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❑  Observations have revealed that the Universe is undergoing 

accelerated expansion, which led to the introduction of dark energy to 

explain this phenomenon. Interactions between two or more 

components of the Universe are possible, and in this work, we also 

consider the presence of radiation, as its density can influence such 

interactions.

❑ Having roughness in the horizon can affect the form of the dark energy 

and that leads to changes in the dynamics of the universe. In this work 

we have considered such roughness and have constrained the 

parameter value for different model.  

❑We have considered the dependency of the interaction on several 

types of matter component and have constrained the model 

parameters and fitted them using more than one dataset.

❑ Barrow Entropy for a black hole with fractal and intricate structure is 

given as

Where, 𝐴0 = 4𝑙𝑝
2,

❑ From Cohen-Kaplan-Nelson bound, holographic dark energy has an 

inequality for a cosmic horizon 𝐿, 𝜌𝑑e𝐿4 ≤ S and taking holographic 

dual of the cosmic horizon to blackhole horizon one has

C is a parameter of appropriate dimension. For ∆ = 0, 𝜌𝑑e = 3𝑐2𝑀𝑃
2𝐿−2, 

this is the standard form of dark energy.

 
❑ For a isotropic and homogeneous universe we have a unique 

metricnamely FLRW metric,

❑With the choice of perfect fluid’s energy momentum tensor 𝑇μν = ሺ

ሻ

𝑝

+ 𝜌 𝑢𝜇𝑢ν + pgμν one has from the Einstein equations(Gμν = 8πG𝑇μν) 

two independent Friedmann equations

❑ On the other hand, the divergence free of the𝑇μν gives,

with 

Our Model: Interaction depends on radiation density

❑  Among various possibilities if we consider the interaction proportional to 

radiation density only, then defining, 𝒬m = Γ𝑟2𝐻𝜌𝑑e and 𝒬r = Γα 𝑟2𝐻𝜌𝑑e                                                                                        

we get three equations from (6), as

                                                                                                             (7)   

                                                                                                        

❑ Time is not a good measure in cosmology rather scale factor is so if we 

define a new variable 𝑥 = ln a, then shifting from time derivative to 𝑥 

derivative and after little bit of calculation we got three coupled differential 

equation with the definition 𝑦 = 𝑅ℎ/aሺtሻ, 𝑅ℎ is future event horizon. 
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Also we got the equation of state for dark energy

                        

𝜔𝑑e vs z plot. Ω𝑑𝑒,0 Ω𝑚,0 Ω𝑟,0 Ω𝑘,0 = 0.75 0.26 10−4 −0.0101

for the closed universe and 0.73 0.26 10−4 0.0099  for the open

 universe, with Γ = 10−4 and α = 10−1

Best fit parameters after running MCMC for CC+BAO dataset.

Statistical comparison

Higher Barrow exponents drive dark energy into the phantom regime, consistent with MCMC 

results. Separate priors for open vs. closed universes were required to satisfy ∑Ωᵢ = 1. Among 

tested interactions (𝒬∝ ρₘ, 𝜌𝑑e , 𝜌𝑑e +ρₘ+ρᵣ), 𝒬 ∝ ρᵣ best competes with  ΛCDM.

CONCLUSION
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0 ≤ Δ ≤ 1. 
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