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Abstract

A spot scanning irradiation method for heavy particle beam cancer therapy requires a fast beam-on/off control, and a
Radio Frequency Knockout (RFKO) method is used for beam extraction for the purpose. An RF electric field with a
narrow band of several 10 kHz has been used previously. On the other hand, beam simulation showed that the extracted
beam intensity becomes uniform by using a colored noise of a multi-band spectrum including many betatron resonance
frequencies as a signal source. A prototype of the multi-band RFKO system is developed for the proof-of-principle
experiment at Wakasa Wan Energy Research Center (WERC). The frequency characteristics of the electrode voltage
using the RFKO prototype electrode increases by about 5 % on the lower frequency, and are almost constant from 8 MHz
to 14 MHz without an amplifier. The electrode voltage with the amplifier increases by about 10 % in the middle frequency
and decreases by 5 % on the higher frequency due to the frequency characteristics of the amplifier. The electrode voltage
of WERC is estimated to be decreased by about 20 % at 14 MHz due to the large capacitance.
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Figure 1: Block diagram of the RFKO system.
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Figure 3: Electric circuits of the IT and APN.
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Table 1: Parameters of IT
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Figure 5: Measurement and analysis results (IT).
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Table 2: Value of Each Element of APN

f[MHZz] C,[pF] L[pH] C[pF]
1 24.4 (25.6) 7.8 6.1
6 35.2 (25.9) 113 3.8
14 32.0 (27.5) 10.2 8.0
Final value | 6.5 (5.1)
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Figure 7: Measurement and analysis results (APN).
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Figure 10: RFKO éystem prototype (WERC'’s electrode).
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Figure 11: Measurement and analysis results (WERC’s
electrode).
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