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Given tremendous progress in controlling individual photons and other excitations such as spin, excitonic, phononic in solid-state systems, it is intriguing to explore whether these quantum optical control techniques could pave a radically new way to prepare, detect and manipulate non-local and correlated electronic states [1]. After discussing several broad theoretical schemes, as the first experimental example, we report on optical and electrical tunable Bose-Fermi mixtures in hetero-bilayer systems and the observation of an excitonic Mott insulator [2]. As the second experimental example, we report on the optical manipulation of quantum Hall states in graphene using twisted light [3]. Specifically, we show that, by going beyond the dipole-approximation in light-matter interaction, one can optically manipulate the electronic wave function, which is manifested in photocurrent measurements.
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