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A billiard problem arising from self-propelling particles
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We studied the billiard-like motion of a single self-propelled particle that
is asymptotically in constant velocity linear motion inside a domain and interacts repulsively with
the boundary. We have conducted mathematical and numerical analyses on three different mathematical
models: partial differential equation models, ordinary differential equation models, and

discrete-time dynamical system models. The published results concern the reflection of particles in
the ordinary differential equation model. We have proved under certain assumptions that the angle of
reflection is greater than that of incidence. Numerical results suggest that this assumption can be
relaxed, but the proof remains difficult. In addition, we have carried out detailed numerical
experiments and have obtained a conjecture about the specific form of the functional relationship
between the angle of incidence and that of reflection in the limit of very slow particle motion.
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