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Abstract
Effects of electron dynamics on kinetic geodesic acoustic modes are
numerically studied in tokamak plasmas. The finite Larmor radius and finite
orbit width of the ions are all taken into account. Systematic harmonic and
ordering analysis is performed in the limit (kρi )2  1 with k and ρi being
the radial wave vector and ion Larmor radius, respectively, for collisionless
damping of the modes. It is found that the effects of electron parallel dynamics
on the modes are negligible when safety factor q  2.0 whereas the damping
is enhanced significantly when q  3.0 for which almost all the experimental
studies on the modes are performed and the residual damping rate is crucial for
driving and saturation of the modes.
(Some figures in this article are in colour only in the electronic version)

1. Introduction
Geodesic acoustic mode (GAM) in magnetically confined toroidal plasmas is a toroidally
symmetric and approximately poloidally symmetric mode [1] which is linearly stable and
may be spontaneously excited by drift-wave turbulence via non-linear three-wave resonant
interactions [2–5] or external sources such as energetic particles [6–8]. This is one of the zonal
flows (ZFs) which are believed to be ubiquitous phenomena in nearly all cases and regimes of
drift-wave turbulence in plasmas. The other is a low/zero frequency ZF [3].
In an equilibrium tokamak plasma, a flow ṽE ∼ Ẽ/B induced by a perturbed radial electric
field uniform at a flux surface may cause a density accumulation in the poloidal direction, since
the equilibrium magnetic field B = B0 {[1/(1 +  cos θ)]eϕ + q −1 eθ }, where ϕ and θ are the
toroidal and poloidal angles, respectively,  = r/R is the inverse aspect ratio, and q is the
safety factor. This in turn generates a diamagnetic current across the surface, which balances
the polarization current and modifies the electric field and, thus, maintains the quasi-neutrality
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