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ABSTRACT

Magnetic structures, which play a central role in determining their physical properties,
are known for only very limited compounds. Traditional theoretical approaches to
predicting magnetic structures predominantly rely on first-principles calculations. A
key challenge of these methods is their requirement for initial magnetic configurations
as inputs, which theoretically possess infinite possibilities. In this work, we introduce
a strategy based on irreducible representation basis vectors that effectively narrows
down the vast space of potential magnetic configurations to a finite set, typically
comprising around 20 candidates per material. Despite this significant reduction, the
compact input sets generated by our method already encompass the experimental
magnetic structures for 253 out of 302 benchmark materials (83.8%) from the
MAGNDATA database. These materials have propagation vectors g=0 and unit cells
containing up to 40 atoms, all within the Landau framework. Subsequent
first-principles calculations correctly identify the magnetic structure in 198 of these
cases. We further apply our highly efficient method to 8,422 stoichiometric
transition-metal compounds with fewer than 30 atoms per unit cell in the Inorganic
Crystal Structure Database, and establish a magnetic structure database containing
2,906 magnetic materials. To demonstrate its utility, we use this database for the
systematic exploration of magnetic topological phases and altermagnets, identifying
1,070 and 392 candidate materials, respectively.
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ABSTRACT

Pair density wave (PDW) is a superconducting state with non-zero center-of-mass
momentum Cooper pairing in the absence of external magnetic field. Recent
experiments show signature of such an intriguing state. However, the properties of the
PDW state are not yet fully explored, and theoretical models supporting such a state are
rare. Here we firstly discuss the property of the possible PDW state in a single-orbital
Kagome lattice that would be relevant in AV3Sb5 materials, at the level of self-
consistent mean field theory. We find the PDW leads to highly anisotropic quasiparticle
gap on the normal state Fermi surface, and the chiral PDW is topological with Chern
number C = 2, supporting quantized thermal Hall conductance. Both predictions are
consistent with recent experiments. Secondly, by state-of-art functional renormalization
group, we show that a genuine PDW state as the primary order can be realized, out of
competing orders, in a two-orbital Kagome lattice under fairly realistic material
conditions: finite-sized Fermi pockets and moderate local Coulomb interactions, thanks
to the correlation effects enriched by the sublattice and orbital polarization of the Bloch
states. We propose this model can be realized in some p- or d-orbital Kagome materials,
such as CsCr3Sb5, and may also be simulated by cold atoms.
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PHOTOEMISSION, AND BIOSENSING APPLICATIONS
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ABSTRACT

Chemical-vapor-deposition (CVD)-grown tin disulfide (SnS;) nanosheets, exhibiting
pronounced inverse piezoelectricity as measured by piezoresponse force microscopy,
were integrated into a piezoelectric nanogenerator (PENG) device to demonstrate
efficient energy harvesting and active sensing capabilities. This SnS, PENG device was
utilized to explore the synchronous human-robot control of a smart sign language
system, highlighting its significant potential for next-generation human-machine
interfaces and enabling sensing technologies. ReSe, nanosheets-fabricated light-
emitting transistors (ReSe.-LET) exhibit nearly symmetric ambipolar charge transport.
By judiciously employing asymmetric Cr/Pt electrodes, with their work functions align
respectively with the conduction- and valence-band edges of ReSe;, a low turn-on
voltage ReSe>-LET was realized with the balanced number density and field-effect
mobility of bipolar carriers (i.e., electrons and holes). At room temperature, the ReSe;-
LET emits near-infrared electroluminescence at 980 nm under a bias voltage of <1 V.
This nanoscale ReSe,-LET can be integrated with photonic crystal cavities to construct
an electrically pumped nanolaser operating at 980 nm, offering potential for a wide
range of on-chip optoelectronic applications, such as a light source for silicon photonics.
By integrating upconverting nanoparticles (UCNP) into an SnS; nanosheets-fabricated
field-effect transistor (SnS,-FET) using target-specific aptamers (Apt) as a crosslinker,
a phototransistor aptasensor (UCNP/Apt/SnS,-FET) was constructed, in which photo-
generated signals outperform the electric-field-induced counterpart and govern the
sensor sensitivity. This phototransistor aptasensor enables detection of both charged
and neutral biomarkers in high-ionic-strength media (e.g., serum) beyond the Debye
screening length. The binding free energy and the length of a folded aptamer within the
target-aptamer complex calculated by molecular dynamics simulation closely agree
with UCNP/Apt/SnS,-FET measurements, providing mechanistic insights into the
complex formation. Compared with existing biosensing technologies, this innovative
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phototransistor aptasensor demonstrates superior performance metrics, including
higher detection sensitivity, improved signal resolution, and a broader analyte
concentration range, underlining its potential as a versatile biomedical platform for
clinical diagnostics.

REFERENCE

Tin Disulfide Piezoelectric Nanogenerators for Biomechanical Energy Harvesting and
Intelligent Human-Robot Interface Applications, Nano Energy, 75, 104879, 2020, P.K.
Yang, S.A. Chou, C.H. Hsu, R.J. Mathew, K.H. Chiang, J.Y. Yang, Y.T. Chen.
Near-Infrared Electroluminescent Light-Emitting Transistors Based on CVD-
Synthesized Ambipolar ReSe> Nanosheets, Advanced Optical Materials, 10, 2102580,
2022, R.J. Mathew, K.H. Cheng, C.H. Hsu, Y.L. Peng, P.K. Chand, C.R.P. Inbaraj, J.Y.
Yang, C.H. Lee, Y.T. Chen.

Ultrasensitive Quantification of Thyroid-Stimulating Hormone and Thyroxine by
Nanoelectronic SnS2 Transistor Sensors, ACS Sensors, 10, 4095-4104, 2025, A. Anand,
F.Y. Su, T.H. Chen, Y.F. Chen, Y.T. Chen.

Detecting Glycated Hemoglobin in Human Blood Samples Using a Transistor-Based
Nanoelectronic Aptasensor, Nano Today, 41, 101294, 2021, A. Anand, C.Y. Chen, T.H.
Chen, Y.C. Liu, S.Y. Sheu, Y.T. Chen.

KEYWORDS

SnS> nanosheets, Piezoelectric nanogenerator, ReSe, nanosheets, Light-emitting
transistor, Phototransistor biosensor



Symmetry-conserving maximally projected Wannier function and its

applications in strong physical response materials designment

Yan Sun!, K. Koepernik?, O. Janson?, and J. van den Brink?
1: Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China.
2: Institute for Theoretical Solid State Physics, [IFW Dresden, 01069 Dresden, Germany

ABSTRACT

The symmetry conserving maximally projected Wannier functions (SCMPWF)
approach has been implemented in the full potential-local orbital code, FPLO.
SCMPWFs are obtained from the initial step of the maximally localized Wannier
function algorithm, projecting a subset of wave functions onto a set of suitably chosen
local trial functions with prescribed symmetry properties with subsequent
orthonormalization. The particular nature of the local orbitals in FPLO makes them an
ideal set of projectors since they are constructed to be a small basis adapted to the
occupied sector and the lowest-lying unoccupied states. While in many cases projection
onto the FPLO basis orbitals is sufficient, the option is there to choose particular local
linear combinations as projectors, in order to treat cases of bond centered Wannier
functions. This choice turns out to lead to very localized Wannier functions, which obey
the space group symmetry of the crystal by construction. The SCMPWF approach has

been successfully applied in quantum response calculations for realistic materials.
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ABSTRACT

The discovery of superconductivity in Ruddlesden-Popper (RP) bilayer nickelate
films under ambient pressure provides an unprecedented opportunity to directly
investigate the electronic structure and energy scales of the superconducting state.

In this talk, we will present our recent results on (La,Pr,Sm)3Ni>O7 thin films
epitaxially grown on SrLaAlO4 substrates. Angle-resolved photoemission spectroscopy
(ARPES) measurements have been carried out on the superconducting films by
developing an ultra-high vacuum cryogenic quenching and transfer technique. The
electron energy bands with different orbitals have been revealed. In the
superconducting state, a finite superconducting gap with pronounced coherence peak is
observed along the Brillouin zone diagonal direction. Remarkably, the finite
superconducting gap persists across the entire Brillouin zone of the underlying Fermi
surfaces, revealing the absence of gap nodes. An abrupt band renormalization,
manifested as a kink in the energy-momentum dispersion at ~70 meV below the Fermi
level, indicates an electron-boson coupling in the system. The simultaneous observation
of a nodeless superconducting gap and electron-boson coupling provides crucial
insights into the pairing symmetry and gluing mechanism in high-7c RP bilayer
nickelates.
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ABSTRACT

The characterization of non-unitary conformal field theories (CFTs) via entanglement
measures is often hindered by the appearance of negative central charges, which lack
a clear interpretation in standard entanglement theory. We address this by formulating
a generalized entanglement entropy that remains well-defined in the non-unitary
regime. Through numerical and analytical validation—including applications to the
PT-symmetric Su-Schrieffer-Heeger model and quantum-group-invariant XXZ chains
—we show that this measure accurately captures the scaling of non-unitary CFTs
[1,2]. We further apply this framework to investigate non-Hermitian critical
phenomena. Our results reveal that local non-Hermitian perturbations can induce
exceptional points that significantly alter the system's criticality, specifically shifting
the central charge from c=1 to c¢c=—2 [3]. Additionally, we present a novel PT-
symmetric gapless SPT phase characterized by the presence of boundary modes that
exhibit an unconventional degree of robustness, suggesting new directions for the
study of topology in non-Hermitian critical systems [4].
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ABSTRACT

The observation of the fractional quantum Hall (FQH) effect in 2D electron gases
ushered in investigations of topological phases driven by strong electron correlations.
Their remarkable features include fractionalized elementary excitations, gapless
boundary states and non-trivial quantum entanglement patterns. Thanks to persistent
efforts in the building of new platforms and making higher-quality samples, a diverse
plethora of FQH states have been unveiled in experiments. We report a systematic
study of ultrahigh-quality GaAs/AlGaAs quantum wells with mobility up to 3.7 <10’
cm? V! st using quantum transport measurements in nuclear adiabatic
demagnetization and dilution refrigerators down to 1 mK. In addition to many FQH
states that have already been identified in previous work, new longitudinal resistance
dips are observed at filling factors 17/33 and 15/31. The application of an in-plane
magnetic field causes disparate variations of the FQH states. The theoretical
foundation of these states is discussed in the framework of composite fermion theory.
While most fractions can be explained as non-interacting composite fermions forming
integer quantum Hall states, a few states correspond to FQH states of composite
fermions that arise from residual interaction between them. We summarize the
observed fractions in the range of 0 <v < 2 and propose a pattern to account for their
experimental appearance that provides an intuitive picture about the relative strengths
of different FQH states.
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ABSTRACT

Fullerene molecules, particularly Cs4, possess rich electronic structures and unique
bonding flexibility; however, their multiferroic behavior and relevance to memory
applications remain largely unexplored. In this work, we investigate the structural,
electronic, and switching properties of few-layer Cs4 films deposited on Si(111)-7x7
substrates using thermal evaporation under ultra-high vacuum (UHV) conditions.

UHYV scanning tunneling microscopy (STM) measurements reveal a bandgap of
approximately 3.7 eV at the Cs4/Si(111) interface. Multiferroic characteristics are
identified through magnetic force microscopy (MFM) and piezoresponse force
microscopy (PFM), where ferromagnetism originates from localized spin-exchange
interactions, while ferroelectricity is associated with spin—orbit coupling and
asymmetric charge distribution.

Complementary density functional theory (DFT) calculations using the VASP
package indicate that external electric fields induce intermediate electronic states near
the Fermi level, facilitating charge transport across defect-mediated pathways.
Spectroscopic analyses, including Raman, X-ray photoelectron spectroscopy (XPS),
and photoluminescence, further confirm the presence of sp?/sp* hybridization, dangling
bonds, and defect-related states that play a critical role in electronic conduction.

Device-level measurements of Au/Csg4/Si(111) heterostructures demonstrate stable

bipolar resistive switching behavior, as verified by conductive atomic force microscopy
(C-AFM). The switching mechanism is governed by defect-assisted charge transport
and electric-field-induced bond reconfiguration, particularly involving transitions
between sp? and sp® bonding states.
These findings establish a direct link between multiferroicity, defect engineering, and
quantum transport in fullerene-based systems, highlighting the potential of Css as a
novel active material for next-generation non-volatile memory devices, including
ReRAM and FeRAM.
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ABSTRACT

In this talk I discuss the Fe based superconductors, with a personal perspective
on the Fe chalcogenides. I’'ll provide a summary of our understandings of the
materials thus far, and discuss our group’s recent investigations into the
superconducting and transport properties of FeSeo4sTeoss single crystals using
magnetic susceptibility, electrical resistivity, Seebeck coefficient, and thermal
conductivity measurements. I’ll also discuss new directions and tuning knobs for
the Fe based superconductors.

Magnetization and resistivity data confirm bulk superconductivity with a sharp
transition near 14.5 K, marked by strong Meissner screening and zero resistance.
The Seebeck coefficient exhibits a sign change near 107 K, indicating a crossover
in dominant carrier type from holes to electrons, consistent with multiband
conduction. An anomaly at 14.5 K aligns with the superconducting onset, while a
dip near 30 K suggests enhanced scattering or band reconstruction. Thermal
conductivity reveals corresponding anomalies at ~12.7 K and ~107 K, highlighting
the interplay between carrier dynamics and heat transport. A finite residual linear
term of 0.01346 W/mK? in «/T as (T to 0) at zero field provides direct evidence for
low-energy quasiparticles, ruling out a fully gapped s-wave state. The monotonic
field dependence and near-quadratic scaling with (H?) are consistent with vortex-
induced quasiparticle transport and the Volovik effect, supporting a nodal or
strongly anisotropic gap structure. These results, confirm the presence of
unconventional superconductivity in FeSeixTex and establish it as a robust
platform for exploring correlated electronic states and pairing mechanisms.
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ABSTRACT

In this work, we develop a rigorous theory for fundamentally unconventional scaling in
non-Hermitian systems. Non-Hermitian systems can exhibit the non-Hermitian skin
effect (NHSE), where eigenstates accumulate near open boundaries. In the
thermodynamic limit (TDL), this is described by non-Bloch band theory, which allows
complex wave-vectors: the generalized Brillouin zone (GBZ) admits open-boundary
standing-wave solutions, while the amoeba formalism is its higher-dimensional
extension, giving a geometric representation of the GBZ. However, existing theories
describe spectra only in the TDL and fail to capture finite-size effects, including
pronounced pre-asymptotic regimes in multiband systems. Unlike in Hermitian systems,
finite-size effects are not small corrections but among the most intriguing NHSE
phenomena due to extreme boundary sensitivity. In such cases, the finite-size spectrum
is not necessarily governed by a single standing-wave quantization condition, instead,
multiple bulk modes can participate to fulfill the boundary conditions. A more general
and universal framework that fully captures all eigenmodes and applies to both finite-
size systems and the TDL is therefore required. Here we develop this rigorous, general
framework for finite open-boundary multiband non-Hermitian lattices, giving a
predictive description beyond existing thermodynamic-limit approaches. We uncover
emergent scaling behaviors far more dramatic than usual finite-size scaling: new
competitive mechanisms produce sharp crossover scales, different scaling laws at
different system sizes, and clear deviations from standard thermodynamic-limit
predictions at experimentally accessible sizes. The framework explains novel
boundary-induced effects not fully understood by non-Bloch band theory, including
size-dependent topological edge modes appearing only above the critical system size.
Our framework is an extension and generalization of previous theories: it reproduces
earlier results in their regime of validity, while capturing all eigenmodes and finite-size
pre-asymptotic behavior. These results bridge asymptotic theory and real devices,
guiding the interpretation of experiments and the engineering of boundary-sensitive
behaviors in photonic, acoustic, mechanical, and related platforms.
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ABSTRACT

The microscopic pairing mechanism in the superconducting fulleride KsCeo remains
debated. The parity-doublet model by Friedberg, Lee, and Ren predicts a pseudoscalar
boson band arising from electron pairs between the low-lying Ty, and Ty, levels, yet
the boson density is not directly measurable. Here we show that hydrostatic pressure
offers a clean, doping-independent tuning of the lattice parameter. Using the
boson-fermion mixture model, we employ the relation between the logarithmic pressure

o i dl . . .
derivative of the critical temperature 2T and the boson density n,. Inverting this

dlna
relation with high-quality experimental T.(a) data obtained from a single KsCeo
sample that exhibits both zero resistance and the Meissner effect, we extract the
ambient-pressure boson density and follow its evolution under compression. The
obtained boson fraction is physically consistent and agrees with independent estimates
from earlier literature. Upon lattice compression, the boson density decreases
monotonically, directly explaining the experimentally observed suppression of
superconductivity with pressure. The internal consistency of the inversion and the
agreement with prior independent estimates provide strong support for the
parity-doublet pairing mechanism. Our work demonstrates that the pressure response
of T, serves as an indirect probe of the boson density, offering a new quantitative
perspective on the superconductivity of fullerides.
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ABSTRACT

Topological magnons, regarded as a promising candidate for efficient and stable
transport channel, have been studied in various magnetic materials. Their topological
structure can be even richer when taking into consideration other dynamic degrees of
freedom in the system. We show that nontrivial topology can emerge in the hybridized
excitations of magnons and phonons in a collinear antiferromagnet due to
magnetoelastic coupling. Our theory has a general applicability to two-dimensional
magnets, which is demonstrated by developing a continuum theory as the long-
wavelength approximation to the tight-binding model. Here, the associated topological
transport can be highly tunable as magnons are thermal excitations sensitive to
magnetic field. In particular, the thermal Hall effect can exhibit sign switchings as we
change the direction or the strength of the applied magnetic field, which may be of
practical interest in spincaloritronic applications. We provide experimentally relevant
predictions for the van der Waals antiferromagnet MnPS3 and the bilayer FeCl2.
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ABSTRACT

Rhombohedral-stacked multilayer graphene (RMG) aligned with hexagonal boron
nitride (hBN) has emerged as an excellent platform for investigating exotic quantum
phenomena arising from the interplay between electron correlations and nontrivial
topology. However, the microscopic mechanism governing the emergence of both the
integer and fractional Chern insulator states in this system remains an open question.
In this talk, we report a systematic transport study of RMG/hBN moiré superlattices
with controlled alignment orientations and twist angles. We demonstrate that alignment
orientation strongly modulates correlated phenomena in the moiré-proximal regime,
while having negligible influence on the formation of integer and fractional Chern
insulators in the moiré-distant regime. Instead, the moiré periodicity—tuned by the
twist angle—serves as the key parameter controlling the stability of these correlated
topological states in the moiré-distant regime. Furthermore, in the moiré-proximal
regime of one specific alignment, we observe anomalous Hall effect and a variety of
competing phases near v = 1, including integer Chern insulator states, extended Chern
insulator states, and trivial insulators, whose stability is highly sensitive to both the
applied displacement electric field and magnetic field. Our results underscore the
critical role of stacking-alignment and twist-angle engineering in exploring novel
quantum states based on rhombohedral-stacked multilayer graphene moir¢ systems.
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ABSTRACT

The emergence of spatially modulated electronic states and symmetry-breaking
phenomena in unconventional superconductors has opened new perspectives for
understanding the mechanism of high-temperature (high-Tc) superconductivity.
Experimentally, the pair density wave (PDW) state, in which the superconducting order
parameter exhibits a spatial modulation due to finite-momentum Cooper pairing, has
been observed in unconventional superconductors and is hypothesized to play a
fundamental role in high-Tc superconductivity. Using molecular beam epitaxy and
scanning tunneling microscopy (STM), we previously observed a PDW with a period
of about 3.6are (Where are is the distance between neighboring Fe atoms) at domain
walls in monolayer FeTeosSeos films grown on SrTiOs (STO) [1]. By further
performing STM measurements with sub-unit-cell resolution on monolayer FeTe:-
xSex/STO (x = 1 and 0.7), we observed the intra-unit-cell superconductivity pair density
modulations (PDM) characterized by the superconducting gap size and the coherence
peak sharpness. The local maxima and minima in the superconducting gap modulation
are centered at the locations of the chalcogen atoms, revealing the breaking of the glide-
mirror symmetry of the chalcogen atoms [2]. Moreover, by tuning the growth
conditions, we detected a commensurate CDW order with a period of 4are in monolayer
FeTeosSeo.7 film. Further analyses demonstrate that the observed CDW is a smectic
order, which breaks both translation and Cs rotational symmetry. Moreover, the
nematicity of the CDW order is closely related to the superconducting state [3]. These
results provide a new route for studying the complex intertwined orders and their
interplay in high-Tc superconductors.

* Corresponding author email: liuyanzhao@quantumsc.cn
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ABSTRACT

Valley degrees of freedom provide a powerful route to realizing correlated electronic
phases beyond the single-band paradigm, including the possibility of valley-selective
Mott and charge-transfer insulating states. Such phases are generically difficult to
stabilize, as screening by itinerant carriers strongly suppresses interaction-driven
localization when multiple electronic degrees of freedom coexist within the same
spatial region. Here we demonstrate that twisted double bilayer WSe2 enables
controlled access to valley-selective correlated physics in a multiband moiré system
without spatial separation of valleys. By applying a perpendicular displacement field,
we continuously tune the relative alignment of flat bands derived from the I and K
valleys and drive two consecutive phase transitions at half filling: from a Mott insulator
to a charge-transfer insulator, followed by a transition into a metallic state. These
transitions occur as the K-valley band is driven between, and eventually through, the
Hubbard bands associated with the I' -valley flat band. Concomitantly, additional
correlated states emerge and propagate toward finite hole doping, defining sharp phase
boundaries that separate regimes of single-valley and multivalley transport. In high

* Corresponding author email: apn2108@columbia.edu



magnetic fields, these boundaries are revealed by Landau level spectroscopy, consistent
with a valley-selective correlated regime in which one valley remains interaction-
gapped while the other remains itinerant. Upon hole doping near the charge-transfer
insulator, we observe a pronounced hysteresis in the Hall response, indicating the
emergence of ferromagnetic order stabilized by multiband correlations. Our results
establish twisted double bilayer WSe2 as a tunable platform for realizing and
controlling valley-selective Mott and charge-transfer physics in moiré materials.

Band gaps and electronic structure of transition-metal compounds, Physical review
letters, 55(4), 418, 1985, J. Zaanen, G. A. Sawatzky, J. W. Allen.

Valley charge-transfer insulator in twisted double bilayer WSe2, Nature
Communications, 16(1), 1185, 2025, L. N. Wei, Q. Li, M. U. Rehman, Y. He.
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ABSTRACT

Platinum diselenide (PtSe:) has garnered extensive attention due to its unique
semiconductor-to-metal transition, which is driven by strong interlayer interactions. In
its monolayer form, PtSe. exhibits a bandgap of approximately 2.0 eV. This bandgap
systematically narrows to 1.1, 0.6, and 0.2 eV for two, three, and four layers,
respectively, before transitioning into a metallic state at five layers and beyond.! While
PtSe: is widely utilized in optoelectronic devices and demonstrates exceptional
performance, previous studies—particularly theoretical investigations—have
predominantly focused on its intrinsic or bulk properties, largely overlooking the
influence of its edge electronic states. In this study, we systematically investigated the
electronic properties of PtSe: thin film edges using molecular beam epitaxy (MBE) and
scanning tunneling microscopy (STM). Our findings reveal that these edge states also
exhibit a pronounced layer-dependent behavior. Specifically, while the edges of
monolayer, bilayer, and trilayer films retain their semiconducting nature, their
bandgaps are significantly reduced to approximately 1.0, 0.5, and 0.2 eV, respectively.
Notably, from a thickness of four layers onward, the edge transitions into a metallic
state.” This strong layer dependence of the edge electronic properties profoundly
impacts the overall electrical characteristics of the thin films.? Our research provides
crucial supplementary insights into the fundamental mechanisms governing PtSe:-
based devices.

REFERENCE STYLE

[1] Precise Layer-Dependent Electronic Structure of MBE-Grown PtSe2, Advanced
Electronic Materials, 7,2100559, 2021, L. Zhang, T. Yang, M.F. Sahdan, Arramel, W.
Xu, K. Xing, Y.P. Feng, W. Zhang, Z. Wang, A.T.S. Wee.

[2] Layer-Dependent Edge States in 2D PtSez, L. Zhang, Y. Wang, X. Ma, A.T.S. Wee.
(Manuscript in preparation)

[3] One-Dimensional Channels at Thickness Steps in a Layered Semiconductor PtSez,
X. Cai, T. Taychatanapat, L. Zhang, I.M. Oikonomou, X. Liu, A.E. Bozcali, Y. Jie, A.A
Mejamai, O. Cicvarek, K. Watanabe, T. Taniguchi, O.E. Dagdeviren, Z. Sofer, A.T.S.
Wee, T. Brumme, T. Hein, A. Avsar (Manuscript in preparation)

KEYWORDS
Platinum diselenide, Layer-dependent band gap, Edge states, Molecular beam epitaxy,
Scanning tunneling microscopy



Ultrafast Carrier Relaxation inA(l%lli? lslite Probed via kz-Resolved Tr-

Lin, Ping-Hui

'Department of Physics, National Taiwan Normal University, Taipei, Taiwan
2National Synchrotron Radiation Research Center, Hsinchu 30013 , Taiwan

ABSTRACT

Time- and angle-resolved photoemission spectroscopy (Tr-ARPES) provides direct
access to the ultrafast relaxation of photoexcited carriers in quantum materials. In
graphite, fluence- and energy-dependent measurements at the H point reveal how the
electronic temperature, chemical potential, and nonthermal spectral weight evolve from
strongly nonequilibrium to quasithermal states. At low pump fluence, the electronic
system is well described by a Fermi—Dirac distribution, whereas at higher fluences
nonthermal carriers with lifetimes of about 280 fs emerge, reflecting strong electron—
electron scattering and coupling to optical phonons. High-energy carriers relax
predominantly via ultrafast scattering, while low-energy carriers experience a
pronounced phonon-window bottleneck, leading to decay times of up to several tens of
picoseconds.

A photon-energy-tunable high-harmonic pulse laser source enables k.-resolved Tr-
ARPES measurements that compare carrier dynamics at the K and H points along the
out-of-plane direction. The K point exhibits bi-exponential cooling with sub-
picosecond and few-picosecond components, in sharp contrast to an extended hot-
electron bottleneck of roughly 9 ps at the H point. Calculations of electron—phonon
matrix elements and available scattering phase space show that this K—H asymmetry is
governed primarily by k. -dependent phase-space structure, rather than by large
differences in coupling strength, establishing graphite as an intrinsic momentum-space
heterostructure for ultrafast carrier relaxation.

REFERENCE STYLE

Ultrafast relaxation dynamics and nonequilibrium processes in graphite, Phys. Rev. B,
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ABSTRACT

Quantum Hall edge states often require extreme experimental conditions of very low
temperature and very high magnetic fields. In this talk, we will introduce a van der
Waal hybrid system in which an unusually robust quantum Hall phase is realized up to
liquid nitrogen temperature at a magnetic field of only 0.35 T. Based on these
observations, potential application in quantum Hall resistance standard with precisions
exceeding 1E-8 above 50 K is demonstrated. We will also discuss Al-driven robotic
system for high yield 2D heterostructure sample fabrications — potentially for scaled up
production of van der Waals nanoelectronics.
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Quantum Hall phase in graphene engineered by interfacial charge coupling, Nature
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ABSTRACT

Van der Waals (vdW) heterostructures provide a versatile platform for manipulating
multiple electronic and excitonic degrees of freedom and for engineering artificial
lattices. Their stacking flexibility enables the creation of tunable moiré superlattices
that host a variety of emergent quantum states. Among these systems, moiré excitons
in transition metal dichalcogenide (TMD) heterostructures have attracted particular
interest due to the direct bandgap of monolayer TMDs and their rich internal degrees
of freedom. In this talk, | will present our dynamical study of moiré excitons in twisted
WSe2/WS: superlattices. We observe that exciton relaxation dynamics vary
significantly across different moiré filling states. I will also discuss measurement
artifacts encountered in pump—probe spectroscopic studies of moiré superlattices.

KEYWORDS
2D semiconductor, moire superlattice, exciton, electron-exciton interactions
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ABSTRACT

Observations of Landau level quantization in narrow-gap correlated Kondo insulators
raise intriguing questions about the origins [1, 2, 3]. However, two key questions
remain: (1) Do the oscillations originate from the bulk material or a minority phase?
(2) Do these phenomena exist in wide-gap insulators? To address the first question,
we conducted heat capacity measurements in DC magnets with fields up to 41 T and
resolved quantum oscillations in the Kondo insulator YbBi>. This observation
provides strong evidence for the bulk origin of the quantum oscillations [4].
Furthermore, we applied ultrasensitive manometry and calorimetry to a wide-gap
kagome Mott insulator, YCuz(OH)e.5Br2.5. Our magnetometry results resolved both
the 1/3-plateau and 1/9-plateau transitions. Surprisingly, the magnetometry also
revealed strong oscillations in the magnetic torque [5]. Heat capacity measurements
further indicate a dominant quadratic temperature dependence at the 1/9 plateau,
suggesting a possible Dirac fermion nature for this 1/9 plateau state [6].
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ABSTRACT

Graphite-like carbon nitride (g-CsN4) is a promising polymeric semiconductor due to
its excellent stability and unique electronic properties. Our group has carried out first-
principles studies that provide fundamental insights into its electronic structure and
related carbon-nitride systems, guiding the rational design of high-performance CN-
based materials.! In addition, its tunable bandgap and graphene-like layered structure
offer opportunities for modification, and our group have developed strategies such as
ionic-liquid gating to effectively regulate defect states and enhance photocatalytic
performance.>* However, most existing studies focus on g-CsNa powders, while
investigations on thin films remain limited. The fabrication of high-quality thin films
remains challenging, which limits the potential optoelectronic and photocatalytic
applications. Here, we report the growth of crystalline g-C3N4 films with thicknesses
of approximately 100-200 nm on the indium tin oxide substrates by chemical vapor
deposition. The optimized growth conditions for high-quality g-C3N4 films deposition

have been obtained through combined optical characterizations and detailed electronic



structure analyses using x-ray spectroscopies. The as-grown g-C3N4 films exhibit a
bandgap value of 3.05eV as well as an enhanced fluorescence lifetime of 12.43 ns. By
adding thiourea to the melamine precursors, N vacancies have been formed in the main
heptazine structure, achieving the modulation of the bandgap and the promoted carrier
separation. This work provides guidelines for understanding the property-structure
relationships during g-C3Njy film deposition. The deposition of high crystallinity g-C3N4
films therein further extends the applications in the fields of optoelectronic and

photocatalytic devices.’
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Abstract:

Magnons, the quanta of spin waves, have emerged as promising information carriers
for next-generation, ultra-low-power computing and data storage because they can
transport angular momentum without moving electric charges, thereby minimizing
energy losses from Joule heating. Multiferroic materials, which exhibit coupled
magnetic and electric orders, provide a transformative platform for controlling
magnons. Among them, BiFeOs stands out as the most studied room-temperature
multiferroic material and has become a model system for extensive research.

In this talk, I will discuss the generation, transport and detection of magnons in
multiferroic  heterostructures, highlighting their potentials in next generation
spintronic devices.
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Memtransistors that integrate memristor and transistor functionalities are promising candidates for
scalable, energy-efficient neuromorphic computing. However, achieving high performance in
memtransistor arrays—particularly in terms of resistive switching ratio, uniformity, and scalability—
remains a significant challenge for practical deployment in artificial neural networks. Here, we
present scalable memtransistor arrays based on transition metal dichalcogenides (TMDCs), where the
Schottky barrier is precisely controlled by modulating vacancy distribution and migration behavior.
This approach enables a substantial improvement in the resistive switching ratio, reaching
10° through gate modulation. The device-to-device variation is maintained below 6.8%, and the
power consumption is as low as 1 pJ per operation. These devices demonstrate high performance in
artificial neural network applications, achieving greater than 98% accuracy in image recognition tasks.
Furthermore, the devices exhibit remarkable scalability, with a cell size as small as 4.65 F?, and can
be further miniaturized by adjusting the channel size without affecting the switching performance.
This work highlights the potential of TMDC-based memtransistor arrays for energy-efficient, high-
performance artificial neural networks, offering a scalable solution for next-generation neuromorphic
computing hardware.
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ABSTRACT

Advancements in semiconductor technology, once guided by Moore's Law and
Dennard Scaling, now face challenges such as the "memory wall" arising from unequal
processor and memory performance improvements. Memristors, theorized in 1971 and
realized in 2008, offer solutions for nonvolatile storage and in-memory computing'.
Conventional types like resistive random-access memory and phase-change memory
suffer from stochastic switching, limited endurance, and modest on/off ratios,
restricting neuromorphic  applications®>. Ferroelectric ~memristors, leveraglng
polarization reversal, enable deterministic operation, fast switching (<10 ns), high
endurance (>10'° cycles) and superior on/off ratios (10°>—10%). Their intrinsic rectifying
behavior also helps suppress sneak currents in crossbar arrays. Compared to bulk or
thin-film ferroelectrics, which degrade at nanometer scales due to depolarization fields,
oxygen defects, and size effects, two-dimensional ferroelectrics retain polarization
down to monolayers and feature dangling-bond-free surfaces, ensuring clean interfaces
and seamless 2D integration with other materials.

This study investigates MoS./a-In2Ses heterostructure memristors achieved high
switching ratio (~10-10%), high rectification ratio (~10?), and durablhty Electrical
measurements show thickness-dependent rectifying ratio peaking at 10°. Synaptic
behaviors including short-term potentiation (STP) and long-term plasticity (LTP/LTD)
are also demonstrated. Hardware-aware simulations on the MNIST dataset achieve
~97% recognition accuracy, comparable to software benchmarks, by compensating
non-idealities through optimized activation functions and training schemes. Future
work will focus on hardware CNN implementations and all-ferroelectric reservoir
computing to overcome von Neumann bottlenecks in energy-efficient Al systems.
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ABSTRACT

The discovery of Ruddlesden-Popper (R-P) nickelate superconductors under high
pressure heralds a new chapter of high-transition temperature (high-7¢)
superconductivity. Recently, ambient-pressure superconductivity is achieved in R-P
bilayer nickelate thin films through epitaxial compressive strain, offering an
exceptional platform to investigate the potential symmetry-breaking orders intertwined
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with high-7¢c superconductivity. Here, through electrical transport study, we report an
unconventional superconducting phase characterized by time-reversal symmetry (TRS)
breaking and electronic glassiness in bilayer nickelate (La, Pr, Sm)3Ni207 films. Rather
than being inherited from the normal-state ordering, this symmetry-broken phase
emerges within the superconducting transition regime, and extends to zero-resistance
ground state. Three defining characteristics are observed: 1. Magnetoresistance
hysteresis, direct evidence of TRS breaking, whose magnetic field-dependence is
fundamentally distinct from trapped vortices or long-range-ordered magnetism.
Successive oxygen reductions simultaneously weaken both the zero-resistance
superconductivity and hysteresis, revealing their intimate correlation. 2. Magnetic field
history-dependence and zero-field non-reciprocity in the current-voltage responses,
further substantiating the intrinsic and spontaneous TRS breaking. 3. Logarithmically
slow resistance relaxations upon the removal of magnetic field, hallmarks of the glassy
dynamics. Collectively, our findings uncover an unprecedented superconducting phase
in the nickelate superconductors, providing phenomenological and conceptual insights
into high-T7¢ superconductivity with intertwined symmetry breakings.
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Poor Man’s Majorana modes (PMMs) in quantum-dot—superconductor hybrid systems
provide a minimal and tunable platform for exploring Majorana physics. Recently, many
experimental signatures potentially associated with PMMs have been reported, which has
stimulated extensive theoretical studies. Here we develop a microscopic description that
treats the quantum-dot and superconducting quasiparticle degrees of freedom on an equal
footing, instead of integrating out the superconductor. We focus on the finite-length effect
of the superconducting segment and show that it strongly modifies both local and nonlocal
couplings induced between the quantum dots. As a result, the number of PMMs depends
sensitively on the superconductor length and oscillates between zero and two in finite-length
devices. We further show that strictly end-localized PMMs do not exist for finite
superconducting length; only nearly localized modes can appear in the strong-magnetic-
field regime. In the long-superconductor limit, the corresponding dressed PMM result is
naturally recovered. These results provide a unified microscopic description of PMMs in
realistic devices and clarify the crucial roles of finite-size effects and superconducting dressing
in their emergence and observability.
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ABSTRACT

Rhombohedral (3R) MoS: is emerging as a strategically attractive 2D ferroelectric
platform because its polarization originates from intrinsic 3R stacking symmetry, while
remaining chemically inert and thermally stable—features that favor scalable device
integration and reproducible switching. Motivated by the advantages of in-plane
polarization (lower barriers/voltages and better planar CMOS compatibility), we
establish experimental evidence of in-plane ferroelectric (IP-FE) switching in few-layer
3R-MoS: by first validating the 3R phase and broken-symmetry signatures using
AFM/Raman/SHG, then demonstrating IP-related electrical hysteresis and reliability
using scan protocols, electrode geometry optimization (linear vs ring), and
retention/endurance tests. To link switching to crystallographic directionality, multi-
direction segmented ring electrodes and PFM amplitude/phase hysteresis (=~ 180°
phase switching) are used to support direction-correlated polarization switching.
Finally, we address a key bottleneck—Coulomb screening by free carriers that narrows
the memory window and limits field-driven control —by integrating a top-gate stack to
tune channel carrier density via carrier extraction, yielding a larger, cleaner
hysteresis/memory window and improved polarization stability, with back-gate
measurements confirming controllable extraction and reset capability. Overall, this
work demonstrates a clear progression from validation to control of in-plane
ferroelectricity in 3R-MoS, establishing it as a strong candidate for future memory and
synaptic devices.
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ABSTRACT

Causality—the principle that physical influence from one event to another cannot
propagate faster than the speed of light—is traditionally encoded in the spacetime light
cone. However, for quasiparticles in crystalline systems, characteristic velocities are
not universal in the absence of Lorentz invariance, leaving the causal structure
governing quasiparticle interactions fundamentally unclear. Here, in an acoustic Weyl
crystal, we experimentally establish that causality for relativistic Weyl quasiparticles
emerges as a geometric constraint in energy—momentum space, where quasiparticle
dispersion cones play the role of effective light cones. We show that two quasiparticles
can interact to open a bulk bandgap only when they lie within each other’s energy—
momentum cones, whereas interaction is forbidden when neither lies within the other’s
cone. This constraint extends to the gap opening of surface Fermi arc states, establishing
a causal bulk—boundary correspondence. Beyond this reciprocal regime, we identify a
quantum horizon in which causal accessibility becomes intrinsically non-reciprocal:
one quasiparticle lies within the energy—momentum cone of another, whereas the
converse does not hold, thereby providing direct experimental access to intrinsically
non-reciprocal causality, a phenomenon absent in relativistic systems. Our study
establishes a tabletop platform for probing causal connections in analogue wave
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systems, revealing causality itself as an emergent and tunable property beyond the
spacetime paradigm.
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ABSTRACT

Discovering new materials, exploring their unique properties and potentials in various
applications are of paramount importance to condensed matter physics and materials
science. Based on the concept of "bottom-up", we constructed a few stable
low-dimensional nanomaterials using boron metal clusters of inverse sandwich
structures as blocks, among which, Ir;Bg carries a magnetic anisotropy energy of
93.43 meV, the KyBo exhibits superconductivity contributed by the van Hove
Singularity near the Fermi surface in the electronic dispersion of the hidden kagome
lattice, and the TiB»-II presents CO-sensing property. Furethermore, the novel inverse
sandwich configuration was extended to graphene by positioning two metal atoms
symmetrically at the two sides of carbon vacancy, such structures hold high promise
as electrocatalysts towards CO» reduction reactions. Additionally, two monolayers of
IT-TiX> (X=S, Se, and Te) were stacked together, and coexistence of
charge-density-wave state and ferroelectricity was found by interlayer sliding. Using
the "bottom-up" approach, with the aid of first-principles and machine learning
technique, our investigations achieve new nanomaterials with multi-functionality of
"more is different". .
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High-Pressure Artificial Synthesis of Hexagonal Diamond
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ABSTRACT

High pressure, as an extreme condition, facilitates atomic rearrangement to synthesize
novel materials like hexagonal diamond—a rare meteoritic carbon phase with
hexagonal structure and exceptional hardness surpassing cubic diamond. Despite its
discovery decades ago, hexagonal diamond’s independent existence remained
contentious due to its higher formation energy barrier compared to cubic diamond,
which dominates conventional high-pressure synthesis. Here, we present two
innovative strategies for synthesizing near-pure hexagonal diamond: First, through in
situ diamond anvil cell experiments, we identified a new pathway where graphite
transforms into hexagonal diamond via “post-graphite phase” upon heating, applicable
to both single-crystal and nanoscale graphite precursors. By integrating a self-
developed large-volume press with thermally heterogeneous assemblies, we exploited
temperature gradients under pressure to achieve the first bulk synthesis of high-quality
hexagonal diamond. Second, a novel (6-8-2) high-pressure assembly incorporating
uniaxial force enabled the conversion of highly oriented pyrolytic graphite into pure-
phase, millimeter-sized hexagonal diamond under milder conditions (lower
pressure/temperature). The synthesized hexagonal diamond exhibits a hardness
exceeding natural cubic diamond by >40% and remarkable thermal stability. These
breakthroughs establish effective routes for hexagonal diamond fabrication, expanding
the family of superhard materials and offering alternatives to overcome cubic
diamond’s application limitations. Furthermore, this work provides critical insights into
the origins of meteoritic diamonds and geological processes involving extreme
conditions.

REFERENCE STYLE

[1]General Approach for Synthesizing Hexagonal Diamond by Heating Post-Graphite
Phases, Nature Materials, 24, 513, 2025, D. Chen, G. Chen, L. Lv, J. Dong, Y. Shang,
X. Hou, Y. Wang, J. Shang, S. Wang, Y. Yin, R. Liu, W. Zhang, Z. Jiang, Y. He, B.
He, C. Mao, S. Zhu, B. Sundqvist, B. Liu, M. Yao.

[2]Direct Synthesis of Millimeter-Sized Hexagonal Diamond from Graphite, Science
Bulletin, 70, 1257-1263, 2025, X. Yuan, G. Chen, Y. Cheng, S. Zhu, F. Liu, Y. Ke, K.
Hu, Y. Pan, M.-S. Wang, Z. Liu, H. Tang, B. Liu.

* Corresponding author email: liubb@jlu.edu.cn



KEYWORDS
High pressure, Hexagonal diamond, Cubic diamond, Superhard materials, Graphite

* Corresponding author email: liubb@jlu.edu.cn



Magnon Structure around Skyrmions

Adarsh Hullahalli!:2, Christos Panagopoulos!, Christina Psaroudaki?

IDivision of Physics and Applied Physics, School of Physical and Mathematical
Sciences, Nanyang Technological University, 21 Nanyang Link 637371, Singapore
2Laboratoire de Physique de 1’ Ecole Normale Superieure, ENS, Université PSL,
CNRS, Sorbonne Université, Université de Paris, F-75005 Paris, France

ABSTRACT

Magnon eigenstates around isolated skyrmions develop complex localization patterns
through coherent interference of degenerate eigenstates. We study this effect
numerically in frustrated and chiral magnets, and identify two distinct classes:
magnon superlattices and multifractal magnons. The former are crystal-like structures
found in frustrated magnets, where an underlying 'Mexican-hat' type dispersion
encodes a characteristic magnon length scale closely matching the skyrmion size. The
latter are self-similar magnon structures emerging in the large-lattice limit of both
platforms. We demonstrate that these patterns can be dynamically generated and
sustained through AC field activation of the localized skyrmion modes with which the
extended magnons hybridize. Our findings constitute a novel mechanism by which
complex and observable structures dynamically emerge in magnetic systems.
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Substituted Bi induced localized defect state in CrTes
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ABSTRACT

Two-dimensional (2D) ferromagnets have attracted significant attention owing to
their potential applications in spintronics, magnonics, and spin-orbitronics. Among
them, ultrathin CrTe; has been theoretically predicted to be a van der Waals
antiferromagnetic semiconductor with intrinsic intralayer antiferromagnetic ordering.
However, the regulation of its electronic properties remains insufficiently explored. In
this work, few layer CrTes films were fabricated on HOPG by molecular beam epitaxy,
followed by Bi deposition and thermal annealing. Scanning tunneling microscopy
(STM) revealed distinct bright dot-like features on the CrTe; surface after annealing.
By combining STM with density functional theory calculations, the type-I bright dots
were identified as Bi atoms substituting Te atoms in the topmost Te layer. Scanning
tunneling spectroscopy further revealed bandgap narrowing and a pronounced peak
near the Fermi level in the vicinity of the substituted Bi sites, indicating the emergence
of a localized defect state. These findings demonstrate that Bi substitution can
effectively modulate the local electronic structure of CrTes, offering a potential route
for tuning its antiferromagnetic properties and designing functional 2D magnetic
materials.
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ABSTRACT

Antiferroelectric materials, characterized by antiparallel dipole moments that cancel net
polarization and exhibit distinct phase-transition behavior, hold strong potential for
applications in actuators, sensors, and high-power capacitors. However, achieving
deterministic control of structural variants in perovskite antiferroelectrics remains a
major challenge. In this talk, we introduce electron-beam irradiation and optical
illumination as complementary approaches for reversibly switching structural variants
in freestanding PbZrOs membranes, enabling spatially selective and energy-tunable
manipulation at room temperature. Using in-situ TEM, we directly visualize electron-
beam—driven structural transitions, supported by phase-field simulations that reveal
localized electric fields from beam—membrane interactions. Optical illumination
provides an additional degree of control, stabilizing or dynamically modifying domain
configurations through light-matter coupling. Our findings reveal a synergy between
screening charges and optical stimuli that enables deterministic structural
transformations in freestanding membranes. This precise control of domain states offers
key insights into antiferroelectric phase transitions and provides an effective route for
tuning functional responses in complex oxide systems.
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ABSTRACT

Excitons or electron-hole pairs bound by long range Coulomb interactions, exhibit
exceptionally high binding strengths in 2D materials due to reduced electrostatic
screening. These bosonic particles can undergo quasi-condensation marked by the
Berezinskii—Kosterlitz—Thouless (BKT) transition to a coherent “condensate” phase,
exhibiting superfluidity below the condensation temperature Tc. Their enhanced
interaction strengths are suitable for achieving larger Tc values, making them potential
candidates for achieving superfluidity at room temperature. Momentum-direct excitons
are better suited for achieving the sharply-peaked zero momentum distribution and
phase coherence of the condensate. The low radiative lifetime of the excitons can still
act as a bottleneck for achieving condensation. In this study, we perform high-
throughput search of the 2Dmatpedia and the Materials project database to screen for
2D materials which can host, optically generated, momentum-direct, long-lived
excitons. For the selected 2D materials, we perform state-of-the-art GW-BSE
calculations including spin-orbit coupling interactions, to obtain the excitonic size and
lifetimes. Using a dilute boson gas model, we identify 2D materials with low-energy
excitons which can achieve the superfluid transition at temperatures close to room
temperature.
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Universality of the Holographic Principle in Induced Horizons:
Quantum Causal Penetration and Topological Corrections
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ABSTRACT

The holographic area law is fundamentally linked to the nature of spacetime. In this
talk, we demonstrate the universality of the holographic principle by inducing causal
horizons in simple strongly correlated many-body systems. Using DMRG simulations
of the Antiferromagnetic Heisenberg model, we show that an area law emerges as a
dynamical consequence of local interaction enhancement.

We report the discovery of "Quantum Causal Penetration": a phenomenon where global
topological constraints (spin parity) force persistent long-range entanglement across
these induced horizons. While even-sized subsystems exhibit strict area laws and causal
isolation, odd-sized systems manifest a robust In2 topological correction and residual
mutual information (I=2). These findings provide direct micro-numerical evidence for
topological black hole entropy and support the “ER=EPR” conjecture. Our results
suggest that spacetime geometry acts as a robust quantum error-correcting code, where
global logical protocols can override local causal barriers.
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Ordered and tunable Majorana-zero-mode lattice in iron-based
superconductors
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ABSTRACT

Majorana zero-modes (MZMs) are spatially-localized zero-energy fractional
quasiparticles with non-Abelian braiding statistics. They are believed to hold great
promise for topological quantum computing. By using low-temperature and strong-
magnetic-field scanning tunneling microscopy/spectroscopy, a breakthrough of
Majorana zero mode has been firstly achieved in a single material platform of high-T.
iron-based superconductor, FeTeossSeo.45. The mechanism of two distinct classes of
vortices presented in this system was revealed, which directly tied with the presence or
absence of zero-bias peak. We further found the Majorana conductance plateau in
vortices. Both the extrinsic instrumental convoluted broadening and the intrinsic
quasiparticle poisoning can reduce the conductance plateau value, and when extrinsic
instrumental broadening is removed by deconvolution, the plateau nearly reaches a
2¢%/h quantized value. Moreover, we confirmed the existence of MZMs in the vortex
cores of CaKFes4As4 and LiFeAs. Based on these works mentioned above, most recently,
we have successfully achieved the large-scale, highly-ordered and tunable MZM lattice
in strained LiFeAs. Notably, more than 90% of the vortices are topological and possess
the characteristics of isolated MZMs at the vortex center, forming ordered MZM lattice
with the density and the geometry tunable by external magnetic field. With decreasing
the spacing of neighboring vortices, the MZMs start to couple with each other. This
kind of materials combine the advantages of a simple material, high- 7, large ratio of
A/Er and etc. Our results show a great potential of MZMs in the application of
topological quantum computations in the future.

ABSTRACT TOPIC
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ABSTRACT

Thin films of tellurium (Te) are fundamentally built from one-dimensional (1D)
helical atomic chains, and it exhibits semiconducting properties that are tunable with
dimensionality. The repeating structural motif within these chains is a triangular
arrangement of three Te atoms, referred to as a trimer, which contributes to the overall
helical geometry. Using scanning tunneling microscopy (STM), we investigated the
layer-dependent changes in electronic structure of these trimer units. In monolayer
and bilayer Te grown on Au(100), we observed defects characterized by multiples of
trimer vacancy clusters. In contrast, for thicker films, such isolated trimer-vacancies
are replaced by 1D chains of missing row atoms or 1D edge dislocations. The
propensities to form such vacancies and edge dislocations contribute to p-type
semiconducting characteristics. These defects are segregated at the surface and ALD
deposition of amorphous AlO3; on the surface was found to induce surface transfer

doping that converted the p-type to n-type characteristics.
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ABSTRACT

A new frontier in condensed matter physics is to stack atomically thin layered-materials
with different properties and create intriguing phenomena which do not exist in any of
the constituent layers. Transition metal dichalcogenide 4Hb-TaS», with an alternating
stacking of a spin liquid candidate 1T-TaS: and a superconductor 1H-TaS, is a natural
heterostructure for such a purpose. Recently, rare phenomena are indeed observed,
including chiral superconductivity, two-component nematic superconductivity,
topological surface superconductivity and enigmatic magnetic memory. A widely
proposed starting point to understand such a mysterious heterostructure requires strong
electronic correlation, presumably provided by 1T-TaS; layers with a narrow flat band
near the Fermi level (Er). Here, by using angle-resolved photoemission spectroscopy,
we reveal the theoretically expected flat band near Er in the energy-momentum space.
However, this flat band only exists on the 1T-TaS, terminated surface layer with broken
translational symmetry, but not on the 1T-TaS; layers buried in the bulk. These results
directly challenge the foundation of the current theoretical paradigm. On the 1T-TaS;
terminated surface layer, we further reveal a pseudogap and an anomalous doping effect.
These phenomena and the dichotomy between surface and bulk layers also shed new
light on the unusual coexistence of distinct electronic orders in this mysterious
heterostructure.
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ABSTRACT

We report a substrate-dependent reversal of photoluminescence in mixed-dimensional
perovskite/monolayer WS> heterostructures. In our structure, a ML-WS; flake partially
overlaps with a halide perovskite region, enabling direct comparison between the
heterostructure and adjacent bare-WS; regions within the same flake. Under 532nm
laser excitation, the WS; in heterostructure on Si exhibits markedly enhanced emission
relative to bare WS on the same substrate, whereas the opposite trend is observed on
Si02, where the WS; in heterostructure becomes quenched.

This contrasting behavior cannot be explained by the perovskite/WS; interface alone.
Instead, it indicates that the substrate plays a decisive role in setting the electronic
boundary conditions of the heterostructure. Kelvin probe force microscopy reveals a
significant surface potential difference between bare WS> on the silicon substrate and
WS: on the perovskite/silicon substrate, suggesting that the perovskite/silicon stack
significantly reconstructs the local electrostatic environment of the WS;. Therefore, we
attribute the enhanced emission on the Si substrate to substrate-assisted charge
redistribution, which shifts the exciton equilibrium in WS> towards a more luminescent
state; while on the SiO> substrate, interface quenching channels of perovskite dominate.
Our results show that the optical response of perovskite/TMDC heterostructures is
governed not only by the immediate van der Waals interface, but also by the substrate.
These findings establish bottom-interface control as a strategy for engineering excitonic
emission and interfacial charge states in mixed-dimensional optoelectronic
heterostructures.
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ABSTRACT

High-transition-temperature (7c) superconductivity is recently discovered in
Ruddlesden-Popper (RP) nickelate films with extraordinarily strong oxidation. While
investigating phase diagrams is essential for uncovering the superconducting
mechanism, the oxygen-tuned superconductor-insulator transition (SIT) in RP
nickelates differs fundamentally from that in cuprates or iron-based systems. Here, we
unveil the evolution of electronic structure in RP bilayer nickelate thin films across the
SIT, combining angle-resolved photoemission spectroscopy (ARPES) and X-ray
absorption spectroscopy (XAS) for both occupied and unoccupied states. In the

* Corresponding author emails: jthe@ustc.edu.cn; chenzhuoyu@sustech.edu.cn; xuegk@sustech.edu.cn;
huanghaoliang@quantmsc.cn; wangheng@quantumsc.cn



superconducting state, a coherent quasiparticle band near Fermi level (Er) coexists with
an incoherent waterfall feature at high energy, paralleling that in cuprates. Approaching
the insulating state with oxygen deficiency, the spectral weight of the occupied coherent
quasiparticle band is gradually suppressed, accompanied by pronounced density of
states redistribution and orbital reconfiguration in unoccupied states. These results
reveal the electronic origin of the SIT in the phase diagram, which transcends carrier
doping effects and oxygen vacancy states. Our findings point to a decisive role of
oxygen in shaping the essential electronic landscape of RP bilayer nickelates, offering
crucial insights into the superconducting mechanism.
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ABSTRACT

Recent studies have shown that Trotter errors are highly initial-state dependent and
that standard upper bounds often substantially overestimate them. However, the
mechanism underlying anomalously small Trotter errors and a systematic route to
identifying error-resilient states remain unclear. Using interaction-picture perturbation
theory, we derive an analytical expression for the leading-order Trotter error in the
eigenbasis of the Hamiltonian. Our analysis shows that initial states supported on
spectrally commensurate energy ladders exhibit strongly suppressed error growth
together with persistent Loschmidt revivals. We refer to such states as Trotter scars.
To identify such states in practice, we further introduce a general variational
framework for finding error-minimizing initial states for a given Hamiltonian.
Applying this framework to several spin models, we find optimized states whose
spectral support and dynamical behavior agree with the perturbative prediction. Our
results reveal the spectral origin of Trotter-error resilience and provide a practical
strategy for discovering error-resilient states in digital quantum simulation.
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ABSTRACT [major heading style: Bold 12 pt, UPPERCASE]

The discovery of superconductivity in Ruddlesden-Popper (RP) bilayer nickelate films
under ambient pressure provides an opportunity to directly investigate electronic energy
scales of the superconducting state and the pairing mechanism. We report angle-
resolved  photoemission  spectroscopy measurements of  superconducting
(La,Pr,Sm)3Ni,0O7 thin films by developing an ultra-high vacuum cryogenic sample
quenching and transfer technique. A superconducting gap of ~18 meV with coherence
peaks is observed along the Brillouin zone diagonal. The finite gap persists across the
entire Brillouin zone, revealing the absence of gap nodes. A kink is observed in the
energy-momentum dispersion at ~70 meV below Fermi level, indicating an electron-
boson coupling. The simultaneous observation of a nodeless superconducting gap and
electron-boson coupling provides insight into the pairing symmetry and gluing
mechanism in RP bilayer nickelates.
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ABSTRACT

What ultimately limits heat conduction in solids — and can those limits be engineered,
controlled, or even surpassed? Thermal transport lies at the foundation of modern
technologies ranging from microelectronics, quantum systems, and Al hardware to
thermoelectrics and energy platforms operating under extreme conditions. Yet many
conventional assumptions regarding thermal conductivity and phonon transport are
now being fundamentally challenged by emerging materials and nonequilibrium
transport phenomena. This talk will present our recent advances that redefine the
boundaries of thermal transport through the discovery of extreme thermal materials and
engineered phonon physics across diffusive, tunneling, and wave-like regimes.

I will first discuss the development of ultrahigh-thermal-conductivity boron arsenide
(BAs), where unconventional lattice dynamics and strongly suppressed phonon
scattering enabled record thermal conductivity among semiconductors. More recently,
we discovered 0-phase tantalum nitride (6-TaN), a metallic material exhibiting thermal
conductivity approaching three times that of copper, enabled by exceptionally weak
electron-phonon interactions and reduced anharmonicity. Beyond extreme thermal
conductivity, I will discuss phonon transport beyond classical diffusion, including
phonon tunneling across ultrathin interfaces and electrically controlled nonequilibrium
thermal transport. Finally, I will explore emerging opportunities in low-dimensional
and twisted materials, including twisted graphene systems, where moiré engineering
and coherence effects may enable wave-like phonon propagation and new quantum
transport regimes.

Together, these advances establish a broader framework for controlling heat flow
through lattice dynamics, interfaces, disorder, and dimensionality, opening new
directions for condensed-matter physics, electronics thermal management, energy
conversion, and future quantum and energy technologies.
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Two-dimensional transition metal dichalcogenides (TMDs) like 2H-TaSe; have attracted considerable interest
due to the intricate interplay between charge density wave (CDW) order and superconductivity (SC). While
hydrostatic pressure studies on 2H-TaSe; have reported CDW suppression and SC emergence up to ~12.5
GPa, the non-hydrostatic pressure effect remains largely unexplored. Here, we systematically investigate the
evolution of CDW and SC in single-crystal 2H-TaSe, under non-hydrostatic compression up to 30 GPa using
in-situ X-ray diffraction (XRD) and Raman spectroscopy. Our results reveal a previously unreported
phenomenon: beyond a critical pressure, the crystalline order is gradually destroyed, and the sample
undergoes a quenchable amorphous transition. Remarkably, this amorphous phase exhibits robust
superconductivity, as evidenced by the disappearance of CDW-related signatures and the emergence of a
superconducting ground state. To the best of our knowledge, this is the first observation of quenchable
amorphous superconductivity in a two-dimensional TMD material under high pressure. Our findings open a
new pathway for designing amorphous superconductors and understanding the unconventional relationship
between structural disorder and superconductivity in low-dimensional systems.
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ABSTRACT

Poor Man’s Majorana modes (PMMs) in quantum-dot—superconductor hybrid systems
provide a minimal and tunable platform for exploring Majorana physics. Recently,
many experimental signatures potentially associated with PMMs have been reported,
which has stimulated extensive theoretical studies. Here we develop a microscopic
description that treats the quantum-dot and superconducting quasiparticle degrees of
freedom on an equal footing, instead of integrating out the superconductor. We focus
on the finite-length effect of the superconducting segment and show that it strongly
modifies both local and nonlocal couplings induced between the quantum dots!?!. As a
result, the number of PMMs depends sensitively on the superconductor length and
oscillates between zero and two in finite-length devices. We further show that strictly
end-localized PMMs do not exist for finite superconducting length; only nearly
localized modes can appear in the strong-magnetic-field regime. In the long-
superconductor limit'!), the corresponding dressed PMM result is naturally recovered.
These results provide a unified microscopic description of PMMs in realistic devices
and clarify the crucial roles of finite-size effects and superconducting dressing in their
emergence and observability.
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