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ILC and the Accelerator Technology 

Parameters Value
Beam Energy 125 + 125 GeV

Luminosity 1.35 / 2.7 x 1010 cm2/s

Beam rep. rate 5 Hz

Pulse duration 0.73 / 0.961 ms

# bunch / pulse 1312 / 2625

Beam Current 5.8 / 8.8 mA

Beam size (y) at FF 7.7 nm

SRF Field gradient < 31.5 > MV/m (+/-20%)
Q0 = 1x1010

#SRF 9-cell cavities (CM) ~ 8,000 (~ 900)

AC-plug Power 111 / 138 MW
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IDT Scope for  ILC Realization

https://agenda.linearcollider.org/event/9735/c
ontributions/50816/attachments/38190/5996
8/Time-Critical_WPsV8b.pdf

http://doi.org/10.5281/ze
nodo.4742018

Work Packages  (WPs) 
for

ILC Pre-Lab

WP-Primes 
for

Time Critical

KEK obtained a budget for these R&Ds and 
started the activity from this April.

ILC Technology Network (ITN)
-- global collaboration program---

• Acc. R&Ds focusing on
• SRF
• e- & e+ Sources
• Nano-beam 

Synergy with
other colliders

2021 May 2022 June

http://doi.org/10.5281/zenodo.4742018
http://doi.org/10.5281/zenodo.4742018
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ILC Technology Networkと文科省補助金

CM1台の評価
（CMには欧米で製造した空洞各

1台程度は入れたい。）

WPP-1
WPP-2
WPP-3
・・・

補助金：
ITN：

WPPの海外分担分
いずれのWPPにもKEK
の関与は必要であろ
うが、WPPによっては

海外の比重が高いも
のもある

COI棟を中心としたSRF
関連の基盤設備整備
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文科省補助金

～6.6億円/年

～0.4億円/年
（ILCの現在の技術開発は含まれない）
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KEK’s efforts

WPP 1 Cavity production

WPP 2 CM design

WPP 3 Crab cavity

WPP 4 E- source

WPP 6 Undulator target

WPP 7 Undulator focusing

WPP 8 E-driven target

WPP 9 E-driven focusing

WPP 10 E-driven capture

WPP 11 Target replacement

WPP 12 DR System design

WPP 14 DR Injection/extraction

WPP 15 Final focus

WPP 16 Final doublet

WPP 17 Main dump

SRF

e-, e+ 
Sources

Nano-
Beam

•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

Collaboration with
Europe, Americas

Experiences at 
SuperKEKB

ATF collaboration
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Advanced accelerator facilities at KEK

Cavity Fabrication
Facility (CFF)

COI

Nano-beam R&D (ATF)

Superconducting RF Test Facility (STF)

compact ERL (cERL)
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Superconducting RF (SRF) related facilities –STF & CFF-

S1 global (2010)
4 KEKs, 2 each from Germany and US Cavities

STF-2(2016～)
14 srf cavities

508MHzTRISTAN (1989) 508MHzKEKB (1998)

SRF cavity R&D since 1980s
Experiences at TRISTAN/KEKB/SuperKEKB

STF (2005-) for Superconducting Cavity Evaluation CFF(2011-) cavity fabrication facility

Vertical test stand

EBW
Chemical polishing

Vertical latheSurface Inspection Press machine

Cavity material R&D at CFF

High-Q/G R&D at STF

Cavity fabrication, cryomodule assembly will be carried out.



COI (SRF infrastructure)
Current status Future

A) Heat treatment
B) Electro polishing (EP)
C) Clean room
D) Cryomodule (CM) Assembly (partly done)
E) Cryogenic system (partly done)

1. Cryogenic system upgrade
2. High power rf system for module test
3. Vertical test (VT) stand
4. CM assembly
5. Clean room working environment
6. （cavity fabrication equipment at CFF)

Infrastructure at COI

80m

30
m

Class-10

Class-1000

Clean room

EP

Cryogenic

EP

Cryogenic

VT

CM assembly

Module test

Furnace
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E

Future：CM test at European XFEL

XFEL

4

Future：CM assembly at XFEL

Future：cavity string at European XFEL

Cryogenic sytem

CM assembly at KEK
A

B

C D

E１

２

Future：VT @FNAL

３

５

4

D

2

3

B EP

A

４

SRF infrastructure (including CM test stand) will be completed.
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WP-prime 1: SRF Cavity
(Scoping the Industrial-Production Readiness)

 Industrial-production readiness: 12 cavities produced in JP:
 Evaluate the successful production yield.

 Cavity performance expected: Eacc = <35 MV/m> (+/− 20%), Q0 = 1.0 x 1010, Yield = ≥90%
 Globally common design applicable to High Pressure Gas Safety (HPGS) regulation in JP.
 Production process with higher performance/lower cost (i.e. cost-effective production)

 Advanced Nb sheet production: Clean surface by direct slice + cost reduction
 Advanced surface treatment: High-G and High-Q cavity

 Plug-compatible design
 Optimization of best surface treatment

Process to be applicable to JP-HPGS
↓

Preparation of material
↓

Cavity production
↓

Surface treatment
↓

Vertical test and Yield evaluation
↓

(WPP-2: assembled to CM)

WPP-1: Work flow

Cavity design based on TESLA/LCLS-II
(globally common design)

Nb Sheet Electro-polish Heat treatment

The SRF cavity technology has become matured technology based on TESLA,  E-XFEL and LCLS-II experiences. Japan, Americas and EU have 
attempted R&D for the higher performance with cost-effective production. In WPP-1, the successful production yield will be evaluated. 

Japan AmericasEurope

① ①⑥

FG vs MG 800℃ vs 900℃ 8 cavities produced in three regions to be 
assembled to one CM, and tested

120℃ vs mid-T baking

Conventional vs cold EP
Horizontal vs Vertical

Establishment of best mass-production process for ILC



The SRF technology based on TESLA has become matured technology after E-XFEL and LCLS-II. In WPP-2, one CM will be designed globally, 
produced and tested in Japan with some cavities transferred from overseas.

Design of CM and ancillaries
↓

Production of components
↓

Cavity string assembly
↓

CM assembly
↓

CM test
↓

(reflected in the EDR)

 One CM design and preparation for the production/test in Japan
 Cavity performance: Eacc = <31.5 MV/m >, Q0 = 1.0 x 1010

 8 cavities produced/evaluated in WPP-1 to be assembled, including some cavities from overseas
 Globally common design applicable to high pressure gas safety (HPGS) regulation
 Ancillaries production/evaluation: 

 input power coupler, tuner, SCQ, magnetic shield, advanced clean work
 Change request after TDR (SCQ current lead port, tuner design, etc.)

 After testing prototype CM, these change requests to be considered
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WP-prime 2: Cryomodule (CM) design optimization 
(Scoping the CM Global Transfer and Performance Assurance)

Frequency tuner

SCQ magnet
Input power coupler

Cavity

Magnetic shield

WPP-2: Work flow

Construction of prototype CM for ILC designed globally
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e-driven e+ source  R&D

• A prototype development, based on 
experiences at SuperKEKB e+ source

• Engineering design toward ILC:
• 3D-CAD model and engineering 

drawings for manufacturing, based 
on simulation and experiments 

SuperKEKB positron source: 
current biggest positron source in the world!
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WP-prime 8 Rotating Target for e-Driven Scheme

• 74 kW (3 x SLC) beam power

• Rotating mechanism
• Water-cooled
• UHV compatible
• 225 rpm

• Target disk
• W-Cu connection

• Mechanical and thermal evaluation
• CFD simulation using experimental data
• HIP, SPS, Brazing

• Target material selection and evaluation
• Mechanical property at operating 

temperature 
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WP-prime 9 Magnetic focusing (from conceptual to engineering model)
• Flux concentrator

• 20 times higher ohmic loss compared with that of SKEKB
• Additional beam loss from target
• Fully 3D simulation established in the SKEKB project.
• Two prototype and high-power test

• Pulsed power supply
• 300 Hz compatible
• 50 times higher power compared with that of SKEKB
• Energy recovery mechanism is necessary

• Need parameter optimization
• Present parameters are not realistic especially power supply
• Shorter pulse length

• Need higher voltage
• Counter measure to discharge
• Flat top control

ILC SKEKB

Primary current 12 kA

Secondary current 25 kA 12 kA

Pulse width 25 us 5 us

Repetition 300 Hz/100 Hz 50 Hz

Ohmic loss 41 kW/14 kW 0.7～0.8 kW (measured)

Beam loss 4 kW Small

Total loss＠Load 45 kW/18 kW 0.7～0.8 kW (measured)

P.S. power 630 kW/210 kW 12 kW

☑Mechanical design
□Electric feedthrough

experiences in SuperKEKB
□Cooling water pass

completely new issue

Conceptual design and its simulation 
looks work
Before going to detailed simulation, 
prepare “realistic” model ←（now）

Once the model design finished, it will be 
imported to CST and ansys
Detail design will be modified taking into 
account simulation results
Iterate several times…

P. Martyshkin

ILC
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WP-prime 10 Capture cavity

• Design challenges of Large aperture 
L-band cavity

• Beam loading compensation 
for multi bunch operation

• Full model RF and beam 
simulation 

• Simulation method using 
CST is almost established

• Very high heat load of shower 
from the target

• novel cooling design
• Remote beam flange 

connection 
• Connection point is 

surrounded by solenoid
• Two prototype and high-power test

Previous design and prototype at SLAC
Phys. Rev. AB 12, 042001 (2009)

3D RF simulation of APS cavity at KEK
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WP-prime 11 Target replacement

• Total model preparation
• Construct as early as possible

• Use dummy for FC, Acc. 
Structure at first

• Prepare and manage full 3D CAD 
model

• Improve continuously
• 3 times exchange experiences through 

SKEKB operation
• Collaboration with other high power 

target facilities, J-PARC, RIKEN, FRIB…
• Automatic connection disconnection 

mechanism
• Flange connection
• Movable base connection

Pillow sealAutomatic connection 
coupler

Girder structure on rail
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Develop the nanometer beam technologies for ILC
 Key of the luminosity maintenance 
 7.7 nm beam at IP (ILC)

21

ATF/ATF2: Accelerator Test Facility@KEK

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

Damping Ring (~140m)
Low emittance electron beam

ATF2: Final Focus Test Beamline
Establish the ILC final focus method with 
same optics and comparable beamline 
tolerances

KEK hosts the nanobeam R&D at ATF in KEK.



WP-prime 14: System design of ILC DR
injection/extraction kickers

ILC fast injection/extraction system
A fast kicker system using a semiconductor pulse power 

supply with nanosecond response was confirmed as 
proof of principle at KEK's ATF about 10 years ago. 

Semiconductor technology has been evolving, and it is 
now possible to advance nanosecond response beam 
injection/excitation systems using the recent 
semiconductor technology.

The technical evaluation of the fast kicker power supply 
using the recent semiconductor technologies.

Stored beam in DR Extracted beam from DR
Beam extraction test at KEK 
ATF Timeline described in the time-critical work package document 

WP-prime-14 related items conducted by KEK on ITN
JFY2025： Development of a prototype of the fast kicker power supply for the ILC 
JFY2026： Improvement of the prototype fast kicker power supply
JFY2027： Evaluation of the performance of the prototype fast kicker power supply

The same contents as WPP-14 will be carried out, However, we decided to delay the 
implementation year in order to give priority to other research topics. 22



WP-prime 15: System design of ILC FFS

ATF2 beamlineATF2 beamline is the only existing test accelerator in the
world to test the final focus system (FFS) of linear
colliders.

The following 3 research topics are important topics to
be pursued at the ATF.
 wakefield mitigation
 correction of higher-order aberration
 training for ILC beam tuning

Timeline described in the time-critical work package document 

The research topics will be conducted consistent with the content and timeline of WPP-15.

 The research will be conducted with the following 3 main topics
 Improvement of beam tuning techniques for nano-beam
 Long-term stabilization of nano-beam
 Upgrading of beam diagnostic devices

 The first 2-3 years will be mainly devoted to procurement of the necessary equipment to implement
the research items listed in the time-critical WP, and performance tests using the latest accelerator
technologies, such as machine learning, will be carried out at the ATF accelerator as needed.

23

WP-prime-15 related items conducted by KEK on ITN



WP-prime 17: Beam Dump

Finalize the engineering design of the main beam dump system
 Vortex water flow in the dump vessel
 Cooling water circulation and heat exchange
 Remote exchange of the beam window 
 Countermeasure for failures / safety system

Beam window
Exchange remotely

Timeline described in the time-critical work package document 

• Design of earthquake-resistant structures
• Design of the water flow system, including the water vortex flow mechanism in the beam dump
• Design of the beam window exchange system
• The performance of the vortex flow mechanism and beam window exchange system will be

evaluated using a prototype for functional verification.

The contents and timeline are roughly consistent
with those of WPP-17.

24

WP-prime-17 related items conducted by KEK on ITN



ITN in progress

25

For WPP-1&2 (SRF cavity, CM), we have already started technical discussions with researchers in Europe and the USA.
For WPP-15 (Final Focus System), European researchers joined to the ATF experiments in this June operation.
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先端加速器の研究開発

• 高エネルギー物理学実験の歴史は、大型加速器発展の歴史と言っても過言ではありません。過去、
超伝導電磁石などは物理実験を実現するために研究開発が進められ、その成果は社会にも広く還元
されてきました。

• ILCにおいても、粒子源、超伝導加速、ナノビームなどILCでの実験を実現するために不可欠な加速器
の研究開発があります。これらも将来的には産業・医療応用などを含め社会にも貢献できる内容であ
ると確信しています。

• 大学の様々な分野からの参加が可能で、本研究開発を通して若手研究者の育成に大きく貢献して行
きたいと思っています。

• KEKでは、大型の装置を用いた実験が行なえ、世界中の研究者や研究者の卵と肩を並べて研究を進
められる機会が得られます。特に、ハードウェア開発に興味のある学生の皆さんにはうってつけの場
所です。高エネルギー実験などでハードウェアに触れる機会が少ないフェーズに当たっている実験に
所属している修士課程の学生さんが、実際の加速器に触れることで、ハードの適用範囲など端末の
上の作業だけではない経験を積む機会に活用してもらうことも可能です。
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SRF
超伝導高周波加速技術は、高エネルギー物理学の発展に大いに貢献してきました。国内では、80～90年代のTRISTAN計画、90～2000年代
のKEKB-Factory計画、そして現在はSuperKEKB計画へと用いられ、海外では、LEP、LEP-II、LHC、HERA、CESR、BEPC-II、などに用いられ
てきました。ILCではニオブ材を用いた高性能の超伝導空洞を大量に用いる計画で、その性能を極限まで高める努力が世界中で行われてき
ました。具体的には、高品質の空洞製造、電解研磨法による表面処理、真空炉による高温熱処理、性能試験前に実施する低温熱処理、の
改良です。ここでは、最適な方法による空洞性能達成およびその成功率の評価を行うことになっており、これを実現するには空洞表面でどの
ような物理現象が発生しているのかを詳しく理解することが肝要です。表面処理の最適化に加え、ニオブ材の評価、性能試験の最適化や空
洞を調べる測定器開発なども含まれます。
WPP-1 Optimization of mass production cavity manufacturing KEK
WPP-1 Automation of cavity inner surface inspection + local polishing KEK
WPP-1 Automation of pre-tuning KEK
WPP-1 Optimization of cavity performance measurement KEK
WPP-1 Nb material fundamentals, FG/MG/LG, optimization KEK
WPP-1 Nb3Sn, MgB2 for higher Q and thermal efficiency at higher temperatures KEK
WPP-1 Thin film (including multilayer film) for high electric field KEK

WPP-1
Cavity shape (optimization of Ep, Bp, etc. by low surface field cavities) Remote (if the university has someone available to 

teach)

WPP-1
Development of magnetic shielding materials, reduction of environmental
magnetic field, improvement of efficiency of demagnetization method of
modules

KEK

WPP-2 Tuner design, manufacturing and testing (for larger LFD) KEK
WPP-2 (for higher power) Coupler design, manufacturing, and testing KEK

WPP-2
Design, manufacturing, and testing of SC electromagnets + cold BPM (for
higher radiation tolerance) KEK

WPP-2 Establishment of multi-point simultaneous alignment method KEK
WPP-2 Module design (optimization of thermal balance), manufacturing, and testing KEK

WPP-2
Establishment of module transportation and storage methods (including
vacuum system and moisture control) KEK

WPP-2
Development of beam loss monitor in STF-2 accelerator module Remote (if the university has someone available to 

teach)
WPP-2 Development of high-power RF equipment by resonant ring KEK

Example of topics (1)



29

SRF

Infra Construction of high-frequency system + monitor system for VT KEK

Infra Development of X-ray/neutron mapping for VT and module testing KEK

Infra Optimization of cooling and test evaluation methods for VT and module testingKEK

Infra Infrastructure design for VT (cryostat, radiation shield) + refrigerator control KEK

Infra Infrastructure design (radiation shielding, installation) for module testing KEK
Infra Dark current measurement (including energy) in module testing KEK

Infra Cryogenic system control (thermal efficiency optimization) for module testing KEK

Infra RF system in module testing (LLRF) KEK
Infra RF system in module testing (modulators) KEK

Infra RF system in module testing (high-efficiency high-frequency sources) KEK

Infra RF system for module testing (distribution system) KEK

Infra
Establishment of clean room work methods using robots (including tool
development) KEK

Infra Optimization of surface treatment (electropolishing, heat treatment) KEK

Infra
Simulation (RF calculations, thermal calculations) related to RF devices and
modules

Remote (if the university has someone available to 
teach)

Infra
Database construction Remote (if the university has someone available to 

teach)

Example of topics (2)
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電子駆動陽電子源
陽電子は、高いエネルギーの電子ビーム（あるいは光子）を標的に入射して生成します。強いビーム負荷のもとでの耐久度の高い標
的を製作すること、発生した陽電子を急速に収束させて高い捕獲率を得ること、などが焦点です。
陽電子源は、高エネルギーコライダーを中心に、ますます大強度化が要求されるようになっています。過去においては、SLC, 
SuperKEKB, DAFNE, CESRなどで使われており、将来にわたっても、ILC, CLIC, CCCなどの直線型コライダーは単位時間あたりの必
要陽電子数がもっとも高いです。FCCee, CEPCなどの円形コライダーでも以前よりは要求値が上がっています。さらにはミュー粒子コ
ライダー(LEMMA) などにおいても必要になる可能性があります。CEBAFのように、コライダー以外でも大電流の陽電子源がつかわれ
ています。
これらの陽電子源の技術には共通点が多く、ILC用の陽電子源の開発はそのまま世界の陽電子源につながっています。
WPP-8 Target KEK
WPP-9 Flux Concentrator KEK
WPP-9 Flux Concentrator Power Supply KEK
WPP-10 APS Cavity KEK
WPP-10 RF Source KEK
WPP-10 Beam loading compensation Remote (if the university has someone available to teach)
WPP-11 Target Replacement KEK

Example of topics (3)



31

Damping Ring
円形加速器の設計の高度化は、次世代の放射光源など世界中で研究が進められています。本研究の成果は、ILCへの貢献に限らず、
最先端の高性能加速器の設計に多くの知見を提供することになります。
WPP-12 Damping ring design Remote (if the university has someone available to teach)
WPP-12 Investigation of fringe field and dynamic aperture KEK（beam test at ATF-DR）
WPP-14 Injection/extraction system KEK（test at ATF extraction line）
BDS
近年、機械学習などを活用した加速器の自動化へのニーズが高まっています。最終衝突点へのビームラインのシステム設計はビー
ム動力学の最先端の研究を進めることで、ILCへの貢献に限らず将来のナノビームの設計や運用に多くの知見を得ることができます。
WPP-15 Development of online beam diagnostic system KEK（test at ATF2）
WPP-15 Fast feedback tests KEK（test at ATF2）
WPP-15 System design of BDS beamlines Remote (if the university has someone available to teach)
Dump
将来の大強度加速器では既存設備のビーム強度を超える数MWのビームを取り扱うなど、最先端のビームダンプ技術が求められて
います。ビームダンプ関連としては、その放射線遮蔽、冷却システムや遠隔操作機構の設計に加え、ビームダンプを利用した新粒子
探索実験やソフトエラー問題評価のための2次粒子照射利用など、先端実験設備としての利用を含めた総合的なシステム設計と鍵と
なる装置のプロトタイプ試験を行ないます。

WPP-17 Main Dump design KEK

WPP-17 Radiation calculation Remote (if the university has someone available to teach)

WPP-17 Window remote hndling KEK

Example of topics (4)
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https://www2.kek.jp/kokusai/ECRPAT/index.html
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https://www.kek.jp/ja/jobs/accl23-9/
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KEK特任助教公募中
2023年8月1日締切
23-9 SRF2人
23-10  陽電子源1人
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Summary

 SRF technology has matured. Large SRF accelerators (such as at European XFEL and LCLS-II / LCLS-II-

HE) are under operation or construction

 The important and time-consuming remaining ILC R&D items will be conducted through the ILC 

Technology Network, a global collaboration program

 Main topics are SRF, sources and nano-beam.

 KEK started its activity from this April including the SRF infrastructure improvement.

 We welcome the participation of many PhD students.
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