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Abstract

The final goal of this study is to construct an integrated simulation model useful for designing medical cyclotrons. The
integrated model is demanded to simulate the overall system, e.g., the internal ion source, RF-extraction system and
acceleration system. As the first step, we have developed a two dimensional particle-in-cell (2D-PIC) model for the ion
source with a simple extraction grid. After the careful validity check by comparing the simulation results with the plasma
sheath theory, the dependence has been studied of the plasma meniscus and the beam emittance on the extraction voltage.
Reasonable simulation results have been obtained, i.e., by optimizing the extraction voltage, the beam emittance is shown
to be minimized when the plasma meniscus becomes flat. These encouraging results show that our present simple 2D PIC
modeling is a robust basis to develop more realistic integrated models for medical cyclotrons with an internal ion source.
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Figure 1: Schematic image of 2D simulation model.
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Table 1: Basic Parameters for This Study
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Figure 2: Time evolution of space-averaged plasma
potential.
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Figure 3: Electric potential distribution with contour-lines
(step: 0.5 V) at the perveance matched condition.
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Figure 4: Electric potential contour around the slit of the ion source, for typical extraction voltage cases.
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Figure 5: (y,y") phase space distribution of protons which
are extracted from the extraction electrode.
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Figure 6: Normalized 4RMS emittance, as a function of
extraction voltage. Dotted line is by Ref. 5.
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Figure 7: Extracted proton and electron beam current per
unit height, as a function of extraction voltage.
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