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Topological properties of polariton lattices
Alberto Amo1
1
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C2N-Marcoussis, 91460 Marcoussis, France

The implementation of topological eﬀects in photonics has recently emerged as a promising
research avenue for the manipulation of photons at the micron-scale [1]. The possibility of
engineering the on-site energy and hopping makes polariton lattices an excellent platform to
study this type of phenomena. In this presentation we will review our recent experiments on the
topological properties of polariton lattices etched in semiconductor microcavities. In 2D, we have
implemented a honeycomb lattice in which polaritons behave as electrons in graphene, and we
have studied the edge states that emerge from the topological properties of the bulk bands [2, 3].
In 1D, we have fabricated lattices following a Fibonacci potential showing edge states directly
related to bulk invariants that can be measured experimentally [4]. Finally, we will show lasing
in topological edge states. The implementation of these properties in a semiconductor microchip
opens new opportunities in the fabrication of micrometric scale photonic chips with properties
intrinsically robust to noise, disorder and defects.
Acknowledgements: the work presented in this invited talk has been done in collaboration
with E. Akkermans, F. Baboux, J. Bloch, I. Carusotto, E. Galopin, C. Gomez, A. Harouri,
L. Le Gratiet, A. Lematre, E. Levi, M. Milicevic, G. Montambaux, T. Ozawa, I. Sagnes, P. SaintJean.
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Realising XY Models with polariton graphs
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A large variety of computationally intractable systems can be mapped into certain universal
classical spin models such as an Ising, XY or Heisenberg models, that are characterised by
the given degrees of freedom, “spins”, by their interactions, “couplings,” and by the associated
cost function, “Hamiltonian”. Various physical platforms have been proposed to simulate such
models using superconducting qubits, optical lattices, coupled lasers etc. We introduce polariton
graphs as a new platform for finding the global minimum of classical XY Hamiltonians in a
variety of geometries and coupling strengths [1]. This systems is based on well-established
semiconductor and optical control technologies and benefit from flexible tunability and easy
readability. Polariton condensates can be imprinted into any two-dimensional graph by spatial
modulation of the pumping laser [2] o↵ering straightforward scalability. We have recently
shown that in a polariton dyad or triad polariton condensation, driven by Bosonic stimulation,
occurs at the state with the phase-configuration that carries the highest polariton occupancy
[3]. Polariton simulators have the potential to reach the global minimum of the XY Hamiltonian
in a bottom-up approach by gradually increasing excitation density to threshold. This is an
advantage over classical or quantum annealing techniques, where the global ground state is
reached through transitions over metastable excited states with an increase of the cost of the
search with the size of the system.
By controlling the separation distance,
in-plane wavevector, and spin of the injected
condensates in polariton graphs, we acquire
several degrees of freedom in the tunability of couplings between the sites, therefore,
providing a unique toolbox for realising various phase configurations, discrete giant vortices, controllable next nearest neighbour
interactions, and dynamic phase transitions.
Acknowledgements: the work presented
in this invited talk has been done in collaboration with Kirill Kalinin1 , Matteo Silva3 ,
Julian D. Töpfer1,3 , Alexis Askitopoulos3 ,
Pasquale Cilibrizzi3 .
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(2016)
[2] G. Tosi, et al., Nature Physics 8, 190–194 (2012)
[3] Ohadi, H. et al. Phys. Rev. X, 6, 031032 (2016)

Non-reciprocal interactions via reservoir engineering
Aashish Clerk1
1

McGill University, Montreal, Canada

The last few years have seen an ever-growing amount of interest in non-reciprocal photonic
systems where the directionality results from driving the system, and not from the use of
magnetic or magneto-optic materials. The motivation here ranges from new design principles
for photonic devices, to the realization of novel kinds of correlated photonic physics. In this
talk, Ill give an overview of recent work in my group exploring how engineered dissipation can
be used to make almost any kind of interaction between two subsystems non-reciprocal (i.e.
unidirectional) [1, 2]. I will touch on connections to quantum limited amplification, quantum
state preparation and measurement-based quantum feed-forward protocols, and also discuss
recent implementations of our ideas in quantum optomechanics [3].
Acknowledgements: the work presented in this invited talk has been done in collaboration
with A. Metelmann.

[1] A. Metelmann and A. A. Clerk, Phys. Rev. X 5, 021025 (2015).
[2] A. Metelmann, A. A. Clerk, Phys. Rev. A 95, 013837 (2017).
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(published online Jan. 16), doi:10.1038/nphys4009 (2017)

Phase diagram of driven open quantum systems in low dimensions
Sebastian Diehl1
1

1Institute for Theoretical Physics, Cologne, Germany

We study driven open quantum systems, such as exciton-polariton condensates, in one and
two dimensions. Based on a non-equilibrium duality transformation, we argue that the asymptotic correlation function must decay exponentially due to unbound phase defects in both one
and two dimensions. In two dimensions, this means that the Kosterlitz-Thouless transition is
unstable against infinitesimal non-equilibrium perturbation in large systems [1, 2]. On the other
hand, we establish a new first order phase transition in one and two dimensions occurring at
strong non-equilibrium drive, which is characterized by the onset of deterministic chaos [3].
Acknowledgements: the work presented in this invited talk has been done in collaboration
with E. Altman, L. He, L. Sieberer and G. Wachtel

[1] L. M. Sieberer, G. Wachtel, E. Altman, S. Diehl, Lattice duality for the compact Kardar-Parisi-Zhang
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Collective Nano-OptoMechanics and Fluids
Ivan Favero1
1
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The interaction between light and mechanical motion is boosted in lightweight nanoscale
resonators. After landmark optomechanics experiments realized on single resonators, the investigation of collective phenomena now requires controlling vast ensembles of resonators, coupled
by light or vibrations. The evolution towards collective nano-optomechanics bears potential for
a variety of sensing applications as well as for quantum or topological photonics. It is however impeded by the disorder imposed by nanofabrication techniques, which naturally detunes
high-Q resonators and precludes resonant interactions amongst them.
Here we present a new technique to resonantly tune ensembles of nanophotonic/mechanical
resonators, building on the recent experimental development of nano-optomechanics in liquids
[1]. Laser light injected into the optical mode of a resonator immersed in a fluid triggers an
etching process, leading to fine-tuning of the resonator dimensions. The tuning is monitored
continuously by spectrally tracking the associated optical resonance. This process is naturally
scalable to multiple resonators and has allowed us to resonantly tune small ensembles (2 to 5
units) [2]. As a first application, we explore the resonant optical interaction of multiple and
distant nano-optomechanical systems (see figure). Light flowing unidirectionally along a chain of
nano-optomechanical oscillators is observed to produce their frequency-locking above a certain
threshold, which represents a first example of collective phenomenon in optomechanics [3]. Our
experiments are explained by a minimal semi-classical model, and set the grounds for more
advanced quantum experiments.

FIG. 1. Optomechanical cascade of three disk resonators along an optical waveguide. The square-shaped
anchors play no optomechanical part. Each disk supports an optical whispering gallery mode and a
radial breathing mechanical mode. Light is injected into the first disk and interacts with its mechanical
motion, before being propagated to the second resonator and next to the third.

Acknowledgements: the work presented in this invited talk has been done in collaboration
with E. Gil-Santos, W. Hease, A. Lemaitre, M. Labousse, C. Ciuti and G. Leo
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Few-body and many-body physics with Rydberg polaritons
Alexey V. Gorshkov1
1
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Photons can be made to strongly interact by dressing them with atomic Rydberg states under
conditions of electromagnetic induced transparency (EIT). In this talk, we will discuss several
theoretical and experimental advances in the understanding of few-body and many-body physics
of the resulting hybrid photon-Rydberg excitations called Rydberg polaritons. In particular, we
will discuss correlated dissipative dynamics [1], N-body forces, and N-photon bound states [2],
as well as present experimental results observing these phenomena.

[1] E. Zeuthen, M. J. Gullans, M. F. Maghrebi, and A. V. Gorshkov, arXiv:1608.06068 (2016).
[2] M. J. Gullans, J. D. Thompson, Y. Wang, Q.-Y. Liang, V. Vuletić, M. D. Lukin, and A. V. Gorshkov,
Phys. Rev. Lett. 117, 113601 (2016).

Single-photon nonlinearities and Rydberg blockade.
Philippe Grangier1
1
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Rydberg Blockade has been proposed a long time ago as a versatile tool for many tasks in
quantum information, ranging from quantum gates between atomic qubits [1] to giant optical
non linearities for photonic quantum gates [2]. During the last ten years many experiments have
been realized, with spectacular results (the good side) but also unexpected difficulties (the bad
side for applications, though this may open quite interesting physics questions).
In this talk I will review some of these results and challenges, and then focus on recent results
obtained at Institut dOptique in Palaiseau, France, and concerning the behaviour of Rydberginduced photonics non-linearities for an atomic cloud inside an optical cavity [3–6], see also
Figure 1. These results open perspectives towards quantum simulations, quantum photonics,
and more generally about the physics of strongly coupled quantum systems.
Acknowledgements: this work has been done in collaboration with all co-authors in the
articles quoted below, and supported by the European projects DELPHI, SIQS, and RySQ.

(a)

(b)

Figure 1: (a) Two pulses of probe and control field are sent onto the medium and the properties
of transmitted probe beam are studied. (b) An ensemble of 87 Rb atoms are loaded in a crossed
dipole trap within a cavity and excited to Rydberg states by the control and probe beams.
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Topological and chiral quantum optics in photonic nanostructures
Mohammad Hafezi1
1

University of Maryland, USA

Robust transport of topological edge states has been experimentally demonstrated in photonic systems at microwave frequencies and optical frequencies, specifically in coupled waveguides and ring resonators. In this talk, we extend these ideas to investigate quantum transport
properties of light. Specifically, we investigate quantum e↵ects such as the transport of twophoton states and robust generation of photon pairs in on-chip topological photonic devices.
Moreover, we demonstrate that all-dielectric photonic crystals could exhibit similar topological
physics, where two-dimensional edge states are confined by total internal reflection, enabling
low-loss confinement of light in the third dimension. This structure addresses the challenge
of experimental realization of topological photonic crystals in the optical domain and enables
strong interactions with optical emitters.

Polaritons in two dimensional systems
Atac Imamoglu1
1

Instittue of Quantum Electronics, ETH Zurich, HPT G12, 8093 Zurich, Switzerland

Cavity-polaritons have emerged as an exciting platform for studying interacting bosons in a
driven-dissipative setting. Typically, the experimental realization of exciton-polaritons is based
on undoped GaAs quantum wells (QW) embedded in between two monolithic distributed Bragg
reflector (DBR) layers. Introduction of a degenerate electron gas either to the QW hosting
the excitons or a neighboring layer substantially enriches the physics due to polariton-electron
coupling. It has been proposed that such an interacting Bose-Fermi mixture can be used to
study polariton-mediated superconductivity in a two dimensional electron gas.
Transition metal dichalcogenide (TMD) monolayers, such as molybdenum diselenide (MoSe2),
represent a new class of valley semiconductors exhibiting novel features such as strong Coulomb
interactions, finite exciton Berry curvature with novel optical signatures and locking of spin and
valley degrees of freedom due to large spin-orbit coupling. In contrast to quantum wells or twodimensional electron systems in III-V semiconductors, TMD monolayers exhibit an ultra-large
exciton binding energy of order 500 meV and strong trion peaks in photoluminescence that are
red-shifted from the exciton line by 30 meV.
In this talk, I will present an overview of elementary optical excitations of TMD monolayers. I will then describe cavity spectroscopy of gate-tunable monolayer MoSe2 exhibiting
strongly bound exciton-polaron resonances, as well as non-perturbative coupling to a single microcavity [1]. Our findings constitute a first step in investigation of a new class of degenerate
Bose-Fermi mixtures consisting of polaritons and electrons.
Acknowledgements: the work presented in this invited talk has been done in collaboration
with Meinrad Sidler, Ovidiu Cotlet, Patrick Back, Martin Kroner and Eugene Demler.
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Quantum Many-Body Physics with Multimode Cavity QED
Jonathan Keeling1
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By placing cold atoms in multimode optical cavities, one can engineer classes of Hamiltonians
and forms of dissipation that enable one to access novel states of non-equilibrium matter. This
experimental system combines quantum optics and ultracold atomic physics with the quantum
many-body physics traditionally explored in condensed matter physics. In this talk, I will
discuss the possibilities that arise from this system. In particular, I will discuss the experiments
[1, 2] where such a system has been realised, and how these have been used to demonstrate the
potential of multimode cavity QED to engineer interactions with controllable range.
Based on these experimental capabilities, I will then discuss our theoretical work beginning to exploit the potential o↵ered by these experiments. I will
discuss how a multimode cavity can be
used to engineer a synthetic gauge field,
in such a way that the synthetic field responds to the state of the atoms. Using
this, we have shown how one may reMeissner-like e↵ect in a multimode cavalise a Meissner-like e↵ect for ultracold
ity [3]. Left: synthetic magnetic field in
atoms [3].
the case where atoms do not alter the state
If time allows, I will then discuss
of the field. Right: where atoms are alaspects of how a Hopfield associative
lowed to modify the field, the field is exmemory can be realised in such a syspelled from the region the atoms occupy.
tem [4], and discuss our recent work developing the microscopic theory of this behaviour.
Acknowledgements: the work presented in this invited talk has been done in collaboration
with K. Ballantine (University of St Andrews), V. Vaidya, Y. Guo, A. Kollar, J. Cotler, S.
Ganguili and B. Lev (Stanford).
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Incommensurate crystals in quantum fields
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Chains of trapped ions constitute a prominent platform for simulating several dynamics
and models of condensed-matter, statistical and high-energy physics. The versatility of these
systems, moreover, allows one to investigate the dynamics beyond well known paradigma. In this
lecture we argue that the optomechanical interaction of an ion chain with a high-finesse cavity
mode allows one to study the interplay between frustration and quantum noise in an exotic
environment. When the cavity wavelength is incommensurate with the chain characteristic
interparticle distance, the dynamics are frustrated and in specific limiting cases can be cast in
terms of the Frenkel-Kontorova model, which reproduces features of friction in one dimension.
The appearance of sliding and pinned phases is controlled by the intensity of the laser pumping
the cavity. For strong cavity nonlinearities, however, they are in general separated by bistable
regions where superlubric and stick-slip dynamics coexist. The kinks of the incommensurate
chain structures are entangled with the cavity field fluctuations and can be spectroscopically
resolved and manipulated. The cavity, moreover, acts as a thermal reservoir and can cool the
chain vibrations to temperatures controlled by the cavity parameters and by the ions phase and
that can bring the crystal’s vibrations to the zero-point motion. These features are imprinted
in the radiation emitted by the cavity, which is readily measurable in state-of-the-art setups of
cavity quantum electrodynamics.
Acknowledgements: the work presented in this invited talk has been done in collaboration
with Andreas Buchheit, Cecilia Cormick, Eugene Demler, Thomas Fogarty, Haggai Landa, and
Vladimir Stojanovic, and has been partially published in Refs. [1, 2].
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Sub-Poissonian light in weakly nonlinear systems: Recent developments and
future perspectives
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Few years ago [1] it was predicted that two coupled resonators, under coherent driving and in
presence of weak optical nonlinearities, would generate light with strong sub-Poissonian statistics. This is made possible thanks to a quantum interference mechanism that di↵ers substantially
from the conventional photon blockade [2], and that was therefore called unconventional photon
blockade (UPB) [3]. Since then, the UPB phenomenon was the object of several theoretical investigations. It was in particular predicted for various types of optical nonlinearities, including
the (2) , Jaynes-Cummings, and optomechanical ones, was predicted to occur for state-of-theart photonic crystal cavities in presence of the Kerr nonlinearity of silicon, and the possibility
to use it in a single-photon source under pulsed driving was investigated. Most importantly,
several groups in various areas, spanning from semiconductors to circuit-QED, have devoted
an increasing e↵ort to produce an experimental proof of UPB, and at least one very recent
experiment was realized under conditions that comply with UPB requirements [4].
Very recently, it was shown how UPB can be understood as the result of an optimal relation
between the squeezing and displacement parameters characterizing a squeezed state of light
[5]. Closely following this alternative interpretation of the phenomenon, we capitalized on the
idea of optimal squeezing to prove that UPB is possible in coupled resonators with dissipative (i.e. one-directional) coupling [6]. In this scheme, the one-directional coupling enables a
pipelining of the squeezing and displacement processes, allowing to achieve UPB for much less
constraining conditions on system parameters, arbitrary strength of the optical nonlinearities,
and more straightforwardly in the pulsed regime. Additionally, we showed how the optimal
squeezing regime is naturally achieved, at periodic time frames, along the Josephson oscillations
of microcavity polaritons [7], which have already been experimentally characterized by several
groups.
Here, I will present an overview of the UPB phenomenon and report on these very recent
developments.
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Quantum optics with one-dimensional artificial atoms
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Today, optical quantum technologies are limited both by the low efficiency of heralded singlephoton sources and by the probabilistic operation of two-photon gates. Deterministic sources
and gates can be obtained making use of the single-photon sensitivity of an atomic transition. In
this context, artificial atoms in the form of semiconductor quantum dots (QDs) have emerged as
a promising system o↵ering the potential of integration and scalability. However, this requires
an ideal atom-photon interface, where the QD interacts with only a single mode of the optical
field and is isolated from any source of decoherence.
In the last few years, we have developed such an interface by deterministically positioning a
QD in a microcavity and controlling its spontaneous emission at will [1]. By adding an electrical
control to the device [2], the charge noise is minimized and the QD-cavity system presents a
cooperativity around 12 [3]. The incident photons interact with the QD with probability 0.95,
which radiates back in the cavity mode with probability 0.96.
The devices present a strong optical nonlinearity with threshold below 0.3 photon per pulse.
They perform as an efficient Fock-state filter that can convert a coherent pulse into a highly
non-classical light wavepacket. The reflected intensity is 80% single photons and second- and
third-order intensity correlation measurements demonstrate efficient suppression of the two- and
three-photon components [4].
The same technology is used to obtain bright solid-state single-photon sources presenting a
single photon purity above 98% and indistinguishability as large as 99.5%. The brightness
of the source exceeds by a factor 20 that of parametric downconversion sources with similar
properties [5].
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Figure: Reflectivity (top) a QD-cavity
device as function of the incident average
photon-number as well as second-order
correlation function (bottom) of the reflected light.
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Quantum Dynamics of Simultaneously Measured Non-commuting
Observables
Irfan Siddiqi1
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Superconducting circuits permit flexible engineering of light-matter interactions. Inspired
by backaction-evasion measurements in cavity optomechanics [1], we explore a richer form of
dynamic coupling by driving our superconducting cQED system with symmetric o↵-resonant
tones. Instead of establishing a static coupling of the spin (a superconducting qubit) to the
excitation number of the electromagnetic oscillator (a microwave cavity), as in the dispersive
limit of the Jaynes-Cummings interaction, we now couple the spin to the oscillator coordinate,
thereby displacing the oscillator state (rather than rotating it) in phase-space [2]. Such coupling protects the spin from quantum backaction, enabling sensitive quantum metrology and
squeezing-enhanced readout. Additionally, by adjusting the relative phase of the side-band
tones, the orientation of the measurement axis can be readily varied.
We apply this tunable measurement protocol to two modes of a microwave cavity coupled
to a transmon qubit, thereby realizing the weak continuous measurement of a pair of spin
operators as a function of their relative orientation [3]. Canonical measurement of a single observable in quantum mechanics drives wavefunction collapse, yielding a precise outcome. For
non-commuting observables such as position and momentum, the Heisenberg uncertainty principle limits the intrinsic precision of state determination. We show that the uncertainty principle
governs the dynamics of the wavefunction by enforcing a lower bound on the measurementinduced disturbance. Consequently, as we transition from measuring identical to measuring
non-commuting observables, the dynamics make a smooth transition from standard wavefunction collapse to localized persistent di↵usion and then to isotropic persistent di↵usion. Although
the evolution of the state di↵ers markedly from that of a conventional measurement, information
about both non-commuting observables is extracted by keeping track of the time ordering of the
measurement record, enabling quantum state tomography without alternating measurements.
This technique creates novel capabilities for quantum control, including rapid state purification,
adaptive measurement, and measurement-based state.
Acknowledgements: The work presented in this invited talk has been done in collaboration
with S. Hacohen-Gourgy, L. Martin, E. Flurin, V. Ramasesh, K.B. Whaley and S. Schreppler.
Funding was provided by the Air Force Office of Scientific Research and the Army Research
Office.
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Building Topological Matter from Photons and Polaritons
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I will present our recent work building matter from light, beginning with a realization of
Landau levels for optical photons in a non-planar (twisted) optical resonator and studying the
impact of placing these photons in curved space, culminating in the first experimental validation
of the Wen-Zee action [1]. I will then discuss our recent success in observing blockaded transport through a polaritonic quantum dot resulting from strong interactions between intra-cavity
photons, mediated through Rydberg electromagnetically induced transparency [2]. Combining
these ideas will enable us to explore strongly correlated topological matter made of light. Time
permitting, I will describe a parallel e↵ort to build correlated matter from microwave photons [3], where circuit QED tools developed for quantum computing are harnessed to mediate
interactions between photons. As a component of this work, we are developing tools to stabilize incompressible photonic matter by harnessing engineered dissipation [4]. In summation,
we explore photonic materials as a unique platform for investigating topological and quantum
condensed matter.
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Studying Functional Aspects of Light-Harvesting Processes with
Superconducting Circuits
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The high level of control achievable over quantized degrees of freedom have turned superconducting circuits into one of the prime physical architectures for quantum computing and
simulation. I will begin this presentation with a brief introduction to the use of superconducting circuits in quantum information science. Then I will discuss a set of experiments in which
we investigate the physical mechanisms underlying energy transfer processes in photosynthesis,
the main source of energy in the animate world which converts sunlight into chemical energy.
The surprisingly high efficiency of this process is believed to be enabled by an intricate interplay between the quantum nature of molecular structures in photosynthetic complexes and
their interaction with the environment. Here we use engineered quantum circuits to study with
unprecedented versatility functional aspects of the proposed models scaled down in energy by
a factor of 105 . In particular, we experimentally demonstrate that the excitation transport
between quantum coherent sites disordered in energy can be enabled through the interaction
with environmental noise. We show that the efficiency of the process is maximized for structured noise with scaled spectral properties found in the phononic environment of photosynthetic
complexes.
Acknowledgements: the work presented in this invited talk has been done in collaboration
with Anton Potocnik, Arno Bargerbos, Florian A. Y. N. Schröder, Saeed A. Khan, Michele C.
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Correlations and vortices in nonequilibrium polariton quantum fluids
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The superfluidity and coherence of Bose gases is governed by both its vortex and phonon
excitations. Their properties are crucial for the understanding of the phase transition from the
normal to the superfluid state.
In a first part, I will highlight how the properties of vortices are modified by driving and
dissipation. For strongly driven dissipative superfluids, the the potential for vortex-antivortex
interactions becomes repulsive. Numerical simulations show that the nonequilibrium situation
has a strong impact on the trajectories of interacting vortices.
The second part will be devoted to the description of the momentum distribution of a resonantly driven polariton gas. In equilibrium, quasi-particles are distributed according to a
Bose-Einstein distribution. Out of equilibrium, this is no longer guaranteed. I will show that
the truncated Wigner approximation fails in the description of the momentum distribution beyond the Bogoliubov approximation. A truncated hierarchy of correlation functions will be used
to obtain the momentum distribution in for the weakly interacting driven-dissipative superfluid.
The importance of Beliaev and Landau processes will be highlighted.
Acknowledgements: the work presented in this invited talk has been done in collaboration
with Vladimir Gladilin, Mathias Van Regemortel, Wim Casteels and Iacopo Carusotto.
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In quantum information processing with atoms, qubits are typically represented by internal
atomic states, e.g. as long-lived spin excitations within the atomic ground state manifold. Ideally, qubits are stored in single atoms, and for these qubits to be identifiable and addressable,
we typically require localization of the atoms in well-defined spatial regions. Spatial control,
and localization of single atoms is a pre-requisite to implement single and two-qubit operations,
allowing addressing of individual qubits with laser light, and providing entangling operations
between adjacent qubits. Recent experiments have demonstrated in a remarkable way the basic
ingredients of single atom manipulation and addressing for trapped atoms and ions, and controlled interaction and entanglement between atomic spin-qubits with Rydberg atoms, trapped
ions, and cavity QED setups as light-matter quantum interfaces.
In contrast to localized spin-qubits, atomic ensembles provide us with qubits in form of
delocalized spin-excitations. Delocalized spin-qubits arise naturally in light-atomic ensemble
interfaces in both free space and cavity assisted setups. Here incident photons representing a
‘flying qubit’ are absorbed in an atomic ensemble with enhanced interactions benefiting from a
large atom number N , as in an optically thick medium, and converted into a spin-excitation,
which may well be delocalized over the whole atomic cloud. The challenge is, therefore, to
convert delocalized spin-qubits into localized qubits in the atomic array representing quantum
memory. Thus ideally we want operations – a lens for spin excitations – on the atomic array,
which allow in a coherent process ‘focusing’ of qubits to a well-defined and localized region, and
ultimately to a single atom.
It is the purpose of this talk to propose and discuss linear and nonlinear ‘quantum spinlenses’ and their physical realization with cold atoms and ions [1]. We will first of all identify
Hamiltonians to realize linear spin-lenses, which map in a coherent process a delocalized to
localized spin-excitation, and vice versa. We discuss application as a (novel) quantum atomlight interface, where incident photonic qubits are sequentially stored in an atomic array, and
focused to a quantum register of spatially localized spin-qubits. More generally, we will discuss
the design of non-linear spin-lenses, adding finite range (repulsive) spin-spin interactions to the
spin-lens Hamiltonian. Thus focusing dynamics will be conditional to the number of initial spin
excitations, and an initial quantum superposition state of delocalized spins will be mapped to
superposition of spatial spin patterns. This provides a (novel) tool to manipulate quantum states
of spin excitations by spatial addressing in the atomic medium. Finally, we can generalize the
concept of a ‘quantum spin-lens’ to multifocal lenses, with two or more foci. E.g. with a (linear)
multifocal lens a delocalized spin-excitation is mapped to spatial EPR-like superposition state,
providing a way to distribute or generate entanglement between (distant) atoms. As noted
above, the relevant spin-models are naturally implemented in existing quantum optical setups.
This includes neutral atoms with (laser dressed) Rydberg-mediated spin-spin interactions in 1D,
2D and 3D atomic lattices, as well as with strings of trapped ions representing 1D spin-models.
In a broader context, ‘Quantum spin-lenses’ for spatial manipulation of spin-excitations
should also be of interest in quantum simulation, and as (coherent) quantum spintronics.
Acknowledgment: Work performed in collaboration with co-authors listed in [1].
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