L P d T

FRHAS
FAE TRBF

P
y £
mER:

SE Science( {Rl=) ). HE Nature( (B )NMEE Cell( {(4HIE) ) REMRAMAN=AEZEKR

EFAEEIREEIT], RFREX=AHIT) ERISIIERR CNS 183,

=5

]]

AEARIE 10 B Nature, Science BAF_E#pRIRIZ4GAIRFIC .

CONTACT US

BEREEIE: 025-52090336-817
Jpatiib: ZF3CEEHE B4 =

021-3F 29 HA-# 3=




_"?4 10 B Science i£3X

[1]
Miniaturized spectrometers with a tunable van der Waals junction
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HARAE B.: Science, 21 OCT 2022, VOL 378, ISSUE 6617
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F—1EF B NL: Department of Electronics and Nanoengineering, Aalto University, Espoo 02150, Finland.
SHERE: https://www.science.org/doi/10.1126/science.add8544

Abstract: Miniaturized computational spectrometers, which can obtain incident spectra using a
combination of device spectral responses and reconstruction algorithms, are essential for on-chip and
implantable applications. Highly sensitive spectral measurement using a single detector allows the footprints of
such spectrometers to be scaled down while achieving spectral resolution approaching that of benchtop systems.
We report a high-performance computational spectrometer based on a single van der Waals junction with an
electrically tunable transport-mediated spectral response. We achieve high peak wavelength accuracy (= 0.36
nanometers), high spectral resolution (~ 3 nanometers), broad operation bandwidth (from ~ 405 to 845
nanometers), and proof-of-concept spectral imaging. Our approach provides a route toward ultraminiaturization
and offers unprecedented performance in accuracy, resolution, and operation bandwidth for single-detector
computational spectrometers.
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Simultaneous electrical and thermal rectification in a monolayer lateral heterojunction
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Abstract:

For most materials, reversing the direction of the thermal gradient does not change the thermal conductivity. The
difficulty in finding thermal rectifiers impedes the development of thermal diodes that would be important for managing
heat flow. Y. Zhang et al. found that a heterostructure made of molybdenum diselenide and tungsten diselenide rectifies
both electricity and heat. The magnitude of the effect depends on the relative geometry of the interface and the thermal
gradient. The discovery provides the opportunity to develop more effective heat dissipation in highly integrated circuits.
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Direct identification of the charge state in a single platinum nanoparticle on titanium oxide
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Abstract: A goal in the characterization of supported metal catalysts is to achieve particle-by-particle analysis of
the charge state strongly correlated with the catalytic activity. Here, we demonstrate the direct identification of the
charge state of individual platinum nanoparticles (NPs) supported on titanium dioxide using ultrahigh sensitivity and
precision electron holography. Sophisticated phase-shift analysis for the part of the NPs protruding into the vacuum
visualized slight potential changes around individual platinum NPs. The analysis revealed the number (only one to six
electrons) and sense (positive or negative) of the charge per platinum NP. The underlying mechanism of platinum
charging is explained by the work function differences between platinum and titanium dioxide (depending on the
orientation relationship and lattice distortion) and by first-principles calculations in terms of the charge transfer
processes.
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Direct identification of the charge state in a single platinum nanoparticle on titanium oxide
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Abstract: A goal in the characterization of supported metal catalysts is to achieve particle-by-particle analysis of the
charge state strongly correlated with the catalytic activity. Here, we demonstrate the direct identification of the charge state
of individual platinum nanoparticles (NPs) supported on titanium dioxide using ultrahigh sensitivity and precision electron
holography. Sophisticated phase-shift analysis for the part of the NPs protruding into the vacuum visualized slight potential
changes around individual platinum NPs. The analysis revealed the number (only one to six electrons) and sense (positive
or negative) of the charge per platinum NP. The underlying mechanism of platinum charging is explained by the work
function differences between platinum and titanium dioxide (depending on the orientation relationship and lattice
distortion) and by first-principles calculations in terms of the charge transfer processes.
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[1]Enhanced interactions of interlayer excitons in free-standing heterobilayers
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Abstract: Strong, long-range dipole - dipole interactions between interlayer excitons (IXs) can lead to new
multiparticle correlation regimes, which drive the system into distinct quantum and classical phases, including dipolar
liquids, crystals and superfluids. Both repulsive and attractive dipole — dipole interactions have been theoretically predicted
between IXs in a semiconductor bilayer, but only repulsive interactions have been reported experimentally so far. This
study investigated free-standing, twisted (51° , 53° , 45° ) tungsten diselenide/tungsten disulfide (WSe2/WS2)
heterobilayers, in which we observed a transition in the nature of dipolar interactions among [Xs, from repulsive to
attractive. This was caused by quantum-exchange-correlation effects, leading to the appearance of a robust interlayer
biexciton phase (formed by two [Xs), which has been theoretically predicted but never observed before in experiments. The
reduced dielectric screening in a free-standing heterobilayer not only resulted in a much higher formation efficiency of IXs,
but also led to strongly enhanced dipole — dipole interactions, which enabled us to observe the many-body correlations of
pristine IXs at the two-dimensional quantum limit. In addition, we firstly observed several emission peaks from
moiré-trapped [Xs at room temperature in a well-aligned, free-standing WSe2/WS2 heterobilayer. Our findings open
avenues for exploring new quantum phases with potential for applications in non-linear optics.
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[2] Magnetic fields of 30 to 100 kG in the cores of red giant stars
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Abstract: A red giant star is an evolved low- or intermediate-mass star that has exhausted its central hydrogen
content, leaving a helium core and a hydrogen-burning shell. Here we report the measurement of magnetic fields in
the cores of three red giant stars observed with the Kepler13 satellite. The fields induce shifts that break the
symmetry of dipole mode multiplets. We thus measure field strengths ranging from about 30 kilogauss to about 100
kilogauss in the vicinity of the hydrogen-burning shell and place constraints on the field topology.
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[3] Extending the spectrum of fully integrated photonics to submicrometre wavelengths
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Abstract: Integrated photonics has profoundly affected a wide range of technologies underpinning modern
society. The ability to fabricate a complete optical system on a chip offers unrivalled scalability, weight, cost and
power efficiency. Here, we present a new generation of integrated photonics by directly uniting III - V materials
with silicon nitride waveguides on Si wafers. Using this technology, we present a fully integrated PIC at photon
energies greater than the bandgap of silicon, demonstrating essential photonic building blocks, including lasers,
amplifiers, photodetectors, modulators and passives, all operating at submicrometre wavelengths. Using this
platform, we achieve unprecedented coherence and tunability in an integrated laser at short wavelength.
Furthermore, by making use of this higher photon energy, we demonstrate superb high-temperature performance
and kHz-level fundamental linewidths at elevated temperatures. Given the many potential applications at short
wavelengths, the success of this integration strategy unlocks a broad range of new integrated photonics
applications.
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[4]General-relativistic precession in a black-hole binary
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Abstract: The general-relativistic phenomenon of spin-induced orbital precession has not yet been observed
in strong-field gravity. Gravitational-wave observations of binary black holes (BBHs) are prime candidates, as we
expect the astrophysical binary population to contain precessing binaries. Imprints of precession have been
investigated in several signals, but no definitive identification of orbital precession has been reported in any of the
84 BBH observations so far by the Advanced LIGO and Virgo detectors. Here we report the measurement of
strong-field precession in the LIGO - Virgo - Kagra gravitational-wave signal GW200129. The binary’ s orbit
precesses at a rate ten orders of magnitude faster than previous weak-field measurements from binary pulsars. We
also find that the primary black hole is probably highly spinning. According to current binary population
estimates, a GW200129-like signal is extremely unlikely, and therefore presents a direct challenge to many current

binary-formation models.
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The time-programmable frequency comb and its use in quantum-limited ranging
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Abstract: Two decades after its invention, the classic self-referenced frequency comb laser is an unrivalled
ruler for frequency, time and distance metrology owing to the rigid spacing of its optical output. As a consequence,
it is now used in numerous sensing applications that require a combination of high bandwidth and high precision.
Many of these applications, however, are limited by the trade-offs inherent in the rigidity of the comb output and
operate far from quantum-limited sensitivity. Here we demonstrate an agile programmable frequency comb where
the pulse time and phase are digitally controlled with =+ 2-attosecond accuracy. This agility enables
quantum-limited sensitivity in sensing applications as the programmable comb can be configured to coherently
track weak returning pulse trains at the shot-noise limit. To highlight its capabilities, we use this programmable
comb in a ranging system, reducing the required power to reach a given precision by about 5,000-fold compared
with a conventional dual-comb system. This enables ranging at a mean photon per pulse number of 1/77 while
retaining the full accuracy and precision of a rigid frequency comb. Beyond ranging and imaging, applications in
time and frequency metrology, comb-based spectroscopy, pump - probe experiments and compressive
sensingshould benefit from coherent control of the comb-pulse time and phase.
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