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Dirac mass induced by optical gain and loss
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A Abstractd

Mass is commonly considered an intrinsic property of matter, but modern physics reveals particle masses to
have complex originsl, such as the Higgs mechanism in high-energy physics. In crystal lattices such as
graphene, relativistic Dirac particles can exist as low-energy quasiparticles with masses imparted by lattice
symmetry-breaking perturbations. These mass-generating mechanisms all assume Hermiticity, or the
conservation of energy in detail. Using a photonic synthetic lattice, we show experimentally that Dirac masses
can be generated by means of non-Hermitian perturbations based on optical gain and loss. We then explore
how the spacetime engineering of the gain and loss-induced Dirac mass affects the quasiparticles. As we
show, the quasiparticles undergo Klein tunnelling at spatial boundaries, but a local breaking of a non-
Hermitian symmetry can produce a new flux non-conservation effect at the domain walls. At a temporal
boundary that abruptly flips the sign of the Dirac mass, we observe a variant of the time-reflection
phenomenon: in the non-relativistic limit, the Dirac quasiparticle reverses its velocity, whereas in the
relativistic limit, the original velocity is retained.
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A Abstract(

Giant exoplanets orbiting close to their host stars are unlikely to have formed in their present configurationsl.
These * hot Jupiter’ planets are instead thought to have migrated inward from beyond the ice line and
several viable migration channels have been proposed, including eccentricity excitation through angular-
momentum exchange with a third body followed by tidally driven orbital circularization. The discovery of
the extremely eccentric (e?=?0.93) giant exoplanet HD?80606?b provided observational evidence that hot
Jupiters may have formed through this high-eccentricity tidal-migration pathway. However, no similar hot-
Jupiter progenitors have been found and simulations predict that one factor affecting the efficacy of this
mechanism is exoplanet mass, as low-mass planets are more likely to be tidally disrupted during periastron
passage6,7,8. Here we present spectroscopic and photometric observations of TIC?2412495307b, a high-
mass, transiting warm Jupiter with an extreme orbital eccentricity of e?=70.94. The orbit of T1C?241249530%b
is consistent with a history of eccentricity oscillations and a future tidal circularization trajectory. Our analysis
of the mass and eccentricity distributions of the transiting-warm-Jupiter population further reveals a
correlation between high mass and high eccentricity.
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A Abstractd

Advances in science, medicine and engineering rely on breakthroughs in imaging, particularly for obtaining
multiscale, three-dimensional information from functional systems such as integrated circuits or mammalian
brains. Achieving this goal often requires combining electron- and photon-based approaches. Whereas
electron microscopy provides nanometre resolution through serial, destructive imaging of surface layersl,
ptychographic X-ray computed tomography offers non-destructive imaging and has recently achieved
resolutions down to seven nanometres for a small volume. Here we implement burst ptychography, which
overcomes experimental instabilities and enables much higher performance, with 4-nanometre resolution at
a 170-times faster acquisition rate, namely, 14,000 resolution elements per second. Another key innovation is
tomographic back-propagation reconstruction4, allowing us to image samples up to ten times larger than the
conventional depth of field. By combining the two innovations, we successfully imaged a state-of-the-art
(seven-nanometre node) commercial integrated circuit, featuring nanostructures made of low- and high-
density materials such as silicon and metals, which offer good radiation stability and contrast at the selected X-
ray wavelength. These capabilities enabled a detailed study of the chip’ s design and manufacturing, down
to the level of individual transistors. We anticipate that the combination of nanometre resolution and higher
X-ray flux at next-generation X-ray sources will have a revolutionary impact in fields ranging from
electronics to electrochemistry and neuroscience.
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A Abstract(

Coherent optical driving in quantum solids is emerging as a research frontier, with many reports of
Interesting non-equilibrium quantum phases and transient photo-induced functional phenomena such as
ferroelectricity, magnetism and superconductivity. In high-temperature cuprate superconductors, coherent
driving of certain phonon modes has resulted in a transient state with superconducting-like optical
properties, observed far above their transition temperature Tc and throughout the pseudogap phase.
However, questions remain on the microscopic nature of this transient state and how to distinguish it from a
non-superconducting state with enhanced carrier mobility. For example, it is not known whether cuprates
driven in this fashion exhibit Meissner diamagnetism. Here we examine the time-dependent magnetic field
surrounding an optically driven YBa2Cu306.48 crystal by measuring Faraday rotation in a magneto-optic
material placed in the vicinity of the sample. For a constant applied magnetic field and under the same
driving conditions that result in superconducting-like optical properties, a transient diamagnetic response
was observed. This response is comparable in size with that expected in an equilibrium type I1
superconductor of similar shape and size with a volume susceptibility x v of order ?0.3. This value is
incompatible with a photo-induced increase in mobility without superconductivity. Rather, it underscores
the notion of a pseudogap phase in which incipient superconducting correlations are enhanced or
synchronized by the drive.
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Groundwater-dependent ecosystem map exposes global dryland protection needs
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A Abstract(

Groundwater is the most ubiquitous source of liquid freshwater globally, yet its role in supporting diverse
ecosystems is rarely acknowledged. However, the location and extent of groundwater-dependent ecosystems
(GDEs) are unknown in many geographies, and protection measures are lacking. Here, we map GDEs at
high-resolution (roughly 30?m) and find them present on more than one-third of global drylands analysed,
including important global biodiversity hotspots. GDEs are more extensive and contiguous in landscapes
dominated by pastoralism with lower rates of groundwater depletion, suggesting that many GDEs are likely
to have already been lost due to water and land use practices. Nevertheless, 53% of GDESs exist within regions
showing declining groundwater trends, which highlights the urgent need to protect GDEs from the threat of
groundwater depletion. However, we found that only 21% of GDEs exist on protected lands or in
jurisdictions with sustainable groundwater management policies, invoking a call to action to protect these
vital ecosystems. Furthermore, we examine the linkage of GDEs with cultural and socio-economic factors in
the Greater Sahel region, where GDEs play an essential role in supporting biodiversity and rural livelihoods,
to explore other means for protection of GDEs in politically unstable regions. Our GDE map provides
critical information for prioritizing and developing policies and protection mechanisms across various local,
regional or international scales to safeguard these important ecosystems and the societies dependent on them.

6/8



A holistic platform for accelerating sorbent-based carbon capture
gbodooooooood

A [0 0 0O Charithea Charalambous, Elias Moubarak, Johannes Schilling, Eva Sanchez Fernandez, Jin-Yu
Wang, Laura Herraiz, Fergus Mcilwaine, Shing Bo Peh, Matthew Garvin, Kevin Maik Jablonka, Seyed
Mohamad Moosavi, Joren Van Herck, Aysu Yurdusen Ozturk, Alireza Pourghaderi, Ah-Young Song,
Georges Mouchaham, Christian Serre, Jeffrey A. Reimer, André Bardow, Berend Smit Susana Garcia

A0D0O0O
https://www.nature.com/articles/s41586-024-07683-8
A0D0O0O

oooooocopuooogoooooboobobobobobooooooooobooDo
gooboobbooooooobobobbtbdooooobbobbbooooooobobobobog
gobobobobbboogogoobboobbooogd

gobbobobbuoogogob:uooogobbobbbuoooogubboobbouoooog
gooboobbooooooobobobbtbdooooobbobbbooooooobobobobog
gopboood

gobboobbuoggogobobobobboddperaSMal DD ODOO0O00ooooooooood
goobobobbooooooboosbbbodooooobobbtbooooobeon b
gon

gobboobbbuodgoooobobbbdoooooboobbouooogoboooog
gobobobobbooooooobbobbtbdooooobbobbboooooooooboooens
MaD DO ooooobooboogogooobooobood

A Abstract(

Reducing carbon dioxide (CO2) emissions urgently requires the large-scale deployment of carbon-capture
technologies. These technologies must separate CO2 from various sources and deliver it to different sinks.
The quest for optimal solutions for specific source— sink pairs is a complex, multi-objective challenge
involving multiple stakeholders and depends on social, economic and regional contexts. Currently, research
follows a sequential approach: chemists focus on materials design and engineers on optimizing processes,
which are then operated at a scale that impacts the economy and the environment. Assessing these impacts,
such as the greenhouse gas emissions over the plant’ s lifetime, is typically one of the final steps. Here we
introduce the PrISMa (Process-Informed design of tailor-made Sorbent Materials) platform, which
integrates materials, process design, techno-economics and life-cycle assessment. We compare more than 60
case studies capturing CO2 from various sources in 5 global regions using different technologies. The
platform simultaneously informs various stakeholders about the cost-effectiveness of technologies, process
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configurations and locations, reveals the molecular characteristics of the top-performing sorbents, and
provides insights on environmental impacts, co-benefits and trade-offs. By uniting stakeholders at an early

research stage, PrISMa accelerates carbon-capture technology development during this critical period as we
aim for a net-zero world.
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