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Positron source

Item Parameters

C.M. Energy 250 GeV

Length 20km

Luminosity 1.35 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 7.7 nm＠250GeV

SRF Cavity G. 

Q0

31.5 MV/m
(35 MV/m)
Q0 = 1x10 10main linacbunch

compressor

damping
ring

source

pre-accelerator

collimation

final focus

IP

extraction
& dump

KeV

few GeV

few GeV
few GeV

250-500 GeV

Key Technologies

Nano-beam Technology

SRF Accelerating Technology

8,000 cavities



ILC electron/positron ILC250

Beam Energy GeV 125 (e-) and 125 (e+) 

Peak Luminosity (10^34) cm-2 s-1 1.35

Int. Luminosity ab-1/yr 0.24*

Beam dE/E at IP 0.188% (e-), 0.150% (e+)

Transv. Beam sizes at IP x/y nm 515/7.66

Rms bunch length / cm 0.03 (σz)

beta* mm bx*=13mm, by*=0.41mm

Crossing angle mrad 14

Rep./Rev. frequency Hz 5

Bunch spacing ns 554

# of bunches 1,312

Length/Circumference km 20.5

Facility site power MW 111

Cost (value) range $B US ~5 (tunnel and accelerator)

Timescale till operations years (~1) + 4(prep.) + 9(construction)

3

ILC machine parameters

* 5,000-hour operation at peak luminosity
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Potential for upgrades

4

The ILC can be upgraded to higher energy and luminosity.

Energy

Lumi.
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ILC construction/operation cost

ILC accelerator (including tunnel) construction cost is ~5 B$.

*1 ILCU= 1 US$ in 2012 prices

*
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Main advantages

• A linear accelerator is more advantageous for accelerating 
electron and/or positron beams to higher energies.

• The spin of the electron and/or positron beam can be 
maintained during the acceleration and collision. This can help 
significantly improve measurement precision.

• The small surface resistance of the SRF accelerating structure 
(cavity) made of Nb enables the efficient power transfer from 
the AC power source to the beam. 

• Further energy efficiency improvements are considered as part 
of the of Green ILC concept, which aims to establish a 
sustainable laboratory.

C
o
s
t

beam energy

circular
linear
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Circulating beam loses energy by 
synchrotron radiation.
Linear collider can extend its 
collision energy by longer tunnel/ 
higher gradient.
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Brief History of ILC Collaboration

ILC technical design

ILC-GDE

‘06  ’07   ’08   ‘09   ‘10   ‘11   ‘12   ‘13   ‘14   ‘15   ‘16   ‘17   ‘18   ‘19   ‘20  ‘21  

RDR LCC

LHC

2004

TDR 

European XFEL

LCLS-II

TDR

ILC-250

8TTC 2022 (Shin MICHIZONO)

International 
Development
Team 

IDT chair
Tatsuya Nakada (EPFL)

TDR: 
49 countries
392 institutions
>2400 researchers

Barry Barish
GDE director

(the Nobel Prize winner 
for physics in 2017)

Lyn Evans
LCC director

(former LHC project manager)

Technology 
selection



IDT organization
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From IDT to Pre-Lab, ILC construction

Stage 1  International Development Team (~1.5 years)

Stage 2  ILC Pre-Laboratory (4 years)

Stage 3  ILC Laboratory (10 years for construction)

Stage 4  Experiment at ILC!

ILC Pre-Lab. is established by MOU’s among the laboratories.

IDT is formed under ICFA. KEK serves as its host.

ILC Lab. is established by governmental agreement.



Pre-lab proposal
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ILC newsline June 1,2021
https://newsline.linearcollider.org/2021/06/01/ilc-preparatory-laboratory-proposal-released/

Full text of Pre-lab proposal:
https://zenodo.org/record/4884744



Timeline

Now we are at pre-preparation phase (waiting for the preparation phase).
Four years preparation (@ILC Pre-Lab) and ~10 years construction (@ ILC Lab.).

IDT ILC Pre-Lab ILC Lab.

PP P1 P2 P3 P4 1 2 3 4 5 6 7 8 9 10 Phys. Exp.

Preparation 
CE/Utility, Survey, Design
Acc. Industrialization prep. 

Construction

Civil Eng. 

Building, Utilities

Acc. Systems

Installation

Commissioning

Physics Exp. 
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Technical preparation

The technical preparation document was reviewed by the 
international review committee (chair:Tor Raubenheimer
(SLAC)).
The total global cost of the project is about 60 MILCU* and 
about 360 FTE-year. (This does not include the cost of the 
infrastructure for the WPs.)
The cost will be shared internationally as in-kind 
contribution.
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SRF
～41MILCU
285 FTE-yr

WP-1
Cavity production

WP-2
Cryomodule assembly

WP-3
Crab cavity

WP-4
Electron source

e- source
～2.5MILCU, 6 FTE-yr

WP-5
Undulator

e+ source
～6MILCU, 15FTE-yr
Undulator scheme

e-Driven scheme

DR
～2.5MILCU, 30FTE-yr

BDS
～2MILCU, 16FTE-yr

Dump
～3MILCU, 12FTE-yr

WP-6
Rotating target

WP-8
Rotating target

WP-9
Magnetic focusing

WP-10
Capture cavity

WP-12
System design

WP-13
Collective effect

WP-14
Injection/extraction

WP-17
Main dump

WP-18
Photon dump

WP-11
Target 

replacement

ILC Pre-lab

WP-15
Final focus
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WP-16
Final doublet

WP-7
Magnetic focusing

For detail, 
http://doi.org/10.5281/ zenodo.4742018

IDT-WG2 summarized the technical preparation as work packages (WPs) in the technical 
preparation document. 

SRF technology is 
energy-efficient, and its 
applications are 
increasing around the 
world. 
These WPs will 
contribute to the 
promotion of SRF 
accelerators in each 
region.

1MILCU=1M$(2012)
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e- Source

e+ Main Liinac

e+ Source

e- Main Linac

Damping Ring

Beam dump

Interaction point

Physics Detectors

bunch, consisting of ~10^10 e+/e-

•Creating particles Sources
•polarized elections/positrons

•High quality beams Damping ring
•Low emittance beams

•Small beam size (small beam spread)
•Parallel beam (small momentum spread)

•Acceleration Main linac
•superconducting radio frequency (SRF)

•Getting them collided Final focus
•nano-meter beams

•Go to Beam dumps

Area systems of the ILC



ILC Technology level
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Status

SRF cavity, CM

SRF Linac

e- source

e+ source
Undulator scheme

e+ source
e-driven scheme

DR

Final focus

Dump

：～2017
：2018～2021
：Pre-lab

～2017
Technology development ->Model work-> Prototype

2018～2021
High performance and cost 

reduction of cavities

～2017
Tech. Design->Tech. Development->Tech. Demonstration

～2017
Tech. Design->Tech. Developmen

～2017
Tech. Design->Tech. Development

2018～2021
Facility design

～2017
Tech. Design->Tech. Development

2018～2021
Tech. Demonstration

International mass production, 
and transfer demonstration

Tech. confirmation

Target and magnetic focusing

Target and capture cavity

Kicker

Stable op.

Remote handling

2018～2021
Tech. Demonstration

～2017                             
Design->Tech. Development-> Tech. demonstration achieved at KEK ATF

～2017
Design->Tech. Development->Tech. demonstration achieved at KEK ATF

European XFEL user operation

Since the publication of the conceptual design report (RDR) in 2007 and the Technical Design Report (TDR) in 
2013, the technical development has been progressing steadily toward the start of construction.

*EDR:Detailed Engineering 
Design Report required to 
start construction.

(RDR) (TDR) (EDR)*

Model work: small-scale models, partial/component 
models.

2021

IL
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Progress in SRF
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Yield evaluation 
of cavities 

based on TDR

Eng. design

Euro-XFEL Operation 
(Europe)

~800 cavities/
~100 Modules

LCLS-II Construction 
(USA)

~280 cavities/
~35 Modules

High performance and 
cost reduction Cavity 

manufacturing, 
performance 

demonstration 
(Yield 

demonstration in 
three areas)

Demonstration of 
cryomodule 

assembly, transfer, 
and performance

Cavity

Cryomodule

～2017 2018～2021 Pre-lab

Module assembly

The mass production of European 
XFEL has reached ≥ 83% of the 
ILC specification yield (90%).

high performance with new surface 
treatment, etc.

Realized through 
international cooperation 
and procurement Accelerator performance 

verification at KEK-STF2

~41 M$,285 FTE-yr

ILC



International Cooperation in SRF
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2018-2021:
• Achieve stable electric field E > 35 MV/m through US-

Japan cooperation
• Improvement of Nb material manufacturing process 

and properties (FG, MG, LG)
• Improvement of surface treatment technology

• Low temperature (10-20C) EP Two-step 
baking (75C and 120C) Optimization of 
cooling speed (flux expulsion) 

• Cavity manufacturing efficiency improvement and dust 
prevention work automation Europe-Japan cooperation

• KEK-STFdemonstrated the beam acceleration at 33 MV/m
• High Gradient Cryomodule (HGC, FNAL) (in progress)

• Aim to demonstrate 38 MV/m

Cost reduction by direct 
slicing materials

KEK-STF Automation of Dust Prevention Work
Improving efficiency in 
cavity manufacturing

Direct slice from ingot (eliminates 
the rolling and mechanical polishing)

HGC（FNAL)
aiming for 

performance beyond 
ILC specifications (in 

progress)

(DESY)

Improving Performance through 
Surface Treatment



Progress in positron source
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～2017 tech. design 2018～2021 tech. verification Pre-lab
Undulator scheme to obtain polarization

Conventional e-Driven 4.4 M$, 5FTE-yr 

Undulator 
prototype

Photon dump design

Mag. focusing Paricle simulationTarget
thermal 
simulation

Target 
Prototyping
Vacuum 
characteristi
cs Testing

Practical Operation of 
Superconducting 
Helical Undulator  
(APS)

Ti target beam test

Long undulator operation at European XFEL

Plan A:Undulator scheme
Plan B:e-driven scheme (same tunnel)
Plan C:e-driven scheme (extra tunnel)

Optics design

Optics design

1.5 M$ 10FTE-yr

Next Steps:
evaluate both schemes by 
international cooperation

Thermal 
analysis

Loading
compensation

Pulse solenoid design

APS cavity 

Target maintenance 

RF stability test

Te
ch

no
lo

gy
 s

el
ec

tio
n

High-speed rotating 
positron target, 
Technology Design



Progress in DR
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Eng. design

Eng. Design
Equipment verification Final design

Stable op.

DR

～2017 2018～2021 Pre-lab

Inj./Ext.

Fast kicker technology

LBNL

CERN-CLIC

Design based on experience with 
circular accelerators around the 
world.

Technology is maturing in the latest 
ring accelerators such as SuperKEKB

~2.5 M$,30 FTE-yr

Beam extraction demonstrated.



Progress in final focus
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Tech. design completed
Spec. almost achieved Detailed design

Stable operation 
demonstration

～2017 2018～2021 Pre-lab

Wakefield effect

ATF: achieved 41nm (2016)
（37nm=ILC（7.7nm)）

High-speed beam 
position control 
technology was 
also demonstrated.

Wakefield effect was evaluated at ATF.
-confirm no serious problem at ILC
-demonstrate a technique to reduce the 
wakefield effect

ATF International Review (Committee)*
-The committee highly evaluated the 
achievements of ATF so far.
-The committee pointed out the 
importance of continuing research to 
contribute to the detailed design of the 
ILC final convergence. Modify the beam 

monitor system, etc. at 
ATF to demonstrate 
stable operation.

~2M$, 16FTE-yr

* https://agenda.linearcollider.org/event/8626/



Progress in beam dump
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Basic design
(by researchers abroad) Remote 

Maintenance

～2017 2018～2021 Pre-lab

Design revalidation and specific facility design

Civil Design of Beam 
Dump Cavity (2019) 
(including muon 
shielding)

Consultations with beam target/dump 
experts from around the world beyond 
ILC

LHC beam dump

Specific design of radiation shield 

Shock 
wave

Heat 
analysis

RADIATE collaboration

Designed with 500GeV beam (17 
MW) based on the SLAC water dump.
ILC250 (2.6 MW) has enough margin.
Absorber: Water(10 atm)

Hydrogen-Oxygen Recombiner SV M To delay tank

FM

To　LCW　storage25A SV Flow Meter PRV TT SV TV

　LCWR

⑤ Mixed Bed, PT PRV Pressurising line

LCW　Make up 25A Demineral izer TT

　LCWS PRV /Deionizer
Q： L/min FM Be7 Filter

80A H： m Flow Meter TT Surge Hydrogen
     CWR Tank sampling loop SV

   CWS V： 18.8 M3
⑬ 80A FT Orifice Flow Meter TT    Level  Meter

LT ①
400A TT TT TT PT 400A TT 100A PG 125A TT

     CWR  400A

⑫ ② PG

FT

PG Orifice Flow Meter

  F.C Valve TT

FCV    Thermo Contoroller PG

400A TT TC PT

   CWS PG

⑪
Flow Contorol Valve BGV BSV ④

Qx： MW Q： L/min

H： m
AV

TT TT PT

③ 　　PT

TT

400A

Hx： MW AV

　40A

Q： L/min

H： m
Radioactive Chamber Storage Tank

1.1 MPaG
70 ℃

50
70

4
0
0
A

200A BSVx3ｹ

  PUMP-7

660 L/min

70
50

PUMP-6

F
C

V

1.0 MPaG
50 ℃
12,540 L/min

0.5 MPaG
70 ℃
12,540 L/min

17
PUMP-1～5

12,540 L/min

4
0
0
A

3,300
60

　CWF： 209 L/sec　Vol'm：28 m3

Beam  Dump

200A BSVx3ｹ

200A BSVx3ｹ

17

Prim. Heat Exgr

4
0
0
A

      TT

1.1 MPaG
70 ℃
12,540 L/min

0.5 MPaG
70 ℃
13,200 L/min

500 L/min 8
0
A

MPaG
30 ℃

0.4 MPaG
50 ℃
12,540 L/min

0.5

Beam Dump Water
Circulation System Design 
(2020)

Testing of main 
components of circulating 
water system
Beam window 

replacement device
Leakage 

countermeasures for 
radiating dump water
Earthquake resistant 

design
Detailed system design 
(pursuit of safety design)Design for 

shielding of 
muon particles 
generated by 
beam dump

~3M$, 12FTE-yr
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Technical preparation

The technical preparation document was reviewed by the 
international review committee (chair:Tor Raubenheimer
(SLAC)).
The total global cost of the project is about 60 MILCU* and 
about 360 FTE-year. (This does not include the cost of the 
infrastructure for the WPs.)
The cost will be shared internationally as in-kind 
contribution.
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SRF
～41MILCU
285 FTE-yr

WP-1
Cavity production

WP-2
Cryomodule assembly

WP-3
Crab cavity

WP-4
Electron source

e- source
～2.5MILCU, 6 FTE-yr

WP-5
Undulator

e+ source
～6MILCU, 15FTE-yr
Undulator scheme

e-Driven scheme

DR
～2.5MILCU, 30FTE-yr

BDS
～2MILCU, 16FTE-yr

Dump
～3MILCU, 12FTE-yr

WP-6
Rotating target

WP-8
Rotating target

WP-9
Magnetic focusing

WP-10
Capture cavity

WP-12
System design

WP-13
Collective effect

WP-14
Injection/extraction

WP-17
Main dump

WP-18
Photon dump

WP-11
Target 

replacement

ILC Pre-lab

WP-15
Final focus
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WP-16
Final doublet

WP-7
Magnetic focusing

For detail, 
http://doi.org/10.5281/ zenodo.4742018

IDT-WG2 summarized the technical preparation as work packages (WPs) in the technical 
preparation document. 

SRF technology is 
energy-efficient, and its 
applications are 
increasing around the 
world. 
These WPs will 
contribute to the 
promotion of SRF 
accelerators in each 
region.

1MILCU=1M$(2012)
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WP-1: Cavity industrial-production readiness

 Demonstration of mass-production, 120 cavities
~1% (total required number) → 40 cavities / region

(Goal）
 Cavity performance (35MV/m), success rate (yield) 90%.
(Final confirmation)
 Establishment of HPGS for mass-production
 Demonstration of performance/cost effective manufacturing 

method (results after TDR)
Material (Nb) production: No impurity contamination 

(direct slicing) + cost reduction
 New surface treatment method: Improved performance 

due to high electric field and low loss in cavity
 Reconfirmation of plug-compatibility: Final design to be

confirmed
 Confirmation of best surface treatment

Cavity production
↓

Surface treatment
↓

VT incl. success yield
↓

Installation into CM

40 cavities

Of the 40 cavities, about half will be used for CM assembly and 
the rest will be used for cost reduction evaluation

Baseline design in TDR

Nb sheet EP HT

To be confirmed the best method for mass-production

Items in green frame is related to WP-2 (next page)

In recent years, U.S.-Japan/Europe-Japan cooperation is working on cavity performance 
improvemen and cost reduction. The yield will be evaluated.



Two CM production per region
48 cavities produced in WP-1 will be installed
Satisfied with HPGS
(Final confirmation)
Incl. ancillaries (coupler, tuner, SC-Magnet)
CM global transfer (as first case in SRF)
CM transfer from each region
Preparation for shock absorber, vacuum monitoring system
To be evaluated performance assurance in Japan

TTC 2022 (Shin MICHIZONO) 26

WP-2: CM Assembly, Global transfer and Performance assurance

Improved tuner

Tuner (TDR baseline)

Work flow of WP-2
CM production

↓
Performance test @region

↓
CM global transfer

↓
Performance assurance in 

Japan

Two CMs production / region

SC-Magnet

Power coupler

cavity

Completion of CM final design

For the components that have progressed 
after TDR, evaluate the performance 
before deciding whether to use it

After the performance tests in each area, they will be 
transported to Japan via sea. The performance tests will be 
done again in Japan.

Cage for transfer
Shock absorber 

and logger
Vacuum monitoring

system
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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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Topography and geology assumed 
in civil engineering design of ILC

 Rock mass is generally uniform over a long distance of 50 km
 Solid rock zone is less susceptible to ground vibration
 No "known faults” crosses the site, which is expected to be active faults

granite zone

Reduces civil and cost risks due 
to massive water inflow, etc.

We evaluated candidate sites 
by selecting the most suitable 
geology for construction.

Construction of road tunnels and other projects may
pass through areas with poor geology, depending
on the conditions of the starting and ending points.
ILC selects candidate sites with priority given to
geology, avoiding soft ground in advance.

 Seismic survey (total 30 km), electromagnetic survey (13 km), and borehole survey 
(7 boreholes) were carried out.

 In the area of the accelerator tunnel, hard and uncracked granite is considered to 
be widely distributed.
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Radiation safety and community understanding

Facility design for radiation safety (radiation protection and long-term maintenance of radioactive materials)

Briefing sessions to promote understanding among local 
residents
 Explanation of safety management and environmental impact measures
 Briefing sessions were held at 13 venues, including the Community Exchange 

Center, in order to broaden the participation of local residents.
 Questions asked at the briefing sessions and answers to questions and 

concerns raised by local residents were compiled and made available on the 
website.

https://tipdc.org/inquiries#qa (in Japanese)
TTC 2022 (Shin MICHIZONO) 30

 The final design for safety, including the structure of radiation shielding, 
maintenance methods for activated components, measures against leakage of 
beam dump water, and long-term maintenance of activated materials, is being 
carried out with international cooperation.

 KEK and other large accelerators 
around the world have enough
experiences
Such as proton accelerators with more severe 
activation (Selection of materials for beam 
dump windows and positron targets)

Civil Engineering 
of Beam dump 
cavern (2019) 

 Specific design of facilities and equipment 
through industry-academia collaboration

 Studying measures for drainage, earthquake, and 
radiation (AAA WG)

循環水設備室

加速器
トンネル

加速器
トンネル

KEK, local 
Universities and 
local government

https://tipdc.org/inquiries#qa


Environmental Initiatives

 Environmental impact assessment policy
“ILC Environmental Assessment Advisory Board” was established with external experts (2019)

Chair: Kenichiro Yanagi (Professor Emeritus, Meiji University), Chairman of Tokyo Olympic and Paralympic 
Environmental Assessment Committee

Based on the project characteristics of ILC,
 Basic guidelines for assessment, and
 Implementation structure, process, and
 Methodology and assessment targets

(environmental impact, social and economic impact)

 "Green ILC" for the environmen (Green ILC WG, AAA)

https://tipdc.org/assets/uploads/2020/12/guideline03.pdf (in Japanese)
https://tipdc.org/assets/uploads/2020/12/guideline04.pdf (in Japanese)

 Energy measures: Biomass, Power-GRID, waste heat utilization
 Utilization of resources: Use of local wood for ILC-related facilities, use of high-quality granite 

produced during tunnel excavation
TTC 2022 (Shin MICHIZONO) 31

Flow of environmental assessment for the ILC project (assumed) 

Summary of the Discussion 
https://www2.kek.jp/ilc/ja/contents/docs/Strateg
ic_Environmental_Assessment_of_the_ILC_Pr
oject_Summary_of_the_Discussion_r.pdf

https://tipdc.org/assets/uploads/2020/12/guideline03.pdf
https://tipdc.org/assets/uploads/2020/12/guideline04.pdf
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 Damping ring
 Final focus
 Beam dump

 Technical preparation at Pre-lab
 WP-1/2

 Civil/Safety/Environment
 Summary



Summary
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• ILC R&D activities have been carried out by international collaboration.
• Now IDT (International Development Team) leads the ILC collaboration.

• Efforts to improve the performance and reduce the cost of SRF cavities are 
being made through US-Japan and Europe-Japan cooperation.

• IDT-WG2 summarized technical concerns pointed out by the ILC advisory 
panel and the SCJ in the “Technical preparation document” as work 
packages (WPs) (by the global in-kind contribution).

• Since the cavity production in the ILC construction will be shared among the 
world's three regions, and mass production demonstration of SRF is an 
important next step.

• The design of the facility has been carried out based on the topographical, 
geological and hydrological surveys of the envisioned area.



Thank you for your attention
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