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Abstract

Theoretical investigations into the role of current profile control in the improved confinement is re-
viewed. In addition, the historical evolution of the study of toroidal confinement is surveyed, and the re-
cent modelling of the reduced-negative shear mode is explained. Linear and nonlinear transport theory
are discussed with a typical example of the latter taken from an investigations of the structural forma-
tion of plasma profiles and electromagnetic fields. Finally, the impact of these developments on ignition

experiments is discussed.
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Effect of magnetic shear on the toroidal drift (a). The dirft orbit of trapped particles, which forms a banana orbit on the

poloidal crosssection, drift in the toroidal direction. If the magnetic shear is positive, the drift distance is larger when
particles stay in the outer magnetic surface. The toroidal drift direction coincides with the diamagnetic drift direction;
i.e., the bad-curvature drift is enhanced. On the contrary, if the magnetic shear is negative, the toroidal drift is re-
duced. Influence of the Shafranov shift is shown in (b). As the Shafranov shift increases, the connection length in the

bad curvature region becomes shorter.
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Fig. 2 Linear growth rate (normalized) of the ion-tempera-
ture gradient (ITG) mode as a function of the
magnetic shear. Result of the analytic theory is
given in (a) [20]. Particle simulation has also itllumin-
ated the influence of the low or negative magnetic
shear on the growth rate (b). Mode pattern is also
illustrated [22].
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Fig. 3 By controling the vertical field of Spherator, trapped particles are confined in the region of good curvature {a) or in
bad curvature (b). Depending on the well depth, the plasma confinement time changes. In the case of good cusvature
{a), a long confinement is realized (c). In the situation of (b), the confinement is poor (d). (Quoted from [7] .}
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Fig. 4 Contour of the turbulent transport coefficient on the
s-a diagram. Thermal conductivity is normalized.
(Length and time are normalized to the plasma
radius and poloidal Alfven transit time, respectively.)
Dotted line indicates the linear instability region
against high-n ballooning mode [32].
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Fig. 5 Formation of the internal transport barrier by the cur-
rent profile control. Off-axis current drive is applied
(via LH waves) (a). The g-profile is modified and the
weak-negative shear region appears (b). The trans-
port barrier is formed (c), and the steep temperature
gradient is induced (d). [33] .
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