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In realistic inhomogeneous magnetized plasmas, due to
the existence of the shear Alfvén wave (SAW)
continuous spectrum, finite-amplitude kinetic wave
Alfvén (KAW) with perpendicular wavelength in the
order of ion Larmor radius can be readily excited either
externally or spontaneously. Since KAWSs carry finite
electric field parallel to the confining magnetic field,
they are expected to play crucial roles in the heating,
acceleration and cross-field transport of plasmas. In
order to delineate and understand the above nonlinear
phase-space dynamics of charged particles, we need to
explore and develop physical insights on the nonlinear
dynamics of KAWSs. A powerful analytical as well as
computational tool for such studies is the nonlinear
gyrokinetic theory. In this talk, we will first give a brief
review on the formalism of the nonlinear gyrokinetic
equation and then apply it to the KAWSs. Specifically, we

will present both analytical and simulation studies on (i)
KAW parametric decay instability, and (ii) spontaneous
excitation of convective cells by KAW. Both studies
demonstrate, in contrast to simplified dynamic
descriptions, the crucial qualitative and quantitative roles
kinetic effects play in the nonlinear processes. If time
allows, we will also discuss a new low-frequency
simulation model based on the nonlinear gyrokinetic
theory; which is applicable to simulating KAW physics
in realistic plasma geometries.
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