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Measurement of reactor neutrino oscillation with the first JUNO data
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A Abstractd

Neutrino oscillations, a quantum effect manifesting at macroscopic scales, are governed by lepton flavour
mixing angles and neutrino mass-squared differences that are fundamental parameters of particle physics,
representing phenomena beyond the Standard Model. Precision measurements of these parameters are
essential for testing the completeness of the three-flavour framework, determining the mass ordering of
neutrinos and probing possible new physics. The Jiangmen Underground Neutrino Observatory (JUNO) is
a 20-ktonne liquid-scintillator detector located 52.5?km from multiple reactor cores, designed to resolve the
interference pattern of reactor neutrinos with sub-percent precision. Here we report, using the first 59.1?days
of data collected since detector completion in August 2025, the first simultaneous high-precision
determination of two neutrino oscillation parameters,for the normal mass ordering scenario, improving the
precision by a factor of 1.6 relative to the combination of all previous measurements. These results advance
the basic understanding of neutrinos, validate the design of the detector and indicate the readiness of JUNO
for resolving the neutrino mass ordering with a larger dataset. The rapid achievement with a short exposure
highlights the potential of JUNO to push the frontiers of precision neutrino physics and paves the way for its
broad scientific programme.
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A Abstractd

Performing quantum algorithms for critical problems in physics and chemistry requires substantially lower
error rates than the physical error rates of present quantum computers. Achieving such low logical error rates
requires quantum error correction and physical error rates below a critical threshold value. We
experimentally demonstrate on a trapped-ion quantum charge-coupled device (QCCD) improvements in
logical error rates ranging from 11x to 800x compared with several physical circuit baselines, including
guantum computation on multiple qubits. Our results hinge on two quantum error correction code
constructions optimized for an ion-trap processor: a 12-qubit code encoding two qubits inspired by Knill11
and a 16-qubit tesseract colour code encoding four qubits. These constructions are combined with a scalable
method of error detection and post-selection to achieve reduced logical error rates. Our results show that
state-of-the-art quantum devices are already able to make use of fault tolerance and error correction to
strongly suppress errors in non-trivial quantum circuit computations.
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Analysis of trade-offs of post-sorting plastic packaging
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A Abstract(

Increasing recycling rates requires not only better technologies but also smarter collection of plastic
packaging waste. Source separation—sorting materials such as plastics and metals at the household
level—captures substantial waste volumes, yet significant quantities still remain in the residual household
waste fraction owing to misthrows and non-participation. Post-sorting of mixed waste has been proposed as
a one-bin alternative to boost capture, despite concerns that contamination could compromise recycling
quality. Here we show, based on samples collected from one single material recovery facility, that bale purity,
expressed as percent target polymer, is similar across source-separation and post-sorting pathways, but post-
sorted bales contain more contaminants, including prohibited metals such as cadmium and lead. Post-sorted
samples have higher moisture and dirt content8, which can lead to increased complex volatile organic
compounds and necessitate additional washing. Concentrations of metals and halogens are elevated owing to
non-packaging items, potentially compromising recycling quality and further complicating both mechanical
and chemical recycling processes. Although post-sorting can be a useful supplement, it should not replace
source separation. Our results demonstrate that post-sorting can increase feedstock for recycling, but it also
acts as a pathway for certain contaminants to enter plastic packaging waste, raising concentrations above
typical levels, with potential risks to human health if these contaminants are not removed before recyclate
production. As post-sorting of residual waste becomes crucial to meet circularity targets, these findings are
particularly relevant.

Decade-long warming accelerates antibiotic resistance in grassland soils
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A Abstract(

Soils are critical reservoirs of antibiotic-resistance genes (ARGSs), which are strongly shaped by microbial
interactions and environmental conditions and are therefore highly sensitive to disturbance. Although
climate warming is recognized as one of the most significant disturbances to microbial communities and their
functions, its impacts on soil resistomes remain poorly understood. Here we investigated the effects of decade-
long experimental warming on ARGs in grassland soils using integrated experimental and computational
approaches. Our results revealed that ARG abundance substantially increased (23.9%) under
warming—particularly glycopeptide- and rifamycin-resistance genes. Warming specifically enriched
Actinomycetota hosts, including various potential plant pathogens, and enhanced ARG mobility. Large-scale
unprecedented isolates-based phenotypic analyses also validated that warming increased bacterial resistance
to multiple antibiotics. Further mechanistic analyses revealed that warming increased ARG abundance
primarily through co-selection of resistance genes physically linked to adaptive traits (for example, thermal
tolerance and nitrogen assimilation) and positive selection for thermal tolerance genes, which could be
further amplified via horizontal gene transfer. Together, these findings convincingly demonstrate that climate
warming substantially accelerates soil antibiotic resistance at genomic, ecological and evolutionary levels,
with broad implications for public health and environmental sustainability in a warming world.
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A Abstract(

Humans and other animals can sense the negative states of other individuals and respond with prosocial
helping behaviour to improve their conditions. Although prosocial helping behaviour is proposed to have an
evolutionary root in caring for vulnerable newborn offspring, whether the neural substrates underlying
parenting may contribute to adult-directed helping behaviours remains largely unclear. Here we show that
mice with higher levels of parenting show more prosocial allogrooming towards stressed adults. The medial
preoptic area (MPOA), a brain area involved in parenting behaviour, bidirectionally regulates allogrooming
towards stressed conspecifics. Allogrooming and parenting behaviours recruit a partially overlapping
neuronal ensemble in the MPOA, are both controlled by an MPOA-to-ventral tegmental area pathway and
are associated with dopamine release in the nucleus accumbens. Using activity-dependent labelling, we
demonstrate that MPOA neuronal ensembles engaged during parenting behaviours are functionally required
for allogrooming. Conversely, MPOA neurons activated during prosocial behaviour are functionally
required for pup grooming. Collectively, these findings uncover a neural circuit mechanism of prosocial
helping behaviour and reveal partially shared neural substrates between parenting and helping behaviours,
suggesting that the neural systems evolved for offspring care may have provided a scaffold for the emergence
of broader prosocial support between adults.

Dopamine drives persistent remodelling of the maternal brain
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A Abstract(

Pregnancy and postpartum experiences represent transformative physiological states that impose lasting
demands on the maternal body and brain, resulting in lifelong neural adaptations. However, the precise
molecular mechanisms that drive these persistent alterations remain poorly understood. Here we used brain-
wide transcriptomic profiling to define the molecular landscape of neuroplasticity induced by reproductive
experience, identifying the dorsal hippocampal formation (dHF) as a key site of transcriptional remodelling.
Combining single-cell RNA sequencing with a maternal— pup separation paradigm, we additionally found
that chronic postpartum stress significantly disrupts dHF adaptations by altering dopamine dynamics,
leading to changes in the dopamine-dependent histone post-translational modification, H3 dopaminylation,
which causally mediates downstream alterations in gene expression and behaviour. In human dorsal
subiculum, a brain structure within the dHF, we uncovered conserved patterns of parity-dependent
alterations in H3 dopaminylation and transcription. We further established the sufficiency of dopamine
modulation in regulating these adaptations via chemogenetic suppression of dopamine release into the dHF,
which recapitulated key epigenomic and behavioural features of reproductive experience in virgin female
mice. In sum, our findings establish dopamine as a central regulator of parity-induced neuroadaptations in
humans and mice, revealing a fundamental transcriptional mechanism by which female reproductive
experience remodels the brain to sustain long-term behavioural adaptations.
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