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ü Context

ü Key technologies for Linear 
Higgs factories

ü ILC: Technology update and R&D

ü CLIC: Technology update and R&D 

ü Summary and Perspectives



Context: EPPSU 2020 and Snowmass 2021  
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Context: HEP FC new Timelines Snowmass 21 

CCC and Muon colliders timelines are technologically limited 

CERN projects are linked to completion of the HL-LHC
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https://arxiv.org/pdf/2208.06030.pdf

Snowmass 2021-23 provided(s) an opportunity for formulating new ideas, updated reports, overviews, 

comparisons and summaries  ïfor the US and worldwide 

https://arxiv.org/pdf/2209.05827.pdf

Context: Snowmass 2021  colliders   

https://arxiv.org/pdf/2208.06030.pdf
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HEP FC Key Technologies

RF cavities Magnets

Components SCRF NCRF HLRF SC Mag. NC Mag. Vac IRs Injec-e+ Sust ï

C footprint

Others

Techniques Design HG/HQ CRYO CRAB HE-Klys Nb3Tn CRYO

P

R

O

J

E

C

T

S

FCC FCC-hh X X X X X Integr.

FCC-ee X X X X X X X X X X Integr.

LC ILC X X X X X X X

CLIC X X X X X X

ü HEP main Large Accelerator Projects Key Technologies

e+e- Higgs factory technology is ready
IAS-HKUST HEP 2024 22-25 January 2024
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Some LC general considerations 

· Luminosity at low-energies for CC surpass (reduction at 
high energy due to SR), at high-energies LC excel 
(Luminosity per beam power roughly constant)

· Increased luminosity with energy, e.g. 1-3 x 1034 cm-2s-1  

for Higgs factories at 250 GeV, 6 x 1034 at 3 TeV

· Higher energies ñeasyò ï3 TeV studied (CLIC), but many 
TeVs challenging: 

Å Power proportional to luminosity 

Å Consider up to 50km 

Å Higher-energy means smaller beams and increasingly important 
beam-beam effects 

· LCs have polarized beams (80% e-, ILC also 30% e+), the 
spin of the e+e- beam can be maintained during the 
acceleration and collision. This can help significantly 
improve measurement precision.



LCs Accelerator Challenges and Key Technologies
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Energy Luminosity
Construction cost

$ ~ L

High Gradient g

Operation cost

$ ~ PAC

High Efficiency ɖ

Nanobeam Technology
Å Damping ring (Ů)

Å Final focus (ɓ*)

Main Linac 

Technology
Small Beamspot ů*xů*y

Losses in cavity walls

Small duty cycle:

Pulsed operationLow resistivity

High frequency &

Ultra-short pulses

CLIC NCRF

2 beam acceleration

ILC SCRF

main linac
bunch
compressor

damping
ring

source

pre-accelerator

collimation

final focus

IP

extraction
& dump

KeV

few GeV

few GeV
few GeV

250-500 GeV
Linac Technology

Key Technologies

Nanobeam Technology



ILC and CLIC in a nutshell

International Linear Collider ILC

Å Superconducting Cavities, 1.3GHz, 31.5 (35) MV/m

Å Klystrons

Å 250GeV CME, upgradeable to 500, 1000GeV

Å L = 1.35x1034 cm-2s-1 (at initial 250GeV)

Å 20km length, in Tohoku / Japan

Å Polarisation 80%(e-), 30%(e+)

Compact Linear Collider CLIC

Å NC Copper Cavities, 12.0GHz, 72 ï100 MV/m 

Å Two-beam acceleration (Klystrons)

Å 380GeV CME, upgradeable to 1500, 3000GeV

Å L = 1.50x1034 cm-2s-1 (at initial 380GeV)

Å 11.4km long, at CERN / France & Switzerland

Å Polarisation 80% (e-)

Two e+e- linear collider designs, starting as a Higgs factory
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http://www.linearcollider.org/
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ILC parameters and beam accelerator sequence 

e- blue

e+ red ü SC helical undulators (baseline): 
rotating target, polarized (e- at 125 GeV)

ü Electron driven source: dedicated 3 GeV NC S-

band TW e- (pair production). 

üEnergy upgrades: 500 GeV (31.5 MV/m 

Q0=1 x 1010) , 1TeV (45 MV/m Q0=2 x 1010, 

300 MW) more SCRF, tunnel extension

- Kitakami site: 50km long, sufficient for 1TeV

üLuminosity upgrades:

- 2 x bunches, 2 x RF (1.35 -> 2.7x1034)

- Run = 500GeV machine at 250GeV, 

10Hz: factor 2 (2.7x1034 -> 5.4x1034)

- Improve power efficiency

ILC 250 GeV 
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ILC Technology level and R&D
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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
C

 c
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WP-prime 1
Cavity production

WP-prime 2
Cryomoduledesign

WP-prime 3
Crab cavity

WP-prime 4
Electron source

WP-5
Undulator

Undulator positron scheme

E-driven positron scheme

WP-prime 6
Rotating target

WP-prime 7
Magnetic focusing

WP-prime 8
Rotating target

WP-prime 9
Magnetic focusing

WP-prime 10
Capture cavity

WP-prime 12
System design

WP-13
Collective effect

WP-prime 14
Injection/extraction

WP-prime 15
Final focus

WP-prime 17
Main dump

WP-18
Photon dump

WP-prime 11
Target replacement

WP-prime 16
Final doublet

ML&SRF
(Main linac & 

Superconducting RF) Sources DR
(Damping ring)

BDS
(Beam Delivery System) Dump

Time-critical WPs

Time-critical WPs at the ILC Technology Network (ITN)

SRF is the main part!

IDT-WG2 has about 50 accelerator researchers from around the world 

participating in discussions on ILC accelerator development research
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As Received

Progress in SRF

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%).

US-Japan: high performance with 

new surface treatment, etc.

France-Japan: Automation of cavity cleaning

Realized through 

international cooperation 

and procurement

Accelerator performance 

verification at KEK-STF2

Final design is underway to comply with 

"High Pressure Gas Safety".

Germany-Japan: Improving Efficiency 

in Cavity Manufacturing.

ILC

European XFEL: 29 ± 5.1 MV/m LCLS-II: 18-21 MV/m

Q>2.7 1010

IAS-HKUST HEP 2024
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International Cooperation in SRF
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2018-2021:

Å Achieve stable electric field E > 35 MV/m through US-Japan 
cooperation
Å Improvement of Nb material manufacturing process and 

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

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

Å Cavity manufacturing efficiency improvement and dust prevention 
work automation Germany/France-Japan cooperation

Å Beam acceleration demonstration KEK-STF, 33 MV/m
Å High Gradient Cryomodule (HGC, FNAL) (in progress)

Å Aim to demonstrate 38 MV/m
Demonstration plan at ILC Pre-Lab (2022-)
ÅPreparation for mass production: Demonstration of international 

statistics in three region

US-Japan: Improving Performance through Surface Treatment

Cost reduction by direct slicing materials

KEK-STF
France-Japan Automation of 

Dust Prevention Work

Germany-Japan: Improving 

efficiency in cavity manufacturing

Direct slice from ingot (eliminates 

the rolling and mechanical polishing)

Cavity Frequency Measurement 

System(Quality assurance for 

cavity manufacturing process) 

HGC FNAL)

aiming for 

performance beyond 

ILC specifications (in 

progress)

(DESY)

22-25 January 2024
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SRF R&D items
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International Cooperation R&D Items:

ÅEstablishment of international standards of the SRF cavity satisfying the Japanese High-Pressure-

Gas-Safety regulation (requires common drawings)

ÅAdvancement of SRF cavity and surface treatment technology, performance evaluation

ÅOptimization of cryomodule (CM) design and overall performance evaluation of cavity packages

ÅEfforts to apply advanced SRF cavity technology such as crab cavity

SRF cavity

Cryomodule
ILC crab cavity system

Nb Fine Grain (FG) Disc

Grain Size:  50 - 100 um

A New Approach:

Nb Medium Grain 

(MG) Disc

Grain Size < 1 mm

Type-B CM has 

one unit of ñSCQ + 

cold BPMò at the 

center position.

CM design for ITN 

comprehensively includes 

the design for E-XFEL, 

LCLS-II and ILC/TDR

22-25 January 2024

more info in ITN information meeting on Oct.16-17 2023
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Progress in positron source
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2017 technical design 2018 2021 technical  verification

Alternative: Conventional e-Driven

Undulator 

prototype

Photon dump design

Mag. focusing Paricle simulationTarget

thermal 

simulation

Target 

Prototyping

Vacuum 

characteristi

cs Testing

Practical Operation of 

Superconducting 

Helical Undulator  

(Alternate Periodic

Structure)

Ti target beam test

Long undulator

operation at 

European XFEL
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Optics design

Optics design

Next Steps: evaluate 

both schemes by 

international cooperation

Thermal 

analysis

Loading

compensation

Pulse solenoid design

APS cavity 

Target maintenance 

RF stability test

T
e
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High-speed rotating 

positron target, 

Technology Design

Pre-lab

Baseline Undulator scheme to obtain polarization

IAS-HKUST HEP 2024 22-25 January 2024



Sources R&D items
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International Cooperation R&D Items:

ÅElectron source including the recent developments

ÅUndulator positron scheme: rotating target, magnetic focusing

ÅElectron driven positron scheme: rotating target, magnetic focusing, capture cavity

ÅTarget replacement

Target

Magnetic focusing

Photogunsbased on a compact insulator to reach 

high-voltage and free field emission

Rotating Target

Electron source

e-driven schemeundulator scheme

Capture cavity (L-band)
Girder structure on rail

Target replacement

3D RF simulation of APS cavity at KEK

Flux concentrator for e-

driven scheme

Test bench in KEK

Automatic connection 

coupler
Pillow sea

22-25 January 2024

more info in ITN information meeting on Oct.16-17 2023
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Progress in DR
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Eng. design

Eng. Design

Equipment verification

Final design

Stable 

operation

DR

2017 2018 2021 Pre-lab

Inj./Ext.

Fast kicker technology

LBNL

CERN-CLIC

Design based on experience with 

circular accelerators (4th generation SR) 

around the world

Maturing technology for beams in 

the latest ring accelerators such as 

SuperKEKB

Beam extraction demonstrated.

Beam pipes (NEG) BPMs Permanent 

magnets
3.2 km circumference 

e+e- shared a 

common tunnel 

H/V 4 µ / 20 nm in 100 ms

22-25 January 2024IAS-HKUST HEP 2024



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 effects

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.

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

Distribution of 

bunch positions 

measured at IPB, 

with two-BPM FB 

o  (green) and on 

(purple)

FONT feedback system

Ultra low-b* studies

ATF2 wakeýeldknobs 

system be-tween BPM 

QD10BFF and QD10AFF

Modify the beam monitor system, etc. at 

ATF to demonstrate stable operation.

IAS-HKUST HEP 2024 Final doublet optimization



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 

waveHeat analysis

RADIATE collaboration

Designed with 500GeV beam

Absorber: Water(10 atm) Hydrogen-Oxygen Recombiner SV M To delay tank

FM

25A SV Flow Meter PRV TT SV TV

Mixed Bed, PT PRV Pressurising line

25A Demineralizer TT

PRV /Deionizer
L/min FM Be7 Filter

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

   CWS 18.8 M3
80A FT Orifice Flow Meter TT    Level  Meter

LT

400A TT TT TT PT 400A TT 100A PG 125A TT

     CWR  400A

PG

FT

PG Orifice Flow Meter

  F.C Valve TT

FCV    Thermo Contoroller PG

400A TT TC PT

   CWS PG

Flow Contorol Valve BGV BSV

MW L/min

m
AV

TT TT PT

TT

400A

MW AV

L/min

m
Radioactive Chamber Storage Tank

1.1 MPaG
70

50
70

4
0

0
A

  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

1712,540 L/min

4
0

0
A

3,300
60

Beam  Dump
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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 WaterCirculation 

SystemDesign (2020)

Confirmation of safety by simulation

ÅHeat and stress in beam window, heat 

and shock waves in water

ÅEvaluation of activation and shielding

Ţesting of main 

components of circulating 

water system

B̧eam window 

replacement device

Ļeakage 

countermeasures for 

radiating dump water

Ȩarthquake resistant 

design

Detailed system design 

(pursuit of safety design)Design for 

shielding of 

muon particles 

generated by 

beam dump
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Nanobeams R&D items
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International Cooperation R&D Items:

ÅOptimization of damping ring design.

ÅAdvancement of high-speed beam injection/extraction technology (nanosecond beam control).

ÅUpgrade of beam diagnostics at ATF through in-kind contribution.

ÅEstablishment of nano-beam tuning technology utilizing ATF (including machine learning, etc.).

ÅVibration evaluation of final SC magnets.

ÅEstablishment of megawatt-class beam dump technology (application to neutron target and 

beam dump).

KEK -ATF Fastkicker (injection/extraction)

more info in ITN information meeting on Oct.16-17 2023

Swap-out injection system planned at LBNL

Beam injection/extractionsystemfor CLIC DR
Maximum search 

algorithms to be applied 

to beam tuning 

(Machine Learning)

Wakefield test station Intensity dependence studies

Prototype of ILC service cryostat

( 2K cooling system ; BNL )

Final doublet optimization
Vortex water flow
17 MW at 500 GeV beam

1 MPa to prevent boiling

Beam window 

Ti-alloy

1m-long x 2m(diameter) water

Beam Dump

IAS-HKUST HEP 2024



ILC Site Study and Civil Engineering
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Kitakami mountains

Damping Ring

Detector Hall
granite zone


