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Abstract

Programmable atomic systems offer a powerful route to quantum simulation of strongly correlated many-body
dynamics beyond the reach of classical computation. | will begin with a few remarks on implementing lattice gauge
theories, where atomic, ionic, and Rydberg platforms enable the controlled study of gauge-invariant dynamics,
constrained Hilbert spaces, string formation and string breaking, and real-time non-equilibrium phenomena. As these
systems scale, two central questions arise: How do we trust what the device is doing? and how can we use it
to actively design new quantum matter? | will address these questions through bounded-error gquantum simulation,
combining experimental data with Hamiltonian and Lindbladian learning to place quantitative confidence bounds on
implemented dynamics and observables, and through inverse quantum simulation, where programmable devices are
used as machine-learning—assisted design engines to identify many-body states with desired properties and reconstruct
Hamiltonians that realize them. | will conclude with an outlook toward quantum networks, where programmable many-
body systems may operate as non-local quantum sensors, for example through entangled atomic ensembles
implementing network-based Ramsey interferometry and probing the gravity—quantum interface
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