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Motivation

Majoron DM models 
provide a tantalizing 
connection between 
Dark Matter and 
Neutrinos
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Neutrinos

Super-K: 
Neutrinos in the Sun

The SM predicts zero neutrino mass

Beyond SM physics is required to explain
mass spectrum and mixing angles

Forero, Tortola and Valle PRD 90 (2014) 093006

AGM2015: Antineutrino Global Map 2015
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Neutrino mass mechanisms

A large fraction of the models uses the 5-dim Weinberg operator to 
generate majorana neutrino masses

This operator breaks lepton number in 2 units
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Neutrino mass mechanisms

Type-I Type-II Type-III

The commonly known schemes are see-saw mechanisms



05-May-2017 Majoron dark matter @ ULB 7/41

Neutrino mass mechanisms
The commonly known schemes are see-saw mechanisms

Type-I Type-II Type-III
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Enters the Majoron
The Type-I seesaw  can be generated by the spontaneous breaking of 
the U(1) lepton number symmetry
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Enters the Majoron
The Type-I seesaw  can be generated by the spontaneous breaking of 
the U(1) lepton number symmetry

-1  0  1 2  -1 -1



05-May-2017 Majoron dark matter @ ULB 10/41

and 2 scalars:         and 

Enters the Majoron

After the SSB, we get the Type-I seesaw
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and 2 scalars:         and 

Enters the Majoron

After the SSB, we get the Type-I seesaw

DM candidate
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Majoron as DM (pros)

 Neutral

 Weakly coupled to the SM

 Long lived
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Majoron as DM (cons)

!!!!
… but  global symmetries are not protected under gravity effects

Therefore 

… and the majoron DM is just a pseudo Nambu-Goldstone boson
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Majoron as DM (our fixing)

What defines a majoron DM?

● It is a (pseudo)scalar 
● It is part of the neutrino mass mechanism
● Its signature is the decay into neutrinos
● It is massive
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Spontaneous Inverse seesaw

The standard inverse seesaw 
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Spontaneous Inverse seesaw

The standard inverse seesaw 

Lepton number 
violating term
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Spontaneous Inverse seesaw

Heavy neutrinosActive neutrinos

The standard inverse seesaw 
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Spontaneous Inverse seesaw

The standard inverse seesaw 

Some numerology:
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Spontaneous Inverse seesaw

To generate the inverse seesaw scheme we need to add 2 complex scalars
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Spontaneous Inverse seesaw

To generate the inverse seesaw scheme we need to add 2 complex scalars
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Spontaneous Inverse seesaw

But the charge assignments do not follow the typical one of the ISS
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Scalar potential
The assignment fixes the potential

The tadpole equations relate the CP phases:



05-May-2017 Majoron dark matter @ ULB 23/41

Mass spectrum

Now we have 5 spin-0 fields: 4 related to L breaking
1related to EW breaking

Massless 

higgs-like

Heavy scalars
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Majoron DM stability

The only candidate is the lightest massive scalar i.e.

We still has to satisfy the stability condition:
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Decay modes

There are potentially dangerous decay modes:
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Decay into neutrinos

The decay rate vanishes for:



05-May-2017 Majoron dark matter @ ULB 27/41

Decay into neutrinos



05-May-2017 Majoron dark matter @ ULB 28/41

Decay into neutrinos

Too unstable!Too unstable!

Good!Good!

Stability thanks to
vev alignment
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Decay into scalars

Without a protective symmetry, this channel is not suppressed

However we can find the parameter space where the mode vanishes
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Decay into scalars

The interplay of different diagrams allows to vanish the decay mode
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Decay into scalars

There is a whole volume that satisfy this condition
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Conclusions

● The spontaneous inverse seesaw provides a well suited 
majoron DM candidate

● Our majoron DM is phenomenologically equivalent to the 
PNGB one

● The vev alignment has a relevent role in the DM stability
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www.dmhunters.org

24201127

Daily digest of papers about
Dark Matter and related topics
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Conclusions

● The spontaneous inverse seesaw provides a well suited 
majoron DM candidate

● Our majoron DM is phenomenologically equivalent to the 
PNGB one

● The vev alignment has a relevent role in the DM stability
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Thanks!
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Extras
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Charge assignments

m+n = 4

m+n = 3

5 possible models
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The rest of the scalar potential



05-May-2017 Majoron dark matter @ ULB 40/41

Mass spectrum



05-May-2017 Majoron dark matter @ ULB 41/41

Numerology
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