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[1] Photonic axion insulator
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Abstract: Axions, hypothetical elementary particles that remain undetectable in nature, can
arise as quasiparticles in three-dimensional crystals known as axion insulators. Previous
implementations of axion insulators have largely been limited to two-dimensional systems,
leaving their topological properties in three dimensions unexplored in experiment. Here, we
realize an axion insulator in a three-dimensional photonic crystal and probe its topological
properties. Demonstrated features include half-quantized Chern numbers on each surface that
resembles a fractional Chern insulator, unidirectional chiral hinge states forming topological
transport in three dimensions, and arithmetic operations between fractional and integer Chern
numbers. Our work experimentally establishes the axion insulator as a three-dimensional
topological phase of matter and enables chiral states to form complex, unidirectional
three-dimensional networks through braiding.
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[2] Quadruple-band synglisis enables high thermoelectric efficiency in earth-abundant
tin sulfide crystals
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Abstract: Thermoelectrics have been limited by the scarcity of their constituent elements,
especially telluride. The earth-abundant, wide-bandgap (Eg =~ 46 kBT) tin sulfide (SnS) has
shown promising performance in its crystal form. We improved the thermoelectric efficiency

in SnS crystals by promoting the convergence of energy and momentum of four valance
bands, termed quadruple-band synglisis. We introduced more Sn vacancies to activate

quadruple-band synglisis and facilitate carrier transport by inducing SnS: in selenium
(Se)-alloyed SnS, leading to a high dimensionless figure of merit (ZT) of ~1.0 at 300 kelvin
and an average ZT of ~1.3 at 300 to 773 kelvin in p-type SnS crystals. We further obtained an
experimental efficiency of ~6.5%, and our fabricated cooler demonstrated a maximum
cooling temperature difference of ~48.4 kelvin at 353 kelvin. Our observations should draw
interest to earth-abundant SnS crystals for applications of waste-heat recovery and

thermoelectric cooling.
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[1] Particle exchange statistics beyond fermions and bosons
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Abstract: It is commonly believed that there are only two types of particle exchange statistics
in quantum mechanics, fermions and bosons, with the exception of anyons in two dimensions.
In principle, a second exception known as parastatistics, which extends outside two
dimensions, has been considered but was believed to be physically equivalent to fermions and
bosons. Here we show that non-trivial parastatistics inequivalent to either fermions or bosons
can exist in physical systems. These new types of identical particle obey generalized
exclusion principles, leading to exotic free-particle thermodynamics distinct from any system
of free fermions and bosons. We formulate our theory by developing a second quantization of
paraparticles that naturally includes exactly solvable non-interacting theories and incorporates
physical constraints such as locality. We then construct a family of exactly solvable quantum
spin models in one and two dimensions, in which free paraparticles emerge as quasiparticle
excitations, and their exchange statistics can be physically observed and are notably distinct
from fermions and bosons. This demonstrates the possibility of a new type of quasiparticle in
condensed matter systems and—more speculatively—the potential for previously
unconsidered types of elementary particle.
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[2] Excitons in the fractional quantum Hall effect
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Abstract : Excitons, Coulomb-driven bound states of electrons and holes, are typically
composed of integer charges. However, in bilayer systems influenced by charge
fractionalization, a more interesting form of interlayer exciton can emerge, in which pairing
occurs between constituents that carry fractional charges. Despite numerous theoretical
predictions for these fractional excitons, their experimental observation has remained
unexplored. Here we report transport signatures of excitonic pairing in fractional quantum
Hall effect states. By probing the composition of these excitons and their impact on the
underlying wavefunction, we discover two new types of quantum phases of matter. One of
these can be viewed as the fractional counterpart of the exciton condensate at a total filling of
1, whereas the other involves a more unusual type of exciton that obeys non-bosonic quantum
statistics, challenging the standard model of bosonic excitons.
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[3] Ultrabroadband integrated electro-optic frequency comb in lithium tantalate
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Abstract: The integrated frequency comb generator based on Kerr parametric oscillationl has
led to chip-scale, gigahertz-spaced combs with new applications spanning hyperscale
telecommunications, low-noise microwave synthesis, light detection and ranging, and
astrophysical spectrometer calibration. Recent progress in lithium niobate (LiNbO3) photonic
integrated circuits (PICs) has resulted in chip-scale, electro-optic (EO) frequency combs,
offering precise comb-line positioning and simple operation without relying on the formation
of dissipative Kerr solitons. However, current integrated EO combs face limited spectral
coverage due to the large microwave power required to drive the non-resonant capacitive
electrodes and the strong intrinsic birefringence of LiNbOs. Here we overcome both
challenges with an integrated triply resonant architecture, combining monolithic microwave
integrated circuits with PICs based on the recently emerged thin-film lithium tantalate
(LiTaO3). With resonantly enhanced EO interaction and reduced birefringence in LiTaO;, we
achieve a fourfold comb span extension and a 16-fold power reduction compared to the
conventional, non-resonant microwave design. Driven by a hybrid integrated laser diode, the
comb spans over 450 nm (more than 60 THz) with more than 2,000 lines, and the generator
fits within a compact 1-cm2 footprint. We additionally observe that the strong EO coupling
leads to an increased comb existence range approaching the full free spectral range of the
optical microresonator. The ultra-broadband comb generator, combined with
detuning-agnostic operation, could advance chip-scale spectrometry and ultra-low-noise

millimetre wave synthesis and unlock octave-spanning EO combs. The methodology of

co-designing microwave and photonics can be extended to a wide range of integrated EOs
applications.
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[4] Moiré-driven topological electronic crystals in twisted graphene
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Abstract: In a dilute two-dimensional electron gas, Coulomb interactions can stabilize the
formation of a Wigner crystal. Although Wigner crystals are topologically trivial, it has been
predicted that electrons in a partially filled band can break continuous translational symmetry
and time-reversal symmetry spontaneously, resulting in a type of topological electron crystal
known as an anomalous Hall crystal. Here we report signatures of a generalized version of the
anomalous Hall crystal in twisted bilayer—trilayer graphene, whose formation is driven by the
moiré potential. The crystal forms at a band filling of one electron per four moiré unit cells
(v=1/4) and quadruples the unit-cell area, coinciding with an integer quantum anomalous
Hall effect. The Chern number of the state is exceptionally tunable, and it can be switched

reversibly between +1 and —1 by electric and magnetic fields. Several other topological

electronic crystals arise in a modest magnetic field, originating from v=1/3, 1/2, 2/3 and 3/2.
The quantum geometry of the interaction-modified bands is likely to be very different from
that of the original parent band, which enables possible future discoveries of
correlation-driven topological phenomena.
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[S] Synthesis of a semimetallic Weyl ferromagnet with point Fermi surface
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Abstract: Quantum materials governed by emergent topological fermions have become a
cornerstone of physics. Dirac fermions in graphene form the basis for moiré¢ quantum matter
and Dirac fermions in magnetic topological insulators enabled the discovery of the quantum
anomalous Hall (QAH) effect. By contrast, there are few materials whose electromagnetic
response is dominated by emergent Weyl fermions. Nearly all known Weyl materials are
overwhelmingly metallic and are largely governed by irrelevant, conventional electrons. Here
we theoretically predict and experimentally observe a semimetallic Weyl ferromagnet in van
der Waals (Cr,Bi) ,Te;s. In transport, we find a record bulk anomalous Hall angle of greater
than 0.5 along with non-metallic conductivity, a regime that is strongly distinct from
conventional ferromagnets. Together with symmetry analysis, our data suggest a semimetallic
Fermi surface composed of two Weyl points, with a giant separation of more than 75% of the
linear dimension of the bulk Brillouin zone, and no other electronic states. Using
state-of-the-art crystal-synthesis techniques, we widely tune the electronic structure, allowing
us to annihilate the Weyl state and visualize a unique topological phase diagram exhibiting
broad Chern insulating, Weyl semimetallic and magnetic semiconducting regions. Our
observation of a semimetallic Weyl ferromagnet offers an avenue towards new correlated
states and nonlinear phenomena, as well as zero-magnetic-field Weyl spintronic and optical
devices.
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[6] Enhanced energy storage in antiferroelectrics via antipolar frustration
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Abstract: Dielectric-based energy storage capacitors characterized with fast charging and
discharging speed and reliability play a vital role in cutting-edge electrical and electronic
equipment. In pursuit of capacitor miniaturization and integration, dielectrics must offer high
energy density and efficiency. Antiferroelectrics with antiparallel dipole configurations have
been of significant interest for high-performance energy storage due to their negligible
remanent polarization and high maximum polarization in the field-induced ferroelectric state.
However, the low antiferroelectric—ferroelectric phase-transition field and accompanying
large hysteresis loss deteriorate energy density and reliability. Here, guided by phase-field
simulations, we propose a new strategy to frustrate antipolar ordering in antiferroelectrics by
incorporating non-polar or polar components. Our experiments demonstrate that this approach
effectively tunes the antiferroelectric—ferroelectric phase-transition fields and simultaneously
reduces hysteresis loss. In PbZrOs-based films, we hence realized a record high energy

density among all antiferroelectrics of 189 J cm™ along with a high efficiency of 81% at an

electric field of 5.51 MV cm™!, which rivals the most state-of-the-art energy storage
dielectrics. Atomic-scale characterization by scanning transmission electron microscopy
directly revealed that the dispersed non-polar regions frustrate the long-range antipolar
ordering, which contributes to the improved performance. This strategy presents new
opportunities to manipulate polarization profiles and enhance energy storage performances in
antiferroelectrics.

THERRE: N UUERE RS S AR B R AR, AR TR TR EEE
FAEM . N ERAEESH/ NS, B TUL AR e BB MR . AR
BTAT AR T AR 1) B Ak AR H 1 LA 37 B804k P 285 v T 20 ) 30 A B A A e D e RN
PTTAE = 1t B g B A0 o AT B R S SR, AR Sk flL— Bk A AH AR 3 P A B 1 K
AR PR R AT SEVE . I RIAOIR 3R, BETCE IR M T — Mol (SRS
IS AN AR A BN P s o SR B Bk A T ) S AR o SRR B, 207 T Rkt
P TR — Bk A AR, RIS TR AR . FERE T PhZrO, MUK, AT T7E




SRR e
PR N

5.51 MV em™ FIFHRIZ NSEIL T 189 J em™" ) S Ak FL A v 1 20 S 10 v il B4 82 DA S 8 1% 14
AR, S RSEHERIREREN UG SE . BT F T B A B RUBERAE B R
T ARNE XRHAS T m R SR e, A B TR ERE . XA S R AL 7 A1
AR i S Bk A RE TR RESR B T T ROML & .

pralik i<k

BAlbA-im (3.}

Giey imV nm')

M-I (3.}

[1 = x)PZH-xLS (1 = x)PZH-xLS

I Enengy density
P Efficiency

(B i 2 -4 4 1 2 0 01 D2 03 05
Electnc fisla (MY emi™") Electric fisct (MY cm') ¥

(=1
o

&

=]
=

>
"
a
P

Permittivity
Electric fiedd (MY cm™)
Energy density i em™)

e
§
g
:
:

—60
60
]
-60
60 {x=03
0
60
60
i}
60 |

:

™
n

=
2

¥= E. \E; - (1 - ¥IPZH-yNBT

"R

¥ =008

\j

I Enegy censity
P Eficiency

(=]
£s

Parmittivity

a
g
Enenyy density ) om™)

Electric fiskd MV cm™)

Polarization (i cm™)
8 o 88 o 88 o 88 o 88 o 8

<
v
2l
|4

—— o = . Ey [

L — i il m . 2 - il
-1.0 05 0 0s 1.0 -10 05 0 [0 2] | 0 004 008 012 016 0 004 008 010 015
Electric field MW cm ™) Elactric fiskd (MW cm™') ¥ ¥




