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The XGC full-f gyrokinetic code has shown that the edge plasma condition is a 

critical factor in the global self-organization of plasma profile, turbulence and 

transport, as seen in tokamak experiments for three decades.  However, 

understanding the edge turbulence has been a difficult topic due to the complicated 

multiscale effects from many unusual physics players including geometric singularity 

at magnetic separatrix, significance of neoclassical physics, neutral atomic collisions, 

wall sheath, steep gradient of plasma profile, and strong turbulence intensity. The 

full-f XGC (X-point included Gyrokinetic Code) has been designed specifically to 

resolve these issues. Electro-static turbulence from gyrokinetic ions and drift-kinetic 

electrons is simulated together with neoclassical physics and neutral atomic transport 

in multiscale. Logical sheath condition is used at the wall and a fully nonlinear 

Coulomb collision operator is applied.  There is an ITG turbulence driver at the 

pedestal top, playing a dominant role in the nonlocal self-organization of the core 

turbulence with the plasma profile under a given heat source.  At the same time, ITG 

turbulence spreads outwards from pedestal top into pedestal layer and mix with local 

trapped electron modes and resistive ballooning modes at the pedestal bottom. The 

electrostatic turbulence exists across the separatrix in the form of nonlinear coherent 

structure (“blobs”). Vorticity merging has been observed. Neutral atomic physics is 

found to play an important role not only in the neoclassical physics, but also in the 

turbulence physics. The global density fluctuation amplitude increases toward the 

edge. Global plasma profile settles down to the self-organized-criticality state in 

turbulence spreading time, not in the heat transport time based upon the “local 

transport” ansatz. 
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