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In conventional stellarator neoclassical theory, the transport coefficients are determined
so as to satisfy the so-called ambipolarity constraint on the radial particle fluxes but without
regard to the additional requirement that the underlying solutions of the kinetic equation also
fulfill local quasi-neutrality. This neglect is consistent with the assumption that density, � and
electrostatic potential,

�
, are constant on a flux surface and is justified in the literature with

analytic scaling arguments which demonstrate that quasi-neutrality introduces variations of �
and

�
on a flux surface which have only a modest impact on bulk-plasma transport [1-3]. The

consequences for impurity transport have not been considered.
In this contribution, the implications which the quasi-neutrality condition has for neo-

classical transport in stellarators are investigated using a version of the General Solution of
the Ripple-Averaged Kinetic Equation (GSRAKE) which accounts for the variation of

�
on

flux surfaces. Solutions of the kinetic equation which simultaneously fulfill the ambipolarity
and the quasi-neutrality conditions are determined iteratively using standard methods for
solving systems of non-linear equations, given specified density and temperature profiles
for pure hydrogen plasmas. For a conventional heliotron device, it is shown that quasi-
neutrality significantly reduces the radial extent of the region in which multiple solutions of
the ambipolarity condition can exist. Especially in the plasma periphery, where strong density
and temperature gradients are found, the magnitude of the “ion” root is reduced significantly
leading to increased particle and energy fluxes. For strongly drift-optimized stellarators, on
the other hand, bulk plasma transport is much less affected. In a small number of cases, the
non-linear system of equations produces additional solutions which are not possible when
only ambipolarity is enforced [4], but such cases are rare. Finally, it is demonstrated for fully
ionized carbon in the tracer approximation that impurity transport coefficients are strongly
affected by the quasi-neutrality-induced variation of

�
on flux surfaces. This is true for all

stellarators, whether classical or drift-optimized, and the effects are further accentuated for
high- � impurities.
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