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Transmon with phase modulation

Graham, Schlautmann, DS PRL (1991) for Josephson junction;

Graham, Schlautmann, Zoller PRA (1992) for cold atoms in optical lattice
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Reduction to the Chirikov standard map

fast resonance (dφ/dt = λ cos t) crossing regime λ/k ≫ 1 or I0 ≫ IJ (|p| < λ)

p̄ = p − 2
√
π(k/

√
λ) sinφ , φ̄ = φ+ 2πp̄ => p̄ = p + K sin x , x̄ = x + p̄

Chaos border k >
√
πλ/40; diffision D = (∆p)2/t ≈ k2/λ in the range |p| < λ

or < V 2 >1/2≈ I0/(
√

3CΩ) ∝ λ
Dynamical (Anderson) localization of diffusion: ℓD = 2πD/~eff

2 ∝ 1/λ,

~eff = 4e2/(~CΩ) (k-bar); p = ~eff n, |ψ| ∼ exp(−|n|/ℓD)
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Transmon chaos vs quantum localization

Left: theory for JJ Graham et al. PRL (1991); right: Raizen et al. experiment

with cold atoms in modulated optical lattice PRL (1994)
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Chirikov standard map quantized
classical Hamiltonian and map:

H(p, x) = p2/2 + K cos x
∑

m δ(t − m)
p̄ = p + K sin x , x̄ = x + p̄

Chaos border: K > 0.9716..., diffusion D = p2/t ≈ K 2/2;

Kolmogorov-Sinai entropy (Lyapunov exponent) λ ≈ ln(K/2)

Quantum kicked rotator or kicked transmon:

Chirikov (1969), Chirikov (1979), Chirikov, Izrailev, DS (1981), DS (1987)

ψ̄ = exp(−ip2/2~) exp(−iK/~ cos x)ψ = USψ
commutator [p, x ] = −i~ (k = K/~;T = ~;K = kT

dynamical localization: ℓ ≈ D/~2 = k2/2; ψ ∝ exp(−|n − nm|/ℓ)
Experimental observation of localization with cold atoms in kicked optical

lattice: Raizen et al. PRL (1995)
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Quantum chaos detector

H = p2/2 + [K + ǫcσz ] cos θ
∑

m δ(t − m) + δσx

Decay rates of density matrix elements:

small coupling ǫ: Γ1 ≈ Γ2 ≈ ǫ2/2, quantum Zeno effect: Γ1 ∼ δ2/Γ2 ∼ ∆2/ǫ2

(omic dissipation e.g. Makhlin et al. RMP 73, 257 (2001))

similar dependece of Γ1,2 for qubit coupled to quantum dot or SYK black hole

with quantum chaos: Frahm, DS EPJB (2018)
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Quantum chaos detector: Lyapunov regime
Decay rates of density matrix elements:

decay with Lyapunov exponent λ ≈ ln(K/2) = 0.81
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Quantum chaos efficient detection

Vicinity of bifurcation point at K = 4, Nd = 12
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Quantum chaos non-efficient detection
Chaotic regime K = 8, Nd = 12
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Transmon (pendulum) Separatrix detector and

quantum synchronization of qubits
* Hamiltonian H = p2/2 + (K + ǫcσz) cos x + δσx
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close to experiment (standard map K = 0.5 ≪ 1)

Lescanne et al. Phys. Rev. Appl. 11, 014030 (2019)

* Quantum synchronization and entanglement of qubits

coupled to a driven dissipative resonator

Zhirov, DS PRL (2008), PRB (2009); Chepelianskii, DS (in progress)
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Quantum strange attractor
quantum dissipative map with quantum trajectories

p̄ = (1 − γ)p + K sin x , x̄ = x + p̄; [~ = 0.012, γ = 0.5, K = 7]

Ehrenfest explosion (or collapse) of wave packet tE ∼ | ln ~|/λ < 1/γ:

Carlo, Benenti, DS PRL 95, 164101 (2005)
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