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Introduction

The external application of resonant magnetic perturbations (RMPs) on tokamak edge plas-
mas allows to control and mitigate edge localized modes (ELMs) [1]. In this study, we employ
the gyrofluid model GEMR to investigate the effects of RMPs on ideal ballooning ELMs. More-
over, we address the RMP induced suppression of repetitive transport bursts in H-mode-like
states including an artificially imposed shear flow layer.

Gyrofluid model GEMR

The GEMR model consists of normalized equations for density (n), parallel velocity (i),
parallel and perpendicular temperatures (77|, T, ), parallel and perpendicular components of the
parallel heat flux (g,|, g,1), electric potential (¢), and parallel magnetic potential (4), where
z € {e,i} denotes the species (electrons and ions) [2, 3]. The model evolves the gradients as part
of the dependent variables and includes a time-dependently self-consistent, circular toroidal
magnetic equilibrium [4]. The implementation of a limiter allows for a separation between the
closed field line region and the scrape-off-layer [S]. GEMR is based on field-aligned, unit-
Jacobian coordinates (x,y,s), where x is a flux surface label, y represents a field line label, and s
denotes the position along the magnetic field.

Implementation of RMPs and poloidal shear flow layers
RMPs are included in terms of a magnetic perturbation potential A|I|). In order to satisty the
constraint of zero additional plasma current (note that RMPs are generated by external coil

currents), the magnetic perturbation potential is obtained from the solution of Ampére’s law
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where g = ¢g*(x) and g” = ¢”Y(x) are metric elements, m and n represent the poloidal and
toroidal mode number, respectively, ¢ = m/n denotes the safety factor, and Ay defines the am-

plitude of the perturbation potential at the radial boundaries x; and x9. The sum in eq. 2 includes
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Figure 1: Toroidal mode number spectra of the advective electron heat transport (Qe)ys (.. .)y
denotes the average over u) for the unperturbed case (a) and for the case including an RMP with
n =4 (b). The heat flux amplitudes are time-dependently normalized to the maximum values.

all poloidal mode numbers in the considered radial range (cf. ref. [6]).
A shear flow layer is included in terms of a zonal electric potential, given by

(x —xsh)2
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where xg, defines the radial position of the shear layer, wg, denotes the maximum shear (located

at x = xg), and dg, determines the radial width of the shear layer (cf. ref. [7]).

Simulation setup

The simulation parameters are based on ASDEX-Upgrade-H-mode profiles characterized by
the midpedestal values n, = n; = 2.5-107°m =3, T, = 300eV, and T, = 360eV. [8]. The mid-
pedestal values of the magnetic equilibrium field, the safety factor, and the magnetic shear are
given by B=2T, g = 4.5, and § = 1.4, respectively. The simulations are initialized by a turbu-

lent bath of random density fluctuations (cf. ref. [3]).

Simulation results and discussion

At first, we investigate an H-mode scenario without imposed shear flow. We focus on the
evolution of an ideal ballooning ELM blowout and omit to include sources for density and
temperature. Without the action of RMPs, the prepared H-mode state evolves into an ideal
ballooning instability with toroidal mode number n = 7. If we include a multiple RMP with
n = 4, the mode number of the growing instability is shifted to a number which is resonant with
the perturbation. Fig. 1 illustrates that the E X B advective electron heat transport transitions
from n =7 for Ag = 0 to n = (4,8) for Ay = 1. Considering the corresponding time traces
shown in fig. 2a, we find that the RMP facilitates the growth of the instability. Both effects can
be ascribed to the RMP induced formation of stationary density fluctuations which are larger
than those of the initial turbulent bath. If we increase the amplitude of the turbulent bath, the
transition from the most unstable mode (n = 7) to a resonant mode (n = 4, 8) is shifted to higher
perturbation amplitudes. A mitigation of the ideal ballooning ELM by a nonlinear interaction

between the most unstable mode and the modes imposed by the RMP is not observed.
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Figure 2: Advective electron heat transport dependence on the RMP amplitude (a), and the shear
rate (b).

We now include an artificial shear flow layer located at the radial position of the steepest
gradients. Fig. 2b shows that the shear flow delays or, if the shear rate exceeds a threshold
value, suppresses the growth of the ideal ballooning instability.

In the following we discuss an H-mode scenario
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These bursts were found to be due to the inter- Figure 3: Advective electron heat trans-
mittent formation of modes with the lowest mode port dependence on the RMP amplitude.
numbers contained in the region around the shear
flow layer (i.e. n = 2) (cf. ref. [7]). By increasing the RMP amplitude, an H-mode-like regime
free of repetitive transport bursts is reached (cf. ref. [9]). Furthermore, the RMP involves a re-
duction of the fluctuation amplitudes. Fig. 4a illustrates that the effect on the time averaged
electron density profiles is twofold: Low RMP amplitudes (Ag ~ 10) increase the profile (due
to a reduced transport associated with the reduction of the fluctuations), while high RMP am-
plitudes (Ag ~ 40) lead to a decrease (due to an increased transport associated with the RMP
induced formation of stationary convection cells). The time averaged potential profiles shown
in fig. 4b exhibit a clear decrease if the RMP amplitude is increased. The hump around x = 62.8
reflects the artificially imposed Gaussian potential yielding the shear flow layer.

We point out that the addition of the artificial zonal electric potential defined by eq. 3 involves
the formation of a bidirectional shear flow layer which is not consistent with the unidirectional

shear flow observed in the edge region of ASDEX Upgrade [10]. Nevertheless, the presented
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Figure 4: Electron density (a) and electric potential (b) dependence on the RMP amplitude.

approach is appropriate to study the interaction between RMPs and a localized (externally im-
posed) shear flow layer. The implementation of a more realistic, non-localized, unidirectional
shear flow would involve far larger deviations from the self-consistently computed potential
profile.
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