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Inner Surface Preparation of SC Cavity




Overview of Inner Surface Preparation

e Thick/Rough Removal (>100 um)
Three alternative methods:
Buffered Chemical Polishing (BCP)
Electro-Polishing (EP)
Centrifugal Barrel Polishing (CBP)
 Annealing / Degassing (750 — 800 C, ~3 h)
Final Thin Removal (10 — 30 um)
Two alternative methods:
Buffered Chemical Polishing (BCP)
Electro-Polishing (EP)

 High Pressure Rinse (>7 h)

e |n-situ Baking (120—-140C, 48 h)




Overview of Inner Surface Preparation

Removal
Process Name Process Thickness Purpose
(um)
- Mechanical removal
CF()anIt.rn;]ggaI CB:ngr)el with water and media >100 Remogilrgindoirgﬁgfg;?gérsof Nb,
olishing ( ) (stones / plastic ....)
Buffered _ _ Rough: Removal of damaged
Chemical Chemical Reaction/ | Rough: >100 layer of Nb
- Etching Final: 10 - 30 _ '
Polishing (BCP) Final : Smooth surface
. _ Rough: Removal of damaged
Electro-Polishing Electro-Chemical Rough: > 100 layer of Nb
(EP) Reaction Final: 10 - 30 _ '
Final : Smooth surface
Annealing / 750 °C, 3 hours ) Release of stress in material /
Degassing Vacuum Furnace Degassing of H

High Pressure
Rinse (HPR)

High Pressure Rinse
with Ultra Pure Water
(UPW)

Removal of contamination /
Clean surface

In-situ Baking

120 ©C, 48 hours
baking with Vacuum
pumping inside of
cavity

Diffusion of Oxygen




Scanning of defects with eddy current

Successfully developed at DESY to pre-screen Nb
Sheets for defects: eddy current, resolution ~ 100 um
squid, resolution < 50 um

spherical Ta inclusions
(about 0.1 mm dia.)

44— 300 mm =—p

44— 300 mm ————p

Low Tc superconducting SQUID
system for eddy current testing of
niobium sheets is in development

(W.Singer, X.Singer)

Two-dimensicnal distribution of edd:
back side of the sample. The excil
frequency was 10 kHz The referenc




Scanning of defects with eddy current

Eddy Current Scanning system for SNS high
purity niobium scanning

Scanning of Nb plate/disc before fabrication.
About 1 - 2 % of Nb plates/discs have defects.




Local grinding at KEK

Grinding only for pit, without touching other surface

~115pum depth pit in MHI-08 cavity —_ .‘
l e

diamond powder compound l Quench at 16 MV/m
(2)#400. 12V : 76min

with water in between

were used. ~0.3mmiz

This pit caused quench
at 16 MV/m (1)#400, 12V :58min

MHI-08 cell #4 grinding example




Centrifugal Barrel Polishing (CBP)
Mechanical grinding

Media : stones Media : plastic

Water and media (stone, plastic, etc.) (rough removal)  (final removal)

Example (KEK recipe)

Step 1) Rough removal with stones + water : 4 hours x 3 times
Removal thickness =25 um x 3 =75 um

Step 2) Final removal with plastic + water : 4 hours x 3 times
Removal thickness =20 um x 3 = 60 um

Total removal thickness = 135 um




Centrifugal Barrel Polishing (CBP)
Mechanical grinding

= I mgm.«.m«‘«o.ui ‘
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Centrifugal Barrel Polishing (CBP)

EBW seam before CBP

Good EBW seam

r
4/,’

1

Bad/EBW seam

'Dﬁé Slo s
EBW seam

Mechanical grinding

12th CBP

13th CBP

Removal
thickness
=60 um.

Removal
thickness
> 200 um.

Removal
thickness
> 200 um.




Buffered Chemical Polishing (BCP)

Components of BCP acid (KEK recipe)
HF (HF 46%) : HNO, (HNO; 60%) : H;PO, (H;PO, 80%)

1:1:1 (Volume Ratio)

H;PO, can be increased if you like slow etching (1:1:2, 1:1:3, etc...)




Various BCP systems in the world

BCP:
Mixture of HF/HNO,/H,PO, in
ratios 1:1:1 or 1:1:2 @ 10-15C

2Nb +5NO; ==p ND,O;+ 5NO,

Nb,O + 6HF==> H, NbOF + NbO, F. 0.5H,0 +1.5H, O
——\ )

soluble non soluble
NbO, F. 0.5H,0 + 4HF ==> H, NbF;+ 1.5H, O

H_I

soluble

Exothermic reaction
Removal rate ~ 2 um/min @ 10C




Buffered Chemical Polishing (BCP)
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Nb Surface after BCP

Simpler than EP, but the surface is rougher than EP.
The roughness is coming from the difference of etching
among the grain. Steps are made along the grain-boundary.

Chemlcal reaction:
6Nb+10HNO, » 3Nb,0.+10N0 $+5H,0
Nb,O, +10HF »2NbF, + SH,0

4 6Nb+10HNO,+30HF » 6NbF, +1|I]I'\D+-l-"'l]H D




Electro-Polishing (EP)
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EP System Flow

Hotory

Salutian exhoust linge
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Horizontal EP system for single-cell cavity

| i EP electrolyte
B Reservoir tank(100L)
ra 4




Rotation

‘ air filt rota
_P"“Jer A
‘%ém—‘_—;n

olution _..'J‘:

X-section of
7, cavity at cell

Beam-pipe

~ EP electrolyte |

>

Electric Current




EP Finishing
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3 —8—#6 Roughness (Rtm)
7F <2--#13 Roughness (Rtm) -
-~ #22 Roughness (Rtm)
6

Roughness (Rtm) [Um]
e

?‘h e

e S - ] - .
- "‘5"'><¢--3E-‘«_Jxr-tgh#n-—..—..—_—..-:?g:—..—.:.—..—_x.—.=.—..—..—.sg¢————————————— B

0'.......11....i.....,..........
0 50 100 150 200 250 300 350

Removal Thickness [jm]

1) The final roughness depends on the initial roughness.

2) The roughness goes down as the exponential function to the removal.

3) Steps are not created along the grain-boundary. This causes smooth surface.
4) If voltage is switched off, the process stops. The control of process is easier

than BCP.




Electro—Chemical polishing inside 9—cell cavity

Use Sulfuric acid + HF mixt
Apply voltage . »
between center Al el

voltage apd temperature are key
arameter
wSuecessive rinsing is another key
eChnology

©Rey.Hori




Electro-polishing facility at STF/KEK

Automatic

Operation EP bed O-cell cavity

Console \\ ST [y i 1st floor
: g 7 W ' "‘“ =L ;

L __ EP solution
—_— “ - T : reservoir tank
EP facility at KEK

EP acid: HF + H,SO, Aluminum anode,

surface removal speed: 20um/hour, V ~18V, | ~270A, T ~30degC (for 9-cell),

cavity rotation: 1 rpm.




Various EP systems in the world

KEK/Nomura Plating DESY JLab




Annealing / Degassing

Annealing / degassing furnace at KEK: Two 9-cell cavity can be processed at once.
Designed to consider about the supper-structure (Super-structure is consisting of
two connected 9-cell cavities with one input-coupler).




Annealing / Degassing

Vacuum Furnce

Cavity is set in a Ti box (gas getter)




Annealing / Degassing

Hydrogen gas peak
Pressure ~10> ~ 10 Torr

Pressure

750 °C

A

Time




High Pressure Rinse (HPR)

10L/min l

Rotation

-]

Up and down I
f

Nozzle




High Pressure Rinse (HPR)

Cavity

Pressure =7 MPa

Flow rate =10 L/min. |

Nozzle

Ultra Pure Water

Specific resistance = 18 M Ohm cm
TOC=10- 20 ppb

Bacteria=0-3 count/ mL

“ (I ‘;-\ A 1 '; ‘u

HPR is a strong tool to clean up the inside of cavity.




Various High Pressure Rinse (HPR) machines

Jlab HPR Cabinet T ’




Breakthrough by HPR
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Assembly in Clean Room

HEPA filter (class 100) ULPA filter (class 10)

Clean-room



Type of Cleanrooms

Fresh air

Fan units

[ Hepa Filter Hepa filter

Non-Unidirectional airflow type
(JLa+b)

Air flow laminar from ¢l 100 on high efficiency

i air filter
Advanced — -

System
recirculate
90 % of Perforated cleanroom floor

the filtered air Exit of air for air exchange

high efficiency filters

A 2 2 2

o

production
equipment
‘-) - . - L] -

production
equipment

*

air extract

Unidirectional airflow type (DESY)



Cleanroom Classification

150 . Maximum concentration limits (particles/m® of air) for particles equal to
Classification . h
and larger than the considered sizes shown below
number
>=0.1pm>=0.2pum >=0.3um >=0.5pum >=]pm >=5.0pm
ISO Class 1 10 2
ISO Class 2 100 24 10 4
ISO Class 3 1000 237 102 35 8
ISO Class 4 10000 2370 1020 352 83
ISO Class 5 100 000 23 700 10 200 3520 832 29
ISO Class 6 (l] 00000 237 000 102 000 35200 8320 293
ISO Class 7 352 000 83 200 2930
ISO Class 8 3520 000 832 000 29 300
ISO Class 9 35200 000 8 320 000 293 000
ISO 14644-1 Classes Class 3 Class 4 Class 5 Class 6 Class 7 Class 8
FS 209 Classes (Classl Class 10 Class 100 Class 1000 Class 10, 000 Class 100, 000
Cavity Cleanroom

assembly for SRF



Particle Counters

Samplehead Particlecounter



in Clean Room

Assembly




Input-coupler for RF

Bellows

vertical test

Antenna
/ Metal valve

Vacuum port for vacuum
pumping

Sliding =¥ » T
support
o |
[IILI [11T

N-connector

Variable input coupler for the vertical test in KEK




Assembly in Clean Room




Assembly in Clean Room

N(>0.3um)/CF

2005Sep14 RE cavity assemble

1000 Open flange Preparing Indium Preparing Indium
/ / for lower flange
100 4] 1 *yx
Class 10
10
f /
Indium seali Indiut sealing
1 ‘ ﬂ
0 T 20 40 60
Setting TEFLON rid min.

28 particles (>0.3um) / CF = class 10




In-situ Baking System for 9-cell Cavity

Vacuum port




Vacuum System for In-situ Baking (120 — 140 deg. C)
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Lecture B2 and C3a:
Superconductive RF

RF Test of Cavity



RF Test Cryostat (Vertical Test)
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Cavity Preparation Stand

Pickup coupler

Input coupler

e 3
'

input coupler

Metal valve for vacuum




Temperature(K)

Temperature of Liquid He (P vs. T)

| —O— Temperature(K) I

LHe-T(K).d

4.25 K=760 Torr

A-point :

2.1773K =38.41 Torr

2K =23.77 Torr

y = ml+m2*M0Am3

..... ’ﬁé Ia_
...... m1 0.79588 0.011111
....... m2 0.46085 | 0.0082503 ||

m3 0.30163 | 0.0023609 [
....... n42% | 0.0070631 NA
------- R 0.99992 NA

200 400 600 800 1000

He Gas Pressure [Torr]

180
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Control Room of Vertical Test (VT)




Feed Back System
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Measurement of Surface Resistance
(Dependence on T)

:é::::::: «— 10nQ

5:<_1nQ

= (1 259E- 4/T) exp( 18, 008/T) + 5.5682E-9 [

O Ry & (1.259E-4/T) exp(-18.008/T)

10-10Eéiiliéiiléiiéiiiiéhéiii
0.2 0.3 0.4 0.5 0.6 0.7

UT [K']

—fit : Ry (T)= A eXD(——)+ Ry
A Rs =/ QO is plotted

=— =17.67 (BCS theory)
kg




Measurement of Surface Resistance
(Dependence on T)

Surface Resistance

Rs=277/Qo [Q]

—8— Rs [ohm]
® Rbcs [ohm]

KEK No.00 2nd. Vertical Test 04/05/2012
After Input Cable Exchange, Re-measurement

Rs=A*(1/T yexp(-A/kT)y+Rres

Compare with

Value Error
AICK]|  0.0001349] 9.4722¢-05 BCS theory
Ak [K] 18.321 1.9094 - (17.67)
Rres [Q]] 13.689%09| 1.1418¢-09
Chisq. 0.26388 NA
0.99633 NA

< Rres=13.7n{)

1/Temp. [1/K]

Rs =T/ QO is plotted
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101!]

10°

10°

Qo vs Eacc

Eacc > 45 MV/m with new-shape at KEK

RE quench "
Eacc=52 31MVim |]
ON090000, e Qo=0.97E10 |
¥
LL quench
Eacc=47 34MVim
Qo=1.13E10
A Reentrant Single cell cavity @ 2K |
© Low Loss Single cell cavity @ ZK!
10 20 30 40 20

Eace [MV/m]

Eacc = Z sqrt(Qt-Pt), Q0 =Qt - Pt / Ploss

60
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10

10

Qo

10

QO vs Eacc (T dependence)

Temperature dependence (RE cavity)

RE-12th meas. 2005/09/21 Wed.
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. 5165/1.27e10 @1.91K
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Eacc[MV/m]

HPR(UPW)Nomura, 7MPa*1hr, with valve
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QO vs Eacc(Limitation)

1011

10°

ICHIRO Single cell 1st round

[ et

Quench w/o X-ray

- Field Emission -¥

Eacc[MV/m]

; : ; - ‘A . N
S : with X-ray - Q-drop
-disease w/o X-ra R A
N YA wio Xeray
L X Is#2-2nd Particle contamination
| W IS#3-1st .
| b iswa-tst with X-ray
- V  IS#5-1st
O I1S#6-1st ; i
A (S#7-1st Combinations also occur
i H H E H H H i |

0 10 20 30 40 50



T-Mapping (1)

T-mapping system: ~600 Allen-Bradley C-resistors

Pogostick _

Manganin Wires

A

G-10 Housing Sﬂ Epoxy

ce-vamish (i 1

Allen-Bradley Resistor (100 Q)

FETTTITTS
FETITIFT

-——Tom— =—0.4 cm—=
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Acceptance test of cavity

Temperature and X-ray maps of cavity are obtained during each test.

~ Sensor

.- s’talla]tion

T

1 #5

MR T-map

. Eace=2bMV/m (Quench)
" P AW

s =N

S0

L L
100 150 200 250 300 350

MHI-09 1st VT m-ixede//

#1

#2

#3

#4

#5

#e

#7

#@

#9

Xray-map

I L
100 150 200 250

L
300

E—

T-map & Xray-map,
together with pass-band
mode measurement,
location of quench is identifiegl.
Inspection camera visualize
what's happen inside.

350 N
Degree []




X #1
PKU-04 cavity
#2
24MV/im . (wn
i H: 1
#3 ——— :
W00k
#4 AT
#5
#6
#7
- O, vs. E,.. Curve (@ w mode for PKU-4 1 V.T. (2013/2/28)
' : : ! ! : ERYTT '
O01.7-1.9K (1st) |—
A1.3-1.6K (2nd)
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by T. Kubo




Local grinding at KEK

Grinding only for pit, without touching other surface

~115pum depth pit in MHI-08 cavity —_ .‘
l e

diamond powder compound l Quench at 16 MV/m
(2)#400. 12V : 76min

with water in between

were used. ~0.3mmiz

This pit caused quench
at 16 MV/m (1)#400, 12V :58min

MHI-08 cell #4 grinding example




Q-drop and In-situ Baking

IE+11 —— / Q—drop

Q Q-drop was recovered
¥ 4_/ . . .
e 1
103 /53 EP eanity ) oy by in-situ baking
LE+10 KEK 0 & 10 B
J |
[ T [ [ 1 \ [T quench
D 1o bakine \Rf,néw CEBAF Single cell cavity Nb/\a 1162_33/1162_34
— lirmtation Q,vs. E
B[ 10°C 7 30h ace:
| E-+H09 | | | | 1.0E+11 \\ # after baking,120C,40 hrs
D ||:| 2[:' .-':'.I] —1':' \\\ m 1250 C, 100micron,before
o bakin
Eﬂ-ﬂt‘ [ hﬂ]v}fm :I ‘\A Test#i, 300 micron bep
PR ¥ X 1 hd * N
3 . B , . .‘ ® e * . . .
Figure 4: Baking effect on C1-03 Saclay cavity mn. . y
) [clcclrupuli:ﬂmd and tested at K]{}ﬂa'lul. f N g }
1.0E+10 L — .
. . < = A ]
[B.Visentin,SRF2003] © i 5 =
O -dvrarn——m—m—m— .
L~Urop ! \ +/ Quench
electropolished =
Quench
1.0E+09 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40

Eqce [MVIM]

Buffered Chemical Polished(1:1:1)



How to cure bad cavities (1/2)

Bad performance
|

Q-drop
(Oxidation Layer
is not good)

Defects
just after fabrication

Source of Particle contamination
in assembly in CR

problem

Recreation of

o Removal of defects
oxidation layer

How to cure BLEWECIRIHElgdld[-

In-situ baking
or

Light EP/BCP

In-situ baking

Local grinding or
Rough removal
By CBP

HPR and
careful assembly

Process

< >
Removal =0 Removal = thin Removal = thick




Re-cavity 5-2nd Meas.
CP(10um)+HPR(KEK)+Baking(57TH@1200C)+

H-collection (26H@100k) 2005/06/18 Sat.
11
10 S T S N, O A AN A AN S S A A A St ACU SO ST O ST S S SO S
o s e s 4 5-1st Meas. (06/16) =~ ]
S ® 5-2nd Meas. (06/18) -
aasdarSA S A e
| -disease |
10 | o 5 fffff — ffffff fffff ffffff R [ SO SO SO JUUUU S
‘ j | Q-disease can be cured
by 800 °C furnace
degassing .
10 °
[ 4 éléjr’{d’ meas. was done after the cavity temp. was Tr’h’é’iﬂri’t’é’i'rié’ci:’ibbk’ for 26hours. |
P T T S S S S N NN S S N S S S S S N S S
0 10 20 30 40 50

Eacc (MV/m)



14

ICHIRO 9-cell 1st cavity (#0) w/o HOM

[CHIRO 9—cell cavity #0 (w/o0 HOM)

1D11

10°

..................................................................................

sodrndindonn e i,

............................................

.........

) MPmceII

Eaf;-;:: = 29 -3- M\{r"m

ICHIRO 9-cell 1%t Cavity #0
w/o HOM

Hard barrier around 29 MV/m.
This might be caused by MP at enlarged
{ beam-pipe

£ E:__ Test (V.T))

10 20 30

Eacc [MV/m]

40




15

Multi-pacting simulations by L. Ge at SLAC

Multi-pacting points

were found at the taper part
of enlarged beam-pipe

from simulation.

= MP Particles Distribution
(surviving 50 impacts)

0.07 - 2500 1 . ——2eV
+ Initial Positions MP in cell 30V
0.065 -| 2000 - —a—
0.06 » Final Positions @
"7 || e=——=beampipe shape ] ;
0.055 - E 1500 MP in enle_zrged
E 0051 o beampipe
= 0.045 | 5 1000 -
£
0.04 = 3 500
0.035 1 Field gradient @ 29.3MV/m with 2eV initial Energy
0.03 T T T 1 0
0 0.05 0.1 0.15 0.2 5 10 15 20 25 30 35
Z axis (m) Field Level in Mv/m




How to cure bad cavities (2/2)

Bad performance

Source of Q-disease
problem

How to cure BRCIClCNe[:c 1T

800 C furnace
Process HPR and

careful assembly

<

Multi-pacting

Recreation of surface

Light EP/BCP
In-situ baking
(or change
design-shape?)

Defects created in
the surface
preparation

Removal of defects

Local grinding or
Rough removal
By CBP

Removal =0

Removal = thin

>
Removal = thick



Cavities assembly for Cryomodule C

Two cavities from FNAL, two cavities from DESY,

FNAL, DESY team assembled 4 cavities, INFN, FNAL team installed blade tuners and
Saclay tuners.

Tug Arkan E N
Brian Smith < W
Marco Battistoni
Manuela Schmoekel &
Patrick Schilling

Carlo Pagani
Angelo Bosoti
Rocco Pararella

B ‘ - {
‘/FN i/ ) ESY team IN FN, EAAL team Serena Barbanotti

caV|ty connection in clean room Tuner installation for FNL, DESY cavities
for module installation at outside of clean room

=

62




Cavity-String Assembly in Clean Room (DESY)
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Saclay (March 2011)

European

7 March 2011 at Saclay

PXFEL 2.1 (DESY >>> Saclay >>> transportation to DESY within a few weeks)




Recent Progress with EU-XFEL

European

The finished L1 section

17" International Conference on RF Superconductivity
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Lecture B2 and C3a:
Superconductive RF

Industrialization and Challenges



Detector

# of SRF cavities ~16000 \

Superconducting
RF accelerator




ILC Cost Breakdown (RDR)

4,500

4,000 1 ILC Unit ~ 1 US dollar(2007) ~ 117 Yen —

3,500 Conventional Facilities

ﬁ.
g 3.000 Components
= ™ Cost driver
£ 2500 -
2
5 2,000
O oo Detector: 460 — 560 Million ILC Units
—d ) .
= ~10 % of machine cost
1,000
N I I
N AR E o o=
Main RTML et BDS Common Exp Hall e-
Linac Source Source

FIGURE 6.2-1. Distribution of the ILC value estimate by area system and common infrastructure, in ILC
Units. The estimate for the experimental detectors for particle physics is not included. {The Conventional
Facilities estimates have been averaged over the three regional site estimates. )



SCRF Industrialization required for ILC

ILC

C.M. Energy 500 GeV
Peak luminosity 1.5 x103* cm2s1
Beam Rep. rate 5 Hz
Pulse duration 0.73 ms
Average current 5.8 mA (in pulse)
Av. field gradient  31.5 MV/m +/-20%

Q, = 1E10
# 9-cell cavity 16,024 (x 1.1)
# cryomodule 1,855
# Klystron ~400

High quality

16024 x 1.1(Yield = 90%)
~ 17600 cavities of mass-production

69



History of SRF Cavity
TRISTAN @ KEK (1988 — 1995)

History of SRF cavity at KEK

SRF Cavity in TRISTAN
Bulk-Nb 508MHz 5-Cell Cavity

The first mass-production of
SRF Cavities in the world.

32 SRF cavities were fabricated
and operated in TRISTAN.




# of 9-cell cavities

Fabrication of cavities in 1LC

Py

/\
/ 17000/5yr
\>3l.5 IVI‘VTFD

Mass-production

QA ad cost down

760/2yr "\

360/5yr >23 5MV/m )

%’c— EuroXFEL

B %511




Toward Industrialization

e Global status of Industries
— Research Instruments (ACCEL) and Zanon in Europe
— AES, Niowave, Roak, PAVAC in Americas
— MHI, Hitachi, Toshib, and others in Asia

ST ~ Assuming 200 work-dayslyr

~ 110 3years < ~ 1 cavity / week
XFEL ~760 2 years 380/yr : ~ 1.9 cavity/day
- + 2 vendors - 0.95 /day/vendor
Project X ~360 4-5 years  72/yr : 1.8 cavity / week
ILC
Single vendor ~15,500 5 years ~3100/yr - 16/day
model + spare ~3400/yr - 17/day
6 vender model same same - ~ 570/yr - 2.8/day/vendor

(3 regions x 2)



SCRF Procurement/Manufacturing Model

Regional
Hub-Lab:

Regional
Hub-Lab:
E, &..

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

manufacturing

Regional
Hub-Lab:

Regional
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 . procurement link

110809, A. Yamamoto ILC-SCRF-Global-Effort Slide by A. Yamamoto



Visiting Companies in Progress
(and further plan)

Date Company Place Technical sbject
1 2/8 Hitachi Tokyo (JP) Cavity/Cryomodule
2 2/8 Toshiba Yokohana (JP) Cavity/Cryomodule, Magnet
3 2/9 MHI Kobe (JP) Cavity / (Cryomodule)
4 2/9 Tokyo-Denkai Tokyo (JP) Material (Nb)
5 2/18 OTIC NingXia (CN) Material (Nb, NbTi, Ti)
6 3/3 (Zanon) mtg at INFN Verona (IT) Cavity/(Cryomodule)
7 3/4 RI Koeln (DE) Cavity (Cryomodule)
8 3/14, (4/8)  AES Medford, NY (US) Cavity (Cryomodule)
9 3/15, (4/7) Niowave Lansing, Ml (US) Cavity/ (Cryomodule)
10 4/6 PAVAC Vancouver (CA) Cavity, EBW-machine
11 4/25 ATl Wah-Chang Albany, OR (US) Material (Nb, Nb-Ti, Ti)
12 4/27 Plansee Ruette (AS) Material (Nb, Nb-Ti, Ti)
13 5/24 SDMS Sr. Romans (FR) Cavity, Vessel, joint
14 7/6 Heraeus Hanau (DE) Material (Nb, Nb-Ti, Ti)

110809, A. Yamamoto ILC-SCRF-Global-Effort Slide by A. Yamamoto




or-hased Scienos P A O N

,-"5 Progress in SCRF Cavity Gradient

2nd pass yield - established vendors, standard process

¢ 528 MV/m yield B >35 MV/m yield

AN

3
2 ; Production yield:
94 % at > 28 MV/m,

0 ________
0 Bulk EP + light EP Bt Average gradient:

& $ & & 37.1 MV/m
§ § § §
§ ’ §
. test date (#cavities) T reached (2012)
A. Yamamoto, May 17, 2013 IPAC'13 Acc. Technology 75

Presented by A. Yamamoto, IPAC13



Main Laboratories for ILC R&D in the world

DESY/FLASH,
EURO-XFEL
ENAL/ILCTA, ANL
O % INFN OO O Cornell
O O JLAB
SACLAY/XFEL KEK/STF/ATF/CFE

SLAC

FLASH@DESY STF@KEK ILCTA@FNAL

76



v

The European
X'Ray Lasel’ Pl'OjeCt X-Ray Free-Electron Laser

Accelerator technology - collaborative effort

Industrial study module assembly (M6 Superferric magnet
done, M8 autumn 2007) (CIEMAT)
BPM (saclay) [l IR

2 more cryostats
(TTF3/NFN) delivered [l [l — Integrated HOM
# of 9-cell cavities = 760 |absorber

Length quantized n-A/2 (possibility of ERL)

1256 mm
oy e | 1036-mm i
s | 115.4 mm |
HOM '_'r power
coupl
V| Wirs

4
iy |

rf pick HOM
up coupler

. TTF3-type coupler
Tuner w/piezo

(Saclay) | EEE

Industrialization in
preparation

R. Brinkmann, DESY
LG riest o Hi 2007 Almost the same technology as ILC é N ENESeAET

Industrialization
LLRF development launched (Orsay)
(collab. Warsaw/Lodz) : [ bt . oy




European

3.4km =—-

- S A OV T T, N b N T 2 7
ey \'/ The European X-ray laser project XFEL f

(]

— - — — — T —

‘ - N : ” Q | ¢ \ . :
. e e - = D il = ‘ ’ "',;
| == [ i I

4
y A

TTC Meeting, Fermilab, April 19/22, 2010

Hans Weise / DESY Slide by H. Weise
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Hans Weise, DESY

Slide by H. Weise




RI: 380 cavities / 2 year
Zanon: 380 cavities / 2 year
Total 760 cavities / 2 year DESY

String Assembly

Acceptance
Vertical RF Test

Z Italy

Cavity Fabrication
DESY Germany

DESY takes care of installation / dismounting of cavities into / from test insert
Transport to CEA in transport boxes as well
TTC Meeting, Milano, February 28 to March S|Ide by H. Weise

3,2011
Hans Weise, DESY



Status of Euro-XFEL (E.U.)

One example of foreign material inclusion (Ta) in the
Nb sheets. For details see MOP050, MOP032

XFEL

Example: Eddy-Current scan, 3D -Microscope image and element analysis

Statistic: < 0
Comparison of  § 2°
detected defects  § *°
in Nb-sheets for & °° “Fa. A
different suppliers 3 10 =Fa.B
2 05 Fa.C
i ) 0,0 J B S || | . , :
K2 e\ﬁo& QD 15 » \‘\o ’\? oé_bq.o ) o@..
<@ Type of defects ¢
=) & Ficoisin

The Challenge and Realization of the Cavity Production and Tt SI |d e by W. S| nge r / D ESY . Waldemar Singer s 3‘;3 AAAAAAAAAAA




Status of Euro-XFEL (E.U.)

DESY developed, build and installed at both companies the

European

Cavity Tuning Machine CTM and Equipment for RF measurement
of half-cells, dumb-bells and end-groups HAZEMEMA

Service is in DESY responsibility. Equipment has to be robust,
required trained personal that has special background. MOP051,
MOP052 MOP053 A. Sulimov et al

Cavity Tunlng Machine CTM
installed at Rl

HAZEMEMA installed at EZ

m;;} Eg; \ g HHHHHHHHH
The Challenge and Realization of the Cavity Production and SI |de by W. S| nger / DESY 13. Waldemar Singer e Y%/ | assaciaTion




Status of Euro-XFEL (E.U.)

QM and Documentation : EDMS, Data Bank for statistic.

European Automated transfer of documents/data from System to System.
XFEL Paperless documentation

RI/E.Zanon

Internet

ERP-

System
EDMS  WE. = N =T XFEL
product | == Cavity
breakdown @~ » = Data
structure @ { - Bank for
for XFEL [ p=-- = statistical
cavity L) P T analysis

All XFEL SC cavity documents (specifications, protocols, PED data etc.)
recorded in EDMS. Rl and E. Zanon have an access (to relevant data only).
For more see poster MOP035, J. Iversen et al.

The Challenge and Realization of the Cavity Production and Tr SI |d e by W S| nge r / D ESY Waldemar Singer er? | 5%2 # '}i;;‘u"cf’ﬁi&



Status of Euro-XFEL (E.U.)

Test piece represents all pressure bearing parts:

European

XFEL Destructive notified body analysis. MOP048

Test Piece — Overview of Welds

% Test piece (TP) is composed by o
2 cell with helium vessel,
representing all pressure
bearing parts and welding
seams.

+«+ It is built using the same
welding parameters that will be
used in the series production.

+ Two EBW machines/company.
Consequently two test pieces
had been built per company
and destructively tested by
TUEV NORD.

% Previously DESY has done
similar tests on real cavities
and gave the feed back to

companies
The Challenge and Realization of the Cavity Production and T S||de by W. S|nge|" / DESY 3. Waldemar Singer ,"F’NT ::_ T SN—

nnnnnnnnnnn




Status of Euro-XFEL (E.U.)

Treatment: European XFEL treatment recipe was

XFEL worked out on prototype cavities

Prior surface treatment. |

EP 110-140 um (main EP), outside BCP, ethanol
rinse, 800° C annealing, tuning

Final surface treatment - two alternative options

1. Final EP of 40 pm, ethanol rinse, high pressure
water rinsing (HPR) and 120° C bake

2. Final BCP of 10 ym (BCP Flash), HPR and
120° C bake.

Integration of the helium tank, assembly of
HOM, pick up and high Q antennas and
shipment to DESY for 2K RF acceptance test

,N:,? ( ('w'g; ﬁ LLLLLLLLL
13. Waldemar Singer i ‘o | ASSOCIATION

The Challenge and Realization of the Cavity Production al

Slide by W. Singer / DESY



L 1 Recent Progress with EU-XFEL

European

XFEL | Results: Usable Gradient “As received”
100%|- vee. | acceptfor module ) = Both vendors well above Spec
o g ;z 140 = RI shows ~ 3MV/m in average
sox more than EZ:

% N 130 5 a) final EP

§-treat & retest b) low gradient quenches at EZ

40%
f 20

20% J10 = |n general, first re-treatment is a
standard High-Pressure Rinse
% 10 20 30 m 50 (or “special” handling at vendor)

Usable Gradient MV/m

RI EZ Total MO PBO86

Tests 303 358 661

oning 50 N [ allle ol = Several cavities with < 20 MV/m
aus (MV/m) 74 68 12 . _

yield @ 20MV/im | 90%  82%  86% accepted, especially if

yield @ 26MV/im | 75%  59%  66% a) limitation = “bd* +

yield @ 28MV/im | 66%  44%  54%

b) no FE

“Missing” 75 cavities?
Not included in “as received”’, because “retreatment at vendor” necessary before first RF test

17" International Conference on RF Superconductivity ) 0.
INEN DET ﬁuswaauz ﬁ
Detlef Reschke, DESY = Ty ASSOCIATION

Slide by D. Reschke / DESY (E.U.)




YES!
Increased
Usable
1 Gradient

MOPBO086

Recent Progress with EU-XFEL

SRF2015
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Assembly Buildings at Sacla

Bat. 124 Nord
25x15 m?

Bat.126 Sud
30x17 m?

i ! H i
Industrialisat ©Goog|eMap Ej

Cryomodule Ass
December2




MONTAGE CRYOSTATING
" RO-WS1+2

u “ u iug

AL-WS1+2

)
f—




Clean Room Workstations at Saclay

Unpacking / packing and

Cavity string assembly

Lovettest
1 day

cleaning pieces [Ty po—
[I-’ossc—pa: )-‘ossc—alct "GSSE_P'SZ % //}Z' //{.;/I/V %l
%:. %_ , Y = %/ LY e
] ey 0 = LT
E O\ PAE ; ! - M ff)g IS Ty N SN SR N S S
/| g s&n;# 3 Salle de l ‘ g b" -~ T e s s ,—|T“ :
- g ta P ditionnement | 180 ¢! 8 reg @ ' Llr—;l \L‘r—;l (€] i 8%
\ 5 IS07 ﬁ“ 7 ISO5 | : 8 ' 3
<LEmIF N — |
/j:l V“ﬁ""“ : / Vestlalrl 2 ‘ < T2
I =
Fg{g}ggﬂ[}@b acceptance T le| V7|
|
|
|

] Hublo

Cavity washer

Coupler cold part
assembly
(8 cavities / week)

Industrialisation of XFEL

Cryomodule Assembly
December2 90



29 March 2010 Q. Napoly, LGWS 2010




5 Mar. 2012




/'

Saclay(March 2011)
=

i

Platform with many nozzles for
Low-pressure rinsing system

High-pressure rinsing system for Spiral-2 cavity



5 Mar. 2012

Saclay




Saclay(March 2011)
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Saclay (March 2011)

European

7 March 2011 at Saclay

PXFEL 2.1 (DESY >>> Saclay >>> transportation to DESY within a few weeks)




DESY (March 2011)

THE RESEARCH FACILITY EUROPZZAN XFEL

Three cryomodule test stands.
Construction of Accelerator Module Test

Facility (AMTF) hall is on going.



| The Eurcpean XFEL

curopean | ACCelErator Module Test Facility (AMTF)
XFEL ] Including Single Cavity Tests

R r.h,-ﬂ e U.GF:] Y y ()
P : : Warm cryogenic piping
d | = I o v 10/2010
OE o c
s | fre e | oo = 7O ISO- and UH Vacuum
10,8858 o 2 L ® equipment
o o @
] I% Mounting area cavities E g % -| @ 10/2010
o S | T Vacuum compressors
%; o [ B ki s |z T® commissioning
Hi |~ = b ©
18. 3 S L 11/2010
° | @x 2 s of | TG
L | &2 s = 2 cryo components (LHe
t - e | F W sub cooler & He
udbbuy e W %ﬁ - o Eel ® storage tank main
j) J) ] 17 é) "é) [ Y] ”é é (j) transfer line & vertical
» © WO OO0 .00 O ! cryostats) are late —
1L 24000 i fall 2011
Commissioning
- vertical tests late fall 2011
- horizontal tests end 2011
TTC Meeting, Fermilab, April 19/22, 2010 .8 /4?‘ HEL

Hans Weise / DESY ‘8"



DESY(March 2011)

F— cryomodule test stand A | Ei 1

Cryomodule

Construction of Accelerator Module Test Facility (AMTF) hall is on going.



DESY (March 2011)

THE RESEARCH FACILITY EUROPZAN XFEL

He tanks

Spring 2011




DESY (March 2012)

THE RESEARCH FACILITY EUROPEAN AFEL

_ . _ Spring 2012
Construction of Injector hall is ongoing.




DESY (March 2011)

E RESEARCH FACILITY F___UROP?EAN‘XFEL

L.

'~,ﬁ?¢— 'N

o

il AR
End of SRF linac. Entrance of tunnel bawling machines.

>
#

.End of SRF linac




DESY (March 2011)

THE RESEARCH FACILITY EUROPEAN AFEL

Construction of experimental halls is ongoing.

DESY is in this direction



DESY (March 2012)

THE RESEARCH FACILITY EUROPEAN AFEL

e

o it e - o e

—_— —
s B .

Schanefeld




DESY (March 2012)

8 Mar. 2012




DESY (March 2012)




DESY (March 2012

) 8 Mar. 2012
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Recent Progress with EU-XFEL

European

The finished L1 section

17" International Conference on RF Superconductivity
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Installation Progress XTL

European 34 Modules installed 1 RF-Station ready
XFEL 6 Modules parked 5 RF-Station in preperation Status: 04.09.2015
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Courtesy: P. Lubrun (CERN), 1st WS, 2010

CERN’s Experience from LHC Cryostating and Test

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

cryosting i=4

Producing in-house with industrial methods | @ % | =
Cryogenic magnet test station at CERN = e - * e 3

110809, A. Yamamoto ILC-SCRF-Global-Effort 110
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LCLS-Il Hybrid Free Electron Laser at SLAC:

Cryoplant

LCLS-II

LCLS-II & Warm Soft X-ray
RF Gun Accelerator Undulator

o e T el -.lllllllll-._--_\. e — ! .

Near Hall Far Hall
! |

N\
L1 BC1 L2 BC2 L3 e I
Superconducting Accelerator

Hard X-ray
Undulator
Beam _

SC Linac Beamline Switchyard

Cu Linac Beamline

SRF2015 1409 (M. Ross, SLAC) 6



LCLS-II SRF Linac

Closely based on the European XFEL /ILC / TESLA Design
* Under development ~ 20 years with > 1000 cavities by 2016
Uses CEBAF-12 GeV Upgrade Cryoplant Design

LCLS-II Linac consists of:

Linac 4 cold - 35 each 8 cavity Cryomodules (1.3 GHz)
segments 2 each 8 cavity Cryomodules (3.9 GHz)

1.3 GHz 8 13 m long. Cavities + SC Magnet package
Cryomodule cavities/CM + BPM
1.3 GHz 9-cell 280 each 16 MV/m; Q_0 ~ 2.7e10 (avg); 2 deg. K;
cavity bulk niobium sheet - metal
Cavity Auxiliary per each Coaxial Input Coupler; 2 each HOM

cavity extraction coupler; lever-type tuner
Cryoplant 2 each 4.5 K/2.0K cold box system; 18 kW @

4.5 K equivalent (x two) 10



Nick Walker

Largest deployment of
this technology to date
- 100 cryomodules
e - 300 cavities

b /L - 17.5 GeV (pulsed)

Kitakami
proposed ILC site

Cornell - AN - e
JLab LAL/ @DESY

KEK

R US infrastructure for
i} - 35 cryomodules
Sl - 280 cavities

N - 4GeV (CW)

International Partner Labs lend their expertise




AES (Cavity industry in USA)

*w**m
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Cryomodule activities at FNAL

_—

CM1 installed




Jefferson Lab Technology and Engineering Development Facility Project (TEDF)
Presented by C. Reece at TTC( March 2011)

SRF Fa(;|I!tles N Chemistry, cavity TEDF Summer 2010
TEDF Pro;ect treatments, and R&D :
support areas 3 P I ot
Advanced Conceptual Design 4/1/09 N . : EHE o Ti = Af E;
i s
Cavity and 3 E’E
cryomodule R A EfE
cryo/RF testing - Cleanroom e e L]
,,,,,, ‘ - l’ =
T
&
....... ok o | B
wo | §
RS | 3
k — [ ; ‘fg i—l: ‘E
c ===—s==t=—=—" & Fabrication
_— ryomodule o TIIE ¢
|z | assembly 1 = Jlj 1 H
I:D L” g 11 . i ¥ 0O
[ T | T o

Only the VTA and Cryo-module Test Facility will be unchanged!

- ini Fv10 FYv 11 Fy12
=1 14 Activity Name Stan | Fnen : | . _ _
e % |roag FD1‘F02 Faa‘ma FL'.I1‘FI:\2 FQB‘FDd FO 1 FQZ‘FQS FI
(o]
13 TEDF Schedule c
0 Early Start/Finish ;\
15 6.3.1.1 Civil'Site & Early Procuremnents  3/3140 8310  — I
16 6.3.1.2 TED Bullding Construction 814110 8730411 e | o
17 6.3.1.3 TL Addition Construction 8410 | 9/30111 | N
18 6.3.1.4 TL Renovation 10311 92812
19
F




= A\ &

Sleeve design
Nomura plating

EP facility at JLab

o

System design
J. Mammosser and Poly Flow Engineering




Gradient Yield of 10 ILC Cavities Built by One Vendor
Processed and Tested at JLab since July 2008

100 — \ R
90 | : \ f : *o— R
80 - P
70 b J— N :
60 T e | e :
= i | ; i
= so b e e R T
A2 i : : : : , §
7 a0 b e e e S | SRR §
0 b —=a—|LC TDP1goal  §} -
g —@®— |ILC TDP2 goal
i First-pass yield [26] : : g
20 |- Second-pass yield [26] - R SRR SRR ]
10 ﬁ 10 ILC 9cell cawtles built by ACCELIRI - c
g A11 A12 A13, A14 A15, A16 RI18, Rl19 RI27, RIZB
o b o o
15 20 25 30 35 40 45

Eacc [MV/m] RLGeng19oct10

Gradient data of 9-cell cavities processed by using JLab standard ILC
electropolishing procedure suggest 90% gradient yield at > 38 MV/m is

within reach as long as cavities are free from genetic defects due to
fabrication or material

7/28/11, R.L. Geng SRF2011 Hot Topic Discusion Slide by R. Geng 119



ILC Test Facilities at KEK
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STF (Superconducting RF Test Facility)

Main Entrance -

N i, | control room yertical Test . | \ |
Cryogemnic '3 « : \ STF bunldlng
shutter access sl ° ._ ; \ °
uid He system
g l Cryogemcs & Klystrﬂn - g
A 'q“"’ HoTank ' commen Kiystron #1 I
: coupler " O
icryogenic pumping sygtem Mt stan Klystron #2 Klystron #3 Drain-water ?Fnk
EE— vff'ﬁmu Gl el o, el Ty e i
W, | O]
: Ultra}
7 ||tunnel access hole EP staff room S |:-|E P b :’;‘g: ] fﬁu’é‘.'\’.&'ilr system
I EP PS. E H"“‘mﬁ — 1 §
Cavity Inspection Cryomodule assembly shutor accens
. Room ﬂ H o L
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EP facility at STF/KEK

Automatic Aluminum anode,

Operation Console 1St EP bEd 9-cell cavity surface removal speed:
o : - E— 20um/hour,

~18V ~270A ~30degC
(for 9-cell)

l-lrm'u T — db— =% W Cavity rotation: 1 rpm
o

|
a4 |

ILER

il

1t floor

i -1

o
‘
4 |
amoaN $
n s § -
L g
’
4

- S P O O O - D B a4 . Z
= > P - ’ > P = » =,
= a
Ak - L)
w0
& g 5 P e ) " = P — o : -
R, SR T e A U s i
e S B SIS : A -y
! @

EP solution
reservoir tank

New EP facility at KEK was constructed in 2008, instead of
old Nomura EP facility.



EP process at STF-KEK




KEK Cavity Fabrication Facility
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Slide by Hayano

Main Machines In the facility

Trim
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SST EBOCAM KS-110 — G150KM AMADA digital-survo-press SDE1522 MORI VKL-253
Chamber (Stainless Steel chamber) 150t, 50stroke/min, 225mmstroke Vertical CNC lathe
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=« Tape-cut Ceremony on
July 13,2011
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EBW operation start.

Chemi-room™



EBW assembly in CFF/KEK
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Design of loader for multiple dumb-bells

Pumping time (~30 min.) and cooling time

(~30 min.) are duplicated in EBW processes. {" /

Proto-type of four-dumbbell loader




Design of 9-cell cavity fixture
for EBW machine
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Japanese High-Pressure Gas safety act

He in-between the Ti-jacket and
Nb cavity

B

One must fabricate cavities complying with Japanese High-Pressure Gas (J-HPG)
safety act if we use the cavities in accelerators.

For cavities by venders, For cavity KEK-03 in CFF,

Manufacturer: KEK » Manufacturer: KEK

Applicant: venders 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.



Estimation of cavity production plant

Slide by Hayano

Plant Simulation study using CFF housing area(53m x 30m)
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FECHKO OGY & NKOVATOK HERDGUARNTERS

Cavity production Gantt chart "V MAL 4 miysusisw
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New Assembly Building
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