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The Standard Model cannot explain:

• Neutrino flavour oscillations which imply non-zero neutrino masses

• Observed Dark Matter abundance
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Glashow (1980), Mohapatra et al. (1980), Valle et al. (1980)
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Type-I Seesaw Model

A major drawback of this model 

is the large mass scale of the 

right-handed neutrinos, far away 

from the reach of current 

experiments …
Minkowski (1977), Gell-Mann et al. (1979), Yanagida (1979), 

Glashow (1980), Mohapatra et al. (1980), Valle et al. (1980)



Low-scale seesaw mechanisms

Low-scale solutions, such as the inverse and linear seesaws, offer more testability prospects at ongoing experiments.
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Inverse Seesaw Model
Mohapatra, Valle (1986)
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Low-scale seesaw mechanisms
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violates lepton number and can be naturally small in the t'Hooft sense. 

Hence, neutrino masses are suppressed, and extremely heavy mediators like in the Type-I seesaw are not required. 

Inverse Seesaw Model

in the basis,

Mohapatra, Valle (1986)
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Linear Seesaw
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Akhmedov et al. (1996), Malinsky et al. (2005)
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Linear Seesaw
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in the basis,

is induced through the mixing term             in the scalar potential which violates lepton number and hence can be 

naturally small. Again the mediators can be at the TeV scale within the reach of current experiments.

Akhmedov et al. (1996), Malinsky et al. (2005)
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Is there a way to incorporate dark matter into these models?

Linear Seesaw

4

in the basis,

is induced through the mixing term             in the scalar potential which violates lepton number and hence can be 

naturally small. Again the mediators can be at the TeV scale within the reach of current experiments.

Akhmedov et al. (1996), Malinsky et al. (2005)
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Dark matter seeded neutrino mass 

In radiative neutrino mass models, small neutrino masses are induced at the quantum level. Particles entering the loops 

may also be viable DM candidates stabilized by some symmetry as a simple     . 
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Scotogenic Model Tao (1996), Ma (2006)
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Dark matter seeded neutrino mass 

In radiative neutrino mass models, small neutrino masses are induced at the quantum level. Particles entering the loops 

may also be viable DM candidates stabilized by some symmetry as a simple     . 

5

Scotogenic Model Dark Inverse Seesaw ModelTao (1996), Ma (2006) Mandal et al. (2021)
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The dark linear seesaw
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We propose a novel model where the low-scale linear seesaw mechanism is seeded by a dark sector 

accounting for both neutrino flavour oscillations and the observed dark matter abundance.
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The dark linear seesaw
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We propose a novel model where the low-scale linear seesaw mechanism is seeded by a dark sector 

accounting for both neutrino flavour oscillations and the observed dark matter abundance.

Lepton number symmetry is softly-broken in the scalar potential

Yukawa Lagrangian

Radiative neutrino 

mass generation



Numerical scan
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Numerical scan
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We ensured compatibility with neutrino masses and mixing via Casas-Ibarra parameterisations

We guarantee the scalar potential to be bounded from below and the scalar masses to be positive. These are 

sufficient conditions to ensure that the VEV configuration of the scalars is the global minimum of the potential.
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Numerical scan

7

We ensured compatibility with neutrino masses and mixing via Casas-Ibarra parameterisations

We guarantee the scalar potential to be bounded from below and the scalar masses to be positive. These are 

sufficient conditions to ensure that the VEV configuration of the scalars is the global minimum of the potential.

We also applied the following experimental constraints:

• LEP:    and                  GeV

• LHC Higgs data:   and 

• cLFV:             [MEG]
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Dark matter 
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The fermion    and the scalar     (which is a mixed state of the inert scalar doublet    and singlet   ) 

can be viable WIMP DM candidates. We focused on the scalar DM phenomenology. 
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Dark matter 
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Direct detection

The fermion    and the scalar     (which is a mixed state of the inert scalar doublet    and singlet   ) 

can be viable WIMP DM candidates. We focused on the scalar DM phenomenology. 

Relic abundance
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Charged lepton flavour violation
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Charged lepton flavour violation
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The new particles can mediate charged lepton flavour violating decays with sizable branching ratios.

The model can be tested/probed through these processes at various current and upcoming experiments. 
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Concluding remarks
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• The Type-I Seesaw is by far the simplest solution to the neutrino mass problem. However, the large mass scale of the right-

handed neutrinos makes it far away from the reach of current experiments.

• Low-scale solutions, such as the inverse and linear seesaws, despite being more complicated offer more testability 

prospects at ongoing experiments.

• Small neutrino masses can also be induced at the quantum level in radiative neutrino mass models. Particles entering the 

loops may also be viable DM candidates stabilized by some symmetry as a simple     . 

• The dark linear seesaw is the simplest framework in which a dark-sector induces the small lepton number violating 

parameter that generates neutrino masses via the linear seesaw mechanism, without contributing to any other mass term 

which could generate light neutrino masses through another mechanism. 

• This model offers both the testability of low-scale seesaws through experiments that search for charged lepton flavour 

violating decays as well as viable DM candidates that can be directly detected at various current and upcoming 

experiments. 
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• The Type-I Seesaw is by far the simplest solution to the neutrino mass problem. However, the large mass scale of the right-

handed neutrinos makes it far away from the reach of current experiments.

• Low-scale solutions, such as the inverse and linear seesaws, despite being more complicated offer more testability 

prospects at ongoing experiments.

• Small neutrino masses can also be induced at the quantum level in radiative neutrino mass models. Particles entering the 

loops may also be viable DM candidates stabilized by some symmetry as a simple     . 

• The dark linear seesaw is the simplest framework in which a dark-sector induces the small lepton number violating 

parameter that generates neutrino masses via the linear seesaw mechanism, without contributing to any other mass term 

which could generate light neutrino masses through another mechanism. 

• This model offers both the testability of low-scale seesaws through experiments that search for charged lepton flavour 

violating decays as well as viable DM candidates that can be directly detected at various current and upcoming 

experiments. 

Thank you!
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