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Abstract

It is a key technology to obtain a uniform spill in a slow beam extraction from a synchrotron. The authors have
proposed the Radio Frequency Knockout (RFKO) method using multi-band colored noise (CN) signal. This noise signal
includes higher betatron resonance frequencies, and simulation and experiment have shown that a uniformity of spill
intensity improves with the number of frequency bands. This method is also expected that a beam switching time can be
shortened, which is required for spot scanning irradiation. As a result of the beam switching experiment, the spill
becomes zero in 140 ps. The RFKO system to increase particles extracted using a lower power amp. is also studied. The
system consists of the CN source, 40W amp., IT, APN, and electrode. The voltage conversion ratio of IT is changed
from 1:4 to 1:5, and APN for it is developed. The beam extraction increases by 15 %. However, the frequency
characteristics of IT and APN becomes worse. As a result of modifying the original CN signal so as to compensate the

frequency characteristics, the spill intensity is improved by 5 %.
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Figure 1: Schematic layout of WERC synchrotron.
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4. RFKO Y RTLODRE

RFKO v A7 LD 7 vy 7R % Fig. 3 27,
Workstation 72>5H /7L72 CN |& Low pass filter 2L
T RF Ay FIZATISH, B — LB UK O M7
HEND, ZOBRAMAGEEIZED  ALFEAY 180 & 5
ROHIEZELT, ZNEN 40 W OJRSHHE ER 77,
IT. APN %L T4 RFKO EIZ A 1S5,

IT & APN ORI [X% Fig. 4 (283, APN [3JE 4%
WKL TEMRIC—EOETEZHIINT 5720 DFEIE TH
ZD APN DA A —F L 2% RELIZEX RTIHEHS

DESINIVZ/RTERINDZIELD, APN O AT)A
~§? VANET I EWEEE B KE/NSLKTDHD
LINTED, L L, ROSVREWVNEE IT & APN D JE 15K
BRI E L35, AN, B —2E0 L EORNE H
FIELTCWDT2 | IT OFEEA#SEE 1:5, R=1250 Q &
L7 IT 137 =7 A a7 zHE L, 10 KV MHEDr—7
IE—IRME ZRAATENEIN 9 BELIEIN A%
AR A AT 1:5 LLTWD, EBRIZ WERC D7
oA LT RFKO S AT LAD2KKE IT & APN
% Fig. 5. Fig. 6 {Z~”¥,

RFKO VA7 AD JEEBUREORIE F715% Fig. 7 12

R, P OEITTRL TWABERREE ORI E X [F =

I HDWNERIZE 7 7 —7 (R=10 MQ, C=15 pF)
%Tﬁﬁbfﬁ’)to ZOWE, @A T —T D C O
CEVEE A CELEN TERW D, AbET
RO RLTOSBHASEOBALOE ST 572,
TR AR LN OWE RS R EFH RS RA Fig. 8 IIR”7,
DG I E MG &GRS RKIR—E L TV D2 e o)
Do ZORERNG, BMRICHNS D EEOREIX BN
0)4%5? IZEELWEE 2 D, Figure 9 (i EB MO EARTE
JE., BALOWPEREF, Fig. 10 (& WERC EAGEEDHI
”*ft%kﬂ? OHEEM A R T, AR ITE S 1 MHz
D% 1 LU THRRELZ,
WERC EMENMN OHEEEIL, A/EEME WERC &
MO E DR ERE RO AR D | SRIEEM D ENLL ORI
TERGE R Z D AT b OHEEEB L LT, WERC D
HEEMEI IR EBMORERE R L 1:4, 1:5 &biC
B COELNRKEL 14 MHz DX 1:4 T if’]
50 %, 1:5 TiXH 60 %E LMK F LIz, BROFHER

ENRKEIWVIIEBREBEDNME FTDHIE0800-> N5
= RIEBMIC L, WERC FBMBROD S5 NEBREN

RKENWZENEZBND,

/o E—20EHLEIL RFKO ERICA SIS
NT—ZHBT D, 1:4 & 1:5 O WERC EWELORE
REMAMETELIZLD% Fig. 11 [ R7, /3R
YT DB OEIEE L, EOROLIY, 1:4

D 15 12FT528T 23 %IHLESHENT 525
o, Fo, BOFEICHITH f FetEifET — 223
B D JE AR O ERE R Z W=D TRIKIZZE

ZRY,
Clock
Generator Pulse
Generator

Digital
noise signal

Workstation DAC with memory IT: Impedance Transformer

devices of 168 APN: All Pass Network

Figure 3: Block diagram of the RFKO system.
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Figure 4: Electric circuit of the IT and APN.
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Figure 5: Photograph of Figure 6: IT and APN
RFKO system. connected to the WERC

synchrotron.
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Figure 7: Measurement of electrode voltage and potential.
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Figure 8: Frequency characteristics of RFKO system
(measured and calculated values).
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Figure 9: Frequency characteristics of RFKO system
(prototype electrode).
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Figure 10: Frequency characteristics of RFKO system
(WERC’s electrode).
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Figure 11: Estimated voltage of RFKO system (WERC’s
electrode).
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Figure 12: Spill structures measured using 1:4 and 1:5
RFKO system.
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Figure 13: Spill structures simulated using data of

frequency characteristic compensation.
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Figure 14: Spill structures measured using data of
frequency characteristic compensation.
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Figure 15: Spill structures with RF voltages.
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Figure 16: Spill structure with RF voltage setting of 10V.
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Figure 17: Spill structure with RF voltage setting of 10V
(20us/div).
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Figure 18: Simulated spill structure when the CN turn off
at 28000 turn.
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Figure 19: Response speed of dose monitor (10 ps/div).
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Figure 20: Spill structures with RF voltage setting of 140
Vand 160 V.
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Figure 21: Spill structure with RF voltage setting of 160
V (enlarged view).
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Figure 22: Period of synchrotron oscillation vs. RF
voltage setting.

=
8 l\:lgl: off

E—LH) LU EE BT DI E R AL D
f PRI ON & — &I kA — 2 FEBR AT -7, EBIE
WL H R Z DT E TR TIIR 15 %EHL &8N
L7e, Eiz, BRI 2 E 528 TR S %AE LR
EOREZGETDHIENH K, LrL, EHOLEHER
HEDORBRENRHDDLEBHMATT AU ERH D,

AL T2 T RERTIL, A>T off #DE— LD
N raha AREICEEL CWAHI AR LT, I
RF EEEZERICL USEHE OB EE =455
ZET, AR VIREEDD 100 us LA R TAE LA
Pl ¢ 52N EF TS,

s

ARRGREATICHTZD, W 1% L T2 03
TV T H— DAE A L — 2 —D ) &
WG ET,

S5 3K

[1] L.Falbo, “Advanced Accelerator Technology Aspects for
Hadron Therapy,” Proceedings of the HIAT, pp. 156-162,
2012.

[2] T. Furukawa et al., Nucl. Instr. and Meth. A503(2003) 486.

[3] Akio Shinkai, Soichiro Ishikawa, Tetsuya Nakanishi,
Nuclear Instruments and Methods A 769 (2015) 16-19.

[4] T. Shiokawa et al., Proc. of the PASJ2019, Kyoto, Japan,
pp-797-801.

[5] K. Matsuda et al., Pros. of the PAC2001, Chicago, USA,
pp.2590-2592.

[6] Y. Okugawa et al., in these proceedinds.

[7]1 T. Kurita (private communication).

-267 -



	1. はじめに
	2. WERCシンクロトロンの概要
	3. マルチバンドCN信号源
	4. RFKOシステムの概要
	5. 1:4と1:5 RFKOシステムを使用したビーム取出し実験
	6. 1:5 RFKOシステムにf特性補償データを使用したビーム実験
	7. ビームスイッチング実験
	8. 結論

