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Abstract

Vacuum control is extremely crucial in beamlines used for radioisotope (RI) production using heavy-ion beams
accelerated by cyclotrons and linacs. In particular, when the vacuum window of the RI production system is damaged by
high-intensity beam irradiation, the resulting vacuum degradation requires an immediate response. To protect both the
experimental apparatus and the accelerator, a beam interlock system is essential, automatically closing the beamline gate
valve and stopping the beam and vacuum pumps. To address these challenges, we have developed a new vacuum control
system. This system is based on a Field Programmable Gate Array (FPGA) platform and can transmit beam interlock

signals more than 100 times faster than conventional systems.
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Figure 1: Accelerators (AVF cyclotoron, RRC, and SRI-
LAC) and beamlines (C03, E7V, E7B, E3B and 0C1) used
for RI production at the RI Beam Factory (RIBF), the
heavy-ion accelerator facility of the Nishina Center for
Accelerator-Based Science.
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Figure 2: (a) Configuration of vacuum equipment in the
RI production beamline. (b) E3B (See Fig. 1) RI produc-
tion beamline. The area enclosed by the light blue circle
is where the 211 At production device [4] is installed. A Ta
slit and vacuum window is installed in front of this 2! At
production device.

Table 1: Details of Vacuum Equipment

Vacuum device Model Manufacturer
Cold cathode gauge IKR 050 Pfeiffer Vacuum [5]
Pirani gauge TRP 010 "

Turbo molecular pump  HiPace 300 "

Scroll pump ISP-90 ANEST IWATA [6]
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Figure 3: Vaccum control system with a fast closing valve
for the RI production beam line. Tablets and PCs that can
be remotely controlled and monitored.

Table 2: Overview of FPGA-Based Controllers

Model Compact RIO 9054 (National Instruments)
FPGA  Xilinx Artix-7 A100T
OS NI Linux Real-Time (64-bit)
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Figure 4: Network concept diagram of the vacuum control
device.
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Figure 5: Measured result of the FCV response time.
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Figure 6: An example of archived vacuum degree by the
vacuum control device during testing of the 2! At produc-
tion device [4].

DEBIZEsTALTEY 2 — D FCV 2 L. ik
MFET T 5L [Closel EENFEEONS, ZOHIFEICK
b, BREOEBIIHRWTIX, FCV OIGER X 18.5 ms
TH3ZehfEos7,

T—HhA TENELEDO—FHL LT, 2025F2 H
16 HIZAT o 72 21 A BELEE [4] 0BG O B2 E %
Fig. 6 IZ7”R T, T 2T, 28.8 MeV I X 17z He™
P— 4% 02~ 16 yA OBRETHEF 8 BDEH 217 - 7=,
B I IRSE 1S 107° mbar B £ THEILT 323, R4
12 1075 mbar BE THEIFL T2 Z 2 Hf#E 2,

4. F&

RIEGEHE — A 5 4 TRV T, Sl & 280l
B RE 72 B2 E O %EF L B EfTVWERL
7zo BZEHIMZEE X, RPEIMCRE L., MO X2
Ty MR UREEEDORIE R R L=, FPGA &5
HL7-avtrue—52 FCV 2=y FOHRIZ X - T,
BIS H#C & % ¥ — 2 B2AE I, EREED 100 5L
Fo@#EXA2EHR L, FCV X 18.5ms THIET 2 Z & 1
LT BERERIZ, 7Ly F% PC 205 EETIT
SZrEEr kb, BEREEP R T — X X EPICS ¥ —
N7 —H A4 TERTW3,

HEF

WENTH T2 o Tid, IIEES BRI DR K 2 F
KIESE LY — P 2 0OEH RK»A S BER I ERTE
= ZOERMED TEEEB L T XD,

SE XM

[1] H. Haba, Drug Delivery System 35, No.2, (2020) pp. 114-
120. doi.org/10.2745/dds.35.114

[2] P78, FBNews No. 558, (2023) pp. 2-6.

[3] FCAEBFAAT BRALRNTAR 28 A OV HTTER AR C B
i,
https://www.riken. jp/pr/closeup/2023/20230804_
1/index.html

[4] H. Arata et al., “Improvement of a production system of
astatine-211 for targeted aipha-particle therapy”, Proceedings

- 246 -



Proceedings of the 22nd Annual Meeting of Particle Accelerator Society of Japan
August 6 - 8, 2025, Tokyo
PASJ2025 WEP020

of the 22th Annual Meeting of Particle Accelerator Society of the 19th Biennial International Conference on Accelerator
Japan, this meeting. and Large Experimental Physics Control Systems (ICALEPS
[5] Pfeiffer Vacaum GmbH, 2023), Cape Town, South Africa , 2023-10, pp. 645 — 649.
https://www.pfeiffer-vacuum.com/global/en/ doi:10.18429/JACoW-ICALEPCS2023-TUPDP050
[6] Anest Iwata Corporation, [8] National Instruments Corp,
https://www.anestiwata-corp.com/ https://www.ni.com/en.html
[7] M. Komiyama et al., “Development and Test Operation of  [9] VAT Group AG,
the Prototype of the New Beam Interlock System for Ma- https://www.vatgroup.com/

chine Protection of the RIKEN RI Beam Factory”, Proc. of

247 -



