


Dear Colleagues and Friends:

The establishment of the Preparatory Office of the Academia Sinica Institute of Astronomy and Astro-

physics 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 at the frontier. 

In this brochure, we report on the progress and the science which are being produced by the 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 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 cosmol-

ogy.  We work on observational investigations across all wavelength bands, theoretical studies utiliz-

ing 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 past Academy President 

Yuan-Tseh Lee, and our current Academy President Chi-Huey Wong. 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       6.19.2009

Letter from the Director 
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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. ASIAA currently has a staff of about 160, including research, technical, and support 
personnel, as well as research students, and plans to become a full-fledged institute in a couple of years.

ASIAA aspires to work at the forefront of astronomical research.  By concentrating our efforts in specific di-
rections, 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 train-
ing 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, correlators, and associated electronics.  In 
the area of optical and infrared astronomy, ASIAA collaborated with National Central University (NCU) and 
Lawrence Livermore National Laboratory (LLNL) in 1998 to propose, construct, and operate the Taiwan-
America 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 and the Hy-
perSuprime Cam (HSC) project on the Subaru Telescope in 2008.  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.

All three major ASIAA telescope projects: SMA, AMiBA, and TAOS, 
have been brought into operations.  The SMA was dedicated on Mau-
na Kea in Hawaii in November of 2003. 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, featur-
ing weekly remote operations from Taipei.  The AMiBA was dedi-
cated with seven elements on Mauna Loa in Hawaii in October 
of 2006.  Science operations started in 2007, and the first seven 
science papers have been published in the Astrophysical Journal 
in 2009.  The AMiBA will have 13 elements by the end of 2009.  
In 2002, the first two elements of TAOS were deployed to Lulin 
Mountain in central Taiwan.  The third and fourth elements were 
added in 2005 and 2008, respectively. The system operates in 
a fully automatic mode, with remote monitoring from ASIAA 
and NCU.  Some 1000 stars are monitored per night, search-
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ing for the occultation of a star by any intervening Kuiper Belt 
Objects (KBOs).  A significant upper limit of the number of small 
KBOs has been set after three years of TAOS data collection.  

ASIAA aims to collaborate with the university groups in de-
veloping astronomical research in Taiwan.  Collaboration with 
NCU has been underway for a number of years through our 
partnership on the TAOS project.  Collaboration with NTU 
has also been ongoing through our partnership on the AMiBA 
project as part of the Cosmology and Particle Astrophysics (CosPA) ef-
fort.  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 
2009.  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 Jet Propulsion Laboratory (JPL) on AMiBA, the Canada-France-Hawaii Telescope on WIRCam, the Uni-
versity of Pennsylvania (UPenn) and the LLNL 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, HSC and SIS junctions.

International meetings hosted by ASIAA include Millimeter and Submillimeter Astronomy at High Angular 
Resolution, East Asian Meeting of Astronomy, TIARA Workshops on Star Formation, Exoplanets, and Kuiper 
Belt Objects, and Workshops on Submillimeter Wave Receiver Technologies in Eastern Asia. 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 As-
tronomy 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 ALMA. 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 de-
velopment of new instruments on the CFHT, and will seek collaborations involving the next generation large 
optical telescopes. ASIAA is also planning for the next generation TAOS survey. The staff at ASIAA make 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

The SAO/ASIAA Submillimeter Array (SMA) 

Since 1996, ASIAA has been carrying out the Submillimeter Array (SMA) project in collaboration with the 
Smithsonian Astrophysical Observatory (SAO).  In November 2003, the array was dedicated on Mauna Kea, 
Hawaii by the previous Academia Sinica President Y. T. Lee and Smithsonian Institution Secretary Larry 
Small.  It consists of eight 6-meter antennas, with two of them (including the associated electronics and receiver 
systems) delivered by ASIAA under close collaborations with university groups and industry in Taiwan.  It 
operates at the frequencies of 230, 345, 400, and 690 GHz. It can be arranged into configurations with baselines 
as long as 509 m, allowing us to observe submillimeter emission 
from warm, dense gas and dust at unprecedented high resolutions 
of up to 0.1 arcsecond. The research fields include the Solar system, 
star and planet forming regions, evolved stars, and galaxies at nearby 
and cosmological distances. As of March 2009, 163 SMA papers 
were published. Of these, 85 papers have ASIAA co-authors, and 32 
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 1.  The two SMA antennas built in Taiwan. 
(Picture Credit: Ming-Tang Chen)

Figure 2.  The Submillimeter Array, built at the top of Mauna Kea (elevation ~ 4000 m) in Hawaii. (Picture Credit: Derek Kubo)
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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 of up to 0.1 arcsecond.

Circumstellar envelopes around evolved stars can be imaged in both continuum and spectral lines. The chemical 
and excitation variations within these envelopes can be used to probe the activities near the evolved stars. 

Using the SMA, the envelope of the nearby star W Hya was imaged 
with an angular resolution of about 0.5 arcsecond, corresponding 
to a spatial resolution of about 10 times the stellar diameter. At this 
high resolution, the HCN molecule is seen forming in the innermost 
region of the envelope (within ~10 stellar radii), consistent with 
pulsation-driven shock chemistry models, and ruling out the scenario 
in which it is formed through photochemical reactions in the outer 
envelope.

 

The SMA has been playing an important role in studying extragalactic objects.  One of our targets is the most 
luminous galaxy Arp 220 in the local Universe.  Arp 220 is a merging galaxy — the outcome of a two-galaxy 
collision — and is some 100 times more luminous than our Milky Way galaxy.  The origin of the luminosity 
has been debated for more than two decades. Our high-resolution observations in 850 µm continuum with the 
SMA clearly resolved the two nuclei of the merger (Fig. 4).  The west nucleus (the right source in Fig. 4) is 
brighter, and it has at least ~20% and even most of the total luminosity of the merger.  It is very compact with 
a size of 50-80 pc (160–260 light years).  The high-luminosity and the compactness of the nucleus suggest 
that the luminosity source there must be either an accreting supermassive black hole or a cluster (or clusters) 
of young massive stars formed through an extreme burst of star formation.

Figure 3.  Map of the HCN (3-2) emission toward the star W Hya at the systemic 
velocity. The cross marks the position of the star, and the ellipse in the bottom 
left corner shows the SMA resolution. The spatial scale is given in the bottom 
right corner (Muller et al. 2008, ApJL, 684, L33).

Figure 4.  The central region of the ultra 
luminous galaxy Arp 220. The left panel 
shows the near infrared image taken by 
the Hubble Space Telescope. Two nuclei 
are clearly seen in the high-resolution 
submillimeter image obtained with the SMA 
(Sakamoto et al. 2008, ApJ, 684, 957).
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The SMA is a very powerful tool for studying star and planet forming regions. 
A variety of observational projects have been carried out in ASIAA. In the 
earliest phase of star formation, gas and dust are seen ejected supersonically 
from protostars, forming bipolar jets such as that seen in HH 212.  Our high-
resolution observations with the SMA suggest for the first time that the HH 
212 jet is spinning and thus may carry away the angular momentum from 
the innermost edge of the accretion disk, as predicted in the theory of star 
formation.

The SMA can also be used to study the origin of brown dwarfs, the masses of which are not sufficient to 
ignite hydrogen-burning fusion reactions. The CO emission observed with the SMA clearly shows a bipolar 
molecular outflow emanating from a young brown dwarf ISO-Oph 102 in r Ophiuchus.  The outflow is very 
similar to those seen from young stars but scaled down by 3 and 2 orders of magnitude in the outflow mass 
and the mass-loss rate, respectively.  These results demonstrate for the first time that brown dwarfs undergo 
a phase of molecular outflow that is typical of young stars and hence suggest that brown dwarfs do form like 
low-mass stars, in a version scaled down by a factor of over 100. 

Figure 5.  The HH212 molecular jet imaged with the SMA superposed on the H2 image 
(blue) adopted from McCaughrean et al. (2002). The CO and SiO are green and red, 
respectively (Lee et al. 2007, ApJ, 659, 499). 

Figure 6. (Left) The CO (2-1) emission from ISO-Oph 102 observed with the SMA overlaid on a near-infrared image. 
Blue- and red-shifted CO components are symmetrically displaced on the opposite sides of the brown dwarf position 
(Phan-Bao et al. 2008, ApJL, 689, 141). (Right) The artist’s conception of the brown dwarf ISO-Oph 102.

The SAO/ASIAA 
Submillimeter Array
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Magnetic fields play an important role in star formation, and the SMA can be used to infer their detailed 
distribution in star-forming regions by observing polarized dust continuum emission at high resolution. With 
the SMA, we have zoomed in to the inner region of the massive collapsing cores, W51 e2 and e8. The magnetic 
field in e2 exhibits an hourglass-like morphology, with a sharply pinched direction parallel to the plane of 
ionized accreting flow. The result suggests that the magnetic field lines are dragged inward by accretion. The 
high-angular-resolution measurements of the magnetic field morphologies at Jeans length scale are crucial to 
understand the roles of the magnetic field in the star-forming cores.

Figure 7. Maps of magnetic field in W51 e2/e8 observed with the BIMA at 1.3 mm (left panel) and with the SMA at 0.87 
mm (right panel). Continuum emission is shown in both contours and color scale. Segments represent the B field direction 
measured at the corresponding wavelengths. White ellipses show the resolutions. Stars mark the positions of the UC HII 
regions. Cyan dashed lines in the right panel indicate the plane of the ionization flow (Tang et al. 2009, ApJ, in press).
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Atacama Large Millimeter/
Submillimeter Array - Taiwan

Atacama Large Millimeter/Submillimeter Array - 
Taiwan (ALMA-T)

Since 2005 ASIAA has participated in 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. In October 2008, the 
National Science Council (NSC) in Taiwan and 
the US National Science Foundation (NSF) 
reached an agreement for collaboration with 
ALMA-North America. ALMA will be completed 
in 2012, and its expected lifetime is at least 50 
years.

Figure 1.  A panoramic view of the area where ALMA is being built. 
The building at the middle of this picture is the Array Operation Site 
Technical Building (Picture credit: the Joint ALMA Observatory).

Figure 2.  The four 12 m diameter antennas built by ALMA-
Japan (Picture credit: the Joint ALMA Observatory).
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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 in Taiwan have been in intensive discussions to prepare 
scientific projects to be carried out.

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 Chung-Shan Institute of Science and 
Technology Aeronautical Systems Research Division (ASRD) in Taiwan, ASIAA established the East Asia 
front-end integration center (EA FEIC), where all the receivers for ACA will be assembled, tested, and shipped 
to Chile. The first receiver built at EA FEIC was delivered to Chile in December 2008. 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 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: EA FEIC laboratory. A receiver dewar with receiver cartridges installed is mounted on a “tilt table” 
in an environmental chamber controlling temperature and humidity. In the picture, the dewar is tilted by 90˚. Right: 
The first receiver system delivered to Chile by EA FEIC. The receiver system was tested at the ALMA site in Chile 
by the EA FEIC crews shown in the picture. 
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Submillimeter and Space VLBI

Submillimeter and Space VLBI

With the addition of new staff members, a new effort has been launched to perform frontier Very Long Base-
line Interferometry (VLBI) studies.  As the angular resolution of interferometry is proportional to λ/D, (where 
λ is the observing wavelength and D is the length of the baseline between two telescopes), observations at 
shorter wavelengths and/or longer baselines are required to attain higher angular resolution.  Submillimeter 
VLBI makes use of the former approach while space VLBI takes advantage of the latter approach.  Thus, 
VLBI has been dedicated in the pursuit of high angular resolution, now achieving tens of micro arc seconds (μ 
as) that cannot be attained by any other telescope system.

With this superb angular resolution, we are plan-
ning to participate in the exciting science tar-
gets to investigate the physical properties of su-
per massive black holes (SMBHs).  The energy 
source of Active Galactic Nuclei (AGNs) is now 
attributed to the accretion of matter onto SMBHs.  
The mass and spin parameter are fundamental 
physical properties of black holes, and direct im-
aging of the shadow of SMBH would be essential 
in their determination.  Figure 1 shows an imag-
ing simulation to examine differences due to mag-
nitude and orientation of the SMBH spin (see also 
Figure 2 of “High Energy Astrophysics” in Major 
Scientific Results of this brochure).Figure 1. Image simulation of SMBH shadow for non-rotating cases 

(top) and rotating ones of black holes (bottom), taking into account 
an accretion flow model.  The assumed inclination angle is 20 (left), 
45 (middle), and 90 (right) degrees, respectively. (Courtesy of R. 
Takahashi)

Figure 2. Correlated flux density of Sgr A* as a function of 
baseline length from VLBI measurements in April 2007 at 
λ~1.3 cm (Doeleman, S. et al, 2009, “Imaging an Event Hori-
zon: submm-VLBI of a Super Massive Black Hole,” A Science 
White Paper submitted to the NAS Decadal Review Commit-
tee).  A circular Gaussian model fit of 37 μas for the intrinsic 
size of Sgr A* is shown as a solid line.  The dotted curve cor-
responds to the ‘shadow’ model shown in the insert (inner and 
outer diameters of 35 and 80 μas, respectively).
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Recent submillimeter experiments at 230 GHz (λ~1.3 
mm) have proved that the direct imaging of the SMBH 
structure is now in reality (Doeleman et al. 2008).  As 
shown in Figure 2, the size of Sgr A*, the SMBH at 
the center of our Galaxy, can be determined from the 
variation of the correlated flux density with respect to 
baseline length.  However, the number of telescopes 
is at present insufficient to construct a good image 
of it in terms of imaging sensitivity and fidelity.  For 
the sensitivity, phasing of ALMA will be helpful, and 
additional submillimeter telescopes would be essen-
tial for the imaging fidelity in identifying the event 
horizon.  We are planning to join in these develop-
ments, hopefully with an additional telescope to open 
a new window on the study of General Relativity in 
the strong field regime and related physics.

Following the first successful space VLBI, VLBI Space Observatory Programme (VSOP), VSOP-2 mission 
is in progress.  It is planned for launch in 2013.  Among the exciting science topics of VSOP-2 are the inves-
tigation of the accretion process of the flow onto the SMBH and the formation and acceleration process of 
ultra-relativistic jets.  Figure 3 shows an artist’s impression of the VSOP-2 satellite ASTRO-G orbiting around 
the Earth.  The VSOP-2 array consists of the ASTRO-G satellite, under construction by the Institute of Space 
and Astronautical Science (ISAS) in Japan, ground observing telescopes, and tracking stations.  Many ground 
observing telescopes and tracking stations contributed to VSOP to produce good quality images (see Figure 

4).  Similar international collaboration 
has been coordinated for VSOP-2 as 
well, and we hope to collaborate with 
others having a tracking station at an 
efficient site in the world.

Both VLBI studies above are chal-
lenging not only in science, but also in 
technique and engineering. By these 
approaches our knowledge of the 
properties of SMBH will be obtained 
and models of accretion flows will be 
tested.  To make further progress, a 
submillimeter space VLBI project is 
envisioned.

Figure 3. Artist’s impression of ASTRO-G satellite for the 
VSOP-2 mission (Courtesy of ISAS).

Figure 4. Collaborated observing radio telescope (green square) and 
tracking stations (red circle) for the VSOP project.  The satellite HALCA 
was launched in 1997.
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The Yuan Tseh Lee Array for
Microwave Background Anisotropy

The Yuan-Tseh Lee Array for 
Microwave Background Anisotropy (AMiBA)

The Yuan-Tseh Lee Array for Microwave Background Anisotropy (AMiBA) is a forefront instrument for 
research in the field of cosmology.  It is the first and only Cosmic Microwave Background (CMB) telescope 
for Asia and the first major international astronomical project being led by Taiwan.  This project is designed, 
constructed, and operated by ASIAA, with major collaborations with the National Taiwan University 
Electrical Engineering (NTUEE) and Physics (NTUP) Departments, and the Australia Telescope National 
Facility (ATNF).  Additional contributions were also provided by Carnegie Mellon University (CMU), the 
National Radio Astronomy Observatory (NRAO), and the Jet Propulsion Laboratory (JPL).  Most importantly, 
this project has established experimental cosmology as a viable field in Taiwan, assembled a team capable 
of leading, designing, and building frontier instruments.  Young students, engineers, and faculty, have been 
trained, cultivated, and mentored for Taiwan.
 
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 AMiBA includes a novel hexapod 
mount, a carbon fiber platform, carbon fiber reflectors, MMIC low-noise receivers, a broadband correlator, 
sensitive and stable electronics, a retractable cover, site infrastructures, and software development. The project 
completed the design study of AMiBA (2001-2002), fielded a 2-element prototype on Mauna Loa (2002), 
contracted and constructed all components (2002-2005), secured and developed the site on Mauna Loa (2004), 
took delivery of all components (2005), integrated the system, and dedicated the telescope (2006).  Science 

operations took place in 2007, and the first seven science papers have been 
published in the Astrophysical Journal in 2009. The 10-element 

1.2m expansion (Figure 1) was completed in March 2009, 
increasing the observing speed by a factor of 30. 

Science operations has since then resumed again. 
In the meantime, we are continuing to add the 

last 3 receiver systems, which will increase the 
speed by another factor of 2. We anticipate 
the13-element operations to start in the 
later half of 2009. 

Figure 1. At the beginning of April 2009, 10 of the 1.2m 
reflectors are installed. This upgrade improves the speed of 

AMiBA by a factor of 30.  The next 
three receivers will be installed in the 
next few months to increase the speed 
by another factor of 2.

14
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As a dual-polarization interferometer array observing at 3-mm wavelength, AMiBA is designed to sample 
structures on the sky as small as 2 arc minutes in angular size (Ho et al. 2008, 2009).  It will improve upon 
the recent CMB results from the Wilkinson Microwave Anisotropy Probe (WMAP) by an order of magnitude 
in angular resolution. Additionally, AMiBA 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. 
AMiBA has imaged the SZE in clusters (Wu et al. 2008, 2009) and compared the distribution of baryonic 
matter with that of the dark matter from weak gravitational lensing observations (Umetsu et al. 2009). 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 in blind surveys every year (Umetsu et al. 2004). 

Installation of AMiBA at the Mauna Loa site in 2005, was followed by a year of testing and calibration of the 
drive system and receiver electronics. In 2006, we worked on tracking algorithms, pointing models (Koch 
et al. 2009a), repeatability of system performance, and receiver sensitivity and stability.  Science operations 
began in 2007.  Verifications of system performance, testing of observing and calibration modes, and the study 
of the noise characteristics, accompanied the astronomical observations. We deployed the 7 0.6m reflectors 
in a close packed hexagonal pattern on the AMiBA platform in order to utilize the shortest spacings of the 
interferometer.  This maximized our sensitivity to extended structures. In April 2007, we detected the first SZE 
signal with the 7-element AMiBA towards the galaxy cluster A2142 at a redshift of z=0.091.  This was followed 
by successful SZE detections towards five more clusters ranging from z=0.18 to 0.32 (Wu et al. 2008, 2009).  
The primary efforts were in the areas of calibration and data reduction, identifying and flagging of bad data, 
removal of systematic errors, elimination of foreground contamination from local environment, converting 
output from the lag correlator into u,v data points, Fourier transform of the visibilities, and compensation for 
poor u,v sampling or dirty beam pattern (Wu et al. 2009). In 2008, much effort was devoted to verifying the 
quality of the data (Lin et al. 2009; Nishioka et al. 2009; Liu et al. 2009).  This involved analysis of the noise 
characteristics of the data, evaluating the contamination from CMB structures, and compensating for expected 

point sources in the field of view.  Comparison of 
the SZE signals with Subaru weak gravitational 
lensing data in Figure 2 allowed us to trace the 
baryonic and dark matter distributions (Umetsu 
et al. 2009). Other science cases included the 
comparison of SZE with X-ray data in order 

Figure 2. Gas mass fraction profiles averaged over a 
sample of four clusters obtained from  joint AMiBA SZE 
and Subaru weak lensing observations for two cluster 
models shown in blue and black solid lines, together with 
other published results in red. Cross-hatched regions 
include 1σ uncertainties from statistical measurement 
errors and cluster-to-cluster variance.
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to derive cluster angular diameter distances (Figure 3) and the Hubble constant (Koch et al., 2009b) and 
cluster scaling relations (Huang et al., 2009). In 2008 we also took data for the measurement of the CMB 
temperature power spectrum (Wu 2004). These early science experiments served to demonstrate the potential 
and performance of AMiBA . 

The cluster Abell 2142 is of particular interest since this is our brightest, most-nearby (hence resolvable) 
SZE cluster at z=0.09, known as a merging cluster. In Figure 4, we compare the AMiBA SZE map with 
the projected mass distribution (white contours) as deduced from our weak lensing analysis (Umetsu et al. 
2009). Our AMiBA SZE map shows an elliptical structure extending in the northwest (NW) - southeast (SE) 
direction, similar to the weak lensing (dark matter) distribution shapes. This extended nature of almost 20 
arcmin in length from NW to SE is one of the reasons why sampling with the small antennas of 0.6m can be 
important for providing sensitivity to large scale structures. Further, relative positions are important in such 
maps of extended structures, where the interferometer has the inherent advantage of relying on the phase to 
determine relative positions, while single dish studies might be affected more strongly by the pointing of the 
telescopes. 

Figure 3. Comparison between the angular diameter distances derived from two different 
galaxy cluster models: a spherical isothermal β-model and a 100 kpc cut model. The errors 
are 1σ observational uncertainties. The solid line shows the theoretical angular diameter 
distance function for the current concordance cosmological model.  Both models agree with 
the theoretical expectations within error bars. The resulting best fit for the Hubble constant for 
the isothermal β-model is about H0=50±16±21 km/s/Mpc (statistical followed by systematic 
uncertainty at 68% confidence level).

The Yuan Tseh Lee Array for
Microwave Background Anisotropy
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It is remarkable that AMiBA is currently the only operating SZE telescope at 3-mm with published results. 
Only the Sunyaev-Zel’dovich Array (SZA) has instruments operating at 3-mm but at a sub-arcmin resolution, 
thus providing complementary information to AMiBA. This makes AMiBA a highly competitive and unique 
project.

Figure 4. The cleaned AMiBA map of the cluster A2142 (Ho et al. 2009), revealing a strong SZE 
decrement of about -300mJy (Wu et al. 2009). The black circle indicates the size of the AMiBA field-
of-view (23 arcmin FWHM), and the black filled circle at the bottom-right corner shows the size of 
the AMiBA synthesized beam (6 arcmin FWHM). The residual rms noise level in the cleaned map 
is about 23mJy. Overlaid are the contours (white) of the projected mass distribution reconstructed 
from Subaru weak lensing data (Umetsu et al. 2009). The contours are spaced from the 2 sigma noise 
level at intervals of 1 sigma. Shown at the bottom-left corner is the 2 arcmin FWHM of the Gaussian 
smoothing kernel (white filled circle) used for mass reconstruction.
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The Optical and Infrared
Instrumentation Program

The Optical and Infrared Instrumentation 
Program (OIR)

The optical and infrared instrumentation program of IAA started with the development of the Wide Field 
Infrared Camera (WIRCam) with the 3.6m Canada-France-Hawaii telescope (CFHT). The WIRCam project 
officially started in late 2001. This camera has four 2048x2048 HAWAII-2RG HgCdTe detector arrays, with 
a 20’ field of view, and 0.3˝ pixel resolution. 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 has been fully functional for scientific observations for more than 
3 years without any major failure. 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). 

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. With the delivery of WIRCam, 
ASIAA continued its instrumentation collaboration with 
CFHT on the development of CCD curvature wavefront 
sensor “FlyEyes”. The main goal of this 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, mainly contributing to 

Figure 1.  Left: The WIRCam 
was completed and installed on 
the CFHT during 2005  Right: 
The Orion nebula image taken by 
WIRCam.

Figure 2.  The MIT CCID-35 chip.
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the hardware interface definition, detector controller system software design, CCD characterization, and AO 
system simulation. Furthermore, ASIAA continues to work with CFHT on the next generation instrument plan.

In order to access to larger aperture telescopes, ASIAA decided to work with Subaru telescope in 2008 
based on the fruitful collaboration with CFHT. ASIAA will contribute to the wide field visible camera Hyper 
SuprimeCam (HSC). HSC is the next generation instrument for Subaru telescope to provide a 1.5 degree 
FOV with superb efficiency and image quality at red end of the visible region. HSC is collaboration between 
NAOJ, Princeton University and ASIAA. Combined with the 8.2 m aperture, HSC will be the most powerful 
imager in the world when finished in late 2011 until LSST comes on line. The camera will deliver similar 

performance with Suprime Cam but with a 10 times 
larger FOV. With the newly developed fully depleted 
CCDs, HSC is expected to provide 40% higher overall 
throughput in z’ band and provide reasonable efficiency 
in Y band.

In the development of HSC, ASIAA is responsible for the 
delivery of the filter exchanger system, testing system 
of the wide field correctors, and the testing of CCD 
chips. These will further enhance our instrumentation 
capabilities and provide a unique opportunity for the 

new CCD development. With the collaboration, Taiwanese 
astronomers will have greater opportunities for access to 

Subaru telescope and join the large HSC survey.

 Figure 3. The test Image of the CCD with fiber bundle.

Figure 4. The schematics of the HSC design.
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Theoretical Institute for Advanced 
Research in Astrophysics

Theoretical Institute for Advanced Research in 
Astrophysics (TIARA)

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 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.  It has facilities located at the 
Academia Sinica Institute of Astronomy and Astrophysics in Taipei and on the campus of National Tsing Hua 
University in Hsinchu.

TIARA's mission involves the investigation 
of the astrophysical processes associated 
with the formation of structure in the 
universe.  Current research activities span 
star and planet formation, galactic structure 
and 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. TIARA has hosted 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 
ranged from ten to twenty international experts and those from the local community.  These workshops have 
been very successful in facilitating the exchange of scientific ideas and numerous papers have been produced 
which acknowledge the activities hosted by TIARA.  Currently, three visiting research fellows and five post-
doctoral research fellows are in residence in TIARA , with over forty other scientists visiting on a short term 
basis per year.

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 week period to allow a complete 
pedagogical approach starting from fundamental theory to advanced applications in confronting current 
observational facts.  There have been five successful winter schools since TIARA’s inception, the most recent 

Figure 1. The TIARA office located on the campus 
of National Tsing Hua University
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focusing on star formation.  These schools last for one week with lectures delivered by invited speakers from 
throughout the world and within Taiwan as well.  We have successfully attracted over 50 students from East 
Asian regions including Taiwan, China, Japan, and Korea as well as from Europe.  The students also interact 
with one another via the student presentations, which are part of the winter school program as well.

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

Figure 2. TIARA Director Ronald Taam conversing 
with visitors Edward Churchwell from the University 
of Wisconsin, Madison and Richard Crutcher from 
the University of Illinois at Urbana-Champaign.

Figure 3. Leo Blitz from the University of California, 
Berkeley delivering a lecture on molecular clouds at 
the star formation winter school.

Figure 4. Visitors Danielle Galli from Italy and 
Susana Lizano from Mexico working with Frank Shu 
on magnetized gravitational collapse.
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The Taiwan-America 
Occultation Survey

The Taiwan-America Occultation Survey (TAOS)

TAOS is a collaboration consisting of ASIAA, National Central University, the Harvard-Smithsonian Center 
for Astrophysics, and Yonsei University in Korea.  The survey aims to detect occultations of distant stars by 
small (~1 km diameter) Kuiper Belt Objects (KBOs). This survey presents several challenges, in particular the 
fact that such events have a very short duration, typically less than 200 ms. It is further complicated by the fact 
that the sizes of the objects we are searching for lie in the Fresnel regime, and the events thus show significant 
diffraction effects (see Figure 1).

TAOS operates four 0.5 m robotic telescopes 
at Lu-Lin Observatory in central Taiwan (see 
Figure 2 and Figure 3). Each telescope is 
equipped with a 2k×2k CCD camera which 
is read out with a cadence of 5 Hz. We thus 
monitor 500 to 1000 stars simultaneously per 
night with all four telescopes to search for 
coincidental flux variations consistent with 
occultations by KBOs. TAOS is also sensitive 
to more distant objects out to 1000 AU, which 
is beyond the reach of any telescope using 
direct detection of reflected sunlight. The 
discovery of Sedna implies the existence of 
a hitherto unknown population of objects 

Figure 1.  Left panel: An occultation event occurs when a KBO passes between the telescope and a 
distant star. (Picture credit: LLNL) Right panel: Shadow of a KBO projected onto the surface of the 
Earth. Note the significant diffraction effects. The image is 10 km on a side.

Figure 2.  One of the TAOS 0.5m telescopes in its enclosure.
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beyond 100 AU, which are too distant to 
be perturbed by any known planets at their 
present positions.

The estimated KBO occultation rate is 
extremely low and highly uncertain. Predicted 
rates range from 0.01 to 100 events per year. 
Given that we make as many as several billion 
photometric measurements per year on a 
single telescope, special care must be taken 
to minimize the rate of false positive events. 
We thus require coincident detection of any 
events on all four telescopes. In this way we 
keep our false positive rate below 0.1 events 
per year.

We began the survey using only three telescopes in February, 2005, and four telescope operations commenced 
in August of 2008.  To date we have collected over 10 billion three-telescope photometric measurements 
and more than 3 billion multi-telescope measurements with all four telescopes. The system operates in fully 
automatic mode, with remote monitoring from ASIAA and NCU.  A test of the system was carried out in June 
2004 when an 8.5 mag. star was occulted by a 15.5 mag. asteroid (#1723 Klemola, diameter 31 km).  Two 
TAOS telescopes successfully detected this event with better than 0.25 second time resolution under remote 
control (see Figure 4).  

The team has analyzed all of the three-telescope data through August of 2008. No candidate events were 
found, and TAOS has placed the strongest upper limits on the size distribution of objects with 0.5 km < D < 
28 km that have been published to date. (The TAOS limits are an improvement of three orders of magnitude 
over the most recently published limits.) Furthermore, TAOS is exploring several different models for the 
formation of the Kuiper Belt. Given that no events were found, we can exclude at the 95% confidence level 
any theoretical model which predicts that TAOS would have detected three or more events. This is illustrated  
in Figure 5, where some example models of the size distribution are shown. These models predict anywhere 
from a few to a few thousand events to be detected by TAOS. This shows that TAOS is capable of probing 
a significant amount of parameter space, and continued operation will allow us to place even more stringent 
constraints on these models in the future.

Figure 4.  TAOS images (two telescopes) 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 (time increases to the right.)  Some 1010 stellar 
photometric measurements have now been made in this mode. 

Figure 3.  The four TAOS telescopes on top of Lu-Lin Mountain.
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We have also begun design work on TAOS II, a successor survey to TAOS. The design goal of TAOS II is a 
factor of 100 improvement in the event rate over TAOS. This will be achieved by using larger telescopes, a 
higher imaging cadence (20 Hz), and a better site (Hawaii or Mexico). The current plan is to install three 1.3 
m F/4 telescopes on Mauna Loa in Hawaii, and equip each telescope with a custom camera, each consisting 
of an array of fast readout EMCCD chips (see Figure 6). We expect TAOS II to collect over a petabyte (1000 
terabytes) of raw image data every year! Given the improvements over TAOS and the vast quantity of data we 
expect to collect, TAOS II should be capable of probing the entire parameter space predicted by models of the 
size distribution. Furthermore, given the higher readout speed, TAOS II will be able to resolve the diffraction 
fringes in the occultation shadow, which will allow us to make estimates of the sizes and distances of any 
detected objects. We expect TAOS II to start collecting data in 2012, and we plan to operate the survey for a 
total of four years.

Figure 5.  Left panel: A series of models of the size distribution of the Kuiper Belt published by Kenyon & Bromley, (2004, 
AJ, 128, 1916). Points represent measurements of size distribution from direct observations. Right panel: The cumulative 
number of expected events from the TAOS survey for the models in the left panel. Any model which predicts more than three 
events (dashed line) is excluded at the 95% confidence level.

Figure 6.  Left panel: A 1.3 m telescope, 
similar to the model to be used in TAOS 
II. Right panel: Schematic of the TAOS II 
camera, showing a possible layout of the 
EMCCD focal plane array.

The Taiwan-America 
Occultation Survey
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Extragalactic Studies

Galaxies and Active Galactic Nuclei

Molecular Gas Fueling a Supermassive Black Hole

Centaurus A is by far the nearest radio-active elliptical galaxy (Figure 1). At its center there is a supermassive 
black hole of almost 1 billion solar masses. A large-scale radio and X-ray jet emanates from the active nucleus. 
The galaxy also has a large amount of molecular gas at its conspicuous dust lane, likely as a result of a recent 
merger with a gas-rich spiral galaxy. What is the role of the molecular gas in powering the nuclear activity? 
What is the mechanism that may drive the molecular gas to the nuclear regions?

We are answering these questions with high-resolution Submillimeter Array (SMA) observations. We have 
imaged the molecular gas from a few kiloparsec scale down to a few hundred parsec scale. We found that a 

large amount of molecular gas is located in the circumnuclear regions 
(r < 200 pc) in the form of a disk/torus perpendicular to the X-ray/ra-
dio jet. This strongly suggests a physical link between them. A more 
extended molecular gas component is found to coexist with the paral-
lelogram structure previously observed in dust emission (Figure 2). The 
gas structure is well reproduced in principle by a highly inclined warped 
disk model. However, we find that a possible contribution of a weak 
bar-like potential, which may have helped funnel the gas to the nucleus.

Figure 2. Left: CO(2-1) distribution in Centaurus A. The cross sign shows the position of the supermassive black hole. The 
ellipse indicates the location of the resolved inner circumnuclear disk, and the two parallel lines the location of the molecular 
gas associated with the dust lane.  Right: CO(2-1) velocity field map of Centaurus A. Contours are placed every 50 km/s. The 
circumnuclear disk is kinematically distinct from the more extended component, since its velocity width is larger. The CO(2-1) 
image is taken with the SMA (Espada et al. 2009, ApJ, 695, 116).

Figure 1. Centaurus A 
Image Credits: X-ray: NASA/CXC/CfA/R.Kraft et al.; Submillimeter: MPIfR/

ESO/APEX/A.Weiss et al.; Optical: ESO/WFI http://chandra.harvard.edu
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Near-Infrared Observations of Perseus A - the central elliptical galaxy in 
Perseus Cluster

Galaxy clusters are immersed in hot (107-108 K) X-ray-emitting gas that constitutes the bulk of their baryonic 
mass. Radiative cooling of this gas, through the X-ray emission, should result in an inflow of cooled gas to 
the cluster center. Recent X-ray observations, however, indicate that such massive “cooling flow” is not likely 
happening. The mechanism to re-heat the “cooling” gas has been hotly debated.

The Perseus Cluster is the X-ray-brightest cluster in the sky and has the strongest putative cooling-flow within 
its distance. It is thus most suitable to test the ideas of X-ray cooling flows. Its central cD (giant elliptical) 
galaxy Perseus A (NGC 1275) is remarkable in showing a spectacular Hα nebula of 50 kpc extent. Only cD 
galaxies at the center of massive X-ray cooling-flow have such Hα nebulae. Thus the excitation mechanism of 
such nebulae is likely closely related to the cooling flow or the re-heating mechanism around the cD galaxies. 
For better understanding of the nebula, we observed the near-infrared line v=1-0 S(1) of molecular hydrogen 
(H2) at 2.1 μm using the 3.6 m Canada-France-Hawaii Telescope (CFHT) at the summit of Mauna-kea moun-
tain, Hawaii, and its wide-field infrared camera WIRCam. The combination is powerful enough to reveal the 
global structure of the H2 nebula for the first time. 

As seen in Figure 3, the H2 nebula is extremely filamentary, and extends beyond the smooth stellar body of the 
cD galaxy. Quantitative analyses on the line ratio revealed that the nebula is not excited by ionizing massive 
stars that might have formed from cold in-flowing material. It is also found that this H2 nebula has a remark-
able morphology similar to the nebulae seen in Hα, soft X-ray, and CO emission from cold molecular gas. This 
implies multi-temperature structure (several K - 10 million K) around the cold molecular gas that was found 
in-flowing toward the nucleus by Lim, Ao, & Dinh-V-Trung (2008).                

Figure 3. CFHT/WIRCam images 
of Perseus A (Lim, Ohyama et al. in 
prep.) (a) Continuum emission at 2 
μm, showing stellar main body of 
the cD galaxy. A brightest and larg-
est galaxy located slightly below the 
center is Per A. (b) Central region of 
the continuum image (a). (c) H2 neb-
ula seen in the near-infrared v=1-0 
S(1) emission line, showing the same 
region as in (a). Stellar continuum has 
been subtracted. (d) Zoom-up image 
of the H2 nebula, showing the same 
area as in (b). At this scale, elonga-
tion of the nebula in the east-west di-
rection is evident, and morphological 
difference with the stellar component 
is striking.

(a)

(b)

(c)

(d)
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Extragalactic Studies
Star Formation Studies

Hydrodynamical Simulations of Galactic Structure

Galaxies are complex objects consisting of many components. The dynamical evolution of these components 
often creates very complicated and intriguing galactic structures, especially in the case of spiral galaxies, for 
which NGC 6782 is a very good example. NGC 6782 is an early-type barred spiral galaxy exhibiting a rich 
and complex morphology with multiple ring patterns. To provide a physical understanding of its structure 
and kinematical properties, two-dimensional hydrodynamical simulations have been carried out by TIARA 
members. Numerical calculations reveal that the striking features in NGC 6782 can be reproduced provided 
that the gas flow is governed by the gravitational potential associated with a rotating strong bar. In particular, 
the response of the gaseous disk to the bar potential leads to the excitation of spiral density waves at the inner 
Lindblad resonance giving rise to the appearance of a nearly circular nuclear ring with a pair of dust lanes. 
For a sufficiently strong bar potential, the inner 4:1 spiral density waves are also excited. The interaction of 
the higher harmonic waves with the waves excited at the inner Lindblad resonance and confined by the outer 
Lindblad resonance results in the observed diamond-shaped (or pointy oval) inner ring structure. The overall 
gas morphology and kinematical features are both well reproduced by the model.

Figure 3. Hydrodynamical simulations of barred spiral galaxy NGC 6782 (Lin et al. 2008, ApJ, 684, 1048). (a) Projected 
density distribution of the simulation result. The color map denotes the surface density distribution in logarithmic scale. The 
frame is taken after 2.16 revolutions of the bar, or 532 Myr. (b) Hubble Heritage image of NGC 6782 with the brightness of 
the pointed-oval inner ring enhanced. North is at the top and east is to the left. (c) Superposition of panels (a) and (b). The 
bright nuclear ring, off-centered gas lanes, as well as the pointy oval inner ring in the model exhibit the same shapes and 
positions as the observation. (d) B-band image of NGC 6782 with the brightness enhanced except for the central part. (e) 
Superposition of panels (a) and (d). The two faint branches near the tip of the inner ring at the northwestern outer arm in the 
B-band image are also reproduced in the simulation result. (f) A close-up of the inner regions of panel (c).
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Star Formation Studies

Stars including our Sun are basic building blocks of the Universe and it is important to understand their origin. 
It is believed that stars are formed inside dusty cocoons called “molecular cloud cores” by means of gravita-
tional collapse. The details of the process, however, are complicated by the presence of magnetic fields and 
angular momentum. We aim to advance our understanding of star formation by detailed studies of nearby star-
forming regions in our Galaxy, in observation and theory.

Envelopes and outflows around low-mass young stars

Newly formed stars, called “protostars”, grow through mass 
accretion from the surrounding envelopes of gas and dust. 
The structure and kinematics of these envelopes can be well 
studied at long wavelengths such as far-infrared, submillime-
ter, and millimeter. Protostars not only accrete mass from the 
surrounding but also eject mass into the surrounding, driving 
energetic and collimated jets, winds, and molecular outflows 
along the polar direction.

IRAS 16293-2422 is one of the brightest (27 L  ) low-mass 
protostellar objects. It is a binary located in the Ophiuchus 
cloud at a distance of ~ 500 light years. We have mapped its 
envelope in the HCN (4-3) emission with the James Clerk 
Maxwell Telescope (JCMT) and the SMA (Figure 1). We 
found that the envelope consists of two distinct components; 
one is a compact (~ 500 AU) component associated with the 
southern protostar, and the other an extended (~ 3000 AU) 
halo-like component surrounding the binary protostars. The 
compact component exhibits gas kinematics consistent with 
falling motion toward the southern protostar, while the extend 
halo component gas motion moving away from the protostel-
lar binary. The falling gas motion toward the southern pro-
tostar reflects mass accretion that feeds the central protostar, 
while the gas motion in the extended halo component prob-
ably reflects dispersion of the envelope caused by the associ-
ated outflows.

L1551 IRS5 is one of the best studied protostellar systems in the sky, driving a large-scale (~ 1 pc = 3.26 light 
years) molecular outflow at the NE-SW orientation.  It was considered as binary protostars with a separation 
of 45 AU along the North-South orientation. Our recent observations at a wavelength of 7 mm using the Very 
Large Array (VLA) have discovered the third protostellar component located south-east of the northern binary 
component at a separation of 13 AU. We have performed SMA observations of L1551 IRS5 in the CO (2-1) 
line, and have found a previously unknown outflow component, as well as the limb-brightened, X-shaped base 

Figure 1. Envelope around the protostellar binary 
IRAS 16293-2422 observed in the HCN (4-3) emis-
sion with the SMA and James Clerk Maxwell Tele-
scope (JCMT). Molecular gas is falling toward the 
protostars (cross marks) due to the gravitational 
collapse (Takakuwa et al. 2007, ApJ, 662, 431).
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of the large-scale outflow (Figure 2). This newly found outflow exhibits a winding morphology and the line-
of-sight velocity also changes along the winding outflow path, suggesting that this outflow is precessing. This 
precessing outflow is likely to be driven by the third protostar. The origin of the precessing motion is likely to 
be the precession of the circumstellar disk around the third protostar due to the strong tidal interaction with the 
circumstellar disk around the northern protostar.

HL Tau (500 light years away from our Solar system) is a well-known protostar, associated with a collimated 
jet observed at optical wavelengths, and a molecular outflow and an envelope at millimeter wavelengths. A 
novel technique of spectro-imaging at the Gemini 8-m telescope revealed detailed morphology of the outflow-
ing gas close to the protostar (Figure 3). While the [Fe II] emission exhibits a collimated jet, the H2 emission 
exhibits a bubble-like morphology, which is presumably due to an unseen wide-angled wind. The H2 morphol-
ogy suggests that there was an episodic burst of wind within a hundred years ago. The scattered continuum 
emission toward HL Tau exhibits the morphology of the outflow cavity due to the wind. The observed outflow 
geometry agrees with magneto-hydrodynamical models.

Figure 3. Morphology of the H2, [Fe II], and the 1.64 μm continuum emission in HL Tau observed with the 
Gemini telescope. A novel technique of spectro-imaging with an unprecedented angular resolution (0”.1-
0”.2) and sensitivity revealed their morphology within a few arcsec (~200 AU) from the central protostar. 
(Takami et al. 2007, ApJ, 670, L33).

Figure 2. Molecular outflows driven by the triplet protostellar system of 
L1551 IRS5 observed with the SMA in the CO (2-1) line. The red and 
blue lobes of the limb-brightened outflow cavity are shown in red and 
blue colors, respectively. They comprise the base of the large-scale (~ 1 
pc = 3.26 light years) molecular outflow of L1551 IRS5. The collimated 
green emission shows the newly found outflow. This outflow exhibits a 
clear winding morphology, and is likely to be a precessing outflow driv-
en by the third protostar of L1551 IRS5. (Wu, Takakuwa, & Lim 2009, 
ApJ in press).
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The Orion Molecular Cloud-2/3 (OMC-2/3) is one of the most active star-forming regions (distance ~ 1500 
light year). Over the entire cloud extent of 2.4 pc (7.8 light year) along the north-south direction, there are 41 
star-forming regions (Figure 4a). Our recent unbiased CO (3-2) survey with the ASTE 10 m telescope, along 
with near-infrared observations with the SIRIUS/IRSF, has revealed 14 molecular outflows in this region (see 
Figure 4b and 4c). Comparison of physical properties of the outflows and central protostellar properties sug-
gests that the detected outflows in the OMC-2/3 region are most likely driven by intermediate-mass protostars.

The driving mechanism of molecular 
outflows is still unclear. Figure 5 shows 
a comparison of synthetic images of mo-
lecular outflows from numerical simula-
tions by TIARA members with real im-
ages obtained with the SMA. The left 4 
panels are from MHD simulations of a 
X-wind model (Shang et al. 2009), and 
the right 4 panels are from recent obser-
vations of a protostellar source L1448 
(Hirano et al. 2009). The upper panels of 
the observational results are for the SiO 

Figure 4. (a) 850 μm thermal dust-continuum image of the OMC-2/3 region taken with the SCUBA/JCMT 
(Johnstone & Bally 1999). (b) Distribution of the high-velocity blue- and redshifted CO (3-2) emission in 
the OMC-2/3 region taken with the Atacama Submillimeter Telescope Experiment (ASTE) 10 m Telescope 
at Pampa la Bola, Chile. (c) JHK three-color composite image of the OMC-2/3 region taken with the 1.4 
m Infrared Survey Facility Telescope at the South African Astronomical Observatory in Sutherland (IRSF/
SIRIUS) (Takahashi et al. 2008, ApJ, 688, 344).

Figure 5. Theoretical models of molecular 
outflows (Shang et al. 2009, in prep.)
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(8-7) transition, the lower panels are derived from CO (3-2) transition, both seen at two different velocity 
channels, low velocity and high velocity, respectively. The simulated results are obtained by column density 
integrated through selected critical density criteria, suitable for SiO (8-7) at a molecular hydrogen density of 
1×108 (cm-3) and for CO (3-2) at a density of 3×104 (cm-3), respectively, imaged at the corresponding two ve-
locity channels. The comparison between the corresponding panels left and right are well matched, suggesting 
that the SiO and CO emission in the protostellar source L1448 have different origins, with SiO emisson from 
a primary jet and CO emission from swept-up material by the interaction of an unseen wide-angle wind with 
its much cooler collapsing toroidal envelope, as predicted in the X-wind model.

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 
named protoplanetary disks.  Studies of the structure and kinematics of these protoplanetary disks would pro-
vide us with crucial information to understand the origin of planetary systems, such as our own.

HD142527 is one of the brightest Herbig Ae stars (intermediate mass pre-main-sequence stars) located at 470 
light-year away from the Sun. The mid-infrared observations with the Subaru telescope revealed an interesting 
ring like structure having a hole at the position of the central star. We have observed the disk in the dust con-
tinuum emission and the CO (3-2) line emission with the SMA at an angular resolution of ~1” (=140 AU). The 
dust disk (shown in Figure 6 in contours in the right panel) shows an arc like structure (reversed “U” shape) 
surrounding the central star. As compared with the ring like structure at middle infrared, the dust emission 
shows more non-axisymmetry. Such a non-axisymmetric structure might be due to an unseen (proto)planet in 
the disk. The gas disk traced in the CO 3-2 line also shows a similar arc like structure surrounding the central 
star. Careful analysis of the obtained data suggests a possibility that the gas to dust mass ratio in the disk is 
lower by 4 orders of magnitude than those in ordinary protoplanetary disks. This suggests that the disk around 
HD 142527 might be in the stage where gas in the disk has dispersed. 

Star Formation Studies

Figure 6. Protoplanetary disk around HD 142527. Left: A comparison between the 0.85 mm dust continuum 
emission (contours) and middle infrared emission (color) from the disk. Right: The CO (3-2) emission from the 
disk (Ohashi and Momose 2009, submitted)
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Formation of high mass stars

Ultra-compact (UC) HII regions have been recognized as one of the earliest phases of high-mass star forma-
tion. At this evolutionary stage, the newly formed massive (>8 M  ) star is hot enough to produce sufficient 
UV photons to ionize the surrounding neutral gas and excite an HII region. Since massive stars tend to form 
in clusters/groups, a proper understanding of the impact of newly formed massive stars on their environments 
is essential to establish a comprehensive picture on the formation of massive stars and clusters. G5.89-0.39, 
located at a distance of 2 kpc from the sun, is a shell-like UC HII region presumably powered by a young 
O-type star. Recent near-IR observations reported a candidate driving star of the HII region. With the SMA 
observations in CH3CN, we have for the first time resolved the temperature structure in this region (Figure 7). 
The temperature structure indicated that the dense molecular gas surrounding the UC HII region is predomi-
nately heated by the powering star of the HII region.

Figure 7. Left: The integrated K = 3 component of the CH3CN (12-11) emission shown in both con-
tours and color scales. Right: The rotational temperature in color scales overlaid with the contours 
of the integrated CH3CN (12-11) K = 3 component. In each panel, the star marks the position of the 
powering star of the HII region (Su et al., submitted).
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Evolved Stars

Evolved Stars

Cool red giants and red super-giants lose mass through a slow and dusty wind. As a result, the stars are en-
shrouded 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 un-
derstand their stellar evolution.

We have used the SMA to image the distribution of the high density tracer gas HCN through its rotational 
transition J=3-2 around one of the closest oxygen-rich stars, W Hya. The very high angular resolution (40 
AU in linear scale) image obtained with the SMA reveals compact and centrally peaked emission (Figure 1), 
thus showing clearly that the HCN molecule, which is typical of carbon-rich environment, exists very close to 
the central oxygen-rich star and therefore must 
be produced via shock chemistry. We also find 
that there is a small but clear velocity gradi-
ent suggesting either a weak bipolar outflow or 
the rotation of the central star. Using a sophis-
ticated radiative transfer code we could repro-
duce satisfactorily the observed HCN J=3—2 
line profile. Surprisingly, the fitting suggests 
that the acceleration of the wind must be much 
slower than currently predicted by the standard 
dusty radiation driven wind from oxygen-rich 
stars.

We have used the Very Large Array to image at high angular resolution the distribution of complex organic 
molecule cyanoacetylene (HC3N) in the Egg nebula, the prime example of the proto-planetary nebulae, which 
are in rapid transition to become planetary nebulae and eventually white dwarfs. The result shown in Figure 2 
indicates that most of the HC3N molecules are distributed in a hollow, nearly spherical and fragmented shell 

Figure 1. HCN J=3-2 emission from oxygen-rich star 
W Hya imaged with the SMA. The left frame shows 
the emission along two perpendicular directions on 
the sky. The centrally peaked emission indicates that 
HCN molecules exist very close to the star. A small 
velocity gradient is evident in the leftmost frame. The 
shape and strength of the HCN J=3-2 profile shown in 
histogram in the right frame is well reproduced (dot-
ted line) by the radiative transfer model (Muller et al. 
2008).
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consisting of several large blobs or arcs. The missing 
portions of the shell correspond spatially to the loca-
tion of the collimated high velocity outflows. Our result 
provides the first direct evidence for the disruption and 
shaping of the slow envelope ejected during the red gi-
ant phase by the high velocity jets initiated during the 
protoplanetary phase.

We have recently carried out a large and systematic spec-
tral line survey toward a number of massive circumstel-
lar envelopes using the radio telescopes of the Arizona 
Radio Observatory. In Figure 3 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 spec-
tral line survey we hope to determine the molecular con-
tent of circumstellar envelopes and to study the chemi-
cal processes leading to the formation of these complex 
molecules and to understand the change in chemistry 
induced by stellar evolution.

Figure 2: HC3N J=5-4 emission from the Egg nebula. The 
collimated high velocity outflows are marked with small 
crosses and thin lines. The larger cross marks the location 
of the millimeter continum source. (Dinh-V-Trung & Lim 
2009).

Figure 3. 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. 2008)
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High Energy Astrophysics

High Energy Astrophysics

Current research activities of the high energy astrophysics group in TIARA involve the nature of accretion 
flow onto black holes in binary star systems and in the centers of galaxies, the formation of neutron stars and 
black holes in binary star systems, and the emission mechanisms of high energy radiation from isolated mag-
netized neutron stars or such stars as members of gamma ray binary systems.
 
X-ray transient binary systems containing black holes are cosmic laboratories allowing study of a given sys-
tem over a wide range of luminosities.  Investigations of their spectral variability offer probes of the geometry 
and nature of the accretion flow in these systems. A disk corona evaporation model provides a physical mecha-
nism for explaining the many observational phenomena in black hole X-ray binaries and potentially also in 
accreting supermassive black holes in active galactic nuclei.  In this model, evaporation leads to the formation 
of an optically thin inner disk and truncation of an optically thick outer disk.  Such a model naturally accounts 
for the soft spectrum at high luminosities and a hard spectrum at low luminosities. Recently, observations 
have pointed to the existence of a soft spectral component in the low luminosity state. Including the effect of 
condensation of matter from a corona to the disk reveals that a cool inner disk can exist within a hot region 
representing a new distinct state of black hole X-ray binary systems (see Fig. 1). 

It is believed that a black hole with a mass of 4x106 M   is associated with an extremely compact radio source 
Sagittarius A* (Sgr A*), residing at the Galactic Center.  According to Einstein’s theory of general relativity, 
light bends appreciably in a strong gravitational field, making the black hole cast a shadow over a background 
source that is larger than its event horizon. This special image is totally washed out at millimeter and longer 
wavelengths by the severe scattering effects from the interstellar medium in the Galactic plane. However, at 
~ 1 millimeter and shorter wavelengths where the scattering effects no longer dominate, the shadow becomes 
clear and promises to be resolved with high-resolution very long baseline interferometric observations. If the 
shadow image could be finally observed, it will be strong evidence for the theory of general relativity.

Figure 1. A schematic illustration of the mass and energy flow in a disk surrounding a black hole in a X-ray 
transient system in its quiescent state (see Liu, Taam, Meyer-Holfmeister, and Meyer 2007, ApJ, 671, 695).
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Pulsars are rapidly rotating and highly magnetized neutron stars.   Their emission has been studied for isolated 
pulsars as well as pulsars in binary star systems.  Recent work has shown that an outer gap model can ade-
quately reproduce the observed GeV fluxes, phased resolved spectrum, and pulse profiles from the Crab pulsar 
(Fig. 3). The model also produces the spectral energy distributions of gamma ray pulsars that are consistent 
with the results obtained by the Compton Gamma Ray Observatory. Predictions are to be tested by the newly 
launched Fermi Space Telescope. For gamma ray binaries, their 
emission has been studied in the framework of a pulsar wind 
nebula.  A model based on the synchrotron process for the X-
ray regime and the inverse Compton process scattering photons 
from the pulsar’s companion to the very high energy (100GeV-
TeV) regime has been studied for PSR B1259-63. Such a system 
provides a unique laboratory to probe the physics of the pulsar 
wind in a regime distinct from those studied in isolated pulsars.

Figure 2. Images predicted for Sgr A* at 1.3mm (upper) and 3.5mm (lower) wavelengths. The 
left, middle, right panels for each wavelength represent the intrinsic image, the scatter-broadened 
image, and normalized intensity profiles along the major (solid) and minor (dashed) axes of the 
elliptical scattering screen. These profiles are close to the Gaussian ones at 3.5mm, but obviously 
decrease in the center region to show a shadow at 1.3mm (Shen 2007, Physics, Vol.36, 12). 

Fig 3. Schematic figure of the pulsar magnetosphere. The slot gap extends 
from the stellar surface to the light cylinder on the last-open field line with 
trans-field thickness much less than the outer gap (Hirotani 2008).
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Cosmology

The research of the cosmology group at IAA has been focusing on the measurement analysis of the cosmic 
microwave background (CMB) and using multiwavelength observation and analysis on galaxy formation at 
high redshift and galaxy clusters in order to understand their properties and place constraints on the properties 
of dark energy (DE) and dark matter (DM). 

Clusters of galaxies, the largest virialized systems known, are key tracers of the matter distribution in the 
large-scale structure of the universe. In the standard picture of cosmic structure formation, clusters are mostly 
composed of DM. The bulk of the baryons in clusters resides in the X-ray emitting  intra-cluster medium 
(ICM), where the X-ray surface brightness traces the gravitational mass dominated by DM. The Sunyaev-
Zel’dovich effect (SZE) is a potential probe for investigating physical processes in the hot, X-ray emitting 
ICM and for discovering new clusters as both goals of the AMiBA experiment. And our cosmology group’s 
effect has been on making 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 the course of early AMiBA operations, we conducted SZE observations at 94 GHz toward six massive 
clusters with the seven-element compact array. At 94 GHz, the SZE signal is a temperature decrement in the 
CMB sky, and is a measure of the thermal gas pressure in the ICM integrated along the line of sight. For four 
of the massive clusters in our sample (A1689, A2142, A2261, A2390), for which high quality optical imaging 
data from the Subaru telescope are available, we have compared the SZE results with the Subaru weak gravi-
tational lensing measurements. In Figure 1 we compare the 2D distributions of DM and ICM in these massive 
clusters from Subaru weak lensing and AMiBA SZE observations, respectively. 

Figure 1. Two-dimensional mass(dark mat-
ter) distributions of 4 AMiBA clusters: 
A1689, A2142, A2261 and A2390 as recon-
structed from Subaru weak lensing observa-
tions. Also shown as black contours are the 
SZE flux density decrement from the AMiBA 
observations at 94 GHz (Umetsu et al., 2009, 
ApJ, 694, 1643)
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The deep gravitational potential wells of massive clusters generate weak shape distortions of the images of 
background sources due to differential deflection of light rays, resulting in a systematic distortion pattern 
around the centers of massive clusters, known as weak gravitational lensing. In Figure 2 we have combined 
weak lensing data from the wide-field imager of Subaru telescope with high-resolution strong lensing data 
from the Hubble Space Telescope, and derived model-independent mass profiles of massive clusters, A1689 
(left) and CL0024+16 (right), for the entire cluster region.

A major difficulty in using SZE and X-ray observations of clusters for cosmology is in the determination of the 
physical properties of the intra-cluster gas (ICG) out to the virial radius. We use multiwavelength observations 
of galaxy clusters and high-resolution cosmological simulations to achieve a better understanding of cluster’s 
physical properties. At present, X-ray observations cannot constrain the outer parts of the ICG in individual 
clusters of galaxies. Observations with the new generation of SZE instruments are a promising alternative 
approach. We use clusters of galaxies drawn from high-resolution cosmological simulations and simulate X-
ray (CHANDRA) and AMiBA (upgraded to 13 elements with 1.2-m diameter dishes, AMiBA13) images. We 
show that constraining the distribution of the intracluster gas in the inner part of the cluster based on CHAN-
DRA observations, observations with AMiBA should be able to constrain the distribution of the intracluster 
gas out to the virial radius (Molnar et al.2009, in preparation). X-ray and optical observations provide us in-
formation on the distribution of the baryonic component (intra-cluster gas and baryons in the galaxies), while 
gravitational lensing gives us information on the total mass. The difference between the total and baryonic 
components gives us the distribution of the dark matter. 

Using data from the planned future Subaru Hyper Sprime-Cam (HSC) project, our group is also exploring the 
possibility to tackle the issue of the relationship between the distributions of visible galaxies and underlying 
DM, one of the key issues is to explain the formation scenarios of the large-scale structure and galaxies. As-
suming the planned survey parameters, we have examined the feasibility of this project to constrain the corre-

Figure 2. Projected mass density profiles of massive galaxy clusters as derived from high quality strong and weak 
gravitational lensing data of background galaxy images: (Left) A1689 at z=0.18; (Right) CL0024+16 at z=0.39. The 
lensing-derived cluster mass profiles continuously steepens with radius, consistent with the Navarro-Frenk-White pro-
file expected for equilibrium-state halos of collisionless, non-relativistic cold dark matter (Umetsu & Broadhurst 2008, 
ApJ, 684, 177-203; Umetsu et al. 2009b, in preparation)
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lation between DM and galaxy distributions through the 
weak lensing analyses. Figure 3 shows the expected con-
straints on the correlation coefficient for the 2000 square 
degree weak lensing survey. A few percent accuracies 
(~50 of S/N ratio) on the correlation coefficients are ex-
pected. This result shows the high potential of the HSC 
project to explore the relation between DM and galax-
ies (Figure 4). We are expanding this work based on the 
more realistic models to prepare for the analyses of data 
from the survey, which is planned to start in 2011.

Submillimeter galaxies are galaxies with extremely active star formation but hidden by dust. They are missed 
by deep optical surveys because of the extremely large dust obscuration in the optical. It is unclear whether 
they still dominate the total star formation at higher redshifts of z>4. If they do, they can provide sensitive 
constraints on galaxy formation models since they represent the assembly of the most massive galaxies in 
the early universe. Observationally, even if submillimeter galaxies exist at z>4, they are extremely faint at 
all other wavelengths (Figure 5), and therefore they are difficult to study. Our world-leading group based in 
ASIAA (Wei-Hao Wang), University of Hawaii, and University of Wisconsin-Madison has carried out deep 
Submillimeter Array (SMA) observations to identify potential z>4 submillimeter galaxies. By combining 
multiwavelength observations from the SMA and other ground and space-based telescopes, we have identified 
several excellent candidates (Figure 5). They will be the targets of next-generation instruments such as ALMA 
and the James Webb Space Telescope.

Cosmology

Figure 3. XY, XZ, and YZ projections of a relaxed simulated 
cluster. From top to bottom: Compton-y, ΔT (including the clus-
ter SZ signal and CMB fluctuations at 100 GHz), X-ray surface 
brightness without and with background noise (logarithmic color 
scale). The image size is 60’ x 60’ for the SZ images (first two 
rows) and 16’ x 16’  for the X-ray images (last two rows; Molnar 
et al.2009, in preparation).

Figure 4. Expected performance of the HSC weak lens-
ing survey (with the Dark Energy Survey for comparison). 
Strong contraints on the relation between the DM and gal-
axy distribution are expected.
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In CMB data analysis, particularly for extracting angular power spectrum, it is crucial to obtain in-flight beam 
information. Contrary to the claim by WMAP science team that the in-flight antenna beam is azimuthally sym-
metric, we show in Figure 6 it is not quite the case directly from the contours of the brightest point sources.  
We also demonstrate that the in-flight information manifest itself in the Fourier domain and at the bottom row 
we show the in-flight beam asymmetry and orientation in the 2D spectrogram.   

Figure 5. GOODS 850-5, a distant submil-
limeter galaxy (Wang et al., 2009, ApJ, 690, 
319). Circles show the location of the galaxy. 
The top-left and top-middle panels show the 
extremely deep optical and near-IR images 
taken with the HST and Subaru Telescope. 
The galaxy completely disappears in the op-
tical and NIR because  the light is absorbed 
by dust. The galaxy is detected by the Spitzer 
Space Telescope in the mid-IR (top right and 
lower left), by the SMA in the submillimeter 
(lower-middle), and by the Very Large Array 
(lower-right) in the radio.

Figure 6. WMAP in-flight beam shape and orientation. Top row shows the contours of the brightest 
point sources in 5 frequency band maps.  Bottom row shows the spectral density of the patch centered at 
Galactic coordinates (b, l) = (22.5°,323°) from 5 maps. One can see  directly the in-flight beams are not 
symmetric (top), and the shape and orientation manifest itself  in the 2D spectrogram.
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Solar System

Solar System

Planets are believed to form in a circumstellar disk around a young Sun, called the solar nebula.  Gas planets 
such as Jupiter formed early in the solar nebula while the young solar system was still undergoing construc-
tion. Although the disk has apparently disappeared now in the Solar System, the pristine solid materials have 
survived in the form of comets and asteroids.  Meteorites, the debris of these vagabonds falling onto the Earth, 
carry the key to the secrets of early solar system.

Hot Jupiters are the Jupiter-mass planets located within ~ 0.1 AU from their parent stars. These exotic giant 
planets are intensely illuminated by their parent stars. Dr. Pingao Gu has been studying thermal tides that 
drive atmospheric circulation on hot Jupiters from exo-planetary systems. Studying the planets being formed 
in other planetary systems help us understand the formation processes that could have contributed to our own. 

 
Figure 1 shows the atmospheric patterns of a hot Jupiter, similar to one 
on the earth. The equi-pressure contours are marked by colors: H de-
notes “high pressure” (red) and L denotes “low pressure” (blue). The  
arrows show the flow directions. In this illustration of wave patterns, the 
periods of the stellar irradiation roughly corresponds to 50 - 100 days,  
which are much longer than the spin period of the planet (~ a few 
days). These Rossby waves are confined near the equatorial region. 
Being excited at the top of the atmosphere, these waves propagate 
westwards and downwards and eventually dissipate due to radiative 
loss at deeper layers.

Figure 1. Schematic drawing of baroclinic Rossby waves at some altitude in the 
atmosphere of a hot Jupiter irradiated by the central star. They form patterns 
similar to the atmospheric patterns of climate on Earth.

Figure 2. Shu, Shang, and Lee applied the X-Wind 
theory to the formation of high-temperature mate-
rial in the early solar system (such as chondrules and 
CAIs from chondritic meteorites). The cyan circle la-
bels the very young solar system, in which matter falls 
through, attracted by gravity, and accretes onto the 
forming young Sun. A fraction of the matter will turn 
into the X-Wind, launched along the color dotted lines 
near the Sun. CAI particles of various sizes, melted 
and solidified under high temperature, are thrown 
out by gas in the X-Wind, then detached and dropped 
like a fiery rain over the whole solar nebula. (Picture 
Credit: trajectory: Hsien Shang, background image: 
William K. Hartmann).
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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 ex-
ist 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.  
With theoretical models of the early solution system, the yield of 7Be can be calculated.  The X-wind model 
provides a natural astrophysical setting that gives the requisite conditions.  

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. The 
most striking discovery from the comet dust is the existence of small particles that have formed under very 
high temperature (~1500-1700˚C and possibly higher), similar to the Calcium-Aluminum Inclusions found in 
carbonaceous meteorites, which were not local products made at the extreme cold (lower than −200˚C) outer 
solar system. These particles should have been melted and solidified in the central high-temperature region 
in the innermost proto-solar system (closer by 10 times from the distance of Mercury) and later transported 
to great distance to the outer parts by a powerful bipolar outflow. This suggests that in the early solar system, 
large-scale and large-distance mixing and interactions of the matter between the inner and outer solar system 
existed. The observed finding strongly supports a bold prediction made by Frank Shu, Hsien Shang, and Ty-
phoon Lee more than 10 years ago, based on their X-wind model of chondritic meteorites (published in Sci-
ence in 1996). CAI particles of various sizes, melted and solidified under high temperature, are thrown out by 
gas in the X-wind, then detached and dropped like a fiery rain over the whole solar nebula. 

A new generation mass spectrometer, Dust Buster, optimized for analyzing samples taken back from Space 
was built in collaboration with the Institute of Earth Sciences. It breaks up dust to study its origins. It requires 
high sensitivity because astronomical observations show that interstellar dusts are typically smaller than 1 mi-
crometer in size (i.e. consisting of a few billion atoms).  It also needs to measure as many elements as possible 
for a single grain in order to better constrain the physical conditions of its source.  The baseline design was in 
collaboration with M. Pellin’s group at Argonne National Lab. With Dust Buster, elements should be within 
reach for an 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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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 into the Solar System.  Hence study of comets can provide a record 
of the physical and chemical conditions that prevailed in the early Solar System.  The growing inventory of 
organic molecules found in interstellar clouds, similar 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.  SMA 
observations of Comet C/2002 T7 (LINEAR) during its 2004 apparition at 1.3 millimeter gave the first look 
of dust emission from a Comet. Thermal dust continuum as well as the spectral emission of CS and methanol 
emission (Figure 4) from the inner coma were successfully detected and imaged at 234 GHz, at 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. Detailed analysis of this image suggests strongly that CH3OH is a parent 
molecule sublimated directly from the cometary nucleus.

Figure 4.  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.  Middle: The integrated intensity map of CS spectral emission of Comet C/2002 T7 (LINEAR).  Right: 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.  (Hsiao-Er Chuang, Yi-Jehng Kuan and the SMA comet team)

Solar System
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Submillimeter Receiver Laboratory

Instrumentation Research

 
ASIAA has always focused on developing the fore-front technology programs which will drive the next gen-
eration 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, sub-
millimeter 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 de-
velopment 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)



Instrumentation Research

47

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 works 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 inte-
gration. 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. We are developing the fabricating technology of materials with 
higher gap frequencies. The detecting frequency could be extended to THz region in the future. 

Figure 2. The performances of developed SIS mixers for two SMA telescopes, including 200GHz/300G
Hz/400GHz/500GHz/660GHz bands. The noise of receiver, tested in lab, includes the noise contribution 
of IF chain of 25K. (Picture Credit: M. J. Wang)
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Submillimeter Receiver Laboratory

Our capability of system design and integration has been demonstrated in the AMiBA 
project as well. The AMiBA is an international endeavor led by ASIAA, in collabora-
tion 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.

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 mix-
ers, and broad-band correlators.

International collaboration is a key to today’s ever-increas-
ing complexity of instrumentation systems.  We are con-
stantly working with our colleagues from the National 
Radio Astronomy Observatory (NRAO, USA), the Aus-
tralia 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 vari-
ous universities in the US.  Nationwide, we have teamed 
up with our colleagues in the National Taiwan Univer-
sity (NTU), National Tsing-Hua University (NTHU), the 
Chung-Shan Institute of Science and Technology, and 
experts in several local industries. Figure 3. AMiBA W band dual polarization receiver

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 Ob-
servatory. (Picture credit: Ming-Jye Wang)



Instrumentation Research

49

Figure 5.  A W-band mixer developed for the AMiBA project. Top left: a packaged module used in the AMiBA 
receivers; Top right: the MMIC chip that the module contains; Bottom: measured conversion loss.  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 and Chih-Chiang Han)
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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 direc-
tions, 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 collaborat-
ing with capable groups around the world, the ASIAA receiver lab is growing into a world-class laboratory of 
scientific instrumentation.

Optical/infrared Instrumentation 
Development

Figure 7. 1.2 meter Cassegrain antenna for AMiBA. 
The primary and  secondary mirrors are made of 
Carbon-Fiber-Reinforced-Plastic (CFRP) and are 
manufactured by CoTech Inc. in Taichung, Taiwan. 
The reflective surfaces are set to have a surface ac-
curacy better than 50 μm to meet the observation 
requirements. The antenna surfaces are coated with 
aluminium and a titanium dioxide (TiO2) protection 
layer. This is a development project to utilize our local 
commercial industry for high precision application. 
(Provided by CoTech.)

Figure 6.  A GaAs HBT voltage-control-oscillator 
MMIC chip fabrication in a local semiconductor 
foundry (top left), the packaged circuit module (top 
right), and the measured frequency tuning range (be-
low).  This is a development project to facilitate our 
MMIC design and fabrication capability, which may 
benefit the construction of the Atacama Large Mil-
limeter/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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Optical/infrared Instrumentation Development

The WIRCam project initiated the optical/infrared (OIR) instrumentation development in ASIAA.  The suc-
cess of WIRCam collaboration brought the experience of array testing and control electronics to the core ex-
pertise of the OIR lab.  With such expertise, we continue to work on advanced instrumentation projects in large 
telescopes, such as the FlyEyes wavefront sensor of CFHT and the Hyper SuprimeCam (HSC) of Subaru. The 
OIR lab will also develop the high frequency visible wide field camera for the TAOS 2 project. In the collabo-
ration of HSC, we are also involved in the mechanical system development and the lens testing system. These 
experiences further enhance the capability of the group and will be beneficial to the future large projects.

In addition to large collaboration program, small local projects have been executed to enhance local collabo-
ration and relationship with the industry.  Based on our experience, we will build a simple infrared camera 
and help on the multicolor visible camera for the one meter and two meter telescopes of NCU. Furthermore, 
we also work on 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 Tech-
nology 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 wave-
length around 1.7 μm 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 a hybrid chips with an IR sensor and a Silicon 
readout integration circuit (IC).  Due to the limit of readout IC for normal applica-

tions, 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 un-

der cryogenic temperature.  Further improvement of the ar-
ray will depend on the company’s future plan.  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 con-
trols readout timing, generate clock sequence, process video 

signals.  We are confident in our ability to establish a precise 

Figure 8.  The interface board and the 320×256 InGaAs array for the char-
acterization system.
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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. 

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). 

One of the major problems of QDIPs is the lower quantum efficiency due to the limited density of QD and the 
wavefunction distribution. New QDIPs structure called confinement enhanced structure was proposed by us 
in collaboration with National Chiao Tung University. A high band gap material is added on top of the QDs to 
increase the confinement of the electronic wavefunctions in QDs. The result shows a dramatic increase of de-
vice efficiency in the conventional dot-in-a-well QDIPs. With this idea, the operation temperature and device 
performance is greatly enhanced after preliminary optimizing process. The blackbody signal can be detected 
even the device temperature is at 220K and the device detectivity at 77K and 8 micron is higher than 4×1010 

Jones. Further optimization of the parameters of the confinement enhancing layer is now under investigation. 
Combined with the hybridization capability of ATR lab, we will develop the focal plane array based on the 
optimized structure to demonstrate the performance of the new structure. 

Figure 9.  Left: The schematics of confinement enhanced QDIPs and the TEM image of the structure.  Right: 
The detectivity at different temperatures and voltages. 

Education
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Education

One of the central missions of the ASIAA is to help educate and train the next generation of Taiwanese astron-
omers.  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 the ASIAA 
and to make use of all the astronomical instrumentation.  While ASIAA does not provide its own degree pro-
gram, many graduate students are working for their degrees under joint supervision of ASIAA faculty mem-
bers and professors in their own universities.  For undergraduate students interested in astronomy, ASIAA of-
fers a Summer Student Program in order 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 insti-
tutes 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 part-
ners include National Central University (through TAOS), National Taiwan University (through AMiBA), 
National Tsing Hua University (through TIARA and SIS junction development), among others. 

Director Dr. Paul Ho chatted with summer 
students during a coffee break in the 2007 
summer student program.

ASIAA is moving to the Astronomy and Math-
ematics building on the NTU campus  at the end 
of 2009, staying close to students and the uni-
versity community.

Outreach Activities
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Summer Student Program

Starting from 1998, ASIAA provides a summer student program for undergraduate and graduate students from 
local universities and abroad. The target students are those who are interested in carrying out research or en-
gineering projects in astronomy or astrophysics for their future academic career. A selected student typically 
works on a specific topic under the supervision of one or a few of our research staff for two months. Success-
ful applicants receive a stipend for the summer and work as a “professional astronomer/engineer.” 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 or engineering 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 optical/infrared/radio astronomy and engineering, star forma-
tion, solar system, computational fluid dynamics, nearby and distant galaxies, cosmology, and other current 
topical fields. Students present their results in English at the end of each program, and also provide written 
reports. Nearly 150 students have participated since 1998; some joined astronomical Master/PhD programs 
in local or oversea universities after our summer student program, and some actually came back to ASIAA as 
postdoctoral fellows.

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 our research staff. In addition, students can participate in the various projects carried out by ASIAA (includ-
ing hardware and software efforts) under the guidance of both local researchers and international partners. Tal-
ented undergraduate and graduate students, usually from our summer student program, can find part-time em-
ployment 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 local or oversea universities.

The 2007 summer students were working at their office 
using the provided desktop computers. The 2008 summer students and other ASIAA students were listen-

ing to a lecture given by Dr. Chien-Chang Yen.
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Outreach Activities

Outreach Activities

ASIAA hosts outreach activities to improve the astronomical education of the public and to inform the gen-
eral 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, astronomical talks for the public, and Radio telescope Do It Yourself (DIY) activity for high school 
students.
 
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 Acad-
emy.  The event in 2008 involved about 25 ASIAA members in-
cluding research fellows, research assistants, and administrative 
staff.  To intrigue and inform the public, two popular talks titled 
“Listen to the whispers from the Universe” and “The Violent 
Universe” were presented to the audience who were mostly stu-
dents. About 150 people attended each talk in average. We also 
displayed several posters, exhibits, TV programs and remotely 
controlled our telescopes in Hawaii and on the summit of Lulin 
mountain. The audience received a first hand experience in astro-
nomical research. According to our record, there were more than 
1300 visitors for the whole-day activity. To introduce the culture 
of Hawaii where the IAA radio telescopes are located, we invited 
the Hula Angel club to perform the traditional Hula dance.

Table calendar, jigsaw puzzle game and Starfinder.

Audience listening to a lecture given by IAA re-
searcher.

ASIAA members explaining various scientific 
projects to the public.

3D lenticular card, lenticular 
rulers and radio telescope paper 
model.
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ASWEB web server (http://asweb.asiaa.sinica.edu.tw)

Since October 2003, we have been maintaining a Chinese web site dedicated to the newest astronomical 
discoveries. We hope to provide a venue for the general public to discover the newest and the most inter-
esting findings in astronomy. We have posted more than 680 news articles covering a large selection of in-

teresting topics in contemporary astronomy. 
More than 22349 visitors have visited as of 
2009/2/13. The web server also provides a 
video-on-demand function to allow users to 
select and watch astronomical talks and lec-
tures. We collect not only the talks given at 
Taipei Astronomical Museum, but also the 
astronomical lectures from other universities. 
It would be very helpful for students who are 
interested in astronomy.

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 starting from May 2006. 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 broadcast-
ing an interview with the speaker one week ahead.  
Besides the talks, we also present a series of post-
ers to introduce ASIAA and each key project in a 
non-technical and attractive way.  These posters 
are displayed on the first floor of TAM. We have 
held 19 lectures since 2006. About 400 people 
have attended these activities. The major popula-
tions of audience are students and general public. 
We provide all talk information and materials (in-
cluding documents, photos and video recording) 
on the web (http://asweb.asiaa.sinica.edu.tw). 
There are more than 16k visitors for this webpage.

Posters of ASIAA on display at TAM.

A snapshot of the asweb. 
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Outreach Activities

Video production with the Public Television Service Foundation

Since 2005, ASIAA and the Public Television Service Foundation have collaborated in producing three as-
tronomical 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.

A snapshot of the film of comets in the So-
lar System (Picture credit: Public Television 
Service Foundation)

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)

Snapshots of the film of the dynamics of spiral galaxies (Picture credit: 
Public Television Service Foundation)
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2007 Go to Hawaii

Taiwan is engaged in the front line of astronomical research. To share our discoveries and our work with the 
young people of Taiwan, ASIAA invited two senior high school teachers to visit the SMA and AMiBA in Ha-
waii in July 2007. Teachers also gave lectures to their students in AS HQ activity center by video conference. 
More than 200 students coming from the top-one senior high schools listened to the special classes and shared 
the wonderful experience with their teachers. ASIAA strives to impress the young people that the whole uni-
verse is in front of them. Formosa TV Station recorded this visit and made a 15 minute TV program.

Radio DIY activity

In 2008, in order to introduce the radio astronomy, we cooperated with 
Taipei Municipal Jianguo High School to work on a “Radio Telescope 
DIY” project. Two lectures titled “Introduction to radio astronomy” and 
“Radio observations” were given by the IAA colleagues. 
37 senior high school students participated in this project 
and they built radio telescopes with commercial satellite 
dishes (12GHz). It was the first time for high school stu-
dents to make their own radio telescopes in Taiwan. The 
whole system can record the radio signals from Low-
Noise Block converter (LNB) and transfer the data to per-
sonal computers. Their telescopes can measure different 
radio sources, indoor and outdoor. This would inspire the 
students to pursue further activities in astronomy and tech-
nology. One of the teams obtained clear signals from the Sun during a drift 
scan run, and three teams took their radio telescopes back to school and 
continued their projects. This activity was continued in 2009.

Publications
 
We have published many articles to introduce our research activities in local magazines. In addition, we con-
tribute actively to the Physics Bimonthly magazine and the Merit Times (a local newspaper) with the latest 
astronomical news and editorial columns.

Left: High school teachers giving lec-
tures remotely from the SMA control 
room to their students on the campus of 
Academia Sinica  by video  conference.
Right: Two senior high school teachers 
and two journalists with our colleagues, 
taken in Hawaii.
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Supporting Resources

Supporting Resources

Library

The ASIAA Library is an academically specialized library. Its main 
mission is to provide services for scientists of ASIAA, students work-
ing with them, and other AS members and colleagues who are inter-
ested in astronomy and astrophysics. A library committee has been 
established to supervise policy making and daily affairs concerning 
the library. Members of the committee include research colleagues 
of the institute and librarian. The library is a member of the Nation-
wide Document Delivery Service, which also provides interlibrary 
loan services.

The library has a collection of over 2500 volumes of books and 3000 
volumes of journals, as well as atlases, electronic data archives, and 
computer software. The collection covers various topics in astrono-
my and related fields but mainly reflects the research interests of the 
ASIAA scientists. The library also subscribes to 27 journals (includ-
ing E-Journals) and 3 databases, covering a wide range of astronomy, 
astrophysics, microwave engineering, and other related fields.

Computing 

Computers are an integral part of tools for scientists, no less so in astronomy where image processing, theo-
retical 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. The internal backbone network bandwidth is 1000 Mbit/sec and the secure wireless network 
is available within ASIAA. 

Network attacks have been prevalent and ASIAA is working hard to protect her resources.  For general secu-
rity we follow the CERT (Computer Emergency Response Team) advisors. In addition, our Linux-based Fire-
wall serves as our current network gateway and filters all incoming port request.  Currently only SMTP, POP3, 
IMAP, http services and trusted machines are granted. All other services have to be connected through secure 
VPN or one particular gate machine.  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.  For non-stop-service purpose, we set up redundant systems for each server.  The redundant 
firewall, network file server, printer server, NIS, and DNS are complete.  The redundant mail server and http 
server are under construction. We are also working on the High-Availability (HA) system and the password 
integration system to enforce the reliability and convenience. Due to the growth of IAA, the demands of IT, 
services and infrastructure are increasing as well. To sustain the service quality, we need non-stop IT services 
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and recover the services as soon as possible. Currently IAA MIS people prepare the backup system for all IAA 
main servers to recover the service manually as the servers fail function. As the numbers of the servers and 
backup systems increase, it also increases the burden of MIS people. We propose a virtual machine system 
to reduce the burden. In the virtual machine system, we can move the IT services from one virtual machine 
to the others automatically. There are few non-critical services built on the virtual machine system now, e.g. 
ftp, proxy, DNS slave, NIS slave and VPN server. We will implement the IAA main services to the virtual 
machine system gradually. For single sign-on purpose, we have adapted more secure password certification 
system (Open LDAP) instead of the old NIS. IAA users can use their password to log in IAA UNIX machine 
and web service. 

ASIAA computing facilities provide a wealth of tools to aid our research.  We have implemented software pack-
ages such as Intel C/Fortran Compiler for Linux/Mac, Intel Math Kernel Library,  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. Intel Fortran Compiler provides Cluster OpenMP func-
tion which can run OpenMP programs among a PC Cluster. For CFD-MHD numerical simulation, we have 44 
nodes with 111 CPUs for parallel jobs.  There is another 20-node PC cluster with 116 CPUs total for all ASIAA 
users and 76-node PC cluster with 216 CPUs total for TIARA group.  8 of 16-node PC cluster has NVIDIA 
GeForce 9500 graphic card and form a GPU cluster for GPU computation. We also provide 2 Linux-based 
machines with 8GB memory, one with 20GB memory and one with 32GB memory to handle the huge dataset 
analysis. SMA group has another 2 machines with 16GB memory to analyze SMA data. For data storing sys-
tem, there are a few disk array servers totaling about 55 Terabytes of space dedicated to ASIAA key projects.
MIS people have developed a real-time video broadcasting system which can play the on-going colloquium 
and lunch talk automatically. The broadcasting video resolution is 1280x720 with 2 frames per second. It is 
helpful for people reviewing these talks after the events.

IAA CP cluster and CFD-MHD cluster
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For better service and maintenance, we setup a web-based interface for documentation and an emergency call 
for non-working date and monitoring/warning system. The web-based monitoring system not only monitors 
the status of each service and the condition of the server room but also automatically calls MIS people in case 
of abnormal status. The overall ASIAA network/service structure map is shown below. 

ASIAA network/service structure

Supporting Resources
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2008 Panel Meeting

2008 Group picture of administrative staff

Dr. Paul Ho (left) congratulated Frank 
Shu (right) for winning the 2009 Shaw 
Prize in Astronomy

Dr. Mike Cai was giving a lecture during 
the 2007 Summer Student Program

Summer students and supervisors dur-
ing a welcome lunch in 2007



2007 Year end party

2008 Hawaii party

2008 Christmas party

2007 Outing in Tai-Ping Mt.

2008 Outing in A-Li Mt.

←↑ 2008 Year end party


