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EFFECT OF PLASMA ROTATION ON LOW-FREQUENCY MODES IN AXISYMMETRIC TOKAMAKS 
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A review of recent analytical and numerical studies of  plasma rotation effect on low-frequency modes (in the first place – on  geodesic acoustic modes (GAMs) and zonal flows) in axisymmetric tokamaks is presented. The problem is treated in the frame of  ideal magnetohydrodynamics (MHD).
In the case of purely toroidal plasma rotation the equilibrium state is degenerate in the sense that the dependencies of plasma pressure and mass density on poloidal angle are not defined by MHD equations. It is shown that, besides the ordinary GAM modified by plasma rotation, another, lower-frequency mode induced by rotation does exist. It is found that this mode is due to plasma stratification on the magnetic surfaces in the field of centrifugal forces and that, depending on the type of equilibrium, this mode can be either stable (for example, in the case of equilibrium with isothermal magnetic surfaces) or aperiodically unstable (in particular, in the case of equilibrium with isochoric magnetic surfaces).

A theory is generalized to the case of arbitrary plasma rotation – a superposition of toroidal and poloidal rotations. The case of large-aspect-ratio tokamaks is considered.  A detailed analysis of equilibrium poloidal rotation effect on the continuous MHD spectra of axisymmetric electrostatic perturbations with (m,n)=0  is performed (m and n are poloidal and toroidal wave numbers). The existence along with the ordinary GAM of lower-frequency mode is shown. In the case of slow poloidal rotation this mode is identified as the usual sound wave, and it disappears in the case of purely toroidal rotation. The mode becomes unstable when the equilibrium poloidal angular velocity exceeds the sound frequency cs /qR (cs is the sound speed, R and q are tokamak major radius and safety factor).  In the case of non-axisymmetric modes with (m,n)(0 a stabilization of this instability due to toroidal coupling of the mode with the shear Alfven mode is studied on the basis of the set of equations describing the coupling of shear Alfven and slow (sound) modes and defining the continuous MHD spectrum of plasmas in axisymmetric toroidal systems.
Numerous experimental data on the low-frequency activity of plasma indicate that there is not a wide spectrum of modes, but the mode with a well-defined frequency which is also associated with GAM. This implies the existence of an eigenmode, which is due to toroidal coupling of the main harmonic m=0 with shear Alfven perturbations of poloidal harmonics with m=(2. On the assumption (q2(1 ((=8(p/B2), the analytical eigenmode solution for the static equilibrium is given. The problem of global GAM for equilibria with toroidal plasma rotation is investigated analytically and numerically. 
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