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Power Consumption of ILC

The cost of energy consumption 
(electricity)  is serious issue for 
the realization of ILC. 

Efficiency from wall-plug 
to beam-power is ~10 %

We are challenging for higher efficiency



Serious issue for the realization of ILC

Introduction

to have the green sign for ILC !



2nd ESS WS (Oct. 2013) 
triggered our activities !



Green-ILC



Advanced Accelerator Association 
promoting science & technology (AAA) in Japan

Association by industries and scientists established in 2008
• 112 corporate organizations involved from industries （MHI, Toshiba, Hitachi, 

Mitsubishi Electric, etc.) as of Nov. 2017.
• 42 institutional organizations involved from universities and laboratories （KEK, Univ. 

of Tokyo, Univ. of Tohoku, Univ. of Kyoto, Riken, etc.) as of Nov. 2017.
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Organization of AAA

Green-ILC WG started in Technology 
Study Group on 25th Feb. 2014.



Activities for Green ILC
• Three presentations were given (by A. Suzuki, D. Perret-Gallix, and M. Yoshioka) 

in 2nd WS “Energy for Sustainable Science at Research Infrastructure” at CERN in 
Oct. 2013.  

• A session (four presentations) was organized for Green-ILC activities in LCWS 
2013 at Tokyo in Nov. 2013. A. Suzuki also presented Green-ILC activities in the 
plenary session in LCWS 2013.

• Green-ILC Working Group was organized in “Advanced Accelerator Association 
promoting science & technology (AAA) in Tokyo/Japan. The 1st meeting for the 
Green-ILC WG of AAA was held on 25th February 2014. (AAA home page = 
https://aaa-sentan.org/en/about_us.html )

• 2nd – 15th Green-ILC WG meetings were held on May 2014 – until now in
Tokyo/Japan.

• Various realistic technologies of energy-saving for ILC were proposed and 
discussed by industries and scientists.

• D. Perret-Gallix, T. Saeki, and H. Hayano opened the interactive home page for 
Green-ILC activities. Please visit  http://green-ilc.in2p3.fr/ and http://green-
ilc.in2p3.fr/documents/ .

https://aaa-sentan.org/en/about_us.html
http://green-ilc.in2p3.fr/
http://green-ilc.in2p3.fr/documents/


Green-ILC WG (AAA) report-2016 in English and all presentations related to Green-ILC 
are found on http://green-ILC.in2p3.fr/documents/.
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Then “high-Q & high gradient” are realized

A. Grassellino et al.,
arXiv:1701.06077 to be published in Supercond. Sci. Technol. 

We are trying to  involve 
N infusion in ILC recipe.

N infusion



Slide by 
C.Z.Antoine
(CEA/Saclay)

More efforts for higher Q and higher G. Thin-Film Coating Technology.



Thin Film R&D

• Thin-Film creation is ongoing in the collaboration among ULVAC, KEK, and 
Kyoto University.

• Measurements of SRF characteristics on Thin-Film samples by CEA/Saclay, 
KEK and Kyoto University.

• Plan for SRF cavity experiments:
KEK and JLab will provide SRF Nb single-cell cavities to ULVAC to create 

various thin-film structures on the inner surface of cavities.
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Collaboration with ULVAC Corporate (Industry) for thin-film creation 

Sputtering

Chemical Vapor 
Deposition

Vacuum 
Deposition

Vapor Deposition 
Polymerization

Material
Business

We have various vacuum related technologies.

We can create high purity and quality thin-film!



13

Collaboration with ULVAC (Industry) for thin-film creation

- Optimizing coating condition

We have coated NbN thin-films with an atomic ratio of 
1 part N to 1 part Nb.

・Strong crystalline orientation
・High film density
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X-ray diffraction 2θ-θ
NbN 200nm / glass

SEM Cross-section
NbN 200nm / Si

×100k

This sample’s 
Tc is about 14K! 

See presentation by R. Katayama
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Electro-chemical Polishing (EP) inside SCRF 9-cell cavity

Electro-Chemical Polish
Use Sulfuric acid + HF mixture
Apply voltage 

between center Al electrode and Nb 
cavity

Optimize parameter for smooth surface
without sulfur residual particle

voltage and temperature are key 
parameter

Successive rinsing is another key 
technology

Sustainable production in ILC:
Toxic HF is used in the production.
HF-free process is better/greener. 



Experimental setup

anode

Cathode

+9V

-3V

3ms 3ms

3ms 3ms

1ms

setting

Negative  9V for 3.0ms

Positive   3V for  3.0ms

Experimental Voltage  and  pulls  condition

Turn off : 1ms

Reaction Time : 10min

R&D on EP process with NaCl water (salt water), instead of HF mixture.



O
bservation of m

icroscopy

Negative  9V for 3.0ms

Positive   9V for  3.0ms

Negative  9V for 3.0ms

Positive   9V for  9.0ms

Negative  9V for 3.0ms

Positive   9V for  12.0ms

(1) The result of surface after EP, when the wave condition was changed. 
Results of surface after electro-polishing processes with various pulse-shapes
for the concentration of electrolyte of 50 g/L. 



Negative
Positive

9V3ms
9V3ms

9V3ms
9V9ms

9V3ms
9V12ms

3V3ms
3V3ms

3V3ms
6V3ms

3V3ms
9V3ms

3V3ms
9V9ms

3V3ms
9V12ms

Dissolved 
amount 

(mg)
4.6 4.5 4.4 3.7 4.5 4.5 4.2 4.7

Removal 
speed

(μm/分)
0.171 0.167 0.164 0.137 0.167 0.167 0.156 0.175

Negative 9V3ms 9V3ms 9V3ms 3V3ms 3V3ms 3V3ms 3V3ms 3V3ms
Positive 9V3ms 9V9ms 9V12ms 3V3ms 6V3ms 9V3ms 9V9ms 9V12ms
Before 0.524 0.455 0.598 0.677 0.684 0.602 0.658 0.515 
After 0.456 0.424 0.521 0.470 0.385 0.636 0.446 0.388 
R*1 13.06 6.86 12.87 30.62 43.68 -5.68 32.24 24.66 

The change of roughness(Ra) before EP and after EP

The removal speed , when the wave condition was changed.

This was the best condition.

*1 R=（Before roughness - After roughness)/
Before roughness×100 



R&D on EP process with NaCl water (salt water), instead of HF mixture.

Collaboration of Nomura 
plating (industry) and KEK.
Sample test seems OK.



Principle of electrolyte jet machining

Idea on the application of 
the electrolyte jet machining 
to the SRF Nb cavity

The technology from 
the university of Tokyo.
Professor M. Kunieda.



Principle of electrolyte jet 
machining

Idea on the application of the electrolyte jet machining to the SRF Nb cavity

Possible application on 
the local grinding process.



Green Technologies in ILC design.

• If we get a green sign from Japanese government, we will soon start 
fixing the ILC-design for the real construction of ILC.

• The green technologies should be embedded into the ILC design for 
construction.
High-Q/High-G N-infusion technology, HF-free EP process, thin-film 

technology, and so on.
• Absolutely, enormous efforts will be required. We should work 

together for the realization of Green-ILC. 



• HF-free EP process is studied in collaboration between Nomura plating and KEK. Neutral 
electrolyte of NaCl (salt water) is used in the study and sample test was successful. 

• Thin-film studies are done in collaboration among ULVAC, CEA/Saclay, Jlab, KEK and Kyoto 
University. ULVAC creates thin-film structures, KEK and Kyoto University measure the SRF 
characteristics of thin-film samples. Plan is to fabricate SRF cavities for thin-film coating.

• Green-ILC activity is very important for the realization of ILC. The activity started in 2013 
and so far many green technologies have been considered for ILC. But still we need 
enormous efforts to embed the green technologies into the real design of ILC. 

Summary
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