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Main Idea

Current notions of classical and quantum chaos are disparate. We
instead focus on experimentally accessible probes. In particular,
both classical and quantum chaotic systems are sensitive
to slow driving, under which they may exhibit irreversible
heating.

Regular vs chaotic piston geometries.

Framework

Consider a cyclically perturbed system with the Hamiltonian

H(t) = H0 + λ(t)V, λ(±∞) = 0.

Define the average speed of the perturbation as

v̄ = µ

∫ ∞

−∞
dt

∣∣∣λ̇(t)∣∣∣ ,
where 1/µ is the duration of the perturbation. The quasi-static
limit corresponds to µ → 0.

Perturbation
time-profile.

We compute the fidelity F between
the initial and final states ρ±∞ and
define the speed-Fisher information
as the fidelity susceptibility with re-
spect to the average speed:

Iv̄(µ) = −2
∂2F

∂v̄2

∣∣∣
v̄=0

.

Claim: Chaos =⇒ large Iv̄(µ → 0)

In a Gibbs ensemble, the speed-Fisher information depends on
the spectral function of the perturbation V , defined as the Fourier
transform of the symmetric, connected auto-correlation function:

DV (t) =
1

2
⟨[V (t), V (0)]+⟩c .

Low-frequency spectral weight controls the slow-driving response,
and allows us to classify systems into three categories:

D̃V (ω → 0) Iv̄(µ → 0)

Regular ∼ |ω|α (α > 1) O
(
µ0
)

Chaotic
thermalizing

const > 0 O (1/µ)

Chaotic
nonthermalizing

∼ |ω|α (α < 0) O (1/µ1+|α|)

The Fisher information can be measured via irreversible heating
in a chaotic system:

β⟨∆E⟩ ≈ 1

2
Iv̄(µ)v̄

2.

1D Mixed-Field Ising Model

H0 = J

N∑
i=1

σz
iσ

z
i+1 + hx

N∑
i=1

σx
i

+ hz

N∑
i=1

σz
i .

TFIM: Integrable.
Mixed-field: Chaotic.

Cyclically perturb the system
through the transverse field:

V =

N∑
i=1

σx
i .
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Integrable: vanishing Iv̄(µ → 0). Chaotic: diverging Iv̄(µ → 0)

β-FPUT Model

H0 =
1

2

N∑
n=1

p2n +
1

2

N∑
n=0

(qn+1 − qn)
2

+
β

4

N∑
n=0

(qn+1 − qn)
4.

β = 0: Integrable.
β ̸= 0: Chaotic.

Cyclically perturb the system
through

V =
1

4

N∑
n=0

(qn+1 − qn)
4.
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Integrable: vanishing Iv̄(µ → 0). Chaotic: diverging Iv̄(µ → 0)

Conclusion:

Slow cyclic driving provides a
unified probe of chaos. Regular
systems remain adiabatically
stable, while chaotic systems
generate irreversible drag con-
trolled by low-frequency spec-
tral weight:

D̃V (ω → 0) > 0

⇓
Iv̄(µ → 0) → ∞


