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Previous results have shown that the bootstrap current (BC) can considerably affect the equi-
librium and stability of some reactor-size stellarator configurations through its alteration of the
rotational transform profile1. This suggests that a way to externally compensate the effects of
the BC may be needed in order to keep the ι within MHD stable values.

The present work is devoted to model the current driven (CD) by an electromagnetic wave
in the region where the BC profile needs to be locally altered. The simulations are carried out
with the 3D ray-tracing code ART in which an interface with a current drive module based on
the solution of the Langevin equations has been implemented. The ensemble calculates the
current drive density at each magnetic surface pierced by the ray. The method allows to inves-
tigate different launching scenarios (position, wave frequency, input power, polarization, etc.)
depending on the amount, localization and magnitude of the current to be induced.

Two contrasting configurations have been considered, a 3-period quasi-axisymmetric (QAS)
and a 4-period quasi helically-symmetric (QHS), in which the BC affects the rotational trans-
form in opposite ways.

In the QAS case, the goal is to induce a counter-current in the vicinity of ρ = 0.76 where
the ι approaches the resonant value ιc = 2/3 value, at β = 6.4%. A second harmonic X-mode
wave launched from a high field region, with 385 GHz of frequency (the configuration has
B0 = 4.9 Tesla) and 1.5 MWatt of power has been modeled which drives a current opposite to
the BC in the desired location. Both currents together lead to an equilibrium in which the ι is
held well beneath the ιc = 2/3 value ensuring that the configuration is stable.

In contrast, for the QHS case studied, the idea is to create a current in the same direction
as the BC to further decrease the ι near the axis at β = 3%, pushing it away from the ιc = 1
rational value. This has been obtained with a 3rd harmonic X-polarized electromagnetic wave
with 500 GHz of frequency (B0 = 5.6 Tesla) launched from the top of the plasma. In this case
10 KWatt of input power was sufficient to maintain the ι below unity. Higher power would alter
too drastically the ι making the convergence to an equilibrium more difficult.

The use of electron Bernstein waves to drive the current near the axis for the QHS case is
also studied in order to investigate other means of current drive with lower input frequency.
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