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Dirac mass: 

Including νR fields:

Small neutrino masses O(0.1) eV requires: 
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are singlets under all the symmetries of the SM

Majorana mass term is not forbidden:
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Right-handed singlet:
(type-I seesaw)

Scalar triplet:
(type-II seesaw)

Fermion triplet:
(type-III seesaw)

Weinberg Operator:
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Weinberg Operator:
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[Ma, 2006]
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Scotogenic Model
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❖ The scotogenic model accounts for neutrino masses and dark matter with a very 

simple and economic setup

❖ However, λ5 has to be very small if the Yukawa couplings are “natural” (or 

vice-versa
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❖ This motivates us to go for higher loops. At n-loop order, neutrino masses are 

typically given by:
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vice-versa



3-loop Scotogenic Model
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3-loop Scotogenic Model
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❖ Right-handed neutrinos

❖ Scalar doublet

❖ Singlet scalars
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3-loop Scotogenic Model
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❖ Z2 symmetry forbids tree level Dirac mass term
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3-loop Scotogenic Model
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❖ Z2 symmetry forbids tree level Dirac mass term

❖ U(1)’ symmetry forbids 1- and 2-loop mass terms
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Dark matter

❖ The lightest particle charged under Z2 is stable: 

dark matter candidate

❖ Fermion Dark Matter: NR1

➢ It can only be produced via Yukawa 

interactions

➢ It annihilates into a pair of charged leptons 

or active neutrinos via the η exchange
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[A. Vicente, C. Yaguna, 2015]
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Dark matter

❖ Scalar Dark Matter: the lightest neutral scalar 

among η0, φ, ρ and ζ

➢ Gauge and scalar interactions

➢ Not correlated to lepton flavor violation

❖ If the dominant component is η0

➢ DM properties similar to the inert scalar DM

➢ Annihilation dominated by gauge interactions

❖ If DM is dominated by the other components

➢ Main annihilation channels into the Higgs 

bosons via the scalar couplings
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Charged Lepton Flavor Violation
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Charged Lepton Flavor Violation

Testable!Rencontres de Moriond - 03-29-2024
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Precision EW and CDF anomaly

❖ CDF-II measurement of the W mass

❖ Non-SM particles provide radiative corrections to the W-boson mass

❖ CDF-II result can be explained by new physics that contribute to STU parameters

[CDF Collaboration, 2022]
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Precision EW and CDF anomaly
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❖ Right-handed neutrinos

❖ Extra neutral singlet fermions

❖ Vector-like fermion pair

❖ Singlet scalars
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Charged Lepton Flavor Violation

❖ Photon and Z penguin diagrams 

mediated by neutrinos and W
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Dark matter

❖ Fermion or scalar DM candidates are possible

❖ For definiteness, here we assume the neutral 

lepton Ψ1 is the DM, and that N1 (which is 

Z2-even) is lighter than Ψ1

❖ Ψ1 annihilate mainly into N1 through the 

t-channel exchange of φ1. Later, N1 decays 

into Higgs and leptons

❖ All the points in the scan comply with 

neutrino oscillation data and DM relic 

abundance
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Leptogenesis

❖ Out-of-equilibrium decays of the 

pseudo-Dirac neutrinos NR can generate 

the baryon asymmetry of the universe via 

leptogenesis

❖ All the points in the plot generate correct 

neutrino masses and DM relic abundance. 

Grey points are excluded by cLFV 

constraints. Purple points generate the 

correct baryon asymmetry 
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Conclusions
❖ Radiative seesaw models are well motivated and testable extensions of the SM

❖ We discussed 2 examples of scotogenic models in which neutrinos masses are 

generated at the 3-loop level

❖ The 3-loop suppression allows the new particles to have masses in the TeV scale 

without fine-tuning the model parameters

❖ Fermionic or scalar DM can easily be accommodated; stability is ensured by the 

same symmetries involved in the generation of neutrino masses 

❖ Depending on the realization, the models are capable of accounting for specific 

problems; here we discussed the W mass anomaly and baryogenesis

❖ These models lead to sizable cLFV rates which are within the sensitivity of future 

facilities
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Back Up

Rencontres de Moriond - 03-29-2024

Téssio de Melo

33



Neutrinoless double beta decay

❖ Effective mass for neutrinoless double beta decay 

❖ RH neutrinos do not contribute due to the Z2 symmetry

❖ With one massless neutrino implies a definite prediction (depending 

on the mass ordering):

❖ Both satisfy the bound from KamLAND-ZEN

❖ Inverted ordering is within reach of experiments such as LEGEND and NEXT
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Neutrinoless double beta decay
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Téssio de Melo-UNAB/SAPHIR

❖ We scan the parameter space of the model enforcing agreement with neutrino 

oscillation data via an adapted Casas-Ibarra parametrization

3-loop Scotogenic Model
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Benchmark
Points

Téssio de Melo-UNAB/SAPHIR
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3-loop Scotogenic ISS Model

❖ Casas-Ibarra parametrization

❖ μ-parametrization
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