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On degradation of the wave-number resolution of Doppler reflectometry
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The Doppler reflectometry technique is considered nowadays by plasma community as a useful and convenient instrument providing information on plasma poloidal rotation. In this method a probing microwave beam is launched into the plasma with a finite tilt angle with respect to the background density gradient and the back-scattering signal is registered by the same (or a nearby) antenna. The information on the plasma and/or turbulence poloidal rotation is obtained in this technique from the frequency shift of the backscattering (BS) spectrum, which is caused by the Doppler effect at the backscattering due to the fluctuation rotation. Recently it was also proposed [1] to use the Doppler reflectometry data obtained at different antenna tilt angle for characterization of the turbulence poloidal wave number spectrum. This proposal is strongly based on the linear theory prediction that the backscattering is localized in the probing wave cut off vicinity and provided by fluctuations possessing poloidal wave-number equal to twice a poloidal wave-number corresponding to probing wave diagram maximum [2]. Just recently it was pointed out in a brief communication that such an interpretation is hardly valid at high turbulence level and/or in large fusion devises where the nonlinear effects, namely multiple small angle scattering, dominate the probing wave propagation. However the detailed analytical treatment of the multiple small angle scattering contribution to the Doppler reflectometry signal, which was performed in [3], have shown that a substantial Doppler reflectometry signal is provided by the multiple small angle scattering only when the nonlinearity threshold is strongly exceeded so that the multiple small angle scattering can invert the probing wave poloidal number. At smaller turbulence level the multiple small angle scattering lead rather to the antenna diagram broadening and the diagnostic wave number resolution and locality degradation.  

In the present paper these effects are studied analytically in detail in realistic cylinder plasma geometry. We suppose that as in the case of linear theory the backscattering is provided by small scale fluctuations belonging to the tail of the turbulence poloidal wave number spectrum. As to the role of forward multi-scattering, provided by long scale fluctuations dominating in the turbulence spectrum, we assume that it is limited to modification of the probing wave front when propagating from the antenna to the cut-off. The former process is localized in the cut-off vicinity, where the turbulence level is usually low, whereas the later effect should be especially strong at the tokamak plasma edge where the level of turbulence is usually high. Different spatial localization of the two processes and, moreover, different scale of fluctuations responsible for them provides us with arguments for their statistically independent treatment. As a result of the above argumentation we describe the back-scattering using Born approximation but accounting for the probing wave front distortions due to the forward multi-scattering along the probing wave trajectory. The later effect is described by taking into account random WKB phase of the probing wave accumulated along the wave trajectory. (The WKB approximation is valid under assumption of turbulence radial correlation length longer than the probing wave length.)
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