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• Overview on talks given
• List European Assets for the ILC
• Define necessary R&D and its benefits and needs
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BakingBaking ≡≡ Recipe  for  high  gradientsRecipe  for  high  gradients
T = 110 - 120 °C         t = 1 – 2 days ( Narrow Tuning  Range )

 C1-03 ( EP cavity )
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After 120 C, 24 h bake

T = 2 K

1.3 GHz  - Saclay / KEK
Electropolishing

Poly-crystal

2.2 GHz - JLab
Chemical etching

Single crystal

1.3 GHz - Saclay
Chemical etching

Poly-crystal

Whatever the niobium structure… ( Single or Poly-crystal,)

Whatever the chemical treatment… ( Electropolishing or Buffered Chemical Polishing )

Whatever the fabrication method…( EB Welding or Hydroforming, bulk Nb or clad Nb/Cu)
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«« InIn--Situ Situ »» BakingBaking
unadaptedunadapted toto

Cavity  Mass  ProductionCavity  Mass  Production

save time:

decrease Baking Duration 

risk of helium leaks ( ∝ T )
for final RF test:

Baking before Assembly

save step:

Drying with Baking

( RF Test ) 

RF  Test

« in-situ » Baking  : 110 °C - 2 days

Air-Drying : RT – 3 hours

High Pressure Rinse - 85 bars (FE)

Assembly + Helium Test

Clean Room
( Class 100 )

Test Stand
( Vertical Cryostat )
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Hot  Air Hot  Air -- DryingDrying
well  adapted  towell  adapted  to

Cavity  Mass  ProductionCavity  Mass  Production

save time:

decrease Baking Duration 

risk of helium leaks ( ∝ T )
for final RF test:

Baking before Assembly

save step:

Drying with Baking

High Pressure Rinse - 85 bars (FE)
Clean Room
( Class 100 ) Hot Air-Drying : T – 3 hours

Assembly + Helium Test

Test Stand
( Vertical Cryostat )

RF  Test
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Ithaca - SRF Workshop ’ 2005 

«« Fast Fast »» Baking ( UHV )Baking ( UHV )
• Cavity pumped out ( Ultra High Vacuum )

• Infra-Red emitters (T : short rise time)

C1- 09 (BCP)
fast UHV baking
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Right Hypothesis

Q-slope ↔ O diffusion



CEA DSM Dapnia

Drop in the polishing speed.

Deterioration of samples’ surface.

Changes in intensity oscillations.

Aluminum corrosion, S and H2S production

Aging Of The Bath

Intensity Evolution As A Function of Electropolishing Time Test B
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CEA DSM Dapnia

Aging effect on samples’ surface 

Evolution des Brillances B20 et B60 de la Plaque Nb au Test A 1V-9V  14 Volts 
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Aluminum corrosion, S and H2S production 

1E-04

1E-03

1E-02

1E-01

1E+00

0 2 4 6 8 10 12 14 16 18 20

Theoretic  H2SO4  Concentration (mol.L-1)

A
ve

ra
ge

  V
A

l  
A

lu
m

in
um

 D
is

so
lu

tio
n 

R
at

e 
(µ

m
.m

in-1
)

0

100

200

300

400

500

600

V(Al) Dissolution Rate (30°C)

Mass m(S) of S synthesised

Experim
ental  m

S   M
ass of Sulfur synthesised (m

g)
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HF 1vol.-H2SO4 9 vol

Lower content of H2SO4 reduces S production but increases Al 
corrosion (± acceptable !)
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Cathode corrosion under bias
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m(Al) = f(t)
Applied U = f(t)

Tension A
pplied  U

  ( Volts)
Mass  "mAl"  of  Aluminum dissolved from Al Cathode (D = 10 mm, L = 38 mm)

versus  "tEP"  Electropolishing Time and  U  Applied to "Rot. A" and "Rot. B" Tests  

tEP = 10.33 h to 56.5 h :
mAl = 5.025 10-2 tEP - 4.46 10-1

(Correl. Coeff. = 0.9979) 

Rot. A Rot. B

Corrosion becomes important when HF has reduced due to reaction 
+ evaporation



CEA DSM Dapnia

Summary

Without bias
• HF prevents S synthesis in presence of 

H2SO4

• H2SO4 hinders Al dissolution in presence of 
HF

• Active dissolution of Al and production of S 
when HF decreases (evaporation, reaction)

With bias:
• Synthesis of S and corrosion of aluminum 

cannot be hindered
• They can be reduced (↑ HF, ↑ H2O,↓ H2SO4 )



CEA DSM Dapnia

Conclusion 1

S is not soluble in H2O : rinsing process
• works in ethanol, but not very effective
• is very effective in chloroform, but safety 

issues
Rinsing process must be improved
Aluminum :
• Is slightly dissolved in acidic mixture
• keeps in the form of Al3+ salts
Rinsing process must be improved

+ Change in EP bath composition : ↑ HF, ↑ H2O  
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Wire Position Monitors

ILC Europe 2005

On line monitoring of cold mass movements during cool-down, warm-up and operation

2 WPM lines with 2 x 18 sensors
4 sensors per active element
8 mm bore radius

1 WPM lines
1 sensors per active element
25 mm bore radius

1 WPM line
7 sensors/module
25 mm bore radius

Cry 1 Cry 2
Cry 3

Module 1 Module 2 & 3 Module 4 & 5



Performing Cryomodules

ILC Europe 2005

Required plug power for static losses < 5 kW/(12 m module)

Reliable Alignment Strategy

Sliding Fixtures @ 2 K

“Finger Welded” Shields

Three cryomodule generations to:
improve simplicity and performances 
minimize costs



Large Bending in First Cooldown

ILC Europe 2005

New Cooldown procedure suggested by the WPM’s
measurements during the first “fast” cooldown

The Big Banana



Safe Cooldown of ACC4 and ACC5

ILC Europe 2005

X

Y



TESLA Cryomodule Concept Peculiarities

ILC Europe 2005

Positive
Very low static losses
Very good filling factor: Best real estate gradient
Low cost per meter in term both of fabrication and assembly

Project Dependent
Long cavity strings, few warm to cold transitions
Large gas return pipe inside the cryomodule 
Cavities and Quads position settable at ± 300 µm (rms)
Reliability and redundancy for longer MTTR (mean time to repair)
Lateral access and cold window natural for the coupler

Negative ?
Longer MTTR in case of non scheduled repair
Moderate (± 1 mm) coupler flexibility required



Cry3 adaptation in progress

ILC Europe 2005
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More detailed charge [for Snowmass]
• The Working Groups must work to agree upon the 

configuration of a large fraction of the collider design 
before and during the Workshop[Snowmass]. They should 
use the Workshop to develop paths to working decisions 
for the remaining critical issues with the expectation that 
these could be decided at one or two subsequent 
meetings during the fall of 2005. 

• The Workshop should also be used to start the initial 
documentation of the BCD. 

• Finally, the Working Groups should identify critical R&D 
topics and timescales for alternative solutions to the ILC 
Baseline Configuration that could have a significant impact 
on the performance or cost of the linear collider. 
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Potential European Contributions to ILC SRF R&D
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Potential European Contributions to ILC SRF R&D
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Thanks for your attention!
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