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The National Center for Theoretical Sciences 
was established on August 1997 by the 
National Science Council, NSC (NSC became 
Ministry of Science and Technology, MoST, 
since March 2014), with endorsement from 
some of the eminent scholars, including 
Professors Chen Ning Yang and Shing-Tung 
Yau. It was hosted on the campus of the 
National Tsing Hua University, Hsinchu, with 
National Tsing Hua University and the adjacent 
National Chiao Tung University acted as co-host 
in the last 18 years. The Center consists of two 
divisions: Mathematics and Theoretical Physics. 
In 2015, the Mathematics division moved to 
National Taiwan University and continue to 
serve the community.

The Physics Division, are committed to 
contribute to the advancement of frontier 
research in physics.

Missions

To act as an effective platform to stimulate 
and to enhance the interaction and 
collaboration among researchers.

To empower talented students and 
postdoctoral researchers to make significant 
contributions in the frontier of research 
subjects.

To serve as an efficacious channel to network 
the home researchers with other scholars and 
preeminent institutions abroad.

To explore new frontiers in physics research 
and innovation 

To enhance the extent and breadth of 
interdisciplinary researches as well as 
the collaboration with scientists in the 
experimental fields.

ABOUT
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Forward
I am pleased to present you with the 2017 
Annual report of the Physics Division of NCTS. 
This year has been a productive and fruitful year.

NCTS sc ien t i s t s  have  made s ign i f i can t 
contribution in areas from such as pentaquark, 
750 GeV diboson anomaly, core-cusp problem 
of the dark matter, holography of de Sitter space, 
quantum information and entanglement entropic 
properties of quantum gravity, unconventional 
soft limits for spacetime symmetry breaking in 
high energy physics, to quantum quenches in 
Luttinger model, emergence of Dirac semi-metallic 
phase at finite temperature, lattice instabilities 
and conductive interface, metallic quantum 
solid in system of cold atoms in condensed 
matter physics, as well as quantum steering 
and measurement characterization in quantum 
information theory and abnormal polymer 
transport in crowded media in soft matters and 
complex system.

NCTS published 115 papers in 2017. The 
publications are of high research quali ty 
with many high impacts results appearing in 
prestigious journals. About a third of them are 
published in high impact journals with the top 15 
% of impact factor. 

The DCS research program has performed 
well. Individual DCSs have successfully built up 
their research team with postdocs or assistant 
research scholars. On average, each DCS has 
about two postdoctoral researchers or assistant 
research scholars in his team. Together, the team 
as a whole interact with other scientists domestic 
or international collaborators, and students in 
the community, to engage in active research on 
frontier research topics. In terms of publication, 
the five DCS has written a total of 39 papers 

2017. Out of which many important results has 
appeared in high impact journals such as Nano 
Letters, Nature communications, Physical Review 
Letters, 2d Materials, Journal of High Energy 
Physics etc. Collaboration is growing strong 
as can be seen from the many collaborative 
publications of the DCS research team.

NCTS has played active role in promoting 
interaction and collaboration within the Taiwan 
physics communi ty and wi th researchers 
worldwide. We have hosted 226 visi t ing 
scientists from abroad in 2017. We organized 
around 30 international conferences and 
workshops in 2017. Among which 5 were 
joint meetings with other countries.  Also over 
300 seminars on various subjects took place. I 
would like to compliment my colleagues for their 
commitment and all the hard works they have put 
in organizing and keeping a vibrant program of 
research at NCTS. 

The cultivation and nurturing of promising students 
and young researchers has been a very important 
part of NCTS efforts. The body of research 
fellows of NCTS has grown significantly. It has 
now a body of 26 research staffs consisting of 6 
assistant research scholars and 20 postdocs. The 
society of postdoctoral researchers has been very 
active and has published 49 papers this year. 

The quality of our hires has been good. Bo Xiong 
has obtained a faculty position at the Wuhung 
University of Technology, China in 2015 Dec. 
This spring, Chung-Chi Lee has been awarded 
a prestigious Newton International Fellow by the 
Royal Society of UK to join the cosmology group 
at DAMTP, Cambridge. This summer Carlos 
Cardona has joined Niels Bohr as a postdoc 
in Copenhagen; Jung Chang has continued as 
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a postdoc at the Chonnam National University 
Gwangju, South Korea; Ya-Fen Hsu has 
continued as a postdoc at the National Taiwan 
University.  

NCTS has been actively facilitating the transfer 
of frontier research to the young generations, 
through organization of advanced schools 
and workshops specifically with them as target 
audiences. About 5-7 advanced schools are 
organized each year. Some of the schools are 
of interdisciplinary nature, combining theory and 
experiments, or traditionally different subjects 
such as chemistry and computation.

NCTS has continued in developing new bilateral 
agreements with other international institutions 
in order to foster scientific collaboration. In 
2016, NCTS has joined the research network, 
Fundamental Interaction Space Time (FIST), this 
year. FIST is a High Physics network formed by 
Research Institutions (primarily) in Asia in order to 
help building up and strengthening transnational 
research partnership and cooperation among 
researchers across Asia. NCTS has also joined 
the EU network Cooperation in Science and 
Technology (COST) on “Quantum structure of 
spacetime (QSPACE)”.

NCTS has turned 20 years old this August.  Like 
any journey, rough time is sometime unavoidable, 
never theless NCTS has successfully sailed 
through and has made remarkable achievements 
together with its international friends and partner 
institutions worldwide in the last 20 years. Clearly 
the success of NCTS would not be possible were 
it not for the firm foundation established through 
the selfless dedication and leadership of the 
previous directors of NCTS, and the tremendous 

support and enthusiastic contributions that NCTS 
has received from colleagues in the Taiwanese 
community throughout the years. I am grateful 
to my friend and colleague Professor Daw-Wei 
Wang for his commitment as the vice director 
of the center. His assistance on administrative 
as well as academic matters has been a major 
source of support. Finally I would also like to 
compliment the team of administrative staff for 
their hard work in making the operation of NCTS 
smooth and successful, for their very positive 
altitude towards learning about new things, and 
for putting up with endless new demands and 
expectations from me.

朱創新
2018



Annual Report 2017

A
B

O
U

T

44

Structure and Governance
Operation and Management
The director is responsible for all the decisions of 
the Center. He/She leads the Academic Executive 
Committee, and is responsible for the decision 
making for the operation inside the division. The 
Executive Director is appointed by the Director 
to assist him/her in implementing policies and 
operations of the Center. As an academic, he/
she also held a vital role in helping to push the 
center's academic programs and initatives. The 
center routine and daily operation is carried out 
by the center adminstrative team which consists 
of six adminstrative staff, an accountant and an 
IT staff. The center submits an annual report, with 
financial statements to the Minstry of Science 
and Technology (MoST), usually in October of 
the year. A grant midterm review is conducted in 
MoST in December to discuss the annual budget 
for the following year.

International Advisory Committee

The Center Academic Executive Committee is 
set up by the Director to help the Director to 
make decision on the scientific personnel and 
academic matters. For exmaple, to give advices 
on the general policies and guidelines for the 
NCTS scientific activities and financial affairs, 
and to give recommendations to the director 
on the appointment of the NCTS scientific 
personnel. The committee meets four times a 
year. The Program Committee is comprised 
of the coordinators of the academic research 
groups (Thematic research groups, Experimental 
collaboratio group,interdisciplinary research 
groups) advanced by the center.

Carlo Beenakker Instituut-Lorentz for Theoretical Physics, Leiden University, Netherlands

Tohru Eguchi Department of Physics and Institute of Theoretical Physics, Rikkyo University, Tokyo; 
Former director of the Yukawa Institute for Theoretical Physics, Japan

Antoine Georges Director of the Simons Center for Computational Quantum Physics, USA

Tao Han Director of the Pittsburgh Particle Physics, Astrophysics, and Cosmology Center, 
University of Pittsburgh, USA

Steven G. Louie University of California at Berkeley, USA

Allan H. Macdonald Sid W. Richardson Foundation Regents Chair; Professor of Physics, University of 
Texas, Austin, USA

Henry Tye Former diector of the Institute for Advanced Study, Hong Kong University of 
Science and Technology, Hong Kong
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NCTS Review Committee Meeting hosted by MoST on October 20-21, 2017. 
Left: Chon-Saar Chu, Chin-Chun Tsai, Ching-Ming Wei, Minn-Tsong Lin, Mei-Yin Chou, Ping Sheng, Kaoru Hagiwara, 
Shih-Chang Lee, Director General of MoST Chun-Chieh Wu, Director Chong-Sun Chu

Organization
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Major Academic Program

Thematic Groups Research 
Program
In  order to encourage and enhance the 
collaboration and innovation of the larger 
community, The primary aim of Thematic Group 
(TG) is to foster an ef ficient collaborative 
environment in the community.  

Experimental Collaboration 
and InterDisciplinary 
Research Program
In order to enhance the collaboration between 
theorists and experimentalists, and to promote the 
exchange and cooperation between researchers 
in tradition different disciplines, the Center 
operates the Experimental Collaboration Program 
(ECP) and the InterDisciplinary Research Program 
(IDP). In these programs, the role of NCTS is to 

act as an effective platform to bring together 
researchers with complementary scienti f ic 
approaches and backgrounds so that a closer 
cooperation and collaboration of researchers 
could be fostered.

Seed Project 

Seed Project (SP) is to support new research 
direction or research area where there is a 
relatively smaller representation in the local 
community.

The subject theme of the Thematic Research 
Program, Experimental Collaboration and 
InterDisciplinary Research Program and Seed 
Project as well as their coordinators are listed in 
the tables below.

Prof. Bruce H J Mckellar gave a talk in NCTS Special Colloquium, Nov 2, 2017
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Experimental Collaboration Program

ECP PROGRAM TITLE COORDINATORS

E1 Quantum Optics and Quantum Manipulation of 
Ultracold Atoms

Ying-Cheng Chen (AS)

E2 Light Dark Matter Cheng-Pang Liu (NDHU), 
Henry Wong (AS)

E3 LHC Experimental/Theoretical Exploration Kingman Cheung (NTHU), 
Jennifer Hsu (NTHU)

Interdisciplinary Research Program

IDP PROGRAM TITLE COORDINATORS

I1  Multiscale studies for complex materials, catalysts, 
and biological systems – theoretical and computational 
approaches, and experimental stimulus

Jer-Lai Kuo (AS)

I2 Geometry, Topology and String Theory Nan-Kuo Ho (NTHU), 
Siye Wu (NTHU)

I3 Complex Systems and Mathematical Biology Lee-Wei Yang (NTHU)

Seed Project

SP PROGRAM TITLE COORDINATORS

S1 Quantum Transport Chao-Cheng Kaun (AS)

S2 Gravitional Wave and Numerical Gravity Feng-Li Lin (NTNU)

S3 Parton Distribution Functions from Lattice QCD David Lin (NCTU)

S4 Non-equilibrium Quantum Phenomena Chung-Hsien Chou (NCKU)

Thematic Groups

TG PROGRAM TITLE COORDINATORS

TG1 Particle Physics Chuan-Ren Chen (NTNU)

TG2 Dark Physics of the Universe Chao-Qiang Geng (NTHU)

TG3 Strings Yu-Tin Huang (NTU)

TG4 Topology & Entanglement in Quan. Many-Body 
Systems

Po-Chung Chen (NTHU)

TG5 Complex Systems Yeng-Long Chen (AS), 
Kuo-An Wu (NTHU)

TG6 Quantum Information Science and Quantum Control Hsi-Sheng Goan (NTU), 
Yueh-Nan Chen (NCKU)

TG7 Quantum Gases Ray-Kuang Lee (NTHU)

TG8 Topology & Strong Correlations in Quan. Many-Body 
Systems

Chung-Hou Chung (NCTU)

TG9 Quantum and Topological Materials Feng-Chuan Chuang (NSYSU), 
Horng-Tay Jeng (NTHU)
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Director Office

PERSONNEL

Professor 
Chong-Sun Chu
Director 

Distinguished Center Scientist
National Tsing Hua University
Particle Physics

Professor 
Daw-Wei Wang
Vice Director 

National Tsing Hua University
Condensed Matter Physics
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Distinguished Center Scientists

Professor 
Miguel A. Cazalilla

Distinguished Center Scientist

National Tsing Hua University
Condensed Matter Physics

Professor 
Guang-Yu Guo
Distinguished Center Scientist

National Taiwan University
Condensed Matter Physics

Professor 
Xiao-Gang He
Distinguished Center Scientist

National Taiwan University
Particle Physics

Professor 
Kingman Cheung
Distinguished Center Scientist

National Tsing Hua University
Particle Physics



Professor 
Yi Yang
Center Scientist

National Chiao Tung University
Particle Physics

Center Scientists
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Professor 
Horng-Tay Jeng
Center Scientist

National Tsing Hua Unviersity
Atomic, Molecular & Optical 
Physics

Professor 
Ying-Jer Kao
Center Scientist

National Taiwan University
Condensed Matter Physics

Professor 
Ray-Kuang Lee
Center Scientist

National Tsing Hua University
Atomic, Molecular & Optical 
Physics

Professor 
Tzu-Chiang Yuan
Center Scientist

Academia Sinica
Particle Physics

Professor 
Chin-Kun Hu
Honorary Center Scientist

Academia Sinica
Bio-Physic

Professor 
Cheng-Wei Chiang
Center Scientist

National Taiwan University
Particle Physics

Professor 
Chao-Qiang Geng
Center Scientist

National Tsing Hua University
Particle Physics

Professor 
Yueh-Nan Chen
Center Scientist

National Cheng Kung University
Atomic, Molecular & Optical 
Physics
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Thematic Group Coordinators

Professor 
Chuan-Ren Chen
Thematic Group 1: 
Particle Physics

National Taiwan Normal 
University

Professor 
Yeng-Long Chen
Thematic Group 5: 
Complex Systems

Academia Sinica

Professor 
Ray-Kuang Lee
Thematic Group 7: 
Quantum Gases

National Tsing Hua University

Professor 
Chung-Hou Chung
Thematic Group 8: 
Topology & Strong 
Correlations in Quantum 
Many-Body Systems

National Chiao Tung University

Professor 
Feng-Chuan Chuang
Thematic Group 9: 
Quantum and Topological 
Materials

National Sun Yat-Sen University

Professor 
Horng-Tay Jeng
Thematic Group 9: 
Quantum and Topological 
Materials

National Tsing Hua University

Professor 
Kuo-An Wu
Thematic Group 5: 
Complex Systems

National Tsing Hua University

Professor 
Hsi-Sheng Goan
Thematic Group 6:  
Quantum Information 
Science and Quantum 
Control

National Taiwan University

Professor 
Yueh-Nan Chen
Thematic Group 6:  
Quantum Information 
Science and Quantum 
Control

National Taiwan University

Professor 
Chao-Qiang Geng
Thematic Group 2: 
Dark Physics of the 
Universe

National Tsing Hua University

Professor 
Yu-Tin Huang
Thematic Group 3 : 
Strings

National Taiwan University

Professor 
Po-Chung Chen
Thematic Group 4: 
Topology and Entanglement in 
Quantum Many-body Systems

National Tsing Hua University
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Dr. 
Md. Manirul Ali
Postdoctoral Researcher
Atomic, Molecular & Optical 
Physics

Dr. 
Dimitrios Giataganas
Assistant Research Scholar

Particle Physics

Dr. 
Ya-Fen Hsu
Postdoctoral Researcher

Condensed Matter Physics

Dr. 
Bor-Luen Huang
Postdoctoral Researcher

Condensed Matter Physics

Dr. 
Ching-Yu Huang
Assistant Research Scholar

Condensed Matter Physics

Dr. 
Guang-Rong Huang
Postdoctoral Researcher

Bio-Physics

Dr. 
Hiroyuki Ishida
Postdoctoral Researcher

Particle Physics

Dr. 
Chih-Piao Chuu
Postdoctoral Researcher

Condensed Matter Physics

Dr. 
Vijay Kumar Gudelli
Postdoctoral Researcher

Condensed Matter Physics

Dr. 
Yen-Hung Ho
Postdoctoral Researcher

Condensed Matter Physics

Dr. 
Wu Zhong Guo
Postdoctoral Researcher

Particle Physics

Dr. 
Yoshinori Honma
Postdoctoral Researcher

Particle Physics

Dr. 
Carlo Andres 
Cardona Giraldo
Postdoctoral Researcher
Particle Physics

Dr. 
Nabarun Chakrabarty
Postdoctoral Researcher

Particle Physics

Dr. 
Jung Chang
Postdoctoral Researcher

Particle Physics

Dr. 
You-Lin Chuang
Postdoctoral Researcher

Condensed Matter Physics

Research Staffs
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Dr. 
Hiroyuki Kitamoto
Postdoctoral Researcher

Particle Physics

Dr. 
Ioannis Kleftogiannis
Postdoctoral Researcher

Condensed Matter Physics

Dr. 
Chang-Hun Lee
Postdoctoral Researcher

Particle Physics

Dr. 
Chung-Chi Lee
Postdoctoral Researcher

Particle Physics

Dr. 
Hai-Shuang Lu
Postdoctoral Researcher

Condensed Matter Physics

Dr. 
Rong-Xin Miao
Postdoctoral Researcher

Particle Physics

Dr. 
Yoji Koyama
Postdoctoral Researcher

Particle Physics

Dr. 
Jusak Tandean
Assistant Research Scholar

Particle Physics

Dr. 
Yue-Lin Sming Tsai
Assistant Research Scholar

Particle Physics

Dr. 
Xing-Bo Yuan
Postdoctoral Researcher

Particle Physics

Dr. 
Chen Zhang
Postdoctoral Researcher

Particle Physics

Dr. 
Hiroshi Okada
Assistant Research Scholar

Particle Physics

Dr. 
Pei-Yun Yang
Postdoctoral Researcher

Condensed Matter Physics

Dr. 
Martin Spinrath
Assistant Research Scholar

Particle Physics

Dr. 
Ramesh Babu Kunchala
Postdoctoral Researcher

Condensed Matter Physics
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RESEARCH
Research in NCTS is mainly conducted through the operation of the Center Scientists 
Program, Postdoctoral Research Program, Thematic Groups Research Program, 
Experimental Collaboration Program and the Interdisciplinary Research Program. 

The principal function of thematic groups is to promote the growth and to strengthen the 
base of the larger community, through collaboration in research. Collaboration between 
theorists and experimentalists is essential and can be a very powerful way for advancing 
scientific discoveries and technological innovations.  A successful and productive 
collaboration between theorists and experimentalists will also help to strengthen the 
overall research environment in the whole physics community. Besides, many major 
breakthroughs in science take place at the intersections of disciplines.  This is particular 
so in the modern time due to the increasing complexity of problems.  The Experimental 
Collaboration Program (ECP) is led by leading experimentalists.  The interdisciplinary 
program (IDP) is led by PI in different research fields. These groups work closely with 
the Thematic research groups in their operation. 

Apart from their own research, the  center scientists (Distinguished center scientists 
DCS and center scientists CS) often work together with the Thematic groups (TG) to 
form collaborative research team. They also help to promote the research programs and 
activities of the center. 

Below we give a description of some of the more representative research conducted by 
these respective entities. 
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Reports from Center Scientists 

Ultralight Axion Dark Matter

There have been many compelling pieces of 
evidence for the existence of cold dark matter 
(CDM), which successfully explains the rotation 
curves of spiral galaxies, the cosmic microwave 
background power spectrum, the Bullet Cluster, 
and the large-scale structure formation of the 
universe. The best-motivated model for CDM is 
weakly interacting massive particles (WIMPs), 
whose mass range is from the sub-GeV to 100 
TeV. Unfortunately, up to now, no compelling 
evidence of WIMPs has been found by different 
types of searches, such as collider searches, 
underground detections, and astronomical 
observations. The null signals reported in all these 
experiments have shrunk the parameter space of 
many WIMP models to some finely tuned regions. 
Also, the next generation of CDM searches are 
shifting their focus to different mass regions. 

The CDM model, through detailed N-body 
simulations, although successfully explaining the 
observations on large scales, fails to account 
for the observations on relatively smaller scales; 
this is known as the “small-scale crisis,” which 
includes (i) the missing satellites problem, (ii) the 
cusp–core problem, and (iii) the too-big-to-fail 
problem. Some believe that a new mechanism for 
velocity boost is needed for the DM momentum 
exchange beyond the collisionless picture of the 
CDM, such as the ultralight axionic dark matter.

The Ultra-Light Axion is a dark matter candidate 
with mass O(10-22) eV and de Broglie wavelength 
of order kpc, also known as the Fuzzy Dark 
Matter (FDM), thermalizes via gravitational force 

and forms a Bose-Einstein condensate. The 
quantum pressure from the FDM can significantly 
affect the structure formation in small scales, 
thus alleviating the so-called “small-scale crisis”. 
We develop a new technique to discretize 
the quantum pressure for FDM particles in the 
N-body simulation [1]. In a self-gravitationally-
bound virialized halo, we find a constant density, 
solitonic core, thus, having the potential of solving 
the small-scale crisis.

In Fig.1, we show the halo density profile after 
the system is fully virialized after 10 Gyr.  We 
can easily see that the FDM produces a larger 
solitonic core than the CDM. Inside 1 kpc the 
density profile of FDM is lower than the CDM.

Professor 
Kingman Cheung
Distinguished Center Scientist

National Tsing Hua University
Particle Physics

Fig. 1	 Density profiles for CDM and FDM after 
10 Gyr.
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In Fig.2, we show the simulation results that at large scale we do not see the difference between CDM 
and FDM (upper panels), but as we close in to a halo size we can see that the FDM gives a more fuzzy 
structure (lower panels). Though these are simply toy simulations, it points to the right direction that the FDM 
can indeed solve the cusp-core problem, thus may solve the other small-scale problems too.

[1] J. Zhang, K. Cheung, J.-L Kuo,Y.-L. Tsai, M.-C. Chu, Astrophys.J. 853 (2018) no.1, 51. 

Fig. 2	

CDM

CDM

FDM

FDM

No difference on large scale! (Expected!)

Much less small scale structure for FDM!



This year I have worked on holographic models of boundary conformal field theory (BCFT). In particular 
our group have made advances in the subject and proposed consistent models of holographic BCFT that 
worked for general shape of boundary. In addition, we have also constructed the adiabatic regularization 
scheme for gauge fields, completing the program 40 years after Parker and Fulling invented the scheme 
for scalar field theory in curved background. 

Holographic BCFT (Boundary 
Conformal Field Theory)
BQFTs/BCFTs describe physical systems with 
boundaries. In recent years, the field of BCFTs 
has developed rapidly. In addition to traditional 
field theory techniques, holographic models of 
BCFTs have been developed which allow for non-
perturbative analysis of the boundary systems. 
Holographic dual of BCFT was originally 
introduced by Takayanagi [1] by considering 
a Neumann boundary condition in the bulk 
dual manifold.  The proposal has been applied 
to geometrical shape of boundaries with high 
symmetry such as the case of a disk or half plane, 
and produces many elegant results for BCFT. 
However the tensor type embedding equations 
of the proposal contain too many constraints in 
general and cannot be solved consistently for 
general shape of boundary.  The difficulty was 
analyzed in [2,3]] and a consistent model of 
holographic BCFT was found by replacing the 
tensor type embedding equation by a scalar type 

embedding equation.  More recently we found 
that [4] the original set of tensor embedding 
equations can also be consistent if one is to allow 
for a non-FG expansion of the metric in the bulk.

Our proposal [2-4] can apply to general 
boundaries and agrees with the previous 
proposal of Takayanagai for the special case of 
a disk and half plane. Using the new proposal 
of AdS/BCFT, we have successfully obtained the 
expected boundary Weyl anomaly. The obtained 
boundary central charges satisfy a c-like theorem 
holographically. We have also investigated the 
holographic entanglement entropy of BCFT and 
find that the minimal surface must be normal 
to the bulk spacetime boundaries when they 
intersect. Interestingly, the entanglement entropy 
depends on the boundary conditions of BCFT and 
the distance to the boundary. The entanglement 
wedge has an interesting phase transition which 
is important for the self-consistency of AdS/BCFT.

17
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Boundary Conformal Field Theory
Professor 
Chong-Sun Chu
Distinguished Center Scientist

National Tsing Hua University 
Particle Physics
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Casimir Effects and Exact 
Relations in BCFT
The Casimir effect originates from the effect of 
boundary on the zero point energy-momentum of 
quantized fields in a system. As a fundamental 
property of the quantum vacuum, it has important 
consequences on the system of concern and 
has been applied to a wide range of physical 
problems, such as classic applications in the study 
of the Casimir force between conducting plates 
(and nano devices), dynamical compactification 
of extra dimensions in string theory, candidate of 
cosmological constant and dark energy, as well 
as dynamical Casimir effect and its applications.
In [4], we reveal elegant relations between the 
shape dependence of the Casimir effects and 
Weyl anomaly in BCFT. We show that for any 
BCFT which has a description in terms of an 
effective action, the near boundary divergent 
behavior of the renormalized stress tensor is 
completely determined by the central charges of 
the theory. These relations are verified by free 
BCFTs. We test them with holographic models of 
BCFT and find exact agreement. We propose 
that these relations between Casimir coefficients 
and central charges hold for any BCFT. With 
the holographic models, we reproduce not only 
the precise form of the near boundary divergent 
behavior of the stress tensor, but also the surface 
counter term that is needed to make the total 
energy finite. As they are proportional to the 
central charges, the near boundary divergence 
of the stress tensor must be physical and cannot 

be dropped by further artificial renormalization. 
Our results thus provide affirmative support on the 
physical nature of the divergent energy density 
near the boundary, whose reality has been a 
long- standing controversy in the literature.

It is worth emphasising that as long as we can 
checked, so far the scalar-type holographic 
model [2,3] and the tensor type holographic 
model [1,4] have yield exactly the same results 
for the Weyl anomaly as well as for the universal 
relations between the generalized Casimir 
coeffcients and the central charges. All evidences 
indicate that the two proposals of holographic 
models are both consistent and correspond to 
two different kinds of BCFT.

Fig. 1	 BCFT on M and its dual N
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Adiabatic regularization 
scheme for gauge field
In general, the study of dynamics of quantum 
field theory in curved spacetime is not only 
relevant for the understanding of a number of 
important physical problems such as inflation 
or Hawking radiation, to name a few, it is also 
rather challenging. Various methods have been 
developed to regularize the UV divergence for 
QFT in curved spacetime. These includes, for 
example, the Dewitt-Schwinger geodesic point 
splitting method, zeta-function regularization and 
the adiabatic regularization method. Among 
these, adiabatic regularization is systematic 
and particularly useful for doing perturbative 
computation of QFT in curved spacetime. To our 
surprise, even after almost 40 years since Parker 
and Fulling invented the adiabatic regularization 
scheme for scalar fields, progress in this field 
has been slow and adiabatic scheme for spin 
half field were only constructed in 2014, and 
adiabatic scheme for gauge field is absent.  In 
our paper [5], we filled the gap by constructing 
the adiabatic regulariation scheme for gauge field 
in a conformally flat spacetime. The availability of 
the adiabatic expansion scheme for gauge field 
allows one to study the renormalization of the de-
Sitter space N=4 maximal superconformal Yang- 
Mills theory using the adiabatic regularization 
method. Further investigation is under progress
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Exotic Phases of Matter in 
Oxides and their Interfaces

Transition metal oxides span a wide range 
of crystalline structures and host a rich variety 
of fascinating phenomena and extraordinary 
phases. The best known examples are high 
temperature superconductivity in cuprates and 
colossal magnetoresistance in manganites. We 
recently studied a new phase of hybrid improper 
ferroelectrics (HIF), which is distinguished from 
conventional ferroelectrics by the coexistence 
of head-to-head and tail-to-tail domains, of 
which the domain walls shall be charged due 
to respective screening electrons and holes. 
However, a given material is eligible for only 
one type of charges, rendering the microscopic 
screening mechanism at the nominally charged 
domain walls mysterious. Using macroscopic 
group-theoretical analysis and ab initio density 
funct ional calculat ions of e lect ronic and 
phononic band structures as well as atomic-
resolution structural, electronic characterizations 
by electron microscopy and spectroscopy, we 
demonstrated the existence of a hidden antipolar 
order parameter in model HIF (Ca2.5Sr0.5)Ti2O7 

due to the condensation of a weak, previously 
unnoticed antipolar lattice instability, turning the 
order-parameter spaces to be multicomponent, 
with the distinct polar-antipolar interwining and 
accompanied formation of Neel-type antipolar 
domain walls between the head-to-head and tail-
to-tail domains [1]. This polar-antipolar domain 
topology also sheds light on the ferroelectric 
switching by providing a distinct twin-assisted 
pathway.

Magnetite (Fe3O4), the first known magnetic 
mineral, has fascinated mankind for centuries 
because of i t s  fascinat ing proper t ies. In 

particular, it undergoes a metal-insulator (M-I) 
phase transition at around 120 K with an abrupt 
change in structure and electrical conductivity. 
This M-I (Verwey) transition, however, still leaves 
us with intriguing puzzles, although its principal 
driving force was attributed to a nontrivial charge-
orbital ordering of Fe t2g-orbitals on the Fe2+ 

octahedral sites which was discovered through 
ab initio density functional calculations[2]. Here 
we used resonant inelastic X-ray scattering over 
a wide temperature range across the Verwey 
transition as well as theoretical modelling and 
ab initio calculations to identify and separate out 
the magnetic excitations derived from nominal 
Fe2+ and Fe3+ states [3]. Comparison of the 
experimental results with crystal-field multiplet 
calculations shows that the spin–orbital d-d 
excitons of the Fe2+ sites arise from a tetragonal 
Jahn-Teller active polaronic distortion of the Fe2+ 

O6 octahedra. These low-energy excitations, 
which get weakened for temperatures above 
350 K but persist at least up to 550 K, are 
distinct from optical excitations and are best 
explained as magnetic polarons [3].

Hetero-structures of transition metal oxides 
offer the prospect of greatly enhancing the 
aforementioned bulk properties or of combining 
them to realize totally new properties and thus 
give rise to novel device functionalities. An 
excellent example is the conductive interface 
between two insulating nonferroelectric oxides 
SrTiO3 and LaAlO3 discovered in 2004 (see [4] 
and references therein). This fuels the modern 
quest of electronics based on correlated electrons 
in oxides and collective characteristics of 
superconductivity and ferromagnetism. Despite 
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a decade of extensive research ef for ts on 
the problem, however, the mechanism for the 
formation of the conductive interface remained 
unresolved. Using electron spectroscopy with 
unparalleled charge-counting capability and 
structural analyses as well as ab initio calculations 
of the electron and phonon band structures, we 
recently uncovered surprising ferroelectric-like 
lattice instabilities near the interface by lattice 
mismatch strain and thus established the metallic 
interface as due to the two-dimensional (2D) 
electron-gas formation for screening these head-
to-head electric polarizations near the interface 
[4]. 

The quantum anomalous Hall (QAH) phase is a 
bulk 2D ferromagnetic insulator with a nonzero 
Chern number in the presence of spin-orbit 
coupling (SOC) but in the absence of applied 
magnetic fields. Associated metallic chiral 
edge states host dissipationless current transport 
in electronic devices and thus promise great 
applications in low-power-consumption electronic 
and spintronic devices. This intriguing QAH 
phase has recently been observed in the Cr-
doped topological insulator (Bi,Sb)2Te3 (see [5-6] 
and references therein). Nevertheless, the QAH 
phase appears at extremely low temperatures 
due to the small band gap, weak magnetic 
coupling and low carrier mobility. This hinders 
further exploration of the exotic properties of the 
QAH phase and its applications. The problems 
of the weak magnetic coupling and small band 
gap could be overcome by adopting 4d and 
5d transition metal atoms which simultaneously 
have more extended d-orbitals and stronger 
SOC. Therefore, through ab initio density 
functional calculations, we recently made a 
systematic search for  high-temperature QAH 
phases in bulk 4d and 5d transition metal 
oxides and their bilayer superlattices. Indeed we 
discovered that layered rhodium oxide K0.5RhO2 
in the noncoplanar antiferromagnetic state is an 
QAH insulator with a large band gap and a 
Néel temperature of a few tens of Kelvins [5]. 
Furthermore, this QAH phase is revealed to be 
unconventional and also an exotic quantum 
topological Hall effect caused by nonzero 
scalar spin chirality due to the topological spin 
structure in the system and without the need of 
net magnetization and SOC. We also found 
that due to quantum confinement, the (111) 
(ABO3)2/(AB'O3)10 (B = Ru, Rh, Ag, Re, Os, Ir, 
Au; AB'O3 = LaAlO3, SrTiO3) superlattices are 

ferromagnetic with ordering temperatures up 
to room temperature [6]. In particular, bilayer 
(LaOsO3)2 is a rare spin-polarized QAH insulator, 
while the other ferromagnetic bilayers are metallic 
with a large Hall conductance comparable to 
the conductance quantum. Furthermore, bilayers 
(LaRuO3)2 and (SrRhO3)2 are half -metall ic, 
while bilayer (SrIrO3)2 exhibits peculiar colossal 
magnetic anisotropy. All these findings thus 
show that layered 4d and 5d metal oxides and 
their heterostructures are a class of quasi-2D 
materials for exploring exotic phases and also 
for advanced applications such as low-power 
nanoelectronics and oxide spintronics.
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Flavor, Collider and Cosmology 
Studies Beyond Standard Model

The aim of this NCTS research team on Flavor, 
Coll ider and Cosmology Studies Beyond 
Standard Model is to carry out forefront research 
in particle physics, particularly in the areas: 
1) Beyond SM and Flavor Physics; 2) Beyond 
SM and Collider Physics; and 3) Beyond SM 
and Dark Matter and Dark Energy. Since the 
execution of this project in June 2015, we have 
vigorously carried out research in related fields 
and also organized activities accordingly. 

The current team members directly hired by 
NCTS in different capacities include Professor 
Xiao-Gang He as a NCTS Distinguished Center 
Scientist, Dr. Jusak Tandean as a research 
fellow, and  Dr. Xingbo Yuan as a postdoc. 
Several postdocs and students from NTU actively 
participate in related activities. We invited about 
20 international visitors to come to Taiwan for 
visit and collaborations in 2017. With NCTS 
and NTU supports, we have obtained substantial 
progresses in research projects in 2017.

We have organized a weekly Journal Club on 
Particle Physics (Seminar type) every Monday 
during semesters at NTU. We have also 
organized a new journal club aiming introduce 
new papers of interesting to our group members. 

To gather momentum in research fields related 
to our team, we started a Frontier in Particle 
Physics conference series from 2016. In 2017, 
the topics was on Energy Frontier in Particle 
Physics: LHC and Future Colliders, held from 
29 to 30 of September 2017. The aim of this 
workshop is to bring together experts on physics 

at the energy frontier from around the world to 
discuss the latest theoretical developments and 
experimental findings and their implications. 
The meeting also addressed how future colliders 
can help us understand better physics at the TeV 
regime. We invited 9 international and more 
than 17 domestic researchers to give talks on 
related areas. About 60 participants attended the 
meeting. 

In 2017, we carried out research with emphasis 
on flavor physics and CP violation in B, Higgs 
physics and Dark Matter physics. We published 
11 papers in SCI journals and another paper 
written in Nov. 2017 on indirect dark matter 
search from DAMPE e+e- cosmic ray detection 
has recently been published (Phys. Lett. B778, 
292, 2018). In 2017, team members have 
been invited 10 times to present talks at various 
international conferences. We have made 
considerable progresses in related areas. In the 
following we describe a few results obtained for 
illustration.
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Studies of Anomalies in B 
Meson Decays
In April 2017, the LHCb showed that there is 
an anomaly in B to K* mu mu decay, a deficit 
compared with SM prediction. Together with 
previous anomalies observed by Belle, Babar 
and LHCb, in B to D(*) tau nu, and in several b 
to s mu mu induced processes, such as B to K 
mu mu, phi mu mu and etc., these provide hints 
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for new physics beyond SM at about 4sigma 
level. There are far reaching implications. We 
have engaged in active research in related 
areas as early as 2013. In 2017, we wrote 5 
research papers, Eur. Phys. J. C77, 134(2017), 
Phys. Rev. D96, 035032(2017), Phys. Rev. 
D96, 115022(2017), arXiv: 1706.07570 
(accepted for publication in Phys. Lett. B), arXiv 
1711.09525 on related subject providing 
solutions to the anomalies fro various beyond SM 
physics models. 

Dark Matter Studies
In 2017, our team put a lot of research time in 
dark matter (DM) studies. We have written 5 
papers on dark matter physics with 4 of them 
published. In a series of papers published in 
2017, JHEP 04 (2017) 107; JHEP12 (2016) 
074 and Phys. Rev. D96, 075026(2017). The 
most recent direct search for DM by the LUX and 
PandaX-II Collaborations, along with the latest 
LHC data on the 125-GeV Higgs boson, have 
led to very stringent constraints on the simplest 
Higgs-portal weakly interacting massive particle 
(WIMP) DM models. Specifically, that only a 
narrow mass range around the Higgs pole is 
still viable if the DM has spin 1/2 or 3/2 and 
a purely scalar effective coupling to the Higgs. 
Moreover, if the DM is a real singlet vector (scalar) 
particle, we determine in these papers that its 
mass has to be also close to the Higgs pole or 
exceed roughly 1.4 (0.5) TeV or a small region 
around the Higgs resonant region with DM mass 
about half of the Higgs mass. However, we show 
that in the two-Higgs-doublet extension of each 
of the preceding models, with a Yukawa sector 

We have been invited to give talks at several 
i n te r na t iona l  con fe rences ,  such  as  X I t h 
International Conference of Interconnections 
between Par t icle Physics and Cosmology 
(PPC2017), and 26th International Workshop on 
Weak Interactions and Neutrinos (WIN 2017). 
One of our papers published in 2017 on B 
anomalies was selected as a highly cited paper 
by Essential Science Indicators.

arranged to be that of the two-Higgs-doublet 
model of type II, substantial portions of the DM 
mass regions ruled out in the simplest scenario by 
direct search bounds can be reclaimed due to 
suppression of the effective DM interactions with 
nucleons at some ratios of the CP-even Higgs 
bosons’ couplings to the up and down quarks. 

In Nov. 2017, the DAMPE collaborations 
announced their new resul ts on possible 
indirect dark matter from cosmic electron-
positron spectrum indicating the possibility of 
an electrophilic dark matter with a mass about 
1.4 TeV. We quickly reacted with new data and 
proposed our new beyond SM explanations 
and predictions in two papers: Electrophilic 
dark matter with dark photon: from DAMPE to 
direct detection (Phys. Lett. B778, 292(2018)) 
and Leptophilic dark matter in gauged U(1)Le-Lm 
model in light of DAMPE cosmic ray e+e- excess 
(arXive:1711.11563). These papers were well 
received by peers and have been cited 28 and 
20 times each.
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Higgs Boson and Beyond

This work was done in collaboration with An-
Li Kuo and Kei Yagyu.  This was part of our 
program to perform a full 1-loop renormalization 
for the Georgi-Machacek (GM) model.  In this 
work, we calculated 1-loop radiative corrections 
to the hZZ and hWW couplings in models 
with next-to-simplest Higgs sectors satisfying the 
electroweak ρ = 1 at tree level: the real Higgs 
singlet model (rHSM), the two-Higgs doublet 
models (2HDM), and the GM model.  Under 
theoretical and current experimental constraints, 
the three models had dif ferent correlations 
between the deviations in the hZZ and hWW 
couplings from the SM predictions.  In particular, 
we found for each model predictions with no 
significant overlap with the other two models, as 
shown in the following plot. 

I. Phys. Lett. B774 (2017) 119-122

Three of the works that I published in 2017 were related to Higgs boson, particularly its physics beyond 
the Standard Model (SM) and beyond tree level.

Fig. 1	 Correlation between κZ and ΔκV for p2 
= 250 GeV (upper plot) and 500 GeV 
(lower plot) in the rHSM (green), Type-I 
2HDM (blue) and GM model (red).
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This work was done in collaboration with Eibun 
Senaha.  We studied gauge dependence of 
gravitational waves produced from a first-order 
phase transition in classical scale-invariant U(1)’ 
models.  Accidental gauge independence of the 
one-loop effective potential in this class of models 
was spoiled by including thermal resummation. 
The gauge artifact in the resummed effective 
potential propagated to the gravitational wave 
(GW) spectrum and resulted in one order of 
magnitude uncertainties in the prediction under a 
specific gauge choice, as shown in the following 
plot.

This work was done in collaboration with 
Michael Ramsey-Musolf and Eibun Senaha 
over many years.  We analyzed the theoretical 
and phenomenological considerations for the 
electroweak phase transition and dark matter 
in an extension of the Standard Model with a 
complex scalar singlet (cxSM).  In contrast with 
earlier studies, we used a renormalization group 
(RG) improved scalar potential and treated its 
thermal history in a gauge-invariant (GI) manner.  
The RG improvement effect can be seen in the 
following plot.

II. Phys. Lett. B774 (2017) 489-493

III. Phys. Rev. D97 (2018) no.1, 015005 

Fig. 2	 GW power spectrum as a funct ion 
of frequency.  The black-solid curve 
represents the unresummed (ξ-indep.) 
case. The resummed case with ξ = 0, 1 
and 5 are marked as red-dashed, blue-
dotted and magenta-dot-dashed lines, 
respectively.

Fig. 3	 Renormalization scale dependence of 
TC and vC in one scheme. The dashed 
curves are calculated based on the GI 
scheme to O(ħ) while the solid ones are 
the RG-improved version. 

We found that the parameter space consistent with a strong first order electroweak phase transition 
(SFOEWPT) and present dark matter phenomenological constraints was significantly restricted compared 
to results of a conventional, gauge non-invariant analysis.  In the simplest variant of the cxSM, recent LUX 
data and a SFOEWPT required a dark matter mass close to half the mass of the SM-like Higgs boson.  
We also commented on various caveats regarding the perturbative treatment of the phase transition 
dynamics.

25
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Novel Electronic Structures 
of Topological Materials and 
Heterostructures

To fulfill the large Rashba-type splitting in the 
QWSs of metallic thin films on the nonmetallic 
substrate, we propose a new physical source: 
the spin chirality at the boundary of a topological 
insulator (TI). The TI is a newly discovered phase 
of matter in which the chiral conducting channels, 
namely, the SOC caused spin-momentum-
locked SSs, form at the boundaries of the bulk 
insulators, and are protected by the time-reversal 
symmetry. For the heterostructure: normalmetal 
(NM)/TI, or equivalently NM/semiconductor 
with a chiral spin texture surface state, the SOC 
in TI plays the role as the orbital-dependent 
magnetic field in an insulator and allows NM 
QWS with the same spin and chirality as the TI 
SS to penetrate deeper than those with opposite 
spin and chirality. As a consequence of the spin-
momentum-dependent penetration depth and 
trapping width, the Rashba type splittings arise 
in the NM QWSs. In this work we propose a 
newtype large Rashba splitting in the NM-QWSs 
induced by the TI-SSs spin-chirality at the NM/
TI interface by the combined analytical method 

Fig. 1	 The spin-chirality-induced Rashba-type 
splitting in the NM-TI junction. a, At the 
interface, the spin up (blue filled curve) 
and down (red filled curve) chiral TI edge 
states move in negative and positive x 
directions, respectively. The spin up (blue 
dashed curve) and down (red solid curve) 
NM QWS moving respectively along −x 
and +x directions penetrate deeply into 
the TI and lower down the band energies 
(see panel b). c, A reference case of the 
effective Zeeman type splitting induced by 
a ferromagnetic layer.

Professor 
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Newtype large Rashba splitting in quantum well states induced 
by spin chirality in metal/topological insulator heterostructures
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and first principle calculations. We demonstrate 
the momentum separation of the Rashba-like 
splitting in Ag/Bi2Se3 junction is the largest one 
among the previously reported values for non-
metallic-substrate systems. Moreover, the spin 
polarization of the splitting QWS could be 
nearly 100% which is much higher than the 
typical value of 40 ∼ 50% in the Dirac bands 
of TI such as Bi2Se3. Both properties are ideal 
for realizing the spintronic devices in the nano-
scale. We note that to achieve the main goal 
of this work, the interaction between the NM 
QWSs and the TI SSs, we use the model system: 
Ag/Bi2Se3 to demonstrate the spin splitting in 
Ag-QWSs induced by the Bi2Se3-SS. From the 
theoretical viewpoint, the 4d transition metal Ag 
film with weaker spin-orbit coupling (SOC) helps 
to clarify whether the SOC in the NM film or 
the interaction with the TI-SS is the main driving 
force of the large Rashba splitting in the QWS. 
Practically all kinds of NMs and TIs are possible 
to fulfill the NM/TI heterostructure and the Rashba 
splitting in future experiments. Heavy elements 
such as Au with strong SOC could be intuitively 
an even better candidate. (Nature Asia Materials 8, e332; 

doi:10.1038/am.2016.173 (2016))

Fig. 2	 S i te - sp in -decomposed band s t ruc tu re o f 
Ag(5ML)/Bi2Se3(6QL). a,b, In-plane spin 
polarization <Sx,y> of Bi2Se3 surface state at 
the surface (a) and at the interface (b). (c) In-
plane spin polarization <Sx,y> of Ag-QWS at 
the interface Ag. Blue and red dots indicate spin-
up and spin-down components, respectively. 
R1, R2 indicates outer and inner Rashba band, 
respectively.(d) Spin penetration depth of Rashba-
splitting band (green dash box in the panel c).

Wide-range ideal 2D Rashba 
electron gas with large spin 
splitting in Bi2Se3/MoTe2 
heterostructure
A pure two-dimensional (2D) Rashba electron 
gas (REG), i.e., nearly all the conduction 
electrons occupy the Rashba bands (RBs), is 
crucial for semiconductor spintronic applications. 
Wedemonstrate that a pure 2D REG with a 
large Rashba splitting can be realized in a 
topologicalinsulator (TI) Bi2Se3 ultra film grown on 
a transition metal dichalcogenides (TMD) MoTe2 

substrate through first-principle calculations. Our 
results show the RBs exclusively over a very large 
energy interval of about 0:6 eV around the Fermi 
level within the MoTe2 semiconductinggap. Such 
a wide-range pure 2D REG with a large spin 
splitting, which is ideal for real devicesutilizing 
the Rashba effect, has never been found before. 
Due to the strong spin-orbit coupling, thestrength 
of the Rashba splitting is comparable with that 
of the heavy-metal surfaces such as Au andBi 
surfaces, giving rise to a spin precession length 
as small as ~10 nm. The maximum in-plane 
spinpolarization of the inner (outer) RB near 
the G point is about 70% (60%). The room-
temperaturecoherence length is at least several 
times longer than the spin precession length, 
providing good coherency through the spin 
processing devices. The wide energy window 
for pure RBs, small spinprecession length, as 
well as long spin coherence length in this 2D TI/
TMD heterostructure pavethe way for realizing 
an ultrathin nano-scale spintronic device such as 
the Datta-Das spin transistor at room-temperature. 
(Nature Computational Materials  3:5 ; doi:10.1038/ s41524-017-

0011-5 (2017))
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discovered the superconducting topological 
surface states in a layered material, PbTaSe2. 
Our findings provide a great platform for the 
study of topological superconductivity toward the 
future application for the fault‐tolerant quantum 
computing. These breakthrough results were 
published in the high-impact journal Science 
Advances in 2016.

When a topological insulators (TI) combined 
with superconductivity, it can lead to another 
impor tant c lass of mater ials: topological 
superconductors (TSCs). TSCs are characterized 
by a full superconducting gap in the bulk and 
topologically protected gapless surface states. 
In a TSC, Majorana fermion, a hypothetical 
particle is its own anti‐particle, is bound to a 
topological defect such as a superconducting 
vortex. Such combined objects are predicted 
to exhibit non‐Abelian statistics and to form the 
basis of the faulttolerant quantum computation. 
The simplest way to introduce superconductivity 
in a TI is by making it superconducting by doping 
or by coating a layer of s‐wave superconductor. 
However, both approaches are technically 
challenging because it is difficult to make a 
homogenous doped material or a heterostructure 
with a clean interface. A better way is to find a 
stoichiometric material that exhibits topological 
surface states at Fermi level combined with fully 
gapped bulk superconductivity below TC. So 
far, no such a bulk material is reported. Prof. 
Horng‐Tay Jeng’s group from NTHU found such 
requirements for a TSC are satisfied in a layered 
material PbTaSe2 using density functional theory. 
By visualizing the electron wavefunction at atomic 
scale using scanning tunneling microscopes, 
PhD student Syu‐You Guan from NTU, Dr. Chia‐
Seng Chang and Dr. Tien‐Ming Chuang from 
AS confirm the spectroscopic signature of the 
calculated topological band structures and 
superconducting properties in PbTaSe2. The 
ful ly gapped superconducting topological 
surface state is reported for the first time in a 
stoichiometric bulk material. Our work shows 
PbTaSe2 is a promising TSC candidate.

Fig. 1	 The op t imized la t t i ce o f  the 1QL -
Bi2Se3/1TL-MoTe2 heterostructure. (a) 
Top view of the Bi2Se3 part. (b) Top view 
of the MoTe2 part. (c) Side view of the 
whole system. The supercell used in the 
calculations is denoted in (a) and (b) by 
the black solid line, in which the Bi2Se3-
(root 3xroot 3) R30/MoTe2-(2x2) system 
is incorporated. The shaded regions 
in (a) and (b) denote, respectively, the 
Bi2Se3 and the MoTe2 1x1 unit cell. The 
corresponding Brillouin zone is shown in 
(d).

Fig. 2	 E l e c t r on i c  s t r u c t u r e s  o f  t he  1QL -
Bi2Se3/1TL-MoTe2 junction, where (a) the 
Bi2Se3 and the MoTe2 components, (b-
d) spin polarization along the x, y and z 
directions are represented by the color of 
the dots. The yellow-shaded region in (a) 
indicates the energy window (over 0.6 
eV) for pure Rashbabands without any 
other electronic states.

Superconducting topological 
surface states in the 
noncentrosymmetric bulk 
superconductor PbTaSe2
In collaboration with Dr. Tien‐Ming Chuang of 
the Institute of Physics, Academia Sinica, we 



29

R
E

S
E

A
R

C
H

Annual Report 2017

29



30

R
E

S
E

A
R

C
H

Annual Report 2017

30

Holographic QCD

We constructed a bottom-up holographic QCD 
model to study the various properties in QCD 
using gauge/gravity correspondence. We solved 
the gravity system coupled to a U(1) gauge field 
and a neutral scalar in five-dimensional space-
time, i.e., a five-dimensional Einstein-Maxwell-
scalar system, and obtained a general class of 
analytic black hole solutions. The meson spectrum 
in our model satisfies the linear Regge behavior. 
We obtained the phase structure of the black 
hole background by studying its thermodynamic 
quantities.

To realize the confinement-deconfinement phase 
transition in QCD, we added probe open strings 
in the black hole background and studied the 
shape of their stable configurations. Different 
U-shaped and I-shaped configurations were 
identified for confinement and deconfinement 
phases, respectively. We found that there exists 
a dynamical wall, which the strings cannot 
pass, for a small enough black hole. The 
appearance/disappearance of the dynamic 

wall implies the confinement-deconfinement 
phase transition. By combining the phase 
structure of the black hole background and the 
U-shaped to I-shaped transformation of the open 
strings, we obtained the phase diagram of the 
confinement-deconfinement phase transition in our 
holographic QCD model [1], as shown in Fig.1. 
In our model, the critical point—where the first-
order phase transition becomes a crossover—is 
predicted to be at (0.1043 GeV, 0.1538 GeV), 
which is consistent with the recent lattice QCD 
result. We also obtained the Cornell form of the 
quark potential by calculating the Wilson loop. 

Furthermore, we studied the speed of sound 
in -dimensional QCD. We show that there are 
several universal bounds for the speed of sound 
in QCD from holographic correspondence. In 
addition to the well-known upper bound  in the 
conformal limit, we reveal two more universal 
quantities:  in the low temperature limit and  in 
the large chemical potential limit [2], as shown in 
Fig.2.

Professor 
Yi Yang
Center Scientist

National Chiao Tung University
Particle Physics
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The magnetic field can be introduced into 
the background geometry by embedding the 
magnetized background geometry into the 
holographic QCD model. The magnetic field 
dependent behavior of chiral condensate is 
worked out numerically. It is found that, in the 
chiral limit, the chiral phase transition remains as 
a second order at finite magnetic field B , while 
the symmetry restoration temperature and chiral 
condensate decrease with the increasing of 
magnetic field in small B region. When including 
finite quark mass effect, the phase transition 
turns to be a crossover one, and the transition 
temperature stil l decreases with increasing 
magnetic field B when B is not very large. In 
this sense, inverse magnetic catalysis effect is 
observed in our holographic QCD model [3].

[1] Meng-Wei Li, Yi Yang and Pei-Hung Yuan, 
"Approaching Confinement Structure for Light 
Quarks in a Holographic Soft Wall QCD 
Model", Phys. Rev. D96, (2017) 066013.

[2] Yi Yang and Pei-Hung Yuan, "Universal 
Behav io r s  o f  Speed o f  Sound  f rom 
Holography", arXiv:1705.07587 (2017).

[3] Danning Li, Mei Huang, Yi Yang and Pei-
Hung Yuan, "Inverse Magnetic Catalysis in 
the Soft-Wall Model of AdS/QCD", JHEP 
02 (2017) 030.

Fig. 1

Fig. 2
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Research Highlights of Postdocs

Md. Manirul Ali investigated the transient 
dynamics of photon statistics through two-time 
correlation functions for optical field coupled to 
a non-Markovian environment. They find that 
the transient correlation at different times yield a 
smooth transition from antibunching to bunching 
photon statistics in the weak system-environment 
coupl ing regime. For  the s t rong sys tem-
environment coupling, they find an interesting 
nonequilibrium oscillatory behavior in the photon 
statistics that persists for an arbitrary initial 
temperature of the environment. The oscillatory 
behavior of photon statistics is a manifestation of 
strong non-Markovian memory dynamics where 
the system remains in nonequilibrium from its 
environment. [Phys. Rev. A95, 033830 (2017)]

Carlos Cardona works on scattering amplitude in 
QFT and strings. One of his most important results 
as a member of NCTS are the generalization of 
some tree level to one-loop level by developing a 
graphical algorithm that encode the information 
coming from all possible Feynman diagrams 
in the theories considered.His results have 
appeared in JHEP 1708 (2017) 133 and 
arXiv:1708.06339 

Chih-Piao Chuu cooperates extensively with 
experimentalists to study the novel 2D materials, as 
in his recent cooperated work Janus monolayers 
of transition metal dichalcogenides” [NATURE 
12, 744–749 (2017)], the existence of optically 
active vertical dipole in new 2D asymmetric 
transition metal dichalcogenide monolayers 
was confirmed with both experimental evidence 
and his theoretical calculations. This discovery 
provides a two-dimensional platform to study 
light–matter interactions where dipole orientation 
is critical, and an extra degree of freedom for 
nanoelectromechanical devices. 

Wu-Zhong Guo mainly works on entanglement 
properties in the field theory. In the paper 
arXiv:1708.07268 he study the entanglement 
properties of boundary state and thermalization 
of this state, point out the possible relation. 
In paper arXiv:1708.09544 he and his 
collaborator construct a set of POVM operators in 
CFT and study the information task in field theory.

Dimitrios Giataganas, together with Chong-
Sun Chu, has put forward a proposal for the 
holography of deSitter Space in terms of a string 
theory in Anti-deSitter space [Phys.Rev. D94 
(2016) no.10, 106013]. They have also found 
novel properties and phase transition of field 
theories in deSitter space [Phys.Rev. D96 (2017) 
no.2, 026023]. More recently, Dimitrios has 
initiated with coauthors a non-perturbative study 
of non-conformal and confining gauge theories 
under strong external fields [arXiv:1708.05691], 
where among other findings his work sheds 
light on new properties of the inverse magnetic 
catalysis phenomenon. 

Yoshinori Honma examined moduli stabilization 
of the F-theory compactified on an elliptically 
fibered Calabi-Yau fourfold. The setup was based 
on the mirror symmetry framework including 
brane deformations. The complex structure moduli 
dependence of the resulting 4D N=1 effective 
theory is determined by the associated fourfold 
period integrals. By turning on appropriate G- 
fluxes, he explicitly demonstrated that all the 
complex structure moduli fields can be stabilized 
around the large complex structure point of 
the F-theory fourfold. His result about F-theory 
compactifications is also useful to study the non-
perturbative aspects of string compactification 
and its application to phenomenology and 
cosmology [arXiv:1706.09417].
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Ya-Fen Hsu research interests mainly focused 
on Josephson effect in the context of exciton 
condensates and conductance anomalies in 
quantum point contacts. In the paper Fractional 
Solitons in Excitonic [Scientific Reports 5, Article 
number: 15796 (2015)], she found robust 
evidence for exciton condensation. She also 
showed that the quantum Hall bilayer can be 
mappedinto a pseudospin ferromagnet by 
treating layer degrees of freedom as pseudospins 
and therefore can be described by the Landau-
Li fshi tz-Gilber t (LLG) equation. In view of 
pseudospin conservation.  She also showed that 
the variation of magnetic field due to Josephson 
currents in a ring-shaped excitonic Josephson 
junction and this can be regarded as an indirect 
detection of excitonic Josephson effect.

Bor-Luen Huang's work on the current response 
of a 3D topological insulator to a static Zeeman 
field [J. Phys.: Condens. Matter 28 (2016) 
026002] shows that there is no change in the 

surface current by changing the occupancy of 
the surfaces states or applying a time-reversal 
symmetry-breaking terms near the boundary. From 
the relation between the current and the orbital 
magnetization, he found that magnetization is 
a bulk property, independent of the details at 
the boundaries of the sample. He also studies 
effects of crystal symmetry on the spin-texture of 
topological surface states.

Ching-Yu Huang s tudied the topological 
properties of spin polarized fermionic polar 
molecules loaded in a multi-layer structure with 
the electric dipole moment polarized to the 
normal direction by an external electric field. 
She and her cooperators find that when fermions 
are paired by attractive inter-layer interaction, 
unpaired Majorana Zero Modes (MZMs) 
can be macroscopically generated in the 2D 
surface layers, depending on the interlayer 
tunnelling amplitude and in-plane kinetic energy 
[arXiv:1707.06419v1 [cond-mat.quant-gas]].

Group picture of NCTS Postdocs
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Guan-Rong Huang worked on the chemical 
master equation of gene regulation network 
insingle cell to find an accurate energy landscape 
function in explaining the state switching between 
different phenotypes, and collaborated with 
NSYSU on the analysis of heat transfer trying 
to find an optimized design of light emitting 
diode aluminum heat sink through coupled-
equations of heat dissipation. His works in 
biophysics is recently reviewed by Phys. Rev. E(R) 
for publication and in computational materials 
science were published in Materials 10, 454 
(2017).  Currently, he is a visiting research 
assistant professor in Shull-Wollan center of 
National Oak Ridge Laboratory in United States, 
and has been working on the development of 
new data analysis for small-angle scattering 
spectra [Phys. Rev. E 96, 022612 (2017)].

Hiroyuki Ishida found a new source of the baryon 
asymmetry and the possibility of the late-time 
lepton asymmetry for the dark matter production 
which was thought as the lack of the model 
[Physics Letters B Volume 763, 10 December 
2016, Pages 393-396]. He also found plausible 
origin of the inverse seesaw model built by the 
symmetry point of view [arXiv:1708.02355 
[hep-ph]] and the interesting collider signatures 
to investigate a new particles with distinguishing 
from other similar models at the current and future 
hadron collider experiments were discussed.

Ioannis Kleftogiannis studied topologically 
ordered phases of matter using the Hubbard 
models with various strengths of interaction 
1707.07840 [cond-mat.str -el], which has 
allowed him to study different many-body phases 
in the same model, like the superfluid and the 
Mott insulating phase.   Kleftogiannis has also 
worked with Victor Gopar from the University 
of Zaragozain Spain on the quantum transport 
properties of disordered mesoscopic systems, 
including 2D-materials like graphene, topological 
insulators and quantum wires.

Yoji Koyama  has developed and extended the 
adiabatic regularization method for computing 
quantum corrections to correlation functions of 
gauge fields in a conformally flat spacetime 
which has never been done in the literature [Phys. 

Rev. D 95, 065025 (2017)]. The results has 
arosed interests from expert such as Bei-Lok Hu 
and will be included in a forthcoming textbook 
on the subject.

Rong-Xin Miao expertise is in quantum information 
and holography. Together with Chong-Sun Chu, 
they resolved an important issue in the formulation 
of holographic principle for conformal field 
theory with boundary [Phys. Rev. D96 (2017) 
no.4, 046005; JHEP 1704 (2017) 089]. Their 
proposal has pass many tests and has resulted 
in new results for boundary Weyl anomaly and 
entanglemnt entropy. More recently, they have 
found universal relations between the Casimir 
coefficients and central charges of the boundary 
conformal field theory [arXiv:1706.09652 [hep-
th] ].

Mar t i n  Sp in ra th  has  worked on  a  new 
supersymmetric low scale seesaw model which 
avoids certain common ad-hoc assumptions in 
the literature [arXiv:1707.04374 [hep-ph]]. 
He has also studied the detection prospects for 
cosmic relics using mechanical force experiments. 
While the main focus of this publication lies 
on the Cosmic Neutrino Background such an 
experimental setup is also very interesting and 
promising for light dark matter searches [JCAP 06 
(2017) 055].

Jusak Tandean has explored various scenarios 
beyond the standard model of particle physics, 
including models of dark matter and nonstandard 
flavor physics in both the quark and lepton 
sectors. His recent work [JHEP 1612 (2016) 
074] deal with the implications of recent dark-
matter direct detection experiments for a couple 
of the simplest dark-matter models which are 
currently among the most popular scenarios.

Yue-Lin Sming Tsai and collaborators examined 
crticially the properties of fuzzy dark matter 
(FDM) and find that the quantum pressure of FDM 
leads to further suppression of the matter power 
spectrum at small scales. They also found that the 
lyman-alpha forest constraints do not exclude the 
ultralight Fuzzy Dark Matter. Thus FDM is still a 
viable model that explain the small scale crisis of 
cold dark matter [arXiv:1708.04389 [astro-ph.
CO]. 
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Introduction of Research in 
Different Fields

Phenomenological Particle Physics

Muon jet (J. Chang, K. Cheung, S.C. Hsu, C.T. 
Lu, Phys.Rev. D95 (2017)035012). A muon jet is 
a very special feature that consists of a cluster of 
collimated muons from the decay of a fast-moving 
light particle of mass about O(1 GeV). We 
use this feature to search for very light particles 
from rare decays of the Higgs boson. We use 
two simple models of the Higgs portal type to 
explore the possibilities of event topologies with 
two 2μ-jets, one 2μ-jet and one 4μ-jet, and two 
4μ-jets in the final state at LHC-14. With the 
present capability of ATLAS detector, one may be 
able to detect such light particles down to about 
0.3 GeV.

Ultralight axion dark matter and structure 
formation (J. Zhang, K. Cheung, Y.-L. Tsai, M.-C. 
Chu, arXiv: 1611.00892). The Ultra-Light Axion 
is a dark matter with mass O(10—22 eV and de 
Broglie wavelength of order kpc, also known 
as the Fuzzy Dark Matter (FDM), thermalizes 
via gravitational force and forms a Bose-Einstein 
condensate. The quantum pressure from the FDM 
can significantly affect the structure formation in 
small scales, thus alleviating the so-called small-
scale crisis. We develop a new technique to 
discretize the quantum pressure for FDM particles 
in the N-body sim- ulation. In a self-gravitationally-
bound virialized halo, we find a constant density, 
solitonic core, thus, having the potential of solving 
the small-scale

Constraints on the Higgs portal dark models 
by the new LUX and PandaX-II results (JHEP 
04 (2017) 107). Recent direct searches for 
DM by the LUX and PandaX-II Collaborations, 
along with the latest LHC data on the 125-
GeV Higgs boson, have led to very stringent 
constraints on the simplest Higgs-portal weakly 

interacting massive particle (WIMP) DM models. 
Specifically, we find that only a narrow mass 
range around the Higgs pole is still viable if the 
DM has spin 1/2 or 3/2 and a purely scalar 
effective coupling to the Higgs. Moreover, if the 
DM is a real singlet vector particle, their paper 
shows that its mass has to be also close to the 
Higgs pole or exceed roughly 1.4 TeV. However, 
the paper also show that in the two-Higgs-doublet 
extension of each of the preceding models, 
with a Yukawa sector arranged to be that of the 
two-Higgs-doublet model of type II, substantial 
portions of the DM mass regions ruled out in the 
simplest scenario by direct search bounds can be 
reclaimed due to suppression of the effective DM 
interactions with nucleons at some ratios of the 
CP-even Higgs bosons couplings to the up and 
down quarks. The regained parameter space 
contains areas which can yield a DM-nucleon 
scattering cross-section that is far less than its 
current experimental limit or even goes below 
the neutrino-background floor. Alternatively, in the 
fermionic (spin 1/2 or 3/2) DM case, much of 
the excluded zone could also be recovered by 
adding to the minimal model an effective DM-
Higgs pseudoscalar coupling.

Higgs boson pair productions in the Georgi-
Machacek model at the LHC (JHEP 1703 (2017) 
137). Higgs bosons pair production is well 
known for its sensitivity to probing the sign and 
size of Higgs boson self-coupling, providing a 
way to determine whether there is an extended 
Higgs sector. The Georgi-Machacek (GM) 
model extends the Standard Model (SM) with an 
SU(2)L triplet scalar field that has one real and one 
complex components. CS Cheng-Wei Chiang, 
TG1 coordinator Chuan-Ren Chen and NCTS 

Particle physicists in Taiwan work on the frontier of intensity, favor and cosmology. Frequent 
collaboration occurs among the theorists as well as among the theorists and experimentalists. Some 
of the results obtained this year are described below.
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postdoc Jung Chang have scanned in detail 
viable mass spectra of exotic Higgs bosons in 
the Georgi-Machacek model and the associated 
phenomenology at the LHC and a future hadron 
collider. They found that new heavy singlet Higgs 
boson can contribute to s-channel production of 
the hh pairs. Double Higgs production is a very 
important channel to probe the self-coupling of 
the Higgs boson, which has not been measured 
yet.

Signals of New Gauge Bosons in Gauged Two 
Higgs Doublet Model (arXiv:1708.02355). CS 
and TG1 coordinator T.C. Yuan, center research 
scholar Sming Tsai examined the phenomenology 
of a recently constructed gauged two Higgs 
doublets model and examined the collider signals 
of the heavy gauged bosons at the LHC and the 
future 100 TeV proton-proton collider. They also 
found that certain kinematical distributions for 
the two/four leptons plus missing energy signals 
have distinguishable features from the Standard 
Model background. 

Constraints and Implications on Higgs FCNC 
Couplings from Precision Measurement of B 
decay (Phys.Rev. D96 (2017) no.3, 035032). 
CS Cheng-Wei Chiang, DCS X. G. He, F. Ye 
and center postdoc X. B. Yuan study constraints 
and implications of the recent LHCb measurement 
of the decay process Bs → μ+μ- for the tree-level 
Higgs-mediated flavor-changing neutral current 
(FCNC) interactions. They find that the Higgs 
FCNC couplings are severely constrained. This 
decay channel is one of the most important ones 
to identify the FCNC couplings and particles 
running in the loop level.  And so it is very 
sensitive to new physics.

Observational constraints on successful model 
of quintessential Inflation (JCAP 1706 (2017) 
no.06, 011). TG2 coordinator and CS Chao-
Qiang Geng, former NCTS Postdoc Chung-
Chi Lee and their international collaborator 
Alexi Staroinsky investigated in details models of 
quintessential inflation in the light of the Planck 
2015 results. Among other things, they found 
that the sum of neutrino masses is significantly 
enhanced as compared to that in the standard  
CDM model.

Group picture of Annual Theory Meeting 2017: Particles, Cosmology and Strings, Dec 5-8, 2017
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Strings and Gravity

Observational constraints on successful model 
of quintessential Inflation (JCAP 1706 (2017) 
no.06, 011). TG2 coordinator and CS Chao-
Qiang Geng, former NCTS Postdoc Chung-
Chi Lee and their international collaborator 
Alexi Staroinsky investigated in details models of 
quintessential inflation in the light of the Planck 
2015 results. Among other things, they found 
that the sum of neutrino masses is significantly 
enhanced as compared to that in the standard 
CDM model.

Adiabatic regularization scheme for gauge 
field (Phys.Rev. D95 (2017) no.6, 065025). 
In general, the study of dynamics of quantum 
field theory in curved spacetime is not only 
relevant for the understanding of a number of 
important physical problems such as inflation 

or Hawking radiation, to name a few, it is also 
rather challenging. Various methods have been 
developed to regularize the UV divergence for 
QFT in curved spacetime. These includes, for 
example, the Dewitt-Schwinger geodesic point 
splitting method, zeta-function regularization and 
the adiabatic regularization method. Among 
these, adiabatic regularization is systematic 
and particularly useful for doing perturbative 
computation of QFT in curved spacetime.  To our 
surprise, even after almost 40 years since Parker 
and Fulling invented the adiabatic regularization 
scheme for scalar fields, progress in this field 
has been slow and adiabatic scheme for spin 
half field were only constructed in 2014, and 
adiabatic scheme for gauge field is absent.  In 
our paper [1], Chong-Sun Chu and Yoji Koyama 

In NCTS, research in string and gravity theory is mainly conducted by DCS Chong-Sun Chu, CS 
Kazuo Hosomichi and Yi Yang, CS Chao-Qiang Geng and TG members Yutin Huang and Feng-Li 
Lin. Below we list some of the results obtained in this area of research.
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has constructed the adiabatic regulariation 
scheme for gauge field in a conformally flat 
spacetime. The availability of the adiabatic 
expansion scheme for gauge field allows one to 
study the renormalization of the de-Sitter space 
N=4 maximal superconformal Yang- Mills theory 
using the adiabatic regularization method. Further 
investigation ofis under progress.

Holographic BCFT (Boundary Conformal Field 
Theory)(Phys.Rev. D96 (2017) no.4, 046005, 
JHEP 1704 (2017) 089). BCFT has important 
applications in string theory and condensed 
matter physics. In the literature there is a proposal 
by Takayanagi on the holographic dual of BCFT. 
The proposal has been applied to geometrical 
shape of boundaries with high symmetry such as 
the case of a disk or half plane, and produces 
many elegant results for BCFT. However the 
proposal has an apparent shortage that it does 
not cover general shape of the BCFT boundary.  
In our papers [2,3] we propose an alternative 
holographic dual for BCFT. Our proposal can 
apply to general boundaries and agrees with the 
previous proposal of Takayanagai for the special 
case of a disk and half plane. Using the new 
proposal of AdS/BCFT, we successfully obtain 
the expected boundary Weyl anomaly and 
the obtained boundary central charges satisfy 
naturally a c-like theorem holographically. We 
also investigate the holographic entanglement 
entropy of BCFT and find that the minimal 
surface must be normal to the bulk spacetime 
boundaries when they intersect. Interestingly, the 
entanglement entropy depends on the boundary 
conditions of BCFT and the distance to the 
boundary. The entanglement wedge has an 
interesting phase transition which is important for 
the self-consistency of AdS/BCFT.

Casimir Effects and Exact Relations in BCFT (JHEP 
1803 (2018) 046). The Casimir effect originates 
from the effect of boundary on the zero point 
energy-momentum of quantized fields in a system. 
As a fundamental property of the quantum 
vacuum, it has important consequences on the 
system of concern and has been applied to a 
wide range of physical problems, such as classic 
applications in the study of the Casimir force 
between conducting plates (and nano devices), 
dynamical compactification of extra dimensions 
in string theory, candidate of cosmological 

constant and dark energy, as well as dynamical 
Casimir effect and its applications.  In [4], we 
reveal elegant relations between the shape 
dependence of the Casimir effects and Weyl 
anomaly in BCFT. We show that for any BCFT 
which has a description in terms of an effective 
action, the near boundary divergent behavior 
of the renormalized stress tensor is completely 
determined by the central charges of the theory. 
These relations are verified by free BCFTs. We 
test them with holographic models of BCFT and 
find exact agreement. We propose that these 
relations between Casimir coefficients and central 
charges hold for any BCFT. With the holographic 
models, we reproduce not only the precise form 
of the near boundary divergent behavior of the 
stress tensor, but also the surface counter term that 
is needed to make the total energy finite. As they 
are proportional to the central charges, the near 
boundary divergence of the stress tensor must 
be physical and cannot be dropped by further 
artificial renormalization. Our results thus provide 
affirmative support on the physical nature of the 
divergent energy density near the boundary, 
whose real i ty  has been a long-s tanding 
controversy in the literature.

Scattering Amplitudes For All Masses and Spins 
(ArXiv:1709.04891 [hep-th]). TG3 cordinator 
Yutin Huang and collaborator Nima Arkani-
Hamed etal introduced a new formalism for 
describing four-dimensional scattering amplitudes 
for particles of any mass and spin, extending 
naturally the familiar spinor-helicity formalism 
for massless particless. . Unitarity, in the form 
of consistent factorization, imposes algebraic 
conditions that can be used to construct all 
possible four-particle tree amplitudes. The Higgs 
and Super-Higgs mechanisms are naturally 
discovered as an infrared unification of many 
disparate helicity amplitudes into a smaller 
number of massive amplitudes, with a simple 
understanding for why this can’t be extended to 
Higgsing for gravitons. “Off-shell” observables 
like correlation functions and form-factors can be 
thought of as scattering amplitudes with external 
“probe” particles of general mass and spin, so 
all these objects–amplitudes, form factors and 
correlators, can be studied from a common on-
shell perspective.
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AMO and QIS

Work extraction and fully entangled fraction (Phys. 
Rev. A 96, 012107 (2017)).  CS Ray-Kuang Lee 
and his collaborators prove that one can obtain 
work gain under Landauer’s erasure process on 
one party in the identically and independently 
distributed limit when the corresponding fully 
entangled fraction is larger than 1. By processing 
a given state to the maximally mixed state, we 
give and approximation for the largest extractable 
work with an error in the energy scale, which 
becomes negligible in the large system limit. 
As a step to link quantum thermodynamics 
and quantum nonlocality, we also provide a 
simple picture to approximate the optimal work 
extraction and suggest a potential thermodynamic 
interpretation of the fully entangled fraction for 
isotropic states.

Setting a disordered password on a photonic 
memory (Phys. Rev. A 95, 061805R (2017).  
Core members of  TG7 and ECP1, Shih -
Chuan Gou, Ite A. Yu, and Wen-Te Liao have 
theoretically demonstrated a protocol using 
spatially disordered laser fields to encrypt data 
stored on an optical memory, namely, encrypted 
photonic memory. To address the broadband 
storage, they also investigate a scheme of 
disordered echo memory with a high fidelity 
approaching unity. The proposed method 
increases the difficulty for the eavesdropper to 
retrieve the stored photon without the preset 
password even when the randomized and stored 
photon state is nearly perfectly cloned. Their 
results pave ways to significantly reduce the 

exposure of memories, required for long-distance 
communication, to eavesdropping and therefore 
restrict the optimal attack on communication 
protocols. The present scheme also increases the 
sensitivity of detecting any eavesdropper and so 
raises the security level of photonic information 
technology.

Spatio-Temporal Steering for Testing Nonclassical 
Correlations in Quantum Networks (Sci. Rep. 
7, 3728 (2017)). CS Yueh-nan Chen (CS 
and coordinator of TG6) and his international 
collaborators (Prof. Nori in Riken, Japan) 
introduced the concept of spatio-temporal 
steering (STS), which reduces, in special cases, 
to Einstein-Podolsky-Rosen steering and the 
recently-introduced temporal steering. They 
describe two measures of this effect referred to as 
the STS weight and robustness. They suggest that 
these STS measures enable a new way to assess 
nonclassical correlations in an open quantum 
network, such as excitation transfer in a complex 
biological system.

Plasmonic bio-sensing for the Fenna-Matthews-
Olson complex (Sci. Rep. 7, 39720 (2017)). 
CS Yueh-nan Chen and his col laborators 
(Guang-Yin Chen, NCHU) study theoretically 
the bio-sensing capabilities of metal nanowire 
surface plasmons. The results provide a feasible 
way, using single photons, to detect mutation-
induced, or bleaching- induced, local defects or 
modifications of the FMO complex. In particular, 
they find that the change of the Fano lineshape 

Through the support of NCTS, both Atomic-Molecular-Optical (AMO) Physics and Quantum 
Information Sciences (QIS) have grown rapidly in recent years. Support is channelled through the 
operation of the Thematic Group on Quantum Gases (TG7) led by Center Scientist Ray-Kuang Lee 
(NTHU) and   the Thematic Group on Quantum Information Science and Quantum Control (TG6) 
led by Center Scientist Yueh-nan Chen (NCKU). These groups work closely with the Experimental 
Collaborative Group on Quantum Optics and Quantum Manipulation of Ultracold Atoms (ECP1). 
Some of their researches are described below:
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in the scattering spectra further reveals that site 
5 in the FMO complex plays a distinct role from 
other sites. This theoretical prediction has been 
experimentally confirmed very recently.

Development of the framework to calculate 
the quantum noises in quantum memory (arXiv: 
1703.09890). CS Ray-Kuang Lee and NCTS 
postdoc You-Ling Chuang have developed the 
framework to calculate the quantum noises 
in quantum memory for optical probe pulses 

propagating in electromagnetically-induced-
transparency (EIT) media by including Langevin 
noise operators and asking the field operator 
to satisfy bosonic commutation relation. They 
demonstrate that the quantum squeezing of output 
probe pulses could be preserved with a stronger 
classical control field, and proposed how to 
utilize the effect of coherent population trapping 
(CPT) to directly generate squeezed light without 
any optical cavity.

Group picture of Taiwan-France Workshop on Drop Dynamics and its Applications, Dec 11, 2017
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Soft Matters and Complex System
The community of soft matters and complex 
systems is rather diverse. Support of NCTS is 
mainly channelled through the operation of the 
thematic group of Complex Systems (TG5) led by 
Yeng-Long Chen (AS), Kuo-An Wu (NTHU), and 
the Interdisciplinary group of Complex Systems 
and Mathematical Biology (I3) led by Lei-Wei 
Yang (NTHU). For example, core member of 
TG5, Pik-Yin Lai (NCU) has derives general 
analytic results relating the weighted connection 
matrix of the network to the correlation functions 
obtained from time-series measurements of the 
nodes for networks with one-dimensional intrinsic 
node dynamics (Phys. Rev. E 95, 022311 
(2017). Information about the intrinsic node 
dynamics and the noise strengths acting on the 
nodes can also be obtained.  Based on these 
results, we develop a scheme that can reconstruct 
the above information of the network using only 
the time-series measurements of node dynamics 
as input. Reconstruction formulas for higher-
dimensional node dynamics are also derived and 
illustrated with a two-dimensional node dynamics 
network system. Furthermore, he extends his 

results and obtain a reconstruction scheme even 
for the cases when the noise-free dynamics is 
periodic. He demonstrates that the method can 
give accurate reconstruction results for weighted 
directed networks with linear or nonlinear node 
dynamics of various connection topologies, and 
with linear or nonlinear couplings.

The group I3 has started a regular monthly 
seminars. Besides, two symposiums and one 
workshop had been held in NCTS as of Aug 
2017 (another regional (cross-strait) symposium 
will be held in Nov). The symposium “Challenges 
in Neuroscience” covers topics on both the 
molecular and animal levels as well as, to a 
modest extent, on the crosstalk between these 
two levels; the symposium Advances in Structural 
Biology and Beyond, co-hosted by NCTS and 
IBSB, CLS, NTHU, gathered experimental/
theoretical structural biologists/biophysicists who 
showcased their problems and the solutions to 
them in efforts to observe functional structures and 
dynamics of protein complexes.
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Experimental Collaboration 
InterDisciplinary Research Program
In order to enhance the collaboration between theorists and experimentalists, and to promote the 
exchange and cooperation between researchers in tradition different disciplines, the Center has 
launched the Experimental Collaboration Program (ECP) and the Interdisciplinary research Program 
(IDP) two years ago. In these programs, NCTS act as a platform to bring together researchers 
with complementary scientific approaches and backgrounds so that a closer cooperation and 
collaboration of researchers could be fostered. Since its launching, it is evident that collaboration 
has been strengthened and new collaboration is forming. We highlight some of the developments in 
this regard.

Quantum Optics and 
Quantum Manipulation of 
Ultracold Atoms
Built on previous ground, the collaboration 
is strong in the group of quantum optics and 
quantum manipulation of ultracold atoms and the 
group of quantum gases (TG7), where stimulation 
has been mutually exerted and a number of 
collaborative results have been written up 
already. For example, experimentalist Ying-Cheng 
Chen and theorist Hsiang-Hua Jen has initiated 
a collaboration on the topic of spectral shaping 
of cascade emission form cold atomic ensembles 
considering the effect of superradiance (Phys.  
Rev. A). Experimentalist Ite A. Yu and CS Ray-
Kuang Lee has initiated a collaboration on the 
topic of full quantum theory of light propagation 
and light storage process in electromagnetically-
induced-transparency (EIT) media. Their works 
have been published in JOSAB 32, 1384(2015) 
and Phys. Rev. A91 (2015) 063818.

Low-D Emergent Quantum 
Matters and Beyond CMOS 
Devices
Through the operation of the group Low-D 
Quan t um  Ma t t e r s  a nd  Beyond  CMOS 
Devices, NTHU professor Shu-Jung Tang, an 
experimentalist working on organic materials is 
the organic-metal interface has the chance to 
meet with a visitor Theodoros A. Papadopoulos 

(Chester Univ, UK) of NCTS and started a fruitful 
collaboration. A paper Control of the dipole layer 
of polar organic molecules adsorbed on metal 
surfaces via different charge-transfer channels 
(Physical Review B, 95(8), 085425) has been 
published. The collaboration is still on-going.

Another example is that Horng-Tay Jeng (center 
scientist) et al found via first-principle calculation 
that a pure 2D Rashba electron gas (REG) with 
a large Rashba splitting can be realized in a 
topological insulator (TI) Bi2Se3 ultra-thin film 
grown on a transition metal dichalcogenides 
(TMD) MoTe2 substrate, ideal for real devices 
utilizing the Rashba effect. Prof. Kwo (NTHU) et 
al then have employed the MoS2 mono layer, 
a van der Waals type surface with hexagonal 
symmetry as a growth template to obtain high 
quality Bi2Se3 (TI) thin films. Larger triangular 
domains of sizes up to 1.5 μm with less spiral 
defects, about 2-3 times enhancement in mobility 
and much more intense SdH oscillations have 
been demonstrated. They expected more fruitful 
results will be discovered and published soon 
in this year. Similarly, Shu-Jung Tang (NTHU) 
and Wei-Wu Pai (NTU) have demonstrated that 
under the optimal growing condition, germanene 
would form as a freestanding configuration with 
1x1 honeycomb structures on top of Ag(111). 
Photoemission measurement also reveals the 
corresponding energy band structures symmetry 
in collaboration with Horng-Tay Jeng (NTHU).  
The manuscript is under preparation and will be 
submitted to Nature Materials shortly.
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LHC Experimental/Theoretical 
Exploration
This group works to involve LHC experimentalists 
and theorists. Their approach is to organize 
regular workshops to bring the community 
together for interaction. For example, Kingman 
and Pai-Hsieh Hsu (NTHU) held the Rapid 
Response Workshop to the 750 GeV Resonance 
(Jan 2016), gathering all the peoples in Taiwan 
who have performed works related to the new 
resonances. They had a successful workshop 
and especially some important information from 
the CMS and ATLAS experimentalists. This was 
the first of such a type. Besides of that, they 
also hosted a workshop, “Beyond the Standard 
Model Higgs Searches” (March 2017), inviting 
a numbers of ATLAS experimentalists from 
nearby countries, including Japan, China, and 
Hong Kong, and also local ATLAS and CMS 
members, together with theorists. This year they 
have a workshop “Dark matter at the LHC” 
(Aug 2017). Two publications have resulted 
as a true collaborations between theorists and 
experimentalists: (1)Detecting multimuon jets 
from the Higgs exotic decays in the Higgs 
por tal f ramework, Jung Chang, Kingman 
Cheung, Chih-Ting Lu, and Shih-Chieh Hsu Phys. 
Rev. D95 (2017) 035012; (2)Vector Boson 
Fusion versus Gluon Fusion, Chen-Hsun Chan, 
Kingman Cheung,Yi-Lun Chung, Pai-Hsien Hsu, 
arXiv:1706.02864, submitted to PRD.

Light Dark Matter
Cheng-Pang Liu and the other members of the 
group have weekly meetings of group members by 
teleconferencing, with experimentalist members. 
They have physical collaboration meetings (one-
day- long) held either at NTU, NDHU, or AS 
every two months. Besides, they also support 
students and postdocs domestic travels when 
special training is needed for project execution. 
The group on Light Dark Matter has obtained 
many publications out of the group collaboration, 
e.g. “Constraints on dark photon from neutrino-
electron scattering experiments”, Phys. Rev. D 92, 
033009 (2015). [by H.T. Wong, L. Singh, et 
al.] and “Electronic and nuclear contributions in 
sub-GeV dark matter scattering: A case study with 
hydrogen”, NCTS preprint: NCTS-ECP-1501; 

arXiv:1508.03508. [by J.-W. Chen, H.-C. Chi, 
C.-P. Liu, C.-L. Wu, and C.-P. Wu]; ii. “Atomic 
ionization by sterile-to-active neutrino conversion 
and constraints on dark matter sterile neutrinos 
with germanium detector”, Phys. Rev. D 93, 
093012 (2016).

Theoretical Chemistry
Multi -scale studies for complex materials, 
catalysts, and biological systems – theoretical 
and computational approaches and experimental 
stimulus, Chao-Ping Hsu (IoC, AS) and her 
coworkers hosted The Seventh Asian Pacific 
Conference of Theoretical and Computational 
Chemistr y (APCTCC7) in January 25-28, 
2016. This is a biannual conference for Asian-
Pacific theoretical and computational chemistry, 
covering physics and biology as well. Through 
the discussion and social connection in this 
conference, core members in this group have a 
great interaction and connection with important 
visitors. Another important event, which is for 
the purpose of nurturing, is a student conference 
which took place last year September, where 
students compete for the best oral and poster 
presentation. The overall presentation quality has 
been increased significantly. By asking the PIs to 
serve as juries of the contests, this occasion also 
allows PIs to learn from each other through their 
students’ presentations.

Following the spirit of interdisciplinary program 
(IDP), the group has co-organized three events 
in 2017. In Jan, we had an annual meeting of 
theoretical and computational chemistry in IAMS 
(see item (1)). This was a small-group meeting 
for the faculty members to exchange their ideas 
(mainly related to their MOST projects). The 
second one is a small workshop in March on the 
Physics and Chemistry in Atmosphere organized 
mainly by Dr. Kaito Takahashi (see item (2) 
for details). The third is a small workshop on 
“computational materials” (see item (5)) in July, 
four researchers from NIMS, Japan came to visit 
us, there are more than 8 CMR researchers in 
Taiwan (from AS, NTUST, NCTU, NCKU, NTU). 
After this event, some participants have agreed 
to file joint proposal to MOST to look for more 
research funding to continue collaboration along 
this direction. 
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Big Data Analysis and 
Mathematical biology
Ming-Chya Wu (NCU) and his group has 
developed data analysis approaches (algorithms) 
based on concepts in statistical physics and 
nonlinear dynamics to investigate biological 
problems (such as protein data bank and protein 
aggregation database), biomedical science 
(such as biomedical signals), financial and social 
systems (such as financial data and networks). 
They do modelling and simulations for the 
physical systems associated with the big data. 
One of their achievement is to initiate a  very 
good collaboration with medical doctors on 
analyzing biomedical signals and obtained the 
research results published in a biomedical journal: 
L.-C. Tu, et al. Surface electromyography analysis 
of blepharoptosis correction by transconjunctival 
incisions, J. Electromyogr. Kinesiol. 28, 23-30 
(2016), as well as results published in physical 
journal: M.-C. Wu et. Disorder profile of nebulin 
encodes a vernierlike position sensor for the 
sliding thin and thick filaments of the skeletal 
muscle sarcomere, Phys. Rev. E 93, 062406 
(2016).

Complex System and 
Mathematical Biology
Chen-Hsien Yeang (ISS, AS) led a group in 
2015-16 to investigate the interdisciplinary 
research between mathematics, biology, medical 
system, and physics. Their regular activity is 
to have regular seminar to collect people from 
different background together and to share 
their experience. Besides, they also hosted a 
conference of “Time in Biological Systems and 
Beyond” on March 2016, with several important 
researchers in Taiwan and other countries to 

discuss possible collaboration between them. Prof 
Lei-Wei Yang became the group coordinator since 
2017 and the group became even more active. 
For example, the group has started a regular 
monthly seminars. Besides, two symposiums and 
one workshop had been held in NCTS as of Aug 
2017 (another regional (cross-strait) symposium 
will be held in Nov). The symposium “Challenges 
in Neuroscience” covers topics on both the 
molecular and animal levels as well as, to a 
modest extent, on the crosstalk between these 
two levels; the symposium “Advances in Structural 
Biology and Beyond”, co-hosted by NCTS and 
IBSB, CLS, NTHU, gathered experimental/
theoretical structural biologists/ biophysicists who 
showcased their problems and the solutions to 
them in efforts to observe functional structures and 
dynamics of protein complexes.

Geometry, Topology and 
String Theory
Nan-Kuo Ho (NTHU), Siye Wu (NTHU) started 
the program by an international workshop 
'Geometry, Topology, and Physics’. They invited 
leading experts both in Taiwan and from Japan 
and Korea. The talks covered various topics 
in mathematical physics such as symplectic 
geometry, quantum field theory, gauge theory, 
mirror symmetry and string theory. In November 
2016, we have invited Huijun Fan from Peking 
University, Varghese Mathai from University of 
Adelaide and Armen Sergeev from Moscow 
Steklov Institute to deliver a lecture series on 
Gromov-Witten invariant, K-theory and T-duality, 
and the geometry of loops spaces. These 
lecture series will benefit young researchers and 
postgraduate students working in these and 
related areas.
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Lars Brink on Superstring Theory

Interview with Lars Blink 

One of the pioneers of superstring theory, Lars Brink visited NCTS Taiwan in Feburary. Being a 
member of Royal Swedish Academy of Sciences he has been involved in the Nobel Committee for 
Physics and Chairman of it. We interviewed him during his visit to Taiwan.

Prof. Lars Brink visited NCTS on Feb 15, 2017. 
(Left) Vice director Daw-Wei Wang, Mrs. Brink , Prof. Lars Brink, President Hong Hocheng, Director Chong-Sun Chu, 
Profs. Yu-Tin Huang, Siye Wu 



4747

H
I

G
H

L
I

G
H

T
S

 
o

f
 

R
E

S
E

A
R

C
H

 
A

C
T

I
V

I
T

I
E

S
Annual Report 2017

Chu:	 We are planning to outreach a publication to stimulate the younger generation to come to 
do theoretical physics. Therefore, we would like to know about your journey of physics to 
superstring theory, your experience and your vision and suggestions about the subject.

Brink: 

It is a good question. At that time or even 
before that, there were some people who were 
interested in Conformal Field Theory. But, I think 
the rest of us did not pay much attention to that. 
Because, somehow we were convinced by the 
aftermath of the field theory revolutions, which 
took place in 1971 after ‘t Hooft’ s work, that it 
should be a renormalizable Yang-Mill's theory. 
With renormalizability, we got a hand in the 
theory. With asymptotic freedom, it worked the 
way you wanted.  

So when Schwarz and Scherk and I constructed 
the supersymmetric Yang-Mill's, people had been 
discussing extended supersymmetry with N=1, 
N=2.  I don't know if people had tried higher N. 
But N=4 is very complicated to construct. We 
had been doing string theory and we had been 
living in 10 dimensions. For us, it was natural to 
think about Yang-Mill's theory in 10 dimensions 
and then perform dimensional reduction. In the 
paper we wrote, we tried to construct Yang-Mills 
theories, which are maximally supersymmetric in 
various dimensions especially for those seen in 
lower dimensions.  Then at that time supergravity 
had been discovered, so we also wanted to do 
supergravity. We didn't do much with N=4 SYM 
at that time. But then in summer 1977, people in 
Aspen were discussing the N=4 theory. Someone 
knew that the beta function was zero to the first 
loop order. Then Gell-Mann said it is probably 

finite to all orders.  I don't know why he said that.  
Then somehow he comissioned people to check 
the two loops and it took a few months. It turned 
out to be zero. Then there was a race to do it to 
3 loops and it took some three years. In 1980, 
people did it.  

In 1981 Green, Schwarz and I were checking 
if we could see anything from string theory for 
it. We used the one loop graph of closed and 
open string field theory and took the zero slope 
limit.  We could get the complete one loop 
S-matrix for graviton and for Yang-Mills bosons. 
The result was remarkably simple. We could also 
then follow to see for which dimension the theory 
would be finite. It was a very strong result but 
it wasn't conclusive. But I was taken by the fact 
that it just looked like a phi cube theory and only 
involved just box diagrams. 

In the spring of 1982, I got an idea when we 
were working on the light cone that we should 
consider the light cone of 10D Yang-Mill's and 
go down to 4-dimensional Yang-Mill's.  Then 
we wrote a paper presenting the proof of the 
finiteness.   Mandelstam had a similar proof.  
Then I went into Gell-Mann's office. And he said 
you cannot have a field theory without a scale 
(laughter).   It was clear that it was an interesting 
result. But it took until Maldacena to realize you 
can use the CFT in a different way, by duality.

Huang: 	I read in some of the articles that you wrote about the history of supersymmetric Yang-Mills 
theories something interesting in that in your discussion about the beta function vanishing 
and when you proved that, you mentioned that Gell-Mann had said that it probably means 
that it is trivial. So my question is that, is it true that during that time particle physicists 
were not really familiar with conformal field theory?
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Brink: 

I went on telling people that N=4 must be a 
simple theory then but not trivial. It looks so 
simple, almost trivial and I remember very 
respected field theorist at that time said that 
there is nothing in it; it is too simple. But then it 
was found out that monopoles exist in that. For 
that, you wanted the spectrum, and all that is so 
beautiful. 

I am thinking nowadays that perturbatively 
N=4 super Yang-Mills theory as well as N=8, 
supergravity is as simple as they can be, and 
yet have all the required physical properties. 
Non-perturbatively, N=4 is very complicated 
and contains the information about gravity and 
string theory. So I think we are just beginning to 
understand the concept of quantum field theory, 
which may be deeper than what we thought 
before.  

When I was at CERN, ‘t Hooft and Veltman came 
to CERN.  Veltman was the very domineering 
person and they were giving lectures on Yang-
Mills theory. They wrote a rather famous yellow 
report at CERN called “Diagrammar”. Veltman 
was then saying that quantum field theory is 
defined by the Feynman rules.  How wrong he 
was! He had some arguments. But I think what 
we had not really realized is that the Quantum 
Field Theory, a many-body theory, has to contain 
so much information in it in order to treat any 

number of particles. Somehow there must be so 
much in it. Then in 1974 ‘t Hooft and Polyakov 
found monopole solutions in non-perturbative 
Yang-Mills which could not be seen in Feynman 
diagrams.

I came to CERN before having written my thesis.   
It was the old Ph.D. system, so the last year was 
for thesis writing. My thesis was an old fashioned 
thesis that contained 14 papers.  I had a long 
song and dance number about how a field theory 
could describe all the discontinuities.  The theory 
should be able to describe every discontinuity in 
S-matrix. That looked impossible to understand, 
But, now things are much simplified by dualities. 
I think AdS/CFT duality is a wonderful discovery. 
It solved many of these conceptual things. 

I was worried and thinking how would we ever 
be able to do a strong coupling results with the 
help of quantum field theory. Now with duality 
you solve it. You can get the strong coupling 
results by simple perturbative calculations in 
the dual theory. That was extremely important. 
That’s also why we have understood so much 
about non-perturbative theories. There were 
lots of beautiful results by Nati Seiberg on non-
perturbative aspects of supersymmetric theories 
before for sure. But now everything has fallen into 
place.

Chu:	 The Montonen-Olive duality conjecture was around at that time in 1976. How did the concept 
of duality change people from the belief that the N=4 theory is trivial?
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Brink: 

QCD was not there to start with you know. It 
came in 1973 and most people then left string 
theory. I went back to Sweden in 73 from CERN. 
So somehow I was allowed to continue doing 
string theory, which was nice. I mean, my dream 
was not a unifying string theory at the time but 
a theory for the strong interactions. Even a guy 
like Mike Green left string theory. Somehow John 
Schwarz who was at Caltech, was about to 
leave but then Gell-Mann was keeping him.  But, 
he was also in bad position. He had not given 
up but was close to giving up.

Paolo di Vecchia who were in Copenhagen and 
I were for some time trying to find new string 
theories and we succeeded: when supergravity 
came in 76, we realized that we could use that 
technique to construct the action for superstring 
theory.  We did that with Paul Howe. We were 
still thinking about string theory at that time but 
had practiced on Yang-Mills theories earlier. 

When I was in the second year at CERN, I 
started a long collaboration with David Olive. 
He was a person who wanted to work on deep 
issues. It could take any amount of time and he 
was not rushed. He said, “Let’s try to construct 
correct 1-loop graphs in Dual Models as string 
theory was called then”.  People had been 
doing it by sewing tree diagrams together. It 
was not correct because it did not invoke gauge 
invariance but you could and you could sort of 
see the structures. So we started to study Yang-

Mills theory. There was also ‘gauge invariance’ 
in the dual models which worked very much like 
Yang-Mill’s theory. After solving and practicing 
finally we could construct 1-loop graphs using 
the Feynman tree theorem for Yang-Mill’s theory, 
a method he had alluded to in a talk, but not 
written up. We worked for several months 
learning Yang-Mills theory. But, even then it was 
not until later when we actually connected it to 
superstring theory, which was strange.  

J u s t  a f t e r  we had found t he  ac t ion  fo r 
Superstrings, I moved to Caltech and I started to 
look into Supergravity.  Before that, we wanted 
to see what kind of Yang-Mills theories we get 
from Superstring Theory.  We did it by letting 
the slope of the Regge trajectories alpha’ go to 
zero and also by dimensional reduction. That 
was interesting because at that time nobody was 
thinking about working in higher dimensions. 
People were laughing at us when we said 
26-dimensions. 10 was more acceptable but 
the damage was already done, because we 
had been talking about 26 dimensions which 
sounded just stupid and crazy. When John 
and I did this work and talked to the people at 
Caltech, we were careful to say that it was just 
a technique to construct the four-dimensional 
theory. We were not arguing that 10 dimensions 
is there in the real sense. Kaluza-Klein has been 
completely forgotten.

Chu:	 How was it like to work on string theory in the early 70’s when people were convinced that 
QCD is described by Yang-Mills gauge theory?
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Brink: 

Yes. I think people were so discouraged by 
quantum field theory. Of course, QED was very 
successful. You could compute up to 8 digits 
correctly compared with data. It was clearly 
right in that sense. Even though Landau pointed 
out the, what is now known as, Landau poles, 
people wanted to do the Yukawa theory for the 
strong interactions. That was also renormalizable. 
However, compared with the data, the coupling 
constant looked as if it would be 14. You could 
not do perturbation expression or perturbation 
theory. Then people adopted to say that there 
is something wrong in the quantum field theory. 
The concept of quantum field theory does well as 
S-matrix theory. Then Geoff Chew wanted to just 
extract the good properties like crossing symmetry 
and all those things. He advocated that this must 
be the basis for many bodies theory. We knew 
then at the time that there were lots of resonances 
and they should be considered as elementary 
particles. Once you have got enough information 
about the particles that existed in the experiments 
then it should be self-regulating and solve itself 
once you set up an S-matrix. It probably would 
look like a quantum field theory, but of course 
with many many particles. When Veneziano 
wrote down his four-point amplitude, it satisfied 
the properties that an S-matrix should satisfy.  It 
was realized by having infinitely many states.   

My advisor in my early days as a graduate 
s t uden t  i n  1967,  s ugges t ed  me  t o  do 
phenomeno logy  because  he  had some 
connections to the experiments. He wanted 
me to write a model for pion-pion interaction 
amplitudes. During that time I learned about 
the finite energy sum rules which was saying 
that when you have an amplitude in strong 
interaction, you could either regard it as the 
sum of all resonances in the s-channel/direct 
channel or you could write it as Regge poles 
in the t-channel which was in asymptotic form. 
You cannot have both. There must be a way to 
write the amplitudes in terms of the sum of all 
intermediate states. 

On the other hand in the Regge analysis, 
amplitudes behave in certain way asymptotically. 
Then it is said that you should not add these two 

properties. If you have one, that's enough in 
principle. It also, if summing it up properly, would 
give you the other property. Veneziano gave an 
example of this, which was a great thing. If you 
wanted to do the strong interactions with all the 
physical states, it will not be in an ordinary kind 
of field theory. A field theory in terms of quarks 
had indeed already been suggested by Han and 
Nambu in 1965, but people did not pay much 
attention to it at that time. Gell-Mann apparently 
did not know about it because in 1966, Victor 
Weisskopf, the former advisor of Gell-Mann, 
had a celebration of his 60’th birthday and Gell-
Mann was supposed to write a contribution.   He 
wanted to be certain what he wrote and he was 
procrastinated. In the end he didn't write it up. 
Then when he got the book eventually, Nambu 
had an article in it, but he didn't open it because 
he was so ashamed. He said later, "had I only 
written what was my contribution, then I had 
open it up, I had read what Nambu wrote and 
we would have solved QCD much earlier. And 
Nambu was not a person who was forcing. He 
was very modest. He did not like the quarks with 
fractional charges. So he had introduced integer 
charged quarks. Then he was forced to have 3 
families of them. In a sense averaging it up. It is 
not a perfect theory but it was close to being a 
right kind of theory. For example, he would have 
3 quarks something like down with 0 and others 
with 1 and -1.

We now know that this model would be 
renormalizable. But I don’t know if people at 
that time believed Yang-Mill's theory would be 
renormalizable or not.  I think people probably 
thought that pure Yang-Mill theory would be ok. 
But, spontaneous broken versions were more 
difficult because it had some scale conversion. 
But, I am not sure since it was before my time. 
I would think because it is little before my time, 
people were skeptical about that. Even you 
know, Salam and Weinberg's had the correct 
papers in 68 and 67 resp., but nobody referred 
to Weinberg between 67-71 not even himself.  
Evidently they didn't believe it. And this is 
interesting. There was a Solvay meeting in 1967 
and Weinberg talked about this theory there. 

Huang: Any quantum field theory satisfies S matrix axioms. At which point in the early days of 
development did people starting from the S-matrix program miss QCD? Could you pinpoint 
the conceptual or physical point causing it?



51

H
I

G
H

L
I

G
H

T
S

 
o

f
 

R
E

S
E

A
R

C
H

 
A

C
T

I
V

I
T

I
E

S
Annual Report 2017

51

Brink: 

In the 80s, when string theory was solving the 
problems of quantum gravity, you could argue 
that this is the perturbative quantum gravity theory. 
I think we were all mistaken in this case. We 
also saw that it was so unique in 10 dimensions 
with these five theories. Somehow we believed 
that one would find the criterion what would 
happen in 4 dimensions such that we would get 
a unique theory. We probably were overstating 
the case.  What we have learned over the years 
is that string theory is more of a framework, a 
class of theories which is not only to solve the 
perturbation problems but also to connect with 
the standard model. People are still trying to do 
phenomenology. It has not been as successful 
as we hoped it would be at that time and it is a 
disappointment from that point of view.  On the 
other hand, what we learned is that string theory 
is richer than we could expect. I think the lesson is 

You can see it in the text he said, “I don't believe 
this theory is renormalizable”.  Brout and Englert 
had written a paper a year before arguing that 
it should be renormalizable, because they could 
see that the propagator in the broken case had 
the same asymptotic behavior as in the unbroken. 
Not like putting mass by hand that gives a 
different behavior. And then Weinberg had said, 
“one of us is right.” And he indicated that he was 
right. 

On the other hand, if you read his paper he 
mentions mild phrases about renormalizability. He 
didn't believe in it. That's why it was such a big 
surprise for him when ’t Hooft wrote that paper. 
Veltman was very much against the spontaneous 
symmetry breaking. But ‘t Hooft has been to the 
summer school and learned from Ben Lee about 
spontaneous symmetry breaking. He came back 
and told his advisor that he would like to try that 
but Veltman told him that it is not going to work. 
Veltman had developed a computer program with 
which you could compute one-loop amplitudes. 
When ‘t Hooft tried his one-loop calculation it 
was renormalizable. There were then lots of 
the things to check for the proof. But that was a 
turning point in the particle physics. 

that if you could go to smaller and smaller scales, 
the theory gets more and more complicated. At 
least if you try it with the means we have today. 
There is probably a different way of doing it. I 
think that this is what AdS/CFT is nicely doing, 
helping to solve the difficult problems of string 
theory. There are techniques to solve the difficult 
problems. It just takes a long time. I am bit 
disappointed that it is not going quicker. On the 
other hand, in the long run probably it would 
be good. It is the correct way of going. As a 
physicist, you have to be optimistic. You really 
have to hope that the problems have simple 
solutions. Simple but also beautiful solutions to 
the problems.  But we want be able to solve it in 
a short time. Then we are too optimistic. I would 
say that the framework is the correct one. We 
have to keep on working on it.

String theory had a glorious year in 1972 
because there were still those problems that were 
solved, for example, the no-ghost theorem. Also 
the showing that the spectrum of relativistic strings 
is the same as dual resonance models and that 
it worked only in 26 dimensions. There were 
however lots of other activities. People who had 
been working on weak interactions were very 
excited because of the ‘t Hooft result. People 
were computing like mad at CERN, checking 
with experiments to see whether it really worked. 
But, I think it was when the asymptotic freedom 
came in the spring of 1973 that made people 
leave the dual models and start to work on QCD. 
Then the theory of strong interaction was there. 
The problem was moved to see whether one 
can prove confinement.  In 1975, Mandelstam 
constructed a confined vacuum, but he could 
not prove that this was the lowest vacuum state. 
Feynman got interested in quark confinement 
but a bit later. He was doing it in 3 dimensions, 
which had been done by Polyakov, who had a 
gas of condensed instantons so he could argue 
that the theory is confined in 3 dimensions.  And 
Feynman was trying it in 4 dimensions but did 
not really have any proofs for the confinements.

Chu:	 You are one of the creators of the field string theory from the beginning and the thing you are 
doing today. String theory is facing some criticism recently. What do you think about the future 
of string theory?
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From the Director

Celebrating 20th Anniversary 

NCTS was established in 1997 with a goal to raise the standard of the basic science research in 
Taiwan, in accordance with the ROC White Paper on Science and Technology produced in 1997.

In this 20 years, the world has experienced with 
many dramatic challenges and difficulties. We 
have seen deadly tsunamis in Japan. Scientists 
are now convinced without doubt of the reality 
of c l imate change and global warming. 
Political tensions and terrorism are increasing 
worrisome. Not to mention the recent terrifying 
action of the North Korea. All these are quite 
disturbing.  On the other hand, there has been 
increasing amount of scientific collaboration 
across countries because scientists have the same 
goal for a unified truth and therefore can work 
together without political or cultural barrier. This 
is particularly true in fundamental sciences where 
the language of mathematics and models are 
universal. The friendship and trust built through the 
process of scientific cooperation is precious and 
invaluable.

Throughout these years, being one of the first 
interdisciplinary science centers in Asia, NCTS 
has been working closely with i ts par tner 
institutions in the promotion and advancement 
of scientific knowledge and nurturing of young 
scientists. The Physics Division of NCTS now 
has a body of 13 staff scientists and over 20 
postdoctoral research staff, working in various 
areas of theoretical physics, all fully committed to 
contribute to the advancement of frontier research 
in physics and interdisciplinary sciences.

In order to achieve these goals, we organize 
many programs and activities through the year 
in order to encourage interaction and engage 
scientists in collaboration. In 2016, we have 
organized more than 25 international workshops 
and conferences, including 5 joint meetings 
with other international institutions. Not including 
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participants for meetings, we have had over 
70 visitors from around the globe. NCTS has 
also been a very successful breeding ground for 
generation of physicists in Taiwan. About 65% 
of our previous postdocs have become faculty 
in universities and research institutions in Taiwan 
and abroad. Many of them are distinguished 
professors in their respective universities, holding 
national awards such as MoST and MOE 
academic awards, and international recognition 
such as Fellowships of international academic 
society.

As part of the celebration activities, we have 
had public talks and forum by Professor Takaaki 
Kajita and Professor Shing-Tung Yau on gravity 
on Aug 2nd. Gravity is everywhere, not just in 
everyday life, but also in the world of physics 
research as there are still many things we do 
not understand about it, such as dark energy, 
holographic property and quantum informatic 
property of gravity. The talks of Professor Yau and 
Professor Kajita have been very inspiring. We 
also received many questions during the Forum. 
Prof Yau also shared his own personal experience 
in research, particularly during his student's time. 

He encouraged students and researchers to 
work on original ideas and directions. He also 
emphasized the importance of reading original 
papers as they contain the germs of original 
ideas and are often most inspiring.

On Aug 3rd, we had a Symposium on the 
Frontiers in Physics research, covering topics 
from particle physics, quantum field theory, 
strings, gravitational wave and cosmology to 
strongly correlated or topological materials, 
superconductivity and cold atoms research.

On behalf of the Taiwan theory community, I 
would like to thank the previous directors of 
NCTS for their selfless dedication and hard 
work. I would also like to thank my fellow physics 
colleagues, not only those in NCTS or NTHU, 
but also others from collaborating institutions 
such as Academic Sinica, NTU, NCTU, NCKU, 
NCU, NTNU, NSYSU, NDHU, NCCU, NCHU, 
CYCU, NUK, THU, TKU, FJU, FCU etc., for their 
devotion and enthusiastic contribution to physics 
research and to NCTS. Without them, NCTS 
would be an empty shell without content. I look 
forward to seeing another 20 glorious years of 
NCTS and physics research in Taiwan.



13:30 - 14:15 15:10 - 16:10

Video 

16:10 - 17:15 17:30 - 18:00 18:30 - 20:0014:30 - 14:35 14:35 - 16:10

Tea Reception Public talk by  
Dr. Shing-Tung Yau

Public talk by 
Dr. Takaaki Kajita

Q&A BanquetCeremony Opening

Welcome & presentation of 
Speakers & Invited Guests

Opening Address 
President Hong Hocheng, NTHU 

Director General Chun-Chieh Wu,  
Department of Natural Sciences &  
Sustainable Development, MOST 

Director of IoP, AS,  
Former Division head Ting-Kuo Lee 

Division Director Chong-Sun Chu

August 2, 2017
NCTS 20th Anniversary Official Celebration
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SPEAKERS AND ABSTRACTS

Professor Kajita is a world-leading experimental physicist. He led the experiments at Kamiokande 
and Super-Kamiokande, and made many important contributions to particle physics. In particular, he 
discovered neutrino oscillations, showing that neutrinos have mass, hence solving the long-standing 
solar neutrino problem. In addition to the Nobel Prize, he also received many other awards such as the 
Fundamental Physics Prize and the Japan Academy Prize. His works have not only greatly enhanced 
our understanding of the mysterious fundamental nature of neutrinos, and but also deepen our 
understanding of the Standard Model of High Energy Physics.

Starting from the Newton theory of gravity, Prof. Kajita first explains the revolutionary idea of Einstein 
about gravity in his famous General theory of relativity in 1916. He then introduce the history of 
experimental efforts in search of gravitational waves, starting with the works by Taylor and Hulse of 
binary pulsar (Nobel Prize 1993), then he talks about the detection of gravitational wave by the LIGO 
project (USA) in 2016. The discovery reported the first direct evidence of gravitational waves as a 
result of the merging of binary blackholes. The released energy is estimated to be about 30 billion 
times the energy of our whole Milky Way Galaxy in 0.2 sec: the most violent phenomena we human 
beings ever observed.

Finally, Prof. Kajita introduces the Kagra Project in Japan (which scientific groups in Taiwan also 
participated) for the next generation of gravitational wave detector. The operation of the gravitational 
wave detector network implies that we could explore the universe through completely different new 
channels, and could lead to a much deeper understanding of the universe.

Takaaki Kajita

Exploring the Universe with Gravitation Waves 
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Professor Yau is one of the most important mathematicians in the world. He proved the Calabi 
conjecture in algebraic geometry and the positive energy theorem in general relativity, among his 
numerous breakthroughs that opened new directions in mathematics. He received the Fields Medal 
and many other awards such as the US National Medal of Science and the Wolf Prize in Mathematics. 
His contribution to geometry and theoretical physics has reshaped the faces of both. In particular, his 
works laid the foundation for modern studies on general relativity and string theory.

General relativity, a theory of gravity, has not only revolutionized our understanding of gravity, 
spacetime and matter, it has also lead to many interesting ideas and deep principles such as extra 
dimensions of spacetime and unification, and gauge symmetry of interaction. The latter has been 
generalized to non-abelian Yang-Mills gauge symmetry which govern the world of elementary particles 
physics.

In this talk, after a brief exposition of how Einstein invented the theory of general relativity, Prof 
Yau introduces, from his own geometric perspective, to the audience some of its more modern 
developments and applications. Topics include Calabi-Yau manifold and its application in string theory, 
positive energy theorem and blackhole physics, memory effects of gravitational waves, and quasilocal 
energy of gravitational spacetime.

Shing-Tung Yau

My Personal Journey on the Geometric Aspect of General Relativity
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Lecture room A, NCTS

Time Speakers Titles

09:00-09:30 Takaaki Kajita Status and Prospect of Neutrino Oscillation 
Experiments

09:40-10:10 Rajesh Gopakumar Down-to-Earth String Theory

10:10-10:40 Tea Break

10:40-11:10 Yue-Liang Wu Taiji Program in Space and Unified Field Theory in 
Hyper-Spacetime

11:20-11:50 Misao Sasaki Inflation, Primordial Black Holes and Gravitational 
Waves

12:00-12:30 Henry Tye Gravitational Wave Bursts from Cosmic 
Superstrings

12:30-14:00 Lunch

14:00-14:30 Kim-Yeong Lee Instantons in 5 and 6 Dim Quantum Field Theories

14:40-15:10 Jean-Pierre Derendinger Supersymmetry, Old and New

15:10-15:40 Tea Break

15:40-16:10 Satoshi Iso A Possibility of QCD-Induced Electroweak Phase 
Transition in the Early Universe

16:20-16:50 Andrew Cohen Lorentz Violation and the Higgs

17:00-17:30 Tao Han Higgs Boson Radiative Decays

Lecture room B , NCTS

Time Speakers Titles

09:00-10:00 Steven Louie
The Fascinating Quantum World of Two-
Dimensional Materials: Interaction and Topological 
Effects

10:00-10:30 Tea Break

10:30-11:30 Ray-Nien Kwo
Spin Structures Engineered at the Nano Scale: 
From Magnetic Superlattices to Topological 
Spintronics

11:30-12:30 Guang-Yu Guo
From Large Spin Hall Metal to Topological Chern 
Insulator: Materials Discovery through First 
Principles Calculations

12:30-14:00 Lunch

14:00-15:00 Maw-Kuen Wu
From Copper-Based to Iron-Based 
Superconductors— Recent Development in 
Superconductivity

15:00-15:30 Tea Break

15:30-16:30 Tin-Lun Ho Some New Directions in Cold Atom Research

16:30-17:30 Ting-Kuo Lee A New Phase in the Strongly Correlated Cuprate

August 3, 2017
NCTS 20th Anniversary Symposium on Frontier in Physics
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Cultivation Program
The cultivation and nurturing of students and young researchers is very important as a successful 
nurturing of young talents is our guarantee for a bright future for the science and economy of 
Taiwan.

The recruitment of outstanding young people to 
come to work in the Center is very important. 
In order to facilitate a good quality of training, 
we have been very careful in selecting our post-
docs so as to maintain a high level of research. 
Out of the first bunch of researchers we hired 
since 2015, apart from Bo Xiong which we have 
mentioned above, particularly worth mentioning 
is Chung-Chi Lee who has been awarded a 
prestigious Newton International Fellow by the 

Royal Society of UK to join the cosmology group 
at DAMTP, Cambridge. Carlos Cardona has 
joined Niels Bohr as a postdoc in Copenhagen; 
Jung Chang has continued as a postdoc at the 
Chonnam National University Gwangju, South 
Korea; Ya-Fen Hsu has continued as a postdoc 
at the National Taiwan University; Yu-Kuo Hsiao 
has continued as a postdoc at the National Tsing 
Hua University. We wish them brilliant success in 
their new positions.

Recruitment of Postdoc

Director Chong-Sun Chu presented a 
certificate to Dr. Chung-Chi Lee, the winner of 
NCTS Best Postdoc Paper Award 2017.

Director Chong-Sun Chu presented a 
certificate to Prof. Yu-Tin Huang, the winner of 
NCTS Young Theoretical Scholar Award 2017.
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We pay much attention on efforts to facilitate 
the transfer of frontier research to the young 
generations, through organization of advanced 
schools and workshops specifically with them 
as target audiences. The center has regularly 
organized a number of schools this year. 
Some of the schools are of an interdisciplinary 
nature, combining theory and experiments, or 
traditionally different subjects such as chemistry 
and computation.

To develop the new generation of talented 
theorists, it is necessary to identify brightest 
students, including undergraduates or master 
students, and attract them into theoretical 
sciences. One of the key event is the annual 
Nobel lecture held in the summer on NTHU 
campus we co-organize together with the physics 
department of NTHU. The Nobel lecture in the 
previous 3 years were:  2015 Nobel lecture: 

We also support promising students to attend 
international schools and conferences (about 50 
per year), and exchange visit of our postdocs 
to institutes where we have an agreement on 
international exchanges.

Eric Cornell (2001 Nobel Laureate), 2016 
Nobel lecture: Jerome Friedman (1990 Nobel 
Laureate), 2017 Nobel lecture: Takaaki Kajita 
(2015 Nobel Laureate). In addition this year we 
have organized a number of special colloquium 
on black holes, topological materials,gravity 
wave and LIGO, public talk “UNESCO talk on 
CERN”,  visits and presentation of Chief editors 
from PRL, Nature etc.

Student and Postdoc Training

Outreach

NCTS SCHOOL DATE

2017 Spring School on First Principles Computational  
Materials Research -Introductory Level

Apr 29-30
May 20-21

2017 Summer Mini-School of Gravitational Wave Research July 13-15

2017 Summer School on First-principles Computational  
Materials Research -Advance Level

July 24-28

Topical Summer School on Theoretical and Computational Chemistry:  
kinetic Monte Carlo Modeling

July 31-Aug 02

2017 TEQMS Summer School: From Tensor Network to Deep Learning Aug 07-09   

2017 AMO Physics Summer School Aug 22-25   

Summer School on Gravity, Fields and Strings Sep 04-08
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Workshops
WORKSHOPS/SYMPOSIA/CONFERENCES DATE

Quantum Entanglement 2017 Jan 03-09   

Frontiers of Complex Systems Science: Soft Matters, Statistical Physics, and Big Data Jan 14-15

Particle Phenomenology Mini Workshop Jan 18

One-day Theoretical Physics Workshop: Journeys in Quantum Field Theory and Condensed Matter Physics Mar 03

The NCTS mini-workshop on Correlation, Topology and Non-equilibrium Physics in Quantum Many-body Systems Mar 27

2017 NCTS March Workshop on Critical Phenomena and Complex Systems Mar 30-31

Challenges in Neuroscience Apr 14   

Third TEQMS hackathon Apr 29-30

Complex Systems Symposium May 05-06

Advances in Structural Biology and Beyond May 11

Mini-workshop on Non-equilibrium Quantum Phenomena May 31

Taiwan-Thailand 2017 Workshop on Theoretical and Computational Chemistry Jun 16

The NCTS mini-workshop on Topological Quantum Matters Jun 19

Complex Fluids Workshop Jun 21-22

Young Researchers Forum on Quantum Information Science Jun 23-24

15th Workshop on First-Principles Computational Materials Physics Jun 26-28  

Taiwan-Thailand 2017 Workshop on Theoretical and Computational Chemistry Jun 16

Computational Biology Workshop Jul 29

NCTS 20th Anniversary Symposium: Frontiers in Physics Aug 03

Quantum Transport Workshop Aug 17

Dark Matter at the LHC Aug 29-31   

Workshop on Quantum Science and Technology Sep 04-06   

Noncommutative Geometry, Duality and Quantum Gravity Sept 4-6   

Summer School on Gravity, Fields and Strings Sep 04-08

Energy Frontier in Particle Physics: LHC and Future Colliders Sep 29-30

Quantum Transport Workshop (junior section) Oct 06

1 day Workshop on Ab Initio Calculations of Excited State Properties of New Materials Oct 06

1st Taiwan-Philippines Workshop on Computational Chemistry and Physics Oct 13

2017 NCTS Workshop on Dark Matter, Particles and Cosmos Oct 13-15

The 4th East Asia Joint Seminars on Statistical Physics Oct17-20

2D Materials and Interfaces for Spintronics Oct 23-25

NCTS/FRIS/YITP Joint Workshop on Issues on Perturbations from Inflation Oct 23-25

10th Taiwan String Workshop Oct 26-29

Parton Distribution Functions and Lattice QCD Nov 02-03

2nd East Asia Joint Workshop on Fields and Strings Nov 13-17

Quantum Transport: Challenges and Opportunities Nov 15

Mini-Workshop on Higgs Physics and Gravitational Waves Nov 17-18

Autumn day on Algebraic and Geometric Structure in QFT Nov 19

Mini-workshop on Dynamics and Inelastic Spectroscopy of Novel Materials: Theory Meets Experiment Dec 01   

NCTS Annual Theory Meeting 2017: Particles, Cosmology and Strings Dec 05-08

Taiwan-France Workshop on Drop Dynamics and its Applications Dec 11

Mini Workshop on Active Matter Dec 12

2017 NCTS December Workshop on Critical Phenomena and Complex Systems Dec 28
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JOINT MEETINGS INVOLVED PARTIES DATE

Taiwan-Thailand 2017 Workshop on Theoretical and 
Computational Chemistry

Taiwan/Thailand Jun 16

Noncommutative Geometry, Duality and Quantum 
Gravity

Kyoto/NCTS Sept 4-6

1st Taiwan-Philippines Workshop on Computational 
Chemistry and Physics

Taiwan/Philippines Oct 13

The 4th East Asia Joint Seminars on Statistical Physics China/Japan/Korea/Taiwan Oct 17-20

2nd East Asia Joint Workshop on Fields and Strings China/Japan/Korea/Taiwan Nov 13-17

Joint Meetings

Group picture of the 4th East Asia Joint Seminars on Statistical Physics, Oct 17-20, 2017
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International Cooperation

NCTS has continued in developing new bilateral 
agreements with other international institutions 
in order to foster scientific collaboration. We 
have built since 2015 new bilateral agreements 
with the Institute of Basic Science - Center for 
Theoretical Physics of the Universe, Korea; the 
institute of High Energy Physics, the Chinese 
Academy of Sciences, Beijing; the Donostia 
International Physics Center, San Sebastian, 
Spain;  Vilnius University, Lithuania, with plans 
to organize joint conferences and to work 
together on collaborative research projects.  In 
2016, NCTS has joined the research network, 
Fundamental Interaction SpaceTime (FIST), this 
year. FIST is a High Physics network formed by 
Research Institutions (primarily) in Asia in order to 
help building up and strengthening transnational 
research partnership and cooperation among 
researchers across Asia. NCTS has also joined 

the EU network Cooperation in Science and 
Technology (COST) on “Quantum structure of 
spacetime (QSPACE)”. The network started in 
2015 and is for 5 years. It involves over 50 
institutions from more 28 countries in Europe, 
as well as four international partner from Japan, 
India, Australia and Taiwan. NCTS has also 
joined, together with IOP Academic Sinica, the 
Institute for Complex Adaptive Matter (ICAM) in 
summer 2017. 

NCTS has an active visitor program where we 
welcome scientists from all over the world to 
visit the center to exchange scientific knowledge 
through seminars, lectures and conference 
meetings, and to conduct collaborative projects 
with local scientists and staff. In the year 2017, 
we have hosted 226 international visitors.
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Some of the Representative Meetings
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Visitors
Akkerma, Eric
Technion, Israel
Aug 21-26, 2017

Albao, Marvin Argulla
University of the Philippines Los 
Baños
Oct 12-13, 2017

Aoki, Shinya
Yukawa Institute for Theoretical 
Physics
Dec 03-06, 2017

Aryasetiawan, Ferdi
Lund University
Nov 29-Dec 02, 2017

Assad, Syed M.
Australian National University
Jul 24-Aug 09, 2017

Baiotti, Luca
Osaka University
Jul 12-15, 2017

Bancal, Jean-Daniel
University of Basel
Mar 18-30, 2017

Baulieu, Laurent
Laboratoire de Physique Théorique 
et Hautes Energies
Apr 16-May 04, 2017

Belosludov, Rodion
Tohoku University
Oct 31-Nov 04, 2017

Bhattacharyya, Arpan
Indian Institute of Science
Mar 26-Apr 01, 2017
Sep 04-06, 2017

Braaten, Eric
Ohio State University
Dec 03-08, 2017

Braun, Daniel
Eberhard Karls Universität 
Tübingen
Sep 03-07, 2017

Brink, Lars
Chalmers University
Feb 14, 2017

Buchleitner, Andreas
Albert-Ludwigs University of 
Freiburg
Sep 08-10, 2017

Calibbi, Lorenzo
Chinese Academy of Sciences
Jul 10-14, 2017

Chang, Ching-Hao
Leibniz Institute for Solid State and 
Materials Research Dresden
Dec 16 ,2017-Jan 25, 2018

Chang, Der Chen
Georgetown University
Jun 01-Jul 30, 2017
Dec 15-31, 2017

Chang, Huai-Liang
Hong Kong University of Science 
and Technology
Dec 03-08, 2017

Chang, Jung
Chonnam National University
Jul 06-Aug 18, 2017
Dec 24-31, 2017

Chang, Po-Yao
Rutgers University
Dec 20-24, 2017

Chang, Tu-Nan
University of Southern California
Apr 05-May 06, 2017
Jul 13-Aug 05, 2017
Oct 20-Nov 21, 2017

Cheng, Hsin-Chia
University of California
Dec 16-31, 2017

Cherman, Aleksey
University of Washington
Oct 25-29, 2017

Ching, Emily S.C
Chinese University of Hong 
Kong	
Oct 17-20, 2017

Chong, Yi-Dong
Nanyang Technological University
Sep 26-28, 2017

Chun, Eung-Jin
Korea Institute for Advanced Study
May 07-15, 2017

Claudio, Gil
University of Philippines
Oct 12-13, 2017

Cohen, Andrew
Jockey Club Institute for Advanced 
Study, HKUST
Aug 01-03, 2017

Conti, Claudio
University Sapienza of Rome
Dec 03-06, 2017

Crichigno, Patricio
University of Amsterdam
Jan 15-22, 2017

Cui, Xiao-Dong
University of Hong Kong
Jun 26-28, 2017

Dai, Li-Ming
Case Western Reserve University
Oct 31-Nov 04, 2017

David, Melanie Yadao
De La Salle University
Oct 12-13, 2017

Deniz, Muhammed
Dokuz Eylul University
Jun 20-Sep 20, 2017

Derendinger, Jean-Pierre
Bern University
Jul 28-Aug 17, 2017
Oct 24-Nov 09, 2017

Egwolf, Bernhard
University of Santo Tomas
Oct 12-13, 2017

Fang, Shiang
Harvard University
Jan 08-12, 2017

Feng, Xu
Peking university
Nov 01-05, 2017

Fowlie, Andrew
Monash University
Sep 28-Oct 15, 2017

Fujii, Keisuke
KEK
Sep 28-Oct 01, 2017

Fukuda, Haime
The University of Tokyo
Mar 08-14, 2017
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Furey, Cohl
University of Cambridge
Jan 16, 2017

Gao, Jie
Chinese Academy of Sciences
Sep 28-30, 2017

Gneiting, Clemens
RIKEN
Apr 23-29, 2017

Goh, Kwang-Il
Korea University
Oct 17-20, 2017

Gomez, Diego
Institute of Space Sciences (IEEC-
CSIC)
Dec 05-08, 2017

Gong, Jinn-Ouk
Asia Pacific Center for Theoretical 
Physics
Oct 24-27, 2017

González, Gabriela
Louisiana State University
May 21-22, 2017

Gopakumar, Rajesh
International Center for Theoretical 
Sciences
Aug 01-03, 2017

Goren, Tal
CNRS, Université Paris-Saclay
Mar 23-29, 2017

Guan, Xi-Wen
Wuhan Institute of Physics and 
Mathematics
May 15-20, 2017

Haber, Howard
University of California
Sep 27-Oct 07, 2017

Halpern, Nicole Yunger
California Institute of Technology
Jan 10-11, 2017

Han, Tao
University of Pittsburgh
Aug 01-04, 2017

Hanany, Amihay
Imperial College London
Dec 03-08, 2017

Hashimoto, Koji
Osaka University
Dec 07-08, 2017

Hatano, Naomichi
University of Tokyo
Oct 16-19, 2017

Hatano, Takahiro
University of Tokyo
Oct 17-20, 2017

Hayakawa, Hisao
Kyoto University
Oct 17-20, 2017

Hayashi, Hirotaka
Tokai University
Mar 23-31, 2017

He, Song
Institute for Advanced Study
Oct 26-Nov 01, 2017

He, Yang-Hui
City, University of London
Oct 27-29, 2017

Heinemeyer, Sven
Institute of Physics of Cantabria
Sep 27-Oct 02, 2017

Ho, Tin-Lun
Ohio State University
Aug 02-04, 2017

Hong, Bui-Thi
Vietnam National University
Aug 21-26, 2017

Hsin, Po-Shen
Princeton University
Jul 03, 2017

Hsu, Chia-Hsiu
South University of Science and 
Technology of China
Jun 22-29, 2017

Hu, Bei-Lok
University of Maryland
May 24-Jun 05, 2017
Dec 17-31, 2017

Huang, Da
University of Warsaw
Jun 20-27, 2017
Oct 24, 2017-Jan 02, 2018

Hung, Ling-Yan
Fudan University
Jan 10-12, 2017
Mar 27-Apr 01, 2017

Hyeon, Changbong
Korea Institute for Advanced Study
Oct 17-20, 2017

Inami, Takeo
Sungkyunkwan University
Dec 04-08, 2017

Irges, Nikolaos
National Technical University of 
Athens
Oct 14-27, 2017

Iso, Satoshi
KEK Theory Center
Aug 01-03, 2017

Ito, Yosuke
University of Tokyo
Jul 13-16, 2017

Jansen, Karl
Deutsches Elektronen-Synchrotron 
Oct 31-Nov 07, 2017

Ji, Wei
Renmin University of China
Nov 07-24, 2017

Ju, Sheng
Soochow University
Mar 01-May 05, 2017

Jungsuttiwong, Siriporn
Ubon Ratchathani University
Jun 15-16, 2017

Juzeliunas, Gediminas
Vilnius University
Mar 21-Apr 03, 2017
Oct 29-Nov 11, 2017

Kahng, Byungnam
Seoul National University
Oct 17-20, 2017

Kajita, Takaaki
University of Tokyo
Aug 02-03, 2017

Kao, Chung
University of Oklahoma
Dec 19-28, 2017
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Keung, Wai-Yee
University of Illinois at Chicago
Dec 27, 2016-Jan 23, 2017

Khodjamirian, Alexander
Siegen University
Nov 01-05, 2017

Kim, Hyung Do
Seoul National University
Sep 29-Oct 01, 2017

Kimura, Taro
Keio University
Oct 04-07, 2017

Kirchner, Stefan Bernd
Zhejiang University
Aug 21-26, 2017

Klimov, Vasily
P.N. Lebedev Physical Institute
Dec 01-09, 2017

Kobayashi, Osamu
Yokohama City University
Mar 21-23, 2017

Kubo, Momoji
Tohoku University
Oct 31-Nov 03, 2017

Kungwan, Nawee
Chiang Mai University
Jun 15-16, 2017

Kuroyanagi, Sachiko
Nagoya University
Jul 12-16, 2017

Kwon, Chulan
Myongji University
Oct 17-20, 2017

Lau, Pak-Hang
Yukawa Institute for Theoretical 
Physics
Sep 14-15, 2017

Lee, Chang-Hun
University of Maryland
Sep 05-Oct 09, 2017

Lee, Jae Sik
Chonnam National University
Dec 27, 2016-Feb 27, 2017
Jul 05-Aug 19, 2017

Lee, Jae-Sung
Korea Institute for Advanced Study
Oct 17-20, 2017

Lee, Kim-Yeong
Korea Institute for Advanced Study
Aug 01-03, 2017

Levi, Michele
IPhT-Sacley
Jul 15-21, 2017

Li, Ding-Ping
Beijing University
Feb 02-25, 2017

Li, Tjonnie G.F.
Chinese University of Hong Kong
Jul 12-16, 2017

Liang, Geng-Chiau
National University of Singapore
Dec 21-24, 2017

Lin, Hsin
National University of Singapore
Jun 25-Jul 02, 2017

Lin, Shin-Ted
Sichuan University, China
Jul 09-Sep 02, 2017

Liu, Tao
Hong Kong University of Science 
and Technology
Sep 28-30, Nov 18-19, 2017

Liu, Zuo-Wei
Nanjing University
Dec 04-08, 2017

Louie, Steven
University of California at Berkeley
Aug 01-03, 2017

Low, Ian
Northwestern University
Dec 04-08, 2017

Low, Tony
University of Minnesota
May 27-Jun 03, 2017

Lu, Jiong
National University of Singapore
Nov 30-Dec 02, 2017

Ma, Chung-Pei
University of California at Berkeley
Dec 19-27, 2017

Maitarad, Phornphimon
Shanghai University
Jun 15-16, 2017

Marcucci, Giulia
University Sapienza
Dec 03-06, 2017

Matsumoto, Shigeki
Kavli Institute for the Physics and 
Mathematics of the Universe
Jun 19-Jul 01, 2017

McCulloch, Ian
University of Queensland
Apr 15-May 04, 2017

Mckellar, Bruce
University of Melbourne
Oct 21-Nov 04, 2017

Melby-Thompson, Charles M.
Fudan University
Mar 26-31, 2017

Minasian, Ruben
IPhT-Sacley
Oct 24-30, 2017

Mineo, Hirobumi
Ton Duc Thang University
Dec 07-08, 2017

Mitarai, Namiko
University of Copenhagen
Oct 17-20, 2017

Miyazaki, Tsuyoshi
National Institute for Materials 
Science
Jul 25-27, 2017

Monahan, Chris
University of Washington
Oct 31-Nov 07, 2017

Mori, Takashi
University of Tokyo
Oct 17-20, 2017

Moroi, Takeo
University of Tokyo
Dec 05-08, 2017

Nagao, Keiko I
Niihama College 
Oct 12-15, 2017

Nagata, Natsumi
The University of Tokyo
Nov 14-20, 2017
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Nakata, Ayako
National Institute for Materials 
Science
Jul 25-27, 2017

Namuangruk, Supawadee
National Nanotechnology Center
Jun 15-16, 2017

Naruko, Atsushi
Tohoku University
Oct 25, 2017

Nellas, Ricky B.
University of Philippines
Oct 12-13, 2017

Nguyen, Vu Hoang
University of Science Ho Chi 
Minh City
Aug 21-26, 2017

Ning, Bo
Sichuan University
Oct 26-29, 2017

Noh, Jae-Dong
University of Seoul
Oct 17-20, 2017

Nojiri, Mihoko
KEK Theory Center
Dec 04-08, 2017

Oda, Kin-ya
Osaka University
Sep 28-Oct 1, 2017

Offidani, Manuel
University of York
May 01-31, 2017

Oh, Choo Hiap
National University of Singapore
Dec 12-16, 2017

Ooshita, Naritaka
Research Center for the Early 
Universe
Oct 12-17, 2017

Osborn, David L.
Sandia National Laboratories
Sep 02-07, 2017

Papageorgakis, Constantine
Queen Mary University of London
Oct 26-30, 2017

Paraan, Francis  Claridades
University of Philippines
Oct 12-13, 2017

Park, Hyung-Gyu
Korea Institute for Advanced Study
Oct 17-20, 2017

Park, Jubin
Chonnam National University
Dec 23-31, 2017

Park, Su-Chan
Korea Institute for Advanced Study
Oct 17-20, 2017

Pedraza, Juan F.
University of Amsterdam
Jan 12-24, 2017

Penedones, João Miguel
Fields and Strings Laboratory
Apr 09-12, 2017

Phan, Bach Thang
University of Science Ho Chi 
Minh City
Mar 26-28, 2017

Phuong, Vu Thi
Hanoi University of Science
Aug 21-26, 2017

Barayang, Darwin
University of Philippines
Oct 12-13, 2017

Quan, Hai-Tao
Peking University
Oct 17-20, 2017

Rodrigues, Eduardo
University of Cincinnati
Oct 06-16, 2017

Rondon-Ojeda, Irving
National Autonomous University 
of Mexico
Sep 11-30, 2017

Rösch, Notker
A*STAR Institute of High 
Performance Computing
Apr 10-15, 2017

Rosenhaus, Vladimir
Kavli Institute for Theoretical 
Physics
Oct 25-27, 2017

Rungrotmongkol, Thanyada
Chulalongkorn University
Jun 15-16, 2017

Ruseckas, Julius
Vilnius University
Oct 29-Nov 11, 2017

Russo, Rodolfo
Queen Mary University of London
Dec 11-15, 2017

Sáez-Gómez, Diego
Lisbon University
Nov 24-Dec 08, 2017

Saridakis, Emmanouil
National Technical University of 
Athens
May 14-Jun 13, 2017

Sasa, Shin-ichi
Kyoto University
Oct 17-20, 2017

Sasaki, Misao
Yukawa Institute for Theoretical 
Physics Kyoto University
Aug 01-03, 
Oct 09-Nov 08, 2017

Semertzidis, Yannis Kyriakos
Institute for Basic Science
Oct 12-15,  2017

Shiau, Shiue-Yuan
National University of Singapore
Mar 26-28, 2017

Shigeta, Yasuteru
University of Tsukuba
Mar 15-17, 2017

Shimizu, Akira
University of Tokyo
Oct 17-20, 2017

Shirai, Satoshi
Kavli Institute for the Physics and 
Mathematics of the Universe
Nov 16-18, 2017

Si, Zong-Guo
Shandong University
Sep 28-Oct 03, 2017

Smith, Douglas J.
Durham University
Mar 29-Apr 05, 2017
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Soda, Jiro
Kobe University
May 23-25, Dec 05-08, 2017

Sodeyama, Keitaro
National Institute for Materials 
Science
Jul 25-27, 2017

Son, Minho
Korea Advanced Institute of 
Science & Technology
Nov 16-19, 2017

Su, Ning
Chinese Academy of Sciences
Sep 03-09, 2017

Sukkabot, Worasak
Ubon Ratchathani University
Jun 15-16, 2017

Szabo, Richard
Heriot-Watt University
Aug 27-Sep 03, 2017

Tagoshi, Hideyuki
University of Tokyo
Jul 12-16, 2017

Tan, Meng-Chwan
National University of Singapore
Dec 10-16, 2017

Tanaka, Kazuhiro
Juntendo University
Nov 01-03, 2017

Tang, Lei-Han
Beijing Computational Science 
Research Center
Oct 17-20, 2017

Tasaki, Hal
Gakushuin University
Oct 17-20, 2017

Tateyama, Yoshitaka
National Institute for Materials 
Science
Jul 25-26, 2017

Tezuka, Masaki
Kyoto University
Jun 04-09, 2017

Tian, Yu
University of Chinese Academy of 
Sciences
Dec 22-29, 2017

Tseng, Po-Yen
Kavli Institute for the Physics and 
Mathematics of the Universe
Jan 09-25, 2017

Tsubota, Makoto
Osaka City University
Oct 17-20, 2017

Tsumura, Koji
Kyoto University
Sep 28-30, 2017

Turner, Carl
University of Cambridge
Dec 11-17, 2017

Tye, Henry
Institute for Advanced Study, 
HKUST
Aug 01-04, 2017

Um, Jaegon
Seoul National University
Oct 17-20, 2017

Valencia, German
Monash University
May 12-15, 2017

Wang, Bin
Shanghai Jiao Tong University
Apr 04-06, 
Nov 26-Dec 27, 2017

Wang, Da-Wei
University of Texas at Austin
Mar 26-Apr 01, 2017

Wang, Gang
Soochow University
Dec 19-31, 2017

Wang, Lian-Tao
University of Chicago
Dec 05-07, 2017

Wang, Song-You
Fudan University
Jun 25-Jul 02, 2017

Wang, Yi
Hong Kong University of Science 
and Technology
Oct 25-31, 2017

Wang, Yi-Hua
Peking University
Jul 06-17, 2017

Watamura, Satoshi
Tohoku University
May 13-18, 2017

Watanabe, Kento
Yukawa Institute for Theoretical 
Physics
Apr 13-15, 2017

Wu, Yi-Peng
Research Center for the Early 
Universe
Sep 01-14, Oct 12-17, 2017

Wu, Yue-Liang
University of Chinese Academy of 
Sciences
Aug 01-04, 2017

Xing, Xiang- Jun
Shanghai Jiaotong University
Oct 17-20, 2017

Xiong, Bo
Wuhan University
Jul 15-Aug 14, 2017

Xu, Fan-Rong
Jinan University
Aug 19-Sep 02, 2017

Xu, Li-Mei
Peking University
Oct 17-20, 2017

Yamashita, Kimiko
Ochanomizu University
Dec 20-27, 2017

Yan, Elsa Chui Ying
Yale University
Sep 03-06, 2017

Yang, Hung-Yu
Boston College
Dec 29, 2017

Yang, Li
Washington University
Oct 02-16, 2017

Yang, Louis
Kavli Institute for the Physics and 
Mathematics of the Universe
Nov 21-Dec 04, 2017

Yau, Shing-Tung
Harvard University
Aug 02-03, 2017
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Ye, Fang-Fu
Chinese Academy of Sciences
Oct 17-20, 2017

Yeom, Dong-Han
Asia Pacific Center for Theoretical 
Physics
Sep 06-09, 2017

Yoshida, Kentaroh
Kyoto University
Dec 04-09, 2017

Young, Matthew Bruce
Chinese University of Hong Kong
Nov 15- 20, 2017

Zanotti, James
University of Adelaide
Oct 29-Nov 04, 2017

Zhang, Hao
University of Liverpool
Nov 15-20, 2017

Zhang, Jian-Hui
University of Regensburg 
Nov 11-13, 2017

Zhang, Pan
Chinese Academy of Sciences
Oct 16-19, 2017

Zhang, Yan-Bao
NTT Basic Research Laboratories
Apr 10-15, 2017

Zhang, Zi-ke
Hangzhou Normal University
Mar 28-Apr 06, 2017

Zhou, Hai-Jun
Chinese Academy of Sciences
Oct 17-20, 2017

Zhou, Hai-Qing
Southeast University
Feb 06-21, 2017

Zhou, Jian
Nanjing University
Jun 22-Jul 03, 2017

Zhou, Jian
Shandong University
Nov 01-03, 2017

Zhou, Xiao-Ting
National University of Singapore
Oct 09-Dec 06, 2017
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PUBLICATIONS

RK(*) and related b -> sl(l)over-bar anomalies in 
minimal flavor violation framework with Z ' boson
By: Chiang, Cheng-Wei; He, Xiao-Gang; 
Tandean, Jusak; et al.
PHYSICAL REVIEW D   Volume: 96   Issue: 11     
Article Number: 115022 
Published: DEC 22 2017

Measuring properties of a heavy Higgs boson in 
the H -> ZZ -> 4l decay
By: Chang, Jung; Cheung, Kingman; 
Lee, Jae Sik; et al.
JOURNAL OF HIGH ENERGY PHYSICS 
Issue: 12     Article Number: 053 
Published: DEC 12 2017

On the exactness of soft theorems
By: Guerrier, Andrea L.; Huang, Yu-tin; 
Li, Zhizhong; et al.
JOURNAL OF HIGH ENERGY PHYSICS 
Issue: 12     Article Number: 052 
Published: DEC 12 2017

Viscous cosmology for early- and late-time 
universe
By: Brevik, Iver; Gron, Oyvind; 
de Haro, Jaume; et al.
INTERNATIONAL JOURNAL OF MODERN 
PHYSICS D   Volume: 26   Issue: 14 
Article Number: 1730024 
Published: DEC 2017

Exothermic dark matter with light mediator after 
LUX and PandaX-II in 2016
By: Geng, Chao-Qiang; Huang, Da; 
Lee, Chun-Hao
PHYSICS OF THE DARK UNIVERSE 
Volume: 18   Pages: 38-46 
Published: DEC 2017

Recognizing Axionic Dark Matter by Compton 
and de Broglie Scale Modulation of Pulsar Timing
By: De Martino, Ivan; Broadhurst, Tom; 
Tye, S. -H. Henry; et al.
PHYSICAL REVIEW LETTERS 
Volume: 119   Issue: 22 
Article Number: 221103 
Published: NOV 29 2017

Phenomenological Particle Physics & Strings

Neutrino mass with large SU(2)(L) multiplet fields
By: Nomura, Takaaki; Okada, Hiroshi
PHYSICAL REVIEW D   Volume: 96   Issue: 9     
Article Number: 095017 
Published: NOV 17 2017

Vector boson fusion versus gluon fusion
By: Chan, Chen-Hsun; Cheung, Kingman; 
Chung, Yi-Lun; et al.
PHYSICAL REVIEW D   Volume: 96   Issue: 9     
Article Number: 096009 
Published: NOV 14 2017

Radiative corrections to Higgs couplings with 
weak gauge bosons in custodial multi-Higgs 
models
By: Chiang, Cheng-Wei; Kuo, An-Li; Yagyu, Kei
PHYSICS LETTERS B   Volume: 774 
Pages: 119-122   Published: NOV 10 2017

On the flux vacua in F-theory compactifications
By: Honma, Yoshinori; Otsuka, Hajime
PHYSICS LETTERS B   Volume: 774 
Pages: 225-228   Published: NOV 10 2017

A testable radiative neutrino mass model with 
multi-charged particles
By: Cheung, Kingman; Okada, Hiroshi
PHYSICS LETTERS B   Volume: 774 
Pages: 446-450   Published: NOV 10 2017

Excesses of muon g-2,R-D(*), and R-K(*) in a 
leptoquark model
By: Chen, Chuan-Hung; Nomura, Takaaki; 
Okada, Hiroshi
PHYSICS LETTERS B   Volume: 774 
Pages: 456-464   Published: NOV 10 2017

On gauge dependence of gravitational waves 
from a first-order phase transition in classical 
scale-invariant U(1)' models
By: Chiang, Cheng-Wei; Senaha, Eibun
PHYSICS LETTERS B   Volume: 774 
Pages: 489-493   Published: NOV 10 2017
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Loop induced type-II seesaw model and GeV 
dark matter with U(1)(B-L) gauge symmetry
By: Nomura, Takaaki; Okada, Hiroshi
PHYSICS LETTERS B   Volume: 774 
Pages: 575-581   Published: NOV 10 2017

Is there new particle running in the loop-induced 
H gamma gamma and Hgg vertex?
By: Baek, Seungwon; Yuan, Xing-Bo
PHYSICS LETTERS B   Volume: 774 
Pages: 662-666  Published: NOV 10 2017 	

A combined analysis of PandaX, LUX, and 
XENON1T experiments within the framework of 
dark matter effective theory
By: Liu, Zuowei; Su, Yushan; 
Tsai, Yue-Lin Sming; et al.
JOURNAL OF HIGH ENERGY PHYSICS 
Issue: 11  Article Number: 024 
Published: NOV 7 2017

Exploring spin-3/2 dark matter with effective 
Higgs couplings
By: Chang, Chia-Feng; He, Xiao-Gang; 
Tandean, Jusak
PHYSICAL REVIEW D   Volume: 96   Issue: 7     
Article Number: 075026 
Published: OCT 18 2017

Initial condition for baryogenesis via neutrino 
oscillation
By: Asaka, Takehiko; Eijima, Shintaro; 
Ishida, Hiroyuki; et al.
PHYSICAL REVIEW D   Volume: 96   Issue: 8     
Article Number: 083010 
Published: OCT 16 2017

Non-integrability and chaos with unquenched 
flavor
By: Giataganas, Dimitrios; Zoubos, Konstantinos
JOURNAL OF HIGH ENERGY PHYSICS 
Issue: 10     Article Number: 042 
Published: OCT 6 2017

A super symmetric electroweak scale seesaw 
model
By: Chang, Jung; Cheung, Kingman; 
Ishida, Hiroyuki; et al.
JOURNAL OF HIGH ENERGY PHYSICS 
Issue: 10     Article Number: 039 
Published: OCT 5 2017

Generation of a radiative neutrino mass in the 
linear seesaw framework, charged lepton flavor 
violation, and dark matter
By: Das, Arindam; Nomura, Takaaki; 
Okada, Hiroshi; et al.
PHYSICAL REVIEW D   Volume: 96   Issue: 7     
Article Number: 075001 
Published: OCT 3 2017

Bosonic-seesaw portal dark matter
By: Ishida, Hiroyuki; Matsuzaki, Shinya; 
Yamaguchi, Yuya
PROGRESS OF THEORETICAL AND 
EXPERIMENTAL PHYSICS   Issue: 10 
Article Number: 103B01 
Published: OCT 2017

Radiative decays of a singlet scalar boson 
through vectorlike quarks
By: Yoon, Yeo Woong; Cheung, Kingman; 
Kang, Sin Kyu; et al.
PHYSICAL REVIEW D   Volume: 96   Issue: 5     
Article Number: 055041 
Published: SEP 27 2017

Tests for CPT sum rule and U-spin violation in time-
dependent CP violation of B-s(0) -> K+K- and B-0 
-> pi(+)pi(-)
By: He, Xiao-Gang; Li, Siao-Fong; Ren, Bo; et al.
PHYSICAL REVIEW D   Volume: 96   Issue: 5     
Article Number: 053004 
Published: SEP 14 2017

A flavor dependent gauge symmetry, predictive 
radiative seesaw and LHCb anomalies
By: Ko, P.; Nomura, Takaaki; Okada, Hiroshi
PHYSICS LETTERS B   Volume: 772 
Pages: 547-552   Published: SEP 10 2017

Bosonic decays of charged Higgs bosons in a 
2HDM type-I
By: Arhrib, A.; Benbrik, R.; Moretti, S.
EUROPEAN PHYSICAL JOURNAL C 
Volume: 77   Issue: 9     Article Number: 621 
Published: SEP 18 2017

Dark photon search at a circular e(+)e(-) collider
By: He, Min; He, Xiao-Gang; Huang, Cheng-Kai
INTERNATIONAL JOURNAL OF MODERN 
PHYSICS A   Volume: 32   Issue: 23-24     
Article Number: 1750138 
Published: AUG 30 2017
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Constraints and implications on Higgs FCNC 
couplings from precision measurement of B-s -> 
mu(+) mu(-) decay
By: Chiang, Cheng-Wei; He, Xiao-Gang; 
Ye, Fang; et al.
PHYSICAL REVIEW D   Volume: 96   Issue: 3     
Article Number: 035032 
Published: AUG 30 2017
	
S-matrix singularities and CFT correlation functions
By: Cardona, Carlos; Huang, Yu-tin
JOURNAL OF HIGH ENERGY PHYSICS 
Issue: 8     Article Number: 133 
Published: AUG 29 2017

New proposal for a holographic boundary 
conformal field theory
By: Miao, Rong-Xin; Chu, Chong-Sun; 
Guo, Wu-Zhong
PHYSICAL REVIEW D   Volume: 96   Issue: 4     
Article Number: 046005 
Published: AUG 11 2017

Constraints on running vacuum model with H (z) 
and f sigma(8)
By: Geng, Chao-Qiang; Lee, Chung-Chi; 
Yin, Lu
JOURNAL OF COSMOLOGY AND 
ASTROPARTICLE PHYSICS   Issue: 8 
Article Number: 032   Published: AUG 2017

Thermal bath in de Sitter space from holography
By: Chu, Chong-Sun; Giataganas, Dimitrios
PHYSICAL REVIEW D   Volume: 96   Issue: 2     
Article Number: 026023 
Published: JUL 31 2017

Loop suppressed light fermion masses with U(1)(R) 
gauge symmetry
By: Nomura, Takaaki; Okada, Hiroshi
PHYSICAL REVIEW D   Volume: 96   Issue: 1     
Article Number: 015016 
Published: JUL 14 2017

Dark gauge bosons: LHC signatures of non-
abelian kinetic mixing
By: Arguelles, Carlos A.; He, Xiao-Gang; 
Oyanesyan, Grigory; et al.
PHYSICS LETTERS B   Volume: 770  
Pages: 101-107   Published: JUL 10 2017

A four-loop radiative seesaw model
By: Nomura, Takaaki; Okada, Hiroshi
PHYSICS LETTERS B   Volume: 770 
Pages: 307-313   Published: JUL 10 2017

Dark matter, muon g-2, electric dipole moments, 
and Z -> l(i)(+) l(j)(-) in a one-loop induced 
neutrino model
By: Chiang, Cheng-Wei; Okada, Hiroshi; 
Senaha, Eibun
PHYSICAL REVIEW D   Volume: 96 
Issue: 1     Article Number: 015002 
Published: JUL 5 2017

Detection prospects for the Cosmic Neutrino 
Background using laser interferometers
By: Domcke, Valerie; Spinrath, Martin
JOURNAL OF COSMOLOGY AND 
ASTROPARTICLE PHYSICS   Issue: 6 
Article Number: 055   Published: JUN 2017

Interpreting the 3 TeV W H resonance as a W' 
boson
By: Cheung, Kingman; Keung, Wai-Yee; 
Lu, Chih-Ting; et al.
JOURNAL OF HIGH ENERGY PHYSICS 
Issue: 6     Article Number: 105 
Published: JUN 20 2017

Explaining B -> K-(*())l(+)l(-) anomaly by 
radiatively induced coupling in U(1)(mu-tau) 
gauge symmetry
By: Ko, P.; Nomura, Takaaki; Okada, Hiroshi
PHYSICAL REVIEW D   Volume: 95   Issue: 11     
Article Number: 111701 
Published: JUN 16 2017

Relativistic dipole interaction and the topological 
nature for induced HMW and AC phases
By: He, Xiao-Gang; McKellar, Bruce
PHYSICS LETTERS A   Volume: 381   Issue: 21   
Pages: 1780-1783   Published: JUN 9 2017

Teleparallel conformal invariant models induced 
by Kaluza-Klein reduction
By: Geng, Chao-Qiang; Luo, Ling-Wei	
CLASSICAL AND QUANTUM GRAVITY 
Volume: 34   Issue: 11 
Article Number: 115012 
Published: JUN 8 2017

Observational constraints on successful model of 
quintessential Inflation
By: Geng, Chao-Qiang; Lee, Chung-Chi; 
Sami, M.; et al.
JOURNAL OF COSMOLOGY AND 
ASTROPARTICLE PHYSICS   Issue: 6 
Article Number: 011   Published: JUN 2017
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Realistic model for a fifth force explaining 
anomaly in Be-8* -> Be-8 e(+)e(-) decay
By: Gu, Pei-Hong; He, Xiao-Gang
NUCLEAR PHYSICS B   Volume: 919 
Pages: 209-217   Published: JUN 2017

Quantum numbers of Omega(c) states and other 
charmed baryons
By: Cheng, Hai-Yang; Chiang, Cheng-Wei
PHYSICAL REVIEW D   Volume: 95   Issue: 9     
Article Number: 094018 
Published: MAY 25 2017

A three-loop neutrino model with leptoquark triplet 
scalars
By: Cheung, Kingman; Nomura, Takaaki; 
Okada, Hiroshi
PHYSICS LETTERS B   Volume: 768 
Pages: 359-364   Published: MAY 10 2017

Possible Dark Matter Annihilation Signal in the 
AMS-02 Antiproton Data
By: Cui, Ming-Yang; Yuan, Qiang; 
Tsai, Yue-Lin Sming; et al.
PHYSICAL REVIEW LETTERS 
Volume: 118   Issue: 19 
Article Number: 191101 
Published: MAY 9 2017

Neutrino mass sum rules and symmetries of the 
mass matrix
By: Gehrlein, Julia; Spinrath, Martin
EUROPEAN PHYSICAL JOURNAL C 
Volume: 77   Issue: 5     Article Number: 281 
Published: MAY 4 2017

Entangling Higgs production associated with a 
single top and a top-quark pair in the presence of 
anomalous top-Yukawa coupling
By: Chang, Jung; Cheung, Kingman; 
Lee, Jae Sik; et al.
JOURNAL OF HIGH ENERGY PHYSICS 
Issue: 4     Article Number: 138 
Published: APR 26 2017

Scale generation via dynamically induced 
multiple seesaw mechanisms
By: Ishida, Hiroyuki; Matsuzaki, Shinya; 
Okawa, Shohei; et al.
PHYSICAL REVIEW D   Volume: 95   Issue: 7     
Article Number: 075033 
Published: APR 25 2017

Two-Higgs-doublet-portal dark-matter models in 
light of direct search and LHC data
By: Chang, Chia-Feng; He, Xiao-Gang; 
Tandean, Jusak
JOURNAL OF HIGH ENERGY PHYSICS 
Issue: 4     Article Number: 107 
Published: APR 19 2017

On new proposal for holographic BCFT
By: Chu, Chong-Sun; Miao, Rong-Xin; 
Guo, Wu-Zhong
JOURNAL OF HIGH ENERGY PHYSICS 
Issue: 4     Article Number: 089 
Published: APR 14 2017

Probing a dark photon using rare leptonic kaon 
and pion decays
By: Chiang, Cheng-Wei; Tseng, Po-Yan
PHYSICS LETTERS B   Volume: 767 
Pages: 289-294   Published: APR 10 2017

Adiabatic regularization for gauge fields and the 
conformal anomaly
By: Chu, Chong-Sun; Koyama, Yoji
PHYSICAL REVIEW D   Volume: 95   Issue: 6     
Article Number: 065025 
Published: MAR 28 2017

Higgs boson pair productions in the Georgi-
Machacek model at the LHC
By: Chang, Jung; Chen, Chuan-Ren; 
Chiang, Cheng-Wei
JOURNAL OF HIGH ENERGY PHYSICS 
Issue: 3     Article Number: 137 
Published: MAR 27 2017

Large v-(v)over-bar oscillations from high-
dimensional lepton number violating operator
By: Geng, Chao-Qiang; Huang, Da
JOURNAL OF HIGH ENERGY PHYSICS 
Issue: 3     Article Number: 103 
Published: MAR 20 2017

Probing gravitational non-minimal coupling with 
dark energy surveys
By: Geng, Chao-Qiang; Lee, Chung-Chi; 
Wu, Yi-Peng
EUROPEAN PHYSICAL JOURNAL C  
Volume: 77   Issue: 3     Article Number: 162 
Published: MAR 16 2017
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Large anomalous Nernst and spin Nernst effects 
in the noncollinear antiferromagnets Mn3X (X = 
Sn, Ge, Ga)
By: Guo, Guang-Yu; Wang, Tzu-Cheng
PHYSICAL REVIEW B   Volume: 96   Issue: 22     
Article Number: 224415 
Published: DEC 11 2017

Raise and collapse of pseudo Landau levels in 
graphene
By: Castro, Eduardo V.; Cazalilla, Miguel A.; 
Vozmediano, Maria A. H.
PHYSICAL REVIEW B   Volume: 96   Issue: 24     
Article Number: 241405 
Published: DEC 8 2017

Spin-charge conversion in disordered two-
dimensional electron gases lacking inversion 
symmetry
By: Huang, Chunli; Milletari, Mirco; 
Cazalilla, Miguel A.
PHYSICAL REVIEW B   Volume: 96   Issue: 20     
Article Number: 205305 
Published: NOV 20 2017

Exploring high-mass diphoton resonance without 
new colored states
By: Ahriche, Amine; Faisel, Gaber; 
Nasri, Salah; et al.
NUCLEAR PHYSICS B   Volume: 916 
Pages: 64-93   Published: MAR 2017

Radiative neutrino mass in alternative left-right 
model
By: Nomura, Takaaki; Okada, Hiroshi; 
Orikasa, Yuta
EUROPEAN PHYSICAL JOURNAL C 
Volume: 77   Issue: 2     Article Number: 103 
Published: FEB 14 2017

Detecting multimuon jets from the Higgs boson 
exotic decays in the Higgs portal framework
By: Chang, Jung; Cheung, Kingman; 
Hsu, Shih-Chieh; et al.
PHYSICAL REVIEW D   Volume: 95   Issue: 3     
Article Number: 035012 
Published: FEB 10 2017

Three-loop neutrino mass model with a colored 
triplet scalar
By: Cheung, Kingman; Nomura, Takaaki; 
Okada, Hiroshi
PHYSICAL REVIEW D   Volume: 95   Issue: 1     
Article Number: 015026 
Published: JAN 30 2017

Tailoring Semiconductor Lateral Multijunctions for 
Giant Photoconductivity Enhancement
By: Tsai, Yutsung; Chu, Zhaodong;  
Han, Yimo; et al.
ADVANCED MATERIALS   Volume: 29   Issue: 41     
Article Number: 1703680 
Published: NOV 6 2017

Dynamic scaling in the two-dimensional Ising spin 
glass with normal-distributed couplings
By: Xu, Na; Wu, Kai-Hsin; 
Rubin, Shanon J.; et al.
PHYSICAL REVIEW E   Volume: 96   Issue: 5     
Article Number: 052102 
Published: NOV 2 2017

Haldane model under nonuniform strain
By: Ho, Yen-Hung; Castro, Eduardo V.;  
Cazalilla, Miguel A.
PHYSICAL REVIEW B   Volume: 96   Issue: 15     
Article Number: 155446 
Published: OCT 26 2017

Consequences of R-parity violating interactions for 
anomalies in (B)over-bar -> D-(*)tau(nu)over-bar 
and b -> s mu(+)mu(-)
By: Deshpande, N. G.; He, Xiao-Gang
EUROPEAN PHYSICAL JOURNAL C 
Volume: 77   Issue: 2     Article Number: 134 
Published: JAN 25 2017

Branching fractions of B-(c) decays involving J/psi 
and X(3872)
By: Hsiao, Y. K.; Geng, Chao-Qiang
CHINESE PHYSICS C   Volume: 41   Issue: 1     
Article Number: 013101 
Published: JAN 2017

Matter density perturbation and power spectrum 
in running vacuum model
By: Geng, Chao-Qiang; Lee, Chung-Chi
MONTHLY NOTICES OF THE ROYAL 
ASTRONOMICAL SOCIETY   Volume: 464   
Issue: 2   Pages: 2462-2467 
Published: JAN 2017

Production of charmed tetraquarks from B-c and B 
decays
By: He, Xiao-Gang; Wang, Wei; Zhu, Rui-Lin
JOURNAL OF PHYSICS G-NUCLEAR AND 
PARTICLE PHYSICS   Volume: 44   Issue: 1     
Article Number: 014003   Published: JAN 2017

Condensed Matter Physics
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Hidden Antipolar Order Parameter and Entangled 
Neel-Type Charged Domain Walls in Hybrid 
Improper Ferroelectrics
By: Lee, M. H.; Chang, C. -P.; 
Huang, F. -T.; et al.
PHYSICAL REVIEW LETTERS 
Volume: 119   Issue: 15 
Article Number: 157601 
Published: OCT 10 2017

Multiferroic Double Perovskites ScFe1-xCrxO3 
(1/6 <= x <= 5/6) for Highly Efficient 
Photovoltaics and Spintronics
By: Cai, Tian-Yi; Liu, Shi-Chen; Ju, Sheng; et al.
PHYSICAL REVIEW APPLIED   Volume: 8 
Issue: 3     Article Number: 034034 
Published: SEP 28 2017

Anomalous Nonlocal Resistance and Spin-Charge 
Conversion Mechanisms in Two-Dimensional 
Metals
By: Huang, Chunli; Chong, Y. D.; 
Cazalilla, Miguel A.
PHYSICAL REVIEW LETTERS 
Volume: 119   Issue: 13  
Article Number: 136804 
Published: SEP 28 2017

Reconstruction of three-dimensional anisotropic 
structure from small-angle scattering experiments
By: Huang, Guan-Rong; Wang, Yangyang; 
Wu, Bin; et al.
PHYSICAL REVIEW E   Volume: 96   Issue: 2     
Article Number: 022612 
Published: AUG 28 2017

Griffiths singularities in the random quantum 
Ising antiferromagnet: A tree tensor network 
renormalization group study
By: Lin, Yu-Ping; Kao, Ying-Jer; 
Chen, Pochung; et al.
PHYSICAL REVIEW B   Volume: 96   Issue: 6     
Article Number: 064427 
Published: AUG 21 2017

Andreev reflection in two-dimensional relativistic 
materials with realistic tunneling transparency in 
normal-metal/superconductor junctions
By: Chang, Yung-Yeh; Mou, Chung-Yu; 
Chung, Chung-Hou
PHYSICAL REVIEW B   Volume: 96   Issue: 5     
Article Number: 054514 
Published: AUG 17 2017

Quantum phase transitions driven by rhombic-
type single-ion anisotropy in the S=1 Haldane 
chain
By: Tzeng, Yu-Chin; Onishi, Hiroaki; 
Okubo, Tsuyoshi; et al.
PHYSICAL REVIEW B   Volume: 96   Issue: 6     
Article Number: 060404 
Published: AUG 3 2017

Steady States of Infinite-Size Dissipative Quantum 
Chains via Imaginary Time Evolution
By: Gangat, Adil A.; Te, I; Kao, Ying-Jer
PHYSICAL REVIEW LETTERS   Volume: 119   
Issue: 1     Article Number: 010501 
Published: JUL 5 2017

Relaxation of the entanglement spectrum in 
quench dynamics of topological systems
By: Jhu, Yi-Hao; Chen, Pochung; 
Chung, Ming-Chiang
JOURNAL OF STATISTICAL MECHANICS-
THEORY AND EXPERIMENT 
Article Number: 073105   Published: JUL 2017

Jahn-Teller distortion driven magnetic polarons in 
magnetite
By: Huang, H. Y.; Chen, Z. Y.; 
Wang, R. -P.; et al.
NATURE COMMUNICATIONS   Volume: 8     
Article Number: 15929 
Published: JUN 29 2017

Variation approach to error threshold in generic 
fitness landscape
By: Huang, Ching-I; Tu, Min-Feng; 
Lin, Hsiu-Hau; et al.
CHINESE JOURNAL OF PHYSICS 
Volume: 55   Issue: 3   Pages: 606-618   
Published: JUN 2017

Valley Hall effect and nonlocal transport in 
strained graphene
By: Zhang, Xian-Peng; Huang, Chunli; 
Cazalilla, Miguel A.
2D MATERIALS   Volume: 4   Issue: 2 
Article Number: 024007   Published: JUN 2017

Topological phase transitions in an inverted InAs/
GaSb quantum well driven by tilted magnetic 
fields
By: Hsu, Hsiu-Chuan; Jhang, Min-Jyun; 
Chen, Tsung-Wei; et al.
PHYSICAL REVIEW B   Volume: 95   Issue: 19     
Article Number: 195408 
Published: MAY 9 2017



High Thermal Dissipation of Al Heat Sink 
When Inserting Ceramic Powders by Ultrasonic 
Mechanical Coating and Armoring
By: Tsai, Wei-Yu; Huang, Guan-Rong; 
Wang, Kuang-Kuo; et al.
MATERIALS   Volume: 10   Issue: 5 
Article Number: 454   Published: MAY 2017

Quantum anomalous Hall phase and half-metallic 
phase in ferromagnetic (111) bilayers of 4d and 
5d transition metal perovskites
By: Chandra, Hirak Kumar; Guo, Guang-Yu
PHYSICAL REVIEW B   Volume: 95   Issue: 13     
Article Number: 134448 
Published: APR 28 2017

Tuning spontaneous radiation of chiral molecules 
by asymmetric chiral nanoparticles
By: Guzatov, Dmitry V.; Klimov, Vasily V.; 
Chan, Hsun-Chi; et al.
OPTICS EXPRESS   Volume: 25   Issue: 6   
Pages: 6036-6052   Published: MAR 20 2017

Sodium layer chiral distribution and spin structure 
of Na2Ni2TeO6 with a Ni honeycomb lattice
By: Karna, Sunil K.; Zhao, Y.; Sankar, R.; et al.
PHYSICAL REVIEW B   Volume: 95   Issue: 10     
Article Number: 104408 
Published: MAR 8 2017

Fulde-Ferrell-Larkin-Ovchinnikov state in bilayer 
dipolar systems
By: Lee, Hao; Matveenko, S. I.; 
Wang, Daw-Wei; et al.
PHYSICAL REVIEW A   Volume: 96   Issue: 6     
Article Number: 061602 
Published: DEC 14 2017

Thermodynamic description of non-Markovian 
information flux of nonequilibrium open quantum 
systems
By: Chen, Hong-Bin; Chen, Guang-Yin; 
Chen, Yueh-Nan
PHYSICAL REVIEW A   Volume: 96   Issue: 6     
Article Number: 062114 
Published: DEC 11 2017

Tunable magneto-optical effects in hole-doped 
group-IIIA metal-monochalcogenide monolayers
By: Feng, Wanxiang; Guo, Guang-Yu; 
Yao, Yugui
2D MATERIALS   Volume: 4   Issue: 1 
Article Number: 015017 
Published: MAR 2017

Phases of dipolar bosons in a bilayer geometry
By: Cinti, Fabio; Wang, Daw-Wei; 
Boninsegni, Massimo
PHYSICAL REVIEW A   Volume: 95   Issue: 2     
Article Number: 023622 
Published: FEB 22 2017

Coulomb excitations of monolayer germanene
By: Shih, Po-Hsin; Chiu, Yu-Huang; 
Wu, Jhao-Ying; et al.
SCIENTIFIC REPORTS   Volume: 7 
Article Number: 40600 
Published: JAN 16 2017

Lasing on nonlinear localized waves in curved 
geometry
By: Hong, Kou-Bin; Lin, Chun-Yan; 
Chang, Tsu-Chi; et al.
OPTICS EXPRESS   Volume: 25   Issue: 23   
Pages: 29068-29077 
Published: NOV 13 2017

Optical-density-enhanced squeezed-light 
generation without optical cavities
By: Chuang, You-Lin; Lee, Ray-Kuang; Yu, Ite A.
PHYSICAL REVIEW A   Volume: 96   Issue: 5     
Article Number: 053818 
Published: NOV 8 2017
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Atomic-Molecular-Optical Physics & Quantum Information 
Sciences



Magic tilt angle for stabilizing two-dimensional 
solitons by dipole-dipole interactions
By: Chen, Xing-You; Chuang, You-Lin; 
Lin, Chun-Yan; et al.
PHYSICAL REVIEW A   Volume: 96   Issue: 4     
Article Number: 043631 
Published: OCT 31 2017

Probing nonclassicality under dissipation
By: Ali, Md Manirul; Chen, Po-Wen
JOURNAL OF PHYSICS A-MATHEMATICAL AND 
THEORETICAL   Volume: 50   Issue: 43 
Article Number: 435303 
Published: OCT 27 2017

Reexamination of Kerker's conditions by means of 
the phase diagram
By: Lee, Jeng Yi; Miroshnichenko, Andrey E.; 
Lee, Ray-Kuang
PHYSICAL REVIEW A   Volume: 96   Issue: 4     
Article Number: 043846 
Published: OCT 18 2017

Designing quantum resonant scatterers at 
subwavelength scale
By: Lee, Jeng Yi; Miroshnichenko, Andrey E.; 
Lee, Ray-Kuang
PHYSICS LETTERS A   Volume: 381   Issue: 34   
Pages: 2860-2865   Published: SEP 12 2017
	
Universal measurement-based quantum 
computation in two-dimensional symmetry-
protected topological phases
By: Wei, Tzu-Chieh; Huang, Ching-Yu
PHYSICAL REVIEW A   Volume: 96   Issue: 3     
Article Number: 032317 
Published: SEP 11 2017

Work extraction and fully entangled fraction
By: Hsieh, Chung-Yun; Lee, Ray-Kuang
PHYSICAL REVIEW A   Volume: 96   Issue: 1     
Article Number: 012107 
Published: JUL 10 2017

Spatio-Temporal Steering for Testing Nonclassical 
Correlations in Quantum Networks
By: Chen, Shin-Liang; Lambert, Neill; 
Li, Che-Ming; et al.
SCIENTIFIC REPORTS   Volume: 7 
Article Number: 3728 
Published: JUN 16 2017

Hidden long-range order in a spin-orbit-coupled 
two-dimensional Bose gas
By: Su, Shih-Wei; Liu, I-Kang; 
Gou, Shih-Chuan; et al.
PHYSICAL REVIEW A   Volume: 95   Issue: 5     
Article Number: 053629 
Published: MAY 24 2017

Quantitative studies of the critical regime near the 
superfluid-to-Mott-insulator transition
By: Lee, Hao; Fang, Shiang; Wang, Daw-Wei
PHYSICAL REVIEW A   Volume: 95   Issue: 5     
Article Number: 053622 
Published: MAY 22 2017

Nonequilibrium transient dynamics of photon 
statistics
By: Ali, Md. Manirul; Zhang, Wei-Min
PHYSICAL REVIEW A   Volume: 95   Issue: 3     
Article Number: 033830 
Published: MAR 23 2017

Plasmonic bio-sensing for the Fenna-Matthews-
Olson complex
By: Chen, Guang-Yin; Lambert, Neill; 
Shih, Yen-An; et al.
SCIENTIFIC REPORTS   Volume: 7 
Article Number: 39720 
Published: JAN 3 2017
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Coherent wave transmission in quasi-one-
dimensional systems with Levy disorder
By: Amanatidis, Ilias; Kleftogiannis, Ioannis
PHYSICAL REVIEW E   Volume: 96   Issue: 6     
Article Number: 062141 
Published: DEC 26 2017

Second derivative techniques in differential 
scanning calorimetry of DNA modified with 
platinum compounds
By: Chang, Chun-Ling; Chen, Chun-Chung; 
Hu, Chin-Kun; et al.
THERMOCHIMICA ACTA   Volume: 654   
Pages: 186-190   Published: AUG 10 2017

Relationship between calorimetric profiles and 
differential melting curves for natural DNAs
By: Chang, Chun-Ling; Fridman, Alexander S.; 
Wartell, Roger M.; et al.
INTERNATIONAL JOURNAL OF BIOLOGICAL 
MACROMOLECULES   Volume: 102 
Pages: 591-598   Published: SEP 2017

Doubly stochastic (pseudo)gene expression in the 
regulation of cancer
By: Petrosyan, K. G.; Hu, Chin-Kun
JOURNAL OF STATISTICAL MECHANICS-
THEORY AND EXPERIMENT  
Article Number: 083501 
Published: AUG 2017

Crossing fitness canyons by a finite population
By: Saakian, David B.; Bratus, Alexander S.; 
Hu, Chin-Kun
PHYSICAL REVIEW E   Volume: 95   Issue: 6     
Article Number: 062405 
Published: JUN 9 2017

Physical mechanism for biopolymers to aggregate 
and maintain in non-equilibrium states
By: Ma, Wen-Jong; Hu, Chin-Kun
SCIENTIFIC REPORTS   Volume: 7  
Article Number: 3105   Published: JUN 8 2017

Exponential distance distribution of connected 
neurons in simulations of two-dimensional in vitro 
neural network development
By: Lv, Zhi-Song; Zhu, Chen-Ping; Nie, Pei; et al.
FRONTIERS OF PHYSICS   Volume: 12 
Issue: 3     Article Number: 128902 
Published: JUN 2017

Biological evolution model with conditional 
mutation rates
By: Saakian, David B.; Ghazaryan, Makar; 
Bratus, Alexander; et al.
PHYSICA A-STATISTICAL MECHANICS AND ITS 
APPLICATIONS   Volume: 474 
Pages: 32-38   Published: MAY 15 2017

Impact of Mutations at C-Terminus on Structures 
and Dynamics of A beta 40 and A beta 42: A 
Molecular Simulation Study
By: Nguyen Hoang Linh; Tran Thi Minh Thu; 
Lyanh Tu; et al.
JOURNAL OF PHYSICAL CHEMISTRY B   
Volume: 121   Issue: 17   Pages: 4341-4354   
Published: MAY 4 2017

Interaction of Magnetic Nanoparticles with 
Lyotropic Liquid Crystal Studied by AFM
By: Tomasovicova, N.; Yang, C. -W.; 
Balejcikova, L.; et al.
ACTA PHYSICA POLONICA A   Volume: 131   
Issue: 4   Pages: 958-960   Part: 2 
Published: APR 2017

Soft Matter and Complex System




