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Study of Plasma Meniscus and Electric Potential Structure on Negative Hydrogen lon Source

Thesis Summary

Negative Hydrogen ion sources are essential for accelerators, cancer treatment devices, and fusion
plasma heating. While surface-produced negative ions, generated on the electrode surface, enhance
extracted beam intensity, they tend to degrade beam optics. The optics is governed by the electric
potential structure near the extraction hole and the resulting beam emitting surface, the plasma
meniscus. These structures are strongly affected by the positive extraction voltage, its shielding by the
ion-ion plasma (consisting mainly of positive and negative ions), and the specific physical properties
resulting from the dominance of negative ions. Consequently, the meniscus may exhibit characteristics
distinct from those in conventional positive ion sources; however, its behavior remains not fully
understood. The purpose of this study is to clarify the formation of the electric potential structure in
ion-ion plasmas and its effect on the plasma meniscus using a three-dimensional electrostatic particle
simulation.

Chapter 1 introduces the background, purpose, and significance of this study.

Chapter 2 describes the 3D electrostatic particle model. This model calculates plasma dynamics and
potential structures by solving the equation of motion and Poisson's equation self-consistently, assuming
plasma injection from the upstream region.

Chapter 3 demonstrates the dependence of the potential structure and plasma meniscus on plasma
density. Calculations reveal the limitations of using the theoretical model for positive ion sources, mainly
due to density-dependent negative ion production modifying the potential structure. Alternatively, the
meniscus position was determined from the positive ion density profile. The meniscus moves toward the
extraction direction with increasing plasma density, showing a similar trend to positive ion sources.

Chapter 4 discusses the influence of the ratio a (negative ion to electron density) at a fixed plasma
density. Increasing a via enhanced surface production alters the potential structure near the plasma grid
and shifts the meniscus position. Since this dependence is unpredictable by the positive ion source
model, we developed a theoretical model incorporating negative ions, demonstrating that the meniscus
position depends on a.

Chapter 5 analyzes the relationship between negative ions and the potential structure in detail.
Analysis of the internal distributions reveals that the plasma is classified into four regions: (I) the region
where negative ions follow the Boltzmann relation, (ll) the region where positive ions follow the
Boltzmann relation and satisfy quasi-neutrality with negative ions, (lll) the transition region, and (IV) the
acceleration region. Based on the physical mechanisms linked to the potential structure, the boundary
between Region (lll) and Region (IV) likely corresponds to the meniscus.

Chapter 6 summarizes the conclusions of this thesis.
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