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While enchanting non-Hermitian properties unattainable in Hermitian systems are widely revealed, genuine quantum
non-Hermitian phenomenology remains largely uncharted territory. Here, we show how engineered non-Hermiticity
gives rise to novel phenomena with a genuine quantum nature [1]. We investigate a system of atoms (or artificial
atoms) embedded in a particular type of bath, which in turn interacts with an outer bath and dissipates. By
engineering the interaction with the bath and the bath itself, the atomic properties can be influenced in an
unprecedented manner. In particular, we find the atomic emission can be suppressed by dissipation in an unusual
way; the algebraic scaling with the relevant parameters acquires fractional power — the fractional Quantum Zeno
effect. This interesting behavior cannot occur if the inner bath is isolated, and results in exotic long-range
interactions of atoms. We further find FQZ-induced strong single-photon nonlinearity. Remarkably, we identify that
the sub-Poissonian quantum statistics of photons, which has no classical analogues, stems here from the key role of
non-Hermiticity. Our setup is experimentally feasible with the techniques used to design lattice models with
dissipative couplings [2]. This work opens a path to exploring non-Hermitian quantum optics as well as quantum
many-body non-Hermitian physics.
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