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Higgs particle signal(2012)
(126GeV)

LHC run-II results and ILC250GeV

Higgs particle was found, but no other particle was found upto 1TeV region.

ー＞ Study of Higgs particle (coupling to other particles) is urgent.

ILC has an ablities of precise measurements of Higgs.
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ATLAS  higgs signal

ILC 

Higgs

Generation

simulation

Clear signal

Is expected

R. Hawkings ICHEP(2012)

250GeVILCの物理の意義
KEK preprint 2017-31

250GeV



ILC Accelerator Staging Plan
Step-wise construction and experiment (staging) was proposed, 

and plan of the accelerator at the beginning is 250GeV.

Option B: 

(Option B’ 35MV/m) 

Option A:

(Option A’ 35MV/m) 

TDR: 

Simple tunnel 
(no center wall, no facilities) 

Simple tunnel
(no center wall, no facilities)  350GeV tunnel

250GeV accelerator

500GeV

250GeV tunnel

250GeV accelerator
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Option C:

(option C’ 35MV/m) 
Simple tunnel 
(no center wall, no facilities) 

Simple tunnel
(no center wall, no facilities)  500GeV tunnel

250GeV accelerator

３３．５ｋｍ

２０．５ｋｍ

２７．０ｋｍ

３３．５ｋｍ

Proposed 250GeV ILC

In case success of cost-down R&D,  35MV/m、Q0=1.6x1010 is assumed.

31.5MV/m 



e+, e- Main Linac

Beam Energy :    125GeV + 125GeV = 250 GeV

Total accelerator:          20.5km

SRF Accelerator:       5km + 5km

Number of Klystrons: 218 

Number of Cryomodules: 906

Number of SC cavities: 7800
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Configulation of ILC Accelerator

Electron source

Damping Ring (3.2km)

e+ Linac (5km)

e- Linac (5km)

Interaction Point Detectors

ILD Detector

SiD Detector

SiD

ILD
Positron source

20.5km

Main Linac Accelerator

Damping Ring
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Sendai

Ichi-no-Seki

Morioka

Kitakami Candidate Site

Tohoku Area



Kitakami Candidate Site

Long
Granite
Bed
(pink)

Very
stiff

Boring examination

Extracted Core
was Good stiff 
Granite



Electron Linac

Positron Linac

North

IP

Total Accelerator tunnel length 

= 20,549.5m (20.5km)

ILC250 Lattice design was fixed, Accelerator tunnel design is on-going

20.5km

ILC Accelerator: Lattice design and tunnel design

Damping Ring

Interaction Point Surface Area

Detector Hall
Damping Ring

Linac Tunnel

Access Surface Area

Access Halls

Beam Dump

Halls





Tunnel design for Kitakami Candidate Site (ILC250GeV 20.5km)
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Colliding point

Damping Ring
Electron Linac

Positron Linac

Rey.hori/KEK

Bird’s eye view of ILC in Kitakami candidate site



Plan of Interaction point

5GeV damping ring
Tunnel (3.2km)

Interaction Point (IP)

5GeV damping ring
Tunnel (3.2km)

Electron accelerator tunnel

Positron accelerator tunnel

Underground Detector Hall

75m Vertical Shaft

Surface IP canpus

Access tunnel

Access tunnel
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Detector Assembly Hall



Surface-to-Underground access-tunnel

Access Tunnel (10% down-slope tunnel, about 1km length)

AcceleratorTunnel 

Underground Access Hall

Surface Access Station



ILC political Status of Japan
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SCJ committee Discussion about ILC250

13
S. Michizono

SCJ : Science Council of Japan
日本学術会議

MEXT : Minister of Education, cluture and sports, 
Science and Technology Japan

文部科学省

4 years discussion about ILC500(TDR)

half years discussion about ILC250



SCJ report to MEXT: Executive summary 
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S. Michizono

Dec. 19, 2018



ICFA/LCB meeting March 7, 2019

ICFA/LCB meeting at Tokyo (Mar. 07,2019)

S. Komamiya
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MEXT’s view in regard to the ILC project

MEXT announcement
at ICFA/LCB meeting

This is the first official 
announcement of 
MEXT about ILC

SCJ Master Plan

Have interest in 
the ILC project

Continue to discuss 
ILC project
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KEK create International cost-share WG

https://www.kek.jp/en/newsroom/2019/5/21/1900/

WG discuss
Cost-share,
organization

will report to 
MEXT in 
September 2019
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Schedule 

Sep. 2019 : Cost-Share WG will report to KEK, then to MEXT.

Sep. 2019 : SCJ will start hearing of Big-Science-Project 
of Master Plan Candidates.

Jan. 2020 : SCJ will decide Master Plan of Big-Science-Project.

May 2020 : Europe next-5-years strategy will be decided.

Summer 2020 : ILC will be included clearly
in the 6-th Science and Technology Basic Plan 
of Japanese goverment.

Oct. 28, 2019 : LCWS2019 at Sendai, Japan (close to candidate site)

Then, ILC construction preparation will be started.
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Superconducting Cavity: High Technology Part



Electron Source

Damping Ring

Positron Linac

Electron Linac

Detectors

Positron Source

Beam dump

Beam dump

Superconducting Accelerator

DESY Euro-XFEL

RF unit (below) is placed repeatedly in a line
Klystron: RF power is generated

Waveguide : RF power is distributed

Beam bunch: 

Cryomodule

Cryomodule: 8 cavities are included。

Interval of beam bunch

Accelerating field in cavity

It is repeated in 5Hz

Acceleration gradient

RF pulse length

Beam pulse length (1ms, 5Hz)
1312 Beam bunchs

Beam Acceleration in Main Linac



Tunnel layout of ILC Main Linac

Shield wall
（１．５ｍ thickness）

Cryomodule

MARX Modulator
Multi-beam Klystron

Digital LLRF controls
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Tunnel Layout  of ILC Accelerator

Accelerator Tunnel

Klystron Tunnel

Concrete shield



cryomodule (12.65m)

Cross-section from D. Kostin

Input coupler
Superconducting Cavity

Helium gas return pipe
(Φ300mm SUS pipe）

Liquid Helium supply pipe
(Φ60mm Ti pipe）

thermal shield
（Al plate＋Super-Insulator）

Cryomodule
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Type-A (9cavities） 604
Type-B(8cavities+SC-Q magnet） 302

support posts

Number of Cryomodules: 906



TDR Superconducting Cavity Package

Helium Jacket

Input 

coupler

TESLA-ILC cavity

Tuner

beam
acceleration
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Niobium cavity is cooled by 2K Liquid Helium introduced into the jacket,
Pulse RF power put into input coupler, resonance tuning done by mechanical 
Tuner and piezo tuner.

Number of SC cavities:  7800

©Rey.Hori/KEK

1.3GHz Superconducting Cavity Package



Technologies for high performance SRF cavity

Press

EBW

EP

Clean Room

Cavity frequency tuning Cryomodule assembly

Cavity inspection camera



FNAL/ILCTA, ANL

Cornell

JLAB
KEK/STF, CFF, ATF

DESY/FLASH, 
Euro-XFEL

SLAC 
LCLS-II

Saclay 
cryomodule assembly

IHEP/cavity development

PKU/cavity development

RRCAT/cavity development

ILC SRF accelerator development

25ILC accelerator/SRF technologies development by International Collaboration

Euro-XFEL in Germany (800 cavities) LCLS-II in US (280 cavities) under fabrication

SHINE in China  (615 cavities to be fabricated)

( SARI/SHINE )

Number of SC cavities in ILC:  7800



Q0 degradation
（exept firld emission）

Break-down
Field Emission

Q0(Field Emission)

Reasons of Usable Gradient degradation

ILC



HPR treatment for <20MV/m cavities in XFEL

ILC



ILC specification : >=90% yield



FNAL :Test Cryomodule Performance

FNAL CM-2 has achieved the average cavity 
gradient of 31.5 MV/m 

ILC Milestone
31.5MV/m



ILC-type Cryomodule (CM-1) (12m)
+
half-size Cryomodule (CM-2a) (6m)

Capture Cryomodule (4m)

Photo-cathode RF-gun

Beam
Dump

Test Accelerator to test ILC cryomodules

KEK-STF :Superconducting RF Test Facility
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Combined 8 cavities in cryomodules with vector-sum LLRF, 
were operated at 30.5 MV/m in 2016, just RF filling.
In March 2019, average 33MV/m beam acceleration was confirmed.



LCLS-II superconducting accelerator in SLAC tunnel



LCLS-II Cryomodule production at JLAB, FNAL

LCLS-II (FNAL, JLAB) will fabricate 35 cryomodule (280 cavities)

JLAB

Production

Line

FNAL

Production

Line



Preparation at KEK, XFEL project in Shanghai

KEK/COI

Cryomodule

Production

preparation

SHINE

Production

Line

preparation

New Building (80m x 30m) for cryomodule assembly

Cryomodule assembly facility is under construction in the SSRL existing building.



Summary

ILC tunnel design and installation plan into Tohoku-area Japan 
are presented.

On March 7, MEXT did not say hosting ILC, 
but express their interest to ILC.
International cost share discussion WG has been started,
Listing ILC on “master plan of SCJ”,  is expected in the next Jan. .

ILC is very close to go.

High-tech accelerator part (SRF) mass-production is matured 
in Europe, US,  and is developing in Asia.



Thanks for your attention

END





US-Japan cost down R&D
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Cost-down of Main Linac

7800 unitILC 250GeV Cavity Package

In 2016, MEXT(Japanese government) and US-DOE agreed to have cost-down R&D 

by US-Japan collaboration, to make ILC realize
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(A-1) Nb material cost-down by Ingod-slicing

Development of gradient performance and ensureing Nb sheet strength 
and press-forming availability

FNAL 
1-cell result

FNAL 9-cell 
result

Introduction of clean furnace for N-infusion, search of infusion parameter range

31.5MV/m  1x1010

35MV/m  1.6x1010

US-Japan Cost-down R&D Items 

(A-2) High-Q High-G of cavity by N-infusion
ILC operation specification

LG cell-materialCost down by Mid-RRR-ingod material + slicing to sheet
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800C

800C

120C

A. Grassellino et al., arXiv:1305.2182, 1701.06077A. Grassellino et al.,2013 Supercond. Sci. Technol. 26 102001  

K. Umemori K. Umemori

After this process,
~7mm EP was applied

低損失
低損失
高電界

High-Q
High-Q &

High-G

N-dope(2013) and N-infusion(2013) were developed 
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N-infusion was applied both 1-cell and 9-cell cavities 
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N-dope

N-infusion

N

N

800C

120C

Nb

Nb

Nb

Removal by EP

A. Grassellino  ALCW2016

A. Grassellino  ALCW2016

N

Surface structure of N-dope and N-infusion 

Diffusion of N into Nb surface

Diffusion of N
into Nb surface

20 – 30 mm

Diffusion of N
into Nb surface

around 200 nm
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High-Q/High-G surface only by baking!!

FNAL new receipe June 2018
75℃baking +120℃ baking reach to 49MV/m

No N-dpe,
No N-infusion



New Furnace for N-infusion R&D at KEK
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K. Umemori



Summary of KEK N-infusion

44

K. Umemori
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PM-8

PM-10

PM+8

PM+10

electron linac

positron linac

damping 

ring

Interaction Region

Total Accelerator tunnel length 

= 20,549.5m (20.5km)

AT-10： 1503m

AT-8： 691m

AT・DR (access point to DR)：763m

AT・DH (branch to detector hall)：693m

AT+8： 283m

AT+10： 943m

access tunnels   5

total length 4876m

Detector shaft    1

φ18m depth 75m

Utility shaft         1

φ10m depth 75m

Access Tunnels

Site-specific design of 

Access tunnels

Overall siting plan to fit Kitakami Candidate Site



surface design
IP area 78,500m2

154kV receive

66kV co-generation

LNG for 
co-generation

He 
compressor 
& tanks

154kV to 66kV Trans

Water chiller & pumps
Air intake/exhaust

IP detector assembly 
building

ILD&SiD detector preparation 
building computing building 

research building 

Interaction Point Campus at Surface



surface design
access stations

16,600m2 5 area

Access Tunnel

Air intake/exhaust

Water chiller, 
tanks & pumps

He compressor & tanks

Temporary Crane

Access-station at Surface

Water chiller, pumps



Cross-section of ILC Main Linac Tunnel
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66kV Cables

6.6kV Cables

LCW Supply

LCW Return

CHW S,R

Drain

RTML

Krystron

Cryomodule

LPDS

Waveguide

Transport Vehicle

4,0001,5004,000

9,500

Shielding Wall

2,200

1,800

5,500

Accelerator TunnelKlystron Tunnel
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Beam Acceleration Sequence

Polarised 
electron source

5GeV electron 
damping ring(3.2km)

Turn around

Turn around

Positron generation

5GeV positron 
damping ring(3.2km)

Bunch compressor

final focus

Interaction Point (IP)

injection with compressed bunch spacing

extraction with long bunch spacing

In Damping Ring（6ns bunch spacing）
: 2.3km length

beam generation （554 ns bunch spacing）

beam acceleration in Linac

（554 ns bunch spacing）

1312 bunch  (220km length)

1312 bunch  (220km length)

1ms bunch train mean:

Electron Linac

Positorn Linac

Bunch train compression

Bunch train expansion

Beam start here

Bunch compressor

final focus

±474 nm

±5.9 nmBeam size of collision point

Small floor Vibration Site 
is required

Stiff rock, Deep underground
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