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Potential for development: future 10 TeV parton-scale collider options

FCC-ee LEP3 LHeC LCF, CLIC

new electron accelerator
~50 GeV beam energy
much smaller investment
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e*e” with improved acceleration technologies
LCF, C3 (> 1 TeV), CLIC (1.5 TeV), HALHF, ...
+ possibility for HI collisions - plasma acceleration for higher energies
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Suggested Discussion Points

(i) Higgs and electroweak potential

(i) Importance of high-energy running in the e*e- programme
(iii) Accelerator Challenges, Technology and Innovation

(iv) Plan-B scenarios, if FCC-ee is not feasible (financially)

(v) Plan-B scenarios, if FCC-ee is not competitive
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(i) Higgs and electroweak potential

The maijor e*e- projects (FCC-ee, LCF/CLIC, LEP3) differ in certain aspects of el.weak / Higgs physics
- What is the importance of the high-luminosity running at the Z pole (Tera-Z vs. Giga-Z)?
- Tera-Z vs. interesting top physics programme at 550 e*e- linear collider

- Higgs boson couplings - Theory progress needed (already at the HL-LHC)
Confidence that required theoretical precision can be achieved;
Progress in lattice calculations needed?
In general, no large difference between the various e+e- colliders seen
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Higgs and electroweak potential (cont.)

- Higgs boson self coupling:
Importance of direct measurement vs. indirect determination;

Theoretical uncertainties in the indirect determination
* What is needed on the theory side?
* What limits the final uncertainty?
* Comparison to HL-LHC prospects

- Is it worth spending 5 years of run time to assess the Hee
coupling (s-channel running at FCC-ee)?

HL+LHeC
HL+LCF2s0
HL+LCFss0
HL+LCF1000
HL+CLICa30

HL+CLIC1s00

HL+FCC-ee

HL+FCC-hh
HL+MuC1o

Can the experimental conditions be realised (monochromatisation of the beam energy)?

- How dramatic is the limitation of the max. energy of v/s = 230 GeV at LEP3?

| _28%

“We only need to measure the Higgs boson width (absolute couplings), the rest will anyhow be done much better at

the real Higgs factory, FCC-hh”

- Invisible Higgs boson decays?
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(i) Importance of high-energy running in the e*e- programme

Importance of high-energy running in the e*e- programme
- LCF at 550 GeV

- CLIC at 550 GeV, 1.5 TeV (maybe 3 TeV in a second phase)

- Will 1.0, 1.5 or 3 TeV be enough to discover Sven’s additional
Higgs bosons?

Or do we need a powerful hadron collider?
Complementarity to e+e- precision machines in searches for
new physics
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(iii) Accelerator Challenges, Technology and Innovation

- How frustrating would it be for the community to re-build LEP 40 years later?
* Innovation?

* Impact on the field (young generation)?
* Would the FCC (feasibility) studies all be in vain?
* What about coupling LEP3 to FCC-hh?
- Can the technology challenges of the various colliders be mastered?
* FCC-ee: very high luminosity (Super KEKb comparison)?

* LCF: final focus & positron production (= luminosity), polarisation?

* CLIC: Final focus, acceleration gradients?
What type of demonstrator would be needed?

- Difference in “in-kind” contributions by international partners?

- What R&D on accelerators should be pursued?
High-field magnets? Muon Collider? Plasma? Energy recovery linacs?
In general it is felt that we are too broad in the “accelerator roadmap”
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(iv) Plan-B scenarios: what if FCC is not feasible (financially)

The total financial volume of FCC-ee is 15.3 BCHF FCC-ee cost estimate (FSR 2025) |
. . Capital cost (2024 CHF) for construction of the FCC-ee is summarised below. This cost includes construction
( | n CI . 4 expe rl m e nts ) of the entire new infrastructure and all equipment for operation at the Z, WW and ZH working points.
[ Ooman | CostlMGHR |
_ Civil engineering 6,160
+ tt programme: add. 1.26 BCHF > 16.6 BCHF e i
njectors a n nes
(incl. infrastructure for tunnel (FCC-hh) (-6.2 BCHF) Booster and colider 4,140
CERN contribution to four experiments 290
FCC-ee total 14,020
+ four experiments (non-CERN part) 1,300

FCC-ee total incl. four experiments 15,320

What are the alternatives?

Note: Upgrade of SRF (800 MHz) & cryogenics for ttbar operation corresponds to additional cost of 1,260 MCHF

« LCF: 1stphase 8.5 BCHF + 2 experiments - 9.3 BCHF

2nd phase + 5.5 BCHF 14.8 BCHF E
. CLIC (380 GeV) 7.3 BCHF + 2 experiment > 8.1 BCHF
(550 GeV) +7.3*0.3 =2.2 BCHF 10.3 BCHF Orean
« LEP3 (230 GeV) 3.9 BCHF + 2 experiments - 4.8 BCHF ;;lhi;:'teeg
« LHeC 2.0 BCHF + 1 experiment > 2.5 BCHF -
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(v) Plan-B scenarios: what if FCC is not competitive

Domain FCC-hh Cost [MCHF]

. . . 'y ) FCC-ee dismantling 200
Would a Linear Collider be competitive* SSNAaE 20
Injectors and transfer 1000
i . . . linear
f?
Timeline 2045 compared to e:‘.g. a CEPS) project in 2037 Civil Engineering =
If so, what energy would be “adequate™? P S 3960
Experiments N/A
Total 19080
R _ : H *target price of 2.0 MCHF per 14.3 m long magnet
Would an FCC-hh collider be an alternative? with 1.0 MCHF of conductor, 0.5 MCHF for assembly,

and 0.5 MCHF for components

- Technology (magnet) development?

Fi ial f ibility? 14 T Nb;Sn “accelerated” roadmap: short models & scaling in length
- InanCIa eaSI I y ' = Select the design by 2028/29 (first indications from HFM tests in 2026-2027)

= Short model program to verify reproducibility and optimize manufacturing processes: in 2029-2031
= Scaling in length in two steps: TRL 7 achieved between 2032 and 2040

= Industrialization for final magnets, with pre-series

= 9 years of production, installation and commissioning in parallel
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