ISSN 2186-5647
FAT R AR (2020-12-12) -

EVWE—LRYBLIZBITEEEE —LGIHEE —LERELEFIEOT-HD
TILF /AR RFKO O R T LIZET B3

— HAR S o AR 253 1] 72
8-5
1. [FLoI
FOHL TS BRI DL — BRI B L 7 b

L CAR Y MAF Y= T ERSH D, BELTZWE D %5 T -5
T7 a7\ ZEILE — & RS 35720, @il s LE T
HY. ThERELIZY v rabar nbor —LAR0HLEE
L Radio Frequency Knockout (REKO)ENHWGLIL TS,
RFKO Ei3JE AR 7O —F o JREV U IS Ul JE 3 7
R — AT T M TR E 72 07 AN 2 B2 & CHRIE A M k&
B AR L AT, ZOFETIE, AEVEED XS OX
DREL, TN LTI AEE — L& F 7L
TW5, TORFE—AD off FEIE 1 ms A—& —L@ESNh
TEI[1], ZORMIIE — L% F o 7T 528128580 T
HD[2]e FDTZDEZLIINF o TSR TH HHE —
LBREE NSRRI D FIEEAR S LTz, ZHUT AV B I By 1k
THEEDO R —Z b LGRS A G AT v VTR RAAN
IV DHT—R AR (CNVEE FIRIZAWS FEThE, 0
JARHIEA e — LSRR T o T IS R VX — R gE
Z—(WERC)D > 7ahm A3\, 1-14 MHz ThD,

ARFREEBT L7201, CN 2REIEDL-HD D/A
Converter(DAC)Z N2 CN JRZBHZFE LT-[3], & DB
HHLETIIBWT, —EDEBELZEIINT 572D All Pass
Network(APN)[FI#, £ K% T8 APN & CN JRDOA B —4F A
EH LD DA, Impedance Transformer(IT)H AR L
7-[41,

AT, E— AR H L EEZ #9720 1T OFEE
it 2725 % 72 RFKO ¥ A7 L&, RFKO /XTM)%H;E{%
WETH-00 CN F52 V=L EDE — AEBROME B M
O, B —AEUH Lo @l Sl SEER O A OV THRE T3,

2. WERC > /OoOrOVDRE

WERC ISR 1T, #2F 2IEERB L O, Za A
e L=yt lioC KT O T RNV X —D A4
B — DEER 2 R RIHAR L T B[S], WERC v zuhmys
DY X% Fig. 1 1R $, S RIOE —LFERD/ TG A—2% L)
TR, BT RFBEAA L THS = RLF—1% 55 MeV/u,
H&Dtﬁbﬁ%ﬁﬁaﬁzi 250 ms CAMIL 2 s Tholz, Fa—1iF

= 1.683, v, = 0.787, JAFEAKEIT 2.97 MHz T, /n~
74 T 41ZAv,/AP/P = —0.42[6]. SEB B4y BUTAP/P =
+6 x 107+ Th 5,

Figure 1: Schematic layout of WERC synchrotron.

HRAEPE T ()

O B, B)I] HERRR , Ve
WERC ZEM 4ER

3. TILFINUKCNEBR

CN JREL T DAC &V iz CON 384 5 AUTBEIZBA R LT
By TNV F N RZRIILD CN EHFRO IR FIETE
BERASED, £, FTONVT4NEZ TR T CN T —H &2 1E
it . DAC OAEVRIFL, 20T —FEIFray 71280
H714%, CN 5 =413, DAC OAEVIZRINSHS1-0, FH5A
L7z ‘w&%%ﬁs@@uﬁﬂﬂfré Lz, A Bl CN 7 —#IZ
I, AE VRGO ZE LA BRI NSV 80000 & — 4y %- i
Liz, iz, vorabarO—J Y4 7-005 7V 78T 84
LT,

VERRL 727 — 4 Z W THI I LTz CN DJEE AT L%
Fig. 2@I/RT, 1-14MHz ORI LB 72 3EIS R 0823 10
HE&ENTNDIEEMR LTz, R DOART L OIEEZEAL
WIARTINT FIAF OV TV T ORBETHY, —ETh
HZEEFETRL TS, Figure 2(b)IZZDHF D 1 /N REIERL
=D THY ., JAENEIL 0.925-1.068 MHz THY, ixaFHlL
—FHL T3,

Figilre. 2: Millti;Band spéctfll'm 'arnl(li an é;llafged Vie\;f of. one
band observed by spectrum analyzer. (a) Horizontal frequency is
1-14 MHz. (b) Frequency width is 0.143 MHz.

4. RFKO RATLOEME

RFKO v A7 LD7my7X% Fig. 3 12759, Workstation
PO JILTZ CN I3 Low pass filter Z3@L C RF AT (T A
HEj, =AW H U ORIZZ T H 18nd, £ O%ALFE
SYBLEICED ALARAY 180 EEARD(FHLEL T, ZNEH 40
W OJEHE B 77 1T, APN Zi@L T4 RFKO FEMR
IZAIsn5s,

IT & APN D[EX% Fig. 4 1279, APN (3 EIKS
TEMIC—EDELEEFNINT 572D DRIEE THhd, APN DA
A —F U RAERELTZEE RTIHESNDEIIVE/RT
i%é%é LIV, APN DA AL E—F U ZARE T E W

EBABLE/NELTDHIENTED, L1, RBREWEE
IT & APN OB EFFEITEAT 25, 4 EIE, B —2 B0 HL
HEOWMEHMELTWSEO, IT OELEEHILE 1.5,
R=1250 Q &L7z, IT X7 =FA a7 %ML, 10 KV iED
=T N E—IAE ZIRPITTENE 9 BXLIZNTAE T
LA AR T 1:5 EL TS, SEERIZ WERC O 7ahnm
NTHEGE LT RFKO Y A7 LDOE/KRE IT & APN % Fig. 5.
Fig. 6 \&/R T,

RFKO ¥ A7 A0 JEE BRI E ORI E k% Fig. 71277,
X DL IR L TN D EARE T O HIE X Flfi= w7 Z ONE
KIZE B 7 01— (R=10 MQ, C=15 pF)%&##kiL TiT-7,

Study on Fast Beam Switching and Increasing a Beam Extracted in Slow Beam Extraction
Using a Multi-Band RFKO System

Tomoya SHIOKAWA, Yutaro OKUGAWA and Tetsuya NAKANISHI and Tetsuro Kurita
— 441 —



oW WA e —T O C OFECIEEBAICELH
ENTERND, bt THFOLHITRL TWAEMmAT T

DB OMEBIT o7, BEAREE L BN OB E RS B L3R
R Fig. 8 |- T, K5, WIEMEEFHMEL K E—FKL T
HZEMPDND, ZOFERNG, BARICEIINIS A E L O R
LA ORFEIZELNEE 25, Figure9 ICFRIEEMROENE
JE. FBALOMERE R, Fig. 10 (C WERC B £ I &G
LENOHEEME R T, #ERITEREL | MHz OfE% 1 LT
KLz,

WERC #EARENM OHEEME L, FAIEEME WERC fﬁfrﬁ@ﬂﬁ
JEORERE RO AR D | HAEBMWO BN ORER RICE
DEEHIT =L OHEERIEL L7, WERC OHEEEIZRAIETE
ROPERE R LA, 1:4, 1:5 EHISEFRATOENKE
<, 14 MHz D&% 1:4 TiHHI 50 %, 1:5 TIIH 60 %L
TFUL7z, BBOFERENPRKEVIZEEMEI LMK FI 52
LRI TWAT-  BRIEEMIZEL~, WERC EHRO 2
HEBARENREND &ﬁk%xﬁﬂhé

/2. B —20RHLEIE RFKO E#IZ A& b/30—
WZHAH4 2, 1:4 & 1:5 O WERC BB E DR FA 6 HE T
KLICHOZ Fig 11 (R T, FAURITEE T DB O®E
JE%& "L, TORMOIEED, 1:4 035 1:512F52ET23 %
BHLUEREINTEE LD, £, BOEICHIFATS f
FEPERHE T — 2 IS VAR O JE I B R M O T E S S %
7O TREKIZENE T,

Clock
Generator Pulse
I Generator

Digital
noise signal

Workstation DAC with memory
devices of 1 GB

IT: Impedance Transformer
APN : All Pass Network

Figure 3: Block diagram of the RFKO system.

- Impedance . __oo__o_._. All Pass Network
4 Transformer % s L \

IT and APN
WERC

Figure 5: Photograph of Figure 6:
RFKO system. connected to the
synchrotron.

Jine |t

Oscilloscoy n

Flgure 7: Measurement of electrode voltage and potential.

1.4
12|
= 1 = W
- e
—= 0.8 e
o . .
=S 0.6 —s—Voltage Meas. (with probe)
E 0.4 ——Voltage Cal. (with probe)
] ’ Potential Meas.
< 0.2 . S ,
Voltage Cal. (w/o probe)
0
0 5 10 15

Frequency [MHz]
Figure 8: Frequency characteristics of RFKO system (measured

and calculated values).
1.4

1.2

1 =

0.8 ““’-1‘_“ —e
e

0.6 ‘\\
—e— Voltage Meas. (1:4 RFKO system)

0.4 —a— Voltage Meas. (1:5 RFKO system)
0.2 Potential Meas. (1:4 RFKO system)
Potential Meas. (1:5 RFKO system)

Nomalized voltage

0

0 5 10 15
Frequency [MHz]
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Figure 10: Frequency characteristics of RFKO system (WERC’s
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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 freqhency
characteristic compensation.

0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

w/o f characteristic compensation
with f characteristic compensation

[arb.]

0 5000 10000 15000 20000 25000 30000 35000 40000
No. of data

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 19: Response speed of dose monitor (10 ps/div).
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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.
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