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Introduction

Edge localized modes (ELMs) [1, 2] are quasiperiodic magnetohydrodynamic (MHD)
instabilities that routinely appear in H-mode plasmas, driven by large edge pressure gradients
and current densities. They expel particles and heat towards the first wall, which reduces the
lifetime of plasma-facing components and could limit the performance of future fusion
devices [3]. Thus, a detailed understanding of edge stability and ELM control is needed.
Recent experimental observations have revealed that ELMs can interact with fast-ion
population. Fast-ion loss detector (FILD) measurements have shown fast-ion losses [4] and
acceleration during ELMs [5]. These results manifest the need for a kinetic description of
fast-ions in ELM modelling. In this sense, the non-linear hybrid kinetic-MHD MEGA code
[6, 7] may help to disentangle the physical mechanisms behind the interplay between fast-
ions and ELMs.

In this work, we adapt the MHD module of MEGA, MIPS [8], to resolve edge instabilities
and apply it to ASDEX Upgrade (AUG) discharge #33616 [9]. Edge ballooning structures
are identified in these simulations. Furthermore, the impact of diamagnetic, toroidal and

recently implemented neoclassical flows on ELM stability is addressed.

i See author list of H. Meyer et al., Nucl. Fusion accepted (2019).
i See author list of B. Labit ef al., Nucl. Fusion 59 086020 (2019).
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Simulation model and inputs

The bulk plasma is described by the non-linear MHD equations in the MIPS code, using
standard MHD [10] or extended MHD [11], which includes diamagnetic and toroidal flows.
To consider neoclassical flows in the extended MHD model, we add to the right-hand side of

the momentum equation the divergence of the neoclassical stress tensor [12],

—V - Tlpeo = —Pﬂneoi—;(ve + Upio = Voneo)0. (1)
where p, fineo, Bg, Vg, Vpig and ég are the mass density, neoclassical friction coefficient,
poloidal magnetic field, poloidal velocity, poloidal diamagnetic flow and unit vector in the
poloidal direction of the magnetic field, respectively. Equation (1) accounts for the friction
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solved in the rectangular grids of cylindrical coordinates (R, ¢, z) with (512, 720, 512) grid
points. The simulation domain includes the scrape-off layer (SOL) and the private flux
region, both modelled as a low-density plasma (n,~7.5 x 10717m). MIPS filters out
toroidal Fourier modes above n > 24 to reduce the numerical noise. Spatial derivatives are
evaluated using a fourth-order finite difference scheme and the time evolution is calculated
using a fourth-order explicit Runge-Kutta method. An initial weak perturbation is applied in
0.9 < ppo1 < 1.05 to allow the modes to start growing. Flows are neglected in ppo > 1.03,
and the magnetic field is constant at the boundary of the simulation domain.

Simulation results

A: Ballooning modes in standard MHD simulations

In our MIPS simulations, edge ballooning modes can be identified. A numerical convergence
test has been performed to ensure the grid resolution does not affect our results (see figure
2). Figure 3 shows the time evolution of the magnetic energy of each toroidal mode using
standard MHD. In the linear phase, high n» harmonics (n~20) are the most unstable. Figure
4a) reveals that the perturbation is located at the Low Field Side (LFS). Moreover, figure 4b)

illustrates the radial profile of n = 22, showing several poloidal harmonics located at the
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Figure 4: (a) Pressure perturbation in the poloidal plane

B: Mode stability in extended MHD
Extended MHD simulations are carried out,

as diamagnetic, toroidal and neoclassical

at the LFS, t =27 ta. (b) Smoothed radial profiles of the
poloidal harmonics of » = 22 (black) and equilibrium

pressure gradient (red).
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flows may have an impact on ELM stability. Figure 6 shows the linear growth rates of the
harmonics considered in standard and extended MHD. The growth rate of high » modes
decreases when diamagnetic and toroidal flows are included. Neoclassical flows hardly alter
their growth in our simulations. This could be solved by increasing the value of pe0-
Conclusions and outlook

The MIPS code has been extended to simulate edge instabilities. Edge ballooning modes
have been observed in the simulations. Diamagnetic and toroidal flows diminish high »
harmonic growth rates obtained in standard MHD, although they are not linearly stable. The
results obtained here still differ from what is experimentally observed [9] and from what
JOREK simulations predict [14]. At this stage, a direct comparison between our results and
those found in Ref. [14] is not possible, since the physics and parameters considered in this
work differ from JOREK. Obtaining a linear phase dominate by lower » modes is, therefore,
the subject of our future work. A scan varying p,., Will be performed to see the impact of

neoclassical flows on ELM stability.
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Figure 5: Time evolution of thermal energy
and number of particles inside (black) and

outside (red) the separatrix.
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