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Plasma shape control is a major knob to investigate confinement as well as MHD 
characteristics of magnetically confined plasmas.  LHD has a large flexibility to explore a 
configuration effect by using 6 independent coil systems. Elongation can be controlled by a 
quadrupole field. Experimental observation of moderate elongation has shown that 
confinement is degraded gradually in both prolate (vertically elongated) and oblate 
(horizontally elongated) configurations. Since the rotational transform is weaker in the core 
region than in the periphery in LHD, a theoretical analysis suggests that excess quadrupole 
field results in split of the magnetic axis. Then the internal separatrix like petals emerges. 
Further application of quadrupole field eventually realizes a doublet configuration with a 
double magnetic axis bounded by this separatrix. An analytics1) suggests that split of the 
magnetic axis starts beyond elongation κ of 1.6 in the prolate case. The role of separatrix is 
attracting interest in effect on confinement performance as well as physics of unstable 
manifold, which has motivated strong shaping experiment in LHD. Both shaping of prolate 
and oblate directions has been explored for NBI heated plasmas. In the strongly prolate case, 
the doublet image has been observed by a tangential soft X-ray camera. Available profile 
measurements of temperature and density have not provided the 2-dimensional profile, 
however, assumption of concentric surfaces with a single magnetic axis seems to contradict 
with experimental observations in the 1-dimensional measurements in the case with strong 
shaping. This suggests the existence of doublet magnetic surfaces. These complex equilibria 
cannot be treated by the numerical code, ex.VMEC, with an assumption of nested flux 
surfaces with a single magnetic axis. Characteristics of these eccentric equilibria have been 
investigated by the HINT code which does not assume existence of nested flux surfaces. 
Experimental and computational results are discussed with emphasis on split of magnetic axis 
in the prolate case, and large Shafranov shift and consequent equilibrium beta limit in the 
oblate case. 
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