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Particle Dark Matter Density from Thermal Mechanisms:

The present DM density may depend upon initial 
conditions in the early Universe (such as the inflaton 
decay branching ratio)

DM density may also be determined independent of 
any initial conditions if the DM sector thermalised.

DM sector can thermalise within itself with a 
temperature different than the SM bath temperature

We shall assume that the DM and SM sectors reach a 
common temperature through elastic/inelastic 
scatterings 



In the absence of any number changing reactions, thermal 
number densities may be too high even after dilution due to 
expansion of the Universe

Therefore, some number-changing reactions become necessary 
to achieve a relic density of DM consistent with observations

Such reactions can either be within the DM sector itself, or it 
can involve the SM sector

Assuming only one new particle in the DM sector (along with its 
anti-particle if not self-conjugate) the number changing 
reactions can be of               type, with 



Number-changing reactions involving the SM fields can also be 
characterized in terms of such topologies

With one DM particle (+anti-particle) such topologies of           
type can be

Either SM particle, or mixes with/decays to SM

Annihilation Semi-annihilation



This talk: the role of new / less explored topologies in DM 
cosmology



Semi-annihilation: minimal scenario with a complex scalar DM

To ensure DM stability, an effective low energy       symmetry is 
needed with charge assignment:

DM number:

Semi-annihilation can change both the DM number and net 
DM-antiDM density in one reaction.



In general the two CP-conjugate reactions can have different rates

Hence semi-annihilation can lead to particle-antiparticle 
asymmetry in DM

Q: 1. How much asymmetry can we generate?

Q: 2. How do the DM mass predictions change in the presence of 
an asymmetry?
Q: 3. What kind of semi-annihilation rates are necessary?

All three questions have relevance in the observational tests of 
such a scenario.

First let us understand these in a model-independent manner 
and then we shall show an explicit model realisation.



Ingredients for model-independent analysis: Boltzmann Equations





What is the maximum DM mass allowed?



What if additional pair-annihilations are present?
The Boltzmann equations are modified:interplay of the processes

Phases of DM:



This can be realised in a simple scenario with the following 
interaction Lagrangian

There can be additional interactions with the SM Higgs doublet



The processes of our interest are 

The interference of the tree and loop amplitudes can lead to CP 
violation characterized by



PART-2 : Interplay of self-scattering and 
annihilation in cosmology 



Usually, the following self-scattering topologies are not relevant in 
determining the DM density and composition, simply because 
they cannot change the net DM number

However, in the presence of asymmetries, they can play a role in 
determining both the DM density and composition.

We shall show this by taking a simple example: the most 
general model for a complex scalar, where the Lagrangian 
breaks the       symmetry of DM number, but preserves the DM 
stabilising       symmetry



With a complex scalar odd under a        symmetry:



Four important types of scattering processes:



Boltzmann Equations:



Unitarity Sum Rules: amplitudes for CP violating processes 
are related by S-matrix unitarity

Hence the CP-violation in all three channels are related.

We cannot have a CP-violating annihilation without the CP-
violating self-scatterings of comparable magnitude.



Rates of processes:



Rates of processes:



The solutions to the rate equations:

Approximate analytical solutions:



The solutions to the rate equations:



The interplay of self-scattering and annihilation:



Self-scattering and relic abundance:



Conclusions:

There are interesting, less explored dark matter scattering 
topologies which lead to novel phenomena in DM cosmology

Semi-annihilation can change DM number and reduce the net 
density at the same time: can lead to almost completely 
asymmetric DM without the need for subsequent pair 
annihilations

There can be a close interplay of DM self-scatterings with 
annihilations in deciding its present density and composition

The role of DM self-interactions in determining its density through 
an asymmetry is a novel effect, which should be explored in other 
scenarios


