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Enhanced Doppler effect in the microwave upper hybrid resonance backscattering and new possibilities for toroidal plasma rotation diagnostics.
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The Doppler frequency shift of Back Scattering (BS) signal at oblique microwave plasma probing is often used for diagnosing of poloidal plasma velocity in magnetic fusion devices. The typical value of frequency shift of BS microwave in this scheme is usually substantially smaller than its broadening, which complicates interpretation; reduce the accuracy and temporal resolution of measurements. 

In this paper the first observations of giant Doppler frequency shift effect of the microwave BS in the Upper Hybrid Resonance (UHR) are reported. The experiment is performed at the FT-2 tokamak, where a new stirrable focusing antenna set, allowing off equatorial plane plasma probing from high magnetic field side was installed.  The vertical displacement of antennae is ±2 cm, whereas the diameter of the wave beam at the UHR is 1.5 cm. The probing is performed in the 60 GHz frequency range at power level of 20 mW. The UHR position is scaned by frequency variation. The BS signal is analysed with quadrature and cross correlation schemes.

A separate line shifted by up to 2 MHz is routinly observed in the BS spectrum under condition of accessible UHR. The frequency shift is proportional to the antennae vertical displacement and dependent on the UHR position, changing sign in the vicinity of LCFS. The line half-width is smaller than the frequency shift. The enhances Doppler shift effect is explained by big poloidal projection of the large probing wave vector perpendicular the UHR surface, which does not coincide with magnetic surface in toroidal device. The enhanced Doppler effect is used for accurate and highly resolved measurements of plasma poloidal rotation in FT-2 tokamak in ohmic regime and at the LH heating. 
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