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From a Viewpoint of Magnetically Confined Fusion
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High performance magnetically confined plasma is realized by having structures in plasmas, in which differ-
ent elementary processes with different time and spatial scales act synergistically with each other. Research based
on large scale simulation is then essential to understand such complex hierarchical plasmas. We discuss the under-
lying physical process of structural plasmas and present the prospects for future numerical simulations which cover

a wide dynamical range.
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Fig. 1 Schematic flowchart of multi-hierarchical high performance

tokamak plasmas. Interaction among different time and
spatial scale fluctuations plays an essential role for structure
formation.
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Fig. 2 Distribution of various fluctuations in toroidal plasmas in ra-
dial and poloidal wave number space. Zonal components
and streamers that correspond to each maternal turbulence
are also illustrated. ¢, 0i, and a represent electron and ion
larmor radius, and plasma minor radius, respectively.
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Fig. 3 (a) Gyro-kinetic simulation of collision-less slab MHD internal kink event [15], (b) Electromagnetic Landau fluid simulation of toroidal
ITG turbulence [16], (c) Gyro-fluid simulation of local slab ETG turbulence [17].
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Fig. 4 Dependence of electron heat diffusivity on electron temperature gradient parameter 7e = Ly/Lt for moderate (s = 0.2) and weak (s =
0.1) magnetic shear case. A schematic figure of energy partition between turbulent energy and zonal flow energy is shown for the case
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Fig. 5 Toroidal linear eigen-mode of (a) MHD double tearing mode, (b) high m/n kinetic ballooning mode, and (c) toridal ITG mode obtained from
single Landau fluid code. Also shown is the safety factor profile used in the simulation [from Miyato et al. [16], courtesy of Miyato].
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