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Recently remarkable progress has been made, especially, in high-beta and steady-state

experiments on the Large Helical Device (LHD), which is a large heliotron with a major

radius of 3.6 m and a minor radius of 0.6 m. LHD offers a great opportunity to study

currentless plasmas, and full steady-state operation is expected, using superconducting

coils.

The optimization of rotational transform has been made for high-beta plasma

production from a viewpoint of particle transport and MHD stability. While an increment of

rotational transform restricts the Shafranov shift, which increases the ripple loss of

particles, it restrains the formation of a magnetic well in the core region, and a magnetic hill

in the peripheral region is enhanced. In the recent experiments, the configuration optimized

for these two subjects has been found out, and hence the average beta of 4.3 % was

achieved. The peripheral MHD activities were almost saturated and/or suppressed with an

increase in beta. Accordingly, they are not fatal subjects for high-beta plasma production.

Steady-state discharges were also successfully performed for more than 30 min by

using the magnetic-axis swing technique. The heat load along the divertor legs was largely

redistributed by the small temporal change of axis position of 3 cm, and the experimental

observation of heat load was well explained by analytic calculation. The plasma was heated

and sustained by ICRF heating, and additional EC and NBI heating. The central ion

temperature was around 2 keV, and the line-averaged electron density was around 0.7 ~ 0.8

× 1019 m–3. The average input power was 680 kW and the plasma duration was 31 min 45

sec. The total input energy to the plasma reached 1.3 GJ, which is the largest energy to high

temperature plasmas at the keV levels among magnetic confinement devices, including

tokamaks and helical devices. This successful long operation shows that the heliotron

configuration has a high potential as a steady-state fusion reactor.

These recent LHD achievements make helical fusion reactors more realistic. The design

activity for a steady state fusion reactor without disruption is advancing apace assuming

LHD configurations.


