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Introduction

Fritz Zwicky
Swiss-American astrophysicist He 
discovers several supernovae

the dynamic mass is greater than the 
luminous mass of clusters...

Vera Rubin
 American astronomer
study of stars in spiral galaxies

the speed of rotation of the galaxies 
almost constant...
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Introduction    

Dark matter candidat
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Fromalism
The simplified model we consider consists of a real scalar dark matter (DM) minimally coupled to 
gravity and the standard model (SM)

The metric of a spatially flat homogeneous and isotropic universe in FLRW model is given by:

we introduce the effect of inflaton decay

Generally, the Klein Gordon equation in a simple form
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 Dark matter particle from inflaton field

we have 

 the DM decay 

The total decay rate of ϕ-particles is 

The Klein Gordon equation is
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 Dark matter particle from inflaton field

The blue curve describes the evolution of 
the total decay decreases during
inflation according to ΓDM  . The red curve 
describes the evolution of the Γtot with
respect to Γ. The band (No DM decay) is the 
domain where there is no production of
the field particles, neither the inflaton nor 
the DM particle. The orange domain is the
period of inflation and reheating. 
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 Dark matter particle from inflaton field

 the scale factor evolves as

 The mass of small fluctuations around ϕmin give a new 
scalar field mass as effective mass by 

Let us consider first the decay rate of the particle interaction

where mϕ is the inflaton mass scale and y denotes the effective Yukawa coupling
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The van der Waals gas

 we will study the formation of real gas of field ϕ and we give a thermodynamic interpretation of the 
production of DM particles by the number density and the DM thermodynamic variables.
Notice that the energy density ρϕ and pressure Pϕ stored in the scalar field are

We assume that the scalar field is the inverse of the thermodynamic volume.  In this case, the 
field ϕ becomes very intense if the volume which contains these particles is very small. 

We can also deduce the temperature of attraction between the particles of DM gas as 
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The van der Waals gas

Pϕ−V isotherms of the van der Waals equation of state.
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Reconstructing Boltzmann equation in inflation

we have studied the possibilities for reconstructing the interaction between the DM particles from the van der 
Waals equation. In this section, we study the reconstruction of the Boltzmann equation of the inflaton interaction 
using the same equation of state.

The production of DM particles after the first inflaton oscillation is described by the number density of DM

The evolution of the DM number density for scalar DM is given by the 
Boltzmann equation
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Reconstructing Boltzmann equation in inflation

for fixed temperature we get

 then, the cross section reads

where
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Reconstructing Boltzmann equation after inflation

Using

 then, the cross section reads

The DM particle density is described by the Boltzmann equation after
inflation
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Reconstructing Boltzmann equation after inflation

 The evolution of DM cross section as 
a function of λ. The cross section
⟨συ⟩ϕ → DM represents a barrier of all 
⟨συ⟩DM → DM .
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Reconstructing Boltzmann equation after inflation
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Conclusion   
§ We investigated the production of dark matter particles after inflation.

§ During reheating, we have considered that the field ϕ (inflaton) stabilizes and becomes a 
dark matter candidate. During reheating, there is an appearance of the decay rate of

    the particle interaction in the Klein Gordon equation. 

§ By a new technique, we have shown a quadratic form of scalar potential after inflation. 
We have developed an approach to the dark matter evolution, and we have found that λ 
represents the field ϕ mass after ϕ-stabilization. In this case, the mass λ describes the 
dark matter after inflation. 

§ We have studied the thermodynamic properties of dark matter by different mechanisms 
resulting. We have shown the reconstruction of the interaction between the DM particles 
from the van der Waals equation

§  We have examined the effect of the redshifts during and after reheating on the dark 
matter cross section. We have studied the thermodynamic interpretation of DM stability.
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