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How well do we know the Higgs?



What’s up with the Higgs Boson?



Why an e+e- Higgs Factory?



Why an e+e- Higgs Factory?



Zooming in on the Higgs



Zooming in on the Higgs

Is there some substructure yet to be revealed?



What is the Higgs Field Potential?
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Why should I care?



What is the Higgs Field Potential?

Because it determines how the Universe froze in the EW sector, 
giving mass to gauge bosons, fermions, the Higgs...
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What is the Higgs Field Potential?

…because it determines how the Universe will end...
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Self-Coupling: Higgs Factories 
Higgs factories can give us valuable new insights 
into the nature of the Higgs potential.

Rich interplay between direct/indirect, HL-LHC 
and Higgs factory.
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What is the Higgs made of?



What is the Higgs made of?

Is there some substructure yet to be revealed?



The Higgs boson has a size/wavelength.  What’s 
inside?

Precision measurements are 
different ways of probing 
the “compositeness of the 
Higgs”.

�h ⇡ 10�17 m �10 TeV ⇡ 10�19 m

Is the Higgs Fundamental?



The Higgs boson has a size/wavelength.  What’s 
inside?

Precision measurements are 
different ways of probing 
the “compositeness of the 
Higgs”.

�h ⇡ 10�17 m �10 TeV ⇡ 10�19 m

Is the Higgs Fundamental?



Dark Sectors
Evidence for dark matter is now overwhelming
• Rotation curves
• CMB
• Large scale structure
• Velocity dispersions
• Gravitational lensing (Bullet Cluster)
• ….

Yet we have no clue what it is at the particle level!

?



Is the Higgs a portal to new dark 
sector states?

After all, |H|2 is the most relevant interaction involving 
SM fields!  Even if generated at microscopic scales

stays relevant all the way down to the Higgs scale…



Orders of magnitude improvement in coverage of exotic 
Higgs decays.

Is the Higgs a portal to new dark 
sector states?
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What can you buy with five trillion 
Z’s?

Interesting facts:  1 Euro buys 1000 Z’s, entire LEP 
programme in couple of minutes…

An EW factory would produce unprecedented statistics 
in the EW sector…



Where do matter mass patterns 
come from?

Clearly something going on here…
Figures borrowed from A. Greljo.



EW Factory Physics
…an unparalleled probe of flavour physics!

For example, in a particular theory…

2103.16558



EW Factory Physics
…an unparalleled probe of flavour physics!

For example, in a particular theory…
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Conclusions
Before the discovery of the Higgs boson we knew of 
one class of fundamental force in nature: Gauge.

We have now entered a new epoch in science, with 
non-gauge fundamental forces.  We understand 
neither their origin nor their structure.

The Higgs-generated fermion forces follow bizarre, 
inexplicable, patterns.

The Higgs self-attraction force is generated by the 
only fundamental self-interaction in nature.



Conclusions

The physics case of Higgs/EW/Top factories is 
unquestionable.

Our responsibility as a physics community to 
provide concrete experimental knowledge of the 
forces of nature and an understanding of the 
origins of the Universe we share is, equally, 
unquestionable.



The next steps…
We are only at the beginning of the journey…

Consider the LHC Physics programme in 1984…



EW Factory Physics

…a quantum leap 
in our 
understanding of 
electroweak 
physics…

Compare these columns.



Encodes symmetry
breaking substructure

in the Higgs.



Only 18% of all matter in Universe is visible.

Within that 18% we observe extraordinary 
complexity.

Similarly, the dark sector, and dark matter, may 
be much more complex than just a single state.
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What is the Higgs made of?

If the Higgs has substructure, one or more of these 
operators will have non-vanishing coefficients.
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Every scalar we encountered until now has 
properties (mass, vev, etc) that are calculable 
within some more fundamental theory:

What’s up with the Higgs Boson?

�
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What about the Higgs?

What’s up with the Higgs Boson?

Calculable
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What about the Higgs?

The Standard Model, our best description of nature, 
breaks down at short distances: It is an effective 
field theory, to be replaced by something more 
fundamental at shorter distance scales.

What’s up with the Higgs Boson?

Calculable
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ATLAS

Happy 10th

birthday Higgs 
Boson!



Encodes the
substructure in the

Higgs.



What is the Higgs made of?

If the Higgs has substructure, one or more of these 
operators will have non-vanishing coefficients.
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Consider exploring a neutral atom at eV energies:

The appropriate theory at this length scale 
contains the photon, electrons and nucleus:

Effective Field Theory Basics

Photon wavelength 
on scale of orbitals.



Consider exploring a neutral atom at much lower 
energies:

The appropriate theory at this length scale 
contains the photon and neutral atom…

Effective Field Theory Basics

Photon wavelength 
much greater than 
scale of orbitals.



Consider exploring a neutral atom at much lower 
energies:

Crucially, the substructure is encoded in “higher 
dimension operators”, like dipoles or Rayleigh…

Effective Field Theory Basics

Photon wavelength 
much greater than 
scale of orbitals.



The same is true for the Higgs boson!

The Standard Model is an “Effective Field 
Theory”.  Unknown smaller distance physics in 
extra interactions:

Effective Field Theory Basics

Collider wavelength 
greater than scale of 
microscopic new 
physics…



We don’t know
size of this interaction.


