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Momentum transport and plasma flow generation are complex transport phenomena of great 
importance in magnetic confinement fusion. An optimized plasma flow is believed to play a 
critical role in both controlling macroscopic plasma stability, and in reducing energy loss due to 
plasma microturbulence. Understanding the non-diffusive momentum transport mechanisms and 
the intrinsic rotation phenomenon [1] is a key to predicting plasma flow, particularly in ITER. In 
this paper, we report the latest new results found from our global gyrokinetic simulations with 
respect to nonlinear intrinsic rotation generation [2] by electrostatic turbulence of ion temperature 
gradient (ITG) modes and trapped electron modes (TEM). Critical issues to be addressed are 
closely coupled to experimental and theoretical studies. These include: i) mechanisms for 
turbulence driving residual stress; ii) mechanisms for breaking symmetry in the parallel 
wavenumber k// spectrum --  the symmetry breaking is shown to be a critical ingredient for 
turbulence to generate net acceleration of parallel (and toroidal) flows; iii) impacts of trapped 
electrons and electron turbulence on residual stress; iv) characteristic dependences of intrinsic 
rotation on plasma parameters and directional tendency of the rotation; and vi) the fraction of 
residual stress in the momentum flux. Remarkable results also include the finding of an 
interesting meso-scale phenomenon, ``flow pinch", in collisionless TEM (CTEM) turbulence, 
which appears to provide an enlightening new insight into the underlying dynamics governing the 
radial penetration of modulated flows demonstrated by perturbation experiments [3]. Also 
presented are highly distinct phase space structures between TEM and ITG turbulence driven 
fluxes to elucidate the roles of resonant and non-resonant particles. Work supported by U.S. DOE 
Contract DE-AC02-09-CH11466 and the SciDAC GPS-TTBP project.  
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