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Plasmas with internal transport barrier (ITB) offer compelling features needed for steady

state tokamak operation [1]. Developing a stable ITB plasma for fusion reactors requires a deep

understanding of the physics for ITB formation and its profile control. Simulation study using

a global gyrokinetic model that couples self-consistent neoclassical and turbulent effects shows

that magnetic islands can strongly change E×B shear flow structure and consequently influ-

ence turbulence, plasma transport, and confinement [2]. More specifically, a magnetic island

is found to induce a localized zonal Er well at the inner boundary of the island, along with

non-resonant low-n modes at the same location (with the dominant mode numbers the same as

that of the island). Depending on the island width, the island-induced E×B shear layer along

with the sheared vortex flows due to the low-n modes can effectively facilitate ITB formation

by i) suppressing local turbulence in the inner core region next to the island and ii) preventing

turbulence spreading [3] from outside the shear layer to the inside. The results elucidate a long

standing theoretical hypothesis based on experimental evidences that magnetic islands may trig-

ger ITB formation inside a low-order rational magnetic surface [4]. Practically, a low-n resonant

magnetic perturbation (RMP) may be used as an ITB controller through its penetration to drive

a controllable island at a desirable core location with a rational surface. The magnetic island

perturbation is also found to largely reduce global axisymmetric electron current and generate

a dominating helical current in the island region. The parallel acceleration of electrons by the

non-resonant mode with intrinsically finite k‖ is found to play a major role for the current gen-

eration in the island geometry. Work supported by U.S. DOE Contract DE-AC02-09-CH11466

and SciDAC Tokamak Disruption Simulation Project.
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