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Microwave scattering diagnostics are described that allow direct measurements of the
turbulent processes in a high-temperature plasma of magnetic confinement systems. Plasma
density fluctuations in the heating region of the L-2M stellarator were measured from
microwave scattering at the fundamental and the second harmonics of the heating gyrotron
radiation [1,2]. In the TJ-II stellarator, a separate 2-mm microwave source was used to
produce a probing beam; the measurements were performed at the middle of the plasma
radius [3]. Plasma density fluctuations in the axial (heating) region of the LHD stellarator
were measured from microwave scattering at the fundamental harmonic of the heating
gyrotron radiation  [3]. Characteristic features of fluctuations, common for all three devices,
are revealed with the methods of statistical and spectral analysis. These features are the wide
frequency Fourier and wavelet spectra, autocorrelation functions with slowly decreasing tails,
and non-Gaussian probability distributions of the magnitudes and the increments of the
magnitude of fluctuations. The drift-dissipative instability and the instability driven by
trapped electrons are examined as possible sources of turbulence in a high-temperature
plasma.

Observations showed the high level of coherence between turbulent fluctuations in the
central region and at the edge of the plasma in L-2M. It is shown in L-2M that the relative
intensity of the second harmonic of gyrotron radiation on the axis of a microwave beam after
quasi-optical filtering in a four-mirror quasi-optical transmission line is about -50 dB of the
total radiation intensity. Spatiotemporal structures in plasma density fluctuations were
observed in the central region of the plasma column. The correlation time between the
structures was found to be on the order of 1 ms. It is shown that, the spectrum of the signal
from the second-harmonic scattering extends to higher frequencies in comparison with that
from the fundamental-harmonic scattering.

New results were obtained with the use of a small-angle scattering of the heating
gyrotron radiation in LHD.

In TJ-II, plasma density fluctuations were studied in experiments with the neutral
beam injection. The experiments showed the presence of distinct quasi-harmonics in the first
stage of the heating pulse. Simultaneously with these fluctuations, quasi-harmonics with the
same frequencies were detected in the fluctuation signals of magnetic probes. Long time
samples of density fluctuations (more than a million points at a sampling rate of 5 MHz) have
for the first time measured.
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