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Strict Gauge Invariance

* Physical spectrum: Observable particles
* Peaks in (experimental) cross-sections
Elementary fields depend on the gauge

* Cannot be observable
* Gauge-invariant states are composite
* Higgs-Higgs, W-W, Higgs-Higgs-W etc.

* Why does perturbation theory work?
* Test: Mass spectrum
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Mass relation - Higgs

Mass spectrum can be measured on the lattice
Mass of the scalar bound state and Higgs same

* Perturbative description possible
Coincidence? No.

((h" h)(x)(h" h)(y)=c+vn™ (x)n(y))
+ + +2 2
tvin" T+ )
 Same poles to leading order
Frohlich-Morchio-Strocchi (FMS) mechanism

* Works also for the W/Z
* But: Physical state is a custodial triplet!
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Flavor

* Flavor has two components

* Global SU(3) generation
* Local SU(2) weak gauge (up/down distinction)
 Same argument: Weak gauge not observable

 Replaced by bound state - FMS applicable
+ + + h:V+1’] +
(&))" ({1 F) ~ (S () (y)+0(n)
* Gauge-invariant state, but custodial doublet
* Yukawa terms break custodial symmetry

* Different masses for doublet members
* Test requires precision measurement
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* Description of impact? Gauge-invariant perturbation
theory!

(hehelhuhu)=(ee|luu)+{nn)(eelun)+(ee)Mmuu)+...

* Ordinary contribution

* Modification of ordinary contribution
* Higgs as initial state

* More contributions...complicated
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How events looks like (ILC)

e-H bound state
w-H bound state

i

-t

Z-H-H bound state

u"-H bound state

i

e*-H bound state

* Description of impact? PDF-type language!
* Interacting particles either electrons or Higgs

* Fragmentation 100% efficient - like for quarks

* Higgs heavy

* Not visible at LEP
* No data for PDFs available - model: 2.5% Higgs
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Summary

* Observable spectrum must be gauge-invariant

* In non-Abelian gauge theories: Bound states
* FMS mechanism: Success of perturbation theory

* Higgs admixture to many states
* Small effect...but testable! Affect searches

* Similar considerations for pp: Watch pp - tt

* Qualitative impact beyond the standard model
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