Access and confinement characteristics of the Enhanced Pedestal H-mode in NSTX
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A new high performance regime, the “Enhanced Pedestal” or EP H-mode [1,2], has been identified in NSTX experiments that has several attractive characteristics.  The pedestal temperature doubles  and  the  normalized energy confinement increases by 50% with H98y2 < 1.7 (when combined with confinement enhancement from lithium wall coatings [3]).  The  EP  H-mode  phase itself is ELM-free  in  that  any  subsequent  ELMs  return  the discharge  to  normal  H-mode, but at the same time the particle transport does not appear to be reduced to same extent as thermal transport, so that impurity accumulation is less than in conventional ELM-free H-modes.  This bears resemblance to VH-Mode [4], QH-mode [5], and I-mode [6], each of which show differentiation between the particle and thermal transport channels, and makes the EP H-mode a possible scenario for high confinement, ELM-free plasma operation, without the particle control problems of the standard ELM-free H-mode.
The transition to EP H-mode is triggered by a large ELM, either naturally occurring or externally triggered by applied 3-D fields, following which a  localized  rotation  drag  is observed at  the edge, usually near the q=3 surface, but sometimes just at the separatrix.  While short EP H-mode phases  were  previously  reported [1],  an  EP  H-mode  with  duration  up  to  three  energy  confinement times, τE, was recently observed [2], although they commonly last for less than one τE. The key to routine achievement was running at high (for NSTX) plasma current Ip=1.3 MA, low safety factor q95=6 discharges with high lithium evaporation between discharges to reduce the occurrence of natural ELMs.  Our  working  hypothesis  is that  the  magnetic  perturbation  due  to  ELMs  opens  up  a  3/1  seed  island  that  creates  the  drag, which results in a local increase in the ExB shear rate; the barrier grows inward in time and can grow  to  twice  as  wide  as  the  normal  H-mode  barrier.  Low  q95  operation  is  thought  to  be important  because  the  q=3  surface  moves  to  near  the  top  of  the  steep  gradient  region  of  the  H-mode  pedestal.  Measurements from an array of Mirnov coils show that electromagnetic turbulence clearly increases during EP  H-modes.  Progress on the characterization of transport and turbulence during the EP H-mode phase, along with conditions for access to this regime, will be presented.  *Supported in part by U.S. DOE Contracts #DE-AC05-00OR22725, DE-AC02-09CH11466, DE-FC02-04ER54698, DE-FG03-99ER54518, DE-FG02-99ER54524 and DE-FG02-89ER53296.
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