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Abstract

In the 3 GeV Rapid Cycling Synchrotron (RCS) of the Japan Proton Accelerator Research complex (J-PARC), we
adopted the carbon stripper foil for the multi-turn H- charge exchange injection. The charge exchange foil which use in
RCS is fabricated by the arc discharge method with the boron doped carbon electrode. The foil fabricated this method is
called HBC foil (Hybrid Boron mixed Carbon stripper foil). HBC foil had been developed at KEK. It has high
durability for the beam irradiation damage. In past days, the foil fabrication process was conducted in KEK Tsukuba-
site and the foil preparation process was conducted in JAEA Tokai-site. In 2017, the foil deposition apparatus has been
relocated from KEK to JAEA, and we started both processes in Tokai-site. We carried out the offline beam irradiation
test for the new HBC foil which fabricated in JAEA, and we confirmed that its performance is equivalent to the original
HBC foil. Next we tested a new HBC foil with actual beam in RCS and we confirmed it could withstand 1 week beam
irradiation. After that, we started user operation with the new HBC foil in 2018. So far we accomplished stable user

operation for one year by using the new HBC foil only.
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Figure 1: History of beam power in J-PARC RCS at
2016-2017.

Figure 2: Ageing effect of foil surface due to the beam
irradiation for 2 years. (a) before irradiation, (b) total
incident H- particle number 5X 10%! (c) ditto 5.61 X 10%!
(d) ditto 1.0 X 1072 (e) ditto 1.99 X 10?2 (f) after irradiated
IMW beam for 1hour.

2.3 J-HBC {Eflfk##

J-PARC TfEH-4% HBC 741\ KEK HHIR
MOREGE 2T T8, 2016 45 1 H LI, U TO
FRBEE AR A3k T & Aal el T A NG RMEL TL
Fo7-, FIHTREZ: HBC 7+ A/VOLEREITEAES L)
72 ZOFEET A AN OPFE 2 VT R D %2
TE R 7L N IR L 70D, T2 TR AT T AN DIRFE
8 %4 KEK 2<IEH 0 JAEA HVHICEHEL . JAEA *
BN\ XDIREEATHZ B IIE LT, KEK & JAEA &
ORI CTEEE OB TRt ERFFOME HFFEIC W T
L. 2017 4E 2 AIZoKIENBHRIC RS EBEEBHRL
EEOHESL L EIF %1772, Figure 3 (QITBERRETO%E
ENE O 2R d, R EITT V78O
RIZRFEIEE EBX-2000 (%L C7 4 A ERUCHEL
THOEN RSN DO TH D, F 1 FE SR A
FEE IINER D T — 7 7RG TR D KT & DB K IR
MooTolod EEONHDEEEL CTWOIREETHERED
AT HIEAI T o7, 3 ROT — 77K E WM - T
7203 R OR LA A G T 1 KX D215

o tm, ZOMICHEE & 7ot — R —R— LA HE R A—
I —DW Db EFE i LT-, Figure 3 (b)IZB& -4 —
IN—IR— VB DIEENE O 2R,

Figure 3: Inside view of EBX-2000. (a) before relocation,
(b) after relocation and overhaul.
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Table 1: Differences of Fabrication Condition between
KEK and JAEA

KEK JAEA
Vacuum pressure ~10“Pa ~10°Pa
Arc current 500A 500A
Discharge time a few sec Isec
Arc mode AC and DC DC
Anode electrode pure carbon boron doped carbon
Cathode electrode |boron doped carbon |boron doped carbon
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Figure 4: Surface of original-HBC and J-HBC.

(a) original-HBC deposited on substrate, (b) J-HBC
deposited on substrate, (c) Head of prepared original-
HBC, (d) Head of prepared J-HBC.
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R TOBIZE TILmH ORE T RITRKE DM,
50000 fZPE K L7= SEM B TIHIZIERIC R EEE L
THY, B 300nm F2HE OB TS TUVVA,

Figure 5: SEM image of original HBC and J-HBC foil at
50000-fold magnification. (a) Original-HBC foil, (b) J-
HBC foil.
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Figure 6: Observation of surface variation between
Original-HBC and J-HBC by Ar ion irradiation.

(a) Original-HBC irradiated 200nA Ar beam, (b) J-HBC
irradiated 200 nA Ar beam, (c) Original-HBC irradiated
500nA Ar beam, (d) J-HBC irradiated 500nA Ar beam.
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"Gl Original-HBC &b LT 1/5 BLFICAERIL T,
BRBICEM L EEOA — R —h— sk EKE
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Table 2: Weight Ratio of Impurities between Original
HBC and J-HBC Calculated from PIXE Spectra

Original-HBC J-HBC

Al 1.07 0.162

Ca 0.549 0.0981

Fe 0.348 0.0549

Co 0.0721 0.0111
[ppmw]
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Figure 7: Comparison of PIXE spectra between original
HBC and J-HBC foil.
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Figure 8: History of beam power in J-PARC RCS and charge exchange ratio of J-HBC at 2018-2019.
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Figure 9: Ageing effect of J-HBC foil surface due to the beam irradiation. (a) Lot011-04, (b) Lot010-04, (c) Lot012-03,

(d) Lot012-02.
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Figure 10: Observation of the J-HBC foil (#011-02)
during IMW beam irradiation. (a) Before irradiation, (b)
After irradiation of IMW beam for 10.5 hour.
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