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Article Title: Dynamics of disordered states in the Bose-Hubbard model with confinement

Authors: MiYan, Hoi-Yin Hui, V. W. Scarola

Keywords: Atomic, Molecular & Optical

Abstract: Observations of center-of-mass dynamics offer a straightforward method to identify strongly interacting
quantum phases of atoms placed in optical lattices. We theoretically study the dynamics of states derived from the
disordered Bose-Hubbard model in a trapping potential. We find that the edge states in the trap allow center-of-
mass motion even with insulating states in the center. We identify short- and long-time-scale mechanisms for
edge-state transport in insulating phases. We also argue that the center-of-mass velocity can aid in identifying a
Bose-glass phase. Our zero-temperature results offer important insights into mechanisms of transport of atoms in
trapped optical lattices while putting bounds on center-of-mass dynamics expected at nonzero temperature.
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Article Title: Quantum anomalous Hall state from spatially decaying interactions on the decorated honeycomb
lattice

Authors: Mengsu Chen, Hoi-Yin Hui, Sumanta Tewari, V. W. Scarola

Keywords: Strongly correlated Lattice models

Abstract: Topological phases typically encode topology at the level of the single particle band structure. But a
remarkable new class of models shows that quantum anomalous Hall effects can be driven exclusively by
interactions, while the parent non-interacting band structure is topologically trivial. Unfortunately, these models
have so far relied on interactions that do not spatially decay and are therefore unphysical. We study a model of
spinless fermions on a decorated honeycomb lattice. Using complementary methods, mean-field theory and exact
diagonalization, we find a robust quantum anomalous Hall phase arising from spatially decaying interactions. Our
finding paves the way for observing the quantum anomalous Hall effect driven entirely by interactions.
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Article Title: Suppression of Hall number due to charge density wave order in high-Tc cuprates

Authors: Girish Sharma, S. Nandy, A. Taraphder, Sumanta Tewari

Keywords: Strongly Correlated

Abstract: Understanding the pseudogap phase in hole-doped high temperature cuprate superconductors
remains a central challenge in condensed matter physics. From a host of recent experiments there is now
compelling evidence of translational symmetry breaking charge density wave (CDW) order in a wide range of
doping inside this phase. Two distinct types of incommensurate charge order -- bidirectional at zero or low
magnetic fields and unidirectional at high magnetic fields close to the upper critical field Hc2 -- have been reported
so far in approximately the same doping range between p?0.08 and p?0.16. In concurrent developments, recent
high field Hall experiments have also revealed two indirect but striking signatures of Fermi surface reconstruction
in the pseudogap phase, namely, a sign change of the Hall coefficient to negative values at low temperatures at
intermediate range of hole doping and a rapid suppression of the positive Hall number without change in sign near
optimal doping.
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Article Title: Chiral Anomaly as the Origin of the Planar Hall Effect in Weyl Semimetals

Authors: S. Nandy, Girish Sharma, A. Taraphder, Sumanta Tewari

Keywords: condensed matter physics

Abstract: In condensed matter physics, the term “chiral anomaly” implies the violation of the separate number
conservation laws of Weyl fermions of different chiralities in the presence of parallel electric and magnetic fields.
One effect of the chiral anomaly in the recently discovered Dirac and Weyl semimetals is a positive longitudinal
magnetoconductance. Here we show that chiral anomaly and nontrivial Berry curvature effects engender another
striking effect in Weyl semimetals, the planar Hall effect (PHE). Remarkably, the PHE manifests itself when the
applied current, magnetic field, and the induced transverse “Hall” voltage all lie in the same plane, precisely in a
configuration in which the conventional Hall effect vanishes. In this work we treat the PHE quasiclassically, and
predict specific experimental signatures for type-l and type-ll Weyl semimetals that can be directly checked in
experiments.
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Article Title: Equilibration Dynamics of Strongly Interacting Bosons in 2D Lattices with Disorder

Authors: Mi Yan, Hoi-Yin Hui, Marcos Rigol, V.?W. Scarola

Keywords: Atomic, Molecular & Optical

Abstract: Motivated by recent optical lattice experiments [J.-y. Choi et al., Science 352, 1547 (2016)], we study
the dynamics of strongly interacting bosons in the presence of disorder in two dimensions. We show that
Gutzwiller mean-field theory (GMFT) captures the main experimental observations, which are a result of the
competition between disorder and interactions. Our findings highlight the difficulty in distinguishing glassy
dynamics, which can be captured by GMFT, and many-body localization, which cannot be captured by GMFT,
and indicate the need for further experimental studies of this system.
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Article Title: Chiral anomaly and longitudinal magnetotransport in type-Il Weyl semimetals
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Keywords: Condensed Matter

Abstract: In the presence of parallel electric and magnetic fields, the violation of a separate number conservation
laws for the three-dimensional left- and right-handed Weyl fermions is known as the chiral anomaly. The recent
discovery of Weyl and Dirac semimetals has paved the way for experimentally testing the effects of chiral anomaly
via magnetotransport measurements, since chiral anomaly can lead to negative longitudinal magnetoresistance
(LMR) while the transverse magnetoresistance remains positive. More recently, a type-Il Weyl semimetal (WSM)
phase has been proposed, where the nodal points possess a finite density of states due to the touching between
electron and hole pockets. It has been suggested that the main difference between the two types of WSMs (type |
and type ll) is that in the latter, chiral-anomaly-induced negative LMR (positive longitudinal magnetoconductance)
is strongly anisotropic, vanishing when the applied magnetic field is perpendicular to the direction of tilt.
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Article Title: Two-terminal charge tunneling: Disentangling Majorana zero modes from partially separated
Andreev bound states in semiconductor-superconductor heterostructures

Authors: Christopher Moore, Tudor D. Stanescu, Sumanta Tewari

Keywords: Strongly Correlated Physics

Abstract: We demonstrate that partially overlapping Majorana bound states (MBSs) represent a generic low-
energy feature that emerges in non-homogeneous semiconductor nanowires coupled to superconductors in the
presence of a Zeeman field. The emergence of these low-energy modes is not correlated with any topological
quantum phase transition that the system may undergo as the Zeeman field and other control parameters are
varied. Increasing the characteristic length scale of the variations in the potential leads to a continuous evolution
from strongly overlapping MBSs, which can be viewed as "regular" Andreev bound states (ABSs) that cross zero
energy, to well separated weakly overlapping MBSs, which have nearly zero energy in a significant range of
parameters and generate signatures similar to the non-degenerate zero-energy Majorana zero modes (MZMs)
that emerge in the topological superconducting phase.
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Article Title: Thermometry for Laughlin States of Ultracold Atoms

Authors: P.?T. Raum, V.?W. Scarola

Keywords: Atomic, Molecular & Optical

Abstract: Cooling atomic gases into strongly correlated quantum phases requires estimates of the entropy to
perform thermometry and establish viability. We construct an ansatz partition function for models of Laughlin
states of atomic gases by combining high temperature series expansions with exact diagonalization. Using the
ansatz we find that entropies required to observe Laughlin correlations with bosonic gases are within reach of
current cooling capabilities.
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Article Title: Dynamics of disordered states in the Bose-Hubbard model with confinement

Authors: MiYan, Hoi-Yin Hui, V. W. Scarola
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Abstract: Observations of center-of-mass dynamics offer a straightforward method to identify strongly interacting
quantum phases of atoms placed in optical lattices. We theoretically study the dynamics of states derived from the
disordered Bose-Hubbard model in a trapping potential. We find that the edge states in the trap allow center-of-
mass motion even with insulating states in the center. We identify short- and long-time-scale mechanisms for
edge-state transport in insulating phases. We also argue that the center-of-mass velocity can aid in identifying a
Bose-glass phase. Our zero-temperature results offer important insights into mechanisms of transport of atoms in
trapped optical lattices while putting bounds on center-of-mass dynamics expected at nonzero temperature.
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Article Title: Superfluidity in the absence of kinetics in spin-orbit-coupled optical lattices

Authors: Hoi-Yin Hui, Yongping Zhang, Chuanwei Zhang, V. W. Scarola

Keywords: Atomic, Molecular & Optical

Abstract: At low temperatures bosons typically condense to minimize their single-particle kinetic energy while
interactions stabilize superfluidity. Optical lattices with artificial spin-orbit coupling challenge this paradigm,
because here kinetic energy can be quenched in an extreme regime where the single-particle band flattens. To
probe the fate of superfluidity in the absence of kinetics we construct and numerically solve interaction-only tight-
binding models in flatbands. We find that superfluid states arise entirely from interactions operating in quenched
kinetic energy bands, thus revealing a distinct and unexpected condensation mechanism. Our results have
important implications for the identification of quantum condensed phases of ultracold bosons beyond
conventional paradigms.
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Article Title: Stability of emergent kinetics in optical lattices with artificial spin-orbit coupling

Authors: Mengsu Chen, V. W. Scarola
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Abstract: Artificial spin-orbit coupling in optical lattices can be engineered to tune band structure into extreme
regimes where the single-particle band flattens leaving only interparticle interactions to define many-body states of
matter. Lin et al. [F. Lin, C. Zhang, and V. W. Scarola, Phys. Rev. Lett. 112, 110404 (2014)] showed that under
such conditions interactions lead to a Wigner crystal of fermionic atoms under approximate conditions: no
bandwidth or band mixing. The excitations were shown to possess emergent kinetics with fractionalized charge
derived entirely from interactions. In this work we use numerical exact diagonalization to study a more realistic
model with nonzero bandwidth and band mixing. We map out the stability phase diagram of the Wigner crystal.
We find that emergent properties of the Wigner crystal excitations remain stable for realistic experimental
parameters. Our results validate the approximations made by Lin et al..
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Article Title: Fast and efficient stochastic optimization for analytic continuation

Authors: F. Bao, Y. Tang, M. Summers, G. Zhang, C. Webster, V. Scarola, T. A. Maier

Keywords: Numerical Techniques

Abstract: The analytic continuation of imaginary-time quantum Monte Carlo data to extract real-frequency
spectra remains a key problem in connecting theory with experiment. Here we present a fast and efficient
stochastic optimization method (FESOM) as a more accessible variant of the stochastic optimization method
introduced by Mishchenko et al. [Phys. Rev. B 62, 6317 (2000)], and we benchmark the resulting spectra with
those obtained by the standard maximum entropy method for three representative test cases, including data taken
from studies of the two-dimensional Hubbard model. We generally find that our FESOM approach yields spectra
similar to the maximum entropy results. In particular, while the maximum entropy method yields superior results
when the quality of the data is strong, we find that FESOM is able to resolve fine structure with more detail when
the quality of the data is poor. In addition, because of its stochastic nature, the method provides detailed
information on the frequency-d
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Article Title: Correlated Spin-Flip Tunneling in a Fermi Lattice Gas

Authors: Wenchao Xu, William Morong, Hoi-Yun Hui, Vito W. Scarola, Brian DeMarco

Keywords: optical lattices, atomic gases, interactions

Abstract: We report the realization of correlated, density-dependent tunneling for fermionic 40K atoms trapped in
an optical lattice. By appropriately tuning the frequency difference between a pair of Raman beams applied to a
spin-polarized gas, simultaneous spin transitions and tunneling events are induced that depend on the relative
occupations of neighboring lattice sites. Correlated spin-flip tunneling is spectroscopically resolved using gases
prepared in opposite spin states, and the inferred Hubbard interaction energy is compared with a tight-binding
prediction. We show that the laser-induced correlated tunneling process generates doublons via loss induced by
light-assisted collisions. Furthermore, by controllably introducing vacancies to a spin-polarized gas, we
demonstrate that correlated tunneling is suppressed when neighboring lattice sites are unoccupied.
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Article Title: Two-terminal charge tunneling: Disentangling Majorana zero modes from partially separated
Andreev bound states in semiconductor-superconductor heterostructures

Authors: Christopher Moore, Tudor D. Stanescu, Sumanta Tewari

Keywords: Topological Matter

Abstract: We show that a pair of overlapping Majorana bound states (MBSs) forming a partially separated
Andreev bound state (ps-ABS) represents a generic low-energy feature in spin-orbit-coupled semiconductor-
superconductor (SM-SC) hybrid nanowire in the presence of a Zeeman field. The ps-ABS interpolates
continuously between the “garden variety” ABS, which consists of two MBSs sitting on top of each other, and the
topologically protected Majorana zero modes (MZMs), which are separated by a distance given by the length of
the wire. The really problematic ps-ABSs consist of component MBSs separated by a distance of the order of the
characteristic Majorana decay length ?, and have nearly zero energy in a significant range of control parameters,
such as the Zeeman field and chemical potential, within the topologically trivial phase. Despite being topologically
trivial, such ps-ABSs can generate signatures identical to MZMs in local charge tunneling experiments.
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Article Title: Spin-orbit-driven transitions between Mott insulators and finite-momentum superfluids of bosons in
optical lattices

Authors: Mi Yan, Yinyin Qian, Hoi-Yin Hui, Ming Gong, Chuanwei Zhang, V. W. Scarola

Keywords: Optical Lattices

Abstract: Synthetic spin-orbit coupling in ultracold atomic gases can be taken to extremes rarely found in solids.
We study a two-dimensional Hubbard model of bosons in an optical lattice in the presence of spin-orbit coupling
strong enough to drive direct transitions from Mott insulators to superfluids. Here we find phase-modulated
superfluids with finite momentum that are generated entirely by spin-orbit coupling. We investigate the rich phase
patterns of the superfluids, which may be directly probed using time-of-flight imaging of the spin-dependent
momentum distribution.

Distribution Statement: 3-Distribution authorized to U.S. Government Agencies and their contractors
Acknowledged Federal Support: Y

Publication Type: Journal Article Peer Reviewed: Y Publication Status: 1-Published
Journal: Scientific Reports Nature

Publication Identifier Type: DOI Publication Identifier: 10.1038/s41598-018-33273-6
Volume: 8 Issue: First Page #: 14867

Date Submitted: 8/26/19 12:00AM Date Published: 10/5/18 8:00AM

Publication Location:

Article Title: Bulk band inversion, surface Dirac cones, and first-principles resolution of topological band
structure of lanthanum monopnictides LaSb and LaBi

Authors: Urmimala Dey, Monodeep Chakraborty, Sumanta Tewari

Keywords: Topological States of Matter

Abstract: We have performed detailed \textit{ab initio} investigations of the comparative bulk and surface band
structures of LaSb and LaBi to resolve the existing disagreements about the topological property of LaSb,
considering LaBi as reference. The band dispersion obtained using modified Becke Johnson (mBJ) potential
shows that no band inversion is present in the bulk, suggesting the topologically trivial nature of LaSb. The Dirac-
cone-like surface state spectrum previously observed experimentally in vacuum ultraviolet angle-resolved
photoemission spectroscopy (VUV-ARPES) at the (001) surface of LaSb has been the key to the dispute
regarding its topological character. Our calculations reveal that the surface state Dirac cone in this system is
unstable under time-reversal-preserving perturbations such as uniaxial strain.
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Abstract: We solve analytically the problem of a finite length Kitaev chain coupled to a quantum dot (QD), which
extends the standard Kitaev chain problem making it more closely related to the quantum dot-semiconductor-
superconductor (QD-SM-SC) nanowire heterostructure that is currently under intense investigation for possible
occurrence of Majorana zero modes (MZMs). Our analytical solution reveals the emergence of a robust Andreev
bound state (ABSs) localized in the quantum dot region as the generic lowest energy solution in the topologically
trivial phase. By contrast, in the bare Kitaev chain problem such a solution does not exist. The robustness of the
ABS in the topologically trivial phase is due to a partial decoupling of the component Majorana bound states
(MBSs) over the length of the dot potential. As a result, the signatures of the ABS in measurements that couple
locally to the quantum dot, e.g., tunneling measurements, are identical to the signatures of topologically-protected
MZMs.
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Article Title: Quantized zero bias conductance plateau in semiconductor-superconductor heterostructures
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Abstract: We show that partially separated Andreev bound states (ps-ABSs), comprised of pairs of overlapping
Majorana bound states (MBSs) emerging in quantum dot-semiconductor-superconductor heterostructures,
produce robust zero bias conductance plateaus in end-of-wire charge tunneling experiments. These plateaus
remain quantized at 2e2/h over large ranges of experimental control parameters. In light of recent experiments
reporting the observation of robust 2e2/h-quantized conductance plateaus in local charge tunneling experiments,
we perform extensive numerical calculations to explicitly show that such quantized conductance plateaus, which
are obtained by varying control parameters such as the tunnel barrier height, the super gate potential, and the
applied magnetic field, can arise as a result of the existence of ps-ABSs.
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Abstract: Synthetic fields applied to ultracold quantum gases can realize topological phases that transcend
conventional Bose and Fermi-liquid paradigms. Raman laser beams in particular are under scrutiny as a route to
create synthetic fields in neutral gases to mimic ordinary magnetic and electric fields acting on charged matter.
Yet external laser beams can impose heating and losses that make cooling into many-body topological phases
challenging. We propose that atomic or molecular dipoles placed in optical lattices can realize a topological phase
without synthetic fields by placing them in certain frustrated lattices. We use numerical modeling on a specific
example to show that the interactions between dipolar fermions placed in a kagome optical lattice spontaneously
break time-reversal symmetry to lead to a topological Mott insulator, a chiral topological phase generated entirely
by interactions. We estimate realistic entropy and trapping parameters to argue that this intriguing phase.
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Abstract: The extended Bose-Hubbard model captures the essential properties of a wide variety of physical
systems including ultracold atoms and molecules in optical lattices, Josephson junction arrays, and certain narrow
band superconductors. It exhibits a rich phase diagram including a supersolid phase where a lattice solid coexists
with a superfluid. We use quantum Monte Carlo to study the supersolid part of the phase diagram of the extended
Bose-Hubbard model on the simple cubic lattice. We add disorder to the extended Bose-Hubbard model and find
that the maximum critical temperature for the supersolid phase tends to be suppressed by disorder. But we also
find a narrow parameter window in which the supersolid critical temperature is enhanced by disorder. Our results
show that supersolids survive a moderate amount of spatial disorder and thermal fluctuations in the simple cubic
lattice.
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Abstract: Higher-order topological superconductors hosting Majorana-Kramers pairs (MKPs) as corner modes
have recently been proposed in a two-dimensional quantum spin Hall insulator proximity-coupled to
unconventional cuprate or iron-based superconductors. Here, we show that such MKPs can be realized using a
conventional s-wave superfluid with a soliton in cold atom systems governed by the Hubbard-Hofstadter model.
The MKPs emerge in the presence of interaction at the “corners” defined by the intersections of line solitons and
the one-dimensional edges of the system. Our scheme is based on the recently realized cold atom Hubbard-
Hofstadter lattice and will pave the way for observing possible higher-order topological superfluidity with
conventional s-wave superfluids or superconductors.
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Abstract: The fractional quantum Hall effect (FQHE) observed at half filling of the second Landau level is
believed to be caused by a pairing of composite fermions captured by the Moore-Read Pfaffian wave function.
The generating Hamiltonian for the Moore-Read Pfaffian is a purely three-body model that breaks particle-hole
symmetry and lacks other properties, such as dominate two-body repulsive interactions, expected from a physical
model of the FQHE. We use exact diagonalization to study the low-energy states of a more physical two-body
generator model derived from the three-body model. We find that the two-body model exhibits the essential
features expected from the Moore-Read Pfaffian: pairing, non-Abelian anyon excitations, and a neutral fermion
mode. The model also satisfies constraints expected for a physical model of the FQHE at half-filling because it is
short range, spatially decaying, particle-hole symmetric, and supports a roton mode with a robust spectral gap.
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Abstract: We examine the topological properties of a one-dimensional (1D) chain of fermions with spin-orbit
coupling, Zeeman field, and attractive Hubbard interaction by numerically computing the pair binding energy,
excitation gap, and susceptibility to local perturbations by density matrix renormalization group. Such a system
can in principle be realized in a 1D optical lattice. We find that, in the presence of spatial interfaces introduced by
a smooth parabolic potential, the variation of the pair binding energy and the excitation gap with the system size
indicate an exponentially vanishing fermion parity gap and topological ground state degeneracy in the
thermodynamic limit, consistent with recent works. However, the susceptibility of the ground state degeneracy to
local perturbations indicate that the vanishing of the fermion parity gap in this number conserving system scales
as a power-law in system size.
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Abstract: Dirac semimetals (DSM) and Weyl semimetal (WSM) fall under the generic class of three-dimensional
solids, which follow relativistic energy-momentum relation ?k=?vF|k| at low energies. Such a linear dispersion
when regularized on a lattice can lead to remarkable properties such as the anomalous Hall effect, presence of
Fermi surface arcs, positive longitudinal magnetoconductance, and dynamic chiral magnetic effect. The last two
properties arise due to the manifestation of chiral anomaly in these semimetals, which refers to the non-
conservation of chiral charge in the presence of electromagnetic gauge fields. Here, we propose the planar Nernst
effect, or transverse thermopower, as another consequence of chiral anomaly, which should occur in both Dirac
and Weyl semimetals. We analytically calculate the planar Nernst coefficient for DSMs (type-l and type-Il) and
also WSMs (type-l and type-Il), using a quasi-classical Boltzmann formalism.
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Abstract: Robust topologically-trivial low-energy Andreev bound states (ABSs) induced by position-dependent
effective potentials have recently come under renewed focus in light of a remarkable set of recent experiments
observing robust quantized zero bias conductance plateaus in semiconductor-superconductor (SM-SC)
heterostructures. We clarify the mechanisms for the formation of such states in SM-SC hybrid nanowires under
the application of a parallel magnetic field. Specifically, we show that, (1) the partial spatial separation of the wave
functions of the component Majorana bound states (MBSs) is crucial for the creation and robustness of
topologically trivial near-zero-energy ABSs, (2) this partial separation can be induced by monotonic smooth
confinement potentials or by non-monotonic valley or hill potentials, which can be induced by potential gates or by
a position-dependent work function difference, (3) the signs of the spin polarizations.
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Abstract: In addition to the well-known chiral anomaly, Dirac semimetals have been argued to exhibit a mirror
anomaly, a close analog to the parity anomaly of 2-dimensional massive Dirac fermions. The observable response
of such anomaly is manifested in a singular steplike anomalous Hall response across the mirror-symmetric plane
in the presence of a magnetic field. Although this result seems to be valid in type-Il Dirac semimetals (strictly
speaking, in the linearized Hamiltonian), we find that type-I Dirac semimetals do not possess such an anomaly in
anomalous Hall response even at the level of the linearized Hamiltonian. In particular, we show that the
anomalous Hall response continuously approaches zero as one approaches the mirror symmetric angle in a type-I
Dirac semimetal as opposed to the singular Hall response in a type-Il Dirac semimetal. Moreover, we show that,
under certain conditions, the anomalous Hall response may vanish in a linearized type-| Dirac semimetal.
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Abstract: Topological Weyl semimetals (WSMs) have been predicted to be excellent candidates for detecting
Berry curvature dipole (BCD) and the related non-linear effects in electronics and optics due to the large Berry
curva- ture concentrated around the Weyl nodes. And yet, linearized models of isolated tilted Weyl cones only
realize a diagonal non-zero BCD tensor which sum to zero in the model of WSM with multiple Weyl nodes in the
presence of mirror symmetry. On the other hand, recent ab initio work has found that realistic WSMs like TaAs-
type or MoTe2-type compounds, which have mirror symmetry, indeed show an off-diagonal BCD tensor with an
enhanced magnitude for its non-zero components. So far, there is a lack of theoretical work addressing this
contradiction for 3D WSMs. In this paper, we systematically study the BCD in 3D WSMs using lattice Weyl
Hamiltonians, which go beyond the linearized models.
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Abstract: The manifestation of chiral anomaly in Weyl semimetals typically relies on the observation of
longitudinal magnetoconductance (LMC) along with the planar Hall effect, with a specific magnetic field and angle
dependence. Here we solve the Boltzmann equation in the semiclassical regime for a prototype of a Weyl
semimetal, allowing for both intravalley and intervalley scattering, along with including effects from the orbital
magnetic moment (OMM), in a geometry where the electric and magnetic fields are not necessarily parallel to
each other. We construct the phase diagram in the relevant parameter space that describes the shift from positive
to negative LMC in the presence of OMM and sufficiently strong intervalley scattering, as has been recently
pointed out for only parallel electric and magnetic fields.
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1.0 Major Goals

Topologically ordered many-body states of matter do not necessarily display conventional order,
e.g., ferromagnetism, but they carry their own unique properties such as fractionalized
excitations and chiral edge currents, properties that are intimately connected to the topology of
the underlying state and manifest in quantized Hall effects. One seminal example is the chiral
spin liquid. The chiral spin liquid was proposed as an analogue of the Laughlin state but for spins
in a frustrated lattice. It is gapped in the bulk but displays gapless excitations at the edge. The
edge excitations should manifest as quantized chiral spin currents in direct analogy to chiral
charge currents of Laughlin states. The Laughlin and chiral spin liquid states are also connected
mathematically. Our work seeks to model ultracold atoms and molecules as routes to realizing
topological phases of matter. We aim to study topological phases and their observable properties;
related examples include: Chiral spin liquids, topological Mott insulators, Laughlin states, Weyl
semimetals, and quantum anomalous Hall states. These states share a connection and are
proposed to be realized with ultracold atoms and in solids. Key to their identification is the
understanding of their chiral properties.

The following summarizes some of the major goals as individual projects:

We will use a new formalism (combining exact diagonalization and mean field theory we
developed) to propose optical lattice experiments hosting topological phases. In one such study
we will examine the possibility of using dipoles in a kagome optical lattice to realize a
topological Mott insulator. Our preliminary estimates indicate that current technology allows the
placement of dipoles in kagome optical lattice to realize this exciting new phase. We will
estimate parameter regimes needed to observe the chiral edge modes characterizing this phase.

In another work we will build on our theme of studying frustration in optical lattices to realize
topological phases. We will work with Brian DeMarco’s experimental group at the University of
Ilinois Urbana-Champaign to study implementation of new interaction terms in optical lattices.
We will work to show that density assisted tunneling can be used to mimic the role of long-range
interactions and therefore frustration in optical lattices. We will study the use of Raman beams to
implement interactions terms that can be used as a starting point for realizing topological phases.

In another work we will investigate the possibility of a current density wave phase on the
checkerboard lattice for generic chemical potentials using dipolar fermions with hopping and
interaction terms. The current density wave phase on the checkerboard lattice is nothing but the
quantum anomalous Hall (QAH) phase, as the diagonal hopping terms are modulated right at the
lattice level, which in effect gives us the dxy + id«*-y? phase on the square lattice, which is the
QAH phase. The corresponding triplet variety is the quantum anomalous spin Hall phase. To the
best of our knowledge, we are not aware of an intrinsic reason why the current density wave
phase (the analog of which in the cuprates is the d-density wave (DDW) phase) is realizable by
interactions only when the underlying non-interacting Fermi surface is point-like. And yet this is
the only case that has been considered in the optical lattice literature so far, the difficulty of fine-
tuning the chemical potential notwithstanding. We will study if the current density wave phase is
realizable on checkerboard lattice for generic chemical potentials, increasing the likelihood of its
realization in optical lattice systems.



We will propose a method to realize a chiral spin liquid and a related topological phase in optical
lattices. We will build on the methods constructed in our group to show that synthetic fields
applied to fermions in an optical lattice will allow implementation of an effective flux. This
effective flux will lead to a chiral three spin term. We will show that the three-spin term can lead
to topological phases: a chiral spin liquid or another new phase, a nodal line fermion phase. This
latter phase is a newly discovered gapless topological phase. It is defined by a unique pattern of
three intersecting nodal lines. In another work we will explore the possibility of fractionalization
in flat kagome bands. Our earlier work found a chiral phase induced by the dipolar interaction in
a kagome optical lattice. We will build on that work to show that placing more particle in the
otherwise empty flat band will lead to a fractionalized phase. We believe that fractionally filled
phase will form a uniform liquid that is chiral and is therefore adiabatically connected to the
chiral spin liquid. We will explore two additional routes to novel phases of matter. These include
strongly correlated bosons in optical lattices manipulated into cluster states. Cluster states are
symmetry protected topological phases which also serve as resources for measurement-based
quantum computing. We will look at the possibility of building cluster states and using them to
realize topological properties.

We will also explore the possibility of realizing interaction induced Abelian and non-Abelian
topological superfluid phases in cold atom systems. These will be studies similar to our earlier
studies of topological Mott insulators, wherein we explored the possibility of realizing non-
trivial topological effects purely driven by interactions, starting from simple topologically trivial
lattice Hamiltonians which may be easier to realize in cold atoms. We will focus on Kagome and
checkerboard lattices known to support quadratic band touching points, which may be good non-
interacting starting points to build on topological effects driven by interactions.

We will explore the possibility of topological degeneracy in strictly one-dimensional systems of
cold fermions with spin-orbit coupling, Zeeman field, and an attractive onsite interactions
inducing superfluid correlations. Because of strong phase fluctuations such a system is not
expected to order into a superfluid even at zero temperature. Despite this, a form of two-fold
topological degeneracy (gap exponentially decaying with the length of the chain) may persist in
the presence of an externally imposed parabolic potential present in optical lattice systems. Such
an exponential degeneracy will be critical for topological memory and quantum computation
applications. We will explore this possibility using density matrix renormalization group
techniques for 1D systems.

We will also investigate the realization of chiral density wave phases using degenerate fermions
on 2D honeycomb lattice. Two types of phases with both valleys of the honeycomb lattice
having same and opposite chirality will be investigated. We will study a spin-half fermion
Hubbard model on the 2D honeycomb lattice in the framework of renormalized mean field
theory for the corresponding t-J model derived in the limit of U->t. The six-fold symmetric
honeycomb lattice offers crystal structure in which the certain symmetries belong to the same
irreducible representation. This means that if the Hamiltonian supports dx’.,> -wave order
parameter on hexagonal lattice it will support the dxy solutions as well with the same transition
temperature, and hence a chiral density wave. At half filling this phase is a gapped insulator with
local currents alternating in neighboring plaquettes, having some family resemblance to the
plaquette Mott insulator phases. Apart from optimizing the optical lattice parameters, the



strength of the chiral bond currents in the chiral density wave and the analogous superfluid
phases will be estimated to help identify these phases in experiments.

We will also consider the Harper-Hofstadter model on the square lattice and the Haldane model
on the honeycomb lattice for fermions and bosons in the presence of local repulsive interactions.
In the last reporting period, we considered the time-reversal-invariant spin-half version of the
Harper-Hofstadter fermion model with attractive interactions modelled by the negative-U
Harper-Hofstadter-Hubbard model. In the presence of a domain wall created by a dark soliton
this model admitted Majorana corner modes and higher order topological superfluidity. In the
next reporting period, however, we will consider spinless fermions with broken time reversal
symmetry (due to the complex hopping amplitude in the Harper-Hofstadter and Haldane models)
in the presence of repulsive local interactions. In the interaction dominated regime we expect the
emergence of the plaquette Mott insulator phase with non-zero plaquette currents which can be
probed in experiments. We expect this phase to be a relatively straightforward strongly
correlated phase to access experimentally as synthetic magnetic fields are turned on, since Mott
states with relatively low entropy have already been observed.



2.0 Accomplished Under Goals

Our work focused on models of atoms and molecules in frustrated optical lattices and topological
states. To test viability, we estimated the entropies at which particles must be cooled to allow
interesting topological phases to thermalize in optical lattices. We found that relevant energy
scales are set by the strength of the interaction, which can be quite large and therefore offer
promise in realizing these states at experimentally relevant entropies. In addition, we found that
significant cooling can be expected in atomic gas microscope setups that are currently being
constructed to host low entropy states. We also identified and studied observable chiral
properties of these phases to allow experiments to identify topological order. The following
shows research highlights where we modelled topological states with the long-term goal of
fostering the realization of chiral topological phases in with ultracold atom experiments.

2.1 Flux-driven quantum spin liquids in kagome optical lattices, Hoi-Yin Hui, Mengsu Chen,
Sumanta Tewari, and V. W. Scarola Phys. Rev. A 100, 053614 (2019)

Quantum spin liquids (QSLs) define an exotic class of quantum ground states where spins are
disordered down to zero temperature. We propose routes to QSLs in kagome optical lattices
using applied flux. An optical flux lattice can be applied to induce a uniform flux and chiral
three-spin interactions that drive the formation of a gapped chiral spin liquid. A different
approach based on recent experiments using laser-assisted tunneling and lattice tilt implements a
staggered flux pattern which can drive a gapless spin liquid with symmetry protected nodal lines.
Our proposals, therefore, establish kagome optical lattices with effective flux as a powerful
platform for exploration of QSLs.

Schematic of one fermion per site (black spheres) on a
kagome lattice. The white spheres denote virtual current driven by
flux passing through the lattice. The plus and minus signs denote
the sign of the flux captured by the virtual currents. Panels (a) and
(b) show a uniform (staggered) flux pattern. In the Heisenberg limit
of a Hubbard model, virtual currents encircling flux lead to chiral
three-spin terms that drive spin liquids.




2.2 Majorana Corner Modes with Solitons in an Attractive Hubbard-Hofstadter Model of Cold
Atom Optical Lattices, Chuanchang Zeng, T. D. Stanescu, Chuanwei Zhang, V. W. Scarola, and
Sumanta Tewari, Phys. Rev. Lett. 123, 060402 (2019).

Higher-order topological superconductors hosting Majorana-Kramers pairs as corner modes have
recently been proposed in a two-dimensional quantum spin Hall insulator proximity-coupled to
unconventional cuprate or iron-based superconductors. Here, we show that such MKPs can be
realized using a conventional s-wave superfluid with a soliton in cold atom systems governed by
the Hubbard-Hofstadter model. The MKPs emerge in the presence of interaction at the “corners”
defined by the intersections of line solitons and the one-dimensional edges of the system. Our
scheme is based on the recently realized cold atom Hubbard-Hofstadter lattice and will pave the
way for observing possible higher-order topological superfluidity with conventional s-wave
superfluids or superconductors.
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2.3 Superfluidity in the absence of kinetics in spin-orbit-coupled optical lattices. Hui, H. Y.,
Zhang, Y., Zhang, C., & Scarola, V. W. Physical Review A, 95(3), 33603 (2017).

At low temperatures bosons typically condense to minimize their single-particle kinetic energy
while interactions stabilize superfluidity. Optical lattices with artificial spin-orbit coupling
challenge this paradigm because here kinetic energy can be quenched in an extreme regime
where the single-particle band flattens. To probe the fate of superfluidity in the absence of
kinetics we construct and numerically solve interaction-only tight-binding models in flat bands.
We find that novel superfluid states arise entirely from interactions operating in quenched kinetic
energy bands, thus revealing a distinct and unexpected condensation mechanism. Our results
have important implications for the identification of quantum condensed phases of ultracold
bosons beyond conventional paradigms
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Left: Single particle energy versus wave vector for the lowest two energy bands of
(a) the one-dimensional model and (b) the two-dimensional model of spin-orbit coupled atoms in
optical lattices. Flat bands are found at low energies.

Right: The magnitude of the superfluid order parameter against chemical potential and effective
tunneling obtained from mean field theory. The superfluid (SF) and Mott insulator (MI) derive
entirely from interactions. The inset shows the spin texture in a unit cell for the 2D system.



2.4 Superfluidity in the absence of kinetics in spin-orbit-coupled optical lattices. Hui, H. Y.,
Zhang, Y., Zhang, C., & Scarola, V. W. Physical Review A, 95(3), 33603 (2017).

Artificial spin-orbit coupling in optical lattices can be engineered to tune band structure into
extreme regimes where the single-particle band flattens leaving only inter-particle interactions to
define many-body states of matter. Lin et al. [Phys. Rev. Lett 112, 110404 (2014)] showed that
under such conditions interactions lead to a Wigner crystal of fermionic atoms under approximate
conditions: no bandwidth or band mixing. The excitations were shown to possess emergent
kinetics with fractionalized charge derived entirely from interactions. In this work we use
numerical exact diagonalization to study a more realistic model with non-zero bandwidth and band
mixing. We map out the stability phase diagram of the Wigner crystal. We find that emergent
properties of the Wigner crystal excitations remain stable for realistic experimental parameters.
Our results validate the approximations made by Lin et al. and define parameter regimes where
strong interaction effects generate emergent kinetics in optical lattices.
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Left: Many-body energies versus total wavevector obtained from diagonalization. The gap shows
stability of a Wigner crystal. The dispersive excitation shows emergent kinetics. The data
collapse shows that the ground and first excited states are already in the thermodynamic limit.

Right: Stability phase diagram of the Wigner crystal with emergent kinetics plotted as function of
both the single-particle band gap and the bandwidth. The color coding plots the size of the many-
body gap obtained from diagonalization. The circles plot the points where the many-body gap
vanishes and the line is a guide to the eye. The Wigner crystal is stable within the lobe. Outside
the lobe we have a conventional Luttinger liquid with a gap set by finite-size effects.
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2.5 Equilibration Dynamics of Strongly Interacting Bosons in 2D Lattices with Disorder. Yan,
M., Hui, H.-Y., Rigol, M., & Scarola, V. W. Physical Review Letters, 119 073002 (2017).

Motivated by recent optical lattice experiments in Immanuel Bloch’s group [Choi et al., Science
352, 1547 (2016)], we study the dynamics of strongly interacting bosons in the presence of
disorder in two dimensions. We show that Gutzwiller mean-field theory (GMFT) captures the
main experimental observations, which are a result of the competition between disorder and
interactions. Our findings highlight the difficulty in distinguishing glassy dynamics, which can
be captured by GMFT, and many-body localization, which cannot be captured by GMFT, and
indicate the need for further experimental studies of this system.

J. Choi, et. al. M. Yan, H. Hui, M. Rigol, V.W. Scarola
Science 16 PRL 2017

A,=0 A,=8 A,=13
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Left: Results from atomic gas microscope experiments in Immanuel Bloch’s group. The strong
disorder prevents thermalization.

Center: Our theory calculations for the same parameters as Choi et al.
Right: Imbalance as function of time for both theory (lines) and experiments (symbols). The close
comparison shows that mean field theory is a good approximation. The assertion that many-body

localization was observed therefore requires further experiments probing the difference between
mean field and experiment since mean field theory does not have many-body localization.

10



2.6 Quantum anomalous Hall state from spatially decaying interactions on the decorated
honeycomb lattice. Chen, M., Hui, H.-Y., Tewari, S., & Scarola, V. W. Physical Review B,
97(3), 035114 (2018).

Topological phases typically encode topology at the level of the single particle band structure. But
a remarkable new class of models shows that chiral quantum anomalous Hall effects can be driven
exclusively by interactions, while the parent non-interacting band structure is topologically trivial.
Unfortunately, these models have so far relied on interactions that do not spatially decay and are
therefore unphysical. We study a model of spinless fermions on a decorated honeycomb lattice.
Using complementary methods, mean-field theory and exact diagonalization, we find a robust
quantum anomalous Hall phase arising from spatially decaying interactions. Our finding paves the
way for observing the quantum anomalous Hall effect driven entirely by interactions.
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Left: Schematic of chiral currents circulating a topological Mott insulator.

Center: Chiral bond currents in the quantum anomalous Hall phase computed using exact
diagonalization

Right: (a) Phase diagram obtained using exact diagonalization on the decorated honeycomb
lattice. The symbols are results from calculations and the lines are a guide to the eye. The chiral
quantum anomalous Hall phase arises in the center. (b) The same as (a) but the lines plot
transitions obtained from self-consistent mean field theory. The agreement between panels (a)
and (b) shows strong evidence for a robust chiral state.
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2.7 Thermometry for Laughlin States of Ultracold Atoms. Raum, P. T., & Scarola, V. W.
Physical Review Letters, //8(11), 115302 (2017).

Cooling atomic gases into strongly correlated quantum phases requires estimates of the entropy
to perform thermometry and establish viability. It is currently unknown how cold chiral spin
liquids and other topological phases need to be in order to be realized. The chiral spin liquid
maps directly onto Laughlin states of bosons. We construct an ansatz partition function for
models of Laughlin states of atomic gases by combining high temperature series expansions with
exact diagonalization. Using the ansatz we find that entropies required to observe Laughlin
correlations, and therefore chiral spin liquids, with bosonic gases are within reach of current

cooling capabilities.
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Left: Energy of 8 fermions (bosons) as a function of total wavevector in the lowest Landau level.
The ground state is the k=0 Laughlin state set to zero energy. The schematic depicts example
excitations. The bosonic Laughlin state can be thought of as one filled level of CFs (bosons
attached to one flux quantum). Low energy excitations are CF particle-hole pairs. The
histograms show nearly Gaussian state counting.

Right: The main panels plot the entropy per particle versus temperature for bosons. The solid
lines are obtained from our ansatz. The symbols are other exact results. The agreement between
the symbols and the lines shows that the ansatz accurately captures the low and high T limits.
The inset plots the heat capacity from the ansatz in the thermodynamic limit. The number
S/N~0.8 indicates the first calculation of the entropy needed to realize a Laughlin state with cold

atoms.
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2.8 Two-particle correlation functions in cluster perturbation theory: Hubbard spin
susceptibilities. Raum, P. T., Alvarez, G., Maier, T., & Scarola, V. W. Physical Review B,
101(7), 75122 (2020).

Cluster Perturbation Theory (CPT) is a computationally economic method to estimate the
momentum and energy resolved single-particle Green’s function. It has been used extensively in
direct comparisons with experiments that effectively measure the single-particle Green’s
function, e.g., angle-resolved photoemission spectroscopy. However, many experimental
observables are given by two-particle correlation functions. CPT can be extended to compute
two-particle correlation functions by approximately solving the Bethe-Salpeter equation. We
implement this method and focus on the transverse spin-susceptibility, measurable via inelastic
neutron scattering or with optical probes of atomic gases in optical lattices. We benchmark the
method with the one- dimensional Fermi-Hubbard model at half-filling and compare with known
results.
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Diagrams used in cluster perturbation theory: (a) the
Dyson equation, (b) the Bethe-Salpeter equation for
the generalized four- point susceptibility, (c) the
Bethe-Salpeter equation for the two-point
susceptibility and (d) the analogue of the Dyson
equation for the two- point susceptibility. The four-
point vertex, ['(iv, iv', i), is approximated by the
two-point vertex, I'(iw). Dashed lines represent the
non-interacting Green’s function GO, while double
lines represent the interacting Green’s function G.

CPT approximation to the spin
susceptibility for the one-dimensional
Hubbard model at half filling

plotted as a function of wavevector.
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2.9 Correlated spin-flip tunneling in a Fermi lattice gas. Xu, W., Morong, W., Hui, H.-Y .,
Scarola, V. W., & DeMarco, B. Physical Review A, 98(2), 023623 (2018).

We report the realization of correlated, density-dependent tunneling for fermionic *°K atoms
trapped in an optical lattice. By appropriately tuning the frequency difference between a pair of
Raman beams applied to a spin-polarized gas, simultaneous spin transitions and tunneling events
are induced that depend on the relative occupations of neighboring lattice sites. Correlated spin-
flip tunneling (CSFT) is spectroscopically resolved using gases prepared in opposite spin states,
and the inferred Hubbard interaction energy is compared with a tight-binding prediction. We
show that the laser-induced correlated tunneling process generates doublons via loss induced by
light-assisted collisions. Furthermore, by controllably introducing vacancies to a spin-polarized
gas, we demonstrate that correlated tunneling is suppressed when neighboring lattice sites are

unoccupied.
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Spectroscopy of CSFT. (a) The fraction of atoms trans-
ferred between spin states by a 50 m Raman pulse is shown for an
initially |1) (black squares, f;)and || ) (red circles, f)) spin-polarized
state at s = 10 Ey for varied Aw. For these measurements, N =
25400 £ 3900 atoms were cooled to T/Tr = 0.24 + 0.08 before
turning on the lattice. Each data point is the result from a single
experimental run, and the measurement uncertainty is not visible on
this scale. Nonzero transfer at large detuning is due to off-resonant
spontaneous Raman scattering. (b) The difference f; — f, for pairs
of points in (a) reveals the CSFT sidebands at approximately £U.
The black line shows a fit to a sum of two Gaussian functions; the
individual Gaussians are displayed as shaded regions. The peak at
lower (higher) frequency corresponds to CSFT for an initially |1)
(]4)) spin-polarized state.
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3.0 Training Opportunities

Our students and postdoctoral researchers are trained in mathematical and numerical tools used
in physics research. We encourage our team members to present at conferences to improve
presentation skills and network in the community. We work with group members to improve
presentation and writing skills one on one.

Trainee Summary:

4 Undergraduates
7 Graduate Students
3 Postdoctoral Researchers

Supervised Students and Postdocs trained at Virginia Tech:

e Zhangjie Qin (Graduate Student-Current)

Woo-Ram Lee (Virginia Tech Postdoc-Current)

Junhua Zhang (Virginia Tech Postdoc-Current)

Garrett Stoll (Virginia Tech Undergraduate-Current)

Lance Miller (Virginia Tech Undergraduate-Graduated 2019)
Peter Raum (Graduate Student-Graduated 2019)

Hoi Hui (Virginia Tech Postdoc 2015-2018)

Ben Stern (Undergraduate-Graduated in 2018)

Mengsu Chen (Graduate Student-Graduated in 2018)

Mi Yan (Graduate Student-Graduated in 2018)

Supervised Students and Postdocs at Clemson:

Chuanchang Zeng (Graduate Student-Graduated 2020)
John Rowe (Undergraduate Student-Graduated 2020)
Christopher Moore (Graduate Student, Graduated 2020)
Girish Sharma (Graduate Student, Graduated 2016)
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4.0 Results Dissemination

Dissemination Summary:

37 Papers and Preprints
23 Invited Presentations
19 Contributed Presentations

4.1 Papers and Preprints:
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Zeng, C., Sharma, G., Stanescu, T. D., & Tewari, S. (2020). Feasibility of measurement-
based braiding in the quasi-Majorana regime of semiconductor-superconductor
heterostructures. Physical Review B, 102(20), 205101.
https://doi.org/10.1103/PhysRevB.102.205101

Sharma, G., Nandy, S., & Tewari, S. (2020). Sign of longitudinal magnetoconductivity
and the planar Hall effect in Weyl semimetals. Physical Review B, 102(20), 205107.
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Invited Talks by PI Scarola:
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Quantum Analogue Simulation with Ultracold Atoms in Optical Lattices:
Opportunities and Challenges, Invited Seminar: University of Nevada, Las Vegas
February 2020

Colloquium: Quantum Analogue Simulation with Ultracold Atoms in Optical
Lattices: Opportunities and Challenges, Virginia Tech, September 2020

Topological Mott Insulators in Certain Frustrated Lattices, Invited Seminar:
Ludwig Maximilian University of Munich, Germany November 2019

Quantum Analogue Simulation with Ultracold Atoms in Optical Lattices:
Opportunities and Challenges, Invited Seminar: University of Kent Canterbury
United Kingdom November 2019

Kavli Institute for physics conference: Emergent phenomena in ultracold atoms: merging
topology, interaction, and dynamics, Beijing China “Compressibility Measures of

Ultracold Atomic Gases in Optical Lattices* June 22nd, 2019

Seminar: Duke University “Topological Mott Insulators in Certain Frustrated Lattices”
April 11th, 2019

Seminar: Simon Fraser “Compressibility Measures of Ultracold Atomic Gases in Optical
Lattices” July 7th, 2019

Seminar: University of Victoria “Compressibility Measures of Ultracold Atomic Gases in
Optical Lattices” July 4th, 2019

International conference on Photonics, Optoelectronics and Display Devices,
Philadelphia, PA "Optical signatures of excitations in fractional quantum Hall states"

Sept. 19, 2018

Atomic Gas Microscopes: Tools for Quantum Emulation and Prospects for Quantum
Information Processing” June 12, 2018 Oak Ridge National Laboratory, Oak Ridge TN

“Topological Mott Insulators in Certain Frustrated Lattices” Workshop on Innovative
Nanoscale Devices and Systems Nov. 28, 2017 Kona, HI

Invited Talks by PI Tewari:

Seminar: Tata Institute of Fundamental Research, Hyderabad, India, “Partially
separated Majorana modes in semiconductor heterostructures”, June 8, 2021

19



Seminar: Indian Institute of Technology, Delhi, India, “Topological
superconductors and Majorana fermions-II”’, Mar 5, 2021

Seminar: Indian Institute of Technology, Delhi, India, “Topological superconductors and
Majorana fermions-1”, Mar 4, 2021

Seminar: Oak Ridge National Laboratory, Oak Ridge, TN, "The Last Roadblock to
Marjorana Zero Modes and Topological Quantum Computation in Semiconductor
Heterosctructures" March 20, 2020

Seminar: University of Augusta, Augusta, Georgia, "The Last Roadblock to Marjorana
Zero Modes and Topological Quantum Computation in Semiconductor
Heterosctructures" March 22, 2019

Partially separated Andreev bound states: the last roadblock to Majorana fermions in
semiconductor-superconductor heterostructures, Sumanta Tewari, Spintronics XIII San
Diego, Aug. 24-28, 2020 (cancelled)

Partially separated Andreev bound states: State of the art of Majorana fermions and
topological quantum computation in semiconductor-superconductor heterostructures,
Indian Institute of Technology, Delhi, India, July 21, 2020 (online).

Seminar: Indian Institute of Technology, Kharagpur, India “Majorana zero modes:
Recent experiments and last roadblock to topological quantum computation in
semiconductor heterostructures.” August 13, 2019

“Robust low energy Andreev bound states and quantized tunneling peak in Majorana
systems", July 17, 2017, Workshop on Open Quantum Systems, International Center for
Theoretical Science (ICTS), Bangalore, India

“Partially separated Andreev bound states: the last roadblock to Majorana fermions in
topological superconductors”, Feb. 26, 2018, Department of Physics, Virginia
Polytechnic Institute and State University, VA, USA

“Partially separated Andreev bound states: the last roadblock to Majorana fermions in
topological superconductors”, May 18, 2018, Southeast Quantum Computing Workshop,
University of Georgia, Athens, GA, USA

“Topological superconductors, Andreev bound states, and Majorana zero modes”, June
28, 2018, S. N. Bose National Centre for Basic Sciences, Kolkata, India.
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Contributed Talks by Tewari and Scarola Groups
2021 APS March Meeting (Virtual)

Stabilizing topological superfluidity of cold fermions in two-dimensional optical lattices
Quantification of entanglement in small one-dimensional cluster states

Measurement-based algorithms for quantum simulation of many-body fermionic systems
Quantum Hall-like transitions in the thermal Hall behavior of multilayer topological magnon
insulators

2019 APS March Meeting (Boston, MA)

Cluster Perturbation Theory Applied to Two-Particle Correlation Functions

A Particle-Hole-Symmetric Model for Paired Fractional Quantum Hall States in a Half-filled
Landau Level

Topological Phases of Fermions in Kagome Optical Lattices

Kitaev chain with a quantum dot

Quantized zero bias conductance plateaus in hybrid nanowire topological quantum information
processing platforms without non-Abelian Majorana zero modes

2018 APS March Meeting (Los Angeles, CA)

Topological phases from dipolar interactions on kagome optical lattices
Topological Mott Insulators in Certain Frustrated Lattices

Chiral anomaly as origin of planar Hall effect in Weyl semimetals
Majorana bound states in non-homogeneous semiconductor nanowires

2017 APS March Meeting (New Orleans, LA)

Equilibration Dynamics of Strongly Interacting Bosons in 2D Lattices with Disorder
Stability of Emergent Kinetics in Optical Lattices with Artificial Spin-Orbit Coupling
Superfluidity in the absence of kinetics in spin-orbit- coupled optical lattices

Thermometry for Laughlin States of Ultracold Atoms

Density Assisted Tunneling of Fermions in Optical Lattices

Yu-Shiba-Rusinov states and topological superconductivity in Ising paired superconductors
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5.0 Honors and Awards

o “University Research, Scholarship and Artistic Achievement Award, 2018”
Awarded by Clemson University to S. Tewari
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6.0 Other Collaborators

—

G. Alvarez, Computer Science and Mathematics Division, Oak Ridge, Tennessee 37831

T. Maier, Computer Science and Mathematics Division, Oak Ridge, Tennessee 37831

T. Stanescu, Department of Physics and Astronomy, West Virginia University,

Morgantown, West Virginia 26506

4. S. Nandy, University of Virginia, Charlottesville, Virginia 22904

S. Hofer, Physics Department, 1245 Lincoln Drive, Southern Illinois University,

Carbondale, IL 62901

6. T. Datta, Department of Chemistry and Physics, Augusta University, 1120 15th Street,
Augusta, Georgia 30912

7. D. Mazumdar, Physics Department, 1245 Lincoln Drive, Southern Illinois University,
Carbondale, IL 62901

8. M. Roy, S. N. Bose National Centre for Basic Sciences, Block JD, Sector III, Salt Lake,
Kolkata 700106, India

9. M. Kumar, S. N. Bose National Centre for Basic Sciences, Block JD, Sector III, Salt
Lake, Kolkata 700106, India

10. J. Sau, Condensed Matter Theory Center and Joint Quantum Institute, Department of
Physics, University of Maryland, College Park, Maryland 20742

11. W. Hutzel, Department of Physics & Astronomy, California State University Long
Beach, Long Beach, California 90840

12. J. J. McCord, Department of Physics & Astronomy, California State University Long
Beach, Long Beach, California 90840

13. H. Wang Shenzhen Institute for Quantum Science and Engineering, and Department of
Physics, Southern University of Science and Technology, Shenzhen 518055, China

14. M. R. Peterson Department of Physics & Astronomy, California State University Long
Beach, Long Beach, California 90840

15. C. Zhang Department of Physics, The University of Texas at Dallas, Richardson, Texas
75080

16. Taraphder School of Basic Sciences, Indian Institute of Technology Mandi, Kamand
175005, India

17. K. Saha, Max-Planck Institute for the Physics of Complex Systems, D-01187 Dresden,
Germany

18. Apparao M., Rao Department of Physics and Astronomy, Clemson University, Clemson,
South Carolina 29634

19. W. Xu ,Department of Physics, University of Illinois at Urbana-Champaign, Urbana,
Ilinois 61801

20. W. Morong, Department of Physics, University of Illinois at Urbana-Champaign, Urbana,
Ilinois 61801

21. B. DeMarco, Department of Physics, University of Illinois at Urbana-Champaign,
Urbana, Illinois 61801

22. U. Dey, Centre for Theoretical Studies, Indian Institute of Technology Kharagpur,
Kharagpur, 721302, India

23. M. Chakraborty Centre for Theoretical Studies, Indian Institute of Technology

Kharagpur, Kharagpur, 721302, India
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25.
26.

27.

28.

29.
30.
31.
32.

33.
34.
35.

T. Taraphder, Centre for Theoretical Studies, Indian Institute of Technology Kharagpur,
Kharagpur, 721302, India

F. Lin, Department of Physics, Virginia Tech Blacksburg, VA 24061

M. Rigol, Department of Physics, The Pennsylvania State University, University Park,
Pennsylvania 16802

Yinyin Qian, Department of Physics, The University of Texas at Dallas, Richardson,
Texas 75080

Ming Gong, Department of Physics, The University of Texas at Dallas, Richardson,
Texas 75080

Y. Zhang, Department of Physics, Shanghai University, 200444 Shanghai, China

F. Bao, Computer Science and Mathematics Division, Oak Ridge, Tennessee 37831

Y. Tang Department of Physics, Virginia Tech Blacksburg, VA 24061

M. Summers, Computer Science and Mathematics Division, Oak Ridge, Tennessee
37831

G. Zhang, Computer Science and Mathematics Division, Oak Ridge, Tennessee 37831
C. Webster, Computer Science and Mathematics Division, Oak Ridge, Tennessee 37831
P. Goswami, Condensed Matter Theory Center and Joint Quantum Institute, Department
of Physics, University of Maryland, College Park, Maryland 20742
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