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INTRODUCTION 
ü  The cause of the current acceleration is attributed to “Dark Energy”. 

ü  The true nature of Dark Energy is unknown. 

ü  Observations also tell us that the Universe is inhomogeneous  up to  

      scales of super-clusters of galaxies. 

ü  Backreaction from inhomogeneities could modify the evolution of the 

Universe. 

ü  Backreaction could lead to an accelerated expansion during the 

present epoch. 
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For a spatial domain D , the scale factor is defined as 
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It encodes the average stretch of all directions of the domain. 

 The Einstein equations turn out to be 
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 Average of  the  scalar  quantities  on  the domain D is 
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ρ    =  local matter density 

   =  Ricci-scalar  

   =  domain dependent Hubble rate 

The kinematical backreaction QD is defined as 
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where θ is the local expansion rate, and 
  
σ 2 = 1

2
σ ijσ

ij is the squared rate of shear. 
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The acceleration equation becomes 

 

where  λ is the volume fraction of the sub-domain 
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The “global” domain D is assumed to be separated into sub-regions, which themselves 

consist of elementary space entities. 



We only work with two sub-regions: 

 

    M  –  those parts that have initial overdensity (called “Wall”) 

    E     –  those parts that have initial underdensity (called “Void”) 

This allows us to write the acceleration equation as 
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The scale factors of  the two sub-regions M and E are assumed to be 

   aE = cEtα ; aM = cMtβ

 Volume fraction of the sub-domain M is, 
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The acceleration equation for D  can now be written as 
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The “global” domain D is large enough to be considered homogeneous. This allows us 

to write 

   aD
≈ cF aF ; H

D
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In the same spirit we can write the event horizon for the global domain as 
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Only those regions of D that are within the event horizon are accessible to us. Hence 

apparent volume fraction of M is 
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Convert Event Horizon equation 
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Numerically solve along with the global acceleration equation 



(i) α = 0.995, β = 0.5 ,  (ii) α  = 0.984, β = 0.5,	

(iii) α = 1.02, β = 0.66 ,  (iv) α = 1.02, β = 0.66	
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The “global” domain D partitioned into equal numbers of overdense and underdense 

domains  
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The scale factors of  the sub-regions E j and M j are assumed to be 
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And similarly for the E j sub-domains 
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The global acceleration therefore becomes 



 αj is in the range 0.990 - 0.999, and βj in the range 0.58 - 0.60. For curve (i), (ii) and (iii) 

we consider 100, 400 and 500 overdense and underdense subdomains each, respectively.  



CONCLUSION 
ü  We have explored the effect of backreaction on the evolution of the 

accelerating Universe. 

ü  The presence of the cosmic event horizon causes the acceleration to slow 

down significantly with time. 

ü  If the Universe is accelerating due to a different mechanism then 

backreaction will eventually cause it slow down. 
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