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Abstract To explain the accelerated expansion of our uni-
verse, dark energy is a suitable candidate. Motivated by this
concept in the present paper we have obtained a new model
of an anisotropic superdense star which admits conformal
motions in the presence of a quintessence field which is char-
acterized by a parameterωq with−1 < ωq < − 1

3 . The model
has been developed by choosing the Vaidya–Tikekar ansatz
(J Astrophys Astron 3:325, 1982). Our model satisfies all the
physical requirements. We have analyzed our result analyti-
cally as well as with the help of a graphical representation.

1 Introduction

The study of dark matter and dark energy has become a
topic of considerable interest in present decades. This study
is not only important from a theoretical point of view but
also from a physical point of view. The reason is that much
observational evidence suggests that the expansion of our
universe is accelerating. Dark energy is the most accept-
able hypothesis to explain this. Work done based on the
cosmic microwave background (CMB) estimated that our
universe is made up of 68.3 % dark energy, 26.8 % dark mat-
ter and 4.9 % ordinary matter. Dark matter cannot be seen
by telescopes but one can infer its evidence from gravita-
tional effects on visible matter and gravitational lensing of
background radiation. On the other hand, the evidence of
dark energy may be inferred from measures of large scale
wave patterns of the mass density. One notable feature of
dark energy is that it has a strong negative pressure, i.e., the
ratio of pressure to density, which is termed the equation of
state parameter (ω), is negative. The dark energy equation
of state is given by p = ωρ with ω < − 1

3 . The dark energy
star model has been studied by several authors [1–7]. If we
choose ω = −1 we will get the model of a gravastar [8–13],
which is also a dark energy star. ω < −1 is for the phan-
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tom energy and it violates the null energy condition. Several
authors have used a phantom equation of state to describe the
wormhole model [14–17]. Motivated by this previous work
we have chosen quintessence dark energy to develop our
present model. Here the quintessence field is characterized
by a parameter ωq with −1 < ωq < − 1

3 . We have assumed
that the underlying fluid is a mixture of ordinary matter and a
still unknown form of matter i.e. of dark energy type, which
is repulsive in nature. These two fluids are non-interacting
and we have considered the combined effect of these two
fluids in our model. Let us assume that the pressure distri-
bution inside the fluid sphere is not isotropic in nature, but
that it can be decomposed into two parts: the radial pressure
pr and the transverse pressure pt . Here pt is in the perpen-
dicular direction to pr and � = pt − pr is defined as an
anisotropic factor. The choice of an anisotropic pressure is
inspired by the fact that at the core of the superdense star,
where the density ∼1015 gm/cc, the matter distribution shows
anisotropy.

In 1982 Vaidya and Tikekar [18] proposed a static spher-
ically symmetric model of a superdense star based on an
exact solution of Einstein’s equations. The physical 3-space
{t = constant} of the star is spheroidal, the density of the
star is ∼2 × 1014 gm/cc, and the mass is about four times
the solar mass. Several studies have been performed by using
the Vaidya–Tikekar ansatz. Gupta and Kumar have studied a
charged Vaidya–Tikekar star in [19]. In this paper the authors
have considered a particular form of electric field intensity,
which has a positive gradient. This particular form of the elec-
tric field intensity was used by Sharma et al. [20]. Komathi-
raj and Maharaj [21] have also assumed the same expres-
sion to model a new type of Vaidya–Tikekar type star. Some
new closed form solutions of Vaidya–Tikekar type star were
obtained by Gupta et al. [22]. Bijalwan and Gupta [23] have
taken a more general form of the electric intensity to obtain a
new solution of Vaidya–Tikekar type stars with a charge ana-
log. In this paper the authors have matched their interior solu-
tion to the exterior R-N metric and they have analyzed their
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result numerically by assuming suitable values of the chosen
parameter. Some other works on Vaidya–Tikekar stars can
be found in [24–26]. Very recently Bhar [27,28] proposed a
new model of a strange star in the presence of a quintessence
field.

In the recent past many researchers have worked on
conformal motion. Anisotropic stars admitting conformal
motion have been studied by Rahaman et al. [29]. A charged
gravastar admitting conformal motion has been studied by
Usmani et al. [8]. Relativistic stars admitting conformal
motion have been analyzed in [30]. Isotropic and anisotropic
charged spheres admitting a one parameter group of con-
formal motions were analyzed in [31–33]. A charged fluid
sphere with a linear equation of state admitting conformal
motion has been studied in [34]. In this paper the authors have
also discussed the dynamical stability analysis of the system.
Ray et al. [35,36] have given an electromagnetic mass model
admitting a conformal Killing vector. By assuming the exis-
tence of a one parameter group of conformal motion Mak
and Harko [37] have described a charged strange quark star
model. The authors have also discussed conformally sym-
metric vacuum solutions of the gravitational field equations
in brane-world models [38]. In a very recent work Rahaman
et al. [39] and Bhar [40] have described conformal motion in
higher dimensional spacetimes.

To search the natural relationship between geometry and
matter through the Einstein field equations, we generally use
inheritance symmetry. The well known inheritance symmetry
is the symmetry under conformal Killing vectors (CKVs),
i.e.,

Lξ gik = ψgik (1)

where L is the Lie derivative of the metric tensor which
describes the interior gravitational field of a compact star
with respect to the vector field ξ , and ψ is the conformal
factor. It is supposed that the vector ξ generates the con-
formal symmetry and the metric g is conformally mapped
onto itself along ξ . Neither ξ nor ψ need to be static, even
though one considers a static metric [41,42]. If ψ = 0
then (1) gives the Killing vector; for ψ = constant it
gives a homothetic vector and if ψ = ψ(x, t) then it
yields conformal vectors. Moreover, note that if ψ = 0
the underlying spacetime is asymptotically flat, which fur-
ther implies that the Weyl tensor will also vanish. So
CKV provides a deeper insight in the spacetime geome-
try.

The plan of our paper is as follows: In Sect. 2 we discuss
the interior solution and the Einstein field equation. The con-
formal Killing vector and solution of the system are given in
Sects. 3 and 4, respectively. Some physical properties of the
model is given in Sects. 5, 6, 7, 8, 9, 10 and 11 and we make
some concluding remarks in Sect. 12.

2 Interior solutions and Einstein field equation

To describe a static spherically symmetry spacetime let us
consider the line element in the standard form,

ds2 = −eν(r)dt2 + eλ(r)dr2 + r2(dθ2 + sin2 θdφ2). (2)

Here λ and ν are functions of the radial co-ordinate r only.
Now let us assume that our model contains a quintessence-

like field along with anisotropic pressure. The Einstein equa-
tions can be written as

Gμν = 8πG(Tμν + τμν). (3)

Here τμν is the energy-momentum tensor of the quintessence-
like field, which is characterized by a parameter ωq with
−1 < ωq < − 1

3 . Now Kiselev [43] has shown that the
components of this tensor need to satisfy the conditions of
additivity and linearity. Considering the different signature
used in the line elements, the components can be stated as
follows:

τ t
t = τ r

r = −ρq , (4)

τ θ
θ = τ

φ
φ = 1

2
(3ωq + 1)ρq , (5)

and the corresponding energy-momentum tensor can be writ-
ten as

Tμ
ν = (ρ + pr)u

μuν − ptg
μ
ν + (pr − pt)η

μην, (6)

with uiu j = −ηiη j = 1 and uiη j = 0. Here the vector ui
is the fluid 4-velocity and ηi is the spacelike vector which
is orthogonal to ui , ρ is the energy density; pr and pt are,
respectively, the radial and the transversal pressure of the
fluid.

The Einstein field equation assuming G = 1 = c can be
written as

e−λ

[
λ′

r
− 1

r2

]
+ 1

r2 = 8π(ρ + ρq), (7)

e−λ

[
1

r2 + ν′

r

]
− 1

r2 = 8π(pr − ρq), (8)

1

2
e−λ

[
1

2
ν′2 + ν′′ − 1

2
λ′ν′ + 1

r
(ν′ − λ′)

]

= 8π

(
pt + 3ωq + 1

2
ρq

)
. (9)

3 Conformal Killing equation

The conformal Killing equation (1) becomes

Lξ gik = ξi;k + ξk;i = ψgik . (10)

Now using the conformal Killing equation for the line
element (2) we get the following equations:
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ξ1ν′ = ψ, (11)

ξ4 = C1, (12)

ξ1 = ψr

2
, (13)

ξ1λ′ + 2ξ1,1 = ψ. (14)

Here C1 is a constant.
The above four equations consequently give

eν = C2
2r

2, (15)

where 1 stands for the spatial co-ordinates r , ‘prime’ and ‘,’
denotes the partial derivative with respect to r .

eλ =
(
C3

ψ

)2

, (16)

ξ i = C1δ
i
4 +

(
ψr

2

)
δi1. (17)

Here C2 and C3 are constants of integrations.
Now using Eqs. (15)–(17) into the Einstein field equations

(7)–(9) one can obtain

1

r2

[
1 − ψ2

C2
3

]
− 2ψψ ′

rC2
3

= 8π(ρ + ρq), (18)

1

r2

[
3ψ2

C2
3

− 1

]
= 8π(pr − ρq), (19)

ψ2

C2
3r

2
+ 2ψψ ′

rC2
3

= 8π

(
pt + 3ωq + 1

2
ρq

)
. (20)

4 Solution

To solve Eqs. (18)–(20) we consider the Vaidya–Tikekar
ansatz [18]

eλ =
1 − K

(
r2

R2

)

1 − r2

R2

. (21)

It may be noted that the physical 3-space {t = constant} of
a Vaidya–Tikekar type star is spheroidal and the geometry
of the 3-spheroid is governed by the parameters R and K.
Here K < 1. For K = 0, the hypersurfaces {t = constant}
becomes spherical and it gives a Schwarzschild interior solu-
tion and for K = 1 the hypersurfaces {t = constant} become
flat. The metric function eλ is regular at the center and it is
well behaved for r < R.

From Eqs. (16) and (21) we get

ψ2 = C2
3

R2 − r2

R2 − Kr2 . (22)

Using the value of ψ given in Eq. (22) we can write Eqs.
(18)–(20) as follows:

(1 − K )
3R2 − Kr2

(R2 − Kr2)2 = 8π(ρ + ρq), (23)

1

r2

[
2R2 − (3 − K )r2

R2 − Kr2

]
= 8π(pr − ρq), (24)

1

r2

R2 − r2

R2 − Kr2 − 2(1 − K )R2

(R2 − Kr2)2 = 8π

(
pt + 3ωq + 1

2
ρq

)
.

(25)

One can note from Eqs. (23)–(25) that we have three equa-
tions with four unknowns, namely ρ, pr, pt , ρq .

To solve the above three Eqs. (23)–(25) let us assume that
the radial pressure pr is proportional to the matter density ρ,
i.e.,

pr = mρ, 0 < m < 1. (26)

Here m is the equation of state parameter.
Solving Eqs. (23)–(25) with the help of Eq. (26) one can

obtain

ρ = 1

8π(1+ m)

[
(1−K )

3R2− Kr2

(R2− Kr2)2 + 2R2− (3− K )r2

r2(R2− Kr2)

]
,

(27)

pr = m

8π(1+ m)

[
(1−K )

3R2− Kr2

(R2−Kr2)2 + 2R2− (3− K )r2

r2(R2− Kr2)

]
,

(28)

ρq = 1−K

8π

3R2−Kr2

(R2−Kr2)2

− 1

8π(1+ m)

[
(1−K )

3R2−Kr2

(R2−Kr2)2 + 2R2−(3 − K )r2

r2(R2−Kr2)

]
,

(29)

pt = 1

8π

[
R2− r2

r2(R2−Kr2)
+ 2(K− 1)R2

(R2− Kr2)2

]
− (3ωq+1)

2

× (1−K )

8π

3R2−Kr2

(R2−Kr2)2 − 3ωq+1

16π(1+m)

(1−K )(3R2−Kr2)

(R2− Kr2)2

+ 3ωq+ 1

16π(1+ m)

2R2− (3− K )r2

r2(R2−Kr2)
. (30)

We denote

ρeff = 1

8π

[
(1 − K )

3R2 − Kr2

(R2 − Kr2)2

]
, (31)

pr eff = 1

8π

1

r2

[
2R2 − (3 − K )r2

R2 − Kr2

]
, (32)

pt eff = 1

8π

[
1

r2

R2 − r2

R2 − Kr2 − 2(1 − K )R2

(R2 − Kr2)2

]
. (33)

The plot of effective density and effective radial and trans-
verse pressure are shown in Figs. 1 and 2, respectively. From
these two figures we see that density, radial and transverse
pressure all are monotonic decreasing function of r and
approach zero at the surface of the star.
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Fig. 2 Effective radial and transverse pressure plotted against r

5 Physical analysis

The effective central density of the quintessence star is given
by

ρ0 eff = ρeff(r = 0) = 3(1 − K )

8πR2 , (34)

dρeff

dr
= K (1 − K )

4π

r(5R2 − Rr2)

(R2 − Kr2)3 , (35)

d2ρeff

dr2 |r=0 = 5K (1 − K )

4πR4 . (36)

So we see that the effective density is regular at the center.
The plot of dρeff

dr vs. r is shown in Fig. 3. Both the expressions
given in Eqs. (35) and (36) are negative, since we have chosen
K < 0 for our model. This tells us that the effective density
has a maximum value at the center of the star.

From the expression of pr eff given in Eq. (32) we see that
effective radial pressure is not regular at the center. However,

dpr eff

dr
= −2

[
2R4 + K (3 − K )r4 − 4Kr2R2

]
r3(R2 − Kr2)2 < 0.

(37)
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Fig. 5 Anisotropic factor plotted against r using R = 10 and K =
−0.049

The profile of dpr eff
dr vs. r is shown in Fig. 4. This figure once

again verifies that dpr eff
dr < 0.

The anisotropic factor of our model of the quintessence
star is defined by

� = (pt eff − pr eff)

= 1

8π

[
1

r2

−R2 + (2 − K )r2

R2 − Kr2 − 2(1 − K )R2

(R2 − Kr2)2

]
(38)

and 2�
r is termed the anisotropic force.
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The profile of anisotropic factor is given in Fig. 5, which
shows that � < 0; this implies that pt < pr. From this
we can conclude that the force is attractive in nature. One
may note that generally the quintessence field is repulsive
in nature but for our model, where we have considered the
combined effect of ordinary matter and the quintessence field,
the effective anisotropic force turns out to be attractive.

6 Exterior spacetime and matching condition

In this section we will match our interior solution of the
quintessence star to the Schwarzschild exterior solution at
the boundary r = a outside the event horizon, i.e. a > 2M ,
where the exterior spacetime is described by the metric

ds2 = −
(

1 − 2M

r

)
dt2 +

(
1 − 2M

r

)−1

dr2

+ r2(dθ2 + sin2 θdφ2). (39)

Using the matching condition at the boundary we have

1 − 2M

a
= C2

2a
2 (40)

and(
1 − 2M

a

)−1

= R2 − Ka2

R2 − a2 . (41)

Solving the above two equations we get

C2
2 = 1

a2

(
1 − 2M

a

)
, (42)

K =
1 − ( 2M

a

) ( R2

a2

)
1 − 2M

a

. (43)

7 TOV equation

To describe the static equilibrium let us consider the general-
ized Tolman–Oppenheimer–Volkov (TOV) equation, which
is represented by the formula

− MG(ρ + pr)

r2 e
λ−ν

2 − dpr

dr
+ 2

r
(pt − pr) = 0. (44)

Here MG = MG(r) is termed the effective gravitational mass
inside the fluid sphere of radius r and is defined by

MG(r) = 1

2
r2e

ν−λ
2 ν′. (45)

The above expression of MG(r) can be derived from the
Tolman–Whittaker mass formula.

Using the expression of Eq. (45) in (44) we obtain the
modified TOV equation,

Fg + Fh + Fa = 0 (46)
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Fig. 6 The system is in static equilibrium under three forces

where

Fg = −ν′

2
(ρeff + pr eff), (47)

Fh = −dpr

dr
, (48)

Fa = 2

r
(pt eff − pr eff). (49)

Here Fg, Fh, and Fa are termed gravitational, hydrostatic, and
anisotropic forces, respectively, of the system. From Fig. 6
we see that the system is in equilibrium under the above three
forces.

8 Energy condition

All the energy conditions, namely, the null energy condition
(NEC), the weak energy condition (WEC), the strong energy
condition (SEC) are satisfied for our model if the following
inequalities hold in the interior of the fluid sphere:

ρeff ≥ 0, (50)

ρeff + pr eff ≥ 0, (51)

ρeff + pt eff ≥ 0, (52)

ρeff + pr eff + 2pt eff ≥ 0. (53)

We will prove these inequalities with the help of a graph-
ical representation by choosing some suitable values to the
parameters, given in Fig. 7. From the figure we see that WEC,
NEC, and SEC are satisfied by our model. Since SEC is sat-
isfied by our model, we can conclude that our spacetime does
not contain any black hole.

9 Stability

For a physically acceptable model one must have the velocity
of sound in the range 0 < v2 = dp

dρ
≤ 1.
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Fig. 8 Transverse velocity shown against r

In the case of anisotropy the radial (v2
sr) and transverse

(v2
st) sound velocity can be obtained as

v2
sr = dpr

dρ
= m = 0.4 < 1, (54)

v2
st = dpt

dρ
. (55)

From Eq. (54) we have v2
sr < 1 and Fig. 8 shows that 0 <

v2
st < 1 everywhere within the stellar configuration. Accord-

ing to Herrera’s [44] cracking (or overturning) theorem for a
potentially stable region one must have v2

st − v2
sr < 0. From

Fig. 9 it is clear that our model satisfies this condition. So
we conclude that our model is potentially stable. Moreover,
0 < v2

sr ≤ 1 and 0 < v2
st < 1 therefore according to Andréas-

son [45], |v2
st − v2

sr| ≤ 1 which is also clear from Fig. 10.

10 Some features

10.1 Mass radius relation

The mass function within the radius r can be obtained as

Fig. 9 v2
st − v2

sr plotted against r

Fig. 10 | − v2
st + v2

sr| plotted against r

Meff(r) =
∫ r

0
4πr2ρeff dr = 1 − K

2

r3

R2 − Kr2 . (56)

The profile of the effective mass function is given in Fig.
11. For r → 0, Meff(r) → 0, which implies that the mass
function is regular at the center; moreover, the effective mass
function is monotonic increasing function of r and it is pos-
itive inside the stellar configuration.

10.2 Compactness

The effective compactness of the star ueff(r) can be defined
by

ueff = Meff(r)

r
= 1 − K

2

r2

R2 − Kr2 . (57)
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Fig. 11 Effective mass function plotted against r

0 2 4 6 8
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

r

R=10, K= −0.049

u ef
f

Fig. 12 Effective compactness plotted against r

The profile of the effective compactness of the star is depicted
in Fig. 12.

10.3 Surface redshift

The redshift function Zs eff can be defined by

1 + zs eff = (1 − 2ueff)
− 1

2 ;
using the above formula we obtain

zs eff = (1 − 2ueff)
− 1

2 − 1 =
(

R2 − r2

R2 − Kr2

)− 1
2

− 1.

(58)

The profile of the effective redshift function is given in
Fig. 13, which is a monotonic increasing function of r .

11 Junction condition

In Sect. 6 we have matched our interior spacetime to the
exterior Schwarzschild at the boundary r = a. It is obvious
that the metric coefficients are continuous at r = a, but this
does not ensure that their derivatives are also continuous at
the junction surface. To take care of this let us consider the
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Fig. 13 Effective surface redshift plotted against r

Darmois–Israel [46,47] formation to determine the surface
stresses at the junction boundary. The intrinsic surface stress
energy tensor Si j is given by the Lancozs equations in the
following form:

Sij = − 1

8π
(κ i

j − δijκ
k
k ). (59)

The second fundamental form is given by

K±
i j = −n±

ν

[
∂2Xν

∂ξ1∂ξ j
+ �ν

αβ

∂Xα

∂ξ i

∂Xβ

∂ξ j

] ∣∣∣∣
S
, (60)

and the discontinuity in the second fundamental form is given
by

κi j = K+
i j − K−

i j (61)

where n±
ν are the unit normal vector defined by

n±
ν = ±

∣∣∣∣gαβ ∂ f

∂Xα

∂ f

∂Xβ

∣∣∣∣
− 1

2 ∂ f

∂Xν
(62)

with nνnν = 1. Here ξ i is the intrinsic coordinate on the
shell. + and − correspond to exterior, i.e., Schwarzschild
spacetime and interior (our) spacetime, respectively.

The non-trivial components of the extrinsic curvature are
given by

K τ +
τ =

M
a2 + ä√

1 − 2M
a + ȧ2

, (63)

K τ −
τ =

−a(1−K )R2

(R2−Ka2)2 + ä√
R2−a2

R2−Ka2 + ȧ2
, (64)

and

K θ +
θ = 1

a

√
1 − 2M

a
+ ȧ2, (65)
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K θ −
θ = 1

a

√
R2 − a2

R2 − Ka2 + ȧ2. (66)

Considering the spherical symmetry of the spacetime, the
surface stress energy tensor can be written as Sij =
diag(−σ,P). Here σ and P are the surface energy density
and surface pressure, respectively. We have

σ = − 1

4πa
[
√

e−λ]+−

= − 1

4πa

⎡
⎣
√

1 − 2M

a
+ ȧ2 −

√
R2− a2

R2− Ka2 + ȧ2

⎤
⎦, (67)

P = 1

8πa

[{
1 + aν′

2

}√
e−λ

]+

−

= 1

8πa

⎡
⎣ 1 − M

a√
1 − 2M

a

− 2

√
R2 − a2

R2 − Ka2

⎤
⎦ . (68)

Hence we can match our interior spacetime to the exterior
Schwarzschild spacetime in the presence of a thin shell.

The mass of the thin shell is given by

ms = 4πa2σ. (69)

From (67) and (69) one can obtain

M = a3

2

[
1 − K

R2 − Ka2 − m2
s

]
+ 2ams

√
R2 − a2

R2 − Ka2 . (70)

This gives the mass of the quintessence star in terms of the
thin shell mass.

Next we will discuss the evolution identity given by

[Tμνnμnν]+− = K
i
j S

j
i where

K
i
j = 1

2
(Ki+

j + Ki−
j ),

which gives

pr + (ρ + pr)ȧ2

R2−a2

R2−Ka2

= − 1

2a

⎛
⎝
√

1 − 2M

a
+ ȧ2 +

√
R2 − a2

R2 − Ka2 + ȧ2

⎞
⎠P

+1

2

⎛
⎝ M

a2 + ä√
1 − 2M

a + ȧ2
+

−a(1−K )R2

(R2−Ka2)2 + ä√
R2−a2

R2−Ka2 + ȧ2

⎞
⎠ σ. (71)

For a static solution a0 from Eq. (71) (assuming ȧ = 0 =
ä) one can obtain

pr(a0) = − 1

2a0

(√
1 − 2M

a0
+
√

R2 − a2
0

R2 − Ka2
0

)
P

+1

2

⎛
⎜⎜⎝

M
a2

0√
1 − 2M

a0

+
−a0(1−K )R2

(R2−Ka2
0 )2√

R2−a2
0

R2−Ka2
0

⎞
⎟⎟⎠ σ. (72)

The above equation relates the radial pressure (pr) of the
quintessence star with the surface pressure (P) and surface
density (σ ) of the thin shell.

12 Discussion and concluding remarks

In the present paper we have proposed a new model of
a superdense star by choosing the Vaidya–Tikekar space-
time which admits CKV in the presence of a quintessence
field which is characterized by a parameter ωq with −1 <

ωq < − 1
3 . For our model the effective density is regu-

lar at the center but the radial and transverse pressure suf-
fers from a central singularity like other CKV models. The
profile of both the density function and the radial pressure
are monotonically decreasing, which indicates that the den-
sity and radial pressure of the star is maximum at the cen-
ter and it decreases from the center to the surface of the
star. By taking R = 10 and K = −0.049 from the rela-
tion pr eff(a) = 0 (where a is the radius of the star) we
obtain a = 8.1 km. Plugging in G and c, the central den-
sity of the star is calculated as ρc = 1.69 × 1015 gm/cc
and Meff = 1.83M⊙. The mass function is regular at the
center and the maximum allowable ratio of mass to radius
is 0.333 < 4

9 , which lies in the Buchdahl [48] limit; and
the maximum value of the surface redshift is calculated
as 0.732. For our model the radial and transverse speed
of sound is less than 1, which gives the stability condi-
tion. According to Herrera’s [44] concept if for a model the
radial speed of sound is greater than the transverse speed
of sound, the model is potentially stable. With the help of a
graphical representation we have shown that v2

sr − v2
st > 0.

So our model is potentially stable. All the energy condi-
tions are satisfied inside the fluid sphere. Our model is also
in static equilibrium under anisotropic, gravitational, and
hydrostatic forces. We have matched our interior solution
to the exterior Schwarzschild metric in the presence of a
thin shell and also obtained the mass of the quintessence
star in terms of the thin shell mass. A relation among the
radial pressure, surface pressure, and surface density has been
obtained.

Open Access This article is distributed under the terms of the Creative
Commons Attribution License which permits any use, distribution, and
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source are credited.
Funded by SCOAP3 / License Version CC BY 4.0.

123



Eur. Phys. J. C (2015) 75 :123 Page 9 of 9 123

References

1. R. Chan, M.F.A. da Silva, J.F. Villas da Rocha, arXiv:0803.2508v2
[gr-qc]

2. R. Chan, M.F.A. da Silva, J.F. Villas da Rocha, arXiv:0803.3064
[gr-qc]

3. C.R. Ghezzi, arXiv:0908.0779v2 [gr-qc]
4. F.S.N. Lobo, arXiv:gr-qc/0508115v3
5. F.S.N. Lobo, arXiv:gr-qc/0610118v2
6. S. Ray, F. Rahaman, U. Mukhopadhyay, R. Sarkar, Int. J. Theor.

Phys. 50, 2687 (2011)
7. A.K. Yadav, F. Rahaman, S. Ray, Int. J. Theor. Phys. 50, 871 (2011)
8. A.A. Usmani, F. Rahaman, S. Ray, K.K. Nandi, P.K.F. Kuhfittig,

SkA Rakib, Z. Hasan, Phys. Lett. B 701, 388 (2011)
9. P. Mazur, E. Mottola, Report Number: LA-UR-01-5067,

arXiv:gr-qc/0109035 (2001)
10. P. Mazur, E. Mottola, Proc. Natl. Acad. Sci. USA 101, 9545 (2004)
11. F. Rahaman, S. Ray, A.A. Usmani, S. Islam, Phys. Lett. B 707, 319

(2012)
12. F. Rahaman, A.A. Usmani, S. Ray, S. Islam, Phys. Lett. B 717, 1

(2012)
13. F. Rahaman, S. Chakraborty, S. Ray, A.A. Usmani, S. Islam,

arXiv:1209.6291v1 [gen-ph]
14. F. Rahaman, M. Kalam, M. Sarker, K. Gayen, Phys. Lett. B 633,

161 (2006)
15. F. Rahaman, M. Kalam, B.C. Bhui, S. Chakraborty,

arXiv:0705.1058v1 [gr-qc]
16. F.S.N. Lobo, arXiv:gr-qc/0502099
17. F.S.N. Lobo, arXiv:gr-qc/0506001
18. P.C. Vaidya, R. Tikekar, J. Astrophys. Astron. 3, 325 (1982)
19. Y.K. Gupta, M. Kumar, Gen. Relat. Grav. 37 (2005)
20. R. Sharma, S. Mukherjee, S.D. Maharaj, Gen. Relat. Gravit. 33,

999 (2001)
21. S.D. Maharaj Komathiraj, J. Math. Phys. 48, 042501 (2007)
22. Y.K. Gupta, K. Pratibha, Astrophys. Space Sci. (2010). doi:10.

1007/s10509-010-05611
23. N. Bijalwan, Y.K. Gupta, Astrophys. Space Sci. 334, 293 (2011)
24. L.K. Patel, R. Tikekar, M.C. Sabu, Gen. Relat. Gravit. 29, 489

(1997)

25. R. Tikekar, G.P. Singh, Gravit. Cosmol. 4, 294 (1998)
26. S.D. Maharaj, P.G.L. Leach, J. Math. Phys. 37, 430 (1996)
27. P. Bhar, Astrophys. Space Sci. (2014). doi:10.1007/

s10509-014-2210-6
28. P. Bhar, Astrophys. Space Sci. (2014). doi:10.1007/

s10509-014-2217-z
29. F. Rahaman, M. Jamil, R. Sharma, K. Chakraborty, Astrophys.

Space Sci. 330, 249 (2010)
30. F. Rahaman, M. Jamil, M. Kalam, K. Chakraborty, A. Ghosh,

Astrophys. Space Sci. 137, 325 (2010)
31. L. Herrera, J. Ponce de León, J. Math. Phys. 26, 2302 (1985)
32. L. Herrera, J. Ponce de León, J. Math. Phys. 26, 2018 (1985)
33. L. Herrera, J. Ponce de León, J. Math. Phys. 26, 778 (1985)
34. M. Esculpi, E. Aloma, Eur. Phys. J. C. 67, 521 (2010)
35. S. Ray, Gen. Relat. Gravit. 36, 1451 (2004)
36. S. Ray, B. Das, Gravit. Cosmol. 13, 224 (2007)
37. M.K. Mak, T. Harko, arXiv:gr-qc/0309069 (2004)
38. T. Harko, M.K. Mak, arXiv:gr-qc/0503072 (2005)
39. F. Rahaman, A. Pradhan, N. Ahmed, S. Ray, B. Saha, M. Rahaman,

arXiv:1401.1402v1 [gr-qc] (2014)
40. P. Bhar, Astrophys. Space Sci. (2014). doi:10.1007/

s10509-014-2109-2
41. C.G. Böhmer, T. Harko, F.S.N. Lobo, Phys. Rev. D 76, 084014

(2007)
42. C.G. Böhmer, T. Harko, F.S.N. Lobo, Class. Quantum Gravit. 25,

075016 (2008)
43. V.V. Kiselev, Class. Quantum Gravit. 20, 1187 (2003)
44. L. Herrera, Phys. Lett. A 165, 206 (1992)
45. H. Andréasson, Commun. Math. Phys. 288, 715 (2008)
46. W. Israel, Nuovo Cim. B 44, 1 (1966)
47. W. Israel, Nuovo Cim. B 48, 463 (1967) (erratum)
48. H.A. Buchdahl, Phys. Rev. 116, 1027 (1959)

123

http://arxiv.org/abs/0803.2508
http://arxiv.org/abs/0803.3064
http://arxiv.org/abs/0908.0779
http://arxiv.org/abs/gr-qc/0508115
http://arxiv.org/abs/gr-qc/0610118
http://arxiv.org/abs/gr-qc/0109035
http://arxiv.org/abs/1209.6291
http://arxiv.org/abs/0705.1058
http://arxiv.org/abs/gr-qc/0502099
http://arxiv.org/abs/gr-qc/0506001
http://dx.doi.org/10.1007/s10509-010-05611
http://dx.doi.org/10.1007/s10509-010-05611
http://dx.doi.org/10.1007/s10509-014-2210-6
http://dx.doi.org/10.1007/s10509-014-2210-6
http://dx.doi.org/10.1007/s10509-014-2217-z
http://dx.doi.org/10.1007/s10509-014-2217-z
http://arxiv.org/abs/gr-qc/0309069
http://arxiv.org/abs/gr-qc/0503072
http://arxiv.org/abs/1401.1402
http://dx.doi.org/10.1007/s10509-014-2109-2
http://dx.doi.org/10.1007/s10509-014-2109-2

	Vaidya–Tikekar type superdense star admitting conformal motion in presence of quintessence field
	Abstract 
	1 Introduction
	2 Interior solutions and Einstein field equation
	3 Conformal Killing equation
	4 Solution
	5 Physical analysis
	6 Exterior spacetime and matching condition
	7 TOV equation
	8 Energy condition
	9 Stability
	10 Some features
	10.1 Mass radius relation
	10.2 Compactness
	10.3 Surface redshift

	11 Junction condition
	12 Discussion and concluding remarks
	References




