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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 2022, CSRC has 35 faculty members, 3 engineers,
38 associate members, 63 postdoctoral fellows and 112
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 423 papers, organized 9
academic conferences and workshops, 2 tutorials, 2 colloquium
on scientific frontiers, and 147 CSRC seminars. CSRC has
also forged partnerships with many prestigious universities and

research institutes around the world.
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QUANTUM CRITICAL POINTS AND THE SIGN

PROBLEM

( By Rubem Mondaini, Sabyasachi Tarat and Richard T. Scalettar )

Extracting unbiased properties of quantum many-body
systems exposes the challenge that numerical simulations
in classical computers face in exploring quantum matter.
Roughly put, one is trapped in a tale of two exponentials.
On one side, a constraint arises due to the “exponential
wall” associated with the growing dimension of the
Hilbert space with the system size. On the other side,
in avoiding retrieving exact quantum many-body
wavefunctions and settling instead for a statistical
estimation of physical quantities, one ends up facing
the sign problem [1], which also leads to an exponential
scaling of simulation times. The sign problem constitutes
as the main hurdle that prevents systematic extraction of
solutions of quantum many-body systems. It permeates
a variety of fields, ultimately having a central impact
on materials science, quantum chemistry and quantum
field theory, as well as ultracold atoms and quantum
computation. Thus, greater insight into the sign problem
has important implications across these many disciplines.

Apart from some special (albeit important) limits such as
the half-filled fermion Hubbard model [2], the latter ‘wall’
appears to be a generic (unavoidable) characteristic of
quantum Monte Carlo (QMC) methods for fermionic and
frustrated bosonic systems, and is conjectured to be NP-
hard [3]. In practice, the common lore that permeates the
application of QMC methods to quantum many-body
systems dictates that once a sign problem occurs, that is,
negative weights are obtained in the course of importance
sampling, there is not much one can do, and moving to
other techniques are deemed a better use of resources.
Yet, recent progress in quantum many- body problems is
the investigation of situations in which the sign problem
can be alleviated [4] , eased [S] or mitigated [6] . Since
the problem is known to be NP-hard, these approaches,
although very interesting, just systematically delay the
main bottleneck. If one lowers the temperature, increases
the lattice size or enters a (typically more realistic)

regime of parameters that is more prone to display large quantum
fluctuations, the sign problem will reappear.

Faced by these difficulties, Prof. Rubem Mondaini (CSRC),
together with his postdoc Sabyasachi Tarat (CSRC), collaborated
with Prof. Richard Scalettar (University of California, Davis)
to try a different approach that challenges the current paradigm:
Instead of facing it as a hurdle, one can use the sign problem in
determinant quantum Monte Carlo (DQMC) simulations as a
tracker of quantum critical behavior. This demonstration (published
in Science [7]) was done via the study of a number of fundamental
models of condensed matter physics, all of whose critical properties
are relatively well understood.

In particular, one of the models they studied was the SU(2)
honeycomb Hubbard model (see Fig. 1A),

A== tij (el + sli) = ig tific + UX; (it — 3) (R — 3)
which exhibits a quantum critical point separating the Dirac semi-
metal to a antiferromagneitc Mott insulator at the ratio of the
interactions to the hopping energy U./t = 3.8 , for simulations at
half-filling (#:=0) . As there is no sign problem at this electronic
occupation, a sign problem can be revealed by inserting a
small perturbation (#4i#0) . In this case, in approaching the
thermodynamic limit L — oo , and the ground state regime
(T/t = 0) for an infinitely small sign-inducing perturbation (4:=0")
,one can reveal the quantum critical point by the interaction
strength at which the sign problem emerges [see Fig. 1B and 1C].

Generalizing such rationale for other Hamiltonians, as the U(1)
honeycomb Hubbard model, and the SU(2) Ionic Hubbard model,
Prof. Rubem Mondaini and his co-authors argue this phenomenon
to be generic: if not protected by some symmetry of the problem,
the sign problem appears in the regime of large quantum
fluctuations, signaling quantum critical behavior. Ongoing research
states that this is not a qualitative aspect of the sign problem but
rather that the sign problem may quantitatively reveal aspects about
the criticality of the transitions and the associated universality
classes.



6 1074

2 }

1 6 T

5
Ujt

Fig. 1. The SU(2) Hubbard model on the honeycomb lattice. In the limit that the temperature T — 0 the thermodynamic limit is achieved (L — oo
) and the chemical potential is introduced as a perturbation /£ — 0", the sign problem is worse at the critical point Uc/t = 3.8, separating the Dirac
semi-metal from the antiferromagnetic Mott insulator. Adapted from Science 375, 418 (2022).
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( Rubem Mondaini, Sabyasachi Tarat and Richard T. Scalettar )
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POLARIZATION-DEPENDENT SELECTION
RULES AND OPTICAL SPECTRUM ATLAS OF
TWISTED BILAYER GRAPHENE QUANTUM

DOTS

( By Yunhua Wang, Guodong Yu, Malte Rosner, Mikhail 1. Katsnelson, Hai-Qing Lin, and Shengjun Yuan )

Optical polarization has widespread applications
in spectroscopic analysis, photodetectors, display
technologies and quantum computation. Optical selection
rules are essentially strict constraints resulting from both
system symmetries and conservation laws. Therefore, it
is of importance to reveal how symmetries encode the
polarization of light into the selection rule in molecules
and materials. It is known that the selection rules of both
circularly and linearly polarized light for atoms in electric
dipole approximation are described by the magnetic
quantum number changes Am==1 and Am=0 ,
respectively. Here we generalize and augment the optical
selection rules for both linear and circular polarizations
in molecules and solids by a point group description.
Our theory shows that (i) the selection rules of circularly
polarized light are characterized by the changes in the
rotational quantum number, and (ii) the selection rules of
linearly polarized light in D,, , Dy, , Dpg and Cy,, systems

(a)

Circular polarization
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can be characterized by a two-fold rotational operator or reflection

operator of systems.

Owing to shape- and size-controllable optical absorption as well
as photoluminescence characteristics, graphene quantum dots
hold high promises for applications in nanoscale carbon-based
photodetectors, bioimaging and light-emitting diodes. Here, we
present an extensive study of various twisted bilayer graphene
quantum dots (TBGQDs) with ten different point groups. Applying
the orthogonality theorem, we derive the optical selection rules
for all these structures. Using these constructed selection rules, we
further study how their optical properties rely on size, shape, twist
angle, edge structure and correlation effects. We calculated the
size-dependent scaling indexes of the band gap of energy spectrum
and the optical band gap, and predicted a new type of optical
conductivity features with multiple discrete absorption frequencies
ranging from infrared to ultraviolet energy a result of quantum
confinement effects.

(b)
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Fig. 1. (a) Optical selection rules for circular and linear polarizations, (b) Optical conductivity Oy for Dgg TBGQDs as
a function of VN with N as the number of atoms, (c) Twist angle dependence of optical spectrum for triangular quantum
dots.
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SITE-SELECTIVE DEPOSITION OF
METAL-ORGANIC FRAMEWORKS ON
GOLD NANOBIPYRAMIDS FOR SURFACE-
ENHANCED RAMAN SCATTERING

( By Xueqing Yang, Yi Liu, Shiu Hei Lam, Jing Wang, Shizheng Wen, ChiYung Yam, Lei Shao, Jianfang Wang )

Plasmonic hotspots, where electromagnetic
field is highly concentrated, are crucial
for achieving high detection performance
for surface-enhanced Raman scattering
(SERS). Controlled deposition of metal-
organic frameworks (MOFs) on the
specific sites of plasmonic nanocrystals is a
highly effective approach for improving the
SERS detection performance of plasmonic
nanocrystals because the deposited MOFs
can effectively capture and concentrate
target analyte molecules at the hotspots. In
this work, we report on a new approach for
site-selective deposition of a MOF (ZIF-
8) at the ends, waist, and around the entire
surface of elongated gold nanocrystals,

including gold nanobipyramids (NBPs)
and nanorods. Deposition of ZIF-8 at

the ends of Au NBPs leads to the best Au nanobipyramid
SERS performance. ZIF-8 can effectively ZIF-8

capture and concentrate small molecules
at the hotspots through the molecular
sieving effect. Moreover, vapor-phase
analytes can also be captured by the ZIF-

8 component at the ends of Au NBPs and
detected by SERS. Our synthetic protocol
provides a new route for the design of

5000

hybrid nanostructures out of plasmonic counts

nanocrystals and MOFs, where the MOF
can capture and concentrate analyte

molecules at the plasmonic hotspots for
SERS detection. The route also opens
up many possibilities for applications in

plasmonic sensing, optical switching, and . ] 1 l L | L | !

plasmonic catalysis. Ra man s h Ift (Cm_1 )
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STARK MANY-BODY LOCALIZATION ON A
SUPERCONDUCTING QUANTUM PROCESSOR

( By Qiujiang Guo, Chen Cheng, Hekang Li, Shibo Xu, Pengfei Zhang, Zhen Wang, Chao Song, Wuxin Liu, Wenhui Ren,

Hang Dong, Rubem Mondaini, Haohua Wang )

The eigenstate thermalization hypothesis [1,2] provides
a basic framework for studying the long-time evolution
of isolated general quantum systems, that is, the
macroscopic properties of non-equilibrium steady state
after equilibration can be predicted by the thermodynamic
average of the system. However, some quantum systems
are known to not satisfy it. In particular, the phenomenon
of many-body localization (MBL) caused by disorder
[3,4] is a famous counterexample. Additionally, recent
studies have shown that even in the absence of disorder,
the phenomenon of many-body localization can also be
observed by applying a linear chemical potential to a
one-dimensional interacting quantum system [5]. This
brings to the many-body realm the concept of Stark
localization, being thus dubbed Stark MBL.

As the focus of the study of thermalization and many-
body localization involves the non-equilibrium regime
at high-energies of the system, a complement of both
theoretical and numerical research is necessary. In recent
years, the rapid development of quantum computing
platforms provides a new way to solve this type of many-
body problems. Continuing the previous cooperation [6],
Prof. Rubem Mondaini of the Beijing Computational
Science Research Center and the quantum experimental
group led by Professor Wang Haohua from Zhejiang
University systematically studied the Stark many-
body localization phenomenon using superconducting
quantum chips. The scientific research collaborators used
the most advanced 32-bit chip to simulate the hard-core
boson model on an engineered triangular ladder, and
adjusted the detuning of the qubits to realize the linear
chemical potential. In the unitary evolution starting
from a large number of random product states, the
collaborators fully characterized the transition of thermal
many-body localization by measuring the Hamming
distance, correlation function and quantum Fisher
information of the system, and clearly demonstrated the
Bloch oscillation behavior unique to Stark many-body
localization.
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This work is a typical example of theoretical, numerical and
experimental cooperation. The experimental measurement and
chip preparation are mainly undertaken by Dr. Guo Qiujiang
and Dr. Li Hekang of Zhejiang University, and the numerical
calculation is completed by young researcher Chen Cheng from
Lanzhou University. It is worth mentioning that the joint effort of
theoretical and numerical experiments accompanied by the research
of quantum many-body problems using the quantum simulation
platforms are the forefront of current international frontier research
trends. Interestingly, simultaneously to this work, two other well-
known research teams also used to rival platforms of either cold
atoms [7] or ion traps [8] to similarly study the Stark many-body
localization phenomenon. The results of the collaboration in China
stand out for the clear characterization of entanglement capping, a
hallmark of the many-body localization phenomenon.
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Fig. 1. (a) the schematic diagram of the 32-bit chip used in this work is
obtained by coloring the optical micrograph photos. (b) Triangular ladder
lattice simulated by quantum chip. (¢) Schematics of the Hamiltonian used
to simulate the Stark many-body localization phenomenon. The linear
chemical potential can be realized by adjusting the detuning of the qubits.
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FIRST-PRINCIPLES CALCULATION IN DARK
MATTER DIRECT DETECTION

( By Zheng-Liang Liang, Chongjie Mo, Fawei Zheng, Ping Zhang )

Migdal effect refers to a phenomenon that
the suddenly recoiled atom struck by dark
matter particles is easier to excite its electrons.
Based on this effect, it is promising to use
semiconductor targets to realize the direct
detection on the sub-GeV dark matter particles,

10!

dR/dInw (kg_1 -}-'1‘_1)

belonging to the weakly interacting massive particles (WIMPs). In order to
meet the requirement of such experiments, combining the bremsstrahlung-
like description of the recoiled ion with the electronic many-body effect
in solids, we provide a first-principles method for the estimation of event
rates for dark matter particles in a semiconductor. We also investigate the
in-medium effect on the detection of the solar-reflected DM flux in silicon-
based detectors. Recently, we further introduce the multi-phonon process
triggered by an incident DM particle into our first-principles method
through electronic excitation induced by the exchange of a virtual phonon.
Surprisingly, this approach can effectively push the sensitivities of the
semiconductor targets further down to the MeV DM mass region. This work
is selected as an editors’ suggestion in Physical Review D.
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Fig. 1. The differential Migdal electronic excitation event rates in bulk silicon
for a reference cross section of 10-38 cm2 and DM masses of 10 (emerald), 20
(orange) and 50 MeV (maroon), respectively; the solid lines and the dashed lines
are calculated using the phonon-mediated approach and the bremsstrahlung-like
approach, respectively.
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GIANT ATOMS IN A SYNTHETIC FREQUENCY

DIMENSION

( By Lei Du, Yan Zhang, Jin-Hui Wu, Anton Frisk Kockum, and Yong Li* )

Giant atoms, which interact with the surrounding
environment (waveguides) at multiple points, have
attracted rapidly growing interest in the past few years
due to various intriguing phenomena arising from them
[1]. In general, giant atoms can be achieved by coupling
(artificial) atoms to propagating fields whose wavelengths
are much smaller than the atomic sizes (e.g., surface
acoustic waves), or by coupling atoms to meandering
waveguides at separated points. For such structures, one
should naturally consider phase accumulations of the
field between different atom-waveguide coupling points,
which lead to a series of striking phenomena that are
absent for small atoms [2-3].

On the other hand, the concept of synthetic dimensions
has been recently proposed and extensively explored in
a variety of physical system. With synthetic dimensions,
it is possible to explore richer physical effects with fewer
geometric dimensions. The construction of synthetic
dimensions not only enables significant reduction of
physical resources, but also provides possibilities for
manipulating the relevant degrees of freedom.

Here we demonstrate how to implement giant atoms
in a synthetic frequency dimension [4], where the one-
dimensional frequency lattice acting as a discrete
waveguide is achieved with a dynamically modulated
superconducting resonator. As shown in Fig. 1(a), we
consider a A-type artificial atom, where two of the
transitions are coupled to different sites of the frequency
lattice and the third one is driven by an external field.
If the atom supports both a single-photon resonant
transition and a two-photon one with large detuning, it
can be effectively described as a two-level giant atom
with two coupling points in the frequency dimension, as
shown in Fig. 1(b). We reveal that the effective model
can not only simulate some typical effects of real-space
giant atoms such as long-lived populations, but can also
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be used to manipulate light frequency and achieve chiral quantum
optical effects in the frequency dimension. Moreover, the effective
giant atom in the frequency dimension can also be implemented
with a ladder-type three-level atom, which is coupled to different
sites of the frequency lattice via multiple two-photon resonant
transitions, as shown in Fig. 1(c).

(a)

(b)

Fig. 1. (a) Schematic illustration of the model under consideration. The
SQUID coupled to the superconducting resonator is modulated in time. A
A-type artificial atom interacts with two resonant modes of the resonator
and is driven by an external field. (b) Effective two-level giant atom after
adiabatic elimination. (c) Ladder-type implementation scheme of the
effective giant atom.
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OBSERVATION OF NON-HERMITIAN
TOPOLOGICAL ANDERSON INSULATOR IN
QUANTUM DYNAMICS

( By Quan Lin, Tianyu Li, Lei Xiao , Kunkun Wang , Wei Yi , & Peng Xue )

Disorder and non-Hermiticity dramatically
impact the topological and localization
properties of a quantum system, giving rise
to intriguing quantum states of matter. The
rich interplay of disorder, non-Hermiticity,
and topology is epitomized by the recently
proposed non-Hermitian topological
Anderson insulator that hosts a plethora of
exotic phenomena. Here we experimentally
simulate the non-Hermitian topological
Anderson insulator using disordered
photonic quantum walks, and characterize
its localization and topological properties.
In particular, we focus on the competition
between Anderson localization induced by
random disorder, and the non-Hermitian
skin effect under which all eigenstates are
squeezed toward the boundary. The two
distinct localization mechanisms prompt
a non-monotonous change in profile
of the Lyapunov exponent, which we
experimentally reveal through dynamic
observables. We then probe the disorder-
induced topological phase transitions, and
demonstrate their biorthogonal criticality.
Our experiment further advances the
frontier of synthetic topology in open
systems.
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Fig. 1. Experimental setup for observing non-Hermitian topological Anderson insulator.

A Photons are coupled in and out of an interferometric network through a low-reflectivity
beam splitter (BS, reflectivity 5%). The coin operation is carried out with wave plates and a
dynamic electro-optic modulator (EOM). The shift operator is realized by splitting the light,
using a polarizing beam splitter (PBS), into two single-mode fibers of length of 160,000
and 167,034 m, respectively. As such, the spatial modes are encoded into the polarization-
dependent temporal shift within a time step. The out-coupled photons are detected using
the avalanche photodiodes (APDs), in a time- and polarization-resolved fashion. An optical
switch acousto-optic modulator (AOM) is used to protect the APDs such that photons are
only allowed to reach the APDs at the time of measurement. b Illustration of the operation
sequence of the time-multiplexed quantum walk. Here V is the control voltage applied to
the EOM for generating rotations with the coin parameter.
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DETERMINISTIC SEARCH ON STAR GRAPHS
VIA QUANTUM WALKS

( By Dengke Qu, Samuel Marsh, Kunkun Wang, Lei Xiao, Jingbo Wang and Peng Xue )

We propose a novel algorithm for quantum spatial search on a star graph Our work is the first experimental demonstration
using interleaved continuous-time quantum walks and marking oracle of this new and more flexible database search
queries. Initializing the system in the star’s central vertex, we determine framework, as well as the first experimental
the optimal quantum walk times to reach full overlap, matching the demonstration of deterministic spatial search. In
well-known lower bound of Grover’s search. We implement the doing so we show the advantages of selecting a
deterministic search in a database of size seven on photonic quantum graph to suit the quantum hardware. This work
hardware, and demonstrate the effective scaling of the approach up thus demonstrates the alternating phase-walk
to size 115. This is the first experimental demonstration of quantum framework’s advantages on near-term quantum
walk-based search on the highly noise-resistant star graph, which hardware in reducing the impacts of noise, on the
provides new evidence for the applications of quantum walk in quantum widely applicable problem of searching a database.

algorithms and quantum information processing.
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Fig. 1. (a) star graph S7, consisting of seven outer vertices connected to a central vertex. (b) Efficient quantum circuit to simulate a CTQW over
the star graph. (c),(d) Experimental setup. A pair of photons is generated via the spontaneous parametric down-conversion, with one serving as a
trigger and the other as a single photon.
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DETECTING NON-BLOCH TOPOLOGICAL
INVARIANTS IN QUANTUM DYNAMICS

( By Kunkun Wang, Tianyu Li, Lei Xiao, Yiwen Han, Wei Yi and Peng Xue )

Non-Bloch topological invariants preserve the bulk-boundary
correspondence in non-Hermitian topological systems, and are a key
concept in the contemporary study of non-Hermitian topology. Here
we report the dynamic detection of non-Bloch topological invariants
in single-photon quantum walks, revealed through the biorthogonal
chiral displacement, and crosschecked with the dynamic spin

textures in the generalized quasimomentum-time domain following
Fig. 2. Experimental (lower layer) and numerical results (upper

a quantum quench. Both detection schemes are robust against e
layer) of dynamic spin textures.

symmetry-preserving disorders, and yield consistent results with
theoretical predictions. Our experiments are performed far away

from any boundaries, and therefore underline non-Bloch topological
invariants as intrinsic properties of the system that persist in the
thermodynamic limit. Our work sheds new light on the experimental
investigation of non-Hermitian topology.

Consistent with the theoretical characterization of non-Bloch
topological invariants, our experiment is hinged upon the concept

of non-Bloch band theory, where the application of the GBZ is

essential. The experiment thus serves to further underline the

importance of the non-Bloch band theory in providing a coherent

understanding regarding lattice models with non-Hermitian skin

effects. As both of our detection schemes are sensitive to the non- 1000 =
Bloch PT symmetry, they also provide dynamic probes to the non- /
Bloch exceptional points. For future studies, it would be desirable /
. . — . . 1.0 =13 <%
- X/ 0.0
to devise detection schemes for non-Bloch topological invariants in = — L M = 5 =y
models of higher dimensions. 6/m /m
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STATE-INDEPENDENT TEST OF QUANTUM
CONTEXTUALITY WITH EITHER SINGLE
PHOTONS OR COHERENT LIGHT

( By Dengke Qu, Kunkun Wang, Lei Xiao, Xiang Zhan and Peng Xue )

Contextuality is a phenomenon at the heart of quantum mechanics different from classical behavior and has been recently

identified as a resource in quantum information processing. Experimental demonstration of contextuality is thus an important goal.

We experimentally demonstrate a test of state-independent contextuality in a four-dimensional Hilbert space with single photons

and violate the inequality by at least 387 standard deviations. Despite imperfections and possible measurement disturbance, our

results cannot be explained in non-contextual models. We also provide a theoretical analysis of a test of contextuality with a

coherent light field and show how the definitions affect the emergence of non-classical correlations. Our result sheds new light on

the conflict between quantum and classical physics.
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Fig. 1. State-independent violation of the inequality.

The Kochen—Specker theorem states that no non-contextual hidden-variable
theory can reproduce the predictions of quantum mechanics for correlations
between measurement outcomes of some sets of observables. In this work,
we experimentally demonstrate a test of state-independent contextuality
in a four-dimensional Hilbert space with single photons. We show that 26
different single-photon states violate an inequality that involves correlations
between results of sequential compatible measurements by at least 387
standard deviations. Despite imperfections and possible measurement
disturbance, under the assumption of fair sampling, our results cannot be
explained in non-contextual models. We also provide a theoretical analysis
of test of contextuality with a coherent light field and show how the
definitions affect the emergence of non-classical correlations.

References:

[1] D.K. Qu, K. K. Wang, X. Zhan, and P. Xue, State-independent test of
quantum contextuality with either single photons or coherent light, npj
Quantum Information 7, 154 (2021).
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Fig. 2. Theoretical predictions of left-hand side
(green line) and right-hand side (red and blue lines)
of the inequality y for a coherent light under different
measurement events E1 and E2.
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HIGH-PRECISION MEASUREMENT OF SPIN-
EXCHANGE PARAMETERS IN NUCLEAR SPIN
MAGNETIC RESONANCE GYROSCOPE

( By Bowen Song, Yanhua Wang and Nan Zhao* )

Spin-exchange between alkali-metal atoms
and noble gas atoms is essential to the
various applications including nuclear
magnetic resonance gyroscope. The
team lead by Nan Zhao experimentally
studied the Rb-Xe spin-exchange optical
pumping process. The dependence of the
spin-exchange rate on the intensity of the
pumping light was measured at different
temperatures under low magnetic fields.
They demonstrated that the spin-exchange

rate will decrease as the Rb spin polarization increases, which agreed well with
the theoretical prediction. In the measurement, three spin exchange and spin
relaxation mechanisms, namely, the spin exchange rates between Rb and Xe
atoms caused by van der Waals molecule and binary collision processes, and
the spin relaxation rate due to the wall collision of Xe atoms, had comparable
magnitudes. These rates were extracted separately from the measured data
with different Rb spin polarization at various temperatures. This work provided
a comprehensive confirmation of the physical picture of the spin-exchange
optical pumping process. [Song, B., Wang, Y., & Zhao, N.. Spin-polarization
dependence of the Rb-Xe spin-exchange optical pumping process. Physical
Review A4, 104(2), 023105 (2021)]
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Fig. Left: Experimental setup.

Right: Experimental data showing the Rb-polarization dependence of the Rb-Xe spin exchange rate, from which
different spin-exchange processes can be distinguished.

WWW.CSRC.AC.CN



ZEEIRICIER FH B RiET B RNE

(RIEX, TEZ%E, BiE)

BhesRiliiEI 2 2% M IRICIR A R PRI X EYIEITIE. X—URRE T FREREERL
MizBEEAIEFITEEXEIES Y, FREESNREILIRICIEE EFEZ e,
MBI RIEAAREE TR, ZEIEIRICB RS HREF-Xe/F F BRI EZT LY
AFADER: Rb-XePAMIETIZFNEZE P SEN2E S HEZ 5 THIRb-Xe-N2=(BIE R
REFTRE. AESNSEDEFRET, EEXBRRIENSTI S TS, 24, 2
RILHERAMNXIRb-Xe-N2=SBAER/RENIES TEIRARIEICIANR, B SLIRIOIEF
SIS HAIERNENATRTE . Hla0, EICTRSRb-Xe-N2=IAERR/RETIEXIRbE KE
IRCERVREIR BRI R BRI ERENN . tRITBERFHR PO EATENE
ETIZHAIRICIZESLI RS, FiBI—RIIFTENLE R, ERSLEMIUE] T Rb-Xe-N2
=R E/RENIEXI R B RER M ERIKIIR R, FHEHIUE T Rb-Xe-N2=(KBIER/R
IR RRIIES L, B4 T X—ERILR=H. BYX—TF, ERzERXI%
BAEIREBERHUADIENEIE TIRN . E2AERE, AH SR IIRICIRMEE,
HEHIEBAREKITRBEANDEREEZEAREE 7 BLAVEM .. [Song, B., Wang, Y.,
& Zhao, N.. Spin-polarization dependence of the Rb-Xe spin-exchange optical pumping process.
Physical Review A, 104(2), 023105 (2021)]

4 £BE: IRESFEE. AE: RBEHIEE R T Rb-Xe BHE IR X 4R B FRbE T B Hetk b & ARk
A, MREUHRb-XeBiEZRITERBSEH.

----------------- eeeeee  2021-2022 ANNUAL REPORT >> RESEARCH HIGHLIGHTS 47 - 48



@ BEIJING COMPUTATIONAL SCIENCE RESEARCH CENTER

GENERAL MODEL FOR DEFECT DYNAMICS
IN IONIZING-IRRADIATED SIO,/SI
STRUCTURES

( By Yu Song, Guanghui Zhang, Xuefen Cai, Baoying Dou, Zhihao Wang, Yang Liu, Hang Zhou, Le Zhong, Gang Dai,
Xu Zuo, and S.-H. Wei )

Irradiation damage is a key issue for the
reliability of semiconductor devices under
extreme environments. For decades, the
ionizing-irradiation-induced damage in
transistors with silica-silicon (Si0,/Si)
structures at room temperature has been
modeled by a uniform generation of E’y
centers in the bulk silica region through
the capture of irradiation-induced holes,
and an irreversible conversion from E’y to
Py centers at the SiO,/Si interface through
reactions with hydrogen molecules (H,).
However, the traditional model fails to
explain experimentally-observed dose
dependence of the defect concentrations,
especially at low dose rate. We proposed that
the generation of E’, centers is decelerated
because the protons migrate dispersively in gate
disordered silica and the diffusion coefficient

decays as the irradiation goes on. We also

proposed that the conversion between E;
and P} centers is reversible because the huge
activation energy of the reverse reaction can
be effectively reduced by a “phononkick”

effect of the vibrational energy of H, and Pp

centers obtained from nearby nonradiative
recombination centers. We demonstrate that
the derived analytic model based on these
two new concepts can consistently explain
the experimentally observed fundamental Fig. 1. Summarized new understanding of the defect dynamics. While it is still
a generation-conversion framework, the recombination, dispersive migration,
and vibrational excitation processes are essentially different from the traditional
concentrations for an extremely wide dose understanding.

but puzzling dose dependence of the defect

rate range.
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ORIGIN OF LIGHT-INDUCED EFFICIENCY
ENHANCEMENT IN HYBRID PEROVSKITE
SOLAR CELLS

( By Xie Zhang and Su-Huai Wei )

Pronounced light-induced lattice

a
expansion and accordingly an (@
enhancement in the solar conversion e Lattice ¢
efficiency have been experimentally Cn expansion Cn \
observed in hybrid perovskites, but the £(+/0) ' - I ?
origin remains elusive. By performing C;? Cg f

rigorous first-principles calculations
for a prototypical hybrid perovskite
FAPDbI3 (FA: formamidinium), we VB
show that 1% lattice expansion could

already reduce the nonradiative capture (b) L
coefficient by one order of magnitude. I
Unexpectedly, the suppressed \
nonradiatve capture is not caused by ‘1

changes in the band gap or defect control
transition level due to lattice expansion, 1 /
but originates from enhanced defect l‘
relaxations associated with charge- 10 1

state transitions in the expanded ! \\
lattice. These insights not only provide \

a rationale for the light-induced /\\
efficiency enhancement in hybrid expanded \\

perovskites, but also offer a general

approach to manipulating nonradiative

capture via light-lattice coupling in

a wide spectrum of optoelectronic

materials.

Fig. 1. (a) Schematic illustration of the impact of lattice expansion on the charge-state
transition level and nonradiative capture coefficients. (b) Schematic showing the impact of
lattice expansion on the electron capture barrier of I;*.
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STRONGLY-CORRELATED STATES IN MOIRE
SUPERLATTICE

(By J.An and J. Kang )

Recently, the electronic properties
in moiré superlattices, which consist
of two-dimensional van der Waals
materials, have become a topic of great
interest. The induced moiré potential
with long periodicity results in the
formation of flat bands and strongly
correlated states, making moiré
superlattice a good platform to study
strong-correlation physics. A key issue
in the research of moiré superlattice
is how to modulate the correlation
strength to realize different quantum
phases. We use large-scale electronic
structure calculation methods to
investigate this problem.

Using twisted bilayer y-graphyne
(TBGY) as an example, we show that
it is possible to create multiple flat
bands in carbon allotropes without
the requirement of a specified magic
angle. The origin of the flat bands can
be understood by a simple two-level
coupling model. The narrow bandwidth
and strong localization of the flat band

WWW.CSRC.AC.CN

states might lead to strong correlation effects, which make TBGY a good platform
for studying correlation physics. On the basis of the two-level coupling model, we
further propose that the width and extent of localization of flat bands can be tuned
by an energy mismatch AE between the two layers of TBGY, which can be realized
by either applying a perpendicular electric field or introducing a heterostrain. This
allows continuous modulation of TBGY from the strongcorrelation regime to the
medium- or weak-correlation regime, which could be utilized to study the quantum
phase transition. [1]

A two-dimensional nanosheet has top and bottom open surfaces, allowing the
specific case of doubly aligned super-moiré lattice to serve as a toy model for
studying the tunable lattice symmetry and the complexity of related electronic
structures. We discovered that in doubly aligned BN/graphene/BN heterostructure,
due to the modulation of moiré potential, there is a band renormalization around the
Fermi level, resulting the formation of flat minibands with narrow band width. The
corresponding electronic states in the flat bands are strongly-correlated. Together with
the collaboration from experiment groups, it is shown that at partial occupation of
these bands, correlation-driven metal-insulator transition occurs. [2]
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Fig. 1. Flat bands and strongly-correlated states in twisted bilayer y-graphyne (left panel) and
BN/graphene/BN moiré¢ superlattice (right panel).
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CYCLE DEFORMATION ENABLED
CONTROLLABLE MECHANICAL POLARITY
OF BULK METALLIC GLASSES

( By Pengfei Guan’s Group )

Tuning anisotropy in bulk metallic glasses,
ideally isotropic, is of practical interest in
optimizing properties and of fundamental
interest in understanding the amorphous
structure and its instability. Here we propose
a quasi-elastic AMC training method and
used it to achieve mechanical anisotropy
of MGs without destroying samples
or inducing mechanical annealing or
rejuvenation effects. The degree of polarity
and the anelastic limit can be well controlled
by regulating the amplitude of mechanical
cycling. We find that only plastic STZs
corresponding to the training direction
can be consumed by asymmetric cycling
and the anelastic rearrangements are still
however observable in trained glasses. The

Fig. 1. Schematic illustration of tl
inherent features of potential energy surfa
(PES) for the as-cast (the dashed line) a1
polarized (the solid line) samples.

achieved anisotropic behavior originates from the exhaustion of plastic STZs in
the training direction. While usual structural indicators are not sensitive probes
for induced anisotropy, the asymmetric local yield stresses distribution works
well to capture the polarization. Moreover, the increase in quasi-elastic limit is
always accompanied by the decrease of potential energy, when the MG sample
is processed by thermal or mechanical annealing. However, the AMC protocol
significantly improves the quasi-elastic (anelastic) limit in the target direction,
while rejuvenating other physical properties that may be sensitive to the energy
state, which pro- vides a potential way to achieve the multi-performance
regulation of MGs. In fact, many experimental testing or preparation methods
are quasi-elastic asymmetrical mechanical cyclic loadings, such as the dynamic
mechanical spectroscopy method, and the ultrasonic vibration synthesis
of BMGs. It should be very interesting to verify our prediction in further
experimental investigations. Our finding is of fundamental importance, which
furthers our understanding of the mechanical deformation of metallic glasses
and sheds some light on the prospects for improved properties through induced
anisotropy.

. Polarized
meta-basin \
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INTERPLAY BETWEEN QUANTUM
ANOMALOUS HALL EFFECT AND MAGNETIC
SKYRMIONS

(By Y. Li, S. Xu, J. Wang, C. Wang, B. Yang, H. Lin, W. Duan, and B. Huang )

Quantum anomalous Hall effect (QAHE) and magnetic skyrmion (SK) represent two typical topological states in momentum (K)
and real (R) spaces, respectively. However, little is known about the interplay between these two states. Here, we propose that the
coexistence of QAHE and SK may generate a previously unknown SK state, named the RK joint topological skyrmion (RK-SK),
which is characterized by the SK surrounded by nontrivial chiral boundary states (CBSs). Interestingly, beyond the traditional
SK state that can solely be used via creation or annihilation, the number and chirality of CBS in RK-SK can be tunable under
external fields as demonstrated in Janus monolayer (ML) MnBi,X,Te, (X = S, Se), creating additional degrees of freedom for SK-
state manipulations. Moreover, it is also found that external fields can induce a continuous topology phase transition from K-space
QAHE to R-space SK in ML MnBi,X,Te,, providing an ideal platform to understand the cross-over phenomena of multiple-space
topologies.

A B

O O

O
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()

Momentum Space (K) Coexistence Real Space (R)

External Field

D

Traditional SK RK-SK
®— | @®@—@®—
[1> 10> INcgs=X> INces=Y> [0>

Fig. 1. Schematic diagram of the external field—tunable topological phase transition from K space to R space. (A) QAHE
with chiral edge states. (B) RK-SK states with external field-tunable NCBS may appear under certain conditions in the
region where QAHE and SK can coexist. (C) An SkX state. (D) Comparison between traditional SK and RK-SK. D, Left
shows that traditional SK can mainly be used via creation and annihilation. D, Right shows that there is an additional
degree of freedom NCBS in RK-SK (i.e., the number and chirality of Ns) for SK manipulation. Herein, x and y represent
different values of N, in which the anticlockwise or clockwise arrows demonstrate the different chirality.
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BACTERIAL MOTION IN COMPLEX FLUID

( By S. Kamdar, S. Shin, P. Leishangthem, L. Francis, X. L. Xu*, and X. Cheng* )

Teaser: “Persistence, in spite of
obstacles”, something we might all
learn from the bacterial swimming
behaviors in complex fluids.

For years, science fictions authors
have written about the idea of using
microswimmers that could perform
surgeries or deliver medicines
to humans. However, swimming
through complex fluids and
environments such as the human
body proves to be very different in
comparison to swimming in water,
as demonstrated by the intensive
research works by scientists since
the 1960s. Previous studies have
consistently found that bacteria
swim faster in thick polymer
solutions, which is surprising given

Fig. 1. Keep Moving Forward: Provided
by Chinese artist Yi Su, based on the
scientific findings in research article

the mounting hydrodynamic resistance in thick polymer solutions in comparison to
water. After six decades of active research, the nature and origin of such motility
enhancement are still under heated debate.

In a recent collaboration between the theoretical group led by Prof. Xinliang Xu at
Beijing Computational Science Research Center and the experimental groups led
by Prof. Xiang Cheng and Prof. Lorraine Francis at the University of Minnesota,
bacterial swimming behavior in complex fluids is quantitatively described. In this
study, a simple physical model is proposed to describe the mechanical properties of
the hook connection between bacterial body and flagellar bundle. Based on this model,
these researchers are able to study how hydrodynamic interaction in complex fluids
influences the structural configuration of the hook connection, and how such structural
configuration behavior is related to bacterial wobbling dynamics and thus bacterial
motility in complex fluids. With no free parameters, this model quantitatively explains
bacterial wobbling dynamics and motility enhancement in both colloidal and polymeric
fluids. In specific, the “obstacles in the suspension” (colloids or polymer chains)
exert an effective torque on bacteria that on average lowers the amplitude of bacterial
wobbling, leading to higher velocity moving forward. This study provides a unified
understanding of bacterial swimming through complex fluids relevant to a wide range
of microbiological processes, and is published in Nature [1].
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HOW AN ENZYME MAY UTILIZE THE
FLEXIBILITY OF SINGLE STRAND DNATO
CONTROL ACTIVITIES

( By Jinghua Li, Jianbing Ma, Vikash Kumar, Chunhua Xu, Shuang Wang, Qi Jia, Qinkai Fan, Xuguang Xi, Ming Li,
Haiguang Liu, and Ying Lu )

Flexible regions in biomolecular complexes, although crucial to understanding structure—function relationships,
are often unclear in high-resolution crystal structures. In this study, we showed that single-molecule techniques, in
combination with computational modeling, can characterize dynamic conformations not resolved by high-resolution
structure determination methods.

In partner with a group led by Prof. Ming Li and Dr. Ying Lu, from the Institute of Physics, we investigated this
issue by taking two Pifl helicases (ScPifl and BsPifl) as model systems. We found that, besides a few tightly bound
nucleotides, adjacent solvent-exposed nucleotides interact dynamically with the helicase surfaces. This cannot be
directly observed from high-resolution structure determination method, because only 6 nucleotides can be seen from
crystal structures. We applied computational approach to extend the DNA and carried out extensive simulations. The
whole nucleotide segment possessed curved conformations and covered the two RecA-like domains of the helicases,
which are essential for the inch-worm mechanism. The synergetic approach reveals that the interactions between
the exposed nucleotides and the helicases could be reduced by large stretching forces or electrostatically shielded
with high-concentration salt, subsequently resulting in reduced translocation rates of the helicases. The dynamic
interactions between the exposed nucleotides and the helicases were observed in all-atom molecular dynamics
simulations. Such interactions underlay the force- and salt- dependences of their enzymatic activities. The present
single-molecule based approach complements high-resolution structural methods in deciphering the molecular
mechanisms of the helicases.

The simulation work is done at CSRC, mainly by Dr. Vikash Kumar, who was a postdoc researcher in Prof. Haiguang
Liu’s group. The work was carried out with a close collaboration with groups led by Prof. Ming Li and Dr. Ying
Lu from Institute of Physics (IoP, CAS). The wetlab experiments using single molecule techniques were detailed
executed by the ToP group members.
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Fig. Computational simulations reveal curved DNA conformations when bound to helicase protein. Key interactions
between DNA and helicase are also identified. The single molecular experiments found the activity of helicase depends
on the pulling force and salt concentration of the buffer, both are well-explained by the curved conformation of DNA
and its interactions with helicase positively charged surface.
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CONVERGENCE OF RENORMALIZED FINITE
ELEMENT METHODS
FOR HEAT FLOW OF HARMONIC MAPS

( By Xinping Gui, Buyang Li, Jilu Wang )

The heat flow of harmonic maps can
be viewed as the L? gradient flow of
the energy functional. And it appears
in many applications, including
the Landau--Lifshitz equation of
magnetization dynamics (as the
limiting case when the damping
parameter tends to oo0), the nematic
liquid crystals model (coupled with the
Navier--Stokes equations to describe
the local molecular direction), and
color image denoising. The solution
of the heat flow of harmonic maps
automatically stays on the unit sphere
when the initial function satisfies the
unit length constraint. Many efforts
have been devoted to developing
efficient numerical methods and
analyzing stability and convergence of
numerical solutions for the heat flow of
harmonic maps and its related PDEs,

including the Landau--Lifshitz equation and the nematic liquid crystals equations,
e.g., linearly unconstrained FEMs and nonlinearly implicit constrained FEMs. The
former kind of methods can not preserve the unit length of solutions, and the latter is
computationally expensive and no convergence rates have been given for this kind of
methods. The simplest method to restore the unit length is to artificially renormalize
the numerical solutions by a post-processing technique, i.e., changing the numerical
solution mj, to mj /|mj| artificially after solving the equation at every time level,
before proceeding to the next time level. However, the error analysis of such a simple
renormalization method with commonly used FEMs and time-stepping schemes is
still challenging.
Recently, Xinping Gui (CSRC), Buyang Li (The Hong Kong Polytechnic University),
and Jilu Wang (CSRC) consider a renormalized lumped mass finite element method
for the heat flow of harmonic maps:
(1) For given m}~!in a finite element space S}, , compute an auxiliary numerical
solution 711}, by
(B, v) + (VA Vo) = (1VmE~ [0, ) v, € S

where (*,)x denotes the discrete inner product in the lumped mass FEM.
(2) Renormalize the auxiliary numerical solution to

mp = I, (g /17 |)
where [, denotes the Lagrange interpolation onto the finite element space S}, .

™\h  1/16 1/32 1/64 1/128 Convergence rate M7 1/20 1/40 1/80 1/160 Convergence rate
1/80 1.874e-7 1.827e-8 2.082e-9 2.535e-10 ~ 3.04 1/32 2.247e-3 8.443e-4 3.691e-4 1.784e-4 ~ 1.05
1/160 1.377e-7 1.497e-8 1.792e-9 2.214e-10 ~ 3.02 1/64 2.247e-3 8.444e-4 3.691e-4 1.784e-4 ~ 1.05
1/320 1.178e-7 1.357e-8 1.658e-9 2.060e-10 ~ 3.01 1/128 2.247e-3 8.444e-4 3.691e-4 1.784e-4 ~ 1.05

Table. 1. Spatial discretization error ||my , — mp), .||, (Ieft) and temporal discretization error ||m), , — m) ., ||, (right) with Q; element

The paper [1] presents an optimal-order error estimate of 0(z+ k™) for a linearly implicit renormalized lumped mass FEM on
rectangular mesh under the grid-ratio condition T = kh™** for ¥ > 1, where « is any positive constant. This condition is very mild
compared with restrictions like ¢;h < T < ¢,h and h? < T < h'*® given in [2,3]. And the discretization errors are displayed in
Table 1 by using Q, element, which shows the desired convergence rates in time and space. On a triangular mesh, paper [1] yields
0(7+ h") under the condition T = Kh” for r > 1 . The proof of the error estimates is based on a geometric relation between the
auxiliary and renormalized numerical solutions. And the techniques in this paper would also work for related PDEs, including the
Landau--Lifshitz equation and nematic liquid crystals equations, as the common difficulty for all these equations is the analysis of

stability for the renormalization technique in approximating the time derivative.
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CHARACTERIZING NON-EXPONENTIAL
GROWTH AND BIMODAL CELL SIZE
DISTRIBUTIONS IN FISSION YEAST: AN
ANALYTICAL APPROACH

( By Chen Jia#, Abhyudai Singh, Ramon Grima* )

Advances in microscopy enable us to follow single cells over long timescales from which we can understand
how their size varies with time and the nature of innate strategies developed to control cell size. These data
show that in many cell types, growth is exponential and the distribution of cell size has one peak, namely
there is a single characteristic cell size [1]. However data for fission yeast show remarkable differences:
growth is non-exponential (see Fig. 1a) and the distribution of cell sizes has two peaks, corresponding to
different growth phases [2]. Here we construct a novel stochastic model of cell size dynamics in fission
yeast (see Fig. 1b); by solving the cell size distribution analytically, we show that it is able to predict the two
peaked distributions of cell size seen in experiments (see Fig. 1¢). In particular, our theory shows that the left
peak in the bimodal distribution is associated with cells in the elongation phase, while the right peak is due to
cells in the septation and reshaping phases. Furthermore, by fitting the model to the data, we infer values for
the rates of all microscopic processes in our model. This method is shown to provide a much more reliable
inference than conventional methods and shed light on how the strategy used by fission yeast cells to control
their size varies with external conditions. We also show that the variability in added size and the strength
of size control in fission yeast depend weakly on the temperature but strongly on the culture medium. More
importantly, we find that stronger size homeostasis and larger added size variability are required for fission

yeast to adapt to unfavorable environmental conditions.
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Fig. 1. A detailed model of cell size dynamics in fission yeast.

a. Three-stage growth pattern of fission yeast: an elongation phase where cell size grows exponentially with rate 8 , followed by a septation
phase during which the septum is formed and cell size remains constant, and then followed by a reshaping phase during which the new cell end
forms a hemisphere and cell length increases with a higher exponential growth rate 81> &o . Here Vs is the size at birth, J5 is the size at septation,
and V' is the size at division.

b. Schematic illustrating a detailed model of cell size dynamics describing three cell growth phases, size homeostasis, and symmetric or
asymmetric partitioning at cell division (see inset graph). Each cell can exist in N effective cell cycle stages. Cell elongation occurs during the
first No stages, septation occurs during the intermediate N - No - N1 stages, and reshaping occurs during the last N1 stages. The transition rate
from one stage to the next at time f is proportional to the ath power of the cell size V(#) with @ > 0 being the strength of size control and @ > 0
being the proportionality constant. This guarantees that larger cells at birth divide faster than smaller ones to achieve size homeostasis. At stage
N, a mother cell divides into two daughters that are typically different in size via asymmetric cell division. Symmetric division is the special case
where daughters are equisized.

c. Fitting the experimental cell size distributions (blue bars) to the three-stage model (red curve) for fission yeast cells cultured in the yeast
extract medium at 28°C, 30°C, and 34°C.
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A C' CONFORMING PETROV-GALERKIN
METHOD FOR CONVECTION-DIFFUSION
EQUATIONS AND SUPERCONVERGENCE
ANALYSIS OVER RECTANGULAR MESHES

( By Waixiang Cao, Lueling Jia, and Zhimin Zhang* )

In Scientific and engineering computing, there are situations where we are as interested in the derivatives (gradient) as
the solution itself, examples are stress/strain versus displacement in solid mechanics, pressure versus velocity in fluid
dynamics, etc. Since the C’-conforming method provides a better approximation for derivatives without increasing
the computational cost, we present a new C’-L? Petrov-Galerkin method (i.e., the tensor product C’ polynomial space
O for trial space and the L’ piecewise Ok polynomial for test space) for 2D convection-diffusion equation. In this
work, we provide a unified mathematical approach to establish convergence theory for the C’-L? Petrov-Galerkin
method. Optimal error estimates in the L>-, H-, H?-norms are established and interesting superconvergence results
are discovered, including: 1) 422 superconvergence rate for approximations of both the function value and the first-
order derivatives ( €y, » and €vy, » ) at mesh nodes; 2) 4%*2 for the function value approximation ( €,, s ) at the roots of
a special Jacobi polynomial; 3) /**/ for the first-order and 4* for the second-order derivative approximations ( €yy, /
and €, ¢ ) at Lobatto lines and Gauss lines, respectively; 4) the Petrov-Galerkin solution u is superconvergent to a
particular Jacobi projection u; of the exact solution u in the L, H-, H?-norms. With relatively fewer requirements
on the global smooth of u# , we further established interior estimates and proved that a superconvergence phenomenon
may still exist for the numerical solution over a compact subdomain Q¢ even the solution is singular or has low
regularity. To recover the global optimal convergence for singular solution, the graded mesh is used to treat the
singularity. Table 1 indicates numerical results in Q =[0, 1]* when u is singular near the origin and 4 € H?°(§>0) .
Under uniform mesh, convergence orders are limited by finite regularity in Q but higher in sub-domain ¢ excluding
the singular point. By adopting graded mesh, all superconvergence results are recovered.

uniform mesh

llee — wplloca lloe — wsll1 0 [zt — 25]12.0 [zt — 2zl 2, l[eer, — 112,02,
M error order error order error order error order error order
32 3.4e-T7 - 1.0e-4 - 5.1e-2 - 1.1e-7 - T7.5e-10 -
64 6.1e-8 2.5 3.7e-b 1.5 3.6e-2 0.5 1.4e-8 3.0 6.5e-11 3.5
128 1.1e-8 2.5 1.3e-5 1.5 2.5e-2 0.5 1.8e-9 3.0 5.8e-12 3.5
256 1.9e-9 2.5 4.6e-6 1.5 1.8e-2 0.5 2.2e-10 3.0 - -
graded mesh €un €Vun eur eyl CAug
M error order error order error order error order error order
4 2.4e-4 - 2.6e-3 - 2.5e-4 - 3.9e-3 - 6.6e-2 -
8 7.6e-6 5.0 9.3e-b 4.8 1.1e-5 4.6 2.3e-4 4.1 7.2e-3 3.2
16 1.3e-7 5.9 2.2e-6 5.4 1.9e-7 5.8 9.9e-6 4.5 6.1e-4 3.6
32 1.9e-9 6.1 3.9e-8 5.8 3.1e-9 5.9 3.4e-T 4.9 4.3e-5 3.8

Table. 1. M: the partition size in each direction; k=4 .



REEXSRY BAECERPetrov-GalerkinZsix
N ELFERZ MAS T HYEB IS o #r

(BHNE, BER, KER)

ERFF TR EMSE, IF2ER T AMNMBNSH (BE) BENRRHEFSE
BRI R, BIMNERSDZFRIN /NI, AN ZPRIEDMRESES.
BT ¢ thETREBENEINTEEMRIE T BIFNEIESE, N ZEXRY 870
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A POSTERIORI ERROR ANALYSIS FOR
VARIABLE-COEFFICIENT MULTITERM
TIME-FRACTIONAL SUBDIFFUSION
EQUATIONS

( By Natalia Kopteva and Martin Stynes* )

?
Consider the multiterm time-fractional subdiffusion problem ) [g, ®DFu(x, )] + Lu(x, t) = f(x,t) for(x,t) €Q X (0,T]
i=1
satisfying the initial and boundary conditions u(x,0) = uy(x) for x € Q, u(x,t) =0 for x € 3Q and 0 <t <T. Here £ is a
¢
positive integer, the constants a; satisfy 0 < a, < -+ < a, < a; < 1, while each q; € ¢[0,T] with q,(t) =0 and }; q;(t) >0
i=1

for t € [0,T]. Each D{is a Caputo derivative of order @; , defined in the usual way. The problem is posed in a bounded Lipschitz
domain Q c R%withd € {1,2,3}; £ is a linear second-order elliptic spatial operator satisfying [(LT)r =1 || 7 1% for some 1 > 0

where [l Il is the L2 (Q) norm.

Let up be an approximate numerical solution to this problem that is computed by any numerical method such that the residual
Ry(x,t):= (iiqi (t)DY + L) up(x, t) — f(x,t) is defined for almost all (x,t) €Q X (0,T]. Then under some reasonable regularity
hypotheses on u and uy, (see [1]), if | R,C, £) I (é}lqi (D + l) E(t) for allt > 0, where £ = 0 is a suitable user-chosen barrier

function, one has Il (un —w)(, t) I<E(L) for all t = 0. Suggestions for choosing € are given in [1]. Hence, for example, one

{” R Gl
Ro(s)

this R, , we show some typical numerical results that are generated by an adaptive algorithm based on the above a posteriori

gets the a posteriori bound || (up —u)(, ) 1< Sup

} for t €[0,T], where Ro(t):= 1 +éjqi(t)r”’i/r(1— a;). Using
bound combined with the standard L1 discretisation in time. This algorithm does not use any analytical information about the
true solution and the user does not guide the choice of temporal mesh that is generated; the computation of this mesh is one-
dimensional in nature and is independent of the number of spatial dimensions, since it is based on the scalar quantity | Ry (-, t) Il
The left and centre graphs display the maximum of || (up —w)(C, t) Il over [0,T] for @ = 0.4 and a = 0.8 respectively, for
various values of the parameter TOL specified by the user, while the right graph compares the adaptively generated mesh with
the theoretically optimal graded mesh. Our computed solution attains the optimal order of convergence 0(M% ~2), where the

temporal mesh has M mesh points.

10° 1
102 adaptive mesh error 102! adaptive mesh error —@— adaptive mesh
TOL 2 TOL2 4 graded mesh
2M° Me 10
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( Natalia Kopteva and Martin Stynes* )
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DECOUPLING AND REPROGRAMMING
WIGGLING MOTION OF MIDGE LARVAE
USING A SOFT ROBOTIC PLATFORM

( By Neng Xia, Bowen Jin, Dongdong Jin, Zhengxin Yang, Chengfeng Pan, Qiangian Wang, Fengtong Ji, Veronica lacovacci,
Carmel Majidi, Yang Ding, Li Zhang )

The efficient motility of invertebrates CSRC and Prof. Li Zhang from CUHK developed a magnetic soft robot to reproduce
helps them survive under evolutionary ~ midge larva’s key natural swimming gaits, and investigated the coupling effect
pressures. Reconstructing the between body curling and rotation on motility [1]. Through the team’s systematically
locomotion of invertebrates decoupling studies using programmed magnetic field inputs, the soft robot (named
and decoupling the influence of  LarvaBot) experiences various coupled gaits, including biomimetic side-to-side
individual basic motion are crucial flexures, and unveils that the optimal rotation amplitude and the synchronization
for understanding their underlying of curling and rotation greatly enhance its motility. The LarvaBot achieves fast
mechanisms, which, however, locomotion and upstream capability at the moderate Reynolds number regime. The
generally remain a challenge due to soft robotics-based platform provides new insight to decouple complex biological
the complexity of locomotion gaits. locomotion, and design programmed swimming gaits for the fast locomotion of soft-
A team led by Prof. Yang Ding from bodied swimmers.
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N BEIENEM T ENERIENTEF. EENMESMHINE FTHIZNFBRERIZD)
R HBZRIZMERERIZ X TR CNRENNIEEXEE, A, BTEhESHER,
XEENBAR— Dk, BILSTHERZH O T RSB h XK FRIKIIHIR NS E
PAFF A& 7 —FPREER B AR EI F FRIKBBERIFXL S, AR T SRS IzaIimE
R[] BTENERREFCHIZEBANNRSEBRBAT, BYEA (B LarvaBot) (KIE T &i¢
BELE, SRMENRSEH, HE7RT &ERKIRELNREMMEREELSRAMIERR T BRI
3. LarvaBot (£ FEHEELCCEIASLIL T HREIZANF LFEED . ET AV ARFENEREES
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NUMERICAL SOLVER FOR THE BOLTZMANN
EQUATION WITH SELF-ADAPTIVE
COLLISION OPERATORS

( By Zhenning Cai, Yanli Wang* )

In the kinetic theory, Boltzmann equation is always
adopted as the governing equation in the gas dynamics.
One of the numerical difficulties in the discretization
of the Boltzmann equation lies in the high-dimensional
integral form of the quadratic collision term. To compute
the collision term efficiently, the velocity variable in the
distribution function is usually discretized by high-order
schemes such as the spectral methods, discontinuous
Galerkin methods, etc. Here, we are focusing on the
Hermte/Burnett spectral method, which can be linked to
the moment method since the coefficients in the spectral
expansion are actually the moments of the distribution
function.

In the previous work, by taking the idea of the
Shakhov operator, the authors divided all moments
of the distribution function into two sets, with one

=05 —i=1 —{=2
——t=5 ——steady

—t=05—t=-1 —1t=2
——t=5 ——steady

set including low-order moments describing the sketch of the
distribution function, and the other including high-order moments
providing the details. For the set with low-order moments, the
quadratic collision operator is applied, while for the set with high-
order moments, a simple relaxation towards the equilibrium is
used as an approximation. One parameter in this hybrid approach
is the critical order MO that defines the “low-order” and “high-
order” moments. Since the parameter MO defines the modeling
accuracy, it is expected that the choice of M0 should depend on the
“modeling error” given by some differences between the current
collision model and the exact binary collision model when applied
to the current distribution function. Once such an error indicator is
obtained, we can change the value of MO dynamically during our
simulation. However, the construction of such an error indicator is
far from trivial due to the following reasons:

1) Unlike the a posteriori error estimation in the finite element
methods, we do not have an equation to define the “residual” as an
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Fig. 1. Couette flow (left:Evolution of the numerical solution, right: change of M)
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Fig. 2. Fluid diffusion (Numerical solution at different time)

error indicator.

2) The collision operator is generally unbounded, so that even an a priori error
estimation is non-trivial.

3) Another common technique by comparing the current model and a more
accurate model with larger MO is not applicable here due to the rapid growth of
the computational cost with respect to MO (usually M08 ).

Because of these difficulties, we, in this work, look for non-standard techniques
to quantify the error. The goal of this paper is to establish an error indicator
with low computational cost compared to the collision term. With this error
indicator, we are able to choose this modeling parameter MO adaptively on each
spatial grid cell at each time step with the purpose to reduce the computational
time on the collision terms. Due to the high computational complexity with
respect to MO, reducing MO can effectively save the computational cost. This
work contributes to the adaptive methods for the Boltzmann equation. Several
numerical examples such as the 1D Couette flow and 2D fluid diffusion problem
are studied to validate this new method. [This work is now published in SISC,
44(2), 2022].

Fig. 3. Fluid diffusion ( M, at different time)
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During the 2020-2021 academic year, CSRC is undertakeing 123 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. 44 projects were concluded during the academic year.
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During the 2021-2022 academic year, CSRC has published a total of about 423 papers.

SIMULATION OF PHYSICAL

SYSTEMS DIVISION ZEZFRRE7E

Quantum critical points and the sign problem;
Mondaini, R.; Tarat, S.; Scalettar, R. T.; SCIENCE, 375, 6579 (2022)

Plasmon-Enhanced, Self-Traced Nanomotors on the Surface of Silicon;
2 Yang, Jianhua; Zheng, Jiapeng; Ai, Ruoqi; Lai, Yunhe; Chow, Tsz Him; Shao, Lei; Wang, Jianfang; ANGEWANDTE
CHEMIE-INTERNATIONAL EDITION, 60, 47 (2021)

Polarization-Dependent Selection Rules and Optical Spectrum Atlas of Twisted Bilayer Graphene Quantum Dots;
3 Wang, Yunhua; Yu, Guodong; Rosner, Malte; Katsnelson, Mikhail I.; Lin, Hai-Qing; Yuan, Shengjun; PHYSICAL
REVIEW X, 12, 2 (2022)

Site-Selective Deposition of Metal-Organic Frameworks on Gold Nanobipyramids for Surface-Enhanced Raman
Scattering;

Yang, Xueqing; Liu, Yi; Lam, Shiu Hei; Wang, Jing; Wen, Shizheng; Yam, ChiYung; Shao, Lei; Wang, Jianfang;
NANO LETTERS, 21, 19 (2021)

Heterostructures Built through Site-Selective Deposition on Anisotropic Plasmonic Metal Nanocrystals and Their
5 Applications;
Yang, Xueqing Q.; Lu, Yao; Liu, Yi; Wang, Jing; Shao, Lei; Wang, Jianfang F.; SMALL STRUCTURES, 2, 12 (2021)

Improving T-c in sodalite-like boron-nitrogen compound M-2(BN)(6);
6 Hai, Yu-Long; Tian, Hui-Li; Jiang, Meng-Jing; Li, Wen-Jie; Zhong, Guo-Hua; Yang, Chun-Lei; Chen, Xiao-Jia; Lin,
Hai-Qing; MATERIALS TODAY PHYSICS, 25, (2022)

Nonlinear Ballistic Response of Quantum Spin Hall Edge States;
7 Bhalla, Pankaj; Deng, Ming-Xun; Wang, Rui-Qiang; Wang, Lan; Culcer, Dimitrie; PHYSICAL REVIEW LETTERS,
127,20 (2021)

Remote Generation of Magnon Schrodinger Cat State via Magnon-Photon Entanglement;
8 Sun, Feng-Xiao; Zheng, Sha-Sha; Xiao, Yang; Gong, Qihuang; He, Qiongyi; Xia, Ke; PHYSICAL REVIEW
LETTERS, 127, 8 (2021)

Stark Many-Body Localization on a Superconducting Quantum Processor;
9 Guo, Qiujiang; Cheng, Chen; Li, Hekang; Xu, Shibo; Zhang, Pengfei; Wang, Zhen; Song, Chao; Liu, Wuxin; Ren,
Wenhui; Dong, Hang; Mondaini, Rubem; Wang, H.; PHYSICAL REVIEW LETTERS, 127, 24 (2021)



11

13

14

15

16

17

18

19

20

21

22

Describing the Migdal effect with a bremsstrahlung-like process and many-body effects;
Liang, Zheng-Liang; Mo, Chongjie; Zheng, Fawei; Zhang, Ping; PHYSICAL REVIEW D, 104, 5 (2021)

In-medium screening effects for the Galactic halo and solar-reflected dark matter detection in semiconductor targets;
Liang, Zheng-Liang; Mo, Chongjie; Zhang, Ping; PHYSICAL REVIEW D, 104, 9 (2021)

Nodeless superconductivity in a vanadium kagome metal;
Lin, Hai-Qing; SCIENCE CHINA-PHYSICS MECHANICS & ASTRONOMY, 64, 10 (2021)

Nonreciprocity of magnons goes into the quantum region;
Pan, Yueting; Xia, Ke; SCIENCE CHINA-PHYSICS MECHANICS & ASTRONOMY, 65, 8 (2022)

Anisotropic scaling for 3D topological models;
Rufo, S.; Griffith, M. A. R.; Lopes, Nei; Continentino, Mucio A.; SCIENTIFIC REPORTS, 11, 1 (2021)

Mechanism of Pressure-Driven Band Gap Evolutions in Lead-Free Halide Double Perovskites;
He, Lingjun; Sun, Yuanhui; Miao, Maosheng; Lin, Haiqing; JOURNAL OF PHYSICAL CHEMISTRY C, 126, 24
(2022)

Crystal-induced transverse current in collinear antiferromagnetic gamma-FeMn;
Wang, Lei; Shen, Ka; Tsirkin, Stepan S.; Min, Tai; Xia, Ke; APPLIED PHYSICS LETTERS, 120, 1 (2022)

Deconvolving the components of the sign problem;
Tarat, S.; Xiao, Bo; Mondaini, R.; Scalettar, R. T.; PHYSICAL REVIEW B, 105, 4 (2022)

Determination of the critical exponents in dissipative phase transitions: Coherent anomaly approach;
Jin, Jiasen; He, Wen-Bin; Iemini, Fernando; Ferreira, Diego; Wang, Ying-Dan; Chesi, Stefano; Fazio, Rosario;
PHYSICAL REVIEW B, 104, 21 (2021)

Electronic properties and quantum transport in functionalized graphene Sierpinski-carpet fractals;
Yang, Xiaotian; Zhou, Weiqing; Yao, Qi; Lv, Pengfei; Wang, Yunhua; Yuan, Shengjun; PHYSICAL REVIEW B, 105,
20 (2022)

Helical conducting edge states in narrow-gap semiconductors without band inversion;
Lou, Wen-Kai; Yang, Wen; Chang, Kai; PHYSICAL REVIEW B, 105, 4 (2022)

Interlayer hybridization in graphene quasicrystal and other bilayer graphene systems;
Yu, Guodong; Wang, Yunhua; Katsnelson, Mikhail, I; Lin, Hai-Qing; Yuan, Shengjun; PHYSICAL REVIEW B, 105,
12 (2022)

Interplay of interactions, disorder, and topology in the Haldane-Hubbard model;
Yi, Tian-Cheng; Hu, Shijie; Castro, Eduardo, V; Mondaini, Rubem; PHYSICAL REVIEW B, 104, 19 (2021)
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SYSTEMS DIVISION 72 #RHHoE

Photoinduced anomalous Hall effect in the interacting Haldane model: Targeting topological states with pump pulses;
Shao, Can; Sacramento, P. D.; Mondaini, Rubem; PHYSICAL REVIEW B, 104, 12 (2021)

Probing Kondo spin fluctuations with scanning tunneling microscopy and electron spin resonance;
Fang, Yinan; Chesi, Stefano; Choi, Mahn-Soo; PHYSICAL REVIEW B, 104, 19 (2021)

Pseudo-Hermitian magnon-polariton system with a three-dimensional exceptional surface;
Grigoryan, Vahram L.; Xia, Ke; PHYSICAL REVIEW B, 106, 1 (2022)

Quantum criticality and spin liquid phase in the Shastry-Sutherland model,
Yang, Jianwei; Sandvik, Anders W.; Wang, Ling; PHYSICAL REVIEW B, 105, 6 (2022)

Thermodynamic and dynamical signatures of a quantum spin Hall insulator to superconductor transition;
Hohenadler, Martin; Liu, Yuhai; Sato, Toshihiro; Wang, Zhenjiu; Guo, Wenan; Assaad, Fakher F.; PHYSICAL
REVIEW B, 106, 2 (2022)

Quantum phase diagram for two-species hardcore bosons in one-dimensional optical lattices with resonantly driven
Rabi frequency;
Zhong, Peigeng; Wang, Tao; Hu, Shijie; Lin, Haiqing; PHYSICAL REVIEW B, 106, 4 (2022)

Geometric wavefront dislocations of RKKY interaction in graphene;
Zhang, Shu-Hui; Yang, Jin; Shao, Ding-Fu; Yang, Wen; Chang, Kai; PHYSICAL REVIEW B, 104, 24 (2021)

pi phase shift across stripes in a charge density wave system,;
Ying, T.; Scalettar, R. T.; Mondaini, R.; PHYSICAL REVIEW B, 105, 11 (2022)

Prediction of high-T-c superconductivity in H6SX (X = Cl, Br) at pressures below one megabar;
Hai, Yu-Long; Tian, Hui-Li; Jiang, Meng-Jing; Ding, Han-Bin; Feng, Yu-Jie; Zhong, Guo-Hua; Yang, Chun-Lei;
Chen, Xiao-Jia; Lin, Hai-Qing; PHYSICAL REVIEW B, 105, 18 (2022)

Topological Quantum Phase Transitions of Anisotropic Antiferromagnetic Kitaev Model Driven by Magnetic Field;
Jia, Shi-Qing; Quan, Ya-Min; Zou, Liang-Jian; Lin, Hai-Qing; ANNALEN DER PHYSIK, 534, 6 (2022)

Geometric manipulation of a decoherence-free subspace in atomic ensembles;
Chen, Dongni; Luo, Si; Wang, Ying-Dan; Chesi, Stefano; Choi, Mahn-Soo; PHYSICAL REVIEW A, 105, 2 (2022)

Nonlinear interaction effects in a three-mode cavity optomechanical system;
Qiu, Jing; Jin, Li-Jing; Peng, Zhen-Yang; Chesi, Stefano; Wang, Ying-Dan; PHYSICAL REVIEW A, 105, 3 (2022)

Polaritonic excitations and Bose-Einstein condensation in the Rabi lattice model;
Hu, Gaoke; Lu, Zhiguo; Lin, Haiqing; Zheng, Hang; PHYSICAL REVIEW A, 105, 4 (2022)

Enhancing photon entanglement in a three-mode optomechanical system via imperfect phonon measurements;
Qiu, Jing; Chen, Dongni; Wang, Ying-Dan; Chesi, Stefano; COMMUNICATIONS IN THEORETICAL PHYSICS,
74,5 (2022)



37

38

39

40

41

QUANTUM PHYSICS AND QUANTUM

Optical phonon contribution to the thermal conductivity of a quantum paraelectric;
Bhalla, Pankaj; Das, Nabyendu; JOURNAL OF PHYSICS-CONDENSED MATTER, 33, 34 (2021)

Plasmon-coupling-induced photon scattering torque;
Li, Yang; Wang, Jing; Lin, Hai-Qing; Shao, Lei; JOURNAL OF THE OPTICAL SOCIETY OF AMERICA
B-OPTICAL PHYSICS, 39, 3 (2022)

Implementation of weak measurement amplification with the weak coherent light and optomechanical system;
Li, Gang; Yang, Wen; JOURNAL OF PHYSICS B-ATOMIC MOLECULAR AND OPTICAL PHYSICS, 54, 16
(2021)

Gauss quadrature based finite temperature Lanczos method;
Li, Jian; Lin, Hai-Qing; CHINESE PHYSICS B, 31, 5 (2022)

Electron tunneling spectroscopy of an anisotropic Kitaev quantum spin liquid sandwiched between superconductors;
Jia, Shi-Qing; Zou, Liang-Jian; Quan, Ya-Min; Yu, Xiang-Long; Lin, Hai-Qing; PHYSICAL REVIEW RESEARCH, 4,
2 (2022)

INFORMATION DIVISION EFESEFESIN=

Observation of non-Hermitian topological Anderson insulator in quantum dynamics;
Lin, Quan; Li, Tianyu; Xiao, Lei; Wang, Kunkun; Yi, Wei; Xue, Peng; NATURE COMMUNICATIONS, 13, 1 (2022)

Less entanglement exhibiting more nonlocality with noisy measurements;
Zhu, Gaoyan; Dilley, Daniel; Wang, Kunkun; Xiao, Lei; Chitambar, Eric; Xue, Peng; NPJ] QUANTUM
INFORMATION, 7, 1 (2021)

State-independent test of quantum contextuality with either single photons or coherent light;
Qu, Dengke; Wang, Kunkun; Xiao, Lei; Zhan, Xiang; Xue, Peng; NPJ QUANTUM INFORMATION, 7, 1 (2021)

Detecting Non-Bloch Topological Invariants in Quantum Dynamics;
Wang, Kunkun; Li, Tianyu; Xiao, Lei; Han, Yiwen; Yi, Wei; Xue, Peng; PHYSICAL REVIEW LETTERS, 127, 27
(2021)

Deterministic Search on Star Graphs via Quantum Walks;
Qu, Dengke; Marsh, Samuel; Wang, Kunkun; Xiao, Lei; Wang, Jingbo; Xue, Peng; PHYSICAL REVIEW LETTERS,
128, 5 (2022)

Exciting the Isomeric Th-229 Nuclear State via Laser-Driven Electron Recollision;
Wang, Wu; Zhou, Jie; Liu, Boqun; Wang, Xu; PHYSICAL REVIEW LETTERS, 127, 5 (2021)
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INFORMATION DIVISION =725 FEesm=

Giant Atoms in a Synthetic Frequency Dimension;
Du, Lei; Zhang, Yan; Wu, Jin-Hui; Kockum, Anton Frisk; Li, Yong; PHYSICAL REVIEW LETTERS, 128, 22 (2022)

Hybridized Frequency Combs in Multimode Cavity Electromechanical System;
Wau, Sishi; Liu, Yulong; Liu, Qichun; Wang, Shuai-Peng; Chen, Zhen; Li, Tiefu; PHYSICAL REVIEW LETTERS,
128, 15 (2022)

Experimental realization of a quantum image classifier via tensor-network-based machine learning;
Wang, Kunkun; Xiao, Lei; Yi, Wei; Ran, Shi-Ju; Xue, Peng; PHOTONICS RESEARCH, 9, 12 (2021)

Probabilistic information fusion with point, moment and interval data in reliability assessment;
Zhou, Daoqing; He, Jingjing; Du, Yi Mu; Sun, C. P.; Guan, Xuefei; RELIABILITY ENGINEERING & SYSTEM
SAFETY, 213, (2021)

Geometric motion transfer between two indirectly coupled mechanical resonators;
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singularly perturbed problems;
Du, Shaohong; Lin, Runchang; Zhang, Zhimin; APPLIED NUMERICAL MATHEMATICS, 168, (2021)

SPECTRAL ELEMENT METHODS FOR EIGENVALUE PROBLEMS BASED ON DOMAIN DECOMPOSITION;
Wang, W; Zhang, Zhimin; SIAM JOURNAL ON SCIENTIFIC COMPUTING, 44, 2 (2022)



13

14

15

16

17

18

19

20

21

22

23

24

Block boundary value methods for solving linear neutral Volterra integro-differential equations with weakly singular
kernels;
Zhou, Yongtao; Stynes, Martin; JOURNAL OF COMPUTATIONAL AND APPLIED MATHEMATICS, 401, (2022)

FE-holomorphic operator function method for nonlinear plate vibrations with elastically added masses;
Pang, Xiangying; Sun, Jiguang; Zhang, Zhimin; JOURNAL OF COMPUTATIONAL AND APPLIED
MATHEMATICS, 410, (2022)

Residual-based a posteriori error estimators for mixed finite element methods for fourth order elliptic singularly
perturbed problems;

Du, Shaohong; Lin, Runchang; Zhang, Zhimin; JOURNAL OF COMPUTATIONAL AND APPLIED
MATHEMATICS, 412, (2022)

Superconvergence and fast implementation of the barycentric prolate differentiation;
Tian, Yan; JOURNAL OF COMPUTATIONAL AND APPLIED MATHEMATICS, 410, (2022)

A Novel Scheme to Capture the Initial Dramatic Evolutions of Nonlinear Subdiffusion Equations;
Qin, Hongyu; Li, Dongfang; Zhang, Zhimin; JOURNAL OF SCIENTIFIC COMPUTING, 89, 3 (2021)

A Posteriori Error Estimates of Spectral Approximations for Second Order Partial Differential Equations in Spherical
Geometries;
Zhou, Jianwei; Li, Huiyuan; Zhang, Zhimin; JOURNAL OF SCIENTIFIC COMPUTING, 90, 1 (2022)

A Sharp alpha-Robust L-infinity (H-1) Error Bound for a Time-Fractional Allen-Cahn Problem Discretised by the
Alikhanov L2-1(sigma) Scheme and a Standard FEM;
Huang, Chaobao; Stynes, Martin; JOURNAL OF SCIENTIFIC COMPUTING, 91, 2 (2022)

Balanced-Norm and Energy-Norm Error Analyses for a Backward Euler/FEM Solving a Singularly Perturbed
Parabolic Reaction-Diffusion Problem;
Meng, Xiangyun; Stynes, Martin; JOURNAL OF SCIENTIFIC COMPUTING, 92, 2 (2022)

Mesh-Robustness of an Energy Stable BDF2 Scheme with Variable Steps for the Cahn-Hilliard Model;
Liao, Hong-lin; Ji, Bingquan; Wang, Lin; Zhang, Zhimin; JOURNAL OF SCIENTIFIC COMPUTING, 92, 2 (2022)

Second-Order Convergence of the Linearly Extrapolated Crank-Nicolson Method for the Navier-Stokes Equations
with H-1 Initial Data;
Li, Buyang; Ma, Shu; Wang, Na; JOURNAL OF SCIENTIFIC COMPUTING, 88, 3 (2021)

Solving Biharmonic Eigenvalue Problem With Navier Boundary Condition Via Poisson Solvers On Non-Convex
Domains;
Zhang, Baiju; Li, Hengguang; Zhang, Zhimin; JOURNAL OF SCIENTIFIC COMPUTING, 92, 1 (2022)

Sparse Spectral-Galerkin Method on An Arbitrary Tetrahedron Using Generalized Koornwinder Polynomials;
Jia, Lueling; Li, Huiyuan; Zhang, Zhimin; JOURNAL OF SCIENTIFIC COMPUTING, 91, 1 (2022)
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34

35

36

37

MATHEMATICS DIVISION EZ22HHEr s

Superconvergence Analysis of the Ultra-Weak Local Discontinuous Galerkin Method for One Dimensional Linear
Fifth Order Equations;
Tao, Qi; Cao, Waixiang; Zhang, Zhimin; JOURNAL OF SCIENTIFIC COMPUTING, 88, 3 (2021)

The Unified Theory of Shifted Convolution Quadrature for Fractional Calculus;
Liu, Yang; Yin, Baoli; Li, Hong; Zhang, Zhimin; JOURNAL OF SCIENTIFIC COMPUTING, 89, 1 (2021)

Uniformly Accurate Nested Picard Iterative Integrators for the Klein-Gordon Equation in the Nonrelativistic Regime;
Cai, Yongyong; Zhou, Xuanxuan; JOURNAL OF SCIENTIFIC COMPUTING, 92, 2 (2022)

Log orthogonal functions: approximation properties and applications;
Chen, Sheng; Shen, Jie; IMA JOURNAL OF NUMERICAL ANALYSIS, 42, 1 (2022)

Steady-state joint distribution for first-order stochastic reaction kinetics;
Li, Youming; Jiang, Da-Quan; Jia, Chen; PHYSICAL REVIEW E, 104, 2 (2021)

STABILITY AND ERROR ANALYSIS FOR A SECOND-ORDER APPROXIMATION OF 1D NONLOCAL
SCHRODINGER EQUATION UNDER DtN-TYPE BOUNDARY CONDITIONS;
Wang, Jihong; Zhang, Jiwei; Zheng, Chunxiong; MATHEMATICS OF COMPUTATION, 91, 334 (2022)

An exponential convergence approximation to singularly perturbed problems by Log orthogonal functions;
Chen, Sheng; Zhang, Zhimin; CALCOLO, 59, 3 (2022)

Optimal Convergence Rates in Time-Fractional Discretisations: the L1, L1 and Alikhanov Schemes;
Zhou, Yongtao; Stynes, Martin; EAST ASIAN JOURNAL ON APPLIED MATHEMATICS, 12, 3 (2022)

Temperature patches for the subcritical Boussinesq-Navier-Stokes system with no diffusion;
Khor, Calvin; Xu, Xiaojing; JOURNAL OF FUNCTIONAL ANALYSIS, 283, 2 (2022)

A STOCHASTIC COLLOCATION METHOD BASED ON SPARSE GRIDS FOR A STOCHASTIC STOKES-
DARCY MODEL;

Yang, Zhipeng; Li, Xuejian; He, Xiaoming; Ming, Ju; DISCRETE AND CONTINUOUS DYNAMICAL SYSTEMS-
SERIES S, 15, 4 (2022)

Efficient shifted fractional trapezoidal rule for subdiffusion problems with nonsmooth solutions on uniform meshes;
Yin, Baoli; Liu, Yang; Li, Hong; Zhang, Zhimin; BIT NUMERICAL MATHEMATICS, 62, 2 (2022)

Martingale Structure for General Thermodynamic Functionals of Diffusion Processes Under Second-Order
Averaging;
Ge, Hao; Jia, Chen; Jin, Xiao; JOURNAL OF STATISTICAL PHYSICS, 184, 2 (2021)

Numerical computation for rogue waves in the coupled nonlinear Schrodinger equations with the coherent coupling
effect;
Liu, Lei; Wang, Pengde; INTERNATIONAL JOURNAL OF COMPUTER MATHEMATICS, (2021)



38

39

40

41

42

43

44

45

46

47

48

49

POLYNOMIAL PRESERVING RECOVERY AND A POSTERIORI ERROR ESTIMATES FOR THE TWO-
DIMENSIONAL QUAD-CURL PROBLEM;
Zhang, Baiju; Zhang, Zhimin; DISCRETE AND CONTINUOUS DYNAMICAL SYSTEMS, (2021)

FACTORIZATION METHOD FOR INVERSE TIME-HARMONIC ELASTIC SCATTERING WITH A SINGLE
PLANE WAVE;
Ma, Guanqiu; Hu, Guanghui; DISCRETE AND CONTINUOUS DYNAMICAL SYSTEMS-SERIES B, (2021)

H(curl(2))-Conforming Spectral Element Method for Quad-Curl Problems;
Wang, Lixiu; Li, Huiyuan; Zhang, Zhimin; COMPUTATIONAL METHODS IN APPLIED MATHEMATICS, 21, 3
(2021)

Two Finite Difference Schemes for Multi-Dimensional Fractional Wave Equations with Weakly Singular Solutions;
Jinye Shen, Martin Stynes, Zhizhong Sun; COMPUTATIONAL METHODS IN APPLIED MATHEMATICS, 21, 4
(2021)

Using Complete Monotonicity to Deduce Local Error Estimates for Discretisations of a Multi-Term Time-Fractional
Diffusion Equation;
Chen, Hu; Stynes, Martin COMPUTATIONAL METHODS IN APPLIED MATHEMATICS, 22, 1 (2022)

Two-parameter localization for eigenfunctions of a Schrodinger operator in balls and spherical shells;
Jia, Chen; Zhang, Zhimin; Zhao, Lewei; JOURNAL OF MATHEMATICAL PHYSICS, 62, 9 (2021)

Gradient asymptotics of solutions to the Lame systems in the presence of two nearly touching C-1,C-?-inclusions;
Hao, Xia; Zhao, Zhiwen; JOURNAL OF MATHEMATICAL ANALYSIS AND APPLICATIONS, 511, 1 (2022)

ASYMPTOTIC ANALYSIS FOR THE ELECTRIC FIELD CONCENTRATION WITH GEOMETRY OF THE
CORE-SHELL STRUCTURE;
Zhao, Zhiwen; COMMUNICATIONS ON PURE AND APPLIED ANALYSIS, 21, 4 (2022)

A theta-L APPROACH FOR SOLVING SOLID-STATE DEWETTING PROBLEMS;
Huang, Weijie; Jiang, Wei; Wang, Yan; JOURNAL OF COMPUTATIONAL MATHEMATICS, 40, 2 (2022)

DETAILED BALANCE, LOCAL DETAILED BALANCE, AND GLOBAL POTENTIAL FOR STOCHASTIC
CHEMICAL REACTION NETWORKS;
Jia, Chen; Jiang, Da-quan; LI, Youming; ADVANCES IN APPLIED PROBABILITY, 53, 3 (2021)

Negative Norm Estimates for Arbitrary Lagrangian-Eulerian Discontinuous Galerkin Method for Nonlinear
Hyperbolic Equations;

Tao, Qi; Xu, Yan; Li, Xiaozhou; COMMUNICATIONS ON APPLIED MATHEMATICS AND COMPUTATION, 4,
1 (2022)

A C*1 conforming Petrov-Galerkin method for convection-diffusion equations and superconvergence analysis over
rectangular meshes;
Cao, Waixiang; Jia, Lueling; Zhang, Zhimin; STAM JOURNAL ON NUMERICAL ANALYSIS, 60,1 (2022)
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50

51

52

53

54

55

56
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A family of finite element Stokes complexes in three dimensions;
Hu, Kaibo; Zhang, Qian; Zhang, Zhimin; SIAM JOURNAL ON NUMERICAL ANALYSIS, 60,1 (2022)

Unconditionally optimal convergence of an energy-conserving and linearly implicit scheme for nonlinear wave
equations;
Cao, Waixiang; Li, Dongfang; Zhang, Zhimin; SCIENCE CHINA MATHEMATICS, 2021

A priori and a posteriori error estimates for the quad-curl eigenvalue problem;
Wang, Lixiu; Zhang, Qian; Sun, Jiguang; Zhang, Zhimin; ESAIM. M ATHEMATICAL MODELLING AND
NUMERICAL ANALYSIS, 56, 3 (2022)

A Posteriori Error Analysis for Variable-Coefficient Multiterm Time-Fractional Subdiffusion Equations;
Kopeteva, Natalia; Stynes, Martin; JOURNAL OF SCIENTIFIC COMPUTING,92, 73 (2022)

A mass conservative, well balanced, tangency preserving and energy decaying method for the shallow water
equations on asphere;
Gunzburger, Max; Li, Buyang; Wang, Jilu; Yang, Zongze; JOURNAL OF COMPUTATIONAL PHYSICS, 457, 2022

Optimal error estimates of a Crank-nicolson finite element projection method for magnetohydrodynamic equations;
Wang, Cheng; Wang, Jilu; Xia, Zeyu; Xu, Liwei;ESAIM. M ATHEMATICAL MODELLING AND NUMERICAL
ANALYSIS, 56 (2022)

Characterizing non-exponential growth and bimodal cell size distributions in fission yeast:An analytical approach;
Jia, Chen; Singh, Abhyudai; Grima, Ramon; PLOS COMPUTATIONAL BIOLOGY, 18,1(2022)

MECHANICS DIVISION 7#Z#i5e%

Decoupling and Reprogramming the Wiggling Motion of Midge Larvae Using a Soft Robotic Platform;
Xia, Neng; Jin, Bowen; Jin, Dongdong; Yang, Zhengxin; Pan, Chengfeng; Wang, Qianqian; Ji, Fengtong; Iacovacci,
Veronica; Majidi, Carmel; Ding, Yang; Zhang, Li; ADVANCED MATERIALS, 34, 17 (2022)

Temporal stability of multiple similarity solutions for porous channel flows with expanding or contracting walls;
Sun, Yanxiao; Lin, Ping; Guo, Zhenlin; PHYSICS OF FLUIDS, 33, 8 (2021)

Second order approximation for a quasi-incompressible Navier-Stokes Cahn-Hilliard system of two-phase flows with
variable density;

Guo, Zhenlin; Cheng, Qing; Lin, Ping; Liu, Chun; Lowengrub, John; JOURNAL OF COMPUTATIONAL PHYSICS,
448, (2022)

Particle-resolved simulations of shock-induced inviscid flow through particle-curtain at initial stage;
Jiang, Ling-Jie; Li, Maojun; COMPUTERS & FLUIDS, 232, (2022)



MECHANICS DIVISION #»Z#i5sEs

A Hybrid Moment Method for Multi-scale Kinetic Equations Based on Maximum Entropy Principle;

2 Li, Weiming; Song, Peng; Wang, Yanli; JOURNAL OF SCIENTIFIC COMPUTING, 89, 2 (2021)
6 An Asymptotic-Preserving IMEX Method for Nonlinear Radiative Transfer Equation;
Fu, Jinxue; Li, Weiming; Song, Peng; Wang, Yanli; JOURNAL OF SCIENTIFIC COMPUTING, 92, 1 (2022)
7 Speedup of self-propelled helical swimmers in a long cylindrical pipe;
Zhang, Ji; Liu, Kai; Ding, Yang; CHINESE PHYSICS B, 31, 1 (2022)
3 Community detection for New York stock market by SCORE-CCD;
Yan, Yanan; Yang, Yuehan; COMPUTATIONAL STATISTICS (2022)
9 Numerical Solver For The Boltzmann Equation With Self-Adaptive Collision Operators;

Cai, Zhenning; Wang, Yanli; SIAM J. Sci. Comput. 44 (2), 10.1137/21M 1398495 (2022).

ALGORITHMS DIVISION it&875:%#538

Building up the Genome of bi-atom catalysts toward efficient HER/OER/ORR,;
1 Zhang, Lihong; Guo, Xiangyu; Zhang, Shengli; Huang, Shiping; JOURNAL OF MATERIALS CHEMISTRY A, 10,
21 (2022)

Tracking Electron Dynamics of Single Molecules in Scanning Tunneling Microscopy Junctions with Laser Pulses;
2 Wang, Rulin; Bi, Fuzhen; Lu, Wencai; Zheng, Xiao; Yam, ChiYung; JOURNAL OF PHYSICAL CHEMISTRY
LETTERS, 12, 27 (2021)

Ultrafast Light-Induced Ferromagnetic State in Transition Metal Dichalcogenides Monolayers;
3 He, Junjie; Li, Shuo; Zhou, Liujiang; Frauenheim, Thomas; JOURNAL OF PHYSICAL CHEMISTRY LETTERS,
13,12 (2022)

DNA sequencing based on electronic tunneling in a gold nanogap: a first-principles study;
4 Zou, Hao; Wen, Shizheng; Wu, Xiaoyan; Wong, Ka-Wai; Yam, ChiYung; PHYSICAL CHEMISTRY CHEMICAL
PHYSICS, 24, 9 (2022)

Numerical Approximations of Phase Field Models using a General Class of Linear Time-Integration Schemes;
Chen, Lizhen; Zhang, Zengyan; Zhao, Jia; COMMUNICATIONS IN COMPUTATIONAL PHYSICS, 30, 5 (2021)

Solutions of Atomic and Molecular Schrodinger Equations with One-dimensional Function Approach;
6 Sarwono, Yanoar Pribadi; Ur Rahman, Faiz; Zhao Rundong; Zhang Ruiqin; CHEMICAL JOURNAL OF CHINESE
UNIVERSITIES-CHINESE, 42, 7 (2021)

Efficient SVV stabilized triangular spectral element methods for incompressible flows of high Reynolds numbers;
Chen, Lizhen; Tang, Tao; Xu, Chuanju; ADVANCES IN AERODYNAMICS, 4, 1 (2022)
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WORKSHOPS & CONFERENCES
(2021-2022) =oxEn. antEieiy

AF8) Date SIETR Title
2022.8.11-13 6" Conference on Numerical Methods for Fractional-derivative Problems
o FNEDHSHREETT E2W
2002.8.4 Mini-Workshop on Applied and Computational Mathematics
o MASHEHF/NSHYS
Computational and Applied Mathematics Workshop 11
2022.7.23-24 N A
TTESNAHFTHIRN
o Conference on academic inheritance in memory of Professor Min Qian
Computational and Applied Mathematics Workshop I
2022.5.28-29 N T,
HHESNAHFTHIS!
B s 4 T A
oA ZYRREEEEt BT S

Workshop on Numerical Computing for Multiple Physics Problems

TUTORIALS (2021-2022) !

BJiE] Date SN BEFR Title
2021.11.15-18 HHELER 7= (Twistronics)AYSCLE i R M IR0 75 A1) BE
2021.10.17-20 “RISRERRIERIE: MEEBMANE SHMEEmRIE” REES)IBE

MFTFTREZSUFR, EXRE:
For more details about Workshops & Conferences in CSRC, please visit:
http://www.csrc.ac.cn/events/ WorkshopsConferences




CSRC SEMINAR ' &&@gRs

OIS E NAMB X TS EEF EXTEHIRE, SERFASE, BMEAFARBLH. 2021-2022F R FEHAE
FUOH SRR 14787 (R11578D

CSRC invites national and overseas leading researchers to give academic seminars. During academic year 2021-2022, CSRC has

already held 147 seminars.

DATE\HHA | SPEAKERRE A | INSITUTE\EE(i, TITLEARE S H

1 2021-8-31 FRIRAR EBiXZ Orbital Angular Momentum: Sorting,
Li-Xiang Chen Xiamen University Sensing, Imaging, and Beyond
D 0oiiole AN WERAZ Stabilized Hybrid Mixed Element
Hong-Xing Rui Shandong University Method for Poroelasticity
7 eyt Zup=
3 2021-9-17 Xl I 'Efkiﬁ%gﬁ%hd d Insights into frustrated magnets via first-
Zheng Liu ?:::glllfa ?Jrnﬁ/ e‘;:ﬁ;e Study, principles hyperfine coupling calculation
% 18 e i
4 2021-9-17 ER BER e KNIFZE R IR S
Chao CHANG
= L v
woe  CWBIERSHRSSERN  geeeammmnysn s
5 2021-9-18 Yu Y Institute of Applied Physics and RS
u rang Computational Mathematics
TEYETR, EEmIIMNAZE R T (e T e e s
R Weibin Chu University of Southern California RERM R FRIB R SRR T S0 %
5 HIFEAS e i _
7 2021-9-29 E5 2 RIS EF I NEOLIRERTE
Yan-Qiu Wang Nanjing Normal University
8 2021-10-12 ZER HIXZE Nonabelian Ginzburg-Landau Theory for
You-Quan Li Zhejiang University Ferroelectrics
9 2021-10-15  Georgios Akrivis University of loannina The energy technique for BDF methods
S tREBTXE - - o
0 2001015 ] JosaE TR BT HAVTEREH ISR RIS
Tian Chen Beijing Institute of Technology
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DATE\HHH | SPEAKERVRE A | INSITUTE\EA{3] TITLEAREERH

11 2021-10-28 EAYEIE N Efficient computation in density
Guang-Hui Hu University of Macau functional theory
T KR Bl = E AR R R AR R
Jia-Jun Zhang Sun Yat-sen University S
13 2021-11-4 T # I~MXZ Approximating gene transcription
Feng Jiao Guangzhou University dynamics using steady-state formulas
| ERLZSH e Characteristic-featured troubled-cell
14 2021-11-9 . YCJ}%%'XI . jti&ﬂ[bfﬁﬁnij{‘?— indicator for Conservation Laws based on
Tl Gerinyz it [ lteni s Unbecenisaliyy Artificial Neural Network
. ] A e s BT e Normalizing field flow: solving forward
15 2021-11-11 B & :E*‘t_?_ﬁ%igfi %H-_?_Eﬁ;-b and inverse stochastic differential
Tao Zhou Ié’“ tcerln erélyi On aé :énatlcs an equations using physics-informed flow
ystems Science, model
I Ho FRIlks BEENNY . AREEICHEE S
Liu Hong Sun Yat-sen University h=
= e
17 2021-11-18 =&i8 jtl.?:EBE@Jt.—?— ity of 4 Tel Reconstruction of nonlinear dynamics fro
Yue-Heng Lan Beijing Umx{ersﬁy of Posts and Tele noisy time series
communications
18 2021-11-26 BN WEXZE Fast convolution quadrature for the
Fan-Hai Zeng Shandong University fractional operators
y X . A Spectrally Accurate Numerical Method
19 2021-11-29 3K 5 KEAF For Computing The Bogoliubov-De
Yong Zhang Tianjin University Gennes Excitations Of Dipolar Bose-
Einstein Condensates
X Iy s Mathematical theory and numerical
20  2021-12-2 HRL 72 RERE methods for several kinds of scattering by

Feng-Long Qu Yantai University complex obstacles

21 2021-12-2 e BEAcademy of Mathematics and B SR
3CHai-Wen Zhang Systems Science, CAS HnboundeC rough surtaces
SPETAZE
27 'IKI/ 5
2 2021-12-2 ESEL2Y Changsha University of Science and Inverse scattering for a random source/

Jian-Liang Li potential

Technology

WWW.CSRC.AC.CN
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24

25

26

27

28

29
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31

32

33

34

2021-12-3

2021-12-3

2021-12-6

2021-12-7

2021-12-7

2021-12-8

2021-12-8

2021-12-8

2021-12-9

2021-12-13

2021-12-14

2021-12-15

XUBZR
Xiao-Dong Liu

12

L B
Jie Shen

Jin-Zhi Lei

APFES
Xiu-Fen Zou

XUBT{R&
Ke-Ji Liu

RIER
Zheng-Liang
Liang

FEENY
Jian-Gang He

EH
Chun-He Li

EREE IR

Jian-Xian Qiu

4‘:5?}?*
Zhesen Yang

/I
Jie Shen
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FERZEHFESAZARZRR
FEAcademy of Mathematics and
Systems Science, CAS

FERZREHFESERRIFAR
B;—EAcademy of Mathematics and
Systems Science, CAS

XEEEAF
Purdue University

RETWKZ

Tiangong University

EINAZE

Wuhan University

FeuExE
Shanghai University of Finance and
Economics

R IKE

Beijing University of Chemical
Technology

R

University of Science and
Technology Beijing

BXE

Fudan University

BIIXZE

Xiamen University

PEMFE-RHERECRIEARAT

The Institute of Theoretical Physics,
CAS

EEHERE

Purdue University

> EVENTS

Data completion algorithms and their

applications in inverse acoustic scattering
with limited-aperture backscattering data

Sampling methods in acoustic and
electromagnetic waveguides

Positivity/bound preserving schemes for

complex nonlinear systems

SEMETHRRREN A REIELR

Data-driven Mathematical Modeling
and Quantitative Analysis for Tumor
Microenvironment

Inverse problems in a stratified ocean
waveguide

First-principles calculation in dark matter

direct detection

*Uﬁﬁ |—Jl_§E }E
REBIREIERTL

Landscape and flux in gene networks

A conservative semi-Lagrangian HWENO

scheme for linear transport equations

FFCREBRUNAN T XA BN XIS

Some Recent Advances on the SAV

Approach with Applications to Navier-

Stokes and related equations

107 - 108

= RIFCTH BN



@ BEIJING COMPUTATIONAL SCIENCE RESEARCH CENTER

CSRC SEMINAR ' &@rs

DATE\HHH | SPEAKERVRE A | INSITUTE\EA{3] TITLEAR S B

35 2021-12-15

ES:a
Kun-Kun Wang

THKRE
Anhui University

MABNF T UEINIFCKIEHEE

=7 24
* B ltali b BEFSRAENVEONETLE
36 2021-12-15 Yone Zh Beijing University of Posts and Tele MBFitE
ong chang communications o5
3 1] = Ay
37 2021-12-16 ;ﬁ & jtﬁlj{q— . . Synchronization in biological filaments
Yi Man Peking University
B N Error analysis and numerical simulations
38 2021-12-17 ?_ m[![l . IJ.III'L_FjC—?— . . of high-precision algorithms for the Cahn-
sty Lo Shandong University Hilliard-Navier-Stokes model
PEMFERARE
39 2021-12-17 Wei Yi University of Science and Cold Atoms and Quantum Simulation
Technology of China
- RITIBEE A .
40 2021-12-17 Nanjing University of Posts and BETEFTENSERUES
Rong Zhang ..
Telecommunications
= TRE T\l k=s Superconvergence of the local
41 2021-12-23 .Jm i n/Jt\),‘EIJ.L.qu- £ Technol discontinuous Galerkin method for 1D
PSOIZ NG Harbin Institute of Technology nonlinear convection-diffusion equations
m = LLIFERE & s e o sares
42 2021-12-29 N NS SESTREMEE TSNS
Hong Qi Shanxi University
£373 ST s PML and high-accuracy boundary integral
43 2022-1-5 BLs ;ﬂ;;lj( - . . equation solver for wave scattering by a
Wang-Tao Lu Zhejiang University locally defected periodic surface
44 2022-1-10 s LIESs2 SRR — LB SRR
Da Zhou Xiamen University
3| 24 S
45 2022-1-11 FREE ':F'Elﬂ—q—?izijq- d Second-order semi-implicit methods for
Jing-Run Chen el @ Smep cean Landau-Lifschitz equation
Technology of China
ERE wEMRE Cavity optomechanics with parametric
46  2022-1-13 - . 5 : :
Huai-Zhi Wu Fuzhou University amplification
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48

49
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52
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56
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58

2022-1-17

2022-1-17

2022-1-20

2022-1-20

2022-1-20

2022-1-24

2022-2-7

2022-2-14

2022-2-16

2022-2-18

2022-2-21

2022-2-25

% 7T

Yuan Lou

E R
Bin Wang

3K
Lin Zhang

HORNES
Jia Kong

E B
Cheng Wang

Zhi-Guo Yang

KAk
Ji-Wei Zhang

X EF
Yang Liu

QL)

Xiaoming He

EIERR
Yanzhao Cao

Xlig=
Hailiang Liu

LEihvis
Lili Ju
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@RS
Shanghai Jiao Tong University

ALREARE
Xi'an Jiaotong University

BREGITBEARS

Shaanxi Normal University

MMEBFRIKE

Hangzhou Dianzi University

EEMEAFEFF DR
University of Massachusetts Dartmo
uth

EBEERE
Shanghai Jiao Tong University

HiXAZE

Wuhan University

SEapN

Inner Mongolia University

EEEDERFRAKE
Missouri University of Science and
Technology

EEBRAKRE

Auburn University

EEEREMIAE

Iowa State University

EXERRPERMNAF
University of South Carolina

> EVENTS

On principal eigenvalues for time-
periodic parabolic operators

Structure-preserving methods for charged-
particle dynamics in a strong magnetic
field

Parametrically control of quantum state
with spin

ISHCEBRFEMNHUESHEHES
23

A positivity preserving, energy stable
finite difference scheme for the
Flory-Huggins-Cahn-Hilliard-Navier-
Stokes system

The gPAV method and its error estimate f
or some dissipative systems

Recent progress on variable-time-step
schemes for subdiffusion and diffusion
equations

On discrete energy dissipation of
Maxwell's equations in a Cole-Cole
dispersive medium

A decoupled, linear, and unconditionally
energy stable finite element method for a
two-phase ferrohydrodynamics model

A Stochastic Neural Network for
uncertainty quantification of deep neural
networks

Selection dynamics for deep neural
networks

High-Order Multirate Explicit Time-
Stepping Schemes for the Baroclinic-
Barotropic Split Dynamics in Primitive
Equations
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SE O3 S | i
59 2022-3-1 ! R MREIEAS . . Fast multipole method in Layered media
Bo Wang Hunan Normal University
o PIESE REAY — e SRR R A R RO TS
Zhi-Zhong Sun Southeast University kit
F FEPXKXZE GRID An efficient unconditionally stable
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Pei-Sen Li

ZER|
Haigang Li

B

Zhengzhou University

In LR REAHRE T ke
EPFL

EEASEEE S Flatironffi 5 Fr
Flatiron Institute, Simons Foundatio
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Shanghai University
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Shanghai University of Finance and
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Shanghai Jiao Tong University
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Nanjing University of Posts and Tel
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Renmin University of China
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Academy of Mathematics and
Systems Science, CAS
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South China University Of
Technology
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Beijing Institute of Technology
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Beijing Normal University

2021 - 2022 ANNUAL REPORT >> EVENTS

Quasi-uniform Error Estimates for the
Fourth Order Singularly Perturbed Bi-
wave Problem

Reduced-Order and High-Order Methods
in Computational Fluid Dynamics

An overview of integral equation method
s and fast algorithms

BT HF RN ERIERNE DT

Efficient numerical methods for fractiona
1 PDEs and their applications to fractiona
1 Schrodinger eigenvalue problems

Perthame-Souganidis model, Lei Model
and beyond

Some recent developments of IMEX-LDG
methods

R BE R AR EY B MR

Stochastic flows for SDEs with singular
drifts and their applications

ETHHHIENERENRRIRFIRE
MEG*

Exponential ergodicity of branching
processes with immigration and
competition

Babuska Problem in Composite Materials
and Suspension Problem in Stokes Flow
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Beijing Institute of Technology
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Beijing Institute of Technology
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Stabilization of state-dependent regime-
switching processes by feedback control
based on discrete time observations
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Spinon Fermi Surface Spin
Liquid in a Triangular Lattice
Antiferromagnet NaYbSe2

Compact WENO Limiters for
Discontinuous Galerkin Methods

A General Periodic Discrete Model on
Wolbachia Transmission Dynamics in
Mosquito Populations

Modeling and research on an immuno-
epidemiological coupled system with
coinfection

Three-fold Weyl points for the periodic
Schrédinger operator

Stochastic dynamics of an SIS epidemic
on networks

Seeing topological quantum effects in
synthetic materials

Inverse acoustic scattering with phaseless
far field data
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Modeling impacts of massive movements
on COVID-19 epidemic

A hybrid parabolic and hyperbolic
equation model for a population with
separate dispersal and stationary stages:
well-posedness and population persistence
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Tiangong University
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Chinese University of Hong Kong,
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South China Normal University
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North University of China
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Shanghai Normal University
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Zhejiang Sci-Tech University

IEREF
North University of China
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East China University of Science
and Technology
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Huazhong University of Science and
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Beijing Normal University
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Uppsala University
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Recent progress on topology optimization

Interplay of non-Hermiticity and
topological states in quantum models
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ETitEEs

Some problems related to the dilation of
PT-symmetric systems
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Domino-like transient dynamics at seizure

onset in epilepsy

A class of efficient Hamiltonian
conservative spectral methods for
Korteweg-de Vries equations

High order cut discontinuous Galerkin

methods for hyperbolic conservation laws

Stability of the Minimal Energy Path
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gy of China
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Peking University

FRERISHEA A
University of Science and
Technology of China
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Beijing University of Civil
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Wuhan Textile University
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Convergence of Lagrange FEM for
Maxwell Eigenvalue Problem in 3D

Approximation to stochastic variance
reduced gradient Langevin algorithms by
stochastic differential delay equations
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Structure-preserving finite volume
arbitrary Lagrangian -Eulerian WENO
schemes for the shallow water equations

A characteristic-spectral-
mixed scheme for six-
dimensional Wigner-Coulomb dynamics

A hybrid WENO scheme for steady-state
simulations of Euler equations
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High order linearized spectral deferred
correction methods based on low order
time integration schemes for nonlinear
PDEs
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High-order gas-kinetic scheme for
compressible flows

Filtering for Discontinuous Galerkin
Method: Challenging the Assumption of
Uniformity

Error estimate to smooth solutions of
high order Runge—Kutta discontinuous
Galerkin method for scalar nonlinear
conservation laws with and without sonic
points
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University of Miami
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Zhengzhou University
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University of California at Irvine

PEARKE

Renmin University of China
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Hong Kong Polytechnic University
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Michigan Technological University
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Institute of Theoretical Physics
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University of California
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Sichuan Normal University
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China Academy of Engineering
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An inverse Lax-Wendroff procedure for
finite difference schemes on the Cartesian
mesh

The Influence of Human Behavior and
Social Factors on the Spread of Infectious
Diseases

Short-to-medium range structure and
glass-forming ability in metallic glasses

Immersed Virtual Element Methods for In
terface Problems in Three Dimensions
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Generalized SAV-exponential integrator
schemes for Allen-Cahn type gradient
flows

Nonconforming finite elements for the
Brinkman problem and the quad-curl
problem on cuboid meshes
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A Deep Direct Sampling Method for
Geometric Inverse Problems
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A preconditioning technique for an all-at-
once system from Volterra subdiffusion
equations with graded time steps
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Nanjing University of Science and
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On the local discontinuous Galerkin
method for singularly perturbed problems
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medium entropy alloys
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Modeling the role of macrophages in HIV
persistence during antiretroviral therapy
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Nucleation of Quasicrystals

A temporal second-order scheme for
time fractional mixed diffusion and wave
equation with an initial singularity
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Kac operators for the time-
changed strong Markov processes
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nonequilibrium in yeast cell-cycle process

Radiation tolerance of metallic
materials strengthened by superlattice
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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.
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NORWEGIAN UNIVERSITY OF
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R NS
O COLLEGE OF SCIENCES,
= OLD DOMINION
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UNIVERSITY, USA
EERZHRHKRF

UNIVERSITY
IDEAFUSION

DEPARTMENT OF PHYSICS,
THE CHINESE UNIVERSITY
OF HONG KONG, CHINA
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PHYSICAL AND CHEMICAL RESEARCH,
JAPAN
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HEARNE INSTITUTE FOR
THEORETICAL PHYSICS,
LOUISIANA STATE
UNIVERSITY, USA
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INSTITUTE FOR QUANTUM
COMPUTING, UNIVERSITY
OF WATERLOO, CANADA
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CENTER FOR
SIMULATIONAL PHYSICS,
THE UNIVERSITY OF
GEORGIA, USA

EEFRLKRE

THE HONG KONG
UNIVERSITY OF SCIENCE
AND TECHNOLOGY, CHINA
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DEPARTMENT OF PHYSICS,
NATIONAL TAIWAN NORMAL
UNIVERSITY, CHINA

ESRVAS S IIPEPNC

KOREA INSTITUTE FOR
ADVANCED STUDY, SOUTH
KOREA
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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 2021-2022, CSRC has hosted
around 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.
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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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