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Fundamental Technical R&D for SRF @ KEK

Basic R&D for High Gradient SC Niobium Cavity in KEK L-band Group

Degradation-free Cost-Effective
Final Cavity Assembly Cavity Production
Method

High Gradient

SC Cavity

Eacc ~40MV/m
Coldmass assembly

.

1) High pure niobium material RRR~200 1) Opening vacuum with Argo n Gas 1) Nb/Cu Clad Seamless Cavity

2) Electropolishing (EP) 2) Simple Aluminum Vacuum Sealing 2) Simplified Surface Treatment

3) High Pressure Water Rinsing (HPR)
4) Baking (70~140°C)

High Gradient & Highly Reliable &  Cost-effective SC Cavity
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18 Outline
*18.1 Coldmass Assembly

«18.2 Cost-effective cavity fabrication method
«18.2.1 Large Grain Cavity

«18.2.2 Seamless Cavity Fabrication
- Nb spun cavities
- Hydroforming
- Nb/Cu clad seamless cavities
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18.1 Degradation-free Coldmass Assembly
Homework from TRISTAN

« Cavity Performance Degradation after Cryomodule Assembly in
the TRISTAN SRF

* Indium Contamination

« Particle Contamination

« Oxidation by Air Vacuum Break

« Vacuum Break by Nitrogen Exposure
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TRISTAN Coldmass Assembly
P i “ ' 'ﬂreak vacuum by pure N, gas after Vertical test

| 2 Remove input coupler (Indium seal) and Put blank flange
- | 3) Remove blank flange (Indium seal) and put HOM couplers
4) Join two cavities at the center by Indium seal

Cryomodule assembly keeping N, gas in the

the cavities

1)Insert the paired cavity into cryostat

2)Input coupler on the cavity in the local cleanroom

e B
Ry 4
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Performance Degradation After
sembly in TRISTAN SRF

Cryomodule As
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Degradation of the gradient

Degradation of the Qo, very much scattered
after cryomodule assemble
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Potential Causes

e Indium contamination

* Particle contamination during vacuum break by
pure N, gas

» Cavity surface oxidation
*Nitrogen — Nb reaction
*Others
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Internal Indium Contamination

1M Indium contamination tests- A[ 1)_ 1 1 __1R1n(Q) Sy (m
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~ + . . .
E a0, . " Indium Contamination
L. " o~ Co . .
i I P produces a big degradation.
i A ‘ s % OoO
10°4 * © e "%
E A ‘. e . Maybe too large to
F M - explain the TRISTAN
P ’ | Experience
10° = X', x 920205 In size = 30—40 mm?
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Gas Exposure System for Vacuum Break

« (Gas exposure system was developed to investigate the vacuum

break

-  The system was tested to be clean using Ar gas

- Vacuum break with Ar gas was repeated 5 times then cold tested (no HPR
after the Ar exposure), no degradation was observed (Test 415t)

- After the test 415, the same procedure was repeated 10 times and cold
tested (no HPR after the Ar exposure) , no degradation observed (Test 42nd)

1011 H T T H

Ar Cavity
Gas  piiter (0.01 pm)
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Inlet valve (V1 Outlet valve valve
nlet valve (V1) {23
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= -1 © 41st : Opened the vacuum 5 times SN s e i
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Air Exposure

Alir exposure test procedure
1) Baseline test
2) Nitrogen gas exposure for 10 days) and evacuation, and cold tested
3) Oxygen exposure 1 day to 85 days (totally), no HPR
4) HPR before the final test (85 days exposure))
40

Y R ' i
] 15 +F;§cs,max -
Qo and gradient both degraded R R
ithi £ A
within 10 _days exposure £ 30 f \ ;\.\r ~ -

« Degradation was saturated = ) ' — 1

after 10 dayS exposure =} / Introduced pure nitrogen gas HPRrinsed
S 20 _ (900cc/min.) \

- HPR never recover the DR N A s S .. \
performance, which suggest E 15 \\ / :
the degradation does not 2 /i
related to particle 5 \ e |
contamination. >

0
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Air Exposed time [ day |
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Air Exposure Followed by HPR

Air exposure followed by HPR test
1) Baseline test (baked 120°C)
2) Vacuum break by Air and Disassemble in the class 10 cleanroom

3) HPR and dried and exposed in air for 10 days in the class 10 cleanroom

4) Evacuation (no bake) and cold test |,

* The result shows no degradation
even 10 days air exposure.

* This air exposure impact is different |
from previous slide, of which reason u |
is not yet understood. :

» Bake effect (120°C) is remained by

Qo

HPR { —O— Refrence (K-7 39th)

{ @ HPR, Dried for one night in class 10 cleanroom, P
- Air exposed for 10 days, No bake N

109 FE HE I N HE I i
0 10 20 30 40
Eacc [ MV/m |
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Air Exposure Effect In Long Term with
Large Grain Cavity

CH LG#1 cavity was re-tested, which was fabricated at KEK in 2006 used Ningxia large
grain niobium material. The cavity was tested once and after disassembly it was left in
KEK class 10 cleanroom for one year. Prior to the re-measurement, the cavity was
degreased and made HPR. No degradation was observed against such a long term air
exposure.

Niobium SRF surface is very stable!
No degradation was found after one year cleanroom air exposure.
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1010
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lelted by Quench |
Eécc 5=457.950 MV/m o
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Qo .‘“..“Q... -o0ev
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1010 i ]
- After 1 year
i . X-ray >36 MV/m
| cleanroom air
Eacc =47.06 MV/m
10 | EXpOsUre Qo= 9.06¢9 =
3ﬁﬁﬁﬁﬁéxbo§ed falrf mf KEK cléanfrocf)mvfor more than one year !
--~-~-~-bezgréas;ngz(1 rz]r)zHlst(lSE min. )E KEK
o TOC= 30- 26 ppb, Bacteria= Total EP removal 90um
1 xxxxxxxxxxx H H AR NN SN SR TN N N S
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Pure Nitrogen Gas Exposure

N, exposure and no bake

|11| ‘-‘:‘.! ||||'|1||'||||'||||'||||'|||I!

K-8 N2 exposure for 3 days & No bake
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* Pure nitrogen gas exposure produces a rather big degradation both Qo and gradient.
* These degradations are the level explainable the degradation in TRISTAN SRF cavities

after cryomodule assembly.
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Secondary Coefficient Measurement

Secondary emission coefficient measurement

0 10 O -2,4010 C C O
cCOIlNUac C 0 DEC <
electron
Sy
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160C+N2
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Water rinse

Figure 4: Average & at lkeV as a function of sample
treatments. To the right of the 700C point, dashed
{solid) lines connects points made on samples rinsed
with ozonized (ordinary) water after the final EP.
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Low Temperature Bake Mitigates the

N, Exposure Degradation

* Low temperature baking after N, exposure mitigates the
degradation, while the mechanism is not yet understood.

* Even for long term N, exposure, low temperature bake mitigates
the N, exposure degradation

N, exposure (one day)+110°C bake N, exposure (1-3 days)+110°C bake‘
10" 101
/ > 3 .
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[ @ K-731stN , exporsure, baked | —®— K-8 15th Reference
________ — & -K-11 49th Reference | © K-816th N , exposure for 1 day, baked
........ A K-1150N , exposure, baked L.l & K-8 17th N , exposure for 2 days, baked
4 X K-818th N , €xposure for 3 days, baked
10° 10°
0 10 20 30 40 50 0 5 10 15 20 25 30
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Effective Bake Temperature

« Effective bake temperature is T > 70°C

* No low temperature bake after cryomodule assembly in the TRISTAN

 The degradation after cryomodule assembly in TRISTAN can be
explained by N, exposure and no bake.

1011
0 | W ¢
1010
—O— Reference
¢ N, exposure, baked 70°C
x N, exposure, baked 60°C
+ N, exposure, baked 50°C
10° - T
0 10 20 30 40
Eacc [MV/m]
-
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18.2 Cost-effective Cavity Fabrication Method

Large Grain/Single Crystal Nb Cavity (1.3GHz single cell cavity )
@ DESY

e®

Measured at JLAB by P. Kneisel

By W. Singer

Single Crystal DESY Cavity, Heraeus Niobium

112 micron bep 1:1:2 BCP+HPR+B ake
1.00E"'11 ® Tel G0N Svw wt 1200 bl
TV e e sesaaan Reached the ILC Goal

1,00E+10 : >
5 ; by BCP
1,00E+09 lllllllllllllllllllllllllllllllll

0 5 10 15 20 25 30 35 40

Eacc [MV/Im]

11-13/May/2011
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Number

Trend of Small Performance Scatter (5%)
with Large Grain Nb Cavities Even by BCP

All L.G but mixed many different preparations

Large Grain ,TESLA Cavity Shape, before post-purification . 1
By P. Kneise

7 E+11
D J Lab : #Heraeus —
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s S . .
/ \ After post purification
Supplier Cavity Type | Ta - RRR 4 Test s Test % Test % Test %
contents I Hnmx |'“TI Q(l at [)lmn Hrmn I'“TI Q{l at Hm;l.\'
l
W.C . Heraveus | TESLA <300 ppm 500 | | 140 115 x 10™) 146 .05 x 10"
- - - , = 10 ‘ W10
Ningxia IESLA ~ 100 ppm 330 I 123 1L.5x 107 | 142 [.14 x 10
| |
CBMM [ESLA - 800 ppm 280 i 133 13x 10" 131 .04 x 10"
\ I
CBMM Proton Driver - 800 ppm 280 \ 139 75x 107/ 148 6.9 x 10
\ /
CBMM Proton Driver | ~ 800 ppm 280 133 1a4x W 135 [x10™
\ /
- (© N P2
' ~ _ -

o
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EP Superiority with High Gradient
In Large Grain Nb Cavities

LG single cell cavity EP 150um after BCP

1,0E+11
1‘%UE+1U —u‘.... g H Y ‘““A//EPaftertheBCP

1,0E+09 _ , |
0 5 10 15 20 25 30 35 40 45
Eacc, MV/im By W. Singer
Statlstlcs of LG with single ceII cavity @ DESY TESLA 9-cell by LG
: | 1,0E+11 BCP, No bake
. 4
g =]
£ 3 o 1,0E+10 i‘
z
, BCP
0 . | 1,0E+09 . . ,
” "8 peak [mﬁ50 20 0 10 20 30 A0
Eacc ave=34.323.5MV/m(10.3%) Eagc, MV/m
| =4
Ieeelie e NSCL Spring lecture on Mar 16, 2017
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FE. Onset Field on Single Crystal Niobium
Single crystal has higher FE. Onset Field

* FE. Onset field is much higher with single By W.Singer
crystal compared to fine grain —(—
‘n
E=120 MV/m, 0 emitters E =150 MV/m, 2 emitters E =200 MV/m, 4 emitters

FE scans on single crystal Nb sample after 30 pm BCP.

E (MV/m)
0 &0 90 1M

Example of similar FE scans on fine grain EP Nb sample. (left) E = 20 MV/m, 3 emitters
(right) E =110 MV/m, 8 emitters

Ep=120MV/m =>Eacc = 50MV/m with ICHIRO cavity

F National Science Foundation :
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Benefits/Disadvantages of LG Nb

= Benefits

1) Cost reduction
- Opinions are distributed 10-50% reductions
- Development of the ingot slice method is a key.

2) Narrow performance scatter

3) Less field emission

» Disadvantages

1) Machining error
2) Stiffness

F National Science Foundation :
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Idea for Cost-effective Nb sheet production
K. Salto
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Ingot slice
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How Simplified the Sheet Nb Production
by Ingot Slicing

1. Mother Material 5. Lutting 9. Annealing
™
— =—— Forging --i- . 20T » 120min
T TELEGYNE WAH CHANG Vg < 1E-G& Tarr
Al BANY
- m:l Nb Grade 1 powder Test Piece .
OWAer 60 +200 Mesh = RRA.X-Ray, ICP
— -[l- Bagw plate: \
Use for next ingat -
§ 2. Presging &. Forgng 10, Roling
4.0 2w L [mm])
Size: Codd Farging
Gk 380 [mm]
Wieight: This process is
12.5 Kg / block dane at anather
COMmpany.
.
3. EB Malting{ 15t} 7. Mechanical 11. Cutting
grinding

The matersal is
supplied from
Side bar feeder.

5. EB Mzlting
{2nd, 3rd)

The material is
supplied fram
alestrada,

Remove a scale
5% 195 % L [mm]

8. Ralling

14 & w x L [mm] |

A0 % W x L [mm]

12. Palishing

Emery Faper

By H. Umezawa

13. Chemical Falishing

HF HNC, H 3P0, '
=1:1:1

T4 Anrrealiog
]
e —— T20C x 120 min
< 1E-5 Torr
| I
| |
| |
[ 1
[ i
15. Testing

Hardrass
G585 CONTEnt
RER

(irain size
Tarsia test

1, Facking

ERERE)

NSCL Spring lecture on Mar 16, 2017
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Estimated Nb Waste in Nb Sheet Production

Current 15% waste 20, wasta| | 0.7% waste
T A
: Hll\%:: fnlg;:y Forging Peeling ™ Rolling ™= Cutting =] Grinding [ Light CP
27.4% waste Am{‘;ali“g
0
Slicing 6.4% waste
Wiaste ratio [%]
] Hll\}gll)l flll'lty = Peeling & Slicing = Light CP = Annealing :> Current 451
e Slicing 15.1

A 4

0.7% waste

8%

Michigan State University

@
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Successfully Developed Wire Sawing
Method for Nb Ingot

HET-TOYO & KEK/Tokyodenkai/Izumi-tech

- : L |
i | il
.| e

a ,‘_“h
L

b2 v i et e
% ol
| T ——
_ B :

Duration : 39hr
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LG Nb Ingot Wire Sawed Sheet Samples

National Science Foundation A
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Material cleaning @ KEK

Ultrasonic rinsing

2006/08/02

National Science Foundation :
@.—)‘ Michigan State University NSCL Spring lecture on Mar 16_, 2017
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Deep Drawing on CBMM Material

Thickness

Before Deep Drawing
Large Grain from CBMM
:2.75,2.80 mm

Fine Grain : 2.80 mm

CBMM large graln

National Science Foundation :
Michigan State University NSCL Spring lecture on Mar 16_, 2017
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Deep Drawing for LG Nb Sheets
Ningxia Material

Michigan State University . .
NSCL Saito - Slide 29
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EBW @ KEK Machine Shop

@‘ e oy s o NSCL Spring lecture on Mar 16, 2017
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CBP(Centrifugal Barrel Polishing) at KEK

Rotated ~100rpm on a oppositely rotating table

CBMM cavity

Water
Rough stone : 5 times n m
- B _

Green stone : Once
Brown stone : Once
White stone : Once
Totally ~ 200 pm removed @ equator

Remove
large defects!

Fine grain cavity after CBP Large grain cavity after CBP

- National Science Foundation :
@‘ Michigan State University NSCLE Spring lectuire Ogal\i/tlgr ]-SGII’dZEO;I
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Surface Cleaning by BCP(~10um)
after CBP

equator

Fine Grain Cavity after BCP
and Annealing

@' National Science Foundation
9

Michigan State University
NSCLL

10 pm each

equator

Large Grain Cavity after BCP

and Annealing

NSCL Spring lecture on Mar 16, 2017
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Cavity Performance of LG Nb Cavity
(Ichiro shape) with BCP

Baseline: CBP+AN+BCP(170pum)
+CP(30um) +Wiping +HPR (15min)+Baking(120°C, 48hrs)+Vertical test

|
' Tight Loop Test '
1011 F ' ' ' ' : ' ' ' ' [ ' ' ' ' [ ' ' ' ' I ' ' ' ' | ' i i ' 5
N=> Ave. Eace=38.5+-2.6MV/m
A A— fffffffffff 1a
ool %'%%% ‘ 1 T First test
. o - "o ;;O """"" 1‘4 """""""" """"""""""" |
oo Ao N R S 7 3 =
Qo |3
o
i @D
rrrrrrrrrrrrrrrrr 2 =
100 ]
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, h
108 — — 7 1. 1 K. —_—
0 10 20 30 40 50 60
Eacc[MV/m]
High Q-slope appeared with increased BCP
F Grain steps becomes steeper by the increased BCP Magnetic field enhancement ?
SOl Michigen state University NSCL Spring lecture on Mar 16, 2017
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LG 9-Cell Cavity Fabrication

Development of trimming shape at equator Cell assembly is not easy due to the deformation.
section to smooth EBW seam

Fitting trim structure mitigates this issue.

Electron beam

Electron beam

|

=

L

More easy assembly

Development 1

Fitting

Trim shape and the resultant inside EBW seam at quarter section

EBW trouble during EBW assemble and removing the EBW defect by local
mechanical grinding

Defect on the EBW seam Mechanical grinding by small After the mechanical grinding

handy grinder _
NSCL Spring lecture on Mar 16, 2017
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CBP for the LG Cavity and the Visual Inspection
on the Equator EBW Seams

" After 6 times CBP
with rough stones

© After 1st CBP
with rough stones

After 9times CBP
with rough stones

"W
150

After 1st CBP

with rough stones

After S times CBP
~ with rough stones

After 1st CBP
with rough stones

NSCL Spring lecture on Mar 16, 2017
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Ichiro#9 LG 9-Cell Cavity Performance with
BCP

10" 19#9 5th meas. 2009/06/17 Wed.

| removeli=3) | LG 19#9 CP removal total(1st 3rd)

PT+HPR(10hr)+sIOW ev. +short baklng
+slow coollng+kept 00k

140 3

1120

- ‘ 1E I

Qo i I|m|ted by FE = L |

b fimited by B ;*';";**;Eacc =27. OMV/m—';——;—ffm 100 3

S Qo=1.14€9 @2K 1z ¢ ;

ol | . oo T = :

107, ‘¥ 80
| | \ |

108333335353s5351333331333333333 o 5 1015 20 puem 25
Top Position
0 5 10 15 20 25 30
Eacc [MV/m] . . . . . .
96um in average BCP Removal material distribution with horizontal BCP

National Science Foundation
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18.2.2 Seamless Cavity Fabrication

1.2 * Cost break under current
KEK cavity fabrication (EBW assembly
based)
Nb Material * Need to reduce the cost in Nb
36% material and EBW

Europe (INFN-LNL, DESY) :
Development of Nb bulk seamless
cavity

1S0D JAIe|9Y

KEK:
Development of Nb/Cu clad cavity

Cost break in the current

cavity fabrication
@ harondlodiencolot netion NSCL Spring lecture on Mar 16, 2017

N Michigan State University

NGCL, Saito - Slide 37



Estimated ILC Cavity Fabrication Cost:
Mass-production Effect

1.2
B Nb material
KEK
1+ Fabrication
H EBW
0.8 |-
L
X 0.6 ILC Goal
L
i3
04 -
0.2 -
0

) Current fabrication ILC

« The cavity cost is still high by just mass production effect
with the current fabrication method.
u Need to develop more cost-effective fabrication method

N NSCL Spring lecture on Mar 16, 2017
NSCLL Saito - Slide 38



Spun Cavity in Italy (INFN-LNL)

Cavity fabrication by spinning
é technology from one sheet, Italy

By V.Palmieri

T

National Science Foundation o o . '
@ Michigan State University NSCL Spring lecture og Mar 1?"(12017
NSCL aito - Slide 39




Spun Multi-cell Cavity Fabrication

Succeeded fabrication of 9-cell
LIC cavities by spinning

F National Science Foundation :
@ Michigan State University NSCL Spring lecture on Mar 16_, 2017
NSCL Saito - Slide 40




Seamless Pipe Fabrication
Technology In Italy

Deep drawing

Fig. 4 — Direct Deep-Draving of seamless fnbex from
circwlar dlants. Top pichwre: Firs drawing of a Wank
Hotfom pieiwre; Redrawing af the cup o a faller oge
with a smaller aiemeter. On the kit iy displayed The
confguraiion before drowime whitle hal on the right fs
dirrmg e aperation.

National Science Foundation :
@ Michigan State University NSCL Spring lecture on Mar 16, 2017
NSCIL

Saito - Slide 41




Reverse Deep Drawing Technology Iin
ltaly

Purch tor tirs: drass

wodie far revene deaw Olankholder for firet degw

> | —-

~——v°.-—ﬁ’.__. s S e - .—— -
Y ;
': : r 4,
e 4 R o
— _"‘“.‘"L: -.’-.—. - - .
£S '
Y [l
£ 2 I j
\ b !
A . b
AN ::::'- ‘.-t :
R Y g
'

A y
LM S § NN T
Dia for tirae draw Dum.h {0r ravarse driw
Blankholcar for ruvarse draas

Fig. 7 - Reverse deep-drawming of seamiess tubes. During

each redrawing, the extersal surface of the cup to be
drawn becomes the intermal of the drawn part.

National Science Foundation :
@3‘ Michigan State University NSCLE Spring lectuire Og I\_/tlal’ ]-SGI"dZOi-Z?
NSCL aito - sliae




Cracking Problem of
Spun Cavity Technology in the Early State

In the early cavity, now improved to be better

National Science Foundation :
Michioan Stets Urlversity NSCL Spring lecture on Mar 16_, 2017
Saito - Slide 43




None Uniform Wall Thickness
(Single cell cavities)

« Scattered the cavity wall thickness.
* Problem in tuning

S iiéal'n tube  Tris | Irs| Beamtube
- Cell 7 . .
- ﬂ | This issue was rather

£ 2s ? ul q“jt‘" ol improved later.
: . s
%_) 2 Je p-k T 11 - 3
YR ’
= 1.5
= | ——KENZO-4

| > KENZO-5

L —V¥- -KENZO-6

-10 0 10 20 30 40 50

Location

’ .: National Science Foundation i

- i NSCL Spring lecture on Mar 16, 2017
N Michigan State University Saito - Slide 44
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Cavity Performance Electropolised Spun
Single Cell Cavity with ILC Shape

KEK/INFN-LNL

Excellent
cavity performance !!

f::‘é;:::l KENZ0-6 3rd

" Barrel(84hr), CP@min.), Anneal(750  °CX3hr) 7T

EP(S0 pm), HPR
o Ll

0 5 10 15 20 25 30 35 40

Eacc [MV/m]

National Science Foundation :
Michiei State University NSCL Spring lecture on Mar 16, 2017
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Hydroforming of Nb Bulk Seamless Cavity
iIn DESY

- . e
Fe—h Horizontal == ==
/‘/ g ’ . .
1 » r
A ' — 4=
Outer Dies . ' ‘
N ar
—j-ln.—d--‘_—_._'z_&—-
1
)
seam less the tw o ends
tube are fom ed

sihgle cell

resonator

(5@‘ E?;ﬁgifg{g{‘;ﬁ;‘V’;'r's‘;{;"‘"' - NSCL Spring lecture on Mar 16, 2017
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DESY Hydro-formed Cavities

KEK/DESY collaboration (Nb/Cu clad

Nb bulk seamless cavity by hydroforming ~ cavities)
DESY —

@ '\NA?QESZLSSCEPGCE;f’/gpsci’t?“o” NSCL Spring lecture on Mar 16, 2017
LI\TSCL Saito - Slide 47




DESY 9-Cell Cavity
by EB Welded 3-Cell Seamless Cavities




Wall Thickness Distribution with
Hydroforming

Single cell with beam pipes

5
4.5
o
e 4 - 2 Wall thickness seems to
=
= : not scatter cell by cell
2 3.5 2
L " T
% o
ﬁ 3
';...J r.\l i 'ﬁ.tj ...... I:":I r.\l
LA g
2.5 L Iris Equator Iris e
2 ¥y ¥ Yy
0 5 10 15 20 25
Position
49
4
Elﬂ%ﬁggfg;g;og:ieggij@tion NSCL Spring lecture on Mar 16, 2017
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Cracking in Nb Bulk Seamless Cavity
iIn DESY

* Many crakes are observed on inner surface of received cavities
« The crake direction is longitudinal, so not so big impact
for cavity performance.

hiationdl celencolie NG tion NSCL Spring lecture on Mar 16, 2017
Saito - Slide 50




Electropolised Hydroformed Cavity

1011 ST S O S e S SSH SPSHL RS Aspe M e e L DODOIIOPPOON JOOOPOI SORPOPI VOO0 OOOPO SUPPOOIL OOPOOOOPDOO: SOPOOOO: JOOOT HOPON
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.............................................................................................................................................................................................

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

© 1BTI: CP(150 zm)

100 ff ©

] a4 1K2: CPQ250 4
{ ]
{

lBTI: CP(ISO um) + EP()IOO u m) .................................................. -

1K2: CP250 ym) + EP(100 e m) 0. ii.iio.i.i. ]

« BCP (CP) limited the gradient at 32 MV/m.
« Additional EP produced excellent cavity performance even crakes remain

on the SRF surface !
@

National Science Foundation :
@ Michigan State Uriyerstty NSCL Spring lecture on Mar 16, 2017
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Nb/Cu Clad Cavity for More Cost-
effective Fabrication

1.2

0.8

B Material
Fabrication }-
B EBW

0.6

0.4

0.2

0
Current cost at KEK

National Science Foundation
Michigan State University

Expected cost by
mass-production

ILC cavity cost by
mass-production

Expected cost by
mass-production

ILC cavity cost by
Nb/Cu seamless

NSCL Spring lecture on Mar 16, 2017

Saito - Slide 52



Nb/Cu Clad Seamless Cavity, KEK

Issues to be resolved for Applicable to EP
cost reduction

1) Reduce EBW
$ Keep Nb bulk « Make seamless cavity

2) Reduce Nb material _
3) Guarantee cavity performance Y [Libdsaald by hydroforming

* Bond thinner Nb pipe
In the thicker copper pipe

Niobium

NSCL Spring lecture on Mar 16, 2017
Saito - Slide 53




ldea of KEK

'Canning o _EAw_

fj' ! ! I\\ / I
e i o r - 4 Jgk//y ¥ LHH HIP
lo \_Nb
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Work
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Tube drawing

Chuck Drawing Direction

Clad pipel|i

. .-_-_._...!'_.

—

Supporting bar x Short Plug

Tube Drawing Mouth
Approach

National Science Foundation :
Michigan State University NSCL Spring lecture on Mar 16, 2017
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Tube Drawing

KEK/Hitachi Cable/
Okuno Metal

s,

-. National Science Foundation :
N Michigan State University NSCLE Spring lectuire Og I\_/tlal’ ]-SGI"dZOé-SY
NSCL aito - sliae




Drawn Nb/Cu Clad Tubes and Cutting

Nippon Steel/KEK
(Tubing from hot rolled sheet)

@ N ernen) BeseD NSCL Spring lecture on Mar 16, 2017

N ‘ Michigan State University P
NSCL Saito - Slide 56




Fabrication Process in KEK for
Hydroforming

Annealing Annealing
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Primary tube ;Swaging  Hydroforming (50%) Hydroforming (100%)
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National Science Foundation NSCL Spring lecture on Mar 16, 2017
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Swaging of Beam Pipe for Single Cell
Cavities

Hydroforning length

_— ¥ Beam FEi'# B REVE -t T
T —— _ pipe e
; — . Tttt /
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Hydroforming of Nb/Cu Clad Cavity In

KEK

Koshin-Giken
(Japan, Shizuoka prefecture)

]
®

National Science Foundation
Michigan State University

©)

NSCL Spring lecture on Mar 16, 2017
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Cavity Performance of Nb/Cu Clad Cavities
with ILC Shape

KEK/Nippon Steel/DESY JLAB/DESY/KEK
" —_— 10" T T T T
S L S S St S ® : 2K, bef h
e Nb/Cu Clad Cavity s DK St e
Qo
Qo ;
I -.n:m:..p..n_.n.u.......... O T s S e o
1010 ® ....'.........'.'. 1010 Ma 4 AAA A i, R L . X L] ¢ o ]
EERGa il oo, i®
Y
quench
10° 10°
Nb/Cu clad cavity hydro-formed in DESY,
CP180pm, Annealed 800'C and bake 140°C,
cold tested by P Knelsel
108 1) S S ST S Y S Y S S S I I N I
0 10 20 30 40 0 10 20 30 40
Eacc [MV/m] Eacc [ MV/m |

« Excellent performance !!

 Even BCP(CP) can produce 40MV/m.
« After guench, Q degrades.

@’ National Science Foundation

Michigan State University NSCLE Spring lectuire Og Mar ]-SGI:dzoég
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Flux Trapping Issue

1
10 Electron Remnant
bombardment | field
. by MP —»* -
& After warmed up . g i_ _ _
1010 [AARTAARAIAAAA Meissner shielding <G
; Normal
n in
Quench * conducting
Heating
9 : : H
10 F| A 1st Meas. (fast cooldown): before RF processing e
| A : after RF processing (quenches)
© After warmed up 75 K (fast cooldown) : before quench
o : after quench
V  After warmed up 25K (fast cooldown) : before quench
v : after quench
0 5 10 15 20 25 30 35 40
Eacc | MV/m |
At first test, Q dropped After RF successful After warmed up 75K, After warmed up 25K,
during RF conditioning conditioning, gradient gradient reached 33MV/m gradient reached 32MV/m
of reached 32MV/m with with high Q. with high Q.
MP low Q Even after quench no Q After quench, Q dropped
dropped
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Merits of the Sandwich Structure

No material degradation on Nb by sandwiched structure
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Better Formability with Clad Nb/Cu
Material

60 [ s
. Elongation [%o]
50 | |
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NSCL

Annealing Temperature ["C]

National Science Foundation
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Improved formality

of Niobium material
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18 Homework

 18.1 Homework

Low temperature baking after N, exposure mitigates the degradation, while the
mechanism is not yet been understood.

Describe your idea why the low temperature baking can mitigate the degradation
of N, exposure.

« 18.2 Homework
Nb/Cu clad seamless technology has a demerit with the flux trapping issue.

Describe your idea about what kind of technical strategy is able to resolve or
mitigate this issue.

Michigan State University

@
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