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Where am I from?1
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Some fun facts2
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Master thesis: Modeling Tungsten Impurities Transport in W7-X
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Master thesis: Modeling Tungsten Impurities Transport in W7-X
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1Figure: Background plasma defined by a simple model
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Master thesis: Modeling Tungsten Impurities Transport in W7-X
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1Figure: Front view of tungsten baffle tiles and the impurity flux
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Master thesis: Modeling Tungsten Impurities Transport in W7-X

Transport of impurities are heavily influenced by thermal and friction forces

0.00 0.02 0.04

z′ [m]

−0.04

−0.03

−0.02

−0.01

0.00

0.01

0.02

0.03

0.04

y
′
[m

]

Side view

1012 1013 1014 1015∫
n(x′) · dx′ [m−2]

1

F∇T ×B

Power channel

0.00 0.01 0.02 0.03 0.04 0.05 0.06
x

0.00

0.01

0.02

0.03

0.04

y

20

40

60

80

te
m
p
er
a
tu
re

[e
V
]

1

F×B

F
F

F

rmax

rmin B ⊗

M A X- P L A N C K I N ST I T U T E FO R P L A S M A P H YS I C S A N D R E W I . S U L I M R O M AY 1 9 , 2 0 2 5 T U R B U L E N T I M P U R I T Y T R A N S P O RT I N T H E E D G E A N D S O L 7



PhD topic: Turbulent Impurity Transport in the Edge and SOL

Aspects of impurity simulations:
• Highly collisional due to higher charge state and slow velocity
• Consisting of several different species and charge states
• Studying transport of impurities
• Studying impurity effects on turbulence

To-do list:
• Implement an accurate but fast collision operator
• Analyze neoclassical transport
• Develop multispecies batching model
• Code application
• Lots of reading
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PhD topic: Turbulent Impurity Transport in the Edge and SOL

GENE-X is:3
• Gyrokinetic: suitable model to study

microturbulence in strongly
magnetized plasma

• Global: accounts for the entire system
• Full-f : solves the full distribution

function, not only the fluctuations
• Flux-coordinate-independent:

Suitable for edge region

3Dominik Michels et al. “GENE-X: A full-f gyrokinetic turbulence code based on the flux-coordinate
independent approach”. In: Computer Physics Communications 264 (2021), p. 107986
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PhD topic: Turbulent Impurity Transport in the Edge and SOL

GENE-X Vlasov equation:

∂fα
∂t

+ Ṙ · ∂fα
∂R

+ v̇∥ ·
∂fα
∂v∥

=
∑

β

Cαβ(fα)

Previously implemented collision operators:

CBGK
αβ (fα) = ναβ(fα −Mα)

CLBD
αβ (fα) = ναβ

∂

∂v
·
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First implementation: Lorentz collision operator

τ thee = τ thei τ thie = τ thii
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• Textbook collision operator
• Limit of mβ ≫ mα

Cαβ(fα)

=
∂

∂v
·
(
ν(v)

2
(v21 − vv) · ∂fα

∂v

)

︸ ︷︷ ︸
Pitch angle scattering

+ 2ναβMα
uαβ · v
v2th,α︸ ︷︷ ︸

Momentum restoring term
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Thank you for listening!
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