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• Basic properties of the cosmological term

• Alternatives to alleviate the existing problems
associated to the CC

• Dynamical Λ in QFT in curved space-time

• Background cosmological solutions

• Fitting results

• Linear structure formation

• Conclusions
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Some details on the cosmological costant (CC)

The CC behaves like vacuum

Easy interpretation from the thermodynamical point of view. Universe <-> box expanding adiabatically

Due to its negative pressure, the CC has repulsive gravitational power! 



1998: Accurate measurement of the luminosity-redshift curve of distant SNIa
carried out by the Supernova Cosmology Project and the High-z Supernova
Search Team .

Our Universe is speeding up! The so-called concordance ΛCDM model fits
well the data. A positive rigid Λ could (in principle) explain the 70% of
the energy content of the universe.



QFT plays its role

• Several contributions to the effective value of Λ:

 Zero-point energy

Even if we consider the QCD scale (~0.1 GeV), we obtain a
discrepancy of >40 orders of magnitude with respect to the
observed value of , i.e. !

2013: LHC -> Higgs boson Higgs vacuum energy
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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:

• In the LCDM:   

≠
Probably, Λ must be dynamical

Planck 2015 Using the available Hubble function data set
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Some attempts to alleviate the existing conundrums

• Scalar field theories: k-essence (quintessence, phantom fields, etc.)

• Scalar-tensor gravity, i.e. Brans-Dicke theory.

• Chaplygin gas

• Modified gravity theories: f(R) gravity, relaxing mechanisms, etc.



Dynamical Λ in QFT in curved space-time

• RunningΛ. Renormalization Group equation (RGE):

are the masses of the particles contributing in the loops and B, C, D, etc. are
dimensionless constants.

The vacuum/dark energy density depends on the energy scale μ that governs the
dynamics of the universe, i.e. ( ).

We exclude the contribution of the odd powers of μ in order to respect the general
covariance of the theory.
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Low energy limit

If Λ behaves like vacuum…

The variation of Λ has deep consequences

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

II: G is time-dependent and matter is covariantly conserved.

• Solà, J., Gómez-Valent, A., & De Cruz Pérez, J., 2015, ApJ, 811, L14

III: I+II

• Extra difficulty: we have more unkown functions than independent equations!
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What if Λ is not vacuum?

General Dark Energy (DE) fluid

Simplest case: G remains constant + matter and DE covariantly self-conserved

COSMOLOGICAL BACKGROUND SOLUTIONS

• Gómez-Valent A., Karimkhani E. , & Solà J., e-Print: arXiv: 1509.03298

DE density function

Linear structure formation
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Models under study

Also motivated from other theoretical
frameworks

QCD ghost DE models

Entropic-force DE models

Bad defined LCDM limit
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with

EoS parameter

Energy densities

Hubble rate

• We recover the LCDM expressions when ν=α=0
• DA1 solutions by doing α=0
• DA3 solutions by doing ν=0
• DC2 solutions by doing 𝐶0=0

α ≥ 0
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Hubble rate

Energy densities

EoS parameter

with

DH solutions obtained by setting ν=0
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Combined Likelihood function:

• DA models: SNIa + CMB R shift parameter + BAO A + BAO 𝑑𝑧+ LinearStructureFormation
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Best-fit values
Combined Likelihood function:

• DA models: SNIa + CMB R shift parameter + BAO A + BAO 𝑑𝑧+ LinearStructureFormation

• DC models: SNIa + BAO A + LinearStructureFormation

For DA models:      ν𝑒𝑓𝑓 = ν − α For DC models:      ν𝑒𝑓𝑓 = ν
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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

• Strong evidence in favour of DA models (in front of LCDM)
• Strong evidence against DC1 and DH models-> RULED OUT
• Strong evidence in favour of DC2 models (in front of LCDM)? 

Δ𝑖𝑗 ≈ 10

NOT THE CASE!
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The bad behavior of DC2 model at high z

• DC2 is able to fit better than the LCDM model the low redshift data, but has an
unacceptable behavior during the radiation dominated epoch!

• Why?

• Taking into account that in order to fit the low-redshift data ν≈1 and α≈1:

High-z regime

There is an effective deficit of radiation (-25%)  

UNACCEPTABLE: DC2 model totally EXCLUDED
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Contour Lines of DA models

The ν𝑒𝑓𝑓 = 0 (ΛCDM) region 

is disfavored at ~3σ level
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Dark Energy density for the various models

Notice that in the past DE slows down the expansion of the Universe! 



Acceleration parameter

ΛCDM:    𝑧𝑡𝑟 ≈ 0.71
DA:          𝑧𝑡𝑟 ≈ 0.74
DC2:        𝑧𝑡𝑟 ≈ 0.72

DH:          𝑧𝑡𝑟 ≈ 0.53
DC1:        𝑧𝑡𝑟 ≈ 0.66



Acceleration parameter

ΛCDM:    𝑧𝑡𝑟 ≈ 0.71
DA:          𝑧𝑡𝑟 ≈ 0.74
DC2:        𝑧𝑡𝑟 ≈ 0.72

DH:          𝑧𝑡𝑟 ≈ 0.53
DC1:        𝑧𝑡𝑟 ≈ 0.66

Large deviations with respect
the LCDM value!
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EoS parameter

• The asymptotes are due to the vanishing of the DE density
• Near our time, the DA models exhibit a phantom behavior

The sign of ν 𝑒𝑓𝑓 fixes the behavior of the DE fluid 

(phantom ν 𝑒𝑓𝑓<0  or quintessence ν 𝑒𝑓𝑓 >0 )  
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Linear structure formation

• Differential equation that governs the growth of matter density perturbations

• Assuming cold matter and DE self-conservation + synchronous gauge

5 equations and 6 unkowns!
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Linear structure formation

Matter velocity perturbations are negligible

Dark energy is smoother than matter
at sub-horizon scales, i.e. λ<<𝐻−1

• These extra assumptions allow us to solve the set of coupled differential equations. After some algebra:

Matter density contrast

In terms of scale factor
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Comparison with the ΛCDM linear 
perturbations equation
• Our equation reduces to the LCDM one in the appropiate limit

• But it introduces the possible “clustering properties” of the DE.

• Can we quantify the effect of DE perturbations on the matter distribution?

The corrections are really small!



Linear structure formation “observables”

Growth rate Growth index



Linear structure formation “observables”

DA models fit better the data

They respect the bound
γ 0 = 0.56 ± 0.05



Linear structure formation “observables”

Big departure from
the expected value



Linear structure formation “observables”

DH models cannot fit well at the
same time the background and the
structure formation data
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Summary
1. We have analyzed some DE models, in which the DE densities dependence on

the Hubble functions is motivated from RGE in QFT in curved space-time.

2. We have seen that observational data let us exclude DC1-type models (contrary
to what some authors advocate).

3. DC2 models are also ruled out. They are unable to fit at the same time the low
and high-redshift data.  

4. DA models may offer an appealing and phenomenologically consistent
perspective for describing DE.

5. In fact, they fit pretty better the experimental data than the LCDM concordance
model. The ν𝑒𝑓𝑓 = 0 (ΛCDM) region is disfavored at ~3σ level!

6. They could also explain the current phantom/quintessence-like behavior of the
DE.
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