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Abstract

The 3 GeV Rapid Cycling Synchrotron (RCS) in J-PARC aims to generate one of the highest power protons in the
world, whose design extraction beam power is | MW. Beam pipes of alumina ceramics are used to prevent the induced
current, which is caused by the rapid change of the magnetic field. In the beam injection section, ceramics beam pipes for
a quadrupole magnet and a horizontal shift bump magnet are connected without bellows due to the very limited space. To
improve maintainability, the ceramics beam pipes for the quadrupole magnet were newly designed. The end shape of
ceramics unit duct was revised and 30 mm length are ensured to insert the bellows. The large aperture titanium bellows
with low spring constant was successfully developed by performing several forming and heat treatment. Verification test
for brazing of newly designed unit ducts and titanium sleeve was performed to examine the effect of the unique cross-
sectional shape, racket shape fitting into 500 mm due to accept the injection beam and circulating beam passing through
the injection quadrupole magnet. Good wettability was obtained by the vacuum improvement during the brazing.
Deformation by the atomic pressure was within the elastic displacement.

. KT 120 °CITH 72> TNHZEND, 2L, FELT 50
1. [XLC®IZ TEELLARN, £ZT, M’ﬁﬂ%zﬁﬂ%?:/mt — 2
J-PARC 3GeV +> 7B baL (3GeV Rapid Cycling /7 IZHLT, ~o—2% ﬁﬁ“fﬂ%h%ﬁﬂ%'@fé L&
Synchrotron : RCS)IZ, 8.3 X 10" (RG240 L5 H L7z, Al =l RaFtEz i bet 5700 G;_/\EI—X
25 Hz TV = LT, E— L3R | MW ZHI A% ’%ﬁﬁ%%ﬁ“&ﬁb?wﬁﬁwgﬂ%j‘D‘}:T’“\"L
NHEE D, 25 Hz LV ROMRELORSOZE e E7IY7 AL =L AT ORFEICONT, BEtiSA. iR
LB & BB OREEDC -0, A CkEshs A BRUFI R =R POBGEHZOWTIR & i~
=S T OB T A3 FETIv /AL VT o
%[1,2,3], RCS @t‘—.L\/\"4’7° T REBERGFE—L% ) N
nan RS A DI, Kxalneatssiy 2 NA—XERTIMEEERAAXDE
#MTH5, K7\ Figure 1 _/T?”T: — A AL, V=T SIVIRE—LINATDEERE
IO NTE — AL RCS ORI —AEZ2 T ANDTE Figure 2 (23T LU 713G L7 UG A Rk A1 T
(PR SRIZIERE 500mm (S6720, T2/2L X 70D 453, 20— a8y 7 A3, RCS DETIv s AL —
AR ER A A DET %E%’?D?#yi%%%%\ VT IEEIAOT AT Ty R =y N S
%;%%fﬁﬁ‘%?[go MHHEBIORERIL % w7 n W) —T Euiiu e, <)—710F 5 877
IEL70%% e VUBRRET D, —RINCT AIFEIIv T L DA
*;E’Vcﬁ i grc s —X fﬁﬁﬂ%fé‘ﬂ"’ﬂ‘ ECHOT B a S — MR K Tl o b, RS T
/g\fqé:ﬁ/iigﬁrgl l?dz E?)EH E)Légt - &xp_?jji Aﬁf@éﬁ E— A AT EL TR TERN, TO7d, AR
FARRSANEA il e O Ly e S e Tl A
R EFRTAR DT L2530 )2 Fio, FEUFRBEHEM R Ch L O FLER L DD, &
ARAILC R IREDERIR DT ST LT7 % EbEOmERIRLE, SRR, BT ikt
—b8 SHTA S LUFO A ThD,
g%f”g jgjfgfgiizgﬁL@(g@?ﬁfﬁ% SR = o RS 7 RO LIRS TS KO R LT 22~
R % 7 - % = D_— XD
fF0, Zonma= RN DLOSBLMBEOT Y o=y by b RSHRIZ R DR A1 BRI
NS At Sl (OSEELE 27 o B OUA O B AICIE I 510 (R
) R4 — LTI ON BIDHE =LA FOEOH L B AT O 1% 1A
TTIRENAALNDOOIBBEGCE BT B L yz-Lchz. o HOWE SO I, 2=y

# junichiro.kamiya@j-parc.jp ZhOuy TR OHS AN R O A REMEE RS2

- 1222 -



Proceedings of the 14th Annual Meeting of Particle Accelerator Society of Japan
August 1-3, 2017, Sapporo, Japan

PASJ2017 WEP122

[ Ceramics beam pipes g iyl [.—F
=T - [P RLE o 2ndfoilgd i i
g T8 T T LN N e e R g

4 st foi w7 1]

Injection | { . Horizontal shift bump magnets ] Injection
quadrupole |3t s T sl i3 | quadrupole

Figure 1: Equipment layout of the beam injection area in J-PARC RCS.
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Figure 2: Configuration of the (a) existent and (b) newly
designed alumina ceramics beam pipes for the injection
quadrupole magnet. Position relation to the magnet is
also shown.
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Figure 3: Large aperture titanium bellows with low
spring constant.
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Figure 4: Measurement results of spring constant of the
titanium bellows.
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Figure 5: AES depth profile on Ti surface after
treatment of brazing condition (a) without and (b) with
vacuum improvement.

Figure 6: Trial product of ceramics unit ducts and
titanium sleeve for the injection quadrupole magnet.
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Figure 7: Measurement setup and measured results of
displacement of new design ceramics unit ducts and
titanium sleeve due to the atomic pressure.
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Figure 8: Measured outgassing rate per unit area of
alumina ceramics. The measurement result of alumina
ceramics with TiN coating is also shown.
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