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2D non-linear theory of radial correlation reflectometry
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Correlation reflectometry utilizing simultaneous plasma probing by two microwaves at slightly different frequencies is often used for plasma turbulence analysis [1]. The data interpretation in this technique is that the signal scattered off long wave-length fluctuations dominating in the turbulence spectra comes from the cut-off layer. Therefore, the turbulence correlation length is determined there from the shift between two cut-offs at which the coherence of two reflectometry signals at different frequencies vanishes. However the rigorous theoretical analysis carried out in [2] and [3] in the frame of linear 2D and non-linear 1D model, respectively, had shown the volume small angle scattering to play an important and in some cases dominant role in formation of fluctuation reflectometry signal. In the case of low level density perturbations when the linear approach is valid it cause the slow decrease of coherence leading to degradation of wave number resolution. Only if the long radial scales are suppressed in the spectrum the wave number resolution appears to be possible. In non-linear regime the reflected signal spectrum broadening is also not localized to the cut-off and determined by the wide region of plasma in which the turbulence is situated. In spite of this, the coherence decay in radial correlation reflectometry deep in non-linear regime is only sensitive to the turbulence level in the cut-off [3]. 

A 2D model under development in the present paper is based on the same approach as 1D analysis [3]. It treats small angle multi-scattering as the main non-linear effect and describes it using WKB approximation for the probing wave propagation. As a result the expression for the cross-correlation function for reflected signals at two probing frequencies is obtained which confirms the above conclusions of 1D theory [3]. The main difference of the 2D theory predictions is the better localization of the experimental data by the cut-off position. Different experimental schemes of poloidal correlation reflectometry are under consideration as well. The expression for the average electric field in the regime when the secondary diffraction is important is also given.
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