
  

UK Muon Collider and Muon Beams
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Muon Collider
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 An interesting time in particle physics
 HL-LHC is under construction

 Unlikely to be another upgrade
 Finish operation in ~ 2040

 Lead time for next facility is ~ 25 years
 Time now to decide on the future direction of CERN

 US programme also has 25 year timeline
 DUNE phase I on the way
 DUNE phase II under consideration
 Further upgrades may be challenging → important systematics

 What are the options?
 e+ e-

 Protons
 Muons



  

Electron-positron colliders

 Circular e+e- machines limited by synchrotron radiation
 Power emitted ~ E4/m4

 Practically limits centre-of-mass energy to ~ 100s GeV
 Linear e+e- machines limited by available RF acceleration

 Practically limits centre-of-mass energy to ~ 100s GeV
 Luminosity limitations also important
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What about protons?

 Proton collision energy is shared between quarks
 Effective energy significantly reduced

 Seek a particle which
 Is not so low mass as an electron
 Is a fundamental particle

 Muons!

Energy at which 
cross-section is equal
     

Assuming equal  
Feynman amplitude
(EW)

    
Assuming factor 10 

   enhancement in pp 
(EW+QCD)

Delahaye et al, arXiv:1901.06150; very rough approx!
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European Strategy
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Snowmass Outcome
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 Muon collider and technologies are relevant to 3-4 Snowmass future 
large-scale projects

https://arxiv.org/abs/2301.06581 

https://arxiv.org/abs/2301.06581
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Why Muon Collider
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 Muon collider facility scale compatible with existing CERN, Fermilab site
 Likely to be reflected also in power consumption
 Likely to be reflected also in cost scale
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Why Muon Collider
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 Report by team of very knowledgeable experts
 Drawn from wide spectrum of backgrounds

 Tasked with collating and assessing different collider options

https://arxiv.org/abs/2208.06030 

(Published 2022)

https://arxiv.org/abs/2208.06030
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Why Muon Collider
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 Options for energy frontier colliders look challenging
 Costs ($, power, R&D) look high
 Muon collider compares well to other energy frontier machines
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The Muon Collider
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 MW-class proton driver → target
 Pions produced; decay to muons
 Muon capture and cooling
 Acceleration to TeV & Collisions
 Detector and physics



  11

MuC Target

 Protons on target → pions → muons
 Graphite target takes proton beam to produce pions

 Back up options under investigation
 Heavily shielded, very high field solenoid captures π+ and π -

 Challenge: Solid target and windows lifetime
 Challenge: Energy deposition and shielding of solenoid
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Cooling for a Muon Collider

Rectilinear B (Stage B8)

Final 
cooling

MICE

“MICE-like”
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Cooling Demonstrator

 Cooling demonstrator design in progress
 Investigating synergy with muSR/low energy 

muons

Dipole &
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High Energy Complex

 Baseline for acceleration is 4 pulsed synchrotrons
 Deliver 5 TeV muons

 Smallest collider ring possible
 Minimise time of flight → maximise collisions before decay

 Single muon pulse
 Maximum luminosity for a given power on target
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Detector

 Detector is “standard” particle physics detector
 Beam-induced-background O(HL-LHC) levels

 Shielding to protect from muon decay products
 Fast timing resolution and position resolution to resolve backgrounds
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Muon Collider - Timeline

 Assumes full effort of major lab e.g. CERN, Fermilab
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Synergy - nuSTORM

 Main features
 ~250 kW target station
 Pion transport line
 Stochastic muon capture into storage ring
 Option for conventional FODO ring or high aperture FFA ring

 Well defined neutrino beam
 Nuclear scattering processes
 BSM physics

nuSTORM at CERN – Feasibility Study, Ahdida et al, CERN-PBC-REPORT-2019-003, 2020



  

Synergy - cLFV

 Muon-to-electron conversion experiments
 Look for rare decay processes

 Under construction now
 R&D for phase 2 in progress
 Target station similar to MC target

 But lower power, lower field
 Excellent opportunity to test ideas on target station

protons

mu2e



  

Synergy - muSR

 MuSR can be interesting in two 
places
 Test bed for collider detectors
 Test bed for muon cooling 

techniques
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Over to you!
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