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Abstract

Radio Frequency Knock Out (RFKO) method has been used for a beam extraction from a synchrotron used in a heavy particle cancer

therapy. In a conventional RFKO device, an RF electric field with a narrow bandwidth of several 10 kHz is used. The beam simulation

showed that an extracted beam intensity becomes uniform by using an RF electric field with a wide band. In order to realize this system,
we developed a broadband RFKO system. The RFKO system consists of Impedance Transformer (IT) and All Pass Network (APN).
The APN consist of a resistor, coils, and capacitors. It was found that 90~100% the ideal voltage is generated in RFKO electrode.
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Figure 1: Multi band spectrum.
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Figure 2: Simulation results withlband (upper) and 10
bands (lower).
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Table 1: Value of Each Element

FIMHz] _ CilpF] _ CIpF] _ L[uH]

1 21.3 5.33 6.82

10 23.8 5.10 7.62

17 25.3 6.33 8.10

Final Values | 47 6.0
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Figure 3: Circuit dlagrarn of 16:1 RFKO system
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Table 2: Required Voltage By Beam

Peak value [V]  Effective value [V]
Kick angle 4.49E-06 9.73E-07
Carbon 2474 559
Proton 872 197
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Table 3: Specification of Coils

MJ Wire diameterfmm] | ¢ 1.4
Coil diameter [mm] | 32.9
‘ » Turn interval [mm] 2.0
Number of turns 23
Dielectric breakdown 100
voltage [kV] ’
Inductance [puH] 6.1

Figure 4: Prototype coils.

Table 4: Specification of Capacitors

Length [mm] 10.5
Width [mm] 9.5
Thickness [mm] 4.5
Capacitance [pF] 5.6
Withstand voltage [kV] 7

Figure 5: Capacitors.
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Figure 6: Voltage applied to the capacitor.
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Figure 7: Measurement and analysis results (APN).
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Figure 8: Measurement and analysis results (IT).
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Figure 9: Broad band RFKO system.
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Figure 10: Measurement and analysis results (RFKO).
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Figure 11: Frequency characteristics of phase difference.
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Figure 12: Simulation results without phase difference
(upper) and with phase difference (lower).
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