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编者按：2021 年不仅是“十四五”的开局之年，也是两个百年目标交汇与转换之年。为了让我校师生

快速了解国内外学术前沿、经典及热点，图书馆学科服务团队特开辟此栏目，利用WOS/ESI/Incites、

Scopus/SciVal等权威数据库和分析工具筛选研究前沿，或跟踪重要学术网站获取最新学术动态，分专

题进行编译报道。因学科专业所限，难免出错，敬请批评指正。同时，我们也面向全校师生征集关注的

领域和专题。

本期推荐报道 Nature、Science期刊上物理领域的最新论文。



物理

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。本次精选 2021 年 4 月

Science 和 Nature 中的部分物理领域论文，详细情况如下。

4月 Science论文

[1]Observation of a non-Hermitian phase transition in an optical quantum gas
光学量子气体中非厄米相变的观察

出版信息：Science 02 Apr 2021:Vol. 372, Issue 6537, pp. 88-91
作者：Fahri Emre Öztürk, Tim Lappe, Göran Hellmann, Julian Schmitt, Jan Klaers, Frank Vewinger, et al.
第一作者单位：Institut für Angewandte Physik, Universität Bonn, Wegelerstr. 8, 53115 Bonn, Germany.
全文链接：https://science.sciencemag.org/content/372/6537/88
Abstract：Quantum gases of light, such as photon or polariton condensates in optical microcavities, are

collective quantum systems enabling a tailoring of dissipation from, for example, cavity loss. This characteristic
makes them a tool to study dissipative phases, an emerging subject in quantum many-body physics. We
experimentally demonstrate a non-Hermitian phase transition of a photon Bose-Einstein condensate to a dissipative
phase characterized by a biexponential decay of the condensate’s second-order coherence. The phase transition
occurs because of the emergence of an exceptional point in the quantum gas. Although Bose-Einstein condensation
is usually connected to lasing by a smooth crossover, the observed phase transition separates the biexponential
phase from both lasing and an intermediate, oscillatory condensate regime. Our approach can be used to study a
wide class of dissipative quantum phases in topological or lattice systems.

摘要翻译：光的量子气体，例如光学微腔中的光子或极化激元凝聚，是一种集合量子系统，能够通过

诸如空腔损耗来调节耗散。这一特性使它们成为研究耗散相的工具，耗散相是量子多体物理学中的一个新

兴课题。研究组实验证明了光子玻色-爱因斯坦凝聚的非厄米相转到二阶相干双指数衰减的耗散相。相变的

发生是因为量子气体中出现了一个异常点。虽然玻色-爱因斯坦凝聚常通过平滑交叉连接到激光上，但观察

到的相变将双指数相位从激光和一个中间振荡凝聚区中分离出来。研究组的方法可用于研究拓扑或晶格系

统中的大量耗散量子相。

文中插图：

https://science.sciencemag.org/content/372/6537/88


[2]Nonlinear tuning of PT symmetry and non-Hermitian topological states
PT对称与非厄米拓扑态的非线性调谐

出版信息：Science 02 Apr 2021:Vol. 372, Issue 6537, pp. 72-76
作者：Shiqi Xia, Dimitrios Kaltsas, Daohong Song, Ioannis Komis, Jingjun Xu, Alexander Szameit, et al.
第一作者单位：MOE Key Laboratory of Weak-Light Nonlinear Photonics, TEDA Applied Physics Institute and
School of Physics, Nankai University, Tianjin 300457, China.
国内相关报道：http://news.nankai.edu.cn/ywsd/system/2021/04/02/030045228.shtml
全文链接：https://science.sciencemag.org/content/372/6537/72
Abstract：Topology, parity-time (PT) symmetry, and nonlinearity are at the origin of many fundamental phenomena

in complex systems across the natural sciences, but their mutual interplay remains unexplored. We established a nonlinear
non-Hermitian topological platform for active tuning of PT symmetry and topological states. We found that the loss in a
topological defect potential in a non-Hermitian photonic lattice can be tuned solely by nonlinearity, enabling the transition
between PT-symmetric and non–PT-symmetric regimes and the maneuvering of topological zero modes. The interaction
between two apparently antagonistic effects is revealed: the sensitivity close to exceptional points and the robustness of
non-Hermitian topological states. Our scheme using single-channel control of global PT symmetry and topology via local
nonlinearity may provide opportunities for unconventional light manipulation and device applications.

摘要翻译：在自然科学的复杂系统中，拓扑结构、宇称时间（PT）对称性和非线性是许多基本现象的起源，

但它们之间的相互作用尚未明确。研究组建立了一个非线性非厄米拓扑平台，用于 PT对称性和拓扑态的主动调谐。

他们发现，非厄米光子晶格中拓扑缺陷势的损耗可完全通过非线性调谐，实现 PT对称和非 PT对称区域之间的转

换，并引导拓扑零模。研究组还揭示了两种明显对抗效应间的相互作用，即对异常点的敏感性和非厄米拓扑态的鲁

棒性。该方案利用局部非线性的 PT对称和拓扑结构的单通道控制，为非常规的光操作和器件应用提供了机会。

文中插图：

https://science.sciencemag.org/content/372/6537/72


[3]Enhanced x-ray emission coinciding with giant radio pulses from the Crab Pulsar
增强 X射线发射与蟹状星云脉冲星发出的巨大射电脉冲相吻合

出版信息：Science 09 Apr 2021:Vol. 372, Issue 6538, pp. 187-190
作者：Teruaki Enoto, Toshio Terasawa, Shota Kisaka, Shuta J. Tanaka, etc.
第一作者单位：Cluster for Pioneering Research, RIKEN, Wako 351-0198, Japan.
全文链接：https://science.sciencemag.org/content/372/6538/187
Abstract：Pulsars are spinning, magnetized neutron stars that are observed as a regular sequence of radio pulses.

Most pulses are of consistent intensity, but occasionally one is brighter by orders of magnitude. The cause of these
unpredictable giant radio pulses (GRPs) is unknown. Enoto et al. observed the Crab Pulsar simultaneously with x-ray
and radio telescopes. They found that x-ray emission during GRPs was slightly brighter than that during normal pulses.
Comparing the radio and x-ray enhancements provides constraints on the GRP emission mechanism and the possible
connections with other transient radio phenomena.

摘要翻译：脉冲星是旋转的、磁化的中子星，观测到的是有规律的射电脉冲序列。大多数脉冲的强度都是

一致的，但偶尔有一个脉冲的亮度要高几个数量级。这些不可预测的巨型无线电脉冲（GRPs）的成因尚不清楚。

作者同时用 X射线和射电望远镜观测蟹状星云脉冲星。他们发现 GRPs发出的 X射线比正常脉冲发出的要强一

些。比较射电和 X射线增强对 GRP发射机制以及可能与其他瞬态射电现象的联系提供了约束。

文中插图：

https://science.sciencemag.org/content/372/6538/187


[4]Gate-controlled BCS-BEC crossover in a two-dimensional superconductor
二维超导体中的门控 BCS-BEC交叉

出版信息: Science 09 Apr 2021:Vol. 372, Issue 6538, pp. 190-195
作者：Yuji Nakagawa, Yuichi Kasahara, Takuya Nomoto, Ryotaro Arita, Tsutomu Nojima, Yoshihiro Iwasa
第一作者单位：Department of Applied Physics, University of Tokyo, Hongo 7-3-1, Bunkyo-ku, Tokyo 113-8656,

Japan.
全文链接：https://science.sciencemag.org/content/372/6538/190
Abstract：In conventional superconductors, the electron pairs responsible for superconductivity are large and

overlapping. Starting from this so-called Bardeen-Cooper-Schrieffer (BCS) limit, increasing interactions can set the system
on a path of crossover to the opposite limit of small, tightly bound electron pairs that undergo Bose-Einstein condensation
(BEC). Nakagawa et al. intercalated lithium ions into the insulating material zirconium nitride chloride, varying the carrier
density across a large range. This induced superconductivity and enabled the system to enter the crossover regime between
the BCS and BEC limits.

摘要翻译：在传统的超导体中，导致超导性的电子对是大而重叠的。从巴丁-库珀-徐瑞弗（BCS）极限开始，

不断增加的相互作用可以使系统在交叉路径上达到小的、紧密束缚的电子对的相反极限，这些电子对经历玻色-爱因

斯坦凝聚（BEC）作者将锂离子插入绝缘材料氯化氮化锆中，在很大范围内改变载流子密度。这引起了超导性，并

使系统能够进入 BCS和 BEC极限之间的交叉区。

文中插图：



[5]Josephson junction infrared single-photon detector
约瑟夫森结红外单光子探测器

出版信息：Science 23 Apr 2021:Vol. 372, Issue 6540, pp. 409-412
作者：Evan D. Walsh, Woochan Jung, Gil-Ho Lee, Dmitri K. Efetov, Bae-Ian Wu, K.-F. Huang, et
第一作者单位：Department of Electrical Engineering and Computer Science, Massachusetts Institute of Technology,

Cambridge, MA 02139, USA.
全文链接：https://science.sciencemag.org/content/372/6540/409
Abstract：Josephson junctions are superconducting devices used as high-sensitivity magnetometers and voltage

amplifiers as well as the basis of high-performance cryogenic computers and superconducting quantum computers.
Although device performance can be degraded by the generation of quasiparticles formed from broken Cooper pairs, this
phenomenon also opens opportunities to sensitively detect electromagnetic radiation. We demonstrate single near-infrared
photon detection by coupling photons to the localized surface plasmons of a graphene-based Josephson junction. Using the
photon-induced switching statistics of the current-biased device, we reveal the critical role of quasiparticles generated by
the absorbed photon in the detection mechanism. The photon sensitivity will enable a high-speed, low-power optical
interconnect for future superconducting computing architectures.

摘要翻译：约瑟夫森结是用于高灵敏度磁强计和电压放大器的超导器件，也是高性能低温计算机和超导量子计

算机的基础。虽然因库珀对断裂产生的准粒子会降低器件性能，但这种现象也为灵敏探测电磁辐射提供了机会。研

究组演示了通过将光子耦合到石墨烯基约瑟夫森结的局域表面等离子体来探测单个近红外光子。利用电流偏置器件

的光子诱导开关统计，研究组揭示了吸收光子产生的准粒子在探测机制中的关键作用。光子灵敏度将为未来的超导

计算架构提供高速、低功耗的光互连。

文中插图：

https://science.sciencemag.org/content/372/6540/409


[6]Higher-dimensional supersymmetric microlaser arrays
高维超对称微激光阵列

出版信息：Science 23 Apr 2021:Vol. 372, Issue 6540, pp. 403-408
作者：Xingdu Qiao, Bikashkali Midya, Zihe Gao, Zhifeng Zhang, Haoqi Zhao, Tianwei Wu, et al.
第一作者单位：Department of Electrical and Systems Engineering, University of Pennsylvania, Philadelphia, PA

19104, USA.
全文链接：https://science.sciencemag.org/content/372/6540/403
Abstract：The nonlinear scaling of complexity with the increased number of components in integrated photonics is a

major obstacle impeding large-scale, phase-locked laser arrays. Here, we develop a higher-dimensional supersymmetry
formalism for precise mode control and nonlinear power scaling. Our supersymmetric microlaser arrays feature
phase-locked coherence and synchronization of all of the evanescently coupled microring lasers—collectively oscillating in
the fundamental transverse supermode—which enables high-radiance, small-divergence, and single-frequency laser emission
with a two-orders-of-magnitude enhancement in energy density. We also demonstrate the feasibility of structuring
high-radiance vortex laser beams, which enhance the laser performance by taking full advantage of spatial degrees of
freedom of light. Our approach provides a route for designing large-scale integrated photonic systems in both classical and
quantum regimes.

摘要翻译：随着集成光子学元件数量的增加，复杂度的非线性缩放是阻碍大规模锁相激光阵列的主要障碍。研

究组开发了一种高维超对称形式，用于精确模式控制和非线性功率缩放。这种超对称微激光阵列具有所有倏逝波耦

合微环激光器的锁相相干性和同步性，可在基本横向超模中集体振荡，从而实现高辐射、小发散和单频激光发射，

且能量密度提高两个数量级。研究组还证明了构造高辐射涡旋激光束的可行性，即充分利用光的空间自由度提高激

光器的性能。该研究方法为在经典和量子两种状态下设计大规模集成光子系统提供了一条新途径。

文中插图：

https://science.sciencemag.org/content/372/6540/403


物理[7]Realization of a multinode quantum network of remote solid-state qubits
远程固态量子比特的多态量子网络的实现

出版信息：Science 16 Apr 2021:Vol. 372, Issue 6539, pp. 259-264
作者：M. Pompili, S. L. N. Hermans, S. Baier, H. K. C. Beukers, et al.
第一作者单位：QuTech, Delft University of Technology, 2628 CJ Delft, Netherlands.
全文链接：https://science.sciencemag.org/content/372/6539/259
Abstract：The distribution of entangled states across the nodes of a future quantum internet will unlock fundamentally

new technologies. Here, we report on the realization of a three-node entanglement-based quantum network. We combine
remote quantum nodes based on diamond communication qubits into a scalable phase-stabilized architecture, supplemented
with a robust memory qubit and local quantum logic. In addition, we achieve real-time communication and feed-forward
gate operations across the network. We demonstrate two quantum network protocols without postselection: the distribution
of genuine multipartite entangled states across the three nodes and entanglement swapping through an intermediary node.
Our work establishes a key platform for exploring, testing, and developing multinode quantum network protocols and a
quantum network control stack.

摘要翻译：纠缠态在未来量子互联网节点上的分布将开启根本性的新技术。在此，我们报告一个基于三节点纠

缠的量子网络的实现。我们将基于金刚石通信量子位的远程量子节点组合成一个可扩展的相位稳定架构，并辅以健

壮的存储量子位和局部量子逻辑。此外，我们还实现了网络上的实时通讯和前馈门运作。我们证明了两个没有后选

择的量子网络协议：真正的多部纠缠态在三个节点上的分布和纠缠态通过一个中间节点进行交换。我们的工作为探

索、测试和开发多态量子网络协议和量子网络控制栈奠定了关键平台。

文中插图：

https://science.sciencemag.org/content/372/6539/259


[8]Gapped magnetic ground state in quantum spin liquid candidate κ-(BEDT-TTF)2Cu2(CN)3
量子自旋液体候选κ-(BEDT-TTF)2Cu2(CN)3的缝隙磁基态

出版信息：Science 16 Apr 2021:Vol. 372, Issue 6539, pp. 276-279
作者：Björn Miksch, Andrej Pustogow, Mojtaba Javaheri Rahim, Andrey A. Bardin, et al.
第一作者单位：Physikalisches Institut, Universität Stuttgart, 70569 Stuttgart, Germany.
全文链接：https://science.sciencemag.org/content/372/6539/276
Abstract：Geometrical frustration, quantum entanglement, and disorder may prevent long-range ordering of localized

spins with strong exchange interactions, resulting in an exotic state of matter. κ-(BEDT-TTF)2Cu2(CN)3 is considered the
prime candidate for this elusive quantum spin liquid state, but its ground-state properties remain puzzling. We present a
multifrequency electron spin resonance (ESR) study down to millikelvin temperatures, revealing a rapid drop of the spin
susceptibility at 6 kelvin. This opening of a spin gap, accompanied by structural modifications, is consistent with the
formation of a valence bond solid ground state. We identify an impurity contribution to the ESR response that becomes
dominant when the intrinsic spins form singlets. Probing the electrons directly manifests the pivotal role of defects for the
low-energy properties of quantum spin systems without magnetic order.

摘要翻译：几何挫折、量子纠缠和无序可能会阻止具有强交换作用的局域自旋的长程有序，从而导致物质的奇

异状态。κ-(BEDT-TTF)2Cu2(CN)3被认为是这种难以捉摸的量子自旋液态的主要候选者，但它的基态性质仍然令

人费解。我们提出一个毫开尔文温度以下的多频率电子自旋共振（ESR）的研究，揭示了自旋敏感性在 6 k时的迅速

下降。这种自旋间隙的打开，伴随着结构的改变，与固态价键基态的形成是一致的。我们发现当本征自旋形成单线

态时，杂质对 ESR响应的贡献占主导地位。直接探测电子表明了缺陷对于无磁序量子自旋系统的低能量特性的关键

作用。

文中插图：

https://science.sciencemag.org/content/372/6539/276


材料科学 4月 Nature 论文

[1]Laser cooling of antihydrogen atoms
反氢原子的激光冷却

出版信息：Nature volume 592, pages 35–42 (2021)
作者：C. J. Baker, W. Bertsche
第一作者单位：Department of Physics, College of Science, Swansea University, Swansea, UK
全文链接：https://www.nature.com/articles/s41586-021-03289-6
Abstract：The photon—the quantum excitation of the electromagnetic field—is massless but carries momentum.

Here we demonstrate laser cooling of antihydrogen, the antimatter atom consisting of an antiproton and a positron. By
exciting the 1S–2P transition in antihydrogen with pulsed, narrow-linewidth, Lyman-α laser radiation, we
Doppler-cool a sample of magnetically trapped antihydrogen. Although we apply laser cooling in only one dimension,
the trap couples the longitudinal and transverse motions of the anti-atoms, leading to cooling in all three dimensions.
We observe a reduction in the median transverse energy by more than an order of magnitude—with a substantial
fraction of the anti-atoms attaining submicroelectronvolt transverse kinetic energies. We also report the observation of
the laser-driven 1S–2S transition in samples of laser-cooled antihydrogen atoms. The observed spectral line is
approximately four times narrower than that obtained without laser cooling. The demonstration of laser cooling and its
immediate application has far-reaching implications for antimatter studies. A more localized, denser and colder sample
of antihydrogen will drastically improve spectroscopic and gravitational studies of antihydrogen in ongoing
experiments. Furthermore, the demonstrated ability to manipulate the motion of antimatter atoms by laser light will
potentially provide ground-breaking opportunities for future experiments.

摘要翻译：光子——电磁场激发的量子——是无质量的，但携带动量。作者演示了反氢原子的激光冷却，

这个反物质原子由一个反质子和一个正电子组成。利用窄线宽脉冲 Lyman-α激光激发反氢的 1S-2P跃迁，对

磁阱反氢样品进行了多普勒冷却。虽然作者只在一个维度上应用激光冷却，陷阱耦合反原子的纵向和横向运动，

导致在所有的三维冷却。作者观察到横能量中值的减少超过一个数量级——有相当一部分反原子获得亚微电子

伏横动能。作者还报道了在激光冷却的反氢原子样品中激光驱动 1S-2S跃迁的观察。观察到的光谱线比没有激

光冷却时的光谱线窄约四倍。激光冷却的演示及其立即应用对反物质研究具有深远的意义。一个更局部、密度

更大、温度更低的反氢样品将极大地改善正在进行的实验中对反氢的光谱和引力的研究。此外，通过激光操纵

反物质原子运动的能力将可能为未来的实验提供突破性的机会。

文中插图：

物理

https://www.nature.com/articles/s41586-021-03289-6


[2]Stabilization of liquid instabilities with ionized gas jets
电离气体射流对液体不稳定性的稳定

出版信息：Nature volume 592, pages 49–53 (2021)
作者：Sanghoo Park, Wonho Choe, Hyungyu Lee, Joo Young Park, Jinwoo Kim, Se Youn Moon & Uroš Cvelbar
第一作者单位：Institute of Plasma Technology, Korea Institute of Fusion Energy, Gunsan, Republic of Korea
全文链接：https://www.nature.com/articles/s41586-021-03359-9
Abstract：Impinging gas jets can induce depressions in liquid surfaces, a phenomenon familiar to anyone who has

observed the cavity produced by blowing air through a straw directly above a cup of juice. Here we demonstrate the
stabilization of such instabilities by weakly ionized gas for the case of a gas jet impinging on water, based on
shadowgraph experiments and computational two-phase fluid and plasma modelling. We focus on the interfacial
dynamics relevant to electrohydrodynamic (EHD) gas flow, so-called electric wind, which is induced by the
momentum transfer from accelerated charged particles to neutral gas under an electric field. A weakly ionized gas jet
consisting of periodic pulsed ionization waves5, called plasma bullets, exerts more force via electrohydrodynamic flow
on the water surface than a neutral gas jet alone, resulting in cavity expansion without destabilization. Furthermore,
both the bidirectional electrohydrodynamic gas flow and electric field parallel to the gas–water interface produced by
plasma interacting ‘in the cavity’ render the surface more stable.

摘要翻译：撞击气体射流会导致液体表面凹陷，任何观察过通过吸管吹气而产生空腔的人都很熟悉这种现

象。作者基于阴影图实验和计算两相流体和等离子体模型，论证了在气体射流撞击水的情况下，弱电离气体对

这种不稳定性的稳定作用。他们重点研究了与电流体动力（EHD）气体流动相关的界面动力学，即所谓的电风，

它是在电场下由加速带电粒子向中性气体的动量转移所引起的。由周期性脉冲电离波组成的弱电离气体射流被

称为等离子体子弹，它通过电流体动力流对水面施加的力比单独的中性气体射流更大，导致空腔膨胀而不产生

不稳定。此外，“腔内”等离子体相互作用产生的双向电流体动力气体流和平行于气-水界面的电场使表面更加

稳定。

文中插图：

https://www.nature.com/articles/s41586-021-03359-9


[3]Multistable inflatable origami structures at the metre scale
米级多稳定充气折纸结构

出版信息：Nature volume 592, pages 545–550 (2021)
作者：J. A. Paulson School of Engineering and Applied Sciences, Harvard University, Cambridge, MA, USA
第一作者单位：Clarendon Laboratory, Department of Physics, University of Oxford, Oxford, UK
全文链接：https://www.nature.com/articles/s41586-021-03407-4
Abstract：From stadium covers to solar sails, we rely on deployability for the design of large-scale structures

that can quickly compress to a fraction of their size. Here we draw inspiration from origami to design rigid-walled
deployable structures that are multistable and inflatable. Guided by geometric analyses and experiments, we create
a library of bistable origami shapes that can be deployed through a single fluidic pressure input. We then combine
these units to build functional structures at the metre scale, such as arches and emergency shelters, providing a
direct route for building large-scale inflatable systems that lock in place after deployment and offer a robust
enclosure through their stiff faces.

摘要翻译：从体育场罩到太阳帆，人们依靠可展开性来设计大型结构，这些结构可以迅速压缩到其体

积的一小部分。作者从折纸艺术中汲取灵感，设计了多稳定、可膨胀的刚性壁可展开结构。在几何分析和

实验的指导下，他们创建了一个双稳态折纸形状库，可以通过一个单一的流体压力输入部署。然后，他们

将这些单元结合起来，在米尺度上构建功能结构，如拱门和应急避难所，为建造大型充气系统提供了直接

的路径，这些系统在部署后可以锁定，并通过它们僵硬的表面提供一个坚固的外壳。

文中插图：
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[4]Non-reciprocal phase transitions
非互易相变
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Abstract：Out of equilibrium, a lack of reciprocity is the rule rather than the exception. Although wave

propagation in non-reciprocal media has recently been closely studied, less is known about the consequences of
non-reciprocity on the collective behaviour of many-body systems. Here we show that non-reciprocity leads to
time-dependent phases in which spontaneously broken continuous symmetries are dynamically restored. We
illustrate this mechanism with simple robotic demonstrations. The resulting phase transitions are controlled by
spectral singularities called exceptional points. We describe the emergence of these phases using insights from
bifurcation theory and non-Hermitian quantum mechanics. Our approach captures non-reciprocal generalizations
of three archetypal classes of self-organization out of equilibrium: synchronization, flocking and pattern formation.
Collective phenomena in these systems range from active time-(quasi) crystals to exceptional-point-enforced
pattern formation and hysteresis. Our work lays the foundation for a general theory of critical phenomena in
systems whose dynamics is not governed by an optimization principle.

摘要翻译：失去平衡，缺乏互易是普遍现象，而不是例外。虽然近期人们对非互易介质中波的传播进

行了深入研究，但对于非互易性对多体系统群集行为的影响却知之甚少。研究组证明非互易性导致了时变

相，在这些相位中自发破坏的连续对称性被动态恢复。他们用简单的机器人演示来说明这个机制。由此产

生的相变被称为异常点的光谱奇点控制。研究组用分岔理论和非厄米量子力学的观点来描述这些相的出现。

该方法捕捉到了失去平衡的三类自组织原型的非互易推广：同步、群集和模式形成。这些系统中的集体现

象范围从活跃的时间（准）晶体到异常点强制模式形成和滞后不等。该研究工作为系统临界现象的一般理

论奠定了基础，该系统的动力学不受优化原则的支配。
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[5]Subterahertz collective dynamics of polar vortices
极涡的亚赫兹群集动力学
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全文链接：https://www.nature.com/articles/s41586-021-03342-4
Abstract：The collective dynamics of topological structures are of interest from both fundamental and applied

perspectives. Topological structures constructed from electrical polarization, rather than electron spin, have
recently been realized in ferroelectric superlattices, and these are promising for ultrafast electric-field control of
topological orders. However, little is known about the dynamics underlying the functionality of such complex
extended nanostructures. Here, using terahertz-field excitation and femtosecond X-ray diffraction measurements,
we observe ultrafast collective polarization dynamics that are unique to polar vortices, with orders-of-magnitude
higher frequencies and smaller lateral size than those of experimentally realized magnetic vortices. A previously
unseen tunable mode, hereafter referred to as a vortexon, emerges in the form of transient arrays of nanoscale
circular patterns of atomic displacements, which reverse their vorticity on picosecond timescales. Its frequency is
considerably reduced at a critical strain, indicating a condensation of structural dynamics. We use
first-principles-based atomistic calculations and phase-field modelling to reveal the microscopic atomic
arrangements and corroborate the frequencies of the vortex modes. The discovery of subterahertz collective
dynamics in polar vortices opens opportunities for electric-field-driven data processing in topological structures
with ultrahigh speed and density.

摘要翻译：拓扑结构的群集动力学在基础和应用两个方面都很有意义。最近在铁电超晶格中已经实现

了由电极化而非电子自旋构成的拓扑结构，这对拓扑序的超快电场控制而言前景广阔。然而，人们对这种

复杂的扩展纳米结构功能的动力学机制知之甚少。研究组利用太赫兹场激发和飞秒 X射线衍射测量，观察

到极涡特有的超快群集极化动力学，其频率比实验实现的磁涡高几个数量级，横向尺寸更小。一种以前未

发现的可调谐模式（下文称为涡旋）以纳米尺度原子位移圆形模式的瞬态阵列形式出现，可在皮秒时间尺

度上逆转其涡度。其频率在临界应变下显著降低，表明结构动力学的凝结。研究组使用基于第一性原理的

原子计算和相场模型来揭示微观原子排列并证实涡旋模式的频率。极涡中亚赫兹群集动力学的发现为超高

速高密度拓扑结构中电场驱动的数据处理提供了机会。
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