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Abstract

The multi-ion radiotherapy with dose distribution and Liner Energy Transfer optimization is being studied at QST.
Helium, carbon, oxygen, and neon ions are considered as ion species for multi-ion radiotherapy. We developed new
compact ECR ion source with all permanent magnets named MIK (Multi-lon production at Kei5) for multi-ion
radiotherapy. lonization gases were helium, methane, oxygen, and neon to produce He*', C*, O%" and Ne’* ions.
Requirement values of beam current were 940 pA correspond to He?", 290 pA to C*, 330 pA to O%*, and 245 pA to Ne’*,
respectively. This value was obtained from the number of particles required for the cancer treatment and the transmission
efficiency of the accelerator in the HIMAC. The MIK source was installed to the HIMAC facility in February 2022.
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Figure 1: Photograph of the MIK source.
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Figure 2: Charge state distribution of helium. Parameters
of ion source were optimized for He*" production.
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Figure 3: Charge state distribution of carbon. Parameters
of ion source were optimized for C*" production.
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Table 1: Operation Parameters of MIK for Production of
Helium and Carbon lons

Item Helium Carbon

Gas
Material Helium Methane
Gas pressure 0.031 MPa 0.0021 MPa
Pulse width 0.21 ms 0.22 ms

Microwave
Frequency 14.16 GHz 14.025 GHz
Power 200 W 610 W
Pulse width 50 ms 50 ms
Repetition 1 Hz 1 Hz

High voltage
Extraction voltage 20 kV 320 kV
Extraction current 6.64 mA 8.3 mA
Einzel voltage 12.5kV 23.85kV
Einzel current 1.08 mA 0.4 mA
Biased disk voltage 90V -100 V

Vacuum pressure
Upstream box 1.5¢-4 Pa 3.2¢-4 Pa
Downstream box 2.0e-4 Pa 4.0e-4 Pa
LEBT 1.0e-4 Pa 1.2e-4 Pa
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