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1. A passive photon-atom swap gate
Deterministic quantum interactions between single photons and single quantum emitters are
a vital building block towards the distribution of quantum information between remote
systems. Deterministic photon–atom state transfer has previously been demonstrated with
protocols that include active feedback or synchronized control pulses. Here we demonstrate
a passive swap operation between the states of a single photon and a single atom. The
underlying mechanism is single-photon Raman interaction — an interference-based scheme
that leads to deterministic interaction between two photonic modes and the two ground
states of a Λ-system. Using a nanofibre-coupled microsphere resonator coupled to single Rb
atoms, we swap a photonic qubit into the atom and back, demonstrating fidelities exceeding
the classical threshold of 2/3 in both directions. In this simultaneous write and read process,
the returning photon, which carries the readout of the atomic qubit, also heralds the
successful arrival of the write photon. Requiring no control fields, this single-step gate takes
place automatically at the timescale of the atom’s cavity-enhanced spontaneous emission.
Applicable to any waveguide-coupled Λ-system, this mechanism, which can also be harnessed
to construct universal gates, provides a versatile building block for the modular scaling up of
quantum information systems.

Shrobona Bagchi, Tel Aviv University

2. Analysis of the experiments demonstrating quantum pigeonhole paradox
We critically analyze recent experiments [1,2] demonstrating the failure of the pigeonhole
principle in the framework of quantum mechanics as described in [3]. In this example three
particles (pigeons) are pre and post-selected in particular states in two holes such that no two
particles are in the same hole. Demonstration of such a failure should consist of
a) creating of particular pre and post-selected states of three particles;
b) strong measurement of every (one) particular pair showing that the particles are not in the
same hole;
c) simultaneous weak measurement of all pairs showing for each pair that the particles are
not in the same hole. We find however, that the experiments do not achieve all these
challenges.
• No weak measurement of all pairs, simultaneously showing that bipartite interactions
disappear, has been performed.
• The role of the pigeon holes played polarization states of particles. These are essentially
spin states which have no classical
analog for single particles.
• In experiment [1], instead of pre and post-selction of the states corresponding to the failure
of the pigeonhole principle, it was shown that when particles are in the same hole (have the
same polarization) the particulr post-selection does not happen, so it is only an indirect
demonstration.
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• In [1], a polarization beam splitter served as a nondemolition measurement of identical
photon polarization. The mecha- nism relies strongly on the fact that the particles were
identical (same color photons). But the example [3] was defined for distinguishable particles,
so [1], strictly speaking, was not demonstration of [3].
• In [2], the correct pre and postselected states of the particles were created. However, the
experiment (weak measurement of polarization) was performed not on three, not on two,
but just on a single particle. The weak value i for a spin component was obtained. From here
weak value −1 for the weak value of the product was (correctly) inferred. However,
autocorrelation of polarization cannot be deduced because the product rule does not hold
for pre and post-selected particles, see [4].
In summary, direct demonstration of the failure of pigeonhole principle in the quantum
domain has not been performed.
[1] Experimental demonstration of quantum pigeonhole paradox, M-C Chen, C Liu, Y-H Luo,
H-L Huang, B-Y Wang, X-L Wang, L L, N-L Liu, C-Y Lu, and J-W Pan, PNAS January 29, 2019
116 (5) 1549-1552.
[2] Confined Contextuality in Neutron Interferometry: Observing the Quantum Pigeonhole
Effect, M Waegell, T Denkmayr, H Geppert, D Ebner, T Jenke, Y Hasegawa, S Sponar, J
Dressel, J Tollaksen, Phys. Rev. A 96, 052131 (2017).
[3] Quantum violation of the pigeonhole principle and the nature of quantum correlations,
Y. Aharonov, F. Colombo, S. Popescu, I. Sabadini, D. C. Struppa, and J. Tollaksen, PNAS
January 19, 2016 113 (3) 532-535.
[4] Measurements of Nonlocal Variables and Demonstration of the Failure of the Product
Rule for a Pre- and Postselected Pair of Photons Xiao-Ye Xu, Wei-Wei Pan, Qin-Qin Wang,
Jan Dziewior, Lukas Knips, Yaron Kedem, Kai Sun, Jin-Shi Xu, Yong-Jian Han, Chuan-Feng Li,
Guang-Can Guo, and Lev Vaidman Phys. Rev. Lett. 122, 100405

Leon Bello, Bar-Ilan University

3. Pairwise mode-locking of coupled parametric oscillators
Leon Bello, Bar-Ilan University

4. Persistent Coherent Beating in Coupled Parametric Oscillators
Coupled parametric oscillators were recently employed as simulators of artificial Ising
networks, with the potential to solve computationally hard minimization problems. We
demonstrate a new dynamical regime within the simplest network—two coupled parametric
oscillators, where the oscillators never reach a steady state, but show persistent, full-scale,
coherent beats, whose frequency reflects the coupling properties and strength. We present
a detailed theoretical and experimental study and show that this new dynamical regime
appears over a wide range of parameters near the oscillation threshold and depends on the
nature of the coupling (dissipative or energy preserving). Thus, a system of coupled
parametric oscillators transcends the Ising description and manifests unique coherent
dynamics, which may have important implications for coherent computation machines.
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Tamir Cohen, Bar-Ilan University

5. Design of tunable flux qubits with long coherence times
The superconducting flux qubit is often considered as a strategic building block for the
physical realization of quantum computers. It consists of a micron-size superconducting
aluminum loop intersected by four Josephson junctions. It can be shown that such a circuit
behaves as an almost ideal two-level system when the flux threading the loop is close to half
a flux quantum. At the optimal point, precisely at half a flux quantum, the qubit is well
protected from flux noise and its coherence time can reach few microseconds. A good control
of the transition energy of the qubit at the optimal point is required if one wishes to build a
scalable system.
In this work, we replace one of the junctions by an asymmetric SQUID. Adding a SQUID allows
tuning the flux qubit’s transition energy over a large range but reduce the coherence times
even at the optimal point. Here we propose to mitigate this problem by using an asymmetric
SQUID, which is designed to control the qubit transition energy over a limited range while
keeping long coherence times.
Emanuele Dalla-Torre, Bar-Ilan University

6. Characterizations of prethermal states in periodically driven many-body systems
with unbounded chaotic diffusion
We introduce well-defined characterizations of prethermal states in realistic periodically
driven many-body systems with unbounded chaotic diffusion of the kinetic energy. These
systems, interacting arrays of periodically kicked rotors, are paradigmatic models of manybody chaos theory. We show that the prethermal states in these systems are well described
by a generalized Gibbs ensemble based essentially on the average Hamiltonian. The latter is
the quasiconserved quantity in the prethermal state and the ensemble is characterized by the
temperature of the state. An explicit exact expression for this temperature is derived. Using
also arguments based on chaos theory, we demonstrate that the lifetime of the prethermal
state is exponentially long in the inverse of the temperature, in units of the driving frequency
squared. Our analytical results, in particular those for the temperature and the lifetime of the
prethermal state, agree well with numerical observations.
Reference: Atanu Rajak, Itzhack Dana, and Emanuele G. Dalla Torre, Phys. Rev. B 100,
100302(R) (2019).
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7. Identifying charge and pairing density waves in X-ray scattering experiments
Competing density waves play an important role in the mystery of high-temperature
superconductors. In spite of the large amount of experimental evidence, the fundamental
question of whether these modulations represent charge or pairing density waves (CDWs or
PDWs) is still debated. Here we present a method to answer this question using twodimensional X-ray scattering maps. Starting from a minimal model of the superconducting
state of cuprates, we identify the distinctive signatures of incipient CDWs and PDWs. The
generality of our approach is con rmed by both a heuristic model of the Fermi surface and a
self-consistent solution of an extended Hubbard model with attractive interaction. By
considering the available experimental data, we claim that the spatial modulations in
cuprates have a predominant PDW character. Our work paves the way for using X-ray to
identify competing and intertwined orders in superconducting materials.

Peter D. Drummond, Swinburne University of Technology, Melbourne, Australia

8. Dynamics of transient cat-states and quantum tunneling in degenerate parametric
oscillation with Kerr interactions
A degenerate quantum parametric oscillator, above threshold, shows discrete timesymmetry breaking. This is the simplest "time crystal", and it has an exactly soluble quantum
steady-state. Above threshold, for large single-photon damping, it can quantum tunnel
between the two time-phases, or else for low enough damping, a Schrodinger cat quantum
superposition is formed as a transient. Here we study the dynamics of both quantum
tunneling and the creation and decoherence of cat-states in degenerate parametric
oscillation, including the effect of a Kerr nonlinearity. This applies to several recent
superconducting quantum-circuit experiments generating states in microwave cavities. We
determine the steady-state phase and the lifetime of a cat-state in terms of three
dimensionless parameters λ, g and χ. These relate to the driving strength, the parametric
nonlinearity relative to signal damping, and the Kerr nonlinearity, respectively. We find that
the Kerr nonlinearity has little effect on the threshold parametric nonlinearity (g > 1) required
for the formation of cat-states, and does not significantly alter the decoherence time of the
cat-state, but can reduce the time of formation. The quality of the cat-state increases with
the value g, and can also improved by the Kerr nonlinearity. To verify the existence and quality
of the cat-state, we consider several signatures, including interference fringes and negativity,
and show how they can be computed. We simulate a superconducting-circuit experiment
using published experimental parameters and found good agreement with experimental
results, indicating that a nonclassical cat-like state with a small Wigner negativity is generated
in the experiment. A stronger nonlinearity would lead to a cat-state with convincing cat-state
signatures. Finally, we explore the feasibility of creating large cat-states with a coherent
amplitude of 20, corresponding to 400 photons.
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9. Observation of spin-spin fermion-mediated interactions between ultra-cold bosons
Interactions in an ultracold boson-fermion mixture are manifested by elastic collisions. In a
system of a condensed Bose gas (BEC), and spin polarized degenerate Fermi gas (DFG),
fermions can mediate collisions between bosons, leading to an effective long-range
interaction between the bosons, analogous to Ruderman–Kittel–Kasuya–Yosida (RKKY)
interaction in solids. Using Ramsey spectroscopy, we measure frequency shifts of hyperfine
levels of the bosons due to interactions. We are able to isolate the mediated interaction
contribution from shifts caused by direct collision with fermions and bosons. Our
measurement show an increaseof boson spin-spin interaction by a factor of 1.43 in the
presence of the DFG, providing a clear evidence of spin-spin fermion mediated interaction.
Decoherence in our system was dominated by inhomogeneous boson density shift, which
increased significantly in the presence of the DFG, again indicating mediated interactions.
Our method can be used for different combinations of bosonic states, ranging from weak
boson-fermion interactions, and up to a diverging interaction potential near a boson-fermion
Feshbach resonance. Fermion-mediated interactions can potentially give rise to interesting
new magnetic phases and extend the Bose-Hubbard model when the atoms are placed in an
optical lattice.

Roy Elbaz, Bar-Ilan University

10. Coherent Few-Body Physics
Feshbach dimers and Efimov trimers, being insensitive to the short range inter-particle
interactions, display a variety of universal properties. Standard experimental techniques for
the study of Efimov physics have essentially been limited to the study of loss features due to
inelastic collisions subject to variable initial conditions. Such an approach is best suited for
the negative scattering length region, where the shallow trimer states dissociate into the free
atom continuum. In contrast, for positive scattering lengths the presence of Feshbach dimers
shifts the dissociation of trimers into the atom-dimer continuum and Efimov resonances
remain inaccessible for direct observations.
Here we develop a novel experimental approach which turns the presence of Feshbach
dimers into an advantage. We use the dimers as a local reference for the Efimov trimers by
creating a coherent superposition of both states. The measurement of its coherent evolution
provides information on the binding energy of trimers with unprecedented precision. Even
more importantly, it yields access to previously inaccessible parameters of the system such
as the Efimov trimers' lifetime and the elastic processes between atoms and the constituents
of the superposition state.
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11. Promoting spontaneous symmetry breaking through Floquet band engineering
In itinerant electronic systems, spontaneous symmetry breaking results from an interplay
between interactions and density of states: a large density of states allows electrons to form
long-range correlations by reducing the associated kinetic energy cost. The prospect of
realizing new correlated states of electrons motivates us to seek methods for engineering
band structures exhibiting large densities of states. We show that "Floquet engineering" via
application of strong electromagnetic fields provides means for obtaining the necessary
density of states to realize a novel non-equilibrium spontaneous symmetry breaking
transition. We show that the transition occurs in the steady state of the system achieved due
to interplay between the coherent external drive, electron-electron interactions, and
dissipative processes due to coupling to phonons and the electromagnetic environment. We
obtain the phase diagram of the system using numerical calculations that match predictions
obtained from a phenomenological treatment and discuss the conditions on the system and
the external drive under which spontaneous symmetry breaking occurs. Our results imply that
Floquet engineering of the density of states provides a new route for obtaining correlated
states of electrons "on-demand".

Amit Gal, Bar-Ilan University

12. Utilizing atomic wavepacket shaping for resisting the Casimir-Polder force
Bohmian mechanics has been designed to give rise to identical predictions of those derived
by standard quantum mechanics, while invoking an interesting interpretation of it - one which
allows the classical notion of a particle to be maintained alongside with a guiding wave. For
this, the Bohmian model makes use of a unique "quantum potential" which governs the
trajectory of the particle. At times, these Bohmian trajectories go against our common sense
and have thus been called "surrealistic". Nevertheless, they have been observed
experimentally. In this work we show that this "surrealistic" interpretation of standard
quantum theory is not only helpful if one wants to retain the notion of a particle, but may
also lead to the engineering of new phenomena. Specifically, we demonstrate how the
fundamental Casimir-Polder force, by which atoms are attracted to a surface and eventually
stick to it, may be temporarily suppressed by utilizing a specially designed quantum potential.
We show that when harnessing the quantum potential via a suitable atomic beam shaping,
the absorption by the surface is reduced. This is proven both analytically and numerically.
Finally, an experimental scheme is proposed for achieving the required shape for the atomic
wavepacket. All these may enable new insights into Bohmian mechanics as well as new
applications to metrology and sensing.
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13. Microstrip Kinetic Inductance Travelling-wave Amplifier

Fatema Hamodi, Bar-Ilan University

14. Extracting atoms one by one from a small matter-wave soliton
Excitations of small one-dimensional matter-wave solitons are considered within a
framework of the attractive Bose-Hubbard model. The initial eigenstates of the system are
found by exact diagonalization of the Bose-Hubbard Hamiltonian. We drive transitions
between the eigenstates by inducing a weak modulation of the tunneling rate and show that
a single atom can be extracted while the remaining atoms stay localized despite the persistent
external modulation. This scheme suggests the experimental realization of small matter-wave
solitons with deterministic number of atoms. In addition, the knowledge of exact eigenstates
allows identification of the selection rules for transitions between the different eigenstates
of the Hamiltonian. One selection rule is related to the translation symmetry of the system.
Another one is strictly applicable only on a subspace of the total Hilbert space and is related
to the parity symmetry. We show that in the strongly interacting limit this selection rule has
implications on the entire Hilbert space. We discuss its signatures on the system's dynamics
and consider how it can be observed experimentally with ultracold atoms.

Ohad Lib, HUJI

15. Wavefront shaping of spatially entangled photons scattered by dynamic random
media
Quantum technologies hold great promise for revolutionizing photonic applications such as
cryptography, sensing and imaging. Yet their implementation in real-world scenarios is still
held back, mostly due to the sensitivity of quantum states of light to scattering. The recent
developments in shaping of single photons introduce new ways to control scattering of
quantum light. Here we cancel scattering of entangled photons, by shaping the classical laser
beam that stimulates their creation, rather than shaping them directly. We show that when
the laser beam and the entangled photons pass through the same diffuser, focusing the laser
using classical wavefront shaping recovers the unique correlations of entangled-photons that
were scrambled by scattering. Since the shaping process is done exclusively on the classical
laser beam, it does not introduce any loss to the entangled photons, and it is not limited by
the low signal-to-noise ratios associated with quantum light, opening the door for efficient
real-time wavefront shaping for photonic quantum applications.
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16. Construction and Universal Application of Entanglement-Erasing Partner States
We investigate general subadditive properties of the bipartite entanglement entropy (EE) of
many-particle states represented by Slater determinants. Deriving an exact expression, we
quantify this subadditivity for two arbitrary states. In extreme cases, entanglement can be
completely erased by exciting additional states. We illustrate this with the 1d disordered and
clean tight-binding models. We explain a universal mechanism of entanglement erasure that
allows to compute many-particle EE by means of the associated single particle states and the
filling ratio. This novel finding can be employed to drastically reduce the computational effort
of determining the many-particle EE in free models.

Yoad Michael, Bar-Ilan University

17. Squeezing-enhanced Raman spectroscopy

Jonathan Nemirovsky1, Eliahu Cohen2, Ido Kaminer1, 1Technion, 2Bar-Ilan University

18. Spin-Spacetime Censorship
https://arxiv.org/ftp/arxiv/papers/1812/1812.11450.pdf
Quantum entanglement and relativistic causality are key concepts in theoretical works seeking
to unify quantum mechanics and gravity. In this article, we show that the interplay between
relativity theory and quantum entanglement has intriguing consequences for the spacetime
surrounding elementary particles with spin. Classical and quantum gravity theories predict that
a spin-generated magnetic dipole field causes a (slight) bending to the spacetime around
particles, breaking its spherical symmetry. Motivated by the apparent break of spherical
symmetry, we propose a very general gedanken experiment that does not rely on any specific
theory of classical or quantum gravity, and analyze this gedanken experiment in the context of
quantum information. We show that any spin-related deviation from spherical symmetry would
violate relativistic causality. To avoid the violation of causality, the measurable spacetime
around the particle’s rest frame must remain spherically symmetric, potentially as a back-action
by the act of measurement. This way, our gedanken experiment proves that there must be a
censorship mechanism preventing the possibility of spacetime-based spin detection, which
sheds new light on the interface between quantum mechanics and gravity. We emphasize that
our proposed gedanken experiment is independent of any theory and by allowing spacetime to
be quantized its purpose is to be used for testing present and future candidate theories of
quantum gravity.
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19. rf and Raman Spectroscopy of a Degenerate Fermi Gas
We present measurements with a degenerate Fermi gas using two novel techniques: high
sensitivity rf spectroscopy and Raman spectroscopy. Using fluorescence detection, we extend
the detectable region of rf photon energies by a factor of 10 and obtain a power-law scaling
of the rf lineshape tail over more than two decades. This allows the precise extraction of Tan’s
contact parameter and the verification of contact interaction model down to the van der
Waals length. We also determine with high accuracy the binding energy of Feshbach
molecules and use it to improve the accuracy of resonance parameters [1]. With Raman
spectroscopy, we report on a set of experiments with spin-balanced and imbalanced Fermi
gases, both in the weak interactions limit and in the BCS-BEC crossover regime. With a weaklyinteracting Fermi gas, Raman spectroscopy directly measures the momentum distribution,
and it provides two significant advantages: it can be applied to a trapped gas and be
completed in a short duration [2]. For a strongly-interacting gas, Raman spectroscopy allows
distinguishing between the contribution of quasi-particles and pairs. From the spectra of spinimbalanced Fermi gas, we obtain that the quasi-particle residue vanishes above a critical
interaction strength, consistent with a polaron to molecule transition, but not a first-order
one. We also extract the molecule and polaron energies.
[1] C. Shkedrov et al. Phys. Rev. Lett. 121, 093402 (2018).
[2] C. Shkedrov et al. arXiv:1909.12141 (2019).

Yiming Pan, Weizmann Institute of Science

20. Weak measurement, projective measurement and quantum-to-classical
transitions in electron-photon interactions
How does the quantum-to-classical transition of measurement occur? This question is vital
for both foundations and applications of quantum mechanics. We present a full
characterization of classical and quantum electron-photon interactions employing a
measurement-based framework. To explain the emergence of ‘classicality’ in the
measurement process, we first analyze the transition from projective measurement to weak
measurement in generic light-matter interactions. We then show that any classical electronlaser interaction can be represented as an outcome of a weak measurement. In particular,
the appearance of classical point-particle acceleration is an example of an amplified weak
value resulting from weak measurement. We quantify both measurement regimes with a
universal factor exp(-Gamma^2/2), characterizing the measurement transition from quantum
to classical, where Gamma corresponds to the ratio between the electron wavepacket size
and the optical wavelength. Our analysis of the transition from projective to weak
measurement reveals the quantum-to-classical transition in electrodynamics, enabling to
employ the very essence of wave-particle duality in quantum measurement.
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21. Falsifying macroscopic local realism using Bell inequalities with time
It would appear that a macroscopic superposition state is inconsistent with the notion of
macroscopic reality. It remains a challenge to demonstrate a violation of macroscopic realism.
Leggett and Garg proposed tests of macroscopic realism that involved a second premise,
(macroscopic) noninvasive measureability. Here, we consider stronger tests of macroscopic
realism in which the second assumption is replaced by that of macroscopic locality. We show
how one can falsify macroscopic local realism, using Bell inequalities for NOON states where
the choice of polarizer setting is replaced with a choice of time-of-evolution through a
nonlinear medium. Different to previous Bell tests, the outcomes of all relevant
measurements are distinct by N bosons at each site. We also illustrate the violation of
macroscopic local realism for cat-states, defined as superpositions of coherent states wellseparated in phase space. We show that the violation is maintained as the separation of the
coherent states becomes infinitely large.
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22. Quantum violation of the pigeonhole principle
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23. Signatures of a counter-lasing transition in a cavity QED experiment
Recent experiments in quantum optics provide an ideal platform to study non-equilibrium
phase transitions. In particular, these experiments provided the first realization of a
fundamental model of statistical mechanics, the Dicke model, and demonstrated its secondorder phase transition. A detailed analysis of the experimental observations, however, reveals
important discrepancies from the Dicke model. This is due to decay and dephasing processes,
which cannot be taken into account in the framework of the common mean-field
approximation. We include these effects by an appropriate cumulant expansion of the
Lindblad master equations and find significant modifications to the stability diagram of the
system. We find that in addition to the known Dicke phase transition, the model can undergo
a distinctive non-equilibrium transition. This instability is analogous to a lasing transition but
is induced by counter-rotating terms. This novel effect is demonstrated by recent experiments
on trapped atoms in optical cavities.

Inbar Shani, Bar-Ilan University

24. Proposal for Coupling Superconducting Qubits via Squeezed Cavity
Efficient and scalable two-qubit gates are the key ingredients to operate quantum processors.
In recent years, many schemes for performing such gates have been proposed and
implemented: (i) tuning the qubit resonance frequencies via DC pulses [1,2], (ii) dressing the
qubits by applying a microwave drive (FLICFORQ [3-5] or Cross-Resonance [6] techniques), or
(iii) using various sub-circuits to control the qubit-qubit interaction [7-8]. Each of these
techniques presents advantages and disadvantages in terms of robustness and fidelities.
Here, we propose to study a different approach by considering the mediated interaction
between two qubits through a squeezed cavity. In our proposed scheme, the cavity is
parametrically driven with an appropriate frequency and amplitude in order to establish an
effective resonance condition between two fixed off-resonant qubits.
References
1. Majer, J. B., et al. "Spectroscopy on two coupled superconducting flux qubits." Physical review letters 94,9
(2005).
2. Wang, Ying-Dan, A. Kemp, and K. Semba. "Coupling superconducting flux qubits at optimal point via dynamic
decoupling with the quantum bus." Physical Review B 79,2 (2009).
3. Rigetti, Chad, Alexandre Blais, and Michel Devoret. "Protocol for universal gates in optimally biased
superconducting qubits." Physical review letters 94,24 (2005).
4. Rigetti, Chad, and Michel Devoret. "Fully microwave-tunable universal gates in superconducting qubits with
linear couplings and fixed transition frequencies." Physical Review B 81,13 (2010).
5. Caldwell, Riggeti, et al. "Parametrically activated entangling gates using transmon qubits." Physical Review
Applied 10,3 (2018).
6. Kirchhoff, Susanna, et al. "Optimized cross-resonance gate for coupled transmon systems." Physical Review
A 97,4 (2018).
7. Blais, Alexandre, Alexander Maassen van den Brink, and Alexandre M. Zagoskin. "Tunable coupling of
superconducting qubits." Physical review letters 90,12 (2003).
8. Puri, Shruti, and Alexandre Blais. "High-fidelity resonator-induced phase gate with single-mode squeezing."
Physical review letters 116,18 (2016).
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25. Rapid equilibration of a nonadibatically driven NV-spin system coupled to
Markovian bath
In an open quantum system, the bath is not only detrimental to the coherent dynamics of the
quantum system, but also relaxes the quantum system to its equilibrium state. In the absence
of driving the relaxation rate is purely determined by the system-bath interaction and spectral
density of the bath. In the presence of driving of the quantum system this relaxation can be
modiﬁed in a non-trivial way. Recently, a ﬁrst-principles derivation of the Markovian master
equation for nonadiabatically driven systems coupled to a bath has been proposed by Dann
et al. (Phys. Rev. A 98, 052129). This master equation describes the modiﬁed relaxation rate
of the system subject to the choice of the driving protocol. Exploiting this feature, some of
the authors of the previous work have proposed a protocol for rapid translation of the system
to equilibrium (Phys. Rev. Lett. 122, 250402), known as a shortcut to equilibration. Using the
above framework we devised a scheme to rapidly achieve a desired equilibrium state of a
solid state spin system, namely negative nitrogen vacancy (NV−) defects in diamond. I will
present this experimental scheme for shortcut to equilibration and discuss the results.

Amit Te’eni, Bar-Ilan University

26. Multiplicative Bell Inequalities
Bell inequalities are important tools in contrasting classical and quantum behaviors. To date,
most Bell inequalities are linear combinations of statistical correlations between remote
parties. Nevertheless, finding the classical and quantum mechanical (Tsirelson) bounds for a
given Bell inequality in a general scenario is a difficult task which rarely leads to closed-form
solutions. Here we introduce a class of Bell inequalities based on products of correlators that
alleviate these issues. Each such Bell inequality is associated with a unique coordination game.
In the simplest case, Alice and Bob, each having two random variables, attempt to maximize
the area of a rectangle and the rectangle's area is represented by a certain parameter. This
parameter, which is a function of the correlations between their random variables, is shown
to be a Bell parameter, i.e., the achievable bound using only classical correlations is strictly
smaller than the achievable bound using nonlocal quantum correlations We continue by
generalizing to the case in which Alice and Bob, each having now n random variables, wish to
maximize a certain volume in n-dimensional space. We term this parameter a multiplicative
Bell parameter and prove its Tsirelson bound. Finally, we investigate the case of local hidden
variables and show that for any deterministic strategy of one of the players, the Bell
parameter is a harmonic function whose maximum approaches the Tsirelson bound as the
number of measurement devices increases. Some theoretical and experimental implications
of these results are discussed. This work is based on [A. Te'eni, B.Y. Peled, E. Cohen, A. Carmi,
Phys. Rev. A 99, 040102, (2019)]
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27. Building spin entangled states from bipartite lattices
A well known theorem by Elliot Lieb allows to determine the spin of the ground state for a
repulsive Hubbard model in bipartite lattices.
Building on this result we consider the problem of single atom vacancies in a bipartite lattice
and we show that for the repulsive Hubbard model it is possible to build entangled states
for spins located on spatially separated vacancies.
We show that these states belong to a separate Hilbert space and hence are topologically
protected.
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