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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 2023 年 9 月 Science 和 Nature 期刊上物

理学领域的最新论文。 

 

 



 

 

 

 

[1] Observations of a black hole -ray binary indicate formation of a magnetically 

arrested disk 

黑洞 X 射线双星或能形成磁性圆盘 

出版信息：Science, VOLUME 381, ISSUE 6661, 1 SEP 2023 

作者：BEI YOU, XINWU CAO, ZHEN YAN, JEAN-MARIE HAMEURY, BOZENA 

CZERNY, YUE WUTIANYU XIA, MAREK SIKORA, SHUANG-NAN ZHANG, AND 

PIOTR T. ZYCKI 

第一作者单位：Department of Astronomy, School of Physics and Technology, Wuhan 

University, Wuhan 430072, China. 

国内相关报道：http://news.whu.edu.cn/info/1002/442217.htm  

全文链接：https://www.science.org/doi/full/10.1126/Science.abo4504  

Abstract: Accretion of material onto a black hole drags any magnetic fields present inwards, 

increasing their strength. Theory predicts that sufficiently strong magnetic fields can halt the 

accretion flow, producing a magnetically arrested disk (MAD). We analyzed archival 

multiwavelength observations of an outburst from the black hole x-ray binary MAXI 

J1820+070 in 2018. The radio and optical fluxes were delayed compared with the x-ray flux by 

about 8 and 17 days, respectively. We interpret this as evidence for the formation of a MAD. 

In this scenario, the magnetic field is amplified by an expanding corona, forming a MAD around 

the time of the radio peak. We propose that the optical delay is due to thermal viscous instability 

in the outer disk. 

摘要翻译：黑洞中物质的吸积会将磁场向内拖曳，从而增强磁场的强度。理论预测，足

够强的磁场可以阻止吸积流，产生磁阻盘（MAD）。研究者分析了 2018 年黑洞 X 射线双

星 MAXI J1820+070 爆发的多波长观测档案。与 X射线通量相比，射电通量和光通量分

别延迟了约 8 天和 17 天。他们将此解释为 MAD 形成的证据。在这种情况下，磁场被不

断膨胀的日冕放大，在射电峰值前后形成一个磁极。研究者认为光延迟是由于外盘的热

粘性不稳定性造成的。 

文中插图：  
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[1] Subsecond periodic radio oscillations in a microquasar 

微类星体的亚秒周期无线电振荡 

出版信息：Nature, Volume 621 Issue 7978, 14 September 2023 

作者：Pengfu Tian, Ping Zhang, Wei Wang, Pei Wang, Xiaohui Sun, Jifeng Liu, Bing Zhang, 

Zigao Dai, Feng Yuan, Shuangnan Zhang, Qingzhong Liu, Peng Jiang, Xuefeng Wu, Zheng 

Zheng, Jiashi Chen, Di Li, Zonghong Zhu, Zhichen Pan, Hengqian Gan, Xiao Chen & Na Sai 

第一作者单位：Department of Astronomy, School of Physics and Technology, Wuhan 

University, Wuhan, People’s Republic of China; WHU-NAOC Joint Center for Astronomy, 

Wuhan University, Wuhan, People’s Republic of China 

国内相关报道：http://news.whu.edu.cn/info/1002/440827.htm  

全文链接：https://www.nature.com/articles/s41586-023-06336-6  

摘要翻译：强大的相对论性喷流是所有尺度吸积黑洞普遍存在的特征之一。GRS1915 + 

105 是一个著名的快速旋转黑洞 X 射线双星，超光速射电发射运动表明其具有相对论性

喷流，被称为“微类星体”。过去 30 年里，它表现出持续的 X 射线活动，X 射线带的准

周期振荡约为 1 至 10Hz 以及 34 和 67Hz。这些振荡可能起源于内部吸积盘，但也有人

认为有其他的起源。射电观测发现其具有准周期耀斑或振荡的可变光曲线，周期约为 20

至 50 分钟。研究者报告了发生在 2021 年 1 月和 2022 年 6 月的 1.05 至 1.45G Hz 无线电

频段中检测到的源的大约 5 Hz 瞬态周期性振荡特征的两个实例。在振荡阶段也观察到

圆偏振。 

Abstract: Powerful relativistic jets are one of the ubiquitous features of accreting black holes 

in all scales. GRS 1915 + 105 is a well-known fast-spinning black-hole X-ray binary with a 

relativistic jet, termed a ‘microquasar’, as indicated by its superluminal motion of radio 

emission. It has exhibited persistent X-ray activity over the last 30 years, with quasiperiodic 

oscillations of approximately 1–10 Hz and 34 and 67 Hz in the X-ray band. These oscillations 

probably originate in the inner accretion disk, but other origins have been considered11. Radio 

observations found variable light curves with quasiperiodic flares or oscillations with periods 

of approximately 20–50 min. Here we report two instances of approximately 5-Hz transient 

periodic oscillation features from the source detected in the 1.05- to 1.45-GHz radio band that 

occurred in January 2021 and June 2022. Circular polarization was also observed during the 

oscillation phase. 

文中插图： 
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[2] Quantum oscillations of the quasiparticle lifetime in a metal 

金属中准粒子寿命的量子振荡 

出版信息：Nature, Volume 621 Issue 7978, 14 September 2023 

作者：Nico Huber, Valentin Leeb, Andreas Bauer, Georg Benka, Johannes Knolle, Christian 

Pfleiderer & Marc A. Wilde 

第一作者单位： TUM School of Natural Sciences, Department of Physics, Technical 

University of Munich, Garching, Germany 

全文链接：https://www.nature.com/articles/s41586-023-06330-y  

摘要翻译：经过近一个世纪的研究，金属的低洼激发如何能用非相互作用带的有效单粒

子理论很好地解释，仍然是一个谜。真实材料中丰富的相互作用提出了超越有效的单粒

子、单波段行为现象的直接光谱特征问题。研究者报道了三维拓扑半金属 CoSi 中量子

振荡的识别，它在两个基本方面违背了标准描述。首先，振荡频率对应于两个带的半经

典准粒子轨道的差，因为轨道的一半会与洛伦兹力相反，所以是禁止的。其次，振荡存

在于 50K 以上，与所有其他振荡成分形成强烈对比，它们在几个开尔文以下就消失了。

研究者发现这与半经典准粒子生命周期(QPL)的量子振荡的通用模型计算非常一致。它

们存在的唯一前提是至少两个电子轨道的非线性耦合，例如，由于缺陷或集体激励上的

半经典准粒子散射，QPL 的量子振荡对于具有多个轨道的朗道量子化的任何金属都是通

用的。它们与拓扑半金属、非常规超导体、稀土化合物和 Rashba 系统中的某些频率一

致，并允许识别和测量相关现象，例如，二维材料和多波段金属中。 

Abstract: Following nearly a century of research, it remains a puzzle that the low-lying 

excitations of metals are remarkably well explained by effective single-particle theories of non-

interacting bands. The abundance of interactions in real materials raises the question of direct 

spectroscopic signatures of phenomena beyond effective single-particle, single-band behaviour. 

Here we report the identification of quantum oscillations (QOs) in the three-dimensional 

topological semimetal CoSi, which defy the standard description in two fundamental aspects. 

First, the oscillation frequency corresponds to the difference of semiclassical quasiparticle (QP) 

orbits of two bands, which are forbidden as half of the trajectory would oppose the Lorentz 

force. Second, the oscillations exist up to above 50 K, in strong contrast to all other oscillatory 

components, which vanish below a few kelvin. Our findings are in excellent agreement with 

generic model calculations of QOs of the QP lifetime (QPL). Because the only precondition for 

their existence is a nonlinear coupling of at least two electronic orbits, for example, owing to 

QP scattering on defects or collective excitations, such QOs of the QPL are generic for any 

metal featuring Landau quantization with several orbits. They are consistent with certain 

frequencies in topological semimetals unconventional superconductors10,11, rare-earth 

compounds and Rashba systems, and permit to identify and gauge correlation phenomena, for 

example, in two-dimensional materials and multiband metals. 
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文中插图： 

  



 

 

[3] Turbulence suppression by cardiac-cycle-inspired driving of pipe flow 

心动周期启发的驱动管流湍流抑制 

出版信息：Nature, 7 September 2023, VOL 621, ISSUE 7977 

作者：D. Scarselli, J. M. Lopez, A. Varshney & B. Hof 

第一作者单位: Institute of Science and Technology Austria, Klosterneuburg, Austria  

全文链接：https://www.nature.com/articles/s41586-023-06399-5  

Abstract: Flows through pipes and channels are, in practice, almost always turbulent, and the 

multiscale eddying motion is responsible for a major part of the encountered friction losses and 

pumping costs. Conversely, for pulsatile flows, in particular for aortic blood flow, turbulence 

levels remain low despite relatively large peak velocities. For aortic blood flow, high turbulence 

levels are intolerable as they would damage the shear-sensitive endothelial cell layer. Here we 

show that turbulence in ordinary pipe flow is diminished if the flow is driven in a pulsatile 

mode that incorporates all the key features of the cardiac waveform. At Reynolds numbers 

comparable to those of aortic blood flow, turbulence is largely inhibited, whereas at much 

higher speeds, the turbulent drag is reduced by more than 25%. This specific operation mode is 

more efficient when compared with steady driving, which is the present situation for virtually 

all fluid transport processes ranging from heating circuits to water, gas and oil pipelines. 

摘要翻译：在实践中，管道和通道中的流动几乎总是湍流，而多尺度涡流运动是所遇到

的摩擦损失和泵送成本的主要原因。相反，对于脉动流，特别是主动脉血流，尽管峰值

速度相对较大，但湍流水平仍然很低。对于主动脉血流，高湍流水平是无法忍受的，因

为其会损伤剪切敏感的内皮细胞层。研究组表明，如果以脉动模式驱动流体，并结合心

脏波形的所有关键特征，那么普通管道流中的湍流就会减少。当雷诺数与主动脉血流的

雷诺数相当时，湍流在很大程度上被抑制，而在更高的速度下，湍流阻力减少了 25%以

上。与稳定驱动相比，这种特定的运行模式更高效，有望应用于从加热回路到水、天然

气和石油管道几乎所有流体输送过程。 

文中插图： 
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[4] A quantum engine in the BEC–BCS crossover 

BEC-BCS 交叉中的量子引擎 

出版信息：Nature, 28 September 2023, VOL 621, ISSUE 7980 

作者：Jennifer Koch, Keerthy Menon, Eloisa Cuestas, Sian Barbosa, Eric Lutz, Thomás 

Fogarty, et al. 

第一作者单位：Department of Physics and Research Center OPTIMAS, RPTU Kaiserslautern-

Landau, Kaiserslautern, Germany 

全文链接：https://www.nature.com/articles/s41586-023-06469-8  

Abstract: Heat engines convert thermal energy into mechanical work both in the classical and 

quantum regimes. However, quantum theory offers genuine non-classical forms of energy, 

different from heat, which so far have not been exploited in cyclic engines. Here we 

experimentally realize a quantum many-body engine fuelled by the energy difference between 

fermionic and bosonic ensembles of ultracold particles that follows from the Pauli exclusion 

principle. We employ a harmonically trapped superfluid gas of 6Li atoms close to a magnetic 

Feshbach resonance that allows us to effectively change the quantum statistics from Bose–

Einstein to Fermi–Dirac, by tuning the gas between a Bose–Einstein condensate of bosonic 

molecules and a unitary Fermi gas (and back) through a magnetic field. The quantum 出版信

息：Nature of such a Pauli engine is revealed by contrasting it with an engine in the classical 

thermal regime and with a purely interaction-driven device. We obtain a work output of 

several 106 vibrational quanta per cycle with an efficiency of up to 25%. Our findings establish 

quantum statistics as a useful thermodynamic resource for work production. 

摘要翻译：热机将热能转化为经典和量子状态下的机械功。然而，量子理论提供了真正

的非经典形式的能量，不同于迄今为止尚未在循环发动机中得到利用的热能。研究组通

过实验实现了一个由费米子和玻色子超冷粒子系综之间的能量差驱动的量子多体引擎，

且遵循泡利不相容原理。使用一种由近磁性费什巴赫共振 6Li 原子组成的谐波捕获超流

体气体，通过磁场调节玻色子分子的玻色-爱因斯坦凝聚体和酉费米气体（以及返回）之

间的气体，有效改变了从玻色-爱因斯坦到费米-狄拉克的量子统计。通过将泡利引擎与

经典热机和纯相互作用驱动的设备进行对比，泡利引擎的量子性质得以揭示。研究组获

得了每周期几个 106振动量子的功输出，效率高达 25%。该发现将量子统计学确立为可

做功的有用热力学资源。 

文中插图： 
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