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            Abstract
Advanced photonic nanostructures are currently revolutionizing the optics and photonics that underpin applications ranging from light technology to quantum-information processing. The strong light confinement in these structures can lock the local polarization of the light to its propagation direction, leading to propagation-direction-dependent emission, scattering and absorption of photons by quantum emitters. The possibility of such a propagation-direction-dependent, or chiral, light–matter interaction is not accounted for in standard quantum optics and its recent discovery brought about the research field of chiral quantum optics. The latter offers fundamentally new functionalities and applications: it enables the assembly of non-reciprocal single-photon devices that can be operated in a quantum superposition of two or more of their operational states and the realization of deterministic spin–photon interfaces. Moreover, engineered directional photonic reservoirs could lead to the development of complex quantum networks that, for example, could simulate novel classes of quantum many-body systems.
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                    Figure 1: Illustration of basic chiral photon–emitter processes.


Figure 2: Electric field polarization and spin in optical nanofibres and waveguides.


Figure 3: Nanophotonic devices used for chiral coupling between light and quantum emitters.


Figure 8: Total internal reflection of a linearly p-polarized wave at a dielectric interface.


Figure 4: Examples of chiral light–matter interaction in photonic nanostructures.


Figure 5: Photon–emitter scattering for symmetric and chiral coupling.


Figure 6: Applications of chiral light–matter interaction.


Figure 7: Multi-emitter chiral coupling and dynamics.
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        Editorial Summary
A new spin on quantum optics
Spin–orbit coupling in electrons leads to many fascinating phenomena and important applications, from topological insulators to spintronics. Researchers have recently been exploring whether effects analogous to spin–orbit coupling can arise in photons and, if so, what sort of perspectives this provides. Optical spin–orbit coupling can lead to direction-dependent emissions and so may allow quantum optics to be chiral. This Review looks at experiments in the realm of chiral quantum optics and discusses how these demonstrations could add a new dimension of control to quantum networks and quantum many-body physics.
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