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It is important to understand the mechanism of a non-inductive current even in
helical devices since the toroidal current has a possibility of affecting MHD equilibrium and
stability. In Heliotron J, the magnetic configurations can be controlled by changing current
ratios of five sets of coils. The objective of this research is to study the dependence of the
toroidal current on the magnetic configuration and plasma parameters, for understanding
the behavior of the toroidal current in Heliotron J.

The changes of the toroidal current by changing the bumpy field component (B04)
for two different kinds of discharges have been observed, where Bmn is the Fourier com-
ponent of the magnetic field strength; m(n) is the poloidal(toroidal) mode number. One
is the ECH discharge and the other is the ECH+co-NBI combination discharge under the
condition of ne = 0.8× 1019 m−3. The toroidal current is measured using Rogowski coils,
and the positive direction corresponds to the co-direction, which is defined as the direc-
tion of the toroidal current to increase the rotational transform. In the ECH discharge,
the toroidal current changes from 0.75 kA to 0.50 kA as B04/B00 decreases from 0.17 to
0.028. In the ECH+NBI discharge, it changes from 1.77 kA to 0.81 kA. The difference
of the current is considered to be due to the changes of bumpiness component, internal
energy(ECH only or ECH+NBI), and the NB current drive(Ohkawa current).

In order to investigate the dependence of the net toroidal current on B04, the neo-
classical bootstrap current has been calculated using the SPBSC code[1].The calculation
results show that the bootstrap current is positive everywhere along the minor radius in
the case of B04=0.18. As B04/B00 decreases from 0.18 to -0.05, the bootstrap current
density is reversed at the small minor radius of the plasma and the net bootstrap current
changes from positive to negative direction, indicating that the bootstrap current depends
strongly on B04.

In the ECH discharge, the behavior of the toroidal current is found to be mainly
explained by the theoretical prediction of the bootstrap current. In the ECH+NBI dis-
charge, the Ohkawa current may flows at higher bumpy configurations than at lower
bumpy configurations, comparing the ECH+NBI discharge to the ECH discharge. This
suggests that the Ohkawa current also depends on the magnetic configuration.

At the low electron density case(ne = 0.1× 1019 m−3), the net toroidal current of 0.7
kA in the counter-direction has been observed. This direction is different from that of the
bootstrap current calculated without Er. When the large positive Er terms are included,
the current direction is found to be consistent with the experimental results. A possible
mechanism causing the reversal of the direction may be the Ohkawa effect of ECCD.
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