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Muon Collider
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 MW-class proton driver → target
 Pions produced; decay to muons
 Muon capture and cooling
 Acceleration to TeV & Collisions
 Designed for high energy while maximising luminosity

 Luminosity is key
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Muon Collider Project

 Within MuCol:
 WP1 – Coordination & Communication
 WP2 – Physics & Detector
 WP3 – Proton Complex
 WP4 – Muon Production & Cooling
 WP5 – High Energy Complex
 WP6 – RF Systems
 WP7 – Magnet Systems
 WP8 – Cooling Cell integration

 Additionally:
 Cooling Demonstrator
 Collective Effects
 Radiation Protection/Neutrino Flux mitigation
 Siting
 Synergies
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Proton Driver

 Initial beam pulse O(5 ms) H-

 Accumulator ring O(10 μs) H+ 
 Compressor ring → O(3 ns) H+

 Baseline parameter set defined with supporting lattice concepts and 
some cross-checks for main risks
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Target and capture

 2 MW concept secure
 4 MW design more challenging

 Baseline fixed graphite with forced-flow Helium cooling
 Similar to existing neutrino targets

 Considering flowing Tungsten powder on a Helium bed
 Considering liquid lead

 Studying extraction of spent proton beam
 Significant power must be removed from solenoid “bottle”
 Challenging to make a hole in the bottle!

5-10 GeV
protons

0-500 MeV
muons
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Cooling

 Baseline lattice for rectilinear cooling
 Two options for final cooling

 Depending on ultimate achievable 
rectilinear cooling lattice

 Performance exceeds target 
parameters

 But technically challenging
 “RB8” option foreseen
 May need further “backup” studies
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Muon Cooling Demonstrator

 Muon cooling demonstration essential
 Demonstrate fundamental technology
 Understand limitations

 Engineering design of cooling cell in progress
 Sites identified

 Fermilab → many options e.g. downstream of g-2 target
 CERN → CTF3 or TT7 under consideration

P.Jurj, L. Krzempek
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Low Energy Acceleration

 Low energy acceleration developed
 Initial linac adapted for large longitudinal emittance
 Detailed design work for RLA2
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High Energy Acceleration

 Design for acceleration through to 5 TeV
 Consideration of RF station layout

 Prevent longitudinal emittance dilution
 Consideration of FFA alternative

 Including dispersion suppression
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Collider Ring

 Lattice developed successfully for the 
collider ring

 Large momentum spread → chromatic 
aberrations

 Delivery of baseline β* is challenging
 Chromaticity → resonance crossing

β = 1.5 mm
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Neutrinos

 High energy neutrinos may shower as 
they leave earth’s surface
 Excellent opportunity for physics!
 But risk surrounding permitting

 Technical solutions developed to mitigate 
impact
 Movers to dilute shower
 Experimental sites identified for the 

interaction point straights
 Further risk mitigation:

 Identify further possible experimental 
sites

 Permitting issues still hold significant risk
 Demonstrate alignment tolerance for 

mover system
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Collective Effects
 Consideration of collective effects 

important
 Space charge

 Volts created by beam causes it to self-
repel

 Wake fields & Beam Loading
 RF wave created by beam front passing 

through equipment interferes with trailing 
beam

 Low energy (e.g. proton driver)
 Space charge → tune shift

 Cooling → wake fields & space charge 
relevant
 Significant issue

 High energy (e.g. acceleration & collider)
 Wake field → Careful consideration of 

impedances
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RF

 Normal conducting RF → ionisation cooling
 Identified technical limitations of aperture and window
 Developing breakdown concepts & achievable gradient (vs magnetic 

field)?
 Superconducting RF → high energy complex

 Fast frequency tuning to match magnet ramp
 Management of beam loading/wakefields
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Magnets

 Low energy complex
 Design of target solenoid → update to accommodate required shielding
 Parameterisation of achievable solenoid fields for cooling

 Guide for lattice design team

 High energy complex
 Power converters and design for pulsed NC magnets
 Design guidance for achievable SC dipole and quadrupole fields
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Change Control

 Currently still establishing baseline for many systems
 Change control handled through parameters document

 https://arxiv.org/abs/2411.02966
 Local discussion to manage direct interfaces

 i.e. interface with relevant technology experts
 Lattice management handled through github for many WGs
 As baseline becomes more well-established, change control 

process likely to become more fixed
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Issues

 Perception of muon collider risks is a problem
 More formal process to monitor risks/technical issues may be 

desirable
 Possibly manage through process analogous to “parameters” 

document process
 Consider how we handle of publication of technical issues
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ESPPU Report

 Development of a muon collider would be 
a historic achievement
 Not “the same but bigger”

 Delivery of ESPPU Report:-
 Baseline facility design

 Compared to other multi-TeV facilities (and 
some below-TeV facilities):
 Favourable cost estimate
 Favourable wall-plug power
 Favourable tunnel requirement

 Now let’s deliver

LBNL 60 inch cyclotron
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