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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
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Main Linac Accelerator

Damping Ring
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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



Kitakami Candidate Site

Sendai

Ichi-no-Seki

Morioka

Tohoku Area



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

Damping Ring Electron LinacPositron Linac

Rey.hori/KEK

Bird’s eye view of ILC in Kitakami candidate site



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

Damping Ring Electron LinacPositron Linac

Rey.hori/KEK

Bird’s eye view of ILC in Kitakami candidate site



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

Damping Ring Electron LinacPositron 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

Vertical Shaft

Surface IP canpus

Access tunnel

Access tunnel



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-to-Underground access-tunnel

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

AcceleratorTunnel 

Underground Access Hall

Surface Access Station



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



Underground Access-Hall
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cooling water, 
air-conditioning

Electric 
system

Liquid 
Helium

Utility hall

Cryomodule entrance

Access tunnel

Main Linac tunnel



Underground tunnel is connected by access tunnel

10% slope access tunnel connect to underground accelerator tunnel

Cross-section of ILC accelerator tunnel at candidate site

50km

existing road

entrance of access tunnel

access station connect to existing road closely
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Beam acceleration by Superconducting Cavity



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
����� 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



Cross-section of ILC Main Linac Tunnel

17

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



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

Superconducting Cavity Package

Tuner

beam
acceleration
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Niobium cavity is cooled by Liquid Helium introduced into the jacket,
RF power put into input coupler, resonance tuning done by tuner.

Number of SC cavities:  7800



Electric field, magnetic field inside cavity
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Beam Acceleration by RF field

Electron beam
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Technologies for high performance SRF cavity

Press

EBW

EP

Clean Room



Basic RF unit of Main Linac

Basic unit�RF power supply unit�
10MW Klystron  1
Klystron pulse power supply 1
Cryomodule 4.5
SC cavity 39
SC Quadrupole magnet 1.5
Digital LLRF control 1

Vector-Combined signal of 39 cavities 
is fed back to klystron input
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Main Linac Unit

Type-A Type-A Type-AType-B Type-B
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RF Amplitude & Phase stabilization by digital feedback 



Amplitude stability 
0.005%.rms

Phase stability 
0.015�.rms

Vector sum operation of 7 cavities with LLRF control as an example

Flat-top expanded Flat-top expanded

Stabilized RF amplitude and phase
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Basic RF unit configulation of ILC 250GeV

ILC 250GeV = 218 RF unit

10MW klystron 218
Klystron power supply 218
Cryomodule 906
SC Cavity 7800
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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
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STF :Superconducting RF Test Facility at KEK
ATF :Accelerator Test Facility at KEK

ILC accelerator development by International Collaboration

Euro-XFEL in Germany LCLS-II in US



Q0 degradation
�exept firld emission�

Break-down
Field Emission

Q0(Field Emission)

Reasons of Usable Gradient degradation



HPR treatment for <20MV/m cavities





FNAL :Test Cryomodule Performance

FNAL CM-2 has achieved the average cavity 
gradient of 31.5 MV/m 
with all 8 cavities powered simultaneously

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
DumpTest Accelerator to test ILC cryomodules

Beam Energy�418MeV
Beam Charge� 2nC/bunch, 2437bunch, 0.9ms, 5Hz
Beam current: 5.7mA in train
Bunch train: 369ns spacing 

KEK-STF :Superconducting RF Test Facility
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Achieved Gradient in STF

Combined 8 cavities(marked one) with vector-sum LLRF, operated at 
30.5 MV/m
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Beam Collision
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Detector

simulation of collision event in ILD

electron positroncollision point

fundamental partice fundamental particle

ILD

tth @ 500 GeV

HCAL

ECAL

TPC

Electron buch����
length 300μm   bunch spacing 166m
repetition 5Hz Energy 125 GeV

Positorn bunch ����
length 300μm   Bunch spacing 166m
repetition 5Hz Energy 125 GeV

Beam = group of electrons (positrons)

�474 nm

�5.9 nmBeam size of collision point

Electron and Positron collision 
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Keep the beam size small, keep the collision stable

• Damping Ring to realize beam emittance ultra-small

• No-vibration accelerator Floor - > Deep undergroud,  
stiff rigid Rock-base mountain

• Fast Beam feedback to keep beam collision stable

• Final Focus Beam Line to make vertical beam size 
ultra-small
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Layout of ILC

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

Damping Ring (~140m)
Low emittance electron beam

ATF2: Final Focus Test Beamline

ATF : Accelerator Test Facility in KEK

final focus beam line

ATF Damping Ring
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target low emittance is already attained



• Nano-beam development by international collaboration
25 laboratories with more than 100 researchers

• The same optical design of ILC final focus beam line
• Scale down of beam energy to 1.3GeV
• Target of beam size

37 nm vertical size (à correspond to ILC 5.9 nm ) 
• Recent Status

41 nm beam size �with FONT Feedback�
Parameters dependence to beam size are under research

38T. Okugi, 
ECFA-LCW, Santander June, 2016

Development of beam focus with low energy (ATF2)

41nm attained

Beam size monitor using 
laser interferometer



ILC (International Linear Collider) uses superconducting accelerator
for the electron-positron collision experiment.

Summary

Plan of ILC installation into Tohoku-area are presented.
Tunnel, buildings and water&air will be by Japan, 
High-tech accelerator part will be shared by US, Europe, and Asia.

Euro-XFEL fabricated 100 cryomodules for the accelerator,
The cavity performance was very close to ILC requirement.

KEK-STF is developing superconducting accelerator,
KEK-ATF and ATF2 are developing damping ring and beam focus.



Thank you for attention

END


