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It has been considered that the critical issues in the development of a fusion
reactor are as follows: (1) confinement, (2) disruption, (3) steady state operation, (4)
economic feasibility and (5) wall damage.  High beta operation is most effective to reduce
the cost of fusion reactor. As the beta becomes higher, a tokamak plasma is more
frequently disrupted. A helical system is advantageous in issues (2) and (3) since it is a
current free confinement system in principle. The beta limit in helical systems has not
been well understood. It has been considered that helical systems have weak points as
follows: (a) the ripple transport enhances the high energy ion transport; (b) the magnetic
island due to error field deteriorates the plasma confinement; (c) the beta is limited by the
magnetic island structure.

This paper presents recent experimental results in the Large Helical Device
(LHD), which is the world largest helical system (Rax~3.6 m, aav~0.6 m, Bax~2.75 T) and
has the capability of steady state operation because of the super conducting magnets.
LHD has confined a plasma with Ti0 ~ 2 keV and ne ~ 0.8x1019 m-3 for 1905 sec using
ICRF heating. In this case, the total plasma heating energy was ~1.3 GJ.  This suggests
that high energy ions generated by ICRF are well confined.  The magnetic island has been
intensively investigated. The n=1 large magnetic island in the vacuum field, which is
created by using the n=1 external vertical field, vanishes in plasma with higher
temperature or with higher beta.  This suggests that the error field would not be a critical
problem in a helical reactor, which has a high temperature and high beta plasma. The
obtained averaged beta is more than 4.3 % in LHD.  In this case, the beta is not limited by
the MHD events or magnetic island but is limited by the lack of heating power. Internal
and external transport barriers also have been observed in LHD. By using the local island
diverter and multiple ice pellet injection, an internal transport barrier in the density profile
is observed in LHD. This indicates that the particle control is effective to generate the
transport barrier.

The LHD experiment is accumulating evidence indicating that a helical fusion
reactor could be realistic.  Design activity for a steady state fusion reactor without
disruption is being intensively pursued using the LHD configuration.  


