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ABOUT CSRC

Beijing Computational Science Research Center (CSRC) is a multidisciplinary research
organization under the auspices of the China Academy of Engineering Physics (CAEP).
Established in August 2009, CSRC positions itself as a center of excellence in computational
science research addressing current and critical issues in multidisciplinary mixes of Mathematics,

Mechanics, Physics, Chemistry, Materials Science, and Computational Science.

Mission of CSRC:

© carry out fundamental, frontier, critical , and multidisciplinary research with advanced
computational approaches, thereby attract talents worldwide and train highly qualified research
personnel, to support grand scientific development and technology innovation in China;

© develop and maintain collaboration with research institutes elsewhere by building a
comprehensive and internationalized research platform, to support academic and technological
exchange and advancement;

© innovate and reform organizational structures, management policies and methods for enabling
creative and effective scientific research, to raise our national competence in technology

innovation and enhance our comprehensive strength in science and technology.

Specifically, CSRC supports the development and implementation of grand challenging projects
in natural science and engineering where computational modeling and simulation play a key role.
CSRC also encourages its members to engage in the development of computational algorithms
and software.

As of December 2013, CSRC has recruited 28 faculty members, 33 associate members, 95
postdoctoral fellows and students. With its talented research staff, CSRC has established the
following seven divisions: Simulation of Physical Systems, Quantum Optics and Quantum
Information, Advanced Functional Materials and Green Energy, Complex Systems, Applied
Mathematics, Mechanics, and Computation Algorithms. In research performance, CSRC has
published 183 papers, organized 12 academic conferences and workshops, 8 colloquiums on

scientific frontiers, and 97 CSRC seminars and 43 postdoctoral seminars. CSRC has also forged

partnerships with many prestigious universities and research institutions around the world.
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MEMBERS OF ACADEMIC COMMITTEE

¥
Physics

o
Mechanics

Xian-Tu He Institute of Applied Physics and Computational Mathematics, CAEP

Ding-Sheng Wang Institute of Physics, CAS

Rui-Bao Tao Fudan University

Zhao-Xi Zhang Institute of Theoretical Physics, CAS

Bang-Fen Zhu Tsinghua University

Xian-Geng Zhao China Academy of Engineering Physics

Guang-Da Zhao Peking University

Ding-Yu Xing Nanjing University

Hang Zheng Shanghai Jiao Tong University

Hai-Qing Lin Beijing Computational Science Research Center

Chang-Pu Sun Beijing Computational Science Research Center

Jian-Qiang You Beijing Computational Science Research Center

Shi-Yao Zhu Beijing Computational Science Research Center

Jia-Chun Li Institute of Mechanics, CAS

Yi-Long Bai Institute of Mechanics, CAS

Song Fu Tsinghua University

Li-Shi Luo Beijing Computational Science Research Center
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Lu-Hua Lai Peking University

Jun Li Tsinghua University

Run-Sheng Chen Institute of Biophysics, CAS

Woon-Ming Lau Beijing Computational Science Research Center

Lei-Han Tang Beijing Computational Science Research Center

Jun-Zhi Cui Academy of Mathematics and Systems Science, CAS

Ping-Wen Zhang Peking University

Song Jiang Institute of Applied Physics and Computational Mathematics, CAEP

Wy PR mEEk®

Mathematics Da-Qian Li Fudan University

Ya-Xiang Yuan Academy of Mathematics and Systems Science, CAS

Qiang Du Beijing Computational Science Research Center

Zhi-Min Zhang Beijing Computational Science Research Center

De-Pei Qian Beihang University
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MBREEULIGE

SIMULATION OF PHYSICAL SYSTEMS DIVISION

IWEF(E
DIVISION HEAD
Hiss
( ExRSBTH"F AR ANiEE )
MrAmE  RRSYENTENE
Hai-Qing Lin
Research Interests: Condensed Matter Physics, Computational Physics
FEHRR FREIARA
ASSISTANT PROFESSOR RESEARCH ASSISTANT PROFESSOR
W X EES)
ﬁﬁ?‘fﬁﬁ . I'f ’Rlu\%iﬁ Eﬂ%ﬁrﬁ' . ; —RIU\WEE
Wen Yang Chung-Pin Chou

Research Interests: Condensed Matter Physics

IKIRIR
(ERFLM BFFFTALL"NEE )
HRDME : BRRSYE

Dong-Bo Zhang
Research Interests: Condensed Matter Physics

Stefano Chesi
(ExR8BRM"SEFAITLNES )
MRAE : RRSYE

Research Interests: Condensed Matter Physics

RRE
STUDENT
TR L B ERE
Ya-Ming Xie Xiao-Hui Wang
B BEEE
Yi-Wei Li Jin-Xian Qu
T ¥ BREZE
Ping Wang Yu-Qin Chen
=X KEE

Sheng-Wen Li

Yi-Hao Zhang

Research Interests: Condensed Matter Physics

WtE
POSTDOCTORAL FELLOW
Eric Barbagiovanni
Dibya Prakash Rai
X BEE XFTA
Xiao-Jie Liu Li-Li Liu
EE BEHK
Zhen-Guo Fu Xiao-Sen Yang
% = SiRIE
Liang Chen Jun-Feng Gao
B A S {EHE
Wei Tan Xun-Wang Yan
RULIE- X =
Mao-Xin Liu Bao Liu
M= K
Wen-Xi Lai Shu-Hui Zhang
E PURE
Hui-Yan Zhao Zhao Liu
ZE% frEx

Yu-Zhu Jiang Jing-Ying Xu

LI =AIE

ASSISTANT
PUF Tel: 86-10-82687089
Miss Wei Liu Email: weiliu@csrc.ac.cn
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QUANTUM OPTICS AND QUANTUM INFORMATION DIVISION

LR =EF(E
DIVISION HEAD
KRIFR
(ExRB=H"F AL NiEE )
MRAME : EFHE
Shi-Yao Zhu
Research Interests: Quantum Optics
i EE R
CHAIR PROFESSOR

NS
( PERFbE et )
WRIDME : EFYIE

Chang-Pu Sun

Research Interests: Quantum Physics

KEMRR

R
(RB/KIFE)
WRAmE  EFERSITE | BRSYE

Jian-Qiang You
Research Interests: Quantum Computation and

Information, Condensed
Matter Theory

ASSISTANT PROFESSOR

Yong Li

FHXK (FRR)
heam - BHERSIHE

Tie-Fu Li ( Part-time )

Research Interests: Quantum Information

Research Interests: Quantum Computation and Information

2
(ERFBOH BFFFAL"ANEE )
HramE  BFERSITE. BERSIE

Nan Zhao

Research Interests: Quantum Computation and
Information, Condensed
Matter Theory
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RESEARCH ASSISTANT PROFESSOR

= 3

HRBGE : RFDFEE

Xiang Gao

Research Interests: Atomic Physics

BEtE

POSTDOCTORAL FELLOW

Jun-Qi Li Xiao-Dong Zeng

Sheng-Wen Li Zhi-Hai Wang

‘Wen-Hui Hu Yao Yao

Zeng-Zhao Li

Xun-Wei Xu Ran Zeng

Qiang Zheng

Rui Li Xing Xiao

L
STUDENT

Wen-Jie Nie Yu-Jie Guo

Xiao-Qing Luo

Ke-Wen Xiao FuLi

.

Wei Feng Yi-Pu Wang
I T

Kai Li Liang Chen
o omE
Zhen Chen
i =EE
ASSISTANT
L
Miss Yuan Gao Email: gaoyuan@csrc.ac.cn

& EpIE
RESEARCH ASSISTANT
Yu-Qing Wang Jing Ping
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ADVANCED FUNCTIONAL MATERIALS AND GREEN ENERGY DIVISION

IR=EFFE
DIVISION HEAD
pUpediE
( EzxRSBIUHE"FALH" NiEE )
RRTGE : HERE , BRER
Woo-Ming Lau
Research Interests: Materials Science, Green Energy
i EE 2R FIEARR
CHAIR PROFESSOR ASSISTANT PROFESSOR

= B
(ERFBNM"FALL" NikE )
HETRE : FEERS%EE

Jing Jiang
Research Interests: New Energy and Nuclear

BtiE
POSTDOCTORAL FELLOW
Jorge Botana Alcalde
BK 8 BRI
Wei Geng Zhen-Kun Tang

a # TR
Jian Lu Xiao-Feng Li
[E R Y BR g

Pan-Pan Zhou

Xiu-Feng Lang

x4
STUDENT
EER =
Hao-Ran Zhan Jian Wu
BRX%& FHE
Wen-Jing Yin Xi-Bo Li
ELE B R
Chuan-Jia Tong Bo Wen
;B KR
Pan Guo Le Zhang

XU B
(ERFM"BEFFTA"ANEE )
HRAMA : MRS

Li-Min Liu
Research Interests: Materials Science

BB
(EFBER BEFANEE )
I | i

Peng-Fei Guan
Research Interests: Materials Science

KT
(ERBAEM"EFFALL"NEE )
HRAEMA : ZTERZF

8 Yan-Ning Zhang
Research Interests: Surface Science

ie =B
ASSISTANT
= & Tel: 86-10-82687001
Miss Yuan Gao Email: gaoyuan@csrc.ac.cn
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COMPLEX SYSTEMS DIVISION

LR EF(E
DIVISION HEAD
E=H
(l%%EMqUwWWA &E )
MRLRA : FEitYiE , tE8WE , £9YiE
Lei-Han Tang
Research Interests: Statistical Physics, Computational Physics, Biophysics
B BEHRR
CHAIR PROFESSOR ASSISTANT PROFESSOR

B—K
(ERBAM"FALL"NiEE )
HrAE : itEEWYE

Yi-Bing Shan
Research Interests: Computational biophysics

HRE
STUDENT
F F L
Yang Wang Chao E
LRV EFEX
Li-Qiang Dai Shou-Wen Wang

T <
(ERBH"EFF AL NEE )
RRE : EYYE

Jin Yu
Research Interests: Computational Biophysics

IEm=]
POSTDOCTORAL FELLOW
T = itz
Liang Luo Shao-Gui Wu
C =R
Yan Chai Bao-Gen Duan
77 N o =
Hai Lin Hui Ma
L =EANIE
ASSISTANT
RAB Tel: 86-10-82687089

Ms. Jing-Jing Xu Email: xjj@csrc.ac.cn
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MAHFELEE
APPLIED MATHEMATICS DIVISION

X =EF(E
DIVISION HEAD
R
( EzxRSB7NHF AL NiEE )
MELR : NRAHE  HEHE
Qiang Du
Research Interests: Applied Mathematics, Scientific Computing
i EE IR FIEMARR
CHAIR PROFESSOR ASSISTANT PROFESSOR

KEER
(ERFBEH"FAT"NiEE )
WREMAE : itEEF

B3 B
(ERFBOUL" FEF AL NiEE )
WREMA : iTEHF

Zhi-Min Zhang

Research Interests: Computational Mathematics

Ju Ming
Research Interests: Computational Mathematics

EtE HRE
POSTDOCTORAL FELLOW STUDENT
WEHE ELRE "R 3
Zhi-Guo Xu Ji-Sheng Kou Shu-Wei Xu Qi Sun
frE® B & EEN xR
Xi-Hua Xu Hao Tian Hong Liang Jian-Hui Liu
K& AL T 5
Jing Zhang Shao-Hong Du Xue Wang
RKE Ed
Yong-Jun Yuan Xiao-Ran Shi
—_— SLib = B IR
: ASSISTANT
Wei-Jiang
REAmE Tel: 86-10-82687089

Ms. Jing-Jing Xu Email: xjj@csrc.ac.cn
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MECHANICS DIVISION
LR EF(E
DIVISION HEAD
DHLIF
( EzxRSBEH FALH ANikE )
RRITE : AFFEMERR
Li-Shi Luo
Research Interests: Non-equilibrium and Complex Fluids
FEARR
ASSISTANT PROFESSOR

BN
oM - sz, TiEF

Xiao-Long Deng

Research Interests: Fluid Mechanics, Engineering

= =L
POSTDOCTORAL FELLOW STUDENT
FRE B B X
Mao-Jun Li Xiao Bai Wei-Feng Zhao
B =
Liang Tao
L =R
ASSISTANT
BRERE (R3£) Tel: 86-10-82687001

Email: menglong8802@csrc.

Miss Meng-Long Chen
ac.cn
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COMPUTATION ALGORITHMS DIVISION

KEMRR

ASSISTANT PROFESSOR

EFEE
(ERBOM"FEF AL NiEE )
WRADME : itEGE

Chi-Yung Yam
Research Interests: Computation Algorithms

TiEm

XU r-
(ERFLM"BFFFTA"ANiEE )
HRAE : itEEYE

Hai-Guang Liu

Research Interests: Computational Biology

ENGINEER

PRED R
MRAME : REHZE

Li-Zhen Chen

Research Interests: Fluid Mechanics

Jun-Peng Cao

1y

Sk

Zhao-Li Guo

#9315

Li-Li Ju

BtE
POSTDOCTORAL FELLOW
HEE
Zi-Yu Hu

BEHE
ASSOCIATE MEMBERS

BYE N E K

Wei-Zhu Bao National University of Singapore
BRI T E R B B 5 P

Insititute of Physics, CAS

PR A

Huazhong University of Science and
Technology

SERRITRAKRFE

University of South California

LI =RNE
ASSISTANT
% 18 Tel: 86-10-82687023
Miss Juan Yang Email: yangjuan@csrc.ac.cn
) h E R B S R AT
Kai Chang Institute of Semiconductors, CAS
T & EBEIAFE
Feng Ding The Hong Kong Polytechnic University
EpsEas HAEXRF

Zhong-Bing Huang Hubei University

=%

San-Huang Ke

R A

Tongji University
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Hai-Guang Liu

ZHN

Hong-Gang Luo

[

Mao-Sheng Miao

FiEm

Hao-Bin Wang

piliyeats

Jian-Hua Xing

SKImEN

Rui-Qin Zhang

KIS

Pei-Hong Zhang

Jonathan P.
Dowling

Joerg Evers

Pedro Domingos

Sacramento

Nuno Miguel
Machado Reis

Peres

Jaime Eduardo
Vieira da Silva

Moutinho Santos

Henri Orland

EEWHEAMZKF

Arizona State University

ZMKRZF

Lanzhou University
EXEMMRFZEEENIR
University of California, Santa Barbara

£EFBEFM AL

New Mexico State University

HERILETI KRS

Virginia Polytechnic Institute and State
University

City University of Hong Kong

HAAMNIRFZTET DI
University at Buffalo

EEBEZHRBHIKZE

Louisiana State University

EE D - L A 5P
Max-Planck-Institut fiir Kernphysik

AETEHAREAKRE

Instituto Superior Tecnico, Technical
University of Lisbon

AETKERKE

University of Minho

BEHITBREKRE
University of Porto

FEFRRSETRERS

French Alternative Energies and Atomic
Energy Commission

PUESE

Zhi-Pan Liu

OXE

Tian-Xing Ma

=27

Yan-Ming Ma

F F

Qi Wang

FERx

Wen-An Yong

A *
Tao Zhou
BE®R

Chang-Song Zhou

M. Suhail Zubairy

Jose Manuel

Pereira Carmelo

Eduardo Filipe

Vieira de Castro

Miguel Antonio da

Nova Araujo

Alejandro

Muramatsu

ARER
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gEBXF

Fudan University
BB A

Beijing Normal University

EMARFEEMHERKEE

State Key Lab of Superhard Materials, Jilin
University

EEBRERMKRF

University of South Carolina

BERE

Tsinghua University

B RRAE

University of Electronic Science and
Technology of China

BHREAS
Hong Kong Baptist University

EEEREHRTAS

Texas A&M University

BETKERKRF

University of Minho

BAETREHARAKRE

Instituto Superior Tecnico, Technical
University of Lisbon

AETRERARF
University of Evora

HREATE A A

University of Stuttgart
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ITHEEREB AR
ADMINISTRATIVE & SUPPORTTING STAFF

FibERE
Director
FIbEIEFE GED

Deputy Director (part-time)

PREFFE
Head, General Office
MAEENIE
y= AN Assistant, General Office
General Office T

Financial Manager
Tt 55 B IR
Financial Assistant
NAEFE
R EE A Head, Research Administration Office

Research Administration Office JMA 2= BHIE/BNEE T 720

Computer Technician

weE

Hai-Qing Lin

ih
Tong Qu

HEE
Shu-Yong Chen
BB
Yang Zheng
FBAAT
Chang-Hong Guo
x W

Huan Yao

£ RRRE

Ming-Hui Jiao
fA A
Chao Yin

SEFTERZHRFPIEATBENAE—ESL . ELEEIEXNIE: http://www.csre.ac.cn/zh/rezp/

For more position openings at CSRC, please visit: http://www.csrc.ac.cn/joinus/
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WILSON RATIO OF FERMI GASES IN ONE

References

[1] A. C. Hewson, The Kondo Problem to Heavy
Fermions (Cambridge University Press, Cambridge,
England, 1997).

[2] K. G. Wilson, Rev. Mod. Phys. 47, 773 (1975).

[3] X.-W. Guan*, X.-G. Yin, A. Foerster, M. T. Batchelor,
C.-H. Lee, and H.-Q. Lin*, Phys. Rev. Lett. 111, 130401
(2013).

[4] M. Gaudin, Phys. Lett. 24A, 55 (1967).

[5] C. N. Yang, Phys. Rev. Lett. 19, 1312 (1967).
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Fig.1: Contour plot of the Wilson ratio RW [Eq. (1)] of the
attractive Fermi gas for dimensionless interaction |y
| = 10 as a function of the reduced temperature ¢t = 7/¢, and
magnetic field. ¢, is the binding energy. The result [Eq. (2)]
provides a criterion for the two-component TLL phase in
the region below the dashed lines, where RW is temperature
independent. The dashed lines indicate the crossover
temperature 7*H - H_ | separating the relativistic liquid from
the nonrelativistic liquid. RW = 0 for both the TLL of pairs
(PP) and the TLL of excess fermions (F). In the critical
regimes (CR), RW gives a temperature-dependent scaling.
However, near the two critical points, the ratio reveals
anomalous enhancement, discussed further in the paper. The
inset shows the enhancement at the lower critical point.

DIMENSION

‘Wilson ratio, defined as the ratio of the magnetic susceptibility  to
specific heat Cv divided by temperature T

4 (nkB )2 x
RW = = )
3\msg/ ¢,/T

is a constant at the renormalization fixed point of these systems.

For example, RW = 1 for noninteracting or weakly correlated
electrons in metals [1], and RW = 2 in the Kondo regime for the
impurity problem [2]. The dimensionless Wilson ratio quantifies
the interaction effect and spin fluctuations and thus presents a
characteristic of strongly correlated Fermi liquids [1]. RW > 1 in
strongly correlated systems where the spin fluctuations are enhanced
while charge fluctuations are suppressed.

Motivated by the experimental results for the spin ladder and some
optical systems, several physicists, including Prof. H. Q. Lin at the
Beijing Computational Science Research Center and Prof. X. W.
Guan at Wuhan Institute of Physics and Mathematics, considered
the Wilson ratio [3] in the context of the spin-1/2 delta-function
interacting Fermi gas [4,5]. The quantum liquids exhibited by this
model include the paradigm of a spin-charge separated Tomonaga-
Luttinger liquid (TLL) in the repulsive regime and a two-component
TLL of pairs and single fermions in the attractive regime. They
addressed the issue that whether the Wilson ratio can capture a
similar Fermi liquid nature of such a particular pairing phase, and
found that

4
W+ 40+ e)

Ry

which holds throughout the two-component TLL phase.

This result is in terms of the density stiffness vNb;u and sound
velocity vNb;u for pairs b and excess single fermions u. These
parameters can be calculated from the ground state energy. Figure
1 shows that at finite temperatures, the contour plot of RW can map
out not only the two component TLL phase but also the quantum
criticality of the attractive Fermi gas. The Wilson ratio thus gives
a simple testable parameter to quantify interaction effects and the
competing order between pairing and depairing.

The Wilson ratio of 1D Fermi gases can in principle be measured in
experiments. The Wilson ratio of the 1D attractive Fermi gases which
they have obtained thus provides a measurable parameter to quantify
different phases of quantum liquids in 1D interacting fermions with
polarization. At low temperatures, the Fermi liquid nature is retained
in 1D many-body systems of interacting fermions. Their analysis can
be adapted to different systems, such as interacting fermions, bosons,
and mixtures composed of cold atoms with higher spin symmetry.

This research was also supported by MOST and NSFC.
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QUANTUM CONFINEMENT INDUCED
OSCILLATORY ELECTRIC FIELD ON A STEPPED
PB(111) FILM AND ITS INFLUENCE ON SURFACE
REACTIVITY

Manipulating and controlling the surface chemical reactivity on metal thin films is an interesting
topic in physics and chemistry, since metal surfaces play an important role in catalysis, molecular

self-organization, and corrosion processes. Recent experiments indicate that the quantum size
effects (QSE) can cause selective adsorption and enhancement of chemical process on the terraces
of wedge-shaped thin Pb(111) films formed on stepped Si(111) substrate. Nevertheless, the
microscopic mechanisms that relate the QSE to the experimentally observed selective chemical
reaction are still not well understood, although some correlations between the surface reactivity
and electronic properties (e.g., work function, density of states at Fermi level) have been
discussed.

Recently, a group of physicists including Xiaojie Liu and H. Q. Lin at CSRC, investigated how
QSE can control the selective adsorption and chemical processes on stepped or wedge-shaped
Pb(111) films [1]. Unlike all the previous theoretical studies which have focused on the properties
of separate uniform height islands, they investigated the situation when several Pb thin strips with
different thicknesses are brought into contact to form a stepped or wedge-shaped thin film. Using
first-principles calculations, they showed that QSE will induce a modulated oscillatory electrostatic
potential on the surface of stepped or wedge-shaped Pb(111) films. This modulated electrostatic
potential will cause an alternating electric field across the strips of different thickness on the wedge
and influence the growth morphology and reactivity on the flat top of the wedge-shaped Pb(111)
films as observed experimentally. Such a QSE induced electric field modulation mechanism would
be used to design metal film geometries for desirable controlling of nanostructure morphologies
and selective chemical reactions.

Ref.: [1] Xiaojie Liu, C.Z Wang, M. Hupalo, H.-Q. Lin, K.M. Ho, “Quantum confinement induced
oscillatory electric field on a stepped Pb(111) film and its influence on surface reactivity”, Phys.
Rev. B 89, 041401(R) (2014), (pub. 06 January 2014). DOI:10.1103/PhysRevB.89.041401

Fig. 5 Quantum size effects induce oscillatory electrostatic potential and thus alternating electric field
on the surface of the wedge-shaped Pb(111) films, leading to selective even or odd layer adsorption
preference depending on the charge state of the adatoms. The electrostatic potential are shown in Fig.
5(a) (side view) and (b) (side view).
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THEORETICAL STUDIES ON THE NOVEL QUANTUM
SCATTERING AND FRACTIONAL QUANTUM HALL
EFFECT OF DIRAC FERMIONS ON THE SURFACE OF
ATOPOLOGICAL INSULATOR

The recent theoretical prediction and experimental discovery of
topological insulators (TT) has attracted considerable interest in the

condensed matter physics community. One topic of fundamental
importance in topological surface states is the defect- or impurity-
induced strong modifications on the local electronic properties, which
can be detected by scanning tunneling microscopy (STM). Because
of the Dirac spectrum, the spin-orbit coupling (SOC) induced
fermionic chirality, and the strong warping effect in topological
surface states, the impurity scattering effect in TIs is naturally
expected to display novel behavior that should be absent from
the conventional semiconductor or metal-surface twodimensional
electron gases. The characterizations of the fractional quantum Hall
effect (FQHE) of Dirac fermions on the TI surface in the presence of
a magnetic field is another interesting topic. Especially, owing to the
unique spin chirality of Dirac fermions induced by intrinsic strong
SOC in TI materials, the effect of tilted magnetic field, the Zeeman
effect, and the warping effect on the FQHE on TI surface should
remarkably differ from that in conventional 2DEG. However, the
novel properties of the FQHE of Dirac fermions on TI surface is still
missing in the literature,

Recently, a group of physicists including CSRC researchers, Zhen-
Guo Fu and H. Q. Lin, and associate member P. Zhang, performed
systematic theoretical studies on i) the quantum scattering effect of
Dirac fermions induced by impurities and steps on TI surface[1-3],
and ii) the FQHE of Dirac fermions on TI surface [4-6].

In order to study the quantum scattering effect of Dirac fermions, the
topological surface states are described by a Dirac wave equation
with an additional locking between momentum and spin of the
surface Dirac electrons, and the strong warping effect is also taken
into account. They theoretically developd a partial-wave method to
study multiple scattering of massive/massless Dirac fermions on the
surface of TT with strong warping effect, and demonstrated that with
increasing the Fermi energy, the power-law decay of local density of
states (LDOS) induced by impurities is modified due to the warping
effect of the Fermi surface. In symmetric double-step barriers on
TI surface, their results showed that the remarkable warping effect
may result in anisotropic Fabry-Perot-like resonance states confined
in the step-well running along I'-M direction and I'-K direction.
Cooperating with the STM experimental group of Prof. Q. K. Xue in
Tsinghua University, they also studied the quantum confinement of
Dirac fermions in triangular quantum corrals on TI Bi2Te3 surface,
and the theoretical simulations are consistent with the experimetal
observations very well.

Furthermore, taken into account the electron-electron interactions

and an external tilted magnetic field, they theoretically
found that by increasing the in-plane component of the
tilted magnetic field as well as the warping strength
of the Fermi surface, the FQHE state at n=0 Landau
level (LL) becomes more stable, while the stabilities
of n=t1 LLs become weaker. Moreover, their results
showed that the excitation gaps of the v=1/m FQHE
states increase with increasing the tilt angle. Taken into
account the Zeeman effet, the effective pseudopotentials
of the Coulomb interaction are reformed and are quite
different from those in graphene. They showed that the
ground state energies and the excitation gaps at v=1/3
FQHE between the n=+1 LLs render asymmetry, and
the FQHE state at the n=+1 LL is more robust than that
at n=—1 LL since the excitation gap at n=+1 LL is larger
than that at n=—1 LL. Their works are not only useful for
understanding the novel properties of Dirac fermions in
TIs, but also encouraging for the experimental research
of STM and FQHE in TIs.

This research was also supported by NSFC and NBRPC.
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and Shu-Shen Li, “Multiple scattering theory for
massive Dirac fermions on the topological insulator
surface with a strong warping effect”, Phys. Rev. B §8,
085304 (2013), (pub. 5 August 2013). DOI: 10.1103/
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[2] Zhen-Guo Fu, Ping Zhang, Mu Chen, Zhigang Wang,
Fawei Zheng, and Hai-Qing Lin, “Anisotropic Fabry-
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Fig.3: Quantum confinement of Dirac fermions on the
surface of TI Bi2Te3.
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NUMERICAL STUDIES ON FRACTIONAL CHERN
INSULATORS

Fractional Chern insulator (FCI) is a new type of topological phase of
matter that was first proposed in 2011. It is a collective phenomenon of

strongly interacting particles occurring in nearly flat Bloch band with
nonzero Chern number . Compared with usual fractional quantum
Hall (FQH) states, FCIs do not need external magnetic fields and can
potentially be realized in room temperature, therefore providing a more
promising platform for the study of topological order and relevant physics.

Recently, Z. Liu in CSRC, with his collaborators in Europe and
China, did several theoretical studies on fractional Chern insulators by
numerical algorithms, such as exact diagonalzation and density matrix
renormalization group (DMRG). They first established the adiabatic
continuity between FCIs in Bloch bands and FQH states in Landau
levels (LLs), thus confirmed these two different types of states are in the
same topological phase [1]. Then they studied FCIs in Bloch bands on
cylinders by DMRG, and found the excitation energy spectra on the edge
and the space-cut entanglement spectra of the bulk ground states have
the same counting structure, so the bulk-edge correspondence of FCIs
was established [2]. They also discovered several FCIs beyond simple
Laughlin-like states, such as the hierarchy states (the counterparts in LL
are composite-fermion states) [3] and the non-Abelian states stabilized by
long-range interactions [4]. Finally, they generalized the usual Hofstadter
model by inducing long-range hopping and found much richer Bloch band
topology, which can harbor various FCIs [5]. Because of these works, Z.
Liu and one of his collaborators were invited to write a review paper on
the progress of the field of fractional Chern insulators [6].

Z. Liu was also supported by China Postdoctoral Science Foundation
Grant
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a |c| = 1 band. (a) Shows the low lying energies

with periodic boundary conditions in each (center-

of-mass) momentum sector. There are three

nearly degenerate ground states. (b) Shows the

spectral flow under flux insertion. The three nearly

degenerate ground states evolve into each other.

(c) The ground-state particle-cut entanglement

spectrum with a clear entanglement gap. The total

number of levels below the gap is the same as the

corresponding quasihole excitation counting of the
v =1/3 FQH Laughlin state.
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BAND-GAP STATES OF TIO2(110):
MAJOR CONTRIBUTION FROM SURFACE DEFECTS

Titanium dioxide (TiO2) has attracted particular attention because of its wide range of
applications in physics, chemistry and materials. Rutile (110), partly due to its stability, has
become a prototypical system of metal oxide, and there are two kinds of typical point defects on
rutile TiO2(110), i.e., surface Obr vacancies and subsurface Ti interstitials (Tiint). Once upon the
existance of defect, the Fermi level (EF) is pinned to the bottom of conduction band (CBM), and
defect states appear at about 0.8 eV below the EF. Many physical and chemical processes on TiO2
surface are linked to the excess electrons originated from band gap states. However, the sources

(surface and/or subsurface defects) of these states are still rather controversial.

Recently, L.M Liu in CSRC with his collaborators performed density functional theory (DFT)
calculations in combination of ultraviolet photoelectron spectroscopy (UPS) measurements on the
band gap states of TiO2(110). Their results clearly suggest both surface and subsurface defects
contribute to the band gap states, whereas the contribution of subsurface defects corresponds
to that of only 1.9% monolayer ObrH at the current bulk reduction level. As the surface defect
concentration is usually much larger than 1.9% monolayer in real studies and applications, such
results clearly demonstrates the importance of surface defects in changing the electronic structure

of TiO2, which dictates the surface chemistry.

Sources of Band-Gap States of TiO,(110)
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See:

Xinchun Mao, Xiufeng Lang, Zhigiang Wang, Qunqing Hao, Bo Wen, Zefeng Ren, Dongxu
Dai, Chuanyao Zhou, Li-Min Liu, and Xueming Yang, “Band-Gap States of TiO2(110):
Major Contribution from Surface Defects”, J. Phys. Chem. Lett., 2013, 4 (22), pp 3839-3844,
DOI:10.1021/jz402053p
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Ping Chen, “R-graphyne: a new two-dimensional
carbon allotrope with versatile Dirac-like point in
nanoribbons”, Journal of Materials Chemistry A,

2013, 1(17): 5341-5346

NANORIBBONS

Among the abundant allotropes, graphene is one of the most
recently research hot topic due to the two-dimensional (2D) sp2 bond

structure with unique electronic properties. The cause of the amazing
electronic properties of graphene is attributed to its peculiar band
structure featuring so-called Dirac points. In the vicinity of the Dirac
point, the valence and conduction band meet at the Fermi level with
zero band gap semiconductor forming a double cone, which appear
in a linear relationship. Thereby, it considered as a revolutionary
material for the future generation of high-speed nano-electronics. As
a matter of fact, the potential application of graphene in future nano-
electronic devices calls for controllable manipulation of its atomic
and electronic properties. The general way is to introduce the defect

or the functional groups.

Recently, L.M. Liu and L. Lau in CSRC with their collaborators
proposed a novel two-dimensional carbon allotrope, rectangular
graphyne (R-graphyne) with tetra-rings and acetylenic linkages,
based on first-principles calculations. They found that although
the bulk R-graphyne exhibits metallic property, the nanoribbons of
R-graphyne show distinct electronic structures from the bulk. The
most intriguing feature is that band gaps of R-graphyne nanoribbons
oscillate between semiconductor and metallic states as a function
of width. Particularly, the zigzag edge nanoribbons with half-
integer repeating unit cell exhibit unexpected Dirac-like fermions
in the band structures. The Dirac-like fermions of the R-graphyne
nanoribbons originate from the central symmetry and two sub-
lattices. The extraordinary properties of R-graphyne nanoribbons
greatly expand our understanding of the origin of Dirac-like points.
Such findings uncover a novel fascinating property of nanoribbons,
which may have broad potential applications for carbon-based

nanoscale electronic devices.

This work is highlighted in Nature China with the title of

“Nanomaterials: A cute above”.
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STATISTICAL MECHANICAL STUDY OF
ADAPTATION AND MOTOR SWITCHING KINETICS
IN THE E. COLI CHEMOTAXIS SYSTEM

The chemotaxis pathway of the bacterium E. coli has been a model system for the study of active
chemical sensing by a living cell. Its receptor domain exhibits very high signal sensitivity and

can adapt to a broad range of ligand concentrations. Recently, Ganhui Lan et al. have shown that
such a functional behavior can only exist in a nonequilibrium system supported by energy flow.
Through an explicit but approximate model calculation, they obtained a quantitative relation
between energy dissipation and adaptation accuracy, which they suggested to be general. We have
analyzed a discrete-state model in detail and obtained exact solution for the adaptation accuracy,
energy dissipation rate, and the frequency-resolved linear response of the circuit to a sinusoidal
perturbation in the ligand concentration. A nonequilibrium “phase transition”-like behavior exists
in this network when the number of methylation sites extends to infinity. The exact analysis
clarifies the energy-speed-accuracy tradeoff relation proposed by Lan et al. This work was mostly

done by a first year graduate student Wang Shouwen in the group.

Furthermore, Dr. Chai Yan in the group has continued his study on the kinetics of E. coli flagellar
motor switching. The bacterial flagellar motor is a nanometer-scale machine whose rotational
direction stochastically switches between clockwise and counterclockwise. Duration of the motor
in each rotary state is regulated by the concentration of the chemotaxis signaling protein CheY-P
which binds to the rotor ring. We have studied the kinetic properties of the motor switching in an
equilibrium conformational spread model both analytically and numerically. Exact expression
for the 2D free energy landscape of the model is obtained, as shown in Fig. 1. The dwell time
distributions and transition time distribution are computed numerically. Characteristics of these
distributions as a function of the kinetic rates for individual rotor switching and CheY-P binding
are analyzed. The results are summarized in terms of the dynamic response of the motor switching

under a varying CheY-P signal.

i

HH

Fig. 1 Free energy landscape of the conformational spread model for flagellar motor that controls
switching between two metastable states.
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DRIVEN VORTEX MOTION AND ARRHENIUS
RESISTIVITY IN 2D GAUGE GLASS

The two-dimensional gauge glass model has been proposed to study transport properties of
granular superconducting films and disordered Josephson-junction (JJ) arrays in a magnetic

field. Detailed analytical and numerical studies have shown that the low temperature equilibrium
behavior of the system is controlled by a T=0 critical point with a finite density of states for
gapless vortex excitations. However, due to the random potential created by the disorder and the
ground state vortex configuration, vortex transport under a weak external current I is complex
and has not been analyzed in detail. In fact, previous numerical work suggested a change of
behavior from Ohmic to power-law I-V at around T/J~0.22, where J is the Josephson coupling
constant between neighboring superconducting grains. We have carried out extensive simulations
of the gauge glass model under the resistively-shunted-junction (RSJ) dynamics at weak applied
currents and low temperatures. Ohmic behavior is observed down to T=0.1 for arrays of size up to
512x128. Simulations also indicate that the vortex configuration is insensitive to the temperature
and a weak external current, suggesting that most of the dissipation is due to isolated vortices
that traverse in a random potential. We investigated the auto-correlation of the spin chirality. A
damped oscillatory auto-correlation is observed, from which information about the local transport
and the birth and death of excess vortices can be extracted. The finite lifetime of the excess
vortices results in the finite transport distance which does not depend sensitively on temperature
and the driven current. Based on this observation, we relate the transport properties of the
disordered JJ array to the individual vortex motion. Furthermore, the Arrhenius relation between

voltage drop and temperature is explained by an exactly solvable single vortex model.
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CONTROLLING A NANOWIRE SPIN-ORBIT QUBIT
VIA ELECTRIC-DIPOLE SPIN RESONANCE

How to achieve a simple and efficient way to manipulate a qubit
is of basic importance in quantum information processing. For the

conventional spin qubit, its manipulation can be accomplished by
using the electron spin resonance technique. The spin-orbit qubit,
unlike the conventional spin qubit, contains both the orbital and
the spin degrees of freedom of an electron, owing to the spin-orbit
coupling (SOC). The spin-orbit qubit has an additional advantage of
being manipulable via an external a.c. electric field, an interesting
phenomenon called the electric-dipole spin resonance (EDSR). With
respect to generating a local a.c. magnetic field for manipulating a
spin qubit, it is much easier to produce a local a.c. electric field with

current experimental techniques.

Semiconductor quantum wires with strong SOC, e.g., InSb
nanowires, are of current interest. These have been suggested as a
potential platform for demonstrating Majorana quasiparticles, and
these can also be used to produce a quantum dot for achieving a spin-
orbit qubit. The coherent electric manipulation and the spectroscopy
of a nanowire spin-orbit qubit were investigated, and a strong Rabi
frequency of 100 MHz was also reported recently. Interestingly, the
frequency of the driving a.c. electric field depends on the direction
of the applied static magnetic field. As shown in a recent PRL paper
by J.Q. You’s group, this dependence is actually a signature of the

strong SOC in the nanowire.

In this PRL paper, J.Q. You and his collaborators provided an explicit
theoretical explanation for the EDSR effect in a nanowire quantum
dot with strong SOC. In comparison with previous theories, where
the SOC was regarded as a perturbation, they considered a strong
SOC in this work. With their theory applicable in the strong SOC
regime, it reveals that the Rabi frequency induced by an external
a.c. electric field has a maximum value at an optimal SOC strength,
instead of the Rabi frequency that is linearly proportional to the SOC
strength. As their theory shows, this linear dependence is only valid
in the weak SOC regime. Also, their theory shows that the SOC can
be probed by monitoring both the spectrum and the EDSR responses
of the spin-orbit qubit to the direction of the external static magnetic
field. Therefore, it can provide a useful method to determine both
Rashba and Dresselhaus SOCs in the nanowire.

This research was supported by the National Natural Science

Foundation of China and the National Basic Research

Program of China (973 Program).

Ref: Rui Li, J. Q. You, C. P. Sun, and Franco Nori,
"Controlling a nanowire spin-orbit qubit via electric-
dipole spin resonance", Phys. Rev. Lett. 111, 086805
(2013). (published 23 August 2013; DOI: 10.1103/
PhysRevLett.111.086805).
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Figure 1: Electric-field-induced Rabi frequency of the
nanowire spin-orbit qubit versus the strength of the spin-
orbit coupling.
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Figure 2: Periodic response of (a) the level spacing and
(b) the Rabi frequency of the nanowire spin-orbit qubit
on the direction of the external static magnetic field.
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QUANTUM ROUTING OF SINGLE
PHOTONS WITH A CYCLIC THREE-LEVEL SYSTEM

Many theoretical proposals and experimental demonstrations of a
quantum router have been carried out in various systems, i.e., cavity

QED system, circuit QED system, optomechanical system, and
even a pure linear optical system. The essence lying at the core is
the realization of the coupling between a two-(or few-) level system
and quantum channels. Except for the experiment implemented with
linear optical devices, the quantum router demonstrated in most
experiments and theoretical proposals has only one output terminal.
Thus the ideal quantum router with multi-access channels deserves

more exploration.

Recently, Y. Li and C. P. Sun in CSRC, with their collaborators,
theoretically proposed a scheme for quantum routing of single
photons with two output channels, which are composed of two
coupled-resonator waveguides (CRWs). The quantum node is
realized by a three-level system with three transitions forming a
cyclic (A-type) structure: Two different transitions of the A atom are
coupled to the photonic modes of the two channels respectively and
the other is used to connect the two channels with a classical field.
It is shown that the quantum node indeed works as a multi-channel
quantum router. Here, the A atom functions as a single-photon switch
within the incident channel: When the classical field is applied to
dress the atom, single photons can be routed from one channel to
the other. Actually, there have been numerous theoretical studies
focusing on the von Neumann—Wigner conjecture: whether or not
there exist (quasi-) bound states when discrete energy levels are
coupled to a continuum. Now, this hybrid system provides a platform

to probe this kind of bound states.

The promising candidates for experimental implementations of the
above quantum routing system are the following: The circuit QED
system where two coplanar linear resonators are coupled to a cyclic
A-atom using three Josephson junctions and microwaves serve
as the classical controlling field; The defect cavities in photonic
crystal coupled to a silicon-based quantum dot. It is hopeful that the
quantum routing function predicted in this work can be observed in

some experiments.
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FIG.1 (color online). The scattering process described
by transmittance 7 “(E) (dashed red line), reflectance
R(E) (dotted gray line), and transfer rate T °(E) (solid
blue line) with different configurations of the two bands
of the vacant CRWs, (a) A, =4.5,thus A, - A, >2( ¢, +
&, ). For convenience, all the parameters are in umits of
¢ and we always set &, =&, =1,A,=0,Q=1,and g, =
g,=0.5.
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FIG.2 (color online). (a) The transmission 7 * as a
function of the incident cenergy E with g, = 0.5
and Q = 0 (solid blue line), or with g, = 0.5, g,
= 0 and Q = 0 (dotted-dashed green line); (b),(c) The
coefficients T“ + R “ (solid ren lines and dotted black
lines), 27 " (dshed green lines and sotted-dashed pink
lines) as functions of the incident energy £ with g, =0.5
and Q = 1.2, g, =0.5 for the dotted black and dashed
green lines, or g, =0.8[0.2] for the solid red and dotted-
dashed pink lines. (d) Transmittance difference (7" - T
) at the condition |E| = Q vs g, and g,. Here, we take
A,=A,=0,and &, =¢&, =1.
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FIG.3 (color online). (a) The CRW-b plus the A atom have
two bound states both above and blow the continuum band.

“Quantum Routing of Single Photons with a Cyclic Three-
Level System”

The incident photon gets perfectly reflected when its energy Zhou, Lan; Yang, Li-Ping; Li, Yong; Sun, C. P. Phys. Rev. Lett.

matches the bound states within CRW-b; (b) Wave function of
the bound state within CRW-b with n, = 0.

111, 103604 (2013).

QUANTUM ZENO AND ANTI-ZENO EFFECT WITHOUT

INTRODUCING

WAVE-PACKET COLLAPSE: THEORY AND EXPERIMENT

The explanation for quantum Zeno effect evoked many arguments
on whether the postulate “wave-packet collapse (WPC)” is
necessary. To illustrate this problem, CP Sun’s group presented
a dispersive-coupling-based interpretation for the quantum Zeno
effect (QZE) where measurements are dynamically treated as
dispersive couplings of the measured system to the apparatus rather
than the von Neumann'’s projections [1]. It is found that the explicit
dependence of the survival probability on the decoherence time
quantitatively distinguishes this dynamic QZE from the usual one
based on projection measurements. By revisiting the cavity-QED
experiment of the QZE [J. Bernu et al., Phys. Rev. Lett. 101, 180402
(2008)], CP Sun’s group suggests an alternative scheme [1] to verify
their theoretical consideration that frequent measurements slow
down the increase of photon number inside a microcavity due to the

non-demolition couplings with the atoms in large detuning.

CP Sun’s group also cooperated with an NMR experiment group to

experimentally demonstrate a dynamic fashion of quantum Zeno
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Fig. 1. Average photon number as a function of
the pulse number N. Without the QND probe, the
average photon number grows quadratically with
N (red solid line). The QZE emerges as the average
photon number is frozen at zero with tm = 5 ms
(blue dashed line). If the measurement time is chosen
specifically at tm, the average photon number
increases obviously (green dash-dotted line) which is
not explained in terms of the WPC interpretation. See
Ref. [1].



effect [2]. The frequent measurements are implemented through
quantum entanglement between the target qubit(s) and the measuring
qubit, which dynamically results from the unitary evolution of
duration 1, due to dispersive coupling. Experimental results testify
to the presence of “the critical measurement time effect”, that is,
the quantum Zeno effect does not occur when t,, takes some critical
values, even if the measurements are frequent enough. Moreover,
they provide an experimental demonstration of an entanglement
preservation mechanism based on such a dynamic quantum Zeno
effect.

CP Sun’s group also studied the quantum anti-Zeno effect without
evoking the projection measurements [3]. They investigated the
measurement-induced enhancement of the spontaneous decay for a
two-level subsystem, where measurements are treated as couplings
between the excited state and an auxiliary state rather than the
von Neumann’s wave function reduction. The photon radiated in
a fast decay of the atom, from the auxiliary state to the excited
state, triggers a quasi-measurement, as opposed to a projection
measurement. Such frequent quasi-measurements result in an
exponential decay of the survival probability of atomic initial state
with a photon emission following each quasi-measurement. Their
calculations show that the effective decay rate is of the same form as
the one based on projection measurements. The survival probability
of the atomic initial state obtained by tracing over all the photon
states is equivalent to that of the atomic initial state with a photon

emission following each quasi-measurement.
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Fig. 2. (a) Experimental QZE with entanglement
based measurement on two-qubit system for a
product state (top plots) and an entangled state
(bottom plots). (b) Real part of the reconstructed
density matrix of the initial and final states for
preserving the entangled state via QZE. See Ref. [2].

Effective decay rate R/Rax
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Fig.3 The effective decay rate R(t) versus the quasi-
measurement interval for a Lorentzian interacting
spectrum. The red dashed line displays the golden-
rule decay rate. See Ref. [3].
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OPTICAL DIODE MADE FROM A MOVING

PHOTONIC CRYSTAL

Optical diodes controlling the flow of light are of principal
significance for optical information processing. They transmit light
from an input to an output, but not in the reverse direction. This
breaking of time reversal symmetry is conventionally achieved
via Faraday or nonlinear effects. For applications in a quantum
network, features such as the abilities of all-optical control, on-chip
integration, and single-photon operation are important. Here we
propose an all-optical optical diode which requires neither magnetic
field nor strong input field. It is based on a “moving”’ photonic
crystal generated, see Fig. 1, in a three-level electromagnetically
induced transparency medium in which the refractive index of a
weak probe is modulated by the moving periodic intensity of a
strong standing coupling field with two detuned counter-propagating
components. Because of the Doppler effect, the frequency range of
the crystal’s band gap for the probe copropagating with the moving
crystal is shifted from that for the counter-propagating probe (see
Fig. 1). This mechanism is experimentally demonstrated in a room

temperature Cs vapor cell, see Fig. 2.

This work was supported by National Basic Research Program of
China (Grants No. 2012CB921603, No. 2011CB922203, and No.
2010CB923102), National Natural Science Foundation of China
(Grants No. 11174026 and No. 11274210), and CUHK Focused

Investments Scheme.

See:

“Optical Diode Made from a Moving Photonic Crystal”, Wang, Da-
Wei; Zhou, Hai-Tao; Guo, Miao-Jun; Zhang, Jun-Xiang; Evers,
Joerg; Zhu,Shi-Yao, Phys. Rev. Lett. 110.093901(2013)
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Fig. 1, Working principle of the optical diodes

Experimental Result of the optical diodes
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Fig. 2, Experimental result of the optical diodes. With
coupling: 40mW, probe: 80 W, T =28°C
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GOOS-HANCHEN SHIFTS OF PARTIALLY
COHERENT LIGHT FIELDS

The Goos-Hénchen (GH) shift refers to a lateral displacement (from
the path expected from geometrical optics) along an interface in

totally internal reflection. This phenomenon results from a coherence
effect. In previous works, the first order Taylor expansion was used,
which is not accurate for partial coherent beams. In order to bring
to light the role of coherence, the reflection of partially coherent
light fields was investigated within the framework of the coherence-
theory. A formal expression for the GH shifts of partially coherent
light fields is obtained in terms of eigenfunction expansion of the
Mercer’s method, which is much more accurate than the traditional
first order Taylar expansion, see Fig. 1. It is shown that both the
spatial coherence and the beam width have an important effect on the
GH shift, especially near the critical angles (such as totally reflection
angle), see Fig. 2. For incident angle smaller than the critical angle,
the GH shift is still finite. These results are important to observe the
GH shifts of the beams with imperfect coherence, like x-ray and

matter-wave beams.

This research is supported by NPRP Grant No. 4-346-1-061 by
the Qatar National Research Fund (QNRF) and a grant from King
Abdulaziz City for Science and Technology (KACST). This work
is also supported by NSFC Grants (No. 61078021, No. 11174026,
and No. 11274275), and by the National Basic Research Program of
China (Grants No. 2012CB921602, 3 and No. 2011CB922203).

See:

“Goos-Ha"'nchen Shifts of Partially Coherent Light Fields”, Li-
Gang Wang, Shi-Yao Zhu, and M. Suhail Zubairy, Phys. Rev. Lett.
111.223901(2013)

Goos-Hanchen Shift
Mercer's expansion First order Taylor eupal:lﬂl::!r
Fix.zi%,.5) gﬂ,wlir .z, Siw = &, = —Reli Tl
o A Ll CYEETIES | riky) = expl—ig|
l.r': cigenfumections. A - cigemalues p= _.,.,.-r[i
P R RS PV RN TSN ] . Ll
Thve wefbesbed d P peonrsl demdiy for & single miske. b = TI.["'I':H——_IM
Nl o, ) =l S v (- A = e (n, -4, 5,)

a=Y e s g, X e, s

.I'i?&-"ql_

Fig. 1, The difference of this work with previous works

* Large =, weakens the effect of SC on the GH

* Mear the critical angle, the 5C has a larger
effect.
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Fig. 2, The main result
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Huang.Jie-Hui; Liu, Hong-Yu; Gao, Jiang-Rui; Zubairy. M. Suhail; Zhu, Shi-Yao, Phys. Rev. A, 88.013828(2013)

“Spectrum of collective spontaneous emission beyond the rotating-wave approximation”
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Araujo, Miguel A. N.; Castro. Eduardo V.; Sacramento. Pedro D., Phys. Rev. B, 87.085109(2013)

“Charge and spin fractionalization beyond the Luttinger-liquid paradigm”,
Moreno, A.; Muramatsu, A.; Carmelo, J. M. P., Phys. Rev. B, 87.075101 (2013)

“Undetectable quantum transfer through a continuum”,
Ping, Jing; Ye, Yin; Xu, Luting; Li, Xin-Qi; Yan, YiJing; Gurvitz, Shmuel, Phys. Lett. A,2013.01.010(2013)
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FAEL]
EVENTS

ROEDR. EDHERSIR (201345 )
WORKSHOPS & CONFERENCES (2013)

Afial Date SILBFR Title

SR I R R ERRT S
2013.04.01-04.05
International Workshop on Critical Behavior in Lattice Models

HESNBHFERFRNS
2013.05.20-05.24
International Workshop on Computational and Applied Mathematics

BHREBFAFEFMHERFRRIN
2013.05.26-05.29
Quantum Optics and New Materials (V)

EARGNEESAAITS
2013.06.15-06.16
Workshop on Energy Landscape of Complex Systems

BREMEMEIT HEH NS
2013.06.19-06.20
Workshop on Complex Networks and Statistical Mechanics

2013FECCASTSHiE
2013.07.29-08.16
CCAST-Summer School 2013

% —JE CalypsofffiTs
2013.08.07-08.10
1st Workshop On Calypso

E-RBTAEFIHS
2013.08.21-08.23
Workshop on Quantum Optics ( II)

EAREGEFIHEERFTS
2013.10.19-10.21
The 6th International Workshop on Solid State Quantum Computing

B+ NEE—MRES FEMTET NS
2013.10.27-10.30
16th Asian Workshop on First-Principles Electronic Structure Calculations (ASIAN-16)

BRSERSETERIA/NETIS
2013.12.23-12.24
Mini Workshop on Frontiers in Condensed Matter Theory and Quantum Information

BN FRE N BFEAFHITS
2013.12.27-12.29
Workshop on Cavity Optomechanics and its Applications

WETRELZZUWHFE, BNE:
For more details about Workshops & Conferences in CSRC, please visit:
http://www.csrc.ac.cn/events/WorkshopsConferences/
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CSRC COLLOQUIUM ON SCIENTIFIC FRONTIERS

20134488 (A 1789

HEJ Date

2013-1-18

2013-1-31

2013-5-17

2013-7-22

2013-8-9

2013-8-12

2013-9-9

2013-10-9

RE AN Speaker

LR

Xue-Chu Shen

HEK

Qing-Huo Liu

Max Gunzburger

Hong-Kai Zhao

{5 BAEA

Ming-Jiu Ni

ny

R+

)|

Xian-Tu He

BrSEA

Zhi-Ming Chen

HEX

Ping-Wen Zhang

EAfT Institute

PR LR AR
Shanghai Institute of Technical Physics, CAS
ENRF&EEHTKE
Xiamen University and Duke University, USA

EXEBRTBEIMIKRFZRZTER

Department of Scientific Computing, Florida
State University

EEMMMRZRI DRI FER

Department of Mathematics, University of
California, Irvine

TERERAFIENFF R

Shool of Physical Sciences, University of
Chinese Academy of Sciences

LN R ST E AR

Beijing Institute of Applied Physics and
Computational Mathematics

TR E S SR TRITERRR

The Institute of Computational Mathematics
and Scientific/Engineering Computing, CAS

IERRFHFER LR

School of Mathematical Sciences, Peking
University

IREFTE Title

Whispering Gallery Mode Exciton Polariton
in Nano ZnO Wire; Polariton Lasing &
Condensation

Multiscale Computational Electromagnetics
and Super-Resolution Imaging

Computational Approaches to Uncertainty
Quantification for Systems Governed by PDEs

Computing Partial Differential Equations on
Point Clouds

VERHN RS ERBAREERUIHER T

k)|

MERMEARBETER

Computation of High Frequency Waves in
Unbounded Domain: Perfectly Matched Layer
and Source Transfer

The Mathematical Problems of Liquid Crystals
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ETRE
CSRC SEMINAR

FIORIRBIEERIMAXUHER S ERTETARE, A
REARFE, BEFARIBLE. 2013FEF0HENT AP EI7H
(222581 , MEARKBER. &, 878, xEH. =E.
EEL RRFIL. K. WwL. B8F. BAFEESREK
BT BN

CSRC invites national and overseas leading researchers to give
academic seminars. In 2013, CSRC has already held 97 seminars.

ErEHEEs
POSTDOCTORAL SEMINAR

FEAAELEREES, EAAI2MNEEENRHE
A RRZEIDLE, HF5FOLHEE. B1E. %L':—E&wﬁl‘:ﬂ‘%ﬁ%
THER . 2013 F 2B EIRE435 (213080 .

CSRC organizes postdoctoral seminar each week so to give
postdoctoral fellows opportunity of exchange ideas and explore

collaboration with CSRC researchers and visiting scholars. In 2013,
CSRC has already held 43 postdoctoral seminars.

WHTREZRERER, 1BXE:
For more details about Seminars in CSRC, please visit:
http://www.csrc.ac.cn/events/seminars/
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COLLABORATIONS 51

EFRHERERARFOEEEASHTBESRNETE, ERRALXDIER
SIFEREWZR, BEBBHARSERIMEERANMZ BN EILR, ¥RER
WEMY RFEAEN. BoE SEFRRARTIIMAEE T SEML ATEFOEA
FR—REOTRITENZRAXENZXARNGEFLEM AL .

To facilitate scientific interactions between CSRC scientists and scientists elsewhere, CSRC
has developed partnerships with several universities and research institutions around the world.

Besides engaging in long-term scientific collaborations, CSRC staff also host conferences,
workshops, and seminars with collaborators. Through these activities, CSRC is working towards
extending the frontier in computational science research and improving its competitive edge and
prestige.

=RIVEES
PARTNERSHIP

The University of Georgia (UGA)

RlIkagaku KENKkyusho/Institute of Physical and Chemical Research (RIKEN)
Hearne Institute for Theoretical Physics, Louisiana State University (LSU)
Lawrence Berkeley National Laboratory (LBNL)

Old Dominion University (ODU)

Korea Institute for Advanced Study (KIAS)

® & & & © O

BERKECLEY LaD

I L& e
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SR
\ﬁSITORS 53

HIGZENR SRIANMEERAEEZR, RIRALARNDERIIMEARAS
WzZwR, SR ARSERIINEBRATMZ BN ERZR. HZE
S, FILEZEFTRBIOZNERMBX BT I1000 A RIKILZFESE, F
IR RINE S INZEARZRIERNBILI00A K. 2013FF L RIFEEIX
470 NR .

HO D E A SMEAASHE R T (R RABUE, I8 FE R E
MRARNERKE, #TERARKBPEERR. R OBSETN—EZED
FARENNSIW. $HIPE. EROHEEERE, FOERE—ERNEE .

CSRC warmly welcomes scientists around the world to visit for collaboration and exchange.
CSRC frequently hosts academic activities such as conferences, workshops, and seminars
together with its counterparts. Meal allowance and housing subsidies are provided during

visitor's stay at CSRC.
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LRI ER =R Al
““l':!g-ﬂ MM ATRENZIZDBR”
FAR S E TN
CORNERSTONE CEREMONY

201359 A298 £, SERITERFEHRRHL “HERFRNBHRENERINE “THREMHETNUREFX
FEE —EA T i 2617

%MTﬁuﬁMﬁ¢% SAETHHLTERK ., TR OWESE EEMMEE EE. PE—RIEEAIEX
LLFEE KR S EE, IXEREEASKERSEE, FHRITBRFRETT. KRLEBRIMXHRESEEF
9F.

T%ﬁ&ﬁﬁ,¢L—%(ﬁﬁﬁﬁ)ﬁE%Mﬁ%ﬁ%%ﬁﬁﬁiﬁTﬁE@ﬁﬂ%ﬁ%R,h%??ﬁﬁ
FREIRE. FRERITREFRRITIE. KRELFELADMXFERLZEE,. PYREIELK. TR OHKESTEM
B TE. PE—BILRASEXER SEBERELR T RIEFRNIHE, WTERFRN BMRENEERDE
BEMNMBRMMRERTNE, NSBARKRTERS, FNT—SITIERETHE.




( s BREHEDIN

BEIJING COMPUTATIONAL SCIENCE RESEARCH CENTER

f— S i )

Sl et i R it

“TTERZRNAMREHNEER” MEETIEEMER
XA R 8 () RXE25AMG-4Hbik, 2
HEIR14104FF5K, SEFNEIRA45000577K, Hh -
BRER30324F 75K, HTEAER14676F 7K.

BRARBEITENE. BAVESEE. ELHRAB
B FAZRARE. BEBREARRE. I TEESFRE, UK
2002 RS HRITEERR G ITERIBETALS RS
Fig&.

ZIMEBE R EARREAIRTFORANLAKEEEER
i, WFRSEERESEIOXERS, BREFRKBR
TEFEREX.

CSRC is expected to move into its home building by the end of
2014. It is located at Beijing Zhong-Guan-Cun Software Park
(ZPark), which is surrounded by Beijing's ecological zone, high
tech industry zone, and academia zone. The construction project of
CSRC covers a total area of 1.4104 hectares with total building area
0f 45000 square meters.






