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Abstract
The designof International LinearCollider (ILC)is basedon the SuperconductingRF
(SRF)technology,which is more efficient than the normal conductingtechnologyin
terms of the energyconsumption. However,still the total energyconsumptionof ILC
(500 GeV)is 164 MW, which is much larger than those of existingacceleratorsin the
world. In sucha situation,the reductionof energyconsumptionin ILC,thus the efficient
and sustainabledesignof ILC,is the crucial issueto realize it in the near future in a
Japanesesite. In order to challengethe issue,we organizeda workinggroup,so called
"Green-ILCWG"in the AdvancedAcceleratorAssociation(AAA)in Japan,which involves
112companiesfrom industryand42 organizationsfrom academia. TheGreen-ILCWGis
also collabotratingwith the international team of ILC. The activities are coveringthe
studieson the efficient designof componets, acceleratorsub-systems,ILC-system,and
evenILC-city. Thispresentationwill report the currentstatusof thesestudies.



ILC Overview (from ILC Technical Design Report)

Accelerator tunnel

e+, e- main linac

Center of mass energy: 250 GeV + 250 GeV (TDR)

Length of main linac : 11 km + 11 km

Length of tunnel 32 km

Damping Ring

Detectors

Example view of mountain site

4



5

Detector

~1km

# of SRF cavities ~16000

Tunnel

Superconducting 

RF accelerator

Tunnel Length = 32 km 



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 scientistsestablished in 2008
Å112corporate organizations involved from industries MHI, Toshiba, Hitachi, 

Mitsubishi Electric, etc.) as of Nov. 2017.

Å42 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.



Industry-academy collaboration is essential to realize the Green-ILC.



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

in 2nd²{ ά9ƴŜǊƎȅ ŦƻǊ {ǳǎǘŀƛƴŀōƭŜ {ŎƛŜƴŎŜ ŀǘ wŜǎŜŀǊŎƘ LƴŦǊŀǎǘǊǳŎǘǳǊŜέ ŀǘ /9wb ƛƴ 
Oct. 2013.  

ÅA 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.

ÅGreen-ILC Working Group ǿŀǎ ƻǊƎŀƴƛȊŜŘ ƛƴ ά!ŘǾŀƴŎŜŘ !ŎŎŜƭŜǊŀǘƻǊ !ǎǎƻŎƛŀǘƛƻƴ 
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)

Å2ndς15th Green-ILC WG meetings were held on May 2014 ςuntil now in
Tokyo/Japan.

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

ÅD. Perret-Gallix, T. Saeki, and H. Hayanoopened 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/.



Efforts on components
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http://www.fnal.gov/pub/today/archive/archive_2014/today14-06-03_Readmore.html

Fermilabtoday

A. Grassellino

P. Dhakal

https://www.jlab.org/news/ontarget/target-december-2011

International efforts in academia:

Nitrogen doping for SRF cavity 

Ti-doping 

( Jlab)

Slide by T. Kubo

Good technology for ILC ?

N-doping (FNAL)
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Disadvantage of N -dope:

Q increases but gradient decreases.

Current ILC recipe

N dope

A. Grassellino et al, Supercond. Sci. Technol. 26 102001 (2013) Slide by T. Kubo

But high gradient is 
necessary for ILC !

High efficiency

High gradient
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C. Antoine

Electropolish

Electropolish

Inject N2 gas
( 3 10-5 Pa)

at 120ᴈ
for 48 hours

No 

chemistry

Slide by T. KuboN infusion
recipe by 
FNAL
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Then Jhigh-Q & high gradient K ÕæÙ æÙÕàÝîÙØ

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

We are trying to  involve 
N infusion in ILC recipe.

N infusion



Slide by 
C.Z.Antoine

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



Slide by 
C.Z.Antoine

Collaboration among CEA/Saclay, KEK, Kyoto Univ, and Utsunomiya Univ.

Coating sample test.



300K

4.25MW(100%)

310K

80K

Conventional cycle

18kW

Waste 
Heat(95%)

Waste 
Heat(5%)

270K

3.97MW(93%)

310K

80K

18kW

New cycle with AdRef

280K
4kW(0.1%)

ILC

ẑ3MW
45.81Ÿ 42.79MW

Example of effort by industry

New refrigeration cycle with AdRef

280K270K Compact 

cold box 

& HEX 

Waste 
Heat(5%)

Low suction temp. 

Ÿsmall compressor

Ÿsmall power 

consumption

AdRef

Heat 
Source

Waste 
Heat(93%)

ILC-TDR New proposal



Low stage 

Compressor

Heat source from the helium compressor

High stage 

compressor

Oil 

cooler

Oil cooler

Inter 

cooler

After 

cooler

Heat 

source

Chilled 

water

Cooling 

water

Oil separator

Adsorption 

chiller

(AdRef)

50%

50%
Power input

100%

3%

47%

47%

42%

3%

2.5%

5%

After
313K ḥ358K

Before
313K ḥ363K

Temperature balance of the oil cooler

ḥ363K



How to Improve RF Efficiency

R&D of CPD (Collector Potential Depression) Klystron

CPD is an energy-saving scheme that recovers the kinetic energy 

of the spent electrons after generating rf power.

Conventional 

collector

Schematic diagram of CPD

collector



Preparation of CPD Klystron test at KEK in collaboration with Toshiba (industry)

CPD Klystron

Collector Potential Depression (CPD) Klystron

Dummy resister

DC 90kV oscillator 

circuit for output

Capacitor for circuit
DC 25kV oscillator 

circuit for input



ÅBeam dump
Å 14 MW (1TeV) @5 hertz 

Å 10 m Water 155ϲC, 1000m gas

Wakefield deceleration for beam dump project 

LCWS, Strasbourg Oct. 2017 Denis Perret-Gallix (LAPP-IN2P3/KEK)

R&D on Plasma Beam Dump

Main Beam dumps
10m water, or1000m gas
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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. 



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.



Efforts on sub-system, ILC-system and ILC-city



Considerations on Power Supply System in ILC-TDR

ILC will consume 164 MW.


