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Designing stellarators (an example being Wendelstein 7-X operated at the Max-Planck-Institute

for Plasma Physics in Greifswald, Germany) requires optimization of their plasma proper-

ties. In the optimization process, the stability of the plasma equilibria is typically ensured by

computationally low-cost ideal magnetohydrodynamics (MHD) figures of merit. Linear ideal-

magnetohydrodynamic (MHD) stability analyses (here with the CAS3D code [1]) are a next-

level step delivering perturbation growth rates and spatial structures. The computationally de-

manding simulation of the stability properties in the framework of gyrokinetics (GK, a descrip-

tion of the EUTERPE code [2] will be given) counter-checks the MHD results, and, most impor-

tantly, leads to insights far beyond the physically limited scope of ideal MHD. Respective GK

simulations (full-torus, non-linear, electromagnetic, physical mass ratio of electrons and ions)

for small-shear helical-axis stellarators will be presented. In their linear phase, they yield spatio-

temporal structures agreeing well with unstable, globally extended, ideal-MHD perturbations.

Figure 1: Time evolution of the magnetic surfaces in a ge-

ometrically simple, unstable stellarator.

In the non-linear phase, these perturba-

tions with MHD-signatures entail de-

formations of the magnetic surfaces,

growing magnetic islands which rotate

in the electron-diamagnetic direction

and, eventually, lead to ergodisation of

a larger part of the magnetic surfaces.

For the latter mechanism, the time evo-

lution of the magnetic surfaces in an un-

stable, turning-ellipse, helical-axis stel-

larator is shown by way of example on a fixed poloidal plasma cross-section (Fig. 1, [3]).
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