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In Earth’s Van Allen radiation belts, ultralow frequency
(ULF) waves play an important role in accelerating and
transporting charged particles via a resonant process
named drift resonance™. When such a resonance occurs,
a resonant particle observes a constant phase of the wave
electric field, and therefore experiences a net energy
excursion. In the conventional theory of drift resonance,
a linearization approach is often applied with assumption
of a weak wave-particle energy exchange. Here we
extend the linear theory of drift resonance into the
nonlinear regime®, to express the particle motion in the
form of pendulum equation that describes the nonlinear
trapping of particles in the wave-carried potential well,
and to predict characteristic signatures of the nonlinear
process observable from a virtual spacecraft. Such newly
predicted signatures are found to agree with observations
from NASA’s Van Allen Probes, which provides the first
identification of nonlinear drift resonance. We further
consider the roles of magnetospheric convection in this
nonlinear process, which provides a location-dependent

driver term to the pendulum equation of particle motion.
The driven pendulum equation suggests a significant
particle diffusion and thermalization, especially for ULF
waves with large wavenumbers. This study, therefore,
shed new light on the understanding of particle dynamics
in the inner magnetosphere.
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