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Symmetries

Correlations Dynamics

Quantum chaos conjectures: 

chaos RMT

Unitary/antiunitary → 

small number of 

symmetry classes (10)

Universal correlations in 

RMT: bulk level repulsion, 

hard-edge, soft-edge

Symmetries – correlations – dynamics



• Richer symmetry classification:

• Non-Hermitian Hamiltonians → 38 classes;

• (Many-body) Lindbladians

• PT-symmetric Hamiltonians

• Correlations:

- Bulk level repulsion (three classes);

- Hard-edge universality

- Long-range

- Eigenvectors

• Dynamics:

- How to justify the dissipative quantum chaos conjecture?

- Semiclassical dissipative quantum dynamics?

What about non-Hermitian quantum systems?

[Hamazaki et al PRR’20]

[LS, Ribeiro, Prosen, PRX’20]

[Bernard-LeClair, ‘02]

[Kawabata et al, PRX ’19]

[Li, Prosen, Chan, PRL’21]

[García-García, LS, Verbaarschot, PRD’23]

[Altland, Fleischhauer, Diehl, PRX’21]

[García-García, LS, Verbaarschot, PRX’22]

[LS, Ribeiro, Prosen, PRX’23]

[Kawabata et al, PRXQ’23]

[García-García, LS, Verbaarschot, Can, PRD’24]

[LS, Ribeiro, Prosen, PRX’23]

[Almeida, Ribeiro, Haque, LS, PRE’25]

Symmetries – correlations – dynamics



The many facets of integrability and chaos in many-body open systems

1. Spectral chaos and integrability

o Complex spacing ratios

2. Steady-state chaos and integrability

o Level statistics + NESS ETH

o Complexity through operator size

3. Transient-mode chaos and integrability

o Lindbladian ETH

o Lindblad many-body scars

Out-of-equilibrium open quantum systems

o Dynamical generator ℒ
o (Steady) state 𝜌𝑠𝑠
o Transient eigenmodes (not states!)

Decoupling:

Chaos/integrability of ℒ ⇎
chaos/integrability of 𝜌𝑠𝑠

Equilibrium isolated quantum systems

o Dynamical generator 𝐻
o (Equilibrium) state

[García-García, LS, Verbaarschot, Yin, PRB’25]

[García-García, Lu, LS, Verbaarschot, PRE’26]

[Almeida, Ribeiro, Haque, LS, PRE’25]

[Richter, LS, Haque, PRE’25]
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Energy level correlations in closed quantum systems

Quantum chaos conjecture

Berry & Tabor ‘77: classical integrable systems ⟺ Poisson quantum level statistics

Bohigas, Giannoni, & Schmit ‘84: chaotic semiclassical limit ⟺ RMT quantum level statistics



Small-N distributions describe large-N universal behaviour

[Oganesyan, Huse, PRB 75, 155111(2007)]; [Atas, Bogomolny, Giraud, Roux, PRL 110, 084101(2013)]

• Removes dependence from spectral density 

    (very non-universal).

• Fix 𝑠 = 1 ⟺ rescale levels using average density ҧ𝜚.

• Can be difficult if ҧ𝜚 is not known.

1. Wigner surmises

2. Unfolding

3. Consecutive spacing ratios

Energy level correlations in closed quantum systems



9

• Hamiltonians are classified by involutive symmetries (of irreducible blocks).

[Haake, 4th edition]

Energy level correlations in closed quantum systems

10 symmetry classes (Altland-Zirnbauer)

3 universal classes of bulk level repulsion

(time-reversal symmetry):

• A (GUE), 𝒯+ = 0
• AI (GOE), 𝒯+

2 = +1
• AII (GSE), 𝒯+

2 = −1

7 classes with hard-edge universality

(repulsion from origin)
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[Haake, 4th edition]

Relevant non-Hermitian symmetry classes are:

• A ≡ A† (GinUE)

• AI† — least level repulsion

• AII† — most level repulsion

A    — general matrix (complex non-symmetric)

AI† — complex symmetric 𝐻 = 𝐻⊤

AII† — “quaternionic” symmetric 𝐻 = Σ𝑦𝐻
⊤Σ𝑦

See also:

[Kawabata et al, PRX ’19], 

[LS, Ribeiro, Prosen, PRX 13, 031019 (2023)]

• In non-Hermitian systems, level repulsion determined by transposition symmetry.

• 38 symmetry classes, but only 3 universal classes of level repulsion.

𝐻 = 𝐶+𝐻
⊤𝐶+

−1,        𝐶+𝐶+
∗ = ±1

Level repulsion in non-Hermitian system

[Hamazaki et al, PRR ‘20]



Definition

[LS, Ribeiro, Prosen, Phys. Rev. X 10, 021019 (2020)]

Numerically: no unfolding

Analytical results possible

Integrable Chaotic

Complex spacing ratios

cf



Numerics GinUE, 𝑁 = 104 Analytics TUE, 𝑁 = 3

Wigner-like surmise for the na 

eigenvalue gas on the torus (TUE)

𝑁 = 3 GinUE

Analytical probability distribution

Analytic results for GinUE as 𝑁 → ∞: [Dusa, Wettig, PRE’22]

[LS, Ribeiro, Prosen, Phys. Rev. X 10, 021019 (2020)]



Spectral statistics in dissipative quantum chaos: 

numerical interlude



The non-Hermitian SYK model: 𝑁 Majorana fermions with all-to-all random 𝑞-body interactions

Examples I. Non-Hermitian SYK Hamiltonian

[García-García, LS, Verbaarschot, Phys. Rev. X 12, 021040 (2022)] [García-García, LS, Verbaarschot, Phys. Rev. X 12, 021040 (2022)] 

Full symmetry classification Bulk level repulsion (only 𝒞+
2)

𝑞 = 2 𝑞 = 6 𝑞 = 4

𝑁 = 24𝑁 = 20

𝑞 = 3

𝑁 = 20 𝑁 = 20



[Richter, LS, Haque, Phys. Rev. E 111, 064103 (2025)]

Examples II. Boundary-driven spin chains

Integrable?

Next-to-nearest-

neighbour XXZ spin chain

Boundary driving (sink/source)

Bulk dephasing



[LS, Ribeiro, Prosen Phys. Rev. B 103, 115132 (2021)]

RMT

Nonunitary quantum circuits

Nonunitary

quantum 

circuits

Integrable Chaotic, TRSChaotic, no TRS

Examples III. Nonunitary quantum circuits

Hubbard ෘ𝑅-matrix (with 

imaginary interaction)

⇒ integrable circuit
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Integrable and chaotic quantum maps in a quantum processor

𝑛 system 

qubits

𝑒 = 𝐿 − 𝑛 

environment 

qubits

[Wold,…, Denisov, LS, Wang, Ribeiro, 2506.04325]



Integrable and chaotic quantum maps in a quantum processor

𝑛 system 

qubits

𝑒 = 𝐿 − 𝑛 

environment 

qubits

Matchgate circuit;

can be mapped to free fermions:

[Wold,…, Denisov, LS, Wang, Ribeiro, 2506.04325]



Integrable and chaotic quantum maps in a quantum processor

𝑛 system 

qubits

𝑒 = 𝐿 − 𝑛 

environment 

qubits

[Wold,…, Denisov, LS, Wang, Ribeiro, 2506.04325]



Finite-size effects on CSR distributions
[Wold,…, Denisov, LS, Wang, Ribeiro, 2506.04325]



Tomographic experiment in a nutshell

Experimental output

superconducting quantum processor

Experiment: tomography yields the 

experimentally realized channel

Classical post-processing: diagonalize 

channel and compute CSR

[Wold,…, Denisov, LS, Wang, Ribeiro, 2506.04325]



Tomographic experiment in a nutshell

Goal

2 3

Λ

Success!

1

[Wold, Ribeiro, Denisov, 2405.11625]

[Wold,…, Denisov, LS, Wang, Ribeiro, 2506.04325]



Experimental results
Experimental results Numerical results

[Wold,…, Denisov, LS, Wang, Ribeiro, 2506.04325]



Intrinsic noise as a dissipative quantum chaotic process
[Wold,…, Denisov, LS, Wang, Ribeiro, 2506.04325]

Integrability-to-chaos crossover on a noisy quantum computer                                      depth of quantum circuit
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[Wold,…, Denisov, LS, Wang, Ribeiro, 2506.04325]



Intrinsic noise as a dissipative quantum chaotic process

Integrability-to-chaos crossover on a noisy quantum computer                                      depth of quantum circuit

[Wold,…, Denisov, LS, Wang, Ribeiro, 2506.04325]



Summary and conclusions

Thank you for your attention.

Complex spacing ratios measure spectral correlations in dissipative quantum chaos.

They distinguish integrable and chaotic dissipative quantum systems (and different universality classes).

Numerically: simple, clean, robust

Analytically: Wigner surmise

Experimentally: observed on a superconducting quantum processor

Integrability-to-chaos crossover with circuit depth – hardware noise is dissipative quantum chaotic process

Susceptibility to dissipative chaos – a new operational metric for benchmarking quantum processing platforms?
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