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ILC Acc. Design Overview  (in TDR)
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Item Parameters

C.M. Energy 500 GeV

Length 31 km

Luminosity 1.8 x1034 cm-2s-1

Repetition 5 Hz

Beam Pulse  Period 0.73 ms

Beam Current 5.8 mA (in pulse)

Beam size (y) at FF 5.9 nm

SRF Cavity G. 
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Q0 = 1x10 10main linac

bunch
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ring
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& dump
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Nano-beam Technology

SRF Accelerating Technology

Key Technologies

Physics Detectors

Damping Ring
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125 GeV Higgs discovery reinforcing the ILC importance
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New Physics beyond SM:  

 Direct or indirect DM searches
 Evidence for BSM physics
 Hints of a new mass scale

Physics confident: 
 Higgs and Top Quark 

 Learn “everything” about H (125) 
 Probe dynamics of EWSB

K. Kawagoe
(modified)

Important Energies in ILC

H

LEP 
reached
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Detectors

~1km

Superconducting cavity

underground
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SiD ILD



Main Linac at the ILC
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Tunnel

LatticeRF Distribution

Cryomodules
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RF Power Source

# of SRF cavities ~16000
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LCC –Linear collider collaboration-
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Two projects, ILC and CLIC, unite to 
advance the global development work 
for the next-generation particle collider 
to unlock the secrets of our Universe.

International Committee 
for Future Accelerators

Linear Collider Board



ILC Time Line: Progress and Prospect

Assuming (~2+) 4 year 

(Pre-Preparation) and 

Preparation Phase  

We are here, 
2017

(9 year) 
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ILC Site Candidate Location in Japan: Kitakami

Oshu

Ichinoseki

Ofunato

Kesen-numa
Sendai

Express-
Rail

High-way

IP Region

• Preferred site selected  by JHEP community,
• Endorsed by LCC, in 2013
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Geological survey
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Nano-beam R&D

SRF R&D

Cavity fabrication
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Layout of ILC

Develop the 
nanometer beam 
technologies for ILC
 Key of the luminosity 

maintenance 
 6 nm beam at IP (ILC)

ATF/ATF2: Accelerator Test Facility

1.3 GeV S-band Electron LINAC (~70m)

Damping Ring (~140m)
Low emittance electron beam

ATF2: Final Focus Test Beamline
Goal 1:Establish the technique for 
small beam 
Goal 2: Stabilize beam position
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Goal 1: Establish the ILC final focus 
method with same optics and comparable 
beamline tolerances
 ATF2 Goal : 37 nm  ILC 6 nm

 Achieved 41 nm (2016)

Progress in FF Beam Size and Stability at ATF2 
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Goal 2: Develop a few nm position 
stabilization for the ILC collision 

 FB latency 133 nsec achieved 

(target: < 300 nsec) 
 positon jitter at IP: 410  67 nm 

(2015) (limited by the BPM resolution)

Nano-meter 
stabilization at IP

History of ATF2 small beam 

We continue efforts to achieve goal 1 and goal 2.
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Nano-beam R&D

SRF R&D

Cavity fabrication
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STF-1 Cryomodule
Four 9-cell cavities (2008’)

S1- Global Cryomodule
Four （+4) 9-cell cavities (2010’)

STF-2 - Capture Cryomodule
Two 9-cell cavities (2012’)

STF-2 - CM1+CM2a  Cryomodule
Eight + Four 9-cell cavities (2014’)

STF tunnel

(2011’)

Beam operation

HPG regulation

Construction of STF cryomodules
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8 Cavities Operation by Vector-Sum @31MV/m

8 Cavities were tuned on resonance by piezo, and vector-sum operation was done at 31MV/m.PANIC2017 (Sep.4,2017@Beijing)

CM1

CM2a

10MW Multi-beam 

Klystron



19

Nano-beam R&D

SRF R&D

Cavity fabrication
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Microscope
(Surface inspection)

Chemical polishiing

Servo press machine
(AMADA, Japan)
Max. applying force:1500 kN

EB welding machine
（SST, Germany）
Max. beam voltage: 150 kV

CNC vertical lathe
(Moriseiki, Japan)

Main equipments in CFF
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ILC cost reduction R&D

The main fraction of the construction cost is coming from main linac (ML).

Thus we focused our cost reduction R&D into ML (superconducting RF technology)



A-1. Niobium material preparation (with new processing for sheeting and piping)

Total, 50% off

Ingot Manufacturing
(forging, rolling, slicing, tube forming)

Ingot Manufacturing

- Niobium material cost for fabricating SRF cavity cell 
and end-groups is relatively high. 
- If we can accept lower residual resistivity ratio (RRR) 
material, the ingot cost becomes cheaper.
- We will try to simplify the manufacturing process 
(like direct slicing from the ingot).

Niobium ingot
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A-2. SRF cavity fabrication for high gradient and high Q
(with a new surface process provided by Fermilab) 

Preparation of 
clean-vacuum-furnace 
+ N2dope

High-gradient, High-Q

example of Cornell
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- High Q cavity enables the decrease in number of cryogenics leading to the cost reduction. 
- FNAL researcher (A. Grassellino) found the new cavity preparation recipe having high Q 
and high gradient. 
- Demonstrate N2-infusion (High-gradient and High-Q) technology with 9-cell-cavities.

By A. Grassellino (FNAL)
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T.MATSUMOTO
AWLC17



Design optimization for High Q and High Gradient op.

High Q High Gradient (31.5 MV/m→35 MV/m)

Smaller Cryo.

Shorter tunnel

Higher efficiency kly.
(11MW)

same rf distribution

Longer filling time, 
higher power per cav.
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Longer pulse modulator
(1.65 ms → 1.76 ms)
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R&D Plans at worldwide Labs
On-
going

R&D: ML Cavity  Assoc. System Cryomodule RF

Fermilab LCLS-II N2-infusion (HQ-HG) Coupler 

JLab LCLS-II Nb-LG/FG (Ingot-sliced/rolled) , LSF 
cavity, N2-infusion

DESY EXFEL N2-infusion
Nano-Lab study

High-
performance CM

INFN-
LASA

ESS Nb-LG/FG systematic study for ESS  

CEA/
CNRS-
LAL

IFMIF
ESS, 
SARAF

Vertical EP (VEP), 
N2-Infusion

Magnetic shield
Coupler

Assembly 
robotizing 

KEK STF Nb-LG/FG
N2-infusion

Coupler, Tuner
Crab. C.

Marx M.

IHEP ADS N2-infusion, Industrialization Industrialization Marx M. 
h.e.
Klystron

CERN HL-LHC
Hi-Isolde

Thin-film (Nb on Cu) Coupler h.e.
Klystron

TRIUMF ISAS-II, 
ARIEL

VEP, muSR

Cornell N2-infusion, VEP
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S. Posen (FNAL)
at AWLC17



P. Dhakal (JLAB)
at AWLC17
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ILC SRF Global Manufacture/Integration Model  

FNAL/ANL

Cornell
JLABKEK

DESY, INFN
CERN

SLAC,  LCLS-II
CEA-Saclay, LAL-Orsay

IHEP, PKU

IUAC,RRCAT

TRIUMF

Hub-
Lab

Hub-
Lab 

Hub-
Lab 

Hub-
Lab

World-wide

Industry responsible 

to “Build-to-Print” 

manufacturing

ILC 
Host/Hub-Lab  

Hub-

Lab

Hub-lab: 

regionally 

hosting 

integration 

& Test  

Industry: 

manufacturing 

components 

w/worldwide 

contracts   
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staging
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TDR: 500GeV

250 GeV

Damping Rings
Turnaround & 

Bunch compressors
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Benno LIST(DESY)
at AWLC17 

Example of staging plan
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Example of luminosity and energy evolution

Junpin Tian (U.Tokyo)
at AWLC17 

fb-1



Summary

• The TDR was published and we are waiting for the approval.

• When the international negotiation starts, we expect 4 years 
preparatory works and 9 years construction.

• KEK has 3 R&D facilities. ATF for nono-beam development, STF for 
SRF R&D and CFF for cavity fabrication.

• ILC cost reduction R&Ds have just started between US and Japan 
collaboration.

• Nb material and N-Infusion are the current R&D topics.

• World-wide R&Ds for high-Q and high-G are on going.

• Recently staging (ILC250GeV) was proposed and under the 
consideration from physics and accelerator points of view.
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Thank you for your attention
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