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The Higgs sector as a gauge theory
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* Only bound states and cross sections gauge-invariant
* Higgs-Higgs, W-W, Higgs-Higgs-W etc.

* Are the masses related to the elementary particles' ones?

* Leading order: Duality between elementary states and
bound states
h=v+n
(h"h)(x)(h" h)(y)) ~ const.+(h™ (x)h(y))+O(n’)
* Same poles to leading order — unlike QCD quark model

 Similar relation for W and a vector state
 Beyond leading order? Non-perturbatively?
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Setup L=—W, W 14+(DIh') " DYy h+n(h"h, —v°)
* Tree-level setup Higgs+W
* 't Hooft gauge
* W mass: 80.375 GeV (sets the scale)
* Higgs mass: 155 GeV, Higgs vev: 246 GeV
* Non-aligned Landau gauge
* W mass, Higgs vev both zero
* Higgs mass: 77.5i GeV
* Translate both to tree-level parameters
e v=246 GeV
* .=0.0496 (4!2=1.19)
* g=0.653 (0=0.0340)
* Quite perturbative — QED is weaker and has atoms
* Non-perturbative: Simulate Higgs+W
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- Lowest state is almost pure Higgsonium h * (x)h(x)
 Elementary Higgs particle

* Mass is scheme-dependent
e Duality holds onlv in an appropriate scheme
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* Only in a Higgs phase close to a simple particle
* Mass about 80 GeV - close to the elementary W
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Experimental consequences

Consequences I — W and Higgs

* Bound state and elementary particles are
equivalent to leading order

* At tree-level same resonances in cross section

* Beyond tree-level: Resonances in cross
sections remain scheme, scale, and gauge
Invariant

* At least Higgs mass is not

* Cross section resonances associated with
physical particles: Bound states

* Similar to quarkonium resonances
* No large differences for light Higgs
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* Bound states can have excited states

» Excited 0™* Higgsonium with 272.4(5) GeV
* Almost pure W-W state: W-ball
* Excited 17 at ~220-330 GeV (?)
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Consequences II - Excited states

 Can such states be detected?

* Produced like excited quarkonia

* Depends strongly on decay widths

* May just be a broad background
* Mix with top-quark and other bound states

» If produced significantly constitutes
standard-model background to new
physics search

* Requires full understanding of bound
state dynamics
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Summary

Summary

* Higgs sector with light Higgs successfully described by
perturbation theory around classical physics

Justified by full non-perturbative calculations

* Higgs and W masses can be determined non-
perturbatively

* Applicable to a heavy Higgs

Bound-state/elementary state duality

* Permits physical interpretation of resonances in cross
sections

* Predicts new excitations of bound states

* Background for new physics searches
Non-perturbatively interesting even for a light Higgs



