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From quantum paraelectricity to quantum electric-dipole liquid
FINBH*
HRKAA

Geometric frustration and quantum fluctuations may prohibit the formation of long-range ordering even at
the lowest temperature, and therefore liquid-like ground states could be expected. A well-known example is
quantum spin liquids in frustrated magnets. Geometric frustration and quantum fluctuations may also happen in
dielectric systems. The quantum fluctuation of electric dipoles yields quantum paraelectricity as observed in
SrTiO3. Nevertheless, geometric frustration in dielectrics is rarely reported. We show that the hexaferrite
BaFel2019 represents a prototype of quantum paraelectric with geometric frustration where antiferroelectrically
coupled electric dipoles reside on a triangular lattice. In this case, a state named quantum electric-dipole liquid, an
analogue of quantum spin liquids, could emerge at the lowest temperature. We present a series of experimental
lines of evidence to reveal the existence of an unusual liquid-like quantum state in BaFel2019. The quantum
liquid phases of electric dipoles in frustrated dielectrics not only open up a new playground for fundamental

physics but also hold a promise in applications of quantum information.
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In general, the zero-resistance superconducting state with phase-coherent Cooper pairs and the insulating
state with localized Cooper pairs are believed to be the two ground states of two-dimensional (2D) bosonic
systems. After decades of explorations, whether an intermediate metallic ground state exists in 2D
superconducting system has been a long debate. In high-Tc superconducting YBCO films with triangular array of
nanoholes, a robust intervening anomalous metallic state (i.e. quantum metal or Bose metal) characterized by
resistance saturations at low temperatures is detected [1]. Since then, the anomalous metallic states have also been
systematically investigated in ultrathin PdTe2 films [2] and TaSe2 nanodevices [3] by performing ultralow
temperature transport measurements with high quality filters.

The microscopic origin of the anomalous metal state remains a major puzzle. Here, we report systematic
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transport measurements on ultrathin crystalline FeSe films grown on SrTiO3 (STO), where the 2D

high-temperature superconductivity emerges at the interface [4]. Remarkably, under zero magnetic field, the
anomalous metal state persists up to 20 K, an exceptionally high temperature standing out from previous
observations. Furthermore, a linear-in-temperature resistance is observed below onset superconducting critical
temperature, showing suppressed Hall coefficient compared to the normal state. We develop a microscopic model
for the anomalous metal state under zero magnetic field based on the quantum tunneling of vortices influenced by
the ohmic dissipation, which gives the quantitative explanation for the temperature dependence of resistance in
various FeSe/STO samples. Our recent experimental progresses will shed new light on the origin of the intriguing
anomalous metal state in 2D bosonic systems.

References:

[1] Science 366, 1505 (2019)

[2] Nano Lett. 20, 5728-5734 (2020)

[3] Nano Lett. 21, 7486-7494 (2021)

[4] arXiv:2111.15488, to be published in PRL
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Electron and Magnon Resonant Tunneling Diodes
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Resonant tunneling originally refers to electron tunneling through the resonant states of double-barrier
potentials with a series of sharply peaked transmission coefficients (close to unity) at certain energies. Electron
resonant tunneling can be used to design promising electronic devices such as semiconductor resonant tunneling
diode (RTD). If the quantum well states are spin-dependent, the electron resonant tunneling would exhibit
spin-polarized or spin-selective properties, as observed the quantum well (QW) resonant tunneling
magnetoresistance (QW-TMR) in the double barrier magnetic tunnel junctions (DB-MTJ) with a thin intercalary
ferromagnetic layer. As a result of the quantum wave-particle duality, resonant tunneling can be further expanded
to magnons--the quanta of spin waves, which opens up a new avenue of research--magnon resonant tunneling.

Because of the bosonic nature and macroscopic quantum coherence, the magnon resonant tunneling may occur in
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a wide spectrum and temperature range (room temperature and above room temperature), while the electron

resonant tunneling typically occurs around the Fermi level and at low temperature or around room temperature.
Here, we introduce the recent advances in resonant tunneling physics of electron and magnon, and outline possible
device implications such as Spin-RTD, Magnon-RTD, and magnon field effect transistor (Magnon FET) etc.
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Superconducting quantum oscillations and anomalous negative magnetoresistance in nanohoneycomb

patterned oxide interface
Yanwu Xie*

Zhejiang University

The extremely low superfluid density and unprecedented tunability of oxide interface superconductor provide
an ideal platform for studying fluctuations in two-dimensional superconductors. In this talk, we present our result
on LaAlO3/KTaO3 devices patterned with a nanohoneycomb array of insulating islands. Little-Parks like
magnetoresistance oscillations have been observed, which is dictated by the superconducting flux quantum h/2e.
An anomalous negative magnetoresistance appears under a weak magnetic field, suggesting
magnetic-field-enhanced superconductivity. By examining their dependences on temperature, measurement
current, and electrical gating, we conclude that both phenomena are associated with superconducting order
parameter: The h/2e oscillation provide direct evidence of Cooper pair transport; the ANMR is related to the

strong superconduting fluctuations in constricted one-dimensional superconducting channels.
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Towards the quantized anomalous Hall effect in AlOx-capped MnBi2Te4
Chang Liu*
Renmin University of China

The quantum anomalous Hall effect in layered antiferromagnet MnBi2Te4 harbors a rich interplay between
magnetism and topology, holding a significant promise for low-power electronic devices and topological
antiferromagnetic spintronics. In recent years, MnBi2Te4 has garnered considerable attention as the only known
material to exhibit the antiferromagnetic quantum anomalous Hall effect. However, this field faces significant
challenges as realizing quantized transport at zero magnetic fields depends critically on fabricating high-quality
device. In this work, we address the detrimental influences of fabrication on MnBi2Te4 by simply depositing an
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AlOx thin layer on the surface prior to fabrications. Optical contrast and magnetotransport measurements on over

50 samples demonstrate that AlOx can effectively preserve the pristine state of the samples and significantly
enhance the anomalous Hall effect towards quantization. Scaling analysis reveals the Berry curvature dominated
mechanism of the anomalous Hall effect at various magnetic configurations. By adjusting the gate voltage, we
uncover a gate independent antiferromagnetism in MnBi2Te4. Our experiment not only pave the way for
fabricating high-quality transport devices but also advance the exploration of exotic quantum physics in 2D

materials.
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Dirac-fermion approach and symmetry-driven anisotropic coupling effect in antiferromagnetic topological
insulator
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Antiferromagnetic topological insulators (AFM TIs), which host magnetically gapped Dirac-cone surface
states and exhibit many exotic physical phenomena, have attracted great attention. The coupling between the top
and bottom surface states becomes significant and plays a crucial role in its low-energy physics. In this talk, we
first briefly introduce the Dirac-fermion approach, and then show that the coupled surface states can be
intertwined to give birth to a set of unique new Dirac cones, dubbed intertwined Dirac cones, through the
anisotropic coupling enforced by crystalline n-fold (n =2, 3, 4, 6) rotation symmetry in the presence of a
PT-symmetry breaking potential, for example, an electric field. Interestingly, we also find that the warping effect
further drives the intertwined Dirac-cone state into a quantum anomalous Hall phase with a high Chern number (C
=n=2, 3, 4, 6). Then, based on first-principles calculations, we have explicitly demonstrated six intertwined Dirac
cones and a Chern insulating phase with a high Chern number (C = 3) in MnBi2Te4/Bi2Te3heterostructures, as
well as the C =2 and C =4 phases in HgS and a-Ag2Te films, respectively. This work reveals a new mechanism
for designing the quantum anomalous Hall state with a high Chern number and also paves a way for studying the
twistronics of AFM TIs with the interplay of magnetism, topology and highly tunable high-Chen-number flat
bands.
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[1] Q. Tian et al. Two—dimensional artificial Ge superlattice confining in electronic kagome lattice potential
valleys. Nano Lett., 23, 21, 9851 — 9857 (2023)

[2] Q. Tian et al. Twist-Angle Tuning of Electronic Structure in Two-Dimensional Dirac Nodal Line Semimetal
Au2Ge on Au(111) ACS Nano, 18, 12, 9011-9018 (2024)

[3] Q. Tian et al. Two—dimensional kagome topological nodal line semimetal AubGe with flat band. submitted to
PRL.
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Exotic Electronic States in Low-Dimensional Systems: Flat Bands on Surfaces and Interfaces
Xianghua Kong*
Shenzhen University

Flat electronic bands near the Fermi level provide a fertile playground for realizing interaction-driven
correlated physics. Herein, we report theoretical predictions and experimental realizations of nearly flat bands
near or even across the Fermi level in low-dimensional systems focusing on both surface and interface
phenomena.

We first identify surface kagome electronic states (SKESs) on Sn-terminated Co3Sn2S2 surfaces. These
SKESs arise from vertical p-d hybridization between surface Sn (subsurface S) atoms and the underlying Co
kagome-lattice. Lateral hybridization further preserves the kagome symmetry and topological properties, as
confirmed by nc-AFM and DFT calculations. By substituting surface Sn (subsurface S) with elements like Se or
Te, we demonstrate the tunability of these SKESs, offering a method for large-area synthesis of kagome-lattice
materials.

Additionally, we introduce a method to create moiré superlattices in untwisted homobilayers by applying
in-plane heterostrains. This technique induces out-of-plane corrugations, forming twisted coloring-triangular
lattices in each moiré supercell and leading to flat electronic bands. The “3D” strain approach in 2D interfacial
systems effective in fabricating exotic electronic states, contrasting with nearly flat bands produced by uniform
in-plane strain.

Our findings open new pathways for synthesizing and manipulating flat electronic states in low-dimensional

materials, with significant implications for future quantum devices.
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[1] PM Zheng*, WY Wei*, ZH Liang*, ...; F Ding#, KH Liu#, XZ Xu#; Nature Commun. 2023,14, 592.

[2] L Wang*#, JJ Qi*, WY, Wei*, MQ Wu*, ..., F Ding#, XR Zheng#, KH Liu#, XD Bai#; Nature.
2024,629, 8010, 74-79.

[3] C Chang*, XW Zhang*, WX Li*, QL Guo*, ..., WY, Wei#, KH Liu#, XZ Xu; Nat. Commun. 2024,15,
4130.
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In this talk, I will introduce our recent proposals on a novel type of quantum oscillations in coupled
two-dimensional crystals with much shorter oscillation period beyond Bloch oscillations, without the need of
external electric fields. Using bilayer and trilayer graphene systems, we show that the time evolution of electron
wavepacket in the coupled two-dimensional crystals with mirror symmetry exhibits a periodic oscillation in both
the transverse and longitudinal directions with the period determined by T=h/2u, where h is the Planck constant, u
is the interlayer hopping energy of electron. Additionally, we provide numerical evidence that a damped periodic
oscillation occurs in the coupled graphene systems with degree of disorder W, with the decay time being inversely
proportional to the square of W and a slight change of frequency proportional to the square of W. Moreover, we
show that the period and electron distribution of the oscillation in the coupled two-dimensional crystals can be
effectively tuned by external electric fields and by twisting of the coupled layers. Unlike the Bloch oscillation
driven by electric fields, the periodic oscillation induced by interlayer coupling does not require the application of
an electric field, has an ultrafast period reaching the range from femtoseconds to attoseconds much shorter than
the electron decoherence time in real materials, and can be tuned effectively by adjusting the interlayer coupling
and electric fields. Our findings may pave the way for future observation of ultrafast electron oscillations in

two-dimensional crystals at the atomic scale.
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Sliding ferroelectricity in rhombohedrally stacked transition metal dichalcogenides

Jing Liang*,Ye Ziliang
University of British Columbia

The stacking order in van der Waals materials provides a novel and powerful approach to engineering their
physical properties. When two monolayers of transition metal dichalcogenides are stacked in parallel
(rthombohedral stacking), the equilibrium atomic structure exhibits interlayer asymmetry, resulting in spontaneous
electrical polarization across the interface. When subjected to an external electric field, the stacking order and the
corresponding polarization can be switched via interlayer sliding, a phenomenon recently termed sliding
ferroelectricity. Using optical methods, we successfully unveil the switching mechanism in sliding ferroelectricity
and highlight the critical role of pre-existing domain walls in achieving polarization switching. Through surface
potential measurements, we experimentally determine the spatial distribution of polarization domains in 3R-MoS2
and reveal the origin of pre-existing domain walls: shear strain during mechanical exfoliation triggers an
avalanche of domain wall motion. These results play a fundamental role in enabling us to achieve non-volatile
control over the optical response of these layered semiconductors.
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Large asymmetric anomalous Nernst eff ect in the antiferromagnet SrIr0.8Sn0.203
2L
Hh 2 B HE T FSE

A large anomalous Nernst eff ect is essential for thermoelectric energy-harvesting in the transverse geometry
without external magnetic field. It’s often connected with anomalous Hall eff ect, especially when electronic Berry

curvature is believed to be the driving force. This approach implicitly assumes the same symmetry for the Nernst
and Hall coefficients, which is however not necessarily true. Here we report a large anomalous Nernst eff ect in

antiferromagnetic SrIr0.8Sn0.203 that defies the antisymmetric constraint on the anomalous Hall eff ect imposed
by the Onsager reciprocal relation. The observed spontaneous Nernst thermopower quickly reaches the sub- pV/K
level below the N'eel transition around 250 K, which is comparable with many topological antiferromagnetic
semimetals and far excels other magnetic oxides. Our analysis indicates that the coexistence of significant
symmetric and antisymmetric contributions plays a key role, pointing to the importance of extracting both

contributions and a new pathway to enhanced anomalous Nernst eff ect for transverse thermoelectrics.
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Transport properties of van der Waals multiferroic tunnel junctions
Ru Zhang*
NanChang University

Multiferroic tunnel junctions (MFTJs) with a ferroelectric barrier sandwiched between two ferromagnetic
electrodes are promising candidates for nonvolatile memory applications. The existence of ferromagnetism and
ferroelectricity in atom thick van der Waals (vdW) material offers a promising opportunity for building
multifunctional MFTJs. In this work, we propose a MFTJs with asymmetric electrode Fe3GaTe2/ o
-In2Se3/Fe3GeTe2 and investigate the spin-dependent transport by using first principles calculations. We find that
the conductance of MFTJ with monolayer « -In2Se3 is significantly declined with an evaluated tunneling
magnetoresistance (TMR) when the magnetizations of the asymmetric electrodes are switched from parallel to
antiparallel. While the polarization flipping of the monolayer o -In2Se3 has limited impact on the conductance of
MFTJ with a small tunneling electroresistance (TER). Meaningfully, eight stable resistive states can be achieved
in MFTJs with bilayer o -In2Se3 barrier. In which the magnetic alignments and ferroelectric configurations can
effectively tune the transport of the MFTJs with giant TMR ratio up to 189000% and TER ratio 1161%. Our
results highlight vdW MFTJs are promising candidates for the design of nonvolatile multilevel memory devices.
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Electronic Nematicity of Charge Density Wave States in a Kagome Superconductor CsV3Sb5
Hanxin Lou!,Xing-Guo Ye!,Xin Liao’, Tong-Yang Zhao!,Da-Peng Yu?,Zhi-Min Liao*!
1. School of Physics, Peking University
2. Shenzhen Institute for Quantum Science and Engineering, Southern University of Science and Technology,
Shenzhen, Guangdong, China.

The interplay between Fermi surface topology and electron interactions is known to spawn a plethora of
exotic quantum states and unconventional phases, such as superconductivity, ferromagnetic order, and various
density waves including charge, spin, and pair density waves, as well as Mott insulators. Among these, the
kagome Hubbard model stands out as a quintessential representation of the intricate relationship between
electronic correlations and fermiology within the geometrically frustrated kagome lattice. The manipulation of
complex quantum states in kagome superconductors are significant for potential applications in quantum
technologies. Of particular interest are the quasi-two-dimensional kagome superconductors AV3Sb5 (A = K, Rb
and Cs), which exhibit unconventional superconductivity alongside electronic nematicity and potential
time-reversal symmetry breaking. The competition between the charge density wave (CDW) state and
superconductivity stems from the electronic correlations, and is closely associated with the symmetry-breaking
phenomena within the system. Here, we employ the disc-shaped devices to reveal the resistance anisotropy with
current along different orientations to probe the symmetry breaking in the kagome metal CsV3Sb5. An abrupt
change in twofold anisotropy upon entering the CDW state is found, suggesting a nematic CDW state.
Additionally, the resistance anisotropy is enhanced by applying magnetic fields, indicating a competition between
CDW order and superconductivity. The results imply that the interplay between electronic correlations, Fermi
surface topology, and external perturbations leads to rich phase diagrams and symmetry-breaking phenomena in

kagome superconductors.

D37-P03
Engineering Berry curvature in two-dimensional materials
Xingguo Ye,Zhi-Min Liao*
School of Physics, Peking University

Berry curvature, as one of the central topics in topological physics, plays an important role in various
quantum transport phenomena, such as various Hall effects and Circular dichroism. Recently, Berry curvature
dipole (BCD), i.e., the dipole moment of Berry curvature is proposed to be able to induce second-order nonlinear

Hall effect. The nonzero BCD can lead to high-frequency rectifiers, wireless charging, and energy harvesting
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through the nonlinear Hall effect, promising for nonlinear quantum devices. However, the maximum symmetry

allowed for nonzero BCD is a single mirror symmetry, unfavorable for real applications.

Here, via probing the nonlinear Hall effect, we demonstrate the electric field-manipulated Berry curvature
dipole. A linear dependence between the Berry curvature dipole and the dc electric field is observed. The
polarization direction of the Berry curvature is controlled by the relative orientation of the electric field and
crystal axis, which can be further reversed by changing the polarity of the dc field. Our work provides a route to
generate and control Berry curvature and Berry curvature dipole in broad material systems, and to facilitate the

development of nonlinear quantum devices.
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Dirac semimetals are promising materials for broadband and fast photodetection due to their gapless nature.
Dirac heterostructures consisting of 2D Dirac semimetal graphene and its 3D analogue Cd3As2 should take the
ascendency of high carrier mobility in both materials, while overcome the limitation of weak optical absorption in

graphene-based devices and suppress the dark current occurring in pure Cd3As2 photodetectors. Herein, we report
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high-performance photodetectors based on a 3D Dirac semimetal Cd3As2/monolayer graphene heterostructure,

which show broadband photoresponse from visible (488 nm) to mid-infrared (10 um) wavelength region at room
temperature without an external bias. The photodetectors are with a maximum responsivity of 0.34 mA/W at 488
nm and a fast response speed of 13 us. In addition, the photoresponse can be enhanced by a gate voltage even in a
long wavelength region. Our work suggests that the combination of the graphene and 3D Dirac semimetal is
promising for high-performance photodetectors with broadband detection, high sensitivity, and rapid response.
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Density functional theory study on two-dimensional materials
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The Hong Kong University of Science and Technology (Guangzhou)

This study utilizes Density Functional Theory (DFT) simulations using the Vienna Ab initio Simulation
Package (VASP) software to explore the electronic properties of the covalent organic framework (COF). The
first-principle calculations provide valuable insights into the electronic band structure of COFs, revealing features
such as Dirac cones and flat bands. Understanding these electronic properties is crucial for exploring the potential
applications of COFs in various fields.

At the same time, there is a growing interest in the impact of doping COFs with alkali metals, as this can
significantly change their electronic properties. The doping of COFs has the potential to enhance their properties
and lead to novel electronic characteristics. The presence of flat bands in COFs is indicative of strong electron
correlations, which have been a focus of fractional quantum hall effect study.

By investigating the electronic properties of COFs using DFT simulations and exploring their connection to
topological phases and strong correlations, this research aims to contribute to a deeper understanding of the
electronic behavior of these materials. This knowledge can potentially lead to the discovery of novel electronic

phenomena and the development of advanced COF-based materials with tailored electronic properties.
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