Institute of Mathematics
Tel: 886-2-27851211     Fax: 886-2-27827432     http://www.math.sinica.edu.tw

Brief History

The Institute of Mathematics was founded in 1947 and moved to Taiwan in 1949. 

Despite its difficult years in the early stage, the Institute managed to maintain 

programs of training young talents and pursuing research in several areas of 

mathematics. With increasing resources, the Institute started to expand in the 

eighties. Currently it has 27 research staff in areas of Applied Mathematics and 

Analysis, Geometry and Mathematical Physics, Combinatorical Mathematics and 

Applications, Probability Theory and Applications, and Number Theory and Algebra. 

In recent years, the Institute puts major efforts in promoting and coordinating the mathematical research and nurturing the young researchers in Taiwan. These include providing a number of positions of postdoctors and research assistants, holding a six-week summer schools for college students and offering Core Curriculum for Graduate Study annually. Besides, the Institute has been investing its resources into sponsoring international conferences and hosting exchange of scholars.

Research Projects 

A. Applied Mathematics and Analysis:

＊Solvability and estimates of the tangential Cauchy-Riemann operator;   

Hartogsphenomenon for closed forms.   

＊The bridge principle for harmonic maps.

＊A Lusin type theorem in real analysis.

＊Factorization theorems for ZS-AKNS system in integrable systems.

＊Conservation laws and Boltzmann equation for gas dynamics.

＊Finite difference methods for grid free particles.

＊Simulation of discrete dynamical systems.

＊Investigation of multi-scale computation.

B. Geometry and Mathematical Physics: 

＊Onsager algebra and its representation theory.

＊The eigenvalue problem of the Hofstadter model and a generalized Hofstadter-type 

model in solid state physics.

＊Deformation of CR structures.

＊Minimal surface theory in the Heisenberg group.

＊Complex structures of Grauert tubes.

＊Constructing solutions of the Lax pair for the monopole equation in the Anti-de 

Sitter spacetime.

C. Combinatorical Mathematics and Applications:

＊Coloring, choosability, and labeling of graphs.

＊Species theory and its applications in statistics, chemistry, and economics.

＊Study the properties of Polya frequency, Log-concavity and Unimodality of  

combinatorial sequences.

＊Study the congruences of combinatorial sequences.

＊Permutation polynomials and dynamics of polynomials over finite fields.

D. Probability Theory and Applications: 

＊Diffusion processes, stochastic control theory and applications in Financial 

Mathematics.

＊Study of some financial problems involving the trade fee. 

＊Limiting theorems for stochastic processes with discontinuous statistics.

＊Study of game theory.

＊ Random numbers and applications.

E. Number Theory and Algebra:

＊Diophantine approximation over function fields.

＊Non-archimedean Nevanlinna theory.

＊Residual complexes in Grothendieck duality theory. 

Major Research Contributions

1.In the study of Boltzmann equation, we have breakthrough results in quantitative  

analysis.

2.Find problems in the study of multidimensional Euler Shock waves.

3.Discover the relation between affine superalgebra and superconformal algebra by  

making use of the homological method of Drinfeld-Sokolov quantum deduction.

4.Prove that the number of periodic points for a specific period is related to Newton's  

sequence.

5.Prove Hartogs' phenomenon for closed forms.

6.Compute the geodesics and the action function of subelliptic Grusin's operator 

of the second order.

7.Resolution of the 2D Bernstein problem in the Heisenberg group.

8.Prove the nonexistence of C^2 closed hyperbolic surfaces of bounded p-mean curvature 

in any pseudohermitian manifold; Prove the existence and the uniqueness of 

p-minimizers from the variational point of view.

9.Using the techniques in algebraic geometry, we made a systematic qualitative 

analysis on the chiral Potts model in 2D integrable statistical physics.

10.Given a connected Lie group, we can find a complete hyperbolic Stein manifold whose  

automorphism group is this Lie group.

11.Obtain boundary regularity of the mean curvature equation for the mean curvature 

H(x,u) being a strictly increasing function of u. 

12.We study the number of dependent arcs and acyclic orientation for an outerplanar 

graph G.

13.Study the length of trails and the number of cycles on the graphs generated by 

monomials over finite field GF(p).  We also get asymptotic formulas for the length 

and number as p approaches infinity.

14.Study Dickson polynomials which map a finite field into its proper subfield and 

study the number of primitive polynomials with fixed trace and degree m over finite 

field.

15.We apply Lucas' theorem to evaluate the congruences of several well-known   

combinatorial numbers and verify a conjecture given by Deutsch and Sagan.

16.We use many different methods to study the (Generalized) Wiener index and 

(Generalized) Wiener polynomial.

17.Propose a new and powerful method to calculate the low bound of the number sumset 

set.

18.Study certain transformations of polynomials with real zeros and PF sequences and 

give a unified proof for the PF property of many well-known combinatorial sequences.

19.We obtain a nonlinear elliptic differential equation from considering the 

risk-sensitive control problem and the average-per-unit-time control problem by 

using the dynamical programming method.

20.Try to apply the method of geometric figures and the dual method of convex analysis   

to study the price problem.

21.Prove the existence of the maximal solutions to the equation ut =¡µ(¡X), m¡Øo,  

on the bounded and unbounded domains, and study the  behavior of a solution when 

m¡ù0-.

22.Propose a high rank operating method to describe the flows of low and medium speed 

effectively, and successfully apply it to the geometric analysis in the study of 

chaos.  

 Institute of Physics
Tel: 886-2-27880058     Fax: 886-2-27834187       http://www.phys.sinica.edu.tw

Brief History

    The Institute of Physics was founded in Shanghai in 1928 and was reestablished in Taiwan in 1962. The whole Physics Building has been named the "Ta-You Hall" to commemorate its first director, who passed away on March 4, 2000. 

At present, The Institute of Physics has 37 research staffs. Currently the research activities consist of three major areas: nanoscience, complex systems, and medium and high energy physics. 

Ongoing Research

1.  Fluid Mechanics, Atmospheric and Ocean Physics

2.  Theoretical and experimental Nuclear Physics

3.  LHC (Large Hardon Collider) experiment in CERN

4.  CDF experiment in Fermi Lab

5.  Neutrino Physics

6.  AMS experiment in the Space Shuttle

7.  Particle Phenomenology in B Physics

8.  Astro-Particle Physics and Cosmology

9.  Surface Physics, Nasn-science and thin film

10.  Magnetic Properties of Matter

11.  Quantum effects and nano-structures

12.  Crystal Growth


13.  Strongly Interacting Systems

14.  Critical Phenomena of Equilibrium Systems

15.  Flocking models in biology


16.  Granular systems

17.  Neural networks


18.  Study of Macromolecules

19.  Theoretical and Computational Biophysics

Long Term Research Planning

1.  Nanoscience


2.  Complex Systems

3.  Medium and High Energy Physics

Major Research Contributions

    In the past two years, the Institute of Physics has important breakthroughs in several areas including:

1.  Precision measurement of the neutrino anomalous magnetic moment--the world's best limit at the lowest threshold.

2.  Development of high speed high resolution phase contrast X-ray microscopy and microradiology--achieved a world record resolution of 30nm with 8 keV photon.

3.  Development of the state-of-the-art nano-devices--achieved nano-wires of width 30 nm. 

4.  Self-organized growth of Ag nanopucks on Pb quantum islands--observation of new phenomenon between the nanostructures and the substrate. 

5.  Multiple Stepwise refolding of immunoglobulin domain I27 upon force quench depends on initial conditions.

6.  Development of the guiding algorithm for 3D x-ray diffraction microscopy of nanosctructures.

Fig.

Gold nano-particle pattern produced by utilizing DNA molecular layer as an e-beam sensitive reagent. 

Institute of Chemistry

Tel: 886-2-27899785    Fax: 886-2-27831237       http://www.sinica.edu.tw/chem/

Brief History

    The Institute of Chemistry was established in 1928 in Shanghai, China. During the next two decades, despite the difficult times of World War II, the Institute managed to grow and contribute to chemistry research in China.  In 1957, the Institute was reinstated in Taiwan.  During the ensuing years, Academia Sinica encouraged and supported the Institute with necessary start-up funds and facility needs.  With high research productivity, the Institute has expanded into larger facilities in the modern five-story Chien Shih-Liang Hall and another eight-story research building.  Presently, there are 25 research laboratories and a total work force of 180, plus about 120 graduate students from various universities. 

Research Projects 

    The Institute strives to play a major role in cutting-edge research in the 21st century.  The current research areas cover important topics in chemistry with particular emphasis on chemical biology, materials chemistry and nanoscience, and catalysis.  In the field of chemical biology, research stresses small molecule-biomacromolecule interactions, protein folding and biocatalysis.  In the area of materials chemistry and nanoscience, researchers focus on solar cell, OLED, surface chemistry, self-assembly as well as on molecular electronics and machines. Research in catalysis emphasizes both heterogeneous and homogeneous catalysis, and model studies in organometallic chemistry.

Major Research Contributions

1.Development of color-tunable (blue to red), high quantum yield, and   

morphologically stable organic and organometallic materials. These materials can be fabricated into devices of high performance, including single-layer devices.

2.Development of highly bright blue, white, as well as non-doping red devices through device structure design.

3.Self-assembly of photoluminescent molecular rectangles and cages which have potential for use as sensors.

4.Development of nanoprobe-based affinity mass spectrometry for serum protein profiling.  

5.Development of photo-sensitizer solar cells of high performance.  

6.The combination of the photolabile "peptide-caging" strategy with laser flash photolysis and photoacoustic calorimetry to study protein folding on the nanosecond time scale.  The observation of different timescales for the refolding for £\-helices, £]-hairpins and £]-sheets, and formation of molten globules indicates that the pathway(s) of folding a protein are encoded in its primary sequence, a fundamentally important result.  

7.Application of cICAT (cleavable isotope coded affinity tag) technology for quantitative proteomics studies to compare the expression levels of unique enzymes in featured metabolic pathways of methanotrophic bacteria under different copper environments.  The results indicate that copper ions stimulate the biosynthesis of networks of intracytoplasmic membranes in order to accommodate the membrane-bound methane monooxygenase that is over-produced.  This finding is presently being exploited to develop a technology for the over-production of membrane proteins in general.

8.Study of a commonly used OLED materials, Alq3, on why it is an electron transporter.

Fig.

Development of nanoprobe-based affinity mass spectrometry for serum protein profiling

Kinetic hierarchy in the folding of a signle-domain protein

In rare form: Although the structure of body-centered cubic (bcu) net is commonly found in textbooks, its eight-connecting topology is extremely rare in metal-organic frameworks owing to severe geometric requirements. The first example of a highly porous, neutral bcu-type framework (see picture) assembled from a unique eight-connected tricopper cluster and a 5-(4-pyridyl)tetrazolate ligand as a linker is reported.

Institute of Earth Sciences
Tel: 886-2-27839910       Fax: 886-2-27839871     http://www.earth.sinica.edu.tw

Foreword

    The principal mission of the Institute of Earth Sciences (IES) is two-fold: to promote research that is fundamental to our understanding of the earth system and to apply the acquired knowledge to mitigation of natural disasters and better management of natural resources. Taiwan is situated at a plate boundary, so is tectonically highly active and prone to natural disaster.  The devastating Chi-Chi earthquake in 1999 made the government to realize the true importance of earth science research, and hence to double its support to this domain. Facing such a new national demand, the IES fellows are actively engaged in relevant research programs.  The on-going research projects and some results are described below.

Research Projects

    In recent years IES keeps enlarging the scope of research and strengthening international cooperation.  Our seismology colleagues are undertaking a multi-disciplinary project of "SAFE-Taipei".  Several workshops have been organized in order to obtain international input to this project.  The Ocean-Bottom Seismology (OBS) program, initiated in 2003, is deploying a mini-array in the eastern Taiwan off-shore through the cooperation with the Woods-Hole Oceanographic Institution.  IES fellows are also engaged in "Plate Boundary Obervatory-Taiwan (PBO-Taiwan) for crustal deformation study, "Asian Paleo-Environmental Change (APEC)" for paleoclimatic study, and in study of comet samples collected by NASA's Stardust spacecraft.  IES has also signed a 5-year collaboration program with the Caltech's Center of Tectonics.  Most recently, IES fellows are reinforcing investigation on the formation and evolution of the continental crust and sub-continental lithosphere.

Major Research Contributions

1.On the aspect of fundamental and theoretical research, a variety of methods   

including seismology, high-pressure mineral physics, geochemistry and cosmochemistry, have been employed to study the structure and constituents of the earth's interior, the geometry of mantle plume, and the variation of D" layer at the core-mantle boundary.  In order to achieve a long-term goal of earthquake prediction, we studied the structure and relevant geological characteristics of seismogenic zones and focal mechanism.  On the other hand, we have also used the techniques of isotope and elemental geochemistry to attack large-scale geological problems, such as origin of the solar system, growth and evolution of the continental crust in Asia, subduction of continental crust and exhumation of deep-seated rocks, untrahigh-pressure metamorphism, as well as paleoclimatic change on Taiwan and in NW mainland China.

2.On the aspect of applied research, we are engaged in seismological study of the Taipei metropolitan area, observation and modeling study of crustal deformation in the present active Taiwan orogen, micro-seismic activity of the Tatun volcanic area, high-precision topographic measurement and analysis of active faults.  A variety of geochemical and isotopic techniques are also employed to study hydrological cycle, including groundwater transport after the Chi-Chi earthquake, surface erosion process/rate of the island of Taiwan, sediment deposition in off-shore Taiwan, emission of volcanic gas and volcanic hazard prediction.

Fig.

A technic model for showing the evolution model of active continental subduction and crustal exhumation in the Taiwan area.

The IES and WHOI personnel are conduction a field test for the newly constructed OBSs.

Institute of Earth Sciences
Tel: 886-2-27839910       Fax: 886-2-27839871     http://www.earth.sinica.edu.tw

Foreword

    The principal mission of the Institute of Earth Sciences (IES) is two-fold: to promote research that is fundamental to our understanding of the earth system and to apply the acquired knowledge to mitigation of natural disasters and better management of natural resources. Taiwan is situated at a plate boundary, so is tectonically highly active and prone to natural disaster.  The devastating Chi-Chi earthquake in 1999 made the government to realize the true importance of earth science research, and hence to double its support to this domain. Facing such a new national demand, the IES fellows are actively engaged in relevant research programs.  The on-going research projects and some results are described below.

Research Projects

    In recent years IES keeps enlarging the scope of research and strengthening international cooperation.  Our seismology colleagues are undertaking a multi-disciplinary project of "SAFE-Taipei".  Several workshops have been organized in order to obtain international input to this project.  The Ocean-Bottom Seismology (OBS) program, initiated in 2003, is deploying a mini-array in the eastern Taiwan off-shore through the cooperation with the Woods-Hole Oceanographic Institution.  IES fellows are also engaged in "Plate Boundary Obervatory-Taiwan (PBO-Taiwan) for crustal deformation study, "Asian Paleo-Environmental Change (APEC)" for paleoclimatic study, and in study of comet samples collected by NASA's Stardust spacecraft.  IES has also signed a 5-year collaboration program with the Caltech's Center of Tectonics.  Most recently, IES fellows are reinforcing investigation on the formation and evolution of the continental crust and sub-continental lithosphere.

Major Research Contributions

1.On the aspect of fundamental and theoretical research, a variety of methods   

including seismology, high-pressure mineral physics, geochemistry and cosmochemistry, have been employed to study the structure and constituents of the earth's interior, the geometry of mantle plume, and the variation of D" layer at the core-mantle boundary.  In order to achieve a long-term goal of earthquake prediction, we studied the structure and relevant geological characteristics of seismogenic zones and focal mechanism.  On the other hand, we have also used the techniques of isotope and elemental geochemistry to attack large-scale geological problems, such as origin of the solar system, growth and evolution of the continental crust in Asia, subduction of continental crust and exhumation of deep-seated rocks, untrahigh-pressure metamorphism, as well as paleoclimatic change on Taiwan and in NW mainland China.

2.On the aspect of applied research, we are engaged in seismological study of the Taipei metropolitan area, observation and modeling study of crustal deformation in the present active Taiwan orogen, micro-seismic activity of the Tatun volcanic area, high-precision topographic measurement and analysis of active faults.  A variety of geochemical and isotopic techniques are also employed to study hydrological cycle, including groundwater transport after the Chi-Chi earthquake, surface erosion process/rate of the island of Taiwan, sediment deposition in off-shore Taiwan, emission of volcanic gas and volcanic hazard prediction.
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A technic model for showing the evolution model of active continental subduction and crustal exhumation in the Taiwan area.

The IES and WHOI personnel are conduction a field test for the newly constructed OBSs.

Institute of Information Science

Tel: 886-2-27883799      Fax: 886-2-27824814      http://www.iis.sinica.edu.tw/

Brief History

The Institute of Information Science (IIS) was formally established in September of 1982 after a five-year preparation period. Currently IIS has 33 full-time research faculty members, 2 research engineer members, 22 postdoctoral fellows, and 255 full-time engineers. The mission of IIS is to conduct quality basic research in information science, and to develop advanced application-driven systems that utilize as well as enhance cutting-edge technologies. IIS has been actively participating in major projects such as the National Science and Technology Program of National Science Council, and the Thematic Program of Academia Sinica. Our main research activities in the next few years include Theoretical Computer Science and Parallel Processing, Language and Knowledge Processing, Multimedia Technologies, Bio-informatics, Internet Technologies and e-Services, as well as the establishment of Infocom Center, in which several cross-disciplinary large-scale projects, such as Open Source Software Foundry, GIS, etc. will be conducted. Furthermore, IIS publishes a bimonthly journal, the Journal of Information Science and Engineering. It has received Distinguished and Outstanding Journal Publication Awards from the National Science Council in the past several years, and has been included in the SCI Expanded list since 1998. It is the flagship journal of computer science in Taiwan, and we are striving for its international recognition as well. 

Research Projects and Major Research Contributions

1. Theoretical Computer Science

● Did extensive and groundbreaking work on two fundamental classes of special graphs;

● Proposed a general problem-solving paradigm for distance hereditary graphs;

● Constructed encryption schemes with everlasting security in the bounded storage model;

● Develop a distributed Java-based interaction web application;

● Developed a prototype privacy enforcing gateway called CellSecu;

● Developed several applications of graph theory and algorithms.

2. Parallel Processing

● Studied various algorithmic problems related to parallel computing;

● Develop high-performance parallel computing platforms based on networks of personal computers and workstations;

● Studied various compiler and runtime support issues that are critical in achieving high performance;

● Designed and implemented software libraries for scientific computations on parallel machines.

3. Language and Knowledge Processing

● Developed an infrastructure for Chinese language processing;

● Proposed an adaptive entropic prior (AEP) to learning parameters in Bayesian networks and derived HyPAM , a novel probabilistic graphical model for personalized shopping recommendations;

● Designed a Chinese input system--GOING, which automatically translates a phonetic (or Pinyin) sequence into characters with a hit ratio close to 96%;

● Developed for the auto-generation of query taxonomy, query log mining, and Web-based text classifiers; 

● Developed methods for document images processing and large-scale pattern recognition tasks;

● Developed an ontology called InfoMap, which is designed to unify linguistic knowledge, common sense knowledge and various types of domain knowledge.

4. Multimedia Processing and Application

● Developed two successful gradual shot transition detection algorithms: the Reynolds transport theorem-based detection algorithm and a reliable dissolve detection algorithm;

● Proposed a visual salience-guided mesh decomposition strategy;

● Proposed a bit-plane-based rate-distortion (RD) optimization algorithm;

● Proposed a new method for compressing an object-centered image set (OCIS);

● Developed a real-time face and eye detection system by improving the eigen-face method;

● Developed a tangible photorealistic museum system;

● Developed a number of computer vision and pattern recognition techniques.

5. Bioinformatics

● Protein thermophilicity analysis;

● Developed a hybrid knowledge-based protein secondary structure prediction algorithm, called HYPROSP;

● Developed algorithms for protein identification from noisy mass spectrometry data;

● Developed an iterative relaxation technique for automatic backbone assignment;

● Proposed an optimization technique to accurately locate a distorted grid structure in a microarray image;

● Developed a system for biological named entities recognition from biomedical literature;

● Built and deployed many agent-based information integration systems for biologists;

● Developed two important systems for comparison of genomic sequences;

6. Web, Internet, Networking, and Software

● Built a web-based collaborative problemsolving environment to facilitate collaboration among researchers and practitioners over the Internet;

● Studied learning and management of knowledge from Internet documents;

● Studied P2P streaming of video and computer display;

● Proposed a semantic content network;

● Developed a software execution instrumentation and interception system;

● Proposed a parametric content model for XML DTDs and construct, automatically, their validation procedures;

● Developing and applying formal verification techniques to help system engineers building high-quality computer systems.

Institute of Statistical Science

Tel: 886-2-27835611      Fax: 886-2-27831523       http://www.stat.sinica.edu.tw

Brief History

In July 1980, while attending the 14th convocation of Academia Sinica, a group of twenty-one academicians, including Professors Yuan-Shih Chow, George C. Tiao and Ching Chun Li, drafted a resolution calling for the establishment of the Institute of Statistics.  On July 1, 1982, the Preparatory Office was founded with Dr. Min-Te Chao as the Director.  Five years later, the Institute of Statistical Science was formally founded on August 3, 1987 and Dr. Chao was the founding Director from 1987 to 1993.  The successive Directors were Dr. Ching-Zong Wei (August 1993 - August 1999), Dr. Chen-Hsin Chen (August 1999 - December 2002) and Dr. Ching-Shui Cheng (January 2003 - December 2005).  Since January 2006, Dr. Gwo Dong Lin served as Acting Director from January to June 2006.  Dr. Ker-Chau Li assumed the directorship from July 2006. 

Research Projects

The Institute of Statistical Science conducts fundamental research related to statistics and probability.  The Institute currently has 32 research fellows, 2 research scientists, 5 post-doctoral fellows, and approximately 56 research assistants. Major research areas include probability, mathematical statistics, biostatistics, bioinformatics and genetics, functional brain images, educational and behavioral statistics, mathematical finance, time series, spatial and environmental statistics, experimental designs, statistical machine learning and generalized association plots (GAP).

Major Research Contributions

In the past 3 years, researchers of the institute have published some 160 articles in SCI journals.  There are also 230 other articles and monographs. 

The international journal Statistica Sinica published by the Institute has become one of the major statistical journals in the world.

Institute of Atomic and Molecular Sciences
Tel: 886-2-23620212      Fax: 886-2-23620200        http://www.iams.sinica.edu.tw

Brief History

    In July 1982 during the 15th Convocation of Academia Sinica, fifteen academicians led by Dr. Y. T. Lee recommended that an institute of atomic and molecular sciences be founded. After the proposal was approved, a preparatory office was inaugurated on September 23, 1982 to lay the foundation for the new institute. An Advisory Board, headed by Dr. Y. T. Lee, was organized to provide guidance for its future development. On December 11, 1982 Dr. C. T. Chang was appointed Director of the Preparatory Office. Later, in July 1993, Dr. S. H. Lin replaced him as Director of the Preparatory Office. In April 1995 the Institute was formally established and Dr. S. H. Lin became the first Director. In October of 2001, Dr. K. Liu took the helm. Since October 2004, Dr. Y. L. Wang has assumed the directorship.

Research Projects

    The Institute of Atomic and Molecular Sciences (IAMS) was established to be an advanced institution for fundamental research related to atomic and molecular sciences.  The ultimate goal is to improve our understanding of the chemical and physical principles relevant to the development of applied sciences, such as biophysical analysis, material science, energy research, and laser technology.  At present, there are thirty-seven principal investigators in four research groups: (1) Chemical Dynamics and Spectroscopy, (2) Advanced Materials and Surface Science, (3) Biophysics and Bio-analytical Technology, and (4) Atomic Physics and Optical Science.

Major Research Contributions

IAMS has made significant progress in the following area during the last few years.  It has

1.  Probed a reactive resonance in the Cl + CH4 reaction by using cross-molecular beam and ion imaging techniques. 

2.  Fabricated anodic alumina films with custom-designed arrays of nanochannels by using focused-ion-beam lithographic techniques. 

3.  Fabricated nanomaterials for energy applications in fuel cells and solar cells.

4.  Identified nanodiamonds in the sky using infrared absorption spectroscopy and UV-visible fluorescence spectroscopy. 

5.  Designed and synthesized new molecules to act as fluorescent biomarkers and anti-tumor agents.  In particular, 3,6-bis(1-methyl-4-vinylpyridinium) carbazole diiodide (BMVC) is used to study telomeres and telomerase in cancer research.

6.  Applied a laser-induced transient density ramp to study spatially localized self-injection of electrons in a self-modulated laser wakefield accelerator.

7.  Constructed a comb laser for studying electromagnetic-induced transparency phenomena in quantum optics.

Fig.

A comparison between the observed extended red emission spectrum in NGC 7027 (white step horizontal line) and the laboratory fluorescence spectrum of nanodiamonds (yellow line). Background is an actual photograph of the red fluorescence emission of nanodiamonds observed in the laboratory.

Surface plasmon induced electrical conduction in gold nanoparticles imbedded silica nanowires as published in Nature Materials, 5, 102, 2006.

Institute of Astronomy and Astrophysics
Tel: 886-2-33652200      Fax: 886-2-23677849      http://www.asiaa.sinica.edu.tw

Brief History

    The Institute of Astronomy and Astrophysics (ASIAA) was established in 1993 after approval by the Academia Sinica Council.  The Preparatory Office was inaugurated with Prof. Frank H. Shu chairing the Advisory Panel, and with Prof. Typhoon Lee as the first director.  Succeeding directors are Prof. Chi Yuan (1994-1997), Prof. Kwok-Yung.  Lo (1997-2002), Prof. Sun Kwok (2003 - Aug 2005), and Prof. Paul T. P. Ho (2002-2003, Sept 2005 - present).  ASIAA currently has about 130 members, including research fellows, post-doctoral fellows, engineers and technical staff, students, research assistants, and administrative staff.  

Research topics carried out at ASIAA range from solar system studies to cosmology, with our staff making use of many of the frontier ground-based and space-borne observing facilities.  The goal of ASIAA is to become a research institute competitive with the best in the world.

Research Projects and Contributions

1.  The SAO/ASIAA Submillimeter Array (SMA)

    In 1996, Academia Sinica signed an agreement with the Smithsonian Institution       

(SI) to build two 6-m sub-mm radio telescopes on Mauna Kea, Hawaii.  Together with the other six built by the Smithsonian Astrophysical Observatory (SAO), they form the first sub-mm array (SMA) in the world.  Since then, the ASIAA has built up a technical staff to construct the high-precision telescopes and the high-tech receivers, and a scientific staff to make good use of the unique facility.  In November 2003, the SMA was dedicated on Mauna Kea by President Y. T. Lee and SI Secretary Larry Small.  The SMA has since continuously operated as an interferometer at sub-mm wavelengths.  In 2004, the first scientific results were published as a special volume in the Astrophysical Journal Letters.  

The Taiwan-America Occultation Survey (TAOS)

TAOS is an observatory consisting of four fully automated 0.5m optical telescopes located on peaks near Jade Mountain National Park in Taiwan.  It is a joint project between ASIAA, National Central University, SAO (Alcock group previously at the Lawrence Livermore National Laboratory and the University of Pennsylvania), and Yonsei University.  TAOS began regular operations in 2005.  The four robotic telescopes automatically monitor 3,000 stars every clear night using the occultation technique to search for small Kuiper Belt objects.  This will allow detection of bodies smaller than those discovered by direct imaging with much larger optical telescopes.  As the Kuiper Belt is a probable source of short period comets, TAOS will provide important new information on the outer Solar System.

The Y. T. Lee Array for Microwave Background Anisotropy (AMiBA)

AMiBA is a platform-mounted interferometer sited on Mauna Loa in Hawaii to measure the polarization of the cosmic microwave background and to detect clusters of galaxies at high redshift using the Sunyaev-Zeldovich effect.  It is designed, constructed, and operated by ASIAA, with major collaborations with National Taiwan University (NTU) and Australia Telescope National Facility (ATNF).  As part of the Cosmology and Particle Astrophysics (CosPA) initiative, it was funded by the Ministry of Education and the National Science Council, as well as by the Academia Sinica.  The AMiBA has deployed the initial 7-element interferometer in Hawaii.  A dedication ceremony was held in October 2006 on Mauna Loa, with President Y. T. Lee and NTU President S.C. Lee presiding.  Science operations have started. An expansion to the 13-element configuration is underway, with deployment and testing in 2008.

The Optical and Infrared (OIR) Instrumentation Program

In order to support follow-up observations of high-redshift clusters detected with the AMiBA project and to train the next generation of OIR astronomers, ASIAA negotiated for 68 nights of observing time on the 3.6m Canada-France-Hawaii Telescope.  This is part of the CosPA effort together with the AMiBA development.  Financial contribution from ASIAA is in the form of support for the development of the Wide Field Infrared Camera (WIRCam).  In 2005, the WIRCam was installed on CFHT, and commissioned.  Building on our experience with TAOS, the WIRCam project further developed the capability at the ASIAA to build world class optical and infrared instruments.  

Theoretical Astrophysics

ASIAA has independently developed high-performance computational fluid dynamics and magnetohydrodynamics (CFD-MHD) codes, named Antares, for astrophysical problems.  The CFD codes have been successfully applied to astrophysical disks.  ASIAA also collaborates with National Tsing-Hua University to establish the Theoretical Institute for Advanced Research in Astrophysics (TIARA) for research on star formation and compact object, and training students.

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

In 2005, Academia Sinica signed an agreement with the National Institutes of Natural Sciences of Japan to join the ALMA project via Japan.  The ASIAA will work with the National Astronomical Observatory of Japan (NAOJ) in the construction and operation of this array being built in Chile.  The ALMA is the largest ground-based astronomical facility in the world, and is the follow-up project to the SMA.  Open access by Taiwanese scientists to the Japanese portion of the ALMA observing time is secured with this project.  The ASIAA will work on various aspects of the instrumentation program as part of this project, including integrating the ALMA-Japan receiver systems.  

2. Fig.

Left: One of the TAOS 0.5m telescopes in its enclosure. Right: The four TAOS telescopes on top of Lu-Lin Mountain. (pictures credit: S. K. King and H.C. Lin)

Numerical simulation of disk galaxies (picture credit: C. Yuan & NASA and the Hubble Heritage Team)

The two elements of SMA built by Taiwan (picture credit: J. Baumann)
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Brief History

     The Institute of Applied Science and Engineering was inaugurated in June 1999.  This unit was established following numerous efforts by many academicians and administrators of Academia Sinica together with a great number of R&D leaders in industry, government and academic sectors. These goals coincide with President Yuan T.  Lee's aspiration to broaden the research of Academia Sinica to meet national needs. The founding director was Dr. Chen S. Tsai.  In February 2001 Dr. Mark Liao was appointed the acting director.  In 2003, the Sinica passed a bylaw for establishing research centers.  In February 2004, the Institute of Applied Science and Engineering was renamed as Research Center for Applied Sciences (RCAS). In the near future, RCAS will expand into a multidisciplinary research center, containing four research groups (Nano biomedical, Optoelectronics, Mechanics & Engineering Science, and Theoretical modeling) Each research group will eventually develop into a thematic center.  The center will continue to hire prominent joint research fellows, setup core facilities, and carry out interdisciplinary research projects.

Research Projects

     The center will pursue fundamental and pioneer research with potential for scientific and engineering applications in collaboration with industries, government institutions, and universities.  Currently, "nanotechnology" is the major research area.  The subjects of interest include: Carbon nanotubes, metal and semiconductor (CdSe, Si/Ge) nanoparticles, metallic oxide nanoparticles, magnetic nanoparticles, nanowire induced surface enhanced Raman scattering (SERS), bio sensors and tags, on-demand drug delivery, single-electron transistors (SETs), single-photon generators (SPGs), molecular transistors, nano photonic devices, QD/QWR laser and detectors, spintronics, ultra-high density storage, and fast high-resolution display (including field-emission devices), multiscale mechanics, nano/micro-scale mechanics, biomedical mechanics, ab initio electronic structure calculations, electron transport, vibrational modes of nanostructures, near- and far-filed optics simulation,... etc.

Major Research Contributions

1.  Nano Fabrication:  We developed a patented technology for etching optical fibers    

to form high quality nanometer tips.  These tips are combined with scanning atomic microscopy to study nanometer optical properties of materials.  They can also be used as sensitive biosensors by using surface plasmon waves near the tips.  In addition to the nanopatterning techniques, we have also utilized nanosphere lithography to create "superhydrophobic" surfaces where the water contact angle can be switched from 1700 to 100 by electrowetting process.

Nano Microscopy:  We have developed non-interferometric widefield optical profilometry (NIWOP) based on a conventional optical microscope.  Combining the nanometer depth resolution of NIWOP and a simple image restoration algorithm, we improve the lateral resolution of far-field optical microscopy to 1/7of the wavelength. We also used NIWOP and fluorescence microscopy to observe the activity of cell membranes as well as the intracellular actin filaments.  Membrane motion shows evident correlation with the structures of the actin filaments.  We also developed a new near-field optical lithography by using subwavelength focusing effect in mesoscale dielectric structures.  These mesoscale structures are used in the photomask to massively produce high-quality subwavelength patterns.  We use this technology to generate photonic bandgap structures with designed defect patterns.

Advanced Biochips:  We have used laser direct-write technology to fabricate high quality microfluidic channels on plastic or glass substrate.  We have invented a novel thermal cycling method for performing shunted PVR within microchannel environments to increase the efficiency of DNA amplification.  Both of the above technologies have been included in the research hightlights of Lab-on-chip (10/05). We can also manipulate nanoparticles through the electrocapillary forces.  Using this device, we can actively control the self-assembly process of nanoparticles and form colloidal crystals with different compositions in the microfluidic networks.

2. Modeling of plasmonic/polaritonic crystals: An interfacial operator approach has been developed to compute band structures of periodic arrays of dispersive metals/polar materials.  A study of the effect of corrugated metal surface leads to a special class of plasmonic crystals that have significant band broadening near the surface plasmon frequency.  This unusual property indicates an important application of plasmonic crystals as useful materials in absorbing solar energy.  The fine (highly degenerate)/highly localized features of the surface plasmon modes and surface phonon modes as well as of resonant cavity modes of polaritonic crystals can be resolved accurately and systematically by the interfacial operator approach.

Fig.

Photonic crystal with channel defects fabricated by near-field optical lithography.

A microfluidic chip embedded with DNA microarray.

Optical image constructed by colloidal crystals using different size colloidal particles.
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Brief History

    Since the rapid economic development in the 1970's, the environment in Taiwan has deteriorated severely.  Per unit area emissions of air pollutants now are among the highest countries of the world.  Air and water pollutants are health hazards and can adversely affect the entire ecosystem.  In addition, air pollutants and land use changes can perturb regional climate significantly.  The environmental impacts and scientific questions involved are multi-disciplinary, region-specific and complex.  In order to effectively address these questions, Academia Sinica initiated an Environmental Change Research Project hosted by the Institute of Earth Sciences in November 1999.  After about four years of development, the Research Center for Environmental Changes (RCEC) was officially established on January 1, 2004.

Research Projects

    The major research projects of the RCEC are focused on air quality, Asian dust storms, climate changes, urban heat-island effect, biogeochemical cycles of water systems in Taiwan and surrounding oceans, water resources, and impacts of environmental changes on human health and the ecosystem.

Major Research Contributions

    In collaboration with six universities, RCEC has established a seven station network around Taiwan since spring 2002 for measurements of aerosol compositions and stable trace gases.   In addition, optical properties of aerosols, solar radiation and lidar experiments have been conducted concurrently. These measurements complement the routine measurements of air pollutants extremely well.  A remarkable number of publications have come out of these experiments.

In an analysis of meteorological parameters of the past 100 years in Taiwan, RCEC scientists found about 15% reduction in sunshine hours; about 13% decrease in the diurnal temperature range; significant decreases in relative humidity, fogs and light drizzles; all after 1970's when Taiwan industries started to take off.   The major contributing factors of the trends are hypothesized to be an increase in regional clouds and/or cloud albedo as a result of increased anthropogenic aerosols, and a large scale heat-island effect over the western plain of Taiwan.


In recent years, wide spread urban high ozone levels that are detrimental to human health have become the most serious air pollutant in Taiwan.  Through a series of intensive field observations, RCEC scientists found that three factors contributed to the increase in ozone: decreased nitrogen oxide titration of ozone, long-range transport of increasing ozone from the Asian continent, and the global industrialization. 

An inter-disciplinary collaboration research project among RCEC, NTU, NCHU, and CHU researchers on studying controlling mechanisms of eutrophication and water quality in Feitsui Reservoir has been carried out.  Remote observation (satellite imaginary) and intensive on-site sampling of water and ecological samples in different seasons and special events were conducted.  A 3-D biogeochemical-physical coupled model is under construction hoping to provide science-based practice for the watershed management, hence, to avoid stepping again on the same old disastrous road of eutrophication in Shiman Reservoir.  The current study indicates that Feishui Reservoir is a phosphorous-limited reservoir; the eutrophication potential would be controlled by phosphorous.  The amount and the temperature of in-flow water, plus the degree of land use in upland have significant effects on seasonal turnover (vertical mixing) of the water body that dominates the internal phosphorous cycling, therefore, has impacts on algae composition and eutropication potential.  Meanwhile, sediment records revealed that increases of traffic flow through upper watershed due to the opening of Bei-I Highway would definitely accelerate the input of organic contaminants into the reservoir.

Fig.

To monitor the chemical solutes and composition on particles during the major export event helps us to understand the correlation between the physical and chemical weathering in such a high denudation island watersheds.

In collaboration with six universities, RCEC has established a seven station network around Taiwan since spring 2002 for measurements of aerosol compositions and stable trace gases. In addition, optical properties of aerosols, solar radiation and lidar experiments have been conducted concurrently. These measurements complement the routine measurements of air pollutants extremely well. A remarkable number of publications have come out of these experiments.

Chlorophyll-a concentration was determined with fluorometer and using methanol extraction.

