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Electromagnetic effects of the kinetic geodesic acoustic modes (KGAMs) are numerically studied in low
b(¼ plasma pressure/magnetic pressure) tokamak plasmas. The parallel component of the perturbed
vector potential is considered along with the electrostatic potential perturbation. The finite Larmor radius
and finite orbit width of the ions as well as electron parallel dynamics are all taken into account.
Systematic harmonic and ordering analysis is performed for collisionless damping of the KGAMs,
assuming b  ðjqi Þ2 , where jand qi are the radial component of the KGAM wave vector and the
Larmor radius of the ions, respectively. It is found that the electron parallel dynamics enhances
the damping of the electrostatic KGAM modes when the safety factor is high. In addition, the
electromagnetic (finite b effect is revealed to enhance and weaken the damping of the modes in plasmas
of low and high safety factor  2:0 and 5.5, respectively. The harmonic features of the KGAMs are
C 2011 American Institute of Physics. [doi:10.1063/1.3590892]
discussed as well. V

is the radial wave vector of the perturbation, and qi is the ion
Larmor radius.2
The GAMs have been extensively observed in recent
experiments by means of a variety of techniques: beam emission spectroscopy (BES) on DIIID,3 heavy ion beam probe
(HIBP) on CHS,4 T-10 (Refs. 5 and 6), and JFT-2M,7 Doppler reflectometry on ASDEX Upgrade,8 multiple Langmuir
probes on T-10 (Refs. 5 and 6) and HL-2A.9 Strong three
wave coupling between the GAMs and ambient turbulence
has been evidenced in the experiments. However, causality
condition for the GAM excitation has not been clarified yet
in the experiments.
Theoretical studies have demonstrated that GAMs are
linearly stable10,11 and may be spontaneously excited by drift
wave turbulence via three-wave resonant parametric interactions12–15 or external sources such as energetic particles.16–18
Furthermore, in the case of excitations by drift waves, due to
its radially corrugated (zonal) structures, the GAM in turn
scatters drift wave from long-wavelength unstable domain to
short-wavelength stable domain, and, thereby, provides selfregulations of drift-wave turbulence and, consequently,
transport. As the thresholds for GAM excitations in terms of
either the drift-wave intensity or the energetic particle energy
density depend crucially on the GAM collisionless damping
rate which, therefore, has to be considered more accurately,
taking more physics effects such as finite Larmor radius
(FLR), finite orbit width19 (FOW) of the ions, and higher
order harmonic resonance into account.20,21
On the other hand, the fluid theory predicts the GAM
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
frequency of xGAM ¼ cðTi þ Te Þ=mi =R, where c is the adiabatic index, Ti and Te are ion and electron temperature,
respectively, mi and R are ion mass and major radius of the
torus, respectively.13 It has been shown that GAMs constitute a continuous spectrum due to the radial inhomogeneity
of plasma parameters such as ion temperature, with analogy
to the shear Alfvé n waves. The local (singular) fluctuations

I. INTRODUCTION

Zonal flows (ZFs) in magnetically confined toroidal
plasmas are defined as poloidal flows induced by azimuthally
symmetric radial electric field fluctuations with finite radial
wavelengths. The ZFs are believed to be ubiquitous phenomena in nearly all cases and regimes of drift wave turbulence
in the plasmas. Two kinds of ZFs have been identified in
tokamak plasmas, i.e., low/zero frequency zonal flow and
higher frequency oscillations, the so-called geodesic acoustic
mode (GAM).1
In a tokamak plasma, at an equilibrium state, a flow
~ induced by a perturbed radial electric field uniform
v~E  E=B
at a flux surface may cause a density accumulation in the
poloidal direction, since the equilibrium magnetic field
B ¼ B0 f½1=ð1 þ coshÞeu þ q1 eh g, where u and h are the
toroidal and poloidal angles, respectively,  ¼ r=R is the
inverse aspect ration, 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 condition. Therefore,
the origin of the zonal flows is the compressibility of the
poloidal flow produced by v~E . If the compression is fully compensated by a parallel return flow, it gives a zero-frequency
zonal flow, while it does a GAM oscillation if the compression mostly induces a temporal oscillation of density and only
a small part is compensated by ion sound wave flow.2 The
electrostatic GAM is a perturbation for which the m ¼ n ¼ 0
electrostatic potential is linearly coupled (by toroidal effects)
to the m ¼ 1/n ¼ 0 sideband density perturbation. Here, m and
n are the poloidal and toroidal mode numbers, respectively.
The m ¼ 1 asymmetry of the density perturbation mediates
~
~ for n~ ¼ n0 kq e/sinh=T
the GAM perturbation of /,
e , where k
i
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