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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 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.
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Specifically, CSRC supports the development and implement-
ation 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 August 2020, CSRC has 37 faculty members, 2 engineers,
38 associate members, 105 postdoctoral fellows and 106
students. With its talented research staff, CSRC has established
the following seven divisions: Simulation of Physical Systems,
Quantum Physics and Quantum Information, Materials and
Energy, Complex Systems, Applied and Computational
Mathematics, Mechanics, and Algorithms. In research
performance, CSRC has published 368 papers, organized 8
academic conferences and workshops, 6 tutorials, 1 colloquium
on scientific frontiers, and 57 CSRC seminars. CSRC has also
forged partnerships with many prestigious universities and

research institutes around the world.
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Academy of Mathematics and Systems Science, CAS
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Tsinghua University
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SIMULATION OF PHYSICAL
SYSTEMS DIVISION

The main research areas of this division are condensed matter physics and
computational physics, with emphasis on solving many-body problems with
the state-of-the-art approaches. Currently the division is carrying out the
following research: magnetism, superconductivity and novel spin-related
phenomena in new materials such as graphene and topological insulator;
electron spins in semiconductor quantum dots; theory of spin decoherence
in the solid state, coherence protection, and their applications; realistic
description of spin-orbit coupling and its effects in semiconductor nano-
structures, and the control of transport and long-range spin-spin coupling;
stain tunable electronic and phonon properties of low dimensional materials;
transport via atomistic molecular dynamics; development of many-body
theory and novel simulation techniques.
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Chair Professor
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QUANTUM PHYSICS
AND QUANTUM
INFORMATION DIVISION

This division focuses on fundamental problems of quantum theory and
advanced applications of quantum technologies. For the fundamental
part, we are currently interested in problems including quantum
measurement theory, quantum thermal dynamics, quantum uncertainty
relation, and quantum information of black hole; for the application
part, we study atomic magnetometer/gyroscope, quantum walk,
optomechanics and quantum computing using both theoretical and
experimental methods.
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MATERIALS AND ENERGY
DIVISION

This division focuses on exploring novel functional materials for mechanical,
electronic, optoelectronic and energy related applications and unraveling
their underlying physics and chemical process. We perform quantum
mechanical calculations and beyond to test fundamental theories by using
high performance computers and provide useful insights, fresh perspective
and new design principles to accelerate the scientific discovery of innovative
functional materials.
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@ BEIJING COMPUTATIONAL SCIENCE RESEARCH CENTER

COMPLEX SYSTEMS
DIVISION

The research focus of the Complex Systems Lab at CSRC is the development
and application of methods of statistical physics in the treatment of complex
physical and biological phenomena. We are particularly interested in the
construction and analysis of simple yet quantitative models that expose the
key factors responsible for the system’s functionality and behavior. Current
research topics include stochastic processes arising from the cell, fluctuation
phenomena, molecular dynamics simulation of enzymatic reactions,
molecular motors and transcriptional machinery, multiscale modeling and
algorithmic development. We seek close collaboration with domestic and
overseas research groups and institutions in the area of single-molecule
and single cell imaging, metabolic regulation, bioinformatics, advanced

computational methods and nonequilibrium statistical physics.
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@ BEIJING COMPUTATIONAL SCIENCE RESEARCH CENTER

APPLIED AND : 4 g A e
MATHEMATICS DIVISION

The research of the applied mathematics lab covers a broad spectrum of basic

research topics of applied and computational mathematics such as numerical
analysis and numerical partial differential equations, to interdisciplinary
research topics of mathematical modeling and scientific computing such as
uncertainty quantification and flow control. Much of the ongoing and planned
research places emphasis on the development of fundamental mathematical
concepts and innovative numerical algorithms towards the mathematical
analysis, multiscale and stochastic modeling and simulations of problems

in fluid and solid mechanics, atomic and soft matter physics, biological and

materials sciences, data and image analysis, and other application domains.
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@ BEIJING COMPUTATIONAL SCIENCE RESEARCH CENTER

MECHANICS DIVISION

The research focus of the Division of Mechanics is computational mechanics
in its broadest sense, which may involve solids, fluids, soft matter, and their
interfaces, with a particular interest in multi-scale and multi-physics theories
and methodologies across macro-, meso-, and micor-scales. Computational
mechanics requires physical modeling, mathematical analysis, and numerical
algorithms with a specific emphasis on using modern computer architectures
to perform challenging large-scale scientific computations for systems of

great significance in science and engineering.
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@ BEIJING COMPUTATIONAL SCIENCE RESEARCH CENTER

ALGORITHMS DIVISION

Computation Algorithms Division focuses on the development of new
advanced algorithms, the support on algorithms and software, and the
management of high performance computing facility for the computational
science research in CSRC.
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PLASMON-ENABLED ROOM-TEMPERATURE

VALLEYTRONIC TRANSISTOR

(By Lingfei Li, Lei Shao, Xiaowei Liu, Anyuan Gao, Hao Wang, Binjie Zheng,
Guozhi Hou, Khurram Shehzad, Linwei Yu, Feng Miao, Yi Shi, Yang Xu, Xiaomu
Wang)

Valleytronics, based on the valley degree of freedom rather than charge, is a
promising candidate for next-generation information devices beyond complementary
metal-oxide—semiconductor (CMOS) technology. Although many intriguing
valleytronic properties have been explored based on excitonic injection or the non-
local response of transverse current schemes at low temperature, demonstrations
of valleytronic building blocks like transistors in electronics, especially at room
temperature, remain elusive. Plasmonic structures can strongly boost the interaction
between light and 2D materials and therefore modify the device optoelectronic
properties greatly, opening new possibilities for novel applications [1,2]. Here, we
report a solid-state device that enables a full sequence of generating, propagating,
detecting, and manipulating valley information at room temperature [3]. Chiral
nanocrescent plasmonic antennae are used to selectively generate valley-polarized
carriers in MoS2 through hot-electron injection under linearly polarized infrared
excitation. These long-lived valley-polarized free carriers can be detected in a valley
Hall configuration even without charge current and can propagate over 18 um by
means of drift. In addition, electrostatic gating allows us to modulate the magnitude
of the valley Hall voltage. The electrical valley Hall output could drive the valley
manipulation of a cascaded stage, rendering the device able to serve as a transistor
free of charge current with pure valleytronic input/output. Our results demonstrate the
possibility of encoding and processing information by valley degree of freedom and
provide a universal strategy to study the Berry curvature dipole in quantum materials.
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Fig. 1. Plasmon-enabled room-temperature
valleytronic transistor. a) The calculated
local enhancement of the optical chirality.
The incident source is a 1,550 nm linearly
polarized monochromatic light, with the
polarization direction along the long axis
of the nanocrescent antenna (indicated by
the black arrow). The color bar represents
the enhancement of optical chirality. b)
Schematics and operation mechanism of the
room-temperature valleytronic transistor.
The device comprises a standard MoS2
transistor, two lateral Hall probes (named
probe a and probe b, with the voltage
drop between them VH) and a purposely
aligned chiral plasmonic antennae array.
c¢) Circular dichroism spectra obtained
as the difference between the RCP and
LCP absorption spectra for nanoantennae
coupled with the electrode at different
manners. d) Circular-polarization-resolved
photoluminescence (PL) results. With
infrared-excited nanoantennae, an obvious
circular-polarized helicity of the PL signal
was achieved, even when pumped by a
linearly polarized 514 nm laser, in stark
contrast to the circular-unpolarized cases of
pristine MoS2 and infrared OFF-excitation
(top panels). The polarized PL is due to the
doping-level-dependent PL quantum yield
and unbalanced doping levels in the K and
K’ valleys. NPs, nanoparticles (referring to
the gold nanoantennae).
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LARGE OUT-OF-PLANE PIEZOELECTRICITY

OF OXYGEN FUNCTIONALIZED MXENES
FOR ULTRATHIN PIEZOELECTRIC

CANTILEVERS AND DIAPHRAGMS

(By Jie Tan, Yunhua Wang, Zongtan Wang, Xiujie He, Yulan Liu, Biao Wang,
Mikhail I. Katsnelson, Shengjun Yuan)

The piezoelectric effect is intensively applied in sensors, transducers and energy
harvesting devices, by virtue of its high response sensitivity, efficient transformation
capability between electrical and mechanical signals, and simple technical feasibility.
The appearance of piezoelectricity in 2D materials has shed new light on atomically
thin piezotronics and energy conversion system. Hundreds of 2D materials are
found to be in-plane piezoelectric. However, an out-of-plane piezoelectric effect in
2D materials is also important for some piezoelectric devices. A recent paper [1]
including Yunhua Wang and Shengjun Yuan from CSRC, Jie Tan, Zongtan Wang,
Xiujie He, Yulan Liu and Biao Wang from Sun Yat-sen University, and Mikhail
Katsnelson from Radboud University reports the out-of-plane piezoelectric effect in
2D M,CO, MXenes with M = Sc, Y, and La in Fig. 1(a) and 1(b) and also performs
corresponding piezoelectric device simulations.

The density-functional perturbation theory calculations show that, M,CO, MXenes
have a remarkable flexibility, an in-plane piezoelectricity comparable to that of
2H-MoS, and a large out-of-plane piezoelectricity enabled by the broken inversion
symmetry and semiconducting features in this system. The piezoelectric response
analyses are also developed in a MXene diaphragm device by virtue of the
mechanical plate theory. The simulated results indicate that the nonuniform positive
and negative charges produced by the in-plane piezoelectricity mainly concentrate

in six regions near the clamped circular boundary but the out-of-plane piezoelectric Fig. 1. Crystal structures of M2CO2
MXene from (a) top and (b) side views. The

. o . 0 calculated charge density induced by the in-
observations propose a realistic way to collect the piezoelectricity-induced charges, plane piezoclectricity in (c) and the out-of-

charges are located inside the bubble, as shown in Fig. 1(c) and 1(d). These

making these systems very promising for energy harvesting and piezoelectric sensing.  plane piezoelectricity in (d).
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PLASMON-ENABLED TWO-DIMENSIONAL

MATERIALS-BASED OPTOELECTRONIC

DEVICES

(By Hao Wang, Shasha Li, Ruoqi Ai, He Huang, Lei Shao, Jianfang Wang)

Two-dimensional (2D) materials, such as graphene, transition metal dichalcogenides,
black phosphorus and hexagonal boron nitride, have been intensively investigated
as building blocks for optoelectronic devices in the past few years. Very recently,
significant efforts have been devoted to the improvement of the optoelectronic
performances of 2D materials, which are restricted by their intrinsically low light
absorption due to the ultrathin thickness. Making use of the plasmonic effects of
metal nanostructures as well as intrinsic plasmon excitation in graphene has been
shown to be one of the promising strategies. Recently, we are invited to review the
recent progresses in plasmon enabled 2D material-based optoelectronic applications.
We have highlighted the integration of various metallic plasmonic nanostructures,
such as random metal nanostructures, coupled metal nanostructure antennas and
other plasmonic nanostructures, with graphene and other 2D materials. The plasmon-
enhanced light-matter interactions can greatly enhance the photoresponse of 2D
materials. We have also discussed the underlying enhancement mechanisms in detail.
In addition, we have introduced the development in optoelectronic applications
powered by graphene plasmons. Finally, we point out some unanswered questions
and possible improvements for future research studies in this emerging field. This

review article will facilitate the research on plasmon-enhanced two-dimensional

material-based optoelectronic applicat-
ions and generate long-term impact in
the fields of both plasmonics and two-
dimensional materials. This work is
selected as the Front Cover of Issue 15,
2020 of Nanoscale.

Fig. 1. Schematic of 2D materials-based
optoelectronic devices integrated with
various metallic plasmonic nanostructures
as well as graphene nanostructures. The
plasmon resonances supported by various
metallic plasmonic nanostructures, such as
random metal nanostructures, coupled metal
nanostructure antennas, and structured
metal films, can enhanced the optoelectronic
response of 2D materials-based devices.
In addition, the optoelectronic properties
of graphene-based devices can also be
improved by graphene plasmons.
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FAST ENANTIO-CONVERSION OF CHIRAL

MIXTURES BASED ON A FOUR-LEVEL N

DOUBLE-A MODEL

(By Chong Ye, Quansheng Zhang, Yu-Yuan Chen, and Yong Li)

Laser-assisted enantio-separation [1-3] and enantio-conversion [4,5] have important
applications due to the chirality-dependence in most chemical, biological, and
pharmaceutical processes. They both devote to get enantiopure samples of the
wanted chirality from chiral mixtures with the help of optical operations. Since the
laser-assisted enantio-conversion converts the unwanted enantiomer, which may be
inefficient or even cause serious side effects, to the wanted enantiomer, it has more
promising features than the laser-assisted enantio-separation. Two decades ago, an
original theoretical work [4] was introduced to realize enantio-conversion based on
a four-level double-A model of chiral molecules. However, due to the requirement
of relaxation step and repeated operations, the original enantio-conversion method
is time-consuming. This greatly prevents the realization of the enantio-conversion
in the reality when the total operation time is limited due to the racemization and/or
experimental conditions.

Here, Li’s team proposes a fast method for achieving enantio-conversion within the
four-level double-A model. In our method, the applied fields are well designed so
that the four-level model can be simpified to two two-level subsystem in dressed
state basis. Based on this, with only three coherent operations, the highly efficient
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enantio-conversion can be achieved.
This method can be three order of
magnitude faster than the original work
[4] since this method do not require
the time-consuming relaxation step
and repeated operations. Accordingly,
this work plays an important role
in bringing laser-assisted enantio-
conversion to reality.

For more information, please see the
paper C. Ye, Q. Zhang, Y.-Y. Chen,
Y. Li, Phys. Rev. Research, 2, 033064
(2020).

Fig. 1. Fast enatio-conversion from the init-
al chiral mixture with p, :—l(\L)(Ll + |RXR|)
to final enatio-pure sample with
Py :—l(lL)(Ll +|LKL']) via coherent
operations of three steps based on the four-
level double-A model of chiral molecules
(center panel).
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MAGNETIC NOISE ENABLED BIOCOMPASS

(By Da-Wu Xiao, Wen-Hui Hu, Yunfeng Cai, and Nan Zhao)

The discovery of magnetic protein [1] provides a new understanding of
a biocompass at the molecular level. However, the mechanism by which
magnetic protein enables a biocompass is still under debate [2], mainly
because of the absence of permanent magnetism in the magnetic protein
at room temperature. In a recent work [3], based on a widely accepted
radical pair model of a biocompass, Prof. Nan Zhao’s group proposes a
microscopic mechanism that allows the biocompass to operate without a
finite magnetization of the magnetic protein in a biological environment.
With the structure of the magnetic protein, they show that the magnetic
fluctuation, rather than the permanent magnetism, of the magnetic protein
can enable geomagnetic field sensing.

Experiments have shown that migrating birds employ the geomagnetic
field for orientation and navigation. To understand the physical origin of
the navigation of animals, several physical models have been proposed. A
widely accepted model is the radical pair model, which assumes that the
navigation process is governed by radical pairs, with each pair consisting
of an unpaired electron spin. The pairs are usually created via photon
excitation and form a spin singlet state. In the geomagnetic field and the
magnetic field provided by the local molecular environment, the spin
singlet state undergoes a transition to spin triplet states. The radical pair is
metastable and eventually produces different chemical products according
to the spin states of the radical pair, and the chemical products determine
the subsequent navigation behavior.

In the radical pair model, a geomagnetic field sensor plays a crucial role.
In 2016, Prof. Can Xie and his collaborators reported a new magnetic
receptor (MagR) protein and showed that the MagR forms a rod-like
magnetosensor complex with the radical pair in the photoreceptive
cryptochromes [1]. The MagR consists of an Fe-S cluster protein, with the
d electrons in the Fe atom contributing the electron spins.
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However, the microscopic role of the magnetic
protein is under debate. In Ref. [2], the author
pointed out that electron spins are hardly
polarized at room temperature and cannot
produce a significant single-triplet transition
process. Therefore, it is crucial to elucidate what
makes the biocompass possible in the absence of
a finite magnetization in the MagR.

In their recent work[3], Prof. Nan Zhao’s team
solved this challenging problem in a very
different way. They started from the microscopic
structure of the MagR spins and pointed out the
essential role of the magnetic noise due to the
MagR protein. With a semiquantitative analysis
of a radical pair coupling to an electron spin
bath in the geomagnetic field, they found two
necessary intuitive requirements for the local
magnetic field that need to be satisfied: (i) the
strength of the noise magnetic field must be
comparable to the geomagnetic field (~10"'
Gauss), and (ii) the local magnetic field should
have directional dependence. Then, they made
theoretical analysis and numerical calculations,
and found that the singlet fidelity of the radical
pair can exhibit a sensitive geomagnetic field
direction dependence. This work provides new
insights into the understanding of the biocompass
mechanism.

For more information, please see Ref. [3].

Fig. 1. (a) Illustration of the structure of the bath
electron spins and the radical pair. The spins are fixed
in the proteins. (b) Magnetic field fluctuation along the
geomagnetic field direction 6b,; as a function of the
geomagnetic field direction 0.
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Fig. 2. (a) Illustration of the radical pair’s energy spectrum and the corresponding noise
component during the transition. (b) The energy spectrum of the spins in the MagR. (c)
The noise spectrum SO(w) for the two rings in different geomagnetic field directions.
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NON-HERMITIAN BULK-BOUNDARY
CORRESPONDENCE IN QUANTUM
DYNAMICS

(By L. Xiao, T. S. Deng, K. K. Wang, Z. Wang*, W. Yi*, and P. Xue¥*)

Bulk—boundary correspondence, a guiding principle in topological matter, relates robust edge states to bulk topological invariants.
Its validity, however, has so far been established only in closed systems. Recent theoretical studies indicate that this principle
requires fundamental revisions for a wide range of open systems with effective non-Hermitian Hamiltonians. Therein, the
intriguing localization of nominal bulk states at boundaries, known as the non-Hermitian skin effect, suggests a non-Bloch band
theory in which non-Bloch topological invariants are defined in generalized Brillouin zones, leading to a general bulk—boundary
correspondence beyond the conventional framework. Here, we experimentally observe this fundamental non-Hermitian bulk—
boundary correspondence in discrete-time non-unitary quantum-walk dynamics of single photons. We demonstrate pronounced
photon localizations near boundaries even in the absence of topological edge states, thus confirming the non-Hermitian skin
effect. Facilitated by our experimental scheme of edge-state reconstruction, we directly measure topological edge states, which
are in excellent agreement with the non-Bloch topological invariants. Our work unequivocally establishes the non-Hermitian
bulk—boundary correspondence as a general principle underlying non-Hermitian topological systems and paves the way for a
complete understanding of topological matter in open systems.

Recently, the research team led by Prof. Peng Xue at Beijing Computational Science Research Center, reported an experiment on
non-Hermitian bulk-boundary correspondence in quantum dynamics was published Nature Physics (2020, 16: 761).
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REALISTIC DIMENSION-INDEPENDENT
APPROACH FOR CHARGED-DEFECT N
CALCULATIONS IN SEMICONDUCTORS

(By J. Xiao, K. Yang, D. Guo, T. Shen, J.-W. Luo, S.-S. Li, S.-H. Wei, and H.-X.
Deng)

First-principles calculations of charged defects have become a cornerstone
of research in semiconductors and insulators by providing insights into their
fundamental physical properties. But current standard approach using the so-called
“jellium model” has encountered both conceptual ambiguity and computational
difficulty, especially for low-dimensional semiconducting materials. Recently, Su-
Huai Wei at CSRC, in collaboration with Hui-Xiong Deng’s group from Institute of
Semiconductors, proposed a more physical and straightforward transfer-to-real-state
(TRSM) model to calculate the formation energies of charged defects in both three-
dimensional (3D) and low-dimensional semiconductors [1]. Within this universal
model, the ionized electrons or holes are placed on the realistic host band-edge
states instead of the virtual jellium state; therefore, rendering it not only naturally
keeps the supercell charge neutral, but also has clear physical meaning, thus can be
easily extended to study other physical properties such as exciton binding energy,
free carrier bound to the defect in low-dimensional systems. This realistic model
reproduces the same accuracy as the traditional jellium model for most of the 3D
semiconducting materials, and remarkably, for the low-dimensional structures,
it can cure the divergence caused by the artificial long-range electrostatic energy
encountered in the jellium model, and hence gives meaningful formation energies
of defects in charged-state and transition-energy levels of the corresponding defects.
Our realistic method, therefore, will have significant impact for the study of defect

physics in all low-dimensional systems.

(a) (b) 3D (¢) 2D

Jellium-CD
CB fiT,e) '

Jellium-CD

Fig. 1. (a) Schematic plot of occupations of
the ionized electronic states above the CBM
with a statistical distribution for a given
defect level Fermi energy EF at the finite temperature
i ' from the donor level. (b), (¢) Schematic
plots of charge distributions of jellium
charge distribution (Jellium-CD) and
real state with a certain statistical charge
distributions (Real-CD) in the 3D and 2D
semiconductors, respectively.
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PLASMON-INDUCED ELECTRON-HOLE
SEPARATION AT THE AG,,/TIO,(110) I
INTERFACE

(By J. Ma and Shiwu Gao*)

The decay of surface plasmon of nanoparticles generates hot electron-hole resulting from the direct plasmon—electron
pairs, which can separate at metal-semiconductor interfaces and lead to coupling at the interface and a subsequent
charge transfer across the interfaces. It is one of the key issues of fundamental charge redistribution governed by the sloshing
plasmonics and is promising for applications in photovoltaics, surface motion of the charge-transfer plasmon (CTP).

photochemistry, and optoelectronic rectifications. Recently, the plasmon The interplay between the two processes
induced electron-hole separation has been investigated using time-dependent determines the charge separation and leads
density functional theory (TDDFT) and atomistic model simulating the Ag2o/ to the inhomogeneous layer-dependent
TiO,(110) interface. It has been found that the charge separation dynamics distribution of hot carriers. The hot electrons
consists of two processes: during the first 10 fs an initial charge separation are more efficient than the hot holes in the
charge injection, resulting in the charge
separation. Over 40% of the hot electron—
hole pairs are separated spatially from the
interface. These results reveal the mechanism

a} and dynamics of the plasmon induced charge
% separation and have broad implications. This
@ work has been published at ACS Nano[1]
: and highlighted by the Perspective feature
2 articles[2].
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ELASTIC AVALANCHES REVEAL MARGINAL
BEHAVIOR IN AMORPHOUS SOLIDS

(By B.S. Shang, P. F. Guan and Jean-Louis Barrat)

At large strains, glassy systems deform through a series of elastic loading phases
followed by energy and stress drops without a characteristic scale, similar to
earthquakes. Less is known about the small deformation case, which is related to
the structure of the energy landscape close to an energy minimum. Recently, Prof.
Pengfei Guan and Dr. Baoshuang Shang at CSRC, in collaboration with Prof. Jean-
Louis Barrat from Universit e Grenoble Alpes, France, investigated numerically this
regime and show that even at very small strains the deformation proceeds through
avalanches that are power-law distributed, with a universal exponent that corresponds
to the predictions of mean field theory for a hierarchical phase space structure. These
avalanches reveal marginal stability in the amorphous solid, which is intrinsically
inelastic. By investigating the preparation and size dependence, we infer that the
effect persists in the thermodynamic limit. As a result, it can be expected that in
very well-annealed systems the size needed for observing large-scale avalanches at
small strains could be prohibitively large, so that observed excitations are limited
to localized defects. The need to use larger sizes to properly describe the scaling
behavior in the response of highly annealed systems. Whether or not there is an actual
transition is an issue that cannot be addressed here, although this may be consistent
with the idea of a sharp change from ductile to brittle behavior in amorphous

materials.
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FIRST REALIZATION OF LIEB LATTICE IN

REAL MATERIAL SYSTEMS

(By Bin Cui, J. F. Wang, S. J. Xie, Bing Huang)

The electronic properties of a crystal are determined by its crystalline lattice
symmetry. Lieb lattice, a two-dimensional (2D) edge-depleted square lattice, can
be regarded as the reduced 3D perovskite lattice. As one of the most important
frustrated lattices, the ideal Lieb lattice can host exotic electronic structures, which is
featured by the Dirac cone intersected by a flat band (Dirac-flat bands). Interestingly,
various physical phenomena, e.g., topological Mott insulator, superconductivity,
ferromagnetism, and fractional quantum Hall (FQH) effects, have been predicted to
exist in the ideal Lieb lattice systems. However, until now only a few Lieb lattices
have been realized in artificial lattice systems, e.g., molecular patterning lattices on
metal substrates, photonic and cold-atom lattices, rather than a real material system,
which significantly prevent the realization of these unusual physical properties of
Lieb lattice for practice applications.

Recently, a joint research team from Beijing Computational Science Research Center
(CSRC) and Shandong University, leaded by Dr. Bing Huang, has discovered the
first real example in the world that can achieve Lieb lattice bands around the band

edges. Based on tight-binding modeling, the authors find that the lattice distortion can

' ]

a LI ’ b - Sl
. ' .
sp°C-COF Crylonitrile sp°N-COF Aldimine
-4 £ ¢
o TPPy Y ; ) TPPy b ).
L7~ "~BONB i ,-==~.BAIB
! ; Y i s
L A ] et = , & ¥
3 7 [ A
feddle { e LS
:
- R B onN " By S on ‘

P
O
I 0
3
O
D

c d
20fF Teefe.. CB3.* o
Sy | ¥ cB2 b 1 "
e .
1SF  derer™ [
cae®® by P
soincor Gl oy
s 10r wsieepenin | ----- B
2 i ]
= TPPy
@ ® BAIB
=
w
S

.y -
.

®e, VB3
'.."".5;.:: poin|

r M1 Y1

significantly determine the electronic
and topological properties of a Lieb
lattice. Importantly, based on first-
principles calculations, the authors
predict that the two existing covalent
organic frameworks (COFs), i.e.,
sp°C-COF and sp’N-COF, are actually
the first two material realizations of
organic-ligand-based Lieb lattice.
Interestingly, the sp’C-COF can
experience the phase transitions
from a paramagnetic state to a
ferromagnetic one and then to a Néel
antiferromagnetic one, as the carrier

doping concentration increases.

Fig. 1. Realization of distorted Lieb lattices
in COFs.
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PHONON-ASSISTED HOPPING THROUGH
DEFECT STATES IN MOS, .

(By J. Kang)

Understanding the carrier transport mechanism in transition metal dichalcogenides (TMDs) is essential for their device
application. Experiments demonstrated that at low carrier density and room temperature, the conductivity in 2D MoS, is
dominant by activation hopping transport through localized S-vacancy states. However, the underlying mechanism remains
unclear, and a microscope model including atomic structural details to qualitatively predict the hopping mobility is still missing.
In this work, combining ab initio calculation and the Marcus theory, a multiscale model which covers length scale of 0.1 nm to 1
pm is developed to study such transport [1]. Among several possible mechanisms, phonon-assisted hopping (PAH) is identified
as the most possible mechanism for the activation hopping. It is found that the macroscopic conductivity is mainly contributed
by a few microscopic percolation paths. Analysis on the hopping distance indicated nearest-neighbor hopping behavior. The
calculated PAH mobility using the model is consistent with experiment, whereas ignoring atomic structure details leads to large
overestimation. The mobility increases as the defect concentration and the temperature increase, and as the energy mismatch
between defect sites decreases. It is also proposed that alloying can be an efficient way to tune the PAH mobility due to increased
energy mismatch effect. This work indicates atomistic multiscale simulations are necessary to correctly model the hopping
transport in defective TMDs. It also shed light on the microscopic mechanism and modulation of such transport, which is
important to the optimization of TMD-based devices.

Step1  L~0.1nm Step2 L,~1nm Step3 L;~10nm Step4  L,~1pm

)

nyxn, slab

31.6 nm 1um

Fig. 1. Schematic of the multiscale model used to study the PAH transport in defective MoS2. Step 1: Ab initio calculation of the charge
density in a small supercell and generation of charge motifs for inequivalent atoms. Step 2: Defect states in a large supercell calculated by
charge patching method. Step 3: Random defect network (dots) and an illustration of relevant current paths (lines). Step 4: Continuum system
simulation. The length scale of the model covers 0.1 nm to 1 pum.
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3D MODEL RECONSTRUCTIONS FROM 1D

SAXS CURVES USING MACHINE LEARNING S

METHODS

(Hao He, Can Liu, Haiguang Liu*)

Small-angle X-ray scattering (SAXS) method is widely used in investigating protein
structures in solution, but high-quality 3D model reconstructions are challenging.
This is mainly due to the ill-posed question to reconstruct 3D models from 1D data
that is rotationally averaged representation of the corresponding model. To cope with
this information deficiency, researchers from CSRC developed a new algorithm based
on a deep learning method for model reconstruction from SAXS data.
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The project was carried mainly by two intern students from the University of Science
and Technology China (USTC), under the supervision of Dr. Haiguang Liu. The
first student, Can Liu, started the project in 2017 and demonstrated the feasibility
of compressing 3D shape information to low dimensional vector representations.
Specifically, an auto-encoder for protein 3D models was trained to compress 3D
shape information into vectors of a 200-dimensional latent space (Figure 1). The
structures in the Protein Databank (PDB) were converted to voxel objects to represent
protein shapes. In real space representation, it takes 32,768 voxels with binary values
(0 or 1) to code a shape on a 3D grid of 32 x 32 x 32. By reducing this parameter
space to a 200-d vector space, it is possible to use optimization algorithm to refine
these parameters, such that the decoded 3D shape has a model profile matching the
experimental SAXS data. In 2018, Hao He followed the progress and improved the
auto-encoder neural networks so that the information compression is more efficient.
The statistical distributions of the parameters for the 200-d vectors are saved for
model optimizations using genetic algorithms. The motivation is that protein
shapes have their own characteristics, such as continuity and positivity, which are
intrinsically encoded into the 200-d vectors. In the second stage, the decoder part

Fig. 1. DecodeSAXS design principle
and implementations. A neural network is
designed to encode 3D model information
to a compressed representation and then
decode to an approximation of the original
3D models. After training the CNN auto-
encoder, the decoder part is integrated to a
genetic algorithm optimization workflow
to produce 3D models based on 1D SAXS
data (right panel).

is connected to a genetic algorithm
that generates and selects those 200-
d vectors representing the shapes with
matching SAXS profiles.

The program has been tested on
>500 experimental SAXS datasets,
demonstrating the robustness of
accurate model reconstruction. Fu-
rthermore, the model size information
can be optimized using this algorithm,
enhancing the automation in model
reconstruction directly from SAXS
data (Figure 2). The program was
implemented using Python within
TensorFlow framework, with source
code and webserver available from
http://liulab.csrc.ac.cn/decodeSAXS
(Figure 3).
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Fig. 2. The model reconstruction examples
and quality statistics. (A) the progression of
the optimization, showing the improvement
of fitting to SAXS data is correlated to
the model accuracy. (B) The final model
SAXS profile matches experimental data.
(C) Reconstructed model (blue envelopes)
superimposed to the atomic model. (D)
Statistics of real space correlation between
reconstructed models and known models.
(E) The model size can be refined along
the shape parameters. (F) Two examples
showing the refined model sizes (Ropt) are
consistent with prior knowledge (Rref).

Fig. 3. Reconstruction online server.
Users can upload the experimental SAXS
data and the model will be automatically
generated and compared to provided protein
structures.
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WHY FRACTIONAL DERIVATIVES WITH

NON-SINGULAR KERNELS
SHOULD NOT BE USED

(By Kai Diethelm, Roberto Garrappa, Andrea Giusti, Martin Stynes*)

The use of Fractional Derivatives (FD) in the modelling of various physical
processes has grown spectacularly in the last 10 years. Consequently the
mathematical analysis and numerical solution of these models has also attracted
significant attention, but differential equations that use the standard Caputo and
Riemann-Liouville FD typically have solutions that exhibit weak singularities,
which cause analytical and numerical difficulties.
Some authors have attempted to eliminate these difficulties by modifying the
standard FD definitions: they replace the singular kernels of the Caputo and
Riemann-Liouville FD by some nonsingular (i.e., bounded) approximation
of those kernels. The best-known examples of this approach are the Caputo-
Fabrizio (CF) and Atangana-Baleanu (AB) derivatives.
Example: The Caputo derivative of order ®€(0,1) is
£ () =r(1—iw Jy(t— D f'(@dr, while the CF derivative is D&f(t) =2@ [ "

1-a
a

exp (—r(t—r))f’(r)dr, where M(a) is a normalization factor such that

a

M(0)=M(1)=1.
Our paper [1] shows several unpleasant and unexpected pitfalls that result from

this naive attempt to simplify fractional models.

1* pitfall: The Caputo and Riemann-Liouville derivatives obey the fundamental
theorem of calculus. Thus for (e.g.) the Caputo derivative D¢ of order o with
0 < a < 1, there exists an integral operator J* such that D&J*f = f for all
continuous functions f. But for the CF and AB derivatives, we prove that one
cannot construct an integral operator with this property unless one imposes the
extra (and unnatural) requirement that f(0) = 0.

2" pitfall: If one does impose the condition y(0) = 0 of the previous paragraph
in order to obtain a fundamental theorem of calculus, then we show that any
fractional differential equation of the form D*y () = g(t, y(t)), where D% is a CF
or AB derivative, can be easily transformed into a classical first-order differential
equation with the same solution y(t), so the use of fractional derivatives in the
differential equation is completely unnecessary.

3" pitfall: For time-fractional partial differential equations of parabolic type (e.g.,
D% — Au = f (x,t) with 0 < a < 1), where D%s a CF or AB derivative, we prove
that the given initial data u(x,0) = u,(x) must satisfy the differential equation
—Au, = f(+,0), which with standard Dirichlet boundary conditions means that
the initial condition u,, is determined uniquely by the other data of the problem
— a thoroughly unnatural constraint on the problem.

4™ pitfall: One can integrate by parts the definitions of the CF and AB
derivatives, obtaining formulas that express these derivatives of a function
f in terms of values of f and a certain weighted integral of f — thus these

"derivatives" are not really derivatives. (A
similar calculation is impossible for the
Caputo and Riemann-Liouville derivatives
because of the singularities appearing in
their kernels.)
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RESONANT PHOTOVOLTAIC EFFECT IN

DOPED MAGNETIC
SEMICONDUCTORS

(By Pankaj Bhalla, Allan H. MacDonald, Dimitrie Culcer)

The nonlinear optical response of a doped semiconductor to an oscillating
electric field is investigated and a new second-order phenomenon known
as resonant photovoltaic effect (RPE) is discovered on the breaking of
Kramers degeneracy. This work was co-led primarily by Pankaj Bhalla from
Beijing Computational Science Research Center, Allan H. MacDonald from
University of Texas, USA and Dimitrie Culcer from University of New
South Wales, Australia. The authors reported that due to the oscillation in
the Bloch state anomalous velocities and the Fermi surface a resonance
appears in the second-order current at the interband absorption threshold
in the magnetized topological insulator. For the hexagonally warped
topological insulator, the strength of this effect increases with larger warping
that distort the Fermi surface and the in-plane magnetization that breaks both
the time reversal and mirror symmetry.
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Fig. 1. RPE for magnetized TI surface states with
different warping coefficients A using €F = 250meV,
A =255eVA, T=1K, M = 10meV, t = 1ps. Blue:
experimental value of A for Bi,Te,. (b). Blue: peak
value of RPE for A = 250¢VA® as a function of €F in
Bi, Te;. Red: quadratic fit.
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ANALYTICAL TRANSIENT DISTRIBUTION

AND DYNAMIC PHASE DIAGRAM N

FOR AUTOREGULATED BURSTY GENE

EXPRESSION

(By Chen Jia, Ramon Grima)

Autoregulation is one of the most common
and important network motifs in gene
regulatory systems. In previous papers,
three different stochastic models of
autoregulation have been proposed and
solved in steady-state conditions based on
different implicit assumptions. Hornos et
al. [1] ignored both binding fluctuations
and translational bursting. Grima et al.
[2] considered the former but ignored the
latter. Kumar et al. [3] considered the latter
but ignored the former. Thus far, there is
no model of autoregulation that considered
both the former and the latter.

A recent work [4,5] by Chen Jia from
CSRC and Ramon Grima from University
of Edinburgh proposed a more realistic
stochastic model of autoregulation that
takes into account both binding fluctuations
and translational bursting and proved that
this new model can be derived from a
classical three-stage gene expression model
using a multiscale model simplification
technique called decimation [6]. Moreover,
the authors obtained both the steady-state
and time-dependent analytical solutions for
the protein copy number distribution using
the techniques of generating functions,
special functions, and complex analysis.
From the mathematical perspective, it
is the first time that complex analysis
is applied to solve the chemical master
equations of gene regulatory networks.
The authors further investigated multimod-
ality for an autoregulated gene and
found that autoregulated bursty gene
expression can display four different

types of stochastic dynamics: (i) the protein distribution is unimodal at all times
(unimodality), (ii) the protein distribution is unimodal at small and large times
and is bimodal at intermediate times (transient bimodality), and (iii) the protein
distribution is unimodal at small times and is bimodal at large times (stationary
bimodality). Each type of dynamic behavior can be further divided into two
phases according to whether the deterministic model shows monostability or
bistability. Hence the dynamic behavior of autoregulated bursty gene expression
can be classified into six possible phases.

Using the analytical transient distribution, the authors further obtained the
dynamical phase diagram for autoregulated bursty gene expression. In the positive
feedback case, there is a triple point separating the three phases of the stochastic
model (unimodality, transient bimodality, and stationary bimodality) — this is
similar to the triple point in the phase transition between solid, liquid, and gaseous
states of a substance due to the effects of temperature and pressure. Finally, the
authors showed that transient bimodality is a noise-induced phenomenon that
occurs when protein expression is sufficiently bursty and they used theory to
estimate the observation time window when it is manifest.

Kumar model

a Hornos model b

T
]
: | |
[ : T~ I
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........... [
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Fig. 1. Four different models of autoregulation. (a) Hornos model that ignored both binding
fluctuations and translational bursting. (b) Kumar model that considered translational
bursting but ignored binding fluctuations. (¢) Grima model that considered binding
fluctuations but ignored translational bursting. (d) Modified Kumar model that considered
both binding fluctuations and translational bursting.
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Fig. 2. Transient bimodality. The protein distribution is unimodal at small and large times and
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Fig. 3. Dynamical phase diagrams for
autoregulated bursty gene expression. (a)
L-pu phase diagram for positive feedback
loops. (b) L-B phase diagram for positive
feedback loops. (c) L-pb phase diagram
for negative feedback loops. (d) L-B phase
diagram for negative feedback loops.
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A CONVERGENT LINEARIZED LAGRANGE

FINITE ELEMENT METHOD FOR THE N
MAGNETO-HYDRODYNAMIC EQUATIONS

IN 2D NONSMOOTH AND NONCONVEX

DOMAINS

(By Buyang Li, Jilu Wang, Liwei Xu)

The magneto-hydrodynamics (MHD) equations describe the interaction between a magnetic field and a viscous incompressible
conducting fluid flow. For time-dependent MHD equations, many different numerical methods have been developed and analyzed,
e.g., the Hl-conforming FEMs, Galerkin least square FEM, divergence-free preserving methods, and finite difference methods.
Overall, the existing H'-conforming FEMs for the MHD equations were proved to be convergent only in convex or smooth
domains. In more general domains the mixed FEM with curl-conforming Nédélec elements is more suitable for approximating the
magnetic field directly, while existing proofs for the convergence of numerical solutions either require mesh restriction 7 = 0(h%)
or yield only weak- or weak*-convergence of the numerical solutions.

Recently, Buyang Li (The Hong Kong Polytechnic University), Jilu Wang (CSRC), and Liwei Xu (University of Electronic
Science and Technology) investigate the numerical approximation of the incompressible MHD equations [3]

UOH+ o 'Wx (VxH)—puVx(uxH) =c"'Vx]J
outu-Vu—viu+Vp=f—puH x (VX H)
V:u=0

in a two-dimensional polygonal type domain & = Q,\(UJ%;Q;) € R?, where both Qg and Q;  Q,,j =1,--,m, are polygons (thus the
domain is possibly nonconvex and multi-connected, e.g., see the following figure).

I I's
I'o ON=TogUl'1 Uy

Q

The most important applications of the MHD model considered in the paper [3] occur in metallurgy and liquid-metal processing
[1,5]. In that context, consideration of general polygonal yet nonconvex and multi-connected domains is very relevant. In [3],
the authors develop a new fully discrete linearized H'-conforming Lagrange FEM for the two-dimensional MHD equations
based on a magnetic potential formulation such that the numerical solutions would converge not only in convex and smooth
domains but also in nonconvex and nonsmooth domains. In the magnetic potential formulation, the magnetic potential 4
would naturally has H' regularity and therefore can be solved correctly by using H'-conforming finite element methods. Then
the magnetic field is obtained through taking partial derivatives, i.e., H=V x A + X%, 8;V X ¢;, where §; and ¢; are some time-
independent constants and functions, depending on the geometry of the computational domain. Similarly as [2,4], the proof of
convergence of the numerical solutions in [3] is only based on the regularity of the initial conditions and source terms, without
extra assumptions on the regularity of the solution. Strong convergence of subsequences in L? (o, T;Lz(ﬂ)) as (t,, hy) - (0,0) is

proved for the numerical solutions of u and H without mesh restrictions.
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SUPPLEMENTARY VARIABLE METHOD FOR

STRUCTURE-PRESERVING APPROXIMATIONS S

TO PARTIAL DIFFERENTIAL EQUATIONS
WITH DEDUCED EQUATIONS

(By Qi Hong, Jun Li and Qi Wang)

We present a supplementary variable method (SVM)
for developing structure-preserving numerical
approximations to a partial differential equation system
with deduced equations [3]. The PDE system with
deduced equations constitutes an over-determined, yet
consistent and structurally unstable system of equations.
We augment a proper set of supplementary variables to
the over-determined system to make it well-determined
with a stable structure. We then discretize the modified
system to arrive at a structure-preserving numerical
approximation to the over-determined PDE system. We
illustrate the idea using a dissipative network generating
partial differential equation model by developing an
energy-dissipation-rate preserving scheme. We then
simulate the network generating phenomenon using the
numerical scheme. This numerical method is so general
that it applies literally to any PDE systems with deduced
equations.

Many partial differential equation systems have deduced
equations that have physical significance. For example,
in a thermodynamically consistent partial differential
equation (TCPDE) system together with a deduced time
evolutional equation of the energy functional that has a
negative time rate of change. The energy functional and
its time evolutionary equation has a profound physical
and mathematical implication to the physical process
that the TCPDE describes. All the non-equilibrium
thermodynamical models derived from principles of
non-equilibrium thermodynamics such as the Onsager
principle belong to this class of equations [6,7,8].

When we augment the PDE system by including
the deduced equations, the extended system is over-
determined and yet consistent. A structure-preserving
approximation to the extended system simply means that
an approximation to the PDE system is consistent with a
corresponding approximation to the deduced equations.
If the approximations are carried out respectively on each

equation, the chance to arrive at a consistent approximation to the
two sets of equations is extremely small.

Traditionally, one relies on clever techniques with meticulous
attentions to details to achieve the desired consistency by
exploiting the structure of each individual PDE system. So, the
development of structure-preserving approximation becomes
highly equation-type dependent and technically challenging.
In this letter, we present a new idea to achieve the structure-
preserving purpose for any PDE systems with deduced equations.
We augment the over-determined system with a proper set
of supplementary variables to make it well-determined and
structurally stable in the meantime. We note that the modified
system reduces to the original one when the supplementary
variables take on certain specific values. This can be viewed as
an embedding of the original dynamical system into a modified
dynamical system in a higher dimensional phase space whose
solution set includes the solution of the original PDE system as
a subset. Since the perturbation is done in such a way that the
modified system is structurally stable. This requirement ensures
the solution of the supplementary variable exists near the specific
values and is unique locally. We illustrate the idea using the
network generating TCPDE as an example.

We briefly recall the dissipative, network-generating PDE
model proposed in [1,2,4,5]. Consider a bounded domain Q
with a smooth boundary Q) and a time-independent source
term S(x) . Here we use P to represent the scalar pressure of the
fluid transported within the network and for the vector-valued
conductance. The dissipative network-generating PDE system
consists of two equations

~V-((1+mm)Vp) =S,
m, —KAm—a’(m-Vp)Vp+a|m["" m=0,

subject to homogeneous Dirichlet boundary conditions for m and
patoQ):

m(z,x)=0, p(,x)=0, VxeodQ, t=0.

Here the model parameters are diffusivity K > 0,7,y ,a > 0, and



activation parameter « > 0 . One deduces from the model the following energy

production rate equation

dE
| Namllas,

where the energy functional is defined by
1
EZEJ-Q(K|Vm & +%|m|27 +a’ |m-Vp | +a’r|Vp |2)dx.

We apply the SVM to this PDE model together with its energy dissipation
equation to develop a second order scheme in space and time on a staggered
grid in space. The scheme performs well and captures the solution with good
resolution. Figure 1 depicts a numerical simulation of the network formation
using the model. The numerical results clearly demonstrate the capability of
SVM scheme in capturing the network structure.
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K =0.005" at t=15 (right). The right sub-figure
shows that two types of energy decay with time
using the SVM scheme.
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I RZEHEFNETESE L ENPDERGHREMEX

(OMEE: HiE. £33)

AIRE T —hFRLEET A (SVM), BT HRGESE S EMPDERFNREWEHEEIR
[3]. RamHED AIENSEAEENR T —MEE. —HUBEMARERR . KX MBERS
HA—LEFENEZE, FISFER— T EEEEWRENRS. AE, HMNBEX MEENRS,
LUEISZIEBEPDERFRRGREEIEIL. N TIRBIZEZNERDR, AXUBEBFEIEEN
NetworkiB KRR A, BEMMREIRITHREEEFEAFRNEER, BAAIZETURIANetworktE
K% XIMREWHEZEZEEEENE, CERTHITESEAENRMD HERS-

TESESENRMOSOERZBTEZMNMEREN . i, EARNZE—HRHADHE

(TCPDE) E%H, BEEZRAVEUHIEXRTHEZUEANRNE. sEEIZRRENEFELSTIE]

TCPDEPEIARVYIEITIE B R AWIEIIHEEN . FiEBIFFESHRIZFRIE (F1200nsager
JRIE) S HRVIFFESR DR E T X —2£7572 [6,7.8]-

SHMNBISHHERIE JRISPDERZN, SR ERFESEEN, BIHE—H8. ¥
EAESFREEEEBOIERE/RISPDERZIENSSEHAEAAMUE—HA. RS 5IXTE
THEFENNREERID, RAOGEISEIRAELIERN—ER.

EFMMERERA—LERIS, BIARENIRIZAIPDERFRI LSRR ZI TR — L.
ItE, IS REGWEERIL™ BRI S ERIZE R ISAER . AT IEBESHSEMIPDESR
ZRRGEWEZRITREE T —PHNER. HNER—HAESNHNALEXRT REBERR, &£
SERIESEEHNEURE. SHAEEIRNRESEEN, BIERNRFHBRILARIEER
%, X UBERBRIBHNNZRFRAE— P SLEEZEFNEENNDFZERS, ZRRAIE
S ESRIBPDERSFRVE . LU UAITINA T LMRIEE IE R RSN L 2RER. XFEEMR
HFREESFNBFETEEENI, BE3E— AXUANSEIERTCPDERE SHHIKiR X —

BIE.

HABEZEIPSRR [1,2,4,5] PIRENEBSHEEIYEAINetworktEBKIZE . EEEEEHOR
A9 R XEFIAKERETEIAVRIN SO, XEFERBITE P RERERERAVRAED, F1 m &Rx
M=RSE. FEANEIEKPDERSA TNEMHIZEM:
~v-((1+mm)Vp)=S§,
m, —-KAm-a’(m-Vp)Vp+a|m|

2(y-1) m= 0’

Hrh, PFImM TR 0Q Ei#HE ST K Dirichletil 5544
m(z,x)=0, p(x)=0, VxeoQ, t>0.

XEBERRISHET SRR K 20,17, > 0, S o > 0. ZREBU THESEHNELE:
d—E——j || am || dx
dr el ’



1
B, (KIVmE + % jm P+ [mVp +a'r |V )i

HAGSVM EN AT 2R B CIREERAERLEEMN RS, &
()3T S EAIERT = T MREE BRI, IS BERINLS, FF
BHHEREERIFAEE. EEA T ERIZIRERIRESIERAVEERINGS
R, ©iBMtERA T SVMTiE& I Network 5 14HI8E
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TUNABLE PHOTORESPONSE BY GATE

MODULATION IN BILAYER GRAPHENE

NANORIBBON DEVICES

(By Rulin Wang, Fuzhen Bi, Wencai Lu, and ChiYung Yam)

For optical-to-electrical conversion, separation of photo-
excited electron-hole pairs is an essential step for generation of
photocurrent. For the p-n junction, a built-in electric field around
the junction interface can provide the separating force for the
electron-hole pairs. And the use of an external electric field,
provided, for example, by a source-drain bias voltage or a split
gate voltage, has also been considered as a mean to drive the
separation of electron-hole pairs. Recently, a tunable band gaps has
been realized for bilayer graphene by applying an external electric
field.1 This tunable band gap allows adjustment of the absorption
range of photon energy and have potential application for the
design of photoelectric devices.

ChiYung Yam et al. at Beijing Computational Science Research
Center take advantage of the continuously tunable band gap and
separation of electron-hole pairs by a gate voltage and investigate
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the controllability of the photocurrent in a bilayer
armchair graphene nanoribbon (GNR).” They employed
the nonequilibrium Green’s function (NEGF) method
together with a quantum description of the electron-
photon interaction to model the photoelectric conversion
proces.” The results demonstrate that the photoresponse
of a bilayer graphene nanoribbon (GNR) device can
be controlled by gate voltage modulation. A vertical
gate field shifts the potential on the top and bottom
layers in opposite directions, resulting in a continuous
change of band gap with applied gate voltage. This field
simultaneously facilitates separation of photoexcited
electron-hole pairs and gives rise to a photocurrent in a
selected photon energy range. The photoresponse of a
bilayer GNR device can thus be tuned by adjusting the
applied gate voltage. In addition, the light frequency
range can be changed by using nanoribbons of different
widths. These findings provide a basis for the design of
adjustable optoelectronic devices using two-dimensional
materials.
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PHOTONIC BAND STRUCTURE
CALCULATION FOR DISPERSIVE MATERIAL S

(By Wengiang Xiao, Bo Gong, Jiguang Sun, Zhimin Zhang)

Photonic crystals (PCs) are periodic structures composed of dielectric materials and exhibiting band gaps, which has many
important applications in optical communications, filters, lasers, switches and optical transistors [1-3]. Effective calculations of
the band structures are essential to identify novel optical phenomena and develop new devices. If the permittivity is independent
of the frequency, the associated eigenvalue problem is linear. In contrast, dispersive materials lead to the challenging nonlinear
eigenvalue problems.
Photonic band structures are posted as the eigenvalue problems of the Maxwell's equations [3]

Vx ———vxH=(2) H

e(x>w) c
V H=0,

where H is the magnetic field, w is the frequency, €(x, w) is the electric permittivity, and C is the speed of light in the vacuum.

In [4], a novel approach is proposed for the band structure calculation of dispersive materials. The band structure is formulated
as the eigenvalue problem of a holomorphic Fredholm operator function. Then finite elements are used for discretization and
the convergence is proved using the abstract approximation theory for the eigenvalue problem of the holomorphic operator
function. A spectral indicator method (SIM) is developed to practically compute the eigenvalues. To our knowledge, this is the
first effective approach that can treat permittivity depending arbitrarily on the frequency, being lossy or lossless, and crystals with
irregular shapes.
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Fig. 1. Band structures( f is the filling factor). Left: lossless case. Right: lossy case.

Example. Consider metallic materials such that
2
p
gw=1———,
(w) @+ )

where w,, is the plasma frequency, Y is an inverse electronic relaxation time.
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SWIMMING OF THE MOSQUITO LARVA:
PRINCIPLES AND TRICKS OF LOCOMOTION s
AT INTERMEDIATE REYNOLDS NUMBERS

(By Bowen Jin, Haoxiang Luo, and Yang Ding)

For swimming, mosquito larva bends its cylindrical body nearly into a circle from one side to the other sequentially and generates
a trajectory resembles figure-of-eight. This gait is drastically different from the undulatory gait used by other slender-body
organisms, such as eel and nematode. Why the mosquito larva uses such gait while it is capable of using the undulatory gait?
Previous studies show that this gait is fast: mosquito larva can move 0.8 body length per body deform cycle, which is comparable
to large swimmers with undulatory gait and much larger compared to micro-swimmers using undulatory gait or helical propulsion
(see Figure) [1]. But that is far from a satisfactory answer.

A study led by Yang Ding from CSRC sheds light on this question using numerical simulations. They found that, in contrast to
undulatory swimmers who try to reduce rotation all the time to align their propulsion with the direction of motion, the mosquito
larva purposely generates a significant rotation and timely generate the propulsion forces when the propulsion forces align with
the direction of motion. The mosquito larva also modulates the speed of body deformation to increase the propulsion force since
force scales greater than linear with velocity. As a result, the swimming speed is greater than the speed of the undulatory gait
in the same condition (Reynolds number). Although the energetic efficiency of figure-of-eight gait is low, the power is small

compared to the larva's metabolic rate.
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They showed that for micro-swimmers at low Reynolds number where the inertia effect is negligible, rotation is damped and difficult
to generate. Besides, modulation of the speed of body deformation is not effective, as the forces scale linearly with velocities.
Therefore, when Reynolds number is smaller than about 30, the figure-of-eight gait generates a displacement nearly in place. For
large swimmers at high Reynolds numbers, the gait can be used. To achieve optimal speed, the body deformation needs to be
adjusted to not over-rotate. While the speed of the figure-of-eight gait ( Re ~10% — 103%) is comparable to that of the undulatory gait
(Re ~10%) , the body deformation is much larger, and the frontal drag is larger. Therefore, the figure-of-eight gait is inefficient for
swimmers at high Reynolds numbers.

Recently, centimeter-sized robots become available due to the advancement of material and manufacture technologies, such as the
“print & fold” technology. This study shows that the figure-of-eight gait can provide high speed for swimming, especially for those
robots with external power supplies, and provides practical guidance of gait optimization.
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REGULARIZED 13-MOMENT EQUATIONS

FOR INVERSE POWER LAW MODELS

(By Zhenning Cai and Yanli Wang)

Modeling of gas dynamics has been attracting people’s attention for
centuries. For low-density regime and large velocity slip or temperature
jump at a solid wall due to gas-surface interaction, the interaction
between gas molecules are either insufficient or severely ruined by gas-
surface interactions, resulting in the failure of the continuum models.
Although some microscopic models, such as Boltzmann equation,
Enskog equation, or even molecular dynamics, have been validated
to be accurate for most applications, they are usually too expensive to
solve due to the high dimensionality. Since there is a large gap between
the continuum models and the microscopic models, researchers have
been trying to find models sitting in-between, which are cheaper to
simulate than the kinetic models.

Since Euler equations and Navier-Stokes equations can be considered as
zeroth-order and first-order approximations of the Boltzmann equation
in the continuum limit Struchtrup (2005a), various attempts have been
made to derive higher-order approximations. However, these attempts
show that going beyond Navier-Stokes is quite nontrivial: Burnett and
super Burnett equations are linearly unstable Bobylev (1982); Grad’s
method has the hyperbolicity problem and the convergence problem Cai
et al. (2014), Miiller & Ruggeri (1998); equations by maximum entropy

are still difficult to solve numerically due to an ill-
posed optimization problem hidden in the equations
Tallec & Perlat (1997). These deficiencies have
been severely restricting the applications of these
models.

In spite of this, a number of new thoughts have been
introduced for this classical modeling problem. In
the current century, all these classical models are
re-studied. Burnett equations have been fixed to
regain linear stability Bobylev (2006, 2008); the
hyperbolicity problem of Grad’s equations is fixed
in Cai et al. (2015); approximations of maximum-
entropy equations have been proposed which
have explicit analytical expressions McDonald &
Torrilhon (2013). At the same time, Grad’s old idea
hidden in his notes Grad (1958) has been picked
up to build new models called regularized moment
equations Struchtrup & Torrilhon (2003). Although
all these models are quite new, based on current
studies, we find the regularized moment equations
to be interesting due to its relatively complete
theory (boundary conditions Torrilhon & Struchtrup
(2008), H-theorem Struchtrup & Torrilhon (2017),
Torrilhon (2012)) and a number of numerical
studies Torrilhon (2006). However, the complete
regularized 13-moment equations have been
derived only for Maxwell molecules. In Torrilhon
& Struchtrup (2004), it has been demonstrated
by the example of plane shock structure that the
equations derived for Maxwell molecules are not
directly applicable to the hard-sphere model, which
indicates that collision models needto be taken into
account during the model derivation. This inspires
us to go beyond Maxwell molecules, and study
more realistic interaction models directly.

In this work, we will focus on inverse power
potentials, which cover both Maxwell molecules
and hard-sphere molecules (as the limit), and have
been verified by experiments to be realistic for a
number of gases (Torrens 1972, Table 8.1). As far



as we know, the only regularized moment model derived for non-Maxwell monatomic molecules is Struchtrup
& Torrilhon (2013), which is the fully linearized equations for hard-sphere molecules. Such a model cannot
be applied in nonlinear regimes such as shock waves. In this work, we have extended the work Struchtrup
& Torrilhon (2013) and write down equations for all inverse power law models linearized about the local
Maxwellian. The long derivation of the R13 equations is done by our automated Mathematica code. Plane
shock wave structures will be computed based on these 13-moment models to show better results than a simple
alteration of the Maxwell model.
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CONTROLLING THE EMISSION FREQUENCY

OF GRAPHENE NANORIBBON EMITTERS
BASED ON SPATTALLY EXCITED

TOPOLOGICAL BOUNDARY STATES

(By Xiaoyan Wu, Rulin Wang, Na Liu, Hao Zou, Bin Shao, Lei Shao and ChiYung Yam)

In recent years, advanced fabrication technologies have made it possible to control
the interaction of nanoscale electronic components with light. High-speed on-chip
communication and computing applications require these nano-emitters with the capability
to tune the optical properties and the ability to be compatible with CMOS technology.
To this end, the development of controllable, easily integrated, electrically triggered
nano-emitters that can operate at various optical frequencies is significant. Graphene
nanoribbons (GNRs) are emerging as promising candidates for nanoscale light emitting
devices. Recently, formation of nanoscale emitters embedded in an armchair GNR has
been realized.1 Chong et al. observed bright individual GNR luminescence via STM.’
These studies indicate a promising route towards robust and controllable graphene-based
light-emitting devices.

ChiYung Yam et al. at Beijing Computational Science Research Center design a nano-
emitter with desirable frequencies based on GNR heterojunction.3 By connecting
GNRs with different widths and lengths, topological boundary states can be formed
and manipulated. Using first-principles-based atomistic simulations, they studied the
luminescence properties of a STM GNR junction and explored the applications of these
topological states as nanoscale light sources. Taking advantage of the ultrahigh resolution
of the STM tip, direct injection of high energy carriers at selected boundary states can be
achieved. In this way, the emission color can be controlled by precisely changing the tip
position. The GNR heterojunction can therefore represent a robust and controllable light-
emitting device that takes a step forward towards the fabrication of nanoscale graphene-
based optoelectronic devices.
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During the 2019-2020 academic year, CSRC is undertakeing 122 projects from the Ministry of Science and Technology of China,
National Natural Science Foundation of China, China Academy of Engineering Physics, China Postdoctoral Science Foundation

and so on. 38 projects were concluded during the academic year. In addition, 15 new projects will be started after August 2020.
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2 LEAY )

FROM AND TO

10

11

12

13

14

15

16

17

18

19

20

21

22

Su-Huai Wei

F 5
Qi Wang

SHE

Shiwu Gao

wiss
Hai-Qing Lin

FNEEE
Chang-Pu Sun

Lei-Hang Tang

B
Su-Huai Wei

KER
Zhimin Zhang

XUigr-
Hai-Guang Liu

Stefano Chesi

=1/
Peng-Fei Guan

B K
Bing Huang

XUigr-
Hai-Guang Liu

ERBEARE
BEEZRe
NSFC

EREARE
BEEERS
NSFC

EREARE
BEEERS
NSFC

EREARE
BEEZRE
NSFC

EREARE
BEEZRe
NSFC

EREARE
BEEERS
NSFC

EREARE
BEEERS
NSFC

ERBEARE
BEEZRe
NSFEC

ERBEARZE
BEEZRe
NSFC

EREARE
BEEERS
NSFC

ERBEARE
BEEERE
NSFC

ExRBERRE
EE2ERS
NSFC

EREARZE
BEEERS
NSFC

EREARE
BEEERS
NSFC

2019 - 2020 ANNUAL REPORT

BREEENEERTE
Key Program of Joint
Fund

EPNI=

Major projects

BEXHARITHIERE
Key Program of Major
Research Plan

BRI
Key Program

EV =]
Key Program

N =
Key Program

ERIE
Key Program

BERIE
Key Program

HFERTEE
Mathematics Tianyuan
Fund

EfRGtEX)&1E
53 E
International (Regional)
Cooperation and
Exchange Program

E LI

General Program

[EE==

General Program

[EE==

General Program

HLIE

General Program

> RESEARCH PROJECTS

ETRFBhefiRIE ek
YIERERL S/ N R Gt eR
BT

aRRR P E YR
T

SRR R E R
BRI SHEDHT

REAASTIAREARN S
FhERMNA

ISR E R itaev ISR
BTTRIE . MRIETIRT

i=Ee

BIRAMARNVEFET
XU R EL N A

PRGN IR
ks

EBAS FRIRROYIEA IR
REFEIRLT

= T IHERRR
g?»;f’éﬁ)%é’ﬂ%ﬂ’ﬂ%&‘ii%ﬁ%
R

I FAXGIE 8 FAEE F R EER
RO FEEMNDFNE

FSRGERERRIZNE
IERIE TR

IFREETP-MBREIE
IRAYLT ERHLF 5

SRR ER S M
A SRR RAYELS
BRR

XEIE B HEE F R ETER

DFAUETFHINBREXR
HESESEIEHR

2021.01 - 2024.12

2020.01 - 2024.12

2017.01 - 2019.12

2020.01 - 2024.12

2018.01 - 2022.12

2016.01 - 2020.12

2017.01 - 2021.12

2017.01 - 2021.12

2020.01 - 2020.12

2018.07 - 2020.06

2016.01 - 2019.12

2016.01 - 2019.12

2016.01 - 2019.12

2016.01 - 2019.12

73 - 14
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gk
nEf=
v

23

24

25

26

27

29

30

31

34

35

XIFIER
Li-Min Liu

E F
Qi Wang

BFE=R
Xin-Liang Xu

Rubem
Mondaini

T M
Yang Ding

AR
Guang-Hui Hu

FEE
Chi-Yung Yam

Su-Huai Wei

SKIRIR
Dong-Bo Zhang

BES
Yong-Yong Cai

s 3
Xiang Gao

Fz B
Yong Li

wm X
Wen Yang

pisge L
Jian-Qiang You

ZBRIR

SOURCE

EREARE
BEEZRS
NSFC

ExRBARF
EE2ERS
NSFC

ERBEARE
HEEZRS
NSFC

ExBARMZ
BEEZR=
NSFC

EREARE
BEEZRS
NSFC

ExRBARF
BEE2ERS
NSFC

ERBEARF
HEEZRe
NSFC

ExBARMZ
BEEZR=
NSFC

EREARE
BEEZRS
NSFC

ExRBARF
EE2ERS
NSFC

ERBEARF
HEEZRS
NSFC

ExBARMZ
BEEZRR
NSFC

EREARE
BEEZRS
NSFC

EREARE
HEEZRe
NSFC

IiE 25!
CATEGORY

[El =

General Program

[EE TS|

General Program

ELIE

General Program

[El =

General Program

[l =

General Program

[EE TS|

General Program

ELIE

General Program

[El =

General Program

[l =

General Program

[EE TS|

General Program

E LI E

General Program

[El =

General Program

[El =

General Program

[EE =]

General Program

MB&R e 1ERTIE
PROJECT TITLE FROM AND TO

KBRS FOCEREW
FHESIRIT R EMREM

EMERY. BESMERIRY
HFEBRSTESUHE

TR S R R AR
SEEER

KEKEBI AR ERERRAR
THR

RANEEN PRI SRR
R IR AR
B AR R RN

ETEEASF D ERRE
NEREMEEHFR

RSB FAKIHRER it
RO - B FRESTAR

SRFSKNEITRERM
RUEICHAR

AR B F I RAO N 3R
B BREEZRER
B XABHIIE

EiRHBEERENERE
HELERSH

{RREEE F-BFREHETE
FREYBreit I RIRIC T 7T

FNRGPIFIFEZ M
EHAVERICTHR

BT AR ERE B
RETTER R F R
MTFPRRARICHR
B - DRI {ARY

ESEFIISRENET
HNFRR

2016.01 - 2019.12

2016.01 - 2019.12

2016.01 - 2019.12

2017.01 - 2020.12

2017.01 - 2020.12

2017.01 - 2020.12

2017.01 - 2020.12

2017.01 - 2020.12

2017.01 - 2020.12

2018.01 - 2021.12

2018.01 - 2021.12

2018.01 - 2021.12

2018.01 - 2021.12

2018.01 - 2021.12



37

38

40

41

42

43

44

45

46

47

48

49

==
mESEA
PI
T3

Jin Yu

SK4R (S
Ji-Wei Zhang

T B
Ling Wang

SKImED
Rui-Qin Zhang

KER
Zhimin Zhang

Rubem
Mondaini

Stefano Chesi

LA S
Shu-Xian Hu

XUigr-
Hai-Guang Liu

T 5
Qi Wang

e
Xin-Liang Xu

B &
Jun Kang

z B
Yong Li

ZREER

SOURCE

ERBEARE
BEEERS
NSFC

ExRBARF
BE2RRS
NSFC

EREARE
BEEERS
NSFC

ExREARE
BEEERS
NSFC

ERBEARE
BEEZRS
NSFC

ERBE AR
BEEZRe
NSFC

ERBEARE
BEEZRS
NSEC

ERE AR
BEEZRS
NSFC

EREARE
BEEZRE
NSFEC

ERE AR
BEEZERe
NSFC

ERBEARE
BEEZRS
NSFEC

ERE AR
BEEERS
NSFC

ExBERRE
EE2ERS
NSFC
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IE 5!
CATEGORY

[EE==

General Program

[EE==

General Program

E LI

General Program

[EE==

General Program

H LI

General Program

[EE==

General Program

H LI

General Program

[EE==

General Program

H LI

General Program

[EE==

General Program

H LI

General Program

[EE==

General Program

[EE==

General Program

> RESEARCH PROJECTS

BEHRFHD FHlaE
DNA_ERIESHRUAMIE
BiRE!

Z REFREHMEEREIS
DFFEREETTE

FEPESRAASHIT = Al &
AR R R RIS IE
NNFEBRF

KAMIREEIFEBRF15
BB EBR Tt
Mo B IMAITERR

BRI o R R EASAEHER
AR ERERES

SERRERR P RECXTHY
IFFEIRTIAR

ETHSHEFRRIBNE
ETFHSIRKIERE

ERTRAH/KAERE
BIENENEFUFEAR

Iz PR [B)53 #ER I T RR AT
S FINNFENTTIE
HRIBFEEINER &
=LAk

PO F—EEERTT R
RREWEZRIT DTS
ST

YR ERE ERYEEL
REEARFESYIERR T

ERBREFmTESHE
BRI ARUESE — IR
BRI

BFETHIENTIES
FRW. HESEAHR

2018.01

2018.01

2019.01

2019.01

2019.01

2020.01

2020.01

2020.01

2020.01

2020.01

2020.01

2021.01

2021.01

IE &R peli)a)
PROJECT TITLE FROM AND TO

-2021.12
-2021.12

-2022.12

2022.12

-2022.12

-2023.12

-2023.12

-2023.12

-2023.12

-2023.12

-2023.12

-2024.12

-2024.12

75 - 16
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50

51

52

53

54

55

56

57

58

59

60

61

62

63

MBREA

PI

FEE
Chi-Yung Yam

FEE
Ji-Lu Wang

it F
Yu Du

LESES
Zi-Yu Hu

= 1
Jun Li

pAVIE=
Mao-Xin Liu

CIEV
Bao-Shuang
Shang

A B
Lin Hu

g
A

Shu-Xian Hu

B &
Lei Kang

EET
Guo-Fei Pang

2 B
Wei Wu

=OR
Shao-Jie Yuan

KES
Chun-Fang
Zhang

EREARE
BEEZRS
NSFC

ExRBARZ
EE2ERS
NSFC

ERBEAREF
HEEERS
NSFC

ExEARFE
BEEERS
NSFC

ERBARE
BEEZRS
NSFC

ExRBARZE
EE2ERS
NSFC

EREARF
HEEZRS
NSFC

ExEARZE
BEEERS
NSFC

EREARE
BEERRS
NSFC

ExRBARF
EE2ERS
NSFC

ERBEAREF
HEEZRS
NSFC

ExEARFE
BEEERS
NSFC

EREARE
BEEZRS
NSFC

ExRBARF
EE2ERS
NSFC

IiE 25!
CATEGORY

[El =

General Program

[EE TS|

General Program

BENFESTE

Young Scientists Fund

BERFESmA

Young Scientists Fund

BERFESIA

Young Scientists Fund

BSERFEEmA

Young Scientists Fund

BENFESE

Young Scientists Fund

BERFESmA

Young Scientists Fund

BERFESIA

Young Scientists Fund

SERFEEmA

Young Scientists Fund

BENFESE

Young Scientists Fund

BERFESmA

Young Scientists Fund

BERFESIA

Young Scientists Fund

SERFEEmA

Young Scientists Fund

MB&R
PROJECT TITLE

ERR SRR RIRT AR L
TERNE RSN A

Rt SR E
HESE

KEEE K EHelmholtz[a)
%EgPPRE%%DSEﬁBET_U

— R RO EL S TEA
HihGSHEFREEE
R

PHIIIRIR R E F i)
BB E N A

ZETHWSSREHEE
RAETHEZHR

ERBIBEEREERS
EBURNEAR

T EAT s
SRR HEIERAY
oA

DRTHM=MMRHREF
MRRBE FE SRR
FF RIS R

RSk VG i B |25 7
FEF M RAVEIEHT

DENSECTR-RES
EEHIRBINZERES
Mg fEEIAEE

EFFHRRRNHFRE
BEAR

BSEFIFIISSIER
HEFNFAEXIFRIEAT
R

BERESHEIEDY
REHZ RN AEICHT

B LA A
FROM AND TO

2021.01 - 2024.12

2021.01 - 2024.12

2017.01 - 2019.12

2017.01 - 2019.12

2017.01 - 2019.12

2017.01 - 2019.12

2017.01 - 2019.12

2018.01 - 2020.12

2018.01 - 2020.12

2018.01 - 2020.12

2018.01 - 2020.12

2018.01 - 2020.12

2018.01 - 2020.12

2018.01 - 2020.12



64

65

66

67

68

69

70

71

72

73

74

75

76

MEREA

PI

SKEE
Wen-Zhao Zhang

IR R
Hu Chen

=pakA
Li-Jing Jin

=z =F
JiLi

Z B
Xiao Li

DEE
Zhi-Huang Luo

F—Ha
Yi-Nan Fang

ZPEM
Zhen-Lin Guo

BHER
Wei-Jie Huang

REN
Chong-Jie Mo

FNKEE
Qing-De Sun

S
Jian-Feng Wang

ExEARF
E2ERe
NSFC

ExBERRE
BEE2RRS
NSFC

EREARE
BEEERS
NSFC

ERBEARZE
BEEZRS
NSFC

ERBEARE
BEEERS
NSFC

EREARE
BEEERS
NSFC

ERBEARE
BEEZRE
NSFC

EREARE
BEEERS
NSFC

ExRBRRE
EE2ERS
NSFC

EREARE
BEEERS
NSFC

ERBEARZE
BEEERS
NSFC

ERBEARE
BEEERS
NSFC

ERBEARZE
BEEERS
NSFC

2019 - 2020 ANNUAL REPORT

IE 5!
CATEGORY

BERFESIR

Young Scientists Fund

SERFESIE

Young Scientists Fund

BEHNFESIR

Young Scientists Fund

SERFESIAR

Young Scientists Fund

BFENFESIE

Young Scientists Fund

SERFESIAR

Young Scientists Fund

BSERFESmA

Young Scientists Fund

BERIFELIE

Young Scientists Fund

BSERFESmA

Young Scientists Fund

BERFESIE

Young Scientists Fund

SERFESIAR

Young Scientists Fund

BENFESINE

Young Scientists Fund

HEFFEFEELMB
Fund for International
Young Scientists

> RESEARCH PROJECTS

I BR
PROJECT TITLE

FREFRRPIAIR
FIEST RIS

FoFH LS AIAFEED
T RSB ERET
EHRR

SN NESBIEFIEL
MERIR RYIESRFOER

E TR FBIEMIRE
FOEERR

IF B EPEIZTIFERICRIFRE
ERESRAERENS
BEETTE

T BZBERRREREI T
HEFEINZRHR

MR BES IR T
BEAE RN A

HaRELE I ARRE
IR RIRIE SEUERE

REY AURAIREEER
HEFX

BRI BT X ST LS EIERY
F—MHREHAR

IR R AR I

R

IS RIFEHTR
ELAEAR%% sk S PR

AR

Emergent complexity in
the collective motion of
simple, self-propelled
agents

=iz
FROM AND TO

2018.01 - 2020.12

2019.01 - 2021.12

2019.01 - 2021.12

2019.01 - 2021.12

2019.01 - 2021.12

2019.01 - 2021.12

2021.01 - 2023.12

2021.01 - 2023.12

2021.01 - 2023.12

2021.01 - 2023.12

2021.01 - 2023.12

2021.01 - 2023.12

2018.01 - 2019.12

77 - 18
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77

78

79

80

81

82

83

84

85

86

87

88

mEREA

PI

Santanu Sinha

Stefano Chesi

Tirthankar
Dutta

Jorge Botana
Alcalde

Rubem
Mondaini

Georg
Engelhardt

Rubem
Mondaini

i

EH
Hui-Hui Qin

d

=TI
Bo Wen

AR
Gao-Ke Hu

Xl &=
Lei Liu

XEE
Yu-Hai Liu

LZERFIR
SOURCE

EREARE
EEZRS
NSFC

EREARE
BEEZRe
NSEC

EREARE
BEEZRS
NSFC

ERBARF
EE2ERS
NSFC

ExRBARF
EE2ERS
NSFC

ExRBARF
BEE2ERS
NSFC

EREARE
EEZRS
NSFC

EREARE
BEEZRe
NSEC

ExRBARF
BEE2ERS
NSFC

EREARE
BEEZRS
NSFC

EREARE
BEEZRS
NSFC

ExEARF
EEERS
NSFC

IE %35!
CATEGORY

HNESFEZEESIE
Fund for International
Young Scientists

HINEBFFFEEEIA
Fund for International
Young Scientists

HNEEFFEEEMAE
Fund for International
Young Scientists

HNESEFEEESIHE
Fund for International
Young Scientists

HNESFEFEELIE
Fund for International
Young Scientists

HNEFEFEESIHE
Fund for International
Young Scientists

HNESFEZEESIE
Fund for International
Young Scientists

EICYIEER
Theoretical Physics

Fund

BIeYEER
Theoretical Physics
Fund

EICYIEER
Theoretical Physics

Fund

HICMEENR

Theoretical Physics
Fund

HICWEEX
Theoretical Physics

Fund

MB&R
PROJECT TITLE

Multiphase flow in
porous media: a new
computational approach

Magnetic phases and
superradiant-like
dynamics of nuclear spins
in a quantum dot

Theoretical Study of
Interfacial Magnetism and
Transport of Metals and
Insulators

Design of mixed-anion
structures for industrial
applications

Out-of-equilibrium
systems: Thermalization,
Many-body localization
and topological Time-
crystals

Spectroscopy of molecular
excitation dynamics- far
beyond linear response

Giant magnetoresistance
and correlated physics in
twisted bilayer graphene:
large scale numerical
study using quantum-
classical Hamiltonians

B RBAITRIEE RN
RINEFIFBE KRB
R

ETRUFIEE AWK
FAEHAIERIIRICTAR

IR R RFRIBIR
REREEL

ET A& E R M TR
RIFBIEPRIFEAR
LM REEIS IR

BREMEAEFIRFME
RAAXMEHERR

=l
FROM AND TO

2018.01 - 2019.12

2018.01 - 2019.12

2018.01 - 2019.12

2019.01 - 2020.12

2019.01 - 2020.12

2020.01.2020.12

2021.01 - 2022.12

2019.01 - 2019.12

2019.01 - 2019.12

2020.01 - 2020.12

2020.01 - 2020.12

2020.01 - 2020.12



89

90

91

92

93

94

95

96

97

98

mER/REA

PI

g
=N

Chong-Jie Mo

1y
Chong Ye

MR 7t
Sheng-Chen

BT
Jian-Ping Wang

Georg
Engelhardt

% B’
Yin Xian

==
Xiao-Lei Ma

Xue-Qing Yang

RS
Wei-Jie Huang

=25
Xiao-Bo Jin

L2 EERIR
SOURCE

ExBRRE
BEE2ERS
NSFC

EREARE
BEEZRS
NSFC

TEELEHNFES
CPSF

TEELEHNFES
CPSF

FEELIENFZES
CPSF

FEELIENFES
CPSF

PEELIENFES
CPSF

TEELENFES
CPSF

FEELIENFES
CPSF

FEELIENZFES
CPSF

2019 - 2020 ANNUAL REPORT

IuE 25!
CATEGORY

EipYEER
Theoretical Physics
Fund

EiCYEEN
Theoretical Physics
Fund

BEEEEIFASL
XFFTE

Creative Talents Plan

BELEEIHASL
XFFTL

Creative Talents Plan

EXEERR
5 #HImE
International Exchange
Program for Incoming
Postdoctoral Fellows

ELEEmRZRT
5| #HIEE
International Exchange
Program for Incoming
Postdoctoral Fellows

ELEEMmRZR
5 HImE
International Exchange
Program for Incoming
Postdoctoral Fellows

ELEERRRT
5|#HIE
International Exchange
Program for Incoming
Postdoctoral Fellows

ErEERRT
IRHEIE
International Exchange
Program for Outgoing
Postdoctoral Fellows

EEEEmRRZRT
IRHINE
International Exchange
Program for Outgoing
Postdoctoral Fellows

> RESEARCH PROJECTS

BB
PROJECT TITLE

IBREYIR P X
BEETES M RETE
Yabr:N[3iE

FHEXIBRINNE . XSBRIA
D BTSRRI
TiEHRR

EZR e EdR N Gy

IR SIS B TR
BIHHRIRICIRTT

B LEAT A
FROM AND TO

2020.01 - 2020.12

2020.01 - 2020.12

2018.07 - 2020.06

2018.07 - 2020.06

2018.10 - 2020.09

2018.10 - 2020.09

2019.06 - 2021.05

2019.11 - 2021.10

2019.07 - 2021.06

2019.07 - 2021.06
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99

100

101

102

103

104

105

106

107

108

109

110

mEREA

PI

=z =
JiLi

a8l
Can Shao

M/
N\

Xing-Ju Zhao

S
Yan Wang

= B
Wei Wu

SKiEN£l
Wen-Zhao
Zhang

Vv
Xiao-Lei Ma

RN
Xiao-Xu Xu

pg
Qi Tao

XEE
Yu-Hai Liu

RER
Chong-Jie Mo

s
Ming-Xia Huo

TEELEHNFES
CPSF

PEELIENFES
CPSF

TEELENFES
CPSF

FEELIENFES
CPSF

TEELEHNFES
CPSF

TEELEHNFES
CPSF

TEELEHNFES
CPSF

TEELEHNFES
CPSF

TEELENFES
CPSF

TEELENFES
CPSF

FEELIENFES
CPSF

PEELIENFES
CPSF

Iy =ES5 ]
CATEGORY

B EERRAR L
FARARIE

International Exchange
Program

EEEERZRT
FAZRIE
International Exchange
Program

EXEERZRT
FARZRIE
International Exchange
Program

R R B
Special Support

Sl
Special Support

R R B
Special Support

KRN (ShARDD
Special Support

KRN (B4R
Special Support

FERIEREN (SARDD
Special Support

KRR (uhe)
Special Support

REBIEE) (b
Special Support

mE—%5
BfjFirst Class

MB&R
PROJECT TITLE

SIAM Conference on
Computational Science
and Engineering (CSE19)

APS March Meeting

APS March Meeting

ES KRR DT
SHEENL

BheMERRET T AN
HIEAR

E TR RIERS
AT

FFactive matter[EIR
RIS

FoHBAL S B )RR A HE—
b

KRFZABN S EE
S5 BERIEMTERITS 1AM
IREGIT RBESAR

BRI E F B e
IRSTERYDERRAIEE

i

B BIX ST S AY
FHREITERR

ETEFHFRRNEF
R 2RAIE T R

B LA A
FROM AND TO

2019.01 - 2019.12

2019.01 - 2019.12

2019.01 - 2019.12

2018.07 - 2020.06

2018.07 - 2020.06

2018.07 - 2020.06

2019.06 - 2021.05

2019.06 - 2021.05

2020.08 - 2022.07

2020.08 - 2022.07

2020.08 - 2022.07

2018.06 - 2020.05



s
‘Hliiiiiill

111

112

113

114

115

116

117

118

119

120

121

122

123

X ZE
Zhen Liu

Georg
Engelhardt

T R
Wei Wang

KIS
Yu-Ran Zhang

BEEN

Chong-Jie Mo

B2
Kun-Kun Wang

58
Hai-Xia Dong

L Ak
Cheng Jiang

=z =F
JiLi

Frelg
Jian-Feng Wang

ERSE
Peng-De Wang

R IR
Hu Chen

kM
Peng Zhang

ZERFIR
SOURCE

FEELIENFEES
CPSF

PEELEHNFES
CPSF

PEELEHNFES
CPSF

FEELTENFEES
CPSF

TEELIENFES
CPSF

FEELIENFES
CPSF

PEELEHNFES
CPSF

TEELERFES
CPSF

FEELTENZEES
CPSF

TEELIENFES
CPSF

FEELIENFES
CPSF

PEELEHNFES
CPSF

PEELERNFES
CPSF

IE 5!
CATEGORY

mE—F&
BfjFirst Class

mE—%F&
BfjFirst Class

HE—%&E)
First Class

HE—FRE

First Class

[T =3
First Class

o E—F&E)
First Class

EETERE

Second Class

[T |

Second Class

Tl )|

Second Class

il )

Second Class

[T |

Second Class

T )

Second Class

[T |

Second Class

2019 - 2020 ANNUAL REPORT >> RESEARCH PROJECTS

L& e l:)a)
PROJECT TITLE FROM AND TO

BETBFHEYSEY
SRR MRS R
BRI

FHEFREREE

FHIEHERBIAME. 5
BEREZEHAR

EFHRINSHIZ Y EME
[RAYEAT

BREYR P X7
EEEHER ISR

JEBHKE G Leggett-
Gary NERRILICIAR

=#EStokes FEAIEAIS
BEUERE EREEBIC ST

FHR-ASE)-XIFRATSE I H
S| S54RSS IVET I

BN EREEEHRR:
Dt S{RRRAREY

R FSHEBRRINE
EEMRINESTH

FRAFBER A RS ERIR
EEETTE

ZoFuE EDEN T RS TE
NEEERETERR

SRR AR IERM R FE
B AR SR S

Rt

2018.06

2018.12 -

2018.12 -

2018.12 -

2019.11

2019.11

2017.11

2017.11

2017.11

2017.11

2017.11

2018.06 -

2018.06 -

- 2020.05

2020.11

2020.11

2020.11

-2021.10

-2021.10

-2019.10

-2019.10

-2019.10

-2019.10

-2019.10

2020.05

2020.05
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gk
RERE
p—

124

125

126

127

128

129

130

131

132

133

134

135

136

137

Ben Aicha
Ibtissem

Pankaj Bhalla

BTt
Sheng-Chen

B &
Bo Gong

=EE
Zhen-Zhen Li

BBl
Can Shao

X
Teng-Fei Zhao

EKE
Yong-Xi Chen

Xl &
Lei Liu

XEZ
Yu-Hai Liu

Er%
Yun-Hua Wang

HOE
Qi Hong
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During the 2019-2020 academic year, CSRC has published a total of about 368 papers.

SIMULATION OF PHYSICAL

SYSTEMS DIVISION IR R FAEHUTFTE

Room-temperature valleytronic transistor; Li, Lingfei; Shao, Lei; Liu, Xiaowei; Gao, Anyuan; Wang, Hao; Zheng,
1 Binjie; Hou, Guozhi; Shehzad, Khurram; Yu, Linwei; Miao, Feng; Shi, Yi; Xu, Yang; Wang, Xiaomu; NATURE
NANOTECHNOLOGY, (2020)

Large out-of-plane piezoelectricity of oxygen functionalized MXenes for ultrathin piezoelectric cantilevers and
2 diaphragms; Tan, Jie; Wang, Yunhua; Wang, Zongtan; He, Xiujie; Liu, Yulan; Wang, Biao; Katsnelson, Mikhail I.;
Yuan, Shengjun; NANO ENERGY, 65, (2019)

Resonant Photovoltaic Effect in Doped Magnetic Semiconductors; Bhalla, Pankaj; MacDonald, Allan H.; Culcer,
Dimitrie; PHYSICAL REVIEW LETTERS, 124, 8 (2020)

Plasmonically enabled two-dimensional material-based optoelectronic devices; Wang, Hao; Li, Shasha; Ai, Ruoqi;
Huang, He; Shao, Lei; Wang, Jianfang; NANOSCALE, 12, 15 (2020)

Electrostatic force driven helium insertion into ammonia and water crystals under pressure; Bai, Yihong; Liu, Zhen;
5 Botana, Jorge; Yan, Dadong; Lin, Hai-Qing; Sun, Jian; Pickard, Chris J.; Needs, Richard J.; Miao, Mao-Sheng;
COMMUNICATIONS CHEMISTRY, 2, (2019)

Kondo resonance assisted thermoelectric transport through strongly correlated quantum dots; Cheng, YongXi; Li,
6 ZhenHua; Wei, JianHua; Luo, HongGang; Lin, HaiQing; Yan, YiJing; SCIENCE CHINA-PHYSICS MECHANICS
& ASTRONOMY, 63, 9 (2020)

THz Emission by Frequency Down-conversion in Topological Insulator Quantum Dots; Huang, Yongwei; Lou,

4 Wenkai; Cheng, Fang; Yang, Wen; Chang, Kai; PHYSICAL REVIEW APPLIED, 12, 3 (2019)

3 phq: A Fortran code to compute phonon quasiparticle properties and dispersions; Zhang, Z.; Zhang, D. -B.; Sun, T;
Wentzcovitch, R. M.; COMPUTER PHYSICS COMMUNICATIONS, 243, (2019)

9 Twist-induced preferential distribution of dopants in single-crystalline Si nanowires; Zhao, Xing-Ju; Seifert, Gotthard;

Zhu, Junyi; Zhang, Dong-Bo; PHYSICAL REVIEW B, 100, 17 (2019)
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SYSTEMS DIVISION 72 #RHHoE

Analysis of time-resolved single-particle spectrum on the one-dimensional extended Hubbard model; Shao, Can;
Tohyama, Takami; Luo, Hong-Gang; Lu, Hantao; PHYSICAL REVIEW B, 101, 4 (2020)

Anomalous caustics and Veselago focusing in 8-Pmmn borophene p-n junctions with arbitrary junction directions;
Zhang, Shu-Hui; Yang, Wen; NEW JOURNAL OF PHYSICS, 21, 10 (2019)

Lattice dynamics of twisted ZnO nanowires under generalized Born-von Karman boundary conditions; Liu, Zhao;
Yam, Chi-Yung; Gao, Shiwu; Sun, Tao; Zhang, Dong-Bo; NEW JOURNAL OF PHYSICS, 22, 2 (2020)

Unconventional deformation potential and half-metallicity in zigzag nanoribbons of 2D-Xenes; Shi, Jin-Lei; Zhao,
Xing-Ju; Seifert, Gotthard; Wei, Su-Huai; Zhang, Dong-Bo; PHYSICAL CHEMISTRY CHEMICAL PHYSICS, 22,
14 (2020)

Strain induced spin-splitting and half-metallicity in antiferromagnetic bilayer silicene under bending; Shi, Jin-Lei;
Wang, Yunhua; Zhao, Xing-Ju; Zhang, Yu-Zhong; Yuan, Shengjun; Wei, Su-Huai; Zhang, Dong-Bo; PHYSICAL
CHEMISTRY CHEMICAL PHYSICS, 22, 20 (2020)

Data processing over single-port homodyne detection to realize superresolution and supersensitivity; Xu, J. H.; Chen,
A. X.; Yang, W.; Jin, G. R.; PHYSICAL REVIEW A, 100, 6 (2019)

Velocity-determined anisotropic behaviors of RKKY interaction in 8-Pmmn borophene; Zhang, Shu-Hui; Shao, Ding-
Fu; Yang, Wen; JOURNAL OF MAGNETISM AND MAGNETIC MATERIALS, 491, (2019)

Possible cluster pairing correlation in the checkerboard Hubbard model: a quantum Monte Carlo study; Wu,
Yongzheng; Fang, Shichao; Liu, Guangkun; Zhang, Yan; JOURNAL OF PHYSICS-CONDENSED MATTER, 31, 37
(2019)

Carrier free long-range magnetism in Mo doped one quintuple layer Bi2Te3 and Sb2Te3; Zhang, Xiaodong; Zhu,
Junyi; JOURNAL OF PHYSICS-CONDENSED MATTER, 32, 6 (2020)

Comment on Quantum fidelity approach to the ground-state properties of the one-dimensional axial next-nearest-
neighbor Ising model in a transverse field; Nemati, Somayyeh; Fumani, Fatemeh Khastehdel; Mahdavifar, Saeed;
PHYSICAL REVIEW E, 102, 1 (2020)

Interlayer vibration of twisted bilayer graphene: A first-principles study; Song, Hong-Quan; Liu, Zhao; Zhang, Dong-
Bo; PHYSICS LETTERS A, 383, 22 (2019)

Ab-Initio Simulations of Monolayer InSe and MoS2 Strain Effect: From Electron Mobility to Photoelectric
Effect; Luo, Kun; Yang, Wen; Pan, Yu; Yin, Huaxiang; Zhao, Chao; Wu, Zhenhua; JOURNAL OF ELECTRONIC
MATERIALS, 49, 1 (2020)

Recent Progress in Optical-Resonance-Assisted Movement Control of Nanomotors; Jiapeng Zheng;Shiu Hei Lam;He
Huang;Lei Shao; ADVANCED INTELLIGENT SYSTEMS, (2020)

Self-organized bosonic domain walls; Xingchuan Zhu, Shiying Dong, Yang Lin, Rubem Mondaini, Huaiming Guo,
Shiping Feng, and Richard T. Scalettar; PHYSICAL REVIEW RESEARCH, 2, 1 (2020)
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11

12

13

14
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Non-Hermitian bulk-boundary correspondence in quantum dynamics; Xiao, Lei; Deng, Tianshu; Wang, Kunkun; Zhu,
Gaoyan; Wang, Zhong; Yi, Wei; Xue, Peng; NATURE PHYSICS, 16, 7 (2020)

Magnetic Noise Enabled Biocompass; Xiao, Dawu; Hu, Wen-Hui; Cai, Yunfeng; Zhao, Nan; PHYSICAL REVIEW
LETTERS, 124, 12 (2020)

Observation of Critical Phenomena in Parity-Time-Symmetric Quantum Dynamics; Xiao, Lei; Wang, Kunkun; Zhan,
Xiang; Bian, Zhihao; Kawabata, Kohei; Ueda, Masahito; Yi, Wei; Xue, Peng; PHYSICAL REVIEW LETTERS, 123,
23 (2019)

Precise characterization of atomic-scale corrosion of single crystal diamond in H2 plasma based on MEMS/NEMS;
Wu, Haihua; Zhang, Zilong; Sang, Liwen; Li, Tiefu; You, Jiangiang; Imura, Masataka; Koide, Yasuo; Liao, Meiyong;
CORROSION SCIENCE, 170, (2020)

Fixed Points and Dynamic Topological Phenomena in a Parity-Time-Symmetric Quantum Quench; Qiu, Xingze;
Deng, Tian-Shu; Hu, Ying; Xue, Peng; Yi, Wei; ISCIENCE, 20, (2019)

Theory of the magnon Kerr effect in cavity magnonics; Zhang, GuoQiang; Wang, YiPu; You, JianQiang; SCIENCE
CHINA-PHYSICS MECHANICS & ASTRONOMY, 62, 8 (2019)

Experimental preparation of topologically ordered states via adiabatic evolution; Luo, ZhiHuang; Li, Junl; Li,
ZhaoKai; Hung, Ling-Yan; Wan, Yidun; Peng, XinHua; Du, JiangFeng; SCIENCE CHINA-PHYSICS MECHANICS
& ASTRONOMY, 62, 8 (2019)

Nonreciprocity via Nonlinearity and Synthetic Magnetism; Xu, Xun-Wei; Li, Yong; Li, Baijun; Jing, Hui; Chen, Ai-
Xi; PHYSICAL REVIEW APPLIED, 13, 4 (2020)

Photon-Dressed Bloch-Siegert Shift in an Ultrastrongly Coupled Circuit Quantum Electrodynamical System;
Wang, Shuai-Peng; Zhang, Guo-Qiang; Wang, Yimin; Chen, Zhen; Li, Tiefu; Tsai, J. S.; Zhu, Shi-Yao; You, J. Q.;
PHYSICAL REVIEW APPLIED, 13, 5 (2020)

Closed-Loop Nuclear Magnetic Resonance Gyroscope Based on Rb-Xe; Zhang, Ke; Zhao, Nan; Wang, Yanhua;
SCIENTIFIC REPORTS, 101, (2020)

Overcoming standard quantum limit using a momentum measuring interferometer; Davuluri, Sankar; Li, Yong;
OPTICS LETTERS, 45, 8 (2020)

Nonreciprocal interference and coherent photon routing in a three-port optomechanical system; Du, Lei; Chen, Yao-
Tong; Wu, Jin-Hui; Li, Yong; OPTICS EXPRESS, 28, 3 (2020)

Dual-gate transistor amplifier in a multimode optomechanical system; Chen, Yao-Tong; Du, Lei; Liu, Yi-Mou; Zhang,
Yan; OPTICS EXPRESS, 28, 5 (2020)

Topological band theory for non-Hermitian systems from the Dirac equation; Ge, Zi-Yong; Zhang, Yu-Ran; Liu, Tao;
Li, Si-Wen; Fan, Heng; Nori, Franco; PHYSICAL REVIEW B, 100, 5 (2019)
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Quantum illumination assistant with error-correcting codes; Zhang, Wen-Zhao; Ma, Yu-Han; Chen, Jin-Fu; Sun,
Chang-Pu; NEW JOURNAL OF PHYSICS, 22, 1 (2020)

High bandwidth three-axis magnetometer based on optically polarized Rb-85 under unshielded environment; Yang,
Hongying; Zhang, Ke; Wang, Yanhua; Zhao, Nan; JOURNAL OF PHYSICS D-APPLIED PHYSICS, 53, 6 (2020)

Prominent enhancement on the radiative branching ratio of the doubly excited resonant states due to the Breit
interaction induced ion-core energy inversion; Wu, Chensheng; Xie, Lu-You; Hu, Zhimin; Gao, Xiang; JOURNAL
OF QUANTITATIVE SPECTROSCOPY & RADIATIVE TRANSFER, 246, (2020)

Enantio-discrimination via light deflection effect; Chen, Yu-Yuan; Ye, Chong; Zhang, Quansheng; Li, Yong;
JOURNAL OF CHEMICAL PHYSICS, 152, 20 (2020)

Utilizing competitions between optical parametric amplifications and dissipations to manipulate photon transport;
Yan, Cong-Hua; Jia, W. Z.; Jia, Xin-Hong; Yuan, Hao; Li, Yong; Yuan, Haidong; PHYSICAL REVIEW A, 100, 2
(2019)

Optimal unidirectional amplification induced by optical gain in optomechanical systems; Song, L. N.; Zheng, Qiang;
Xu, Xun-Wei; Jiang, Cheng; Li, Yong; PHYSICAL REVIEW A, 100, 4 (2019)

Phase-controlled single-photon nonreciprocal transmission in a one-dimensional waveguide; Wang, Zhihai; Du, Lei;
Li, Yong; Liu, Yu-xi; PHYSICAL REVIEW A, 100, 5 (2019)

Experimental orthogonalization of highly overlapping quantum states with single photons; Zhu, Gaoyan; Kalman,
Orsolya; Wang, Kunkun; Xiao, Lei; Qu, Dengke; Zhan, Xiang; Bian, Zhihao; Kiss, Tamas; Xue, Peng; PHYSICAL
REVIEW A, 100, 5 (2019)

Experimental quantum cloning in a pseudo-unitary system; Zhan, Xiang; Wang, Kunkun; Xiao, Lei; Bian, Zhihao;
Zhang, Yongsheng; Sanders, Barry C.; Zhang, Chengjie; Xue, Peng; PHYSICAL REVIEW A, 101, 1 (2020)

Experimental demonstration of one-sided device-independent self-testing of any pure two-qubit entangled state; Bian,
Zhihao; Majumdar, A. S.; Jebarathinam, C.; Wang, Kunkun; Xiao, Lei; Zhan, Xiang; Zhang, Yongsheng; Xue, Peng;
PHYSICAL REVIEW A, 101, 2 (2020)

Relativistic eigenchannel R-matrix studies of the strong intrashell electron correlations in highly charged Arl3+
ions; Dou, Li-Jun; Jin, Rui; Sun, Rui; Xie, Lu-You; Huang, Zhong-Kui; Li, Jia-Ming; Ma, Xin-Wen; Gao, Xiang;
PHYSICAL REVIEW A, 101, 3 (2020)

Subfemtosecond glory hologrammetry for vectorial optical waveform reconstruction; Tao, Jianfei; Cai, J.; Xia, Q. Z.;
Liu, J.; PHYSICAL REVIEW A, 101, 4 (2020)

Experimental entropic test of state-independent contextuality via single photons; Qu, Dengke; Kurzynski, Pawel;
Kaszlikowski, Dagomir; Raeisi, Sadegh; Xiao, Lei; Wang, Kunkun; Zhan, Xiang; Xue, Peng; PHYSICAL REVIEW A,
101, 6 (2020)

Experimental demonstration of quantum-to-quantum Bernoulli factory; Zhan, Xiang; Wang, Kunkun; Xiao, Lei;
Bian, Zhihao; Xue, Peng; PHYSICAL REVIEW A, 102, 1 (2020)



29

30

31

32

33

34

35

36

37

38

39

40

41

42

Effective two-level models for highly efficient inner-state enantioseparation based on cyclic three-level systems of
chiral molecules; Ye, Chong; Zhang, Quansheng; Chen, Yu-Yuan; Li, Yong; PHYSICAL REVIEW A, 100, 4 (2019)

Determination of enantiomeric excess with chirality-dependent ac Stark effects in cyclic three-level models; Ye,
Chong; Zhang, Quansheng; Chen, Yu-Yuan; Li, Yong; PHYSICAL REVIEW A, 100, 3 (2019)

Electrical readout/characterization of single crystal diamond (SCD) cantilever resonators; Wu, Haihua; Zhang,
Zilong; Sang, Liwen; Li, Tiefu; You, Jianqgiang; Lu, Yingjie; Koide, Yasuo; Liao, Meiyong; DIAMOND AND
RELATED MATERIALS, 103, (2020)

Directional quantum random walk induced by coherence; Chen, Jin-Fu; Ma, Yu-Han; Sun, Chang-Pu; FRONTIERS
OF PHYSICS, 15, 2 (2020)

A Perturbative View from the Master Equation: Electromagnetically Induced Transparency Revisited; Wang, Xin;
APPLIED SCIENCES-BASEL, 9, 21 (2019)

Unidirectional gyroscope using optomechanics to avoid mode-locking; Davuluri, Sankar; Li, Yong; JOURNAL OF
OPTICS, 21, 11 (2019)

Boosting the performance of quantum Otto heat engines; Chen, Jin-Fu; Sun, Chang-Pu; Dong, Hui; PHYSICAL
REVIEW E, 100, 3 (2019)

Achieve higher efficiency at maximum power with finite-time quantum Otto cycle; Chen, Jin-Fu; Sun, Chang-Pu;
Dong, Hui; PHYSICAL REVIEW E, 100, 6 (2019)

Photonic discrete-time quantum walks [Invited]; Zhu, Gaoyan; Xiao, Lei; Huo, Bingzi; Xue, Peng; CHINESE
OPTICS LETTERS, 18, 5 (2020)

Quantifying algebraic asymmetry of Hamiltonian systems; Qin, Hui-Hui; Fei, Shao-Ming; Sun, Chang-Pu;
JOURNAL OF PHYSICS A-MATHEMATICAL AND THEORETICAL, 53, 3 (2020)

Photon echo using imperfect x-ray pulse with phase fluctuation; Chen, Jin-Fu; Dong, Hui; Sun, Chang-Pu; PHYSICA
SCRIPTA, 94, 10 (2019)

Quantifying quantum non-Markovianity based on quantum coherence via skew information; Shao, Lian-He; Zhang,
Yu-Ran; Luo, Yu; Xi, Zhengjun; Fei, Shao-Ming; LASER PHYSICS LETTERS, 17, 1 (2020)

Variation of the transition energies and oscillator strengths for the 3C and 3D lines of the Ne-like ions under plasma
environment; Wu, Chensheng; Chen, Shaomin; Chang, T. N.; Gao, Xiang; JOURNAL OF PHYSICS B-ATOMIC
MOLECULAR AND OPTICAL PHYSICS, 52, 18 (2019)

Optimizations of a parametric-modulation atomic magnetometer in a nuclear magnetic resonance gyroscope; Tang,
Feng; Li, Ai-xian; Zhang, Ke; Wang, Yanhua; Zhao, Nan; JOURNAL OF PHYSICS B-ATOMIC MOLECULAR
AND OPTICAL PHYSICS, 52, 20 (2019)
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Experimental optimization of atomic magnetometer in nuclear magnetic resonance gyroscope; Zhang, Ke; Luo,
Zhihuang; Tang, Feng; Zhao, Nan; Wang, Yanhua; JAPANESE JOURNAL OF APPLIED PHYSICS, 59, 3 (2020)

Saturation effect of atomic magnetic resonance; Yang, Hongying; Wang, Yanhua; Zhao, Nan; AIP ADVANCES, 10, 5
(2020)

Double-passage mechanical cooling in a coupled optomechanical system; Mu, Qing-Xia; Lang, Chao; Zhang, Wen-
Zhao; CHINESE PHYSICS B, 28, 11 (2019)

Dissipative quantum phase transition in a biased Tavis-Cummings model*; Chen, Zhen; Qiu, Yueyin; Zhang, Guo-
Qiang; You, Jian-Qiang; CHINESE PHYSICS B, 29, 4 (2020)

Confinement Induced Resonance with Weak Bare Interaction in a Quasi 3+0 Dimensional Ultracold Gas; Xiao,
Dawu; Zhang, Ren; Zhang, Peng; FEW-BODY SYSTEMS, 60, 4 (2019)

Fast enantioconversion of chiral mixtures based on a four-level double- model; Ye, Chong; Zhang, Quansheng; Chen,
Yu-Yuan; Li, Yong; PHYSICAL REVIEW RESEARCH, (2020)

Conserved quantities in parity-time symmetric systems; Bian, Zhi-Hao; Xiao, Lei; Wang, Kun-kun; Zhan Xiang;
Franck Assogba Onanga; Frantisek Ruzicka; Yi, Wei; Yogesh N. Joglekar; Xue, Peng; PHYSICAL REVIEW
RESEARCH, (2020)

Direct experimental test of forward and reverse uncertainty relations; Xiao, Lei; Fan, Bo-wen; Wang, Kun-kun; Xue,
Peng; Arun Kumar Pati; PHYSICAL REVIEW RESEARCH, (2020)

MATERIALS AND ENERGY

DIVISION MRS EEIRIASTED

Response to Comment on “Prediction of Novel p-Type Transparent Conductors in Layered Double Perovskites:
A First-Principles Study”; Jian Xu, Jian-Bo Liu, Jianfeng Wang, Bai-Xin Liu, and Bing Huang; ADVANCED
FUNCTIONAL MATERIALS, 30, 31 (2020)

Plasmon-Induced Electron—Hole Separation at the Ag/TiO2(110) Interface; Jie Ma, and Shiwu Gao; ACS NANO, 13,
12 (2019)

Fast surface dynamics enabled cold joining of metallic glasses; Jiang Ma, Can Yang, Xiaodi Liu, Baoshuang Shang,
Quanfeng He, Fucheng Li, Tianyu Wang, Dan Wei, Xiong Liang, Xiaoyu Wu, Yunjiang Wang, Feng Gong, Pengfei
Guan, Weihua Wang, Yong Yang; SCIENCE ADVANCES, 5, 11 (2019)

Defect Modulation of Z-Scheme TiO2/Cu20 Photocatalysts for Durable Water Splitting; Wei, Tingcha; Zhu, Ya-Nan;
An, Xiaoqiang; Liu, Li-Min; Cao, Xingzhong; Liu, Huijuan; Qu, Jiuhui; ACS CATALYSIS, 9, 9 (2019)



MATERIALS AND ENERGY

10

11

12

13

14

15

16

17

DIVISION ZHSFEiRiE

Atomic layer deposited Pt-Ru dual-metal dimers and identifying their active sites for hydrogen evolution reaction;
Zhang, Lei; Si, Rutong; Liu, Hanshuo; Chen, Ning; Wang, Qi; Adair, Keegan; Wang, Zhiqiang; Chen, Jiatang; Song,
Zhongxin; Li, Junjie; Banis, Mohammad Norouzi; Li, Ruying; Sham, Tsun-Kong; Gu, Meng; Liu, Li-Min; Botton,
Gianluigi A.; Sun, Xueliang; NATURE COMMUNICATIONS, 10, (2019)

Realization of Lieb lattice in covalent-organic frameworks with tunable topology and magnetism; Bin Cui, Xingwen
Zheng, Jianfeng Wang, Desheng Liu, Shijie Xie, Bing Huang; NATURE COMMUNICATIONS, (2020)

Design of Multifunctional Quinternary Metal-Halide Perovskite Compounds Based on Cation—Anion Co-Ordering;
Yang Huang, Tao Zhang, Jing Wang, Shao-Gang Xu, Peng Zhang, Shiyou Chen, Wan-Jian Yin, Xiuwen Zhang, and
Su-Huai Wei; CHEMISTRY OF MATERIALS, (2020)

Tunable magnetism of a single-carbon vacancy in graphene; Yu Zhang, Fei Gao, Shiwu Gao, Lin He; SCIENCE
BULLETIN, (2020)

Elastic avalanches reveal marginal behavior in amorphous solids; Shang, Baoshuang; Guan, Pengfei; Barrat, Jean-;
PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES, 117, 1 (2020)

Prediction of room-temperature half-metallicity in layered halide double perovskites; Xu, Jian; Xu, Changsong; Liu,
Jian-Bo; Bellaiche, Laurent; Xiang, Hongjun; Liu, Bai-Xin; Huang, Bing; NPJ COMPUTATIONAL MATERIALS, 5,
(2019)

Serial and parallel spin circuits at the molecular scale with two atomic-vacancies in graphene: Amplification of spin-
filtering effect; Wen, Shizheng; Gao, Shiwu; Yam, ChiYung; CARBON, 154, (2019)

Anomalous Dirac Plasmons in 1D Topological Electrides; Wang, Jianfeng; Sui, Xuelei; Gao, Shiwu; Duan, Wenhui;
Liu, Feng; Huang, Bing; PHYSICAL REVIEW LETTERS, 123, 20 (2019)

Formation of Bloch Flat Bands in Polar Twisted Bilayers without Magic Angles; Zhao, Xing-Ju; Yang, Yang; Zhang,
Dong-Bo; Wei, Su-; PHYSICAL REVIEW LETTERS, 124, 8 (2020)

Transition from Positive to Negative Photoconductance in Doped Hybrid Halide Perovskites; Md Azimul Haque, Jin-
Ling Li, Ahmed L. Abdelhady, Makhsud I. Saidaminov, Derya Baran, Osman M. Bakr, Su-Huai Wei, and Tom Wu;
ADVANCED OPTICAL MATERIALS, (2019)

Revealing the ultra-low-temperature relaxation peak in a model metallic glass; B. Wang, L.J. Wang, B.S. Shang, X.Q.
Gao, Y. Yang, H.Y. Bai, M.X. Pan, W.H. Wang, P.F. Guan; ACTA MATERIALIA, (2020)

Designing Dirac semimetals with a honeycomb Na3Bi-lattice via isovalent cation substitution; Xinbo Chen,
Weida Chen, Shu Yu, Shaogang Xu, Ximing Rong, Pu Huang, Xiuwen Zhang and Su-Huai Wei; JOURNAL OF
MATERIALS CHEMISTRY C, (2019)

Phonon-Assisted Hopping through Defect States in MoS2: A Multiscale Simulation; Kang, Jun; JOURNAL OF
PHYSICAL CHEMISTRY LETTERS, (2020)
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Hole-induced Spontaneous Mutual Annihilation of Dislocation Pair; Yelong Wu, Guangde Chen, Jinying Yu,§
Dan Wang, Chao Ma,Chen Li, Stephen J. Pennycook, Yanfa Yan, and Su-Huai Wei; JOURNAL OF PHYSICAL
CHEMISTRY LETTERS, (2019)

Soft-Mode Parameter as an Indicator for the Activation Energy Spectra in Metallic Glass; Shan Zhang, Chaoyi Liu,
Yue Fan, Yong Yang, and Pengfei Guan; JOURNAL OF PHYSICAL CHEMISTRY LETTERS, 11, 7 (2020)

Water-Hydrogen-Polaron Coupling at Anatase TiO2(101) Surfaces: A Hybrid Density Functional Theory Study; Ya-
Nan Zhu, Gilberto Teobaldi, and Li-Min Liu; JOURNAL OF PHYSICAL CHEMISTRY LETTERS, 11, 11 (2020)

Segregation-sandwiched stable interface suffocates nanoprecipitate coarsening to elevate creep resistance; Y. H. Gao,
P. FE. Guan, R. Su, H. W. Chen, C. Yanga, C. He, L. F. Cao, H. Song, J. Y. Zhang, X.F. Zhang, G. Liu, J. F. Nie, J. Sun
and E. Ma; MATERIALS RESEARCH LETTERS, (2020)

Deep-ultraviolet nonlinear optical crystals by design: A computer-aided modeling blueprint from first principles; Lei
Kang, Fei Liang, Zheshuai Lin and Bing Huang; SCIENCE CHINA-MATERIALS, (2020)

Revealing a hidden dynamic signature of the non-Arrhenius crossover in metallic glass-forming liquids; Nannan Ren,
Lina Hu, Lijin Wang, Pengfei Guan; SCRIPTA MATERIALIA, 181, (2020)

Destruction of the Uranyl Moiety in a U(V) "Cation-Cation" Interaction; Hu, Shu-Xian; Jian, Jiwen; Li, Jun; Gibson,
John K.; INORGANIC CHEMISTRY, (2019)

A general rule for transition metals doping on magnetic properties of Fe-based metallic glasses; Chen, Hui; Zhou,
Shaoxiong; Dong,; JOURNAL OF ALLOYS AND COMPOUNDS, (2020)

Accurate and effective computation of the multi-phonon nonradiative transition; Su-Huai Wei; SCIENCE CHINA-
PHYSICS MECHANICS & ASTRONOMY, 63, 11 (2020)

Band-Structure Engineering of ZnxCd1—xSySel—y Quaternary Alloys as the Window Layer for CdTe Solar Cells;
Rong Wang, Mu Lan, Jingxiu Yang, and Su-Huai Wei; PHYSICAL REVIEW APPLIED, (2020)

Coupled Transport of Water and Ions through Graphene Nanochannels; Yunzhen Zhao, Decai Huang, Jiaye Su, and
Shiwu Gao; JOURNAL OF PHYSICAL CHEMISTRY C, (2020)

Giant enhancement of solid solubility in monolayer alloys by selective orbital coupling; Du, Shigiao; Wang, Jianfeng;
Kang, Lei; Huang,; PHYSICAL REVIEW B, (2020)

Realistic dimension-independent approach for charged-defect calculations in semiconductors; Jin Xiao, Kaike Yang,
Dan Guo, Tao Shen, Hui-Xiong Deng, Shu-Shen Li, Jun-Wei Luo, and Su-Huai Wei; PHYSICAL REVIEW B, 101,
16 (2020)

Chemical trend of a Cu impurity in Zn chalcogenides; Yang Yang , Peng Zhang, Jingxiu Yang, and Su-Huai Wei;
PHYSICAL REVIEW B, 101, 17 (2020)



32

33

34

35

36

37

38

39

40

41

42

43

44

45

A systematic study of the negative thermal expansion in zinc-blende and diamond-like semiconductors; Kaike Yang,
Jin Xiao, Jun-Wei Luo, Shu-Shen Li, Su-Huai Wei and Hui-Xiong Deng; NEW JOURNAL OF PHYSICS, 21, 12
(2019)

Site Dependent Reactivity of Pt Single Atoms on Anatase TiO2 (101) in Aqueous Environment; Bo Wen, Wen-Jin
Yin, Annabella Selloni, Li-Min Liu; PHYSICAL CHEMISTRY CHEMICAL PHYSICS, (2019)

Unconventional deformation potential and halfmetallicity in zigzag nanoribbons of 2D-Xenes; Jin-Lei Shi, Xing-Ju
Zhao, Gotthard Seifert, Su-Huai Wei and Dong-Bo Zhang; PHYSICAL CHEMISTRY CHEMICAL PHYSICS, (2020)

Sound attenuation in stable glasses; Wang, Lijin; Berthier, Ludovic; Flenner, Elijah; Guan, Pengfei; Szamel,
Grzegorz; SOFT MATTER, 15, 35 (2019)

Structure and reactivity of highly reduced titanium oxide surface layers on TiO2: A first-principles study; Wen, Bo;
Liu, Li-Min; Selloni, Annabella; JOURNAL OF CHEMICAL PHYSICS, 151, 18 (2019)

Sn304 exfoliation process investigated by density functional theory and modern scotch-tape experiment; Freire,
Rafael L. H.; Masteghin, Mateus G.; Da Silva, Juarez L. F.; Orlandi, Marcelo O.; COMPUTATIONAL MATERIALS
SCIENCE, 170, (2019)

Mechanical behavior of metallic nanowires with twin boundaries parallel to loading axis; Hao, Longhu; Liu, Qi;
Fang, Yunyi; Huang, Ming; Li, Wei; Lu, Yan; Luo, Junfeng; Guan, Pengfei; Zhang, Ze; Wang, Lihua; Han, Xiaodong;
COMPUTATIONAL MATERIALS SCIENCE, 169, (2019)

Evaluation of chemical bonding and electronic structures in trisodium actinate for actinide series from thorium to
curium; Zhong-Fei Xu, Shu-Xian Hu, Yu Yang, Ping Zhang; COMPUTATIONAL MATERIALS SCIENCE, (2020)

Probing the Electronic Structure and Chemical Bonding of Uranium Nitride Complexes of NU-XO (X = C, N, O);
Qin, Jian-Wei; Zhang, Peng; Pu, Zhen; Hu, Yin; Zhang, Ping; Shuai, Mao-Bing; Hu, Shu-Xian; JOURNAL OF
PHYSICAL CHEMISTRY A, 123, 32 (2019)

First-principles study of electronic and diffusion properties of intrinsic defects in 4H-SiC; Yan, Xiaolan; Li, Pei,
Kang, Lei; Wei, Su-Huai; Huang,; JOURNAL OF APPLIED PHYSICS, (2020)

First-principles study of the band gap tuning and doping control in CdSexTel-x alloy for high efficiency solar cell;
Yang, Jingxiu; Wei, Su-Huai; CHINESE PHYSICS B, 28, 8 (2019)

Revisit of the band gaps of rutile SnO2 and TiO2: a first-principles study; Cai, Xuefen; Zhang, Peng; Wei, Su-Huai;
JOURNAL OF SEMICONDUCTORS, 40, 9 (2019)

Strain tunable band structure of a new 2D carbon allotrope C568; Qiang Gao, Hasan Sahin, and Jun Kang; JOURNAL
OF SEMICONDUCTORS, (2020)

Defect Dynamic Model of the Synergistic Effect in Neutron- and y Ray-Irradiated Silicon NPN Transistors; Yu Song,
Hang Zhou, Xue-Fen Cai, Yang Liu, Ping Yang, Guang-Hui Zhang, Ying Zhang, Mu Lan, and Su-Huai Wei; ACS
APPLIED MATERIALS & INTERFACES, (2020)
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Emergence of collective oscillations in adaptive cells; Shou-Wen Wang, Lei-Han Tang; NATURE
COMMUNICATIONS, 10, 5613 (2019)

Discontinuities in Driven Spin-BosonSystems due to Coherent Destruction of Tunneling: Breakdown of the Floquet-
Gibbs Distribution; Georg Engelhardt, Gloria Platero, Jianshu Cao; PHYSICAL REVIEW LETTERS, 123, (2019)

GDP release from the open conformation of Ga requires allosteric signaling from the agonist bound human 2
adrenergic receptor; Vikash Kumar, Hannah Hoag, Safaa Sader, Nicolas Scorese, Haiguang Liu, Chun Wu;
JOURNAL OF CHEMICAL INFORMATION AND MODELING, (2020)

Model Reconstruction from Small-Angle X-Ray Scattering Data Using Deep Learning Methods; Hao He,Can Liu,
Haiguang Liu; ISCIENCE, 23, 3 (2020)

Prediction of disulfide bond engineering sites using a machine learning method; Xiang Gao, Xiaoqun Dong,
Xuanxuan Li, Zhijie Liu, Haiguang Liu; SCIENTIFIC REPORTS, 10, (2020)

Neighborhood Preference of Amino Acids in Protein Structures and its Applications in Protein Structure Assessment;
Siyuan Liu, Xilun Xiang, Xiang Gao, Haiguang Liu; SCIENTIFIC REPORTS, 10, (2020)

Binding of agonist WAY-267,464 and antagonist WAY-methylated to oxytocin receptor probed by all-atom molecular
dynamics simulations; A.I. Uba, C. Radicella, C. Readmond, N. Scorese, S. Liao, H. Liu, C. Wu; LIFE SCIENCES,
252, (2020)

SAS-cam: a program for automatic processing and analysis of small-angle scattering data; Hongjin Wu, Yiwen Li,
Guangfeng Liu, Haiguang Liu, Na Li; JOURNAL OF APPLIED CRYSTALLOGRAPHY, 53, (2020)

EM-detwin: A Program for Resolving Indexing Ambiguity in Serial Crystallography Using the Expectation-
Maximization Algorithm; Yingchen Shi, Haiguang Liu; CRYSTALS, 10, 7 (2020)

SPIND-TC: An indexing method for two-color X-ray diffraction data; Xuanxuan Li, Chufeng Li, Haiguang Liu;
ACTA CRYSTALLOGR. SECT. A FOUND. ADV, 76, (2020)

MATHEMATICS DIVISION A5 H#=Ha

A new finite element approach for the Dirichlet eigenvalue problem; Wengiang Xiao, Bo Gong, Jiguang Sun, and
Zhimin Zhang; APPLIED MATHEMATICS LETTERS, 105, (2020)

A linear energy andentropy-production-rate preserving scheme for thermodynamically consistent crystal growth
models; Yucan Zhao, Jun Li, Jia Zhao,Qi Wang; APPLIED MATHEMATICS LETTERS, 98, (2019)
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Supplementary variable method for structure-preserving approximations to partial differential equations with deduced
equations; Qi Hong, Jun Li, Qi Wang; Applied Mathematics Letters, 110, (2020)

A locking-free weak Galerkin finite element method for Reissner-Mindlin plate on polygonal meshes; Xiu Ye,
Shangyou Zhang, Zhimin Zhang; COMPUTERS AND MATHEMATICS WITH APPLICATIONS, 80, (2020)

Error analysis of a finite element method with GMMP temporal discretisation for a time-fractional diffusion equation;
Chaobao Huang, Martin Stynes; COMPUTERS AND MATHEMATICS WITH APPLICATIONS, 79, (2020)

A discrete comparison principle for the time-fractional diffusion equation; Hu Chen,Martin Stynes; COMPUTERS
AND MATHEMATICS WITH APPLICATIONS, 80, (2020)

A patient specific predicative model for human albumin based on deep neural networks; Cheng Lei, Yu Wang, Jia Zhao,
Kexun Li, Hua Jiang, Qi Wang; COMPUTER METHODS AND PROGRAMS IN BIOMEDICINE, (2020)

A shifted-inverse adaptive multigrid method for the elastic eigenvalue problem; Bo Gong, Jiayu Han, Jiguang Sun,
Zhimin Zhang; COMPUTER PHYSICS COMMUNICATIONS, 27, 1 (2020)

Linear second order energy stable schemes of phase field models with nonlocal constraints for crystal growth; Xiaobo
Jing, Qi Wang; COMPUTERS & MATHEMATICS WITH APPLICATIONS, 79, 3 (2020)

Why fractional derivatives with nonsingular kernels should not be used Kai Diethelm Roberto Garrappa, Andrea
Giusti, Martin Stynes; FRACTIONAL CALCULUS AND APPLIED ANALYSIS, 23, 3 (2020)

Dynamic phase diagram of an auto-regulated gene in fast switching conditions; Chen Jia, Ramon Grima; JOURNAL
OF CHEMICAL PHYSICS, 152, 17 (2020)

Small protein number effects in autoregulated bursty gene expression; Chen Jia, Ramon Grima; JOURNAL OF
CHEMICAL PHYSICS, 152, 8 (2020)

Discrete-velocity vector-BGK models based numerical methods for the incompressible Navier-Stokes equations; Jin
Zhao; COMMUNICATIONS IN COMPUTATIONAL PHYSICS, (2020)

An arbitrary Lagrangian-Eulerian RKDG method for multi-material flows on adaptive unstructured meshes; Xiaolong
Zhao, Xijun Yu, Meilan Qiu, Fang Qing, Shijun Zou; COMPUTERS AND FLUIDS, 207, 207 (2020)

Stochastic gene expression kinetics with positive-plus-negative feedback; Chen Jia, Le Yi Wang, George G. Yin,
Michael Q. Zhang; PHYSICAL REVIEW E, 100, 5 (2019)

A new analysis of a numerical method for the time-fractional Fokker-Planck equation with general forcing; Can
Huang, Kim Ngan Le,Martin Stynes; IMA JOURNAL OF NUMERICAL ANALYSIS, 40, (2020)
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MATHEMATICS DIVISION EZ22HHEr s

High-order dual-parametric finite element methods for cavitation computation in nonlinear elasticity; Weijie Huang,
Weijun Ma, Liang Wei, Zhiping Li; NUMERICAL METHODS FOR PARTIAL DIFFERENTIAL EQUATIONS, 36,
5(2020)

Superconvergence of the direct discontinuous Galerkin method for a time-fractional initial-boundary value problem;
Chaobao Huang, Martin Stynes; NUMERICAL METHODS FOR PARTIAL DIFFERENTIAL EQUATIONS, 35,
(2019)

Superconvergence points for the spectral interpolation of Riesz fractional derivatives; Beichuan Deng, Zhimin Zhang,
Xuan Zhao; JOURNAL OF SCIENTIFIC COMPUTING, 81, (2019)

Finite element methods based on two families of second-order numerical formulas for the fractional cable model with
smooth solutions; Baoli Yin, Yang Liu, Hong Li, Zhimin Zhang; JOURNAL OF SCIENTIFIC COMPUTING, &4, 2
(2020)

Structure-Preserving numerical approximations to thermodynamically consistent non-isothermal models of binary
viscous fluid flows; Shouwen Sun, Jun Li, Jia Zhao, Qi Wang; JOURNAL OF SCIENTIFIC COMPUTING, 83, 50
(2020)

Superconvergence of a finite element method for the multi-term time-fractional diffusion problem; Chaobao Huang,
Martin Stynes; JOURNAL OF SCIENTIFIC COMPUTING, 82, (2020)

Barrier function local and global analysis of an L1 finite element method for a multiterm time-fractional initial-
boundary value problem; Xiangyun Meng, Martin Stynes; JOURNAL OF SCIENTIFIC COMPUTING, 84, 5 (2020)

Convergence analysis of Crank-Nicolson Galerkin-Galerkin FEMs for miscible displacement in porous media;
Wentao Cai, Jilu Wang, Kai Wang; JOURNAL OF SCIENTIFIC COMPUTING, 83, (2020)

Error bounds of the finite difference time domain methods for the Dirac equation in the semiclassical regime; Ying
Ma, Jia Yin; JOURNAL OF SCIENTIFIC COMPUTING, 81, 3 (2019)

A new proof of scattering theory for the 3D radial focusing energy-critical NLS with combined terms; Chengbin Xu,
Tengfei Zhao; JOURNAL OF DIFFERENTIAL EQUATIONS, 286, 11 (2020)

Spectral-Galerkin approximation and optimal error estimate for biharmonic eigenvalue problems in circular/spherical/
elliptical domains; Jing An, Huiyuan Li, Zhimin Zhang; NUMERICAL ALGORITHMS, 84, (2020)

A direct discontinuous Galerkin finite element method for convection-dominated two-point boundary value problems;
Guanglong Ma, Martin Stynes; NUMERICAL ALGORITHMS, 83, (2020)

Local ultraconvergence of linear and bilinear finite element method for second order elliptic problems; Wenming He,
Runchang Lin, Zhimin Zhang; JOURNAL OF COMPUTATIONAL AND APPLIED MATHEMATICS, 372, (2020)



30

31

32

33

34

35

36

37

38

39

40

41

42

43

Superconvergence analysis of linear FEM based on polynomial preserving recovery for Helmholtz equation with
high wave number; Yu Du, Haijun Wu, Zhimin Zhang; JOURNAL OF COMPUTATIONAL AND APPLIED
MATHEMATICS, 372, (2020)

Optimal spatial $H*1$-norm analysis of a finite element method for a time-fractional diffusion equation; Chaobao
Huang, Martin Stynes; JOURNAL OF COMPUTATIONAL AND APPLIED MATHEMATICS, 367, (2020)

Fast acoustic source imaging using multi-frequency sparse data, Inverse Problems; A. Alzaalig, G. Hu, X. Liu, J. Sun;
INVERSE PROBLEMS, 36, (2020)

Uniqueness and factorization method for inverse elastic scattering with a single incoming wave; J. Elschner and G.
Hu; INVERSE PROBLEMS, 35, (2020)

Bayesian Approach to Inverse Time-harmonic Acoustic Scattering with Phaseless Far-field Data; Zhipeng Yang,
Xinping Gui, Ju Ming, Guanghui Hu; INVERSE PROBLEMS, 36, 6 (2020)

A spectrally accurate approximation to subdiffusion equations using the Log orthogonal functions; Sheng Chen, Jie
Shen, Zhimin Zhang, Zhi Zhou; SIAM JOURNAL ON SCIENTIFIC COMPUTING, 42, 2 (2020)

Limit theorems for generalized density-dependent Markov chains and bursty gene regulatory networks; Xian Chen,
Chen Jia; JOURNAL OF MATHEMATICAL BIOLOGY, 80, 4 (2020)

An alternative finite difference stability analysis for a multiterm time-fractional initial-boundary value problem;
Xiaohui Liu, Martin Stynes; EAST ASIAN JOURNAL ON APPLIED MATHEMATICS, 10, 3 (2020)

A Jacobi-Galerkin spectral method for computing the ground and first excited states of the nonlinear fractional
Schrédinger equation; Ying Ma, Lizhen Chen; EAST ASIAN JOURNAL ON APPLIED MATHEMATICS, 2, (2020)

Kinetic foundation of zero-inflated negative binomial models for single-cell RNA sequencing data; Chen Jia; SIAM
JOURNAL ON APPLIED MATHEMATICS, 80, 3 (2020)

Uniqueness in inverse electromagnetic scattering problem with phaseless far-field data at a fixed frequency; Xiaoxu
Xu, Bo Zhang, Haiwen Zhang; IMA JOURNAL OF APPLIED MATHEMATICS, 85, 4 (2020)

Uniqueness in inverse acoustic and electromagnetic scattering with phaseless near-field data at a fixed frequency;
Xiaoxu Xu, Bo Zhang, Haiwen Zhang; INVERSE PROBLEMS & IMAGING, 14, 3 (2020)

A partial data inverse problem for the Convection-diffusion equation; Suman Kumar Sahoo, Manmohan Vashisth;
PROBLEMS AND IMAGING, (2020)

A curl-conforming weak Galerkin method for the quad-curl problem; Jiguang Sun, Qian Zhang, Zhimin Zhang; BIT
NUMERICAL MATHEMATICS, 59, (2019)
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Convergence analysis of a finite difference scheme for a two-point boundary value problem with a Riemann-
Liouville-Caputo fractional derivative; José Luis Gracia, Eugene O'Riordan, Martin Stynes; BIT NUMERICAL
MATHEMATICS, 60, 2 (2020)

Approximation of the multi-dimensional incompressible Navier-Stokes equations by discrete-velocity vector-
BGK models; Jin Zhao, Zhimin Zhang, Wen-An Yong; JOURNAL OF MATHEMATICAL ANALYSIS AND
APPLICATIONS, 486, (2020)

Single logarithmic conditional stability in determining unknown boundaries; J. Elschner, G. Hu, M. Yamamoto;
APPLICABLE ANALYSIS, 99, (2020)

Uniqueness to inverse acoustic and electromagnetic scattering from locally perturbed rough surfaces; Y. Zhao, G. Hu,
B. Yan; APPLICABLE ANALYSIS, (2020)

Determining the time dependent matrix potential in a wave equation from partial boundary data; Rohit Kumar
Mishra, Manmohan Vashisth; APPLICABLE ANALYSIS, (2020)

Convergence analysis of finite element approximation for 3-D magnetoheating coupling model; Lixiu Wang,
Changhui Yao, Zhimin Zhang; INTERNATIONAL JOURNAL OF NUMERICAL ANALYSIS AND MODELING,
17,1 (2020)

Existence, uniqueness and regularity of the solution of the time-fractional Fokker-Planck equation with general
forcing; Kim Ngan Le, William McLean, Martin Stynes; COMMUNICATIONS ON PURE AND APPLIED
ANALYSIS, 18, 5 (2019)

Moderate maximal inequalities for the Ornstein-Uhlenbeck process; Chen Jia, Guohuan Zhao; PROCEEDINGS OF
THE AMERICAN MATHEMATICAL SOCIETY, 148, 8 (2020)

A class of efficient spectral methods and error analysis for nonlinear Hamiltonian systems; Jing An, Waixiang Cao,
Zhimin Zhang; COMMUNICATIONS IN MATHEMATICAL SCIENCES, 18, 2 (2020)

Uniqueness to Some Inverse Source Problems for the Wave Equation in Unbounded Domains; G. Hu, Y. Kian,Y.
Zhao; ACTA MATHEMATICAE APPLICATAE SINICA-ENGLISH SERIES, 36, 1 (2020)

Optimal H1 spatial convergence of a fully discrete finite element method for the time-fractional Allen-Cahn equation;
Chaobao Huang, Martin Stynes; ADVANCES IN COMPUTATIONAL MATHEMATICS, 46, 63 (2020)

C*-conforming quadrilateral spectral element method for fourth-order equations; Huiyuan Li, Weikun Shan, Zhimin
Zhang; COMMUNICATIONS ON APPLIED MATHEMATICS AND COMPUTATION, 1, (2019)
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3D computational models explain muscle activation patterns and energetic functions of internal structures
in fish swimming; Ming, Tingyu; Jin, Bowen; Song, Jialei; Luo, Haoxiang; Du, Ruxu; Ding, Yang; PLOS
COMPUTATIONAL BIOLOGY, 15, 9 (2019)

Regularized 13-moment equations for inverse power law models; Cai, Zhenning; Wang, Yanli; JOURNAL OF
FLUID MECHANICS, 894, (2020)

An exactly force-balanced boundary-conforming arbitrary-Lagrangian-Eulerian method for interfacial dynamics;
Cheng, Zekang; Li, Jie; Loh, Ching Y.; Luo, Li-Shi; JOURNAL OF COMPUTATIONAL PHYSICS, 408, (2020)

Lattice Boltzmann equation with Overset method for moving objects in two-dimensional flows; Lallemand, Pierre;
Luo, Li-Shi; JOURNAL OF COMPUTATIONAL PHYSICS, 407, (2020)

A comparative study of interface-conforming ALE-FE scheme and diffuse interface AMR-LB scheme for
interfacial dynamics; Zhang, Changjuan; Fakharic, Abbas; Li, Jie; Luo, Li-Shi; Qian, Tiezheng; JOURNAL OF
COMPUTATIONAL PHYSICS, 395, (2019)

Burnett spectral method for the spatially homogeneous Boltzmann equation; Cai, Zhenning; Fan, Yuwei; Wang, Yanli;
COMPUTERS & FLUIDS, 200, (2020)

Numerical Study on the Leakage and Diffusion Characteristics of Low-Solubility and Low-Volatile Dangerous
Chemicals from Ship in Inland Rivers; Shuifen Zhan, Mingchao Wang, Min Wang, Qiangian Shao, Zefang Zhang,
Wenxin Jiang and Xuemin Chen; CMES-COMPUTER MODELING IN ENGINEERING & SCIENCES, 123, 1
(2020)

Mesh Curving and Refinement Based on Cubic Bézier Surface for High-order Discontinuous; Shu-Jie Li;
NUMERICAL GEOMETRY, GRID GENERATION AND SCIENTIFIC COMPUTING, (2019)

Mesh Curving and Refinement Based on Cubic Bézier Surface for High-order Discontinuous Galerkin Methods; Shu-
Jie Li; COMPUTATIONAL MATHEMATICS AND MATHEMATICAL PHYSICS, 59, 12 (2019)

Roads to Smart Artificial Microswimmers; Alan C. H. Tsang, Ebru Demir, Yang Ding,On Shun Pak; ADVANCED
INTELLIGENT SYSTEMS, (2020)

Adaptive exponential time integration of the Navier-Stokes equations; Shu-Jie Li, L. Ju, S. Hang; AIAA-2020-2033,
(2020)

Time Advancement of the Navier-Stokes Equations: p-Adaptive Exponential Methods; Shu-Jie Li; JOURNAL OF
FLOW CONTROL, MEASUREMENT & VISUALIZTION, 8, 2 (2020)

---------- 2019 - 2020 ANNUAL REPORT PUBLICATIONS ()7 - 98



@ BEIJING COMPUTATIONAL SCIENCE RESEARCH CENTER

ALGORITHMS DIVISION 87555

10

11

12

Pressure-promoted irregular CoMoP2 nanoparticles activated by surface reconstruction for oxygen evolution reaction
electrocatalysts; Xu, Shishuai; Gao, Xiang; Deshmukh, Amol; Zhou, Junshuang; Chen, Ning; Peng, Wenfeng; Gong,
Yutong; Yao, Zhigiang; Finkelstein, Kenneth D.; Wan, Biao; Gao, Faming; Wang, Mingzhi; Chen, Mingyang; Gou,
Huiyang; JOURNAL OF MATERIALS CHEMISTRY A, 8, 4 (2020)

Au-Ag synergistic effect in CF3-ketone alkynylation catalyzed by precise nanoclusters; Sun, Lili; Shen, Kangqj,
Sheng, Hongting; Yun, Yapei; Song, Yongbo; Pan, Dianhui; Du, Yuanxin; Yu, Haizhu; Chen, Mingyang; Zhu,
Manzhou; JOURNAL OF CATALYSIS, 378, (2019)

One-core-atom loss in a gold nanocluster promotes hydroamination reaction of alkynes; Wang, Liqun; Shen, Kangqi;
Chen, Mingyang; Zhu, Yan; NANOSCALE, 11, 29 (2019)

Tunable Photoresponse by Gate Modulation in Bilayer Graphene Nanoribbon Devices; Wang, Rulin; Bi, Fuzhen; Lu,
Wencai; Yam, ChiYung; JOURNAL OF PHYSICAL CHEMISTRY LETTERS, 10, 24 (2019)

Suppressed Carrier Recombination in Janus MoSSe Bilayer Stacks: A Time-Domain Ab Initio Study; Song, Bing;
Liu, Limin; Yam, ChiYung; JOURNAL OF PHYSICAL CHEMISTRY LETTERS, 10, 18 (2019)

Selectivity switch in transformation of CO2 from ethanol to methanol on Cu embedded in the defect carbon; Li,
Shuohao; Saranya, Govindarajan; Chen, Mingyang; Zhu, Yan; SCIENCE CHINA-CHEMISTRY, 63, 5 (2020)

An accurate and efficient algorithm for the time-fractional molecular beam epitaxy model with slope selection;
Chen, Lizhen; Zhang, Jun; Zhao, Jia; Cao, Waixiang; Wang, Hong; Zhang, Jiwei; COMPUTER PHYSICS
COMMUNICATIONS, 245, (2019)

Controlling the emission frequency of graphene nanoribbon emitters based on spatially excited topological
boundary states; Wu, Xiaoyan; Wang, Rulin; Liu, Na; Zou, Hao; Shao, Bin; Shao, Lei; Yam, ChiYung; PHYSICAL
CHEMISTRY CHEMICAL PHYSICS, 22, 16 (2020)

Direct solver for the Cahn-Hilliard equation by Legendre-Galerkin spectral method; Chen, Lizhen; JOURNAL OF
COMPUTATIONAL AND APPLIED MATHEMATICS, 358, (2019)

A Jacobi-Galerkin Spectral Method for Computing the Ground and First Excited States of Nonlinear Fractional
Schrodinger Equation; Ma, Ying; Chen, Lizhen; EAST ASIAN JOURNAL ON APPLIED MATHEMATICS, 10, 2
(2020)

The Electronic Structure and Optical Properties of Two-Dimensional BiOX-YO3 (X=Cl, Br, and I; Y=Mo, W)
Heterostructures; Tang, Zhen-Kun; Luo, Lin-Tao; Deng, Xiao-Hui; Zhang, Deng-Yu; Chen, Mingyang; PHYSICA
STATUS SOLIDI B-BASIC SOLID STATE PHYSICS, 256, 11 (2019)

Subnano Ruthenium Species Anchored on Tin Dioxides Surface for Efficient Alkaline Hydrogen Evolution Reaction;
Wujie Dong, Yajing Zhang, Jie Xu,Jun-WenYin,ShuyingNong,ChenlongDong,ZichaoLiu,BoweiDong,Li-MinLiu,Rui
Si, MingyangChen, Jun Luo,Fuqgiang Huang; CELL REPORTS PHYSICAL SCIENCE, 1, 3 (2020)



FARIEN

WORKSHOPS & CONFERENCES
(2019-2020) =HoEh. anmEREW

B8] Date SINEFR Title
2020.7.30 - 31 CSRC-ICTP Joint Workshop on Big Data, Machine Learning and Complexity Research
. CSRC-ICTPAHHE. Hl8F ISR MEARKSHITS
2020727 - 31 1* International Workshop on Frontiers in Biomechanics and Bio-Inspired Robotics
- F—REEYDENHENBARGERHYS
Kinetic Theory in CFD and Other Applications
2020.5.29 - 6.2

CFDHRRIRN S IRIE K EL At R R

The 7" International Workshop on Frontiers in Quantum Physics and Quantum Information: The
2019.12.14 - 16 workshop on topology and dynamics in non-Hermitian systems

FLREFVESEFERRIGERNYS: FCREFRINSHHE

Workshop on Modelling, Algorithm and Analysis on Complex Fluid Dynamics

2019.10.27 - 30 SRAENFERE . WESHHIHIS

Workshop on Complex Systems and Social Computing

2019.10.27 P .
EREFSHIUEHTS

TUTORIALS (2019-2020) " i

B8 Date SRR Title

2020.7.27 - 31 ERF IFAEBEES MR PRI N 2 B3
2019.12.14 - 16 KRR D FEN R EIRFMEREITE
2019.10.14 - 18 MK R REHA LR IVRAE
2019.09.23 - 26 MESEERRIARE: BARSHsNFE)ITE
2019.08.23 - 27 SRIZYIIR 15| BE
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CSRC SEMINAR ' =&z

ORI

TBEAIMETHEES
DN EBFETIR (291087 .

BOTERE

, SHERFEARFE, MEFAREBH. 2019-2020F K FH 5

CSRC invites national and overseas leading researchers to give academic seminars. During academic year 2019-2020, CSRC has

already held 73 seminars.

. DATE\HEH [ SPEAKERMEE A | INSITUTE\ER {3 TITLEARES B

1 2019-8-5
2 2019-8-6
3 2019-8-8
4  2019-8-12
5 2019-8-19
6 2019-8-19
7  2019-8-22
8 2019-8-23
9  2019-8-27
10  2019-8-27
11 2019-8-29
12 2019-8-30

BaF
Ke-Yu Xia

Ji-Chun Li

Jiang-Guo
(James) Liu

AP
Wei-Hua Deng

Mourad Choulli

Peter Nordlander

B
Zhen-Nan Zhou

SIS
Hao-Ran Chang

RV
Xiao-Bing Feng

1?// N/ \
Hong-Xing He

&
Kai Cui

=01}
Jian-Wei Wang

ARAFIUNIESNARZF

College of Engineering and Applied
Sciences, Nanjing University

EEREERF RTINS
University of Nevada-Las Vegas,

USA

EERPBRIZINZKE
Colorado State University, USA

SR SR
School of Mathematics and Statistics,
Lanzhou University

IEEBMRE

University of Lorraine, France

SEEBSRATRE

Rice University, USA

JEmKEF
Peking University

) I)msEAE

Sichuan Normal University

ZERNFERSF

The University of Tennessee, USA

EERETEAE

University of Houston, USA

PR DZER

Institute of Mechanics, CAS

JERKF YIRS Fe
School of Physics, Peking University

When Chiral Light Meets Chiral Matter:
Optical Nonreciprocity and Isolation

Analysis and Application of Some
Numerical Methods for Maxwell” s
Equations with Random Inputs

Developing Finite Element Solvers for
Poroelasticity in the 2-Field Approach

Heterogeneous and Nonergodic Diffusion:
Multiscale Modelling and Simulation

Multidimensional Borg-Levinson Type
Theorems

Plasmonic Nanostructures: Artificial
Molecules

Numerical Methods for Some Nonlinear
Transport Equations in Biology

Generalized Passarino-Veltman Reduction
at Finite Temperature and Chemical
Potential

Recent Developments in Numerical
Methods for Stochastic Stokes and
Navier-Stokes Equations

Direct Phasing of Protein Crystals
BEHRE. —MeHNESEEESh
B

Integrated Photonics Quantum
Technologies
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Hong-Xing Xu

BIF0R
He-Hu Xie
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Shuai Lu

Balazs Kovacs

Yun-Long Xiao
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Jie Xu

FER
You-Quan Li

BEER
Zhi-Qiang Sheng

eSS
Shuo-Nan Wu

Yshai Avishai

Dimitrie Culcer

B3I

Xi-Wen Guan

Norbert J. Mauser
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EINAFIER Z S RAE R
School of Physics and Technology,
Wauhan University

FERFREF SRR F R
Academy of Mathematics and
Systems Science, Chinese Academy
of Sciences

SEBXZF

Fudan University

University of Tuebingen

IR T KFYESHFRFF R
School of Physical and Mathematical
Sciences, Nanyang Technological
University, Singapore

PEMFREITERFSRFEIET
BT

Institute of Computational
Mathematics and Scientific/
Engineering Computing, CAS

HNIRFMEER
Department of Physics, Zhejiang

University

RN AR ST R EF AT
Institute of Applied Physics and
Computational Mathematics

IERARFHFRFF R
School of Mathematical Sciences,
Peking University

A HEZAE

Physics Department, Ben Gurion
University, Israel

RR/RLTAZF
University of New South Wales,
Australia

FERIFRRIXYESHFRRA
Wuhan Institute of Physics and
Mathematics, CAS

Eﬂ%ﬂ@ﬂﬁ%ﬁ&ﬁm%i

%
Wolfgang Pauli Institute &
University of Vienna

> EVENTS

Ultrasensing Optical Spectroscopy of
Plasmonic Nanocavity

High Efficient Numerical Method for
Nonlinear Eigenvalue Problems

Increasing Stability in the Inverse Source
Problem with Attenuation and Many
Frequencies

$L.72$ Error Estimates for Wave
Equations with Dynamic Boundary
Conditions

The Complementary Information Principle
of Quantum Mechanics

Approximations on SO(3) by Wigner
D-matrix and applications

Quantum Severalty: Fast Protein Folding,
Speed up versus Suppresion

A nonlinear finite volume scheme
preserving maximum principle for
diffusion equation

Robust discretization and solver for
convection-dominated PDEs with
applications to MHD multi-physics
systems

Klein Scattering, Tunnelling and Bound-
states in Graphene

Resonant Photovoltaic Effect in Doped
Magnetic Topological Materials

Spin Charge Separation with Quantum
Criticality

Computational Semi-relativistic Quantum
Mechanics: the Pauli Equation
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Loops in Irradiated Iron
USA
N N N High-order Bound-preservin
SE= S g P g
28 2019-10-10 ;Fi 'H 'ﬁ._'_jc?_ . . Discontinuous Galerkin Method for Stiff
Jie Du Tsinghua University . . .
Multispecies Detonation
SRyA e
ST Al l.L”E’H_k_?_ . . 10dB Vacuum Noise Squeezing and its
ot Institute of Photonics Technologies, By o
29 2019-10-14 . . . . Application to the Gravitational Wave
Ray-Kuang Lee National Tsing Hua University, Detect d On-chi tum Circuit
Hsinchu, Tatwan etector and On-chip Quantum Circuits
BRKZE
30 2019-10-15 Zaven Altounian Department of Physics, McGill General Motors and NdFeB Magnets
University, Canada
. . International Center for Theoretical Topological Fractional Pumping in
L[ ZOLEAIAI | JEEH T Likwats Physics (ICTP), Italy Optical Lattice
32 2019-10-21  Yuriy Maistrenko FZ Jilich (Germany), TU Lodz New Trends in Complex Networks:

(Poland), and NASU (Ukraine) Chimera States and Solitary Oscillators

BRZE=KZE
Université Paul Sabatier, Toulouse
III, France

Asymptotically Stable Particle-In-Cell
Methods for the Vlasov-Poisson System
with a Strong External Magnetic

33 2019-10-21  Francis Filbet

Analysis of Finite Element Methods for
Incompressible Magnetohydrodynamic
Flows with Magnetic Vector Potential
Formulations

FENFRHEF SRARIF MR
Academy of Mathematics and
Systems Science, CAS

ELE

34 2019-10-22 Shi-Peng Mao

IPNARZFIRE SR
Department of Mathematics,
University of California, Irvine

Intrinsic Complexity: From
Approximation of Random Vectors and
Random Fields to Solutions of PDEs

BARE

59 [ AUERIT Hong-Kai Zhao

Focus on the Surface Andreev

= 3 =
36 2019-10-29 T@ %lij(?— . . Bound States of Unconventional

Bo Lii Tianjin University

Superconductors
: BIRAF . |

37 2019-10-30 EKSZW. Sl o e el T il Generation and SForage Qf Massively

Wen-Xian Zhang Wauhan University Entangled States in a Spin-1 BEC

B BHEImERFE Efficient Encoding of Matrix Product
38 2019-11-4 Shi-Ju Ran Department of Physics, Capital States into Quantum Circuits of One- and

Normal University Two-Qubit Gates
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2019-11-18

2019-11-19
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Ming Cui

George Japaridze

KRR
Wei Zhang

AIRIR
Huan-Huan Yang

Yuki Ueda

Lev Shchur

X &
Xin Liu

(EAVAE]
Li-Wei Xu

B A
Zhi Zhou

EILy i
Ling-Zhen Guo

Georgios Akrivis

B #
Tao Zhou
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JERT WK R FREIES B
College of Applied Sciences, Beijing
University of Technology

BETTERRF R, REPE+R
HHAEF IR

Georgian National Academy of
Sciences, Andronikashvili Institute
of Physics

PEARKE

Renmin University of China

SN2
Department of Mathematics, Shantou
University

BEBETXF

Department of Applied Mathematics,
The Hong Kong Polytechnic
University

BRI EEICY IR TR
Landau Institute for Theoretical
Physics

FERFRMF SRARNF R
Academy of Mathematics and
Systems Science, CAS

BRI ZHFRFFE B

School of Mathematical Sciences,
University of Electronic Science and
Technology of China

BEBEITKRE

Department of Applied Mathematics,
The Hong Kong Polytechnic
University

EESRE BRI FARAT
Max Planck Institute for the Science
of Light (MPL), Erlangen, Germany

FIBLIpIRAKE

Department of Computer Science
and Engineering, University of
Toannina, Greece

FERFREF SREARF AR
Academy of Mathematics and
Systems Science, CAS
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Numerical Methods for Nonlinear Aerosol
Dynamic Equations

Ground State Phase Diagram of the
Spin S=1/2 XXZ Heisenberg Chain
with Alternating Dzyaloshinskii-Moriya
Interaction

BHSUN) BiexdtRIERIGREEE T
RO EXHAE

Problems in Patient-Specific Modeling of

Electrocardiology

The Inf-Sup Condition and Error Estimate

of the Nitsche Method for Evolutionary

Diffusion-Advection-Reaction Equations

Acceptance Rate is a Thermodynamic
Function in Local Monte Carlo
Algorithms

Parallelizable Approaches for
Nonsmooth Optimization Problems with
Orthogonality Constraints

New Results on Coupling Methods for
Scattering Problems on Unbounded
Domains

Numerical Analysis of Subdiffusion with

a Time-Dependent Coefficient

Non-Markovian Quantum Optics:
Spontaneous Emission of a Giant
Artificial Atom

On the Unconditional Stability of
Implicit-Explicit BDF Methods

RS iRl EN R IR RE BT E
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2019-11-27

2019-11-28

2019-11-28

2019-12-2

2019-12-2

2019-12-10

2019-12-11

2019-12-13

2019-12-13

2019-12-13

2019-12-16

2019-12-19

2019-12-23

=3y
Dong-Fang Li

M @

Pu Tian

PRBR
Wei-Qiang Chen

Sebastian Franz

Frepte
Zhong-Hua Qiao

ERkiE
Qiu-Mei Huang

X4k 2

Ji-Jun Liu

B
Yong Zhong

T
Heng Fan

pdh=3%
Hai-Wen Liu

Ming-Tao Xia

E K
Cheng Wang

e
Hua-Zhong Tang

orhRA

Huazhong University of Science and

Technology

EMRAKRFEGRZF
College of Life Sciences, Jilin
University

R RHRNRZE

Southern University of Science and

Technology

ERATR T K
Technical University of Dresden,
Germany

BBETIKZ
The Hong Kong Polytechnic
University

JFERITWKZ
Beijing University of Technology

REgAZE

Southeast University

HEBETXF
South China University of
Technology

ERFBADIEAFAT
Institute of Physics, CAS

JERITERFYIEZE R
Department of Physics, Beijing
Normal University

DMK ZBIZH DR
University of California, Los
Angeles

RERFEFF DR
University of Massachusetts
Dartmouth

IRARFHFRIFZF
School of Mathematical Sciences,
Peking University

A Novel Numerical Approach to Time-
Fractional Parabolic Equations with
Nonsmooth Solutions

Generalized Solvation Free Energy,
Neural Network Implementation
and Application in Structural Model
Assessment, Refinement and Design

Classification of Topological Phases in One
Dimensional Interacting Non-Hermitian
Systems and Emergent Unitarity

Variational Methods for Evolutionary
Systems

Semi-Implicit Methods for Phase Field
Equations

Discontinuous Galerkin Methods for
Nonlinear Delay Differential Equations

Image Restoration from Noisy Incomplete
Frequency Data by Alternative Iteration
Scheme

AN RERIRITTSERR

BESEFIHHEHRNRAREFMBENT

Discrete Scale Invariance in Topological
Semimetal

PDE Models of Adder Mechanisms in
Cellular Proliferation

A Weakly Nonlinear, Energy Stable
Scheme for the Strongly Anisotropic
Cahn-Hilliard System

EXNERANZF S IRENTBPIREE
SRIBLIRIVEIET
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2019-12-24

2019-12-26

2019-12-27
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2020-1-15

2020-1-17

2020-1-17

2020-1-20

LB
Li-Qun Cao

Jian-Lin Xia

EXHER
Run-Dong Zhao

3K TT
Yuan Zhang

Yue Yu

=i
He-Wei Gao

F I
Zhi Wang

XURIER
Gang-Qin Liu

X 1
Nan Zhao

i
Hai-Long Guo

WHETHREZRERES, BXE:

For more details about Seminars in CSRC, please visit:

http://www.csrc.ac.cn/events/seminars/

PERZREFS RGN FH TR
LSEC, NCMIS, ICMSEC, Academy

of Mathematics and Systems
Science, CAS

EEA
Purdue University

HEAZE

Duke University

KN AR B
School of Physics, Zhengzhou
University

g
Lehigh University, USA

ks
Tsinghua University

MBRIZKE

University of Colorado

hERIF AR R
Institute of Physics, CAS

bt ERIEH R A
Beijing Computational Science
Research Center

BIREKE

University of Melbourne
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Multiscale Analysis and Algorithms in
Electrodynamics of Novel Materials and
Devices

Analytical Low-rank Compression via
Proxy Point Selection and Contour
Integration

Relativistic Energy Band Theory and Its

Code Development in the FHI-aims Code
Package

REERALE P FERRN

A Multiscale/Multiphysics Coupling
Framework for Bioprosthetic Heart
Valves (BHVs) Damage

CT with Non-Standard Trajectory: from
Concept to Product

Restoring E vs k Band Structure
Dispersion in Low Symmetric, Disordered
Systems

BETHEIEEFER

E TR RIT A IR 24
BRI

Hessian Recovery Based Finite Element
Methods for the Cahn-Hilliard Equation

107 - 108



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.

ERUTENZHRPOFZFENSHRIIMMESROEHE, ERREALUKNDER
SIMFEARDWZH, HHERBBFARSERIIMEMBANEZBAEIRZR, FRFER
NHNY KREAEW. BRCSEFRBFABUIAER T SEDIL, ATEFOIEAR
FR—REOTRITENZRAXENZXARNGE L EM A .

INTERNATIONAL PARTNERSHIP EfrMibXEFAEF

UNIVERSITY OF UNIVERSITY OF OSLO,

GOTHENBURG, SWEDEN NORWAY
RHESEERS 198 J2, B B pit K =
L i i
NORWEGIAN UNIVERSITY
OF SCIENCE AND UNIVERSITY OF WARWICK,
TECHNOLOGY, NORWAY UK
FERFRESTERER WARWICK 25 @t g A 5
zE L
ZR=

@NTNU -

NORWEGIAN UNIVERSITY OF N
SCIENCE AND TECHNOLOGY,

NORWAY

MBEERHE A

|
o
SRS e T oRINEH 750

OLD DOMINION UNIVERSITY, USA RIKAGAKU KENKYUSHO/INSTITUTE OF

UNIVERSITY S = X
PHYSICAL AND CHEMICAL RESEARCH
= ERzEEBA T Y
HABWZHRAR
‘ i |

DEPARTMENT OF PHYSICS, HEARNE INSTITUTE FOR
THE CHINESE UNIVERSITY THEORETICAL PHYSICS,
OF HONG KONG, CHINA IL(OLUTETUANIA U

UNIVERSITY, USA

BERBPXAEF

SEE BB AL LA i

INSTITUTE FOR QUANTUM
COMPUTING, UNIVERSITY
OF WATERLOO, CANADA

MEXBHRAKE

CENTER FOR
SIMULATIONAL PHYSICS,
THE UNIVERSITY OF
GEORGIA, USA

EEFRLKRE

THE HONG KONG
UNIVERSITY OF SCIENCE
AND TECHNOLOGY, CHINA

FEBRKAE

DEPARTMENT OF PHYSICS,
NATIONAL TAIWAN NORMAL
UNIVERSITY, CHINA

ESRVAS S IIPEPNC

KOREA INSTITUTE FOR
ADVANCED STUDY, SOUTH
KOREA

HESFRFR



Since its establishment, more than 5000 visiting scholars from over 20 countries and regions have visited CSRC. CSRC faculty
members went out for academic eschange for more than 1800 times. During the academic year 2019-2020, CSRC has hosted over
200 visiting scholars.

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. Living allowance and housing subsidies
are provided during visitor's stay at CSRC.

FILEIE SRFAVIM RS RSN, RIRALURDERIINERSNZ &, UBHBRIFARSERINA
HRFANBZ BN EIBZR. RZES, FOEFTRE0ZNERMMX 58S EBITS0005R A K, FoR
A RINESINZARIRERNFBIT20004 A K. 2019-2020F R EHFE], FUOEBFELIL T200AK; BEREY)
RZEEEm, AR RERE% EEZTHIERELE.

ORI E AN E W AR A RTER, ROAEZEMNRERRAROEINKG, #HTEHSK
e, ROt ERITN—EFNFREHNNRW. HIPE. AR OEREE, R OBRMR—ENEEN
fEPSHNI
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RS- RIAPOER RS
LUSTER TIANHE2-JK

The CSRC is equipped with the state of art high performance computing
facilities, which include a dedicated in-house 14,000+ core cluster
TianHe2-JK in addition to many smaller clusters.

For more details about CSRC Computing, please visit: http://www.csrc.

ac.cn/en/facility/cmpt/

14112cores

ON-line farm

Login Servers Lustre Servers gluster Servers

TPservers
10Gbps 10GE
IHEP (computing. & Storage

Campus Network Network)

Home Dirs(AFS)
+Monitoring
+Scheduler

Backup
Servers

80Gb/s QDR
1

==

e Sysie

performanc® Comp

TH-2 High
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