arXiv:1306.1289v1 [astro-ph.CO] 6 Jun 2013

Revisiting the interacting model of new agegraphic dark energy

Jing-Fei Zhang,^1 Li-Ang Zhao,^1 and Xin Zhang^{∗1, 2, †} 1College of Sciences, Northeastern University, Shenyang 110004, China 2Center for High Energy Physics, Peking University, Beijing 100080, China

In this paper, a new version of the interacting model of new agegraphic dark energy (INADE) is proposed and analyzed in detail. The interaction between dark energy and dark matter is reconsidered. The interaction term Q = bH_0ρ^α_{de}ρ^{1−α}_{dm} is adopted, which abandons the Hubble expansion rate H and involves both ρ_{de} and ρ_{dm}. Moreover, the new initial condition for the agegraphic dark energy is used, which solves the problem of accommodating baryon matter and radiation in the model. The solution of the model can be given using an iterative algorithm. A concrete example for the calculation of the model is given. Furthermore, the model is constrained by using the combined Planck data (Planck+BAO+SNIa+H_0) and the combined WMAP-9 data (WMAP+BAO+SNIa+H_0). Three typical cases are considered: (A) Q = bH_0ρ_{de}, (B) Q = bH_0 √ ρ_{de}ρ_{dm}, and (C) Q = bH_0ρ_{dm}, which correspond to α = 1, 1/2, and 0, respectively. The departures of the models from the ΛCDM model are measured by the ΔBIC and ΔAIC values. It is shown that the INADE model is better than the NADE model in the fit, and the INADE(A) model is the best in fitting data among the three cases.

PACS numbers: 95.36.+x, 98.80.Es, 98.80.-k

Cosmological observations continue to indicate that the universe is currently experiencing an accelerated expansion [1–3]. This cosmic acceleration is commonly believed to be caused by “dark energy,” something producing gravitational repulsion. However, the nature of dark energy, hitherto, is still unknown.

The simplest candidate for dark energy is Einstein’s cosmological constant, Λ, which is equivalent to the vacuum energy density in the universe and produces negative pressure with w = −1 (here, w is the equation of state parameter, defined by w = p/ρ). However, the cosmological constant is theoretically challenged: its observationally required value is 10^{120} times smaller than its theoretical expectation. So, cosmologists are in need of new theoretical insights. Alternatively, dark energy might be due to some unknown scalar field, usually dubbed quintessence, that could supply the requisite negative pressure to accelerate the cosmic expansion. Scalar field is, nevertheless, only one option. Lots of dynamical dark energy models from various theoretical perspectives have been proposed; for reviews, see, e.g., Refs. [4]. In particular, there is an attractive idea that links the vacuum energy density with the holographic principle of quantum gravity. This class of models is called “holographic dark energy,” in which the UV problem of dark energy is converted to an IR problem and the dark energy density can be expressed as ρ_{de} ∝ L^{−2} where L is the IR length-scale cutoff of the theory. As a consequence of the effective quantum field theory, the vacuum energy density in this theory is not a constant, but dynamically evolutionary.

The original version of the holographic dark energy chooses the event horizon size of the universe as the IR cutoff [5]; for extensive studies of this model, see, e.g., Refs. [6, 7]. Subsequently, other versions were proposed; for example, the so called “agegraphic dark energy” model (here, we refer to the new agegraphic dark energy model, abbreviated as NADE)

∗Corresponding author †Electronic address: zhangxin@mail.neu.edu.cn

chooses the conformal time (age) of the universe as the IR cutoff [8]. Thus, in this model, the dark energy density is of the form,

ρ_{de} = 3n^2 M^2_{Pl}η^{−2}, (1)

where n is a numerical parameter, M_{Pl} is the reduced Planck mass, and η is the conformal age of the universe, η ≡ ∫_t 0 dt a = ∫_a 0 da Ha^2

. (2)

Actually, this model can also be derived from the uncertainty relation of quantum mechanics together with the gravitational effect in general relativity [9]. The most attractive merit of the NADE model is that it has the same number of parameters as the ΛCDM (the cosmological constant plus cold dark matter) model, less than other dynamical dark energy models. The model has also been proven to fit the data well [10]. See also, e.g., Refs. [11, 12] for various studies of the NADE model.

It seems necessary to consider the important possibility that there is some direct, non-gravitational interaction between dark energy and dark matter. Though there is no convincing observational evidence for this coupling, such a hypothesis has inspired lots of theoretical interests. A large number of interacting dark energy models have been investigated. The interacting model of new agegraphic dark energy (INADE) was proposed and studied in detail in Refs. [13, 14]. If dark energy interacts with cold dark matter, the continuity equations for them are written as

ρ̇_{de} + 3H(1 + w)ρ_{de} = −Q, (3) ρ̇_{dm} + 3Hρ_{dm} = Q, (4)

where w is the equation of state parameter of dark energy, and Q phenomenologically describes the interaction between dark energy and dark matter. Since we have no a fundamental theory to determine the form of Q, its form is needed to be assumed phenomenologically. The most common choice is

Q ∝ Hρ, where ρ denotes the density of dark energy or dark matter (or the sum of the two). Such a scenario is mathematically simple, but is also hard to understand physically: the interaction is expected to be determined by the local properties of dark sectors, e.g., ρ_{de} and ρ_{dm}, but why is it proportional to the Hubble expansion rate H that is a global quantity? A more natural hypothesis is that the Hubble parameter is abandoned and thus Q is only proportional to the dark sector density, namely, Q ∝ ρ_{de} or Q ∝ ρ_{dm}. Such a scenario has also been studied widely; see, e.g., Refs. [15].

In Ref. [14] the INADE model was investigated in detail, but there are some issues that should be re-scrutinized under the current situation: (i) In Ref. [14] the interaction term is assumed to be of the form Q ∝ Hρ; but now, it seems necessary to adopt the more natural form in which the Hubble parameter H is abandoned. (ii) In Ref. [14] the model can only accommodate two components, dark energy and dark matter, but cannot involve baryon matter, radiation and spatial curvature. This is caused by the old initial condition used. In Ref. [12], however, a new initial condition (with a numerical algorithm) of the model was proposed, which can solve this problem. (iii) Recently, the Planck Collaboration publicly released the cosmic microwave background (CMB) temperature and lensing data [3], so it is also necessary to constrain the model by using the new data. Thus, under the current situation, we revisit the INADE model in this paper.

In this work, we will consider a more general form for the interaction term. Following Ref. [16] in which the interacting model of holographic dark energy was discussed in detail, we will take the form

Q ∝ ρ^α_{de}ρ^β_{dm}, (5)

which includes the forms Q ∝ ρ_{de} and Q ∝ ρ_{dm} as special cases, describing the decay process of dark energy or dark matter. Moreover, this form can also describe the more complicated cases of interaction, such like scattering, in which one may expect the existence of both ρ_{de} and ρ_{dm}. Therefore, Eq. (5) is, undoubtedly, a more natural and physically plausible form in describing the interaction between dark energy and dark matter. In the following, for simplicity, we confine our discussion in the class with the condition α + β = 1, so the interaction term can be explicitly expressed as

Q = bH_0ρ^α_{de}ρ^{1−α}_{dm} , (6)

where b is the coupling constant; when b > 0, the energy flow is from dark energy to dark matter, and when b < 0 the energy flow is from dark matter to dark energy.

In what follows we will discuss the INADE model with the interaction form (6). We will use the new initial condition proposed in Ref. [12]. After the numerical solution of the model is given, we will further constrain the parameter space of the model by using the latest observational data, including the CMB data, the baryon acoustic oscillation (BAO) data, the type Ia supernova (SNIa) data, and the Hubble constant data. In particular, for the CMB data, we will use both the Planck data [3] and the 9-year Wilkinson Microwave Anisotropy Probe (WMAP-9) data [2], respectively, for a comparison.

Defining f_{de} ≡ ρ_{de}/ρ_{de0} and f_{dm} ≡ ρ_{dm}/ρ_{dm0} (the subscript “0” in this paper denotes the present value of the corresponding quantity), we can rewrite Eqs. (3) and (4) into the following forms,

d f_{de}(x) dx + 3(1 + w_{de,eff}) f_{de}(x) = 0, (7)

d f_{dm}(x) dx + 3(1 + w_{dm,eff} ) f_{dm}(x) = 0, (8)

where x = ln a, and

w_{de,eff}(x) = −1 + 2 3ne^xE(x) √ Ω_{de0} f_{de}(x), (9)

w_{dm,eff} (x) = − br^α 3E(x) f_{de}(x)^α f_{dm}(x)^{−α}, (10)

with r ≡ ρ_{de0}/ρ_{dm0} and E(x) ≡ H(x)/H_0. Note that in this paper we consider a flat universe, so the Friedmann equation 3M^2_{Pl}H^2 = ρ_{de} + ρ_{dm} + ρ_b + ρ_r can be recast as

E(x) = √ Ω_{de0} f_{de}(x) + Ω_{dm0} f_{dm}(x) + Ω_{b0}e^{−3x} + Ω_{r0}e^{−4x}. (11) The solutions of the system of differential equations (7) and (8), f_{de}(x) and f_{dm}(x), completely describe the cosmological evolution of the INADE model. Hence, next, the main task is to find out the solutions of Eqs. (7) and (8). In order to solve the differential equations, we first need to give the initial conditions for them.

As shown in Ref. [8], the parameters Ω_{m0} and n are not independent with each other. Once n is given, Ω_{m0} can be derived, and vice versa. If one takes both Ω_{m0} and n as free parameters, the NADE model will become problematic; see Fig. 2 (a) in Ref. [14] and the corresponding discussions. So the initial conditions in this model should be taken at the early times; usually, as a convention, the initial conditions are taken at z_{ini} = 2000, in the matter-dominated epoch. Since in the matter-dominated epoch the contribution of dark energy to the cosmological evolution is negligible, it is expected that the impact of the interaction on dark energy in the early times is also ignorable. So, it is suitable to follow Ref. [12] to take the initial condition for the agegraphic dark energy in this model as f_{de}(x_{ini}) = n^2Ω^2_{m0} 4Ω_{de0} ( √ Ω_{m0}e^{xini} + Ω_{r0} − √ Ω_{r0})^{−2}, (12)

where Ω_{m0} = Ω_{dm0} + Ω_{b0}. In fact, the impact of interaction on dark matter in the early times is also fairly small, so the deviation from the scaling law a^{−3} for dark matter is tiny. Nevertheless, we still use a small quantity δ to parameterize this tiny deviation; so the initial condition for dark matter is taken as f_{dm}(x_{ini}) = e^{(−3+δ)xini} . (13)

We shall show that δ is also a derived parameter, and its value can be determined using an iteration calculation. Throughout the calculation, we fix Ω_{r0} = 2.469 × 10^{−5}h^{−2}(1 + N_{eff} ), where

FIG. 1: The solutions of Eqs. (7) and (8), f_{de}(z) and f_{dm}(z), in the INADE model with Q = bH_0ρ_{de}. In this case, we fix h = 0.7 and Ω_{b0} = 0.05. In the left panel, we fix b = 0.1 and vary n; in the right panel, we fix n = 2.5 and vary b.

N_{eff} = 3.046 is the standard value of the effective number of the neutrino species, and h is the Hubble constant H_0 in units of 100 km s^{−1} Mpc^{−1}.

In this model, the free parameters are: n, b, Ω_{b0}, and h. The independent parameters δ and Ω_{m0} (or Ω_{dm0}) can be derived using an iterative algorithm. In our calculation, we employ the Newton iteration method. The conditions of convergence we

set are:^{δ(l+1)−δ(l)}_{δ(l)} < 10^{−5} and^{Ω(l+1)m0 −Ω(l)m0}_{Ω(l)m0} < 10^{−5}, where the index l denotes the iteration times in the numerical calculation.

To show the solution of the model, we give a concrete example. In this example, we take α = 1 in Eq. (6), i.e., Q = bH_0ρ_{de}. Furthermore, we fix h = 0.7 and Ω_{b0} = 0.05, in order to explicitly show the impacts of the parameters n and b on the model. The solutions f_{de}(z) and f_{dm}(z) are shown in Fig. 1. In the left panel, we fix b = 0.1, and take n = 2.0, 2.5 and 30., respectively; one can see that the parameter n impacts the both evolutions of dark matter and dark energy evidently. In the right panel, we fix n = 2.5, and take b = 0.1, 0.3 and 0.5, respectively; one can see that the coupling strength b impacts on the evolution of dark matter more evidently than the evolution of dark energy. The parameters Ω_{m0} and δ can be derived through the iterative calculation. For instance, for the case n = 2.5 and b = 0.1, we obtain Ω_{m0} = 0.340 and δ = 0.010. Actually, the calculations for all the cases show that δ is around O(10^{−2}), verifying the previous statement for the initial condition of dark matter that the early deviation from the scaling law a^{−3} for dark matter is indeed tiny. Obviously, once the solutions of Eqs. (7) and (8), f_{de}(z) and f_{dm}(z), are given, the other quantities of interest, such as Ω_{de}(z), Ω_{dm}(z), w(z), H(z), Q(z), and so on, can be directly calculated out. Thus, so far, we have proposed the revised version of the INADE model and given the solution of this model. Since the issues such as the alleviation of the cosmic coincidence problem are the common characteristic of interacting dark energy models, we do not discuss this class of issues in this paper. Next, we will test this model with the latest observational data and explore the parameter space of the model in the fit to data.

In the fit, we only focus on several typical cases of the model. The cases we consider include: (A) Q = bH_0ρ_{de}, (B) Q = bH_0 √ ρ_{de}ρ_{dm}, and (C) Q = bH_0ρ_{dm}, which correspond to α = 1, 1/2, and 0, respectively.

The data we use include the CMB data, BAO data, SNIa data, and Hubble constant data. For CMB, we use both the Planck data [3] and the WMAP-9 data [2], for a comparison. In this work, we do not consider the cosmological perturbations in the calculation. This avoids the extra assumptions on the sound speed of dark energy perturbation, the momentum transport between dark energy and dark matter, and so forth. In fact, the result will not be affected evidently when the cosmological perturbations are involved. Since the perturbations are ignored, we can use the CMB distance prior data in the fit. The results of the CMB distance priors (l_A, R, ω_b) for Planck and WMAP-9 have been given in Ref. [17], so we will use these data in our fit analysis. For BAO, we use the SDSS- DR7, SDSS-DR9, 6dFGRS, and WiggleZ data; the prescription of the use of these data has been given in Ref. [2]. For SNIa, we use the Union2.1 data [18]. For the Hubble constant measurement, we use the HST result [19], H_0 = 73.8 ± 2.4 km s^{−1} Mpc^{−1}. The Markov Chain Monte Carlo (MCMC) method is employed in our data fit analysis.

The fit results are presented in Table I. Since the ΛCDM model fits the data very well, in this work we also make a comparison with the ΛCDM model. Actually, the ΛCDM model has been adopted as a fiducial model in dark energy cosmology. In addition, a comparison with the NADE model without interaction is also made. The numbers of parameters in the ΛCDM model and the NADE model are equal, but they are less than that in the INADE model. We denote the number of parameter in a model as k. For the ΛCDM model and the NADE model, k = 3; For the INADE model (with α fixed), k = 4. In order to fairly compare the models with different numbers of parameters, we employ the information criteria (IC), such as the Bayesian information criterion (BIC) and the Akaike information criterion (AIC), as the assessment tools. They are defined as BIC = χ^2_{min} + k ln N and AIC = χ^2_{min} + 2k, where N is the number of the data used in the fit. Statisti-

TABLE I: The fit results of the ΛCDM, NADE, and INADE models. For the INADE model, cases with (A) Q = bH_0ρ_{de}, (B) Q = bH_0 √ ρ_{de}ρ_{dm}, and (C) Q = bH_0ρ_{dm} are considered. Since the numbers of parameters are different for different models, the information criteria BIC and AIC are used in the model comparison. Here, k denotes the number of parameters in the models. The order of the three cases of the INADE model is arranged according to the fit results. In the fit, we use the data combination CMB+BAO+SNIa+H_0, where for CMB we use the Planck data and WMAP-9 data, respectively, for a comparison. The best-fit values with 1–2σ errors for the parameters in the models are presented.

Data Model Ω_{m0} Ω_{b0} n h b k χ^2_{min} ΔBIC ΔAIC

Planck

ΛCDM 0.298^{+0.014+0.024}

−0.013−0.022 0.047

+0.001+0.002 −0.001−0.002 - 0.688

+0.011+0.018 −0.011−0.018 - 3 554.138 0 0

NADE - 0.058^{+0.001+0.002}_{−0.001−0.002} 2.471^{+0.069+0.115}_{−0.070−0.115} 0.633^{+0.009+0.015}_{−0.009−0.014} - 3 589.309 35.171 35.171 INADE(A) - 0.052^{+0.002+0.004}_{−0.002−0.003} 2.609^{+0.083+0.083}_{−0.139−0.136} 0.658^{+0.012+0.020}_{−0.012−0.020} 0.088^{+0.025+0.042}_{−0.026−0.045} 4 568.312 20.552 16.174 INADE(B) - 0.052^{+0.002+0.004}_{−0.002−0.003} 2.602^{+0.083+0.137}_{−0.083−0.138} 0.657^{+0.012+0.020}_{−0.012−0.020} 0.096^{+0.029+0.047}_{−0.030−0.051} 4 569.133 21.373 16.995 INADE(C) - 0.052^{+0.002+0.003}_{−0.002−0.003} 2.592^{+0.081+0.136}_{−0.082−0.133} 0.654^{+0.012+0.020}_{−0.012−0.019} 0.086^{+0.028+0.047}_{−0.029−0.048} 4 570.387 22.627 18.249

WMAP-9

ΛCDM 0.295^{+0.016+0.026}

−0.015−0.024 0.048

+0.002+0.003 −0.001−0.002 - 0.690

+0.013+0.022 −0.013−0.021 - 3 554.128 0 0

NADE - 0.056^{+0.002+0.003}_{−0.002−0.003} 2.580^{+0.082+0.135}_{−0.082−0.135} 0.647^{+0.012+0.019}_{−0.011−0.019} - 3 576.168 22.040 22.040 INADE(A) - 0.052^{+0.002+0.004}_{−0.002−0.004} 2.621^{+0.086+0.143}_{−0.085−0.140} 0.659^{+0.013+0.022}_{−0.013−0.022} 0.081^{+0.042+0.069}_{−0.041−0.070} 4 567.993 20.243 15.865 INADE(B) - 0.053^{+0.002+0.004}_{−0.002−0.004} 2.616^{+0.084+0.141}_{−0.084−0.140} 0.658^{+0.013+0.022}_{−0.013−0.021} 0.087^{+0.045+0.075}_{−0.046−0.078} 4 568.737 20.987 16.609 INADE(C) - 0.053^{+0.002+0.004}_{−0.002−0.004} 2.608^{+0.084+0.140}_{−0.085−0.140} 0.655^{+0.013+0.021}_{−0.012−0.020} 0.075^{+0.043+0.070}_{−0.044−0.074} 4 569.832 22.082 17.704

FIG. 2: The two-dimensional marginalized constraints (68% and 95% CLs) on the INADE(A) model with Q = bH_0ρ_{de}, from the CMB+BAO+SNIa+H_0 data. The CMB data used in the two panels are different: in the left panel, the Planck data are used; in the right panel, the WMAP-9 data are used.

cally, a model with few parameters and with a better fit to the data has lower IC values. Thus, the models can be ranked according to their IC values. In this work, the number of data N is fixed, so the BIC and the AIC produce the same order of the models. The ΛCDM model is proven to be the best in fitting data (i.e., with lowest values of BIC and AIC; see also Refs. [20, 21]), so in Table I the ΔBIC and ΔAIC values are measured with respect to the ΛCDM model. In this table we list the free parameters for the models, and present their best fit values with 1–2σ errors. For both the combined Planck data and the combined WMAP-9 data, the ΛCDM model performs best, and the NADE model performs worst. Among the three cases of the INADE model, the case (A) is the best in fitting data, though the difference between them is little. The parameter Ω_{m0} can be derived in the INADE model. For example, for the combined Planck data, the best-fit values of Ω_{m0} are 0.317, 0.318 and 0.319, for the cases (A), (B) and (C), respectively. Also, we find that the coupling constant b in the INADE models is always positive, indicating that the energy transport is from dark energy to dark matter. This is helpful in alleviating the cosmic coincidence problem.

The parameter spaces of the INADE models are also explored. Since the INADE(A) model (with Q = bH_0ρ_{de}) is the best in fitting data among the three interacting models, we only show the parameter space of this model in this paper. In fact, the three cases are similar, so the two-dimensional contours in the parameter planes for the INADE(B) and IN- ADE(C) models are not reported; for a full report on these results, see Ref. [22]. In Fig. 2 we show the two-dimensional marginalized contours (68% and 95% CLs) in the parameter planes for the INADE(A) model. The left panel is the case for the combined Planck data, and the right panel is for the combined WMAP-9 data. The degeneracies between the parameters can be explicitly seen from this figure. We can see that, for the Planck case, the parameter space is more tight, but the degeneracies are more evident, especially for the n–h plane. Since Ω_{m0} is derived from n, this implies that h degenerates strongly with Ω_{m0}, which is consistent with the case of the ΛCDM model [3, 23].

In summary, a revised version of the INADE model is proposed and analyzed in this paper. In this version, the interaction between dark energy and dark matter is reconsidered. The interaction term Q = bH_0ρ^α_{de}ρ^{1−α}_{dm} is adopted, which abandons the Hubble expansion rate H and involves both ρ_{de} and ρ_{dm}. Moreover, in this version the new initial condition for the agegraphic dark energy is used, which solves the problem of accommodating baryon matter and radiation in the model. The solution of the model can be given using an iterative algorithm. We give a concrete example for the calculation of the model. Furthermore, we constrain the model by using the combined Planck data (Planck+BAO+SNIa+H_0) and the combined WMAP-9 data (WMAP+BAO+SNIa+H_0). We focus on the three typical cases: (A) Q = bH_0ρ_{de}, (B) Q = bH_0 √ ρ_{de}ρ_{dm}, and (C) Q = bH_0ρ_{dm}, which correspond to α = 1, 1/2, and 0, respectively. The departures of the models from the ΛCDM model are measured by the ΔBIC and ΔAIC values. We show that the INADE model is better than the NADE model in the fit, and the INADE(A) model is the best in fitting data among the three cases. As an example, we show the two-dimensional marginalized contours (68% and 95% CLs) in the parameter planes for the INADE(A) model. It is indicated that, for the Planck case, the parameter space is more tight, but the degeneracies between the parameters are more evident, especially for the n–h plane. Owing to the fact that Ω_{m0} is derived from n, this implies that h degenerates strongly with Ω_{m0}, which is consistent with the case of the ΛCDM model.

Acknowledgments

This work is supported by the National Natural Science Foundation of China (Grant Nos. 10975032 and 11175042), by the National Ministry of Education of China (Grant Nos. NCET-09-0276, N110405011 and N120505003), and by the Provincial Department of Education of Liaoning (Grant No. L2012087).

[1] A. G. Riess et al. [Supernova Search Team Collaboration], Astron. J. 116, 1009 (1998); S. Perlmutter et al. [Supernova Cosmology Project Collaboration], Astrophys. J. 517, 565 (1999).

[2] G. Hinshaw et al. [WMAP Collaboration], arXiv:1212.5226. [3] P. A. R. Ade et al. [Planck Collaboration], arXiv:1303.5076. [4] S. Weinberg, Rev. Mod. Phys. 61, 1 (1989); V. Sahni and A. A. Starobinsky, Int. J. Mod. Phys. D 9, 373 (2000); T. Padmanabhan, Phys. Rept. 380, 235 (2003); P. J. E. Peebles and B. Ratra, Rev. Mod. Phys. 75, 559 (2003); E. J. Copeland, M. Sami and S. Tsujikawa, Int. J. Mod. Phys. D 15, 1753 (2006); J. Frieman, M. Turner and D. Huterer, Ann. Rev. Astron. Astrophys. 46, 385 (2008); M. Li, X. D. Li, S. Wang and Y. Wang, Commun. Theor. Phys. 56, 525 (2011).

[5] M. Li, Phys. Lett. B 603, 1 (2004).

[6] Q. G. Huang and M. Li, JCAP 0503, 001 (2005); X. Zhang, Int. J. Mod. Phys. D 14, 1597 (2005); B. Chen, M. Li and Y. Wang, Nucl. Phys. B 774, 256 (2007); X. Zhang, Phys. Lett. B 648, 1 (2007); X. Zhang, Phys. Rev. D 74, 103505 (2006); J. Zhang, X. Zhang and H. Liu, Eur. Phys. J. C 52, 693 (2007); M. R. Setare, J. Zhang and X. Zhang, JCAP 0703, 007 (2007); X. Zhang, Phys. Lett. B 683, 81 (2010); J. F. Zhang, Y. Y. Li, Y. Liu, S. Zou and X. Zhang, Eur. Phys. J. C 72, 2077 (2012).

[7] X. Zhang and F. Q. Wu, Phys. Rev. D 72, 043524 (2005);

X. Zhang and F. Q. Wu, Phys. Rev. D 76, 023502 (2007); Q. G. Huang and Y. G. Gong, JCAP 0408, 006 (2004); Z. Chang, F. Q. Wu and X. Zhang, Phys. Lett. B 633, 14 (2006); Z. L. Yi and T. J. Zhang, Mod. Phys. Lett. A 22, 41 (2007); X. Zhang, Phys. Rev. D 79, 103509 (2009); M. Li, X. D. Li, S. Wang and X. Zhang, JCAP 0906, 036 (2009); M. Li, X. D. Li, S. Wang, Y. Wang and X. Zhang, JCAP 0912, 014 (2009); Y. H. Li, S. Wang, X. D. Li and X. Zhang, JCAP 1302, 033 (2013).

[8] H. Wei and R. G. Cai, Phys. Lett. B 660, 113 (2008). [9] R. G. Cai, Phys. Lett. B 657, 228 (2007).

[10] H. Wei and R. G. Cai, Phys. Lett. B 663, 1 (2008); J. Zhang, L. Zhang and X. Zhang, Phys. Lett. B 691, 11 (2010); J. F. Zhang, Y. H. Li and X. Zhang, Eur. Phys. J. C 73, 2280 (2013).

[11] J. Zhang, X. Zhang and H. Liu, Eur. Phys. J. C 54, 303 (2008);

J. L. Cui, L. Zhang, J. F. Zhang and X. Zhang, Chin. Phys. B 19, 019802 (2010); I. P. Neupane, Phys. Rev. D 76, 123006 (2007); X. L. Liu and X. Zhang, Commun. Theor. Phys. 52, 761 (2009); X. L. Liu, J. Zhang and X. Zhang, Phys. Lett. B 689, 139 (2010).

[12] Y. H. Li, J. F. Zhang and X. Zhang, Chin. Phys. B 37, 039501 (2013).

[13] L. Zhang, J. Cui, J. Zhang and X. Zhang, Int. J. Mod. Phys. D 19, 21 (2010).

[14] Y. Li, J. Ma, J. Cui, Z. Wang and X. Zhang, Sci. China Phys.

Mech. Astron. 54, 1367 (2011).

[15] C. G. Boehmer, G. Caldera-Cabral, R. Lazkoz, and R.

Maartens, Phys. Rev. D 78, 023505 (2008); J. Valiviita, E. Majerotto, and R. Maartens, J. Cosmol. Astropart. Phys. 07, 020 (2008); G. Caldera-Cabral, R. Maartens, and L. A. Urena- Lopez, Phys. Rev. D 79, 063518 (2009); G. Caldera-Cabral, R. Maartens, and B.M. Schaefer, J. Cosmol. Astropart. Phys. 07, 027 (2009); K. Koyama, R. Maartens, and Y. S. Song, J. Cosmol. Astropart. Phys. 10, 017 (2009); E. Majerotto, J. Valiviita, and R. Maartens, Mon. Not. R. Astron. Soc. 402, 2344 (2010); J. Valiviita, R. Maartens, and E. Majerotto, Mon. Not. R. Astron. Soc. 402, 2355 (2010); T. Clemson, K, Koyama, G. B. Zhao, R. Maartens, and J. Valiviita, Phys. Rev. D 85, 043007 (2012).

[16] Z. Zhang, S. Li, X. D. Li, X. Zhang and M. Li, JCAP 1206, 009 (2012).

[17] Y. Wang and S. Wang, arXiv:1304.4514.

[18] N. Suzuki, D. Rubin and C. Lidman et al., Astrophys. J. 746, 85 (2012).

[19] A. G. Riess, L. Macri and S. Casertano et al., Astrophys. J. 730, 119 (2011).

[20] M. Li, X. Li and X. Zhang, Sci. China Phys. Mech. Astron. 53, 1631 (2010).

[21] H. Wei, JCAP 08, 020 (2010).

[22] L. A. Zhao, Some studies on the interacting model of new agegraphic dark energy, MS Thesis (2013) (in Chinese).

[23] M. Li, X. D. Li, Y. Z. Ma, X. Zhang and Z. Zhang, arXiv:1305.5302.