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Abstract Using modified gravity with non-linear terms of curvature, R?> and R?*" (with
r being a positive real number and R being the scalar curvature), cosmological scenario,
beginning at the Planck scale, is obtained. Here a unified picture of cosmology is obtained
from f(R)-gravity. In this scenario, universe begins with power-law inflation followed by
deceleration and acceleration in the late universe as well as possible collapse of the universe
in future. It is different from f(R)-dark energy models with non-linear curvature terms as-
sumed as dark energy. Here, dark energy terms are induced by linear as well as non-linear
terms of curvature in Friedmann equation being derived from modified gravity. It is also
interesting to see that, in this model, dark radiation and dark matter terms emerge sponta-
neously from the gravitational sector. It is found that dark energy, obtained here, behaves as
quintessence in the early universe and phantom in the late universe. Moreover, analogous
to brane-tension in brane-gravity inspired Friedmann equation, a tension term A arises here
being called as cosmic tension, It is found that, in the late universe, Friedmann equation
(obtained here) contains a term —p?/2) (p being the phantom energy density) analogous to
a similar term in Friedmann equation with loop quantum effects, if A > 0 and brane-gravity
correction when A < 0.

Keywords Modified gravity - Dark energy - Acceleration and deceleration of the universe

1 Introduction

Cosmology was revolutionized by observations made during last few years [1-3]. These
observations show conclusive evidence for acceleration in the late universe, which is still a
challenge for cosmologists. Theoretically, it is found that dark energy (DE) violating strong

S.K. Srivastava (&)
Department of Mathematics, North Eastrn Hill University, Shillong 793022, India
e-mail: srivastava@nehu.ac.in

S.K. Srivastava
e-mail: sushilsrivastava52 @gmail.com

@ Springer


mailto:srivastava@nehu.ac.in
mailto:sushilsrivastava52@gmail.com

Int J Theor Phys (2008) 47: 1966-1978 1967

energy condition (SEC) or weak energy condition (WEC) is responsible for it. So, in the re-
cent past, many DE models were proposed to explain the late cosmic acceleration. A com-
prehensive review of these models is available in [4]. Later on, it was realized that even
non-linear terms of curvature R™" with n > 0 also could be used as DE [5, 6]. Although
this model explained late cosmic acceleration, it exhibited instability and failed to satisfy
solar system constraints. It was improved further by Nojiri and Odintsov taking different
forms of f(R) for DE. These improved models satisfied solar system constraints exhibiting
late cosmic acceleration for small curvature and early inflation for large curvature. Thus, in
f(R)-dark energy models, non-linear curvature terms are considered as an alternative for
DE [7, for detailed review]. Recently, in [8, 9], it is shown that f(R)-dark energy models
with dominating powers of R for large or small R can not yield viable cosmology as results
contradict the standard model and do not satisfy Wilkinson Microwave Anisotropy Probe
(WMAP) results, though these models pass solar system constraints and explain late acceler-
ation. Moreover, it is also shown that the most popular model with f(R) = R+aR"+SR™"
(m > 0, n > 0) considered in [7] is unable to produce matter in the late universe prior to the
beginning of late acceleration [8, 9].

In what follows, it is aimed to get a viable cosmology consistent with WMAP from f (R)-
gravity, where f(R) = R/16mw G +powers of R, not from f (R)-dark energy models [10-13]
discussed above. There is a crucial difference between the two. In the latter case, which is
criticised in [8, 9], non-linear terms of curvature are treated as dark energy terms. On the
contrary, in the former case, neither linear nor non-linear term is considered as dark energy.
In the present model, it is important to see that DE terms are induced by linear (Einstein-
Hilbert term) as well as non-linear terms R? and R?*" in the action. In f (R)-dark energy
models, dark energy terms depend on f(R) terms and its derivative F = df/dR. In the
former case, induced DE terms depend on the scale factor a(¢) of the homogeneous and flat
of Friedmann-Robertson-Walker (FRW) model of the universe.

In this paper, the f(R)-gravity based modified Friedmann equations are derived in the
early and late universe taking small and large a(t) respectively. Contrary to f(R)-dark en-
ergy models dominance of non-linear terms of curvature is not taken here for small and large
R as, in the present model, DE terms emerge as imprints of both linear term as well as pow-
ers of R. In f(R)-dark energy models, action contains lagrangians for matter and radiation
[7-9]. It is interesting to see that, in the present f(R)-gravity model of cosmology, dark
radiation and dark matter terms emerge spontaneously [12, 13].

Friedmann equation (FE), obtained here, gives cosmic dynamics, where some terms
emerge having forms different from known forms of energy density (radiation or matter)
and violate SEC in the case of early universe and WEC in the case of late universe. So, these
terms are recognized as curvature induced DE. Thus, this approach of getting DE from cur-
vature is different from the approach of [7-9]. It is also interesting to see that, in the case
of late universe, FE contains square of DE density with negative sign analogous to a similar
term in Friedmann equation with loop quantum effects [14].

In what follows, it is interesting to see that radiation and matter terms in FE (obtained
here) emerge spontaneously if » =3 and n = 1/4. In [7], radiation and matter terms do
not emerge from the gravitational sector. It is important to mention that, here, theory itself
ignores the cases of r = 1,2 i.e. theory suggests that non-linear of R should be R and R°.
In [7], a certain form of scale factor a(t) is assumed and, later on, conditions are obtained
for assumed a(¢) consistent with experiments and satisfying stability criterion. Here, a(z)
is not assumed, but it is derived solving Friedmann equations in the different stages of the
universe. This is another important difference in approach of this paper compared to [7]. All
these results are obtained from modified gravity without using any exotic matter or field.
This approach is adapted in [10-13] also.
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In [13], a unified picture of the universe, from early inflationary stage to late accelera-
tion and deceleration driven by dark radiation and dark matter between these two stages, is
obtained taking linear and non-linear terms of curvature as well as a different scalar. But, in
this paper, the same result is obtained from curvature terms only.

Investigations, given below, show that, originating at the Planck scale, the universe in-
flates for a very short period followed by deceleration driven by curvature-induced dark
radiation and subsequently by dark matter. In the very late universe, around 12.86 Gyr,
a transition from deceleration to acceleration takes place. Further, it is found that late ac-
celeration will continue upto 58.48 Gyr. This is an epoch for transition from acceleration to
deceleration. At this epoch, acceleration will stop and deceleration, driven by matter, will
resume [13, 16]. The decelerated expansion will continue upto the time ~ 1.05 x 10" Gyr.
By this time, the universe will have maximum expansion. So, it is natural to think that the
universe will retrace back and contract. Results show that, due to contraction, universe will
collapse by the time ~ 1.3 x 103 Gyr.

In [17], quintessence DE in the early universe and phantom DE in the late universe have
been considered taking non-gravitational scalar field (curvature independent scalar field) as
DE source. The present paper is different from [17] in the sense that here we have gravita-
tional origin of quintessence and phantom DE as it is obtained in references [10-13].

Natural units (kg = h = c = 1) (where kg, h, ¢ have their usual meaning. GeV is used as
a fundamental unit and we have 1 GeV~! = 6.58 x 10~ sec. and 1 GeV = 1.16 x 10> K.

2 Action for f(R)-gravity and Friedmann Equations

Here action is taken as

R
S = /dm/_—g[m +aR? +ﬂR(2+’)}, 2.1)

where G = M;z (Mp = 10" GeV is the Planck mass), « is a dimensionless coupling con-
stant, B is a constant having dimension (mass)~>” (as R has mass dimension 2) with r
being a positive real number.

Using the condition §5/6g"*" = 0, action (2.1) yields field equations

1 1 1
167G <R*‘” B EgﬂvR> + “(WMR — 28R — Eg““R2 + 2RRM>

1 "
+BQ+N(Tu TR — g, DR + 2 g R
- BQ2+rRMIR,, =0, (2.2)

where V,, stands for the covariant derivative.
Taking trace of (2.2), it is obtained that

- —6a0R — 382+ rORM 4 BrR®M =0 (2.3)
167G
with
1 9 9
O= ——|(/—gg" ) 24
=5 o ( 88 8x”) (2.4)
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In (2.3)
ORY™ =1 +r)[R'OR+rR""PV*RV,R]. (2.5)
From (2.3) and (2.5)
R r r— 7
TG [6a +38(1+7r)2+r)RIOR —3Br(1+r)2+7r)R"VV*RV,R
+ ﬂrR(2+r) —0. (2.6)

In (2.6), [6a +38(1 + r)(2 + r)R"] emerges as a coefficient of [JR due to presence of
terms o« R and BR®*" in the action (2.1). If « = 0, effect of R> vanishes and effect of
RG*1 is switched off for 8 = 0. So, like [13] an effective scalar curvature R is defined as

YR =[6a +3B(1+r)2+r)R"], 2.7

where y is a constant having dimension (mass)~>" being used for dimensional correction.
Using (2.7) in (2.6), we have

1 .
—— Y —(y/rRYVAYOY + (1/r — HDV*Y VY, Y]

167G
=38/ +r)Q+r)YVr=Vgryy, Y + gry@tir =, (2.8)
where
y—pg = YR -6 (2.92)
38+rQ2+7)
Equation (2.8) is simplified as
— Y- RIOY +(1/r— Y'YV, Y
TTe (y/MRAy +1/r—1) WYl
=3B/ +r)Q+rV*YV,Y + pry/ P =0, (2.9b)
Using (2.9a) in (2.9b), it is obtained that
r S ioR -y Ry R4 RTUR Y, R
- - ~ - - r — - ~
167Gy |y R’ [60 — y R"] g 8
~ VR —6a (1/r+2)
38%r(1 2 R ————— =0. 2.10
+ BB rA+rQ2+r)/y’] [3/3(1“)(2“)} (2.10)
Equation (2.10) is re-written as
1 1 6 - . L
- = S 1 |+0R+ (- DR'V*RY,R
167G yR’*l yR’
R'rfl B - B B ~
— (- VRV, R+ rR'V"RV,R
60 — Yy R"
_ R — 6a (/r+2)
2 Ry YR T —0. 2.11
+r)@2+r)/y°] RSS! (2.11)
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Experimental evidences [18—22] support spatially homogeneous flat model of the uni-
verse

dS?* = dr* — a*(t)[dx* + dy? + d7*] (2.12)

with a(t) being the scale factor.
For a(t), being the power-law function of cosmic time, R ~ a~". For example, R ~ a
for matter-dominated model. So, there is no harm in taking
- A
R=—,
ail

-3

(2.13)

where n > 0 is a real number and A is a constant with mass dimension 2.
Connecting (2.11) and (2.13), it is obtained that

e 1_ Ar —nr hs 2 nr 6 nr
ﬁ+[2_n_n<r_1>+w_nr](ﬁ) 7[ _1}
a

b —yAra=" a) ~16nGyar| yAr
‘371/3 -
B bor —y ATa™" PP, 2.14
n(y Ara 2 Br (1 @ 4 o T YA (2.14)
taking (—B)~!/3 = —B~!/3 and ignoring complex roots as these roots lead to unphysical

situations. Now, we have following two cases.

Case 1: The Early Universe
In this case, a(t) is very small, so (2.14) is approximated as

i a\’ g3
— 2—n— — ~
P +[2-n nr](a> n(y Ara=")2[3r(1 + r)(2 + )]+
x [6a —y ATa™" T (2.15)
as
A)‘ —nr
N (2.16)
6 —yAra=
Integration of (2.15) leads to
a\> B 287"
a a2 n(yA’)2[3r(l +r)(2+r)]l+1/ra(2+2M)
% /a(1+2M+2nr)[6a _ yArafnr]2+1/r (217)
with
M=2—n—nr. (2.18)

Case 2: The Late Universe
In this case, a(¢) is large, so (2.14) is approximated as

a a\’ a™ 6aa™
—+|12—-n—n@r—-—-nrf|-) 2—F7g—| ———-1
a a 16rGy AT | yA”
137]/3
- n(yAra—nr)2[3r(] + r)(2 + r)]l+1/r

(6)* /" [@® — 24 1/r)yA"a™]  (2.19a)
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as
)/Ara—nr
60 — yAra—llr

for large scale factor a. So, (2.19a) is re-written as

. N
f_l + [2— 2nr]<z) = Da"" — Eaan, (219b)
a a
where
_ (% ! Br(l+1)@ -+ [ 6o
D_<yAf>[16nGn -2+l - (ymﬂ (2.20a)
and
2 —1-1/r
E:< 6 ) [ L Brd+ne+n] ( 6a4)]' (2.200)
y A’ 16w Gn n VA

Equation (2.19b) is integrated to

(d)Z B 2D ’"[1 EQ2+2N +nr) m:|

a) _ - 2.21
a a+2N) + (2+2N +nr)a D@2 +2N +2nr)a 2D

with
N =2-—"2nr. (2.22)

Further, it is found that if M = 1, the first term on r.h.s. (right hand side) of (2.17) gives
radiation. Moreover, if N = 1/2 the first term of r.h.s. of (2.21) gives matter. So, using
M =11in(2.18) and N = 1/2 in (2.22), it is obtained that

3 (2.23)
nr=-—, .
4
! (2.24)
n=- .
4
and
r=3. (2.25)

3 Power-Law Inflation Followed by Deceleration in the Early Universe

The approximated Friedmann equation (2.17), in the case of the early universe, looks like

N\ 2 -1/3
a B 8B 9/2 3 —3/417/3
(5) :a_‘*_m/a (6o =y ATa™] G-

using definitions of M and N as well as (2.24) and (2.25). In (3.1),
9/2 3 —3/477/3 2 112 3 _3/4y1/3 7 3
a’’“[6a —yAia ") = ﬁa {6a —yA’a™""} —ZyA

X /015/4{601 —yA’a ) da. (3.2a)
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It is noted that for
a<(yA/6a) =a., (3.2b)

terms within bracket and the integral on the right hand side of (3.2a) are of the order of a'%/4.

So,
) /3
/ a6 — y Ada P ~ [H“' {60 - yA3a*3/“}] : (320)

Thus, using (3.2), (3.1) is approximated as

1\ ~1/3
a B 168 o 3s s
a) TatT Pla "t —a P 33
<a> a* 11()/A3)*1/3[180]4/3a la, a7 (3.3)

It is interesting to see that a radiation density term B/a* emerges spontaneously. This
type of a term, being called dark radiation, emerges in brane-gravity inspired Friedmann
equation too. So, analogous to brane-gravity, here also B/a* is called dark radiation. Other
terms on r.h.s. of (3.3) are caused by linear as well as non-linear terms of curvature in the
action (2.1). These terms also constitute energy density term

~1/3 7/3
oo = 3 166" a’? a_3/4—6—a (3.4)
87 G 11()/A3)_1/3[180]4/3 ]/A3

—1/3

(taking real root of (—1) as above) satisfying the conservation equation

) a
Pac+ 3~ (Pae + Pae) = 0. (3.5

Connecting (3.4) and (3.5), equation of state (EOP is obtained as
qu 3, 7 —3/4 —3/444/3
pde:_ipde—i_ﬁf[a —a ] > (36&)

where
3 168713
T 87 G 11(y A3)~1/3[180]4/3°

(3.6a) is the scale factor-dependent equation of state parameter, valid for ap < a(t) < a..
Such an equation of state parameter is obtained in [12] also. It yields

f (3.6b)

Pge + Pge >0 and pg +3pg. <O,
forap <a(t) < a.. It shows that DE, having energy density (3.4) mimics quintessence dark
energy [10-13].
Here investigations start at the Planck scale, where DE density is obtained around
107> GeV*. So, (3.4) is obtained as
pg: = Fa**[a3* = 51(,_73/4]7/3 (3.7a)
with

F=10%a,"[a,* — a3, (3.7b)
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Thus, (3.6b) and (3.7b) imply
f=F. (3.7¢)
Connecting (3.3) and (3.7a), it is obtained that

a ZN B +87T><1037 a \*? a’3/4—a:3/4 773 (3.8)
a — g4 3 ap 0;3/4_(173/4 :

C

using G = Mp* =107 GeV 2,
It means that the universe is driven by radiation for @ > a.. Moreover, (3.7a) shows that
g vanishes at a = a, and for ap < a(t) < a,, cosmic dynamics is given by

(a)z _8mx 1037< a )3/2[%3/4 —a3/4]7/3
a) — 3 ap 05_3/4 —a;3/4

1037 —1/4
o B x 107 <i> . (3.9)

3 ap

Equation (3.9) integrates to

8
a(r) =ap[1 + 1018,/51—’;0 —tp)] (3.10)

showing acceleration as d > 0.
If expansion (3.10) yields sufficient inflation in the early universe,

% — 10, 3.11)
P

The universe comes out of the inflationary phase at t = ¢, when a(¢) acquires the value a..
So, from (3.10) and (3.11), it is obtained that

12T/ a. \'"®
fe~tp+ 10718 —[(—‘) —1]:2.76x104zp (3.12)
Sm ap
using (3.11).

For a > a., we have Friedmann equation (3.8) as

a\> B

This equation integrates to
a(t) = a1+ Bt — 11" (3.14)
Equation (3.14) yields ¢ < 0 showing deceleration driven by dark radiation term.
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4 Deceleration Followed by Acceleration in the Late Universe as Well as Future
Collapse of the Universe

In the late universe, the effective Fridedmann equation is given by (2.21). Using (2.23)-
(2.25) in (2.21), we obtain

o\ 2
P C 8D, SE
- —_ o= 3/4 1 — = 3/4 4.1
<a) @15 [ 6D" ] (412)
where
—3/4 1/3
; 287G [ 1
p=%_|1_-2% a4 (4.1b)
47G 135 \1808) “
and
~3/2 1/3
. 4G [ 1
=% |1 - a”\ (4.1¢)
47G 135 \ 1808

being obtained from (2.20a) and (2.20b) using (2.23)—(2.25) and (3.2b).

The first term, on r.h.s. of (4.1a), emerges spontaneously and has the form of matter
density, so it is recognized as dark matter density like dark radiation. Moreover, the second
and third terms on r.h.s. of (4.1a) emerges due to linear and non-linear terms of curvature. It
is interesting to see that if

D
ph 7 3/4 4.2
lode SJTGa ( )
and
3D?
A= ———, 4.3)
257GE
(4.1a) looks like
-\ 2 ph
a 8t G 3C oh o
-] =— 11— =21 4.4
(a) 3 |:871Ga3 +pde[ 2 4

Conservation equation (3.5) for pf;: yields

5

ph

==, 4.5
Wae 4 ( )

Equation (4.5) shows that the curvature-induced energy density pgf mimcs phantom dark
energy as wgil < —1. Thus, in the late universe, a phantom model is obtained from curvature
without using any source of exotic matter. Apart from this, (4.4) contains a term —(pé’?)z /2
analogous to brane-gravity correction to the Friedmann equation (FE) for negative brane-
tension [15] and modifications in FE due to loop-quantum effects [14]. Here A is called
cosmic tension [10-13].

According to WMAP results [23], present density of pressureless dark matter is obtained

to be ,o(()'") = 0.23p5" and present dark energy density pf;:() =0.73p5" with

3H}

cr __

Po T 871G’
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where current Hubble’s rate of expansion Hy = 100 hkm/Mpc second = 2.32 x 10~*/ GeV
and & = 0.68. Thus,

o =2.9x 107 GeV*. (4.6)

Using these values, it is obtained that

3C 6.67x107%

m) _ — 4.7
P 87 Ga3 a’ “.7)
and
D 2.117 x 107
ph __ 3/4 _
Pae = SJTGa o a’/4 (4.8)
from (4.2).

Connecting (4.4), (4.7) and (4.8), it is obtained that

<N\ 2 —48 —47 . 3/4
87G [6.67 x 10 2.117 x 10
(f) _or [ X +2.12x10’47a3/4{1—#}j|- (4.9)

a 3 a’ 2
Equation (4.9) shows that

6.67 x 1074

- >2.117 x 1072
P

for a < 0.735 and

6.67 x 10748

a’

<2.117 x 107443/

for a > 0.735.
It means that a transition from matter-dominance to DE-dominance takes place at

a, =0.735 (4.10)
giving red-shift
1
Zo = — — 1 =0.3607 4.11)
[

which is very closed to lower limit of z, given by 16 Type supernova observations [3]. Thus,
for a < 0.735, (4.9) is approximated as

-\ 2 —48 -85
8nG[6.67 x 10 5.59 x 10
) = x St 4.12)
a 3 a? a’
which integrates to
a(t) =ag[1 +7.48 x 107%3a,>*(t — 1)*°. 4.13)
It shows decelerated expansion as ¢ < 0.
When a > 0.735, (4.9) is approximated as
2\ 2 —47 ,3/4
2.117 x 10
(3) —1.77 x 10—84a3/4[1 - #} (4.14)
a 2)
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Equation (4.14) integrates to

2.117 x 1074 _ 2.117 x 1047 243
a(t):|:++{\/a*3/4—+—5xl()_43(t—t*)}i| . (4.15)

This scale factor yields a¢ > 0 showing acceleration in the late universe. In (4.15), t, is
the time of transition from deceleration to acceleration in the late universe.

Using the present age of the universe 7, = 13.7 Gyr = 6.6 x 10* GeV~! and ay =1 (as
given above) in (4.15), t, is calculated as

t. =1y — 0.4 x 10" GeV™! =6.2 x 10" GeV~! = 12.86 Gyr. (4.16)

Equation (4.14) shows that accelerated expansion (4.15) stops at a = a, satisfying the
condition

2.117 x 10734 =220 (4.17)

a(t), given by (4.15), acquires the value a, by the time

T 2017 x109 [ . 2117 x 107
ze:t*—zx1042[\/ae3/4—+—\/a*3/4—+]. (4.18)

The Friedmann equation (4.9) shows that, at ¢ > 7,, expansion of the universe is driven
by matter again and it reduces to (4.12) yielding the solution

a(t) = a1+ 1.21 x 107%a;3*(t —1,)1*? (4.19)

which shows decelerated expansion. Thus another transition from acceleration to decelera-
tion will take place at t =t,.
It is interesting to note that the term

—47 3/4
2.117 x 10—47a3/4[1 - M]

2\

will be negative as a > a,. So, gradually universe will reach a state, where scale factor a(¢)
acquires its maximum value a,,. At a = a,,, @ =0 1in (4.9) and a,, satisfies the condition

6.67 x 1074

3
ay

(4.20)

_47 3/4
=2.117 x 10—47a;/4{w - 1}.

a,, gives the maximum expansion, so for ¢ > t,, universe will change its direction and
retrace back leading to contraction. As a consequence, for ¢ > t,,, a(t) will decrease and
a~3 term, in (4.9), will dominate yielding the effective equation

8.099 x 10~%3
- 32

a
a
Here, ;—' < 0 due to contraction. This equation is integrated to

a(t) = a1 —1.21 x 1072032t —1,)]1*°. (4.21)
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Equation (4.21) shows that at time
t =t, +8.26x 1042, (4.22)

a = 0. It means that universe will collapse at this time.

5 Summary

Results, obtained above, are summarized as follows. Here f(R)-gravitational action is ob-
tained by adding higher-order terms R? and R?*" of scalar curvature R to the Einstein-
Hilbert term. Gravitational field equations are derived from this action. Using R ~a™" in
trace of f(R)-gravity field equation, Friedmann equation is obtained. It is found above that
if » =3 and n = 1/4, FE (obtained here) contains quintessence like dark energy term as
well as radiation like term in the early universe. Here, radiation emerges spontaneously and
is termed as dark radiation which is analogous to a similar term in brane-gravity-based FE.
Dark energy term is induced by curvature and it vanishes when the scale factor a(¢) acquires
a finite value a, given by (3.2b). It is interesting to see that, in the late universe, dark matter
term emerges spontaneously and in the very late universe (when it is 12.86 Gyrs old) the
universe is dominated by curvature-induced phantom dark energy with w = —1.25. Contri-
bution of R to DE is a physical concept in addition to its usual role as a geometrical field.
Thus, dual roles of R (as a physical field as well as a geometrical field) [24-34] are mani-
fested here. The cosmological scenario, obtained here, from f (R)-gravity with higher-order
terms R? and R%, is given as follows.

It is found that the early universe inflated for a very short period with power-law speeded-
up expansion, driven by curvature-induced quintessence DE. When the scale factor in-
creased upto 1073 times the scale factor at Planck scale, quintessence DE density vanished.
As a consequence, universe came out of the inflationary era. Later on, early universe decel-
erated as ¢'/2 driven by dark radiation. Subsequently, when the universe became sufficiently
old, it decelerated as 723 driven by dark matter. At red-shift z,., = 0.3607, a transition from
deceleration to acceleration took place and universe began to accelerate driven by curvature-
induced phantom DE explaining the present acceleration of the universe. It is found that the
late acceleration is transient and it stops when phantom DE grows to a finite value equal to
2). Here A is the cosmic tension analogous to brane-tension, which is explained above. In-
terestingly, the phantom model (obtained here) is free from the menace of future-singularity.
Here, it is shown that universe will reach its maximum expansion at a time #,,. Later on, it
will contract and collapse in a finite future time. Thus, it is found that contrary to f(R)-
dark energy models, we get a viable cosmology from f(R)-gravity. Also, it is found that
curvature induced phantom DE has a crucial role in the dynamics of present and future
universe giving different phases mentioned above. Results, obtained above, support obser-
vations made so far.

References

Perlmutter, S.J., et al.: Astrophys. J. 517, 565 (1999). astro-ph/9812133

Spergel, D.N., et al.: Astrophys J. Suppl. 148, 175 (2003). astro-ph/0302209 and references therein
Riess, A.G., et al.: Astrophys. J. 607, 665 (2004). astro-ph/0402512

Copeland, E.J., Sami, M., Tsujikawa, S.: Int. J. Mod. Phys. D 15, 1753 (2006). hep-th/0603057 and
references therein

Ealbadi

@ Springer



1978 Int J Theor Phys (2008) 47: 1966-1978

Capozziello, S., Cardone, V.F., Carloni, S., Troisi, A.: Int. J. Mod. Phys. D 12, 1969 (2003)

Carroll, S.M., Duvvuri, V., Trodden, M., Turner, M.S.: Phys. Rev. D 70, 043528 (2004)

Nojiri, S., Odintsov, S.D.: Int. J. Geom. Methods Mod. Phys. 4, 115 (2007). hep-th/0601213 and refer-
ences therein

Amendola, L., Polarski, D., Tsujikawa, S.: Phys. Rev. Lett. 98, 131302 (2007). astro-ph/0603703
Amendola, L., Polarski, D., Gannouji, R., Tsujikawa, S.: Phys. Rev. D 75, 083504 (2007). gr-qc/0612180
Srivastava, S.K.: astro-ph/0511167; astro-ph/0602116

. Srivastava, S.K.: Int. J. Mod. Phys. A 22(6), 1123-1134 (2007). hep-th/0605019

Srivastava, S.K.: Phys. Lett. B 643, 1-4 (2006). astro-ph/0608241

Srivastava, S.K.: Phys. Lett. B 648, 119—126 (2007). astro-ph/0603601

Maartens, R.: gr-qc/0312059

Sami, M., Singh, P., Tsujikawa, S.: Phys. Rev. D 74, 043514 (2006). gr-qc/0605113
Sahni, V., Shtanov, Y.: astro-ph/0202346

Feng, B., Wang, X., Zhang, X.: Phys. Lett. B 607, 35 (2005). astro-ph/0404224
Miller, A.D., et al.: Astrophys. J. Lett. 524, L1 (1999)

de Bernadis, P, et al.: Nature (London) 400, 955 (2000)

Lange, A.E., et al.: Phys. Rev. D 63, 042001 (2001)

. Melchiorri, A., et al.: Astrophys. J. Lett. 536, L63 (2000)
. Hanay, S., et al.: Astrophys. J. Lett. 545, L5 (2000)
. Lahnas, A.B., Mavromatos, N.E., Nanopoulos, D.V.: Int. J. Mod. Phys. D 12(9), 1529 (2003)

Srivastava, S.K., Sinha, K.P.: Phys. Lett. B 307, 40 (1993)

. Srivastava, S.K., Sinha, K.P.: Pramana 44, 333 (1993)
. Srivastava, S.K., Sinha, K.P.: J. Ind. Math. Soc. 61, 80 (1994)

Srivastava, S.K., Sinha, K.P.: Int. J. Theor. Phys. 35, 135 (1996)

. Srivastava, S.K., Sinha, K.P.: Mod. Phys. Lett. A 12, 2933 (1997)

Srivastava, S.K.: Il Nuovo Cimento B 113, 1239 (1998)
Srivastava, S.K.: Int. J. Mod. Phys. A 14, 875 (1999)

. Srivastava, S.K.: Mod. Phys. Lett. A 14, 1021 (1999)

Srivastava, S.K.: Int. J. Mod. Phys. A 15, 2917 (2000)

. Srivastava, S.K.: Pramana 60, 29 (2003)

Srivastava, S.K.: hep-th/0404170; gr-qc/0510086

@ Springer



	Curvature Inspired Cosmological Scenario
	Abstract
	Introduction
	Action for f(R)-gravity and Friedmann Equations
	Power-Law Inflation Followed by Deceleration in the Early Universe
	Deceleration Followed by Acceleration in the Late Universe as Well as Future Collapse of the Universe
	Summary
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


