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Dark degeneracy 

Let us define the dark fluid 

and split it as 

It follows that 

and 
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Matter creation 

, 

where 

Consider Friedmann’s equations 
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Breaking degeneracy 

uµQ
µ = 0( )

The conservation equations are 

where we define 

For DE we have 

Linear perturbations give  

Hence, 
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Non-adiabaticity 
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From the perturbed Einstein equations for a perfect fluid we have 

where ΦB is the Bardeen gravitational potential, and 

The split fluid has cs = 0 and non-adiabatic perturbations: 



Theorem 
 

 Let it be a dark fluid with EoS parameter -1 ≤ ω < 0. Let us split  
this fluid into pressureless DM and DE with EoS parameter ωΛ= -1. 
 
. DM is created with rate Γ and the dark fluid is non-adiabatic. 
 
. If there is negligible momentum transfer, DE does not cluster and DM  
coincides with clustering matter. 
 
. In this case, there are no oscillations or instabilities in the power spectrum. 
 
 
 Corollaries 
 

 . An observational analysis which identifies pressureless matter  
with clustering matter leads to ω ≈ -1. 
 

 . If, in addition, such an analysis assumes that clustering matter is  
conserved, the best concordance is given by the ΛCDM model. 
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, 

The gas is defined by 

From the split 

we have 
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Observational tests 

For high redshifts, 

Hence, at matter-radiation equality and last scattering we have, respectively 

These relations are implicitly used when we test LSS and CMB! 
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Constant-rate creation 

Borges and Carneiro, GRG 37 (2005) 1385 
Zimdahl, Borges, Carneiro, Fabris and Hipólito-Ricaldi,  JCAP 1104 (2011) 028 

Perturbations give 

For observed scales, 
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t0 !13.5Gyr

Concordance 
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Same pre-recombination physics as in SM 
 
Standard radiation and baryonic contents 
 
Same DM density at high redshifts 
 
Almost the same SW and ISW  
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