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[1] Achieving optical transparency in live animals with absorbing molecules
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fE%: ZIHAO OU, YI-SHIOU DUH, NICHOLAS J. ROMMELFANGER et al.

% —{E# B AL : Department of Materials Science and Engineering, Stanford University,
Stanford, CA, USA.Wu Tsai Neurosciences Institute, Stanford University, Stanford, CA,
USA.

I https://www.science.org/doi/10.1126/science.adm6869

Abstract: We report the counterintuitive observation that strongly absorbing molecules can
achieve optical transparency in live animals. We explored the physics behind this observation
and found that when strongly absorbing molecules dissolve in water, they can modify the
refractive index of the aqueous medium through the Kramers-Kronig relations to match that
of high-index tissue components such as lipids. We have demonstrated that our
straightforward approach can reversibly render a live mouse body transparent to allow
visualization of a wide range of deep-seated structures and activities. This work suggests that
the search for high-performance optical clearing agents should focus on strongly absorbing
molecules.
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[2] Phantom energy in the nonlinear response of a quantum many-body scar state
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Abstract: In this study, we used attractively interacting dysprosium gases to create scar states
that are stable enough to be driven into a strongly nonlinear regime while retaining their
character. We measured how the kinetic and total energies evolve after quenching the
confining potential. Although the bare interactions are attractive, the atoms behave as if they
repel each other: Their kinetic energy paradoxically decreases as the gas is compressed. The
missing “phantom” energy is quantified by benchmarking our experimental results against
generalized hydrodynamics calculations. We present evidence that the missing kinetic energy
is carried by undetected, very high momentum atoms.
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[3] Squeezing the quantum noise of a gravitational-wave detector below the standard
quantum limit
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Abstract: Gravitational wave detectors use kilometers-long interferometers to measure tiny
expansions and contractions of spacetime. The precision of those measurements is limited due
to quantum mechanics. Theoretically, that quantum limit could be surpassed by using
squeezed states of light, and a suitable filter cavity could extend the advantage over a wide
frequency range. Jia et al. measured the performance of the Laser Interferometer
Gravitational-Wave Observatory (LIGO) after it was upgraded with a squeezed light and filter
cavity system. The authors demonstrate that the upgrades improved the sensitivity of the
detector over a wide range of frequencies. Over a smaller range, it surpassed the quantum
limit.
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[4] Origin and fate of the pseudogap in the doped Hubbard model
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YE#: FEDOR SIMKOVIC IV, RICCARDO ROSSI, ANTOINE GEORGES, AND MICHEL
FERRERO
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S https://www.science.org/doi/10.1126/science.ade9194

Abstract: Despite its simplicity, the Hubbard model may be capable of describing some
instances of strongly correlated matter. However, this remains difficult to solve numerically;
connecting the results at zero and finite temperatures is particularly tricky. Simkovic et al.
used diagrammatic Monte Carlo calculations to examine the appearance of the pseudogap
phase in the doped Hubbard model at finite temperatures. This phase was found to be closely
associated with antiferromagnetic spin correlations and to connect to the ground-state stripe
phase calculated at zero temperature.
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[1] Long-lived isospin excitations in magic-angle twisted bilayer graphene
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Abstract: Numerous correlated many-body phases, both conventional and exotic, have been
reported in magic-angle twisted bilayer graphene (MATBG). However, the dynamics
associated with these correlated states, crucial for understanding the underlying physics,
remain unexplored. Here we combine exciton sensing and optical pump—probe spectroscopy
to investigate the dynamics of isospin orders in MATBG with WSe; substrate across the entire
flat band, achieving sub-picosecond resolution. We observe remarkably slow isospin
dynamics in a broad filling range around v =2 and between v =-3 and-2, with lifetimes of up
to 300 ps that decouple from the much faster cooling of electronic temperature (about 10 ps).
This non-thermal behaviour demonstrates the presence of abnormally long-lived modes in the
isospin degrees of freedom. This observation, not anticipated by theory, implies the existence
of long-range propagating collective modes, strong isospin fluctuations and memory effects
and is probably associated with an intervalley coherent or incommensurate Kekulé spiral
ground state. We further demonstrate non-equilibrium control of the isospin orders previously
found around integer fillings. Specifically, through ultrafast manipulation, it can be transiently
shifted away from integer fillings. Our study demonstrates a unique probe of collective
excitations in MATBG and paves the way for actively controlling non-equilibrium
phenomena in moiré systems.
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[2] One month convection timescale on the surface of a giant evolved star
EALEEEREX RN BERERN 1A

HAR{E B Nature, Volume 633 Issue 8029, 12 September 2024

f£3#: Wouter Vlemmings, Theo Khouri, Behzad Bojnordi Arbab, Elvire De Beck & Matthias
Maercker
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Abstract: The transport of energy through convection is important during many stages of
stellar evolution, and is best studied in our Sun or giant evolved stars. Features that are
attributed to convection are found on the surface of massive red supergiant stars. Also for
lower-mass evolved stars, indications of convection are found, but convective timescales and
sizes remain poorly constrained. Models indicate that convective motions are crucial to
produce strong winds that return the products of stellar nucleosynthesis into the interstellar
medium. Here we report a series of reconstructed interferometric images of the surface of the
evolved giant star R Doradus. The images reveal a stellar disk with prominent small-scale
features that provide the structure and motions of convection on the stellar surface. We find
that the dominant structure size of the features on the stellar disk is 0.72 +0.05 astronomical
units. We measure the velocity of the surface motions to vary between —18 and +20 km s—1,
which means that the convective timescale is approximately one month. This indicates a
possible difference between the convection properties of low-mass and high-mass evolved
stars..
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[3] Spectroscopic confirmation of two luminous galaxies at a redshift of 14
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Abstract : The first observations of the James Webb Space Telescope (JWST) have
revolutionized our understanding of the Universe by identifying galaxies at redshift z= 13 . In
addition, the discovery of many luminous galaxies at Cosmic Dawn (z>10) has suggested
that galaxies developed rapidly, in apparent tension with many standard models. However,
most of these galaxies lack spectroscopic confirmation, so their distances and properties are
uncertain. Here we present JWST Advanced Deep Extragalactic Survey—Near-Infrared
Spectrograph spectroscopic confirmation of two luminous galaxies at and z=13.90+0.17.
The spectra reveal ultraviolet continua with prominent Lyman-a breaks but no detected
emission lines. This discovery proves that luminous galaxies were already in place
300 million years after the Big Bang and are more common than what was expected before
JWST. The most distant of the two galaxies is unexpectedly luminous and is spatially
resolved with a radius of 260 parsecs. Considering also the very steep ultraviolet slope of the
second galaxy, we conclude that both are dominated by stellar continuum emission, showing
that the excess of luminous galaxies in the early Universe cannot be entirely explained by
accretion onto black holes. Galaxy formation models will need to address the existence of
such large and luminous galaxies so early in cosmic history.
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[4] Observing the two-dimensional Bose glass in an optical quasicrystal
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Abstract: The presence of disorder substantially influences the behaviour of physical systems.
It can give rise to slow or glassy dynamics, or to a complete suppression of transport as in
Anderson insulators, where normally extended wavefunctions such as light fields or
electronic Bloch waves become exponentially localized. The combined effect of disorder and
interactions is central to the richness of condensed-matter physics. In bosonic systems, it can
also lead to additional quantum states such as the Bose glass—an insulating but compressible
state without long-range phase coherence that emerges in disordered bosonic systems and is
distinct from the well-known superfluid and Mott insulating ground states of interacting
bosons. Here we report the experimental realization of the two-dimensional Bose glass using
ultracold atoms in an eight-fold symmetric quasicrystalline optical lattice. By probing the
coherence properties of the system, we observe a Bose-glass-to-superfluid transition and map
out the phase diagram in the weakly interacting regime. We furthermore demonstrate that it is
not possible to adiabatically traverse the Bose glass on typical experimental timescales by
examining the capability to restore coherence and discuss the connection to the expected
non-ergodicity of the Bose glass. Our observations are in good agreement with recent

quantum Monte Carlo predictions6 and pave the way for experimentally testing the

connection between the Bose glass, many-body localization and glassy dynamics more
generally.
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[S] Dynamic transition and Galilean relativity of current-driven skyrmions
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Abstract: Here we report the emergent electrodynamics induced by SkL motion in Gd,PdSis,
facilitated by its giant THE. With increasing current excitation, we observe the dynamic
transition of the SkL motion from the pinned to creep regime and finally to the flow regime,
in which the THE is totally suppressed. We argue that the Galilean relativity required for the
total cancellation of the THE may be generically recovered in the flow regime, even in
complex multiband systems such as the present compound. Moreover, the observed THE
voltages are large enough to enable real-time measurement of the SkL velocity—current profile,
which shows the inertial-like motion of the SKL in the creep regime, appearing as the current
hysteresis of the skyrmion velocity.
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[6] Axon-like active signal transmission
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Abstract: Any electrical signal propagating in a metallic conductor loses amplitude due to the
natural resistance of the metal. Compensating for such losses presently requires repeatedly
breaking the conductor and interposing amplifiers that consume and regenerate the signal.
This century-old primitive severely constrains the design and performance of modern
interconnect-dense chips. Here we present a fundamentally different primitive based on
semi-stable edge of chaos (EOC), a long-theorized but experimentally elusive regime that
underlies active (self-amplifying) transmission in biological axons. By electrically accessing
the spin crossover in LaCoO3, we isolate semi-stable EOC, characterized by small-signal
negative resistance and amplification of perturbations. In a metallic line atop a medium biased
at EOC, a signal input at one end exits the other end amplified, without passing through a
separate amplifying component. While superficially resembling superconductivity, active
transmission offers controllably amplified time-varying small-signal propagation at normal
temperature and pressure, but requires an electrically energized EOC medium. Operando
thermal mapping reveals the mechanism of amplification—bias energy of the EOC medium,
instead of fully dissipating as heat, is partly used to amplify signals in the metallic line,

thereby enabling spatially continuous active transmission, which could transform the design

and performance of complex electronic chips
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