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Muons. Why smash? 
They are unstable. Why would you do this to yourself? 

This is why protons go in circles and electrons in LINACs.

Circles allow for many kicks  highest energy colliders are synchrotrons

But protons are composite particles, so you gotta deal with all that 
(messier collisional environment, lower energy / Parton)

Muons are the best of both worlds!? Can put in a synchrotron, reach >> TeV energies, 
and then collide elementary particles. 
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Muon Collider Technology 
 

(with apologies)



Muon Cooling
Can make lots of  from p on target .  

If you accelerate them quickly, they can live long 
enough to form beams and collide!

Big problem: muon cooling! Forming beams 
requires muons to be tight in phase space.  Ionization 
cooling has made progress (MAP  IMCC).  
No showstoppers!
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10 TeV Muon Collider

Source: International Muon Collider Collaboration EUSPP 2504.21417  
(+ most figs in this talk)

Muon Collider might be the fastest way  50y to get to “10 TeV pcm”≪ 5



Detector

Muon beam decays in-flight, so beam-induced backgrounds (BIB) are a novel 
challenge for detector design. 
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Why a Muon Collider?



Energy and Precision
If you want to do high energy particle physics, you need high energy colliders. 
There is no real substitute for direct searches of new particles. 

MC is effectively two very precise colliders in one: high-E DY production machine + 
low-E high lumi VBF collider from muon PDF, covers new physics across whole E range. 
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A Muon Facility with a Broad Physics Program

9

Slide from
P. Meade



10

Physics at Muon Colliders



Higgs Precision

A 10 TeV muon collider acts like a low-energy higgs factory alongside a high-energy 
discovery machine.
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Higgs Potential
Can determine the shape of the Higgs potential 
experimentally (measure ). 

Crucial first principles characterization of Higgs 
sector.  Allows us to nail down SM vacuum stability, 
whether EW phase transition was first-order or not 
(baryogenesis etc), 

h3, h4, yt, …

12

1112.3022 Elias-Miro et al



The Hierarchy Problem Still has Teeth!
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Any heavy physics at scale  with coupling  to the Higgs will generate a finite 
loop correction to its mass: 

               If , you have a severe tuning. 

It is highly plausible that such heavy physics exists: 
- we know for a fact that there is BSM physics (Dark Matter, Baryogenesis)
- There is plenty of evidence which suggests some new physics at high mass 

scales (grand unification? inflation! leptogenesis? quantum gravity!…)

-  is an everything-singlet  it will couple to everything. 

 Some solution for the Hierarchy Problem is as needed as ever. 
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Higgs Compositeness
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MuC is uniquely excellent at probing higgs compositeness, since it measures both high-
precision higgs coupling modifications AND high-energy modifications of DY processes



Supersymmetry
Realistic SUSY models at the 10 TeV scale require TeV-scale EW states for the MC to 
produce directly. 
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Direct production 
mass reach



MuC’s for Generalized Naturalness
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Going beyond SUSY and composite Higgs, there are several solutions to the 
*little* hierarchy problem which avoid TeV-scale coloured top partners:
 
Twin Higgs: Minimal, Fraternal, Orbifold, …  
Folded SUSY
Quirky Little Higgs
Hyperbolic Higgs … 

They all have in common:
- dark sector(s) related to SM by discrete symmetry

- UV completions around  TeV featuring ***new electroweak 
states***. Prime discovery target for MC.

≲ 5

Burdman, Chacko, Goh, Harnik hep-ph/0609152 
Craig, Katz, Strassler, Sundrum 1501.05310 
Craig, Knapen, Longhi 1410.6808 
Barbieri, Hall, Harigaya 1706.05548
Barbieri, Greco, Rattazzi, Wulzer 1501.07803
Cai, Cheng, Terning 0812.0843
Cohen, Craig, Giudice, McCullough 1803.03647
…



Dark Matter
MC is an outstanding 
machine to explore 
anything electroweak 
above the TeV scale. 

It can discovery many DM 
candidates in EW reps, 
including extremely 
challenging higgsinos 
decaying to soft tracks. 
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Dark Sectors
The higgs portal  is one of the best ways of accessing an arbitrary dark 
sector, low-dimension operator always allowed by symmetries. The higgs factory aspect 
(exotic Higgs decays) and high energy gives MC excellent reach

|H |2 𝒪BSM
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e.g. singlet mixed with higgs,
Proxy for many dark sectors
That couple via higgs portal



SMEFT and Flavour
Combination of clean final state and high energy makes for excellent probe of high-scale 
dim-6 operators
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SMEFT and Flavour
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Conclusions



A muon collider could give you the best of all worlds: high energy, high precision, a higgs factory 
and a high-energy discovery machine all in one. 

Much R&D left to be done, but no apparent showstoppers.

Could reach 10 TeV “partonic center-of-mass” in << 50 years

Uniquely excellent probe of 1-10 TeV electroweak physics:  
higgs potential, generalized naturalness, DM, … 

Muon Collider would form one part of a broad Muon Faculity physics program. 

Could bring the cutting edge of high energy physics to North America. A physicist can dream…
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