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MEASUREMENTS OF MICROTURBULENCE PROFILES WITH SPATIAL AND TEMPORAL RESOLUTION USING TWO-DIMENSIONAL PHASE CONTRAST IMAGING ON LHD
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The idea of the method lies in two-dimensional structure of electrostatic turbulence where transverse correlation lengths are much shorter than longitudinal ones. Such turbulence can be though of as random set of long filaments orientated along the magnetic field. Due to magnetic shear, the degree of field-line twist is different at different locations along the viewing line within plasma. With probe beam crossing the plasma near the center the Phase Contrast Image (PCI) of density fluctuations appears uniformly line-integrated and constitutes a pile of differently oriented one-dimensional local pictures. Analysis of elementary pictures from the line-of-sight integrated image can be performed using 2-D-spatial Fourier transform or high resolution spectral estimation techniques. This approach in combination with 2-D multichannel detector array yields radial distribution of plasma density fluctuations with high temporal resolution determined by sampling rate and detector bandwidth. In addition, profiles of poloidal phase velocities of fluctuation in the laboratory frame are deduced. This technique is effective for Large Helical Device (LHD) due to large value of magnetic shear here. The magnetic field line direction projected perpendicular to the line of sight varies from -40 to 50 degrees as the probe beam travels from the plasma bottom to the plasma top within the last closed flux surface Spatial resolution of the method increases with wavenumber of fluctuations that makes it especially advantageous for probing of high-k (up to k~50cm-1) turbulence in the plasma core. The obtained experimentally spatial structures of turbulence in LHD plasma illustrate using of this technique.
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