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Bifurcation structure and collective motions of a self-propelling droplet driven
by surfactant
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A self-propelled object is an object that exhibits motion driven by internal
forces utilizing the energy inherent in the system. In this study, we focus on micrometer sized
self-propelled droplets that show translational swimming motion and elucidate the mechanism of their
motion transition through both experimental and theoretical approaches. When the droplets are
composed of water and oil, a drift transition occurs from a stationary state to a translational
motion state accompanied with size increase of the droplet. We have revealed that this translational
motion has a stable solution for the straight motion. Additionally, as the droplets become more
larger, a bifurcation occurs where the direction of the quadrupole mode of internal and external
convection becomes unstable. This instability leads to weak directional stability of the motion
against disturbances or perturbations, resulting in curved motion.
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