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INVESTIGATION OF ETG mode COMPONENT OF TOKAMAK PLASMA TURBULENCE BY CORRELATIVE UHR BACKSCATTERING DIAGNOSTICS
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Electrostatic fine scale electron temperature gradient (ETG) mode turbulence is discussed nowadays as a possible candidate for explanation of the anomalous electron energy transport in tokamak plasmas. According to theoretical and computational analysis of [1], performed using gyrokinetic approach in flux tube geometry, this turbulence, possessing shortest wave length in the electron gyroradius range, can nevertheless cause a substantial heat flux due to formation of streamers at the nonlinear stage of its evolution. On contrary, the global fluid simulations [2] have shown much smaller heat flux, which was explained by the instability saturation at a lower level due to toroidal mode coupling. These contradictory theory predictions have not been checked yet experimentally, due to diagnosing complications caused by extremely small scale of ETG modes.

In the present paper the correlative upper hybrid resonance microwave backscattering (UHR BS) technique sensitive to fine scale density fluctuations [3, 4] is employed at the FT-2 tokamak (R = 55 cm, a =8 cm) for searching of ETG mode turbulence. Correlative measurements are carried out in ohmic discharge at several values of plasma current and density when the threshold condition for the ETG mode instability is fulfilled. The vertically movable focusing antenna set is used in experiments allowing probing both in and out off equatorial plane. In the second case the diagnostics benefited of the Enhanced Doppler effect [5], associated with the growth of the probing wave number projection onto the magnetic surface in the UHR. The frequency and radial wave number spectra of small-scale turbulence are determined from the correlation data with high spatial resolution.

It is shown that at the plasma edge at 8 cm > r > 6 cm the turbulence spectrum is strongly suppressed at high wave numbers and frequencies, so that only edge drift-mode fluctuations possessing radial wave number in the interval 25 – 100 cm-1 and frequency less than 1 MHz contribute to the UHR BS signal. The radial wave number spectrum scales as k-1.8 for 25 < k < 50 cm-1 and as k-5.2 for 50 < k < 100 cm-1. On contrary, in the inner plasma region the frequency and wave number spectra consist of two components. The first is similar to that observed at the edge, whereas the second possesses frequency higher than 2 MHz and wave number up to 250 cm-1. It is shown that the poloidal phase velocity for the second spectral component is approximately twice as large as for the first. This component of turbulence is attributed to the ETG mode. Its level in the central region is shown to be comparable to that for the ITG mode turbulence, however much smaller than the later at the edge.

The correlation of the small-scale turbulence and thermo conductivity behavior in dynamic current ramp up experiment and experiment with lower hybrid heating is shown.
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