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Synchronization Huygens 1665

First recognized in 1665 by Christiaan Huygens, synchronization phenomena

are abundant in science, nature, engineering, and social life.

Pikovsky et al. Synchronization, Cambridge Univ. Press (2001)

The Royal Society’s founding in 1660, Christiaan Huygens, set out to solve

the outstanding technological challenge of the day: the longitude problem, i.e.

finding a robust, accurate method of determining lon- gitude for maritime

navigation. → clock accuracy

various systems ranging from clocks to fireflies, cardiac pacemakers, lasers

and Josephson junction (JJ) arrays ...
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Quantum synchronization (QSYNC) - first steps

Zhirov, DS Eur. Phys. J. D 38, 375 (2006)

[dissipative quantized map, analog of Shapiro steps - fig left];

PRL 100, 014101 (2008) [qsync for qubit+driven resonator - fig right];

PRB 80, 014519 (2009) [2 qubits + driven resonator → entangled qubits]

Approach and weak points:

method of quantum trajectories, qubits were non-dissipative
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QSYNC Lindblad model: driven resonator + qubits
Hamiltonian: λ coupling, ω, ω0,Ωl driving, resonator, qubits freq-s

(extended Jaynes-Cummings model)

RWA stationary Hamiltonian:

Lindblad evolution and stationary in RWA (~ = 1), superoperator size N2
× N2

= 0
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RWA vs time evolution: resonator + qubit
parameters: ∆ = Ω− ω0 = 2λ,F = λ, γ = λ/3, γs = 0 → bistability

(LPT Quantware group, CNRS, Toulouse) OCTAVES Grenoble 8 Dec 2023 5 / 15



QSYNC of qubit with driving phase

parameters: ∆1 = Ω1 − ω0 = λ,F = λ, γ = λ/3, γs = 0
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Semi-analytical methods (RWA)

* - M1: Rate equation perturbation theory: weak damping γ
* - M2: semiclassical approximation at strong damping

...
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M1 Results at weak damping

driven resonator and 1 qubit
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M2 Results at strong damping

driven resonator and 2 qubits
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Two entangled dissipative qubits
driven resonator and 2 entangled dissipative qubits
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Two entangled dissipative qubits

driven resonator and 2 entangled dissipative qubits
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Two entangled dissipative qubits

driven resonator and 2 entangled dissipative qubits

comparison with semi-analytical methods M1,M2
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QSYNC of several dissipative qubits

good description by semiclassical method M2
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Discussion

We show that the synchronization of several qubits with driving phase can be

obtained due to their coupling to resonator.

We establish the existence of two different regimes of qubit synchronization:

in the first one the semiclassical approach describes well the dynamics of

qubits and thus their quantum features and entanglement are suppressed by

dissipation and the synchronization is essentially classical, in the second one

the entangled steady-state of a pair of qubits remains synchronized in

presence of dissipation and decoherence corresponding to the regime

non-existing in the classical synchronization.
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SIT JJ Challenge

THEORY

+ S.A.Bulgadaev Pis’ma ZhETF 39, 264 (1984)

EXPERIMENTS:

CEA Saclay experiment: we find that a Jpsephson junction connected to a

resistor does not become insulating beyond a given value of the resistance

due to a dissipative quantum phase transition, as is commonly delieved.

PRX 10, 021003 (2020)

Manucharyan group esperiment: we finally demonstrate this transition by

observing the resistor’s internal dynamics.

arXiv:2304.05806 April (2023)
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