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[1] High-temperature quantum valley Hall effect with quantized resistance and a
topological switch
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fE# : KE HUANG, HAILONG FU, KENJI WATANABE, TAKASHI TANIGUCHI, AND
JUN ZHU

B —VEFE BAL: Department of Physics, The Pennsylvania State University, University Park,
PA 16802, USA.

3CEEEE: https://www.science.org/doi/10.1126/science.adj3742

Abstract: The motion of electrons in topological solid-state devices can be controlled in a
manner analogous to quantum optics under certain circumstances. Central to this concept are
topological edge states, which ideally should exhibit no backscattering and should not require
an applied magnetic field. Huang et al. observed a very precise quantization of resistance
associated with a type of helical edge states called kink states in bilayer graphene at zero
magnetic field. The quantization exhibited only a slight deterioration as the temperature was
increased to about 50 K, indicating protection against backscattering.
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[2] Toward liquid cell quantum sensing: Ytterbium complexes with ultranarrow
absorption
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fE# : ASHLEY J. SHIN, CHANGLING ZHAO, YI SHEN, CLAIRE E. DICKERSON,
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OYALA, AND JUSTIN R. CARAM
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Abstract: Alkali atom ensembles in vapor cells are among the most versatile systems for
detecting electromagnetic fields and are used to manufacture the most sensitive
magnetometers. However, low number densities in such atomic vapor cells limit their
sensitivity. Shin et al. proposed a liquid analog that can offer higher density numbers and
higher chemical tunability, thus potentially overcoming the limitations of this technology. The
authors reported a ferrocene-supported ytterbium complex that exhibits an ultranarrow
absorption linewidth in solution at room temperature. Their work showcases the potential of
tailor-designed molecules in liquid-based precision quantum sensing, which may spark future
applications.

TR VTR ROBR TR S RN s B I R Gz —, Tl R
BmE it SRI, XA T AR R FE IR B e RBUEZ . Shin S8 ASRH T
MR, AT DABR AL B v ) R HOR S e FR AL S W, AT T RE B IR IZEOR
YRR MR RIE T — Bk BRI S, 7R ST ARV R rh R I A R
WLk 98 o LB TURE R 18 70 A TR OSBRI i 0, R B TRk
FZH

pralik i<k

A Atomic Spin-orbit Crystal/Ligand Field External B field B Basis orbitals with dominant weight

(13.14) 4 contributions, indicated by: (% atomic 4f)

PR - (1.12) {127 mev
T “T g

st

—— (10)-5/2 - He oW
@ s
a®

(9) +5/2

——— 12646V | . N S
4f States . ; 1 ° , ¥ 1 g
[¥bJ=IXelf . ! P ' r‘?"ﬂ U oan
! i .1 — (56) | "N

har (99.9% 4f)

(2)-7/2

i T Excited state (9,10)
WV v N

"

L (472 { Transition IV
v

1.0] Ground state (1,2)

| — Emission
08| - = Absorption

L — Theor
06 Y

04

02[ \/

8 s 7 : i ol (99.4% 41 i (99.6% 41)
Energy (eV)

Normalized Intensity
(+01%) y1buans so1e|sQ




o

RSN

[3] Quantum state tracking and control of a single molecular ion in a thermal
environment
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I https://www.science.org/doi/10.1126/science.ado1001

Abstract: Here, we report real-time observations of thermal radiation - driven transitions
between individual states ( “jumps” ) of a single molecule. We reversed these jumps through
microwave-driven transitions, which resulted in a 20-fold improvement in the time the
molecule dwells in a chosen state. The measured transition rates showed anisotropy in the
thermal environment, pointing to the possibility of using single molecules as in situ probes for
the strengths of ambient fields. Our approaches for state detection and manipulation could
apply to a wide range of species, facilitating their uses in fields including quantum science,
molecular physics, and ion-neutral chemistry.
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(4] In situ observations of large-amplitude Alfvén waves heating and accelerating the
solar wind
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Abstract: After leaving the Sun’ s corona, the solar wind continues to accelerate and cools,
but more slowly than expected for a freely expanding adiabatic gas. Alfvén waves are
perturbations of the interplanetary magnetic field that transport energy. We use in situ
measurements from the Parker Solar Probe and Solar Orbiter spacecraft to investigate a
stream of solar wind as it traverses the inner heliosphere. The observations show heating and
acceleration of the plasma between the outer edge of the corona and near the orbit of Venus,
along with the presence of large-amplitude Alfvén waves. We calculate that the damping and
mechanical work performed by the Alfvén waves are sufficient to power the heating and
acceleration of the fast solar wind in the inner heliosphere.
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[5] Grain boundaries are Brownian ratchets
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Abstract : The grain size of a polycrystalline material is one important part of the
microstructure that constrains the properties. In contrast to previous assumptions, Qiu et al.
have shown through modeling that grain boundaries (GBs) can move in one direction in
response to a nondirectional driving force. However, not all grain boundary types do so,
mostly just the ones that are geometrically nonsymmetric. This observation helps us better
understand some grain-coarsening behavior and may also be another tool for engineering
microstructures and improving the material properties.We demonstrate that grain
boundariesbehave as Brownian ratchets, exhibiting direction-dependent mobilities and
unidirectional motion under oscillatory driving forces or cyclic thermal annealing. We

observed these phenomena for nearly all nonsymmetric GBs but not for symmetric ones. Our

observations build on molecular dynamics and phase-field crystal simulations for a wide
range of GB types and driving forces in both bicrystal and polycrystalline microstructures. We
corroborate these simulation results through in situ experimental observations. We analyze
these results with a Markov chain model and explore the implications of GB ratchet behavior
for materials processing and microstructure tailoring.
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[1] Dirac mass induced by optical gain and loss
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fE# : Letian Yu, Haoran Xue, Ruixiang Guo, Eng Aik Chan, Yun Yong Terh, Cesare Soci,
Baile Zhang & Y. D. Chong

% —{E#F B AL : Division of Physics and Applied Physics, School of Physical and
Mathematical Sciences, Nanyang Technological University, Singapore, Singapore

S https://www.nature.com/articles/s41586-024-07664-x

Abstract: Mass is commonly considered an intrinsic property of matter, but modern physics
reveals particle masses to have complex originsl, such as the Higgs mechanism in
high-energy physics. In crystal lattices such as graphene, relativistic Dirac particles can exist
as low-energy quasiparticles with masses imparted by lattice symmetry-breaking
perturbations. These mass-generating mechanisms all assume Hermiticity, or the conservation
of energy in detail. Using a photonic synthetic lattice, we show experimentally that Dirac
masses can be generated by means of non-Hermitian perturbations based on optical gain and
loss. We then explore how the spacetime engineering of the gain and loss-induced Dirac mass
affects the quasiparticles. As we show, the quasiparticles undergo Klein tunnelling at spatial
boundaries, but a local breaking of a non-Hermitian symmetry can produce a new flux
non-conservation effect at the domain walls. At a temporal boundary that abruptly flips the
sign of the Dirac mass, we observe a variant of the time-reflection phenomenon: in the
non-relativistic limit, the Dirac quasiparticle reverses its velocity, whereas in the relativistic
limit, the original velocity is retained.
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[2] A hot-Jupiter progenitor on a super-eccentric retrograde orbit
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Shubham Kanodia, Xian-Yu Wang, Keivan Stassun, Thomas Masseron, Diana Dragomir,
Suvrath Mahadevan, Jason Wright, Jaime A. Alvarado-Montes, Chad Bender, Cullen H. Blake,
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authors
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Abstract: Giant exoplanets orbiting close to their host stars are unlikely to have formed in

their present configurationsl. These ‘hot Jupiter’  planets are instead thought to have

migrated inward from beyond the ice line and several viable migration channels have been
proposed, including eccentricity excitation through angular-momentum exchange with a third
body followed by tidally driven orbital circularization. The discovery of the extremely
eccentric (e = 0.93) giant exoplanet HD 80606 b provided observational evidence that hot
Jupiters may have formed through this high-eccentricity tidal-migration pathway. However,
no similar hot-Jupiter progenitors have been found and simulations predict that one factor
affecting the efficacy of this mechanism is exoplanet mass, as low-mass planets are more
likely to be tidally disrupted during periastron passage6,7,8. Here we present spectroscopic
and photometric observations of TIC 241249530 b, a high-mass, transiting warm Jupiter with
an extreme orbital eccentricity of e = 0.94. The orbit of TIC 241249530 b is consistent with a
history of eccentricity oscillations and a future tidal circularization trajectory. Our analysis of
the mass and eccentricity distributions of the transiting-warm-Jupiter population further
reveals a correlation between high mass and high eccentricity.
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[3] High-performance 4-nm-resolution X-ray tomography using burst ptychography
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Abstract: Advances in science, medicine and engineering rely on breakthroughs in imaging,
particularly for obtaining multiscale, three-dimensional information from functional systems
such as integrated circuits or mammalian brains. Achieving this goal often requires combining
electron- and photon-based approaches. Whereas electron microscopy provides nanometre
resolution through serial, destructive imaging of surface layersl, ptychographic X-ray
computed tomography offers non-destructive imaging and has recently achieved resolutions
down to seven nanometres for a small volume. Here we implement burst ptychography, which
overcomes experimental instabilities and enables much higher performance, with
4-nanometre resolution at a 170-times faster acquisition rate, namely, 14,000 resolution
elements per second. Another key innovation is tomographic back-propagation
reconstruction4, allowing us to image samples up to ten times larger than the conventional
depth of field. By combining the two innovations, we successfully imaged a state-of-the-art
(seven-nanometre node) commercial integrated circuit, featuring nanostructures made of low-
and high-density materials such as silicon and metals, which offer good radiation stability and
contrast at the selected X-ray wavelength. These capabilities enabled a detailed study of the

chip’ s design and manufacturing, down to the level of individual transistors. We anticipate

that the combination of nanometre resolution and higher X-ray flux at next-generation X-ray
sources will have a revolutionary impact in fields ranging from electronics to
electrochemistry and neuroscience.
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[4] Magnetic field expulsion in optically driven YBa2Cu306.48
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Abstract: Coherent optical driving in quantum solids is emerging as a research frontier, with
many reports of interesting non-equilibrium quantum phases and transient photo-induced
functional phenomena such as ferroelectricity, magnetism and superconductivity. In
high-temperature cuprate superconductors, coherent driving of certain phonon modes has
resulted in a transient state with superconducting-like optical properties, observed far above
their transition temperature Tc and throughout the pseudogap phase. However, questions
remain on the microscopic nature of this transient state and how to distinguish it from a
non-superconducting state with enhanced carrier mobility. For example, it is not known
whether cuprates driven in this fashion exhibit Meissner diamagnetism. Here we examine the
time-dependent magnetic field surrounding an optically driven YBa2Cu306.48 crystal by
measuring Faraday rotation in a magneto-optic material placed in the vicinity of the sample.
For a constant applied magnetic field and under the same driving conditions that result in
superconducting-like optical properties, a transient diamagnetic response was observed. This
response is comparable in size with that expected in an equilibrium type II superconductor of
similar shape and size with a volume susceptibility X v of order — 0.3. This value is
incompatible with a photo-induced increase in mobility without superconductivity. Rather, it

underscores the notion of a pseudogap phase in which incipient superconducting correlations

are enhanced or synchronized by the drive.
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[5] Antiferromagnetic phase transition in a 3D fermionic Hubbard model
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fE% : Hou-Ji Shao, Yu-Xuan Wang et al.

B —1EF BAL: Hefei National Research Center for Physical Sciences at the Microscale and
School of Physical Sciences, University of Science and Technology of China, Hefei, China;
Shanghai Research Center for Quantum Science and CAS Center for Excellence in Quantum
Information and Quantum Physics, University of Science and Technology of China, Shanghai,
China.
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Abstract : The fermionic Hubbard model (FHM) describes a wide range of physical
phenomena resulting from strong electron - electron correlations, including conjectured
mechanisms for unconventional superconductivity. Here we report the observation of the
antiferromagnetic phase transition in a three-dimensional fermionic Hubbard system
comprising lithium-6 atoms in a uniform optical lattice with approximately 800,000 sites.
When the interaction strength, temperature and doping concentration are finely tuned to
approach their respective critical values, a sharp increase in the spin structure factor is
observed. These observations can be well described by a power-law divergence, with a critical
exponent of 1.396 from the Heisenberg universality class. At half-filling and with optimal
interaction strength, the measured spin structure factor reaches 123(8), signifying the
establishment of an antiferromagnetic phase. Our results provide opportunities for exploring
the low-temperature phase diagram of the FHM.
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[6] Attosecond delays in X-ray molecular ionization
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Abstract: The photoelectric effect is not truly instantaneous but exhibits attosecond delays
that can reveal complex molecular dynamics. Sub-femtosecond-duration light pulses provide
the requisite tools to resolve the dynamics of photoionization. Accordingly, the past decade
has produced a large volume of work on photoionization delays following single-photon
absorption of an extreme ultraviolet photon. However, the measurement of time-resolved
core-level photoionization remained out of reach. The required X-ray photon energies needed
for core-level photoionization were not available with attosecond tabletop sources. Here we
report measurements of the X-ray photoemission delay of core-level electrons, with
unexpectedly large delays, ranging up to 700 as in NO near the oxygen K-shell threshold.
These measurements exploit attosecond soft X-ray pulses from a free-electron laser to scan
across the entire region near the K-shell threshold. Furthermore, we find that the delay
spectrum is richly modulated, suggesting several contributions, including transient trapping of

the photoelectron owing to shape resonances, collisions with the Auger - Meitner electron

that is emitted in the rapid non-radiative relaxation of the molecule and multi-electron
scattering effects. The results demonstrate how X-ray attosecond experiments, supported by
comprehensive theoretical modelling, can unravel the complex correlated dynamics of
core-level photoionization.

THERRE: DGR AN AR R IEBRN ), TR RIS RIREIR , T LR R R AR 7150
J15 e KA FF SIS R DGk ol s Bl s it T B T R . k4, A
TR BT IR 2R A1 1 J5 DG B SE IR BEAT 1 KBTI . SR, I 1) 23 A%
BEZL 11 BT IRIEANTT S T ) X S 40l 1 BE R T 5 (1A% Lo B0 L B S AN T BT D 2
TR BIF TEE TR T A0 BEZR L 1) XS RO A SR A, S SR thP- RRRt K,
R K 2R BRE LAY NO Himgis 700 frfb (1 fifb=10-18 #0) . XLLMEAAIRE A
H LT I0G & AOBTAD B X S 2 bk 94 K52 )2 BE M R A XK. BF AL i R A
IRV R A, XRIE LA TTER, A H T RARIER 51 106 7 R A 3K
FE 535 I PRI AR SR A S T4 b A 5 15 AR -G R 40 P T ORI i D B 22 WL IS RO . 5
REW], ELGEHRHRASF T, X HEPTAD ST T DAE R~ A% RE SO0 LB 2R A R
PR

pralik i<k




L BN et

p, (atomic units)

¥
Photoelectron yield {a.u.)

P, (atomic units)

Photoelectron yield (a.u.)

100
Kinetic energy (8V)

=By

@f O

%

g
R
El
Q
5
=
o

P, (atomic units)
A electron yield (a.u.)

e =550eV
T T T
-2 0 2

P, latomic units)

v =550eV

=Y




[7] A hot-emitter transistor based on stimulated emission of heated carriers
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Abstract: Hot-carrier transistors are a class of devices that leverage the excess kinetic energy
of carriers. Unlike regular transistors, which rely on steady-state carrier transport, hot-carrier
transistors modulate carriers to high-energy states, resulting in enhanced device speed and
functionality. These characteristics are essential for applications that demand rapid switching

and high-frequency operations, such as advanced telecommunications and cutting-edge

computing technologies. However, the traditional mechanisms of hot-carrier generation are
either carrier injection or acceleration, which limit device performance in terms of power
consumption and negative differential resistance. Mixed-dimensional devices, which combine
bulk and low-dimensional materials, can offer different mechanisms for hot-carrier generation
by leveraging the diverse potential barriers formed by energy-band combinations. Here we
report a hot-emitter transistor based on double mixed-dimensional graphene/germanium
Schottky junctions that uses stimulated emission of heated carriers to achieve a subthreshold
swing lower than 1 millivolt per decade beyond the Boltzmann limit and a negative
differential resistance with a peak-to-valley current ratio greater than 100 at room temperature.
Multi-valued logic with a high inverter gain and reconfigurable logic states are further
demonstrated. This work reports a multifunctional hot-emitter transistor with significant
potential for low-power and negative-differential-resistance applications, marking a
promising advancement for the post-Moore era.
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