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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 期刊上材料科学领域的最新论文。 

 

  



  

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 5 月

Science 和 Nature 中的部分物理领域论文，详细情况如下。 

5 月 Science 论文 

[1]Quantum walks on a programmable two-dimensional 62-qubit superconducting processor 

在可编程的二维 62 比特超导处理器上的量子行走 

出版信息：Science,  28 MAY 2021, VOL 372, ISSUE 6545 

作者：Ming Gong, Shiyu Wang , Chen Zha, Ming-Cheng Chen, et al. 

第一作者单位：Hefei National Laboratory for Physical Sciences at the Microscale and Department of 

Modern Physics, University of Science and Technology of China, Hefei 230026, China. 

国内相关报道：http://www.hfnl.ustc.edu.cn/detail?id=18236 

全文链接：https://science.sciencemag.org/content/372/6545/948 

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：量子行走是经典随机行走的量子力学模拟，是量子模拟、量子搜索算法，乃至通用量子计算的

一个极其强大的工具。我们设计并制作了一个由 62个比特组成的 8 × 8 的二维方形超导量子位阵列。 

我们用这个装置来演示高保真的单粒子和双粒子量子行走。此外，利用量子处理器的高可编程性，我们实

现了量子行走在马赫-曾德尔干涉仪上干涉和退出前在两条路径上相干地穿越。 

通过调整行进路径，我们观察了单粒子和双粒子的干扰线条。我们的工作是该领域的一个里程碑，使未来

更大规模的量子应用更接近实现中等规模的量子处理器。 

文中插图： 

 

 

 

http://www.hfnl.ustc.edu.cn/detail?id=18236
https://science.sciencemag.org/content/372/6545/948


[2]Free coherent evolution of a coupled atomic spin system initialized by electron scattering 

由电子散射初始化的耦合原子自旋系统的自由相干演化 

出版信息：Science,  28 MAY 2021, VOL 372, ISSUE 6545 

作者：Lukas M. Veldman, Laëtitia Farinacci, Rasa Rejali, Rik Broekhoven, et al. 

第一作者单位：Department of Quantum Nanoscience, Kavli Institute of Nanoscience, Delft University of 

Technology, 2628 CJ Delft, the Netherlands. 

全文链接：https://science.sciencemag.org/content/372/6545/964 

Abstract：Full insight into the dynamics of a coupled quantum system depends on the ability to follow the effect of a 

local excitation in real-time. Here, we trace the free coherent evolution of a pair of coupled atomic spins by means of 

scanning tunneling microscopy. Rather than using microwave pulses, we use a direct-current pump-probe scheme to detect 

the local magnetization after a current-induced excitation performed on one of the spins. By making use of magnetic 

interaction with the probe tip, we are able to tune the relative precession of the spins. We show that only if their Larmor 

frequencies match, the two spins can entangle, causing angular momentum to be swapped back and forth. These results 

provide insight into the locality of electron spin scattering and set the stage for controlled migration of a quantum state 

through an extended spin lattice. 

摘要翻译：对耦合量子系统动力学的全面了解依赖于实时跟踪局部激励效应的能力。在此，我们利用扫描隧道显

微镜研究了一对原子自旋的自由相干演化。 

我们没有使用微波脉冲，而是使用直流泵浦探测方案来检测对其中一个自旋进行电流诱导激发后的局部磁化。通

过利用与探针尖端的磁相互作用，我们可以调整自旋的相对进动。 

我们证明，只有当它们的拉莫尔频率匹配时，两个自旋才能纠缠，导致角动量来回交换。这些结果为电子自旋散

射的局域性提供了见解，并为通过扩展自旋晶格的量子态控制迁移奠定了基础。 

文中插图： 

 

 

 

 

https://science.sciencemag.org/content/372/6545/964


[3]Electron ptychography achieves atomic-resolution limits set by lattice vibrations 

电子叠层成像实现晶格振动规定的原子分辨率极限 

出版信息：Science, 21 May 2021, Volume 372 Issue 6544 

作者：Zhen Chen, Yi Jiang, Yu-Tsun Shao, David A. Muller, etc. 

第一作者单位：School of Applied and Engineering Physics, Cornell University, Ithaca, NY 14853, USA. 

全文链接：https://science.sciencemag.org/content/372/6544/826 

Abstract：Two major problems that limit the resolution and interpretation of electron microscopy images are lens 

aberrations and multiple scattering. Chen et al. overcame these issues with ptychography, a technique that uses coherent 

scattering and multiple overlapping illumination spots to reconstruct an image from far-field diffraction patterns. This 

method works at a resolution that is limited, not by optics, but rather by the scattering strength of the sample, so it can 

work better with thicker samples. The authors achieved ultimate lateral resolution better than the thermal vibration of 

atoms in a PrScO3 sample and showed that it is theoretically possible to identify single dopant atoms. 

摘要翻译：限制电子显微镜图像分辨率和解释的两个主要问题是透镜像差和多次散射。 

作者利用叠层成像——一种使用相干散射和多个重叠照明点从远场衍射模式重建图像的技术，克服了这些问

题。这种方法的分辨率不是受光学的限制，而是受样品散射强度的限制，所以它可以更好地用于较厚的样品。 

作者获得了比 PrScO3 样品中原子的热振动更好的最终横向分辨率，表明在理论上可以识别单个掺杂原子。 

文中插图： 

 

 

 

https://science.sciencemag.org/content/372/6544/826


  

[4]Observation of superfluidity in a strongly correlated two-dimensional Fermi gas 

二维费米气体中的超流体现象 

出版信息: Science, 21 May 2021, Volume 372 Issue 6544 

作者：Lennart Sobirey, Niclas Luick, Markus Bohlen, Hauke Biss, Henning Moritz, VThomas Lompe 

第一作者单位：Institut für Laserphysik, Universität Hamburg, Luruper Chaussee 149, 22761 Hamburg, 

Germany. 

全文链接：https://science.sciencemag.org/content/372/6544/844 

Abstract：Understanding how strongly correlated two-dimensional (2D) systems can give rise to unconventional 

superconductivity with high critical temperatures is one of the major unsolved problems in condensed matter physics. 

Ultracold 2D Fermi gases have emerged as clean and controllable model systems to study the interplay of strong correlations 

and reduced dimensionality, but direct evidence of superfluidity in these systems has been missing. We demonstrate 

superfluidity in an ultracold 2D Fermi gas by moving a periodic potential through the system and observing no dissipation 

below a critical velocity vc. We measure vc as a function of interaction strength and find a maximum in the crossover regime 

between bosonic and fermionic superfluidity. Our measurements enable systematic studies of the influence of reduced 

dimensionality on fermionic superfluidity. 

摘要翻译：理解紧密相关的二维系统如何在高温下产生非常规超导性是凝聚态物理中尚未解决的主要问题之

一。 

超冷的二维费米气体作为干净和可控的模型系统出现，用于研究强相关性和降维的相互作用，但这些系统中超

流体的直接证据一直缺失。 

作者通过在系统中移动一个周期势，并观察到在临界速度 VC以下没有耗散，来证明在超冷二维费米气体中的

超流体性。 

他们将 VC 作为相互作用强度的函数进行了测量，并在玻色子超流和费米超流的交叉域中找到一个极大值。作

者表示，该测量使系统地研究降维对费米超流的影响成为可能。 

  文中插图： 

 

 

https://science.sciencemag.org/content/372/6544/844


[5]Quantum mechanics–free subsystem with mechanical oscillators 

带有机械振荡器的无量子力学子系统 

出版信息：Science, 07 MAY 2021, VOL 372, ISSUE 6542 

作者：Laure Mercier de Lépinay, Caspar F. Ockeloen-Korppi, Matthew J. Woolley, Mika A. Sillanpää 

第一作者单位：QTF Centre of Excellence, Department of Applied Physics, Aalto University, FI-00076 Aalto, 

Finland. 

全文链接：https://science.sciencemag.org/content/372/6542/625 

Abstract：Quantum mechanics sets a limit for the precision of continuous measurement of the position of an 

oscillator. We show how it is possible to measure an oscillator without quantum back-action of the measurement by 

constructing one effective oscillator from two physical oscillators. We realize such a quantum mechanics–free subsystem 

using two micromechanical oscillators, and show the measurements of two collective quadratures while evading the 

quantum back-action by 8 decibels on both of them, obtaining a total noise within a factor of 2 of the full quantum limit. 

This facilitates the detection of weak forces and the generation and measurement of nonclassical motional states of the 

oscillators. Moreover, we directly verify the quantum entanglement of the two oscillators by measuring the Duan quantity 

1.4 decibels below the separability bound. 

摘要翻译：量子力学为连续测量振荡器位置的精度设定了一个极限。我们通过构造一个有效的振荡器，展示了

如何测量一个没有测量量子反作用的振荡器。 

我们利用两个微机械振荡器实现了这样一个不涉及量子力学的子系统，并显示了两个集体求积的测量结果，同

时对它们都避开了 8分贝的量子反作用，获得了一个在完全量子极限的 2倍以内的总噪声。 

这有助于弱力的检测和振荡器非经典运动状态的产生和测量。此外，我们通过测量在可分性界下 1.4 分贝的段

量，直接验证了两个振荡器的量子纠缠。 

文中插图： 

 
 

 

https://science.sciencemag.org/content/372/6542/625


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

材料科学 5 月 Nature 论文 

[1]Tunable non-integer high-harmonic generation in a topological insulator 

拓扑绝缘子中可调谐非整数高次谐波的产生 

出版信息：Nature, 20 May 2021, Volume 593 Issue 7859 

作者：C. P. Schmid, L. Weigl, P. Grössing, V. Junk, C. Gorini, S. Schlauderer, et al. 

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/s41586-021-03466-7 

Abstract：Here we experimentally demonstrate high-order harmonic (HH) generation in a three-dimensional 

topological insulator—bismuth telluride. The frequency of the terahertz driving field sharply discriminates between HH 

generation from the bulk and from the topological surface, where the unique combination of long scattering times owing to 

spin–momentum locking and the quasi-relativistic dispersion enables unusually efficient HH generation. Intriguingly, all 

observed orders can be continuously shifted to arbitrary non-integer multiples of the driving frequency by varying the 

carrier-envelope phase of the driving field—in line with quantum theory. The anomalous Berry curvature warranted by the 

non-trivial topology enforces meandering ballistic trajectories of the Dirac fermions, causing a hallmark polarization pattern 

of the HH emission. 

摘要翻译：在此，我们实验性地证明了在三维拓扑绝缘体-碲化铋中高次谐波（HH）的生成。 

太赫兹驱动场的频率明显区别于体和拓扑表面的高次谐波产生，其中由于自旋动量锁定和准相对论色散导致的

长散射时间的独特组合使异常高效的高次谐波产生。 

有趣的是，根据量子理论，通过改变驱动场的载波包络相位，所有观测阶数都可以连续地转换为驱动频率的任

意非整数倍。由非平凡拓扑所保证的反常贝里曲率强制狄拉克费米子的弯曲弹道轨迹，导致高次谐波发射的显著极

化模式。 

文中插图： 
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https://www.nature.com/articles/s41586-021-03466-7


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[2]CMOS-based cryogenic control of silicon quantum circuits 

硅量子电路低温控制 

出版信息：Nature, 13 May 2021, Volume 593 Issue 7858 

作者：Xiao Xue, Bishnu Patra, Stefano Pellerano, Edoardo Charbon & Lieven M. K. Vandersypen, etc. 

第一作者单位：Kavli Institute of Nanoscience, Delft University of Technology, Delft, The Netherlands 

Kavli Institute of Nanoscience, Delft University of Technology, Delft, The Netherlands 

全文链接：https://www.nature.com/articles/s41586-021-03469-4 

Abstract：Here we report a cryogenic CMOS control chip operating at 3 kelvin, which outputs tailored microwave 

bursts to drive silicon quantum bits cooled to 20 millikelvin. We first benchmark the control chip and find an electrical 

performance consistent with qubit operations of 99.99 per cent fidelity, assuming ideal qubits. Next, we use it to coherently 

control actual qubits encoded in the spin of single electrons confined in silicon quantum dots and find that the cryogenic 

control chip achieves the same fidelity as commercial instruments at room temperature. Furthermore, we demonstrate the 

capabilities of the control chip by programming a number of benchmarking protocols, as well as the Deutsch–Josza 

algorithm, on a two-qubit quantum processor. These results open up the way towards a fully integrated, scalable silicon-

based quantum computer. 

摘要翻译：作者报告了一个在 3开尔文温度下运行的低温互补金属氧化物半导体（CMOS）控制芯片，它输出定

制的微波脉冲来驱动硅量子比特冷却到 20 毫开。 

他们首先对控制芯片进行基准测试，在假设理想的量子位的情况下，找到与保真度为 99.99%的量子位操作相

一致的电气性能。然后用其连贯地控制在硅量子点中约束的单电子自旋中编码的实际量子位，并发现低温控制芯片

在室温下达到了与商业仪器相同的保真度。 

此外，作者通过在一个双量子位量子处理器上编写一系列基准协议以及算法来演示控制芯片的功能。他们表

示，这些结果为完全集成、可扩展的硅基量子计算机开辟了道路。 

文中插图： 

 

https://www.nature.com/articles/s41586-021-03469-4


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[3]Ultralow contact resistance between semimetal and monolayer semiconductors 

半金属和单层半导体之间的超低接触电阻 

出版信息：Nature, 13 May 2021, Volume 593 Issue 7858 

作者：Pin-Chun Shen, Cong Su, Yuxuan Lin, Ang-Sheng Chou, Lain-Jong Li, Jing Kong, etc. 

第一作者单位：Department of Electrical Engineering and Computer Science, Massachusetts Institute of 

Technology (MIT), Cambridge, MA, USA 

全文链接：https://www.nature.com/articles/s41586-021-03472-9 

Abstract：Advanced beyond-silicon electronic technology requires both channel materials and also ultralow-

resistance contacts to be discovered. Atomically thin two-dimensional semiconductors have great potential for 

realizing high-performance electronic devices. Here we report ohmic contact between semimetallic bismuth and 

semiconducting monolayer transition metal dichalcogenides (TMDs) where the MIGS are sufficiently suppressed 

and degenerate states in the TMD are spontaneously formed in contact with bismuth. Through this approach, we 

achieve zero Schottky barrier height, a contact resistance of 123 ohm micrometres and an on-state current density 

of 1,135 microamps per micrometre on monolayer MoS2; these two values are, to the best of our knowledge, the 

lowest and highest yet recorded, respectively.  Our reported contact resistances are a substantial improvement for 

two-dimensional semiconductors, and approach the quantum limit. This technology unveils the potential of high-

performance monolayer transistors that are on par with state-of-the-art three-dimensional semiconductors, enabling 

further device downscaling and extending Moore’s law. 

摘要翻译：先进的超硅电子技术既需要通道材料，也需要超低电阻触点。像原子一样薄的二维半导体

具有实现高性能电子器件的巨大潜力。作者报道了半金属铋和半导体单层过渡金属二卤族化合物（TMDs）

之间的欧姆接触，其中金属感应间隙态（MIS）被充分抑制，TMD 中的简并态在与铋接触时自发形成。 

通过这种方法，他们在单层二硫化钼（MoS2）上实现了零肖特基势垒高度、123 欧姆微米的接触电阻和

每微米 1135 微安的通态电流密度。这两个值分别是有记录以来的最低值和最高值。 

作者表示，其报道的接触电阻对于二维半导体来说是一个实质性的改进，并且接近量子极限。这项技

术揭示了高性能单层晶体管的潜力，可以与最先进的三维半导体相媲美，进一步缩小设备规模并扩展摩尔

定律。 

文中插图： 

 

 

 

 

https://www.nature.com/articles/s41586-021-03472-9


[4]Leading hadronic contribution to the muon magnetic moment from lattice QCD 

晶格 QCD 谬子磁矩的领头阶强子贡献 

出版信息：Nature,6 May 2021,VOL 593,ISSUE 7857 

作者：Sz. Borsanyi, Z. Fodor, J. N. Guenther, C. Hoelbling, S. D. Katz, L. Lellouch, et al. 

第一作者单位：Department of Physics, University of Wuppertal, Wuppertal, Germany 

全文链接：https://www.nature.com/articles/s41586-021-03418-1 

Abstract：The standard model of particle physics describes the vast majority of experiments and observations 

involving elementary particles. Any deviation from its predictions would be a sign of new, fundamental physics. 

One long-standing discrepancy concerns the anomalous magnetic moment of the muon, a measure of the magnetic 

field surrounding that particle. Standard-model predictions exhibit disagreement with measurements that is tightly 

scattered around 3.7 standard deviations. Today, theoretical and measurement errors are comparable; however, 

ongoing and planned experiments aim to reduce the measurement error by a factor of four. Theoretically, the 

dominant source of error is the leading-order hadronic vacuum polarization (LO-HVP) contribution. For the 

upcoming measurements, it is essential to evaluate the prediction for this contribution with independent methods 

and to reduce its uncertainties. The most precise, model-independent determinations so far rely on dispersive 

techniques, combined with measurements of the cross-section of electron–positron annihilation into hadrons. To 

eliminate our reliance on these experiments, here we use ab initio quantum chromodynamics (QCD) and quantum 

electrodynamics simulations to compute the LO-HVP contribution. We reach sufficient precision to discriminate 

between the measurement of the anomalous magnetic moment of the muon and the predictions of dispersive 

methods. Our result favours the experimentally measured value over those obtained using the dispersion relation. 

Moreover, the methods used and developed in this work will enable further increased precision as more powerful 

computers become available. 

摘要翻译：粒子物理学的标准模型描述了绝大多数涉及基本粒子的实验和观测。任何偏离它的预测都将是

新基础物理学的标志。一个长期存在的偏差与谬子的反常磁矩有关，谬子是一种测量粒子周围磁场的方法。 

标准模型预测与紧密分布在 3.7 个标准差附近的测量结果不一致。当前理论误差和测量误差是可比的；然

而，正在进行和计划中的实验旨在将测量误差减少四分之一。理论上，主要误差来源是领头阶强子真空极化（LO-

HVP）的贡献。 

对于即将进行的测量，必须用独立方法来评估这一贡献的预测，并减少其不确定性。到目前为止，最精确

的、与模型无关的测定依赖于色散技术，并结合了电子-正电子湮没为强子的横截面测量。 

为了消除对这些实验的依赖，研究组使用从头计算量子色动力学（QCD）和量子电动力学模拟来计算 LO-HVP

的贡献。 

研究组达到了足够的精度来区分谬子反常磁矩的测量和色散方法的预测。该研究结果比用色散关系得到的

结果更符合实验测量值。此外，这项工作中使用和开发的方法有望实现精度更高、更强大的计算机。 

文中插图： 

 

 

https://www.nature.com/articles/s41586-021-03418-1


 [5]Rashba valleys and quantum Hall states in few-layer black arsenic 

薄层黑砷中的拉什巴谷和量子霍尔态 

出版信息：Nature,6 May 2021,VOL 593,ISSUE 7857 

作者：Feng Sheng, Chenqiang Hua, Man Cheng, Jie Hu, Xikang Sun, Qian Tao, et al. 

第一作者单位：Zhejiang Province Key Laboratory of Quantum Technology and Device, Department of 

Physics, Zhejiang University, Hangzhou, People’s Republic of China 

国内相关报道：http://news.csu.edu.cn/info/1004/149130.htm 

全文链接：https://www.nature.com/articles/s41586-021-03449-8 

Abstract：Exciting phenomena may emerge in non-centrosymmetric two-dimensional electronic systems when 

spin– orbit coupling (SOC) interplays dynamically with Coulomb interactions, band topology and external 

modulating forces. Here we report synergetic effects between SOC and the Stark effect in centrosymmetric few-

layer black arsenic, which manifest as particle–hole asymmetric Rashba valley formation and exotic quantum Hall 

states that are reversibly controlled by electrostatic gating. The unusual findings are rooted in the puckering square 

lattice of black arsenic, in which heavy 4p orbitals form a Brillouin zone-centred Γ valley with pz symmetry, 

coexisting with doubly degenerate D valleys of px origin near the time-reversal-invariant momenta of the X points. 

When a perpendicular electric field breaks the structure inversion symmetry, strong Rashba SOC is activated for 

the px bands, which produces spin–valley-flavouredD±  valleys paired by time-reversal symmetry, whereas 

Rashba splitting of the Γ valley is constrained by the pz symmetry. Intriguingly, the giant Stark effect shows the 

same px-orbital selectiveness, collectively shifting the valence band maximum of the D± Rashba valleys to exceed 

the Γ Rashba top. Such an orchestrating effect allows us to realize gate-tunable Rashba valley manipulations for 

two-dimensional hole gases, hallmarked by unconventional even-to-odd transitions in quantum Hall states due to 

the formation of a flavour-dependent Landau level spectrum. For two-dimensional electron gases, the quantization 

of the Γ Rashba valley is characterized by peculiar density-dependent transitions in the band topology from trivial 

parabolic pockets to helical Dirac fermions. 

摘要翻译：在非中心对称的二维电子系统中，自旋-轨道耦合（SOC）与库仑相互作用、能带拓扑和外部调

制力动态相互作用时，可能会出现令人兴奋的现象。 

研究组报道了中心对称的薄层黑砷中 SOC 和斯塔克效应之间的协同效应，表现为粒子-空穴不对称的拉什巴

谷形成和由静电门可逆控制的新奇量子霍尔态。 

这些不寻常的发现源于黑砷的皱褶方形晶格，其中重 4p 轨道形成了一个以 pz 对称的布里渊区为中心的Γ

谷，并在 X点的时间反转不变动量附近与 px起源双重简并 D 谷共存。 

当垂直电场破坏结构反转对称性时，强拉什巴 SOC 被 px 带激活，产生时间反转对称的自旋谷“味”的 D±

谷，而Γ谷的拉什巴劈裂受到 pz 对称性的约束。有趣的是，巨大的斯塔克效应显示了相同的 px 轨道选择性，

共同移动 D±拉什巴谷的能带最大值，使其超过Γ拉什巴顶部。 

这种协调效应使研究组能够实现二维空穴气体的门-可调拉什巴谷操控，其特点是由于形成了依赖于“味”

的朗道能级谱，量子霍尔态发生了非常规的偶-奇跃迁。对于二维电子气体，Γ拉什巴谷的量子化特征是从平凡

的抛物型腔到螺旋狄拉克费米子的能带拓扑结构中的特殊密度依赖跃迁。 
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