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

GYSELA – towards self-consistent plasma-wall model

Work plan 2026/27: Build capability, apply to key problems

Links to other TSVVs and EnR projects

Expected outcomes end-2027: tools + validation TSVV-C team and contact

Our Mission: Develop and apply kinetic codes for exhaust
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GK Code evolution and status 2021 ➤ 2025

GENE-X validation is scaling to larger devices
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GENE-X
GYSELA• Advanced collision operators

• Finite-𝜷 stellarator equilibria
• 3-moment fluid neutrals
• Sheath boundary conditions
• PIROCK time stepping

• Kinetic neutrals source
• Surrogate sheath model

[P. Ulbl et al., APS invited 2022 + PoP 2023]

Code validation vs. “TCV-X21“ open dataset

● Simulations reproduce key aspects of the 
experiment

Left: green vs. black lines

● Divertor heat flux fall-off follows Eich-fit 
function, match improves with collisions

SOL fall-off length λq: Experiment 5.5 mm

Fluid Models

GRILLIX 1.1 mm

GBS 11.6 mm

TOKAM3X 0.1 mm

GENE-X (Gyrokinetic)

No Coll 1.34 mm

Coll BGK 4.68 mm

Coll LBD 3.75 mm

Successful validation of GENE-X in TCV

Steady-state sheath

BIT1

• Effect of impurities on sheath
• Effect of blobs/ELMs on sheath

• Add kinetic electrons + 
neutral collisions

• Extend to 2D3V
• Effect of tangential 

fluctuations on sheath
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contact TSVV-C!

Many new validation exercises with GENE-X:
• TCV with NT/PT (Ulbl NF 2025)
• DIII-D with NT

Both gyro-moment approach (Frei CPC 2025) 
and GPU porting enable simulations of larger 
machines.

Appetizer: 
JET L-mode validation ⇒

• Core turbulence & confinement depend on boundary conditions ® Scrape-Off Layer 

q Reduced (1D,1V) GYSELA along field line ® kinetic plasma-wall interaction
 with immersed boundary

• Finite electron heat flux (=0 in fluid), up to ~50% of energy flux
® very slow decay with n*

• Consequence: Debye sheath heat transmission factor
larger than fluid-like prediction ® ~ gi,fluid ´ 1.60 and ~ ge,fluid ´ 1.35

[Y. Munschy et al., Nucl. Fusion 64 (2024) 046013;
Y. Munschy et al., Nucl. Fusion 64 (2024) 056027]
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q Subgrid modelling of Debye sheath in (3D,2V) GYSELA

• Absorption of ions & reflection of slow electrons is OK
• New "Flux-averaged sheath" model to allow for finite surface currents
• Promising technique for toroidally localized limiter ® in progress

[Y. Munschy, PhD thesis (2024), Aix-Marseille Univ.]
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• Isotope effect + impurity studies
• Validation with improved 

neutrals + sheath
• W7-X validation

• Impact of kinetic neutrals on 
turbulence + transport

• Limiter simulations with 
surrogate sheath model

Gyro-Moment

JOREK-GK

• GM with extended ordering 
in toroidal geometry

• Nonlinear collisions
• Electromagnetics
• Boundary conditions

• Couple kinetic neutrals to GK
• Couple kinetic impurities to GK

• Validated GENE-X physics packages for reactor-relevant edge/SOL studies 
(collisions, neutrals/impurities, sheath BCs), demonstrated in targeted validation/use 
cases.
• GENE-X stellarator readiness: equilibrium interface delivered and W7-X validation 
studies initiated/advanced.
• GYSELA boundary/neutral advances: surrogate sheath model demonstrated; kinetic 
neutral source terms implemented and compared against fluid reductions.
• Kinetic sheath advances: 1D3V steady-state code with neutral collisions plus first 2D 
steady-state; effects of transient events on sheath physics studied with BIT1.
• Deliverables for integrated modelling and reduced models: BC database populated 
and shared; reduced-model/transport comparison workflow + cross-code post-processing 
tool delivered.


