arXiv:1105.0345v1 [gr-qc] 2 May 2011

A simple toy model for a unified picture of dark energy, dark matter, and inflation

Recai Erdem^{1, ∗} 1Department of Physics, İzmir Institute of Technology Gülbahçe Köyü, Urla, İzmir 35430, Turkey (Dated: May 3, 2011) A specific scale factor in Robertson-Walker metric with the prospect of giving the overall cosmic history in a unified picture roughly is considered. The corresponding energy-momentum tensor is identified as that of two scalar fields where one plays the roles of both inflaton and dark matter while the other accounts for dark energy. A preliminary phenomenological analysis gives an order of magnitude agreement with observational data. The resulting picture may be considered as a first step towards a single model for all epochs of cosmic evolution.

∗ recaierdem@iyte.edu.tr

I. INTRODUCTION

There is an intense on-going research to understand the natures of late-time acceleration [1] (whose standard explanation is dark-energy [2]), dark-matter [3], and the inflationary era [4, 5]. A detailed and definite formulation of each of these issues by its own is essential and very important for the future direction of cosmology. However how to relate these in a single formulation and unify ally eras of cosmology (namely, inflationary, radiation dominated, matter dominated, the current late-time acceleration) is as essential as the study of each era separately. This is not only due to the fact that we must eventually put all these into single picture but it is necessary for a better and correct formulation each of these issues. This paper is an attempt in this direction i.e. to obtain an overall picture of cosmic history in a single model. Some of the other studies in this direction may be found in [6–8]. I hope the study given here is simpler and more concrete while being minimal and formulated in standard framework i.e. two standard scalar fields in the usual 4-dimensional Robertson Walker metric and the usual Einstein-Hilbert gravity.

In this paper I consider a specific scale factor in the usual 4-dimensional Robertson- Walker metric. The scale factor is chosen in a such a way that it has a prospect to account for inflationary, matter dominated, and late-time acceleration eras of the universe. Then I check this expectation. First I find the corresponding energy-momentum tensor and identify it by that of two scalar fields. The first one mimics inflation at very small times and then mimics (dark) matter at intermediate times. The second one is identified by dark energy. Hence this model accounts for all epochs of the universe except the radiation dominated one. The content of this universe is similar to our own except it does not contain baryonic matter and radiation. This universe is similar to our own, given the fact that the present ratio of baryonic matter density and radiation to the total energy density of the universe is 4 % and hence negligible and remains negligible (at gravitational level) in most of the cosmological evolution except in the radiation dominated era. Then I use cosmological data to constraint the parameters of the model and apply these to some redshifts and to the corresponding time data to check the phenomenological viability of the model. There is an order of magnitude agreement with data. In my opinion the results are encouraging to look for a more elaborate form of the model where baryonic matter and radiation are included, and where a more thorough study of the parameter space is investigated.

II. THE MODEL

We consider the Robertson-Walker metric

ds^2 = g_{μν} dx^μ dx^ν = −dt^2 + a^2(t)g̃_{ij}dx^idx^j (1)

We take the 3-dimensional space be flat, i.e. g̃_{ij} = δ_{ij} for the sake of simplicity, which is an assumption consistent with cosmological observations [1]. The key assumption in this paper is the following ansatz

a(t) = [p_1 + p_2a_2t] Exp[−b_1(a_2t)^{−1/6}] (2)

where p_1, p_2, a_2, b_1 are some constants that to be fixed or bounded by consistency arguments or cosmological observations. The corresponding Hubble constant and its rate of change are given by H = ȧ a = a_2[6p_2(a_2t)^76 + b_1(p_1 + p_2a_2t)] 6(a_2t)^76 (p_1 + p_2a_2t) (3) Ḣ H^2 = − (a_2t)^16 [36p^2(a_2t)^{13}6 + 7b_1(p_1 + p_2a_2t)^2] [6p_2(a_2t)^76 + b_1(p_1 + p_2a_2t)]^2 (4) and the acceleration of the scale factor is ä a = b_1[b_1(p_1 + p_2a_2t) + (a_2t)^16 (−7p_1 + 5p_2a_2t)]

36t^2(a_2t)^13 (p_1 + p_2a_2t) (5) where the dots on top of the letters stand for time derivative.

The following observations about the scale factor a(t) are in order; One notices that a(t) is positive for all values of t provided that

p_1, p_2, a_2, b_1 > 0 (6) ä a is positive for extremely small values of a_2t, where the leading term in^ä is the p_1 term; ä a is negative for the intermediate values of a_2t, where the leading term in the numerator is the −7(a_2t)^16 term; and^ä is positive again for the larger values of a_2t. Note that the present era corresponds to very large values of t, not the infinite value of t where the acceleration is zero. One may see the general form of the evolution of^ä for a set of phenomenologically relevant parameters in the next section in Figure 2. Moreover it is evident from Eq.(4) that^Ḣ_{H2} here is almost zero (i.e. slow-condition is satisfied) if a_2t is taken sufficiently small.

Therefore the scale factor ansatz given above, at least in principle, is suitable to account for all four eras of cosmic expansion; inflation, radiation dominated era, matter dominated era, and current accelerated expansion era. In the analysis given below first I will determine the Einstein tensor and the corresponding energy-momentum tensor. I will identify this energy-momentum tensor with that of two scalar fields. Then, after using phenomenological considerations, the parameters (i.e. p_1, p_2, a_2, b_1) are numerically constrained. I will check the phenomenological viability of the model. It will be seen that the scalar fields may be identified by inflaton, dark energy and dark matter, and the corresponding picture is that of a universe that consists of only dark energy and dark matter (that also serves as inflaton at early times). Given the fact that, at present, more than 96 % of the universe consist of dark energy and dark matter this universe will be considered as a universe that is similar to our own in its overall cosmic history except in the radiation dominated era. Although the results obtained here have only order of magnitude agreement with observations, the results are encouraging for adopting this model as a starting point for a more elaborate formulation.

The components of the Einstein tensor for the metric given by (1) with the scale factor in Eq.(2) are

G_{00} = 3H^2 =

{a_2[6p_2(a_2t)^76 + b_1(p_1 + p_2a_2t)]}^2 12(a_2t)^73 (p_1 + p_2a_2t)^2 (7) G_{ij} = −(2 ä a + H^2)g_{ij} =

36p^2(a_2t)^73 + 3b^2_1(p_1 + p_2a_2t)^2 + 2b_1(a_2t)^16 (−7p^2_1 + 4p_1p_2a_2t + 11p^2a^2t^2) 36t^2(a_2t)^13 (p_1 + p_2a_2t)^2 g_{ij} (8)

Provided that we identify the source of the energy-momentum tensor as a collection of n real scalar fields, its general form is

T_{μν} = n∑ i=1 [∂_μϕ_i∂_ν ϕ_i + g_{μν} [− 1 2 g^{τ ρ} n∑ i=1 ∂_τ ϕ_i∂_ρϕ_i − V (ϕ_1, ϕ_2, ·, ϕ_n)]

T_{00} = H = n∑ i=1 1 2 ϕ̇^2_n + V (ϕ_1, ϕ_2, ·, ϕ_n) (9)

T_{ij} = [ n∑ i=1 1 2 ϕ̇^2_n − V (ϕ_1, ϕ_2, ·, ϕ_n) ]g_{ij} (10)

After using the Einstein equations, we make the identification 8π G n∑ i=1 ϕ̇^2_n = G_{00} + G^{11} g_{11}

= 8π G( T_{00} +

T_{11} g_{11} ) = 36p^2(a_2t)^{13}6 + 7b_1(p_1 + p_2a_2t)^2 18t^2(a_2t)^16 (p_1 + p_2a_2t)^2

(11)

16π G V = G_{00} −

G_{11} g_{11}

= 8π G( T_{00} −

T_{11} g_{11} ) = 72p^2(a_2t)^73 + 3b^2_1(p_1 + p_2a_2t)^2 − b_1(a_2t)^16 (7p^2_1 − 22p_1p_2a_2t − 29p^2a^2t^2) 18t^2(a_2t)^13 (p_1 + p_2a_2t)^2 = 4p^2a^2 (p_1 + p_2a_2t)^2 + b^2_1a^2 6(a_2t)^73 − 7b_1a^2 18(a_2t)^{13}6 + 2p_2b_1a^2 (a_2t)^76 (p_1 + p_2a_2t)^2

(12)

Eq.(11) may be used to identify the scalars that act as the source of the Einstein equations

ϕ_1(t) = c_1(a_2t)^{− 112} (13) ϕ_2(t) = c_2 ln (p_1 + p_2a_2t) (14)

c_1 = √ 7b_1 π G , c_2 = 1 2 √ π G (15)

Writing the potential V in terms of these fields and satisfying the field equations

∇_μ∇^μϕ_1 − ∂ V ∂ ϕ_1 = −3 H ϕ̇_1 − ϕ̈_1 − ∂ V ∂ ϕ_1 = 0 (16)

∇_μ∇^μϕ_2 − ∂ V ∂ ϕ_2 = −3 H ϕ̇_2 − ϕ̈_2 − ∂ V ∂ ϕ_2 = 0 (17)

identifies V as

8π G V = 2p^2a^2 exp (−2 ϕ_2 c_2 ) + 1 12 b^2_1a^2( ϕ_1 c_1

)^{28} − 7 36 a^2b_1 ( ϕ_1 c_1

)^{26}

+ p_2a^2b_1( ϕ_1 c_1

)^{14} exp (− ϕ_2 c_2

) (18)

Then Eqs.(16,17) are trivially satisfied for all values of the parameters, a_2, b_1, p_1, p_2.

Next we will constrain these free parameters by phenomenological considerations and see if it gives a consistent and viable picture of the main lines of the cosmic history (except the baryonic matter and radiation). However before a phenomenological analysis it is necessary to identify which term in the above analysis corresponds to inflaton, which one to dark matter, and which one to dark energy. Before beginning the discussion it is worthwhile to note that both of ϕ_1 and ϕ_2 survive during all epochs of cosmic history. However only one of them is dominant in a given era of cosmic evolution. The inflaton term must be the one that is dominant and causes a huge cosmic acceleration at the time of inflation (i.e. at very small times). After examination of Eq.(5) and Eqs.(11,12) we see that the dominant terms

(of huge contributions) for early times are proportional to (a_2t)^{− 7}3 ∝ ϕ^{28}_1 . At intermediate times the dominant term is the term proportional to −7p_1 in (5) i.e. the (a_2t)^{− 13}6 ∝ ϕ^{26}_1 term in (11,12). Therefore ϕ_1 accounts for both of the inflationary and dark matter dominated eras. At late times the dominant contribution is due to the terms of the form^1_{(p1+p2a2t)2} i.e. the terms containing ϕ_2. Hence ϕ_2 may be identified by dark energy. Because ϕ_1 is identified by dark matter its coupling to standard model particles must be small. However it must have large enough coupling with standard model particles to generate enough reheating. This may be accomplished by assuming ϕ_1 be electrically neutral and be color singlet. Even it may be taken to be a singlet under the whole SU(3)_c ⊗ SU(2)_L ⊗ U(1)_L group of the standard model and couple to standard model particles indirectly (say through Higgs field) as in [9, 10]. Another point would be a detailed study of the potential in (18) especially to determine the effective range of ϕ_1, in connection with its identification as dark matter, that is quite difficult due to the highly non-linear form of the potential. In fact all these points will arise when baryonic matter is included into the model and a more comprehensive and elaborate extension of this study is done in future. After these remarks we return to our main objective in the following paragraphs to check the phenomenological viability of the model. I put rough constraints on some of the free parameters, a_2, b_1, p_1, p_2 through a rough empirical analysis. The cosmological eras that I employ to put constraints are the inflationary era, the present day, the onset of matter dominated era, and the time of reionization. I also consider the time of matter - radiation decoupling time.

III. COMPATIBILITY WITH OBSERVATIONS

The value of the present value of scale factor is taken to be one by convention. This implies

1 = a_0 = a(t_0) = (p_1 + p_2a_2t_0) exp [−b_1(a_2t_0)^{− 16} ] (19) ⇒ (p_1 + p_2a_2t_0) = exp [b_1(a_2t_0)^{− 16} )] = β > 1 (20)

where β is some constant to be determined from observational data. We exclude the case β = 1 since it corresponds to infinite time for the present age of the universe. Next consider the observational values of the present value of the Hubble constant H(t = t_0) = H_0 and the age of the universe t_0. The observational values of H_0 =^h_{(9.777752 Gyr)} ≃^1_{13.5802 Gyr} , and t_0 = 13.69 ± 0.13 Gyr given by Particle Data Group (PDG) [1] gives

0.998 < H_0t_0 < 1.018 (21)

This implies H_0t_0 ≃ 1. Although the H_0 and t_0 values in (21) are the most standard values, there are different observational values for H_0 and t_0 as well. For example Reese et. al. finds a value of H_0 smaller than the PDG value by approximately 16% [11] although it may be ascribed to underestimation of the SZE/X-ray derived distances. The central values of the age of the universe derived from other methods as well differ from PDG value. For example t_0 derived by the age determinations of elements by radioactive decay ratio method give the age of Milky Way ranging from 12.3 to 17.3 Gyr [12], the radioactive dating of old stars give values in the range 11 to 20.2 Gyrs [13], the age of the oldest star cluster ranges from 8.5 to 16.3 Gyrs [14]. Another point to mention is that the PDG value of t_0 is determined from ΛCDM model. Therefore it is better to be more open minded to be about the value of H_0t_0, and hence in the following I take

H_0t_0 = p_2a_2t_0 p_1 + p_2a_2t_0 + 1 6 b_1a^{− 16}_2 t^{− 16}_0 = ξ ∼ 1

⇒ p_2a_2t_0 = β(ξ − 1 6 ln β) , p_1 = β(1 − ξ + 1 6 ln β) (22)

where Eqs. (3) and (20) are employed.

One may obtain a constraint on the value of β by using the cosmic deceleration period (in the matter dominated era). Eq.(5) suggests that at the matter dominated era

−7p_1(a_2t_m)^{16} + p_1b_1 < 0 ⇒ t_m > 1 a_2 ( b_1 7 )_6 (23)

−7p_1 + 5p_2a_2t_m < 0 ⇒ t_m <

7p_1 5p_2a_2

(24) ⇒ 1 a_2 ( b_1 7 )_6 < t_m < 7p_1 5p_2a_2 ( 1 7 ln β

)_6 < γ_m < 7(1 − ξ +^1_7 ln β) 5(ξ −^1_6 ln β)

(25)

where t_m denotes the time of deceleration in the matter dominated era, and γ_m =^{tm}_{t0} . Note that the inequalities above do not saturate i.e. the lower and the upper values in the inequalities are not infinitesimally close to the initial and final times of cosmic deceleration. In fact a more stringent bound on β and the time of the onset of cosmic acceleration in the dark energy dominated era may be obtained . It is evident from (5) that t^′ =^{7p1}_{5p2a2} is greater than the time of onset of dark energy dominated era, t_d i.e. t_d = α t^′, α < 1 because of the additional terms contributing to the denominator of Eq.(5) in addition to those considered in Eqs.(23,24). Hence at the onset of cosmic acceleration one may write

b_1(p_1 + p_2a_2t_d) + (a_2t_d)^{16} (−7p_1 + 5p_2a_2t_d) = 0 ⇒ b_1(p_1 + p_2a_2α t^′) + (a_2α t^′)^{16} (−7p_1 + 5p_2a_2α t^′) = b_1 7 (7p_1 − 5p_2a_2t^′) + b_1[ 5 7 p_2a_2t^′ + p_2a_2t^′] + (a_2α t^′)^{16} [−7p_1 + 5p_2a_2t^′ + 5p_2a_2(α − 1)t^′] = b_1( 5 7 + α)p_2a_2t^′ + 5p_2a_2(α − 1)t^′(a_2α t^′)^{16} = 0 ⇒ b_1( 5 7 + α) + 5(α − 1)(a_2α t^′)^{16} = 0 ⇒ b_1 a^{16}_2 ( 5 7 + α) + 5(α − 1)t^{16}_d = 0 ⇒ ln β =

5 (1 − α) 5 7 + α γ^{16}_d (26)

where γ_d =^{td}_{t0} , and t^′ is the time satisfying −7p_1 + 5p_2a_2t^′ = 0. We know that t_d < t_0. The observational data analyzed in the context of ΛCDM model and dynamical dark energy models with a moderate dependence on redshift gives^{td}_{t0} ≃^1_2 [15]. The fact that there is no significant disagreement of the ΛCDM model with data implies that the value of t_d should not be too different from this value. If one takes^{td}_{t0} =^1_2 (_{td} t_0

) 1_6

≃ 0.89 while for^{td}_{t0} =^1_{100} (_{td} t_0

) 1_6

≃ 0.464. Therefore it is safe to say that γ_d = (_{td} t_0

) 1_6

∼ 1 for reasonable values of γ_d.

Then one may get an idea of the magnitude of ln β for a few values of α by using Eq.(26)

α = 1 ⇒ lnβ = 0 ⇒ β = 1 (27) α = 9 10 ⇒ lnβ = 35 113 γ^{16}_d ∼ 35 113 ⇒ β ∼ 1.63 (28) α = 5 10 ⇒ lnβ = 2.5_{17} 4 γ^{16}_d ∼

2.5_{17} 4 ⇒ β ∼ 7.8 (29) α = 1 10 ⇒ lnβ = 31.5 5.7 γ^{16}_d ∼

31.5 5.7 ⇒ β ∼ 251 (30) α = 0 ⇒ lnβ = 5 5 7 γ^{16}_d ∼ 7 ⇒ β ∼ 1097 (31)

It is evident that in any case ln β < 7 (32) In the following paragraphs we take this as an upper bound on the values of ln β and we do not consider higher values unless it seems necessary for the sake of completeness.

Now we derive a lower bound on the value of β by using the G_{00}/^ä at present time. Note that we use G_{00}/^ä rather than the equation of state for dark energy since the dark energy and dark matter fields are mixed in the energy-momentum tensor so that it becomes impossible to entangle the dark energy and dark matter contributions properly in this case. ( G_{00} ä a ) t=t_0 = − ( 8π Gρ 1 6 8π G(ρ + 3p) ) t=t_0 = 3[6p_2(a_2t_0)^76 + b_1(p_1 + p_2a_2t_0)]^2 b_1(p_1 + p_2a_2t_0)[b_1(p_1 + p_2a_2t_0) + (a_2t_0)^16 (−7p_1 + 5p_2a_2t_0)] = − ( 3 lnβ ) 36ξ^2 (ln β + 7 − 12ξ)

(33) The PDG values −1.14 < ω_{dark−e} < −0.95, 0.21 < Ω_m =^{ρc}_{ρm} < 0.26, Ω_{dark−e} =^{ρc}_{ρdark} ≃ 0.74 may be used to calculate (33). The corresponding observational value of the ratio is 3.9 < ( G_{00} ä a ) t=t_0 = 6 1 + 3Ω_{dark−e}ω_{dark−e} < 5.5 (34)

However there are studies with a wider range for current equation of state and density parameter from the analysis of SNe data alone [16] −1.7 < ω_{dark−e} < −0.50 , 0.23 < Ω_m = ρ_c ρ_m < 0.37 (35)

−6/(1 + 3(−1.7)0.77) = 2.05 < ( G_{00} ä a ) t=t_0 = − 6 1 + 3Ω_Λω_λ

< ∞ (36)

Although the infinity is unphysical I do not know a stringent and definite upper bound to be replaced by the ∞ in (36). Therefore I keep it as infinity. However one may replace ∞ by a large enough value. For example [17] gives upper bound β ≃ 23. We plot

(_{G00} ä a ) t=t_0 versus β for various values of γ and ξ ∼ 1. The results are given in Table I. One sees that the values of β compatible with (34) are greater than 2.2 while the lower bound on β for (36) with β_u = 9 are greater than 2.6.

As a complimentary analysis one may determine the ratio G_{ij} /G_{00}. Consider^{G11}_{g11} /G_{00} at present time (_{G11}

g_{11}

G_{00} ) t=t_0 = − 12p^2(a_2t_0)^73 + b^2_1(p_1 + p_2a_2t_0)^2 +^2_3 b_1(a_2t_0)^16 (−7p^2_1 + 4p_1p_2a_2t_0 + 11a^2p^2t^2_0) [6p_2(a_2t_0)^76 + b_1(p_1 + p_2a_2t_0)]^2 = − 18ξ^2 − (7 − 12ξ) ln β + (ln β)^2 54ξ^2

(37)

A (_{G11}

g_{11} /G00 ) t=t_0 versus β graph may be plotted for various values of ξ. I take −0.315 < Ω_{dark−e}ω_{dark−e} < −1.3629 by using Eq.(35). The corresponding allowed range of values of ξ ( G_{00ä} a ) t=t_0 β 0.5 3.9 — 5.5 none 0.5 2.05 — 23 2.6 — 3 0.8 3.9 — 5.5 none 0.8 2.05 — 23 2.14 — 12.2 0.9 3.9 — 5.5 none 0.9 2.05 — 23 1.89 — 43.68 1 3.9 — 5.5 3.95 — 144.4 1 2.05 — 23 1.804 — 147.4 1.2 3.9 — 5.5 3.55 — 1632.16 1.2 2.05 — 23 1.757 — 1635.05 1.5 3.9 — 5.5 3.56 — 4.34 1.5 2.05 — 23 1.77 — 6.8 TABLE I. The allowed values of β for two intervals of ( G_{00}/^ä ) t=t_0 ,and various values of ξ

β for some values of ξ are given below

ξ = 0.8 β = 0.8 − − − 16.8 ξ = 0.9 β = 0.82 − − − 54 ξ = 1 β = 0.8 − − − 180 ξ = 1.2 β = 0.83 − − − 2 × 10^3 (38)

In fact we should exclude the values of β smaller than one given above because of the definition of β in (20). The values of β above are barely consistent with the more stringent bounds in Table I for ξ = 0.8, 0.9 and are consistent in the upper range for the others. The (_{G11}

g_{11} /G00 ) value corresponds to the effective equation of state of the dark fluid consisting of dark energy and dark matter. Therefore it is useful to give its general time dependence

FIG. 1.

(_{G11}

g_{11} /G00 ) versus γ =^t_{t0} graph for β = 50, ξ = 1

as well.

G_{11} g_{11}

G_{00} = − 12p^2(a_2t)^73 + b^2_1(p_1 + p_2a_2t)^2 +^2_3 b_1(a_2t)^16 (−7p^2_1 + 4p_1p_2a_2t + 11a^2p^2t^2) [6p_2(a_2t)^76 + b_1(p_1 + p_2a_2t)]^2 = − ln β 12γ^{73}

+^{(ξ− 16 ln β)2}

[1−(1−γ)ξ+^{(1−γ)}_6 ln β]^2 +

11((ξ−^1_6 ln β)^2 ln β 18γ^{76} (1−(1−ξ)γ+^{(1−γ)}_6 ln β)

−^{7(1−ξ+ 16 ln β) ln β}

18γ^{136} (1−(1−ξ)γ+^{(1−γ)}_6 ln β) 3 ( γ^{− 7}6^{ln β}_6 +^{ξ− 16 ln β}

(1−(1−ξ)γ+^{(1−γ)}_6 ln β)

)_2 (39)

where γ =^t_{t0} . As we shall remark later in this section a general analysis of this effective equation state at an arbitrary redshift is quite difficult due to the highly nonlinear form of the above equation. However one get an idea of its general variation by the inspection of Figure 1 for β = 50, ξ = 1.

The general form of the cosmic history must have a cosmic acceleration era corresponding to the time of inflation that is followed by an era of deceleration at the matter dominated era, and finally by the present time acceleration era. Moreover the redshift values and ages for these eras must coincide with the observational data [1] at least at the order of magnitude to have at least an approximately realistic model. For this purpose we draw^ä /G_{00} versus time for ξ=0.8,, 1, 1.2; β=2, 5, 10, 20, 50, 100, 200, 500, 1000, 2000, 10000, 3000, 40000 by

FIG. 2.^ä /G_{00} versus γ =^t_{t0} graph for β = 50, ξ = 1

using ä a G_{00} = − (a_2)^16 b_1(p_1 + p_2a_2t)[^{b1}_{(a2t) 16} (p_1 + p_2a_2t) + (−7p_1 + 5p_2a_2t)] 3(a_2t)^13 [6p_2a_2t +^{b1}_{(a2t) 16} (p_1 + p_2a_2t)] = − ( lnβ 3γ^16 ) A[(γ^{− 1}6 ln β)A − 7(1 − ξ +^1_6 ln β) + 5γξ −^5_6 γ ln β] 6(ξ −^1_6 ln β)γ + γ^{− 1}6 ln β[1 − (1 − γ)ξ +^{1−γ}_6 ln β]

(40)

A = [1 − (1 − γ)ξ +

(1 − γ) 6 ln β] where γ =^t_{t0} . One may get a sense of the general form of the evolution in Figure 2 for β = 50, ξ = 1. I do not give the other plots not to make the paper too crowded. The all values of the times of the start and the end of cosmic deceleration that are not wholly excluded by data are given in Table II below. It seems that this analysis prefers lower values of β. Note that we should not expect a good match between the values obtained here and the observational data for the time of the start of the deceleration period because at that time the radiation has a major contribution and we neglect the contribution of radiation in this study.

Now we compare the data and the predictions of this model for different redshifts and times, and hope, at least, an order of magnitude agreement. First consider the time of the starting of cosmic acceleration. This is the time where the deceleration changes into acceleration, hence the acceleration of the cosmic expansion is zero i.e. the numerator of (5) is zero, namely f = 1 − γ_d 6 x^2 + [1 − (1 − γ_d)ξ − 7 6 γ^{16}_d − 5 6 γ^{76}_d ]x − 7(1 − ξ)γ^{16}_d = 0 (41) γ_d = t_d t_0

, x = ln β (42) ξ β γ_{mi} γ_{mf} ξ β γ_{mi} γ_{mf} 0.8 2 10^{−6} 0.5 0.8 5 1.5 × 10^{−4} 0.7 0.8 10 1.2 × 10^{−3} 0.9 0.8 200 0.165 0.947 0.8 500 0.28 0.89 0.8 1000 0.35 0.867 0.8 2000 0.58 0.91 - - - - 1 2 9.5 × 10^{−7} 0.13 1 5 1.4 × 10^{−4} 0.26 1 10 1.3 × 10^{−3} 0.34 1 20 6.6 × 10^{−3} 0.415 1 50 0.04 0.45 1 100 0.116 0.7 1 1000 0.48 0.945 1 2000 0.52 0.916 TABLE II. The times of start,^{tmi}_{t0} and end,^{tmf}_{t0} of the cosmic deceleration for different values of β

Because of its highly non-linear form this equation I could not analytically solve this equation. However after plotting f versus x for various values of ξ and γ_d and determining the location of zeros one may get some information. The result is given in Table III. Keeping

ξ γ_d x = ln β ξ γ_d x = ln β 0.8 0.85 2 or 26 0.8 0.8 2 or 25 0.8 0.75 2 or 20 0.8 0.7 2 or 16 0.8 0.5 0.7 or 9 0.8 0.4 0.2 or 7.8 0.8 0.1 1 or 5 0.8 10^{−10} -1.2 or 0.2 0.8 10^{−20} -1.2 or 0 1 0.85 5 or 35 1 0.8 5 or 24 1 0.75 5 or 17 1 0.7 5 or 15 1 0.5 3.6 or 7.2 1 0.3 1.9 or 5.5 1 0.1 0.5 or 4.5 1 10^{−10} 0.06 or 0.09 1 10^{−20} 0 or 0.0033 1.2 0.85 7 or 33 1.2 0.8 7 or 22 1.2 0.75 8.7 or 15.7 1.2 0.5 none TABLE III. The allowed values of lnβ for various values of ξ and γ_d

these values in mind now we may find the redshift values and the time of onset of current cosmic acceleration, t_d predicted by this model and compare the observational values given in literature. Consider a_0/a(t_d)

a_0 a(t_d) = exp [b_1(a_2t_d)^{− 1}6 ] (p_1 + p_2a_2t_d) = β^{−1+γ−} 1 6 d (1 − ξ) +^1_6 ln β + (ξ −^1_6 ln β)γ_d

(43)

The analysis of cosmic data [18] gives the redshift and time of onset of dark energy dominated era, respectively, in the ranges z = 0.66 − 1.21. t_d = (5.7 − 8.5) Gyr. The allowed intervals of β in (43) where^{a0}_{a(td )} is in the range 1.66 − − 2.21 for the phenomenologically relevant values of ξ and γ_d =^{td}_{t0} for ξ= 0.8, 1, 1.2 and γ_d=0.1, 0.4, 0.5, 0.6, 0.7, 0.8 may be found in Table IV. Table tells us that γ_d = 0.1 is inconsistent with data. Comparison with Eq.(38) ξ γ_d β 0.8 0.1 none 0.8 0.4 0.15 — 123 0.8 0.5 1 — 7 × 10^3 0.8 0.6 2 × 10^3 − − − 2.1 × 10^6 and 1.8 × 10^{−3} − − − 2.5 × 10^{−2} 0.8 0.8 5 × 10^{12} − − − 2.5 × 10^{18} and 7 × 10^{−9} − − − 3 × 10^{−7} 1 0.1 none 1 0.4 none 1 0.5 4 — 1400 1 0.6 130 − − − 7 × 10^5 and 1.2 × 10^{−2} − − − 1 1 0.7 7.5 × 10^5 − − − 10^{10} and 1.7 × 10^{−4} − − − 5 × 10^{−3} 1 0.8 1.5 × 10^{12} − − − 10^{18} and 5 × 10^{−8} − − − 2.8 × 10^{−6} 1.2 0.1 none 1.2 0.4 none 1.2 0.5 barely 30 1.2 0.6 0.5 − − − 2 × 10^5 1.2 0.7 9 × 10^4 − − − 3.5 × 10^9 and 10^{−3} − − − 9 × 10^{−2} 1.2 0.8 10^{12} − − − 5 × 10^{17} and 2.6 × 10^{−7} − − − 2.1 × 10^{−5} TABLE IV. The allowed range of values of β for various values of ξ, γ with^{a0}_{a(td)} in the range 1.66 − − 2.21

and Table I implies that the γ_d values in the range 0.4 - 0.6 are consistent with redshift data

[18] and the time of the onset of the cosmic acceleration for the phenomenologically relevant values of ξ in the range 1.2 - 0.8.

An important point is to be mentioned at this point: Note that the values z = 0.66 − 1.21, t_d = (5.7 − 8.5) Gyr in [15] are derived by the assumption that the Hubble constant at scale factor a(t) may be expressed as

H(a) = H_0 [

Ω_m a^3 + Ω_r a^4 + Ω_k a^2 + Ω_Λ a^{3(1+ωef f (a))} ]^{12} (44)

In principle one may define an effective equation of state ω_{eff} as in [19] when dark matter and dark energy are coupled. However in this model the contributions of dark matter and dark energy are not only coupled they are mixed. Therefore their contributions can not be separated from each other properly. Moreover dark matter in this model is not dust-like (it only mimics a dust in the matter dominated era) while the matter in the above equation is dust-like. Furthermore in [15] and similar studies an equation of state for dark energy of the form ω(a) = −ω_0 + ω_1(1 − a) or similar forms are employed. Let alone that a proper equation of state for dark energy in this model can not be defined a common equation of state for dark energy and dark matter is highly nonlinear as seen before in Eq.(39)

G_{11} g_{11}

G_{00} = − ln β 12γ^73

+^{(ξ− 16 ln β)2}

[1−(1−γ)ξ+^{(1−γ)}_6 ln β]^2 +

11((ξ−^1_6 ln β)^2 ln β 18γ^76 (1−(1−ξ)γ+^{(1−γ)}_6 ln β)

−^{7(1−ξ+ 16 ln β) ln β}

18γ^{13}6 (1−(1−ξ)γ+^{(1−γ)}_6 ln β) 3 ( γ^{− 7}6^{ln β}_6 +^{ξ− 16 ln β}

(1−(1−ξ)γ+^{(1−γ)}_6 ln β)

)_2 (45)

An inspection of [a(t)]^{−1} versus γ_0 =^t_{t0} graphs show that in the low redshift range z= 05 - 2 one may approximately take [a(t)]^{−1} proportional to γ. In other words one may get the form of ω(a) for low redshifts by simply replacing γ in (45) by 1+z. It is evident that this relation is quite nonlinear in z. For higher redshift values the relation between γ and (z+1)^{−1} also becomes non-linear making the form of ω(a) even more complicated. Therefore in order to see the degree of the compatibility of this model with data in a more precise way it is necessary to repeat the analysis of data in [15, 18] with keeping these points in mind. Only then one can say some definite conclusion on the degree of the agreement between this model and observational data. In any case I think the rough analysis given in this paper is enough to consider this model as viable toy model in the direction of unification of all eras of cosmic history. In fact all I have mentioned in the context of the analysis of the onset of cosmic acceleration data is true for the analysis of data for equation of state of dark energy [20], density parameters [16], and the analysis of data on time reionization and time of matter-radiation decoupling [1, 21] discussed below.

Before continuing the comparison of the model with observational analysis for the times of reionization and decoupling now I want to consider the inflationary era because there is no baryonic matter or radiation effect in this era, this toy model is expected to be most similar to the reality in this era in the context of this model. It is evident from (5) that, at the time of inflation, b_1(p_1 + p_2a_2t) + (a_2t)^{16} (−7p_1 + 5p_2a_2t) > 0 (46) This condition is satisfied for very large and very small a_2t’s. We identify the very small a_2t values that satisfy (46) as inflationary times, and at small times (46) is guaranteed if we take a_2t_i ≪ 1 where the subindex i refers to inflation. In fact a more stringent bound may be obtained from the slow-roll parameter^Ḣ_{H2} in (4) Ḣ(t_i) H^2(t_i) ≃ − 7γ^{16}_i ln β

≪ 1 ⇒ γ_i = t_i t_0

≪ 1 (47) where we have used the fact that the p_1 term in (4) is the leading term in the inflationary period. Then a(t_{is}) a(t_{il}) = (p_1 + p_2a_2t_{is}) exp {−b_1[(a_2t_{is})^{− 1}6 − (a_2t_{il})^{− 1}6 ]} (p_1 + p_2a_2t_{il} = ( 1 − (1 − γ_{is})ξ +^{(1−γis)}_6 ln β 1 − (1 − γ_{il})ξ +^{(1−γil)}_6 ln β ) exp {− b_1 a^{16}_2

[t^{− 16}_{is} − t^{− 16}_{il} ]} ≃ exp {− b_1 a^{16}_2

[t^{− 16}_{is} − t^{− 16}_{il} ]}

(48) where t_{is} and t_{il} are the times of the start and end of inflation, respectively. If we assume 60 e-fold expansion and t_{is} = = 10^{−36} sec, t_{il} = 10^{−32} sec a(t_{is}) a(t_{il}) ≃ exp [−b_1 (a_2)^{− 16} 10^6(sec)^{− 16} ] = e^{60}

⇒ b_1a^{− 16}_2 × 10^6 sec^{− 16} = 60 ⇒ b_1a^{− 16}_2 ≃ 6 × 10^{−5} sec^{16} ⇒ ln β = 8.8 × 10^{−8} (49) If we assume 60 e-fold expansion and t_{is} = = 10^{−28} sec, t_{il} = t_{is} + 10^{−34} sec a(t_{is}) a(t_{il}) ≃ exp {−b_1 (a_2)^{− 16} (1 × 10^{−30})^{− 16} [(100)^{− 16} − (100.0001)^{− 16} ]} = e^{60}

⇒ b_1a^{− 16}_2 × 7.7 × 10^{−3} = 60 ⇒ b_1a^{− 16}_2 ≃ 7.8 × 10^3 ⇒ ln β = 11 (50)

Note that b_1a^{− 16}_2 = b_1(a_2t_0)^{− 16} t^{16}_0 = t^{16}_0 ln β (51) Some other values of t_{is}, t_{il} and ln β for 60 e-fold expansion are

t_{is} = 10^{−30} sec t_{il} = t_{is} + 10^{−34} ⇒ ln β = 5.57 × 10^{−2} (52) t_{is} = 10^{−24} sec t_{il} = t_{is} + 10^{−34} sec ⇒ ln β = 5.57 × 10^5 (53) t_{is} = 10^{−28} sec + 10^{−34} sec t_{il} = t_{is} + 2 × 10^{−34} sec ⇒ ln β = 5.72 (54) t_{is} = 10^{−28} sec + 10^{−34} sec t_{il} = t_{is} + 2.4 × 10^{−34} sec ⇒ ln β = 8.15 (55) t_{is} = 10^{−29} sec t_{il} = t_{is} + 5 × 10^{−34} sec ⇒ ln β = 0.13 (56)

One notices that (49), (52), (54), (56) are consistent with (32) while the others are not. However it seems that the values in Table I exclude the values of ln β much smaller than 1. This excludes the options in (49) and (52) as well. Hence the viable values seem to be (54) and (56) and all values of parameters between them and close to these values. This offers a wide range of t_{is} between 10^{−28} sec and 10^{−29} sec. It is evident that all phenomenologically viable values may be obtained by adjusting t_{is} in the t_{is} = 10^{−29} sec – t_{is} = 10^{−28} sec range that corresponds to a lower scale inflation [22].

A comment is in order at this point. From Eq.(5) we see that just at the end of the inflationary era

b_1(p_1 + p_2a_2t_{mi}) + (a_2t_{mi})^{16} (−7p_1 + 5p_2a_2t_{mi}) ≤ 0 (57) ⇒ p_1 b_1 (a_2t_{mi})^16

− 7p_1 + ϵ = 0 (58) ( γ^{− 16}_{mi} ln β − 7 ) (1 − ξ + 1 6 ln β) + ϵ^′ = 0 (59) ϵ = b_1 (a_2t)^16 p_2a_2t + 5p_2a_2t , ϵ^′ = ϵ β = γ_{mi}(γ^{− 16}_{mi} ln β + 5)(ξ − 1 6 ln β)

where the first two terms in (58) are the dominant terms and ϵ (and ϵ^′) is small with respect to the others. The fact that ϵ^′ in and at the end of inflationary era is small implies that either (γ^{− 16}_{mi} ln β − 7) or (1 − ξ +^1_6 ln β) is small. Taking t_{mi} ∼ t_{il} ∼ 10^{−28} − −10^{−29} i.e. γ_{mi} =^{tmi}_{t0} ∼ 10^{−46} implies that (γ^{− 16}_{mi} ln β − 7) is not small unless ln β is extremely small. Therefore (1 − ξ +^1_6 ln β) should be small if deceleration era starts just after the inflationary era. This may be provided by taking ξ a little bit larger than 1 and ln β small. For example one may take ξ = 1.05 and ln β ∼ 0.3 (i.e. β ∼ 1.35). Otherwise one should take the start of the deceleration era much later than the standard inflationary era (i.e. the inflationary era is much longer than the standard inflationary times). Although this option seems to be a less acceptable option it is, in fact, the more reasonable choice. This is due to the fact that we neglect radiation in this study. In the realistic case there is a radiation dominated era just after the inflationary era. Radiation like matter drives the universe towards deceleration. Therefore if we add radiation to the model it is effect will be an earlier start of deceleration era compared to the radiationless case. This explains why the time of the start of the deceleration period almost coincides with the time of start of the matter dominated era in Table (II) unless β is extremely close to 1. In other words the values of parameters become less reliable as we get closer to the radiation dominated era. We should keep this in mind as we analyze the observational data.

Now we apply the values obtained to the time of reionization, t_{ri}. In fact we expect, at most, a rough agreement with data since t_{ri} goes deeper into the matter dominated era where neglecting baryonic matter becomes more questionable. a_0 a(t_{ri}) = exp [b_1(a_2t_{ri})^{− 1}6 ] (p_1 + p_2a_2t_{ri}) = β^{γ−} 1 6 ri (1 − ξ)β +^1_6 ln β + (ξβ −^1_6 ln β)γ_{ri}

(60)

where γ_{ri} =^{tri}_{t0} . The observational value of^{a0}_{a(tri)} is 12 ± 1.4 and the corresponding ΛCDM value of t_{ri} is 430^{+90}_{−70} Myr that corresponds to γ_{ri} in the interval 0.0225 − − − 0.0472 if one assumes a loose bound on the value of t_0, t_0 = 11 − − − 16 Gyrs in the light of the values of t_0 from different observations mentioned before. One may plot^{a0}_{a(tri)} versus γ =^t_{t0} for the phenomenologically relevant values of ξ and various β values. The allowed intervals of γ_d for^{a0}_{a(tri )} in the interval 10.6 - 12.4 for various values of ξ and β may be found in Table V. It seems that the values of β compatible with data are 10, 20 for ξ= 0.8; 2, 5, 10 for ξ= 1; and none for ξ=1.2. However one should keep in mind that a more detailed analysis may give a wider range of parameters since the age calculations in the data analysis [17] use a restricted form for dark energy where Hubble constant may be expressed in terms of density parameters where matter is assumed dust-like and a restricted form of variation of dark energy with redshift, and a restricted class of equations of state for dark energy where dark energy is not entangled with matter as pointed out before. Therefore reanalysis of data in the context of this model is necessary to reach a more precise and more definite conclusion. Another factor for poorer agreement with data is that we neglect the contribution of baryonic matter whose contribution in matter dominated period is greater.

ξ β γ_{ri} ξ β γ_{ri} 0.8 2 0.0016 — 0.0023 0.8 5 0.0115 — 0.016 0.8 10 0.023 — 0.03 0.8 20 0.037 — 0.046 0.8 50 0.058 — 0.068 0.8 100 0.074 — 0.086 0.8 200 0.091 — 0.105 0.8 500 0.116 — 0.128 0.8 1000 0.13 — 0.146 0.8 2000 0.15 — 0.162 1 2 0.028 — 0.041 1 5 0.029 — 0.041 1 10 0.04 — 0.051 1 20 0.054 — 0.066 1 50 0.079 — 0.086 1 100 0.089 — 0.104 1 200 0.105 — 0.12 1 500 0.13 — 0.142 1 1000 0.142 — 0.16 1 2000 0.16 — 0.18 1.2 2 0.17 — 0.19 1.2 5 0.105 — 0.125 1.2 10 0.09 — 0.105 1.2 20 0.091 — 0.104 1.2 50 0.098 — 0.116 1.2 100 0.114 — 0.127 1.2 200 0.125 — 0.142 1.2 500 0.144 — 0.162 1.2 1000 0.159 — 0.177 1.2 2000 0.173 — 0.192 TABLE V. The allowed range of values of γ_{ri} =^{tri}_{t0} for various values of ξ, γ with^{a0}_{a(td )} in the range 10.6 − − 12.4

Next consider the data for the time of decoupling and the corresponding redshift; z_∗ ≃ 1090 a_0 a(t_∗) = exp [b_1(a_2t_∗)^{− 1}6 ] (p_1 + p_2a_2t_∗) = β^{γ−} 1 6 ∗ (1 − ξ)β +^1_6 ln β + (ξβ −^1_6 ln β)γ_∗

(61)

where γ_∗ =^{t∗}_{t0} . One may plot^{a0}_{a(t∗)} versus γ =^t_{t0} for various values of ξ and β. The values of γ_∗ corresponding to the observational value of^{a0}_{a(t∗)} ∼ 1090 are given in Table VI. Inspection of the table suggests there are no of the values are ξ and β compatible with observational value t_∗ ≃ 3.8 × 10^5 yr [17] that corresponds to the interval γ_∗ =^{t∗}_{t0} = 2.375 × 10^{−5} − − − 3.4545 × 10^{−5} (provided that t_0 = (11 − − − 16) Gyrs) except for ξ = 0.8, 1 and β somewhere between 2 and 5 (i.e. ∼ 3.7, 3) while the values for ξ = 0.8, β = 5 and ξ = 1.2, β = 5 are close to the relevant values. In fact this poor agreement with those given in [17] is expected. In addition to the reasons mentioned for the reionization ξ β γ_{ri} ξ β γ_{ri} 0.8 2 1.42 × 10^{−6} 0.8 5 7.45 × 10^{−5} 0.8 10 3.3 × 10^{−4} 0.8 20 9.05 × 10^{−4} 0.8 50 2.32 × 10^{−3} 0.8 100 3.99 × 10^{−3} 0.8 200 6.17 × 10^{−3} 0.8 500 9.86 × 10^{−3} 0.8 1000 1.32 × 10^{−2} 0.8 2000 1.71 × 10^{−2} 1 2 3.9 × 10^{−6} 1 5 1.15 × 10^{−4} 1 10 4.44 × 10^{−4} 1 20 1.12 × 10^{−3} 1 50 2.7 × 10^{−3} 1 100 4.5 × 10^{−3} 1 200 6.8 × 10^{−3} 1 500 1.06 × 10^{−2} 1 1000 1.425 × 10^{−2} 1 2000 1.81 × 10^{−2} 1.2 2 7.91 × 10^{−2} 1.2 5 7.45 × 10^{−5} 1.2 10 3.3 × 10^{−4} 1.2 20 1.56 × 10^{−3} 1.2 50 3.34 × 10^{−3} 1.2 100 5.28 × 10^{−3} 1.2 200 7.7 × 10^{−3} 1.2 500 1.17 × 10^{−2} 1.2 1000 1.53 × 10^{−2} 1.2 2000 1.95 × 10^{−2} TABLE VI. The allowed range of values of γ_∗ =^{t∗}_{t0} for various values of ξ, γ with^{a0}_{a(td)} ∼ 1090

time there is an important additional source of discrepancy. The time of matter radiation decoupling time is quite close to the radiation dominated era. The ratio of radiation in this period in the order of a fourth of the total energy density at this time while this model neglects the contribution of radiation.

To summarize the results of this section can be stated as follows: We have seen that the predictions of this model for each of (_ä a /G_{00} ) t=t_0 ,

(_{G11}

g_{11} /G00 ) t=t_0 , a_0/a(t_d), a_0/a(t_{ri}) are compatible with observations although not with central values given in literature. The prediction of the model for a_0/a(t_∗) is partially consistent with observational values. In fact the relatively less compatibility for the decoupling time t_∗ is expected since the radiationmatter decoupling time is close to the radiation dominated era while radiation is ignored in this study. I have also shown that an inflationary era naturally fits the model. One may consider the simultaneous compatibility of the predictions of all these parameters with observations as well. In all cases there is wide range of β’s compatible with Eq.(32). The values of β allowed by (38) includes the values allowed by Table I, that is, Table I and (38) are compatible while Table I is more restrictive. The values of γ_d in Table III that are compatible with Table IV are ξ=0.8 ⇒ γ_d=0.4 or γ_d=0.5, ξ=1 ⇒ γ_d=0.5 or γ_d=0.8, ξ=1.2 ⇒ hardly γ_d=0.8. The values of ξ, γ_d in Table IV whose β values compatible with the β values in Table I are ξ=0.8, γ_d=0.4, γ_d=0.5, β= 2.14 – 12.2; ξ=1, γ_d=0.5 ⇒ β= 4 – 144; ξ=1, γ_d=0.6 ⇒ β= 130 – 147; ξ=1.2, γ_d=0.6 ⇒ Table I and Table IV are compatible except for lowest values of β. Mostly Table I is more restrictive than Table IV. The values of γ_{ri} in Table V that are more compatible with observational value γ_{ri}= 0.0225 – 0.0472 in literature [17] seem to prefer β in the range 2 – 10. I do not use Table VI to constraint β since the time of decoupling is close to the radiation dominated era while we do ignore radiation, so the reliability of the values obtained is questionable, and an order of magnitude compatibility is enough. We see that compatibility of the values of all these tables seem to prefer values ξ = 0.8 - 1, β = 2 - 10. However these values of β are at the edge of the observationally allowed values rather than being centrally allowed values. The limited overall compatibility of the results of this model with observations may either be due to this model being simply a toy model or the inapplicability of some of the assumptions of the analysis in literature to this model such as Eq.(44) and ω(a) = −ω_0 + ω_1(1 − a) or a combination of both. In fact, even a standard analysis may be enough to check the viability of this model beyond a toy model for small enough redshift bins. For example, it seems that the allowed value of the equation of state for dark energy, ω_{DE} at the smallest redshift bin in Figure 14 of [20] may be as large as -1/3 while the G_{11}/G_{00} versus β graph for this model at present time (for ξ = 1) gives G_{11}/G_{00} ≃ −0.45 (that corresponds to ω_{DE} ∼ −0.65 for Ω_{DE} = 0.74) for β ∼ 3. A definite conclusion needs a detailed comprehensive reanalysis of all data in the light of this model in a separate study.

IV. CONCLUSION

I have considered a model where inflationary era and (dark) matter dominated eras are induced by a scalar field ϕ_1 while the dark energy dominated era is induced by another scalar ϕ_2. These fields may be either considered to be fundamental fields or as effective classical fields. I prefer to consider them as classical fields rather than true fundamental fields. I have neglected the effects of baryonic matter and radiation. A rough phenomenological analysis of cosmic data gives an order of magnitude agreement with data. This is encouraging for future studies in this direction. One must include baryonic matter and radiation to obtain a more realistic model. However this is not an easy task. First difficulty is that baryonic matter and radiation should be included after the time of inflation because it should be produced by the decay of one of the scalars (probably by ϕ_1). Second, even when one includes them in ad hoc way this modifies the metric. Hence one must find the scale factor that corresponds to inclusion of the baryonic matter and radiation and this not a trivial task. Another point that needs further study is a more detailed and comprehensive analysis of the available parameter space and to find the most optimal set. Yet another point for further study is the study of cosmological perturbations produced in the inflationary epoch. The inflation obtained here is a standard slow-roll inflation with the canonical kinetic terms for the scalars. Therefore the general form of the perturbations is the same as the usual slow-roll case [23]. However a detailed study of the perturbations in this model should be obtained to compare with the expectations of the other models for data to be obtained in future cosmological observations. All these points need further separate studies.

ACKNOWLEDGMENTS

I would like to thank Professor Joan Solà, and Professor Eduardo I. Guendelman for reading the manuscript and for their valuable comments.

[1] K. Nakamura et al. (Particle Data Group), J. Phys. G 37, 075021 (2010) [2] E.J. Copeland, M. Sami, S. Tsujikawa, Dynamics of dark energy, Int. J. Mod. Phys. D 15, 1753 (2006), hep-th/0603057;

M. Sami, Models of dark energy, Lect. Notes Phys. 720, 219 (2007);

J. Frieman, M. Turner, D. Huterer, Dark energy and the accelerating universe, Ann. Rev. Astron. Astrophys.46, 385 (2008), arXiv:0803.0982 [3] G. Bertone, D. Hooper, J. Silk, Particle dark matter: Evidence, candidates and constraints, Phys. Rep. 405, 279 (2005), hep-ph/0404175

[4] D. Lyth, A. Riotto, Particle physics models of inflation and the cosmological density perturbation, Phys. Rep. 314, 1 (1999), hep-ph/9807278 [5] A. Mazumdar, J. Rocher, Particle physics models of inflation and curvaton scenarios, Phys.

Rep. 497, 85 (2011), arXiv:1001.0993 [6] E.I. Guendelman, Scale invariance and present vacuum energy of the universe, in e- Proceedings of 35th Rencontres de Moriond: Energy Densities in the Universe, Les Arcs, France, 2000 (unpublished), gr-qc/0004011 [7] F. Bauer, J. Solà, and H. Štenfančić, The Relaxed Universe: Towards solving the cosmological constant problem dynamically from an effective action functional of gravity, Phys. Lett. B 688, 269 (2010), arXiv:0912.0677;

F. Bauer, J. Solà, and H. Štenfančić, Dynamically avoiding fine-tunening the cosmological constant: the ”Relaxed Universe”, JCAP 12, 029 (2010), arXiv:1006.3944 J. Solà, Cosmologies with a time dependent vacuum, J. Phys. Conf. Ser. 283, 012033 (2011), arXiv:1102.1815 [8] Q. Shafi, A. Sil, S-W. Ng, Hybrid inflation, dark energy and dark matter, Phys. Lett. B 620, 105 (2005), hep-ph/0502254;

S. Capozziello, S. Nojiri, and S.D. Odintsov, Unified phantom cosmology: Inflation, dark energy and dark matter under the same standard, Phys. Lett. B 632, 597 (2006), hep-th/0507182; P.Q. Hung, E. Masso, and G. Zsembinski, Low-scale inflation in a model of dark energy and dark matter, JCAP 0612, 004 (2006), astro-ph/0609777;

G. Zsembinszki, Unified model for inflation and dark matter, J. Phys. A 40, 7081 (2007), astro-ph/0701370;

G. Panotopoulos, A brief note on how to unify dark matter, dark energy, and inflation, Phys. Rev. D 75, 127301 (2007), arXiv:0706.2237;

A.R. Liddle, C. Pahud, L.A. Urena-Lopez, Triple unification of inflation, dark matter, and dark energy using a single field, Phys. Rev. D 77, 121301 (2008), arXiv:0804.0869; S. Nojiri, S.D. Odinstov, Dark energy, inflation and dark matter from modified F(R)-gravity, in the Proceedings of Problems of Modern Theoretical Physics, (2008) arXiv:0807.0685; N. Bose, A.S. Majumdar, A k-essence model of inflation, dark matter and dark energy, Phys. Rev. D 79, 103517 (2009), arXiv:0812.4131;

A.B. Henriques, R. Potting, P.M. Sa, Unification of inflation, and dark energy, and dark matter within the Salam-Sezgin cosmological model, Phys. Rev. D 79, 103522 (2009), arXiv:0903.2014;

C-M. Lin, Triple unification of Inflation, Dark matter and dark energy in chaotic brane inflation, arXiv:0906.5021;

T. Buchert, Towards physical cosmology: geometrical interpretation of dark energy, dark matter and inflation without fundamental sources, arXiv:012.3084 [9] M. Shaposhnikov, I. Tkachev, The νMSM, inflation, and dark matter, Phys. Lett. B 639, 414 (2006), hep-ph/0604236 [10] M. Bastero-Gil, A. Berera, B.M. Jackson, A. Taylor, Hybrid quintessential inflation, Phys.

Lett. B 678, 157 (2009), arXiv:0905.2937 [11] E.D. Reese, H. Kawahara, T. Kitayama, N. Ota, S. Sasaki, Y. Suto , Impact of Chandra calibration uncertainties on galaxy cluster temperatures: application to the Hubble Constant, Astrophys. J. 721, 653 (2010), arXiv:1006.4486 [12] N. Dauphas , The U/Th production ratio and the age of the Milky way from meteorites and Galactic halo stars, Nature 435, 1203 (2010) [13] J.J. Cowan, B.P. Pfeiffer, K.-L. Kratz, F.-K. Thielmann, C. Sneden, S. Burles, D. Tytler, T.C.

Beers , r-Process Abundances and Chronometers in Metal-poor Stars, Astrophys. J. 521, 194 (1999) S. Wanajo, N. Itoh, Y. Ishimaru, S. Nozawa, T.C. Beers , The r-Process in the Neutrino Winds of Core-collapse Supernovae and U-Th Cosmochronology , Astrophys. J. 577, 853 (2002), astro-ph/0206133 [14] B. Chaboyer, P.J. Kernan, L.M. Krauss, P. Demarque, A lower limit on the age of the universe, Science 271, 957 (1996), astro-ph/9509115 B. Chaboyer, The age of the universe, Nucl. Phys. Proc. Suppl. 51B, 10 (1996), astro-ph/9605099 R.G. Gartton, F.F. Pecci, E. Carretta, G. Clementini, C.E. Corsi, M.G. Lattanzi, , Ages of Globular Clusters from Hipparcos Parallaxes of Local Subdwarfs, Astrophys. J. 491, 749 (1997), astro-ph/9704150 B. Chaboyer, P. Demarque, P.J. Kernan, L.M. Krauss The age of Globular Clusters in Light of Hipparcos: Resolving the Age Problem?, Astrophys. J. 494, 96 (1998), astro-ph/9706128

[15] A. Melchiorri, L. Pagano, and S. Pandolfi, When did cosmic acceleration start?, Phys. Rev. D 76, 041301 (2007), arXiv:0706.1314 [16] Q.-J. Zhang and Y.-L. Wu, Time-Varying Dark Energy Constraints From the Latest SN Ia, BAO and SGL, JCAP 1008, 038 (2010), arXiv:1008.0930 [17] E. Komatsu et. al. (WMAP Collaboration), Five-Year Wilkonson Microwave Anisotropy Probe (WMAP) Observations: Cosmological Interpretation, Astrophys. J. Suppl. 180, 330 (2009), arXiv:0803.0547 [18] E.E.O. Ishida, R.R.R. Reis, A.V. Torbio, and I. Waga, When did cosmic acceleration start?

How fast was the transition?, Astro. Part. Phys. 28, 547 (2008), arXiv:0706.0546 [19] J. Solà, H. Štefančić, Effective equation of state for dark energy: Mimicking quintessence and phantom energy through a variable Λ, Phys. Lett. B 624, 147 (2005), astro-ph/0505133; J. Solà, H. Štefančić, Dynamical dark energy or variable cosmological parameters?, Mod. Phys. Lett. A 21, 479 (2006), astro-ph/0507110 [20] R. Amanullah et. al., Spectra and Light Curves of Six Type Ia Supernovae at 0.511¡z¡1.12 and the Union2 Compilation, Astrophys. J. 716, 712 (2010), arXiv:1004.1711 [21] E. Komatsu et. al. (WMAP Collaboration), Seven-Year Wilkonson Microwave Anisotropy Probe (WMAP) Observations: Cosmological Interpretation, Astrophys. J. Suppl. 192, 18 (2011), arXiv:1001.4538 [22] N. Arkani-Hamed, S. Dimopoulos, N. Kaloper, J. March-Russell, Rapid asymmetric inflation and early cosmology in theories with submillimeter dimensions, , Nucl. Phys. B 567, 189 (2000), hep-ph/9903224;

G. G. Ross, G. German, Hybrid low scale inflation, Phys. Lett. B 691, 117 (2010), arXiv:1002.0029 [23] S. Weinberg, Cosmology, (Oxford Univ. Press, New York, 2008)