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Introduction

We put forward a connetion between Dirac nature of neutrinos and self-interacting dark matter. We have explored a Z4⊗Z ′4 discrete symmetry. Wherein the cyclic symmetry Z4 has been considered as a
descrete manifestation of the Lepton number symmetry and the other Z ′4 forbids the tree-level neutrino mass generation and the combination of these two discrete symmetries ensure the stability of DM.

The sub-eV Dirac neutrino mass is produced through a type-I seesaw mechanism. As a consequence of its light mass, the model also features additional relativistic degrees of freedom ∆Neff.

Our setup also facilitates the realization of self-interacting dark matter with a light mediator that can alleviate small-scale anomalies of the ΛCDM while being consistent with the latter at large scales,
as suggested by astrophysical observations.

Lepton Quarticity Model

Fields Z4 Z ′4 Fields Z4 Z ′4
LL z3 z′3 νR z 1
lR z 1 η 1 z′2

Φ 1 z′ χ z z′

NL,R z z′2 S z2 z′2

Table 1. Particle contents of the model with their charges.

The relevant Lagrangian,

−L ⊃ fijLLiΦ̃NRj + gijNLiηνRj + MijNLiNRj + yχχcχS + mχχχ − V (Φ, η, S),

where the scalar potential is given by,
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Role of Z4: Forbiding Majorana mass term for NR and νR.
Role of Z ′4: The seesaw neutrino mass generation by preventing tree-level coupling between νR
and νL and the stability of DM is ensured.

Type-I Dirac Seesaw

The mass matrix in the basis of (νL NL) and
(νR NR)T is given as:

MνN =

(
0 m
m′ MN

)
Diagonalizing the above mass matrix we obtain
the light neutrino mass matrix as:

Mν = m M−1
N m′; m = f v/

√
2,m′ = g u

Figure 1. Dirac seesaw for neutrino mass generation.

R is general complex matrix with 8
independent parameters.

It plays a crucial role in tuning the f and g.
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Figure 2. Dirac seesaw for neutrino mass generation.

Self-interacting DM

The non-relativistic DM self-interacting

potential is described as V (r) =
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FOPT (first-order phase thansition) assists in
extablishing the correct relic.

Figure 3. DM annihilation.
Figure 4. Direct detection of DM.

Thermal and Non-thermal production of νR

Figure 5. Evolution of νR energy density.

Estimating ∆Neff

the total radiation energy density can be written as,

∆Neff = NνR ×
ρνR
ρνL
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Figure 6. Thermal production of νR.

10−12 < g̃ < 10−3

Figure 7. Non-thermal production of νR.

Direct detection of DM

Figure 8. DM direct detection.

The DM-quark interaction of the form Ctri
q qqχχ,

with
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Here L(x) = (1 + x−1)ln(1 + x)− 1
Figure 9. Indirect detection of DM.

Conclusion

We introduce a compelling model that combines self-interacting dark matter and Dirac mass for neutrinos, utilizing a discrete Z4 symmetry known as ’Lepton quarticity’.

The self-interaction of DM is facilitated by a light scalar S. We emphasize that achieving the correct relic density of SIDM can be accomplished through the thermal freeze-out mechanism by tuning the
mediator mass to a higher value in the early Universe. This adjustment addresses the issue of under-abundance resulting from excessive annihilation to S. Subsequently, the mass of S can decrease to its present
value after a phase transition that occurs well after the establishment of the DM relic density.

We demonstrate that direct dark matter search experiments do not place stringent constraints on the model parameters. Additionally, ∆Neff provides a further cosmological probe for the model.
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