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Kerr model



Kerr nonlinear oscillator
EXPERIMENT THEORY

arXiv:2209.03934

Spectral
Kising

Experimental platform at Yale: superconducting circuit based on SNAIL transmons

arXiv:2210.07255Spectral kissing and its dynamical consequences in the squeezed Kerr-nonlinear oscillator:



Kerr model
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Kerr Squeezing



Kerr model
Density of states

Participation ratio

Husimi function
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Classical limit

Coherent states:

Quantum Hamiltonian with P parameters and operators that describes it:

with a classical map in phase space

In our model

Glauber coherent states



Classical limit
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Classical limit
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Classical limit

ℏ = 0.1
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Classical limit

ℏ = 0.01
𝐻 = 𝐻(ො𝑞(ℏ), Ƹ𝑝(ℏ), 𝑃) 𝐻 = 𝐻(𝑎, 𝑎†, 𝑃(ℏ))
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Kerr classical limit

Lyapunov exponent of the 
unstable point
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Kerr quantum dynamics

Spectral kissing and its dynamical consequences in the squeezed Kerr-nonlinear oscillator: arXiv:2210.07255



Kerr quantum dynamics
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Kerr quantum dynamics

Spectral kissing and its dynamical consequences in the squeezed Kerr-nonlinear oscillator: arXiv:2210.07255



Survival Probability

Husimi entropy

Spectral kissing and its dynamical consequences in the squeezed Kerr-nonlinear oscillator: arXiv:2210.07255

FOTOC

Kerr quantum dynamics



Kerr extended model*

Δ/𝐾

𝜖 2
/𝐾

*Next talk with 

Miguel Prado



Quartic oscillator



Quartic oscillator

𝑘 > 0



Quartic oscillator

𝑘 < 0



Driven quantum quartic oscillator
𝜔0 = 1,𝜔𝐹 = 2.1, 𝛾 = 0.23Quasienergies

Regular Chaotic

F < 1 F > 1

In a classical scenario 𝜔0 = 1
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Rotating Wave Approximation (RWA)

V. M. Bastidas, C. Emary, B. Regler, T. Brandes. PRL 108, 043003 (2012)

Yaxing Zhang and M. I. Dykman, PRA 95, 053841 (2017)

Dicke

Quartic Oscillator

𝑂: Passive rotating operator



Model in the RWA
Energies of the Hamiltonian in the RWA

If 𝐹, 𝛾 𝑞2 ≪ 𝜔0
2

Where:



RWA: Classical Hamiltonian

Similar to Kerr extended model



RWA: Classical interpretation 

𝜔0 = 1,𝜔𝐹 = 2.1, 𝛾 = 0.23, 𝐹 = 0.23

Poincaré Section: tcut = 1
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RWA: Classical interpretation 

𝜔0 = 1,𝜔𝐹 = 2.1, 𝛾 = 0.23, 𝐹 = 0.23

Poincaré Section: tcut = 𝑇𝜔𝐹



RWA and Poincaré Sections

𝜔0 = 1,𝜔𝐹 = 2.1, 𝛾 = 0.23, 𝐹 = 0.23

Energy contours in the 𝐻𝑅𝑊𝐴 Poincaré sections 𝐻(𝑡)



RWA and Poincaré Sections

𝜔0 = 1,𝜔𝐹 = 2.4, 𝛾 = 0.23, 𝐹 = 0.23

Energy contours in the 𝐻𝑅𝑊𝐴 Poincaré sections 𝐻(𝑡)



Route of chaos



Route of chaos

𝜔0 = 1,𝜔𝐹 = 2.1, 𝛾 = 0.23, 𝐹 = 0.23



Route of chaos

𝜔0 = 1,𝜔𝐹 = 2.1, 𝛾 = 0.23, 𝐹 = 1



Route of chaos

𝜔0 = 1,𝜔𝐹 = 2.1, 𝛾 = 0.23, 𝐹 = 1.5



Route of chaos

𝜔0 = 1,𝜔𝐹 = 2.1, 𝛾 = 0.23, 𝐹 = 4



Quantum Geometry



Quantum Geometry
Geometry of the parameter space: Quantum Geometry Tensor

Quantum metric tensor of the Dicke model: Analytical and numerical study

Quantum Metric Tensor Berry curvature

Quantum geometric tensor and quantum phase transitions in the Lipkin-Meshkov-Glick model

PRB 105, 214106

PRB 103, 174104

Quantum Phase 

Transitions

Lipkin

Dicke

R



Quantum Geometry
Geometry of the parameter space: Quantum Geometry Tensor

QMT and Quartic oscillator In progress

Quantum Metric Tensor

Experimental platform at MIT: Paola Cappellaro geometry and metrology* arXiv:2204.13777

Experimental measures*

Excited Quantum 

Phase Transitions

Berry curvature

Lipkin

Quartic Oscillator



CONCLUSIONS



THANK YOU!
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