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

SRR XS4 WU BRAE T B 1 [

HiR{E B : Science, VOLUME 381, ISSUE 6661, 1 SEP 2023

fE# : BEI YOU, XINWU CAO, ZHEN YAN, JEAN-MARIE HAMEURY, BOZENA
CZERNY, YUE WUTIANYU XIA, MAREK SIKORA, SHUANG-NAN ZHANG, AND
PIOTR T. ZYCKI

B —VEZ B Ar. Department of Astronomy, School of Physics and Technology, Wuhan
University, Wuhan 430072, China.

B N AESSIRIE: http://news.whu.edu.cn/info/1002/442217.htm

AR 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.
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[1] Subsecond periodic radio oscillations in a microquasar
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University, Wuhan, People’s Republic of China; WHU-NAOC Joint Center for Astronomy,
Wuhan University, Wuhan, People’s Republic of China
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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 considered1l1. 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.
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[2] Quantum oscillations of the quasiparticle lifetime in a metal
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HRR{5 B . Nature, Volume 621 Issue 7978, 14 September 2023

fE3: Nico Huber, Valentin Leeb, Andreas Bauer, Georg Benka, Johannes Knolle, Christian
Pfleiderer & Marc A. Wilde

B —4VEH B L. TUM School of Natural Sciences, Department of Physics, Technical
University of Munich, Garching, Germany

4 3CEER::  https://www.nature.com/articles/s41586-023-06330-y
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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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[3] Turbulence suppression by cardiac-cycle-inspired driving of pipe flow
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H AR {5 B . Nature, 7 September 2023, VOL 621, ISSUE 7977

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

B|—AE&Z BAL: Institute of Science and Technology Austria, Klosterneuburg, Austria
3R 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.
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[4] A quantum engine in the BEC-BCS crossover

BEC-BCS XX HHJE T 5%

HAR{5 B : Nature, 28 September 2023, VOL 621, ISSUE 7980

fE3& : Jennifer Koch, Keerthy Menon, Eloisa Cuestas, Sian Barbosa, Eric Lutz, Thom&
Fogarty, et al.

B —{E#& BAL: Department of Physics and Research Center OPTIMAS, RPTU Kaiserslautern-
Landau, Kaiserslautern, Germany

43CEEE:  https://www.nature.com/articles/s41586-023-06469-8

Abstract: Heat engines convert thermal energy into mechanical work both in the classical and
guantum 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 °Li 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 HhRfE
B 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 10° vibrational quanta per cycle with an efficiency of up to 25%. Our findings establish
guantum statistics as a useful thermodynamic resource for work production.
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