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What is 10 TeV pCM?

2See C Englert’s talk!

https://conference.ippp.dur.ac.uk/event/1357/contributions/7835/attachments/6143/8272/2024_ECFA.pdf


Why collider experiments?
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Collider experiments allow you to sample a huge space 
of theories with one experimental setup!

Very useful if you don’t know where to look...



Why 10 TeV pCM?
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and other searches for 
rare processes



Collider Concepts
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FCChh
● Mostly existing technologies in a big 

(~100 km) tunnel.
● Potential e+e- collider as first stage.
● Alternatively the SppC in China.

Muon Collider
● Precision of a lepton collider with 

energy reach of a hadron collider.
● Significant accelerator R&D needed.
● No official site.

P5 report mentions Fermilab…



Muon Collider: Accelerator Complex
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C Rogers this morning

IMCC Interim Report

Energy 
Staging

Luminosity 
Staging

Triggerless

This is the hard part
(last attempt in UK)

Compact ring to minimize 
muon travel time

Scale as 1/s2

https://conference.ippp.dur.ac.uk/event/1357/contributions/7693/attachments/6157/8297/2024-09-25_rogers-muon-accelerators.pdf
https://arxiv.org/abs/2407.12450


Muon Collider: Beam Induced Background

● BIB = muon beam decays and strike the detector
● Two key mitigations

○ 10° tungsten nozzle to shield from beam decay products
○ Precision timing information from detectors

7
FLUKA simulation of BIB before reaching the detector.

Tungsten 
nozzle

Tracker occupancy after timing cuts.

Particle energy spectra with 
(Y) and without (N) nozzle.

Tracker occupancy 
10x that of HL-LHC!



Muon Collider: Detector Concept

8Could be instrumented?

4D tracking with 30-60 ps resolution.



FCC-hh: Accelerator Complex
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Main challenge is high field magnets.

S Gibson this morning

The LHC tunnel could be used for injection at 3.3 TeV.

Discuss: At what level does FCChh imply an FCCee?

https://conference.ippp.dur.ac.uk/event/1357/contributions/7691/attachments/6159/8298/240925ECFA-UK-HadronColliders.pdf


FCC-hh: Detector Concept
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Roughly same size as ATLAS.

4T field

Increased focus on forward object (ie: tracking up to |η|<6)
● Needed for pile-up rejection and VBF processes.

Delphes card available for quick studies.



FCC-hh: Pile-up of 1000
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Object reconstruction studies are very advanced. 
However studies with pile-up 1000 are important.

Radiation damage is
100x that of HL-LHC (and μC)

5 ps timing required for forward tracker.

Impact on calorimeter can be managed.



Detector R&D
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Source: The 2021 ECFA detector research and development roadmap (with updates).

Very similar requirements for both machines.
** Sorry for tracking bias.

4D tracking, high data rates, rad hard
Technology demonstrators?

https://cds.cern.ch/record/2784893?


Timelines
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Source:
Snowmass 2021 Energy Frontier Report

Add your own 
uncertainties!

Will slip 1 year / 1 year without R&D funding.

Driven by HL-LHC schedule.

Estimated cost of 
FCChh is 2.5x μC.

https://arxiv.org/pdf/2211.11084


International Considerations
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P5 Panel Report

Status of the CEPC Project (ICHEP 2024)

US has shown strong interest in a μC, but nothing decisive.

Chinese 100 TeV pp 
collider is not 
constrained by 
HL-LHC timelines.
Go directly to FCChh?

https://www.usparticlephysics.org/2023-p5-report/
https://indico.cern.ch/event/1291157/contributions/5890038/attachments/2898444/5087183/2024-ICHEP-CEPC-Overview-HaijunYang.pdf


Final Thoughts

● 100 TeV pp and 10 TeV μμ colliders physics competitive by design.
● Accelerator: μC requires significant R&D for novel collider.

○ FCChh does require much larger infrastructure.
● Detector: high pile-up makes FCChh environment more challenging.

○ μC has similar challenges due to BIB, but “easier”.
● FCChh studies are advanced, but μC is ramping up.

○ Improved understanding of pile-up/BIB is important for predictions.
● Don’t forget the non-scientific considerations.

Further Reading:

● Future Circular Collider Conceptual Design Report Volume 3
● Towards a muon collider 15

Contact Andy, Sarah or I if you 
would like to get involved!

https://link.springer.com/article/10.1140/epjst/e2019-900087-0
https://link.springer.com/article/10.1140/epjc/s10052-023-11889-x

