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Production Mechanism of High Proton Ratio Plasma
in a Hydrogen Arc Discharge Ion Source

Takatoshi MORISHITA, Takashi INOUE, Takashi IGA, Kazuhiro WATANABE, Mieko KASHIWAGI,
Takashi SHIMIZU®™, Masaki TANIGUCHI, Masaya HANADA and Tsuyoshi IMAI

Department of Fusion Engineering Research
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Japan Atomic Energy Research Institute

Naka-machi, Naka—gun, Ibaraki-ken
(Received January 22, 2003)

Generally a large volume plasma generator with strong plasma confinement is suitable for production of a high
proton yield of >90 %. Recently a small ion source whose discharge volume is only 1.4 liter produced a high
proton ratio of ~90% by applying transverse magnetic field. Mechanism of a high proton ration plasma
production in such a small ion source has not been studied. The proton production mechanisms in a hydrogen arc
discharge were numerically studied by solving rate equations to obtain H*, H,", H;", and H® densities in various
scales of ion sources. It was revealed that a main process of proton production depends strongly on a following
process of H,;” + e — H' + H + e in the small volume discharge. By applying the transverse magnetic field in
the plasma volume, flow of primary electrons through the magnetic field is restrained, resulting in suppression of
H," production near the plasma grid. In addition, H" is produced near the plasma grid from dissociation of H,"
due to the large cross section with low temperature electrons. Thus the proton yield is enhanced even in the small
volume discharge by applying the magnetic field. Using the same numerical method, the plasma production
mechanism was calculated for a large ion source. The high proton ratio and the high atomic hydrogen density
can be easily obtained under the low-pressure discharge, where the contribution of proton production reaction H
+e — H' + 2e is comparable or higher than that of H," + ¢ — H' + H + e. From the negative ion production
point of view, experimentally obtained negative ion beam current was evaluated quantitatively from the
numerical analysis. As a result, it was shown that the high atom flux to the plasma grid surface generates large

amount of negative ion flux rather than that by the positive ions in Cs-seeded large ion sources.

Keywords; Proton Ratio, Ion Source, Arc Discharge, IFMIF, Molecular Ion, Magnetic Filter, H,,

Negative Ion
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