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Spherical tokamaks that provide plasma configuration with high density and low magnetic field are paid much attention nowadays. One of the crucial problems in the spherical tokamak is providing an auxiliary microwave electron heating and current drive as usual electromagnetic waves can not propagate in high density plasma. Electron Bernstein waves (EBW) having no density cut-offs and being effectively damped even at high electron cyclotron harmonics are considered as the most promising candidate overcoming this difficulty. A possible way to excite EBWs is the O–X–B mode conversion process proposed in [1]. The efficiency of this scheme depends critically on the conversion of the O-wave launched from the low magnetic field side to an X-wave near the O-wave cut-off layer. Due to the large poloidal inhomogeneity and high poloidal magnetic field an accurate account of 2D plasma inhomogeneity and of the realistic magnetic field geometry is required for the correct estimation of the conversion efficiency. The analytical results obtained recently [2,3,4] are sometimes contradictory, need confirmation and have a limited validity domain.

In this work we present the results of the 2D full-wave simulation of O–X conversion process based on the numerical solution of plasma wave equation in 2D inhomogeneous tokamak plasma with an arbitrary shape of the poloidal cross-section [5], and compare them with recently developed analytical approach [6] assuming finite poloidal magnetic field. The behavior of a wave beam launched from the plasma periphery was studied. The dependence of the conversion efficiency T on the poloidal antenna position, on toroidal and poloidal launching angles and on the beam radius was investigated. Estimations of the conversion efficiency predicted by theory and by numerical simulation appeared to be very close. Moreover, analytically reconstructed wave fields fitted fairly well to the field pattern computed by the full-wave code. The numerical treatment of the O–X conversion process was also performed beyond the boundaries of the analytical theory validity domain. We also demonstrated the importance of 2D effects, in particular, that the conversion efficiency depends on the antenna positions in respect to the equatorial plane.

The result of modeling carried out in [7] that the O-mode launched perpendicular to the magnetic field is absorbed near the UHR was not confirmed in the present work.
Both numerical modeling and analytical theory demonstrate the possibility to optimize EBWs excitation using O–X–B transformation scheme and to provide an effective microwave heating in spherical tokamaks.
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