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Physics Goals
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We need to use both energy reach and precision measurements to 
push beyond the 1 TeV scale in our exploration  

The quest for new physics will be thus conducted in a two-tier 
approach: 1) looking for indirect evidence of beyond-the-Standard-
Model physics (BSM) through precision measurements of the 
properties of the Higgs boson and other SM particles 
2) Searching for direct evidence of BSM physics at the energy 
frontier, reaching multi-TeV scales  

Science Drivers from the Energy Frontier Executive 
Summary 
• EF aims at investigating the fundamental physics of the 

Universe at the highest energies or – equivalently – the 
shortest timescales after the Big Bang 


• We investigate open questions and explore the unknown 
using various probes to discover and characterize the 
nature of new physics, through the breadth and multitude of 
collider physics signatures 




The Higgs Boson IS Special!
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The discovery of the Higgs in 2012 
was an important milestone for HEP 

- As far as we know, the Higgs has no spin, no 
charge, no structure 

- It provides an exciting program for precision 
measurements and searches 

- Many of us are still excited about it and others, 
especially scientists, should be excited about it!

“A self-interacting Higgs 
(as SM predicts) would 
be unlike anything yet 

seen in nature; all other 
interactions change 

particle identity” 



HL-LHC Benchmark
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The HL era of LHC will dramatically expand the 
physics reach for Higgs physics: 
- 2-4% precision for many of the Higgs 
couplings 
- much larger uncertainties on Z and charm 
and ~50% on the self-coupling



Where to look?
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Two holes in understanding the Higgs 
after the HL-LHC



Status at Higgs Factories (Initial Stage)
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No need to tell this group how important the 
Higgs is to HEP…

What do the Couplings tell us?
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Where will BSM physics lie?
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What do the Couplings tell us?
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A machine beyond a Higgs Factory should try to go beyond these Mass Scales



Why a Muon Collider?
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Two main processes:

Annihilation, Vector Boson Fusion

arXiv:2007.14300
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https://arxiv.org/pdf/2007.14300.pdf


Why a Muon Collider?
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Two characteristics of the 
μ distinguishes the accelerator 

design


1.) Fundamental Particle


2.) Bremsstrahlung ∝
1

m2
l

Unlike protons, they are fundamental!
proton-proton 

100 TeV

µµ 10TeV

1901.06150

https://arxiv.org/pdf/1901.06150.pdf


Protons vs. Muons
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Comparing SM Higgs Background
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Muon Collider Concepts
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Muon Collider Luminosity vs. Energy
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D. Schulte



Beyond Initial Stage
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Muon Collider Detector Concepts
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Higgs Potential/Self Coupling
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Timelines
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EC ‘lifetime’



Timelines
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EC ‘lifetime’



Conclusions
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The next 5-40 years will be an exciting time in Collider 
Physics!

Snowmass process is marching on
    - Finalize studies and make worthwhile comparisons
    - Advocate to our scientific colleagues
    - Advocate to the public, our funding agencies and 
governments

Our goal should be to create a comprehensive international 
program that welcomes all with know-how and interest


