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A billiard problem in nonlinear and nonequilibrium systems: bifurcation with
symmetry and degeneracy
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Orbits of a self-propelling particle in nonlinear and nonequilibrium systems
are studied from viewpoint of mathematics. Such particles are observed in many systems. In contrast
to classical billiard problems, the dynamical system of the particle has an attractor. As the

aspect ratio of a rectangular domain varies, the attractor becomes periodic or nonperiodic
intermittently. In this study, it turned out that such an intermittent change can be understood as a
kind of synchronization between vertical and horizontal oscillatory modes and that its origin is a

symmetry breaking bifurcation point of the rest state at which stable rest state loses stability and
stationary motion occurs.
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