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Dependence of Fast Ions Generated by ICRF Minority Heating
on Pitch Angle and Spatial Position in Heliotron J
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Confinement of high-energy particles such as alpha particles is an important issue for plasma heating. In a
previous research, different results of generation of fast ions and heating of major ions were obtained at
central heating and torus inner-side heating in STD configuration. This finding is not consistent with
heating mechanism of ICRF minority heating. The aim of this study is to carry out the investigation of the
spatial distribution of fast ions in the wide area of the poloidal cross sections with a CX-NPA and to clarify
the effect of generation and confinement of fast ions on magnetic field configuration (bumpiness).
Dependence of energy spectrum on poloidal angle at torus-inner heating is clarified.

1. Introduction

Confinement of high-energy particles such as alpha
particles is an important issue for plasma heating.
Here, using fast ions generated by ion cyclotron range
of frequencies (ICRF) minority heating in Heliotron J,
generation and confinement of fast ions have been
investigated experimentally.

This paper focuses on the behavior of fast ions with
varying the toroidal ripple (bumpiness) of the
magnetic field strength, which is one of key
parameters for improved confinement in Heliotron J
[1]. The bumpiness can be varied by altering the ratio
of the coil current of two types of toroidal coils. The
ratios of the current of toroidal coil A to that of
toroidal coil B in this study are 5:1, 5:2 and 5:3, which
are labeled as the high bumpiness, medium bumpiness
and low bumpiness [1, 2], respectively.

In a previous research, which had focused on the
dependences of effective temperature of hydrogen and
deuterium temperature on heating position, the

temperature of deuterium as major ions was founded
to be higher when the resonance layer is torus
inner-side than the case when resonance is located at
the center of the plasma, although effective
temperature of hydrogen as minority ions was higher
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Fig.1 Heating position dependence of the effective
temperature in the CX-NPA measurement line of sight is
faced to magnetic axis.



in the center heating than inner-side heating. This
finding is not consistent with the standard heating
mechanism of minority heating (see Fig.1). A charge
exchange neutral particle analyzer (CX-NPA) of E//B
analyzer is used to detect energetic ions and to
estimate the bulk ion temperature.

One of the candidates for this reason is that the
measured energy spectrum does not represent the
averaged fast ion energy spectrum since fast protons
may be largely located in off-axis position of the
plasma.

The aim of this study is to carry out the
investigation of the spatial distribution of fast ions in
the wide area of the poloidal cross section and to
clarify the effect of generation and confinement of fast
ions on magnetic configuration (bumpiness).

2. ICRF Experiments

An ICRF wave was injected into electron cyclotron
heated (ECH) plasmas. The ICRF frequency of 23.2
MHz was selected for the high bumpiness
configuration and 19.0 MHz was selected for the low
bumpiness configuration for the on-axis heating. The
magnetic field is about 1.25 T on the plasma axis, the
line-averaged electron density is 0.4 x 10" m>, the
70-GHz ECH injection power is 0.30-0.35 MW, and
the ICRF injection power is 0.25-0.30 MW. The
minority ratio (H/H+D) is about 10%. The energy
ranges of the CX-NPA are from 0.4 to 80 keV for
hydrogen and from 0.2 to 40 keV for deuterium with a
resolution of 4 to 10%. It can scan the line of sight in
the toroidal direction from -10° to +18° and in the
poloidal direction from -3° to 10°. The line of sight of
the CX-NPA in the cross section at the toroidal angle
6.0° is illustrated in Fig.2. Varying the toroidal angle
mainly alters the observed pitch angle. The
distribution in the poloidal cross section can be
measured by varying the poloidal angle of the line of
sight of CX-NPA as shown in Fig.2.
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Fig.2 Line of sight of the CX-NPA in the plasma cross
section at 6.0° in toroidal angle.

3. Magnetic Configuration Dependence of Fast
Ions
The energy spectra of fast ions measured in the

high bumpiness, medium bumpiness and low
bumpiness at the toroidal angle 6° are illustrated in
Fig.3. In the low bumpiness, the energy spectrum
has week dependence in the poloidal poloidal
direction. The behavior of the energy spectrum of
the medium bumpiness is almost the same to that of
the low bumpiness. The energy particle with the
highest energy is measured in the high bumpiness.
This is consistent with previous studies [3]. The
poloidal angle dependence of energy spectra in
center heating is clarified to be relatively large in
high bumpiness, although the poloidal angle
dependence in medium and low bumpiness
configurations is weak.
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Fig.3 Energy spectra measured at the toroidal angle
6° for (a)high bumpiness, (b)medium bumpiness
and (c)low bumpiness
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