W 20247 30

8- F KR

(K HgmE: EHE)

||~ —

—t# |§)

BER W% : 025-52090336
Ipadbl: ZESCEREFHB401




AT ARG

/Foreword eREEA THBF

MOW

Z[H Science ( KBl ) Fe[E Nature ( K HER» )
B3R Cell ( «ZHAEY )REBR AN = RZEAH B
ARAEZ R, RRIEX =K ERBSCwRR
CNS 3.

A HIAREE 2024 4 5 H Natures Science HiTF] B4
L2 1 S5 ) T 1B 3




o

RSN

HIFREE Science 13

[1] Atomic physics on a 50-nm scale: Realization of a bilayer system of dipolar atoms

50 KRB LR THEY: CIBRRETIE RS

HARIEE: Science, 3 MAY 2024, Volume 384 Issue 6695

Y£#: LIDU, PIERRE BARRAL et al.

% —{E#F B L : MIT-Harvard Center for Ultracold Atoms, Research Laboratory of
Electronics, Department of Physics, Massachusetts Institute of Technology, Cambridge, MA
02139, USA.

EEERE: https://www.science.org/doi/10.1126/science.adh3023

Abstract: In this work, we implemented a super-resolution technique that localizes and
arranges atoms on a sub—50-nm scale, without any fundamental limit in resolution. We
demonstrate this technique by creating a bilayer of dysprosium atoms and observing dipolar
interactions between two physically separated layers through interlayer sympathetic cooling
and coupled collective excitations. At 50-nm distance, dipolar interactions are 1000 times
stronger than at 500 nm. For two atoms in optical tweezers, this should enable purely
magnetic dipolar gates with kilohertz speed.
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[2] N-type semiconducting hydrogel

N R SR K B

HARIEE: Science, 3 MAY 2024, Volume 384 Issue 6695

#E#: PEIYUN LI, WENXI SUN et al.

FE—1E& B8AL: Key Laboratory of Polymer Chemistry and Physics of Ministry of Education,
School of Materials Science and Engineering, Peking University, Beijing 100871, China.
EEERE: https://www.science.org/doi/10.1126/science.adj4397

E NAHIRIE: http://www.mse.pku.edu.cn/info/1012/3365.htm

Abstract: We developed single- and multiple-network hydrogels based on a water-soluble
n-type semiconducting polymer, endowing conventional hydrogels with semiconducting
capabilities. These hydrogels show good electron mobilities and high on/off ratios, enabling
the fabrication of complementary logic circuits and signal amplifiers with low power
consumption and high gains. We demonstrate that hydrogel electronics with good bioadhesive
and biocompatible interface can sense and amplify electrophysiological signals with enhanced
signal-to-noise ratios.
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[3] Global band convergence design for high-performance thermoelectric power
generation in Zintls

Zintls PR AER B R IR BRI Bole gl it

HARISB: Science, Volume 384, Issue 6697, 17 May 2024

YE#: XIN SHI, SHAOWEI SONG, GUANHUI GAO, AND ZHIFENG REN

B —1EH B AL: Department of Physics and Texas Center for Superconductivity at the
University of Houston (TcSUH), University of Houston, Houston, TX 77204, USA.
EEERE: https://www.science.org/doi/10.1126/science.adn7265

Abstract: Zintl materials can be attractive for thermoelectric applications because of their
wide range of compositions and tunable properties. Shi et al. devised a method to quickly find
which materials from four parent compounds have electronic band structures that improve
thermoelectric performance. After identifying several compositions, the authors showed that
the best of these has good long-term and high temperature stability. This compound can be
paired with another zintl material to make a device that has attractive thermoelectric
performance at midrange temperatures.
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[4] Diamond-lattice photonic crystals assembled from DNA origami

HI DNA T4 R K4 A S LT ik

HARIE B Science, Volume 384, Issue 6697, 17 May 2024

fE# : GREGOR POSNJAK, XIN YIN, PAUL BUTLER, OLIVER BIENEK, MIHIR DASS,
SEUNGWOO LEE, IAN D. SHARP, AND TIM LIEDL

B —1EH B AL: Faculty of Physics and CeNS, Ludwig-Maximilian-University Munich,
Miinchen, 80539 Bayern, Germany.

EEERE: https://www.science.org/doi/10.1126/science.ad12733

Abstract: Colloidal self-assembly allows rational design of structures on the micrometer and
submicrometer scale. One architecture that can generate complete three-dimensional photonic
bandgaps is the diamond cubic lattice, which has remained difficult to realize at length scales
comparable with the wavelength of visible or ultraviolet light. In this work, we demonstrate
three-dimensional photonic crystals self-assembled from DNA origami that act as precisely
programmable patchy colloids. Our DNA-based nanoscale tetrapods crystallize into a
rod-connected diamond cubic lattice with a periodicity of 170 nanometers. This structure
serves as a scaffold for atomic-layer deposition of high-refractive index materials such as
titanium dioxide, yielding a tunable photonic bandgap in the near-ultraviolet.
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[1] Venus water loss is dominated by HCO+ dissociative recombination
ERFKEERH HCOHRBEE AR

HARIS B Nature, 9 May 2024, Volume 629 Issue 8011

fE#&: M. S. Chaffin, E. M. Cangi, B. S. Gregory, R. V. Yelle, J. Deighan, R. D. Elliott & H.
Groller

B —1EHZ B AL: Laboratory for Atmospheric and Space Physics, University of Colorado
Boulder, Boulder, CO, USA

EERE: https://www.nature.com/articles/s41586-024-07261-y

Abstract: Despite its Earth-like size and source material, Venus is extremely dry, indicating
near-total water loss to space by means of hydrogen outflow from an ancient,
steam-dominated atmosphere. Such hydrodynamic escape likely removed most of an initial
Earth-like 3-km global equivalent layer (GEL) of water but cannot deplete the atmosphere to
the observed 3-cm GEL because it shuts down below about 10-100 m GEL. To complete
Venus water loss, and to produce the observed bulk atmospheric enrichment in deuterium of
about 120 times Earth, nonthermal H escape mechanisms still operating today are required.
Early studies identified these as resonant charge exchange, hot oxygen impact and ion outflow,
establishing a consensus view of H escape that has since received only minimal updates. Here
we show that this consensus omits the most important present-day H loss process, HCO+
dissociative recombination. This process nearly doubles the Venus H escape rate and,
consequently, doubles the amount of present-day volcanic water outgassing and/or impactor
infall required to maintain a steady-state atmospheric water abundance. These higher loss
rates resolve long-standing difficulties in simultaneously explaining the measured abundance
and isotope ratio of Venusian water and would enable faster desiccation in the wake of
speculative late ocean scenarios. Design limitations prevented past Venus missions from
measuring both HCO+ and the escaping hydrogen produced by its recombination; future
spacecraft measurements are imperative.
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[2] An atomic boson sampler

JRTE BT RS

HARIS B Nature, 9 May 2024, Volume 629 Issue 8011

fE# : Aaron W. Young, Shawn Geller, William J. Eckner, Nathan Schine, Scott Glancy,
Emanuel Knill & Adam M. Kaufman

B —1EH B AL: JILA, University of Colorado and National Institute of Standards and
Technology and Department of Physics, University of Colorado, Boulder, CO, USA
EERE: https://www.nature.com/articles/s41586-024-07304-4

Abstract: A boson sampler implements a restricted model of quantum computing. It is
defined by the ability to sample from the distribution resulting from the interference of
identical bosons propagating according to programmable, non-interacting dynamics. An
efficient exact classical simulation of boson sampling is not believed to exist, which has
motivated ground-breaking boson sampling experiments in photonics with increasingly many
photons. However, it is difficult to generate and reliably evolve specific numbers of photons
with low loss, and thus probabilistic techniques for postselection or marked changes to
standard boson sampling are generally used. Here, we address the above challenges by
implementing boson sampling using ultracold atoms in a two-dimensional, tunnel-coupled
optical lattice. This demonstration is enabled by a previously unrealized combination of tools
involving high-fidelity optical cooling and imaging of atoms in a lattice, as well as
programmable control of those atoms using optical tweezers. When extended to interacting
systems, our work demonstrates the core abilities required to directly assemble ground and
excited states in simulations of various Hubbard models.
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[3] Observation of Nagaoka polarons in a Fermi-Hubbard quantum simulator

PR —ma A8 B TR K AR AL T R

HARIS B Nature, 9 May 2024, Volume 629 Issue 8011

fE3 : Martin Lebrat, Muging Xu, Lev Haldar Kendrick, Anant Kale, Youqi Gang, Pranav
Seetharaman, Ivan Morera, Ehsan Khatami, Eugene Demler, Markus Greiner

FE—1EHZBAAL: Department of Physics, Harvard University, Cambridge, MA, USA
EERE: https://www.nature.com/articles/s41586-024-07272-9

Abstract: Quantum interference can deeply alter the nature of many-body phases of matter. In
the case of the Hubbard model, Nagaoka proved that introducing a single itinerant charge can
transform a paramagnetic insulator into a ferromagnet through path interference. However, a
microscopic observation of this kinetic magnetism induced by individually imaged dopants
has been so far elusive. Here we demonstrate the emergence of Nagaoka polarons in a
Hubbard system realized with strongly interacting fermions in a triangular optical lattice.
Using quantum gas microscopy, we image these polarons as extended ferromagnetic bubbles
around particle dopants arising from the local interplay of coherent dopant motion and spin
exchange. By contrast, kinetic frustration due to the triangular geometry promotes
antiferromagnetic polarons around hole dopants. Our work augurs the exploration of exotic
quantum phases driven by charge motion in strongly correlated systems and over sizes that
are challenging for numerical simulation.
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[4] Lithium tantalate photonic integrated circuits for volume manufacturing
AEHERE TR

HARIS B: Nature, 23 May 2024, VOL 629, ISSUE 8013

fE# : Chengli Wang, Zihan Li, Johann Riemensberger, Grigory Lihachev, Mikhail Churaev,
Wil Kao, et al.

B —{E& B AL: National Key Laboratory of Materials for Integrated Circuits, Shanghai
Institute of Microsystem and Information Technology, Chinese Academy of Sciences,
Shanghai, China; Institute of Physics, Swiss Federal Institute of Technology Lausanne, EPFL,
Lausanne, Switzerland; Center of Quantum Science and Engineering, EPFL, Lausanne,
Switzerland.

EERE: https://www.nature.com/articles/s41586-024-07369-1

E AAERIRIE: https://www.cas.cn/syky/202405/t20240508 5013942 .shtml

Abstract : Electro-optical photonic integrated circuits (PICs) based on lithium niobate
(LiNbO3) have demonstrated the vast capabilities of materials with a high Pockels coefficient.
They enable linear and high-speed modulators operating at complementary
metal-oxide—semiconductor voltage levels to be used in applications including data-centre
communications, high-performance computing and photonic accelerators for AI. However,
industrial use of this technology is hindered by the high cost per wafer and the limited wafer
size. The high cost results from the lack of existing high-volume applications in other
domains of the sort that accelerated the adoption of silicon-on-insulator (SOI) photonics,
which was driven by vast investment in microelectronics. Here we report low-loss PICs made
of lithium tantalate (LiTaO3), a material that has already been adopted commercially for 5G
radiofrequency filters and therefore enables scalable manufacturing at low cost, and it has
equal, and in some cases superior, properties to LINbO3. We show that LiTaO3 can be etched
to create low-loss (5.6 dB m-1) PICs using a deep ultraviolet (DUV) stepper-based
manufacturing process. We demonstrate a LiTaO3 Mach—Zehnder modulator (MZM) with a
half-wave voltage—length product of 1.9 V cm and an electro-optic bandwidth of up to 40
GHz. In comparison with LiNbO3, LiTaO3 exhibits a much lower birefringence, enabling
high-density circuits and broadband operation over all telecommunication bands. Moreover,

the platform supports the generation of soliton microcombs. Our work paves the way for the

scalable manufacture of low-cost and large-volume next-generation electro-optical PICs.
TERIPE: S THRIRE (LINDO3) I L TAEMHE (PICs) CLIE MR AT i Pockels
R B E KBS . IXSEIL T HAME B A -2 S S K TR AR R 2R A e
VRS P T O S L SR RETE LR AL TR AR AR o SR, X FRER
TV FH 52 30 5 i 6] e BRAS R R RS R BELRS o et SEAS 2 F T Bl 140 )
KIGHES) T 454k L (SOD S6 122 MR, e HAh &gk = IUA e A B
BTG | R (LiTaO3) fill i) KH1FE PIC, LiTaO3 CfER L EH T 5G 44
PEPHE, IR DR A AT v e A fili&, JF H LiTaO3 AA 5 LiNbO3 AHEIH 248
FELLIE LN EALHIVERE . 45 REH], MR TRES (DUV) DHERHiE T2, LiTaO3
AT Z] LB RAFE (5.6 B m-1) PIC. A1 7S 1 —Ff LiTaO3 hiff- 14 17K i i) &
(MZMD) , HP P - KRN 1.9V em, HDEH 98 ik 40 GHz. 5 LiNbO3 AL,

LiTaO3 HAWARKDUAT G5 3, AT SCHLTA RS B b 0 v 8 P2 r B AN T8 7 R A o AT,
2P B SR A AN TR« % TAR A IRA RN RHE R K~ —AOt H PIC ATy e filid
B T IE R




265 MHz v~

Resonance shift (GHz)

40

V. =64V
V.L=16Vcm

V=76V
V.L=19Vcm

Normalized transmission (Arb. units)

— 1,310 nm
— 1,550 nm

Electro-optic S,, (dB)

20 30

5 10
Frequency (GHz) Voltage (V)

Wavelength (nm)
1,650 1,550
-30 ! — Raman shift —| !

3 w0
o /
2 50 l I
5 e
o b
i I ‘
185 19 1

180

Soliton step

| Iy (Atb. units)

% 02 04 06 08 10
Time (1)

L "
95 200
Freqguency (THz)

(Arb. units)
o o o o =
® N @ © O

y o

Polarization © o
T&,
rd

190 195 - 20 60
Frequency (THz) Rotation angle (degrees)

d
z
@
]
£
5
g

-80
—120

-160
-200 100 0 100 200
Frequency at 30.1 GHz (kHz)

Power (dB,,)
& & A
RF power (dB,_,}

180 185 10° 10
Frequency (THz) Frequency (Hz)

l educed (black)

FWHM = 65 arcsec

Normalized Intensity

17.22 17.24 17.26 17.28 17.3
Rocking Angle (degree)

FWHM = 50 arcsec

Normalized Intensity
o
o

17.38 17.4 1742 1744 17.46
Rocking Angle (degree)




— \

Q3 - PN

[5] Suppressed thermal transport in silicon nanoribbons by inhomogeneous strain

AR 59 AR R G K A o B AviniE

HARAS B Nature, Volume 629 Issue 8014, 30 May 2024

fE#&: Lin Yang, Shengying Yue, Yi Tao, Shuo Qiao, Hang Li, Zhaohe Dai, Bai Song, Yunfei
Chen, Jinlong Du, Deyu Li & Peng Gao

% —1E#H B AL : Department of Advanced Manufacturing and Robotics, College of
Engineering, Peking University, Beijing, People’s Republic of China

S EERE: https://www.nature.com/articles/s41586-024-07390-4

E AAERIRIE: https://news.pku.edu.cn/jxky/82d72a48ala04ee9b3abac96f9be9452. htm
Abstract : Nanoscale structures can produce extreme strain that enables unprecedented
material properties, such as tailored electronic bandgap, elevated superconducting
temperature and enhanced electrocatalytic activity. While uniform strains are known to elicit
limited effects on heat flow, the impact of inhomogeneous strains has remained elusive owing
to the coexistence of interfaces and defects. Here we address this gap by introducing
inhomogeneous strain through bending individual silicon nanoribbons on a custom-fabricated
microdevice and measuring its effect on thermal transport while characterizing the
strain-dependent vibrational spectra with sub-nanometre resolution. Our results show that a
strain gradient of 0.112% per nanometre could lead to a drastic thermal conductivity reduction
of 34?7+75%, in clear contrast to the nearly constant values measured under uniform strains.
We further map the local lattice vibrational spectra using electron energy-loss spectroscopy,
which reveals phonon peak shifts of several millielectron-volts along the strain gradient. This
unique phonon spectra broadening effect intensifies phonon scattering and substantially
impedes thermal transport, as evidenced by first-principles calculations. Our work uncovers a
crucial piece of the long-standing puzzle of lattice dynamics under inhomogeneous strain,
which is absent under uniform strain and eludes conventional understanding.
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[6] Self-oscillating polymeric refrigerator with high energy efficiency

T HERL B R B A L

HARAS B Nature, Volume 629 Issue 8014, 30 May 2024

{E3 : Donglin Han, Yingjing Zhang, Cenling Huang, Shanyu Zheng, Dongyuan Wu, Qiang Li,
Feihong Du, Hongxiao Duan, Weilin Chen, Junye Shi, Jiangping Chen, Gang Liu, Xin Chen
& Xiaoshi Qian

B —VEZBAL: State Key Laboratory of Mechanical System and Vibration, Interdisciplinary
Research Center, Institute of Refrigeration and Cryogenics, and MOE Key Laboratory for
Power Machinery and Engineering, School of Mechanical Engineering, Shanghai Jiao Tong
University, Shanghai, China

EERE: https://www.nature.com/articles/s41586-024-07375-3

E ARG : https:/news.sjtu.edu.cn/jdzh/20240509/197190.html

Abstract: Electrocaloric and electrostrictive effects concurrently exist in dielectric materials.
Combining these two effects could achieve the lightweight, compact localized thermal
management that is promised by electrocaloric refrigeration. Despite a handful of numerical
models and schematic presentations current electrocaloric refrigerators still rely on external
accessories to drive the working bodies and hence result in a low device-level cooling power
density and coefficient of performance (COP). Here we report an electrocaloric thin-film
device that uses the electro-thermomechanical synergy provided by polymeric ferroelectrics.
Under one-time a.c. electric stimulation, the device is thermally and mechanically cycled by
the working body itself, resulting in an external-driver-free, self-cycling, soft refrigerator. The
prototype offers a directly measured cooling power density of 6.5 W g-1 and a peak COP
exceeding 58 under a zero temperature span. Being merely a 30-pm-thick polymer film, the
device achieved a COP close to 24 under a 4 K temperature span in an open ambient
environment (32% thermodynamic efficiency). Compared with passive cooling, the thin-film

refrigerator could immediately induce an additional 17.57K temperature drop against an

electronic chip. The soft, polymeric refrigerator can sense, actuate and pump heat to provide
automatic localized thermal management.
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[7] Strain-invariant stretchable radio-frequency electronics
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Abstract : Wireless modules that provide telecommunications and power-harvesting
capabilities enabled by radio-frequency (RF) electronics are vital components of
skin-interfaced stretchable electronics. However, recent studies on stretchable RF components
have demonstrated that substantial changes in electrical properties, such as a shift in the
antenna resonance frequency, occur even under relatively low elastic strains. Such changes
lead directly to greatly reduced wireless signal strength or power-transfer efficiency in
stretchable systems, particularly in physically dynamic environments such as the surface of
the skin. Here we present strain-invariant stretchable RF electronics capable of completely
maintaining the original RF properties under various elastic strains using a ‘dielectro-elastic’
material as the substrate. Dielectro-elastic materials have physically tunable dielectric
properties that effectively avert frequency shifts arising in interfacing RF electronics.
Compared with conventional stretchable substrate materials, our material has superior
electrical, mechanical and thermal properties that are suitable for high-performance
stretchable RF electronics. In this paper, we describe the materials, fabrication and design
strategies that serve as the foundation for enabling the strain-invariant behaviour of key RF
components based on experimental and computational studies. Finally, we present a set of
skin-interfaced wireless healthcare monitors based on strain-invariant stretchable RF
electronics with a wireless operational distance of up to 30?m under strain.
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