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Advanced modelling of heavy impurity tokamak
transport in rotating 3D magnetic fields
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Tungsten divertors in tokamaks are designed to withstand and evacuate the excess heat coming from the
hot plasma. Some of the tungsten divertor can melt, enter the plasma, and itself become a high-Z impurity
plasma. If it enters the core, it can emit enough radiation to cause a loss of thermal plasma energy and degrade
or terminate tokamak operation [1]. Thus, it is crucial to develop a theoretical and numerical framework to
understand the transport processes for heavy impurities such that high performance scenarios can be devel-
oped. Present day tokamaks are often heated with unbalanced neutral beam injection, which in turn causes
the plasma to rotate toroidally. The associated rotation of the tungsten plasma is typically super-sonic. An-
other common feature of tokamak plasmas is the existence of long-living non-axisymmetric magnetic fields
–which can be due to saturated plasma instabilities –and/or symmetry breaking magnetic coils. The com-
bination of a strongly rotating plasma in 3D magnetic fields is particular to tokamaks (heavy impurities in
stellarators would rotate sub-sonically).

For heavy impurity simulations we use a δf PIC code called Venus-Levis [2]. To accurately trace the tungsten
particles, one needs to consider the interaction with the background plasma. For this, a custom collision
operator is used which relies on the calculation of neoclassical transport coefficients. These coefficients have
presently been been calculated analytically [3-4]. To extend the work beyond ideal MHD, one needs to find
these coefficients numerically. Current on-going work is being done to:
• develop a new numerical scheme based on Venus-Levis for these coefficients,
• port Venus-Levis to GPUs for a fast code which can take advantage of modern supercomputers.
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