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Motivation: Nambu-Goldstone Bosons

Goldstone’s Theorem: Given the spontaneous breaking of a global symmetry, then there is a massless scalar (NGB) for 
each broken generator

NGBs are among the most important candidates for BSM particles: DM candidates, strong CP problem, etc

Typically in literature, NGBs come from U(1) symmetries, being (mostly) singlets under the SM gauge group
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Goldstone’s Theorem: Given the spontaneous breaking of a global symmetry, then there is a massless scalar (NGB) for 
each broken generator

NGBs are among the most important candidates for BSM particles: DM candidates, strong CP problem, etc

Typically in literature, NGBs come from U(1) symmetries, being (mostly) singlets under the SM gauge group

Therefore… they are very difficult to detect: since they are SM-singlets, they only interact at tree-level with BSM fields

 3



Motivation: NGB interaction with 
charged-leptons

One of the most relevant signals for detecting NGBs comes from flavour:  ℓα → ℓβ   π   

These interactions have been analyzed in particular models by computing the correspondent loop 
diagrams
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Motivation: NGB interaction with 
charged-leptons

One of the most relevant signals for detecting NGBs comes from flavour:  ℓα → ℓβ   π   

These interactions have been analyzed in particular models by computing the correspondent loop 
diagrams

Example: Type-I Seesaw with SSB

To generate Majorana neutrino masses we need to break the global U(1), B-L. If  B-L SSB → 
Majoron (NGB) 
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Motivation: NGB interaction with 
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Try to understand and compute this coupling with a model-independent framework
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Motivation: NGB interaction with 
charged-leptons

3

Try to understand and compute this coupling with a model-independent framework

Distinguish and build models where this interaction becomes relevant

Compare this flavour signal with the traditional ℓα → ℓβ   γ 

 



EFT approach to the coupling

We will consider the NGB associated with the spontaneous breaking of a global U(1) and  generated by an SM-singlet

Since the NGB comes from an SM-singlet, it only interacts with charged leptons through higher-dimensional operators

We must distinguish two scenarios
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EFT approach to the coupling

We will consider the NGB associated with the spontaneous breaking of a global U(1) and  generated by an SM-singlet

Since the NGB comes from an SM-singlet, it only interacts with charged leptons through higher-dimensional operators

We must distinguish two scenarios

▪ Scenario 1: The U(1) is already broken below the UV cutoff

Then the NGB appears as an independent field allowing for the following operators
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EFT approach to the coupling

We will consider the NGB associated with the spontaneous breaking of a global U(1) and  generated by an SM-singlet

Since the NGB comes from an SM-singlet, it only interacts with charged leptons through higher-dimensional operators

We must distinguish two scenarios

▪ Scenario 1: The U(1) is already broken below the UV cutoff

Then the NGB appears as an independent field allowing for the following operators

        

▪ Scenario 2: The U(1) still conserved below the UV cutoff

The higher-dimensional operators must preserve the global U(1). Hence:
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EFT approach to the coupling

We can compare this interaction with the traditional ℓα → ℓβ γ , which arises via
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EFT approach to the coupling

We can compare this interaction with the traditional ℓα → ℓβ γ , which arises via

Hence, in models belonging to scenario 1, where

we expect  ℓα → ℓβ π  to dominate over  ℓα → ℓβ γ 
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Analytical expression for the coupling
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We computed the one-loop NGB coupling to charged leptons in a model-indepedent way (under some assumptions). 

Defining the coupling as

we provide a simplified matrix expression for the contribution to S of any possible one-loop diagram.

Given a model, one can identify the one-loop diagrams and couplings, use our general formulae, and obtain a matrix expression for S
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Analytical expression for the coupling
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We computed the one-loop NGB coupling to charged leptons in a model-indepedent way (under some assumptions). 

Defining the coupling as

we provide a simplified matrix expression for the contribution to S of any possible one-loop diagram.

Given a model, one can identify the one-loop diagrams and couplings, use our general formulae, and obtain a matrix expression for S

The calculation was focused in the Majoron and assumes Majorana neutrinos, but can be easily generalized for Dirac neutrinos and then 
valid for any NGB 

 



Application: inverse seesaw and the Majoron
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The inverse seesaw is defined by the following neutral fermion mass matrix

 

with N and S fermionic singlets under the SM
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Application: Inverse seesaw and the Majoron
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● Realization 1
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Phenomenological implications of an enhanced Majoron
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This interaction is constrained by astrophysical and laboratory experiments. The more stringent constrain is given in the J   e  e 
interaction. Assuming Yukawas of order 1,
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This interaction is constrained by astrophysical and laboratory experiments. The more stringent constrain is given in the J   e  e 
interaction. Assuming Yukawas of order 1,

                                                                                               Goldstone cLFV allow us to test high scales                   

                             

We can compare this interaction with the traditional signal  ℓα → ℓβ   γ  . In the simplified scenario with Λ  degenerate, Yukawas of 
order 1 and                            

                                                                           

                    



Phenomenological implications of an enhanced Majoron
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Orange points correspond to    

Blue points allow for more freedom 

μ → e   J  becomes observable above μ → e   γ in the most relevant 
section of the parameter space

 

μ → e   γ   requires smaller Yukawas, departing from the main 
theoretical motivation for low-scale seesaws



Application: Inverse seesaw and the Majoron
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● Realization 2: 
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Nambu-Goldstone bosons are one of the best motivated BSM candidates

Typically, models predicts NGB which are weakly coupled to the SM, making their phenomenology 
negligible and therefore difficult to detect them

Here we have developed a general framework to identify NGB with relevant phenomenology

We applied this general framework to well-motivated models such as low-scale seesaws and we found 
that for these models one expect to observe μ → e   J  over μ → e   γ .  

Thank you!

FLASY 2026 · Gyeongju

SUMMARY
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