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Model
• WIMP Dark Matter with mass above a few GeV is severely constrained 

from experiments.

• DM with mass around the MeV range still remains a viable option.

• Several other observations – Missing Satellite Problem, Too big to fail, 
Core-cusp problem.

• Can be addressed by introducing Strongly Interacting Massive Particle 
(SIMP) Dark Matter.



• A simple model of SIMP.

• Standard Model extended with 3 right-handed neutrinos (                 ) 
and two scalars (        ).

• needed for neutrino mass and leptogenesis.

• A discrete Z2 symmetry is introduced for stability of DM.

• The scalar     is odd under this symmetry and is the DM candidate. 

• Scalar    plays multiple roles – DM mass, 3 → 2 DM annihilation 
process, important role in leptogenesis.
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• Vacuum expectation values of the scalar fields

• The scalar potential

• Higgs invisible decay BR restricts                              .

• DM mass



• For couplings                    , the DM mass must be in the MeV range for 
correct relic density. 

• We need to choose                                        .

• This tiny coupling also helps evade the direct detection constraints.

• The Higgs scalar mass-squared matrix (H0,    ) is given as

• The mixing is proportional to        and hence extremely small.  

• We require                    , hence                  . 
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Relic Abundance and Self Interaction
• SIMP dark matter usually comprises of                                    . 
• We explore an assisted annihilation process.
• We consider                                 , so the important diagrams 

contributing to the DM relic density 

3 2  or 4 2φ φ φ φ→ →



The Boltzmann’s equations for the evolution of the number density
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Relic Density Plot



Observations from Galaxy clusters put severe constraints on the self-
scattering cross-section of DM



Diagrams contributing to the self-scattering 

Self-scattering cross-section
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Neutrino Mass
• Neutrino part of the Lagrangian

• Neutrino mass is generated by Type-I seesaw mechanism with

,

• The lightest RHN mass is chosen to be a few MeV as a requirement 
for successful leptogenesis.

• Other two RHNs are around 10 TeV mass. 



Hierarchy in MD to satisfy the oscillation data.



Leptogenesis
Lepton asymmetry given as



Total decay width of N2 considering both channels

The CP asymmetry is

where                                                                 ,                                  

,                                                  

with                           .         



In the case when                     , the self energy correction term can 
significantly enhance the CP asymmetry.

This is known as resonant leptogenesis.

The CP asymmetry in this case approximately becomes

where                                                    is the resonant factor. 

In absence of the second term, one would need                 to generate the 
required asymmetry. This means                                             which is highly 
fine tuned.
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Look at the second term                                          .

The coupling  f21 is constrained by the out-of-equilibrium condition

which gives
.

f31 has no such constraints and can enhance the asymmetry.

Can help alleviate the fine tuning.

Lepton asymmetry can be obtained quite naturally in this case.



Summary
• Overview of a simple model of SIMP DM.

• The SM was augmented with three RHN and two scalar.

• A discrete Z2 symmetry protected the DM candidate from decaying.

• We could explain the observed relic density, neutrino mass and the baryon 
asymmetry of the universe through leptogenesis.

• Several other details are discussed in the paper.
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Relic Density for various vδ



The mean free path for scattering of DM is given as

where                                    are the self-scattering cross-section, density, 
velocity and mass of DM.

Study of galaxy clusters provide values of density and velocity of DM at 
the core while          is around the size of the galaxy cluster.  

This provides limits for                  . 
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