Physics of the H-mode pedestal and its possible role in setting the power flux channel
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Many sets of calculations have shown that the fusion power performance in ITER will depend strongly on the pedestal pressure, temperature, and density. The highest pedestal pressure scenarios in present-day devices, however, typically result in Type I ELMs, which would result to unacceptable repetitive heat loads and PFC damage in ITER, if unmitigated. The physics that sets the pedestal structure (heights, widths, and gradients) was the focus of a coordinated national experimental and theory effort [1] in the Alcator C-Mod, DIII-D, and NSTX devices, which included assessments of neoclassical transport, paleoclassical transport, electron temperature gradient modes, peeling-balooning stability, neoclassical bootstrap current, kinetic ballooning modes, the EPED model of the relation between pedestal height and width, and the role of neutral fueling. The comprehensive effort on the pedestal structure followed a similar coordinated effort on understanding the dependences of the heat flux footprints in the same three devices in attached plasmas operating in the high recycling or sheath limited heat transport regimes.

A common feature that emerged from the studies is the importance of the plasma current, Ip, in the pedestal structure and the SOL heat flux footprint. Generally speaking the peak pressure gradient at the symmetry point and the gradient near the foot of the pedestal both increase with Ip, i.e. the gradient scale length decreases. Similarly the target heat flux profile width in the vicinity of the separatrix contracts approximately inversely with Ip. 

In this talk, the results of the pedestal structure study will be discussed, along with results of the SOL heat flux footprint study. Particular emphasis will be placed on the analysis of profiles near the separatrix, both on closed field lines near the bottom of the steep gradient region and on the open field lines at the outer midplane, and the possible physics connecting this region will be highlighted.
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