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Analytical theory and numerical simulations have shown that the linear stability of
beta-driven internal modes such as the 1/1 internal kink mode and interchange modes
can be strongly influenced by kinetic effects due to suprathermal [1] and thermal ions
[2, 3, 4], as well as centrifugal effects associated with toroidal rotation [5]. In rotating
plasmas, centrifugal effects can lead to a strong coupling of perpendicular and parallel
dynamics. This dependency on the parallel dynamics further motivates a kinetic-MHD
approach [6]. In the present work, a hybrid kinetic-MHD model is derived based on
the corrections to the guiding-centre equations given in [7], allowing for sonic plasma
rotation. It is shown that in the limit of vanishing plasma rotation, the results of [1] are
recovered. Higher-order finite Larmor-radius corrections to the pressure tensor are dis-
cussed. The derived model also recovers the quasi-neutrality equation in the form given
in [2], and can be used to study the effects of a parallel electric field [3] in rotating plas-
mas. The model is implemented in a novel hybrid kinetic-MHD code, VENUS-KMHD.
The solution of the kinetic equation is based on the exact integration of guiding-centre
orbits with the VENUS-LEVIS code [8], which allows radial drifts and the associated
corrections to the inertia [4] to be taken into account without further approximations.
Combining this kinetic solver with a newly developed linear MHD stability code, the
linearized kinetic-MHD equations are then formulated as an eigenvalue problem. We
apply VENUS-KMHD to study centrifugal and kinetic effects on internal beta-driven
modes.
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