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The Standard Model

SUc(3) x SUL(2) x UY(1)

Why do we have mass?

The Higgs was predicted in 1964



The discovery of the Higgs

On the 4th of July 2012 



The EGH paradigm

• A different paradigm where the Higgs sector symmetry is larger.

• The physical Higgs emerges as a pNGB. 

• Different paradigm: allows to disentangle the vacuum 
expectation of the elementary Higgs sector from the EW scale.

• Calculable radiative corrections induce the proper breaking of 
the EW symmetry and naturally aligns the vacuum in the pNGB 
Higgs direction. 

• The EW scale is only radiatively induced and it is order of 
magnitudes smaller than the scale of the Higgs sector in 
isolation.vEW
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The EGH model

The symmetry is enlarged to SU(4)
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The scalar sector consists of 12 real fields expressed as

Antisymmetric, breaking to Sp(4)

Symmetric, breaking to SO(4)
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The vacuum,   , is in the    direction with the value v �

in the case where all the couplings are real
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The most general renormalizable Lagrangian



Vacuum Allignment

⌃B =

✓
i�2 0
0 �i�2
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⌃H =

✓
0 1
�1 0

◆

⌃✓ = cos ✓ ⌃B + sin ✓ ⌃H

The vacuum used is a superposition of two vacua

Technicolor vacuum

Electroweak vacuum
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Spectrum
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M )
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The spectrum at tree-level for real couplings are



Electroweak Interactions
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The electroweak interactions appear in the kinetic term of the Lagrangian

where

which gives the masses



The Top Mass

L top

Yuk

= yt(Qtc)†↵Tr[P↵M ] + h.c.

m
top

=
ytp
2
v sin ✓

vew = v sin ✓

The Yukawa interactions in the Lagrangian is 

which gives the mass of the top

To have the correct observed 
masses:



Explicit breaking of SU(4) to Sp(4)
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where

SU(4) is broken minimally to Sp(4) in a way which gives mass to     ⇧5

and gives the mass term to      and ⇧5 ⇧̃5



The One-loop corrections
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The 6 couplings are expressed in terms of the masses and the vacuum
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The Physical Higgs

The physical Higgs is a superposition of    and    � ⇧4

✓
�
⇧4

◆
=

✓
cos↵ � sin↵
sin↵ cos↵

◆✓
h
H

◆

mh = 125.03+0.26
�0.27 GeV

The observed Higgs boson with the mass

⇧4is mostly the      and hence are the lightest of the two Higgs bosons



Constraints on the Parameter Space

@�V

@✓

����
v

= 0
@2�V

@✓2

����
v

> 0

cV = 1.01+0.07
�0.07 and cf = 0.89+0.14

�0.13

cV = cf = sin (✓ + ↵)

The potential must be minimised with respect to ✓

vew = v sin ✓ = 246 GeV

The top and the electroweak bosons must have the correct masses

The observable constraints on the self couplings



One Common Scalar mass
The free parameters in this case:

v, ✓, µM , �̃, MS
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↵̄ = 1.57

mh  µM  1 TeV

mh  MS  5 TeV
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Correlation between 
MS and MH

The minimum mass:
MS     2600⇡
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The Dependence of the Higgs Mass
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The Mass of the    Different�
The free parameters in this case:

v, ✓, µM , �̃, MS , M�
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✓ = 0.016+0.004
�0.002

v = 15.2+3.9
�1.4TeV

↵̄ = 1.57

mh  µM  1 TeV

mh  MS ,M�  5 TeV
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Conclusion

• The elementary Higgs sector of the SM is enhanced to an SU(4) 
symmetry which breaks spontaneously to Sp(4)

• The embedding of the electroweak gauge sector is parametrised by an 
angle 

• The observed Higgs emerges as a pNGB  with its mass arising via 
radiative corrections.

• The preferred EW vacuum alignment point to an energy scale almost 60 
times higher than the SM electroweak scale. Due to the perturbative 
nature of the theory the  new scalars remain in the few TeV energy range.


