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The new numerical code PB3D (Peeling-Ballooning in 3-D) [Wey+17] has been applied to

study the effect of the toroidal field (TF) ripple (due to the discreteness of the TF coils) on the

edge MHD stability of tokamak plasmas for ideal high-n linear modes which are known to limit

the pedestal gradients in H-mode plasmas. Using this tool we investigate the modification of ideal

linear high-n MHD stability of H-mode plasma configurations. The edge plasma in this regime in

these configurations is characterized by a strong pressure gradient that can drive unstable balloon-

ing modes. At the same time currents in the edge region can drive peeling modes, for example

resulting from bootstrap effects. The combination of peeling-ballooning modes yields a suitable

model for the triggering of ELMs. The results on stability of ELMs are commonly obtained using

the assumption of an axisymmetric equilibrium.

It has been observed experimentally (e.g. [Sai+07] in JET), however, that a relatively small rip-

ple in the TF strenght can lead to a disproportionally large decrease in attainable stable pedestal

height in H-mode plasmas. We, therefore, start from the hypothesis that the H-mode pedestal

height is dominated by the peeling-ballooning stability limits, and investigate how these are mod-

ified by relaxing the axisymmetric assumption and instead assuming generally 3-D equilibria in

PB3D.

To study the edge MHD stability of H-mode plasmas with TF ripple, we have modified ax-

isymmetric equilibria representing H-mode configurations with a pedestal, with a toroidal ripple

of varying magnitude, through the combination of the HELENA and VMEC codes and studied

the high-n stability of these ballooning-dominated cases. A substantial decrease of the maximum

pressure/pressure gradient for which the pedestal remains stable, of the order of 30-40% for TF

ripple of a few percent at the outer separatrix mid-plane, in good agreement with experimental

results from JET and JT-60U.

These results indicate that the direct effect of TF ripple on edge MHD linear stability alone

can explain the observed reduction of the pedestal pressure with increasing levels of TF ripple in

H-mode plasma experiments. This strong change in edge MHD stability seems to be linked to a

major reduction of the stabilizing contribution of the magnetic line bending energy with increasing

level of ripple. Further studies of the effect of TF ripple on the edge MHD stability of JET-like and

ITER plasmas for a range of plasma conditions (triangularity, q95) will be presented in the paper.
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