e
1o

SCRF-ML Technology
Industrialization

Public Report
Akira Yamamoto, Marc Ross, and Nick Walker
ILC-GDE Project Managers

Prepared for ILC-PAC Review, Fermilab, May 15-16, 2012

12/05/15 KEK-LC-Meeting



e -
H Outline

* Introduction

— Scale of mass production
 Technical progress

— Industrial cavity R&D

— Pre-production in the EXFEL cavity industrialization
 Progress in Communication

— Progress in studies contracted with qualified venders

* Further study required
— Input power couplers production and aging
— Cryomodule assembly and test
— Industrialization model
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:Ir Global Plan for SCRF R&D
HIL ).

Year

Phase

07 2008 2009 2010

Cavity Gradient in v.
test to reach 35 MV/m

- Yield 50% - Yield 905’/0

2011 2012

TDP-2

Cavity-string to reach
31.5 MV/m, with one-
cryomodule

Global effort for string

assembly and test
(DESY, FNAL, INFN, KEK)

We are here
]

System Test with
beam

acceleration

FLASH (DESY), NML (FNAL) |
STF2 (KEK, test start in 2013)

Preparation for
Industrialization

Production Technolo&
R&D :

Communication with
industry:

15t Visit Venders (2009), Organize Workshop (2010)

2"d" visit and communication, Organize 2"d workshop (2011)
3"d communication and study contracted with selected vender (2011-2012)
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.'lt‘ Progress Integrated in Cavity Gradient Yield
Updated, April., 24, 2012

gl 2 G By oy ;-;‘,;j;‘;‘{a Electropolished 9-cell cavities Camille Ginsburg of FNAL
i~ /KEK (combined) up-to-second successful test of
cavities from established vendors

s ALCPG 1.0ct.2009 = AAP B.Jan.2010 » LCWS Beijing 28.Mar.2010 oTDP Rev.5 30.Jun.2010
nALCPG 20.Mar.2011 u LCWS Granada 29.Sep.2011 nKILC Daegu 24 Apr.2012
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.'IP Yearly Progress in Cavity Gradient Yield

1L as of April 24, 2012

2nd pass yield - established vendors, standard process

+ >25 MV/m yield m >35 MV/m yield

Yield 10 ~’12:

~ 85% @ 25 MV/m
~ 80% @ 28 MV/m

(interpolated)

test date (#cavities)

100 -
80 - ‘ : l ”””
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o | | Yield in ’08 ~’09:
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— 46% @ 35 MV/m KILC 2012 o @
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JL T

RDR Parameters
C.M. Energy

Peak luminosity
Beam Rep. rate
Pulse time duration

Average current

Av. field gradient

# 9-cell cavity
(including others)

# cryomodule
(9+4Q4+9)

12/05/15

iIn SCRF-ML Technology Required

RDR - SB2009
Value R I P
500 GeV "'Ii] ”f

2x10%4 cm2st e
s * g o

S5 Hz A
1 ms ook
9 - 6 MA (inpulse) TT“'" mn:_\mmw _
31.5 MV/m TN
SRR 0

17,786 (~18,000) | g ! AREA
(16,024 x 1.11) % 0

1,855 + o, (TBC)
(1855)
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:l0 Cryomodule and Cavity Counts

1L, EDMS
| caosa | csoz | . co | csoi | cavities | Ouad-PKG |

Electron

source

5GeV booster 8 16 200 16
E compressor 1 9 0
Positron

source

5GeV booster 6 8 12 184 52
E compressor 1 9 0
RTML

(electron)

1st stage

compressor 3 24 3
2nd stage 32 16 416 16
RTML

(positon)

1st stage

compressor 3 24 3
2nd stage 32 16 416 16
Main linacs

Positron 564 282 7332 282
Electron 570 285 7410 285

12105115 6 g8 KEK-L{zhdeeting 633 16024 673



..h, Industrial Participation to

IL ILC Cavity Production
year # 9-cell cavities # of Labs reaching 35 MV/m # of Industrial manufacturers
gualified processing reaching 35 MV/m fabrication
2006 10 1 2
DESY ACCEL, ZANON
2011 41 4 4
DESY, JLAB, FNAL, KEK RI, ZANON, AES, MHI,
2012 (45) 5 5
DESY, JLAB, FNAL, KEK, RI, ZANON, AES, MHI, Hitachi
Cornell and others joining soon
and others joining soon

Recent Progress In Industry/Lab

— Niowave-Roark/Fermilab (TBONRO0O4): reached 29.7 MV/m (Nov. 2011
— Hitachi/KEK (HIT02): reached 35 MV/m with HOM (April, 2012)

— Toshiba/KEK (TOS-02): reached 30 MV/m w/o HOM (March 2011)

— Accel (RI)/Cornell (A9) : reached 39.5 MV/m w/ HOM (April, 2012)

Progress in EXFEL (courtesy by D. Reschke: the 2@ EP at DESY)
— RI: 4 reference cavities with Eacc > 28 MV/m, (~ 39 MV/m max.)
— Zanon: 3 reference cavities with Eacc > 30 MV/m ( ~ 35 MV/m max.)
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e HIT-02(with HOM) : 1-st VT

It has many defects on several Iris and beam pipe, however, it went up 35MV/m.

Apl‘il 26 HITACHI 9¢ell Cavity HIT_02 [With HOM Couplers]
1st. Vertical Test 04/26/2012

EP-11{20pm), Water flow(1.5hrs), FM_20 2% (50C,15mi

. Hakmgmuc 48hrs), HPR.(~Thrs)

1“ r ................................... " .C_m =

= TN MM

| ® Qopi-mode initial [1.72-1.82K] o
. ® Qo pi-mode final [1.51-1.68K] !
1 ® Qo pi-mode [4.2K] 0 L,
10
oo
2000 o o
.. Mm i O |
10° l'“m — — 1000
[ ! : 0 L) Final; Power Limit -
| 5 \ Eace,max=35.2MV/m o
5 ®  Qo=5.18*1049 _ e
: , al Po=252W
5 i Qt=2.44*10411 " 100 E
; 577G He pres=1.15kPa 1 4
| O He Temp.=1.68K : "=."|
, o Initial; Radiation Limit | =
g | o Eacemax=32.2MV/m [
10" - o Qo=6.81%1049 5 10
F Po=160W :
AnEgy o © Or=238%10A11 i
[ .I. |
b | He pres=1.85kFa i
Power Limit o He Temp.=1.82K P
Eacemax=9AMV/m O : : i
Qo=4.99*1048 |
Po=185W o ]
10" S — : : 01
1] 10 20 30 4 50
Eace [MV/m]
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'.’I't: Cavity Fabrication realizing at KEK

8 July 2011

12/05/15 KEK-LC-Meeting 10



"'5 KEK-00(w/0 HOM) 2-nd VT

limited by cell#2 defects, other cells were over 40MV/m

April 5
@® Qo pi-mode initial [1.71-1.80K] ©  X-ray pi-initial
® Qo pi-mode final [1.53-1.75K] O  X-ray pi-final
B Qo pi-mode [4.2K]
EEK No.d 2nd. Vertical Test 04/05/2012
EBW at 10" After I_nput Cable Exchange, lle -measurement 10%
e e R A R, e .
' 1
TOSEI i ; : © |
[ ' ! Final: Quench/Selfpulse
and { 'S Eace,max=29.0MMV/m ;
i- : i Qo=9.51*109 1
KEK o Po=93W
MM Q=3 88+10411 1
See. He pres.=145kPa
10" , M He Temp.=1.T5K : 10!
Initial; Quench/Selfpulse ] 2
r : o Eace,max=29.2MV/m &
[= | Qo=9.19%1049 i
o i Po=98W | —
o O  Qu=405*10411 g 5
: He pres.=1.76kPa -
: He Temp.=1.80K =
l'ﬂg ; 1 : 4
E:I. i : {
| Y |15
o i= hﬂa‘g%ﬂs'sﬂs’u' )
Power Limil ' e ¥ -
k Eace,max=3SMVY/m ) —
; Qo=4.46%10*8 - et
; Po=214W !
I“SI i i 00 i | | lurl
0 10 20 . a0 40 50
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:IP An Examp|e: M. Yamanaka
1L  Study of Gun-Voltage Dependence

Gun Voltage 150 90 120 60 kV % [5)3 mg\O/S
No. 1,2 3,4 5,6 7.8 : 500mm

Odd: Lower Focus

e Even: Upper Focus
Surface

t: 2.6 mm

 No. 7: Best scored by participants
— Welding profile: width: 6.6 mm (forward), 6.1 mm (back)

12/05/15 KEK-LC-Meeting 12



:|p An Example:
IV  Correlation of Voltage.and Current

« Width v.s. Current e Width v.s. Power
— Parametering Voltage

iy EE_FE@E?QE_'?;:%{E&#E FE—FEORTHE — LBFRMBEFE- XYSmm/secD &
W|dth + 60kV-5mm/sec = 120kV-5mm/sec : Wldth Smm/sec
10 150kV-3mmy/sec 150kV-5mm/sec E ’ L i/
SOkV-bminfsec I . 120kV-5mm/sec . A
_ I I T 150kV-5mm/sec ‘./
E 8 * : E ! 90kV-Smmy/sec .L n
2 A 3 ¢+ £ W37
S 6 ] R : $ e 5 4 -.l ]
‘_f. Il:l + € /:/
I " * g I 4
" L . ¥ ;
2 150 kV = 90 kV = 60 KV, j
0 0
0 10 20 10 a0 50 ! 0 500 1000 1500 2000 2500 3000 3500
Current [mA] [ Power[vxI] |

Learning: Power (V x I) is an important parameter.
Voltage is not a critical parameter for a thickness of 2.6 mm
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/s Plug-compatible Conditions
JAT

ltem Selection  Plug-comp.

Cavity shape TESLA/LL TESLA

Length Fixed

Beam pipe flange Fixed

Suspension pitch Fixed
L Tuner Blade/ Blade

Slide-Jack

Coupler flange 40 or 60 40 mm

(cold end)

Coupler pitch Fixed

He —in-line joint Fixed

Plug-compatible interface established

12/05/15 KEK-LC-Meeting 14



,,',': Blade Tuner selected

Slide-jack tuner at KEK

EXFEL tuner

12/05715 KEK-LC-Meeting 15



.IP CaV|ty Deliverable Courtesy:
,'", assuming EXFEL cavity specification W Singer

From EXFEL specification: 02L BQM-Cavity in He Tank

z L]
AT
e Lk

1210575 KEK-LC-Meeting 16



e DR Cavity Base

line Configuration

REVISION HISTGRY
NOTES (UNLESS OTHERNISE SPECIFIED) 10. A “PULL-OUT* AND BUTT WELD OF THIS JOINT IS ACCEPTABLE CAD WAINTAINED. CHMNGES SHALL BE INGORRRATED BY THE DESIGN ACTIVITY
BUT MIST HAVE PRIOR APPROVAL FRON FERMILAB, TEST SAVPLES
H 1. WELDS TO BE SUOOTH FOR COSUETIC APPEARANCE. ST BE WADE_AND EVALUATED BY FERMILAB AS PART OF THE IO | REY DESCRIPLION R S LI
ACCLPTANCE GRITERIA- A [T LDt - ERF ILC-000008
2. SEALING SLRFACES ON FLANGES MUST BE FREE FROM ANY NICKS B [Eof e 06012008 | €. CRIIN
AND RADIAL SCRATCHES 11 AL WELD PROCEDURES WUST FOLLON GUIDELINES LISTED IN THE 5ok 6 16 bt LisT
5. ST WIST GE Rt O DIRT, GREASE OIL 4D GHIFS AD LATEST EDITION OF THE ASUE BPVG SECTION 8, DIVISION 1 10 | | ADDED VIEW SECT €
" PROPERLY PACKAGED T0 AVDID DANAGE DURING SHIFPING. 12. ALL TITANIUN WELDS NUST BE RADIOGRAPHED ACCORDING TO THE I P . 08-0CT-2009 | . GRIM
GUIDELINES IN THE LATEST EDITION OF THE ASNE BPVE SECTION 8,
| 4. ALL WELDS JUST BE CONTAMINANT FREE. WELD JOINT JUST BE DIVISION 1, PARAGRAPH UN-51 C|ECof ILC-000091 TENRZ010 | CRIM |
CLEANED PROPERLY 10 RENOVE MILL SCALE, DIRT, DUST, GREASE ADDED NOTES 10,11 & 12
DIL, NOISTURE AND OXIDATION PICTORIAL UPDATE
5. ALL CLEANING MO WELDING PROCEDURES WILL CONFORM 10 THE
ANERICAN WELDING SOCIETY SPECIFICAT IO
GUIDE FOR THE FUSION WELDING OF TITAN (UM AND TiTANILN ALLOYS, -
e 6. WELD NUST BE PERFORNED WITH AN ARGON PURGED SYSTEN. A CONTINOUS I
ARGON FLON IS REQUIRED INSIDE THE TUBE 10 GET THE OXYGEN CONT OF 30 P
OF LESS. WELD WUST BE FREE OF ALL TITANIUM OXIDATION AND DISCOLORATION.
EXEPTIONS CAN BE WADE BUT WUST GE DETAILED PER NOTE 7.
7. WRITIEN PROGEDRE DESGRIBING THE CLEALING & WELDING FROGEDURE
M € SUPPLIED T0 FEVILAD FOR APPROVAL FRIGR 10 Y FrODICT DETAIL B
SCALE - 1
—1{ & VELDER WUST BE GUALIFIED IN TITANIUN WELDING. VERIFIGATION —
DGCUMENTS AS WELL AS SAVPLE VELDS WUST BE SLBPLIED 10
FERMILAB PRIOR T0 ANY PRODUCT WELDING.
9. AL WELDS 0 BE VACUUM TIGHT . NO LEAK SHALL BE DETECTABLE
O T BT sie 1V SCALE O 4 HEL UM LEACDETEGTOR V1T
AMINIUN SENSITIVITY OF 2 X 10° ATH
F (1247 ) ‘ F
i (914.0) ‘ ’—\
£
A= C = ‘H (
H A .
| ’32—‘7—<SEE NOTES .
— - —
] (9238 )
c=J 8 ( 478 ) S K—
] ©
) )
g w !
/
(390 )
El L] =+ o
SECTION A-A |
o= === ( 750.0 ) }
8 | couL 92157 T1 GR 2 [
Losbe T w36 Lne
7 | couL FLAT WASHER FOR MB SCREW 51—
304 STAINLESS STEEL
& | oo W& X 1.25 HEX NUT 3
SILICON BRONZE
5 | couL V8 X 1.25 X 30 LG
HEX HEAD SCREW ~ 304 STAINLESS STEEL| |
4 3175 SUPPORT PLATE ADAPTER
3 13185 2-PHASE P IPE_ASSEMBLY B
2 13045 P IPE_BUSHING
1 12815 G3 HEL|LM_VESSEL WELDWENT
TEm N DESCRIPT ION ary
PARTS LIST
TS TNLESS OTREANISE PECTIED: |DR BT i F—————————
c. R 15DECOR ™10 sTaTes oepmTTIENT OF ENERCY
WA DINENSIONS ARE N MILLINETERS  [CHECHED 67 OATE 0. 80K 500, BATAVIA, L 80510-0500
NTERPRET DIM PR ASUE Y14.-1954 0, Wi creLL 40D e
GREHK ALL SHATP EDGES 0.5 WAL, |EigiNEReEs B ot |
ikt S vl i) e ILC CRYOMODULE
NATERIAL DATABASE HEL UM VESSEL
e ey | TS TG g DS s | i e 63 He VESSEL ASSEWBLY
- 1 12, Doocoononga3ot3 | SIZE | CAGE OODE A
NEXT ASSY | USED ON ik 015 AT]0USR6 DOOOOOOOOSW2765 c
APPLICATION MELE 1 00 NOT SCALE DRANING

victormm

| fgeated: 07:28:51 on 19-03-10 (D-M-Y) By

6 gz @ o
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-"E Cryomodule Plug-compatibility

; = 0 =

Vacuum vessel
=¢ 965.2mm

Two shield model One shield model

12/05/15 KEK-LC-Meeting 18



Material/
Sub-component

|
Cavity
Fabrication

Surface Process

| |
LHe-Tank
Assembly

‘Cryomodule test
B (Lab)

Acceptance Test.
B (Lab)

l

Cryomodule
Assembly and

RF Test
12/05/15 KEK-LC-Meeting 19




:la Reference for Cavity Specification
11 except for Tuner

« Technical guideline for ILC-GDE TDR and the cost estimate:

— referring Specifications for E-XFEL SCRF 1.3 GHz Cavity, issued by DESY
« EXFEL/001 and associated documents :Rev.B, June 2009, by courtesy of W. Singer (DESY-XFEL)),
» The reference specification is available with ILC-GDE PMs, under permission of W. Singer (DESY-XFEL)
* URL: http://ilcagenda.linearcollider.org/event/ILC-SCRFE-TR

Courtesy:
_ W. Singer

VALID DOCUMENTS

Number Tuda

Vakd Diocumens for the Senes Mechmical Fsbocstos of

XFRL AN 1,3 GHr Cavities Sor the WFEL

—
CFRL A | Technial Specifcaroas for the Seriem Mechamical Fabecation
- Sepercadacing 1,% GHr Cavtier for the Bempen SFEL

KFFLAH | (ealiny Aawerance snd Craality Contml Specificssons

VALID DOCUMENTS

WFFLA0E | Diecriptions, Abborasons, Drewing asd BDOMS oemben

REWVISION B / JUNE 23, 2009

XFELAAT DESEY Work kestrucsioes for Weldng o Caviry nm o Halaes Tank

B
B
B
B
FOR THE
WFEL NS Haelfmm Leak Tenix B
SERIES MECHAMNICAT - o -
KFRLA006 | Spacial P —
FABRICATION
WFEL 07 Techrucal Specifhcasons, Mcbam Mol B
oF
- WFEL A0A Technral Specificasons, MESST: Aloy B
SUPERCONDUCTING 1.3GHZ
- WFEL A Flow Chart Dumb-Bell Producsns B
CAVITIES — _ :
—— Fror tme R Hichars and Hinham- 5
FOR THE Tomeem —
S t:ww.ﬁ:;_i; rz;;nﬂmﬂihmhm Tarm (Hazding, 5
T - f— .
EUROPEAN XFEL S ro1s | e List and Dovssied Tnmpecsis Liss of Tess md 5
ST Demaes ranons
WFFL/14 | Scwning of Minbivm S (Reesd Bl B
(XFEL/S001) E WFEL i | Forquency Meassrermmt oa Dumib-fell, Faf Cell, End Gomap ard 5 2
{ J z Cawy -
ol KFFL/15 | Tachnical Specificarions for the Series Prducios of Helem Taska B il
% KFFL/AM6 | Tachnical Spacificasons for Welding she Helium Task ro s Caviey B %
E E
< B -
B

XFFLAMA B ]

ECNE N COMOODOTE| 30 Fes: BYse 10884
FORE A DOMREERES| 500 Fey: BY e 108 AS

12/05/15 KEK-LC-Meeting 20
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v

Step hosted

Regional constraint

Accelerator

- Integration, Commissioning

ile Production Process/Responsibility

ILC Host-
laboratory

Industry Industry/Lab Hub-

oratory laboratory

no yes yes yes

SCRF Cryomodule
- Perofrmance Test

Cold, gradient A eEiiiVA=E
hub-lab

Cryomodule/Cavity
- Assembly

Cryomodule component
- Manufacturing

V. vessel,
cold-mass ...

9-cell Cavity
- Performance Test

9-cell Cavity
- Manufacturing

Sub-comp/material
- Production/Procurement

12/05/15

Coupler, tuner, cav-
string/cryomoduleassm

work {\

Cold, gradient FASE iA=L
test hub-lab

sembly, Chem-.--------- N
cketing |

As partly as
hub-lab

{5

Nb, Ti, specific

comp. ...
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u’E Communication w/ Industry

e Visits to SC Cavity Manufacturers in
ue Global Industry: 2009

Europe:
RI (ACCEL)

ZANON

= / A Satellite Meeting at IPAC-2010

SCRF Cavity Technology and Industrialization

Date : May 23, 2010, a full-day meeting, prior to IPAC-2010
Americas: Asia Place: Int. Conf. Center, Kyoto, Japan
AES MHI Organized by:  ILC-GDE Project Managers,
. HITACHI (expected)
:;“A?/Xvé S NKI?SS:. Advanced Energy Systems TOSHIBA (expected)
RI: Research Instruments (previously, ACCEL)
MHI: Mitsubishi Heavy Industries : ' n The 29 works hop on SCRF

{IL Technology and Industrialization for the ILC

as a satellite meeting of SRF 2011
» Date: July 24, 2011
* Place: Chicago
* Agenda:

— Introduction
Reports from SCRF cavity/cryomodule industry
Reports from SC material vendor
Comments from Potential Regional Hub-laboratory
Discussions on the ILC SCRF industrialization model
* Note:

— Open for everybody,
— Many Industrial participations acknowledged

12/05/15 KEK-LC-Meeting 22



ik}
1
o0
2/8, 2011
2/8

2/9
2/9
2/18
(3/3), 9/14
3/4,
(3/14), 4/8
(3/15), 47
4/6
4/25
4127
5/24
716

15 10/18
12615 11/11

© 0O N O 0o A W DN P

el ol = =
A W N P O

Hitachi
Toshiba

MHI

Tokyo Denkai
OTIC

Zanon

RI

AES

Niowave
PAVAC

ATl Wah-Chang
Plansee
SDMS
Heraeus
Babcock-Noell
SST

Tokyo (JP)
Yokohana (JP)
Kobe (JP)

Tokyo (JP)
NingXia (CN)
Schio (IT)

Koeln (DE)
Medford, NY (US)
Lansing, Ml (US)
Vancouver (CA)
Albany, OR (US)
Ruette (AS)

Sr. Romans (FR)
Hanau (DE)
Wurzburg (DE)

K EMpisagi Bk

The 2"d cycle Communication with Companies
SC Material Cavity /Cryomodule Manufacturers

| Date | Company | Place | Technical sbject

Cavity/Cryomodule
Cavity/Cryomodule, SCM
Cavity / Cryomodule
Material (Nb)

Material (Nb, NbTi, Ti)
Cavity/Cryomodule
Cavity

Cavity
Cavity/Cryomodule
Cavity

Material (Nb, Nb-Ti, Ti)
Material (Nb, Nb-Ti, Ti)
Cavity

Material (Nb, Nb-Ti, Ti)
CM assembly study
Electron Beam Welder

23
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| Date | Company | Place | Technical sbject

218, 2011
2/8
2/9
2/9
2/18
(3/3), 9/14
3/4,
(3/14), 4/8
(3/15), 47
4/6
4/25
4127
5/24
716

15 10/18
12615 11/11

© 00 N oo o b~ W DN PP

el ol = =
A W N P O

The 3" Cycle Communication with Companies

Further studies with contracts in 2011-2012

Hitachi
Toshiba

MHI

Tokyo Denkai
OTIC

Zanon

RI

AES
Niowave
PAVAC

ATl Wah-Chang
Plansee

SDMS

Heraeus
Babcock-Noell
SST

Tokyo (JP)
Yokohana (JP)
Kobe (JP)

Tokyo (JP)
NingXia (CN)
Schio (IT)

Koeln (DE)
Medford, NY (US)
Lansing, Ml (US)
Vancouver (CA)
Albany, OR (US)
Ruette (AS)

Sr. Romans (FR)
Hanau (DE)
Wurzburg (DE)

K EMpisagi Bk

Cavity/Cryomodule
Cavity/Cryomodule, SCM
Cavity / Cryomodule
Material (Nb)

Material (Nb, NbTi, Ti)
Cavity/Cryomodule
Cavity

Cavity
Cavity/Cryomodule
Cavity

Material (Nb, Nb-Ti, Ti)
Material (Nb, Nb-Ti, Ti)
Cavity

Material (Nb, Nb-Ti, Ti)
CM assembly study
Electron Beam Welder

24



"'E Mass-Production Studies

IN contracts

Company Mass Contract
production funded/hosted
model by

Cavity Rl in progress 100% (50%) DESY
AES 20 % DOE/Fermilab
MHI 20, 50, 100% KEK
Quadrupole Toshiba 100 % KEK
CM and assembly Hitachi 20, 50, 100% KEK
AES 25% DOE/Fermilab
CM assembly BN in progress 100, 33 % CERN

In parallel, EXFEL experience kindly informed by DESY, INFN, CES/Saclay

12/05/15 KEK-LC-Meeting 25



'IF ILC Cavity Cost-study compared w/ RDR cost
[ |

(updated, May., 2012) Confidential
|LC EXFEL: EXFEL: ||_C
Original + 80
300 RI
Prep.+Prod. Yrs. 1+2.5 X+ 3
Fraction 100% 2 x 50% ~ same 100 % 20% 20 /100%
# cavity 17,000 300 +80 ~18,000 3,600 3,600 /18,000
SC Material
(supplied)
Mech. Fabrication
including EBW
Chemistry
Ti He-Vessel

Accept. Test (RT)

Factory
investment

Fab. Cost/cavity
(+ SC-mat.= Sum)

Unit KILCU K Euro K Euro K Euro K USD M JY

12/05/15 KEK-LC-Meeting 27



",'E What we are learning/progressing ?

« Cavity gradient yield

— Reaching ~80 % at 35 MV/m, and more report by
J. Kerby

 Technical preparation for industrialization

— Plug-compatible interface condition established for
Industrial study and cost estimate for TDR

— Cost effective fabrication being studied at also lab.

« Communication with industry

— Communication cost-estimate progressing under
more practical boundary conditions, and more
report on costing by G. Dugan

12/05/15 KEK-LC-Meeting 28



ile \what s siill to be investigated?

« Cavity
— Input-coupler's cost to be significantly reduced, (more
discussed by G. Dugan)

 Cryomodule

— Assembly and test plan with communication with labs.

» Fraction of cryomodule testing and conditioning of input-
couplers will much affect on the cost

* Industrialization and costing
— Guideline for mass-production and costing:

— How to rely on world-wide market and single/multiple
vender, (more discussed by G. Dugan.)

12/05/15 KEK-LC-Meeting 29



'.'I't: SCRF Cost Effective Production

Emphasize

global approach !!
- Multiple region
mass-production
In-kind Plug

contribution Compatible
models Cost Interfaces

Effective
Mass-
Production

Critically important TDP2
activity

Learn from XFEL
experience
e 50 ILC

Production

Develop realistic models
on which to base cost
estimate

» With industry & Lab
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,'Ip SCRF Procurement/Manufacturing Model
"o

Regional
Hub-Lab:

Regional
Hub-Lab:
E, &...

World-wide
Industry responsible to
‘Build-to-Print’

manufacturing

Regional

Regional Hub-Lab:

Hub-Lab:
B

Regional Hub-Lab:

C: responsible to
Hosting System
Test and Gradient

Performance

Regional hub-laboratories
responsible to regional
procurements to be open for any
world-wide industry participation

______________ : Technical
coordination link

=P - pProcurement link
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iln
HH Summary

 Technical and Cost-study in Communication w/ Industry
— We are continuing to seek for cost effective production in both
« Widening cooperation with industry
« Emphasizing in-house cost-effective mass-production study

— We have communicated with industry to provide cost information with various
models (20 ~ 100 %).

e Cost study in Communication with Laboratories

— Communication with potential regional hub-laboratories will be important to
establish a whole scope of the cryomodule assembly and test.

— CERN's contribution is a key to study a lab-hosting cryomodule assembly and
test in contract with industry
- Further Study required
— Cost effective industrialization study specially for:
« Couplers, cryomodule assembly and test, and some others
— Industrialization model with world-wide cooperation, for costing in TDR
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:|1m Creation of a Global Database for
IHU Better Understanding of “Production Yield”

» Global Data Base Team formed by:
— Camille Ginsburg (Fermilab), leader
— Rongli Geng (JLab)
— Zack Conway (Cornell University) S I e
— Sebastian Aderhold (DESY) = N a——

— Yasuchika Yamamoto (KEK)

« Activity .
Vacuum vessel fabrication in factory
- \JU|y 2009: The effort towards realising the

International Linear Collider is being

- Determine DESY-DB to be viable option, Sach ffrts focus mainly on the.
et e e
- Sept. y 2009 (ALCPG/G D E) ge':leration, are also important to ILC

community. From 7 to 18 September

- Dataset, web-based, support by FNAL/DESY, | Accerstor school for Lincar Caliders

in Beijing at Huairou. Among 69

— Dec., 2009: (SB2009) : 1st update o = ke bk hsam
. ond et e e e o s
— March, 2010 (IW-ILC) : 2" update e e LT CanilleGriburg n s picure.

— June, 2010 (End TDP-1) : 3" update R _

— March, 2011 (ILC-ALCPG): 4th update Production yield allowing to:
RI, Zanon, AES, MHI manufactured - include the 2nd chemical process
Cavity data included.
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(He tank-on test)

i

if defect found

surface repair
OK 2

Inspections/
optical inspection fine EP (20um)
if defect found

Bulk-EP (150um)

800C heat treatment
He tank welding o pass

Cavity Test Procedure consideration
[
ilp |

Cavity Fabrication

with He Tank
in 2"d/pass

up
pick-up antenna inst.,

HOM tuning

remove pick-

antenna,

HOM a

2"pass

120C baking iv;itzfldeeaIsnk

Remaining
Issue

. Cavity test facility 4 Cavities Test
Ce” RF tunlng in one coolidown

2K field test
>28MV/m l ‘l <28MV/m

to cryomodule




:p
1o

Standard Procedure Determined

for ILC-SCRF Cavity

Standard Fabrication/Process

Fabrication

Nb-sheet purchasing

Key Process

Component Fabrication

Cavity manufacturing with EBW

Process

EP-1 (~150um)

Twice

allowed

A 4

Ultrasonic degreasing with detergent, or
ethanol rinse

High-pressure pure-water rinsing

Hydrogen degassing at > 600 C

Field flatness tuning

EP-2 (~20um)

Ultrasonic degreasing or ethanol
(or EP 5 um with fresh acid)

High-pressure pure-water rinsing (HPR)

Antenna Assembly

Baking at 120 C

Cold Test
(vertical test)

Performance Test with temperature and
mode measurement

12/05/15

KEK-LC-Meeting

Fabrication
 Material

« EBW

« Shape
Process
Electro-Polishing

« Ethanol Rinsing or

« Ultra sonic. + Detergent
Rinsing

« High Pressure Pure
Water Rinsing
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faavity Fabrication Process

Center-cells
(RRR~300 Nb)

———
—
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ilp Sub-Components: Coupler/Tuners

i i i 7
Warm Transition {0 6ot N

. PoSsibIe supply by specific companies
relying on the world-wide availability
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Courtesy: H. Weise (DESY)

1 = The European XFEL - Progress and Status

European

Using experience gained at DESY and results of
industrial studies, the assembly facility for all
XFEL modules is going to be set up at the CEA-
Saclay site.

CEA (IRFU), CIEMAT, DESY, INFN-Milano, LAL
Orsay, Swierk take the responsibility for the
cold linac.

KEK-LC-Meeting _
.‘/E?si'\a ﬁ HELMHOLTZ
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1 = The European XFEL - Progress and Status

Courtesy: H. Weise (DESY), O. Napoli (Saclay)

European

XFEL

€Sy

saclay

cavity strings assembly
cryomodules assembly
BPMs system

MONTAGE CRYOSTATING
SPIRAL 2

us
jaay

KEK-CC-Meetin —
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I Courtesy: H. Weise (DESY)
1
Hl

o XFEL Cavity/Cryomodule Test Station

VA
He
P=irainzn
s
il L e
Ir 11 ©
i I %
iy [y
mn il
Platform for inserts Hl 1 H E
1O O O O O O E
Ll O O O i i e
il nl o ®©
1] S | | i 2 9
= Mounting area cavities i A o
8 | =207 7 =277 8 i >
b—
N b 6 @ o S | s°=
10 » (@) o Ww
Q5 g o
| O 5 7] AT T
A c: g c < 3
- 1 8eh i 20 o =
5 =3 B = = ~ a
7%, s 7
o m;] icherhersichigerdt .
o o =
\ [ (% \ U N N

« |f we may have ~ 3 of this test station, the ILC cavity/cryomodule
test can be managed.

« We may consider ~x 3 (=20/2 period / 3 regions )

* Or,itis just enough, if 1/3 cryomodules to be tested in ILC as
assumed in ILC-RDR
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Courtesy: P. Lubrun (CERN), 1st WS, 2010

o CERN'’s Experience from LHC Cryostating and Test

| Bringing industry to the laboratory
| Cryostat assembly by industry on CERN site

= Cold.tests=640 FTEygars

- c 3 = =
& = =

S

)

Producing in-house with industrial methods
Cryogenic magnet test station at CERN
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