View metadata, citation and similar papers at core.ac.uk

Hindawi Publishing Corporation
Advances in High Energy Physics

Volume 2016, Article ID 3047461, 10 pages
http://dx.doi.org/10.1155/2016/3047461

Research Article

brought to you by .{ CORE

provided by Crossref

Hindawi

Stability of a Noncanonical Scalar Field Model during

Cosmological Date

Z. Ossoulian,' T. Golanbari,! H. Sheikhahmadi,"? and Kh. Saaidi!

'Department of Physics, Faculty of Science, University of Kurdistan, Pasdaran Street, Sanandaj 66177-15175, Iran
’Institute for Advance Studies in Basic Sciences (IASBS), Gava Zang, Zanjan 45137-66731, Iran

Correspondence should be addressed to Z. Ossoulian; zossoulian@gmail.com

Received 25 July 2015; Revised 19 November 2015; Accepted 23 November 2015

Academic Editor: Sally Seidel

Copyright © 2016 Z. Ossoulian et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. The
publication of this article was funded by SCOAP”.

Using the noncanonical model of scalar field, the cosmological consequences of a pervasive, self-interacting, homogeneous, and
rolling scalar field are studied. In this model, the scalar field potential is “nonlinear” and decreases in magnitude with increasing the
value of the scalar field. A special solution of the nonlinear field equations of ¢ that has time dependency as fixed point is obtained.
The fixed point relies on the noncanonical term of action and y-parameter; this parameter appeared in energy density of scalar field
redshift. By means of such fixed point the different eigenvalues of the equation of motion will be obtained. In different epochs in
the evolution of the Universe for different values of g and #, the potentials as a function of scalar field are attained. The behavior
of baryonic perturbations in linear perturbation scenario as a considerable amount of energy density of scalar field at low redshifts
prevents the growth of perturbations in the ordinary matter fluid. The energy density in the scalar field is not appreciably perturbed

by nonrelativistic gravitational fields, in either the radiation or matter dominant or scalar field dominated epoch.

1. Introduction

During the two past decades, undoubtedly people believe the
Universe is undergoing an accelerated expansion phase. This
interesting and unanticipated result comes from some obser-
vations including Cosmic Microwave Background (CMB)
[1, 2], Supernovae type Ia (SNela) [3, 4], Baryonic Acoustic
Oscillations (BAO) [5, 6], Observational Hubble Data (OHD)
[7, 8], Sloan Digital Sky Survey (SDSS) [9, 10], and Wilkinson
Microwave Anisotropy Probe (WMAP) [11, 12]. To justify
such accelerated epoch, people mostly consider an unknown
form of matter which produces a negative pressure, namely,
dark energy [13]. These observations also anticipate that
the nonluminous components of the Universe (dark energy
68.3%, dark matter 26.6% [14, 15]) are 94.9% and ordinary
matter (baryonic and radiation) is only 5.1%. It is notable
that, studying the origin and nature of dark energy, the
best candidate is cosmological constant, c.c., A [16-21]. But
unfortunately this interesting attractive candidate of dark
energy suffers two well-known problems, fine tuning and
coincidence problems. The former moot point refers to

the difference between the theoretical anticipation of the
energy density of A and what is risen from observations. The
latter comes back to the following question: why the ratio
of matter and dark energy densities in present epoch is so
close to unit? [22]. These two problems convince scientists
to make other proposals to investigate the behaviour of
dark energy. Accordingly people are interested in searching
for some proposals and models which resolve the two
mentioned problems and also have a strong support from
both theoretical and experimental point of views. People
unusually have proposed different proposals based on two
completely different perspectives; one of them is a geomet-
rical scenario and the other is related to the manipulation
the matter components of the Universe. For the former
model one can mention f(R) [23-26], f(T) [27-31], and
f(G) [32-35] gravities and modification or combination of
them based on cosmological purpose, and for the latter, for
example, we can name some models which have arisen from
quantum gravity (e.g., holographic model) [36-40], space
time fluctuations (e.g., age and new-age graphic models)
[41-44], and vacuum quantum fluctuations (e.g., Casimir
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effect in large scale) [41, 45-47] and also we are able to
allude to the scalar field proposals. It is well known that
scalar field scenario usually is considered as the first and best
candidate for new phenomena which appeared in physics,
for instance, Yukawa model of strong force [48, 49], Landau-
Ginzburg mechanism [50], Higgs mechanism [51, 52], and
inflation [53-56]. Also it is notable that scalar fields under
the general coordinate reparametrization have the simplest
behavior, which has attracted more attention recently. It is
considerable as a special category; we can split the scalar
field scenarios to canonical and noncanonical models. For the
canonical proposal one can mention Brans-Dicke [57, 58],
quintessence [59-62], phantom [63-66], quintom [67-69],
and chameleon [70-78]. Also for noncanonical mechanism
we can refer to k-essence [79-81], Dirac-Born-Infeld model
[82], tachyon [83], and so on. It should be stressed that
the noncanonical mechanism has some advantages against
canonical mechanism. For instance, although quintessence
proposal as a tracker model resolves coincidence problem, it
needs to be highly tuned; it is notable that in noncanonical
scenario both coincidence and fine tuning problems could
be resolved. Another interesting aspect of the noncanonical
model (k-essence) against quintessence is that the kinetic
term in such scenario can source the c.c. These interesting
aspects of noncanonical model motivated us to investigate
the stability of this scenario in different epochs in cosmology.
For this aim we are actually interested in the behavior, in
linear perturbation theory, of density perturbations in the
scalar field energy density and in the densities of baryons and
radiation. It is obvious that scalar field energy density fluctu-
ations tend to decay inside of the horizon, while in a baryon
dominated universe the behavior of baryonic perturbations
is effectually the same as in the canonical scenario. On the
other hand, if the energy density in the homogeneous part of
the scalar field is considerable, ordinary matter perturbations
cannot grow. Since scalar field perturbations do not grow
inside the horizon, the scalar field energy density will remain
very much smoother than the baryonic, so the peaks in
the matter distribution will be almost entirely baryonic. The
mass of the scalar field fluctuation (second derivative of the
scalar potential) is related to the horizon size; the scalar
field fluctuation is extremely light. If the scalar field were to
dominate early enough, it would suppress growth of baryonic
structure on small scales. This is because the Universe
expands so fast that the perturbations cannot collapse. Note
that the scalar field has to be minimally coupled to matter
or must be very weakly coupled to ordinary matter so that it
does not drag the matter perturbations with it and thereby
prevent them from collapsing, even before the scalar field
comes to dominate the energy density of the Universe. This
is one reason why we have to suppose that the Universe has
only recently become dominated by the scalar field energy
density, if galaxies formed by gravitational instability. This
effect motivates the choice of potentials V(¢)) discussed below.
We study a class model of the potential of the scalar field.
In this model, we assume that the energy density of the
scalar field redshifts in a certain way and then determines
the potential of the scalar field that is required. We find out
that the scalar field potential is “nonlinear” which typically
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tends to be made from negative powers of the scalar field. We
have not succeeded in determining the general solution of the
scalar field equation of motion, but a special solution can be
found (in which the scalar field energy density redshifts in the
requisite manner). Somewhat remarkably, we find that this
solution dominates at large time and a study of phase space
shows that it is an attractive and time dependent fixed point
(in the cases of interest, it is the only attractive fixed point
in phase space). This solution may, therefore, be chosen as a
background solution for a study of the evolution of density
inhomogeneities in linear perturbation theory.

The scheme of this paper is as follows. In Section 1 some
aspects of both canonical and noncanonical mechanisms,
and, also, the importance of scalar field proposal beside the
motivations of this work were discussed as introduction. In
Section 2 the general framework of this work including the
math calculations and also the equations of energy density
and pressure of noncanonical model will be discussed; also
we will obtain the general form of the potential for this model.
In Section 3, by means of a perturbation mechanism, we will
solve the equation of motion of scalar field. To solve this
equation we should find out the fixed point of the model, and
by using it the eigenvalues of the equation will be obtained;
based on this values we will discuss different conditions
to investigate the stability or nonstability of the model. In
Section 4 we will consider different epochs in the evolution
of the Universe, namely, radiation, matter, and scalar field
dominans, respectively. And, at last, results and conclusions
of the work will be brought in Section 5.

2. The Model

Using canonical model of scalar field, the energy density of
potential, time derivative of scalar field, the ratio of the energy
density of scalar field to radiation and matter, and also the
wave equation of scalar field have been studied. In phase
space the values of special solution and general solution of
wave equation have been obtained and the critical points
and perturbations around these critical points in phase space
equations have been investigated. Specifying the value of g
with respect to the ratio of energy density of scalar field to the
radiation and matter, the dominance of the energy density of
scalar field at present time and the positive acceleration of the
Universe at current epoch have been explained. In this paper
we want to study the above-mentioned conditions by means
of noncanonical scalar field to get better results in comparison
to the results which were obtained in ordinary canonical
proposal. It is considerable that we consider homogeneous,
isotropic, and spatially flat space time which is given by the
line element:

ds’ = —dt’ + a’ (dr® + r*d6” + r’sin’0d¢’). (1)

The noncanonical version of Einstein scalar field action is
defined as [79, 80]

MZ
<§’=Jﬁd4x<TpR+F(X)—V(¢)+$m>, )
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where g is the determinant of the metric g,,, R is the Ricci
scalar, and also M, is the Planck mass. Potential of scalar
field is denoted by V(¢), Z,,, is introduced as ordinary matter
Lagrangian, and the kinetic term of noncanonical scalar field
is expressed by an arbitrary function F(X), in which X =
—(g""V,,¢V,$)/2. It should be stressed that the noncanonical
scalar field Lagrangian in question is

3¢:F(X)—V(¢)- (3)
Variation of action (2) with respect to g” leads to
1 U fom g
Gy = Ry — EgMVR = ﬁ; (Tw’ + Tw)' (4)

By varying (2) with respect to ¢ and considering (1), one has
(2XFyx + Fx)$ + 3ExH + V (¢) = 0, (5)

where overdot denotes a derivative with respect to cosmic
time and tilde indicates derivative with respect to ¢. Here R ,,

is the Ricci tensor, Fy, = dF(X)/dX,and Fxyx = d?F(X)/dX?.
For an arbitrary Lagrangian, &,,,, the stress-energy tensor is
defined as

=2 3(Vg%wm)
Tw=7% & ©

Therefore stress-energy tensor of scalar field, T;fw is given by

T;fv = 9w [F X)-Vv ((/5)] + (Vy¢vv¢) Fy, (7)

and T, is the stress-energy tensor of ordinary matter such
that for a perfect fluid cosmological matter one has

T/w = (P + P) UMUV + pg;w' (8)
Here U* is four-vector of a fluid. From (1) we have

T, = diag (-p, p, p, p). ©)

Here p = p, + p, and p = p, + p,,, where subscripts r
and m refer to energy density of radiation and energy density
of baryonic and cold dark matter, respectively. Utilizing the
usual definition of the stress-energy tensor, (7) and (9), the
energy density and the pressure of scalar field are defined as

pp = Tod) = 2XFy — F(X) + V (¢), (10a)

Py =T =F(X)-V(¢). (10b)
By omitting p, and p,, and also by means of (4), (7), (9), and
(1), one can obtain

_871

H? =
2
3MP

(2XFx - F(X)+V (¢)), (1)

; R |
Z:H2+H= M(HXFX—V(@)- (12)

For regarding the spatial homogeneity of cosmology, we
suppose that the scalar field is just a function of time so
X = <]>2 /2. By considering (10a) and (10b) time derivative of
scalar field and the related potential are reduced to

2 Pyt Py
¢ = TR
(13)
V(¢) = M+F(X)—XFX.

We suppose that there was not any interaction between
components of fluid, so that conservation equation of stress-
energy equation is satisfied for all fluid components of the
Universe as

p;+3H (p; + p;) = 0. (14)

Here p; = p,, py» py- In addition, we assume that the scalar
field energy density redshifts are given by

an \1
Po = Py (;‘)) : (15)

We assume g # 0. Therefore by means of (14) and (15) one
gets

-3
po= (157 1
where w = (g — 3)/3 is equation of state parameter of scalar

field. By considering F(X) = FyX" and using (13) and (15)
one receives

1/2n

CNNC

Péo)qzn—l
a

V(¢) = [—611—(21:1—1)(1];);0)(%)? (18)

It should be noted that, for n = 1/2, the coefficient ¢ in (5) is
equal to zero; therefore we will not consider this case.

3. A Component Dominated Cosmology

As we mentioned in previous sections, we have assumed
that the components of the Universe could be considered as
radiation, matter (ordinary and cold dark matter), and scalar
field. But in this section we will suppose that the contribution
of the Universe components in the stress-energy tensor is
only one of them. In fact we assume that in any epoch
only the energy density of related component is dominated
and therefore other components of perfect fluid could be
neglected. According to conservation equation for energy
density, (14), and the related equation of state, p = (y/3-1)p,
the energy density of the dominant component is obtained as

Y
p=r (%), (19)

a



where p}(,o) is the value of energy density ata = g, and (y/3-1)

is the equation of state parameter of dominant component. So
the Friedman equation (11) could be written as follows:

.2 (0) y
a 3M12, a

Using (17) and (20) one obtains

G 1)2
¢ QPéO)Z" A 3M, 12 ( a >(vnq2n)/2n o
a - 3F01’1 p}(/o)ag [2) '

Hence, by integration the above relation, the scalar field
results as

gy 2 g2\ ( 3M2 )” ’
" yn-q\ 3Fn pY

< a )(V”Q)/Zﬂ
ao bl

where ¢, is the value of ¢ at a = g,. And also, from (18) and
(22), we have

(22)

V($) = Vo (¢ — )74, (23)

w1\ 12
o Lonm@nonalp? | oon (ap)2" '
o 3Fn

6n yn-q
28\ 1
. < 3M, )
P

The Einstein scalar field equations (for such potential)
have a special solution. In this section we study spatially
homogeneous perturbations about this special solution. To
do this we should study the structure of the four-dimensional,
spatially homogeneous, phase space (¢, ). Therefore, we
consider the scalar field equation of motion, which is given

by

24
/2 ] 2nq/(q—yn) ( )

y,,+<4(n+1)—y(2n—l)>y_

2(2n-1) X
2 n
qVOZn 3MP n(y-2)
+ D) X (25)
Fy(2n-1)(q-yn) \ p!

(2n-1)q+yn)/(q—yn)

()"

where prime indicates derivative with respect to x and we
have changed the variables as x = a/ayand y = ¢ — ¢,. A
special solution of differential equation (25) is introduced as

4 =0,

¥, = kx", (26)

Advances in High Energy Physics

and, by substituting (26) into (25), k and « are obtained as

1 7 l/2n 1/2
(0)211 1 3M2
Lo [qpy } ( p> ) (272)

(0)

B yn-q 3Fyn Py
a=Y"1 (27b)
2n

To study the structure of the phase space of scalar fields, one
can make a change of variable as

Y (x) =y, ()u(x). (28)

In above redefinition y,(x), the special solution of differential
equation is unperturbed part of scalar field and u(x) is the
perturbed part of the scalar field which should have a stable
and attractor property. So, for stability of the solutions of
scalar field, differential equation (25) should solve for the
perturbed part. It is notable that all dynamical information
related to equation of motion are at evaluation equation u(x).
By substituting the general solution into differential equation
(25) the result is as follows:

!
u' + [2(n+1) —z+2(x:| “
@2n-1) 2 x

-2 | L2

3
! [(Zn— 1) (x/a)u' +u) x

(q(2n-1)+yn)/(q—yn)
—X+(x] 4o U a (29)
2 (
=0.

By changing the variable x = ¢’ and rewriting (29) in
terms of (u(t), t), one has

. Y X
u+[(2n—1) —5+2a]u

y u(q(2n71)+yn)/(qun) (30)
-, ta T 2
2 (i) + 1)

“[(2n—1)
:0,

where as formerly overdot indicates derivative with respect to
t. The critical point of this system is defined as a point at which
the velocities could be neglected. Therefore, the only critical
point is obtained as & = 0. Hence according to (25) we are able
to study the evolution of u(t). To do this we use phase space
to explain the stability of this nonlinear problem by means
of linear analysis. Therefore, in phase space (u(t), u(t)), (30)
could be rewritten as

ut)=p(t)),
R _ 3 Y
Pt = “[(214—1) 2 +“]
[ ( u (t)((2ﬂ*1)q+}/")/(qﬂ’”) :| (31)
(p(t) Ja+u ()"

_[(2713— 5 —§+2a]p(t).
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Then, for p(t) = 0, we have
w (B - u (VI g, (32)

The point (uy, py) = (1,0) is the only acceptable critical point
for (31). The system at critical point does not have evolution
and so the differential equation, (25), just has the special
solution, (26). Of course, at p(t) = 0, there are a number of
critical points, such that u(t) is [(yn — q)8_1n_2] the root of
unity. u(t) should be real, so we do not work with the complex
fixed points. It is seen that, by changing y(x) — -y(x),
the differential equation (25), for some values of g and n, is
invariant. In this case there are two critical points, but our
purpose is to explain the solutions in which y'(x) > 0. So one
of the critical points is omitted. In the second part of function
y(x) = y,(x)u(x), u(x) can be perturbed by adding u, ()
to the critical point (1, p,) and substituting at phase space
equations (31). The result is (in fact u, (¢) is a small fluctuation
around the critical point (uy, py) = (1,0)) added and it is
transformed into the critical point (1, + u,(t), py + p;(t)) =

(1 +u, (), py (1)),

w (£) =0+ p; (1),

g (33)

2 2n-1

m(ﬂ:y[ ]uﬂﬂ+[q—3—g]pﬂﬂ.

The eigenvalues of small oscillations around critical point are
given by

Mgy = F(n.q,y) £ig(n.q.y), (34)

where

29-6-y
fmgy)=—=——

(35)

1/2
3n _g)_(q—3—yﬂf
2n—-1 2 4 '

g(ngy)= [Y(

The eigenvalues A for different n and g will be evaluated.

4. Investigation of Epochs Dominant

In this section we want to examine our results of previous
section for different epochs during evolution of the Universe.

4.1. Radiation Dominated Epoch of Cosmology. We assume
the radiation dominant era, and therefore one can neglect the
other components of perfect fluid in the Universe. According
to conservation equation of radiation, (14), and equation of
state for radiation, p = p/3, one can observe that in radiation
epoch y = 4. Thus the radiation energy density resulted as

4
ﬂ=¢”<@), (36)

a

where pr(o) is the value of radiation energy density at a = aj,.
So, according to (22), (23), and (24), we have

1/2
2n qﬁw*/"3M;m
¢—¢ =
" 4n-q 3F,n P

(37)
< a >(4n—q)/2n
ag ’
and for the potential one has
2nq/(g—4n)
V() =Vo(d—¢o) e, (38)
where
_ 1/2n
,_lon-Cn-valp? | on (ap)2"
o 6n dn—q 3Fyn
(39)

2ng/(q—4n)
1/2
< . ) |
B
0
Pt
The Einstein scalar field equations (5) (with this potential)
have a special solution. So to study spatially homogeneous
perturbations about this special solution, we need to linearize

the scalar field equation of motion. Therefore, according to
(33), the linearized equation in this epoch is given as

u1(t) :O+P1 (t)a
(40)

Pl(t)=4|:g_ ]ul(t)+(q—5)p1(t).

2n—1

The eigenvalues of small oscillations around critical point are
given by

Aug = f(n.q) £ig(n.q), (41)
where

fng=-C-

2

(42)
agn-(25-29+¢") en-1)]"

4(2n-1)

g(nq) =

These eigenvalues for 0 < g < 3 and different n are given at
Table 1 (as was mentioned before, for 0 < g < 3, the ratio
of scalar field density to radiation density is an increasing
function of time). It is shown that (from Table 1) for all values
ofn =1,1.5,2andq = 1,2, 2.5 the eigenvalues A are A = a+if3
where « < 0 and 8 # 0; then all critical points are spiral and
stable.

4.2. Matter Dominated Epoch. We assume the matter is
dominated and therefore other components of the Universe
could be omitted. According to conservation equation of



TaBLE 1: The eigenvalues A for different values of nand ¢, in radiation
dominated eppoch.
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TABLE 2: The eigenvalues A for different values of n and g, in matter
dominated epoch.

A Vig) ~ A Vi) ~
q=1 ~2+2.4i (¢ — )" g=1 ~1.7 2.1i (¢~ )"
n=1 q=2 -1.5+1.2i (p—¢y) n=1 q=2 -1.2+2.1i (p—) "
q=25 ~12+23i () q=25 “1+2i (p—¢g) "
3 q=1 -2+1.7i (¢ — ) *° 3 g=1 ~1.7 + 1.5 (- )"
n=> q=2 -1.5+1.7i (- )™ n=> q=2 ~1.2+1.5i (-
q=25 -1.3+ 1.6i (¢ — o) q=25 —1+1.4i (¢ — )7
q=1 ~2 4 1.4i (p— )¢ g=1 1.7 £ 1.1i (p—¢o)"®
n=2 q=2 -1.5+13i (- n=2 q=2 -1.2+1.2i (-0
q=25 1.2+ 1.2i (- ) "® q=25 -1+ 1.1 (¢ — ) >*
i i i i i where
© (O 5n-1\ 1/21
sl ] v len—Cn-1Daqlpy" | 2n [ aps 2
0" 6n 3n—-q 3Fyn
0.6 R (46)
5 1/2 2nq/(q—3n)
o 0af : <%>
P
02 ]
Hence, as radiation epoch, we can find the linearized equation
0.0 as
ol 0.2 03 0.4 0.5 u (1) =0+ py (),

X

FIGUREL: p,, = p,,/ P versus x is plotted.

matter, (14), and the equation of state for this era, one can find
that y = 3; therefore the energy density of matter resulted as

3
o=l (%), (43)

where pfy?) is the value of energy density of matter at a = q,
(see Figure 1).
So one can find that

0)an—1 71/2n
m | apy2"

3Fyn

¢ = o

2 1/2
< 3M, >
Y

:3n—q

< a >(3n—q)/2n
<)

and ¢, is the value of ¢ at a = a,,, and the potential comes to
the following form:

(44)

V(9) = Vy (¢ — )", (45)

a 3n (47)

pl(t)ZB’[z -1 ul(t)+[q_§]p1(t)'

The eigenvalues of small oscillations around critical point are
given by

Mg = f(n.q) xig(nq), (48)
where
9-2
£ ng) = -2
12 (49)
144n — (81 - 129 + 4¢°) 2n — 1)
g(nq)= ( )

16(2n—1)

These eigenvalues for 0 < g < 3 and different values of
n are brought at Table 2 (as was mentioned before, for 0 <
q < 3, the ratio of scalar field to matter energy densities is an
increasing function of time). It is shown that (from Table 2)
for all values of n = 1,1.5,2 and g = 1, 2, 2.5 the eigenvalues A
are A = a + if where < 0 and f3 # 0; then all critical points
are spiral and stable.

4.3. Scalar Field Dominated Epoch. We assume that the scalar
field energy density is dominated and therefore we neglect the
other components of the Universe. According to conservation
equation for scalar field, (14), and the equation of state of
scalar field, py = (q/3 — 1)p,, one finds y = g; therefore the
scalar field energy density is obtained as

an \1
po=r (%), (50)



Advances in High Energy Physics

1.0

0.5 L L Y L L b
0.5 0.6 0.7 0.8 0.9

FIGURE 2: p 6 1= p¢/ péo) versus x is plotted, where the dashed, dotted,
and solid lines are denoted by g = 1,2, 2.5, respectively.

where péo) is the value of scalar field energy density at a = a,
(see Figure 2).

So, by substituting g instead of y in (20) and integrating it
for n = 1, we have

840 = izt (£), 61
<)

where ¢, is the value of ¢ at a = a,,. So using (18) and (51) we
have

v ((/5) _ [ 6 ; q] péo)e—(W/Mp)@—%)’ (52)
and for n # 1 we obtain
¢ - ‘/’0
AR < a >q<””/2” (53)
q(n—1) | 6F;n pé)o) a, ’
V() =Vo(p-g0)"" ™, (54)
where

0 6n qn—-1) \ 6Fn

2
. < 6M,, )
0
Py
Also the linearized form of Einstein scalar field equation

(with these potentials) is given by
i (6) =0+ p (1),

1/2n
Clen-@n-1alp [ an (quf) )

172 2n/(n—1) (55)

(56)
pi=a|l-

2 2n3—1]”1(t)+[g_3]p1(t)’

The eigenvalues of small oscillations around critical point are
given by

Mg = f(mq) £ig(n.q), (57)

TABLE 3: The eigenvalues A for different values of n and g, in scalar
field dominated eppoch.

A V(g) ~
g=1 ~1.7+0.7i e (=90)/Mp)
n=1 q=2 ~15+19 e (Ve n/My)
g=25 144220 ¢ (V25(6-90)/ M)
X q=1 ~1.7+0.9 (¢= o)
n= E q:Z -1.5+1.1i (¢_¢0)_6
q=25 14130 (¢ =)
q=1 -17+1.1 (¢ —¢o)
n=2 q=2 —-1.5+0.7i (¢—¢)"
q=25 ~1.4£0.9i (¢ =)
where
8-4
n, =——)
f(n.q) 1
/2 (58)

2 1
80nq — [9q" + 64] [2n - 1]
16(2n—1)

g(nq)=

These eigenvalues for 0 < g < 3 and different n are given
at Table 3. It is clearly seen that all eigenvalues which are
complex, such as A = a + i where & < 0 and 3 # 0, describe
critical points which are spiral critical point and stable. For
n = 1and q = 2 the eigenvalues are A, = 0.4and A, = -3.4
so the critical point is a saddle point. Forn = 3/2,2and g = 1
the different eigenvalues are negative and stable.

Now we want to estimate the mass of the scalar field,
my, in the scalar field dominated era. It is obvious that, by
expanding the scalar field around the background field, one
can suppose m?b = dZV(qb) / 2dq,’>2 |¢:¢0. Hence, for the potential
function which was obtained for n # 1 in (54), one has

a’v(¢) 3n—

1 (5n-3)/(1-n)
m; = 2d¢? = ”Vom (¢ — o) e, (59)

By substituting (53) and (55) in the above equation, the
mass of scalar field could be obtained as my = 3.5 X

1072 (ay/a,)"" cm™. To get this value, we have taken n = 1.2,
q = 25F = 70,p = 35x10 > g/em’, and M,, =
2.5 x 107 g. It should be noted that this value is in good
agreement with previous works [60].

5. Conclusion and Discussion

It is undoubtedly accepted that the scalar field mechanism
attracts more attention in recent semicentury. For instance
a wide range of problems and concepts such as hierarchy
problem, steady state cosmology models, inflation, CDM, and
dark energy by means of scalar field mechanism have been
investigated. Amongst all different proposals of scalar field
mechanism we have considered the noncanonical scenario,
because of its advantages in solving coincidence and fine tun-
ing problems. For such model we successfully have obtained
a definite form of scalar field potential. It was shown that, for



definite scalar field potential, in any related epoch, the scalar
field solutions for an appropriate range of parameters are
stable. In fact, it has indicated that, for example, in radiation
and matter dominant eras, all eigenvalues of small oscillations
around critical pointareas A = a+if3, wherew < O and 8 # 0.
Also it should be noted that all critical points were spiral and
stable. In addition, in scalar field epoch for (1, q) = (1, 2), the
eigenvalues are A; = 0.4, A, = —3.4; hence the critical point
is a saddle point; for (n,q) = (3/2,1) and (2, 1), the different
eigenvalues are negative; therefore the critical point is stable.
Also, for scalar field dominated era, by means of some well-
known values for this epoch, the mass of scalar field has been
obtained as m, = 3.5 x 10_2‘E’(ao/at)0'1 cm™L.

From the results which are shown in the tables it is seen
that for n # 1in all epochs the potential has inverse power law
form, and this indicates that the better candidate potential for
explaining the evaluation of universe especially in inflation
epoch has inverse power law form. Furthermore, our results
show that for different form of noncanonical model we have
different potential but all of them are inverse power law.
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