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0 0 O Astronomy

Charge-dependent spectral softenings of primary cosmic rays below the knee
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A Abstractd

In most particle acceleration or propagation theories, the characteristic features of the cosmic ray spectra due
to acceleration limits or propagation phase changes are charge-dependent. Alternatively, the interaction
scenario would expect mass-dependent spectral features in general. The observational verification of which
relation takes effect in nature is still lacking because of the difficulty in measuring the spectra of individual
particles up to very high energies. Here we report direct measurements of the carbon, oxygen and iron
spectra from about 20?gigavolts to around 100?teravolts (60?teravolts for iron) with 9?years of on-orbit data
collected by the Dark Matter Particle Explorer. Distinct spectral softenings have been directly detected in
these spectra for the first time, to our knowledge. Combined with the updated proton and helium spectra, the
spectral softening appears universally at a rigidity of about 15?teravolts. A nuclei-mass-dependent softening is
rejected at a confidence level of >99.999%. Possible interpretations of these results, including a nearby cosmic
ray source and other models such as the propagation effect, are discussed.
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Quantum coherent manipulation and readout of superconducting vortex states
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A Abstract(

A defining characteristic of superconductors is their tendency to expel magnetic fields, yet above a critical
threshold, magnetic flux penetrates in discrete quanta carried by Abrikosov vortices. The superconducting
gap is completely suppressed at the vortex core, rendering them dissipative, semi-classical entities that impact
applications from high-current-density wires to quantum devices. Material disorder can drive a crossover to
vortices that preserve an energy gap at the core, owing to intrinsic5 or emergent granularity on the scale of the
coherence length. Although quantum vortex behaviour could emerge in this effective tunnel-junction
regime, and signatures have been observed in diverse systems, coherent manipulation of vortex states has
remained elusive. Here we present evidence that vortices trapped in granular superconducting films can
behave as two-level systems, exhibiting microsecond-range quantum coherence and energy relaxation times
that reach fractions of a millisecond. Using the tools of circuit quantum electrodynamics, we perform
coherent manipulation and quantum non-demolition readout of vortex states in granular aluminium
microwave resonators, heralding future directions for quantum information processing, materials
characterization and sensing.
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Triple-junction solar cells with improved carrier and photon management
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A Abstractd

Perovskite— silicon triple-junction photovoltaics offer efficiency gains beyond dual-junction devices but at
the expense of added complexity. Here we address two key bottlenecks in perovskite— silicon-based triple-
junction solar cells: reduced open-circuit voltage (VOC) in the wide-bandgap (WBG) top cell and limited
photocurrent generation in the middle cell. A non-volatile additive, 4-hydroxybenzylamine (HBA),
regulates WBG perovskite crystallization and passivates defects, promoting oriented growth and suppressing
non-radiative recombination. Together with improved energy-level alignment, this yields VOCs of up to
1.405 V and enhanced stability. To overcome the current limitations in the middle cell, a three-step
deposition strategy enables the formation of thick, low-bandgap perovskite absorbers while preserving
microstructural integrity and enhancing electron extraction. Also, low-refractive-index SiOx-nanoparticles
(SiOx-np) that accumulate in the front valleys of the textured silicon bottom cell act as an optical middle
reflector, enhancing light absorption in the middle cell. These advances are then combined in 1-cm2
perovskite— perovskite— silicon devices, achieving a certified efficiency of 30.02%.
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Electronic origin of reorganization energy in interfacial electron transfer
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A Abstractd

Electron transfer (ET) reactions underpin energy conversion and chemical transformations in both
biological and abiological systems. The efficiency of any ET process relies on achieving a desired ET rate
within an optimal driving force range. Marcus theory provides a microscopic framework for understanding
the activation free energy—and therefore the rate—of ET in terms of a key parameter: the reorganization
energy. For electrified solid— liquid interfaces, it has long been conventionally understood that only factors
in the electrolyte phase are responsible for determining the reorganization energy and that the electronic
density of states (DOS) of the electrode only serves to dictate the number of thermally accessible channels for
ET. Here we show instead that the electrode DOS plays a central role in governing the reorganization energy,
far outweighing its conventionally assumed role. Using atomically layered heterostructures, we tune the DOS
of graphene and measure outer-sphere ET kinetics. We find the ensuing variation in ET rate arises from
strong modulation in a reorganization energy associated with image potential localization in the electrode.
Here we redefine the traditional paradigm of heterogeneous ET Kkinetics, revealing a deeper role of the
electrode electronic structure in interfacial reactivity.

Decarboxylative alkylation of alkenes
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A Abstractd

Alkenes are widely used functional groups in synthetic chemistry, important for producing polymers,
detergents, agrochemicals and pharmaceuticals. When treated with electrophiles, alkenes typically undergo
addition, not substitution, reactions. As a consequence, the intuitive retrosynthetic disconnection to form a
substituted alkene from the parent alkene does not exist in the toolbox of the chemist. For example,
conversion of tri-substituted into tetra-substituted alkenes, or late-stage alkylation of complex alkenes, would
provide access to molecules that are currently difficult to construct. Alkene cross-metathesis can formally
alkylate appropriately substituted alkenes, but diastereoselectivity and alkene— alkyl combinations are
restricted to specific cases, and several classes of alkenes, such as internal or cyclic alkenes, cannot be readily
alkylated with known methods. Here we report a formal regio- and diastereoselective C?H alkylation of
alkenes with carboxylic acids as alkyl source, readily available in large diversity. Key to the development is a
polar decarboxylative alkylation that deviates from the current model of radical-mediated C?C bond
formation from carboxylic acid derivatives, enabled by a previously unappreciated access to persistent
alkylzinc intermediates from redox-active esters. A Pd-catalysed cross-coupling of the alkylzinc species with
alkenyl thianthrenium salts accessed from alkenes affords the substituted alkenes in high diastereoselectivity.
The transformation offers alkylation of cyclic, acyclic, terminal, internal, mono-substituted, di-substituted
and tri-substituted alkenes with diverse alkyl groups.
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Uncertain dynamic response of mid-latitude winter precipitation
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A Abstract(

Understanding changes in precipitation is crucial for society and ecosystems. Studies have documented the
respective contributions of anthropogenic forcing and internal variability to precipitation trends, yet
discrepancies persist between observed and simulated patterns. In Northern Hemisphere winter, these
mismatches are often attributed to unforced internal variability that dominates observed trends. However,
growing evidence also indicates that climate models underestimate the total response of precipitation to
human forcings. Here we show that the thermodynamic contribution is broadly reproduced by climate
models, whereas the dynamic contribution can diverge more substantially. Our approach disentangles the
anthropogenic forced thermodynamic and dynamic components from internal variability in winter
precipitation trends (1950— 2022) to investigate their contribution to the trend discrepancies. In the
Mediterranean, the forced dynamic signal from model simulations explains only about 10% of the observed
dynamic trend, making detection challenging. Under continued anthropogenic emissions, the projected
circulation response intensifies and more closely resembles observed trend patterns. Although internal
variability in the observed record may contribute to this similarity, the results indicate an uncertain yet
potentially emerging role of dynamic response in shaping regional winter precipitation trends. A reliable
representation of the forced large-scale circulation response in climate models remains key for increasing
confidence in regional precipitation projections.
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