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GEODESIC ACOUSTIC MODES AND ZONAL FLOWS IN ROTATING TOKAMAK PLASMAS
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A general equilibrium of plasmas in axisymmetric tokamaks admits both toroidal and poloidal flows. A review of recent studies on the effect of plasma rotation on geodesic acoustic modes (GAMs), zonal flows and the low-frequency Alfven modes in the framework of ideal magnetohydrodynamics (MHD) is presented. The general set of equations describing the coupling of shear Alfven and slow (sound) modes and defining the continuous spectrum of plasmas with the general equilibrium flow in axisymmetric toroidal systems is given [1].  These equations are applied to study the continuous spectra for rotating plasmas in large aspect ratio tokamaks. It is shown that the purely toroidal plasma rotation results in the frequency up-shift of ordinary GAM. In the case of non-isentropic equilibrium magnetic surfaces a new mode induced by rotation  is found [2] – [4].  It is shown that this mode is due to plasma convection effect, and its frequency is lower than the GAM frequency. The mode becomes unstable for certain types of plasma equilibria [4], [5]. A detailed analysis of equilibrium poloidal rotation effect on the continuous MHD spectra is performed for the case of axisymmetric electrostatic perturbations with (m,n)=0 (m and n are poloidal and toroidal wave numbers) [6]. It is shown that along with the rotation-modified ordinary GAM and the zonal flow with ( = 0 another mode with the frequency that is lower than the GAM frequency exists. In the case of slow poloidal rotation this mode can be identified as the sound mode with the frequency that is close to the sound frequency  (s=cs/qR (cs  is the sound speed, q  is the tokamak safety factor, and  R  is the major radius). This mode disappears in the case of purely toroidal plasma rotation. It is shown that the mode becomes unstable when the equilibrium poloidal angular velocity exceeds the sound frequency. In the case of non-axisymmetric modes with  (m, n) ≠ 0 a stabilization of this instability by the shear Alfven coupling effect is studied. The problem of global GAMs existence in the gaps of continuous spectrum is briefly discussed.
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