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Topics:   

v  Heavy Neutral Leptons in Meson decays and at colliders

v BSM with flavor symmetries

v Sequentional loop suppression mechanism for explanation of the SM mass hierarchy

v Non-conventional mechanisms of neutrino mass generation:   neutrino condensation

v Bounds on LFV physics from lepton and meson decays, accelerators,…. 

v mu-e conversion

v Phenomenology of Black holes and gravity with torsion
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BSM with flavor symmetries

𝑆𝑈 3 *×𝑆𝑈 2 +×𝑈 1 ,×	ℱ𝑙𝑎𝑣𝑜𝑟 𝑆𝑈 3 *×𝑆𝑈 2 +×𝑈 1 ,×	ℱ𝑙𝑎𝑣𝑜𝑟 ⊂ 𝐺𝑈𝑇, 331, 333, 𝐿𝑅

ℱ𝑙𝑎𝑣𝑜𝑟 = 𝑍- , 𝐴- , 𝑇. , . .

Radiative mechanisms of fermion mass generation

ℱ𝑙𝑎𝑣𝑜𝑟  prohibits tree = level generation
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Radiative type-I seesaw 
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𝐆𝐕𝐓 Softly broken   
By Relevant dim<4 operators

𝐿 𝜈!
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Finite calculable loop



Sequential loop suppression mechanism

A.E. Cárcamo Hernández, S. Kovalenko and I. Schmidt, 
Radiatively generated hierarchy of lepton and quark masses, JHEP 02 (2017) 125 

C. Arbeláez, A. E. Cárcamo Hernández, R. Cepedello, S. Kovalenko and I. Schmidt, 
``Sequentially loop suppressed fermion masses from a single discrete symmetry,'' JHEP 06, 043 (2020).

A. E. Cárcamo Hernández, S. Kovalenko, H. N. Long and I. Schmidt, 
``A variant of 3-3-1 model for the generation of the SM fermion mass and mixing pattern,'' JHEP 07, 144 (2018)

A. E. Cárcamo Hernández, S. Kovalenko, R. Pasechnik and I. Schmidt, 
``Sequentially loop-generated quark and lepton mass hierarchies in an extended Inert Higgs Doublet model,'' JHEP 06, 056 (2019);

``Phenomenology of an extended IDM with loop-generated fermion mass hierarchies,'' Eur. Phys. J. C 79, no.7, 610 (2019)



Sequential loop suppression mechanism

𝐻

𝐿 𝑒/
D𝐿	𝑒/ 	𝐻 ∼ N-Loops

𝐻

𝐿 𝑒/

𝐻

𝐿 𝑒/= +
D𝑄	𝑞/ 	𝐻 ∼ 𝑄 𝑞/ 𝑄 𝑞/ 𝑄 𝑞/

∼
1

16	𝜋&
,



𝐻

𝐿 𝑒/
D𝐿	𝑒/ 	𝐻 ∼ N-Loops

𝐻

𝐿 𝑒/

𝐻

𝐿 𝑒/= +

Forbidden by symmetry  G N=1, 2, 3,… sequentially 
forbidden by symmetry G

Protecting symmetry G is Softly Broken: operators dim < 4 in Lagrangian. 

,𝐿	𝑒!	𝐻 is absent in the Lagrangian, but is generated by UV finite loops

Sequential loop suppression mechanism
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,𝐿	𝑒!	𝐻 is absent in the Lagrangian, but is generated by UV finite loops

Example: G =	 𝑍′&×𝑍&00×𝑍- Soft-breaking: 𝜇&	𝜙𝜙!
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Sequential loop suppression mechanism

𝐺 ⊃ 𝐻% ⊃ 𝐻& ⊃ ⋯ ⊃ 𝐻1$% 𝑌1 > ⋯ > 𝑌%Sequential loop suppression

General analysis of the possible protecting symmetries:

Protecting symmetry G is Softly Broken: operators dim < 4 in Lagrangian. 
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𝐿 𝑒/
D𝐿	𝑒/ 	𝐻 ∼ N-Loops
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𝐿 𝑒/= +

Forbidden by symmetry  G N=1, 2, 3,… sequentially 
forbidden by symmetry G

Protecting symmetry G is Softly Broken: operators dim < 4 in Lagrangian. 

Allows UV completions with SSB generated soft symmetry breaking.

,𝐿	𝑒!	𝐻 is absent in the Lagrangian, but is generated by UV finite loops

Sequential loop suppression mechanism



Non-conventional mechanisms of neutrino mass generation:   neutrino condensation

Extra Fields:  𝜈!, 𝜈"#, 𝑆"# 
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EW  Doublet

EW  Singlet

EW  Singlet
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Muon-Electron conversion 𝜇$ + 𝐴, 𝑍 → 𝑒$ + 𝐴, 𝑍 ∗

Quark-level Effective theory. Generated by heavy new physics.
 SM pinguins 
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Hadronic-level Effective theory
     (long-range interactions)

Quark-level Effective theory (short-range interactions)
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Hadronization



CONCLUSIONS

The projects we started with Ivan will go on.  


