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3D nonlinear modeling of Resonant Magnetic
Perturbation on EAST
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The 3D nonlinear equilibrium and its associated magnetic topology are investigated on EAST for the first time
for future understanding on the mechanism of how the Resonant Magnetic Perturbation (RMP) mitigates or
suppresses the Edge-Localized Mode (ELM). Recently, a nonlinear transition from mitigation to suppression
of the ELM by using RMP on EAST is observed 1. To understand the RMPmechanism in different ELM phases,
the nonlinear 3D resistive equilibrium is studied by HINT code 2, and impacts of the plasma rotation on the
magnetic topology are investigated. To suppress or mitigate ELM strongly, the deep penetration of RMP field
or the relevant edge topological change resulting from nonlinear plasma response is supposed to be the key
factor.
The ELMs control in the H-mode operation is a key issue in the future tokamak fusion reactor research like
ITER, and one of the most effective proposals of type-I ELM control is RMP 3. To investigate the RMP mech-
anism, the plasma parameter profile in the pedestal region and the edge magnetic topological change are
the key points. The HINT code, directly solving the dynamic equations of the magnetic field and pressure
based on the relaxation method, has the unique advantages of 3D MHD equilibrium with magnetic islands
and stochastic edge field induced by RMP, which is maintained by NIFS group. Here we apply the HINT code
to study 3D equilibrium with RMP on EAST and develop the plasma flow effect part to study the nonlinear
interaction between RMP and plasma rotation effect on magnetic topology.
The nonlinear transition between ELM mitigation and suppression by scanning of the phase difference be-
tween upper and lower RMP coils δΦUL with n = 1 RMP on EAST is obtained 1. In the EAST shot #55272,
the ELM frequency behaves in a significantly different way at different phase. For ELM suppression or strong
mitigation phase, the RMP field could penetrate deeply. While for the weak mitigation phase, the RMP field is
shielded by plasma response. The 3D equilibrium is calculated for EAST shot #55272 in different ELM phase.
Figure 1 (a) shows the pressure profile calculated by HINT for without RMP (t = 3.9 s), strong ELM mitigation
phase (t = 4.2 s) and suppression phase (t = 4.5 s) when the RMP penetrates. The pressure profiles in the plasma
core region for the different phases are almost identical while the profiles in the pedestal region are signifi-
cantly different with RMP penetration, as figure 1 (b) shows. Or equivalently, as shown in figure 1 (c), the
pressure gradient decreases in the pedestal region with significant 3D edge magnetic field topology change
when the RMP penetrates. It can be inferred that the bootstrap current density will decrease with the pressure
gradient degradation, resulting in ELM suppression or strong mitigation concerning peeling-ballooning mode.
Here, the evidence of plasma pressure gradient degradation with RMP penetration is presented on EAST for
the first time from the point of view of 3D nonlinear equilibrium.

Figure 1: HINT calculation results of (a) pressure profile for EAST shot #55272 in different ELM phase, t
= 3.9 s: no RMP; t = 4.2 s: strong mitigation phase; t = 4.5 s: suppression phase (similarly hereinafter), (b)
pressure profile for pedestal region and (c) pressure gradient for pedestal region. Here the dots represent
the sample points and the lines are made by polynomial curves fitting. the < p > is average value for
the finite field line starts from the sample points.

The RMP penetration is a nonlinear process essentially. The nonlinear interaction between the RMP and
plasma rotation is also the key point for the final 3D equilibrium. The RMP field could be shielded by plasma



response, resulting in a weak ELM mitigation case. Based on the HINT model, the plasma response effect is
simulated by introducing plasma flow in the evolution of magnetic field calculation. Since HINT employs a
resistive model, the initial surface plasma flow cutting the RMP field can generate the electric field when RMP
superposed, leading to the screening current by Ohm’s law to shield the RMP field. In the meanwhile, the flow
velocity is also changed by the momentum equation to keep its self-consistency. Or the nonlinear interaction
between the RMP field and plasma rotation is treated as a nonlinear process of equilibrium with plasma flow
in the modeling. As HINT is based on the single-fluid model, here we technically divide the plasma flow into
two parts, the parallel flow and perpendicular flow concerning the initial 2D magnetic field line given by EFIT.
Recently the module of parallel flow part is developed. Figure 2 shows the magnetic topology in the weak
ELM mitigation phase for EAST shot #55272 calculated by HINT with or without parallel flow. The 3/1 mag-
netic island width becomes small when the parallel flow is taken into account. Since the main component of
RMP field is the radial component B⃗r , the parallel flow can generate the electric potential by v⃗∥0 × B⃗r term
and change the current density profile according to Ohm’s law in the nonlinear equilibrium calculation. The
additional current component induced by the initial parallel flow could give rise to magnetic island healing
topology, resulting in the reduction of the RMP field penetration depth. To model the plasma response more
precisely, the perpendicular flow is important and will be included in the future work. Here, the plasma re-
sponse effect with RMP is modeled by introducing the plasma flow in the 3D nonlinear equilibrium calculation
and the magnetic island healing is presented with the parallel flow, which could give the interpretation of the
RMP mechanism in weak ELM mitigation case.

Figure 2: Magnetic topology for EAST shot #55272 in weak ELM mitigation phase (t = 4.8 s). Left: w/o
plasma flow; right: with parallel flow. The initial normalized flow velocity in the core is set as 105m/s
and the velocity profile is set as linear profile of toroidal flux.
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