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TSVV13 Stellarator Turbulence Simulation: Progress, status and plans
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Motivation Validation and theory
O The understanding of turbulence in stellarators has been traditionally behind tokamaks’ due to:: d The TSVV13 work on theory and validation have been strongly driven by aspects insufficiently addressed
o The computational cost of handling 3D magnetic geometries. in the context of gyrokinetic turbulence in stellarators.
o The limitations of the flux tube approach for stellarators. _ [Mulholland PRL 23] — 4 Qi [Zocco PRE 22]
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TSVV13 team and codes Kinetic Ballooning Modes (stkBMs), threatening losses. The main dependencies have correlates with a less radially extended
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Comparison between the electromagnetic Interaction loop between the transport  Multiple-flux-tube method in stella for Al key deliverables have been addressed to Varying degrees- The initial focus on code deVEIOpment and

versions of GENE and GENE-3D in flux tube  solver Tango with KNOSOS for two local and independent flux-tube verification has moved to a second phase more focused on theory and code validation.

Beometry. neoclassical transport and various options  simulations feeding into the boundary region O Efforts in code validation and theory will continue, with additional priorities and directions:
for turbulent transport. of a central, global tokamak simulation. ! )

2024 2025 2026 2027 and beyond
J Cross-code verification has been a continuous process from the beginning and remains ongoing as new Studying the effect of 3D perturbations in tokamak turbulence (communicated to ITPA
ey T fi
code capabilities are enabled. ransport and confinement group) , |
Assessment of the effect of neoclassical ingredients on turbulent transport
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1 Additionally, the dissemination of the codes used in TSVV13 will continue in the coming years.
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Summary

din the framework of the TSVV13, substantial development and verification of the main European
stellarator gyrokinetic codes (stella, GENE-3D, EUTERPE, GENE) has been achieved, enhancing
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Kypr _ the capacity and confidence to tackle high-impact stellarator turbulence problems.
Stellarator-base-case proposed by for cross-code Comparison between GENE-3D and Comparison between flux tube (FT) and
comparison in the W7-X high mirror configuration gyTERPE in radially global domain (top). full flux surface (FFS) GENE-3D dThe advent of TSVV13 has significantly improved our understanding in several key areas: bulk and impurity
considering multiple instabilities and problem  comparison between all GK codes within ~Simulations  for different  type of particle transport in stellarators, the relative weight of turbulent and neoclassical transport and their
settings. the TSVV13 for different domains (bottom).  instabilities

interaction (in progress), predictive transport simulations accounting for turbulent transport have been

_ _ o _ enabled, the potential impact of electromagnetic effects on turbulence (yet to be thrououghly explored).
= Well documented and comprehensive set of comparisons between gyrokinetic codes in 3D geometry

(GENE, GENE-3D, stella, EUTERPE, GX, and XGC involved so far) has improved confidence in our
codes and our understanding of the impact of the spatial domain (FT, FFS or RG domain).

dThe initial TSVV13 work plan has evolved and expanded towards new objectives and problems, to be
addressed in the period 2025-2027 and beyond.
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