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Nonergodic behavior in quantum systems with local constraints: quantum hard disks on a lattice

Motivated by the recent impressive experimental progress in quantum simulators the study of quantum matter with local constraints has gained
significant attention. I this work, we investigate a paradigmatic class of constrained matter - the hard-disk problem. We introduce a quantum version on
lattices, which exhibits a natural realization in Rydberg atom arrays due to the Rydberg blockade mechanism. While the static properties on a general
level turn out to be equivalent to the classical case, yielding crystalline phases at sufficiently high particle densities, we find that the dynamical properties
are fundamentally different. In one dimension, we identify genuine quantum features in the melting process of a finite-size crystal displaying ballistic
behavior, whereas the classical scenario exhibits sub-diffusion govered by the Kardar-Parisi-Zhang universality class. On two-dimensional square
lattices, we show that in the quantum domain, crystals remain intact against most defects, whereas classically the initial crystal structure is washed out
completely. We link this peculiar quantum behavior to the presence of quantum many-body scars, breaking conventional expectations of ergodicity. Our
study highlights the potential of constrained two-dimensional quantum matter to display unique dynamical behaviors.
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