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Array of coupled non-linear resonators ( — qubits)
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Bound states in XXZ spin chain

Canonical 1D interacting XXZ Hamiltonian model:

H= Y (XiXin1+YiYin) + AZiZin
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Bound states in XXZ spin chain
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Lattice site

Trajectory of Bound photons

Probability of local occupancy
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Trajectory of Bound photons

a - Probability of local occupancy
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Band structure: few-body spectroscopy method
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Measuring the bound state band structure
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Measuring the bound state band structure
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Extraction of the bound state pseudo-charge
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Yang-Baxter relation: Interaction and integrability

Interacting systems
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integrable : scattering is factorizable to 2 - 2
scattering processes



Breaking integrability continuously

| usually do not study integrable models
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Breaking integrability continuously
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Probability of remaining bounded, n_/(n.+n,)
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Decay of a 3-photon bound
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Probability of remaining bounded, n_/(n.+n,)

Unexpected resilience to integrability breaking

Decay of a 3-photon bound
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Integrability breaking and bound states in Google’s decorated XXZ circuits

Ana Hudomal,!>? Ryan Smith,! Andrew Hallam,! and Zlatko Papi¢!

1School of Physics and Astronomy, University of Leeds, Leeds LS2 9JT, United Kingdom
2 Institute of Physics Belgrade, University of Belgrade, 11080 Belgrade, Serbia
(Dated: July 26, 2023)

Recent quantum simulation by Google [Nature 612, 240 (2022)] has demonstrated the formation of
bound states of interacting photons in a quantum-circuit version of the XXZ spin chain. While such
bound states are protected by integrability in a one-dimensional chain, the experiment found the

Large but dilute bound states continues to be robust.

Robustness and eventual slow decay of bound states of interacting microwave photons
in the Google Quantum Al experiment

Federica Maria Surace! and Olexei Motrunich!

! Department of Physics and Institute for Quantum Information and Matter,
California Institute of Technology, Pasadena, California 91125, USA

Integrable models are characterized by the existence of stable excitations that can propa§
indefinitely without decaying. This includes multi-magnon bound states in the celebrated ¥
spin chain model and its integrable Floquet counterpart. A recent Google Quantum Al exper
[A. Morvan et al., Nature 612, 240 (2022)| realizing the Floquet model demonstrated the persis
of such collective excitations even when the integrability is broken: this observation is at odds with

ce

It is a few-body physics and most likely will go away at larger sizes



Integrability breaking and bound states in Google’s decorated XXZ circuits
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Robustness and eventual slow decay of bound states of interacting microwave photons
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Kardar-Parisi-Zhang (KPZ) Universality Class
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oh — yV2h + 5 (VR)? +n(x,t)
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The KPZ conjecture :

Heisenberg spin chains

noise KPZ
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Numerical: Ljubotina, Znidaric, Prosen, PRL 122, 210602 (2019)

Experimental: D. Wei et al., Quantum gas microscopy of Kardar-Parisi-Zhang superdiffusion, Science 376, 716 (2022).



KPZ prediction Evidence for being in the KPZ universality class  spin chain numerics
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Magnetic domain wall dynamics in a XXZ spin chain
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Mean, (M)

Mean and Variance of M — consistent with KPZ
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https://www.science.org/doi/10.1126/science.abk2397
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NLFH = non-linear fluctuating hydrodynamics

(De Nardis, Gopalakrishnan, and Vasseur, 2023)

CLL = classical Landau-Lifshitz
(Krajnik, llievski, and Prosen, 2022)
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