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Muon Collider overview

08/08/25 US Muon Collider Annual Meeting 



• Total length: 945 m

• Total # of solenoids: 3026 

• On axis field from 2.5 T to 14.3 T (in Lattice) 

• Free bore 1.5 m to 90 mm 

Ionization cooling channel 
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Integration
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Early cell (“easy”) – 2T peak

Late cell ( “hard”) – 14 T peak



Cavities in B-fields
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Cavities in B-fields
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Gas-filled

 cavities
Vacuum cavities

Need B> 3T



• Physics of ionization cooling has been demonstrated in two occasions

 

Principle verification
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Fermilab Muon g-2 Experiment
MICE Experiment



Benefits of a cooling demonstrator
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• Benchmark a realistic cooling lattice

• This will give us the input, knowledge, and experience to design a real, 

operational cooling channel for a MuC

• It will advance magnet technology since we will design, prototype 

and test solenoids similar to those needed for a MuC

• Synergistic with fusion reactors and axion dark matter searches

• It will advance rf cavity technology since we will design, prototype 

and test NC cavities  similar to those need for a MuC

• Opportunity to develop efficient klystrons that can be useful for future colliders

• Opportunity to develop technology towards very high-gradient rf cavities for 

future colliders



Full demonstrator with beam

Coils producing 7T axial fields

Potential to achieve 50% 6D 

cooling

Cell integration studies

Cell resembles late 6D cooling 

stages

Reuse components from Phase I 

RF studies in B-fields

Material studies & cryogenic Cu

Muon demonstrator staging
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• Design in progress

• Muon source, target and 

transport

• Beam transport

• Cooling channel 

• Investing synergies with other 

applications

Full demonstrator with beam  
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C. Rogers, Phys. Sci. Forum 2023, 8(1), 37



Candidate locations at CERN
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• CTF3 area
o No extraction in the PS

o ~ 100 m tunnel available 

o Limited to < 10 kW average beam 

power

o ~ 2 × 106 muons/bunch 
o Klystron gallery available



Candidate locations at CERN
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• TT7 tunnel 

o Does not require a new 

beam extraction in the 

PS

o Muon intensity lower 

than CTF3 (under 

study)



Candidate locations at Fermilab
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Choice of cooling cell?
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Target field on axis for a 1 m cell



Choice of capture scheme?
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• Fermilab with access to high-power proton beams and technological 

expertise, is a good candidate for a Cooling Demonstrator 

– It requires dedicated studies for designing this facility and exploring its 

implementation within the Fermilab accelerator complex. 

• LDRD deliverables

• Compare sites within Fermilab for a demonstrator  

• Initial design & performance evaluation 

• Evaluation of risks

• Initiate a cost analysis & schedule

• We are looking forward to starting the effort soon!

• More to report soon!

LDRD at Fermilab
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