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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 9月 Nature、Science 期刊上物

理学领域的最新论文。



[1] Achieving optical transparency in live animals with absorbing molecules
通过吸收分子实现活体动物的光学透明

出版信息：Science,VOLUME 385, ISSUE 6713, 6 SEP 2024
作者：ZIHAO OU, YI-SHIOU DUH, NICHOLAS J. ROMMELFANGER et al.
第一作者单位：Department of Materials Science and Engineering, Stanford University,
Stanford, CA, USA.Wu Tsai Neurosciences Institute, Stanford University, Stanford, CA,
USA.
全文链接：https://www.science.org/doi/10.1126/science.adm6869
Abstract：We report the counterintuitive observation that strongly absorbing molecules can
achieve optical transparency in live animals. We explored the physics behind this observation
and found that when strongly absorbing molecules dissolve in water, they can modify the
refractive index of the aqueous medium through the Kramers-Kronig relations to match that
of high-index tissue components such as lipids. We have demonstrated that our
straightforward approach can reversibly render a live mouse body transparent to allow
visualization of a wide range of deep-seated structures and activities. This work suggests that
the search for high-performance optical clearing agents should focus on strongly absorbing
molecules.
摘要翻译：文章报告了一反直觉的观察，即强吸收分子可以在活体动物中实现光学透明。

我们探索了这一观察背后的物理原理，发现当强吸收分子溶解在水中时，它们可以通过

Kramers-Kronig关系改变水介质的折射率，以匹配高折射率组织成分（如脂类）的折射

率。

文中插图：

物理学 Science论文

（2024. 9）



[2] Phantom energy in the nonlinear response of a quantum many-body scar state
量子多体疤痕态非线性响应中的幽灵能量

出版信息：Science,VOLUME 385, ISSUE 6713, 6 SEP 2024
作者：KANGNING YANG, YICHENG ZHANG et al.
第一作者单位：Department of Physics, Stanford University, Stanford, CA 94305, USA.
E. L. Ginzton Laboratory, Stanford University, Stanford, CA 94305, USA.
全文链接：https://www.science.org/doi/10.1126/science.adk8978
Abstract：In this study, we used attractively interacting dysprosium gases to create scar states
that are stable enough to be driven into a strongly nonlinear regime while retaining their
character. We measured how the kinetic and total energies evolve after quenching the
confining potential. Although the bare interactions are attractive, the atoms behave as if they
repel each other: Their kinetic energy paradoxically decreases as the gas is compressed. The
missing “phantom” energy is quantified by benchmarking our experimental results against
generalized hydrodynamics calculations. We present evidence that the missing kinetic energy
is carried by undetected, very high momentum atoms.
摘要翻译：在这项研究中，我们使用具有吸引相互作用的镝气体来制造疤痕状态，这些

状态足够稳定，可以在保持其特性的同时被驱动到强非线性状态。我们测量了淬灭约束

势后，动能和总能量的变化。尽管裸相互作用是有吸引力的，但原子的行为似乎是相互

排斥的：它们的动能随着气体被压缩而反常地减少。缺失的“幽灵”能量是通过将我们的

实验结果与广义流体力学计算相比较来进行基准测试。我们提供的证据表明，缺失的动

能是由未被检测到的高动量原子携带的。

文中插图：



[3] Squeezing the quantum noise of a gravitational-wave detector below the standard
quantum limit
将引力波探测器的量子噪声压缩到标准量子极限以下

出版信息：Science,20 SEP 2024, Volume 385 Issue 6715
作者：WENXUAN JIA, VICTORIA XU, KEVIN KUNS, MASAYUKI NAKANO, LISA
BARSOTTI, MATTHEW EVANS, NERGIS MAVALVALA, AND MEMBERS OF THE
LIGO SCIENTIFIC COLLABORATION
第一作者单位：Laser Interferometer Gravitational-Wave Observatory (LIGO) Laboratory,
Massachusetts Institute of Technology, Cambridge, MA 02139, USA.
全文链接：https://www.science.org/doi/10.1126/science.ado8069
Abstract：Gravitational wave detectors use kilometers-long interferometers to measure tiny
expansions and contractions of spacetime. The precision of those measurements is limited due
to quantum mechanics. Theoretically, that quantum limit could be surpassed by using
squeezed states of light, and a suitable filter cavity could extend the advantage over a wide
frequency range. Jia et al. measured the performance of the Laser Interferometer
Gravitational-Wave Observatory (LIGO) after it was upgraded with a squeezed light and filter
cavity system. The authors demonstrate that the upgrades improved the sensitivity of the
detector over a wide range of frequencies. Over a smaller range, it surpassed the quantum
limit.
摘要翻译：引力波探测器使用数公里长的干涉仪来测量时空的微小膨胀和收缩。由于量

子力学的原因，这些测量的精度是有限的。理论上，利用光的压缩态可以超越量子极限，

而合适的滤光腔可以在更宽的频率范围内扩展这一优势。Jia等人测量了激光干涉引力

波天文台（LIGO）升级后的压缩光和滤光腔系统的性能。研究证明，这些升级提高了

探测器在宽频率范围内的灵敏度。在一个较小的范围内，它超越了量子极限。

文中插图：



[4] Origin and fate of the pseudogap in the doped Hubbard model
掺杂哈伯德模型中赝隙的起源和命运

出版信息：Science,20 SEP 2024, Volume 385 Issue 6715
作者：FEDOR ŠIMKOVIC IV, RICCARDO ROSSI, ANTOINE GEORGES, AND MICHEL
FERRERO
第一作者单位：CPHT, CNRS, Ecole Polytechnique, Institut Polytechnique de Paris, 91128
Palaiseau, France. Collège de France, 11 place Marcelin Berthelot, 75005 Paris, France.
全文链接：https://www.science.org/doi/10.1126/science.ade9194
Abstract：Despite its simplicity, the Hubbard model may be capable of describing some
instances of strongly correlated matter. However, this remains difficult to solve numerically;
connecting the results at zero and finite temperatures is particularly tricky. Simkovic et al.
used diagrammatic Monte Carlo calculations to examine the appearance of the pseudogap
phase in the doped Hubbard model at finite temperatures. This phase was found to be closely
associated with antiferromagnetic spin correlations and to connect to the ground-state stripe
phase calculated at zero temperature.
摘要翻译：尽管它很简约，哈伯德模型却能描述一些强相关物质的实例，但仍有一些在

数值上难以解决的问题，将零温度和有限温度下的结果联系起来尤其棘手。Simkovic等
人使用图解蒙特卡罗计算来检查在有限温度下掺杂哈伯德模型中赝隙相的外观。发现该

相与反铁磁自旋相关密切相关，并与零温度下计算的基态条纹相相连。

文中插图：



[1] Long-lived isospin excitations in magic-angle twisted bilayer graphene
魔角扭曲双层石墨烯的长寿命同位旋激发

出版信息：Nature,Volume 633 Issue 8028, 5 September 2024
作者：Tian Xie, Siyuan Xu, Zhiyu Dong, Zhiyuan Cui, Yunbo Ou, Melike Erdi, et al.
第一作者单位：Department of Physics, University of California at Santa Barbara, Santa
Barbara, CA, USA
全文链接：https://www.nature.com/articles/s41586-024-07880-5
Abstract：Numerous correlated many-body phases, both conventional and exotic, have been
reported in magic-angle twisted bilayer graphene (MATBG). However, the dynamics
associated with these correlated states, crucial for understanding the underlying physics,
remain unexplored. Here we combine exciton sensing and optical pump–probe spectroscopy
to investigate the dynamics of isospin orders in MATBG with WSe2 substrate across the entire
flat band, achieving sub-picosecond resolution. We observe remarkably slow isospin
dynamics in a broad filling range around ν =2 and between ν =-3 and-2, with lifetimes of up
to 300 ps that decouple from the much faster cooling of electronic temperature (about 10 ps).
This non-thermal behaviour demonstrates the presence of abnormally long-lived modes in the
isospin degrees of freedom. This observation, not anticipated by theory, implies the existence
of long-range propagating collective modes, strong isospin fluctuations and memory effects
and is probably associated with an intervalley coherent or incommensurate Kekulé spiral
ground state. We further demonstrate non-equilibrium control of the isospin orders previously
found around integer fillings. Specifically, through ultrafast manipulation, it can be transiently
shifted away from integer fillings. Our study demonstrates a unique probe of collective
excitations in MATBG and paves the way for actively controlling non-equilibrium
phenomena in moiré systems.
摘要翻译：据报道，魔角扭曲双层石墨烯（MATBG）有诸多相关的多体相，包括传统

相和奇异相。与这些相关态有关的动力学对于理解潜在的物理学至关重要，但尚未得到

探索。研究组结合激子传感和光泵浦-探针光谱来研究具有WSe2基底的MATBG在整个

平带上的同位旋序动力学，达到了亚皮秒分辨率。结果观察到，在ν=2附近和ν=-3和-2
之间的宽填充范围内，同位旋动力学非常缓慢，寿命高达 300 ps，与电子温度更快的冷

却（约 10 ps）解耦。这种非热行为表明在同位旋自由度中存在异常的长寿命模式。

这一出乎理论预测的观察结果，表明了长程传播集体模式、强同位旋涨落和记忆效应的

存在，并可能与谷间相干或不匹配的凯库勒螺旋基态有关。研究组进一步证明了先前在

整数填充周围发现的同位旋序的非平衡控制。具体来说，通过超快操作，可暂时偏离整

数填充。该研究展示了MATBG中集体激发的独特探索，并为主动控制莫尔系统中的非

平衡现象铺平了道路。

物理学 Nature 论文

（2024. 9）



文中插图：



[2] One month convection timescale on the surface of a giant evolved star
演化巨恒星表面对流时间尺度为 1 个月

出版信息：Nature,Volume 633 Issue 8029, 12 September 2024
作者：Wouter Vlemmings, Theo Khouri, Behzad Bojnordi Arbab, Elvire De Beck & Matthias
Maercker
第一作者单位：Department of Space, Earth and Environment, Chalmers University of
Technology, Gothenburg, Sweden
全文链接：https://www.nature.com/articles/s41586-024-07836-9
Abstract：The transport of energy through convection is important during many stages of
stellar evolution, and is best studied in our Sun or giant evolved stars. Features that are
attributed to convection are found on the surface of massive red supergiant stars. Also for
lower-mass evolved stars, indications of convection are found, but convective timescales and
sizes remain poorly constrained. Models indicate that convective motions are crucial to
produce strong winds that return the products of stellar nucleosynthesis into the interstellar
medium. Here we report a series of reconstructed interferometric images of the surface of the
evolved giant star R Doradus. The images reveal a stellar disk with prominent small-scale
features that provide the structure and motions of convection on the stellar surface. We find
that the dominant structure size of the features on the stellar disk is 0.72 ± 0.05 astronomical
units. We measure the velocity of the surface motions to vary between −18 and +20 km s−1,
which means that the convective timescale is approximately one month. This indicates a
possible difference between the convection properties of low-mass and high-mass evolved
stars..
摘要翻译：在恒星演化的许多阶段，能量的对流传输都很重要，这在太阳或巨大的演化

恒星中已经得到了很好的研究。在大质量红超巨星的表面也发现了对流的特征。同样，

对于低质量演化的恒星，也发现了对流的迹象，但对流的时间尺度和大小仍然没有得到

很好的限制。模型表明，对流运动对于产生强风至关重要，强风使恒星核合成的产物返

回到星际介质中。研究者报告了一系列重建的干涉测量图像的表面演变的巨星 R剑鱼座。

这些图像揭示了一个具有突出的小尺度特征的星盘，它提供了恒星表面对流的结构和运

动。他们发现恒星盘上特征的主导结构尺寸为 0.72±0.05天文单位。他们测量到地表运

动的速度在- 18和+20 km s - 1之间变化，这意味着对流的时间尺度大约是一个月。这表

明低质量和高质量演化恒星的对流特性之间可能存在差异。

文中插图：



[3] Spectroscopic confirmation of two luminous galaxies at a redshift of 14
两个红移为 14 的发光星系

出版信息：Nature,Volume 633 Issue 8029, 12 September 2024
作者：Stefano Carniani, Kevin Hainline, Francesco D’Eugenio, Daniel J. Eisenstein, Peter
Jakobsen, Joris Witstok, Benjamin D. Johnson, Jacopo Chevallard, Roberto Maiolino, Jakob
M. Helton, Chris Willott, Brant Robertson, Stacey Alberts, Santiago Arribas, William M.
Baker, Rachana Bhatawdekar, Kristan Boyett, Andrew J. Bunker, Alex J. Cameron, Phillip A.
Cargile, Stéphane Charlot, Mirko Curti, Emma Curtis-Lake, Eiichi Egami, Christopher N. A.
Willmer Show authors
第一作者单位：Scuola Normale Superiore, Pisa, Italy
全文链接：https://www.nature.com/articles/s41586-024-07860-9
Abstract ： The first observations of the James Webb Space Telescope (JWST) have
revolutionized our understanding of the Universe by identifying galaxies at redshift z ≈ 13 . In
addition, the discovery of many luminous galaxies at Cosmic Dawn (z > 10) has suggested
that galaxies developed rapidly, in apparent tension with many standard models. However,
most of these galaxies lack spectroscopic confirmation, so their distances and properties are
uncertain. Here we present JWST Advanced Deep Extragalactic Survey–Near-Infrared
Spectrograph spectroscopic confirmation of two luminous galaxies at and z = 13.90 ± 0.17.
The spectra reveal ultraviolet continua with prominent Lyman-α breaks but no detected
emission lines. This discovery proves that luminous galaxies were already in place
300 million years after the Big Bang and are more common than what was expected before
JWST. The most distant of the two galaxies is unexpectedly luminous and is spatially
resolved with a radius of 260 parsecs. Considering also the very steep ultraviolet slope of the
second galaxy, we conclude that both are dominated by stellar continuum emission, showing
that the excess of luminous galaxies in the early Universe cannot be entirely explained by
accretion onto black holes. Galaxy formation models will need to address the existence of
such large and luminous galaxies so early in cosmic history.
摘要翻译：詹姆斯•韦布太空望远镜首次观测的红移为 z≈13的星系，彻底改变了人们对

宇宙的理解。此外，“黎明”号探测器发现的许多发光星系（z >10）表明，星系发展迅速，

与许多标准模型存在明显的张力。然而，这些星系大多缺乏光谱确认，因此它们的距离

和性质是不确定的。研究者展示了韦布先进深河外巡天—近红外光谱仪对两个发光星系

在和 z = 13.90±0.17处的光谱确认。光谱显示紫外连续带明显的莱曼α断裂，但没有探测

到发射线。这一发现证明，在宇宙大爆炸后 3亿年，发光星系就已经存在了，而且比在

韦布之前预期的要普遍得多。这两个星系中最遥远的那个出乎意料地明亮，其空间分辨

半径为 260秒差距。再考虑到第二个星系非常陡峭的紫外线斜率，研究者认为，这两个

星系都是由恒星连续辐射主导的，这表明早期宇宙中发光星系的过剩不能完全用黑洞的

吸积来解释。星系形成模型需要解决在宇宙历史的早期存在如此巨大和明亮的星系的问

题。



文中插图：



[4] Observing the two-dimensional Bose glass in an optical quasicrystal
在光学准晶体中观察二维玻色玻璃

出版信息：Nature,Volume 633 Issue 8029, 12 September 2024
作者：Jr-Chiun Yu, Shaurya Bhave, Lee Reeve, Bo Song & Ulrich Schneider
第一作者单位：Cavendish Laboratory, University of Cambridge, Cambridge, UK
Material and Chemical Research Laboratories, Industrial Technology Research Institute,
Hsinchu, Taiwan View author publications
全文链接：https://www.nature.com/articles/s41586-024-07875-2
Abstract：The presence of disorder substantially influences the behaviour of physical systems.
It can give rise to slow or glassy dynamics, or to a complete suppression of transport as in
Anderson insulators, where normally extended wavefunctions such as light fields or
electronic Bloch waves become exponentially localized. The combined effect of disorder and
interactions is central to the richness of condensed-matter physics. In bosonic systems, it can
also lead to additional quantum states such as the Bose glass—an insulating but compressible
state without long-range phase coherence that emerges in disordered bosonic systems and is
distinct from the well-known superfluid and Mott insulating ground states of interacting
bosons. Here we report the experimental realization of the two-dimensional Bose glass using
ultracold atoms in an eight-fold symmetric quasicrystalline optical lattice. By probing the
coherence properties of the system, we observe a Bose-glass-to-superfluid transition and map
out the phase diagram in the weakly interacting regime. We furthermore demonstrate that it is
not possible to adiabatically traverse the Bose glass on typical experimental timescales by
examining the capability to restore coherence and discuss the connection to the expected
non-ergodicity of the Bose glass. Our observations are in good agreement with recent
quantum Monte Carlo predictions6 and pave the way for experimentally testing the
connection between the Bose glass, many-body localization and glassy dynamics more
generally.
摘要翻译：无序的存在实质上影响了物理系统的行为。它可以引起慢动力学或玻璃动力

学，或完全抑制输运，如在安德森绝缘体中，通常扩展的波函数，如光场或电子布洛赫

波变得指数局域化。无序和相互作用的综合效应是丰富的凝聚态物理的核心。在玻色子

系统中，它也可以导致额外的量子态，如玻色玻璃——一种在无序玻色子系统中出现的

没有长程相相干的绝缘但可压缩的状态，与众所周知的相互作用玻色子的超流体和莫特

绝缘基态不同。研究者报道了在八重对称准晶体光学晶格中使用超冷原子的二维玻色玻

璃的实验实现。通过探测系统的相干性，他们观察到玻色玻璃到超流体的转变，并绘制

了弱相互作用状态下的相图。研究进一步证明了在典型的实验时间尺度上不可能绝热穿

越玻色玻璃，通过检查恢复相干性的能力，并讨论了与玻色玻璃预期的非遍历性的联系。

该观察结果与最近的量子蒙特卡罗预测非常吻合，为实验测试玻色玻璃、多体局域化和

玻璃动力学之间的联系铺平了道路。



文中插图：



[5] Dynamic transition and Galilean relativity of current-driven skyrmions
电流驱动斯格明子的动态跃迁和伽利略相对性

出版信息：Nature,Volume 633 Issue 8030, 19 September 2024
作者：Max T. Birch, Ilya Belopolski et al.
第一作者单位：RIKEN Center for Emergent Matter Science (CEMS), Wakō, Japan
全文链接：https://www.nature.com/articles/s41586-024-07859-2
Abstract：Here we report the emergent electrodynamics induced by SkL motion in Gd2PdSi3,
facilitated by its giant THE. With increasing current excitation, we observe the dynamic
transition of the SkL motion from the pinned to creep regime and finally to the flow regime,
in which the THE is totally suppressed. We argue that the Galilean relativity required for the
total cancellation of the THE may be generically recovered in the flow regime, even in
complex multiband systems such as the present compound. Moreover, the observed THE
voltages are large enough to enable real-time measurement of the SkL velocity–current profile,
which shows the inertial-like motion of the SkL in the creep regime, appearing as the current
hysteresis of the skyrmion velocity.
摘要翻译：在这里，我们报告了 Gd2PdSi3中由其显著的拓扑霍尔效应（THE）所促进的

斯格明子晶格（SkL）运动引发的新兴电动力学现象。随着电流激励的增加，我们观察

到 SkL运动从钉住状态到蠕变状态，最后到流动状态的动态转变，其中 THE完全被抑

制。我们认为，即使在如目前的化合物的复杂多带系统中，也可以在流动状态中恢复完

全抵消所需要的伽利略相对性。此外，我们观察到的电压足够大，可以实时测量 SkL的

速度——电流曲线。该曲线显示 SkL在蠕变状态下的惯性运动，表现为斯格明子速度的

电流滞后现象。

文中插图：



[6] Axon-like active signal transmission
轴突样有源信号传输

出版信息：Nature,Volume 633 Issue 8031, 26 September 2024
作者：Timothy D. Brown, Alan Zhang, Frederick U. Nitta, Elliot D. Grant, Jenny L. Chong,
Jacklyn Zhu, et al.
第一作者单位：Sandia National Laboratories, Livermore, CA, USA
全文链接：https://www.nature.com/articles/s41586-024-07921-z
Abstract：Any electrical signal propagating in a metallic conductor loses amplitude due to the
natural resistance of the metal. Compensating for such losses presently requires repeatedly
breaking the conductor and interposing amplifiers that consume and regenerate the signal.
This century-old primitive severely constrains the design and performance of modern
interconnect-dense chips. Here we present a fundamentally different primitive based on
semi-stable edge of chaos (EOC), a long-theorized but experimentally elusive regime that
underlies active (self-amplifying) transmission in biological axons. By electrically accessing
the spin crossover in LaCoO3, we isolate semi-stable EOC, characterized by small-signal
negative resistance and amplification of perturbations. In a metallic line atop a medium biased
at EOC, a signal input at one end exits the other end amplified, without passing through a
separate amplifying component. While superficially resembling superconductivity, active
transmission offers controllably amplified time-varying small-signal propagation at normal
temperature and pressure, but requires an electrically energized EOC medium. Operando
thermal mapping reveals the mechanism of amplification—bias energy of the EOC medium,
instead of fully dissipating as heat, is partly used to amplify signals in the metallic line,
thereby enabling spatially continuous active transmission, which could transform the design
and performance of complex electronic chips
摘要翻译：由于金属的天然电阻，在金属导体中传播的任何电信号都会失去振幅。要补

偿这种损耗，目前需要反复断开导体，并插入吸收和再生信号的放大器。这种持续百年

的原始策略严重限制了现代互连密集芯片的设计和性能。研究组提出了一种基于半稳定

混沌边缘（EOC）的迥然不同的原始技术，这是一种长期理论化但实验难以捉摸的机制，

也是生物轴突中主动（自放大）传输的基础。通过电进入 LaCoO3中的自旋交叉，研究

组分离出半稳定的 EOC，其特征是小信号负电阻和扰动放大。在 EOC偏置介质顶部的

金属线中，一端的信号输入在另一端离开后放大，而不通过单独的放大组件。虽然表面

上类似于超导，有源传输在常温常压下提供可控放大的时变小信号传播，但需要带电的

EOC介质。动态原位热谱揭示了 EOC介质的放大—偏置能量机制，部分用于放大金属

线中的信号，而不是完全作为热量耗散，从而实现空间连续有源传输，这有望改变复杂

电子芯片的设计和性能。



文中插图：


