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About the 2021 WE Forum

The World Young Scientist Summit (WYSS) as an academic event held once a year
for the world young talents is jointly sponsored by the China Association for Science

and Technology (CAST) and the People's Government of Zhejiang Province.

With its long-term vision for building a community of common destiny for all
humanities, WYSS sets on the Converging the World's Talents Creating a Better
Future theme; oriented for one global vision with international interests and a China
voice, WYSS attracts talents from all corners of the world for their dreams in sciences.
In acknowledging ‘the future of science and technology is dependent of our young’
being the global and century concerns, WYSS highlights its main discussion premise
around world’s young scientists with integrated interest from industries, venture
capitals, arts and other societal endeavors. It has led to another improvement in
academic and cultural exchanges, enabled leadership from world’s top scientist,
offered enhanced participations from young scientists and involved private
entrepreneurs, to jointly address global challenges, establish a platform for talent
exchange in a wider range of fields and provide a carrier of higher-level scientific and

technological innovation.

The first WYSS was held with great success in Wenzhou, China, in October 2019.

Westlake University, established in 2018, is a new type of research university, a first
in the history of modern China. It enjoys strong public support and aims to be a
reformer in our higher education system. Westlake University is striving to cultivate
top talent, to make breakthroughs in basic research and innovation in cutting-edge
technologies, and to foster human development through science and technology.
Founded by prominent scientists and scholars, Westlake University is committed to

building a truly international, world leading, research-focused university.

The WE Forum is an international academic symposium held by Westlake University
since 2018. The WE is the abbreviation of “Westlake Education™ and the short name
for “Westlake Education Foundation”, which is the fund-raising body of Westlake
University. It implies that Westlake University will focus on academic development to
achieve its mission on higher education reforms and development. The WE also
means you and me, implying academics are closely linked with each other. WE forum
emphasizes the importance of people in academic exchanges and advocates global

scholars to be participants, sharers, and contributors of academic exchanges.
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In August 2021, the Secretariat of World Young Scientist Summit (WYSS) and
Westlake University signed an agreement to enhance collaboration, in which the WE

Forum was officially listed in the programs of WY SS.

The depth of understanding of matter structures and the precision of information
control determine the level of human civilization in modern society. The development
of quantum mechanics points out the way forward and provides the basic tools for
exploring the deep principles of matter and information. As one of the sub-forums in
2021 WE Forum, Quantum Matter and Quantum Information Symposium will
focus on the exploration of novel quantum states of matter and the underlying
organizational principles in condensed matter physics, such as superconductivity,
quantum magnetism, topological physics, ultra-cold atomic state of matter, and
quantum physics research frontiers (including quantum information and quantum
Computing). It aims to provide an open platform for communication and discussion
for senior scholars, young researchers and students engaged in these studies, stimulate
brainstorming, generate collision of the sparks of thought, and obtain inspiration to
promote innovation in interdisciplinary directions. This is of great significance for
promoting the exploration of new material and state structures, the research and

development of new quantum materials, and the innovation of quantum technology.

The experts and graduate students who are engaged in related fields are warmly
welcomed to participate in this symposium. Our symposium provides a perfect venue
for an extensive and in-depth discussion on the new achievements and progress in

Physics or related fields.

Time: October 26™ - 271 2021

Venue: Hangzhou Narada Resort & Spa Liangzhu, Zhejiang, China

Sponsors: China Association for Science and Technology (CAST), The People’s
Government of Zhejiang Province

Organizers: Westlake University, Zhejiang Association for Science and Technology,

Wenzhou Municipal People's Government
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Agenda (H%E)

Quantum Matter and Quantum Information Symposium

- Wenhua Hall, Hangzhou Narada Resort & Spa Liangzhu -
- N REEIRES, XET -

October 26", Tuesday, Day 1

08:30-08:40 Welcome Remarks

Session I Chair: Fuchun Zhang (University of Chinese Academy of Sciences/ The University of Hong Kong)

08:40-10:00 Topological Physics in Iron-Based Superconductors
Speaker 1: Jiangping Hu (Institute of Physics CAS)

Long-Range Mutual Quantum Entanglement and Mechanism of High-7c
Superconductivity

Speaker 2: Zhengyu Weng (Tsinghua University)

10:00-10:20 Photo-Taking / Refreshment Break

Session 11 Chair: Fuchun Zhang (University of Chinese Academy of Sciences/ The University of Hong Kong)

10:20-12:20  Lecture 3 (i F St BIREAE(FRAIZEISREM)
Speaker 3: Donglai Feng (University of Science and Technology of China)

Lecture 4 (B3 REFYSHIERIBZHIRIRI SR ERN)
Speaker 4: Nanlin Wang (Peking University)

Cuprate High-Temperature Superconductivity in the Extreme Two-Dimensional Limit
Speaker 5: Yuanbo Zhang (Fudan University)

12:20-13:30 Buffet & Lunch Break

Session 111 Chair: Zhenyu Zhang (University of Science and Technology of China)

13:30-15:30 Iron-Based Superconductors as a New Majorana Playground
Speaker 6: Hong Ding (Institute of Physics CAS)

Quantum Transport Phenomena in MnBi,Te, Antiferromagnetic Topological Insulators
Speaker 7: Yayu Wang (Tsinghua University)

Giant Anomalous Nernst Effect in Magnetic Topological Semimetals
Speaker 8: Zhu’an Xu (Zhejiang University)

15:30-18:00 Free Tour

18:00-20:00 Dinner




W) &#5%

W4~ worLD Youne
A Z< SCIENTIST SUMMIT &

%}%& HAEFHFRES

October 27", Wednesday, Day 2

Session IV

Chair: Ruirui Du (Peking University)

08:30-10:30

Exploiting Quantum Plasmonics for Enhanced Functionalities of Low-Dimensional
Heterostructures

Speaker 9: Zhenyu Zhang (University of Science and Technology of China)

Ferrovalley, Half-Valley and Supervalley Materials
Speaker 10: Chungang Duan (East China Normal University)

Determining the Range of Magnetic Interactions from the Relations Between Magnon
Eigenvalues at High-Symmetry % Points

Speaker 11: Xiangang Wan (Nanjing University)

10:30-10:50

Refreshment Break

Session V

Chair: Ruirui Du (Peking University)

10:50-12:10

Phonon Magnetic Moment and Chirality: Electronic Geometrical Phase Effect
Speaker 12: Qian Niu (University of Texas at Austin/University of Science and Technology of China)

Universal Topological Quantum Computation with Strongly Correlated Majorana Edge Modes
Speaker 13: Yue Yu (Fudan University)

12:10-13:30

Buffet & Lunch Break

Session VI

Chair: Qian Niu (University of Texas at Austin/University of Science and Technology of China)

13:30-15:30

Merits of and Challenges in Semiconductor-Based Majorana Platform
Speaker 14: Ruirui Du (Peking University)

Determination of the Fractionalized Spin Excitations in Magnetically Ordered States via
Entanglement Entropy

Speaker 15: Jianxin Li (Nanjing University)

Non-Fermi Liquid and Unconventional Superconductivity: Intrinsic Properties of an
Emergent Bose Liquid

Speaker 16: Wei Ku (Shanghai Jiao Tong University)

15:30-15:50

Refreshment Break

Session VII

Chair: Jianxin Li (Nanjing University)

| 15:50-17:50

i Exceptional Surface in a Pseudo-Hermitian Magnon Polariton System

Speaker 17: Ke Xia (Beijing Computational Science Research Center)

Polaron Picture for the Quantum Rabi and Related Models
Speaker 18: Honggang Luo (Lanzhou University)

Exploring the Nucleon Structure at Fermi Scale
Speaker 19: Hongxi Xing (South China Normal University)

18:00-20:00

Dinner
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Invited Chair: Prof. Fuchun Zhang (KEEF %)

University of Chinese Academy of Sciences/ The University of Hong Kong
(FEFRZEAXF EEAF)

V‘ Prof. Fuchun Zhang is an international leader of theoretical
"y

condensed matter physics, specializing unconventional superconductivity,
heavy fermion and other strongly correlated electron systems. He is
best-known for the work of Zhang-Rice singlet, which plays a crucial

role in understanding high 7c superconductors.

Prof. Zhang received Ph.D. in physics at Virginia Tech in 1983. He
was a postdoc fellow in Univ. of Minnesota, Univ. of Maryland, and
ETH-Zurich 1983-1988, before he joined Univ. of Cincinnati, Ohio as a faculty. He was
elected as a fellow of American Physical Society in 1999, and became a university
distinguished professor at Univ. of Cincinnati in 2002. He moved to Univ. of Hong Kong as
Chair of Physics in 2003, and was the Head of Physics Dept for several years. Zhang joined
Zhejiang Univ. in China in 2014, and has been Director of Kavli Inst. of Theoretical Science

at the Univ. of Chinese Academy of Sciences since 2017.



g% WORLD YOUNG

TITEE P A
W EART | e s *

WESTLAKE UNIVERSITY

Lecture 1: Topological Physics in Iron-Based Superconductors

Speaker: Prof. Jiangping Hu ($8iIF HHRZR
Institute of Physics CAS (FPEEIZ5FEH )

BT, 1994 FALERARAYIRR 2B S AR Eall, 1997
FhRIEIFCYIRRTIR TSN, 2002 FIREEHTBEAS RS E
TZ{, 2002-2004 FEIMMNAZZZINDRMEBEBLEHR,
2004-2008 FAEZEAFYIRRENIBHIR, 2009 FFEEAEZEKX
FRIBUE. 2010 FRAPERIZEMIEARAIAEARR. 1
420, WEPRIEIEHARAEIFTK,

FEMRRAAEE: (1) BRXRKBFRAELS (SFRESCE
SMERNES, REETFRXKRS, EFERMNE); (2) KEESEIYIHEFIN
H; (3) ZSHMMEROIMRINIE; (4) RIMIEL, BB FEEEIENEESHERE
RURTIEERLE, (5) RIRFRFRIIE.
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Lecture 2: Long-Range Mutual Quantum Entanglement and Mechanism of

High-Tc Superconductivity

Speaker: Prof. Zhengyu Weng (S31EF %)

Tsinghua University (jEHEAZ)

Abstract: In the past three decades, the high-7c mechanism of the cuprate superconductor has
been one of the most challenging issues in the condensed matter physics. In this talk, I will
first point out that due to the strong correlation effect, the Fermi statistics is fundamentally
changed in a doped Mott insulator, which will be replaced by a new sign structure known as
the phase string that represents a long-range spin-charge quantum entanglement.
Consequently, a novel pseudogap phase emerges as a long-range quantum entangled state,
whose instability towards a short-range entangled state at low-temperature will lead to the
high-Tc superconductivity. Finally, I will briefly outline a mathematical description in the dual

physical world, which may unify the complex phase diagram of the cuprate.

BIEF, BFEXFRCEHBIR. 1978 FENPERADEFIE,
1987 FfERERIAEFIRIELFAL, 1987 FAERETIRAF IS
TEFMERERMNESPMERFRIRMIZE. 2001 FINNBEKX

—_— FEENRBIREE. 2004 FEEFRTHESR. BRIEEMH
\./ W

o>/ RABESXE: HESYIEECTHRE FEIa X R StaIH
R, BIESM emergent MEAFHRIEEN S BESHIENRER.
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Lecture 3: ¥R S EBREEE(FARNEICRIT

Speaker: Prof. Donglai Feng (%K #%)
University of Science and Technology of China (FFEFRIZEEALS)

Abstract: fEXREXMART, BySEIEEHRRNEEFRTAEE, MEMNERIMIR
PERHSHNRMEZZIIS. EXRES, BBET 3 MIFRHRKFEFSH
EHERIRE/ER. BEME BT KR F AR RKKY BE(ER. KiFBEF5R
BRI RER (RIHLT) RUREIEA. XERBEARETHRRNES. HPiPRk
B 4P (ARAY - BS. DO ERABSINANFAEE. B SRKHE I RRIEEHHES
RIAHIZ WEEERZIR.

HER, TFERFERARFERELEFLREEE. TR
HEHIR., HRRERENNRRSESEFMBERA, 3
BE BRI D FARIMES R FAIEESIRES. HIMES.
FRES"HFREFEREFHRERERG, HARFRIE 180
. KEIERBARZE"ER. BIMEAYEZLTMNAET

w
N

| R TAMEFSEBEGIRTR. EEMEFSST. KEEH

RISRABFRIF RS,
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Lecture 4: SRFREFUSATBIREEMIIRS HHIGEERN

Speaker: Prof. Nanlin Wang (FEAEHE %)
Peking University (:/[L’S‘-’T)f?)

Abstract: EfEEEEVCENTRI LIRHEF R A EBIRISERE. JFEARRIHERE, L
WBERRE. EH. INFFEREUERRTE LTINS HTE IS, BREEER
E RS FRIEEN S SESYIERYRERARRI O Z —, RTINS, FsaL.
FIEEEEERN, AAFABRNERETFIEFRHEEREM. NREENA
HAVNRIF L FER THRIEEEIK TRV O BRI EOGE N E AR ER S EFHH
RSHINA, SRELNARIFRSSIMKTADOSSHIERER, SiES BRSEEE
SEREITIE, BSIAP Higes EIRAUAEIIRIRTIZ,

(B

EiEtF, LR EREFHRFEPOHERIR. 1982 F
ARIEVTFRBMAEYIIRER, 1991 £ 11 BhERB YRR
i, FENFBESHRERKEFARITEDMEHAR. B
FUSHIBREAIR B Y s RN, 2012 FLHIEEEYES
2ot BRPEVEFSHEIMIER, E8REREEES
KERNHRAEERR, EREARFE—FRSE,
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Lecture 5: Cuprate High-Temperature Superconductivity in the Extreme

Two-Dimensional Limit

Speaker: Prof. Yuanbo Zhang (FRizi #44%)
Fudan University (E8XZF)

Abstract: Recent experiment has demonstrated that two CuO, planes in a monolayer
Bi,Sr,CaCu,0g:5 (Bi2212) contain all essential physics of high-temperature superconductivity.
Here, we study cuprate superconductor in the two-dimensional limit—monolayer of
Bi,Sr,CuOg:s (Bi2201) that contains only one CuO, plane. The extreme thickness brings
unprecedented tunability; we succeed in covering the entire phase diagram of Bi2201 with
controlled oxygenation in a single monolayer specimen, enabling us to demonstrate an
anomalous metallic ground state between the superconducting and insulating region.
Although the high-temperature superconductivity, along with various other correlated
phenomena, persists in the monolayer, for the first time, we discover the dimensional effect in
cuprate superconductors: optimal transition temperature in monolayer Bi2201 is ~ 3 K lower
than that of bulk samples. Our results establish monolayer Bi2201 as a new two-dimensional
material with highly tunable high-temperature superconductivity and a minimal model system

of cuprate superconductor.

Hmil, tEKFFTFA (2000 &), EESHCLLITTAFE T
(2006 £F), EENIMNAAERAOBRKEHARE (2006-2009),
ZE£[E IBM Almaden Research Center 53R R, 2011 F££ER0

~ =

\ ~ ! AEBXE, NEExREHBFFTALL”, T 2016 FiFHK
o 4 TEFE SRR, KT REANSFEL e, S8R0HI=EM
x EFMHAR, EAER. FETEESAME. THEMTS
BESTEL “4ERIMIRES N A EBYE T RYIE DRI

RAR. BEARERNEERBARZESE 2014 FEHARR, K5 2021 £LiF
MBEARZ—ER, REEIRFIRTK (2020), K REFFFEX (2013), 2017
MBS ERFERISIZ” (2017), TUPAP Young Scientist Prize (TUPAP, 2010)Z3217,
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Lecture 6: Iron-Based Superconductors as a New Majorana Playground

Speaker: Prof. Hong Ding (Tt tARE
Institute of Physics CAS — (FERIZ L PEHFAT)

Abstract: Majorana zero modes (MZMs) in solid materials and devices have attracted
tremendous interest owing to their non-Abelian statistics and potential applications in
topological quantum computation. Last ten years witness rapid progresses and serious
setbacks in searching for MZMs. Recently iron-based superconductors emerged as a new
and promising Majorana playground due to relatively high temperature and high purity. In this
talk I will report a series of our discoveries which help to establish this iron-based Majorana
platform. We have observed a superconducting topological surface state of Fe(Te, Se) with Tc
~ 15K by using ARPES [1], and a pristine MZM inside a vortex core of this material by using
STM [2]. We have observed a half-integer level shift of vortex bound states [3] and nearly
quantized Majorana conductance [4] in this material, which are hallmarks of MZMs. We have
also found that most of iron-based superconductors [5], including monolayer Fe(Te, Se)/STO
[6], have similar topological electronic structures. One of them, CaKFe,As,4, an Fe-As bilayer
superconductor (7c ~ 35K), is found to possess MZM and other bound states that can be well
reproduced by a simple theoretical model [7]. In addition, we found that impurities and
pressure can be used as tuning methods to control MZMs in iron-based superconductors [8,9].
The combination of intrinsic topological nature of vortex and large energy spacing among the
discreet bound states inside these vortices proves the Majorana nature of vortex zero-modes
discovered in the iron-based superconductors, thus creating an exciting playground for

realizing and manipulating Majorana modes [10].

References:

[1] Peng Zhang et al., Science 360, 182 (2018)

[2] Dongfei Wang et al., Science 362, 334 (2018)

[3] Lingyuan Kong et al., Nature Physics 15, 1181 (2019)

[4] Shiyu Zhu et al., Science 367, 189 (2020)

[5] Peng Zhang et al., Nature Physics 15, 41 (2019)

[6] Xun Shi et al., Science Bulletin 62, 503 (2017)

[7] Wenyao Liu et al., Nature Communications 11, 5688 (2020)

[8] Peng Fan et al., Nature Communications 12, 1348 (2021)

[9] Lingyuan Kong et al., Nature Communications 12, 4146 (2021)
[10] Lingyuan Kong and Hong Ding, Acta Physica Sinica 69, 110301 (2020)
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Prof. Hong Ding, a professor of the Institute of Physics (IOP),
Chinese Academy of Sciences, and the Chief Scientist of Beijing
National Laboratory for Condensed Matter Physics. He obtained BS
degree in physics from Shanghai Jiao Tong University in 1990 and
PhD degree in physics from University of Illinois at Chicago in 1995.
He was a Postdoctoral Fellow in Argonne National Laboratory from

1996 to 1998. He was a faculty member of Department of Physics at

Boston College as an assistant, associate and full professor during
1998 - 2008. He joined IOP full time in 2008. His major scientific achievements include
discovery of pseudogap in cuprate superconductors, observation of s-wave superconducting
gap in iron-based superconductors, discovery of Weyl fermions in solids, and discovery of
Majorana zero modes in iron-based superconductors. He has published more than 280 papers
with total citations over 27000 and H-index of 81 (Google Scholar). He received Sloan
Research Fellowship Award in 1999, was elected as American Physical Society Fellow in
2011, received European Advanced Materials Award in 2018 and Outstanding Science and

Technology Achievement Prize (Individual Prize) of Chinese Academy of Sciences in 2020.

14
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Lecture 7: Quantum Transport Phenomena in MnBi,Te; Antiferromagnetic

Topological Insulators

Speaker: Prof. Yayu Wang (EIE 24§5)

Tsinghua University —(GBHEAXE)

Abstract: The intricate interplay between nontrivial topology and magnetism in two
dimensional materials can lead to the emergence of interesting phenomena such as the
quantum anomalous Hall effect. The axion insulator is another exotic topological phase that
has zero Chern number but a finite topological Chern-Simons term. Recently, the layered van
der Waals compound MnBi,Te4 has been theoretically predicted and experimentally verified
to be a topological insulator with interlayer antiferromagnetic order. It is a rare stoichiometric
material with coexisting topology and magnetism, thus represents a perfect building block for

complex topological-magnetic structures.

In this talk, we report quantum transport properties of exfoliated MnBi,Te, flakes in a field
effect transistor geometry. For the 6 septuple layer (SLs) device tuned into the insulating
regime, we observe a large longitudinal resistance and zero Hall plateau, which are
characteristics of an axion insulator state. The robust axion insulator state occurs in zero
magnetic field, over a wide magnetic field range, and at relatively high temperatures.
Moreover, a moderate magnetic field drives a quantum phase transition from the axion
insulator phase to a Chern insulator phase with zero longitudinal resistance and quantized
Hall resistance A/’ [1].

We then performed transport experiments on exfoliated MnBi,Te, in exceedingly high
magnetic fields above 60 T. Surprisingly, the Chern insulator phase with Chern number C = -1
evolves into a novel phase characterized by an extremely broad zero Hall plateau (C = 0) in
the high field limit. Nonlocal transport measurements and theoretical calculations demonstrate
that the C = 0 phase is a helical quantum phase arising from two topological Chern bands

originated from ferromagnetic order and Zeeman-effect-induced band inversion, respectively [2].

More recently, we observe pronounced nonlocal transport signals at low magnetic fields in
6SL MnBi,Te, the axion insulator state. As a magnetic field drives it into the Chern insulator
phase, the nonlocal resistance almost vanishes due to the dissipationless nature of the chiral
edge state. These results strongly suggest that the charge transport in the axion insulator state
is carried by a pair of counterpropagating one-dimensional conduction channels that is
proposed to appear at the hinges of the top and bottom surfaces [3]. These results shed
important new lights on the quantum transport behaviors of antiferromagnetic topological

insulator.
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[2] Chang Liu et al., Nature Communications 12, 4647 (2021).
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Prof. Yayu Wang received his B.S. degree in physics from the
University of Science and Technology of China in 1998 and his Ph.D.
from Princeton University in 2004. From 2004 and 2007 he was a
Miller research fellow at UC Berkeley. After a brief visit to MIT, he
joined the physics department of Tsinghua University in December
2007, and is currently the chair of the department. His recent research

interests include transport studies of topological insulators and STM

studies of high temperature superconductors.
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Lecture 8: Giant Anomalous Nernst Effect in Magnetic Topological Semimetals

Speaker: Prof. Zhuw’an Xu (iFfR%E #9)
Zhejiang University (ML AZ)

Abstract: Topological phases in magnetic materials and correlated electron materials attract
various attentions because of the exotic transport properties including anomalous Hall effect
(AHE), planar Hall effect, and giant Nernst effect etc. Recently the kagome lattice is known
as a promising structure to study the anomalous transport properties associated with the
magnetic topological phases. Here we present the giant anomalous Nernst effect and separated
Berry phase contributions in three magnetic semimetals with the kagome lattice: (1) Weyl
semimetal CosSn,S,, (2) Dirac semimetal Fe;Sn,, and (3) nodal-line semimetal Fe;GeTe,. The

effect of topological bands on the enhanced anomalous thermoelectric effect was discussed.

WRE, IIXFYEEZRHUR, INIAEREBRIEHIR, L
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Lecture 9: Exploiting Quantum Plasmonics for Enhanced Functionalities of

Low-Dimensional Heterostructures

Speaker: Prof. Zhenyu Zhang (3RIRZFE 244%)
University of Science and Technology of China — (FPEFRIZRAAE)

Abstract: In systems of reduced dimensionality containing metals as constituent building
blocks, the pertinent conduction electrons are quantum mechanically confined, and their
collective excited states of motion are termed plasmons. Recent research has witnessed
intensive efforts on exploiting the rich quantum nature of plasmonic excitations in a wide
variety of processes, including photon entanglement, solar energy harvesting, electron
dephasing, and catalysis, to name just a few. In this talk, we will briefly review situations
where the quantum nature of plasmons is bound to play a vital role. Then we will use a few
recent representative systems to demonstrate how quantum plasmonics can be exploited to
enhance the performance of low-dimensional heterostructures for optimal functionalities. Our
first example is the enhanced energy transfer between plasmons and excitons in the strongly
coupled regime known as the plexcitons. Here, we reveal the various spectroscopic signatures
of the coupling strength and its tunability in systems of molecular species adsorbed on noble
metal nanoparticles. The next example is the demonstration and understanding of drastically
enhanced phase coherence of the electron transport in graphene proximity coupled with a
plasmonic system. Pushing further on the scope, we show in the third example how plasmons
can join force with phonons in enhancing the superconducting transition temperatures of

interfacial superconductors and beyond.
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HEZIZ, 2011 FHILRERIK, KEINSERESEFICHR, X
NFEFREMRERTE, fiEfsSkEid, FEEe
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a1, B{EFIE Phys. Rev. Lett. BEESHIIERR X 5.

18



Bl XF2021WEiCIZEEFINRIIEFER5iein

2021 WE Forum of Westlake University- Quantum Matter and Quantum Information Symposium

Lecture 10: Ferrovalley, Half-Valley and Supervalley Materials

Speaker: Prof. Chungang Duan (ERZERI 2435)
East China Normal University —(ZEFRITEAZSE)

Abstract: In this talk, I will present our recent research on valley materials. Particularly, I
will introduce the concept of ferrovalley, half-valley and supervalley materials. It is very
interesting that three new valley Hall effects, i.e. anomalous valley Hall effect, quantum
anomalous valley Hall effect and quantum super-valley Hall effect, are respectively related to
these materials. Our theory not only opens a new way to understand the collective motions of
electrons in solid, but provides hints to create various elementary particles in a crystal

universe.

Prof. Chungang Duan carned his Ph.D. degree in theoretical physics
from Institute of Physics, Beijing, Chinese Academy of Sciences,
China in 1998. Then he worked in University of Nebraska, USA from
1998 to 2007. In 2008, he joined East China Normal University as
full professor. He is now the director of key lab of polar materials and
devices, Ministry of Education, China. His group is currently working

on multiferroic, spintronic, valleytronic, and neuromophic computing

materials. He has published more than 200 papers in peer-reviewed
journals, including Nature Elec., Nature Commun., PRL, PNAS, Nano Lett., Adv. Mater., etc.,
with more than 9000 citations. He is also the associative editor of NPJ Comp. Mater., board
member of JPCM, etc.

He is the recipient of Outstanding Young Scientist Award (2011) in China. In 2017, he
received the 12™ Shanghai Peony Award in Science for his contribution in the study of

multiferroics and magnetoelectric effect.
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Lecture 11: Determining the Range of Magnetic Interactions from the Relations

Between Magnon Eigenvalues at High-Symmetry & Points

Speaker: Prof. Xiangang Wan (J7i3 #4%)
Nanjing University — (BEERAZE)

Abstract: Magnetic exchange interactions (MEIs) define networks of coupled magnetic
moments and lead to a surprisingly rich variety of their magnetic properties. Typically MEIs
can be estimated by fitting experimental results. But how many MEIs need to be included in
the fitting process for a material is not clear a priori, which limits the quality of results
obtained by these conventional methods. In this paper, based on linear spin-wave theory but
without performing matrix diagonalization, we show that for a general quadratic spin
Hamiltonian, there is a simple relation between the Fourier transform of MEIs and the sum of
square of magnon energies (SSME). We further show that according to the real-space distance
range within which MEIs are considered relevant, one can obtain the corresponding
relationships between SSME in momentum space. We also develop a theoretical tool for
tabulating the rule about SSME. By directly utilizing these characteristics and the
experimental magnon energies at only a few high-symmetry k points in the Brillouin zone,
one can obtain strong constraints about the range of exchange path beyond which MEIs can
be safely neglected. Our methodology is also general applicable for other Hamiltonian with
quadratic Fermi or Boson operators. Focus on 3d systems, we also demonstrate that the
interplay between crystal symmetry and electron correlation can dramatically enhance the
SOC effect in certain partial occupied orbital multiplets, through the self-consistently
reinforced orbital polarization as a pivot. We then provide design principles and

comprehensive databases, in which we list all the Wyckoff positions and site symmetries, in

all two-dimensional (2D) and three-dimensional (3D) crystals that potentially have such
enhanced SOC effect.

REM, BERAFYIEFREIE, 1990 FZF 2000 FERRAFE
F3), REFL. it B4, 2001 EEBERAFHEHIT,
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18 Ir SIS HET Weyl FEBSHNIBCTIERBERE—M
[FIERE A1 BRI R MIRE 2014 FFEEFBAZ Daniel Tsui
(£E18) Fellowship, 2015 5, JREERNHEFRFEES.
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Lecture 12: Phonon Magnetic Moment and Chirality: Electronic Geometrical
Phase Effect

Speaker: Prof. Qian Niu (43t 2015)

University of Texas at Austin/University of Science and Technology of China

(EEE T HAFRAT T o5 FERFRAKXE)

Abstract: The Born-Oppenheimer approximation assumes an adiabatic evolution of
electronic states following ions’ motion. During the evolution, the electronic state can collect
nontrivial geometrical phase. The physical consequences of the phase will be discussed in this
talk. On the one hand, the presence of a phonon can perturb the electronic system [arXiv:
2103.05786]. In response to a circularly polarized phonon, the geometrical phase leads to a
topological magnetic moment expressed in a second Chern form. This refines the Born
effective charge to be k-resolved. When a Yang's monopole presents near the parameter space
of interest, the second Chern form can diverge, resulting in a large phonon magnetic moment.
Topological insulators/semimetals can also have phonons with large magnetic moment. On
the other hand, the electronic response can have back actions on phonon [To be submitted].
The geometrical phase leads to a non-local effective magnetic field for ions when the
electronic ground state breaks time reversal symmetry. This can lift the degeneracy of optical
phonons at the Gamma point and make them circularly polarized. As a result, zero-point

lattice angular momentum and phonon bands with finite Chern number can arise.

Prof. Qian Niu received his B.S. Degree from Peking University in
1981, M.S. degree from University of Washington in 1983 and got a
Ph.D. degree from University of Washington in 1985. He has been an
assistant professor at University of Texas at Austin from 1990-1996
and was promoted to Trull Centennial Professor since 2001. Dr. Niu’s

research interests include: Condensed matter theory; quantum Hall

effect; nanostructures and quantum devices; quasi-periodic systems
and vortex dynamics. Dr. Niu is the fellow of the American Physical
Society. He was also director of the International Center for Quantum Structures, Beijing
from 2007 to 2008. And Dr. Niu is the Editorial Board Member of the International Journal of
Modern Physics Band Modern Physics Letters B since 1995. Dr. Niu has received many
awards, including Trull Centennial Fellowship (1990-1992), Blumberg Fellowship
(1992-1993), NIST Precision Measurement Award (1992-1995) and Outstanding Overseas
Young Scientist (1999, Natural Science Foundation of China).
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Lecture 13 : Universal Topological Quantum Computation with Strongly

Correlated Majorana Edge Modes

Speaker: Prof. Yue Yu (EIX 2U%)
Fudan University (E8XZF)

Abstract: Majorana-based quantum gates are not complete for performing universal
topological quantum computation while Fibonacci-based gates are difficult to be realized
electronically. Here we show that when a strongly correlated Majorana edge mode in chiral
topological superconductor is decomposed into a Fibobacci anyon t and a thermal operator
anyon ¢ in the tricritical Ising model, a set of universal topological quantum gates can be
realized. Furthermore, the deconfinement of t and ¢ via the interacting potential yields anyon
collisions and gives the braiding of either t or &. With these braidings, complete members in a
set of universal gates, the Pauli gates, Hadamard gate and extra phase gates for 1-qubit as well
as the controlled-not gate for 2-qubits, are topologically assembled. Encoding quantum
information and reading out the computation results can be carried out through electric signals.
With the sparse-dense mixed coding, we set up the quantum circuit and design the
corresponding devices with thin films of the chiral topological superconductor. As an example
of the universal topological quantum computing, we show the application to Shor's integer

factorization algorithm.

¢ B, SEXFYEEREER, 1982 FETRTSEYEESR, 1987
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Lecture 14: Merits of and Challenges in Semiconductor-Based Majorana

Platform

Speaker: Prof. Ruirui Du (#igls 20%)
Peking University —(JLEEAZE)

Abstract: FE_4ERIMBGINAGEINESIARELIMDLININTHEER, ERRAHINE
FHEFENERELSR. ENMIBET, HMRPRNNME—4EBERRIERS D495
INFREENFE, URBNEZFRFESHATFELZY B, TzAhENEEki—
EHIERAEER InAs/GaSb FSAMRFFLINL S B SALIBRRE. BAELAH
BT T KEISEIRIRER, WIE TR InAs/GaAs RREFEHESEFHINRIBIEE,
FMEBEH—RFEEMNR, HINBATRSSHEFRERS A Luttinger HRIFIT/T,
URIBNEASESZ BNECTERMA. ITFRBAIFESHRREE, RIHHHERTES
IEZ=IREEPRAT InAs/GalnSb FEFMBZK, NMUIIERAGIRM THNERR. &)
EBEVIE LIS EERIRRRNSGERMND FRINEER, THBEH TEREAA
FH TR ERLZRFRN SEIE,
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FFFR1S Sloan FIFRAE; 1997 IRISEIMEAYEEZRINS OCPA 7K
HIAREE; 2003 SIS NEEIEFS Fellow,
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Lecture 15: Determination of the Fractionalized Spin Excitations in Magnetically

Ordered States via Entanglement Entropy

Speaker: Prof. Jianxin Li (Z=3EHT 24%8)

Nanjing University —(BIRAZ)

Abstract: We introduce an entanglement entropy analysis to identify the fractionalized spin
excitations in quantum magnets. We elaborate quantitatively the deconfinement-to-confinement
transition of spinons in the anomalous spectra of a honeycomb-lattice antiferromagnet, and
find that the well-defined magnons are absent completely in the itinerant edge ferromagnetic

state of graphene arising from the flatband edge electronic states.

Prof. JianXin Li received his Ph.D from Wuhan University in 1993,
then carried out the postdoctoral research at Nanjing University from
1993 to 1995. After that, he joined the faculty of Nanjing University
and became a professor in 2001. His current research interest is

theoretical condensed matter physics, mainly on strongly correlated

electron systems, unconventional superconductivity, and quantum
:\\\\\; magnetism. He has won several honors including the Chang Jiang

Professor by the Ministry of Education of China in 2008 and the
National Outstanding Young Investigator Fund by NSFC in 2005.
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Lecture 16: Non-Fermi Liquid and Unconventional Superconductivity: Intrinsic

Properties of an Emergent Bose Liquid

Speaker: Prof. Wei Ku ([FlE% #8%)
Shanghai Jiao Tong University (3B )

Abstract: Non-Fermi liquid behavior, including the so-called strange metal, bad metal, weak
insulator, and pseudo-gap behaviors, are commonly found in strongly correlated materials,
particularly often accompanying unconventional superconductivity. This talk will present a
coherent and consistent picture, showing that all these behaviors are generic features of an
emergent Bose liquid. Even semi-quantitative agreement with experimental observations
can be achieved within the same Hamiltonian and a single set of experimentally extracted
parameters. Particularly interesting, at low density and temperature the theory finds the
long-sought uniform Bose metal as a stable thermodynamic phase of matter, providing a

simple description of the pseudo-gap phase.

Prof. Wei Ku received his PhD from University of Tennessee at
Knoxville and conducted his Postdoctoral research in University of
California at Davis. He then joined Brookhaven National
Laboratory as an Assistant Physicist, and an Adjunct Professor of
Stony Brook University and later got promoted to Associate Physicist

and Physicist. In 2016, he received the Chinese National Talent

Award and joined Shanghai Jiao Tong University as a Zhiyuan
Professor. Since 2018, he joined Tsung-Dao Lee Institute as Head of
Quantum Division and later as Deputy director of the institute. Professor Ku’s research
interests include strongly correlated functional materials, unconventional superconductors,
and their elementary excitations. In recent years, he has been developing an “emergent Bose
liquid” theory of solids as a complementary theory of the Fermi-liquid theory to account for a

wide scope of non-fermi liquid behavior and unconventional superconductivity.
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Lecture 17: Exceptional Surface in a Pseudo-Hermitian Magnon Polariton

System

Speaker: Prof. Ke Xia (Ef1 #115)
Beijing Computational Science Research Center (JLERITERIZHFFSHI)

Abstract: The discovery of strong coupling between magnetic oscillations in magnetic
material and electromagnetic wave in a cavity triggered a great interest in the field of cavity
spintronics due to the possibility of realizing quantum information processing via
magnon-polariton. Exciting new possibilities in cavity spintronics have been revealed by

exploiting inherent non-Hermitian nature of the coupled magnon-photon systems.

We introduce a pseudo-Hermitian Hamiltonian allowing us to obtain a three dimensional
"exceptional surface" in real parameter space in a magnon-polariton coupled system. A
two-tone driving system gives rise to a complex effective coupling in our system. Possibility
of tuning of the real and imaginary components of the coupling provides additional degrees of
freedom. The available new dimensions allow us to form a four dimensional real parameter
space, in which, a three-dimensional "exceptional surface" is proposed. We show that the
pseudo-Hermitian Hamiltonian of our system has the most general form in cavity-spintronics
with generalized CPT symmetry. We introduce a non-Hermitian Time-Reversal Symmetry,
which leads to exceptional line and show that PT - and anti-PT -symmetries are special cases.
Our proposal makes the cavity magnon polariton a rich platform for realizing intriguing
phenomena of "exceptional points" regardless fabrication imperfections or exact detuning of

the system frequencies.

Prof. Ke Xia, got Ph.D from the Physics Department of Nanjing
University. In 2002, he joined Institute of Physics Chinese Academy

of Sciences supported by Hundred Talents Program. In April 2009, he
joined Department of physics, Beijing Normal University as Professor.
¥ 1n December 2011, he became the Head of Department till 2018. In
2020, he moved to Beijing Computational Science Research Center.
Prof. Ke Xia developed an electronic structure calculation method
based on nonequilibrium Green's function and coherence potential
approximation. In addition, he investigated in depth the effect of spin orbit coupling on spin
transport in noncollinear magnetic multilayer systems. Professor Ke Xia has published more
than 120 papers. At present, he is mainly engaged in the research of cavity-spintronics and

spin based Neuromorphic Computing.
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Lecture 18: Polaron Picture for the Quantum Rabi and Related Models

Speaker: Prof. Honggang Luo (SNl %)
Lanzhou University (=JAZ)

Abstract: The quantum Rabi model (QRM) [1], as a most basic archetype to describe
light-matter interaction, has recently attracted a renewed interest [2-7] due to its integrability
understanding and more importantly, experimental breakthroughs in upgrading atom-cavity
coupling order where a full QRM is needed as well as requests on understanding its physics.
However, the challenge to formulate exact wavefunction in a general case still hinders
physical exploration of the QRM despite that its energy spectra are exactly available [2,4]. In
this talk, we present a polaron picture to explore the physics involved in the QRM and related
extensions [7]. We present a novel competition diagram of the polaron and anitpolaron in the
QRM by using a variational wavefunction which facilitates to extract physics in entire

parameter regimes with high accuracy. Some recent progress is also mentioned.

References:

[1] L L Rabi, Phys. Rev. 49, 324 (1936); 51, 652 (1937).

[2] D. Braak, Phys. Rev. Lett. 107, 100401 (2011).

[3] E. Solano, Physics 4, 68 (2011).

[4] Q.-H. Chen, C.Wang, S. He, T. Liu, and K.-L.Wang, Phys. Rev. 4 86, 023822 (2012).

[5] E. K. Irish, Phys. Rev. Lett. 99, 173601 (2007); E. K. Irish and J. Gea-Banacloche, Phys.
Rev. B 89, 085421 (2014).

[6] M.-J. Hwang and M.-S. Choi, Phys. Rev. A4 82, 025802 (2010).

[7] For a review, see J.-P. Liu, M.-x. Liu, Z. J. Ying, and H.-G. Luo, Adv. Quantum Technol.
4,2000139 (2021); https://doi.org/10.1002/qute.202000139
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Lecture 19: Exploring the Nucleon Structure at Fermi Scale

Speaker: Prof. Hongxi Xing (MEE HRR)
South China Normal University (ZEFITEAS)

Abstract: The protons and neutrons, collectively called nucleons, are the fundamental
building blocks of nearly all visible matter in the universe. Within Quantum Chromodynamics,
the fundamental theory of strong interaction in the standard model, the nucleons emerge as
bound states of quarks and gluons at Fermi scale. Such femtoscale structure of the nucleon
represents a central endeavor of modern high-energy and nuclear physics. In this talk, I will
review the current status of nucleon quark-gluon structure that have been revealed by the
existing accelerator facilities such as the Relativistic Heavy Ion Collider (RHIC) in US and
HERMES at DESY. I will also demonstrate the essential and complementary roles of future
Electron Ion Collider (EIC) in US, EicC in China, as well as the promising technology from

quantum computing, to image the nucleon structure at Fermi scale.
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Venue (&iNiibi)

€ Hangzhou Narada Resort & Spa Liangzhu (I REE&GNE)
€ Address: Liangzhu Cultural Village, Holiday Road, Yuhang District,

Hangzhou City, Zhejiang Province (A IEMNiRNMXERESREATR)
@ Tel: 0571-56195202
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Transportation (3Z&BISE)

1. If you arrive at Hangzhou Xiaoshan International Airport by plane, you can
directly take a taxi from the airport to the hotel. (The distance is about 58

kilometers, and the taxi fare is about 170 yuan).

2. Ifyou arrive at Hangzhou East Railway Station by high-speed train:

2.1 You can directly take a taxi from Hangzhou East Railway Station to the hotel

(the distance is about 26 kilometers, the taxi fare is about 80 yuan).

2.2 You can take Metro Line 1 to Fengqi Road, transfer to Line 2 to reach Dufu
Village, and then take a taxi to the hotel (taxi fee is about 13 RMB).

L. ANSRESRCHNBEMMFLERZ, SRR RSRHEE MMIZZENE.
(BEEEELY 58 B, HEZEZEL 170 TARD)
2. NSRRI ER AU AR

2.1 EEEOLSRHAE M N RuL R ENE
(BB 26 B, HEFEZEL 0 TTARM) .

2.2 EEILISRIBER | SEEIREE, 155k 2 SEEIAMEN, ARTRERERESE
(HHFEZEZRRL 13 AR™) .
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Accommodation ({FTBIETE)

€ Hangzhou Narada Resort & Spa Liangzhu

Room type Standard King Room/Standard Twin Room

Price per night RMB 650

Booking process:

Step 1: Call the hotel sales manager 13656653446

Step 2: Report the name of the meeting and enjoy the special price of the meeting
Step 3: The hotel will charge a part of the room rate as a deposit (cannot be cancelled
after booking)

Step 4: Booking is successful!

€ SSAW Boutique Hotel (It is 3.4km away from Liangzhu Junlan Resort, 8

minutes by taxi.)

Room type King Room/Twin Room

Price per night RMB 375

Booking process:

Step 1: Call the hotel reception +86-571-88777766

Step 2: Report the name of the meeting and enjoy the special price of the meeting
Step 3: The hotel will charge a part of the room rate as a deposit (cannot be cancelled
after booking)

Step 4: Booking is successful!

€ Manju Prestige Hotel - Archaeological Ruins of Liangzhu City Hangzhou (It

1s 9km away from Liangzhu Junlan Resort, 20 minutes by taxi.)

Room type Manju King Room/Manju Twin Room

Price per night RMB 358

Booking process:

Step 1: Call the hotel reception +86-571-88669777

Step 2: Report the name of the meeting and enjoy the special price of the meeting
Step 3: The hotel will charge a part of the room rate as a deposit (cannot be cancelled
after booking)

Step 4: Booking is successful!
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2021 WE Forum of Westlake University- Quantum Matter and Quantum Information Symposium

General Information ((B227%)

Registration
Service Time: 13:00 — 20:00, 25" Oct.
08:00 — 20:00, 26™ Oct.
08:00 — 17:00, 27™ Oct.
Venue: Lobby, Hangzhou Narada Resort & Spa Liangzhu

Contact Information
Ms. Qiangian CUI  (+86 13738064493)

Emergency Phone Numbers
119: Fire, Rescue

120: Hospital Services

110: Police

Weather Information
It is autumn during October in Hangzhou, a pleasant season to visit the city. The
temperature is typically between 13°C to 21°C. It seems unlikely to rain, but just

in case please take your umbrella with you.

&3RSa

ARSSATE: 10 B 25 B 13:00 —20:00
10 B 26 B 08:00 —20:00
10 827 B 08:00 — 17:00

W MNREERBEXRE

SBRKREA
S (+86 13738064493)

E2RMEBIE

119 KZHR

120 ER2ETKMEBIR
110 NLIRERIE

XSUER
SWHIERMESKTA, FUNKESIKE. £ENE. TTAXHYSIERN 21
B, RGFSIERN 13 B, MNEFEESR, RISEERSETHRE.
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