
Neutrino mass hierarchy from the 
Discrete Dark Matter model

Omar Medina (in collaboration with…)

IFIC-Universitat de València

arXiv:2301.10811

https://arxiv.org/abs/2301.10811


IN COLLABORATION WITH…

Cesar Bonilla 
Universidad Católica del 

Norte 
Antofagasta, Chile 

Johannes Herms 
Max-Planck-Institut 

für Kernphysik 
Heidelberg, Germany  

Eduardo Peinado 
IF-UNAM 

México City, México 



 Motivation  

  Aim of this Model 

 Elements & Properties  

 Phenomenology 

 Conclusions 

Outline



Three drawbacks of  the SM that we tackled with 
this model

Going BSM

Neutrino Masses 
 (Majorana)



Three drawbacks of  the SM that we tackled with 
this model

Going BSM

Neutrino Masses 
 (Majorana)

Flavour Puzzle 
 (lepton sector)



Three drawbacks of  the SM that we tackled with 
this model

Going BSM

Neutrino Masses 
 (Majorana)

Flavour Puzzle 
 (lepton sector)

Dark Matter  
(candidates)



The seesaw mechanism 
• Explains the lightness of neutrinos 
• Introduces Heavy Neutral Leptons  
• Introduces a new physics scale! (LNV)

Neutrino mass mechanisms

Nc

[Minkowski,77]
[Yanaguida,80]
[Mahopatra and Senjanović ,80]
[Schechter and Valle ,80]

https://www.sciencedirect.com/science/article/abs/pii/037026937790435X?via=ihub
https://academic.oup.com/ptp/article/64/3/1103/1911881?login=false
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.44.912
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.22.2227


The scotogenic mechanism 
• Additional        symmetry and new iso-doublet 

• Dark Matter generates neutrino mass.

Neutrino mass mechanisms

ℤ2

Nc ∼ − 1, η ∼ − 1 under ℤ2

[Ma,2006]

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.077301


The Flavour Puzzle 

• The           is built to be 
invariant under 

      

• The SM gauge group is 
generation blind, 
preserves full flavour 
symmetry

ℒSM



The Flavour Puzzle 

• Yukawa interaction is not based on the gauge 
principle, and in the SM breaks flavour symmetry 

• The CKM matrix and the PMNS matrix translate 
flavour symmetry breaking to the gauge sector

UCKM, VPMNS



The Flavour Puzzle 

• 22 out of the 27 parameters of the SM are in the 
Yukawa sector. Not constrained by symmetry

                                                                  

 

 

 

  

 

 

 

               

  

  

  

 

 

 
  

  
  

  
 

          

 

  

[Xing,2014]

https://www.worldscientific.com/doi/10.1142/S0217751X14300671


The Flavour Puzzle 

• In the lepton sector: Neutrino Oscillation Parameters

sin2 θ12 sin2 θ13 sin2 θ23

Δm2
31 ≫ Δm2

21

δCP

• Two orders of magnitude hierarchy

Neutrino Global Fit (Valencia)

https://globalfit.astroparticles.es/2018/02/09/empty/
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Flavour Symmetry

• The       group A4

Generates a       symmetry ℤ2

See Ivo’s talk

https://indico.scc.kit.edu/event/2673/contributions/11742/
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The Discrete Dark Matter Model
• Fields and Symmetries (Lepton sector only)

η = (η1, η2, η3)NT = (N1, N2, N3)
RH-Neutrinos Scalar iso-doublets

Mass degenerate mN

[Hirsch,2010]
[Boucenna,2011]

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.116003
https://link.springer.com/article/10.1007/JHEP05(2011)037


The Discrete Dark Matter Model
• Yukawa Lagrangian invariant under A4



The Discrete Dark Matter Model
• Yukawa Lagrangian invariant under A4

• Electroweak and Flavour symmetry breakdown

SM Higgs couple to charged 
leptons 



The Discrete Dark Matter Model
• Remnant        symmetry from  ℤ2 A4

Active Sector Dark Sector 

ℤ2

+1 −1



The Discrete Dark Matter Model
• The Active Sector

N1, H, η1

• Seesaw mechanism (rank 1 matrix)



The Discrete Dark Matter Model
• The Dark Sector

N2, N3, η2, η3

• Scotogenic mechanism (rank 2 matrix)



The Discrete Dark Matter Model
• Active fields (Tree level) N1, H, η1

• Main contribution to:
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The Discrete Dark Matter Model
• Dark fields (one-loop) N2, N3, η2 η3

• Main contribution to: Δm2
21

(Normal Ordering)



The Discrete Dark Matter Model
• Scalar Sector          invariant   (plays crucial role)

• CP-violation for the dark sector is necessary to fit lepton mixing

A4

sin2 θl
12

sin2 θl
13

sin2 θl
23

Δm2
21 Δm2

31



The Discrete Dark Matter Model
The neutrino mass matrix

Active contribution

Passarino-Veltman reduction Mass-eigenstates

[Escribano,2020]

https://link.springer.com/article/10.1007/JHEP05(2011)037


The Discrete Dark Matter Model
The neutrino mass matrix

Dark contribution

Mass-eigenstates
DM candidate

χD
4

Scalar mixing plays



Numerical Result
With the CP-symmetry conservation in the scalar potential

sin2 θ12
Excluded

All Other observables in global fit 3-sigma range



Numerical Result
With the CP-symmetry breaking in the scalar potential, all oscillation 
parameter and scalar sector observables are fitted without tensions.

Δm2
21

Δm2
31

Both generated



The Discrete Dark Matter Model

Conclusions

From a        symmetric origin: 

•Reproduces lepton masses and mixings. 

•Scotogenic-Seesaw mass mechanism for neutrinos. 

•Naturally explains the hierarchy (seesaw dominates over scotogenic): 

• Rich scalar sector: with CP-violation which Includes a Scalar Dark Matter 
candidate stabilized by a remnant  

A4

Δm2
31 ≫ Δm2

21

2 ⪅ mν
1 ⪅ 8 [meV ]

A4 ⟶ ℤ2

⟨mββ⟩ ∼ 0.2 [meV ]

sin2 θ12, sin2 θ12, sin2 θ23 δCP
l ∼ π (Normal Ordering)

arXiv:2-soon



Dark scalars mass matrices

Back-up Slides



Yukawa couplings under basis change

Back-up Slides


