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[1] Realization of an atomic quantum Hall system in four dimensions

DU 4% 6] )R T B T E/R ARG HIEH

HARIS 2. Science, 12 April 2024, Volume 384 Issue 6692

Y£#: JEAN-BAPTISTE BOUHIRON, AURELIEN FABRE et al.

B —1E& BAL: Laboratoire Kastler Brossel, Collége de France, CNRS, ENS-PSL University,
Sorbonne Université, 11 Place Marcelin Berthelot, 75005 Paris, France.

EEERE: https://www.science.org/doi/10.1126/science.adf8459

Abstract: We report the realization of an atomic quantum Hall system evolving in four
dimensions (4D), with two spatial dimensions and two synthetic ones encoded in the large
spin of dysprosium atoms. We measure the nontrivial topological index of the ground band
through a full characterization of the nonlinear electromagnetic response and observe the
associated anisotropic hyperedge modes. We also excite nonplanar cyclotron motion, in
contrast to the planar orbits in D < 3. Our work may enable the investigation of strongly
correlated topological liquids in 4D, generalizing fractional quantum Hall states.
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[2] Observation of current whirlpools in graphene at room temperature

iR T A 205 BRI

HARIS B Science, 26 Apr 2024, Volume 384, Issue 6694

fE & : MARIUS L. PALM, CHAOXIN DING, WILLIAM S. HUXTER, TAKASHI
TANIGUCHI, KENJI WATANABE, AND CHRISTIAN L. DEGEN

B—1EFBAL: Department of Physics, ETH Zurich, 8093 Zurich, Switzerland.

EEERE: https://www.science.org/doi/10.1126/science.adj2167

Abstract: Electronic transport in a conductor can display properties similar to fluid flow if
collisions between electrons dominate over collisions with impurities and lattice excitations in
the sample. Signatures of this hydrodynamic regime have been identified in graphene, but
stationary vortices, a prediction of the theory of hydrodynamic flow, have remained tricky to
observe. Palm et al. uncovered these current whirlpools at room temperature in samples of
graphene encapsulated by hexagonal boron nitride. The observation was enabled by the use of
sensitive magnetometry based on nitrogen vacancy centers in diamond, a noninvasive
technique that does not require a cryogenic environment.
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[3] Observation of a Chern insulator in crystalline ABCA-tetralayer graphene with
spin-orbit coupling

VU= S M P PR A% T LR

HARIS B: Science, 26 Apr 2024, Volume 384, Issue 6694

{3 : YATING SHA, JIAN ZHENG, KAI LIU, HONG DU, KENJI WATANABE, TAKASHI
TANIGUCHLI, JINFENG JIA, ZHIWEN SHI, RUIDAN ZHONG, AND GUORUI CHEN

B —1/EH BAL: Key Laboratory of Artificial Structures and Quantum Control (Ministry of
Education), Shenyang National Laboratory for Materials Science, School of Physics and
Astronomy, Shanghai Jiao Tong University, Shanghai 200240, China.

EEERE: https://www.science.org/doi/10.1126/science.adj8272

E ARG : https:/news.sjtu.edu.cn/jdzh/20240426/196664 html

Abstract: Properties of two-dimensional layered materials depend sensitively on the stacking
arrangement of the layers. Rhombohedral multilayer graphene has been predicted to host
topologically nontrivial states such as the Chern insulator. Sha et al. observed such a state in
four-layer rhombohedral graphene encapsulated by hexagonal boron nitride and placed next
to a layer of tungsten diselenide. The role of this last layer was to induce spin-orbit coupling,
which is normally negligible in graphene. Transport measurements indicated ferromagnetism
and a quantization of Hall resistance stabilized by magnetic fields, corresponding to a Chern
number of 4.
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[1] Rotating curved spacetime signatures from a giant quantum vortex

E AR Tl s 25 i i 22 R AE

HARIS B Nature, 4 April 2024, Volume 628 Issue 8006

{3 : Patrik Svandara, Pietro Smaniotto et al.

B —{E&Z #BAL: School of Mathematical Sciences, University of Nottingham, Nottingham,
UK; Nottingham Centre of Gravity, University of Nottingham, Nottingham, UK.

4 3CEEEE: https://www.nature.com/articles/s41586-024-07176-8

Abstract: Here we demonstrate that, despite the inherent instability of multiply quantized
vortices, a stationary giant quantum vortex can be stabilized in superfluid 4He. Its compact
core carries thousands of circulation quanta, prevailing over current limitations in other
physical systems such as magnons, atomic clouds and polaritons. We introduce a minimally
invasive way to characterize the vortex flow by exploiting the interaction of micrometre-scale
waves on the superfluid interface with the background velocity field. Intricate wave—vortex
interactions, including the detection of bound states and distinctive analogue black hole
ringdown signatures, have been observed. These results open new avenues to explore
quantum-to-classical vortex transitions and use superfluid helium as a finite-temperature
quantum field theory simulator for rotating curved spacetimes.
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[2] Methane emission from a cool brown dwarf
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HARIEE: Nature, Volume 628 Issue 8008, 18 April 2024

fE#&: Jacqueline K. Faherty, Ben Burningham, Jonathan Gagné, Genaro Suarez, Johanna M.

Vos, Sherelyn Alejandro Merchan, Caroline V. Morley, Melanie Rowland, Brianna Lacy,
Rocio Kiman, Dan Caselden, J. Davy Kirkpatrick, Aaron Meisner, Adam C. Schneider, Marc
Jason Kuchner, Daniella Carolina Bardalez Gagliuffi, Charles Beichman, Peter Eisenhardt,
Christopher R. Gelino, Ehsan Gharib-Nezhad, Eileen Gonzales, Federico Marocco, Austin
James Rothermich & Niall Whiteford.

B —1EH B AL: Department of Astrophysics, American Museum of Natural History, New
York, NY, USA; Department of Physics, The Graduate Center City University of New York,
New York, NY, USA.

S EERE: https://www.nature.com/articles/s41586-024-07190-w

Abstract: Beyond our Solar System, aurorae have been inferred from radio observations of
isolated brown dwarfs. Within our Solar System, giant planets have auroral emission with
signatures across the electromagnetic spectrum including infrared emission of H3+ and
methane. Isolated brown dwarfs with auroral signatures in the radio have been searched for
corresponding infrared features, but only null detections have been reported. CWISEP
J193518.59-154620.3. (W1935 for short) is an isolated brown dwarf with a temperature of
approximately 482 K. Here we report James Webb Space Telescope observations of strong
methane emission from W1935 at 3.326 pm. Atmospheric modelling leads us to conclude that
a temperature inversion of approximately 300 K centred at 1-10 mbar replicates the feature.
This represents an atmospheric temperature inversion for a Jupiter-like atmosphere without
irradiation from a host star. A plausible explanation for the strong inversion is heating by
auroral processes, although other internal and external dynamical processes cannot be ruled
out. The best-fitting model rules out the contribution of H3+ emission, which is prominent in
Solar System gas giants. However, this is consistent with rapid destruction of H3+ at the
higher pressure where the W1935 emission originates.
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[3] A hybrid topological quantum state in an elemental solid
BEEAFRREGHIMETS

HARIEE: Nature, Volume 628 Issue 8008, 18 April 2024

fE#& : Md Shafayat Hossain, Frank Schindler, Rajibul Islam, Zahir Muhammad, Yu-Xiao
Jiang, Zi-Jia Cheng, Qi Zhang, Tao Hou, Hongyu Chen, Maksim Litskevich, Brian Casas,
Jia-Xin Yin, Tyler A. Cochran, Mohammad Yahyavi, Xian P. Yang, Luis Balicas, Guoqing
Chang, Weisheng Zhao, Titus Neupert & M. Zahid Hasan

B —1E&H B AL: Laboratory for Topological Quantum Matter and Advanced Spectroscopy
(B7), Department of Physics, Princeton University, Princeton, NJ, USA

EEERE: https://www.nature.com/articles/s41586-024-07203-8

Abstract: Topology and interactions are foundational concepts in the modern understanding
of quantum matter. Their nexus yields three important research directions: (1) the competition
between distinct interactions, as in several intertwined phases, (2) the interplay between
interactions and topology that drives the phenomena in twisted layered materials and
topological magnets, and (3) the coalescence of several topological orders to generate distinct
novel phases. The first two examples have grown into major areas of research, although the
last example remains mostly unexplored, mainly because of the lack of a material platform for
experimental studies. Here, using tunnelling microscopy, photoemission spectroscopy and a
theoretical analysis, we unveil a ‘hybrid’ topological phase of matter in the simple
elemental-solid arsenic. Through a unique bulk-surface-edge correspondence, we uncover that
arsenic features a conjoined strong and higher-order topology that stabilizes a hybrid
topological phase. Although momentum-space spectroscopy measurements show signs of
topological surface states, real-space microscopy measurements unravel a unique geometry of
topologically induced step-edge conduction channels revealed on various natural

nanostructures on the surface. Using theoretical models, we show that the existence of gapless

step-edge states in arsenic relies on the simultaneous presence of both a non-trivial strong Z2
invariant and a non-trivial higher-order topological invariant, which provide experimental
evidence for hybrid topology. Our study highlights pathways for exploring the interplay of
different band topologies and harnessing the associated topological conduction channels in
engineered quantum or nano-devices.
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[4] Phononic switching of magnetization by the ultrafast Barnett effect
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HARIEE: Nature, Volume 628 Issue 8008, 18 April 2024

fE#: C. S. Davies, F. G. N. Fennema, A. Tsukamoto, 1. Razdolski, A. V. Kimel & A. Kirilyuk
% —{E# B L : FELIX Laboratory, Radboud University, Nijmegen, The Netherlands;
Radboud University, Institute for Molecules and Materials, Nijmegen, The Netherlands.
EERE: https://www.nature.com/articles/s41586-024-07200-x

Abstract: The historic Barnett effect describes how an inertial body with otherwise zero net
magnetic moment acquires spontaneous magnetization when mechanically spinning.
Breakthrough experiments have recently shown that an ultrashort laser pulse destroys the
magnetization of an ordered ferromagnet within hundreds of femtoseconds, with the spins
losing angular momentum to circularly polarized optical phonons as part of the ultrafast
Einstein—de Haas effect. However, the prospect of using such high-frequency vibrations of the
lattice to reciprocally switch magnetization in a nearby magnetic medium has not yet been
experimentally explored. Here we show that the spontaneous magnetization gained
temporarily by means of the ultrafast Barnett effect, through the resonant excitation of
circularly polarized optical phonons in a paramagnetic substrate, can be used to permanently
reverse the magnetic state of a heterostructure mounted atop the said substrate. With the
handedness of the phonons steering the direction of magnetic switching, the ultrafast Barnett
effect offers a selective and potentially universal method for exercising ultrafast non-local
control over magnetic order.
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[5] One-dimensional proximity superconductivity in the quantum Hall regime
BTERBRST I —48 34

HARAS B Nature, 25 April 2024, Volume 628 Issue 8009

g% : Julien Barrier, Minsoo Kim et al.

% —{E & B AL : Department of Physics and Astronomy, University of Manchester,
Manchester, UK; National Graphene Institute, University of Manchester, Manchester, UK.

4 3CEEEE: https://www.nature.com/articles/s41586-024-07271-w

Abstract: Here we show that domain walls in minimally twisted bilayer graphene support
exceptionally robust proximity superconductivity in the quantum Hall regime, allowing
Josephson junctions to operate in fields close to the upper critical field of superconducting
electrodes. The critical current is found to be non-oscillatory and practically unchanging over
the entire range of quantizing fields, with its value being limited by the quantum conductance
of ballistic, strictly one-dimensional, electronic channels residing within the domain walls.
The system described is unique in its ability to support Andreev bound states at quantizing
fields and offers many interesting directions for further exploration.
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[6] Optical clocks at sea
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HARAS B Nature, 25 April 2024, Volume 628 Issue 8009

fE% : Jonathan D. Roslund, Arman Cingoz et al.

B|—{EZBAL: Vector Atomic, Inc., Pleasanton, CA, USA

EERE: https://www.nature.com/articles/s41586-024-07225-2

Abstract: Here we report the development of optical clocks with the requisite combination of
size, performance and environmental insensitivity for operation on mobile platforms. The 351
clock combines a molecular iodine spectrometer, fibre frequency comb and control
electronics. Three of these clocks operated continuously aboard a naval ship in the Pacific
Ocean for 20 days while accruing timing errors below 300 ps per day. The clocks have
comparable performance to active hydrogen masers in one-tenth the volume. Operating
high-performance clocks at sea has been historically challenging and continues to be critical
for navigation. This demonstration marks a significant technological advancement that
heralds the arrival of future optical timekeeping networks.
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