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1. Introduction

Application of resonant magnetic perturbation (RMP) fields is considered at ITER for
the control of Edge-Localized Modes (ELMs) [1]. During RMP ELM suppression at
DIII-D heat and particle fluxes are rearranged into a three-dimensional (3D) pattern
[2]. Recently a direct link between the formation of this 3D plasma boundary and the
internal plasma response to the external RMP field has been shown [3]. This
highlights the importance for understanding the coupling between plasma response
and plasma transport in the very edge and down to the divertor target surfaces. In this
contribution, the consequences of three different plasma response models on the 3D
boundary formation and on the divertor heat flux at ITER are briefly discussed. The
3D fluid plasma and kinetic neutral transport code EMC3-Eirene [4] is used for edge
transport modeling. The plasma response modeling is conducted with the M3D-Cl1
code [5] using first a single fluid, non-linear MHD model and second a two fluid,
linear MHD model. This approach is referenced to an ideal MHD like screening
model [6] based on resonant field damping factors obtained from the cylindrical, non-

linear two-fluid MHD model RMHD [7].

2. Magnetic topology with single fluid, non-linear MHD

In this section, the magnetic topology for the M3D-C1 plasma response solutions
considered is presented. We focus on the non-linear, single fluid M3D-C1. The
magnetic equilibrium of a standard ITER H-mode discharge at plasma current of
15MA, magnetic field of 5.3T and a pedestal electron temperature constrain of
4.4keV is used. The magnetic perturbation field applied is a toroidal mode number

n=3 harmonic field at 45kAt current in the ELM control coils and a toroidal phase
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alignment optimized for maximum island overlap [8]. A linear, two-fluid solution
from M3D-C1 is considered in the EMC3-Eirene modeling discussed in section 3.
Here we present in figure 1, the connection length map around the perturbed X-point
structure (upper plots) with vacuum fields on the left and magnetic fields from M3D-

Cl1 linear, two fluid MHD on the right.

Vacuum field as used in M3D-C1
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Figure 1: Magnetic topology for the linear, two fluid M3D-C1 solution - magnetic
connection length at the X-point (upper plots) and magnetic footprint at the inner strike point
(lower plots).

Formation of an island chain with fragmented flux surfaces of field lines with long
connection length is seen for both magnetic fields. Helical fingers are formed in the
vacuum field case, which reach out to the wall but touch the wall only very close to
the unperturbed strike line location at this toroidal position. The additional magnetic
field in the linear response case originates from current sheets of screening response
and they yield an additional perturbation of the separatrix structure. The invariant
manifolds get broadened and shows a more complex and anisotropic structure. The
original lobe structure is maintained but now surrounded by a mesh of thin and highly
perturbed fingers. In particular the second lobe at the inner strike point now touches
the material surface in a broadened lobe structure. This feature is also seen in the
magnetic footprint on the target surface (lower plots). For the linear response case, in
general a broadening of the helical lobes and in particular a strong additional
excursion of the outermost lobe is seen. The effect of the plasma response on the

outer divertor structure is small. In general the implementation of plasma response
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from M3D-C1 does not reduce the level of stochasticity and has a small impact only
on the width and helical extension of the striated footprint pattern. This result is in
strong contrast to the results obtained earlier [9] using a plasma response model based
on cylindrical extended MHD modeling [6]. With this model, including the plasma
response resulted in a strongly reduced island size and a strong compression of the

helical lobes towards the unperturbed separatrix structure.

3. Impact of plasma response on divertor heat flux

The heat divertor fluxes are analyzed including both plasma response models applied.
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occur. This results in a displacement of the heat flux maxima away from the
unperturbed strike line location. This is again in strong contrast to the results obtained
earlier [9] with an ideal MHD like screening model where the heat flux striation was
strongly reduced and a increased of peak heat fluxes close to the unperturbed strike

line location was obtained.

4. Conclusions

The linear, two-fluid and non-linear, single fluid MHD solutions obtained with M3D-
Cl and used in the EMC3-Eirene modeling generates a perturbed magnetic field
structure, which is globally very comparable to the correspondent vacuum case. Heat
and particle fluxes are similar as far as the peak values are concerned but a spreading
of the divertor fluxes into the 3D helical SOL is consistently seen when the plasma
response is included. This result is in strong contrast to earlier analysis outcome with
an ideal MHD like screening response. Here, a strong screening was used based on
non-linear cylindrical MHD modeling. This screening resulted in cancelation of
almost all resonant plasma components. Here, a strong reduction of the heat flux
width was seen with an enhanced local peaking of heat and particle fluxes at the

unperturbed strike line location.

Identification of key aspects and validation of plasma response and 3D edge transport
modeling against experimental data is an urgent task to identify which plasma
response trends in agreement with experiment. Understanding the plasma response
with direct (magnetic) measurements rather then through the interface of complicated

3D edge transport and plasma wall interaction is a key task in this regard.
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