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EX/C5-3 A Demonstration of Mlagnetic Field Optimization in LHD

S. Murakarni, National Institute for Fusion Science, Toki, Japan
Contact: mura/kamignifs. ac.jp

Abstract: The behaviors of trapped particles in helical ripples are complicated and would enhance the
radial transport of energetic particles and thermal plasma (neoclassical transport) in heliotrons. Thus the
improvement of energetic particle confinement and the reduction of the neoclassical transport are key issues
for a future reactor based on the helical system. On the other hand, recent LHD and CHS experimental
results have shown good plasma performances in the "inward shifted" configurations, in which the ideal
MHD stability analysis predicts instability. These facts suggest that the MHD stability problem is not a
severe one for plasma confinement in heliotrons and makes it reasonable to consider shifting the magnetic
axis further inwards in LHD where further improvement of the neoclassical transport and energetic particle
transport can be expected. In this paper, we show an optimized configuration of LHD to a level typical of
so-called "advanced stellarators" and demonstrate experimentally the effect of magnetic field optimization
on the energetic particle confinement and the thermal plasma transport (neoclassical transport).
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Abstract: The island divertor concept has successfully been realized at W7-AS. The divertor gives ac-
cess to a new NBJ1-heated high density regime with densities up to 4 x 10
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well above customary scalings. This regime appears promising with respect to the requirements of both
confinement and exhaust. Many features are reminiscent of a quiescent H-mode, but plasma particle trans-
port behaves differently. Beyond a threshold density energy confinement approximately doubles whereas
particle confinement dramatically decreases. The density profile flattens and the inward impurity pinch is
reduced. This eases density control, prevents impurity accumulation, and allows for quasi-stationary con-
ditions with radiation profiles peaked at the edge. At the highest densities partial detachment occurs with
a radiated power fraction up to 90% at a tolerable expense of plasma energy. The sub-divertor pressure
is sufficient for pumping. Major experimental results, such as the lack of a high recycling phase preceding
detachment, are also predicted by the EMC3/EIRENE code.
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Abstract: Recent JET experiments and analysis have demonstrated the importance of edge collisionality
for the physics of divertor power loading both during and between ELMs. Since collisionality decreases
strongly with machine size, JET routinely operates in an ITER relevant regime which is difficult or im-
possible to access in smaller devices. This new understanding has enabled us to develop more physically
justifiable scalings for static and transient power deposition in ITER and demonstrates a need for kinetic
models when simulating edge behaviour in JET and ITER. Steady state power loading in ITER is likely
to be within limits provided that the divertor plasma is kept in the high recycling or detached regime.
Extrapolations of the typical type ELMs found in JET to ITER highlight the importance of developing
regimes characterised by small ELMs, if surface ablation is to be avoided. Disruptive power loads measured
in the JET divertor appear far more benign than would be expected from current ITER assumptions.


