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Abstract

The operation of the RIKEN AVF cyclotron was started in 1989. Since then, it has been operated not only as an injector
for the RIKEN ring cyclotron but also as an independent supplier of various ion beams. In this report, we describe both
the operational status and the improvement work for increasing accelerating ability of the AVF cyclotron performed in

this past year (August 2015-July 2016).

1. [FC®HIZ

B AVF Y12oubor (AVF) iZ, K fE2S 70 MeV
THY, BV 7Y Arrabkrr (RRC) D AFEELT
1989 AFIZEAIILCLIK, 27 FMBBLET T D,
1991 FENDIFHEMONEZREL TR= L —DEA
e —Ab LTS, LUF, AiE A2 TRRC A
E—R|, %HFETAVF HME—R ]| LFES, RRC A4
E—RTlE, AVF TK# (Hy)2°H Rb £T% E = 3.78 ~
7 MeV/u (IZHMEEL . RRC TEHIZ 65 ~ 135 MeV/u £T
IEL A = — AR L Td, 2009 4Fv5 RI
v — 277278 — (RIBF[1][2]) TOA A a3 B b4
SNT-ZEIZXY . AVE 13 RIBF ~D AR L TOHE|

16

HRIZL TS, AVF OBV L2 RIRER; 7. N, O
Lok %, RRC, BIWBIZE) 7 Arabay
(SRC) T L TWb, AVF HElE—RTIE, B+
(MIQ=1) D5 3K (M/Q = 4.3) £ CTO LRI 2EFRDA
A% 3.41 ~12.5MeV/u (B 115 14 MeV) £THLEL &
TR — AR L TD, F72, 3 BOINBAS A4
TR (HYPER-ECR, S.C-ECR, PIS) &A1, i E 4
JBAA Y A ARRELS &, ME T DR 112 &> Tff
WS TCW5, vV HA DDA a— )V AT R
DOBIRLCUEF I 2 Z B L CHllieZ&l2kh, B —al)
i 2 % A RE ] C R i TE AL ST D,
ZZTIE 2015 4E 8 A5 2016 4F 7 H £TO AVF j&Eliz
KA HE T D,

O All results
14 O AVF stand alone (2015/08-2016/07)
® AVF stand alone 1st beam (2015/08-2016/07)
¢ O Supply to RRC (2015/08-2016/07)
12 760 ® Supply to RRC 1st beam (2015/08-2016/07)
a
g AVF stand alone
eply 3 1H+ 1200  15N5+ 7.00
= ES o 1H+ 1400 1606+ 6.60
Z ;o 8 g 2H+ 1200 1806+ 4.64
o [¢] ¢ ¢ 4He2+ 650 1806+ 5.502
o 8 =%c @ ‘gé 4He2+ 725 1806+ 6.07
5 6 4 o Cup ° d 4He2+ 1250  20NeS+ 820
g UEé g o lod | g 8 o TLi2+ 560  26Mg8+ 6.60
a g 8% 124+ 7.00
4 awn r-N |-
[¢] M 80| Supply to RRC
fe 12C4+ 397  56Fel5+ 501
2 12C4+ 700  84Kr20+ 397
40Arll+ 378 86Kr20+ 3.777
40Arl1+ 520
0
0 10 20 30 40 50 60 70 80 90 Boldface: First beam
Mass
— . . Figure 1: Energy-Mass map of AVF.
# sishikawa@riken.jp g gy P

- 1344 -



Proceedings of the 13th Annual Meeting of Particle Accelerator Society of Japan
August 8-10, 2016, Chiba, Japan

2. IERERE

AVF TSN - ERROE BHEE T 47~ DT x
NX—LORIfR% Figure 1 (277, KHIZIZZNETIZ
I EENH L TOE — L5 By LT,

2015 4 8 A2D 2016 4FE 7 A FTITEL-b o
HREOLHFEODTT Tz, A AVE Hiie—k,
H2Y RRC AHHE—RTHD, 5 EIHID T L 7=k 1
IZe Ty kL, K FDIANNIZ KT CTHRIL LIz, %t
G IC RRC ASFE—RTIE 7 FHOE — 2%
WUz, TNDITEEEN 12 75 86, K+ Y-
FILE— 3.97 735 7.00 MeV/u OFFAIZ AL T
Do IO THEL-E — A1 1 fiEET 36K, 3.777
MeV/u Téh-7-, AVE BEME—R T 15 fEOE — 4
ZHEL . ZISITE &R 1 96 26, 1 47-vD=
FILE—D 4.64 735 12.5 MeV/u OFPHIZ AL TV
%o WO THIR L 72— A% 2 FE¥E T *He?", 7.25 MeV/u
& Mg, 6.60 MeV/u Th-o7,

3. EERFFRE

AVF OIEHRIFR 2 IR, BEAA IR, R - filhh
HZHEAE LT BB~ D b IS RERN 2 31T kG IRE R L2 B
LCEERa—AZ LT E T2, ETIXENZERLOM
HE—REE —Aa—R|ZHOWCEHBHT 5,

PIS
Gy

E7A
(CNS, CRIB)

Figure 2: Overview of AVF cyclotron with ion sources
and BT lines.
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Figure 3: Beam service time of AVF-RRC/AVF-RRC-
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Figure 4: Beam service time of AVF stand alone.

Figure 3 |Z RRC AME—RDOEIARFH | Figure 4 (1T
AVF BT —ROEERRE 2R, X o FHFE IR
VX IE RS O M BRAAREZI N DX — 7 h ED ARk
DOFFFETE TRA ETORMEZREE LD Th D, T
C03. E7A. E7B. RRC, RIBF [3ffa—AD—H —(C
B — A A U7 R C ARy NSRS T R0 D EBR
K TRERECORER THD, 7 — 2 WM 2008 4 8 H
M5 2016 4 7 ARETEL, | IR T, WO
X, AIED 8 ANBZOED 7 AETOMBEEL
T34,

2016 4ED RRC AKE—R T AVF FHHEI T (F )
1T 133 K72 272, . RRC ASHTE—REE, AVFE Dl
B sef B BRE ] (K @) 1272 o 72, K EBRa—ZAB L
RIBF ~ODOHEAE R 1345 4 329 WFfE] (R €a) | 349 M
(JKta) Th-oTo, At OEERRFFEIX 811 KR CTRI4ED
1036 FEI2SIA Lz, 2 AVE LLA O N 2
(RILAC[5][6]. RILAC2[7]) Z Aff#s& L7 RRC i#ifiiL
RIBF ~O NN 7= % Th D,

2016 F21F5H AVF BIME—RTO AVF FH%ER:

- 1345 -



Proceedings of the 13th Annual Meeting of Particle Accelerator Society of Japan
August 8-10, 2016, Chiba, Japan

PASJ2016 FSP009

() 1 611 R, Rk e[ OK ) 1% 27 e
TCO03, E7TA BIXOETB ~O G EIE 4 4 585 BT
(IRA) | 943 B Gk ta) | 67 BifE] (46 f0) Th-o72, 3D
DOa—ADOHFTIL ETA Db R AN L -, &
FHoOEIEAFERT X 2207 KR CRIFED 1169 FEfHEEE~
BEMUT=, W, i ko b F g e e o2 —
P = RIRD T2, EREFEM A TEETH2—
P—P—t 2% C03 T—ATHEMLI,

4. FEE-tE

REA ML, AL oW
BT FaxtRl -, REE - HEOEIAILZRRC A
$E—FT 0%, AVF HIE—RT 0.98%. M& & ast
L7238 OEE1 0.76% Th o7z,

2015 4F 8 A 30 HIZ AVF B HHLHE A28 2 B3 &
DEET 7L 7Z4—IZBWTIFER 035 mA iiLd
JEIRDFEA LT, BIROFRE T 0.35mA LLEEMIHC
MNDEEERE—RICRVEENREMICHNTE
72<72%, 0.50 mA TEBEIEE —RIZRD LI EBIRDOH E
R Z TREXHLZITON 24 BRRERGEL THIERAZE
OB 2015 4E 8 H 31 RICHET 7L 74 —Ei
EREMANCSIEH L EEEmRE Y7 X LEBHOERZ
FEhi L7,

2015429 H 2 BIZ AVF & BN ZeH cE 28 —
IFELTC, AVF NOEZERE/NR 1.2 x 1075 Pa 75 5.0
x 107 Pa £CTEALT D, KNI RF#2 JN5E 22 R Ol
BTy TV 7 2—IFLDOMICHD O V7 DAk
72572 RF o7V 72 —IF VO EE% Figure 5 I
Y,

Figure 5: RF-Coupling terminal.
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Figure 6: Schematic view of the AVF cyclotron and the
beam transport line showing the positions of the
scintillation monitors and the phase probe monitors.
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Figure 7: Beam current switcher.
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