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Abstract

We propose “Dual-Step RF Extraction method” (DS-RF method) as an advanced slow extraction method of the ion
synchrotron with non-linear resonance of the betatron oscillations. The DS-RF method applies dual band RF voltage, and
each RF voltage controls it independently. One of the dual band RF voltages, an extraction RF voltage near the resonance
make the beam exceed the separatrix by augmentation of the betatron oscillation amplitude of a circulating beam and
extracts it from a synchrotron. The other RF voltage, a diffusion RF voltage far from the resonance is applied to diffuse
the beam. A circulating beam is diffused by the RF voltage for diffusion in separatrix, and the beam spread in the
separatrix neighborhood is extracted outside a synchrotron with the RF voltage for extraction. The control range of the
extraction beam current is enlarged by controlling these RF voltages independently. In this article, we show the principle
of the DS-RF method and the characteristic of this extraction method as a result of multi particle beam simulation.
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Figure 1: Principle of DS-RF method.
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Figure 2: Comparison of the beam distribution of
conventional method and DS-RF method.
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Figure 3: Applied band of the RF voltage on the horizontal
tune.
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Figure 4. Block diagram of the RF signal generator for DS-
RF method.
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Table 1: Simulation Conditions of the Medical Proton
Synchrotron
Beam H*200MeV
Circumference of synchrotron 18m
Extraction tune (vx, vy) (0.68, 1.46)
Chromaticity (&x, &) (-2.0, 2.78)

. (5mmm-mrad,
Emittance (&x, €y) 5 d)
Tmm-mra

Momentum spread (Ap/p) 0.05%

Frequency of synchrotron oscillation ~ 6.1kHz

Table 2: Simulation Conditions of the DS-RF Method

fair (convert to vx) 0.679-0.680
fex (convert to vx) 0.677

Adif 0.3prad

Acxt 1.5purad

faiv 1kHz

Ninit 500kpts
Extraction time 500ms
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Figure 5: Extracted particle waveform with DS-RF method.
(a) is overview of extraction waveform and (b) is detail
view of extraction waveform from 60ms to 70ms.
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Figure 6: FFT operation result of the extraction particle
waveform of figure 5. Frequency division of FFT is SHz.
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Figure 7: Extract particle waveform when an extraction RF
signal set in 0.675 by DS-RF method. (a) is overview of
extraction particle waveform and (b) is detail view of
extraction particle waveform from 60ms to 70ms.
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Figure 8: FFT operation result of the extraction particle
waveform of figure 7.
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