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Coincidence problem within 

decaying self-interacting Bose gas 



Coincidence problem 

Fine-tuning  problem 

Today:             critical density 

                  

Planck time:     Planck density 



Thermodynamics of interacting Bose gas 
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single gas particle  non-interacting Bose plus an interaction 

term. 

 

         For                    ,    the chemical potential  is 
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Single-particle energy 
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 (valid at low T and T~T  ) 
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Occupation number 



The total energy can be obtained by integrating the single-

particle energy into the Bose distribution. When T<T0, 

 

 

 

 

 

 

 

The pressure can be obtained from the above expression, 

 

 

 

Total energy 

Pressure 



Interacting Bose gas as inflation? 

Interactive Bose gas and radiation, no interaction between components 

Energy density growing with a 

Super-exponential acceleration 



The universe expansion is accelerated when 

Acceleration in terms of the total density and pressure 

The universe is accelerated super-

exponentially   when 

 

(e.g. phantom dark energy) 



Horizon problem, within inflation 



 

When the parameters used 

predict a super-

exponential inflation this 

range is larger. 



 

Problem in describing dark energy: 

 

 

 

 

Late Universe Acceleration 

Interaction  term decays faster than mass and  kinetic terms 

Generic decay term:      N=cV   ; N=N(t) 

 

*Valid in fluid exchange processes: black hole decay, cosmic ray 

generation, dust interaction. 

*Markoffian (not dependent on previous history) . 

*includes H factor in  FRW equations. 
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Two-component model 

1) Dark-energy conservation 

2) Total energy conservation 

3) 00 component of Einstein equations 

Markoffian process:  dN=N(dV/V)     



Parameter study example 

Density ratio vs a Magnitude vs a 

Boson model vs  LCDM 



Main conclusions 

 Attractive interaction (within a Bose gas) leads to negative 

pressure, and positive acceleration. 

 Condensate interactive Bose model can solve the horizon 

problem. 

 Possibility of obtaining Gaussian, scale-invariant fluctuations 

 With Markoff-like dependence of N(V), scaling behavior, 

solving the coincidence problem. 

 

 

 

 

 



  

 





Cosmology data 

Cosmology  “standard model” 



     Standard cosmology equations 

General relativity 

FRW metric (isotropy)  

Flat universe (MWB) 

Perfect fluid  at rest  

-00 component of Einstein equations 

 

-contraction of Einstein equations: energy 

conservation 

     within and expanding volume 

 

 

Hubble constant  

Parametric 
dependence on 
V,t,R,T, etc. 



                    Stability of the model 
 

 

 

 

 

 

 

 

 

 

 

 



Scale-factor dependence 

Dark energy 

 

other dominant component 

 

baryonic matter 

 

  Asymptotic limit 



Supernova data 

  distance-redshift relation 
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The pressure of the interacting Bose gas is 

where we assume constant particle  number (i.e. an adiabatic 

expansion).  

 

From the energy density evolution equation for the condensate   
 



The expansion becomes 

decelerated: 

 

the interaction term decreases 

with the scale factor faster 

than the condensate and 

radiation terms 

 

eventually the expansion is 

dominated by the radiation.  

Acceleration with radiation term 



                    Fluctuation relations 

Non-condensate component 

Energy fluctuations in a volume 

 

 

Contribution at the horizon at scale k 

 

 

 

Wave-function fluctuation average 

 

 

Phase-space factor 

 

 



The range of wavelengths of density 

perturbations needed can be obtained if 

the Bose gas has an interaction parameter 

sufficiently high.  

 

But then, which is the initial amplitude of 

the perturbations required? 

Allowing the interaction 

parameter to be much larger 

than the initial density of 

condensate, predicts c  <<0. 



The interacting Bose gas gives a natural way of obtaining an 

accelerated expansion.   

Present acceleration needs decaying 

particle model?  

Possibility of inflation-acceleration unified 

model 

Even with these parameters the acceleration 

ends soon. 


