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Studies on the Mass-Production Fabrication of ILC Superconducting RF Accelerator Cavity

Takayuki SAEKI *

Abstract

We had been constructing a new facility for the fabrication of superconducting RF cavity at KEK from 2009 to 2011.
In the facility, we have installed a deep-drawing machine, a half-cup trimming machine, an electron-beam welding
machine, and a chemical etching room in one place. We started the studies on the fabrication of 9-cell cavity for
International Linear Collider (ILC) using this facility. The studies are focusing on the cost reduction with keeping high
performance of cavity, and the goal is the establishment of mass-production procedure for ILC. We already finished
the fabrication of two 9-cell cavities in this facility. This article reports the current status of the studies.
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Main Equipment of Cavity Fabrication Facility

EBW room

Installation of EBW
machine started from
April 2011 and

il finished in July 2011,

i | Measuring system |
=y for half-cell shape
. (Under developing)
Irsﬂscoo' n equipment Press machine Vertical lathe {o:
for Nb surface (servo control) half-cell trimming

3 Zejl#lyEfz (Cavity Fabrication Facility / CFF)
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TR O RE BRI E w2 EDRE I N TV B,
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Fabrication of KEK-00 Cavity (w/o HOM)

End-cells(Nb) g5 piate (Ti) + Nb ring

i N
Dumb-bell (Nb) Center cells (Nb) / EBW at job shop Hpei{eh)
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Wil %2 RS 285t BEEE 2B 2704
THEOE =4 7&E clfEI N %, PRI,
By T EMEN B BHHROE M Z T HhEORICE
BLTY YL EMEN SN ZED, 2z 8
A L TR T %, Zompicey F 7L —F,
IV RAy 7, E=b3 TEREEEIND,
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Assembly of End-group at CFF (KEK)

- [

Electron Beam

End-group (pickup-side) End-group (input-side)
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Repair of 9-cell cavity KEK-00 in CFF/KEK

o L
| Small Nb piece was made and
it was set into the hole.

p&ﬂk EP (100 um), Degreasing (50 °C, 30 min.),

HPR (1.5 h), Annealing(4 h, 750 °C), and final
EP (20 um) were performed in STF/KEK.
3
¥ L ¢ -

EBW bead

EBW with 120kV, 20mA, and 5 mm/s.
6 Yasvay B2k ryy—kiifiéE v F
TN — 7 DRSIIRBEEE R IC WX (ER) &
ZoEEEE (A EEET). KEK-00 580 &
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PO FIEZEH L 7. |EAEUHELE (EP)
W2& D, WH%ZE 100 pem fffEE U 7212, WS PE
(Degreasing) & #li/k iz X % & %% (High
Pressure Rinse / HPR) #{7-> 7. & & IZBEd
(Annealing) % 750°C T 4 W:[547\v, FHEE, i
KERWIE (BP) % 20 pm o7, 20, E—
L34 TORINERAZ 77 A X D gL, B
f§dei (Degreasing) #{7-7:t%12, ffiKick 3
EEPEY (HPR) % 7KRffT->72. 2o oW
BRI XD, ZHENI 21205 S 220 D1
IREEIC 2 5. RIT, Class 10 D7 ) — v )L —
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LAWNT, YEREHIE BRI B2 7 v T FHEOHLD
I EEZIT W, ZlNZBEEGZ LB 5,
120°C T 48 DR —% v 7% {T 5 7=,

3.3 KEK-00 SH#OMEERIFE R

R 7z, KEK O#{nE 227 A t g (STF)
& T %, KEK-00 S HEDMRENIE DFE R %2 7R L 7.
ETomAEd7ay b, WE4 K Tolle
F—yTH5 A7y +HE1.5-1.8 KD
HE 7 — % T, mAKERIX 29 MV/m (Quality
factor : Q, = 9.5 x 10”) (1TEL 7. MAREZ IR
L7ERIZSBEHDO L TO YV Ly F# 57 H
RKEDT =232 DD X roFREREZEL T
B, 70 ¢ SvhIZEL 7= 2, oz
EHRLT, Z2NUIEL L BWETH S, KR
ICHREDE S BREZFREI 2T — FEITE W)
FETHEZIT>72E 25, ROBEZIT-71
ZH DR )L DONIEBFH DY 42.7 MV/m 12 F3# L T
WA ERMERL. ZHUT kD, ROMBHEIZEK
WL, Z4MERICEE R 5 2 2o 7 2 & DERR
TE ZOREIE, ILC 0 IF ANEREREED
BiETdH 228 MV/m #2259 LT LB D
otz FBEHEUNDAY v 728059 £ I)VEEHD
BRI 57 WD TE -2 2, EHhORE:
TRTENVIRDELBED N7 TV H 72
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Vertical Test of 9-cell cavity wio HOM (KEK-00) at STF/KEK

® Qo pi-mode initial [1.71-1.80K]
® Qo pi-mode final [1.53-1.75K]
B Qo pi-mode [4.2K]

KEK No.00 2nd. Vertical Test 04/05/2012

€ Xeray pieinitial
© X-ray pi-final

10" After Input Cable Exchange, Re-measurcment 10°
H 3 ;
Eacc = 29 MVim 8
Q0=95E9 o Final; Quench/Sdfpulse
o | Esccmay=29.0MVim
o Qo=9.51°10°9
10' | Po=a3W 10 e
¥ 1 i QI3RS 10411 L
o i ¢ 1 e pres=1.45Pa £
& = e Ihe Temp=1.75K E
B rnitial: QuenelySel =
o Eacemar-292MV/m s
10 : = L Que,19410°9 410" =
: == L
; Q=L08*10°11
‘. :"'" “"';' ““.ho The pres.=1.76kPa
aee may=9.5) t = 5
i A6°10°8 | e Temp~1.50K
10" Po214W i
oo i
1 20 30 40 50
Eacc [MV/m]

Cell#1 (repaired cell) reached to 42.7 MV/m in the mode analysis.

R 7 KEK/STF ¢f7h 17z KEK-00 5EE D PEREHIE DG
R EToMMfo 7Ty M, E4 K TONET—
YTH5, Fo7ay FHE 1.5-1.8 K DHlIE
F— T, NMEER 29 MV/m ZZK L7 7,
FHEDRNWVICEHWERZHEIE LT — FEIT L
WY FRIZE D, ROBEZITo2MITE VT,
BN A2.7MV/M 13T 2 2 L Z2HER L 7.
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4. BITZE 9 wILINEEEZTFE KEK-01 S
(BFRE=SRE) OBLE

41 KEK-01 SH#0OSME & R

KEK-00 SH&D MEHIE DFERDS, R AMHE

=29 MV/m 2o/ 2 &, BHEL R IVIZRAM

HER =43 MV/m ICFHEL TW I &5,

Z OHUEFIRICR E RFE VD 20 T L DIERR
TE7. ZOkd, Lk, RITEHFN (Higher
Order Mode / HOM) i #: %2 £5> ILC HH D%
MR D KEK-01 S HED B 2 Bilh L 7.

X8 iz, ZHAD Y FERIZH % mdi (HOM)
WEmOMEZ RN L. TV FEicix, EHoA
NPT —DODKR—FDfhic, EFHK
(HOM) Jf =45 & WHIN DS TH 5. E—
L1% 1.3 GHz O EREE CTIE I 1525, E— A
2N Z@E T 5, ZoE#HKE (HOM)
ZRELCLED. ZoEH#E HOM) i,
E— L DNEZ T 2 720, sk LT
WEITI2BHERH . ZNEmFAE (HOM)
RS OMEETH 5. 2N DEMIZ, K825
b5 K ) IR D 72, BlhiEa 2 b3
REL, W2 T RTHZEICEDaR+D
HIEASHARF T & 5.

B Z1Z, B8 DA PR L 7 EHEZ TR DI I,
W, = A 7Mool LN TG T 5 72
O, B2 T2, Zucxfl, 4 EE9 I
AL EH, =472+ —49—Y v b

Complicated structure of cavity end-group

Complicated machining and welding processes

HOM antenna

HOM can

8 Moz v FIIZH % &M (HOM) RO
¥ (L), E#EME (HOM) WMo ek S v
TEEDIEIR (FET) & NER 7 v 7 FEBb DI
W HT).
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Fabrication of HOM antenna by water-jet

cutting and press-forming for KEK-01
Conventional method: Machining _
New method: Water-jet cutting =
+ Press-forming

=] Press-forming

Result of low
power test is OK.
(Master thesis by F.
Yasuda, Jan. 2013,
the university of
Tokyo, JAPAN)

X9 i (HOM) g oiBih o LT ik W
k7T FiEmE I A=Y =2y by b E
TV RICK D EGE L, SHRERS v 7 R BT 7
FEERRE DT X D 1 M oER D TELE L 7.

Ay Z—=lZkoTUO L, 20z 7LV AMNMLY
LHEEZMELC0S, 74— =Yz by
& —ToY) b L IcE#d 2 R X 10 rHRET
HY, TSI LANMLIIBEWETRT T3, C
DIz®, BHERRIACAIEICEfHEINT, 2 A D
HR2 IR cE 3. K9, ZOHEEICX D HE
L 7z maidie (HOM) =g OWNEER T v 75 D
BEZR L. K8 DI TFIZZDHIRE =L
7oAl (HOM) IR D/RER A v 771, i,
BRI DGR Y TRWET 205, Tk 1387172 25tk
TU AT AHEICED, 1 ROER D CRfE
TRHERZEE L CnooNER? Y TFFE
WAy TRBTE— LIRS CES L TEYEL
7ol (HOM) JMESROEHEZR 9 Of I
AL 7Y, KEKOL 5#81%, 20k chlfEL
7o (HOM) Jads z fHAAA 72,

¥/, BELVLIBUETIE, BEOTHETHL
ROBHDD 5. 101%, vy —kLiflt
YRV —=TDREEITB LT, EHEAEET
E—ADHIAIZDOWT 2 DODA[RELR Y — v &R
LT3, EDEHIZ, Z&H%Z/KFEICEHkE L TH
LoD, BYE—L% B o NIT CTEEL
TEET2HATH L. HAOXIE, 25H% EEIC
HE L CHER L 2D, \E—AZKPFICEE L
THET 56 TH 5.

WERIce Yy Y — L E v F 2OV — 78
2T 20T, ZHZEKFICHRET 55513,
HITHEAEPHND X5 @, Zruckt

28 J. Particle Accelerator Society of Japan, Vol. 11, No. 3, 2014

Configuration choice of cavity attitude and gun position

Stacking dumbbells is easy in the vertical configuration of cavity.

Better for mass-production.

2 %2 BT DR DAHALBA L B E— L DA
IZDWTDEL, ZZhERIC L CREEL, E1E—
L EEICHHE T 28560, BTk
NBOEEMED D 570, EHZBEDR Y b
Ty THMEMIC e B, ZAUTRIL, 22z L
THEEL, BTE—o%2MIclBE T 254601, &
T TN EE T B0, vy F 7y FldH
BB TH S,

X 10

L, 22z mEICHKET 2855, HAERLZT
ROTHEININ U THARGRELZALZD, 7
TEF I HRINA S TH 5. KEK-00 58T, ¥ 2
7Y ay TOETE— LIREROE RO T HS
WETH 72720, ZEHA%ZKFIERET 5 H5ik%E
BHALE LaL, BEICBWTIE, EXoH
I, EENICaA NP2 AFY) T4 —av ba—
AKX 5 720, 4 1d KEK-01 522 o Hl
ECI3Za 2 RIEICERIE T 5 TEZERT 52 L
L7 &EL, Zogh, E1H% EBW i
DRIH & B O BEICFEEERE L, L —LA
DI % KA T 2088038 5. Z DI, 12—
LAPTEEDGA & R T, RERFO S EIRRER D
BRHDSE S T 2720, WY REEY — L2
TEIE—LNRNTG A= —DEREEPHIE L 7oz,
K11, BFE—LRBICBITS, BTFE—
LD EIREETMNORE, X561, EFE—
LDOBEFIEICBE L T4 flaabe 2L
7z. KEK-00 58§D & )L Rl D13 B 11 D
Eho 1 FHOMAGDHYE, KEKO0l S0 1)L
HEBORE IR 11 DD S 2 FEHDOM AL D
VI T 5. BRA RIBESRIFIC X 25 — A
TR DB % @R B L CTiE 3% ik 6)
IR I N7\,

XC, BIE—LEBACEWOEY sy —
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LB T % 70 DEMRRICE L CHHE ¢
5. ®1213, =4 7hoilBRIc Xk 215H 7
A= —DEZOHI R LT 5. KOAHNCE
THE A TROMERREETE—LD 7 +—
HANRY =PRI NTW5S. HEDKIZ, E

E—ADENN=A TR Lich 5858, A TD

Studies on EBW parameter

Search for good EBW parameter was done by changing the welding beam-voltage,
beam-current, focus-cumrent, working-piece distance from gun, working-piece moving
speed, Nb-plate thickness, and the gun and working-piece configuration.

In particular, the gun and working-piece configuration affects the results of welding seam.

For more details of studies on EBW parameters , see following presentation.
ID: 3364 - WEPWOO15 / 15" May (Wed.), poster session by T. Kubo (KEK):
Title: Electron Beam Welding Parameters for High Gradient Superconducting
Cavity
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Results of 15t vertical test of KEKO1 cavity

Qo pl-mode Initial [1.62-1.83K)
Qo pl-mode fnal [1.0-1L.58K)|
Qo pi-mode [4.2K]
ILC spec.
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—————
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Design of loader for multiple dumb-bells
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Design of 9-cell cavity fixture
for EBW machine
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Estimation of cavity production plant
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Assuming Nb plates for cell,
fabricated end-group parts are input,
200 working dayslyear, 2 shifts/day
with 30 people times 2 shifts
K17 > 3alL—varffgic
FE— L% (EBW) #6232

Japanese High-Pressure Gas safety act

He in-between the Ti-jacket
and Nb cavity

JIVIVIVIVIVY

One must fabricate cavities iplying with Jap High-P
safety act if we use the cavities in accelerators.

Gas (J-HPG)

For cavities by venders,
Manufacturer: KEK
Applicant: venders

For cavity KEK-03 in CFF,
) Manufacturer: KEK
Applicant: KEK/CFF

In case of ILC in Japan, a significant fraction of cavities might be imported from
foreign vendors. KEK/CFF can guide them for the procedures of J-HPG safety act.
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Max. production rate will be ~530 cavities/year,
) ~2650 cavities for Syears.

Assuming that final treatment and vertical test will be done in other place.
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