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 GBS (Global Braginskii Solver) is a two fluid, 
global, flux-driven code to simulate turbulence
evolving such equations in time in a non-flux-
aligned grid

 Coupled with a kinetic model for neutral 
dynamics [D. Mancini et al Nucl. Fusion 2023]

 GBS used in the past decade to simulate 
tokamaks [Ricci et al. PPCF 2012, Giacomin et al. JCP 
2022]; now it can simulate turbulence in 3D 
magnetic fields [Coelho et al, Nucl. Fusion 2024].

 Recently extended to simulate strongly shaped 
stellarators [Tecchiolli et al sub. to Nuclear Fusion 2026]

 Wall = Simulation boundary with magnetic pre-
sheath boundary conditions [Loizu et al PoP 2013]
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Quasi-steady-state given by balance of 
sources, turbulence and sheath losses
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Here, we scale 
up in size and 
relevance
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HSX

[HSX website]

[EPFL-UW collaboration on the 20.07.2026]
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Experimental setup by W. Guttenfelder (2009)

 Results extensively presented in 
Tecchiolli, Z., et al. "Boundary 
turbulence simulations of the optimized 
HSX stellarator and comparison with 
experiments." Nuclear Fusion 66.7 
(2026): 076051.
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HSX simulation domain following plasma shape

LCFS

reference surface

8

 Magnetic field from a Dommaschk
interpolation of the field from coils

 Limited Configuration
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Neutral dynamics as ionization source 6

 From the relatively small machine size and 
lower temperatures, neutrals are present in 
the HSX edge

 Neutrals mainly interact with the plasma 
by providing ionization sources

 As first ever turbulent simulation of HSX 
boundary, we do not evolve neutrals, yet we 
consider experimentally relevant ionization 
sources [Canik et al, PoP (2007)] [Canik et al, PoP (2007)]
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Simulating a 3D quasi-steady-state in HSX 9

Density in time

Plasma confinement
Simulation domain 
following plasma shape

Heat and particles 
exhausting into the wall
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Are these time-averaged profiles 
consistent with experiments?
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Closer look at the edge region using probe measurements
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What about the nature and 
properties of fluctuations?



3D turbulence in HSX 10

Vorticity in time

Small-size structures in 
the perpendicular planeField-aligned turbulent 

eddies
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Are these results consistent with turbulent 
measurements?
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 Distribution peaking at 

 From interchange-like turbulence, 
the phase shift is expected to be at 

 A finite parallel wavenumber affects 
the phase shift between density and 
potential fluctuations

 In the HSX case, 

Phase shift consistent between experiment and simulation 18



Turbulent particle transport shows reasonable agreement 

 Radial transport predominately caused by the                   turbulent part

19
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3D first-principle effective diffusion coefficients 

 Regions of negative particle 
transport
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3D first-principle effective diffusion coefficients 

 Regions of negative particle 
transport

 Ongoing collaboration with UW-
Madison to test these profiles in 
EMC3-EIRENE
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 First-ever boundary turbulent simulation of a quasi-symmetric stellarator

 Simulated average profiles and turbulent properties show reasonable agreement with the measurements

 Field-aligned turbulence is found to be driven by curvature-driven modes

 The computations of         and        holds value for providing, for the first time in stellarators, first-

principle evaluations for transport codes

 Including neutrals dynamics, more realistic wall geometry, and improved boundary conditions 

represents the next steps in studying HSX plasmas in the boundary

 More details are provided in recently submitted paper to Nuclear Fusion

25Overall good agreement between GBS and 
measurements in the boundary of HSX 



BACKUP SLIDES
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Zeroing out the turbulence drive to 
determining the leading mechanism
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