12023/40

& F RNER

(KIgwE: EHE)

i IEEE | | il BEBR

e
e T et

[E]]

BEZAHLI%: 025-52090336
Jpaihl: FICERAHB401




/Foreword

AT ARG

AR LTHBF

MOW

25 [H Science ( (Bl2£) ). ZLE Nature ( (HR) )
e Cell ( (4HMLY )72 bR 2 A 1) = K ZH e
ARFEZEFIRHIAT], KRR = KA E IR S RFR
CNS 3.

A HIFTEL 2023 4F 1 A Science Al Nature #F] -4

BRI R S




YIRS Science £

[1] Lithium niobate photonics: Unlocking the electromagnetic spectrum
PRMEN T B RRBIE

HAR{5 B: Science, 6 JAN 2023, VOL 379, ISSUE 6627

{3 : ANDREAS BOES, LIN CHANG, CARSTEN LANGROCK, MENGIJIE YU, MIAN
ZHANG, QIANG LIN, ET AL.

% —1E & B fL: Integrated Photonics and Applications Centre (INPAC), School of
Engineering, RMIT University, Melbourne, VIC 3000, Australia; Institute for Photonics and
Advanced Sensing (IPAS), University of Adelaide, Adelaide, SA 5005, Australia; School of
Electrical and Electronic Engineering, University of Adelaide, Adelaide, SA 5005, Australia.
4 3CBEEE: https://www.science.org/doi/10.1126/science.abj4396

Abstract: Lithium niobate (LN), first synthesized 70 years ago, has been widely used in

diverse applications ranging from communications to quantum optics. These high-volume
commercial applications have provided the economic means to establish a mature
manufacturing and processing industry for high-quality LN crystals and wafers. Breakthrough
science demonstrations to commercial products have been achieved owing to the ability of
LN to generate and manipulate electromagnetic waves across a broad spectrum, from
microwave to ultraviolet frequencies. Here, we provide a high-level Review of the history of
LN as an optical material, its different photonic platforms, engineering concepts, spectral
coverage, and essential applications before providing an outlook for the future of LN.
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[2]Why optics needs thickness

A ANFBMRERE

HAR{S 2. Science, 6 JAN 2023, VOL 379, ISSUE 6627

{£#: DAVID A. B. MILLER

B —EF HAL: Ginzton Laboratory, Stanford University, Stanford, CA 94305, USA.

&8 EE: https:/www.science.org/doi/10.1126/science.ade3395

Abstract: This study shows why and when optical systems need thickness as well as width or

area. Wave diffraction explains the fundamental need for area or diameter of a lens or
aperture to achieve some resolution or number of pixels in microscopes and cameras. This
work demonstrates that if we know what the optics is to do, even before design, we can also
deduce the minimum required thickness. This limit comes from diffraction combined with a
concept called overlapping nonlocality C that can be deduced rigorously from just the
mathematical description of what the device is to do. C expresses how much the input regions
for different output regions overlap. This limit applies broadly to optics, from cameras to
metasurfaces, and to wave systems generally.
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[3] Ductile 2-GPa steels with hierarchical substructure

BA BTS2 ShEEM

HIRfE B : SCIENCE, January 2023, Volume 379 Issue 6628

fE%: YUNIIE LI, GUO YUAN, LINLIN LI, JIAN KANG, FENGKAI YAN, PENGJU DU,
DIERK RAABE, AND GUODONG WANGAuthors Info & Affiliations

FE—1EH B L. State Key Laboratory of Rolling and Automation, Northeastern University,
Shenyang 110819, People's Republic of China.

EAAEFXIRIE: http://www.ral.neu.edu.cn/2023/0113/c4800a225758/page.htm

ENEEEE: https://www.science.org/doi/10.1126/science.add7857

Abstract: Mechanically strong and ductile load—carrying materials are needed in all sectors,
from transportation to lightweight design to safe infrastructure. Yet, a grand challenge is to
unify both features in one material. We show that a plain medium-manganese steel can be
processed to have a tensile strength >2.2 gigapascals at a uniform elongation >20%. This
requires a combination of multiple transversal forging, cryogenic treatment, and tempering
steps. A hierarchical microstructure that consists of laminated and twofold topologically
aligned martensite with finely dispersed retained austenite simultaneously activates multiple
micromechanisms to strengthen and ductilize the material. The dislocation slip in the
well-organized martensite and the gradual deformation-stimulated phase transformation
synergistically produce the high ductility. Our nanostructure design strategy produces 2
gigapascal-strength and yet ductile steels that have attractive composition and the potential to
be produced at large industrial scales.
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[4]Unveiling facet-dependent degradation and facet engineering for stable perovskite
solar cells

Fa e S5 AT A BH B L BT K0 Atk PR AR A T A

HIRfE B : SCIENCE, January 2023, Volume 379 Issue 6628

fE#& : CHUNQING MA, FELIX T. EICKEMEYER, SUN-HO LEE, DONG-HOKANG,
SEOK JOON KWON, MICHAEL GRATZEL , AND NAM-GYU PARK

B —1EH B AHL: School of Chemical Engineering and Center for Antibonding Regulated
Crystals, Sungkyunkwan University, Suwon 16419, Republic of Korea.

R https:/www.science.org/doi/10.1126/science.adf3349

Abstract: A myriad of studies and strategies have already been devoted to improving the
stability of perovskite films; however, the role of the different perovskite crystal facets in
stability is still unknown. Here, we reveal the underlying mechanisms of facet-dependent
degradation of formamidinium lead iodide (FAPbI3) films. We show that the (100) facet is
substantially more vulnerable to moisture-induced degradation than the (111) facet. With

combined experimental and theoretical studies, the degradation mechanisms are revealed; a
strong water adhesion following an elongated lead-iodine (Pb-I) bond distance is observed,
which leads to a 6-phase transition on the (100) facet. Through engineering, a higher surface
fraction of the (111) facet can be achieved, and the (111)-dominated crystalline FAPbI3 films
show exceptional stability against moisture. Our findings elucidate unknown facet-dependent
degradation mechanisms and kinetics.
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[5] A superconducting quantum simulator based on a photonic-bandgap metamaterial
—FET T HEREM R R E S E TS

HR{5 B : SCIENCE, 20 JAN 2023, Volume 379 Issue 6629

#£#: XUEYUE ZHANG, EUNJONG KIM, DANIEL K. MARK et al.

% —1E#& B AL : Thomas J. Watson, Sr., Laboratory of Applied Physics and Kavli
Nanoscience Institute, California Institute of Technology, Pasadena, CA 91125, USA;
Institute for Quantum Information and Matter, California Institute of Technology, Pasadena,
CA 91125, USA.

4 CEEEE: https://www.science.org/doi/10.1126/science.ade7651

Abstract : Here, we present a superconducting quantum simulator in which qubits are

connected through an extensible photonic-bandgap metamaterial, thus realizing a
one-dimensional Bose-Hubbard model with tunable hopping range and on-site interaction.
Using individual site control and readout, we characterize the statistics of measurement
outcomes from many-body quench dynamics, which enables in situ Hamiltonian learning.
Further, the outcome statistics reveal the effect of increased hopping range, showing the
predicted crossover from integrability to ergodicity. Our work enables the study of emergent
randomness from chaotic many-body evolution and, more broadly, expands the accessible
Hamiltonians for quantum simulation using superconducting circuits.
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[6] Breaking the limitation of polarization multiplexing in optical metasurfaces with
engineered noise

Pl PR R 75 R 2 SR S B A R T i R P BB PR

H AR5 B : SCIENCE, 20 JAN 2023, Volume 379 Issue 6629

#£#: BO XIONG, YU LIU, YIHAO XU et al.

FE—1EZBAL: National Laboratory of Solid State Microstructures, School of Physics, and
Collaborative Innovation Center of Advanced Microstructures, Nanjing University, Nanjing,
210093, China.

B P9 AESSHRIE:  https:/physics.nju.edu.cn/kxyi/cgsd/20230120/i237882 html

S CEERE: https:/www.science.org/doi/10.1126/science.ade5140

Abstract: Noise is usually undesired yet inevitable in science and engineering. However, by

introducing the engineered noise to the precise solution of Jones matrix elements, we break
the fundamental limit of polarization multiplexing capacity of metasurfaces that roots from
the dimension constraints of the Jones matrix. We experimentally demonstrate up to 11
independent holographic images using a single metasurface illuminated by visible light with
different polarizations. To the best of our knowledge, it is the highest capacity reported for
polarization multiplexing. Combining the position multiplexing scheme, the metasurface can
generate 36 distinct images, forming a holographic keyboard pattern. This discovery implies a
new paradigm for high-capacity optical display, information encryption, and data storage.
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[7] Collective super- and subradiant dynamics between distant optical quantum
emitters
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H k15 B: SCIENCE, 27 JAN 2023, VOL 379, ISSUE 6630

fE#: ALEXEY TIRANOV, VASILIKI ANGELOPOULOU, CORNELIS JACOBUS VAN
DIEPEN, BJORN SCHRINSKI, OLIVER AUGUST DALL’ALBA SANDBERG, YING
WANG, ET AL.

B —1E&H B AL: Center for Hybrid Quantum Networks (Hy-Q), The Niels Bohr Institute
University of Copenhagen, DK-2100 Copenhagen @, Denmark.

S, https://www.science.org/doi/10.1126/science.ade9324

Abstract: Photon emission is the hallmark of light-matter interaction and the foundation of

photonic quantum science, enabling advanced sources for quantum communication and
computing. Although single-emitter radiation can be tailored by the photonic environment, the
introduction of multiple emitters extends this picture. A fundamental challenge, however, is
that the radiative dipole-dipole coupling rapidly decays with spatial separation, typically
within a fraction of the optical wavelength. We realize distant dipole-dipole radiative coupling
with pairs of solid-state optical quantum emitters embedded in a nanophotonic waveguide. We
dynamically probe the collective response and identify both super- and subradiant emission as
well as means to control the dynamics by proper excitation techniques. Our work constitutes a
foundational step toward multiemitter applications for scalable quantum-information
processing.

WERRE: LT AWM B RS, ST E TR, il
fE AT et KGR, BRI S SR BRI AR YR e T A A, (B2 R R 5]
AR TR R SR, — N HEAPRAE B 0T~ 15 B A8 & B 2 18] 7 1 T
LR, I H ARG A — /N N o AR IR AN AE QKO I8 o B8 BOn ]
SR TR, LI T m R RN - TR RS . A IS AR R
R RS AR A S, i e e 3 O SRR ) B0 ) - B NG 1% AR I 1A
CIE/NGS SR ENSYSETNE 8 1p VAT 2 i i i 78

palik i<k

(D1-QD2 QD2-QD3

off resonance o off resonance

00 resonance \ ".r 011 resonance

Counts norm.

~ i le.0)

Time. ns Time, ns



https://www.science.org/doi/10.1126/science.ade9324

YIFEZ: Nature 3L

[1] Intracluster light is already abundant at redshift beyond unity

Y G —aBn ERINGERTRL

H R 15 B: Nature, 5 January 2023, Volume 613 Issue 7942

f£%: Hyungjin Joo & M. James Jee

HE—1EH BANL: Department of Astronomy, Yonsei University, Seoul, Republic of Korea
A3 https:/www.nature.com/articles/s41586-022-05396-4

Abstract: Intracluster light (ICL) is diffuse light from stars that are gravitationally bound not

to individual member galaxies, but to the halo of galaxy clusters. Here we report an ICL study
of ten galaxy clusters at 1 <z <2 based on deep infrared imaging data. Contrary to the leading
theories, our study finds that ICL is already abundant at z 2 1, with a mean ICL fraction of
approximately 17%. Moreover, no significant correlation between cluster mass and ICL
fraction or between ICL colour and cluster-centric radius is observed. Our findings suggest
that gradual stripping can no longer be the dominant mechanism of ICL formation. Instead,
our study supports the scenario wherein the dominant ICL production occurs in tandem with
the formation and growth of the brightest cluster galaxies and/or through the accretion of
preprocessed stray stars.
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[2] Photonic flatband resonances for free-electron radiation
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Mazur, Ido Kaminer, John D. Joannopoulos & Marin Soljaci¢

% — {E# B AL : Department of Physics and Research Laboratory of Electronics,
Massachusetts Institute of Technology, Cambridge, MA, USA ; Department of Physics,
University of Hong Kong, Hong Kong, China

SCEEEE: https://www.nature.com/articles/s41586-022-05387-5
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Abstract: Flatbands have become a cornerstone of contemporary condensed-matter physics

and photonics. In electronics, flatbands entail comparable energy bandwidth and Coulomb
interaction, leading to correlated phenomena such as the fractional quantum Hall effect and
recently those in magic-angle systems. In photonics, they enable properties including slow
light and lasing. Notably, flatbands support supercollimation—diffractionless wavepacket
propagation—in both systems. Despite these intense parallel efforts, flatbands have never
been shown to affect the core interaction between free electrons and photons. Their
interaction, pivotal for free-electron lasers, microscopy and spectroscopy, and particle
accelerators, is, in fact, limited by a dimensionality mismatch between localized electrons and
extended photons. Here we reveal theoretically that photonic flatbands can overcome this
mismatch and thus remarkably boost their interaction. We design flatband resonances in a
silicon-on-insulator photonic crystal slab to control and enhance the associated free-electron
radiation by tuning their trajectory and velocity. We observe sig Hi % /& B : Natures of
flatband enhancement, recording a two-order increase from the conventional
diffraction-enabled Smith—Purcell radiation. The enhancement enables polarization shaping of
free-electron radiation and characterization of photonic bands through electron-beam
measurements. Our results support the use of flatbands as test beds for strong light—electron
interaction, particularly relevant for efficient and compact free-electron light sources and
accelerators.
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[3] Observation of intrinsic chiral bound states in the continuum

B A E T RBS KN

HRRA5 B : Nature, 19 January 2023, VOL 613, ISSUE 7944

fE#: Yang Chen, Huachun Deng, Xinbo Sha, Weijin Chen, Ruize Wang, Yu-Hang Chen, et
al.

B—VEZBAL: Chinese Academy of Sciences Key Laboratory of Mechanical Behavior and
Design of Materials, Department of Precision Machinery and Precision Instrumentation,
University of Science and Technology of China, Hefei, China; Department of Electrical and
Computer Engineering, National University of Singapore, Singapore, Singapore

E NAEXIRIE: http://mane.ustc.edu.cn/2023/0208/c33505a591949/page.htm

HEEE: https:/www.nature.com/articles/s41586-022-05467-6

Abstract: Photons with spin angular momentum possess intrinsic chirality, which underpins
many phenomena including nonlinear optics, quantum optics, topological photonics and
chiroptics. Intrinsic chirality is weak in natural materials, and recent theoretical proposals
aimed to enlarge circular dichroism by resonant metasurfaces supporting bound states in the
continuum that enhance substantially chiral light—matter interactions. Those insightful works

resort to three-dimensional sophisticated geometries, which are too challenging to be realized
for optical frequencies. Therefore, most of the experimental attempts showing strong circular
dichroism rely on false/extrinsic chirality by using either oblique incidence or structural
anisotropy. Here we report on the experimental realization of true/intrinsic chiral response
with resonant metasurfaces in which the engineered slant geometry breaks both in-plane and
out-of-plane symmetries. Our result marks, to our knowledge, the first observation of intrinsic
chiral bound states in the continuum with near-unity circular dichroism of 0.93 and a high
quality factor exceeding 2,663 for visible frequencies. Our chiral metasurfaces may lead to a
plethora of applications in chiral light sources and detectors, chiral sensing, valleytronics and
asymmetric photocatalysis.
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[4] Down-conversion of a single photon as a probe of many-body localization
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HIRAE B : Nature, 26 January 2023, Volume 613 Issue 7945

fE#: Nitish Mehta, Roman Kuzmin, Cristiano Ciuti & Vladimir E. Manucharyan
FE—1E&EBAAL: Department of Physics, University of Maryland, College Park, MD, USA
SR https:/www.nature.com/articles/s41586-022-05615-y

Abstract: Decay of a particle into more particles is a ubiquitous phenomenon to interacting

quantum systems, taking place in colliders, nuclear reactors or solids. In a nonlinear medium,
even a single photon would decay by down-converting (splitting) into lower-frequency
photons with the same total energy, at a rate given by Fermi’s golden rule. However, the
energy-conservation condition cannot be matched precisely if the medium is finite and only
supports quantized modes. Here we implement such an experiment using a superconducting
multimode cavity, the nonlinearity of which was tailored to strongly violate the
photon-number conservation. The resulting interaction attempts to convert a single photon
excitation into a shower of low-energy photons but fails owing to the many-body localization
mechanism, which manifests as a striking spectral fine structure of multiparticle resonances at
the standing-wave-mode frequencies of the cavity. Each resonance was identified as a
many-body state of radiation composed of photons from a broad frequency range and not
obeying Fermi’s golden rule theory. Our result introduces a new platform to explore the
fundamentals of many-body localization without having to control many atoms or qubits.
WEBRE. DT RERREZR RO E T RGP AERIN G, SRE
FERTHAL S A% SN HE BB R T AEARZRIE S s, RIE R SR AN 7t 2 A SRR S i
R, I R (0D BREA RS RE R AR T . (HA R f
AR H A SRR AR, WIASBERS B UL G R & s e 26 0o AR T & 2 A s
L7 ISz, HARRNERGE N TR XS RO T BT A8 . b AR A T R R
T BORBEMONIRRE R 7%, (Bl T 2R AU TR, IX R AR 2 i R P
IR 20T EHR IR NGRS ANZE M o AN LR A 080 7 y b S8 AR L 7 Ol 1
AN ZARARSPIRES, AT PR BB IR B . A RGN T — D HIF & 2Rk
REMGERLIREA R B, AL PV 2 5 7 B 10

praliki<iE

Superconducting transmission line

Port mirror

Two-particle states Three-particie states

Cavity-mode frequency



https://www.nature.com/articles/s41586-022-05615-y

[5] In-plane charged domain walls with memristive behaviour in a ferroelectric film

R IR T B 24T 9 R T A B R
HIRAE B : Nature, 26 January 2023, Volume 613 Issue 7945
fE# : Zhongran Liu, Han Wang, Ming Li, Lingling Tao, Tula R. Paudel, Hongyang Yu,

Yuxuan Wang, Siyuan Hong, Meng Zhang, Zhaohui Ren, Yanwu Xie, Evgeny Y. Tsymbal,
Jingsheng Chen, Ze Zhang & He Tian

FE—1E& BAL: Center of Electron Microscopy, School of Materials Science and Engineering,
Zhejiang University, Hangzhou, China

E WAERIRIE: https:/mse.zju.edu.cn/2023/0119/¢50924a2711490/page.htm

4 3CHEEE: https://www.nature.com/articles/s41586-022-05503-5

Abstract: Domain-wall nanoelectronics is considered to be a new paradigm for non-volatile

memory and logic technologies in which domain walls, rather than domains, serve as an
active element. Especially interesting are charged domain walls in ferroelectric structures,
which have subnanometre thicknesses and exhibit non-trivial electronic and transport
properties that are useful for various nanoelectronics applications. Here we report a strategy
for the controllable creation and manipulation of in-plane charged domain walls
in BiFeO; ferroelectric films a few nanometres thick. By using an in situ biasing technique
within a scanning transmission electron microscope, an unconventional layer-by-layer
switching mechanism is detected in which ferroelectric domain growth occurs in the direction
parallel to an applied electric field. Based on atomically resolved electron energy-loss
spectroscopy, in situ charge mapping by in-line electron holography and theoretical
calculations, we show that oxygen vacancies accumulating at the charged domain walls are
responsible for the domain-wall stability and motion. Voltage control of the in-plane
domain-wall position within a BiFeOs film gives rise to multiple non-volatile resistance states,
thus demonstrating the key functional property of being a memristor a few unit cells thick.
These results promote a better understanding of ferroelectric switching behaviour and provide
a new strategy for creating unit-cell-scale devices.
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