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Turbulence in magnetically confined plasmas domi-
nates the plasma profiles and performance. Turbulence
simulations, including gyro-kinetics and fluids, have
universally shown the ballistic propagation and spatial
localization of the turbulence [1-3]. Understanding these
dynamic phenomena is an inherently important issue for
detailed plasma distribution control. The turbulence in-
tensity is spatially modulated by the zonal flow and takes
a wavelength same as that of the zonal flow. On the other
hand, according to conventional turbulence suppression
theory, turbulence is suppressed by the shear intensity of
the flow, so the turbulence intensity is expected to be half
the wavelength of the zonal flow. This does not explain
the observations from the simulations [4]. Therefore, an
extension of the picture regarding to the interaction of
the turbulence and zonal flows is needed.

According to the wave-kinetic theory, it is theoretical-
ly pointed out that the turbulence trapping mechanism by
zonal flows appears [5-7]. Wave-kinetic theory deals
with the distribution function of turbulence in the phase
space, which consists of real and wavenumber spaces.
Turbulence trapping occurs as a result of non-linear res-
onance between zonal flows and turbulence. When tur-
bulence trapping by zonal flows occurs, turbulence ac-
cumulation and exclusion occurs at specific spatial
phases of the zonal flow, and the spatial phase relation-
ship is maintained for a long time. If the zonal flow is
spatially propagating, the turbulence propagates ballisti-
cally at the phase velocity of the zonal flow with keeping
the phase relationship [8]. If the zonal flows do not
propagate in space, the turbulence is also spatially local-
ized and involves corrugation of the plasma profiles due
to the localization of the turbulence driven fluxes [6].
Thus, the turbulence trapping mechanism by zonal flows
could have a key to understand the spatio-temporal be-
havior of turbulence.

In this study, therefore, turbulence simulations are
used to investigate the presence or absence of turbulence
trapping mechanisms. Turbulence simulations based on
the Hasegawa-Wakatani model are performed in the
two-dimensional space shown below. Periodic bounda-
ries are employed as boundary conditions. Here, simula-
tions are performed with a (adiabatic coefficient) as a
parameter, varying from shot to shot, to investigate the
behavior of zonal and turbulent flows.

Figures 1 shows the time evolutions of the radial dis-
tributions of the turbulence-driven particle flux, turbu-
lence intensity and zonal flow evaluated from the turbu-
lence data obtained in the simulations. Here, all physical
quantities are poloidally averaged. The upper and lower
panels of Fig. 1 correspond to cases with adiabatic coef-
ficients of 1 and 0.1, respectively. From the upper panel
of Fig. 1, the drift wave turbulence begins to grow line-
arly at time t=0 and reaches nonlinear saturation around
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Fig. 1: Time evolutions of radial profiles of
particle flux, turbulence intensity and zonal
flows in the cases of a=1 (upper) and «
=0.1 (bottom).

t~200. In the nonlinear saturated state, zonal flows de-
velop and spatially modulate the turbulence intensity can
be observed. The turbulence intensity is strong in the
region where the zonal flow is positive (negative radial
second-order derivative, so curvature). This phase rela-
tionship is consistent with the relationship predicted by
wave-kinetic theory in [5-7]. On the other hand, for
small adiabatic coefficients, the zonal flow energy itself
is found to be large, but the lifetime of the zonal flow is
short and turbulent trapping doesn’t occur. It is found
that the turbulence characteristics and zonal flows
change as the adiabatic coefficient changes, and the tur-
bulence itself self-selectively transitions between trap-
ping and non-trapping states.
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