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I was criticized that my last talk had too few memes 
so let’s start strong… 

Okay so this is tongue in cheek, the field obviously benefits from 
any  Higgs factory, but the point of a LC is the energye+e−



First stage factories very similar
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LC vs Circular in Higgs appears at later stages
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LC and Circular each have separate strengths!



New Higgs Insight with Energy
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However there’s another point that doesn’t get 
emphasized as much at least IMO

• Many parameters are measured ~ 1% which means ~ 1 TeV scale for 
the origin of deviations - being able to get to 3 TeV means that you 
really have a good chance to test directly/indirectly
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FIG. 35: Probes of flavor violation in a 2HDM at future colliders[64].

C. BSM in Higgs loops

In the previous subsections, we have investigated extending the Higgs sector with additional scalar particles that
allow for the largest e↵ects on Higgs precision through tree-level mixing. However, in numerous models, particles
in other representations can or must couple to the Higgs boson. For instance in the context of naturalness, new
particles are introduced that are responsible for cancelling the leading quadratic divergences in the SM. As such
these new particles must couple to the Higgs boson, and their couplings are related through symmetries. There are
multiple types of natural models of this type, which range from supersymmetry, to composite Higgs to models of
neutral naturalness. In the first two cases, there are potentially sizable loop level e↵ects on Higgs precision stemming
from the “top partners” of the SM top which is responsible for the largest contribution to fine tuning when viewed
from the Wilsonian point of view. Therefore, one expects in natural models a large contribution to the Higgs-gluon
coupling, and one can even test conventional models of naturalness in this way. In the case of neutral naturalness,
at leading loop order the contributions come from SM neutral particles. Therefore the e↵ects are typically smaller
than in the other sorts of models. However, in all cases the e↵ects on the loops of course decouple with the mass
of the partner particles. For example in the case of stops in supersymmetry, the contribution to gluon fusion scales
roughly as / 1/m

2
t̃

[111, 112] as shown in 3. Therefore there is a seesaw e↵ect, where large deviations that can test
the most natural models also imply very light states. This logic of course can be extended to models outside of those
constructed to solve the hierarchy or little hierarchy problems. However, the conclusions drawn will be similar.

As two useful examples, we consider SUSY models with stops and charginos separately. For stops in the MSSM
one can scan over all possible stop masses and mixings to determine the bounds from Higgs precision, for example
as done in [113]. In Figure 36, we demonstrate an example of how stops are constrained from Higgs precision at
future colliders. One should note that the estimated size in Figure 3 matches the full models sensitivity. Additionally,
as we see from Figure 36, the LHC has probed this region of stop masses already, so this provides complementary
information. However, the direct search reach from a high energy muon collider or FCC-hh goes significantly beyond
what can be obtained via Higgs precision.

D. Higgs Exotic Decays

As our final example of BSM Higgs scenarios, we discuss Exotic Higgs decays, which inherently aren’t captured
primarily by deviations in SM Higgs precision. While in principle they do a↵ect SM Higgs precision by changing
the total width of the Higgs, the search for exotic Higgs decays can be pushed well beyond this more inclusive test.
Exotic Higgs decays probe new types of BSM physics, in particular hidden sector dynamics arising through a Higgs
portal. In fact, since the largest SM decay mode of the Higgs is set by yb it isn’t particularly di�cult to introduce
new sizable decay modes of the Higgs [114]. In fact this program was started to be carried out more systematically
soon after the initial discovery of the Higgs boson when large new contributions to the SM Higgs width were allowed.
A bifurcation for exotic decays occurs when considering whether the Higgs boson decays invisibly, or whether there
are visible byproducts in an exotic decay mode. For example in the context of the Higgs decaying into dark matter
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FIG. 35: Probes of flavor violation in a 2HDM at future colliders[64].

C. BSM in Higgs loops

In the previous subsections, we have investigated extending the Higgs sector with additional scalar particles that
allow for the largest e↵ects on Higgs precision through tree-level mixing. However, in numerous models, particles
in other representations can or must couple to the Higgs boson. For instance in the context of naturalness, new
particles are introduced that are responsible for cancelling the leading quadratic divergences in the SM. As such
these new particles must couple to the Higgs boson, and their couplings are related through symmetries. There are
multiple types of natural models of this type, which range from supersymmetry, to composite Higgs to models of
neutral naturalness. In the first two cases, there are potentially sizable loop level e↵ects on Higgs precision stemming
from the “top partners” of the SM top which is responsible for the largest contribution to fine tuning when viewed
from the Wilsonian point of view. Therefore, one expects in natural models a large contribution to the Higgs-gluon
coupling, and one can even test conventional models of naturalness in this way. In the case of neutral naturalness,
at leading loop order the contributions come from SM neutral particles. Therefore the e↵ects are typically smaller
than in the other sorts of models. However, in all cases the e↵ects on the loops of course decouple with the mass
of the partner particles. For example in the case of stops in supersymmetry, the contribution to gluon fusion scales
roughly as / 1/m

2
t̃

[111, 112] as shown in 3. Therefore there is a seesaw e↵ect, where large deviations that can test
the most natural models also imply very light states. This logic of course can be extended to models outside of those
constructed to solve the hierarchy or little hierarchy problems. However, the conclusions drawn will be similar.

As two useful examples, we consider SUSY models with stops and charginos separately. For stops in the MSSM
one can scan over all possible stop masses and mixings to determine the bounds from Higgs precision, for example
as done in [113]. In Figure 36, we demonstrate an example of how stops are constrained from Higgs precision at
future colliders. One should note that the estimated size in Figure 3 matches the full models sensitivity. Additionally,
as we see from Figure 36, the LHC has probed this region of stop masses already, so this provides complementary
information. However, the direct search reach from a high energy muon collider or FCC-hh goes significantly beyond
what can be obtained via Higgs precision.

D. Higgs Exotic Decays

As our final example of BSM Higgs scenarios, we discuss Exotic Higgs decays, which inherently aren’t captured
primarily by deviations in SM Higgs precision. While in principle they do a↵ect SM Higgs precision by changing
the total width of the Higgs, the search for exotic Higgs decays can be pushed well beyond this more inclusive test.
Exotic Higgs decays probe new types of BSM physics, in particular hidden sector dynamics arising through a Higgs
portal. In fact, since the largest SM decay mode of the Higgs is set by yb it isn’t particularly di�cult to introduce
new sizable decay modes of the Higgs [114]. In fact this program was started to be carried out more systematically
soon after the initial discovery of the Higgs boson when large new contributions to the SM Higgs width were allowed.
A bifurcation for exotic decays occurs when considering whether the Higgs boson decays invisibly, or whether there
are visible byproducts in an exotic decay mode. For example in the context of the Higgs decaying into dark matter
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BSM targets
• Dark Matter - Higgsinos and Winos are good simple WIMP candidates


• If you get to 3 TeV you can cover Higgsinos


• Natural SUSY


• Typically have sleptons/EWinos in 1- few TeV range, at 3 TeV you can 
start to probe this!


• Lots of other BSM ideas in TeV range, but in particular if you can get to 3 
TeV you are beyond HL-LHC unequivocally unlike e.g. 1 TeV



Main points for Energy Upgrades for C3

• Largest dual reach for  in Higgs physics and the causes


• In particular 2HDMs even in alignment limit


• Ability to go after top, and top Yukawa


• Ability to improve Higgs self coupling beyond HL-LHC


• Ability to go for a difficult for DM detection simple WIMP candidate: 
Higgsino 

e+e−



A leptonic vision for the future
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