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[1] Yan-Feng Zhou, Zhe Hou, and Qing-Feng Sun*, Non-Abelian operation on chiral Majorana fermions
by quantum dots, Phys. Rev. B 99, 195137 (2019).

[2] Yan-Feng Zhou, Zhe Hou, Ying-Tao Zhang, Qing-Feng Sun*, Chiral Majorana fermion modes
regulated by a scanning tunneling microscope tip, Phys. Rev. B 97, 115452 (2018).

[3] Yan-Feng Zhou, Zhe Hou, Peng Lv, XinCheng Xie, Qing-Feng Sun*, Magnetic flux control of chiral
Majorana edge modes in topological superconductor, Sci. China-Phys. Mech. Astron. 61, 127811 (2018).

[4] Ying-Tao Zhang, Zhe Hou, X. C. Xie, Qing-Feng Sun*, Quantum perfect crossed Andreev reflection
in top-gated quantum anomalous Hall insulator—superconductor junctions, Phys. Rev. B 95, 245433 (2017).



S002
HFNRT: S
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f%%L. Unconventional responses upon breaking discrete or crystal symmetries open avenues for
exploring emergent physical systems and materials. By breaking inversion symmetry, a nonlinear
Hall signal can be observed, even in the presence of time-reversal symmetry, quite different from
the conventional Hall effects. However, less is known when a strong nonlinear Hall signal can be
measured, in particular, its connections with the band-structure properties. By using model
analysis, we find prominent nonlinear Hall signals near tilted band anticrossings and band
inversions [1]. These band signatures can be used to explain the strong nonlinear Hall effect in the
recent experiments on two-dimensional WTe2 [2]. Disorder plays indispensable roles in various
linear Hall effects. We derive the formulas of the nonlinear Hall conductivity in the presence of
disorder scattering and construct the general scaling law of the nonlinear Hall effect, which may
help in experiments to distinguish disorder-induced contributions to the nonlinear Hall effect [3].

? PR Ibﬂ, &)

Fig. 1 Schematic of how to measure the nonlinear Hall effect in a standard Hall bar. The experimentally

measured I-V relation is related to the theoretical Berry dipole defined by the electric field-current density (E-J)

relation.
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[1] Zongzheng Du, Chunming Wang, HZL*, Xincheng Xie, PRL 121, 266601 (2018).

[2] Qiong Ma, Su-Yang Xu, Liang Fu, Gedik, Pablo Jarillo-Herrero et al., Nature 565, 337 (2019).

[3] Zongzheng Du, Chunming Wang, Shuai Li, HZL*, Xincheng Xie, Nature Communications 10, 3047
(2019).
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High-Chern-Number and High-Temperature Quantum Hall
Effect without Landau Levels
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f#%:  The quantum Hall effect (QHE) without Landau levels (LLs) has become a long-pursuit
research topic since the QHE was discovered around 40 years ago. Previous theoretical proposals
and experiments based on two dimensional (2D) topological systems with time-reversal symmetry
broken have revealed the QHE without LLs with Chern number C=1 at ultralow temperatures. Now
the key issues of the QHE without LLs are how to increase the working temperature and realize
high Chern number with more dissipationless chiral edge states (C>1) for emerging physics and
low-dissipation electronics. We discovered the high Chern number (C=2) QHE without LLs in the
nine-septuple-layer magnetic MnBi>Tes nano-device and C=1 Chern insulator state in the seven-
septuple-layer nano-device displaying nearly quantized Hall resistance plateau at record-high
temperatures up to 60 K. [1] The thickness-dependent topological quantum phase transition
from C=2to C=1is uncovered. To our knowledge, this is the first work to report high Chern number
QHE without LLs above the liquid helium temperature and this is also the first time that the nearly
quantized Hall resistance plateau is detected at the temperature up to 60 K for QHE without LLs.
X4 . Quantum Hall Effect without Landau Levels, High-Chern-Number, Chern Insulator,

Quantum Anomalous Hall Effect, MnBi;Tes
S 3R -
[1] Jun Ge et al., arXiv:1907.09947 (2019)
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Recent progress in the study of topological materials BisXs (X =
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and School of Physics, Beijing Institute of Technology, Beijing 100081, China
Email: ygyao@bit.edu.cn

% A wide variety of topological materials presenting intriguing states of quantum matter have
mostly been discovered in two-dimensional and three-dimensional systems. Very recently, a novel
quasi-one-dimensional family of bismuth halogenides, BisXs (X = |, Br), has attracted considerable
attention because it can be easily tuned by external pressure and cleaved in practical applications.
Here, based on our theoretical predictions and experimental observations, we give a brief progress
report on the study of these materials which exhibit rich phase diagrams and novel properties,
including strong/weak topological insulators, composite Weyl semimetals, and Infrared absorption
of the topologically originated edge states as well as pressure-induced superconductive and
structural phase transitions [1-6]. These findings provide critically valuable information to
understand the physics behind the new topological phenomena.

e RPN

[1] JinJian Zhou et al., Large-gap quantum spin Hall insulator in single layer bismuth monobromide Bi4Bra,
Nano Letters 14, 4767 (2014).

[2] Jinlian Zhou et al., Topological edge states in single-and multi-layer BisBra, New Journal of Physics 17,
015004 (2015).

[3] Cheng-Cheng Liu et al., Weak Topological Insulators and Composite Weyl Semimetals: B—BisXs (X= Br,
1), Physical Review Letters 116, 066801 (2016).

[4] DongYun Chen et al., Quantum transport properties in single crystals of a-Bisls, Physical Review Materials
2, 114408 (2018).

[5] PengCheng Mao et al., Infrared absorption of the topologically originated edge states of quasi-one-
dimensional a-BisBrs, submitted to Science Advances (2019).

[6] Xiang Li et al., Pressure-induced phase transitions and superconductivity in a quasi-one-dimensional
topological crystalline insulator a-BisBrs, PNAS, 1909276116 (2019).
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[1] Cai-Zhen Li, Li-Xian Wang, Haiwen Liu, Jian Wang, Zhi-Min Liao*, Da-Peng Yu; Giant negative

magnetoresistance induced by the chiral anomaly in individual CdsAs2 nanowires; Nature Communications 6,
10137 (2015).

[2] Zhenzhao Jia, Caizhen Li, Xingi Li, Junren Shi, Zhimin Liao*, Dapeng Yu, Xiaosong Wu*; Thermoelectric
signature of the chiral anomaly in CdsAsz; Nature Communications 7, 13013 (2016).

[3] Li-Xian Wang, Cai-Zhen Li, Da-Peng Yu, Zhi-Min Liao*; Aharonov—-Bohm oscillations in Dirac semimetal
CdsAsz nanowires; Nature Communications 7, 10769 (2016).

[4] Shuo Wang, Ben-Chuan Lin, Wen-Zhuang Zheng, Dapeng Yu, Zhi-Min Liao*; Fano interference between
bulk and surface states of a Dirac semimetal CdsAsz nanowire; Physical Review Letters 120, 257701 (2018).

[5] Ben-Chuan Lin, Shuo Wang, Steffen Wiedmann, Jian-Ming Lu, Wen-Zhuang Zheng, Dapeng Yu, Zhi-Min
Liao*; Observation of an Odd-Integer Quantum Hall Effect from Topological Surface States in CdsAsz; Physical
Review Letters 122, 036602 (2019).
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China
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#%: As one of paradigmatic phenomena in condensed matter physics, the quantum anomalous

Hall effect (QAHE) in stoichiometric Chern insulators has drawn great interest for years.
Recently, MnBi,Tes thin films manifests the QAH effect at a record high temperature of 4.5 K in
the forced ferromagnetic state above 10 Tesla. By realizing a bulk MnBisTe; with alternating
[MnBi;Tes] and [Bi.Tes] layers, we suggest that it is a Z, antiferromagnetic topological insulator
with a small out-of-plane saturation field of ~ 0.2 Tesla. Using model Hamiltonian analysis and
first-principle calculations, we then establish a topological phase diagram and map on it with
different two-dimensional configurations, which is taken from the recently-grown magnetic
topological insulators MnBisTe7 and MnBisTe1o. These configurations manifest various
topological phases, including quantum spin Hall effect with and without time-reversal symmetry,
as well as QAHE. We then provide design principles to trigger QAHE by tuning experimentally
accessible knobs, such as slab thickness and magnetization. Our work reveals that superlattice-like
magnetic topological insulators with tunable exchange interaction serve as an ideal platform to
realize the long-sought QAHE in pristine compounds.
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Topological Crystalline Insulators with C2 Rotation Anomaly

Hongming Weng

Beijing National Research Center for Condensed Matter Physics, and Institute of
Physics, Chinese Academy of Sciences, Beijing 100190, China
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##H%: Symmetry protected topology has been largely extended from time-reversal symmetry to
crystalline symmetries [1]. Based on the topological quantum chemistry theory [2] or symmetry-
based indicators [3], the band topology has been related with the localized atomic orbitals in
chemistry picture and the topological nontrivial state can be identified from the trivial atomic
insulators by examining their symmetry data. In addition to the well-known topological crystalline
insulators protected by mirror or glide symmetry, those protected by rotation, screw, inversion and
S4 symmetries have also been found. [4, 5, 6] We have proposed two candidate compounds, also
listed in the three topological materials databases [7, 8, 9], can host the topological crystalline
insulators protected by C2 rotational symmetry and C2 screw symmetry, respectively. Both of them
have two helical hinge states related by the C2 rotation. The former has two Dirac cones at generic
momenta on the surface perpendicular to C2 rotation axis, while the later does not have. We
developed a method based on Wilson loop technique to prove the existence of these surface Dirac

cones due to C2 anomaly and precisely locate them as demonstrated.
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[1] Chiu, C.-K., Teo, J. C., Schnyder, A. P. & Ryu, S. Classification of topological quantum matter with
symmetries. Reviews of Modern Physics 88, 035005 (2016).

[2] Bradlyn, B. et al. Topological quantum chemistry. Nature 547, 298 EP — (2017).

[3] Po, H. C., Vishwanath, A. & Watanabe, H. Symmetry-based indicators of band topology in the 230 space
groups. Nature Communications 8, 50 (2017).

[4] Song, Z., Fang, Z. & Fang, C. (d — 2)-dimensional edge states of rotation symmetry protected topological
states. Phys. Rev. Lett. 119, 246402 (2017).

[5] Song, Z., Zhang, T.-T., Fang, Z. & Fang, C. Quantitative mappings between symmetry and topology in
solids. Nature Communications 9, 3530 (2018)

[6] Tang, F., Po, H.-C., Vishwanath, A and Wan, X.-G. Efficient topological materials discovery using
symmetry indicators. Nat. Phys. 15, 470 (2010)

[7] zhang, T., Song, Z., Huang, H., He, Y., Fang, Z., Weng, H. & Fang, C. Catalogue of Topological Electronic
Materials. Nature 566, 475 (2019)

[8] Vergniory, M. G,, Elcoro, L., Felser, C., Bernevig, B. A. & Wang. Z. A complete catalogue of high-quality
topological materials. Nature 566, 480 (2019)

[9] Tang, F., Po, H. C., Vishwanath, A. & Wan, X. Comprehensive search for topological materials using
symmetry indicators. Nature 566, 486 (2019)
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Static and dynamical axion states in magnetic topological materials
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. Axion is a hypothetical elementary particle which was postulated to solve the charge
conjugation parity problem in the Standard Model of particle physics. However, axion has not yet
been observed in nature and remains mysterious. Interestingly, the axion field emerges in effective
theory of topological insulators and attracts extensive attention in condensed matter physics. The
time-reversal and inversion symmetries constrain the axion field to be quantized. Once the time-
reversal and inversion symmetries are broken, the axion field becomes dynamical along with
magnetic fluctuations, so-called the dynamical axion field. In this talk, we will talk about quantized
(static) and dynamical axion states in magnetic topological insulators and their novel physical

properties.
Fpgi. ST, S TES, BETHEBEMNE, AR
3R

[1] Zhang et al, PRL 122, 206401 (2019)
[2] Zhang et al. arXiv 1906.07891 (2019)
[3] Wang et al. arXiv 1907.03380 (2019)
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Topological aspects and optical properties of twisted bilayer and
multilayer graphene systems

Jianpeng Liu

Hong Kong University of Science and Technology
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%L Inthis talk we discuss the electronic structures, topological properties, and optical properties
of twisted bilayer and multilayer graphene systems. We propose that the two low-energy flat bands
in twisted bilayer graphene (TBG) are equivalent to two zeroth pseudo Landau levels with opposite
sublattice polarizations and carry opposite Chern numbers +/-1. Such a pseudo Landau-level
representation of TBG naturally explains the origin of “"magic angles" in TBG, and have significant
implications on the nature of the correlated insulating phases observed in experiments. The pseudo
Landau-level representation can be further generalized to twisted multilayer graphene (TMG)
systems, in which a universal valley Chern-number hierarchy can be derived for the two low-energy
flat bands of the system. The nontrivial Chern numbers in the TMG systems are associated with
large and valley contrasting orbital magnetizations, which generate circulating current loops and
local magnetic field distributions on the moire scale, which can be experimentally detected. We
propose that the topologically nontrivial bandstructures in TBG and TMG can be probed by both
magneto-optical Kerr/Faraday rotations, as well as nonlinear optical responses such as shift currents
and second harmonic generation.

JBiA]: twisted graphene, band topology, Landau levels, optical properties
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Three-dimensional quantum Hall effect in ZrTes
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##%L: The discovery of quantum Hall effect had greatly improved the understanding of the phase
transitions and topological orders in two-dimentional systems. It is natural to ask whether there are
similar phemomena that might occur in three-dimentional gas systems. However, the long-sought
three-dimensional (3D) quantum Hall effect has not been well experimentally demonstrated in 3D
gas system. Here we report an experimental observation of three-dimensional quantum Hall effect
in zirconium Penta-telluride (ZrTes) within a magnetic field B (<1.3T). We also discover that each
Quantum Layer contributes 2e?/h with a thickness of one Fermi wavelength Arin b direction. As
further increasing magnetic field, the system has reached the Quantum Limit regime, where the
resistance pxx(B) increases dramatically and displays Metal-Insulator transition behavior. With
analysing pxx(B) scaling plots, we confirm this Metal-Insulator transition is a many-body quantum
topological phase transition. Our finding not only provides a new understanding of the interplay
between 2D and 3D Landau quantization but also allow for the further exploration of the higher
dimensional electronic gas system and exotic strongly corrected topological phase transitions.

22 iR

[1] FD. Tang {, YF.Ren 7, P P. Wang, R.D. Zhong, J.Schneeloch,,S. A. Yang*, K. Yang, P.A.Lee,
G. Gu, ZH. Qiao*, and LY. Zhang*,“Three-dimensional quantum Hall effect and metal-insulator transition in
ZrTe5", Nature 569, 537 (2019).
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. The origin of anomalous Hall effect (AHE) in magnetic materials is one of the most
intriguing aspect in condensed matter physics and has been a controversial for a long time. Recent
studies indicate that the intrinsic AHE is closely related to the Berry curvature of occupied electronic
states. In a magnetic Weyl semimetal with broken time-reversal symmetry, there are significant
contributions to Berry curvature around Weyl nodes, which would lead to a large intrinsic AHE. In
addition, the real-space non-coplanar spin texture can also lead to significant AHE, so called
topological Hall effect (THE). On the other hand, the kagome lattice is known to host exotic
guantum magnetic states. Theoretical work has predicted that kagome lattices may also host
topological electronic states. In this presentation, we introduce several kinds of materials, such as
FesSnz, CosSn,S2 and Y MneSnes with Kagome lattice, which show large AHE and THE, and it can
be ascribed to the existence of Weyl or Dirac fermions in these systems as well as the real-space
spin texture. It indicates that magnetic kagome metals provide a new platform to study on the
emergent topological electronic properties in a correlated electron system.

13
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Microscopic theory of in-plane critical field in two-dimensional
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% 1 will show our theoretical attempts to study the in-plane critical magnetic field of two-
dimensional Ising superconducting systems, and to propose the microscopic theory for these
systems with or without inversion symmetry[1]. Protected by certain specific spin-orbital interaction
which polarizes the electron spin to the out-of-plane direction, the in-plane critical fields largely
surpass the Pauli limit and show remarkable up-turn in the zero temperature limit. The impurity
scattering and Rashba spin orbital scattering, treated on equal-footing in the microscopic framework,
both weaken the critical field but in qualitatively different manners. The microscopic theory is
consistent with recent experimental results in Pb[2,3] and stanine[4] superconducting ultra-thin
films.

ZHE R
[1] H. C. Liu, H. Liu*, D. Zhang, X. C. Xie, under preparation.
[2] Y. Liu, ---, H. Liu*, et al. J. Wang*, Physical Review X 8, 021002 (2018).
[3] Y. Liu, -+, H. Liu*, et al. J. Wang*, Nature Communications 10, 3633 (2019).
[4] J. Falson, -+, H. Liu*, D. Zhang,* et al., arXiv:1903.07627.
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% £ : Emerging two-dimensional (2D) materials represented by ultrathin MoS; have been
considered ideal alternatives for next-generation circuits because of their atomic-level thickness,
superior theoretical mobility, moderate band gap, and stable structure. Unlike silicon, ultrathin,
especially monolayer, MoS; logic units are difficult to construct through silicon-based doping
schemes (atomic substitution and ion implantation) because the ultrathin body is prone to lattice
disruption and doping instability. Nevertheless, defects, which customarily act as negative
components, may play a stable and positive role in modulating the electronic structure of MoS; to
build atomically thin logic devices. Defects in MoS; need to be precisely controlled before they can
be of value. Furthermore, to build logic devices, most of the existing defect-controlling technologies
are not sufficiently compatible with complementary metal-oxide-semiconductor (CMOS) processes.
In addition, complex technology, high cost, and limited implementation scope restrict the
application of defect modulation in the field of ultrathin MoS; circuits.
Here, | will introduced our strategies for the construction of an atomically thin MoS; opto- and
electronics by defect engineering. According to the defect engineering, the modulation of electronic
structure, the optimization of contact resistance, and the strong interlayer coupling effect have been
observed, which could be benefit to the construction of monolayer and bilayer homogeneous opto-
electronics and logic electronics.
R

[1] Nature Communications. 2017;8:15881.

[2] Advanced Materials. 2019:1806411

[3] ACS Nano. 2019;13(3):3280-91

[4] Photonics Research. 2019;7(7):711.
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[1] M. Xiao et al., Synthetic gauge flux and Weyl points in acoustic systems. Nat. Phys. 2019, 11 (11), 920

[2] M. Xiao et al., Experimental Demonstration of Acoustic Semimetal with Topologically Charged Nodal
Surface. (under review).

[3] M. Xiao et al., Nodal chain semimetal in geometrically frustrated systems. Phys. Rev. B 2019, 99 (9), 094206
FHEIMH: U.S. Air Force of Scientific Research (Grant No. FA9550-12-1-0471); the U. S.
National Science Foundation (Grant No. CBET-1641069); [ B R4 (11674250,
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f#%:  Recent advances in ultrafast spectroscopy open a route toward engineering new phase of
solids with optical pumping. The nonequilibrium electronic states of solids driven by the
electromagnetic field manifest novel topological states which don't exist at equilibrium conditions.
Using first-principles calculations and Floquet theorem, we studied the dressed states of some
quantum materials including black phosphorous and graphene under periodic driving of laser.
Intriguing photo-dressed electronic states including Floquet Dirac semimetals, Floquet topological
insulators etc can be engineered in black phosphorous by changing the direction, intensity and
frequency of incident laser [1]. In the transition boundary between type-1 and —I1 FDF, we found
one critical type-111 FDF, which could be utilized to achieve the highest Hawking temperature Tn
hitherto reported [2]. The real-time tracking of the dynamic topological phase transition in type-1I
Weyl semimetal WeTe; is also obtained by time-dependent density functional theory (TDDFT).
The pair of Weyl points can be annihilated by light illumination, and stabilized as well [3]. Our
works demonstrate examples of the nonequilibrium topological states of two-dimensional
materials by first-principles calculations, and open an avenue towards the coherent control of
electron dynamics of quasiparticles, and Floguet engineering of quantum materials.

ZHE R

[1] H. Liu et al., Phys. Rev. Lett. 2018, 120, 237403.

[2] H. Liu et al., Under review.

[3] M. X. Guan, et al., Unpublished.

Funding Source: MOST, CAS, NSFC

17



S018
HFNRT: S

The Geometry of Electromagnetic Multipoles
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##H%L: There is no historical evidence confirming that Henri Poincaréever met Gustaev Mie, but
what would happen if the two contemporary polymaths come face to face? Our work would allow
us to conjecture that Henri Poincaré after knowing the Mie scattering theory, would probably make
a comment like this: Multipoles are like people, it is their imperfections that make them interesting.

Electromagnetic multipoles have been serving as a fundamental language spanning different
branches of optics and photonics. Their general features including radiation patterns and
polarization distributions have been indelibly planted in the brains of physicists, while in sharp
contrast rarely anybody cares about directions along which there are no radiations, as they naturally
have been taken for granted to be trivial.

Here we reapproach electromagnetic multipoles from a topological perspective and discover
there is actually “more light” in the darkness. Those dark directions essentially correspond to
singularities (zeros) of the corresponding tangent vectorial fields, which can be generally
categorized by their Poincaréindexes In this work, we provide exhaustive maps for all multipoles,
which pinpoint their singularities, specify the indexes, and show that the index sum across the entire
momentum sphere is always 2, agreeing with the PoincaréHopf theorem. Based on those revealed
topological features of multipolar radiations, we come up with a novel multipolar reinterpretation
for bound states in the continuum: their formation originates from the overlapping of multipolar
singularities with allowed open radiation channels. This revelation subtly connects the indexes of
multipolar singularities to topological charges of those bound states, showing that they are
fundamentally equivalent.

Our work have fused two central and sweeping concepts of multipoles and topologies.
Considering the ubiquitous roles of electromagnetic multipoles throughout photonics, this work can
accelerate the pervasion of topological concepts into more optical branches. Furthermore,
multipoles broadly serve as a fundamental tool and language for many other fields in physics and
interdisciplinary studies involving wave effects, on which our work generally shed new light from
a more fundamental topological perspective.

JRH#A]:  Electromagnetic Multipoles; Mie Theory; Singularities; Bloch Modes.
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We classified the sources of second harmonic generation (SHG) of the Weyl semimetal by
collisionless quantum Kinetic equation into three kinds: i.e., injection current from the
canonical band dispersion, shift current from a gauge invariant shift vector, and anomalous
current from Berry curvature associated with the Fermi surface. Importantly, by using the
realistic band model for TaAs, we predicted that the SHG in TaAs is predominately
contributed by the shift current, while the anomalous current has a minute contribution when
the Weyl point is exactly located on the Fermi surface. Moreover, we highlight that the SHG
contributed by the anomalous current decays fast with the increasing frequency of incident
photons, and could be enhanced by proper electron or hole doping of TaAs. The anomalous
Hall current is proportional to the inverse of photon energy of incident light. Topological
semimetals have potential application for photodetector working in infrared to terahertz
range. We also review recent experimental research on the nonlinear Hall effect of
topological semimetal.

Reference:

[1] Zhi Li et al., Phys. Rev. Materials. 3, 025201 (2019)
[2] zhi Li et al., Phys. Rev. B 97, 085201 (2018).
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23



S024
HFNRT: S

Intrinsic magnetic topological insulators in van der Waals

layered MnBi,Tes-family materials

Yong Xu

Department of Physics, Tsinghua University, China
RIKEN Center for Emergent Matter Science (CEMS), Japan
Emial:yongxu@mail.tsinghua.edu.cn
% : The interplay of magnetism and topology is a key research subject in condensed matter
physics and material science, which offers great opportunities to explore emerging new physics,
like the quantum anomalous Hall (QAH) effect, axion electrodynamics and Majorana fermions.
However, these exotic physical effects have rarely been realized in experiment, due to the lacking
of suitable working materials. In this talk, we will present our recent findings of intrinsic magnetic
topological insulators in van der Waals layered MnBi,Tes-family materials [1-6]. The materials
intrinsically show two-dimensional (2D) ferromagnetism in the single layer and three-dimensional
(3D) A-type antiferromagnetism in the bulk, which could serve as a next-generation material
platform for the state-of-art research. We predict extremely rich topological quantum effects with
outstanding features in an experimentally available material MnBi;Tes, including a 3D
antiferromagnetic topological insulator (AFM TI) with the long-sought topological axion states,
the type-Il1 magnetic Weyl semimetal (WSM) with one pair of Weyl points, and intrinsic QAH
insulators and axion insulators. Experimentally, we confirmed the existence of 3D AFM TI phase
[2], observed quantum phase transitions from axion insulator to Chern insulator [5], and further
discovered high-Chern-number and high-temperature quantum Hall effect without Landau levels
in MnBi>Te4[6].
ZHE R
[1] J. Li, et al., Intrinsic magnetic topological insulators in van der Waals layered MnBizTes-family materials. Sci.
Adv. 5, eaaw5685 (2019).
[2] Y. Gong, et al., Experimental realization of an intrinsic magnetic topological insulator. Chin. Phys. Lett. 36,
076801 (2019).
[3] Yang Peng, Yong Xu, Proximity-induced Majorana hinge modes in antiferromagnetic topological insulators.
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f§%#. Dirac materials such as graphene and topological semimetals have attracted
enormous interest in condensed matter physics. The low energy electrons in Dirac materials
behave as massless relativistic particles and obey the massless Dirac- Weyl equations which
give rise to many exotic phenomena. Recently, the quasi- relativistic physics has been
extended to classical wave systems. In optics, Photonic lattice composed of evanescently
coupled waveguide arrays provides a useful platform to study the Dirac physics and
topological phenomena. As the paraxial wave equation (describing propagation of light
through a waveguide array) is mathematically equivalent to the Schr&dinger equation
(describing time evolution of electrons), this enables the study of analogies with various
guantum and topological phenomena in condensed matter systems, providing novel ways to
control the flow of light in photonics. Furthermore, photonic lattices offer exquisite control
over initial conditions and allow direct observation of the actual wavefunction (including
phase), features that are virtually impossible in electronic systems. In this talk, | will present
some of our recent work based on Dirac-like photonic structures, including valley vortex
states and degeneracy lifting via photonic higher-band excitation[1], and unconventional
flatband localized states protected by real-space topology[2]. | will then focus on discussing
pseudospin-orbit angular momentum conversion and universal momentum-to-real-space
mapping of topological singularities arising from the interplay of Berry phase, pseudospin,
and orbital angular momentum of light [3].
X4t :  Photonic lattice, Pseudospin states, Dirac cone, Flatband states
22 R

[1] D. Song, et al., Valley vortex states and degeneracy lifting via photonic higher-band excitation, Phys. Rev.

Lett., 2019, 122, 123903.
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i %L: Here we propose a complete electronic band theory, which builds on the conventional
band theory of electrons, highlighting the link between the topology and local chemical bonding.
For all 230 crystal symmetry groups, we classify the possible band structures that arise from local
atomic orbitals, and show which are topologically non-trivial. Our electronic band theory sheds new
light on known topological insulators, and can be used to predict many more. In addition, an open-
source code -CheckTopologicalMat- is released at
https://www.cryst.ehu.es/cryst/checktopologicalmat or https://github.com/zjwangl11/irvsp, which
can be used to check the topology of any material by yourself. Finally, we perform a high-throughput
search of ‘high-quality’ materials (for which the atomic positions and structure have been measured
very accurately) in the Inorganic Crystal Structure Database in order to identify new topological
phases. Among them, we present some topological materials to demonstrate the new topology in
crystals.
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5. Topological semimetals are materials whose band structure contains touching points that
are topologically nontrivial and can host quasiparticle excitations that behave as Dirac or Weyl
fermions. These so-called Weyl points not only exist in electronic systems, but can also be found in
artificial periodic structures with classical waves, such as electromagnetic waves in photonic
crystals and acoustic waves in phononic crystals. Due to the lack of spin and a difficulty in breaking
time-reversal symmetry for sound, however, topological acoustic materials cannot be achieved in
the same way as electronic or optical systems. And despite many theoretical predictions,
experimentally realizing Weyl points in phononic crystals remains challenging. Here, we
experimentally realize Weyl points in a chiral phononic crystal system, and demonstrate surface
states associated with the Weyl points that are topological in nature, and can host modes that
propagate only in one direction. As with their photonic counterparts, chiral phononic crystals bring
topological physics to the macroscopic scale. Three-dimensional topological nodal lines, the
touching curves of two bands in momentum space, which give rise to drumhead surface states,
provide an opportunity to explore a variety of exotic phenomena. However, solid evidence for a flat
drumhead surface state remains elusive. Here, we report a realization of three-dimensional nodal
line dispersions and drumhead surface states in phononic crystal. Profiting from its macroscopic
nature, the phononic crystal permits a flexible and accurate fabrication for materials with ring-like
nodal lines and drumhead surface states. Phononic nodal rings of the lowest two bands and, more
importantly, topological drumhead surface states are unambiguously demonstrated. Our system
provides an ideal platform to explore the intriguing properties of acoustic waves endowed with
extraordinary dispersions.
ZHE k-
[1] F.Li, X. Huang, J. Lu, J. Ma, and Z. Liu, Weyl points and Fermi arcs in a chiral phononic crystal. Nat Phys
14, 30 (2017).
[2] W.Deng,J. Lu, F. Li, X. Huang, M. Yan, J. Ma, and Z. Liu, Nodal rings and drumhead surface states in
phononic crystals. Nat Commun 10, 1769 (2019).
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$#%: Quantum magnetic topological states combining the topological anomaly and magnetic order,
such as quantum anomalous Hall (QAH) states and topological axion insulating states, emerge rich
exotic quasiparticles with or without counterparts to mimic real particles in universe, of which
further in-deep studies and potential applications, such as the prestigious quantum device, are
extremely limited by the lack of suitable intrinsic magnetic topological insulators (MTIs). Here, we
grow single crystals of the Mn(Sh,Bi).Tes family as part of a search for intrinsic MTIs, and by
combining the angle-resolved photoemission spectroscopy, low-temperature transport, and first-
principles calculations, we investigate the band structure, transport properties, and magnetism, as
well as the evolution of topological anomaly in this family of materials. Taking careful consideration
of the multiple transition processes of charge carriers, magnetization, and topology, we conclude
that there exists an ideal MTI zone in the Mn(Sh,Bi).Tes phase diagram, hosting a potential high-
temperature QAH effect, as well as possible for device applications. We also report the reserved
anomalous Hall effect (AHE) in the MnBi,Tes thin film. By employing the top/bottom gate, a
negative AHE loop gradually decreases to zero and changes to a reversed sign. The reversed AHE
exhibits distinct coercive fields and temperature dependence from the previous AHE. It reaches the
maximum inside the gap of the Dirac cone. The reversed AHE is attributed to the competition of
the intrinsic Berry curvature and the Dirac-gap enhanced extrinsic skew scattering. Its gate-
controlled switching contributes a scheme for the topological spin field-effect transistors.

X417 :  magnetic topological insulator; anomalous Hall effect

HEH: National Key R&D Program of China (Grant No. 2017YFA0303203), National
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##%L: As a fascinating topological phase of matter, Weyl semimetals host chiral fermions with
distinct chiralities and spin textures. Optical excitations involving those chiral fermions can induce
exotic carrier responses, and in turn lead to novel optical phenomena. Here, we discover strong
coherent chiral terahertz emission from the Weyl semimetals and demonstrate unprecedented
manipulation over its polarization on a femtosecond timescale. Such polarization control is
achieved via the colossal ultrafast photocurrents arising from the circular or linear photogalvanic
effect. We unravel that the chiral ultrafast photocurrents are attributed to the large band velocity
changes when the Weyl fermions are excited from the Weyl bands to the high-lying bands. The
photocurrent generation is maximized at near-IR frequency range close to 1.5 eV for TaAs. Our
findings provide an entirely new design concept for creating chiral photon sources using quantum
materials and open up new opportunities for developing ultrafast opto-electronics using Weyl
physics.

XKHEiE:  Weyl semimetal; Terahertz; Ultrafast photocurrent; circular photogalvanic effect
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fi#: The Li-ion storage properties of transition metal oxides (TMOs) are usually enhanced
by different strategies, ranging from nanostructuring to hybridization and structural
modification, which means that enriching these TMO electrode materials with definite
functions is of great influence but highly challenging towards achieving high performance. &
As a proof of concept, considering some common TMOs, several attempts have been
employed to demonstrate the large variations in lithium storage performance of these TMOs,
21 but topological understanding on the adsorption capability at the electrode and current
collector interfaces is rarely reported. Herein, the Li-ion storage chemistry of these TMOs is
successfully deciphered by modulating the position of the p-orbital energy level via
morphological engineering. Experimental analyses reveal that performance enhancement is
related to the strong electronic modulations at the interface of the TMOs and the current
collectors. B4 Theoretical calculations predict that the modified TMO hybrids displayed
reasonable lower adsorption energy towards easier Li-ion intercalation. & 4According to
density of states, such electronic modulations allow the shift of the p-adsorption energy
towards accommodating interfacial electron transfer and facilitating rapid kinetics that helps
in promoting the Li storage activity. &
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Figure 1 (a) NBO charge redistribution of TiO2 hybrids. (b) Gibb’s free adsorption energy (AG) profile of Li-ion
intercalation via NiO hybrids. (c) DOS plots of V20s hybrids and their corresponding p-bands.

Keywords: transition metal oxide, Li-ion storage chemistry, DFT calculations, adsorption energy
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%L In topological insulators, the electrons’ spin in topological surface states (TSS) is locked to
its momentum, which gives rise to a non-trivial ~ Berry phase after completing a time-reversed
self-intersecting path adiabatically in the quantum diffusion regime.[1,2] This non-trivial Berry
phase could lead to quantum correction to the classical electronic conductivity in low magnetic
fields, manifesting itself as a weak antilocalization (WAL) effect.[3-5] Quantitative analysis of the
WAL effect of TSS in topological insulators is of tremendous importance as it provides a strategic
way to insight into the topological properties of the TSS. The major obstacle to achieve accurate
results is how to eliminate the contribution of the anisotropic magnetoconductance of bulk states
when the Fermi level lies in bulk bands.

Here, we demonstrate an alternative approach for the quantitative analysis of the WAL effect of
TSS in a more accurate way by measuring anisotropic magnetoconductance of topological insulator
BiShTeSe2 (BSTS). The anomalous conductance peaks in the parallel orientations are observed in
anisotropic magnetoconductance curves, which are originated from the WAL effect of TSS of BSTS.
By subtracting the anisotropic magnetoconductance of bulk states, the WAL effect of topological
surface states can be well described by the Hikami-Larkin-Nagaoka expression. Our findings offer
an alternative avenue for the quantitative exploration of the WAL effect of TSS in topological
insulators.
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Fig.1. (a) Schematic drawing of the BSTS device. (b) Magnetoresistance (MR) curves of BSTS devices at low B-

36


mailto:huili@ahu.edu.cn

fields and at different gate voltages and 2 K. (c) (top) Angular dependence of the longitudinal sheet conductance
Gxx for VG = -2 V. The red solid line is the fitting curve. The blue solid line is the fitting curve of the anisotropic
magnetoconductance of bulk states. (bottom) Angular dependence of the ~ Gxx, which is the difference between
Gxx(0) and the blue curve in the top panel. The red solid line is the fitting curve using HLN expression.

ZHE R
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i . Topology physics is bringing new development to optics. Unidirectional optical
waveguides without external magnetic field will be essential to optical communications. An
optical analogy to quantum spin Hall effect is visualized using deformed honeycomb lattices of
dielectrics [1], which can be straightforwardly extended optical frequencies. Photonic valley
kink states in photonic crystals are exploited and future optical devices such as valley filter and
valley coupler are proposed [2].
Domain walls with kink states can be created by engineering a honeycomb lattice structure,
where quantum spin Hall effect is possible by lattice deformation and valley kink states are
induced by sublattice symmetry breaking. We find that the coexistence of these two
mechanisms gives rise to topological corner states [3] and various applications to graphene can
thus be studied. The common topology principle shared by condensed matter systems and
photonic crystals makes photonic system a perfect platform to visualize the corresponding
physics, because of its convenient sample preparation and measurement. Moreover, by
introducing novel concepts in topology physics to photonic crystals, novel design principles to
optical devices can be thus motivated.
EE PN
[1]1 Y. Yang, Y. F. Xu, T. Xu, H.-X. Wang, J.-H. Jiang, X. Hu*, and Z. H. Hang*, Phys. Rev. Lett. 120, 217401
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[2] L. Ye, Y. Yang, Z. H. Hang*, C. Qiu* and Z. Liu, App. Phys. Lett. 111, 251107 (2017).
[3]1 Y. Yang, Z. Jia, Y. Wu, Z. H. Hang*, H. Jiang* and X. C. Xie, arXiv: 1903.01816.
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#%: s anew subject, spin caloritronics has been a hot topic of various research fields in recent
decades. Different from traditional spintronics, it deals with the interactions of heat, spin and charge
currents induced by the temperature gradient. The research includes two aspects: on the one hand,
exploring the new mechanism of generating the spin-Seebeck effect; on the other hand, looking for
new functional magnetic materials having a good symmetrical spin current together with high spin
figure of merit. We use the density functional theory calculate the band structures and spin density,
and the nonequilibrium Green’s function method analysis the thermal spin transport properties. The
main findings are as follows in details: (i) Based on four homojunctions systerms, the thermal spin
current is explored and our researches reveal a ferromagnetic metallic y-graphyne exhibits transport
properties similar to those of the ferromagnetic semiconductor. Here, we proposed a new
mechanism called the compensation effect originating from the concellation of electrons and holes
around the Fermi level to produce a net spin-up or spin-down transport channel; (ii) To explore
reliable material platforms and uncover new rules to realize spin-Seebeck effect (SSE) and thermal
spin-filtering effect (SFE), we construct several magnetic BNNTs. We find that a high rotational
symmetry of the carbons contributes to generate the SSE with more symmetric thermal spin-up and
spin-down currents, otherwise towards the thermal SFE. More importantly, we find that the
compression strain engineering is an effective route to improve these effects and to realize the
transition between them; (iii) To realize a good spin-Seebeck effect (SSE) together with high spin
thermoelectric conversion efficiency (TCE), two nanoscale structures referred to as nanoribbons
and nanotubes have been studied systematically and comparatively. Our theoretical results show
that although these two different structures display similar spin semiconducting states, the BNNRs
have lower lattice thermal conductance due to the phonon scattering at edges, contributing to the
enhancement of the spin figure of merit; while the BNNTSs can generate a better SSE and larger spin
thermopower, due to the rotational symmetry.
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$#%Z: Colossal magnetoresistance (CMR) effect in Cr-based spinels ACr2X4 (A = Cd, Hg; X =S,
Se) has potential applications in magnetic devices. Numerous publications about element
substitution or chemical doping in the spinels have been reported in order to optimize the CMR
effect through tuning the type of carrier, carrier density or lattice structure. Since high pressure has
been a fruitful route for tuning lattice as well as electronic states, we have performed high pressure
measurements on n-type CdCr,Se. to investigate the evolution of colossal magnetoresistance
effect with increasing pressure. The high-pressure electrical transport and magnetization
measurements show that the colossal magnetoresistance effect is suppressed continuously upon
compression, accompanied with the decline of ferromagnetism. The present findings prove the
tight connection between electrical transport, magnetism and structure in the n-type CdCr,Sex,
which provides one effective path to tune the colossal magnetoresistance effect by pressure.
KH#i: CMR  n-type CdCr,Ses  high pressure
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##H%L: We report the magneto-transport properties of BaGaa single crystal with the space group
14/mmm at low temperature. BaGas exhibits large magnetoresistance (MR) ~ 3000% at 2 K and
14 T which submits to B9 field dependence. Evident de Haas-van Alphen (dHVA) quantum
oscillation at low temperature and high magnetic field have been observed with B//c
configuration, from the analysis of which the multiple frequencies, the small effective masses and
nontrivial Berry phases are extracted. Firstly, the multi-band Lifshitz-Kosevich (LK) formula
fitting is applied to extracted Berry phases and several are closed to m. To aid reliability, Landau
level (LL) index fan diagram is employed to analyze the Berry phase which are consistent with
results of multiband LK fittings. The first-principles calculations elucidate that BaGas possesses a
Dirac point along Z1-N line which opens a tiny gap in the presence of spin-orbit coupling (SOC).
The Z; invariant of BaGas equals 1, indicating its nontrivial topological properties.
X4 . quantum oscillations, large magnetoresistance, nontrivial Berry phase, electronic
structure, first-principles calculation, topological semimetal
BEWH: HRARFHERESTH  (No. 11574391, No. 11874422)
Hh SRR R AR B N2 ITH  (No. 18XNLG14, No. 19XNLG18)
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5 %L. Haldane model is an important part of research of topological insulators. We study the
influence of the disorder strength creating on the orbital magnetization of the Haldane model
whether the Chern number of the topological insulator is nontrivial or not under clean condition. It's
observed that in the nonzero Chen number case, the orbital magnetization displays a sharp increase
before the Hall conductance collapse. When the disorder strength is large enough to destroy the
quantum Hall platform and further cause Anderson localization, the orbital magnetization decreases
from its maximum to zero following the Chern number from 1 to 0. This relation can be verified in
the zero Chern number case, the biggest difference from the nonzero Chern number is that the orbital
magnetization changes weakly within the finite small disorder strength. As the disorder strength
increases to a value which is sufficient to affect the Chern number, the orbital magnetization has a
closely connection with the quantized Hall conductance. Namely, if the Chern number increases,
the orbital magnetization increases. On the contrary, the orbital magnetization decreases with the
Chern number.
Jcfgia].  orbital magnetization, Haldane model, disorder
ZHE k-
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5 %:: We report the magnetotransport properties of DyBi, a semimetal with antiferromagnetic
ground state. DyBi adopts a rocksalt type crystal structure with space group of Fm-3m at room
temperature, which changes to tetragonal structure with space group of I4/mmm at 10.5 K.
Meanwhile, at low temperature, the magnetic structure of DyBi changes from MnO-type AFM to
HoP-type, then to ferromagnetic (FM) with the increasing field. Both the structure transition and
magnetic transition in DyBi are invoked to explain the anomalous kinks observed in resistivity
curves. DyBi exhibits extremely large magnetoresistance (XMR) and Shubnikov-de Haas (SdH)
oscillations at low temperature and high magnetic field. The Berry phase extracted from SdH
oscillations suggests that DyBi might be topologically nontrivial. From the analysis of nonlinear
filed-dependent Hall resistivity, compensated electron and hole (ne=ny) with high mobility (~10'°)

has been observed, which is demonstrated to be the origin of XMR in DyBi.

< # 14 : Shubnikov-de Haas oscillations, nontrivial Berry phase, extremely large
magnetoresistance, structure transition, magnetic transition, compensated electron and
hole, high mobility
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Log-periodic Quantum Oscillations and Discrete Scale
Invariance in Topological Materials

Yanzhao Liu

International Center for Quantum Materials, School of Physics, Peking University,
Beijing

fE N Quantum oscillations are usually the manifestation of the underlying physical nature
in condensed matter systems. Here, we report a new type of log-periodic quantum oscillations in
ultraquantum three-dimensional topological materials. Beyond the quantum limit (QL), we observe
the log-periodic oscillations on the magnetoresistance and the Hall traces of high-quality single-
crystal ZrTe5 and HfTe5, virtually showing the clearest feature of discrete scale invariance (DSI).
Further, theoretical analyses show that the two-body quasi-bound states can be responsible for the
DSl feature. Our work provides a new perspective on the ground state of topological materials and
Dirac materials and evidences the universality of the DSI in the Dirac materials.

A log-periodic oscillations, discrete scale invariance, topological materials, Dirac materials,
magnetoresistance, Hall resistance
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Single crystal growth and magnetoresistivity study of
topological semimetal SrAsz on micro fabricated devices

Y. J. Lit? Z. Y. Mit2, W, Wu??, J. L. Luo*?3 and G. Lit23*

YInstitute of Physics and Beijing National Laboratory for Condensed Matter Physics,
Chinese Academy of Sciences, Beijing 100190, China
2School of Physical Sciences, University of Chinese Academy of Sciences, Beijing
100190, China
3Songshan Lake Materials Laboratory, Dongguan, Guangdong 523808, China
Emial: gli@iphy.ac.cn

Abstract: The study of topological semimetals has attracted huge interest from both the
theoretical and the experimental communities in recent years. For topological nodal line
semimetals, the band crossing points form loops instead of discrete points. Topological nodal
line semimetals have many interesting expected properties, such as drumhead-like nearly flat
surface states, unique Landau energy spectra. By first-principles calculations and a k -p
model Hamiltonian analysis, SrAss has been predicted to be a candidate for topological nodal
line semimetals [1].

Our High-quality SrAss single crystals are grown via the Bi flux technique. SrAss has the
monoclinic crystal structure with a low crystalline symmetry, which makes transport
measurement difficult, as the current distribution in bulk sample is complicated. Focused ion
beam(FIB) is a simple approach for fabrication of microstructures from crystalline material
for electric measurements. By employing FIB, we have precise control over the crystal shape
and get a v-shaped structure of SrAs; featuring two resistance bars, along well-defined crystal
directions. Detailed measurements were carried out on the FIB fabricated single crystal
transport devices. By Analysis of magnetoresistance, Shubnikov-de Hass (SdH) oscillations
and Hall resistivity, we determine the electronic band structure and discuss possible
topological properties of SrAss.

Key words: topological nodal-line semimetal, focused ion beam, microfabrication
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Abstract: High-quality single crystals are essential for the research of intrinsic magnetic properties.
However the preparation of sizable samples for measurements is not always straightforward.
Therefore, sensitive magnetometers are necessary. Torquemeters have proven to be a powerful tool
for measuring magnetic moments, especially at high fields. Among the torquemeters, self-sensitive
microcantilevers have a high force sensitivity and enable us to measure hundreds of micrometer
sized samples. Rightnow, the number of commercially available self-sensitive microcantilever
suitable for toqrue measurements is considerably limited, which gives us the motivation to search
for alternatives.

In this work, new torquemeter based on commercially available membrane-type surface stress
sensor (MSS) are adopted for the measurements of tungsten carbide (WC), which is demonstrated
to be a topological semimetal with triply degenerate node. Clear de Hass-van Alphen oscillation
signal is observed on single crystals with largest dimension about 300 micrometer. By fast fourier
transform (FFT) analysis of the oscillation frequency, new frequencies were observed besides the
ones reported in previous work™, which indicates that the MSS is a good candidate for low
temeterature, high magnetic field torque measurements.

Key words: torque magnetometry, membrane-type surface stress sensor, de Haas—van Alphen
oscillation
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Valley Hall Effects in Metal-Organic Frameworks
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Abstract: Metal-organic frameworks (MOFs) are emerging as a new type of two-dimensional (2D)
materials, which may own interesting topological behaviors. We here design a plane layered MOF
CeH3N3Au which possesses C3p symmetry, broken inversion symmetry, and spontaneous
magnetism induced by the N atoms in the MOF. Using first-principles calculations, we find
coexistence of quantum anomalous Hall (QAH) and anomalous valley Hall (AVH) effects in the
system, happening exactly around the Fermi level. The two Hall effects are induced primarily by
the C3p symmetry protected two-fold degenerate N px/py orbitals hybridizing
with certain Au dxyl/dx2—y2 orbitals and the pz orbitals from N and C atoms,
respectively. How the strain and the strength of the spin-orbit coupling tune this unique multiple
Hall effect coexistence phase is also explored. Our work may inspire more novel transport
properties in future electronics, valleytronics, and spintronics.

Key words: Quantum anomalous Hall effect; Anomalous valley Hall effect; Topological state; First-
principles calculation; Metal-organic framework
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Abstract: In this talk, we will mainly introduce the electronic and topological properties in
square/octagon antimonene (so-Sh) monolayer doped with transition metal (TM) adatoms based on
density-functional theory and effective model analysis. Interestingly, the quantum anomalous Hall
state with a high Chern number C=4 for Mo doped so-Sb monolayer under a compressive biaxial
strain (~ 5%) is predicted, as can be verified by four gapless chiral edge states inside the gap,
extremely different from familiar Chern numbers (i.e., C=#1 or #+2) obtained in TM doped
honeycomb systems. The nontrivial bulk topology originates primarily from the band inversion of

non-degenerate Mo dx2-y2 and dxy orbitals in the special tetragonal crystal field, which appears

around the high symmetry M point in the Brillouin zone. The theoretical model calculations indicate
that the topological state is determined by the adatom magnetism, crystal field from so-Sb and spin-
orbit coupling. Our results demonstrate that the Chern insulating phase with a high Chern number
C=4 will provide enhanced anomalous Hall conductivities to improve the transport capability for
future antimonene-based spintronic devices.
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##%%L: Graphene nanoribbon (GNR) is a planer strip of graphene with extraordinary
electronic and physical properties. It is first introduced as a theoretical model to study the size
effect in graphene. Recent advance in bottom-up techniques have allowed production of
atomically precise GNRs with armchair, zigzag and other sophistated edges. GNRs have
potential applications in the next-generation nanoelectronics, and have been extensively
investigated.

Based on the Hubbard models, quantum magnetism of topologically-designed graphene
nanoribbons (GNRS) is studied using exact numerical simulations. We first study a two-band
Hubbard model describing the low-energy topological bands. It is found the spin correlations
decay quickly with the distance, and the local moment is extrapolated to zero in the presence
of symmetry-breaking terms. We then include the Hubbard interaction to the topological-
designed GNRs. For large interactions, the spin correlations keep finite for all distances, and
the magnetic order develops. The local moment is extrapolated to almost zero for weak
interactions, and begins to increase rapidly from a critical interaction. The estimated critical
value is much larger than the realistic value in graphene, and we conclude the experimentally
relevant GNRs is nonmagnetic, which is consistent with the experimental results.

1A graphene nanoribbon, density matrix renormalization group (DMRG), determinant
quantum Monte Carlo (DQMC) simulation, mean-field (MF)
23R
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[3] H. Feldner et al, Dynamical Signatures of Edge-State Magnetism on Graphene Nanoribbons, Phys. Rev.
Lett. 2011, 106, 226401
[4] Toshiya Hikihara et al, Ground-state properties of nanographite systems with zigzag edges, Phys. Rev. B
2003, 68, 035432
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abstract: The search for unconventional superconductivity in Weyl semimetal materials is
currently an exciting pursuit, since such superconducting phases could potentially be topologically
nontrivial and host exotic Majorana modes. The layered material TalrTes is a newly predicted
time-reversal invariant type 11 Weyl semimetal with minimum number of Weyl points. Here, we
report the discovery of surface superconductivity in Weyl semimetal TalrTes. Our scanning
tunneling microscopy/spectroscopy (STM/S) visualizes Fermi arc surface states of TalrTes that
are consistent with the previous angle-resolved photoemission spectroscopy (ARPES) results. By
a systematic study based on STS at ultralow temperature, we observe uniform superconducting
gaps on the sample surface. The superconductivity is further confirmed by electrical transport
measurements at ultralow temperature, with an onset transition temperature (T¢) up to 1.54 K
being observed. The normalized upper critical field h*(T/Tc) behavior and the stability of the
superconductivity against the ferromagnet indicate that the discovered superconductivity is
unconventional with the p-wave pairing. The systematic STS, thickness and angular dependent
transport measurements reveal that the detected superconductivity is quasi-one-dimensional
(quasi-1D) and occurs in the surface states. The discovery of the surface superconductivity in
TalrTes provides a new novel platform to explore topological superconductivity and Majorana
modes.
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Figurel Electric transport properties of TalrTes single crystal

Keywords: Surface superconductivity, type 11 Weyl semimetal
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Prediction of nodal-line semimetals in two-dimensional black
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% %L: Topological semimetals, with conduction bands and valence bands crossing each

other near the Fermi level, are a new kind of topological electronic states, different from
topological insulators. The degenerate energy points with zero-, one-, or two-dimensional
manifolds can form topologically nontrivial Dirac/Weyl, nodal line, and nodal-surface semimetals,
respectively. For the topological nodal-line semimetals, they can be divided into three categories
according to the crystal symmetries owned: (1) the nodal-line protected by mirror reflection; (2)
the nodal-line protected by inversion, time-reversal, and spin rotation symmetries; (3) the double-
nodal line protected by twofold screw rotation, inversion, and time-reversal symmetries. Topology
of the nodal-line semimetals can be identified by topological invariants, including Z, and Z etc.

In the present work, based on density function theory (DFT), we propose a two-dimensional
topological nodal-line semimetals in layered black phosphorene (BP), which has attracted
considerable interest recently. BP has potential applications in nanoelectronics owe to its high
carrier mobility, high anisotropy, and negative poisson ratio etc exotic behaviors. We find that in
the AA’ bilayer BP with a certain biaxial compression strain, a closed nodal-line degenerate bands
appears at the Fermi level and are protected by mirror reflection. The degenerate bands have
opposite mirror eigenvalues + 1 when spin-orbit coupling (SOC) is ignored. Drumhead-like edge
states have been obtained along the I'-X direction. Due to the weak intrinsic SOC of a phosphorus
atom, a band gap less than 10 meV is opened along the node line in the presence of SOC, and the
edge states are almost unaffected by SOC. Multilayers AA” stack BP, such as BP with four and
six layers, are also found to be nodal-line semimetals, under even smaller biaxial compression
strain, which are more accessible in experiments.
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FIG. 1. Geometry structures of AA’ bilayer BP.  FIG. 2. Band structure and edge states for AA’ bilayer BP.
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Abstract: Acoustic analogs of electronic or photonic topological insulators provide unique
approaches to manipulate sound wave propagation. Inspired by twist-induced topological photonic
insulators, here we propose a type of two-dimensional acoustic topological insulator (TI) via
projecting a section of a three-dimensional twisting structure to a plane, assembling the projected
meta-atoms into metamolecules, and arranging the metamolecules into unit cells to form a
honeycomb lattice. It follows that in this acoustic T1, topological phases mimic pseudospin-up and
pseudospin-down states, and the pseudospin-orbital couplings are tuned via changing the rotation
angles of the meta-atoms, which eventually leads to band inversion. By calculating acoustic band
structures, pressure field distributions, and spin Chern numbers of bands, we verify that the
topological phase transition occurs around the double Dirac cone and present the topological
phase diagram as a function of the rotation angle of the meta-atoms. Once the coupling between
adjacent metamolecules is sufficiently strong, mode inversion of topological states emerges.
Furthermore, we numerically demonstrate the existence of topologically protected edge states. It is
shown that robust pseudospin-dependent one-way transmission is immune to defects at the edge of
topological distinct regions, which can be applied to acoustic wave transmissions and
communications. Our approach in acoustic systems provides a strategy to explore abundant
topological states in two-dimensional systems.

Fig.1. Schematic of the twisted wire bundle and their projections to xy plane.
Keywords: Acoustic topological insulator Topologically protected edge states
Unidirectional transport
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#%L: Quantum magnetic topological states combining the topological anomaly and magnetic
order, such as quantum anomalous Hall (QAH) states, topological axion insulating states, and
magnetic Weyl states, emerge rich exotic quasiparticles with or without counterparts to mimic real
particles in universe, of which further in-deep studies and potential applications, such as the
prestigious quantum device, are extremely limited by the lack of suitable intrinsic magnetic
topological insulators (MTIs). Here, we grow single crystals of the Mn(Sb,Bi)2Tes family as part
of a search for intrinsic MTIs, and by combining the angle-resolved photoemission spectroscopy,
low-temperature transport, and first-principles calculations, we investigate the band structure,
transport properties, and magnetism, as well as the evolution of topological anomaly in this family
of materials. All the materials could be exfoliated to produce two-dimensional flakes. Taking
careful consideration of the multiple transition processes of charge carriers, magnetization, and
topology, we conclude that there exists an ideal MTI zone in the Mn(Sh,Bi),Tes phase diagram,
hosting a potential high-temperature QAH effect, as well as possible for device applications.
X4#iA:  Magnetic topological, Topological insulator
ZHE k-
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. CdsAs; is a three-dimensional Dirac semimetal with separated Dirac points in momentum
space. In spite of extensive transport and spectroscopic studies on its exotic properties, the evidence
of superconductivity in its surface states remains elusive. Here, we report the observation of
proximity-induced surface superconductivity in Nb/CdsAs, hybrid structures. Our four-terminal
transport measurement identifies a pronounced proximity-induced pairing gap (gap size comparable
to Nb) on the surfaces, which exhibits a flat conductance plateau in differential conductance spectra,
consistent with our theoretical simulations. The surface supercurrent from Nb/CdsAs,/Nb junctions
is also achieved with a Fraunhofer/SQUID-like pattern under out-of-plane/in-plane magnetic fields,
respectively. The resultant mapping shows a predominant distribution on the top and bottom
surfaces as the bulk carriers are depleted, which can be regarded as a higher dimensional analog of
edge supercurrent in two-dimensional quantum spin Hall insulators. Our study provides the
evidence of surface superconductivity in Dirac semimetals.

Al Surface superconductivity, Topological Dirac semimetal
23R
[1] Ce Huang et al., Proximity induced surface superconductivity in Dirac semimetal Cd3As2, Nat.
Comm.2019, 10. 2217
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% . Modern condensed matter physics is looks for new phenomena that arise from the
properties of wave functions beyond the band structure of materials. A remarkable example of such
phenomena is provided by local properties of wave functions, defined as the Berry curvature. The
importance of Berry curvature is increasingly recognized in a wide range of areas in condensed
matter physics, including anomalous Hall conductivities of ferromagnets, nonlocal transport and
chiral optical responses in non-centrosymmetric metal and semiconductors. It is well known that
the conventional Nernst effect requires broken time-reversal symmetry, namely there is no
transverse charge current generated by a longitudinal temperature gradient in time-reversal
symmetry materials as least in linear response regime. However, here we propose an emergence
of nonlinear anomalous Nernst effect (NANE) as a second response to a temperature gradient in
time-reversal symmetry but inversion broken materials. This non-linear thermoelectric effect
origins from the Berry curvature of states near the Fermi surface and becomes a promising tool for
understanding novel materials. Analogous to the nonlinear Hall effect, the largest symmetry of two-
dimensional crystal that allows for nonvanishing NANE is a single mirror symmetry.

The C3v symmetry of Nernst effect in transition metal dichalcogenides (TMDCs) with 1H
structure would force the nonlinear current disappear. However, application of uniaxial strain can
reduce this symmetry and leave only a single mirror operation. We investigate the non-linear Nernst
effect in transition metal dichalcogenides (TMDCs) under the application of uniaxial strain. In
particular, we predict that under fixed chemical potential in TMDCs, the non-linear Nernst current

exhibits a transition from T2 temperature dependence in low temperature regime to a linear T-
dependence in high temperature.

Key word: Topological effect, TMDCs, Berry curvature, 2D materials, Anomalous Nernst effect
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Abstract: Spin-Seebeck effect (SSE) is an effective route to realize pure spin current by using
spin-polarized electrons or spin-wave transport in magnetic systems. Here we propose a route, i.e.,
by using spin-orbit coupling (SOC), to achieve robust SSE characterized by pure thermal spin
current. The material examples are constructed on achiral nanotubes, and the theoretical results
reveal that (i) as temperature gradient is applied along the nanotubes, thermal spin-up and spin-
down currents with opposite flow directions are produced without any accompanying charge
current, (ii) the SSE is robust against decoherence and nonuniform interchain SOC, (iii) the
thermal spin currents display a multioscillation feature with increasing device temperatures,
supporting their potential device applications in thermal spin-current multiswitcher, and (vi) strain
engineering in the radical direction of nanotubes is an effective way to improve SSE and to control
pure thermal spin current. These inspiring spin transport behaviors in achiral molecular systems
put forward a mechanism to realize the robust SSE characterized by pure spin current and develop
the research field of spin-orbito-caloritronics, which focuses on the interplay of electrons’ spin and
orbital degrees of freedom in the presence of temperature gradient.
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Fig.1.Schematic view of an achiral nanotube (no helical symmetry)
Key words: Spin-orbito-caloritronics, spin-orbit coupling (SOC), Spin-Seebeck effect
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%% The phononic topological Weyl closed nodal lines, including Weyl nodal rings, nodal chains,
nodal nets, nodal links, and nodal knots, have been widely studied. The phononic topological Weyl
open nodal lines (PTWONLSs), however, have not been well investigated so far. By analyzing the
coexistence of parity inversion and time-reversal symmetries, we found that the PTWONLSs can be
divided into three categories, with surface states hosting different shapes and positions in the
Brillouin zone (BZ). Specifically, semiconducting Rb,Sn,Oz; was found to exhibit perfect

PTWONLSs in its phonon spectrum, which fills up one of the categories. Numerical calculations
showed that the drumhead-like surface states exist on the (010) surface and six PTWONLSs appear
in the first BZ due to the Cs rotation symmetry in the crystal structure. Their topological nontrivial
nature was confirmed by calculating the Berry phase and by the linear phononic bands around the
Weyl points. These theoretical findings provide a deep understanding into the phononic Weyl-open-

nodal-line physics, and a promising candidate for experimental verification.

o<0

Figure 1. Definition of different topological Weyl open nodal lines with different parameters o, where the red

dashed lines stand for the nodal lines. (a) Nodal rings or lines for a > 0. (b), (c) Nodal lines for o< 0 and o= 0,
respectively.
Key Words: Phononic Topological Weyl Open Nodal Lines, Phonon Berry Phase, Drumhead-like
Surface States, Fermi Arc, First-principle Calculations
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Abstract: Quantum limit is quite easy to achieve once the band crossing exists exactly at the
Fermi level (Ef) in topological semimetals. In multilayered Dirac fermion system, the density
of Dirac fermions on the zeroth Landau levels (LLs) increases in proportion to the magnetic
field, resulting in intriguing angle- and field-dependent interlayer tunneling conductivity near
the quantum limit. BaGa; is an example of multilayered Dirac semimetal with anisotropic
Dirac cone close to Er, providing a good platform to study its interlayer transport properties.
In this paper, we report the negative interlayer magnetoresistance (NIMR, I//c and B//c)
induced by the tunneling of Dirac fermions on the zeroth LLs of neighbouring Ga layers in
BaGa,. When the field deviates from the c-axis, the interlayer resistivity p,-(0) increases and
finally results in a peak with the field perpendicular to the c-axis. These unusual interlayer
transport properties (NIMR and resistivity peak with B | c) are observed together for the first
time in Dirac semimetal under ambient pressure and are well explained by the model of

tunneling between Dirac fermions in the quantum limit.

Key words: quantum oscillations, electronic structure, the zeroth Landau level, first-principles

calculation, angle-resolved photoemission spectroscopy
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