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———————————————————————————————————————————————————————————————————————— . 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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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.

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 2023, CSRC has 33 faculty members, 3
engineers, 32 postdoctoral fellows and 108 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 299 papers, organized 6 academic conferences
and workshops, 2 tutorials, 1 colloquium on scientific
frontiers, and 68 CSRC seminars. CSRC has also forged
partnerships with many prestigious universities and research

institutes around the world.
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EXCITATION OF CHIRAL CAVITY

PLASMON RESONANCES IN FILM-COUPLED
CHIRAL AU NANOPARTICLES

Jing Wang, Jiapeng Zheng, Kwai Hei Li, Jianfang Wang, Hai-Qing Lin, Lei Shao

Chiral plasmonic nanostructures have attracted increasing attention because of their superchiral near-fields as well as
strong far-field chiral optical response. Recently, the development of chemical synthesis methods enabled the large-scale
manufacturing of three-dimensional colloidal chiral plasmonic nanocrystals. Further improving the chiral optical response
of such nanostructures will greatly facilitate their practical applications. In this work, it is found both in calculations and
experiments that chiral cavity plasmon resonances can be excited in film-coupled chiral Au helicoid nanoparticles, enabling
the significant enhancement of the nanostructure chiral optical response. In addition, it is demonstrated from simulation
that the chiral cavity mode can modulate the emission polarization of a point electric dipole placed in the nanocavity
formed by the nanoparticle and the Au film, allowing the emission of almost circularly polarized photons by the linear
dipole with the emission circular polarization anisotropy factor reaching as high as 93%. The film-coupled chiral plasmonic
nanoparticles therefore provide a promising platform for the construction of advanced chiral optical devices such as
on-chip nonreciprocal nanoscale light sources, chiral plasmonic sensors, chiral metamaterials, plasmonically enabled
valleytronic devices, and nanophotonic circuits for future on-chip communication applications.
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usin WEAK MEASUREMENTS

TO SYNTHESIZE PROJECTIVE
MEASUREMENT OF NONCONSERVED
OBSERVABLES

Ping Wang, Wen Yang, Renbao Liu

Projective measurement on the nuclear spin is useful for quantum technologies based on hybrid electron-nuclear spin
systems. The measurement of the nuclear spin is difficult and is often realized indirectly via measurement of a nearby
electron spin. However, for remote nuclear spins weakly coupled to the electron, it is hard to establish perfect electron-
nuclear entanglement, as required for projective measurement on the nuclear spin via measuring the electron spin.

Recently, Wen Yang group in Beijing Computational Science Research Center in collaboration with Renbao Liu group in
the Chinese University of Hong Kong proposed a general method to synthesize projective measurements of a nuclear spin
by a sequence of weak measurements via weakly coupled auxiliary electron spin. The procedure consists of two steps.
First, dynamical decoupling is applied to the electron spin to establish weak electron-nuclear entanglement, followed by a
projective measurement on the electron spin to mediate a single weak measurement on the nuclear spin. Second, we apply
a sequence of such weak measurements to the nuclear spin and tune the evolution of the nuclear spin between neighboring
measurements to meet the stroboscopic quantum nondemolition (QND) condition, so that this sequence of weak QND
measurements form a single projective measurement on the nuclear spin. Compared with the traditional QND condition
that requires the observable to be a conserved quantity commuting with the Hamiltonian, our method allows measurement
of non-conserved nuclear spin observables. We further identify a set of tunable parameters for flexible, in situ control of the
observable and find optimal parameters to stabilize the projective measurement against control errors. This work is relevant
to state preparation, quantum sensing, and quantum error correction via projective measurements.

Upper panels: contour
of'log,(N (N is the QND
lifetime) for three different
magnetic fields and CPMG
periods as a function of
controlling parameters.
Middle and lower panels:
log,oN, (N, is the number
of weak measurements

to construct a projective
measurement) and error
tolerance for the waiting
time tg.
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SUBGAP MODES IN TWO-DIMENSIONAL

MAGNETIC JOSEPHSON JUNCTIONS

m‘ Yinan Fang, Seungju Han, Stefano Chesi, and Mahn-Soo Choi

The interplay between ferromagnetism and superconductivity leads to remarkable phenomena, such as the formation
of Yu-Shiba-Rusinov (YSR) bound states, the Fulde—Ferrell-Larkin—Ovchinnikov (FFLO) pairing mechanism, and the
occurrence of 0-m phase transitions. A magnetic Josephson junction, formed by sandwiching a thin ferromagnetic (FM)
layer between two superconductors (S), represents an ideal testbed for such fundamental effects, while also having
important applications which range from weak signal sensing to quantum information processing.

So far, most studies considered 1D or quasi-1D models of such junctions, but a recent collaboration lead by Prof. Stefano
Chesi of the Beijing Computational Research Center (CSRC) and Prof. Mahn-Soo Choi from Korea University, with

a prominent role played by former CSRC researcher Dr. Yinan Fang (currently a faculty at Yunnan University), has
discovered important features associated with the transverse motion of quasiparticles bounded to the ferromagnetic layer.

More specifically, the authors analyze a model which takes fully into account the two-dimensional geometry of the S/
FM/S junction, thus allowing them to investigate in detail the subgap modes of the ferromagnetic junction. For clean
superconductor-ferromagnet interfaces with strong interface coupling, the subgap modes develop flat quasiparticle bands,
which turns out to be useful in engineering states which are highly localized by magnetic domain walls. Furthermore, the
subgap modes undergo a 0-m transition that depends strongly on the momentum along the junction interface. The novel
momentum-dependent transition would be seen in wave-vector-resolved measurements of the Josephson current. These
findings might lead to other useful applications to spintronics, e.g., facilitate controlling the domain walls with high
precision and speed.
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Fig. (a) Momentum-dependent Josephson current, (b): Subgap modes with a nearly flat dispersion
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UNIVERSALITY AND CRITICALITY OF THE

FERMI SIGN PROBLEM

Rubem Mondaini, Sabyasachi Tarat and Richard T. Scalettar

The sign problem (SP) is the main hurdle that prevents the systematic Hamiltonians, because its behavior can be

extraction of solutions to quantum many-body problems. It permeates influenced by the choice of algorithm.

various fields, ultimately having a central impact on materials science, ) o
Despite that, Prof. Rubem Mondaini (CSRC),

together with his former postdoc Sabyasachi
Tarat (CSRC), collaborated with Prof. Richard
Scalettar (University of California, Davis)

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.

Concretely, it manifests when instead of obtaining exact quantum many- and took a ‘step back’ to understand how the

body wave functions, one instead settles for statistical estimation of sign problem was tied to critical behavior. The

physical quantities via a Monte Carlo scheme, for example. In the demonstration of this conjecture is simple:

absence of special symmetries, the corresponding weights of the quantum Given that phase transitions are inherently

configurations that govern the construction of the Markov chain can be reflected in non-analytic behavior of the free

negative. This stands in contrast with classical models in which these energy (or compositions of it, as the partition

weights (or corresponding probabilities) are positively defined. To function), this means that the average sign,

overcome this hurdle and construct an importance sampling obeying being a ratio of partition functions of the

detailed balance, one takes the absolute values of the weights, which original and the reference system [1, 2],

results in the statistical estimation of the physical quantities being (s) Zw
. . . . . o S =
modified, incorporating the average value of the sign of the weights in it. wI=Z W]

It is often argued that the SP is not intrinsic to the physics of particular can be used to reflect critical behavior at a
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given point Z. if the original physical model (and original partition function Zyy is non-analytic at this same point,
provided that Zw|is sufficiently analytic in this domain.

To show the generality of this argument, they have studied a variety of physical models that host either quantum or
thermal phase transitions (see Fig. 1 for an example of the former) and obtained the location of the corresponding
critical point, matching the best estimates to date that take into account the scaling of physical 1 quantities. By further
allowing the extraction of the related critical exponents associated with the divergence of the correlation lengths at
the transition, they can use that to have a ‘peek’ at the corresponding universality classes of the corresponding phase
transitions. This research, recently published in the Physical Review B [3], after a qualitatively studied recently
published in Science [4] along the same lines, has spurred the systematic investigation of a variety of other cases
within Prof. Mondaini’s group in which this rationale is systematically applied. The hope is that by corroborating the
results of known phase transitions, one can use the same ideas for phase transitions which are still under debate and
for which no field-theory description exists thus far.

Fig 1. The scaling of the spin-resolved sign (S,) in the SU(2) Hubbard model on the honeycomb lattice. (S,) exhibits scaling behavior
(So)(u, L, Lr) = f(uL"", L,/L?) similar to that of physical quantities, which establish the way at which one approaches the non-analytic behavior at
U = U. . By independently fitting the parameters associated with both arguments of the scaling function, we find the critical coupling U.. and the
critical exponent governing the divergence of the correlation lengths v to be close to the best estimations to date of these parameters, obtained by
using physical quantities instead. Adapted from Phys. Rev. B 107, 245144 (2023), Ref. [3].
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rHONON-MEDIATED MIIGD AL

EFFECT IN SEMICONDUCTOR DETECTOR

m‘ 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, belonging to the weakly interacting massive particles (WIMPs). While there have been well-
established methods treating the Migdal effect in isolated atoms, a coherent and complete description of the valence
electrons in a semiconductor is still absent. The bremsstrahlung-like approach is a promising attempt, but it turns invalid
for DM masses below a few tens of MeV. In this work, we lay out a framework where phonon is chosen as an effective
degree of freedom to describe the Migdal effect in semiconductors. In this picture, a valence electron is excited to the
conduction state via exchange of a virtual phonon, accompanied by a multi-phonon process triggered by an incident DM
particle. Under the incoherent approximation, it turns out that this approach can effectively push the sensitivities of the
semiconductor targets further down to the MeV DM mass region. This work was published in Physical Review D as an
editor's suggestion.
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Fig 1. The sensitivities of single-electron (blue) and two-electron (orange) ionization signals caused by Migdal effect detected by silicon
detectors. The solid and the dashed curves are calculated using the phonon-mediated approach and the bremsstrahlung-like approach.
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STABLE ATOMIC MAGNETOMETER IN

PARITY-TIME SYMMETRY BROKEN

PHASE

Xiangdong Zhang#, Jinbo Hu, Nan Zhao*

Random motion of spins is usually detrimental in magnetic resonance experiments. The spin diffusion in nonuniform
magnetic fields causes broadening of the resonance and limits the sensitivity and the spectral resolution in applications
like magnetic resonance spectroscopy. Here, by observation of the parity-time (PT) phase transition of diffusive spins
in gradient magnetic fields, we show that the spatial degrees of freedom of atoms could become a resource, rather than
harmful, for high-precision measurement of weak signals. In the normal phase with zero or low gradient fields, the
diffusion results in dissipation of spin precession. However, by increasing the field gradient, the spin system undergoes
a PT transition, and enters the PT symmetry broken phase. In this novel phase, the spin precession frequency splits due
to spatial localization of the eigenmodes. We demonstrate that, using these spatial-motion-induced split frequencies, the
spin system can serve as a stable magnetometer, whose output is insensitive to the inevitable long-term drift of control
parameters. This opens a door to detect extremely weak signals in imperfectly controlled environments.
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Fig 1. Left subplot, experimental setup. A cubic glass cell containing Xe gas and Rb metal is placed inside a magnetic shielding and heated. A
parametric magnetometer is used to detect the nuclear spin signals. Right subplot, the eigenvalue spectrum of diffusive spins. (a) The Fourier
spectrum of measured FID signals of '*’Xe spins as a function of gradient field strength G. (b), (c) The linewidth and precession frequency of
"*’Xe FID signal. An exceptional point can be found at | G-G, | = 100 nT/cm, indicating a PT symmetry breaking at that position.
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PROBING THE SYMMETRY BREAKING OF A

LIGHT-MATTER sysTEM BY

AN ANCILLARY QUBIT

Shuai-Peng Wang, Alessandro Ridolfo, Tiefu Li*, Salvatore Savasta®, Franco Nori, Y. Nakamura & J. Q. You*

Hybrid quantum systems in the ultrastrong, and even more in the deep-strong, coupling regimes can exhibit exotic physical

phenomena and promise new applications in quantum technologies. In these nonperturbative regimes, a qubit—resonator

system has an entangled quantum vacuum with a nonzero average photon number in the resonator, where the photons

are virtual and cannot be directly detected. The vacuum field, however, is able to induce the symmetry breaking of a

dispersively coupled probe qubit. We experimentally observe the parity symmetry breaking of an ancillary Xmon artificial

atom induced by the field of a lumped-element superconducting resonator deep-strongly coupled with a flux qubit. This

result opens a way to experimentally explore the novel quantum-vacuum effects emerging in the deep-strong coupling

regime.
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Fig 1. (left). Reflection spectra. Reflection spectra of the
deep-strongly coupled qubit—resonator system versus the
external flux bias 6@, and the probe frequency w,. The
solid blue curves in a—c are the fitted transition frequencies
between the ground state to the third-, second- and first-
excited states of the qubit—resonator system, respectively (i.e.,
®p3, Oy, and ;). In a, the additional transitions indicated
by the dashed red curves correspond to sideband transitions
(assisted by the Xmon levels) in the system.
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Fig 2. (right). Excitation spectra. Excitation spectra of the Xmon
qubit versus the external flux bias 6®,,, and the drive frequency
®y. a and b show the experimental results, corresponding to
the single- and two-photon transitions of the Xmon qubit
with frequencies wy and wy/2 , respectively. ¢ and d show the
simulated results. The theoretical calculations display the changes
in the amplitude of the Xmon polarization [{ P(®,) ). e, f Cross
sections along the excitation spectra in a (b) and ¢ (d) when o /21
=5.181 GHz (2.5905 GHz).
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TOPOLOGICAL PHASE TRANSITIONS AND
MOBILITY EDGES IN

NON-HERMITIAN QUASICRYSTALS

m‘ Quan Lin, Tianyu Li, Lei Xiao, Kunkun Wang, Wei Yi*, and Peng Xue* ‘

Non-Hermiticity significantly enriches the properties of topological models, leading to exotic features such as the
non-Hermitian skin effects and non-Bloch bulk-boundary correspondence that have no counterparts in Hermitian
settings. Its impact is particularly illustrating in non-Hermitian quasicrystals where the interplay between non-
Hermiticity and quasi periodicity results in the concurrence of the delocalization-localization transition, the parity-
time (PT)-symmetry breaking, and the onset of the non-Hermitian skin effects. Here we experimentally simulate non-
Hermitian quasicrystals using photonic quantum walks. Using dynamic observables, we demonstrate that the system
can transit from a delocalized, PT-symmetry broken phase that features non-Hermitian skin effects, to a localized,
PT-symmetry unbroken phase with no non-Hermitian skin effects. The measured critical point is consistent with the
theoretical prediction through a spectral winding number, confirming the topological origin of the phase transition.
Our work opens the avenue of investigating the interplay of non-Hermiticity, quasi periodicity, and spectral topology
in open quantum systems.
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Fig 1. Simulation of non-Hermitian quasicrystals. (a) A cartoon illustration of \Tout{the} quantum-walk dynamics. Operators S and R are defined
in the main text. Lattice sites are located at the crossing points of the laser beams (red). The dashed grey curves illustrate the quasiperiodic phase
(or a quasiperiodic potential for the effective Hamiltonian) introduced by the phase operator P,,. (b) A time-multiplexed implementation of
the photonic quantum walk illustrated in (a). ND: neutral density filter; HWP: half-wave plate; AOM: optical switch acousto-optic modulator;
EOM: electro-optic modulator; BS: beam splitter; PBS: polarizing beam splitter; APD: avalanche photo-diode. (c) Phase diagram of the spectral
winding number o. Insets are the typical eigenspectra of the two phases on the complex plane with a fixed Y'=0.1, and 6=n/8 for ®=1 and 6=37/8
for ®=0. The phase boundary here not only marks the onset of the non-Hermitian skin effect, but also the PT-symmetry breaking point and the
delocalization-localization transition. (d) Top panel: spatial distribution of all eigenstates of U under the OBC, for the phase with =1 (left) and
®=0 (right), respectively. Middle panel: The real components of the eigenenergies E of the effective Hamiltonian H (under PBC) with increasing
0, colored according to their respective inverse participation ratio IPR. Lower panel: The imaginary components of the eigenenergies with
increasing 0 (under PBC), colored according to the IPR. For the numerical simulations, we take the lattice size N=200 and Y'=0.1.
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SYNCHRONOUS QOBSERVATION or

BELL NONLOCALITY AND STATE-DEPENDENT
CONTEXTUALITY

Peng Xue®, Lei Xiao, G. Ruffolo, A. Mazzari, T. Temistocles, M. Terra Cunha, and R. Rabelo”

Bell nonlocality and Kochen-Specker contextuality are two remarkable nonclassical features of quantum theory, related to
strong correlations between outcomes of measurements performed on quantum systems. Both phenomena can be witnessed
by the violation of certain inequalities, the simplest and most important of which are the Clauser-Horne-Shimony-Holt
(CHSH) and the Klyachko-Can-Binicioglu-Shumovski (KCBS), for Bell nonlocality and Kochen-Specker contextuality,
respectively. It has been shown that, using the most common interpretation of Bell scenarios, quantum systems cannot
violate both inequalities concomitantly, thus suggesting a monogamous relation between the two phenomena. In this Letter,
we show that the joint consideration of the CHSH and KCBS inequalities naturally calls for the so-called generalized

Bell scenarios, which, contrary to the previous results, allows for joint violation of them. In fact, this result is not a

special feature of such inequalities: We provide very strong evidence that there is no monogamy between nonlocality and
contextuality in any scenario where both phenomena can be observed. We also implement a photonic experiment to test

the synchronous violation of both CHSH and KCBS inequalities. Our results agree with the theoretical predictions, thereby
providing experimental proof of the coexistence of Bell nonlocality and contextuality in the simplest scenario, and lead to
novel possibilities where both concepts could be jointly employed for quantum information processing protocols.

Fig. 1. Illustration of the experimental setup. Polarization entangled photon pairs are generated via type-I spontaneous parametric down-
conversion where two joint B-BBO crystals are pumped by a continuous wave diode laser. Qubit is encoded in the horizontal and vertical
polarizations of one photon of each pair, while qutrit is encoded in both polarizations and spatial modes of the other photons of the entangled
pairs, which are split in different paths dependent on their polarizations via a beam displacer (BD). For Alice, observables Ai are measured
via standard polarization measurements using a half-wave place (HWP) and a BD. For Bob, cascade Mach-Zehnder interferometers for
sequentially measuring observables B; and By, ,,,4s are used to test the KCBS inequality.
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OBSERVATION OF [) A R KK EDGE STATES

IN PARITY-TIME-SYMMETRIC QUANTUM
DYNAMICS

Peng Xue®, Xingze Qiu, Kunkun Wang, Barry C. Sanders and Wei Yi

Topological edge states arise in non-Hermitian parity-time (PT)-symmetric systems, and manifest themselves as
bright or dark edge states, depending on the imaginary components of their eigenenergies. As the spatial probabilities
of dark edge states are suppressed during the non-unitary dynamics, it is a challenge to observe them experimentally.
Here we report the experimental detection of dark edge states in photonic quantum walks with spontaneously broken
PT symmetry, thus providing a complete description of the topological phenomena therein. We experimentally
confirm that the global Berry phase in PT-symmetric quantum-walk dynamics unambiguously defines topological
invariants of the system in both the PT-symmetry-unbroken and-broken regimes. Our results establish a unified frame
work for characterizing topology in PT -symmetric quantum-walk dynamics, and provide a useful method to observe
topological phenomena in PT -symmetric non-Hermitian systems in general.

Fig 1. Phase diagram and experimental setup. (a) Phase diagram for PT
-symmetric non-unitary QWs governed by U, with coin parameters ( 0,
, 0, ) and corresponding topological numbers ( V, , V; ). Dashed black
lines represent topological phase boundaries. Solid red lines represent
boundaries between PT -symmetry-unbroken and -broken regimes,
with PT -symmetry-broken regimes lying in between the red lines near
topological phase boundaries. Solid blue squares represent regimes with
completely broken PT symmetry, where the eigenspectra are purely
imaginary. (b) Left (x<0) and right (x >0) regions for the PT-symmetric
QW. (c) Experimental setup for PT -symmetric QWs with alternating
losses. The photon pair is created via spontaneous parametric down-
conversion (SPDC). One photon serves as a trigger. The other photon is
projected into the polarization state |+ >(or (|+ > +i|—>) /v2 and then
proceeds through the quantum-walk interferometric network. Finally, the
photon is detected by an avalanche photodiode (APD), in coincidence with
the trigger one. Photon counts give measured probabilities after correcting
for relative efficiencies of the different APDs.
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ORIGIN OF STRUCTURE AND ZERO-

PHONON-LINE ANOMALIES OF XV (X=Si,
Ge, Sn, Pb) CENTERS IN DIAMOND

m‘ Chen Qiu, Hui-Xiong Deng”, Songyuan Geng, Su-Huai Wei*

Color centers in diamonds have emerged as a promising candidate for quantum information and quantum computing
applications. Compared to the well-known and widely studied nitrogen-vacancy NC-VC (NV) color center with Cs,,
symmetry, the group-IV-vacancy color centers VC-X-VC (XV, X=Si, Ge, Sn, Pb), exhibit structures with the D5, symmetry,
which give rise to more stable coherent optical transitions for the zero-phonon-line (ZPL) due to its inversion-symmetry.
Moreover, it is experimentally found that the ZPL peak of XV centers increases from Si to Sn to Ge to Pb, i.e., it does not
vary monotonically with the atomic numbers. So far, the physical origin of the unusual local structures and the abnormal
trend of ZPL of the XV centers are not well understood. Researchers at CSRC, based on density functional theory
calculations and symmetry analysis, demonstrate that the large size of the X atoms plays a dominant role in moving the X
atoms away from the substitution site to the bond center site between the two carbon vacancies to form the D5, structure
that can effectively reduce the local strain energy. Meanwhile, we find that the abnormal trends of ZPL of the XV centers
derives from a competition of the p — p coupling and p — d coupling between X atoms and the divacancy based on the
band coupling mechanism. Our study, therefore, provides insights into the origin of the abnormal trends of ZPL and the
local structure of XV centers in diamonds.[1]
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Fig 1. (a) Schematic plot of local structures of NV center and XV centers. The green balls are carbon atoms, white balls are lattice-vacancy
and red balls are impurities. (b) The band coupling diagrams of the neutral SiV and MV (M=Ge, Sn, Pb) centers in diamond. The irreducible
representations of the atomic orbitals and band states under D,, point group is shown. The orbitals of the Si and M atoms and the six-carbon
dangling bond states of divacancy in diamond couples to form the valence band as schematically depicted. For simplicity, the level splitting
caused by spin-orbital coupling is not considered in the diagrams. (c) Configuration coordinate diagrams for spin-conserving triplet excitation.
Excitation cycles for SiV" center, GeV' center, SnV" center and PbV' center in diamond. Absorption, emission, structure-relaxation and ZPL
transitions are indicated, along with their HSEO06 calculated energies.
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PLASMONIC PHOTOCATALYSIS

WITH NONTHERMALIZED HOT CARRIERS

Shengxiang Wu, Yu Chen, and Shiwu Gao*

Hot electron-hole pairs generated by plasmonic damping could provide an electronic channel for photocatalysis. However,
its mechanism is unclear regarding how the nonthermalized hot carriers dynamically activate and promote the energy
transfer processes. In addition, the competition with possible thermal effect is also under debate. Here, we develop a
quantum-mechanical model to describe the molecular vibrational excitation and bond breaking based on the theory of
vibrational heating induced by hot electrons. By treating the reaction rates with and without light illumination on equal
footing, it is found that the nonthermal electrons in the high energy region can, albeit its much smaller populations,
provide an efficient and dominant channel for photodissociation in the low-temperature and quantum plasmon regime.

For O, dissociation on silver nanoparticles, this model well captures the wavelength dependence of photodissociation and
qualitatively reproduces the enhancement factors observed in experiments. The results reveal the nonthermal hot-carrier
mechanism and the underlying dynamics involved in plasmonic photocatalysis. It also provides a theoretical framework for
quantitative analysis of the plasmonic energy harvesting and conversion utilizing surface plasmons.
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Fig 1. (a) Schematic nonthermal carrier transfer and vibrational excitation induced by plasmonic damping. (b) Reaction rates with (solid lines)
and without (dashed lines) light of O, (black) and CO (red) dissociation.
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MACHINE-LEARNING [INSPIRED

DENSITY-FLUCTUATION MODEL OF LOCAL
STRUCTURAL INSTABILITY IN METALLIC
GLASSES

Yicheng Wu, Bin Xu, Xuefeng Zhang, Pengfei Guan*

Predicting the instability of disordered systems from a structural perspective has been a long-standing and highly
regarded scientific inquiry. While recently emerged supervised machine learning models have made significant
advancements in forecasting instability in disordered systems, challenges persist regarding the generalizability and
interpretability of these machine learning models. Furthermore, an additional concern lies in the requirement of
incorporating dynamical information during the training process of these recent machine learning models.

Professor Pengfei Guan's research group at the Beijing Computational Science Research Center has employed
molecular dynamics simulations to systematically investigate the structural origins of plastic instability in metallic
glasses. They have proposed a density-fluctuation model that demonstrates outstanding predictive capabilities for
plastic events and generalizability. The research findings have been published under the title "Machine-learning
inspired density-fluctuation model of local structural instability in metallic glasses" in the journal Acta Materialia.

The findings of this study reveal that in the context of metallic glass systems, the weighting function used to build the
"softness" structural parameter (achieved through machine learning) is remarkably similar to the radial distribution
function, as shown in the left panel of Figure 1. This observation has led to the introduction of a novel structural
parameter termed "radial softness" ( Sy ), which employs local radial symmetry functions as atomic structural feature
descriptors and the modified global RDF as the weighting function. As a result, Sy is a purely structural parameter.

The outcomes indicate that across various metallic glass systems, Sg exhibits predictive capabilities for plastic events
comparable to “softness” (S, , constructed through machine learning). Moreover, Sy significantly outperforms
commonly employed pure structural parameters such as local configurational anisotropy ( || ), structural entropy ( S,
), and local five-fold symmetry ( f ), as shown in the right panel of Figure 1. Consequently, the density-fluctuation
model provides fresh insights and understanding into the structure-property relationship of disordered systems.
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Fig 1. (Left) High similarity between machine learning weight and radial distribution function; (Right) Predictive capabilities of the density-
fluctuation model (Sg) for plastic events compared to the machine learning model (S,), significantly outperforming widely utilized pure structural
parameters.
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CAPTURING THE MYSTERIOUS

MOIRE MAGNETIC EXCHANGE

INTERACTIONS

B. Yang, Y. Li, H. J. Xiang, H. Q. Lin, and B. Huang*

Whereas conventional magnets undergo a few simple magnetic exchange interactions, moiré lattices in twisted
magnets could induce large-scale periodic magnetic exchange interactions with more than tens of thousands of
nonequivalent magnetic parameters, forming complicated moiré magnetic exchange interactions (MMEIs). For
instance, to model the moiré magnets at 8 ~ 1°, one should account for > 20,000 atoms for a moiré supercell and
the resulting number of MMEIs reaches to > 400,000. “More is different”, as stated by Philip Anderson in 1972,
indicating the uniqueness of MMEISs in generating new magnetic phenomena. Unfortunately, owing to extreme
complexity and twist-angle sensitivity, MMEIs in twisted magnets have never been understood. As a result, many
puzzling experimental observations have been made on the complex spin textures and magnetic phase transitions in
twisted magnets.

In a recent study, B. Huang in collaboration with H. Q. Lin and H. J. Xiang (Fudan University) made a key step
towards understanding the long-standing mystery of MMEISs. First, they develop a simple but powerful sliding-
mapping approach to effectively capture the MMEIs. Then, they set up a microscopic moiré spin Hamiltonian that
enables the description of magnetic structures induced by the MMEIs. Remarkably, they discover that the emergence
of MMEISs can create an unprecedented magnetic skyrmion bubble (SkB) with non-conversed helicity. They name it
as moiré-type SkB. Interestingly, the SkB can form an unusual frustrated bilayer-lattice, indicating new physics may
be generated in this SkB lattice. Importantly, the size and population of SkBs can be finely controlled by twist angle,
a key step for skyrmion-based information storage and quantum computing. Finally, they reveal that the MMEIs can
be effectively manipulated by the substrate-induced interfacial Dzyaloshinskii-Moriya interaction, modulating the
twist-angle-dependent magnetic phase diagram, which solves the outstanding disagreements between prior theories
and experiments.

This work has recently been published in Nature Computational Science [1]. Prof. D. Soriano at Universidad de
Alicante (Spain) highlights that “these computational advances are a huge step towards a more realistic picture of the
physics of materials” in the News and Views [2]. In addition, this work is also selected as the cover of the journal and
featured by the editors [3].
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FIRST-PRINCIPLES CALCULATIONS
OF SHALLOW IMPURITY LEVELS IN

SEMICONDUCTORS

‘ Jun Kang, L.-W. Wang

Accurate modeling of shallow impurities in semiconductors through first-principles density functional theory calculations
is challenging due to the delocalized nature of the impurity wavefunction. The situation could be more complicated for
shallow impurity complexes where the interactions between impurities lead to a large perturbation to the host. In this work
[1], the shallow acceptor levels of the group-1I1A acceptor-carbon (A-C, with A=B, Al, Ga, In, T1) complexes in silicon
were studied using a potential patching method combined with a hybrid-functional correction. The potential patching
method removes the artificial interaction between periodic images and allows the calculations of large supercells containing
over 104 atoms to obtain converged acceptor levels. The correction based on hybrid-functional calculations overcomes

the underestimation of the ionization energies predicted by semilocal exchange-correlation functionals, resulting in

good agreements with experiments. The A-C complexes are found to have smaller acceptor ionization energies than the
corresponding single-A substitutional acceptors. The origin of the ionization energy reduction is further analyzed, and the
roles of the chemical electronic effect and the strain field effect are clarified. Our results indicate that the combination of
the potential patching method and the hybrid-functional correction could be a feasible approach for accurate simulations of
shallow impurities and their complexes.

Defective Perfect
Supercell Supercell
\__)

Potential
Patching

Fig. 1. An illustration scheme of the potential patching method.
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couPLED STOCHASTIC DYNAMICS

OF GENE EXPRESSION, CELL SIZE, AND
CELL CYCLE

Chen Jia#, Ramon Grima*

The standard model describing the fluctuations of mRNA numbers in single cells is the telegraph model which includes
synthesis and degradation of mRNA, and switching of the gene between active and inactive states. While commonly
used, this model does not describe how fluctuations are influenced by the cell cycle phase, cellular growth and division,
and other crucial aspects of cellular biology. Here we derive the analytical time-dependent solution of an extended
telegraph model (Fig. 1) that explicitly considers the doubling of gene copy numbers upon DNA replication, dependence
of the mRNA synthesis rate on cellular volume, gene dosage compensation, partitioning of molecules during cell
division, cell-cycle duration variability, and cell-size control strategies [1,2]. Based on the time-dependent solution,

we obtain the analytical distributions of transcript numbers for lineage and population measurements in steady-state
growth and also find a linear relation between the Fano factor of mRNA fluctuations and cell volume fluctuations. We
show that generally the lineage and population distributions in steady-state growth cannot be accurately approximated
by the steady-state solution of extrinsic noise models, i.e. a telegraph model with parameters drawn from probability
distributions. This is because the mRNA lifetime is often not small enough compared to the cell cycle duration to erase
the memory of division and replication. Accurate approximations are possible when this memory is weak, e.g. for genes
with bursty expression and for which there is sufficient gene dosage compensation when replication occurs.

Fig 1. A coupled stochastic model of gene expression dynamics, cell size dynamics, and cell cycle events. This model takes exponential
growth of cell volume, volume-dependent transcription, gene replication, gene dosage compensation, and cell division into account. We
computed the analytical time-dependent distributions of mRNA numbers across cell cycles. The analytical solution is in full agreement with
stochastic simulations obtained using the finite-state projection algorithm.
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SUPERCLOSENESS OF THE LOCAL

DISCONTINUOUS (FALERKIN @po)

METHOD FOR SINGULARLY PERTURBED
CONVECTION-DIFFUSION PROBLEMS WITH
EXPONENTIAL AND PARABOLIC LAYERS

Yao Cheng, Shan Jiang and Martin Stynes*

The numerical solution of singularly perturbed differential equations has been studied for many years because these
equations have a large variety of applications. Nevertheless many theoretical questions remain unanswered because
numerical error analysis in this setting is made difficult by the presence of layers: narrow regions where the exact
solution changes rapidly. In the work described here, significant new theoretical results are proved for the well-known
LDG method.

Consider the singularly perturbed convection-diffusion problem — eAu + a-Vu + bu = f on the unit square

02=1(0,1) X(0,1), and satisfying the boundary conditions u = 0 on d{2. Here € >0 is a small parameter,
a(x,y)=(a1(x,y),a,(x,y)) =(ay, az) > (0,0), and the functions a, b, f are smooth. It is well known that typical
exact solutions of this problem have exponential boundary layers along the sides x = 1 and y = 1 of (). To address
this difficulty when solving the problem numerically, one uses a tensor-product layer-adapted mesh; Shishkin meshes,
Bakhvalov meshes and Bakhvalov-Shishkin meshes are considered in our work.

The problem is solved numerically on one of these meshes by means of a local discontinuous Galerkin (LDG) finite
element method. The LDG uses functions Q, that are polynomials of degree at most k=1 in each of the X and y
variables on each mesh rectangle, but are not necessarily continuous when one moves from one rectangle to another.
The precise LDG formation is complicated; see [1] for details.

A lengthy error analysis (see [1]) proves that, independently of the value of the small parameter €, the computed
solution approximates a local Gauss-Radau projection of the exact solution (into the finite element space) more
accurately than it approximates the exact solution. This phenomenon is commonly known as supercloseness; it is a
desirable property of any numerical solution. It implies higher-order convergence of the computed solution to the
exact solution in the L* () norm—a new and sharp result for this method. A typical computed solution on a Shishkin
mesh, and the error in this solution, are shown in the figure.

In reference [2] a related problem is considered, where the PDE is replaced by — eAu + au, + bu = f; now the exact
solution will have an exponential layer along the side x = 1 of 2 and parabolic layers along the sides y =0and y =1
. A similar LDG is used and an energy-norm convergence result, which is again independent of the value of the small
parameter ¢, is proved; it is the first result of this type in the research literature for the LDG method applied to a
parabolic-layer problem.
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HIGHLY EFFICIENT ENERGY-CONSERVING
MOMENT METHOD FOR THE MULTI-

DIMENSIONAL V,ASQOV-MAXWELL

SYSTEM

Tianai Yin, Xinghui Zhong, Yanli Wang*

Plasma, which exists widely in the universe, is the fourth fundamental state of matter after solid, liquid, and gas.
Understanding the complex behavior of plasma has led to significant advances ranging from space physics and fusion
energy, to high-power microwave generation and large-scale particle accelerators. One of the fundamental models in
plasma physics is the Vlasov system, which describes the time evolution of the distribution function of collisionless
charged particles with long-range interactions. The long-range interactions may occur under a self-generated
electromagnetic field. For example, the evolution of the electromagnetic field can be modeled by Maxwell’s equations
or Poisson’s equation in the zero-magnetic field limit, resulting in the well-known Vlasov-Maxwell (VM) or Vlasov-
Poisson (VP) systems.

Numerically solving the VM system is a difficult task. There are several challenges such as the high dimensionality,
the conservation of physical quantities due to the Hamiltonian structure of the system, various physical phenomena,
nonlinearity.

This work proposes an energy-conserving regularized moment method for the multi-dimensional VM system. The
distribution function is expanded by a series of Hermite functions with the expansion center and the scaling factor
chosen adaptively. With this specially chosen expansion center, the effect of the Lorentz force from the electromagnetic
field can be changed into a linear combination of the moment coefficients, so that the computational cost can be
significantly reduced. To design the energy-conserving scheme, the moment system is split into the convection step and
the Lorentz force step by the Strang splitting method. Thus, the effect of the Lorentz force term is reduced to several
ODE:s related to the macroscopic velocity and high-order moment coefficients. Most importantly, an implicit scheme

is developed to solve Maxwell’s equations and the Lorentz force step simultaneously, enabling the conservation of the
mass and total energy for the VM system. Only a small system of linear equations needs to be solved for this implicit
scheme.

Several numerical examples of the VM system, such as one-dimensional Landau damping, two-stream instability,
Weibel instability, and two-dimensional Orszag-Tang vortex problems, are studied to exhibit the high efficiency of the
proposed energy-conserving numerical methods.



Fig 1. Orszag-Tang vortex problem. Time evolution of the magnetic field. Here, the background is the total magnetic energy, and the
white line is the magnetic field.
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swimminé MIECHANISMS or

THE MIDGE LARVA

Bowen Jin, Chengfeng Pan, Neng Xia, Jialei Song, Haoxiang Luo, Li Zhang, Yang Ding

The efficient motility of invertebrates helps them survive under evolutionary pressures. Reconstructing the
locomotion of invertebrates and decoupling the influence of individual basic motion are crucial for understanding
their underlying mechanisms. The midge and mosquito larvae can reach swimming speeds of more than one body
length per cycle performing a “figure eight” gait, in which their elongated bodies periodically bend nearly into circles
and then fully unfold.

<P -'*\"./.1\\‘-&-"\.\ MO

< m
Fig 1. Snapshots of the swimmer over a period shows that the speed sensitively depends on the modulation of deformation speed.

To elucidate the propulsion mechanism of this cycle of motion, a team led by Prof. Yang Ding from CSRC and

Prof. Li Zhang from CUHK conducted a three-dimensional (3D) numerical study and robotic experiments. They
investigated the hydrodynamics of undergoing the prescribed kinematics. They found novel propulsion mechanisms,
such as modulating the body deformation rate to dynamically increase the maximum net propulsion force, using
asymmetric kinematics to generate torque and the appropriate rotation, and controlling the radius of the curled body
to manipulate the moment of inertia. The figure eight gait is found to achieve propulsion at a wide range of Re but

is most effective at intermediate Re. The results were further validated experimentally, via the development of a soft
millimeter-sized robot that can reach comparable speeds using the figure eight gait.
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NONLINEAR COUPLING EFFECTS OF THE
THERMOCAPILLARITY AND INSOLUBLE
SURFACTANTS TO DROPLET MIGRATION

unpER POISEUILLE rrow

m‘ Zhenlin Guo #

Under a fully developed Poiseuille flow with nonisothermal
condition, it has been widely reported that the thermocapillary
effects always strengthen the droplet migration velocity

as long as the temperature increases along the direction of
Poiseuille flow. The insoluble surfactant, on the other hand,
always retards the droplet migration. This is due to the

fact that, for most of the models, the Langmuir equation of
state for the surface tension is usually simplified under the
assumption of low surfactant concentration. The coupling
term of temperature and surfactant concentration is dropped,
and the thermo-induced and surfactant-induced Marangoni
forces are therefore decoupled. In this study, Zhenlin develops
a thermodynamically consistent phase-field model for
investigating the coupling effects of temperature and surfactant
concentration on droplet migration under a fully developed
Poiseuille flow. By choosing the interface free energy
sophisticatedly, the surface tension of our model consists of not
only the classical linear part for the thermocapillary effects but
also a nonlinear coupling term of temperature and surfactant
concentration that recovers the Langmuir equation of state.
This coupling term allows us to investigate the case of high
surfactant concentration. Through 3D numerical simulations,
Zhenlin finds that this nonlinear coupling term introduces extra
thermo-induced and surfactant-induced Marangoni forces to
the droplet migration, leading to a competition between the
two, especially for the case of high surfactant concentration.
In particular, the initial migration velocity of a surfactant-
covered droplet is always faster than that of a droplet with a
clean interface. The terminal velocity, on the other hand, does
not reach its steady state but instead decreases gradually as the
droplet moves toward the hotter region, whereas, for the case
without this term, the initial migration velocity of a surfactant-
covered droplet is always lower than that of a clean interface
and the terminal velocity stays steady.

Insoluble surfactant
concentration ¢r
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Fig 1. Problem setup. A surfactant-covered droplet is initially
centered at the centerline of a square microchannel under a
fully developed Poiseuille flow. The initial temperature field is
assumed to be linearly increasing along the flow direction (z
axis).
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Fig 2. Droplets covered by insoluble surfactants migrate under a fully developed Poiseuille flow with a nonisothermal condition. The results for
two cases, one with low surfactant concentration ($\phi= 0.2$ left) and one with high concentration ($\phi= 0.8$ right), with various $Pe_\Gamma$
up to (at) time t = 20 are presented. (a) Evolution of migration velocities of droplets covered by surfactant (black lines), a droplet with a clean
interface under a nonisothermal condition (red solid line) and a droplet with a clean interface under an isothermal condition (blue line). (b) Zoom
in of (a). (c)—(e) Interface surfactant concentration, temperature. and surface tension along the droplet interface, respectively. These quantities are
plotted as the functions of an angle $\theta$ the 2D plane (x, y = 0, z) at time t = 20. The angle $\theta$ is obtained anticlockwise while treating
the droplet center as the origin, where $\theta = 1/2$ stands for the droplet front, and $\theta = 37/2$ stands for the droplet rear. For simplicity, all
quantities in (c—e) are subtracted by their mean values over the interface.
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During the 2022-2023 academic year, CSRC is undertakeing 41 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. 3 projects were concluded during the academic year.
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During the 2022-2023 academic year, CSRC has published a total of about 300 papers.

SIMULATION OF PHYSICAL
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20

21

22

23

24

25

26

27

28

29

30

31

Origin of Structural Anomaly in Cuprous Halides;
Wang, Zhi-Hao; Zhang, Xie; Wei, Su-Huai; JOURNAL OF PHYSICAL CHEMISTRY LETTERS, 13, 49 (2022)

Chemical Trend of Nonradiative Recombination in Cu(In,Ga)Se2 Alloys;
Dou, Baoying; Falletta, Stefano; Neugebauer, Joerg; Freysoldt, Christoph; Zhang, Xie; Wei, Su -Huai; PHYSICAL
REVIEW APPLIED, 19, 5 (2023)

Cation-Disorder-Enhanced Unintentional Doping in MgSnN2;
Ning, Feng; Huang, Jing; Kang, Jun; PHYSICAL REVIEW APPLIED, 19, 5 (2023)

Trends in the Electronic Structure and Chemical Bonding of a Series of Porphyrinoid-Uranyl Complexes;
Wang, Cong; Hu, Shu-Xian; Zhang, Lu; Wang, Kai; Liu, Hai-Tao; Zhang, Ping; INORGANIC CHEMISTRY, 62, 14
(2023)

First-Principles Calculations of Shallow Acceptor-Carbon Complexes in Si: A Potential-Patching Method with a
Hybrid-Functional Correction;
Kang, Jun; Wang, Lin -Wang; PHYSICAL REVIEW APPLIED, 18, 6 (2022)

Electronic Structures and Unusual Chemical Bonding in Actinyl Peroxide Dimers [An(2)O(6)](2+) and [(An(2)O(6))
(12-crown-4 ether)(2)](2+) (An = U, Np, and Pu);

Hu, Shu-Xian; You, Xiao-Xia; Zou, Wen-Li; Lu, Erli; Gao, Xiang; Zhang, Ping; INORGANIC CHEMISTRY, 61, 39
(2022)

Identification of carbon location in p-type GaN: Synchrotron x-ray absorption spectroscopy and theory;
Huang, Huayang; Yan, Xiaolan; Yang, Xuelin; Yan, Wensheng; Qi, Zeming; Wu, Shan; Shen, Zhaohua; Tang, Ning;
Xu, Fujun; Wang, Xinqgiang; Ge, Weikun; Huang, Bing; Shen, Bo; APPLIED PHYSICS LETTERS, 121, 25 (2022)

Verification of the Accuracy and Efficiency of Dispersion-Corrected Density Functional Theory Methods to Describe
the Lattice Structure and Energy of Energetic Cocrystals;
Liu, Guangrui; Wei, Su-Huai; Zhang, Chaoyang; CRYSTAL GROWTH & DESIGN, 22, 9 (2022)

Local structural power exponent as an indicator of elastic heterogeneity in glasses;
Wei, Xuerui; Wang, Weihua; Guan, Pengfei; PHYSICAL REVIEW B, 107, 17 (2023)

Origin of the variation in lattice thermal conductivities in pyrite-type dichalcogenides;
Jia, Tiantian; Liu, Xiaobing; Zhang, Yongsheng; Wei, Su-Huai; PHYSICAL REVIEW B, 107, 11 (2023)

Hole doping dependent electronic instability and electron-phonon coupling in infinite-layer nickelates;
Sui, Xuelei; Wang, Jianfeng; Chen, Chao; Ding, Xiang; Zhou, Ke-Jin; Cao, Chao; Qiao, Liang; Lin, Haiqing; Huang,
Bing; PHYSICAL REVIEW B, 107, 7 (2023)

Bidirectional Transport Phenomenon of Ions in Electric Fields Due to the Cluster Formation in Two-Dimensional
Graphene Channels;
Zhang, Xinke; Li, Shuang; Gao, Shiwu; Su, Jiaye; JOURNAL OF PHYSICAL CHEMISTRY C, 127, 2 (2023)
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14

15

16

17

18

19

20

21

22

23

24

25

26

LINEARLY IMPLICIT INVARIANT-PRESERVING DECOUPLED DIFFERENCE SCHEME FOR THE
ROTATION-TWO-COMPONENT CAMASSA-HOLM SYSTEM;
Zhang, Qifeng; Liu, Lingling; Zhang, Zhimin; SIAM JOURNAL ON SCIENTIFIC COMPUTING, 44, 4 (2022)

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

Temperature Patches for a Generalised 2D Boussinesq System with Singular Velocity;
Khor, Calvin; Xu, Xiaojing; JOURNAL OF NONLINEAR SCIENCE, 33, 2 (2023)

Finite element method for the stationary dual-porosity Navier-Stokes system with Beavers-Joseph interface
conditions;

Qiu, Meilan; Qing, Fang; Yu, Xijun; Hou, Jiangyong; Li, Dewang; Zhao, Xiaolong; COMPUTERS &
MATHEMATICS WITH APPLICATIONS, 141 (2023)

A FAMILY OF FINITE ELEMENT STOKES COMPLEXES IN THREE DIMENSIONS;
Hu, Kaibo; Zhang, Qian; Zhang, Zhimin; SIAM JOURNAL ON NUMERICAL ANALYSIS, 60, 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)

CONVERGENCE OF RENORMALIZED FINITE ELEMENT METHODS FOR HEAT FLOW OF HARMONIC
MAPS;
Gui, Xinping; Li, Buyang; Wang, Jilu; SIAM JOURNAL ON NUMERICAL ANALYSIS, 60, 1 (2022)

Block generalized St?rmer-Cowell methods applied to second order nonlinear delay differential equations;
Li, Cui; Zhou, Yongtao; APPLIED NUMERICAL MATHEMATICS, 178 (2022)

Thermodynamically Consistent Models for Coupled Bulk and Surface Dynamics;
Jing, Xiaobo; Wang, Qi; ENTROPY, 24, 11 (2022)

Error Estimates of Finite Difference Methods for the Biharmonic Nonlinear Schrodinger Equation;
Ma, Ying; Zhang, Teng; JOURNAL OF SCIENTIFIC COMPUTING, 95, 1 (2023)

High Order Asymptotic Preserving Hermite WENO Fast Sweeping Method for the Steady-State S-N Transport
Equations;
Ren, Yupeng; Xing, Yulong; Wang, Dean; Qiu, Jianxian; JOURNAL OF SCIENTIFIC COMPUTING, 93, 1 (2022)

An Oscillation-free Discontinuous Galerkin Method for Shallow Water Equations;
Liu, Yong; Lu, Jianfang; Tao, Qi; Xia, Yinhua; JOURNAL OF SCIENTIFIC COMPUTING, 92, 3 (2022)

Sharp Error Estimate of an Implicit BDF2 Scheme with Variable Time Steps for the Phase Field Crystal Model;
Di, Yana; Wei, Yifan; Zhang, Jiwei; Zhao, Chengchao; JOURNAL OF SCIENTIFIC COMPUTING, 92, 2 (2022)
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WORKSHOPS & CONFERENCES
(2022-2023) [HSEH EHHEREW

AJ|8) Date SINBFR Title

7th Conference on Numerical Methods for Fractional-derivative Problems

2023.7.27-29 P — 5
FEESHUSHTEETT F2W
2023.4.19-23 Workshop on Modeling, Algorithm and Analysis of Complex Fluid Dynamics
o SxniAER. o, BiEE)BIRHTS
2023.3.24-26 Workshop on Modeling & Simulations for chgplex System
SERAFERSHERIITIES
2022.9.24-25 2022F N A SITEHFHISE IR
o 2022 Third Workshop of the Applied and Computational Mathematics Symposium
2022.8.11-13 6th Conference on Numerical Methods for Fractional-derivative Problems
o BNESHSHTEET FEW
2022.8.4 Mini-Workshop on Applied and Computational Mathematics

RSB/ NET S
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TUTORIALS (2022-2023) [siiise

AYi&E Date SWAFR Title
2022.11.7-10 N FEGNEAEBIC SR HE EE)IBE
2022.10.31-11.3 “RISEEERRIERIE: BERERIIMEETAIEMAIFER 12)5E




CSRC SEMINAR &&@iRE

LTRGBS E N IME LIS E B ERTEIIRE, EFRFASE, BERFARBLE., 2022-2023F K FH 8
OGRS E B ESH (2122587) .

CSRC invites national and overseas leading researchers to give academic seminars. During academic year 2022-2023, CSRC has

already held 68 seminars.

No. | DATE\HHA | SPEAKER{REE A

1 2022-8-1
2 2022-8-9
3 2022-8-11
4 2022-8-15
5 2022-8-15
6  2022-8-18
7 2022-8-22
8  2022-8-24
9  2022-8-30

HEE
Zhangxing Chen

Zhijian Yang

HiRfE
Zhen-Wei Wu

Cheng Wang

BHEE
Xuehai Huang

ZHRE
Ming-Xing Li

RIAS

Shuonan Wu

*BELE
Hui-Jie Zheng

Wanrong Cao

INSITUTE\E{3]

RRMNEXE
University of Calgary

HINKZE

Wuhan University

JERIBEAE
Beijing Normal University

XEDFEERFZRSF DR

University of Massachusetts Dartmouth

EB8EXRE
Shanghai University of Finance and
Economics

SRR B IR R
Institute of Physics, CAS

JERKE
Peking University

SRR B IR AT
Institute of Physics, CAS

RERZF

Southeast University

TITLEARSERH

CCUs (xite. FRSHE AR
RN HE. PiNAIR

HESTERSHNITTH EEES SR
&

TR R FFNE SHITERER

A BDF2 decoupled numerical scheme for
resistive magnetohydrodynamic equations

FINITE ELEMENT COMPLEXES FROM
COMPLEXES

FRASNESEESHERNNHAL

A monotone discretization for integral
fractional Laplacian on bounded Lipschitz
domains: pointwise error estimates

under H\" {o}lder regularity

EFa=f (NV) albeNalNEF
&Rk

On spectral Petrov-Galerkin method for
solving optimal control problem governed
by fractional diffusion equations with
fractional noise
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No.

10

11

12

13

14

15

16

17

18

19

20

DATE\HHA | SPEAKERVIRE A

2022-9-5 R
Wen-An Yong
i
2022-9-8 %E é
Wei-Ming Yang
2022-9-20 . I
Xiu-Feng Yang
2022-9-22 CORE
Dan Hu
=
2022-9-27 sheEE
Zhen-Ning Cai
2022-9-28 %EF?%
Feng-Wei Yang
2 e
2022-10-9 s
Yonghai Li
2022-10-11 ® R
Chen Zhang
Sk
2022-11-15 [
Zhi-Qin Xu
2022-11-29 EEE_
Hai-Jun Liao
2022-12-11 CIRE
Dan Hu

INSITUTE\B {31

P

Tsinghua University

FRE LA

China University of Mining and
Technology

JtRET X
Beijing Institute of Technology

LigRREXRF
Shanghai Jiao Tong University

FIMKESIRZE

National University of Singapore

LRI AS
University of Warwick

EMAZE

Jilin University

IR BRI EERTAT
Beijing Institute of Automatic
Control Equipment

EiExzERE
Shanghai Jiao Tong University

PERZFBAIEA AT
Institute of Physics (CAS)

EiERERE
Shanghai Jiao Tong University

TITLEARSEHE

On dissipativity of moment closure
systems for the Boltzmann equation

SRR RAEE “ER”

FEBRLFIESPHR EERE RN KFH
Nz A3

A Non-Gradient Method for Solving
Partial Differential Equations with Deep
Neural Networks

A Conservative and Entropic Scheme for
the Boltzmann Equation

KRR S ISR BISEE T Al 4. 07h Bz AR

()BBRMATRITTIZRI SR BN B2(2)
PE A R TR BRAFIERIMEFI DT

ETNVEORGHNE: NASHE

Simple Implicit Regularizations in Deep
Learning

Spin Excitation Spectra of Anisotropic
Spin-1/2 Triangular Lattice Heisenberg
Antiferromagnets

A non-gradient method for solving partial
differential equations with deep neural
networks



No. | DATE\HER | SPEAKERV{REEA

iRT
Zhen-Ning Cai

21 2022-12-12

B
22 2023-1-30 ,E'?Ié
Wai-Xiang Cao
23 2023-2-3 Eﬁg%
Yao-Lai Wang
(&
24 2023-2-3 i &
Jun Lu
AR
25 2023-2-6 ==
Hui-Yuan Li
26 2023-2-7 K
Yu Zhang
S =K==
27 2023-2-8 1%%'5’”'5"
Chang-Jing Zhuge
=R
28 2023-2-13 ,E“NJ
Zhi-Gang Wang
(=
29 2023-2-13 L
Jun Hu
=
30 2023-2-15 # j[‘
Hong Qian
2=
31 2023-2-20 Sl ,
Dong-Fang Li
/i\l
32 2023-2-27 SRAEF

Ji-Wei Zhang

INSITUTE\B&{3;

FONKEIRF

National University of Singapore

ERIFEARF
Beijing Normal University

PPN

Jiangnan University

P ERIF RS AT
Institute of Physics (CAS)

PERFF R AR
Institute of Software (CAS)

IERETXE
Beijing Institute of Technology

IERITWKEF
Beijing University Of Technology

EMKRE

Jilin University

JEmKE
Peking University

RIS
University of Washington

tech R A
Huazhong University of Science and
Technology

N
Wuhan University

TITLEARSEH

A conservative and entropic scheme for
the Boltzmann equation

A Class of Spectral Volume (SV) Methods
for Hyperbolic and Diffusion Equations

HRATAIHE SRR

RS PR A 2R A & B9 — s
iidis

A Fast Maxwell Solver Based on Exact
Discrete Eigen-Decompositions

BNFFEE —4Er R P RIS SR S
ETUE

MMERsERNMNEZEERRRE
VA

NBRFRZEBRFYESY

High Accurate Algorithms for Eigenvalue
Problems Based on Nonconforming Finite
Element Methods

Toward a New Mathematical Foundation
of Statistical Thermodynamics

BREELMEEX: W&, DTHIRA

Do We Need Decay-Preserving Error
Estimate for Solving Parabolic Equations
with the Initial Singularity?

2022-2023 ANNUAL REPORT
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No. | DATE\HHE | SPEAKERRE A

1%
33 2023-3-6 = .
Hua Nie
34 2023-3-6 .%:tﬂﬂg
Shi-Peng Mao
XBER%E
35 2023-3-7 , R
Ming-Hua Deng
pr=:c 5
36 2023-3-10 L
Peng Tan
oy
37  2023-3-13 . =EHE
Jian-Guo Huang
38  2023-3-15 ﬁ& .
Ping Ao
39  2023-3-16 EE*{%
Da-Wei Wang
40 2023-3-20 ’.7': 2
Jie Shen
41 2023-3-22 £ X
Huan Wang
= ++
42 2023-4-10 = An
Zhe Yuan
LS
43 2023-4-26 B A
Ke Lan
=il
44 2023-5-8 =

Cong-Cong Li

INSITUTE\B 3]

(PN

Shaanxi Normal University

PRI F SRFRF R
Academy of Mathematics and
Systems Science (CAS)

JEmKE
Peking University

SBXF
Fudan University

LigRERE
Shanghai Jiao Tong University

LR DFAREME) LigE
WHERFBEARE)

HNIKE
Zhejiang University

BEXE
Purdue University

WileyWiley

JERITBEARF
Beijing Normal University

ICRR YR ST B HF AR AT
Institute of Applied Physics and
Computational Mathematics

PERZFRARE
University of Science and
Technology of China

TITLEARSEH

The Effect of Diffusion on the Dynamics
of a Predator-Prey Chemostat Model

BT BT E=WHIRIN N FRETTE
R

scEMAIL: Universal and Source-free
Annotation Method for scRNA-seq Data
with Novel Cell-type Perception

BIBUAAF SR RENETIERER

A Robust Lower Order Mixed Finite
Element Method for a Strain Gradient
Elastic Model

Third Universal Mechanics: Towards
Unifying Non-Equilibrium Processes
in Physics and Network Dynamics in
Biology

Observing the Quantum Topology of

Light

Efficient High-Order Methods for
Parabolic PDEs

WileyRIZFHEIFIENBIES k&

BB FEHEB MRS TR

EXEHE “RX” ER——BETE
£, IS IEmERER

T () B 2 RO SR F BER LT RRF Y



No. | DATE\HER | SPEAKERV{REEA

45 2023-5-10

46  2023-5-17

47  2023-5-18

48  2023-5-19
49  2023-5-19
50 2023-5-23
51 2023-5-24
52 2023-5-29
53 2023-5-31
54 2023-6-5
55 2023-6-7
56  2023-6-9

& E

Pan Jie

HiEX
Ze-Wen Xiao

FHEESE
Chu-Shun Tian

2 R
Yi Peng

Eo
Cheng Wang

X 45
Chang Liu

2R
Guang-Yin Jing

A &

Jian Zhou

E B
Yong Wang

[ =]
Yi-Nan Hu

PRATEE
Hang-Hui Chen

BEEE
Guo-Hai Situ

INSITUTE\B&{3;

Nature Computational Science,
SPRINGER NATURE Nature
Computational Science, SPRINGER
NATURE

terh ik
Huazhong University of Science and
Technology

FERFBIRICYIIRA T
Institute of Theoretical Physics
(CAS)

PERFE AR T
Institute of Physics (CAS)

DFEEAFRBF DR
University of Massachusetts
Dartmouth

ARZBRF
Xi’ an Jiaotong University

ik e

Northwest University

AARIBAREF
Xi’ an Jiaotong University

PENFRHF SESERFH TR
NI FREE RS R

Institute of Applied Mathematics,
AMSS (CAS)

RERIF REMYIERRRAT
Institute of Biophysics (CAS)

EBAOKRE
NYU Shanghai

P EMNF B LS BB R
Ffr

Shanghai Institute of Optics and
Fine Mechanics (CAS)

TITLEARSEH

Inside Nature Journals

TR SIS CERMERIER R
SEMRLT

Connecting Maximal and Minimal Chaos:
From Perspectives of SYK and String
Theory

Hydrodynamic Effects in Biological
Active Fluids

A Positivity Preserving, Energy Stable
and Convergent Numerical Scheme for
the Poisson-Nernst-Planck System

KEBEFEREATIZINVR Z ETS LA
S5RFREFRL

Swimming Bacteria: Individually and
Collectively Motion

Hidden Modes in Bulk Photovoltaic
Effect

BERFEMEEER

INEUESCBF DT SH BRI RER 5
RE

Emergent Phenomena in Complex Oxide
Thin Films

YIRS REREMNEREETEE
B PHIN A
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No.

57

58

59

60

61

62

63

64

65

66

67

68

DATE\HHA | SPEAKERVIRE A

2023-6-26 , EE'%,“ ,
Jin-Zhi Lei
A
2023-6-27 1'%%?.['
Zhen-Li Xu
2023-6-27 Bﬁ\ﬁﬁ
Yan-Ping Chen
=0
2023-7-6 EQ,{* A
Jun-Ming Duan
=
2023-7-6 . HIxE .
Tian-Han Liu
2023-7-10 ﬁ( :F
Ping Lin
2023-7-13 ﬁﬁmﬁ,
He-Hu Xie
4
2023-7-19 4 T"
Jun Ding
2023-7-21 Maxim F. Gelin
2023-7-24 , K&
Li-Shu Zhang
-
N \7
2023-7-24 B2k
Yi-Bing Chen
X A
2023-7-27 R

Yan-Xiang Zhao

INSITUTE\E3{3f

KETWAE

Tiangong University

EERERE
Shanghai Jiao Tong University

el N
South China Normal University

ImTRREFE T
Ecole Polytechnique Fédérale de
Lausanne, EPFL

EENIMARZ BN
University of California-Los
Angeles

HEBEXF
University of Dundee, UK

PERFREFSRAFZTR

Academy of Mathematics and
Systems Science (CAS)

ALRBRF
Xi'an Jiaotong University

M EBFREKE

Hangzhou Dianzi University

rETHAEHRRBL

Jiillich Research Centre, Germany

IERR YR STt B EF AR AT
Institute of Applied Physics and
Computational Mathematics

EEFAERMAF

The George Washington University,

USA

TITLEARSEH

Heterogeneity, Plasticity, Entropy, and
Waddington Landscape

Structure-Preserving Numerical Methods
for Plasma Simulations

An Adaptive HDG Method for the
Pointwise Tracking Optimal Control
Problem of Elliptic Equations

High-Order Accurate Entropy Stable
Adaptive Moving Mesh Methods

Control of Chirality, Spin, and Orbital in
Chiral Molecular Devices

A Thermodynamically Consistent
Phase-Field Model and an Energy-Law
Preserving Finite Element Scheme for
Vesicles Motions and Interaction

SKERE IR N E N

Tuning Order in Disorder: From Metallic
Glasses to High-Entropy Alloys

Novel Simulation Methods in Quantum
Dynamics and Femtosecond Spectroscopy

Current-Driven Magnetic Resistance
in Van der Waals Spin-Filter
Antiferromagnetic Tunnel Junctions

WimS N =4S YIRS N REUEEN
eSS

Supervised Optimal Transport
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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 2022-2023,
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.

FIOEIMERSRAVIAESRNEERR, RIRARRDERIINERSNZ SR, WEMBHARSERIN
MRANEZ BN EIAZR. RZES, F0EFTRE20SNMNE RN X A0 FEEBITS000R AR, FiOR
A RIMNE S MNFARIRENBIT20005 A K. 2022-2023 % AR EHAE], A dEFkii5ERBIT200 A%,

ORI E MR HUDHE R T W IR AN RFEE, DUARIZENTERRAROERARG, #HTEHHK

HEERR. RO ERITN—EFNERFEHNNSW. HIPE. AR OERIEE, R OBRMR—ENETER
FEPANE



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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@ BEIJING COMPUTATIONAL SCIENCE RESEARCH CENTER
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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/
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