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One of the workhorses in the computation of profile evolution and transport phenomena have

been quasilinear mixing-length models, which forgo evaluating turbulent interactions explicitly

by deploying efficient saturation rules. While this approach boosts computation speeds by orders

of magnitude and yields good quantitative predictions in many scenarios, there are important

situations where quasilinear results fail to reproduce direct nonlinear simulations. A prime ex-

ample is the so-called Dimits regime, where profiles are sufficiently steep for linear instability,

but gradients lie below a higher nonlinear threshold; thus, fluxes tend to be drastically overpre-

dicted by quasilinear models. This regime is of particular importance to magnetic confinement

fusion, as proximity to the critical gradient is a common feature throughout a significant por-

tion of the plasma volume—thus, predictive reduced models capturing transport scalings in this

regime are essential in correctly predicting device performance and in the design of reactors.

Here, the physical mechanisms underlying the Dimits regime are discussed, and an improved

quasilinear model is presented that accounts for these properties; as a result, it is possible to

recover the flux scalings below the nonlinear critical gradient [1].

Two processes are identified that can rather suddenly reduce fluctuation amplitudes and fluxes

in zonal-flow-mediated turbulence as the driving gradient is lowered. First, as is the case for Cy-

clone Base Case parameters with kinetic electrons, the sideband mode at finite radial wavenum-

ber kx can become linearly stable, in which case energy send to it from the unstable streamer

(kx = 0) mode via the zonal flow will be returned to the background gradient immediately rather

than remaining available for turbulent redistribution. Second, a nonlinear resonance, as captured

by the correlation times of triplet interactions, can strongly enhance saturation efficiency and

reduce fluxes; this is the case for a density-gradient-driven trapped-electron turbulence scenario

discussed here.

Furthermore, it will be discussed how this improved model can be implemented in popular

quasilinear transport codes.
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