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Physics of cardiac arrhythmias
JE X AR

David Geffen School of Medicine, University of California, Los Angeles

The leading cause of sudden cardiac death is ventricular arrhythmias, and thus
understanding the underlying mechanisms of arrhythmias is key to the development of
therapeutics for prevention. Ventricular arrhythmias are irregular dynamics of electrical
activity in heart tissue, which follow the laws of physics of complex systems. In this
talk, I will present our work in this field by covering the following topics: 1) Electrical
instabilities caused by bifurcations from periodicity to chaos; 2) Critical phenomena on
calcium cycling and its coupling with voltage; and 3) Kramers theory for rhythmicity
in noisy biological systems. I will show how these physics are linked to the genesis of
normal cardiac rhythms as well as cardiac arrhythmias, and how the mechanistic
insights from the complex systems dynamics may help to identify effective therapeutic
targets.
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Zhilin  Qu, PhD, is Professor of Medicine and Computational
Medicine at University of California, Los Angeles (UCLA). He obtained his BS, MS,
and PhD in physics from Beijing Normal University. He joined UCLA as a postdoctoral
fellow in 1995 and was promoted to full professor in 2011. His research area includes
nonlinear dynamics, cardiac arrhythmias, metabolism, and cell cycle control. He uses
mathematical modeling and computer simulation combined with dynamical theories
and collaborates closely with experimental biologists and clinicians. He is a world-
renowned expert in computational cardiology and theories of arrhythmias. His research
has been supported by awards and grants from American Heart Association and
National Institutes of Health.




Semiconductor Moir¢ Superlattices: a New
Material Platform for Quantum

Information Science
)

University of Texas-Austin

When two atomically thin van der Waals (vdW) layers are vertically stacked
together, the atomic alignment between the layers exhibits periodical variations, leading
to a new type of in-plane superlattices known as the moiré superlattices. The twist angle
controls the size of the moiré supercells and acts as a unique knob to control the material
properties. In this talk, I will discuss how new excited states (excitons and phonons)
emerge in highly tunable semiconductor moiré superlattices. I will also speculate on
new and exciting directions relevant to quantum information science based on these
materials.

AR

Xiaoqgin Li received her B.S degree from Beijing Normal University in 1997
and Ph.D. in physics in 2003 from the University of Michigan. She was a postdoc
fellow at JILA, Colorado from 2003-2006. She started as an assistant professor at UT-
Austin in 2007 and was promoted to full professor in 2018. Prof. Li has
received several awards including the Presidential Early Career Award for Scientists
and Engineers in the U. S. and a Sloan Fellowship. She was a Humboldt research fellow
at the Technical University of Berlin between 2013-2015. She is a fellow of the
American Physics Society and OPTICA (formerly Optical Society of America). She
was elected to the vice chair of the Division of Laser Science of American Physics
Society in 2022.




Light-driven charge and spin currents in

emerging quantum materials
R

e 2% X 9% 5 A

Light-driven current is rigorously pursued because of its fast dynamics and
robustness to temperature variations. In this talk, I will focus on second-order light
matter interactions and show how light drives charge or spin current in emerging
quantum materials with different symmetries. First, we predict an enhanced charge
current in a family of parity-time (PT) symmetric axion insulators, such as MnBi2Te4,
under linearly polarized light. The calculated photocurrent is about 1-2 orders of
magnitude larger than those observed in traditional ferroelectrics. We further find that,
by switching to circularly polarized light, this charge photocurrent disappears, and a
highly polarized spin current is generated. Interestingly, this spin photocurrent is not
sensitive to spin-orbit interactions, which were regarded as fundamental mechanisms
for generating spin current. Given the fast response of light-matter interactions, large
energy scale, and insensitivity to spin-orbit interactions, our work gives hope to
realizing fast-dynamic and temperature-robust chare/spin current in PT-symmetric
materials.
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Li Yang received his BS (1997) and MS (2000) from the Beijing Normal
University and PhD from the Georgia Institute of Technology (2006). From 2006 to
2009, he had worked as a postdoctoral fellow at the University of California, Berkeley,
and Lawrence Berkeley National Laboratory. In 2009, he joined the faculty of the
physics department of the Washington University in St Louis. Employing the first-
principles simulations and models, his group works on condensed matter physics and
the fundamental electronic structures, magnetic, ferroelectric, and excited-state
properties of emerging quantum materials.




Neutrons scattering and thermal transport
studies of quasi-2D topological magnets

Xianglin Ke

Department of Physics and Astronomy, Michigan State University

Magnetic topological materials have been a focal point of research in recent years.
In this talk, we will present some of our recent neutron scattering and thermal transport
studies of quasi-2D magnets. We will show that RMnsSns kagome magnets are
promising candidates hosting topological electronic properties and topological
magnetic excitations (magnons). We will also show that VI3, which is an insulating van
der Waals ferromagnet with honeycomb lattice, exhibits large anomalous thermal Hall
effect arising from both topological magnons and magnon polarons via magnon-phonon
hybridization.
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Xianglin Ke graduated from Beijing Normal University with BS in 1998 and MS
in 2001 and received his PhD from University of Wisconsin-Madison in 2006. He then
was a postdoctoral scholar at The Pennsylvania State University in 2006-2009 and a
Clifford Shull Fellow at Oak Ridge National Laboratory in 2009-2012 before joining
the faculty in the Department of Physics and Astronomy at Michigan State University.
Combining material synthesis, neutron scattering, and various bulk electronic and
thermal transport techniques, Ke’s research group is focused on the studies of emergent
phenomena and understand the underlying mechanism in quantum materials.




Material Research Using Quantum Mechanics Computational

Methods, in application to Li-ion batteries
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Quantum mechanics electronic structure calculations are applicable to solving problems across
various fields, ranging from physics and chemistry to material sciences and engineering. In the past
decades, our group used physics-based predictive models and first-principles methods to investigate
a variety of nanostructures and material systems for potential applications in nanoelectronics and
renewable energies. In this talk, I will show an example to explore Si/Ge clathrates materials as a
potential electrode in Li-ion batteries. The guest-free, type-1I Si clathrate (Siz¢) is an open cage
polymorph of Si with structural features amenable to electrochemical Li storage. However, the
detailed mechanism for reversible Li insertion and migration within the vacant cages of Sij3 is not
established. Density functional theory (DFT) calculations are used to understand the structural
origin of electrochemical Li insertion into the type-II clathrate structure. At low Li content, instead
of alloying with Si, topotactic Li insertion into the empty cages occurs at =~ 0.3 V versus Li/Li* with
a capacity of = 231 mAh g™! (corresponding to composition Liz»Sii36). A synchrotron powder X-ray
diffraction analysis of electrodes after lithiation shows evidence of Li occupation within the Sizo and
Sixg cages and a volume expansion of 0.22%, which is corroborated by DFT calculations. Nudged
elastic band calculations suggest a low barrier (0.2 eV) for Li migration through interconnected
Siys cages, whereas there is a higher barrier for Li migration into Sig cages (2.0 eV). However, if
Li is present in a neighboring cage, a cooperative migration pathway with a barrier of 0.65 eV is
possible. The results show that the type-II Si clathrate displays unique electrochemical properties
for potential applications as Li-ion battery anodes.

ANAB A

Xihong Peng received her BS degree in physics from Beijing Normal University in 2000 and
Ph.D. from Rensselaer Polytechnic Institute, New York in 2007. She was a visiting assistant
professor at Skidmore College, New York for the academic year of 2007-2008. She joined Arizona
State University (ASU) in 2008 as an Assistant Professor, and was promoted to associate professor
in 2014, professor in 2021. Her research expertise is first-principles DFT calculations on materials
to gain a fundamental understanding of the materials’ properties at an atomic level.




DFT-based integrated computational

approach for materials innovation
Ying CHEN

Tohoku University, Japan

%% BA RALXF

The DFT-based integrated computational approach takes the density functional
theory (DFT) as the foundation, extends the zero-K to the finite temperature with
incorporating various temperature dependent effects, the ordered compounds to the
disordered systems such as solid solution, alloys, the single scale to the multi-scale,
combing with theoretical tools such as cluster expansion (CEM), cluster variation
(CVM), phonon spectra of lattice vibration, and crossing over the thermodynamics,
statistical physics and electrochemistry. It has become a powerful tool in understanding
behaviors of materials, predicting and designing new materials and as one of the
inevitable bases for materials informatics. Various materials have been studied during
recent years aiming at discovering new materials or materials with superior properties,
and establishing, enhancing the theoretical approaches for the reliable high accuracy
supercomputing. Three selected topics utilized such integrated approach will be
introduced. (1) Models of defective structures of nuclear fuels under irradiation; (2)
Understanding on mechanic properties of Si-steel; (3) Analysis and prediction of
stability of high entropy alloys combing machine leaning (ML).
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Atomic 1nsights into nuclear quantum effects of

interfacial water

pu A ]
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Despite its ubiquity in nature, water is one of most complicated condensed matters.
The understanding of water structure and dynamics is far from satisfactory, and many
unusual properties of water remain as puzzles. The main reason arises from the
hydrogen (H)-bonding interaction between the water molecules. Moreover, the light H
nuclei can exhibit prominent quantum effects, in terms of tunneling and zero-point
motion. This contrasts with the case of heavier atoms, for which the Born-Oppenheimer
approximation has often been successfully applied. The so-called nuclear quantum
effects (NQEs) add additional complexity to the structure and properties of water.
Therefore, it would be ideal to directly access the degree of freedom of H in water.
However, this task is very challenging for any state-of-the-arts experimental tools. In
this talk, I will introduce our recent developments of imaging and spectroscopic
methods based on scanning probe microscopy (SPM), which acquire unprecedentedly
high sensitivity to the H of water in a nearly non-invasive manner. [ will then showcase
the application of this technique to address several important issues of water, including
the NQEs on the proton transfer, the H-bonding strength and the structure of hydronium
ions.
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A Synaptic Story of Working Memory
LT
TR KF

Working memory refers to the phenomenon that the brain can store and manipulate
input information temporally, in order to carry out certain cognitive functions. The
neural mechanism underlying working memory has been debated constantly in the field.
The synapse-based theory proposes that rather than relying on persistent neuronal
firings, the temporally facilitated synaptic strengths due to short-term synaptic
plasticity (STP) can carry the memory trace of inputs and thus support working memory.
In this talk, I will introduce two studies aligning with this STP-based theory. First, we
built up a computational model to analyze the capacity of working memory and found
that the model naturally predicts the capacity of 4~6, when the biological plausible
parameters are used, and the model works in a way analogy to the theta-gamma
oscillation. Secondly, we manipulated the synapse strengths via STP by applying
external probe signals, and found that the memory retrieval performances predicted by
the model agree very well with the experimental findings. Overall, our studies suggest
that STP can serve as the neural mechanism for working memory
AR

SR, ERRFAVEAF I SHZ, 2012 HEELFRFTIERS
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F] 4 Neuron, PNAS, Progress in Neurobiology %, A L% #8470 3% 69 TN 48 & X
NeurIPS #= & & F|4 Neural Networks %, F=#32 5403k Phys. Rev.E % & & & 3L
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Genuine Quantum Chaos and Physical
Distance Between Quantum States

A K5

We show that there is genuine quantum chaos despite that quantum dynamics is
linear. This is revealed by introducing a physical distance between two quantum
states. Qualitatively different from existing distances for quantum states, for example,
the Fubini-Study distance, the physical distance between two mutually orthogonal
quantum states can be very small. As a result, two quantum states, which are initially
very close by physical distance, can diverge from each other during the ensuing
quantum dynamical evolution. We are able to use physical distance to define quantum
Lyaponov exponent and quantum chaos measure. The latter leads to quantum analogue
of the classical Poincare section, which maps out the regions where quantum dynamics
is regular and the regions where quantum dynamics is chaotic.
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How to understand the anomalous phase

behaviors of water
h ¥4

AL KRS

Water is one of the most abundant substances in the universe and affects every aspect
of our lives. It shows many anomalies unlike from most of other materials. Not only
water, but a group of substances with different chemical properties also share similar
anomalous behaviors (e.g., density anomaly, diffusivity anomaly). Such anomalies
were proposed to be caused by the existence of a hypothetical liquid-liquid critical point,
which is usually buried deep in the supercooled region. Experimental confirmation is
very difficult and challenging due to crystallization. In this talk, I will discuss the
possible solutions to detect the critical point using equilibrium and non-equilibrium
phase transition. We also discuss the possible connections between equilibrium and
non-equilibrium phase transitions.
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Solutions of the Schr\"{o}dinger
equation for anisotropic dipole-dipole
interaction plus isotropic  van der Waals

interaction
KA

AR KF

By generalizing Bo Gao's approach [Phys. Rev. A {\bf 58}, 1728 (1998)] for
solving the Schr\"{o}dinger equation for an isotropic van der Waals (vdW)
potential to the systems with a multi-scale anisotropic long-range interaction, we derive
the solutions for the Schr\"{o}dinger equation for an anisotropic dipole-dipole
interaction plus an isotropic attractive vdW potential, {\it ie.}, ${C d(1-
3\cos"2\theta)}/{r"3}-{C_6}/{r"6}$, which is projected to the subspace with angular
momentum $l\leq 1 {\rm cut}$, with $1 {\rm cut}$ being an arbitrary angular-
momentum cutoff. Here $\theta$ is the polar angle of the coordinate ${\bm r}$ and
$r=[{\bm r}|$. The asymptotic behaviors of these solutions for $r\rightarrow 0$ and
$r\rightarrow \infty$ are obtained. These results can be used in the research of collisions
and chemical reactions between ultra-cold polar molecules in a static electric field.
Our approach to derive the solutions can be applied to the systems with a general long-
range potential $\sum_{\lambda= 23 \lambda_{\rm max} }
{V_\lambda(\theta,\varphi)}/{r"\lambda}$, with $\varphi$ being the azimuthal angle
of ${\bm r}$, and thus can be used in various problems on molecule-molecule
interaction.
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(1) Gang-Qin Liu ef al. Nat. Commun. 10, 1344 (2019).
(2) Yan-Xing Shang et al., Chin. Phys. Lett. 36, 086201 (2019).
(3) Yan-Xing Shang et al., arXiv: 2204.05064 (2022).
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