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TSVV-C: Plasma Particle/Heat Exhaust — Gyrokinetic Simulations

D. Told" and the TSVV-C Team

T Max-Planck-Institut fiir Plasmaphysik, D-85748 Garching, Germany

Our Mission: Develop and apply kinetic codes for exhaust GK Code evolution and status 2021 » 2025 Successful validation of GENE-X in TCV
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[P. Ulbl et al., APS invited 2022 + PoP 2023]

GENE-X validation is scaling to larger devices

total

Many new validation exercises with GENE-X: O Reduced (1D,1V) GYSELA along field line — kinetic plasma-wall interaction

« TCV with NT/PT (Ulbl NF 2025) 1 with immersed boundary
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Appetizer: _ s Build stellarator

. . O Subgrid modelling of Debye sheath in (3D,2V) GYSELA - :
JET L-mode validation = J J y ( ) capability and validate
- Absorption of ions & reflection of slow electrons is OK el

New "Flux-averaged sheath" model to allow for finite surface currents - ;_Cutoﬁve,ocity
Promising technique for toroidally localized limiter — in progress |

[Y. Munschy, PhD thesis (2024), Aix-Marseille Univ.]

Work plan 2026/27: Build capability, apply to key problems Expected outcomes end-2027: tools + validation

« Validated GENE-X physics packages for reactor-relevant edge/SOL studies D. Told', I. Almuslimani?, M. Bécoulet?, A. Bottino®, S. Brunner?, J. Caballero?,
Advanced collision operators (collisions, neutrals/impurities, sheath BCs), demonstrated in targeted validation/use S. Costea®, G. Dif-Pradalier’, P. Donnel3, S. Ernst?, X. Garbet®, V. Grandgirard?,
Finite-B stellarator equilibria . Kinetic neutrals source GM with extended ordering cases. C. Hill', G. Huysmans?, F. Jenko', J. Kovacic®, J.E. Mencke?, K. Obrejan?,
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SHTETIENE LTS il » Surrogate sheath model in toroidal geometry « GENE-X stellarator readiness: equilibrium interface delivered and W7-X validation M. Protais®, M.J. Pueschel*, P. Ricci?, Y. Sarazin3, A. Sulimro’, Y. Tao, E E
|

Sheath boundary conditions ) . . : g
PIROCK time s?t-lzpping - Impact of kinetic neutrals on gf":'"ear °°'t'.'s'°“s studies initiated/advanced. D. Tskhakaya®, P. Ulbl', N. Vadot?, \W. Zholobenko
ectromagnetics

turbulence + transport Boundary conditions - GYSELA boundary/neutral advances: surrogate sheath model demonstrated; kinetic

Isotope effect + impurity studies « Limiter simulations with neutral source terms imolemented and compared aaainst fluid reductions 1) Max Planck Institute for Plasma Physics DE
Validation with improved surrogate sheath model P P 9 ' 2) Ecole Polytechnique Fédérale de Lausanne, Swiss Plasma Center, CH

neutrals + sheath * Kinetic sheath advances: 1D3V steady-state code with neutral collisions plus first 2D 3) CEA, IRFM, France

W7-X validation steady-state; effects of transient events on sheath physics studied with BIT1. 4) Dutch Institute for Fundamental Energy Research, NL
JOREK-GK SEEREFSEE Scen * Deliverables for integrated modelling and reduced models: BC database populated 5) LECAD Laboratory, University of Ljubljana, SLO

- i - Add kinetic electrons + and shared; reduced-model/transport comparison workflow + cross-code post-processing 6) Institute of Plasma Physics of the Czech Academy of Sciences, CZ

BIT1

« Couple kinetic neutrals to GK neutral collisions tool delivered. contact TSVV-C!
« Couple kinetic impurities to GK « Extend to 2D3V
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