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Two Dimensional Theory of Correlation Reflectometry Scattering Diagnostics
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Fluctuation reflectometry is widely used technique providing information on the plasma low frequency turbulence [1]. It is often applied for monitoring the density fluctuations behaviour in tokamak discharge, in particular for indication of the transition to improved confinement regimes. The interpretation of experimental data in this technique is based on two essential suppositions. According to the first of one the reflectometer scattering is produced by long scale density fluctuations, which dominate in the tokamak drift wave turbulence. According to the second one, which is a natural consequence of the first in 1D linear theory [2,3], the reflectometer scattering is localised in the vicinity of cut off of the probing wave. Based on this model a more sophisticated correlative technique for estimation of the turbulence radial coherence length was proposed, using simultaneously different frequencies for probing [4].

In the present paper the O-mode reflectometer scattering correlative technique is analysed theoretically in the framework of the linear 2D model [5]. The slab geometry is used for density profile, which is supposed to be linearly dependent on the radial coordinate; where as the 2D isotropic model is taken for the turbulence. For the sake of simplicity the antenna pattern is supposed to be gaussian, where as different turbulence spectra are considered. The problem is treated both analytically and numerically. The explicit asymptotic expression for cross-correlation function of two reflectometry scattering signals at different probing frequencies is obtained in good agreement with results of numerical analyses.

It is shown that in contradiction to the 1D model expectations not only the cut off, but all the propagation region contributes substantially to the reflectometry scattering signal, which is determined by small angle scattering off the density fluctuations, possessing small radial wave number. In the case these fluctuations are not suppressed in the spectrum, the reflectometry scattering is poorly localised and consequently a very slow decay with growing frequency difference is demonstrated for the cross-correlation function. This effect is more pronounced in large devices, where the saturation of the scattering efficiency grows for long radial scales is less important. On contrary in modest size plasmas a quicker decay of coherence is predicted for two signals, which makes possible estimation of the turbulence correlation length via the cross-correlation measurements. The financial support of RFBR grant 01-02-17926 and grant of Russian Ministry of Science are acknowledged.
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