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美国 Science (《科学》)、英国 Nature (《自然》)

及美国 Cell (《细胞》)是国际公认的三大享有最高学

术声誉的科技期刊，发表在这三大期刊上的论文简称

CNS 论文。

本期梳理 2023年 12月 Nature、Science 期刊上物

理学领域的最新论文。



[1] On-demand entanglement of molecules in a reconfigurable optical tweezer array
可重构光镊阵列中分子的按需纠缠

出版信息：Science, 8 DEC 2023, VOL 382, ISSUE 6675
作者：Connor M. Holland, Yukai Lu & Lawrence W. Cheuk
第一作者单位：Department of Physics, Princeton University, Princeton, NJ 08544, USA.
全文链接：https://www.science.org/doi/10.1126/science.adf4272
Abstract ： Entanglement is crucial to many quantum applications, including quantum
information processing, quantum simulation, and quantum-enhanced sensing. Because of
their rich internal structure and interactions, molecules have been proposed as a promising
platform for quantum science. Deterministic entanglement of individually controlled
molecules has nevertheless been a long-standing experimental challenge. We demonstrate
on-demand entanglement of individually prepared molecules. Using the electric dipolar
interaction between pairs of molecules prepared by using a reconfigurable optical tweezer
array, we deterministically created Bell pairs of molecules. Our results demonstrate the key
building blocks needed for quantum applications and may advance quantum-enhanced
fundamental physics tests that use trapped molecules.
摘要翻译：量子纠缠对于许多量子应用至关重要，包括量子信息处理、量子模拟和量子

增强传感。由于其丰富的内部结构和相互作用，人们认为分子是量子科学颇有前景的平

台。然而，单独控制分子的确定性纠缠一直是个长期存在的实验挑战。研究组展示了单

独制备分子的按需纠缠，利用可重构光镊阵列制备的分子对之间的电偶极相互作用，确

定性地创建了贝尔分子对。该研究结果展示了量子应用所需的关键构建块，并有望推进

利用捕获分子的量子增强基础物理测试。

文中插图：
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[2] Emission and coherent control of Levitons in graphene
石墨烯中列维子的发射和相干控制

出版信息：Science, 15 December 2023, Volume 382, Issue 6676
作 者 ： A. ASSOULINE, L. PUGLIESE, H. CHAKRABORTI, SEUNGHUN LEE, L.
BERNABEU, M. JO, K. WATANABE, T. TANIGUCHI, D. C. GLATTLI, AND P.
ROULLEAU
第一作者单位：SPEC, CEA, CNRS, Université Paris-Saclay, CEA Saclay, 91191 Gif sur
Yvette Cedex, France.
全文链接：https://www.science.org/doi/10.1126/science.adf9887
Abstract：Qubits, the building blocks of quantum computers, are usually implemented in
stationary entities such as trapped ions or quantum dots. The job of propagating quantum
information is usually given to photons. However, photons do not interact with each other,
and it would be advantageous to implement a propagating (“flying”) qubit using electrons.
Assouline et al. achieved this goal by preparing and controlling single-electron flying qubit
states in monolayer graphene.
摘要翻译：量子比特是量子计算机的组成部分，通常在固定的实体中实现，如捕获离子

或量子点。传播量子信息的工作通常交给光子。然而，光子不会相互作用，使用电子实

现传播“飞行”而量子比特是有利的。研究者通过在单层石墨烯中制备和控制单电子飞行

量子比特态实现了这一目标。

文中插图：



[3] Low voltage–driven high-performance thermal switching in antiferroelectric
PbZrO3 thin films
反铁电 PbZrO3 薄膜中低压驱动的高性能热开关

出版信息：Science, 15 December 2023, Volume 382, Issue 6676
作者：CHENHAN LIU, YANGYANG SI, HUA ZHANG, CHAO WU, SHIQING DENG,
YONGQI DONG, MENG ZHUO, NINGBO FAN, AND ZUHUANG CHEN
第一作者单位：Micro- and Nano-scale Thermal Measurement and Thermal Management
Laboratory, Jiangsu Key Laboratory for Numerical Simulation of Large-Scale Complex
Systems, School of Energy and Mechanical Engineering, Nanjing Normal University, Nanjing
210023, P. R. China.
全文链接：https://www.science.org/doi/10.1126/science.adj9669
国内相关报道: https://news.njnu.edu.cn/info/1044/108547.htm
Abstract：Controlling thermal transport by switching devices is challenging because rapidly
changing a material’s thermal properties is difficult. Liu et al. demonstrate that a thermal
switch can be made from lead zirconium oxide controlled with a small voltage. The material
can be changed from antiferroelectric to ferroelectric with an electric field that also
dramatically changes the thermal properties. This switch changes the thermal transport by a
factor of two in one direction, creating a useful thermal switch.
摘要翻译：通过开关器件控制热传输具有挑战性，因为快速改变材料的热特性具有难度。

研究者证明了用小电压控制氧化锆铅可以制成热敏开关。在电场的作用下，材料可以从

反铁电性转变为铁电性，极大地改变了材料的热性能。这个开关在一个方向上改变了两

倍的热传输，创造了一个有用的热开关。

文中插图：



[4] An observed population of intermediate-mass helium stars that have been stripped
in binaries
在双星中被剥离的中等质量氦恒星的观测群

出版信息：Science, 15 December 2023, Volume 382, Issue 6676
作者：M. R. DROUT , Y. GÖTBERG , B. A. LUDWIG, J. H. GROH, S. E. DE MINK, A. J.
G. O’GRADY,AND N. SMITH
第一作者单位：David A. Dunlap Department of Astronomy and Astrophysics, University of
Toronto, Toronto M5S 3H4, Canada; The Observatories of the Carnegie Institution for
Science, Pasadena, CA 91101, USA.
全文链接：https://www.science.org/doi/10.1126/science.ade4970
Abstract：The hydrogen-rich outer layers of massive stars can be removed by interactions
with a binary companion. Theoretical models predict that this stripping produces a population
of hot helium stars of ~2 to 8 solar masses (M☉), however, only one such system has been
identified thus far. We used ultraviolet photometry to identify potential stripped helium stars
then investigated 25 of them using optical spectroscopy. We identified stars with high
temperatures (~60,000 to 100,000 kelvin), high surface gravities, and hydrogen-depleted
surfaces; 16 stars also showed binary motion. These properties match expectations for stars
with initial masses of 8 to 25 M☉ that were stripped by binary interaction. Their masses fall
in the gap between subdwarf helium stars and Wolf-Rayet stars. We propose that these stars
could be progenitors of stripped-envelope supernovae.
摘要翻译：大质量恒星富含氢的外层可以通过与双星伴星的相互作用而被移除。理论模

型预测这种剥离会产生 2到 8个太阳质量的热氦恒星，然而，到目前为止，只有一个这

样的系统被确定。研究者使用紫外光度法来识别潜在的剥离氦星，然后使用光谱学对其

中的 25颗进行了研究。他们发现了温度高（~6万到 10万开尔文）、表面重力大、表

面氢耗尽的恒星；16颗恒星也表现出双星运动。这些性质符合对初始质量为 8到 25个
太阳质量的恒星的期望，这些恒星被双星相互作用剥离。它们的质量落在亚矮星氦星和

沃尔夫—拉叶星之间。研究者提出这些恒星可能是剥离包层超新星的祖先。

文中插图：



[5] Self-sustaining personal all-day thermoregulatory clothing using only sunlight
只使用阳光的全天候体温调节服装

出版信息：Science, 15 December 2023, Volume 382, Issue 6676
作者：ZIYUAN WANG, YIWEN BO, PEIJIA BAI, SHUCHAO ZHANG, GUANGHUI LI,
XIANGJIANWAN, YONGSHENG LIU , RUJUN MA , AND YONGSHENG CHEN
第一作者单位：State Key Laboratory and Institute of Elemento-Organic Chemistry, The
Centre of Nanoscale Science and Technology and Key Laboratory of Functional Polymer
Materials, Renewable Energy Conversion and Storage Center (RECAST), College of
Chemistry, Nankai University, Tianjin 300071, China.
全文链接：https://www.science.org/doi/10.1126/science.adj3654
国内相关报道: https://chem.nankai.edu.cn/2023/1220/c24592a532112/page.htm
Abstract：The human body must stay within a certain temperature range for comfort and
safety. However, challenges for thermoregulatory clothing exist for harsh application
scenarios, such as full day/night cycles, frigid polar regions, and space travel. We developed a
flexible and sustainable personal thermoregulatory clothing system by integrating a flexible
organic photovoltaic (OPV) module to directly acquire energy from sunlight and bidirectional
electrocaloric (EC) devices. The flexible OPV-EC thermoregulatory clothing (OETC) can
extend the human thermal comfort zone from 22°–28°C to 12.5°–37.6°C with a fast
thermoregulation rate. The low energy consumption and high efficiency of the EC device
allows for 24 hours of controllable and dual-mode thermoregulation with 12 hours of sunlight
energy input. This self-powered wearable thermoregulatory platform has a simple structure,
compact design, high efficiency, and strong self-adaptability with sunlight as the sole energy
source.
摘要翻译：为了舒适和安全，人体必须保持在一定的温度范围内。然而，温度调节服的

挑战存在于恶劣的应用场景，如全昼夜循环，寒冷的极地地区和太空旅行。研究者通过

集成柔性有机光伏（OPV）模块直接从阳光和双向电热（EC）设备中获取能量，开发

了一种灵活且可持续的个人体温调节服装系统。柔性 OPV—EC热调节服（OETC）可

将人体热舒适区从 22℃~28℃扩展到 12.5℃~37.6℃，温度调节速率快。EC装置的低能

耗和高效率允许 24小时可控和双模式温度调节，12小时的阳光能量输入。该自供电可

穿戴式体温调节平台结构简单、设计紧凑、效率高、自适应性强，以太阳光为唯一能源。

文中插图：



[1] Self-assembled photonic cavities with atomic-scale confinement
具有原子尺度约束的自组装光子腔

出版信息：Nature, Volume 624 Issue 7990, 7 December 2023
作者：Ali Nawaz Babar, Thor August Schimmell Weis, Konstantinos Tsoukalas, Shima
Kadkhodazadeh, Guillermo Arregui, Babak Vosoughi Lahijani & Søren Stobbe
第一作者单位：DTU Electro, Department of Electrical and Photonics Engineering, Technical
University of Denmark, Kongens Lyngby, Denmark; NanoPhoton - Center for Nanophotonics,
Technical University of Denmark, Kongens Lyngby, Denmark.
全文链接：https://www.nature.com/articles/s41586-023-06736-8
Abstract：Despite tremendous progress in research on self-assembled nanotechnological
building blocks, such as macromolecules, nanowires and two-dimensional materials, synthetic
self-assembly methods that bridge the nanoscopic to macroscopic dimensions remain
unscalable and inferior to biological self-assembly. By contrast, planar semiconductor
technology has had an immense technological impact, owing to its inherent scalability, yet it
seems unable to reach the atomic dimensions enabled by self-assembly. Here, we use surface
forces, including Casimir–van der Waals interactions, to deterministically self-assemble and
self-align suspended silicon nanostructures with void features well below the length scales
possible with conventional lithography and etching, despite using only conventional
lithography and etching. The method is remarkably robust and the threshold for self-assembly
depends monotonically on all the governing parameters across thousands of measured devices.
We illustrate the potential of these concepts by fabricating nanostructures that are impossible
to make with any other known method: waveguide-coupled high-Q silicon photonic cavities
that confine telecom photons to 2nm air gaps with an aspect ratio of 100, corresponding to
mode volumes more than 100 times below the diffraction limit. Scanning transmission
electron microscopy measurements confirm the ability to build devices with sub-nanometre
dimensions. Our work constitutes the first steps towards a new generation of fabrication
technology that combines the atomic dimensions enabled by self-assembly with the scalability
of planar semiconductors.
摘要翻译：尽管自组装纳米技术的研究取得了巨大的进展，如大分子、纳米线和二维材

料，但从纳米尺度到宏观尺度的合成自组装方法仍然不可扩展，不如生物自组装。相比

之下，平面半导体技术由于其固有的可扩展性而产生了巨大的技术影响，但它似乎无法

达到自组装的原子尺寸。研究者使用表面力，包括卡西米尔-范德华相互作用，来确定

自组装和自对准悬浮硅纳米结构，尽管只使用传统光刻和蚀刻，其空洞特征远低于传统

光刻和蚀刻的长度尺度。该方法具有显著的鲁棒性，自组装阈值单调依赖于数千个被测

器件的所有控制参数。研究者通过制造任何其他已知方法都无法制造的纳米结构来说明

这些概念的潜力：波导耦合高 Q硅光子腔，将电信光子限制在 2纳米的气隙中，宽高比

为 100，对应于比衍射极限低 100倍以上的模式体积。扫描透射电子显微镜测量证实了

制造亚纳米尺寸设备的能力。研究者表示该技术将自组装的原子尺寸与平面半导体的可

扩展性相结合，是迈向新一代制造技术的第一步。

文内插图：
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[2] Single-molecule electron spin resonance by means of atomic force microscopy
原子力显微镜下的单分子电子自旋共振

出版信息：Nature, Volume 624 Issue 7990, 7 December 2023
作者：Lisanne Sellies, Raffael Spachtholz, Sonja Bleher, Jakob Eckrich, Philipp Scheuerer &
Jascha Repp
第一作者单位：Institute of Experimental and Applied Physics, University of Regensburg,
Regensburg, Germany
全文链接： https://www.nature.com/articles/s41586-023-06754-6
Abstract： Understanding and controlling decoherence in open quantum systems is of
fundamental interest in science, whereas achieving long coherence times is critical for
quantum information processing. Although great progress was made for individual systems,
and electron spin resonance (ESR) of single spins with nanoscale resolution has been
demonstrated, the understanding of decoherence in many complex solid-state quantum
systems requires ultimately controlling the environment down to atomic scales, as potentially
enabled by scanning probe microscopy with its atomic and molecular characterization and
manipulation capabilities. Consequently, the recent implementation of ESR in scanning
tunnelling microscopy represents a milestone towards this goal and was quickly followed by
the demonstration of coherent oscillations and access to nuclear spins with real-space atomic
resolution. Atomic manipulation even fuelled the ambition to realize the first artificial
atomic-scale quantum devices. However, the current-based sensing inherent to this method
limits coherence times. Here we demonstrate pump–probe ESR atomic force microscopy
(AFM) detection of electron spin transitions between non-equilibrium triplet states of
individual pentacene molecules. Spectra of these transitions exhibit sub-nanoelectronvolt
spectral resolution, allowing local discrimination of molecules that only differ in their isotopic
configuration. Furthermore, the electron spins can be coherently manipulated over tens of
microseconds. We anticipate that single-molecule ESR-AFM can be combined with atomic
manipulation and characterization and thereby paves the way to learn about the atomistic
origins of decoherence in atomically well-defined quantum elements and for fundamental
quantum-sensing experiments.
摘要翻译：理解和控制开放量子系统中的退相干是科学研究的基础，而实现长相干时间

对于量子信息处理至关重要。尽管单个系统已经取得了很大的进展，并且单自旋的电子

自旋共振（ESR）已经被证明具有纳米级分辨率，但在许多复杂的固态量子系统中，对

退相干的理解最终需要将环境控制到原子尺度，这可能通过扫描探针显微镜及其原子和

分子表征和操作能力来实现。因此，最近在扫描隧道显微镜中实现的 ESR是实现这一

目标的一个里程碑，并很快被相干振荡的演示和真实空间原子分辨率的核自旋所遵循。

原子操纵甚至激发了实现第一个人工原子尺度量子器件的雄心。然而，这种方法固有的

基于电流的传感限制了相干时间。研究者展示了泵探针 ESR原子力显微镜（AFM）检

测电子自旋跃迁之间的非平衡态的单个并五苯分子。这些跃迁的光谱表现出亚纳米电子

伏特的光谱分辨率，允许局部区分分子，只是在它们的同位素配置不同。此外，电子自

旋可以在数十微秒内进行相干操纵。我们预计单分子 ESR-AFM可以与原子操作和表征

相结合，从而为了解原子定义良好的量子元素中退相干的原子起源和基础量子传感实验

铺平道路。

文中插图：





[3] Reconfigurable moiré nanolaser arrays with phase synchronization
具有相位同步的可重构莫尔纳米激光器阵列

出版信息：Nature, 14 December 2023, Volume 624 Issue 7991
作者：Hong-Yi Luan, Yun-Hao Ouyang et al.
第一作者单位： State Key Laboratory for Mesoscopic Physics and Frontiers Science Center
for Nano-optoelectronics, School of Physics, Peking University, Beijing, China
全文链接：https://www.nature.com/articles/s41586-023-06789-9
国内相关报道：https://www.phy.pku.edu.cn/info/1031/9770.htm
Abstract： Here we propose and demonstrate moiré nanolaser arrays based on optical
flatbands in twisted photonic graphene lattices, in which coherent nanolasing is realized from
a single nanocavity to reconfigurable arrays of nanocavities. We observe synchronized
nanolaser arrays exhibiting high spatial and spectral coherence, across a range of distinct
patterns, including P, K and U shapes and the Chinese characters ‘中’ and ‘国’ (‘China’ in
Chinese). Moreover, we obtain nanolaser arrays that emit with spatially varying relative
phases, allowing us to manipulate emission directions. Our work lays the foundation for the
development of reconfigurable active devices that have potential applications in
communication, LiDAR (light detection and ranging), optical computing and imaging.
摘要翻译：在此，我们提出并展示了基于扭曲光子石墨烯晶格中的光学平带的莫尔纳米

激光器阵列，可以实现从单个纳米腔到可重构纳米腔阵列的相干纳米化。我们观察到同

步纳米激光阵列在一系列不同的图案上表现出高度的空间和光谱相干性，包括 P形、K
形和 U形，以及汉字“中国”和“中国”。此外，我们获得了以空间变化的相对相位发射的

纳米激光器阵列，使我们能够操纵发射方向。我们的工作为可重构有源器件的开发奠定

了基础，这些器件在通信、激光雷达（光探测和测距）、光学计算和成像方面具有应用

潜力。

文中插图：



[4]Moiré synaptic transistor with room-temperature neuromorphic functionality
具有室温神经形态功能的莫尔突触晶体管

出版信息：Nature, 21 December 2023, VOL 624, ISSUE 7992
作者：Xiaodong Yan, Zhiren Zheng, Vinod K. Sangwan, Justin H. Qian, Xueqiao Wang,
Stephanie E. Liu, et al.
第一作者单位：Department of Materials Science and Engineering, Northwestern University,
Evanston, IL, USA.
全文链接：https://www.nature.com/articles/s41586-023-06791-1
Abstract：Moiré quantum materials host exotic electronic phenomena through enhanced
internal Coulomb interactions in twisted two-dimensional heterostructures. When combined
with the exceptionally high electrostatic control in atomically thin materials, moiré
heterostructures have the potential to enable next-generation electronic devices with
unprecedented functionality. However, despite extensive exploration, moiré electronic
phenomena have thus far been limited to impractically low cryogenic temperatures, thus
precluding real-world applications of moiré quantum materials. Here we report the
experimental realization and room-temperature operation of a low-power (20pW) moiré
synaptic transistor based on an asymmetric bilayer graphene/hexagonal boron nitride moiré
heterostructure. The asymmetric moiré potential gives rise to robust electronic ratchet states,
which enable hysteretic, non-volatile injection of charge carriers that control the conductance
of the device. The asymmetric gating in dual-gated moiré heterostructures realizes diverse
biorealistic neuromorphic functionalities, such as reconfigurable synaptic responses,
spatiotemporal-based tempotrons and Bienenstock–Cooper–Munro input-specific adaptation.
In this manner, the moiré synaptic transistor enables efficient compute-in-memory designs
and edge hardware accelerators for artificial intelligence and machine learning.
摘要翻译：莫尔量子材料通过扭曲二维异质结构中增强的内部库仑相互作用，产生了奇

异的电子现象。当与原子级薄材料中异常高的静电控制相结合时，莫尔异质结构有望助

力下一代电子设备具有前所未有的功能。然而，尽管人们进行了广泛探索，莫尔电子现

象迄今为止仅限于不切实际的低温，从而阻碍了莫尔量子材料的实际应用。研究组报道

了基于不对称双层石墨烯/六方氮化硼莫尔异质结构的低功率（20 pW）莫尔突触晶体管

的实验实现和室温运行。不对称莫尔电位产生了稳健的电子棘轮态，从而实现了控制器

件导电性的电荷载流子滞后、非易失性注入。双门控莫尔异质结构中的非对称门控实现

了多种生物仿真神经形态功能，如可重构的突触响应、基于时空的 tempotron 和

Bienenstock-Cooper-Munro输入特异性适应。通过这种方式，莫尔突触晶体管实现了用

于人工智能和机器学习的高效内存计算设计和边缘硬件加速器。

文内插图：


