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Introduction

INVERSE SEESAW

Mν =

 0 mD 0
mT

D 0 M
0 MT µ

 ,

where µ ≪ mD ≪ M and

mν = mD(M
T )−1µM−1mT

D

mν ∼ v2

M2
µ → 0,1 eV ∼ (1 keV)(246GeV)2

(1TeV)2

RADIATIVE SEESAW η an
scalar and N an inert fermion are
odd under a preserved Z2.
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Mass matrix for the neutrino sector,
where mD and M are Dirac and
Majorana matrices, respectively

Mν =

 03×3 mD 03×3

mD 03×3 M
03×3 MT µ





The model: 2 loops Inverse Seesaw

liL liR νkR NkR ΩkL ΩkR ϕ ρ σ

SU(3)C 1 1 1 1 1 1 1 1 1
SU(2)L 2 1 1 1 1 1 2 1 1
U(1)Y − 1

2 −1 0 0 0 0 0 0 0
U(1)X 1 1 1 −1 −1 0 0 0 −1
Z3 0 0 0 0 −1 −1 0 −1 0

Cuadro: Charge assignments of leptonic and scalar fields of the model
under the group G. Here k = 1, 2.

Mass matrix for the neutrino sector

Mν =

 03×3 mD 03×3

mD 03×3 M
03×3 MT µ


(νL, ν

C
R ,N

C
R )

T interaction basis

This allow us to have O(1) Yukawa couplings with
minimal particle content and symmetries.



The model: 2 loops Inverse Seesaw
▶ We explored two DM candidates scenarios, where ρ is the

scalar DM and Ω is the fermionic one

▶ Some of the physical masses can be derivate directly from the
scalar potential and as a consequence of the spontaneous
breaking of the global U(1)X symmetry, we have the masses
of the CP even and CP odd part of ρ degenerate
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(
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(some) RESULTS



Charged Lepton Flavor Violation
We study the charged lepton flavor violation processes due to the
mixing between the light active and heavy sterile neutrino of the
model.

Scatter plot between the branching ratio of the
process µ → eγ and the mass of the lightest
Majorana neutrino, considering different values of
the mass of the heaviest Majorana neutrino.

The branching ratio for the one-loop
decay li → ljγ is given by the
following diagrams:



Charged Lepton Flavor Violation

▶ Our model can indicates the nature of the neutrino: a Majorana
neutrino due to the effective Majorana neutrino mass parameter of
the neutrinoless double beta decay (0νββ).

This observable depends on the mixing and mass of the light-active
neutrinos.

Correlation plot between the effective mass of the neutrinoless double beta decay and a) CP violation phase, for

different values of the mixing angle sin2 θ13 (reactor) and b) for the mixing angle sin2 θ12 (solar).



Scalar Dark Matter: Direct Detection
For the scalar DM candidate we have contributions from
annihilation processes in SM particles and for diagrams of
annihilation processes in σ particles.

σSI =
f 2n m

4
nλ

2
ρϕ

8πm4
hm

2
ρ
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All the points satisfy the relic
density of DM at 3σ C.L.



Fermionic Dark Matter: Direct Detection

Correlation plot of WIMP-nucleon σSI [cm2] between the mass of
the fermionic DM candidate mΩ and for diffeerent values of relic
density. All the points satisfy the relic density of DM at 3σ C.L.

σSI =

(
mn

v

)2 (µDM−n)
2g2ffh

πM4
h

f 2n ,
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where µDM−n is the reduced
mass and gf̄ fh is the effective
coupling between DM and the
Higgs.



Conclusions

▶ Neutrino masses can be generated via two loop level inverse
seesaw

▶ Our work favors the normal neutrino mass hierarchy, due to
the relationship between the effective Majorana neutrino mass
parameter mee , the mixing angle and CP violation phase

▶ The BR of the process µ → eγ for the lightest Majorana
neutrino is below the current experimental limit, which is in
line with the sensitivities that MEG II and COMET would
obtain

▶ Dark matter fermionic and scalar, can be accommodated in
the 2 loops inverse seesaw model
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We have a good and active
research group where

Antonio
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EXTRA SLIDES



1607.08461 SM diagrams



1607.08461 equations



1607.08461 other diagrams and equations for mρ > mσ



Neutrinoless double beta decay

The effective Majorana neutrino mass parameter is given by

mββ =

∣∣∣∣∣∣
∑
j

mνj U
2
ej

∣∣∣∣∣∣
where U2

ej and mνj j are the PMNS mixing matrix elements and
the Majorana neutrino masses, respectively.
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