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Motivation: Neutrino masses
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SM does not explain neutrino masses

Natural explanation for the scale         Seesaw Models                                                         

High-scale seesaws: mixing (NP) proportional to m𝜈 . Example: type-I

Low-scale seesaws: m𝜈  suppressed by a symmetry-protected small 
parameter         mixing (NP) unsuppressed. Typical NP signal:

LFV, e.g.



Motivation: Neutrino masses. Dirac Type-I Seesaw
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We define the Dirac Type-I seesaw as:

1)

2) Majorana mass terms (and tree-level          ) are forbidden by 
symmetry
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Consequence: M2 or MN has to be generated via SSB



Motivation: Neutrino masses. Dirac Type-I Seesaw
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We define the Dirac Type-I seesaw as:

1)

2) Majorana mass terms (and tree-level          ) are forbidden by 
symmetry

 

          Goldstone Theorem       

Consequence: M2 or MN has to be generated via SSB



Motivation: Goldstone LFV
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Why is the Goldstone not observed?

Usually, Goldstone appears as a dynamical explanation for mass 
generation, as a DM-candidate or to fix some problem like axions



Motivation: Goldstone LFV
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Why we do not observe the Goldstone? 

Usually, Goldstone appears as a dynamical explanation for mass 
generation, as a DM-candidate or to fix some problem like axions

However, Goldstone phenomenology can be used to prove NP in 
LFV         [S. Centelles Chuliá et al. , 2404.15415] 



Motivation: Goldstone LFV. 
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Qualitative argument: EFT

Let us work with SM + U(1) + a new scalar singlet, 𝞼, that breaks the 
U(1).

When going to the EFT  we have two possibilities depending on the 
VEV    
        U(1) is already violated U(1) holds as a global symmetry 



Motivation: Cosmology and Neff
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New light dofs are quite constrained: expansion rate 
in CMB, BBN, etc. 

Using Boltzmann equations one can compute the 
energy density and translate into Neff

N



Models
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Remember: 



Models
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Remember: 

Minimal scheme:                                                                  two realizations 

[E. Ma and R. 
Srivastava 
1411.5042]



Models
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                      Canonical                                              Enhanced 

Scalar sector is formally the same for both models: SM + singlet scalar

                                              

                     

    BUT



Models: LFV Phenomenology
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                      Canonical                                              Enhanced 

                                              

                     

   

General calculation: 
[A.Herrero-Brocal  and A. Vicente,  
2311.10145]



Models: LFV Phenomenology
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                      Canonical                                              Enhanced 

                  In the simplifying BSM degenerate limit we find

                                              

But experimental constraints: 

   



Lepton Flavor Violation in the Enhanced model
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For sizeable Yukawas 
(darker blue), the Diracon 
dominates, even for high 
SSB scales

                becomes 
observable for smaller 
Yukawas (lighter blue)



Models: 𝜈R  and Diracon production
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                      Canonical                                              Enhanced 

                         

   



Cosmology and Neff in the canonical model
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Conclusions
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The Goldstone phenomenology in the Yukawa sector is 
completely determined by U(1) charges

Goldstone couplings give us a new window to explore models 
and test high scales

Dirac Type-I seesaw is a very promising mechanism because of 
complementarity: Flavor vs Cosmology

New directions to explore: enhanced Goldstone as DM-candidate, 
collider signatures, etc.



Backup: Cosmology and Neff in the canonical model
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Backup: Making the Goldstone a phenomenological actor. 
Inverse seesaw example
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The key lies in the term that breaks the U(1):

Enhanced inverse seesaw                           Canonical inverse seesaw


