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The Type-I Seesaw family
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What we mean by the Type-I Seesaw family?



The Type-I Seesaw family

1)

3
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The Type-I Seesaw family
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3) A light Majorana mass term for the active neutrinos is              
generated at tree level.
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Three conditions



The Type-I Seesaw family

We can compute a general formula for 

6



The Type-I Seesaw family

We can compute a general formula for 

By expanding                                in powers of 
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The Type-I Seesaw family

Let us assume two different singlets, N and S 
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The Type-I Seesaw family

Let us assume two different singlets, N and S 

With  
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The Type-I Seesaw family

We can recover type-I, inverse and linear results by working 
with different singlet generations and matrix hierarchies
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The Type-I Seesaw family 

We can recover type-I, inverse and linear results by working 
with different singlet generations and matrix hierarchies

For instance, if   
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The Type-I Seesaw family with explicit breaking of U(1)L

We can define the multiplet                                   
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The Type-I Seesaw family with explicit breaking of U(1)L

We can define the multiplet                                   

  With  

We can describe all the models with the type-I lagrangian
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The Type-I Seesaw family with SSB of U(1)L

The multiplet                             is not anymore a well-defined 
object of the theory in general                                   
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The multiplet                             is not anymore a well-defined 
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The Type-I Seesaw family with SSB of U(1)L

The multiplet                             is not anymore a well-defined 
object of the theory in general                                   

  
We cannot use one lagrangian to describe all the models  

We can find different realizations for the same mass mechanism 
generation
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Minimal realization with SSB of U(1)L

By minimal we mean:                                  

BSM scalar sector: one singlet and at most one doublet 
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Minimal realization with SSB of U(1)L

By minimal we mean:                                  

BSM scalar sector: one singlet and at most one doublet 

Singlet fermions: N and S. N is the right-handed neutrino          
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Minimal realization with SSB of U(1)L

By minimal we mean:                                  

Only one majoron, with the singlet being the main component 

BSM scalar sector: one singlet and at most one doublet 

Singlet fermions: N and S. N is the right-handed neutrino          
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Minimal realization with SSB of U(1)L
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Minimal realization with SSB of U(1)L

We find 9 different models                                  

Majoron pheno : 6  suppressed by          and 3 enhanced 

Mass mechanism      3 type-I, 2 inverse, 2 linear, and  2 hybrids
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Models with enhanced majoron phenomenology
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1) Hybrid mechanism (linear + inverse)    qS = 0     ;   qσ = −1  

2) Linear Seesaw    qS =  -3    ;   qσ = −2  

3) Inverse Seesaw     qσ = −1  



Hybrid mechanism with enhanced majoron LFV
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Hybrid mechanism with enhanced majoron LFV

Assuming  
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Hybrid mechanism with enhanced majoron LFV

Assuming  
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Inverse + linear             Hybrid mechanism



Hybrid mechanism with enhanced majoron LFV

We can compute the majoron in the basis    
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Hybrid mechanism with enhanced majoron LFV

We can compute the majoron in the basis    
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Hybrid mechanism with enhanced majoron LFV

We can compute the majoron in the basis    
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Hybrid mechanism with enhanced majoron LFV
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With

At one-loop  (AHB, A.Vicente, arXiv:2311.10145)  



Hybrid mechanism with enhanced majoron LFV

And we obtain an enhanced coupling since
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Linear Seesaw with enhanced majoron LFV
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Linear Seesaw with enhanced majoron LFV

Assuming  

Linear seesaw         
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Linear Seesaw with enhanced majoron LFV

We can compute the majoron in the basis    
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Linear Seesaw with enhanced majoron LFV

We can compute the majoron in the basis    
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Linear Seesaw with enhanced majoron LFV

We can compute the majoron in the basis    
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Linear Seesaw with enhanced majoron LFV

At one-loop (AHB, A.Vicente, arXiv:2311.10145) , defining 
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And we obtain an enhanced coupling since



Lepton Flavor Violation Phenomenology

We can study the models in the limit where the majoron interaction is 
the same for both models 
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Lepton Flavor Violation Phenomenology

We can study the models in the limit where the majoron interaction is 
the same for both models 
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Lepton Flavor Violation Phenomenology
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Conclusions

In the case of explicitly lepton number breaking all Type-I family        
models are equivalent since singlet fermions are indistinguishable     
        

  In the case of SSB a lot of different realizations are possible
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 In these models we expect to see                      over 

      We can build models with majoron enhanced phenomenology



Inverse mechanism with enhanced majoron LFV
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  Assuming

The coupling at one-loop  (AHB,A.Vicente, arXiv:2311.10145)



Diagrams leading to the one-loop majoron coupling
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