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Abstract
Spatial non-uniformity of negative ion (H’) beam has been serious issue in large negative ion

sources for fusion devices. However, physics of the non-uniformity is not fully understood. In
the present analysis, kinetic modeling of electrons and atoms, which are the parents of H’
particles, are developed to clarify the non-uniformity. By the comparison between the numerical
and the experimental results, it is also purposed to develop the plasma transport model which
reproduces experiments and which is useful for the designing of negative ion sources.

In Chap. 1, purpose of this study is mentioned.

In Chap. 2, three-dimensional (3D) kinetic modeling of plasma electron transport is explained.
The model takes into account the precise transport and energy relaxation of electrons in realistic
magnetic configuration of negative ion sources. It has been clarified from the results that the
electron energy distribution function (EEDF) has the thermal component and the high energy tail
component in upper region of the JAEA (Japan Atomic Energy Agency) 10A negative ion
source, while the EEDF only consists of the thermal component in the lower region.

In Chap. 3, effects of the thermal and the high energy tail components to the production rate of
H® atoms (parents of HY) are discussed. While the both components have almost the same
contribution to the H° production in the absolute value, the high energy tail component only
exists in the upper region. It has been clarified that the enhancement in the H° production in the
upper region is the main reason for the spatial non-uniformity.

In Chap. 4, effects of H° transport and ionization which relax the non-uniformity of the H°
production are also taken into account. The H° production due molecular dissociation, transport
and wall loss of atoms, and loss due to ionization are simultaneously solved in the numerical
model. From the analysis, it has been shown that the atomic density shows strong non-uniformity
even with the relaxation due to transport and ionization processes. The calculated H, line
intensity shows quantitative agreements with the experiments. From these result, the numerical
model developed in this study is validated.

In Chap. 5, summary and conclusion of this thesis are given.




