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(@ BEIJING COMPUTATIONAL SCIENCE RESEARCH CENTER

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

As of August 2025, CSRC has 27 faculty members, 2
engineers, 27 postdoctoral fellows and 95 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 192 papers, organized 2 academic conferences
and workshops, 1 colloquium on scientific frontiers, and 49
CSRC seminars. CSRC has also forged partnerships with
many prestigious universities and research institutes around
the world.

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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INVESTIGATION OF PAIRING

SYMMETRY TRANSITION AND MICROSCOPIC
PAIRING MECHANSIM IN HIGH-
TEMPERATURE SUPERCONDUCTORS

Chao Chen, Peigeng Zhong, Xuelei Sui, Jialong Wang, Haiging Lin, Shijie Hu, and Bing Huang

Charge stripes have
been widely observed in
various unconventional
superconductors, exhibiting
diverse periods and
intensities. They are believed
to play a crucial role in
elucidating the mechanism of
superconductivity, especially
in cuprates. However, a
comprehensive understanding
of the interplay between charge
stripes and superconducting
properties remains exclusive.
According to the early
scenario proposed by Jan
Zaanen, the charge-filled
stripe phase (with one hole per
unit cell of the charge order)
can be regarded as interactive
elastic quantum strings of
holes, stabilized by m-phase
shifts between neighboring
magnetic domains. However,

this scenario faces challenges in explaining electron pairing, as electron pairing
requires the participation of hole pairs.

In the first work [1], we conducted large-scale unbiased numerical simulations on
a general inhomogeneous Hubbard model and revealed that the period of static
charge stripes—which varies across different real materials—can determine the
pairing symmetry. By tuning the hole doping concentration and the amplitude of
the charge stripes, we can trigger a transition from d-wave to s-wave pairing as well
as a shift in magnetic correlations. In this process, the d-wave state transforms into
a pairing-density wave state, which competes with the s-wave. These intriguing
phenomena arise from the unusual behavior of stripe-induced selection rules for
pairing symmetries within the stripe regions and between the stripes.

In the second work [2], we proposed a new effective model to describe the stripe
phase in the hole-doped t-Jz model. Relative to the antiferromagnetic background,
the model includes three types of color-labeled point defects coupled to an effective
spin field, hence the name “colored string” model. Compared with the results from
large-scale density matrix renormalization group simulations, we found semi-
quantitative agreement in local hole density, magnetic moment, and the newly
proposed spectral features of the effective spin field. By systematically analyzing
the hole-density distribution and the scaling of the ground-state energy at different
system sizes, we determined the effective core radius and the effective hopping
amplitude of the quantum strings. We further demonstrated that the partially filled
stripe phase (with fewer than one hole per unit cell of the charge order) can also be
well described by the effective theory.
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[1] Chao Chen, Peigeng Zhong, Xuelei Sui, Runyu Ma, Ying Liang, Shijie Hu,* Tianxing Ma,* Hai-Qing Lin, and Bing Huang,* Charge
stripe manipulation of superconducting pairing symmetry transition, Nature Comm. 15, 9502 (2024).
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DIAGNOSING QUANTUM PHASE TRANSITION
ORDER AND DECONFINED CRITICALITY VIA

ENTANGLEMENT ENTROPY

Zehui Deng, Lu Liu, Wenan Guo, and Hai-Qing Lin

Deconfined quantum criticality (DQC), which spontaneously breaks into an O(4) symmetry in the
describing continuous phase transition between thermodynamic limit. This result supports the conjecture that an
two unrelated ordered states, is beyond the SO(5) symmetry emerges at the transition point, but reveals the
paradigm of Landau Ginzburg-Wilson. Sandvik transition to be weakly first-order. We demonstrate, through this
invents the J—Q, model, realizing the valence- Letter, a novel approach to detect emergent continuous symmetry
bond solid (VBS) to Néel transition in two- and, more importantly, identify weakly first-order phase
dimensional (2D) quantum spin systems. The transitions efficiently, which have been notoriously challenging
model has no sign problem and, therefore, is for conventional methods.

amenable to quantum Monte Carlo (QMC)
simulations. The J—Q; model, a variant of
the J—Q, model, exhibits a similar VBS-N¢el
transition, with the VBS order enhanced in the
VBS phase. Numerous QMC studies on these
models have observed signatures of the DQC,
with transitions appearing continuous. However,
the conformal bootstrap calculation sets bounds

on critical exponents. The exponents of the 027 L
“continuous” VBS-N¢éel transitions do not

satisfy the bounds, and thus alternative scenarios I
are suggested: the transition is described by 0.268 -
a nonunitary conformal field theory (CFT) ] i
with complex fixed points, a multicriticality is ;N 0.266 -
involved, or it serves as a precursor to a weak r
first-order transition. 0.264 -
We study the scaling behavior of the Rényi |
entanglement entropy with smooth boundaries at 0.262 -

the putative deconfined critical point separating

the Néel antiferromagnetic and valence-bond-
solid states of the two- dimensional J—Q; model.
We observe a subleading logarithmic term
with a coefficient indicating the presence of
four Goldstone modes, signifying the presence
of an SO(5) symmetry at the transition point,
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[1] Zehui Deng, Lu Liu, Wenan Guo*, and Hai-Qing Lin*, "Diagnosing Quantum Phase Transition Order and Deconfined Criticality via

Entanglement Entropy, Physical Review Letters, 133. 100402.(2024).
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SPIN FLUCTUATIONS IN THE DISSIPATIVE
PHASE TRANSITIONS OF

THE RABI MODEL

Jiahui Li, Rosario Fazio, Yingdan Wang, and Stefano Chesi
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Fig. (a) Phase diagram of the system. (b) The numbers of photons (solid curve) is strongly reduced with respect to the case without fluctuations
(dashed curve). (¢) Transition processes between normal (NP) and superradiant (SP) states, giving a significant population in the excited NP

state.

The quantum phase transition of the Rabi model occurs, remarkably, for a single qubit (or spin-1/2 system) interacting with
a cavity mode. It has been widely studied, as it represents a minimal setting to explore few-body critical phenomena. The
critical point between normal and superradiant phases is also very valuable for quantum metrology.

In a recent work [1], Prof. Stefano Chesi of CSRC and his former postdoc Prof. Jiahui Li (Henan University), together
with Prof. Yingdan Wang (Institute of Theoretical Physics, CAS) and Prof. Rosario Fazio (ICTP, Italy), have analyzed
in detail the effect of photon leakage on the critical behavior. This mechanism is naturally present in realistic setups and,
as it turns out, has dramatic effects on the properties of the system. It induces large fluctuations of the two-level system,
which can lead to an infinite- or even negative-temperature state. These spin fluctuations suppress the photon number in the
superradiant phase and prevent the formation of a tri-stable phase predicted by mean-field theory.

The techniques developed in this work, as well as the tendency of forming extreme nonequilibrium states in the single-spin
system, are expected to have general relevance in the study of dissipative phase transitions of few-body systems.
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[1] J. Li, R. Fazio, Y. Wang, and S. Chesi, Phys. Rev. Res. 6, 043250 (2024) .
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EXPERIMENTAL REVIVAL

OF AN UNKNOWN STATE FROM THE PAST IN
QUANTUM WALKS

Bingzi Huo, Dengke Qu, Quan Lin, Gaoyan Zhu, Lei Xiao, Xiang Zhan, and Peng Xue

The physical process in the macroscopic world unfolds along a single time direction, while the evolution of a
quantum system is reversible in principle. How to recover a quantum system to its past state is a complex issue
of both fundamental and practical interests. In this article, we experimentally demonstrate a novel method for
recovering the state in quantum walks (QWs), also known as full-state revival. Moreover, we observe two other
important phenomena in QWs, recurrence and periodicity, via simplifying and repeatedly implementing the scheme,
respectively. Our experiments show that obtaining these phenomena requires neither any information of the initial
state nor full information of the coin operations. Our work sheds new light on quantum state engineering and
recovery, and the initialization of quantum devices based on QWs.
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Fig. 1 Illustration of recovery of the initial state p0 of a QW after the t-step evolution.
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[1] Huo, BZ; Qu, DK; Lin, Q; Zhu, GY; Xiao, L; Zhan, X; Xue, P, Experimental revival of an unknown state from the past in quantum

walks, Natl. Sci. Rev., 12 (1), nwae263, 2025.
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FREQUENCY SHIFT causep

BY NONUNIFORM FIELD AND BOUNDARY
RELAXATION IN MAGNETIC RESONANCE
AND COMAGNETOMETERS

Xiangdong Zhang, Jinbo Hu, Da-Wu Xiao & Nan Zhao

In magnetic resonance experiments, it is widely recognized that a nonuniform magnetic field can lead to an increase in

the resonance line width, as well as a reduction in sensitivity and spectral resolution. However, a nonuniform magnetic

field can also cause shifts in resonance frequency, which has received far less attention. The group led by Prof. Nan Zhao

investigated the frequency shift caused by boundary relaxation and nonuniform magnetic field with arbitrary spatial

distribution. They find that this frequency shift is spin-species dependent, implying a systematic error in NMR gyroscopes

and comagnetometers. The first order correction to this systematic error is proportional to the difference of boundary

relaxation rate, and dominates for small cells. In contrast, the third and higher order corrections arise from the difference of

gyromagnetic ratios of spin species, and dominates for large cells. This insight helps understanding the unexplained isotope

shifts in recent NMR gyroscopes and new physics searching experiments that utilize comagnetometers. Finally, They

propose a tool for wall interaction research based on the frequency shift’s dependency on boundary relaxation.
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Fig. 1 Cartoon of the frequency shift mechanism.
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[1] Zhang, X., Hu, J., Xiao, D.-W. & Zhao, N. Frequency shift caused by nonuniform field and boundary relaxation in magnetic
resonance and comagnetometers. Commun Phys 8, 93 (2025).
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DRESSET) MAJORANA FERMION IN A
HYBRID NANOWIRE

Guo-Jian Qiao, Xin. Yue, and C. P. Sun

Realizing Majorana fermions in condensed matter systems is the foundation of topological quantum computing. In recent
years, experimental evidence supporting the existence of Majorana fermions has been reported successively. However,
the key data in these studies have sparked widespread controversy, even leading to the retraction of many experimental
papers. Since 2013, Chang-Pu Sun's team has been dedicated to research in this field and conducted a systematic analysis
of the physical issues related to the "retraction incidents" [1, 2, 3]. Recently, they proposed a holistic theoretical approach
that treats electrons in the nanowire and quasi-excitations in the superconductor on an equal footing to define Majorana
fermions [4]. By the original definition of Majorana fermion—its antiparticle is own itself, this theory defines the "Dressed
Majorana Fermion", that is the quasi-excitations of the entire hybrid system satisfy n = nT. From this, it directly determines
the analytical conditions for the existence of Majorana fermions (topological phase). This topological phase diagram (the
purple region in Fig. 1) depends not only on the chemical potential and magnetic field in the nanowire, but also on those
in the superconductor. Since this approach is non-perturbative, the obtained results are valid for any strength of proximity
tunneling and magnetic field. The work not only reveals why Majorana fermions—the "angel particles"—cannot be
observed in nanowire-superconductor hybrid systems at present, but also points out the precise conditions for realizing

Majorana fermion in the future.
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Fig. 1 In the space of the chemical potential and Zeeman energy, the more general topological phase (the light purple region) deviates from
the phase diagram predicted by the low-energy theory (the red dashed line). For InSb-Al and InAs-Al hybrid systems, the shift of the chemical
potential in the nanowire reaches the order of leV.
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RECENT PROGRESS ON

PHOTOINDUCED rHASE

TRANSITIONS IN MATERIALS FROM FIRST-
PRINCIPLES CALCULATIONS

Yirui Lu, Yang Li*, and Bing Huang”

The interplay between light and matter is a
crucial field in condensed matter physics, which
not only gives rise to numerous fascinating
physical phenomena, but also provides the
physical foundations for the development
of many modern technologies. When light
interacts with a material, it can excite the
electrons within a few femtoseconds. These
excited electrons drive the system into non-
equilibrium states through various mechanisms,
including electron-electron interactions,
electron-phonon coupling, phonon-phonon
scattering and spin-orbit coupling effects. In the
evolutionary process from the non-equilibrium
state to the equilibrium state, the properties of
the material undergo dramatic changes, leading
to phase transitions in its electronic, crystal and
magnetic structures. Because the manipulations
of material properties using optical techniques
are of great significance for developing
advanced technologies, extensively efforts
have been paid for exploring the physical
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mechanisms of photoinduced phase transitions.

In this review, we summarize the recent progress in the study of
photoinduced phase transitions using real-time time-dependent density
functional theory calculations. We first review the photoinduced phase
transitions of electronic structure after photoexcitation, such as the
insulator-to-metal transition and the melting of charge order in charge
density wave systems. Subsequently, the redistribution of charge
density induced by electron excitation generates forces on the atoms,
potentially leading to ultrafast laser melting or structural transition of
crystal. The amplitude and distribution of forces determine the features
of atomic motions. In addition, we discuss the phonon excitation
during structural phase transitions, such as the sequential phonon
excitation at different steps of the transitions and the specific phonon
excitation contributing to particular phase transitions. Furthermore, we
introduce the self-amplification effect caused by the synergy between
carrier relaxation and lattice deformation during structural phase
transitions. Moreover, we also address the responses of the magnetic
properties in materials stimulated by an external optical field, such
as photoinduced magnetization, photoinduced demagnetization and
ferromagnetic magnetic states induced by spin transfer. Finally, we
offer some perspective on the future development of this active field.
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Fig. 1 Schematic diagram of the photoinduced phase transitions in 1T-TiSe2 and in crystalline silicon.
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CORRELATED DJRAC

FERMIONS IN TWISTED BILAYERS OF MOS,

Jun Kang”

Artificial honeycomb lattices are essential for understanding exotic quantum phenomena arising from the interplay between
Dirac physics and electron correlation. This work shows that the top two moiré valence bands in rhombohedral-stacked
twisted MoS, bilayers (tb-MoS,) form a honeycomb lattice with massless Dirac fermions. The hopping and Coulomb
interaction parameters are explicitly determined based on large-scale ab initio calculations. The system exhibits significant
nonlocal Coulomb repulsion and can be described by the extended Hubbard model. At half-filling, strong Coulomb
repulsion in freestanding tb-MoS, drives the system away from the semimetal phase, resulting in strongly correlated
Dirac fermions. By varying the twist angle and dielectric environment, the Hamiltonian parameters can be tuned in a wide
range, enabling transitions between distinct quantum phases. The high tunability makes tb-MoS, a promising simulator for

exploring many-body effects of Dirac fermions.

V1

-

Fig. 1 (2) The moiré valence bands in twisted bilayer MoS,. The top two bands exhibit Dirac cone dispersion. (b) Tuning correlation strength in
twisted bilayer MoS, through twist angles and dielectric environments.
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QUANTUM EMISSION FROM

COUPLED SPIN PAIRS IN HEXAGONAL BORON
NITRIDE

Song Li*, Anton Pershin & Adam Gali*

Optically addressable defect qubits in wide band gap materials are favorable candidates for room-temperature quantum
information processing. Two-dimensional hexagonal boron nitride (hBN) is an attractive solid-state platform with great
potential for hosting bright quantum emitters and quantum memories, leveraging the advantages of two-dimensional
materials for scalable preparation of defect qubits. Although room-temperature bright defect qubits have been recently
reported in hBN, their microscopic origin, the nature of the optical transition, and the optically detected magnetic resonance
(ODMR) have remained elusive.

One major challenge is the identification of the exact defect structures responsible for SPEs and single-spin ODMR centers,
which is a prerequisite for realizing deterministic formation and control. The observed photoluminescence (PL) spectra

exhibit varying ZPL energies and phonon sidebands (PSBs), and many show similar optical lineshapes. These emissions
may originate from various defects, but the similarities in optical lineshape imply the presence of common defect types in
diverse crystalline environments.

An S = 1/2 paramagnetic defect with strong hyperfine interaction involving two equivalent nitrogen nuclei has been
observed by electron paramagnetic resonance (EPR), and we assigned this signal to the negatively charged ONVB defect—
i.e., oxygen substituting nitrogen adjacent to a boron vacancy—based on excellent agreement between experimental and
simulated EPR spectra [1]. Notably, the existence of the ONVB defect was confirmed by subsequent annular dark-field
scanning transmission electron microscopy (ADF-STEM) measurements. In addition, carbon and oxygen substitutions
were simultaneously observed nearby using the same technique. This provides strong evidence that the extra charge on
the ONVB defect giving rise to the EPR signal could originate from donor-like substitutions of boron by carbon (CB) or
nitrogen by oxygen (ON). In other words, CB or ON may form donor-acceptor pairs (DAPs) with ONVB, where the S
= 1/2 spin state arises from spin density localized around the ONVB component of the DAP. In this sense, the common
defect type is the ONVB acceptor, while the variation in optical properties is governed by the type and position of the
donor partner.

We perform comprehensive theoretical calculations on the optical properties of DAPs with varying separation distances.
We find that the donor (CB and ON) indeed donates an electron to the ONVB defect, rendering it negatively charged.
The donor-acceptor distance significantly influences the electronic structure, offering a possible explanation for the ZPL
variation observed in experiments. We show that the ON-ONVB DAP is photostable, with quantum yields comparable
to those of the isolated negatively charged ONVB. In contrast, the CB-ONVB pair exhibits metastable dim states at
certain separations, which act as non-radiative decay pathways. Spin-flipping within these dim states can mix doublet and
quartet multiplets, leading to spin polarization in the S = 1/2 ground state of the negatively charged ONVB when external
magnetic fields lift the Kramers degeneracy. As a consequence, ODMR spectrum24 may arise from the CB-ONVB defect
pair in the S = 1/2 ground state when subjected to a constant magnetic field [2].
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Fig. 1 a) The donor-acceptor model with oxygen and carbon impurities in hBN. b) Two mechanisms of optical transitions for
DAPs in semiconductors. The two types differ whether charge transfer or direct recombination occurs: the excited electron can be
trapped by A0 or D+, altering the charge state before relaxing back to the ground state. €) Bright excitation (red arrow) from the
ground state (GS) to the excited state (ES) is localized on ONVB~-. Through internal conversion, the ES can relax to the doublet
metastable state of CBO-ONVBO, denoted as Ds. The Ds level is separated by an energy J > 0 from the quartet metastable state Qs
of the same CBO—ONVBO configuration. The £ 1/2 and £ 3/2 spin sublevels within Qs are split by zero-field splitting. The black
dot indicates spin mixing between Ds and Qs, while the black circle indicates the population magnitude in the ground state. d) Spin
sublevels in Ds and Qs under magnetic fields, shown for three values of J: — 3000, 0, and + 3000 MHz.
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A GENERAL COLLOCATION ANALYSIS FOR
WEAKLY SINGULAR

VOLTERR A INTEGRAL EQUATIONS

WITH VARIABLE EXPONENT

Hui Liang, Martin Stynes*

Weakly singular Volterra integral equations (VIEs) of the second kind have the form
y(t) =g(t) + [i_,(t—5)""K(t,s)y(s)ds for0 <t < T, where the given exponent @ € (0,1) is a constant and y(t) is the
unknown solution which must be determined. The numerical solution of such problems has been extensively studied in the
research literature and in particular the use of collocation with piecewise polynomials is a commonly-used method. Our
paper discusses the solution of this class of problems when the exponent is no longer constant but a given function:

y() =g()+ [ (t—=5)""PK(t,s)y(s)ds for 0 <t < T. (Such problems are equivalent to certain variable-order
fractional-derivative differential equations.) The numerical solution of this problem using collocation has been studied for
the simplest case of piecewise linear polynomials (X.Zheng & H.Wang, SIAM J. Numer. Anal., 2020), but it is unclear
whether this analysis can be extended to polynomials of higher degree and consequent greater accuracy.

Our paper uses novel techniques to discuss the general theory (existence, uniqueness, regularity of solutions) of variable-
exponent weakly singular VIEs. These results then underpin an error analysis of collocation methods where piecewise
polynomials of any degree can be used. This error analysis is also novel --- it makes no use of the usual resolvent
representation, which is a key technique in the error analysis of collocation methods for VIEs in the current research
literature. Furthermore, all the above analysis for a scalar VIE can be extended to certain nonlinear VIEs and to systems
of VIEs. The sharpness of the theoretical error bounds obtained for the collocation methods is demonstrated by numerical
examples.
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PARAMETER INFERENCE AND
NONEQUILIBRIUM IDENTIFICATION FOR

MARKOYV NETWORKS BASED ON

COARSE-GRAINED OBSERVATIONS

Bingjie Wu#, Chen Jia*

Fig. 1 Consider an N-state Markov network
with n coarse-grained states 4,, ..., 4,, each
composed of multiple microstates. Assume
that an infinitely long trajectory of coarse-
grained states can be observed. We obtain
a set of sufficient statistics which extracts
all statistic information of coarse-grained
observations. Based on these sufficient
statistics, we set up a theoretical framework
of parameter inference and nonequilibrium
identification for a general Markov network
with an arbitrary number of microstates and
arbitrary coarse-grained partitioning. Our
framework can be used to identify whether the
sufficient statistics are enough for empirical
estimation of all unknown parameters and we
can also provide a quantitative criterion that
reveals nonequilibrium.

Most experiments can only detect a set of coarse-grained clusters of a molecular
system, while the internal microstates are often inaccessible. Here, based on an
infinitely long coarse-grained trajectory, we obtain a set of sufficient statistics
which extracts all statistic information of coarse-grained observations. Based
on these sufficient statistics, we set up a theoretical framework of parameter
inference and nonequilibrium identification for a general Markov network with
an arbitrary number of microstates and arbitrary coarse-grained partitioning (Fig.
1) [1]. Our framework can be used to identify whether the sufficient statistics
are enough for empirical estimation of all unknown parameters and we can also
provide a quantitative criterion that reveals nonequilibrium. Our nonequilibrium
criterion generalizes the one obtained in Ref. [2] for a three-state system with
two coarse-grained clusters, and is capable of detecting a larger nonequilibrium
region compared to the classical criterion based on autocorrelation functions.

Py
a e s b

, N

. \

P/ N

' 1

e 1

. Ay

COS N N

\\ -— ,' ‘\ = ,'

AN . A2 AN L An

C d I’-\‘A*] e 1'*\
VP ~ 1 1 A
=@ A o
YT 3 2@ 1+ 1 @ S 1\ &
———————— ~ - 1 - ey
‘®— @ i @ @
\_t ______ t - DN : 1 : i : SeSTTTTSTTmms -7

1

‘®® A '\‘_,'\: : /l,: /N ] |

\ ! A3 . = NN N ’_—__\
T 4 . :!/: '~!-!---, "A3 " ‘a
t t f Ay A, Aj

T T T T TS ~ ea T T T ~ "‘ _________



ETFEA N AY
5I/REI XM 252 R S AE &7 5l

Bingjie Wu#, Chen Jia*

3

ol

REHLRRERVE D FREN—EBRE, MEATHNHUNSEERLTEZEE
MUEIRY. EAXH, HNEFT—FERKOBRICNE, RIET—HRDPRITE, BRE®
REGERCILNFF B 2MNERRITHER . ETXERSFITE, HIEZT—PERT R
SIRETRMERVIRICHESR, AT SEUEMIRFEHR, IZERERA T EEHENHINE
MESRIERCEIZ A0 (WED [1]. FHODRERAMNTLUAX LTRSSt ERE R
TRBERMSHNZE AT, EEREHE—EEHERTRIIRESDLTIFFES. )
R HAVIFFEFIIREEN 2] s X BE M M ER RN =S R R G FIRRE, FEAE
TR HEBEXREFIE, EreBRNLE ZAYAEFEXE.

I BE—NEAE N MHRESHDRETRME, XERSE DA n DERRTS 4, ., 4, §MER
RSB EZANHICRSAM . FAVRE T UYL R — £ TRCAER RSB, FIEM L, RMNBEE
—HREDGIUTE, SEBRREBUARAINTEENERRITES. ETXERSGITE, BRMNELT—1EM
F—RERTXMEZNIRILELR, BTFHTSEIEMFMEFEH G, ZEREATERBENHVLRSTE
BEARAERAALY . RMNOERTRT AN XEZT D FITEREE MM AERNSEH#TERMET, &
BRREHE—EEHE BT RIRZR2ELTIETERE.

REFERENCES:

[11 Bingjie Wu, Chen Jia. Parameter inference and nonequilibrium identification for Markov networks based on coarse-grained
observations. Physical Review Letters 134:087103, 2025.

[2] Christian P. Amann, Tim Schmiedl, Udo Seifert. Communications: can one identify nonequilibrium in a three-state system by
analyzing two-state trajectories? Journal of Chemical Physics 132:041102, 2010.

2024 - 2025 ANNUAL REPORT



@ BEIJING COMPUTATIONAL SCIENCE RESEARCH CENTER

A HIGHLY EFFICIENT ASYMPTOTIC
PRESERVING IMEX METHOD FOR THE

ouanTum BGK EQUATION

Ruo Li, Yixiao Lu, Yanli Wang*

The quantum Boltzmann equation models the evolution of a dilute quantum gas flow, which was initially derived by
Uehling and Uhlenbeck. It incorporates quantum effects that cannot be neglected for light molecules at low temperatures.
This equation is now applied not only to low-temperature gases but also to model both bosons and fermions, potentially
trapped by a confining potential.

The quantum Boltzmann equation is formulated in six-dimensional physical and phase space. The collision operator in
this equation involves a five-dimensional integral, where the integrand is combined with complicated cubic terms. These
complexities pose significant challenges in studying the quantum Boltzmann equation, both theoretically and numerically.
Notably, the Bose-Einstein condensation is a phenomenon wherein the distribution function can exhibit finite blow-up or
weak convergence towards Dirac deltas, even when the kinetic energy is conserved.

In this work, we propose an asymptotic preserving (AP) scheme for solving the quantum BGK equation using the
Hermite spectral method. A specially chosen expansion center is adopted in the Gauss weight function to generate the
related Hermite polynomials, enhancing the approximation accuracy of the basis functions. This method has been proven
successful in solving the classical Boltzmann equation, and has been extended to address the collisional plasma scenarios.
For the quantum BGK equation, a primary challenge of the Hermite spectral method lies in approximating the quantum
equilibrium. We present a highly efficient algorithm to obtain the expansion coefficients of the equilibrium within the
framework of the Hermite spectral method. The complex computations are eventually reduced to evaluating the value of
the polylogarithm function, which can be further simplified into an one-dimensional integral.

In the numerical experiments, the simulations with periodic initial values are first tested, and the order of convergence
validates the AP property of this numerical scheme. Subsequently, the Sod problem is implemented and the numerical
results are compared with the solutions of the full quantum Boltzmann equation. The excellent agreement implies that the
quantum BGK model serves as a good approximation of the original collision operator. Finally, the mixing regime problem
and a spatially 2-dimensional lid-driven cavity flow are conducted to further demonstrate the superiority of this Hermite
spectral method.

REFERENCES:

[1] J. Hu, L. Ying, A fast spectral algorithm for the quantum Boltzmann collision operator, Commun. Math. Sci. 10 (3) (2012) 989-999.

[2] Z.Hu, Z. Cai, Y. Wang, Numerical simulation of microflows using Hermite spectral methods, SIAM J. Sci. Comput. 42 (1) (2020)
B105-B134.

[3] L. Wu, A fast spectral method for the Uehling-Uhlenbeck equation for quantum gas mixtures: homogeneous relaxation and transport
coefficients, J. Comput. Phys. 399 (2019) 108924.
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During the 2024-2025 academic year, CSRC is undertakeing 39 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. 12 projects were concluded during the academic year.
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During the 2024-2025 academic year, CSRC has published a total of about 192 papers.

SYSTEMS DIVISION DI AR GEAR A 5T ER

Quantum metrology with optimal control under an arbitrary non-Markovian bosonic environment;
Zhou, LK; Yang, W, COMMUNICATIONS IN THEORETICAL PHYSICS, 77, 2, 25108 (2025).

GHZ state, spin squeezed state, and spin coherent state for frequency estimation under general Gaussian noises;
Chai, Q; Yang, W, COMMUNICATIONS IN THEORETICAL PHYSICS, 77, 6, 65106 (2025).

Polarization Modulation and Detection Based on Nonuniform Phase Gradient Metasurfaces;
Pang, KW; Zhang, W, PLASMONICS (2025).

Modulated spiral order in the 1D Kondo lattice model;
Han, XH; Ribeiro, P; Chesi, S, COMMUNICATIONS IN THEORETICAL PHYSICS, 77, 11, 115702 (2025).

Plexcitonic dynamics in plasmonic nanorod dimer strongly coupled to a single quantum dot via modulation of dark
modes;
Wu, F; Zhang, W, OPTICS EXPRESS, 33, 5 (2025).

Reduced lattice thermal conductivity and strong four-phonon scattering in h-B12 assembled from boron clusters on a
honeycomb lattice;
Zhang, T; Yang, YR; Liu, X; Wang, J; Liu, Z; Liu, Y, JOURNAL OF MATERIALS CHEMISTRY C, 13, 12 (2025).

Nonlinear Kondo transport through serially coupled double quantum dots;
Cheng, YX; Gao, J; Liao, Y; Li, ZH; Wei, JH; Yan, YJ, JOURNAL OF CHEMICAL PHYSICS, 162, 5, 54104 (2025).

Observation of minimal and maximal speed limits for few and many-body states;

Zhu, ZT; Gao, L; Bao, ZH; Xiang, L; Song, ZX; Xu, SB; Wang, K; Chen, JC; Jin, FT; Zhu, XH; Gao, Y; Wu, YZ;
Zhang, CY; Wang, N; Zou, YR; Tan, ZQ; Zhang, AS; Cui, ZY; Shen, FH; Zhong, JR; Li, TT; Deng, JF; Zhang, X,
Dong, H; Zhang, PF; Wang, Z; Song, C; Cheng, C; Guo, QJ; Li, HK; Wang, H; Lin, HQ; Mondaini, R, NATURE
COMMUNICATIONS, 16, 1, 1255 (2025).

Quasiperiodic quadrupole insulators;
Liquito, R; Gongalves, M; Castro, EV, SCIPOST PHYSICS, 18, 6, 208 (2025).

Quantum colored strings in the hole-doped t-Jz model;
Wang, JL; Hu, SJ; Zhang, XF, PHYSICAL REVIEW B, 111, 20, 205121 (2025).
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Sampling reduced density matrix to extract fine levels of entanglement spectrum and restore entanglement
Hamiltonian;
Mao, BB; Ding, YM; Wang, Z; Hu, SJ; Yan, Z, NATURE COMMUNICATIONS, 16, 1, 2880 (2025).

The effect of external magnetic field on projectile in the stopping power of warm dense deuterium for electrons;
Chen, YZ; Mo, CJ; Xue, QX; Fu, ZG; Liu, H, EUROPEAN PHYSICAL JOURNAL-SPECIAL TOPICS, (2025).

One-body dynamical correlation function of the Lieb-Liniger model at finite temperature;
Cheng, S; Chen, YY; Guan, XW; Yang, WL; Lin, HQ, PHYSICAL REVIEW A, 111, 1, L010802 (2025).

Realization of a period-3 coplanar state in one-dimensional spin-orbit-coupled optical lattices;
Chu, YD; Hu, SJ; Wang, T, PHYSICAL REVIEW A, 111, 1, L011304 (2025).

Emergence of aligned nontopological and crossed topological spin helices with unconventional spin-orbit
manipulation;
Yang, H; Li, X; Wang, W; Hao, N; Zhang, P; Fu, JY, PHYSICAL REVIEW B, 111, 24, 1241403 (2025).

Observing quantum coherent oscillations in a three-level atom via electromagnetically induced transparency by two-
dimensional spectroscopy;
Jin, JYR; Zhang, HY; Yao, YX; Chen, RH; Ai, Q, JOURNAL OF CHEMICAL PHYSICS, 162, 1, 14112 (2025).

Core bonding in Cs metal under high pressure and its return to close-packed structures;
Sun, YH; Pandit, A; He, LJ; Lin, HQ; Miao, MS, PHYSICAL REVIEW B, 111, 9, 94108 (2025).

Solutions and quantum dynamics of the quantum Rabi model with A-square terms;
Chen, XY; Ye, T; Chen, QH, COMMUNICATIONS IN THEORETICAL PHYSICS, 77, 5, 55101 (2025).

Disorder-induced instability of a Weyl nodal loop semimetal towards a diffusive topological metal with protected
multifractal surface states;
Silva, JS; Gongalves, M; Castro, EV; Ribeiro, P; Aratujo, MAN, PHYSICAL REVIEW B, 111, 4, L041116 (2025).

Symmetry Classes of Classical Stochastic Processes;
Sa, L; Ribeiro, P; Prosen, T; Bernard, D, JOURNAL OF STATISTICAL PHYSICS, 192, 3, 41 (2025).

Effects of dilution in a two-dimensional topological magnon insulator;
Oliveira, MS; Antao, TVC; Castro, EV; Peres, N, PHYSICAL REVIEW B, 111, 1, 14204 (2025).

Plasmon hybridization and the charge-transfer plasmon in a nanoparticle complex: An equivalent circuit model
approach;
Zhi, Yifan; Zhang, Wei, PHYSICAL REVIEW A, 112, 1, 13521 (2025).
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Anyonic Phase Transitions in the 1D Extended Hubbard Model with Fractional Statistics;
Bonkhoff, Martin; Jaegering, Kevin; Hu, Shijie; Pelster, Axel; Eggert, Sebastian; Schneider, Imke, PHYSICAL
REVIEW LETTERS, 135, 3, 36601 (2025).

Altermagnetism and beyond in the t-t'-6 Fermi-Hubbard model;
He, Saisai; Zhao, Jize; Luo, Hong-Gang; Hu, Shijie, PHYSICAL REVIEW B, 112, 3, 35108 (2025).

Suppressed phonon transport and strong four-phonon scattering in zeolite-like SOD-MO (M = Mg, Zn, Cd);
Yang, Yu-Run; Chang, Zhu-Yao; Meng, Yan; Xie, Zun; Liu, Zhao; Liu, Ying, APPLIED PHYSICS LETTERS, 127, 1,
12201 (2025).

Suppression of heading errors in Bell-Bloom optically pumped free-induction-decay alkali-metal atomic
magnetometers;
Liu, S. -q.; Wang, X. -k.; Zhang, X. -d.; Xiao, W.; Sheng, D., PHYSICAL REVIEW A, 111, 2, 23119 (2025).

Large-scale tuning of exciton binding energy and reconfiguration in van der Waals heterostructures;
Chen, YD; Lou, WK; Yang, W; Chang, K, NEW JOURNAL OF PHYSICS, 27, 2, 23026 (2025).

Systematic and efficient pseudomode method to simulate open quantum systems under a bosonic environment;
Zhou, LK; Jin, GR; Yang, W, PHYSICAL REVIEW A, 110, 2, 22221 (2024).

Competition between dimerization and vector chirality in the spin-3 2 J 1-J2 Heisenberg chain with uniaxial single-
ion anisotropy;
He, JL; Eggert, S; Lin, HQ; Wang, XQ; Hu, SJ, PHYSICAL REVIEW B, 110, 19, 195129 (2024).

Low-dimensional N-heterocyclic carbenes nanomaterials: Promising supports of single atom catalysts;
Liu, W; Liu, ST; Guo, K; Lu, WM; Sun, JC; Xu, J; Miao, MS; Lin, HQ, VACUUM, 227, 113390 (2024).

Effects of Particle Migration on the Relaxation of Shock Wave Collisions;
Li, H; Xu, B; Yan, ZX; Zhang, XY; Mo, CJ; Xue, QX; Xiao, XZ; Liu, H, ENTROPY, 26, 9, 724 (2024).

Charge stripe manipulation of superconducting pairing symmetry transition;
Chen, C; Zhong, PG; Sui, XL; Ma, RY; Liang, Y; Hu, SJ; Ma, TX; Lin, HQ; Huang, B, NATURE
COMMUNICATIONS, 15, 1, 9502 (2024).

Spin fluctuations in the dissipative phase transitions of the quantum Rabi model;
Li, Jiahui; Fazio, Rosario; Wang, Yingdan; Chesi, Stefano, PHYSICAL REVIEW RESEARCH, 6, 4, 43250 (2024).

Incommensurability enabled quasi-fractal order in 1D narrow-band moiré systems;
Goncalves, M; Amorim, B; Riche, F; Castro, EV; Ribeiro, P, NATURE PHYSICS, 20 (2024).

Bending-induced enhanced spatial separation of dopants and long-lived conventional nanoribbon p-n junctions;
Liu, X; Yang, YR; Wang, J; Xu, RP; Liu, Z; Liu, Y, PHYSICAL CHEMISTRY CHEMICAL PHYSICS, 26, 42 (2024).
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Mean-field approach to midspectrum eigenstates of long-range interacting quantum systems;
Zunkovic, B; Ribeiro, P, PHYSICAL REVIEW B, 110, 10, 104114 (2024).

Shubnikov-de Haas effect in the Falicov-Kimball model: strong correlation meets quantum oscillation;
Yang, WW; Luo, HG; Zhong, Y, NEW JOURNAL OF PHYSICS, 26, 10, 103002 (2024).

Field-induced Peierls order in systems of S=1 Heisenberg spins coupled to quantum phonons;
Cui, SF; Guo, WN; Batrouni, GG; Sengupta, P, PHYSICAL REVIEW B, 110, 20, 205133 (2024).

Two-dimensional polarized superfluids through the prism of the fermion sign problem;
Yi, TC; Cheng, S; Pil¢, [; Burovski, E; Mondaini, R, PHYSICAL REVIEW B, 110, 8, 85131 (2024).

Selective control of valley polarization in monolayer transition metal dichalcogenides among multiexcitonic states;
Liang, L; Yang, D; Liu, W; Qu, FY; Hao, N; Zhang, P; Fu, JY, APPLIED PHYSICS LETTERS, 135, 13, 132402
(2024).

Stripes and the emergence of charge n-phase shifts in isotropically paired systems;
Sun, JH; Ying, T; Scalettar, RT; Mondaini, R, PHYSICAL REVIEW B, 110, 16, L161101 (2024).

Dissipation-induced long-range order in the one-dimensional Bose-Hubbard model;
Ribeiro, ALS; McClarty, P; Ribeiro, P; Weber, M, PHYSICAL REVIEW B, 110, 11, 115145 (2024).

Phase transitions in the anisotropic Dicke-Stark model with A2 terms;
Chen, Xiang-You; Zhang, Yu-Yu; Chen, Qing-Hu; Lin, Hai-Qing, PHYSICAL REVIEW A, 110, 6, 63722 (2024).

Fractal quasicondensation in one dimension;
Riche, Flavio; Goncalves, Miguel; Amorim, Bruno; Castro, Eduardo, V; Ribeiro, Pedro, PHYSICAL REVIEW B,
110, 22, 224523 (2024).

Flat bands and superconductivity induced by periodic strain in monolayer graphene;
Meng, Jingyao; Ma, Runyu; Ma, Tianxing; Lin, Hai-Qing, PHYSICAL REVIEW B, 110, 23, 235128 (2024).

Diagnosing Quantum Phase Transition Order and Deconfined Criticality via Entanglement Entropy;
Deng, Zehui; Liu, Lu; Guo, Wenan; Lin, Hai-Qing, PHYSICAL REVIEW LETTERS, 133, 10, 100402 (2024).

Tricriticality in 4D U(1) lattice gauge theory;
Torres, Rafael C.; Cardoso, Nuno; Bicudo, Pedro; Ribeiro, Pedro; McClarty, Paul; PHYSICAL REVIEW D, 110, 3,
34518 (2024).

Dynamic Behavior of Distributed Feedback Terahertz Quantum Cascade Lasers in Self- Injection of Optical Field,
Ge, Lei; Chu, Weidong; Yang, Ning; LASER & OPTOELECTRONICS PROGRESS, 16, 15, 1514007 (2024).
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Planar Coil Design for Nuclear Magnetic Resonance Gyroscope Using Genetic Algorithm;
Shao, YM; Tang, F; Zhao, N, IEEE SENSORS JOURNAL, 25, 5 (2025).

Experimental revival of an unknown state from the past in quantum walks;
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(2025).

Quantum cooling engine fueled by quantum measurements;
Qu, DK; Xue, P; Wang, KK; Xiao, L; Wang, ZL; Zhan, X; Lin, HQ, SCIENCE BULLETIN, 70, 9 (2025).

Controlling a superconducting transistor by coherent light;
Qiao, GJ; Zhang, ZL; Li, SW; Sun, CP, COMMUNICATIONS IN THEORETICAL PHYSICS, 77, 9, 95103 (2025).

Communication with quantum catalysts;
Li, YQ; Xing, JJ; Qu, DK; Xiao, L; Fan, ZB; Zheng, ZJ; Ma, HT; Xue, P; Bharti, K; Koh, DE; Xiao, YL,
QUANTUM SCIENCE AND TECHNOLOGY, 10, 3, 35044 (2025).

Suppression of heading errors in Bell-Bloom optically pumped free-induction-decay alkali-metal atomic
magnetometers;
Liu, SQ; Wang, XK; Zhang, XD; Xiao, W; Sheng, D, PHYSICAL REVIEW A, 111, 2, 23119 (2025).

Dressed Majorana Fermion in a Hybrid Nanowire;
Guo-Jian Qiao, Xin Yue, and C. P. Sun, PHYSICAL REVIEW LETTERS, 133, 266605 (2025).

On quantum reliability characterizing systematic errors in quantum sensing;
Lian-Xiang Cui, Yi-Mu Du and Chang-Pu Sun, JOURNAL OF RELIABILITY SCIECE AND ENGINEERING, 1,
015004 (2025).

Non-Bloch parity-time-symmetric phase transition in quantum walks;
Huo, BZ; Lin, Q; Xiao, L; Zhan, X; Qu, DK; Xue, P, PHYSICAL REVIEW A, 110, 5, 52410 (2024).

Teleportation with embezzling catalysts;
Xing, JJ; Li, YQ; Qu, DK; Xiao, L; Fan, ZB; Ma, HT; Xue, P; Bharti, K; Koh, DE; Xiao, YL, 7, 1, 357 (2024).
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Understanding spin textures in PT-broken systems through universal symmetry-constrained rules;
Tan, Wei; Wang, Jianfeng; Li, Yang; Huang, Bing, NEWTON (2025).

Size- and stability-dependent fracture scaling in nanoscale metallic glass;
Sun, LC; Zhang, S; Su, R; Wang, YJ; Guan, PF, ACTA MATERIALIA, 292, 121046 (2025).

Invariant topological feature of atomic packing in a model metallic glass;
Kang, H; Liu, HR; Li, QG; Ren, NN; Wang, YJ; Guan, PF, ACTA MATERIALIA, 289, 120925 (2025).

Atomistic Understanding of Dislocation Climb in Nitride Semiconductors: Role of Asymmetric Jogs;
Yang, H; Han, XR; Yang, XL; Song, YM; Chen, BL; Chen, ZH; Ju, GX; Xu, FJ; Tang, N; Yu, TJ; Wang, XQ; Ge,
WK; Huang, B; Shen, B, PHYSICAL REVIEW LETTERS, 134, 5, 56102 (2025).

A Unique Descriptor for Electron Polaron Migration: Larmor Radius;
Si, RT; Chai, ZW; Tsai, HY; Hu, Q; Yin, WJ; Liu, LM, JOURNAL OF PHYSICAL CHEMISTRY LETTERS, 16,
13 (2025).

Tuning mechanics of metallic glasses via in silico microalloying;
Kang, H; Ren, NN; Wang, YJ; Guan, PF, JOURNAL OF NON-CRYSTALLINE SOLIDS, 661, 123571 (2025).

Native antisite defects in h-BN;
Li, S; Li, P; Gali, A, APPLIED PHYSICS LETTERS, 126, 6, 62104 (2025).

High-temperature Bose-Einstein condensation of dark excitons in holey graphyne;
Yue, Y; Huang, QS; Sahin, H; Kang, J, PHYSICAL REVIEW B, 111, 24, 245420 (2025).

Generalized dependence of alloy properties on multiple chemical orders;
Tang, XR; Zhong, HZ; Liang, HP; Wei, SH; Kang, J; Zhang, X, PHYSICAL REVIEW B, 111, 16, 165203 (2025).

Ultrafast polarization switching via laser-activated ionic migration in ferroelectric CulnP2S6;
Zhang, J; Yang, K; Yu, JX; Wan, HH; Zhang, J; Fu, HX; Ding, ZJ; Shi, XH; Meng, S, PHYSICAL REVIEW B, 111,
10, 104111 (20250).

Realization of fractional-layer transition metal dichalcogenides;
Zhao, YX; Jin, H; Han, ZY; Zhao, XL; Ren, YN; Zhang, RH; Zhou, XF; Duan, WH; Huang, B; Zhang, Y; He, L,
NATURE COMMUNICATIONS, 16, 1, 3659 (2025).

Interlayer engineering of lattice dynamics and elastic constants of 2D layered nanomaterials under pressure;
Du, GS; Zhao, LL; Li, SC; Huang, J; Fang, SS; Han, WX; Li, JY; Du, YB; Ming, JX; Zhang, TS; Zhang, J; Kang, J;
Li, XY; Xu, WG; Chen, YB, NATURE COMMUNICATIONS, 16, 1, 4901 (2025).

Optimized Synthesis and Characterization of Janus RhSeCl with Uniform Anionic Valences, Nonlinear Optical and
Optoelectronic Properties;

Liu, KF; Sun, XL; Cheng, PX; Li, ZT; Li, PH; Jia, DH; Zhao, SJ; Yang, X; Wang, XY; Ye, LT; Xia, SQ; Zhang, S;
Chen, Y; Gan, T, Li, J; Zhang, X; Xu, JL; Nie, AM; Huang, B; Gou, HY, ADVANCED SCIENCE (2025).
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LoreX: A Low-Energy Region Explorer Boosts Efficient Crystal Structure Prediction;
Li, CN; Liang, HP; Xu, SY; Wang, HC; Zhao, BQ; Yang, JX; Zhang, X; Lin, ZJ; Wei, SH, JOURNAL OF THE
AMERICAN CHEMICAL SOCIETY, 147, 11 (2025).

Atomic origin of minor alloying element effect on glass forming ability of metallic glass;
Zhang, S; Li, QA; Yang, Y; Guan, PF, CHINESE PHYSICS B, 34, 3, 36105 (2025).

Construction of neural network potential for uranium niobium alloy and molecular dynamics of its low-temperature
aging behaviors;
Su, R; Li, QA; Guan, PF, ACTA PHYSICA SINICA, 74, 5 56102 (2025).

Origin of the enhanced nonradiative recombination in Bi-doped MAPbB13;
Huang, Jing; Federico Brivio; Zhang, Xie; Kang, Jun, PHYSICAL REVIEW APPLIED (2025).

Uniffed Description of Thermal and Nonthermal Hot Carriers in Plasmonic Photocatalysis;
Chen, Yu;Wu, Shengxiang; Gao, Shiwu, Journal of Physical Chemistry C (2025).

First-principles calculations on strain tunable hyperfine Stark shift of shallow donors in Si;
Zhou, Zi-Kai; Kang, Jun, CHINESE PHYS B (2025).

Exposing binding-favourable facets of perovskites for tandem solar cells;

Wang, JK; Hu, SF; Chen, ZH; Yuan, ZC; Zhao, P; Dasgupta, A; Yang, FN; Yao, J; Truong, MA; Kusch, G; Hung,
EYH; Schipper, NRM; Bellini, L; Aalbers, GIW; Liu, ZH; Oliver, RA; Wakamiya, A; Janssen, RAJ; Snaith, HJ,
ENERGY & ENVIRONMENTAL SCIENCE (2025).

Interfacial strain concentration and relaxation along crystalline-amorphous boundaries of B2-reinforced bulk-
metallic-glass-composites during loading;

Fu, XL; Wu, JQ; Zhou, Z; Tan, MJ; Huang, YJ; Sun, JF; Song, WL; Guan, PF; Yang, YZ; Li, Y; Ritchie, RO, ACTA
MATERIALIA, 287, 120787 (2025).

Real-Time Time-Dependent Density Functional Theory Study of Inelastic Electron Scattering: Energy Transfer in
Tetracarbonyl Nickel Molecule Reactions;

Gao, MH; Lang, XY; Zheng, ZH; Yu, CL; Xu, ZY; Yao, XL, JOURNAL OF PHYSICAL CHEMISTRY LETTERS,
16, 6 (2025).

Understanding the atomic-scale effects of cyclic strains on metallic glasses;
Ren, NN; Wan, R; Meng, TT; Kang, H; Gao, CJ; Ma, QS; Li, WH, JOURNAL OF NON-CRYSTALLINE SOLIDS,
652, 123424 (2025).

Electron-phonon coupling in half-Heusler compounds: A comparative study of TiCoSb and TiNiSn;
Zhou, R; Liang, HP; Shi, HL; Duan, YF, PHYSICAL REVIEW B, 111, 11, 115201 (2025).

Phosphine Oxide Group Enhances the In-Plane 6-Bonding Covalency in Actinyl Phenanthroline-Derivative
Complexes;
Hu, SX; Gao, JH; Zhang, L; Wei, ZY; Zhang, P, JOURNAL OF PHYSICAL CHEMISTRY A, 129, 10 (2025).



@ BEIJING COMPUTATIONAL SCIENCE RESEARCH CENTER

MATERIALS AND ENERGY

26

27

28

29

30

31

32

33

34

35

36

37

57

DIVISION ZHStemtss

Stable Terbium Oxides (TbO2 and TbO4) with an Oxidation State of plus IV;
Hu, SX; Gao, X; Zou, WL, JOURNAL OF PHYSICAL CHEMISTRY A (2025).

Engineering the band structure of type-II MoSe2/WSe2 van der Waals heterostructure by electric field and twist
angle: a first principles perspective;

Yu, FQ; Yang, WH; Kang, J; Huang, R; Li, L; Wen, YH, JOURNAL OF PHYSICS-CONDENSED MATTER, 37, 7,
75502 (2025).

Solid State Defect Emitters With no Electrical Activity;
Li, P; Li, S; Udvarhelyi, P; Huang, B; Gali, A, ADVANCED SCIENCE (2025).

Al3+-Dependent Anisotropic Facet Tailoring on SrTiO3 Single Crystal for Photocatalytic Overall Water Splitting;
Zhang, Y; Wang, ZH; Li, WB; Ding, PC; Wang, MM; Tang, YY; Lin, HY; Peng, Y; Wang, MY; Zheng, ZK; Yang, S;
Dai, S; Zhang, X; Liu, PF; Yang, HG, ANGEWANDTE CHEMIE-INTERNATIONAL EDITION (2025).

All-electrical layer-spintronics in altermagnetic bilayers;
Peng, R; Yang, J; Hu, L; Ong, WL; Ho, P; Lau, CS; Liu, JW; Ang, YS, MATERIALS HORIZONS, 12, 7 (2025).

Disorder-order transition-induced unusual bandgap bowing effect of tin-lead mixed perovskites;
Gao, H; He, D; Chen, ZH; Gao, PL; He, DS; Li, ZN; Zhang, XS; Xiu, JW; Sun, Q; Chen, SM; Wei, SH; Yu, SH; He,
ZB, SCIENCE ADVANCES, 11, 2, eads4038 (2025).

Finite element analysis of the impact of graphene filler dispersion on local hotspots in HMX-based PBX explosives;
Yang, XY; Huang, X; Zhang, CY; Wang, YQ; Ni, YX, CHINESE PHYSICS B, 34, 5, 54401 (2025).

Recent Progress on Photoinduced Phase Transitions in Materials from First-principles Calculations;
Lu, Yirui; Li, Yang; Huang, Bing, COMPUTATIONAL MATERIALS TODAY (2024).

Nature of Disordering in y-Ga203;
Huang, Qiu-Shi; Li, Chuan-Nan; Hao, Mao-Sheng; Liang, Han-Pu; Cai, Xuefen; Yue, Ying;
Andrej Kuznetsov; Zhang,Xie; Wei, Su-Huai, PHYSICAL REVIEW LETTERS (2024).

Manipulating single oxygen at Cu20-island surfaces through thermomechanical coupling;
Yang, HH; Jiang, X; Wang, ZH; Liang, HP; Zhang, X; Guan, PF, SCIENCE CHINA-MATERIALS, 67, 10 (2024).

Physical origin of planar linear dichroism in van der Waals semiconductors using main group elements;
Gao, Q; Yu, YL; Xin, KY; Zhou, ZQ; Deng, HX; Li, L; Tang, XJ; Xia, CX; Liu, DY; Xia, JB; Kang, J; Wei, ZM,
SCIENCE CHINA-INFORMATION SCIENCES, 67, 12, 222402 (2024).

First-principles assessment of defect-assisted nonradiative recombination with multiple charge-state transitions in
GeSe;
Tang, XR; Wei, SH; Zhang, X, PHYSICAL REVIEW MATERIALS, 8, 11, 115402 (2024).
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Formation of unusual oxygen vacancy chains in nickelate La3Ni207,;
Sui, XL; Jin, H; Gao, SY; Wang, JF; Shao, XH; Huang, B, PHYSICAL REVIEW B, 110, 20, 205125 (2024).

Hydrogen diffusion near saturation solubility in a-U: An ab initio molecular dynamics study;
Lin, JN; Guan, PF, COMPUTATIONAL MATERIALS SCIENCE, 244, 113243 (2024).

Ultra-Sensitive Bulk Piezophotovoltaic Effect in NaBa(P,Bi) Alloy Under Topological Phase Transition;
Jiang, X; Kang, L; Ye, LT; Chen, XJ; Huang, B, ADVANCED FUNCTIONAL MATERIALS, 34, 41 (2024).

Incognizant 1T/1H Charge-Density-Wave Phases in Monolayer NbTe2;
Jin, H; Wei, T; Huang, B, NANO LETTERS, 24, 35 (2024).

Charge stripe manipulation of superconducting pairing symmetry transition;
Chen, C; Zhong, PG; Sui, XL; Ma, RY; Liang, Y; Hu, SJ; Ma, TX; Lin, HQ; Huang, B, NATURE
COMMUNICATIONS, 15, 1, 9502 (2024).

Competition between Bipolar Conduction Modes in Extrinsically p-Doped MoS2: Interaction with Gate Dielectric
Matters;

Kyungmin Ko, Jing Huang, Jaceun Kwon, Mingyu Jang, Hanbin Cho, Seonguk Yang, Sungyeon Kim,Sangwoo Park,
Takashi Taniguchi, Kenji Watanabe, Der-Yuh Lin, Swati Singh, Dong-Hyeok Lim, Seth Ariel Tongay, Kang, Jun;
Joonki Suh, ACS NANO (2024).

Correlated Dirac Fermions in Twisted Bilayers of MoS2;
Kang, Jun, NANO LETTERS (2024).

Length-dependent water permeation through a graphene channel;
Wang, Zi;Li, Shuang; Gao, Shiwu; Jiaye Su, PHYSICAL CHEMISTRY CHEMICAL PHYSICS (2024).

Origin of the contrasting magnetic stability of antiferromagnetic CuMnAs and CuMnSb;
Teng, Gaofeng; Chen, Zehua; Wei, Su-Huai, JOURNAL OF APPLIED PHYSICS (2024).

Efficient and accurate simulation of vitrification in multicomponent metallic liquids with neural network potentials;
Su, R; Yu, JY; Guan, PF; Wang, WH, SCIENCE CHINA-MATERIALS, 67, 10 (2024).

Concurrent improvements in coercivity and corrosion resistance for Nd6Fel3Ga-reconstructed Nd-Fe-B sintered
magnets;

Shen, R; Xu, SN; Wang, CY; Yang, EX; Liu, XL; Fu, S; Jin, WY; Pan, Y; Zhao, LZ; Guan, PF; Zhang, XF,
JOURNAL OF MATERIALS CHEMISTRY C (2024).

PyArc: A python package for computing absorption and radiative coefficients from first principles;
Xu, SY; Liu, Z; Xu, X; Guo, YZ; Wei, SH; Zhang, X, COMPUTER PHYSICS COMMUNICATIONS, 305, 109352
(2024).
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Understanding solvent polarity effects on the separation of uranyl porphyrin-derivative complexes;
Hu, SX; Zhang, L; Zhou, K; Zhang, P, DALTON TRANSACTIONS, 53, 45 (2024).

Competition between d-wave and d plus is-wave superconductivity in the Hubbard model on a checkerboard lattice;
Pan, Y; Ma, RY; Chen, C; Jia, ZX; Ma, TX, PHYSICAL REVIEW B, 110, 14, 144509 (2024).

Data-driven glass-forming ability for Fe-based amorphous alloys;
Wu, YC; Yan, L; Liu, JF; Qiu, H; Deng, B; Wang, DP; Shi, RH; Chen, Y; Guan, PF, MATERIALS TODAY
COMMUNICATIONS, 40, 109440 (2024).

Lamellar copper molybdate as a novel photocatalyst for the degradation of Rhodamine B;
Li, YH; Yang, WX; Li, GJ; Wei, D; Liu, R; Li, ZR; Zhang, JW; Zhong, L; Zhu, LY; Wu, XQ; Huang, B; Xia, PF;
Qiao, L, MATERIALS LETTERS, 371, 136821 (2024).

Dual-Defect Engineering Strategy Enables High-Durability Rechargeable Magnesium-Metal Batteries;
Chen, FY; Zhao, BQ; Huang, KF; Ma, XF; Li, HY; Zhang, X; Diao, J; Yue, JL; Huang, GS; Wang, JF; Pan, FS,
NANO-MICRO LETTERS, 16, 1, 184 (2024).

Interpretable and Physicochemical-Intuitive Deep Learning Approach for the Design of Thermal Resistance of
Energetic Compounds;
Liu, HT; Chen, P; Zhang, CY; Huang, X, JOURNAL OF PHYSICAL CHEMISTRY A (2024).

Prospect of Hexagonal CsMg(I1-xBrx)3 Alloys for Deep-Ultraviolet Light Emission;
Xu, SY; Liu, Z; Xu, X; Wei, SH; Guo, YZ; Zhang, X, CHINESE PHYSICS LETTERS, 41, 9, 96101 (2024).

Artificial superconducting Kondo lattice in a van der Waals heterostructure;
K. Fan, H. Jin, B. Huang, G. Duan, R. Yu, Z. Liu, H. Xia, L. Liu, Y. Zhang, T. Xie, Q. Tang, G. Chen, W. Zhang, F. C.
Chen, X. Luo, W. J. Lu, Y. P. Sun, Y. -S. Fu, NATURE COMMUNICATIONS, 15, 8797 (2024).

Quantum emission from coupled spin pairs in hexagonal boron nitride;
Li, Song; Anton Pershin; Adam Gali, NATURE COMMUNICATIONS (2024).

Oxide-Metal Hybrid Glass Nanomembranes with Exceptional Thermal Stability;
Yang, ZY; Zhang, S; Zhang, ZB; Liu, HR; Teng, Y; Wang, H; Gong, H; Shang, YH; Guo, BS; Fan, Y; Ke, HB;
Wang, WH; Guan, PF; Yang, Y, NANO LETTERS, 24, 45 (2024).

Atomically thin Ag nanosheets for single-molecule SERS detection of BPF;
Hu, PF; Yang, HS; Si, RT; Wei, B; Wang, XT; Xu, ZY; Yang, XY; Guo, TQ; Gebauer, R; Teobaldi, G; Liu, LM;
Wang, ZC; Guo, L, CHEM, 10, 11 (2024).
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Effective and efficient modeling of the hydrodynamics for bacterial flagella;
Liu, BP; Chen, L; Zhang, J, PHYSICS OF FLUIDS, 37, 1, 11903 (2025).

Effects of flagellar morphology on swimming performance and directional control in microswimmers;
Liu, BP; Chen, L; Xu, WJ, PHYSICS OF FLUIDS, 37, 4, 41912 (2025).

The canonical differential equations of the one-loop-like integrals;
Chen, JQ; Feng, B; Zhang, L, JOURNAL OF HIGH ENERGY PHYSICS, 6, 245 (2025).

Cell aspect ratio important for bacterial rheotaxis;
Zhong, JC; Xu, XL, PHYSICS OF FLUIDS, 37, 2, 21707 (2025).

Notes on selection rules of canonical differential equations and relative cohomology;
Chen, JQ; Feng, B, JOURNAL OF HIGH ENERGY PHYSICS, 3, 9 (2025).

The impact of compressibility in Richtmyer-Meshkov instability;
Fu, ZB; Wang, CX; Lin, ZH; Zhu, GH; Wang, K; Luo, H, PHYSICS OF PLASMAS, 32, 2, 22114 (2025).

Phase behaviors and dynamics of active particle systems in double-well potential;
Chen, L; Liu, BP; Liu, N, PHYSICA A-STATISTICAL MECHANICS AND ITS APPLICATIONS, 667, 130538
(2025).

Multivariate hypergeometric solutions of cosmological (dS) correlators by d log-form differential equations;
Chen, JQ; Feng, B; Tao, YX, JOURNAL OF HIGH ENERGY PHYSICS, 3, 75 (2025).

Fluid and kinetic nonlinearities for back-stimulated Raman scattering driven by a broadband laser;
Liu, QK; Zhang, H; Meng, FQ; Zhang, WS; Zhang, EH; Wang, Q; Gao, YQ; Cai, HB; Zhu, SP, PHYSICS OF
PLASMAS, 32, 3, 32101 (20250.

Ion kinetic effects in the overtaking and coalescence of plasma shocks;
Zhang, EH; Lin, ZH; Zhang, WS; Liu, QK; Meng, FQ; Zhang, X; Chen, MJ; Luo, H; Cai, HB; Zhu, GH; Luo, MX;
Zhu, SP, PLASMA PHYSICS AND CONTROLLED FUSION, 67, 5, 55048 (2025).

General one-loop generating function by integration-by-part relations;
Hu, C; Feng, B; Shen, JY; Zhang, YB, PHYSICAL REVIEW D, 111, 7, 76026 (2025).

Deciphering the coalescence behavior of Coulomb-Schrodinger atomic wave functions from an operator-product
expansion;
Huang, YS; Jia, Y; Yu, R, PHYSICAL REVIEW A, 111, 3, 32814 (2025).
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Kinetic effects on the interaction of counter-propagating plasma shocks inside an ICF hohlraum;
Zhang, X; Liu, QK; Zhang, WS; Zhang, EH; Ning, XC; Meng, FQ; Wang, YP; Cai, HB; Zhu, SP, NUCLEAR
FUSION, 64, 9, 96005 (2024).

Gluonic evanescent operators: negative-norm states and complex anomalous dimensions;
Jin, QJ; Ren, K; Yang, G; Yu, R, JOURNAL OF HIGH ENERGY PHYSICS, 9, 151 (20240).

Thermodynamic effects are essential for surface entrapment of bacteria;
P. Leishangthem, X. L. Xu, PHYSICAL REVIEW LETTERS, 132 (2024).
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Parameter Inference and Nonequilibrium Identification for Markov Networks Based on Coarse-Grained Observations;
Wu, BJ; Jia, C, PHYSICAL REVIEW LETTERS, 134, 8, 87103 (2025).

Mapped Hermite functions and their applications to two-dimensional weakly singular Fredholm-Hammerstein
integral equations;
Wang, M; Zhang, ZM, JOURNAL OF COMPUTATIONAL AND APPLIED MATHEMATICS, 465, 116585 (2025).

Optimal balanced-norm error estimate of the LDG method for reaction-diffusion problems II:the two-dimensional
case with layer-upwind flux;
Cheng, Y; Wang, XS; Stynes, M, MATHEMATICS OF COMPUTATION (2025).

A second-order implicit-explicit (IMEX) method on graded meshes for nonlinear time-fractional reaction-subdiffusion
problems;
Zhou, YT; Qin, HY; Stynes, M, CALCOLO, 62, 1, 10 (2025).

Unfitted finite element method for the quad-curl interface problem;
Guo, HL; Zhang, MY; Zhang, Q; Zhang, ZM, ADVANCES IN COMPUTATIONAL MATHEMATICS, 51, 1, 3
(2025).

Geometric theory of distribution shapes for autoregulartory gene circuits;
Sheng, Y; Lin, GH; Jiao, F; Jia, C, SIAM JOURNAL ON APPLIED MATHEMATICS, 85, 2 (2025).

Convergence of multistep projection methods for harmonic map heat flows into general surfaces;
Bai, GM; Gui, XP; Li, BY, NUMERISCHE MATHEMATIK, 157, 2 (2025).

Spectral Method for 1-D Neutron Transport Equation;
Zhang, HA; Li, HY; Zhang, ZM, JOURNAL OF SCIENTIFIC COMPUTING, 103, 3, 73 (2025).
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Discontinuous Galerkin Methods for Third-Kind Volterra Integral Equations with Non-smooth Kernels and Their
Postprocessing Techniques;
Zhao, ZX; Huang, CM; Ma, Z, JOURNAL OF SCIENTIFIC COMPUTING, 102, 2, 42 (2025).

Circulation theory for Markov processes and its applications;
Bingjie Wu; Chen Jia, SCIENTIA SINICA Mathematica, 55, 7 (2025).

Sharp Error Bounds for a Fractional Collocation Method for Weakly Singular Volterra Integral Equations with
Variable Exponent;
Ma, Z; Stynes, M, JOURNAL OF SCIENTIFIC COMPUTING, 100, 2, 41 (2024).

Generalized log orthogonal functions spectral collocation method for two dimensional weakly singular Volterra
integral equations of the second kind,
Huang, QM; Wang, M, NUMERICAL METHODS FOR PARTIAL DIFFERENTIAL EQUATIONS, 40, 5 (2024).

Optimal Balanced-Norm Error Estimate of the LDG Method for Reaction-Diffusion Problems I: The One-
Dimensional Case;
Cheng, Y; Wang, XS; Stynes, M, JOURNAL OF SCIENTIFIC COMPUTING, 100, 2, 50 (2024).

Existence of smooth solutions to the 3D Navier-Stokes equations based on numerical solutions by the Crank-Nicolson
finite element method;
Cai, WT; Zhang, MY, CALCOLO, 61, 3, 36 (2024).

Holimap: an accurate and efficient method for solving stochastic gene network dynamics;
Jia, C; Grima, R, NATURE COMMUNICATIONS, 15, 1, 6557 (2024).

Asymptotic analysis of the stress concentration between two adjacent stiff inclusions in all dimensions;
Hao, X; Zhao, ZW, MATHEMATICAL METHODS IN THE APPLIED SCIENCES, 47, 18 (2024).

Moderate and Lp Maximal Inequalities for Diffusion Processes and Conformal Martingales;
Chen, X; Chen, Y; Cheng, YM; Jia, C, JOURNAL OF THEORETICAL PROBABILITY, 37. 4 (2024).

Large deviations for the empirical measure and empirical flow of Markov renewal processes with a countable state
space;
Jia, C; Jiang, DQ; Wu, BJ, ELECTRONIC JOURNAL OF PROBABILITY, 29, EJP1103 (2024).

Sharp error estimate of variable time-step imex BDF2 scheme for parabolic integro-differential equations with initial
singularity arising in finance;
Zhao, CC; Yang, RY; Di, YN; Zhang, JW, JOURNAL OF COMPUTATIONAL MATHEMATICS (2024).

Improved error estimates for a modified exponential Euler method for the semilinear stochastic heat equation with
rough initial data;
Gui, XP; Li, BY; Wang, JL, SCIENCE CHINA-MATHEMATICS, 67, 12 (2024).

A parameter-free and locking-free enriched Galerkin method of arbitrary order for linear elasticity;
Su, S; Tong, SY; Zhang, MY; Zhang, Q, COMPUTER METHODS IN APPLIED MECHANICS AND
ENGINEERING, 432, 117375 (2024).
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A family of conforming finite element divdiv complexes on cuboid meshes;
Hu, J; Liang, YZ; Ma, R; Zhang, M, NUMERISCHE MATHEMATIK, 156, 4 (2024).

The asymptotic preserving unified gas kinetic scheme for the multi-scale kinetic SIR epidemic model;
Xu, XJ; Sun, WJ; Li, Q, COMPUTERS & MATHEMATICS WITH APPLICATIONS, 174 (2024).

Exact power spectrum in a minimal hybrid model of stochastic gene expression oscillations;
Jia, C; Qian, H; Zhang, MQ, STAM JOURNAL ON APPLIED MATHEMATICS, 84, 3 (2024).

An unconditionally energy dissipative, adaptive IMEX BDF2 scheme and its error estimates for Cahn-Hilliard
equation on generalized SAV approach;
Wei, YF; Zhang, JW; Zhao, CC; Zhao, YM, IMA JOURNAL OF NUMERICAL ANALY SIS (2024).

Ageneral collocation analysis for weakly singular Volterra integral equations with variable exponent;
Hui Liang; Martin Stynes, IMA JOURNAL OF NUMERICAL ANALYSIS, 44 (2024).

Balanced and energy norm error bounds for a spatial FEM with Crank-Nicolson and BDF2 time discretisation applied
to asingularly perturbed reaction-diffusion problem;
Xiangyun Meng, Martin Stynes, NUMERICAL ALGORITHMS, 95 (2024).

A fast second-order predictor-corrector method for a nonlinear time-fractional Benjamin-Bona-Mahony-Burgers
equation;
Yongtao Zhou,Cui Li, Martin Stynes, NUMERICAL ALGORITHMS, 96 (2024).

A Nystrom method based on product integration for weakly singular Volterra integral equations with variable
exponent;
Ma, Z; Stynes, M, JOURNAL OF COMPUTATIONAL AND APPLIED MATHEMATICS, 454, 116164(2025).

Unified Solution of Conjugate Fluid and Solid Heat Transfer-Part II. High-Order Conjugate Heat Transfer;
Li, SJ; Ju, LL, ADVANCES IN APPLIED MATHEMATICS AND MECHANICS, 17 (2025).

An Asymptotic-Preserving IMEX PN Method for the GrayModel of the Radiative Transfer Equation;
Fu, JX; Cheng, J; Li, WM; Xiong, T; Wang, YL, JOURNAL OF SCIENTIFIC COMPUTING, 103, 2, 71 (2025).

Anisotropic capturing of compressible boundary layer flows over NACA0012 airfoil;
Yi Cao, Shu-jie Li, J. Phys.: Conf. Ser., 3042, 012012 (2025).

A highly efficient asymptotic preserving IMEX method for the quantum BGK equation;
Ruo Li, Yixiao Lu, Yanli Wang, JOURNAL OF COMPUTATIONAL PHYSICS, 522, 113619 (2025).



An efficient decoupled and dimension reduction scheme for quad-curl eigenvalue problem in balls and spherical
5 shells;
Jiang, JT; Zhang, ZM, COMPUTERS & MATHEMATICS WITH APPLICATIONS, 174 (2024).

Utilizing deep learning for automated detection of oral lesions: A multicenter study;

6 Ye, YJ; Han, Y; Liu, Y; Guo, ZL; Huang, MW, ORAL ONCOLOGY, 155, 106873 (2024).
7 Influences of Co-Flow and Counter-Flow Modes of Reactant Flow Arrangement on a PEMFC at Start-Up;

Shao, QQ; Wang, M; Xu, N, CMES-COMPUTER MODELING IN ENGINEERING & SCIENCES, 139, 2 (2024).
p Sloving the Boltzmann equation with a neural sparse representation;

Li, ZY; Wang, YL; Liu, HS; Wang, ZD; Dong, B, SIAM JOURNAL ON SCIENTIFIC COMPUTING, 46, 2 (2024).

A thermodynamically consistent phase-field model and an entropy stable numerical method for simulating two-phase
9 flows with thermocapillary effects;
Sun, YX; Wu, J; Jiang, MS; Wise, SM; Guo, ZL, APPLIED NUMERICAL MATHEMATICS, 206 (2024).

Numerical approximations of a lattice Boltzmann scheme with a family of partial differential equations;

L Boghosian, BM; Dubois, F; Lallemand, P, COMPUTERS & FLUIDS, 284, 106410 (2024).

Bio-inspired multi-dimensional deep fusion learning for predicting dynamical aerospace propulsion systems;
11 Michael Qian Vergnollel, Eastman Z. Y. Wu, Yanan Sui, Qian Wang, COMMUNICATIONS ENGINEERING, 3, 1
(2024).

ALGORITHMS DIVISION 8755

Precision evaluation criteria for simulation algorithms in infinite systems: A network model-based approach;
Ding, YL, AIP ADVANCES, 15, 4, 45116 (2025).

Giesekus fluid flow in a curved pipe based on Gauss-Radau spectral method;
Lyu, Z; Cao, LQ; Sun, FJ; Chen, LZ; Si, XH, PHYSICS OF FLUIDS, 37, 5, 53102 (2025).

Telecom Light-Emitting Diodes Based on Nanoconfined Self-Assembled Silicon-Based Color Centers;
3 Salomon, A; Aberl, J; Navarrete, EP; Karaman, M; Lang, OE; Primetzhofer, D; Deak, P; Gali, A; Fromherz, T;
Brehm, M, 12, 5 (2025).

Quantum Dynamics of Charge Carriers in Fullerenes Encapsulated by Covalent Organic Polyhedra: Choice of
Fullerene Matters;

Mondal, S; Chowdhury, U; Habib, M; Gumber, S; Das, R; Frauenheim, T; Sarkar, R; Prezhdo, OV; Pal, S,
JOURNAL OF THE AMERICAN CHEMICAL SOCIETY, 147, 10 (2025).
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11

12

13

14

15

16
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Intrinsic interlayer electric field induced switched regulatory mechanisms of photovoltaics and photocatalysis in
Z-scheme In2Se3/Sb heterobilayers;

Wang, Q; Han, KY; Liang, Y; Lv, XS; Meng, XR; Wang, S; Frauenheim, T; Guo, DF; Wang, B, JOURNAL OF
MATERIALS CHEMISTRY A, 13, 13 (2025).

Exciton-dominated long carrier relaxation in photoexcited monolayer Cu2Se on Cu(111);
Wang, XY; Liu, Q; Bandyopadhyay, A; Lu, JH; Yan, Y; Li, Y; Zhang, YL; Yan, PF; Xu, YK; He, L; Wu, J;
Frauenheim, T; Zhang, R; Xu, YB; Lu, XY, PHYSICAL REVIEW B, 111, 5, 54310 (2025).

Unconditional Energy Stable Runge-Kutta Schemes for a Phase Field Model for Diblock Copolymers;
Chen, LZ; Ren, B, EAST ASIAN JOURNAL ON APPLIED MATHEMATICS (2024).

Error estimates of exponential wave integrators for the Dirac equation in the massless and nonrelativistic regime;
Ma, Y; Chen, LZ, NUMERICAL METHODS FOR PARTIAL DIFFERENTIAL EQUATIONS, 40, 6, €23128 (2024).

In-depth investigation of phase transition phenomena in network models derived from lattice models;
Ding, YL, AIP ADVANCES, 14, 8, 85308 (2024).

Exploring the nexus between thermodynamic phase transitions and geometric fractals through systematic lattice point
classification;
Ding, YL, ATP ADVANCES, 14, 8, 85107 (2024).

Quantum bit with telecom wave-length emission from a simple defect in Si;
Dedk, P; Li, S; Gali, A, COMMUNICATIONS PHYSICS, 7, 1, 337 (2024).

An improved DIIS method using a versatile residual matrix to accelerate SCF starting from a crude guess;
Hu, LP; Sarwono, YP; Ding, YL; He, F; Zhang, RQ, JOURNAL OF COMPUTATIONAL CHEMISTRY, 45, 30
(2024).

Ferroelectric antiferromagnetic quantum anomalous Hall insulator in two-dimensional van der Waals materials;
Liang, Y; Zhao, P; Zheng, FL; Frauenheim, T, PHYSICAL REVIEW B, 110, 20, 205421 (2024).

Oxygen Defect Site Filling Strategy Induced Moderate Enrichment of Reactants for Efficient Electrocatalytic
Biomass Upgrading;

Cheng, BX; Zhan, HY; Lu, YK; Xing, DN; Lv, XS; Frauenheim, T; Zhou, P; Wang, SY; Zou, YQ, ADVANCED
SCIENCE (2024).

Synergy of rutile SnO2 and TiO2 in optoelectronic applications: Electronic structure and doping properties of TixSn1-
x02 alloys;
Han, MM; Cai, XF; Wei, SH; Frauenheim, T; Deak, P, PHYSICAL REVIEW B, 110, 19, 195203 (2024).

All-Epitaxial Self-Assembly of Silicon Color Centers Confined Within Sub-Nanometer Thin Layers Using Ultra-Low
Temperature Epitaxy;

Aberl, J; Navarrete, EP; Karaman, M; Enriquez, DH; Wilflingseder, C; Salomon, A; Primetzhofer, D; Schubert, MA;
Capellini, G; Fromherz, T; Deak, P; Udvarhelyi, P; Song, L; Gali, A; Brehm, M, ADVANCED MATERIALS (2024).

Platinum modification of metallic cobalt defect sites for efficient electrocatalytic oxidation of
5-hydroxymethylfurfural;

Zhan, HY; Cheng, BX; Lu, YK; Xing, DN; Lv, XS; Huang, HN; Frauenheim, T; Wang, T; Zhou, P, JOURNAL OF
ENERGY CHEMISTRY, 101(2025).
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CSRC SEMINAR ' &s&gRs

FOIRIEIEE NIMB XSS EESEXTEIIRE, ERFASE, BEAFARBLH. 2024-20255 K FEH 8
R EE40HE (2134457)

CSRC invites national and overseas leading researchers to give academic seminars. During academic year 2024-2025, CSRC has

already held 49 seminars.

DATE\HHA | SPEAKER\{RES A | INSTITUTE\E{if TITLEAR SR H

FHMN JEmKZE =
=R Qz
2024.8.1 Yi-Fan Wang Peking University BRI R R RN
B PEMFRAKRE
2024.8.1 Wei Ha University of Science and Technology — EiRASE HIKNAISE— R IER RSN
of China
5248 B ARET AR Yang-L.ee Zero.sf Se}ni({ircle Theorem, and
2024.8.6 Hone-Chao Li University of Tokvo (Japan) Nonunitary Criticality in Bardeen-Cooper-
& y Y P Schrieffer Superconductivity
VY DNN for PDEs: Residual-informed neural
2024.8.8 R J:Eﬁclﬁj(q- . . networks and non-uniform random walk for
Dan Hu Shanghai Jiao Tong University . .
adaptive sampling
2024.8.22 7 M DR ECFRIR T 3 f A divide-and-conquer approach for
o Zhou Fang ETH Zurich biological filtering problems
2024.8.26 K 1z tmKE Residue Imaginary Velocity May Induce
o Yi Zhang Peking University Many-Body Delocalization
KEE FitImsERZ o NI
= =) = ?
2024.8.30 Xue-Xi Yi Northeast Normal University IFRARERTURR S A ISR
=Xk TRERAEBIRE Latent Symmetries Revealed by Graph
2024.10.10 Wen-Long Gao/ Eastern Institute of Technology, Theoretical Tools for Hermitian and non-
Malte Rontgen Ningbo Hermitian Models
o - Excitonic Bose Einstein Condensation i
S R
o Feng Liu University of Utah (USA)

Edges



DATE\HHH | SPEAKERVRESA | INSTITUTE\E{3; TITLEARESERH

2024.10.22 Xiai_@ﬁg Li
2024.10.23 Fei)ﬁi Li
2024.10.23 Yun_%fg Xiao
2024.10.25 Kgfzhfrtg
2024.10.31 Peter Deak
2024.11.7 Fﬂ?j Te_nEg
2024.11.15 Ya_%f?\%ang
2024.11.22 _E'itﬁchi
2024.11.28 Hongﬂ.J?i;iI{nghaO
2024.12.6 F7'_§ So_r?g
2024.12.6 Kzil-l]g Emg

FERZRAFSRARNFHARER
Academy of Mathematics and
Systems Science, CAS

BBExRXKNE
Hefei National Laboratory (NFNL)

FIREHAR B e E AR
A*STAR Institute of High
Performance Computing (IHPC) ,
Singapore

TEEEF IR AT R
Physikalisch-Technische
Bundesanstalt (Germany)

BERRISAS

University of Bremen(Germany)

SBXF
Fudan University

SRERIF YRR AT
Institute of Physics, CAS

JEmKE
Peking University

EMAZE

Jilin University

el N DN e N S
SRl

The Kavli Institute for Theoretical
Sciences (UCAS)

REEMREEXFE

Freie Universitit Berlin (Germany)

B ANFE_EERPORRER

Bridging MBE and DFT for Studying
Superconducting Films and Interfaces

Quantum Uncertainty Principles for
Measurements with Interventions

Direct laser excitation of the Th-229 nucleus
towards a nuclear clcok

Methodical Problems in Calculating
Surfaces, Layers and Charged Defects in
Semiconductors

From Scattering Amplitudes to Gravitational
Wave Physics

Nonequilibrium Electron-Phonon Dynamics:
Dynamical Control of Quantum Matter

NBFFEIBFEIHRBITE

[RERHEERIR R IR

From Non-Bloch Bands to Open Quantum
Many-Body Systems: Insights Brought by
Hermitization

Non-Abelian Nodal Structures and
Dissipation-Protected Chern Bands in
Photonic Systems

2024 - 2025 ANNUAL REPORT
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DATE\HEA | SPEAKERVREA | INSTITUTE\E{iL TITLEARESERE

2024.12.8

2024.12.11

2024.12.12

2024.12.13

2024.12.16

2024.12.19

2024.12.19

2025.1.21

2025.2.26

2025.2.27

2025.3.27

EARA
Zhen-Peng Hu

RN
Xiao-Wen Xu

K %
Yang Zhang

FJkEn
Zhao-Ru Sun

BT
Xin-Hui Si

2
Cheng Wang

iR
Hai-Tang Yang

VHEIE
Chuan-Ju Xu

EHNX
Han-Wen Jin

B
Hang Si

ES(=E
Bo-Wei Qin

AR

Nankai University

ICRN YIRS B EE AR
Institute of Applied Physics and
Computational Mathematics

FREIRIS R AR A
University of Science and Technology
of China

LigRiRE
ShanghaiTech University

EREHRKE
University of Science and Technology
Beijing

EEMREARFIREF DK
University of Massachusetts-
Dartmouth (USA)

Rz

Sichuan University

BiIX=E

Xiamen University

REFEERET ¥k
Imperial College London (UK)

REETKF

Dalian University of Technology

SEBXZF

Fudan University

BT FRERAIRBRM MR e

FHHEERMFABAER S EaERiAs
i

Multi-loop and Multi-leg: Analytic
Computation of 2loop 6point and 3loop
Spoint Feynman Integrals

Ab Initio Deep Neural Network Simulations
of Carbonic Acid Dissociation and Proton
Transfer Dynamics

AR5 FE I FENE-PRESEME R IR TR AT
RS R IAUEB

Unique Solvability and Convergence
Analysis of the Lagrange Multiplier
Approach for Gradient Flows

Obtain Einstein Equation from CFT_2 and
Realize ER=EPR

Gradient Flows: Modelling and Numerical
Methods

Excited States and Hot Carrier Dynamics in
Plasmonic Materials

Introduction to Finite Eelement Mesh
Generation and Adaptation

SERENRFREARENTTE
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2025.4.2

2025.4.11

2025.4.11

2025.4.18

2025.4.21

2025.5.19

2025.5.22

2025.5.23

2025.5.27

2025.6.11

2025.6.13

Joachim Heinze

# %
Fei Fei

XULL %
Hong-Tao Liu

Sebastian Eggert

Sebastian Eggert

R4
Si-Ye Li

B—R
Yi-Fan Ge

U=
Feng Liu

b 7
Yang Chen

=5
Huan-Fei Ma

FiEH
Zhang-Qi Yin

EERIARRIEHE L AT
Oberwolfach Stiftungsrat, MFO
(Germany)

erhR RS
Huazhong University of Science and
Technology

EERIR &N KR
KU Leugen (Belgium)

EEIFS BRI AF
RPTU University of Kaiserslautern-
Landau (Germany)

REHFESEETRE
RPTU University of Kaiserslautern-
Landau (Germany)

FENFRESEEMRRR
AMII

PR SR ERRENS
HERZ X Fl

Interdisciplinary Research Center on
Biology and Chemistry, CAS

EEIRSE
University of Utah (USA)

IERKRFEZFED
Peking University Health Science
Center

PINKE
Soochow University

ItREBTKRE
Beijing Institute of Technology

Redefining Research: The evolution of
Scientific Publishing and Communication in
the era of Artificial Intelligence

NSHARIFERAIZ REBIALF75E

EEFHRRINBHRAE—SADEZEX
HRFRMN A

Transport in Quantum Wires: Fractional
Charges and Non-Linear Luttinger Liquids

Floquet Theory of Resonances

Research on Intelligent Prediction
Method with Graph Neural Networks for
Compressible Flows and Its Application

Membrane Curvature as a Regulatory
Mechanism of Tfam Prewetting

The Beauty and Richness of Yin-Yang Flat
Bands: quantum geometry and anomalous
Landau levels

N SIIE R R
R

et E: MENASTIERS

NEFHERAZIEFREFS
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2025.6.16

2025.6.16

2025.6.18

2025.6.25

2025.6.28

2025.7.2

2025.7.16

REF
Zhuo-Yang Song

B R
Ling Xue

Aleksander Bach
Lorentzen

FHIBAR

Jin-Sen Han

3K 3A
Hong Zhang

ESva:T
Li-Lian Wang

KiEm
Bo-Nan Zhu

JERKZE
Peking University

IR/RETIRRERS

Harbin Engineering University

PRHE T SR L E A E O
Donostia International Physics
Center( Spain)

EFLRHARF & FERFF B SR
RAT

National University of Defense
Technology&Institute of
Semiconductor, CAS

ERLRH RS
National University of Defense
Technology

KR FE T A
Nanyang Technological University
(Singapore)

ItRETRE
Beijing Institute of Technology

IdeaSearch: AT BEREMBH AT
RlZRZRG?

Mathematical Modeling and Optimization
of Combination Immunotherapy for Breast
Cancer: Integrating mRNA Vaccines and
Anti-CTLA-4 Antibodies

Simulating nanoelectronic devices driven by
strong and transient fields

F SR FERNE— R
HETERRE

Time step rescaling resolves the lagging
effect in stabilization single-step schemes
for a class of L2 gradient flows

Explicit Construction of Approximate
Kolmogorov-Arnold Superpositions with
C”2-Smoothness

RN AR R R R Z 5 HAY
MARSRE



COLLOQUIUMS ' mesztieta

BHEMZREZHEPYRFRER. LTEREHRSO, bR
SEMEFRFOKEENNSHFERRIE. BIZARBIBEERNIMLE
FEMIARFRE . RIEMNETEMBZNR, BATAHTRKBHLT
EEREARNA A, RUERTIRNTS, BEFNIXBERXR,
NEENRFHERETER. BARESEENTH.

R Ll A A

A K FHE R, IBTFRATAFFESE, AF
BaFEhERSGBACUSPEA I AAL SRS, 93 FELAR
FEFLFNLAFEMEFHEFHL, 199319965 4 L HBH
K¥fd A EWES CHELRTSTRLHES, 19964
EN0AFESEEATE THERS, SHIE. BRI, 20095 L0MARE LS,
KUAFRTHE, FTFAF. LETFRLFORATE, 0075 SR LANHEF L4
+ (APSFellow) . EHEEFAHFHFLAH “FFARFL” M8, HELLEFL
it “FFARLEETFAL” EAFFAAAY, BATLRE “HAETREMTHES
i SETHAS" AR0ITFATAAF T ARE. YRLAAARARATF LS
(NSF Career Award, 1997), & B & F 5 % 44 F % 545 % X (ONR Young Investigator
Program Award, 1997). 20134 & &4k 4 3 % H 5] # 7 % % & £(Gravity Research
Foundation) ¥ @ L A ¥ — ¥k, AREEL. HTHE AL AL

2024-2025 ANNUAL REPORT



ZFARBRREFRIR

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 2000 times. During the academic year
2024-2025, 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.

FIOEMERSRFNE R SREEESR, FRIRALRDERIINERSW S, UEMRTARSERIMNE
RITIHAAZ BANEIBRR. B2 ES, FOEFTRE20ZMER MM X A58 FEFBIF500058:AK, LR
A RINE SN AR R SEFNFEIT 200048 A K. 2024-2025F R EEAE], FulMEERIGZEFBIT200AK.,

OGN E RSN HAGHE X T W IR A RFIEE, WipEEEMZERRARNRART, #TaiEK
HEEmR. RO SETN—EX2NAZERTFHOSIN. #HIPEF. EdopaifE, FRRE—ENERR
EREAA.

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.

ERTENERARPOFEEUASRTMESKROETE, ERRALUKNDERMERSWUZR, HHEER
HARSERIMEMBAVEZ BN EFOR, T REAREFNY KEAZMW. BRCSERSFTRTEE
TEEDN AFTEFCEIER—RNFRITENZEBEXAINIXARNGEF A ML /.
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Kl —S-1tRIFPIOERFRS
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
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IHEP (computing. & Storage
Network)
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