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Configuration dependence of fast ion distribution generated by ICRF heating in
Heliotron J
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Fast ion confinement is a critical issue for helical
devices, since magnetic field ripple is ordinarily large.
In Heliotron J, a low-shear helical-axis heliotron (Ry=
1.2 m,a=0.1-02m, By < 15T), fast ion velocity
distribution in the low density region has been
investigated using fast protons generated by ICRF
minority heating with special emphasis on the effect of
the toroidal ripple of magnetic field strength
(bumpiness) and heating position [1, 2]. The majority
is deuterium and the minority is hydrogen. The
minority ions are easily accelerated in this heating
mode.

The high bumpiness among three bumpiness
configurations was preferable for the fast ion
confinement in the pitch angle scan experiment of the
CX-NPA under the on-axis heating condition. In
medium bumpiness, the two locations of cyclotron
resonance layer were examined. The effective
temperature, which is estimated from the slope of the
energy spectrum between 1 keV and 7 keV, of the
minority proton in on-axis heating was higher than that
in the inner-side heating; however, the bulk deuteron
temperature in on-axis heating was lower. It is not
consistent with the heating scheme since most rf input
power is absorbed by minority ions in our experimental
condition. Fast ion’s distribution is occasionally
localized in real space and there is the loss region in
velocity space in the high energy area. The result of
fast ion observation should be analyzed including such
effects and the configuration dependence of such
effects should be clarified.

The two dimensional CX-NPA scan for the line of
sight is performed for the three bumpiness
configurations in on-axis heating condition. The scan

region is from -2° to 12° for the horizontal angle and
from -2° to 6° for the vertical angle. The toroidal
position of the line of sight is changed in the horizontal
angle scan as well as the pitch angle of the observed
fast ions. The position of the line of sight in the oblique
cross section is changed in the vertical angle scan. For
the most angles, the effective temperature of fast
minority ions and the bulk ion temperature in the high
bumpiness are highest among three configurations. In
the high bumpiness case only, the minority effective
temperature profile is asymmetrical against the
magnetic axis at -2° and 0° of horizontal angle. In the
larger horizontal angle, the profile is symmetrical
against the magnetic axis as in other two bumpinesses.
For the bulk ion temperature profile, no asymmetry is
observed in all bumpinesses.

To understand the experimental results and to obtain
the distribution of the fast ions in a plasma, Monte
Carlo calculation is performed. The code used involves
orbit tracing, Coulomb collisions and acceleration by
the ICRF heating. In the calculation results, the
generation of fast ions in the high bumpiness
configuration is largest among three configurations.
Calculated pitch angle dependence for the volume
averaged fast ions agrees with the experimental result
of the on-axis line of sight. The fast ions are populated
more near the toroidal angle of 0° in the high
bumpiness and the inner-side heating of the medium
bumpiness. The analysis of the spatial distribution of
the fast ions is in progress by comparing experimental
data with simulation results.
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