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The neutron measurement on a nuclear fusion device provides not only the plasma
lon temperature and the fusion reaction rate but also the information on behaviors of
fast ions in a plasma. However, the application of neutron diagnostics has ever been
limited only to high temperature plasmas. In this thesis, with consideration for an
advantageous arrangement of neutron counters in a helical system, an efficient neutron
diagnosing system was established on the Compact Helical System(CHS)
heliotron/torsatron. By using this system, the confinement of neutral beam-injected fast
1ons was first investigated from neutron measurement in a small helical device.

A calibration experiment was carefully carried out with a 2>2Cf neutron source. A
total of 64 toroidal angles along the magnetic axis were surveyed by moving the
neutron source. To obtain the volume-averaged efficiency(calibration factor), the spatial
distributions of local point efficiency on three poloidal cross-sections with elongated
orientations of 0°, 45° and 90° were also investigated. The toroidal line efficiency of
the BF; counter on CHS, obtained by averaging the point efficiency over all the
toroidal angles, was 4.1x10™ counts/neutron, which is about two orders of magnitude
higher than the values of most of fusion devices. In addition, it first turned out that the
toroidal line efficiency was nearly equal to the volume-averaged efficiency even in a
helical device. It is also pointed out that the calibration factor does not depend on
variations of the plasma profile as long as the magnetic axis remains the same. By using
this system, the ion temperature, as low as several hundred electron volts, was estimated
from the neutron emission with a time resolution of 1 msin the ICRF heating regime of
CHS.

In order to study fast ion confinement in a fusion device, a diamagnetic loop or a
neutral particle analyzer has so far been employed. However, the former is an indirect
measurement for fast ion confinement and the latter reflects mainly the information in
the peripheral region rather than that in the core region. In the present work, the
neutron diagnostics has been employed to the study of fast ion confinement. The
experimental method is based on a short pulse injection of a hydrogen beam doped with
1% deuterium. The neutron emission rate begins to decay just after the beam
termination. Comparing the experimental decay rate with that of calculation assuming
the classical slowing down without ion loss, the fast ion confinement time vc is deduced.
The dependence of tc on the toroidal magnetic field strength B, was investigated for
ions generated from tangentially co-injected neutral beams. In the operation with B, of
0.88 T, tc was deduced to be about 3 ms. By strengthening B, to 1.7 T, the fast ion
confinement was improved and tc was increased up to about 8 ms.

The same technique was applied to the JT-60U tokamak plasma. The perpendicular
short pulse neutral beam was injected into low density plasmas to investigate the
relation between the ion VB drift direction and the ripple-induced fast ion loss in
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plasmas with the up-down asymmetric ripple. The experimental results show that the
total ion loss does not depend on the ion VB drift direction. A tokamak fusion reactor
having a single null divertor has inevitably an up-down asymmetric ripple well, because
of the requirement of a long divertor leg. This result, therefore, suggests the possibility
for B,-reversal operation in future fusion tokamaks.

In summary, it turned out from two experiments, one on a small helical device, CHS,
and one on the largest tokamak, JT-60U, that the fast ion confinement can be clearly
studied by using an efficient neutron measuring system and a short pulse injection of a
neutral beam, when the time-resolution is high enough to follow the decay time. The
neutron diagnosing system like the one on CHS is applicable to other small as well as
large helical devices and will contribute to the ion temperature measurement and the
study of the confinement characteristics of fast ions.
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