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[1]Quantum sensing for gravity cartography

HAHIEHE TR

HARAS B Nature, 24 February 2022, Volume 602, Issue 7898

f£3#: Ben Stray, Andrew Lamb, Aisha Kaushik, Jamie Vovrosh, Anthony Rodgers et al.

F—1EF B AL: Midlands Ultracold Atom Research Centre, School of Physics and Astronomy, University of
Birmingham, Birmingham, UK

S EEHE: https:/www.nature.com/articles/s41586-021-04315-3

Abstract: The sensing of gravity has emerged as a tool in geophysics applications such as engineering and

climate research, including the monitoring of temporal variations in aquifers and geodesy. However, it is
impractical to use gravity cartography to resolve metre-scale underground features because of the long
measurement times needed for the removal of vibrational noise. Here we overcome this limitation by realizing a
practical quantum gravity gradient sensor. Our design suppresses the effects of micro-seismic and laser noise,
thermal and magnetic field variations, and instrument tilt. The instrument achieves a statistical uncertainty of 20 E
(1 E=10-9s-2) and is used to perform a 0.5-metre-spatial-resolution survey across an 8.5-metre-long line,
detecting a 2-metre tunnel with a signal-to-noise ratio of 8. Using a Bayesian inference method, we determine the
centre to +0.19 metres horizontally and the centre depth as (1.89 —0.59/+2.3) metres. The removal of vibrational
noise enables improvements in instrument performance to directly translate into reduced measurement time in
mapping.
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[2]Thermal imaging of dust hiding the black hole in NGC 1068

I ERBAE B RHIA

HAiR{E B Nature, Volume 602 Issue 7897, 17 February 2022

fE&: Violeta Gamez Rosas, Jacob W. Isbell, Gerard Zins, etc.

F—VEHHAL: Université Paris-Saclay, CNRS, Laboratoire de Physique des Solides, 91405 Orsay. France.

S CEEEE: https:/www.nature.com/articles/s41586-021-04311-7

Abstract: In the widely accepted ‘unified model’ solution of the classification puzzle of active galactic nuclei, the

orientation of a dusty accretion torus around the central black hole dominates their appearance. In ‘type-1’ systems, the
bright nucleus is visible at the centre of a face-on torus. In ‘type-2’ systems the thick, nearly edge-on torus hides the central
engine. Later studies suggested evolutionary effects and added dusty clumps and polar winds but left the basic picture
intact. However, recent high-resolution images of the archetypal type-2 galaxy NGC 1068, suggested a more radical
revision. The images displayed a ring-like emission feature that was proposed to be hot dust surrounding the black hole at
the radius where the radiation from the central engine evaporates the dust. That ring is too thin and too far tilted from
edge-on to hide the central engine, and ad hoc foreground extinction is needed to explain the type-2 classification. These
images quickly generated reinterpretations of the dichotomy between types 1 and 2. Here we present new multi-band
mid-infrared images of NGC 1068 that detail the dust temperature distribution and reaffirm the original model. Combined
with radio data (J.F.G. and C.M.V_I., manuscript in preparation), our maps locate the central engine that is below the
previously reported ring and obscured by a thick, nearly edge-on disk, as predicted by the unified model. We also identify
emission from polar flows and absorbing dust that is mineralogically distinct from that towards the Milky Way centre..

FEERIBE: i 2 3KWUR A2 Violeta Gamez Rosas AR & X I AT A2 28 v R LA 85 B 14 () AR R AT 1 WL
28, Mk TSR RS — 0 (EFE N XA B R & R BRI G 8] TR —4510, XGRS 7ot
TGS B R AIHHLE . 3R RS — R RO RS R, AT E i T BRI SRS . IRz K )
TP A DGR AL, 5OCR I XA 5 ANFEDGE AT TR SR R XS e PRI R AR, (H g8 —f
W, XAPIX G2 A, o Ry W DR 2 W] RE AT I At [ SR P i N S SR R AR R IR Y 1 o AE B BESCHF T 48—
Mo MRS TR AL R NGC 1068 (173 R B, g8 — BRI R dt i . AR A6 — K79 MATISSE [
4%, e T RINET T RICE MBERBERDE, DERITIES)E R AR AL IR o XX e (5 ORI S5 F IR A 20 Hr8 7a
TIIRBIR T WAL, JFHEBE T HARHE, K2 5GBTS . E& e 1 RIFARIRI Z THRIALE,
[FIREAT AR

pra sk <iF

K1 e 7RIS T RS0 (ESO) R B8 1) FOcal Reducr AR B EOGHE(X 2 (FRS2) 4HERHITE
) JE A Messier 77 MRS (. A0 B A2 XA E R A DG EOR B, BIHEE B2 R, thid i ESO K
RUEE e 55 T34 A MATISSE {8431, (WA RH: ESO K Jaffe. Gamez-Rosas Z5\)

Kl 2 B/ T Messier 77 (%L AT BEIIRE T FIHARIEZh B RAZ—HE, Messier 77 FH1Co X 38 H — AN B TH DK S,
PR — A B E R ARG 1E Messier 77 FI 7 rf, XANEERIIATE 48 AL 1 AT R BT BRI S, X
NGB R RN E BRI AR K, BRI BRI X8R S, TE TR BRI (BRE: BRHE
77 K E M. Kornmesser f1 L. Calcada)

&1

& 2


https://www.nature.com/articles/s41586-021-04311-7

[3]Nuclear spin-wave quantum register for a solid-state qubit
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HARMS B Nature, Volume 602 Issue 7897, 17 February 2022

fE#: Andrei Ruskuc, Chun-Ju Wu, Jake Rochman, Joonhee Choi & Andrei Faraon

$F—1EHBHAL: Thomas J. Watson, Sr., Laboratory of Applied Physics, California Institute of Technology,
Pasadena, CA, USA

A 3CEEHE: hitps:/www.nature.com/articles/s41586-021-04293-6

Abstract: Solid-state nuclear spins surrounding individual, optically addressable qubits are a crucial resource for

quantum networks, computation and simulation. Although hosts with sparse nuclear spin baths are typically chosen to
mitigate qubit decoherence, developing coherent quantum systems in nuclear-spin-rich hosts enables exploration of a
much broader range of materials for quantum information applications. The collective modes of these dense nuclear
spin ensembles provide a natural basis for quantum storage; however, using them as a resource for single-spin qubits
has thus far remained elusive. Here, by using a highly coherent, optically addressed 171Yb3+ qubit doped into a
nuclear-spin-rich yttrium orthovanadate crystal, we develop a robust quantum control protocol to manipulate the
multi-level nuclear spin states of neighbouring 51V 5+ lattice ions. Via a dynamically engineered spin-exchange
interaction, we polarize this nuclear spin ensemble, generate collective spin excitations, and subsequently use them to
implement a quantum memory. Our approach provides a framework for utilizing the complex structure of dense nuclear
spin baths, paving the way towards building large-scale quantum networks using single rare-earth ion qubits.
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[4]Magnetic control of tokamak plasmas through deep reinforcement learning
ETRERWEINFER DS R T m =6

H R fE B :Nature, Volume 602 Issue 7897, 17 February 2022

fE#: Jonas Degrave, Federico Felici, Martin Riedmiller, etc.

$E—1EHBAI: DeepMind, London, UK

SHEHE: https://www.nature.com/articles/s41586-021-04301-9

Abstract:

Nuclear fusion using magnetic confinement, in particular in the tokamak configuration, is a promising path

towards sustainable energy. A core challenge is to shape and maintain a high-temperature plasma within the tokamak
vessel. This requires high-dimensional, high-frequency, closed-loop control using magnetic actuator coils, further
complicated by the diverse requirements across a wide range of plasma configurations. In this work, we introduce a
previously undescribed architecture for tokamak magnetic controller design that autonomously learns to command the
full set of control coils. This architecture meets control objectives specified at a high level, at the same time satisfying
physical and operational constraints. This approach has unprecedented flexibility and generality in problem
specification and yields a notable reduction in design effort to produce new plasma configurations.

HEMF.

BARZRE, HHIRRAFTIREMRRER— MBI RN IUFLEER. —Aff? D R EBIEMAFTHER DR
BRANEEFBE T, XTEERERSRELEHTESHE. 5. AHES, EEXNEFEFHRENNARE
Ko EENBT —DMUATERERNFER DTS %%11#9’]%1"] T I% 5 I—?— > dn véﬁh% |2 B TZIRREE
Wik RIEENES Bir, RNHESYWEMREAR. XMITEERBENCHTARBI AR NREMERA
t, FEZFRDTEFHEFEFREENRITIE,

B Laaming loop Actor Moasuremants | 1 b kg
m Simulated environment a Control policy
Control .
3 Cantral - b
Leaarmes — [podicy — Emironemant poicy — m H::::, Powar P |
Paramat e | paramiets supply mo- & e ..
’ 4 0 ~——a—] ¥ l l . Lo-a
T . § ‘ Wodbiage Codniraids Tmmf ' ‘. ; .
—f Frrward »
oole— : | éE- Girad-Shatranay
buller | Targats ,} sobver (FGE) Inputs: m =92, 1< 132
| . Pusard |2 - Meural net: MLP = 3 x 256
Dutputs & =19
d Deployment 8 TCV h Vessel cross section
e Our architecture -
n - lofuy line
m -
Conitrol
Targets t
poncy |___ 4
| FAeak-time - Matma
comtrol boundary
f Conventional control sysiem
Axia R T
Flagma postion
Ip, A, 7, whspe Lok aram J eorf .
targets | / tiet
- j— ) u | - — B
! Cantrollers m“ mal T
Offire - & [ —
feacforwar F 2 4 e, . o Legs
geeration | \.\4[ .
Cureris = l.unlluf Y . fa g —— Limzer
. | a « ViPolodal | Ohmic . Fast s

-Volages = ] Cxoils = 1] ool



https://www.nature.com/articles/s41586-021-04301-9
https://www.nature.com/articles/s41586-021-04301-9

[5]Resolving the gravitational redshift across a millimetre-scale atomic sample
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HAR/E B: Nature, Volume 602 Issue 7897, 17 February 2022

fE3 : Tobias Bothwell, Colin J. Kennedy, Alexander Aeppli, Dhruv Kedar, John M. Robinson, Eric Oelker, Alexander
Staron & Jun Ye

BE—VEHBAL: DeepMind, London, UK

£ HERE: https://www.nature.com/articles/s41586-021-04349-7

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]Real-space visualization of intrinsic magnetic fields of an antiferromagnet
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HAR/E B Nature, 10 February 2022, VOL 602, ISSUE 7896

fE#: Yuji Kohno, Takehito Seki, Scott D. Findlay, Yuichi Ikuhara & Naoya Shibata

#—{EFBAL: JEOL Ltd., Tokyo, Japan

EHERE: https://www.nature.com/articles/s41586-021-04254-z

Abstract : Characterizing magnetic structures down to atomic dimensions is central to the design and control of

nanoscale magnetism in materials and devices. However, real-space visualization of magnetic fields at such dimensions has
been extremely challenging. In recent years, atomic-resolution differential phase contrast scanning transmission electron
microscopy (DPC STEM) has enabled direct imaging of electric field distribution even inside single atoms. Here we show
real-space visualization of magnetic field distribution inside antiferromagnetic haematite ( « -Fe203) using
atomic-resolution DPC STEM in a magnetic-field-free environment. After removing the phase-shift component due to
atomic electric fields and improving the signal-to-noise ratio by unit-cell averaging, real-space visualization of the intrinsic
magnetic fields in « -Fe203 is realized. These results open a new possibility for real-space characterization of many
magnetic structures.
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[7]Ferroelectric incommensurate spin crystals
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HAR/E B Nature, 10 February 2022, VOL 602, ISSUE 7896

fE# : Dorin Rusu, Jonathan J. P. Peters, Thomas P. A. Hase, James A. Gott, Gareth A. A. Nisbet, Jérg Strempfer, et al.
B —VEHBAL: Department of Physics, University of Warwick, Coventry, UK

£ HERE: https://www.nature.com/articles/s41586-021-04260-1

Abstract : Ferroics, especially ferromagnets, can form complex topological spin structures such as vortices and

skyrmions when subjected to particular electrical and mechanical boundary conditions. Simple vortex-like,
electric-dipole-based topological structures have been observed in dedicated ferroelectric systems, especially ferroelectric -
insulator superlattices such as PbTiO3/SrTiO3, which was later shown to be a model system owing to its high depolarizing
field. To date, the electric dipole equivalent of ordered magnetic spin lattices driven by the Dzyaloshinskii - Moriya
interaction (DMi) has not been experimentally observed. Here we examine a domain structure in a single PbTiO3 epitaxial
layer sandwiched between SrRuO3 electrodes. We observe periodic clockwise and anticlockwise ferroelectric vortices that
are modulated by a second ordering along their toroidal core. The resulting topology, supported by calculations, is a
labyrinth-like pattern with two orthogonal periodic modulations that form an incommensurate polar crystal that provides a
ferroelectric analogue to the recently discovered incommensurate spin crystals in ferromagnetic materials. These findings
further blur the border between emergent ferromagnetic and ferroelectric topologies, clearing the way for experimental
realization of further electric counterparts of magnetic DMi-driven phases.
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[8]Search for magnetic monopoles produced via the Schwinger mechanism
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HAR/E B Nature, 3 February 2022, Volume 602 Issue 7895

fE#&: B. Acharya, J. Alexandre, P. Benes, B. Bergmann et al.

FE—VEFHBAL: Theoretical Particle Physics & Cosmology Group, Physics Department, King” s College London,
London, UK

EHER: https://www.nature.com/articles/s41586-021-04298-1

Abstract: Here we present a search for magnetic monopole production by the Schwinger mechanism in Pb - Pb heavy

ion collisions at the Large Hadron Collider, producing the strongest known magnetic fields in the current Universe. It was
conducted by the MOEDAL experiment, whose trapping detectors were exposed to 0.235 per nanobarn, or approximately 1.8

X 109, of Pb - Pb collisions with 5.02-teraelectronvolt center-of-mass energy per collision in November 2018. A
superconducting quantum interference device (SQUID) magnetometer scanned the trapping detectors of MoEDAL for the
presence of magnetic charge, which would induce a persistent current in the SQUID. Magnetic monopoles with integer
Dirac charges of 1, 2 and 3 and masses up to 75 gigaelectronvolts per speed of light squared were excluded by the analysis at
the 95% confidence level. This provides a lower mass limit for finite-size magnetic monopoles from a collider search and
greatly extends previous mass bounds.
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[9]Domain-wall dynamics in Bose — Einstein condensates with synthetic gauge fields
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HAR/E B Nature, 3 February 2022, Volume 602 Issue 7895

fE#: Kai-Xuan Yao, Zhendong Zhang & Cheng Chin

B—VEZBAL: James Franck Institute, University of Chicago, Chicago, IL, USA

EHER: https://www.nature.com/articles/s41586-021-04250-3

Abstract: Here we demonstrate deterministic formation of domain walls in a stable Bose - Einstein condensate with a
gauge field that is determined by the atomic density. The density-dependent gauge field is created by simultaneous
modulations of an optical lattice potential and interatomic interactions, and results in domains of atoms condensed into two

different momenta. Modelling the domain walls as elementary excitations, we find that the domain walls respond to
synthetic electric field with a charge-to-mass ratio larger than and opposite to that of the bare atoms. Our work offers
promising prospects to simulate the dynamics and interactions of previously undescribed excitations in quantum systems

with dynamical gauge fields.
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[10]Polarized phonons carry angular momentum in ultrafast demagnetization
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HAR/E B Nature, 3 February 2022, Volume 602 Issue 7895

fE#: S.R. Tauchert, M. Volkov, D. Ehberger, D. Kazenwadel et al.

B —VEHBAL: Universitit Konstanz, Fachbereich Physik, Konstanz, Germany

EHER: https://www.nature.com/articles/s41586-021-04306-4

Abstract : Here we use ultrafast electron diffraction to reveal in nickel an almost instantaneous, long-lasting,
non-equilibrium population of anisotropic high-frequency phonons that appear within 150 - 750 fs. The anisotropy plane is
perpendicular to the direction of the initial magnetization and the atomic oscillation amplitude is 2 pm. We explain these
observations by means of circularly polarized phonons that quickly absorb the angular momentum of the spin system before
macroscopic sample rotation. The time that is needed for demagnetization is related to the time it takes to accelerate the

atoms. These results provide an atomistic picture of the Einstein - de Haas effect and signify the general importance of
polarized phonons for non-equilibrium dynamics and phase transitions.
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[1]Second sound attenuation near quantum criticality
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Abstract: Heat usually propagates diffusively, but it can also under certain circumstances propagate like a wave,
much as sound does. This phenomenon, called second sound, has been observed in superfluids, including helium and
ultracold atomic gases. However, measuring the attenuation of second sound remains tricky. Li et al. accomplished this
feat by creating a uniform ultracold gas of strongly interacting fermionic lithium atoms with a very large Fermi energy.
Placing the gas in an external periodic potential and measuring the response, the researchers extracted the coefficients

characterizing second sound attenuation.
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[2]Induced giant piezoelectricity in centrosymmetric oxides
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Abstract: Piezoelectrics are materials that linearly deform in response to an applied electric field. As a
fundamental prerequisite, piezoelectric materials must have a noncentrosymmetric crystal structure. For more than a
century, this has remained a major obstacle for finding piezoelectric materials. We circumvented this limitation by
breaking the crystallographic symmetry and inducing large and sustainable piezoelectric effects in centrosymmetric
materials by the electric field - induced rearrangement of oxygen vacancies. Our results show the generation of
extraordinarily large piezoelectric responses [with piezoelectric strain coefficients(d33) of ~200,000 picometers per
volt at millihertz frequencies] in cubic fluorite gadolinium-doped CeO2-x films, which are two orders of magnitude
larger than the responses observed in the presently best-known lead-based piezoelectric relaxor - ferroelectric oxide at
kilohertz frequencies. These findings provide opportunities to design piezoelectric materials from environmentally

friendly centrosymmetric ones.
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[3]Isospin magnetism and spin-polarized superconductivity in Bernal bilayer graphene
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Abstract: In conventional superconductors, Cooper pairing occurs between electrons of opposite spin. We

observe spin-polarized superconductivity in Bernal bilayer graphene when doped to a saddle-point van Hove
singularity generated by a large applied perpendicular electric field. We observe a cascade of electrostatic
gate-tuned transitions between electronic phases distinguished by their polarization within the isospin space
defined by the combination of the spin and momentum-space valley degrees of freedom. Although all of these
phases are metallic at zero magnetic field, we observe a transition to a superconducting state at finite magnetic
field B || = 150 milliteslas applied parallel to the two-dimensional sheet. Superconductivity occurs near a
symmetry-breaking transition and exists exclusively above the B ||  limit expected of a paramagnetic
superconductor with the observed transition critical temperature TC =~ 30 millikelvins, consistent with a
spin-triplet order parameter.
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[4]A framework for scintillation in nanophotonics
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Abstract: When a high-energy particle collides with a material, the energy is transferred to atoms in the

material, and light can be emitted. This scintillation process is used in many detector applications ranging from
medical imaging to high-energy particle physics. Roques-Carmes et al. integrated scintillating materials with
nanophotonic structures to enhance and control their light emission (see the Perspective by Yu and Fan). The
authors show how nanophotonic structures enable the ability to shape the spectral, angular, and polarization
characteristics of scintillation. This approach should enable the development of brighter, faster, and
higher-resolution scintillators.
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[S]Highly stretchable van der Waals thin films for adaptable and breathable electronic membranes
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Abstract: Rigid materials become more flexible when cast as thin sheets, but they will still bump and buckle
when subjected to in-plane rotation or twisting motions and thus cannot conformally cover a curved and mobile
surface. Yan et al. formed roughly 10-nanometer-thick freestanding sheets by spin coating films containing flakes
of semiconducting materials. The flakes attract each other through bond-free van der Waals interfaces to enable
mechanical stretchability and malleability as well as permeability and breathability. These properties make them
suitable for bioelectronic membranes that can monitor and amplify a range of electrophysiological signals,
including demonstrations of electrocardiography and electroencephalography.
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[6]Black hole spin—orbit misalignment in the x-ray binary MAXI J1820+070
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Abstract: The observational signatures of black holes in x-ray binary systems depend on their masses, spins,
accretion rate, and the misalignment angle between the black hole spin and the orbital angular momentum. We
present optical polarimetric observations of the black hole x-ray binary MAXI J1820+070, from which we
constrain the position angle of the binary orbital. Combining this with previous determinations of the relativistic
jet orientation, which traces the black hole spin, and the inclination of the orbit, we determine a lower limit of

40°  on the spin-orbit misalignment angle. The misalignment must originate from either the binary evolution or
black hole formation stages. If other x-ray binaries have similarly large misalignments, these would bias
measurements of black hole masses and spins from x-ray observations.
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[7]Topological modes in a laser cavity through exceptional state transfer
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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.
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