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Topological control and topological phenomena of active matter
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The aim of this research was to establish methodologies for the topological
control of collective motion in active matter and exploring the topological properties of emergent
order. First, we focused on active turbulence exhibited by swimming bacteria. By integrating
experimental, numerical, and analytical approaches, we assessed the stability and topology of
bacterial vortex order in the presence of obstacles and boundaries, discovering an unconventional
route to turbulence such as transitions to oscillatory vortices. Additionally, we succeeded in
developing a high-speed fluorescence observation method for bacterial turbulence, which lays the
foundation for detecting topological phenomena. Based on these insights, we conceived and designed
confinement geometries in which bacterial turbulence may exhibit topological properties, and
identified conditions that drive unidirectional flow.
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