
Heavy (Dynamical) Axions
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Why axion?



Strong CP problem

 arXiv:1805.06465                                                                                   Color Unified Dynamical Axion - Pablo Quílez

One physical CPV phase:

[B.Fillipone via diLuzio]

Neutron EDM (Electric Dipole Moment)
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The axion solution
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My definition of axion:

   “Any pseudo-Goldstone Boson of a 
global U(1) symmetry, which is exact at 
the classical level but explicitly broken 
by instantons”



Invisible axion mass
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Invisible axion mass
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Invisible axion couplings
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Invisible axion parameter space
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Invisible axion parameter space
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Can we make it heavy?



Compare the number of:

How many light axions has your theory?

Anomalous pseudoscalars: PQV instanton sources



Heavy axion models
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Heavy axion models
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Invisible axion parameter space
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SU(5) mirror world PQWW axion 
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Visible heavy QCD axion 
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Gherghetta+Nagata+Shifman 16 
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Small Size Instantons
 

Extra source of axion mass
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Heavy axion: Small Size Instantons 

➔ Typically, at high energies (= small size) couplings are very small.
➔ The instanton density has an exponential suppression:

➔ New Physics can change the RG flow and induce a new source of axion mass

➔ Large coupling 
➔ At some Large scale

https://arxiv.org/abs/1805.06465
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Small Size Instanton: Randall and Flynn, 87
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Factoring the strong CP problem
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Massless quark solution
 

Dynamical axion

 



Massless quark solution
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Dynamical Axion
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Dynamical Axion: masses 
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Why dynamical?



Colour Unified Dynamical Axion

First colour-unified model with massless quarks
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Color Unified Dynamical Axion
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Color Unified Dynamical Axion 
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Color Unified Dynamical Axion: The real thing 
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Extra primed quarks
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Running of the gauge couplings

➔ At the breaking scale: 
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The anomalous pseudoscalars: dynamical axions + η’ 
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Small Size Instantons and axion mass

➔ Large coupling 
➔ Large breaking scale
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Small Size Instantons and axion mass
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Dynamical axion potential and masses
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Dynamical axion masses
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Solution to the Strong CP problem
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Confinement and ᵯSB of the SU(3)diag
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Low energy Spectrum and Phenomenology

➔

◆

➔

➔

https://arxiv.org/abs/1805.06465


 arXiv:1805.06465                                                                                   Color Unified Dynamical Axion - Pablo Quílez

Color Unified Dynamical Axion: model II
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Color Unified Dynamical Axion: model II
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Much territory to explore
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Conclusions
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Color Unified Dynamical Axion: The real thing 
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Alternatives to the dynamical Axion 
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SM mirror world axion
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