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[1]Quantum walks on a programmable two-dimensional 62-qubit superconducting processor
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HARME B Science, 28 MAY 2021, VOL 372, ISSUE 6545

fE3: Ming Gong, Shiyu Wang , Chen Zha, Ming-Cheng Chen, et al.

F—EF L. Hefei National Laboratory for Physical Sciences at the Microscale and Department of
Modern Physics, University of Science and Technology of China, Hefei 230026, China.

H A IE: http://www.hfnl.ustc.edu.cn/detail?id=18236

SRR 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.
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[2]Free coherent evolution of a coupled atomic spin system initialized by electron scattering
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HARMEE: Science, 28 MAY 2021, VOL 372, ISSUE 6545

fE&: Lukas M. Veldman, Laéitia Farinacci, Rasa Rejali, Rik Broekhoven, et al.

F—EF BN Department of Quantum Nanoscience, Kavli Institute of Nanoscience, Delft University of
Technology, 2628 CJ Delft, the Netherlands.

A 3CERE.  hitps://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.

THEBRE: G R RGEN M AHE T ARAOR T S it BRER R AU AN BE ) o FEBG,  FRATTRI A
BEHEFL T — X B e B B AL .

FRATBAT A FH Ilcip ok o, T 2 A FH) B Vol PR DN 77 SRS g e vh — A | @R AT FRRAS S IOR S5 1 R R4 . 3
RS 3R E R R BLAE R, JRATT AT LA B B AR 1 5)

FTATEN], R BEATRRL SR, WA B e gE, FRANEREIATH . XKLL Ry T B e
SRR SR 1 UL, RO YRR B e A R TS ISR BE T R .

T T E T T T T
A.-—-.. 0.0 = ? - — 0.2 L
S : ET e = 0.2
n i .
7 0 & w0
2 o A" gosk AT
e i % F: =7 ; o ?f i .
M 03 f., .41 "% F w -1oE L e 7
- I'_ IEU MHE‘ I Ty _‘;’F 32 MH=
1 S 1 -4, & L 1 1 -
1.4 1.2 11.3 19 .4 1136 11,40 11,44 1148
Freqguency (GHz) Frequency (GHz)
Cc D 24 ;
] 3 & o H .
oy
& s 7 I -]
T o2 F o128 ' @
2 p— = : 0e —
] 05 = =
+ L oqzzt .
E F
oWl L)
= =
£ = £
a . &
k= | B
= ¥ =
- -
34 | 1 [ 1 1 1 Eﬁ{:lpﬂ_ B
1] 10 20 30 40 [¢] 10 20 30 )

Time delay (ns) Time delay {ns)



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

[3]Electron ptychography achieves atomic-resolution limits set by lattice vibrations
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HiR{E B Science, 21 May 2021, Volume 372 Issue 6544

f£%#: Zhen Chen, Yi Jiang, Yu-Tsun Shao, David A. Muller, etc.

FE—EHBAL: School of Applied and Engineering Physics, Cornell University, Ithaca, NY 14853, USA.

4 CHEEE:  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.
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[4]Observation of superfluidity in a strongly correlated two-dimensional Fermi gas
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fE%: Lennart Sobirey, Niclas Luick, Markus Bohlen, Hauke Biss, Henning Moritz, VThomas Lompe

FE—EF AL Institut fir Laserphysik, Universit& Hamburg, Luruper Chaussee 149, 22761 Hamburg,
Germany.

A hitps://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.
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[5]Quantum mechanics - free subsystem with mechanical oscillators
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HARfE B Science, 07 MAY 2021, VOL 372, ISSUE 6542

{EZ . Laure Mercier de Lépinay, Caspar F. Ockeloen-Korppi, Matthew J. Woolley, Mika A. Sillanp&a

F—VEHBEAL: QTF Centre of Excellence, Department of Applied Physics, Aalto University, FI-00076 Aalto,
Finland.

ASCEEEE: hitps://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
guantum 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.
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[1]Tunable non-integer high-harmonic generation in a topological insulator
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HRR{E B Nature, 20 May 2021, Volume 593 Issue 7859

fEZ: C.P.Schmid, L. Weigl, P. Gréssing, V. Junk, C. Gorini, S. Schlauderer, et al.

BE—VEFZBAL: Institute of Experimental and Applied Physics, University of Regensburg, Regensburg, Germany

ASCEEEE: hitps://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.
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[2]CMOS-based cryogenic control of silicon quantum circuits
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HAR{E B Nature, 13 May 2021, Volume 593 Issue 7858

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

F—1EFBAL: Kavli Institute of Nanoscience, Delft University of Technology, Delft, The Netherlands

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

A3CHEEE:  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 humber 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.
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[3]Ultralow contact resistance between semimetal and monolayer semiconductors
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HARMSE: Nature, 13 May 2021, Volume 593 Issue 7858

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

B —1EF HAL: Department of Electrical Engineering and Computer Science, Massachusetts Institute of

Technology (MIT), Cambridge, MA, USA

AR hitps://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.
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[4]Leading hadronic contribution to the muon magnetic moment from lattice QCD
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HRMEE: Nature,6 May 2021,VOL 593,ISSUE 7857

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

FE—VEZHAL: Department of Physics, University of Wuppertal, Wuppertal, Germany

£3CEEEE:  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.
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[5]Rashba valleys and quantum Hall states in few-layer black arsenic
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HRMEE: Nature,6 May 2021,VOL 593,ISSUE 7857

fE# . Feng Sheng, Chengiang Hua, Man Cheng, Jie Hu, Xikang Sun, Qian Tao, et al.

B —VEFZ BAL: Zhejiang Province Key Laboratory of Quantum Technology and Device, Department of

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

E A http://news.csu.edu.cn/info/1004/149130.htm

£3CEEEE:  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 I' 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 I' 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 I' 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
ofthe I' Rashba valley is characterized by peculiar density-dependent transitions in the band topology from trivial
parabolic pockets to helical Dirac fermions.
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