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High-ion temperature plasmas in LHD have been
obtained with steepening of ion temperature gradient
at the core region. The maximum ion temperature
(Ti) reached 5.6 keV in the experimental campaign of
FY2008. At the core region, Ti is higher than the
electron temperature (Te), and thus, the negative
radial electric field (Er) (ion root) has been predicted
based on the neoclassical (NC) ambipolarity
condition. The measurement of Er at the core region
by the charge exchange recombination spectroscopy
(CXS) has been difficult since the impurity hole is
established in such high-Ti plasmas. The Heavy Ion
Beam Probe (HIBP) measurement, having been
arranged, could make the potential measurement in
such a core region (without using the impurity
content), to reveal that Er there is negative . This
experimental finding supports the previous
predictions on Er at the core region of high-Ti LHD
plasmas based on NC ambipolarity condition. This
provides the firm basis of the NC-ambipolarity Er
analysis in a wide range of parameter regime in LHD
plasmas, in addition to CERC plasmas ? where Te is
higher than Ti, with the positive Er (electron root).

The impurity-hole establishment is also analyzed
from the viewpoint of NC transport. The hydrogen
density is estimated from the electron density and
carbon density, and NC transport analysis is
performed with 2-speices ion content with GSRAKE
code ¥. Such calculations have revealed that the
inward velocity is expected for carbon impurities in a
circumstance of negative Er, and thus, NC transport
cannot explain the establishment of impurity hole.
The research to find the cause of its establishment
based on particle transport attributed to some
turbulent mechanism has been pursued *.

Based on the validity of NC-ambipolar Er so far
confirmed in LHD  experiments, scenario
development towards further extension of Ti has been
pursued. The utilization of electron root might be a
candidate for this direction through the simultaneous

increase of Ti and Te, to further decrease of NC heat
diffusivity . The wide range of NC-ambipolar Er
calculations have also revealed that the electron root
realization becomes easier (eg., threshold Te for
entering multiple-root/electron root regime becomes
smaller) in deuterium plasmas than hydrogen plasmas
through the enhanced reduction of ion particle flux
with respect to Er in heavier ion species. In the mean
time, electron-root Er also becomes larger for the
same temperature conditions in deuterium plasmas,
realizing the smaller NC transport.
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Fig.1. The Er-diagram on (Ti, Te) plane at the mid-
radius of a LHD configuration with the vacuum
magnetic axis of 3.60 m. The configuration is kept
unchanged throughout temperature-scan calculations.
The multiple solutions of Er are predicted for the
region surrounded by boundaries, and the ion-
(electron-) root Er is predicted below (above) the
boundary. The solid (dotted) curve is for a case of
deuterium (hydro%en). The density at this mid-radius
is assumed as ~10"" m”.
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