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Relation between turbulence and electric field has been one of the central

issues related to the transport physics of toroidal plasmas. Recently, zonal flow, axi-

symmetric band-like structure (m=n=0) with a finite radial wavelength, has just come

up the third element responsible for the plasma transport. Theories and simulations have

expected that the zonal flow should be a mechanism to control the saturation level of

turbulence and the resultant transport. In CHS, dual heavy ion beam probes (HIBP)

succeeded to prove the presence of the zonal flow and to show the dynamics and

structure of the zonal flows [1]. The experiment shows a long-distance correlation

between radial electric field (or plasma flow) in low frequency range (< ~1 kHz),

together with radial structure of the zonal flow; characteristic radial length of ~1.5 cm

and life time of ~1.5 ms. Different characteristics of the zonal flow and turbulence was

found in states with and without a transport barrier; the zonal flow activity shrinks with

an increase in turbulence level after the barrier breaks down.

The recent HIBP experiments have just provided further insight into the
system of zonal flow and turbulence. A wavelet analysis [2] is performed on the
fluctuation on the barrier position in the state with the transport barrier. The analysis
reveals a causal relationship between the zonal flow evolution and turbulence level; the
zonal flow is found to increase toward the mean flow direction as turbulence level
decreases in the frequency range of 100-150kHz. The observation shows the presence of
a nonlinear interaction between zonal flow and the turbulence, or a process of the zonal
flow to affect the turbulence level. This paper presents surveys on zonal flow,
particularly the recent experiments to demonstrate a causal relationship between zonal
flow component and turbulence. Besides, other results obtained with a wavelet analysis
are presented on the transport barrier; e.g., density and potential fluctuations, their phase
relationship, and the estimation of turbulence-driven particle flux before and after the
barrier breaks down.
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