
Neoclassical simulations of tungsten impurities in JET plasmas using the

total-f gyrokinetic code XGCa

J. Dominski1, C.S. Chang1, R. Hager1, M. Romanelli2, V. Parail2,

and the JET contributors∗

1 Princeton Plasma Physics Laboratory, 100 Stellarator rd, Princeton 08540 New Jersey,

USA
2 Culham Centre for Fusion Energy, Culham Science Centre Abingdon, OX14 3DB,

United Kingdom

The neoclassical tungsten impurity transport is studied with the gyrokinetic neoclassical code

XGCa [1, 2] in whole volume JET plasma, from the magnetic axis to the scrape-off layer (SOL).

XGCa in its version including impurities has been recently verified against the NEO code [3].

In simulation using a single tungsten species, we recently found that the high-Z tungsten

particles move inwardly from the separatrix to the pedestal and outwardly from the core to the

pedestal top, whereas low-Z tungsten particles move inwardly from the SOL into the core re-

gion [4]. Moreover, in these single tungsten simulations, the amplitude of the flux was varying

with the ionization state, Z. These preliminary results encourage to model the different ioniza-

tion states of tungsten in gyrokinetic neoclassical simulations of whole volume plasma. Note

that for these previous simulations and the ones mentioned in this proceeding we use a model

JET plasma; new simulations with realistic JET-ILW plasma will be presented in the near future.

Instead of simulating all 74 tungsten charge states, which would be prohibitively expensive

computationally, they are bundled and treated as several separate species, see figure 1. Four

gyrokinetic ion species are used for modeling the tungsten, one for each bundle. Their charge

varies from 14.1 to 38.2. The Z = 14.1 bundle species is more abundant in the edge whereas the

one with Z = 38.2 is more abundant in the core. A Coronal approximation has been employed

to estimate the density profiles of these bundles. More recently, atomic interactions between

tungsten bundles have been implemented in XGC. This option will be used in the future to de-

termine the density of each bundle dynamically. The reaction rates of these atomic interactions

are taken from ADAS [5].
∗See the author list of “Overview of the JET preparation for Deuterium-Tritium Operation” by E. Joffrin et

al. to be published in Nuclear Fusion Special issue: overview and summary reports from the 27th Fusion Energy

Conference (Ahmedabad, India, 22-27 October 2018)
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Figure 1: Modeling the multi-ionization states of tungsten with bundles. Subplot (a) shows the

modeled charge density. The grey curves represent the four bundles. Their charge is specified

in the figure. Subplot (b) is the average charge 〈Z〉 modeled with four bundles (blue) and from

a Coronal approximation (red).

For now, in simulations with no atomic interaction but bundles as described in figure 1, we

recover a similar dependency of the tungsten flux with respect to the tungsten ionization state

than in simulations carried out with a single tungsten species. The charge fluxes of the different

bundles are plotted in figure 2. There is an inward flux in the edge and an outward flux in the

core that results in an accumulation of tungsten in the pedestal, see figure 3.
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Figure 2: Each bundle contribution to the total tungsten (a) charge density and (b) charge flux,

measured at the end of the simulation (t ' 1ms). Same color code is used in (a) and (b).

Poloidally asymmetric tungsten distribution of each bundle is found to be an important factor

in understanding their neoclassical transport behavior. Opposite up-down asymmetries are as-

sociated to opposite particle flux directions, consistently with the vertical grad B drift direction
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Figure 3: Total tungsten charge accumulation in the pedestal of the multi-tungsten simulation

with bundles. The total charge is noted (Zn)w and is equal to (Zn)w = ∑s∈{W j}Zsns, where {Wj}

represents the ensemble of tungsten bundles.

of the studied plasma. A new study in simplified circular geometry, that is reported in refer-

ence [3], suggests that the parallel friction force plays an important role in the generation of

large amplitude (δ f/ f ∼ 1) tungsten asymmetry thus requiring full-f capability for studying

tungsten physics.

Future work will include atomic interactions between tungsten bundles, use a new realistic

JET-ILW plasma, and deepen the understanding of tungsten transport with new diagnostics.
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