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for Single and Multi-Cells 
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Multi-Cell Studies in Labs
Single Cell Studies
Progress for very H.G
Summary
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ILC cavity specification  at Snowmass 2005

σ=5%10%

31.5

Most Tesla cavities should be able to reach 35MV/m accept
Most LL/RE cavities should be able to reach 40 MV/m accept
But note there is a low energy tail that fails

3735

Presumed distribution
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(-10% from the limit)
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Scatter Problem developed after the Snowmass 
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Hydrogen Q-disease

Remind: Hydrogen Q-disease data and no baked results are mixed.

People got a shock!

DESY TTF
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S1

S0

S0/S1 GDE Taskforce
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The average is getting the ILC target but the large scatter is still a problem!

Well Qualified Vendors

From C.M Ginsbrug’s slide @ EDR kick-off mtg @ DESY
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EBW @ equator might be a issue !

New Vendor Issue @ USA
T-map:Heating @ Equator From C.M Ginsbrug’s slide @ EDR kick-off mtg @ DESY
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New Vendor in Japan

Why every cavity does limit often around 20MV/m ?
EBW @ equator might be a problem.

H2O2 rinsed

KEK Baseline Cavities

Process: [CBP(~100μm)+EP(~100μm)]x2
+EP(~30μm)+HPR+Bake

By E.Kako et al.
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Problems in Ichiro 9-cell cavity

Probably main problem is in END groups ! 
Redesigned cavity fabrication is under way.
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IS cavities all results (1st pilot study) 

Ave.Eacc max=37.0±10.9MV/m,  Ave. FE onset=31.2±11.3MV/m

N=112

Performance Scatter seen in LL single cell study @ 
KEK  
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Startup of ILC R&D, New people
Now solved
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List and prioritize R&D activities
• Re-visit residual contamination of EP surfaces: XPS,SIMS? FE
• Investigate different rinsing methods:

hot water (Henkel, KEK), H2O2 + US, anodizing, oxipolishing,..
on samples, single cells: either several or reference cavity of known 
performance

• Removal of sulfur from mixture:
filtering?, solvents,…

• Implement “on line” monitoring of HF concentration and polarization 
curves, purity (gas chromatography)

• Shaping of cathode:
more uniform material removal, more uniform polarization curves over 
whole surface, lower voltage to achieve required current density, more 
uniform T-distribution?

• Does it make sense to explore other acid mixtures? Or should one
concentrate on making present process “fool proof”?

TESLA collaboration Meeting @ Frascati Dec. 2006

P.Kneisel @ JLAB
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Single cell study issues and the Priority list at KEK
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Reference

Priority

1.061.151.15
Stopped @ KEK

Desy trying

Cost increase
Cure against 

burst
0.85

EP(20)+Alcohol
+HPR+Bake

Stopped @ KEK

45MV/m with LL 
shape @ KEK

Hydrogen doping

Not so big 
potential but low 

FE @ KEK

29MV/m with 
TESLA 9-cell 
cavity @ Jlab

TRISTAN Recipe

ILC BCD

Comment

Additional 
process 

Cost increase

Cost increase
complex

Cost increase
Hazardous

Cost increase

Cost increase

Disadvantage

0.991.151.10.8
EP(20)+HF 
rinsing+HPR+Bake

1.191.21.11.0EP(20)+EP(3 with 
fresh)+HPR+Bake

0.991.31.50.9
EP(20)+Oxipolishing
+HPR+Bake

0.991.151.10.8
EP(20)+Boling W
+HPR+Bake

1.171.11.10.9
EP(20)+Degreasing+
HPR+Bake

1.171.11.10.9
EP(20)+H2O2+
HPR+Bake

1.01.01.00.7EP(20)＋HPR+Bake

ScoreCost
increase

Simplicity & 
Safety

Expected 
yield rate

Score : (Expected yield rate / 0.7) /Cost increase Detail information TUP10 by Furuta et al.



K.Saito SRF2007 Beijing

Current recipe study by single cell @ KEK 

Expected ACD performance

+EP(20μm)+HPR + Bake

Ave. Eacc=46.5±8.0MV/m, Scattering:17%, Acceptability@40MV/m(ACD):83% 
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Light EP is effective to increase  Eacc average,
but still the large scatter appears.
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CBP(100μm)+BCP(10μm)+AN(750OC, 3hr)+EP(80μm)+HPR+Bake:
Ave. Eacc=39.1±8.2MV/m,    Scattering:20%, Acceptability@40MV/m(ACD):50%

KEK WG5 standard(old)

ILC BCD

Ｎ＝６
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New Recipes Search by single cell @ KEK 
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N =6

+EP(20μm)+ EP(3μm, fresh acid) +  HPR + Bake:

Ave. Eacc=46.7±81.9MV/m, Scattering:4%, Acceptability@40MV/m(ACD):100% 

CBP(100μm)+BCP(10μm)+AN(750OC, 3hr)+EP(80μm)+EP(3μm, fresh acid)  + HPR+Bake:
Ave. Eacc=41.7±4.4MV/m,    Scattering:10%, Acceptability@40MV/m(ACD):67%
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N =6

Expected ACD performance

3μm fresh EP works well !
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Rinsing study  by single cell @ KEK
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Hard quench appears.

N=2
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+EP(20μm)+H2O2 rinsing+HPR+Bake

Ave. Eacc=42.6±7.6MV/m, Scattering:18%, 
Acceptability@40MV/m(ACD):50% 
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N =5

Promising  but needs more statistics

Ave. Eacc=44.2±6.4MV/m

Scattering:14.5%, Acceptability@40MV/m(ACD):60% 
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Ethanol Rinsing @ DESY 9-cell

⇒ EP w/o eth: < Eacc,max> = (30 ± 4) MV/m 
< Eacc,usable> = (29 ± 3) MV/m 

⇒ EP with eth:   < Eacc,max> = (32 ± 6) MV/m (w/o Z110)
< Eacc,usable> = (30 ± 4) MV/m 

⇒ BCP (“EP+”): < Eacc,max> = (30 ± 2) MV/m (w/o Z111)
< Eacc,usable> = (29 ± 2) MV/m 

Ethanol rinsing is 
effective!

TUP77
D.Reschke and L.Lilje
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Multipacting 
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Nb sulfide !?

Cornell
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Gradient Scatter vs. EP removal
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Sticking 
S-particle

Sulfide 
process

Remained 
Nb Sulfide

HPR

Particle
remove

Scatter

HPR

Degreasing

Field Emission / Multipacting

MP 90%

MP 50%

~1hr

During EP

d      EP time

~2hr
∝

During EP

Sub-micron size

Micron size

Sticking 
S-particle

Diffusion
process

Nb surface

S particle

Remove

Resolve

Mechanism to explain the scatter

Only strength of the rinsing method could not fix the scatter problem.
The EP flush would be important to make narrow scatter.

d
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Progress for very high Gradient
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High Gradient Cavity Shapes

Cavity shape designs with low Hp/Eacc

TTF: TESLA shape
Reentrant (RE): Cornell Univ. 
Low Loss(LL): JLAB/DESY
IchiroｰSingle(IS): KEK

from J.Sekutowicz lecture Note
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Successful Principle Proof of the 50MV/m at 
KEK
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(EP+HPR+Bake+Test) @ KEK              Degreasing +HPR @ Cornell

Cornell/KEK

45MV/m @ KEK due to HPR pump contamination problem

60mm BP diameter
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 + HPR + 120OC Bake
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Chemical Polishing

RE, LL, IS, new-RE shapes

'99 '07

History of the H.G improvement last 15 years

Now magnetic field limits the H.G !
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Study on END Group Effects

Theoretical limitation : ~ 40MV/m Theoretical limitation ~ 45MV/m

41MV/m 50MV/m
Just HOM cylinder HOM

Redesigned END CellIchiro Cavity END Cell

35MV/m 32MV/m

We have to understand why  single-cell  and multi-cells have 
such different result so far.

20MV/mSo far:
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Summary
• Gradient scatter in 9-cell cavity is a most concerned issue for the ILC 

cavity specification.

• GED has set the S0/S1 task force in order to solve this problem by 
middle of 2009. It is well started in several institutes as international 
collaboration.

• Single cell study is getting hints to understand the mechanism of the 
scatter problem.
Degreasing or Alcohol rinsing after EP gives a better performance but 
can not solve the scatter problem perfectly.
Fresh EP could be an important process to fix the problem.

• New cavity shapes have made a remarkable break-through to push 
gradient since the SRF 2005. Now the gradient is closing to 60MV/m.


