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[1]Observation of a continuous time crystal
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Abstract: Time crystals are classified as discrete or continuous depending on whether they spontaneously
break discrete or continuous time translation symmetry. Although discrete time crystals have been extensively
studied in periodically driven systems, the experimental realization of a continuous time crystal is still pending.
We report the observation of a limit cycle phase in a continuously pumped dissipative atom-cavity system that is
characterized by emergent oscillations in the intracavity photon number. The phase of the oscillation was found to
be random for different realizations, and hence, this dynamical many-body state breaks continuous time translation
symmetry spontaneously. Furthermore, the observed limit cycles are robust against temporal perturbations and
therefore demonstrate the realization of a continuous time crystal.
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Dynamics of active liquid interfaces
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Abstract: Incompatible liquids such as oil and water will phase separate with low interfacial tension. Adkins et al.
investigated the dynamics of a one-dimensional interface separating an active nematic phase with a passive isotropic phase.
They found a rich behavior of fluctuating interfaces in which the phase-separating fluids could form active emulsions that
did not coarsen and in which droplets formed spontaneously. Macroscopic interfaces can also displayed propagating waves
with a characteristic wave number and speed. Furthermore, the activity of one of the fluids, in which the addition of energy
drove the ordering of that fluid, was able to modify the wetting transitions. The authors also observed active wetting of a
solid surface whereby active extensile stresses parallel to the surface drove the fluid to climb a solid wall against gravity.
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Proton-coupled energy transfer in molecular triads
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Abstract: Proton-coupled electron transfer (PCET) reactions have generated considerable interest because of their
essential role in various energy conversion processes in biology. Pettersson Rimgard et al. report another type of
mechanism denoted as proton-coupled energy transfer (PCEnT), in which proton transfer is coupled to electronic excitation
energy transfer. PCEnT was experimentally detected when analyzing the excited state behavior for a series of
anthracene-phenol-pyridine trimers in low-temperature conditions, where PCET is thermodynamically hindered.
Theoretical calculations showed that the observed PCEnT is a non-adiabatic singlet-singlet energy transfer coupled to
proton tunneling, which, unlike PCET, occurs with no charge transfer between donor and acceptor. PCEnT is potentially
important for light-activated chemistry, photonic materials, and photobiology, but it has yet to be identified for natural
systems.
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Cavity-mediated electron-photon pairs
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Abstract: The interaction of electron beams with cavities and resonant structures represents a universal scheme

for generating electromagnetic radiation. Feist et al. fabricated structures with phase-matched interactions between

free electrons and the vacuum cavity field of a photonic chip-based microresonator. As the electrons passed near the

resonator, coupling between them and the vacuum field resulted in the spontaneous generation of photons within the

cavity. Because the electron-photon pairs are correlated, they should be a useful source for the development of

free-electron quantum optics providing enhanced imaging and sensing capabilities.
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Tweezer-programmable 2D quantum walks in a Hubbard-regime lattice
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Abstract: Quantum walks provide a framework for designing quantum algorithms that is both intuitive and
universal. To leverage the computational power of these walks, it is important to be able to programmably modify the
graph a walker traverses while maintaining coherence. We do this by combining the fast, programmable control
provided by optical tweezers with the scalable, homogeneous environment of an optical lattice. With these tools we
study continuous-time quantum walks of single atoms on a square lattice and perform proof-of-principle
demonstrations of spatial search with these walks. When scaled to more particles, the capabilities demonstrated can
be extended to study a variety of problems in quantum information science, including performing more effective
versions of spatial search using a larger graph with increased connectivity.
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Tunable light-induced dipole-dipole interaction between optically levitated nanoparticles
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Abstract: Arrays of optically trapped nanoparticles have emerged as a platform for the study of complex
nonequilibrium phenomena. Analogous to atomic many-body systems, one of the crucial ingredients is the ability to
precisely control the interactions between particles. However, the optical interactions studied thus far only provide
conservative optical binding forces of limited tunability. In this work, we exploit the phase coherence between the
optical fields that drive the light-induced dipole-dipole interaction to couple two nanoparticles. In addition, we
effectively switch off the optical interaction and observe electrostatic coupling between charged particles. Our results
provide a route to developing fully programmable many-body systems of interacting nanoparticles with tunable
nonreciprocal interactions, which are instrumental for exploring entanglement and topological phases in arrays of
levitated nanoparticles.
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Resonant metasurfaces for generating complex quantum states
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Abstract: Quantum state engineering, the cornerstone of quantum photonic technologies, mainly relies on
spontaneous parametric downconversion and four-wave mixing, where one or two pump photons spontaneously
decay into a photon pair. Both of these nonlinear effects require momentum conservation for the participating
photons, which strongly limits the versatility of the resulting quantum states. Nonlinear metasurfaces have
subwavelength thickness and allow the relaxation of this constraint; when combined with resonances, they greatly
expand the possibilities of quantum state engineering. Here, we generated entangled photons via spontaneous
parametric downconversion in semiconductor metasurfaces with high - quality factor, quasi-bound state in the
continuum resonances. By enhancing the quantum vacuum field, our metasurfaces boost the emission of
nondegenerate entangled photons within multiple narrow resonance bands and over a wide spectral range. A single
resonance or several resonances in the same sample, pumped at multiple wavelengths, can generate multifrequency
quantum states, including cluster states. These features reveal metasurfaces as versatile sources of complex states for
quantum information.
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Massively degenerate coherent perfect absorber for arbitrary wavefronts
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Abstract: One of the key insights of non-Hermitian photonics is that well-established concepts such as the laser
can be operated in reverse to realize a coherent perfect absorber (CPA). Although conceptually appealing, such CPAs
are limited so far to a single, judiciously shaped wavefront or mode. Here, we demonstrate how this limitation can be
overcome by time-reversing a degenerate cavity laser based on a unique cavity that self-images any incident light
field onto itself. Placing a weak, critically coupled absorber into this cavity, any incoming wavefront, even a complex
and dynamically varying speckle pattern, is absorbed with close to perfect efficiency in a massively parallel
interference process. These characteristics open up interesting new possibilities for applications in light harvesting,
energy delivery, light control, and imaging.
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[1]Quantized current steps due to the a.c. coherent quantum phase-slip effect
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Abstract: The a.c. Josephson effect predicted in 1962 and observed experimentally in 1963 as quantized
‘voltage steps’ (the Shapiro steps) from photon-assisted tunnelling of Cooper pairs is among the most fundamental

phenomena of quantum mechanics and is vital for metrological quantum voltage standards. The physically dual
effect, the a.c. coherent quantum phase slip (CQPS), photon-assisted tunnelling of magnetic fluxes through a
superconducting nanowire, is envisaged to reveal itself as quantized ~‘current steps. The basic physical significance
of the a.c. CQPS is also complemented by practical importance in future current standards, a missing element for
closing the quantum metrology triangle. In 2012, the CQPS was demonstrated as superposition of magnetic flux
quanta in superconducting nanowires. However, the direct flat current steps in superconductors, the only unavailable
basic effect of superconductivity to date, was unattainable due to lack of appropriate materials and challenges in
circuit engineering. Here we report the direct observation of the dual Shapiro steps in a superconducting nanowire.
The sharp steps are clear up to 26 GHz frequency with current values 8.3 nA and limited by the present set-up
bandwidth. The current steps were theoretically predicted in small Josephson junctions 30 years ago. However,
unavoidable broadening in Josephson junctions prevents their direct experimental observation. We solve this problem
by placing a thin NbN nanowire in an inductive environment.
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Non-Hermitian morphing of topological modes
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Abstract: Topological modes (TMs) are usually localized at defects or boundaries of a much larger topological
lattice. Recent studies of non-Hermitian band theories unveiled the non-Hermitian skin effect (NHSE), by which the
bulk states collapse to the boundary as skin modes. Here we explore the NHSE to reshape the wavefunctions of TMs
by delocalizing them from the boundary. At a critical non-Hermitian parameter, the in-gap TMs even become
completely extended in the entire bulk lattice, forming an  ‘extended mode outside of a continuum’ . These extended
modes are still protected by bulk-band topology, making them robust against local disorders. The morphing of TM
wavefunction is experimentally realized in active mechanical lattices in both one-dimensional and two-dimensional
topological lattices, as well as in a higher-order topological lattice. Furthermore, by the judicious engineering of the
non-Hermiticity distribution, the TMs can deform into a diversity of shapes. Our findings not only broaden and deepen
the current understanding of the TMs and the NHSE but also open new grounds for topological applications.
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Self-oscillating pump in a topological dissipative atom - cavity system
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Abstract: Pumps are transport mechanisms in which direct currents result from a cyclic evolution of the potential.
As Thouless showed, the pumping process can have topological origins, when considering the motion of quantum
particles in spatially and temporally periodic potentials. However, the periodic evolution that drives these pumps has
always been assumed to be imparted from outside, as has been the case in the experimental systems studied so far.
Here we report on an emergent mechanism for pumping in a quantum gas coupled to an optical resonator, where we
observe a particle current without applying a periodic drive. The pumping potential experienced by the atoms is formed
by the self-consistent cavity field interfering with the static laser field driving the atoms. Owing to dissipation, the
cavity field evolves between its two quadratures, each corresponding to a different centrosymmetric crystal
configuration. This self-oscillation results in a time-periodic potential analogous to that describing the transport of
electrons in topological tight-binding models, such as the paradigmatic Rice - Mele pump. In the experiment, we
directly follow the evolution by measuring the phase winding of the cavity field with respect to the driving field and
observing the atomic motion in situ. The observed mechanism combines the dynamics of topological and open
systems, and features characteristics of continuous dissipative time crystals.
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Formation of moiré interlayer excitons in space and time
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Abstract: Moiré superlattices in atomically thin van der Waals heterostructures hold great promise for extended
control of electronic and valleytronic lifetimes, the confinement of excitons in artificial moiré lattices and the
formation of exotic quantum phases. Such moiré-induced emergent phenomena are particularly strong for interlayer
excitons, where the hole and the electron are localized in different layers of the heterostructure. To exploit the full
potential of correlated moiré and exciton physics, a thorough understanding of the ultrafast interlayer exciton formation
process and the real-space wavefunction confinement is indispensable. Here we show that femtosecond photoemission
momentum microscopy provides quantitative access to these key properties of the moiré interlayer excitons. First, we
elucidate that interlayer excitons are dominantly formed through femtosecond exciton — phonon scattering and
subsequent charge transfer at the interlayer-hybridized X~ wvalleys. Second, we show that interlayer excitons exhibit a
momentum fingerprint that is a direct hallmark of the superlattice moiré modification. Third, we reconstruct the
wavefunction distribution of the electronic part of the exciton and compare the size with the real-space moiré
superlattice. Our work provides direct access to interlayer exciton formation dynamics in space and time and reveals
opportunities to study correlated moiré and exciton physics for the future realization of exotic quantum phases of
matter.
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Efficient generation of entangled multiphoton graph states from a single atom
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Abstract: The central technological appeal of quantum science resides in exploiting quantum effects, such as
entanglement, for a variety of applications, including computing, communication and sensing. The overarching
challenge in these fields is to address, control and protect systems of many qubits against decoherence. Against this
backdrop, optical photons, naturally robust and easy to manipulate, represent ideal qubit carriers. However, the most
successful technique so far for creating photonic entanglement is inherently probabilistic and, therefore, subject to
severe scalability limitations. Here we report the implementation of a deterministic protocol for the creation of
photonic entanglement with a single memory atom in a cavity. We interleave controlled single-photon emissions with
tailored atomic qubit rotations to efficiently grow Greenberger - Horne - Zeilinger (GHZ) states of up to 14 photons
and linear cluster states of up to 12 photons with a fidelity lower bounded by 76(6)% and 56(4)%, respectively. Thanks
to a source-to-detection efficiency of 43.18(7)% per photon, we measure these large states about once every minute,
which is orders of magnitude faster than in any previous experiment. In the future, this rate could be increased even
further, the scheme could be extended to two atoms in a cavity or several sources could be quantum mechanically
coupled, to generate higher-dimensional cluster states. Overcoming the limitations encountered by probabilistic
schemes for photonic entanglement generation, our results may offer a way towards scalable measurement-based
quantum computation and communication.
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Quantum error correction with silicon spin qubits
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Abstract: Future large-scale quantum computers will rely on quantum error correction (QEC) to protect the
fragile quantum information during computation. Among the possible candidate platforms for realizing quantum
computing devices, the compatibility with mature nanofabrication technologies of silicon-based spin qubits offers
promise to overcome the challenges in scaling up device sizes from the prototypes of today to large-scale computers.
Recent advances in silicon-based qubits have enabled the implementations of high-quality one-qubit and two-qubit
systems. However, the demonstration of QEC, which requires three or more coupled qubits, and involves a three-qubit
gate or measurement-based feedback, remains an open challenge. Here we demonstrate a three-qubit phase-correcting
code in silicon, in which an encoded three-qubit state is protected against any phase-flip error on one of the three
qubits. The correction to this encoded state is performed by a three-qubit conditional rotation, which we implement by
an efficient single-step resonantly driven iToffoli gate. As expected, the error correction mitigates the errors owing to
one-qubit phase-flip, as well as the intrinsic dephasing mainly owing to quasi-static phase noise. These results show
successful implementation of QEC and the potential of a silicon-based platform for large-scale quantum computing.
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Kardar—Parisi—Zhang universality in a one-dimensional polariton condensate
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Abstract: Revealing universal behaviours is a hallmark of statistical physics. Phenomena such as the stochastic
growth of crystalline surfaces and of interfaces in bacterial colonies, and spin transport in quantum magnets all belong
to the same universality class, despite the great plurality of physical mechanisms they involve at the microscopic level.
More specifically, in all these systems, space - time correlations show power-law scalings characterized by universal
critical exponents. This universality stems from a common underlying effective dynamics governed by the nonlinear
stochastic Kardar - Parisi - Zhang (KPZ) equation. Recent theoretical works have suggested that this dynamics also
emerges in the phase of out-of-equilibrium systems showing macroscopic spontaneous coherence. Here we
experimentally demonstrate that the evolution of the phase in a driven-dissipative one-dimensional polariton
condensate falls in the KPZ universality class. Our demonstration relies on a direct measurement of KPZ space - time
scaling laws, combined with a theoretical analysis that reveals other key signatures of this universality class. Our
results highlight fundamental physical differences between out-of-equilibrium condensates and their equilibrium
counterparts, and open a paradigm for exploring universal behaviours in driven open quantum systems.
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