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Expectation: Most quantum systems are chaotic.
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Classical chaos = Sensitive dependence on initial conditions
= Positive Lyapunov exponents
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Quantization
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= Correlations in the spectrum ~ p (E, E’) agrees with RMT
[Berry, Proc. R. Soc. London (1985)] [Sieber, Richter, Phys. Sc. (2001)] [Mller, et al., PRL (2004))]
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Spectral Form Factor for CUE(N)

» Floquet systems U w/o time reversal invariance
» Correlations between quasi-energies ¢;; U |i) = €% |i):

connected

pl6,0) = < Zé ¢1_w>CUE(N)

» SFF: Kn(t) = F (r2) (t) — correlations at energy scale 27“

Quantum Chaos = Linear Ramp* of SFF
*for t > non-universal Thouless time
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Spectral Form Factor in Many-Body Systems

Typical many-body quantum systems # full random matrices

» Individual interacting particles/degrees of freedom
— tensor product structure

» Spatial locality and local interactions —; sparse matrices

How does universal RMT behavior emerge from the
interaction of large/many individual subsystems?

No universal mechanism, but exact results for specific systems:
» Dual-unitary circuits with L — 00 (gertini, kos, Prosen, Gommun. Math. Phys (2021)]
» Random circuits with N — 00 [chan, De Luca, Chalker, PRL (2018)]
> Quantum—glass models (Bamey, Winer, Baldwin et al,, SciPost Phys. (2023)]

Here: Interacting chaotic systems
large but finite N, arbitrary L, without spatial structure
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» Dynamics: non-entangling max. entanglement as t — oo

[Pulikkottil, et al., PRE (2020)]

Here: Universal transition of the SFF for any L
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Spectral Form Factor for RMTE
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For large N:  [x(e)|2' — e ™7 with I = geNL/2

k(1) = (1 — e_rzT) min(7,1) + e min ([T/TSH]L , 1)
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Fluctuations of the Spectral Form Factor
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Coupled Kicked Rotors

» Periodically kicked rotors on 4-torus:  (rroschié. Astron. & Astrophys. (1972)]
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Summary

» Extended RMTE as minimal model for
interacting few/many-body systems

» SFF and its moments in RMTE:

Time dependent convex combination of
noninteracting and strongly interacting limits

» Universal dependence of SFF on single scaling parameter '
» Exact results for short times t < N

» Applicable to quantized dynamical systems

More details: arXiv.2302.09955



