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In the presence of ultra-high laser intensities and the extreme electromagnetic fields present in compact
objects, the particle trajectories are strongly affected by radiation reaction. In this work, we show that
radiation reaction can lead to topological changes in the plasma distribution functions, which in turn can
impact the plasma dynamics e.g. triggering kinetic instabilities. To explore these processes, we develop an
analytical model based on the extension of the Vlasov equation to include the Landau-Lifshitz radiation
reaction force [1-3]. We demonstrate that initially stable momentum distributions, i.e. distributions
in thermal equilibrium, evolve, due to the radiation reaction force, into ring momentum distributions
that are kinetically unstable. We attribute this to the differential radiation cooling the plasma particles
experience in the presence of intense fields, e.g. under strong magnetic fields with synchrotron cooling
[4]. We also show that these unstable distributions can prompt coherent radiation emission mechanisms,
such as the electron cyclotron maser instability [5]. Our analytical results are compared with particle-in-
cell simulations using OSIRIS [6,7], which corroborate our theoretical predictions on the formation and
evolution of the rings in momentum space over a wide range of initial conditions. This work describes
a previously unexplored process through which kinetically unstable distributions can be produced via
radiation reaction and their relevance in the laboratory and astrophysical scenarios.
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