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Abstract

The upgrade program of the RCNP K140 AVF cyclotron was started in 2019 to provide not only an intense light ion
beam for production of short-lived Rls, neutrons and muons but also a high-quality intense beam for precision experiments
in nuclear physics. Most of equipment except for the cyclotron magnet was fully renewed. A new coaxial-type resonator
with a movable short plate was designed to cover a frequency range from 16 to 36 MHz. Acceleration harmonic mode of
h=1, 2, 3 and 6 is available. The acceleration voltage of ion sources was increased from 15 kV to 50 kV to enhance the
proton beam intensity and to reduce the beam emittance to improve beam transmission from the LEBT system to the
central region of the cyclotron. Beam commissioning was started in May 2022. A 65 MeV proton beam was supplied for
medical applications soon after facility inspection. A 28 MeV “He?" ion beam was provided to produce a short-lived RI
of At-211 used for the targeted alpha-particle therapy. The soundness of the K400 ring cyclotron was confirmed by
accelerating a proton beam up to 392 MeV. In this paper the details of the AVF cyclotron upgrade program and the status
of beam commissioning are reported.
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Figure 2: Specification of the upgraded AVF cyclotron.
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Figure 3: Layout of the upgraded AVF cyclotron.
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Fire 5: Old AVF cyclotron magnet.
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Fire 6: New resonator, Dee electrode and final amplifier
after upgrading.

Figure 7: Equipment inside of the vacuum chamber.

4. E—L2aZIvia= 4y

2022 4 3 AICEFHFOFFRNTY, A4 PR
AVF Y Aruabuar ~OG1E—A0 AN FREEEZBR IR
72. 3 HRIZIZ AVF YA 7abarofuidhiic sy
NFE — 2% MR L, 2022 4F 4 AZIE AVF Y1 7ubnm
VINBD 65 MeV B -8 — A0 HUIZER I LT, ¥ 5 A

- 168 -



Proceedings of the 19th Annual Meeting of Particle Accelerator Society of Japan
October 18 - 21, 2022, Online (Kyushu University)

IR A I AL, AR — a3yt
=V T e AZ— R &R T, ZIVETIZ, 65 MeV 512 — A
( 33.691 MHz, h=2 ) & 284MeV “He* v — A
(35.197 MHz, h=6) D EZ1T\V, B —LAaIya=y
7 EWATU RIS SRR KR E DaIyva=y
T E D= OIZRBR e — MG R ARD TN,

RF U —RERABIAT% | BB L > TlE RF #&E:
T TOHAEICHLT L —h Ty FERITBN
THARPE D 2 F580NT 3 15D I k53 3 FEAE L[]
BREICBRSN T RETVTH IR EBESNT-E
ZenEar T U —THRENAETTZY, IEBNTO
RF JRIEAL D 3 — AW SR T B I E L 720 LT
N7V, T 4—BEELEIC S0kV FTET
HZENTE QN o7z, RIFIZOWTIL, B2 R 40
VT Y —CEN I au ) R RO T A L3
V2 R HC IS U CRENE DR SEZEZHZETHE
TR %y DR BE e IME T DR R EZFE T2 812X,
P2 222 B RE RS TED I 2 oT-, 72, #£F
IZOWTH IR N D RF & — /LR &2k 5281255
TINEBEZ R I ETF QL FETHD,

B =3yl g ST TCT VT R E SR
FEOTDD At-211 BEHEHAE — AT DT v 7L —
REIEfEL 7=, B — NMEFEEEZ TR LT 572812 doublet
VU MR ERL A2 R T AL, B — ARy =0/ E
BABMOE —LTA L PERBE L TE AT A H—F R
~OPERBBEG ATREIC /272, At-211 DK ERIE I
FCHE—F o F o N—HIERLEHL, 20 pA 225
‘He? B — LD MRS TEH IO LT, 2022 4 7 AKIC
X777 — RO TO At-211 F5E R A 5 f
L. M#7e< At-211 NILE CEXAT L2 B LT,

2022 AR, L He B ERELIZE — A3yt g
=2 T EMED 72N RBR e — 2R AL T CE
FEL . 2023 4EFELO e[RRI A - R IR ~D AR
7o — MR Z B EL 1A,

SE X

[1] M. Kondo et al., “AVF CYCLOTRON”, RCNP Annual
Report, 1976, pp. 1-75.

[2] Y. Yasuda ef al., “RCNP AVF A Z7uakarO7 v 77
L —R##”, Proceedings of the 14th Annual Meeting of
Particle Accelerator Society of Japan, Sapporo, Japan, Aug.
1-3, 2017, pp. 104-106.

[3] H. Kanda et al, “RCNP ¥ 17 v hw i 5% o HR
Proceedings of the 14th Annual Meeting of Particle
Accelerator Society of Japan, Sapporo, Japan, Aug. 1-3,
2017, pp. 1364-1366.

[4] H. Kanda et al., “RCNP AVF A 7uaba g7 v 77
L —ROER”, Proceedings of the 15h Annual Meeting of
Particle Accelerator Society of Japan, Nagaoka, Japan,
Aug. 7-10, 2018, pp. 212-215.

[5] H. Kanda et al, “RCNP ¥ A 7 a w2 i g% @ H k>,
Proceedings of the 17h Annual Meeting of Particle
Accelerator Society of Japan, online, Japan, Sep. 2-4, 2020,
pp. 944-945.

[6] T.H. Chong et al., “RCNP AVF #(Zubkma o LEBT v
AT LDT w77 —R”, Proceedings of the 17h Annual
Meeting of Particle Accelerator Society of Japan, online,
Japan, Sep. 2-4, 2020, pp. 453-455.

[7] M. Nakao ef al., “RCNP AVF 1 7abus O HuliEiEko
B DORF”, Proceedings of the 14th Annual Meeting of

PASJ2022 FROA04

Particle Accelerator Society of Japan, Sapporo, Japan,
Aug. 1-3, 2017, pp. 355-358.

[8] M. Nakao et al., “RCNP AVF VAot 0@
BfELod L&k O HROHU R ORE,
Proceedings of the 15h Annual Meeting of Particle
Accelerator Society of Japan, Nagaoka, Japan, Aug. 7-10,
2018, pp. 823-825.

[9] M. Nakao et al., “AVF A 7ubar O AKHFZOLE",
Proceedings of the 16h Annual Meeting of Particle
Accelerator Society of Japan, Kyoto, Japan, Jul.31-Aug.3,
2019, pp. 563-565.

[10]T. Yorita et al., “RCNP ¥ o 7 k> i g% & Bk >,
Proceedings of the 18h Annual Meeting of Particle
Accelerator Society of Japan, online, Japan, Aug. 9-12,2021,
pp. 981-982.

- 169 -



