arXiv:1207.1121v1 [astro-ph.CO] 4 Jul 2012

Dark matter and Ricci-like holographic dark energy

coupled through a quadratic interaction

Luis P. Chimento^{1, a} and Martín G. Richarte^{1, b} 1Departamento de Física, Facultad de Ciencias Exactas y Naturales, Universidad de Buenos Aires, Ciudad Universitaria, Pabellón I, 1428 Buenos Aires, Argentina (Dated: July 6, 2012)

We examine a spatially flat Friedmann-Robertson-Walker (FRW) universe filled with interacting dark matter and a modified holographic Ricci dark energy (MHRDE). The interaction term is selected as a significant rational function of the total energy density and its first derivative homogeneous of degree. We show that the effective one-fluid obeys the equation of state of a relaxed Chaplygin gas, then the universe turns to be dominated by pressureless dark matter at early times and undergoes an accelerated expansion in the far future driven by a strong negative pressure. Performing a χ^2-statistical analysis with the observational Hubble data and the Union2 compilation of SNe Ia, we place some constraints on cosmological parameters analyzing the feasibleness of the modified holographic Ricci ansatz. It turned that MHRDE gets the accelerated expansion faster than the ΛCDM model. Finally, a new model with a component that does not exchange energy with the interacting dark sector is presented for studying bounds on the dark energy at early times.

PACS numbers:

Keywords: interaction, Ricci cutoff, dark energy, dark matter, relaxed Chaplygin gas, early dark energy

I. INTRODUCTION

The existence of a mysterious fuel called dark energy (DE) stems from astronomical observations which indicate that the Universe is currently undergoing an accelerating phase driven by an exotic component. This tremendous fact has been confirmed by a plethora of observational tests such as high redshift Hubble diagram of type Ia supernovae as standard candles [1] and accurate measurements of cosmic microwave background (CMB) anisotropies[2]. Despite DE represents more than 70% of the total energy of the Universe, the current dark energy density is about 120 order the magnitude smaller than the energy scales at the end of inflation, so one of the main challenge in the modern cosmology is to understand this missmacth. One way to alleviate the aforesaid problem is working within the context of dynamical dark energy models, leaving aside the standard ΛCDM model. Besides, the necessity of a dark matter component comes from astrophysical evidences of colliding galaxies, gravitational lensing of mass distribution or power spectrum of clustered matter [3], [4]. Moreover, the astrophysical observations from the galactic to the cosmological scales sustain that dark matter represents nearly 25% of the total energy-matter of the Universe; this substantial unvisible and non-baryonic component is the major agent responsible for the large-structure formation in the Universe[3].

Another point of debate refers to the coincidence problem, namely, why dark energy and dark matter have energy densities of the same orders of magnitude despite

aElectronic address: chimento@df.uba.ar bElectronic address: martin@df.uba.ar

the fact that both densities dilutes at different rates?. Motived to understand both problems one could consider an exchange of energy between the dark components, i.e., the dark matter not only can feel the presence of the dark energy through a gravitational expansion of the Universe but also can interact between them [5]. More precisely, a coupling between dark energy and dark matter changes the background evolution of the dark sector allowing us to constrain a particular type of interaction and giving us the possibility of studying the coincidence within the context of interacting dark sector also.

The aim of present brief article is to examine the exchange of energy between dark matter and the dark energy being the interaction selected as a linear combination of the total dark energy density, its derivative plus a non-linear term. The DE is associated with a modified holographic Ricci ansatz. We explicitly show that the effective one-fluid obeys the equation of state of a relaxed Chaplygin gas. Later on, applying a χ^2-statistical method to the Hubble data and the Union2 compilation of SNe Ia some constraints are placed on the cosmological parameters. Using their best–fit values, we confront our model with the standard ΛCDM. Besides, the issue of dark energy at early times is also discussed when a third component is added. At the end, we summarize our findings.

II. THE MODEL

Considering the effective quantum field theory it has been shown that the zero-point energy of a system with size L should no exceed the mass of a black hole with the same size, thus L^3ρ_Λ ≤ LM^2_P , where ρ_Λ corresponds to the quantum zero-point energy density [6] with M^{−2}_P = 8πG. This relation gives a link between the ultraviolet cutoff, define through ρ_Λ, and the infrared cutoff which is encoded by the scale L. Taking into account this novel principle within the cosmological context, one assumees that the dark energy density of the universe ρ_x takes the same form of the vacuum energy, thus ρ_Λ = ρ_x. Using the largest L as the one saturating the above inequality, it turns out to be the holographic dark energy is given by ρ_x = 3c^2M^2_P L^{−2} with c a numerical factor [7], [8]. Many different proposals for the cutoff L have been studied in the literature [9], [10], [11], [12], [13], [14].

Our starting point is to consider an holographic cosmological model with an IR cutoff given by the modified Ricci’s radius so that L^{−2} is a linear combination of Ḣ and H^2[15], [16], [17]. After that, the modified holographic Ricci dark energy (MHRDE) becomes

ρ_x = 2 α − β ( Ḣ + 3α 2 H^2 ) . (1)

Here H = ȧ/a is the Hubble expansion rate, a is the scale factor and α, β are free constants. Introducing the variable η = ln(a/a_0)^3, with a_0 the present value of the scale factor and^′ ≡ d/dη, the above MHRDE (1) becomes a modified conservation equation (MCE) for the cold dark matter ρ_c and the MHRDE ρ^′ = −αρ_c − βρ_x, (2) after using the Friedmann equation,

3H^2 = ρ_c + ρ_x, (3)

for a spatially flat FRW cosmology and ρ = ρ_c + ρ_x. The MCE (2) looks as it were a conservation equation for both dark components with constant equations of state. In connection with observations on the large scale structures, which seems to indicate that the Universe must have been dominated by nearly pressureless components, we assume that ρ_c includes all these components and has an equation of state p_c = 0 while the MHRDE has a barotropic index ω_x = p_x/ρ_x, so that the whole conservation equation (WCE) becomes

ρ^′ = −ρ_c − (ω_x + 1)ρ_x. (4)

The compatibility between the MCE (2) and the WCE (4) yields a linear dependence of the equation of state of the MHRDE

ω_x = (α − 1)r + (β − 1), (5)

with the ratio of both dark components r = ρ_c/ρ_x. Solving the linear algebraic system of equations (2) and ρ = ρ_c +ρ_x we obtain both dark energy densities as functions of ρ and ρ^′

ρ_c = − βρ + ρ^′ Δγ , ρ_x = αρ + ρ^′ Δγ , (6)

with Δγ = α−β, while the total pressure is p_x = −ρ−ρ^′. From now on we will use the MCE (4) instead of the WCE with variable ω_x because it is simpler, and introduce an interaction between both dark components through the term 3HQ into the MCE (4) with constant coefficients, so ρ^′_c + αρ_c = −Q, (7)

ρ^′_x + βρ_x = Q. (8)

Finally, from Eqs. (6) and (7), we obtain the source equation [5] for the energy density ρ

ρ^{′′} + (α + β)ρ^′ + αβρ = QΔγ. (9)

Now we consider cosmological models where the interaction Q between both dark components is nonlinear and includes a set of terms which are homogeneous of degree 1 in the total energy density and its first derivative [5], Q = (αβ − 1) Δγ ρ + (α + β − ν − 2) Δγ ρ^′ − νρ^{′2} ρΔγ , (10)

where ν is a positive constant that parameterizes the interaction term Q. Replacing (10) into (9) it turns into a nonlinear second order differential equation for the energy density: ρρ^{′′} + (2 + ν)ρρ^′ + νρ^{′2} + ρ^2 = 0. Introducing the new variable y = ρ^{(1+ν)} into the latter equation one gets a second order linear differential equation y^{′′} + (2 + ν)y^′ + (1 + ν)y = 0, whose solutions allow us to write the energy density as ρ = [ ρ_{10}a^{−3} + ρ_{20}a^{−3(1+ν)}

]_{1/(1+ν)} (11)

being ρ_{10} and ρ_{20} positive constants. From Eqs. (6)-(11) and using that p = −ρ − ρ^′, we have both dark energy densities and the total pressure

ρ_c = −ρ α − β [ β − 1 + ν (1 + ν)(1 + ρ_{20}a^{−3ν} /ρ_{10}) ] , (12)

ρ_x = ρ α − β [ α − 1 + ν (1 + ν)(1 + ρ_{20}a^{−3ν} /ρ_{10}) ] , (13) p = − νρ_{10} 1 + ν a^{−3} ρ^ν . (14)

From these equations we see that an initial model of interacting dark matter and dark energy can be associated with an effective one-fluid description of an unified cosmological scenario where the effective one-fluid, with energy density ρ = ρ_c + ρ_x and pressure (14), obeys the equation of state of a relaxed Chaplygin gas p = bρ + f(a)/ρ^ν, where b is a constant [5]. The effective barotropic index ω = p/ρ = ω_xρ_x/ρ reads, ω = − νρ_{10} (1 + ν)(ρ_{10} + ρ_{20}a^{−3ν} )

. (15)

At early times and for ν > 0, the effective energy density behaves as ρ ≈ a^{−3}, the effective barotropic index (15) γ ≈ 1 and the effective fluid describes an Universe dominated by nearly pressureless dark matter. However, a late time accelerated Universe i.e., ω < −1/3 with positive dark energy densities require that ν > 1/2, β < 1 and α > 1. From now on we adopt the latter restrictions.

III. OBSERVATIONAL CONSTRAINTS:HUBBLE DATA VS. SNE IA

In what follows, we will provide a full estimation of the cosmological paramaters by constraining them with the Hubble data [18]- [19] and the 557 SNe Ia data from the Union2 compilation [23]. In the former case, the statistical analysis is based on the χ^2–function of the Hubble data which is constructed as (e.g.[20])

χ^2(θ) = 12∑ k=1 [H(θ, z_k) − H_{obs}(z_k)]^2 σ(z_k)^2

, (16)

where θ stands for cosmological parameters, H_{obs}(z_k) is the observational H(z) data at the redshift z_k, σ(z_k) is the corresponding 1σ uncertainty, and the summation is over the 12 observational H(z) data. It should be stressed that one of the main reason in using the Hubble data is related to the fact that the Hubble function is not integrated over. Further, the function H(z) is directly related with the properties of the dark energy, since its value comes from the cosmological observations. Using the absolute ages of passively evolving galaxies observed at different redshifts, one obtains the differential ages dz/dt and the function H(z) can be measured through the relation H(z) = −(1 + z)^{−1}dz/dt [18], [19]. The data H_{obs}(z_i) and H_{obs}(z_k) are uncorrelated because they were obtained from the observations of galaxies at different redshifts. Since we are mostly interested in obtaining the bounds for the model parameters, we will adopt as prior H_0 = 72.2 ± 3.6 km s^{−1} Mpc^{−1} [21] as it needed. The Hubble expansion of the model becomes:

H(θ; z) = H_0 { B(1 + z)^3 + (1 − B)(1 + z)^{3(ν+1)}

} 1_{2(ν+1)}

(17) B[θ] = ν + 1 ν [α(Ω_{x0} − 1) + (1 − βΩ_{x0})] (18)

where θ = {α, β, Ω_{x0}, ν} and we have used that ρ_{02}/ρ_{01} = (B−1)/B. The two independent parameters α and β will be fixed along the statistic analysis. Then, for a given pair of (α_f , β_f ), we are going to perform the statistic analysis by minimizing the χ^2 function to obtain the best fit values of the random variables θ_c = {ν, Ω_{x0}} that correspond to a maximum of Eq.(16). More precisely, the best–fit parameters θ_c are those values where χ^2_{min}(θ_c) leads to the local minimum of the χ^2(θ) distribution. If χ^2_{dof} = χ^2_{min}(θ_c)/(N − n) ≤ 1 the fit is good and the data are consistent with the considered model H(z; θ). Here, N is the number of data and n is the number of parameters [20]. The variable χ^2 is a random variable that depends on N and its probability distribution is a χ^2 distribution for N − n degrees of freedom.

Besides, 68.3% confidence contours in the (ν, Ω_{x0}) plane are made of the random data sets that satisfy the inequality Δχ^2 = χ^2(θ) − χ^2_{min}(θ_c) ≤ 2.30. The latter equation defines a bounded region by a closed area around θ_c in the two-dimensional parameter plane, thus the 1σ error bar can be identified with the distance from the θ_c point to the boundary of the two-dimensional parameter plane. It can be shown that 95.4% confidence contours with a 2σ error bar in the samples satisfy Δχ^2 ≤ 6.17 while the data within 99.73% confidence contours with a 3σ error bar are accommodated in the domain defined by Δχ^2 ≤ 11.8. After performing this analysis we are in position to get confidence contours in the (ν, Ω_{x0}) plane, thus using the χ^2(α_f , β_f , ν, Ω_{x0}) distribution one can find the 68.3%, 95.4%, and 99.73% confidence contours respectively. We have taken the point of reference (α_f , β_f ) = (1.01, 0.15) but it is possible to show a wide set of admissible values for α and β which leads to a good fit [see Table(I) ]. Thus, from this analysis we get the best fit at θ_c = (ν, Ω_{x0}) = (1.19 ± 0.12; 0.61 ± 0.02). It corresponds to a local minimum χ^2_{min} = 7.86 leading to a good fit with χ^2_{dof} = 0.786 per degree of freedom. The Ricci’s cutoff (α, β) = (4/3, 1) does not guarantee the convergence of the minimization process. However, the values of (ν, Ω_{x0}) obtained from an holographic dark energy ρ_x ∝ R, namely (4/3, β), fulfills the goodness condition χ^2_{dof} < 1. The values of Ω_{x0}, which varies from, 0.58 to 0.69, do not deviate significantly from the observational limits provided by the WMAP-7 project [22] with Ω_{x0} = 0.73 [see Table (I)]. Comparing the Ricci model with the one arising from MHRDE for (α = 1.01, β = 0.15), the former gives (ν, Ω_{x0}) = (1.19, 0.69), whereas the latter yields (ν, Ω_{x0}) = (1.19, 0.61), so the Ricci model seems to be statistically favored by H(z) data showing a Ω_{x0} closer to the observational bound reported by the WMAP-7 project [22].

We estimate the best value of H_0 and Ω_{x0} for the ΛCDM model using the Hubble data as well as the Union2 data for SNe Ia [23]. The former dataset leads to H_0 = 73.60 ± 3.18 km s^{−1} Mpc^{−1} and Ω_{x0} = 0.730 ± 0.04 with χ^2_{dof} = 0.770 whereas the latter one gives H_0 = 70 km s^{−1} Mpc^{−1} and Ω_{x0} = 0.73 along with χ^2_{dof} = 0.978. Now, in oder to make possible a comparison with the ΛCDM model we need to estimate the same types of parameters so we take as priors ν = 1.19, α = 1.01, and β = 0.15 but we allow H_0 and Ω_{x0} as free parameters to be found under the minimization process. It turns out that H_0 = 73.011 ± 2.97 km s^{−1} Mpc^{−1} and Ω_{x0} = 0.617 ± 0.001 with χ^2_{dof} = 0.779 < 1 [see Fig.(1)], then both models give cosmological bounds of the pair (H_0, Ω_{0x}) very consistent with the those reported in [22].

In order to compare the Hubble data (12 points) with the Union2 compilation of 557 SNe–Ia [23] we proceed as follows; thus, we took as priors H_0 = 72.2 km s^{−1} Mpc^{−1}, α = 1.01 and β = 0.15 in both cosmological data. We found the best–fit values of ν and Ω_{x0} for both sets, focusing on the existence of some tighter constraints coming from the SNe Ia data. For the Hubble data we obtained α = 1.19 and Ω_{x0} = 0.61 with χ^2_{dof} = 0.786 whereas the SNe Ia data lead to ν = 1.5 and Ω_{x0} = 0.70 with χ^2_{dof} = 0.812 < 1; in broad terms the tighter constraints seems to be found with the Hubble data. Of course, these results can vary according to the parameter regions taken into account in the minimization process. (α, β) (Ω0x ± σ, ν ± σ) χ^2_{dof} (1.01,0.05) (0.58 ± 0.20, 1.19 ± 1.13) 0.786 (1.01,0.1) (0.58 ± 0.23, 1.19 ± 1.13) 0.786 (1.01, 0.15) (0.61 ± 0.02, 1.19 ± 1.13) 0.786 (1.2,-0.1) (0.55 ± 0.16, 1.19 ± 1.13) 0.786 (1.2,-0.05) (0.57 ± 0.17, 1.19 ± 1.13) 0.786 (4/3,-0.1) (0.59 ± 0.15, 1.19 ± 1.13) 0.786 (4/3,0.1) (0.69 ± 0.17, 1.19 ± 1.13) 0.786

TABLE I: We show the observational bounds for the pair (Ωx0, ν) varying (α, β) with a given prior of H0 = 72.2 ± 3.6 km s^{−1} Mpc^{−1}

FIG. 1: We show the confidence contour in the H0 − Ωx0 plane for the MHRDE model considering as priors ν = 1.19, α = 1.01 and β = 0.15. The best fit value of (H0, Ωx0) is used to compare with the ΛCDM model.

Now, using the best–fit model parameters θ_c = (ν, Ω_{x0}) = (1.19 ± 1.13, 0.61 ± 0.02) we would like to compare the model having a MHRDE with the standard ΛCDM scheme composed of baryonic matter and a constant dark energy Ω_{0x} = 0.73 ± 0.04. As −1 ≤ ω(z), ω_x(z) ≤ 0, the equations of state of the effective fluid and dark energy do not cross the phantom line, at least for the best–fit model parameters used previously

[see Fig.(2)], therefore this model does not exhibit a quintom phase [24]. The expression of ω_x at present

ω_{x0} = − ν(α − β)B (α − 1)(1 + ν) + νB

, (19)

becomes ω_{x0} = −0.88 when evaluating at the best–fit values θ_c = (ν, Ω_{x0}, α, β) = (1.19, 0.61, 1.01, 0.15). It is close to the value reported by WMAP-7, ω_{x0} = −0.93, when the joint analysis of the WMAP+BAO+H_0+SN data [22] for constraining the present-day value of the equation of state for dark energy is made.

Fig. (2) shows the evolution of the decelerating parameter q = −ä/aH^2 with the redshift z for the MHRDE and ΛCDM models. It takes the form

q_0 =

1 + ν(1 − 3B)

2(1 + ν)

, (20)

at z = 0 for the former model. Using the best–fit values θ_c = (ν, Ω_{x0}, α, β) = (1.19, 0.61, 1.01, 0.15) in Eq. (20), one gets q_0 = −0.27 while for the Λ-CDM model one obtains q_0 = −0.59. The critical redshift where the acceleration starts, z_{acc} = −1 + [ (2ν − 1)B (1 + ν)(1 − B) ]_{1/3ν} , (21)

turns to be z_{acc} = 1.06 for the best–fit values θ_c, then our model enters the accelerated regime earlier than the ΛCDM one with z_{acc} = 0.75.

In Fig.(3) we plot the density parameters Ω_c, Ω_x, its ratio r(z) and find the present-day values of Ω_{x0} = 0.61, Ω_{c0} = 0.39 and r = 0.62. It shows that the model with a MHRDE seems to be appropriated for resolving the coincidence problem. Regarding the modified Ricci coupling function, one can show that Q ≤ 0 and the coupling decreases its strength with the redshift and goes to zero in the far future, z → −1 [see Fig.(3)].

As a closing comment, we would like to address a discussion concerning the values of α and β taken into account through this section. Here we have focused on the transition of the Universe between a stage dominated by dark matter followed by an era dominated by the holographic dark energy that makes the Universe exhibt an accelerated expansion (present-day scenario) and, in both stages a nonlinear interaction in the dark sector has been taken into account. In order to estimate the parameter ν and Ω_{x0} we have used the values of α and β which are consistent with the χ^2-statistical analysis because they fulfill the condition χ^2_{dof} < 1. Now, we are going to explore a modification on the aforesaid model by adding a third component, say ρ_m, which does not interact with ρ_c and ρ_x. The total energy density reads as ρ_t = ρ_m + ρ with ρ = ρ_c + ρ_x and the MCE is split as

ρ^′ + αρ − (α − β)ρ_x = 0, (22)

ρ^′_m + αρ_m = 0 (23)

FIG. 2: We show the equations of state for the effective fluid ω(z), the dark energy ωx(z), and the deceleration parameter q(z).

FIG. 3: The density parameters (Ωx, Ωc), the ratio r = Ωc/Ωx, and H^{−2}_0 Q are shown versus the redshift z.

so (22) is equal (2) while (23) shows that the third component does not transfer energy to the interacting dark sector. From (23) one finds that ρ_m = ρ_{m0}a^{−3α} whereas the behavior of dark matter and dark energy with the scale factor can be obtained from (12) and (13), respectively. Using (12), (13) and (23) one gets the Hubble parameter in term of the redshift x = 1 + z and the relevant cosmological parameters H(z) H_0 = [ (1−Ω_{m0}) ( Bx^3+(1−B)x^{3(ν+1)}

) 1_{(ν+1)} +Ω_{m0}x^{3α} ]_{1/2} (24) B[θ] = ν + 1 ν [ α − β 1 +^{1−Ωx0−Ωm0}

Ω_{x0}

+ (1 − α) ] (25)

where the flatness condition 1 = Ω_{x0} + Ω_{c0} + Ω_{m0} has been used. In what follows we would to examine two traits of the model. First, we fix α = 4/3 to get a radiation contribution in the total density because it will address the problem of the dark energy at early times; thus, as is well known the fraction of dark energy in the radiation era should fulfill the stringent bound Ω_x(z ≃ 1100) < 0.1 in order for the model be consistent with the big bang nucleosynthesis (BBN) data. For the priors (H_0 = 72.2, ν = 1.19, Ω_{x0} = 0.7, α = 4/3) the Hubble data give as the best–fit values β = 0.1 and Ω_{m0} = 1.7 × 10^6 along with χ^2_{dof} = 0.78 < 1 with a fraction of dark energy Ω_x(z ≃ 1100) = 0.2 nearly close to the BBN’s bound. Second, employing the Hubble data for (24) we estimate the best–fit value of Ω_{m0} and α. Taking as priors (H_0 = 72.2, ν = 1.19, Ω_{x0} = 0.61, β = 0.15) the χ^2–analysis yields as the best–fit values α = 1.01 and Ω_{m0} = 9.9 × 10^{−5} together with a χ^2_{dof} = 0.79 < 1. Moreover, the latter case leads to an early dark energy Ω_x(z ≃ 1100) = 0.01 < 0.1 which is consistent with the bounds reported in [25] or with the future constraints achievable by Planck and CMBPol experiments [26]. Therefore, taking the third component as the radiation term or a nearly radiation contribution, has helped to validate the first model, indicating that the value of the cosmological parameters selected are consistent with BBN constraints.

IV. CONCLUSION

We have explored an interacting dark sector with a MHRDE, where the IR cutoff is provided by the modified Ricci scalar. We have introduced an interaction between the dark matter and dark energy densities, homogeneous of degree 1 in the variables ρ and ρ^′, and solved the source equation for the total energy density of the mix. Further, the equation of state of the effective fluid is that of the relaxed Chaplygin gas, interpolating between a matter dominated phase at early times and an accelerated expanding phase dominated by the MHRDE at late times.

We have used the observational Hubble data to constrain the cosmological parameters of the model and to compare with the ΛCDM model. Taking as a reference point (α_f , β_f ) = (1.01, 0.15) we get the best fit at θ_c = (ν, Ω_{x0}) = (1.19, 0.61) with χ^2_{min} = 7.86 leading to a good fit with χ^2_{dof} = 0.786 < 1 per degree of freedom. We have established that a model with a holographic dark energy ρ_x ∝ R leads to 0.59 < Ω_{x0} < 0.69 which is close to the bounds Ω_{x0} = 0.73 provided by WMAP-7 [22]. For β = 0.1, we have shown that the Ricci cutoff (α = 4/3) is consistent with other values of α because it fulfills the goodness condition (χ^2_{dof} < 1). In addition, we have obtained the allowed range of (ν, Ω_{x0}) when one varies α and β [see Table.(I)]. Properly estimating the H_0 and Ω_{x0} with the Hubble data we have confronted the ΛCDM with the MHRDE model; thus, both models give some bounds of the pair (H_0, Ω_{x0}) consistent the those reported in [22]. Besides, we have taken into account the SNe Ia with the Union2 data for calculating the best–fit values of ν and Ω_{x0}. It led to ν = 1.5 and Ω_{x0} = 0.70 with χ^2_{dof} = 0.812 < 1 while the Hubble data gave ν = 1.19 and Ω_{x0} = 0.61 with χ^2_{dof} = 0.786.

We have found that the equations of state of the dark energy equation and the unified fluid, at the best–fit values θ_c, do not cross the phantom divide line [see Fig.(2)] while the present value of the equation of state for the dark energy is ω_{x0} = −0.88.

From the deceleration parameter [see Fig.(2)] and the best fit values θ_c, we have obtained that the acceleration starts at z_{acc} = 1.06 hence, the model with a MHRDE enters the accelerated regime earlier than the ΛCDM with z_{acc} = 0.75. We have shown that the density parameters Ω_c, Ω_x, and its ratio r(z) in Fig.(3) seem to alleviate the coincidence problem. It is related to the decreasing behavior of the interaction with the redshift and its vanishing limit in the far future [see Fig.(3)].

In order to examine if the value of the parameters obtained through the Hubble and/or SNe Ia data are consistent with the physic at primordial eras such recombination one (z ≃ 1100), we have included a noninteracting component for studying the behavior of dark energy at early times. Interestingly enough, we have found that our model is consistent with the stringent bounds Ω_x(z ≃ 1100) < 0.1 − 0.2 reported in the literature, further it turned that the aforesaid model together with the cosmological constraints obtained with the Hubble data are in agreement with the future constraints achievable by Planck and CMBPol experiments [26].

Acknowledgments

We wish to thank CosmoSul’s organizers for giving us the opportunity to present this talk and for the delightful time passed at Rio do Janeiro during the meeting. LPC thanks the University of Buenos Aires for their support under Project No. X044 and the Consejo Nacional de Investigaciones Científicas y Técnicas (CONICET) through the research Project PIP 114-200801-00328. MGR is partially supported by CONICET.

[1] A. G. Riess et al. (Supernova Search Team), Astronomical Journal 116, 100938, (1998); S. Perlmutter et. al., Nature 391 51 (1998)..

[2] D. N. Spergel, et al Astrophys. J. Suppl. 148 (2003) 175; E. Komatsu et al. [WMAP Collaboration], [arXiv:0803.0547] [3] D. Clowe et al., ApJ Letters 648, L109 (2006); M. Bradac et al., ApJ 687, 959 (2008).

[4] R. W. Schnee, [arXiv:1101.5205]. [5] L.P.Chimento, Phys.Rev.D81 043525 (2010). [6] G. ’t Hooft, [arXiv:gr-qc/9310026];W. Fischler, L.

Susskind, [arXiv:hep-th/9806039]; A. Cohen, D. Kaplan, A. Nelson, Phys. Rev. Lett. 82 (1999) 4971.

[7] S. D. H. Hsu, Phys. Lett. B 594 13 (2004); M. Li, Phys.

Lett. B 603, 1 (2004).

[8] Shinichi Nojiri, S. D. Odintsov, Gen.Rel.Grav.38 1285- 1304 (2006).

[9] S.del Campo, J.C. Fabris, R. Herrera, W. Zimdahl, arXiv:1103.3441v2.

[10] L. N. Granda, W. Cardona, A. Oliveros, [arXiv:0910.0778];

[11] L. Zhang, P. Wu and H. Yu, Eur. Phys. J. C (2011) 71:

1588.

[12] A. Aviles, L. Bonanno, O. Luongo, H.

Quevedo,Phys.Rev.D 84 103520 (2011).

[13] I. Durán and D. Pavón, Phys.Rev.D 83 023504 (2011); [14] S. Carneiro, [arXiv:gr-qc/0206064]; Shinichi Nojiri, S. D. Odintsov, Gen.Rel.Grav.38 1285-1304 (2006); S.del Campo, J.C. Fabris, R. Herrera, W. Zimdahl, [arXiv:1103.3441]; J. Lu, Emmanuel N. Saridakis, M. R. Setare, Lixin Xu, JCAP 1003 031 (2010); Masashi Suwa, Takeshi Nihei, Phys.Rev.D 81 023519 (2010); A. Aviles, L. Bonanno, O. Luongo, H. Quevedo, Phys. Rev. D 84 103520 (2011); L. Bonanno, G. Iannone, O. Luongo, [arXiv:1101.5798]; Tian-Fu Fu, Jing-Fei Zhang, Jin-Qian Chen, Xin Zhang, Eur. Phys. J. C 72 (2012) 1932; Moulay-Hicham Belkacemi, Mariam Bouhmadi- Lopez, Ahmed Errahmani, Taoufiq Ouali, Phys. Rev. D 85 083503 (2012); Mariam Bouhmadi-Lopez, Ahmed Errahmani, Taoufiq Ouali, [arXiv:1104.1181]; Mónica I. Forte, Martín G. Richarte, [arXiv:1206.1073]; Jianbo Lu, Yuting Wang, Yabo Wu, Tianqiang Wang, Eur. Phys. J. C (2011) 71 1800; Zhenhui Zhang, Song Li, Xiao- Dong Li, Xin Zhang, Miao Li, [arXiv:1204.6135]; Yi Ling, Wen-Jian Pan, [arXiv:1205.0209]; Yuting Wang, Lixin Xu, Phys. Rev. D 81 083523 (2010);Zhuo-Peng Huang, Yue-Liang Wu, [arXiv:1205.0608]; Lixin Xu, [arXiv:1205.2130]; Yun Chen, Zong-Hong Zhu, Lixin Xu, J.S. Alcaniz, Phys.Lett.B 698 175-182 (2011); R. Horvat, Phys.Lett.B 693 596-599 (2010); Ahmad Sheykhi, Phys. Rev. D 84 107302 (2011); Sandro M. R. Micheletti, Phys. Rev. D 85 123536 (2012).

[15] L.N. Granda, A. Oliveros, Phys.Lett.B 671 199-202 (2009).

[16] L. P. Chimento, M. Forte and M. G. Richarte, [arXiv:1106.0781 ].

[17] L. P. Chimento, M. G. Richarte,Phys.Rev. D 84 123507 (2011) [18] J. Simon, L. Verde and R. Jimenez, Phys. Rev. D 71 123001 (2005) [astro-ph/0412269].

[19] D. Stern et al., [arXiv:0907.3149].

[20] Press, W.H., et al., Numerical Recipes in C. Cambridge University Press, Cambridge (1997) [21] A. G. Riess et al.,Astrophys. J. 699 (2009) 539 [arXiv:0905.0695 ].

[22] E. Komatsu, et al., arXiv:1001.4538 [astro-ph.CO]. [23] R. Amanullah et al., Astrophys. J.716 (2010) 712 [arXiv:1004.1711].

[24] L. P. Chimento, M. Forte, R. Lazkoz and M. G. Richarte, Phys.Rev.D 79 043502 (2009).

[25] E. Calabrese, D. Huterer, E. V. Linder, A. Melchiorri and L.Pagano, Phys.Rev.D 83 123504 (2011).

[26] E. Calabrese, R. de Putter, D. Huterer, E. V. Linder, A.

Melchiorri, Phys.Rev.D 83 023011 (2011).