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 Turbulent heat fluxes from local gyrokinetic calculations of an early STEP-FTOP . « How does the turbulence change as we cross the threshold?
«  B[= nT/(B?/2uy)] scan on reference mid-radius surface with g o« B (i.e., consistent with scaling the pressure profile). « Transition from a state of strong zonal flows to a state dominated by streamers. Non-zonal transition
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* No (equilibrium) flow shear. Reasonable given no external momentum sources in STEP (electron heated). - de da?
 Representative of a more general trend. Nothing here is specific to STEP or spherical tokamaks . * Physics of the non-zonal transition
CONJECTURE that the saturation, or otherwise, of electromagnetic gyrokinetic turbulence is determined by the ability of the system (or lack thereof) _ N _
to form sufficiently strong zonal perturbations to shear apart any streamer structures that attempt to be established by the linear instabilities present. *  Turbulent zonal flow viscosities calculated using STELLA
« Starting from the standard gyrokinetic ordering we can derive an equation for the evolution of the zonal flow energy at long-wavelength * Non-zonal transition accompanied by change in sign of total viscosity
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- We want to turn an expensive diagnostic into a predictive tool. Can we predict the threshold where the transition 0.055 | X ---- |BM threshold
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« At low-beta the large Alfvén speed rapidly smooths magnetic perturbations, so magnetic-flutter stress is negligible, 0.035- 1-(1)2 & v
and saturation is set by electrostatic physics. : %0.
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. As beta is increased, the Alfvén speed decreases until the Alfvén frequency matches the MHD interchange growth | X0.23 ><1.(253 N |
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- Possible to recover the same result from QL scaling of R. Reasonably good approximation 3 p— g, safety factor elated to current continuity an ven waves
« Predictive recipe for the transition! X Simulation does not saturate at Qgor < 100 MWm™> V-J, R\?
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« Compute the ratio of viscosities in a low-f, simulation and rescale.
« Second transition (return to modest fluxes) is linear and connected to second stability and ideal « How close have modern-day experiments been to the threshold for the non- 0.15 l
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« Transport strongly initial-condition sensitive. . 0.157 i « MAST-U operates close to the ideal ballooning limit (above
o 0.107 i EM threshold) when flow shear is large.
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external drive to sustain shear and prevent « MHD activity complicates analysis and interpretation.
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