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Standard Model

Discrete symmetries

Renormalization

See-saw mechanism

Neutrino masses
LFV

Effective operators
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The sides of the squares represent the magnitude of the CKM and PMNS matrix 
elements.
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Normal Ordering 
(NO) 

Inverted Ordering 
(IO)

Ordering of the neutrino mass eigenstates. Colors represent the contribution 

of each flavor: electron, muon and tau are given in red, blue and green, respectively.
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v⇠ v� v⇢1 v⇠ v� v⇢1

⌫i NnL N̄ c
nL ⌫j

V 0
µ

Radiative see-saw mechanism mediated by the neutral component of a doublet vector, 
transforming in the fundamental representation
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Discrete symmetries

Non-abelian

Cyclic
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Quark sectorFlavons
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The quark mass spectrum, quark mixing parameters and CP violating phase obtained 
in our model are in very good agreement with the experimental data.

In order to simplify the analysis, we adopt the following scenario:
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Results for quark masses
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Lepton sectorFlavons
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+1 0 0 3 -4

2 21 1 1



17



18

v⇠ v� v⇢1 v⇠ v� v⇢1

⌫i NnL N̄ c
nL ⌫j
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µ
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 The parameters for Inverted ordering are reproduce with the following benchmark 
point.

v⇠ v� v⇢1 v⇠ v� v⇢1

⌫i NnL N̄ c
nL ⌫j

V 0
µ

Heavy resonances
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Result from the model for Inverted hierarchy
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LFV

COMET experiment Mu2e

MEG-II 
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Three-body LFV 
decay with an 

intermediate meson

LFV vertex

M

Meson

Vertex that is parametrized 
by an affective operator
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Effective operator in chiral base
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The experimental upper limit for this process

LFV vertex

M

Let us see the Lagrangian for each process
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LFV vertexM
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We use the on-shell matching condition for the relation between quark-lepton 
and meson-lepton couplings.

and

and for this example we are interested in Vector coupling for
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Revisiting LFV quark-lepton Lagrangian

Effective LFV quark-lepton in quiral base operators
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The general form of the corrected operator matrix elements is given

This would be the renormalized operator:
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Requiring the cancelation of the singularities, one finds the renormalization 
constant

anomalous dimension 
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Renormalization group 
equations (RGE) for the WC’s These matrix elements will 

induce mixing between Wilson 
coefficients

i  j 0
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CONCLUSIONS

We used model building, and built two predictive and viable models that accommodates the values of 
the experimental neutrino parameters. The first model we built was for the Inverted Ordering (IO) of 
neutrinos, the second one contemplates a model for Normal Ordering (NO), which is favored 
experimentally.


We have generated the light active neutrinos mass by radiative see-saw, mediated by the neutral 
component of a doublet vector, in the fundamental representation.


We found that the vector mass is around 1 TeV, giving that we consider the cutoff of 3 TeV, because the 
heavy neutrino mass near the 250 GeV. 


We solved the renormalization group equations, using effective operators and we improve the upper 
limits in the lepton violating three body decay, with a meson exchanged.


The most important finding is that the evolution operator matrix mixed up the Wilson coefficients, so 
this induced new limits, in the upper existing limit in this set of three body leptonic decays, and improve 
the limits known, in the literature, up to two orders of magnitud.  
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Type I see-saw Type II see-saw Type III see-saw

Seesaw neutrino mass mechanisms.


