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•Introduction + context
•e+e- colliders
•Hadron and electron-hadron colliders
•Muon collider
•Observations

Outline 
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I assume it is given that HL-LHC remains the 
highest-priority collider project

The current CERN schedule foresees HL-LHC 
operations starting in 2030 and running thru 
2041

Hence I will not say any more about it!

HL-LHC 
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• Linear Colliders: ILC, CLIC, C^3, HALHF (Aidan Robson)

•FCCee (Guy Wilkinson)

•FCChh (Andy Pilkington)

•FCCeh (Monica D’Onofrio, Uta Klein, Paul Newman, Claire Gwenlan)

• LHeC (Paul Newman)

•Muon Collider (Chris Rogers, Karol Krizka)

Collider inputs 
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Collider options (2020)

EPPSU 2020 Briefing Book
https://arxiv.org/abs/1910.11775

https://arxiv.org/abs/1910.11775
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Collider options (2020)
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https://arxiv.org/abs/1910.11775


LEP3?
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https://www.researchgate.net/publication/230610106_LEP3_A_High_Luminosity_ee-_Collider_to_study_the_Higgs_Boson

240 GeV: 10^34 luminosity for 100MW of synchrotron radiation

https://www.researchgate.net/publication/230610106_LEP3_A_High_Luminosity_ee-_Collider_to_study_the_Higgs_Boson
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Collider options (2020)

EPPSU 2020 Briefing Book
https://arxiv.org/abs/1910.11775

https://arxiv.org/abs/1910.11775
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CEPC 

TDR completed (Dec 2023)

Awaiting decision on inclusion

in next 5-year plan 2026-2030

Could be operational mid 2030s
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• Environmental cost of construction (in units of tonnes of CO2 equivalent)

• Environmental cost of operation per year (in units of tonnes of CO2 equivalent)

• Estimate of financial costs (provide separate numbers for R+D phase, construction 
phase and operations phase)

For each energy stage:

• centre-of-mass energy

• integrated luminosity

• number of interaction points

• time running at stage

• wall power

• accelerator length

• estimated year for first collisions

• future upgrade paths

Key parameters requested  
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The compilation that follows is based on the 
input provided - any errors in reporting or 
interpretation are mine!

Disclaimer 
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Linear colliders:

• Current baseline is 1 IP: 2 detectors are still possible in ‘push-pull’ mode

• 2 IPs also possible @ cost of extra beam delivery system: being studied for ILC/CLIC

• Luminosity would be shared between 2 detectors

Circular colliders:

• 2 or 4 IPs possible for circular machines (FCC baseline now 4)

e-p colliders:

• 1 IP

Muon collider

• 2 IPs

Number of IPs 
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Linear e+e- colliders 
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Linear e+e- colliders 
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Linear e+e- colliders 
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Linear e+e- colliders 
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Luminosity range: 1 (250 GeV) → 6 (3 TeV) x 10**34 

Cost: 

ILC250 ~ 6-7B$ (2017) incl. labour

ILC500 ~ 8B$     (2010) incl. labour

CLIC380 ~ 5.9BChF (2018) core

C^3 250 ~4B$ (2021) capital 

HALHF250 ~2B$ (2023) capital

Wall-plug power range: 80 → 215 MW for energies up to 550 GeV

Civil construction: 49 → 266 kton CO2-eq  

Observations 
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ILC: Also looking at 550 GeV (modest scaling from 500 GeV design)

Costs being updated by international expert panel → early 2025

Design + costs for CERN site in progress

CLIC: Power savings implemented for 380 GeV to be done for 1.5 TeV and 3 TeV 

Design/costs for 250 GeV expected

C^3: Borrows from ILC + CLIC for everything except linac

Linac test facility proposed to validate the ‘cool Cu’ linac  concept

HALHF: Requires investment in R&D to validate concept

Parameter sets + costs for 380 GeV and 550 GeV as well as 250 GeV

All could be run at lower energies (Z, WW …) with lower luminosity: GigaZ sample @ 91 GeV

Polarised electrons baseline; polarised positrons also (ILC baseline) 

Other remarks 
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FCCee
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FCChh
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FCCeh + LHeC
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Feasibility study report due end March 2025 → updated design + costs

Luminosity higher than LCs up to 240 GeV

FCCee:

15BChF core cost (2023) → 360 GeV, 4 IPs, CERN contribution to 2 detectors

FCChh:

+17BChF core cost (2018) from FCCee → FCChh

24BChF FCChh standalone

Observations 
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Luminosity vs c.m. energy

EPPSU 2020 Briefing Book
https://arxiv.org/abs/1910.11775

https://arxiv.org/abs/1910.11775
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Higgs/top factories 
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Higgs/top factories 
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Higgs/top factories 
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Higgs/top factories 
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‘Energy frontier’ 
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‘Energy frontier’ 
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‘Energy frontier’ 
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‘Energy frontier’ 
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‘Energy frontier’ 
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Costs: 

Some estimates are several years old, and in various cost bases

Materials costs have generally increased → higher construction costs

Electricity cost has increased → higher operating costs

Exchange rates have fluctuated (eg. $/Yen) → eg. benefits ILC in Japan

Expect updates by March 2025

Sustainability:

Some projects have made estimates for CO2-eq for construction (+ operation) 

Needs to be evaluated with industry standards: materials vs. cost

Operation costs need to be estimated using future power generation models

CO2-eq for accelerator components needs to be evaluated

Expect updates by March 2025

General observations 



Thanks to many colleagues
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Extra material
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Towards CLIC Carbon Accounting via Life Cycle Assessment 
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CE upgrade: tunnel lengthening if needed important, should do better than today (concrete etc)

Decommissioning: not estimated, important for upgrades if parts are removed, and end of life

Acc upgrade: should be able to improve for raw materials, processing and assembly

Com&Operation: Energy use (~0.7 TWh annually) times carbon load (50% nuclear plus 50% renewables), improve with time

Accelerator: Here equal to tunnel - to be done, materiel and design choices, responsible purchasing, in progress

CE: From ARUP study, roughly 11-12 kton/km

Work in progress – this example is closest to the CLIC drive-beam parameters, 

detectors and computing (and travels) not considered  

This plot (blue part) 

is for 11 km of 

tunnel, scales with 

length

Now working on 

machine parts 

(orange), here 

assumed hardware 

= civil engineering 

impact  

Steinar Stapnes



Environmental impact
Will be a major consideration for any new facility

Eg.  Study by Breidenbach et al, PRX Energy 2 047001 (Oct 2023):
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Detailed life-cycle 

assessment (LCA)

Consistent basis

Using industry 

standards for 

CO2eq costs for 

construction, 

operation + 

decommissioning 

LCA in progress for 

ILC, CLIC, FCCee



Schedules?
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ILC 2017/8

• Cost ~ $5B (2010)  UPDATE IN PROGRESS
• Power ~ 111 MW FOR EPPSU MARCH 25

8,000 1.3GHz 

SRF cavities @ 2K
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Cool Copper Collider (C^3)

Design choice: C-band Cu RF cavities @ 77K (LN2)

higher gradients → lower RF power 

higher RF → beam efficiency
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HALHF
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Hybrid Asymmetric Linear Higgs Factory (HALHF) 

Foster, D’Arcy and Lindstrøm, New J. Phys. 25, 093037 (2023)

Lindstrøm, D’Arcy and Foster, arXiv:2312.04975

https://iopscience.iop.org/article/10.1088/1367-2630/acf395
https://arxiv.org/abs/2312.04975
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Future Circular Collider ee
Feasibility Study due to report March 2025
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Future Circular Collider hh
Feasibility Study due to report March 2025



The FCC-eh complex 

● centre-of-mass energy: 3.5 TeV (assuming 60 GeV electron beam, 50 TeV proton beam)

● integrated luminosity: 1 or 2 /ab

● number of interaction points: 1

● time running at stage: 10-20 years (as many as FCC-hh)

● wall power: 100 MW for ERL?

● accelerator length: same as FCC-hh for proton beam, ERL: 2 km arc, 1 km straight-length, 3 turns  

● estimated year for first collisions: 2050+

● future upgrade paths: none at the moment ERL development in progress

Monica D’Onofrio et al



Muon Collider

46Chris Rogers et al


