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Self-organised turbulent processes are common in many non-equilibrium physical and biological systems and
lead to pattern formation. Well-known examples in magnetic fusion include zonal flows or magnetic islands.
Other processes can occur, often less emphasised, such as turbulence self-advection (spreading), front propa-
gation or blob emission and many other structures, such as staircases, can also arise and affect transport. In
regimes of “marginal stability”, such nonlinear structures play a prominent role and slow, large-scale patterns
resulting from the long-term evolution of turbulence profoundly affect transport processes. Such regimes
are likely to be highly relevant regimes for future machines, where a tenfold decrease in power density is
expected, and require a flux-driven description. Precise comparisons with state-of-the-art gradient-driven or
quasilinear approaches yield significantly different transport levels, mean gradients and flow patterns, both
in the core [1] and at the plasma edge [2].

We propose to review what flux-driven models and near marginal regimes entail and why they are particularly
relevant for future machines. We have shown that proximity to marginal stability leads to significant discrep-
ancies with local or quasilinear approaches. We extend this investigation of near marginal regime through a
comprehensive series of flux-driven gyrokinetic calculations with a kinetic electron response, using the GY-
SELA code, scanning distance to marginality. We discuss the physical processes specific to marginal regimes,
the implications for fundamental theory and practical modelling of future machines, and current avenues for
addressing these important issues.
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