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Abstract

An electron impact singly charged ion source has been improved to enhance the ionization efficiency with a newly
developed 3-D PIC code. The singly charged ion source has to realized ionization efficiency of 1% for C* ion produc-
tion to be employed for an ISOL (Isotope Separation On-Line) system, which provides ''C ions to treatment rooms for
heavy-ion cancer therapy simultaneously with real-time verification of an irradiation field using PET (Positron Emission
Tomography). To realize the ionization efficiency of 1%, effective current in the drift tube of the ion source must be in-
creased more than 100 mA. Electron beam trajectory and design of the electrodes, such as an anode, drift tubes, electron
repeller were investigated and optimized by considering distribution of the lost electrons.
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Figure 1: One of the possible schemes for *'C ion produc-
tion.
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Figure 2: (a)Schematic diagram of the prototype 1+ ion
source. (b)Voltage distribution of the ion source.
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Figure 3: Ionization efficiency for C* production from
CO5 and CH,4 molecules.
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Figure 4: Comparison of space-charge limited current
between the simulation and the experiments [6]. The
gun perveance estimated from the experimental results is
16.6 tA/V3/2,
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Figure 5: Simulation results for prototype ion source: (a)
Axial magnetic field along s—axis, (b) Potential distribu-
tion along s—axis, and (c) Lost electron distribution and
electrode structure. The lost electron distribution is nor-
malized by total number of emitted electrons. Electrons
reflected by the repeller are not taken into account.
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Table 1: Calculation Conditions: Initial Electron Velocity
was Determined by Maxwell-Boltzmann Distribution with
the Initial Electron Temperature

Calculation time ¢y 60 ns

Initial electron temperature 7 0.1eV
Initial electron distribution at cathode uniform
Num. of total super particles N, 2x10°
Injection rate of super particles Ngp /teale.

Time step Aty =~ 0.01x27/w,

Mesh size for static field Ar 0.2 mm

Mesh size for space charge field Ay 0.4 mm

(wc : cyclotron frequency)
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Figure 6: Modified singly charged ion source: (a) Ax-
ial magnetic field along s—axis, (b) Potential distribution
along s—axis, and (c) Lost electron distribution and elec-
trode structure. The lost electron distribution is normalized
by total number of emitted electrons. Electrons reflected by
the repeller are not taken into account.
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Table 2: Comparison of Effective Electron Current be-
tween the Prototype and the Modified Ion Source (¢ =60 ns)

Modified
0.14 A

Prototype

Effective Electron Current I.¢ 0.01 A
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