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• Why do we care about EWSB?

• What are Higgsless Models?

• Deconstructed Higgsless Models

• S > 0.5 for Localized Fermions!

• Delocalized Fermons

• Conclusions

Outline



• Chivukula, He, Kurachi, Simmons, Tanabashi: 
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Cacciapaglia

• Foadhi, Gopalkrishna, Schmidt
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• Non-commuting ETC, Ununified SM,      
“Top-Flavor”
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SU(2) x U(1) @ E2



Massive Gauge Bosons 
from Extra-D Theories

Expand in eigenmodes, e.g. S1/Z2:



KK Masses: “Higgs 
Mechanism”

...and boundary conditions!



4-D KK Mode Scattering

Cancellation of bad high-
energy behavior through 

exchange of massive 
vector particles

RSC, H.J. He, D. Dicus



• Generalizes to a large class of 5-d manifolds 
and boundary conditions - Higgsless Models 
(Csaki, Grojean, Murayama, Pilo, Terning) 

• gSU(2)~1; can potentially add several vector 

mesons and delay unitarity.

• Vanishing gauge coupling - unitarized chiral 
perturbation theory (Son and Stephanov)

Moral: You can delay 
unitarity, but can’t avoid it!



• Choose “bulk” gauge group, position of 
fermions, boundary conditions

• Choose g(x5)

• Choose metric/manifold: gab(x5)

• Calculate spectrum & eigenfunctions

• Calculate fermion couplings

• Compare to SM: S, T,...

Recipe for a Higgsless Model:

Can we do better?      Yes, using deconstruction!



Electroweak Parameters: I

S, T: Peskin &  Takeuchi



Electroweak Parameters: II

Barbieri, et. al. 
Parameters

Barbieri, Pomarol, Rattazzi, and Strumia



• Discretize fifth dimension

• 4D gauge group at each site

• Nonlinear Sigma Model Link Fields

• Warping: vary fj

• Spatially dependent coupling: vary gk

• Continuum Limit: N to infinity

Deconstruction
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• SU(2)N x U(1)

• Fermions on “branes”, sites 0 and N+1

• N=0 equivalent to technicolor/one-Higgs

• Many 4-D/5-D theories at once!

A Deconstructed 
Higgsless Model
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• SU(2) x SU(2) x U(1) in “bulk”

• modify fermion location, etc...

• In this talk, will stick with simplest moose

Generalizations
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• Photon, Z, heavy Z’s

• M2
W with gN+1=0: W, heavy W’s

Mass Matrix
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• Consider (0,N+1) co-factor

Correlation Functions: I
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• Residue of Q2=0 pole is e2

Correlation Functions: II
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• Residue at Q2 = -M2
Z gives “J3 JY” Z-coupling

S parameter
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• Resonances must unitarize WW scattering

Connection to Unitarity
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Too large by a factor of a few!

Independent of warping or gauge couplings chosen...



• Any model of this kind

• with localized fermions

• has only a light photon, W, and Z

• and is unitary

Generalizations
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Have S > 5 x 10-3 !^

S as defined by Barbieri, Pomarol, Rattazzi, and Strumia^



• Delocalized Fermions

• Mixing of “brane” and “bulk” modes

A New Hope?
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Can tune value of S...
...can this occur naturally?

Analogous to some ETC-induced effects



A Toy Model
Massless 

Fermions!



Correlation Functions 
at LEP-I and II

Ratio to Standard Model

RSC, HJH, MK, MT, EHS in progress



• Unitary Higgsless models with localized 

fermions give rise to S > 5 x 10-3 ...  like 
QCD-like technicolor

• Fermion delocalization can be used to 
cancel these effects -- can this happen 
naturally?

Conclusions

^


