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MOTIVATION 

• Transport in the edge is crucial for the global confinement 

 

 

• LH transition is happening close to the transition between open and 

closed field lines 

 

 

• LH transition is related to the deepening of a radial electric field well 

 

 

• Origin of this radial electric field not fully understood 

Objective: 

Study the impact of the transition between closed and open field lines with a 

gyrokinetic code 



Limiter simulated by two terms [1,2]: 

 A momentum and energy sink via 

a source term on the Vlasov 

equation 

 

 

 

 A modification of the quasi-

neutrality equation 

GYROKINETIC SIMULATION WITH A LIMITER AND 

ADIABATIC ELECTRONS 



GYSELA 

IMPACT OF A LIMITER WITH ADIABATIC ELECTRONS 

Limiter leads to level of fluctuations consistent with experimental measurements [2] 

 

 



HYBRID ELECTRON MODEL IN THE CORE 

The hybrid electron model [3] treats 

• Trapped electrons kinetically 

• Passing electrons adiabatically 

The zonal mode is treated fully kinetically as in ORB5 [4] 

Trapped 

fraction 

Passing 

fraction 



HYBRID ELECTRON MODEL WITH LIMITER 

The trapped fraction definition is modified in the SOL: 

 Particles with trajectory that intercept the wall are considered as adiabatic 

(=passing in the core) 

 Other particles are treated kinetically (= trapped in the core) 

 

The zonal component is still treated fully kinetically 

 



ELECTRIC POTENTIAL 

• Small impact of the limiter position in the deep core 

 

• Large impact of limiter position on the poloidal asymmetry of the potential.  



POLOIDAL ROTATION 



RADIAL ELECTRIC FIELD AT THE EDGE: 

 LIMITER BOTTOM 

• Spontaneous transition of the edge Er well. Qualitative agreement with experiments.  

• Origin of the transition : physics or numerical? 

spontaneous

transition 



RADIAL ELECTRIC FIELD AT THE EDGE: 

 LIMITER TOP 

• No large Er well 

• No transition 



RADIAL ELECTRIC FIELD AT THE EDGE: 

 LIMITER IN 

• Fluctuations of the radial electric field 



Electron temperature 

GENERATION OF LARGE POLOIDAL ASYMMETRIES: 

LIMITER BOTTOM 

Electron density 

Ion density Ion temperature 



GENERATION OF LARGE POLOIDAL ASYMMETRIES: 

LIMITER TOP 

Ion density 
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GENERATION OF LARGE POLOIDAL ASYMMETRIES: 

LIMITER IN 

Ion density 

Electron density 

Ion temperature 

Electron temperature 



NECCESITY TO INCLUDE POLOIDAL AND TEMPORAL 

EVOLUTION OF THE DENSITY IN THE QUASI-NEUTRALITY 

 

 

The terms in red are currently functions of the flux surface computed at the initial time. 

 

They need to be functions of the poloidal angle and be dynamically computed 



CONCLUSION 

• A limiter model compatible with the hybrid electron model has been 

developed and implemented in both GYSELA and ORB5 (see poster of G. 

Di Giannatale) 

 

• A large impact of the position of the limiter is found on the level poloidal 

asymmetry and the amplitude of the radial electric field 

 

• The evolution of the density and the generation of large poloidal 

asymmetries in the SOL imply that the quasi-neutrality equation needs to be 

generalized 

 

• A spontaneous transition of the electric field well is found in the case of ion 

magnetic drift pointing in the direction of the limiter, as expected from 

experiments 

 Is it due to physics or simplifications in the QN equation? 
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