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Following the remarkable progress in MHD stability control in the advanced beam driven 

field-reversed configuration (FRC) at TAE Technologies, Inc., turbulent transport has become 

one of the foremost obstacles on the path towards an FRC-based fusion reactor. Significant 

progress has been made on kinetic simulation capabilities in FRC magnetic geometry. Local 

GTC [1] simulations of the C-2 FRC find that electrostatic driftwaves are locally stable in the 

core [2]. The stabilization mechanisms include finite Larmor radius effects, magnetic well 

(negative grad-B), and fast electron short circuit effects [3]. In the scrape-off layer (SOL), 

collisionless electrostatic drift-waves in the ion-to-electron-scale are destabilized by electron 

temperature gradients due to the resonance with locally barely trapped electrons. Simulation 

results are in qualitative agreement with C-2 FRC experiments [4].  

To study the turbulence coupling between core and SOL, we have developed global 

particle codes for simulations coupling the core and SOL regions by using cylindrical 

coordinates with field aligned mesh. Ions can be simulated as either gyrokinetic (5D) or fully 

kinetic (6D) particles, and electrons as gyrokinetic or drift-kinetic particles. This paper reports 

the verification and validation for both codes, and highlights new physics learned in these 

FRC simulations including global structures of driftwave instabilities [5], and turbulence 

spreading from the SOL to the FRC core resulting in turbulent spectra with amplitude 

decreasing towards shorter wavelengths, which are consistent with experimental 

measurements [6]. Effects of equilibrium sheared flows and self-generated zonal flows, and 

effects of kinetic electrons and fully kinetic ions will also be presented. 
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