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Among collider proposals, we often talk about 
the compromise between exploring the 
energy frontier and achieving greatest 
precision. 

A Muon collider can do both! 

•    Red synchrotron rad. 
allows for higher running energies 

• Fundamental particle, full access to beam 
energy, no crazy QCD junk flying around

mμ ≃ 200 me ⟹ ⟹
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Overall goal is to achieve 10+ TeV energies
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Snowmass ’21 arXiv:2209.07426 [hep-ph]

(on earth)

Not another collider proposal…

A Muon Collider offers almost perfect conditions for 
fundamental electroweak physics:
⟹ WIMP’s
⟹ Portals
⟹ Dark Sectors

https://arxiv.org/abs/2209.07426
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Det sim based on SiD ILC concept

• For DM studies, BIB could be significant source 
of background 

• Need careful simulation when considering soft-
particles/LLPs 

• Timing and spatial information between 
detector layers helps distinguish particles that 
originated from central collision region 
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WIMP Summary

10 TeV MC already performs ~comparably to FCC-hh



SM DM
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Assuming  freezeout

χχ → ϕ → l+l−

https://arxiv.org/abs/2404.02906
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LHC
Roughly adapted from Bauer, Heiles, Neubert, 
and  Thamm: Eur.Phys.J.C 79 (2019) 1, 74

https://arxiv.org/abs/2203.05484


Staging opportunities

A Muon Collider Facility for Physics Discovery: 2203.08033



Staging opportunities

A Muon Collider Facility for Physics Discovery: 2203.08033



Staging opportunities

A Muon Collider Facility for Physics Discovery: 2203.08033

What physics can we do 
along the way?



Staging opportunities

A Muon Collider Facility for Physics Discovery: 2203.08033

What physics can we do 
along the way?



Staging opportunities

ℒ ⊃

(μϕ + λϕ2)H†H,
A′ μνFμν,

λNL̄HN,
aF̃μνFμν

C. Cesarotti, S. Homiller, R. Mishra, M. Reece: Phys.Rev.Lett. 130 (2023) 7, 071803



Staging opportunities

ℒ ⊃

(μϕ + λϕ2)H†H,
A′ μνFμν,

λNL̄HN,
aF̃μνFμν

C. Cesarotti, S. Homiller, R. Mishra, M. Reece: Phys.Rev.Lett. 130 (2023) 7, 071803

~10 m ~10 m ~100 m



Staging opportunities

ℒ ⊃

(μϕ + λϕ2)H†H,
A′ μνFμν,

λNL̄HN,
aF̃μνFμν

C. Cesarotti, S. Homiller, R. Mishra, M. Reece: Phys.Rev.Lett. 130 (2023) 7, 071803

Assuming beam energy of  TeVE0 = 1.5

~10 m ~10 m ~100 m
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Summary

While still at speculative stages, a Muon Collider has the promising potential for a vibrant 
physics program. Early studies show impressive projections for Higgs physics, EW precision, 
flavor, and dark matter. 

Has the potential to make clear definitive statements about some DM scenarios. 

If we start thinking now, opportunities to do interesting physics during the full R&D lifetime, 
way before first collisions. 
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