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Density equality at z≈0.33, when the
Universe was ≈10 Gyrs old, almost 4 
Gyrs ago, not precisely today!

Is the coincidence problem really a problem? 
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MODEL INDEPENDENT EVIDENCE FOR DARK 
ENERGY EVOLUTION
• Reference: Sahni, V., Shafieloo, A., & Starobinsky, A. A., 2014, ApJL, 793 L40 (arXiv:1406.2209)

• Their Diagnostic:
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• Their Diagnostic:

• In the LCDM:   

≠
Probably, Λ must be dynamical

Planck 2015 Using the available Hubble function data set
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Renormalization Group Equation:

After identifying μ with the Hubble function and integrating we find: 

LOW-ENERGY LIMIT
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Possible consequences of the variation of Λ
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Bianchi identity

Einstein’s equations

Covariant conservation laws

For ν=0



Possible consequences of the variation of Λ

I: G is constant and matter exchanges energy with the
vacuum.

• Gómez-Valent A., Solà J. & Basilakos S., 2015, J. Cosmol. Astropart. Phys. 0402, 
006 

• Gómez-Valent A. & Solà J.,2015, Mont. Not. Roy. Astron. Soc. 448, 2810-2821
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Pressure and Friedmann equations

MD and ΛD epochs RD epoch
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Energy densities
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All the background functions reduce to the ΛCDM ones in the limit ν=α=0  . 



𝜦𝒕𝑮𝒕CDM model. Linear structure formation
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The differential equation that governs the behavior of the matter perturbations at the linear level is a
third order one:

Initial conditions (z≈100):



𝜦𝒕𝑮𝒕CDM model. Linear structure formation
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The differential equation that governs the behavior of the matter perturbations at the linear level is a
third order one:

The dynamical vacuum models are able to fit fit better the linear structure formation data.



Fitting analysis

Cosmological observables used in this analysis:

1. Union 2.1 set of 580 type Ia supernovae of Suzuki et al 2012.

2. BAO: 6 A(z) points collected in Blake et al 2011.
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Fitting analysis
3. CMB shift parameter of Planck 2015

4. 29 Hubble points through the diagnostic function of Sahni et al. 2014

5. Average BBN restriction (Chiba et al. 2011, Uzan et al. 2011)

6. We have required at recombination (z ≃ 1100) from the
CMB anisotropy spectrum (Chiba et al. 2011)
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Main results. Best-fit values
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The Akaike information criterion

• Model selection criterion

• It penalizes the use of extra parameters in the model

• Given two competing models describing the same data, the 
model that does better is the one with smaller AIC value.

• For 𝑁 observational points and 𝑛𝑝 fit parameters it reads:

If data is normally distributed

In case 𝑁/𝑛𝑝 > 40
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Rule of thumb:

• Δ𝑖𝑗 < 2 no evidence

• 6 ≥ Δ𝑖𝑗 ≥ 2 weak  evidence

• 6 ≤ Δ𝑖𝑗 strong  evidence

The Akaike information criterion
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Main results. Best-fit values
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G1 MODEL

G2 MODEL

Evidence in favour of the
dynamical vacuum models!



Main results. Contour lines
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Summary

1. We have analyzed some dynamical vacuum models, in which the vacuum energy densities
dependence on the Hubble functions is motivated from RG arguments in QFT in curved space-
time.
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Summary

1. We have analyzed some dynamical vacuum models, in which the vacuum energy densities
dependence on the Hubble functions is motivated from RG arguments in QFT in curved space-
time.

2. These kind of models are able to fit considerably better the current observational data than the
concordance LCDM one at a confidence level of 3σ.
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