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ABOUT CSRC

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

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

As of December 2017, CSRC has recruited 42 faculty members, 3 engineers, 42 associate members, 141
postdoctoral fellows and 119 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 426 papers, organized 10 academic conferences and workshops, 7 tutorials, 6 colloquiums on
scientific frontiers, and 90 CSRC seminars. CSRC has also forged partnerships with many prestigious universities
and research institutions around the world.
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UNIVERSAL SCALING AND CRITICAL
EXPONENTS OF THE ANISOTROPIC
QUANTUM RABI MODEL

The quantum Rabi model (QRM), which
describes a two-level system coupled to a single
electromagnetic mode, provides a basic paradigm
of light-matter interactions. Due to recent
theoretical and experimental progress, the QRM
attracted interest from researchers working on
quantum optics, solid state physics, fundamental
properties of quantum physics, and mathematical
physics. The first analytical solution of the
QRM, which is an important breakthrough on the
mathematical and physical aspects of this model,
was obtained by Braak only in 2011 [1]. While
it is well known that at weak coupling the QRM
can be approximated by the Jaynes-Cummings
(JC) Hamiltonian, recent experimental progress
in circuit QED has allowed to reach the ultra-
strong and even deep-strong coupling regimes
[2,3,4]. Very recently [5,6], it was proved that
both the QRM and JC model can realize a new
type of quantum phase transition (QPT) which,

surprisingly, does not require the thermodynamic limit.

The QPT considered by Refs. [5,6] occurs as a function of coupling
strength when the ratio n between the atomic and cavity frequency tends
to infinity, and its properties are in fact very similar to the superradiant
QPT of the Dicke model. In the latter case, a single cavity mode interacts
with many two-level systems (large N), while the QRM corresponds
to the N=1 case. The similarity to thermodynamic QPTs motivates
investigating whether familiar concepts like universality classes are still
generally applicable at N=1. More generally, the relationship of this
new type of few-body QPTs and their thermodynamic counterparts has
not been clearly understood.

To elucidate these issues, a recent investigation [7] involving Maoxin
Liu, Stefano Chesi, Zu-Jian Ying and Hai-Qing Lin from CSRC, Hong-
Gang Luo from Lanzhou University, and Xiaosong Chen from CAS-
ITP & UCAS, has developed a general analytical approach valid in the
limit of large m. The treatment not only derives a perturbative effective
Hamiltonian applicable to the critical region (from a fourth-order
Schrieffer-Wolff transformation), but extends the perturbative results
obtaining a non-perturbative effective mass and mean-field potential.
These quantities provide a full description of the low-energy properties
at arbitrary coupling strengths (i.e., also away from the critical point).
The treatment of Ref. [7] is not only applicable to the original QRM and
JC model at N=1, but also allows to include a finite anisotropy and an
arbitrary (but finite) value of N. As expected, a well-defined universality
class is established at arbitrary values of the anisotropy parameter
(except the JC model). It was also found that the low-energy description
at given anisotropy is independent of N, after appropriately rescaling
n. Therefore, the few-body QPTs at arbitrary N display identical non-
universal features, like the critical coupling or the value of the order
parameter away from the QPT.

The effective low-energy theory described in this work is in excellent
agreement with numerical calculations of the phase diagram, critical
exponents, and scaling functions, also presented in Ref. [7]. Other
interesting features revealed by this work are a superradiance-induced
freezing of the effective mass and discontinuous scaling functions in the
Jaynes-Cummings limit. Besides these theoretical achievements, this
work could be relevant for experimental platforms like circuit QED and
trapped ion systems, where the appropriate regime might be realized
soon [3,4,8,9]. Because of its great potential interest, the article was
selected by Physical Review Letters as an “Editors’ Suggestion”.
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Fig. 1. Phase diagram (a) and order parameter (b) of the QRM with anisotropy. The red (blue) line
in panel (a) indicates a first (second) order phase transition. The order of the transition is revealed
by the first and second derivative of the ground state energy, respectively shown in panels (d) and (c).
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LOCALIZATION IN OUT-OF-EQUILIBRIUM
DISORDERLESS SYSTEMS

When isolated quantum systems are taken out of
equilibrium, its dynamics can be described by a
time evolution which is unitary, unlike classically
chaotic systems. The conditions that lead these
systems to thermalize and the information
regarding its initial preparations to be lost over
the course of its evolution can be seen as result of
the dephasing in the dynamics of the coherence
between the eigenstates. Its mathematical basic
grounds were based in what we call nowadays
as the Eigenstate Thermalization Hypothesis
(ETH) [1,2] and it became clear that interactions
between the constituents of the system are
essential in the thermalization mechanism. On
the other hand, much attention has been also
given to another aspect that may, in fact, prevent
thermalization. When disorder comes into play
an isolated quantum system can experience
a halting of thermalization and, ultimately,
localization takes place. This localization is
manifest in the absence of mass transport and
it can be seen as a generalization of the famous
Anderson localization phenomenon when
interactions are included.

Several numerical studies have shown this phenomenon in the presence
of interactions [3], which we dub as many-body localization (MBL),
and also a handful number of experiments [4] have also tackled it. In
the latter, the analyzed quantum system is consisted of atoms trapped in
a potential generated by laser beams in an optical lattice. By introducing
disorder on the onsite energy levels, one can emulate the physics of the
Anderson model with interactions which can be tuned in a controllable
fashion. The most common way to identify this localization (and the
associated lack of thermalization) is to follow the dynamical properties
of a carefully prepared quantum system. Specifically, experiments in
optical lattices employ high-fidelity preparation of initial states whose
properties are well known, as for example, by confining the atoms in
certain regions of the trapping environment. By measuring how the
information of the initial prepared state is preserved for long-times after
the release of this constraint one is able to identify the regimes where
disorder is sufficient to lead to the MBL phenomenon.

On the other hand, much recent theoretical work has been devoted to
understanding whether disorder is a necessary ingredient to generate
localization in interacting systems. Pioneering works by Kagan and
Maksimov on Helium mixtures have laid the foundation of localization
when there are two constituents in the system, a light and a heavy
one. In these cases, the heavy particles generate an effective random
quasistatic potential which blocks the diffusion of the light ones,
thus localizing them. More recently, some proposals tried to tackle
this problem and much to the surprise found that an initial transient
localization ultimately leads to diffusion. In a recent publication
[5], Rubem Mondaini from CSRC and Zi Cai (Shanghai Jiaotong
University) have investigated one of the first evidences of many-body
localization in a translation invariant Hamiltonian with a single species
of particles. Specifically, they tackled the problem of (hardcore) bosons
in a lattice which interact via a quasi-periodic infinite range interaction.
Despite the model may sound rather artificial, it has been shown to be
emulated experimentally for trapped atoms in a optical lattice embedded
in a cavity [6]. The long (infinite)-range interaction is mediated by
vacuum modes of the cavity and are independently controlled by tuning
the cavity resonance. The Hamiltonian reads,

H= —JZ(d:ahLl + h.c) —Z Vij (ﬁz - %)(nz - %) 1
i i<j

where J is the nearest-neighbor tunneling amplitude, and the

interactions Vi; have the functional form V;; = (V/L)cos|2zpi-j|. By

taking p as an irrational number, the long-range interactions are no

longer commensurate with the lattice and glassy behavior emerges

when the interactions are sufficiently large. We investigate this glass-



like regime at zero temperature and show it can also be obtained in
an isolated quantum system at infinite temperatures. To make a closer
connection with the experiments, they investigate the persistence of
the information of initial preparations under a quench. In particular,
they quantify the degree of inhomogeneity of an initial pure state, via

i

Bls =0.5

(An)py
L (An),
| | = = | 0.0
1  m— I f 1.0

——V/J=10°

|
1 1 L 1 4 ‘ 1 | =0.0
102 10! 104 107 109 —0.025  0.000
TJ EJ/(VL)

Before the quench, this observable represents the number of domain
walls are present in the initial state. Its time evolution is depicted
in Fig. (1) for two values of interactions. If a system thermalizes, a
time-evolved state can be thought as a featureless state that no longer
preserves local information of the initial state. That is the case in Fig.
1(a) for small values of interactions. Surprisingly, if one increases
its magnitude, the tine-evolved state no longer loses information and
memory of the initial preparations can be retrieved for arbitrarily long
times, as shown in Fig. 1(b). with this clear indication of many-body
localization in a translation-invariant (disorderless) system, we expect
that this work may sparkle interest in the experimental investigation of
the ideas we present, ultimately settling the issue of whether disorder
is a necessary mechanism to its observation. Further aspects of these
problem, as the study of commensurate long-range interactions, are an
ongoing research being currently investigated at CSRC.
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Fig. 1. Time evolution of the integrated charge
inhomogeneity averaged over states with similar
number of domain walls in ergodic [nonergodic]
regimes in panel (a) [panel (b)] with V/J = 10" [V/
J = 10]. Panels (c) and (d) are comparisons of the
diagonal ensemble prediction (infinite-time limit) and
the microcanonical (thermodynamic) result for the
corresponding values of interactions
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NEARLY DECONFINED SPINON
EXCITATIONS IN THE SQUARE-LATTICE
SPIN-1/2 HEISENBERG ANTIFERROMAGNET

The anomaly in the excitation spectrum
around the wave-vector (n,0) in experimental
realizations of the 2D spin-1/2 Heisenberg
spin model, such as CFTD, is a long-standing
issue, which is also reproduced in calculations
with the Heisenberg model. It is manifested as
a suppression of the excitation energy and an
associated enhancement of spectral weight in
the continuum above the spin-wave (magnon)
peak. The physical reasons behind the anomaly
have been debated over the past 20 years or so,
and in the last few years the interest in the issue
has heated up further as new high-resolution
neutron scattering experiments have been
carried out [1]. The main question is whether
the anomaly is caused simply by more or less
standard multi-magnon excitation processes [2],
or whether there are more exotic reasons such as
deconfinement of spinons [1]. On the other hand,

Fig. 1. Comparison of the SAC results on the spin-
1/2 square-lattice Heisenberg antiferromagnet and
the new neutron scattering experiments carried out
on CFTD. Left panel: spectral functions at two wave
vectors; Right panel: single-magnon dispersion along
a representative path of the BZ.

the recently improved analytic continuation (SAC) method [3] enables
people to study the spectral anomaly in greater details than previously.
Most importantly, it provides an unbiased way to extract the energy and
amplitude of the leading d-function (magnon pole) contribution to the
dynamic spin structure factor.

Recently, Hui Shao and Stefano Chesi of CSRC, Yan Qi Qin and Zi
Yang Meng from IOP, Sylvain Capponi from University of Toulouse,
and Anders Sandvik from Boston University, have used the improved
SAC method to investigate the spin excitation spectral functions of the
spin-1/2 square-lattice Heisenberg antiferromagnet [4], and, as shown
in Fig. 1, the results are in excellent agreement with recent neutron
scattering experiment on CEFTD. Moreover, the abnormal reduction of
the excitation energy at (m,0) is found together with a reduction of the
magnon weight. Upon turning on a competing four-spin interaction
which brings the system to a critical point with deconfined spinon
excitations, they observe a rapid reduction of the magnon weight to zero
(see Fig. 2 left). This, along with an effective model of the excitations
- one magnon or two spinons (see Fig.2 right), brings to the picture of

]
=]
=

(1,0)

Lh
=

(2,1/2) |

o Experiment
m SAC(L=48) 1

« SAC (L=48)

B Experiment
- Linear SWT

0 ( [ (; (] €
s Ty "R, o

) ,Q/‘?)



nearly deconfined spinons at (7,0) - a precursor to deconfined quantum
criticality. This work bridges the two interpretations (magnons versus
spinons), by elucidating the so far neglected role of the interplay
between the magnon pole and the continuum above it. Furthermore, it is
the first study of the dynamics of the J-Q model and the evolution of its
excitation spectrum upon approaching the deconfined quantum-critical
point, where hitherto unknown aspects of the spinon deconfinement
mechanism remains uncovered.
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Fig. 2. Left panel: size dependence of the excitation
energy (a) and the relative weight of the magnon pole
(b) at q=(m,0) close to the Heisenberg limit of the
J-Q model; Right panel: (a) dispersions of the bare
excitations and (b) the lowest energy of the mixed
spinon-magnon system obtained with the dispersions

in (a).
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GENERAL GREEN’S FUNCTION FORMALISM
FOR LAYERED SYSTEMS: WAVE FUNCTION

APPROACH

The single-particle Green’s function (GF) of
mesoscopic structures plays a central role in
mesoscopic quantum transport. The recursive
GF technique based on the Dyson equation
is a standard tool to compute this quantity
numerically, but it still suffers from two
limitations. First, it is limited to relatively small
systems. Second, its connection to another
widely used approaches — the wave function
mode matching approach -- remains incomplete
(see Fig. 1).

Green'’s function
approach: G(E)

Fig. 2. Two GF methods: (a) our wave-function
approach; and (b) conventional recursive GF approach.

Recently, the research group of Prof. Wen Yang
at CSRC together with Prof. Kai Chang at
Institute of Semiconductors, CAS addressed both
issues by developing a wave function approach
to calculate the Green’s function of a general
layered system. This new method enjoys two
distinguishing features. First, only the interfaces

Fig. 1. Two widely-used approaches in mesoscopic quantum transport and their
connection.

Fisher-Lee relations

—_—

Wave function

~_____——| mode-matching: S(E)

?

o [ - I - -

between uniform regions need numerical treatment, so the time cost

scales are determined by the number of interfaces [dashed boxes in
Fig. 2(a)]. By contrast, the time cost of the recursive GF technique
is determined by the length of the central region [dashed box in Fig.
2(b)]. Thus, it can speed up the calculation by 1-2 orders of magnitudes.
Second, it establishes the reverse of the well-known Fisher-Lee relation
(see Fig. 1) and hence connects the wave function mode-matching
approach back to the GF approach, thus paving the way for extracting
the scattering information of novel quasi-particles in the solid state by
local transport measurements.
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THERMODYNAMIC PHASE DIAGRAM

OF BERYLLIUM USING OUR PHONON
QUASIPARTICLE APPROACH

Beryllium (Be) has been applied widely in various industry areas,
especially for nuclear weapon design. It is also an important material
for fundamental research such as plasmonics under high pressure.
Therefore, it is important to understand the phase stability of Be under
extreme conditions. However, there are controversy and debating about
the existence of its bee phase and the associated hep — bec transition
both experimentally and theoretically. The phase stability of Be has been
extensively studied experimentally. However, in most of experiments,
no sign of bcc symmetry was ever captured [PRB 86, 174118 (2012);
PRB 72, 094113 (2005); J. Phys. F 14, L1 (1984); J. Phys. F 14, L65
(1984); JPCM 14, 10569 (2002); PRB 65, 172107 (2002); PRB 79,
064106 (2009).]. So far, only three experimental reports declared the
observation of bce phase. Martin and Moore captured bee Be at 1500
K near the melting temperature (~ 1550 K) at ambient pressure [J.
Less-Common Met. 1, 85 (1959)], Abey provided a positive hcp/bee
phase boundary, [NTRL NTIS 198506, 1984]. However, Francois and
Contre reported a negative hep/bee phase boundary [Proceedings of the
Conference Internationale sur la Metallurgie du Beryllium, Grenoble
(Presses Universitaires de France, Paris, 1965)]. On the theoretical
side, the investigation of bcc Be with traditional methods encounters
difficulty. This is because that the stabilization of bec Be is primarily
driven by lattice anharmonicity. Unfortunately, widely used quasi-
harmonic approximation (QHA) and Debye model are not able to
capture such effect. For this reason, theoretical transition is still missing
for P < 11 GPa. When P > 11 GPa, bcc Be is stabilized by pressure
and QHA has been extensively employed. Nonetheless, the QHA
predicted hcp/bee boundary shows significantly discrepancy from the
experimental revelation. This presumably hints that the anharmonic
effect is also pronounced at high pressure [J. Phys. IV France 134, 257
(2006); PRB 82, 104118 (2010); JAP 111, 053503 (2012); PRB 79,
064106 (2009); PRB 71, 214108 (2005); PRB 76, 235109 (2007); RB
75, 035132 (2007)].

Using a novel approach which characterizes phonon quasiparticles
from first-principles calculations, the research group led by Dong-Bo
Zhang at Beijing Computational Science Research Center carried out
a systematic study of phase stability of Be under high pressure and

References
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Review Letters 118, 145702 (2017).
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high temperature. The outcomes show that Be
exhibits pronounced anharmonic effects in both
the bee and hep phases. The bee phase, however,
is favorable only in a very narrow temperature
range near the melting temperature with a
positive Clapeyron slope of ~ 41K/GPa. The
temperature range where the bce phase exists
shrinks with increasing pressure and eventually
disappears at around 11 GPa. This result agrees
well with experiments.

= Martin and Moore
Abey
-~~~ Francois and Confre

P (GFﬁaJ

Fig. 1. Phase diagram of Be. The melting line is dopted
from PRB 82, 104118 (2010). The experimental results
for the hep/bee phase
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MEASURING OUT-OF-TIME-ORDER
CORRELATORS ON A NUCLEAR MAGNETIC
RESONANCE QUANTUM SIMULATOR

The idea of the out-of-time-order correlator
(OTOC) has recently emerged in the study of
a variety of research fields, e.g., condensed
matter systems, quantum chaos and gravitational
systems [1][2][3]. This quantity was suggested
by Alexei Kitaev as a quantum generalization
of a classical measure of chaotic behaviors [4],
see Fig. 1. Despite of the significance of the
OTOC revealed by recent theories, experimental
measurement of the OTOC remains challenging.
First of all, unlike the normal time-ordered
correlators, the OTOC cannot be related to
conventional spectroscopy measurements, such
as ARPES, neutron scattering, through the linear
response theory. Secondly, direct simulation of
this correlator requires the backward evolution in
time, that is, the ability of completely reverse the
Hamiltonian, which is extremely challenging.

[why= [t 1)
(W[v|w)=1

Fig. 1. A classical chaotic system can be diagnosed by the pres-ence of the
butterfly effect, in which a small perturbation like the tiny flap of a butterfly’s
wing has a huge effect on the system at some later point in time. Analogously,
in ex-periment with a quantum spin system, here described by a wave function.
Quantum-control techniques are used to evolve the system forward in time
(blue line), to apply a perturbation W, and to evolve the systems backward in
time (red line). Then a measurement is performed to diag-nose the effect of the
perturbation.

Recently, Jun Li, a postdoctoral fellow in Chang-pu Sun’s group in
CSRC and his collaborators Hui Zhai from Institute for advanced
study, Tsinghua University, and Bei Zeng from Institute for quantum
computing, University of Waterloo, and Xinhua Peng from University
of Science and Technology of China, performed for the first time the
measurements of OTOCs on a NMR quantum simulator. The system be
simulated is an Ising spin chain model, whose Hamiltonian is written as

H=Y" (~6:67 + 967 + hé?)

The parameter values g = 1, h = 0 correspond to the traverse field
Ising model, where the system is integrable. The system is non-
integrable whenever both g and h are non-zero. Experiment was done
on a four nuclear spins in the iodotrifluroethylene molecule, see Fig.
2. The experiment simu-lates the dynamics governed by the system
Hamiltonian H, and measures the OTOCs of operators that are initially
acting on different local sites. The time dynamics of the OTOCs are
observed, from which entanglement entropy of the system and butterfly
velocities of the chaotic systems are ex-tracted. The results indicate that
OTOC provides a faithful reflection of the information scrambling and
chaotic behavior of quantum many-body systems.



Measuring the OTOC functions can reveal how quantum entanglement
and information scrambles across all of the degrees of freedom in a
system. This work here represents a first and encouraging step towards
further experimentally observing OTOCs on large-sized quantum
systems. The pre-sent method can be readily translated to other
controllable systems.

Initialization
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Fig. 2. Illustration of the physical system, the
Ising model and the experimental scheme.
(a) The structure of the C2F31 molecule used
for the NMR simulation. (b) The four sites
Ising spin chain, A and B label dividing the
entire system into two subsystems in the
later discussion of entanglement entropy. (c)
Quantum circuit for measur-ing the OTOC
for general N-site Ising.
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OBSERVATION OF THE EXCEPTIONAL POINT
IN CAVITY MAGNON-POLARITONS

Controlling light-matter interactions has
persistently been pursued and is now actively
explored. Understanding these interactions is
not only of fundamental importance but also
of interest for various applications. Recently,
there has been an increasing number of studies
on collective excitations of ferromagnetic spin
system (i.e., magnons) coupled to microwave
photons in a cavity (see, e.g., [1]-[5]). Owing to
the strong coupling between magnons and cavity
photons, a new type of bosonic quasiparticles
called cavity magnon-polaritons can be created.
While the damping rate of magnons is fixed, by

-2 -1 0 1 2 3
Displacement, x (mm)

Very recently, Zhang et al. at the CSRC [6]
have experimentally demonstrated that the non-
Hermiticity dramatically modifies the mode
hybridization and spectral degeneracies in
cavity magnon-polaritons. In their experiment,
they engineered the dissipations of magnons
and photons to produce an effective non-
Hermitian PT-symmetric Hamiltonian. By tuning
the magnon-photon coupling, they observed
the polaritonic coherent perfect absorption
and demonstrated the phase transition at the
exceptional point. Thus, cavity magnon-
polaritons with non-Hermitian nature are
explored and achieved in this experiment. It
paves the way to explore the non-Hermitian
physics of the cavity magnon-polaritons.

engineering the ports of cavity for inputting microwave photons and the
related decay rates, the system of cavity photons coupled to magnons
can be described by a non-Hermitian Hamiltonian. The hallmark of a
non-Hermitian system is the existence of a singularity in its eigenvalues
and eigenfunctions at some particular points in the parameter space of
the system. This singularity is called the exceptional point.

Fig. 1. Observation of the exceptional point in cavity magnon—polaritons. (a)
Measured total output spectrum vs. the displacement x of the YIG sphere in
the cavity. (b) Calculated total output spectrum corresponding to the measured
results in (a). Corresponding coupling strength is indicated according to the
relation g, /2m=1.3|x|.

Coupling strength, g./2n (MHz)
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OPTICAL LEVITATION OF NANODIAMONDS..

BY DOUGHNUT BEAMS IN VACUUM

By trapping, detecting and manipulating nano- and micro-particles',
optical tweezers are widely used in biophysics, colloidal sciences,
chemistry, microfluidic dynamics, and fundamental physics2. Because
of the wide applicability and high tunablity of the optically levitated
systems, several schemes were proposed to realize the ground-state
cooling of the mechanical motion, to search for non-Newtonian gravity
and to detect gravitational wave. Particularly, it brings about more
interesting phenomena and novel applications when the trapped particles
have internal degrees of freedom (such as spins or electric dipoles) and
enter the quantum regime.

Optically levitated nanodiamonds with nitrogen-vacancy (NV) centers
are one of the most promising candidates for implementing a spin-
optomechanical hybrid system™. In principle, this system can have
both long spin coherence time and high quality factor of mechanical
oscillation in vacuum. The electron spins of NV centers were shown
to have long spin coherence time (in the order of 10 us) even in
nanodiamonds of diameter about 20 nm. When trapped in high-vacuum,
the dielectric particles are predicted to have ultra-high quality factor
O larger than 10'"°. Researchers have trapped diamond particles and
observed the signal from NV centers in liquid, in air and very recently
in vacuum with pressure down to 100 Pa. Realizing high quality
mechanical oscillation requires trapping the particles in high vacuum
(e.g, 10° Pa) to get Q~ 10". However, the high-vacuum condition

2=1064nm

3

usually causes the thermal damage problem, and
experimentally trapping a nanodiamond in high
vacuum is still very challenging. Nanodiamonds
will absorb energy from the trapping laser beams
due to the intrinsic defects and the inevitable
imperfections or graphitization on diamond
surface. The absorbed energy can hardly be
dissipated in a high-vacuum environment, and
the nanodiamonds will be quickly heated up
significantly, which is unfavorable to the defect
centers, or even burns out the diamond particles.

It is proposed here to solve the thermal damage
problem by trapping a composite particle (a
nanodiamond core coated with a less absorptive
silica shell) at the center of strongly focused
doughnut-shaped laser beams, as shown in Fig. 1.
Systematical study on the trapping stability, heat
absorption, and oscillation frequency concludes
that the azimuthally polarized Gaussian beam
and the linearly polarized Laguerre-Gaussian
beam LG, are the optimal choices. The
respective oscillation frequency and quality
factor got are shown in Fig. 2. With our proposal,

Fig. 1. (a) The schematic illustration of the system.
A nanodiamond coated with a silica shell is levitated
in an optical trap formed by two incoherent strongly-
focused counter-propagating beams. (b) (c) Front
view and side view of the intensity distribution of the
two focused linearly polarized LG, incident beams
in the focal region. The circles indicate the composite
particle with the core radius » = 100nm and the shell
radius R = 1um.
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Fig. 2. The oscillation frequency €Q/(2m) of the core-
shell particle in dual-beam optical tweezers with (a)
linearly polarized LG03 beams and (b) azimuthally
polarized beams. (¢) and (d) The mechanical quality
factor Q under pressure 10 ° Pa corresponding to cases
(a) and (b), respectively. In all cases, the incident
beams with power Pl = P2 =50 mW are focused by
lens with NA = 0.95.
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particles with strong absorption coefficients can be trapped without
obvious heating and, thus, the spin-optomechanical system based on
levitated nanodiamonds are made possible in high vacuum with the
present experimental techniques.

This work is supported by NKBRP (973 Program) 2014CB848700,
NSFC No. 11374032 and NSAF U1530401, 2014011008-1,
2014021004 and NSFC through 11404201, 11674204.

For more information, please see the paper: “Optical levitation of
nanodiamonds by doughnut beams in vacuum”, Laser Photonics Rev.,
1600284 (2017). DOI: 10.1002/Ipor:201600284.

References

[1] D. G. Grier, Nature 424, 810 (2003).

[2] T. Li, S. Kheifets, D. Medellin, and M. G. Raizen, Science
328,1673 (2010).

[3] Z.-q.Yin, A. A. Geraci, and T. Li, Int. J. Mod. Phys. B 27, 1330018
(2013).

[4] N.Zhao and Z.-q. Yin, Phys. Rev. A 90, 042118 (2014).



A UNIVERSAL RULE FOR CONTROLLING ..
SPIN CURRENTS IN QUANTUM SPIN HALL

SYSTEMS

A long-standing interest in spintronics is generating and transporting
spin current (SC) in condensed matter systems. The discovery of pure
spin current (PSC), for example, spin Hall current, that is decoupled
from charge current (CC) has opened up exciting opportunities for spin
transport, because it is expected that the transport of PSC has much
smaller energy dissipation compared with that of conventional SC
generated by ferromagnetic materials. Quantum spin Hall (QSH) system
can exhibit exotic spin transport properties, especially, a transverse
edge PSC of QSH effect can be generated under a four-terminal device
setting. However, spin conservation mandates that there is no net
SC under a two-terminal device setting in a QSH system. Although
discovering new mechanism to control the SC and/or transverse PSC in
a QSH system is of great importance for spintronics, its development is
still at its infancy.

Recently, Prof. Bing Huang’s group in CSRC in collaboration with
Feng Liu’s group in the University of Utah proposed a new concept
of bending strain engineering to tune the spin transport properties of
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a quantum spin Hall system, as shown in Figure 1. They show that
bending strain can be used to control the spin orientation of counter-
propagating edge states of a quantum spin system to generate a non-
zero spin current. This physics mechanism can be applied to effectively
tune the spin current and pure spin current decoupled from charge

----------------------- 2017 ANNUAL REPORT RESEARCH HIGHLIGHTS

current in a quantum spin Hall system by control
of its bending curvature. This concept of bending
strain engineering of spins via topological
nanomechanical architecture affords a promising
route towards the realization of topological nano-
mechanospintronics.
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Fig. 1. (a)—(c) Schematic diagrams of spin current
and charge current flowing along the edges as the
bending angle increases from 0 (a) to 180 (c). A pair
of edge states counter propagate along all four edges
subject to TRS. The spins rotate adiabatically along
the curved edges. The highlight of spin directions at
the two opposite edges under the same charge current
flow direction is shown in the bottom of (a)—(c). (d)
Calculated spin conductance for the QSH ribbons
with different bending angle in a two-terminal device
setting. (e) The values of spin conductance in the QSH
regime (plateau region) in (d) as a function of bending
angle.
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PREDICTION OF IDEAL TOPOLOGICAL
SEMIMETALS WITH TRIPLY DEGENERATE
POINTS IN NACU3TE2 FAMILY

As topological phase extends from insulators
to semimetals, new quasiparticles analogous
to elementary particles in high-energy
physics emerge in these topological materials.
Interestingly, the band theory has shown that
the crystal symmetries in solids allow for
the existence of other types of topological
quasiparticle excitations even without high-
energy counterparts. Especially, the triply
degenerate points (TDPs), formed by the
crossing of a double-degenerate band and a
nondegenerate band, can be recognized as an
intermediate phase between Weyl (double-
degenerate) and Dirac (fourfold-degenerate)
fermions. The TDP semimetals have been
predicted to have some unique properties, e.g.,
Lifshitz transitions of Fermi surface, helical
anomaly, large nonsaturating or negative
magnetoresistance, and unconventional
quantum Hall effects. One of the key problems
for exploring the intrinsic properties of TDP
fermions is the lack of ideal TDP semimetals, in
which the TDPs around the Fermi level do not
coexist with other quasiparticle bands. Therefore,
it is of great importance to search for ideal host
materials having only TDP fermions around
Fermi level.

Recently, Bing Huang’s group in CSRC disclose
an effective approach to search for ideal TDP
semimetals via selective band crossing between
antibonding s and bonding p orbitals along a line
in the momentum space with C3v symmetry.
Applying this approach, they have successfully
identified the NaCu3Te2 family of compounds
to be ideal TDP semimetals, where two and only
two pairs of TDPs are located around the Fermi
level. Moreover, they demonstrate a fundamental
mechanism to modulate energy splitting between
a pair of TDPs, and illustrate the intrinsic
features of TDP Fermi arcs in these ideal TDP
semimetals, as shown in Figure 1.

(a) (c)
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Fig. 1. (a) Surface projected band and (b) Fermi surfaces with different EF for
the (010) surface of a semi-infinite NaCu3Te2 system. Two circles in magnified
Fermi surfaces denote the surface projections of two adjacent TDPs. (c)
Evolution of Fermi arcs from Dirac to TDP to Weyl fermions.
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SURFACE EVOLUTION OF A PT-PD-AU

ELECTROCATALYST FOR STABLE OXYGEN

REDUCTION

The exploration of new technologies for efficient energy management
is attractive in order to reduce our dependence on environmentally
unfriendly fossil fuels. Proton-exchange membrane fuel cells
(PEMFCs) are thought to be an ideal solution for energy conversion
because of their high efficiency, high reliability and low or zero carbon
emissions1. Unfortunately, the sluggish reaction kinetics of the oxygen
reduction reaction (ORR) at PEMFC cathodes and the poor durability
of conventional ORR electrocatalysts have seriously hindered the
development and commercial application of PEMFCs on a large
scalel. As the most active metal electrocatalyst for ORR, Pt and Pt-
based nanocatalysts have attracted substantial research interests over
the past decade. The demonstrated approaches for achieving higher
catalytic activities include exposing highly active lattice planes on their
surfaces, alloying with other suitable metals to increase their intrinsic
activity, and constructing hollow or core-shelll structures to improve
Pt utilization. Regarding improving catalyst durability, the addition
of stabilizing elements and the optimization of crystallinity have been
shown to be feasible.

Recently, Dr. Li-Min Liu in CSRC worked with Dr. Yi Ding and
Jun Luo’s group at Tianjin University of Technology, designed an
unsupported nanoporous catalyst with a sub-nanometer-thick PtPd
shell on Au by theory and experiment, which demonstrates a high
ORR activity (1.140 A mg, ' at 0.9 V) and stability (1.471 A mg,,
until 100,000 cycles). The DFT and experiment unveil the origin of the

x
203:0.04 A

(1)
Y

&2‘33!0.04 A

Free Energy (eV)

activity change: the atomic-scale evolution of
the shell from an initial PtPd alloy into a bilayer
structure with a Pt-rich trimetallic surface and
finally into a uniform and stable PtPdAu alloy.
First-principles calculations further revealed
that the surface atomic composition of the
finally obtained PtPdAu decreases the free
energy change of the final water formation from
the *OH on the catalyst surface and thereby
enhances the ORR catalytic activity.
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Fig. 1. Left: Atomically-resolved elemental mapping
of the surfaces of NPG-Pd-Pt,,,, and NPG-Pd-
Pty 000 €lectrocatalysts. Right: Calculated adsorption
configurations of the intermediate species of ORR on
the surfaces of the PtPdAu(111) and the pure Pt(111)
models and the calculated free energy profiles of the
ORR steps.
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BAND STRUCTURE ENGINEERING OF
Cs,AgBiBr, PEROVSKITE THROUGH
ORDER-DISORDERED TRANSITION

Given the low cost, suitable bandgap, high -

optical absorption and long carrier lifetime, the / d. &

family of organic-inorganic perovskite halide &S I ;

A'B"X,, especially CH,NH,PbI,, has become v GO OO

the most investigated light-harvest material for &HSHOH L

solar cells in the last few years. Although solar VOV e R
cells based on CH;NH,PbI, thin films have ) < 9 ’:

approached a high power conversion efficiency

of more than 22%, two serious problems
including toxicity of the water soluble Pb*" ions ry

and thermodynamic instability of CH3NH3PbI3 ﬂ
in air against decomposition have presented

major barriers to its commercial application. 1.93 1.46

Cs,AgBiBr, was proposed as one of the 4

inorganic, stable, and non-toxic replacement of +
CH,NH,Pbl;. However, the wide indirect band "_f_

gap of Cs,AgBiBr, suggests that its application i I
in photovoltaics is limited.

10°5

Recently, Su-Huai Wei’s group in CSRC [I1- —Fully Ordered
] — Partial Disordered

{ ——Fully Disordered
10%

2] show that by introducing disorder to the
cation occupancy of Ag and Bi in Cs,AgBiBr,
they could engineering the band structure of
Cs,AgBiBr,. Using the Monte Carlo and the
first principle calculation, they predicted that
disordered Cs,AgBiBr, with the band structures
changing from indirect band gap of 1.46 eV
to pseudo-direct band gap of 0.44 eV could be
synthesized by quenching from temperature 10 +———
00 05 10 15 20 25 30 35 4.0
Energy (eV)

o (cm'1)

10°

beyond the phase transition temperature.
Introducing n-type dopants such as Ba2+ and
La3+ into th.e alloy can significantly refilllce Fig. 1. The upper figure shows schematically the changes from the ordered
the energy difference and thus the transition double perovskite cell to the disordered perovskite cell and the corresponding

temperature. Depending on the extent of disorder, changes of the band gap from ordered, partially disordered (at phase transition)
to random atomic configurations. The lower figure shows the calculated optical

t[he light abs.orptlon mn th.e visible and the I.lear absorption coefficients (o) of the fully ordered (black line), partial disordered
infrared region for the disordered Cs,AgBiBr; (blue line), and fully disordered (red line) Cs,AgBiBr,.

alloys could be considerably enhanced, which

has broaden the application of the compound.

This work shows that introducing cation disorder References
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A NEW ALGORITHM FOR XFEL SINGLE
PARTICLE SCATTERING DATA ANALYSIS

X-ray Free Electron Lasers (XFELs) generate ultrabright X-ray pulses
with duration of 4-100 femtoseconds, possible to outrun X-ray radiation
damage using the ‘diffract-before-destroy’ experimental approach. Using
core-shell nanoparticles as model systems, we carried out a proof-of-
principle experiment at LCLS, the first XFEL user facility (Figure 1 & 2).
Over a million diffraction patterns were collected, and Haiguang Liu and
coworkers analyzed about 54k patterns after initial screening. Because
the synthetic nanoparticles have size variations, the pre-sorting based
on particle sizes is necessary before merging the data to 3D fourier
space. On the other hand, the size analysis from scattering patterns
relies on correct orientation information. Using a reduced representation
of the raw data, Haiguang Liu’s group successfully recovered particle
orientation and sorted out the particle sizes. The idea is to integrate the
intensity information along the radial axis, the resulting 1D intensity
profile at azimuth angles is less sensitive to the variations of particle
sizes (Figure 3). The 1D profiles are then compared to the standard
reference models to recover the particle orientation. The g-spacing
(distance between speckles along scattering streaks) is then converted
to particle size information. The recovered size distribution from XFEL

data is very consistent with the data obtained using STEM experimental

---------------------- 2017 ANNUAL REPORT RESEARCH HIGHLIGHTS

approach (Figure 4). This is the first time that the
analysis of XFEL scattering data resulted from
heterogeneous particles. The data description is
summarized in the Scientific Data, and the new
algorithm is published in the TUCrJ.

The experiment was carried out at LCLS in
Stanford Linear Accelerator Center National
Laboratories, by an international collaboration
team under the leadership of Haiguang Liu,
Brenda Hogue, Ilme Schlichting, and John
Spence. The analysis work is mainly carried out
by Ph.D student, Xuanxuan Li.

Fig. 1. The core-shell nanoparticles. (a) view under
STEM; (b) schematic drawing of the particle, with
gold core and palladium shell; (c) a closer view of a
single particle.

20 nm
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Fig. 2. Experimental setup at XFEL using diffract-before-destroy approach. Over
1 million raw images were collected at LCLS in SLAC national lab.
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Fig. 3. Data reduction from 2D raw image to 1D intensity profile.
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Fig. 4. The recovered particle size distribution and the average particle size
(52nm) obtained from STEM.



RATCHETING OF A VIRAL TRANSCRIPTION...

PROTEIN MACHINE ALONG DNA WITHOUT

BACKTRACKING

he RNA polymerases (RNAPs) play an essential role in gene expression
as they transcribe information from DNA to RNA while synthesizing
the RNA based on DNA. The viral RNAP from bacteriophage T7
is a prototypical single-subunit polymerase that is widely used in
lab gene expression system as an efficient tool, yet rarely people
understood underlying mechanisms well. T7 RNAP is indeed a smallest
transcription machine, yet it is capable of working for all stages of
transcription from initiation to elongation and to termination, without
supports from any protein factor. It is in contrast with RNAPs from
higher organisms, which constantly need assistances or regulations from
a variety of protein factors. That being said, T7 RNAP sets a nice model
system for physical investigations on transcription in a nutshell. In
particular, the translocation mechanism of T7 RNAP on the transcribing
DNA was controversial, and two basic working scenarios had been
proposed, either as the thermally activated Brownian ratchet [1] or as
the tightly coupled power-stroke engine [2].

To clarify the translocation mechanisms of T7 RNAP, Jin Yu’s group
in CSRC recently performed extensive all-atom molecular dynamics
simulations accumulated to ten microseconds and constructed the
Markov state model (MSM) to reveal substantial structural dynamics
of the transcription machine on DNA [3] (see Fig 1). Notably, they
demonstrated that T7 RNAP moves along DNA via Brownian alike
paths, facilitated by essential structural elements such as O-helix and
Y-helix from the fingers subdomain. Interestingly, they found that
the synthesizing RNA strand and its pairing template DNA move in
non-synchronized manner. They further discovered that the O-helix
could rotate to open even prior to translocation, not only to facilitate
the translocation, but also to resist backtracking. The finding thus
explains a long-standing puzzle on T7 RNAP not being detected with
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backtracking. Remarkably, they designed mutant
T7 RNAPs via the O-helix to mimic structurally
similar mitochondrial RNAPs for potential
backtracking. Preliminary experimental tests
from their experimental collaborator lab in PKU
show survival of those mutants with more or
less inhibited transcription activities, indicating
the potential for backtracking. In summary,
their work provides unprecedented detail and
mechanistic insight into the translocation
of a prototypical viral RNAP on DNA. The
mechanism can be general for transcription
machines with compact core structures. The
rational re-design of the viral RNAP to acquire
backtracking function preserved in other RNAP
species also turns out to be highly promising.
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Fig. 1. The structural views of the active site of T7
RNAP elongation complexes before (pre) and after
(post) the translocation (/eff), the methodological chart
(middle), and the translocation schematics obtained
(right).
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A STABLE SCHEME FOR A 2D DYNAMICAL
Q-TENSOR MODEL OF NEMATIC LIQUID

CRYSTAL

relevant but makes the free energy unbounded from below, and for this

Liquid crystals are intermediate states of matter

reason, has been avoided in other numerical studies. The unboundedness

between the commonly observed solid and liquid

of the energy brings significant difficulty in analyzing the model and

designing numerical schemes [1]:

that have no or partial positional order but do
exhibit an orientational order. The nematic phase
is the simplest among all liquid crystal phases

whose rod-like molecules have no translational

" +1,(20,(0"0,0")-0,0"0,0"+|VO[ 6" 12) = (a+t(Q*)Q’

A

i

0

t

0

order but possess a certain degree of long-range

Yongyong Cai in CSRC in collaboration with Jie Shen in

Recently,

orientational order. The Landau-de Gennes

Purdue University and Xiang Xu in Old Dominion University, proposed
an unconditionally stable numerical scheme to solve the 2D Q-tensor

theory[1] is a continuum theory to describe the

nematic liquid crystals. In this framework, it is

model for liquid crystal, and established its unique solvability and
convergence[2]. The main difficulty in the analysis came from an

widely accepted that the local orientation and the

degree of order for the liquid crystal molecules
are characterized by a symmetric, traceless d
x d tensor called the Q-tensor in R (d

unusual cubic term in the elastic energy, which made the free energy

unbounded from below. By adding a stabilized term in the scheme, they

2,3).

were able to show that the norm of the numerical solution can be kept

The dynamic Q-tensor model is a I gradient

small which guaranteed the stability and the well-posedness. Numerical

flow generated by the liquid crystal free energy
that contains a cubic term, which is physically

tests showed that the scheme is indeed first order accurate for a wide

Fig. 1. Orientation of 2D liquid crystal at different

time with periodic boundary condition.




Fig. 2. Orientation of 2D liquid crystal at different

time with different initial condition.

s

Oxford

>

t=0.6

o n - n = e — e Y

1.4

=0

range of stabilizing constants, and produces physically consistent
numerical simulations. The work provided essential ingredients
for extensions to the 3D case, as well as the full dynamical model

coupled with Navier-Stokes equations, which would lead to the better

understanding of nematic liquid crystals.
[2] Y.Cai, J. Shen and X. Xu, Math. Models Methods Appl. Sci. 27

1459 (2017).

[1] P.G. de Gennes and J. Prost, The physics of liquid crystals

Science Publications, Oxford, 1993.
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CALCULATING CORNER SINGULARITIES BY
BOUNDARY INTEGRAL EQUATIONS

Electromagnetic fields around metallic
nanoparticles and in subwavelength apertures or y
slits of metallic films are often many orders of T
magnitude more intense than the incident wave.
Strong near-fields of well-designed plasmonic
structures have important applications in
biological and chemical sensing, and can be used

to enhance nonlinear optical effects, quantum
optical effects, Raman scattering and other
emission processes. The local field enhancement
in plasmonic structures is the result of localized
surface plasmon resonances, but geometric
features such as corners and edges (see the Q (n_n )
geometric illustrations in Figures) also strongly 1 1
influence the near-fields.

To analyze the local field enhancement
phenomenon and to study the numerous
applications, it is clearly important to calculate
the near-fields accurately near sharp corners
and edges where electromagnetic fields
exhibit singularities and tend to infinity. For
cylindrical structures, the singularity exponents
of electromagnetic fields near sharp edges can
be solved analytically, but in general the actual
fields can only be calculated numerically.

Recently, CSRC postdoc Hualiang Shi, under Q'l (n=n1 )
the joint supervision of Professors Yayan Lu
and Qiang Du used a boundary integral equation
method to compute electromagnetic fields near
sharp edges. They constructed the leading terms
in asymptotic expansions based on numerical
solutions. The numerically found singularity
exponents agree well with the exact values in all
the test cases presented in their work, indicating
that the numerical solutions are accurate. Our

References

Hualiang Shi, Ya Yan Lu, and Qiang Du, Calculating corner singularities
integral equations are formulated for rescaled  ,y poundary integral equations, Journal of the Optical Society of
unknown functions to avoid unbounded field America A, 34(6), pp. 961-966, (2017)

components, and are discretized with a graded

mesh and properly chosen quadrature schemes. https://doi.org/10.1364/JOSAA.34.000961



ERROR ANALYSIS OF A FINITE DIFFERENCE

METHOD ON GRADED MESHES FOR A
TIME-FRACTIONAL DIFFUSION EQUATION

The numerical solution of initial-boundary value problems with a
fractional time derivative of order &, where 0 < @ <1, has received
much attention in the last few years. If & = 1, then one has a standard
parabolic partial differential equation, while 0 < & <1 means that the
equation models an anomalous diffusion process (subdiffusion). Given
smooth data, typical solutions of this problem are smooth in the spatial
variable, and in the time variable for t > 0, but at the initial time t = 0
the solution has a weak singularity: it is continuous but its integer-order
time derivatives blow up at t approaches zero.

The figure shows a typical solution, and a cross-section of this solution
along a line x=constant; clearly there is a singularity at t = 0. But the
vast majority of published analyses of numerical methods for this
class of problem assume that the solution is a smooth function of both
variables on all of the domain, i.e., they ignore the effect of the initial
singularity. This global smoothness assumption limits severely the class
of problems to which their theory can be applied; see [1].

The paper [2] is the first to give a finite difference analysis of a
numerical method for these problems that is valid for problems that
have a weak singularity at t = 0. In [2] one uses a uniform mesh in
space and a special graded mesh in time (this mesh grading is often
used in the solution of Volterra weakly integral equations, which are
closely related to the fractional-derivative problem). A new discrete
stability inequality is derived, showing how the solution at each time
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level depends on the data at earlier times; this is
combined with a consistency error analysis to
obtain a final convergence result in the discrete
maximum norm that is sharp (as demonstrated by
numerical experiments) and shows exactly how
the error depends on the degree of mesh grading
used. Consequently one can prescribe a priori an
optimal mesh grading for the problem.

Reference [2] has attracted a great deal of
attention in the fractional-derivative community:
a copy of it on Researchgate has had more than
700 Reads.

References

[17] M.Stynes, Too much regularity may force
too much uniqueness, Fract. Calc. Appl. Anal.
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org/10.1515/fca-2016-0080

[2] M.Stynes, E.O'Riordan & J.L.Gracia, Error
analysis of a finite difference method on graded
meshes for a time-fractional diffusion equation,
SIAM J. Numer. Anal. 55 (2017), 1057-1079.
DOI: 10.1137/16M 1082329
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NUMERICAL SOLUTION OF THE NONLOCAL
DIFFUSION EQUATION ON THE REAL LINE

This paper is concerned with the numeral
simulation of a nonlocal diffusion equation
defined on the whole real axis. A challenging
problem is how to construct artificial boundary
conditions (ABCs) for these problems due to
the nonlocality of the interaction. With the
application of the Laplace transform in the
spacial direction, rather than the classical
temporal direction, a DtN-like mapping is
obtained to be taken as an exact ABC for the
nonlocal diffusion problem. In the practical
numerical implementation, the nonlocal diffusion
equation is first discretized in space to lead to
a discrete nonlocal system on the whole real
axis. After that, an exact ABC for the discrete
nonlocal diffusion system is achieved on artificial
boundary gridpoints. This exact ABC allowed
one to reformulate the nonlocal system on the
whole real axis into a finite nonlocal one on the
truncated computational domain. So far, this

is a pioneering work in the designing of exact ABCs for the nonlocal
problems. The numerical examples were presented to verify the
effectiveness of the approach in two parts. First, the schemes converge
to the nonlocal problem by fixing horizon size é and taking h - 0.
Second, the numerical schemes are shown to converge to the correct
local models when both § and h > 0.

Fig. 1. The nonintegral kernel is used. One can see that our ABCs perfectly
absorbed the heat flow which passes through the artificial boundary gridpoints,
and do not generate any obvious approximation error.

References
[1] Chunxiong Zheng, Jiashun Hu, Qiang Du and J. Zhang. SIAM J.
Sci. Comput. 2017. A3067-A3088.



FAST EVALUATION OF THE CAPUTO

FRACTIONAL DERIVATIVE AND ITS
APPLICATIONS TO FRACTIONAL DIFFUSION

EQUATIONS

The computational operation and storage of numerically solving the
time fractional PDEs are generally huge for the traditional direct
methods since they require total O(MN) memory and O(MN’) work,
where N and M represent the total number of time steps and grid
points in space, respectively. To overcome this difficulty, an efficient
algorithm for the evaluation of the Caputo fractional derivative is
presented. This algorithm is based on an efficient sum-of-exponentials
(SOE) approximation for the Abel kernel over the interval [dt, T] with
a uniform absolute errore. More importantly, the theoretical analysis is
given to show that the number of exponentials P needed is of order P =
O(log N) for T>>1 or P = O(log’N) for T = I for fixed accuracye The
resulting algorithm only requires only O(MP) storage and O(MNP) work
when numerically solving the time fractional PDEs. Furthermore, the
stability and error analysis of the new scheme is addressed, and several
numerical examples are provided to demonstrate the performance of
our scheme. For example, fast algorithm is applied to the nonlinear
subdiffusion equation, Fig 1. shows the fast algorithm reduces the
computational cost significantly.

—e—Direct Evaluation|.

Logm(cputime)
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Fig. 1. The log-log (in base 10) plot of the CPU time (in
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MATHEMATICAL AND NUMERICAL
ANALYSIS OF DYNAMIC GINZBURG-LANDAU

EQUATIONS

IN NONCONVEX POLYGONS BASED ON
HODGE DECOMPOSITION

Based on the Ginzburg-Landau theory of
superconductivity, the macroscopic state of a
superconductor is described by the complex-
valued order parameter ¥, the real scalar-
valued electric potential ¢, and the real
vector-valued magnetic potential A. In the
nondimensionalization form, the order parameter
satisfies 0<[y|’<1, where |y|’=0 corresponds to
the normal state and |1//|Z=1 corresponds to the
superconducting state, and 0<|1//|2<1 represents
an intermediate state between the normal and
superconducting states. If the superconductor
occupies a long cylinder in the x,-direction with
a finite cross section and the external magnetic
field is H=(0,0,H), then the order parameter
Y and the magnetic potential A=(A1,A2) are

governed by the TDGL(under gauge ¢ =—V - A):
al// i 2 2 .
ot VA Y ([ -y —inky v-A=0, (1a)

%+Vx(VxA)—V(V-A)+Re[W*(£V+A)V/]=VXH- (16)

If the computational domain Q contains reentrant corners, then the
solution of (1) is often singular there, in particular, A(¢) ¢ H'(Q)x H'(Q)
Hence solving (1) directly by the finite element method often yields
spurious solutions. In addition, the singularity also makes it challenging
to investigate the regularity of TDGL's solutions and convergence of
numerical solutions.

To overcome this difficulty, Buyang Li from The Hong Kong
Polytechnic University and Zhimin Zhang from CSRC reformulate the

o
ot

Bop = (Re [«p* (év + A) a} ) (2b)
Aoy =57 (Re [@*(iv+A) @-D. (2¢)

’ 2
+ (iV + A) o+ (|0 — 1) —igsyV - A =0, (2a)
K

du
E—Au—H—p, (2d)
% — Av = —q. (2e)

equations into an equivalent system of elliptic and parabolic equations
(2) based on the Hodge decomposition. Let A =V xXu+ Vv then we
have Eq(2).



If He L"((0,T); L) N L*((0,T); H(curl)), w, e H', A e H  (curl,div) and
lvo|<1a.e. in Q, then the system (1) admits a unique weak solution. The
reformulated system (2) also admits a unique solution, which coincides
with the solution of (1).

Moreover, let xj , j = 1,..., m be the reentrant corners of the domain Q,
then the solution has the decomposition

where We 17((0,T); H?), #,v e L”((0,T); H*), ®(r) is a given smooth
cut-off function which equals 1 in a neighborhood of 0, ®,(x) is the
angle shown in Figure 1, and ;, 8,,7, € *(0,T).

Gl t) = Bla ) + 3 ag(B(|x — ] |w — 257/ cos(xO;(z) /uwy).
j=1

A=V xu+Vu,

with

w(x, t) = u(x,t) + Z Bi ()P (|x — a;])|x — J'J-|“"f°“'-" sin(w0;(x) /w;).
i=1

v(x,t) =vl(x,t) + Z'ﬁ.j[f}‘pﬂ.r o= .r‘J-|]|.r — .r‘jlw’JEJ cos(mO;(x) /wj),
j=1

We solve (2) by the Lagrange finite element method by using the
decoupled and linearized time-stepping scheme, with A — B, —F —F - F,
finite elements for discreted (¥}, p;.q,,4;,v;), admits a unique
solution when 7 < 77/4 and converges to the solution of (2), i.e.,

max("u”—u,’j P )<C(r+ h%g)

1<n<N

t+
H

n n
A

ot ||A”— Al

n n
Lz+||l// —¥,

where Q is the maximal interior angle of the domain Q, 7 is an
arbitrarily small constant, and C is a positive constant independent of
& and h.
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HESSIAN RECOVERY FOR FINITE ELEMENT

METHOD

Hessian matrix is particularly significant in
adaptive mesh design, since it can indicate the
direction where the function changes the most
and guide us to construct anisotropic meshes
to cope with the anisotropic properties of the
solution of the underlying partial differential
equation. It also plays an important role in
finite element approximation of second order
non-variational elliptic problems, some fully
nonlinear equations and designing nonlocal finite
element technique.

Consider the following variational problem: find

Fig. 1. An illustration of Hessian recovery at the point
located on u,,.

An illustration: I

By g g Y

Ty

Ty

s liyg iy

u € H'(Q) such that
B(u,v)= J-Q (DVu+bu)-Vv+cuvdx = f(v), Vve H'(Q). 0]

Here D is 2x2 a symmetric positive definite matrix, b is a vector, ¢
is a number and f() is a linear functional on H'(Q). All coefficient
functions are smooth and the bilinear form B(-,-) satisfies the continuity
condition.

For linear element function, their first order derivative are piecewise
constant and the second are not well defined. Existing methods can not
guarantee the convergence even on uniform meshes and it is very hard
to generalize to higher order elements, so as to build a framework of
analyzing Hessian recovery methods on general unstructured meshes.

Recently, Hailong Guo from University of California, Santa Barbara
and Zhimin Zhang from CSRC, in collaboration with Ren Zhao from
Wayne State University proposed an effective Hessian recovery strategy
for the Lagrangian FEM of arbitrary order. They define 7, be a shape
regular triangulation of a polygonal domain ) with mesh size at most
h and §, be continuous finite element space of order k on 7, . Given
ues,,letGuesS, xS, be the recovered gradient using PPR. Rewrite
G,u as G,u =(G;u, G{u)r, in order to recover the Hessian matrix of u,
gradient recovery operator G, is applied to G, u and G} u one more time,
respectively, and define the Hessian recovery operator /1, as follows

G (Gyu), G;(G:m]

H = G Gx 3Gh G; =
it =(G,(Gu), G, (Gju)) [G,;"(G,fu),Gf(sz”)

The method preserves polynomials of degree k+1 on general
unstructured meshes and superconvergences at a rate of O(h") on mildly

(Hi"u)(z0) = (= 12u0 + 2wy — duz — dug + 2ug — dus — dug + dur + dus + uo

1
A6k
— 2uqg 4+ uyy + duge + dugy + dugg + ugp — 2wy + urr + -1!1.15].
; 1 x
(Hy u)(z0) = W(ﬁ"ﬂ — iy + Do — Ug — Uy + HUs — Mg — 2y + Ug + Ug
36h
4+ w0 — 2uyy — Buya — 2uag + wig 4 was + wie — 2uay — Sugs),
1 E
(H}"u)(z0) = 75 (6uo — w1 + Suz — ug — ug + Sus — ug — 2uy + us + ug
! a6k
+ tin — 2u11 — Hue — 2uia + w4 + wis + wie — 2wy — Huwas),

(H"u)(z0) = (= 12up — 4uy — dus + 2ug — dug — dus + 2ug + tr — 2us + ug

1
36h?

b dugo + 4uqr + iz + wra — 2ugg + uas + s + durr + 4uss)



structured meshes. In addition, it is proved to be ultraconvergent (two order
higher) for translation invariant finite element space of any order.

Theorem 1(polynomial preserving property):

Letu e W, (K.); then |Hu—Hu|, . <Ch'u|,, .

If z is a node of translation invariant mesh and a mesh symmetric center of the
involved nodes and u € W,** (K ,); then |(Hu — H,u)(z)| < Ch*"
Moreover, if yew*(K) and k is an even number, then
|(Hu— H,u)(2)| < Ch**?

Ul

k+3,00,K,

ulk+4,m,1<, .
Theorem 2(superconvergence on arbitrary meshes):

Suppose that the solution of (1) belongs to H***(Q)~W "' (Q) for k=1,2, u,
be the finite element solution of (1) using S, and 7} is a mildy unstructured
mesh, then we have |Hu—H,u,, , < Ch*|u, , -
Theorem 3(ultraconvergence on translation invariant meshes):

Let all the coefficients in the bilinear operator B(-,) be constant; Q, cc Q be
separated by d=O(1); the finite element space S, which includes piecewise
polynomials of degree k, be translation invariant in the directions required by
the Hessian recovery operator H, onu € W**(€2) . Then on any interior region
0, cc . we have|Hu—Hya, , <CO0mY K] |, .

(Here 7 =1 for linear element and 7 = () for higher order element.)
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MODELING THE FORMATION OF TIO,
ULTRA-SMALL NANOPARTICLES

Titanium dioxide has been widely used as
a heterogeneous photocatalyst for various
photocatalytic oxidation and reduction reactions
with many applications including water treatment
and water splitting."! Further improvements
in TiO,-based catalysts may impact solutions
for major environmental and energy problems.
Researchers have shown that the nanoparticle
forms of TiO, exhibit better catalytic activities
than does the bulk phase.”” Recent studies
also showed that the photoelectrochemical
performance of TiO, nanoclusters is enhanced
as the size of the nanocluster is reduced.” When
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Fig. 1. (a) Selected global energy minima structures
for (TiO,)n (b) Structural phase diagram for (TiO,)n
USNPs.

the particle size falls below 10 nm, the particles become the so-called
ultra-small nanoparticles (USNPs) and display unique properties./”!
Despite that he properties of the solid, the surface, and nanoparticles of
TiO, have been studied extensively, very little has been known about
TiO2 USNPs.“"® It is important to predict the atomistic structures and
the structure-property relationships for TiO, USNPs. An extensive range
of low energy (TiO,)n clusters and USNPs (n up to 384) were predicted
and validated by Chen and Dixon" using a novel bottom-up global
optimization approach that is based on all-atom real-space calculations,
and the structural evolution pathway from cluster to bulk nanoparticle
was proposed (Fig. 1). This is a remarkable improvement over the
previous studies on this research topic. Before this work, the largest
(TiO,)n predicted was (TiO,)13 by Chen and Dixon."”
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To understand the structure-property relationships for the metal oxide
cluster, USNP and bulk material, Chen and Dixon developed a novel
fragment-based scheme (Fig. 2) ™' to approximate the size-property
relationships by the more computationally convenient fragment-
property relationships. Surface energy densities were predicted for the
surface fragments of the anatase-like USNPs using this new model.
Based on the predicted surface energy densities and the partial density
of states, the most catalytically active sites for the anatase-like 3-D
USNPs were predicted to be the kink sites on Face-x surfaces consisting
of an octahedral-Ti, the step (edge) sites between the Face-x and Face-y
surfaces consisting of a square pyramidal-Ti (on Face-x), and the step

sites consisting of trigonal bipyramidal Ti on the Face-y surfaces.



Fragment Types

Edge-x1 + Edge-x2 24.5
CBdeeyleBde2 @S
Edge-z1 + Edge-z2 24.8
S Reex 7
Face-y 16.2
S R 4T
Bulk 0

In a follow-up work on the formation of brucite-related USNPs by

"1 the fragment-based energy decomposition model

Chen and Dixon,
was further extended. The generated fragment-based thermodynamic
parameters from the energy decomposition not only can be used
to predict the stabilities of the fragment types, but also to predict

a range of thermodynamics-related properties for the nanoparticle

--------------------- 2017 ANNUAL REPORT RESEARCH HIGHLIGHTS

Fig. 1. Fragmentation of (TiO,);,.

Table 1. Surface energy densities for the anatase-like
(TiO2)n USNP series.

series, including the structural phase diagram,
ideal aspect ratio (morphology), and surface
reactivities (Fig. 3). The fragment-based energy
decomposition provides a “multum in parvo”
way to compute the thermodynamic properties of
large nanoparticles with CCSD(T)-level of high
accuracy at a minimal computational cost. The
high accuracy is achieved by choose appropriate
DFT functional and basis set for energy
calculations that produce energy landscape
very close to the CCSD(T) results for the small
clusters (of the benchmark set) and meanwhile
produce the correct normalized dissociation

energy at the thermodynamic limit.
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Increased Particle Size
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Fig. 2. (a) Structural phase diagram for brucite-
related (Mg(OH),), USNPs. (b) Solvent effects on the
structural phase diagram for (Mg(OH),), USNPs.
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MULTISCALE STUDY OF PLASMONIC
SCATTERING AND LIGHT TRAPPING EFFECT
IN SILICON NANOWIRE ARRAY SOLAR
CELLS

Nanometallic structures that support surface plasmons provide new
ways to confine light at deep-subwavelength scales. Plasmonics has
emerged as a new technology with expanding applications in materials
and device research. Experiments have demonstrated that the strong
field localization of surface plasmons can effectively increase the optical
path length and achieve light confinement in nanostructured solar cells.
In this work, the effect of light scattering in nanowire array solar cells is
studied by a multiscale approach combining classical electromagnetic
(EM) and quantum mechanical simulations. A photovoltaic device is
constructed by integrating a silicon nanowire array with a plasmonic
silver nanosphere. (Figure 1) The light scatterings by plasmonic element

. . . . . . . Fig. 2. Current density per nanowire versus applied
and nanowire array are obtained via classical EM simulations, while g A bp

voltage of the photovoltaic devices with different
current-voltage characteristics and optical properties of the nanowire numbers of surrounding nanowires under illumination

cells are evaluated quantum mechanically. of monochromatic light frequency of 3.4 eV.

20
10

Single nanowire w/o nanosphere
8-nanowire array
-20 .
16-nanowire array
———24-nanowire array

Current density per nanowire (mA.fcml)

00 01 02 03 04 05 06
Applied voltage (V)

aE
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Fig. 1. Field enhancement distribution for (a) the single nanowire solar cell, (b)
the 8-nanowire array solar cell, and (c) the 16-nanowire array solar cell. Squares
represent the regions where the nanowire photoactive components are located.

----------------------- 2017 ANNUAL REPORT RESEARCH HIGHLIGHTS 58 - 590



@ BEIJING COMPUTATIONAL SCIENCE RESEARCH CENTER

In this work, ChiYung Yam’s group in CSRC
in collaboration with Lingyi Meng in Xiamen
University applied a multiscale QM/EM
method[1,2] to study the performance of
plasmonic devices that contain vertically aligned
silicon nanowire arrays and silver nano- spheres.

Fig. 3. Schematic diagram of silicon nanowire solar
cells. (left) Averaged enhancement factors of nanowire
solar cells marked in Figure 2 for devices with
different nanowire densities. (right).

[3] Combining a classical EM description of plasmonic nanostructure
and QM treatment of photoactive component, device performance and
optical parameters of the nanowire array-based photovoltaic devices
are determined. The light confinement effect due to nanowire array
geometry and metallic nanoparticle is first obtained, and the actual
device performance is then simulated quantum mechanically. The
incorporation of metallic nanosphere leads to enhancement of light
absorption in the device and results in dramatic improvement of PCE.
The light trapping effect due to the nanowire array architecture was
further investigated. Remarkably, it is shown that there exists an optimal
nanowire number density in terms of optical confinement and solar
cell PCE. To further improve the performance, plasmonic structures
with different materials, shapes, sizes, and geometrical arrangements
can be used for broadband plasmonic absorption. The present work
demonstrates the multiscale QM/EM method as an efficient simulation
tool for studying nanoscale optoelectronic devices. This is useful for
understanding the mechanism of their energy conversion and helpful for
improving the design of next- generation solar cells.

6.2
6.0
5.8
5.6
54
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'0 M M M M M M M
8 0 4 8 12 16 20 24 28
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In the year 2017, CSRC published 426 papers (408 SCI-indexed papers). Among them, 213 papers had first or corresponding
authors affiliated with CSRC, 9 are ESI Highly Cited Papers, 2 are ESI Hot Papers.
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2D lateral heterostructures of monolayer and bilayer phosphorene; Lin, Heng-Fu; Liu, Li-Min; Zhao, Jijun;

1 JOURNAL OF MATERIALS CHEMISTRY C, 5 (2017)

Understanding Size-Dependent Morphology Transition of Triangular MoS2 Nanoclusters: The Role of
12 Metal Substrate and Sulfur Chemical Potential; Zhang, Peng; Kim, Yong-Hyun; JOURNAL OF PHYSICAL
CHEMISTRY C, 121 (2017)

Formation of New Phases to Improve the Visible-Light Photocatalytic Activity of Tio(2) (B) Via Introducing Alien
13 Elements; Li, Bai-Hai; Lin, Yun; Wang, Jian-Lin; Zhang, Xue; Wang, Yun-Rui; Jiang, Yu; Li, Ting-Shuai; Liu, Li-
Min; Chen, Liang; Zhang, Wan-Li; Li, Yan-Rong; JOURNAL OF PHYSICAL CHEMISTRY C, 121 (2017)

....................... PUBLICATIONS 72 _ 73



(9 BEIJING COMPUTATIONAL SCIENCE RESEARCH CENTER

14

15

16

17

18

19

20

21

22

23

24

25

26

Earth-Abundant and Non-Toxic SiX (X = S, Se) Monolayers as Highly Efficient Thermoelectric Materials;
Yang, Ji-Hui; Yuan, Qinghong; Deng, Huixiong; Wei, Su-Huai; Yakobson, Boris I.; JOURNAL OF PHYSICAL
CHEMISTRY C, 121 (2017)

Tuning band gaps and optical absorption of BiOCI through doping and strain: insight form DFT calculations; Zhang,
Le; Tang, Zhen-Kun; Lau, Woon-Ming; Yin, Wen-Jin; Hu, Shu-Xian; Liu, Li-Min; PHYSICAL CHEMISTRY
CHEMICAL PHYSICS, 19 (2017)

Effect of water on the effective Goldschmidt tolerance factor and photoelectric conversion efficiency of organic-
inorganic perovskite: insights from first-principles calculations; Tang, Zhen-Kun; Zhu, Ya-Nan; Xua, Zhi-Feng;
Liu, Li-Min; PHYSICAL CHEMISTRY CHEMICAL PHYSICS, 19 (2017)

Influence of magnetic ordering and Jahn-Teller distortion on the lithiation process of LiMn204; Liu, Wei-
Wei; Wang, Da; Wang, Zhifan; Deng, Jianguo; Lau, Woon-Ming; Zhang, Yanning; PHYSICAL CHEMISTRY
CHEMICAL PHYSICS, 19 (2017)

Phase diagram and superconductivity of compressed zirconium hydrides; Li, Xiao-Feng; Hu, Zi-Yu; Huang, Bing;
PHYSICAL CHEMISTRY CHEMICAL PHYSICS, 19 (2017)

Beyond the electrostatic model: the significant roles of orbital interaction and the dispersion effect in aqueous-pi
systems; Zhao, Rundong; Zhang, Rui-Qin; PHYSICAL CHEMISTRY CHEMICAL PHYSICS, 19 (2017)

Synthesis, crystal structures, and electronic properties of one dimensional Ba9Sn3(Tel-xSex)(15)(x=0-1); Zhang,
Jun; Su, Rui; Wang, Xiancheng; Li, Wenmin; Zhao, Jianfa; Deng, Zheng; Zhang, Sijia; Feng, Shaomin; Liu,
Qingqing; Zhao, Huaizhou; Guan, Pengfei; Jin, Changqing; INORGANIC CHEMISTRY FRONTIERS, 4 (2017)

Crown ether complexes of actinyls: a computational assessment of AnO(2)(15-crown-5)(2+) (An = U, Np, Pu,
Am, Cm); Hu, Shu-Xian; Li, Wan-Lu; Dong, Liang; Gibson, John K.; Li, Jun; DALTON TRANSACTIONS, 46
(2017)

Antimony Diffusion in CdTe; Colegrove, Eric; Harvey, Steven P.; Yang, Ji-Hui; Burst, James M.; Duenow, Joel N.;
Albin, David S.; Wei, Su-Huai; Metzger, Wyatt K.; IEEE JOURNAL OF PHOTOVOLTAICS, 7 (2017)

Porous CoP nanosheet arrays grown on nickel foam as an excellent and stable catalyst for hydrogen evolution
reaction; Guo, Pan; Wu, Yu-Xuan; Lau, Woon-Ming; Liu, Hao; Liu, Li-Min; INTERNATIONAL JOURNAL OF
HYDROGEN ENERGY, 42 (2017)

CoS nanosheet arrays grown on nickel foam as an excellent OER catalyst; Guo, Pan; Wu, Yu-Xuan; Lau, Woon-
Ming; Liu, Hao; Liu, Li-Min; JOURNAL OF ALLOYS AND COMPOUNDS, 723 (2017)

Structural evolution of FeH4 under high pressure; Li, Fei; Wang, Dashuai; Du, Henan; Zhou, Dan; Ma, Yanming;
Liu, Yanhui; RSC ADVANCES, 7 (2017)

The distribution of excess carriers and their effects on water dissociation on rutile (110) surface; Wen, Bo; Zhang,
Le; Wang, Da; Lang, Xiufeng; COMPUTATIONAL MATERIALS SCIENCE, 136 (2017)



Periodic continuum solvation model integrated with first-principles calculations for solid surfaces; Yin, Wenjin;
27 Krack, Matthias; Li, Xibo; Chen, Lizhen; Liu, Limin; PROGRESS IN NATURAL SCIENCE-MATERIALS
INTERNATIONAL, 27 (2017)

First Principles Calculations of Electronic Properties on M13Pt42 (M = Al, Ga, In, Mg, Ca, Sr); Ruan, Cheng-
28 Ji; Han, Li-Hong; Chen, Xi; Li, Xue-Chao; Zhang, Chun-Fang; Lu, Peng-Fei; Guan, Peng-Fei; JOURNAL OF
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APPLIED PHYSICS LETTERS, 111, 042106 (2017)

34 Nonisovalent Si-III-V and Si-II-VI alloys: Covalent, ionic, and mixed phases; Kang, Joongoo; Park, Ji-Sang;
Stradins, Pauls; Wei, Su-Huai; PHYSICAL REVIEW B, 96, 045203 (2017)
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Wang, Zhu; COMPUTER METHODS IN APPLIED MECHANICS AND ENGINEERING, 315 (2017)

An energy stable algorithm for a quasi-incompressible hydrodynamic phase-field model of viscous fluid
mixtures with variable densities and viscosities; Gong, Yuezheng; Zhao, Jia; Wang, Qi; COMPUTER PHYSICS
COMMUNICATIONS, 219 (2017)

A stable scheme and its convergence analysis for a 2D dynamic Q-tensor model of nematic liquid crystals; Cai,
Yongyong; Shen, Jie; Xu, Xiang; MATHEMATICAL MODELS & METHODS IN APPLIED SCIENCES, 27
(2017)

A conservative Fourier pseudo-spectral method for the nonlinear Schrodinger equation; Gong, Yuezheng; Wang,
Qi; Wang, Yushun; Cai, Jiaxiang; JOURNAL OF COMPUTATIONAL PHYSICS, 328 (2017)

Preprocessing schemes for fractional-derivative problems to improve their convergence rates; Stynes, Martin; Luis
Gracia, Jose; APPLIED MATHEMATICS LETTERS, 74 (2017)
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11

12

13

15

16

17

18

19

20

UNCONDITIONALLY CONVERGENT L1-GALERKIN FEMS FOR NONLINEAR TIME-FRACTIONAL
SCHRODINGER EQUATIONS; Li, Dongfang; Wang, Jilu; Zhang, Jiwei; SIAM JOURNAL ON SCIENTIFIC
COMPUTING, 39 (2017)

NUMERICAL SOLUTION OF THE NONLOCAL DIFFUSION EQUATION ON THE REAL LINE; Zheng,
Chunxiong; Hu, Jiashun; Du, Qiang; Zhang, Jiwei; SIAM JOURNAL ON SCIENTIFIC COMPUTING, 39 (2017)

EFFICIENT SPECTRAL AND SPECTRAL ELEMENT METHODS FOR EIGENVALUE PROBLEMS OF
SCHRODINGER EQUATIONS WITH AN INVERSE SQUARE POTENTIAL; Li, Huiyuan; Zhang, Zhimin;
SIAM JOURNAL ON SCIENTIFIC COMPUTING, 39 (2017)

Error estimates for time discretizations of Cahn-Hilliard and Allen-Cahn phase-field models for two-phase
incompressible flows; Cai, Yongyong; Choi, Heejun; Shen, Jie; NUMERISCHE MATHEMATIK, 137 (2017)

Fast Evaluation of the Caputo Fractional Derivative and its Applications to Fractional Diffusion Equations:
A Second-Order Scheme; Yan, Yonggui; Sun, Zhi-Zhong; Zhang, Jiwei; COMMUNICATIONS IN
COMPUTATIONAL PHYSICS, 22 (2017)

A Numerical Analysis of the Weak Galerkin Method for the Helmholtz Equation with High Wave Number; Du,
Yu; Zhang, Zhimin; COMMUNICATIONS IN COMPUTATIONAL PHYSICS, 22 (2017)

Fast Evaluation of the Caputo Fractional Derivative and its Applications to Fractional Diffusion Equations; Jiang,
Shidong; Zhang, Jiwei; Zhang, Qian; Zhang, Zhimin; COMMUNICATIONS IN COMPUTATIONAL PHYSICS,
21(2017)

Artificial Boundary Conditions for Nonlocal Heat Equations on Unbounded Domain; Zhang, Wei; Yang, Jiang;
Zhang, Jiwei; Du, Qiang; COMMUNICATIONS IN COMPUTATIONAL PHYSICS, 21 (2017)

Optimal Superconvergence of Energy Conserving Local Discontinuous Galerkin Methods for Wave Equations;
Cao, Waixiang; Li, Dongfang; Zhang, Zhimin, COMMUNICATIONS IN COMPUTATIONAL PHYSICS, 21
(2017)

Global existence and exponential stability for the compressible Navier-Stokes equations with discontinuous
data; Kong, Huihui; Li, Hai-Liang; Liang, Chuangchuang; Zhang, Guojing; JOURNAL OF DIFFERENTIAL
EQUATIONS, 263 (2017)

ERROR ANALYSIS OF A FINITE DIFFERENCE METHOD ON GRADED MESHES FOR A TIME-
FRACTIONAL DIFFUSION EQUATION; Stynes, Martin; O'Riordan, Eugene; Luis Gracia, Jose; SIAM
JOURNAL ON NUMERICAL ANALYSIS, 55 (2017)

CONVERGENCE OF A FAST EXPLICIT OPERATOR SPLITTING METHOD FOR THE EPITAXIAL
GROWTH MODEL WITH SLOPE SELECTION; Li, Xiao; Qiao, Zhonghua; Zhang, Hui; SIAM JOURNAL ON
NUMERICAL ANALYSIS, 55 (2017)

Two-Dimensional Elastic Scattering Coefficients and Enhancement of Nearly Elastic Cloaking; Abbas, Tasawar;
Ammari, Habib; Hu, Guanghui; Wahab, Abdul; Ye, Jong Chul; JOURNAL OF ELASTICITY, 128 (2017)
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21

22

23

24

25

26

27

28

29

30

31

32

33

Superconvergence of Immersed Finite Volume Methods for One-Dimensional Interface Problems; Cao, Waixiang;
Zhang, Xu; Zhang, Zhimin; Zou, Qingsong; JOURNAL OF SCIENTIFIC COMPUTING, 73 (2017)

Superconvergence of Finite Element Approximations for the Fractional Diffusion-Wave Equation; Ren, Jincheng;
Long, Xiaonian; Mao, Shipeng; Zhang, Jiwei; JOURNAL OF SCIENTIFIC COMPUTING, 72 (2017)

Numerical Methods and Comparison for the Dirac Equation in the Nonrelativistic Limit Regime; Bao, Weizhu;
Cai, Yongyong; Jia, Xiaowei; Tang, Qinglin; JOURNAL OF SCIENTIFIC COMPUTING, 71 (2017)

Superconvergent Two-Grid Methods for Elliptic Eigenvalue Problems; Guo, Hailong; Zhang, Zhimin; Zhao, Ren;
JOURNAL OF SCIENTIFIC COMPUTING, 70 (2017)

UNIFORM ERROR BOUNDS OF A FINITE DIFFERENCE METHOD FOR THE ZAKHAROV SYSTEM IN
THE SUBSONIC LIMIT REGIME VIA AN ASYMPTOTIC CONSISTENT FORMULATION; Bao, Weizhu; Su,
Chunmei; MULTISCALE MODELING & SIMULATION, 15 (2017)

SUPERCONVERGENCE OF DISCONTINUOUS GALERKIN METHODS FOR 1-D LINEAR HYPERBOLIC
EQUATIONS WITH DEGENERATE VARIABLE COEFFICIENTS; Cao, Waixiang; Shu, Chi-Wang; Zhang,
Zhimin; ESAIM-MATHEMATICAL MODELLING AND NUMERICAL ANALYSIS-MODELISATION
MATHEMATIQUE ET ANALYSE NUMERIQUE, 51 (2017)

SUPERCONVERGENCE OF DISCONTINUOUS GALERKIN METHODS BASED ON UPWIND-BIASED
FLUXES FOR 1D LINEAR HYPERBOLIC EQUATIONS; Cao, Waixiang; Li, Dongfang; Yang, Yang; Zhang,
Zhimin; ESAIM-MATHEMATICAL MODELLING AND NUMERICAL ANALYSIS-MODELISATION
MATHEMATIQUE ET ANALYSE NUMERIQUE, 51 (2017)

A C-0 linear finite element method for two fourth-order eigenvalue problems; Chen, Hongtao; Guo, Hailong;
Zhang, Zhimin; Zou, Qingsong; IMA JOURNAL OF NUMERICAL ANALYSIS, 37 (2017)

Spectral Galerkin methods for a weakly singular Volterra integral equation of the second kind; Huang, Can;
Stynes, Martin; IMA JOURNAL OF NUMERICAL ANALYSIS, 37 (2017)

STABLE EQUILIBRIA OF ANISOTROPIC PARTICLES ON SUBSTRATES: A GENERALIZED
WINTERBOTTOM CONSTRUCTION; Bao, Weizhu; Jiang, Wei; Srolovitz, David J.; Wang, Yan; SIAM
JOURNAL ON APPLIED MATHEMATICS, 77 (2017)

Calculating corner singularities by boundary integral equations; Shi, Hualiang; Lu, Ya Yan; Du, Qiang; JOURNAL
OF THE OPTICAL SOCIETY OF AMERICA A-OPTICS IMAGE SCIENCE AND VISION, 34 (2017)

MATHEMATICAL AND NUMERICAL ANALYSIS OF THE TIME-DEPENDENT GINZBURG-LANDAU
EQUATIONS IN NONCONVEX POLYGONS BASED ON HODGE DECOMPOSITION; Li, Buyang; Zhang,
Zhimin; MATHEMATICS OF COMPUTATION, 86 (2017)

HESSIAN RECOVERY FOR FINITE ELEMENT METHODS; Guo, Hailong; Zhang, Zhimin; Zhao, Ren;
MATHEMATICS OF COMPUTATION, 86 (2017)



34

35

36

37

38

39

40

41

42

43

44

45

46

47

2k SUPERCONVERGENCE OF Q(k) FINITE ELEMENTS BY ANISOTROPIC MESH APPROXIMATION IN
WEIGHTED SOBOLEV SPACES; He, Wenming; Zhang, Zhimin; MATHEMATICS OF COMPUTATION, 86
(2017)

Superconvergence of immersed finite element methods for interface problems; Cao, Waixiang; Zhang, Xu; Zhang,
Zhimin; ADVANCES IN COMPUTATIONAL MATHEMATICS, 43 (2017)

Analysis and numerical solution of a Riemann-Liouville fractional derivative two-point boundary value problem;
Kopteva, Natalia; Stynes, Martin; ADVANCES IN COMPUTATIONAL MATHEMATICS, 43 (2017)

Three-Dimensional Numerical Simulations of Biofilm Dynamics with Quorum Sensing in a Flow Cell; Zhao, Jia;
Wang, Qi; BULLETIN OF MATHEMATICAL BIOLOGY, 79 (2017)

A Multiscale Mathematical Model of Tumour Invasive Growth; Peng, Lu; Trucu, Dumitru; Lin, Ping; Thompson,
Alastair; Chaplain, Mark A. J.; BULLETIN OF MATHEMATICAL BIOLOGY, 79 (2017)

Superconvergence of the direct discontinuous Galerkin method for convection-diffusion equations; Cao, Waixiang;
Liu, Hailiang; Zhang, Zhimin; NUMERICAL METHODS FOR PARTIAL DIFFERENTIAL EQUATIONS, 33
(2017)

A HYBRIDIZABLE WEAK GALERKIN METHOD FOR THE HELMHOLTZ EQUATION WITH LARGE
WAVE NUMBER: hp ANALYSIS; Wang, Jiangxing; Zhang, Zhimin; INTERNATIONAL JOURNAL OF
NUMERICAL ANALYSIS AND MODELING, 14 (2017)

A SECOND-ORDER CONVEX SPLITTING SCHEME FOR A CAHN-HILLIARD EQUATION WITH
VARIABLE INTERFACIAL PARAMETERS; Li, Xiao; Qiao, Zhonghua; Zhang, Hui; JOURNAL OF
COMPUTATIONAL MATHEMATICS, 35 (2017)

STABILITY ANALYSIS FOR NONLINEAR SCHRODINGER EQUATIONS WITH NONLINEAR
ABSORBING BOUNDARY CONDITIONS; Zhang, Jiwei; Xu, Zhenli; Wu, Xiaonan; Wang, Desheng;
JOURNAL OF COMPUTATIONAL MATHEMATICS, 35 (2017)

Blowup of Volterra Integro-Differential Equations and Applications to Semi-Linear Volterra Diffusion Equations;
Yang, Zhanwen; Tang, Tao; Zhang, Jiwei; NUMERICAL MATHEMATICS-THEORY METHODS AND
APPLICATIONS, 10 (2017)

Nonconforming Finite Element Methods for Wave Propagation in Metamaterials; Yao, Changhui; Wang, Lixiu;
NUMERICAL MATHEMATICS-THEORY METHODS AND APPLICATIONS, 10 (2017)

Numerical Solution of the Time-Fractional Sub-Diffusion Equation on an Unbounded Domain in Two-Dimensional
Space; Li, Hongwei; Wu, Xiaonan; Zhang, Jiwei; EAST ASIAN JOURNAL ON APPLIED MATHEMATICS, 7
(2017)

High-Order Local Artificial Boundary Conditions for the Fractional Diffusion Equation on One-Dimensional
Unbounded Domain; Zhang, Wei; Li, Can; Wu, Xiaonan; Zhang, Jiwei; JOURNAL OF MATHEMATICAL
STUDY, 50 (2017)

An Efficient Spectral-Galerkin Approximation and Error Analysis for Maxwell Transmission Eigenvalue Problems
in Spherical Geometries; Jing An; Zhimin Zhang; JOURNAL OF SCIENTIFIC COMPUTING, 10 (2017)

""""" PUBLICATIONS 80 -
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48 A CO Linear Finite Element Method for Biharmonic Problems; Hailong Guo, Zhimin Zhang, Qingsong Zou;
JOURNAL OF SCIENTIFIC COMPUTING, (2017)
49 Error estimates of a finite difference method for the Klein—Gordon—Zakharov system in the subsonic limit regime ;
Chunmei Su; Wenfan Yi; IMA JOURNAL OF NUMERICAL ANALYSIS, (2017)
50 Numerical solution to a liearized time fractional KDV equation on unbounded domains; Qian Zhang; Jiwei
Zhang; Shidong Jiang; Zhimin Zhang; MATHEMATICS OF COMPUTATION, 87 (2017)
51 A discontinuous Galerkin method for stochastic Cahn—Hilliard equations; Chen Li; Ruibin Qin; Ju Ming;
Zhongming Wang; COMPUTERS & MATHEMATICS WITH APPLICATIONS, (2017)
59 On global convergence of gradient descent algorithms for generalized phase retrieval problem; Ji Li; Zhou Tie;
Chao Wang; JOURNAL OF COMPUTATIONAL AND APPLIED MATHEMATICS, 329 (2017)
53 A fully discrete direct discontinuous Galerkin method for the fractional diffusion-wave equation; Chaobao Huang;
Na An; Xijun Yu; APPLICABLE ANALYSIS, (2017)
=4 =3 5%
jj FHEER
MECHANICS DIVISION
1 Real-time start of combustion detection based on cylinder pressure signals for compression ignition engines; Fang,
Cheng; Ouyang, Minggao; Yang, Fuyuan; APPLIED THERMAL ENGINEERING, 114 (2017)
) High order spectral difference lattice Boltzmann method for incompressible hydrodynamics; Li, Weidong;
JOURNAL OF COMPUTATIONAL PHYSICS, 345 (2017)
3 Single-node second-order boundary schemes for the lattice Boltzmann method; Zhao, Weifeng; Yong, Wen-An;
JOURNAL OF COMPUTATIONAL PHYSICS, 329 (2017)
4 Transition of torque pattern in undulatory locomotion due to wave number variation; Ding, Y.; Ming, T. Y.;
Goldman, D., [; INTEGRATIVE AND COMPARATIVE BIOLOGY, 57 (2017)
s STABILITY ANALYSIS OF A CLASS OF GLOBALLY HYPERBOLIC MOMENT SYSTEM; Zhao, Weifeng;
Yong, Wen-An; Luo, Li-Shi; COMMUNICATIONS IN MATHEMATICAL SCIENCES, 15 (2017)
6 A Sharp Interface Method for Compressible Multi-Phase Flows Based on the Cut Cell and Ghost Fluid Methods;
Bai, Xiao; Deng, Xiaolong; ADVANCES IN APPLIED MATHEMATICS AND MECHANICS, 9 (2017)
7 Propulsion via flexible flapping in granular media; Peng, Zhiwei; Ding, Yang; Pietrzyk, Kyle; Elfring, Gwynn J.;
Pak, On Shun; PHYSICAL REVIEW E, 96, 012907 (2017)
3 Variational approach to powder-binder separation in Poiseuille and Couette flows; Oh, Youngmin; Park, Dong

Yong; Park, Seong Jin; Fontelos, Marco Antonio; Hwang, Hyung Ju; PHYSICS OF FLUIDS, 29, 033102 (2017)



Maxwell iteration for the lattice Boltzmann method with diffusive scaling; Zhao, Weifeng; Yong, Wen-An;

? PHYSICAL REVIEW E, 95, 033311 (2017)

10 Simulating the Linearly Elastic Solid-Solid Interaction with a Cut Cell Method; Tao, Liang; Deng, Xiao-Long;
INTERNATIONAL JOURNAL OF COMPUTATIONAL METHODS, 14, 1750072 (2017)
Hydrodynamics of larval fish quick

1 turning: A computational study; Jialei Song; Yong Zhong; Haoxiang Luo; Yang Ding; Ruxu Du; PROCEEDINGS
OF THE INSTITUTION OF MECHANICAL ENGINEERS PART C-JOURNAL OF MECHANICAL
ENGINEERING SCIENCE, , I-9 (2017)

12 A comparative study of the single-mode Richtmyer—Meshkov instability;

X Bai; XL Deng; L Jiang; SHOCK WAVES, (2017)

WEFEARE

ALGORITHMS DIVISION

Multiscale Study of Plasmonic Scattering and Light Trapping Effect in Silicon Nanowire Array Solar Cells; Meng,
Lingyi; Zhang, Yu; Yam, ChiYung; JOURNAL OF PHYSICAL CHEMISTRY LETTERS, 8 (2017)

Modeling the formation of TiO2 ultra-small nanoparticles; Chen, Mingyang; Dixon, David A.; NANOSCALE, 9

2 (2017)

3 Structures and Stabilities of (CaO)(n) Nanoclusters; Chen, Mingyang; Thanthiriwatte, K. Sahan; Dixon, David A.;
JOURNAL OF PHYSICAL CHEMISTRY C, 121 (2017)

4 Structure and Stability of Hydrolysis Reaction Products of MgO Nanoparticles Leading to the Formation of

Brucite; Chen, Mingyang; Dixon, David A.; JOURNAL OF PHYSICAL CHEMISTRY C, 121 (2017)

Enhanced Photovoltaic Properties Induced by Ferroelectric Domain Structures in Organometallic Halide
5 Perovskites; Bi, Fuzhen; Markov, Stanislav; Wang, Rulin; Kwok, YanHo; Zhou, Weijun; Liu, Limin; Zheng, Xiao;
Chen, GuanHua; Yam, ChiYung; JOURNAL OF PHYSICAL CHEMISTRY C, 121 (2017)

Discovering variable fractional orders of advection-dispersion equations from field data using multi-fidelity
6 Bayesian optimization; Pang, Guofei; Perdikaris, Paris; Cai, Wei; Karniadakis, George Em; JOURNAL OF
COMPUTATIONAL PHYSICS, 348 (2017)

Direct Solvers for the Biharmonic Eigenvalue Problems Using Legendre Polynomials; Chen, Lizhen; An, Jing;
Zhuang, Qingqu; JOURNAL OF SCIENTIFIC COMPUTING, 70 (2017)

Rational design and first-principles studies of phenothiazine-based dyes for dye-sensitised solar cells;
Govindarajan, Saranya; Gao, Shiwu; Cai, Wei; Yam, ChiYung; MOLECULAR PHYSICS, 115 (2017)

....................... PUBLICATIONS 2 - 83
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10

11

12

13

14

New ultra-incompressible phases of NbB4 predicted from first principles; Li, Xiao-Feng; Han, Li-Gang; Hou,
Yunshan; Yan, Haiyan; Hu, Zi-Yu; Zhang, Sheng-Li; PHYSICS LETTERS A, 381 (2017)

Legendre-Galerkin spectral-element method for the biharmonic equations and its applications; Zhuang, Qingqu;
Chen, Lizhen; COMPUTERS & MATHEMATICS WITH APPLICATIONS, 74 (2017)

Au-Ge MEAM potential fitted to the binary phase diagram; Wang, Yanming; Santana, Adriano; Cai, Wei;
MODELLING AND SIMULATION IN MATERIALS SCIENCE AND ENGINEERING, 25, 025004 (2017)

Exploring Promising Catalysts for Chemical Hydrogen Storage in Ammonia Borane: A Density Functional Theory
Study; Bandaru, Sateesh; English, Niall J.; Phillips, Andrew D.; MacElroy, J. M. Don; CATALYSTS, 7, 140 (2017)

A mixed Legendre-Galerkin spectral method for the buckling problem of simply supported Kirchhoff plates; Cao,
Junying; Wang, Zigiang; Cao, Waixiang; Chen, Lizhen; BOUNDARY VALUE PROBLEMS, , 34 (2017)

Approximate DFT-Based Methods for Generating Diabatic States and Calculating Electronic Couplings: Models of
Two and More States ; Chou-Hsun Yang; ChiYung Yam; Haobin Wang; PHYSICAL CHEMISTRY CHEMICAL
PHYSICS, (2017)
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WORKSHOPS & CONFERENCES (2017) P

I E TR SRR N = 1

B8 Date

SINBTR Title

2017.02.11 - 12

MHEERSTTEIEMPRE T §S. Be55iE

Workshop on Material Modeling and Computer Simulation: Concepts, Theories and Methods

2017.05.24 - 26

The 5th International Workshop on Frontiers in Quantum Physics and Quantum Information

BhEEFMESEHERAGIHIS

2017.05.19 - 20

Workshop on Numerical Methods for Fractional-derivative Problems: Singularities and Fast
Algorithms

ﬁéﬂlﬁﬂﬁﬁ:‘fﬁzﬂ’]ﬁ&ﬁfi& FREFRIEEXE

2017.06.07 - 14

Focus Activity on Mathematical and Computational methods for Quantum and Kinetic Problems

BF SRR F RS ETE

2017.07.15 - 16

CSRC Workshop on DNA Chromosome Structure and Dynamics
DNARBREE SIS

2017.08.07 - 11

CSRC Summer School on Applied Inverse Problems
MR Bl = HATE

2017.08.16 - 18

20172 EF SRR SIABELEEAL

2017 Postdoctoral Academic National Forum: Semiconductor Energy Materlals and Technology

2017.09.15

CSRC Symposium on Active Matter and Related Topics
EREZ AN ES

2017.12.04 - 09

Workshop on the Rabi Model, Strong Light-Matter Interactions and Other Quantum Phenomena in
CQED Platforms
fEEFEMHFPRIIFCRE R LRI

2017.12.13 - 12.16

FE=EPYIRITEMHESIHTENFICIR
The 3rd CAEP Computational Materials and Computational Chemistry Forum
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TUTORIALS (2017)

A& Date SIEFR Title

2017.05.08 - 12 Z1EY R R E RSB IR T A5 |13

2017.05.22 - 23 ETFARAGEBICSITERE

2017.06.05 - 09 imin: BRIE, L, R S EEIELIE)IITE

2017.06.19 - 22 Workshop on Stochastic Computing and Uncertainty Quantification (UQ)
2017.07.10 - 14 ALREFI RN ASHATE

2017.09.17 - 22 ETERESBEITENFHMRHIRRSRIT

2017.12.04 - 09 fEEFRANFPHNERICEE R LRI

MEFTRELZSUFERE, FNR:
For more details about Workshops & Conferences in CSRC, please visit: http://www.csrc.ac.cn/events/ WorkshopsConferences/
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2017 Postdoctoral Academic Forum on Semiconductor Energy materials and technology

IR EHPHRRBC
2017.6.5-6.9
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CSRC COLLOQUIUM ON SCIENTIFIC FRONTIERS

RAHE

s

. — .
Erio Tosatti

Luiz Davidovich

2017-2-16
MR EFERIERLEDEEE

PRIEMERRAT & FERIFRASE
Institute of Physics & University of
Chinese Academy of Sciences

2017-9-13

Simulating, Emulating, Anticipating
Condensed Matter Experiments: A
Theorist's Dream

SISSA, and ICTP, Trieste, Italy

2017-12-11

Emergence of the Classical World from
Quantum Mechanics: Schrodinger
Cats, Entanglement, and Decoherence

Federal University of Rio de Janeiro,
Brazil

sess 2017 ANNUAL REPORT EVENTS

Franco Brezzi

Claudio Verani

¥

D;n-/id R. Nelson

2017568 (26187

2017-5-24

Basic Features of Virtual Element
Methods

Istituto Universitario di Studi Superiori
(IUSS) of Pavia, Italy

2017-11-16

Bioinspired Molecular Electronics,
Corrosion, and Water Splitting at
Wayne State University

Department of Chemistry, Wayne State
University, USA

2017-12-14

Perforations, Curvature and Thermal
Fluctuations in Free-Standing
Graphene

Harvard University, USA

88 - 89
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CSRC SEMINAR

can=

FULFRIRIEIE

RIMEXE B EEZEXTTERE, FRFEASTE, BEFARAEBSH., 2017FEF0FE2ES
LHHEIH] (B648HD) ., BEAXRBERAN. FF.

MEX. W, AT, BEF. T, PE. FEZ. BEAFESR

%

CORRFMIL. FANE

BB R AL,

CSRC invites national and overseas leading researchers to give academic seminars. In 2017, CSRC has already held 90

seminars.

WMFETREZIRERER, BEXE:

For more details about Seminars in CSRC, please visit:

Quantifying Structural and Funeﬁonnl Convergence in Immune

ell established that protein structure is
ame fold, e

that this approach c:
structural clusi a different donors are mc
phic studies have demonstrated that structurally similar BCRS targeting common a
ar high-throughput sequencing methodolog on the order of 104 paired (heavy-I
ally required ~6
uctural bioinformatic al similarities. Using a no
we could reduce the fime required to build an atomic-resolution BCR model to und
and T cell
D

that Repertoire Builds
accurate than an

more striking, sub

modeling, in combination with high-th

ey, Rescarch Institute for Microbial Discas

his PhD. in Chemistry from Columbia University in 1998, He then joined Sch . where he worked as a sc

3 he moved to the Instie for Protein R Osaka University as a

1FReC) a a Principal Investigatorin 2008 and, af
 ull e at the Research Instiute for Microbial

Senior Seienist. He joined the
appointment at Kyoto University's Instfute

Date: November 15, 2017 (Wednesday)

Time: 10:00~11:00 a.m.
Venue: A203 Meeting Room, 2% Floor, CSRC Building
AEHNAEHTFS2EA2034RE, FREHLEARI0 FRERIFR

A Single-Atom Spin-Orbit Qubit in Si

Electrical control of quantum bits could pave the w

ower, scalable quantum computation. T will demonstrate that an acceptor
pin qubit in Si, based on holes rather than electrons, offers ful electrical control, fust operations and long rela

tion and dephasing times. The
primary limit

ther than the dephasing time T2. At first sight, this appears difficult to enhance if fast
operations are desired usin ., I will show theoretically that the orientation of an applied in-plane 1
al control parameter that can strongly enhance the performance a
architecture: two-qubit operations are fully tunable and spin relaxation can be almost entirely suppressed in a param
dephasing due to charge fluctuations can be eliminated. This tunability, as well as the strong coherence properties of the qubit, stem from the
interplay of the Td etry of the acceptor in the Si lattice and the spin-3/2 characteristic of hole systems. These findings can be directly
lated to ongoing experimental work on acceptor spin qubits, in which I will show that a decoherence-free subspace can be
orientations.

Speaker: Prof. Din Cules

Dimitrie Culcer obtained his PhiD from the University of Texas at Austin in 2005. He worked as a postdoctoral research fellow fi
and subsequer a sersity of Maryland, Colls

b y of China in Hefei in 2010

Inter

topological effects in condensed matter
interplay of interactions with strong

Time: 15:00~16:00
Venue: A303 Meeting Room, 3" Floor, CSRC Bu g
FHAAEMRR T SIEAIBLWE, HREFBEREI0 FEERIFH

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

Duality in Physics - the Role of Entangle

By

Prof. Joseph IH. Eberly
Center for Coberenee and Quantum Opptics,
versity of Rochester, USA

1 new insight into the und
found that the lo

ng link, and p
d duality.

Date: June 27, 2017 (Tuesday)
Time: 16:00~17:00
Venue: A403 Meeting Room, 4™ Floor, CSRC B
ARAIERT, & HAUE B0

Meeting Room, 4 F
LA BAMIERE, BN l(!u‘ﬂlltl"
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20176 1F, P53 SMEREA Y BIMERSFHA S ERET T SEEET. NAREHE TS
ERFRANTRSEE, TRGBERTNEBFRAANLEMRS, CAERE. 2NFRFH, HER
B ARER. ARETESRGHESTAE.

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.

On November 2017, two new Memorandums of Understanding were signed among Beijing Computational Science Research
Center (CSRC) and Norwegian University of Science and Technology (NTNU), University of Oslo (UIO) respectively.
All parties agreed to explore possibilities for cooperation in education and research, in the forms of exchange of research

personnel, educational program for graduate students and post-doctoral fellows and so on.

----------------------- 2017 ANNUAL REPORT COLLABORATIONS 90 - 91
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INTERNATIONAL PARTNERSHIP

Norwegian University of Science and Technology, Norway  igiflis A%

University of Oslo, Norway i 5 8 fE A5

Institute for Quantum Computing, University of Waterloo, Canada m=xiggsis
University of Warwick, UK #E%H K=

The Hong Kong University of Science and Technology, China  &i&5lig A%

Commissariat a I'énergie atomique et aux énergies alternatives, France :EEFisaE/REEERS
Department of Physics, the Chinese University of Hong Kong, China &z xz

Department of Physics, National Taiwan Normal University, China T A EImE AL

Center for Simulational Physics, The University of Georgia, USA =E7F&aT k%

RlIkagaku KENkyusho/Institute of Physical and Chemical Research, Japan 5656
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2017 BEBERSXERFREGEFC
07.04  The HKBU Delegation Visited CSRC

Since its establishment, more than 2500 visiting scholars from over 20 countries and regions have visited CSRC. CSRC
faculty members went out for academic eschange for more than 1500 times. During the year 2017, CSRC has hosted over 350
visiting scholars.

CSRC warmly welcomes scientists around the world to visit for collaboration and exchange. CSRC frequently hosts academic

activities such as conferences, workshops, and seminars together with its counterparts. Living allowance and housing
subsidies are provided during visitor's stay at CSRC.
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Cluster 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.

14112cores

ac.cn/en/facility/cmpt/
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