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Situation of physics/detector 
studies for Higgs factories: 
IDT, ECFA, snowmass, etc.

Taikan Suehara (Kyushu U.)
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• Overview of Higgs factories (ILC, FCCee, C3, CLIC, CEPC, …)
• Snowmass & activities in US
• ECFA Higgs/EW/Top factory studies & detector R&D roadmap
• ILC IDT, ILD/SiD, ILC-Japan
• Current situation of Phys/det studies in Japan & way to go

Topics
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Higgs factories and detectors
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• ILC: 2038- (TDR)
– 2+4y preparation
– 10y construction

• CEPC: 2035- (CDR)
• FCC: 2048- (CDR)

– FS: -2025
– HL-LHC: -2042 

(Parallel construction)

• CLIC: 2048- (CDR)
• C3: 2040’s (Pre-CDR)

Higgs factories: possible timeline
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• Superconducting linac (ILC)
– 31.5 MV/m almost proven, experiences in Euro-XFEL (10% scale)
– Upgrade paths: 45 MV/m, 70 MV/m, ~100 MV/m

by surface treatment, traveling wave, thin-film

• Normal-temperature (CLIC)
– Acc. gradient proven (and higher), but no big production experience
– Concern on luminosity and power

• Cryogenic normal-conducting (C3)
– New idea, still basic demonstration stage

• Circular (FCCee / CEPC)
– High cost (2x ILC) for Higgs factory, detailed design still ongoing
– Big issue on magnet (>20 yr needed?) for proceeding hadron collider

Critical technologies for Higgs factories
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Snowmass: Energy Frontier Vision 

L. Reina et al., Snowmass Summer Study



Taikan Suehara, 1st general meeting of ILC-Japan Physics WG, 25 Nov. 2022  page 7

Snowmass: Energy Frontier Vision (cont.)

L. Reina et al., Snowmass Summer Study
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Snowmass: Energy Frontier Vision (cont.)

Private summary
• Support “earliest Higgs factory” to realization (ILC, FCCee, or ILC/CLIC in Europe)
• Continue R&D for e+e- collider in US (if none will go) in 2040s (after DUNE)
• Muon collider R&D for long-range target
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Snowmass: Detector development in US?

Large Experiments Panel @CSS, Seattle, July 26, 2022

Detector R&D Needs 
Preparation of a Technical Design for a Detector needs an R&D program
• Highly segmented detectors with good resolution were simulated to make 

the case for physics studies for Higgs Factories & Multi-TeV Colliders.
• We do need complex/cutting-edge detectors to meet the ambitious 

physics goals! The needs extend beyond generic R&D.
• Address the specific detector challenges for e+e– colliders. 

• Such a program needs to start now 
• to explore the technology to build a full-scale e+e– collider detector 
• It takes about 10 years from CD0 to end of construction of a collider 

detector.
• Thus investment in targeted detector R&D for a Higgs Factory has 

to start soon!

13
Should check the P5 recommendation in next year (?)
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European strategy (2020) and reflections
• FCC feasibility study (2021-25)

• FCCee detailed design
including infrastructure

• Magnet studies for FCChh
• Financial feasibility
• 100 M(SF) in total budget

Next strategy (2027?) will decide
whether It should go or not

• Backup solutions for Europe
• CLIC (will report 2025 also)
• ILC in Europe?

• Participation of ILC in Japan
if it will go “timely”

• Common Physics/detector R&D
for Higgs factories
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ECFA Higgs/EW/top factory studies

1st workshop at DESY in Oct. https://indico.desy.de/event/33640/

https://indico.desy.de/event/33640/
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Activities in ECFA HF studies
Common software framework for HF
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ECFA detector R&D roadmap and DRDs

Current CERN-based collaboration (RDxx)
as well as other HF-related (CALICE etc.)
will be (somewhat) restructured to DRD

How to contribute/relate from Japan
is the issue to be discussed

Strong top-down
encouragement of 
future detector R&D

(though funding is
unclear at this moment)
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ILC international development team

Jenny List (DESY/CERN)

Physics activities are coordinated under
IDT WG3. Open meeting ~every month.

Was actively engaged in Snowmass study.
Activities will be resumed soon…

IDT WG3 subscription instruction:
https://agenda.linearcollider.org/event/9154/

https://agenda.linearcollider.org/event/9154/
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IDT activities (for snowmass)

Comprehensive paper of the
ILC phys/det/acc including upgrades
to multi-TeV. >300 pages

arXiv:2203.07622

1. Introduction
2. Outline of the ILC Physics Case
3. Route to the ILC
4. ILC Accelerator
5. General Aspects of the ILC Physics Environment
6. ILC Detectors
7. ILC Detector Simulation
8. ILC Physics Measurement at 250 GeV
9. ILC Precision Electroweak Measurements
10. ILC Physics Measurements at 350, 500 and 1000 GeV
11. ILC Fixed-Target Program
12. Precision Tests of the Standard Model
13. Big Physics Questions Addressed by ILC
14. ILC and Models of Physics Beyond the Standard Model
15. Long-Term Future of the ILC Laboratory
16. Conclusions
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ILD and its activities
First concrete design of a full PFA detector
Critical contribution from Japan 
A good playground for HF phys/det studies
with good software support (matured for > 10 years)
Recently refocused to generic HF detector
• Adaptation to circular collider ongoing

10

Strip or pixel

Detailed layout of 
forward disks

Transition VTX to 
FTD

Timing properties

ILD: Status and Plans

Timing in the ECAL

SET Design and 
parameters

TPC endcap 
design, 

amplification 
technology

Forward design

14.11.2022

65+ institutes, ~300 members
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• Physics WG activities
– 2021 (before snowmass)

theorist-driven discussions on
various key topics
(Shirai-san’s talk today
and in JPS spring 2022)

– 2022 (after snowmass)
This activity
initiated by Ishino/Suehara
Strategy should be discussed in 
this meeting

ILC-Japan and physics WG
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• 1st IDT-ILCJ discussion
– J. List, M. Peskin, R. Poeschl et al.

as well as J. Tian, D. Jeans from IDT

• Regular discussions planned
– 2nd round: December

• IDT willing to cooperate with ILC-J:
concrete plans will be discussed
in the following meetings

IDT-ILCJ discussion
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• A lot of work covered and high visibility kept in ILD in >10 years
– 30-40% of the physics work covered despite low human resource
– Also noticeable work in software development and simulation work
– Good collaboration with theorists (lot of papers with theorists included)

• Now the group
is getting
resolved…
need new
wave/power

ILC (before ILC-J) physics activities in Japan

K. Fujii, Mar. 2021
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• Need more interaction with other projects – today’s main topic
– Community-wide support/enthusiasm is critical for realization of ILC
– Physics discussion is the key base for interest to the project
– How to establish the persistent cooperation structure?

• Topics to attract new people should be prepared/listed
– Novel machine learning/AI application (see afternoon session)
– Key physics issues – Higgs self-coupling, light DM, etc.
– Synergy to studies in other projects (which?)
– Any others?

• Detector with novel concept/technology – maybe done separately 

ILC physics activities from now
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• e+e- Higgs factory emerged as #1 priority next project in the world
– Both in Europe and in US

• Many candidates appearing (ILC, FCCee, CLIC, CEPC, C3, …)
– ILC is still earliest but will be caught up in 5-10 years
– Next ~5 years should be critical to realize “any” Higgs factory

• Global interest to raise detector R&D
• Most of physics/detector activities can be in common

– Already forward in Europe, will see in US, in Japan…?

Summary
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