
A4 based neutrino 
masses with Majoron 
decaying dark matter

Mariam Tórtola, IFIC (Valencia)
Based on Esteves et al, Phys. Rev. D82 (2010) 073008



Outline 

• A4 flavor symmetric model with spontaneous 
breaking of L.

• Implications for neutrino phenomenology. 

• Majoron -> candidate for decaying dark matter:

‣        
‣ J → γγ

J → νν
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A4 flavor-symmetric model

spontaneous breaking of L -> Majoron

u∆ != 0
texture compatible 
with neutrino data 
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A4 invariant Higgs scalar potential

Assuming the vev-seesaw hierarchy: 

After the minimization we get:

consistent minimization of 
scalar potential with non-

zero vevs.



Experimental constraints for the 
light neutrino mass matrix

Schwetz, M.T., Valle 2011
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Predictions for neutrino phenomenology (I)
- texture B1: 
‣ correlation between atmospheric mixing angle and the lightest 
neutrino mass -> lower bound on m1 (m3) for NH (IH).

‣ amplitude 

! lower bound on |mee| correlated with the atm mixing angle.

0νββ

Frampton, Glashow, Marfatia, 2002

lower bound in the reach of 
future generation of experiments
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and the mixing angle θ13



Predictions for neutrino phenomenology (II)

‣ correlations between CP violating parameters    and invariant J:δ

and the mixing angle θ13

θ13
! maximal violation of CP  for large      values, where CP violation     
    is likely to be probed in neutrino oscillations



Majoron as a candidate for dark matter

‣the spontaneous breaking of lepton number implies the 
existence of a Goldstone boson, the Majoron (J).

‣due to non-perturbative gravitational effects that explicitly 
break global symmetries, the Majoron may acquire a mass in 
the keV range.

‣despite the fact that the Majoron will decay, it could be a 
good candidate for dark matter since its couplings to matter is 
very small.

‣the Majoron couplings to neutrinos and photons can be 
constrained by cosmological and astrophysical observations.
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Cosmological constraints on the Majoron

Lattanzi and Valle, 2007 

CMB constraints on the lifetime and 
the present abundance on Majorons:

For Majorons produced thermally:

   if they are produced out of equilibrium:

our ignorance about the production 
mechanism and the time of decoupling

τJ > 250Gyr ∼ 20t0



CMB constraints applied to our A4 model

Majoron-neutrino coupling:



CMB constraints applied to our A4 model

Majoron-neutrino coupling:

decay width:



CMB constraints applied to our A4 model

Majoron-neutrino coupling:

decay width:

Constraints from Lattanzi 
and Valle, 2007:



CMB constraints applied to our A4 model

Majoron-neutrino coupling:

decay width:

Constraints from Lattanzi 
and Valle, 2007:

We scan the model parameter space

 allowing for:

u∆ = 1 eV -> 100 MeV



CMB constraints applied to our A4 model

Majoron-neutrino coupling:

decay width:

Constraints from Lattanzi 
and Valle, 2007:

We scan the model parameter space

 allowing for:

u∆ = 1 eV -> 100 MeV



Majoron decay into photons

‣ effective Majoron-photon interaction term:

decay with J → γγ Eγ ≃ mJ/2‣ 



Majoron decay into photons

‣ effective Majoron-photon interaction term:

decay with J → γγ Eγ ≃ mJ/2

monoenergetic emission line detectable in X-ray observatories

‣ 



Majoron decay into photons

‣ effective Majoron-photon interaction term:

decay with J → γγ Eγ ≃ mJ/2

monoenergetic emission line detectable in X-ray observatories

‣ 

‣constraints on the decay rate:



Majoron decay into photons

Bazzocchi et al, 2008

‣ effective Majoron-photon interaction term:

decay with J → γγ Eγ ≃ mJ/2

monoenergetic emission line detectable in X-ray observatories

‣ 

‣constraints on the decay rate:
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X-ray constraints applied to our A4 model

1 eV -> 100 MeVu∆ =

Majoron decay width to photons:

‣ signal is close to the present 
sensitivity of X-ray searches.

‣constraints from CMB included

‣vev-seesaw relation:

cannot be arbitrarily largeu∆

since uσ
is bounded from below

by CMB data.



Summary
‣We have proposed a seesaw model with a discrete A4 flavor 
symmetry and spontaneous breaking of L to explain neutrino 
masses and mixings as well as the dark matter of the 
Universe.

‣A predictive pattern of neutrino masses emerges from the 
interplay of type I and type II seesaw contributions, with a 
lower bound on the amplitude of neutrinoless double beta 
decay and nearly maximal CP violation.

‣Assuming that the associated Majoron gets a mass, we 
showed how it can constitute a candidate for decaying dark 
matter, consistent with CMB observations.

‣The possibility of probing the existence of this decaying 
Majoron in future X-ray observatories has been discussed


