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Abstract
The perspective of designing muon colliders with high energy and luminosity,
which is being investigated by the International Muon Collider Collaboration,
has triggered a growing interest in their physics reach.

We present a concise summary of the muon colliders potential to explore new
physics, leveraging on the unique possibility of combining high available en-
ergy with very precise measurements.

Thanks to Fabio, Federico, Dario and Rodolfo for writing part of the text.


Thanks to Nathaniel, Maurizio, Lian Tao, Roberto, and those I forgot, for 
sending me feedback.


Looking forward to more feedback!



Goals:
Be reference document for MuC community:

➡Concise, and accessible to broad community

➡To be accompanied by ACC counterpart

Declare physics scope of IMCC:

➡Desirable to post it on IMCC webpage

Contribute to Snowmass:

➡Help MuC Forum report writeup



Content:
Mainly 10+TeV:

➡That is the final aim

But, key findings at 3TeV should appear

Not a shopping list:

➡Explain basic concepts encourages reading



Status:
Draft complete:
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Abstract
In the path towards a muon collider with center of mass energy of 10 TeV or
more, a stage at 3 TeV emerges as an appealing option. Reviewing the physics
potential of such collider is the main purpose of this document. In order to
outline the progression of the physics performances across the stages, a few
sensitivity projections for higher energy are also presented.
There are many opportunities for probing new physics at a 3 TeV muon col-
lider. Some of them are in common with the extensively documented physics
case of the CLIC 3 TeV energy stage, and include probing higgsino thermal
dark matter, measuring the Higgs trilinear coupling and testing the possible
composite nature of the Higgs boson and of the top quark at the 20 TeV scale
or more.
Other opportunities are unique of a 3 TeV muon collider, and stem from the
fact that muons are collided rather than electrons. This is exemplified by study-
ing the potential to explore the microscopic origin of the current g-2 and B-
physics anomalies, which are both related with muons.



Context:
A ~3 TeV stage: (see Daniel’s talk)

➡Cheaper and easier

➡Faster

➡More attractive

➡More funds, more work
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Goals:
Document 3 TeV potential beyond HL-LHC:

➡Also beyond, and in synergy, with ~250 GeV ee

➡Premature to consider other scenarios? (e.g., ILC)

Make sure that 3 TeV does not spoil 10+ TeV case:

➡10+ TeV included. Make sure that clearly separated

➡True reason: impossible to ask for 3 TeV work w/o getting 10 as well …

Establish proto-working groups:

➡ In preparation for EU strategy update preparation

Contribute to Snowmass:

➡Better if ready by the end of the month (!)

➡Maybe premature to talk about staging in US context

➡New 10+ TeV results/summary still useful



Content:
Higgs and EFT:

➡Projections in same format and assumptions as EU Strat. input

➡Harmonise results, including full sim ones, for coherent picture

➡Beyond sensitivity tables (reach on models; also in BSM chapter)

Table 2: Results from the  fit assuming no BSM contributions to the Higgs width. PRELIMINARY

HLLHC HLLHC HLLHC HLLHC HLLHC
+ 125 GeV µ-coll. + 3 TeV µ-coll. + 10 TeV µ-coll. + 10 TeV µ-coll.

5 / 20 fb�1 1 ab�1 10 ab�1 + e
+
e
�

H fact
Coupling (240/365 GeV)

W 1.7 1.3 / 0.9 0.4 0.1 0.1 /
Z 1.5 1.3 / 1.0 0.9 0.4 0.1
g 2.3 1.7 / 1.4 1.4 0.7 0.6
� 1.9 1.6 / 1.5 1.3 0.8 0.8
c - 12 / 5.9 7.4 2.3 1.1
b 3.6 1.6 / 1.0 0.9 0.4 0.4
µ 4.6 0.6 / 0.3 4.3 3.4 3.2
⌧ 1.9 1.4 / 1.1 1.3 0.6 0.4 /


†
t 3.3 3.1 / 3.1 3.1 3.1 3.1


†
Z�

10 10 / 10 10 10 10

�
‡
H

5.3 2.3 / 1.5 0.5 0.4

† No input used for µ collider.
‡ Prediction assuming only SM Higgs decay channels. Not a free parameter in the fits.

3 Effective Field Theory interpretations
In this section we present a global interpretation of the projections for different types of measurements
at a high-energy muon collider in terms of an effective field theory constructed assuming any new de-
grees of freedom are much heavier than the electroweak scale and that at low energies the particles and
symmetries are those of the SM, i.e. the so called SMEFT. While a full study in terms of the general
SMEFT truncated at the dimension-6 level is not possible with the available set of projections for physics
processes at a muon collider, a reasonably global fit can be closed when combining that information with
the expected information that will be available by the end of the HL-LHC era, plus making a series of
extra assumptions about the new physics. In particular, following what was done as part of the ESG
studies [19, 20], we adopt the following dimension-6 EFT Lagrangian:
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While this just contains a subset of the operators of the more general dimension-six SMEFT, the operators
in (3) are of special relevance for several BSM types of scenarios. For the purpose of this chapter we will
focus, in particular, in the case of the Universal Composite Higgs scenarios and U(1) extensions of the
SM.
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Content:
Beyond the Standard Model:

➡More focus on 3 TeV, as 10+ TeV is obvious

➡Extended Higgs sectors, with implications on EW-Ph.Tr., DM, …

➡Purely Electroweak states

➡Dark Matter

➡Dedicate chapter on BIB-aware disappearing tracks 

Figure 2: Direct (left panel) and indirect reach (right panel) on the SM plus
real scalar singlet scenario for various muon colliders. Dots indicate points with
successful FOEWPT, while red, green and blut dots represent signal-to-noise
ratio (SNR) for gravitational eave detection of [50,+1), [10, 50) and [0, 10),
respectively. Results are taken from [3]. Do we need right panel for indi-

rect reach? Is it included in the Higgs precision section? We could

combine Fig 1 and Fig 2 if we don’t show the indirect results.There is
a bit of redundancy, true. I’d keep it in any case to show the results from 3 to
30 TeV, that are not really in Fig.1.

SM-like Higgs coupling at future colliders, 3 TeV CLIC can test new resonances
down to couplings correlated to a deviation in the Higgs couplings smaller than
0.1%. How do they get the 0.1%? Isn’t it few 0.1%? 3 TeV muon collider reach
would be slight worse given a smaller luminosity of 1 ab�1.

Should we add a comment on the improvement compared to the Zh Higgs
factory?

SM plus a real singlet extension can also provide a strong first order elec-
troweak phase transition (FOEWPT), which is essential for the electroweak
baryogenesis mechanism to explain the observed cosmological matter-antimatter
asymmetry [3, 4]. In the left panel of Fig. 2, the blue curve shows the muon col-
lider 95% C.L. exclusion reach for VBF production with di-Higgs decay modes
and 4b final states. A 3 TeV muon collider (1 ab�1) has a sensitivity more
than one order of magnitude better than the HL-LHC (13 TeV, 3 ab�1). It also
covers most of the points that generate a strong FOEWPT, which are indicated
by the dots. Comparing to the reach of future Gravitational Wave experiment
LISA (red and green points), majority of those points falls with the 3 TeV muon
collider reach. Furthermore, the muon colliders also have significant sensitivity
to the blue data points which are not detectable at the LISA.
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Content:
Muon-specific opportunities:

➡From colliding μ, rather than e or p

➡Anomalies in g-2, RK* et. al., play major role

➡Big question to be posed or (partly) answered:


Which collider if anomalies confirmed?

✦ “Flavor anomalies” in b → sµµ decays:               
  5.9 σ discrepancy combined (2103.13370)

Several experimental hints of New Physics coupled dominantly to muons!
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LHC will not be able to probe entire parameter space!

LHCb 2103.11769
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High-energy µµ → jj

prel
iminar

y!

thanks to D. Marzocca, et al. for results!
nightmare scenario! only bsµµ coupling 
(not realistic: excluded by other flavor bounds)

No-lose theorem for ~ 5 TeV µ-collider?

Realistic models much easier to test,  
but still not necessarily in reach of HL-LHC

Muon-specific opportunities: B-physics anomalies

see also Asadi et al.; Huang et al.


