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Nonreciprocity in microswimmer hydrodynamics
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Motility at cellular scale is mechanically constrained by the surrounding flow dynamics. Over
the last two decades, research into the hydrodynamics of microswimmers, such as bacteria,
plankton, and sperm, has expanded significantly, bridging multiscale mechanics from
intracellular force regulation to flexible body dynamics and transport in external flows. Due to
the nature of hydrodynamic equations at the cellular scale, nonreciprocal deformation is essential
to generate net propulsion, a principle known as the Scallop Theorem. In this talk, I will provide
an overview of several theoretical and modelling frameworks for microswimmer locomotion,
ranging from fluid equations and noncommutative gauge field theory to dynamical
metamaterials such as odd elasticity, nonequilibrium statistical mechanics, and data-driven
modeling via a deep Koopman autoencoder.
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