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Abstract

QAR method using a fast quadruple magnet (FQ) and RFKO has been proposed for a slow beam extraction from a
synchrotron. In this method, we expect the beam extraction with a high-precision and a high-speed. The beam extraction
is performed by the operation of FQ. To obtain arbitrary beam intensity, coil current of FQ is determined by the
feedback and feedforward control. The spill intensity distribution becomes a constant roughly by the feedforward
control using a function in consideration of the Gaussian distribution of a circulating beam. It becomes more constant by

the feedback control.
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Figure 1: Trajectory of a particle.
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Figure 2: Conceptual diagram of QAR method.
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Figure 3: FQ waveform and RFKO signal.
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Figure 4: Spill structure with linear increased FQ.
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Figure 5: Colored noise & multi-band spectrum.
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Figure 6: FQ waveform with feedforward control.
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Figure 7: Spill structure with feedforward control.
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Figure 8: Proportionality constant for feedback control.
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Figure 9: Spill structure with feedback control.
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5. £¥&8H
vrzuabarynbDBENE—LERYHLGET
H2D QAR {EIZHBWT, —HOERY L B — AGREE
Z VAT 57201 FQ DA LEHRO FF HIHO
Bt To77, E—A3Ial—3 a3 DOFEHE,
FB #lfHl & fFH T 5 2 & THISFHAR B — LEN
BonNdZ L a2 L,

RPN

[1]T. Nakanishi, et al., “Slow beam-extraction method using a
fast Q-magnet assisted by RF-knockout”, Nuclear
Instruments and Methods. A553, pp.400-406, 2005.

[2] T. Furukawa, et al., “DESIGN OF SYNCHROTRON AT
NIRS FOR CARBON THERAPY FACILITY”, Proc.
APAC 2004.

[3] T. Nakanishi, “Dependence of a frequency bandwidth on a
spill structure in the RF-knockout extraction”, Nuclear
Instruments and Methods in Physics Research. A621 (2010)
pp-62-67.

[4] A. Shinkai, et al., “Generation of a multi-band spectrum
using a D/A converter for an RF-knockout system”, Nuclear
Instruments and Methods in Physics Research. A769 (2015)
pp-16-19.

[5] K. Tsuruha, et al., “Simulation study of beam extraction
from a synchrotron using colored noise with digital filter”,
Nuclear Instruments and Methods. A608, pp.37-41, 2009.

-50 -



