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O O Physics

Dynamics of disordered quantum systems with two- and three-dimensional tensor networks
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A Abstract[]

Large-scale quantum annealing dynamics of Ising spin glasses were recently implemented on D-Wave’ s
Advantage? system on a range of lattices. After extensive comparison with existing numerical methods, these
experiments were claimed to be beyond the reach of classical computation. Here, we simulated these spin-
glass models with lattice-specific tensor networks, using belief propagation (BP) to keep up with the
entanglement generated during the time evolution and then extracting expectation values with more
sophisticated variants of BP. We found that state-of-the-art accuracies could be achieved with modest

computational resources. Moreover, our results are scalable in both two and three dimensions, which we
leveraged to verify universal Kibble-Zurek physics on systems involving hundreds of qubits.
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Device-scaling constraints imposed by the van der Waals gap formed in two-dimensional materials
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A Abstractd

Transistor miniaturization requires controlling gate leakage through ultrathin dielectrics and minimizing
source-drain contact resistance. Although two-dimensional semiconductors offer excellent electrostatic
control, their interfaces with gate dielectrics and contact metals often form a van der Waals (vdW) gap that
affects device performance and acts as a tunneling barrier with a low dielectric constant. While this reduces
dielectric leakage, it increases metal-channel contact resistance and introduces a parasitic series capacitance
to the gate. We quantified the trade-off between leakage suppression and electrostatic and contact-resistance
scaling limits. As a result of this trade-off, many insulators fail to meet scaling targets, and metal-channel
contacts fall short of required resistances. Zipper-like interfaces, where quasi-covalent bonding removes the
vdW gap without creating dangling bonds, offer a path toward ultrascaled transistor designs.
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Reward magnitude determines reinforcement learning efficiency
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A Abstract(

Standard animal learning studies minimize individual reward magnitudes to maximize the repetitions of
reinforced behaviors. We investigated how reward magnitude influences initial learning across five behavioral
paradigms in na?ve mice. Especially large rewards could substantially improve learning efficiency through
dissociable effects on within- and across-session learning and task engagement. The duration and magnitude
of ventral striatal dopamine release scaled with reward sizes, and prolonged optogenetic enhancement of
dopamine reward responses also reproduced much, but not all, of the benefits to learning produced by
outsized rewards. These findings indicate that the reinforcement learning efficiency of animals has
traditionally been underestimated and that dopamine signaling of rewards mediates task engagement in
proportion to absolute reward magnitude.
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Long-distance genetic relatedness in megalithic central Europe
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A Abstractd

Megalithic monuments in Late Neolithic Europe are often viewed as symbols of shared ancestry. In this
study, we analyzed genome-wide data of 203 individuals buried in six megalithic grave complexes associated
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with the Western Funnel Beaker and Wartberg groups. Despite being considered archaeologically distinct,
our results show that the studied individuals from both groups form a genetically homogeneous population.
Moreover, we identified first- and second-degree relationships spanning up to 225 km, revealing
unexpectedly long-distance ties and sustained intersite and intergroup mobility. The six grave complexes
functioned as communal burial grounds and were not exclusively used for close genetic relatives, indicating
that social kinship played an important role. Limited evidence for genetic connections to distant European
megalithic populations indicates that monumentality spread culturally rather than through biological
networks.
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Interacting effects of human presence and landscape modification on birds and mammals
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A Abstract(

Here, we leverage mobile-device data to disentangle how human presence and landscape modification
differentially influence the use of geographic and environmental space for 37 mammal and bird species across
the United States. Human presence affected more than 65% of species, with substantial variation across
species. For ~60% of species that responded to human activities, the effects were interdependent—animals
tended to react more strongly to human presence in less modified habitats. Our results demonstrate that
human presence and landscape modification have complex combined effects on wildlife, which need to be
considered for effective management.
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Cloudy mornings and clear evenings on a gas giant exoplanet
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The spectra of exoplanet atmospheres are affected by aerosols (clouds and hazes) of uncertain origin.
Proposed aerosol formation mechanisms include gas condensation or photochemical reactions. We
measured the transmission spectrum of the tidally locked gas giant exoplanet WASP-94A b and identified
asymmetry in its atmosphere. The morning limb is cooler and cloudy, whereas the evening limb is hotter and
exhibits gaseous water absorption features. We interpret this difference as being due to the formation of cloud
droplets near the morning limb, which evaporate during circulation to the evening limb. The dominant
aerosols are clouds cycling between the day and night sides of the atmosphere, not photochemical hazes. The
resulting asymmetry can severely bias chemical abundance measurements, unless limb-resolved spectroscopy
Is available.
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