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I Weak interactions are gauge interactions =⇒
symmetry

I Weak interactions are short range =⇒ symmetry is
broken
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EWSB: Gross features

I So what is the symmetry and what is the symmetry
breaking?

I At least SU(2)L×U(1)Y → U(1)em
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EWSB: Precise features

I mZ
mW

cosθW ' 1 =⇒ T ∼ 0

I v2

Λ2 ZµνF µν =⇒ S ∼ 0Some dynamical sensitivity to the Higgs mechanims is obtained from EWPO:     

Indirect indication of a light mH under the hypothesis of an heavy cut-off for     

the SM viwed as effective theory (↔ fine tuning in the Higgs mas term) 

Leading oblique parameters 
from EWPO
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The Standard Model

I Add a scalar field H, a 21/2 of SU(2)×U(1)Y

I Potential V = µ2H†H +λ (H†H)2
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Is it a good model . . .?

I Renormalizable lagrangian
I Make predictions to arbitrarily high scales
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SM: Gross Features

Is it a good model . . .?

I v = 〈H〉 ∼ 246GeV =⇒ SU(2)×U(1)Y → U(1)q

So gross features are reproduced.
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Is it a good model . . .?
Some dynamical sensitivity to the Higgs mechanims is obtained from EWPO:     

Indirect indication of a light mH under the hypothesis of an heavy cut-off for     

the SM viwed as effective theory (↔ fine tuning in the Higgs mas term) 
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So precise features are reproduced.
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But is it such a good model? After all, we haven’t yet

seen the Higgs, despite a lot of searching.
I mh > 114 GeV
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SM: Precise Features
But is it such a good model?

Figure 1: χ2 distributions as a function of mH from the combination of the three leptonic

asymmetries ALR, A!
FB, A!(Pτ ) (solid line); the three hadronic asymmetries Ab

FB, Ac
FB, and

QFB (dashed line); and the three mH-sensitive, nonasymmetry measurements, mW , ΓZ , and

Rl (dot-dashed line). The horizontal lines indicate the respective 90% symmetric confidence

intervals.

is a genuine reflection of new physics, for instance, in the Zbb vertex. Because Rb agrees well

with the SM prediction, it is straightforward to show that this hypothesis requires a very

large (∼ 20%) new physics contribution to the right-handed Zbb coupling. Popular models

of new physics cannot readily explain the data, but there is not a no-go theorem and some

possibilities have been explored.[16] If it is a genuine manifestation of new physics, then the

new physics must first be known in order to use the precision data to predict mH .

The third possible explanation of the discrepancy is underestimated systematic error.

The three leptonic measurements are comparatively straightforward. They are free of com-

plications from QCD and hadronization, involve three quite different techniques with no

common systematic uncertainties, and have a sensible χ2, with sin2θ! eff
W = 0.23113 (21)

and CL(1.6/2) = 0.44. In contrast, the three hadronic measurements share challenging

experimental and theoretical systematic issues, including heavy flavor tagging, large QCD

corrections, and, especially, reliance on hadronic Monte Carlo simulations to merge the QCD

6

I solid: leptonic asymmetries, mh ∼ 50GeV
I dash: hadronic asymmetries, mh ∼ 500GeV
I dot-dash: non-asymmetry measurements,

mh ∼ 50GeV
I combined, mh ∼ 85GeV, CL(14.1,7) = 0.05

Chanowitz, 0806.0890
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The Standard Model

But is it such a good model?

I Do we need renormalizability?
I What explains the hierarchy between v ∼ 246 GeV

and MP ∼ 1019 GeV?



Experiment

SM

Composites

Composite models from SO(3) to SO(6)



Experiment

SM

Composites

Composite models

Back to the beginning ... what do we really need?



Experiment

SM

Composites

Composites: Gross structure

SU(2)L×U(1)Y → U(1)em

I Need 3 Goldstone bosons
I Do not need to live in a Higgs doublet
I Effective lagrangian
I Non-renormalizable; but good up to 4πv ∼ 3 TeV.
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Composites: Gross structure

SU(2)L×U(1)Y → U(1)em

I SU(2) = SO(3)

I U(1) = SO(2)

Like the Earth . . .
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Earth: SO(3)→ SO(2)
Like the Earth . . .

W. Whiston, Astronomical Principles of Religion
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I mZ
mW

cosθW ' 1 =⇒ T ∼ 0

I Custodial symmetry
I Replace U(1)Y by SU(2)R

I SU(2)L×SU(2)R → SU(2)C
Sikivie, Susskind, Voloshin, Zakharov

I SU(2) = SO(3) but SU(2)×SU(2) = SO(4)
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HyperEarth: SO(4)→ SO(3)

SU(2) = SO(3) but SU(2)×SU(2) = SO(4)

I T ∼ 0
I GBs a 3 of SO(3)
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Composites: Precise structure

I But S ∼ 0 as well.
Some dynamical sensitivity to the Higgs mechanims is obtained from EWPO:     

Indirect indication of a light mH under the hypothesis of an heavy cut-off for     

the SM viwed as effective theory (↔ fine tuning in the Higgs mas term) 

Leading oblique parameters 
from EWPO
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No symmetry

Favours light Higgs with infinite cut-off . . .
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No symmetry

Favours light Higgs with infinite cut-off . . .
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Composites: Precise structure

Favours light Higgs with infinite cut-off . . .

. . . What about light Higgs with heavy cut-off?

Make the Higgs a Goldstone boson (nearly)
Georgi, Kaplan, Dugan
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SuperEarth: SO(5)→ SO(4)

I SO(5)→ SO(4)
Agashe, Contino, Pomarol, hep-ph/0412089

I GBs a 4 of SO(4) or a (2,2) of SU(2)L×SU(2)R

I Like the Higgs!
I SM interactions break SO(5)

I Higgs gets a small mass from top loop
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Lastly, what about the global EW fit?

I Prefers light Higgs
I Can we hide Higgs from LEP?
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I SO(6)→ SO(5)
BMG, A. Pomarol, F. Riva, J. Serra, arXiv:0902.1483 [hep-ph]

I GBs a 5 of SO(5) or a (2,2)⊕ (1,1) of
SU(2)L×SU(2)R

I Get a Higgs plus a singlet
I SM interactions break SO(6)
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I Higgs mass from top loop
I Singlet mass from any loop
I Singlet can be very light
I Singlet can decay in any channel
I e.g. Dominant Higgs decay h→ ηη → 4τ,4c
I LEP bound down to 86 Gev
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I CP-odd singlet: spontaneous CPV
I Singlet can mediate FCNC =⇒ mη > 40 GeV
I Flavour-violating singlet decays, η → tc,bs
I Stable singlet and DM
I Electroweak baryogenesis
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I Explained by SM?
I Explained by composite model?
I Implications for LHC . . .
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