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TH/P1-01 Monte Carlo 6f Simulations of Neoclassical Phenomena in Tokamak Plasmas
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Abstract: Some important neoclassical phenomena are studied with drift-kinetic simulations of the ions:
the current which drives neoclassical tearing modes, the bootstrap current at a steep gradient, the energy
transport near the axis. The &f code HAGIS is used with pitch angle collisions modelled by a Monte
Carlo procedure. An equilibrium with circular cross section and (for the island modelling) a single helical
perturbation is considered, ITER- and AUG-like parameter are used. We find that the bootstrap current
in small islands does not vanish, the full current is observed if the island half-width is smaller than the orbit
width. The results can explain the scaling of the normalized beta at the onset of the NTMs in ASDEX
Upgrade. The polarization current due to the island rotation is studied as well and found to be small. In
the banana regime the bootstrap current at a steep pressure profile is reduced if the orbit width exceeds
the gradient length. The near axis energy transport is neither reduced nor much enhanced in plateau
regime, contrary to the banana regime.
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Abstract: Two of the key elements of the accretion theory of the angular momentum "generation" phe-
nomenon in axisymmetric toroidal plasmas are the transfer of angular momentum to the surrounding
material wall by plasma modes excited at the edge of the plasma column and the transport of "nega-
tive" angular momentum toward the center of the plasma column by remnant ion temperature gradient
driven modes. The phase velocity of the edge scattering modes is expected to reverse direction in the
transition from poor confinement regime, for the ion thermal energy, to good confinement (e.g. H-regime).
Consequently the oppositely directed toroidal velocity within the plasma column also reverses. The rela-
tionship of this theory to recent experiments that have provided support for it is pointed out. The toroidal
analysis of the main elements of the theory, that involve the quasi-linear angular momentum pinch the
characteristics of the modes involved, the excited spectrum and the related transport coefficient for the
plasma thermal energy, is presented. The inadequacy of the neoclassical transport theory to explain the
experimental observations is also pointed out.
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Abstract: Understanding the physics of shear flow and structure formation in plasmas is a central problem
for the advancement of magnetic fusion. In this paper, we report on integrated experimental, comnputa-
tional, and theoretical studies of sheared zonal flows and radially extended convective cells. Based on
intriguing initial results suggesting increased levels of nonlinear coupling occur during L-H transitions,
we have undertaken a comprehensive study of bispectral quantities in fluid and gyrokinetic simulations.
Topics of study include locality and directionality of energy transfer, amplitude scaling, and parameter
dependences. We also present work investigating the role of structures in transport. Analysis of simulation
data indicates that the turbulent heat flux can be represented as an ensemble of "heat pulses" of varying
sizes, with a power law distribution. The slope of the power law is shown to determine global transport
scaling (i.e. Bohm or gyro-Bohm). Theoretical work studying the dynamics of the largest cells (termed
",streamers") is presented, as well as results from ongoing analysis studying connections between heat pulse
distribution and bispectral quantities.


