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Counter examples
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* Enough conserved « Inter-particle « Approximately equally spaced
quantiles to interactions do tower in the energy spectrum.
analytically solve the not destroy « Coherent quantum dynamics

problem. localization. and revivals.



Theoretical Framework
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& Phys. Rev. B 108, 075124 (2023).

* A new type of QMBS based on the Heisenberg XY model, which is beyond constraint model.

« |t originate from a special subspace with a hypercube or hypergrid geometry.
* |t can be visualized by the overlap between the eigenstates and the special collective state.



Experiment and Application of QMBS
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Frontier of QMBS experiment on
superconducting circuit
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The evidence of QMBS can be directly observed by the evolution of population,

imbalance and their Fourier transformation.




Frontier of QMBS experiment on
superconducting circuit
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®) Sci. Adv. 9, eadj3822 (2023).

« Dong et al. (2023) realized disorder-tunable entanglement at infinite temperature.
 They demonstrated non-thermalizing states with rich entanglement structures.
 They measured the fidelity, showing that the scar they found was disorder-tunable.
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Frontier of QMBS experiment on
superconducting circuit
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Nat. Phys. 19, 1459 (2023).
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Yao et al. (2023) showed signatures of 2D QMBS on a 4 X6 superconducting qubit array.
They directly visualized wave-packet propagation in the many-body state space, enabling
observation of thermalization, localization, and scarring.



Future Work
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B QMBS in Open System
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B QMBS using Lattice Gauge Theory B QMBS in Higher Dimension




Conclusions

B Key Advances: ﬂ
QMBS is unexpectedly resilient
to environmental noise.

« Beneficial for building functional

quantum technologies.

Fl Fundamental Physics Connections:
« Deep theoretical links with high-

energy physics.

 Link with concepts like quantum
gravity, holographic duality, and
even traversable wormholes. ﬂ

E Technological Potential:

« Quantum sensing, optimization,
machine learning, and potentially
faster quantum algorithms and
fault-tolerant quantum memory.ﬂ

B Future Directions: ﬂ

« Topological protection,
dissipation engineering.

* Hybrid quantum-classical
algorithms specifically designed

Eor scar-state dynamics.





