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Background: Small three-dimensional (3-D) magnetic fields that are resonant at
q = m/n rational surfaces have three different types of effects on tokamak plasmas. Error
fields can penetrate when they reduce the plasma toroidal rotation to a level where flow
screening at the rational surface is no longer operative. In low enough density ohmic
plasmas this causes bifurcation into a magnetic island state that grows slowly on the
magnetic field’s resistive diffusion time scale, can lock to the resistive wall, and may lead
to a plasma disruption [1]. Metastable neoclassical tearing modes (NTMs) usually [2]
require nonlinear resonant 3-D excitations above a threshold amplitude beyond which
NTM islands grow on the resistive time scale and can also lead to plasma disruptions.
In contrast, when resonant magnetic perturbations (RMPs) penetrate the edge, plasma
transport increases there on a slow, resistive-type time scale, apparently without forming
large-scale (observable) magnetic islands [3]. The different processes and criteria for 3-D
resonant magnetic field penetration, resistive reconnection, island initiation and growth,
and the plasma transport they induce for error fields, NTMs and RMPs are as follows.

Penetration: Externally applied 3-D magnetic perturbations produce a nonzero re-
sponse abruptly (∼ ms) in a few mm resistive singular layer of width δη at a rational
surface when the toroidal torque induced by the 3-D field there exceeds the torque caused
by the intrinsic toroidal rotation in the plasma. This applies to error fields and RMPs.

Reconnection: During penetration, the resonant m/n 3-D field reconnects the mag-
netic field lines in the thin resistive layer around the rational surface. This helical magnetic
field then diffuses radially slowly at a rate determined by the plasma electrical resistivity.

Islands, Transport: Reconnection at q = m/n produces a magnetic island whose
width is the resistive layer width δη. If δη exceeds the ion gyroradius %i or banana width (so
the polarization current does not prevent island initiation), or a perpendicular-transport-
determined width, the island can grow, expanding radially on the slow resistive diffusion
time scale. For NTM islands a seed island of sufficient width is needed. For RMPs δη < %i
and while the thin island does not grow, the RMP-induced helically resonant magnetic
perturbation diffuses radially on the resistive time scale and induces flutter transport [4].

Experimental results from DIII-D: The physics-based criteria for these processes
will be discussed, quantified and contrasted for error fields, NTMs and RMPs in DIII-D.
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