Topological physics with a hybrid light-matter system
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Topological insulators (Tls) are a striking example of materials in which topological invariants are
manifested in robustness against perturbations, as originally observed in the integer quantum Hall
effect. However, during the past decade the concepts of topological physics have been introduced into
numerous fields beyond condensed matter, ranging from microwaves, photonic and polaritonic
systems to cold atoms, acoustics, mechanics and electrical circuits. Topology has emerged as an
abstract, yet surprisingly powerful, new paradigm for controlling the flow of an excitation, e.g. the flow
of light. As such, it holds great promise for a wide range of advanced applications.

Topological phenomena in polaritons are fundamentally different from all topological effects
demonstrated experimentally thus far: exciton-polaritons are part-light part-matter quasiparticles
emerging from the strong coupling of quantum well excitons and microcavity photons. We show that
by placing exciton-polaritons in artificial lattices that emulate two-dimensional materials, we can
engineer a wide range of exotic band structures hosting flat bands as well as Dirac cone dispersions.
Based on this precise technological control, we have demonstrated experimentally the first exciton-
polariton Tl [1]. Due to the strong interactions and a large nonlinearity displayed by the exciton-
polariton system, this platform promises a wide range of novel many-body effects and resulting
functionalities. Here, we will briefly discuss the progress towards a topological polariton laser [2-4].
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