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 Gauge-invariant states are composite
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Why does perturbation theory work?
 Frohlich-Morchio-Strocchi mechanism
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e Bound states have an extension
e Can it be measured?

« Example: Physical “Z”
 Calculate the f9rrp factor
r(¢.q,q)=1- <6r >+...
=T (@6 )+

Bound state dominance 1

= +... <« 7
. q2—m2 2r
* Comparison proton: mr~5

 Lattice - Experimentally hard, but possible
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Vector form factor

Physical “Z"” form factor
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Vector form factor

At high energies:
Probes substructure
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Bound states as extended objects

Vector form factor

At low energies:
< Dominated by bound state
with finite size
At high energies:
Probes substructure

Physical “Z” form factor Behaves like ZWW
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Protons

* True for all weakly charged particles

* This includes left-handed fermions!
 Proton is a mix of left-handed and right-handed quarks

* dqqg cannot be weakly gauge invariant

 Replacement: gqgh

 FMS: At low energies just the proton
« At high energy: Valence Higgs!
 Valence Higgs detectable at LHC?

e Strong couplings to Higgs: tops, weak gauge bosons
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 Hard process calculated by Herwig 7
* Modified version to include Higgs initial state
* Tree-level only
» Standard-model dominated by gluons
- Initial states qq, g9g, gH, HH
 PDF ansatz for valence Higgs



Constraining the valence Higgs
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Constraining the valence Higgs

[Fernbach,Lechner,Maas,
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* Suppressed below Higgs threshold
» Consistent with experimental bounds
* Detectable

* In BSM physics: Qualitative changes

» Different number of particles
* Different masses

* Different signatures
@axelmaas Review: 1712.04721
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