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The Institute of Science and Technology Austria (IST Austria) is an international, multidisciplinary research institution dedicated to basic research
in the natural, computer and mathematical sciences.
The Institute is located in the city of Klosterneuburg, 18 km from the center of Vienna. As a PhD granting institution, the graduate school at IST
Austria educates doctoral students from diverse and international backgrounds with the aim of cultivating world-class research scientists.
IST Austria was established jointly by the federal government of Austria
and the provincial government of Lower Austria and inaugurated in 2009.
Currently, nearly 600 employees from about 60 countries work at IST Austria. At present, the faculty of the institute consists of 49 professors. Following the implementation of the ambitious development plan, about 90
research groups will be working at IST Austria in a highly modern environment by 2026.
To foster a creative and interdisciplinary scientific atmosphere, separating organizational structures, such as departments, are avoided at IST
Austria. The scientists are organized into independent research groups,
each headed by a Professor or a tenure-track Assistant Professor. The
decision to promote an Assistant Professor to Professor with a permanent
contract is based entirely on an evaluation of the scientific achievements
of the Assistant Professor by international experts. Research excellence
and promise are the exclusive hiring criteria for all scientists at IST Austria
- from doctoral students to professors. The Institute chooses which fields
of science to enter based solely on the availability of outstanding individuals. It will pursue a direction of research only if it can compete with the
best in the world.
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2.1 Oral Presentations
Invited talk 1
Spin and mechanical oscillators coupled by light: from nanomechanics to
gravitational wave detectors
Presenting Author: Eugene Polzik
Abstract:
A continuous measurement of a position of an object imposes a random
quantum back action (QBA) perturbation on its momentum. This randomness translates with time into position uncertainty, thus leading to the wellknown uncertainty of the measurement of motion. As a consequence, and
in accordance with the Heisenberg uncertainty principle, the QBA puts
a limitation—the so-called standard quantum limit—on the precision of
sensing of position, velocity and force. In this talk I will first present the
results of the experiment [1] where motion of a mechanical oscillator is
tracked with the precision not restricted by the QBA. This is achieved by
measuring the motion in a special reference frame linked to an atomic
spin system with an effective negative mass. Progress towards generation of entanglement between remote and disparate spin and mechanical
oscillators will be reported [2]. Finally, I will outline a proposal for employing this principle for reaching beyond the SQL precision with Gravitational
Wave Detectors [3], such as LIGO and the Hannover 10m prototype.
[1] Quantum back action evading measurement of motion in a negative
mass reference frame. C. B. Møller, R. A. Thomas, G. Vasilakis, E. Zeuthen,
Y. Tsaturyan, K. Jensen, A. Schliesser, K. Hammerer, and E. S. Polzik.
Nature, 547, 191 (2017). [2] Unconditional steady-state entanglement in
macroscopic hybrid systems by coherent noise cancellation. X. Huang,
E. Zeuthen, D. V. Vasilyev, Q. He, K. Hammerer, and E. S. Polzik. arXiv.
org/2125319 [3] Overcoming the standard quantum limit in gravitational
wave detectors using a spin system with a negative effective mass. F. Khalili
and E. S. Polzik. arxiv.org/1710.10405.
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Invited talk 2
Reservoir Engineering of Non-Classical Multimode States
Presenting Author: Aashish Clerk
Abstract:
The general strategy of engineering dissipation to stabilize non-trivial
quantum states has been implemented with great success in a series of
experiments in circuit QED and optomechanics. While these techniques
can in principle be used to stabilize complex states in strongly nonlinear
systems or even lattice systems, the resources required tend to be well
beyond the reach of experiment. In this talk I’ll discuss recent theory work
that attempts to remedy this problem. I’ll first discuss the problem of using dissipation to stabilize states in coupled arrays of bosonic cavities.
By exploiting generalized versions of chiral symmetries, one can have
a single, locally-coupled reservoir stabilize an entire lattice (even in twodimensions) into a pure, multi-mode entangled state. In the second part
of the talk, I will switch focus to a strongly interacting Bose Hubbard dimer system, where two parametrically driven Kerr cavities are coupled via
dissipation. Despite interactions, driving and dissipation, this system is
exactly solvable, and has a pure steady state which is non-Gaussian and
strongly entangled (an entangled cat state).
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Invited talk 3
Engineered dissipation for amplification, masing and nonreciprocal devices
Presenting Author: Tobias Kippenberg
Co-Author(s): N. R. Bernier, L. D. Tóth, A. Koottandavida, M. A. Ioannou,
D. Malz, A. Nunnenkamp, A. K. Feofanov
Abstract:
Engineered dissipation can be used for quantum state preparation. This is
achieved with a suitably engineered coupling to a dissipative cold reservoir usually formed by an electromagnetic mode. In the field of cavity electro- and optomechanics, the electromagnetic cavity naturally serves as
a cold reservoir for the mechanical mode. Here, we realize the opposite
scenario and engineer a mechanical oscillator cooled close to its ground
state into a cold dissipative reservoir for microwave photons in a superconducting circuit. By tuning the coupling to this dissipative mechanical
reservoir, we demonstrate dynamical backaction control of the microwave
field, leading to stimulated emission and maser action. Moreover, the reservoir can function as a useful quantum resource, allowing the implementation of a near-quantum-limited phase-preserving microwave amplifier.
We also realise reconfigurable nonreciprocal transmission between two
microwave modes using purely optomechanical interactions in a superconducting electromechanical circuit and analyze the transmission as well
as the noise properties of this nonreciprocal circuit. The scheme relies on
the interference in two mechanical modes that mediate coupling between
microwave cavities. Finally, we show how quantum-limited circulators can
be realized with the same principle. The technology can be built on-chip
without any external magnetic field, and is hence fully compatible with superconducting quantum circuits. All-optomechanically-mediated nonreciprocity demonstrated here can also be extended to implement directional
amplifiers. Such engineered mechanical dissipation extends the toolbox
of quantum manipulation techniques of the microwave field and constitutes a new ingredient for optomechanical protocols.
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Invited talk 4
Microwave to Optical Conversion and Quantum control of Phonon Nanostructures
Presenting Author: Amir Safavi-Naeini
Abstract:
In this talk I will present the work of our lab on hybrid optomechanical and
electro-optic devices operating in the quantum regime. First, I will present
our results on phononic wires. Photons and electrons transmit information to form complex systems and networks. Phonons on the other hand,
the quanta of mechanical motion, are often considered only as carriers of
thermal energy. Nonetheless, their flow can also be molded by fabricating
nanoscale circuits. We report the demonstration of a single-mode phononic wire. Coupling the wire to a localized optomechanical transducer
allows us to excite and detect phonons, and to observe their low-loss
coherent transport across a chip. We strongly couple the phononic wire to
the light field by detuned laser driving of the optomechanical transducer,
resulting in sympathetic cooling of the wire to a temperature below that of
the surrounding cryogenic environment. I will also demonstrate our efforts
to couple these types of structures to superconducting qubits. In the latter
part of the presentation, I will persent our preliminary work on demonstrating a fully packaged electro-optic converter functioning inside a dilution
fridge to couple light and microwave frequency photons.
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Invited talk 5
Sensitivity--bandwidth limit in a multi--mode opto--electro--mechanical
transducer
Presenting Author: David Vitali
Co-Author(s): Moaddel Haghighi, N. Malossi, R. Natali, G. Di Giuseppe
Abstract:
An opto--electro--mechanical system formed by a nanomembrane capacitively coupled to an LC resonator and to an optical interferometer has
been recently employed for the high--sensitive optical readout of rf signals
[T. Bagciet et al Nature 507, 81 (2013)]. Here we propose and experimentally demonstrate how the bandwidth of such kind of transducer can be
increased by controlling the interference between two--electromechanical
interaction pathways of a two--mode mechanical system. With a proofof-principle device operating at room temperature, we achieve a sensitivity of $\SI{10}{\nano\volt\per\sqrt{\hertz}}$ over a bandwidth of 5 kHz
and a broader band sensitivity of $\SI{300}{\nano\volt\per\sqrt{\hertz}}$
over a bandwidth of 15 kHz. We discuss strategies for improving the performance of the device, showing that, for the same given sensitivity, a
mechanical multi-mode transducer can achieve a bandwidth significantly
larger than that of a single-mode one.

12

Frontiers of Circuit QED and Optomechanics (FCQO18)
Klosterneuburg, February 12-14,2018

Invited talk 6
Quantum optomechanics with levitated solids: challenges and perspectives
Presenting Author: Markus Aspelmeyer
Abstract:
I will discuss our current experiments to achieve quantum optical control over motional states of levitated solids. This includes dielectric nanospheres coupled to Fabry-Perot cavities and nanophotonic structures, as
well as micron-sized superconductors and magnets that will eventually
be coupled to superconducting circuits. I will provide an overview of the
status and challenges, and of the perspectives for such experiments for
sensing, simulation and fundamental physics.
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Invited talk 7
Breaking optical reciprocity through optomechanical interactions
Presenting Author: Ewold Verhagen
Co-Author(s): John Mathew, Freek Ruesink, Mohamad-Ali Miri, Andrea Alù
Abstract:
Nonreciprocal components like isolators and circulators provide important
functionality for the routing of classical and quantum information. While
the breaking of Lorentz reciprocity is usually achieved with a magnetic
field, the weakness of magneto-optic interactions and difficult integration
requirements makes miniaturization to chip-scale devices challenging. A
possible route to breaking reciprocity without a magnetic field relies on
a spatiotemporal modulation of the refractive index, which is straightforwardly achieved in optomechanical systems. We show that in suitable
multimode optomechanical systems, the radiation pressure of an optical
control field can break the symmetry of propagation of probe photons. We
demonstrate optical isolation and circulation with ~10 dB contrast and low
insertion loss in a high-quality ring resonator. A general theory describes
the effect, and reveals the minimal requirements to create nonreciprocity
in a wide class of optomechanical systems that involve a pair of optical modes parametrically coupled to a mechanical mode. The underlying
principle is related to a nonreciprocal phase incurred during photon-phonon transfer that is induced by the control field. This mechanism can be
related to the Aharonov-Bohm effect for electrons, and in larger systems,
it could enable the creation of topological phases of light and sound. We
discuss the bandwidth and noise characteristics of optomechanical nonreciprocal devices, and their ability to route quantum states with negligible
loss.

14

Frontiers of Circuit QED and Optomechanics (FCQO18)
Klosterneuburg, February 12-14,2018

Invited talk 8
Engineered Nonreciprocity in Optomechanical and Josephson Circuits
Presenting Author: John Teufel
Abstract:
As engineered quantum systems progress toward more complex interconnected networks, one key enabling technology is the ability to implement nonreciprocal interactions. While traditionally nonreciprocal devices
rely on magnetic elements, it has long been appreciated that parametric
systems also possess the necessary ingredient to violate the reciprocity
theorem. I will discuss recent experimental demonstrations of parametric
nonreciprocity using either Josephson or optomechanical circuits. I will
compare the noise and efficiency of these systems as they strive to meet
the stringent requirements for quantum communication and quantum information processing.
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Invited talk 9
Reinforcement learning with neural networks for quantum circuits
Presenting Author: Florian Marquardt
Co-Author(s): Thomas Fösel, Petru Tighineanu, Talitha Weiß
Abstract:
Recent rapid advances in the applications of artificial neural networks
have revolutionized areas like image recognition, natural language processing, machine translation and so on. Capitalizing on this, a number of
first attempts now exist to use neural networks in physics, e.g. in statistical
physics or quantum physics. However, these typically rely on supervised
learning, where the ‚correct‘ answer to a problem has to be supplied during training in the form of examples. By contrast, the general technique of
reinforcement learning promises to discover approaches to a given problem without being presented with such known training examples. This was
recently used successfully to learn, from scratch, to play computer games
and the board game of Go. In this talk, I will report our results on training neural networks, using reinforcement learning, to find gate sequences
(quantum circuits) for collections of a few qubits.
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Invited talk 10
Backaction and entanglement in microwave optomechanics
Presenting Author: Mika Sillanpää
Co-Author(s): C. F. Ockeloen-Korppi, E. Damskägg, J.-M. Pirkkalainen,
M. Asjad, A. A. Clerk, F. Massel, M. J. Woolley
Abstract:
The interplay of measurement imprecision and quantum backaction limits
the sensitivity with which the position of an oscillator can be continuously
monitored, to be at best equal to the oscillator’s zero-point fluctuations.
However, any single quadrature of the motion can, in principle, be measured without limit, provided that the measurement backaction is shunted
to the orthogonal quadrature. Such backaction evading (BAE) measurements, which are examples of quantum nondemolition measurements,
can be achieved by appropriately synchronizing the measurement with
the oscillator’s intrinsic motion. In our work, we study the collective modes
of two uncoupled mechanical oscillators, each independently coupled to
an electromagnetic cavity. The oscillators are realized as aluminum drumheads. We carry out a mechanical two-mode BAE measurement of the
collective quadratures, and achieve an evasion of quantum backaction,
caused by microwave shot noise, below the backaction arising in a continuous position measurement. The canonically conjugate quadrature is
heated predominantly by the quantum backaction. On top of this, the work
realizes the concept of quantum-mechanics-free subsystem.
By perturbing the measurement slightly (i.e., reservoir engineering), such
measurements could be used to generate stabilized entanglement between two macroscopic mechanical oscillators. This prepares a canonical
entangled state known as the two-mode squeezed state. It corresponds
to either the variances of collective position and momentum quadratures
being reduced below the quantum zero-point fluctuations level. We carry
out such a measurement, and infer the existence of all-mechanical entanglement in the steady state by combining measurement of correlated mechanical fluctuations, allowed by BAE measurements mapping the state to
the output field, with an analysis of the microwaves emitted from the cavity.
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Invited talk 11
Coupling superconducting qubits to surface acoustic wave resonators
Presenting Author: Peter Leek
Co-Author(s): R. Manenti, A.F. Kockum, A. Patterson, T. Behrle, J. Rahamim,
G. Tancredi, F. Nori
Abstract:
Surface acoustic waves (SAWs) can be confined between planar Bragg
gratings to form resonators that can easily reach GHz frequencies and
which have long been in use in the electronics industry in devices such as
filters and oscillators. In a superconducting circuit at cryogenic temperatures, these resonators can reach quality factors in the 10^5 -10^6 range
[1,2], indicating their promise for integration into quantum circuits. On a
piezoelectric substrate, it has been shown that it is possible to couple a
suitably designed superconducting qubit to a surface acoustic wave [3].
In this talk I will discuss experiments in which we integrate a superconducting transmon qubit into a SAW resonator, in order to realise a surface
acoustic version of cavity quantum electrodynamics, which we call circuit
quantum acoustodynamics (QAD) [4]. Working on quartz, and measuring
in the dispersive regime with a SAW resonator at ~500 MHz, and qubit
frequency ranging between ~1-4 GHz, we find that we can reach a coupling strength of 6 MHz between the two systems, in close agreement
with theoretical predictions and numerical calculations. We observe the
AC Stark shift of the SAW resonator due to the dispersive coupling to the
qubit, and show that it can be used to perform qubit spectroscopy in much
the same way as in conventional circuit QED. We also show the SAWinduced AC Stark shift of the qubit frequency, measured independently
by an auxiliary coplanar waveguide resonator coupled to the qubit, and
demonstrate how this shift is time-delayed due to the slow travel of the
SAW. In the future, such circuit QAD devices may be useful for quantum
memories and quantum signal filtering applications, as well as exploring
cavity QED in new regimes.
References:
[1] E. B. Magnusson et al., APL 106, 063509 (2015). [2] R. Manenti et al., PRB,
93, 041411(R) (2016). [3] M. V. Gustafsson et al., Science 346, 207 (2014). [4] R.
Manenti et al., Nat. Comm. 8, 975 (2017).
18

Frontiers of Circuit QED and Optomechanics (FCQO18)
Klosterneuburg, February 12-14,2018

Invited talk 12
Nonlinear dynamics of high Q silicon nitride nanostring resonators
Presenting Author: Eva Weig
Abstract:
Doubly-clamped pre-stressed silicon nitride string resonators excel as high
Q nanomechanical systems enabling room temperature quality factors of
several 100,000 in the 10 MHz eigenfrequency range. Dielectric transduction is implemented via electrically induced gradient fields, providing an
ideal platform for actuation, displacement detection and frequency tuning.
The two orthogonal fundamental flexural modes of a single string vibrating
in- and out-of-plane with respect to the sample surface can be engineered
to tune reversely. This allows bringing both modes into resonance where
a pronounced avoided crossing is observed, indicating strong mechanical coupling and the formation of a mechanical two-mode system [1].
Here we focus on the nonlinear dynamics of the string subject to a strong
resonant or parametric actuation, and discuss the string’s response both
far from the avoided crossing where the individual eigenmodes can be
considered, and in the coupling region where the normal modes of the
two-mode system have to be taken into account [2,3]. Depending on the
actuation amplitude and frequency, satellite resonances arise which enable deep insights into fundamental properties of the system.
References:
[1] T. Faust et al., Nonadiabatic dynamics of two strongly coupled nanomechanical resonator modes, Phys. Rev. Lett. 109, 037205 (2012). [2] M. Seitner et al.,
in preparation [3] M. Seitner et al., Parametric oscillation, frequency mixing, and
injection locking of strongly coupled nanomechanical resonator modes, Phys.
Rev. Lett. 118, 254301 (2017).
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Invited talk 13
Multi-mode ultra-strong coupling in circuit quantum electrodynamics
Presenting Author: Gary Steele
Co-Author(s): Sal J. Bosman, Mario F. Gely, Vibhor Singh,
Alessandro Bruno, Yaroslav Blanter, Daniel Bothner,
Adrian Parra-Rodriguez, Enrique Solano
Abstract:
In this talk, I will discuss our recent results entering the regime of multimode ultrastrong coupling in circuit-QED with a transmon qubit, and outline two theoretical works that resulted from these experiments.
To reach ultra-strong coupling, we have designed a transmon qubit in
which 88% of its capacitance formed by a vacuum-gap capacitance with
the center conductor of a coplanar waveguide resonator. Originally motivated by experiments for mechanical resonators, this design also resulted
in a dramatic enhancement of the coupling of the qubit to the electromagnetic cavity. In our spectroscopy experiments, we reach coupling ratios
of g/? m ?=?0.19 and we measure multi-mode interactions through a hybridization of the qubit up to the fifth mode of the resonator. The presence
of a strong coupling to higher modes, which could not be neglected by
the usual cutoffs from the qubit size, led to problems in analyzing our
device using typical extensions of the quantum Rabi model to multiple
modes, and led to clearly unphysical predictions for our device. To overcome this, we developed new theoretical framework for how to map circuit
QED implementations to the parameters of a vacuum Rabi model using
circuit quantisation, and found some interesting consequences in how to
interpret the change of the effective quantum Rabi model when adding
additional modes to the system. Finally, we recently studied in more detail
the role of quantum fluctuations in the Lamb shift in circuit QED, with interesting implications for the fate of photon (and phonon) number splitting
in the limit of extreme detuning in circuit QED.
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Invited talk 14
Benchmarking near term quantum computers
Presenting Author: Jerry Chow
Abstract:
The outstanding progress in experimental quantum computing over the
last few decades has pushed multi-qubit gate error rates on some platforms well below 1%. However, as the systems have grown in size and
complexity so has the richness of the interactions within them, making the
meaning of gate fidelity fade when taken isolated from its environment.
We will review traditional validation and verification techniques, while also
discussing alternatives to benchmark the performance of small quantum
processors for near-term applications.
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Invited talk 15
Itinerant microwave photon detector
Presenting Author: Alexandre Blais
Co-Author(s): Baptiste Royer, Arne L. Grimsmo, Alexandre Choquette-
Poitevin
Abstract:
The realization of a high-efficiency microwave single photon detector is
a long-standing problem in the field of microwave quantum optics. Here
we propose a quantum non-demolition, high-efficiency photon detector
that can readily be implemented in present state-of-the-art circuit quantum electrodynamics. This scheme works in a continuous fashion, gaining information about the arrival time of the photon as well as about its
presence. The key insight that allows to circumvent the usual limitations
imposed by measurement back-action is the use of long-lived dark states
in a small ensemble of inhomogeneous artificial atoms to increase the
interaction time between the photon and the measurement device. Using
realistic system parameters, we show that large detection fidelities are
possible.
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Invited talk 16
Quantum Memories, Remote State Preparation and Selection Rules in
Superconducting Quantum Circuits
Presenting Author: Rudolf Gross
Co-Author(s): F. Deppe, P. Eder, K. Fedorov, M. Fischer, J. Goetz, H. Huebl,
A. Marx, S. Pogorzalek, E. Xie
Abstract:
Superconducting quantum circuits represent a highly successful platform
to study fundamental quantum effects and develop components for applications in quantum technology. We will dis-cuss three aspects of our
recent research in superconducting quantum circuits: (i) realization of a
compact 3D quantum memory, (ii) remote state preparation with squeezed
microwaves, and (iii) engineering the parity of light-matter interaction. To
realize a 3D quantum memory we engineer the fundamental and the first
harmonic mode of a rectangular aluminum cavity in such a way, that the
former one couples well to the external feedline, while the latter is basically decoupled. A transmon qubit couples to both modes with a rate of 60
MHz. We store qubit states in the memory using a second-order protocol,
observing a lifetime enhancement by a factor of up to 8. At the same time,
the readout of our qubit is more than 100 times faster than the storage time.
We generate two-mode squeezed (TMS) microwave states by flux-driven
JPAs and use these states for the demonstration of a fundamental quantum communication protocol, namely remote state preparation (RSP). In
particular, we investigate continuous variable RSP with an analog feedforward scheme and experimentally demonstrate feasibility of the RSP
protocol in the microwave domain by remotely preparing squeezed states
with squeezing levels below the vacuum limit. Finally, we present a novel
technique for the in-situ transformation of selection rules from di-polar to
quadrupolar by engineering the parity of a tunable-gap gradiometric flux
qubit coupled to microwave fields with tunable shape. Supported by the
German Research Foundation through FE 1564/1-1, the graduate school
ExQM of the Elite Network of Bavaria, and the IMPRS ‚‘Quantum Science
and Technology‘‘.
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Invited talk 17
Quantum microwaves with a DC-biased Josephson junction
Presenting Author: Denis Vion
Co-Author(s): C. Rolland, O. Parlavecchio, A. Peugeot, M. Westig,
I. Moukharski, B. Kubala, C. Altimiras, M. Hofheinz, P. Simon, P. Roche,
P. Joyez, P. Bertet1, J. Ankerhold, D. Esteve, and F. Portier
Abstract:
Tunneling of a Cooper pair through a dc-biased Josephson junction is
possible only if collective excitations (photons) are produced in the rest of
the circuit to conserve the energy. The probability of tunneling and photon
creation, well described by the theory of dynamical Coulomb blockade,
increases with the coupling strength between the tunneling charge and
the circuit mode, which scales as the mode impedance. Using very simple
circuits with only one or two high impedance series resonators, we first
show the equality between Cooper pair tunneling rate and photon production rate [1]. Then we demonstrate a blockade regime for which the presence of a single photon blocks the next tunneling event and the creation
of a second photon [2]. Finally, using two resonator with different frequencies, we demonstrate photon pair production [3], two-mode squeezing,
and entanglement between the two modes leaking out of the resonators.
References: [1] M. Hoffheinz et al., Phys. Rev. Lett. 106, 217005 (2011).
[2] In preparation [3] M. Westig et al., Phys. Rev. Lett. 119, 137001 (2017).
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Invited talk 18
The 0-Pi qubit: towards intrinsic protection in superconducting circuits
Presenting Author: Jens Koch
Abstract:
Superconducting circuits rank among the most promising architectures
for the implementation of quantum information processing devices. The
recently proposed 0-Pi qubit may offer novel protection from spontaneous
relaxation and dephasing. However, its ideal behavior is only realized if
the parameter dispersion among nominally identical circuit elements vanishes. I will discuss results from theoretical studies of the realistic scenario
including parameter variations among circuit elements. In particular, this
induces coupling to a spurious, low-energy mode which can affect the
coherence properties of the 0-Pi device. I will survey the relevant decoherence channels, present estimates for achievable coherence times in
multiple parameter regimes, and touch upon the associated challenges to
effect control of the protected device.
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Invited talk 19
Superconducting Qubits for Analog Quantum Simulation
Presenting Author: Gerhard Kirchmair
Co-Author(s): Oscar Gargiulo, Stefan Oleschko, Phani R. Muppalla,
Aleksei Sharafiev, Max Zanner, David Zöpfl
Abstract:
In this talk I want to present the research activities of the Superconducting
Quantum Circuits group at the Institute for Quantum Optics and Quantum
Information in Innsbruck. In the first part I will give an introduction to circuit
quantum electrodynamics and our 3D circuit QED architecture. I will show
how we want to use this architecture to realize a platform for quantum
many body simulations of dipolar XY models on 2D lattices using state
of the art circuit QED technology. The central idea is to exploit the naturally occurring dipolar interactions between 3D superconducting qubits to
simulate models of interacting quantum spins. The ability to arrange the
qubits on essentially arbitrary geometries allows us to design spin models
with more than nearest-neighbor interaction in various geometries. Combining these ideas with our waveguide architecture, will allow us to study
open system dynamics with interacting spin systems. The platform will allow us to investigate the interplay between short range direct interactions,
long range photon mediated interaction via the waveguide and the dissipative coupling to an open system. Especially interesting in this context
are dissipative state preparation protocols and engineering the spectrum
of our bath in the spirit of band engineering in photonic crystals.
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Invited talk 20
From many modes to many bodies
Presenting Author: David Schuster
Co-Author(s): Jens Koch, Jon Simon
Abstract:
Superconducting circuits have emerged as a competitive platform for realizing a practical quantum computer, satisfying the challenges of controllability, long coherence and strong interactions between individual
systems that are at the heart of coherent quantum computation. In this
talk, I will explain how we can realize a fully connected quantum architecture using a parametric interactions between superconducting qubits and
multi-mode resonators. In addition, I will show how this well-developed
toolbox can be applied to a different problem: the exploration of strongly
correlated phases of photonic quantum matter. The qubits of the quantum
circuit become the sites of a Bose Hubbard lattice - their anharmonicity
provides the on-site photon-photon interaction, couplings between them
generates inter-site tunneling, while multiplexed qubit readout provides
time- and site- resolved microscopy of the Bose Hubbard system. We
further develop a new method for dissipative preparation and stabilization
of incompressible phases of matter, achieved through reservoir engineering. We characterize our Bose-Hubbard system through coherent lattice
dynamics including quantum random walks, and then connect it to the
dissipative stabilizer to realize and investigate a Mott insulator of photons.
These experiments demonstrate the power of superconducting circuits for
studying strongly correlated physics, and with the recently demonstrated
low-loss microwave Chern insulators could point the way to topological
many-body states of photons.
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Focus talk 1
Optomechanics on tapered glass-fibre Nanospikes
Presenting Author: Shangran Xie
Co-Author(s): Riccardo Pennetta, Zheqi Wang, Philip St.J. Russell
Abstract:
We present a new optomechanical platform, a glass-fibre nanospike,
which processes high-Q mechanical flexural resonances as well as adiabatic optical guidance. Fashioned by thermally tapering a standard singlemode fibre to a tip with dimensions normally less than 1 ?m, the resonant
frequencies of the flexural modes of the nanospike locate within several
kHz frequency range. These resonances are found with a surprisingly
high Q-factor larger than 105 under low gas pressure, giving a mechanical
linewidth as narrow as tens of mHz. This enables a ultrasensitive probe of
non-trivial gas dynamics, offering a novel means of monitoring the behaviour of weakly absorbing optomechanical sensors operating in vacuum.
By coupling a nanospike to a whisper gallery mode resonator, we observe
efficient dissipative cooling of the mechanical motion of the nanospike.
The effective temperature of the nanospike was cooled by a factor close
to 200 even if the system was operating far beyond the sideband resolved
regime (?/? ~ 2.6×10-3). This to the best of our knowledge represents a
record in the realm of passive optomechanical cooling. Finally, we develop a fabrication technique that is able to form a optomechanical coupling
nanospike array on the fibre endface. The technique relies on etching an
appropriately designed soft-glass multi-core fiber. Using standard stackand-draw technique, the number of nanospikes and the 2D topological
structure of the array can be precisely tailored. This unique system offers many new possibilities for exploring the behaviour and applications of
optomechanical arrays. With further refinement of the system we expect
to be able to explore the light-controlled complex linear and nonlinear dynamics of large arrays of nanospikes.
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Focus talk 2
Controlling the coherence of a diamond spin qubit through its strain environment
Presenting Author: Benjamin Pingault
Co-Author(s): Young-Ik Sohn, Srujan Meesala, Haig A. Atikian, Jeffrey
Holzgrafe, Mustafa Gundogan, Camille Stavrakas, Megan J. Stanley, Alp
Sipahigil, Joonhee Choi, Mian Zhang, Jose L. Pacheco, John Abraham,
Edward Bielejec, Mikhail D. Lukin, Mete Atature, Marko Loncar
Abstract:
The uncontrolled interaction of a quantum system with its environment
is detrimental for quantum coherence. In the context of solid-state qubits, techniques to mitigate the impact of fluctuating electric and magnetic
fields from the environment are well-developed. In contrast, suppression
of decoherence from thermal lattice vibrations is typically achieved only
by lowering the temperature of operation. Here, we use a nano-electromechanical system (NEMS) to mitigate the effect of thermal phonons on
a solid-state quantum emitter without changing the system temperature.
We study the silicon-vacancy (SiV) colour center in diamond which has
optical and spin transitions that are highly sensitive to phonons. First, we
show that its electronic orbitals are highly susceptible to local strain, leading to its high sensitivity to phonons. By controlling the strain environment,
we manipulate the electronic levels of the emitter to probe, control, and
eventually, suppress its interaction with the thermal phonon bath. Strain
control allows for both a large range of optical tunability and significantly
improved spin coherence.
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Focus talk 3
An evanescently-coupled silica microbottle and GaAs electromechanical
resonator
Presenting Author: Motoki Asano
Co-Author(s): Ryuichi Ohta, Takashi Yamamoto, Hajime Okamoto, and
Hiroshi Yamaguchi
Abstract:
Opto-electro-mechanics has been emerging field to efficiently control mechanical motion both optically and electrically. In particular, opto-electromechanics in quantum solid-state devices is expected to perform various quantum information processing in a wide-ranged energy scale (MHz
~ PHz). An opto-electro-mechanical structure is constructed based on
state-of-the-art optomechanical devices such as whispering-gallery-mode
resonators and photonic crystals by installing electrodes which controls
mechanical motion via electrostatic or piezoelectric effects. They provides
a strong optomechanical coupling thanks to the large mode overlap between optical and mechanical modes. However, the electromechanical
properties are limited in the material and the structure to avoid the degradation of the optical and mechanical properties. In this presentation,
we report an evanescent coupling between an optical microbottle and an
electromechanical resonator to construct a more versatile opto-electromechanical system. The evanescent coupling using the optical microbottle enables us to efficiently detect mechanical displacement of an electromechanical resonator fabricated in arbitrary materials and structures. We
demonstrate feedback control by combining optical detection and electric
control in both heating and cooling regime. Our system can be extended
to arbitrary geometries of electromechanical resonator including quantum
two-level systems such as quantum dots and NV centers.
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Focus talk 4
Dynamical stroboscopic longitudinal coupling
Presenting Author: Shay Hacohen-Gourgy
Co-Author(s): Leigh S. Martin, Emanuel Flurin, Andrew Eddins, Sydney
Schreppler, Luis Pedro Garica-Pintos, Justin Dressel, Irfan Siddiqi
Abstract:
Superconducting circuits are a versatile platform for engineered light-matter interactions, such as those in circuit QED. We use an optomechanics
inspired technique to generate a longitudinal coupling of a transmon qubit
to a cavity mode, where the measurement operator is dynamically tunable. We do so by driving the transmon and applying sidebands to the
cavity mode. The tunable sideband phase difference enables to dynamically choose the qubit measurement basis, which has enabled us to demonstrate the simultaneous measurement of two non-commuting observables, and also to manipulate a qubit using the Quantum Zeno Effect. The
longitudinal aspect has enabled the enhanced readout of the qubit state
using squeezed microwaves, and has potential for fast resonator reset
and high-fidelity 2-qubit gates. This measurement scheme generalizes to
multi-level systems, where a large family of operators may be accessed
directly and simultaneously.
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Focus talk 5
Coherent oscillations between Schrödinger cat states in a quantum manifold stabilized by dissipation
Presenting Author: Alexander Grimm
Co-Author(s): S. Touzard, Z. Leghtas, S.O. Mundadha, P. Reinhold,
R. Heeres, C. Axline, M. Reagor, K. Chou, J. Blumoff, K.M. Sliwa,
S. Shankar, L. Frunzio, R.J. Schoelkopf, M. Mirrahimi & M.H. Devoret
Abstract:
In recent years, circuit QED has seen considerable efforts towards protecting quantum information from unwanted sources of decoherence
through quantum error correction. Independent of the implementation,
this is based on encoding a logical qubit into a stable manifold within a
larger Hilbert space, whose symmetries restrict the number of independent errors and make them detectable and correctable. A superconducting microwave cavity exchanging pairs of photons with its environment
exhibits a stabilized manifold spanned by even and odd superpositions of
coherent states (so-called Schrödinger cat states), which can be used to
encode protected quantum information. This phenomenon corresponds to
a generalization of the quantum Zeno effect to a manifold of states inside
which motion remains possible. Here, we demonstrate this stabilization
at a rate that exceeds the main source of decoherence (cavity decay) by
two orders of magnitude. In the presence of this stabilization, an external
drive that would otherwise move the state of the cavity out of the manifold is projected so that it acts solely within it. Using this effect, we show
controlled coherent oscillations between Schrödinger cat states. These
oscillations are analogous to the Rabi rotation of a qubit protected against
phase-flips. Such gates are compatible with quantum error correction and
hence are a crucial proof-of-principle of fault-tolerance in this type of logical qubit.
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Focus talk 6
Resonance fluorescence readout of a superconducting qubit
Presenting Author: Nathanaël Cottet
Co-Author(s): Yen-Hsiang Lin, Long Nguyen, Nicholas Grabon,
Vladimir Manucharyan
Abstract:
In many atomic or color centers physics experiments the state of a (typically long-lived) qubit is measured by exciting a transition to a (typically
short-lived) higher energy level and collecting the fluoresced photons. We
adapted this scheme to the measurement of a qubit transition of a multilevel fluxonium artificial atom embedded in a waveguide. By setting the
fluxonium at the sweet spot we present a logical qubit with a lifetime and
a coherence time above the microsecond that we can measure without
having to couple it to an ancillary quantum system. We discuss the role of
temperature, optical pumping and under which conditions such a scheme
is a Quantum NonDemolition measurement.
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2.2 Abstract Overview
Poster
Nr.

Presenting
Author

Poster Title

1

Muhammad
Naseem

Thermodynamics of Superconducting
Stripline Resonators with Optomechanical-like Couplings

2

Sina Khorasani

Design of a Charge Quantum Bit Based
on Nonlinear Quantum Capacitor

3

Sina Khorasani

Higher-order Corrections to Standard
Optomechanics

4

Christian Ventura-Velázque

Phase pulse sequence for a robust
optomechanical cooling

5

Yue Ma

Nonclassical features of squeezed
light from cavity optomechanics

6

Petr Zapletal

Dynamical Gauge Fields and
Directional Light Transport in One-
Dimensional Optomechanical Arrays

7

Nodar
Samkharadz

Strong Spin-Photon Coupling in Silicon

8

Darren Moore

Quantum Computation with Mechanical
Cluster States

9

Philip Schmidt

Measuring resonator photon numbers:
Transmon qubits vs. nanomechanical
resonators

10

Daniele de
Bernardis

Cavity QED in the non-perturbative
regime

11

David Zöpfl

Characterization of low loss microstrip
resonators as a building block for
circuit QED in a 3D waveguide

12

Ondrej Cernotik

Spatially adiabatic frequency conversion in optoelectromechanical arrays
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Poster
Nr.

Presenting
Author

Poster Title

13

Vitaly Shumeiko

Nondegenerate Parametric Resonance
in a Tunable Superconducting Cavity

14

Vitaly Shumeiko

Quantum Acousto-optic Transducer for
Superconducting Qubits

15

Parmeshwar
Prasad

Cooling mechanical modes in a single
NEMS resonator

16

Uros Delic

Towards strong optomechanical
cooperativity with levitated nanospheres

17

Alfredo Rueda

Electrooptic conversion between
microwave and Infrared in a Lithium
Niobate WGMR

18

Ali Salari

Proximity-induced superconductivity in
bulk-insulating topological insulators
for future Majorana devices

19

Maximilian Russ

Coupling multiple-spin qubits via a
microwave resonator

20

Loïc Henriet

Many-body subradiant decay dynamics of atoms coupled to a waveguide

21

Emil Zeuthen

Unconditional steady-state entanglement in macroscopic hybrid systems
by coherent noise cancellation

22

Lukas
Buchmann

Complex correlations and their exploitation in Metrology

23

Christian
Schneider

Detecting the motion of a Micromechanical Oscillator using a DC-SQUID

24

Andreas
Albrecht

Subradiant states of quantum bits coupled to a one-dimensional waveguide

25

Marco Genoni

Cramér-Rao bound for time-continuous
measurements in linear Gaussian
quantum systems
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Poster
Nr.

Presenting
Author

Poster Title

26

Amin
Hosseinkhani

Trapping quasiparticles in superconducting qubits

27

Matteo Biondi

Emergent quasi-long-range order from
frustration and pump engineering in a
photonic system

28

Ester Park

High Extinction Hybrid Lithium Niobate
Resonators for Photonic Addressing of
Trapped Ions

29

Matthias Wulf

Microwave-to-optical photon conversion using nanomechanical resonators

30

Adam Stokes

Limitations of two-level models in cavity
and circuit quantum electrodynamics

31

Andrey
Rakhubovsky

Pulsed continuous-variable optoelectromechanical transducer based on
geometric phase effect

32

Radim Filip

Photon-phonon-photon transfer in
optomechanics

33

Lingzhen Guo

Scalable Ion Trap Architecture for
Universal Quantum Computation by
Collisions

34

Yuuki Tokunaga

Theory of Deterministic Entanglement
Generation between Remote Super
conducting Atoms

35

Matilda Peruzzo

High impedance circuits on SOI

36

William Hease

Optomechanical GaAs disks in cryo
genic environment

37

Lorenzo Magrini

Strong, tunable, near-field coupling of
an optically levitated nanoparticle to a
photonic crystal cavity

38

Stefan Oleschko

Analog quantum simulation using
superconducting qubits
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Poster
Nr.

Presenting
Author

Poster Title

39

Kilian Seibold

Dynamical Casimir effect in an ultra
strongly coupled hybrid optomechanical
system

40

Andreas Barg

Sideband thermometry of ultra-high
Q membranes and progress towards
Fock state generation of motion

41

Matti Silveri

Many-body localization in long arrays
of superconducting transmon devices

42

Alessandro
Ciani

Quantum computation with a timeindependent Hamiltonian on a grid of
transmon qubits

43

Amy van der Hel

Sliced photonic crystal nanobeam as a
spin-to-photon quantum transducer

44

Marco Will

Towards microwave optomechanics
using a superconducting carbon
nanotube weak link

45

Matthias
Mergenthaler

A carbon nanotube-based superconducting qubit

46

Malcolm
Connolly

Superconducting gatemon qubit based
on a proximitized two-dimensional
electron gas

47

Andreas Barg

Soft-clamped SiN membranes with
ultra-high quality factors for quantum
optomechanics and force sensing

48

Luca Dellantonio

Quantum nondemolition measurement
of mechanical motion quanta

49

Jan Bilek

Squeezing-Enhanced Optomechanical
Magnetometry

50

Itay Shomroni

Backaction Evading Measurement in
the Optical Domain

51

Ali Asadian

Testing macroscopic realism and
contextuality in continuous variable
system
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Poster
Nr.

Presenting
Author

Poster Title

52

Elena
Redchenko

Microwave superconducting resonators coupling and fabrication

53

Julian Huber

Structural phase transition in micromechanical power grids

54

Thibault Capelle

Energy relaxation properties of a
microwave resonator coupled to a
pumped two level system bath

55

Martin Zemlicka

Transmon qubit with vacuum gaps

56

Pavol Neilinger

Landau-Zener-Stückelberg-Majorana
interference and Rabi-like oscillations
in circuit QED

57

Anja Metelmann

Nonreciprocal Signal Routing in an
Active Quantum Network
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2.3 Posters
P1: Thermodynamics of Superconducting Stripline Resonators with
Optomechanical-like Couplings
Presenting Author: Muhammad Naseem
Co-Author(s): Özgür Esat Müstecaplıoğlu
Abstracts:
Thermal machines use temperature gradients to perform useful work through
a working substance. In the case of a quantum working substance, the
machine is called a quantum heat engine (QHE). It is possible to envision
such a machine as a kind of transducer converting incoherent resource
input to a coherent output. This general principle can be achieved in machines without any moving part, such as in the recently proposed QHE with
coupled superconducting stripline resonators [1]. The coupling is in the
form of optomechanical-like interaction [2]. The dynamics of such QHEs
are often described by master equations. For the dynamical description of
these open quantum systems there are two approaches in the literature:
local approach in which sub-systems of heat engine couple locally to baths,
and global approach in which the baths couple with global degree of freedom of heat engine. When the coupling between the sub-systems of the
thermal machine is strong, it becomes crucial to check the thermodynamical
consistency of the master equation [3]. The goal of this work is to study
consistency of the first and the second laws of thermodynamics for super
conducting stripline resonators with optomechanical-like coupling in strong
coupling regime. We report that there is violation of second law when the
temperature of the bath attached to mechanical-like resonator is higher
than the temperature of other bath, if one uses the standard (local) or dressed
state (global), master equations of optomechanics. This inconsistency with
the second law is found persistent and cannot be removed by including
few phonon-like side-modes for a more global master equation approach.
References: [1] A. Ü. C. Hardal, N. Aslan, C. M. Wilson, and Ö. E. Müstecaplıoğlu,
A quantum mechanical heat engine with coupled superconducting resonators,
arXiv:1708.01182 (2017). [2] J. R. Johansson, G. Johansson, and F. Nori, Optomechanical-like coupling between superconducting resonators, Phys. Rev. A 90,
053833 (2014). [3] A. Levy and R. Kosloff, The local approach to quantum transport may violate the second law of thermodynamics, EPL 107, 20004 (2014).
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P2: Design of a Charge Quantum Bit Based on Nonlinear Quantum
Capacitor
Presenting Author: Sina Khorasani
Abstract:
We discuss a new type of qubit with high integrability, based on a nonlinear quantum capacitor (QC) made of the two-dimensional (2D) materials
[1], graphene (Gr) and boron nitride (BN). All existing qubits [2] rely on
the nonlinear inductance of Josephson junctions (JJs). Here, two Gr monolayers are separated by a multilayer BN, which acts as a potential barrier
and forms a parallel plate capacitance [1]. This sandwich structure is routinely used owing to its peculiar electronic and optical properties [3,4]. For
the BN thickness of 3nm to 70nm, the contribution of geometric parallel
plate capacitance of can be neglected. The total linear and nonlinear part
of the QC can be then expanded as power series in terms of the applied
voltage. By placing a linear inductor is across the QC, the total Hamiltonian up to fifth order is found, with remarkably large anharmonicity A. It is
possible to tweak the design flexibility by placing a shunt linear capacitor
across the QC. It is found that A rapidly increases with the temperature
decreasing and also is a strong function of the capacitance area [1], and
at temperatures of a few 0.1K easily yield strong nonlinearity. Signal can
be fed into the qubit oscillator by inductive or capacitive coupling similar to
the qubits based on JJs [2]. It is furthermore possible to combine the QC
with JJs, where A is caused by the combined effects of JJ and QC. Quite
clearly, the resonance frequency of the circuit is now also dependent on
linear inductance of the JJ as well. A proper design can cause complete
cancellation of A, leaving nonlinear terms of sixth and higher orders. Furthermore, positive or negative A become now both accessible. Possible
mechanisms for decoherence and dephasing of qubit are discussed, too.
References: [1] S. Khorasani & A. Koottandavida, 2D Mat. Appl. 1, 7 (2017).
[2] G. Wendin, Rep. Prog. Phys. 80, 106001 (2017). [3] S. Khorasani, IEEE J. Quant.
Electron. 50, 307 (2014). [4] V. Ranjan et al., Phys. Rev. Appl. 7, 054015 (2017).
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P3: Higher-order Corrections to Standard Optomechanics
Presenting Author: Sina Khorasani
Co-Author(s): Georg Arnold
Abstract:
We discuss four different effects which are expected to occur in quantum
optomechanics as a result of higher-order interactions, the presence of
which is predicted theoretically using the method of higher-order operators. It is discussed that under what experimental conditions these effects
could be revealed. These effects include 1. Higher-order spring effect 2.
Zero-point optomechanics 3. Sideband Inequivalence 4. Resonance Shift
The Higher-order spring effect describes corrections to the well-known
spring effect as a result of phonons populating the cavity. Measurement
of spring effect at high pump levels makes the higher-order effect to disappear. The easiest way to probe the existence of higher-order effects
is found to be the Optical Spring effect, which has to be measured at a
moderate intracavity photon number. For an intracavity photon number
typically below 100, the higher-order spring effects become quite visible.
The zero-point fluctuations of vacuum also interact optomechanically with
the mechanics to induce a temperature-dependent frequency shift. This
shift can be in principle measured and clearly resolved from other thermal
expansion effects for a carefully designed sample. Side-band inequivalence also arises from zero-point interactions, and can cause the detunings of blue and red sidebands to be different within a tiny amount, which
becomes measureable at a sufficiently large pump level. Higher-order
resonance shift corresponds to the mutual repulsive or attractive nature of
optomechanical interactions which contribute not only to the mechanical
resonator, through spring effect, but also, to the optical resonator through
higher-order interactions. All these four effects are discussed in detail,
and also explicit expressions for corrected spring effect are presented.
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P4: Phase pulse sequence for a robust optomechanical cooling
Presenting Author: Christian Ventura-Velázquez
Co-Author(s): Benjamín Jaramillo Ávila and Blas M. Rodríguez-Lara
Abstract:
Inspired by composite adiabatic passage in cavity-QED systems, we
analyze the effect of phase pulse sequences on optomechanical cooling, within the linear approximation and constant laser power driving. We
obtain robust optomechanical cooling even in the presence of losses and
thermal excitations in the cavity and mechanical modes.
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P5: Nonclassical features of squeezed light from cavity optomechanics
Presenting Author: Yue Ma
Co-Author(s): Federico Armata, Myungshik Kim
Abstract:
We study the interaction between cavity field and mechanical oscillator in
an optomechanical cavity. We find that, squeezed light inside the cavity
can be generated within the first mechanical period, which is a result coming from the propagation of noise between the field and the mechanical
oscillator. As long as the propagation of noise is kept track of, the squeezing can be described equally well with a completely classical method.
Semiclassical methods which separate the roles of noise cannot generate squeezing. Genuine quantum squeezing which cannot be predicted
classically appears after many mechanical periods. Considering different
environmental effects, we find that the main obstacle against the observation of the genuine quantum squeezing comes from the short lifetime of
the cavity photon, while the dissipation of the mechanical oscillator and
the finite mechanical bath temperature do not have great influence.
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P6: Dynamical Gauge Fields and Directional Light Transport in OneDimensional Optomechanical Arrays
Presenting Author: Petr Zapletal
Co-Author(s): Stefan Walter, Florian Marquardt
Abstract:
We demonstrate new features of the previously introduced mechanical
gauge fields for photons predicted in optomechanical arrays with phononassisted photon tunneling. We show that light propagation is influenced
by the dynamical coupling of the mechanical gauge field and light in open
one-dimensional arrays, where static gauge fields can be gauged away.
We use an asymmetry of the phonon-assisted photon tunneling process
to suppress light transport in one direction of the one-dimensional array.
The same kind of directional light transport can be achieved also in twodimensional square arrays.
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P7: Strong Spin-Photon Coupling in Silicon
Presenting Author: Nodar Samkharadz
Co-Author(s): G. Zheng; N. Kalhor; D. Brousse; A. Sammak; U. Mendes;
A. Blais; G. Scappucci; L.M.K. Vandersypen
Abstract:
Long coherence times of single spins in Silicon quantum dots make these
systems highly attractive for quantum computation. A crucial missing ingredient for realization of large networks of quantum dot based spin qubits
has been long range coherent interconnects between them. We report
strong coupling of a single electron spin trapped in a silicon double quantum dot and a single microwave photon stored in a 1.3 mm long on-chip
high-impedance superconducting resonator. The electric field component
of the cavity photon couples directly to the charge dipole of the electron
in the double dot, and indirectly to the electron spin, through a local magnetic field gradient from a nearby micromagnet. We extract charge-photon
coupling strength g_C>200 MHz, and spin-photon coupling strength 2g_
S>30 MHz, well above the combined decoherence rates of the spin and
the photon. This result opens the way to cavity-mediated quantum gates
between spin qubits at millimeter range, removing a major roadblock for
the scalability of spin based quantum processors.
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P8: Quantum Computation with Mechanical Cluster States
Presenting Author: Darren Moore
Co-Author(s): Oussama Houhou, Sougato Bose, Alessandro Ferraro
Abstract:
In the setting of quantum computation with continuous variables, one may
describe a measurement based model of computation. The required cluster states are Gaussian and consist of a collection of entangled squeezed
states. A construction of such a cluster state has been proposed in the
context of opto- or electro-mechanics, wherein the nodes of the cluster
are found in the motion of an array of oscillators. The oscillators, given a
suitable external driving, may be prepared in the cluster state via dissipation into an appropriately engineered environment. In order to carry out a
computation one is required to apply measurements to individual nodes of
the cluster state. In an optomechanics setting these nodes are not directly
accessible and may only be interacted with via the cavity field. By driving
the cavity with an appropriately chosen interaction profile one may drive
individual cluster nodes towards squeezed states of a chosen quadrature.
This is performed by addressing a single oscillator on both red and blue
sidebands with a sinusoidal interaction profile with the mechanical frequency. By performing homodyne detection on the output cavity field, a
back-action evading measurement is performed on the selected oscillator.
Finally, we address the issue of non-Gaussian operations, at least one of
which is required for universal computation (in addition to the measurement resources already described). One method for incorporating a nonGaussian operation is to attach a non-Gaussian resource, such as a cubic
phase state, to the cluster state. To do this, one should take advantage
of the second order term in the expansion of the cavity frequency. This
provides a nonlinear interaction (position-squared) even in the so-called
`linearised’ regime. By applying an appropriate external driving involving
five tones one may engineer an environment such that the steady state of
the dissipating system has the mechanical state in the cubic phase state.
This state can then be attached to a cluster state, or incorporated into the
cluster state preparation scheme.
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P9: Measuring resonator photon numbers: Transmon qubits vs. nanomechanical resonators
Presenting Author: Philip Schmidt
Co-Author(s): Daniel Schwienbacher, Matthias Pernpeintner,
Friedrich Wulschner, Frank Deppe, Achim Marx, Rudolf Gross
and Hans Hübl
Abstract:
In nano-electromechanics, quantum mechanical phenomena can be studied in the literal sense. For the preparation of mechanical (phonon) Fock
states, the integration of a sufficiently nonlinear circuit element is of key
importance. One possible realization is to combine the field of superconducting circuit QED with superconducting nano-electromechanical devices.Here, we present a hybrid system consisting of a superconducting
coplanar microwave resonator acting as a bus between a nanomechanical string resonator and a transmon qubit. The latter is, just as the rest of
the circuit, fabricated using aluminum technology and acts as nonlinear
element. We present the device layout and characterize the device parameters using continuous wave spectroscopy of both the transmon qubit and the nano-mechanical string resonator. Additionally, we investigate
the photon number of the microwave resonator via two complementary
approaches: First we use the ac-Stark shift of the coupled qubit-microwave resonator system. Second we use electromechanically induced
absorption, an interference effect, present in electromechanical devices.
Although these two approaches probe the photon number in complementary regimes differing by ten orders of magnitude, they exhibit quantitative
agreement. In summary, we present successful integration of a nanostring
in microwave resonators in combination with a transmon qubit and show
successful experiments on interfacing circuit QED and nanomechanical
strings.
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P10: Cavity QED in the non-perturbative regime
Presenting Author: Daniele de Bernardis
Co-Author(s): Tuomas Jaako, Peter Rabl
Abstract:
We study a generic cavity-QED system where a set of (artificial) two-level
dipoles is coupled to the electric field of a single-mode LC resonator. This
setup is used to derive a minimal quantum mechanical model for cavity
QED, which accounts for both dipole-field and direct dipole-dipole interactions. The model is applicable for arbitrary coupling strengths and allows us to extend the usual Dicke model into the non-perturbative regime,
which can be associated with an effective finestructure constant of order
unity. In this regime we identify and characterize three distinct classes of
normal, superradiant and subradiant vacuum states and study the transitions between them. Our findings reconcile many of the previous, often
contradictory predictions on this topic and provide a unified theoretical
framework to describe ultrastrong coupling phenomena in a large variety
of physically very different cavity-QED platforms.
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P11: Characterization of low loss microstrip resonators as a building
block for circuit QED in a 3D waveguide
Presenting Author: David Zöpfl
Co-Author(s): P. R. Muppalla, C. M. F. Schneider, S. Kasemann, S. Partel,
G. Kirchmair
Abstract:
We fabricated aluminium and niobium microstrip resonators and characterized them in a rectangular waveguide. Our novel approach combines
the low loss advantages of three dimensional structures with a compact
planar design. The setup allows flexible coupling to the resonator, which
depends on its placement within the waveguide. The waveguide represents
a well-defined microwave environment, free of wirebonds, which minimizes losses. This makes this setup also appealing for testing materials.
In the low temperature, low power regime, we measure a single photon
internal quality factor of up to one million. The demonstrated quality factor
is comparable to state of the art coplanar waveguide resonators, but does
not require complex fabrication procedures. We measured the internal
quality factor with increasing temperature. The data shows good agreement with models predicting decreasing losses to two level systems and
increasing conductive losses with temperature. In a next step, we want to
use microstrip resonators for qubit readout in a novel waveguide Quantum-Electro-Dynamics architecture. This represents an ideal platform for
analogue quantum simulation of spin models. In another experiment we
plan to put a SQUID in the centre of the microstrip resonator. This will allow us to use the here presented resonator as a magnetometer or even
as a parametric amplifier.
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P12: Spatially adiabatic frequency conversion in optoelectromecha
nical arrays
Presenting Author: Ondrej Cernotik
Co-Author(s): Sahand Mahmoodian and Klemens Hammerer
Abstract:
Optoelectromechanical systems offer a promising route towards frequency conversion between microwaves and light and towards building quantum networks of superconducting circuits. Current theoretical and experimental efforts focus on approaches based on either optomechanically
induced transparency or adiabatic passage. The former has the advantage of working with time-independent control but only in a limited bandwidth (typically much smaller than the cavity linewidth); the latter can, in
principle, be used to increase the bandwidth but at the expense of working
with time-dependent control fields and with strong optomechanical coupling. In my presentation, I will show that an array of optoelectromechanical transducers can overcome this limitation and reach a bandwidth that
is larger than the cavity linewidth. The coupling rates are varied in space
throughout the array so that a mechanically dark mode of the propagating fields adiabatically changes from microwave to optical or vice versa.
This strategy also leads to significantly reduced thermal noise with the
collective optomechanical cooperativity being the relevant figure of merit.
I will also demonstrate that, remarkably, the bandwidth enhancement per
transducer element is largest for small arrays. With these features the
scheme is particularly relevant for improving the conversion bandwidth in
state-of-the-art experimental setups.
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P13: Nondegenerate Parametric Resonance in a Tunable Superconducting Cavity
Presenting Author: Vitaly Shumeiko
Co-Author(s): Waltraut Wustmann
Abstract:
We present a theory for non-degenerate parametric resonance in a tunable superconducting cavity. We analyze parametric amplification in a
strong nonlinear regime at the parametric-instability threshold, and calculate maximum gain values. Above the threshold, in the parametric-oscillator regime, the cavity linear response diverges at the oscillator frequency at all pump strengths. We show that this divergence is related to
the continuous phase degeneracy of the free oscillator state. Applying
on-resonance input lifts the degeneracy and removes the divergence. We
also investigate quantum noise squeezing. It is shown that in the strong
amplification regime, the noise undergoes four-mode squeezing, and that,
in this regime, the output signal-to-noise ratio can significantly exceed the
input value. We also analyze the intermode frequency conversion and
identify the parameters at which full conversion is achieved.
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P14: Quantum Acousto-optic Transducer for Superconducting Qubits
Presenting Author: Vitaly Shumeiko
Abstract:
We outline a theory for a reversible quantum transducer connecting superconducting qubits and optical photons using acoustic waves in piezoelectrics. The proposed device consists of an integrated acousto-optic resonator that utilizes the stimulated Brillouin scattering for phonon-photon
conversion and the piezoelectric effect for coupling of phonons to qubits.
We evaluate the phonon-photon coupling rate and show that the required
power of the optical pump as well as the other device parameters providing full and faithful quantum conversion is feasible for implementation with
the state-of-the-art integrated acousto-optics.
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P15: Cooling mechanical modes in a single NEMS resonator
Presenting Author: Parmeshwar Prasad
Co-Author(s): Nishta Arora, Akshay Naik
Abstract:
Cooling macroscopic objects to their ground state is a long-standing goal
for studying quantum mechanics in them. Cooling macroscopic objects
require strong coupling to the surrounding environment. A Strong coupling
ensures efficient energy exchange between the system and the surrounding.
To cool an object to the ground state, the surrounding temperature should
be low enough and the frequency of system oscillation high (kb T << ℏω).
That is why laser cooling of atoms and molecules are easier as compared
to the macroscopic objects such as nano/micro electro mechanical systems (NEMS/MEMS). NEMS resonators are cooled close to the quantum
regime by coupling the resonator to the high frequency microwave or optical cavity. In this way, two systems coupled to each other are required,
one with the low frequency and another with high frequency. Here in the
present work, we engineer a single resonator made of two-dimensional
material to cool its low frequency mechanical mode. Using a single macroscopic NEMS resonator will reduce the complexity in the cooling experiments. Also, strong coupling among the multiple modes in a single
resonator will ease the requirement of ultra-low surrounding temperature.
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P16: Towards strong optomechanical cooperativity with levitated nanospheres
Presenting Author: Uros Delic
Co-Author(s): David Grass, Nikolai Kiesel, Markus Aspelmeyer
Abstract:
Although cavity cooling of levitated nanospheres has been demonstrated in recent years [1, 2], regime of strong optomechanical cooperativity
C>1 is yet to be reached, leading to full quantum control of nanosphere
motion. A common obstacle in many experiments is stable levitation of
nanospheres in ultra-high vacuum (UHV). However, stable trapping has
been achieved in an optical dipole trap in several experiments through
the use of three-dimensional parametric feedback [3]. We exploit this by
combining such a trap with an optical cavity and show stable trapping of
a silica nanosphere (71.5 nm radius) in UHV. We optimize linear coupling
of nanosphere motion to cavity mode and obtain its magnitude by optomechanically induced transparency (OMIT), while still exhibiting effects of
tertiary coupling. We measure a pressure-dependent three-dimensional
heating rate of nanosphere motion through ring-up type energy relaxation
measurements, which shows a crossing from a regime where thermal
decoherence is dominated by gas collisions into a regime where photon
recoil prevails. We will present recent promising results of above-mentioned measurements, which are well-supported by our theoretical predictions. We will discuss proximity to the regime of strong cooperativity,
presenting unprecedented level of control over nanosphere motion.
References:
[1] Kiesel et al., PNAS 110: 14180-14185 (2013).
[2] Millen et al., Phys. Rev. Lett. 114, 123602 (2015); Millen et al., Phys. Rev. Lett.
117, 173602 (2016). [3] Gieseler et al., Phys. Rev. Lett. 109, 103603 (2012), Jain
et al., Phys. Rev. Lett. 116, 243601 (2016).
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P17: Electrooptic conversion between microwave and Infrared in a
Lithium Niobate WGMR.
Presenting author: Alfredo Rueda
Co-Authors: Harald Schwefel and Johannes Fink
Abstract:
Quantum information technology based on superconducting microwave
qubits has boosted the interest in converting quantum states from the
microwave to the optical domain. Optical photons, unlike microwave photons, do not face high transmission losses or strong decoherence at room
temperature, making them suitable for long distance quantum communication. A promising approach to build such a system is based on electrooptic modulation, i.e. mixing two waves (an optical and a microwave)
in a nonlinear medium. The coherent, fast response and accurate control
of this process makes it a good candidate for the transducer. In a previous work Ref.\cite{Rueda:16}, we have introduced a scheme based on a
triply resonant whispering gallery mode (WGM) resonator coupled to a 3D
microwave cavity. Our system is three orders of magnitude more efficient
than previous efforts of this kind, achieving 0.1% photon number conversion between 9 GHz microwave signals and telecom wavelength with a
conversion bandwidth of $\sim1.3$ MHz.
However, this system works at room temperature where the microwave
thermal noise is high $(N_\text{th}\appprox670)$ and it is not suitable
for quantum state transfer. To work at low temperatures ($\sim 20$ mK)
would not only make the system thermally noiseless, but it would also descrease the losses in the microwave cavity, increasing the photon conversion efficiency. We present the latest results of the different tests required
to increase the conversion efficiency and to implement the system in a
milikelvin environment.
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P18: Proximity-induced superconductivity in bulk-insulating topological insulators for future Majorana devices
Presenting Author: Ali Salari
Co-Author(s): Subhamoy Ghatak, Fan Yang, Oliver Breunig, Zhiwei Wang,
A. A. Taskin, Yoichi Ando
Abstract:
The surface states in topological insulator (TI) materials, when proximitized
by a superconductor (S), can host Majorana zero modes, which are useful
for non-local quantum information processing [1]. Identification of Majorana zero modes in S-TI-S structures remains less successful compared to
proximitized semiconductor nanowires, which is possibly due to the undesired bulk conduction in TI materials, such as Bi2Se3, Bi2Te3, (BixSb2-x)
Se3 etc. [2, 3, 4]. With the purpose of finding an unambiguous signature
of Majorana zero modes, we’ve started to fabricate JJs on bulk-insulating
BiSbTeSe2 flakes, which are predicted to show distinctive features in
current-phase relationship (CPR) due to generation and annihilation of
Majorana states located at the Josephson vortices [5]. Inducing superconductivity in bulk-insulating TIs has been very difficult to achieve. Never
theless, we have succeeded in observing such a superconductivity in our
Al-BSTS2-Al junctions. Both conventional and anomalous Fraunhofer
patterns have been observed in our devices. Suppressed first lobe in the
Fraunhofer pattern was also found in some of the devices, which has already
been observed in JJs based on other materials [6, 7] and it is discussed
to be related to a supercurrent with 4pi periodic oscillations. Building on
this crucial success, we will move on to proximitize TI nanowires etched out
from a bulk-insulating TI thin film and build the top-transmon qubit [8]. This
hybrid superconducting qubit has a great promise for fault-tolerant quantum computations, because in this qubit one can manipulate the sensitivity
of transmon to fermion parity (which encodes the quantum information) by
adjusting the ratio of Josephson energy to the charging energy. Our future
experiments will pave the way for circuit-QED-based charge parity measurements, which is a key technique for fast readout of Majorana qubits.
References: [1] Alicea, J. et al., Rep. Prog. Phys. 75, 076501 (2012). [2] Kurter, C. et al.,
Nat. Comm. 6, 7130 (2015). [3] Veldhorst, M. et al., Nat. Mat. 11, 417 (2012). [4] Cho,
S. et al., Nat. Comm. 4, 1689 (2013). [5] Potter, A. C. et al., Phys. Rev. B 88, 121109(R)
(2013). [6] Bocquillon, E. et al., Nat. Nano. 12, 137 (2017). [7] Pribiag, V. S. et al.,
Nat. Nano. 10, 593 (2015). [8] Hassler, F. et al., New J. Phys. 13 095004 (2011).
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P19: Coupling multiple-spin qubits via a microwave resonator
Presenting Author: Maximilian Russ
Co-Author(s): Guido Burkard
Abstract:
Semiconductor qubit cavity hybrid systems are currently under intense
investigation due to their application in long-distance entanglement protocols [1,2,3] and fast quantum-state read-out schemes [4,5]. We investigate the behavior of qubits consisting of three or four electron spins in
semiconductor triple quantum dots (TQDs) which are coupled to a microwave cavity via their electric dipole moment. Unlike single-spin systems,
such multiple-spin systems possess a dipole moment from charge hybridization which is electrically tunable while still possessing the longevity
of single-spin qubits. Our model includes both longitudinal and transversal
coupling between qubits and a cavity, yielding a qubit-cavity coupling to
two independent TQD detuning parameters. These parameters can be
controlled in experiments by gate voltages applied to the quantum dot
structures. In a semi-microscopic approach, we calculate the transition
dipole matrix elements of the qubit-cavity interaction. From this we can
determine the qubit-cavity coupling strength needed for entangling twoqubit gates and dispersive read-out. We investigate both geometries and
compare the two with and without the influence of charge noise. Both
geometries show a switchable qubit-resonator coupling depending on
the detuning parameters. Recent experiments [6] confirm our theoretical results to a high degree. Besides the conventional dispersive cavitymediated two-qubit interaction we also investigate a novel implementation
applicable at “hot” cavity temperatures which couples through the energycurvature of the qubit splittings.
References: [1] M. Russ and G. Burkard, Phys. Rev. B 92, 205412 (2015). [2] M.
Russ, F. Ginzel, and G. Burkard, Phys. Rev. B 94, 165411 (2016). [3] M. Russ,
G. Burkard (review article), J. Phys.: Condens. Matter 29 393001 (2017). [4] G.
Burkard and J. R. Petta, Phys. Rev. B 94, 195305 (2016). [5] X. Mi, C. G. Péterfalvi, G. Burkard, and J. R. Petta, arXiv: 1704.06312 (2017). [6] A. J. Landig et al.,
arXiv:1711.01932 (2017).
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P20: Many-body subradiant decay dynamics of atoms coupled to a
waveguide
Presenting Author: Loïc Henriet
Co-Author(s): Andreas Albrecht, Darrick Chang
Abstract:
Spontaneous emission constitutes a fundamental limit in nearly all platforms interfacing quantum light and matter. In typical theoretical treatments, spontaneous emission events are assumed to occur independently, and at a rate given by a single isolated atom. However, this assumption
can be dramatically violated in atomic arrays. Here, strong destructive
interference in wave emission can lead to the phenomenon of subradiance, wherein collective atomic excitations are unable to decay away.
Here, we provide the first comprehensive look at the exotic properties of
subradiant dynamics in the many-excitation limit, considering a model of
a chain of regularly spaced two-level atoms, which interact through a onedimensional waveguide. Starting from an initially highly excited state, we
find that at long times the total population and the density-density correlation exhibit a power-law decay, associated with the closing of a Liouvillian
gap in the thermodynamic limit. At long times, we also find the emergence
of “fermionic” density-density correlations, reflecting the fact that subradiant excitations exhibit a Pauli exclusion property in space. These results should inspire a more detailed look into the properties of many-body
subradiance in systems ranging from circuit QED to free-space atomic
ensembles.
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P21: Unconditional steady-state entanglement in macroscopic hybrid
systems by coherent noise cancellation
Presenting Author: Emil Zeuthen
Co-Author(s): Xinyao Huang, Denis V. Vasilyev, Qiongyi He,
Klemens Hammerer, and Eugene S. Polzik
Abstract:
Generation of entanglement between disparate physical objects is a key
ingredient in the field of quantum technologies, since they can have different functionalities in a quantum network. Here we propose and analyze a
generic approach to steady-state entanglement generation between two
oscillators with different temperatures and decoherence properties coupled in cascade to a common unidirectional light field. The scheme is
based on a combination of coherent noise cancellation and dynamical
cooling techniques for two oscillators with effective masses of opposite
signs, such as quasi-spin and motional degrees of freedom, respectively.
The interference effect provided by the cascaded setup can be tuned to
implement additional noise cancellation leading to improved entanglement even in the presence of a hot thermal environment. The unconditional entanglement generation is advantageous since it provides a readyto-use quantum resource. Remarkably, by comparing to the conditional
entanglement achievable in the dynamically stable regime, we find our
unconditional scheme to deliver virtually identical performance when operated optimally. As an outlook, we point out that the regime of significant
entanglement is compatible with sub-standard quantum limit (SQL) sensitivity when applying the hybrid system as a continuous force sensor.
References:
arXiv:1801.02569
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P22: Complex correlations and their exploitation in Metrology
Presenting Author: Lukas Buchmann
Co-Author(s): D.M.Stamper-Kurn, N.Spethmann, S.Schreppler, J.Kohler
Abstract:
Homodyne detectors are blind to squeezing spectra in which the correlation between amplitude and phase fluctuations is complex. Such complex
squeezing is a component of ponderomotive squeezing of light through
cavity optomechanics. A new detection scheme, called synodyne detection, reveals complex squeezing and allows the accounting of measurement back-action. This allows the measurement of one component of an
external force with sensitivity only limited by the mechanical oscillator’s
intrinsic noise.
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P23: Detecting the motion of a Micromechanical Oscillator using a
DC-SQUID
Presenting Author: Christian Schneider
Co-Author(s): M. Schmid, M. Juan, M. Trupke, M. Rudolph, G. Via,
O. Romero-Isart, G. Kirchmair
Abstract:
Coupling optical/microwave systems to mechanical systems is currently
a heavily investigated field of research. It promises many applications
in quantum information processing and quantum metrology, like optical
to microwave transducers, quantum storage, entanglement generation,
quantum gates and acceleration or force sensors. Another interest in
these systems arises from open questions in the classical to quantum
transition or effects of gravity on quantum mechanics. The most promising
approach to this point for coupling microwave systems to mechanical systems is the LC circuit with an oscillating drumhead capacitor, where the
coupling between mechanical motion and microwaves is capacitively. In
contrast, we want to couple mechanical motion to superconducting quantum circuits magnetically. An approach which should allow us to reach the
strong single photon single phonon coupling regime and the possibility
to observe non-Gaussian physics in a macroscopic object, a milestone
in this field. In a first stage, we want to detect the motion of a cantilever
magnetically using a DC superconducting quantum interference device
(DC-SQUID) and apply simple feedback cooling schemes.
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P24: Subradiant states of quantum bits coupled to a one-dimensional
waveguide
Presenting Author: Andreas Albrecht
Co-Author(s): Loic Henriet, Ana Asenjo Garcia, Paul Dieterle, Oskar Painter,
Darrick E. Chang
Abstract:
Coupled emitters commonly behave rather different from their individual
constituents. In particular, the lifetime of collective excitations can be either delayed or accelerated, an effect known a sub- or superradiance, respectively. Here, we consider an array of regularly spaced qubits coupled
to a one-dimensional waveguide and systematically study the properties
of collective excitations in such a configuration. We show that single-excitation modes can be associated with a definite wavevector, which directly links to the radiation properties. Multi-excitation modes of subradiant
character can be built from fermionic combinations of single-excitation
modes, are smoothly repelled in space, and inherit the properties of their
single-excitation constituents. Moreover, highly excited modes follow from
low-excitation modes by an `excitation hole‘ symmetry. A method to create
and measure subradiant states is put forward, which can be realized with
superconducting qubits.
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P25: Cramér-Rao bound for time-continuous measurements in linear
Gaussian quantum systems
Presenting Author: Marco Genoni
Abstract:
We describe a compact and reliable method to calculate the Fisher information for the estimation of a dynamical parameter in a continuously
measured linear Gaussian quantum system. Unlike previous methods in
the literature, which involve the numerical integration of a stochastic master equation for the corresponding density operator in a Hilbert space of
infinite dimension, the formulas here derived depends only on the evolution of first and second moments of the quantum states, and thus can be
easily evaluated without the need of any approximation. We also present
a basic but physically meaningful example where this result is exploited,
calculating analytical and numerical bounds on the estimation of a constant force acting on a mechanical oscillator in a standard optomechanical
scenario.
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P26: Trapping quasiparticles in superconducting qubits
Presenting Author: Amin Hosseinkhani
Co-Author(s): R.-P. Riwar, L. D. Burkhart, Y. Y. Gao, R. J. Schoelkopf,
L. I. Glazman, and G. Catelani
Abstract:
Quasiparticle excitations provide a decoherence channel for superconducting qubits. Unfortunately, the quasiparticle density at millikelvin temperatures is much higher than expected. Here we explain how a normalmetal island in tunnel contact with the superconducting electrode of a
qubit can act as a sink for quasiparticles, thus improving the qubit‘s coherence time. We develop theoretically and validate experimentally a model
for the effect of a single small trap on the dynamics of excess quasiparticles injected in a transmon-type qubit. The model enables us to evaluate
the time it takes to evacuate the injected quasiparticles from the transmon
as a function of trap parameters [1]. When the trap size increases beyond
a certain characteristic length, the details of the trap geometry, number
and position become important. We study how to optimize traps‘ design in
transmon-type qubits. This leads to quick evacuation of the excess quasiparticle density and at the same time suppression of the steady-state
density and its fluctuations [2]. We then study how the superconducting
proximity effect due to normal metal-superconductor contact can influence the qubit performance. The competition between proximity effect
and quasiparticle density suppression leads to an optimum trap-junction
distance at which the qubit relaxation rate is minimized. For a transmon
qubit, we find this optimum distance to be of the order of 4 to 20 coherence lengths; the harmful influence of the proximity effect can be avoided
so long as the trap is farther away from the junction than this optimum [3].
References:
[1] R.-P. Riwar, A. Hosseinkhani, L. D. Burkhart, Y. Y. Gao, R. J. Schoelkopf,
L. I. Glazman and G. Catelani, Phys. Rev. B 94, 104516 (2016).
[2] A. Hosseinkhani, R.-P. Riwar, R. J. Schoelkopf, L. I. Glazman, and G. Catelani Phys. Rev. Applied 8, 064028 (2017). [3] A. Hosseinkhani and G. Catelani,
arXiv:1712.05235.
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P27: Emergent quasi-long-range order from frustration and pump
engineering in a photonic system
Presenting Author: Matteo Biondi
Co-Author(s): Sebastian Schmidt, Gianni Blatter
Abstract:
We theoretically investigate the interplay of frustration and interactions in
a nonequilibrium photonic lattice described by the Bose-Hubbard model.
We propose how to engineer quasi-long-range order in a low dimensional
system by pumping the lattice incoherently using a coloured reservoir.
The engineered steady-state of the lattice is a quasi-pure density wave
characterized by an algebraic decay of correlations. Our proposal can be
easily extended to similar frustrated lattices and is realizable using current
circuit QED technology.
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P28: High Extinction Hybrid Lithium Niobate Resonators for Photonic Addressing of Trapped Ions
Presenting Author: Ester Park
Co-Author(s): Rajeev Ram, Gavin West, Karan Mehta
Abstract:
We analyze lithographically defined nanophotonic bragg reflectors around
1550nm. Creation of high extinction resonators is important for applications from quantum key distribution to photonic addressing of trapped
atomic ions for quantum information processing. Bragg reflectors are desirable for the creation of high quality filters and resonators due to their
easily tailored reflection strength and bandwidth. We use a hybrid silicon
nitride on lithium niobate material platform with corrugated waveguides to
support a first order Bragg resonance. The integration of these structures
in an electro-optic material such as lithium niobate allows such resonators
to be used as tunable structures such as modulators, part of our future
work. Devices with both rectangular and sinusoidal index variation are
analyzed. Spurious reflections and unexpected resonances are seen in
experimental transmission profiles. Discussion of possible mechanisms
for these unintended resonances are discussed. We explore the application of such resonators for photonic addressing of trapped ions.
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P29: Microwave-to-optical photon conversion using nanomechanical
resonators
Presenting Author: Matthias Wulf
Co-Author(s): Georg Arnold, Donald Swen, Alfredo Rueda,
Shabir Barzanjeh, Matilda Peruzzo and Johannes M. Fink
Abstract:
Promising candidates for quantum information processing and distribution of quantum information are superconducting quantum bits and optical
photons propagating in optical fibers, respectively. Thus, a network consisting of superconducting microwave circuits connected by optical fibers is an appealing candidate for implementing a quantum network. The
missing link so far is a frequency converter for quantum state transfer to
bridge the gap between the microwave and the optical frequency regime.
We present here our progress towards implementing an on-chip opticalto-microwave transducer using a nanomechanical resonance as mediator
[1,2]. In detail, our device consists of a superconducting microwave and a
sliced photonic crystal nanobeam cavity which are connected by means
of a nanomechanical resonator. The superconducting microwave circuit
is implemented using an LC-circuit where the capacitor is mechanically
compliant. The same mechanical resonance alters the resonance of the
optical cavity using the principles of optomechanics. Our ambition is to implement an integrated on-chip transducer that allows conversion between
microwave and optical photons with an efficiency close to 100% and low
added noise photons at millikelvin temperatures. We will report our progress on implementing a not-sideband-resolved device as a first step. In
detail, measurements of the optical properties of the transducer at room
temperature and in a dilution refrigerator will be presented.
References:
[1] T. Bagci, A. Simonsen, S. Schmid, L. G. Villaneva, E. Zeuthen, J. Appel, J. M.
Taylor, A. Sørensen, K. Usami, A. Schliesser and E. S. Polzik, “Optical detection of
radio waves through a nanomechanical transducer”, Nature 507, 81–85 (2014).
[2] R. W. Andrews, R. W. Peterson, T. P. Purdy, K. Cicak, R. W. Simmonds, C. A.
Regal and K. W. Lehnert, „Bidirectional and efficient conversion between microwave and optical light“, Nature Physics 10, 321–326 (2014).
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P30: Limitations of two-level models in cavity and circuit quantum
electrodynamics
Presenting Author: Adam Stokes
Co-Author(s): Ahsan Nazir
Abstract:
A general description of light-matter coupling is adopted in which the
choice of gauge is determined by the value of a single real parameter.
For each different choice of this parameter a two-level truncation of the
material system generally yields a different two-level approximation of any
given gauge-invariant observable. The difference between such distinct
two-level models becomes significant within the strong-coupling regime.
An analogous ambiguity is found to occur in circuit QED. A Jaynes-Cummings (JC) model can be obtained without using the rotating-wave approximation. We consider two-level models of fluxonium strongly coupled
to an LC-oscillator mode. For certain coupling strengths the JC model is
more accurate than the Rabi model for obtaining the lowest transition energy of the system. The most general two-level model is of a hybrid type in
which the number-conserving and counter-rotating parts of the interaction
Hamiltonian are both non-vanishing, but possess different coefficients.
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P31: Pulsed continuous-variable optoelectromechanical transducer
based on geometric phase effect
Presenting Author: Andrey Rakhubovsky
Co-Author(s): N. Vostrosablin, R. Filip
Abstract:
The rapidly developing field of optomechanics provides outstanding
opportunities for force, acceleration and mass detection, as well as for
probing the fundamental physical effects. Besides this, one promising application of the optomechanical systems is transduction between different modes of radiation enabled by the radiation pressure. We propose a
transducer that uses a sequence of pulsed quantum nondemolition (QND)
interactions of the two modes of radiation with a mechanical oscillator to
effectively induce a QND coupling between the modes. The properly engineered sequence of interactions drives the mechanical oscillator around
a closed path in a phase space and thereby allows to trace the mechanical mode out of the interaction of the radiation modes, leaving the latter
coupled. Importantly, the coupling can be achieved regardless of the temperature of the noisy mechanical mode. For this transducer we propose to
utilize the pulsed regime of the cavity optomechanics , when the quantum
states of the modes of radiation are defined in short temporal pulses,
in contrast to the conventional continuous-wave regime. Particularly we
check the two physically very different regimes in which the duration of
pulses is longer or shorter compared to the period of mechanical oscillations. We consider cases of transduction between two optical modes as
well as between an optical and a microwave modes. We prove the feasibility of transducer with the parameters within experimental reach and
show that the operation of transducer demonstrates high robustness to
the optical loss and thermal noise of the mechanical environment.
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P32: Photon-phonon-photon transfer in optomechanics
Presenting Author: Radim Filip
Co-Author(s): A. Rakhubovsky
Abstract:
Thanks to the nature of the radiation pressure, the mechanical mode of
an optomechanical system can be coupled to radiation of different modes.
This allows to couple the modes of radiation that would not interact otherwise. Moreover, due to recent progress this allows to achieve the coupling at the quantum level and transmit quantum information between
the modes with help of an optomechanical system. In order to prove the
non-classical regime of optomechanical system, we consider transfer of
a highly nonclassical quantum state through it. That is we investigate a
protocol consisting of sequential upload, storage and reading out of the
quantum state from a mechanical mode of an optomechanical system.
We show that provided the input state is in a test-bed single-photon Fock
state, the Wigner function of the recovered state can have negative values
at the origin, which is a manifest of nonclassicality of the quantum state of
the macroscopic mechanical mode and the overall transfer protocol itself.
Moreover, we prove that the recovered state is quantum non-Gaussian for
wide range of setup parameters. We verify that current electromechanical
and optomechanical experiments can test this complete transfer of single
photon.
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P33: Scalable Ion Trap Architecture for Universal Quantum Computation by Collisions
Presenting Author: Lingzhen Guo
Co-Author(s): Pengfei Liang
Abstract:
We propose a scalable ion trap architecture for universal quantum computation, which is composed of an array of ion traps with one ion confined
in each trap. The neighboring traps are designed capable of merging into
one single trap. The universal two-qubit square of root SWAP gate is realized by direct collision of two neighboring ions in the merged trap, which
induces an effective spin-spin interaction between two ions. We find that
the collision-induced spin-spin interaction decreases with the third power
of two ions‘ trapping distance. Even with hundreds-of-microns trapping
distance between atomic ions in Paul traps, it is still possible to realize a
two-qubit gate operation with speed in 0.1 kHz regime. The speed can be
further increased up into 0.1 MHz regime using electrons with centimeter
trapping distance in Penning traps.
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P34: Theory of Deterministic Entanglement Generation between Remote Superconducting Atoms
Presenting Author: Yuuki Tokunaga
Co-Author(s): K. Koshino, K. Inomata, Z. R. Lin, T. Yamamoto,
and Y. Nakamura
Abstract:
Entangling remote qubits is an essential technological element in the
distributed quantum information processing. Here, we propose a deterministic scheme to generate maximal entanglement between remote superconducting atoms, using a propagating microwave photon as a flying
qubit. The building block of this scheme is an atom-photon two-qubit gate,
in which the photon qubit is encoded on its carrier frequencies. The gate
operation completes deterministically upon reflection of a photon, and the
gate type can be continuously varied (including SWAP, square root of
SWAP, and identity gates) through in situ control of the drive field. Applying such atom-photon gates sequentially, we can perform various gate
operations between remote superconducting atoms.
References:
[Phys. Rev. Applied. 7, 064006 (2017), Editor’s suggestion]
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P35: High impedance circuits on SOI
Presenting Author: Matilda Peruzzo
Co-Author(s): Andrea Trioni, Martin Zemilcka, Johannes Fink
Abstract:
Josephson junctions are self-dual elements in the sense that they can
behave as their own dual counterpart under the right conditions. The
quantum variables of relevance are the phase across the junction and
the tunneling charge; these satisfy the uncertainty relation. The relevant
parameter that distinguishes the two regimes is g ? Z/Rq, where Z is the
characteristic impedance of the circuit and Rq is the resistance quantum.
In our lab we fabricate high impedance circuits by the means of planar
superconducting inductors, these structures are suspended on a 220nm
silicon membrane to minimize stray capacitance. These circuits allow to
probe a new regime of superconducting circuits with the potential to explore qubits that are insensitive to charge noise (such as the fluxonium) or
measure the high impedance version of the Shapiro steps.
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P36: Optomechanical GaAs disks in cryogenic environment
Presenting Author: William Hease
Abstract:
Because of its excellent properties as optical and mechanical material,
high purity intrinsic Gallium Arsenide (GaAs) is an interesting candidate
for optomechanical experiments. We present experiments with micro-disk
GaAs optomechanical resonators in cryogenic environment, such as optomechanically induced transparency, optomechanical cooling, and thermalization measurements. We also discuss the ameliorations that could
be brought to these resonators in order to reach optomechanical ground
state cooling.
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P37: Strong, tunable, near-field coupling of an optically levitated nanoparticle to a photonic crystal cavity
Presenting Author: Lorenzo Magrini
Co-Author(s): Ralf Riedinger, Richard Norte, Igor Marinkovic, David Grass,
Uros Delic, Simon Groeblacher, Sungkun Hong and Markus Aspelmeyer
Abstract:
An optical tweezer is a versatile tool widely used across various fields
of research. With a large degree of optical control on trapped dielectric
objects, it provides a remarkably simple, yet excellent model system for
studying a plethora of intriguing problems, ranging from single molecule
biophysics, to thermodynamics and fundamental physics. Realizing full
quantum control of the trapped particles will enable exciting possibilities in
quantum-enhanced precision metrology as well as for probing fundamental aspects of quantum physics. One of the major challenges is to realize
methods to efficiently transduce the particles motion at the quantum level.
Here, we present a new experimental platform that provides a promising
route to solve this problem. We utilize a nanofabricated photonic crystal
cavity to optomechanically couple the motion of a dielectric nanoparticle
trapped by an optical tweezer. By positioning the particle in the vicinity of
the near field of the cavity mode, at a distance of ~310 nm from the photonic crystal surface, we achieve a single photon coupling rate of up to 13
kHz, three orders of magnitude larger than previously reported. Moreover,
we show that the coupling rates as well as oscillating frequencies for the
mechanical modes along all three spatial direction can be dynamically
tuned by reconfiguring the relative position between the cavity and the
particle. This approach may provide necessary improvements for strong
optomechanical interaction, potentially allowing to realize many proposed
quantum protocols.
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P38: Analog quantum simulation using superconducting qubits
Presenting Author: Stefan Oleschko
Co-Author(s): M. Zanner, O. Gargiulo, P. Muppalla, A. Sharafiev,
M. Dalmonte, P. Zoller, G. Kirchmair
Abstract:
With this poster I want to present the research activities of the Superconducting Quantum circuits group at the Institute for Quantum Optics and
Quantum Information in Innsbruck. I will show how we want to use 3D
circuit QED architectures to realize a platform for quantum many body
simulations of dipolar XY models on 2D lattices using state of the art circuit QED technology. The central idea is to exploit the naturally occurring dipolar interactions between 3D superconducting qubits to simulate
models of interacting quantum spins. The ability to arrange the qubits
in essentially arbitrary geometries allows us to design spin models with
more than nearest-neighbor interaction in various geometries. We will be
able to investigate quantum phenomena in 2D where qualitatively new
features emerge and existing numerical and analytical approaches reach
their limitations.
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P39: Dynamical Casimir effect in an ultrastrongly coupled hybrid optomechanical system
Presenting author: Kilian Seibold
Co-Authors: Hugo Flayac, Vincenzo Savona
Abstract:
We investigate a dissipative tripartite atom-cavity-optomechanical system. We focus on the configuration where the two-level system and the
cavity mode are assumed to be in the ultrastrong coupling regime, while
the mechanical part interacts with the confined electromagnetic field via
the standard optomechanical coupling. We explore the nontrivial ground
state structure of such a hybrid system, which hosts a coherent phonon
occupation. While in the steady-state this population remains virtual and
therefore the system does not emit real phonons, our work explores the
possibility to extract real and coherent excitations from the mechanical
mode by a non-adiabatic quench of the atom-cavity interaction. We finally
study the dependence of the extracted phonon population on the initial
coupling strength and the switching amplitude. Our analysis shows that
an indirect dynamical Casimir effect occurs where, thanks to the tripartite
nature of the system, a perturbation of the atom-cavity system indirectly
triggers the emission of phonons.
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P40: Sideband thermometry of ultra-high Q membranes and progress
towards Fock state generation of motion
Presenting Author: Andreas Barg
Co-Author(s): Ivan Galinskiy, Yeghishe Tsaturyan, Albert Schliesser,
Eugene S. Polzik
Abstract:
We optically cool mechanical modes of a silicon nitride membrane resonator with a phononic crystal structure close to the quantum ground state.
The membrane is periodically pattered around a defect in the center,
which features a localized mode with ultra-high quality factor. We place
the membrane inside a high-finesse optical cavity mounted in a 4 Kelvin
liquid helium cryostat and optically cool the membrane modes via dynami
cal backaction. The average phonon occupancy of the localized membrane
mode is measured using heterodyne detection and sideband thermo
metry. We determine the bath temperature of the membrane to be 7 Kelvin,
verifying that thermalization through the thin tethers of the patterned membrane is possible. Our membrane-in-the-middle setup manifests itself as a
quantum enabled system initializing more complex protocols such as the
generation of one-phonon states by filtering and detecting single Stokes
scattered photons.
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P41: Many-body localization in long arrays of superconducting transmon devices
Presenting Author: Matti Silveri
Co-Author(s): R. T. Brierley, Xiongjie Yu, Bryan K. Clark
Abstract:
Superconducting circuits hold promise as good platform for quantum simulations. Up to date, the fabrication disorder of superconducting circuits has
been one of the obstacles for realizing large scale quantum simulations of
realistic condensed matter models. To turn disorder into an advantage, we
theoretically study the prospect for quantum simulation of strongly disordered and interacting quantum matter in long arrays of transmon devices.
Specifically, we are interested in bosonic many-body localization. Manybody localized states are highly-excited many-body eigenstates but their
principal properties are more similar to those of generic ground states.
Additionally, they are extraordinary as they fail to quantum thermalize. In
an array configuration, transmons interact via the capacitive dipole-dipole
interaction and the crucial many-excitation interaction is provided by the
anharmonicity of the transmon energy spectrum. These together realize
a Bose-Hubbard chain with attractive interactions. The disorder strength
of the on-site transmon energy is in-situ tunable over an order of magnitude by using overall flux-tuning and fabricating disorder in transmon
loop areas. This provides a possibility for studying phase transitions. The
decoherence rates of the state-of-the-art devices are low with respect to
the typical interaction energies rendering superconducting circuits sufficiently closed quantum systems. High controllability of superconducting
circuits can be used for detailed quantum measurements of individual
transmons and for coherent driving of the full array.Using the recently
developed DMRG-like method for finding highly-excited eigenstates, we
numerically explore features of the many-body localization in arrays that
comprise 10-30 transmons. Our first results show positive signs on manybody localization with experimentally relevant parameters.
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P42: Quantum computation with a time-independent Hamiltonian on
a grid of transmon qubits
Presenting Author: Alessandro Ciani
Co-Author(s): David DiVincenzo, Barbara Terhal
Abstract:
We show how it might be possible to carry out a quantum computation
with a time-independent Hamiltonian, defined on a grid of transmon qubits, with nearest and next-nearest neighbor interactions. The idea is inspired by the original proposal due to Feynman, in which, with the addition
of a system acting as a clock, he constructed a time-independent Hamiltonian capable of implementing a quantum circuit. This construction has
since then been used by several authors mainly as a theoretical tool, but
it has never been discussed experimentally. The main difference between
our system and Feynman‘s Hamiltonian, is that the role of the clock is
now played by the position of the excitations in our lattice, in a so-called
space-time circuit-to-Hamiltonian construction. In a possible implementation in terms of transmon qubits, the system would use a dual-rail encoding, in which |0>=|01> and |1>=|10>. Within this paradigm, the interactions needed to implement the gates in the right order and with correct
logic are ZZ attractive interactions, while the interactions needed to implement the gates themselves are of XX+YY type. We show explicitly how
to construct these interactions between transmon qubits. The computing
scheme works in the regime in which the strength of the ZZ coupling is
much larger compared to the XX+YY coupling. An interesting point to note
is that in our passive circuit QED setting, we can only implement real-valued gates (i.e., orthogonal rather than unitary ransformations), which are
however sufficient for achieving universality. In particular, we show how
to implement single-qubit real gates, CNOT and Toffoli gates. We finally
comment on some possible measurement strategies.
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P43: Sliced photonic crystal nanobeam as a spin-to-photon quantum
transducer
Presenting Author: Amy van der Hel
Co-Author(s): Juha Muhonen, Ewold Verhagen
Abstract:
In optomechanical cavities light and mechanical motion are simultaneously confined. The confinement results in coupling between light and the
mechanical modes of the cavity through the radiation pressure force. The
effect of the interaction between the incoming light and the mechanical
modes is transduced into the reflected light signal.
The sliced photonic crystal nanobeam is such an optomechanical cavity. It consists of two doubly clamped beams with trapezoidal teeth. The
gap between the teeth of the two beams is of the order of 40nm, confining the light to subwavelength scales. In this structure strong coupling of
light and mechanical motion is achieved. Experiments with this geometry
have demonstrated a photon-phonon coupling strength of ~25 MHz and
single-photon cooperativity in excess of 1000. These parameters cause
the emergence of highly non-linear behavior down to cryogenic temperatures, and enable sensitive measurements with even very short pulses
of light, allowing back-action-evading measurements of the motion to be
performed. Here we discuss the possibility of using the sliced nanobeams as a quantum transducer between defect spin states and light. The
spin of a phosphorous donor bound electron in silicon is known to be an
excellent qubit. The application potential of these qubits is, however, to
some extent limited by the fact that they do not have transitions at optical
wavelengths that could be used for readout and coupling. The spins can,
on the other hand, be coupled to mechanical motion. Hence, we plan to
use our sliced nanobeam as an intermediary, coupling to both spins and
light, hence working as a spin-to-photon transducer. First experiments will
be performed with bulk doped silicon, where measuring spin dependent
changes of the mechanical resonance frequency will allow quantifying the
coupling strength between the spins and the mechanics. The effects of the
doping to the properties of the optical cavity are also being investigated.
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P44: Towards microwave optomechanics using a superconducting
carbon nanotube weak link
Presenting Author: Marco Will
Co-Author(s): Jukka-Pekka Kaikkonen, Pertti J. Hakonen
Abstract:
Utilizing the ultra-high sensitivity of a superconducting carbon nanotube
(CNT) sensor to probe the quantum ground state is a promising experimental approach for investigations of macroscopic quantum phenomena.
However, reproducible and reliable fabrication of such devices is still to
be shown due to the demands on high temperature stable materials that
the CNT growth requires and the crucial role the contact resistance plays
for inducing superconductivity into the CNT. We approach the challenge
using molybdenum rhenium (MoRe) microwave cavity, which withstands
high temperatures. As an alternative for pure MoRe, we have also used
a thin coverage of palladium to improve contact resistance to the CNT.
We have been able to reach 23 nA critical currents in 250 nm long single
walled CNTs. These devices displayed good gate modulation characteristics with 18 nA/0.2 V. Using such weak links in an optomechanical microwave setting, coupling energies on the order of 100 kHz can be reached
between the mechanical resonator and the electrical cavity.
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P45: A carbon nanotube-based superconducting qubit
Presenting Author: Matthias Mergenthaler
Co-Author(s): Ani Nersisyan, Andrew Patterson, Joseph Rahamim,
Andreas Baumgartner, Christian Schönenberger, G. Andrew D. Briggs,
Edward A. Laird, Peter J. Leek
Abstract:
Conventional Al/AlOx Josephson junctions are extensively used in superconducting quantum circuits for quantum information processing. Recently superconducting qubit alternatives based on semiconductor-superconductor hybrids have been realized with InAs nanowires and a 2-dimensional electron gas [1-3]. Here we present a first implementation of a
superconducting qubit based on a carbon nanotube. We realize semiconductor-superconductor hybrid Josepshon junctions based on carbon nanotubes by contacting them with a Pd/Al bi-layer. Further, we capacitively
shunt the hybrid Josephson elements to realize superconducting qubits
with an electrostatically tunable Josephson energy. Strong coupling ($g\
sim 100$~MHz) to a coplanar waveguide resonator is demonstrated and
apparent through a resonator frequency shift dependent on applied gate
voltage. The qubit transition frequency is mapped for a full gate voltage
dependence. Higher order transitions are observed when the qubit is
driven at high powers. As the qubit frequency control relies on voltages
rather than fluxes, these devices are promising for applications requiring
superconducting circuits operating in magnetic fields. Additionally, carbon
nanotube Josephson junction qubits could be used to generate quantum
interference between a qubit and mechanical motion [4].
References: [1] T. W. Larsen, K. D. Petersson, F. Kuemmeth, T. S. Jespersen, P. Krogstrup, J. Nygard, and C. M. Marcus, Physical Review Letters 115, 127001 (2015).
[2] G. de Lange, B. van Heck, A. Bruno, D. J. van Woerkom, A. Geresdi, S. R. Plissard,
E. P. A. M. Bakkers, A. R. Akhmerov, and L. DiCarlo, Physical review letters 115,
127002 (2015). [3] L. Casparis, M. R. Connolly, M. Kjaergaard, N. J. Pearson, A.
Kringhøj, T. W. Larsen, F. Kuemmeth, T. Wang, C. Thomas, S. Gronin, G. C. Gardner,
M. J. Manfra, C. M. Marcus, and K. D. Petersson, ArXiv e-prints (2017), arXiv:
1711.07665v3. [4] K. E. Khosla, M. R. Vanner, N. Ares, and E. A. Laird, ArXiv eprints (2017), arXiv:1710.01920.
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P46: Superconducting gatemon qubit based on a proximitized twodimensional electron gas
Presenting Author: Malcolm Connolly
Co-Author(s): Lucas Casparis, Morten Kjaergaard, Natalie Pearson,
Anders Kringhøj, Thorvald Larsen, Ferdinand Kuemmeth, Tiantian Wang,
Sergei Gronin, Geoffrey Gardner, Michael Manfra, Charles Marcus,
Karl Petersson
Abstract:
The nonlinear inductance generated by Josephson junctions (JJs) is used
extensively in quantum information processors based on superconducting circuits. The inductance is either fixed by the metal-oxide dimensions
of a single JJ, or magnetically tuned using a superconducting quantum
interference device with current-biased flux lines. One tantalizing all-electrostatic alternative are superconductor-semiconductor hybrid JJs with
gate-tuneable critical currents. The feasibility of this approach was initially
demonstrated using nanowire JJs to control superconducting transmon
qubits [1,2]. Here we show that semiconducting channels etched from a
wafer-scale two-dimensional electron gas (2DEG) are a natural platform
for building a truly scalable gatemon-based universal quantum computer.
We show 2DEG gatemons meet the requirements by performing arbitrary
voltage-controlled rotations around the Bloch sphere and two-qubit swap
operations [3]. We measure qubit lifetimes up to ~2 us, limited by dielectric loss in the 2DEG host substrate.
References:
[1] G. de Lange, et al., PRL 115, 127002 (2015). [2] Larsen, et al., PRL 115,
127001 (2015). [3] Casparis, Connolly, et al., arXiv:1711.07665v3 (2017).
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P47: Soft-clamped SiN membranes with ultra-high quality factors for
quantum ptomechanics and force sensing
Presenting Author: Andreas Barg
Co-Author(s): Yeghishe Tsaturyan, Junxin Chen, Yannick Seis,
Massimiliano Rossi, Eugene S. Polzik, Albert Schliesser
Abstract:
We develop ultra-high Q silicon nitride (SiN) membranes with phononic
bandgap structures for quantum cavity optomechanics. Periodically patterning
the membrane support suppresses phonon tunneling from the
membrane to the substrate and enables high mechanical quality factors
also for strongly clamped samples. Direct patterning of the stressed SiN
film, with a defect in the center that hosts a localized mechanical mode,
furthermore allows “soft clamping”: Without a rigid silicon frame as a
boundary for the modes, the curvature in the SiN is small, significantly
reducing intrinsic dissipation. This approach enables record mechanical
quality factors of more than 200 million as well as large mechanical Qfproducts
far exceeding kT/h already at room temperature. At cryogenic
temperatures (~4K), we measure Q-factors exceeding 1 billion and low
frequency noise. Together with low effective masses of a few nanograms,
our SiN membranes are not only optimal candidates for quantum cavity
optomechanics but also for mass and force sensing applications.
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P48: Quantum nondemolition measurement of mechanical motion
quanta
Presenting Author: Luca Dellantonio
Co-Author(s): Oleksandr Kyriienko, Florian Marquardt, Anders S. Sørensen
Abstract:
The fields of opto- and electromechanics have facilitated numerous advances in the areas of precision measurement and sensing, ultimately
driving the studies of mechanical systems into the quantum regime. To
date, however, the quantization of the mechanical motion and the associated quantum jumps between phonon states remains elusive. For cavity
optomechanical systems, the coupling to the environment was shown to
preclude the detection of the mechanical mode occupation, unless strong
single photon optomechanical coupling is achieved. Here, we propose
and analyse an electromechanical setup which allows to overcome this
limitation and resolve the energy levels of a mechanical oscillator. We
find that the heating of the membrane, caused by the interaction with the
environment and unwanted couplings, can be suppressed for carefully
designed electromechanical systems. The results suggest that phonon
number measurement is within reach for modern electromechanical setups.
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P49: Squeezing-Enhanced Optomechanical Magnetometry
Presenting Author: Jan Bilek
Co-Author(s): Bei-Bei Li, Ulrich B. Hoff, Lars, Madsen, Stefan Forstner,
Varum Prakash, Clemens Schafermeier, Tobias Gehring, Warwick P. Bowen,
Ulrik L. Andersen
Abstract:
Cavity optomechanical field sensors serve as effective magnetometers
with high sensitivity under ambient condition, spatial resolution in order of
tens of microns and microwatt optical power requirements. Here, we are
interfacing a cavity optomechanical magnetometer with squeezed light
to experimentally demonstrate quantum enhanced magnetic field sensing. Specifically, a magnetic field induced expansion of a magnetostrictive
material is transduced onto the physical structure of a toroidal whispering
gallery mode resonator and sensed as a modulation of on the optical cavity field. Probing the system with squeezed light lowers the noise floor of
the magnetometer and therefore enables measurements with a greater
bandwidth than would be possible with classical light. With weak probing
powers quantum sensing outperforms classically driven systems also on
peak sensitivity. Our results are a proof-of-concept demonstration of the
performance improvement of quantum enhanced force sensing in cavity
optomechanical field sensors.
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P50: Backaction Evading Measurement in the Optical Domain
Presenting Author: Itay Shomroni
Co-Author(s): Liu Qiu, Tobias Kippenberg
Abstract:
In quantum mechanics, a measuring probe will always act back on the
measured system, and perturb its dynamics. In measuring the position
of an object, this backaction results in the standard quantum limit---the
ultimate limit on the accuracy of position measurement. Soon after the
discovery of the SQL, methods were devised to overcome it, by limiting
the measurement to a single quadrature, and shifting all backaction to the
complementary quadrature. In quantum optomechanics, a mechanical oscillator is probed with electromagnetic radiation in a cavity. The backaction
is caused by the inevitable vacuum fluctuations of the probe. Backaction
evasion techniques have been demonstrated in the microwave domain.
We demonstrate the evasion of backaction in the optical domain in an
optomechanical crystal cavity.
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P51: Testing macroscopic realism and contextuality in continuous
variable system
Presenting Author: Ali Asadian
Abstract:
We describe a new and experimentally feasible protocol for performing
fundamental tests of quantum mechanics with massive objects. In our
approach a single two level system is used to probe the motion of a nanomechanical resonator via multiple Ramsey interference measurements.
This scheme enables the measurement of modular variables of macroscopic continuous variable systems and we show that correlations thereof
violate a Leggett-Garg inequality and can be applied for tests of quantum
contextuality. Our method can be implemented with a variety of different
solid state or photonic qubit-resonator systems and provides a clear experimental signature to distinguish the predictions of quantum mechanics
from those of other alternative theories at a macroscopic scale.
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P52: Microwave superconducting resonators coupling and fabrication
Presenting Author: Elena Redchenko
Abstract:
During the past decade, microwave superconducting resonators have got
an increasing importance for various experiments and applications. In circuit quantum electrodynamics (QED), they form the elementary building
blocks for the fundamental investigation of light-matter interaction on a
chip. These integrated systems can be also appropriate candidates for
quantum information processing.
When several coplanar microwave cavities are placed near each other, it
results in the inductive and capacitive coupling which depends on the system parameters. We developed the theory of the capacitive and inductive
coupling of two microwave resonators. While the theory is in full agreement with the Sonnet simulation, the experiments done so far haven‘t
demonstrated the same results. Thus, new experimental research should
be conducted.
For the experimental study of the coupling, the mechanical nanobeam
was used to tune the frequency of the resonators by applying DC-voltage.
Hence, we can measure anti-crossing in eigenfrequencies of coupled
cavities. We will discuss sample fabrication techniques, some difficulties
and their solutions. An analogous sample can be used to study electromechanical coupling, entanglement, and wavelength conversion.
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P53: Structural phase transition in micromechanical power grids
Presenting Author: Julian Huber
Co-Author(s): Peter Rabl
Abstract:
Here we study the flow of energy in a microscopic power grid, consisting
of a discrete chain of coupled harmonic oscillators, where the first oscillator is pumped and the last one is actively cooled. Such a system can, for
example, be realized with coupled nanomechanical oscillators and using
optomechanical actuation and cooling techniques to implement a controlled amount of energy gain and energy loss. We evaluate the steady
state energy current through this chain under the influence of thermal and
quantum noise and identify a sharp transition between two modes of operation: (i) A symmetric phase with high oscillation amplitudes and a noise
dominated current, and (ii) a symmetry-broken phase with a well defined
mean current. We show that the transition between the two regimes is
closely related to PT symmetry breaking in balanced gain-loss systems,
but occurs more generally. These results may thus give important insights
for the forced energy transfer in microscopic networks.
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P54: Energy relaxation properties of a microwave resonator coupled
to a pumped two level system bath
Presenting Author: Thibault Capelle
Co-Author(s): Edouard Ivanov, Emmanuel Flurin, Samuel Deléglise,
Thibaut Jacqmin, Tristan Briant, Pierre-François Cohadon, Jose Palomo,
Antoine Heidmann
Abstract:
While the main loss channel of planar microwave superconducting resonators have been identified to be related to an external coupling to a
Two Level System bath, the behavior of such a cavity in an environment
strongly pumped by a detuned tone has yet to be fully understood. Here,
a simple theoretical model describing the interaction of the cavity with the
two level systems is derived, and fitted to experimental data. The realization of such experiment with different substrates allows to taylor very
fundamental properties of this interacting TLS bath, depending on the material used beneath the superconducting resonator.
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P55: Transmon qubit with vacuum gaps
Presenting Author: Martin Zemlicka
Co-Author(s): Shabir Barzanjeh, Matilda Peruzzo, Elena Redchenko, Farid
Hassani Bijarbooneh, Johannes Fink
Abstract:
We developed a new type of transmon qubit in which the majority of the
electric field is situated in vacuum. The device was patterned on a 220nm
thick silicon membrane. The SiO2 layer, separating the membrane and
the silicon device layer was etched by HF vapor. The silicon in the gaps
of the capacitor of the transmon qubit was etched away by ionized coupled plasma. The structure of the finger capacitor was deposited by angle
evaporation in UHV system ensuring the side metallization of the fingers
and keeping the majority of the electric field in the vacuum between metal
electrodes. The structure of the Josephson junction was patterned in the
same step by shadow evaporation including oxidation process between
two metal layers. Removing a significant part of the dielectric could significantly decrease the losses and therefore improve the decoherence time
of the qubit. The compact dimensions of the transmon qubit could allow
for the implementation of a large quantity of qubits on single chip for quantum information processing systems.
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P56: Landau-Zener-Stückelberg-Majorana interference and Rabi-like
oscillations in circuit QED
Presenting Author: Pavol Neilinger
Co-Author(s): S. N. Shevchenko, J. Bogár, M. Rehák, G. Oelsner, D. S.
Karpov, O. Astafiev, M. Grajcar and E. Il’ichev
Abstract:
A linear sweep of a quantum two-level system through its avoided energy
level crossing leads to non-adiabatic transition at the avoided crossing.
This transition from ground to excited state is known as the Landau-Zener tunneling. A periodic sweeping of the qubit state through the avoided
level crossing induces subsequent Landau-Zener transitions, leading to
Landau-Zener-Stückelberg-Majorana (LZSM) interference. We report on
the experimental observation of LZSM interference patterns through the
amplification/attenuation of a probe signal in a driven two-level quantum
system, coupled to a microwave resonator under an external off-resonant
drive. The experimental data are explained by the interaction of the probe
signal with Rabi-like oscillations, reminiscent of the oscillations of level occupation in resonantly driven two-level quantum systems, the well-known
Rabi oscillations. The Rabi-like oscillations are created by constructive
interference of LZSM transitions during the driving period of the qubit.
Furthermore, a numerical computation of the average photon number in
the resonator is carried out on a driven two-level system strongly coupled
to a single-mode radiation field of a quantized resonator, creating a multilevel qubit-resonator system. The obtained LZSM interference patterns in
the average photon number are compared with the analytical approach
of the Rabi-like oscillations and good correspondence is found. Thus, we
propose, similarly to the use of Rabi oscillations, to exploit the Rabi-like
oscillations for the processing of microwave quantum signals.
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P57: Nonreciprocal Signal Routing in an Active Quantum Network
Presenting author: Anja Metelmann
Co-Author: Hakan Tureci
Abstract:
As superconductor quantum technologies are moving towards large-scale
integrated circuits, a robust and flexible approach to routing photons at the
quantum level becomes a critical problem. Active circuits, which contain
parametrically driven elements selectively embedded in the circuit offer a
viable solution. In this talk, we discuss a general strategy for routing nonreciprocally quantum signals between two sites of a given lattice of oscillators, implementable with existing superconducting circuit components.
Our approach makes use of a dual lattice of overdamped oscillators linking the nodes of the main lattice. Solutions for spatially selective driving of
the lattice elements can be found, which optimally balance coherent and
dissipative hopping of microwave photons to nonreciprocally route signals
between two given nodes. In certain lattices these optimal solutions are
obtained at the exceptional point of the dynamical matrix of the network.
We also demonstrate that signal and noise transmission characteristics
can be separately optimized.
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3. General Information
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3.1 Dinners
Monday, February 12
The dinner will take place at the IST Austria Cafeteria and will be followed
by the poster session in the Mondi Hallway and Ball Room.
Tuesday, February 13
Everyone who has registered for the excursion to Vienna will be picked up
at 15:30. There will be a 1h guided tour at the famous Upper Belvedere in
Vienna. It houses the impressive collection of Austrian art dating from the
Middle Ages to the present day. At the heart of the display is the world‘s
largest Gustav Klimt collection. After a 15-minute walk from the Belvedere, there will be dinner at restaurant Salmbräu starting around 18:30.
The bus will return to Klosterneuburg, IST Austria and Marienhof at 22:00.
Please note that you might have to pay for some drinks.
Wednesday, February 14
The concluding dinner will take place at Redlinger Hütte, which is a nice
20-minute walk through the woods from IST Austria. Please let us know
should you have difficulties with walking and we will arrange for a taxi
transfer.
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3.2 Conference Location: Raiffeisen Lecture Hall
(RLH, Building 02)
Institute of Science and Technology Austria (IST Austria)
Am Campus 1, 3400 Klosterneuburg, Phone: +43 2243 9000
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3.3 Public Transportation to IST Austria
IST Shuttle (Bus #142)
IST Austria provides a shuttle bus for everybody traveling from Wien Heiligenstadt to the campus (and return) to expand the public bus service. The
IST Austria Shuttle Bus connects the underground network (U4 Heiligenstadt) and IST Austria with only one stop at Klosterneuburg Stadtplatz.
That leads to a reduction in traveling time compared to the public bus. The
IST Shuttle takes 22 minutes from Heiligenstadt and runs Monday-Friday.
It is, however, very crowded in the mornings and evenings, so please use
the provided conference shuttle busses. The public busses take 30 minutes from Heiligenstadt to IST Austria.

IST Shuttle #142
If you decide to take the IST Shuttle Bus, please present the Shuttle Bus invitation.
Printed invitations can be picked up at the Registration desk.
Public Bus #239 (please note: please check direction on the schedule, it needs to go
to MARIA GUGGING if going to IST Austria!) Tickets can be purchased on the bus.
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3.4 Conference Shuttles
Conference Shuttle for everyone staying in Vienna, Hotel Schrannenhof,
Hotel Anker, Bürgerhaus Salmeyer, Pension Alte Mühle.
(Wien Heiligenstadt – Niedermarkt Klosterneuburg - Pension Alte Mühle
IST Austria):
Pick up in front of Heiligenstadt station, Boschstraße
Pick up in the mornings:
08:00 Wien Heiligenstadt
08:25 Niedermarkt Klosterneuburg (Schrannenhof, Anker, Salmeyer)
08:35 Public bus stop #239 Mühlengasse (Pension Alte Mühle)
08:45 IST Austria
Pick up in the evenings:
Monday & Wednesday pick up at IST Austria at 22:00.
On Tuesday, the conference shuttle leaves the restaurant in Vienna at 22:00.
Conference shuttle for everyone staying at Hotel Marienhof
Please note that if you are staying at Hotel Marienhof, the hotel will provide transfers to IST Austria at 8:30 in the mornings and pick up from IST
Austria at 22:00 on Monday and Wednesday evenings. For the excursion
to Vienna on Tuesday, the conference shuttle will drop you off at Hotel
Marienhof directly after the dinner.
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3.5 Around IST Austria
The area around IST Austria offers a variety of recreational activities. You
can walk along the Danube, or hike through the forests of the Buchberg and
reward yourself with an unforgettable panoramic view of Klosterneuburg.
• BILLA supermarket, open Mon-Fri 7:15-19:30, Sat 7:15-18:00.
• Museum Gugging www.gugging.org 5-minute walk from IST Austria
• Stift Klosterneuburg (monastery) www.stift-klosterneuburg.at 10-minute
walk from Niedermarkt Klosterneuburg
• Happyland - Klosterneuburg’s sports centre www.happyland.cc
5-minute walk from Niedermarkt Klosterneuburg
• Redlinger Hütte, www.redlingerhuette.at, a very nice, 20-minute
walk through the woods from IST, daily menu
• Der Waldhof (Austrian cuisine), www.der-waldhof.at
10 am - 10 pm, closed on Mondays, 20-minute walk from IST
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3.6 Hotels
Hotel Schrannenhof****
3400 Klosterneuburg, Niedermarkt 17-19
+43 2243 32072
info@schrannenhof.at , www.schrannenhof.at
Hotel Restaurant Anker***
3400 Klosterneuburg, Niedermarkt 5
+43 2243 32134
info@hotel-anker.at, www.hotel-anker.at
Bürgerhaus Salmeyer
3400 Klosterneuburg, Stadtplatz 17
+43 2243 32146
info@buergerhaus-salmeyer.at, www.buergerhaus-salmeyer.at
Frühstückspension Alte Mühle***
3400 Klosterneuburg, Mühlengasse 36
+43 2243 37788
info@hotel-altemuehle.at, www.hotel-altemuehle.at
Hotel Höhenstraße***
3400 Klosterneuburg, Kollersteig 6
+43 2243 32191
info@hotel-hoehenstrasse.at, www.hotel-hoehenstrasse.at
Hotel Marienhof***
3413 Unterkirchbach 32
+43 2242/6263
hotel@marienhof-wien.com, www.marienhof-wien.com

102

Frontiers of Circuit QED and Optomechanics (FCQO18)
Klosterneuburg, February 12-14,2018

3.7 Map of Klosterneuburg

A
B
C
D
E
F
G
H

Niedermarkt Klosterneuburg (Bus Station)
Hotel Schrannenhof
Hotel Restaurant Anker
Bürgerhaus Salmeyer
Frühstückspension Alte Mühle
Hotel Höhenstraße
Hotel Marienhof
IST Austria
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3.8 Transportation in Vienna
Vienna has efficient public transport consisting of subways (U-Bahn),
trams (Straßenbahn) and busses. A single ticket is valid on all means of
transport except for the airport (CAT) train. Tickets are bought at the ticket
machines located in every subway station and need to be validated by
stamping them at the small blue boxes at the entry to the subway platform
or inside the trams and busses respectively (subway map is attached).
Check www.wienerlinien.at for further information.
For going to the airport, you can either take a cab from IST Austria (approx.
45 minutes-1 hour), or go by public transport (shuttle bus or public bus) to
U4 Heiligenstadt, take the U4 line to the stop Landstraße-Wien Mitte, and
the direct CAT airport train to the airport (altogether approx. 1½ hours)
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3.9 Taxis
For a cab from IST Austria to Heiligenstadt (U4 stop), Vienna downtown or
the airport (best to have cash ready, an ATM is located in the lobby of the
Central Building on IST Austria’s campus):
• Taxi Danzinger (www.taxi-danzinger.at, +43 2243 202 20,
+43 676 666 50 70, about 55 EUR to the airport)
• Taxi Glück (www.konlechner.at/glueck, +43 2243 361 11,
+43 664 224 88 20, about 55 EUR to the airport)
• ask at the IST Austria reception for help
You can take a cab from the airport directly to IST Austria, but be sure to
have the full address of the Institute at hand:
IST Austria
Am Campus 1 | 3400 Maria Gugging-Klosterneuburg
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Notes
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