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Goal

I establish a calculable model where this small ratio is understood:

The “hidden” symmetry: 
Conformal

The spectrum: 
Fully computable

The higgs: 
A dilaton
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QCD-like Adjoint Weyl fermion

Higgs-sector ~ Mesons H ∼ ψψ̄

U(Nf) x U(Nf) massless linear sigma model coupled to the fermions

( toy-model for electroweak symmetry breaking )

Hij = (σa + iφa)λa
, a = 0, ...N2

f − 1

Notice that there is no mass term for the “H” field so that the model is classically 
conformal at the tree level



Infrared Destiny
O.  Antipin, M. Mojaza, F. Sannino - hep-ph/1107.2932 

L = LK(Fµν ,λ,ψ, H; g) + yH ψ̄Hψ − u1

�
TrH†

H
�2 − u2Tr

�
H

†
H
�2

Perturbative 1-loop IR stable fixed point (a la Banks-Zaks)



Infrared Destiny
O.  Antipin, M. Mojaza, F. Sannino - hep-ph/1107.2932 

L = LK(Fµν ,λ,ψ, H; g) + yH ψ̄Hψ − u1

�
TrH†

H
�2 − u2Tr

�
H

†
H
�2

Perturbative 1-loop IR stable fixed point (a la Banks-Zaks)

๏Nc →∞ , Nf →∞



Infrared Destiny
O.  Antipin, M. Mojaza, F. Sannino - hep-ph/1107.2932 

L = LK(Fµν ,λ,ψ, H; g) + yH ψ̄Hψ − u1

�
TrH†

H
�2 − u2Tr

�
H

†
H
�2

Perturbative 1-loop IR stable fixed point (a la Banks-Zaks)

๏Nc →∞ , Nf →∞
๏x = Nf /Nc constant



Infrared Destiny
O.  Antipin, M. Mojaza, F. Sannino - hep-ph/1107.2932 

L = LK(Fµν ,λ,ψ, H; g) + yH ψ̄Hψ − u1

�
TrH†

H
�2 − u2Tr

�
H

†
H
�2

Perturbative 1-loop IR stable fixed point (a la Banks-Zaks)

๏Nc →∞ , Nf →∞
๏x = Nf /Nc constant

๏Rescaled couplings



Infrared Destiny
O.  Antipin, M. Mojaza, F. Sannino - hep-ph/1107.2932 

L = LK(Fµν ,λ,ψ, H; g) + yH ψ̄Hψ − u1

�
TrH†

H
�2 − u2Tr

�
H

†
H
�2

Perturbative 1-loop IR stable fixed point (a la Banks-Zaks)

๏Nc →∞ , Nf →∞
๏x = Nf /Nc constant

๏Rescaled couplings

ag =
g2Nc

(4π)2
, aH =

y2HNc

(4π)2

z1 =
u1N

2

f

(4π)2
, z2 =

u2Nf

(4π)2
,



Infrared Destiny
O.  Antipin, M. Mojaza, F. Sannino - hep-ph/1107.2932 

L = LK(Fµν ,λ,ψ, H; g) + yH ψ̄Hψ − u1

�
TrH†

H
�2 − u2Tr

�
H

†
H
�2

Perturbative 1-loop IR stable fixed point (a la Banks-Zaks)

1-loop beta functions:๏Nc →∞ , Nf →∞
๏x = Nf /Nc constant

๏Rescaled couplings

ag =
g2Nc

(4π)2
, aH =

y2HNc

(4π)2

z1 =
u1N

2

f

(4π)2
, z2 =

u2Nf

(4π)2
,



Infrared Destiny
O.  Antipin, M. Mojaza, F. Sannino - hep-ph/1107.2932 

Fixed point (simultaneous zero of the beta functions)

x ≡ Nf

Nc
=

9

2
(1− �)



Infrared Destiny
O.  Antipin, M. Mojaza, F. Sannino - hep-ph/1107.2932 

Fixed point (simultaneous zero of the beta functions)

4.0 4.1 4.2 4.3 4.4 4.5
�0.2

�0.1

0.0

0.1

0.2

x

z2�
aH�
ag�

z1�

x ≡ Nf

Nc
=

9

2
(1− �)



Infrared Destiny
O.  Antipin, M. Mojaza, F. Sannino - hep-ph/1107.2932 

Fixed point (simultaneous zero of the beta functions)

4.0 4.1 4.2 4.3 4.4 4.5
�0.2

�0.1

0.0

0.1

0.2

x

z2�
aH�
ag�

z1�

x ≡ Nf

Nc
=

9

2
(1− �)



Infrared Destiny
O.  Antipin, M. Mojaza, F. Sannino - hep-ph/1107.2932 

Fixed point (simultaneous zero of the beta functions)

This FP can become “hidden” by spontaneous 
symmetry breaking from radiative 
corrections (Coleman-Weinberg mechanism)
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Stability of the scalar potential is not encoded in the perturbative RG flow
Idea:    Minimize tree-level potential so that 1-loop correction will dominate and test stability

U(Nf )× U(Nf ) → U(Nf )

Now, we have to test that φc actually obtains a vev from 1-loop corrections to potential...
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Θµ
µ ∝ (β1 + β2)φ+ · · · since β(g),β(yH) ≈ 0 at µ0


