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Objective: obtain a spontaneous L-H transition in a gyrokinetic code

What physics is a priori needed?        
• Poloidally localised boundary conditions (limiter or divertor)

• Flux driven (power scan & self organisation of profiles)

• Electromagnetic fluctuations (for saturation of pedestal)

What physics might be needed?
• Neutrals (in particular particle source)

• Sheath boundary condition

• Electron scale turbulence

• More finite Larmor effects due to large gradients

(kinetic corrections, FLR effects in collisions…)

Status in GYSELA

[PhD M. Protais 2024-

2027]

[PhD Y. Munschy 2021-

2024]

[PhD C. Gillot 2017-2020,

PhD R. Bigué 2023-2026]

[G. Dif-Pradalier 2022, 

Donnel 2025]
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Poloidally localised boundary conditions

First limiter configuration introduced in GYSELA with

adiabatic electrons [G. Dif-Pradalier 2022]

• Penalisation of ion distribution function

• Modification of the quasi-neutrality

➢ First spontaneous formation of pedestal like profiles (no 

transition)

Generalisation of limiter configuration with kinetic

electrons [P. Donnel 2025]

• Penalisation of ion & electron distribution 

functions: sink of momentum and energy

• Trapped kinetic electrons in the core, Full kinetic

electrons in the SOL.

➢ Handling of poloidal asymmetries required



Disposition : Titre et contenu

P. Donnel - TSVV1 annual workshop - 08/10/2025 6

Sheath boundary conditions: axisymmetric limiter

Sheath boundary conditions have been introduced

in GYSELA [PhD Y. Munschy 2021-2024]

• Absorption of fast electrons & all ions

• Reflection of slow electrons (𝑣|| < 𝑣𝑐)

• New model to compute 𝑣𝑐: Flux-averaged

sheath Γ𝑖
𝑙𝑖𝑚

= Γ𝑒 𝑙𝑖𝑚

➢ Without QN & collisions: behaviour as expected

But problem of flux matching when included in the splitting scheme

of GYSELA

➢ when QN is introduced, leads to numerical instability
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Simplifying the problem: toroidally thin limiter

Resolved toroidal

angles
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This work will continue in TSVV-C
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All linear electromagnetic instabilities retrieved in GYSELA

Tearing (both collisionless and collisional)

[PhD R. Bigué 2023-2026] 

ITG / KBM transition

in linear simulations

[courtesy of Z. Qu]

But NL saturation with all modes allowed still problematic

Growth rate Frequency



Disposition : Titre et contenu

P. Donnel - TSVV1 annual workshop - 08/10/2025 10

Axisymmetric evolution of 𝑨|| needed in GYSELA

• GYSELA being flux-driven, the axisymmetric

component of 𝐴|| needs to be taken into account

• Necessity of self-consistency between initial 

distribution functions and magnetic equilibrium

 start from Grad-Shafranov solution

OLD solver NEW solver= 

Grad-Shafranov

solution

• Magnetic relaxation well captured

• Resistive diffusion of magnetic equilibrium

• Paving the way for NL profile evolution
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Roadmap for Gysela-X++ towards exascale
→Why do we choose to rewrite GYSELA ?

• Gysela-X++ = GYSELA in modern C++ with X-point for exascale ITER 

core-edge turbulence simulations

(+ 3D via BPI / Renaissance Fusion)

12
SOLEDGE-3X 

X-point geometry

X-point

ITER schematic view

o Rewriting of the code in modern C++ with MPI + Kokkos

➢ Portable code on new exascale architectures

o Non-uniform meshes

➢ relevant density & temperature gradients at edge-SOL

o Semi-Lagrangian scheme for multi-patches

➢ X-point geometry

o Implementation of a 3D scalable Poisson solver

➢ X-point & stellarator configuration

o Scalable I/O and in-situ diagnostics
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Gyselalib++: a new modular library in C++

1 T. Padioleau et al. DDC: The Discrete Domain Computation library, JOSS, submitted

2 P. Donnel et al. A multi-species collisional operator for full-F global gyrokinetics codes: Numerical aspects and verification with the GYSELA code, CPC 2019 

3 E. Bourne et al. Non-uniform splines for semi-Lagrangian kinetic simulations of the plasma sheath, JCP 2023

13
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Handling an X-point

NB: Same grid generation as SOLEDGE
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Kinetic plasma-neutrals interaction

[PhD M. Protais 

2024-2027]
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o The GYSELA code (Fortran) now includes a good part of the physics mandatory to address L-H transition

• Way forward: perform simulations with everything activated at the same time (limiter + sheath boundary 

condition + electromagnetism)

• Intrinsic limitations: fixed homogeneous grid, no X-point, exascale difficult

• Gysela-X++: Rewriting in modern C++, more modular & scalable on different accelerated architectures

• Realistic temperature gradients at the edge: Patches

• Realistic geometry: X-point & stellarators

• Additional physics: neutrals, ECRH/ECCD source…

• Based on DDC library + Kokkos

• Axisymmetric version under testing

P. Donnel - TSVV1 annual workshop - 08/10/2025 16

Conclusions
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[PhD L. De Gianni 2023-2026]
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GYSELA Python script

19

EC source : GYSELA and semi-analytical script in 
agreement

17/09/2025L Grospiron | GYSELA EC module

[M2 internship L. Grospiron 2025]
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Semi-Lagrangian multi-patch advection

[P. Vidal 2022-

2025]


