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• For this purpose, crucial things to know are masses of 
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• Standard Model (SM) of the elementary particles, by 
adopting so-called gauge principle, beautifully explains 
the three of four forces which are known to be exist in 
nature
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There is a new physics beyond 
(or alternative to) the SM

But, so far, we have had only few clues of 
what the new physics should be . . .



The situation will drastically change
 in a few years because the LHC 

experiment at CERN will begin operation 
this year! 



Origin of Masses  =  Origin of EWSB

• EW gauge bosons are massless without 
the EWSB

• Mass terms of fermions : 
SM fermions are chiral under the EW 
gauge group --> fermions are also 
massless without EWSB
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By the way, 



We know the example of
 the chiral symmetry breaking

Pions are NG bosons associated with 
(SU(2)L ⊗ SU(2)R)/SU(2)V

SU(2)RSU(2)L
U = eiπ/fπ

L =
f2

π

4
Tr

[
(∂µU)†(∂µU)

]
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component of the 
gauge fields
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EWSB sector

SU(2)RSU(2)LGlobal :

Local : SU(2)L U(1)Y

Ũ = eiπ̃/v

Almost the same structure as that of 
low energy effective theory of QCD
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“Standard” Model
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Why don’t we follow the beautiful 
success of QCD ?

Need perturbativity ?

Let us introduce “rho meson” 
(= Z’, W’ bosons) 

(Unitarity of pi-pi scattering is improved 
by the rho meson exchange)



•                                  gauge fields (Circles)

•                                   non-linear sigma fields (Links)
                                                   Eaten by massive gauge fields
•Two left and right handed fermions (Vertical lines) for each flavor
                                      SM fermions and their heavy partners

g ~ g’
f f

g

Three Site Higgsless Model
Chivukula, Coleppa, Di Chiara, Simmons, He, Kurachi, Tanabashi, PRD 74, 075001 (2006)

Four dimensional gauge invariant Lagrangian which includes
SU(2)× SU(2)× U(1)

(SU(2)× SU(2)) /SU(2)
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Three Site Higgsless Model (Gauge Sector)
Chivukula, Coleppa, Di Chiara, Simmons, He, Kurachi, Tanabashi, PRD 74, 075001 (2006)
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This theory is in the same class as models of extended EW 
gauge symmetries

motivated by models of Hidden Local Symmetry



Three Site Higgsless Model (Fermion Sector)
Chivukula, Coleppa, Di Chiara, Simmons, He, Kurachi, Tanabashi, PRD 74, 075001 (2006)
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LHC Signatures

He, Kuang, Qi, Zhang, Belyaev, Chivukula, Christensen, Pukhov and Simmons
 arXiv.0708.2588 [hep-ph]

Belyaev, arXiv.0711.1919 [hep-ph]

Heavy gauge 
boson W’ can be 
discovered within 
the first few years’ 
run at the LHC



Summary



Summary

Standard Model is not the only scenario 
for the Electroweak symmetry breaking


