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Majorana correlation for a number-conserving p-wave Fermi gas in 1D
lattice

BRI (F B A A 3 AT 7T
8 4298 (Z#=) L4 8:00-9:00

In this talk, I will show that the spin-polarized p-wave Fermi gas in 1D lattice can support
Majorana edge state. This is facilitated by the strong pairing fluctuations due to the
coupling/conversion between atomicand molecular channels, despite the absence of true
long-range pairing order. The Majorana edge state manifests itself in the strong edge-edge
correlations and their robustness against disorders, as well as a non-trivial winding number for
the bulk system with twist boundary. It is found that the three- and four-body collisions can
be significantly suppressed to enable its realistic detection in experiments. These results show
that the Majorana physicscan be accessible in a very natural and simplenumber-conserving

cold atoms setup.
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Two-body bound and scattering states in harmonic waveguides
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Nonequilibrium phenomena in driven-open condensates

(2 dIf e K 5)
8 H29H (A=) EF10:10-11:10

The last decade has witnessed fast experimental development in realizing driven open
quantum systems with many degrees of freedom. Examples include exciton-polaritons in
semiconductor heterostructures, ultracold atoms, trapped ions, and microcavity arrays. The
common characteristic is explicit breaking of detailed balance on a microscopic level by the
presence of both coherent and driven-dissipative dynamics, placing these systems far from
thermal equilibrium. This makes them promising laboratories for studying nonequilibrium
statistical mechanics, according to which, one expects nonequilibrium features to persist to
the macroscopic level of observation. In this talk, I will present our recent study on driven
open condensates (DOC) inspired by these experimental developments. In particular, I will
show how the intrinsic nonequilibrium character of DOC can give rise to rich noneugqilibrium

phenomena, including slow combustion dynamics, vortex turbulence, dynamical arrest, etc.
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Experimental Observation of One-Dimensional Superradiance Lattices in
Ultracold Atoms

EE (L& K )
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In this talk, I will present our recent work on the measurement of the superradiant emission in
a 1D superradiance lattice (SL) in ultracold atoms. Resonantly excited to a superradiant state,
the atoms are further coupled to other collectively excited states, which form a 1D SL. The
directional emission of one of the superradiant excited states in the 1D SL is measured. The
emission spectra depend on the band structure, which can be controlled by the frequency and
intensity of the coupling laser fields. This work provides a platform for investigating the
collective Lamb shift of resonantly excited superradiant states in Bose-Einstein condensates

and paves the way for realizing higher dimensional superradiance lattices.
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Neural Network Renormalization Group
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I will present a variational renormalization group (RG) approach using a deep generative
model based on normalizing flows. The model performs a hierarchical of change-of-variables
transformations from the physical space to a latent space with reduced mutual information.
Conversely, it directly generates statistically independent physical configurations as a form of
inverse RG flow. The generative model has an exact and tractable likelihood, which allows
unbiased training and direct access to the renormalized energy function of the latent variables.
To train the neural network, we employ the probability density distillation of the bare energy
function, where the training loss provides a variational upper bound of the physical free
energy. We demonstrate practical usage of the approach by identifying mutually independent
collective variables of the Ising model and performing accelerated hybrid Monte Carlo
sampling in the latent space. I will comment on the connection of the present approach to
DeepMind’s WaveNet, wavelet formulation of RG, and the modern pursuit of information

preserving RG.
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Predictions of novel topological materials from first principles

s (RS
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In recent years, the interplay of topology and symmetry derives a rich variety of new
topological quantum states in condensed matter physics. For instance, the time reversal
symmetry protected topological insulators, Chern insulator, crystalline topological insulators,
and crystalline symmetry protected or enforced semimetals have been theoretically proposed
and experimentally confirmed.

The predictions of real topological materials from first principles play a critical role to realize
the new topological states in experiments.

The Chern insulators can host quantum anomalous Hall effect (QAHE) on their surfaces or
edges. We propose realizing the QAHE by proximity coupling graphene to an antiferro-
magnetic insulator that provides both broken time-reversal symmetry and spin-orbit coupling.
We illustrate our idea by performing ab initio calculations for graphene adsorbed on the (111)
surface of BiFeO3 [1]. In this case, we find that the proximity-induced exchange field in
graphene is about 70 meV, and that a topologically nontrivial band gap is opened by Rashba
spin-orbit coupling. The size of the gap depends on the separation between the graphene and
the thin film substrate, which can be tuned experimentally by applying external pressure.
Dirac and Weyl semimetals are topological semimetals but they feature different topological
properties and require opposite symmetry protections. We propose that the noncentro-
symmetric LiGaGe-type hexagonal ABC crystal SrHgPb realizes a new type of topological
semimetal that hosts both Dirac and Weyl points in momentum space [2]. The
symmetry-protected Dirac points arise due to a band inversion and are located on the sixfold
rotation z-axis, whereas the six pairs of Weyl points related by sixfold symmetry are located
on the perpendicular k, = 0 plane.

Carbon allotropes have a large family of materials with varieties of crystal structures and
properties and can realize different topological phases. We predictedanewtwo-dimensional
carbon allotrope, namely penta-octa-graphene, which consists pentagonal and octagonal
carbon rings [3]. We find that penta-octa-graphene can host both type-I and -II Dirac line
nodes (DLNs) and the band inversion between conduction and valence bands form the type-I
DLNs and the two highest valence bands form the type-1I DLNs.

10
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In this talk, I will review two aspects of work. In the first part, I will talk about ideal Weyl
semimetals. I will show that a large class HgTe-class compounds, including HgTe,
half-Heusler and chalcopyrite compounds,have plenty of topological states ignored previously.
HgTe, HgSe and some half-Heusler compounds are topologically nodal-line semimetals, and
they could realize ideal Weyl semimetals with four pairs of Weyl nodes and topological
surface Fermi arcs. As the simplest HgTe-class compound, alpha-Sn could realize ideal Dirac
semimetal phase through the strain tuning due to the inversion symmetry. In the second part, |
will review some progress of topological states in these transition metal dichalcogenide (TMD)
materials, especially the work focused on by our group, such as, type-II Weyl semimetals,

quantum spin Hall state and topological insulators.

12
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Topological Defects in the Frustrated Optical Lattice

RFE(ERKT)
8 A29H (ZH=) T4 17:40-18:40

We analyzed the repulsive particles in the frustrated optical lattice. For the triangular lattice,
when introducing the spatial anisotropy, the bosonic domain walls are excited. Such
topological defects can continuously change the crystal structure, so that the exotic
incommensurate supersolid is observed [1]. Similar phenomena can also be found in the
kagome optical lattice. When choosing cylindrical boundary condition, we found a novel edge

liquid phase with fractional charges (spinons) linked by quantum strings (effective gauge field)

[2].
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Generalized Josephson relation for conserved charges in multi-component
bosons

KU ()M K5
S H308 (Z#HwW) L& 9:00-10:00

The Josephson relation is generalized for conserved charges in multi-component bosons. With
linear response theory, a formula for derivation of generalized superfluid density is given.
When there are several conserved charges, the superfluid density is generally a second order
tensor in internal spin space. When the rank of Green's function matrix is one, Josephson
relation is given explicitly with phase operator method. For two-component bosons, with
quantum field theory, we show a generalized Hugenholtz-Pines relation hold and existence of
two gapless phonons. When the interactions are U(2) invariant, we show there is a gapless
quadratic dispersion excitation no matter how strong the interactions are. The corresponding

generalized Josephson relation is expressed with Green's function matrix elements.
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Non-Equilibrium Topological Insulators with Ultracold Atoms

FH(L K )
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There are presently ongoing experiments aimed at observing quantum Hall physics with
ultracold gases. At zero temperature, the direct correspondence between the Chern number of
the ground state, the Hall conductance, and the chiral edge states is well established. Yet,
non-equilibrium scenarios generically occur in cold-atom experiments, where starting from a
topologically trivial initial state, the Hamiltonian is parametrically driven into a topological
regime. However, the system can never enter a Chern insulator state under such coherent
evolution, thus raising the challenge as to which manifestations of topology can be actually
observed in cold atom setups. Addressing this experiment relevant issue, we show that the
non-equilibrium Hall response can be quantized despite the non-topological nature of the state
at all times [1]. I will proceed to discuss how Floquet driving can be harnessed to transcend
fundamental constraints in equilibrium systems. Specifically, I show that the perfect spin
momentum locking, which in equilibrium only occurs in 2D topological insulators, can

emerge in 1D Floquet lattice systems non-adiabatically [2].
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Haldane pseudopotentials have played a key role in the study of the fractional quantum Hall
(FQH) effect as they allow an arbitrary rotationally-invariant interaction to be expanded over
projectors onto the two-particle eigenstates of relative angular momentum. Here we introduce
a more general class of pseudopotentials that form a complete basis in the cases where
rotational symmetry is explicitly broken, e.g., due to tilted magnetic field or tilted dipolar
fermions. Similar to the standard isotropic pseudopotentials, the generalized pseudopotentials
are also parametrized by a unimodular metric, which groups the effective interactions into
equivalence classes, and is particularly useful in determining optimal model Hamiltonians of
the anisotropic FQH fluids.

18
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Introduction of engineering topological phases in various two-dimensional
systems
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In this talk, first I will review the progress of engineering topological phases (e.g. quantum
anomalous Hall effect, quantum spin-Hall effect and quantum valley Hall effect) in graphene
and related two-dimensional materials; Then, I will focus on the electronic transport
properties of gate-controlled topological state (i.e., zero-line mode) in bilayer graphene
systems; In the end, I will briefly talk about the vertical transport properties in rotated bilayer

graphene systems.
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Plasma quantization and its interaction with other particles
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The collective modes of two dimensional (2D) electron gases are studied with the full electron
light interacting Hamiltonian. The complicate operator dynamics which couple electrons and
photons can be simplified by separating two kinds of electron density oscillations. Not only
the quasi particle energies, but also the wave functions have been derived. The inverse
operator transformation, which interprets electron oscillations and photons with quasi
particles, has been developed to study the interaction between plasmons and emitters. Besides
the ordinary interaction induced by the electric field of plasmon, we find an additional term

arising from exchanging electrons between them.
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Dynamical characterization of topological phases

kA (LR KF)

8 A 308 (E#HwW) TF 17:40-18:40
Topological phase of matter is now a mainstream of research in condensed matter physics, of
which the classification, synthesis, and detection of topological states have brought many
excitements over the recent decade while remain incomplete with ongoing challenges in both
theory and experiment. Here we propose to establish a universal dynamical characterization of
the topological quantum phases classified by integers, with the framework of the study
consisting of two parts.
First, we uncover that classifying a generic d-dimensional (dD) gapped topological phase can
reduce to a (d-1)D invariant defined on the so-called band-inversion surface (BIS), rendering
a fundamental bulk-surface duality. We further show in quenching across phase boundary the
spin dynamics exhibits unique topological patterns on the BIS, which are attributed to the
post-quench bulk topology. The topological phase is then classified by a dynamical topolog-
ical invariant measured from dynamical spin-texture field on the BIS.
Second, we show that the defined (d-1)D invariant actually counts the total topological
charges of the spin-orbit field in the region enclosed by the BIS. The charges can be
characterized by distinctive non-equilibrium spin dynamics caused by a sequence of well-
chosen quenches. The topological characterization thus reduces to a dynamical topological
invariant defined at several particular points, and the measurement can only involve a single
spin component, exhibiting great experimental advantages.
In both of the two parts, applications to quenching experiments on feasible models are studied.
Experimentally implementable setup is also proposed for cold atoms. Our work paves a new

way to the dynamical classification of topological phases.
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The ab initio numerical tool Multi-Configuration Time-Dependent Hartree
method (MCTDH): Family tree, main concept and application examples
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Understanding the thermodynamic physics of ultra-cold atoms in the
one-dimensional exactly solvable model
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Many integrable models have been realized through the development of experimental
techniques of ultra-cold atoms. The exact solutions of these models provide precise results to
understand the observed physical phenomenon. In this talk, I will briefly introduce the Bethe
ansatz method and the experimental realization of the integrable systems. Then, I will explain,
how to reveal their thermodynamic and quantum critical properties by selecting some typical
integrable models.
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Hard core anyon gas in one dimension
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Using an anyon-fermion mapping method and thermal anyon-ferimon mapping method, we
investigate hard-core anyons confined in a one-dimensional harmonic trap. The concise
analytical formula of the reduced one-body density matrix is obtained. Based on this formula,
we evaluated the momentum distribution, the natural orbitals, and their occupation
distributions for different statistical parameters. It is shown that the ground-state properties of
anyons interplay between bosons and fermions continuously. We can expect that the
hard-core anyons of larger statistical parameters exhibit similar properties to the hard-core
bosons although anyon systems satisfy specific fractional statistics. At low temperature
hard-core anyon gases exhibit the similar properties as those of ground state, while at high
temperature hard-core anyon gases of different statistical properties display the same reduced
one-body density matrix and momentum distribution as those of spin-polarized fermions. The
Tan’s contact of hard-core anyon gas at finite temperature is also evaluated, which take the
simple relation with that of Tonks-Girardeau gas C, as C :é [l—oos( Z”)]q; .
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Dissipative Majorana quantum wires

K (LEGE RS
S A3 H (ZHA) FF 14:30-15:30

In this paper, we try to formulate and quantitatively examine the effect of dissipation on
topological systems. By choosing a specific model of Kitaev quantum wire with onsite Ohmic
dissipations, we perform a numerically exact quantum Monte Carlo simulation to investigate
this interacting open quantum system with strong system-bath (SB) coupling thus beyond the
scope of Born-Markovian approximation. We concentrate on the effect of dissipation on the
topological features of the system (e.g. the Majorana edge mode) at zero temperature, and find
that even though the topological phase is robust against weak SB couplings as it is supposed
to be, it will eventually be destroyed by sufficiently strong dissipations via a continuous
quantum phase transition instead of a crossover. The dissipation-driven quantum criticality
has also been discussed. In addition, a bosonization analysis has been performed to provide an

analytical understanding of the interplay between the pairing and dissipation in our model.
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Variational Study of Fermionic and Bosonic Systems with Non-Gaussian
States: Theory and Applications
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We present a new variational method for investigating the ground state and out of equilibrium
dynamics of quantum many-body bosonic and fermionic systems. Our approach is based on
constructing variational wavefunctions which extend Gaussian states by including generalized
canonical transformations between the fields. The key advantage of such states compared to
simple Gaussian states is presence of non-factorizable correlations and the possibility of
describing states with strong entanglement between particles. In contrast to the commonly
used canonical transformations, such as the polaron or Lang-Firsov transformations, we allow
parameters of the transformations to be time dependent, which extends their regions of
applicability. We derive equations of motion for the parameters characterizing the states both
in real and imaginary time using the differential structure of the variational manifold. The
ground state can be found by following the imaginary time evolution until it converges to a
steady state. Collective excitations in the system can be obtained by linearizing the real-time
equations of motion in the vicinity of the imaginary time steady-state solution. Our formalism
allows us not only to determine the energy spectrum of quasiparticles and their lifetime, but to
obtain the complete spectral functions and to explore far out of equilibrium dynamics such as
coherent evolution following a quantum quench. We illustrate and benchmark this framework

with several examples: Kondo models and lattice gauge theory.
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