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Abstract

A reconstruction scheme is developed for modified f(R) gravity with realistic
matter (dark matter, baryons, radiation). Two versions of such theory are
constructed: the first one describes the sequence of radiation and matter
domination, deceleration—acceleration transition and acceleration era, and the
second one is reconstructed from exact ACDM cosmology. The inclusion of
a radiation dominated era in the cosmological sequence is qualitatively a new
result. The asymptotic behaviour of the first model at late times coincides
with the theory containing positive and negative powers of curvature while
the second model approaches general relativity without a singularity at zero
curvature.

PACS numbers: 04.20.—q, 98.80.Jk

1. Introduction

The modified f(R) gravity (for a review, see [1]) suggests a very interesting gravitational
alternative for dark energy where the current cosmic speed-up is explained by the presence of
some sub-dominant terms (such as 1/R [2, 3] or In R [4]) which may be caused by string/
M-theory [5]. These terms may become essential at small curvature. There are simple models
of modified f(R) gravity such as the one with negative and positive powers of curvature [6]
which are consistent with late-time astrophysical constraints [7, 8] and solar system tests [9].
The accelerating cosmology in such theories has been studied in [6, 10].

It became clear recently that modified f(R) gravity may also describe the sequence of
matter dominated, transition from deceleration to acceleration and acceleration eras [11, 12].

3 Also at TSPU, Tomsk.
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This fact is very important because it shows that on theoretical level the modified gravity may
be considered as a realistic alternative of usual general relativity where the presence of such
cosmological epochs is described at any modern textbook. The reconstruction scheme which
permits us to reconstruct modified gravity for any given FRW cosmology has been developed
[11]. In the present paper we show that such a reconstruction scheme may be applied also in the
realistic situation when usual matter is added to modified f(R) gravity. Specifically, we find
two implicitly given versions of f(R) gravity with matter which may serve as an alternative
for ACDM cosmology. The first model describes the sequence of radiation dominated,
matter dominated and acceleration eras ,while the second model matches exactly with ACDM
cosmology. The inclusion of a radiation dominated era to cosmological sequence in modified
gravity is a qualitatively new result which was not established previously. Moreover, in the
acceleration epoch the asymptotic behaviour of such theories may be defined: in the first
case the model [6] containing negative power of curvature is recovered while the second
model asymptotically approaches to standard general relativity. Brief arguments showing the
possibility of including in the above cosmological sequence also inflationary stage are made.
The fitting of the proposed modified gravity with three years WMAP data may be successfully
done which shows that such a theory is indeed the alternative for usual general relativity.

2. General formulation of the reconstruction scheme

In the present section we review the reconstruction scheme for modified gravity with f(R)
action [11], where it has been shown how any given cosmology may define the implicit form
of the function f. The starting action of modified gravity is

S = /d4xx/—_g{f(R) +£matter}' (1)

Here Lpauer 1S the matter Lagrangian density. The above action is equivalently rewritten as
(see, for example, [13])

s:/&mﬁwam+Q@H£mm. @)

Here P and Q are proper functions of the scalar field ¢. Since the scalar field does not have a
kinetic term, it may be regarded as an auxiliary field. In fact, by the variation of ¢, it follows
0 = P'(¢)R + Q'(¢), which may be solved with respect to ¢ as ¢ = ¢(R). By substituting
the obtained expression of ¢ (R) into (2), one comes back to f(R)-gravity:

S = /d4xx/—_g{f(R) + Limatter} f(R) = P(@R)R+ Q(p(R)). 3)

By the variation of the action (2) with respect to the metric g,,, we obtain the equations
corresponding to the standard spatially flat FRW universe:

dP(@ (1)
t tp

0=—6H>P(¢p) — Q(¢) — 6Hd— , 4

2
0= (4H+6H2)P(¢)+Q(¢)+2%+4HW+p 5)
Simple algebra leads to the following equation[11]:
2
0=24 P;jz(’)) —2Hdpfi¢(t)) FAHP(@G) + p+p. ©)
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As one can redefine the scalar field ¢ freely, we may choose ¢ = ¢. In fact, ¢ can be some
function of 7 as ¢ = ®(r). Then we may always define a new scalar field ¢ by ¢ = D ()
and use P(¢) = P(®(¢)) and O(p) = Q(P(¢)) instead of P(¢) and Q(¢). It is assumed
that p and p are the sum from the contribution of the matters with a constant equation of state
parameters w;. Especially, when it is assumed to be a combination of the radiation and dust,
one gets the standard expression,
—_ — Pro _

P = proa 4 + paoa 3, P = Tﬁl 4» (N

with constant p,q and pyo. If the scale factor a is given by a proper function g(t) as a = ag e8®

with a constant ay, equation (5) reduces to the second rank differential equation (see also [12]):
d*P () 4P (@) " “3(14wy) _—3(1+w)g(@)
i O =g T @P@)+ Xija +w;) piody e @ ()
In principle, by solving (8) the form of P(¢) may be found. Using (4) (or equivalently (5)),
the form of Q(¢) follows as

/ AP () —3(1+w) —3(14w;
0(9) = ~6(8 (@)’ P($) = 68'@) =g =+ puoay "™ 7@, ©)
Hence, in principle, any given cosmology expressed as a = ape®"” can be realized as the
solution of some specific (reconstructed) f (R)-gravity. Moreover, this reconstruction scheme,
as shown in [14], may be generalized for other types of modified gravity.

0=2

3. Models of f(R) gravity with transition of matter dominated phase to the
acceleration phase

Let us consider realistic examples where the total action contains also usual matter. The
starting form of g(¢) is

e =@y (F ). (10)
$o
with a constant ¢. It is assumed that 4 (¢) is a slowly changing function of ¢. Due to ¢ = ¢,
it follows H ~ h(t)/t, and the effective EoS (equation of state) parameter we is given by
_ 2H 2

U)eff=—1+m’\’—l+3h—(t). (11)

Therefore wegr changes slowly with time.
As h(¢) is assumed to be a slowly changing function of ¢ = ¢, one can use adiabatic

approximation and neglect the derivatives of h(¢) like (W'(¢p) ~ h”(¢) ~ 0). Then
equation (8) has the following form:

0= &P(@)  h(@)dP(9)  2h(¢)
= d¢2 ¢ dt ¢2

The solution for P (¢) is found to be [11]
P(¢) = pi¢™ @ + p_¢" P+ pi(g)p @, (13)

P(@)+ ) pioag " e 8@, (12)
i

Here p. are arbitrary constants and

h(¢) — 1 £ \/h(¢)? +6h 1
na() = @) ¢;¢) +6h(@) +1

pi(¢) = —{(1 + u)i)pioao—3(1+wi)¢8(l+wi)h(q))}
X {6(1 +w;) (4 + 3w)h($)* — 2(13 + Yw;)h(p) + 4}~ 14
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Especially for the radiation and dust, one has

4p, 4h(¢)
Pad(®) = =3 a0 (¢p)20 " 320(¢) +4)’
Pd(}¢3h(¢) )
Paw($) = T @ QA0 — 26h(p) +4)
The form of Q(¢) is found to be
0(¢) = —6h(p) p+(h(P) +ns($))9" P> — 6h(p) p—(h(§) +n_(¢))$" @ ~?
+ Y { = 6h(@)(—2+3w)h($) +2)pi($)
+ p;oao—3(1+wi)¢3(1+wi)h(¢) }¢73(1+w;)h(¢) ) (16)
Equation (10) tells that
r o OO+ 2h(t)2)' an

t2

Let us assume limy_,¢ h(¢) = h; and limg_, o () = hy. Then if 0 < h; < 1, the early
universe is in a deceleration phase and if 4 > 1, the late universe is in an acceleration phase.
We may consider that the case h(¢) ~ h,, is almost constant when ¢ ~ 1, (0 < t,, K +00).
If hj, hy > 1and O < h, < 1, the early universe is also accelerating, which could describe
the inflation. After that the universe becomes decelerating, which corresponds to the matter-
dominated phase with h(¢) ~ 2/3 there. Furthermore, after that, the universe enters the
acceleration epoch. Hence, the unification of the inflation, matter domination and late-time
acceleration is possible in the theory under consideration.

As an extension of the above model [11], we consider the inclusion of the radiation,
baryons and dark matter,

hi + hfq¢2
1+qg@?

with constants h;, h s, and g. When ¢ — 0, h(¢) — h; and when ¢ — oo, h(¢p) — hy. If g
is small enough, A (¢) can be a slowly varying function of ¢. By using the expression of (17),
we find [11]

h(¢) = , (18)

¢* = ®o(R), ®L(R),
dbozai/3+a1_/3, D, Eali/3ezm/3+ot¥3e’2”i/3,
3
—po =B — B
ay = ,
2
2(2R +6h,q —121%q)° (2R +6h,q — 121%q) (R +6hiq +6h rg — 4hih rq) 1)
Po= 273 R? a 3¢R
+6h; — 12h?,

2
(2R +06hpq —12h59)" R +6hiq +6hsq — 4hih g

3q2R2 qu '
There are three branches @y and ®. in (19). Equations (17) and (18) show that when the
curvature is small (¢ = ¢ is large), we find R ~ 6(—h rt 2h§) / ¢* and when the curvature
is large (¢ = ¢ is small), R ~ 6(—h; + 2h}) /¢*. This asymptotic behaviour indicates that

1=
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we should choose @ in (19). Then the explicit form of f(R) could be given by using the
expressions of P(¢) (13) and Q(¢) (16) as

F(R) = P(Po(R)R + Q(v/ Po(R)). (20)

One may check the asymptotic behaviour of f(R) (20) (for some parameters choice) in
the acceleration era coincides with the theory proposed in [6]. We now consider the case
where, besides dust, which could be dark matter and baryons, there is radiation. In this case,
P(¢) is given by

P(@®) = p+¢d™ P + (Paark (@) + Poaryon (@)D" P + praa(gp) e @+ (21)

Here prad(¢) is given by (15) and pdark(¢) + pbaryon(d’) are

_ (Pdarko + pbaryono)qbgh((p)
al(24h(¢)? — 26h(¢p) +4)

We now find n, > —3h(¢) +2 > —4h(¢p)+2 > 0, in (21). Here ny, = (h(¢p) — 1 £
\/h (¢)% + 6h(¢) + 1)/2is defined in (14). Then when ¢ is large, the first term in (21) dominates
and when ¢ is small, the last term dominates. When ¢ is large, the curvature is small and
¢? ~ 6(—h s +2hs)/R and h(¢) — h(c0) = hs. Hence, f(R) ~ R™M®=5+/lj+0h+D/4
Especially when 4 > 1, it becomes f(R) ~ R~"//2, Therefore there appears the negative
power of R predicted by the presence of a matter-dominated stage. As H ~ hg/t,if hy > 1,
the universe is in an acceleration phase.

On the other hand, when the curvature is large, we find ¢2 ~ 6(—h; +2h;)/R and
h(¢) — h(0) = h;. If the universe era corresponds to the radiation dominated phase
(h; = 1/2), P(¢) becomes a constant and therefore f(R) ~ R, which reproduces the
Einstein gravity.

Thus, in the above model, the radiation/matter dominated phase evolves into an
acceleration phase and f(R) behaves as f(R) ~ R initially while f(R) ~

R™h@)=5+/hj+6h+D/4 ot Jate time. For the matter dominated phase, we have h = 2/3.
Since h; = 1/2 < 2/3 < hy and h(¢ = 1) is a slowly increasing function of ¢ = ¢, there
should always be a matter dominated phase. Therefore in the model (18) with h; = 1/2, the
universe is first in the radiation dominated phase. Subsequently, the universe evolves to the
matter dominated phase, and finally to the accelerated phase which is consistent with ACDM
cosmology.

Thus, we presented the example of implicitly given f(R) gravity which describes
the radiation dominated era, the matter dominated stage, transition from deceleration to
acceleration and acceleration epoch (where it may include the negative powers of R). This
model seems to be a quite reasonable alternative for the standard ACDM cosmology.

Pdark (P) + Phbaryon (¢) = (22)

4. Model reproducing ACDM-type cosmology

Let us investigate if ACDM-type cosmology could be reconstructed exactly by f(R)-gravity
in the present formulation when we include dust, which could be a sum of the baryon and dark
matter and radiation.
In the Einstein gravity, when there is a matter with the EOS parameter w and cosmological
constant, the FRW equation has the following form:
3

3 2 =3(1+w)
;H = ,O(]a + _/(212 . (23)
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Here / is the length parameter. The solution of (23) is given by
2 ) 3(1+w)
= 8 )= —1 h — I 24
a=aped", g(t) 3+ 0 n(asm ( (t —1o) (24)

Here 1, is a constant of the integration and a? = (1 / 3)[(2[2,00(1(; 3(1+w). Let us show how it is
possible to reconstruct f(R)-gravity reproducing (24). When matter is included, equation (8)
has the following form:

2
CP@) 2 oth<3(1+w)(¢— )> dzgp)

a1
_ 6(1+w) sinh (3(1 +w) ¢ — lo)) P (@)
—8/3(1+w)
+ gpr0a64 <“ sinh (3( w) (¢ — 0)))

12
—2/(1+w)
+ paoag (oc sinh (3(1 W po zo))) . (25)

Since this equation is a linear inhomogeneous equation, the general solution is given by the
sum of the special solution and the general solution which corresponds to the homogeneous
equation. For the case without matter, by changing the variable from ¢ to z as follows:

2= —sinh2 (3(1 W) 0)) (26)

Equation (25) without matter can be rewritten in the form of Gauss’s hypergeometric

differential equation:
d’p s P _
—z(l—z)—+[y (oz+,3+1)z]d—z—ocﬁP,

0=2

1 1 1 @7
=44+ —0, i+p+1=64+-—, i = ———,
4 3(1+w) arh 3(1+w) =30 w
whose solution is given by Gauss’s hypergeometric function:
Iy ~=T@+mr(B+n) "
P=PF@f 7= ! Z - = (28)
1"( )T(B) Ly +n)  nl

Here I' is the I'-function. There is one more hnearly independent solution such as
(1 =279 PF@y —a,y — B, y;z) but we drop it here, for simplicity. Using (9), one
finds the form of Q(¢):
6(1—2)F . 31 +w)z(l —2)

Q= g F@pyio- 2(13 + 12w)
From (26), it follows z — 0 when r = ¢ — +o0o. Then in the limit, one arrives at
P(®)R+ Q(¢p) — PyR —6Py/I?. Identifying Py = 1/2«* and A = 6/12, the Einstein theory
with cosmological constant A can be reproduced. The action is not singular even in the limit
of t — oo. Therefore even without cosmological constant or cold dark matter, the cosmology
of ACDM model could be reproduced by f(R)-gravity (for a different treatment, see [15]).

We now investigate the special solution of (25). By changing the variable as in (26), the
inhomogeneous differential equation looks as

2
2w

d P dpP
b e (cx+/3+1)zd—z—otﬁP+n( g) 2B g ()T

P 3
F@a@+1,B+1,7+1;2). (29)

(30)

n= 412 0rod, 4a—8/3(1+w) § = 12 Iodoa—3a—2/(l+w)
270 +w)" 0 ’ 31+w) 0 ‘
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It is not trivial to find the solution of (30). Let us consider the case that w = 0 and z — —o0,
that is, r — #y. In the limit, equation (30) reduces to

a’p P .
0=—Z—— +yz— —@pP+n (=277, (31)
dz? dz
whose special solution is given by
- n 9
P = Py(—2)*", Py = - - = (32)
% — w +ap 25

In principle, there could be found other special solution of equation (30). This proves that
even in the presence of matter, the standard ACDM cosmology could be reproduced by
f (R)-gravity exactly.

Thus, we presented two versions of modified f(R) gravity with matter. The first version
describes the sequence of radiation dominated, matter dominated, transition from deceleration
to acceleration and acceleration eras (compare with scalar-tensor gravity with the same
emerging cosmology [16]). In the aceleration era the action may asymptotically approach
the action with negative and positive powers of R proposed in [6]. Moreover, for some choice
of parameters it reproduces the ACDM cosmology at late times. The second model may
reproduce ACDM cosmology exactly. Using the number of free parameters of the models
one can expect that they may be in good correspondence with observational data as they are
with three years WMAP data. Nevertheless, the precise fitting of the proposed f(R) gravity
against existing/coming observational data should be done.

Acknowledgments

We thank J Sola for the invitation to give the talk at the IRGAC conference. The work of
SN was supported in part by Monbusho grant no 18549001 (Japan) and 21st Century COE
program of Nagoya University provided by JSPS (15COEEGO1) and that of SDO by the
project FIS2005-01181 (MEC, Spain) and by RFBR grant 06-01-00609 (Russia).

References

[1] Nojiri S and Odintsov S D 2006 Preprint hep-th/0601213
[2] Capozziello S 2002 Int. J. Mod. Phys. D 11 483
Capozziello S, Carloni S and Troisi A 2003 Preprint astro-ph/0303041
[3] Carroll S M, Duvvuri V, Trodden M and Turner S 2004 Phys. Rev. D 70 043528
[4] Nojiri S and Odintsov S D 2004 Gen. Rel. Grav. 36 1765 (Preprint hep-th/0308176)
[5] Nojiri S and Odintsov S D 2003 Phys. Lett. B 576 5 (Preprint hep-th/0307071)
[6] Nojiri S and Odintsov S D 2003 Phys. Rev. D 68 123512 (Preprint hep-th/0307288)
[7]1 Capozziello S, Cardone V F and Troisi A 2005 Phys. Rev. D 71 043503
Capozziello S, Cardone V F and Francaviglia M 2006 Gen. Rel. Grav. 38 711
Amarzguioui M, Elgaroy O, Mota D F and Multamaki T 2005 Preprint astro-ph/0510519
Mena O, Santiago J and Weller J 2006 Phys. Rev. Lett. 96 041103
Koivisto T and Kurki-Suonio H 2006 Class. Quantum Grav. 23 2355
Capozziello S, Cardone V F, Elizalde E, Nojiri S and Odintsov S D 2006 Phys. Rev. D 73 043512 (Preprint
astro-ph/0508350)
Borowiec A, Godlowski W and Szydlowski M 2006 Preprint astro-ph/0607639
Bludman S 2006 Preprint astro-ph/0605198
Capozziello S, Stabile A and Troisi A 2006 Preprint gr-qc/0603071
Bergliaffa S 2006 Preprint gr-qc/0608072
Huterer D and Linder E 2006 Preprint astro-ph/0608681
[8] Brookfield A W, Bruck C van de and Hall L 2006 Preprint hep-th/0608015


http://www.arxiv.org/abs/hep-th/0601213
http://dx.doi.org/10.1142/S0218271802002025
http://www.arxiv.org/abs/astro-ph/0303041
http://dx.doi.org/10.1103/PhysRevD.70.043528
http://dx.doi.org/10.1023/B:GERG.0000035950.40718.48
http://www.arxiv.org/abs/hep-th/0308176
http://dx.doi.org/10.1016/j.physletb.2003.09.091
http://www.arxiv.org/abs/hep-th/0307071
http://dx.doi.org/10.1103/PhysRevD.68.123512
http://www.arxiv.org/abs/hep-th/0307288
http://dx.doi.org/10.1103/PhysRevD.71.043503
http://dx.doi.org/10.1007/s10714-006-0261-x
http://www.arxiv.org/abs/astro-ph/0510519
http://dx.doi.org/10.1103/PhysRevLett.96.041103
http://dx.doi.org/10.1088/0264-9381/23/7/009
http://dx.doi.org/10.1103/PhysRevD.73.043512
http://www.arxiv.org/abs/astro-ph/0508350
http://www.arxiv.org/abs/astro-ph/0607639
http://www.arxiv.org/abs/astro-ph/0605198
http://www.arxiv.org/abs/gr-qc/0603071
http://www.arxiv.org/abs/gr-qc/0608072
http://www.arxiv.org/abs/astro-ph/0608681
http://www.arxiv.org/abs/hep-th/0608015

6732 S Nojiri and S D Odintsov

[9] Allemandi G, Francaviglia M, Ruggiero M and Tartaglia A 2005 Preprint gr-qc/0506123
Meng X and Wang P 2004 Gen. Rel. Grav. 36 1947
Domingues A and Barraco D 2004 Phys. Rev. D 70 043505
Koivisto T 2005 Preprint gr-qc/0505128
Clifton T and Barrow J 2005 Phys. Rev. D 72 103005
Cembranos J 2006 Phys. Rev. D 73 064029
Sotiriou T 2005 Preprint gr-qc/0507027
Navarro I and Acoleyen K Van 2005 Phys. Lett. B 622 1
Shao C, Cai R, Wang B and Su R 2005 Preprint gr-qc/0511034
Soussa M E and Woodard R P 2004 Gen. Rel. Grav. 36 855
Capozziello S and Troisi A 2005 Phys. Rev. D 72 044022
Atazadeh K and Sepangi H 2006 Preprint gr-qc/0602028
Woodard R 2006 Preprint astro-ph/0601672
Dolgov A D and Kawasaki M 2003 Phys. Lett. B 573 1
Faraoni V 2006 Preprint gr-qc/0607016
[10] Nojiri S and Odintsov S D 2004 Mod. Phys. Lett. A 19 627 (Preprint hep-th/0310045)
Allemandi G, Borowiec A and Francaviglia M 2004 Phys. Rev. D 70 043524
Meng X and Wang P 2005 Class. Quantum Grav. 22 23
Meng X and Wang P 2004 Class. Quantum Grav. 21 951
Abdalla M C B, Nojiri S and Odintsov S D 2005 Class. Quantum Grav. 22 L35 (Preprint hep-th/0409177)
Allemandi G, Borowiec A, Francaviglia M and Odintsov S D 2005 Phys. Rev. D 72 063505 (Preprint
2r-qc/0504057)
Easson D 2004 Int. J. Mod. Phys. A 19 5343
Cognola G, Elizalde E, Nojiri S, Odintsov S D and Zerbini S 2005 J. Cosmol. Astropart. Phys. JCAP02(2005)010
(Preprint hep-th/0501096)
Multamaki T and Vilja I 2006 Phys. Rev. D 73 024018
Poplawski N 2005 Preprint gr-qc/0510007
Faraoni V 2005 Phys. Rev. D 72 124005
Brevik I 2006 Preprint gr-qc/0603025
Brevik 12006 Preprint gr-qc/0601100
Sotiriou T 2006 Phys. Rev. D 73 063515 (Preprint gr-qc/0509029)
Srivastava S K 2006 Preprint hep-th/0605010
Samart D 2006 Preprint astro-ph/0606612
[11] Nojiri S and Odintsov S D 2006 Phys. Rev. D 74 086005 (Preprint hep-th/0608008)
[12] Capozziello S, Nojiri S, Odintsov S D and Troisi A 2006 Phys. Lett. B 639 135-143 (Preprint astro-ph/0604431)
[13] Capozziello S, Nojiri S and Odintsov S D 2006 Phys. Lett. B 634 93 (Preprint hep-th/0512118)
Huang Z G, H Q Lu and Fang W 2006 Class. Quantum Grav. 23 6215 (Preprint hep-th/0604160)
Huang Z G, H Q Lu and Fang W 2006 Preprint hep-th/0610018
[14] Nojiri S, Odintsov S D and Sami M 2006 Phys. Rev. D 74 046004 (Preprint ep-th/0605039 2006)
[15] Cruz-Dombriz A and Dobado A 2006 Phys. Rev. D 74 087501
[16] Nojiri S, Odintsov S D and Stefancic H 2006 Phys. Rev. D 74 086009 (Preprint hep-th/0608168)


http://www.arxiv.org/abs/gr-qc/0506123
http://dx.doi.org/10.1023/B:GERG.0000036052.81522.fe
http://dx.doi.org/10.1103/PhysRevD.70.043505
http://www.arxiv.org/abs/gr-qc/0505128
http://dx.doi.org/10.1103/PhysRevD.72.103005
http://dx.doi.org/10.1103/PhysRevD.73.064029
http://www.arxiv.org/abs/gr-qc/0507027
http://dx.doi.org/10.1016/j.physletb.2005.07.008
http://www.arxiv.org/abs/gr-qc/0511034
http://dx.doi.org/10.1023/B:GERG.0000017037.92729.69
http://dx.doi.org/10.1103/PhysRevD.72.044022
http://www.arxiv.org/abs/gr-qc/0602028
http://www.arxiv.org/abs/astro-ph/0601672
http://dx.doi.org/10.1016/j.physletb.2003.08.039
http://www.arxiv.org/abs/gr-qc/0607016
http://dx.doi.org/10.1142/S0217732304013295
http://www.arxiv.org/abs/hep-th/0310045
http://dx.doi.org/10.1103/PhysRevD.70.043524
http://dx.doi.org/10.1088/0264-9381/22/1/002
http://dx.doi.org/10.1088/0264-9381/21/4/015
http://dx.doi.org/10.1088/0264-9381/22/5/L01
http://www.arxiv.org/abs/hep-th/0409177
http://dx.doi.org/10.1103/PhysRevD.72.063505
http://www.arxiv.org/abs/gr-qc/0504057
http://dx.doi.org/10.1142/S0217751X04022578
http://www.arxiv.org/abs/hep-th/0501096
http://dx.doi.org/10.1103/PhysRevD.73.024018
http://www.arxiv.org/abs/gr-qc/0510007
http://dx.doi.org/10.1103/PhysRevD.72.124005
http://www.arxiv.org/abs/gr-qc/0603025
http://www.arxiv.org/abs/gr-qc/0601100
http://dx.doi.org/10.1103/PhysRevD.73.063515
http://www.arxiv.org/abs/gr-qc/0509029
http://www.arxiv.org/abs/hep-th/0605010
http://www.arxiv.org/abs/astro-ph/0606612
http://dx.doi.org/10.1103/PhysRevD.74.086005
http://www.arxiv.org/abs/hep-th/0608008
http://dx.doi.org/10.1016/j.physletb.2006.06.034
http://www.arxiv.org/abs/astro-ph/0604431
http://dx.doi.org/10.1016/j.physletb.2006.01.065
http://www.arxiv.org/abs/hep-th/0512118
http://dx.doi.org/10.1088/0264-9381/23/22/009
http://www.arxiv.org/abs/hep-th/0604160
http://www.arxiv.org/abs/hep-th/0610018
http://dx.doi.org/10.1103/PhysRevD.74.046004
http://www.arxiv.org/abs/ep-th/0605039 ignorespaces 2006
http://dx.doi.org/10.1103/PhysRevD.74.087501
http://dx.doi.org/10.1103/PhysRevD.74.086009
http://www.arxiv.org/abs/hep-th/0608168

	1. Introduction
	2. General formulation of the reconstruction scheme
	3. Models of
	4. Model reproducing CDM-type cosmology
	Acknowledgments
	References

