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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 8月 Nature、Science 期刊上物

理学领域的最新论文。



[1] High-temperature quantum valley Hall effect with quantized resistance and a
topological switch
具有量子化电阻和拓扑开关的高温量子谷霍尔效应

出版信息：Science,VOLUME 385, ISSUE 6709, 9 AUG 2024
作者：KE HUANG, HAILONG FU, KENJI WATANABE, TAKASHI TANIGUCHI, AND
JUN ZHU
第一作者单位：Department of Physics, The Pennsylvania State University, University Park,
PA 16802, USA.
全文链接：https://www.science.org/doi/10.1126/science.adj3742
Abstract：The motion of electrons in topological solid-state devices can be controlled in a
manner analogous to quantum optics under certain circumstances. Central to this concept are
topological edge states, which ideally should exhibit no backscattering and should not require
an applied magnetic field. Huang et al. observed a very precise quantization of resistance
associated with a type of helical edge states called kink states in bilayer graphene at zero
magnetic field. The quantization exhibited only a slight deterioration as the temperature was
increased to about 50 K, indicating protection against backscattering.
摘要翻译：在某些情况下，拓扑固态器件中的电子运动能以类似量子光学的方式进行控

制。这个概念的核心是拓扑边缘状态，理想情况下，它应该没有后向散射，也不需要外

加磁场。Huang等人观察到，在零磁场下，双层石墨烯中的一种称为扭结态的螺旋边缘

态与电阻的非常精确的量化有关。当温度增加到 50 K左右时，量子化仅表现出轻微的

恶化，表明对后向散射的保护。研究者演示了拓扑控制开关的电气操作，其通/关比为

200。这些结果证明了扭结态的鲁棒性和可调性，以及它在构建电子量子光学器件方面

的前景。

文中插图：

物理学 Science论文

（2024. 8）



[2] Toward liquid cell quantum sensing: Ytterbium complexes with ultranarrow
absorption
液体电池量子传感：具有超窄吸收的镱化合物

出版信息：Science,VOLUME 385, ISSUE 6709, 9 AUG 2024
作者：ASHLEY J. SHIN, CHANGLING ZHAO, YI SHEN, CLAIRE E. DICKERSON,
BARRY LI, HOOTAN ROSHANDEL, DANIEL BíM, TIMOTHY L. ATALLAH, PAUL H.
OYALA, AND JUSTIN R. CARAM
第一作者单位：Department of Chemistry and Biochemistry, University of California, Los
Angeles, Los Angeles, CA 90095, USA.
全文链接：https://www.science.org/doi/10.1126/science.adf7577
Abstract：Alkali atom ensembles in vapor cells are among the most versatile systems for
detecting electromagnetic fields and are used to manufacture the most sensitive
magnetometers. However, low number densities in such atomic vapor cells limit their
sensitivity. Shin et al. proposed a liquid analog that can offer higher density numbers and
higher chemical tunability, thus potentially overcoming the limitations of this technology. The
authors reported a ferrocene-supported ytterbium complex that exhibits an ultranarrow
absorption linewidth in solution at room temperature. Their work showcases the potential of
tailor-designed molecules in liquid-based precision quantum sensing, which may spark future
applications.
摘要翻译：蒸汽电池中的碱原子集合是检测电磁场最通用的系统之一，并用于制造最灵

敏的磁力计。然而，这种原子蒸汽电池的低密度限制了它们的灵敏度。Shin等人提出了

一种液体模拟物，可以提供更高的密度数和更高的化学可调性，从而有可能克服该技术

的局限性。作者报道了一种二茂铁负载的镱配合物，在室温下在溶液中表现出超窄的吸

收线宽。该研究展示了定制分子在基于液体的精确量子传感中的潜力，这将有助于未来

应用。

文中插图：



[3] Quantum state tracking and control of a single molecular ion in a thermal
environment
热环境中单个分子离子的量子态跟踪与控制

出版信息：Science,16 AUG 2024, Volume 385 Issue 6710
作者：YU LIU, JULIAN SCHMIDT et al.
第 一 作 者 单 位 ： Time and Frequency Division, National Institute of Standards and
Technology, Boulder, CO 80305, USA; Department of Physics, University of Colorado,
Boulder, CO 80309, USA.
全文链接：https://www.science.org/doi/10.1126/science.ado1001
Abstract：Here, we report real-time observations of thermal radiation–driven transitions
between individual states (“jumps”) of a single molecule. We reversed these jumps through
microwave-driven transitions, which resulted in a 20-fold improvement in the time the
molecule dwells in a chosen state. The measured transition rates showed anisotropy in the
thermal environment, pointing to the possibility of using single molecules as in situ probes for
the strengths of ambient fields. Our approaches for state detection and manipulation could
apply to a wide range of species, facilitating their uses in fields including quantum science,
molecular physics, and ion-neutral chemistry.
摘要翻译：在此，我们报告单个分子在不同状态（“跳跃”）之间的热辐射驱动转换的

实时观察。我们通过微波驱动的转变逆转了这些“跳跃”，使得分子停留在选定状态的

时间延长了 20倍。测量的跃迁速率在热环境中显示出各向异性，这表明使用单分子作

为环境场强度的原位探针是可能的。我们的状态检测和操纵方法应用广泛，促进它们在

量子科学、分子物理和离子中性化学等领域的应用。

文中插图：



[4] In situ observations of large-amplitude Alfvén waves heating and accelerating the
solar wind
大振幅阿尔芬波加热和加速太阳风的现场观测

出版信息：Science,30 August 2024, Volume 385, Issue 6712
作者：YEIMY J. RIVERA, SAMUEL T. BADMAN, MICHAEL L. STEVENS, JAYE L.
VERNIERO, JULIA E. STAWARZ, CHEN SHI, JIM M. RAINES, KRISTOFF W.
PAULSON, CHRISTOPHER J. OWEN, AND STUART D. BALE
第一作者单位：Center for Astrophysics, Harvard and Smithsonian, Cambridge, MA 02138,
USA.
全文链接：https://www.science.org/doi/10.1126/science.adk6953
Abstract：After leaving the Sun’s corona, the solar wind continues to accelerate and cools,
but more slowly than expected for a freely expanding adiabatic gas. Alfvén waves are
perturbations of the interplanetary magnetic field that transport energy. We use in situ
measurements from the Parker Solar Probe and Solar Orbiter spacecraft to investigate a
stream of solar wind as it traverses the inner heliosphere. The observations show heating and
acceleration of the plasma between the outer edge of the corona and near the orbit of Venus,
along with the presence of large-amplitude Alfvén waves. We calculate that the damping and
mechanical work performed by the Alfvén waves are sufficient to power the heating and
acceleration of the fast solar wind in the inner heliosphere.
摘要翻译：离开日冕后，太阳风继续加速和冷却，但比预期的自由膨胀的绝热气体要慢

得多。阿尔芬波是传输能量的行星际磁场的扰动。研究者使用帕克太阳探测器和太阳轨

道飞行器的现场测量来调查太阳风流，因为它穿过内部日球层。观测结果显示，日冕外

缘和金星轨道附近的等离子体正在升温和加速，同时还存在着振幅较大的阿尔芬波。研

究者计算出，阿尔芬波所产生的阻尼和机械功足以为内日球层中快速太阳风的加热和加

速提供动力。

文中插图：



[5] Grain boundaries are Brownian ratchets
晶界是布朗棘轮

出版信息：Science,30 August 2024, Volume 385, Issue 6712
作者：CAIHAO QIU, MAIK PUNKE, YUAN TIAN, YING HAN, SIQI WANG, YISHI SU,
MARCO SALVALAGLIO, XIAOQING PAN, DAVID J. SROLOVITZ , AND JIAN HAN
第一作者单位：Department of Materials Science and Engineering, City University of Hong
Kong, Hong Kong, China.
全文链接：https://www.science.org/doi/10.1126/science.adp1516
国内相关报道：https://www.cityu.edu.hk/mse/news-and-awards/journals
Abstract ： The grain size of a polycrystalline material is one important part of the
microstructure that constrains the properties. In contrast to previous assumptions, Qiu et al.
have shown through modeling that grain boundaries (GBs) can move in one direction in
response to a nondirectional driving force. However, not all grain boundary types do so,
mostly just the ones that are geometrically nonsymmetric. This observation helps us better
understand some grain-coarsening behavior and may also be another tool for engineering
microstructures and improving the material properties.We demonstrate that grain
boundariesbehave as Brownian ratchets, exhibiting direction-dependent mobilities and
unidirectional motion under oscillatory driving forces or cyclic thermal annealing. We
observed these phenomena for nearly all nonsymmetric GBs but not for symmetric ones. Our
observations build on molecular dynamics and phase-field crystal simulations for a wide
range of GB types and driving forces in both bicrystal and polycrystalline microstructures. We
corroborate these simulation results through in situ experimental observations. We analyze
these results with a Markov chain model and explore the implications of GB ratchet behavior
for materials processing and microstructure tailoring.
摘要翻译：多晶材料的晶粒尺寸是制约其性能的重要组成部分。与之前的假设相反，研

究者通过建模表明，在非定向驱动力的作用下，晶界（GBs）可以向一个方向移动。然

而，并不是所有的晶界类型都是这样，主要是那些几何上不对称的晶界。这一观察结果

有助于更好地理解一些晶粒粗化行为，也可能是工程微观结构和改善材料性能的另一种

工具。研究者证明晶界表现为布朗棘轮，在振荡驱动力或循环热退火下表现出方向依赖

的迁移和单向运动。他们在几乎所有非对称 GB中观察到这些现象，但在对称 GB中没

有。这一观察建立在分子动力学和相场晶体模拟的基础上，模拟了广泛的 GB类型以及

双晶和多晶微观结构中的驱动力。研究者通过现场实验观察证实了这些模拟结果，并用

马尔可夫链模型分析了这些结果，并探讨了 GB棘轮行为对材料加工和微观结构定制的

影响。

文中插图：



[1] Dirac mass induced by optical gain and loss
光学增益和损耗引起的狄拉克质量

出版信息：Nature,Volume 632 Issue 8023, 1 August 2024
作者：Letian Yu, Haoran Xue, Ruixiang Guo, Eng Aik Chan, Yun Yong Terh, Cesare Soci,
Baile Zhang & Y. D. Chong
第 一 作 者 单 位 ： Division of Physics and Applied Physics, School of Physical and
Mathematical Sciences, Nanyang Technological University, Singapore, Singapore
全文链接：https://www.nature.com/articles/s41586-024-07664-x
Abstract：Mass is commonly considered an intrinsic property of matter, but modern physics
reveals particle masses to have complex origins1, such as the Higgs mechanism in
high-energy physics. In crystal lattices such as graphene, relativistic Dirac particles can exist
as low-energy quasiparticles with masses imparted by lattice symmetry-breaking
perturbations. These mass-generating mechanisms all assume Hermiticity, or the conservation
of energy in detail. Using a photonic synthetic lattice, we show experimentally that Dirac
masses can be generated by means of non-Hermitian perturbations based on optical gain and
loss. We then explore how the spacetime engineering of the gain and loss-induced Dirac mass
affects the quasiparticles. As we show, the quasiparticles undergo Klein tunnelling at spatial
boundaries, but a local breaking of a non-Hermitian symmetry can produce a new flux
non-conservation effect at the domain walls. At a temporal boundary that abruptly flips the
sign of the Dirac mass, we observe a variant of the time-reflection phenomenon: in the
non-relativistic limit, the Dirac quasiparticle reverses its velocity, whereas in the relativistic
limit, the original velocity is retained.
摘要翻译：质量通常被认为是物质的内在属性，但现代物理学揭示粒子质量有着复杂的

起源，例如高能物理学中的希格斯机制。在像石墨烯这样的晶格中，相对论性狄拉克粒

子可以以低能准粒子的形式存在，其质量是由晶格对称破缺扰动赋予的。这些产生质量

的机制都假定了厄米性，或者说是能量守恒。利用光子合成晶格，作者通过实验证明了

基于光学增益和损耗的非厄米微扰可以产生狄拉克质量。他们探讨了增益和损失诱导狄

拉克质量的时空工程如何影响准粒子。研究表明，准粒子在空间边界处经历克莱因隧穿，

但非厄米对称的局部破缺可以在畴壁处产生新的通量非守恒效应。在狄拉克质量符号突

然翻转的时间边界上，研究者观察到时间反射现象的一种变体：在非相对论性极限下，

狄拉克准粒子的速度反转，而在相对论性极限下，原始速度保持不变。

文中插图：

物理学 Nature 论文

（2024. 8）



[2] A hot-Jupiter progenitor on a super-eccentric retrograde orbit
超偏心逆行轨道上的热木星祖星

出版信息：Nature,Volume 632 Issue 8023, 1 August 2024
作者：Arvind F. Gupta, Sarah C. Millholland, Haedam Im, Jiayin Dong, Jonathan M. Jackson,
Ilaria Carleo, Jessica Libby-Roberts, Megan Delamer, Mark R. Giovinazzi, Andrea S. J. Lin,
Shubham Kanodia, Xian-Yu Wang, Keivan Stassun, Thomas Masseron, Diana Dragomir,
Suvrath Mahadevan, Jason Wright, Jaime A. Alvarado-Montes, Chad Bender, Cullen H. Blake,
Douglas Caldwell, Caleb I. Cañas, William D. Cochran, Paul Dalba, …Carl Ziegler Show
authors
第一作者单位：U.S. National Science Foundation National Optical-Infrared Astronomy
Research Laboratory (NSF NOIRLab), Tucson, AZ, USA; Department of Astronomy and
Astrophysics, The Pennsylvania State University, University Park, PA, USA.Center for
Exoplanets and Habitable Worlds, The Pennsylvania State University, University Park, PA,
USA.
全文链接：https://www.nature.com/articles/s41586-024-07688-3
Abstract：Giant exoplanets orbiting close to their host stars are unlikely to have formed in
their present configurations1. These ‘ hot Jupiter’ planets are instead thought to have
migrated inward from beyond the ice line and several viable migration channels have been
proposed, including eccentricity excitation through angular-momentum exchange with a third
body followed by tidally driven orbital circularization. The discovery of the extremely
eccentric (e  =  0.93) giant exoplanet HD  80606  b provided observational evidence that hot
Jupiters may have formed through this high-eccentricity tidal-migration pathway. However,
no similar hot-Jupiter progenitors have been found and simulations predict that one factor
affecting the efficacy of this mechanism is exoplanet mass, as low-mass planets are more
likely to be tidally disrupted during periastron passage6,7,8. Here we present spectroscopic
and photometric observations of TIC 241249530 b, a high-mass, transiting warm Jupiter with
an extreme orbital eccentricity of e = 0.94. The orbit of TIC 241249530 b is consistent with a
history of eccentricity oscillations and a future tidal circularization trajectory. Our analysis of
the mass and eccentricity distributions of the transiting-warm-Jupiter population further
reveals a correlation between high mass and high eccentricity.
摘要翻译：巨大的系外行星绕着其主恒星运行，不太可能形成它们现在的形状。相反，

这些“热木星”行星被认为是从冰线以外向内迁移的，并且提出了几种可行的迁移通道，

包括通过与第三个天体的角动量交换来激发偏心，然后是潮汐驱动的轨道圆化。极偏心

(e = 0.93)的巨型系外行星 HD 80606 b的发现提供了观测证据，证明热木星可能是通过

这种高偏心潮汐迁移路径形成的。然而，尚未发现类似的热木星祖先，模拟预测影响这

一机制有效性的一个因素是系外行星的质量，因为低质量的行星更有可能在近天通道期

间被潮汐破坏。研究者介绍了对 TIC 241249530 b的光谱和光度观测结果，这是一颗高

质量的、轨道偏心率 e=0.94的温暖木星。TIC 241249530 b的轨道与离心振荡的历史和

未来的潮汐圆化轨迹一致。研究对变暖木星人口的质量和偏心率分布的分析进一步揭示

了高质量和高偏心率之间的相关性。

文中插图：





[3] High-performance 4-nm-resolution X-ray tomography using burst ptychography
高性能的纳米分辨率 X射线断层扫描

出版信息：Nature,Volume 632 Issue 8023, 1 August 2024
作者：Tomas Aidukas, Nicholas W. Phillips, Ana Diaz, Emiliya Poghosyan, Elisabeth Müller,
A. F. J. Levi, Gabriel Aeppli, Manuel Guizar-Sicairos & Mirko Holler
第一作者单位：Paul Scherrer Institute, Villigen, Switzerland
全文链接：https://www.nature.com/articles/s41586-024-07615-6
Abstract：Advances in science, medicine and engineering rely on breakthroughs in imaging,
particularly for obtaining multiscale, three-dimensional information from functional systems
such as integrated circuits or mammalian brains. Achieving this goal often requires combining
electron- and photon-based approaches. Whereas electron microscopy provides nanometre
resolution through serial, destructive imaging of surface layers1, ptychographic X-ray
computed tomography offers non-destructive imaging and has recently achieved resolutions
down to seven nanometres for a small volume. Here we implement burst ptychography, which
overcomes experimental instabilities and enables much higher performance, with
4-nanometre resolution at a 170-times faster acquisition rate, namely, 14,000 resolution
elements per second. Another key innovation is tomographic back-propagation
reconstruction4, allowing us to image samples up to ten times larger than the conventional
depth of field. By combining the two innovations, we successfully imaged a state-of-the-art
(seven-nanometre node) commercial integrated circuit, featuring nanostructures made of low-
and high-density materials such as silicon and metals, which offer good radiation stability and
contrast at the selected X-ray wavelength. These capabilities enabled a detailed study of the
chip’s design and manufacturing, down to the level of individual transistors. We anticipate
that the combination of nanometre resolution and higher X-ray flux at next-generation X-ray
sources will have a revolutionary impact in fields ranging from electronics to
electrochemistry and neuroscience.
摘要翻译：科学、医学和工程的进步依赖于成像方面的突破，特别是在从集成电路或哺

乳动物大脑等功能系统获取多尺度三维信息方面。实现这一目标通常需要结合基于电子

和光子的方法。电子显微镜通过对表层的连续破坏性成像提供纳米级的分辨率，而 X射

线计算机体层摄影提供非破坏性成像，并且最近在小体积上实现了低至7纳米的分辨率。

作者实现了突发平面摄影，它克服了实验不稳定性并实现了更高的性能，具有 4纳米分

辨率和 170倍的采集速率，即每秒 14,000个分辨率元素。另一项关键创新是层析成像反

向传播重建技术，它能够对比传统景深大 10倍的样本进行成像。通过结合这两项创新，

研究者成功地成像了一个最先进的(7纳米节点)商业集成电路，其特点是由硅和金属等

低和高密度材料制成的纳米结构，在选定的 x射线波长下具有良好的辐射稳定性和对比

度。这些能力使得对芯片的设计和制造进行详细的研究，直到单个晶体管的水平。研究

者预计，在下一代 X射线源中，纳米分辨率和更高 X射线通量的结合将在从电子学到

电化学和神经科学等领域产生革命性的影响。

文中插图：





[4] Magnetic field expulsion in optically driven YBa2Cu3O6.48
光驱动 YBa2Cu3O6.48的磁场驱逐

出版信息：Nature,Volume 632 Issue 8023, 1 August 2024
作者：S. Fava, G. De Vecchi, G. Jotzu, M. Buzzi, T. Gebert, Y. Liu, B. Keimer &A. Cavalleri
第一作者单位：Max Planck Institute for the Structure and Dynamics of Matter, Hamburg,
Germany
全文链接：https://www.nature.com/articles/s41586-024-07635-2
Abstract：Coherent optical driving in quantum solids is emerging as a research frontier, with
many reports of interesting non-equilibrium quantum phases and transient photo-induced
functional phenomena such as ferroelectricity, magnetism and superconductivity. In
high-temperature cuprate superconductors, coherent driving of certain phonon modes has
resulted in a transient state with superconducting-like optical properties, observed far above
their transition temperature Tc and throughout the pseudogap phase. However, questions
remain on the microscopic nature of this transient state and how to distinguish it from a
non-superconducting state with enhanced carrier mobility. For example, it is not known
whether cuprates driven in this fashion exhibit Meissner diamagnetism. Here we examine the
time-dependent magnetic field surrounding an optically driven YBa2Cu3O6.48 crystal by
measuring Faraday rotation in a magneto-optic material placed in the vicinity of the sample.
For a constant applied magnetic field and under the same driving conditions that result in
superconducting-like optical properties, a transient diamagnetic response was observed. This
response is comparable in size with that expected in an equilibrium type II superconductor of
similar shape and size with a volume susceptibility χ v of order − 0.3. This value is
incompatible with a photo-induced increase in mobility without superconductivity. Rather, it
underscores the notion of a pseudogap phase in which incipient superconducting correlations
are enhanced or synchronized by the drive.
摘要翻译：量子固体中的相干光驱动正在成为一个研究前沿，有许多有趣的非平衡量子

相和瞬态光致功能现象的报道，如铁电性、磁性和超导性。在高温铜超导体中，某些声

子模式的相干驱动导致了具有类似超导光学性质的瞬态，远远高于它们的转变温度 Tc，
并且贯穿赝隙相。然而，关于这种瞬态的微观性质以及如何将其与具有增强载流子迁移

率的非超导状态区分开来的问题仍然存在。例如，目前尚不清楚在这种时尚中驱动的铜

是否表现出迈斯纳抗磁性。研究者通过测量放置在样品附近的磁光材料中的法拉第旋转

来研究光驱动 YBa2Cu3O6.48晶体周围的时间相关磁场。在恒定的外加磁场和相同的驱

动条件下，产生类似超导的光学特性，观察到瞬态抗磁响应。这种响应在尺寸上与具有

相似形状和尺寸的平衡型 II超导体的响应相当，其体积磁化率χv为−0.3阶。这个值与

光诱导的没有超导性的迁移率增加是不相容的。相反，它强调了赝隙相的概念，其中早

期的超导相关性被驱动器增强或同步。

文中插图：



[5] Antiferromagnetic phase transition in a 3D fermionic Hubbard model
三维费米子哈伯德模型中的反铁磁相变
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Abstract ： The fermionic Hubbard model (FHM) describes a wide range of physical
phenomena resulting from strong electron – electron correlations, including conjectured
mechanisms for unconventional superconductivity. Here we report the observation of the
antiferromagnetic phase transition in a three-dimensional fermionic Hubbard system
comprising lithium-6 atoms in a uniform optical lattice with approximately 800,000 sites.
When the interaction strength, temperature and doping concentration are finely tuned to
approach their respective critical values, a sharp increase in the spin structure factor is
observed. These observations can be well described by a power-law divergence, with a critical
exponent of 1.396 from the Heisenberg universality class. At half-filling and with optimal
interaction strength, the measured spin structure factor reaches 123(8), signifying the
establishment of an antiferromagnetic phase. Our results provide opportunities for exploring
the low-temperature phase diagram of the FHM.
摘要翻译：费米子哈伯德模型（FHM）描述了由强电子—电子相关性引起的广泛的物理

现象，包括非常规超导的推测机制。在此，我们报告了一个由锂-6原子组成的三维费米

子哈伯德系统的反铁磁相变的观察，该系统在一个均匀的光学晶格中有大约 80万个位

点。当相互作用强度、温度和掺杂浓度被微调到接近各自的临界值时，我们观察到自旋

结构因子急剧增加。这些观察结果可以用幂律发散来解释，从海森堡普适性类来看，其

临界指数为 1.396。在半填充和最佳相互作用强度下，测得的自旋结构因子达到 123(8)，
表明了反铁磁相的建立。我们的研究结果为探索 FHM的低温相图提供了机会。
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[6]Attosecond delays in X-ray molecular ionization
X射线分子电离的阿秒延迟
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Abstract：The photoelectric effect is not truly instantaneous but exhibits attosecond delays
that can reveal complex molecular dynamics. Sub-femtosecond-duration light pulses provide
the requisite tools to resolve the dynamics of photoionization. Accordingly, the past decade
has produced a large volume of work on photoionization delays following single-photon
absorption of an extreme ultraviolet photon. However, the measurement of time-resolved
core-level photoionization remained out of reach. The required X-ray photon energies needed
for core-level photoionization were not available with attosecond tabletop sources. Here we
report measurements of the X-ray photoemission delay of core-level electrons, with
unexpectedly large delays, ranging up to 700  as in NO near the oxygen K-shell threshold.
These measurements exploit attosecond soft X-ray pulses from a free-electron laser to scan
across the entire region near the K-shell threshold. Furthermore, we find that the delay
spectrum is richly modulated, suggesting several contributions, including transient trapping of
the photoelectron owing to shape resonances, collisions with the Auger–Meitner electron
that is emitted in the rapid non-radiative relaxation of the molecule and multi-electron
scattering effects. The results demonstrate how X-ray attosecond experiments, supported by
comprehensive theoretical modelling, can unravel the complex correlated dynamics of
core-level photoionization.
摘要翻译：光电效应并非真正瞬时的，而是表现出阿秒的延迟，可以揭示复杂的分子动

力学。亚飞秒持续时间的光脉冲为解决光电离动力学提供了必要的工具。过去十年，人

们对单光子吸收极紫外光子后的光电离延迟进行了大量的研究。然而，测量时间分辨核

能级的光离仍然遥不可及。所需的 X射线光子能量所需的核心级光电离是不可用阿秒桌

面源。研究者报告了对核心能级电子的 X射线光发射延迟的测量，其延迟出乎意料地大，

在氧 K壳层阈值附近的 NO中高达 700阿秒（1阿秒=10-18秒）。这些测量利用来自自

由电子激光器的阿秒软 X射线脉冲扫描 K壳层阈值附近的整个区域。研究者还发现延

迟谱是丰富调制的，这表明有几个贡献，包括由于形状共振引起的光电子的瞬态捕获，

在分子的快速非辐射弛豫中发射的与奥格-迈特纳电子的碰撞以及多电子散射效应。结

果表明，在综合理论模型的支持下，X射线阿秒实验可以揭示核能级光电离复杂的相关

动力学。
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[7] Ahot-emitter transistor based on stimulated emission of heated carriers
基于受热载流子受激发射的热发射极晶体管
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Abstract：Hot-carrier transistors are a class of devices that leverage the excess kinetic energy
of carriers. Unlike regular transistors, which rely on steady-state carrier transport, hot-carrier
transistors modulate carriers to high-energy states, resulting in enhanced device speed and
functionality. These characteristics are essential for applications that demand rapid switching
and high-frequency operations, such as advanced telecommunications and cutting-edge
computing technologies. However, the traditional mechanisms of hot-carrier generation are
either carrier injection or acceleration, which limit device performance in terms of power
consumption and negative differential resistance. Mixed-dimensional devices, which combine
bulk and low-dimensional materials, can offer different mechanisms for hot-carrier generation
by leveraging the diverse potential barriers formed by energy-band combinations. Here we
report a hot-emitter transistor based on double mixed-dimensional graphene/germanium
Schottky junctions that uses stimulated emission of heated carriers to achieve a subthreshold
swing lower than 1   millivolt per decade beyond the Boltzmann limit and a negative
differential resistance with a peak-to-valley current ratio greater than 100 at room temperature.
Multi-valued logic with a high inverter gain and reconfigurable logic states are further
demonstrated. This work reports a multifunctional hot-emitter transistor with significant
potential for low-power and negative-differential-resistance applications, marking a
promising advancement for the post-Moore era.
摘要翻译：热载流子晶体管是一类利用载流子的多余动能的器件。与依赖稳态载流子传

输的常规晶体管不同，热载流子晶体管将载流子调制到高能状态，从而提高了器件的速

度和功能。这些特性对于需要快速切换和高频操作的应用至关重要，例如先进的电信和

尖端的计算技术。然而，传统的热载流子产生机制要么是载流子注入，要么是加速，这

在功耗和负差分电阻方面限制了器件性能。混合维器件结合了大块材料和低维材料，可

以通过利用由能带组合形成的各种势垒，为热载流子产生提供不同的机制。研究者报告

了一种基于双混合维石墨烯/锗肖特基结的热发射极晶体管，该晶体管利用受热载流子

的受激发射，实现了超过玻尔兹曼极限的每十年低于 1毫伏的亚阈值摆幅，以及在室温

下峰谷电流比大于 100的负差分电阻。进一步演示了具有高逆变增益和可重构逻辑状态

的多值逻辑。这项工作报告了一种多功能热发射极晶体管，具有低功耗和负差分电阻应

用的巨大潜力，标志着后摩尔时代的一个有希望的进步。
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