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Who are we? A broad grassroots organization

https://www.muoncollider.us/

• Almost 300 members


• Approximately 1/3 Early Career 

• Mix of accelerator, experimental 
and theoretical physicists

Big tent for  
Big physics potential 



Working collaboratively (and incrementally) 
towards a shared muon collider facility vision
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Exploring the Quantum Universe: Pathways to Innovation and Discovery in Particle Physics

Exectuvie Summary 1

Particle physics studies the smallest constituents of our vast and 
complex universe. At such small scales, the fundamental principles 
of quantum physics prevail. Remarkably, the entire observable uni-
verse, now billions of light years across, was once small enough to 
be quantum in nature. Its quantum history is imprinted on its large-
scale structure. 

Past successes in particle physics have revolutionized our understanding of the universe 
and prompted a new set of questions. Collectively, these questions have spurred the 
construction of state-of-the-art facilities, from particle accelerators to telescopes, that 
will illuminate the profound connections between the very small and the very large. We 
stand on the threshold of a new era of insight and discovery.

The 2023 Particle Physics Project Prioritization Panel (P5) was charged with devel-
oping a 10-year strategic plan for US particle physics, in the context of a 20-year global 
strategy and two constrained budget scenarios. An essential source of input was the 2021 
Snowmass Community Planning Exercise organized by the Division of Particles and Fields 
of the American Physical Society. The panel received additional input from several other 
sources, including town hall meetings, laboratory visits, and individual communications. 
We found this input aligned with three overarching science themes. Within each theme we 
identified two focus areas, or science drivers, that represent the most promising avenues 
of investigation for the next 10 to 20 years.

Decipher  
the  
Quantum 
Realm

Elucidate the Mysteries  
of Neutrinos

Reveal the Secrets of  
the Higgs Boson

Explore  
New  
Paradigms  
in Physics

Search for Direct Evidence 
of New Particles

Pursue Quantum Imprints  
of New Phenomena

Illuminate  
the  
Hidden  
Universe

Determine the Nature  
of Dark Matter

Understand What Drives 
Cosmic Evolution



As this is a community meeting and I only have 
12+3 minutes… I’ll give you a biased sampling 
of updates, with the hope to generate further 

DPF(DNP) community engagement!
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Why colliders, when we have so many types of 
potential experiments?

• Quantum Field Theory implies colliders are 
the modern microscope 

• Many of our deepest questions require 
colliders


• Fortunately we have the technology to 
advance in certain directions by e.g. looking 
for quantum imprints on the Higgs and 
Electroweak sector


• P5 recommendation 2 - offshore Higgs 
Factory - see Valentina Cairo’s great 
FCC-ee talk from earlier
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Snowmass + P5 gave us an even grander vision, because certain 
questions require us to probe nature at even shorter distances!
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P5 community vision - 10 TeV pCM  



P5 vision - 10 TeV pCM  
• P5 vision reflected a need to reach beyond 

currently available technology 

• Multiple potential technological R&D paths 
were encouraged by P5 to reach “10 TeV 
pCM”


• This is a reflection of ensuring humanity 
gets to shorter distances rather than an 
exact energy threshold


• 10 TeV pCM colliders aren’t all the same 
physics wise*
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*but they can be complementary!



Why are so many people excited by a potential 
Muon Collider facility?

• The physics it enables at the highest energy


• The physics opportunities along the journey 
to get there


• The technological challenges it presents 
and potential payoffs, we are miracle 
workers every day, but we must earn any 
support through careful planning


• An opportunity for a long-term unifying vision 
of US leadership across many frontiers 
potentially building on existing 
infrastructure 
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What are the most pressing physics questions 
that a muon collider addresses best?



Why are we here? 

Where did we come from? 

Where are we going?
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The LHC has given us more questions than answers!



The Higgs is central to so much, but answers so little
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Thermal 
History of 
Universe

Higgs 
Physics

Origin of 
EWSB? Higgs Portal 

to Hidden Sectors?

Stability of Universe

CPV and 
Baryogenesis

Origin of masses?

Origin of Flavor?

Is it unique?

Fundamental 
or Composite?

Naturalness

Thermal History of 
Universe

Origin of EWSB?

Snowmass EF Higgs Topical Report
S. Dawson, PM, I. Ojalvo, C. Vernieri et al

2209.07510

15/19  
SM parameters 

due to Higgs

22/26 SM parameters  
w/  mass or new EWSB sourceν



Spontaneous Symmetry Breaking  
and our place in the universe
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Spontaneous Symmetry Breaking  
and our place in the universe

13

h

V(h)

Underlying dynamics 
Composite Higgs Radiative Symmetry Breaking

…



We often (over)simplify this for exposition
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It makes it easy to understand why energy matters, however, 
exploring/measuring the vacuum of our universe is more than κ3
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Fig. 8.8: Illustration of the effective understanding of the Higgs potential provided by the 95%
CL uncertainties on !3 obtained by the CMS experiment at the LHC and expected at the HL-
LHC [ID170], LCF [ID140], FCC-hh [ID227, ID247], and a 10-TeV muon collider [ID207].
Shaded regions show the 95% uncertainty on !3, interpreted as variations in the Higgs potential
within the SMEFT-6 parameterization, where trilinear coupling effects dominate. The solid
black line is the SM prediction, while the dashed grey line represents the effective potential of
a Z2-symmetric singlet scalar with quartic coupling a2 = 8 and mass µS = 4mt .

Fig. 8.9: Parameter space of the singlet scalar leading to a first-order electroweak phase transi-
tion as a function of the universal shift to all Higgs couplings (cH) and corrections to the Higgs
self-coupling, at 95% CL.
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Any deviation in a SM parameter must have an origin
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The Beam Energy Scan at the Relativistic Heavy Ion Collider 3

Figure 1. A conjectured QCD phase diagram with boundaries that define various states of QCD matter.

1. Introduction

A major goal of high-energy nuclear collisions is to determine the phase diagram for
matter that interacts via the strong nuclear force. In contrast to the countless, very distinct
phase diagrams found in condensed matter physics, the phase diagram probed in heavy-ion
collisions is a unique and fundamental feature of Quantum Chromodynamics (QCD). The
most experimentally accessible way to characterize the QCD phase diagram [1] is in the plane
of temperature (T ) and the baryon chemical potential (µB) [2]. Figure 1 is a conjectured
version with µB on the horizontal axis. It shows a schematic layout of the phases, along with
hypothesized indications of the regions crossed in the early stages of nuclear collisions at
various beam energies.

Hadronic matter is a state in which the fundamental constituents, quarks and gluons, are
confined in composite particles, namely baryons and mesons. At high energy densities, QCD
predicts a phase transition from a hadronic gas (HG) to a state of deconfined, partonic matter
called the quark-gluon plasma (QGP) [3, 4]. In hot and dense QCD matter, the hadrons are
melted into their constituent quarks, and the strong interaction becomes the dominant feature
of the physics. In addition to the confined-deconfined transition, a chiral phase transition is
postulated. Since the intrinsic scale of QCD is LQCD ⇠ 200 MeV, it is conceivable that the
chiral phase transition line extends from around T ⇠ LQCD at low baryon number density (nB)
to around nB ⇠ L3

QCD ⇠ 1/fm�3 at low T .
Lattice QCD calculations have established that the quark-hadron transition to be a

crossover transition at the temperature around 154 MeV for µB = 0 [5, 6, 7, 8, 9]. On the

(STAR whitepaper)

We’d like to understand the EW phase diagram analogously to the QCD phase diagram

A more complex vacuum



Energy + Precision and large dynamic  rangês
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Why is a Muon Collider well matched to 
these fundamental questions?

EW boson collider 
with large cross sections

Highest Energy w/sufficient 
lumi and small backgrounds

+



Energy + precision generically unlocks the EW phase diagram
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Exciting a more 
complex vacuum

Composite Higgs 
imprints  10 TeV≫

Fig. 8.7: Direct and indirect limits on a singlet scalar mixing with the Higgs boson as a function
of singlet mass mS and squared mixing angle sin2 ! in the “custodial limit” BR(S → hh) =
BR(S → ZZ) = BR(S → WW )/2. Solid curves indicate direct search limits, dot-dashed curves
indicate indirect limits on the T -parameter, and dashed horizontal lines indicate indirect limits
on the universal shift to all Higgs couplings (cH), at 95% CL. Dotted grey curves indicate
two characteristic scalings of the mixing angle as a function of the singlet mass corresponding
to an independent singlet vacuum expectation value and an EWSB-induced singlet vacuum
expectation value, respectively.

Higgs potential inferred from Higgs self-coupling measurements, relative to the changes in the
shape of the potential induced by a representative Z2-symmetric singlet scalar benchmark. A
similar approach based on an EFT interpretation of the constraints on the trilinear coupling
expected at the HL-LHC, point to the exclusion of a first-order phase transition at 2∀ (for
#3 = 1) [ID170].

8.3.1 Electroweak phase transition
One of the most interesting consequences of an extended scalar sector is the possibility of fea-
turing a sufficiently discontinuous, i.e. strong, first-order electroweak phase transition (FOPT).
In the SM, a Higgs mass mh ↑ 125 GeV implies that the electroweak phase transition is a smooth
crossover, but this can be altered by additional light degrees of freedom that modify the Higgs
potential. Scalar extensions of the Standard Model can lead to a first-order phase transition
consistent with current data. For instance, Ref. [ID140] studies generic and inert two-Higgs-
doublet models (2HDMs) that can induce a first-order electroweak phase transition by mod-
ifying the Higgs self-coupling, including unexpectedly large two-loop effects, while leaving
other couplings largely unchanged. A strong FOPT in the early Universe would have remark-
able implications, including potentially observable stochastic gravitational waves. Moreover,
it could provide the out-of-equilibrium conditions required for baryogenesis, which would ex-
plain the observed matter-antimatter asymmetry. This departure from equilibrium is one of the
three Sakharov conditions for baryogenesis, alongside baryon number violation and the viola-
tion of charge (C) and charge-parity (CP) symmetries—for constraints on CP violation from
low-energy observables, such as electric dipole moments (EDMs), see Chapter 5.
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coupling is fixed at tree level by electroweak gauge couplings and grows logarithmically with
stop masses. Consequently, the observed Higgs mass favors stops above the TeV scale, while
naturalness—requiring the measured Higgs vacuum expectation value as a generic outcome of
the spectrum—prefers them below it. Thus, the measured value mh → 125 GeV points to stops
likely lying beyond HL-LHC reach, in tension with perfect naturalness, but accessible to fu-
ture colliders. Figure 8.1 shows the stop masses m̃3 and mixing Xt compatible with the Higgs
mass (band reflects current SM parameter uncertainties) compared with collider reaches. Com-
patibility near the TeV scale occurs only with large stop mixing. Moreover, the outstanding
precision electroweak programme of FCC-ee [ID233, ID242] probes the least fine-tuned region
of this parameter space. This provides a concrete demonstration of the power of an integrated
programme, combining precision and energy frontiers, in advancing our understanding of the
origin of the weak scale. In the following subsections, we introduce benchmarks illustrating the
main phenomenological consequences of these scenarios.

8.2.1 Compositeness
The low-energy phenomenology of a new composite sector can be broadly characterized by
the mass scale of new composite resonances m↑ and the coupling constant g↑, which together
govern the scale of spontaneous global symmetry breaking, f ↓ m↑/g↑. Compositeness can be
tested through two complementary strategies: direct searches for new states at the scale m↑ and
indirect searches for new effective interactions.

Fig. 8.2: Exclusion reach on the flavor universal Composite Higgs model.

When the scale of the new strong sector is much higher than the weak scale, it leaves an
imprint at low energies that can be captured using the SMEFT, following the framework of the
“Strongly Interacting Light Higgs” [403], that organizes the expectations for SMEFT operators
in terms of m↑ and g↑. Figure 8.2 shows the projected reach for such indirect effects in the
(m↑,g↑) plane for various collider options, under a RG-evolved EFT interpretation.

The figure illustrates the reach of low-energy e+e↔ precision (e.g. FCC-ee [ID233, ID242])
and high-energy reach (e.g. 10-TeV muon collider [ID207]) in constraining operators like CH
and CW , probing compositeness scales well above 10 TeV. This analysis shows that future col-
liders could probe such scales with deviations of order m2

H/m2
↑ ↓ g2

SM/(16!2), which is a com-
pelling theoretical target for such models; see also Sect. 8.2.3. Top quark compositeness can
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A second generation Higgs Factory to map the EW phase 
diagram, reach the epoch of “EW restoration”, and continue 

to explore the constellation of Higgs-related questions
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(Also a much broader physics program but no time to highlight now)

What is a muon collider?



Muon collider vision
• There are clear physics goals and opportunities to 

further develop them


• However muon beam R&D  a commitment to 
build a collider


• Limited direct DOE funding near term is not the 
worst thing for now, technical planning is still 
required before even imagining to increase the 
TRLs beyond 1-3 and build our “road”


• AI-driven design offers incredible opportunities for 
a Muon Collider


• Many opportunities for grassroots DPF/DNP 
involvement

≠
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Eventually one has to build things to go from TRL 1-3’s to TRL 4-6’s and have 
a better idea how to get there, but even then it’s not muon collider or bust!
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A muon collider reaches the Energy 
Frontier via the Intensity Frontier
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Inherently there will be exquisite sources of protons, 
muons, and neutrinos that are intertwined!



Muon collider R&D offers unparalleled synergies 
across HEP/NP with both off-shoots AND off-ramps
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If a collider ultimately isn’t feasible as currently envisioned, muon 
beam R&D never goes to waste given all the physics opportunities



What we need now is support to further advance the vision 
in the community/planning that could turn into more 
targeted R&D support when/if the opportunity arises!
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Growing the next generation accelerator workforce 
such that HEPNP has opportunities in the future



National Lab Accelerator Study Group for a Muon Collider
Purpose and Scope

Argonne: Philippe Piot

Berkeley: Jean-Luc Vay, Chad Mitchel

Brookhaven: Steve Peggs

Fermi: Steve Gourlay (Chair)

JLab: Robert Rimmer

Los Alamos: Steve Russel

Oak Ridge: Fulvia Pilat

SLAC: Emilio Nanni

Scientific Secretary, Diktys Stratakis, Fermi

• Identify the key accelerator challenges for a 10 TeV Muon 
Collider 

• Define the necessary R&D steps
• Estimate timeframes for major R&D areas 
• Evaluate and build on existing U.S. and IMCC plans 
• Identify gaps, overlaps, and coordination issues: 
• Strong focus on: 

• U.S. national lab collaboration 
• Alignment with international efforts 

• Goal: ensure high-impact, complementary U.S. contributions 

The study is about prioritizing and organizing the critical R&D 
needed now—not designing the collider itself—so future planning 
can be grounded in realistic technical progress.

Membership

Held 17 Seminars on systems and technologies – report writing in progress – aiming for July 31th 
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Where does our current support come from?  
Also predominantly grassroots given current (and 

future) budget constraints!
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Tova Holmes, University of Tennessee

Princeton/Chicago/Tennessee Acc+Exp for MuC (Simons 
Foundation) 

Tennessee Fellowships (Cottrell x2, Sloan) 

UCSB/Princeton/Northeastern/UTK Interdisciplinary 
Seminar Series (Kavli Foundation) 

+ start-ups, internal funding, and fractions of base 
grants/ECAs/CAREERs 

US MUC FUNDING
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At the labs At the universities

constrained by lack of significant R&D funding from gov’t agencies

also at labs

Fermilab demonstrator (LDRD) 

Fermilab future collider software (LDRD) 

Brookhaven collider R&D - RCS and 
cooling cell (LDRD) 

LBNL future collider detectors (LDRD) 

SLAC high-field RF test stand (GARD)

Individual PIs w/Private foundations/NSF/DOE awards, 
LDRDs, generic R&D that could apply, University seed 

funding/startups, fractions of base grants, + 150K FY26 DOE
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A summer research program to support graduate 
students pursuing research related to muon collider 

accelerator R&D at U.S. national laboratories 

The challenges of the muon collider help inspire a next generation that also will ensure 
the expertise for our near future with DUNE and EIC as well as this long term vision 

10 students matched this 
year across BNL, Fermilab, 

LBNL, ORNL, and SLAC 



Last but not least, this vision doesn’t represent an 
orthogonal direction for US HEPNP, it’s a possible evolution 
that can substantially unite our field for decades of science
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Serit arbores quae alteri saeculo prosint  



Thank you for your time, and if you 
have any questions please contact us!

28

More information at www.muoncollider.us and upcoming meetings 
IMCC (CERN) June, AI4muC (Virtual) July, USMCC (SLAC) December

http://www.muoncollider.us

