arXiv:astro-ph/0612642v3 21 Mar 2007

Reconstructing generalized ghost condensate model with dynamical dark energy parametrizations and observational datasets

Jingfei Zhang,^1 Xin Zhang,^{2, 3} and Hongya Liu^1 1School of Physics and Optoelectronic Technology, Dalian University of Technology, Dalian 116024, People’s Republic of China 2Institute of Theoretical Physics, Chinese Academy of Sciences, P.O.Box 2735, Beijing 100080, People’s Republic of China 3Interdisciplinary Center of Theoretical Studies, Chinese Academy of Sciences, P.O.Box 2735, Beijing 100080, People’s Republic of China

Observations of high-redshift supernovae indicate that the universe is accelerating at the present stage, and we refer to the cause for this cosmic acceleration as “dark energy”. In particular, the analysis of current data of type Ia supernovae (SNIa), cosmic large-scale structure (LSS), and the cosmic microwave background (CMB) anisotropy implies that, with some possibility, the equationof-state parameter of dark energy may cross the cosmological-constant boundary (w = −1) during the recent evolution stage. The model of “quintom” has been proposed to describe this w = −1 crossing behavior for dark energy. As a single-real-scalar-field model of dark energy, the generalized ghost condensate model provides us with a successful mechanism for realizing the quintom-like behavior. In this paper, we reconstruct the generalized ghost condensate model in the light of three forms of parametrization for dynamical dark energy, with the best-fit results of up-to-date observational data.

I. INTRODUCTION

It has been confirmed admittedly that our universe is experiencing an accelerating expansion at the present time, by many cosmological experiments, such as observations of large scale structure (LSS) [1], searches for type Ia supernovae (SNIa) [2], and measurements of the cosmic microwave background (CMB) anisotropy [3]. This cosmic acceleration observed strongly supports the existence of a mysterious exotic matter, dark energy, with large enough negative pressure, whose energy density has been a dominative power of the universe. The astrophysical feature of dark energy is that it remains unclustered at all scales where gravitational clustering of baryons and nonbaryonic cold dark matter can be seen. Its gravity effect is shown as a repulsive force so as to make the expansion of the universe accelerate when its energy density becomes dominative power of the universe. The combined analysis of cosmological observations suggests that the universe is spatially flat, and consists of about 70% dark energy, 30% dust matter (cold dark matter plus baryons), and negligible radiation. Although we can affirm that the ultimate fate of the universe is determined by the feature of dark energy, the nature of dark energy as well as its cosmological origin remain enigmatic at present. However, we still can propose some candidates to interpret or describe the properties of dark energy. The most obvious theoretical candidate of dark energy is the cosmological constant Λ (vacuum energy) [4, 5] which has the equation of state w = −1. However, as is well known, there are two difficulties arise from the cosmological constant scenario, namely the two famous cosmological constant problems — the “fine-tuning” problem and the “cosmic coincidence” problem [6]. The fine-tuning problem asks why the vacuum energy density today is so small compared to typical particle scales. The vacuum energy density is of order 10^{−47}GeV^4, which appears to require the introduction of a new mass scale 14 or so orders of magnitude smaller than the electroweak scale. The second difficulty, the cosmic coincidence problem, says: Since the energy densities of vacuum energy and dark matter scale so differently during the expansion history of the universe, why are they nearly equal today? To get this coincidence, it appears that their ratio must be set to a specific, infinitesimal value in the very early universe.

Theorists have made lots of efforts to try to resolve the cosmological constant problem, but all these efforts were turned out to be unsuccessful.^1 However, there remain other candidates to explaining dark energy. An alternative proposal for dark energy is the dynamical dark energy scenario. The cosmological constant puzzles may be better interpreted by assuming that the vacuum energy is canceled to exactly zero by some unknown mechanism and introducing a dark energy component with a dynamically variable equation of state. The dynamical dark energy proposal is often realized by some scalar field mechanism which suggests that the energy form with negative pressure is provided by a scalar field evolving down a proper potential. Actually, this mechanism is enlightened to a great extent by the inflationary cosmology. As

1 Of course the theoretical consideration is still in process and has made some progresses. In recent years, many string theorists have devoted to understand and shed light on the cosmological constant or dark energy within the string framework. The famous Kachru-Kallosh-Linde-Trivedi (KKLT) model [7] is a typical example, which tries to construct metastable de Sitter vacua in the light of type IIB string theory. Furthermore, string landscape idea [8] has been proposed for shedding light on the cosmological constant problem based upon the anthropic principle and multiverse speculation.

we have known, the occurrence of the current accelerating expansion of the universe is not the first time in the expansion history of the universe. There is significant observational evidence strongly supports that the universe underwent an early inflationary epoch, over sufficiently small time scales, during which its expansion rapidly accelerated under the driven of an “inflaton” field which had properties similar to those of a cosmological constant. The inflaton field, to some extent, can be viewed as a kind of dynamically evolving dark energy. Hence, the scalar field models involving a minimally coupled scalar field are proposed, inspired by inflationary cosmology, to construct dynamically evolving models of dark energy. The only difference between the dynamical scalar-field dark energy and the inflaton is the energy scale they possess. Famous examples of scalar-field dark energy models include quintessence [9], K-essence [10], tachyon [11], phantom [12], ghost condensate [13, 14] and quintom [15], and so forth. Generically, there are two points of view on the scalar-field models of dynamical dark energy. One viewpoint regards the scalar field as a fundamental field of the nature. The nature of dark energy is, according to this viewpoint, completely attributed to some fundamental scalar field which is omnipresent in supersymmetric field theories and in string/M theory. The other viewpoint supports that the scalar field model is an effective description of an underlying theory of dark energy. In any case, the scalar field dark energy models must face the test of cosmological observations. A typical approach for this is to predict the cosmological evolution behavior of the models, such as the evolution of equation-of-state or Hubble parameter, by putting in the Lagrangian (in particular the potential) by hand or theoretically, and to make a consistency check of models by comparing it with observations. An alternative approach is to start from observational data and to reconstruct corresponding theoretical Lagrangian. It looks that the latter is more efficient to find out the best-fit models of dark energy from observations.

The accumulation of the current observational data has opened a robust window for probing the recent dynamical behavior of dark energy. An intriguing aspect in the study of dark energy is that the analysis of the observational data of type Ia supernova, mainly the 157 “gold” data listed in Riess et al. [16] including 14 high redshift data from the Hubble Space Telescope (HST)/Great Observatories Origins Deep Survey (GOODS) program and previous data, using the parametrization of Hubble parameter H(z) or equation-of-state of dark energy w(z), shows that the equation of state of dark energy w is likely to cross the cosmological-constant boundary −1 (or phantom divide), i.e. w is larger than −1 in the recent past and less than −1 today [15, 17, 18]. The dynamical evolving behavior of dark energy with w getting across −1 has brought forward great challenge to the modelbuilding of scalar-field in the cosmology. The conventional scalar-field model, the quintessence with a canonical kinetic term, can only evolve in the region of w ⩾ −1, whereas the model of phantom with negative kinetic term can always lead to w ⩽ −1. Neither the quintessence nor the phantom alone can realize the transition of w from w > −1 to w < −1 or vice versa. Although the K-essence can realize both w > −1 and w < −1, it has been shown that it is very difficult for K-essence to achieve w of crossing −1 [19]. Hence, the quintom model was proposed for describing the dynamical evolving behavior of w crossing −1 [15].

The nomenclature “quintom” is suggested in the sense that its behavior resembles the combined behavior of quintessence and phantom. Thus, a simple realization of quintom scenario is a model with the double fields of quintessence and phantom [15]. The cosmological evolution of such model has been investigated in detail [20]. It should be noted that such a quintom model would typically encounter the problem of quantum instability inherited from the phantom component. For the single real scalar field models,^2 the transition of crossing −1 for w can occur for the Lagrangian density p(ϕ, X), where X is a kinematic term of a scalar-field ϕ, in which ∂p/∂X changes sign from positive to negative, thus we require nonlinear terms in X to realize the w = −1 crossing [14, 19, 22]. When adding a high derivative term to the kinetic term X in the single scalar field model, the energy-momentum tensor is proven to be equivalent to that of a two-field quintom model [23]. In addition, it is remarkable that the generalized ghost condensate model of a single-real-scalar-field is a successful realization of the quintom-like dark energy [24, 25]. In Ref.[14], a dark energy model with a ghost scalar field has been explored in the context of the runaway dilaton scenario in lowenergy effective string theory. The authors addressed for the dilatonic ghost condensate model the problem of vacuum stability by implementing higher-order derivative terms and showed that a cosmological model of quintomlike dark energy can be constructed without violating the stability of quantum fluctuations. Furthermore, a generalized ghost condensate model was investigated in Refs.[24, 25] by means of the cosmological reconstruction program. For another interesting single-field quintom model see Ref.[26], where the w = −1 crossing is implemented with the help of a fixed background vector field. Besides, there are also many other interesting models, such as holographic dark energy model [27] and braneworld model [28], being able to realize the quintomlike behavior. In this paper we will focus on the generalized ghost condensate model and will reconstruct this model using various dark energy parametrizations and the up-to-date observational datasets.

This paper is organized as follows: In section II we address the various dark energy parametrizations and

2 It has been proposed that a noncanonical model of single complex scalar field, called “hessence”, can successfully realize the quintom-like behavior of w = −1 crossing [21].

describe the analysis results of the current experimental data of various astronomical observations. In section III we perform a cosmological reconstruction for the generalized ghost condensate model from the dark energy parametrizations and the fitting results of the up-to-date observational data. Finally we give the concluding remarks in section IV.

II. DARK ENERGY PARAMETRIZATIONS AND RESULTS OF OBSERVATIONAL CONSTRAINTS

The distinctive feature of the cosmological constant or vacuum energy is that its equation of state is always exactly equal to −1. Whereas, the dynamical dark energy exhibits a dynamic feature that its equation-of-state as well as its energy density are evolutionary with time. An efficient approach to probing the dynamics of dark energy is to parameterize dark energy and then to determine the parameters using various observational data. One can explore the dynamical evolution behavior of dark energy efficiently by making use of this way, although the results obtained are dependent on the parametrizations of dark energy more or less. Among the various parametric forms of dark energy, the minimum complexity required to detect time variation in dark energy is to add a second parameter to measure a change in the equation-of-state parameter with redshift. This is the socalled linear expansion parametrization w(z) = w_0 +w^′z, where w^′ ≡ dw/dz|_{z=0}, which was first used by Di Pietro & Claeskens [29] and later by Riess et al. [16]. However, when some “longer-armed” observations, e.g. CMB and LSS data, are taken into account, this form of w(z) will be unsuitable due to the divergence at high redshift. A frequently used parametrization form of equation-of-state, w(z) = w_0 + w_az/(1 + z), suggested by Chevallier & Polarski [30] and Linder [31], can avoid the divergence problem effectively. It should be noted that this parametrization form has been investigated enormously in exploring the dynamical property of dark energy in the light of observational data. We shall summarize some main constraint results for this parametrization in the follows.

A recently popular method of constraining the dark energy parametrization is the so-called “global fitting” which tries to make use of the most observational information including CMB, SNIa and LSS data as well as to consider the dark energy perturbation, employing the Markov chain Monte Carlo (MCMC) techniques. In the global fitting one usually should determine an eight-dimensional set of cosmological parameters, P ≡ (ω_b, ω_c, Θ_S, τ, w_0, w_a, n_s, log[10^{10}A_s]), where ω_b = Ω_bh^2 and ω_c = Ω_ch^2 are baryon and cold dark matter densities relative to the critical density, Θ_S is the ratio (multiplied by 100) of the sound horizon and the angular diameter distance, τ is the optical depth, A_s is defined as the amplitude of the primordial scalar power spectra, and n_s measures the spectral index. In Ref.[32], using the firstyear WMAP (Wilkinson Microwave Anisotropy Probe) temperature and polarization data [33, 34], the 3D power spectrum data of galaxies from the SDSS (Sloan Digital Sky Survey) [35] and the “gold” dataset of 157 SNIa [16], the authors obtained the following fit results: for with dark energy perturbation, Ω_{m0} = 0.319^{+0.030}_{−0.031}, w_0 = −1.167^{+0.191}_{−0.190} and w_a = 0.597^{+0.657}_{−0.713}; for without dark energy perturbation, Ω_{m0} = 0.314^{+0.031}_{−0.031}, w_0 = −1.098^{+0.078}

−0.080 and wa = 0.416

+0.293 −0.153. Subsequently, with

the announcement of the latest three-year WMAP data [36], Zhao et al. [37] extended their previous results in Ref.[32] and got the fit results as^3: for with dark energy perturbation, w_0 = −1.146^{+0.176}_{−0.178} and w_a = 0.600^{+0.622}_{−0.652}; for without dark energy perturbation, w_0 = −1.118^{+0.152}_{−0.147} and w_a = 0.499^{+0.453}_{−0.498}. Lately, Riess et al. [39] released the new “gold” dataset of 182 SNIa, in which the full sample of 23 SNIa at z ⩾ 1 provides the highest-redshift sample known. In addition, it should be mentioned that the gamma ray bursts (GRBs) have been, in some studies, processed as “known candles” due to some intrinsic correlations between temporal or spectral properties of GRBs and their isotropic energies and luminosities. Such investigations have triggered studies on using GRBs as cosmological probes. The largest GRB sample compiled by Shaefer was released lately [40]. In a recent work [41], for including the most observational information in the analysis of probing the dynamical dark energy, the authors added the GRB data to the global fitting.^4 Their fit results can be summarized as: for with GRB data, Ω_{m0} = 0.296^{+0.023}

−0.019, w0 = −1.09

+0.22 −0.06 and wa = 0.89

+0.11 −0.74; for

without GRB data, Ω_{m0} = 0.300^{+0.009}_{−0.033}, w_0 = −1.09^{+0.27}_{−0.06} and w_a = 0.90^{+0.07}_{−1.01}.

An alternative approach to constraining the dynamical dark energy parametrization is to use the measured value of the CMB shift parameter, together with the baryon acoustic oscillation (BAO) measurement from the SDSS, and the SNIa data, which provides a more economical scheme comparing to the global fitting method. The CMB shift parameter R is perhaps the least modeldependent parameter that can be extracted from CMB data, since it is independent of H_0. The shift parameter R is given by [43] R ≡ Ω^{1/2}_{m0}

∫_{zCMB} 0 dz^′/E(z^′), where z_{CMB} = 1089 is the redshift of recombination and E(z) ≡ H(z)/H_0. The value of the shift parameter R can be determined by three-year integrated WMAP analysis [36], and has been updated by Wand & Mukher-

3 In this fitting the SDSS information includes the 3D power spectrum of galaxies (SDSS-gal) [35] and the Lyman-α forrest (SDSSlya) [38] data.

4 The fitting analysis made use of the data of three-year WMAP [36], the 3D power spectrum of galaxies from SDSS [35] and from 2dFGRS [42], and the 182 “gold” data of SNIa [39]. And, the dark energy perturbation has been considered in the fitting analysis.

jee [44] to be 1.70 ± 0.03 independent of the dark energy model. The measurement of the BAO peak in the distribution of SDSS luminous red galaxies (LRGs) [45] gives A = 0.469(n_s/0.98)^{−0.35} ± 0.017 (independent of a dark energy model) at z_{BAO} = 0.35, where A is defined as A ≡ Ω^{1/2}_{m0} E(z_{BAO})^{−1/3}[(1/z_{BAO})

∫_{zBAO} 0 dz^′/E(z^′)]^{2/3}.

Here the scalar spectral index is taken to be n_s = 0.95 as measured by the three-year WMAP data [36]. Wang and Mukherjee [44] used this method^5 and found the constraints on the Linder parametrization: for Riess04+WMAP3+SDSS, w_0 = −0.813^{+0.293}_{−0.296} and w_a = −0.510^{+1.265}_{−1.259}; for Astier05+WMAP3+SDSS, w_0 = −1.017^{+0.199}

−0.200 and wa = −0.039

+1.045 −1.052. Such results are

qualitatively consistent with those of Zhao et al. [37], with significant differences that may be explained by the differences in the combination of data used, and perhaps by some data analysis details.

The aforementioned discussions are focussed on the Linder parametrization of dark energy for the equation of state. Besides the Linder parametrization, there are also some other parametrization forms for the dark energy equation-of-state parameter, for instance, the form of w(z) = w_0 + w_bz/(1 + z)^2 [47]. In addition, the parametrization for the Hubble parameter H(z) is also often considered. The form can be expressed as^6 [48] E(z) = [Ω_{m0}(1 + z)^3 + A_0 + A_1(1 + z) + A_2(1 + z)^2]^{1/2}, where A_0 + A_1 + A_2 = 1 − Ω_{m0}. This form is an interpolating fit for E^2(z) having the right behavior for both small and large redshifts. In this paper, for providing the base for reconstruction of the scalar-field dark energy model, we shall consider these three parametrization forms for dark energy: w(z) = w_0 + w_az/(1 + z), marked as “parametrization 1”; w(z) = w_0+w_bz/(1+z)^2, marked as “parametrization 2”; E(z) = [Ω_{m0}(1+z)^3+A_0+A_1(1+ z) + A_2(1 + z)^2]^{1/2}, marked as “parametrization 3”.

These three forms of parametrization have lately been considered by Gong & Wang [49]. In addition, it should be mentioned that similar results were also independently obtained in Ref.[50] for the “parametrization 1” and in Ref.[51] for the “parametrization 3”. In Ref.[49], the authors constrained the parameters using the new measurement of the CMB shift parameter [44], together with LSS data (the BAO measurement from the SDSS LRGs) [45] and SNIa data (182 “gold” data released recently) [39]. The fit results are summarized as follows: for “parametrization 1”, Ω_{m0} = 0.29±0.04, w_0 = −1.07^{+0.33}_{−0.28} and w_a = 0.85^{+0.61}_{−1.38}; for “parametrization 2”, Ω_{m0} = 0.28^{+0.04}_{−0.03}, w_0 = −1.37^{+0.58}_{−0.57} and w_b = 3.39^{+3.51}_{−3.93}; for

5 In this analysis, the authors used the SNIa data from the HST/GOODS program [16],157 “gold” data, labeled as “Riess04”, and the first-year Supernova Legacy Survey (SNLS) [46], labeled as “Astier05”.

6 The corresponding equation-of-state of dark energy is w(x) = −1 +^{A1 x+2A2x2}

3(A0 +A1x+A2x2) , where x = 1 + z.

“parametrization 3”, Ω_{m0} = 0.30±0.04, A_1 = −0.48^{+1.36}_{−1.47} and A_2 = 0.25^{+0.52}_{−0.45}. The three forms of parametrization are investigated uniformly in this work, so it is convenient to compare them with each other. The cases for evolution of w(z) are plotted in Fig.1, using the best-fit results. We shall use these fit results to reconstruct the generalized ghost condensate model in the next section.

FIG. 1: The evolutions of the equation of state of dark energy, corresponding to three forms of parametrization, respectively. Parametrization 1 is w(z) = w0 +waz/(1+z), parametrization 2 is w(z) = w0 +w_bz/(1+z)^2 and parametrization 3 is E(z) = [Ωm0(1+z)^3 +A0 +A1(1+z)+A2(1+z)^2]^{1/2} . Here we use the best-fit values of the joint analysis of SNIa+CMB+LSS [49]. In the concrete, for parametrization 1, Ωm0 = 0.29, w0 = −1.07 and wa = 0.85; for parametrization 2, Ωm0 = 0.28, w0 = −1.37 and w_b = 3.39; for parametrization 3, Ωm0 = 0.30, A1 = −0.48 and A2 = 0.25.

III. GENERALIZED GHOST CONDENSATE MODEL AND ITS RECONSTRUCTION

The reconstruction of scalar-field dark energy models has been widely studied. For a minimally coupled scalar field with a potential V (ϕ), the reconstruction is simple and straightforward [52]. Saini et al. [53] reconstructed the potential and the equation of state of the quintessence field by parameterizing the Hubble parameter H(z) based on a versatile analytical form of the luminosity distance d_L(z). This method can be generalized to a variety of models, such as scalar-tensor theories [54], f(R) gravity [55], K-essence model [56], and also hessence model [57], etc.. For the reconstruction of general scalar-field dark energy models, Tsujikawa has investigated in detail [24]. In this section, we shall focuss on the reconstruction of the generalized ghost condensate model based on the aforementioned three forms of parametrization.

First, let us consider the Lagrangian density of a general scalar field p(ϕ, X), where X = −g^{μν} ∂_μϕ∂_ν ϕ/2 is the kinetic energy term. Note that p(ϕ, X) is a general function of ϕ and X, and we have used a sign notation (−, +, +, +). Identifying the energy momentum tensor of the scalar field with that of a perfect fluid, we can easily derive the energy density of dark energy, ρ_{de} = 2Xp_X −p, where p_X = ∂p/∂X. Thus, in a spatially flat Friedmann- Robertson-Walker (FRW) universe involving dust matter (baryon plus dark matter) and dark energy, the dynamic equations for the scalar field are

3H^2 = ρ_m + 2Xp_X − p, (1)

2Ḣ = −ρ_m − 2Xp_X , (2)

where X = ϕ̇^2/2 in the cosmological context, and note that we have used the unit^7 M_P = 1 for convenience. Introducing a dimensionless quantity

r ≡ E^2 = H^2/H^2_0 , (3)

we find from Eqs.(1) and (2) that

p = [(1 + z)r^′ − 3r]H^2_0 , (4)

ϕ^{′2}p_X = r^′ − 3Ω_{m0}(1 + z)^2 r(1 + z)

, (5)

where prime denotes a derivative with respect to z. The equation of state for dark energy is given by w = p ϕ̇2p_X − p = (1 + z)r^′ − 3r 3r − 3Ω_{m0}(1 + z)^3

. (6)

Next, let us consider the generalized ghost condensate model proposed in Ref.[24] (see also Ref.[25]), in which the behavior of crossing the cosmological-constant boundary can be realized, with the Lagrangian density

p = −X + h(ϕ)X^2, (7)

where h(ϕ) is a function in terms of ϕ. Dilatonic ghost condensate model [14] corresponds to a choice h(ϕ) = ce^{λϕ}. From Eqs. (4) and (5) we obtain

ϕ^{′2} =

12r − 3(1 + z)r^′ − 3Ω_{m0}(1 + z)^3 r(1 + z)^2

, (8)

h(ϕ) = 6(2(1 + z)r^′ − 6r + r(1 + z)^2ϕ^{′2}) r^2(1 + z)^4ϕ^{′4} ρ^{−1}_{c0} , (9)

where ρ_{c0} = 3H^2_0 represents the present critical density of the universe. The evolution of the field ϕ can be derived by integrating ϕ^′ according to Eq.(8). Note that the field ϕ is determined up to an additive constant ϕ_0, so it

7 This is the unit of Planck normalization, here M_P ≡ 1/ √ 8πG is the reduced Planck mass.

FIG. 2: Reconstruction of the generalized ghost condensate model according to three forms of parametrization for dynamical dark energy with the best-fit values of the parameters. Parametrization 1 is w(z) = w0 + waz/(1 + z), parametrization 2 is w(z) = w0 + w_bz/(1 + z)^2 and parametrization 3 is E(z) = [Ωm0 (1 + z)^3 + A0 + A1(1 + z) + A2(1 + z)^2]^{1/2}. In this plot, we show the cases of function h(ϕ), in unit of ρ^{−1}_{c0} , corresponding to the best-fit results of the joint analysis of SNIa+CMB+LSS.

FIG. 3: Reconstruction of the generalized ghost condensate model according to three forms of parametrization for dynamical dark energy with the best-fit values of the parameters. Parametrization 1 is w(z) = w0 + waz/(1 + z), parametrization 2 is w(z) = w0 + w_bz/(1 + z)^2 and parametrization 3 is E(z) = [Ωm0(1 + z)^3 + A0 + A1(1 + z) + A2(1 + z)^2]^{1/2}. In this plot, we show the evolutions of the scalar field ϕ(z), in unit of the Planck mass MP (note that here the Planck normalization MP = 1 has been used), corresponding to the best-fit results of the joint analysis of SNIa+CMB+LSS.

is convenient to take ϕ to be zero at the present epoch (z = 0). The function h(ϕ) can be reconstructed using Eq.(9) when the information of r(z) is obtained from the observational data.

Generically, the Friedmann equation can be expressed as r(z) = Ω_{m0}(1 + z)^3 + (1 − Ω_{m0})f(z), (10)

where f(z) is some function encoding the information about the dynamical property of dark energy. For example, the “parametrization 1” corresponds to f(z) = (1 + z)^{3(1+w0+wa)} exp [−3w_az/(1 + z)], and the “parametrization 2” corresponds to f(z) = (1 + z)^{3(1+w0)} exp [3w_bz^2/2(1 + z)^2]. Whereas, for the “parametrization 3” one can straightforwardly write r(z) = Ω_{m0}(1 + z)^3 + A_0 + A_1(1 + z) + A_2(1 + z)^2. Hence, we can reconstruct the function h(ϕ) for the generalized ghost condensate model in the light of these forms of parametrization and the corresponding fit results of the observational constraints. The reconstruction for h(ϕ) is plotted in Fig.2, using the three parametrizations and the corresponding best-fit values of parameters from the observational data analysis of SNIa+CMB+LSS. The differences between the shapes of h(ϕ) comes from the differences in these forms of parametrization because that uncertainties still remain large for “model-independent” observational constrains of dynamical dark energy. The crossing of the cosmological-constant boundary corresponds to hX = 1/2. The system can enter the phantom region (hX < 1/2) without discontinuous behavior of h and X. In addition, the evolution of the scalar field ϕ(z) is also determined by the reconstruction program, see Fig.3. We see that the differences in the shapes of ϕ(z) are very little. It should be mentioned that the reconstruction of the generalized ghost condensate model has been carried out in Ref.[24] in the light of “parametrization 3” from the best-fit results of the SNIa gold dataset [16]. However, the constraints from only the 157 gold data of SNIa can only give very preliminary results [58]: A_1 = −4.16 ± 2.53 and A_2 = 1.67 ± 1.03, for the prior Ω_{m0} = 0.3. It can be seen clearly that these results have significant differences from those derived from new observational data analysis. So our result of reconstruction significantly improves the previous result.

In addition, as has been pointed out by Tsujikawa [24], it should be cautioned that the perturbation of the field ϕ is plagued by a quantum instability whenever it behaves as a phantom [14]. Even at the classical level the perturbation becomes unstable for 1/6 < hX < 1/2, because that the speed of sound, c^2_s = p_X /(p_X + 2Xp_{XX} ), will become negative. This instability may be avoided if the phantom behavior is just transient. In fact the dilatonic ghost condensate model can realize a transient phantom behavior (see, e.g., Fig.4 in Ref.[14]). In this case the cosmological-constant boundary crossing occurs again in the future, after which the perturbation will become stable. Nevertheless, one may argue that the field can be regarded as an effective one so as to evade problems such as stability. In particular, the present focus is that how to establish a dynamical scalar-field model on phenomenological level to describe the possible dynamics of dark energy observed, disregarding the field is fundamental or not.

IV. CONCLUDING REMARKS

In this paper, we have reconstructed the ghost condensate scalar-field model in the light of three forms of parametrization for dynamical dark energy with fit results of observational data for the parameters. The analysis of the data of astronomical observations suggests that dark energy may possess dynamical nature, i.e. the energy density as well as the equation of state are likely to exhibit dynamical evolution property during the expansion history of the universe. Furthermore, it is intriguing that recent analysis of observational data, especially the “gold” SNIa data, shows that the equation-of-state parameter of dark energy may, with some possibility, cross the cosmological-constant boundary w = −1 during the evolution of the universe. Although the scalar-field models of dark energy, such as quintessence and phantom, can provide us with dynamical mechanism for dark energy, the behavior of cosmological-constant crossing brings forward a great challenge to the model-building for dynamical dark energy, because neither quintessence nor phantom can realize this manner. The model of quintom was suggested to realize this behavior by means of the incorporation of the features of quintessence and phantom. The generalized ghost condensate model provides us with a successful single-real-scalar-field model for realizing the quintom-like behavior. For probing the dynamical nature of dark energy, one should parameterize dark energy first and then constrain the parameters using the observational data. In this paper, we reviewed the recent constraint results for various parametrization forms. Based upon three forms of parametrization for dynamical dark energy, w(z) = w_0 +w_az/(1+z), w(z) = w_0 +w_bz/(1+z)^2 and E(z) = [Ω_{m0}(1+z)^3 +A_0 +A_1(1+z)+A_2(1+z)^2]^{1/2}, with the best-fit values of parameters, we perform a reconstruction for the generalized ghost condensate model. The results of reconstruction show that there are some differences in the various forms of parametrization.

On the other hand, it should be noted that the cosmological constant will be more favored than a dynamical dark energy when the SNLS supernova dataset is considered instead of the “gold” one (see e.g. Ref.[51] for details). This statement has become even stronger after the recent appearance of the ESSENCE dataset [59, 60]. However, though the cosmological constant receives support from the SNLS+ESSENCE dataset, the dynamical dark energy can not be ruled out yet. Actually, it is difficult to reach firm conclusion on the property of dark energy from these data until strong model-independent analysis can be carried out. The increase of the quantity and quality of observational data in the future will undoubtedly provide a true model-independent manner for exploring the property of dark energy. We hope that the future high-precision observations (e.g. SNAP) may be capable of providing us with deep insight into the nature of dark energy driving the acceleration of the universe.

ACKNOWLEDGMENTS

It is a pleasure for us to thank Miao Li for useful discussions and for reading the draft of this paper. This work is supported in part by the Natural Science Foundation of China. XZ also thanks the financial support from China Postdoctoral Science Foundation.

[1] M. Tegmark et al. [SDSS Collaboration], Phys. Rev. D 69, 103501 (2004) [astro-ph/0310723]; K. Abazajian et al. [SDSS Collaboration], Astron. J. 128, 502 (2004) [astro-ph/0403325]; K. Abazajian et al. [SDSS Collaboration], Astron. J. 129, 1755 (2005) [astro-ph/0410239].

[2] A. G. Riess et al. [Supernova Search Team Collaboration], Astron. J. 116, 1009 (1998) [astro-ph/9805201]; S. Perlmutter et al. [Supernova Cosmology Project Collaboration], Astrophys. J. 517, 565 (1999) [astro-ph/9812133].

[3] D. N. Spergel et al. [WMAP Collaboration], Astrophys.

J. Suppl. 148, 175 (2003) [astro-ph/0302209]. [4] A. Einstein, Sitzungsber. Preuss. Akad. Wiss. Berlin (Math. Phys. ) 1917 (1917) 142.

[5] S. Weinberg, Rev. Mod. Phys. 61 1 (1989); V. Sahni and A. A. Starobinsky, Int. J. Mod. Phys. D 9, 373 (2000) [astro-ph/9904398]; S. M. Carroll, Living Rev. Rel. 4 1 (2001) [astro-ph/0004075]; P. J. E. Peebles and B. Ratra, Rev. Mod. Phys. 75 559 (2003) [astro-ph/0207347]; T. Padmanabhan, Phys. Rept. 380 235 (2003) [hep-th/0212290]; E. J. Copeland, M. Sami and S. Tsujikawa, Int. J. Mod. Phys. D 15 (2006) 1753 [hep-th/0603057].

[6] P. J. Steinhardt, in Critical Problems in Physics, edited by V. L. Fitch and D. R. Marlow (Princeton University Press, Princeton, NJ, 1997).

[7] S. Kachru, R. Kallosh, A. Linde and S. P. Trivedi, Phys.

Rev. D 68, 046005 (2003) [hep-th/0301240]. [8] L. Susskind, hep-th/0302219.

[9] P. J. E. Peebles and B. Ratra, Astrophys. J. 325 L17 (1988); B. Ratra and P. J. E. Peebles, Phys. Rev. D 37 3406 (1988); C. Wetterich, Nucl. Phys. B 302 668 (1988); J. A. Frieman, C. T. Hill, A. Stebbins and I. Waga, Phys. Rev. Lett. 75, 2077 (1995) [astro-ph/9505060]; M. S. Turner and M. J. White, Phys. Rev. D 56, 4439 (1997) [astro-ph/9701138]; R. R. Caldwell, R. Dave and P. J. Steinhardt, Phys. Rev. Lett. 80, 1582 (1998) [astro-ph/9708069]; A. R. Liddle and R. J. Scherrer, Phys. Rev. D 59, 023509 (1999) [astro-ph/9809272]; I. Zlatev, L. M. Wang and P. J. Steinhardt, Phys. Rev. Lett. 82, 896 (1999) [astro-ph/9807002]; P. J. Steinhardt, L. M. Wang and I. Zlatev, Phys. Rev. D 59, 123504 (1999) [astro-ph/9812313]; X. Zhang, Mod. Phys. Lett. A 20, 2575 (2005) [astro-ph/0503072]; X. Zhang, Phys. Lett. B 611, 1 (2005) [astro-ph/0503075].

[10] C. Armendariz-Picon, V. F. Mukhanov and P. J. Steinhardt, Phys. Rev. Lett. 85, 4438

(2000) [astro-ph/0004134]; C. Armendariz-Picon, V. F. Mukhanov and P. J. Steinhardt, Phys. Rev. D 63, 103510 (2001) [astro-ph/0006373].

[11] A. Sen, JHEP 0207, 065 (2002) [hep-th/0203265];

T. Padmanabhan, Phys. Rev. D 66, 021301 (2002) [hep-th/0204150].

[12] R. R. Caldwell, Phys. Lett. B 545, 23 (2002) [astro-ph/9908168]; R. R. Caldwell, M. Kamionkowski and N. N. Weinberg, Phys. Rev. Lett. 91, 071301 (2003) [astro-ph/0302506].

[13] N. Arkani-Hamed, H. C. Cheng, M. A. Luty and S. Mukohyama, JHEP 0405, 074 (2004) [hep-th/0312099]; S. Mukohyama, JCAP 0610, 011 (2006) [hep-th/0607181].

[14] F. Piazza and S. Tsujikawa, JCAP 0407, 004 (2004) [hep-th/0405054].

[15] B. Feng, X. L. Wang and X. M. Zhang, Phys. Lett. B 607, 35 (2005) [astro-ph/0404224].

[16] A. G. Riess et al. [Supernova Search Team Collaboration], Astrophys. J. 607, 665 (2004) [astro-ph/0402512].

[17] U. Alam, V. Sahni and A. A. Starobinsky, JCAP 0406, 008 (2004) [astro-ph/0403687].

[18] D. Huterer and A. Cooray, Phys. Rev. D 71, 023506 (2005) [astro-ph/0404062].

[19] A. Vikman, Phys. Rev. D 71, 023515 (2005) [astro-ph/0407107].

[20] Z. K. Guo, Y. S. Piao, X. M. Zhang and Y. Z. Zhang, Phys. Lett. B 608, 177 (2005) [astro-ph/0410654]; X. Zhang, Commun. Theor. Phys. 44, 762 (2005); X. F. Zhang, H. Li, Y. S. Piao and X. M. Zhang, Mod. Phys. Lett. A 21, 231 (2006) [astro-ph/0501652].

[21] H. Wei, R. G. Cai and D. F. Zeng, Class. Quant. Grav.

22, 3189 (2005) [hep-th/0501160];

[22] A. Anisimov, E. Babichev and A. Vikman, JCAP 0506, 006 (2005) [astro-ph/0504560].

[23] M. Z. Li, B. Feng and X. M. Zhang, JCAP 0512, 002 (2005) [hep-ph/0503268].

[24] S. Tsujikawa, Phys. Rev. D 72, 083512 (2005) [astro-ph/0508542].

[25] X. Zhang, Phys. Rev. D 74, 103505 (2006) [astro-ph/0609699].

[26] C. G. Huang and H. Y. Guo, astro-ph/0508171. [27] M. Li, Phys. Lett. B 603, 1 (2004) [hep-th/0403127];

Q. G. Huang and M. Li, JCAP 0408, 013 (2004) [astro-ph/0404229]; Q. G. Huang and Y. G. Gong, JCAP 0408, 006 (2004) [astro-ph/0403590]; Q. G. Huang and M. Li, JCAP 0503, 001 (2005) [hep-th/0410095];

X. Zhang, Int. J. Mod. Phys. D 14, 1597 (2005) [astro-ph/0504586]; X. Zhang and F. Q. Wu, Phys. Rev. D 72, 043524 (2005) [astro-ph/0506310]; Z. Chang, F. Q. Wu and X. Zhang, Phys. Lett. B 633, 14 (2006) [astro-ph/0509531]; M. R. Setare, J. Zhang and X. Zhang, JCAP 0703, 007 (2007) [gr-qc/0611084]; X. Zhang and F. Q. Wu, astro-ph/0701405.

[28] R. G. Cai, H. S. Zhang and A. Wang, Commun. Theor.

Phys. 44, 948 (2005) [hep-th/0505186].

[29] E. Di Pietro and J. F. Claeskens, Mon. Not. Roy. Astron.

Soc. 341, 1299 (2003) [astro-ph/0207332].

[30] M. Chevallier and D. Polarski, Int. J. Mod. Phys. D 10, 213 (2001) [gr-qc/0009008].

[31] E. V. Linder, Phys. Rev. Lett. 90, 091301 (2003) [astro-ph/0208512].

[32] J. Q. Xia, G. B. Zhao, B. Feng, H. Li and X. Zhang, Phys. Rev. D 73, 063521 (2006) [astro-ph/0511625].

[33] C. L. Bennett et al., Astrophys. J. Suppl. 148, 1 (2003) [astro-ph/0302207].

[34] G. Hinshaw et al., Astrophys. J. Suppl. 148, 135 (2003) [astro-ph/0302217].

[35] M. Tegmark et al. [SDSS Collaboration], Astrophys. J.

606, 702 (2004) [astro-ph/0310725]. [36] D. N. Spergel et al., astro-ph/0603449.

[37] G. B. Zhao, J. Q. Xia, B. Feng and X. Zhang, astro-ph/0603621.

[38] P. McDonald et al., Astrophys. J. 635, 761 (2005) [astro-ph/0407377].

[39] A. G. Riess et al., astro-ph/0611572. [40] B. E. Schaefer, astro-ph/0612285.

[41] H. Li, M. Su, Z. Fan, Z. Dai and X. Zhang, astro-ph/0612060.

[42] S. Cole et al. [The 2dFGRS Collaboration], Mon. Not.

Roy. Astron. Soc. 362, 505 (2005) [astro-ph/0501174]. [43] J. R. Bond, G. Efstathiou and M. Tegmark, Mon. Not.

Roy. Astron. Soc. 291, L33 (1997) [astro-ph/9702100]. [44] Y. Wang and P. Mukherjee, Astrophys. J. 650, 1 (2006) [astro-ph/0604051].

[45] D. J. Eisenstein et al. [SDSS Collaboration], Astrophys.

J. 633, 560 (2005) [astro-ph/0501171].

[46] P. Astier et al., Astron. Astrophys. 447, 31 (2006) [astro-ph/0510447].

[47] H. K. Jassal, J. S. Bagla and T. Padmanabhan, Mon. Not. Roy. Astron. Soc. 356, L11 (2005) [astro-ph/0404378].

[48] U. Alam, V. Sahni, T. D. Saini and A. A. Starobinsky, Mon. Not. Roy. Astron. Soc. 354, 275 (2004) [astro-ph/0311364].

[49] Y. G. Gong and A. z. Wang, Phys. Rev. D 75, 043520 (2007) [astro-ph/0612196].

[50] S. Nesseris and L. Perivolaropoulos, JCAP 0702, 025 (2007) [astro-ph/0612653].

[51] U. Alam, V. Sahni and A. A. Starobinsky, JCAP 0702, 011 (2007) [astro-ph/0612381].

[52] A. A. Starobinsky, JETP Lett. 68, 757 (1998) [Pis’ma Zh. Eksp. Teor. Fiz. 68, 721 (1998)] [astro-ph/9810431]; D. Huterer and M. S. Turner, Phys. Rev. D 60, 081301 (1999) [astro-ph/9808133]; T. Nakamura and T. Chiba, Mon. Not. R. Astron. Soc. 306, 696 (1999) [astro-ph/9810447]; Z. K. Guo, N. Ohta and Y. Z. Zhang, Phys. Rev. D 72, 023504 (2005) [astro-ph/0505253]; X. Zhang, to appear in Phys. Lett. B (2007), astro-ph/0604484; Z. K. Guo, N. Ohta and Y. Z. Zhang, astro-ph/0603109.

[53] T. D. Saini, S. Raychaudhury, V. Sahni and A. A. Starobinsky, Phys. Rev. Lett. 85, 1162 (2000) [astro-ph/9910231].

[54] B. Boisseau, G. Esposito-Farese, D. Polarski and A.

A. Starobinsky, Phys. Rev. Lett. 85, 2236 (2000) [gr-qc/0001066]; G. Esposito-Farese and D. Polarski, Phys. Rev. D 63, 063504 (2001) [gr-qc/0009034]; L. Perivolaropoulos, JCAP 0510, 001 (2005) [astro-ph/0504582].

[55] S. Capozziello, V.F. Cardone and A. Troisi, Phys. Rev.

D 71, 043503 (2005) [astro-ph/0501426].

[56] H. Li, Z. K. Guo and Y. Z. Zhang, astro-ph/0601007. [57] W. Zhao and Y. Zhang, Phys. Rev. D 73, 123509 (2006) [astro-ph/0604460].

[58] R. Lazkoz, S. Nesseris and L. Perivolaropoulos, JCAP 0511, 010 (2005) [astro-ph/0503230].

[59] W. M. Wood-Vasey et al., astro-ph/0701041. [60] T. M. Davis et al., astro-ph/0701510.