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Understanding the triggering and regulation
mechanisms of anomalous transport is a significant issue
for magnetically confined plasmas. Drift waves (DWs)
turbulences [1], driven by plasma pressure gradient
intrinsic to confined plasmas, are considered as
important candidates for inducing anomalous transport.
Numerical simulations have found that zonal flow (ZF)
generated by DWs can significantly reduce turbulence
amplitude and associated transport [2]. There are two
routes toward nonlinear generation of ZF by DW, i.e.,
spontaneous excitation and beat-driven mechanisms. The
first is spontaneous excitation of ZF via modulational
instability [3], which requires the DW intensity to exceed
a threshold and also incorporates scattering of DWs into
a short-wavelength stable domain, leading to
self-regulation and saturation of DW turbulence. The
other is thresholdless ZF beat-driven excitation [4-6],
with the growth rate of ZF being twice the instantaneous
growth rate of the DWs. DW soliton formation due to ZF
generation is identified for both channels for ZF
excitation [7, 8], resulting from balancing kinetic
dispersiveness and nonlinear ZF trapping, which
potentially contribute to nonlocal transport and
confinement degradation.

In this work, a paradigm model of ZF generation by
DWs is investigated using nonlinear gyrokinetic theory,
with both beat-driven and spontaneous excitation of ZF
taken into account on the same footing. It is found that
spontaneously excited ZF exhibits dual role in DW
nonlinear dynamics, i.e., repulsive nonlinearity enables
micro-barriers formation and attractive nonlinearity
enables soliton formation. This is embedded in the
structure of Reynolds stress and the zero-frequency
nature of ZF. While, beat-driven ZF always contributes
to attractive nonlinearity. This fact reveals that, apart
from the amplitude of ZF, the radial mode structure of
ZF is also an important element for nonlinear DW
dynamics. As a result, DW solitons can be confined
within neighboring micro-barriers generated by
spontaneously excited ZF, which can serve as a potential
explanation to the staircase structures observed in
simulations.
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