
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Voice of ASIAA 

In 2006, we celebrated the thirteenth birthday of ASIAA, the institute that has grown from infancy with 
only a handful of staff to adolescence with over one hundred members.  Even as a young institute, 
ASIAA has made her mark on the international stage of astronomy, in both scientific research and 
technological development.  Domestically, she has been playing a pivotal role in popularizing 
astronomy to the general public and in cultivating future generation of astronomers in Taiwan as well.

Professor Frank Shu, one of the founding members and chairman of the Advisory Panel, witnessed the 
development of ASIAA. “The Institute was founded to bring astronomy to Taiwan.  In order to reach 
the fore-front quickly, we chose to concentrate our efforts on radio astronomy...  Collaborating with the 
best groups in the world, we have ventured into millimeter and sub-millimeter wavebands, which is 
technically very difficult.  After ten years, ASIAA has established herself as one of the best institutes 
for radio astronomy in Asia.”

The success of any institute always lies with its members.  For over a decade, ASIAA has attracted 
talents from all over the world, making her one of the most culturally diverse institutes in the Academia 
Sinica.  Currently, over half of ASIAA's faculty members are foreigners from the United States, Japan, 
Australia, Vietnam, and Switzerland, and more than two thirds of our postdoctoral research fellows 
come from Japan, Korea, France, Spain, India, and Canada.  One of the most senior members in the 
Institute, Jeremy Lim, came from Australia, and he reminisces,“It was twelve years ago when I came 
to Taiwan, as a postdoc, to pursue my own research.  I was doing radio emission from the Sun.  Now 
I'm interested in many fields, such as star formation, external galaxies, evolved stars, and a little bit of 
cosmology.”  For a foreigner who comes to work in Taiwan for the first time, is it difficult to adjust to 
the new environment?  Satoko Sawada-Satoh, a postdoc from Japan, says,“I did not worry so much 
before I came. Japan and Taiwan have very close cultures. I can understand Chinese characters. And 
also I knew many many Japanese people are working here.”Indeed, the largest foreign population in 
ASIAA comes from Japan, and they seem to fit in quite well.  After working for several years here, 
many of our Japanese colleagues are now fluent in Mandarin Chinese.  On the other hand, our 
Canadian postdoc, Jennifer Carr, offers another interesting perspective,“I wanted to move somewhere 
with different cultures.  I wanted to live for a few years in a country where the language and culture 
weren't English.  It was one of the appeals for me to come here. I can combine good research 
environment with experiences of living in another country.”
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“Good research environment”, as Jennifer puts it, is a major attraction of ASIAA.  Phan-Bao Ngoc, 
our former postdoc from Vietnam is back in town to visit.  He comments,“I think the computer 
support at IAA is excellent.  When I was working here, whenever I asked for help from computer staff, 
they gave me immediate response.”Jin-Hua He, a postdoc from mainland China, adds, “My personal 
impression is about the activities.  I think the research here is very active.  A lot of talks, a lot of 
colloquia.  This is my strongest impression about IAA.”A research assistant, Szu-Ying Wu seconds 
that opinion,“Lectures and colloquia are held very often and the speakers are often internationally 
recognized professors and scholars... Most of the people here are very friendly, enthusiastic and more 
than willing to help others. Even if they can't help you directly, they'll find someone for you who can. 
The computer system managers here are also very good at helping us out.”When asked what their 
favorite time of the day is, almost everyone answered in unison,“tea time!”

Tea time has been a long tradition in ASIAA.  Every day around 3 pm, an announcement is heard over 
the speaker,“Dear colleagues, it's time for afternoon tea.  Please take a break.”Sometimes, you may 
hear different versions in Japanese, or Korean, or even Taiwanese, the local dialect.  We would then 
move from our offices into the interaction room, and indulge ourselves with coffee, tea, cookies, and 
occasionally fruit or special snacks donated by our colleagues.  While the original motivation of this 
daily activity is to facilitate scientific discussions among various disciplines, most of us actually prefer 
to retreat from intense work for a moment to readjust our pace and refresh ourselves in a long working 
day. The interaction room was recently decorated with a Christmas theme by our witty students, 
making our tea time an even cozier and more soothing event.  The tea time on Friday right after the 
colloquium also provides a relaxing setting for guest speakers to exchange ideas with our researchers.  
Needless to say, tea time in ASIAA offers a wonderful occasion to hold our people together like a 
family.

In addition to forefront scientific research, ASIAA is committed to education of future scientists.  To 
this end, it is extremely gratifying to know that the trade mark hospitality and active research 
atmosphere is particularly welcomed by our students and research assistants (RAs).  A recently 
recruited RA, Fang-Chun Liu, comments,“There are many RAs around to help each other out, and the 
institute arranges many talks and colloquia given by researchers from different areas in astronomy, 
which we are encouraged to attend if we are interested.  This helps us learn a lot about the many 
subfields in astronomy.”Pei-Ying, Hsieh has been with us for a long time.  She started as a summer 
student in 2003, and recently just finished an MS degree with one of our faculty members.  She will 
start her new position as a research assistant in the Institute.  She recollects,“(the research experience 
in ASIAA) gave me the feeling that astronomy was not an unreachable science, but a really friendly 
field of research.  As long as you're motivated, learning opportunities are all around you, requiring 
nothing in return.”Perhaps the most senior RA is Jimmy Liu.  He offers the following insightful 
remarks.“There are only a handful of institutes in Taiwan that offer opportunities for learning 
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astronomy.  What's special about IAA is that it was founded by researchers who've attained 
international recognition.  Its concentration of resources and talented people makes it the center of 
astronomy research in Taiwan.  No matter which subfield you choose, here you can learn how local and 
international astronomy communities cooperate.  In a place with such intense concentration of 
resources and people, you can really learn a lot and figure out what your next step should be.”

The summer student program is one of the major opportunities to let people know about ASIAA and 
her activities.  In the year 2006, we have 18 students working with us on many different projects.  At 
the end of the two month program, many students commented that“people here are very easy-going. 
We can ask anybody questions about research.  And they are willing to answer all questions”.  One 
student coming from a mathematics background says,“All the activities here, including tea time, 
greeting party, lunch talks, make me feel warm and comfortable.  I feel that people in IAA all hold 
together...  The most important thing I learned here is the experience of doing research, which may 
help me decide what to do in the future.”When asked about the experience in the summer program, 
one student from NTU says,“I am always interested in astronomy, and I would like to try how it feels 
to do research in astronomy.  I found it's really interesting.  I gained the most when I discussed with my 
supervisor.”	 Even amongst the students, ASIAA lives up to her name as a melting pot of cultural and 
ethnic diversity.  Three of our summer students this year came from the US, Mexico, and Mongolia.  In 
particular, our Mongolian student says,“Most Mongolians don't have such a chance (to participate in 
astronomical research).  For me, I feel great to be here to experience all these.  I hope in the future, we 
can make this possible in my own country.” 

Compared to other astronomy institutes, one would notice an unusual phenomenon in ASIAA's student 
body.  Out of approximately forty students and RAs, over one third are female.  In a male dominated 
field, these women are certainly not shy in pursuing a future in research.  ASIAA has been nurturing the 
passion of these future scientists by providing many success stories and role models.  One of our 
female faculty members, Hsien Shang, offers some words of encouragement,“For women, you have to 
have your own characteristics and expertise, and bearing in mind that you will have to work much 
harder than your male colleagues in order to be accepted and recognized at the same level...  the good 
news is such barriers seem to be fading gradually.  Through generations of hard work, female scientists 
can have true advantages and strengths in their professions.”
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Commitment to education would be an empty slogan without the help from the universities that work 
directly with the students.  Many of our staff members have adjunct positions with universities, and 
they work relentlessly to strengthen the ties.  One exemplary individual is Kuan, Yi-Jehng.“I was a 
postdoctoral fellow at ASIAA back then and I was offered two faculty positions, one from the 
university and the other from ASIAA at the same time,”says Yi-Jehng,“Prof. Fred Lo came to me 
and suggested me to take the adjunct position.  That was truly wonderful.  That's why I have never 
considered that I have left ASIAA in so many years, and always feel that I am a member of the big 
ASIAA family... ASIAA has many overseas visitors; being an adjunct fellow, I have more opportunities 
to talk to and listen to some of the distinguished visiting scholars, which is very important for my 
research.”

As an English speaking institute in Taiwan, the administrative staff in ASIAA has been very important 
and helpful to our foreign employees.  The team members include 11 staff in the front office and 4 staff 
in the project manager office.  In the past few years, ASIAA is very lucky to have such a stable and 
capable administrative staff.  Why did they choose to work in ASIAA?“The physical environment of 
the academy is much better than the usual business buildings”, says Jackie Wang, our AMiBA project 
administrative staff.  Also, the pressure is not as high as in the intense business world in Taiwan.  One 
of the daily tasks is to work with foreigners.  It is very interesting to know people from different places 
of the world.  The cultural differences make every day unpredictable, sometimes difficult, but overall 
fascinating.  Our cashier Cindy says,“The most interesting part of the work is to plan conferences.  
Nothing is better than the happiness to accomplish a successful conference.”For our foreign 
employees, the staff has been an indispensable buffer to the impact of the difference in culture, 
regulations and even laws in Taiwan.

ASIAA has come a long way in thirteen years.  What lies ahead?  Frank Shu shares his vision with us, 
“For the next decade, ASIAA needs to consolidate and expand on past achievements... It is a natural 
path to take by joining the ALMA project.  Collaboration with CFHT will broaden our horizon to 
include optical and infrared astronomy.”More importantly, Frank believes that ASIAA needs to 
develop her science to address crucial questions in modern astronomy, such as cosmology, star and 
planet formation, etc.  Some progress has been made in this direction through the establishment of 
TIARA to bring a group of theorists to ASIAA.  Finally, Frank remarks,“We need to nurture a new 
generation of astronomers that would be able to take the leadership of ASIAA.  That's what's needed in 
the next ten years.”

ASIAA is facing a more challenging and arduous path in the years to come.  However, with guidance 
from the Advisory Panel, leadership from the young faculty members, diligence from the postdocs, 
energy from the students, and dedication from the administrative staff, there is no doubt that ASIAA 
will continue to grow and evolve toward maturity.  A very bright and exciting future awaits.
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