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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 2024年 4月 Nature、Science 期刊上物

理学领域的最新论文。



[1] Realization of an atomic quantum Hall system in four dimensions
四维空间中原子量子霍尔系统的实现

出版信息：Science, 12 April 2024, Volume 384 Issue 6692
作者：JEAN-BAPTISTE BOUHIRON, AURÉLIEN FABRE et al.
第一作者单位：Laboratoire Kastler Brossel, Collège de France, CNRS, ENS-PSL University,
Sorbonne Université, 11 Place Marcelin Berthelot, 75005 Paris, France.
全文链接：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.
摘要翻译：我们报告一个四维演化的原子量子霍尔系统的实现，其中两个空间维度和两

个合成维度编码在镝原子的大自旋中。通过对非线性电磁响应的全面表征，我们测量了

接地带的非平凡拓扑指数，并观察了相关的各向异性超边缘模式。与 D≤3的平面轨道

不同，我们还激发了非平面回旋加速器运动。我们的研究或使四维空间中强相关的拓扑

液体研究成为可能，归纳分数量子霍尔态。

文中插图：

物理学 Science 论文

（2024. 4）



[2] Observation of current whirlpools in graphene at room temperature
室温下石墨烯中电流漩涡的观察

出版信息：Science, 26 Apr 2024, Volume 384, Issue 6694
作 者 ： MARIUS L. PALM, CHAOXIN DING, WILLIAM S. HUXTER, TAKASHI
TANIGUCHI, KENJI WATANABE, AND CHRISTIAN L. DEGEN
第一作者单位：Department of Physics, ETH Zurich, 8093 Zurich, Switzerland.
全文链接：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.
摘要翻译：如果电子之间的碰撞占主导地位，而不是与样品中的杂质和晶格激发的碰撞，

则导体中的电子输运可以显示出类似流体流动的特性。这种流体动力机制的特征已经在

石墨烯中被识别出来，但是静止涡流——流体动力流动理论的预测——仍然很难观察到。

研究者在六方氮化硼包裹的石墨烯样品中发现了这些室温下的电流漩涡。这项观察是通

过使用基于金刚石中氮空位中心的灵敏磁强计来实现的，这是一种不需要低温环境的非

侵入性技术。

文中插图：



[3] Observation of a Chern insulator in crystalline ABCA-tetralayer graphene with
spin-orbit coupling
四层石墨烯中陈绝缘子的观察

出版信息：Science, 26 Apr 2024, Volume 384, Issue 6694
作者：YATING SHA, JIAN ZHENG, KAI LIU, HONG DU, KENJI WATANABE, TAKASHI
TANIGUCHI, JINFENG JIA, ZHIWEN SHI, RUIDAN ZHONG, AND GUORUI CHEN
第一作者单位：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.
全文链接：https://www.science.org/doi/10.1126/science.adj8272
国内相关报道：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.
摘要翻译：二维层状材料的性能敏感地取决于层的堆叠排列。菱形多层石墨烯已被预测

为具有非平凡的拓扑状态，如陈绝缘体。研究者在六方氮化硼包裹的四层菱形石墨烯中

观察到这种状态，并将其放置在二硒化钨层旁边。最后一层的作用是诱导自旋轨道耦合，

这在石墨烯中通常可以忽略不计。输运测量显示出铁磁性和被磁场稳定的霍尔电阻量子

化，对应的陈数为 4。
文中插图：



[1] Rotating curved spacetime signatures from a giant quantum vortex
巨型量子漩涡的旋转弯曲时空特征

出版信息：Nature, 4 April 2024, Volume 628 Issue 8006
作者：Patrik Švančara, Pietro Smaniotto et al.
第一作者单位：School of Mathematical Sciences, University of Nottingham, Nottingham,
UK; Nottingham Centre of Gravity, University of Nottingham, Nottingham, UK.
全文链接：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.
摘要翻译：在此，我们证实尽管多重量子化涡旋本身具有不稳定性，但静止的巨型量子

涡旋却能在超流体 4He中保持稳定。它紧凑的核心携带了数千个循环量子，超越了目前

其他物理系统（如磁振子、原子云和极化子）的限制。我们还介绍了一种新颖的、最小

侵入式的方法，通过利用超流体界面上微米尺度的波与背景速度场的相互作用，来表征

涡旋流动。我们还观察到复杂的波涡漩相互作用，包括束缚态的检测和独特的模拟黑洞

振铃特征。这些研究结果为探索量子到经典的涡旋相变，和使用超流氦作为旋转弯曲时

空的有限温度量子场论模拟器开辟了新途径。

文中插图：

物理学 Nature 论文

（2024. 4）



[2]Methane emission from a cool brown dwarf
一颗低温褐矮星释放出的甲烷

出版信息：Nature, Volume 628 Issue 8008, 18 April 2024
作者：Jacqueline K. Faherty, Ben Burningham, Jonathan Gagné, Genaro Suárez, 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.
第一作者单位：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.
全文链接：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 μm. 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.
摘要翻译：在太阳系之外，极光是从对孤立的褐矮星的无线电观测中推断出来的。在太

阳系中，巨大的行星在电磁波谱上有极光发射的特征，包括 H3+和甲烷的红外发射。科

学家尝试在无线电中寻找具有极光特征的孤立的褐矮星，以寻找相应的红外特征，但只

报道了无效探测。CWISEP j193518.59 - 154620.3.（简称W1935）是一颗孤立的褐矮星，

温度约为 482 K。研究者报告了詹姆斯•韦布太空望远镜观测到W1935在 3.326 μm波段

强烈的甲烷排放。大气模拟得出的结论表示，以 1-10毫巴为中心的大约 300 K的逆温

重复了这一特征。这代表了没有主星辐射的类木星大气的大气温度反演。强逆温的一个

合理解释是由极光过程加热，尽管不能排除其他内部和外部动力过程。最合适的模型排

除了 H3+的贡献，这在太阳系气体巨星中很突出。然而，这与 H3+在W1935发射源的较

高压力下的快速破坏是一致的。

文中插图：



[3]Ahybrid topological quantum state in an elemental solid
单质固体中的混合拓扑量子态

出版信息：Nature, Volume 628 Issue 8008, 18 April 2024
作者：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
第一作者单位：Laboratory for Topological Quantum Matter and Advanced Spectroscopy
(B7), Department of Physics, Princeton University, Princeton, NJ, USA
全文链接：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.
摘要翻译：拓扑学和相互作用是现代量子物质理解中的基本概念。它们之间的联系产生

了三个重要的研究方向：（1）不同相互作用之间的竞争，如在几个相互交织的相中；

（2）相互作用和拓扑之间的相互作用驱动扭曲层状材料和拓扑磁体中的现象；（3）几

个拓扑顺序的合并产生不同的新相。前两个例子已经发展成为主要的研究领域，尽管最

后一个例子仍未被探索，主要是因为缺乏实验研究的材料平台。研究者使用隧道显微镜、

光电发射光谱和理论分析，揭示了简单元素-固体砷中物质的“混合”拓扑相。通过独特的

体积-表面-边缘对应，他们发现砷具有连接强的高阶拓扑结构，稳定了混合拓扑相。虽

然动量-空间光谱测量显示了拓扑表面状态的迹象，但实空间显微镜测量揭示了表面上

各种天然纳米结构上拓扑诱导的阶梯边缘传导通道的独特几何形状。利用理论模型，他

们证明了砷中无间隙阶边态的存在依赖于非平凡强 Z2不变量和非平凡高阶拓扑不变量

的同时存在，这为混合拓扑的存在提供了实验证据。研究强调了在工程量子或纳米器件

中探索不同带拓扑的相互作用和利用相关拓扑传导通道的途径。

文中插图：





[4] Phononic switching of magnetization by the ultrafast Barnett effect
利用超快巴尼特效应实现磁化的声子开关

出版信息：Nature, Volume 628 Issue 8008, 18 April 2024
作者：C. S. Davies, F. G. N. Fennema, A. Tsukamoto, I. Razdolski, A. V. Kimel &A. Kirilyuk
第一作者单位： FELIX Laboratory, Radboud University, Nijmegen, The Netherlands;
Radboud University, Institute for Molecules and Materials, Nijmegen, The Netherlands.
全文链接：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.
摘要翻译：历史上的巴内特效应描述了一个净磁矩为零的惯性体如何在机械旋转时获得

自发磁化。最近的突破性实验表明，超短激光脉冲在数百飞秒内破坏有序铁磁体的磁化，

自旋失去角动量，成为圆偏振光学声子，这是超快爱因斯坦-德哈斯效应的一部分。然

而，利用这种晶格的高频振动来在附近的磁性介质中往复切换磁化的前景尚未得到实验

探索。研究者证明了通过超快巴尼特效应获得的自发磁化，通过顺磁性衬底中的圆极化

光学声子的共振激发，可以用来永久地逆转安装在所述衬底上的异质结构的磁性状态。

由于声子的手性控制磁开关的方向，超快巴尼特效应为对磁有序进行超快非局部控制提

供了一种选择性和潜在的通用方法。

文中插图：



[5] One-dimensional proximity superconductivity in the quantum Hall regime
量子霍尔体系中的一维超导体

出版信息：Nature, 25 April 2024, Volume 628 Issue 8009
作者：Julien Barrier, Minsoo Kim et al.
第 一 作 者 单 位 ： Department of Physics and Astronomy, University of Manchester,
Manchester, UK; National Graphene Institute, University of Manchester, Manchester, UK.
全文链接：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.
摘要翻译：在此，我们展示了最小扭曲双层石墨烯中的畴壁在量子霍尔体系中支持异常

强大的邻近超导性，允许约瑟夫森结在接近超导电极的上临界场的运行。我们发现临界

电流是非振荡的，并且在整个量子化场范围内几乎不变，数值受限于驻留在畴壁内的严

格一维电子通道的量子电导。该系统在量子化场中支持 Andreev束缚态的能力是独一无

二的，并为进一步探索提供了更多方向。

文中插图：



[6] Optical clocks at sea
海上光学钟

出版信息：Nature, 25 April 2024, Volume 628 Issue 8009
作者：Jonathan D. Roslund, Arman Cingöz et al.
第一作者单位：Vector Atomic, Inc., Pleasanton, CA, USA
全文链接：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 35 l
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.
摘要翻译：在此，我们报告在移动平台上运行的光学时钟的尺寸、性能和环境敏感性的

组合发展。这个 35 l时钟结合了分子碘光谱仪，光纤频率梳和调控电子设备。3个这样

的时钟在太平洋的一所军舰上连续运行了 20天，每天的计时误差在 300皮秒以下。这

种时钟的性能与氢脉泽相当，但体积只有前者的十分之一。在海上操作高性能时钟具有

挑战性，并且对导航至关重要。这次展示标志着一项重大的技术进步，预示着未来光学

计时网络的到来。

文中插图：


