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Although we do not know if a muon collider is ultimately feasible, the road toward it leads from current
Fermilab strengths and capabilities to a series of proton beam improvements and neutrino beam facilities

each producing world-class science while performing critical R&D towards a muon collider. At the end of the
path is an unparalleled global facility on US soil. This is our Muon Shot.
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energy frontier and achieving greatest
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® m, ~ 200 m, = Red synchrotron rad. =
allows for higher running energies

® Fundamental particle, full access to beam
energy, no crazy QCD junk flying around
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. Inaugural US Muon Collider Community Meeting
® Muon Smasher’s Guide: 2103.14043 Fermilab, August 7-9 2024
® Muon Collider Forum Report: 2209.01318
® Towards a Muon Collider: 2303.08533 Still some R&D challenges to go before things are “collider-

® Interim Report for the International Muon ready”, but I'm told are no “showstoppers”
Collider Collaboration (IMCC): 2407.12450
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Overall goal is to achieve 10+ TeV energies

Parameter Symbol Unit Target value
Centre-of-mass energy Ecm TeV 3 10 14

Luminosity L 103 cm—2s7 ! 2 20 40
Collider circumference Ceoll km 4.5 | 10 14

Towards a Muon Collider: 2303.08533
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Snowmass ’21 arXiv:2209.07426 [hep-ph]

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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Figure 14: Expected sensitivity using 1 ab=! of 3 TeV or 10 ab—! of 10 TeV ptpu~ collision
data as a function of the ¥ mass and lifetime.

R. Capdevilla, F. Meloni, R. Simoniella, J. Zurita: JHEP 06 (2021) 133
T. Han, Z. Liu, LT. Wang, X. wang: Phys. Rev. D 103, 075004 (2021)



WIMP Summary

Wino
Higgsino
FCC-hh
FCC-hh 475 Muon Collider 3 TeV
b L Muon Collider 10 TeV
Muon Collider 10 TeV 40
|
| L
|
| CLIC 0.38 Te' 0,189
No collider
" No coliider [
[ 20, disappearing track LGOS Te [ 20, disappearing track
B 5o, disappearing track I 5o, disappearing track
| kinematic limit /s/2 | kinematic limit /5/2
[0 20, indirect limit ‘ [0 20, indirect limit
| = - M
10 ! m(¢?) [TeV]

107 L m(y}) [TeV]

Figure 18: Summary of the sensitivity to pure higgsino models at future experimental

Figure 17: Summary of the sensitivity to pure wino models at future experimental facili-
facilities. The results for other facilities are taken from Refs. [18, 62].

ties. The results for other facilities are taken from Refs. [18, 62].

R. Capdevilla, F. Meloni, R. Simoniella, J. Zurita: JHEP 06 (2021) 133
T. Han, Z. Liu, LT. Wang, X. wang: Phys. Rev. D 103, 075004 (2021)



WIMP Summary

Wino
Higgsino
FCC-hh
FCC-hh 475 Muon Collider 3 TeV
B loniColder SiTeV Muon Collider 10 TeV
Muon Collider 10 TeV 40
|
|
|
|
[ No collider | No collider
[ 20, disappearing track [ 20, disappearing track
I 50, disappearing track M 5o, disa-pp‘earlng track
| kinematic limit /s/2 | kinematic limit /s/2
[0 20, indirect limit 011 [ 20, indirect limit
| 1 - "
1
10 m(z?) [TeV]

107 ‘ m(z;) [TeV]
Figure 18: Summary of the sensitivity to pure higgsino models at future experimental

Figure 17: Summary of the sensitivity to pure wino models at future experimental facili-
facilities. The results for other facilities are taken from Refs. [18, 62].

ties. The results for other facilities are taken from Refs. [18, 62].

10 TeV MC already performs ~comparably to FCC-hh
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Figure 1. A MARS15 model of the Interaction Region (IR) and detector with particle tracks > 1 GeV (mainly
muons) for several forced decays of both beams.
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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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