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Abstract

The J-PARC 3 GeV Rapid Cycling Synchrotron utilizes pure carbon foils produced in-house by JAEA as charge
exchange foils. In November 2023, during beam commissioning just before the start of user operation, a malfunction
occurred in a foil drive mechanism. The foil drive mechanism performs the replacement and insertion of foils into the
beamline. This malfunction prevented the remote replacement of the foils. Therefore, when foil replacement was
necessary, it was performed manually with visual confirmation near the mechanism. The foil drive mechanism was
subsequently replaced and restored between the 2024 summer maintenance period. Despite the issue with the foil drive
mechanism, the charge exchange foils demonstrated stability under beam irradiation, and there were no operational
problems. Recent efforts have significantly enhanced the durability of the foils against beam irradiation through the
implementation of two novel methods. One method involves the selection of an appropriate diameter for the carbon rod
used in charge exchange foil fabrication. The other method utilizes carbon nanotube wire as a support material for the
foils. In this paper, we report on the malfunction with the foil drive mechanism, the subsequent replacement work, and

the performance of the charge exchange foils during user operation from 2023 to 2025.
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Figure 1:Photograph and Schematic diagram of the foil
drive mechanism and the magnet coupling.
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Figure 2: Photograph of the foil drive mechanism
replacement work.

(a) Measurement of displacement of rod tip and alignment
(b) The removed the unit 1 (front side) and the unit 2. (rear
side) before installation.

(¢) Confirmation of interference between TR and
surrounding structures.

(d) View of frame and clamp misalignment.
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Figure 3: Vertical and horizontal displacement of the rod
tip as a function of rod insertion distance.
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Figure 4: Cathode ratio and foil lifetime for each anode
electrode diameter.
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Figure 5: History of the beam power and the beam dump temperature in J-PARC RCS at 2023-2025.

12 HETHEALE 4 KX, WInb R BEEMORE
2024/3/28 10 mm TIERLU7ZWERB DT AN ThD, 74 AINVAL
BORHNL, 7A AV OBIEBICBTIER BESX
RED FREZIEELLTWS, ZNLD T+ AVITER
ERRTRELE Z BTV, IEME TO T 4 A VA H
TERVIRIETHY, 74 A NE LK ETERT T ILDYR
Ik TFFD70 ., FbDA A ERE LT,

6 A 12 A2bix, 7/ —F# 20mm, BV —R£
10 mm (& CTYERLL 727 A /L Zfdi L CRl T iR 21 T -
1o ZOT7HANDHY—FEHIL 0.71 TdHD, Run9l & T
MR CORMTH-T2720  FEE AFRL 5T, 1.65
X102 {HTHY, > 4 Kl T 703, s o

F ¢ IO EA T 723 - 7=, Figure 6 (278 3#090-5 D
% 2024/4/18 DEEGIT, FEE AFPRI 755203 1.65 X 102
A A Ad'e DEEEDOLD T D, NHRE T EAFICRRE Tl 92
&L EIITH083-3 ORI DT, ZhdD, B
BIEEZDHZETHY —RIkEED -7 14 /V1%, RCS

TEEMT DL —AIZXLThH, MV E—AlMEZ RO 2
2024/6/12 2024/6/28 LRRER T X

2024/5/15

2024/3/28~5/15 #fif3E #090-5

43 H—RF ) Fa—T LT — DR
TAANMIIER AL ESE DT80 Fig. 7 (I~ T 5k
2, T HANT L —NTBRONTE R A Y —I2 k> Tifi
RADHH 2 HITND, ZHVETIL SiC i D F AL
FFUAY— AU CTER, B —L50E OHE AN,
U A Y — ORE W 23 BE (278 > T 72[7], Figure 7 (b)IZ
SiC fk#EA R EL TR L 727 A A L D — LR
BOBEREERY, 7 AAVIIREOBED SiC ik

DSEHWTL T A& B2 TSR DR TE D,

¥ AFE — LD RKE I EERSI HERD3, —
| A ETT e OB MS NI o7, H R HO I — o4
¥ TAPEFESIND, XFFTA Y — DM oL, 7+ AL D
y ' o Y IAGE i N VARVAS AN 32 e A AN Y NiRe
= i K2, RODHEITT DL ASHE —2O—EIZT 411
2025/11/24~5/19 #ifRFE #108-3A (CHTHT | RSNV E — LR DN X S
TREX LT 5, X 7N EIREIZEL 7 FER
Figure 6: Pictures of the foils before irradiation and after ~EEMIR T+ AN DFHm ThbH, 2D, SiC LV
irradiation at 2023-2025. B — A BT 6 LTI M 2R O SCRAM 2 iR at L C

-793 -



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

PASJ2025 FRP030

(a)

Figure 7: Schematic image of the support wire pattern (a)
and Picture of the used foil with broken SiC fiber. (b).

Figure 8: SEM image of CNT wires.
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