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Adrià Labay-Mora1, Roberta Zambrini1, Gian Luca Giorgi1

Institute for Cross Disciplinary Physics and Complex Systems (IFISC) UIB-CSIC,

Campus Universitat Illes Balears, Palma de Mallorca, Spain.

Quantum oscillators with nonlinear driving and dissipa-

tive terms have gained significant attention due to their abil-

ity to stabilize cat-states for universal quantum computation

[1, 2, 3]. Recently, superconducting circuits have been em-

ployed to realize such long-lived qubits stored in coherent

states [4]. We present a generalization of these oscillators,

which are not limited to coherent states, in the presence of

different nonlinearities in driving and dissipation, exploring

different degrees. The master eqaution describing the time

evolution of such oscillators is given by

ρt = −i[Hn, ρ] + γ1D[]ρ+ γmD[m]ρ ≡ Lρ, (1)

where in the Liouvillan superoperator L we distinguish three

different terms. First, the unitary evolution described by the

Hamiltonian, which in the rotation frame and after the para-

metric approximation is

Hn = ∆+ iηn
[

neiθ0n − ()ne−iθ0n
]

. (2)

This models an n-photon drive with n ≥ 1, where the detun-

ing between the natural oscillator frequency ω0 and the fre-

quency of the driving force ωs is denoted by ∆ = ω0 − ωs.

This n-photon parametric process produces squeezing ef-

fects for n > 1 and will be called the squeezing term in the

following. The parameter ηn controls the driving strength

and φ represents its phase.

Specifically, we present an extensive analysis of the

asymptotic dynamical features and of the storage of

squeezed states. We demonstrate that coherent superpo-

sitions of squeezed states are achievable in the presence

of a strong symmetry, thereby allowing for the storage of

squeezed cat-states. In the weak symmetry regime, account-

ing for linear dissipation, we investigate the potential ap-

plication of these nonlinear driven-dissipative resonators for

quantum computing and quantum associative memory [5]

and analyze the impact of squeezing on their performance

[6].
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Fig. 1. (a) Sketch of the driven-dissipative nonlinear oscilla-

tor with the three processes involved in the master equation:

nonlinear periodic driving with degree n, linear dissipation

with rate γ1 and nonlinear dissipation of degree m. The driv-

ing force pushes the system with strength η and frequency

ωs that may deviate from the natural oscillator frequency ω0.

The dissipative terms emit photons out of the system at rates

γ1 and γm for the single- and multi-photon processes respec-

tively. (b) Wigner distribution of the steady states generated

in the weak symmetry regime with γ1 > 0. From left to

right: (n,m) = {(2, 3), (3, 4), (4, 3)}. (c) Wigner distribu-

tion of the two steady states (corresponding to even and odd

parity eigenstates) present in the strong symmetry regime

with γ1 = 0 and (n,m) = (2, 4).
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[6] Adrià Labay-Mora, Roberta Zambrini, and Gian Luca

Giorgi. Quantum memories for squeezed and coherent

superpositions in a driven-dissipative nonlinear oscilla-

tor, 2023.


