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Hierarchies in the Standard Model

Gauge Hierarchy Problem and Flavor Puzzle
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@ Higgs mass recieves quadratically

divergent corrections

@ Gauge bosons: gauge symmetry

@ Fermions: SU(2),
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Hierarchies in the Standard Model

Gauge Hierarchy Problem and Flavor Puzzle
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Warped Extra Dimensions

The Randall-Sundrum (RS) Model

@ Solution to the gauge hierarchy problem in 5D spacetime
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Warped Extra Dimensions

The Randall-Sundrum (RS) Model

@ Solution to the gauge hierarchy problem in 5D spacetime
@ Hierarchy between the electroweak- and Planck scales
generated through non-factorizable metric

ds? = e 2Hol/my | dxtdx? — r2d¢?
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Warped Extra Dimensions

The Randall-Sundrum (RS) Model

@ Solution to the gauge hierarchy problem in 5D spacetime
@ Hierarchy between the electroweak- and Planck scales
generated through non-factorizable metric
ds? = e 2Hol/my | dxtdx? — r2d¢?
Tev |L=krm~37 > 1]
AdSs K many observables

enhanced by L
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Warped Extra Dimensions

The Randall-Sundrum (RS) Model

@ Solution to the gauge hierarchy problem in 5D spacetime
@ Hierarchy between the electroweak- and Planck scales
generated through non-factorizable metric
ds? = e 2Hol/my | dxtdx? — r2d¢?
Tev |L=krm~37 > 1]
AdSs K many observables

enhanced by L

Planck
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gravity
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e All fundamental parameters of O(Mp,)
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Warped Extra Dimensions

The Standard Model in AdSs

Just the Higgs boson has to be localized at (close to) the TeV
brane in order to solve the hierarchy problem = Bulk-SM
Davoudiasl, Hewett, Rizzo, hep-ph/9911262,

Grossman, Neubert, hep-ph/9912408

Planck TeV
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The Standard Model in AdSs

Just the Higgs boson has to be localized at (close to) the TeV
brane in order to solve the hierarchy problem = Bulk-SM
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Warped Extra Dimensions

The Standard Model in AdSs

Just the Higgs boson has to be localized at (close to) the TeV
brane in order to solve the hierarchy problem = Bulk-SM
Davoudiasl, Hewett, Rizzo, hep-ph/9911262,

Grossman, Neubert, hep-ph/9912408

Mgk = ke L ~ TeV

Non-trivial overlaps + doublet-singlet mixing

= fields with same QN under unbroken symmetry have different
couplings to gauge bosons of broken symmetry = tree FCNCs
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Warped Extra Dimensions

RS as a Solution to the Flavor Puzzle

@ RS offers an explanation for the fermion mass hierarchies and
Sma” CKM miXing angles Huber, hep-ph/0303183; Huber, Shafi, hep-ph/0010195
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Warped Extra Dimensions

RS as a Solution to the Flavor Puzzle
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RS as a Solution to the Flavor Puzzle
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Warped Extra Dimensions

RS as a Solution to the Flavor Puzzle

mg, = O(1) x = |Fq,F . Vo (Y, ~00)
|
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Warped Extra Dimensions

RS as a Solution to the Flavor Puzzle
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Warped Extra Dimensions

RS as a Solution to the Flavor Puzzle
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Warped Extra Dimensions

Custodial protection

Implement custodial protection by extending the SM gauge group!

SU@3)c x SU(2), x SU(2)r x U(1)x x Prr

SUR)r x U(1)x —> U(1)y

P.r : interchange SU(2), < SU(2)r
T parameter protected 2

by € (2,2)a/3 — Zbyb; protected

1Agashe, Delgado, May, Sundrum, hep-ph/0308036,
Agashe, Contino, Da Rold, Pomarol, hep-ph/0605341
2alternative option: heavy higgs, Casagrande, FG, Haisch, Neubert, Pfoh, 0807.4937[hep-ph]
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Rare decays and Higgs physics
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© Rare decays and Higgs physics
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Rare decays and Higgs physics

Rare decays t — ¢Z% and t — ch

@ Expect sizable efects due to IR localization of top quark
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Rare decays and Higgs physics

Rare decays t — ¢Z% and t — ch

@ Expect sizable efects due to IR localization of top quark

@ Fermion masses generated through Higgs mechanism and
compactification = Higgs FCNCs
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Rare decays and Higgs physics

Rare decays t — ¢Z% and t — ch

@ Expect sizable efects due to IR localization of top quark
@ Fermion masses generated through Higgs mechanism and
compactification = Higgs FCNCs

] 5

T 0

Q efu
——— 95%CL ATLAS 10738¢ - -~ 95%CL LHC

= 95% CL CDF -~ 50ATLAS - 3rLHC
. 10715 .
2 4 6 8 10 2 4 6 8 10
Mgk [TeV]

Mgk [TeV]

Florian Goertz (Uni Mainz) Warped Extra Dimensions



Rare decays and Higgs physics

Higgs production and decay

First complete one-loop calculation in RS
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@ Higgs couplings to heavy quarks and massive gauge bosons
recieve sizable negative corrections up to —50% (Mkxk = 2TeV)
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Rare decays and Higgs physics

Higgs production
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Rare decays and Higgs physics

Higgs production
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Higgs mass bounds could be altered
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Rare decays and Higgs physics

Higgs decay

Bh- f)

m, [GeV]

@ above WW threshold: Higgs discovery via golden channel

gg — h— ZMZG) — 1+ 1= 1+ 1= more difficult
@ below WW threshold: slightly better potential to discover the Higgs via
gg — h— ZMZE) — H =+~ for Mgk = 2 TeV
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Rare decays and Higgs physics

Summary

@ RS models offer interesting possibility to address unexplained
hierarchies
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Rare decays and Higgs physics

Summary

@ RS models offer interesting possibility to address unexplained
hierarchies

@ Custodial protection weakens bounds from electroweak
precision measurements
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Rare decays and Higgs physics

Summary

@ RS models offer interesting possibility to address unexplained
hierarchies

@ Custodial protection weakens bounds from electroweak
precision measurements

@ Couplings involving third generation quarks or the Higgs
boson open a portal for discovery
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Rare decays and Higgs physics

Summary

@ RS models offer interesting possibility to address unexplained
hierarchies

@ Custodial protection weakens bounds from electroweak
precision measurements

@ Couplings involving third generation quarks or the Higgs
boson open a portal for discovery

Thank you for your attention!
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Rare decays and Higgs physics

Backup: Electroweak Precision (custodial model)
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= Mgk > 2.4 Tev (99% CL) (mh =150 GeV)

Florian Goertz (Uni Mainz) Warped Extra Dimensions



	Hierarchies in the Standard Model
	Warped Extra Dimensions
	Rare decays and Higgs physics

