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The Muon Shot
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The Muon Shot
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Why are we excited about muon colliders?
2203.07256
2103.14043 

A muon collider combines pp and ee advantages:
• High available energy for new heavy particles production
• High available statistics for precise measurements (and no 

QCD background)
• Can measure processes of very high energy
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https://arxiv.org/abs/2203.07256
https://arxiv.org/abs/2103.14043
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IMCC week 2024 @ CERN

~200 people, 3.5 days, ~100 talks
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Evolution of mindset

D. Schulte

https://indico.cern.ch/event/1325963/contributions/5791444/attachments/2817690/4919565/Annual_2024_final.pdf
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Roadmap

D. Schulte

https://indico.cern.ch/event/1325963/contributions/5791444/attachments/2817690/4919565/Annual_2024_final.pdf
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Staging options

D. Schulte

https://indico.cern.ch/event/1325963/contributions/5791444/attachments/2817690/4919565/Annual_2024_final.pdf


Facility updates and 
demonstrator 
programme(s)
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News from CERN

M. Lamont
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Siting details
Preliminary 
Fermilab siting 
study
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Demonstrator programme(s)
Planning demonstrator facility with 
muon production target and cooling 

• Intensity below real collider 
(e.g. 10 kW target)

Suitable sites exist on CERN and 
Fermilab land

1. RF tests

2. Prototype 
cooling vacuum 
vessel 

3. Cooling tests 
with beam
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RF Magnetic field test facility

Magnetic fields induce sparking in 
RF  

Preliminary mitigations exist  

• Novel materials  
• Surface preparations  
• Gas insulation  
• Cavity management  

Need full design  

• Experimental demonstration 
• Needs to happen before 

cooling demonstrator 
construction  

Test stands proposed in Milan, 
Daresbury, CEA Saclay
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Muon cooling
Cooling cell design independent of the site, 
but muon beam production and preparation may not be 

• Ongoing studies on the implementation 
of a demo facility in CERN TT7 

• Preliminary cooling lattice design done

C. Rogers



Detector requirements
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A feedback loop

C. Cesarotti’s talk

S. Pagan Griso’s talk

K. Di Petrillo’s talk 

https://indico.cern.ch/event/1353612/contributions/5775127/attachments/2816762/4917576/mdiWishlistCesarotti.pdf
https://indico.cern.ch/event/1353612/contributions/5775164/attachments/2817486/4919114/2024-03-12_IMCC-MDI_DetectorRequirements%20(1).pdf
https://indico.cern.ch/event/1325963/contributions/5791446/attachments/2818119/4920492/2024.03.12.kdp.IMCC.pdf
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Interim report requirements
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Interim report requirements

Driven by BIB rejection

Physics opportunities arise as byproduct: s-tagging? Massive long-lived particles?

Need to quantify!
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Interim report requirements

The detector should not break down!

• The technological readiness might impact our final performance

B. Rosser’s talk 

https://indico.cern.ch/event/1325963/contributions/5784358/attachments/2818519/4921221/imcc_ten_tev.pdf
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Interim report requirements

2203.09425 

https://arxiv.org/pdf/2203.09425.pdf
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Interim report requirements

2203.09425 

2102.11292 

Also:
track impact 
parameters

https://arxiv.org/pdf/2203.09425.pdf
https://arxiv.org/abs/2102.11292
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Interim report requirements

2102.11292 

2303.14202 

https://arxiv.org/abs/2102.11292
https://arxiv.org/abs/2303.14202
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Interim report requirements

From a mix of parametric studies, “LHC-like”, “already 
achieved” and “Higgs-factory-like”

Plan to use high-priority physics benchmarks to 
understand what the actual minimum requirements are 
and support choices
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High priority benchmarks

To make our physics results as robust as possible in view of the next ESPPU, we 
have to agree on a restricted set of high-priority benchmarks to dissect in detail.

• Substantial work in this direction done within the physics, detector and 
dedicated workshops

Current proposals:

1) Search for high-mass states (HVT-like)

2) Measurement of di-Higgs coupling

3) Disappearing tracks

Unconventional

 Producing the final 
 number is not enough

• Demonstrate 
robustness of 
fast-simulation 

• Validate 
distributions of key 
quantities and 
efficiencies of 
selection cuts



Novel detector 
designs
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Reminder: 3 TeV detector layout
The detector model is based on 
the CLIC concept

Nozzles 

All-silicon tracker

ECAL (Tungsten+Silicon)

HCAL (Steel+Scintillators)

3.57 T Solenoid

Muon chambers (RPC) in 
magnet yoke
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Designing a 10 TeV detector
Update the tracker 

• Optimise position and granularity
• Reconsider double layers
• Re-design endcap region 

Make the calorimeters thicker

• More radiation/interaction-lengths for 
containment

• Revisit cell energy thresholds, or think 
about some level of “BIB shielding”

Verify feasibility of streaming operation

CLICdp-Note-2017-001
CERN-FCC-PHYS-2019-0003 

https://cds.cern.ch/record/2254048
https://arxiv.org/abs/1912.09962
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Fast evolution from concept (March ‘23) …

Visualisation 
glitch 
(extend up to 
the barrel)

No need for 
a Yoke

Simplified 
muon system

Toroidal field 
(first time in key4hep)

Calorimeter 
depth optimised 
with photon and 
pion gun samples
(changed both 
sampling fraction 
and Nlayers)



Page 29 | F. Meloni | IMCC highlights and news | 12/04/2024

… to design (October ‘23) 

Toroidal field could be 
added

Solenoid
5 T
3m diameter

Inner tracker
Most double layers 
removed

HCAL
Fe+Scillator
Return B field

ECAL
Si+W

Shielding 
nozzle

Dimensions to be 
optimised

In-air muon 
system

RPC-based

DESY manuscript review incoming…
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Physics potential 
highlights
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Neutrino synergies

Preliminary
J. Rojo and collaborators

from the IMCC Interim report
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WIMPs with soft tracks

Preliminary

i.e. more shameless self-promotion
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Summary

The progress of work is increasing the confidence that the collider can 
keep its promises

The worldwide engagement in the project boomed during Snowmass, 
and is still growing

An initial set of requirements spelled out for the interim report should be 
refined and supported with more studies

Plenty of work to do before the next ESPPU!



Background image credit: L. Lee

Thank you!

Contact

Federico Meloni 
DESY-FH 
federico.meloni@desy.de 

Event page 

https://www.ggi.infn.it/showevent.pl?id=507
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The 12 miracles challenges
Many thanks to S. Jindariani, 

D. Schulte, and M. Wing for inputs 
and useful discussions
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Accelerator ring

EMMA proof of 
FFA principle

Ramp magnets to follow Ebeam

• Fast-ramping synchrotron 
magnets (−2T to 2T in 2 ms)

Demonstrated:

• Normal-conducting magnets 
(2.5 T/ms with peak of 1.81 T)

• HTS (12 T/ms, peak of 0.24 T)

Need 5 km of 2T magnets per TeV or 
fast HTS dipoles

Fixed-Field alternating gradient 
Accelerator (alternative)

• Complex high-field magnets
• Challenging beam dynamics 

 

 

Combine static and 
ramping magnets

2201.07895
Nature Phys. 8 (2012) 243-247

https://arxiv.org/abs/2201.07895
https://doi.org/10.1038/nphys2179
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Neutrino flux
Legal limit: 1 mSv/year
MAP goal: < 0.1 mSv/year

IMCC goal: arcs below threshold for
legal procedure < 10μSv/year

LHC achieved: < 5 μSv/year

3 TeV, 200 m deep tunnel ~ OK 

Need mitigation in collider arcs at 10+ TeV: move collider ring components
Example: vertical bending

Opening angle of 
1 mradian makes 
14 TeV collider 
comparable to LHC

Need to engineer mover 
system and study impact 
on beams

Sketch credit: D. Schulte


