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§ 1969:  Muon Collider Concept first described by G. I. Budker
§ G. I. Budker, ― “Accelerators and colliding beams,” 7th International Conference on High-Energy Accelerators, Yerevan, USSR, 27 Aug 

- 2 Sep 1969, p. 33, extracts in AIP Conf. Proc. 352 (1996) 4.
§ Subsequent development by A. N. Skrinsky, ―Intersecting storage rings at Novosibirsk,ǁ International Seminar on Prospects of High-

Energy Physics, Morges, Switzerland, Mar 1971, extracts in AIP Conf. Proc. 352 (1996) 6.
§ 1996:  US Snowmass – Discussion of feasibility

§ Muon Collider: Feasibility Study, Snowmass 1996, BNL-52503, Fermilab Conf. 96/092, LBNL-38946.
§ C. Ankenbrandt et al., “Status of Muon Collider Research and Development and Future Plans,” Phys. Rev. ST-AB 2 (1999) 081001.
§ Further discussion at Snowmass 2001, but primary focus on linear colliders to explore the Higgs

§ 2000s: Neutrino Factory and Muon Collider development efforts synergistically pursued
§ MICE Experiment launched

§ 2010:  Muon Accelerator Program (MAP) proposed in US
§ US DOE approval in 2011 a Restructured effort based at Fermilab starting in 2012

§ 2012:  Higgs discovery! 
§ 2013: US Snowmass – major focus on options for a Higgs Factory and a US long baseline neutrino program

§ 2014 P5 recommends narrowed focus to achieve goals of field a ramp-down of MAP effort
§ 2014-2020 Key R&D results from MAP and MICE efforts

§ 2018:  Launch of the 2020 EPPSU
§ Renewed interest in MC for its high energy scaling (also an evaluation of LEMMA vs Proton-Driver concepts)
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2020 European Strategy Update

Accelerator R&D Roadmap
arXiv:2201.07895

2021 Snowmass Report
arxiv:2301.06581

Re-establishes Muon Collider R&D

Lays out an R&D Roadmap to
a Muon Collider

Focuses on the physics potential
of a Muon Collider as a pathway

to Energy Frontier physics
Emphasizes the need to explore
the 10 TeV pCM scale and the
aspiration to host a US frontier 

machine – the Muon Shot

2023 US P5 Report

https://home.cern/sites/default/files/2020-06/2020%20Update%20European%20Strategy.pdf
https://arxiv.org/abs/2201.07895
https://arxiv.org/abs/2201.07895
https://arxiv.org/pdf/2301.06581
https://arxiv.org/pdf/2301.06581
https://www.usparticlephysics.org/2023-p5-report/
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2.3 The Path to a 10 TeV pCM
Realization of a future collider will require resources at a global scale and will be built through a world-wide
collaborative effort where decisions will be taken collectively from the outset by the partners. This differs from current
and past international projects in particle physics, where individual laboratories started projects that were later joined
by other laboratories. The proposed program aligns with the long-term ambition of hosting a major international
collider facility in the US, leading the global effort to understand the fundamental nature of the universe.
…
In particular, a muon collider presents an attractive option both for technological innovation and for bringing energy
frontier colliders back to the US. The footprint of a 10 TeV pCM muon collider is almost exactly the size of the
Fermilab campus. A muon collider would rely on a powerful multi-megawatt proton driver delivering very intense and
short beam pulses to a target, resulting in the production of pions, which in turn decay into muons. This cloud of
muons needs to be captured and cooled before the bulk of the muons have decayed. Once cooled into a beam, fast
acceleration is required to further suppress decay losses.
…
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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Recommendation 4
a. Support vigorous R&D toward a cost-effective 10 TeV pCM collider based on proton, muon, or possible 

wakefield technologies, including an evaluation of options for US siting of such a machine, with a goal of being 
ready to build major test facilities and demonstrator facilities within the next 10 years (sections 3.2, 5.1, 
6.5, and Recommendation 6).

b. Enhance research in theory to propel innovation, maximize scientific impact of investments in experiments, and 
expand our understanding of the universe (section 6.1).

c. Expand the General Accelerator R&D (GARD) program within HEP, including stewardship (section 6.4). 
d. Invest in R&D in instrumentation to develop innovative scientific tools (section 6.3). 
e. Conduct R&D efforts to define and enable new projects in the next decade, including detectors for an e+e–

Higgs factory and 10 TeV pCM collider, Spec-S5, DUNE FD4, Mu2e-II, Advanced Muon Facility, and line 
intensity mapping (sections 3.1, 3.2, 4.2, 5.1, 5.2, and 6.3). 

f. Support key cyberinfrastructure components such as shared software tools and a sustained R&D effort in 
computing, to fully exploit emerging technologies for projects. Prioritize computing and novel data analysis 
techniques for maximizing science across the entire field (section 6.7). 

g. Develop plans for improving the Fermilab accelerator complex that are consistent with the long-term vision of 
this report, including neutrinos, flavor, and a 10 TeV pCM collider (section 6.6).

We recommend specific budget levels for enhanced support of these efforts and their justifications as Area 
Recommendations in section 6.
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IMCC

US Muon Collider 
Community

US National Input
Emphasizing the 

P5 Recommendations
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§ Realizing a Muon Collider requires a global effort
§ Tremendous progress has been achieved since the inception of the IMCC
§ US efforts are actively forming after the 2021-22 Snowmass and the 2023 P5 Report

§ Budget constraints remain a challenge

§ It is crucial to move effectively towards a full end-to-end design
§ Critical input for the next round of community decisions!
§ US “bridge” efforts can accelerate progress by the IMCC on the current design
§ The world-wide particle physics community needs a solid framework to be able to 

evaluate this option
§ Continuing to develop the R&D roadmap and Demonstrator plans sets the stage for 

follow-on decisions
§ For example: intermediate US panel later this decade

8

What Are the Key Synergies 
Between These Inputs?
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§ In the US, the USMCC (https://www.muoncollider.us) has just approved its charter
§ Will help drive US engagement with the global effort via the IMCC
§ Will provide the support to explore potential US siting options – Demonstrator and/or MC
§ Will work to maintain US agency focus on the P5 recommendations

§ APS DPF/DPB has provide an overarching national input to the EPPSU
§ Hitoshi Murayama will present at the Community meeting
§ Also expect strong participation from the US Muon Collider community

§ Looking forward:
§ Will need international engagement to help drive progress towards the next decision 

steps in the US later in the decade
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Next Steps



Thank you
for your attention


