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* Perturbative results are quantitative dominant
even if qualitatively incomplete

* Can such a thing happen?
* Yes! Frohlich-Morchio-Strocchi mechanism

 Augments perturbation theory

« Composite asymptotic states
« Additional expansion in the Higgs vev
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 Elastic region: 160/180 GeV <+/s<250GeV
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How events looks like (LEP/ILC)

e-H bound state

e*-H bound state

(hehelhuhu)=(eeluu)+{mmn)(eejun)+{ee)(Mnjuu,)+...
NLO: 1525 diagrams+3431 diagrams

Enhanced Feynman rules: New bound state splitting vertex
Can be calculated with standard tools: Managable
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How events looks like (LEP/ILC)

e-H bound state

e*-H bound state

* Collision of bound states - 'constituent' particles

 Gauge-invariant: Just like hadrons

 Full weak doublets included
 Restores Bloch-Nordsieck theorem

* At TeV colliders of order strong corrections
* Generalizes to the LHC
* PDFs at high energies affected
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Beyond the standard model

* Standard model is special

 Mapping of custodial symmetry to gauge
symmetry

» Fits perfectly degrees of freedom
* |s this generally true?

* No: Depends on gauge group,
representations, and custodial groups

 Can work sometimes (2HDM, MSSM)
* Generally qualitative differences
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Confirmed in gauge-fixed
lattice calculations maas et a6
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What about the vector?

1) Formulate gauge-invariant operator
1" singlet: ((h™ D,h)(x)(h" D,h)(y))
2) Expand Higgs field around fluctuations h=v+n

((h* D h)(x)(h™ D,h )> Ve WS(X) W2 (y )" ) +...
=v W % >+

\Matrix from
group structure

c® projects out

only one field Only one state remains in the spectrum
at mass of gauge boson 8 (heavy singlet)
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Ghost peaks from unphysical particles in perturbation theory
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Close to true structures identical!
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Summary

* Field theory requires composite states

* Confirmed by lattice
* Analytically treatable with FMS mechanism
 Can have measurable impact

* Unaccounted-for SM background

* Or: Guaranteed discovery of the effect in the SM
or a serious theoretical problem

* FMS mechanism applicable to many theories

« 2HDM, GUTs, MSSM, quantum gravity
* Qualitative impact in many new physics scenarios

Review: 1712.04721
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