Classifying Topology in Metasurfaces and Photonic Crystals

Scientific Achievement
Development of a new theoretical framework that enables
the efficient identification of topological phenomena in
optical systems.

Significance and Impact
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based on new mathematics discoveries in C*-algebras.
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Presenter Notes
Presentation Notes
Over the past decade, topological photonics has emerged as a crucial area of study for creating protected non-reciprocal waveguide modes and high-Q cavities that form the bedrock for enabling robust lasers, sensors, routing of quantum light, and other non-linear devices that are used widely across science and engineering. However, despite the rapid experimental progress in this field, a subtle but crucial theoretical problem has persisted — can topological invariants, protection, and bulk-boundary correspondence be rigorously defined for systems that radiate into free space? No global band gap means topological band theories predict no topological protection. While this is not a problem that normally appears in electronic systems (as free space is a trivial insulator for electrons), most photonic systems are surrounded by free space (indeed, this is required for devices like lasers), and free space is gapless for photons above the light line.

Here, we develop a theoretical framework for proving that bulk-boundary correspondence holds even for systems that radiate, such as photonic crystal slabs. In other words, we rigorously prove that topological photonic structures adjacent to free space still exhibit boundary-localized states and resonances, providing a resolution to this quandary at the heart of topological photonics. To do so, we use a novel operator-based approach to topology that relies on recent results from the K-theory of C*-algebras, and which provides local topological markers and a measure of a local band gap (i.e., a local measure of topological protection). Moreover, we show this theory’s direct application to photonic crystal systems described by Maxwell’s equations, proving this approach’s generality.
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