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[1]A gamma-ray pulsar timing array constrains the nanohertz gravitational wave background

{5 5 £ ik vt B Bk e R B BR ] T AR 2451 I =R

HARMEE: Science, 29 APR 2022, VOLUME 376 ISSUE 6592

YE#: THE FERMI-LAT COLLABORATION

SR https:/www.science.org/doi/10.1126/science.abm3231

Abstract: After galaxies merge, the supermassive black holes (SMBHs) at their centers are expected to form
binaries that emit gravitational waves at nanohertz frequencies. Numerous SMBH binaries throughout the Universe
should combine to produce a gravitational wave background. Existing searches for this signal use radio
observations of pulsars as sensitive clocks and look for small shifts in the pulse timings. The Fermi-LAT

Collaboration implemented a pulsar timing array using gamma rays and achieved a sensitivity close to that of the
radio approaches. The results set an independent upper limit on the gravitational wave background, which is
subject to different noise sources.
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[2]Superconducting spin smecticity evidencing the Fulde-Ferrell-Larkin-Ovchinnikov state in Sr2Ru0O4
Sr2Ru04 {85 B fieix & 14 IESE Fulde-Ferrell-Larkin-Ovchinnikov 7%

HARME B: Science, 22 APR 2022, VOL 376, ISSUE 6591

fE#&: K.KINJO, M. MANAGO, S. KITAGAWA, Z. Q. MAO, S. YONEZAWA, Y. MAENO, et al.
F—EEHANL: Department of Physics, Graduate School of Science, Kyoto University, Kyoto, Japan.

ECEEHE: https://www.science.org/doi/10.1126/science.abb0332

Abstract: Translational symmetry breaking is antagonistic to static fluidity but can be realized in superconductors,
which host a quantum-mechanical coherent fluid formed by electron pairs. A peculiar example of such a state is the
Fulde-Ferrell-Larkin-Ovchinnikov (FFLO) state, induced by a time-reversal symmetry—breaking magnetic field applied to
spin-singlet superconductors. This state is intrinsically accompanied by the superconducting spin smecticity, spin
density—modulated fluidity with spontaneous translational-symmetry breaking. Detection of such spin smecticity provides
unambiguous evidence for the FFLO state, but its observation has been challenging. Here, we report the characteristic
“double-horn” nuclear magnetic resonance spectrum in the layered superconductor Sr2Ru0O4 near its upper critical field,
indicating the spatial sinusoidal modulation of spin density that is consistent with superconducting spin smecticity. Our
work reveals that Sr”2RuO4 provides a versatile platform for studying FFLO physics.
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[3]Atomic-scale quantum sensing based on the ultrafast coherence of an H2 molecule in an STM cavity
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HARME B: Science, 22 APR 2022, VOL 376, ISSUE 6591

fE#: LIKUN WANG, YUNPENG XIA, AND W. HO

$F—1EHBAL: Department of Physics and Astronomy, University of California, Irvine, CA 92697, USA.

S https:/www.science.org/doi/10.1126/science.abn9220

Abstract: A scanning tunneling microscope (STM) combined with a pump-probe femtosecond terahertz (THz)
laser can enable coherence measurements of single molecules. We report THz pump-probe measurements that

demonstrate quantum sensing based on a hydrogen (H2) molecule in the cavity created with an STM tip near a surface.
Atomic-scale spatial and femtosecond temporal resolutions were obtained from this quantum coherence. The H2 acts as
a two-level system, with its coherent superposition exhibiting extreme sensitivity to the applied electric field and the
underlying atomic composition of the copper nitride (Cu2N) monolayer islands grown on a Cu(100) surface. We
acquired time-resolved images of THz rectification of H2 over Cu2N islands for variable pump-probe delay times to
visualize the heterogeneity of the chemical environment at sub-angstrom scale.
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[4]Optical absorption of interlayer excitons in transition-metal dichalcogenide heterostructures
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H AR {5 SE.:Science, 22 APR 2022, VOL 376, ISSUE 6591

fE#: ELYSE BARRE, OURI KARNI, ERFU LIU, AIDAN L. O’ BEIRNE, XUEQI CHEN, HENRIQUE B.
RIBEIRO, et al.

$E—VE& AL SLAC National Accelerator Laboratory, Menlo Park, CA 94025, USA.

Department of Electrical Engineering, Stanford University, Stanford, CA 94305, USA.

SR https:/www.science.org/doi/10.1126/science.abm8511

Abstract: Interlayer excitons, electron-hole pairs bound across two monolayer van der Waals semiconductors,

offer promising electrical tunability and localizability. Because such excitons display weak electron-hole overlap, most
studies have examined only the lowest-energy excitons through photoluminescence. We directly measured the
dielectric response of interlayer excitons, which we accessed using their static electric dipole moment. We thereby
determined an intrinsic radiative lifetime of 0.40 nanoseconds for the lowest direct-gap interlayer exciton in a tungsten
diselenide/molybdenum diselenide heterostructure. We found that differences in electric field and twist angle induced
trends in exciton transition strengths and energies, which could be related to wave function overlap, moiré confinement,
and atomic reconstruction. Through comparison with photoluminescence spectra, this study identifies a
momentum-indirect emission mechanism. Characterization of the absorption is key for applications relying on
light-matter interactions.
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[5]High-precision measurement of the W boson mass with the CDF II detector

EREENEWEATHERR

HAR{S B Science, 8 APR 2022, VOL 376, ISSUE 6589

fg#&: T. AALTONENS. AMERIOD. AMIDEIA. ANASTASSOVA. ANNOVIJ. ANTOSG. APOLLINARIJ. A.
APPEL, S. ZUCCHELLI, etc.

B —VE&BAL: Division of High Energy Physics, Department of Physics, University of Helsinki, FIN-00014,
Helsinki, Finland.

Helsinki Institute of Physics, FIN-00014, Helsinki, Finland.
LICEEEE: https://www.science.org/doi/10.1126/science.abk1781

Abstract: W bosons mediate the weak interaction, one of the fundamental forces in physics. Because the Standard
Model (SM) of particle physics places tight constraints on the mass of the W boson, measuring the mass puts the SM to the
test. The Collider Detector at Fermilab (CDF) Collaboration now reports a precise measurement of the W boson mass
extracted from data taken at the Tevatron particle accelerator. Surprisingly, the researchers found that the mass of the boson
was significantly higher than the SM predicts, with a discrepancy of 7 standard deviations.
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[6] Topological engineering of terahertz light using electrically tunable exceptional point singularities
PRI R A A%

HARfE B Science, 8 APR 2022, VOL 376, ISSUE 6589

fE#&: M. SAID ERGOKTAS, SINA SOLEYMANI, NURBEK KAKENOV, COSKUN KOCABAS, etc.
F—VEZBAI: Department of Materials, University of Manchester, Manchester, M13 9PL, UK.

National Graphene Institute, University of Manchester, Manchester, M13 9PL, UK.

L https:/www.science.org/doi/10.1126/science.abn6528

Abstract: The topological structure associated with the branch point singularity around an exceptional point (EP) can
provide tools for controlling the propagation of light. Through use of graphene-based devices, we demonstrate the
emergence of EPs in an electrically controlled interaction between light and a collection of organic molecules in the terahertz
regime at room temperature. We show that the intensity and phase of terahertz pulses can be controlled by a gate voltage,
which drives the device across the EP. Our electrically tunable system allows reconstruction of the Riemann surface
associated with the complex energy landscape and provides topological control of light by tuning the loss imbalance and
frequency detuning of interacting modes. Our approach provides a platform for developing topological optoelectronics and
studying the manifestations of EP physics in light - matter interactions.
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[7]10rderly disorder in magic-angle twisted trilayer graphene
R 0B A = R SR

HARME K. Science, 8 APR 2022, VOL 376, ISSUE 6589

fE#: SIMON TURKEL, JOSHUA SWANNZIYAN ZHU, MAINE CHRISTOS, K. WATANABE, ABHAY N.

PASUPATHY

HE—VEHBAL: Department of Physics, Columbia University, New York, NY 10027, USA.

AR https://www.science.org/doi/10.1126/science.abk1895

Abstract: Abstract: Stacking and twisting graphene layers with respect to each other can lead to exotic transport
effects. Recently, superconductivity was observed in graphene trilayers in which the top and bottom layers are twisted
with respect to the middle layer by the same, “magic” angle. Turkel et al. used scanning tunneling microscopy to take a
closer look into the stacking structure. They found that a small misalignment between the top and bottom layers caused
the lattice to rearrange itself into a pattern of triangular domains. The domains had a magic-angle twisted trilayer
structure and were separated by a network of line and point defects.
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[§]Measurement of a helium tune-out frequency: an independent test of quantum electrodynamics

BT EE 22— AN LR

HifR{EE: Science, 8 APR 2022, VOL 376, ISSUE 6589

fE#: B. M. HENSON, J. A. ROSS, K. F. THOMAS, C. N. KUHN, YONG-HUI ZHANG, LI-YAN TANG, G. W. F.
DRAKE, K. G. H. BALDWIN, etc.

B —VEHBAL: Department of Quantum Science and Technology, Research School of Physics, The Australian
National University, Canberra, ACT 2601, Australia.

SR https://www.science.org/doi/10.1126/science.abk2502

Abstract: One of the best ways to advance our understanding of nature is to challenge the fundamental theories

developed to describe its laws mathematically. Quantum electrodynamics (QED) theory of the interaction of matter with
light is currently one of the most accurate fundamental theories, and the search for QED deviations is of considerable
interest. Henson et al. measured and theoretically calculated the helium 23S1 - 23P/33P tune-out frequency with an
accuracy that made it possible to discern its QED contributions and previously omitted components. The tune-out frequency
is sensitive to a different part of QED compared with other, more common atomic structure probes, and the present work is
an important step in expanding the horizon of possible QED tests.
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[1]Observation of a linked-loop quantum state in a topological magnet
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HAR{E B Nature, 28 April 2022, Volume 604 Issue 7907

{3 Ilya Belopolski, Guoqing Chang, Tyler A. Cochran, Zi-Jia Cheng et al.

3 —1E& B{L:Laboratory for Topological Quantum Matter and Spectroscopy, Department of Physics, Princeton
University, Princeton, NJ, USA

RIKEN Center for Emergent Matter Science (CEMS), Wako, Saitama, Japan

S EERE: https://www.nature.com/articles/s41586-022-04512-8

Abstract: Here we report an unusual linking-number (knot theory) invariant associated with loops of electronic

band crossings in a mirror-symmetric ferromagnet. Using state-of-the-art spectroscopic methods, we directly observe
three intertwined degeneracy loops in the material’ s three-torus, T3, bulk Brillouin zone. We find that each loop links
each other loop twice. Through systematic spectroscopic investigation of this linked-loop quantum state, we explicitly
draw its link diagram and conclude, in analogy with knot theory, that it exhibits the linking number (2, 2, 2), providing
a direct determination of the invariant structure from the experimental data. We further predict and observe, on the
surface of our samples, Seifert boundary states protected by the bulk linked loops, suggestive of a remarkable Seifert
bulk - boundary correspondence. Our observation of a quantum loop link motivates the application of knot theory to
the exploration of magnetic and superconducting quantum matter.
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[2] The field-free Josephson diode in a van der Waals heterostructure
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HAR{E B Nature, 28 April 2022, Volume 604 Issue 7907

fE#: Heng Wu, Yaojia Wang, Yuanfeng Xu, Pranava K. Sivakumar, Chris Pasco, Ulderico Filippozzi, Stuart S.
P. Parkin, Yu-Jia Zeng, Tyrel McQueen & Mazhar N. Ali

FE—1EFBAL: Max Planck Institute of Microstructure Physics, Halle, Germany

College of Physics and Optoelectronic Engineering, Shenzhen University, Shenzhen, China

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

LCEEE: https://www.nature.com/articles/s41586-022-04504-8

Abstract: Here we realized the Josephson diode by fabricating an inversion symmetry breaking van der Waals
heterostructure of NbSe2/Nb3Br8/NbSe2. We demonstrate that even without a magnetic field, the junction can be
superconducting with a positive current while being resistive with a negative current. The A Ic behaviour (the

difference between positive and negative critical currents) with magnetic field is symmetric and Josephson coupling is
proved through the Fraunhofer pattern. Also, stable half-wave rectification of a square-wave excitation was achieved
with a very low switching current density, high rectification ratio and high robustness. This non-reciprocal behaviour
strongly violates the known Josephson relations and opens the door to discover new mechanisms and physical
phenomena through integration of quantum materials with Josephson junctions, and provides new avenues for
superconducting quantum devices.
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[3]Intelligent infrared sensing enabled by tunable moiré quantum geometry
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HfR{E B Nature, 14 April 2022, VOL 604, ISSUE 7905

f£#: Chao Ma, Shaofan Yuan, Patrick Cheung, Kenji Watanabe, Takashi Taniguchi, Fan Zhang, et al.
B —EF BAL: Department of Electrical Engineering, Yale University, New Haven, CT, USA

4 3CEEEE: https://www.nature.com/articles/s41586-022-04548-w

Abstract: Quantum geometric properties of Bloch wave functions in solids, that is, Berry curvature and the
quantum metric, are known to significantly influence the ground- and excited-state behaviour of electrons. The
bulk photovoltaic effect (BPVE), a nonlinear phenomenon depending on the polarization of excitation light, is
largely governed by the quantum geometric properties in optical transitions. Infrared BPVE has yet to be observed
in graphene or moiré systems, although exciting strongly correlated phenomena related to quantum geometry have
been reported in this emergent platform. Here we report the observation of tunable mid-infrared BPVE at 5 um
and 7.7 um in twisted double bilayer graphene (TDBG), arising from the moiré-induced strong symmetry breaking
and quantum geometric contribution. The photoresponse depends substantially on the polarization state of the
excitation light and is highly tunable by external electric fields. This wide tunability in quantum geometric
properties enables us to use a convolutional neural network to achieve full-Stokes polarimetry together with
wavelength detection simultaneously, using only one single TDBG device with a subwavelength footprint of
merely 3 X 3 um2. Our work not only reveals the unique role of moiré engineered quantum geometry in tunable
nonlinear light — matter interactions but also identifies a pathway for future intelligent sensing technologies in an
extremely compact, on-chip manner.
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Abstract: Here we show results from the search for OvB decay of'3°Te, using the latest advanced cryogenic
calorimeters with the CUORE experiment. CUORE, operating just 10 millikelvin above absolute zero, has pushed
the state of the art on three frontiers: the sheer mass held at such ultralow temperatures, operational longevity, and

the low levels of ionizing radiation emanating from the cryogenic infrastructure. We find no evidence for Ov
decay and set a lower bound of the process half-life as 2.2 X 1025years at a 90 per cent credibility interval. We
discuss potential applications of the advances made with CUORE to other fields such as direct dark matter,
neutrino and nuclear physics searches and large-scale quantum computing, which can benefit from sustained
operation of large payloads in a low-radioactivity, ultralow-temperature cryogenic environment.
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