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[1]JEmergence of Fermi arcs due to magnetic splitting in an antiferromagnet

R HEAR R R 7 B AR BRI

HARAEE: Nature, 24 March 2022, VOL 603, ISSUE 7902

f£3: Benjamin Schrunk, Yevhen Kushnirenko, Brinda Kuthanazhi, Junyeong Ahn, Lin-Lin Wang, Evan
O’Leary, et al.

$E—1EH B NL: These authors contributed equally: Benjamin Schrunk, Yevhen Kushnirenko

Ames Laboratory, Ames, lowa, USA

SCEERE: https://www.nature.com/articles/s41586-022-04412-x

Abstract: The Fermi surface plays an important role in controlling the electronic, transport and

thermodynamic properties of materials. As the Fermi surface consists of closed contours in the momentum space
for well-defined energy bands, disconnected sections known as Fermi arcs can be signatures of unusual electronic
states, such as a pseudogap. Another way to obtain Fermi arcs is to break either the time-reversal symmetry or the
inversion symmetry of a three-dimensional Dirac semimetal, which results in formation of pairs of Weyl nodes
that have opposite chirality, and their projections are connected by Fermi arcs at the bulk boundary. Here, we
present experimental evidence that pairs of hole- and electron-like Fermi arcs emerge below the Neel temperature
(TN) in the antiferromagnetic state of cubic NdBi due to a new magnetic splitting effect. The observed magnetic
splitting is unusual, as it creates bands of opposing curvature, which change with temperature and follow the
antiferromagnetic order parameter. This is different from previous theoretically considered and experimentally
reported cases of magnetic splitting, such as traditional Zeeman and Rashba, in which the curvature of the bands is
preserved. Therefore, our findings demonstrate a type of magnetic band splitting in the presence of a long-range
antiferromagnetic order that is not readily explained by existing theoretical ideas.
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[2]Unbiasing fermionic quantum Monte Carlo with a quantum computer

EWHIFATETRERT 5ETIHHEN

HiRfgE: Nature, 17 March 2022, Volume 603 Issue 7901

fE3: William J. Huggins, Bryan A. O’Gorman, Nicholas C. Rubin, David R. Reichman, Ryan Babbush & Joonho
Lee

F—VEEHAL: Google Quantum Al, Mountain View, CA, USA

A3CEEE::  https://www.nature.com/articles/s41586-021-04351-z

Abstract: Controlling the fermionic sign problem with constraints ensures the efficiency of QMC at the expense of
potentially significant biases owing to the limited flexibility of classical computation. Here we propose an approach that
combines constrained QMC with quantum computation to reduce such biases. We implement our scheme experimentally
using up to 16 qubits to unbias constrained QMC calculations performed on chemical systems with as many as 120
orbitals. These experiments represent the largest chemistry simulations performed with the help of quantum computers,
while achieving accuracy that is competitive with state-of-the-art classical methods without burdensome error mitigation.
Compared with the popular variational quantum eigensolver, our hybrid quantum-classical computational model offers an
alternative path towards achieving a practical quantum advantage for the electronic structure problem without demanding

exceedingly accurate preparation and measurement of the ground-state wavefunction.
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[3]Wind dispersal of battery-free wireless devices
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HARfE B¢ Nature, 17 March 2022, Volume 603 Issue 7901

fE#: Vikram Iyer, Hans Gaensbauer, Thomas L. Daniel & Shyamnath Gollakota

FE—1EFBNL: Paul G. Allen School of Computer Science and Engineering, University of Washington, Seattle,
WA, USA

R https:/www.nature.com/articles/s41586-021-04363-9

Abstract: Plants cover a large fraction of the Earth’s land mass despite most species having limited to no mobility.

To transport their propagules, many plants have evolved mechanisms to disperse their seeds using the wind. A
dandelion seed, for example, has a bristly filament structure that decreases its terminal velocity and helps orient the
seed as it wafts to the ground. Inspired by this, we demonstrate wind dispersal of battery-free wireless sensing devices.
Our millimetre-scale devices weigh 30 milligrams and are designed on a flexible substrate using programmable,
off-the-shelf parts to enable scalability and flexibility for various sensing and computing applications. The system is
powered using lightweight solar cells and an energy harvesting circuit that is robust to low and variable light
conditions, and has a backscatter communication link that enables data transmission. To achieve the wide-area dispersal
and upright landing that is necessary for solar power harvesting, we developed dandelion-inspired, thin-film porous
structures that achieve a terminal velocity of 0.87 + 0.02 metres per second and aerodynamic stability with a probability
of upright landing of over 95%. Our results in outdoor environments demonstrate that these devices can travel

50—-100 metres in gentle to moderate breeze. Finally, in natural systems, variance in individual seed morphology causes
some seeds to fall closer and others to travel farther. We adopt a similar approach and show how we can modulate the
porosity and diameter of the structures to achieve dispersal variation across devices.
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[4]AGN as potential factories for eccentric black hole mergers
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H AR {5 B :Nature, 10 March 2022, VOL 603, ISSUE 7900

fE#&: J. Samsing, I. Bartos, D. J. D’ Orazio, Z. Haiman, B. Kocsis, N. W. C. Leigh, B. Liu, M. E. Pessah & H.
Tagawa

$—1E&BAI: Niels Bohr International Academy, Niels Bohr Institute, Copenhagen, Denmark

HEHE: https:/www.nature.com/articles/s41586-021-04333-1

Abstract: There is some weak evidence that the black hole merger named GW190521 had a non-zero
eccentricityl,2. In addition, the masses of the component black holes exceeded the limit predicted by stellar evolution3.

The large masses can be explained by successive mergers4,5, which may be efficient in gas disks surrounding active
galactic nuclei, but it is difficult to maintain an eccentric orbit all the way to the merger, as basic physics would argue
for circularization6. Here we show that active galactic nuclei disk environments can lead to an excess of eccentric
mergers, if the interactions between single and binary black holes are frequent5 and occur with mutual inclinations of
less than a few degrees. We further illustrate that this eccentric population has a different distribution of the inclination
between the spin vectors of the black holes and their orbital angular momentum at merger7, referred to as the spin -
orbit tilt, compared with the remaining circular mergers.
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[5]Ultra-narrow optical linewidths in rare-earth molecular crystals
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HARME 2 Nature, 10 March 2022, VOL 603, ISSUE 7900

fE3 : Diana Serrano, Senthil Kumar Kuppusamy, Benoit Heinrich, Olaf Fuhr, David Hunger, Mario Ruben & Philippe
Goldner

F—1EF B AL: These authors contributed equally: Diana Serrano, Senthil Kumar Kuppusamy Chimie ParisTech, PSL
University, CNRS, Institut de Recherche de Chimie Paris, Paris, France

3R https://www.nature.com/articles/s41586-021-04316-2

Abstract: Einstein’ s theory of general relativity states that clocks at different gravitational potentials tick at different

rates relative to lab coordinates—an effect known as the gravitational redshift. As fundamental probes of space and time,
atomic clocks have long served to test this prediction at distance scales from 30 centimetres to thousands of kilometres.
Ultimately, clocks will enable the study of the union of general relativity and quantum mechanics once they become
sensitive to the finite wavefunction of quantum objects oscillating in curved space-time. Towards this regime, we measure a
linear frequency gradient consistent with the gravitational redshift within a single millimetre-scale sample of ultracold
strontium. Our result is enabled by improving the fractional frequency measurement uncertainty by more than a factor of
10, now reaching 7.6 X 10-21. This heralds a new regime of clock operation necessitating intra-sample corrections for
gravitational perturbations.
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[6]Structure of the moiré exciton captured by imaging its electron and hole
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HARME 2 Nature, 10 March 2022, VOL 603, ISSUE 7900

fE#& : Ouri Karni, Elyse Barré, , Julien Madéo, Felipe H. da Jornada, Tony F. Heinz & Keshav M. Dani, etc.

HE—VEHBLL: These authors contributed equally: Ouri Karni, Elyse Barré, Vivek Pareek, Johnathan D. Georgaras,
Michael K. L. Man, Chakradhar Sahoo

Department of Applied Physics, Stanford University, Stanford, CA, USA

SLAC National Accelerator Laboratory, Menlo Park, CA, USA

£ HEEE: https://www.nature.com/articles/s41586-021-04360-y

Abstract: Interlayer excitons (ILXs) — electron - hole pairs bound across two atomically thin layered semiconductors

have emerged as attractive platforms to study exciton condensation, single-photon emission and other quantum

information applications. Yet, despite extensive optical spectroscopic investigations, critical information about their size,
valley configuration and the influence of the moiré potential remains unknown. Here, in a WSe2/MoS2 heterostructure, we
captured images of the time-resolved and momentum-resolved distribution of both of the particles that bind to form the ILX:
the electron and the hole. We thereby obtain a direct measurement of both the ILX diameter of around 5.2 nm, comparable
with the moiré-unit-cell length of 6.1 nm, and the localization of its centre of mass. Surprisingly, this large ILX is found
pinned to a region of only 1.8 nm diameter within the moiré cell, smaller than the size of the exciton itself. This high degree
of localization of the ILX is backed by Bethe - Salpeter equation calculations and demonstrates that the ILX can be localized
within small moiré unit cells. Unlike large moiré cells, these are uniform over large regions, allowing the formation of
extended arrays of localized excitations for quantum technology.
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[7]Recovery time of a plasma-wakefield accelerator
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HARAE B Nature, 3 March 2022, VOL 603, ISSUE 7899

fE#&: R.D’ Arcy, J. Chappell, J. Beinortaite, S. Diederichs, G. Boyle, B. Foster, et al.

HE—VEHBAL: Deutsches Elektronen-Synchrotron DESY, Hamburg, Germany

EHERE: https://www.nature.com/articles/s41586-021-04348-8

Abstract: The interaction of intense particle bunches with plasma can give rise to plasma wakes capable of sustaining

gigavolt-per-metre electric fields, which are orders of magnitude higher than provided by state-of-the-art radio-frequency
technology. Plasma wakefields can, therefore, strongly accelerate charged particles and offer the opportunity to reach higher
particle energies with smaller and hence more widely available accelerator facilities. However, the luminosity and brilliance
demands of high-energy physics and photon science require particle bunches to be accelerated at repetition rates of
thousands or even millions per second, which are orders of magnitude higher than demonstrated with plasma-wakefield
technology. Here we investigate the upper limit on repetition rates of beam-driven plasma accelerators by measuring the
time it takes for the plasma to recover to its initial state after perturbation by a wakefield. The many-nanosecond-level
recovery time measured establishes the in-principle attainability of megahertz rates of acceleration in plasmas. The
experimental signatures of the perturbation are well described by simulations of a temporally evolving parabolic ion channel,
transferring energy from the collapsing wake to the surrounding media. This result establishes that plasma-wakefield
modules could be developed as feasible high-repetition-rate energy boosters at current and future particle-physics and
photon-science facilities.

WERE: R TR EEE ARRH AR AT U R AR oK TIRR I 55 B TR R IR, X H e St i
SHRE ARG A R R LN RS R, SRR R AT LR 2 i A Bk, IRt TN BT
5 FH A I 5 Ot B S kL BE R RO S . RT,  RREAD BN TR X EEMR B A R, 7 R R AR
T HBHEA TR ELSFIE, XHEE TR RRD BRI R0 & RS ot AiEd e R iR its)
JE 55 AR R BN IRAS P s (I 18], AT AT 7 SRR AR S A5 1 1A ig s O S A A B IR . N5 1) 2 N A 2 Pk S I 1)
TN T RS T AR AR D A 0 SR P A A T o S RN — AN (R AL R 2 T EIE, K RE R AR 0 R IR
I E R B, FF AR R TR R SRR . WA R, LR TR R SR R T B TR A
SRR R RIA BT RO ATAT I R A g AR A

XHEE:

Unperturbed
B _ plasma

Decaying wakefield and  «»

S e —t
onset of ion motion h Q \ /
L h )
lmj}: / E |

Leaaing
bunch

A

! _ : >
‘ ) | . ‘ . _.-::‘:‘.7 |
. Perturbed
- " plasma

Trailing probe

bunch o
Driving probe

bunch



https://www.nature.com/articles/s41586-021-04348-8

[1]Compressibility and the equation of state of an optical quantum gas in a box
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HAR{EE: Science, 25 MAR 2022, VOLUME 375 ISSUE 6587

f£#: ERIK BUSLEY, LEON ESPERT MIRANDA et al.

% —1E#& M. Institut fiir Angewandte Physik, Universitit Bonn, WegelerstraBe 8, 53115 Bonn, Germany.

SR https:/www.science.org/doi/10.1126/science.abm2543

Abstract: We demonstrate a measurement of the compressibility of a two-dimensional quantum gas of light in a
box potential and obtain the equation of state for the optical medium. The experiment was carried out in a
nanostructured dye-filled optical microcavity. We observed signatures of Bose-Einstein condensation at high
phase-space densities in the finite-size system. Upon entering the quantum degenerate regime, the measured density
response to an external force sharply increases, hinting at the peculiar prediction of an infinite compressibility of the
deeply degenerate Bose gas.
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[2]Relaxor ferroelectric polymer exhibits ultrahigh electromechanical coupling at low electric field
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HARAER: Science, 25 MAR 2022, VOLUME 375 ISSUE 6587

fE2# . XIN CHEN, HANCHENG QIN et al.

F—1EFEHNSL: Department of Materials Science and Engineering, Materials Research Institute, The
Pennsylvania State University, University Park, PA 16802, USA.

SR https:/www.science.org/doi/10.1126/science.abn0936

Abstract: Electromechanical (EM) coupling—the conversion of energy between electric and mechanical forms
—in ferroelectrics has been used for a broad range of applications. Ferroelectric polymers have weak EM coupling that

severely limits their usefulness for applications. We introduced a small amount of fluorinated alkyne (FA) monomers
(<2 mol %) in relaxor ferroelectric poly(vinylidene fluoride-trifluoroethylene-chlorofluoroethylene)
(PVDF-TrFE-CFE) terpolymer that markedly enhances the polarization change with strong EM coupling while
suppressing other polarization changes that do not contribute to it. Under a low - dc bias field of 40 megavolts per
meter, the relaxor tetrapolymer has an EM coupling factor (k33) of 88% and a piezoelectric coefficient (d33) >1000
picometers per volt. These values make this solution-processed polymer competitive with ceramic oxide piezoelectrics,
with the potential for use in distinct applications.
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[3]Frequency-dependent polarization of repeating fast radio bursts—implications for their origin
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fE#& : YI FENG, DI LI, YUAN-PEI YANG, ONGKUN ZHANG, WEIWEI ZHU, BING ZHANG, LEI
ZHANG

2 —1E3& HAL: National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100101, China.

Zhejiang Lab, Hangzhou, Zhejiang 311121, China.

School of Astronomy and Space Science, University of Chinese Academy of Sciences, Beijing 100049,
China.

S EERE: https:/www.science.org/doi/10.1126/science.abl7759

Abstract: Fast radio bursts (FRBs) are intense, millisecond flashes of radio emission from extragalactic

sources of unknown origin. Most FRBs are seen only once, but others repeat at irregular intervals and thereforre
can be followed. Feng et al. measured the polarization of five repeating FRBs (see the Perspective by Caleb). They
found that each source is polarized at high frequencies but becomes depolarized below a threshold frequency that
varies between sources. The authors found that all repeating FRBs are 100% polarized at the source, before the
radio waves scatter off complex foreground structures such as supernova remnants. These results constrain
theories of the repeating FRB emission mechanism.
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[4]Spectroscopy signatures of electron correlations in a trilayer graphene/hBN moiré superlattice
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Abstract: Stacking graphene layers on top of each other in particular configurations can have a profound
effect on the electronic properties of the resulting material. Spectroscopic methods can be used to study the band
structure, but the addition of top layers to control the carrier density and improve sample properties makes such
measurements tricky. Yang et al. overcame these challenges and used infrared spectroscopy in dual-gated trilayer
graphene stacked in the so-called ABC configuration and encapsulated in hexagonal boron nitride. The researchers
mapped out the band structure features created by the stacking and electron correlations and measured the
parameters of the many-body model expected to describe this material. The method may be extended to study

other related superlattices.
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[5]Tracking the sliding of grain boundaries at the atomic scale
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Abstract: The behavior of grain boundaries in metals during deformation is important because it can dictate

the macroscopic behavior. Lihua et al. used aberration-corrected in situ electron microscopy observation of
platinum grain boundaries during straining to detail how they evolve. The authors observed grain boundary
sliding, which is a well-known and expected mechanism. However, the authors also observed a unexpected
mechanism that involves the removal of lattice planes at the grain boundaries. Their observations show the
importance of using very-high-resolution microscopy to understand the role of grain boundaries during
deformation.
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[6]Frequency multiplication by collective nanoscale spin-wave dynamics
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Abstract: Frequency multiplication is a process in modern electronics in which harmonics of the input

frequency are generated in nonlinear electronic circuits. Devices based on the propagation and interaction of spin
waves are a promising alternative to conventional electronics. The characteristic frequency of these excitations is
in the gigahertz (GHz) range and devices are not readily interfaced with conventional electronics. Here, we locally
probe the magnetic excitations in a soft magnetic material by optical methods and show that megahertz-range
excitation frequencies cause switching effects on the micrometer scale, leading to phase-locked spin-wave
emission in the GHz range. Indeed, the frequency multiplication process inside the magnetic medium covers six
octaves and opens exciting perspectives for spintronic applications, such as all-magnetic mixers or on-chip GHz
sources.
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[7]A synthetic monopole source of Kalb-Ramond field in diamond
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Abstract: Laser cavities are typically simple structures in the sense that the pump light oscillates between the

cavity walls symmetrically, ideally with a single resonant output mode. More complex cavity designs exploiting
materials exhibiting gain and loss can be realized that result in an exceptional point at which the output mode can
effectively be tuned. Schumer et al. designed a cavity in which the pump light encircles the exceptional point as it
propagates back and forth within the cavity. The result is a laser capable of simultaneously emitting in two
different, but topologically linked, transverse profiles, each from a different facet of the cavity. The approach
provides flexibility in designing topologically robust laser cavities.

FERRE. B R MR RN, TG IEBE 2 A PRR , BRARAE LN 2 SR LRyt A

I S 7R 18 2 AR FE AR AT LS I B A3 A B AR e it AT 5 B A X ) DA A 1 1) S
PEE B 7 — Rtk I GTE AR R BAE RIS, & RIS Rk . H45 B — Mo RENS [F) I & 5
PIMANE Y, BAESR S EAHERBE AR, A — AR B ATk B AR AN R . 2073 B R A AR )
Hoel Rt v RiEE.

praiik i

506 \ ?
© |
5 0.4 ¥* /
S o2 - .
a 02 ﬁ‘i‘#’}%
0 :
39 395 40 405 41 415 {uai SR 1 2 3 4 5 6 7
Modulation Frequency (MHz) Space of [H | ':p] Duration of Modulation (us)
C sQ D DQ
L]
- : . _20§~4 * 2 2 =z 2 5 -8
Pt 33348 (70 T TR A
= 3 g | : % Iy S 16} \\i' /
- , Iy = : L | £
5 1.0 ,‘ + i I‘n.'l' 5 1.2} \' a
= / o4 \ -l 2 o8 -
1 0-6' *r . ‘ ‘ 1* Iulf' (0] :. \
.’—‘ | / ’ b :' I.‘r " > i,
gczﬂ; W\ *;“ EOAf X f \k
—o—a—a 4 4o 9 | T 0086 00800 E‘ -®
0 30 90 0 30 60 90



https://www.science.org/doi/10.1126/science.abe6437

'

[8]Topological magnon band structure of emergent Landau levels in a skyrmion lattice
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Abstract: The motion of a spin excitation across topologically nontrivial magnetic order exhibits a deflection
that is analogous to the effect of the Lorentz force on an electrically charged particle in an orbital magnetic field.
We used polarized inelastic neutron scattering to investigate the propagation of magnons (i.e., bosonic collective
spin excitations) in a lattice of skyrmion tubes in manganese silicide. For wave vectors perpendicular to the
skyrmion tubes, the magnon spectra are consistent with the formation of finely spaced emergent Landau levels that
are characteristic of the fictitious magnetic field used to account for the nontrivial topological winding of the
skyrmion lattice. This provides evidence of a topological magnon band structure in reciprocal space, which is
borne out of the nontrivial real-space topology of a magnetic order.
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[9]Breakdown of topological protection by cavity vacuum fields in the integer quantum Hall effect
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Abstract: The prospect of controlling the electronic properties of materials via the vacuum fields of cavity
electromagnetic resonators is emerging as one of the frontiers of condensed matter physics. We found that the
enhancement of vacuum field fluctuations in subwavelength split-ring resonators strongly affects one of the most
paradigmatic quantum protectorates, the quantum Hall electron transport in high-mobility two-dimensional
electron gases. The observed breakdown of the topological protection of the integer quantum Hall effect is
interpreted in terms of a long-range cavity-mediated electron hopping where the anti-resonant terms of the
light-matter coupling Hamiltonian develop into a finite resistivity induced by the vacuum fluctuations. Our
experimental platform can be used for any two-dimensional material and provides a route to manipulate electron
phases in matter by means of vacuum-field engineering.
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