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Three-dimensional simulations of the interaction of ULF waves with test particle ions and electrons in Earth’s
outer radiation belt are used to understand the evolution of distribution functions observed by the Van Allen Probes
spacecraft. The phase space density (PSD) of H + and O+ evolved using a full Lorentz force test particle model
that resolves gyromotion, while relativistic electron dynamics is determined using a guiding center formalism.
The test particle models are coupled with an ideal MHD model of poloidal mode waves to specify electric and
magnetic fields within which charged particles evolve. This combination of models reproduces to a remarkable
extent the signatures of drift resonance observed by the Van Allen Probes. Trajectories of ions and electrons are
traced backward in time to locations on the equatorial plane before waves are present. With an assumed form of
the distribution function, Liouville’s theorem is used to reconstruct PSD at the spacecraft location as a function
of time. Two representative ULF wave events are used to demonstrate that the models reproduce the pitch angle
dependence of PSD as it evolves in response to the action of ULF waves. An important new aspect of the simulation
study is the prediction of "butterfly" ion distributions that emerge naturally from the pitch angle dependence of the
ion drift resonance energy. The simulation results from the two events presented is discussed in the context of
processes controlling inner magnetosphere particle energization and transport.

