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In recent years, new generation of gyrokinetic simulations based on the so-called full-f 
approaches are emerging. In full-f gyrokinetic simulations, both turbulent transport and 
profile formations are computed under fixed power, momentum, and particle inputs as in 
the experiment. This approach, in principle, has the capability of dictating plasma profiles, 
provided that the simulation is performed over a confinement time. In fact, recent 
Peta-scale supercomputers made such long time scale simulations feasible. However, 
before proceeding to such a huge computation, one needs to examine the accuracy of 
physical and numerical models. In particular, recent work [1] pointed out a serious concern 
about the accuracy of momentum transport calculations using 1st order gyrokinetics.   

In order to resolve this critical issue, we have implemented 3rd order gyrokinetics[2] to 
the Gyrokinetic Toroidal 5D Eulerian code GT5D[3], and the quantitative convergence of 
turbulent momentum transport is examined in the ion temperature gradient driven (ITG) 
turbulence[4]. The result shows that unlike the claim in [1], both heat and momentum 
fluxes are well converged even with 1st order gyrokinetics. It is found that in the ITG 

turbulence with k⊥ρi<1, higher order corrections to the ion polarization density are 

negligibly small, and that non-diffusive momentum transport due to residual stress and 
related intrinsic rotation are an order of magnitude larger than those assumed in the 
so-called low flow ordering. These corrections to the conventional ordering arguments lead 
to the convergence of momentum transport. 

After verifying the accuracy issue, long time ITG turbulence simulations are performed 

for a normal shear tokamak with ρ*-1~100 (TCV like size), Pin=4MW, and no momentum 
input. In the simulation, the quantitative convergence of steady temperature and (intrinsic) 
rotation profiles is confirmed after an energy confinement time, while profiles after a 
collision time are rather close to them. In the steady state, both heat and momentum fluxes 
exhibit active bursts propagating over significant radii. In the momentum transport, it is 
found that steady intrinsic rotation is sustained by the balance between intra-burst diffusion 
and non-diffusive bursty transport, which is characterized by the Er shear stress.   
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