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Impurity sources in tokamak plasmas have three origins: plasma-wall interaction, gas injection
and Helium ashes. They can have a deleterious impact on plasma performance, by diluting the fu-
sion fuel and due to radiative energy losses [1,2]. Two channels are efficient for impurity transport:
turbulence and neoclassical transport [3,4]. One of the important issues is the possible synergy
between these two transport channels. In that respect, it is mandatory to model neoclassical and
turbulent impurity transport in a unique framework. The collision operator should be valid for a
broad range of collisionalities, masses and charges, in order to capture trace impurity transport
from Helium to Tungsten.

We are engaged in such a development with the GYSELA (GYrokinetic SEmi-LAgrangian)
code [5], which evolves the full ion and impurity distribution functions, coupled to quasi-neutrality
with adiabatic electrons. In the present work, we first detail the retained multi-species collision
operator in GYSELA, acting in the (vG‖, µ) space, with vG‖ the parallel velocity and µ the magnetic
momentum. It conserves mass, and ensures momentum and energy inter-species conservative
transfers. The Boltzmann H-theorem is also satisfied. Importantly, we show analytically that it
allows one to recover the main results of the neoclassical theory for trace impurities, whatever the
collisionality.

Second, this collision operator implemented in GYSELA is benchmarked against the main
neoclassical results [6]. Trace impurity transport is scanned for several impurity charges (2 ≤ Z ≤
40) in a Deuterium plasma, in the banana, plateau and Pfirsch-Schlüter regimes (ν?D ranges from
0.01 to 1). All three constitutive terms of impurity neoclassical transport − diffusion coefficient,
pinch velocity and thermal screening factor − are recovered within less than 10%.

Third, using torque injection to control the parallel Mach number [7], the impact of toroidal
rotation on the poloidal asymmetry of the impurity distribution is investigated. These results will
be qualitatively compared with experimental observations.
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