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Nonlinear Trapping Conditions of relativistic electrons interacting with whistler-mode
chorus emissions at oblique angles
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We have derived explicit formulae of inhomogeneity factors controlling the nonlinear trapping conditions for Landau and
cyclotron resonances to analyze nonlinear wave trapping and associated acceleration of energetic electrons by an obliquely prop-
agating chorus element generated at the magnetic equator. In evaluating the frequency sweep rate of the chorus element as
observed at fixed positions, we assumed the quasi-parallel propagation. We find efficient acceleration of relativistic electrons
by nonlinear trapping at Landau resonance with obliquely propagating whistler-mode chorus emissions. The acceleration is due
to the perpendicular component of the wave electric field rather than the parallel electric field. We performed test particle sim-
ulations to confirm that nonlinear wave trapping by both Landau and cyclotron resonances can take place for a wide range of
energies, resulting in efficient acceleration of relativistic electrons.
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